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 CALIFORNIA REGIONAL WATER QUALITY CONTROL BOARD 

LOS ANGELES REGION 

 
320 W. 4th Street, Suite 200, Los Angeles, California 90013 

Phone (213) 576 - 6600 � Fax (213) 576 - 6640 

http://www.waterboards.ca.gov/losangeles 

 
 

ORDER NO. R4-2012-XXXX 
NPDES PERMIT NO. CAS004001 

 
WASTE DISCHARGE REQUIREMENTS 

FOR MUNICIPAL SEPARATE STORM SEWER SYSTEM (MS4) DISCHARGES WITHIN THE 
COASTAL WATERSHEDS OF LOS ANGELES COUNTY, EXCEPT THOSE FLOOD CONTROL 
DISTRICT, INCLUDING THE COUNTY OF LOS ANGELES, AND THE INCORPORATED CITIES 

THEREIN, 
 EXCEPT DISCHARGES ORIGINATING FROM THE CITY OF LONG BEACH MS4 

 
The municipal discharges of storm water and non-storm water by the Los Angeles County 
Flood Control District, the County of Los Angeles, and 84 incorporated cities within the Los 
Angeles County Flood Control District with the exception of the City of Long Beach 
(hereinafter referred to separately as Permittees and jointly as the Dischargers) from the 
discharge points identified below are subject to waste discharge requirements as set forth 
in this Order. 

I. FACILITY INFORMATION 

Table 1. Discharger Information 

 
Table 2.  Facility Information 
 

Permittee 
(WDID) 

Contact Information 

Agoura Hills Mailing Address 30001 Ladyface Court 

Dischargers 
The Los Angeles County Flood Control District, the County of Los Angeles, and 
84 incorporated cities within the Los Angeles County Flood Control District with 
the exception of the City of Long Beach (See Table 4) 

Name of Facility 

Municipal Separate Storm Sewer Systems (MS4s) within the Los Angeles 
County Flood Control District, the County of Los Angeles, and 84 incorporated 
cities within the Los Angeles County Flood Control District with the exception of 
the City of Long Beach 

Facility Address 
Various (see Table 2) 

Various (see Table 2) 

The U.S. Environmental Protection Agency (USEPA) and the California Regional Water Quality Control 
Board, Los Angeles Region (Regional Water Board) have classified the Greater Los Angeles County MS4 
as a large municipal separate storm sewer system (MS4) pursuant to 40 CFR section 122.26(b)(4) and a 
major facility pursuant to 40 CFR section 122.2. 
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Permittee 
(WDID) 

Contact Information 

(4B190147001) Agoura Hills, CA 91301 
Facility Contact, Title, 
and E-mail 

Ken Berkman, City Engineer 
kberkman@agoura-hills.ca.us 

Alhambra 
(4B190148001) 

Mailing Address 111 South First Street 
Alhambra, CA 91801-3796 

Facility contact, title, 
and E-mail 

David Dolphin 
ddolphin@cityofalhambra.org 

Arcadia 
(4B190149001) 
 

Mailing Address P.O. Box 60021 
Arcadia, CA 91066-6021 

Facility Contact, Title, 
and E-mail 

Susannah Turney, Environmental Services Officer 
vhevener@ci.arcadia.ca.us 

Artesia 
(4B190150001) 

Mailing Address 18747 Clarkdale Avenue 
Artesia, CA 90701-5899 

Facility Contact, Title, 
and E-mail 

Maria Dadian, Director of Public Works 
mdadian@cityofartesia.ci.us 

Azusa 
(4B190151001) 

Mailing Address 213 East Foothill Boulevard 
Azusa, CA 91702 

Facility Contact, Title, 
and E-mail 

Carl Hassel, City Engineer 
chassel@ci.azusa.ca.us 

Baldwin Park 
(4B190152001) 

Mailing Address 14403 East Pacific Avenue 
Baldwin Park, CA 91706-4297 

Facility Contact, Title, 
and E-mail 

David Lopez, Associate Engineer 
dlopez@baldwinpark.com 

Bell 
(4B190153001) 

Mailing Address 6330 Pine Avenue 
Bell, CA 90201-1291 

Facility Contact, Title, 
and E-mail 

Terri Rodrigue,  City Engineer 
trodrigue@cityofbell.org 

Bell Gardens 
(4B190139002) 

Mailing Address 7100 South Garfield Avenue 
Bell Gardens, CA 90201-3293 

Facility contact, title, 
and Phone 

John Oropeza, Director of Public Works (562) 806-7700 

Bellflower 
(4B190154001) 

Mailing Address 16600 Civic Center Drive 
Bellflower, CA 90706-5494 

Facility Contact, Title, 
and E-mail 

Bernie Iniguez, Management AnalystEnvironmental Services 
Manager 
biniguez@bellflower.org 

Beverly Hills 
(4B190132002) 

Mailing Address 455 North Rexford Drive 
Beverly Hills, CA 90210 

Facility Contact, Title, 
and E-mail 

Vincent Chee, Project Civil Engineer 
kgettler@beverlyhills.org 

Bradbury 
(4B190155001) 

Mailing Address 600 Winston Avenue 
Bradbury, CA 91010-1199 

Facility contact, title, 
and E-mail 

Elroy Kiepke, City Engineer 
mkeith@cityofbradbury.org 

Burbank 
(4B190101002) 

Mailing Address P.O. Box 6459 
Burbank, CA 91510 

Facility contact, title, 
and E-mail 

Bonnie Teaford, Public Works Director 
bteaford@ci.burbank.ca.us 

Calabasas 
(4B190157001) 

Mailing Address 26135 Mureau Road100 Civic Center Way 
Calabasas, CA 91302-3172 

Facility contact, title, 
and E-mail 

Alex Farassati, ESM 
afarassati@cityofcalabasas.com 
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Permittee 
(WDID) 

Contact Information 

Carson 
(4B190158001) 

Mailing Address P.O. Box 6234 
Carson, CA 90745 

Facility contact, title, 
and E-mail 

Patricia Elkins, Building Construction Manager 
pelkins@carson.ca.us 

Cerritos 
(4B190159001) 

Mailing Address P.O. Box 3130 
Cerritos, CA 90703-3130 

Facility Contact, Title, 
and E-mail 

Mike O’Grady, Environmental Services 
mo’grady@cerritos.us 

Claremont 
(4B190160001) 

Mailing Address 207 Harvard Avenue 
Claremont, CA 91711-4719 

Facility Contact, Title, 
and E-mail 

Craig Bradshaw, City Engineer 
cbradshaw@ci.claremont.ca.us 

Commerce 
(4B190161001) 

Mailing Address 2535 Commerce Way 
Commerce, CA 90040-1487 

Facility contact, title, 
and E-mail 

Gina Nila 
gnila@ci.commerce.ca.us  

Compton 
(4B190162001) 

Mailing Address 205 South Willowbrook Avenue 
Compton, CA 90220-3190 

Facility contact, title, 
and Phone 

Hien Nguyen, Assistant City Engineer 
310-761-1476 

Covina 
(4B190163001) 

Mailing Address 125 East College Street 
Covina, CA 91723-2199 

Facility Contact, Title, 
and E-mail 

Charles ReddenVivian Castro, Environmental Services 
Manager 
vcastro@covinaca.gov 

Cudahy 
(4B190164001) 

Mailing Address P.O. Box 1007 
Cudahy, CA 90201-6097 

Facility contact, title, 
and E-mail 

Hector Rodriguez, City Manager 
hrodriguez@cityofcudahy.ca.us 

Culver City 
(4B190165001) 

Mailing Address 9770 Culver Boulevard 
Culver City, CA 90232-0507 

Facility contact, title, 
and Phone 

Damian Skinner, Manager 
310-253-6421 

Diamond Bar 
(4B190166001) 

Mailing Address 21825 East Copley Drive 
Diamond Bar, CA 91765-4177 

Facility Contact, Title, 
and E-mail 

David Liu, Director of Public Works 
dliu@diamondbarca.gov 

Downey 
(4B190167001) 

Mailing Address P.O. Box 7016 
Downey, CA 90241-7016 

Facility contact, title, 
and E-mail 

Yvonne Blumberg 
yblumberg@downeyca.org 

Duarte 
(4B190168001) 

Mailing Address 1600 Huntington Drive 
Duarte, CA 91010-2592 

Facility contact, title, 
and Phone 

Steve Esbenshades, Engineering Division Manager 
(626) 357-7931 ext. 233 

El Monte 
(4B190169001) 

Mailing Address P.O. Box 6008 
El Monte, CA 91731 

Facility contact, title, 
and Phone 

James A Enriquez, Director of Public Works 
(626) 580-2058 

El Segundo 
(4B190170001) 

Mailing Address 350 Main Street 
El Segundo, CA 90245-3895 

Facility Contact, Title, Ron FajardoStephanie Katsouleas, Wastewater 
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Permittee 
(WDID) 

Contact Information 

Phone, and E-mail SupervisorPublic Works Director 
(310) 524-2356 
skatsouleas@elsegundo.org 
 

Gardena 
(4B190118002) 

Mailing Address P.O. Box 47003 
Gardena, CA 90247-3778 

Facility Contact, Title, 
and E-mail 

Ron Jackson, Building Maintenance Supervisor 
jfelix@ci.gardena.ci.us 

Glendale 
(4B190171001) 

Mailing Address Engineering Section, 633 East Broadway, Room 209 
Glendale, CA 91206-4308 

Facility contact, title, 
and E-mail 

Maurice Oillataguerre, Senior Environmental Program 
Scientist 
moillataguerre@ci.glendale.ca.us 

Glendora 
(4B190172001) 

Mailing Address 116 East Foothill Boulevard 
Glendora, CA 91741 

Facility Contact, Title, 
and E-mail 

Dave Davies, Deputy Director of Public Works 
ddavies@ci.glendora.ca.us 

Hawaiian 
Gardens 
(4B190173001) 

Mailing Address 21815 Pioneer Boulevard 
Hawaiian Gardens, CA 90716 

Facility Contact, Title, 
and E-mail 

Joseph Colombo, Director of Community Development 
jcolombo@ghcity.org  

Hawthorne 
(4B190174001) 

Mailing Address 4455 West 126
th
 Street 

Hawthorne, CA 90250-4482 
Facility Contact, Title, 
and E-mail 

Arnold Shadbehr, Chief General Service and Public Works 
Arnold Shadbehr, Chief General Service and Public Works 
ashadbehr@cityofhawthorne.org 

Hermosa 
Beach 
(4B190175001) 

Mailing Address 1315 Valley Drive 
Hermosa Beach, CA 90254-3884 

Facility Contact, Title, 
and E-mail 

Homayoun Behboodi, Associate Engineer 
hbehboodi@hermosabch.org 
 

Hidden Hills 
(4B190176001) 

Mailing Address 6165 Spring Valley Road 
Hidden Hills, CA 91302 

Facility contact, title, 
and Phone 

Kimberly Colberts, Environmental Coordinator  
(310) 257-2004 

Huntington 
Park 
(4B190177001) 

Mailing Address 6550 Miles Avenue 
Huntington Park, CA 90255 

Facility contact, title, 
and Phone 

Craig Melich, City Engineer and City Official 
323-584-6253 

Industry 
(4B190178001) 

Mailing Address P.O. Box 3366 
Industry, CA 91744-3995 

Facility Contact, Title,  Mike Nagaoka, Director of Public Safety 

Inglewood 
(4B190179001) 

Mailing Address P.O. Box 65001 W. Manchester Blvd, 3
rd

 Floor 
Inglewood, CA 90301-1750 

Facility Contact, Title, 
and E-mail 

Jim DavisLauren Amimoto, Senior Administrative Analyst 
eparkerlamimoto@cityofinglewood.org 

Irwindale 
(4B190180001) 

Mailing Address 5050 North Irwindale Avenue 
Irwindale, CA 91706 

Facility Contact, Title, 
and E-mail 

Kwok Tam, Director of Public Works 
ktam@ci.irwindale.ca.us 

La Canada 
Flintridge 

Mailing Address 1327 Foothill Boulevard 
La Canada Flintridge, CA 91011-2137 

RB-AR5075



Greater Los Angeles County ORDER NO. R4-2012-XXXX 
Municipal Separate Storm Sewer System                                                          NPDES PERMIT NO. CAS004001 
 
 

 
Order 5 

R
E
V
I
S
E
D 
 

T
E
N
T
A
T 
I
V
E 

Permittee 
(WDID) 

Contact Information 

(4B190181001) Facility contact, title, 
and E-mail 

Edward G. Hitti, Director of Public Works 
ehitti@lcf.ca.gov 

La Habra 
Heights 
(4B190182001) 

Mailing Address 1245 North Hacienda Boulevard 
La Habra Heights, CA 90631-2570 

Facility Contact, Title, 
and E-mail 

Shauna Clark, City Manager 
shaunac@lhhcity.org 

La Mirada 
(4B190183001) 

Mailing Address 13700 La Mirada Boulevard 
La Mirada, CA 90638-0828 

Facility Contact, Title, 
and E-mail 

Steve Forster, Public Works Director 
sforster@cityoflamirada.org 

La Puente 
(4B190184001) 

Mailing Address 15900 East Marin Street 
La Puente, CA 91744-4788 

Facility Contact, Title, 
and E-mail 

John DiMario, Director of Development Services 
jdimario@lapuente.org 

La Verne 
(4B190185001) 

Mailing Address 3660 “D” Street 
La Verne, CA 91750-3599 

Facility Contact, Title, 
and E-mail 

Daniel Keesey, Director of Public Works 
dkeesey@ci.la-verne.ca.us 

Lakewood 
(4B190186001) 

Mailing Address P.O. Box 158 
Lakewood, CA 90714-0158 

Facility contact, title, 
and E-mail 

Konya Vivanti 
kvivanti@lakewoodcity.org 

Lawndale 
(4B190127002) 

Mailing Address 14717 Burin Avenue 
Lawndale, CA 90260 

Facility Contact, Title,  Marlene Miyoshi, Senior Administrative Analyst 

Lomita 
(4B190187001) 

Mailing Address P.O. Box 339 
Lomita, CA 90717-0098 

Facility Contact, Title, 
and E-mail 

Tom A. Odom, City Administrator 
d.tomita@lomitacity.com 

Los Angeles 
(4B190188001) 

Mailing Address 1149 S. Broadway, 10
th
 Floor 

Los Angeles, CA 90015 
Facility contact, title, 
and Phone 

Shahram Kharaghani, Program Manager 
(213) 485-0587 

Lynwood 
(4B190189001) 

Mailing Address 11330 Bullis Road 
Lynwood, CA 90262-3693 

Facility contact, title, 
and Phone 

Josef Kekula 
310-603-0220 ext. 287 

Malibu 
(4B190190001) 

Mailing Address 23815 23825 Stuart Ranch Road 
Malibu, CA 90265-4861 

Facility Contact, Title, 
and E-mail 

Jennifer VoccolaBrown, Environmental Program Analyst 
jvoccolajbrown@malibucity.org 

Manhattan 
Beach 
(4B190191001) 

Mailing Address 1400 Highland Avenue 
Manhattan Beach, CA 90266-4795 

Facility Contact, Title, 
and Email 

Brian Wright, Water Supervisor 
bwright@citymb.info 
 

Maywood 
(4B190192001) 

Mailing Address 4319 East Slauson Avenue 
Maywood, CA 90270-2897 

Facility contact, title, 
and Phone 

Andre Dupret, Project Manager 
323-562-5721 

Monrovia 
(4B190193001) 

Mailing Address 415 South Ivy Avenue 
Monrovia, CA 91016-2888 
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Permittee 
(WDID) 

Contact Information 

Facility contact, title, 
and E-mail 

Heather Maloney 
hmaloney@ci.monrovia.ca.gov 

Montebello 
(4B190194001) 

Mailing Address 1600 West Beverly Boulevard 
Montebello, CA 90640-3970 

Facility contact, title, 
and Phone 

Cory Roberts 
croberts@aaeinc.com 

Monterey Park 
(4B190195001) 

Mailing Address 320 West Newmark Avenue 
Monterey Park, CA 91754-2896 

Facility contact, title, 
and E-mail 

Amy Ho, 626-307-1383 
amho@montereypark.ca.gov 
John Hunter (Consultant) at jhunter@jhla.net  

Norwalk 
(4B190196001) 

Mailing Address P.O. Box 1030 
Norwalk, CA 90651-1030 

Facility Contact, Title,  Chino Consunji, City Engineer 

Palos Verdes 
Estates 
(4B190197001) 

Mailing Address 340 Palos Verdes Drive West 
Palos Verdes Estates, CA 90274 

Facility Contact, Title, 
and E-mail 

Allan Rigg, Director of Public Works 
arigg@pvestates.org 

Paramount 
(4B190198001) 

Mailing Address 16400 Colorado Avenue 
Paramount, CA 90723-5091 

Facility contact, title, 
and E-mail 

Chris Cash, Utility and Infrastructure Assistant Director 
ccash@paramountcity,org 

Pasadena 
(4B190199001) 

Mailing Address P.O. Box 7115 
Pasadena, CA 91109-7215 

Facility contact, title, 
and E-mail 

Stephen Walker 
swalker@cityofpasadena.net 

Pico Rivera 
(4B190200001) 

Mailing Address P.O. Box 1016 
Pico Rivera, CA 90660-1016 

Facility contact, title, 
and E-mail 

Art Cervantes, Director of Public Works 
acervantes@pico-rivera.org 
 

Pomona 
(4B190145003) 

Mailing Address P.O. Box 660 
Pomona, CA 91769-0660 

Facility Contact, Title, 
and E-mail 

Kimberly ColbertJulie Carver, Environmental Compliance 
ConsultantPrograms Coordinator  
kimberlyJulie_Carvercolbert@ci.pomona.ca.us 

Rancho Palos 
Verdes 
(4B190201001) 

Mailing Address 30940 Hawthorne Boulevard 
Rancho Palos Verdes, CA 90275 

Facility Contact, Title, 
and E-mail 

Ray Holland, Interim Public Works Director 
clehr@rpv.com 

Redondo 
Beach 
(4B190143002) 

Mailing Address P.O. Box 270 
Redondo Beach, CA 90277-0270 

Facility Contact, Title, 
and E-mail 

Mike Shay, Principal Civil Engineer 
mshay@redondo.org 

Rolling Hills 
(4B190202001) 

Mailing Address 2 Portuguese Bend Road 
Rolling Hills, CA 90274-5199 

Facility Contact, Title, 
and E-mail 

Greg Grammer, Assistant to the City Manager 
ggrammer@rollinghillsestatesca.gov 

Rolling Hills 
Estates 
(4B190203001) 

Mailing Address 4045 Palos Verdes Drive North 
Rolling Hills Estates, CA 90274 

Facility Contact, Title, 
and E-mail 

Greg Grammer, Assistant to the City Manager 
ggrammer@rollinghillsestatesca.gov 
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Permittee 
(WDID) 

Contact Information 

 

Rosemead 
(4B190204001) 

Mailing Address 8838 East Valley Boulevard 
Rosemead, CA 91770-1787 

Facility contact, title, 
and Phone 

Chris Marcarello, Director of PW 
626-569-2118 

San Dimas 
(4B190205001) 

Mailing Address 245 East Bonita Avenue 
San Dimas, CA 91773-3002 

Facility Contact, Title, 
and E-mail 

Latoya  Cyrus, Environmental Services Coordinator, 
lcyrus@ci.san-dimas.ca.us 
 

San Fernando 
(4B190206001) 

Mailing Address 117 Macneil Street 
San Fernando, CA 91340 

Facility contact, title, 
and E-mail 

Ron Ruiz, Director of Public Works 
rruiz@sfcity.org 

San Gabriel 
(4B190207001) 

Mailing Address 425 South Mission Drive 
San Gabriel, CA 91775 

Facility contact, title, 
and Phone 

Daren T. Grilley, City Engineer 
626-308-2806 ext. 4631 

San Marino 
(4B190208001) 

Mailing Address 2200 Huntington Drive 
San Marino, CA 91108-2691 

Facility contact, title, 
and E-mail 

Chuck Richie, Director of Parks and Public Works 
crichie@cityofsanmarino.org 

Santa Clarita 
(4B190117001) 

Mailing Address 23920 West Valencia Boulevard, Suite 300 
Santa Clarita, CA 91355 

Facility contact, title, 
and Phone 

Travis Lange, Environmental Services Manager 
661-255-4337 

Santa Fe 
Springs 
(4B190108003) 

Mailing Address P.O. Box 2120 
Santa Fe Springs, CA 90670-2120 

Facility Contact, Title, 
and E-mail 

Sarina Morales-Choate, Civil Engineer Assistant 
smorales-choate@santafesprings.org 

Santa Monica 
(4B190122002) 

Mailing Address 1685 Main Street 
Santa Monica, CA 90401-3295 

Facility Contact, Title, 
and E-mail 

Neal Shapiro, Urban Runoff Coordinator 
nshapiro@smgov.net 

Sierra Madre 
(4B190209001) 

Mailing Address 232 West Sierra Madre Boulevard 
Sierra Madre, CA 91024-2312 

Facility contact, title, 
and phone 

James Carlson, Management Analyst 
626-355-7135 ext. 803 

Signal Hill 
(4B190210001) 

Mailing Address 2175 Cherry Avenue 
Signal Hill, CA 90755 

Facility contact, title, 
and Phone 

John Hunter 562-802-7880   
jhunter@jlha.net 

South El 
Monte 
(4B190211001) 

Mailing Address 1415 North Santa Anita Avenue 
South El Monte, CA 91733-3389 

Facility contact, title, 
and Phone 

Anthony Ybarra, City Manager 
626-579-6540 

South Gate 
(4B190212001) 

Mailing Address 8650 California Avenue 
South Gate, CA 90280 

Facility contact, title, 
and E-mail 

John Hunter 562-802-7880   
jhunter@jlha.net 
 
 

RB-AR5078



Greater Los Angeles County ORDER NO. R4-2012-XXXX 
Municipal Separate Storm Sewer System                                                          NPDES PERMIT NO. CAS004001 
 
 

 
Order 8 

R
E
V
I
S
E
D 
 

T
E
N
T
A
T 
I
V
E 

Permittee 
(WDID) 

Contact Information 

 

South 
Pasadena 
(4B190213001) 

Mailing Address 1414 Mission Street 
South Pasadena, CA 91030-3298 

Facility contact, title, 
and E-mail 

John Hunter 562-802-7880   
jhunter@jlha.net 

Temple City 
(4B190214001) 

Mailing Address 9701 Las Tunas Drive 
Temple City, CA 91780-2249 

Facility contact, title, 
and Phone 

Joe Lambert at 626-285-2171 or 
John Hunter 562-802-7880   
jhunter@jlha.net 

Torrance 
(4B190215001) 

Mailing Address 3031 Torrance Boulevard 
Torrance, CA 90503-5059 

Facility Contact, Title, 
and Phone 

Leslie Cortez, Senior Administrative Assistant 

Vernon 
(4B190216001) 

Mailing Address 4305 Santa Fe Avenue 
Vernon, CA 90058-1786 

Facility contact, title, 
and Phone 

Claudia Arellano 
323-583-8811 

Walnut 
(4B190217001) 

Mailing Address P.O. Box 682 
Walnut, CA 91788 

Facility Contact, Title, 
and Phone 

Jack Yoshino, Senior Management Assistant 

West Covina 
(4B190218001) 

Mailing Address P.O. Box 1440 
West Covina, CA 91793-1440 

Facility Contact, Title, 
and E-mail 

Samuel Gutierrez, Engineering Technician 
sam.gutierrez@westcovina.org 

West 
Hollywood 
(4B190219001) 

Mailing Address 8300 Santa Monica Boulevard 
West Hollywood, CA 90069-4314 

Facility Contact, Title, 
and E-mail 

Jan HarmonSharon Perlstein, Environmental Services 
SpecialistCity Engineer 
jharmonsperlstein@weho.org 

Westlake 
Village 
(4B190220001) 

Mailing Address 31200 Oak Crest Drive 
Westlake Village, CA 91361 

Facility Contact, Title, 
and E-mail 

Roxanne Hughes, Stormwater Program Coordinator 
rhughes@wlv.org 

Whittier 
(4B190221001) 

Mailing Address 13230 Penn Street 
Whittier, CA 90602-1772 

Facility Contact, Title, 
and E-mail 

David Mochizuki, Director of Public Works 
dmochizuki@cityofwhittier.org 

County of Los 
Angeles 
(4B190107099) 

Mailing Address 900 South Fremont Avenue 
Alhambra, CA 91803 

Facility contact, title, 
and Phone 

Gary Hildebrand, Assistant Deputy DirectorTerri Grant, 
Division Engineer 
626-458-43009 
ghildeb@dpw.lacounty.gov 

Los Angeles 
County Flood 
Control 
District 
(4B190107101) 

Mailing Address 900 South Fremont Avenue 
Alhambra, CA 91803 

Facility contact, title, 
and Phone 

Gary Hildebrand, Assistant Deputy DirectorTerri Grant, 
Division Engineer 
626-458-43009 
ghildeb@dpw.lacounty.gov 
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Table 4. Administrative Information 

   

                                            
1
 Note that the Santa Ana River Watershed lies primarily within the boundaries of the Santa Ana Regional Water Quality 
Control Board. However, a portion of the Chino Basin subwatershed lies within the jurisdictions of Pomona and Claremont in 
Los Angeles County. The primary receiving water within the Los Angeles County portion of the Chino Basin subwatershed is 
San Antonio Creek. 

Discharge Point 
Effluent 

Description 

Discharge 
Point 

Latitude 

Discharge 
Point 

Longitude 
Receiving Water 

All Municipal Separate 
Storm Sewer System 
discharge points within 
the Los Angeles County 
Flood Control District, 
the County of Los 
Angeles, and 84 
incorporated cities 
within the Los Angeles 
County Flood Control 
District with the 
exception of the City of 
Long Beach 

Storm Water 
and Non-
Storm Water 

Numerous Numerous 

Surface waters identified in 
Tables 2-1, 2-1a, 2-3, and 2-
4, and Appendix 1, Table 1 of 
the Water Quality Control 
Plan - Los Angeles Region 
(Basin Plan for the Coastal 
Watersheds of Los Angeles 
and Ventura Counties), and 
other unidentified tributaries 
to these surface waters within 
the following Watershed 
Management Areas:  

(1) Santa Clara River 
Watershed;  

(2) Santa Monica Bay 
Watershed Management 
Area, including Malibu Creek 
Watershed and Ballona 
Creek Watershed;  

(3) Los Angeles River 
Watershed;  

(4) Dominguez Channel and 
Greater Los Angeles/Long 
Beach Harbors Watershed 
Management Area;  

(5) Los Cerritos Channel and 
Alamitos Bay Watershed 
Management Area; 

(6) San Gabriel River 
Watershed; and 

(7) Santa Ana River 
Watershed.

1
 

This Order was adopted by the California Regional Water Quality Control 
Board, Los Angeles Region on: 

<Adoption Date> 

This Order becomes effective on:  <Effective Date> 

This Order expires on: <Expiration Date> 

In accordance with Title 23, Division 3, Chapter 9 of the California Code 
of Regulations and Title 40, Part 122 of the Code of Federal Regulations, 
each Discharger shall file a Report of Waste Discharge as application for 
issuance of new waste discharge requirements no later than: 

180 days prior to the Order 
expiration date above  
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In accordance with section 2235.4 of Title 23 of the California Code of Regulations, the terms and conditions 
of an expired permit are automatically continued pending issuance of a new permit if all requirements of the 
federal NPDES regulations on continuation of expired permits are complied with.  Accordingly, if a new order 
is not adopted by the expiration date above, then the Permittees shall continue to implement the 
requirements of this Order until a new one is adopted. 

 
I, Samuel Unger, Executive Officer, do hereby certify that this Order with all attachments is a 
full, true, and correct copy of an Order adopted by the California Regional Water Quality 
Control Board, Los Angeles Region, on <Adoption Date>. 

 

 
 ________________________________________ 

Samuel Unger, Executive Officer 
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II. FINDINGS 

The California Regional Water Quality Control Board, Los Angeles Region (hereinafter 
Regional Water Board) finds: 

A. Nature of Discharges and Sources of Pollutants 

Storm water and non-storm water discharges consist of surface runoff generated from 
various land uses, which are conveyed via the municipal separate storm sewer system 
and ultimately discharged into surface waters throughout the region.  Discharges of 
storm water and non-storm water from the Los Angeles County Municipal Separate 
Storm Sewer Systems (MS4s) within the Coastal Watersheds of Los Angeles County 
convey pollutants to surface waters throughout the Los Angeles Region.  The primary 
pollutants of concern in these discharges, as identified by the Los Angeles County 
Flood Control District Integrated Receiving Water Impacts Report (1994-20002005), are 
indicator bacteria, total aluminum, copper, lead, zinc, diazinon, and cyanideindicator 
bacteria, nutrients, total dissolved solids, turbidity, total suspended solids, total 
aluminum, dissolved cadmium, copper, lead, total mercury, nickel, zinc, cyanide, bis(2-
ethylhexyl)phthalate, polycyclic aromatic hydrocarbons (PAHs), diazinon, and 
chlorpyrifos.  Aquatic toxicity, particularly during wet weather, is also a concern based 
on a review of Annual Monitoring Reports from 2005-10. Storm water and non-storm 
water discharges of debris and trash are also a pervasive water quality problem in the 
Los Angeles Region though significant strides have been made by a number of 
Permittees in addressing this problem through the implementation of control measures 
to achieve wasteload allocations established in trash TMDLs.  

Pollutants in storm water and non-storm water have damaging effects on both human 
health and aquatic ecosystems.  Water quality assessments conducted by the Regional 
Water Board have identified impairment of beneficial uses of water bodies in the Los 
Angeles Region caused or contributed to by pollutant loading from municipal storm 
water and non-storm water discharges. As a result of these impairments, there are 
beach postings and closures, fish consumption advisories, local and global ecosystem 
and aesthetic impacts from trash and debris, reduced habitat for threatened and 
endangered species, among others. The Regional Water Board and USEPA have 
established 33 total maximum daily loads (TMDLs) that identify Los Angeles County 
MS4 discharges as one of the pollutant sources causing or contributing to these water 
quality impairments. 

 
B. Permit History 

Prior to the issuance of this Order, Regional Water Board Order No. 01-182 served as 
the NPDES Permit for MS4 storm water and non-storm water discharges within the 
Coastal Watersheds of the County of Los Angeles. The requirements of Order No. 01-
182 applied to the Los Angeles County Flood Control District, the unincorporated areas 
of Los Angeles County under County jurisdiction, and 84 Cities within the Los Angeles 
County Flood Control District with the exception of the City of Long Beach. The first 
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county-wide MS4 permit for the County of Los Angeles and the incorporated areas 
therein was Order No. 90-079, adopted by the Regional Water  Board on June 18, 
1990.  

Under Order No. 01-182, the Los Angeles County Flood Control District was designated 
the Principal Permittee, and the County of Los Angeles and 84 incorporated Cities were 
each designated Permittees. The Principal Permittee coordinated and facilitated 
activities necessary to comply with the requirements of Order No. 01-182, but was not 
responsible for ensuring compliance of any of the other Permittees. The designation of 
a Principal Permittee has not been carried over from Order No. 01-182.  

Order No. 01-182 was subsequently amended by the Regional Water Board on 
September 14, 2006 by Order No. R4-2006-0074 to incorporate provisions consistent 
with the assumptions and requirements of the Santa Monica Bay Beaches Dry Weather 
Bacteria TMDL (SMB Dry Weather Bacteria TMDL) waste load allocations (WLAs). As a 
result of a legal challenge to Order No. R4-2006-0074, the Los Angeles County 
Superior Court issued a peremptory writ of mandate on July 23, 2010 requiring the 
Regional Water Board to void and set aside the amendments adopted through Order 
No. R4-2006-0074 in Order No. 01-182. The Court concluded that the permit 
proceeding at which Order No. R4-2006-0074 was adopted was procedurally deficient. 
The Court did not address the substantive merits of the amendments themselves, and 
thus made no determination about the substantive validity of Order No. R4-2006-0074. 
In compliance with the writ of mandate, the Regional Water Board voided and set aside 
the amendments adopted through Order No. R4-2006-0074 on April 14, 2011. This 
Order reincorporates requirements equivalent to the 2006 provisions to implement the 
SMB Dry Weather Bacteria TMDL. 

In addition, Order No. 01-182 was amended on August 9, 2007 by Order No. R4-2007-
0042 to incorporate provisions consistent with the assumptions and requirements of the 
Marina del Rey Harbor Mothers’ Beach and Back Basins Bacteria TMDL, and was again 
amended on December 10, 2009 by Order No. R4-2009-0130 to incorporate provisions 
consistent with the assumptions and requirements of the Los Angeles River Watershed 
Trash TMDL.  

C. Permit Application 

On June 12, 2006, prior to the expiration date of Order No. 01-182, all of the Permittees 
filed Reports of Waste Discharge (ROWD) applying for renewal of their waste discharge 
requirements that serve as an NPDES permit to discharge storm water and authorized 
and conditionally exempt non-storm water through their MS4 to surface waters.  
Specifically, the Los Angeles County Flood Control District (LACFCD) submitted an 
ROWD application on behalf of itself, the County of Los Angeles, and 78 other 
Permittees.  Several Permittees under Order No. 01-182 elected to not be included as 
part of the Los Angeles County Flood Control District’s ROWD.  On June 12, 2006, the 
Cities of Downey and Signal Hill each submitted an individual ROWD application 
requesting a separate MS4 Permit; and the Upper San Gabriel River Watershed 
Coalition, comprised of the cities of Azusa, Claremont, Glendora, Irwindale, and Whittier 
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also submitted an individual ROWD application requesting a separate MS4 Permit for 
these cities.  In 2010, the LACFCD withdrew from its participation in the 2006 ROWD 
submitted in conjunction with the County and 78 other co-permittees, and submitted a 
new ROWD also requesting an individual MS4 permit. The LACFCD also requested 
that, if an individual MS4 permit was not issued to it, it no longer be designated as the 
Principal Permittee and it be relieved of Principal Permittee responsibilities.  The 
Regional Water Board evaluated each of the 2006 ROWDs and notified all of the 
Permittees that their ROWDs did not satisfy federal storm water regulations contained in 
the USEPA Interpretive Policy Memorandum on Reapplication Requirements for 
Municipal Separate Storm Sewer Systems; Final Rule, August 9, 1996 (61 Fed Reg. 
41697).  Because each ROWD did not satisfy federal requirements, the Regional Water 
Board deemed all four 2006 ROWDs incomplete. The Regional Water Board also 
evaluated the LACFCD’s 2010 ROWD and found that it too did not satisfy federal 
requirements for MS4s.   

Though five separate ROWDs were submitted, the Regional Water Board retains 
discretion as the permitting authority to determine whether to issue permits for 
discharges from MS4s on a system-wide or jurisdiction-wide basis (Clean Water Act 
(CWA) § 402(p)(3)(B)(i); 40 CFR section 122.26, subdivisions (a)(1)(v) and (a)(3)(ii)).  
Because of the complexity and networking of the MS4 within Los Angeles County, 
which often results in commingled discharges, the Regional Water Board has previously 
adopted a system-wide approach to permitting MS4 discharges within Los Angeles 
County.  

In evaluating the five separate ROWDs, the Regional Water Board considered the 
appropriateness of permitting discharges from MS4s within Los Angeles County on a 
system-wide or jurisdiction-wide basis or a combination of both. Based on that 
evaluation, the Regional Water Board again determined that, because of the complexity 
and networking of the MS4 within Los Angeles County, that one system-wide permit is 
appropriate. In order to provide individual Permittees with more specific requirements, 
certain provisions of this Order are organized by watershed management area, which is 
appropriate given the requirements to implement 33 watershed-based TMDLs.  The 
Regional Water Board also determined that because the LACFCD owns and operates 
large portions of the MS4 infrastructure, including but not limited to catch basins, storm 
drains, outfalls and open channels, in each coastal watershed management area within 
Los Angeles Countyas the primary owner and operator of the Los Angeles County MS4, 
the LACFCD should remain a Permittee in the single system-wide permit; however, this 
Order relieves the LACFCD of its role as “Principal Permittee.” 

D. Permit Coverage and Facility Description 

The Los Angeles County Flood Control District, the County of Los Angeles, and 84 
incorporated cities within the Los Angeles County Flood Control District with the 
exception of the City of Long Beach (see Table 5, List of Permittees), hereinafter 
referred to separately as Permittees and jointly as the Dischargers, discharge storm 
water and non-storm water from municipal separate storm sewer systems (MS4s), also 
called storm drain systems. For the purposes of this Order, references to the 
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“Discharger” or “Permittee” in applicable federal and state laws, regulations, plans, or 
policy are held to be equivalent to references to the Discharger, or Permittees herein.  

The area covered under this Order encompasses more than 3,000 square miles. This 
area contains a vast drainage network that serves incorporated and unincorporated 
areas in every Watershed Management Area within the Los Angeles Region. Maps 
depicting the major drainage infrastructure within the area covered under this Order are 
included in Attachment C of this Order. 

Table 5. List of Permittees 

Agoura Hills Hawaiian Gardens Pomona 
Alhambra Hawthorne Rancho Palos Verdes 
Arcadia Hermosa Beach Redondo Beach 
Artesia Hidden Hills Rolling Hills 
Azusa Huntington Park Rolling Hills Estates 
Baldwin Park Industry Rosemead 
Bell Inglewood San Dimas 
Bell Gardens Irwindale San Fernando 
Bellflower La Canada Flintridge San Gabriel 
Beverly Hills La Habra Heights San Marino 
Bradbury La Mirada Santa Clarita 
Burbank La Puente Santa Fe Springs 
Calabasas La Verne Santa Monica 
Carson Lakewood Sierra Madre 
Cerritos Lawndale Signal Hill 
Claremont Lomita South El Monte 
Commerce Los Angeles South Gate 
Compton Lynwood South Pasadena 
Covina Malibu Temple City 
Cudahy Manhattan Beach Torrance 
Culver City Maywood Vernon 
Diamond Bar Monrovia Walnut 
Downey Montebello West Covina 
Duarte Monterey Park West Hollywood 
El Monte Norwalk Westlake Village 
El Segundo Palos Verdes Estates Whittier 
Gardena Paramount County of Los Angeles 
Glendale Pasadena Los Angeles County Flood 

Control District Glendora Pico Rivera 
 

The Los Angeles County Flood Control District encompasses more than 3,000 square 
miles. The LACFCD contains a vast drainage network that serves incorporated and 
unincorporated areas in every Watershed Management Area within the Los Angeles 
Region. The drainage infrastructure includes approximately 500 miles of open channels, 
2,900 miles of underground storm drains, and over 80,000 catch basins. Maps depicting 

RB-AR5088



Greater Los Angeles County ORDER NO. R4-2012-XXXX 
Municipal Separate Storm Sewer System NPDES NO. CAS004001 
 
 

 
Limitations and Discharge Requirements 18 

R
E
V
I
S
E
D 
 

T
E
N
T
A
T 
I
V
E 

the major drainage infrastructure of the Los Angeles County MS4 are included in 
Attachment C of this Order.  

E. Los Angeles County Flood Control District 

In 1915, the California Legislature enacted the Los Angeles County Flood Control Act, 
establishing the Los Angeles County Flood Control District (LACFCD). The objects and 
purposes of the Act are to provide for the control and conservation of the flood, storm 
and other waste waters within the flood control district.  Among its other powers, the 
LACFCD also has the power to preserve, enhance, and add recreational features to 
lands or interests in lands contiguous to its properties for the protection, preservation, 
and use of the scenic beauty and natural environment for the properties or the lands. 
The LACFCD is governed, as a separate entity, by the County of Los Angeles Board of 
Supervisors. 

The LACFCD’s system includes the majority of drainage infrastructure within 
incorporated and unincorporated areas in every watershed, including approximately 500 
miles of open channel, 3,500 miles of underground drains, and an estimated 88,800 
catch basins, and several dams. Portions of the LACFCD’s current system were 
originally unmodified natural rivers and water courses. 

The LACFCD’s system conveys both storm and non-storm water throughout the Los 
Angeles basin. Other Permittees’ MS4s connect and discharge to the LACFCD’s 
system. 

The waters and pollutants discharged from the LACFCD’s system come from various 
sources. These sources can include storm water and non-storm water from the 
Permittees under this permit and other NPDES and non-NPDES Permittees discharging 
into the LACFCD’s system, including industrial waste water dischargers, waste water 
treatment facilities, industrial and construction stormwater Permittees, water suppliers, 
government entities, CERCLA potentially responsible parties, and Caltrans. Sources 
can also include discharges from school districts that do not operate large or medium-
sized municipal storm sewers and discharges from entities that have waste discharge 
requirements or waivers of waste discharge requirements. 

Unlike other Permittees, the LACFCD does not own or operate any municipal sanitary 
sewer systems, public streets, roads, or highways. 

The LACFCD has no planning, zoning, development permitting or other land use 
authority over industrial or commercial facilities, new developments or re-development 
projects, or development construction sites located in any incorporated or 
unincorporated areas within its service area. The Permittees that have such land use 
authority are responsible for implementing a storm water management program to 
inspect and control pollutants from industrial and commercial facilities, new 
development and re-development projects, and development construction sites within 
their jurisdictional boundaries. 

E.F. Permit Scope 
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This Order regulates municipal discharges of storm water and non-storm water from the 
Permittees’ MS4s.  Section 122.26(b)(8) of title 40 of the Code of Federal Regulations 
(CFR) defines an MS4 as “a conveyance or system of conveyances (including roads 
with drainage systems, municipal streets, catch basins, curbs, gutters, ditches, man-
made channels, or storm drains): (i) [o]wned or operated by a State, city, town, borough, 
county, parish, district, association, or other public body (created by or pursuant to State 
law) having jurisdiction over disposal of sewage, industrial wastes, storm water, or other 
wastes, including special districts under State law such as a sewer district, flood control 
district or drainage district, or similar entity, or an Indian tribe or an authorized Indian 
tribal organization, or a designated and approved management agency under section 
208 of the CWA that discharges to waters of the United States; (ii) [d]esigned or used 
for collecting or conveying storm water; (iii) [w]hich is not a combined sewer; and (iv) 
[w]hich is not part of a Publicly Owned Treatment Works (POTW) as defined at 40 CFR 
122.2.” 

Storm water discharges consist of those discharges that originate from precipitation 
events. Federal regulations define “storm water” as “storm water runoff, snow melt 
runoff, and surface runoff and drainage.” (40 CFR § 122.26(b)(13).)  While “surface 
runoff and drainage” is not defined in federal law, USEPA’s preamble to its final storm 
water regulations demonstrates that the term is related to precipitation events such as 
rain and/or snowmelt. (55 Fed. Reg. 47990, 47995-96 (Nov. 16, 1990)). 

Non-storm water discharges consist of all discharges through an MS4 that do not 
originate from precipitation events.  Non-storm water discharges through an MS4 are 
prohibited unless authorized under a separate NPDES permit; authorized by USEPA 
pursuant to Sections 104(a) or 104(b) of the federal Comprehensive Environmental 
Response, Compensation and Liability Act (CERCLA); composed of natural flows; the 
result of emergency fire fighting activities; or conditionally exempted in this Order. 

A permit issued to more than one Permittee for MS4 discharges may contain separate 
storm water management programs for particular Permittees or groups of Permittees. 
40 CFR § 122.26(d)(2)(iv). Given the LACFCD’s limited land use authority, it is 
appropriate for the LACFCD to have a separate and uniquely-tailored storm water 
management program. Accordingly, the storm water management program minimum 
control measures imposed on the LACFCD in Part VI.D of this Order differ in some 
ways from the minimum control measures imposed on other Permittees. Namely, aside 
from its own properties and facilities, the LACFCD is not subject to the 
Industrial/Commercial Facilities Program, the Planning and Land Development 
Program, and the Development Construction Program.  However, as a discharger of 
storm and non-storm water, the LACFCD remains subject to the Public Information and 
Participation Program and the Illicit Connections and Illicit Discharges Elimination 
Program. Further, as the owner and operator of certain properties, facilities and 
infrastructure, the LACFCD remains subject to requirements of a Public Agency 
Activities Program. 

F.G. Geographic Coverage and Watershed Management Areas 
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The municipal storm water and non-storm water discharges flow into receiving waters in 
the Watershed Management Areas of the Santa Clara River Watershed; Santa Monica 
Bay Watershed Management Area, including Malibu Creek Watershed and Ballona 
Creek Watershed; Los Angeles River Watershed; Dominguez Channel and Greater Los 
Angeles/Long Beach Harbors Watershed Management Area; Los Cerritos Channel and 
Alamitos Bay Watershed Management Area; San Gabriel River Watershed; and Santa 
Ana River Watershed.   

This Order redefines Watershed Management Areas (WMAs) consistent with the 
delineations used in the Regional Water Board’s Watershed Management Initiative. 
Permittees included in each of the WMAs are listed in Attachment K. 

Maps depicting each WMA, its subwatersheds, and the major receiving waters therein 
are included in Attachment B. 

Federal, state, regional or local entities in jurisdictions outside the Los Angeles County 
Flood Control District, and not currently named as Permittee to this Order, may operate 
MS4 facilities and/or discharge to the MS4 and water bodies covered by this Order.  
Pursuant to 40 CFR sections 122.26(d)(1)(ii) and 122.26(d)(2)(iv), each Permittee shall 
maintain the necessary legal authority to control the contribution of pollutants to its MS4 
and shall include in its storm water management program a comprehensive planning 
process that includes intergovernmental coordination, where necessary.  
 
Sources of MS4 discharges into receiving waters in the County of Los Angeles but not 
covered by this Order include the following: 

• About 34 square miles of unincorporated area in Ventura County, which drain 
into Malibu Creek and then to Santa Monica Bay,  

• About 9 square miles of the City of Thousand Oaks, which also drain into Malibu 
Creek and then to Santa Monica Bay, and 

• About 86 square miles of area in Orange County, which drain into Coyote Creek 
and then into the San Gabriel River. 
 

Specifically, the Orange County Flood Control District (OCFCD) owns and operates the 
Los Alamitos Retarding Basin and Pumping Station (Los Alamitos Retarding Basin).  
The Los Alamitos Retarding Basin is within the San Gabriel River Watershed, and is 
located adjacent to the Los Angeles and Orange County boundary.  The majority of the 
30-acre Los Alamitos Retarding Basin is in Orange County; however, the northwest 
corner of the facility is located in the County of Los Angeles.  Storm water and non-
storm water discharges, which drain to the Los Alamitos Retarding Basin, are pumped 
to the San Gabriel River Estuary (SGR Estuary) through pumps and subterranean 
piping.  The pumps and discharge point are located in the County of Los Angeles. 

 
The OCFCD pumps the water within the Los Alamitos Retarding Basin to the San 
Gabriel River Estuary through four discharge pipes, which are covered by tide gates.  
The discharge point is located approximately 700 feet downstream from the 2nd Street 
Bridge in Long Beach.  The total pumping capacity of the four pumps is 800 cubic feet 
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per second (cfs).  There is also a 5 cfs sump pump that discharges nuisance flow 
continuously to the Estuary though a smaller diameter uncovered pipe. 

 
The discharge from the Los Alamitos Retarding Basin is covered under the Orange 
County Municipal NPDES Storm Water Permit (NPDES Permit No. CAS618030, Santa 
Ana Regional Water Quality Control Board Order No. R8-2010-0062), which was issued 
to the County of Orange, Orange County Flood Control District and Incorporated Cities 
on May 22, 2009.  The Orange County MS4 Permit references the San Gabriel River 
Metals and Selenium TMDL (Metals TMDL).  The waste load allocations listed in the 
Metals TMDL for Coyote Creek are included in the Orange County MS4 Permit.  
However, the Orange County MS4 Permit does not contain the dry weather copper 
waste load allocations assigned to the Estuary. 

G. Legal Authorities 

This Order is issued pursuant to CWA section 402 and implementing regulations 
adopted by the USEPA and chapter 5.5, division 7 of the California Water Code 
(commencing with section 13370).  This Order serves as an NPDES permit for point 
source discharges from the Los Angeles County Permittees’ MS4s to surface waters.  
This Order also serves as waste discharge requirements (WDRs) pursuant to article 4, 
chapter 4, division 7 of the California Water Code (commencing with Section 13260).  

H. Municipal Separate Storm Sewer System Requirements. The 1972 Clean Water Act2 
established the NPDES Program to regulate the discharge of pollutants from point 
sources to waters of the United States. However, pollution from storm water and dry-
weather urban runoff was largely unabated for over a decade. In response to the 1987 
Amendments to the l Clean Water Act, USEPA developed Phase I of the NPDES Storm 
Water Permitting Program in 1990, which established a framework for regulating 
municipal and industrial discharges of storm water and non-storm water. The Phase I 
program addressed sources of storm water and dry-weather urban runoff that had the 
greatest potential to negatively impact water quality. In particular, under Phase I, 
USEPA required NPDES Permit coverage for discharges from medium and large MS4 
with populations of 100,000 or more. Operators of MS4s regulated under the Phase I 
NPDES Storm Water Program were required to obtain permit coverage for municipal 
discharges of storm water and non-storm water to waters of the United States  

Early in the history of the this LA County MS4 Permit, the Regional Water Board 
designated the MS4s owned and/or operated by the incorporated cities and Los 
Angeles County unincorporated areas within the LACFCD Coastal Watersheds of Los 
Angeles County as a large MS4 due to the total population of Los Angeles County, 
including that of unincorporated and incorporated areas, and the interrelationship 
between the Permittees’ MS4s throughout the LACFCD, pursuant to 40 CFR section 
122.26(b)(4). The total population of the cities and County unincorporated areas 
covered by this Order was 9,519,338 in 2000 and has increased by approximately 
300,000 to 9,818,605 in 2010, according to the United States Census. 

                                            
2
 Federal Water Pollution Control Act; 33 U.S.C. § 1251 et seq., which, as amended in 1977, is commonly known as the Clean 
Water Act. 

RB-AR5092



Greater Los Angeles County ORDER NO. R4-2012-XXXX 
Municipal Separate Storm Sewer System NPDES NO. CAS004001 
 
 

 
Limitations and Discharge Requirements 22 

R
E
V
I
S
E
D 
 

T
E
N
T
A
T 
I
V
E 

This Order implements the federal Phase I NPDES Storm Water Program requirements. 
These requirements include three fundamental elements: (i) a requirement to effectively 
prohibit non-storm water discharges through the MS4, (ii) requirements to implement 
controls to reduce the discharge of pollutants to the maximum extent practicable, and 
(iii) other provisions that the Regional Water Board has determines determined 
necessary appropriate for the control of such pollutants in MS4 discharges in order to 
achieve water quality standards. 

I. Background and Rationale for Requirements.  The Regional Water Board developed 
the requirements in this Order based on information submitted as part of the Permittees’ 
applications, through monitoring and reporting programs, and other available 
information.  In accordance with federal regulations at 40 CFR section 124.8, a Fact 
Sheet (Attachment F) has been prepared to explain the principal facts and the 
significant factual, legal, methodological, and policy questions considered in preparing 
this Order. The Fact Sheet is hereby incorporated into this Order and also constitutes 
part of the Findings of the Regional Water Board for this Order.  Attachments A through 
E and G through R are also incorporated into this Order. 

J. Water Quality Control Plans. The Clean Water Act requires the Regional Water Board 
to establish water quality standards for each water body in its region. Water quality 
standards include beneficial uses, water quality objectives and criteria that are 
established at levels sufficient to protect those beneficial uses, and an antidegradation 
policy to prevent degrading waters. The Regional Water Board adopted a Water Quality 
Control Plan - Los Angeles Region (hereinafter Basin Plan) on June 13, 1994 and has 
amended it on multiple occasions since 1994. The Basin Plan designates beneficial 
uses, establishes water quality objectives, and contains implementation programs and 
policies to achieve those objectives for all waters in the Los Angeles Region.  Pursuant 
to California Water Code section 13263(a), the requirements of this Order implement 
the Basin Plan. Beneficial uses applicable to the surface water bodies that receive 
discharges from the Los Angeles County MS4 generally include those listed below. 
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Table 6. Basin Plan Beneficial Uses 

Discharge Point 
Receiving Water 

Name 
Beneficial Uses 

All Municipal 
Separate Storm 
Sewer Systems 
(MS4s) discharge 
points within the Los 
Angeles County 
Flood Control 
District, the County 
of Los Angeles, and 
84 incorporated 
cities within the Los 
Angeles County 
Flood Control 
District with the 
exception of the City 
of Long Beach 

Multiple surface 
water bodies of the 
Los Angeles Region 

Municipal and Domestic Supply (MUN); Agricultural 
Supply (AGR); Industrial Service Supply (IND); Industrial 
Process Supply (PROC); Ground Water Recharge (GWR); 
Freshwater Replenishment (FRSH); Navigation (NAV); 
Hydropower Generation (POW); Water Contact 
Recreation (REC-1); Limited Contact Recreation (LREC-
1); Non-Contact Water Recreation (REC-2); Commercial 
and Sport Fishing (COMM); Warm Freshwater Habitat 
(WARM); Cold Freshwater Habitat (COLD); Preservation 
of Areas of Special Biological Significance (BIOL); Wildlife 
Habitat (WILD); Preservation of Rare and Endangered 
Species (RARE); Marine Habitat (MAR); Wetland Habitat 
(WET); Migration of Aquatic Organisms (MIGR); 
Spawning, Reproduction, and/or Early Development 
(SPWN); Shellfish Harvesting (SHELL) 

 

1. Total Maximum Daily Loads (TMDLs) 

Clean Water Act section 303(d)(1) requires each state to identify the waters within its 
boundaries that do not meet water quality standards. Water bodies that do not meet 
water quality standards are considered impaired and are placed on the state’s “CWA 
Section 303(d) List”. For each listed water body, the state is required to establish a 
TMDL of each pollutant impairing the water quality standards in that water body.  A 
TMDL is a tool for implementing water quality standards and is based on the 
relationship between pollution sources and in-stream water quality conditions.  The 
TMDL establishes the allowable pollutant loadings for a water body and thereby 
provides the basis to establish water quality-based controls.  These controls should 
provide the pollution reduction necessary for a water body to meet water quality 
standards.  A TMDL is the sum of the allowable pollutant loads of a single pollutant 
from all contributing point sources (the waste load allocations or WLAs) and non-
point sources (load allocations or LAs), plus the contribution from background 
sources and a margin of safety. (40 CFR section 130.2(i).) MS4 discharges are 
considered point source discharges.  

Numerous receiving waters within Los Angeles County do not meet water quality 
standards or fully support beneficial uses and therefore have been classified as 
impaired on the State’s 303(d) List.  The Regional Water Board and USEPA have 
each established TMDLs to address many of these water quality impairments.  
Pursuant to CWA section 402(p)(B)(3)(iii) and 40 CFR section 122.44(d)(1)(vii)(B), 
this Order includes requirements that are consistent with and implement WLAs that 
are assigned to discharges from the Los Angeles County MS4 from 33 State-
adopted and USEPA established TMDLs.  This Order requires Permittees to comply 
with the TMDL Provisions in Part VI.E and Attachments L through R, which are 
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consistent with the assumptions and requirements of the TMDL WLAs assigned to 
discharges from the Los Angeles County MS4.  A comprehensive list of TMDLs by 
watershed management area and the Permittees subject to each TMDL is included 
in Attachment K.  

Waste load allocations in these TMDLs are expressed in several ways depending on 
the nature of the pollutant and its impacts on receiving waters and beneficial uses. 
Bacteria WLAs assigned to MS4 discharges are expressed as the number of 
allowable exceedance days that a water body may exceed the Basin Plan water 
quality objectives for protection of the REC-1 beneficial use.  Since the TMDLs and 
the WLAs contained therein are expressed as receiving water conditions, receiving 
water limitations have been included in this Order that are consistent with and 
implement the allowable exceedance day WLAs. Water quality-based effluent 
limitations are also included equivalent to the Basin Plan water quality objectives to 
allow the opportunity for Permittees to individually demonstrate compliance at an 
outfall or jurisdictional boundary, thus isolating the Permittee’s pollutant contributions 
from those of other Permittees and from other pollutant sources to the receiving 
water.  

WLAs for trash are expressed as progressively decreasing allowable amounts of 
trash discharges from a Permittee’s jurisdictional area within the drainage area to 
the impaired water body. The Trash TMDLs require each Permittee to make annual 
reductions of its discharges of trash over a set period, until the numeric target of 
zero trash discharged from the MS4 is achieved. The Trash TMDLs specify a 
specific formula for calculating and allocating annual reductions in trash discharges 
from each jurisdictional area within a watershed.  The formula results in specified 
annual amounts of trash that may be discharged from each jurisdiction into the 
receiving waters.  Translation of the WLAs or compliance points described in the 
TMDLs into jurisdiction-specific load reductions from the baseline levels, as specified 
in the TMDL, logically results in the articulation of an annual limitation on the amount 
of a pollutant that may be discharged.  The specification of allowable annual trash 
discharge amounts meets the definition of an “effluent limitation”, as that term is 
defined in subdivision (c) of section 13385.1 of the California Water Code.  
Specifically, the trash discharge limitations constitute a “numeric restriction … on the 
quantity [or] discharge rate … of a pollutant or pollutants that may be discharged 
from an authorized location.”   

TMDL WLAs for other pollutants (e.g., metals and toxics) are expressed as 
concentration and/or mass and water quality-based effluent limitations have been 
specified consistent with the expression of the WLA, including any applicable 
averaging periods. Some TMDLs specify that, if certain receiving water conditions 
are achieved, such achievement constitutes attainment of the WLA. In these cases, 
receiving water limitations and/or provisions outlining these alternate means of 
demonstrating compliance are included in the TMDL provisions in Part VI.E of this 
Order.  
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The inclusion of water quality-based effluent limitations and receiving water 
limitations to implement applicable WLAs provides a clear means of identifying 
required water quality outcomes within the permit and ensures accountability by 
Permittees to implement actions necessary to achieve the limitations.    

A number of the TMDLs for bacteria, metals, and toxics establish WLAs that are 
assigned jointly to a group of Permittees whose storm water and/or non-storm water 
discharges are or may be commingled in the MS4 prior to discharge to the receiving 
water subject to the TMDL.  TMDLs address commingled MS4 discharges by 
assigning a WLA to a group of MS4 Permittees based on co-location within the 
same subwatershed.  Permittees with co-mingled MS4 discharges are jointly 
responsible for meeting the water quality-based effluent limitations and receiving 
water limitations assigned to MS4 discharges in this Order.  "Joint responsibility" 
means that the Permittees that have commingled MS4 discharges are responsible 
for implementing programs in their respective jurisdictions, or within the MS4 for 
which they are an owner and/or operator, to meet the water quality-based effluent 
limitations and/or receiving water limitations assigned to such commingled MS4 
discharges.   

In these cases, federal regulations state that co-permittees need only comply with 
permit conditions relating to discharges from the MS4 for which they are owners or 
operators  (40 CFR § 122.26(a)(3)(vi)).  Individual co-permittees are only 
responsible for their contributions to the commingled MS4 discharge. This Order 
does not require a Permittee to individually ensure that a commingled MS4 
discharge meets the applicable water quality-based effluent limitations included in 
this Order, unless such Permittee is shown to be solely responsible for an 
exceedance.  

Additionally, this Order allows a Permittee to clarify and distinguish their individual 
contributions and demonstrate that its MS4 discharge did not cause or contribute to 
exceedances of applicable water quality-based effluent limitations and/or receiving 
water limitations. If such a demonstration is made, though the Permittee’s discharge 
may commingle with that of other Permittees, the Permittee would not be held jointly 
responsible for the exceedance of the water quality-based effluent limitation or 
receiving water limitation. Individual co-permittees who demonstrate compliance with 
the water quality-based effluent limitations will not be held responsible for violations 
by non-compliant co-permittees. 

Given the interconnected nature of the Los Angeles CountyPermittees’ MS4s, 
however, the Regional Water Board expects Permittees to work cooperatively to 
control the contribution of pollutants from one portion of the MS4 to another portion 
of the system through inter-agency agreements or other formal arrangements.  

K. Ocean Plan. In 1972, the State Water Resources Control Board (State Water Board) 
adopted the Water Quality Control Plan for Ocean Waters of California, California 
Ocean Plan (hereinafter Ocean Plan). The State Water Board adopted the most recent 
amended Ocean Plan on September 15, 2009. The Office of Administration Law 
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approved it on March 10, 2010. On October 8, 2010, USEPA approved the 2009 Ocean 
Plan. The Ocean Plan is applicable, in its entirety, to the ocean waters of the State. In 
order to protect beneficial uses, the Ocean Plan establishes water quality objectives and 
a program of implementation. Pursuant to California Water Code section 13263(a), the 
requirements of this Order implement the Ocean Plan. The Ocean Plan identifies 
beneficial uses of ocean waters of the State to be protected as summarized in the table 
below. 

Table 7. Ocean Plan Beneficial Uses 

Discharge Point 
Receiving Water 

Name 
Beneficial Uses 

All Municipal 
Separate Storm 
Sewer Systems 
(MS4s) discharge 
points within the Los 
Angeles County 
Flood Control 
District, the County 
of Los Angeles, and 
84 incorporated 
cities within the Los 
Angeles County 
Flood Control 
District with the 
exception of the City 
of Long Beach 

Pacific Ocean 

Industrial Water Supply (IND); Water Contact (REC-1) and 
Non-Contact Recreation (REC-2), including aesthetic 
enjoyment; Navigation (NAV); Commercial and Sport 
Fishing (COMM); Mariculture; Preservation and 
Enhancement of Designated Areas of Special Biological 
Significance (ASBS); Rare and Endangered Species 
(RARE); Marine Habitat (MAR); Fish Migration (MIGR); 
Fish Spawning (SPWN) and Shellfish Harvesting (SHELL) 

 

L. Antidegradation Policy 

40 CFR section 131.12 requires that state water quality standards include an 
antidegradation policy consistent with the federal antidegradation policy.  The State 
Water Board established California’s antidegradation policy in State Water Board 
Resolution No. 68-16 (“Statement of Policy with Respect to Maintaining the Quality of 
the Waters of the State”).  Resolution No. 68-16 incorporates the federal 
antidegradation policy where the federal policy applies under federal law.  Resolution 
No. 68-16 requires that existing water quality be maintained unless degradation is 
justified based on specific findings.  The Regional Water Board’s Basin Plan 
implements, and incorporates by reference, both the state and federal antidegradation 
policies.  The permitted discharge is consistent with the antidegradation provision of 
section 131.12 and State Water Board Resolution No. 68-16. 

M. Anti-Backsliding Requirements.  Section 402(o)(2) of the CWA and federal 
regulations at 40 CFR section 122.44(l) prohibit backsliding in NPDES permits.  These 
anti-backsliding provisions require effluent limitations or other conditions in a reissued 
permit to be as stringent as those in the previous permit, with some exceptions where 
limitations or conditions may be relaxed.  All effluent limitations and conditions in this 
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Order are at least as stringent as the effluent limitations and conditions in the previous 
permit. 

N. Endangered Species Act.  This Order does not authorize any act that results in the 
taking of a threatened or endangered species or any act that is now prohibited, or 
becomes prohibited in the future, under either the California Endangered Species Act 
(Fish and Game Code, §§  2050 to 2115.5) or the Federal Endangered Species Act (16 
U.S.C.A., §§ 1531 to 1544).  This Order requires compliance with requirements to 
protect the beneficial uses of waters of the United States.  Permittees are responsible 
for meeting all requirements of the applicable Endangered Species Act. 

O. Monitoring and Reporting.  Section 308(a) of the federal Clean Water Act, and 40 
CFR sections 122.41(h), (j)-(l), 122.41(i), and 122.48, requires that all NPDES permits 
specify monitoring and reporting requirements for recording and reporting monitoring 
results.  Federal regulations applicable to large and medium MS4s also specify 
additional monitoring and reporting requirements. (40 C.F.R. §§ 122.26(d)(2)(i)(F) & 
(d)(2)(iii)(D), 122.42(c).) California Water Code sections 13267 and 13383 authorizes 
the Regional Water Board to establish monitoring, inspection, entry, reporting, and 
recordkeeping requirements technical and monitoring reports.  The Monitoring and 
Reporting Program establishes monitoring, and reporting, and recordkeeping 
requirements to that implement the federal and State laws and/or 
requirementsregulations.  This Monitoring and Reporting Program is provided in 
Attachment E.  

P. Standard and Special Provisions.  Standard Provisions, which apply to all NPDES 
permits in accordance with 40 CFR section 122.41, and additional conditions applicable 
to specified categories of permits in accordance with 40 CFR section 122.42, are 
provided in Attachment D.  Dischargers must comply with all standard provisions and 
with those additional conditions that are applicable under 40 CFR section 122.42 
provided in Attachment D.  The Regional Water Board has also included in Part VI of 
this Order various special provisions applicable to the Dischargers.  A rationale for the 
various special provisions contained in this Order is provided in the attached Fact Sheet 
(Attachment F).  

Q. Unfunded Mandates 
Article XIII B, Section 6(a) of the California Constitution provides that whenever “any 
state agency mandates a new program or higher level of service on any local 
government, the state shall provide a subvention of funds to reimburse that local 
government for the costs of the program or increased level of service.” The 
requirements of this Order do not constitute state mandates that are subject to a 
subvention of funds for several reasons as described in detail in the attached Fact 
Sheet (Attachment F). 

Q.R. Economic Considerations.  The California Supreme Court has ruled that although 
California Water Code section 13263 requires the State and Regional Water Boards 
(collectively, Water Boards) to consider the factors set forth in California Water Code 
section 13241 when issuing an NPDES permit, the Water Boards may not consider the 
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factors to justify imposing pollutant restriction that are less stringent than the applicable 
federal regulations require. (City of Burbank v. State Water Resources Control Bd. 
(2005) 35 Cal.4th 613, 618, 626-627). However, when the pollutant restrictions in an 
NPDES permit are more stringent than federal law requires, California Water Code 
section 13263 requires that the Water Boards consider the factors described in section 
13241 as they apply to those specific restrictions. As noted in the preceding finding, the 
Regional Water Board finds that the requirements in this permit are not more stringent 
than the minimum federal requirements. Therefore, a 13241 analysis is not required for 
permit requirements that implement the effective prohibition on the discharge of non-
storm water discharges into the MS4, or for controls to reduce the discharge of 
pollutants in storm water to the maximum extent practicable, or other provisions that the 
Regional Water Board has determined appropriate to control such pollutants, as those 
requirements are mandated by federal law. Notwithstanding the above, the Regional 
Water Board has developed an economic analysis of the permit’s requirements, 
consistent with California Water Code section 13241. That analysis is provided in the 
Fact Sheet (Attachment F of this Order). 

S.T. California Environmental Quality Act (CEQA).  This action to adopt an NPDES 
Permit is exempt from the provisions of Chapter 3 of the California Environmental 
Quality Act (CEQA) (Public Resources Code, § 21100, et seq.) pursuant to California 
Water Code section 13389. (County of Los Angeles v. Cal. Water Boards (2006) 143 
Cal.App.4th 985.) 

T.U. Notification of Interested Parties.  In accordance with State and federal laws and 
regulations, the Regional Water Board has notified the Permittees and interested 
agencies and persons of its intent to prescribe waste discharge requirements for the 
discharges authorized by this Order and has provided them with an opportunity to 
provide written and oral comments. Details of notification, as well as the meetings and 
workshops held on drafts of the permit, are provided in the Fact Sheet of this Order.  

U.V. Consideration of Public Comment.  The Regional Water Board, in a public 
meeting, heard and considered all oral and written comments pertaining to the 
discharges authorized by this Order and the requirements contained herein.  The 
Regional Water Board has prepared written responses to all timely comments, which 
are incorporated by reference as part of this Order.  

W. This Order serves as an NPDES permit pursuant to CWA section 402 or amendments 
thereto, and becomes effective fifty (50) days after the date of its adoption, provided that 
the Regional Administrator, USEPA, Region IX, expresses no objections. 

X. This Order supersedes Order No. 01-182 as amended, except for enforcement 
purposes. 

Y. Review by the State Water Board. Any person aggrieved by this action of the 
Regional Water Board may petition the State Water Board to review the action in 
accordance with California Water Code section 13320 and California Code of 
Regulations, title 23, sections 2050 and following. The State Water Board must receive 
the petition by 5:00 p.m., 30 days after the Regional Water Board action, except that if 
the thirtieth day following the action falls on a Saturday, Sunday, or state holiday, the 
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petition must be received by the State Water Board by 5:00 p.m. on the next business 
day. Copies of the law and regulations applicable to filing petitions may be found on the 
Internet at: http://www.waterboards.ca.gov/public_notices/petitions/water_quality or will 
be provided upon request. 

THEREFORE, IT IS HEREBY ORDERED, that the Dischargers, in order to meet the 
provisions contained in Division 7 of the California Water Code (commencing with section 
13000), and regulations, plans, and policies  adopted thereunder, and the provisions of the 
Clean Water Act and regulations and guidelines adopted thereunder, shall comply with the 
following requirements: 

III. DISCHARGE PROHIBITIONS 

A. Prohibitions – Non-Storm Water Discharges  

1. Prohibition of Non-Storm Water Discharges.  Each Permittee shall, for the portion 
of the MS4 for which it is an owner or operator, prohibit non-storm water discharges 
through the MS4 to receiving waters except where such discharges are either: 

a. Authorized non-storm water discharges separately regulated by an individual or 
general NPDES permit; 

b. Temporary non-storm water discharges authorized by USEPA3 pursuant to 
sections 104(a) or 104(b) of the Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA) that either: (i) will comply with water 
quality standards as applicable or relevant and appropriate requirements 
(“ARARs”) under section 121(d)(2) of CERCLA; or (ii) are subject to either (a) a 
written waiver of ARARs by USEPA pursuant to section 121(d)(4) of CERCLA or 
(b) a written determination by USEPA that compliance with ARARs is not 
practicable considering the exigencies of the situation pursuant to 40 CFR. 
section 300.415(j); 

c. Authorized non-storm water discharges from emergency fire fighting activities 
(i.e., flows necessary for the protection of life or property)4; 

d. Natural flows, including: 

i. Natural springs; 

ii. Flows from riparian habitats and wetlands; 

iii. Diverted stream flows, authorized by the State or Regional Water Board; 

                                            
3
 These typically include short-term, high volume discharges resulting from the development or redevelopment of groundwater 
extraction wells, or USEPA or State-required compliance testing of potable water treatment plants, as part of a USEPA 
authorized groundwater remediation action under CERCLA. 

4
 Discharges from vehicle washing, building fire suppression system maintenance and testing (e.g., sprinkler line flushing), fire 
hydrant maintenance and testing, and other routine maintenance activities are not considered emergency fire fighting 
activities. 
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iv. Uncontaminated ground water infiltration5; 

v. Rising ground waters, where ground water seepage is not otherwise covered 
by a NPDES permit6; or  

e. Conditionally exempt non-storm water discharges in accordance with Parts III.A.2 
and III.A.3 below. 

2. Conditional Exemptions from Non-Storm Water Discharge Prohibition.  The 
following categories of non-storm water discharges are conditionally exempt from 
the non-storm water discharge prohibition, provided they meet all required conditions 
specified below, or as otherwise approved by the Regional Water Board Executive 
Officer, in all areas regulated by this Order with the exception of direct discharges to 
Areas of Special Biological Significance (ASBS) within Los Angeles County. 
Conditional exemptions from the prohibition on non-storm water discharges through 
the MS4 to an ASBS are identified in Part III.A.3 below. 

a. Conditionally Exempt Essential Non-Storm Water Discharges: These consist of 
those discharges that fall within one of the categories below; meet all required 
best management practices (BMPs) as specified in i. and ii. below, including 
those enumerated in the referenced BMP manuals; are essential public services 
discharge activities; and are directly or indirectly required by other state or 
federal statute and/or regulation: 

i. Discharges from essential non-emergency fire fighting activities7 provided 
appropriate BMPs are implemented based on the CAL FIRE, Office of the 
State Fire Marshal’s Water-Based Fire Protection Systems Discharge Best 
Management Practices Manual (September 2011) for water-based fire 
protection system discharges, and based on Riverside County’s Best 
Management Practices Plan for Urban Runoff Management (May 1, 2004) or 
equivalent BMP manual for fire training activities and post-emergency fire 
fighting activities; 

ii. Discharges from potable water sources, where not otherwise regulated by an 
individual or general NPDES permit8, provided appropriate BMPs are 
implemented based on the American Water Works Association (California-
Nevada Section) Guidelines for the Development of Your Best Management 

                                            
5
 Uncontaminated ground water infiltration is water other than waste water that enters the MS4 (including foundation drains) 
from the ground through such means as defective pipes, pipe joints, connections, or manholes. Infiltration does not include, 
and is distinguished from, inflow. (See 40 CFR § 35.2005(20).) 

6
 A NPDES permit for discharges associated with ground water dewatering is required within the Los Angeles Region.  

7
 This includes fire fighting training activities, which simulate emergency responses, and routine maintenance and testing 
activities necessary for the protection of life and property, including building fire suppression system maintenance and testing 
(e.g. sprinkler line flushing) and fire hydrant testing and maintenance. Discharges from vehicle washing are not considered 
essential and as such are not conditionally exempt from the non-storm water discharge prohibition. 

8
 Potable water distribution system releases means sources of flows from drinking water storage, supply and distribution 
systems (including flows from system failures), pressure releases, system maintenance, distribution line testing, and flushing 
and dewatering of pipes, reservoirs, and vaults, and minor non-invasive well maintenance activities not involving chemical 
addition(s) where not otherwise regulated by NPDES Permit No. CAG674001, NPDES Permit No. CAG994005, or an other 
separate NPDES permit. 
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Practices (BMP) Manual for Drinking Water System Releases (2005) or 
equivalent industry standard BMP manual. Additionally, each Permittee shall 
work with potable water suppliers that may discharge to the Permittee’s MS4 
to ensure for all discharges greater than 100,000 gallons: (1) notification at 
least 72 hours prior to a planned discharge and as soon as possible after an 
unplanned discharge; (2) monitoring of any pollutants of concern9 in the 
potable water supply release; and (3) record keeping by the potable water 
supplier for all discharges greater than one acre-foot.10 Permittees shall 
require that the following information is maintained by the water supplier(s) for 
all discharges to the MS4 (planned and unplanned) greater than 100,000 
gallons: name of discharger, date and time of notification (for planned 
discharges), method of notification, location of discharge, discharge pathway, 
receiving water, date of discharge, time of the beginning and end of the 
discharge, duration of the discharge, flow rate or velocity, total number of 
gallons discharged, type of dechlorination equipment used, type of 
dechlorination chemicals used, concentration of residual chlorine, type(s) of 
sediment controls used, pH of discharge, type(s) of volumetric and velocity 
controls used, and field and laboratory monitoring data. Records shall be 
retained for five years and made available upon request by the Permittee or 
Regional Water Board. 

b. Those discharges that fall within one of the categories below, provided that the 
discharge itself is not a source of pollutants and meets all required conditions 
specified in Table 8 or as otherwise specified or approved by the Regional Water 
Board Executive Officer: 

i. Dewatering of lakes11;  

ii. Landscape irrigation; 

iii. Dechlorinated/debrominated swimming pool/spa discharges12, where not 
otherwise regulated by a separate NPDES permit; 

iv. Dewatering of decorative fountains13; 

                                            
9
 Pollutants of concern may include, at a minimum, trash and debris, including organic matter, total suspended solids (TSS), 
residual chlorine, pH, and any pollutant for which there is a water quality-based effluent limitation in Part VI.E applicable to 
discharges from the MS4 to the receiving water. 

10
 Permittees shall require that the following information is maintained by the water supplier(s) for all discharges (planned and 
unplanned) greater than one acre-foot: name of discharger, date and time of notification (for planned discharges), method of 
notification, location of discharge, discharge pathway, receiving water, date of discharge, time of the beginning and end of 
the discharge, duration of the discharge, flow rate or velocity, total number of gallons discharged, type of dechlorination 
equipment used, type of dechlorination chemicals used, concentration of residual chlorine, type(s) of sediment controls used, 
pH of discharge, type(s) of volumetric and velocity controls used, and field and laboratory monitoring data. Records shall be 
retained for five years and made available upon request by the Permittee or Regional Water Board. 

11
 Dewatering of lakes does not include dewatering of drinking water reservoirs. Dewatering of drinking water reservoirs is 
addressed in Section III.A.2.a.ii. 

12
 Conditionally exempt dechlorinated/debrominated swimming pool/spa discharges do not include swimming pool/spa filter 
backwash or swimming pool/spa water containing bacteria, detergents, wastes, or algaecides, or any other chemicals 
including salts from pools commonly referred to as “salt water pools” in excess of applicable water quality objectives. 
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v. Non-commercial car washing by residents or by non-profit organizations; 

vi. Street/sidewalk wash water14. 

3. Conditional Exemptions from Non-Storm Water Discharge Prohibition within 
an ASBS. The following non-storm water discharges through from the MS4 directly 
to an ASBS are conditionally exempt pursuant to the California Ocean Plan as 
specified below, provided that: 

a. The discharges are essential for emergency response purposes, structural 
stability, slope stability or occur naturally, including the following discharges: 

i. Discharges associated with emergency fire fighting activities (i.e., flows 
necessary for the protection of life or property)15; 

ii. Foundation and footing drains; 

iii. Water from crawl space or basement pumps; 

iv. Hillside dewatering; 

v. Naturally occurring ground water seepage via a MS4; and 

vi. Non-anthropogenic flows from a naturally occurring stream via a culvert or 
MS4, as long as there are no contributions of anthropogenic runoff. 

b. The discharges fall within one of the conditionally exempt essential non-storm 
water discharge categories in Part III.A.2.a. above. 

c. Conditionally exempt non-storm water discharges shall not cause or contribute16 
to an exceedance of applicable receiving water limitations and/or water quality-
based effluent limitations in this Order or the water quality objectives in Chapter II 
of the Ocean Plan, or alter natural ocean water quality in an ASBS. 

4. Permittee Requirements.  Each Permittee shall: 

a. Develop and implement procedures to ensure that a discharger, if not a 
named Permittee in this Order, fulfills the following for non-storm water 
discharges to the Permittee’s MS4: 

                                                                                                                                                       
13

 Conditionally exempt discharges from dewatering of decorative fountains do not include fountain water containing bacteria, 
detergents, wastes, or algaecides, or any other chemicals in excess of applicable water quality objectives. 

14
 Conditionally exempt non-storm water discharges of street/sidewalk wash water only include those discharges resulting from 
use of high pressure, low volume spray washing using only potable water with no cleaning agents at an average usage of 
0.006 gallons per square feet of sidewalk area in accordance with Regional Water Board Resolution No. 98-08. Conditionally 
exempt non-storm water discharges of street/sidewalk wash water do not include hosing of any sidewalk or street with a 
garden hose with a pressure nozzle. 

15
 See note 4. 

16
 Based on the water quality characteristics of the conditionally exempt non-storm water discharge itself. 
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i. Notifies the Permittee of the planned discharge in advance, consistent 
with requirements in Table 8 or recommendations pursuant to the 
applicable BMP manual;  

ii. Obtains any local permits required by the MS4 owner(s) and/or 
operator(s);  

iii. Provides documentation that it has obtained any other necessary permits 
or water quality certifications17 for the discharge;  

iv. Conducts monitoring of the discharge, if required by the Permittee;  

v. Implements BMPs and/or control measures as specified in Table 8 or in 
the applicable BMP manual(s) as a condition of the approval to discharge 
into the Permittee’s MS4; and  

vi. Maintains records of its discharge to the MS4, consistent with 
requirements in Table 8 or recommendations pursuant to the applicable 
BMP manual.  For lake dewatering, Permittees shall require that the 
following information is maintained by the lake owner / operator: name of 
discharger, date and time of notification, method of notification, location of 
discharge, discharge pathway, receiving water, date of discharge, time of 
the beginning and end of the discharge, duration of the discharge, flow 
rate or velocity, total number of gallons discharged, type(s) of sediment 
controls used, pH of discharge, type(s) of volumetric and velocity controls 
used, and field and laboratory monitoring data. Records shall be made 
available upon request by the Permittee or Regional Water Board. 

b. Develop and implement procedures that minimize the discharge of landscape 
irrigation water into the MS4 by promoting conservation programs. 

i. Permittees shall coordinate with the local water purveyor(s), where 
applicable, to promote landscape water use efficiency requirements for 
existing landscaping, use of drought tolerant, native vegetation, and the 
use of less toxic options for pest control and landscape management.  

ii. Permittees shall develop and implement a coordinated outreach and 
education program to minimize the discharge of irrigation water and 
pollutants associated with irrigation water consistent with Part VI.D.4.c of 
this Order (Public Information and Participation Program). 

c. Evaluate monitoring data collected pursuant to the Monitoring and Reporting 
Program (MRP) of this Order (Attachment E), and any other associated data 
or information, and determine whether any of the authorized or conditionally 
exempt non-storm water discharges identified in Parts III.A.1, III.A.2, and 
III.A.3 above are a source of pollutants that may be causing or contributing to 

                                            
17

 Pursuant to the Federal Clean Water Act § 401. 
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an exceedance of applicable receiving water limitations in Part V and/or water 
quality-based effluent limitations in Part VI.E. To evaluate monitoring data, the 
Permittee shall either use applicable interim or final water quality-based 
effluent limitations for the pollutant or, if there are no applicable interim or final 
water quality-based effluent limitations for the pollutant, use applicable action 
levels provided in Attachment G. Based on non-storm water outfall-based 
monitoring as implemented through the MRP, if monitoring data show 
exceedances of applicable water quality-based effluent limitations or action 
levels, the Permittee shall take further action to determine whether the 
discharge is causing or contributing to exceedances of receiving water 
limitations in Part V. 

d. If the Permittee determines that any of the conditionally exempt non-storm 
water discharges identified in Part III.A.2.b above is a source of pollutants that 
causes or contributes to an exceedance of applicable receiving water 
limitations and/or water quality-based effluent limitations, the Permittee(s) 
shall report its findings to the Regional Water Board in its annual report.  
Based on this determination, the Permittee(s) shall also either: 

i. Effectively prohibit18 the non-storm water discharge to the MS4; or 

ii. Impose conditions in addition to those in Table 8, subject to approval by 
the Regional Water Board Executive Officer, on the non-storm water 
discharge such that it will not be a source of pollutants; or 

iii. Provide for diversion of the non-storm water discharge to the sanitary 
sewer; or 

iv. Provide treatment of the non-storm water discharge prior to discharge to 
the receiving water. 

e. If the Permittee determines that any of the authorized or conditionally exempt 
essential non-storm water discharges identified in Parts III.A.1.a through 
III.A.1.c, III.A.2.a, or III.A.3 above is a source of pollutants that causes or 
contributes to an exceedance of applicable receiving water limitations and/or 
water quality-based effluent limitations, the Permittee shall notify the Regional 
Water Board within 30 days if the non-storm water discharge is an authorized 
discharge with coverage under a separate NPDES permit or authorized by 
USEPA under CERCLA in the manner provided in Part III.A.1.b above, or a 
conditionally exempt essential non-storm water discharge or emergency non-
storm water discharge. 

f. If the Permittee prohibits the discharge from the MS4, as per Part III.A.4.d.i, 
then the Permittee shall implement procedures developed under Part VI.D.9 

                                            
18

 To “effectively prohibit” means to not allow the non-storm water discharge through the MS4 unless the discharger obtains 
coverage under a separate NPDES permit prior to discharge to the MS4. 
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(Illicit Connections and Illicit Discharges Elimination Program) in order to 
eliminate the discharge to the MS4. 

5. If a Permittee demonstrates that the water quality characteristics of a specific 
authorized or conditionally exempt essential non-storm water discharge resulted 
in an exceedance of applicable receiving water limitations and/or water quality-
based effluent limitations during a specific sampling event, the Permittee shall 
not be found in violation of applicable receiving water limitations and/or water 
quality-based effluent limitations for that specific sampling event. Such 
demonstration must be based on source specific water quality monitoring data 
from the authorized or conditionally exempt essential non-storm water discharge 
and or other relevant information documenting the characteristics of regarding 
the specific non-storm water discharge as identified in Table 8. 

6. Notwithstanding the above, the Regional Water Board Executive Officer, based 
on an evaluation of monitoring data and other relevant information for specific 
categories of non-storm water discharges, may modify a category or remove 
categories of conditionally exempt non-storm water discharges from Parts III.A.2 
and III.A.3 above if the Executive Officer determines that a discharge category is 
a source of pollutants that causes or contributes to an exceedance of applicable 
receiving water limitations and/or water quality-based effluent limitations, or may 
require that a discharger obtain coverage under a separate individual or general 
State or Regional Water Board permit for a non-storm water discharge. 
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Table 8.  Required Conditions for Conditionally Exempt Non-Storm Water Discharges 

Discharge 
Category 

General Conditions 
Under Which 
Discharge Through 
the MS4 is Allowed 

Conditions/BMPs that are Required to be Implemented Prior to Discharge Through the MS4 

All Discharge 
Categories 

See discharge specific 
conditions below. 

EnsureSegregate conditionally exempt non-storm water discharges from avoid potential sources 
of pollutants in the flow path to prevent introduction of pollutants to the MS4 and receiving water. 

I. Whenever there is a discharge of one acre-foot100,000 gallons or more into the MS4, the Los 
Angeles County Flood Control DistrictPermittees shall require advance notification by the 
discharger to the potentially affected MS4 Permittees, including at a minimum the 
DistrictLACFCD, if applicable, and the Permittee with jurisdiction over the land area from which 
the discharge originates.  

Dewatering of lakes 

Discharge allowed 
only if all necessary 
permits/water quality 
certifications for 
dredge and fill 
activities, including 
water diversions, are 
obtained prior to 
discharge. 

Ensure procedures for advanced notification by the lake owner / operator to the Permittee(s) no 
less than 72 hours prior to the planned discharge. 

Immediately prior to discharge, visible trash on the shoreline or on the surface of the lake shall be 
removed and disposed of in a legal manner. 

Immediately prior to discharge, the discharge pathway,  and the MS4 inlet to which the discharge 
is directed, and the MS4 outlet from which the water will be discharged to the receiving water, 
shall be inspected and cleaned out. 

Discharges shall be volumetrically and velocity controlled to minimize resuspension of sediments. 

Measures shall be taken to stabilize lake bottom sediments. 

Ensure procedures for water quality monitoring for pollutants of concern
19

 in the lake. 

Ensure record-keeping of lake dewatering by the lake owner / operator.
20

 

                                            
19

 Pollutants of concern include, at a minimum, trash and debris, including organic matter, TSS, and any pollutant for which there is a water quality-based effluent limitation 
in Part VI.E for the lake and/or receiving water. 

20
 Permittees shall require that the following information is maintained by the lake owner / operator: name of discharger, date and time of notification, method of notification, 
location of discharge, discharge pathway, receiving water, date of discharge, time of the beginning and end of the discharge, duration of the discharge, flow rate or 
velocity, total number of gallons discharged, type(s) of sediment controls used, pH of discharge, type(s) of volumetric and velocity controls used, and field and laboratory 
monitoring data. Records shall be made available upon request by the Permittee or Regional Water Board. 
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Landscape irrigation 
using potable water 

Discharge allowed if 
runoff due to potable 
landscape irrigation is 
minimized through the 
implementation of an 
ordinance specifying 
water efficient 
landscaping 
standards, as well as 
an outreach and 
education program 
focusing on water 
conservation and 
landscape water use 
efficiency. 

Implement BMPs to minimize runoff and prevent introduction of pollutants to the MS4 and 
receiving water. 

Implement water conservation programs to minimize discharge by using less water. 

Landscape irrigation 
using reclaimed or 
recycled water 

Discharge of 
reclaimed or recycled 
water runoff from 
landscape irrigation is 
allowed if the 
discharge is in 
compliance with the 
producer and 
distributor operations 
and management 
(O&M) plan, and all 
relevant portions 
thereof, including the 
Irrigation Management 
Plan. 

Discharges must comply with applicable O&M Plans, and all relevant portions thereof, including 
the Irrigation Management Plan. 
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Dechlorinated/ 
debrominated 
swimming pool/spa 
discharges 

Discharges allowed 
after implementation 
of specified BMPs. 

Pool or spa water 
containing copper-
based algaecides is 
not allowed to be 
discharged to the 
MS4. 

Discharges of cleaning 
waste water and filter 
backwash allowed 
only if authorized by a 
separate NPDES 
permit. 

Implement BMPs and segregate ensure discharge from avoids potential sources of pollutants in 
the flow path to prevent introduction of pollutants prior to discharge to the MS4 and receiving 
water. 

Swimming pool water must be dechlorinated or debrominated using holding time, aeration, and/or 
sodium thiosulfate. Chlorine residual in the discharge shall not exceed 0.1 mg/L. 

Swimming pool water shall not contain any detergents, wastes, or algaecides, or any other 
chemicals including salts from pools commonly referred to as “salt water pools” in excess of 
applicable water quality objectives.

21
  

Swimming pool discharges are to be pH adjusted, if necessary, and be within the range of 6.5 and 
8.5 standard units. 

Swimming pool discharges shall be volumetrically and velocity controlled to promote evaporation 
and/or infiltration. 

Ensure procedures for advanced notification by the pool owner to the Permittee(s) at least 72 
hours prior to planned discharge for discharges of one acre-foot 100,000 gallons or more. 

II. Immediately prior to discharge, the discharge pathway,  and the MS4 inlet to which the 
discharge is directed, and the MS4 outlet from which the water will be discharged to the receiving 
water, shall be inspected and cleaned out. 

Dewatering of 
decorative fountains 

Discharges allowed 
after implementation 
of specified BMPs. 

Fountain water 
containing copper-
based algaecides may 
not be discharged to 
the MS4. 

Fountain water 
containing dyes my 
not be discharged to 
the MS4. 

Implement BMPs and segregate ensure discharge avoids from potential sources of pollutants in 
the flow path to prevent introduction of pollutants prior to discharge to the MS4 and receiving 
water. 

Fountain water must be dechlorinated or debrominated using holding time, aeration, and/or 
sodium thiosulfate. Chlorine residual in the discharge shall not exceed 0.1 mg/L. 

Fountain discharges are to be pH adjusted, if necessary, and be within the range of 6.5 and 8.5 
standard units. 

Fountain discharges shall be volumetrically and velocity controlled to promote evaporation and/or 
infiltration. 

Ensure procedures for advanced notification by the fountain owner to the Permittee(s) at least 72 
hours prior to planned discharge for discharges of one acre-foot100,000 gallons or more. 

III. Immediately prior to discharge, the discharge pathway,  and the MS4 inlet to which the 
discharge is directed, and the MS4 outlet from which the water will be discharged to the receiving 

                                            
21

 Applicable mineral water quality objectives for surface waters are contained in Chapter 3 of the Basin Plan for the Coastal Watersheds of Los Angeles and Ventura 
Counties. 
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water, shall be inspected and cleaned out. 

Non-commercial car 
washing by 
residents or by non-
profit organizations 

Discharges allowed 
after implementation 
of specified BMPs. 

Implement BMPs and segregate ensure discharge avoids from potential sources of pollutants in 
the flow path to prevent introduction of pollutants prior to discharge to the MS4 and receiving 
water. 

Minimize the amount of water used by employing water conservation practices such as turning off 
nozzles or kinking the hose when not spraying a car, and using a low volume pressure washer. 

Encourage use of biodegradable, phosphate free detergents and non-toxic cleaning products. 

Where possible, wash cars on a permeable surface where wash water can percolate into the 
ground (e.g. gravel or grassy areas). 

Empty buckets of soapy or rinse water into the sanitary sewer system (e.g., sinks or toilets). 

Street/sidewalk 
wash water 

Discharges allowed 
after implementation 
of specified BMPs. 

Sweeping should be used as an alternate BMP whenever possible and sweepings should be 
disposed of in the trash. 

BMPs shall be in accordance with Regional Water Board Resolution No. 98-08 that requires: 1) 
removal of trash, debris, and free standing oil/grease spills/leaks (use absorbent material if 
necessary) from the area before washing and 2) use of high pressure, low volume spray washing 
using only potable water with no cleaning agents at an average usage of 0.006 gallons per square 
feet of sidewalk area. In areas of unsanitary conditions (e.g., areas where the congregation of 
transient populations can reasonably be expected to result in a significant threat to water quality), 
whenever practicable, Permittees shall collect and divert street and alley wash water from the 
Permittee’s street and sidewalk cleaning public agency activities to the sanitary sewer. 
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IV. EFFLUENT LIMITATIONS AND DISCHARGE SPECIFICATIONS  

A. Effluent Limitations 

1. Technology Based Effluent Limitations: Each Permittee shall reduce pollutants in 
storm water discharges from the MS4 to the maximum extent practicable (MEP). 

2. Water Quality-Based Effluent Limitations (WQBELs). This Order establishes 
WQBELs consistent with the assumptions and requirements of all available TMDL 
waste load allocations assigned to discharges from the Los Angeles 
CountyPermittees’ MS4s.   

a. Each Permittee shall comply with applicable WQBELs as set forth in Part VI.E of 
this Order, pursuant to applicable compliance schedules.  

B. Land Discharge Specifications – Not Applicable 

C. Reclamation Specifications – Not Applicable 

V.  RECEIVING WATER LIMITATIONS  

A. Receiving Water Limitations  

1. Discharges from the MS4 that cause or contribute to the violation of receiving water 
limitations are prohibited. 

2. Discharges from the MS4 of storm water, or non-storm water, for which a Permittee 
is responsible22, shall not cause or contribute to a condition of nuisance. 

3. The Permittees shall comply with Parts V.A.1 and V.A.2 through timely 
implementation of control measures and other actions to reduce pollutants in the 
discharges in accordance with the storm water management program and its 
components and other requirements of this Order including any modifications. The 
storm water management program and its components shall be designed to achieve 
compliance with receiving water limitations. If exceedances of receiving water 
limitations persist, notwithstanding implementation of the storm water management 
program and its components and other requirements of this Order, the Permittee 
shall assure compliance with discharge prohibitions and receiving water limitations 
by complying with the following procedure: 

a. Upon a determination by either the Permittee or the Regional Water Board that 
discharges from the MS4 are causing or contributing to an exceedance of an 
applicable Receiving Water Limitation, the Permittee shall promptly notify23 and 
thereafter submit an Integrated Monitoring Compliance Report (as described in 
the Program Reporting Requirements, Part XVIII.A.5 of the Monitoring and 

                                            
22

 Pursuant to 40 CFR § 122.26(a)(3)(vi), a Permittee is only responsible for discharges of storm water and non-storm water 
from the MS4 for which it is an owner or operator. 

23
 Within 30 days of receipt of analytical results from the sampling event. 

RB-AR5111



Greater Los Angeles County ORDER NO. R4-2012-XXXX 
Municipal Separate Storm Sewer System NPDES NO. CAS004001 
 
 

 
Limitations and Discharge Requirements 41 

R
E
V
I
S
E
D 
 

T
E
N
T
A
T 
I
V
E 

Reporting Program) to the Regional Water Board for approval. The Integrated 
Monitoring Compliance shall describe the BMPs that are currently being 
implemented by the Permittee and additional BMPs, including modifications to 
current BMPs that will be implemented to prevent or reduce any pollutants that 
are causing or contributing to the exceedances of receiving water limitations. The 
Integrated Monitoring Compliance Report shall include an implementation 
schedule. This Integrated Monitoring Compliance Report shall be incorporated in 
the annual Storm Water Report unless the Regional Water Board directs an 
earlier submittal. The Regional Water Board may require modifications to the 
Integrated Monitoring Compliance Report. 

b. The Permittee shall submit any modifications to the Integrated Monitoring 
Compliance Report required by the Regional Water Board within 30 days of 
notification. 

c. Within 30 days following the Regional Water Board Executive Officer’s approval 
of the Integrated Monitoring Compliance Report, the Permittee shall revise the 
storm water management program and its components and monitoring program 
to incorporate the approved modified BMPs that have been and will be 
implemented, an implementation schedule, and any additional monitoring 
required. 

d. The Permittee shall implement the revised storm water management program 
and its components and monitoring program according to the approved 
implementation schedule. 

4. So long as the Permittee has complied with the procedures set forth in Part V.A.3. 
above and is implementing the revised storm water management program and its 
components, the Permittee does not have to repeat the same procedure for 
continuing or recurring exceedances of the same receiving water limitations unless 
directed by the Regional Water Board to modify current BMPs or develop additional 
BMPs. 

B. Ground Water Limitations – Not Applicable 

VI. PROVISIONS 

A. Standard Provisions  

1. Federal Standard Provisions.  Each Permittee shall comply with all Standard 
Provisions included in Attachment D of this Order, in accordance with 40 CFR 
sections 122.41 and 122.42. 

2. Legal Authority 

a. Each Permittee must establish and maintain adequate legal authority, within its 
respective jurisdiction, to control pollutant discharges into and from its MS4 
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through ordinance, statute, permit, contract or similar means. This legal authority 
must, at a minimum, authorize or enable the Permittee to: 

i. Control the contribution of pollutants to its MS4 from storm water discharges 
associated with industrial and construction activity and control the quality of 
storm water discharged from industrial and construction sites. This 
requirement applies both to industrial and construction sites with coverage 
under an NPDES permit, as well as to those sites that do not have coverage 
under an NPDES permit. Grading ordinances must be updated and 
enforced as necessary to comply with this Order; 

ii. Prohibit all non-storm water discharges through the MS4 to receiving waters 
not otherwise authorized or conditionally exempt pursuant to Part III.A; 

iii. Prohibit and eliminate illicit discharges and illicit connections to the MS4;  

iv. Control the discharge of spills, dumping, or disposal of materials other than 
storm water to its MS4; 

v. Require compliance with conditions in Permittee ordinances, permits, 
contracts or orders (i.e., hold dischargers to its MS4 accountable for their 
contributions of pollutants and flows); 

vi. Utilize enforcement mechanisms to require compliance with applicable 
ordinances, permits, contracts, or orders; 

vii. Control the contribution of pollutants from one portion of the shared MS4 to 
another portion of the MS4 through interagency agreements among Co-
permittees; 

viii. Control of the contribution of pollutants from one portion of the shared MS4 
to another portion of the MS4 through interagency agreements with other 
owners of the MS4 such as the State of California Department of 
Transportation; 

ix. Carry out all inspections, surveillance, and monitoring procedures 
necessary to determine compliance and noncompliance with applicable 
municipal ordinances, permits, contracts and orders, and with the provisions 
of this Order, including the prohibition of non-storm water discharges into 
the MS4 and receiving waters. This means the Permittee must have 
authority to enter, monitor, inspect, take measurements, review and copy 
records, and require regular reports from entities discharging into its MS4; 

x. Require the use of control measures to prevent or reduce the discharge of 
pollutants to achieve water quality standards/receiving water limitations;  

xi. Require that structural BMPs are properly operated and maintained; and 
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xii. Require documentation on the operation and maintenance of structural 
BMPs and their effectiveness in reducing the discharge of pollutants to the 
MS4. 

b. Each Permittee must submit a statement certified by its chief legal counsel that 
the Permittee has the legal authority within its jurisdiction to implement and 
enforce each of the requirements contained in 40 CFR § 122.26(d)(2)(i)(A-F) and 
this Order. Each Permittee shall submit this certification annually as part of its 
Annual Report beginning with the first Annual Report required under this Order. 
These statements must include: 

i. Citation of applicable municipal ordinances or other appropriate legal 
authorities and their relationship to the requirements of 40 CFR § 
122.26(d)(2)(i)(A)-(F) and of this Order; and 

ii. Identification of the local administrative and legal procedures available to 
mandate compliance with applicable municipal ordinances identified in 
subsection (i) above and therefore with the conditions of this Order, and a 
statement as to whether enforcement actions can be completed 
administratively or whether they must be commenced and completed in the 
judicial system. 

3. Fiscal Resources  

a. Each Permittee shall exercise its full authority to secure the fiscal resources 
necessary to meet all requirements of this Order. 

a. Each Permittee shall conduct a fiscal analysis of the annual capital and operation 
and maintenance expenditures necessary to implement the requirements of this 
Order. Each Permittee shall submit its fiscal analysis with its Report of Waste 
Discharge. 

b. Each Permittee shall also include enumerate and describe in its Annual Report a 
description of the source(s) of funds used in the past year, and proposed for the 
coming year, to meet necessary expenditures on the Permittee’s storm water 
management program. 

c. Each Permittee shall conduct a fiscal analysis of the annual capital and 
operation and maintenance expenditures necessary to implement the 
requirements of this Order. Each Permittee shall submit its fiscal analysis with its 
Report of Waste Discharge. 

4. Responsibilities of the Permittees 

a. Each Permittee is required to comply with the requirements of this Order 
applicable to discharges within its boundaries. Permittees are not responsible for 
the implementation of the provisions applicable to other Permittees. Each 
Permittee shall: 
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i. Comply with the requirements of this Order and any modifications thereto. 

ii. Coordinate among its internal departments and agencies, as necessary, to 
facilitate the implementation of the requirements of this Order applicable to 
such Permittees in an efficient and cost-effective manner.  

iii. Participate in intra-agency coordination (e.g. Planning Department, Fire 
Department, Building and Safety, Code Enforcement, Public Health, Parks 
and Recreation, and others) and inter-agency coordination (e.g. co-
Permittees, other NPDES permittees) necessary to successfully implement 
the provisions of this Order. 

5. Public Review 

a. All documents submitted to the Regional Water Board in compliance with the 
terms and conditions of this Order shall be made available to members of the 
public pursuant to the Freedom of Information Act (5 U.S.C. § 552 (as amended)) 
and the Public Records Act (Cal. Government Code  § 6250 et seq.). 
 

b. All documents submitted to the Regional Water Board Executive Officer for 
approval shall be made available to the public for a 30-day period to allow for 
public comment. 

 
6. Regional Water Board Review 

Any formal determination or approval made by the Regional Water Board 
Executive Officer pursuant to the provisions of this Order may be reviewed by the 
Regional Water Board. A Permittee(s) or a member of the public may request 
such review upon petition within 30 days of the effective date of the notification of 
such decision to the Permittee(s) and interested parties on file at the Regional 
Water Board. 
 

7. Reopener and Modification 

a. This Order may be modified, revoked, reissued, or terminated in accordance with 
the provisions of 40 CFR sections 122.44, 122.62, 122.63, 122.64, 124.5, 
125.62, and 125.64. Causes for taking such actions include, but are not limited 
to:  

i. Endangerment to human health or the environment resulting from the 
permitted activity, including information that the discharge(s) regulated by this 
Order may have the potential to cause or contribute to adverse impacts on 
water quality and/or beneficial uses; 

ii. Acquisition of newly-obtained information that would have justified the 
application of different conditions if known at the time of Order adoption; 
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iii. To address changed conditions identified in required reports or other sources 
deemed significant by the Regional Water Board;  

iv. To incorporate provisions as a result of future amendments to the Basin Plan, 
such as a new or revised water quality objective or the adoption or 
reconsideration of a TMDL, including the program of implementation. Within 
18 months of the effective date of a revised TMDL or as soon as practicable 
thereafter, where the revisions warrant a change to the provisions of this 
Order, the Regional Water Board may modify this Order consistent with the 
assumptions and requirements of the revised WLA(s), including the program 
of implementation; 

v. To incorporate provisions as a result of new or amended statewide water 
quality control plans or policies adopted by the State Water Board, or in 
consideration of any State Water Board action regarding the precedential 
language of State Water Board Order WQ 99-05;   

vi.   To incorporate provisions as a result of the promulgation of new or amended 
federal or state laws or regulations, USEPA guidance concerning regulated 
activities, or judicial decisions that becomes effective after adoption of this 
Order.   

vii. To incorporate effluent limitations for toxic constituents determined to be 
present in significant amount in the discharge through a more comprehensive 
monitoring program included as part of this Order and based on the results of 
the reasonable potential analysis; and/or 

viii. In accordance with the provisions set forth in 40 CFR Parts 122 and 124, 
to include requirements for the implementation of the watershed management 
approach or to include new Minimum Levels (MLs); and/or 

viii.ix. To include provisions or modifications to WQBELs in Part VI.E and 
Attachments L-R in this Order prior to the final compliance deadlines, if 
practicable, that would allow an action-based, BMP compliance 
demonstration approach with regard to final WQBELs for storm water 
discharges based on the Regional Board’s review of relevant research, 
including but not limited to data and information provided by Permittees, on 
storm water quality and control technologies. 

b. After notice and opportunity for a hearing, this Order may be terminated or 
modified for cause, including, but not limited to: 

i. Violation of any term or condition contained in this Order; 

ii. Obtaining this Order by misrepresentation, or failure to disclose all relevant 
facts; or 

RB-AR5116



Greater Los Angeles County ORDER NO. R4-2012-XXXX 
Municipal Separate Storm Sewer System NPDES NO. CAS004001 
 
 

 
Limitations and Discharge Requirements 46 

R
E
V
I
S
E
D 
 

T
E
N
T
A
T 
I
V
E 

iii. A change in any condition that requires either a temporary or permanent 
reduction or elimination of the authorized discharge.   

c. The filing of a request by a Permittee for a modification, revocation and 
reissuance, or termination, or a notification of planned changes or anticipated 
noncompliance does not stay any condition of this Order. 

d. This Order may be modified to make corrections or allowances for changes in the 
permitted activity, following the procedures at 40 CFR section 122.63, if 
processed as a minor modification. Minor modifications may only: 

i. Correct typographical errors; or 

ii. Require more frequent monitoring or reporting by a Permittee. 

8. Any discharge of waste to any point(s) other than specifically described in this Order 
is prohibited, and constitutes a violation of this Order.   

9. A copy of this Order shall be maintained by each Permittee so as to be available 
during normal business hours to Permittee employees responsible for 
implementation of the provisions of this Order and members of the public. 

10. The discharge of any product registered under the Federal Insecticide, Fungicide, 
and Rodenticide Act to any waste stream that may ultimately be released to waters 
of the United States, is prohibited, unless specifically authorized elsewhere in this 
Order or another NPDES permit.  This requirement is not applicable to products 
used for lawn and agricultural purposes. 

11. The discharge of any waste resulting from the combustion of toxic or hazardous 
wastes to any waste stream that ultimately discharges to waters of the United States 
is prohibited, unless specifically authorized elsewhere in this Order. 

12. Oil or oily material, chemicals, refuse, or other pollutionable materials shall not be 
stored or deposited in areas where they may be picked up by rainfall and carried off 
of the property and/or discharged to surface waters.  Any such spill of such materials 
shall be contained and removed immediately.   

13. If there is any storage of hazardous or toxic materials or hydrocarbons at a facility 
owned and/or operated by a Permittee and if the facility is not manned at all times, a 
24-hour emergency response telephone number shall be prominently posted where 
it can easily be read from the outside. 

14. Enforcement 

a. Violation of any of the provisions of this Order may subject the violator to any of 
the penalties described herein or in Attachment D of this Order, or any 
combination thereof, at the discretion of the prosecuting authority; except that 
only one kind of penalty may be applied for each kind of violation.  
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b. Failure to comply with provisions or requirements of this Order, or violation of 
other applicable laws or regulations governing discharges through the MS4 to 
receiving waters, may subject a Permittee to administrative or civil liabilities, 
criminal penalties, and/or other enforcement remedies to ensure compliance.  
Additionally, certain violations may subject a Permittee to civil or criminal 
enforcement from appropriate local, state, or federal law enforcement entities. 

c. The California Water Code provides that any person who violates a waste 
discharge requirement or a provision of the California Water Code is subject to 
civil penalties of up to $5,000 per day, $10,000 per day, or $25,000 per day of 
violation, or when the violation involves the discharge of pollutants, is subject to 
civil penalties of up to $10 per gallon per day or $25 per gallon per day of 
violation; or some combination thereof, depending on the violation, or upon the 
combination of violations. 

d. California Water Code section 13385(h)(1) requires the Regional Water Board to 
assess a mandatory minimum penalty of three-thousand dollars ($3,000) for 
each serious violation. Pursuant to California Water Code section 13385(h)(2), a 
“serious violation” is defined as any waste discharge that violates the effluent 
limitations contained in the applicable waste discharge requirements for a Group 
II pollutant by 20 percent or more, or for a Group I pollutant by 40 percent or 
more. Appendix A of 40 CFR section 123.45 specifies the Group I and II 
pollutants. Pursuant to California Water Code section 13385.1(a)(1), a “serious 
violation” is also defined as “a failure to file a discharge monitoring report 
required pursuant to Section 13383 for each complete period of 30 days following 
the deadline for submitting the report, if the report is designed to ensure 
compliance with limitations contained in waste discharge requirements that 
contain effluent limitations.” 

e. California Water Code section 13385(i) requires the Regional Water Board to 
assess a mandatory minimum penalty of three-thousand dollars ($3,000) for 
each violation whenever a person violates a waste discharge requirement 
effluent limitation in any period of six consecutive months, except that the 
requirement to assess the mandatory minimum penalty shall not be applicable to 
the first three violations within that time period.    

f. Pursuant to California Water Code section 13385.1(d), for the purposes of 
section 13385.1 and subdivisions (h), (i), and (j) of section 13385, “effluent 
limitation” means a numeric restriction or a numerically expressed narrative 
restriction, on the quantity, discharge rate, concentration, or toxicity units of a 
pollutant or pollutants that may be discharged from an authorized location. An 
effluent limitation may be final or interim, and may be expressed as a prohibition. 
An effluent limitation, for these purposes, does not include a receiving water 
limitation, a compliance schedule, or a best management practice.  

g. Unlike subdivision (c) of California Water Code section 13385, where violations 
of effluent limitations may be assessed administrative civil liability on a per day 
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basis, the mandatory minimum penalties provisions identified above require the 
Regional Water Board to assess mandatory minimum penalties for “each 
violation” of an effluent limitation. Some water quality-based effluent limitations in 
Attachments L through R of this Order (e.g., trash, as described immediately 
below) are expressed as annual effluent limitations.  Therefore, for such 
limitations, there can be no more than one violation of each interim or final 
effluent limitation per year.  

h. Trash TMDLs.  

i. Consistent with the 2009 amendments to Order No. 01-182 to incorporate the 
Los Angeles River Trash TMDL, the water quality-based effluent limitations in 
Attachments L through R of this Order for trash are expressed as annual 
effluent limitations. Therefore, for such limitations, there can be no more than 
one violation of each interim or final effluent limitation per year. Trash is 
considered a Group I pollutant, as specified in Appendix A to 40 CFR section 
123.45. Therefore, each annual violation of a trash effluent limitation in 
Attachments L through R of this Order by forty percent or more would be 
considered a “serious violation” under California Water Code section 
13385(h). With respect to the final effluent limitation of zero trash, any 
detectable discharge of trash necessarily is a serious violation, in accordance 
with the State Water Board’s Enforcement Policy. Violations of the effluent 
limitations in Attachments L through R of this Order would not constitute 
“chronic” violations that would give rise to mandatory liability under California 
Water Code section 13385(i) because four or more violations of the effluent 
limitations subject to a mandatory penalty cannot occur in a period of six 
consecutive months.  

ii. For the purposes of enforcement under California Water Code section 13385, 
subdivisions (a), (b), and (c), not every storm event may result in trash 
discharges. In trash TMDLs adopted by the Regional Water Board, the 
Regional Water Board states that improperly deposited trash is mobilized 
during storm events of greater than 0.25 inches of precipitation. Therefore, 
violations of the effluent limitations are limited to the days of a storm event of 
greater than 0.25 inches. Once a Permittee has violated the annual effluent 
limitation, any subsequent discharges of trash during any day of a storm 
event of greater than 0.25 inches during the same storm year constitutes an 
additional “day in which the violation [of the effluent limitation] occurs”. 

ii.  

15. This Order does not exempt any Permittee from compliance with any other laws, 
regulations, or ordinances that may be applicable. 

16. The provisions of this Order are severable. If any provisions of this Order or the 
application of any provision of this Order to any circumstance is held invalid, the 
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application of such provision to other circumstances and the remainder of this Order 
shall not be affected. 

16.    

B. Monitoring and Reporting Program (MRP) Requirements  

Dischargers shall comply with the MRP and future revisions thereto, in Attachment E of 
this Order or may, in coordination with an approved Watershed Management Program 
per Part VI.C, implement a customized monitoring program that achieves the five 
Primary Objectives set forth in Part II.A. of Attachment E and includes the elements set 
forth in Part II.E. of Attachment E. 

C. Watershed Management Programs 

1. General 

a. The purpose of this Part VI.C is to allow Permittees the flexibility to develop 
Watershed Management Programs to implement the requirements of this Order 
on a watershed scale through customized strategies, control measures, and 
BMPs. 

b. Participation in a Watershed Management Program is voluntary and allows a 
Permittee to address the highest watershed priorities, including complying with 
the requirements of Part V.A. (Receiving Water Limitations), Part VI.E (Total 
Maximum Daily Load Provisions) and Attachments L through R,to  by 
customize customizing the requirements control measures in Parts III.A.4 
(Prohibitions – Non-Storm Water Discharges) and VI.D (Minimum Control 
Measures) to address the highest watershed priorities, including achieving 
compliance with the requirements of Part VI.E (Total Maximum Daily Load 
Provisions) and Attachments L through R.  

c. Customized strategies, control measures, and BMPs shall be implemented on a 
watershed basis, where applicable, through each Permittee’s storm water 
management program and/or collectively by all participating Permittees through 
a Watershed Management Program. 

d. The goal of the Watershed Management Programs is toshall ensure that 
discharges from the Los Angeles CountyPermittees’ MS4s: (i) achieve 
applicable water quality-based effluent limitations in Part VI.E and Attachments 
L through R pursuant to the corresponding compliance schedules, (ii) do not 
cause or contribute to exceedances of receiving water limitations in Parts V.A 
and VI.E and Attachments L through R, and (iii) do not include non-storm water 
discharges that are effectively prohibited pursuant to Part III.Acause 
exceedances of non-storm water action levels in Attachment G. The programs 
shall also ensure that controls are implemented to reduce the discharge of 
pollutants to the maximum extent practicable (MEP) pursuant to Part IV.A.1. 
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e. Watershed Management Programs shall be developed either collaboratively or 
individually using the Regional Water Board’s Watershed Management Areas 
(WMAs). Where appropriate, WMAs may be separated into subwatersheds to 
focus water quality prioritization and implementation efforts by receiving water. 

f. Each Watershed Management Program shall be consistent with Part VI.C.5-C.8 
and shall: 

i. Prioritize water quality issues resulting from storm water and non-storm 
water discharges from the MS4 to receiving waters within each WMA, 

ii. Identify and implement strategies, control measures, and BMPs to achieve  
the outcomes specified in Part VI.C.1.dapplicable water quality-based 
effluent limitations, receiving water limitations, and/or non-storm water 
action levels consistent with corresponding compliance schedules in this 
Order, 

iii. Execute an integrated monitoring program and assessment program 
pursuant to the Attachment E – MRP, Part IV to determine progress towards 
achieving applicable limitations and/or action levels in Attachment G, and 

iv. Revise Modify strategies, control measures, and BMPs as necessary based 
on analysis of monitoring data collected pursuant to the MRP to ensure that 
to maintain progress towards achieving applicable water quality-based 
effluent limitations and receiving water limitations and other milestones set 
forth in the Watershed Management Program will be achieved/or action 
levels in Attachment G. 

g. Permittees may elect to develop an enhanced Watershed Management 
Program. An enhanced Watershed Management Program is one that 
comprehensively evaluates opportunities, within the participating Permittees’ 
collective jurisdictional area in a Watershed Management Area, for 
collaboration among Permittees and other partners on multi-benefit regional 
projects to control MS4 discharges of storm water by, wherever feasible, 
retaining the 85th percentile, 24-hour storm event for the drainage areas 
tributary to the projects, while also achieving other benefits including flood 
control and water supply, among others. Where retention of the 85th percentile, 
24-hour storm event is not feasible, the enhanced Watershed Management 
Program shall include a Reasonable Assurance Analysis to demonstrate that 
applicable water quality based effluent limitations and receiving water 
limitations shall be achieved through implementation of other watershed control 
measures. An enhanced Watershed Management Program shall: 

i. Be consistent with the provisions in Part VI.C.1.a.-f and VI.C.5-C.8; 

ii. Incorporate applicable State agency input on priority setting and other key 
implementation issues; 
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iii. Provide for meeting water quality standards and other CWA obligations by 
utilizing provisions in the CWA and its implementing regulations, policies 
and guidance; 

iv. Maximize retention through infiltration or capture and reuse of the storm 
water volume from the 85th percentile, 24-hour storm within the area 
covered by the enhanced Watershed Management Program; 

v. Maximize the effectiveness of funds through analysis of alternatives and the 
selection and sequencing of actions needed to address human health and 
water quality related challenges and non-compliance; 

vi. Incorporate effective innovative technologies, approaches and practices, 
including green infrastructure; 

vii. Ensure that existing requirements to comply with technology-based effluent 
limitations and core requirements (e.g., including elimination of non-storm 
water discharges of pollutants through the MS4, and controls to reduce the 
discharge of pollutants in storm water to the maximum extent practicable) 
are not delayed; 

viii. Ensure that a financial strategy is in place; and 

iv.ix. Provide appropriate opportunity for meaningful stakeholder input 
throughout the development of the enhanced Watershed Management 
Program, including the formation of a Technical Advisory Committee (TAC) 
that will advise and participate in the development of the enhanced 
Watershed Management Programs from month 6 through the date of 
program approval. The composition of the TAC may include at least one 
Permittee representative from each Watershed Management Area for which 
an enhanced Watershed Management Program will be developed and a 
minimum of one public representative from a non-governmental 
organization with public membership. 

2. Compliance with Receiving Water Limitations Not Otherwise Addressed by a 
TMDL 

a. For receiving water limitations in Part V.A. associated with water body-pollutant 
combinations not addressed through a TMDL, but which a Permittee elects to 
address through a Watershed Management Program or enhanced Watershed 
Management Program as set forth in this Part VI.C., a Permittee shall comply 
as follows: 
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i. For pollutants that are in the same class24 as those addressed in a 
TMDL for the watershed and for which the water body is identified as 
impaired on the State’s Clean Water Act Section 303(d) List as of the 
effective date of this Order:  

  
(1) Permittees shall demonstrate that the Watershed Control Measures 

to achieve the applicable TMDL provisions identified pursuant to 
Part VI.C.5.b.iv.(3) will also adequately address contributions of the 
pollutant(s) within the same class from MS4 discharges to receiving 
waters, consistent with the assumptions and requirements of the 
corresponding TMDL provisions, including interim and final 
requirements and deadlines for their achievement, such that the 
MS4 discharges of the pollutant(s) will not cause or contribute to 
exceedances of receiving water limitations in Part V.A.  

(2) Permittees shall include the water body-pollutant combination(s) in 
the Reasonable Assurance Analysis in Part VI.C.5.b.iv.(5). 

(3) Permittees shall identify milestones and dates for their achievement 
consistent with those in the corresponding TMDL. 

ii. For pollutants that are not in the same class as those addressed in a 
TMDL for the watershed, but for which the water body is identified as 
impaired on the State’s Clean Water Act Section 303(d) List as of the 
effective date of this Order:  

(1) Permittees shall assess contributions of the pollutant(s) from MS4 
discharges to the receiving waters and sources of the pollutant(s) 
within the drainage area of the MS4 pursuant to Part VI.C.5.a.iii. 

(2) Permittees shall identify Watershed Control Measures pursuant to 
Part VI.C.5.b. that will adequately address contributions of the 
pollutant(s) from MS4 discharges to receiving waters such that the 
MS4 discharges of the pollutant(s) will not cause or contribute to 
exceedances of receiving water limitations in Part V.A.  

(3) Permittees shall include the water body-pollutant in the Reasonable 
Assurance Analysis in Part VI.C.5.b.iv.(5).  

(4) Permittees shall identify enforceable requirements and milestones 
and dates for their achievement within a timeframe that is as short 
as possible, taking into account the technological, operation, and 
economic factors that affect the design, development, and 
implementation of the control measures that are necessary. The 
time between dates shall not exceed one year. Milestones shall 
relate to a specific water quality endpoint (e.g., x% of the MS4 
drainage area is meeting the receiving water limitations) and dates 
shall relate either to taking a specific action or meeting a milestone. 

                                            
24

 Pollutants are considered in a similar class if they have similar fate and transport mechanisms, can be addressed via the 
same types of control measures, and within the same timeline already contemplated as part of the Watershed Management 
Program for the TMDL. 
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iii. For pollutants for which there are exceedances of receiving water 
limitations in Part V.A., but for which the water body is not identified  
as impaired on the State’s Clean Water Act Section 303(d) List as of 
the effective date of this Order: 

(1) Upon an exceedance of a receiving water limitation, based on data 
collected pursuant to the MRP and approved IMPs and CIMPs, 
Permittees shall assess contributions of the pollutant(s) from MS4 
discharges to the receiving waters and sources of the pollutant(s) 
within the drainage area of the MS4 pursuant to Part VI.C.5.a.iii. 

(2) If MS4 discharges are identified as a source of the pollutant(s) that 
has caused or contributed to, or has the potential to cause or 
contribute to, the exceedance(s) of receiving water limitations in 
Part V.A., Permittees shall address contributions of the pollutant(s) 
from MS4 discharges through modifications to the WMP or 
Integrated Program pursuant to Part VI.C.8.a.ii. 
(a) In a modified WMP, Permittees shall identify Watershed 

Control Measures pursuant to Part VI.C.5.b. that will 
adequately address contributions of the pollutant(s) from MS4 
discharges to receiving waters such that the MS4 discharges 
of the pollutant(s) will not cause or contribute to exceedances 
of receiving water limitations in Part V.A.  

(b) Permittees shall modify the Reasonable Assurance Analysis 
pursuant to Part VI.C.5.b.iv.(5) to address the pollutant(s).  

(c) Permittees shall identify enforceable requirements and 
milestones and dates for their achievement to address the 
pollutant(s) within a timeframe that is as short as possible, 
taking into account the technological, operation, and economic 
factors that affect the design, development, and 
implementation of the control measures that are necessary.  
The time between dates shall not exceed one year. Milestones 
shall relate to a specific water quality endpoint (e.g., x% of the 
MS4 drainage area is meeting the receiving water limitations) 
and dates shall relate either to taking a specific action or 
meeting a milestone. 

b. A Permittee’s full compliance with all requirements and dates for their 
achievement in an approved Watershed Management Program or 
enhanced Watershed Management Program shall constitute compliance 
with receiving water limitations in Part V.A. of this Order for the specific 
water body-pollutant combinations addressed by an approved Watershed 
Management Program or enhanced Watershed Management Program. 

c. If a Permittee fails to meet any requirement or date for its achievement in 
an approved Watershed Management Program or enhanced Watershed 
Management Program, the Permittee shall be subject to the provisions of 
Part V.A. for the waterbody-pollutant combination(s) that were to be 
addressed by the requirement. 
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3. Receiving Water Limitations Addressed by a TMDL 

a. A Permittee’s full compliance with all requirements and dates for their 
achievement in an approved Watershed Management Program or 
enhanced Watershed Management Program shall constitute compliance 
with applicable interim water quality based effluent limitations and interim 
receiving water limitations pursuant to Part VI.E. and Attachments L-R for 
the pollutant(s) addressed by the approved Watershed Management 
Program.  

2.4. Process 

a. Timelines for Implementation 

i. Each Permittee shall ensure implementation of the following requirements 
per the schedule specified in Table 9 below: 

Table 9. Watershed Management Program Implementation Requirements 

Part Provision Due Date 

VI.C.24.b IV. Notify Regional Water Board 
of intent to develop Watershed 
Management Program or 
enhanced WMP and request 
submittal date for draft program 
plan 

6 months after Order effective 
date 

V. VI.C.24.bc VI. For Permittee(s) that elect 
not to implement the conditions 
of Part VI.C.4.c.i or c.ii, Submit 
submit draft plan to Regional 
Water Board Executive Officer 

1 year after Order effective date  

 

VI.C.4.c 

 

 

 

 VI.C.4.c.iv 

 For Permittee(s) that elect to 
implement the conditions of Part 
VI.C.4.c.i or c.ii, submit draft 
plan to Regional Water Board 
Executive Officer 

 For Permittees that elect to 
collaborate on an enhanced 
WMP that meets the 
requirements of Part 
VI.C.4.c.iv,submit draft plan to 
Regional Water Board Executive 
Officer 

18 months after Order effective 
date 

 

 

18 months after Order effective 
date, provide final work plan for 
development of enhanced 
WMP, including early actions to 
achieve all interim and final 
water quality based effluent 
limitations and receiving water 
limitations pursuant to Part 
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VI.E. and applicable 
Attachments with deadlines 
occurring prior to program 
approval  

30 months after Order effective 
date, submit draft plan 

VII. VI.C.24
.c 

Submit final plan to Regional 
Water Board Executive Officer 

3 months after receipt of 
Regional Water Board 
comments on draft plan 

VIII. VI.C.64 Begin implementation of 
Watershed Management 
Program  

Upon submittal approval of final 
plan by Regional Water Board 
Executive Officer 

IX. VI.C.68.a.ii X. Comprehensive Evaluation 
evaluation of Watershed 
Management Program and 
submittal of revisions 
modifications to plan 

Annually, beginning in 
2015Every two years from date 
of approval 

 

b. Permittees that elect to develop a Watershed Management Program must 
notify the Regional Water Board no later than six months after the effective 
date of this Order.  

i. Such notification shall specify if the Permittee(s) are requesting a 12-month 
or 18-month submittal date for the draft Watershed Management Program, 
per Part VI.C.4.c.i – ii, or if the Permittees are requesting a 18/30-month 
submittal date for the draft enhanced Watershed Management Program per 
Part VI.C.4.c.iv. 

ii. As part of their notice of intent to develop a WMP, Permittees shall identify 
all applicable water quality based effluent limitations and receiving water 
limitations pursuant to Part VI.E. and the applicable attachment(s) with 
compliance deadlines occurring prior to approval of a WMP. Permittees 
shall identify watershed control measures that will be implemented by 
participating Permittees concurrently with the development of a Watershed 
Management Program to ensure that MS4 discharges achieve applicable 
water quality based effluent limitations and receiving water limitations set 
forth in Part VI.E. and the applicable attachment(s) with compliance 
deadlines occurring prior to approval of a WMP. 

iii. As part of their notification, Permittees electing to develop an enhanced 
Watershed Management Program shall submit the following: 

(1) Plan concept and geographical scope, 
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(2) Cost estimate for plan development, 

(3) Executed MOU/agreement among participating Permittees to fund 
plan development, 

(4) Interim milestones for plan development and deadlines for their 
achievement, 

(5) Identification of, and commitment to fully implement, one multi-
benefit regional pilot project within each watershed covered by the 
plan within 30 months of the effective date of this Order. 

(6) Demonstration that the requirements in Parts VI.C.4.c.iv.(1) and (2) 
have been met. 

b.  

c. Permittees that elect to develop a Watershed Management Program shall 
submit a draft plan to the Regional Water Board Executive Officer no later than 
1 year after the effective date of this Orderas follows.: 

i. For Permittees that elect to collaborate on the development of a Watershed 
Management Program, Permittees shall submit the draft Watershed 
Management Program no later than 18 months after the effective date of 
this Order if the following conditions are met in greater than 50% of the land 
area in the watershed: 

(1) Commence development of a Low Impact Development (LID) 
ordinance meeting the requirements of this Order’s Planning and 
Land Development Program within 60 days of the effective date of 
the Order and have the first reading before the Permittee’s 
decision-making body within 6 months of the effective date of the 
Order. 

(2) Commence development of a policy that specifies the use of green 
street strategies for transportation corridors within 60 days of the 
effective date of the Order and have the first reading before the 
Permittee’s decision-making body within 6 months of the effective 
date of the Order. 

(3) Demonstrate in the notification of the intent to develop a Watershed 
Management Program that Parts VI.C.4.c.i(1) and (2) have been 
met in greater than 50% of the watershed area. 

ii. For Permittees that elect to develop an individual Watershed Management 
Program, Permittees shall submit the draft Watershed Management 
Program no later than 18 months after the effective date of this Order if the 
following conditions are met: 
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(1) Commence development of a Low Impact Development (LID) 
ordinance meeting the requirements of this Order’s Planning and 
Land Development Program within 60 days of the effective date of 
the Order and have the first reading before the Permittee’s 
decision-making body within 6 months of the effective date of the 
Order. 

(2)  Commence development of a policy that specifies the use of green 
street strategies for transportation corridors within 60 days of the 
effective date of the Order and have the first reading before the 
Permittee’s decision-making body within 6 months of the effective 
date of the Order. 

(3) Demonstrate in the notification of the intent to develop a Watershed 
Management Program that Parts VI.C.4.c.ii.(1) and (2) have been 
met. 

iii. For Permittees that elect not to implement the conditions under Part 
VI.C.4.c.i. or Part VI.C.4.c.ii., Permittees shall submit the draft Watershed 
Management Program no later than 12 months after the effective date of 
this Order. 

iv. For Permittees that elect to collaborate on the development of an enhanced 
Watershed Management Program, Permittees shall submit the work plan for 
development of the enhanced Watershed Management Program no later 
than 18 months after the effective date of this Order, and shall submit the 
draft program no later than 30 months after the effective date of this Order if 
the following conditions are met in greater than 50% of the land area in the 
watershed: 

(1) Commence development of a Low Impact Development (LID) 
ordinance meeting the requirements of this Order’s Planning and 
Land Development Program within 60 days of the effective date of 
the Order and have the first reading before the Permittee’s 
decision-making body within 6 months of the effective date of the 
Order. 

(2)  Commence development of a policy that specifies the use of green 
street strategies for transportation corridors within 60 days of the 
effective date of the Order and have the first reading before the 
Permittee’s decision-making body within 6 months of the effective 
date of the Order. 

c.(3) Demonstrate in the notification of the intent to develop an 
enhanced Watershed Management Program that Parts 
VI.C.4.c.iv.(1) and (2) have been met in greater than 50% of the 
watershed area. 
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d. Until the Watershed Management Program is approved by the Regional Water 
Board Executive Officer, Permittees that elect to develop a Watershed 
Management Program or enhanced Watershed Management Program shall:  

i. Continue to implement their existing storm water management programs, 
including actions within each of the six categories of minimum control 
measures consistent with 40 CFR section 122.26(d)(2)(iv), and  

ii. Implement watershed control measures sufficient to achieve water quality-
based effluent limitations and receiving water limitations pursuant to Part 
VI.E. and set forth in Attachments L through R in satisfaction of compliance 
deadlines occurring prior to program approval. 

a. Permittees that do not elect to develop a Watershed Management Program 
shall be subject to the baseline requirements in Part VI.D and shall 
demonstrate compliance with receiving water limitations pursuant to Part 
V.A. and with applicable interim water quality-based effluent limitations in 
Part VI.E pursuant to subparts VI.E.2.d.i.(1)-(3). 

e.  

f. Permittees subject to the Middle Santa Ana River Watershed Bacteria Indicator 
TMDL shall submit a Comprehensive Bacteria Reduction Plan (CBRP) for dry 
weather to the Regional Water Board Executive Officer no later than six months 
after the effective date of this Order. The CBRP shall describe, in detail, the 
specific actions that have been taken or will be taken to achieve compliance 
with the dry weather water quality-based effluent limitations and the receiving 
water limitations for the Middle Santa Ana River Watershed Bacteria Indicator 
TMDL by December 31, 2015. The CBRP shall also establish a schedule for 
developing a CBRP to comply with the water quality-based effluent limitations 
and the receiving water limitations for the Middle Santa Ana River Bacteria 
TMDL during wet weather by December 31, 2025. The CBRP may be 
developed in lieu of the Watershed Management Program for the Middle Santa 
Ana River Watershed. 

b.  
2.4. Program Development 

a. Identification of Water Quality Priorities 

Permittees shall identify the water quality priorities within each WMA that will be 
addressed by the Watershed Management Program. At a minimum, these 
priorities shall include achieving applicable water quality-based effluent 
limitations and/or receiving water limitations established pursuant to TMDLs, as 
set forth in Part VI.E and Attachments L through R of this Order. 

i. Water Quality Characterization. Each plan shall include an evaluation of 
existing water quality conditions, including characterization of storm water 
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and non-storm water discharges from the MS4 and receiving water quality, 
to support identification and prioritization/sequencing of management 
actions. 

ii. Water bodyBody-Pollutant Classification. On the basis of the evaluation of 
existing water quality conditions, water body-pollutant combinations shall be 
classified into one of the following three categories: 

(1) Category 1 (Highest Priority):  Water body-pollutant combinations for 
which water quality-based effluent limitations and/or receiving water 
limitations are established in Part VI.E and Attachments L through R of 
this Order. 

(2) Category 2 (High Priority):  Pollutants for which data indicate water 
quality impairment in the receiving water according to the State’s 
Water Quality Control Policy for Developing California’s Clean Water 
Act Section 303(d) List (State Listing Policy) and for which MS4 
discharges may be causing or contributing to the impairment. 

(3) Category 3 (Medium Priority):  Pollutants for which there are 
insufficient data to indicate water quality impairment in the receiving 
water according to the State’s Listing Policy, but which exceed 
applicable water quality standardsreceiving water limitations contained 
in this Order and for which MS4 discharges may be causing or 
contributing to the exceedance. 

iii. Source Assessment.  Utilizing existing information, potential sources within 
the watershed for the water body-pollutant combinations in Categories 1 
and 2- 3 shall be identified. 

(1) Permittees shall identify known and suspected storm water and non-
storm water pollutant sources in discharges to the MS4 and from the 
MS4 to receiving waters and any other stressors related to MS4 
discharges causing or contributing to the highest water quality priorities 
(Categories 1 and 2).  The identification of known and suspected 
sources of the highest water quality priorities shall consider the 
following: 

(a) Review of available data, including but not limited to: 

(i) Findings from the Permittees’ Illicit Connections and Illicit 
Discharge Elimination Programs; 

(ii) Findings from the Permittees’ Industrial/Commercial 
Facilities Programs; 

(iii) Findings from the Permittees’ Development Construction 
Programs; 
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(iv) Findings from the Permittees’ Public Agency Activities 
Programs; 

(v) TMDL source investigations; 

(vi) Watershed model results; 

(vii) Findings from the Permittees’ monitoring programs, including 
but not limited to TMDL compliance monitoring and receiving 
water monitoring; and 

(viii) Any other pertinent data, information, or studies related to 
pollutant sources and conditions that contribute to the 
highest water quality priorities. 

(b) Locations of the Permittees’ MS4s, including, at a minimum, all 
MS4 major outfalls and major structural controls for storm water 
and non-storm water that discharge to receiving waters. 

(c) Other known and suspected sources of pollutants in non-storm 
water or storm water discharges from the MS4 to receiving waters 
within the WMA. 

iv. Prioritization. Based on the findings of the source assessment, the issues 
within each watershed shall be prioritized and sequenced. Watershed 
priorities shall include at a minimum: 

(1) TMDLs 

(a) Controlling pollutants for which there are water quality-based 
effluent limitations and/or receiving water limitations with interim 
or final compliance deadlines within the permit term, or TMDL 
compliance deadlines that have already passed and limitations 
have not been achieved. 

(b) Controlling pollutants for which there are water quality-based 
effluent limitations and/or receiving water limitations with interim 
or final compliance deadlines between September 6, 2012 and 
October 25, 2017. 

(2) Other Receiving Water Considerations 

(a) Controlling pollutants for which data indicate impairment or 
exceedances of receiving water limitations in the receiving water 
and the findings from the source assessment implicates 
discharges from the MS4 shall be considered the second highest 
priority. 
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b. Selection of Watershed Control Measures 

i. Permittees shall identify strategies, control measures, and BMPs to 
implement through their individual storm water management programs, and 
collectively on a watershed scale, with the goal of creating an efficient 
program to focus individual and collective resources on watershed priorities.   

ii. The objectives of the Watershed Control Measures shall include: 

(1) Prevent or eliminate non-storm water discharges to the MS4 that are a 
source of pollutants from the MS4 to receiving waters. 

(2) Implement pollutant controls necessary to achieve all applicable 
interim and final water quality-based effluent limitations and/or 
receiving water limitations pursuant to corresponding compliance 
schedules. 

(3) Ensure that discharges from the MS4 do not cause or contribute to 
exceedances of receiving water limitations. 

iii. Watershed Control Measures may include: 

(1) Structural and/or non-structural controls and operation and 
maintenance procedures that are designed to achieve applicable water 
quality-based effluent limitations, receiving water limitations in Part 
VI.E and/or Attachments L through R; 

(2) Retrofitting areas of existing development known or suspected to 
contribute to the highest water quality priorities with regional or sub-
regional controls or management measures; and 

(3) Stream and/or habitat rehabilitation or restoration projects where 
stream and/or habitat rehabilitation or restoration are necessary for, or 
will contribute to demonstrable improvements in the physical, chemical, 
and biological receiving water conditions and restoration and/or 
protection of water quality standards in receiving waters. 

iv. The following provisions of this Order shall be incorporated as part of the 
Watershed Management Program: 

(1) Minimum Control Measures.   

(a) Permittees shall assess the minimum control measures (MCMs) 
as defined in Part VI.D.4 to Part VI.D.9 10 of this Order to identify 
opportunities for focusing resources on the high priority issues in 
each watershed.  For each of the following minimum control 
measures, Permittees shall identify potential modifications that 
will address watershed priorities: 
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(i) Planning and Land Development Program  

(ii)(i) Development Construction Program 

(iii)(ii) Industrial/Commercial Facilities Program   

(iv)(iii) Illicit Connection and Illicit Discharges Detection and 
Elimination Program 

(v)(iv) Public Agency Activities Program   

(vi)(v) Public Information and Participation Program  

(b) At a minimum, the Watershed Management Program shall include 
management programs consistent with 40 CFR section 
122.26(d)(2)(iv)(A)-(D). 

(c) If the Permittee(s) elects to eliminate a control measure identified 
in Parts VI.D.4, VI.D.5, VI.D.6 and VI.D.8 to Part VI.D.910, the 
Permittee(s) shall provide a justification for its elimination. The 
Planning and Land Development Program is not eligible for 
elimination. 

(d) Such customized actions, once approved as part of the 
Watershed Management Program, shall replace in part or in 
whole the requirements in Parts VI.D.4, VI.D.5, VI.D.6 and VI.D.8 
to Part VI.D.9 10 for participating Permittees. 

(2) Non-Storm Water Discharge Measures.  Where Permittees identify 
non-storm water discharges from the MS4 as a source of pollutants in 
the source assessmentthat cause or contribute to exceedance of 
receiving water limitations, the Watershed Control Measures shall 
include strategies, control measures, and/or BMPs that must be 
implemented to effectively eliminate the source of pollutants consistent 
with Parts III.A and VI.D.910. These may include measures to prohibit 
the non-storm water discharge to the MS4, additional BMPs to reduce 
pollutants in the non-storm water discharge or conveyed by the non-
storm water discharge, diversion to a sanitary sewer for treatment, or 
strategies to require the non-storm water discharge to be separately 
regulated under a general NPDES permit. 

(3) TMDL Control Measures.  Permittees shall compile control measures 
that have been identified in TMDLs and corresponding implementation 
plans. Permittees shall identify those control measures to be modified, 
if any, to most effectively address TMDL requirements within the 
watershed. If not sufficiently identified in previous documents, or if 
implementation plans have not yet been developed (e.g., USEPA 
established TMDLs), the Permittees shall evaluate and identify control 
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measures to achieve water quality-based effluent limitations and/or 
receiving water limitations established in this Order pursuant to these 
TMDLs.   

(a) TMDL control measures shall include where necessary control 
measures to address both storm water and non-storm water 
discharges from the MS4. 

(b) TMDL control measures may include baseline or customized 
activities covered under the general MCM categories in Part VI.D 
as well as BMPs and other control measures covered under the 
non-storm water discharge provisions of Part III.A of this Order.   

(c) The plan WMP shall include, at a minimum, those actions that will 
be implemented during the permit term to achieve interim and/or 
final water quality-based effluent limitations and/or receiving water 
limitations with compliance deadlines within the permit term. 

(4) Each plan shall include the following components: 

(a) Identification of specific structural controls and non-structural best 
management practices, including operational source control and 
pollution prevention, and any other actions or programs to 
achieve all water quality-based effluent limitations and receiving 
water limitations contained in this Part VI.E and Attachments L 
through R to which the Permittee(s) is subject; 

(b) For each structural control and non-structural best management 
practice, the number, type, and location(s) and/or frequency of 
implementation; 

(c) For any pollution prevention measures, the nature, scope, and 
timing of implementation; 

(d) For each structural control and non-structural best management 
practice, interim milestones and dates for achievement to ensure 
that TMDL compliance deadlines will be met; and 

(e) The plan shall clearly identify the responsibilities of each 
participating Permittee for implementation of watershed control 
measures. 

(5) Permittees shall conduct a Reasonable Assurance Analysis for each 
TMDL water body-pollutant combination addressed by the Watershed 
Management Program. A Reasonable Assurance Analysis (RAA) shall 
be quantitative and performed using a peer-reviewed model in the 
public domain. Models to be considered for the RAA, without 
exclusion, are the Watershed Management Modeling System 
(WMMS), Hydrologic Simulation Program-FORTRAN (HSPF), and the 
Structural BMP Prioritization and Analysis Tool (SBPAT). The RAA  
shall commence with assembly of all available, relevant subwatershed 
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data collected within the last 10 years, including land use and pollutant 
loading data, establishment of quality assurance/quality control 
(QA/QC) criteria, QA/QC checks of the data, and identification of the 
data set meeting the criteria for use in the analysis. Data on 
performance of watershed control measures needed as model input 
shall be drawn only from peer-reviewed sources.  These data shall be 
statistically analyzed to determine the best estimate of performance 
and the confidence limits on that estimate for the pollutants to be 
evaluated. The objective of the RAA shall be to demonstrate the ability 
of Watershed Management Programs and enhanced Watershed 
Management Programs to ensure that Permittees’ MS4 discharges 
achieve applicable water quality based effluent limitations and do not 
cause or contribute to exceedances of receiving water limitations.as 
follows: 

(a) Permittees shall conduct an assessment (through a quantitative 
analysis / modeling effort) to demonstrate using the RAA that the 
activities and control measures identified in the Watershed 
Control Measures will achieve applicable water quality-based 
effluent limitations and/or receiving water limitations in 
Attachments L through R with compliance deadlines during the 
permit term. 

(b) Where the TMDL Provisions in Part VI.E and Attachments L 
through R do not include interim or final water quality-based 
effluent limitations and/or receiving water limitations with 
compliance deadlines during the permit term, Permittees shall 
identify interim milestones and dates for their achievement to 
ensure adequate progress toward achieving interim and final 
water quality-based effluent limitations and/or receiving water 
limitations with deadlines beyond the permit term. 

(b)(c) For water body-pollutant combinations not addressed by TMDLs, 
Permittees shall demonstrate using the RAA that the activities 
and control measures identified in the Watershed Control 
Measures will achieve applicable receiving water limitations as 
soon as possible. 

(6) Permittees shall provide documentation that they have the necessary 
legal authority to implement the Watershed Control Measures identified 
in the plan, or that other legal authority exists to compel 
implementation of the Watershed Control Measures. 

c. Compliance Schedules  

Permittees shall incorporate compliance schedules in Attachments L through R 
into the plan and, where necessary develop interim milestones and dates for 
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their achievement. Compliance schedules and interim milestones and dates for 
their achievement shall be used to measure progress towards addressing the 
highest water quality priorities and achieving applicable water quality-based 
effluent limitations and/or receiving water limitations. 

i. Schedules must be adequate for measuring progress on a watershed scale 
twice during the permit termonce every two years. 

ii. Schedules must be developed for both the strategies, control measures and 
BMPs implemented by each Permittee within its jurisdiction and for those 
that will be implemented by multiple Permittees on a watershed scale. 

iii. Schedules shall incorporate the following: 

(1) Compliance deadlines occurring within the permit term for all 
applicable interim and/or final water quality-based effluent limitations 
and/or receiving water limitations in Part VI.E and Attachments L 
through R of this Order, 

(2) Interim milestones and dates for their achievement within the permit 
term for any applicable final water quality-based effluent limitation 
and/or receiving water limitation in Part VI.E and Attachments L 
through R, where deadlines within the permit term are not otherwise 
specified. 

(3) For watershed priorities related to addressing exceedances of 
receiving water limitations in Part V.A and not otherwise addressed by 
Part VI.E: 

(a) Milestones based on measureable criteria or indicators, to be 
achieved in the receiving waters and/or MS4 discharges, 

(b)(a) A schedule with dates for achieving the milestones as soon as 
possible, and 

(c)(b) A final date for achieving the receiving water limitations within the 
permit termas soon as possible. 

(d)(c) The milestones and implementation schedule in (a)-(c) fulfill the 
requirements in Part V.A.3.a to prepare an Integrated Monitoring 
Compliance Report. 

3.5. Watershed Management Program Implementation 

Each Permittee shall begin implementing the Watershed Management Program 
immediately upon approval of the plan by the Regional Water Board Executive 
Officer. 
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a. Permittees may request an extension of deadlines for achievement of interim 
milestones established pursuant to Part VI.C.4.c.iii.(3). Permittees shall provide 
requests in writing at least 90 days prior to the deadline and shall include in the 
request the justification for the extension. Extensions shall be subject to 
approval by the Regional Water Board Executive Officer. 

4.6. Integrated Watershed Monitoring and Assessment 

Permittees in each WMA shall develop an integrated monitoring program and 
assessment program as set forth in Part IV of the MRP (Attachment E) or implement 
a customized monitoring program in conjunction with an approved Watershed 
Management Program as defined below. Each monitoring program shall to assess 
progress toward achieving the water quality-based effluent limitations and/or 
receiving water limitations per the compliance schedules, and progress toward 
addressing the highest water quality priorities for each WMA.  The customized 
monitoring program shall be submitted as part of the Watershed Management 
Program, or where Permittees elect to develop an enhanced Watershed 
Management Program, shall be submitted within 18 months of the effective date of 
this Order. Monitoring programs shall be subject to approval by the Executive 
Officer.  The customized monitoring program shall be designed to address the 
Primary Objectives detailed in Attachment E, Part II.A and shall include the following 
program elements: 

• Receiving Water Monitoring 

• Storm Water Outfall Monitoring 

• Non-Storm Water Outfall Monitoring 

• New Development/Re-Development Effectiveness Tracking 

• Regional Studies 

5.7. Adaptive Management Process 

a. Watershed Management Program Adaptive Management Process 

i. Permittees in each WMA shall implement an adaptive management process, 
annually every two years from the date of program approvalduring the permit 
term, beginning in 2015, adapting the Watershed Management Program or 
enhanced WMP to become more effective, based on, but not limited to a 
consideration of the following: 

(1) Progress toward achieving interim and/or final water quality-based 
effluent limitations and/or receiving water limitations in Part VI.E and 
Attachments L through R, according to established compliance 
schedules; 
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(2) Progress toward achieving improved water quality in MS4 discharges 
and achieving receiving waters limitations through implementation of the 
watershed control measures based on an evaluation of outfall-based 
monitoring data and receiving water monitoring data; 

(3) Achievement of interim milestones; 

(4) Re-evaluation of the highest water quality priorities identified for the 
WMA based on more recent water quality data for discharges from the 
MS4 and the receiving water(s) and a reassessment of sources of 
pollutants in MS4 discharges; 

(5) Availability of new information and data from sources other than the 
Permittees’ monitoring program(s) within the WMA that informs the 
effectiveness of the actions implemented by the Permittees; 

(6) Regional Water Board recommendations; and 

(7) Recommendations for modifications to the Watershed Management 
Program solicited through a public participation process. 

ii. Based on the results of the adaptive management process, Permittees shall 
report any modifications, including where appropriate new compliance 
deadlines and interim milestones, necessary to improve the effectiveness of 
the Watershed Management Program or enhanced Watershed Management 
Program in the Annual Report, as required pursuant to Part XVIII.A.6 of the 
MRP (Attachment E), and as part of the Report of Waste Discharge (ROWD) 
required pursuant to Part II.B of Attachment D – Standard Provisions. 

(1) The adaptive management process fulfills the requirements in Part V.A.4 
to address continuing exceedances of receiving water limitations. 

iii. Permittees shall implement any modifications to the Watershed Management 
Program or enhanced Watershed Management Program upon approval by 
the Regional Water Board Executive Officer or within 60 days of submittal if 
the Regional Water Board Executive Officer expresses no objections. 

d. Jurisdictional Storm Water Management Program Adaptive Management 
Process 

iv. Permittees in the WMA shall implement the adaptive management process at 
least annually with regard to its jurisdictional storm water management 
program to improve its effectiveness, based on, but not limited to the 
following: 

(1) Measurable or demonstrable reductions of illicit discharges to the MS4 based 
on an evaluation of outfall-based monitoring data; 
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(2) Measurable or demonstrable reductions of pollutants in storm water 
discharges from the Permittee’s MS4 through implementation of the storm 
water management program based on an evaluation of outfall-based 
monitoring data; 

(3) Efficiency in implementing the Watershed Management Program;  

(4) Progress toward achieving interim and/or final water quality-based effluent 
limitations and/or receiving water limitations in Part VI.E and Attachments L 
through R, according to established compliance schedules; 

(5) Progress toward achieving receiving waters limitations through 
implementation of the storm water management program based on an 
evaluation of outfall-based monitoring data and receiving water monitoring 
data; and 

(6) Regional Water Board recommendations during program and/or site 
inspections. 

v. Based on the results of the adaptive management process, the Permittee 
shall report any modifications, including where appropriate new compliance 
deadlines or interim milestones, necessary to improve the effectiveness its 
jurisdictional storm water management program in the Annual Report, as 
required pursuant to Part XVIII.A.6 of the MRP (Attachment E), and as part of 
the ROWD required pursuant to Part II.B (Attachment D – Standard 
Provisions). 

(1) The adaptive management process fulfills the requirements in Part V.A.4 to 
address continuing exceedances of receiving water limitations. 

iii. The Permittee shall implement any modifications to its jurisdictional storm 
water management program upon acceptance by the Regional Water Board 
Executive Officer or within 60 days of submittal if the Regional Water Board 
Executive Officer expresses no objections. 

ii.  

C.D. Storm Water Management Program Minimum Control Measures 

1. General Requirements 

a. Each Permittee shall implement the requirements in Parts VI.D.4 through VI.D.9 
10 below, or may in lieu of the requirements in Parts VI.D.4 through VI.D.9 10 
implement customized actions within each of these general categories of control 
measures as set forth in an approved Watershed Management Program per Part 
VI.C. Implementation shall be consistent with the requirements of 
40 CFR § 122.26(d)(2)(iv). 
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b. Timelines for Implementation  

i. Unless otherwise noted in Part VI.D, each Permittee that does not elect to 
develop a Watershed Management Program or enhanced Watershed 
Management Program per Part VI.C shall ensure implementation ofimplement 
the requirements contained in Part VI.D within 30 days6 months after the 
effective date of this Order. In the interim, a Permittee shall continue to 
implement its existing storm water management program, including actions 
within each of the six categories of minimum control measures consistent with 
40 CFR section 122.26(d)(2)(iv).  

i.ii. Permittees that elect to develop a Watershed Management Program or 
enhanced Watershed Management Program shall continue to implement their 
existing storm water management programs, including actions within each of 
the six categories of minimum control measures consistent with 40 CFR 
section 122.26(d)(2)(iv) until the Watershed Management Program or 
enhanced Watershed Management Program is approved by the Regional 
Water Board Executive Officer. 

2. Progressive Enforcement and Interagency Coordination 

a. Each Permittee shall develop and implement a Progressive Enforcement Policy 
to ensure that (1) regulated Industrial/Commercial facilities, (2) construction sites, 
(3) development and redevelopment sites with post-construction controls, and (4) 
illicit discharges are each brought into compliance with all storm water and non-
storm water requirements within a reasonable time period as specified below. 

i. Follow-up Inspections 

In the event that a Permittee determines, based on an inspection or illicit 
discharge investigation conducted, that a facility or site operator has failed to 
adequately implement all necessary BMPs, that Permittee shall take 
progressive enforcement actions which, at a minimum, shall include a follow-
up inspection within 4 weeks from the date of the initial inspection and/or 
investigation. 

ii. Enforcement Action 

In the event that a Permittee determines that a facility or site operator has 
failed to adequately implement BMPs after a follow-up inspection, that 
Permittee shall take enforcement action as established through authority in its 
municipal code and ordinances, through the judicial system, or refer the case 
to the Regional Water Board, per the Interagency Coordination provisions 
below. 

iii. Records Retention 

Each Permittee shall maintain records, per their existing record retention 
policies, and make them available on request to the Regional Water Board, 
including inspection reports, warning letters, notices of violations, and other 
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enforcement records, demonstrating a good faith effort to bring facilities into 
compliance. 

iv. Referral of Violations of Municipal Ordinances and California Water Code § 
13260 

A Permittee may refer a violation(s) of its municipal storm water ordinances 
and/or California Water Code section 13260 by Industrial and Commercial 
facilities and construction site operators to the Regional Water Board 
provided that the Permittee has made a good faith effort of applying its 
Progressive Enforcement Policy to achieve compliance with its own 
ordinances.  At a minimum, a Permittee’s good faith effort must be 
documented with: 

(1) Two follow-up inspections, and 

(2) Two warning letters or notices of violation. 

v. Referral of Violations of the Industrial and Construction General Permits, 
including Requirements to File a Notice of Intent or No Exposure Certification 

For those facilities or site operators in violation of municipal storm water 
ordinances and subject to the Industrial and/or Construction General Permits, 
Permittees may escalate referral of such violations to the Regional Water 
Board (promptly via telephone or electronically) after one inspection and one 
written notice of violation (copied to the Regional Water Board) to the facility 
or site operator regarding the violation.  In making such referrals, Permittees 
shall include, at a minimum, the following documentation: 

(1) Name of the facility or site, 

(2) Operator of the facility or site, 

(3) Owner of the facility or site, 

(4) WDID Number (if applicable), 

(5) Records of communication with the facility/site operator regarding the 
violation, which shall include at least one inspection report, 

(6) The written notice of violation (copied to the Regional Water Board), 

(7) For industrial sites, the industrial activity being conducted at the facility 
that is subject to the Industrial General Permit, and 

(8) For construction sites, site acreage and Risk Factor rating. 

b. Investigation of Complaints Transmitted by the Regional Water Board Staff 

Each Permittee shall initiate, within one business day,25 investigation of 
complaints from facilities within its jurisdiction. The initial investigation shall 
include, at a minimum, a limited inspection of the facility to confirm validity of the 

                                            
25

 Permittees may comply with the Permit by taking initial steps (such as logging, prioritizing, and tasking) to “initiate” the 
investigation within that one business day.  However, the Regional Water Board would expect that the initial investigation, 
including a site visit, to occur within four business days. 
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complaint and to determine if the facility is in compliance with municipal storm 
water ordinances and, if necessary, to oversee corrective action. 

c. Assistance with Regional Water Board Enforcement Actions 

As directed by the Regional Water Board Executive Officer, Permittees shall 
assist Regional Water Board enforcement actions by:    

i. Assisting in identification of current owners, operators, and lessees of 
properties and sites. 

ii. Providing staff, when available, for joint inspections with Regional Water 
Board inspectors. 

iii. Appearing to testify as witnesses in Regional Water Board enforcement 
hearings. 

iv. Providing copies of inspection reports and documentation demonstrating 
application of its Progressive Enforcement Policy. 

3. Modifications/Revisions 

a. Each Permittee shall modify its storm water management programs, protocols, 
practices, and municipal codes to make them consistent with the requirements in 
this Order.  

4. Requirements Applicable to the Los Angeles County Flood Control District 

a. Public Information and Participation Program (PIPP) 

i. General 

(1) The LACFCD shall participate in a regional Public Information and 
Participation Program (PIPP) or alternatively, shall implement its own 
PIPP that includes the requirements listed in this part.  The LACFCD 
shall collaborate, as necessary, with other Permittees to implement PIPP 
requirements.  The objectives of the PIPP are as follows: 

(a) To measurably increase the knowledge of the target audience 
about the MS4, the adverse impacts of storm water pollution on 
receiving waters and potential solutions to mitigate the impacts. 

(b) To measurably change the waste disposal and storm water 
pollution generation behavior of target audiences by encouraging 
the implementation of appropriate alternatives by providing 
information to the public. 

(c) To involve and engage a diversity of socio-economic groups and 
ethnic communities in Los Angeles County to participate in 
mitigating the impacts of stormwater pollution. 
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ii. PIPP Implementation 

(1) The LACFCD shall implement the PIPP requirements listed in this Part 
VI.D.5 using one or more of the following approaches: 

(a) By participating in a collaborative PIPP covering the entire service 
area of the Los Angeles County Flood Control District, 

(b) By participating in one or more Watershed Group sponsored 
PIPPs, and/or 

(c) Individually within the service area of the Los Angeles County 
Flood Control District. 

(2) If the LACFCD participates in a collaborative District-wide or Watershed 
Group PIPP, the LACFCD shall provide the contact information for their 
appropriate staff responsible for storm water public education activities 
to the designated PIPP coordinator and contact information changes no 
later than 30 days after a change occurs. 

iii. Public Participation 

(1) The LACFCD, in collaboration with the County of Los Angeles, shall 
continue to maintain the countywide hotline (888-CLEAN-LA) for public 
reporting of clogged catch basin inlets and illicit discharges/dumping, 
faded or missing catch basin labels, and general storm water 
management information. 

(a) The LACFCD shall include the reporting information, updated when 
necessary, in public information, and the government pages of the 
telephone book, as they are developed or published. 

(b) The LACFCD, in collaboration with the County of Los Angeles, 
shall continue to maintain the www.888cleanla.com website. 

iv. Residential Outreach Program 

(1) Working in conjunction with a District-wide or Watershed Group 
sponsored PIPP or individually, the LACFCD shall implement the 
following activities: 

(a) Conduct storm water pollution prevention public service 
announcements and advertising campaigns 

(b) Facilitate the dissemination of public education materials including, 
at a minimum, information on the proper handling (i.e., disposal, 
storage and/or use) of: 

( ) Vehicle waste fluids  

(i) Household waste materials (i.e., trash and household 
hazardous waste) 

(ii) Construction waste materials 
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(iii) Pesticides and fertilizers (including integrated pest 
management practices [IPM] to promote reduced use of 
pesticides),  

(iv) Green waste (including lawn clippings and leaves)  

(v) Animal wastes 

(c) Facilitate the dissemination of activity-specific storm water pollution 
prevention public education materials, at a minimum, for the 
following points of purchase: 

(i) Automotive parts stores 

(ii) Home improvement centers / lumber yards / hardware stores / 
paint stores 

(iii) Landscaping / gardening centers 

(iv) Pet shops / feed stores 

(d) Maintain a storm water website, which shall include educational 
material and opportunities for the public to participate in storm 
water pollution prevention and clean-up activities listed in Part 
VI.D.5. 

(e) When implementing activities in (a)-(d), the LACFCD shall use 
effective strategies to educate and involve ethnic communities in 
storm water pollution prevention through culturally effective 
methods. 

b. Industrial/Commercial Facilities Program 

If the LACFCD operates, or has authority over, any facility(ies) identified in Part 
VI.D.6.b, LACFCD shall comply with the requirements in Part VI.D.6 for those 
facilities. 

c. Public Agency Activities Program 

i. General 

(1) The LACFCD shall implement a Public Agency Activities Program to 
minimize storm water pollution impacts from LACFCD-owned or 
operated facilities and activities.  Requirements for Public Agency 
Facilities and Activities consist of the following components: 

(a) Public Construction Activities Management. 

(b) Public Facility Inventory 

(c) Public Facility and Activity Management 

(d) Vehicle and Equipment Washing 

(e) Landscape and Recreational Facilities Management 
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(f) Storm Drain Operation and Maintenance 

(g) Parking Facilities Management 

(h) Emergency Procedures 

(i) Employee and Contractor Training 

 
ii. Public Construction Activities Management 

(1) The LACFCD shall implement and comply with the Planning and Land 
Development Program requirements in Part VI.D.7 of this Order at 
LACFCD-owned or operated public construction projects that are 
categorized under the project types identified in Part VI.D.7 of this Order. 

(2) The LACFCD shall implement and comply with the appropriate 
Development Construction Program requirements in Part VI.D.8 of this 
Order at LACFCD-owned or operated construction projects as 
applicable. 

(3) For LACFCD-owned or operated projects that disturb less than one acre 
of soil, the LACFCD shall require the implementation of an effective 
combination of erosion and sediment control BMPs from Table 13 (see 
Construction Development Program). 

(4) The LACFCD shall obtain separate coverage under the Construction 
General Permit for all LACFCD-owned or operated construction sites 
that require coverage. 

iii. Public Facility Inventory 

(1) The LACFCD shall maintain an updated watershed-based inventory and 
map of all LACFCD-owned or operated facilities that are potential 
sources of storm water pollution.  The incorporation of facility information 
into a GIS is recommended.  Sources to be tracked include but are not 
limited to the following: 

(a) Chemical storage facilities 

(b) Equipment storage and maintenance facilities (including landscape 
maintenance-related operations) 

(c) Fueling or fuel storage facilities 

(d) Materials storage yards 

(e) Pesticide storage facilities 

(f) LACFCD buildings  

(g) LACFCD vehicle storage and maintenance yards 

(h) All other LACFCD-owned or operated facilities or activities that the 
LACFCD determines may contribute a substantial pollutant load to 
the MS4. 
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(2) The LACFCD shall include the following minimum fields of information 
for each LACFCD-owned or operated facility in its watershed-based 
inventory and map. 

(a) Name of facility  

(b) Name of facility manager and contact information 

(c) Address of facility (physical and mailing) 

(d) A narrative description of activities performed and principal 
products used at each facility and status of exposure to storm 
water. 

(e) Coverage under the Industrial General Permit or other individual or 
general NPDES permits or any applicable waiver issued by the 
Regional or State Water Board pertaining to storm water 
discharges. 

(3) The LACFCD shall update its inventory and map once during the Permit 
term.  The update shall be accomplished through a collection of new 
information obtained through field activities. 

iv. Public Agency Facility and Activity Management 

(1) The LACFCD shall obtain separate coverage under the Industrial 
General Permit for all LACFCD-owned or operated facilities where 
industrial activities are conducted that require coverage under the 
Industrial General Permit.  

(2) The LACFCD shall implement the following measures for flood 
management projects: 

(a) Develop procedures to assess the impacts of flood management 
projects on the water quality of receiving waterbodies; and 

(b) Evaluate existing structural flood control facilities during the 
planning phases of major maintenance or rehabilitation projects to 
determine if retrofitting the facility to provide additional pollutant 
removal from storm water is feasible. 
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(3) The LACFCD shall implement and maintain the general and activity-
specific BMPs listed in Table 18 (BMPs for Public Agency Facilities and 
Activities) or an equivalent set of BMPs when such activities occur at 
LACFCD-owned or operated facilities and field activities (e.g., project 
sites) including but not limited to the facility types listed in Part VI.D.9.c 
above, and at any area that includes the activities described in Table 18, 
or that have the potential to discharge pollutants in storm water. 

(4) Any contractors hired by the LACFCD to conduct Public Agency 
Activities shall be contractually required to implement and maintain the 
general and activity specific BMPs listed in Table 18 or an equivalent set 
of BMPs.  The LACFCD shall conduct oversight of contractor activities to 
ensure these BMPs are implemented and maintained. 

(5) Effective source control BMPs for the activities listed in Table 18 shall be 
implemented at LACFCD-owned or operated facilities, unless the 
pollutant generating activity does not occur. The LACFCD shall require 
implementation of additional BMPs where storm water from the MS4 
discharges to a significant ecological area (SEA, see Attachment A for 
definition), a water body subject to TMDL Provisions in Part VI.E, or a 
CWA section 303(d) listed water body (see Part VI.E below). Likewise, 
for those BMPs that are not adequately protective of water quality 
standards, the LACFCD shall implement additional site-specific controls. 

v. Vehicle and Equipment Washing 

(1) The LACFCD shall implement and maintain the activity specific BMPs 
listed in Table 18 (BMPs for Public Agency Facilities and Activities) or an 
equivalent set of BMPs for all fixed vehicle and equipment washing 
areas;  

(2) The LACFCD shall prevent discharges of wash waters from vehicle and 
equipment washing to the MS4 by implementing any of the following 
measures at existing facilities with vehicle or equipment wash areas:  

(a) Self-contain, and haul off for disposal; or 

(b) Equip with a clarifier or an alternative pre-treatment device and 
plumb to the sanitary sewer in accordance with applicable waste 
water provider regulations 
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(3) The LACFCD shall ensure that any LACFCD facilities constructed, 
redeveloped, or replaced shall not discharge wastewater from vehicle 
and equipment wash areas to the MS4 by plumbing all areas to the 
sanitary sewer in accordance with applicable waste water provider 
regulations, or self-containing all waste water/ wash water and hauling to 
a point of legal disposal. 

vi. Landscape and Recreational Facilities Management 

(1) The LACFCD shall implement and maintain the activity specific BMPs 
listed in Table 18 (BMPs for Public Agency Facilities and Activities) or an 
equivalent set of BMPs for all its public right-of-ways, flood control 
facilities and open channels and reservoirs, and landscape and 
recreational facilities and activities. 

(2) The LACFCD shall implement an IPM program that includes the 
following:  

(a) Pesticides are used only if monitoring indicates they are needed, 
and pesticides are applied according to applicable permits and 
established guidelines.  

(b) Treatments are made with the goal of removing only the target 
organism. 

(c) Pest controls are selected and applied in a manner that minimizes 
risks to human health, beneficial non-target organisms, and the 
environment. 

(d) The use of pesticides, including Organophosphates and 
Pyrethroids, does not threaten water quality. 

(e) Partner, as appropriate, with other agencies and organizations to 
encourage the use of IPM.    

(f) Adopt and verifiably implement policies, procedures, and/ or 
ordinances requiring the minimization of pesticide use and 
encouraging the use of IPM techniques (including beneficial 
insects) for Public Agency Facilities and Activities. 

(g) Policies, procedures, and ordinances shall include a schedule to 
reduce the use of pesticides that cause impairment of surface 
waters by implementing the following procedures: 

(i) Prepare and annually update an inventory of pesticides used 
by all internal departments, divisions, and other operational 
units. 

(ii) Quantify pesticide use by staff and hired contractors. 

(iii) Demonstrate implementation of IPM alternatives where 
feasible to reduce pesticide use. 
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(3) The LACFCD shall implement the following requirements: 

(a) Use a standardized protocol for the routine and non-routine 
application of pesticides (including pre-emergents), and fertilizers. 

(b) Ensure no application of pesticides or fertilizers are applied to an 
area immediately prior to, during or immediately after a rain event, 
or when water is flowing off the area.  

(c) Ensure that no banned or unregistered pesticides are stored or 
applied. 

(d) Ensure that all staff applying pesticides are certified in the 
appropriate category by the California Department of Pesticide 
Regulation, or are under the direct supervision of a pesticide 
applicator certified in the appropriate category. 

(e) Implement procedures to encourage the retention and planting of 
native vegetation to reduce water, pesticide and fertilizer needs; 
and 

(f) Store pesticides and fertilizers indoors or under cover on paved 
surfaces, or use secondary containment. 

(i) Reduce the use, storage, and handling of hazardous materials 
to reduce the potential for spills. 

(ii) Regularly inspect storage areas. 

vii. Storm Drain Operation and Management 

(1) The LACFCD shall implement and maintain the activity specific BMPs 
listed in Table 18 or equivalent set of BMPs for storm drain operation 
and maintenance. 

(2) Ensure that all the material removed from the MS4 does not reenter the 
system.  Solid material shall be dewatered in a contained area and liquid 
material shall be disposed in accordance with any of the following 
measures: 

(a) Self-contain, and haul off for legal disposal; or 

(b) Equip with a clarifier or an alternative pre-treatment device; and 
plumb to the sanitary sewer in accordance with applicable waste 
water provider regulations. 

(3) Catch Basin Cleaning 

(a) In areas that are not subject to a trash TMDL, the LACFCD shall 
determine priority areas and shall update its map or list of catch 
basins with their GPS coordinates and priority: 

Priority A: Catch basins that are designated as consistently 
generating the highest volumes of trash and/or debris. 
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Priority B: Catch basins that are designated as consistently 
generating moderate volumes of trash and/or debris. 

Priority C: Catch basins that are designated as generating low 
volumes of trash and/or debris. 

The map or list shall contain the rationale or data to support priority 
designations. 

(b) In areas not subject to a trash TMDL, the LACFCD shall inspect its 
catch basins according to the following schedule: 

Priority A: A minimum of 3 times during the wet season (October 1 
through April 15) and once during the dry season every 
year. 

Priority B:  A minimum of once during the wet season and once 
during the dry season every year. 

Priority C:  A minimum of once per year. 

Catch basins shall be cleaned as necessary on the basis of 
inspections.  At a minimum, LACFCD shall ensure that any catch 
basin that is determined to be at least 25% full of trash shall be 
cleaned out.  LACFCD shall maintain inspection and cleaning 
records for Regional Water Board review. 

(c) In areas that are subject to a trash TMDL, the subject Permittees 
shall implement the applicable provisions in Part VI.E. 

(4) Catch Basin Labels and Open Channel Signage 

(a) LACFCD shall label all catch basin inlets that they own with a 
legible “no dumping” message. 

(b) The LACFCD shall inspect the legibility of the catch basin stencil or 
label nearest the inlet prior to the wet season every year. 

(c) The LACFCD shall record all catch basins with illegible stencils and 
re-stencil or re-label within 180 days of inspection. 

(d) The LACFCD shall post signs, referencing local code(s) that 
prohibit littering and illegal dumping, at designated public access 
points to open channels, creeks, urban lakes, and other relevant 
waterbodies. 

(5) Open Channel Maintenance 

The LACFCD shall implement a program for Open Channel Maintenance 
that includes the following: 

(a) Visual monitoring of LACFCD owned open channels and other 
drainage structures for trash and debris at least annually; 
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(b) Removal of trash and debris from open channels a minimum of 
once per year before the wet season; 

(c) Elimination of the discharge of contaminants produced by storm 
drain maintenance and clean outs; and 

(d) Proper disposal of debris and trash removed during open channel 
maintenance. 

(6) Infiltration from Sanitary Sewer to MS4/Preventive Maintenance 

(a) The LACFCD shall implement controls and measures to prevent 
and eliminate infiltration of seepage from sanitary sewers to its MS4 
thorough routine preventive maintenance of its MS4.  

(b) The LACFCD shall implement controls to limit infiltration of seepage 
from sanitary sewers to its MS4 where necessary. Such controls 
must include: 

(i) Adequate plan checking for construction and new 
development; 

(ii) Incident response training for its employees that identify 
sanitary sewer spills; 

(iii) Code enforcement inspections; 

(iv) MS4 maintenance and inspections; 

(v) Interagency coordination with sewer agencies; and 

(vi) Proper education of its staff and contractors conducting field 
operations on its MS4. 

(7) LACFCD-Owned Treatment Control BMPs 

(a) The LACFCD shall implement an inspection and maintenance 
program for all LACFCD-owned treatment control BMPs, including 
post-construction treatment control BMPs. 

(b) The LACFCD shall ensure proper operation of all its treatment 
control BMPs and maintain them as necessary for proper operation, 
including all post-construction treatment control BMPs. 

(c) Any residual water produced by a treatment control BMP and not 
being internal to the BMP performance when being maintained 
shall be: 

(i) Hauled away and legally disposed of; or 

(ii) Applied to the land without runoff; or 

(iii) Discharged to the sanitary sewer system (with permits or 
authorization); or 

(iv) Treated or filtered to remove bacteria, sediments, nutrients, 
and meet the limitations set in Table 19 (Discharge Limitations 
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for Dewatering Treatment BMPs), prior to discharge to the 
MS4. 

viii. Parking Facilities Management 

LACFCD-owned parking lots exposed to storm water shall be kept clear of 
debris and excessive oil buildup and cleaned no less than 2 times per month 
and/or inspected no less than 2 times per month to determine if cleaning is 
necessary. In no case shall a LACFCD-owned parking lot be cleaned less 
than once a month. 

ix. Emergency Procedures 

The LACFCD may conduct repairs and rehabilitation of essential public 
service systems and infrastructure in emergency situations with a self-waiver 
of the provisions of this Order as follows: 

(1) The LACFCD shall abide by all other regulatory requirements, including 
notification to other agencies as appropriate. 

(2) Where the self-waiver has been invoked, the LACFCD shall notify the 
Regional Water Board Executive Officer of the occurrence of the 
emergency no later than 30 business days after the situation of 
emergency has passed. 

(3) Minor repairs of essential public service systems and infrastructure in 
emergency situations (that can be completed in less than one week) are 
not subject to the notification provisions.  Appropriate BMPs to reduce 
the threat to water quality shall be implemented. 

x. Employee and Contractor Training 

(1) The LACFCD shall, no later than one year after Order adoption and 
annually thereafter before June 30, train all of their employees and 
contractors in targeted positions (whose interactions, jobs, and activities 
affect storm water quality) on the requirements of the overall storm water 
management program to: 

(a) Promote a clear understanding of the potential for activities to 
pollute storm water. 

(b) Identify opportunities to require, implement, and maintain 
appropriate BMPs in their line of work. 

(2) The LACFCD shall, no later than one year after Order adoption and 
annually thereafter before June 30, train all of their employees and 
contractors who use or have the potential to use pesticides or fertilizers 
(whether or not they normally apply these as part of their work).  Training 
programs shall address: 

(a) The potential for pesticide-related surface water toxicity. 
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(b) Proper use, handling, and disposal of pesticides. 

(c) Least toxic methods of pest prevention and control, including IPM. 

(d) Reduction of pesticide use. 

(3) The LACFCD shall require appropriate training of contractor employees 
in targeted positions as described above. 

 
d. Illicit Connections and Illicit Discharge Elimination Program 

i. General 

(1) The LACFCD shall continue to implement an Illicit Connection and Illicit 
Discharge (IC/ID) Program to detect, investigate, and eliminate IC/IDs to 
its MS4.  The IC/ID Program must be implemented in accordance with 
the requirements and performance measures specified in the following 
subsections. 

(2) As stated in Part VI.A.2 of this Order, each Permittee must have 
adequate legal authority to prohibit IC/IDs to the MS4 and enable 
enforcement capabilities to eliminate the source of IC/IDs.  

(3) The LACFCD’s IC/ID Program shall consist of at least the following 
major program components: 

(a) An up-to-date map of LACFCD’s MS4  

(b) Procedures for conducting source investigations for IC/IDs 

(c) Procedures for eliminating the source of IC/IDs 

(d) Procedures for public reporting of illicit discharges 

(e) Spill response plan 

(f) IC/IDs education and training for LACFCD staff 

ii. MS4 Mapping 

(1) The LACFCD shall maintain an up-to-date and accurate electronic map 
of its MS4.  If possible, the map should be maintained within a GIS.  The 
map must show the following, at a minimum:   

(a) Within one year of Permit adoption, the location of outfalls owned 
and maintained by the LACFCD. Each outfall shall be given an 
alphanumeric identifier, which must be noted on the map. Each 
mapped outfall shall be located using a geographic positioning 
system (GPS).  Photographs of the major outfalls shall be taken to 
provide baseline information to track operation and maintenance 
needs over time.  

(b) The location and length of open channels and underground storm 
drain pipes with a diameter of 36 inches or greater that are owned 
and operated by the LACFCD. 
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(c) The location and name of all waterbodies receiving discharges from 
those MS4 major outfalls identified in (a).   

(d) All LACFCD’s dry weather diversions installed within the MS4 to 
direct flows from the MS4 to the sanitary sewer system, including 
the owner and operator of each diversion.  

(e)  By the end of the Permit term, map all known permitted and 
documented connections to its MS4 system. 

(2) The MS4 map shall be updated as necessary. 

iii. Illicit Discharge Source Investigation and Elimination 

(1) The LACFCD shall develop written procedures for conducting 
investigations to prioritize and identify the source of all illicit discharges 
to its MS4, including procedures to eliminate the discharge once the 
source is located.  

(2) At a minimum, the LACFCD shall initiate26 an investigation(s) to identify 
and locate the source within one business day of becoming aware of the 
illicit discharge.   

(3) When conducting investigations, the LACFCD shall comply with the 
following:  

(a) Illicit discharges suspected of being sanitary sewage and/or 
significantly contaminated shall be investigated first. 

(b) The LACFCD shall track all investigations to document, at a 
minimum, the date(s) the illicit discharge was observed; the results 
of the investigation; any follow-up of the investigation; and the date 
the investigation was closed. 

(c) The LACFCD shall prioritize and investigate the source of all 
observed illicit discharges to its MS4.  

(d) If the source of the illicit discharge is found to be a discharge 
authorized under an NPDES permit, the LACFCD shall document 
the source and report to the Regional Water Board within 30 days 
of determination.  No further action is required. 

(e) If the source of the illicit discharge has been determined to originate 
from within the jurisdiction of other Permittee(s) with land use 
authority over the suspected responsible party/parties, the LACFCD 
shall immediately alert the appropriate Permittee(s) of the problem 
for further action by the Permittee(s). 

                                            
26

 Permittees may comply with the Permit by taking initial steps (such as logging, prioritizing, and tasking) to “initiate” the 
investigation within one business day. However, the Regional Water Board would expect that the initial investigation, 
including a site visit, occur within two business days of becoming aware of the illicit discharge. 
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(4) When taking corrective action to eliminate illicit discharges, the LACFCD 
shall comply with the following: 

(a) If the source of the illicit discharge has been determined or 
suspected by the LACFCD to originate within an upstream 
jurisdiction(s), the LACFCD shall immediately notify the upstream 
jurisdiction(s), and notify the Regional Water Board within 30 days 
of such determination and provide all the information collected and 
efforts taken. 

(b) Once the Permittee with land use authority over the suspected 
responsible party/parties has been alerted, the LACFCD may 
continue to work in cooperation with the Permittee(s) to notify the 
responsible party/parties of the problem, and require the 
responsible party/parties to immediately initiate necessary 
corrective actions to eliminate the illicit discharge.  Upon being 
notified that the discharge has been eliminated, the LACFCD may, 
in conjunction with the Permittee(s) conduct a follow-up 
investigation to verify that the discharge has been eliminated and 
cleaned up to the satisfaction of the LACFCD. The LACFCD shall 
document its follow-up investigation. The LACFCD may seek 
recovery and remediation costs from responsible parties or require 
compensation for the cost of all inspection and investigation 
activities. Resulting enforcement actions shall follow the program’s 
Progressive Enforcement Policy. 

(c) If the source of the illicit discharge cannot be traced to a suspected 
responsible party, the LACFCD, in conjunction with other affected 
Permittees, shall continue implementing the illicit discharge/spill 
response plan. 

(5) In the event the LACFCD and/or other Permittees are unable to 
eliminate an ongoing illicit discharge following full execution of its legal 
authority and in accordance with its Progressive Enforcement Policy, 
including the inability to find the responsible party/parties, or other 
circumstances prevent the full elimination of an ongoing illicit discharge, 
the LACFCD and/or other Permittees shall notify the Regional Water 
Board within 30 days of such determination and provide available 
information to the Regional Water Board. 

iv. Identification and Response to Illicit Connections  

(1) Investigation 

The LACFCD, upon discovery or upon receiving a report of a suspected 
illicit connection, shall initiate an investigation within 21 days, to 
determine the following: (1) source of the connection, (2) nature and 
volume of discharge through the connection, and (3) responsible party 
for the connection. 
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(2) Elimination 

The LACFCD, upon confirmation of an illicit connection to its MS4, shall 
ensure that the connection is: 

(a) Permitted or documented, provided the connection will only 
discharge storm water and non-storm water allowable under this 
Order or other individual or general NPDES Permits/WDRs, or 

(b) Eliminated within 180 days of completion of the investigation, using 
its formal enforcement authority, if necessary, to eliminate the illicit 
connection.   

(3) Documentation 

Formal records must be maintained for all illicit connection investigations 
and the formal enforcement taken to eliminate illicit connections.  
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v. Public Reporting of Non-Stormwater Discharges and Spills 

(1) The LACFCD shall, in collaboration with the County, continue to 
maintain the 888-CLEAN-LA hotline and corresponding internet site at 
www.888cleanla.org to promote, publicize, and facilitate public reporting 
of illicit discharges or water quality impacts associated with discharges 
into or from MS4s.  

(2) The LACFCD shall include information regarding public reporting of illicit 
discharges or improper disposal on the signage adjacent to open 
channels as required in Part VI.D.9.h.vi.(4). 

(3) The LACFCD shall develop and maintain written procedures that 
document how complaint calls and internet submissions are received, 
documented, and tracked to ensure that all complaints are adequately 
addressed.  The procedures shall be evaluated annually to determine 
whether changes or updates are needed to ensure that the procedures 
accurately document the methods employed by the LACFCD.  Any 
identified changes shall be made to the procedures subsequent to the 
annual evaluation. 

(4) The LACFCD shall maintain documentation of the complaint calls and 
internet submissions and record the location of the reported spill or IC/ 
ID and the actions undertaken, including referrals to other agencies, in 
response to all IC/ID complaints. 

vi. Illicit Discharge and Spill Response Plan 

(1) The LACFCD shall implement an ID and spill response plan for all spills 
that may discharge into its system. The ID and spill response plan shall 
clearly identify agencies responsible for ID and spill response and 
cleanup, contact information, and shall contain at a minimum the 
following requirements: 

(a) Coordination with spill response teams throughout all appropriate 
departments, programs and agencies so that maximum water 
quality protection is provided.  

(b) Initiation of investigation of all public and employee ID and spill 
complaints within one business day of receiving the complaint to 
assess validity. 

(c) Response to ID and spills within 4 hours of becoming aware of the 
ID or spill, except where such IDs or spills occur on private 
property, in which case the response should be within 2 hours of 
gaining legal access to the property. 

(d) IDs or spills that may endanger health or the environment shall be 
reported to appropriate public health agencies and the Office of 
Emergency Services (OES). 
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vii. Illicit Connection and Illicit Discharge Education and Training  

(1) The LACFCD must continue to implement a training program regarding 
the identification of IC/IDs for all LACFCD field staff, who, as part of their 
normal job responsibilities (e.g., storm drain inspection and 
maintenance), may come into contact with or otherwise observe an illicit 
discharge or illicit connection to its MS4.  Contact information, including 
the procedure for reporting an illicit discharge, must be included in the 
LACFCD’s fleet vehicles that are used by field staff.  Training program 
documents must be available for review by the Regional Water Board. 

(2) The LACFCD’s training program should address, at a minimum, the 
following: 

(a) IC/ID identification, including definitions and examples,  

(b) investigation, 

(c) elimination,  

(d) cleanup,  

(e) reporting, and  

(f) documentation.  

(3) The LACFCD must create a list of applicable positions which require 
IC/ID training and ensure that training is provided at least twice during 
the term of this Order.  The LACFCD must maintain documentation of 
the training activities. 

(4) New LACFCD staff members must be provided with IC/ID training within 
180 days of starting employment. 

(5) The LACFCD shall require its contractors to train their employees in 
targeted positions as described above. 

4.5. Public Information and Participation Program 

a. General  

i. Each Permittee shall implement a Public Information and Participation 
Program (PIPP) that includes, but is not limited to, the requirements listed in 
this Part VI.D.45. Each Permittee shall be responsible for developing and 
implementing the PIPP and implementing specific PIPP requirements. The 
objectives of the PIPP are as follows: 

(1) To measurably increase the knowledge of the target audiences about 
the MS4, the adverse impacts of storm water pollution on receiving 
waters and potential solutions to mitigate the impacts. 

(2) To measurably change the waste disposal and storm water pollution 
generation behavior of target audiences by developing and encouraging 
the implementation of appropriate alternatives. 
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(3) To involve and engage a diversity of socio-economic groups and ethnic 
communities in Los Angeles County to participate in mitigating the 
impacts of storm water pollution. 

b. PIPP Implementation  

i. Each Permittee shall implement the PIPP requirements listed in this Part 
VI.D.4 using one or more of the following approaches: 

(1) By participating in a County-wide PIPP,  

(2) By participating in one or more Watershed Group sponsored PIPPs, 
and/or 

(3) Or individually within its jurisdiction. 

ii. If a Permittee participates in a County-wide or Watershed Group PIPP, the 
Permittee shall provide the contact information for their appropriate staff 
responsible for storm water public education activities to the designated PIPP 
coordinator and contact information changes no later than 30 days after a 
change occurs. 

c. Public Participation 

i. Each Permittee, whether participating in a County-wide or Watershed Group 
sponsored PIPP, or acting individually, shall provide a means for public 
reporting of clogged catch basin inlets and illicit discharges/dumping, faded or 
missing catch basin labels, and general storm water and non-storm water 
pollution prevention information. 

(1) Permittees may elect to use the 888-CLEAN-LA hotline as the general 
public reporting contact or each Permittee or Watershed Group may 
establish its own hotline, if preferred. 

(2) Each Permittee shall include the reporting information, updated when 
necessary, in public information, and the government pages of the 
telephone book, as they are developed or published. 

(3) Each Permittee shall identify staff or departments who will serve as the 
contact person(s) and shall make this information available on its website. 

(4) Each Permittee is responsible for providing current, updated hotline 
contact information to the general public within its jurisdiction. 

ii. Organize events targeted to residents and population subgroups to educate 
and involve the community in storm water and non-storm water pollution 
prevention and clean-up (e.g., education seminars, clean-ups, and community 
catch basin stenciling). 

d. Residential Outreach Program 

i. Working in conjunction with a County-wide or Watershed Group sponsored 
PIPP or individually, each Permittee shall implement the following activities:  
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(1) Conduct storm water pollution prevention public service announcements 
and advertising campaigns 

(2) Public education materials shall include but are not limited to information 
on the proper handling (i.e., disposal, storage and/or use) of:   

(a) Vehicle waste fluids  

(b) Household waste materials (i.e., trash and household hazardous 
waste, including personal care products and pharmaceuticals) 

(c) Construction waste materials 

(d) Pesticides and fertilizers (including integrated pest management 
practices [IPM] to promote reduced use of pesticides)  

(e) Green waste (including lawn clippings and leaves)  

(f)  Animal wastes 

(3) Distribute activity specific storm water pollution prevention public 
education materials at, but not limited to, the following points of purchase: 

(a) Automotive parts stores 

(b) Home improvement centers / lumber yards / hardware stores/paint 
stores 

(c) Landscaping / gardening centers 

(d) Pharmacies 

(e)(d) Pet shops / feed stores 

(4) Maintain storm water websites or provide links to storm water websites via 
the Permittee’s website, which shall include educational material and 
opportunities for the public to participate in storm water pollution 
prevention and clean-up activities listed in Part VI.D.4. 

(5) Provide independent, parochial, and public schools within in each 
Permittee’s jurisdiction with materials to educate school children (K-12) on 
storm water pollution. Material may include videos, live presentations, and 
other information.  Permittees are encouraged to work with, or leverage, 
materials produced by other statewide agencies and associations such as 
the State Water Board’s “Erase the Waste” educational program and the 
California Environmental Education Interagency Network (CEEIN) to 
implement this requirement. 

(6) When implementing activities in subsections (1)-(5), Permittees shall use 
effective strategies to educate and involve ethnic communities in storm 
water pollution prevention through culturally effective methods. 

5.6. Industrial/Commercial Facilities Program 

a. General  
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i. Each Permittee shall implement an Industrial / Commercial Facilities Program 
that meets the requirements of this Part VI.D.56. The Industrial / Commercial 
Facilities Program shall be designed to prevent illicit discharges into the MS4 
and receiving waters, reduce industrial / commercial discharges of storm 
water to the maximum extent practicable, and prevent industrial / commercial 
discharges from the MS4 from causing or contributing to a violation of 
receiving water limitations. At a minimum, the Industrial / Commercial 
Facilities Program shall be implemented in accordance with the requirements 
listed in this Part VI.D.56, or as approved in a Watershed Management 
Program per Part VI.C.  Minimum program components shall include the 
following components: 

(1) Track 

(2) Educate 

(3) Inspect 

(4) Ensure compliance with municipal ordinances at industrial and commercial 
facilities that are critical sources of pollutants in storm water 

b. Track Critical Industrial / Commercial Sources  

i. Each Permittee shall maintain an updated watershed-based inventory or 
database containing the latitude / longitude coordinates of all industrial and 
commercial facilities within its jurisdiction that are critical sources of storm 
water pollution.  The inventory or database shall be maintained in electronic 
format and incorporation of facility information into a Geographical Information 
System (GIS) is recommended.  Critical Sources to be tracked are 
summarized below:   

(1) Commercial Facilities 

(a) Restaurants 

(b) Automotive service facilities (including those located at automotive 
dealerships) 

(c) Retail Gasoline Outlets 

(d) Nurseries and Nursery Centers (Merchant Wholesalers, Nondurable 
Goods, and Retail Trade) 

(2) USEPA “Phase I” Facilities [as specified in 40 CFR §122.26(b)(14)(i)-(xi)] 

(3) Other federally-mandated facilities [as specified in  
40 CFR §122.26(d)(2)(iv)(C)] 

(a) Municipal landfills 

(b) Hazardous waste treatment, disposal, and recovery facilities 

(c) Industrial facilities subject to section 313 “Toxic Release Inventory” 
reporting requirements of the Emergency Planning and Community 
Right-to-Know Act of 1986 (EPCRA) [42 U.S.C. § 11023] 
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(4) All other commercial or industrial facilities that the Permittee determines 
may contribute a substantial pollutant load to the MS4. 

ii. Each Permittee shall include the following minimum fields of information for 
each critical source industrial and commercial facility identified in its 
watershed-based inventory or database: 

(1) Name of facility  

(2) Name of owner/ operator and contact information 

(3) Address of facility (physical and mailing) 

(4) North American Industry Classification System (NAICS) code 

(5) Standard Industrial Classification (SIC) code 

(6) A narrative description of the activities performed and/or principal 
products produced 

(7) Status of exposure of materials to storm water 

(8) Name of receiving water 

(9) Identification of whether the facility is tributary to a CWA § 303(d) listed 
water body segment or water body segment subject to a TMDL, where 
the facility generates pollutants for which the water body segment is 
impaired. 

(10) Ability to denote if the facility is known to maintain coverage under the 
State Water Board’s General NPDES Permit for the Discharge of 
Stormwater Associated with Industrial Activities (Industrial General 
Permit) or other individual or general NPDES permits or any applicable 
waiver issued by the Regional or State Water Board pertaining to storm 
water discharges. 

(11) Ability to denote if the facility has filed a No Exposure Certification with 
the State Water Board. 

iii. Each Permittee shall update its inventory of critical sources at least annually.  
The update shall be accomplished through collection of new information 
obtained through field activities or through other readily available inter- and 
intra-agency informational databases (e.g., business licenses, pretreatment 
permits, sanitary sewer connection permits, and similar information). 

c. Educate Industrial / Commercial Sources 

i. At least once during the five-year period of this Order, each Permittee shall 
notify the owner/operator of each of its inventoried commercial and industrial 
sites identified in Part VI.D.56.b of the BMP requirements applicable to the 
site/source. 

ii. Business Assistance Program  

(1) Each Permittee shall implement a Business Assistance Program to 
provide technical information to businesses to facilitate their efforts to 
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reduce the discharge of pollutants in storm water. Assistance shall be 
targeted to select business sectors or small businesses upon a 
determination that their activities may be contributing substantial pollutant 
loads to the MS4 or receiving water.  Assistance may include technical 
guidance and provision of educational materials. The Program may 
include: 

(a) On-site technical assistance, telephone, or e-mail consultation 
regarding the responsibilities of business to reduce the discharge of 
pollutants, procedural requirements, and available guidance 
documents. 

(b) Distribution of storm water pollution prevention educational materials to 
operators of auto repair shops; car wash facilities; restaurants and 
mobile sources including automobile/equipment repair, washing, or 
detailing; power washing services; mobile carpet, drape, or upholstery 
cleaning services; swimming pool, water softener, and spa services; 
portable sanitary services; and commercial applicators and distributors 
of pesticides, herbicides and fertilizers, if present. 

d. Inspect Critical Commercial Sources 

i. Frequency of Mandatory Commercial Facility Inspections 

Each Permittee shall inspect all commercial facilities identified in Part 
VI.D.56.b twice during the 5-year term of the Order, provided that the first 
mandatory compliance inspection occurs no later than 2 years after the 
effective date of this Order.  A minimum interval of 6 months between the first 
and the second mandatory compliance inspection is required.  In addition, 
each Permittee shall implement the activities outlined in the following 
subparts.   

ii. Scope of Mandatory Commercial Facility Inspections 

Each Permittee shall inspect all commercial facilities to confirm that storm 
water and non-storm water BMPs are being effectively implemented in 
compliance with municipal ordinances.  At each facility, inspectors shall verify 
that the operator is implementing effective source control BMPs for each 
corresponding activity.  Each Permittee shall require implementation of 
additional BMPs where storm water from the MS4 discharges to a significant 
ecological area (SEA), a water body subject to TMDL provisions in Part VI.E, 
or a CWA § 303(d) listed impaired water body.  Likewise, for those BMPs that 
are not adequately protective of water quality standards, a Permittee may 
require additional site-specific controls. 

e. Inspect Critical Industrial Sources  

Each Permittee shall conduct industrial facility compliance inspections as 
specified below. 

i. Frequency of Mandatory Industrial Facility Compliance Inspections 
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(1) Minimum Inspection Frequency 

Each Permittee shall perform an initial mandatory compliance inspection 
at all industrial facilities identified in Part VI.D.56.b no later than 2 years 
after the effective date of this Order.  After the initial inspection, all 
facilities that have not filed a No Exposure Certification with the State 
Water Board are subject to a second mandatory compliance inspection.  A 
minimum interval of 6 months between the first and the second mandatory 
compliance inspection is required.  A facility need not be inspected more 
than twice during the term of the Order unless subject to an enforcement 
action as specified in Part VI.D.56.h below. 

(2) Exclusion of Facilities Previously Inspected by the Regional Water Board 

Each Permittee shall review the State Water Board’s Storm Water Multiple 
Application and Report Tracking System (SMARTS) database27 at defined 
intervals to determine if an industrial facility has recently been inspected 
by the Regional Water Board. The first interval shall occur approximately 2 
years after the effective date of the Order.  The Permittee does not need 
to inspect the facility if it is determined that the Regional Water Board 
conducted an inspection of the facility within the prior 24 month period. 
The second interval shall occur approximately 4 years after the effective 
date of the Order.  Likewise, the Permittee does not need to inspect the 
facility if it is determined that the Regional Water Board conducted an 
inspection of the facility within the prior 24 month period.   

(3) No Exposure Verification 

As a component of the first mandatory inspection, each Permittee shall 
identify those facilities that have filed a No Exposure Certification with the 
State Water Board.  Approximately 3 to 4 years after the effective date of 
the Order, each Permittee shall evaluate its inventory of industrial facilities 
and perform a second mandatory compliance inspection at a minimum of 
25% of the facilities identified to have filed a No Exposure Certification.  
The purpose of this inspection is to verify the continuity of the no exposure 
status.   

(4) Exclusion Based on Watershed Management Program 

A Permittee is exempt from the mandatory inspection frequencies listed 
above if it is implementing industrial inspections in accordance with an 
approved Watershed Management Program per Part VI.C. 

ii. Scope of Mandatory Industrial Facility Inspections 

Each Permittee shall confirm that each industrial facility: 

(1) Has a current Waste Discharge Identification (WDID) number for coverage 
under the Industrial General Permit, and that a Storm Water Pollution 
Prevention Plan (SWPPP) is available on-site; or 

                                            
27

 SMARTS is accessible at https://smarts.waterboards.ca.gov/smarts/faces/SwSmartsLogin.jsp 
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(2) Has applied for, and has received a current No Exposure Certification for 
facilities subject to this requirement; 

(3) Is effectively implementing BMPs in compliance with municipal 
ordinances.  Facilities must implement the source control BMPs identified 
in Table 10, unless the pollutant generating activity does not occur.  The 
Permittees shall require implementation of additional BMPs where storm 
water from the MS4 discharges to an environmentally sensitive area, a 
water body subject to TMDL Provisions in Part VI.E, or a CWA § 303(d) 
listed impaired water body.  Likewise, if the specified BMPs are not 
adequately protective of water quality standards, a Permittee may require 
additional site-specific controls. 

(4) Applicable industrial facilities identified as not having either a current 
WDID or No Exposure Certification shall be notified that they must obtain 
coverage under the Industrial General Permit and shall be referred to the 
Regional Water Board per the Progressive Enforcement Policy procedures 
identified in Part VI.D.2. 

f. Source Control BMPs for Commercial and Industrial Facilities 

Effective source control BMPs for the activities listed in Table 10 shall be 
implemented at commercial and industrial facilities, unless the pollutant 
generating activity does not occur: 

Table 10. Source Control BMPs at Commercial and Industrial Facilities  

Pollutant-Generating 
Activity 

BMP Narrative Description 

Unauthorized Non-Storm 
water Discharges 

Effective elimination of non-storm water 
discharges 

Accidental Spills/ Leaks 
Implementation of effective spills/ leaks 
prevention and response procedures 

Vehicle/ Equipment Fueling 
Implementation of effective fueling source 
control devices and practices 

Vehicle/ Equipment Cleaning 
Implementation of effective equipment/ vehicle 
cleaning practices and appropriate wash water 
management practices 

Vehicle/ Equipment Repair 
Implementation of effective vehicle/ equipment 
repair practices and source control devices 

Outdoor Liquid Storage 
Implementation of effective outdoor liquid 
storage source controls and practices 

Outdoor Equipment 
Operations 

Implementation of effective outdoor equipment 
source control devices and practices 

Outdoor Storage of Raw 
Materials  

Implementation of effective source control 
practices and structural devices 

Storage and Handling of 
Solid Waste 

Implementation of effective solid waste storage/ 
handling practices and appropriate control 
measures 

RB-AR5165



Greater Los Angeles County ORDER NO. R4-2012-XXXX 
Municipal Separate Storm Sewer System NPDES NO. CAS004001 
 
 

 
Limitations and Discharge Requirements 95 

R
E
V
I
S
E
D 
 

T
E
N
T
A
T 
I
V
E 

Pollutant-Generating 
Activity 

BMP Narrative Description 

Building and Grounds 
Maintenance 

Implementation of effective facility maintenance 
practices 

Parking/ Storage Area 
Maintenance 

Implementation of effective parking/ storage 
area designs and housekeeping/ maintenance 
practices  

Storm water Conveyance 
System Maintenance 
Practices 

Implementation of proper conveyance system 
operation and maintenance protocols 

Pollutant-Generating 
Activity 

BMP Narrative Description from  
Regional Water Board Resolution No. 98-08 

Sidewalk Washing 

1. Remove trash, debris, and free standing 
oil/grease spills/leaks (use absorbent material, if 
necessary) from the area before washing; and 
2. Use high pressure, low volume spray 
washing using only potable water with no 
cleaning agents at an average usage of 0.006 
gallons per square feet of sidewalk area. 

Street Washing 

Collect and divert wash water to the sanitary 
sewer – publically owned treatment works 
(POTW). 
Note: POTW approval may be needed. 

 

g. Significant Ecological Areas (SEAs) 

For critical sources that discharge to MS4s that discharge to SEAs, each 
Permittee shall require operators to implement additional pollutant-specific 
controls to reduce pollutants in storm water runoff that are causing or contributing 
to exceedances of water quality standards. 

h. Progressive Enforcement 

Each Permittee shall implement its Progressive Enforcement Policy to ensure 
that Industrial / Commercial facilities are brought into compliance with all storm 
water requirements within a reasonable time period. See Part VI.D.2 for 
requirements for the development and implementation of a Progressive 
Enforcement Policy. 

6.7. Planning and Land Development Program 

a. Purpose 

i. Each Permittee shall implement a Planning and Land Development Program 
pursuant to Part VI.D.67.b for all New Development and Redevelopment 
projects subject to this Order to: 
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(1) Lessen the water quality impacts of development by using smart growth 
practices such as compact development, directing development towards 
existing communities via infill or redevelopment, and safeguarding of 
environmentally sensitive areas. 

(2) Minimize the adverse impacts from storm water runoff on the biological 
integrity of Natural Drainage Systems and the beneficial uses of water 
bodies in accordance with requirements under CEQA (Cal. Pub. 
Resources Code § 21000 et seq.). 

(3) Minimize the percentage of impervious surfaces on land developments by 
minimizing soil compaction during construction, designing projects to 
minimize the impervious area footprint, and employing Low Impact 
Development (LID) design principles to mimic predevelopment water 
balancehydrology through infiltration, evapotranspiration and rainfall 
harvest and use. 

(4) Maintain existing riparian buffers and enhance riparian buffers when 
possible.  

(5) Minimize pollutant loadings from impervious surfaces such as roof tops, 
parking lots, and roadways through the use of properly designed, 
technically appropriate BMPs (including Source Control BMPs such as 
good housekeeping practices), LID Strategies, and Treatment Control 
BMPs. 

(6) Properly select, design and maintain LID and Hydromodification Control 
BMPs to address pollutants that are likely to be generated, reduce 
changes to pre-development hydrology, assure long-term function, and 
avoid the breeding of vectors28. 

(7) Prioritize the selection of BMPs to remove storm water pollutants, reduce 
storm water runoff volume, and beneficially use storm water to support an 
integrated approach to protecting water quality and managing water 
resources in the following order of preference: 

(a) On-site infiltration, bioretention and/or rainfall harvest and use.   

(b) On-site biofiltration, off-site ground water replenishment, and/or off-site 
retrofit.  

b. Applicability 

i. New Development Projects 

(1) Development projects subject to Permittee conditioning and approval for 
the design and implementation of post-construction controls to mitigate 
storm water pollution, prior to completion of the project(s), are: 

                                            
28

 Treatment BMPs when designed to drain within 96 hours of the end of rainfall minimize the potential for the breeding of vectors.  See DPH 
Best Management Practices for Mosquito Control in California Manual at  

http://sgvmosquito.org/downloads/NPDES/BMP%20for%20Mosquito%20Control%2008-10.pdf 
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(a) All development projects equal to 1 acre or greater of disturbed area 
and adding more than 10,000 square feet of impervious surface area 

(b) Industrial parks 10,000 square feet or more of surface area 

(c) Commercial strip malls 10,000 square feet or more surface area 

(d) Retail gasoline outlets 5,000 square feet or more of surface area 

(e) Restaurants (SIC 5812) 5,000 square feet or more of surface area 

(f) Parking lots 5,000 square feet or more of impervious surface area, or 
with 25 or more parking spaces 

(g) Street and road construction of 10,000 square feet or more of 
impervious surface area shall follow USEPA guidance regarding 
Managing Wet Weather with Green Infrastructure: Green Streets29 
(December 2008 EPA-833-F-08-009) to the maximum extent 
practicable.  Street and road construction applies to standalone 
streets, roads, highways, and freeway projects, and also applies to 
streets within larger projects. 

(h) Automotive service facilities (SIC 5013, 5014, 5511, 5541, 7532-7534 
and 7536-7539) 5,000 square feet or more of surface area 

(i) Redevelopment projects in subject categories that meet 
Redevelopment thresholds identified in Part VI.D.6.b.ii 
(Redevelopment Projects) below 

(j) Projects located in or directly adjacent to, or discharging directly to a 
Significant Ecological Area (SEA), where the development will: 

(i) Discharge storm water runoff that is likely to impact a sensitive 
biological species or habitat; and 

(ii) Create 2,500 square feet or more of impervious surface area 

(k) Single-family hillside homes. To the extent that a Permittee may 
lawfully impose conditions, mitigation measures or other requirements 
on the development or construction of a single-family home in a hillside 
area as defined in the applicable Permittee’s Code and Ordinances, 
each Permittee shall require that during the construction of a single-
family hillside home, the following measures are implemented: 

(i) Conserve natural areas 

(ii) Protect slopes and channels 

(iii) Provide storm drain system stenciling and signage 

(iv) Divert roof runoff to vegetated areas before discharge unless the 
diversion would result in slope instability 

(v) Direct surface flow to vegetated areas before discharge unless the 
diversion would result in slope instability. 

                                            
29

  http://water.epa.gov/infrastructure/greeninfrastructure/index.cfm 
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ii. Redevelopment Projects 

(1) Redevelopment projects subject to Permittee conditioning and approval 
for the design and implementation of post-construction controls to mitigate 
storm water pollution, prior to completion of the project(s), are: 

(a) Land-disturbing activity that results in the creation or addition or 
replacement of 5,000 square feet or more of impervious surface area 
on an already developed site on development categories identified in 
Part VI.D.6.c. (New Development/Redevelopment Performance 
Criteria). 

(b) Where Redevelopment results in an alteration to more than fifty 
percent of impervious surfaces of a previously existing development, 
and the existing development was not subject to post-construction 
storm water quality control requirements, the entire project must be 
mitigated. 

(c) Where Redevelopment results in an alteration of less than fifty percent 
of impervious surfaces of a previously existing development, and the 
existing development was not subject to post-construction storm water 
quality control requirements, only the alteration must be mitigated, and 
not the entire development. 

(i) Redevelopment does not include routine maintenance activities that 
are conducted to maintain original line and grade, hydraulic 
capacity, original purpose of facility or emergency redevelopment 
activity required to protect public health and safety.  Impervious 
surface replacement, such as the reconstruction of parking lots and 
roadways which does not disturb additional area and maintains the 
original grade and alignment, is considered a routine maintenance 
activity.  Redevelopment does not include the repaving of existing 
roads to maintain original line and grade. 

(ii) Existing single-family dwelling and accessory structures are exempt 
from the Redevelopment requirements unless such projects create, 
add, or replace 10,000 square feet of impervious surface area. 

(d) In this section, Existing Development or Redevelopment projects 
shall mean projects all discretionary permit projects or project phases 
that have not been deemed complete for processing, or discretionary 
permit projects without vesting tentative maps that have not 
requested and received an extension of previously granted approvals 
within 90 days of adoption of the Order.  Projects that have been 
deemed complete within 90 days of adoption of the Order are not 
subject to the requirements Section 7.b.  For Permittee’s projects the 
effective date shall be the date the governing body or their designee 
approves initiation of the project design.that have been constructed 
or for which grading or land disturbance permits have been submitted 
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and are deemed complete prior to the adoption date of this Order, 
except as otherwise specified in this Order. 

(e) Specifically, the Newhall Ranch Project Phases I and II (a.k.a. the 
Landmark and Mission Village projects) are deemed to be an existing 
development that will at a minimum, be designed to comply with the 
Specific LID Performance Standards attached to the Waste Discharge 
Requirements (Order No. R4-2012-XXXX). All subsequent phases of 
the Newhall Ranch Project constructed during the term of this Order 
shall be subject to the requirements of this Order. 

c. New Development/ Redevelopment Project Performance Criteria 

(1) Integrated Water Quality/Flow Reduction/Resources Management Criteria 

(1) Each Permittee shall require all New Development and Redevelopment 
projects (referred to hereinafter as “new projects”) identified in Part 
VI.D.67.b to control pollutants, pollutant loads, and runoff volume 
emanating from the project site by: (1) minimizing the impervious surface 
area and (2) controlling runoff from impervious surfaces through 
infiltration, bioretention and/or rainfall harvest and use.  

(2) Except as provided in Part VI.D.67.c.ii. (Technical Infeasibility or 
Opportunity for Regional Ground Water Replenishment), Part VI.D.67.d.i 
(Local Ordinance Equivalence), or Part VI.D.67.c.v (Hydromodification), 
below, each Permittee shall require the project to retain on-site the 
Stormwater Quality Design Volume (SWQDv) defined as the runoff from: 

(a) The 0.75-inch, 24-hour rain event or 

(b) The 85th percentile, 24-hour rain event, as determined from the Los 
Angeles County 85th percentile precipitation isohyetal map, whichever 
is greater. 

(3) Bioretention and biofiltration systems shall meet the design specifications 
provided in Attachment H to this Order unless otherwise approved by the 
Regional Water Board Executive Officer.  

(4) When evaluating the potential for on-site retention, each Permittee shall 
consider the maximum potential for evapotranspiration from green roofs 
and rainfall harvest and use. 

(2) Alternative Compliance for Technical Infeasibility or Opportunity for Regional 
Ground Water Replenishment 

(1) In instances of technical infeasibility or where a project has been 
determined to provide an opportunity to replenish regional ground water 
supplies at an offsite location, each Permittee may allow projects to 
comply with this Order through the alternative compliance measures as 
described in Part VI.D.67.c.iii.  
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(2) To demonstrate technical infeasibility, the project applicant must 
demonstrate that the project cannot reliably retain 100 percent of the 
SWQDv on-site, even with the maximum application of green roofs and 
rainwater harvest and use, and that compliance with the applicable post-
construction requirements would be technically infeasible by submitting a 
site-specific hydrologic and/or design analysis conducted and endorsed by 
a registered professional engineer, geologist, architect, and/or landscape 
architect.  Technical infeasibility may result from conditions including the 
following: 

(a) The infiltration rate of saturated in-situ soils is less than 0.15 3 inch per 
hour and it is not technically feasible to amend the in-situ soils to attain 
an infiltration rate necessary to achieve reliable performance of 
infiltration or bioretention BMPs in retaining the SWQDv on-site. 

(b) Locations where seasonal high ground water is within 5 to 10 feet of 
the surface,  

(c) Locations within 100 feet of a ground water well used for drinking 
water,  

(d) Brownfield development sites, 

(e) Other locations where pollutant mobilization is a documented concern,  

(f) Locations with potential geotechnical hazards, or 

(g) Smart growth and infill or redevelopment locations where the density 
and/ or nature of the project would create significant difficulty for 
compliance with the on-site volume retention requirement. 

(3) To utilize alternative compliance measures to replenish ground water at an 
offsite location, the project applicant shall demonstrate why it is not 
advantageous to replenish ground water at the project site, and that the 
alternative measures shall also provide equal or greater water quality 
benefits to the receiving surface water than the Water Quality/Flow 
Reduction/Resource Management Criteria in Part VI.67.D.c.i.   

(3) Alternative Compliance Measures 

When a Permittee determines a project applicant has demonstrated that it is 
technically infeasible to retain 100 percent of the SWQDv on-site, or is 
proposing an alternative offsite project to replenish regional ground water 
supplies, the Permittee shall require one of the following mitigation options: 
 
(1) On-site Biofiltration 

(a) If using biofiltration due to demonstrated technical infeasibility, then the 
new project must biofiltrate 1.5 times the portion of the SWQDv that is 
not reliably retained on-site, as calculated by Equation 1 below. 
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Equation 1: 

 

 

Where:  

 

Bv = biofiltration volume 

SWQDv = the storm water runoff from a 0.75 inch, 24-hour storm or 
the 85th percentile storm, whichever is greater. 

Rv = volume reliably retained on-site 

 
(b) Conditions for On-site Biofiltration  

(i) Biofiltration systems shall meet the design specifications provided 
in Attachment H to this Order unless otherwise approved by the 
Regional Water Board Executive Officer. 

(ii) Biofiltration systems discharging to a receiving water that is 
included on the Clean Water Act section 303(d) list of impaired 
water quality-limited water bodies due to nitrogen compounds or 
related effects shall be designed and maintained to achieve 
enhanced nitrogen removal capability. See Attachment I H for 
design criteria for underdrain placement to achieve enhanced 
nitrogen removal. 

(2) Offsite Infiltration/Ground Water Replenishment/Bioretention Projects 

(a) Use infiltration, ground water replenishment, or bioretention BMPs to 
intercept a volume of storm water runoff equal to the SWQDv, less the 
volume of storm water runoff reliably retained on-site, at an approved 
offsite project, and  

(b) Provide pollutant reduction (treatment) of the storm water runoff 
discharged from the project site in accordance with the Water Quality 
Mitigation Criteria provided in Part VI.D.67.c.iv.  

(c) The required offsite mitigation volume shall be calculated by Equation 
2 below and equal to: 

Equation 2: 

 

 
Where:  

 

Mv = mitigation volume 
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SWQDv = runoff from the 0.75 inch, 24-hour storm event or the 85th 
percentile storm, whichever is greater 

Rv = the volume of storm water runoff reliably retained on-site. 

(3) Ground Water Replenishment Projects 

Permittees may propose, in their Watershed Management Program or 
enhanced Watershed Management Program, regional projects to 
replenish regional ground water supplies at offsite locations, provided 
the groundwater supply has a designated beneficial use in the Basin 
Plan.  

(a) Regional groundwater replenishment projects must use infiltration, 
ground water replenishment, or bioretention BMPs to intercept a 
volume of storm water runoff equal to the SWQDv for new 
development and redevelopment projects, subject to Permittee 
conditioning and approval for the design and implementation of post-
construction controls, within the approved project area, and  

(b) Provide pollutant reduction (treatment) of the storm water runoff 
discharged from development projects, within the project area, subject 
to Permittee conditioning and approval for the design and 
implementation of post-construction controls to mitigate storm water 
pollution in accordance with the Water Quality Mitigation Criteria 
provided in Part VI.D.7.c.iv. 

(c) Permittees implementing a regional ground water replenishment 
project in lieu of onsite controls shall ensure the volume of runoff 
captured by the project shall be equal to: 

Equation 2: 

 

 

Where:  

Mv = mitigation volume 

SWQDv = runoff from the 0.75 inch, 24-hour storm event or the 85th 
percentile storm, whichever is greater 

Rv = the volume of storm water runoff reliably retained on-site. 

 

(d) Regional groundwater replenishment projects shall be located in the 
same sub-watershed (defined as draining to the same HUC-12 
hydrologic area in the Basin Plan) as the new development or 
redevelopment projects which did not implement on site retention 
BMPs . Each Permittee may consider locations outside of the HUC-12 
but within the HUC-10 subwatershed area if there are no opportunities 
within the HUC-12 subwatershed or if greater pollutant reductions 
and/or ground water replenishment can be achieved at a location 
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within the expanded HUC-10 subwatershed. The use of a mitigation, 
ground water replenishment, or retrofit project outside of the HUC-12 
subwatershed is subject to the approval of the Executive Officer of the 
Regional Water Board. 

 

(3)(4) Offsite Project - Retrofit Existing Development 

Use infiltration, bioretention, rainfall harvest and use and/or biofiltration BMPs 
to retrofit an existing development, with similar land uses as the new 
development or land uses associated with comparable or higher storm water 
runoff event mean concentrations (EMCs) than the new development. 
Comparison of EMCs for different land uses shall be based on published data 
from studies performed in southern California. The retrofit plan shall be 
designed and constructed to:  

(a) Intercept a volume of storm water runoff equal to the mitigation volume 
(Mv) as described above in Equation 2, except biofiltration BMPs shall 
be designed to meet the biofiltration volume as described in Equation 1 
and 

(b) Provide pollutant reduction (treatment) of the storm water runoff from 
the project site as described in the Water Quality Mitigation Criteria 
provided in Part  VI.D.67.c.iv.  

(4)(5) Conditions for Offsite Projects 

(a) Project applicants seeking to utilize these alternative compliance 
provisions may propose other offsite projects, which the Permittees 
may approve if they meet the requirements of this subpart. 

(b) Location of offsite projects. Offsite projects shall be located in the 
same sub-watershed (defined as draining to the same HUC-12 
hydrologic area in the Basin Plan) as the new development or 
redevelopment project. Each Permittee may consider locations outside 
of the HUC-12 but within the HUC-10 subwatershed area if there are 
no opportunities within the HUC-12 subwatershed or if greater pollutant 
reductions and/or ground water replenishment can be achieved at a 
location within the expanded HUC-10 subwatershed. The use of a 
mitigation, ground water replenishment, or retrofit project outside of the 
HUC-12 subwatershed is subject to the approval of the Executive 
Officer of the Regional Water Board. 

(c) Project applicant must demonstrate that equal benefits to ground water 
recharge cannot be met on the project site. 

(d) Each Permittee shall develop a prioritized list of offsite mitigation, 
ground water replenishment and/or retrofit projects, and when feasible, 
the mitigation must be directed to the highest priority project within the 
same HUC-12 or if approved by the Regional Water Board Executive 
Officer, the HUC-10 drainage area, as the new development project.  
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(e) Infiltration/bioretention shall be the preferred LID BMP for offsite 
mitigation or ground water replenishment projects. Offsite retrofit 
projects may include green streets, parking lot retrofits, green roofs, 
and rainfall harvest and use. Biofiltration BMPs may be considered for 
retrofit projects when infiltration, bioretention or rainfall harvest and use 
is technically infeasible.  

(f) Each Permittee shall develop a schedule for the completion of offsite 
projects, including milestone dates to identify, fund, design, and 
construct the projects. Offsite projects shall be completed as soon as 
possible, and at the latest, within 4 years of the certificate of 
occupancy for the first project that contributed funds toward the 
construction of the offsite project, unless a longer period is otherwise 
authorized by the Executive Officer of the Regional Water Board. For 
public offsite projects, each Permittee must provide in their annual 
reports a summary of total offsite project funds raised to date and a 
description (including location, general design concept, volume of 
water expected to be retained, and total estimated budget) of all 
pending public offsite projects. Funding sufficient to address the offsite 
volume must be transferred to the Permittee (for public offsite 
mitigation projects) or to an escrow account (for private offsite 
mitigation projects) within one year of the initiation of construction. 

(g) Offsite projects must be approved by the Permittee and may be subject 
to approval by the Regional Water Board Executive Officer, if a third-
party petitions the Executive Officer to review the project.  

(h) The project applicant must perform the offsite projects as approved by 
either the Permittee or the Regional Water Board Executive Officer or 
provide sufficient funding for public or private offsite projects to achieve 
the equivalent mitigation storm water volume. 

  
(6) Regional Storm Water Mitigation Program 
  
 A Permittee or Permittee group may apply to the Regional Board for 
approval of a regional or sub-regional storm water mitigation program to 
substitute in part or wholly for New and Redevelopment requirements.  Upon 
review and a determination by the Regional Board Executive Officer that the 
proposal is technically valid and appropriate, the Regional Board may 
consider for approval such a program if its implementation will:  
    

(a) Result in improved storm water quality;   
(b) Protect stream habitat;   
(c) Promote cooperative problem solving by diverse interests;  
(d) Be fiscally sustainable and has secure funding; and 
(e) Be completed in five years including the construction and start-up 

of treatment facilities. 
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(f) Nothing in this provision shall be construed as to delay the 
implementation of requirements for new and redevelopment, as 
approved in this Order. 

(h)  
(4)(7) Water Quality Mitigation Criteria 

(1) Each Permittee shall require all New Development and Redevelopment 
projects that have been approved for offsite mitigation or ground water 
replenishment projects as defined in Part VI.D.67.c.ii-iii to also provide 
treatment of storm water runoff from the project site. Each Permittee shall 
require these projects to design and implement post-construction storm 
water BMPs and control measures to reduce pollutant loading as 
necessary to: 

(a) Meet the pollutant specific benchmarks listed in Table 11 at the 
treatment systems outlet or prior to the discharge to the MS4, and  

(b) Ensure that the discharge does not cause or contribute to an 
exceedance of water quality standards at the Permittee’s downstream 
MS4 outfall. 

 

(2) Each Permittee may allow the project proponent to install flow-through 
modular treatment systems including sand filters, or other proprietary 
BMP treatment systems including planter boxes, with a demonstrated 
efficiency at least equivalent to a sand filter. The sizing of the flow through 
treatment device shall be based on a rainfall intensity of: 

(a) 0.2 inches per hour, or 

(b) The one year, one-hour rainfall intensity as determined from the most 
recent Los Angeles County isohyetal map, whichever is greater. 

Table 11. Benchmarks Applicable to New Development Treatment BMPs30 

Conventional Pollutants 

Pollutant Suspended 
Solids 
mg/L 

Total P 
mg/L 

Total N 
mg/L 

Total 
Nitrate 
mg/L 

TKN 
mg/L 

TOC 
 mg/L 

Effluent 
Concentration 

1014 0.1013 1.0928 0.23 1.0109 13 

 
Metals 
 

                                            
30 The treatment control BMP performance standards were developed from the median effluent water quality 
values of the three six highest performing BMPs, per pollutant, in the storm water BMP database 
(http://www.bmpdatabase.org/, last visited May 15September 25, 2012). 
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Pollutant Total Cd 
µg/L 

Total Cu 
µg/L 

Total Cr 
µg/L 

Total Pb 
µg/L 

Total Zn 
µg/L 

Effluent 
Concentration 

0.3 76 2.68 2.05 1823 

 

(3) In addition to the requirements for controlling pollutant discharges as 
described in Part VI.D.67.iv. and the treatment requirements described 
above, each Permittee shall ensure that the new development or 
redevelopment will not cause or contribute to an exceedance of applicable 
water quality-based effluent limitations established in Part VI.E pursuant to 
Total Maximum Daily Loads (TMDLs). 

(5)(8) Hydromodification (Flow/ Volume/ Duration) Control Criteria 

(1) Each Permittee shall require all New Development and Redevelopment 
projects located within natural drainage systems as described in Part 
VI.D.67.v.(1)(a)(iii) to implement hydrologic control measures, to prevent 
accelerated downstream erosion and to protect stream habitat in natural 
drainage systems.  The purpose of the hydrologic controls is to minimize 
changes in post-development hydrologic storm water runoff discharge 
rates, velocities, and duration.  This shall be achieved by maintaining the 
project’s pre-project storm water runoff flow rates and durations. 

(a) Description 

(i) Hydromodification control in natural drainage systems shall be 
achieved by maintaining the Erosion Potential (Ep) in streams at a 
value of 1, unless an alternative value can be shown to be 
protective of the natural drainage systems from erosion, incision, 
and sedimentation that can occur as a result of flow increases from 
impervious surfaces and prevent damage to stream habitat in 
natural drainage system tributaries (see Attachment J - 
Determination of Erosion Potential). 

(ii) Hydromodification control may include one, or a combination of on-
site, regional or sub-regional hydromodification control BMPs, LID 
strategies, or stream and riparian buffer restoration measures. Any 
in-stream restoration measure shall not adversely affect the 
beneficial uses of the natural drainage systems. 

(iii) Natural drainage systems that are subject to the hydromodification 
assessments and controls as described in this Part of the Order, 
include all drainages that have not been improved (e.g., 
channelized or armored with concrete, shotcrete, or rip-rap) or 
drainage systems that are tributary to a natural drainage system, 
except as provided in Part VI.D.67.v.(1)(b)--Exemptions to 
Hydromodification Controls [see below]. The clearing or dredging of 
a natural drainage system does not constitute an “improvement.”  
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(iv) Until the State Water Board or the Regional Water Board adopts a 
final Hydromodification Policy or criteria, Permittees shall 
implement the Interim Hydromodification Control Criteria described 
in Part VI.D.67.v.(1)(c) to control the potential adverse impacts of 
changes in hydrology that may result from new development and 
redevelopment projects located within natural drainage systems as 
described in Part VI.D.67.v.(1)(a)(iii). 

(b) Exemptions to Hydromodification Controls.  Permittees may exempt 
the following New Development and Redevelopment projects from 
implementation of hydromodification controls where assessments of 
downstream channel conditions and proposed discharge hydrology 
indicate that adverse hydromodification effects to present and future 
beneficial uses of Natural Drainage Systems are unlikely: 

(i) Projects that are replacement, maintenance or repair of a 
Permittee’s existing flood control facility, storm drain, or 
transportation network. 

(ii) Redevelopment Projects in the Urban Core that do not increase the 
effective impervious area or decrease the infiltration capacity of 
pervious areas compared to the pre-project conditions. 

(iii) Projects that have any increased discharge directly or via a storm 
drain to a sump, lake, area under tidal influence, into a waterway 
that has a 100-year peak flow (Q100) of 25,000 cfs or more, or 
other receiving water that is not susceptible to hydromodification 
impacts. 

(iv) Projects that discharge directly or via a storm drain into concrete or 
otherwise engineered (not natural) channels (e.g., channelized or 
armored with rip rap, shotcrete, etc.), which, in turn, discharge into 
receiving water that is not susceptible to hydromodification impacts 
(as in Parts VI.D.67.v.(1)(b)(i)-(iii)  above).  

 LID BMPs implemented on single family homes are sufficient to 
comply with Hydromodification criteria. 

(iv)(v)  

(c) Interim Hydromodification Control Criteria.  The Interim 
Hydromodification Control Criteria to protect natural drainage systems 
until the State or Regional Water Board adopts a final 
Hydromodification Policy or criteria are as follows: 

(i) Except as provided for in Part VI.D.67.v.(1)(b), projects disturbing 
an area greater than 1 acre but less than 50 acres within natural 
drainage systems will be presumed to meet pre-development 
hydrology if one of the following demonstrations is made: 
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1. The project is designed to retain on-site, through infiltration, 
evapotranspiration, and/or harvest and use, the storm water 
volume from the runoff of the 95th percentile, 24-hour storm, or 

2. The runoff flow rate, volume, velocity, and duration for the post-
development condition do not exceed the pre-development 
condition for the 2-year, 24-hour rainfall event. This condition 
may be substantiated by simple screening models, including 
those described in Hydromodification Effects on Flow Peaks 
and Durations in Southern California Urbanizing Watersheds 
(Hawley et al., 2011) or other models acceptable to the 
Executive Officer of the Regional Water Board, or 

3. The Erosion Potential (Ep) in the receiving water channel will 
approximate 1, as determined by a Hydromodification Analysis 
Study and the equation presented in Attachment J.  
Alternatively, Permittees can opt to use other work equations to 
calculate Erosion Potential with Executive Officer approval. 

(ii) Projects disturbing 50 acres or more within natural drainage 
systems will be presumed to meet pre-development hydrology 
based on the successful demonstration of one of the following 
conditions: 

1. The site infiltrates on-site at least the runoff from a 2-year, 24-
hour storm event, or 

2. The runoff flow rate, volume, velocity, and duration for the post-
development condition does not exceed the pre-development 
condition for the 2-year, 24-hour rainfall events. These 
conditions must be substantiated by hydrologic modeling 
acceptable to the Regional Water Board Executive Officer, or 

3. The Erosion Potential (Ep) in the receiving water channel will 
approximate 1, as determined by a Hydromodification Analysis 
Study and the equation presented in Attachment J. 

 

(d)(c) Final Alternative Hydromodification Criteria 

(i) Permittees may satisfy the requirement for Hydromodification 
Controls by implementing the hydromodification requirements in the 
County of Los Angeles Low Impact Development Manual (2009) for 
all projects disturbing an area greater than 1 acre within natural 
drainage systems. 

(i)(ii) Each Permittee may alternatively shall develop and implement 
watershed specific Hydromodification Control Plans (HCPs). Such 
plans shall be developed no later than 180 days one year after the 
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State Water Board issues final a Hydromodification Policy or 
criteriathe effective date of this Order.  

(ii)(iii) The HCP shall identify:  

1. Stream classifications 

2. Flow rate and duration control methods 

3. Sub-watershed mitigation strategies 

4. Stream and/or riparian buffer restoration measures, which will 
maintain the stream and tributary Erosion Potential at 1 unless 
an alternative value can be shown to be protective of the natural 
drainage systems from erosion, incision, and sedimentation that 
can occur as a result of flow increases from impervious surfaces 
and prevent damage to stream habitat in natural drainage 
system tributaries. 

(iii)(iv) The HCP shall contain the following elements: 

1. Hydromodification Management Standards 

2. Natural Drainage Areas and Hydromodification Management 
Control Areas 

3. New Development and Redevelopment Projects subject to the 
HCP 

4. Description of authorized Hydromodification Management 
Control BMPs 

5. Hydromodification Management Control BMP Design Criteria 

6. For flow duration control methods, the range of flows to control 
for, and goodness of fit criteria 

7. Allowable low critical flow, Qc, which initiates sediment transport 

8. Description of the approved Hydromodification Model 

9. Any alternate Hydromodification Management Model and 
Design 

10. Stream Restoration Measures Design Criteria 

11. Monitoring and Effectiveness Assessment 

12. Record Keeping 

13. The HCP shall be deemed in effect upon Executive Officer 
approval. 

(6)(9) Watershed Equivalence.  

Regardless of the methods through which Permittees allow project applicants 
to implement alternative compliance measures, the subwatershed-wide 
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(defined as draining to the same HUC-12 hydrologic area in the Basin Plan) 
result of all development must be at least the same level of water quality 
protection as would have been achieved if all projects utilizing these alternative 
compliance provisions had complied with Part VI.D.67.c.i (Integrated Water 
Quality/Flow Reduction/Resource Management Criteria). 

(7)(10) Annual Report 

Each Permittee shall provide in their annual report to the Regional Water Board 
a list of mitigation project descriptions and estimated pollutant and flow 
reduction analyses (compiled from design specifications submitted by project 
applicants and approved by the Permittee(s)).  Within 4 years of Order 
adoption, Permittees must submit in their Annual Report, a comparisonng of 
the expected aggregate results of alternative compliance projects to the results 
that would otherwise have been achieved by retaining on site the SWQDv. 
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d. Implementation 

i. Local Ordinance Equivalence 

A Permittee that has adopted a local LID ordinance prior to the adoption of 
this Order, and which includes a retention requirement numerically equal to 
the 0.75-inch, 24-hour rain event or the 85th percentile, 24-hour rain event, 
whichever is greater, may submit documentation to the Regional Water Board 
that the alternative requirements in the local ordinance will provide equal or 
greater reduction in storm water discharge pollutant loading and volume as 
would have been obtained through strict conformance with Part VI.D.67.c.i. 
(Integrated Water Quality/Flow Reduction Resources Management Criteria) 
or Part VI.D.67.c.ii. (Alternative Compliance  Measures for Technical 
Infeasibility or Opportunity for Regional  Ground water Replenishment) of this 
Order and, if applicable, Part VI.D.67.c.v. (Hydromodification (Flow/Volume 
Duration) Control Criteria).  

(1) Documentation shall be submitted within 180 days after the effective date 
of this Order. 

(2) The Regional Board shall provide public notice of the proposed 
equivalency determination and a minimum 30-day period for public 
comment. After review and consideration of public comments, The the 
Regional Water Board Executive Officer will determine whether 
implementation of the local ordinance provides equivalent pollutant control 
to the applicable provisions of this Order.  Local ordinances that do not 
strictly conform to the provisions of this Order must be approved by the 
Regional Water Board Executive Officer as being “equivalent” in effect to 
the applicable provisions of this Order in order to substitute for the 
requirements in Parts VI.D.67.c.i and, where applicable, VI.D.76.c.v.  

(3) Where the Regional Water Board Executive Officer determines that a 
Permittee’s local LID ordinance does not provide equivalent pollutant 
control, the Permittee shall either  

(a) Require conformance with Parts VI.D.67.c.i and, where applicable, 
VI.D.67.c.v, or  

(b) Update its local ordinance to conform to the requirements herein within 
two years of the effective date of this Order.  

ii. Project Coordination 

(1) Each Permittee shall facilitate a process for effective approval of post-
construction storm water control measures. The process shall include: 
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(a) Detailed LID site design and BMP review including BMP sizing 
calculations, BMP pollutant removal performance, and municipal 
approval; and 

(b) An established structure for communication and delineated authority 
between and among municipal departments that have jurisdiction over 
project review, plan approval, and project construction through 
memoranda of understanding or an equivalent agreement. 

iii. Maintenance Agreement and Transfer 

(1) Prior to issuing approval for final occupancy, each Permittee shall require 
that all new development and redevelopment projects subject to post-
construction BMP requirements, with the exception of simple LID BMPs 
implemented on single family residences,  provide an operation and 
maintenance plan, monitoring plan, where required, and verification of 
ongoing maintenance provisions for LID practices, Treatment Control 
BMPs, and Hydromodification Control BMPs including but not limited to: 
final map conditions, legal agreements, covenants, conditions or 
restrictions, CEQA mitigation requirements, conditional use permits, and/ 
or other legally binding maintenance agreements.  Permittees shall require 
maintenance records be kept on site for treatment BMPs implemented on 
single family residences. 

(a) Verification at a minimum shall include the developer's signed 
statement accepting responsibility for maintenance until the 
responsibility is legally transferred; and either: 

(i) A signed statement from the public entity assuming responsibility 
for BMP maintenance; or 

(ii) Written conditions in the sales or lease agreement, which require 
the property owner or tenant to assume responsibility for BMP 
maintenance and conduct a maintenance inspection at least once a 
year; or 

(iii) Written text in project covenants, conditions, and restrictions 
(CCRs) for residential properties assigning BMP maintenance 
responsibilities to the Home Owners Association; or 

(iv) Any other legally enforceable agreement or mechanism that 
assigns responsibility for the maintenance of BMPs. 

(b) Each Permittee shall require all development projects subject to post-
construction BMP requirements to provide a plan for the operation and 
maintenance of all structural and treatment controls. The plan shall be 
submitted for examination of relevance to keeping the BMPs in proper 
working order. Where BMPs are transferred to Permittee for ownership 
and maintenance, the plan shall also include all relevant costs for 
upkeep of BMPs in the transfer. Operation and Maintenance plans for 
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private BMPs shall be kept on-site for periodic review by Permittee 
inspectors. 

iv. Tracking, Inspection, and Enforcement of Post-Construction BMPs 

(1) Each Permittee shall implement a tracking system and an inspection and 
enforcement program for new development and redevelopment post-
construction storm water no later than 60 days after Order adoption date. 

(a) Implement a GIS or other electronic system for tracking projects that 
have been conditioned for post-construction BMPs.  The electronic 
system, at a minimum, should contain the following information: 

(i) Municipal Project ID 

(ii) State WDID No. 

(iii) Project Acreage 

(iv) BMP Type and Description 

(v) BMP Location (coordinates) 

(vi) Date of Acceptance 

(vii) Date of Maintenance Agreement 

(viii) Maintenance Records 

(ix) Inspection Date and Summary 

(x) Corrective Action 

(xi) Date Certificate of Occupancy Issued 

(xii) Replacement or Repair Date 

(b) Inspect all development sites upon completion of construction and prior 
to the issuance of occupancy certificates to ensure proper installation 
of LID measures, structural BMPs, treatment control BMPs and 
hydromodification control BMPs. The inspection may be combined with 
other inspections provided it is conducted by trained personnel. 

(c) Verify proper maintenance and operation of post-construction BMPs 
previously approved for new development and redevelopment and 
operated by the Permittee. The post-construction BMP maintenance 
inspection program shall incorporate the following elements: 

(i) The development of a Post-construction BMP Maintenance 
Inspection checklist 
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(ii) Inspection at least once every 2 years after project completion, of 
post-construction BMPs to assess operation conditions with 
particular attention to criteria and procedures for post-construction 
treatment control and hydromodification control BMP repair, 
replacement, or re-vegetation. 

(d) For post-construction BMPs operated and maintained by parties other 
than the Permittee, the Permittee shall require annual reports by the 
other parties to demonstrating document proper maintenance and 
operations. 

(e) Undertake enforcement action per the established Progressive 
Enforcement Policy as appropriate based on the results of the 
inspection. See Part VI.D.2 for requirements for the development and 
implementation of a Progressive Enforcement Policy. 

7.8. Development Construction Program 

a. Each Permittee shall develop, implement, and enforce a construction program 
that:  

i. Prevents illicit construction-related discharges of pollutants into the MS4 and 
receiving waters. 

ii. Implements and maintains structural and non-structural BMPs to reduce 
pollutants in storm water runoff from construction sites. 

iii. Reduces construction site discharges of pollutants to the MS4 to the MEP. 

iv. Prevents construction site discharges to the MS4 from causing or contributing 
to a violation of water quality standards. 

b. Each Permittee shall establish for its jurisdiction an enforceable erosion and 
sediment control ordinance for all construction sites that disturb soil. 

b.  

c. Applicability 

The provisions contained in Part VI.D.78.d below apply exclusively to 
construction sites less than 1 acre. Provisions contained in Part VI.D.78.e – j, 
apply exclusively to construction sites 1 acre or greater.  The requirements 
contained in this part apply to all activities involving soil disturbance with the 
exception of agricultural activities. Activities covered by this permit include but 
are not limited to grading, vegetation clearing, soil compaction, paving, re-paving 
and linear underground/overhead projects (LUPs). 
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d. Requirements for Construction Sites Less than One Acre 

i. For construction sites less than 1 acre, each Permittee shall: 

(1) Through the use of the Permittee’s erosion and sediment control 
ordinance or and/or building permit, require the implementation of an 
effective combination of erosion and sediment control BMPs from 
Table 12 to prevent erosion and sediment loss, and the discharge of 
construction wastes. 

Table 12.  Minimum Applicable Set of BMPs for All Construction Sites 

Erosion Controls 
Scheduling 
Preservation of Existing Vegetation 

Sediment Controls 
Silt Fence 
Sand Bag Barrier 
Stabilized Construction Site Entrance/Exit 

Non-Storm Water 
Management 

Water Conservation Practices 
Dewatering Operations 

Waste Management 

Material Delivery and Storage 
Stockpile Management 
Spill Prevention and Control 
Solid Waste Management 
Concrete Waste Management 
Sanitary/Septic Waste Management 

 

(2) Possess the ability to identify all construction sites with soil disturbing 
activities that require a permit, regardless of size, and shall be able to 
provide a list of permitted sites upon request of the Regional Water Board. 
Permittees may use existing permit databases or other tracking systems 
to comply with these requirements. 

(3) Inspect construction sites on as needed based on the evaluation of the 
factors that are a threat to water quality. In evaluating the threat to water 
quality, the following factors shall be considered: soil erosion potential; site 
slope; project size and type; sensitivity of receiving water bodies; proximity 
to receiving water bodies; non-storm water discharges; past record of non-
compliance by the operators of the construction site; and any water quality 
issues relevant to the particular MS4. 

(4) Implement the Permittee’s Progressive Enforcement Policy to ensure that 
construction sites are brought into compliance with the erosion and 
sediment control ordinance within a reasonable time period. See Part 
VI.D.2 for requirements for the development and implementation of a 
Progressive Enforcement Policy.   
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e. Each Permittee shall require operators of public and private construction sites 
within its jurisdiction to select, install, implement, and maintain BMPs that comply 
with its erosion and sediment control ordinance. 

f. The requirements contained in this part apply to all activities involving soil 
disturbance with the exception of agricultural activities. Activities covered by this 
permit include but are not limited to grading, vegetation clearing, soil compaction, 
paving, re-paving and linear underground/overhead projects (LUPs). 

g. Construction Site Inventory / Electronic Tracking System 

i. Each Permittee shall use an electronic system to inventory grading permits, 
encroachment permits, demolition permits, building permits, or construction 
permits (and any other municipal authorization to move soil and/ or construct 
or destruct that involves land disturbance) issued by the Permittee.  To satisfy 
this requirement, the use of a database or GIS system is recommended. 

ii. Each Permittee shall complete an inventory and continuously update as new 
sites are permitted and sites are completed. The inventory / tracking system 
shall contain, at a minimum:   

(1) Relevant contact information for each project (e.g., name, address, 
phone, email, etc. for the owner and contractor. 

(2) The basic site information including location, status, size of the project 
and area of disturbance. 

(3) The proximity all water bodies, water bodies listed as impaired by 
sediment-related pollutants, and water bodies for which a sediment-
related TMDL has been adopted and approved by USEPA. 

(4) Significant threat to water quality status, based on consideration of 
factors listed in Appendix 1 to the Statewide General Permit for 
Discharges of Storm Water Associated with Construction Activity 
(Construction General Permit). 

(5) Current construction phase where feasible. 

(6) The required inspection frequency. 

(7) The project start date and anticipated completion date. 

(8) Whether the project has submitted a Notice of Intent and obtained 
coverage under the Construction General Permit. 

(9) The date the Permittee approved the Erosion and Sediment Control Plan 
(ESCP). 

(10) Post-Construction Structural BMPs subject to Operation and 
Maintenance Requirements. 

h. Construction Plan Review and Approval Procedures 
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i. Each Permittee shall develop procedures to review and approve relevant 
construction plan documents. 

ii. The review procedures shall be developed and implemented such that the 
following minimum requirements are met: 

(1) Prior to issuing a grading or building permit, each Permittee shall require 
each operator of a construction activity within its jurisdiction to prepare 
and submit an ESCP prior to the disturbance of land for the Permittee’s 
review and written approval. The construction site operator shall be 
prohibited from commencing construction activity prior to receipt of written 
approval by the Permittee. Each Permittee shall not approve any ESCP 
unless it contains appropriate site-specific construction site BMPs that 
meet the minimum requirements of a Permittee’s erosion and sediment 
control ordinance. 

(2) ESCPs must include the elements of a Storm Water Pollution Prevention 
Plan (SWPPP).  SWPPPs prepared in accordance with the requirements 
of the Construction General Permit can be accepted as ESCPs. 

(3) At a minimum, the ESCP must address the following elements: 

(a) Methods to minimize the footprint of the disturbed area and to prevent 
soil compaction outside of the disturbed area. 

(b) Methods used to protect native vegetation and trees. 

(c) Sediment/Erosion Control. 

(d) Controls to prevent tracking on and off the site. 

(e) Non-storm water controls (e.g., vehicle washing, dewatering, etc.). 

(f) Materials Management (delivery and storage). 

(g) Spill Prevention and Control. 

(h) Waste Management (e.g., concrete washout/waste management; 
sanitary waste management). 

(i) Identification of site Risk Level as identified per the requirements in 
Appendix 1 of the Construction General Permit. 

(4) The ESCP must include the rationale for the selection and design of the 
proposed BMPs, including quantifying the expected soil loss from different 
BMPs. 

(5) Each Permittee shall require that the ESCP is developed and certified by a 
Qualified SWPPP Developer (QSD). 

(6) Each Permittee shall require that all structural BMPs be designed by a 
licensed California Engineer. 

(7) Each Permittee shall require that for all sites, the landowner or the 
landowner’s agent sign a statement on the ESCP as follows: 
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(a) “I certify that this document and all attachments were prepared under 
my direction or supervision in accordance with a system designed to 
ensure that qualified personnel properly gather and evaluate the 
information submitted.  Based on my inquiry of the person or persons 
who manage the system or those persons directly responsible for 
gathering the information, to the best of my knowledge and belief, the 
information submitted is true, accurate, and complete.  I am aware that 
submitting false and/ or inaccurate information, failing to update the 
ESCP to reflect current conditions, or failing to properly and/ or 
adequately implement the ESCP may result in revocation of grading 
and/ or other permits or other sanctions provided by law.”   

(8) Prior to issuing a grading or building permit, each Permittee must verify 
that the construction site operators have existing coverage under 
applicable permits, including, but not limited to the State Water Board’s 
Construction General Permit, and State Water Board 401 Water Quality 
Certification, U.S. Army Corp 404 permit, and California Department of 
Fish and Game 1600 Agreement. 

(9) Each Permittee shall develop and implement a checklist to be used to 
conduct and document review of each ESCP. 

i. BMP Implementation Level 

i. Each Permittee shall implement technical standards for the selection, 
installation and maintenance of construction BMPs for all construction sites 
within its jurisdiction. 

ii. The BMP technical standards shall require: 

(1) The use of BMPs that are tailored to the risks posed by the project. Sites 
are to be ranked from Low Risk (Risk 1) to High Risk (Risk 3). Project 
risks are to be calculated based on the potential for erosion from the site 
and the sensitivity of the receiving water body. Receiving water bodies 
that are listed on the Clean Water Act (CWA) Section 303(d) list for 
sediment or siltation are considered High Risk. Likewise, water bodies 
with designated beneficial uses of SPWN, COLD, and MIGR are also 
considered to be High Risk. The combined (sediment/receiving water) site 
risk shall be calculated using the methods provided in Appendix 1 of the 
Construction General Permit. At a minimum, the BMP technical standards 
shall include requirements for High Risk sites as defined in Table 15. 

(2) The use of BMPs for all construction sites, sites equal or greater to 1 acre, 
and for paving projects per Tables 14 and 16 of this Order. 

(3) Detailed installation designs and cut sheets for use within ESCPs. 

(4) Maintenance expectations for each BMP, or category of BMPs, as 
appropriate.   

iii. Permittees are encouraged to adopt respective BMPs from latest versions of 
the California BMP Handbook, Construction or Caltrans Stormwater Quality 
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Handbooks, Construction Site Best Management Practices (BMPs) Manual 
and addenda. Alternatively, Permittees are authorized to develop or adopt 
equivalent BMP standards consistent for Southern California and for the 
range of activities presented below in Tables 13 through 16. 

iv. The local BMP technical standards shall be readily available to the 
development community and shall be clearly referenced within each 
Permittee’s storm water or development services website, ordinance, permit 
approval process and/or ESCP review forms. The local BMP technical 
standards shall also be readily available to the Regional Water Board upon 
request. 

v. Local BMP technical standards shall be available for the following:   

Table 13.  Minimum Set of BMPs for All Construction Sites 

Erosion Controls 
Scheduling 
Preservation of Existing Vegetation 

Sediment Controls 
Silt Fence 
Sand Bag Barrier 
Stabilized Construction Site Entrance/Exit 

Non-Storm water 
Management 

Water Conservation Practices 
Dewatering Operations 

Waste Management 

Material Delivery and Storage 
Stockpile Management 
Spill Prevention and Control 
Solid Waste Management 
Concrete Waste Management 
Sanitary/Septic Waste Management 

 

Table 14. Additional BMPs Applicable to Construction Sites Disturbing  
1 Acre or More 

Erosion Controls 

Hydraulic Mulch 
Hydroseeding 
Soil Binders 
Straw Mulch 
Geotextiles and Mats 
Wood Mulching 

Sediment Controls 

Fiber Rolls 
Gravel Bag Berm 
Street Sweeping and/ or Vacuum 
Storm Drain Inlet Protection 
Scheduling 
Check Dam 

Additional Controls 
Wind Erosion Controls 
Stabilized Construction Entrance/ Exit 
Stabilized Construction Roadway 
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Entrance/ Exit Tire Wash 

Non-Storm water 
Management 

Vehicle and Equipment Washing 
Vehicle and Equipment Fueling 
Vehicle and Equipment Maintenance 

Waste Management 
Material Delivery and Storage 
Spill Prevention and Control 

 
Table 15. Additional Enhanced BMPs for High Risk Sites 

Erosion Controls 

Hydraulic Mulch 
Hydroseeding 
Soil Binders 
Straw Mulch 
Geotextiles and Mats 
Wood Mulching 
Slope Drains 

Sediment Controls 

Silt Fence 
Fiber Rolls 
Sediment Basin 
Check Dam 
Gravel Bag Berm 
Street Sweeping and/or Vacuum 
Sand Bag Barrier 
Storm Drain Inlet Protection 

Additional Controls 

Wind Erosion Controls 
Stabilized Construction Entrance/Exit 
Stabilized Construction Roadway 
Entrance/Exit Tire Wash 
Advanced Treatment Systems* 

Non-Storm water Management 

Water Conservation Practices 
Dewatering Operations (Ground water 
dewatering only under NPDES Permit 
No. CAG994004) 

Vehicle and Equipment Washing 
Vehicle and Equipment Fueling 
Vehicle and Equipment Maintenance 

Waste Management 

Material Delivery and Storage 
Stockpile Management 
Spill Prevention and Control 
Solid Waste Management 

*
 Applies to public roadway projects. 

 
Table 16. Minimum Required BMPs for Roadway Paving or Repair Operation (For 
Private or Public Projects) 

1. Restrict paving and repaving activity to exclude periods of rainfall or 
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predicted rainfall unless required by emergency conditions. 
2. Install gravel bags and filter fabric or other equivalent inlet protection 

at all susceptible storm drain inlets and at manholes to prevent spills of 
paving products and tack coat. 

3. Prevent the discharge of release agents including soybean oil, other 
oils, or diesel to the storm water drainage system or receiving waters. 

4. Minimize non storm water runoff from water use for the roller and for 
evaporative cooling of the asphalt. 

5.  Clean equipment over absorbent pads, drip pans, plastic sheeting or 
other material to capture all spillage and dispose of properly. 

6. Collect liquid waste in a container, with a secure lid, for transport to a 
maintenance facility to be reused, recycled or disposed of properly. 

7. Collect solid waste by vacuuming or sweeping and securing in an 
appropriate container for transport to a maintenance facility to be 
reused, recycled or disposed of properly. 

8. Cover the “cold-mix” asphalt (i.e., pre-mixed aggregate and asphalt 
binder) with protective sheeting during a rainstorm. 

9. Cover loads with tarp before haul-off to a storage site, and do not 
overload trucks. 

10. Minimize airborne dust by using water spray or other approved dust 
suppressant during grinding. 

11. Avoid stockpiling soil, sand, sediment, asphalt material and asphalt 
grindings materials or rubble in or near storm water drainage system 
or receiving waters. 

12. Protect stockpiles with a cover or sediment barriers during a rain. 
 

j. Construction Site Inspection 

i. Each Permittee shall use its legal authority to implement procedures for 
inspecting public and private construction sites.   

ii. The inspection procedures shall be implemented as follows: 

(1) Inspect the public and private construction sites as specified in Table 17 
below: 

Table 17. Inspection Frequencies for Sites One Acre or Greater 

Site Inspection Frequency Shall Occur 

a. All sites 1 acre or larger that discharge to 
a tributary listed by the state as an impaired 
water for sediment or turbidity under the 
CWA § 303(d) 

(1) when two or more consecutive 
days with greater than 50% chance 
of rainfall are predicted by NOAA31, 
(2) within 48 hours of a ½-inch rain 

                                            
31

 www.srh.noaa.gov/forecast 
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b. Other sites 1 acre or more determined to 
be a significant threat to water quality32 

event and at (3) least once every two 
weeks 

c. All other construction sites with 1 acre or 
more of soil disturbance not meeting the 
criteria above 

At least monthly  

 
(2) Each Permittee shall inspect all phases of construction as follows: 

(a) Prior to Land Disturbance 

Prior to allowing an operator to commence land disturbance, each 
Permittee shall perform an inspection to ensure all necessary erosion 
and sediment structural and non-structural BMP materials and 
procedures are available per the erosion and sediment control plan. 

(b) During Active Construction, including Land Development33 and Vertical 
Construction34 

In accordance with the frequencies specified in Part VI.D.78.j and 
Table 17 of this Order, each Permittee shall perform an inspection to 
ensure all necessary erosion and sediment structural and non-
structural BMP materials and procedures are available per the erosion 
and sediment control plan throughout the construction process. 

(c) Final Landscaping / Site Stabilization35 

At the conclusion of the project and as a condition of approving and/or 
issuing a Certificate of Occupancy, each Permittee shall inspect the 
constructed site to ensure that all graded areas have reached final 
stabilization and that all trash, debris, and construction materials, and 
temporary erosion and sediment BMPs are removed. 

(3) Based on the required frequencies above, each construction project shall 
be inspected a minimum of three times. 

(4) Inspection Standard Operating Procedures 

Each Permittee shall develop, implement, and revise as necessary, 
standard operating procedures that identify the inspection procedures 
each Permittee will follow. Inspections of construction sites, and the 
standard operating procedures, shall include, but are not limited to: 

                                            
32

 In evaluating the threat to water quality, the following factors shall be considered: soil erosion potential; site slope; project 
size and type; sensitivity of receiving water bodies; proximity to receiving water bodies; non-storm water discharges; past 
record of non-compliance by the operators of the construction site; and any water quality issues relevant to the particular 
MS4. 

33
 Activities include cuts and fills, rough and finished grading; alluvium removals; canyon cleanouts; rock undercuts; keyway 
excavations; stockpiling of select material for capping operations; and excavation and street paving, lot grading, curbs, 
gutters and sidewalks, public utilities, public water facilities including fire hydrants, public sanitary sewer systems, storm 
sewer system and/or other drainage improvement. 

34
 The build out of structures from foundations to roofing, including rough landscaping. 

35
 All soil disturbing activities at each individual parcel within the site have been completed. 
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(a) Verification of active coverage under the Construction General Permit 
for sites disturbing 1 acre or more, or that are part of a planned 
development that will disturb 1 acre or more and a process for referring 
non-filers to the Regional Water Board. 

(b) Review of the applicable ESCP and inspection of the construction site 
to determine whether all BMPs have been selected, installed, 
implemented, and maintained according to the approved plan and 
subsequent approved revisions. 

(c) Assessment of the appropriateness of the planned and installed BMPs 
and their effectiveness. 

(d) Visual observation and record keeping of non-storm water discharges, 
potential illicit discharges and connections, and potential discharge of 
pollutants in storm water runoff. 

(e) Development of a written or electronic inspection report generated 
from an inspection checklist used in the field. 

(f) Tracking of the number of inspections for the inventoried construction 
sites throughout the reporting period to verify that the sites are 
inspected at the minimum frequencies required in Table 17 of this 
Order. 

k. Enforcement 

Each Permittee shall implement its Progressive Enforcement Policy to ensure 
that construction sites are brought into compliance with all storm water 
requirements within a reasonable time period. See Part VI.D.2 for requirements 
for the development and implementation of a Progressive Enforcement Policy. 

l. Permittee Staff Training 

i. Each Permittee shall ensure that all staff whose primary job duties are related 
to implementing the construction storm water program are adequately trained. 

ii. Each Permittee may conduct in-house training or contract with consultants. 
Training shall be provided to the following staff positions of the MS4: 

(1) Plan Reviewers and Permitting Staff  

Ensure staff and consultants are trained as qualified individuals, 
knowledgeable in the technical review of local erosion and sediment 
control ordinance, local BMP technical standards, ESCP requirements, 
and the key objectives of the State Water Board QSD program. Permittees 
may provide internal training to staff or require staff to obtain QSD 
certification. 

(2) Erosion Sediment Control/Storm Water Inspectors 

Each Permittee shall ensure that its inspectors are knowledgeable in 
inspection procedures consistent with the State Water Board sponsored 
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program QSD or a Qualified SWPPP Practitioner (QSP) or that a 
designated person on staff who has been trained in the key objectives of 
the QSD/QSP programs supervises inspection operations. Each Permittee 
may provide internal training to staff or require staff to obtain QSD/QSP 
certification. Each inspector must be knowledgeable of the local BMP 
technical standards and ESCP requirements. 

(3) Third-Party Plan Reviewers, Permitting Staff, and Inspectors 

If the Permittee utilizes outside parties to conduct inspections and/or 
review plans, each Permittee shall ensure these staff are trained per the 
requirements listed above.  Outside contractors can self-certify, providing 
they certify they have received all applicable training required in the Permit 
and have documentation to that effect.   

8.9. Public Agency Activities Program 

a. Each Permittee shall implement a Public Agency Activities Program to minimize 
storm water pollution impacts from Permittee-owned or operated facilities and 
activities and to identify opportunities to reduce storm water pollution impacts 
from areas of existing development.  Requirements for Public Agency Facilities 
and Activities consist of the following components: 

i. Public Construction Activities Management 

ii. Public Facility Inventory 

iii. Inventory of Existing Development for Retrofitting Opportunities 

iv. Public Facility and Activity Management 

v. Vehicle and Equipment Wash Areas 

vi. Landscape, Park, and Recreational Facilities Management 

vii. Storm Drain Operation and Maintenance 

viii. Streets, Roads, and Parking Facilities Maintenance 

ix. Emergency Procedures 

x. Municipal Employee and Contractor Training 

b. Public Construction Activities Management  

i. Each Permittee shall implement and comply with the Planning and Land 
Development Program requirements in Part VI.D.6 7 of this Order at 
Permittee-owned or operated (i.e., public or Permittee sponsored) 
construction projects that are categorized under the project types identified in 
Part VI.D.67.b of this Order. 

ii. Each Permittee shall implement and comply with the appropriate 
Development Construction Program requirements in Part VI.D.7 8 of this 
Order at Permittee-owned or operated construction projects as applicable.    
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iii. For Permittee-owned or operated projects (including those under a capital 
improvement project plan) that disturb less than one acre of soil, each 
Permittee shall require an effective combination of erosion and sediment 
control BMPs from Table 13 (see Construction Development Program, 
minimum BMPs). 

iv. Each Permittee shall obtain separate coverage under the Construction 
General Permit for all Permittee-owned or operated construction sites that 
require coverage. 

c. Public Facility Inventory 

i. Each Permittee shall maintain an updated inventory of all Permittee-owned or 
operated (i.e., public) facilities within its jurisdiction that are potential sources 
of storm water pollution.  The incorporation of facility information into a GIS is 
recommended.  Sources to be tracked include but are not limited to the 
following: 

(1) Animal control facilities 

(2) Chemical storage facilities 

(3) Composting facilities 

(4) Equipment storage and maintenance facilities (including landscape 
maintenance-related operations) 

(5) Fueling or fuel storage facilities (including municipal airports) 

(6) Hazardous waste disposal facilities  

(7) Hazardous waste handling and transfer facilities  

(8) Incinerators  

(9) Landfills  

(10) Materials storage yards  

(11) Pesticide storage facilities  

(12) Fire stations 

(13) Public restrooms  

(14) Public parking lots  

(15) Public golf courses  

(16) Public swimming pools  

(17) Public parks  

(18) Public works yards  

(19) Public marinas  

(20) Recycling facilities  

(21) Solid waste handling and transfer facilities  
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(22) Vehicle storage and maintenance yards  

(23) Storm water management facilities (e.g., detention basins) 

(24) All other Permittee-owned or operated facilities or activities that each 
Permittee determines may contribute a substantial pollutant load to the 
MS4. 

ii. Each Permittee shall include the following minimum fields of information for 
each Permittee-owned or operated facility in its inventory. 

(1) Name of facility  

(2) Name of facility manager and contact information 

(3) Address of facility (physical and mailing) 

(4) A narrative description of activities performed and potential pollution 
sources. 

(5) Coverage under the Industrial General Permit or other individual or 
general NPDES permits or any applicable waiver issued by the Regional 
or State Water Board pertaining to storm water discharges. 

iii. Each Permittee shall update its inventory at least twice once during the 5-year 
term of the Order.  The update shall be accomplished through collection of 
new information obtained through field activities or through other readily 
available inter and intra-agency informational databases (e.g., property 
management, land-use approvals, accounting and depreciation ledger 
account, and similar information). 

d. Inventory of Existing Development for Retrofitting Opportunities 

i. Each Permittee shall develop an inventory of retrofitting opportunities that 
meets the requirements of this Part VI.89.Dd. Retrofit opportunities shall be 
identified within the public right-of-way or in coordination with a TMDL 
implementation plan(s). The goals of the existing development retrofitting 
inventory are to address the impacts of existing development through regional 
or sub-regional retrofit projects that reduce the discharges of storm water 
pollutants into the MS4 and prevent discharges from the MS4 from causing or 
contributing to a violation of water quality standards as defined in Part V.A, 
Receiving Water Limitations. 

ii. Each Permittee shall screen existing areas of development to identify 
candidate areas for retrofitting using watershed models or other screening 
level tools.  

iii. Each Permittee shall evaluate and rank the areas of existing development 
identified in the screening to prioritize retrofitting candidates. Criteria for 
evaluation may include but are not limited to: 

(1) Feasibility, including general private and public land availability; 

(2) Cost effectiveness; 
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(3) Pollutant removal effectiveness; 

(4) Tributary area potentially treated; 

(5) Maintenance requirements; 

(6) Landowner cooperation; 

(7) Neighborhood acceptance; 

(8) Aesthetic qualities; 

(9) Efficacy at addressing concern; and 

(10) Potential improvements to public health and safety. 

iv. Each Permittee shall consider the results of the evaluation in the following 
programs: 

(1) The Permittee’s storm water management program: Highly feasible 
projects expected to benefit water quality should be given a high priority to 
implement source control and treatment control BMPs in a Permittee’s 
SQMP. 

(2) Off-site mitigation for New Development and Redevelopment: Each 
Permittee shall consider high priority retrofit projects as candidates for off-
site mitigation projects per Part VI.D.67.c.iii.(4).(d). 

(3) Where feasible, at the discretion of the Permittee, the existing 
development retrofitting program may be coordinated with flood control 
projects and other infrastructure improvement programs per 
Part VI.D.89.e.ii.(2) below. 

v. Each Permittee shall cooperate with private landowners to encourage site 
specific retrofitting projects. Each Permittee shall consider the following 
practices in cooperating with private landowners to retrofit existing 
development: 

(1) Demonstration retrofit projects; 

(2) Retrofits on public land and easements that treat runoff from private 
developments; 

(3) Education and outreach; 

(4) Subsidies for retrofit projects; 

(5) Requiring retrofit projects as enforcement, mitigation or ordinance 
compliance; 

(6) Public and private partnerships; 

(7) Fees for existing discharges to the MS4 and reduction of fees for retrofit 
implementation. 
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e. Public Agency Facility and Activity Management 

i. Each Permittee shall obtain separate coverage under the Industrial General 
Permit for all Permittee-owned or operated facilities where industrial activities 
are conducted that require coverage under the Industrial General Permit. 

ii. Each Permittee shall implement the following measures for Permittee- owned 
and operated flood management projects: 

(1) Develop procedures to assess the impacts of flood management projects 
on the water quality of receiving water bodies; and 

(2) Evaluate existing structural flood control facilities to determine if retrofitting 
the facility to provide additional pollutant removal from storm water is 
feasible. 

iii. Each Permittee shall ensure the implementation and maintenance of activity 
specific BMPs listed in Table 18 (BMPs for Public Agency Facilities and 
Activities) when such activities occur at Permittee-owned or operated facilities 
and field activities (e.g., project sites) including but not limited to the facility 
types listed in Part VI.D.89.c above, and at any area that includes the 
activities described in Table 18, or that have the potential to discharge 
pollutants in storm water.   

iv. Any contractors hired by the Permittee to conduct Public Agency Activities 
including, but not limited to, storm and/or sanitary sewer system inspection 
and repair, street sweeping, trash pick-up and disposal, and street and right-
of-way construction and repair shall be contractually required to implement 
and maintain the activity specific BMPs listed in Table 18.  Each Permittee 
shall conduct oversight of contractor activities to ensure these BMPs are 
implemented and maintained. 

v. Permittee-owned or operated facilities that have obtained coverage under the 
Industrial General Permit shall implement and maintain BMPs consistent with 
the associated SWPPP and are therefore not required to implement and 
maintain the activity specific BMPs listed in Table 18. 

vi. Effective source control BMPs for the activities listed in Table 18 shall be 
implemented at Permittee-owned or operated facilities, unless the pollutant 
generating activity does not occur.  Each Permittee shall require 
implementation of additional BMPs where storm water from the MS4 
discharges to a significant ecological area (SEA, see Attachment A for 
definition), a water body subject to TMDL provisions in Part 7VI.E., or a CWA 
§ 303(d) listed water body (see Part VI.E below).  Likewise, for those BMPs 
that are not adequately protective of water quality standards, a Permittee may 
require additional site-specific controls. 
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Table 18. BMPs for Public Agency Facilities and Activities 

General and Activity Specific BMPs 

General BMPs 

Scheduling and Planning 
Spill Prevention and Control 
Sanitary/Septic Waste Management 
Material Use 
Safer Alternative Products 
Vehicle/Equipment Cleaning, Fueling and 
Maintenance 

Illicit Connection Detection, Reporting and Removal 
Illegal Spill Discharge Control 
Maintenance Facility Housekeeping Practices 

Flexible Pavement 

Asphalt Cement Crack and Joint Grinding/ Sealing 
Asphalt Paving 
Structural Pavement Failure (Digouts) Pavement 
Grinding and Paving 
Emergency Pothole Repairs 
Sealing Operations 

Rigid Pavement 
Portland Cement Crack and Joint Sealing 
Mudjacking and Drilling 
Concrete Slab and Spall Repair 

Slope/ Drains/ 
Vegetation 

Shoulder Grading 
Nonlandscaped Chemical Vegetation Control 
Nonlandscaped Mechanical Vegetation Control/ 
Mowing 
Nonlandscaped Tree and Shrub Pruning, Brush 
Chipping, Tree and Shrub Removal 
Fence Repair 
Drainage Ditch and Channel Maintenance 
Drain and Culvert Maintenance 
Curb and Sidewalk Repair 

Litter/ Debris/ Graffiti 

Sweeping Operations 
Litter and Debris Removal 
Emergency Response and Cleanup Practices 
Graffiti Removal 

Landscaping 

Chemical Vegetation Control 
Manual Vegetation Control 
Landscaped Mechanical Vegetation Control/ Mowing 
Landscaped Tree and Shrub Pruning, Brush Chipping, 
Tree and Shrub Removal 
Irrigation Line Repairs 
Irrigation (Watering), Potable and Nonpotable 

Environmental 
Storm Drain Stenciling 
Roadside Slope Inspection 
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General and Activity Specific BMPs 

Roadside Stabilization 
Stormwater Treatment Devices 
Traction Sand Trap Devices 

Bridges 

Welding and Grinding 
Sandblasting, Wet Blast with Sand Injection and 
Hydroblasting 
Painting 
Bridge Repairs 

Other Structures 

Pump Station Cleaning 
Tube and Tunnel Maintenance and Repair 
Tow Truck Operations 
Toll Booth Lane Scrubbing Operations 

Electrical Sawcutting for Loop Installation 

Traffic Guidance 

Thermoplastic Striping and Marking 
Paint Striping and Marking 
Raised/ Recessed Pavement Marker Application and 
Removal 
Sign Repair and Maintenance 
Median Barrier and Guard Rail Repair 
Emergency Vehicle Energy Attenuation Repair 

Storm Maintenance Minor Slides and Slipouts Cleanup/ Repair 

Management and 
Support 

Building and Grounds Maintenance 
Storage of Hazardous Materials (Working Stock) 
Material Storage Control (Hazardous Waste) 
Outdoor Storage of Raw Materials 
Vehicle and Equipment Fueling 
Vehicle and Equipment Cleaning 
Vehicle and Equipment Maintenance and Repair 
Aboveground and Underground Tank Leak and Spill 
Control 

 
f. Vehicle and Equipment Washing 

i. Each Permittee shall implement and maintain the activity specific BMPs listed 
in Table 18 (BMPs for Public Agency Facilities and Activities) for all fixed 
vehicle and equipment washing; including fire fighting and emergency 
response vehicles. 

ii. Each Permittee shall prevent discharges of wash waters from vehicle and 
equipment washing to the MS4 by implementing any of the following 
measures at existing facilities with vehicle or equipment wash areas: 

(1) Self-contain, and haul off for disposal; or 
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(2) Equip with a clarifier or an alternative pre-treatment device and plumb to 
the sanitary sewer in accordance with applicable waste water provider 
regulations. 

iii. Each Permittee shall ensure that any municipal facilities constructed, 
redeveloped, or replaced shall not discharge wastewater from vehicle and 
equipment wash areas to the MS4 by plumbing all areas to the sanitary sewer 
in accordance with applicable waste water provider regulations, or self-
containing all waste water/ wash water and hauling to a point of legal 
disposal. 

g. Landscape, Park, and Recreational Facilities Management 

i. Each Permittee shall implement and maintain the activity specific BMPs listed 
in Table 18 for all public right-of-ways, flood control facilities and open 
channels, lakes and reservoirs, and landscape, park, and recreational 
facilities and activities. 

ii. Integrated Pest Management (IPM) is an ecosystem-based strategy that 
focuses on long-term prevention of pests or their damage through a 
combination of techniques such as biological control, habitat manipulation, 
modification of cultural practices, and use of resistant varieties. Each 
Permittee shall implement an IPM program  that includes the following: 

(1) Pesticides are used only if monitoring indicates they are needed, and 
pesticides are applied according to applicable permits and established 
guidelines. 

(2) Treatments are made with the goal of removing only the target organism. 

(3) Pest controls are selected and applied in a manner that minimizes risks to 
human health, beneficial non-target organisms, and the environment. 

(4) The use of pesticides, including Organophosphates and Pyrethroids, does 
not threaten water quality. 

(5) Partner with other agencies and organizations to encourage the use of 
IPM.    

(6) Adopt and verifiably implement policies, procedures, and/ or ordinances 
requiring the minimization of pesticide use and encouraging the use of 
IPM techniques (including beneficial insects) for Public Agency Facilities 
and Activities. 

(7) Policies, procedures, and ordinances shall include commitments and a 
schedule to reduce the use of pesticides that cause impairment of surface 
waters by implementing the following procedures: 

(a) Prepare and annually update an inventory of pesticides used by all 
internal departments, divisions, and other operational units. 

(b) Quantify pesticide use by staff and hired contractors. 
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(c) Demonstrate implementation of IPM alternatives where feasible to 
reduce pesticide use. 

iii. Each Permittee shall implement the following requirements: 

(1) Use a standardized protocol for the routine and non-routine application of 
pesticides (including pre-emergents), and fertilizers. 

(2) Ensure there is no application of pesticides or fertilizers (1) when two or 
more consecutive days with greater than 50% chance of rainfall are 
predicted by NOAA36, (2) within 48 hours of a ½-inch rain event, or (3) 
when water is flowing off the area where the application is to occur.  This 
requirement does not apply to the application of aquatic pesticides 
described in Part VI.D.89.g.iii.(1) above or pesticides which require water 
for activation. 

(3) Ensure that no banned or unregistered pesticides are stored or applied. 

(4) Ensure that all staff applying pesticides are certified in the appropriate 
category by the California Department of Pesticide Regulation, or are 
under the direct supervision of a pesticide applicator certified in the 
appropriate category. 

(5) Implement procedures to encourage the retention and planting of native 
vegetation to reduce water, pesticide and fertilizer needs; and 

(6) Store pesticides and fertilizers indoors or under cover on paved surfaces, 
or use secondary containment. 

(a) Reduce the use, storage, and handling of hazardous materials to 
reduce the potential for spills. 

(b) Regularly inspect storage areas. 

h. Storm Drain Operation and Maintenance 

i. Each Permittee shall implement and maintain the activity specific BMPs listed 
in Table 18 for storm drain operation and maintenance. 

ii. Ensure that all material removed from the MS4 does not reenter the system.  
Solid material shall be dewatered in a contained area and liquid material shall 
be disposed in accordance with any of the following measures: 

(1) Self-contain, and haul off for legal disposal; or 

(1)(2) Applied to the land without runoff; or 

(2)(3) Equip with a clarifier or an alternative pre-treatment device; and plumb 
to the sanitary sewer in accordance with applicable waste water provider 
regulations. 

iii. Catch Basin Cleaning     

                                            
36

 www.srh.noaa.gov/forecast 
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(1) In areas that are not subject to a trash TMDL, each Permittee shall 
determine priority areas and shall update its map or list of Catch Basins 
with their GPS coordinates and priority: 

Priority A: Catch basins that are designated as consistently generating 
the highest volumes of trash and/or debris. 

Priority B: Catch basins that are designated as consistently generating 
moderate volumes of trash and/or debris. 

Priority C: Catch basins that are designated as generating low volumes 
of trash and/or debris. 

The map or list shall contain the rationale or data to support priority 
designations. 

(2) In areas that are not subject to a trash TMDL, each Permittee shall inspect 
catch basins according to the following schedule: 

Priority A: A minimum of 3 times during the wet season (October 1 
through April 15) and once during the dry season every year. 

Priority B: A minimum of once during the wet season and once during the 
dry season every year. 

Priority C: A minimum of once per year. 

Catch basins shall be cleaned as necessary on the basis of inspections. 
At a minimum, Permittees shall ensure that any catch basin that is 
determined to be at least 25% full of trash shall be cleaned out. Permittees 
shall maintain inspection and cleaning records for Regional Water Board 
review. 

(3) In areas that are subject to a trash TMDL, the subject Permittees shall 
implement the applicable provisions in Part VI.E. 

iv. Trash Management at Public Events 

(1) Each Permittee shall require the following measures for any event in the 
public right of way or wherever it is foreseeable that substantial quantities 
of trash and litter may be generated, including events located in areas that 
are subject to a trash TMDL: 

(a) Proper management of trash and litter generated; and 

(b) Arrangement for temporary screens to be placed on catch basins; or 

(c) Provide clean out of catch basins, trash receptacles, and grounds in 
the event area within 24 hoursone business day subsequent to the 
event. 

v. Trash Receptacles 

(1) Each Permittee shall ensure trash receptacles, or equivalent trash 
capturing devices, are covered in areas newly identified as high trash 
generation areas within its jurisdiction. 
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(2) Each Permittee shall ensure that all trash receptacles are cleaned out and 
maintained as necessary to prevent trash overflow. 

vi. Catch Basin Labels and Open Channel Signage 

(1) Each Permittee shall label all storm drain inlets that they own with a 
legible “no dumping” message. 

(2) Each Permittee shall inspect the legibility of the stencil or label nearest 
each inlet prior to the wet season every year. 

(3) Each Permittee shall record all catch basins with illegible stencils and re-
stencil or re-label within 180 days of inspection. 

(4) Each Permittee shall post signs, referencing local code(s) that prohibit 
littering and illegal dumping, at designated public access points to open 
channels, creeks, urban lakes, and other relevant water bodies. 

vii. Additional Trash Management Practices 

(1) In areas that are not subject to a trash TMDL, each Permittee shall install 
trash excluders, or equivalent devices, on or in catch basins or outfalls to 
prevent the discharge of trash to the MS4 or receiving water no later than 
two four years after the effective date of this Order in areas defined as 
Priority A (Part VI.D.89.h.iii.(1)) except at sites where the application of 
such BMP(s) alone will cause flooding. Lack of maintenance that causes 
flooding is not an acceptable exception to the requirement to install BMPs.  
Alternatively, each Permittee may implement alternative or enhanced 
BMPs beyond the provisions of this Order (such as but not limited to 
increased street sweeping, adding trash cans near trash generation sites, 
prompt enforcement of trash accumulation, increased trash collection on 
public property, increased litter prevention messages or trash nets within 
the MS4) that provide substantially equivalent removal of trash.  Each 
Permittee shall demonstrate that BMPs, which substituted for trash 
excluders, provide equivalent trash removal performance as excluders.  
When outfall trash capture is provided, revision of the schedule for 
inspection and cleanout of catch basins in Part VI.D.89.h.iii.(2) shall be 
reported in the next year’s annual report.   

viii. Storm Drain Maintenance  

Each Permittee shall implement a program for Storm Drain Maintenance that 
includes the following: 

(1) Visual monitoring of Permittee-owned open channels and other drainage 
structures, including debris basins, for trash and debris at least annually. 

(2) Removal of trash and debris from open channels and debris basins a 
minimum of once per year before the wet season. 

(3) Elimination of the discharge of contaminants during MS4 maintenance and 
clean outs. 
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(4) Proper disposal of debris and trash removed during storm drain 
maintenance. 

ix. Infiltration from Sanitary Sewer to MS4/Preventive Maintenance 

(1) Each Permittee shall implement controls and measures to prevent and 
eliminate infiltration of seepage from sanitary sewers to MS4s through 
thorough, routine preventive maintenance of the MS4. 

(2) Each Permittee that operates both a municipal sanitary sewer system and 
a MS4 must implement controls and measures to prevent and eliminate 
infiltration of seepage from the sanitary sewers to the MS4s that must 
include overall sanitary sewer and MS4 surveys and thorough, routine 
preventive maintenance of both.  Implementation of a Sewer System 
Management Plan in accordance with the Statewide General Waste 
Discharge Requirements for Sanitary Sewer Systems, may be used to 
fulfill this requirement. 

(3) Each Permittee shall implement controls to limit infiltration of seepage 
from sanitary sewers to the MS4 where necessary. Such controls must 
include: 

(a) Adequate plan checking for construction and new development; 

(b) Incident response training for its municipal employees that identify 
sanitary sewer spills; 

(c) Code enforcement inspections; 

(d) MS4 maintenance and inspections; 

(e) Interagency coordination with sewer agencies; and 

(f) Proper education of its municipal staff and contractors conducting field 
operations on the MS4 or its municipal sanitary sewer (if applicable). 

x. Permittee Owned Treatment Control BMPs  

(1) Each Permittee shall implement an inspection and maintenance program 
for all Permittee owned treatment control BMPs, including post-
construction treatment control BMPs. 

(2) Each Permittee shall ensure proper operation of all treatment control 
BMPs and maintain them as necessary for proper operation, including all 
post-construction treatment control BMPs. 

(3) Any residual water37 produced by a treatment control BMP and not being 
internal to the BMP performance when being maintained shall be: 

(a) Hauled away and legally disposed of; or 

(b) Applied to the land without runoff; or  

(c) Discharged to the sanitary sewer system (with permits or 
authorization); or 

                                            
37

 To be defined in Definitions (see See Attachment A) .  
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(d) Treated or filtered to remove bacteria, sediments, nutrients, and meet 
the limitations set in Table 19 (Discharge Limitations for Dewatering 
Treatment BMPs), prior to discharge to the MS4. 

Table 19. Discharge Limitations for Dewatering Treatment BMPs38 

Parameter Units Limitation 
Total Suspended Solids mg/L 100 
Turbidity NTU 50 
Oil and Grease mg/L 10 

 
i. Streets, Roads, and Parking Facilities Maintenance 

i. Each Permittee shall designate streets and/or street segments within its 
jurisdiction as one of the following: 

Priority A: Streets and/or street segments that are designated as 
consistently generating the highest volumes of trash and/or 
debris. 

Priority B: Streets and/or street segments that are designated as 
consistently generating moderate volumes of trash and/or debris. 

Priority C: Streets and/or street segments that are designated as generating 
low volumes of trash and/or debris. 

ii. Each Permittee shall perform street sweeping of curbed streets according to 
the following schedule: 

Priority A: Streets and/or street segments that are designated as Priority A 
shall be swept at least two times per month. 

Priority B: Streets and/or street segments that are designated as Priority B 
shall be swept at least once per month. 

Priority C: Streets and/or street segments that are designated as Priority C 
shall be swept as necessary but in no case less than once per 
year. 

iii. Road Reconstruction  

Each Permittee shall require that for any project that includes roadbed or 
street paving, repaving, patching, digouts, or resurfacing roadbed surfaces, 
that the following BMPs be implemented for each project. 

(1) Restrict paving and repaving activity to exclude periods of rainfall or 
predicted rainfall39 unless required by emergency conditions. 

(2) Install sand bags or gravel bags and filter fabric at all susceptible storm 
drain inlets and at manholes to prevent spills of paving products and tack 
coat; 

                                            
38

  Technology based effluent limitslimitations. 
39

 A probability of precipitation (POP) of 50% is required.  
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(3) Prevent the discharge of release agents including soybean oil, other oils, 
or diesel into the MS4 or receiving waters. 

(4) Prevent non-storm water runoff from water use for the roller and for 
evaporative cooling of the asphalt. 

(5) Clean equipment over absorbent pads, drip pans, plastic sheeting or 
other material to capture all spillage and dispose of properly. 

(6) Collect liquid waste in a container, with a secure lid, for transport to a 
maintenance facility to be reused, recycled or disposed of properly. 

(7) Collect solid waste by vacuuming or sweeping and securing in an 
appropriate container for transport to a maintenance facility to be reused, 
recycled or disposed of properly. 

(8) Cover the “cold-mix” asphalt (i.e., pre-mixed aggregate and asphalt 
binder) with protective sheeting during a rainstorm. 

(9) Cover loads with tarp before haul-off to a storage site, and do not 
overload trucks. 

(10) Minimize airborne dust by using water spray during grinding. 

(11) Avoid stockpiling soil, sand, sediment, asphalt material and asphalt 
grindings materials or rubble in or near MS4 or receiving waters. 

(12) Protect stockpiles with a cover or sediment barriers during a rain. 

iv. Parking Facilities Maintenance  

(1) Permittee-owned parking lots exposed to storm water shall be kept clear 
of debris and excessive oil buildup and cleaned using street sweeping 
equipment no less than 2 times per month and/or inspected no less than 
2 times per month to determine if cleaning is necessary.  In no case shall 
a Permittee-owned parking lot be cleaned less than once a month. 

j. Emergency Procedures  

i. Each Permittee may conduct repairs of essential public service systems and 
infrastructure in emergency situations with a self-waiver of the provisions of 
this Order as follows: 

(1) The Permittee shall abide by all other regulatory requirements, including 
notification to other agencies as appropriate. 

(2) Where the self-waiver has been invoked, the Permittee shall submit to the 
Regional Water Board Executive Officer a statement of the occurrence of 
the emergency, an explanation of the circumstances, and the measures 
that were implemented to reduce the threat to water quality, no later than 
30 business days after the situation of emergency has passed. 

(3) Minor repairs of essential public service systems and infrastructure in 
emergency situations (that can be completed in less than one three days) 
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are not subject to the notification provisions.  Appropriate BMPs to reduce 
the threat to water quality shall be implemented. 

k. Municipal Employee and Contractor Training 

i. Each Permittee shall, no later than 1 year after Order adoption and 
annually thereafter before June 30, train all of their employees and 
contractors in targeted positions (whose interactions, jobs, and activities 
affect storm water quality) on the requirements of the overall storm water 
management program, or shall ensure contractors performing 
privatized/contracted municipal services are appropriately trained to: 

(1) Promote a clear understanding of the potential for activities to pollute 
storm water. 

(2) Identify opportunities to require, implement, and maintain appropriate 
BMPs in their line of work. 

(2) Outside contractors can self-certify, providing they certify they have 
received all applicable training required in the Permit and have documentation 
to that effect. 

ii. Each Permittee shall, no later than 1 year after Order adoption and annually 
thereafter before June 30, train all of their employees and contractors who 
use or have the potential to use pesticides or fertilizers (whether or not they 
normally apply these as part of their work).  Training programs shall address: 

(1) The potential for pesticide-related surface water toxicity. 

(2) Proper use, handling, and disposal of pesticides. 

(3) Least toxic methods of pest prevention and control, including IPM. 

(4) Reduction of pesticide use. 

(4)iii. Outside contractors can self-certify, providing they certify they have 
received all applicable training required in the Permit and have 
documentation to that effect. 

9.10. Illicit Connections and Illicit Discharges Elimination Program 

a. General  

i. Each Permittee shall continue to implement an Illicit Connection and Illicit 
Discharge Elimination (IC/ID) Program to detect, investigate, and eliminate 
IC/IDs to the MS4.  The IC/ID Program must be implemented in accordance 
with the requirements and performance measures specified in this Order. 

ii. As stated in Part VI.FA.1 2 of this Order, each Permittee must have adequate 
legal authority to prohibit IC/IDs to the MS4 and enable enforcement 
capabilities to eliminate the source of IC/IDs. 

iii. Each Permittee’s IC/ID Program shall consist of at least the following major 
program components: 
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(1) Procedures for conducting source investigations for IC/IDs 

(2) Procedures for eliminating the source of IC/IDs 

(3) Procedures for public reporting of illicit discharges 

(4) Spill response plan 

(5) IC/IDs education and training for Permittee staff 

b. Illicit Discharge Source Investigation and Elimination  

i. Each Permittee shall develop written procedures for conducting investigations 
to identify the source of all suspected illicit discharges, including procedures 
to eliminate the discharge once the source is located.   

ii. At a minimum, each Permittee shall initiate an investigation(s) to identify and 
locate the source within 72 hours of becoming aware of the illicit discharge.   

iii. When conducting investigations, each Permittee shall comply with the 
following: 

(1) Illicit discharges suspected of being sanitary sewage and/or significantly 
contaminated shall be investigated first. 

(2) Each Permittee shall track all investigations to document at a minimum the 
date(s) the illicit discharge was observed; the results of the investigation; 
any follow-up of the investigation; and the date the investigation was 
closed. 

(3) Each Permittee shall investigate the source of all observed illicit 
discharges. 

iv. When taking corrective action to eliminate illicit discharges, each Permittee 
shall comply with the following: 

(1) If the source of the illicit discharge has been determined to originate within 
the Permittee’s jurisdiction, the Permittee shall immediately notify the 
responsible party/parties of the problem, and require the responsible party 
to initiate all necessary corrective actions to eliminate the illicit discharge.  
Upon being notified that the discharge has been eliminated, the Permittee 
shall conduct a follow-up investigation to verify that the discharge has 
been eliminated and cleaned-up to the satisfaction of the Permittee(s). 
Each Permittee shall document its follow-up investigation. Each Permittee 
may seek recovery and remediation costs from responsible parties or 
require compensation for the cost of all inspection, investigation, cleanup 
and oversight activities. Resulting enforcement actions shall follow the 
program’s Progressive Enforcement Policy, per Part VI.D.2. 

(2) If the source of the illicit discharge has been determined to originate within 
an upstream jurisdiction, the Permittee shall notify the upstream 
jurisdiction and the Regional Water Board within 30 days of such 
determination and provide all of the information collected regarding efforts 
to identify its source.  Each Permittee may seek recovery and remediation 
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costs from responsible parties or require compensation for the cost of all 
inspection, investigation, cleanup and oversight activities. Resulting 
enforcement actions shall follow the program’s Progressive Enforcement 
Policy, per Part VI.D.2. 

(3) If the source of the illicit discharge cannot be traced to a suspected 
responsible party, affected Permittees shall implement its spill response 
plan and then initiate a permanent solution as described in section 910.b.v 
below. 

v. In the event the Permittee is unable to eliminate an ongoing illicit discharge 
following full execution of its legal authority and in accordance with its 
Progressive Enforcement Policy, or other circumstances prevent the full 
elimination of an ongoing illicit discharge, including the inability to find the 
responsible party/parties, the Permittee shall provide for diversion of the 
entire flow to the sanitary sewer or provide treatment. In either instance, the 
Permittee shall notify the Regional Water Board in writing within 30 days of 
such determination and shall provide a written plan for review and comment 
that describes the efforts that have been undertaken to eliminate the illicit 
discharge, a description of the actions to be undertaken, anticipated costs, 
and a schedule for completion.   

c. Identification and Response to Illicit Connections  

i. Systematic Visual Inspections for Illicit Connections 

The LACFCD shall continue the systematic field visual inspections of its MS4 
for illicit connections in accordance with the following schedule: 

(1) Open channels:  No later than one year after the effective date of this 
Order, and annually thereafter. 

(2) Underground storm drains identified by the LACFCD as high priority:  No 
later than three years after the effective date of this Order. 

(3) Underground storm drains with a diameter of 36 inches or greater:   No 
later than by the Order expiration date. 

ii.i. Investigation 

Each Permittee, upon discovery or upon receiving a report of a suspected 
illicit connection, shall initiate an investigation within 21 days, to determine the 
following: (1) source of the connection, (2) nature and volume of discharge 
through the connection, and (3) responsible party for the connection. 

iii.ii. Elimination 

Each Permittee, upon confirmation of an illicit MS4 connection, shall ensure 
that the connection is:  

(1) Permitted or documented, provided the connection will only discharge 
storm water and non-storm water allowed under this Order or other 
individual or general NPDES Permits/WDRs, or 
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(2) Eliminated within 180 days of completion of the investigation, using its 
formal enforcement authority, if necessary, to eliminate the illicit 
connection. 

iv.iii. Documentation 

Formal records must be maintained for all illicit connection investigations and 
the formal enforcement taken to eliminate illicit connections.   

d. Public Reporting of Non-Storm Water Discharges and Spills   

i. Each Permittee shall promote, publicize, and facilitate public reporting of illicit 
discharges or water quality impacts associated with discharges into or from 
MS4s through a central contact point, including phone numbers and an 
internet site for complaints and spill reporting.  Each Permittee shall also 
provide the reporting hotline to Permittee staff to leverage the field staff that 
has direct contact with the MS4 in detecting and eliminating illicit discharges. 

ii. Each Permittee shall implement the central point of contact and reporting 
hotline requirements listed in this part in one or more of the following 
methods: 

(1) By participating in a County-wide sponsored hotline 

(2) By participating in one or more Watershed Group sponsored hotlines 

(3) Or individually within its own jurisdiction 

(4) The LACFCD shall, in collaboration with the County, continue to maintain 
the 888-CLEAN-LA hotline and internet site to promote, publicize, and 
facilitate public reporting of illicit discharges or water quality impacts 
associated with discharges into or from MS4s. 

iii. Each Permittee shall ensure that signage adjacent to open channels, as 
required in Part F.8.h.vi, include information regarding dumping prohibitions 
and public reporting of illicit discharges. 

iv. Each Permittee shall develop and maintain written procedures that document 
how complaint calls are received, documented, and tracked to ensure that all 
complaints are adequately addressed.  The procedures shall be evaluated to 
determine whether changes or updates are needed to ensure that the 
procedures accurately document the methods employed by the Permittee.  
Any identified changes shall be made to the procedures subsequent to the 
evaluation. 

v. Each Permittee shall maintain documentation of the complaint calls and 
record the location of the reported spill or IC/ ID and the actions undertaken in 
response to all IC/ID complaints, including referrals to other agencies. 

e. Spill Response Plan  

i. Each Permittee shall implement a spill response plan for all sewage and other 
spills that may discharge into its MS4. The spill response plan shall clearly 
identify agencies responsible for spill response and cleanup, telephone 
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numbers and e-mail address for contacts, and shall contain at a minimum the 
following requirements: 

(1) Coordination with spill response teams throughout all appropriate 
departments, programs and agencies so that maximum water quality 
protection is provided. 

(2) Initiate investigation of all public and employee spill complaints within one 
business day of receiving the complaint to assess validity. 

(3) Response to spills for containment within 4 hours of becoming aware of 
the spill, except where such spills occur on private property, in which case 
the response should be within 2 hours of gaining legal access to the 
property. 

(4) Spills that may endanger health or the environment shall be reported to 
appropriate public health agencies and the Office of Emergency Services 
(OES). 

f. Illicit Connection and Illicit Discharge Education and Training  

i. Each Permittee must continue to implement a training program regarding the 
identification of IC/IDs for all municipal field staff, who, as part of their normal 
job responsibilities (e.g., street sweeping, storm drain maintenance, collection 
system maintenance, road maintenance), may come into contact with or 
otherwise observe an illicit discharge or illicit connection to the MS4.  Contact 
information, including the procedure for reporting an illicit discharge, must be 
readily available to field staff.  Training program documents must be available 
for review by the permitting authority. 

ii. Each Permittee shall ensure contractors performing 
privatized/contracted municipal services such as, but not limited to, storm 
and/or sanitary sewer system inspection and repair, street sweeping, trash 
pick-up and disposal, and street and right-of-way construction and repair 
are trained regarding IC/ID identification and reporting. Permittees may 
provide training or include contractual requirements for IC/ID identification 
and reporting training.  Outside contractors can self-certify, providing they 
certify they have received all applicable training required in the Permit and 
have documentation to that effect.Each Permittee shall ensure contractors 
performing privatized/contracted municipal services such as, but not 
limited to, storm and/or sanitary sewer system inspection and repair, street 
sweeping, trash pick-up and disposal, and street and right-of-way 
construction and repair are trained regarding IC/ID identification and 
reporting. Permittees may provide training or include contractual 
requirements for IC/ID identification and reporting training. 

iii. Each Permittee’s training program should address, at a minimum, the 
following: 

(1) IC/ID identification, including definitions and examples,  

(2) investigation, 
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(3) elimination,  

(4) cleanup,  

(5) reporting, and  

(6) documentation.  

iv. Each Permittee must create a list of applicable positions and contractors 
which require IC/ID training and ensure that training is provided at least twice 
during the term of the Order.  Each Permittee must maintain documentation of 
the training activities. 

v. New Permittee staff members must be provided with IC/ID training within 180 
days of starting employment. 

D.E. Special Provisions: Total Maximum Daily Load Provisions 

1. The provisions of this Part VI.E. implement and are consistent with the assumptions 
and requirements of all waste load allocations (WLAs) established in TMDLs for 
which some or all of the Permittees in this Order are responsible. 

a. Part VI.E of this Order includes provisions that are designed to assure that 
Permittees achieve WLAs and meet other requirements of TMDLs covering 
receiving waters impacted by the Permittees’ MS4 discharges. TMDL provisions 
are grouped by WMA (WMA) in Attachments L through R. 

b. The Permittees subject to each TMDL are identified in Attachment K. 

c. The Permittees shall comply with the applicable water quality-based effluent 
limitations and/or receiving water limitations contained in Attachments L through 
R, consistent with the assumptions and requirements of the WLAs established in 
the TMDLs, including implementation plans and schedules, where provided for in 
the State adoption and approval of the TMDL (40 CFR §122.44(d)(1)(vii)(B); Cal. 
Wat. Code §13263(a)). 

d. A Permittee may comply with water quality-based effluent limitations and/or 
receiving water limitations in Attachments L through R using any lawful means. 

2. Compliance Determination 

a. General 

i. A Permittee shall demonstrate compliance at compliance monitoring points 
established in each TMDL or, if not specified in the TMDL, at locations 
identified in an approved TMDL monitoring plan or in accordance with an 
approved integrated monitoring program per Attachment E, Part VI.C.5 
(Integrated Watershed Monitoring and Assessment). 

ii. Compliance with water quality-based effluent limitations shall be determined 
as described in Parts VI.E.2.d and VI.E.2.e, or for trash water quality-based 

RB-AR5214



Greater Los Angeles County ORDER NO. R4-2012-XXXX 
Municipal Separate Storm Sewer System NPDES NO. CAS004001 
 
 

 
Limitations and Discharge Requirements 144 

R
E
V
I
S
E
D 
 

T
E
N
T
A
T 
I
V
E 

effluent limitations as described in Part VI.E.5.b, or as otherwise set forth in 
TMDL specific provisions in Attachments L through R. 

iii. Pursuant to Part VI.C, a Permittee may, individually or as part of a watershed-
based group, develop and submit for approval by the Regional Water Board 
Executive Officer a Watershed Management Program that addresses all 
water quality-based effluent limitations and receiving water limitations to 
which the Permittee is subject pursuant to established TMDLs. 

b. Commingled Discharges 

i. A number of the TMDLs establish WLAs that are assigned jointly to a group of 
Permittees whose storm water and/or non-storm water discharges are or may 
be commingled in the MS4 prior to discharge to the receiving water subject to 
the TMDL. 

ii. In these cases, pursuant to 40 CFR section 122.26(a)(3)(vi), each Permittee 
is only responsible for discharges from the MS4 for which they are owners 
and/or operators.   

iii. Where Permittees have commingled discharges to the receiving water, 
compliance at the outfall to the receiving water or in the receiving water shall 
be determined for the group of Permittees as a whole unless an individual 
Permittee demonstrates that its discharge did not cause or contribute to the 
exceedance, pursuant to subpart v. below. 

iv. For purposes of compliance determination, each Permittee is responsible for 
demonstrating that its discharge did not cause or contribute to an exceedance 
of an applicable water quality-based effluent limitation(s) at the outfall or 
receiving water limitation(s) in the target receiving water. 

v. A Permittee may demonstrate that its discharge did not cause or contribute to 
an exceedance of an applicable water quality-based effluent limitation or 
receiving water limitation in any of the following ways: 

(1) Demonstrate that there is no discharge from the Permittee’s MS4 into the 
applicable receiving water; or 

(2) Demonstrate that the discharge from the Permittee’s MS4 is treated 
controlled to a level that does not exceed the applicable water quality-
based effluent limitation; or 

(3) For exceedances of bacteria receiving water limitations or water quality-
based effluent limitations, demonstrate through a source investigation 
pursuant to protocols established under California Water Code section 
13178 or for exceedances of other receiving water limitations or water 
quality-based effluent limitations, demonstrate using other accepted 
source identification protocols, that pollutant sources within the jurisdiction 
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of the Permittee or the Permittee’s MS4 have not caused or contributed to 
the exceedance of the Receiving Water Limitation(s). 

c. Receiving Water Limitations Addressed by a TMDL 

i. For receiving water limitations in Part V.A. associated with water body-
pollutant combinations addressed in a TMDL, Permittees shall achieve 
compliance with the receiving water limitations in Part V.A. as outlined in this 
Part VI.E. and Attachments L through R of this Order. 

ii. A Permittee shall not be considered in violation of Part V.A. of this Order for 
the specific pollutant addressed in the TMDL, if it is in compliance with the 
applicable TMDL requirement(s), including compliance schedules, of this Part 
VI.E. and Attachments L through R. 

iii. As long as a Permittee is in compliance with the applicable TMDL 
requirements in a time schedule order (TSO) issued by the Regional Water 
Board pursuant to California Water Code sections 13300 and 13385(j)(3), it is 
not the Regional Water Board's intention to take an enforcement action for 
violations of Part V.A. of this Order for the specific pollutant(s) addressed in 
the TSO.  

d. Interim Water Quality-Based Effluent Limitations and Receiving Water 
Limitations 

i. A Permittee shall be considered in compliance with an applicable interim 
water quality-based effluent limitation and/or interim receiving water limitation 
for the a pollutant(s) associated with a specific TMDL if any of the following is 
demonstrated: 

(1) There are no violations of the interim water quality-based effluent limitation 
for the pollutant(s) associated with a specific TMDL at the Permittee’s 
applicable MS4 outfall(s),40 including an outfall to the receiving water that 
collects discharges from multiple Permittees’ jurisdictions; 

(2) There are no exceedances of the applicable receiving water limitation for 
the pollutant(s) associated with a specific TMDL in the receiving water(s) 
at, or downstream of, the Permittee’s outfall(s); 

(3) There is no direct or indirect discharge from the Permittee’s MS4 to the 
receiving water during the time period subject to the water quality-based 
effluent limitation and/or receiving water limitation for the pollutant(s) 
associated with a specific TMDL; or 

(4) The Permittee has submitted and is fully implementing an approved 
Watershed Management Program pursuant to Part VI.C that provides 

                                            
40

 An outfall may include a manhole or other point of access to the MS4 at the Permittee’s jurisdictional boundary. 
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reasonable assurance that interim water quality-based effluent limitations 
will be achieved per applicable compliance schedules. 

(a) To be considered fully implementing an approved Watershed 
Management Program, a Permittee must be implementing actions 
consistent with the approved program and applicable compliance 
schedules, including structural BMPs. 

(b) Structural storm water BMPs must should be designed and maintained 
to treat storm water runoff from the 85th percentile, 24-hour storm, 
where feasible and necessary to achieve applicable WQBELs and 
receiving water limitations, and maintenance records must be up-to-
date and available for inspection by the Regional Water Board. 

(c) A Permittee that does not implement the Watershed Management 
Program in accordance with the milestones and compliance schedules 
shall demonstrate compliance with its interim water quality-based 
effluent limitations and/or receiving water limitations pursuant to Part 
VI.E.2.d.i.(1)-(3), above. 

(d) A Permittee shall not be considered in violation of interim WQBELs 
with compliance deadlines occurring prior to approval of a WMP, if all 
the following requirements are met:  

(1) Provides timely notice of its intent to develop a WMP,  

(2) Meets all deadlines for submittal of a WMP,   

(3) Implements watershed control measures identified in its 
notification to achieve interim WQBELs with compliance deadlines 
occurring prior to approval of a WMP, and 

(1)(4) Receives final approval of its WMP. 

e. Final Water Quality-based Effluent Limitations and/or Receiving Water 
Limitations 

i. A Permittee shall be deemed in compliance with an applicable final water 
quality-based effluent limitation and/or final receiving water limitation for the 
pollutant(s) associated with a specific TMDL if any of the following is 
demonstrated: 

(1) There are no violations of the final water quality-based effluent limitation 
for the specific pollutant at the Permittee’s applicable MS4 outfall(s)41; 

                                            
41

 Ibid. 
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(2) There are no exceedances of applicable receiving water limitation for the 
specific pollutant in the receiving water(s) at, or downstream of, the 
Permittee’s outfall(s); or 

(3) There is no direct or indirect discharge from the Permittee’s MS4 to the 
receiving water during the time period subject to the water quality-based 
effluent limitation and/or receiving water limitation for the pollutant(s) 
associated with a specific TMDL. 

3. USEPA Established TMDLs 

TMDLs established by the USEPA, to which Permittees are subject, do not contain 
an implementation plan adopted pursuant to California Water Code section 13242. 
However, USEPA has included implementation recommendations as part of these 
TMDLs. In lieu of inclusion of numeric water quality based effluent limitations at this 
time, this Order requires Permittees subject to WLAs in USEPA established TMDLs 
to propose and implement best management practices (BMPs) that will be effective 
in ultimately achieving the numeric WLAs. The Regional Water Board may, at its 
discretion, revisit this decision within the term of this Order or in a future permit, as 
more information is developed to support the inclusion of numeric water quality 
based effluent limitations. 

a. Each Permittee shall propose BMPs to achieve the WLAs contained in the 
applicable USEPA established TMDL(s), and a schedule for implementing the 
BMPs that is as short as possible, in a Watershed Management Program Plan. 

b. Each Permittee may either individually submit a Watershed Management 
Program Plan, or may jointly submit a plan with all other Permittees subject to the 
WLAs contained in the USEPA established TMDL. 

c. At a minimum, each Permittee shall include the following information in its 
Watershed Management Program Plan, relevant to each applicable USEPA 
established TMDL: 

i. Available data demonstrating the current quality of the Permittee’s MS4 
discharge(s) in terms of concentration and/or load of the target pollutant(s) to 
the receiving waters subject to the TMDL; 

ii. A detailed description of BMPs that have been implemented, and/or are 
currently being implemented by the Permittee to achieve the WLA(s), if any; 

iii. A detailed time schedule of specific actions the Permittee will take in order to 
achieve the applicable WLA(s); 

iv. A demonstration that the time schedule requested is as short as possible, 
taking into account the time since USEPA establishment of the TMDL, and 
technological, operation, and economic factors that affect the design, 
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development, and implementation of the control measures that are necessary 
to comply with the WLA(s);  

(1) For the Malibu Creek Nutrient TMDL established by USEPA in 2003, in no 
case shall the time schedule to achieve the final numeric WLAs exceed 
five years from the effective date of this Order; and 

v. If the requested time schedule exceeds one year, the proposed schedule 
shall include interim requirements and numeric milestones and the date(s) for 
their achievement.  

d. Each Permittee subject to a WLA in a TMDL established by USEPA since 
January 1, 2010 shall submit a draft of a Watershed Management Program Plan 
to the Regional Water Board Executive Officer for approval no later than one 
year after the effective date of this Order. 

e. Each Permittee subject to a WLA in a TMDL established by USEPA prior to 
January 1, 2010 shall submit a draft of a Watershed Management Program Plan 
to the Regional Water Board Executive Officer for approval no later than six 
months after the effective date of this Order. 

f. If a Permittee does not submit a Watershed Management Program Plan, or the 
plan is determined to be inadequate by the Regional Water Board Executive 
Officer and the Permittee does not make the necessary revisions within 90 days 
of written notification that plan is inadequate, the Permittee shall be required to 
demonstrate compliance with the numeric WLAs immediately based on 
monitoring data collected under the MRP (Attachment E) for this Order. 

4. State Adopted TMDLs where Final Compliance Deadlines have Passed 

a. Permittees shall comply immediately with water quality-based effluent limitations 
and/or receiving water limitations to implement WLAs in state-adopted TMDLs for 
which final compliance deadlines have passed pursuant to the TMDL 
implementation schedule. 

b. Where a Permittee believes that additional time to comply with the final water 
quality-based effluent limitations and/or receiving water limitations is necessary, 
a Permittee may within 45 days of Order adoption request a time schedule order 
pursuant to California Water Code section 13300 for the Regional Water Board’s 
consideration.  

c. Permittees may either individually request a TSO, or may jointly request a TSO 
with all Permittees subject to the water quality-based effluent limitations and/or 
receiving water limitations, to implement the WLAs in the state-adopted TMDL. 

d. At a minimum, a request for a time schedule order shall include the following: 
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i. Data demonstrating the current quality of the MS4 discharge(s) in terms of 
concentration and/or load of the target pollutant(s) to the receiving waters 
subject to the TMDL; 

ii. A detailed description and chronology of structural controls and source control 
efforts, since the effective date of the TMDL, to reduce the pollutant load in 
the MS4 discharges to the receiving waters subject to the TMDL; 

iii. Justification of the need for additional time to achieve the water quality-based 
effluent limitations and/or receiving water limitations; 

iv. A detailed time schedule of specific actions the Permittee will take in order to 
achieve the water quality-based effluent limitations and/or receiving water 
limitations; 

v. A demonstration that the time schedule requested is as short as possible, 
taking into account the technological, operation, and economic factors that 
affect the design, development, and implementation of the control measures 
that are necessary to comply with the effluent limitation(s); and 

vi. If the requested time schedule exceeds one year, the proposed schedule 
shall include interim requirements and the date(s) for their achievement. The 
interim requirements shall include both of the following: 

(1) Effluent limitation(s) for the pollutant(s) of concern; and 

(2) Actions and milestones leading to compliance with the effluent 
limitation(s). 

5. Water Quality-Based Effluent Limitations for Trash 

Permittees assigned a Waste Load Allocation in a trash TMDL shall comply as set 
forth below. 

a. Effluent Limitations:  Permittees shall comply with the interim and final water 
quality-based effluent limitations for trash set forth in Attachments L through R for 
the following Trash TMDLs: 

i. Lake Elizabeth Trash TMDL (Attachment L) 

ii. Santa Monica Bay Nearshore and Offshore Debris TMDL (Attachment M) 

iii. Malibu Creek Watershed Trash TMDL (Attachment M) 

iv. Ballona Creek Trash TMDL (Attachment M) 

v. Machado Lake Trash TMDL (Attachment N) 

vi. Los Angeles River Trash TMDL (Attachment O) 

vii. Peck Road Park Lake Trash TMDL (Attachment O) 
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viii. Echo Park Lake Trash TMDL (Attachment O) 

ix. Legg Lake Trash TMDL (Attachment PO) 

 

b. Compliance 

i. Pursuant to California Water Code section 13360(a), Permittees may comply 
with the trash effluent limitations using any lawful means.  Such compliance 
options are broadly classified as full capture, partial capture, institutional 
controls, or minimum frequency of assessment and collection, as described 
below, and any combination of these may be employed to achieve 
compliance: 

(1) Full Capture Systems:  

(a) The Basin Plan authorizes the Regional Water Board Executive Officer 
to certify full capture systems, which are systems that meet the 
operating and performance requirements as described in this Order, 
and the procedures identified in “Procedures and Requirements for 
Certification of a Best Management Practice for Trash Control as a Full 
Capture System.”42 

(b) Permittees are authorized to comply with their effluent limitations 
through certified full capture systems provided the requirements of 
paragraph (c), immediately below, and any conditions in the 
certification, continue to be met. 

(c) Permittees may comply with their effluent limitations through 
progressive installation of full capture systems throughout their 
jurisdictional areas until all areas draining to Lake Elizabeth, Santa 
Monica Bay, Malibu Creek, Ballona Creek, Machado Lake, the Los 
Angeles River system, Legg Lake, Peck Road Park Lake, and/or Echo 
Park Lake are addressed.  For purposes of this Order, attainment of 
the effluent limitations shall be conclusively presumed for any drainage 
area to Lake Elizabeth, Santa Monica Bay, Malibu Creek (and its 
tributaries), Ballona Creek (and its tributaries), Machado Lake, the Los 
Angeles River (and its tributaries), Legg Lake, Peck Road Park Lake, 
and/or Echo Park Lake, and/or Lincoln Park Lake where certified full 
capture systems treat all drainage from the area, provided that the full 
capture systems are adequately sized and maintained, and that 
maintenance records are up-to-date and available for inspection by the 
Regional Water Board. 

                                            
42

 The Regional Water Board currently recognizes eight full capture systems. These are: Vortex Separation Systems (VSS) 
and seven other Executive Officer certified full capture systems, including specific types or designs of trash nets; two gross 
solids removal devices (GSRDs); catch basin brush inserts and mesh screens; vertical and horizontal trash capture screen 
inserts; and a connector pipe screen device. See August 3, 2004 Los Angeles Regional Water Quality Control Board 
Memorandum titled “Procedures and Requirements for Certification of a Best Management Practice for Trash Control as a Full 
Capture System.  
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(i) A Permittee shall be deemed in compliance with its final effluent 
limitation if it demonstrates that all drainage areas under its 
jurisdiction and/or authority are serviced by appropriate certified 
full capture systems as described in paragraph (1)(c). 

(ii) A Permittee shall be deemed in compliance with its interim 
effluent limitations, where applicable: 

1. By demonstrating that full capture systems treat the 
percentage of drainage areas in the watershed that 
corresponds to the required trash abatement. 

2. Alternatively, a Permittee may propose a schedule for 
installation of full capture systems in areas under its 
jurisdiction and/or authority within a given watershed, targeting 
first the areas of greatest trash generation, for the Executive 
Officer’s approval.  The Executive Officer shall not approve 
any such schedule that does not result in timely compliance 
with the final effluent limitations, consistent with the 
established TMDL implementation schedule and applicable 
State policies.  A Permittee shall be deemed in compliance 
with its interim effluent limitations provided it is fully in 
compliance with any such approved schedule. 

(2) Partial Capture Devices and Institutional Controls:  Permittees may 
comply with their interim and final effluent limitations through the 
installation of partial capture devices and the application of institutional 
controls.43 

(a) Trash discharges from areas serviced solely by partial capture devices 
may be estimated based on demonstrated performance of the 
device(s) in the implementing area.44  That is, trash reduction is 
equivalent to the partial capture devices’ trash removal efficiency 
multiplied by the percentage of drainage area serviced by the devices. 

(b) Except as provided in subdivision (c), immediately below, trash 
discharges from areas addressed by institutional controls and/or partial 
capture devices (where site-specific performance data is not available) 
shall be calculated using a mass balance approach, based on the daily 
generation rate (DGR) for a representative area.45  The DGR shall be 
determined from direct measurement of trash deposited in the 
drainage area during any thirty-day period between June 22nd and 
September 22nd exclusive of rain events46, and shall be re-calculated 
every year thereafter unless a less frequent period for recalculation is 
approved by the Regional Water Board Executive Officer. The DGR 

                                            
43

 While interim effluent limitations may be complied with using partial capture devices, compliance with final effluent limitations 
cannot be achieved with the exclusive use of partial capture devices. 

44
 Performance shall be demonstrated under different conditions (e.g. low to high trash loading). 

45
 The area(s) should be representative of the land uses and activities within the Permittees’ authority and shall be approved 
by the Executive Officer prior to the 30-day collection period. 

46
 Provided no special events are scheduled that may affect the representative nature of that collection period. 
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shall be calculated as the total amount of trash collected during this 
period divided by the length of the collection period. 

DGR = (Amount of trash collected during a 30-day collection 
period47 / (30 days) 
 
The DGR for the applicable area under the Permittees’ jurisdiction 
and/or authority shall be extrapolated from that of the representative 
drainage area(s).  A mass balance equation shall be used to estimate 
the amount of trash discharged during a storm event.48  The Storm 
Event Trash Discharge for a given rain event in the Permittee’s 
drainage area shall be calculated by multiplying the number of days 
since the last street sweeping by the DGR and subtracting the amount 
of any trash recovered in the catch basins.49  For each day of a storm 
event that generates precipitation greater than 0.25 inch, the Permittee 
shall calculate a Storm Event Trash Discharge. 
 
Storm Event Trash Discharge = [(Days since last street 
sweeping*DGR)] – [Amount of trash recovered from catch 
basins]50 
 
The sum of the Storm Event Trash Discharges for the storm year shall 
be the Permittee’s calculated annual trash discharge. 
 
Total Storm Year Trash Discharge = ∑Storm Event Trash 
Discharges from Drainage Area 
 

(c) The Executive Officer may approve alternative compliance monitoring 
approaches for calculating total storm year trash discharge, upon 
finding that the program will provide a scientifically-based estimate of 
the amount of trash discharged from the Permittee’s MS4. 

(3) Combined Compliance Approaches: 

Permittees may comply with their interim and final effluent limitations 
through a combination of full capture systems, partial capture devices, and 
institutional controls.  Where a Permittee relies on a combination of 
approaches, it shall demonstrate compliance with the interim and final 
effluent limitations as specified in (1)(c) in areas where full capture 
systems are installed and as specified in (2)(a) or (2)(b), as appropriate, in 
areas where partial capture devices and institutional controls are applied. 

(4) Minimum Frequency of Assessment and Collection Approach: 

                                            
47

 Between June 22
nd

 and September 22
nd

 
48

 Amount of trash shall refer to the uncompressed volume (in gallons) or drip-dry weight (in pounds) of trash collected. 
49

 Any negative values shall be considered to represent a zero discharge.  
50

 When more than one storm event occurs prior to the next street sweeping the discharge shall be calculated from the date of 
the last assessment. 
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If allowed in a trash TMDL and approved by the Executive Officer, a 
Permittee may alternatively comply with its final effluent limitations by 
implementing a program for minimum frequency of assessment and 
collection (MFAC) in conjunction with BMPs.  To the satisfaction of the 
Executive Officer, the MFAC/BMP program must meet the following 
criteria: 

(a) The MFAC/BMP Program includes an initial minimum frequency of 
trash assessment and collection and suite of structural and/or 
nonstructural BMPs.  The MFAC/BMP program shall include collection 
and disposal of all trash found in the receiving water and shoreline.  
Permittees shall implement an initial suite of BMPs based on current 
trash management practices in land areas that are found to be sources 
of trash to the water body.  The initial minimum frequency of trash 
assessment and collection shall be set as specified in the following 
TMDLs: 

(i) Malibu Creek Watershed Trash TMDL 

(ii) Machado Lake Trash TMDL 

(iii) Legg Lake Trash TMDL 

(b) The MFAC/BMP Program includes reasonable assurances that it will 
be implemented by the responsible Permittees. 

(c) MFAC protocols may be based on SWAMP protocols for rapid trash 
assessment, or alternative protocols proposed by Permittees and 
approved by the Regional Water Board Executive Officer. 

(d) Implementation of the MFAC/BMP program should include a Health 
and Safety Program to protect personnel.  The MFAC/BMP program 
shall not require Permittees to access and collect trash from areas 
where personnel are prohibited. 

(e) The Regional Water Board Executive Officer may approve or require a 
revised assessment and collection frequency and definition of the 
critical conditions under the MFAC: 

(i) To prevent trash from accumulating in deleterious amounts that 
cause nuisance or adversely affect beneficial uses between 
collections; 

(ii) To reflect the results of trash assessment and collection; 

(iii) If the amount of trash collected does not show a decreasing 
trend, where necessary, such that a shorter interval between 
collections is warranted; or 

(iv) If the amount of trash collected is decreasing such that a longer 
interval between collections is warranted. 

(f) At the end of the implementation period, a revised MFAC/BMP 
program may be required if the Regional Water Board Executive 
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Officer determines that the amount of trash accumulating between 
collections is causing nuisance or otherwise adversely affecting 
beneficial uses. 

(g) With regard to (4)(e)(i), (4)(e)(ii), or (4)(e)(iii), above, the Regional 
Water Board Executive Officer is authorized to allow responsible 
Permittees to implement additional structural or non-structural BMPs in 
lieu of modifying the monitoring frequency. 

ii. If a Permittee is not in compliance with its applicable interim and/or final 
effluent limitation as identified in Attachments L through R, then it shall be in 
violation of this Order. 

(1) A Permittee relying on partial capture devices and/or institutional controls 
that has violated its interim and/or final effluent limitation(s) shall be 
presumed to have violated the applicable limitation for each day of each 
storm event that generated precipitation greater than 0.25 inch during the 
applicable storm year, except those storm days on which it establishes 
that its cumulative Storm Event Trash Discharges has not exceeded the 
applicable effluent limitation. 

(2) If a Permittee relying on full capture systems has failed to demonstrate 
that the full capture systems for any drainage area are adequately sized 
and maintained, and that maintenance records are up-to-date and 
available for inspection by the Regional Water Board, and that it is in 
compliance with any conditions of its certification, shall be presumed to 
have discharged trash in an amount that corresponds to the percentage of 
the baseline waste load allocation represented by the drainage area in 
question. 

(a) A Permittee may overcome this presumption by demonstrating (using 
any of the methods authorized in Part VI.E.5.b) that the actual or 
calculated discharge for that drainage area is in compliance with the 
applicable interim or final effluent limitation. 

iii. Each Permittee shall be held liable for violations of the effluent limitations 
assigned to their area.  If a Permittee’s compliance strategy includes full or 
partial capture devices and it chooses to install a full or partial capture device 
in the MS4 physical infrastructure of another public entity, it is responsible for 
obtaining all necessary permits to do so.  If a Permittee believes it is unable to 
obtain the permits needed to install a full capture or partial capture device 
within another Permittee’s MS4 physical infrastructure, either Permittee may 
request the Executive Officer to hold a conference with the Permittees.  
Nothing in this Order shall affect the right of that public entity or a Permittee to 
seek indemnity or other recourse from the other as they deem appropriate.  
Nothing in this subsection shall be construed as relieving a Permittee of any 
liability that the Permittee would otherwise have under this Order. 

c. Monitoring and Reporting Requirements (pursuant to California Water 
Code section 13383) 
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i. Each Permittee shall submit a TMDL Compliance Report as part of its Annual 
Report detailing compliance with the applicable interim and/or final effluent 
limitations. Reporting shall include the information specified below.  The 
report shall be submitted on the reporting form specified by the Regional 
Water Board Executive Officer.  The report shall be signed under penalty of 
perjury by the Permittee’s principal executive officer or ranking elected official 
or duly authorized representative of the officer, consistent with Part V.B of 
Attachment D (Standard Provisions), who is responsible for ensuring 
compliance with this Order.  Each Permittee shall be charged with and shall 
demonstrate compliance with its applicable effluent limitations beginning with 
its December 15, 2013,October 31, 2012 TMDL Compliance Report. 

(1) Reporting Compliance based on Full Capture Systems:  Permittees shall 
provide information on the number and location of full capture installations, 
the sizing of each full capture installation, the drainage areas addressed 
by these installations, and compliance with the applicable interim or final 
effluent limitation, in its TMDL Compliance Report.  The Los Angeles 
Water Board will periodically audit sizing, performance, and other data to 
validate that a system satisfies the criteria established for a full capture 
system and any conditions established by the Regional Water Board 
Executive Officer in the certification. 

(2) Reporting Compliance based on Partial Capture Systems and/or 
Institutional Controls:   

(a) Using Performance Data Specific to the Permittee’s Area: In its TMDL 
Compliance Report, a Permittee shall provide: (i) site-specific 
performance data for the applicable device(s); (ii) information on the 
number and location of such installations, and the drainage areas 
addressed by these installations; and (iii) calculated compliance with 
the applicable effluent limitations. 

(b) Using Direct Measurement of Trash Discharge: Permittees shall 
provide an accounting of DGR and trash removal via street sweeping, 
catch basin clean outs, etc., in a database to facilitate the calculation of 
discharge for each rain event. The database shall be maintained and 
provided to the Regional Water Board for inspection upon request. In 
its TMDL Compliance Report, a Permittee shall provide information on 
its annual DGR, calculated storm year discharge, and compliance with 
the applicable effluent limitation. 

(3) Reporting Compliance based on Combined Compliance Approaches: 

Permittees shall provide the information specified in Part VI.E.5.c.i(1) for 
areas where full capture systems are installed and that are specified in 
Part VI.E.5.c.i(2)(a) or (b), as appropriate, for areas where partial capture 
devices and institutional controls are applied.  In its TMDL Compliance 
Report, a Permittee shall also provide information on compliance with the 
applicable effluent limitation based on the combined compliance 
approaches. 
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(4) Reporting Compliance based on an MFAC/BMP Approach: 

The MFAC/BMP Program includes a Trash Monitoring and Reporting 
Plan, and a requirement that the responsible Permittees will self-report 
any non-compliance with its provisions.  The results and report of the 
Trash Monitoring and Reporting Plan must be submitted to Regional 
Board with the Permittee’s Annual Report. 

ii. Violation of the reporting requirements of this Part shall be punishable 
pursuant to, inter alia, California Water Code section 13385, subdivisions 
(a)(3) and (h)(1), and/or section 13385.1. 
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ATTACHMENT A – DEFINITIONS  
 
The following are definitions for terms in this Order: 

Adverse Impact 
A detrimental effect upon water quality or beneficial uses caused by a discharge or loading of a 
pollutant or pollutants.  

Anti-degradation Policies 
Laws, policies and regulations set forth and state and federal statutes and regulations e.g., 
Statement of Policy with Respect to Maintaining High Quality Water in California, State Board 
Resolution  No. 68-16; 40 CFR section 131.12. 

Applicable Standards and Limitations 
All State, interstate, and federal standards are limitations to which a “discharge” or a related 
activity is subject under the CWA, including effluent limitations, water quality standards, 
standards of performance, toxic effluent standards or prohibitions, “best management 
practices,” and pretreatment standards under sections 301, 302, 303, 304, 306, 307, 308, 403 
and 404 of CWA. 

Areas of Special Biological Significance (ASBS) 
All those areas of this state as ASBS, listed specifically within the California Ocean Plan or so 
designated by the State Board which, among other areas, includes the area from Mugu 
Lagoon to Latigo Point: Oceanwater within a line originating from Laguna Point at 34o 5’ 40” 
north, 119o 6’30” west, thence southeasterly following the mean high tideline to a point at 
Latigo Point defined by the intersection of the mean high tide line and a line extending due 
south of Benchmark 24; thence due south to a distance of 1000 feet offshore or to the 100 foot 
isobaths, whichever distance is greater; thence northwesterly following the 100 foot isobaths or 
maintaining a 1,000-foot distance from shore, whichever maintains the greater distance from 
shore, to a point lying due south of Laguna Point, thence due north to Laguna Point. 

Arithmetic Mean (µµµµ) 
Also called the average, is the sum of measured values divided by the number of samples.  
For ambient water concentrations, the arithmetic mean is calculated as follows: 

Arithmetic mean = µ = Σx / n  
where:   
Σx is the sum of the measured ambient water concentrations, and n is the number of 
samples. 
 

Authorized Discharge 
Any discharge that is authorized pursuant to an NPDES permit or meets the conditions set 
forth in this Order. 
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Authorized Non-Storm Water Discharge 
Authorized non-storm water discharges are discharges that are not composed entirely of storm 
water and that are either: (1) separately regulated by an individual or general NPDES permit 
and allowed to discharge to the MS4 when in compliance with all NPDES permit conditions; (2) 
authorized by USEPA51 pursuant to sections 104(a) or 104(b) of CERCLA that either (i) will 
comply with water quality standards as applicable or relevant and appropriate requirements 
(“ARARs”) under section 121(d)(2) of CERCLA or (ii) are subject to (a) a written waiver of 
ARARs by USEPA pursuant to section 121(d)(4) of CERCLA or (b) a written determination by 
USEPA that compliance with ARARs is not practicable considering the exigencies of the 
situation, pursuant to 40 CFR section 300.415(j); or (3) necessary for emergency responses 
purposes, including flows from emergency fire fighting activities. 

Automotive Service Facilities 
A facility that is categorized in any one of the following Standard Industrial Classification (SIC) 
and North American Industry Classification System (NAICS) codes. For inspection purposes, 
Permittees need not inspect facilities with SIC codes 5013, 5014, 5541, 5511, provided that 
these facilities have no outside activities or materials that may be exposed to storm water. 

Average Monthly Effluent Limitation (AMEL) 
The highest allowable average of daily discharges over a calendar month, calculated as the 
sum of all daily discharges measured during a calendar month divided by the number of daily 
discharges measured during that month. 

Bacteria Total Maximum Daily Load (TMDL) Dry Weather 
Defined in the Bacteria TMDLs as those days with less than 0.1 inch of rainfall and those days 
occurring more than 3 days after a rain. 

Bacteria Total Maximum Daily Load (TMDL) Wet Weather 
Defined in the Bacteria TMDLs as a day.with 0.1 inch or more of rain and 3 days following the 
rain event. 

Baseline Waste Load Allocation 
The Waste Load Allocation assigned to a Permittee before reductions are required. The 
progressive reductions in the Waste Load Allocations are based on a percentage of the 
Baseline Waste Load Allocation. The Baseline Waste Load Allocation for each jurisdiction was 
calculated based on the annual average amount of trash discharged to the storm drain system 
from a representative sampling of land use areas, as determined during the Baseline 
Monitoring Program.  The Baseline Waste Load Allocations are incorporated into the Basin 
Plan at Table 7-2.2. 

Basin Plan 
The Water Quality Control Plan, Los Angeles Region, Basin Plan for the Coastal Watersheds 
of Los Angeles and Ventura Counties, adopted by the Regional Water Board on June 13, 1994 
and subsequent amendments. 

                                            
51

 These typically include short-term, high volume discharges resulting from the development or redevelopment of groundwater 
extraction wells, or USEPA or State-required compliance testing of potable water treatment plants, as part of a USEPA 
authorized groundwater remediation action under CERCLA. 
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Beneficial Uses 
The existing or potential uses of receiving waters in the permit area as designated by the 
Regional Water Board in the Basin Plan. 

Best Management Practices (BMPs) 
BMPs are practices or physical devices or systems designed to prevent or reduce pollutant 
loading from storm water or non-storm water discharges to receiving waters, or designed to 
reduce the volume of storm water or non-storm water discharged to the receiving water. 

Bioaccumulative 
Those substances taken up by an organism from its surrounding medium through gill 
membranes, epithelial tissue, or from food and subsequently concentrated and retained in the 
body of the organism. 

Biofiltration 
A LID BMP that reduces storm water pollutant discharges by intercepting rainfall on vegetative 
canopy, and through incidental infiltration and/or evapotranspiration, incidental infiltration, and 
filtration. As described in the Ventura County Technical Guidance Manual, studies have 
demonstrated that bioinfiltration of 1.5 times the storm water quality design volume (SWQDv) 
provides approximately equivalent or greater reductions in pollutant loading when compared to 
bioretention or infiltration of the SWQDv.52 Incidental infiltration is an important factor in 
achieving the required pollutant load reduction. Therefore, the term “biofiltration” as used in 
this Order is defined to include only systems designed to facilitate incidental infiltration or 
achieve the equivalent pollutant reduction as biofiltration BMPs with an underdrain (subject to 
Executive Officer approval). Biofiltration BMPs include bioretention systems with an underdrain 
and bioswales. 

Bioretention 
A LID BMP that reduces storm water runoff by intercepting rainfall on vegetative canopy, and 
through evapotranspiration and infiltration. The bioretention system typically includes a 
minimum 2-foot top layer of a specified soil and compost mixture underlain by a gravel-filled 
temporary storage pit dug into the in-situ soil.  As defined in this Order, a bioretention BMP 
may be designed with an overflow drain, but may not include an underdrain. When a 
bioretention BMP is designed or constructed with an underdrain it is regulated in this Order as 
biofiltration. 

Bioswale 
A LID BMP consisting of a shallow channel lined with grass or other dense, low-growing 
vegetation.  Bioswales are designed to collect storm water runoff and to achieve a uniform 
sheet flow through the dense vegetation for a period of several minutes. 

Carcinogenic 
Pollutants are substances that are known to cause cancer in living organisms. 

                                            
52

 Geosyntec Consultants and Larry WallkerWalker Associates. 2011. Ventura County Technical Guidance Manual for 
Stormwater Quality and Control Measures, Manual Update 2011. Appendix D. Prepared for the Ventura Countywide 
Stormwater Quality Management Program. July 13, 2011. pp. D-6 – D-15. 
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Coefficient of Variation (CV) 
CV is a measure of the data variability and is calculated as the estimated standard 
deviation divided by the arithmetic mean of the observed values. 

 
 
Commercial Development 
Any development on private land that is not heavy industrial or residential. The category 
includes, but is not limited to: hospitals, laboratories and other medical facilities, educational 
institutions, recreational facilities, plant nurseries, car wash facilities; mini-malls and other 
business complexes, shopping malls, hotels, office buildings, public warehouses and other 
light industrial complexes. 

Commercial Malls 
Any development on private land comprised of one or more buildings forming a complex of 
stores which sells various merchandise, with interconnecting walkways enabling visitors to 
easily walk from store to store, along with parking area(s).  A commercial mall includes, but is 
not limited to: mini-malls, strip malls, other retail complexes, and enclosed shopping malls or 
shopping centers.  
 

Conditionally Exempt Essential Non-Storm Water Discharge 
Conditionally exempt essential non-storm water discharges are certain categories of 
discharges that are not composed entirely of storm water and that are allowed by the Regional 
Water Board to discharge to the MS4, if in compliance with all specified requirements; are not 
otherwise regulated by an individual or general NPDES permit; and are essential public 
services that are directly or indirectly required by other State or federal statute and/or 
regulation. These include non-storm water discharges from potable water sources and non-
emergency fire fighting activities. Conditionally exempt essential non-storm water discharges 
may contain minimal amounts of pollutants, however, when in compliance with industry 
standard BMPs and control measures, do not result in significant environmental effects. (See 
55 Fed. Reg. 47990, 47995 (Nov. 16, 1990)). 

Conditionally Exempt Non-Storm Water Discharge 
Conditionally exempt non-storm water discharges are certain categories of discharges that are 
not composed entirely of storm water and that are either not sources of pollutants or may 
contain only minimal amounts of pollutants and when in compliance with specified BMPs do 
not result in significant environmental effects. (See 55 Fed. Reg. 47990, 47995 (Nov. 16, 
1990)). 

Construction 
Any development on private land that is not heavy industrial or residential.  The category 
includes, but is not limited to: hospitals, laboratories and other medical facilities, educational 
institutions, recreational facilities, plant nurseries, car wash facilities, mini-malls and other 
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business complexes, shopping malls, hotels, office buildings, public warehouses and other 
light industrial complexes. 

Control 
To minimize, reduce, eliminate, or prohibit by technological, legal, contractual or other means, 
the discharge of pollutants from an activity or activities. 

Daily Discharge 
Daily Discharge is defined as either: (1) the total mass of the constituent discharged over the 
calendar day (12:00 am through 11:59 pm) or any 24-hour period that reasonably represents a 
calendar day for purposes of sampling (as specified in the permit), for a constituent with 
limitations expressed in units of mass or; (2) the unweighted arithmetic mean measurement of 
the constituent over the day for a constituent with limitations expressed in other units of 
measurement (e.g., concentration).  

The daily discharge may be determined by the analytical results of a composite sample taken 
over the course of one day (a calendar day or other 24-hour period defined as a day) or by the 
arithmetic mean of analytical results from one or more grab samples taken over the course of 
the day. 

For composite sampling, if 1 day is defined as a 24-hour period other than a calendar day, the 
analytical result for the 24-hour period will be considered as the result for the calendar day in 
which the 24-hour period ends. 

Daily Generation Rate (DGR) 
The estimated amount of trash deposited within a representative drainage area during a 24-
hour period, derived from the amount of trash collected from streets and catch basins in the 
area over a 30-day period. 

Dechlorinated/Debrominated Swimming Pool Discharge 
Swimming pool discharges which have no measurable chlorine or bromine and do not contain 
any detergents, wastes, or additional chemicals not typically found in swimming pool water.  
The term does not include swimming pool filter backwash. 

Detected, but Not Quantified (DNQ) 
DNQ are those sample results less than the RL, but greater than or equal to the laboratory’s 
MDL. 

Development 
Any construction, rehabilitation, redevelopment or reconstruction of any public or private 
residential project (whether single-family, multi-unit or planned unit development); industrial, 
commercial, retail and other non-residential projects, including public agency projects; or mass 
grading for future construction.  It does not include routine maintenance to maintain original 
line and grade, hydraulic capacity, or original purpose of facility, nor does it include emergency 
construction activities required to immediately protect public health and safety 

Dilution Credit 
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Dilution Credit is the amount of dilution granted to a discharge in the calculation of a water 
quality-based effluent limitation, based on the allowance of a specified mixing zone.  It is 
calculated from the dilution ratio or determined through conducting a mixing zone study or 
modeling of the discharge and receiving water. 

Directly Adjacent 
Situated within 200 feet of the contiguous zone required for the continued maintenance, 
function, and structural stability of the environmentally sensitive area. 

Director 
The Director of a municipality and Person(s) designated by and under the Director’s instruction 
and supervision. 

Discharge 
When used without qualification the “discharge of a pollutant.” 

Discharging Directly 
Outflow from a drainage conveyance system that is composed entirely or predominantly of 
flows from the subject, property, development, subdivision, or industrial facility, and not 
commingled with the flows from adjacent lands. 

Discharge of a Pollutant 
Any addition of any “pollutant” or combination of pollutants to “waters of the United States” 
from any “point source” or, any addition of any pollutant or combination of pollutants to the 
waters of the “contiguous zone” or the ocean from any point source other than a vessel or 
other floating craft which is being used as a means of transportation. The term discharge 
includes additions of pollutants into waters of the United States from: surface runoff which is 
collected or channeled by man; discharges through pipes, sewers, or other conveyances 
owned by a State, municipality, or other person which do not lead to a treatment works; and 
discharges through pipes, sewers, or other conveyances, leading into privately owned 
treatment works. 

Disturbed Area 
An area that is altered as a result of clearing, grading, and/or excavation. 

Effective Impervious Area (EIA) 
EIA is the portion of the surface area that is hydrologically connected to a drainage system via 
a hardened conveyance or impervious surface without any intervening median to mitigate the 
flow volume.   

Effluent Concentration Allowance (ECA) 
ECA is a value derived from the water quality criterion/objective, dilution credit, and ambient 
background concentration that is used, in conjunction with the coefficient of variation for the 
effluent monitoring data, to calculate a long-term average (LTA) discharge concentration.  The 
ECA has the same meaning as waste load allocation (WLA) as used in USEPA guidance 
(Technical Support Document For Water Quality-based Toxics Control, March 1991, second 
printing, EPA/505/2-90-001). 
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Effluent Limitation 
Any restriction imposed on quantities, discharge rates, and concentrations of pollutants, which 
are discharged from point sources to waters of the U.S. (40 CFR § 122.2). 

Enclosed Bays 
Enclosed Bays means indentations along the coast that enclose an area of oceanic water 
within distinct headlands or harbor works.  Enclosed bays include all bays where the narrowest 
distance between the headlands or outermost harbor works is less than 75 percent of the 
greatest dimension of the enclosed portion of the bay.  Enclosed bays include, but are not 
limited to, Humboldt Bay, Bodega Harbor, Tomales Bay, Drake’s Estero, San Francisco Bay, 
Morro Bay, Los Angeles-Long Beach Harbor, Upper and Lower Newport Bay, Mission Bay, 
and San Diego Bay.  Enclosed bays do not include inland surface waters or ocean waters. 

Environmentally Sensitive Areas (ESAs) 
An area in which plant or animal life or their habitats are either rare or especially valuable 
because of their special nature or role in an ecosystem and which would be easily disturbed or 
degraded by human activities and developments (California Public Resources Code § 
30107.5).  Areas subject to storm water mitigation requirements are: areas designated as 
Significant Ecological Areas by the County of Los Angeles (Los Angeles County Significant 
Areas Study, Los Angeles County Department of Regional Planning (1976) and amendments); 
an area designated as a Significant Natural Areaby the California Department of Fish and 
Game’s Significant Natural Areas Program, provided that area has been field verified by the 
Department of Fish and Game; an area listed in the Basin Plan as supporting the "Rare, 
Threatened, or Endangered Species (RARE)" beneficial use; and an area identified by a 
Permittee as environmentally sensitive. 

Estimated Chemical Concentration 
The estimated chemical concentration that results from the confirmed detection of the 
substance by the analytical method below the ML value. 

Estuaries 
Estuaries means waters, including coastal lagoons, located at the mouths of streams that 
serve as areas of mixing for fresh and ocean waters.  Coastal lagoons and mouths of streams 
that are temporarily separated from the ocean by sandbars shall be considered estuaries.  
Estuarine waters shall be considered to extend from a bay or the open ocean to a point 
upstream where there is no significant mixing of fresh water and seawater.  Estuarine waters 
included, but are not limited to, the Sacramento-San Joaquin Delta, as defined in California 
Water Code section 12220, Suisun Bay, Carquinez Strait downstream to the Carquinez Bridge, 
and appropriate areas of the Smith, Mad, Eel, Noyo, Russian, Klamath, San Diego, and Otay 
rivers.  Estuaries do not include inland surface waters or ocean waters. 

Existing Discharger 
Any discharger that is not a new discharger.  An existing discharger includes an “increasing 
discharger” (i.e., any existing facility with treatment systems in place for its current discharge 
that is or will be expanding, upgrading, or modifying its permitted discharge after the effective 
date of this Order). 
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Flow-through treatment BMPs 
Flow-through treatment BMPs include modular, vault type “high flow biotreatment” devices 
contained within an impervious vault with an underdrain or designed with an impervious liner 
and an underdrain.  

Full Capture System 
Any single device or series of devices, certified by the Executive Officer, that traps all particles 
retained by a 5 mm mesh screen and has a design treatment capacity of not less than the 
peak flow rate Q resulting from a one-year, one-hour storm in the sub-drainage area.  The 
Rational Equation is used to compute the peak flow rate:  

Q = C x I x A, 
 

Where:  
Q = design flow rate (cubic feet per second, cfs);  
C = runoff coefficient (dimensionless);  
I = design rainfall intensity (inches per hour, as determined per the Los Angeles County rainfall 
isohyetal maps relevant to the Los Angeles River watershed), and 
A = sub-drainage area (acres). 
 
General Construction Activities Storm Water Permit (GCASP) 
The general NPDES permit adopted by the State Board which authorizes the discharge of 
storm water from construction activities under certain conditions. 

General Industrial Activities Storm Water Permit (GIASP) 
The general NPDES permit adopted by the State Board which authorizes the discharge of 
storm water from certain industrial activities under certain conditions.  

Green rRoof 
A LID BMP using planter boxes and vegetation to intercept rainfall on the roof surface. Rainfall 
is intercepted by vegetation leaves and through evapotranspiration. Green roofs may be 
designed as either a bioretention BMP or as a planter box flow-through treatmentbiofiltration 
BMP.  To receive credit as a bioretention BMP, the green roof system planting medium shall 
be of sufficient depth to provide capacity within the pore space volume to contain the design 
storm depth and may not be designed or constructed with an underdrain. 

Hillside 
Property located in an area with known erosive soil conditions, where the development 
contemplates grading on any natural slope that is 25% or greater and where grading 
contemplates cut or fill slopes. 

Illicit Connection 
Any man-made conveyance that is connected to the storm drain system without a permit, 
excluding roof drains and other similar type connections.  Examples include channels, 
pipelines, conduits, inlets, or outlets that are connected directly to the storm drain system. 

Illicit Discharge 
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Any discharge into the MS4 or from the MS4 into a receiving water that is prohibited under 
local, state, or federal statutes, ordinances, codes, or regulations. The term illicit discharge 
includes any non-storm water discharge, except authorized non-storm water discharges; 
conditionally exempt non-storm water discharges; and non-storm water discharges resulting 
from natural flows specifically identified in Part III.A.1.d. 

Illicit Disposal 
Any disposal, either intentionally or unintentionally, of material(s) or waste(s) that can pollute 
storm water. 

Improved drainage system 
An improved drainage system is a drainage system that has been channelized or armored. 
The clearing or dredging of a natural drainage system does not cause the system to be 
classified as an improved drainage system. 

Industrial/Commercial Facility 
Any facility involved and/or used in the production, manufacture, storage, transportation, 
distribution, exchange or sale of goods and/or commodities, and any facility involved and/or 
used in providing professional and non-professional services.  This category of facilities 
includes, but is not limited to, any facility defined by either the Standard Industrial 
Classifications (SIC) or the North American Industry Classification System (NAICS).  Facility 
ownership (federal, state, municipal, private) and profit motive of the facility are not factors in 
this definition. 

Industrial Activities Storm Water General Permit (IASGP) 
The general NPDES permit adopted by the State Water Board, which authorizes the discharge 
of storm water from certain industrial activities under certain conditions. 

 
Industrial Park 
A land development that is set aside for industrial development. Industrial parks are usually 
located close to transport facilities, especially where more than one transport modalities 
coincide: highways, railroads, airports, and navigable rivers. It includes office parks, which 
have offices and light industry. 

Infiltration BMP 
A LID BMP that reduces storm water runoff by capturing and infiltrating the runoff into in-situ 
soils or amended on-site soils. Examples of infiltration BMPs include infiltration basins, dry 
wells, and pervious pavement.53 

Inland Surface Waters 
All surface waters of the State that do not include the ocean, enclosed bays, or estuaries. 

                                            
53 Some types of infiltration BMPs such as dry wells, may meet the definition of a Class V, deep well injection facility and may be subject to 

permitting under U.S. EPA requirements. 

RB-AR5236



Greater Los Angeles County ORDER NO. R4-2012-XXXX 
Municipal Separate Storm Sewer System NPDES NO. CAS004001 
 
 

 
Attachment A – Definitions A-10 

R
E
V
I
S
E
D 
 

T
E
N
T
A
T 
I
V
E 

Inspection 
Entry and the conduct of an on-site review of a facility and its operations, at reasonable times, 
to determine compliance with specific municipal or other legal requirements.  The steps 
involved in performing an inspection, include, but are not limited to: 

1. Pre-inspection documentation research.; 
2. Request for entry; 
3. Interview of facility personnel; 
4. Facility walk-through. 
5. Visual observation of the condition of facility premises; 
6. Examination and copying of records as required; 
7. Sample collection (if necessary or required); 
8. Exit conference (to discuss preliminary evaluation); and, 
9. Report preparation, and if appropriate, recommendations for coming into 

compliance. 
In the case of restaurants, a Permittee may conduct an inspection from the curbside, provided 
that such "curbside" inspection provides the Permittee with adequate information to determine 
an operator's compliance with BMPs that must be implemented per requirements of this Order, 
Regional Board Resolution 98-08, County and municipal ordinances, and the SQMP. 

Instantaneous Maximum Effluent Limitation 
The highest allowable value for any single grab sample or aliquot (i.e., each grab sample or 
aliquot is independently compared to the instantaneous maximum limitation). 

Instantaneous Minimum Effluent Limitation 
The lowest allowable value for any single grab sample or aliquot (i.e., each grab sample or 
aliquot is independently compared to the instantaneous minimum limitation). 

Institutional Controls 
Programmatic trash control measures that do not require construction or structural 
modifications to the MS4. Examples include street sweeping, public education, and clean out 
of catch basins that discharge to storm drains. 

Integrated Pest Management (IPM) is an ecosystem-based strategy that focuses on long-
term prevention of pests or their damage through a combination of techniques such as 
biological control, habitat manipulation, modification of cultural practices, and use of resistant 
varieties. 

Large Municipal Separate Storm Sewer System (MS4) 
All MS4s that serve a population greater than 250,000 (1990 Census) as defined in 40 CFR 
122.26 (b)(4).  The Regional Board designated Los Angeles County as a large MS4 in 1990, 
based on: (i) the U.S. Census Bureau 1990 population count of 8.9 million, and (ii) the 
interconnectivity of the MS4s in the incorporated and unincorporated areas within the County. 

Local SWPPP 
The Storm Water Pollution Prevention Plan required by the local agency for a project that 
disturbs one or more acres of land.  

Low Impact Development (LID) 
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LID consists of building and landscape features designed to retain or filter storm water runoff. 

Major Outfall 
Major municipal separate storm sewer outfall (or ‘‘major outfall’’) means a municipal separate 
storm sewer outfall that discharges from a single pipe with an inside diameter of 36 inches or 
more or its equivalent (discharge from a single conveyance other than circular pipe which is 
associated with a drainage area of more than 50 acres); or for municipal separate storm 
sewers that receive storm water from lands zoned for industrial activity (based on 
comprehensive zoning plans or the equivalent), an outfall that discharges from a single pipe 
with an inside diameter of 12 inches or more or from its equivalent (discharge from other than 
a circular pipe associated with a drainage area of 2 acres or more). (40 CFR § 122.26(b)(5)) 

Maximum Daily Effluent Limitation (MDEL) 
The highest allowable daily discharge of a pollutant, over a calendar day (or 24-hour period).  
For pollutants with limitations expressed in units of mass, the daily discharge is calculated as 
the total mass of the pollutant discharged over the day.  For pollutants with limitations 
expressed in other units of measurement, the daily discharge is calculated as the arithmetic 
mean measurement of the pollutant over the day. 

Maximum Extent Practicable (MEP) 
In selecting BMPs which will achieve MEP, it is important to remember that municipalities will 
be responsible to reduce the discharge of pollutants in storm water to the maximum extent 
practicable. This means choosing effective BMPs, and rejecting applicable BMPs only where 
other effective BMPs will serve the same purpose, the BMPs would not be technically feasible, 
or the cost would be prohibitive. The following factors may be useful to consider: 

1. Effectiveness: Will the BMP address a pollutant of concern? 
2. Regulatory Compliance: Is the EMP in compliance with storm water regulations as well as 

other environmental regulations? 
3. Public acceptance: Does the BMP have public support? 
4. Cost: Will the cost of implementing the BMP have a reasonable relationship to the pollution 

control benefits to be achieved? 
5. Technical Feasibility: Is the BMP technically feasible considering soils, geography, water 

resources, etc.? 

After selecting a menu of BMPs, it is of course the responsibility of the discharger to insure that 
all BMPs are implemented. 

Median 
The middle measurement in a set of data.  The median of a set of data is found by first 
arranging the measurements in order of magnitude (either increasing or decreasing order). If 
the number of measurements (n) is odd, then the median = X(n+1)/2.  If n is even, then the 
median = (Xn/2 + X(n/2)+1)/2 (i.e., the midpoint between the n/2 and n/2+1). 

Method Detection Limit (MDL) 
MDL is the minimum concentration of a substance that can be measured and reported with 99 
percent confidence that the analyte concentration is greater than zero, as defined in 40 CFR 
Part 136, Attachment B (revised as of July 3, 1999). 
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Minimum Level (ML) 
ML is the concentration at which the entire analytical system must give a recognizable signal 
and acceptable calibration point.  The ML is the concentration in a sample that is equivalent to 
the concentration of the lowest calibration standard analyzed by a specific analytical 
procedure, assuming that all the method specified sample weights, volumes, and processing 
steps have been followed. 

Mixing Zone 
Mixing Zone is a limited volume of receiving water that is allocated for mixing with a 
wastewater discharge where water quality criteria can be exceeded without causing adverse 
effects to the overall water body. 

Municipal Separate Storm Sewer System (MS4) 
A conveyance or system of conveyances (including roads with drainage systems, municipal 
streets, catch basins, curbs, gutters, ditches, manmade channels, or storm drains): 

(i) Owned or operated by a State, city, town, borough, county, parish, district, association, or 
other public body (created by or pursuant to State law) having jurisdiction over disposal of 
sewage, industrial wastes, storm water, or other wastes, including special districts under State 
law such as a sewer district, flood control district or drainage district, or similar entity, or an 
Indian tribe or an authorized Indian tribal organization, or a designated and approved 
management agency under section 208 of the CWA that discharges to waters of the United 
States; 

(ii) Designed or used for collecting or conveying storm water; 

(iii) Which is not a combined sewer; and 

(iv) Which is not part of a Publicly Owned Treatment Works (POTW) as defined at 40 CFR § 
122.2.  

(40 CFR § 122.26(b)(8)) 

National Pollutant Discharge Elimination System (NPDES) 
The national program for issuing, modifying, revoking and reissuing, terminating, monitoring 
and enforcing permits, and imposing and enforcing pretreatment requirements, under CWA 
§307, 402, 318, and 405.  The term includes an “approved program.” 

Natural Ddrainage Ssystem 
A natural drainage system is a drainage system that has not been improved (e.g., channelized 
or armored). The clearing or dredging of a natural drainage system does not cause the system 
to be classified as an improved drainage system. 

New Development 
Land disturbing activities; structural development, including construction or installation of a 
building or structure, creation of impervious surfaces; and land subdivision. 

Non-Storm Water Discharge 
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Any discharge into the MS4 or from the MS4 into a receiving water that is not composed 
entirely of storm water. 

Not Detected (ND) 
Sample results which are less than the laboratory’s MDL. 

Nuisance 
Anything that meets all of the following requirements: (1) is injurious to health, or is indecent or 
offensive to the senses, or an obstruction to the free use of property, so as to interfere with the 
comfortable enjoyment of life or property; (2) affects at the same time an entire community or 
neighborhood, or any considerable number of persons, although the extent of the annoyance 
or damage inflicted upon individuals may be unequal.; (3) occurs during, or as a result of, the 
treatment or disposal of wastes. 

Ocean Waters 
The territorial marine waters of the State as defined by California law to the extent these 
waters are outside of enclosed bays, estuaries, and coastal lagoons.  Discharges to ocean 
waters are regulated in accordance with the State Water Board’s California Ocean Plan. 

Outfall 
A point source as defined by 40 CFR 122.2 at the point where a municipal separate storm 
sewer discharges to waters of the United States and does not include open conveyances 
connecting two municipal separate storm sewers, or pipes, tunnels or other conveyances with 
connect segments of the same stream or other waters of the United Sates and are used to 
convey waters of the United States. (40 CFR § 122.26(b)(9)) 

Parking Lot 
Land area or facility for the parking or storage of motor vehicles used for businesses, 
commerce, industry, or personal use, with a lot size of 5,000 square feet or more of surface 
area, or with 25 or more parking spaces. 

Partial Capture Device 
Any structural trash control device that has not been certified by the Executive Officer as 
meeting the “full capture” performance requirements.  

Permittee(s) 
Co-Permittees and any agency named in this Order as being responsible for permit conditions 
within its jurisdiction.  Permittees to this Order include the Los Angeles County Flood Control 
District, Los Angeles County, and the cities of Agoura Hills, Alhambra, Arcadia, Artesia, Azusa, 
Baldwin Park, Bellflower, Bell Gardens, Beverly Hills, Bradbury, Burbank, Calabasas, Carson, 
Cerritos, Claremont, Commerce, Compton, Covina, Cudahy, Culver City, Diamond Bar, 
Downey, Duarte, El Monte, El Segundo, Gardena, Glendale, Glendora, Hawaiian Gardens, 
Hawthorne, Hermosa Beach, Hidden Hills, Huntington Park, Industry, Inglewood, Irwindale, La 
Canada Flintridge, La Habra Heights, Lakewood, La Mirada, La Puente, La Verne, Lawndale, 
Lomita, Los Angeles, Lynwood, Malibu, Manhattan Beach, Maywood, Monrovia, Montebello, 
Monterey Park, Norwalk, Palos Verdes Estates, Paramount, Pasadena, Pico Rivera, Pomona, 
Rancho Palos Verdes, Redondo Beach, Rolling Hills, Rolling Hills Estates, Rosemead, San 
Dimas, San Fernando, San Gabriel, San Marino, Santa Clarita, Santa Fe Springs, Santa 
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Monica, Sierra Madre, Signal Hill, South El Monte, South Gate, South Pasadena, Temple City, 
Torrance, Vernon, Walnut, West Covina, West Hollywood, Westlake Village, and Whittier. 

Persistent Pollutants 
Persistent pollutants are substances for which degradation or decomposition in the 
environment is nonexistent or very slow. 

Planning Priority Projects 
Those projects that are required to incorporate appropriate storm water mitigation measures 
into the design plan for their respective project.  These types of projects include: 

1. Ten or more unit homes (includes single family homes, multifamily homes, 
condominiums, and apartments) 

2. A 100,000 or more square feet of impervious surface area industrial/ commercial 
development (1 ac starting March 2003) 

3. Automotive service facilities (SIC 5013, 5014, 5541, 7532-7534, and 7536-7539) 
4. Retail gasoline outlets 
5. Restaurants (SIC 5812) 
6. Parking lots 5,000 square feet or more of surface area or with 25 or more parking 

spaces 
7. Redevelopment projects in subject categories that meet Redevelopment 

thresholds 
8. Projects located in or directly adjacent to or discharging directly to an ESA, which 

meet thresholds; and 
9. Those projects that require the implementation of a site-specific plan to mitigate 

post-development storm water for new development not requiring a SUSMP but 
which may potentially have adverse impacts on post-development storm water 
quality, where the following project characteristics exist: 
a) Vehicle or equipment fueling areas; 
b) Vehicle or equipment maintenance areas, including washing and repair; 
c) Commercial or industrial waste handling or storage; 
d) Outdoor handling or storage of hazardous materials; 
e) Outdoor manufacturing areas; 
f) Outdoor food handling or processing; 
g) Outdoor animal care, confinement, or slaughter; or 

h) Outdoor horticulture activities. 
 

Planter boxes and other flow-through treatment BMPs 
Planter boxes and other flow-through treatment BMPs include modular, vault type planter 
boxes or “high flow biotreatment” devices contained within an impervious vault with an 
underdrain or designed with an impervious liner and an underdrain. Planter boxes do not allow 
for incidental infiltration and therefore do not meet the requirements for biofiltration as defined 
in this Order. However, planter boxes may be used to meet the Water Quality Mitigation 
Criteria as specified in Part VI.D.6.c.iv of this Order. 

Point Source 
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Any discernible, confined, and discrete conveyance, including but not limited to, any pipe, 
ditch, channel, tunnel, conduit, well, discrete fissure, container, rolling stock, concentrated 
animal feeding operation, landfill leachate collection system, vessel or other floating craft from 
which pollutants are or may be discharged. This term does not include return flows from 
irrigated agriculture or agricultural storm water runoff. (40 CFR § 122.2) 

Pollutant Minimization Program (PMP) 
PMP means waste minimization and pollution prevention actions that include, but are not 
limited to, product substitution, waste stream recycling, alternative waste management 
methods, and education of the public and businesses.  The goal of the PMP shall be to reduce 
all potential sources of a priority pollutant(s) through pollutant minimization (control) strategies, 
including pollution prevention measures as appropriate, to maintain the effluent concentration 
at or below the water quality-based effluent limitation.  Pollution prevention measures may be 
particularly appropriate for persistent bioaccumulative priority pollutants where there is 
evidence that beneficial uses are being impacted.  The Regional Water Board may consider 
cost effectiveness when establishing the requirements of a PMP.  The completion and 
implementation of a Pollution Prevention Plan, if required pursuant to California Water Code 
section 13263.3(d), shall be considered to fulfill the PMP requirements.  

Pollutants 
Those "pollutants" defined in CWA §502(6) (33.U.S.C.§1362(6)), and incorporated by 
reference into California Water Code §13373 

Pollution Prevention 
Pollution Prevention means any action that causes a net reduction in the use or generation of 
a hazardous substance or other pollutant that is discharged into water and includes, but is not 
limited to, input change, operational improvement, production process change, and product 
reformulation (as defined in California Water Code Section 13263.3).  Pollution prevention 
does not include actions that merely shift a pollutant in wastewater from one environmental 
medium to another environmental medium, unless clear environmental benefits of such an 
approach are identified to the satisfaction of the State or Regional Water Board. 

Potable Water                                                                                                                                    
Water that meets the drinking water standards of the US Environmental Protection Agency. 

Potable Water Distribution Systems Releases 
Sources of flows from drinking water storage, supply and distribution systems including flows 
from system failures, pressure releases, system maintenance,  distribution line testing, fire 
hydrant flow testing; and flushing and dewatering of pipes, reservoirs, vaults, and minor non-
invasive well maintenance activities not involving chemical addition(s).  It does not include 
wastewater discharges from activities that occur at wellheads, such as well construction, well 
development (i.e., aquifer pumping tests, well purging, etc.), or major well maintenance. 

Project 
All development, redevelopment, and land disturbing activities.  The term is not limited to 
"Project" as defined under CEQA (Pub. Resources Code §21065). 

Rain Event 

RB-AR5242



Greater Los Angeles County ORDER NO. R4-2012-XXXX 
Municipal Separate Storm Sewer System NPDES NO. CAS004001 
 
 

 
Attachment A – Definitions A-16 

R
E
V
I
S
E
D 
 

T
E
N
T
A
T 
I
V
E 

Any rain event greater than 0.1 inch in 24 hours except where specifically stated otherwise 

Rainfall Hharvest and Uuse 
Rainfall harvest and use is an LID BMP system designed to capture runoff, typically from a roof 
but can also include runoff capture from elsewhere within the site, and to provide for temporary 
storage until the harvested water can be used for irrigation or non-potable uses. The harvested 
water may also be used for potable water uses if the system includes disinfection treatment 
and is approved for such use by the local building department. 

Rare, Threatened, or Endangered Species (RARE) 
A beneficial use for waterbodies in the Los Angeles Region, as designated in the Basin Plan 
(Table 2-1), that supports habitats necessary, at least in part, for the survival and successful 
maintenance of plant or animal species established under state or federal law as rare, 
threatened, or endangered 

Receiving Water 
A “water of the United States” into which waste and/or pollutants are or may be discharged. 

Receiving Water Limitation 
Any applicable numeric or narrative water quality objective or criterion, or limitation to 
implement the applicable water quality objective or criterion, for the receiving water as 
contained in Chapter 3 or 7 of the Water Quality Control Plan for the Los Angeles Region 
(Basin Plan), water quality control plans or policies adopted by the State Water Board, or 
federal regulations, including but not limited to, 40 CFR § 131.38. 

Redevelopment 
Land-disturbing activity that results in the creation, addition, or replacement of 5,000 square 
feet or more of impervious surface area on an already developed site.  Redevelopment 
includes, but is not limited to: the expansion of a building footprint; addition or replacement of a 
structure; replacement of impervious surface area that is not part of a routine maintenance 
activity; and land disturbing activities related to structural or impervious surfaces.  It does not 
include routine maintenance to maintain original line and grade, hydraulic capacity, or original 
purpose of facility, nor does it include emergency construction activities required to 
immediately protect public health and safety. 

Regional Administrator 
The Regional Administrator of the Regional Office of the USEPA  or the authorized 
representative of the Regional Administrator. 

Reporting Level (RL) 
RL is the ML (and its associated analytical method) chosen by the Discharger for reporting and 
compliance determination from the MLs included in this Order.  The MLs included in this Order 
correspond to approved analytical methods for reporting a sample result that are selected by 
the Regional Water Board either from Appendix 4 of the SIP in accordance with Section 2.4.2 
of the SIP or established in accordance with Section 2.4.3 of the SIP.  The ML is based on the 
proper application of method-based analytical procedures for sample preparation and the 
absence of any matrix interferences. Other factors may be applied to the ML depending on the 
specific sample preparation steps employed.  For example, the treatment typically applied in 

RB-AR5243



Greater Los Angeles County ORDER NO. R4-2012-XXXX 
Municipal Separate Storm Sewer System NPDES NO. CAS004001 
 
 

 
Attachment A – Definitions A-17 

R
E
V
I
S
E
D 
 

T
E
N
T
A
T 
I
V
E 

cases where there are matrix-effects is to dilute the sample or sample aliquot by a factor of 
ten.  In such cases, this additional factor must be applied to the ML in the computation of the 
RL.  

Residual Water 
In the context of this Order, water remaining in a structural BMP subsequent to the drawdown 
or drainage period.  The residual water typically contains high concentration(s) of pollutants.    
                                                                                                                                                                                                                                                                                         
Restaurant 
A facility that sells prepared foods and drinks for consumption, including stationary lunch 
counters and refreshment stands selling prepared foods and drinks for immediate consumption 
(SIC Code 5812). 

Retail Gasoline Outlet 
Any facility engaged in selling gasoline and lubricating oils. 

Runoff 
Any runoff including storm water and dry weather flows from a drainage area that reaches a 
receiving water body or subsurface.  During dry weather it is typically comprised of base flow 
either contaminated with pollutants or uncontaminated, and nuisance flows. 

Satellite Collection System 
The portion, if any, of a sanitary sewer system owned or operated by a different public agency 
than the agency that owns and operates the wastewater treatment facility that a sanitary sewer 
system is tributary to. 

Screening 
Using proactive methods to identify illicit connections through a continuously narrowing 
process.  The methods may include: performing baseline monitoring of open channels, 
conducting special investigations using a prioritization approach, analyzing maintenance 
records for catch basin and storm drain cleaning and operation, and verifying all permitted 
connections into the storm drains.  Special investigation techniques may include: dye testing, 
visual inspection, smoke testing, flow monitoring, infrared, aerial and thermal photography, and 
remote control camera operation. 

Sidewalk Rinsing 
Means pressure washing of paved pedestrian walkways with average water usage of 0.006 
gallons per square foot, with no cleaning agents, and properly disposing of all debris collected, 
as authorized under Regional Board Resolution No. 98-08. 

Significant Ecological Areas (SEAs) 
Areas designated by the Los Angeles County Board of Supervisors in 1981 with the adoption 
of the General Plan. The collection of SEAs together was intended to designate critical 
components of the biodiversity of Los Angeles County as it was known and understood at that 
time.  
An area that is determined to possess an example of biotic resources that cumulatively 
represent biological diversity, for the purposes of protecting biotic diversity, as part of the Los 
Angeles County General Plan.   

RB-AR5244



Greater Los Angeles County ORDER NO. R4-2012-XXXX 
Municipal Separate Storm Sewer System NPDES NO. CAS004001 
 
 

 
Attachment A – Definitions A-18 

R
E
V
I
S
E
D 
 

T
E
N
T
A
T 
I
V
E 

Areas are designated as SEAs, if they possess one or more of the following criteria: 

1. The habitat of rare, endangered, and threatened plant and animal species. 
2. Biotic communities, vegetative associations, and habitat of plant and animal species 

that are either one of a kind, or are restricted in distribution on a regional basis. 
3. Biotic communities, vegetative associations, and habitat of plant and animal species 

that are either one of a kind or are restricted in distribution in Los Angeles County. 
4. Habitat that at some point in the life cycle of a species or group of species, serves as 

a concentrated breeding, feeding, resting, migrating grounds and is limited in 
availability either regionally or within Los Angeles County. 

5. Biotic resources that are of scientific interest because they are either an extreme in 
physical/geographical limitations, or represent an unusual variation in a population or 
community. 

6. Areas important as game species habitat or as fisheries. 
7. Areas that would provide for the preservation of relatively undisturbed examples of 

natural biotic communities in Los Angeles County. 
8. Special areas. 

Significant Natural Area (SNA) 
An area defined by the California Department of Fish and Game (DFG), Significant Natural 
Areas Program, as an area that contains an important example of California's biological 
diversity. The most current SNA maps, reports, and descriptions can be downloaded from the 
DFG website at ftp://maphost.dfg.ca.gov/outgoing/whdab/sna/. These areas are identified 
using the following biological criteria only, irrespective of any administrative or jurisdictional 
considerations: 

1. Areas supporting extremely rare species or habitats. 
2. Areas supporting associations or concentrations of rare species or habitats. 
3. Areas exhibiting the best examples of rare species and habitats in the state 

Site 
The land or water area where any “facility or activity” is physically located or conducted, 
including adjacent land used in connection with the facility or activity. 

Source Control BMP 
Any schedules of activities, prohibitions of practices, maintenance procedures, managerial 
practices or operational practices that aim to prevent storm water pollution by reducing the 
potential for contamination at the source of pollution. 

Source of Drinking Water 
Any water designated as municipal or domestic supply (MUN) in a Regional Water Board 
Basin Plan. 

SQMP 
The Los Angeles Countywide Stormwater Quality Management Program. 

Standard Deviation (σσσσ) 
Standard Deviation is a measure of variability that is calculated as follows: 
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    σ = (∑[(x - µ)2]/(n – 1))0.5 
where: 
x is the observed value; 
µ is the arithmetic mean of the observed values; and 
n is the number of samples. 

State Storm Water Pollution Prevention Plan (State SWPPP) 
A plan, as required by a State General Permit, identifying potential pollutant sources and 
describing the design, placement and implementation of BMPs, to effectively prevent non-
stormwater Discharges and reduce Pollutants in Stormwater Discharges during activities 
covered by the General Permit. 

Storm Water 
Storm water runoff, snow melt runoff, and surface runoff and drainage related to precipitation 
events (pursuant to 40 CFR § 122.26(b)(13); 55 Fed. Reg. 47990, 47995 (Nov. 16, 1990)). 

Storm Water Discharge Associated with Industrial Activity 
Industrial discharge as defined in 40 CFR 122.26(b)(14). 

Stormwater Quality Management Program 
The Los Angeles Countywide Stormwater Quality Management Program, which includes 
descriptions of programs, collectively developed by the Permittees in accordance with 
provisions of the NPDES Permit, to comply with applicable federal and state law, as the same 
is amended from time to time. 

Structural BMP 
Any structural facility designed and constructed to mitigate the adverse impacts of storm water 
and urban runoff pollution (e.g. canopy, structural enclosure).  The category may include both 
Treatment Control BMPs and Source Control BMPs. 

SUSMP 
The Los Angeles Countywide Standard Urban Stormwater Mitigation Plan.  The SUSMP shall 
address conditions and requirements of new development. 

Total Maximum Daily Load (TMDL) 
The sum of the individual waste load allocations for point sources and load allocations for 
nonpoint sources and natural background. 

Toxicity Identification Evaluation (TIE) 
A set of procedures to identify the specific chemical(s) responsible for toxicity.  These 
procedures are performed in three phases (characterization, identification, and confirmation) 
using aquatic organism toxicity tests. 

Toxicity Reduction Evaluation (TRE) 
TRE is a study conducted in a step-wise process designed to identify the causative agents of 
effluent or ambient toxicity, isolate the sources of toxicity, evaluate the effectiveness of toxicity 
control options, and then confirm the reduction in toxicity.  The first steps of the TRE consist of 
the collection of data relevant to the toxicity, including additional toxicity testing, and an 
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evaluation of facility operations and maintenance practices, and best management practices.  
A Toxicity Identification Evaluation (TIE) may be required as part of the TRE, if appropriate.  (A 
TIE is a set of procedures to identify the specific chemical(s) responsible for toxicity.  These 
procedures are performed in three phases (characterization, identification, and confirmation) 
using aquatic organism toxicity tests.) 

Trash Excluders 
Any structural trash control device that prevents the discharge of trash to the storm drain 
system or to receiving waters.  A trash exclude may or may not be certified by the Executive 
Officer as meeting the “full capture” performance requirements. 

Treatment 
The application of engineered systems that use physical, chemical, or biological processes to 
remove pollutants.  Such processes include, but are not limited to, filtration, gravity settling, 
media absorption, biodegradation, biological uptake, chemical oxidation and UV radiation. 

Treatment Control BMP  
Any engineered system designed to remove pollutants by simple gravity settling of particulate 
pollutants, filtration, biological uptake, media absorption or any other physical, biological, or 
chemical process. 

Unconfined ground water infiltration 
Water other than waste water that enters the MS4 (including foundation drains) from the 
ground through such means as defective pipes, pipe joints, connections, or manholes. 
Infiltration does not include, and is distinguished from, inflow. (See 40 CFR § 35.2005(20).) 
 
Uncontaminated Ground Water Infiltration  
Water other than waste water that enters the MS4 (including foundation drains) from the 
ground through such means as defective pipes, pipe joints, connections, or manholes. 
Infiltration does not include, and is distinguished from, inflow. (See 40 CFR § 35.2005(20).) 
 
 
USEPA Phase I Facilities 
Facilities in specified industrial categories that are required to obtain an NPDES permit for 
storm water discharges, as required by 40 CFR 122.26(c).  These categories include: 

i. facilities subject to storm water effluent limitation guidelines, new source performance 
standards, or toxic pollutant effluent standards (40 CFR N) 

ii. manufacturing facilities 
iii. oil and gas/mining facilities 
iv. hazardous waste treatment, storage, or disposal facilities 
v. landfills, land application sites, and open dumps 
vi. recycling facilities 
vii. steam electric power generating facilities 
viii. transportation facilities 
ix. sewage of wastewater treatment works 
x. light manufacturing facilities 

RB-AR5247



Greater Los Angeles County ORDER NO. R4-2012-XXXX 
Municipal Separate Storm Sewer System NPDES NO. CAS004001 
 
 

 
Attachment A – Definitions A-21 

R
E
V
I
S
E
D 
 

T
E
N
T
A
T 
I
V
E 

Vehicle Maintenance/Material Storage Facilities/Corporation Yards 
Any Permittee owned or operated facility or portion thereof that: 

i. Conducts industrial activity, operates equipment, handles materials, and provides 
services similar to Federal Phase I facilities; 

ii. Performs fleet vehicle service/maintenance on ten or more vehicles per day including 
repair, maintenance, washing, and fueling; 

iii. Performs maintenance and/or repair of heavy industrial machinery/equipment; and 
iv. Stores chemicals, raw materials, or waste materials in quantities that require a 

hazardous materials business plan or a Spill Prevention, Control, and Counter-
measures (SPCC) plan. 

 
 

Water Quality-based Effluent Limitation 
Any restriction imposed on quantities, discharge rates, and concentrations of pollutants, which 
are discharged from point sources to waters of the U.S. necessary to achieve a water quality 
standard. 
 
 
 

 

 

Waters of the State 
Any surface water or groundwater, including saline waters, within the boundaries of the state.  
 

Waters of the United States or Waters of the U.S. 

a. All waters that are currently used, were used in the past, or may be susceptible to use in 
interstate or foreign commerce, including all waters which are subject to the ebb and 
flow of the tide; 

b. All interstate waters, including interstate “wetlands”; 
c. All other waters such as intrastate lakes, rivers, streams (including intermittent streams), 

mudflats, sandflats, “wetlands,” sloughs, prairie potholes, wet meadows, playa lakes, or 
natural ponds the use, degradation, or destruction of which would affect or could affect 
interstate or foreign commerce including any such waters: 
 
1. Which are or could be used by interstate or foreign travelers for recreational or other 

purposes; 
2. From which fish or shellfish are or could be taken and sold in interstate or foreign 

commerce; or 
3. Which are used or could be used for industrial purposes by industries in interstate 

commerce; 
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d. All impoundments of waters otherwise defined as waters of the United States under this 
definition; 

e. Tributaries of waters identified in paragraphs (a) through (d) of this definition; 
f. The territorial sea; and 
g. “Wetlands” adjacent to waters (other than waters that are themselves wetlands) 

identified in paragraph (a) through (f) of this definition. 
 

Waste treatment systems, including treatment ponds or lagoons designed to meet the 
requirements of CWA (other than cooling ponds as defined in 40 CFR section 423.22(m), 
which also meet the criteria of this definition) are not waters of the United States.  This 
exclusion applies only to man-made bodies of water, which neither were originally created 
in waters of the United States (such as disposal area in wetlands) nor resulted from the 
impoundment of waters of the United States.  Waters of the United States do not include 
prior converted cropland.  Notwithstanding the determination of an area’s status as prior 
converted cropland by any other federal agency, for the purposes of the CWA, the final 
authority regarding CWA jurisdiction remains with USEPA. 

Wet Season 
The calendar period beginning October 1 through April 15. 
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ACRONYMS AND ABBREVIATIONS  
 
AMEL        Average Monthly Effluent Limitation     
ASBS Areas of Special Biological Significance 
B                                              Background Concentration       
BAT                                          Best Available Technology Economically Achievable 
Basin Plan  Water Quality Control Plan for the Coastal Watersheds of Los 

Angeles and Ventura Counties 
BCT         Best Conventional Pollutant Control Technology  
BMP        Best Management Practices   
BMPP        Best Management Practices Plan 
BPJ         Best Professional Judgment 
BOD        Biochemical Oxygen Demand 5-day @ 20 °C 
BPT         Best Practicable Treatment Control Technology  
C                                                Water Quality Objective 
CCR         California Code of Regulations 
CEEIN       California Environmental Education Interagency Network 
CEQA        California Environmental Quality Act  
CFR        Code of Federal Regulations 
CTR                                         California Toxics Rule 
CV         Coefficient of Variation  
CWA        Clean Water Act 
CWC         California Water Code 
Discharger                               Los Angeles County MS4 Permittees 
DMR                                        Discharge Monitoring Report  
DNQ         Detected But Not Quantified 
ELAP  California Department of Public Health Environmental 

Laboratory Accreditation Program 
ELG        Effluent Limitations, Guidelines and Standards  
Ep         Erosion potential 
ESCP        Erosion and Sediment Control Plan 
Facility        Los Angeles County MS4s 
GIS Geographical Information System 
gpd                                           gallons per day 
IC         Inhibition Coefficient 
IC15        Concentration at which the organism is 15% inhibited 
IC25        Concentration at which the organism is 25% inhibited 
IC40         Concentration at which the organism is 40% inhibited   
IC50        Concentration at which the organism is 50% inhibited 
IC/ID        Illicit Connection and Illicit Discharge Elimination 
IPM        Integrated Pest Management 
LA         Load Allocations  
LID Low Impact Development 
LOEC                                       Lowest Observed Effect Concentration 
LUPs        Linear Underground/Overhead Projects 
µg/L          micrograms per Liter 
MCM Minimum Control Measure 
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mg/L                                         milligrams per Liter 
MDEL        Maximum Daily Effluent Limitation 
MEC                                         Maximum Effluent Concentration  
MGD                                        Million Gallons Per Day  

ML         Minimum Level 
MRP        Monitoring and Reporting Program 
MS4        Municipal Separate Storm Sewer System 
NAICS       North American Industry Classification System 
ND         Not Detected 
NOEC        No Observable Effect Concentration  
NPDES       National Pollutant Discharge Elimination System 
NSPS        New Source Performance Standards  
NTR        National Toxics Rule 
OAL       Office of Administrative Law 
PIPP      Public Information and Participation Program 
PMP      Pollutant Minimization Plan 
POTW      Publicly Owned Treatment Works 
QA      Quality Assurance 
QA/QC      Quality Assurance/Quality Control 
QSD      Qualified SWPPP Developer 
QSP      Qualified SWPPP Practitioner 
Ocean Plan      Water Quality Control Plan for Ocean Waters of California 
RAP Reasonable Assurance Program 
REAP Rain Event Action Plan 
Regional Water Board California Regional Water Quality Control Board, Los Angeles 

Region  
RGOs Retail Gasoline Outlets 
RPA Reasonable Potential Analysis  
SCP Spill Contingency Plan  
SEA Significant Ecological Area 
SIC Standard Industrial Classification 
SIP State Implementation Policy (Policy for Implementation of 

Toxics Standards for Inland Surface Waters, Enclosed Bays, 
and Estuaries of California) 

SMR        Self Monitoring Reports 
State Water Board      California State Water Resources Control Board 
SWPPP       Storm Water Pollution Prevention Plan  
SWQDv       Storm Water Quality Design Volume 
SWQPA       State Water Quality Protected Area 
TAC        Test Acceptability Criteria  
Thermal Plan  Water Quality Control Plan for Control of Temperature in the 

Coastal and Interstate Water and Enclosed Bays and Estuaries 
of California 

TIE        Toxicity Identification Evaluation 
TMDL        Total Maximum Daily Load 
TOC        Total Organic Carbon  
TRE        Toxicity Reduction Evaluation 
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TSD        Technical Support Document  
TSS        Total Suspended Solid 
TUc        Chronic Toxicity Unit 
USEPA        United States Environmental Protection Agency 
WDR        Waste Discharge Requirements  
WDID        Waste Discharge Identification 
WET        Whole Effluent Toxicity 
WLA        Waste Load Allocations  
WMA        Watershed Management Area 
WQBELs       Water Quality-Based Effluent Limitations 
WQS        Water Quality Standards  
%         Percent 
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ATTACHMENT B – WATERSHED MANAGEMENT AREA MAPS 
Attachment B – Map  
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ATTACHMENT C – MS4 MAPS BY WATERSHED MANAGEMENT AREA 
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ATTACHMENT D – STANDARD PROVISIONS  
 
 
I. STANDARD PROVISIONS – PERMIT COMPLIANCE  

A. Duty to Comply 

1. Dischargers must comply with all of the terms, requirements, and conditions of this 
Order. Any noncompliance constitutes a violation of the Clean Water Act, its 
regulations, and the California Water Code and is grounds for enforcement action, 
for permit termination, revocation and reissuance, or modification; denial of a permit 
renewal application; or a combination thereof [40 CFR section 122.41(a); California 
Water Code sections 13261, 13263, 13263, 13265, 13268, 13300, 13301, 13304, 
13340, 13350, 13385]. 

2. Dischargers must comply with effluent standards or prohibitions established under 
section 307(a) of the CWA for toxic pollutants and with standards for sewage sludge 
use or disposal established under section 405(d) of the CWA within the time 
provided in the regulations that establish these standards or prohibitions, even if this 
Order has not yet been modified to incorporate the requirement [40 CFR section 
122.41(a)(1)]. 

B. Need to Halt or Reduce Activity Not a Defense 

It shall not be a defense for a Permittee in an enforcement action that it would have 
been necessary to halt or reduce the permitted activity in order to maintain compliance 
with the conditions of this Order [40 CFR section 122.41(c)]. 

C. Duty to Mitigate  

Dischargers shall take all reasonable steps to minimize or prevent any discharge or 
sludge use or disposal in violation of this Order that has a reasonable likelihood of 
adversely affecting human health or the environment [40 CFR section 122.41(d)]. 

D. Proper Operation and Maintenance  

Dischargers shall at all times properly operate and maintain all facilities and systems of 
treatment and control (and related appurtenances) which are installed or used by the 
Permittee to achieve compliance with the conditions of this Order.  Proper operation and 
maintenance also includes adequate laboratory controls and appropriate quality 
assurance procedures.  This provision requires the operation of backup or auxiliary 
facilities or similar systems that are installed by a Permittee only when necessary to 
achieve compliance with the conditions of this Order [40 CFR section 122.41(e)]. 
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E. Property Rights  

1. This Order does not convey any property rights of any sort, or any exclusive 
privileges [40 CFR section 122.41(g)]. 

2. The issuance of this Order does not authorize any injury to persons or property or 
invasion of other private rights, or any infringement of state or local law or 
regulations [40 CFR section 122.5(c)]. 

F. Inspection and Entry  

Dischargers shall allow the Regional Water Board, State Water Board, USEPA, and/or 
their authorized representatives (including an authorized contractor acting as their 
representative), upon the presentation of credentials and other documents, as may be 
required by law, to [33 U.S.C. section 1318(a)(4)(B); 40 CFR section  122.41(i); 
California Water Code sections 13267 and 13383]: 

1. Enter upon the Permittee's premises where a regulated facility or activity is located 
or conducted, or where records are kept under the conditions of this Order [33 
U.S.C. section 1318(a)(4)(B)(i); 40 CFR section 122.41(i)(1); California Water Code 
sections 13267 and 13383]; 

2. Have access to and copy, at reasonable times, any records that must be kept under 
the conditions of this Order [33 U.S.C. section 1318(a)(4)(B)(ii); 40 CFR section 
122.41(i)(2); California Water Code sections 13267 and 13383]; 

3. Inspect and photograph, at reasonable times, any facilities, equipment (including 
monitoring and control equipment), practices, or operations regulated or required 
under this Order [33 U.S.C. section 1318(a)(4)(B)(ii); 40 CFR section 122.41(i)(3)]; 
California Water Code sections 13267 and 13383; and 

4. Sample or monitor, at reasonable times, for the purposes of assuring Order 
compliance or as otherwise authorized by the CWA or the California Water Code, 
any substances or parameters at any location [33 U.S.C. section 1318(a)(4)(B)(ii); 
40 CFR section 122.41(i)(4); California Water Code sections 13267 and 13383]. 

G. Bypass 

1. Definitions 

a. “Bypass” means the intentional diversion of waste streams from any portion of a 
treatment facility [40 CFR section 122.41(m)(1)(i)].  

b. “Severe property damage” means substantial physical damage to property, 
damage to the treatment facilities, which causes them to become inoperable, or 
substantial and permanent loss of natural resources that can reasonably be 
expected to occur in the absence of a bypass.  Severe property damage does 
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not mean economic loss caused by delays in production [40 CFR section 
122.41(m)(1)(ii)]. 

2. Bypass not exceeding limitations.  Dischargers may allow any bypass to occur which 
does not cause exceedances of effluent limitations, but only if it is also for essential 
maintenance to assure efficient operation.  These bypasses are not subject to the 
provisions listed in Standard Provisions – Permit Compliance I.G.3, I.G.4, and I.G.5 
below [40 CFR section 122.41(m)(2)]. 

3. Prohibition of bypass.  Bypass is prohibited, and the Regional Water Board may take 
enforcement action against a Permittee for bypass, unless [40 CFR section 
122.41(m)(4)(i)]: 

a. Bypass was unavoidable to prevent loss of life, personal injury, or severe 
property damage [40 CFR section 122.41(m)(4)(i)(A)]; 

c. There were no feasible alternatives to the bypass, such as the use of auxiliary 
treatment facilities, retention of untreated wastes, or maintenance during normal 
periods of equipment downtime.  This condition is not satisfied if adequate 
back-up equipment should have been installed in the exercise of reasonable 
engineering judgment to prevent a bypass that occurred during normal periods of 
equipment downtime or preventive maintenance [40 CFR section 
122.41(m)(4)(i)(B)]; and 

d. The Permittee submitted notices to the Regional Water Board as required under 
Standard Provisions – Permit Compliance I.G.5 below [40 CFR section 
122.41(m)(4)(i)(C)]. 

4. The Regional Water Board may approve an anticipated bypass, after considering its 
adverse effects, if the Regional Water Board determines that it will meet the three 
conditions listed in Standard Provisions – Permit Compliance I.G.3 above [40 CFR 
section 122.41(m)(4)(ii)]. 

5. Notice 

a. Anticipated bypass.  If a Permittee knows in advance of the need for a bypass, it 
shall submit a notice, if possible at least 10 days before the date of the bypass 
[40 CFR section 122.41(m)(3)(i)]. 

b. Unanticipated bypass.  Dischargers shall submit notice of an unanticipated 
bypass as required in Standard Provisions - Reporting V.E below (24-hour 
notice) [40 CFR section 122.41(m)(3)(ii)]. 

H. Upset 

“Upset” means an exceptional incident in which there is unintentional and temporary 
noncompliance with technology based permit effluent limitations because of factors 
beyond the reasonable control of the Permittee.  An upset does not include 
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noncompliance to the extent caused by operational error, improperly designed 
treatment facilities, inadequate treatment facilities, lack of preventive maintenance, or 
careless or improper operation [40 CFR section 122.41(n)(1)]. 

1. Effect of an upset.  An upset constitutes an affirmative defense to an action brought 
for noncompliance with such technology based permit effluent limitations if the 
requirements of Standard Provisions – Permit Compliance I.H.2 below are met.  No 
determination made during administrative review of claims that noncompliance was 
caused by upset, and before an action for noncompliance, is final administrative 
action subject to judicial review [40 CFR section 122.41(n)(2)]. 

2. Conditions necessary for a demonstration of upset.  A Permittee who wishes to 
establish the affirmative defense of upset shall demonstrate, through properly 
signed, contemporaneous operating logs or other relevant evidence that [40 CFR 
section 122.41(n)(3)]: 

a. An upset occurred and that the Permittee can identify the cause(s) of the upset 
[40 CFR section 122.41(n)(3)(i)]; 

b. The permitted facility was, at the time, being properly operated [40 CFR section 
122.41(n)(3)(ii)]; 

c. The Permittee submitted notice of the upset as required in Standard Provisions – 
Reporting V.E.2.b below (24-hour notice) [40 CFR section 122.41(n)(3)(iii)]; and 

d. The Permittee complied with any remedial measures required under  
Standard Provisions – Permit Compliance I.C above [40 CFR section 
122.41(n)(3)(iv)]. 

3. Burden of proof.  In any enforcement proceeding, the Permittee seeking to establish 
the occurrence of an upset has the burden of proof [40 CFR section 122.41(n)(4)]. 

II. STANDARD PROVISIONS – PERMIT ACTION  

A. General 

This Order may be modified, revoked and reissued, or terminated for cause.  The filing 
of a request by a Permittee for modification, revocation and reissuance, or termination, 
or a notification of planned changes or anticipated noncompliance does not stay any 
Order condition [40 CFR section 122.41(f)]. 

B. Duty to Reapply 

If a Permittee wishes to continue an activity regulated by this Order after the expiration 
date of this Order, the Permittee must apply for and obtain a new permit [40 CFR 
section 122.41(b)]. 
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C. Transfers 

This Order is not transferable to any person except after notice to the Regional Water 
Board.  The Regional Water Board may require modification or revocation and 
reissuance of the Order to change the name of the Permittee and incorporate such 
other requirements as may be necessary under the CWA and the California Water Code 
[40 CFR sections 122.41(l)(3) and 122.61]. 

III. STANDARD PROVISIONS – MONITORING  

A. Samples and measurements taken for the purpose of monitoring shall be representative 
of the monitored activity [40 CFR section 122.41(j)(1)]. 

B. Monitoring must be conducted according to test procedures approved under 40 CFR 
Part 136 for the analysis of pollutants unless another test procedure is required under 
40 CFR subchapters N or O or is otherwise specified in this Order for such pollutants 
[40 CFR sections 122.41(j)(4) and 122.44(i)(1)(iv)]. 

IV. STANDARD PROVISIONS – RECORDS  

A. Except for records of monitoring information required by this Order related to the 
Permittee's sewage sludge use and disposal activities, which shall be retained for a 
period of at least five years (or longer as required by 40 CFR Part 503), the Permittee 
shall retain records of all monitoring information, including all calibration and 
maintenance records and all original strip chart recordings for continuous monitoring 
instrumentation, copies of all reports required by this Order, and records of all data used 
to complete the application for this Order, for a period of at least three (3) years from the 
date of the sample, measurement, report or application.  This period may be extended 
by request of the Regional Water Board Executive Officer at any time [40 CFR section 
122.41(j)(2)]. 

B. Records of monitoring information shall include: 

1. The date, exact place, and time of sampling or measurements [40 CFR section 
122.41(j)(3)(i)]; 

2. The individual(s) who performed the sampling or measurements [40 CFR section 
122.41(j)(3)(ii)]; 

3. The date(s) analyses were performed [40 CFR section 122.41(j)(3)(iii)]; 

4. The individual(s) who performed the analyses [40 CFR section 122.41(j)(3)(iv)]; 

5. The analytical techniques or methods used [40 CFR section 122.41(j)(3)(v)]; and 

6. The results of such analyses [40 CFR section 122.41(j)(3)(vi)]. 

C. Claims of confidentiality for the following information will be denied [40 CFR section 
122.7(b)]: 
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1. The name and address of any permit applicant or Permittee [40 CFR section 
122.7(b)(1)]; and 

2. Permit applications and attachments, permits, and effluent data [40 CFR section 
122.7(b)(2)]. 

V. STANDARD PROVISIONS – REPORTING  

A. Duty to Provide Information 

Dischargers shall furnish to the Regional Water Board, State Water Board, or USEPA 
within a reasonable time, any information which the Regional Water Board, State Water 
Board, or USEPA may request to determine whether cause exists for modifying, 
revoking and reissuing, or terminating this Order or to determine compliance with this 
Order.  Upon request, Dischargers shall also furnish to the Regional Water Board, State 
Water Board, or USEPA copies of records required to be kept by this Order [40 CFR 
section 122.41(h)] ); [California Water Code sections 13267 and 13383]. 

B. Signatory and Certification Requirements 

1. All applications, reports, or information submitted to the Regional Water Board, State 
Water Board, and/or USEPA shall be signed and certified in accordance with 
Standard Provisions – Reporting V.B.2, V.B.3, V.B.4, and V.B.5 below [40 CFR 
section 122.41(k)(1)]. 

2. All applications submitted to the Regional Water Board shall be signed by either a 
principal executive officer or ranking elected official. For purposes of this section, a 
principal executive officer includes: (i) the chief executive officer of the agency (e.g., 
Mayor), or (ii) a senior executive officer having responsibility for the overall 
operations of a principal geographic unit of the agency (e.g., City Manager, Director 
of Public Works, City Engineer, etc.).[40 CFR section 122.22(a)(3)]. 

3. All reports required by this Order and other information requested by the Regional 
Water Board, State Water Board, or USEPA shall be signed by a person described 
in Standard Provisions – Reporting V.B.2 above, or by a duly authorized 
representative of that person.  A person is a duly authorized representative only if: 

a. The authorization is made in writing by a person described in Standard 
Provisions – Reporting V.B.2 above [40 CFR section 122.22(b)(1)]; 

b. The authorization specifies either an individual or a position having responsibility 
for the overall operation of the regulated facility or activity such as the position of 
plant manager, operator of a well or a well field, superintendent, position of 
equivalent responsibility, or an individual or position having overall responsibility 
for environmental matters for the company.  (A duly authorized representative 
may thus be either a named individual or any individual occupying a named 
position.) [40 CFR section 122.22(b)(2)]; and 
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c. The written authorization is submitted to the Regional Water Board [40 CFR 
section 122.22(b)(3)]. 

4. If an authorization under Standard Provisions – Reporting V.B.3 above is no longer 
accurate because a different individual or position has responsibility for the overall 
operation of the facility, a new authorization satisfying the requirements of Standard 
Provisions – Reporting V.B.3 above must be submitted to the Regional Water Board 
prior to or together with any reports, information, or applications, to be signed by an 
authorized representative [40 CFR section 122.22(c)]. 

5. Any person signing a document under Standard Provisions – Reporting V.B.2 or 
V.B.3 above shall make the following certification: 

“I certify under penalty of law that this document and all attachments were 
prepared under my direction or supervision in accordance with a system 
designed to assure that qualified personnel properly gather and evaluate the 
information submitted.  Based on my inquiry of the person or persons who 
manage the system or those persons directly responsible for gathering the 
information, the information submitted is, to the best of my knowledge and belief, 
true, accurate, and complete.  I am aware that there are significant penalties for 
submitting false information, including the possibility of fine and imprisonment for 
knowing violations.”  [40 CFR section 122.22(d)]. 

C. Monitoring Reports 

1. Monitoring results shall be reported at the intervals specified in the Monitoring and 
Reporting Program (Attachment E) in this Order [40 CFR section 122.2241(l)(4)]. 

2. Monitoring results must be reported on a Discharge Monitoring Report (DMR) or 
forms provided or specified by the Regional Water Board or State Water Board for 
reporting results of monitoring of sludge use or disposal practices [40 CFR section 
122.41(l)(4)(i)]. 

3. If a Permittee monitors any pollutant more frequently than required by this Order 
using test procedures approved under 40 CFR Part 136, or another method required 
for an industry-specific waste stream under 40 CFR subchapters N or O, the results 
of such monitoring shall be included in the calculation and reporting of the data 
submitted in the DMR or sludge reporting form specified by the Regional Water 
Board [40 CFR section 122.41(l)(4)(ii)]. 

4. Calculations for all limitations, which require averaging of measurements, shall 
utilize an arithmetic mean unless otherwise specified by the Regional Water Board in 
this Order [40 CFR section 122.41(l)(4)(iii)]. 

D. Compliance Schedules 

Reports of compliance or noncompliance with, or any progress reports on, interim and 
final requirements contained in any compliance schedule of this Order, shall be 
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submitted no later than 14 days following each schedule date [40 CFR section 
122.41(l)(5)]. 

E. Twenty-Four Hour Reporting 

1. Dischargers shall report any noncompliance that may endanger health or the 
environment. Any information shall be provided orally within 24 hours from the time 
the Permittee becomes aware of the circumstances.  A written submission shall also 
be provided within five (5) days of the time the Permittee becomes aware of the 
circumstances.  The written submission shall contain a description of the 
noncompliance and its cause; the period of noncompliance, including exact dates 
and times, and if the noncompliance has not been corrected, the anticipated time it 
is expected to continue; and steps taken or planned to reduce, eliminate, and 
prevent reoccurrence of the noncompliance [40 CFR section 122.41(l)(6)(i)]. 

2. The following shall be included as information that must be reported within 24 hours 
under this paragraph [40 CFR section 122.41(l)(6)(ii)]: 

a. Any unanticipated bypass that exceeds any effluent limitation in this Order [40 
CFR sections 122.41(l)(6)(ii)(A) and 122.41(g)]. 

b. Any upset that exceeds any effluent limitation in this Order [40 CFR section 
122.41(l)(6)(ii)(B)]. 

c. Violation of a maximum daily discharge limitation for any of the pollutants listed 
by the Regional Water Board in this Order to be reported within 24 hours [40 
CFR section (l)(6)(ii)(C) and 122.44(g)]. 

3. The Regional Water Board may waive the above-required written report under this 
provision on a case-by-case basis if an oral report has been received within 24 
hours [40 CFR section 122.41(l)(6)(iii)]. 

F. Planned Changes 

Dischargers shall give notice to the Regional Water Board as soon as possible of any 
planned physical alterations or additions to the permitted facility.  Notice is required 
under this provision only when [40 CFR section 122.41(l)(1)]: 

1. The alteration or addition to a permitted facility may meet one of the criteria for 
determining whether a facility is a new source in 40 CFR section 122.29(b) [40 CFR 
section 122.41(l)(1)(i)]; or 

2. The alteration or addition could significantly change the nature or increase the 
quantity of pollutants discharged. This notification applies to pollutants that are not 
subject to effluent limitations in this Order [40 CFR section 122.41(l)(1)(ii)]. 

The alteration or addition results in a significant change in the Permittee’s sludge use or 
disposal practices, and such alteration, addition, or change may justify the application of 
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permit conditions that are different from or absent in the existing permit, including 
notification of additional use or disposal sites not reported during the permit application 
process or not reported pursuant to an approved land application plan [40 CFR section 
122.41(l)(1)(iii)]. 

G. Anticipated Noncompliance 

Dischargers shall give advance notice to the Regional Water Board of any planned 
changes in the permitted facility or activity that may result in noncompliance with permit 
requirements [40 CFR section 122.41(l)(2)]. 

H. Other Noncompliance 

Dischargers shall report all instances of noncompliance not reported under Standard 
Provisions – Reporting V.C, V.D, and V.E above at the time monitoring reports are 
submitted. The reports shall contain the information listed in Standard Provision – 
Reporting V.E above [40 CFR section 122.41(l)(7)]. 

I. Other Information 

When a Permittee becomes aware that it failed to submit any relevant facts in a permit 
application, or submitted incorrect information in a permit application or in any report to 
the Regional Water Board, State Water Board, or USEPA, the Permittee shall promptly 
submit such facts or information [40 CFR section 122.41(l)(8)]. 

VI. STANDARD PROVISIONS – ENFORCEMENT  

A. The Regional Water Board and State Water Board is authorized to enforce the terms of 
this Order under several provisions of the California Water Code, including, but not 
limited to, sections 13268, 13385, 13386, and 13387.   

B. The CWA provides that any person who violates section 301, 302, 306, 307, 308, 318 
or 405 of the CWA, or any permit condition or limitation implementing any such sections 
in a permit issued under section 402, or any requirement imposed in a pretreatment 
program approved under sections 402(a)(3) or 402(b)(8) of the CWA is subject to a civil 
penalty not to exceed $25,000 per day for each violation.  The CWA provides that any 
person who negligently violates sections 301, 302, 306, 307, 308, 318, or 405 of the 
CWA, or any condition or limitation implementing any of such sections in a permit 
issued under section 402 of the CWA, or any requirement imposed in a pretreatment 
program approved under section 402(a)(3) or 402(b)(8) of the CWA, is subject to 
criminal penalties of $2,500 to $25,000 per day of violation, or imprisonment of not more 
than one (1) year, or both.  In the case of a second or subsequent conviction for a 
negligent violation, a person shall be subject to criminal penalties of not more than 
$50,000 per day of violation, or by imprisonment of not more than two (2) years, or both.  
Any person who knowingly violates such sections, or such conditions or limitations is 
subject to criminal penalties of $5,000 to $50,000 per day of violation, or imprisonment 
for not more than three (3) years, or both. In the case of a second or subsequent 
conviction for a knowing violation, a person shall be subject to criminal penalties of not 
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more than $100,000 per day of violation, or imprisonment of not more than six (6) years, 
or both.  Any person who knowingly violates section 301, 302, 303, 306, 307, 308, 318 
or 405 of the CWA, or any permit condition or limitation implementing any of such 
sections in a permit issued under section 402 of the CWA, and who knows at that time 
that he thereby places another person in imminent danger of death or serious bodily 
injury, shall, upon conviction, be subject to a fine of not more than $250,000 or 
imprisonment of not more than 15 years, or both.  In the case of a second or 
subsequent conviction for a knowing endangerment violation, a person shall be subject 
to a fine of not more than $500,000 or by imprisonment of not more than 30 years, or 
both.  An organization, as defined in section 309(c)(3)(B)(iii) of the CWA, shall, upon 
conviction of violating the imminent danger provision, be subject to a fine of not more 
than $1,000,000 and can be fined up to $2,000,000 for second or subsequent 
convictions [40 CFR section 122.41(a)(2)] [California Water Code sections 13385 and 
13387]. 

C. Any person may be assessed an administrative penalty by the Regional Water Board 
for violating section 301, 302, 306, 307, 308, 318 or 405 of the CWA, or any permit 
condition or limitation implementing any of such sections in a permit issued under 
section 402 of the CWA.  Administrative penalties for Class I violations are not to 
exceed $10,000 per violation, with the maximum amount of any Class I penalty 
assessed not to exceed $25,000.  Penalties for Class II violations are not to exceed 
$10,000 per day for each day during which the violation continues, with the maximum 
amount of any Class II penalty not to exceed $125,000 [40 CFR section 122.41(a)(3)]. 

D. The CWA provides that any person who falsifies, tampers with, or knowingly renders 
inaccurate any monitoring device or method required to be maintained under this permit 
shall, upon conviction, be punished by a fine of not more than $10,000, or by 
imprisonment for not more than 2 years, or both.  If a conviction of a person is for a 
violation committed after a first conviction of such person under this paragraph, 
punishment is a fine of not more than $20,000 per day of violation, or by imprisonment 
of not more than 4 years, or both [40 CFR section 122.41(j)(5)]. 

E. The CWA provides that any person who knowingly makes any false statement, 
representation, or certification in any record or other document submitted or required to 
be maintained under this Order, including monitoring reports or reports of compliance or 
noncompliance shall, upon conviction, be punished by a fine of not more than $10,000 
per violation, or by imprisonment for not more than six months per violation, or by both 
[40 CFR section 122.41(k)(2)]. 

VII. ADDITIONAL STANDARD CONDITIONS APPLICABLE TO SPECIFIC CATEGORIES 
OF NPDES PERMITS [40 CFR section 122.42] 

A. Municipal separate storm sewer systems. The operator of a large or medium MS4 or a 
municipal separate storm sewer that has been designated by the Regional Water Board 
or USEPA under 40 CFR section 122.26(a)(1)(v) must submit an annual report by the 
anniversary of the date of the issuance of the permit for such MS4. The report shall 
include [40 CFR section 122.42(c)]: 
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1. The status of implementing the components of the storm water management 

program that are established as permit conditions [40 CFR section 122.42(c)(1)]; 
 

2.  Proposed changes to the storm water management programs that are established as 
permit condition. Such proposed changes shall be consistent with 40 CFR section 
122.26(d)(2)(iii) [40 CFR section 122.42(c)(2)]; and 

 
3. Revisions, if necessary, to the assessment of controls and the fiscal analysis 

reported in the permit application under 40 CFR section 122.26(d)(2)(iv) and 
(d)(2)(v) [40 CFR section 122.42(c)(3)]; 

 
 

4.  A summary of data, including monitoring data, that is accumulated throughout the 
reporting year [40 CFR section 122.42(c)(4)]; 

 
5.  Annual expenditures and budget for year following each annual report [40 CFR 

section 122.42(c)(5)]; 
 
6.  A summary describing the number and nature of enforcement actions, inspections, 

and public education programs [40 CFR section 122.42(c)(6)]; 
 
7.  Identification of water quality improvements or degradation [40 CFR section 

122.42(c)(7)]; 
 
    B.  Storm water discharges. The initial permits for discharges composed entirely of storm 

water issued pursuant to 40 CFR section 122.26(e)(7) shall require compliance with the 
conditions of the permit as expeditiously as practicable, but in no event later than three 
years after the date of issuance of the permit. [40 CFR section 122.42(d)]. 
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CALIFORNIA REGIONAL WATER QUALITY CONTROL BOARD 

LOS ANGELES REGION 
 

320 W. 4th Street, Suite 200, Los Angeles, California 90013 
Phone (213) 576 - 6600 � Fax (213) 576 - 6640 

http://www.waterboards.ca.gov/losangeles 

 
 

MONITORING AND REPORTING PROGRAM - No. TBD 

FOR  

ORDER R4-2012-XXXX 
NPDES PERMIT NO. CAS004001 

 
WASTE DISCHARGE REQUIREMENTS  

FOR MUNICIPAL SEPARATE STORM SEWER SYSTEM (MS4) DISCHARGES 
WITHIN THE COASTAL WATERSHEDS OF LOS ANGELES COUNTY FLOOD 

CONTROL DISTRICT, INCLUDING THE COUNTY OF LOS ANGELES, AND THE 
INCORPORATED CITIES THEREIN, EXCEPT THOSE DISCHARGES ORIGINATING 

FROM THE CITY OF LONG BEACH MS4 

 

 

Month Date, 2012 
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I. MONITORING AND REPORTING PROGRAM (MRP) 

Section 308(a) of the federal Clean Water Act and Ssections 122.41(h), (j)-(l), 
122.44(i), and 122.48 of Title 40 of the Code of Federal Regulations requires that all 
National Pollutant Discharge Elimination System (NPDES) permits specify 
monitoring and reporting requirements.  Federal regulations applicable to large and 
medium MS4s also specify additional monitoring and reporting requirements. (40 
C.F.R. §§ 122.26(d)(2)(i)(F) & (d)(2)(iii)(D), 122.42(c).) California Water Code 
sections 13267 and 13383 furtheralso authorizes the California Regional Water 
Quality Control Board, Los Angeles Region (Regional Water Board) to establish 
monitoring, inspection, entry, reporting, and recordkeeping requirementsrequire 
technical and monitoring reports. This MRP establishes monitoring,  and reporting, 
and recordkeeping requirements that implement the federal and California laws 
and/or regulations.  

II. PURPOSE AND SCOPE 

A. Primary Objectives  

The primary objectives of the Monitoring Program are to: 

1. Assess the chemical, physical, and biological impacts of discharges from the 
municipal storm water sewer system (MS4) on receiving waters. 

2. Assess compliance with receiving water limitations and water quality-based 
effluent limitations (WQBELs) established to implement Total Maximum Daily 
Load (TMDL) wet weather and dry weather wasteload allocations (WLAs).  

3. Characterize pollutant loads in MS4 discharges. 

4. Identify sources of pollutants in MS4 discharges. 

5. Measure and improve the effectiveness of pollutant controls implemented 
under this Order. 

B. Purpose 

The results of the monitoring requirements outlined below shall be used to refine 
control measures for the reduction of pollutant loading and the protection and 
enhancement of the beneficial uses of the receiving waters in Los Angeles 
County. 

C. Provision for Integrated Approach 

The Monitoring Program provides flexibility to allow Permittees to develop an 
integrated monitoring program to address all of the monitoring requirements of 
this Order and other monitoring obligations or requirements in a cost efficient and 
effective manner.    

D. Provision for a Coordinated Integrated Approach 

The Monitoring Program provides flexibility to allow Permittees to coordinate 
monitoring efforts on a watershed or subwatershed basis to leverage monitoring 
resources in an effort to increase cost-efficiency and effectiveness and to closely 
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align monitoring with TMDL monitoring requirements and Watershed 
Management Programs.  

E. Monitoring Program Elements 

The Monitoring Program shall include the following elements: 

1. Receiving water monitoring shall be performed at previously designated 
mass emission stations and/or at TMDL receiving water compliance points, as 
designated in Regional Water Board Executive Officer approved TMDL 
Coordinated Monitoring Plans (CMPs) (see Table E-1 for a list of approved 
TMDL CMPsMonitoring Plans). The objectives of the receiving water 
monitoring include the following: 

a. Determine whether the receiving water limitations are being achieved, 

b. Assess trends in pollutant concentrations over time, or during specified 
conditions, 

c. Determine whether the designated beneficial uses are fully supported as 
determined by water chemistry, as well as aquatic toxicity and 
bioassessment monitoring.  

2. Storm water outfall based monitoring; including TMDL monitoring 
requirements specified in approved TMDL CMPs Monitoring Plans (see Table 
E-1). The objectives of the storm water outfall based monitoring program 
include the following: 

a. Determine the quality of a Permittee’s discharge relative to municipal 
action levels, as described in Attachment G of this Order, 

b. Determine whether a Permittee’s discharge is in compliance with 
applicable wet weatherstorm water WQBELs derived from TMDL WLAs, 

c. Determine whether a Permittee’s discharge causes or contributes to an 
exceedance of receiving water limitations. 

3. Non-storm water outfall based monitoring; including TMDL monitoring 
requirements specified in approved TMDL CMPs Monitoring Plans (see Table 
E-1). The objectives of the non-storm water outfall based monitoring program 
include the following: 

a. Determine whether a Permittee’s discharge is in compliance with 
applicable dry weathernon-storm water WQBELs derived from TMDL 
WLAs, 

b. Determine whether a Permittee’s discharge exceeds non-storm water 
action levels, as described in Attachment G of this Order, 

c. Determine whether a Permittee’s discharge contributes to or causes an 
exceedance of receiving water limitations, 

d. Assist a Permittee in identifying illicit discharges as described in Part 
VI.D.9 10 of this Order. 
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4. New Development/Re-development effectiveness monitoringtracking. 
The objectives of best management practices (BMP) effectiveness monitoring 
tracking is to determine track whether the conditions in the building permit 
issued by the Permittee are implemented to ensure the volume of storm water 
associated with the design storm is retained on-site as required by Part 
VI.D.67.c.i. of this Order, and as conditioned in the building permit issued by 
the Permittee.  

5. Regional studies are required to further characterize the impact of the MS4 
discharges on the beneficial uses of the receiving waters. Regional studies 
shall include the Southern California Stormwater Monitoring Coalition (SMC) 
Regional Watershed Monitoring Program (bioassessment), sediment 
monitoring for Pyrethroid pesticides, and special studies as specified in 
approved TMDLs (see Section XIX TMDL Reporting, below). 

III. GENERAL MONITORING AND REPORTING REQUIREMENTS 

A. Monitoring shall be conducted in accordance with the requirements specified in 
Attachment D to this Order (Part III, Standard Provisions - Monitoring). 

B. Records of monitoring information shall include information required under 
Attachment D to this Order (Part IV, Standard Provisions - Records). 

C. All applications, reports, plans, or other information submitted to the Regional 
Water Board, State Water Board, and/or USEPA shall be signed and certified in 
accordance with Attachment D to this Order (Part V.B, Standard Provisions - 
Reporting, Signatory and Certification Requirements). 

D. Monitoring results shall be reported in accordance with the requirements 
specified in Attachment D to this Order (Part V.C, Standard Provisions - 
Reporting, Monitoring Reports).  

E. All monitoring and reporting shall be conducted in accordance with the Standard 
Monitoring Provisions specified in Part XIV of this MRP. 

F. Sampling Methods  

1. Sampling methods shall be fully described in each Permittee’s Integrated 

Monitoring Program (IMP) or Coordinated Integrated Monitoring Program 

(CIMP) and according to the provisions of the Standard Provisions for 

Monitoring described in Attachment D to this Order and Part XIV of this MRP.  

2. Grab samples shall be taken only for constituents that are required to be 

collected as such (e.g., pathogen indicator bacteria, oil and grease, cyanides, 

and volatile organics); in instances where grab samples are generally 

expected to be sufficient to characterize water quality conditions (primarily dry 

weather); and where the sample location limits Permittees’ ability to install an 

automated sampler, as provided for in an approved IMP or CIMP. 
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3. Sampling and monitoring methods for trash shall be conducted in accordance 

with the applicable requirements specified in Part VI.E.5 of this Order. 

3. At a minimum, a sufficient volume of sample must be collected to perform all 

of the required biological and chemical tests, including TIEs where aquatic 

toxicity is observed during the sample event. 

4. Sampling and monitoring methods for trash shall be conducted in accordance 

with the applicable requirements specified in Part VI.E.5 of this Order. 

4.  

5. Flow may be estimated using USEPA methods at receiving water monitoring 

stations where flow measuring equipment isrements are  not in place. 

5.6. Flow may be estimated for storm water outfall monitoring based on 

drainage area, impervious cover, and precipitation data as approved in an 

IMP or CIMP. 

G. Analytical Procedures 

1. Suspended-Sediment Concentration (SSC) shall by analyzed per American 

Society for Testing and Materials (ASTM) Standard Test Method D-3977-97. 

2. Monitoring methods for trash shall be conducted in accordance with the 

applicable requirements specified in Part VI.E.5 of this Order. 

3. Aquatic toxicity shall be monitored in accordance with Part XI of this MRP. 

4. All other parameters shall be analyzed according to the provisions of the 

Standard Provisions for Monitoring described in Attachment D to this Order 

and Part XIV of this MRP. 

H. Reporting 

1. Monitoring results submitted to the Regional Water Board shall include: 

a. Rain totals and hydrographs for monitoring events in both narrative and 

graphic formats. 

b. A narrative description of the date and duration of the storm event(s) 

sampled, rainfall estimates of the storm event that generated the sampled 

discharge and the duration between the storm event sampled and the end 

of the previous measurable storm event. 
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2.1. Reporting requirements related to the monitoring of trash shall be 

conducted in accordance with Part VI.E.5.c of this Order. 

3.2. Monitoring results submitted to the Regional Water Board shall be 

consistent with the requirements identified in Part XVIII.A.5 and Part XVIII.A.7 of 

this MRP. 

IV. INTEGRATED MONITORING PROGRAMS 

A. Integrated Monitoring Program (IMP) 

1. Each Permittee may develop an Integrated Monitoring Program designed to 
satisfy the monitoring requirements of this Order. 

2. The monitoring requirements contained in TMDL CMPs Monitoring Plans 
approved by the Executive Officer of the Regional Water Board are 
incorporated by reference into this MRP (See Table E-1 for a list of approved 
TMDL CMPsMonitoring Plans).   

3. The Integrated Monitoring Program may leverage monitoring resources by 
selecting monitoring locations, parameters, or monitoring techniques that will 
satisfy multiple monitoring requirements. 

4. Where appropriate (e.g., dry-weather outfall based screening program), the 
Integrated Monitoring Program may develop and utilize alternative 
approaches to meet the Primary Objectives (Part II.A). screening level 
monitoring strategies to avoid more costly analytical procedures if 
approvedSuch alternative approaches shall be subject to public review and 
final approval by the Regional Water Board Executive Officer.  

5. The requirements of an approved TMDL CMP Monitoring Plan may be 
modified by an IMP that is subsequently approved by the Executive Officer of 
the Regional Water Board. 

6. At a minimum, the IMP must address all TMDL and Non-TMDL monitoring 
requirements of this Order, including receiving water monitoring, storm water 
outfall based monitoring, non-storm water outfall based monitoring, and 
regional water monitoring studies, except as provided in Parts IV.B.2 and 3 of 
this MRP. 

B. Coordinated Integrated Monitoring Program (CIMP) 

1. Benefits of the CIMP Approach 

a. The CIMP provides Permittees opportunities to increase the cost 
efficiency and effectiveness of the monitoring program. The greatest 
efficiency may be achieved when a CIMP is designed and implemented on 
a watershed basis.  

b. A CIMP may be employed to implement regional studies, where a single 
Permittee takes the lead in directing the study, and the other Permittees 
provide funding or in lieu services. 
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2. Permittees are encouraged to coordinate their monitoring programs with other 
Permittees to develop and implement a CIMP. A CIMP may be developed to 
address one or more of the required monitoring elements (i.e., receiving water 
monitoring, outfall based monitoring, regional monitoring or special studies) 
and may be county-wide or limited to a single watershed, sub-watershed or 
defined jurisdictional boundary.   

3. The requirements of an approved TMDL CMP Monitoring Plan may be 
modified by an IMP or CIMP that is subsequently approved by the Executive 
Officer of the Regional Water Board. 

4. A Permittee shall not be required to submit an IMP if all of the applicable 
monitoring requirements in this Order are addressed in a CIMP, to which the 
Permittee is a participant.   

5. If the CIMP addresses some but not all of the applicable monitoring 
requirements required under this Order, then each Permittee shall submit an 
IMP that references the CIMP. The Permittees must describe how together, 
the IMP and CIMP, fulfill all of the applicable monitoring requirements 
contained in this Order. 

5.6. Where appropriate, the CIMP may develop and utilize alternative 
approaches to meet the Primary Objectives (Part II.A).  Sufficient justification 
shall be provided in the CIMP for the alternative approach(es). Such 
alternative approaches shall be subject to public review and final approval by 
the Regional Water Board Executive Officer. 

C. Schedule for Submitting the Monitoring Plan to the Regional Water Board 
and Conducting Outfall Screening 

1. Within six (6) months after the effective date of this Order, each Permittee 
shall submit a letter of intent to the Executive Officer of the Regional Water 
Board describing whether it intends to follow an IMP or CIMP approach for 
each of the required monitoring plan elements.  

2. Each Permittee not electing to develop a Watershed Management Program 
(WMP) shall submit an IMP plan addressing monitoring requirements that the 
Permittee intends to implement individually to the Executive Officer of the 
Regional Water Board within twelvenine (129) months after the effective date 
of this Order.  

3. The participating Permittees electing to develop a WMP shall submit an IMP 
or CIMP plan and a letter of intent, signed by each of the participating 
Permittees, to the Executive Officer of the Regional Water Board concurrently 
with their draft WMPwithin 12 months after the effective date of this Order.  

3.4. Permittees electing to develop an enhanced WMP shall submit an IMP or 
CIMP plan to the Executive Officer of the Regional Water Board within 18 
months after the effective date of this Order. 

4.5. If upon finalization of the CIMP plan, a Permittee that has developed an 
IMP determines that its IMP plan must be revised to include monitoring 
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requirements not covered under the final CIMP, the revised IMP plan shall be 
submitted to the Executive Officer of the Regional Water Board within 60 days 
after approval of the CIMP plan by the Executive Officer of the Regional 
Water Board. 

5.6. Monitoring shall commence within 30 days after approval of the IMP, or 
within 90 days after approval of the CIMP, plan by the Executive Officer of the 
Regional Water Board.  

6.7. If a Permittee elects not to develop or participate in an IMP or CIMP, 
monitoring shall be conducted on a jurisdictional basis per the requirements 
contained in Parts V through XIII and XIX of this MRP, beginning six (6) 
months after the effective date of this Order.  

7.8. Monitoring requirements pursuant to Order No. 01-182 and Monitoring and 
Reporting Program CI 6948, and pursuant to approval TMDL monitoring plans 
identified in Table E-1, shall remain in effect until the Executive Officer of the 
Regional Water Board approves a Permittee(s) IMP and/or CIMP plan(s). 

V. TMDL MONITORING PLANS 

Table E-1. Approved TMDL Monitoring Plans by Watershed Management Area 

TMDL Comment Date of Final Plan 

Regional Water 

Board Approval 

Date 

Santa Clara River Watershed Management Area 

Santa Clara River 

Nitrogen Compounds 

TMDL 

Monitoring Plan was due 

March 23, 2005. 
--- --- 

Upper Santa Clara River 

Chloride TMDL 

Monitoring Plan was not 

required. 
N/A N/A 

Lake Elizabeth, Munz 

Lake, and Lake Hughes 

Trash TMDL (Lake 

Elizabeth only) 

The County of Los 

Angeles Trash TMDL 

Monitoring and Reporting 

Plan for Lake Elizabeth, 

Munz Lake, and Lake 

Hughes 

June 25, 2009 March 25, 2009 

Santa Clara River Estuary 

and Reaches 3, 5, 6, and 

7 Indicator Bacteria 

TMDL 

Monitoring Plan is due on 

March 21, 2013. 
--- --- 

Santa Monica Bay Watershed Management Area 
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TMDL Comment Date of Final Plan 

Regional Water 

Board Approval 

Date 

Santa Monica Bay 

Beaches Bacteria TMDL         

(Wet and Dry) 

Santa Monica Bay 

Beaches Bacterial 

TMDLs Coordinated 

Shoreline Monitoring Plan 

April 7, 2004 January 8, 2004 

Santa Monica Bay 

Nearshore and Offshore 

Debris TMDL 

Monitoring Plan is due on 

September 20, 2012. 
--- --- 

Santa Monica Bay TMDL 

for DDTs and PCBs 

USEPA Established 

TMDL 
N/A N/A 

Malibu Creek Subwatershed 

Malibu Creek and Lagoon 

Bacteria TMDL 

Malibu Creek and Lagoon 

Bacteria TMDL 

Compliance Monitoring 

Plan 

February 25, 2008 April 8, 2008 

Malibu Creek Watershed 

Trash TMDL 

 Malibu Creek Watershed 

Trash Monitoring and 

Reporting Plan (TMRP) 

April 28, 2010 
Has not been 

approved. 

Malibu Creek Watershed 

Nutrients TMDL 

USEPA Established 

TMDL 
N/A N/A 

Ballona Creek Subwatershed 

Ballona Creek Trash 

TMDL 

Monitoring Plan was not 

required. 
N/A N/A 

Ballona Creek Estuary 

Toxic Pollutants TMDL 

Ballona Creek Metals 

TMDL and Ballona Creek 

Estuary Toxic Pollutants 

TMDL Coordinated 

Monitoring Plan 

May 4, 2009 June 25, 2009 

Ballona Creek, Ballona 

Estuary and Sepulveda 

Channel Bacteria TMDL 

Ballona Creek, Ballona 

Estuary, & Sepulveda 

Channel Bacteria TMDL 

Coordinated Monitoring 

Plan 

January 29, 2009 December 16, 2008 
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TMDL Comment Date of Final Plan 

Regional Water 

Board Approval 

Date 

Ballona Creek Metals 

TMDL 

Ballona Creek Metals 

TMDL and Ballona Creek 

Estuary Toxic Pollutants 

TMDL Coordinated 

Monitoring Plan 

May 4, 2009 June 25, 2009 

Ballona Creek Wetlands 

TMDL for Sediment and 

Invasive Exotic 

Vegetation 

USEPA Established 

TMDL 
N/A N/A 

Marina del Rey Subwatershed 

Marina del Rey Harbor 

Mothers' Beach and Back 

Basins Bacteria TMDL 

Marina Del Rey Harbor 

Mothers' Beach and Back 

Basins Bacterial TMDL 

Coordinated Monitoring 

Plan 

June 25, 2007 February 1, 2007 

Marina del Rey Harbor 

Toxic Pollutants TMDL 

Marina Del Rey Harbor 

Toxic Pollutants Total 

Maximum Daily Load 

Coordinated Monitoring 

Plan 

March 31, 2008 March 3, 2009 

Dominguez Channel and Greater Harbors Waters Watershed Management Area 

Los Angeles Harbor 

Bacteria TMDL (Inner 

Cabrillo Beach and Main 

Ship Channel) 

Monitoring Plan was not 

required. 
N/A N/A 

Machado Lake Trash 

TMDL 

Trash Monitoring & 

Reporting Plan: Machado 

Lake Trash TMDL 

September 5, 2008 December 9, 2008 

City of Rolling Hills Trash 

Monitoring and Reporting 

Plan Machado Lake 

Trash TMDL 

September 5, 2008 December 9, 2008 
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TMDL Comment Date of Final Plan 

Regional Water 

Board Approval 

Date 

Machado Lake Nutrient 

TMDL 

Palos Verdes Peninsula 

Coordinated Monitoring 

Plan In Compliance with 

the Machado Lake 

Nutrient Total Maximum 

Daily Load 

February 1, 2011 December 14, 2010 

Machado Lake Nutrients 

TMDL Lake Water 

Quality Management 

Plan for City of Los 

Angeles 

August 18, 2010 February 14, 2011 

Machado Lake Nutrient 

TMDL Monitoring and 

Reporting Program Plan 

for the City of Carson 

March 27, 2012 March 7, 2012 

Machado Lake 

Multipollutant TMDL 

Monitoring and Reporting 

Program for the 

Unincorporated Areas of 

Los Angeles County 

within the Machado Lake 

Watershed 

September 12, 2011 April 25, 2012 

Monitoring Plans were 

due from the City of 

Lomita on April 25, 2011, 

City of Redondo Beach 

on March 11, 2010, and 

City of Torrance on May 

16, 2012. 

--- --- 

Machado Lake Pesticides 

and PCBs TMDL 

Monitoring Plan is due on 

September 20, 2012
1
. 

--- --- 

                                            
1
 The deadline for Permittees assigned both WLAs and LAs to submit one document to address both WLA and LA 

monitoring requirements and implementation activities shall be September 20, 2013. 
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TMDL Comment Date of Final Plan 

Regional Water 

Board Approval 

Date 

Dominguez Channel and 

Greater Los Angeles and 

Long Beach Harbor 

Waters Toxic Pollutants 

TMDL 

Monitoring Plan is due on 

November 23, 2013. 
--- --- 

Los Angeles River Watershed Management Area 

Los Angeles River 

Watershed Trash TMDL 

Monitoring Plan was not 

required. 
N/A N/A 

Los Angeles River 

Nitrogen Compounds and 

Related Effects TMDL 

Monitoring Plan was due 

on March 23, 2005. 
--- --- 

Los Angeles River and 

Tributaries Metals TMDL 

Los Angeles River Metals 

TMDL Coordinated 

Monitoring Plan 

March 25, 2008 April 11, 2008 

Los Angeles River 

Watershed Bacteria 

TMDL 

Monitoring Plan is due on 

March 23, 2013. 
--- --- 

Legg Lake Trash TMDL 

Legg Lake Trash 

Monitoring & Reporting 

Plan: Legg Lake Trash 

TMDL 

September 5, 2008 March 25, 2009 

Long Beach City Beaches 

and Los Angeles River 

Estuary Bacteria TMDL 

USEPA Established 

TMDL 
N/A N/A 

Los Angeles Area Lakes 

TMDLs (Lake Calabasas, 

Echo Park Lake, Legg 

Lake and Peck Road 

Park Lake) 

USEPA Established 

TMDL 
N/A N/A 

San Gabriel River Watershed Management Area 

San Gabriel River and 

Impaired Tributaries 

Metals and Selenium 

TMDL 

USEPA Established 

TMDL 
N/A N/A 
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TMDL Comment Date of Final Plan 

Regional Water 

Board Approval 

Date 

Legg Lake Trash TMDL 

Legg Lake Trash 

Monitoring & Reporting 

Plan: Legg Lake Trash 

TMDL 

September 5, 2008 March 25, 2009 

Los Angeles Area Lakes 

TMDLs (Legg Lake and 

Puddingstone Reservoir) 

USEPA Established 

TMDL 
N/A N/A 

Los Cerritos Channel and Alamitos Bay Watershed Management Area 

Los Cerritos Channel 

Metals TMDL 

USEPA Established 

TMDL 
N/A N/A 

Colorado Lagoon OC 

Pesticides, PCBs, 

Sediment Toxicity, PAHs, 

and Metals TMDL 

Colorado Lagoon TMDL 

Monitoring Plan (CLTMP) 

January 28, June 

15, 2012 

Has not been 

approved.August 23, 

2012 

Middle Santa Ana River Watershed Management Area 

Middle Santa Ana River 

Watershed Bacteria 

Indicator TMDL 

Monitoring Plan was due 

on November 16, 2007. 
--- --- 

 

VI. RECEIVING WATER MONITORING 

A. IMP Receiving Water Monitoring Requirements 

1. All The IMP plans must contain the following information for receiving water 
monitoring: 

a. Declaration of whether receiving water monitoring is conducted under an 
IMP, CIMP or both.  

b. If receiving water monitoring is performed under the IMP, the plan must 
contain the following information: 

i. A map (preferably GIS) identifying the proposed receiving water 
monitoring stations for both dry weather and wet weather monitoring. 

ii. An explanation of how and why monitoring at the proposed locations 
will provide representative measurement of the effects of the 
Permittee’s MS4 discharges on the receiving water.  
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iii. Identification of applicable TMDLs and TMDL compliance points, 
based on approved TMDL CMPs Monitoring Plans and/or as identified 
in the Basin Plan for the applicable TMDLs. 

iv. A description of how the Permittee is fulfilling its obligations for TMDL 
receiving water monitoring under this IMP, CIMP or other monitoring 
plans.  

v. A description of how the Permittee is contributing to the monitoring of 
mass emission stations or a discussion of why monitoring at mass 
emission stations is not being supported.  

B. CIMP Receiving Water Monitoring Requirements 

1. The CIMP plan must contain the following information for receiving water 
monitoring: 

a. A list of the participating Permittees.  

b. A map (preferably GIS) delineating the geographic boundaries of the 
monitoring plan including the receiving waters, the MS4 catchment 
drainages and outfalls, subwatershed boundaries (i.e., HUC 12), political 
boundaries, land use, and the  proposed receiving water monitoring 
stations for both dry weather and wet weather receiving water monitoring.  

c. An explanation of how and why monitoring at the proposed locations will 
provide representative measurement of the effects of the MS4 discharges 
on the receiving water.  

2. TMDLs 

a. A list of applicable TMDLs and TMDL compliance points, based on 
approved TMDL CMPs Monitoring Plans and/or as identified in the Basin 
Plan for the applicable TMDLs. 

b. Identification of the proposed receiving water monitoring stations that fulfill 
the TMDL CMP Monitoring Plan(s) requirements. 

b.c. Shoreline Monitoring Stations monitored pursuant to a bacteria 
TMDL. Sampling for bacterial indicators (total coliform, fecal coliform (or E. 
coli), and enterococcus) at shoreline monitoring locations addressed by a 
TMDL shall be conducted 5 times per week at sites subject to the 
reference system criterion for allowable exceedance days, and weekly at 
sites subject to the antidegradation criterion for allowable exceedance 
days. 

3. Mass Emission Stations 

a. Location of mass emission stations, 

b. Description of monitoring at mass emission stations or justification of why 
monitoring at the mass emission stations will be discontinued. 
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C. Minimum Wet Weather Receiving Water Monitoring Requirements  

1. The IMP and/or CIMP shall incorporate the following minimum requirements 
for monitoring the receiving water during wet weather conditions: 

a. The receiving water shall be monitored a minimum of three times per year 
for all parameters except aquatic toxicity, which must be monitored at 
least twice per year, or more frequently if required by applicable TMDL 
CMPsMonitoring Plans.  

b. Monitoring shall be performed in the receiving water during wet weather 
conditions, defined for the purposes of this monitoring program as follows: 

i. When the receiving water is the Santa Monica Bay or other ocean or 
estuariney water body, wet weather occurs during a storm event of 
greater than or equal to 0.1 inch of precipitation, as measured from at 
least 50 percent of the Los Angeles County controlled rain gauges 
within the watershed, or based on an alternative precipitation threshold 
as provided for in an approved IMP or CIMP.  

ii. When the receiving water body is a river, stream or creek, wet weather 
shall be defined as when the flow within the receiving water is at least 
20 percent greater than the base flow or an alternative threshold as 
provided for in an approved IMP or CIMP, or as defined by effective 
TMDLs within the watershed.   

iii. Monitoring shall occur during wet weather conditions, including 
targeting the first significant rain event of the storm year following the 
criteria below, and at least two additional wet weather events within the 
same wet weather season. Permittees shall target the first storm event 
of the storm year with a predicted rainfall of at least 0.25 inch at a 
seventy percent probability of rainfall at least 24 hours prior to the 
event start time. Permittees shall target subsequent storm events that 
forecast sufficient rainfall and runoff to meet program objectives and 
site specific study needs. Sampling events shall be separated by a 
minimum of three days of dry conditions (less than 0.1 inch of rain 
each day). 

c. Receiving water monitoring shall begin within 6 hoursas soon as possible 
after storm water outfall-based monitoring, in order to be reflective of 
potential impacts from MS4 dischargesunless Permittees can demonstrate 
that a longer time period is reflective of the rain event. 

d. At a minimum, the following parameters shall be monitored unless a 
surrogate pollutant has been approved by the Executive Officer of the 
Regional Water Board.  

i. Flow 

ii. Pollutants assigned a receiving water limitation derived from TMDL 
WLAs (See Attachments L-R of this Order), 
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iii. Other pollutants identified on the CWA section 303(d) List for the 
receiving water or downstream receiving waters, 

iv. Total Suspended Solids (TSS) and Suspended-Sediment 
Concentration (SSC) if the receiving water is listed on the CWA section 
303(d) list for sedimentation, siltation or turbidity,2 

v. Field measurements applicable to inland freshwater bodies only:  
hardness, pH, dissolved oxygen, temperature, and specific 
conductivity, 

vi. Aquatic Toxicity (twice per year, once during first storm event of the 
storm year as specified above). 

vi.e. Additionally, the screening parameters in Table E-2 shall be 
monitored in the first year of monitoring during the first significant rain 
event of the storm year. If a parameter is not detected at the Method 
Detection Limit (MDL) for its respective test method or the result is below 
the lowest applicable water quality objective, and is not otherwise 
identified in subparts d.i.-d.vi. above, it need not be further analyzed. If a 
parameter is detected exceeding the lowest applicable water quality 
objective then the parameter shall be analyzed for the remainder of the 
Order during wet weather at the receiving water monitoring station where 
it was detected. 

D. Minimum Dry Weather Receiving Water Monitoring  

1. The IMP and/or CIMP plan shall incorporate the following minimum 
requirements for monitoring the receiving water during dry weather 
conditions: 

a. The receiving water shall be monitored a minimum of two times per year 
for all parameters, or more frequently if required by applicable TMDL 
CMPsMonitoring Plans.  One of the monitoring events shall be during the 
month with the historically lowest instream flows, or where instream flow 
data are not available, during the historically driest month. 

b. Monitoring shall be performed in the receiving water during dry weather 
conditions, defined as follows: 

i. When the receiving water is the Santa Monica Bay or other ocean or 
estuary water body, dry weather occurs on days with less than 0.1 inch 
of rain and those days not less than three days after a rain event of 0.1 
inch or greater within the watershed, as measured from at least 50 
percent of Los Angeles County controlled rain gauges within the 
watershed, or an alternative criterion as provided for in an approved 
IMP or CIMP. 

                                            
2
 Gray, John, R., G. Douglas Glysson, Lisa M. Turcios, and Gregory E. Schwarz. 2000. Comparability of 

Suspended-Sediment Concentration and Total Suspended Solids Data. United States Geological Survey. 
Water Resources Investigations Report 00-4191. August 2000. 
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ii. When the receiving water body is a river, stream or creek, dry weather 
shall be defined as when the flow is less than 20 percent greater than 
the base flow or as defined by effective TMDLs within the watershed, 
or an alternative criterion as provided for in an approved IMP or CIMP. 

c. At a minimum the following parameters shall be monitored during dry 
weather conditions, unless a surrogate pollutant has been approved by 
the Executive Officer of the Regional Water Board: 

i. Flow 

ii. Pollutants assigned receiving water limitations derived from TMDL dry 
weather WLAs, 

iii. Other pollutants identified on the CWA section 303(d) List for the 
receiving water or downstream receiving waters, 

iv. Pollutants assigned non-storm water action levels in Attachment G, 

v.iv. TSS and hardness, when metals are monitored, 

vi.v. Field measurements for monitoring of inland freshwater bodies: 
dissolved oxygen, pH, temperature, and specific conductivity,  

vi. Aquatic Toxicity (twice once per year, once during the month with the 
historically lowest flows). 

d. Additionally, the parameters in Table E-2 shall be monitored in the first 
year of monitoring during the critical dry weather event. If a parameter is 
not detected at the Method Detection Limit (MDL) for its respective test 
method or the result is below the lowest applicable water quality objective, 
and is not otherwise identified in subparts c.i.-c.iii. or c.v.-c.vii. above, it 
need not be further analyzed. If a parameter is detected exceeding the 
lowest applicable water quality objective then the parameter shall be 
analyzed for the remainder of the Order during dry weather at the 
receiving water monitoring station where it was detected.  

 

Table E-2. Storm Water Monitoring Program’s Constituents with 
Associated Minimum Levels (MLs)3 

CONSTITUENTS MLs 
CONVENTIONAL POLLUTANTS mg/L 
Oil and Grease  5 
Total Phenols 0.1 
Cyanide 0.005 
pH 0 - 14 
Temperature  N/A 
Dissolved Oxygen Sensitivity to 5 mg/L 

                                            
3
 For priority pollutants, MLs published in Appendix 4 of the Policy for Implementation of Toxics Standards 

for Inland Surface Waters, Enclosed Bays and Estuaries of California (SIP) shall be used for all analyses, 
unless otherwise specified.  Method Detection Levels (MDLs) must be lower than or equal to the ML 
value, unless otherwise approved by the Regional Board. 
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CONSTITUENTS MLs 
BACTERIA (single sample limits) MPN/100ml 
Total coliform (marine waters) 10,000 
Enterococcus (marine waters) 104 
Fecal coliform (marine & fresh waters) 400 
E. coli (fresh waters) 235 
GENERAL mg/L 
Dissolved Phosphorus  0.05 
Total Phosphorus 0.05 
Turbidity 0.1 NTU 
Total Suspended Solids 2 
Total Dissolved Solids 2 
Volatile Suspended Solids 2 
Total Organic Carbon 1 
Total Petroleum Hydrocarbon 5 
Biochemical Oxygen Demand 2 
Chemical Oxygen Demand 20-900 
Total Ammonia-Nitrogen 0.1 
Total Kjeldahl Nitrogen 0.1 
Nitrate-Nitrite 0.1 
Alkalinity  2 
Specific Conductance 1 umho/cm 
Total Hardness 2 
MBAS  0.5 
Chloride 2 
Fluoride  0.1 
Methyl tertiary butyl ether (MTBE) 1 
Perchlorate 4 µg/L 
METALS (Dissolved & Total) µg/L 
Aluminum 100 
Antimony  0.5 
Arsenic 1 
Beryllium 0.5 
Cadmium 0.25 
Chromium (total) 0.5 
Chromium (Hexavalent) 5 
Copper 0.5 
Iron  100 
Lead 0.5 
Mercury 0.5 
Nickel 1 
Selenium 1 
Silver 0.25 
Thallium  1 
Zinc  1 
SEMIVOLATILE ORGANIC COMPOUNDS  
ACIDS µg/L 
2-Chlorophenol  2 
4-Chloro-3-methylphenol 1 
2,4-Dichlorophenol 1 
2,4-Dimethylphenol 2 
2,4-Dinitrophenol 5 
2-Nitrophenol 10 
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CONSTITUENTS MLs 
ACIDS µg/L 

4-Nitrophenol 5 
Pentachlorophenol 2 
Phenol 1 
2,4,6-Trichlorophenol 10 
BASE/NEUTRAL µg/L 
Acenaphthene  1 
Acenaphthylene 2 
Anthracene 2 
Benzidine 5 
1,2 Benzanthracene 5 
Benzo(a)pyrene 2 
Benzo(g,h,i)perylene 5 
3,4 Benzoflouranthene 10 
Benzo(k)flouranthene 2 
Bis(2-Chloroethoxy) methane  5 
Bis(2-Chloroisopropyl) ether 2 
Bis(2-Chloroethyl) ether 1 
Bis(2-Ethylhexl) phthalate  5 
4-Bromophenyl phenyl ether 5 
Butyl benzyl phthalate  10 
2-Chloroethyl vinyl ether 1 
2-Chloronaphthalene 10 
4-Chlorophenyl phenyl ether 5 
Chrysene 5 
Dibenzo(a,h)anthracene 0.1 
1,3-Dichlorobenzene 1 
1,4-Dichlorobenzene 1 
1,2-Dichlorobenzene 1 
3,3-Dichlorobenzidine 5 
Diethyl phthalate 2 
Dimethyl phthalate 2 
di-n-Butyl phthalate 10 
2,4-Dinitrotoluene 5 
2,6-Dinitrotoluene 5 
4,6 Dinitro-2-methylphenol 5 
1,2-Diphenylhydrazine 1 
di-n-Octyl phthalate 10 
Fluoranthene  0.05 
Fluorene 0.1 
Hexachlorobenzene 1 
Hexachlorobutadiene 1 
Hexachloro-cyclopentadiene 5 
Hexachloroethane 1 
Indeno(1,2,3-cd)pyrene 0.05 
Isophorone 1 
Naphthalene 0.2 
Nitrobenzene 1 
N-Nitroso-dimethyl amine 5 
N-Nitroso-diphenyl amine 1 
N-Nitroso-di-n-propyl amine 5 
Phenanthrene  0.05 
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CONSTITUENTS MLs 
BASE/NEUTRAL µg/L 
Pyrene  0.05 
1,2,4-Trichlorobenzene  1 
CHLORINATED PESTICIDES µg/L 
Aldrin  0.005 
alpha-BHC  0.01 
beta-BHC 0.005 
delta-BHC 0.005 
gamma-BHC (lindane) 0.02 
alpha-chlordane 0.1 
gamma-chlordane 0.1 
4,4'-DDD 0.05 
4,4'-DDE 0.05 
4,4'-DDT 0.01 
Dieldrin 0.01 
alpha-Endosulfan 0.02 
beta-Endosulfan  0.01 
Endosulfan sulfate 0.05 
Endrin 0.01 
Endrin aldehyde 0.01 
Heptachlor 0.01 
Heptachlor Epoxide 0.01 
Toxaphene 0.5 
POLYCHLORINATED BIPHENYLS µg/L 
Aroclor-1016  0.5 
Aroclor-1221 0.5 
Aroclor-1232 0.5 
Aroclor-1242 0.5 
Aroclor-1248 0.5 
Aroclor-1254 0.5 
Aroclor-1260 0.5 
ORGANOPHOSPHATE PESTICIDES µg/L 
Atrazine 2 
Chlorpyrifos  0.05 
Cyanazine 2 
Diazinon 0.01 
Malathion 1 
Prometryn 2 
Simazine 2 
HERBICIDES µg/L 
2,4-D 10 
Glyphosate  5 
2,4,5-TP-SILVEX 0.5 

 

VII. OUTFALL BASED MONITORING 

A. MS4 Map andStorm Drains, Channels and Outfalls Map(s) and/or Database. 
The IMP and/or CIMP plan(s) shall include a map(s) and/or database of the MS4 
to include the following information: 

1. Surface water bodies within the Permittee(s) jurisdiction 
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2. Sub-watershed (HUC 12) boundaries 

3. Land use overlay 

4. Effective Impervious Area (EIA) overlay (if available) 

5. Jurisdictional boundaries 

6. The location and length of all open channel and underground pipes 18 inches 
in diameter or greater 

7. The location of all dry weather diversions 

8. The location of all major MS4 outfalls within the Permittee’s jurisdictional 
boundary. Each major outfall shall be assigned an alphanumeric identifier, 
which must be noted on the map 

9. Notation of outfalls with significant non-storm water discharges (to be updated 
annually) 

10.  Storm drain outfall catchment areas for each major outfall within the 
Permittee(s) jurisdiction 

11. Each mapped MS4 outfall shall be linked to a database containing descriptive 
and monitoring data associated with the outfall. The data shall include: 

a. Ownership 

b. Coordinates 

c. Physical description 

d. Photographs of the outfall, where possible, shall be taken to provide 
baseline information to track operation and maintenance needs over time 

e. Determination of whether the outfall conveys significant non-storm water 
discharges 

f. Storm water and non-storm water monitoring data 

VIII. STORM WATER OUTFALL BASED MONITORING 

A. Storm Water Outfall Based Monitoring 

1. Storm water discharges from the MS4 shall be monitored at outfalls,  and/or 
alternative access points such as manholes or in channels at the Permittee’s 
jurisdictional boundary.  

2. The Permittee shall consider the following criteria when selecting outfalls for 
storm water discharge monitoring: 

a. The storm water outfall based monitoring program shall should ensure 
representative data by include monitoring from at least one major outfall 
per subwatershed (HUC 12) drainage area, within the Permittee’s 
jurisdiction, or alternate approaches as approved in an IMP or CIMP. 

b. The drainage(s) to the selected outfall(s) shall be representative of the 
land uses within the Permittee’s jurisdiction. 
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c. If a Permittee is implementing an IMP, to the extent possible, the selected 
outfalls shall not receive drainage from another jurisdiction. If this is not 
possible, and a Permittee is pursuing an individual outfall based IMP 
program, the Permittee shall conduct “upstream” and “downstream” 
monitoring as the system enters and exits the Permittee’s jurisdiction. 

d. The Permittee shall select outfalls with configurations that facilitate 
accurate flow measurement and in consideration of safety of monitoring 
personnel. 

e. The specific location of sample collection may be within the MS4 upstream 
of the actual outfall to the receiving water if field safety or accurate flow 
measurement require it. 

B. Minimum Storm Water Outfall Based Monitoring Requirements  

1. The IMP and/or CIMP shall incorporate the following minimum requirements 
for monitoring storm water: 

a. Storm water discharges shall be monitored a minimum of three times per 
year for all parameters except aquatic toxicity, which shall be monitored 
once per year (unless a proximate downstream receiving water monitoring 
location has not exhibited aquatic toxicity during the past two years). 

b. Monitoring shall be performed at the selected outfalls during wet weather 
conditions, defined for the purposes of this monitoring program as follows: 

i. When the receiving water is the Santa Monica Bay or other ocean or 
estuary water body, wet weather occurs during a storm event equal to 
or greater than 0.1 inch of precipitation, as determined by the closest 
Los Angeles County rain gauge to the catchment area draining to the 
outfall, or based on an alternative precipitation threshold as provided 
for in an approved IMP or CIMP.  

ii. When the receiving water body is a river, stream or creek, wet weather 
shall be defined as when the flow within the receiving water is at least 
20 percent greater than the base flow or an alternative threshold as 
provided for in an approved IMP or CIMP, or as defined by effective 
TMDLs within the watershed.   

iii. Monitoring of storm water discharges shall occur during wet weather 
conditions resulting from the first rain event of the year, and at least 
two additional wet weather events within the same wet weather 
season. Permittees shall target the first storm event of the storm year 
with a predicted rainfall of at least 0.25 inch at a seventy percent 
probability of rainfall at least 24 hours prior to the event start time. 
Permittees shall target subsequent storm events that forecast sufficient 
rainfall and runoff to meet program objectives and site specific study 
needs. Sampling events shall be separated by a minimum of three 
days of dry conditions (less than 0.1 inch of rain each day). 
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iv. Storm water outfall based monitoring shall commence within 6 hours 
prior to downstream receiving water monitoring, unless Permittees can 
demonstrate that a longer time period is reflective of the rain/storm 
water runoff event.  

c. At a minimum, the following parameters shall be monitored unless a 
surrogate pollutant has been approved by the Executive Officer of the 
Regional Water Board: 

i. Flow 

ii. Pollutants assigned a WQBEL derived from TMDL WLAs (See 
Attachments L-R of this Order), 

iii. Other pollutants identified on the CWA section 303(d) List for the 
receiving water or downstream receiving waters, 

iv. Total Suspended Solids (TSS) and Suspended-Sediment 
Concentration (SSC) if the receiving water is listed on the CWA 
Section 303(d) list for sedimentation, siltation or turbidity, 

v. Field measurements applicable to inland freshwater bodies only:  
hardness, pH, dissolved oxygen, temperature, and specific 
conductivity, 

vi. Aquatic ToxicityPollutants identified in a TIE conducted at the 
downstream receiving water monitoring station during the most recent 
sample event, or where the TIE conducted on the receiving water 
sample was inconclusive, aquatic toxicity(if aquatic toxicity has been 
observed downstream of the outfall in the past two years). If the 
discharge exhibits aquatic toxicity, then a TIE shall be conducted. 

vi.d. Other parameters in Table E-2 identified as exceeding the lowest 
applicable water quality objective in the nearest downstream receiving 
water monitoring station per Part VI.C.1.e. 

C. Sampling Methods  

1. Samples shall be collected during the first 24 hours of the storm water 
discharge or for the entire storm water discharge if it is less than 24 hours. 

2. If a Permittee is not participating in a IMP or CIMP, the flow-weighted 
composite sample for a storm water discharge shall be taken with a 
continuous sampler, or it shall be taken as a combination of a minimum of 3 
sample aliquots, taken in each hour of discharge for the first 24 hours of the 
discharge or for the entire discharge if the storm event is less than 24 hours, 
with each aliquot being separated by a minimum of 15 minutes within each 
hour of discharge, unless the Regional Water Board Executive Officer 
approves an alternate protocol. 
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IX. NON-STORM WATER OUTFALL BASED SCREENING AND MONITORING 

A. Objectives of the Non-Storm Water Outfall Screening and Monitoring 
Program 

The outfall screening and monitoring process is intended to meet the following 

objectives. 

1. Develop criteria or other means to ensure that all outfalls with significant non-

storm water discharges are identified and assessed during the term of this 

Order.  

2. For outfalls determined to have significant non-storm water flow, determine 

whether flows are the result of illicit connections/illicit discharges (IC/IDs), 

authorized or conditionally exempt non-storm water flows, natural flows, or 

from unknown sources. 

3. Refer information related to identified IC/IDs to the IC/ID Elimination Program 

(Part VI.D.9 10 of this Order) for appropriate action. 

4. Based on existing screening or monitoring data or other institutional 

knowledge, assess the impact of non-storm water discharges (other than 

identified IC/IDs) on the receiving water. 

5. Prioritize monitoring of outfalls considering the potential threat to the receiving 

water and applicable TMDL compliance schedules.  

6. Conduct monitoring or assess existing monitoring data to determine the 

impact of non-storm water discharges on the receiving water.  

7. Conduct monitoring or other investigations to identify the source of pollutants 

in non-storm water discharges. 

8. Use results of the screening process to evaluate the conditionally exempt 

non-storm water discharges identified in Parts III.A.2 and III.A.3 of this Order 

and take appropriate actions pursuant to Part III.A.4.d of this Order for those 

discharges that have been found to be a source of pollutants. Any future 

reclassification shall occur per the conditions in Parts III.A.2 or III.A.6 of this 

Order.  

9. Maximize the use of Permittee resources by integrating the screening and 

monitoring process into existing or planned IMP and/or CIMP efforts. 

 

B. Outfall Screening and Monitoring Plan 

1. Concurrent with the development of an IMP or CIMP, or within six (6) 
monthsone (1) year of the effective date of this Order, each Permittee shall 
submit a non-storm water outfall-based screening and monitoring program 
plan that documents with written procedures an explanation of how the 
program is to be implemented. The procedures must be updated as needed 
to reflect the Permittee’s program. The plan may be a separate stand-alone 
document or may be part of an IMP or CIMP. 
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2. Each Permittee shall conduct at least one re-assessment of its non-storm 
water outfall-based screening and monitoring program during the term of this 
Order to determine whether changes or updates are needed.  Where changes 
are needed, the Permittee shall make the changes in its written program 
documents, implement these changes in practice, and describe the changes 
within the next annual report. 

C. Identification of Outfalls with Significant with Non-Storm Water Discharge 

1. Based on the inventory of MS4 outfalls required under Part VII of this MRP, 
each Permittee shall identify MS4 outfalls with significant non-storm water 
discharges. Significant non-storm water discharges may be determined by 
one or more of the following characteristics: 

a. Discharges from major outfalls subject to dry weather TMDLs. 

b. Discharges for which existing monitoring data exceeds non-storm water 
Action Levels identified in Attachment G of this Order. 

c. Non-storm water discharges that have caused or have the potential to 
cause overtopping of downstream diversions. 

d. Discharges exceeding a proposed threshold discharge rate as determined 
by the Permittee. 

e. Other characteristics as determined by the Permittee and incorporated 
within their screening program plan.  

 
D. Inventory of MS4 Outfalls with Non-Storm Water Discharges 

1. Each Permittee shall develop and maintain an inventory of MS4 outfalls and 
identify those with known significant non-storm water discharges and those 
requiring no further assessment. If the MS4 outfall requires no further 
assessment, the inventory must include the rationale for the determination of 
no further action required. This inventory shall be recorded in a database with 
outfall locations linked to the MS4 Storm Drains, Channels and Outfalls map 
required in Part VII.A of this MRP. GIS is preferred.  

2. As a component of the inventory, each Permittee shall record existing data 
from past outfall screening and monitoring and initiate data collection efforts 
as warranted. The data shall include the physical attributes of those MS4 
outfalls or alternative monitoring locations determined to have significant non-
storm water discharges. Attributes to be obtained shall, at a minimum, 
include: 

a. Date and time of last visual observation or inspection  

b. Outfall alpha-numeric identifier 

c. Description of outfall structure including size (e.g., diameter and shape) 

d. Description of receiving water at the point of discharge (e.g., natural, soft-
bottom with armored sides, trapezoidal, concrete channel)  
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e. Latitude/longitude coordinates  

f. Nearest street address 

g. Parking, access, and safety considerations 

h. Photographs of outfall condition 

i. Photographs of significant non-storm water discharge (or indicators of 
discharge) unless safety considerations preclude obtaining photographs 

j. Estimation of discharge rate 

k. All diversions either upstream or downstream of the outfall  

l. Observations regarding discharge characteristics such as turbidity, odor, 
color, presence of debris, floatables, or characteristics that could aid in 
pollutant source identification. 

4. Each year, the MS4 Storm Drains, Channels and Outfalls map and 
associated outfall database required in Part VII.A of the MRP shall be 
updated to incorporate the most recent characterization data for outfalls with 
significant non-storm water discharge. 

E. Prioritized Source Identification   

1. Outfalls within the inventory shall be prioritized in the following order (a= 
highest priority, etc.) for source identification activities: 

a. Outfalls discharging directly to receiving waters with WQBELs or receiving 
water limitations in the TMDL provisions for which final compliance 
deadlines have passed. 

b. All major outfalls and other outfalls that discharge to a receiving water 
subject to a TMDL shall be prioritized according to TMDL compliance 
schedules. 

c. Outfalls for which monitoring data exist and indicate recurring 
exceedances of one or more of the Action Levels identified in Attachment 
G of this Order. 

d. All other major outfalls identified to have significant non-storm water 
discharges. 

2. Each Permittee shall develop a source identification schedule based on the 
prioritized list of outfalls exhibiting significant non-storm water discharges. 
The schedule shall ensure that source investigations are conducted for no 
less than 25% of the outfalls in the inventory within three years of the effective 
date of this Order and 100% of the outfalls in the inventory within 5 years of 
the effective date of this Order.   

3. Alternatively, a Permittee may request an alternative prioritization and 
schedule from the Regional Water Board if it can demonstrate an equivalent 
level of source investigation and abatement through an approved IMP or 
CIMP.  
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F. Identify Source(s) of Significant Non-Storm Water Discharge 

1. If the source is determined to be an illicit discharge, each Permittee shall 
implement procedures to eliminate the discharge consistent with IC/ID 
requirements and document the actions in the next annual report.  

2. If the source is determined to be an NPDES permitted discharge, a discharge 
subject to a Record of Decision approved by USEPA pursuant to section 121 
of CERCLA, a conditionally exempt essential non-storm water discharge, or 
entirely comprised of natural flows as defined at Part III.A.d of this Order, 
document the source and report to the Regional Water Board within 30 days 
of determination and in the next annual report. 

3. If the source is either unknown or a conditionally exempt, but non-essential, 
non-storm water discharge, each Permittee shall conduct monitoring required 
in Part IX.G of this MRP.  

4. If the discharge is comprised of more than one source, the Permittee shall 
attempt to quantify the relative contribution from the individual or group of 
similar sources (e.g., irrigation overspray) and classify the contributions as 
authorized, conditionally exempt essential, natural, illicit discharge, 
conditionally exempt non-essential, or unknown. 

5. If the source of non-storm water discharge is unknown, the Permittee shall 
describe the efforts undertaken to identify the source. Methods for identifying 
the source of non-storm water discharge may include inspection and/or 
surveillance, discharge monitoring and data loggers, video or physical 
inspection, monitoring for indicator parameters (e.g., surfactants, chlorine, 
Pyrethroids), or other means. 

6. If a source originates within an upstream jurisdiction, the Permittee shall 
inform in writing both the upstream jurisdiction and the Regional Water Board 
within 30 days of determination of the presence of the discharge, all available 
characterization data, contribution determination efforts, and efforts taken to 
identify its source. 

7. MS4 outfalls requiring no further action shall be maintained in the MS4 
outfallStorm Drains, Channels and Outfalls map and associated database 
(see Part VII.A. of this MRP).  

G. Monitor Non-Storm Water Discharges Exceeding Criteria 

1. Within 90 days after completing the source identification or after the Executive 
Officer of the Regional Water Board approves the IMP or CIMP, whichever is 
later, each Permittee shall monitor outfalls that have been determined to 
convey significant discharges comprised of either unknown or conditionally 
exempt non-storm water discharges, or continuing discharges attributed to 
illicit discharges. The following parameters shall be monitored: 

d.a. Flow, 
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e.b. Pollutants assigned a WQBEL or receiving water limitation to 
implement TMDL Provisions for the respective receiving water, as 
identified in Attachments L - R of this Order, 

f. Pollutants with non-storm water action levels as identified in Attachment G 
of this Order,  

g.c. Other pollutants identified on the CWA section 303(d) List for the 
receiving water or downstream receiving waters, 

d. Aquatic Toxicity (required when the previous monitoring results from this 
outfall indicated toxicity, or results from a proximate downstream receiving 
water monitoring indicated aquatic toxicity during the last two 
years)Pollutants identified in a TIE conducted in response to observed 
aquatic toxicity during dry weather at the nearest downstream receiving 
water monitoring station during the last sample event or, where the TIE 
conducted on the receiving water sample was inconclusive, aquatic 
toxicity. If the discharge exhibits aquatic toxicity, then a TIE shall be 
conducted.  

h.e. Other parameters in Table E-2 identified as exceeding the lowest 
applicable water quality objective in the nearest downstream receiving 
water monitoring station per Part VI.D.1.d. 

2. For outfalls subject to a dry weather TMDL, monitoring frequency shall be per 
the approved CMP TMDL Monitoring Plan or as otherwise specified in the 
TMDL, or as specified in an IMP or CIMP approved by the Executive Officer 
of the Regional Water Board. 

3. For outfalls not subject to dry weather TMDLs, monitoring frequency shall be 
four times during the first year following source identification, distributed 
approximately quarterly, during dry weather conditions, except where required 
based on receiving water monitoring data, aquatic toxicity shall be monitored 
two times during the first year or as specified in an IMP or CIMP approved by 
the Executive Officer of the Regional Water Board. 

4. Except as required by an applicable TMDL CMPMonitoring Plan, IMP, or 
CIMP approved by the Executive Officer of the Regional Water Board, 
monitoring frequency may be reduced to twice per year, beginning in the 
second year of monitoring, if pollutant concentrations measured during the 
first year do not exceed WQBELs, non-storm water Action Levels or water 
quality standards for other pollutants identified on the CWA section 303(d) 
List for the receiving water or downstream receiving waters.  

5. Unless required by a TMDL, aquatic toxicity monitoring of significant non-
storm water discharges shall only be required when results from a proximate 
downstream receiving water monitoring have indicated aquatic toxicity during 
the last two years. If initial monitoring results from an outfall indicate toxicity, 

aquatic toxicity shall be monitor a second time during the reporting year. Aquatic toxicity 

monitoring may be reduced to once per year, if monitoring conducted during the first year 
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indicates that the discharge was not toxic. Aquatic toxicity monitoring shall be performed 

per the procedures described in Part XII of this MRP. 

6.5. Following two years of monitoring, the Permittee may submit a written 
request to the Executive Officer of the Regional Water Board to reduce or 
eliminate monitoring of specified pollutants, based on an evaluation of the 
monitoring data.  

H. Sampling Methods 

1. For the purposes of this monitoring program, non-storm water discharges 
shall be monitored during days when precipitation is < 0.1 inch and those 
days not less than 3 days after a rain day unless an alternative criterion is 
provided for in an approved IMP or CIMP. A rain day is defined as those with 
>= 0.1 inch of rain.  

2. Flow-weighted composite samples shall be taken for a non-storm water 
discharge using a continuous sampler, or it shall be taken as a combination of 
a minimum of 3 sample aliquots, taken in each hour during a 24-hour period, 
unless the Regional Water Board Executive Officer approves an alternate 
protocol. 

X. NEW DEVELOPMENT/RE-DEVELOPMENT EFFECTIVENESS TRACKING 

A. Each Permittee shall maintain a database providing the following information for 
each new development/re-development subject to the requirements of Part 
VI.D.6 of this Order that is approved by the Permittee on or after the effective 
date of this Order: 

1. Name of the Project and Developer, 

2. Project location and map (preferably linked to the GIS storm drain map), 

3. Date of Certificate of Occupancy, 

4. 85th percentile storm event for the project design (inches per 24 hours), 

5. 95th percentile storm event for projects draining to natural water bodies 
(inches per 24 hours), 

6. Other design criteria required to meet hydromodification requirements for 
drainages to natural water bodies, 

7. Project design storm (inches per 24-hours), 

8. Project design storm volume (gallons or MGD), 

9. Percent of design storm volume to be retained on site, 

10. Design volume for water quality mitigation treatment BMPs, if any.  

11. If flow through, water quality treatment BMPs are approved, provide the one-
year, one-hour storm intensity as depicted on the most recently issued 
isohyetal map published by the Los Angeles County Hydrologist, 
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12.  Percent of design storm volume to be infiltrated at an off-site mitigation or 
groundwater replenishment project site, 

13. Percent of design storm volume to be retained or treated with biofiltration at 
an off-site retrofit project,  

14. Location and maps (preferably linked to the GIS storm drain map required in 
Part VII.A of this MRP) of off-site mitigation, groundwater replenishment, or 
retrofit sites. ,  

14.15.  Documentation of issuance of requirements to the developer. 

XI. REGIONAL STUDIES 

A. Pyrethroid Insecticides Study Requirements 

1. Each Permittee shall perform a Pyrethroid Insecticides study to accomplish 
the following objectives: 

a. Establish baseline data for major watersheds  

b. Evaluate whether Pyrethroid Insecticide concentrations are at or 
approaching levels known to be toxic to sediment-dwelling aquatic 
organisms. 

i. Determine if Pyrethroids discovered are from urban sources. 

ii. Assess any trends over the permit term. 

2. Each Permittee shall incorporate monitoring for Pyrethroid Insecticides 
according to the following: 

a. No later than the second year after the effective date of this Order, 
monitoring shall begin. 

b. Quality Assurance Project Plan (QAPP) to be submitted to the Regional 
Water Board Executive Officer for approval 12 months prior to beginning 
monitoring. 

c. In selecting sites to conduct monitoring for Pyrethroid Insecticides, 
Permittees shall review existing monitoring programs in the watersheds by 
other public and private entities, watershed coalitions, and citizen 
volunteers, so as to complement and not duplicate efforts. 

d. Establish at least two stations along the main stems of each major 
watershed river that are influenced by urban discharges. 

3. Each Permittee shall monitor Pyrethroid Insecticides stations according to the 
following: 

a. Each Permittee shall monitor one sampling event per station per 
monitoring year. 

b. Monitoring shall occur after sediment has settled within the waterbody, 
and safe access can be assured. 
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c. Sufficient sediment is to be collected at each station in a pre-cleaned 
glass jar by skimming the upper 1 cm of the sediment column with a steel 
scoop, and held on ice until returned to the laboratory. 

d. Sediment shall be homogenized in the laboratory by hand mixing, then 
held at 4 °C (toxicity samples) or -20 °C (chemistry samples). 

e. All samples taken shall be analyzed for the following Pyrethroids: 

(1) biefenthrin 

(2) cyfluthrin 

(3) cypermethrin 

(4) deltamethrin 

(5) esfenvalerate 

(6) lambda-cyhalothrin 

(7) permethrin 

(8) tralomethrin (if laboratory is capable of analyzing for it) 

f. Detection limits for all Pyrethroids shall be as close to 1ng/g (dry weight) 
as reasonably achievable. 

g. Each sediment sample is to measure the following: 

i. Total organic carbon (TOC). 

ii. All samples shall be tested for toxicity to 7 to 10 day old Hyalella 
azteca according to standard USEPA testing methods.4  

iii.  Use of the approach described in Aquatic Toxicity Due to Residential 
Use of Pyrethroid Insecticides5 for toxicity testing shall be used. 

h. Analysis by a laboratory that has performed sediment toxicity testing for 
Pyrethroid Insecticides is preferred. 

i. Monitoring results from each station shall be sent electronically to the 
Regional Water Board's Storm Water Site at 
MS4stormwaterRB4@waterboards.ca.gov, no later than 90 days from 
sample collection date.  The sample data transmitted shall be in the most 
recent update of the Southern California Municipal Storm Water 
Monitoring Coalition's (SMC) Standardized Data Transfer Formats 
(SDTFs). 

                                            
4
 U.S. EPA.  Methods for Measuring the Toxicity and Bioaccumulation of Sediment-Associated 

Contaminants with Freshwater Invertebrates; EPA Publication 600/R-99/064; U.S. Environmental 
Protection Agency: Washington, DC, 2000; 192 pp. 
5
 Aquatic Toxicity Due to Residential Use of Pyrethroid Insecticides; Weston, D.P.; Holmes, R.W.; You, J.; 

Lydy, M.J.  Environ. Sci. Technol.; (Article); 2005; 39(24); 9780 pp.  
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j. If toxicity is attributed to Pyrethroids, then consultation with USEPA, the 
California Department of Pesticide Regulations, and the California 
Stormwater Quality Association's (CASQA) pesticides committee (UP3 
Project web site), shall be required to obtain relevant information to use in 
developing the recommendations to mitigate Pyrethroids in the Final Study 
Report. 

k. Final Report for the Pyrethroid Insecticides study shall contain the 
following: 

i. Executive summary 

ii. Methods 

iii. Results (including map depicting monitoring stations) 

iv. Discussion 

v. Recommendations to mitigate Pyrethroids. 

l. The Final Report shall be completed and submitted to the Executive 
Officer of the Regional Water Board no later than 8 months after 
completion of the study. 

m. The Pyrethroid Insecticides Study requirement may be satisfied by 
another tributary monitoring program within the Watershed performing a 
sediment Pyrethroid Insecticides Study that is monitoring to assess 
pyrethroid concentrations and sediment toxicity, so as to complement 
other ongoing programs. 

n. Permittees can elect to conduct the Pyrethroid Insecticides Study on a 
jurisdiction, watershed, or countywide scale.  If Permittees elect to conduct 
the study at either a watershed or countywide scale, the study shall be 
incorporated into an IMP or CIMP and the Permittee shall notify the 
Regional Water Board Executive Officer of its intent consistent with the 
notification requirements contained in Section IV.C of this MRP (Integrated 
Monitoring Plans).  

B.A. Southern California Stormwater Monitoring Coalition Watershed 
Monitoring Program 

1. The Southern California Stormwater Monitoring Coalition (SMC) Regional 
Watershed Monitoring Program was initiated in 2008. This program is 
conducted in collaboration with the Southern California Coastal Water 
Research Project (SCCWRP), State Water Board’s Surface Water Ambient 
Monitoring Program, three Southern California Regional Water Quality 
Control Boards (Los Angeles, Santa Ana, and San Diego) and several county 
storm water agencies (Los Angeles, Ventura, Orange, Riverside and San 
Diego).  SCCWRP acts as the facilitator to organize the program and 
completes data analysis and report preparation. 

2. The SMC monitoring program seeks to coordinate and leverage existing 
monitoring efforts to produce regional estimates of condition, improve data 
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comparability and quality assurance, and maximize data availability, while 
conserving monitoring expenditures.  The primary goal of this program is to 
implement an ongoing, large-scale regional monitoring program for southern 
California’s coastal streams and rivers.  The monitoring program addresses 
three main questions:  

a. What is the condition of streams in southern California?  

b. What are the stressors that affect stream condition?; and 

c.  Are conditions getting better or worse? 

3. A comprehensive program was designed by the SMC, in which each 
participating group assesses its local watersheds and then contributes their 
portion to the overall regional assessment.  The program utilizes the following 
indicators:  benthic macroinvertebrate community bioassessment, benthic 
algal community bioassessment (soft algae and diatoms), riparian wetland 
evaluation (using California Rapid Assessment Methodology), water 
chemistry (nutrients and certain pesticides), water toxicity (using 
Ceriodaphnia), and physical habitat.  Sampling occurs in 15 coastal southern 
California watersheds from Ventura to the US-Mexico border, and sites are 
sampled randomly across three land use types (open space, urban and 
agriculture).  Six sites are sampled per year per watershed, resulting in 
monitoring of 90 sites per year and 450 sites overall over a five-year period 
(reaching the statistically desirable target of 30 data points per watershed). 

4. To continue to implement the SMC design, each Permittee shall be 
responsible for supporting the monitoring described at the sites within the 
watershed management area(s) that overlap with the Permittee’s jurisdictional 
area. These include six random sites annually in the Santa Monica Bay 
Watershed Management area and at three random sites annually in the Santa 
Clara River Watershed (the other three sites are funded by the Ventura 
County MS4 Permittees).  Permittees shall continue to contribute monitoring 
resources to the San Gabriel River and Los Angeles River Regional 
Watershed Monitoring Programs (overall, both of these programs fund six 
sites per year to contribute to the SMC Program).   

XII. AQUATIC TOXICITY MONITORING METHODS 

A. Aquatic Toxicity Monitoring as required in Parts VI (Receiving Water Monitoring), 
VIII (Storm Water Outfall Based Monitoring), and IX (Non-storm Water Outfall 
Based Monitoring) of this MRP, shall be conducted according to the procedures 
described in this Part. When the State Water Board’s Policy for Toxicity 
Assessment and Control is fully approved and in effect, the Regional Water 
Board Executive Officer may direct the Permittee(s) to replace current toxicity 
program elements with standardized procedures in the policy. 

B. The Permittee(s) shall collect and analyze samples taken from receiving water 
monitoring locations and outfall discharges, as soon as possible after sample 
collection, to evaluate the extent and causes of toxicity in receiving waters. 
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B.C. Toxicity samples are tomay be flow-weighted composite samples, or grab 
samples, for wet and dry event sampling (considering holding times, below) and 
can be collected manually or automatically. 

C.D. The total sample volume of sample shall be determined both by the 
specific toxicity test methods to be used and the additional volume necessary for 
. At a minimum it is suggested to collect 5 gallons for baseline testing, and for 
Toxicity Identification Evaluation (TIE) studies. Sufficient sample volume shall be 
collected to perform both the required toxicity tests and TIE studies.  The same 
refrigerated sample showing toxicity shall be used for the TIE, even though the 
holding time may exceed 72 hours.   

D.E. Holding Times. All toxicity tests shall be conducted as soon as possible 
following sample collection. AThe 36-hour sample holding time for test initiation 
shall be targeted. Sample storage (holding time) time shall not exceedHowever, 
no more than 72 hours shall elapse before the conclusion of (fromsample 
collection and test initiationthrough lab processing). 

E.F. Definition of Chronic Toxicity. Chronic toxicity measures a sublethal effect 
(e.g., reduced growth, reproduction) to experimental test organisms exposed to 
an effluent or receiving waters compared to that of the control organisms.If the 
State Water Board adopts the Policy for Toxicity Assessment and Control that 
outlines the use of the Test of Significant Toxicity (TST), modifying the current 
hypothesis test methods, the Regional Water Board Executive Officer will revise 
the Monitoring and Reporting Program, as applicable, to reflect these 
changes.  These revisions would be made as soon as practicable following 
USEPA approval of the new state policy. 

F.G. Acute ToxicityChronic Toxicity Receiving Water and Outfall Effluent 
Monitoring Programs.  

1. TestFreshwater Test Species and Methods. Acute Toxicity: Acute toxicity is a 
measure of primarily lethal effects that occur over a 96-hour period.  Acute 
toxicity shall be measured in percent survival measured in undiluted (100%) 
sample (receiving water or discharge effluent). 

If samples are collected in receiving waters with salinity <1 ppt, or from 
outfalls discharging to receiving waters with salinity <1 ppt, then the 
Permittee(s) shall conduct the following critical life stage chronic toxicity tests 
on undiluted samples in accordance with species and short-term test methods 
in Short-term Methods for Estimating the Chronic Toxicity of Effluents and 
Receiving Waters to Freshwater Organisms (EPA/821/R-02/013, 2002; Table 
IA, 40 CFR Part 136). In no case shall the following test species be 
substituted with another organism unless written authorization from the 
Regional Water Board Executive Officer is received. 
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i. A static renewal toxicity test with the fathead minnow, Pimephales 
promelas (Larval Survival and Growth Test Method 1000.06). 

ii. A static renewal toxicity test with the daphnid, Ceriodaphnia dubia 
(Survival and Reproduction Test Method 1002.05). 

iii. A static renewal toxicity test with the green alga, Selenastrum 
capricornutum (also named Raphidocelis subcapitata) (Growth Test 
Method 1003.0). 

1.  

a. The average survival in the undiluted sample for any three (3) consecutive 
96-hour static or continuous flow bioassay tests shall be at least 90%, and  

b. No single test shall produce less than 70% survival.  

2. Marine and Estuarine Test Species and Methods.Acute Toxicity Receiving 
Water/Effluent Monitoring Program. 

2. If samples are collected in receiving waters with salinity >1 ppt, or from 
outfalls discharging to receiving waters with salinity >1 ppt, then the 
Permittee(s) shall conduct the following critical life stage chronic toxicity tests 
on undiluted samples in accordance with species and short-term test methods 
in Short-term Methods for Estimating the Chronic Toxicity of Effluents and 
Receiving Waters to West Coast Marine and Estuarine Organisms 
(EPA/600/R-95/136, 1995). Artificial sea salts shall be used to increase 
sample salinity. In no case shall the following test species be substituted with 
another organism unless written authorization from the Regional Water Board 
Executive Officer is received. 

a. A static renewal toxicity test with the topsmelt, Atherinops affinis (Larval 
Survival and Growth Test Method 1006.015);Method. The Permittee(s) 
shall conduct acute toxicity tests (96-hour static renewal toxicity tests) on 
water samples, by methods specified in 40 CFR Part 136 which cites 
USEPA’s Methods for Measuring the Acute Toxicity of Effluents and 
Receiving Waters to Freshwater and Marine Organisms, Fifth Edition, 
October 2002, USEPA, Office of Water, Washington D.C. (EPA/821/R-
02/012) or a more recent edition to ensure compliance.   

b. A static non-renewal toxicity test with the purple sea urchin, 
Strongylocentrotus purpuratus (Fertilization Test Method 1008.0); and 
Test Species.  The fathead minnow, Pimephales promelas (Acute Toxicity 
Test Method 2000.0), shall be used as the test species for fresh water and 
the topsmelt, Atherinops affinis, shall be used as the test species in 
brackish water.  However, if the salinity of the receiving water is between 1 
to 32 parts per thousand (ppt), the Permittee(s) may have the option of 

                                            
6 Daily observations for mortality make it possible to calculate acute toxicity for desired 
exposure periods (e.g., a 7-day acute endpoint).  
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using the inland silverside, Menidia beryllina (Acute Toxicity Test Method 
2006.0), instead of the topsmelt.  The method for topsmelt (Larval Survival 
and Growth Test Method 1006.0) is found in USEPA’s Short-term 
Methods for Estimating the Chronic Toxicity of Effluent and Receiving 
Waters to West Coast Marine and Estuarine Organisms, First Edition, 
August 1995 (EPA/600/R-95/136). The Pacific mysid shall be used as the 
invertebrate test species for marine water, and the water flea 
(Ceriodaphnia dubia, Daphnia pulex or Daphnia magna) shall be used as 
the invertebrate test species in fresh water.  

c. A static non-renewal toxicity test with the giant kelp, Macrocystis pyrifera 
(Germination and Growth Test Method 1009.0).Alternate Reporting. For 
the acute toxicity testing with topsmelt, the Permittee(s) may elect to 
report the results or endpoint from the first 96 hours of the chronic toxicity 
test as the results of the acute toxicity test, using USEPA’s August 1995 
method (EPA/600/R-95/136) to conduct the chronic toxicity test.   

3. Test Species Sensitivity Screening. 

To determine the most sensitive test species, the Permittee(s) shall conduct 
two wet weather and two dry weather toxicity tests with a vertebrate, an 
invertebrate, and a plant. After this screening period, subsequent monitoring 
shall be conducted using the most sensitive test species. Alternatively, if a 
sensitive test species has already been determined, or if there is prior 
knowledge of potential toxicant(s) and a test species is sensitive to such 
toxicant(s), then monitoring shall be conducted using only that test species. 
Sensitive test species determinations shall also consider the most sensitive 
test species used for proximal receiving water monitoring. After the screening 
period, subsequent monitoring shall be conducted using the most sensitive 
test species. Rescreening shall occur in the fourth year of the permit term. 

c. 4. Chronic toxicity test biological endpoint data shall be analyzed using the 
Test of Significant Toxicity t-test approach specified in National Pollutant 
Discharge Elimination System Test of Significant Toxicity Implementation 
Document (U.S. Environmental Protection Agency, Office of Wastewater 
Management, Washington, DC. EPA 833-R-10-003, 2010.) For this 
monitoring program, the critical chronic instream waste concentration (IWC) is 
set at 100% receiving water for receiving water samples and 100% effluent 
for wet- and dry-weather outfall samples. A 100% receiving water/outfall 
effluent sample and a control shall be tested.  

i. Toxicity Identification Evaluation. The Permittee(s) shall immediately begin a 
Toxicity Identification Evaluation (TIE) and implement the Initial Investigation 
Toxicity Reduction Evaluation (TRE) workplan if any of the results are less 
than 70% survival or the average survival in the undiluted sample for any 
three (3) consecutive 96-hour static or continuous flow bioassay tests is less 
than 90%. 
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G.H. Quality Assurance.Chronic Toxicity 

1. If the receiving water or outfall effluent test does not meet all test acceptability 
criteria (TAC) specified in the test methods manuals (Short-term Methods for 
Estimating the Chronic Toxicity of Effluents and Receiving Waters to 
Freshwater Organisms (EPA/821/R-02/013, 2002) and Short-term Methods 
for Estimating the Chronic Toxicity of Effluents and Receiving Waters to West 
Coast Marine and Estuarine Organisms (EPA/600/R-95/136, 1995)), then the 
Permittee(s) must re-sample and re-test at the earliest time possible. 
Definition of Chronic Toxicity. Chronic toxicity measures a sublethal effect 
(e.g., reduced growth, reproduction) to experimental test organisms exposed 
to an effluent or receiving waters compared to that of the control organisms. 
Chronic toxicity shall be measured in TUc, where TUc = 100/NOEC. The No 
Observable Effect Concentration (NOEC) is expressed as the maximum 
percent effluent concentration that causes no observable effect on test 
organisms, as determined by the results of a critical life stage toxicity test. 

2. Control water, including brine controls, shall be laboratory water prepared and 
used as specified in the test methods manuals.This Order includes a chronic 
toxicity trigger defined as an exceedance of 1.0 TUc in a critical life stage test 
of 100% effluent. (The monthly median for chronic toxicity of 100% effluent 
shall not exceed 1 TUc in a critical life stage test.) 

3. If organisms are not cultured in-house, then concurrent testing with a 
reference toxicant shall be conducted. If organisms are cultured in-house, 
then monthly reference toxicant testing is sufficient. Reference toxicant tests 
and effluent toxicity tests shall be conducted using the same test conditions 
(e.g., same test duration, etc.).Chronic Toxicity Effluent Monitoring Program. 

a. Test Species and Methods:  

i. The Permittee(s) shall conduct critical life stage chronic toxicity tests on 24-hour 
composite 100% effluent or receiving water grab samples.   

ii. For freshwater discharge Permittee(s) shall conduct the chronic toxicity test in 
accordance with USEPA’s Short-Term Methods for Estimating the Chronic Toxicity of 
Effluents and Receiving Waters to Freshwater Organisms Fourth Edition, October 2002, 
(EPA/821/R-02/013), or a more recent edition.  

iii.  For brackish effluent, the Permittee(s) shall conduct the chronic toxicity test in 
accordance with USEPA’s Short-Term Methods for Estimating the Chronic Toxicity of 
Effluent and Receiving Waters to West Coast Marine and Estuarine Organisms, First 
Edition, August 1995, (EPA/600/R-95/136), or Short Term Methods for Estimating the 
Chronic Toxicity of Effluents and Receiving Waters to Marine and Estuarine Organisms, 
Third Edition, October 2002, (EPA/821-R-02-014), or a more recent edition. 

iv. The Permittee(s) shall conduct tests as follows: with a vertebrate, an 
invertebrate, and a plant for the first three suites of tests.  After the screening period, 
monitoring shall be conducted using the most sensitive species.   
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v. Re-screening is required every 24 months.  The Permittee(s) shall re-screen with 
the three species listed above and continue to monitor with the most sensitive species.  
If the first suite of re-screening tests demonstrates that the same species is the most 
sensitive one, then the re-screening does not need to include more than one suite of 
tests.  If a different species is the most sensitive one or if there is ambiguity then the 
Permittee(s) shall proceed with suites of screening tests for a minimum of three, but not 
to exceed five suites. 

vi. In brackish waters, the presence of chronic toxicity may be estimated as 
specified using West Coast marine organisms according to USEPA’s Short-Term 
Methods for Estimating Chronic Toxicity of Effluent and Receiving Waters to West 
Coast Marine and Estuarine Organisms, August 1995 (EPA/600/R-95/136), or a more 
recent edition. 

vii. After the screening period, subsequent monitoring shall be conducted using the 
most sensitive species. 

viii. Outfall samples shall be collected before discharge to the receiving   
water.  

4. Chronic Toxicity Identification Evaluation. 

i.3. If the chronic toxicity of the effluent exceeds 1.0 TUc, the Permittee(s) shall 
immediately implement the Initial Investigation TRE workplan.  The 
Permittee(s) shall ensure that they receive results of a failing chronic toxicity 
test within 24 hours of the completion of the test and the additional tests shall 
begin within 5 business days of the receipt of the result.   

H.I. Toxicity Identification Evaluation (TIE).Quality Assurance 

1. A toxicity test sample is immediately subject to TIE procedures to identify the 
toxic chemical(s), if either the survival or sublethal endpoint demonstrates a 
Percent Effect value equal to or greater than 50% at the IWC. Percent Effect 
is defined as the effect value—denoted as the difference between the mean 
control response and the mean IWC response, divided by the mean control 
response—multiplied by 100.Concurrent testing with a reference toxicant 
shall be conducted. Reference toxicant tests shall be conducted using the 
same test conditions as the effluent toxicity tests (e.g., same test duration, 
etc). 

2. A TIE shall be performed to identify the causes of toxicity using the same 
species and test method and, as guidance, U.S. EPA manuals: Toxicity 
Identification Evaluation: Characterization of Chronically Toxic Effluents, 
Phase I (EPA/600/6-91/005F, 1992); Methods for Aquatic Toxicity 
Identification Evaluations, Phase II Toxicity Identification Procedures for 
Samples Exhibiting Acute and Chronic Toxicity (EPA/600/R-92/080, 1993); 
Methods for Aquatic Toxicity Identification Evaluations, Phase III Toxicity 
Confirmation Procedures for Samples Exhibiting Acute and Chronic Toxicity 
(EPA/600/R-92/081, 1993); and Marine Toxicity Identification Evaluation 
(TIE): Phase I Guidance Document (EPA/600/R-96-054, 1996).If either the 
reference toxicant test or receiving water or effluent test does not meet all test 
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acceptability criteria (TAC) as specified in the test methods manuals 
(EPA/600/4-91/002 and EPA/821-R-02-014), then the Permittee(s) must 
re-sample and re-test at the earliest time possible. 

3. The TIE should be conducted on the test species demonstrating the most 
sensitive toxicity response at a sampling station. A TIE may be conducted on 
a different test species demonstrating a toxicity response with the caveat that 
once the toxicant(s) are identified, the most sensitive test species triggering 
the TIE shall be further tested to verify that the toxicant has been identified 
and addressed.Control and dilution water should be receiving water (if non-
toxic) or laboratory water, as appropriate, as described in the manual.  If the 
dilution water used is different from the water the test species are grown in 
(culture water), a second control using culture water shall be used. 

3.4. A TIE Prioritization Metric (see Appendix 5 in SMC Model Monitoring 
Program) may be utilized to rank sites for TIEs. 

I.J. Toxicity Reduction Evaluation (TRE).Preparation of an Initial Investigation 

TRE Workplan 

1. When a toxicant or class of toxicants is identified through a TIE conducted at 
a receiving water monitoring station, Permittees shall analyze for the 
toxicant(s) during the next scheduled sampling event in the discharge from 
the outfall(s) upstream of the receiving water location.  

2. If the toxicant is present in the discharge from the outfall at levels above the 
applicable receiving water limitation, a TRE shall be performed for that 
toxicant. 

1.3. The TRE shall include all reasonable steps to identify the source(s) of 
toxicity and discuss appropriate BMPs to eliminate the causes of toxicity. No 
later than 30 days after the source of toxicity and appropriate BMPs are 
identified, the Permittee(s) shall submit a TRE Corrective Action Plan to the 
Regional Water Board Executive Officer for approval. At minimum, the plan 
shall include a discussion of the following:The Permittee(s) shall prepare and 
submit a copy of the Permittee(s)’s initial investigation TRE workplan to the 
Executive Officer of the Regional Water Board for approval within 90 days of 
the effective date of this Order.  If the Executive Officer does not disapprove 
the workplan within 60 days, the workplan shall become effective.  The 
Permittee(s) shall use USEPA manuals EPA/600/2-88/070 (industrial) or 
EPA/833B-99/002 (municipal) as guidance.  This workplan shall describe the 
steps the Permittee(s) intends to follow if toxicity is detected, and should 
include, at a minimum: 

a. The potential sources of pollutant(s) causing toxicity.A description of the 
investigation and evaluation techniques that will be used to identify 
potential causes and sources of toxicity, effluent variability, and MCM 
and/or BMP efficiency. 

b. A list of municipalities and agencies that may have jurisdiction over 
sources of pollutant(s) causing toxicity.A description of the Permittee(s) 
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methods for minimizing the toxicity of storm water and non-storm water 
discharges. 

c. Recommended BMPs to reduce the pollutant(s) causing toxicity.If a TIE is 
necessary, the name or position title of who would conduct the TIEs (i.e., 
an in-house expert or an outside contractor). 

d. Proposed post-construction control measures to reduce the pollutant(s) 
causing toxicity. 

e. Follow-up monitoring to demonstrate that the toxicants have been reduced 
or eliminatedtoxicity has been removed. 

c.4. The TRE process shall be coordinated with TMDL development and 
implementation (i.e., if a TMDL for 4,4'-DDD is being implemented when a 
TRE for 4,4'-DDD is required, then efforts shall be coordinated to avoid 
overlap). 

J.K. Chronic Toxicity ReportingSteps in TRE and TIE Procedures 

1. Aquatic toxicity monitoring results submitted to the Regional Water Board 
shall be consistent with the requirements identified in Part XIV.L and M and 
Part XVIII.A.5 and A.7 of the MRP. The Regional Water Board shall be 
notified no later than 30 days from completion of each aspect of the analysis 
for TIEs/TREs.If results of the implementation of the facility’s initial 
investigation TRE workplan indicate the need to continue the TRE/TIE, the 
Permittee(s) shall expeditiously develop a more detailed TRE workplan for 
submittal to the Regional Water Board Executive Officer within 30 days of 
completion of the initial investigation TRE. The detailed workplan shall 
include, but not be limited to: 

1.2. The Annual Report in Part XVIII of the MRP shall include: 

a. A full laboratory report for each chronic toxicity test prepared according to 
the appropriate test methods manual chapter on Report Preparation, 
including:Further actions to investigate and identify the cause of toxicity; 

i. The chronic toxicity test results for the t-test, reported as “Pass” or 
“Fail”, and the “Percent Effect”. 

ii. The dates of sample collection and initiation of each toxicity test. 

iii. Test species with biological endpoint values for each concentration 
tested. 

iv. Reference toxicant test results. 

v. Water quality measurements for each toxicity test (e.g., pH, dissolved 
oxygen, temperature, conductivity, hardness, salinity, chlorine, 
ammonia). 

vi. TRE/TIE testing results. 

vii. A printout of CETIS (Comprehensive Environmental Toxicity 
Information System) program results. 
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a.b. All results for receiving water or outfall effluent parameters 
monitored concurrently with the toxicity test.Actions the Permittee(s) will 
take to mitigate the impact of the discharge and prevent the recurrence of 
toxicity; 

c. TIEs (Phases I, II, and III) that have been completed or are being 
conducted, by monitoring station.A schedule for these actions. 

b.d. The development, implementation, and results for each TRE 
Corrective Action Plan, beginning the year following the identification of 
each pollutant or pollutant class causing chronic toxicity. 

2. The following section summarizes the stepwise approach used in conducting 
the TRE: 

a. Step 1 includes basic data collection. Data collected for the accelerated 
monitoring requirements may be used to conduct the TRE; 

b. Step 2 evaluates optimization of the Permittee(s) Minimum Control 
Measures (MCMs) in reducing the toxicity of the storm water and non-
storm water discharges to the MS4 system.  

c. If Steps 1 and 2 are unsuccessful, Step 3 implements a TIE and 
employment of all reasonable efforts using currently available TIE 
methodologies.  The objective of the TIE shall be to identify the substance 
or combination of substances causing the observed toxicity; 

d. Assuming successful identification or characterization of the toxicant(s), 
Step 4 evaluates final effluent treatment options; 

e. Step 5 evaluates options for reducing toxicity of storm water and/or non-
storm water discharges to the MS4 system; and,  

f. Step 6 consists of confirmation once a toxicity control method has been 
implemented. 

3. Many recommended TRE elements parallel source control, pollution 
prevention, and storm water control program minimum control measures and 
BMPs. To prevent duplication of efforts, evidence of compliance with those 
requirements may be sufficient to comply with TRE requirements.  By 
requiring the first steps of a TRE to be accelerated testing and review of the 
Permittee(s) TRE workplan, a TRE may be ended in its early stages.  All 
reasonable steps shall be taken to reduce toxicity to the required level.  The 
TRE may be ended at any stage if monitoring indicates there are no longer 
toxicity (six consecutive chronic toxicity test results are less than or equal to 
1.0 TUc or six consecutive acute toxicity test results are greater than 90% 
survival). 

4. The Permittee(s) shall initiate a TIE as part of the TRE process to identify the 
cause(s) of toxicity. The Permittee(s) shall use the USEPA acute manual, 
chronic manual, EPA/600/6-91/005F (Phase I)/EPA/600/R-96-054 (for 
marine), EPA/600/R-92/080 (Phase II), and EPA-600/R-92/081 (Phase III), as 
guidance. 
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5. If a TRE/TIE is initiated prior to completion of the accelerated testing, then the 
accelerated testing schedule may be terminated, or used as necessary in 
performing the TRE/TIE, as determined by the Regional Water Board 
Executive Officer. 

6. Toxicity tests conducted as part of a TRE/TIE may also be used for 
compliance determination, if appropriate. 

7. The Regional Water Board recognizes that toxicity may be episodic and 
identification of causes of and reduction of sources of toxicity may not be 
successful in all cases.  Consideration of enforcement action by the Regional 
Water Board will be based, in part, on the Permittee(s)’s actions and efforts to 
identify and control or reduce sources of consistent toxicity. 

K. Ammonia Removal 

1. Except with prior approval from the Executive Officer of the Regional Water 
Board, ammonia shall not be removed from bioassay samples.  The 
Permittees must demonstrate the receiving water or effluent toxicity is caused 
by ammonia because of increasing test pH when conducting the toxicity test.  
It is important to distinguish the potential toxic effects of ammonia from other 
pH sensitive chemicals, such as certain heavy metals, sulfide, and cyanide.  
The following may be steps to demonstrate that the toxicity is caused by 
ammonia and not other toxicants before the Executive Officer would allow for 
control of pH in the test. 

a. There is consistent toxicity in the effluent and the maximum pH in the 
toxicity test is in the range to cause toxicity due to increased pH. 

b. Chronic ammonia concentrations in the effluent are greater than 4 mg/L 
total ammonia. 

c. Conduct graduated pH tests as specified in the toxicity identification 
evaluation methods.  For example, mortality should be higher at pH 8 and 
lower at pH 6. 

d. Treat the effluent with a zeolite column to remove ammonia. Mortality in 
the zeolite treated effluent should be lower than the non-zeolite treated 
effluent. Then add ammonia back to the zeolite-treated samples to confirm 
toxicity due to ammonia. 

2. When it has been demonstrated that toxicity is due to ammonia because of 
increasing test pH, pH may be controlled using appropriate procedures which 
do not significantly alter the nature of the effluent, after submitting a written 
request to the Regional Water Board, and receiving written permission 
expressing approval from the Executive Officer of the Regional Water Board. 

L. Reporting 

1. The Permittee(s) shall submit a full report of the toxicity test results, including 
any accelerated testing conducted during the month as required by this 
Order. Test results shall be reported as % survival for acute toxicity test 
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results with the self monitoring reports (SMR) for the month in which the test 
is conducted.  If an initial investigation indicates the source of toxicity and 
accelerated testing is unnecessary, then those results also shall be submitted 
with the SMR for the period in which the investigation occurred. 

2. The full report shall be submitted on or before the end of the month in which 
the SMR is submitted. 

3. The full report shall consist of: 

a. The results;  

b. The dates of sample collection and initiation of each toxicity test; 

c. The acute toxicity average limit or chronic toxicity limit or trigger; and 

d. The printout of the ToxCalc or Comprehensive Environmental Toxicity 
Information System (CETIS) program results. 

4. Test results for toxicity tests also shall be reported according to the 
appropriate manual chapter on Report Preparation and shall be attached to 
the SMR.  Routine reporting shall include, at a minimum, as applicable, for 
each test: 

a. Sample date(s); 

b. Test initiation date; 

c. Test species; 

d. End point values for each dilution (e.g., number of young, growth rate, 
percent survival); 

e. LC50 value(s) in percent effluent; 

f. TUa values 







=

50

100

LC
TU

a
 ; 

g. IC15, IC25, IC40 and IC50 values in percent effluent; 

h. NOEC value(s) in percent effluent; 

i. TUc values 







=

NOEC
TU

c

100
 ; 

j. Mean percent mortality (+standard deviation) after 96 hours in 100% 
effluent (if applicable); 

k. No Observable Effect Concentration (NOEC) and Lowest Observable 
Effect Concentration (LOEC) values for reference toxicant test(s); 

l. IC25 value for reference toxicant test(s); 

m. Any applicable charts; and 

n. Available water quality measurements for each test (e.g., pH, dissolved 
oxygen (D.O.), temperature, conductivity, hardness, salinity, ammonia). 
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5. Monitoring results submitted to the Regional Water Board shall be consistent 
with the requirements identified in Part XVIII.A.5 and Part XVIII.A.7 of this 
MRP. 

6. The Permittee(s) shall notify this Regional Water Board of any toxicity 
exceedance of the limit or trigger by telephone or electronically within 24 hours of 
receipt of the results, followed by a written report within 14 calendar days of 
receipt of the results.  The verbal or electronic notification shall include the 
exceedance and the plan the Permittee(s) has taken or will take to investigate 
and correct the cause(s) of toxicity.  It may also include a status report on any 
actions required by the permit, with a schedule for actions not yet completed.  If 
no actions have been taken, the reasons shall be given  

XIII. SPECIAL STUDIES 

A. Each Permittee shall be responsible for conducting special studies required in an 
effective TMDL or an approved TMDL CMP Monitoring Plan applicable to a 
watershed that transects its political boundary. 

XIV. STANDARD MONITORING AND REPORTING PROVISIONS  

A. All monitoring and reporting activities shall meet the following requirements. 

1. Monitoring and Records [40 CFR section 122.41(j)(1)]  

a. Samples and measurements taken for the purpose of monitoring shall be 
representative of the monitored activity. 

b. Monitoring and Records [40 CFR section 122.41(j)(2)] [California Water 
Code § 13383(a)]  

i. Permittees shall retain records of all monitoring information, including 
all calibration and maintenance records and all original strip chart 
recordings for continuous monitoring instrumentation, copies of all 
reports required by this Order, and records of all data used to complete 
the Report of Waste Discharge (ROWD) and application for this Order, 
for a period of at least three (3) years from the date of the sample, 
measurement, report, or application.  This period may be extended by 
request of the Regional Water Board Executive Officer or USEPA at 
any time. 

c. Monitoring and Records [40 CFR section 122.421(j)(3)] 

i. Records of monitoring information shall include: 

1. The date, time of sampling or measurements, exact place, weather 
conditions, and rain fall amount. 

2.  The individual(s) who performed the sampling or measurements. 

3. The date(s) analyses were performed. 

4. The individual(s) who performed the analyses. 

5. The analytical techniques or methods used.  
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6. The results of such analyses. 

7. The data sheets showing toxicity test results. 

d. Monitoring and Records [40 CFR section 122.241(j) (4)]. All monitoring, 
sampling, sample preservation, and analyses must be conducted 
according to test procedures approved under 40 CFR Part 136 for the 
analysis of pollutants, unless another test procedure is required under 40 
CFR subchapter N or O or is otherwise specified in this Order for such 
pollutants. If a particular Minimum Level (ML) is not attainable in 
accordance with procedures set forth in 40 CFR Part 136, the lowest 
quantifiable concentration of the lowest calibration standard analyzed by a 
specific analytical procedure may be used instead. 

e. Monitoring and Records [40 CFR section 122.41(j)(5)]. The CWA provides 
that any person who falsifies, tampers with, or knowingly renders 
inaccurate any monitoring device or method required to be maintained 
under this Order shall, upon conviction, be punished by a fine of not more 
than $10,000, or by imprisonment for not more than 2 years, or both.  If a 
conviction of a person is for a violation committed after a first conviction of 
such person under this paragraph, punishment is a fine of not more than 
$20,000 per day of violation, or by imprisonment of not more than four 
years, or both. 

B. All chemical, bacteriological, and toxicity analyses shall be conducted at a 
laboratory:  

1. Certified for such analyses by an appropriate governmental regulatory 
agency. 

2. Participated in “Intercalibration Studies” for storm water pollutant analysis 
conducted by the SMC.7 

3. Which performs laboratory analyses consistent with the storm water 
monitoring guidelines as specified in, the Stormwater Monitoring Coalition 
Laboratory Guidance Document, 2nd Edition R. Gossettt and K. Schiff (2007), 
and its revisions. 

C. For priority toxic pollutants that are identified in the CTR (65 Fed. Reg. 31682), 
the MLs published in Appendix 4 of the Policy for Implementation of Toxics 
Standards for Inland Surface Waters, Enclosed Bays and Estuaries of California 
(SIP) shall be used for all analyses, unless otherwise specified.   

D. The Monitoring Report shall specify the analytical method used, the Method 
Detection Level (MDL) and the ML for each pollutant.  For the purpose of 
reporting compliance with numerical limitations, performance goals, and 

                                            
7
 The ‘Intercalibration Studies’ are conducted periodically by the SMC to establish a consensus based 

approach for achieving minimal levels of comparability among different testing laboratories for storm 
water samples to minimize analytical procedure bias.  Stormwater Monitoring Coalition Laboratory 
Document, Technical Report 420 (2004) and subsequent revisions and augmentations. 
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receiving water limitations, analytical data shall be reported with one of the 
following methods, as appropriate: 

1. An actual numerical value for sample results greater than or equal to the ML. 

2. "Not-detected (ND)" for sample results less than the laboratory's MDL with the 
MDL indicated for the analytical method used. 

3. "Detected, but Not Quantified (DNQ)" if results are greater than or equal to 
the laboratory's MDL but less than the ML.  The estimated chemical 
concentration of the sample shall also be reported.  This is the concentration 
that results from the confirmed detection of the substance by the analytical 
method below the ML value. 

E. For priority toxic pollutants, if the Permittee can demonstrate that a particular ML 
is not attainable, in accordance with procedures set forth in 40 CFR Part 136, the 
lowest quantifiable concentration of the lowest calibration standard analyzed by a 
specific analytical procedure (assuming that all the method specified sample 
weights, volumes, and processing steps have been followed) may be used 
instead of the ML listed in Appendix 4 of the SIP.  The Permittee must submit 
documentation from the laboratory to the Regional Water Board Executive Officer 
for approval prior to raising the ML for any constituent. 

F. Monitoring Reports [40 CFR § 122.41(I)(4)(ii)].  

1. If a Permittee monitors any pollutant more frequently than required by this 
Order using test procedures approved under 40 CFR Part 136, or another 
method specified in this Order, the results of such monitoring shall be 
included in the calculation and reporting of the data submitted in the Annual 
Monitoring Reports. 

G. Monitoring Reports [40 CFR § 122.41(I)(4)(iii)] 

1. Calculations for all limitations, which require averaging of measurements, 
shall utilize an arithmetic mean unless otherwise specified in this Order. 

H. If no flow occurred during the reporting period, then the Monitoring Report shall, 
so state. 

I. The Regional Water Board or its Executive Officer, consistent with 40 CFR 
section 122.41, may approve changes to the Monitoring and Reporting Program, 
after providing the opportunity for public comment, either:  

1. By request of a Permittee or by an interested person after submittal of the 
Monitoring Report. Such request shall be in writing and filed not later than 60 
days after the Monitoring Report submittal date, or 

2. As deemed necessary by the Regional Water Board Executive Officer, 
following notice to the Permittees. 

J. Permittees must provide a copy of the Standard Operation Procedures (SOPs) 
for the Monitoring and Reporting Program No. CI XXXX to the Regional Water 
Board upon request.  The SOP will consist of five elements: Title page, Table of 
Contents, Procedures, Quality Assurance/ Quality Control (QA/ QC), and 
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References.  Briefly describe the purpose of the work or process, including any 
regulatory information or standards that are appropriate to the SOP process, and 
the scope to indicate what is covered.  Denote what sequential procedures 
should be followed, divided into significant sections; e.g., possible interferences, 
equipment needed, equipment/instrument maintenance and calibration, 
personnel qualifications, and safety considerations. Describe QA/ QC activities, 
and list any cited or significant references. 

K. When monitoring cannot be performed to comply with the requirements of this 
Order due to circumstances beyond a Permittee’s control, then within two 
working days, the following shall be submitted to the Regional Water Board 
Executive Officer: 

1. Statement of situation. 

2. Explanation of circumstance(s) with documentation. 

3. Statement of corrective action for the future. 

L. Results of monitoring from each receiving water or outfall based monitoring  
station conducted in accordance with the Standard Operating Procedure 
submitted under Standard Provision 14 of this MRP shall be sent electronically to 
the Regional Water Board's Storm Water site at 
MS4stormwaterRB4@waterboards.ca.gov, no later than 90 days from sample 
collection datesemi-annually, highlighting exceedances of receiving water 
limitations to implement TMDL provisions and Basin Plan water quality 
objectives, including California Toxic Rule continuous maximum concentration 
(CMC) criteria for all test results, with corresponding sampling dates per 
receiving water monitoring station.  The sample data transmitted shall be in the 
most recent update of the Southern California Municipal Storm Water Monitoring 
Coalition's (SMC) Standardized Data Transfer Formats (SDTFs). 

M. When monitoring data provides evidence that a storm water or non-storm water 
discharge has caused or contributed to an exceedance of a WQBEL, a non-
storm water action level, or exhibits aquatic toxicity, the Permittee shall submit 
notify notification to the Regional Water Board in writingelectronically within 30 
days on a semi-annual basis of the determination and no later than 60 days after 
receipt of the monitoring data. 

XV. ANNUAL REPORT SUBMITTAL TIMELINES 

A. Each Permittee or group of Permittees shall submit by December 15th of each 
year beginning in 2013, an Annual Report to the Regional Water Board Executive 
Officer in the form of a one hard copy and three compact disks (CD) (or 
equivalent electronic format). 

XVI. ANNUAL REPORTING REQUIREMENT OBJECTIVES 

B.A. The annual reporting process is intended to meet the following objectives. 

1. Present summary information that allows the Regional Water Board to  
assess:  
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a. Each Permittee’s participation in one or more Watershed Management 
Programs. 

b. The impact of each Permittee(s) storm water and non-storm water 
discharges on the receiving water. 

c. Each Permittee’s compliance with receiving water limitations, numeric 
water quality-based effluent limitations, and non-storm water action levels. 

d. The effectiveness of each Permittee(s) control measures in reducing 
discharges of pollutants from the MS4 to receiving waters. 

e. Whether the quality of MS4 discharges and the health of receiving waters 
is improving, staying the same, or declining as a result watershed 
management program efforts, and/or TMDL implementation measures, or 
other Minimum Control Measures.  

f. Whether changes in water quality can be attributed to pollutant controls 
imposed on new development, re-development, or retrofit projects. 

2. Present detailed data and information in an accessible format to allow the 
Regional Water Board to verify conclusions presented in a Permittee’s 
summary information. 

3. Provide the Permittee(s) a forum to discuss the effectiveness of its past and 
ongoing control measure efforts and to convey its plans for future control 
measures. 

4. Present data and conclusions in a transparent manner so as to allow review 
and understanding by the general public. 

5. Focus each Permittee’s reporting efforts on watershed condition, water quality 
assessment, and an evaluation of the effectiveness of control measures.  

XVII. WATERSHED SUMMARY INFORMATION, ORGANIZATION AND CONTENT 

A. Each Permittee shall include the information requested in A.1 through A.3 below 
in its odd year Annual Report (e.g., Year 1, 3, 5).  The requested information 
shall be provided for each watershed within the Permittee’s jurisdiction. 
Alternatively, permittees participating in a Watershed Management Program may 
provide the requested information through the development and submission of a 
Watershed Management Program plan and any updates thereto.  

1. Watershed Management Area. Where a Permittee has individually or 
collaboratively developed a Watershed Management Program Plan (WMPP) 
as described in Part VI.C of this Order, reference to the Watershed 
Management Program plan and any revisions thereto may suffice for baseline 
information regarding the Watershed Management Area. 

a. The following information shall be included for each Watershed 
Management Area within the Permittee(s) jurisdiction, where not included 
in a WMPP: 
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i. A description of effective TMDLs, applicable WQBELs and receiving 
water limitations, and implementation and reporting requirements, and 
compliance dates  

ii. CWA section 303(d) listings of impaired waters not addressed by 
TMDLs 

iii. Results of regional bioassessment monitoring 

iv. Results of regional Pyrethroid studies, if any 

v.iv. A description of known hydromodifications to receiving waters and a 
description, including locations, of natural drainage systems  

vi.v. Description of groundwater recharge areas including number and 
acres 

vii.vi. Maps and/or aerial photographs identifying the location of ESAs, 
ASBS, natural drainage systems, and groundwater recharge areas  

2. Subwatershed (HUC-12) Description. The following information shall be 
included for each Subwatershed (HUC-12) within the Permittee(s) jurisdiction. 
Where a Permittee has individually or collaboratively developed a WMPP as 
described in Part VI.C of this Order, reference to the WMPP and any 
revisions thereto may suffice for baseline information regarding the 
subwatershed (HUC-12) descriptions, where the required information is 
already included in the WMPP. The summary information describing the 
subwatershed shall include the following information:  

a. Description including HUC-12 number, name and a list of all tributaries 
named in the Basin Plan 

b. Land Use map of the HUC-12 subwatershed 

c. 85th percentile, 24-hour rainfall isohyetal map for the subwatershed 

d. One-year, one-hour storm intensity isohyetal map for the subwatershed 

e. MS4 map for the subwatershed, including major MS4 outfalls and all low-
flow diversions 

3. Description of the Permittee(s) Drainage Area within the Subwatershed. 
Where a Permittee has individually or collaboratively developed a WMPP as 
described in Part VI.C of this Order, reference to the WMPP and any 
revisions thereto may suffice for baseline information regarding the 
Permittee’s Drainage Area within the subwatershed (HUC-12), where the 
required information is already included in the Watershed Management 
Program. The following information shall be included for each jurisdiction 
within the Subwatershed (HUC-12):  

a. A subwatershed map depicting the Permittee(s) jurisdictional area and the 
MS4, including major outfalls (with identification numbers), and low flow 
diversions (with identifying names or numbers) located, within the 
Permittee’s jurisdiction. 
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b. Provide the estimated baseline percent of effective impervious area (EIA) 
within the Permittee(s) jurisdictional area as existed at the time that this 
Order became effective. 

XVIII. ANNUAL ASSESSMENT AND REPORTING  

A. Each Permittee or group of Watershed Permittees shall include the information 
requested in A.1 through A.7 below in its Annual Report.  The requested 
information shall be provided for each watershed within the Permittee’s 
jurisdiction.  Each Permittee shall format its Annual Report to align with the 
reporting requirements identified in Parts A.1 through A.7 below.  
 
Annual Reports submitted on behalf of a group of Watershed Permittees shall 
clearly identify all data collected and strategies, control measures, and 
assessments implemented by each Permittee within its jurisdiction as well as 
those implemented by multiple Permittees on a watershed scale.  

1. Storm Water Control Measures. Each Permittee shall make all reasonable 
efforts to determine, compile, analyze, and summarize the following 
information.  

a. Estimated cumulative change in percent EIA since the effective date of 
this Order and, if possible, the estimated change in the storm water runoff 
volume during the 85th percentile storm event. 

b. Summary of New Development/Re-development Projects constructed 
within the Permittee(s) jurisdictional area during the reporting year.  

c. Summary of Retrofit Projects that reduced or disconnected impervious 
area from the MS4 during the reporting year. 

d. Summary of other projects designed to intercept storm water runoff prior 
to discharge to the MS4 during the reporting year. 

e. For the projects summarized above in 1.b through 1.d, estimate the total 
runoff volume retained on site by the implemented projects.   

f. Summary of actions taken in compliance with TMDL implementation plans 
or approved Watershed Management Programs to implement TMDL 
provisions in Part VI.E and Attachments L-R of this Order. 

g. Summary of riparian buffer/wetland restoration projects completed during 
the reporting year. For riparian buffers include width, length and 
vegetation type; for wetland include acres restored, enhanced or created.  

h. Summary of other Minimum Control Measures implemented during the 
reporting year, as the Permittee deems relevant. 

i. Status of all multi-year efforts that were not completed in the current year 
and will therefore continue into the subsequent year(s). Additionally, if any 
of the requested information cannot be obtained, the Permittee shall 
provide a discussion of the factor(s) limiting its acquisition and steps that 
will be taken to improve future data collection efforts.   

RB-AR5338



Greater Los Angeles County ORDER NO. R4-2012-XXXX 
Municipal Separate Storm Sewer System NPDES NO. CAS004001 

 

Attachment E – Reporting Program No. TBD E-52 

R
E
V
I
S
E
D 
 

T
E
N
T
A
T
I
V
E 

2. Effectiveness Assessment of Storm Water Control Measures  

a. Rainfall summary for the reporting year. Summarize the number of storm 
events, highest volume event (inches/24 hours), highest number of 
consecutive days with measureable rainfall, total rainfall during the 
reporting year compared to average annual rainfall for the subwatershed. 
Precipitation data shall be obtained from Los Angeles County Department 
of Public Works rain gauge stations available at 
http://www.ladpw.org/wrd/precip/. 

b. Provide a summary table describing rainfall during storm water outfall and 
wet-weather receiving water monitoring events. The summary description 
shall include the date, time that the storm commenced and the storm 
duration in hours, the highest 15-minute recorded storm intensity 
(converted to inches/hour), the total storm volume (inches), and the time 
between the storm event sampled and the end of the previous storm 
event.   

c. Where control measures were designed to reduce impervious cover or 
storm water peak flow and flow duration, provide hydrographs or flow data 
of pre- and post-control activity for the 85th percentile, 24-hour rain event, 
if available. 

d. For natural drainage systems, develop a reference watershed flow 
duration curve and compare it to a flow duration curve for the 
subwatershed under current conditions. 

e. Provide an assessment as to whether the quality of storm water 
discharges as measured at designed outfalls is improving, staying the 
same or declining. The Permittee may compare water quality data from 
the reporting year to previous years with similar rainfall patterns, conduct 
trends analysis, or use other means to develop and support its 
conclusions (e.g., use of non-storm water action levels or municipal action 
levels as provided in Attachment G of this Order). 

f. Provide an assessment as to whether wet-weather receiving water quality 
within the jurisdiction of the Permittee is improving, staying the same or 
declining, when normalized for variations in rainfall patterns. The 
Permittee may compare water quality data from the reporting year to 
previous years with similar rainfall patterns, conduct trends analysis, draw 
from regional bioassessment studies, or use other means to develop and 
support its conclusions. 

g. Status of all multi-year efforts, including TMDL implementation, that were 
not completed in the current year and will continue into the subsequent 
year(s). Additionally, if any of the requested information cannot be 
obtained, the Permittee shall provide a discussion of the factor(s) limiting 
its acquisition and steps that will be taken to improve future data collection 
efforts. 
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3. Non-Storm Water Control Measures  

a. Estimate the number of major outfalls within the Permittee’s jurisdiction in 
the subwatershed. 

b. Provide the number of outfalls that were screened for significant non-
storm water discharges during the reporting year.  

c. Provide the cumulative number of outfalls that have been screened for 
significant non-storm water discharges since the date this Order was 
adopted through the reporting year.  

d. Provide the number of outfalls with confirmed significant non-storm water 
discharge. 

e. Provide the number of outfalls where significant non-storm water 
discharge was attributed to other NPDES permitted discharges; other 
authorized non-storm water discharges; or conditionally exempt 
discharges pursuant to Part III.A of this Order. 

f. Provide the number of outfalls where significant non-storm water 
discharges were abated as a result of the Permittee’s actions. 

g. Provide the number of outfalls where non-storm water discharges was 
monitored.  

h. Provide the status of all multi-year efforts, including TMDL implementation, 
that were not completed in the current year and will continue into the 
subsequent year(s). Additionally, if any of the requested information 
cannot be obtained, the Permittee shall provide a discussion of the 
factor(s) limiting its acquisition and steps that will be taken to improve 
future data collection efforts.  

4. Effectiveness Assessment of Non-Storm Water Control Measures  

a. Provide an assessment as to whether receiving water quality within the 
jurisdiction of the Permittee is impaired, improving, staying the same or 
declining during dry-weather conditions. Each Permittee may compare 
water quality data from the reporting year to previous years with similar 
dry-weather flows, conduct trends analysis, draw from regional 
bioassessment studies, or use other means to develop and support its 
conclusions. 

b. Provide an assessment of the effectiveness of the Permittee(s) control 
measures in effectively prohibiting non-storm water discharges through 
the MS4 to the receiving water. 

c. Provide the status of all multi-year efforts that were not completed in the 
current year and will continue into the subsequent year(s).   

5. Integrated Monitoring Compliance Report 

a. Provide an Integrated Monitoring Report that summarizes all identified 
exceedances of (1) outfall-based storm water monitoring data, (2) wet 

RB-AR5340



Greater Los Angeles County ORDER NO. R4-2012-XXXX 
Municipal Separate Storm Sewer System NPDES NO. CAS004001 

 

Attachment E – Reporting Program No. TBD E-54 

R
E
V
I
S
E
D 
 

T
E
N
T
A
T
I
V
E 

weather receiving water monitoring data, (3) dry weather receiving water 
data, and (4) non-storm water outfall monitoring data against all applicable 
receiving water limitations, water quality-based effluent limitations, non-
storm water action levels, and aquatic toxicity thresholds as defined in 
Sections XII.F and G of this MRP.  All sample results that exceeded one 
or more applicable thresholds shall be readily identified. 

b. If Aquatic Toxicity was confirmed, identify a schedule and provide a plan 
that describes the anticipated process, laboratories, personnel, and 
procedures to conduct a Toxicity Identification Evaluation (TIE). Part 
XII.J.4 of this MRP provides references for the guidance manuals that 
should be used for performing TIEs. 

c.b. Once completeIf aquatic toxicity was confirmed and a TIE was 
conducted, identify the toxic chemicals as determined by the TIE. Include 
all relevant data to allow the Regional Water Board to review the 
adequacy and findings of the TIE. This shall include, but not be limited to, 
the sample(s) date, sample(s) start and end time, sample type(s) (flow-
weighted composite, grab, or field measurement), sample location(s) as 
depicted on the map, the parameters, the analytical results, and the 
applicable limitation. 

d.c. Provide a description of efforts that were taken to mitigate and/or 
eliminate all non-storm water discharges that exceeded one or more 
applicable water quality based effluent limitations, non-storm water action 
levels, or exhibited caused or contributed to Aquatic Toxicity. 

e.d. Provide a description of efforts that were taken to address storm water 
discharges that exceeded one or more applicable water quality based 
effluent limitations, or exhibited caused or contributed to Aquatic Toxicity. 

f.e. Where Receiving Water Limitations were exceeded, provide a description 
of efforts that were taken to determine whether discharges from the MS4 
caused or contributed to the exceedances and all efforts that were taken 
to control the discharge of pollutants from the MS4 to those receiving 
waters in response to the exceedances. 

6. Adaptive Management Strategies 

a. Identify the most effective control measures and describe why the 
measures were effective and how other control measures will be 
optimized based on past experiences.   

b. Identify the least effective control measures and describe why the 
measures were deemed ineffective and how the control measures will be 
modified or terminated.  

c. Identify significant changes to control measures during the prior year and 
the rationale for the changes. 

d. Describe all significant changes to control measures anticipated to be 
made in the next year and the rationale for the changes. Those changes 
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requiring approval of the Regional Water Board or its Executive Officer 
shall be clearly identified at the beginning of the Annual Report.  

e. Include a detailed description of control measures to be applied to New 
Development or Re-development projects disturbing more than 50 acres. 

f. Provide the status of all multi-year efforts that were not completed in the 
current year and will continue into the subsequent year(s).   

7. Supporting Data and Information 

a. All monitoring data and associated meta data used to prepare the Annual 
Report shall be summarized in an Excel spreadsheet and sorted by 
watershed, subwatershed and monitoring station/outfall identifier linked to 
the subwatershed map. The data summary must include the date, sample 
type (flow-weighted composite, grab, field measurement), sample start 
and stop times, parameter, analytical method, value, and units. The date 
field must be linked to a database summarizing the weather data for the 
sampling date including 24-hour rainfall, rainfall intensity, and days since 
the previous rain event.  

b. Optional. The Permittee may at its option, provide an additional detailed 
summary table describing control measures that are not otherwise 
described in the reporting requirements.  
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XIX. TMDL REPORTING 
Permittees shall report on the progress of TMDL implementation per the schedules identified below in  

Sections A – G.   

A. Reporting Requirements for Santa Clara River WMA TMDLs 

Deliverable Description Due Date(s) 

Santa Clara River Nitrogen Compounds TMDL 

Work Plan Permittees shall submit a Work Plan to estimate ammonia and nitrogen 

loadings from the MS4 for approval by the Regional Water Board 

Executive Officer.  The Work Plan must include monitoring for ammonia, 

nitrate, and nitrite.  The Work Plan may include a phased approach wherein 

the first phase is based on monitoring from the existing mass emission 

station in the Santa Clara River.  The Work Plan must also contain a 

protocol and a schedule for implementing additional monitoring if 

necessary.  The Work Plan must also propose triggers for conducting source 

identification and implementing BMPs, if necessary. 

Submit an IMP or CIMP plan concurrently with the 

Permittee’s draft WMP, or 

 

For an IMP, 9 months after the effective date of this 

Order; or 

 

If a WMP or IMP or CIMP will not be developed 

then submitted the Work Plan 12 months after the 

effective date of this Order. 

For a CIMP, 12 months after the effective date of 

this Order 

Progress Reports Annual progress reports on the Implementation Plan must be submitted to 

the Regional Water Board.  

December 15, 2013, and annually thereafter 

Upper Santa Clara River Chloride TMDL 

Monitoring Results Permittees shall conduct chloride, TDS, and sulfate monitoring to ensure 

that water quality objectives are being met. 

December 15, 2013, and annually thereafter 

Lake Elizabeth, Munz Lake, and Lake Hughes Trash 

Progress Reports Report compliance with the installation of full capture systems. 

 

December 15, 20132, and annually thereafter 

Santa Clara River Estuary and Reaches 3, 5, 6, and 7 Indicator Bacteria TMDL 

Receiving Water 

Monitoring Plan and 

Outfall Monitoring Plan 

Permittees must submit a comprehensive in-stream bacteria water quality 

monitoring plan for the Santa Clara River Watershed.  The monitoring plan 

should include all applicable bacteria water quality objectives and the 

sampling frequency must be adequate to assess compliance with the 

geometric mean objectives.  At a minimum, at least one sampling station 

shall be located in each impaired reach.  The outfall monitoring plan shall 

propose an adequate number of representative outfalls to be sampled, a 

March 21, 2013, or 

 

Submit an IMP or CIMP plan concurrently with the 

Permittee’s draft WMP. 

 

For an IMP, 9 months after the effective date of this 

Order; or 
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sampling frequency, and protocol for enhanced outfall monitoring as a 

result of an in-stream exceedance.  The Monitoring Plans must be approved 

by the Regional Water Board Executive Officer before the monitoring data 

can be considered during the implementation of the TMDL.  Once the 

monitoring plan is approved by the Executive Officer, monitoring shall 

commence within 30 days. 

 

For a CIMP, 12 months after the effective date of 

this Order 

 

Draft Implementation Plan Permittees must submit a draft Implementation Plan outlining how each 

intends to cooperatively or individually achieve compliance with the water 

quality-based effluent limitations and the receiving water limitations.  The 

Implementation Plan shall include implementation methods, an 

implementation schedule and proposed milestones.   

March 21, 2015 

Final Implementation Plan Permittees must submit a final Implementation Plan. Six months after receipt of Regional Water Board 

comments on the draft Implementation Plan. 

Board Briefing Permittees shall provide a verbal update to the Regional Water Board on the 

progress of TMDL implementation. 

March 21, 2017 
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B. Reporting Requirements for Santa Monica Bay WMA TMDLs 

Deliverable Description Due Date(s) 

Santa Monica Bay Beaches Bacteria TMDL 

Monitoring Results Monthly data summary reports shall be submitted to the Regional Water 

Board by the last day of each month for data collected during the previous 

month.  Two agencies will submit the monthly reports on behalf of all 

Permittees:  City of Los Angeles, Department of Public Works, Bureau of 

Sanitation, Environmental Monitoring Division (on behalf of 

Jurisdictional Groups 1 through 6, 8, and 9); and Los Angeles County 

Sanitation Districts (on behalf of Jurisdictional Group 7).  

Monthly on the last day of the month. 

Santa Monica Bay Nearshore and Offshore Debris TMDL 

Trash Monitoring and 

Reporting Plan (TMRP) 

Permittees shall develop a Trash Monitoring and Reporting Plan (TMRP) 

for Regional Water Board Executive Officer approval that describes the 

methodologies that will be used to assess and monitor trash in their 

responsible areas within the Santa Monica Bay WMA or along Santa 

Monica Bay.  The TMRP shall include a plan to establish a site specific 

trash baseline water quality-based effluent limitation if Permittees elect to 

not use the default baseline effluent limitation.  Requirements for the 

TMRP shall include, but are not limited to, assessment and quantification 

of trash collected from source areas in the Santa Monica Bay WMA, and 

shoreline of the Santa Monica Bay.  The monitoring plan shall provide 

details on the frequency, location, and reporting format.  Permittees shall 

propose a metric (e.g., weight, volume, pieces of trash) to measure the 

amount of trash discharged from their jurisdictional areas. 

September 20, 2012; or 

Submit an IMP or CIMP plan concurrently with 

the Permittee’s draft WMP, or 

 

If a WMP or IMP or CIMP will not be developed 

then submitted the TMRP 12 months after the 

effective date of this Order. 

For an IMP, 9 months after the effective date of 

this Order; or 

 

For a CIMP, 12 months after the effective date of 

this Order  

Implement TMRP Implement TMRP If TMRP is submitted by September 20, 2012, 

then implement the TMRP 30 days6 months from 

receipt of letter of approval from Regional Water 

Board Executive Officer, or the date a plan is 

established by the Executive Officer; or 

 

If an IMP or CIMP is submitted, then monitoring 

shall commence within 30 days after approval of 

the IMP or CIMP plan by the Executive Officer. 

Plastic Pellets Monitoring and 

Reporting Plan 

Permittees identified as responsible jurisdictions and agencies for point 

sources of trash in the Santa Monica Bay Debris TMDL and in the 

existing Malibu Creek and Ballona Creek Trash TMDLs, including the 

Los Angeles County Flood Control District, shall either prepare a Plastic 

September 20, 2013, or 

 

Submit an IMP or CIMP plan concurrently with 

the Permittee’s draft WMP. 
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Pellet Monitoring and Reporting Plan (PMRP) or demonstrate that a 

PMRP is not required. 

 

The PMRP shall include protocols for a timely and appropriate response 

to possible plastic pellets spills within a Permittees’ jurisdictional area, 

and a comprehensive plan to ensure that plastic pellets are contained. 

 

For an IMP, 9 months after the effective date of 

this Order; or 

 

For a CIMP, 12 months after the effective date of 

this Order 

Implement PMRP Implement PMRP March 20, 2016 

Submit results of 

implementing TMRP and 

PMRP 

Submit results of implementing TMRP and PMRP, recommend trash 

baseline water quality-based effluent limitations, and propose 

prioritization of Full Capture System installation or implementation of 

other measures to attain the required trash and plastic pellet reduction. 

December 15, 2013, and annually thereafter 

Santa Monica Bay TMDL for DDTs and PCBs (USEPA established) 

Monitoring and Reporting 

Plan 

Permittees shall develop a Monitoring and Reporting Plan for Regional 

Water Board Executive Officer approval that describes the methodologies 

that will be used to monitor and assess sediment for DDT and PCBs.  The 

monitoring design and assessment framework should be designed to 

provide credible estimates of the total mass loadings to the Santa Monica 

Bay.  Monitoring should be conducted on a coordinated watershed-wide 

basis using sufficiently sensitive analytical methods for DDT and PCBs.  

Monitoring sediments in catch basins designed for pollutant prevention 

may be a way for Permittees to quantify load reductions to the Santa 

Monica Bay.  

Submit an IMP or CIMP plan concurrently with 

the Permittee’s draft WMP, or 

 

If a WMP or IMP or CIMP will not be developed 

then submitted the Monitoring and Reporting Plan 

12 months after the effective date of this Order. 

For an IMP, 9 months after the effective date of 

this Order; or 

 

For a CIMP, 12 months after the effective date of 

this Order 

Malibu Creek and Lagoon Bacteria TMDL 

Monitoring Results Monthly data summary reports shall be submitted to the Regional Water 

Board by the last day of each month for data collected during the previous 

month. 

Monthly on the last day of the month. 

Malibu Creek Watershed Trash TMDL 

Submit results of TMRP Submit results of Trash Monitoring and Reporting Plan (TMRP), 

recommend trash baseline water quality-based effluent limitations, and 

propose prioritization of Full Capture System installation or 

implementation of other measures to attain the required trash. 

December 15, 2013, and annually thereafter 

Malibu Creek Watershed Nutrients TMDL (USEPA established) 

Monitoring and Reporting 

Plan 

Permittees shall develop a Monitoring and Reporting Plan for Regional 

Water Board Executive Officer approval that demonstrates compliance 

with the water quality-based effluent limitations for total nitrogen and 

total phosphorus.  

Submit an IMP or CIMP plan concurrently with 

the Permittee’s draft WMP, or 

 

If a WMP or IMP or CIMP will not be developed 

then submitted the Monitoring and Reporting Plan 

12 months after the effective date of this Order. 

For an IMP, 9 months after the effective date of 
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this Order; or 

 

For a CIMP, 12 months after the effective date of 

this Order 

Ballona Creek Trash TMDL 

Annual Progress Reports Report compliance with the required percent reduction of trash discharged 

to Ballona Creek. 

December 15, 20132, and annually thereafter. 

Ballona Creek Estuary Toxic Pollutants TMDL 

Annual Monitoring Report Permittees shall submit annual monitoring reports, which include 

compliance summary tables, to the Regional Water Board. 

December 15, 20132, and annually thereafter. 

Ballona Creek, Ballona Estuary and Sepulveda Channel Bacteria TMDL 

Monitoring Results Monthly data summary reports shall be submitted to the Regional Water 

Board by the last day of each month for data collected during the previous 

month. 

Monthly on the last day of the month. 

Ballona Creek Metals TMDL 

Annual Monitoring Report Permittees shall submit annual monitoring reports, which include 

compliance summary tables, to the Regional Water Board. 

December 15, 20132, and annually thereafter. 

Ballona Creek Wetlands TMDL for Sediment and Invasive Exotic Vegetation (USEPA established) 

Monitoring and Reporting 

Plan 

Permittees shall develop a Sediment Monitoring and Reporting Plan for 

Regional Water Board Executive Officer approval to quantify the annual 

loading of sediment from the Ballona Creek Watershed and the impact of 

the sediment loading into the Ballona Creek Wetlands. 

Submit an IMP or CIMP plan concurrently with 

the Permittee’s draft WMP, or 

 

If a WMP or IMP or CIMP will not be developed 

then submitted the Monitoring and Reporting Plan 

12 months after the effective date of this Order. 

For an IMP, 9 months after the effective date of 

this Order; or 

 

For a CIMP, 12 months after the effective date of 

this Order 

Marina del Rey Harbor Mothers’ Beach and Back Basins Bacteria TMDL 

Monitoring Results Monthly data summary reports shall be submitted to the Regional Water 

Board by the last day of each month for data collected during the previous 

month. 

Monthly on the last day of the month. 

Marina del Rey Harbor Toxic Pollutants TMDL 

Annual Monitoring Report Permittees shall submit annual monitoring reports, which include 

compliance summary tables, to the Regional Water Board. 

December 15, 20132, and annually thereafter. 
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C. Reporting Requirements for Dominguez Channel and Greater Harbors Waters WMA TMDLs 

Deliverable Description Due Date(s) 

Los Angeles Harbor Bacteria TMDL 

Monitoring Results Monthly data summary reports shall be submitted to the Regional Water 

Board by the last day of each month for data collected during the previous 

month. 

Monthly on the last day of the month. 

Machado Lake Trash TMDL 

Progress Reports Report compliance with the required percent reduction of trash discharged 

to Machado Lake. 

December 15, 20132, and annually thereafter. 

Machado Lake Nutrient TMDL 

Annual Monitoring Report The Cities of Palos Verdes Estates, Ranch Palos Verdes, Rolling Hills and 

Rolling Hills Estates shall submit annual monitoring reports that 

demonstrate compliance with the concentration-based water quality-based 

effluent limitations. 

December 15, 20132, and annually thereafter. 

Annual Monitoring Report The City of Los Angeles shall submit annual monitoring reports that 

demonstrate compliance with the Lake Water Quality Management Plan 

and reduces the external nutrient loading to attain the receiving water 

limitations for Machado Lake. 

December 15, 20132, and annually thereafter. 

Annual Monitoring Report The City of Carson shall submit annual monitoring reports that demonstrate 

compliance with the concentration-based water quality-based effluent 

limitations. 

December 15, 20132, and annually thereafter. 

Annual Monitoring Report The County of Los Angeles shall submit annual monitoring reports that 

demonstrate compliance with the mass-based water quality-based effluent 

limitations. 

December 15, 20132, and annually thereafter. 

Annual Monitoring Report The City of Torrance shall submit annual monitoring reports that 

demonstrate compliance with the mass-based water quality-based effluent 

limitations. 

December 15, 2013, and annually thereafter. 

Annual Monitoring Report The Cities of Lomita and Redondo Beach shall submit annual monitoring 

reports that demonstrate compliance with the concentration-based water 

quality-based effluent limitations. 

December 15, 2013, and annually thereafter. 

Machado Lake Pesticides and PCBs TMDL 

Monitoring and Reporting 

Plan and Quality Assurance 

Project Plan 

Permittees shall develop a Monitoring and Reporting Plan (MRP) and 

Quality Assurance Project Plan (QAPP) for Regional Water Board 

Executive Officer approval.  The MRP shall demonstrate compliance and 

non-compliance with the water quality-based effluent limitations as part of 

reports submitted to the Regional Water Board.  The QAPP shall include 

protocols for sample collection, standard analytical procedures, and 

The deadline for Permittees assigned both WLAs 

and LAs to submit one document to address both 

the WLA and LA monitoring requirements and 

implementation activities shall be September 20, 

2013.September 20, 2012, or 
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laboratory certification.  All samples shall be collected in accordance with 

applicable SWAMP protocols. 

Submit an IMP or CIMP plan concurrently with the 

Permittee’s draft WMP, or 

 

If a WMP or IMP or CIMP will not be developed 

then submitted the work plan 12 months after the 

effective date of this Order. 

For an IMP, 9 months after the effective date of this 

Order; or 

 

For a CIMP, 12 months after the effective date of 

this Order 

Begin Phase 1 Monitoring Begin Phase 1 Monitoring as outlined in the approved MRP and QAPP. 30 days from date of Executive Officer approval of 

MRP and QAPP 

Phase 1 Monitoring Conduct Phase 1 Monitoring for 2 years. 2 year monitoring period 

Draft Implementation Plan Based on the results of Phase 1 Monitoring, Permittees shall submit an 

Implementation Plan to attain water quality-based effluent limitations or 

document that water quality-based effluent limitations are attained. 

6 months from completion of Phase 1 Monitoring 

 

Final Implementation Plan Permittees shall submit Final Implementation Plan. 1 year from completion of Phase 1 Monitoring 

Implementation Permittees shall begin implementation actions to attain water quality-based 

effluent limitation, as necessary. 

30 days from date of Implementation Plan approval 

Dominguez Channel and Greater Los Angeles and Long Beach Harbor Waters Toxic Pollutants TMDL 

Monitoring and Reporting 

Plan and Quality Assurance 

Project Plan 

Permittees shall develop Monitoring and Reporting Plans (MRPs) and 

Quality Assurance Project Plans (QAPPs) for Regional Water Board 

Executive Officer approval in accordance with the TMDL.  The MRPs shall 

include a requirement that the responsible parties report compliance and 

non-compliance with water quality-based effluent limitations as part of 

annual reports submitted to the Regional Water Board. The QAPPs shall 

include protocols for sample collection, standard analytical procedures, and 

laboratory certification.  All samples shall be collected in accordance with 

applicable SWAMP protocols. 

November 23, 2013, or 

 

Submit an IMP or CIMP plan concurrently with the 

Permittee’s draft WMP. 

 

For an IMP, 9 months after the effective date of this 

Order; or 

 

For a CIMP, 12 months after the effective date of 

this Order  

Monitoring Plan Permittees shall implement monitoring as outlined in the approved MRP 

and QAPP. 

30 days after MRP and QAPP is approved by 

Regional Water Board Executive Officer. 

Annual Monitoring Reports Permittees shall submit annual monitoring reports to the Regional Water 

Board. 

December 15, 2013, and annually thereafter. 

Implementation Plan and 

Contaminated Sediment 

Management Plan (CSMP) 

Permittees in the Dominguez Channel and Greater Harbors Waters 

Watershed Management Area shall develop and submit an Implementation 

Plan and Contaminated Sediment Management Plan (CSMP).  The CSMP 

shall include concrete milestones with numeric estimates of load reductions 

or removal, including milestones for remediating hot spots, including but 

Submit an IMP or CIMP plan concurrently with the 

Permittee’s draft WMP, or 

 

If a WMP or IMP or CIMP will not be developed 

then submitted the Implementation Plan and CSMP 
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not limited to Dominguez Channel Estuary, Consolidated Slip and Fish 

Harbor, for Regional Water Board Executive Officer approval. 

12 months 

1 year after the effective date of this Order.  

Report of Implementation Permittees in the Los Angeles River and San Gabriel River Watersheds 

shall submit a Report of Implementation to the Regional Water Board. 

December 15, 2013, and annually thereafter 

Implementation Reports Permittees shall submit annual implementation reports to the Regional 

Water Board.  Report on implementation progress and demonstrate progress 

toward meeting the water quality-based effluent limitations. 

December 15, 2014, and annually thereafter 

Updated Implementation 

Plan and CSMP 

Permittees in the Dominguez Channel and Greater Harbors Waters 

Watershed Management Area shall submit an updated Implementation Plan 

and Contaminated Sediment Management Plan (CSMP). 

March 23, 2017 
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D. Reporting Requirements for the Los Angeles River WMA TMDLs 

Deliverable Description Due Date(s) 

Los Angeles River Watershed Trash TMDL 

Reporting Report compliance with the installation of full capture systems. 

 

December 15, 20132, and annually 

thereafter. 

Los Angeles River Nitrogen Compounds and Related Effects TMDL 

Monitoring Work Plan Submittal of a Monitoring Work Plan by MS4 pPermittees to estimate nitrogen 

loadings associated with runoff loads from the storm drain system for approval by the 

Executive Officer of the Regional Water Board. The Work Plan will include 

monitoring for ammonia, nitrate, and nitrite. The Work Plan may include a phased 

approach wherein the first phase is based on monitoring from the existing mass 

emission station in the Los Angeles River. The Work Plan will also contain protocol 

and a schedule for implementing additional monitoring if necessary. The Work Plan 

will also propose triggers for conducting source identification and implementing 

BMPs, if necessary.  

Submit an IMP or CIMP plan 

concurrently with the Permittee’s draft 

WMP, or  

 

If a WMP or IMP or CIMP will not be 

developed then submitted the 

Monitoring Work Plan 12 months after 

the effective date of this Order. 

For an IMP, 9 months after the effective 

date of this Order; or 

 

For a CIMP, 12 months after the 

effective date of this Order  

Reporting Annual reporting of monitoring results to the Regional Water Board. December 15, 2013, and annually 

thereafter. 

Los Angeles River and Tributaries Metals TMDL 

Annual Monitoring Report Permittees shall submit annual monitoring reports as detailed in the approved 

coordinated monitoring plan to the Regional Water Board.   

December 15, 20132, and annually 

thereafter. 

Los Angeles River Watershed Bacteria TMDL 

Bacteria Coordinated 

Monitoring Plan 

Permittees shall submit a Bacteria Coordinated Monitoring Plan (CMP), which shall 

be submitted for Regional Water Board Executive Officer approval.  The CMP shall 

detail: the number and location of sites, including at least one monitoring station per 

each river segment, reach and tributary addressed under this TMDL; measurements 

and sample collection methods; and monitoring frequencies. Permittees may also 

include in the CMP, for Executive Officer consideration, other meteorological stations 

which may be more representative of the existing hydrology and climate. 

 

Each segment, reach, and tributary addressed under this TMDL shall be monitored at 

least monthly until the subject segment, reach or tributary is at the end of the execution 

part of its first implementation phase (i.e. 7 years after beginning the segment or 

tributary-specific phase), to determine compliance with the interim water quality based 

March 23, 2013, or 

 

Submit an IMP or CIMP plan 

concurrently with the Permittee’s draft 

WMP. 

 

For an IMP, 9 months after the effective 

date of this Order; or 

 

For a CIMP, 12 months after the 

effective date of this Order  
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effluent limitations.  Each segment, reach and tributary addressed under this TMDL 

shall be monitored at least weekly to determine compliance with the instream targets 

after the first implementation phase. 

 

For parties pursuing a Load Reduction Strategy (LRS), intensive outfall monitoring 

will be conducted before and after implementation of the LRS. Pre-LRS monitoring 

will be used to estimate the E. coli loading from MS4 outfalls to the segment or 

tributary, and identify the outfalls and types of implementation actions that are 

expected to be necessary to attain the water quality based limits.  Post-LRS 

monitoring will be used to evaluate compliance with the interim water quality based 

limits and to plan for additional implementation actions to meet the final water 

quality based limits, in a second implementation phase, if necessary. 

 

When applicable, outfall monitoring shall including E. coli by USEPA- approved 

methods and flow rate at all MS4 outfalls (“snapshots”) that are discharging to a 

segment or tributary or across jurisdictional boundaries during a given monitoring 

event.  For each LRS, at least six (6) snapshots shall be conducted for pre-LRS 

monitoring, and at least three (3) snapshots shall be conducted for post- LRS 

monitoring.  For MS4s that choose to follow a non-LRS implementation approach, but 

choose to demonstrate compliance with Equivalent Conditions, at least six (6) 

snapshots shall be conducted. 

Implement CMP Permittees shall begin implementation actions to attain water quality-based effluent 

limitation, as necessary. 

30 days after  approval of the CMP 

Annual Monitoring Report Annual reporting of monitoring results to the Regional Water Board. December 15, 2013, and annually 

thereafter. 

Implementation Plan Permittees shall submit an Implementation Plan for wet weather with interim 

milestones for approval of the Regional Water Board Executive Officer. 

March 23, 2022 

Legg Lake Trash TMDL 

TMRP Reports MFAC Report compliance with the approved MFAC program. December 15, 2013, and annually 

thereafter 

Long Beach City Beaches and Los Angeles River Estuary Bacteria TMDL 

Compliance Monitoring To evaluate compliance with numeric targets, monitoring shall take place at existing 

monitoring sites as well as any new monitoring locations in the ambient water. 

For beach monitoring locations, daily or systematic weekly sampling in the wave wash 

at all major drains and creeks, existing monitoring stations at beaches without storm 

drains, and freshwater outlets is recommended to evaluate compliance. At all beach 

locations, samples should be taken at ankle depth and on an incoming wave, consistent 

with section 7961(b) of title 17 of the California Code of Regulations. At locations 

where there is a freshwater outlet, during wet weather, samples should be taken as close 

Submit an IMP or CIMP plan 

concurrently with the Permittee’s draft 

WMP, or 

 

If a WMP or IMP or CIMP will not be 

developed then submitted the 

Monitoring Plan 12 months after the 

effective date of this Order. 
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as possible to the wave wash, and no further away than 10 meters down current of the 

storm drain or outlet. 

A robust monitoring program shall be developed for the LAR Estuary. Available data 

includes bi-weekly monitoring from May through September of 2009, and 2010.  

Monitoring shall be expanded to include year round monitoring requirements, and at 

least three monitoring locations within the Estuary. We understand that adequate data to 

establish a reference estuary approach is currently not available. If in the future, 

adequate data from reference estuary studies become available, it may be appropriate to 

consider a reference estuary approach to evaluate compliance with these TMDLs.  

 

 

For an IMP, 9 months after the 

effective date of this Order; or 

 

For a CIMP, 12 months after the 

effective date of this Order  

Annual Monitoring Report Annual reporting of monitoring results to the Regional Water Board. December 15, 2013, and annually 

thereafter. 

Los Angeles Area Lakes TMDLs 

Lake Calabasas Nutrient TMDL 

Compliance Monitoring At a minimum, compliance monitoring should measure the following in-lake 

water quality parameters: ammonia, TKN or organic nitrogen, nitrate plus 

nitrite, orthophosphate, total phosphorus, total suspended solids, total dissolved 

solids and chlorophyll a. Measurements of the temperature, DO, pH and 

electrical conductivity should also be taken throughout the water column with a 

water quality probe along with Secchi depth measurement. All parameters must 

meet target levels at half the Secchi depth. DO and pH must meet target levels 

from the surface of the water to 0.3 meters above the lake bottom. Additionally, 

in order to accurately calculate compliance with water quality based limits to the 

lake expressed in yearly loads, monitoring should include flow estimation or 

monitoring as well as the water quality concentration measurements.  

At a minimum twice during summer 

months and once during winter. 

Supplemental Water Monitoring At Lake Calabasas, water quality based limits are assigned to supplemental 

water additions. This source should be monitoring for at minimum; ammonia, 

TKN or organic nitrogen, nitrate plus nitrite, orthophosphate, total phosphorus, 

total suspended solids and total dissolved solids. 

Once a year during the summer 

months (critical conditions). 

Stormwater Monitoring Stormwater sources should be measured near the point where they enter the 

lakes for at minimum: ammonia, TKN or organic nitrogen, nitrate plus nitrite, 

orthophosphate, total phosphorus, total suspended solids and total dissolved 

Twice a year. 
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solids. 

Reporting Annual reporting of monitoring results to the Regional Water Board. December 15, 20132, and annually 

thereafter. 

Echo Park Lake Nutrient TMDL 

Compliance Monitoring At a minimum, compliance monitoring should measure the following in-lake 

water quality parameters: ammonia, TKN or organic nitrogen, nitrate plus 

nitrite, orthophosphate, total phosphorus, total suspended solids, total dissolved 

solids and chlorophyll a. Measurements of the temperature, dissolved oxygen, 

pH and electrical conductivity should also be taken throughout the water column 

with a water quality probe along with Secchi depth measurement. All parameters 

must meet target levels at half the Secchi depth. DO and pH must meet target 

levels from the surface of the water to 0.3 meters above the lake bottom. 

Additionally, in order to accurately calculate compliance with water quality 

based limits to the lake expressed in yearly loads, monitoring should include 

flow estimation or monitoring as well as the water quality concentration 

measurements. 

At a minimum twice during summer 

months and once during winter. 

Stormwater Monitoring Stormwater sources should be measured near the point where they enter the 

lakes for at minimum: ammonia, TKN or organic nitrogen, nitrate plus nitrite, 

orthophosphate, total phosphorus, total suspended solids and total dissolved 

solids. 

Twice a year. 

Reporting Annual reporting of monitoring results to the Regional Water Board. December 15, 20132, and annually 

thereafter. 

Echo Park Lake PCBs and Organochlorine Pesticide TMDLs 

Compliance Monitoring At a minimum, compliance monitoring should measure the following in-lake 

water quality parameters: total suspended sediments, total PCBs, total chlordane, 

and dieldrin; as well as the following in-lake sediment parameters: total organic 

carbon, total PCBs, total chlordane, and dieldrin. Environmentally relevant 

detection limits should be used (i.e., detection limits lower than applicable 

target), if available at a commercial laboratory. Measurements of the 

temperature, dissolved oxygen, pH and electrical conductivity should also be 

taken throughout the water column with a water quality probe along with Secchi 

depth measurement. 

December 15, 2013, and annually 

thereafter. 

Fish Tissue Monitoring Monitoring of fish tissue. For the OC pesticides and PCBs TMDLs, a 

demonstration that fish tissue targets have been met in any given year must at 

minimum include a composite sample of skin off fillets from at least five 

largemouth bass each measuring at least 350mm in length. 

At least every three years. 

Stormwater Monitoring Stormwater sources should be measured near the point where they enter the 

lakes. Sampling should be designed to collect sufficient volumes of suspended 

solids to allow for the analysis of at minimum: total organic carbon, total 

suspended solids, total PCBs, total chlordane, and dieldrin. Measurements of the 

Once a year during a wet weather 

event. 
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temperature, dissolved oxygen, pH and electrical conductivity should also be 

taken. 

Reporting Annual reporting of monitoring results to the Regional Water Board. December 15, 20132, and annually 

thereafter. 

Echo Park Lake Trash TMDL 

Compliance Monitoring Responsible jurisdictions should monitor the trash quantity deposited in the 

vicinity of Echo Park Lake as well as on the waterbody to comply with the 

TMDL target and to understand the effectiveness of various implementation 

efforts. The Rapid Trash Assessment Method is recommended. 

Quarterly. 

Reporting Annual reporting of monitoring results to the Regional Water Board. December 15, 20132, and annually 

thereafter. 

Legg Lake System Nutrient TMDL 

Compliance Monitoring At a minimum, compliance monitoring should measure the following in-lake 

water quality parameters: ammonia, TKN or organic nitrogen, nitrate plus 

nitrite, orthophosphate, total phosphorus, total suspended solids, total dissolved 

solids and chlorophyll a. Measurements of the temperature, dissolved oxygen, 

pH and electrical conductivity should also be taken throughout the water column 

with a water quality probe along with Secchi depth measurement. All parameters 

must meet target levels at half the Secchi depth.  DO and pH must meet target 

levels from the surface of the water to 0.3 meters above the lake bottom. 

Additionally, in order to accurately calculate compliance with water quality 

based limits to the lake expressed in yearly loads, monitoring should include 

flow estimation or monitoring as well as the water quality concentration 

measurements. 

At a minimum twice during summer 

months and once during winter. 

Stormwater Monitoring Stormwater sources should be measured near the point where they enter the 

lakes for at minimum: ammonia, TKN or organic nitrogen, nitrate plus nitrite, 

orthophosphate, total phosphorus, total suspended solids and total dissolved 

solids. 

Twice a year. 

Reporting Annual reporting of monitoring results to the Regional Water Board. December 15, 2013, and annually 

thereafter. 

Peck Road Park Lake Nutrient TMDL 

Compliance Monitoring At a minimum, compliance monitoring should measure the following in-lake 

water quality parameters: ammonia, TKN or organic nitrogen, nitrate plus 

nitrite, orthophosphate, total phosphorus, total suspended solids, total dissolved 

solids and chlorophyll a. Measurements of the temperature, DO, pH and 

electrical conductivity should also be taken throughout the water column with a 

water quality probe along with Secchi depth measurement. All parameters must 

meet target levels at half the Secchi depth. Deep lakes, such as Peck Road Park 

Lake, must meet the DO and pH targets in the water column from the surface to 

0.3 meters above the bottom of the lake when the lake is not stratified. However, 

At a minimum twice during summer 

months and once during winter. 
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when stratification occurs (i.e., a thermocline is present) then the DO and pH 

targets must be met in the epilimnion, the portion of the water column above the 

thermocline. Additionally, in order to accurately calculate compliance with 

water quality based limits to the lake expressed in yearly loads, monitoring 

should include flow estimation or monitoring as well as the water quality 

concentration measurements. 

Stormwater Monitoring Stormwater sources should be measured near the point where they enter the 

lakes for at minimum: ammonia, TKN or organic nitrogen, nitrate plus nitrite, 

orthophosphate, total phosphorus, total suspended solids and total dissolved 

solids. 

Twice a year. 

Reporting Annual reporting of monitoring results to the Regional Water Board. December 15, 20132, and annually 

thereafter. 

Peck Road Park Lake PCBs and Organochlorine Pesticide TMDLs 

Compliance Monitoring At a minimum, compliance monitoring should measure the following in-lake 

water quality parameters: total suspended sediments, total PCBs, total chlordane, 

total DDTs, and dieldrin; as well as the following in-lake sediment parameters: 

total organic carbon, total PCBs, total chlordane, total DDTs, and dieldrin. 

Environmentally relevant detection limits should be used (i.e., detection limits 

lower than applicable target), if available at a commercial laboratory. 

Measurements of the temperature, dissolved oxygen, pH and electrical 

conductivity should also be taken throughout the water column with a water 

quality probe along with Secchi depth measurement. 

December 15, 2013, and annually 

thereafter. 

Fish Tissue Monitoring Monitoring of fish tissue. For the OC pesticides and PCBs TMDLs, a 

demonstration that fish tissue targets have been met in any given year must at 

minimum include a composite sample of skin off fillets from at least five 

common carp each measuring at least 350mm in length. 

At least every three years. 

Stormwater Monitoring Stormwater sources should be measured near the point where they enter the 

lakes. Sampling should be designed to collect sufficient volumes of suspended 

solids to allow for the analysis of at minimum: total organic carbon, total 

suspended solids, total PCBs, total chlordane, total DDTs, and dieldrin. 

Measurements of the temperature, dissolved oxygen, pH and electrical 

conductivity should also be taken. 

Once a year during a wet weather 

event. 

Reporting Annual reporting of monitoring results to the Regional Water Board. December 15, 20132, and annually 

thereafter. 

Peck Road Park Lake Trash TMDL 

Compliance Monitoring Responsible jurisdictions should monitor the trash quantity deposited in the 

vicinity of Peck Road Park Lake as well as in the waterbody to comply with the 

TMDL target and to understand the effectiveness of various implementation 

efforts. The Rapid Trash Assessment Method is recommended. 

Quarterly. 

Reporting Annual reporting of monitoring results to the Regional Water Board. December 15, 20132, and annually 

RB-AR5356



Greater Los Angeles County ORDER NO. R4-2012-XXXX 
Municipal Separate Storm Sewer System NPDES NO. CAS004001 

 

Attachment E – Reporting Program No. TBD E-70 

R
E
V
I
S
E
D 
 

T
E
N
T
A
T 
I
V
E 

thereafter. 
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E. Reporting Requirements for San Gabriel River WMA TMDLs 

Deliverable Description Due Date(s) 

San Gabriel River and Impaired Tributaries Metals and Selenium TMDL 

Coordinated Monitoring 

Plan 

Permittees shall develop a Coordinated Monitoring Plan, to be approved by the Regional Water 

Board Executive Officer, which includes both TMDL effectiveness monitoring and ambient 

monitoring.  The ambient monitoring program shall contain monitoring in all reaches and major 

tributaries of the San Gabriel River, including but not limited to additional dry- and wet-

weather monitoring in the San Gabriel River Reaches 4 and 5 and Walnut Creek, additional 

dry-weather monitoring in San Gabriel River Reach 2, and additional wet-weather monitoring 

in San Jose Creek, San Gabriel River Reaches 1 and 3, and the Estuary.  Sediment samples shall 

be collected semi-annually in the Estuary and analyzed for sediment toxicity resulting from 

copper, lead, selenium, and zinc. 

 

The TMDL effectiveness monitoring shall demonstrate the effectiveness of the phased 

implementation schedule for reducing pollutant loads to achieve the dry- and wet-weather water 

quality based effluent limitations.  Monitoring stations specified for the ambient monitoring 

program may be used for the TMDL effectiveness monitoring.  The final dry-weather 

monitoring stations shall be located in San Jose Creek Reach 1 and the Estuary.  The final wet-

weather TMDL effectiveness monitoring stations may be located at the existing Los Angeles 

County Department of Public Works mass emission sites in San Gabriel River Reach 2 and 

Coyote Creek. 

 

Permittees shall sample once per month, during dry-weather conditions, at each proposed 

TMDL effectiveness monitoring location.  Permittees shall sample at least 4 wet-weather events 

where flow meets wet-weather conditions (260 cfs in San Gabriel River Reach 2 and 156 cfs in 

Coyote Creek) in a given storm season (November to March), unless there are fewer than 4 wet-

weather events, at each proposed TMDL effectiveness monitoring location.  Permittees are 

encouraged to coordinate with the San Gabriel watershed-wide monitoring program to avoid 

duplication and leverage resources. 

Submit an IMP or CIMP plan 

concurrently with the Permittee’s 

draft WMP, or 

 

If a WMP or IMP or CIMP will not 

be developed then submitted the 

Coordinated Monitoring Plan 12 

months after the effective date of 

this Order. 

 

For an IMP, 9 months after the 

effective date of this Order; or 

 

For a CIMP, 12 months after the 

effective date of this Order 

Annual Monitoring Report Annual reporting of monitoring results to the Regional Water Board. December 15, 20132, and 
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annually thereafter. 

Implementation Plan Permittees shall submit an Implementation Plan outlining how to achieve compliance 

with the water quality based effluent limitations, for approval of the Regional Water 

Board Executive Officer.  The Plan shall include implementation methods, an 

implementation schedule, and proposed milestones. 

1 year after the effective date of 

this Order 

Legg Lake Trash TMDL 

TMRP Reports Report compliance with the installation of full capture systems. 

 

December 15, 2012, and 

annually thereafter 

TMRP Reports MFAC Report compliance with the approved MFAC program. December 15, 2012, and 

annually thereafter 

Los Angeles Area Lakes TMDLs 

Legg Lake System Nutrient TMDL 

Compliance Monitoring At a minimum, compliance monitoring should measure the following in-lake water 

quality parameters: ammonia, TKN or organic nitrogen, nitrate plus nitrite, 

orthophosphate, total phosphorus, total suspended solids, total dissolved solids and 

chlorophyll a. Measurements of the temperature, dissolved oxygen, pH and electrical 

conductivity should also be taken throughout the water column with a water quality 

probe along with Secchi depth measurement. All parameters must meet target levels at 

half the Secchi depth.  DO and pH must meet target levels from the surface of the water 

to 0.3 meters above the lake bottom. Additionally, in order to accurately calculate 

compliance with water quality based limits to the lake expressed in yearly loads, 

monitoring should include flow estimation or monitoring as well as the water quality 

concentration measurements. 

At a minimum twice during 

summer months and once during 

winter. 

Stormwater Monitoring Stormwater sources should be measured near the point where they enter the lakes for at 

minimum: ammonia, TKN or organic nitrogen, nitrate plus nitrite, orthophosphate, total 

phosphorus, total suspended solids and total dissolved solids. 

Twice a year. 

Reporting Annual reporting of monitoring results to the Regional Water Board. December 15, 20132, and 

annually thereafter. 

Puddingstone Reservoir Nutrient TMDL 

Compliance Monitoring At a minimum, compliance monitoring should measure the following in-lake water 

quality parameters: ammonia, TKN or organic nitrogen, nitrate plus nitrite, 

orthophosphate, total phosphorus, total suspended solids, total dissolved solids and 

chlorophyll a. Measurements of the temperature, dissolved oxygen, pH and electrical 

conductivity should also be taken throughout the water column with a water quality 

probe along with Secchi depth measurement. All parameters must meet target levels at 

half the Secchi depth.  DO and pH must meet target levels from the surface of the water 

to 0.3 meters above the lake bottom when the lake is not stratified. However, when 

stratification occurs (i.e., a thermocline is present) then the DO and pH targets must be 

met in the epilimnion, the portion of the water column above the thermocline.  

Additionally, in order to accurately calculate compliance with water quality based limits 

At a minimum twice during 

summer months and once during 

winter. 

RB-AR5359



Greater Los Angeles County ORDER NO. R4-2012-XXXX 
Municipal Separate Storm Sewer System NPDES NO. CAS004001 

 

Attachment E – Reporting Program No. TBD E-73 

R
E
V
I
S
E
D 
 

T
E
N
T
A
T 
I
V
E 

to the lake expressed in yearly loads, monitoring should include flow estimation or 

monitoring as well as the water quality concentration measurements. 

Stormwater Monitoring Stormwater sources should be measured near the point where they enter the lakes for at 

minimum: ammonia, TKN or organic nitrogen, nitrate plus nitrite, orthophosphate, total 

phosphorus, total suspended solids and total dissolved solids. 

Twice a year. 

Reporting Annual reporting of monitoring results to the Regional Water Board. December 15, 20132, and 

annually thereafter. 

Puddingstone Reservoir Mercury TMDL 

Compliance Monitoring At a minimum, compliance monitoring should measure the following in-lake water 

quality parameters: total mercury, methylmercury, chloride, sulfate, total organic carbon, 

alkalinity, total suspended solids, and total dissolved solids; as well as the following in-

lake sediment parameters: total mercury, dissolved methylmercury, total organic carbon, 

total solids and sulfate. Measurements of the temperature, dissolved oxygen, pH and 

electrical conductivity should also be taken throughout the water column with a water 

quality probe along with Secchi depth measurement. Additionally, in order to accurately 

calculate compliance with allocations expressed in yearly loads, monitoring should 

include flow estimation or monitoring as well as water quality concentration 

measurements. 

Twice a year. 

Fish Tissue Monitoring Monitoring should include monitoring of largemouth bass (325-375mm in length) fish 

tissue (skin-off fillets) for mercury concentration. 

At least every three years. 

Stormwater Monitoring Stormwater sources should be measured near the point where they enter the lakes for at 

minimum: total mercury, methyl mercury, chloride, sulfate, total organic carbon, 

alkalinity, total suspended solids, and total dissolved solids. 

Twice a year. 

Reporting Annual reporting of monitoring results to the Regional Water Board. December 15, 20132, and 

annually thereafter. 

Puddingstone Reservoir PCBs and Organochlorine Pesticide TMDLs 

Compliance Monitoring At a minimum, compliance monitoring should measure the following in-lake water 

quality parameters: total suspended sediments, total PCBs, total chlordane, dieldrin, and 

total DDTs; as well as the following in-lake sediment parameters: total organic carbon, 

total PCBs, total chlordane, dieldrin, and total DDTs. Environmentally relevant 

detection limits should be used (i.e., detection limits lower than applicable target), if 

available at a commercial laboratory. Measurements of the temperature, dissolved 

oxygen, pH and electrical conductivity should also be taken throughout the water 

column with a water quality probe along with Secchi depth measurement. 

Annually. 

Fish Tissue Monitoring Monitoring of fish tissue. For the OC pesticides and PCBs TMDLs a demonstration that 

fish tissue targets have been met in any given year must at minimum include a 

composite sample of skin off fillets from at least five common carp each measuring at 

least 350mm in length. 

At least every three years. 

Stormwater Monitoring Stormwater sources should be measured near the point where they enter the lakes. 

Sampling should be designed to collect sufficient volumes of suspended solids to allow 

Once a year during a wet 

weather event. 
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for the analysis of at minimum: total organic carbon, total suspended solids, total PCBs, 

total chlordane, dieldrin, and total DDTs. Measurements of the temperature, dissolved 

oxygen, pH and electrical conductivity should also be taken. 

Reporting Annual reporting of monitoring results to the Regional Water Board. December 15, 20132, and 

annually thereafter. 
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F. Reporting Requirements for Los Cerritos Channel WMA TMDLs 

Deliverable Description Due Date(s) 

Los Cerritos Channel Metals TMDL 

Coordinated Monitoring Plan Permittees shall develop a Coordinated Monitoring Plan, to be approved by the Regional 

Water Board Executive Officer, which includes both TMDL effectiveness monitoring and 

ambient monitoring.  The ambient monitoring program shall be developed to track trends 

in water quality improvements in Los Cerritos Channel; to provide background 

information on hardness values; and the partitioning of metals between the total 

recoverable and dissolved fraction. 

 

TMDL effectiveness monitoring shall demonstrate the effectiveness of the phased 

implementation schedule for reducing pollutant loads to achieve the water quality based 

effluent limitations.  Monitoring stations specified for the ambient monitoring program 

may be used for the TMDL effectiveness monitoring.  Permittees shall sample at least 4 

wet-weather events where flow meets wet-weather conditions (>23 cfs in Los Cerritos 

Channel above the tidal prism) in a given storm season. 

Submit an IMP or CIMP plan 

concurrently with the Permittee’s 

draft WMP, or 

 

If a WMP or IMP or CIMP will not 

be developed then submitted the 

Coordinated Monitoring Plan 12 

months after the effective date of 

this Order. 

For an IMP, 9 months after the 

effective date of this Order; or 

 

For a CIMP, 12 months after the 

effective date of this Order 

Annual Monitoring Report Annual reporting of monitoring results to the Regional Water Board. December 15, 2013, and annually 

thereafter. 

Implementation Plan Permittees shall submit an Implementation Plan outlining how to achieve compliance with 

the water quality based effluent limitations, for approval of the Regional Water Board 

Executive Officer.  The Plan shall include implementation methods, an implementation 

schedule, and proposed milestones. 

1 year after the effective date of 

this Order 

Colorado Lagoon OC Pesticides, PCBs, Sediment Toxicity, PAHs, and Metals TMDL 

Monitoring Water column and sediment samples will be collected at the outlet of the storm drains 

discharging to the lagoon, while water column, sediment, and fish tissue samples will be 

collected in the West Arm, Central Arm, North Arm, at the outlet of the lagoon to Marine 

Stadium during an incoming tide, and at the outfall of Termino Avenue Drain to Marine 

Stadium as specified in the Colorado Lagoon TMDL Monitoring Plan (CLTMP). 

6 months after Regional Water 

Board Executive Officer approves 

the CLTMP.February 1, 2013  

Annual Monitoring Reports Permittees shall submit annual monitoring reports to the Regional Water Board.  All 

compliance monitoring must be conducted in conjunction with a Regional Water Board 

approved Quality Assurance Project Plan. 

December 15, 2013, and annually 

thereafter. 

Implementation Progress Permittees shall submit annual progress reports on the status of implementation actions 

performed under the TMDL.  The plan shall contain mechanisms for demonstration 

progress toward meeting the water quality based effluent limitations. 

December 15, 2013, and annually 

thereafter. 
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G. Reporting Requirements for Middle Santa Ana River WMA TMDL 

Deliverable Description Due Date(s) 

Middle Santa Ana River Watershed Bacteria Indicator TMDL 

Bacterial Indicator Water 

Quality Monitoring Plan 

Permittees shall develop and submit for approval by the Executive Officer 

of the Regional Water Board a Bacterial Indicator Water Quality 

Monitoring Plan in accordance with the TMDL. 

Submit an IMP or CIMP plan concurrently with the 

Permittee’s draft WMP, or 

 

If a WMP or IMP or CIMP will not be developed 

then submitted the Monitoring Plan 12 months after 

the effective date of this Order. 

For an IMP, 9 months after the effective date of this 

Order; or 

 

For a CIMP, 12 months after the effective date of 

this Order 

Bacterial Indicator Urban 

Source Evaluation Plan 

Permittees shall develop and submit for approval by the Regional Water 

Board a Bacterial Indicator Urban Source Evaluation Plan.  This plan shall 

include steps needed to identify specific activities, operations, and processes 

in urban areas that contribute bacterial indicators to San Antonio Channel.  

The plan shall also include a proposed schedule for completion of each of 

the steps identified. 

1 year after the effective date of this Order  

Progress Reports Annual progress reports on implementation shall be submitted to the 

Regional Water Board. 

December 15, 2013, and annually thereafter. 
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I, Samuel Unger, Executive Officer, do hereby certify that this Monitoring and Reporting 
Program is a full, true, and correct copy of the MRP adopted by the California Regional 
Water Quality Control Board, Los Angeles Region, on <Adoption Date>. 
 
 
 
____________________ 
Samuel Unger, P.E. 
 Executive Officer 
 
Date: _____ 2012 
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ATTACHMENT F – FACT SHEET 

As described in Part II of this Order, this Fact Sheet sets forth the significant sets forth the 
significant factual, legal, methodological, and policy rationale that serve as the basis for the 
requirements of this Order. 

This Order has been prepared under a standardized format to accommodate a broad range of 
discharge requirements for dischargers in California.  Only those sections or subsections of 
this Order that are specifically identified as “not applicable” have been determined not to apply 
to the Dischargers covered by this Order.  Sections or subsections of this Order not specifically 
identified as “not applicable” are fully applicable to the Dischargers. 

I. PERMIT INFORMATION 

The following table summarizes administrative information related to the facility and the 
Dischargers. 

Table F-1. Facility and Discharger Information 

WDID Various (See Table 4 of Order) 

Dischargers 

The Los Angeles County Flood Control District, the County of Los 
Angeles, and 84 incorporated cities within the Los Angeles 
County Flood Control District service area coastal watersheds of 
Los Angeles County with the exception of the City of Long Beach 
(See Table 4 of Order) 

Name of Facility 

Municipal Separate Storm Sewer Systems (MS4s) within the 
Coastal Watersheds of Los Angeles County Flood Control District 
service area, the County of Los Angeles, and 84 incorporated 
cities within the Los Angeles County Flood Control Districtwith the 
exception of the City of Long Beach MS4   

Facility Address Various 

Facility Contact, Title and 
Phone 

Various (See Table 4 of Order) 

Mailing Address Various (See Table 4 of Order) 

Billing Address Same as above 

Type of Facility Large Municipal Separate Storm Sewer System (MS4)1  

                                            
1
 According to 40 CFR § 122.26(b)(8), “[a] municipal separate storm sewer system (MS4) means a conveyance or system of 
conveyances (including roads with drainage systems, municipal streets, catch basins, curbs, gutters, ditches, man-made 
channels, or storm drains): 

(i) Owned or operated by a State, city, town, borough, county, parish, district, association, or other public body (created 
by or pursuant to State law) having jurisdiction over disposal of sewage, industrial wastes, storm water, or other 
wastes, including special districts under State law such as a sewer district, flood control district or drainage 
district, or similar entity, or an Indian tribe or an authorized Indian tribal organization, or a designated and 
approved management agency under section 208 of the CWA that discharges to waters of the United States; 

(ii) Designed or used for collecting or conveying storm water; 
(iii) Which is not a combined sewer; and 
(iv) Which is not part of a Publicly Owned Treatment Works (POTW) as defined at 40 CFR 122.2.” 
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Major or Minor Facility Major 

Watersheds 

(1) Santa Clara River Watershed; (2) Santa Monica Bay 
Watershed Management Area, including Malibu Creek Watershed 
and Ballona Creek Watershed; (3) Los Angeles River Watershed; 
(4) Dominguez Channel and Greater Los Angeles/Long Beach 
Harbors Watershed Management Area; (5) Los Cerritos Channel 
and Alamitos Bay Watershed Management Area;(6) San Gabriel 
River Watershed; and (7) Santa Ana River Watershed 

Receiving Water 

Surface waters identified in Tables 2-1, 2-1a, 2-3, and 2-4, and 
Appendix 1, Table 1 of the Water Quality Control Plan - Los 
Angeles Region (Basin Plan), and other unidentified tributaries to 
these surface waters within the following Watershed Management 
Areas:  

(1) Santa Clara River Watershed;  

(2) Santa Monica Bay Watershed Management Area, including 
Malibu Creek Watershed and Ballona Creek Watershed;  

(3) Los Angeles River Watershed;  
(4) Dominguez Channel and Greater Los Angeles/Long Beach 
Harbors Watershed Management Area;  

(5) Los Cerritos Channel and Alamitos Bay Watershed 
Management Area; 

(6) San Gabriel River Watershed; and 
(7) Santa Ana River Watershed2. 

Receiving Water Type 
Inland surface waters, estuarine waters, and marine waters, 
including wetlands, lakes, rivers, estuaries, lagoons, harbors, 
bays, and beaches 

 
The Los Angeles County Flood Control District, Los Angeles County, and the 84 
municipalities listed in Table F-2 above are the owners and/or operators3 of  the Los 
Angeles County Municipal Separate Storm Sewer Systems within the Coastal Watersheds 
of Los Angeles County (hereinafter Facility). 

For the purposes of this Order, the entities listed in Table 4 of the Order are hereinafter 
referred to separately as “Permittees” and jointly as the “Dischargers.”  References to 
“discharger” or “permittee” or “co-permittee” or “municipality” in applicable federal and state 
laws, regulations, plans, or policy are held to be equivalent to references to the Dischargers 
or Permittees herein. 

                                            
2
 Note that the Santa Ana River Watershed lies primarily within the boundaries of the Santa Ana Regional Water Quality 
Control Board. However, a portion of the Chino Basin subwatershed lies within the jurisdictions of Pomona and Claremont in 
Los Angeles County. The primary receiving water within the Los Angeles County portion of the Chino Basin subwatershed 
areis San Antonio Creek and Chino Creek. 

3
 Owner or operator means the owner or operator of any facility or activity subject to regulation under the NPDES program (40 
CFR § 122.2). 

Field
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II. FACILITY DESCRIPTION 

A. Description of the Los Angeles CountyPermittees’ MS4s 

The Los Angeles CountyPermittees’ MS4s, like many MS4s in the nation, is are based 
on regional floodwater management systems that use both natural and altered water 
bodies to achieve flood management goals. The Los Angeles County Permittees’ MS4s 
is comprise a large interconnected system, controlled in large part by the Los Angeles 
County Flood Control District (LACFCD), among others, and used by multiple cities 
along with Los Angeles County. This extensive system conveys storm water and non-
storm water across municipal boundaries where it is commingled within the MS4 and 
then discharged to a receiving water bodiesy.  
 
In 1915, the California Legislature enacted the Los Angeles County Flood Control Act, 
establishing the Los Angeles County Flood Control District (LACFCD). The objects and 
purposes of the Act are to provide for the control and conservation of the flood, storm 
and other waste waters within the flood control district.  Among its other powers, the 
LACFCD also has the power to preserve, enhance, and add recreational features to 
lands or interests in lands contiguous to its properties for the protection, preservation, 
and use of the scenic beauty and natural environment for the properties or the lands. 
The LACFCD is governed, as a separate entity, by the County of Los Angeles Board of 
Supervisors. 
 
The Los Angeles County Flood Control Act was passed in 1915. The original Los 
Angeles MS4 was developed in the 1930s by the U.S. Army Corps of Engineers 
(ACOE). As Los Angeles began to grow rapidly in the 1920s and 1930s, storm water 
that was once absorbed by acres of undeveloped land began to run off the newly paved 
and developed areas, leading to an increased amount of water flowing into the region’s 
rivers and local creeks. These waterways could not contain the increased amount of 
water and the region experienced extensive flooding. In response, the ACOE lined the 
Los Angeles River and Ballona Creek with concrete and initiated the development of an 
underground urban drainage system. As Los Angeles continued to grow, the complex 
drainage system we now know as the Los Angeles County MS4 developed. 
 
The area covered under this Order encompasses more than 3,000 square miles. This 
area contains a vast drainage network that serves incorporated and unincorporated 
areas in every Watershed Management Area within the Los Angeles Region. Maps 
depicting the major drainage infrastructure within the area covered under this Order are 
included in Attachment C of this Order.The Los Angeles County Flood Control District 
boundaries service area encompass more than 3,000 square miles, 85 incorporated 
cities, unincorporated areas, and approximately 2.1 million land parcels  
 
. The Los Angeles County Flood Control District owns drainage infrastructure, including 
owning or maintaining easements for drainage facilities and access, within incorporated 
and unincorporated areas in every watershed in the Los Angeles Region, including 500 
miles of open channels, 2,900 miles of underground storm drains, over 80,000 catch 
basins, and 52 pump stations.  
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The total length of the greater LA CountyPermittees’ MS4s, and the locations of all 
storm drain connections, are not known exactly, as a comprehensive map for the MS4 
does not exist.  Rough estimates, based on information from the LACFCD and large 
municipalities (population > 100,000), indicate that the length exceeds 4,300 miles, as 
shown below.  The LACFCD’s system includes the majority of drainage infrastructure 
within incorporated and unincorporated areas in every watershed, including 
approximately 500 miles of open channel, 3,500 miles of underground drains, and an 
estimated 88,800 catch basins, and several dams. Portions of the LACFCD’s current 
system were originally unmodified natural rivers and water courses. 
 
Table F-2. Extent of LA County Select Permittees’ MS4s 
 

Permittee Area 

(Square Miles) 

Catch Basins Storm Drain 

Length 

Open Channel Length 

LACFCD/  

LA County 

3,100 7388,000 2,650 3,500 miles 450 500 miles 

City of LA 469  30,000 1,600 miles 31 miles 

El Monte 10 316 11 miles 0.4 mile 

Glendale 30.6 1,100 Unknown Unknown 

Inglewood 9 1,157 12 miles Unknown 

Pasadena 26 1,050 30 Unknown 

Santa Monica 8.3 850 Unknown Unknown 

Torrance 20 2,000 20 miles 3 miles 

TOTAL  approx. 109,473 approx. 4,323 approx. 484.4 

 
Unlike other Permittees, the LACFCD does not own or operate any municipal sanitary 
sewer systems, public streets, roads, or highways, and has no planning, zoning, 
development permitting or other land use authority over industrial or commercial 
facilities, new developments or re-development projects, or development construction 
sites located in any incorporated or unincorporated areas within its service area. 
However, The the Los Angeles County Flood Control District also owns the County of 
Los Angeles Department of Public Works headquarters building and Los Angeles 
County Flood Control District maintenance yards to support its field operations.  
 
Storm water and non-storm water are conveyed through the MS4s and ultimately 
discharged into receiving waters of the Los Angeles Region. The Los Angeles County 
Flood Control District’s MS4s subject to this Order infrastructure receives storm water 
and non-storm water flows from various sources. These flows come from MS4s owned 
by the other Permittees covered by this Order and other public agencies that connect to 
the Los Angeles County Flood Control District’s infrastructure, NPDES permitted 
discharges, discharges authorized by the USEPA (including discharges subject to a 

RB-AR5370



Greater Los Angeles County ORDER NO. R4-2012-XXXX 
Municipal Separate Storm Sewer System NPDES PERMIT NO. CAS004001 
 

 
Attachment F – Fact Sheet F-7 

R
E
V
I
S
E
D 
 

T 
E 
N 
T 
A 
T 
I 
V 
E 

decision document approved pursuant to the Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA)), groundwater, and natural flows.  
 
The Los Angeles County Flood Control District owns its headquarters building located at 
900 South Fremont Avenue in the City of Alhambra, California. The facility includes a 
fueling station and a wash rack that discharges to the sanitary sewer. The wash rack is 
used to wash Department of Public Works vehicles. The Los Angeles County Flood 
Control District also operates 12 flood maintenance yards. Materials and equipment 
associated with maintaining the flood control facilities are stored at the yards.  
 
The requirements contained in this Order apply to the Los Angeles County Flood 
Control District, 84 cities within the Los Angeles County Flood Control Districtcoastal 
watersheds of Los Angeles County, and the unincorporated areas of Los Angeles 
County under County jurisdiction, with the exception of the City of Long Beach. Under 
the previous Order, Order No. 01-182, the Los Angeles County Flood Control District 
was designated the Principal Permittee, and the County of Los Angeles and the 84 
incorporated cities were designated co-Permittees. However, in this Order, the role of 
Principal Permittee has been eliminated. This Order divides Los Angeles County into 
seven Watershed Management Areas (WMAs).  
 

B. The Need to Regulate Discharges from MS4s 

The quality of storm water and non-storm water discharges from MS4s is fundamentally 
important to the health of the environment and the quality of life in Southern California.  
Polluted storm water and non-storm water discharges from MS4s are a leading cause of 
water quality impairment in the Los Angeles Region.  Storm water and non-storm water 
discharges are often contaminated with pesticides, fertilizers, fecal indicator bacteria 
and associated pathogens, trash, automotive byproducts, and many other toxic 
substances generated by activities in the urban environment.  Water that flows over 
streets, parking lots, construction sites, and industrial, commercial, residential, and 
municipal areas carries these untreated pollutants through the MS4 directly into the 
receiving waters of the Region. The water quality impacts, ecosystem impacts, and 
increased public health risks from MS4 discharges that affect receiving waters 
nationwide and throughout Los Angeles County, including its coastline, are well 
documented.  
 
The National Urban Runoff Program (NURP) Study (USEPA 1983) showed that MS4 
discharges draining from residential, commercial, and light industrial areas contain 
significant loadings of total suspended solids and other pollutants. Many studies 
continue to support the conclusions of the NURP Study. The NURP Study also found 
that pollutant levels from illicit discharges were high enough to significantly degrade 
receiving water quality, and threaten aquatic life, wildlife, and human health. The 
general findings and conclusions of the NURP Study are reiterated in the more recent 
2008 National Research Council report “Urban Runoff Management in the United 
States” as well as in a regional study, “Sources, Patterns and Mechanisms of storm 
Water Pollutant Loading from Watersheds and Land Uses of the Greater Los Angeles 
Area, California,” SCCWRP Technical Report 510 (2007), funded in large part by the 
Regional Water Board.  
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Some of the conclusions of the 2007 regional study were as follows. 
 
Storm water runoff from watershed and land use based sources is a significant 
contributor of pollutant loading and often exceeds water quality standards. High 
pollutant concentrations were observed throughout the study at both mass emission 
(ME) and land use (LU) sites. Pollutant concentrations frequently exceeded water 
quality standards.  
 
Storm water Event Mean Concentrations (EMCs), fluxes and loads were substantially 
lower from undeveloped open space areas when compared to developed urbanized 
watersheds. Storms sampled from less developed watersheds produced pollutant 
EMCs and fluxes that were one to two orders of magnitude lower than comparably sized 
storms in urbanized watersheds. Furthermore, the higher fluxes from developed 
watersheds were generated by substantially less rainfall than the lower fluxes from the 
undeveloped watersheds, presumably due to increased impervious surface area in 
developed watersheds.  
 
The Los Angeles region contributed a similar range of storm water runoff pollutant loads 
as that of other regions of the United States. Comparison of constituent concentrations 
in storm water runoff from land use sites from this study reveal median EMCs that are 
comparable to U.S. averages reported in the National Storm water Quality Database 
(NSQD; Pitt et al., 2003). Comparison to the NSQD data set provides insight to spatial 
and temporal patterns in constituent concentrations in urban systems. Similarities 
between levels reported in the NSQD and this study suggest that land-based 
concentrations in southern California storm water are generally comparable to those in 
other parts of the country. 
 
Peak concentrations for all constituents were observed during the early part of the 
storm. Constituent concentrations varied with time over the course of storm events. For 
all storms sampled, the highest constituent concentrations occurred during the early 
phases of storm water runoff with peak concentrations usually preceding peak flow. 
Although the pattern of an early peak in concentration was comparable in both large 
and small developed watersheds, the peak concentration tended to occur later in the 
storm and persist for a longer duration in the smaller developed watersheds. Therefore 
monitoring programs must capture the early portion of storms and account for intra-
storm variability in concentration in order to generate accurate estimates of EMC and 
contaminant loading. Programs that do not initiate sampling until a flow threshold has 
been surpassed may severely underestimate storm EMCs. 
 
Highest constituent loading was observed early in the storm season with intra-annual 
variability driven more by antecedent dry period than amount of rainfall. Seasonal 
differences in constituent EMCs and loads were consistently observed at both ME and 
LU sites. In general, early season storms (October – December) produce significantly 
higher constituent EMCs and loads than late season storms (April-May), even when 
rainfall quantity was similar. This suggests that the magnitude of constituent load 
associated with storm water runoff depends, at least in part, on the amount of time 
available for pollutant build-up on land surfaces. The extended dry period that typically 
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occurs in arid climates such as southern California maximizes the time for constituents 
to build-up on land surfaces, resulting in proportionally higher concentrations and loads 
during initial storms of the season. 
 
The 1992, 1994, and 1996 National Water Quality Inventory Reports to Congress 
prepared by USEPA showed a trend of impairment in the Nation’s waters from 
contaminated storm water and dry weather urban runoff. The 2004 National Water 
Quality Inventory (305(b) Report) showed that urban runoff/storm water discharges 
contribute to the impairment of 22,559 miles of streams, the impairment of 701,024 
acres of lakes, and the impairment of 867 square miles of estuaries in the United 
States.   The Natural Resources Defense Council (NRDC) 1999 Report, "Stormwater 
Strategies, Community Responses to Runoff Pollution” identifies two main causes of the 
storm water pollution problem in urban areas. Both causes are directly related to 
development in urban and urbanizing areas:  
 
Increased volume and velocity of surface runoff. There are three types of human-made 
impervious covers that increase the volume and velocity of runoff: (i) rooftop, (ii) 
transportation imperviousness, and (iii) non-porous (impervious) surfaces. As these 
impervious surfaces increase, infiltration will decrease, forcing more water to run off the 
surface, picking up speed and pollutants. 
 
The concentration of pollutants in the runoff. Certain activities, such as those from 
industrial sites, are large contributors of pollutant concentrations to the MS4.  
The report also identified several activities causing storm water pollution from urban 
areas, including practices of homeowners, businesses, and government agencies. 
Studies conducted by the United States Geological Survey (USGS) confirm the link 
between urbanization and water quality impairments in urban watersheds due to 
contaminated storm water runoff. 
 
Furthermore, the water quality impacts of urbanization and urban storm water 
discharges have been summarized by several other recent USEPA reports.  
Urbanization causes changes in hydrology and increases pollutant loads which 
adversely impact water quality and impair the beneficial uses of receiving waters. 
Increases in population density and imperviousness result in changes to stream 
hydrology including: 
• increased peak discharges compared to predevelopment levels; 
• increased volume of storm water runoff with each storm compared to pre-
development levels;  
• decreased travel time to reach receiving water;  
• increased frequency and severity of floods;  
• reduced stream flow during prolonged periods of dry weather due to reduced levels 
of infiltration;  
• increased runoff velocity during storms due to a combination of effects of higher 
discharge peaks, rapid time of concentration, and smoother hydraulic surfaces from 
channelization; and 
• decreased infiltration and diminished groundwater recharge. 
 
The Los Angeles County MS4 program has conducted monitoring to:  
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• quantify mass emissions for pollutants;  
• identify critical sources for pollutants of concern in storm water;  
• evaluate BMP effectiveness; and  
• evaluate receiving water impacts, including impacts to tributaries.  
 
The monitoring indicates that instream concentrations of pathogen indicators (fecal 
coliform and streptococcus), heavy metals (such as Pb, Cu, Zn) and pesticides (such as 
diazinon) exceed water quality standards.  The mass emissions of pollutants to the 
ocean are significant from the urban WMAs such as the Los Angeles River WMA, 
Ballona Creek WMA, and Coyote Creek WMA, with the Los Angeles River WMA 
providing more than seventy percent of the loadings. Critical source data for facilities 
(such as auto-salvage yards, primary metal facilities, and automotive repair shops) 
show that total and dissolved heavy metals (Pb, Cu, Zn, and Cd), and total suspended 
solids (TSS) exceeded water quality standards by as much as two orders of magnitude. 
The results are consistent with a limited term study conducted by the Regional Water 
Board to characterize storm water runoff in the Los Angeles region in 1988 before the 
issuance of first MS4 permit.   Storm water runoff data from predominant land uses in 
Los Angeles County showed similar patterns. Light industrial, commercial and 
transportation land uses showed the highest range of exceedances. A pesticide 
(diazinon) was detected in higher concentrations from residential land use. The data for 
polycyclic aromatic hydrocarbons (PAHs), a known pollutant of concern in urban storm 
water runoff, is inconclusive but improved analytical methods may yield more definitive 
results in the future. Receiving water impacts studies found that storm water discharges 
from urban watersheds exhibit toxicity attributable to heavy metals. Bioassessments of 
the benthic communities showed bioaccumulation of toxicants. Sediment analysis 
showed higher concentrations of pollutants, such as Pb and PAHs, in urban watersheds 
than in rural watersheds (2 to 4 times higher). In addition, toxicity of dry weather flows 
was observed with the cause of toxicity undetermined.  Other studies have documented 
concentrations of pollutants that exceed water quality standards in storm drains flowing 
to the ocean during dry weather, and adverse health impacts from swimming near 
flowing storm drains.  
 
Trash is also a serious and pervasive water quality problem in Los Angeles County. The 
Regional Water Board has determined that current levels of trash exceed the existing 
water quality objectives contained in the Basin Plan that are necessary to protect the 
beneficial uses of many surface waters. Regional Water Board staff regularly observes 
trash in surface waters throughout the Los Angeles region.  Non-profit organizations 
such as Heal the Bay, Friends of the Los Angeles River (FoLAR) and others organize 
volunteer clean-ups periodically, and document the amount of trash collected. Trash in 
waterways causes significant water quality problems.  Small and large floatables inhibit 
the growth of aquatic vegetation, decreasing habitat and spawning areas for fish and 
other living organisms.  Wildlife living in rivers and in riparian areas can be harmed by 
ingesting or becoming entangled in floating trash.  Except for large items, settleables 
are not always obvious to the eye.  They include glass, cigarette butts, rubber, and 
construction debris, among other things.  Settleables can be a problem for bottom 
feeders and can contribute to sediment contamination.  Some debris (e.g. diapers, 
medical and household waste, and chemicals) are a source of bacteria and toxic 
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substances. Floating debris that is not trapped and removed will eventually end up on 
the beaches or in the open ocean, keeping visitors away from our beaches and 
degrading coastal waters. Significant strides have been made by a number of 
Permittees in addressing this problem through the implementation of control measures 
to achieve wasteload allocations established in trash TMDLs. 
 

C. Summary of Existing Requirements and Self-Monitoring Report (SMR) Data 

The Los Angeles County MS4 Permit was last reissued in 2001 as Order No.01-182. 
Order No. 01-182 expired in 2006, but has been administratively extended pursuant to 
federal regulations. Order No. 01-182 was reopened by the Regional Water Board in 
2006, 2007 and 2009 to incorporate provisions to implement three TMDLs. It was 
further amended in 2010 and 2011 pursuant to a peremptory writ of mandate issued by 
the Los Angeles County Superior Court. 
 
Order No. 01-182 is organized under the following seven parts and includes several 
attachments.  The description below summarizes key permit parts and attachments in 
Order No. 01-182: 
 
Part 1 – Discharge Prohibitions 
As required by section 402(p)(3)(B)(ii) of the Clean Water Act, Part 1 requires 
permittees to “effectively prohibit non-storm water discharges into the MS4 and 
watercourses, except where such discharges” are covered by a separate NPDES permit 
or fall within one of thirteen categories of flows that are conditionally exempted from the 
discharge prohibition. These exempted flows fall under the general categories of natural 
flows, fire fighting flows, and flows incidental to urban activities (i.e. landscape irrigation, 
sidewalk rinsing). These non-storm water flows may be exempted so long as: (i) they 
are not a source of pollutants, (ii) their effective prohibition is not necessary to comply 
with TMDL provisions, and (iii) they do not violate antidegradation policies.  Part 1 also 
authorizes the Regional Water Board Executive Officer to impose conditions on these 
types of discharges and to add or remove categories of conditionally exempted non-
storm water discharges based on their potential to contribute pollutants to receiving 
waters. 
 
Part 2 – Receiving Water Limitations  

Part 2 prohibits discharges from the MS4 that cause or contribute to the violation of 
water quality standards. In addition, discharges from the MS4 of storm water or non-
storm water, for which a Permittee is responsible, may not cause or contribute to a 
condition of nuisance.  Part 2.3 states that permittees shall comply with these 
prohibitions “through timely implementation of control measures and other actions to 
reduce pollutants in the discharges in accordance with [the Los Angeles Stormwater 
Quality Management Program (SQMP)] and its components and other requirements of 
[the LA County MS4 Permit].”  Part 2.3 establishes an “iterative process” whereby 
certain actions are required when exceedances of water quality standards or objectives 
occur.  This iterative process includes submitting a Receiving Water Limitations 
Compliance Report; revising the SQMP and its components to include modified BMPs, 
an implementation schedule and additional monitoring to address the exceedances; and 
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implementing the revised SQMP. These provisions are consistent with the receiving 
water limitations language required by State Water Board Order WQ 99-05. 
 
Part 2 also includes provisions implementing the Marina del Rey Harbor Mothers’ Beach 
and Back Basins Bacteria TMDL (summer dry weather provisions only).  During 
summer dry weather, Part 2.6 prohibits discharges of bacteria from MS4s into Marina 
del Rey Harbor Basins D, E, or F, including Mothers’ Beach that cause or contribute to 
exceedance of the applicable bacteria water quality objectives.  
 
Part 2 also included similar TMDL provisions relating to the Santa Monica Bay summer 
dry weather bacteria TMDL. However, as a result of a legal challenge by Los Angeles 
County and the LACFCD, the Regional Water Board was required to void and set aside 
those provisions, which the Regional Water Board did in 2011.  
 
Part 3 – Stormwater Quality Management Program (SQMP) Implementation 
Under Part 3, each Permittee shall, at a minimum, implement the SQMP, which is an 
enforceable element of the Los Angeles County MS4 Permit. The SQMP, at a minimum, 
shall also comply with the applicable storm water program requirements of 40 CFR 
section 122.26(d)(2).  The SQMP and its components shall be implemented so as to 
reduce the discharges of pollutants in storm water to the maximum extent practicable 
(MEP) and effectively prohibit non-storm water discharges to the MS4. Each Permittee 
shall also implement additional controls, where necessary, to reduce the discharge of 
pollutants from the MS4.   
 
Part 3 also sets forth specific responsibilities of the Principal Permittee, which under 
Order No. 01-182 is the LACFCD, and co-permittees.  In addition, Part 3 sets forth 
requirements for Watershed Management Committees (WMCs) which, among other 
tasks, prioritize pollution control efforts and evaluate the effectiveness of and 
recommend changes to the SQMP and its components. Each Permittee must also have 
the necessary legal authority to prohibit non-storm water discharges to the MS4, as well 
as possess adequate legal authority to develop and enforce storm water and non-storm 
water ordinances for its jurisdiction. 
 
Part 4 – Special Provisions 
Part 4 sets forth provisions for public information and participation, industrial/commercial 
facilities control program, development planning, development construction, public 
agency activities, and illicit connections and illicit discharges elimination.  These 
programs are termed “minimum control measures” and have been in place since the 
inception of the MS4 NPDES permitting program, as required by federal regulations.   
 
Part 5 – Definitions 
Part 5 includes definitions for terms used within Order No. 01-182. 
 
Part 6 – Standard Provisions  
Part 6 includes standard provisions relating to implementation of the programs required 
by the permit. Such provisions include, but are not limited to, the duty to comply, the 
duty to mitigate, inspection and entry requirements, proper operation and maintenance 
requirements, monitoring and reporting requirements, and the duty to provide 
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information.  Most of these provisions are required by 40 CFR sections 122.41 or 
122.42 and apply to all NPDES permits. 
 
Part 7 – TMDL Provisions   
In 2009, Order No. 01-182 was amended to include provisions that are consistent with 
the assumptions and requirements of waste load allocations from the Los Angeles River 
Trash TMDL. Appendix 7-1 identifies the permittees subject to the Los Angeles River 
Trash TMDL and sets forth the interim and final numeric effluent limitations for trash that 
the permittees must comply with. Part 7 also sets forth how permittees can demonstrate 
compliance with the numeric effluent limitations. Permittees have the option to employ 
three general compliance strategies to achieve the numeric effluent limitations. 
Depending on the strategy selected, the Permittee may demonstrate compliance either 
by documenting the percentage of its area addressed by full capture systems (“action-
based” demonstration) or by calculating its annual trash discharge to the MS4 and 
comparing that to its effluent limitation. This approach allows the Permittee the flexibility 
to comply with the numeric effluent limitations using any lawful means, and establishes 
appropriate and enforceable compliance metrics depending on the method of 
compliance and level of assurance provided by the Permittee that the selected method 
will achieve the numeric effluent limitations derived from the TMDL WLAs.   
 
Attachment U – Monitoring and Reporting Program 
Order No. 01-182 has both self-monitoring and public reporting requirements, which 
include: (1) monitoring of “mass emissions” at seven mass emission monitoring stations; 
(2) Water Column Toxicity Monitoring; (3) Tributary Monitoring; (4) Shoreline Monitoring; 
(5) Trash Monitoring; (6) Estuary Sampling; (7) Bioassessment; and (8) Special Studies.  
The purpose of mass emissions monitoring is to: (1) estimate the mass emissions from 
the MS4; (2) assess trends in the mass emissions over time; and (3) determine if the 
MS4 is contributing to exceedances of water quality standards by comparing results to 
the applicable standards in the Basin Plan. Order No. 01-182 established that the 
Principal Permittee shall monitor the mass emissions stations. The permit required 
mass emission sampling five times per year. 

 
 

III. APPLICABLE STATUTES, REGULATIONS, PLANS, AND POLICIES 

The provisions contained in this Order are based on the requirements and authorities 
described below. 

A. Legal Authorities – Federal Clean Water Act and California Water Code 

This Order is issued pursuant to section 402 of the federal Clean Water Act (CWA) and 
implementing regulations adopted by the USEPA and chapter 5.5, division 7 of the 
California Water Code (commencing with section 13370).  It serves as an NPDES 
permit for point source discharges from this facility to surface waters. This Order also 
serves as Waste Discharge Requirements (WDRs) pursuant to article 4, chapter 4, 
division 7 of the California Water Code (commencing with section 13260). 
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B. Federal and California Endangered Species Acts 

This Order does not authorize any act that results in the taking of a threatened or 
endangered species or any act that is now prohibited, or becomes prohibited in the 
future, under either the California Endangered Species Act (Fish and Game Code, §§  
2050 to 2115.5) or the Federal Endangered Species Act (16 U.S.C.A., §§ 1531 to 
1544).  This Order requires compliance with requirements to protect the beneficial uses 
of waters of the United States.  Permittees are responsible for meeting all requirements 
of the applicable Endangered Species Act. 
 

C. California Environmental Quality Act (CEQA) 

This action to adopt an NPDES Permit is exempt from the provisions of Chapter 3 of the 
California Environmental Quality Act (CEQA) (Public Resources Code, § 21100, et seq.) 
pursuant to California Water Code section 13389. (County of Los Angeles v. Cal. Water 
Boards (2006) 143 Cal.App.4th 985.)  

D. State and Federal Regulations, Policies, and Plans 

1. Water Quality Control Plans.  The CWA requires the Regional Water Board to 
establish water quality standards for each water body in its region. Water quality 
standards include beneficial uses, water quality objectives and criteria that are 
established at levels sufficient to protect those beneficial uses, and an 
antidegradation policy to prevent degrading waters. On June 13, 1994, the Regional 
Water Board adopted a Water Quality Control Plan for the Coastal Watersheds of 
Los Angeles and Ventura Counties (hereinafter Basin Plan). The Basin Plan 
designates beneficial uses, establishes water quality objectives, and contains 
implementation programs and policies to achieve those objectives for all waters in 
the Los Angeles Region.  The Regional Water Board has amended the Basin Plan 
on multiple occasions since 1994. In addition, the Basin Plan implements State 
Water Resources Control Board (State Water Board) Resolution No. 88-63, which 
established state policy that all waters, with certain exceptions, should be 
considered suitable or potentially suitable for municipal or domestic supply.  
Beneficial uses applicable to the surface water bodies that receive discharges from 
the Los Angeles County MS4 generally include those listed below: 

Formatted:
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Table F-3. Basin Plan Beneficial Uses 

Discharge Point 
Receiving Water 

Name 
Beneficial Use(s) 

All Municipal 
Separate Storm 
Sewer Systems 

(MS4s) discharge 
points within the Los 

Angeles County 
Flood Control 

District, the County 
of Los Angeles, and 

84 incorporated 
cities within the Los 

Angeles County 
Flood Control District 
with the exception of 

the City of Long 
Beach 

Multiple surface 
water bodies of 
the Los Angeles 
Region 

Municipal and Domestic Supply (MUN); Agricultural 
Supply (AGR); Industrial Service Supply (IND); 
Industrial Process Supply (PROC); Ground Water 
Recharge (GWR); Freshwater Replenishment 
(FRSH); Navigation (NAV); Hydropower Generation 
(POW); Water Contact Recreation (REC-1); Limited 
Contact Recreation (LREC-1); Non-Contact Water 
Recreation (REC-2); Commercial and Sport Fishing 
(COMM); Warm Freshwater Habitat (WARM); Cold 
Freshwater Habitat (COLD); Preservation of Areas of 
Special Biological Significance (BIOL); Wildlife 
Habitat (WILD); Preservation of Rare and 
Endangered Species (RARE); Marine Habitat (MAR); 
Wetland Habitat (WET); Migration of Aquatic 
Organisms (MIGR); Spawning, Reproduction, and/or 
Early Development (SPWN); Shellfish Harvesting 
(SHELL) 

Pursuant to California Water Code sections 13263(a) and 13377, the requirements 
of this Order implement the Basin Plan. 

a. Permit Structure: Watershed Management Approach and Total Maximum 
Daily Load (TMDL) Implementation 

One of the fundamental issues for this Order was a reconsideration of the basic 
permit structure. The previous Order, Order No. 01-182, was structured as a 
single permit whereby all 86 Permittees were assigned uniform requirements, 
with additional requirements for the Principal Permittee. Through Order No. 01-
182, the Regional Water Board began to implement a Watershed Management 
Approach to address water quality protection in the region. The Watershed 
Management Approach intended to provide a comprehensive and integrated 
strategy toward water resource protection, enhancement, and restoration while 
considering economic and environmental impacts within a hydrologically defined 
drainage basin or watershed.  
 
On June 12, 2006, prior to the expiration date of Order No. 01-182, all of the 
Permittees filed Reports of Waste Discharge (ROWD) applying for renewal of 
their waste discharge requirements. Specifically, the Los Angeles County Flood 
Control District submitted an ROWD application on behalf of itself, the County of 
Los Angeles, and 78 other Permittees.  Several Permittees under Order No. 01-
182 elected to not be included as part of the Los Angeles County Flood Control 
District’s ROWD.  On June 12, 2006, the cities of Downey and Signal Hill each 
submitted an individual ROWD application requesting an individual MS4 permit; 
and the Upper San Gabriel River Watershed Coalition (comprised of the cities of 
Azusa, Claremont, Glendora, Irwindale, and Whittier) also submitted an individual 
ROWD application requesting a separate MS4 permit for these cities.  In 2010, 
the LACFCD withdrew from its 2006 ROWD and submitted a new ROWD also 
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requesting an individual MS4 permit. The LACFCD also requested that if an 
individual MS4 permit was not issued to it, that it no longer be designated as the 
Principal Permittee and that it is relieved of Principal Permittee responsibilities.  
 
The Regional Water Board evaluated each of the 2006 ROWDs and notified all of 
the Permittees that their ROWDs did not satisfy federal storm water regulations 
contained in the USEPA Interpretive Policy Memorandum on Reapplication 
Requirements for Municipal Separate Storm Sewer Systems; Final Rule, August 
9, 1996 (61 Fed Reg. 41697).  The Regional Water Board also found that the 
information presented in the ROWDs did not reflect the current status of program 
elements for MS4 permits developed over the past decade or the new 
information specific to this MS4. Because each ROWD did not satisfy federal 
requirements, the Regional Water Board deemed all four 2006 ROWDs 
incomplete. The Regional Water Board also evaluated the LACFCD’s 2010 
ROWD and found that it too did not satisfy federal requirements nor reflect the 
current status for MS4s.   

 
Though five separate ROWDs were submitted, the Regional Water Board retains 
the discretion as the permitting authority to determine whether to issue permits 
for discharges from MS4s on a system-wide or jurisdiction-wide basis. Clean 
Water Act section 402(p)(3)(B)(i) and implementing regulations at 40 CFR 
section 122.26, subdivisions (a)(1)(v),  and (a)(3)(ii), and (a)(3)(iv) allow the 
permitting authority to issue permits for MS4 discharges on a system-wide or 
jurisdiction-wide basis taking into consideration a variety of factors. Such factors 
include the location of the discharge with respect to waters of the United States, 
the size of the discharge, the quantity and nature of the pollutants discharged to 
waters of the United States, and other relevant factors. Federal regulations at 40 
CFR section 122.26(a)(3)(ii) identify a variety of possible permitting structures, 
including one system-wide permit covering all MS4 discharges or distinct permits 
for appropriate categories of MS4 discharges including, but not limited to, all 
discharges owned or operated by the same municipality, located within the same 
jurisdiction, all discharges within a system that discharge to the same watershed, 
discharges within a MS4 that are similar in nature, or for individual discharges 
from MS4s. 
 
In evaluating the five separate ROWDs and the structure for this Order, the 
Regional Water Board considered a number of factors: 
 
i. The nature of the Los Angeles County Permittees’ MS4s, which is comprise a 

large interconnected system, controlled in large part by the Los Angeles 
County Flood Control District, among others, and used by multiple cities along 
with Los Angeles County. The discharges from these entities frequently 
commingle in the MS4 prior to discharge to receiving waters. 

ii. The requirement to implement 33 largely watershed-based TMDLs in this 
Order. A number of Permittees have already established jurisdictional groups 
on a watershed or subwatershed basis for TMDL implementation. (See 
Attachment K of this Order for a matrix of these TMDLs and Permittees by 
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Watershed Management Area (WMA)). Many of the TMDLs apply to multiple 
watersheds and the jurisdictional areas of multiple Permittees.  Having 
separate permits would make implementation of the TMDLs more 
cumbersome. 

iii. The passage of Assembly Bill 2554 in 2010, which amended the Los Angeles 
County Flood Control Act. This statute allows the LACFCD to assess a parcel 
property-related fee or chargetax for storm water and clean water programs. 
Funding is subject to voter approval in accordance with Proposition 218. Fifty 
percent of funding is allocated to nine “watershed authority groups” to 
implement collaborative water quality improvement plans. (See Attachments 
B and C of this Order for maps of WMAs.) 

iv. Results of the on-line survey administered to Permittees by Regional Water 
Board staff regarding permit structure. The results indicated that a majority of 
Permittees support a single MS4 permit for Los Angeles County. A significant 
minority support multiple watershed-based permits. Overall, 85 percent of the 
permittees that responded to the on-line survey support either a single MS4 
permit or several individual watershed-based permits. A small number of 
permittees support alternative groupings of adjacent municipalities instead of 
watershed-based groupings. Only four permittees expressed a preference for 
individual MS4 permits.  

v. The 2006 and 2010 ROWDs. Eight Permittees submitted individual or small 
group ROWDs, including the cities of Signal Hill and Downey; five cities in the 
upper San Gabriel River watershed; and the Los Angeles County Flood 
Control District. The LACFCD has also requested that if the Regional Water 
Board does not issue an individual permit to the LACFCD, that it is no longer 
designated as Principal Permittee and relieved of Principal Permittee 
responsibilities. 

 
Based on an evaluation of these factors, the Regional Water Board again 
determined that, because of the complexity and networking of the MS4 within Los 
Angeles County, that one system-wide permit is appropriate. In order to provide 
individual Permittees with more specific requirements, this Order regulates the 
MS4 discharges of 86 Permittees with some sections devoted to universal 
requirements for all Permittees and others devoted to requirements specific to 
each Watershed Management Area (WMA), including TMDL implementation 
provisions. This structure is supported by section 402(p) of the Clean Water Act 
and 40 CFR sections 122.26, subdivisions (a)(1)(v),  and (a)(3)(ii), and (a)(3)(iv). 
A single permit will ensure consistency and equitability in regulatory requirements 
within Los Angeles County, while watershed-based sections within the single 
permit will provide flexibility to tailor permit provisions to address distinct 
watershed characteristics and water quality issues. Additionally, an internal 
watershed-based structure comports with the Regional Water Board’s Watershed 
Management Initiative, its watershed-based TMDL requirements, and the 
LACFCD’s funding initiative passed in Assembly Bill 2554. Watershed-based 
sections will help promote watershed-wide solutions to address water quality 
problems, which in many cases are the most efficient and cost-effective means to 
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address storm water and urban runoff pollution. Further, watershed-based 
sections may encourage collaboration among permittees to implement regional 
integrated water resources approaches such as storm water capture and re-use 
to achieve multiple benefits. 
 
The Regional Water Board determined that the cities of Signal Hill and Downey, 
the five upper San Gabriel River cities, and the LACFCD are included as 
Permittees in this Order. Individually tailored permittee requirements are provided 
in this Order, where appropriate. The Regional Water Board also determined that 
because the LACFCD owns and operates large portions of the MS4 
infrastructure, including but not limited to catch basins, storm drains, outfalls and 
open channels, in each coastal watershed management area within Los Angeles 
County,  as the primary owner and operator of the Los Angeles County MS4, the 
LACFCD should remain a Permittee in the single-system wide permit; however, 
this Order relieves LACFCD of its role and responsibilities as Principal Permittee. 
This Order also specifies certain requirements specific to the LACFCD in its role 
as the owner and operator of the large portions majority of the Los Angeles 
County MS4s within all the coastal watersheds within Los Angeles County.  

 
2. Ocean Plan. In 1972, the State Water Board adopted the Water Quality Control Plan 

for Ocean Waters of California, California Ocean Plan (hereinafter Ocean Plan). The 
State Water Board adopted the most recent amended Ocean Plan on September 15, 
2009. The Office of Administration Law approved it on March 10, 2010. On October 
8, 2010, USEPA approved the 2009 Ocean Plan. The Ocean Plan is applicable, in 
its entirety, to ocean waters of the State. In order to protect beneficial uses, the 
Ocean Plan establishes water quality objectives and a program of implementation. 
Pursuant to California Water Code sections 13263(a) and 13377, the requirements 
of this Order implement the Ocean Plan. The Ocean Plan identifies beneficial uses 
of ocean waters of the State to be protected as summarized below: 
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Table F-43B. Ocean Plan Beneficial Uses 

Discharge Point 
Receiving Water 

Name 
Beneficial Use(s) 

All Municipal 
Separate Storm 
Sewer Systems 

(MS4s) discharge 
points within the 

Los Angeles 
County Flood 

Control District, 
the County of Los 
Angeles, and 84 

incorporated cities 
within the Los 

Angeles County 
Flood Control 

District with the 
exception of the 

City of Long 
Beach 

Pacific Ocean 

Industrial Water Supply (IND); Water Contact (REC-
1) and Non-Contact Recreation (REC-2), including 
aesthetic enjoyment; Navigation (NAV); Commercial 
and Sport Fishing (COMM); Mariculture; 
Preservation and Enhancement of Designated Areas 
of Special Biological Significance (ASBS); Rare and 
Endangered Species (RARE); Marine Habitat (MAR); 
Fish Migration (MIGR); Fish Spawning (SPWN) and 
Shellfish Harvesting (SHELL) 

 

3. Antidegradation Policy.  40 CFR section 131.124 requires that the state water 
quality standards include an antidegradation policy consistent with the federal 
antidegradation policy.  The State Water Board established California’s 
antidegradation policy in State Water Board Resolution No. 68-16 (“Statement of 
Policy with Respect to Maintaining the Quality of the Waters of the State”).  
Resolution No. 68-16 incorporates the federal antidegradation policy where the 
federal policy applies under federal law.  The Regional Water Board’s Basin Plan 
implements, and incorporates by reference, both the State and federal 
antidegradation policies. Resolution No. 68-16 and 40 CFR section 131.12 require 
the Regional Water Board to maintain high quality waters of the State until it is 
demonstrated that any change in quality will be consistent with maximum benefit to 
the people of the State, will not unreasonably affect beneficial uses, and will not 
result in water quality less than that described in the Regional Water Board’s 
policies.  Resolution 68-16 requires that discharges of waste be regulated to meet 
best practicable treatment or control to assure that pollution or nuisance will not 
occur and the highest water quality consistent with the maximum benefit to the 
people of the State be maintained.   

The discharges permitted in this Order are consistent with the antidegradation 
provisions of 40 CFR section 131.12 and Resolution 68-16.  Many of the water 
bodies within the area covered by this Order are of high quality.  The Order requires 
the Permittees to meet best practicable treatment or control to meet water quality 
standards.  As required by 40 CFR section 122.44(a), the Permittees must comply 
with the “maximum extent practicable” technology-based standard set forth in CWA 

                                            
4
 All further statutory references are to title 40 of the Code of Federal Regulations unless otherwise indicated. 
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section 402(p).  Many of the waters within the area covered by this Order are 
impaired and listed on the State’s CWA Section 303(d) List and either the Regional 
Water Board or USEPA has established TMDLs to address the impairments.  This 
Order requires the Permittees to comply with permit provisions to implement the 
WLAs set forth in the TMDLs in order to restore the beneficial uses of the impaired 
water bodies consistent with the assumptions and requirements of the TMDLs.  This 
Order includes requirements to develop and implement storm water management 
programs, achieve water quality-based effluent limitations, and effectively prohibit 
non-storm water discharges through the MS4.   

The issuance of this Order does not authorize an increase in the amount of 
discharge of waste.  The Order includes new is more stringent than the previous 
Order because it includes requirements to implement WLAs assigned to Los 
Angeles County MS4 discharges that have been established in 33 TMDLs, most of 
which were not included in the previous Order.   

4. Anti-Backsliding Requirements.  Sections 402(o)(2) and 303(d)(4) of the CWA 
and federal regulations at 40 CFR section 122.44(l) prohibit backsliding in NPDES 
permits.  These anti-backsliding provisions require effluent limitations or other 
conditions in a reissued permit to be as stringent as those in the previous permit, 
with some exceptions where limitations or conditions may be relaxed. All effluent 
limitations and other conditions (including BMPs ande.g. storm water management 
program minimum control measures, monitoring) and other conditions in this Order 
are at least as stringent as the effluent limitations and conditions in the previous 
permit. 

E. Impaired Water Bodies on CWA section 303(d) List 

Section 303(d)(1) of the CWA requires each state to identify specific water bodies within 
its boundaries where water quality standards are not being met or are not expected to 
be met after implementation of technology-based effluent limitations on point sources. 
Water bodies that do not meet water quality standards are considered impaired and are 
placed on the state’s “303(d) List”. Periodically, USEPA approves the State’s 303(d) 
List.  Most recently, USEPA approved the State’s 2010 303(d) List of impaired water 
bodies on October 11, 2011, which includes certain receiving waters in the Los Angeles 
region. For each listed water body, the state or USEPA is required to establish a total 
maximum daily load (TMDL) of each pollutant impairing the water quality standards in 
that water body.  A TMDL is a tool for implementing water quality standards and is 
based on the relationship between pollution sources and in-stream water quality 
conditions.  The TMDL establishes the allowable pollutant loadings for a water body and 
thereby provides the basis to establish water quality-based controls.  These controls 
should provide the pollution reduction necessary for a water body to meet water quality 
standards.  A TMDL is the sum of the allowable pollutant loads of a single pollutant from 
all contributing point sources (the waste load allocations or WLAs) and non-point 
sources (load allocations or LAs), plus the contribution from background sources and a 
margin of safety. (40 CFR section 130.2(i).) MS4 discharges are considered point 
source discharges. For 303(d)-listed water bodies and pollutants in the Los Angeles 
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Region, the Regional Water Board or USEPA develops and adopts TMDLs that specify 
these requirements.     

Over the last decade, the Regional Water Board and USEPA have established 33 
TMDLs to remedy water quality impairments in various water bodies within Los Angeles 
County. (See Attachment K of this Order for a list of TMDLs by Watershed Management 
Area for Los Angeles County.) These TMDLs identify MS4 discharges as a source of 
pollutants to these water bodies and, as required, establish WLAs for MS4 discharges 
to reduce the amount of pollutants discharged to receiving waters. Section 
402(p)(3)(B)(iii) of the Clean Water Act requires the Regional Water Board to impose 
permit conditions, including: “management practices, control techniques and system, 
design and engineering methods, and such other provisions as the Administrator of the 
State determines appropriate for the control of such pollutants.” (emphasis added.) 
Section 402(a)(1) of the Clean Water Act also requires states to issue permits with 
conditions necessary to carry out the provisions of the Clean Water Act. Federal 
regulations also require that NPDES permits contain effluent limits consistent with the 
assumptions and requirements of all available WLAs (40 CFR § 122.44(d)(1)(vii)(B)). 
California Water Code section 13377 also requires that NPDES permits include 
limitations necessary to implement water quality control plans. Therefore, this Order 
includes effluent limitations and other provisions to implement the TMDL WLAs 
assigned to permittees regulated by the LA County MS4 Permit.  
 
The Regional Water Board has previously established numeric effluent limitations to 
implement TMDL WLAs when it reopened Order No. 01-182 in 2009 to incorporate 
permit provisions to implement the Los Angeles River Watershed Trash TMDL WLAs. In 
that case, Permittees have the option to employ three general compliance strategies to 
achieve the numeric effluent limitations. Depending on the strategy selected, the 
Permittee may demonstrate compliance either by documenting the percentage of its 
area addressed by full capture systems (“action-based” demonstration) or by calculating 
its annual trash discharge to the MS4 and comparing that to its effluent limitation. This 
approach allows the Permittee the flexibility to comply with the numeric effluent 
limitations using any lawful means, and establishes appropriate and enforceable 
compliance metrics depending on the method of compliance and level of assurance 
provided by the Permittee that the selected method will achieve the numeric effluent 
limitations derived from the TMDL WLAs. A similar approach is used for the 32 other 
TMDLs incorporated into this Order, where appropriate. 
 

F. Other Plans, Policies and Regulations 

This Order implements all other applicable federal regulations and State plans, policies 
and regulations, including the California Toxics Rule at 40 CFR section 131.38. 

IV. RATIONALE FOR DISCHARGE SPECIFICATIONS 

A. Discharge Prohibitions – Non-Storm Water Discharges 

1. Regulatory Background 
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The CWA employs the strategy of prohibiting the discharge of any pollutant from a 
point source into waters of the United States unless the discharger of the pollutant(s) 
obtains an NPDES permit pursuant to CWA section 402. The 1987 amendment to 
the CWA included section 402(p) that specifically addresses NPDES permitting 
requirements· for municipal discharges from MS4s. Section 402(p) prohibits the 
discharge of pollutants from specified MS4s to waters of the United States except as 
authorized by an NPDES permit and identifies the substantive standards for MS4 
permits. MS4 permits (1) “shall include a requirement to effectively prohibit non-
stormwater discharges into the storm sewers[ ]” and (2) “shall require [i] controls to 
reduce the discharge of pollutants to the maximum extent practicable, including 
management practices, control techniques and system, design and engineering 
methods, and [ii] such other provisions as the Administrator or the State determines 
appropriate for the control of such pollutants.” (CWA § 402(p)(3)(B)(ii-iii).) 
 
On November 16, 1990, USEPA published regulations to implement the 1987 
amendments to the CWA. (55 Fed. Reg. 47990 et seq. (Nov. 16, 1990)). The 
regulations establish minimum requirements for MS4 permits. The regulations 
address both storm water and non-storm water discharges from MS4s; however, the 
minimum requirements for each are significantly different. This is evident from 
USEPA’s preamble to the storm water regulations, which states that “Section 
402(p)(B)(3) [of the CWA] requires that permits for discharges from municipal 
separate storm sewers require the municipality to “effectively prohibit” non-storm 
water discharges from the municipal storm sewer … Ultimately, such non-storm 
water discharges through a municipal separate storm sewer system must either be 
removed from the system or become subject to an NPDES permit.” (55 Fed. Reg. 
47990, 47995 (Nov. 16, 1990).5 USEPA states that MS4 Permittees are to begin to 
fulfill the “effective prohibition of non-storm water discharges” requirement by: (1) 
conducting a screening analysis of the MS4 to provide information to develop 
priorities for a program to detect and remove illicit discharges, (2) implementing a 
program to detect and remove illicit discharges, or ensure they are covered by a 
separate NPDES permit, and (3) to control improper disposal into the storm sewer. 
(40 CFR § 122.26(d)(2)(iv)(B).) These non-storm water discharges therefore are not 
subject to the MEP standard. 
 
“Illicit discharges” defined in the regulations is the most closely applicable definition 
of “non-storm water” contained in federal law and the terms are often used 
interchangeably. In fact, “illicit discharge” is defined by USEPA in its 1990 
rulemaking, as “any discharge through a municipal separate storm sewer that is not 
composed entirely of storm water and that is not covered by an NPDES permit [other 
than the permit for the discharge from the MS4].” (55 Fed. Reg. 47990, 47995). 
 

2. Definition of Storm Water and Non-Storm Water 

Federal regulations define “storm water” as “storm water runoff, snow melt runoff, 
and surface runoff and drainage.” (40 C.F.R. § 122.26(b)(13).) While “surface runoff 

                                            
5
 USEPA further states that, “[p]ermits for such [non-storm water] discharges must meet applicable technology-based and 
water-quality based requirements of Sections 402 and 301 of the CWA.” (55 Fed. Reg. 47990, 48037 (Nov. 16, 1990). 
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and drainage” is not defined in federal law, USEPA’s preamble to the federal 
regulations demonstrates that the term is related to precipitation events such as rain 
and/or snowmelt. (55 Fed. Reg. 47990, 47995-96 (Nov. 16, 1990)). For example, 
USEPA states:  

“In response to the comments [on the proposed rule] which requested 
EPA to define the term ‘storm water’ broadly to include a number of 
classes of discharges which are not in any way related to precipitation 
events, EPA believes that this rulemaking is not an appropriate forum 
for addressing the appropriate regulation under the NPDES program of 
such non-storm water discharges . . . . Consequently, the final 
definition of storm water has not been expanded from what was 
proposed.”  

(Ibid.) The storm water regulations themselves identify numerous categories of 
discharges including landscape irrigation, diverted stream flows, discharges from 
potable water sources, foundation drains, air conditioning condensation, irrigation 
water, springs, water from crawl space pumps, footing drains, lawn watering, 
individual residential car washing, and street wash water as “non-storm water.” 
While these types of discharges may be regulated under storm water permits, they 
are not considered storm water discharges. (40 CFR § 122.26(d)(2)(iv)(B)). USEPA 
states that, “in general, municipalities will not be held responsible for prohibiting 
some specific components of discharges or flows … through their municipal 
separate storm sewer system, even though such components may be considered 
non-storm water discharges…” (emphasis added). However, where certain 
categories of non-storm water discharges are identified by the Permittee (or the 
Regional Water Board) as needing to be addressed, they are no longer exempt and 
become subject to the effective prohibition requirement in CWA section 
402(p)(3)(B)(ii). This review of the storm water regulations and USEPA’s discussion 
of the definition of storm water in its preamble to these regulations strongly supports 
the interpretation that storm water includes only precipitation-related discharges. 
Therefore, non-precipitation related discharges are not storm water discharges and, 
therefore, are not subject to the MEP standard in CWA section 402(p)(3)(B)(iii). 
Rather, non-storm water discharges shall be effectively prohibited pursuant to CWA 
section 402(p)(3)(B)(ii). 

 
3. Non-Storm Water Regulation 

Non-storm water discharges from the MS4 that are not authorized by separate 
NPDES permits, nor specifically exempted, are subject to requirements under the 
NPDES program, including discharge prohibitions, technology-based effluent 
limitations and water quality-based effluent limitations (40 CFR § 122.44). USEPA’s 
preamble to the storm water regulations also supports the interpretation that 
regulation of non-storm water discharges through an MS4 is not limited to the MEP 
standard in CWA section 402(p)(3)(B)(iii):  
 
“Today’s rule defines the term “illicit discharge” to describe any discharge through a 
municipal separate storm sewer system that is not composed entirely of storm water 
and that is not covered by an NPDES permit. Such illicit discharges are not 
authorized under the Clean Water Act. Section 402(p(3)(B) requires that permits for 
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discharges from municipal separate storm sewers require the municipality to 
“effectively prohibit” non-storm water discharges from the municipal separate storm 
sewer…Ultimately, such non-storm water discharges through a municipal separate 
storm sewer must either be removed from the system or become subject to an 
NPDES permit.” (55 Fed. Reg. 47990, 47995.)  
 
In its 1990 rulemaking, USEPA explained that the illicit discharge detection and 
elimination program requirement was intended to begin to implement the Clean 
Water Act’s provision requiring permits to “effectively prohibit non-storm water 
discharges.” (55 Fed.Reg. 47990, 47995.) 
 

4. Authorized and Conditionally Exempt Non-Storm Water Discharges  

The previous permit, Order No. 01-182, contained provisions exempting several 
categories of non-storm water discharges from the discharge prohibition, including 
discharges covered by a separate individual or general NPDES permit for non-storm 
water discharges, natural flows, flows from emergency fire fighting activity, and flows 
incidental to urban activities. This Order retains these same categories, but with 
several enhancements. Natural flows specified in this Order include natural springs 
and rising ground water; flows from riparian habitats and wetlands; diverted stream 
flows authorized by the State or Regional Water Board; and uncontaminated ground 
water infiltration. Flows incidental to urban activities specified in this Order include 
landscape irrigation; dechlorinated/debrominated swimming pool discharges; 
dewatering of lakes and decorative fountains; non-commercial car washing by 
residents or by non-profit organizations; and street/sidewalk washwater. This Order 
separately identifies flows from non-emergency fire fighting activities and discharges 
from potable water sources as “essential” non-storm water discharges rather than 
combining them into the same category as the other non-storm water discharges 
incidental to urban activities. In doing so, the Regional Water Board recognizes that 
these discharges are essential public service discharge activities and are directly or 
indirectly required by other state or federal statute and/or regulation. This Order 
continues to unconditionally exempt emergency fire fighting discharges from the 
discharge prohibition. 

Like Order No. 01-182, this Order contains a provision that the Regional Water 
Board Executive Officer may add or remove categories of exempt non-storm water 
discharges. In addition, in the event that any of the categories of non-storm water 
discharges are determined to be a source of pollutants by the Executive Officer then 
the discharges will no longer be exempt unless the Permittee implements conditions 
approved by the Executive Officer to ensure that the discharge is not a source of 
pollutants. Also the Executive Officer may impose additional prohibitions of non-
storm water discharges in consideration of antidegradation policies and TMDLs.  

5. BMPs for Non-Storm Water Discharges 

In this Order, no changes have been made to the types of non-storm water 
discharges included in the non-storm water discharge prohibition exemptions, with 
one exception related to temporary discharges authorized by USEPA pursuant to Comment [JF1]: 

exception. CERCLA, right?
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sections 104(a) or 104(b) of CERCLA. However, the non-storm water discharge 
provisions in this Order have been reworded to clarify the requirements for 
addressing authorized and conditionally exempt non-storm water discharges that are 
not prohibited. In particular, language has been added to explicitly identify State and 
Regional Water Board permits that are applicable to some of the exempted non-
storm water discharges. The State and Regional Water Board general permits 
referenced in this Order and their applicability to the different types of non-storm 
water discharges that are routinely discharged through the MS4 is contained in 
Table F-4 below. 
 

Table F-4. State and Regional Water Board General Permits Referenced  
in this Permit 

Order/NPDES Permit No. Applicable Types of Discharges 

NPDES Permit No. CAG994003 – 
Discharges of Nonprocess Wastewater 
to Surface Waters in Coastal 
Watersheds of Los Angeles and Ventura 
Counties 

• Ground water seepage 

• Uncontaminated pumped ground 
water 

• Gravity flow from foundation drains, 
footing drains, and crawl space pumps 

• Air conditioning condensate 

• Discharges of cleaning wastewater 
and filter backwash 

NPDES Permit No. CAG994004 – 
Discharges of Groundwater from 
Construction and Project Dewatering to 
Surface Waters in Coastal Watersheds 
of Los Angeles and Ventura Counties 

• Uncontaminated pumped ground 
water 

• Discharges from activities that occur at 
wellheads, such as well construction, 
well development (e.g., aquifer 
pumping tests, well purging), or major 
well maintenance 

• Gravity flow from foundation drains, 
footing drains, and crawl space pumps 

• Discharges of ground water from 
construction and project dewatering6 

NPDES Permit No. CAG990002 – 
Discharges from Utility Vaults and 
Underground Structures to Surface 
Waters 

• Uncontaminated pumped ground 
water 

• Gravity flow from foundation drains, 
footing drains, and crawl space pumps 

                                            
6
 Discharges of ground water from construction and project dewatering include treated or untreated wastewater from 
permanent or temporary construction dewatering operations; ground water pumped as an aid in the containment and/or 
cleanup of a contaminant plume; ground water extracted during short-term and long-term pumping/aquifer tests; ground 
water generated from well drilling, construction or development and purging of wells; equipment decontamination water; 
subterranean seepage dewatering; incidental collected storm water from basements; and other process and non-process 
wastewater discharges that meet the eligibility criteria and could not be covered under another specific general NPDES 
permit.  
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Order/NPDES Permit No. Applicable Types of Discharges 

NPDES Permit No. CAG674001 – 
Discharges From Hydrostatic Test Water 
to Surface Waters in Coastal 
Watersheds of Los Angeles and Ventura 
Counties 

• Discharges of low threat hydrostatic 
test water7 

NPDES Permit No. CAG914001 – 
Discharges of Treated Groundwater 
from Investigation and/or Cleanup of 
Volatile Organic Compounds 
Contaminated-Sites to Surface Waters 
in Coastal Watersheds of Los Angeles 
and Ventura Counties 

• Discharges of treated ground water 
from investigation and/or cleanup of 
volatile organic compound (VOC) 
contaminated sites 

NPDES Permit No. CAG994005 – 
Discharges of Ground Water from Water 
Supply Wells to Surface Waters in Los 
Angeles and Ventura Counties 

• Discharges of ground water from 
potable water supply wells8 

NPDES Permit No. CAG834001 – 
Waste Discharge Requirements for 
Treated Groundwater and Other 
Wastewaters from Investigation and/or 
Cleanup of Petroleum Fuel-
Contaminated Sites to Surface Waters in 
Coastal Watersheds of Los Angeles and 
Ventura Counties 

• Discharges of treated ground water 
and other waste waters from 
investigation and/or cleanup of 
petroleum fuel contaminated sites 

 
This Order explicitly adds another category of authorized non-storm water discharge 
for discharges authorized by USEPA pursuant to sections 104(a) or 104(b) of the 
federal Comprehensive Environmental Response, Compensation, and Liability Act 
(CERCLA). These discharges typically consist of short-term, high volume discharges 
resulting from the development or redevelopment of groundwater extraction wells, or 
USEPA or State-required compliance testing of potable water treatment plants, as 
part of a USEPA authorized groundwater remediation action under CERCLA. These 
discharges through the MS4 are only authorized if: (i) the discharge will comply with 
water quality standards identified as applicable or relevant and appropriate 
requirements (“ARARs”) under section 121(d)(2) of CERCLA; or (ii) the discharge is 
subject to either (a) a written waiver of ARARs by USEPA pursuant to section 
121(d)(4) of CERCLA or (b) a written determination by USEPA that compliance with 
ARARs is not practicable considering the exigencies of the situation, pursuant to 40 
CFR section 300.415(j). Additionally, a decision to authorize a discharge through the 

                                            
7
 Low threat hydrostatic test water means discharges resulting from the hydrostatic testing or structural integrity testing of 
pipes, tanks, or any storage vessels using domestic water or from the repair and maintenance of pipes, tanks, or reservoirs. 

8
 Discharges covered by this permit include ground water from potable water supply wells generated during the following 
activities: ground water generated during well purging for data collection purposes; ground water extracted from major well 
rehabilitation and redevelopment activities; and ground water generated from well drilling, construction, and development. 
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MS4 to surface waters will not be made by USEPA without first conducting a 
comprehensive evaluation of containment, treatment, reinjection, or re-use options 
for the water generated from the subject wells. If a decision to discharge through the 
MS4 is made, USEPA’s authorization of the discharge under CERCLA will require 
that the discharger shall: 
 
(1) Implement BMPs to minimize the rate and duration of the discharge and remove 

excessive solids, and implement other on-site physical treatment where feasible.   

(2) Promote infiltration of discharged water in locations that will prevent or minimize 
degradation of groundwater quality.   

(3) Notify the affected MS4 Permittees, including the LACFCD and the MS4 
Permittee with land use authority over the discharge location, and the Regional 
Water Board at least one week prior to a planned discharge (unless USEPA 
determines in writing that exigent circumstances require a shorter notice period) 
and as soon as possible (but no later than 24 hours after the discharge has 
occurred) for unplanned discharges;  

(4) Monitor any pollutants of concern in the discharge9; and  

(5) Maintain records for all discharges greater than one acre-foot100,000 gallons.10  

In addition to requiring NPDES permit coverage for applicable categories of non-
storm water discharges, this Order contains language that specifies certain 
conditions, including implementation of BMPs, for each category of conditionally 
exempt non-storm water discharge that must be met in order for the non-storm water 
discharge to be exempted from the non-storm water prohibition and thus allowed 
through the MS4. 
 
The California Recycled Water Policy, adopted by the State Water Board in 
Resolution No. 2009-0011, calls for an increase in the use of recycled water from 
municipal wastewater sources that meet the definition in California Water Code 
section 13050(n), in a manner that implements state and federal water quality laws. 
In support of the California Recycled Water Policy, a provision has been added 
requiring that alternative means of disposal or opportunities for capture, reclamation, 
and reuse must be evaluated prior to discharging any of the non-storm water 
discharge categories to the MS4. In addition, to ensure the protection of receiving 

                                            
9 Pollutants of concern include, at a minimum, trash and debris, including organic matter, TSS, any pollutant being 
addressed by the groundwater remediation action under CERCLA, and any pollutant for which there is a Water 
Quality Based Effluent Limitation in Part VI.E applicable to discharges from the MS4 to the receiving water. 

10 Records shall be maintained, as appropriate, on the: name of CERCLA authorized discharger, date and time of 
notification (for planned discharges), method of notification, location of discharge, discharge pathway, receiving 
water, date of discharge, time of the beginning and end of the discharge, duration of the discharge, flow rate or 
velocity, estimated total number of gallons discharged, type of pollutant removal equipment used, type of 
dechlorination equipment used if applicable, type of dechlorination chemicals used if applicable, concentration of 
residual chlorine if applicable, type(s) of sediment controls used, and field and laboratory monitoring data.  
Records shall be retained for three years, unless the Regional Water Board requests a longer record retention 
period and shall be made available upon request by the MS4 Permittee or the Regional Water Board. 
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water quality all non-storm water discharges must be segregated from potential 
sources of pollutants to prevent the introduction of pollutants to the discharge. 
 
In establishing provisions specific to different non-storm water discharge types, the 
Regional Water Board reviewed non-storm water discharge provisions and BMPS 
included in other area MS4 permits. MS4 permits reviewed included the Ventura 
County MS4 permit (R4-2009-0057), the Orange County MS4 permit (Order No. R9-
2009-0002), the Riverside County MS4 permit (R9-2010-0016), and the San Diego 
County MS4 permit (R9-2007-0001). Conditions established in this permit for each of 
the non-storm water discharge categories ensure the protection of receiving water 
quality and are considered common practices. 
 
Dischargers permitted under NPDES Permit No. CAG990002 are required to contact 
the appropriate Permittee(s) with jurisdiction over the MS4, including but not limited 
to the Los Angeles County Flood Control District, within 24 hours, whenever there is 
a discharge of 50,000 gallons or more from utility vaults and underground structures 
to the MS4. This MS4 notification requirement for dischargers of uncontaminated 
pumped groundwater permitted under NPDES Permit No. CAG990002 has been 
added to this iteration of the permit to ensure that Permittees are aware of the 
requirement and can monitor the discharge to the MS4 as appropriate.  
 
The conditions for landscape irrigation have been split into potable and reclaimed 
landscape irrigation categories. As identified in the Orange County MS4 permit 
incidental runoff from landscape irrigation projects including over irrigation and 
overspray have the potential to contribute landscape derived pollutants such as 
bacteria, nutrients, and pesticides to receiving waters. In addition, the California 
Recycled Water Policy identifies the need for control of incidental runoff from 
landscape irrigation projects, particularly as it relates to recycled water use. The 
BMPs incorporated into the permit for potable landscape irrigation ensure that water 
is conserved, overspray and over irrigation causing incidental runoff is minimized, 
and exposure to landscape related pollutants is minimized.  
 
State Water Board Water Quality Order No. 2009-0006-DWQ, General Waste 
Discharge Requirements for Landscape Irrigation Uses of Municipal Recycled 
Water, is a general permit for producers and distributors of recycled water for 
landscape irrigation uses. As part of this general permit, the producers and 
distributors of recycled water for landscape irrigation are required to develop an 
Operations and Maintenance Plan (O&M Plan) that includes an Operations Plan and 
an Irrigation Management Plan. Therefore, any reclaimed landscape irrigation 
discharges to the MS4 must comply with the relevant portion of the O&M Plan 
including the Irrigation Management Plan. By explicitly referencing the O&M 
requirement in this permit, it centralizes the requirements for reclaimed landscape 
irrigation and helps to ensure that procedures are in place for conserving water, 
minimizing incidental runoff, and minimizing exposure to landscape related 
pollutants. 
 
Non-storm water discharge provisions have been added for the dewatering of lakes 
to the MS4. The provisions for the dewatering of lakes including removing and 
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legally disposing of all visible trash on the shoreline or on the surface of the lake and 
the cleaning of the MS4 inlet and outlet where the water will be discharged to the 
receiving water have been consistently incorporated into Regional Water Board 
authorizations to discharge non-storm water from lakes, reservoirs, and ponds. In 
addition provisions for volumetrically and velocity controlling discharges as well as 
taking measurements to stabilize lake bottom sediments are incorporated into the 
provisions of this Order to ensure that turbidity in receiving waters are maintained at 
an acceptable level. The permit provisions for the dewatering of lakes ensure the 
protection of receiving water quality.  
 
Basin plan requirements for residual chlorine have been explicitly included in the 
conditions for potable drinking water supply and distribution system releases, 
dechlorinated/debrominated swimming pool/spa discharges, and dewatering of 
decorative fountains. Related to swimming pool discharges, discharges of cleaning 
wastewater and filter backwash are specifically mentioned as being allowed only if 
authorized under a separate NPDES permit. The Regional Water Board has a 
general permit for discharges of nonprocess wastewater to surface waters in coastal 
watersheds of Los Angeles and Ventura counties (NPDES Permit No. CAG994003) 
that may address discharges of cleaning wastewater and filter backwash.  
 
Specific BMPs for discharges of swimming pools/spas and the dewatering of 
decorative fountains have been added to this Order including prohibiting the 
dewatering of swimming pools/spas or decorative fountains containing copper-based 
algaecides and requiring the implementation of controls to prevent introduction of 
pollutants prior to discharge. Swimming pool/spa discharges and decorative fountain 
water must be dechlorinated or debrominated using holding time, aeration, and/or 
sodium thiosulfate and if necessary shall be pH adjusted to within the range of 6.5 
and 8.5. The MS4 inlet and outlet must be inspected and cleaned out immediately 
prior to discharge to protect receiving water quality. In addition provisions for 
volumetrically and velocity controlling discharges are incorporated into the provisions 
of this Order to ensure that turbidity in receiving waters are maintained at an 
acceptable level.  
 
In addition to the specific inclusion of Basin Plan water quality objectives for residual 
chlorine, this Order allows discharges of potable drinking water supply and 
distribution system releases as long as specified BMPs are implemented. BMPs 
must be implemented to prevent introduction of pollutants to potable water releases 
prior to discharge to the receiving water. BMPs must be consistent with the 
American Water Works Association (California – Nevada Section) BMP Manual for 
Drinking Water System Releases and other applicable guidelines. Similar to 
discharges of swimming pools/spas and dewatering of decorative fountains, potable 
drinking water supply releases must be dechlorinated or debrominated using holding 
time, aeration, and/or sodium thiosulfate and if necessary shall be pH adjusted to 
within the range of 6.5 and 8.5. The MS4 inlet and outlet must be inspected and 
cleaned out immediately prior to discharge to protect receiving water quality. BMPs 
such as sand bags or gravel bags, or other appropriate means shall be utilized to 
prevent sediment transport and all sediment shall be collected and disposed of in a 
legal and appropriate manner. In addition provisions for volumetrically and velocity 
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controlling discharges are incorporated into the provisions of this Order to ensure 
that turbidity in receiving waters are maintained at an acceptable level. 
 
The permit provisions for potable drinking water supply and distribution system 
releases, dechlorinated/debrominated swimming pool/spa discharges, and 
dewatering of decorative fountains ensures the protection of receiving water quality. 
 
The Regional Water Board evaluated and established a list of approved BMPs for 
various programs and activities through Regional Water Board Resolution 98-08 that 
serves as appropriate BMPs for inclusion in the Discharger and Permittees’ 
regulatory programs. Requirements for street/sidewalk wash water contained in 
Resolution 98-08 have also been explicitly incorporated into this Order. The 
inclusion of the requirements contained in Resolution 98-08 helps to ensure that 
Permittees are aware of the requirements and ensures the protection of receiving 
water quality.  
 
Specific BMPs for discharges from non-commercial car washing have been 
incorporated into this Order to prevent the introduction of pollutants prior to 
discharge. BMPs that must be implemented for the discharge of non-commercial 
vehicle wash water include minimizing the amount of water used by turning off 
nozzles or kinking the hose when not spraying a vehicle and by using a pressure 
washer; using biodegradable, phosphate free detergents and non-toxic cleaning 
products; where possible, washing vehicles on permeable surfaces where wash 
water can percolate into the ground; creating a temporary berm or block off the 
storm drains; using pumps or vacuums to direct water to pervious areas; and 
emptying buckets of soapy water or rinse water into the sanitary sewer system. 
These BMPs are common practice and ensure the protection of receiving water 
quality. 
 
The inclusion of conditions for flows related to non-emergency fire-fighting activities 
is new to this iteration of the permit. Conditions for discharges related to fire fighting 
activities have been incorporated into other MS4 permits including both Orange 
County and Riverside County. Flows resulting from emergency fire fighting activities 
necessary for the protection of life or property do not require implementation of 
specific BMPs. 
 
The specific BMPs for discharges associated with non-emergency fire fighting 
activities that have been incorporated into this Order have been incorporated into 
other California MS4 permits. Both the Riverside County and Orange County MS4 
permits require the development and implementation of a program to address 
pollutants from non-emergency fire fighting flows. Rather than develop a program to 
address non-emergency fire fighting flows, common BMPs used in association with 
non-emergency fire fighting discharges have been incorporated into this Order. 
Guidance on BMPs contained in this Order for non-emergency fire fighting activities 
is available in the Best Management Practices Plan for Urban Runoff Management 
for Participating Riverside County Fire Fighting Agencies.  
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The inclusion of specific conditions for exempted non-storm water discharges in this 
Order centralizes the requirements for non-storm water discharges. Conditions 
established in this permit for each of the conditionally exempt non-storm water 
discharge categories are common practice and have been incorporated into other 
area MS4 permits. 
 

6. Permittee Requirements for Non-Storm Water Discharges 

This Order includes specific requirements for Permittees related to more targeted 
screening of MS4 outfalls for non-storm water discharges, and monitoring and 
evaluation of significant non-storm water discharges. Permittees are required to 
develop and implement procedures to ensure that all conditions required for 
conditionally exempt non-storm water discharges are being implemented. These 
requirements also help to clarify the responsibilities of the Permittees versus the 
responsibilities of the non-MS4 Permittee dischargers to the MS4. The development 
and implementation of these procedures helps to ensure compliance with the non-
storm water discharge prohibition and ensure that the non-storm water discharges 
are not sources of pollutants.  

 
B. Technology-Based Effluent Limitations 

Section 301(b)(1)(A) of the CWA and 40 CFR section 122.44(a) require that NPDES 
permits include technology based effluent limitations.11 In 1987, the CWA was amended 
to require that municipal storm water discharges “reduce the discharge of pollutants to 
the maximum extent practicable.” (CWA § 402(p)(3)(B)(iii).)  The “maximum extent 
practicable” (MEP) standard is the applicable federal technology based standard that 
MS4 owners and operators must attain to comply with their NPDES permits.12 The 
corresponding regulatory provisions that further detail the MEP standard can be found 
in 40 CFR sections 122.26(d)(2)(iv) and 122.44(k)(2).  
 
Neither Congress nor the USEPA has specifically defined the term “maximum extent 
practicable.” Rather, the MEP standard is a flexible and evolving standard.  Congress 
established this flexible MEP standard so that administrative bodies would have “the 
tools to meet the fundamental goals of the Clean Water Act in the context of storm 
water pollution.”13  This standard was designed to allow permit writers flexibility to tailor 
permits to the site-specific nature of MS4s and to use a combination of pollution controls 
that may be different in different permits.14 The MEP standard is also expected to evolve 
in light of programmatic improvements, new source control initiatives, and technological 
advances that serve to improve the overall effectiveness of storm water management 
programs in reducing pollutant loading to receiving waters. This is consistent with 

                                            
11

 A technology based effluent limitation is based on the capability of a model treatment method to reduce a pollutant to a 
certain concentration (NPDES Permit Writer’s Manual, Appendix A). Technology based requirements represent the minimum 
level of control that must be imposed in a permit issued under CWA § 402. 

12
 Note that the MEP standard only applies to storm water discharges from the MS4. Non-storm water discharges are subject 
to a different standard – specifically, non-storm water discharges through the MS4 must be effectively prohibited. 

13
 Building Industry Ass’n of San Diego County v. State Water Resources Control Board (2004), 124 Cal. App. 4th 866, 884 
(2004).       

14
 In re City of Irving, Texas, Municipal Storm Sewer System, (July 16, 2001), 10 E.A.D. 111 (E.P.A.), *6. 
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USEPA’s interpretation of storm water management programs. As explained by USEPA 
in its 1990 rulemaking, “EPA anticipates that storm water management programs will 
evolve and mature over time” (55 Fed. Reg. 47990, 48052 (Nov. 16, 1990)). There is 
ample evidence of this evolution in storm water management. Two local examples 
include the development of full capture trash control devices in response to the Los 
Angeles Region Trash TMDLs, and the development of innovative media filters for use 
in outfalls at the Boeing Santa Susana Field Laboratory that have potential municipal 
applications.  
 
To provide clarification to the Regional Water Boards, the State Water Board’s Office of 
Chief Counsel issued a memorandum dated February 11, 1993 regarding the “Definition 
of ‘Maximum Extent Practicable’”. In the memorandum, the State Water Board 
interpreted the MEP standard to entail “a serious attempt to comply,” and that under the 
MEP standard, “practical solutions may not be lightly rejected.” The memorandum 
states, “[i]n selecting BMPs which will achieve MEP, it is important to remember that 
municipalities will be responsible to reduce the discharge of pollutants in storm water to 
the maximum extent practicable. This means choosing effective BMPs, and rejecting 
applicable BMPs only where other effective BMPs will serve the same purpose, the 
BMPs would not be technically feasible, or the cost would be prohibitive.” The 
memorandum further states that, “[a]fter selecting a menu of BMPs, it is of course the 
responsibility of the discharger to insure that all BMPs are implemented.” 
 
This Order includes programmatic requirements in six areas pursuant to 40 CFR section 
122.26(d)(2)(iv) as well as numeric design standards for storm water runoff from new 
development and redevelopment consistent with the federal MEP standard (see State 
Water Board Order WQ 2000-11, the “LA SUSMP Order”). This Order also includes 
protocols for periodically evaluating and modifying or adding control measures, 
consistent with the concept that MEP is an evolving and flexible standard. 
 
This Order also provides for the use of municipal action levels (“MALs”) derived from the 
National Stormwater Quality Database (NSQD), as a means of evaluating the overall 
effectiveness of a Permittee’s storm water management program in reducing pollutant 
loads from a particular drainage area and in order to assess compliance with the MEP 
standard. Finally, this Order includes BMP Performance Standards derived from the 
International BMP Database as a guide for BMP selection and design, and as a tool for 
evaluating the effectiveness of individual post-construction BMPs in reducing pollutant 
loads and assessing compliance with the MEP standard. USEPA recommends the use 
of numeric benchmarks for BMPs to estimate BMP effectiveness and as triggers for 
taking additional actions such as evaluating the effectiveness of individual BMPs, 
implementing and/or modifying BMPs, or providing additional measures to protect water 
quality.15 
 

                                            
15

 See USEPA November 22, 2002 memorandum, “Establishing Total Maximum Daily Load (TMDL) Wasteload Allocations 
(WLAs) for Storm Water Sources and NPDES Permit Requirements Based on Those WLAs.” 
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C. Water Quality-Based Effluent Limitations (WQBELs) 

In addition to requiring that MS4 permits include technology based requirements 
consistent with the MEP standard, section 402(p)(3)(B)(iii) of the CWA authorizes the 
inclusion of “such other provisions as the Administrator or the State determines 
appropriate for the control of [] pollutants.”16 This requirement gives USEPA or the State 
permitting authority discretion to determine what permit conditions are necessary to 
control pollutants. Generally, permit requirements designed to achieve water quality 
standards are referred to as water quality based effluent limitations (WQBELs). A 
WQBEL is a restriction on the quantity or concentration of a pollutant that may be 
discharged from a point source into a receiving water that is necessary to achieve an 
applicable water quality standard in the receiving water.17 WQBELs may be expressed 
narratively or numerically.  

In its Phase I Stormwater Regulations, Final Rule, USEPA elaborated on these 
requirements, stating that, “permits for discharges from municipal separate storm sewer 
systems must require controls to reduce the discharge of pollutants to the maximum 
extent practicable, and where necessary water quality-based controls” (see 55 Fed. 
Reg. 47990, 47994 (Nov. 16, 1990). In December 1999, USEPA reiterated in its Phase 
II Stormwater Regulations, Final Rule that MS4 “permit conditions must provide for 
attainment of applicable water quality standards (including designated uses), allocations 
of pollutant loads established by a TMDL, and timing requirements for implementation of 
a TMDL.”18 The State Water Board has affirmed that MS4 permits must include 
requirements necessary to achieve compliance with the applicable technology based 
standard of MEP and to achieve water quality standards.19 

WQBELs are required for point source discharges that have the reasonable potential to 
cause or contribute to an excursion of water quality standards and technology based 
effluent limitations or standards are not sufficient to achieve water quality standards.20 

The State Water Board has previously concluded that sole reliance in MS4 permits on  
BMP based requirements is not sufficient to ensure attainment of water quality 
standards. (Ssee State Water Board Order 2001-015). The Regional Water Board 
concurs with this conclusion. This conclusion is amply supported by Regional Water 
Board and USEPA established TMDLs for impaired waters in the Los Angeles Region, 
indicating that MS4 discharges are a continuing source of pollutants to the impaired 
receiving waters notwithstanding the implementation of storm water management 

                                            
16

 The first and second iterations of the Los Angeles County MS4 Permit relied solely upon requirements consistent with the 
MEP standard to work toward achieving water quality standards. Note that the MEP standard is distinct from a water quality 
based standard; each has a different basis. Therefore, while from a practical point of view, the goal of all MS4 permit 
conditions is to control pollutants in discharges to ultimately achieve certain water quality outcomes, water quality based 
standards are directly derived from this desired outcome, while the MEP standard is anticipated to be a way of working 
toward the desired outcome, but is not directly derived from it.,  

17
 See 40 CFR § 122.2; NPDES Permit Writer’s Manual, Appendix A. A WQBEL is distinguished from a technology based 
effluent limitation (TBEL) in that the basis for the WQBEL is the applicable water quality standard for the receiving water, 
while the basis for the TBEL is generally the performance of the best available technology. 

18
 See, e.g., Phase II Stormwater Regulations, Final Rule, 64 Fed. Reg. 68722, 68737. 

19
 See, e.g., State Water Board Orders WQ 99-05 and 2001-15. 

20
 40 CFR §§ 122.44(d)(1)(i); 122.44(d)(1)(iii) 
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programs that have been driven by the MEP standard by Permittees for the last two 
decades. 

In this Order, WQBELs are included where the Regional Water Board has determined 
that discharges from the MS4 have the reasonable potential to cause or contribute to an 
excursion above water quality standards.21 Reasonable potential can be demonstrated 
in several ways, one of which is through the TMDL development process. Where a point 
source is assigned a WLA in a TMDL, the analysis conducted in the development of the 
TMDL provides the basis for the Regional Water Board’s determination that the 
discharge has the reasonable potential to cause or contribute to an exceedance of 
water quality standards in the receiving water. This approach is affirmed in USEPA’s 
Permit Writer’s Manual, which states, “[w]here there is a pollutant with a WLA from a 
TMDL, a permit writer must develop WQBELs.” Therefore, WQBELs are included in this 
Order for all pollutants for which a WLA is assigned to MS4 discharges. 

Federal regulations further require that, “when developing water quality-based effluent 
limits…the permitting authority shall ensure that effluent limits … are consistent with the 
assumptions and requirements of any available wasteload allocation for the 
discharge…” (40 CFR § 122.44(d)(1)(vii)(B)).  

The Regional Water Board interprets this to mean that the final WQBEL must be 
expressed in similar terms as the underlying WLA; for example, where a TMDL includes 
WLAs for MS4 discharges that provide numeric pollutant load objectives, the WLA 
should be translated into numeric WQBELs in the permit, and at a level to achieve the 
same expected water quality outcome. USEPA also recommends the use of numeric 
WQBELs to meet water quality standards where MS4 discharges have the reasonable 
potential to cause or contribute to a water quality standard excursion. Numeric WQBELs 
will help clarify MS4 permit requirements and improve accountability in this permit term. 

While BMPs22 are central to MS4 permits, permit requirements may only rely upon BMP 
based limitations in lieu of water quality based effluent limitations if: (1) the BMPs are 
adequate to achieve water quality standards, and (2) numeric effluent limitations are 
infeasible.23 As discussed earlier, the State and Regional Water Boards have concluded 
that sole reliance on MEP based permit requirements is not sufficient to ensure the 
achievement of water quality standards. Further, there is insufficient data and 
information available at this time on the prospective implementation of BMPs throughout 
Los Angeles County to provide the Regional Water Board reasonable assurance that 
the BMPs would be sufficient to achieve the WQBELs.24 

                                            
21

 40 CFR §§ 122.44(d)(1)(i)-(iii); 122.44(d)(1)(vii)(B) 
22

 Note that best management practices and effluent limitations are two different types of permit requirements (see 40 CFR §§ 
122.2; 122.44(k), which distinguish the two terms and describe their relationship to each other).  

23
 40 CFR §§ 122.44(d)(1); 122.44(k)(3); see also State Water Board Order 91-03; Memorandum from Elizabeth Miller 
Jennings, Office of Chief Counsel to Bruce Fujimoto, Division of Water Quality, “Municipal Storm Water Permits: Compliance 
with Water Quality Objectives,” October 3, 1995. 

24
 USEPA states in its 2002 memorandum, “Establishing Total Maximum Daily Load (TMDL) Wasteload Allocations (WLAs) for 
Storm Water Sources and NPDES Permit Requirements Based on Those WLAs” that, “[w]hen a non-numeric water quality-
based effluent limit is imposed, the permit’s administrative record, including the fact sheet when one is required, needs to 
support that the BMPs are expected to be sufficient to implement the WLA in the TMDL,” citing 40 CFR §§ 124.8, 124.9, and 
124.18. See also USEPA’s 2010 memorandum revising the 2002 memorandum. 
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Regarding the feasibility of numeric effluent limitations, the Regional Water Board 
concludes that numeric WQBELs are feasible. While a lack of data may have hampered 
the development of numeric effluent limitations for MS4 discharges in earlier permit 
cycles, in the last decade, 33 TMDLs have been developed for water bodies in Los 
Angeles County in which WLAs are assigned to MS4 discharges. In each case, part of 
the development process entailed analyzing pollutant sources and allocating loads 
using empirical relationships or modeling approaches. As a result, it is possible to use 
these numeric WLAs to derive numeric WQBELs for MS4 discharges. USEPA has also 
acknowledged that its expectations regarding the application of numeric WQBELs to 
municipal storm water discharges have changed as the storm water permit program has 
continued to mature over the last decade.25  

The inclusion of numeric WQBELs is also consistent with the Ninth Circuit Court of 
Appeal’s ruling in Defenders of Wildlife v. Browner (191 F.3d 1159, 1166 (1999)) that 
the permitting authority has discretion regarding the nature and timing of requirements 
that it includes as MS4 permit conditions to attain water quality standards, and that 
these requirements may include numeric effluent limitations.  

Further, given the variability in implementation of storm water management programs 
across Permittees, numeric WQBELs create an objective, equitable and accountable 
means of controlling MS4 discharges, while providing the flexibility for Permittees to 
comply with the WQBELs in any lawful manner. 

D. Final Effluent Limitations 

Final WQBELs are included in this Order based on the final WLAs assigned to 
discharges from the Los Angeles County MS4 in all available TMDLs.  

MS4 permits can include compliance schedules for achieving final WQBELs derived 
from TMDL WLAs, so long as the compliance schedule is consistent with a TMDL 
implementation plan adopted by the Regional Water Board and approved through the 
State’s basin plan amendment process. If a compliance schedule exceeds one year, it 
must include interim requirements pursuant to 40 CFR section 122.47.  

Section 402(o) of the CWA and 40 CFR section 122.44(l) require that effluent limitations 
or conditions in reissued orders be at least as stringent as those in the existing order. 
This Order carries over the final receiving water limitations and WQBELs that were 
included to implement the Marina del Rey Harbor Back Basins and Mothers’ Beach 
Bacteria TMDL and the Los Angeles River Trash TMDL, respectively, in the 2007 and 
2009 amendments to Order No. 01-182. 

E. Interim Effluent Limitations 

                                            
25

 See USEPA 2010 memorandum, “Revisions to the November 22, 2002 Memorandum ‘Establishing Total Maximum Daily 
Load (TMDL) Wasteload Allocations (WLAs) for Storm Water Sources and NPDES Permit Requirements Based on Those 
WLAs’” in which USEPA states, “where the NPDES permitting authority determines that MS4 discharges…have the 
reasonable potential to cause or contribute to water quality standards excursions, permit for MS4s…should contain numeric 
effluent limitations where feasible to do so.” USEPA further states, “[w]here the TMDL includes WLAs for stormwater sources 
that provide numeric pollutant load…objectives, the WLA should, where feasible, be translated into numeric WQBELs in the 
applicable stormwater permits.” 
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Where there is a TMDL implementation plan adopted by the Regional Water Board and 
approved through the State’s basin plan amendment process, interim WQBELs are 
included in this Order based on interim WLAs established for MS4 discharges. 
 

V. RATIONALE FOR RECEIVING WATER LIMITATIONS 

A. Receiving Water Limitations 

Receiving water limitations are included in all NPDES permits issued pursuant to CWA 
section 402. Section 402(p)(3)(B)(iii) of the CWA authorizes the inclusion of “such other 
provisions as the Administrator or the State determines appropriate for the control of [] 
pollutants.” This requirement gives USEPA or the State permitting authority discretion to 
determine what permit conditions are necessary to control pollutants. In its Phase I 
Stormwater Regulations, Final Rule, USEPA elaborated on these requirements, stating 
that, “permits for discharges from municipal separate storm sewer systems must require 
controls to reduce the discharge of pollutants to the maximum extent practicable, and 
where necessary water quality-based controls” (see 55 Fed. Reg. 47990, 47994 (Nov. 
16, 1990)). USEPA reiterated in its Phase II Stormwater Regulations, Final Rule, that 
MS4 “permit conditions must provide for attainment of applicable water quality 
standards (including designated uses), allocations of pollutant loads established by a 
TMDL, and timing requirements for implementation of a TMDL.”26  USEPA Region IX 
has also affirmed the agency’s position that MS4 discharges must meet water quality 
standards in a series of comment letters on MS4 permits issued by various California 
regional water boards.27 California Water Code section 13377 also requires that NPDES 
permits include limitations necessary to implement water quality control plans. Both the 
State Water Board and Regional Water Board have previously concluded that 
discharges from the MS4 contain pollutants that have the reasonable potential to cause 
or contribute to excursion above water quality standards. As such, inclusion of receiving 
water limitations is appropriate to control MS4 discharges.  

The inclusion of receiving water limitations is also consistent with the Ninth Circuit Court 
of Appeal’s ruling in Defenders of Wildlife v. Browner (191 F.3d 1159, 1166 (1999)) that 
the permitting authority has discretion regarding the nature and timing of requirements 
that it includes as MS4 permit conditions to attain water quality standards.  

The Ninth Circuit Court of Appeals recently explained that, “[w]ater quality standards are 
used as a supplementary basis for effluent limitations [guidelines] so that numerous 
dischargers, despite their individual compliance with technology based effluent 
limitations, can be regulated to prevent water quality from falling below acceptable 
levels” (NRDC v. County of Los Angeles (2011), 673 F.3d 880, 886). Receiving water 
limitations are included in this Order to ensure that individual and collective discharges 
from the MS4 do not cause or contribute to exceedances of water quality standards 
necessary to protect the beneficial uses of the receiving waters. 

                                            
26

 See, e.g., Phase II Stormwater Regulations, Final Rule, 64 Fed. Reg. 68722, 68737. 
27

 See, e.g., letter from Alexis Strauss, Acting Director, Water Division, USEPA Region IX, to Walt Pettit, Executive Director, 
State Water Board, re: SWRCB/OCC File A-1041 for Orange County, dated January 21, 1998. 
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The receiving water limitations in this Order consist of all applicable numeric or narrative 
water quality objectives or criteria, or limitations to implement the applicable water 
quality objectives or criteria, for receiving waters as contained in Chapters 3 and 7 of 
the Basin Plan, or in water quality control plans or policies adopted by the State Water 
Resources Control Board, including Resolution No. 68-16, or in federal regulations, 
including but not limited to, 40 CFR sections 131.12 and 131.38.  The water quality 
objectives in the Basin Plan and other State Water Board plans and policies have been 
approved by USEPA and combined with the designated beneficial uses constitute the 
water quality standards required under federal law. 

The receiving water limitations provisions in this Order are the same as those included 
in the previous Los Angeles County MS4 Permit provisions, and are based on 
precedential State Water Board Orders WQ 98-01 and WQ 99-05.  

This Order includes three main provisions related to receiving water limitations. First, 
consistent with CWA section 402(p)(B)(3)(iii) and 40 CFR section 122.44(d)(1), it 
includes a provision stating that discharges from the MS4 that cause or contribute to an 
exceedance of receiving water limitations are prohibited. This is also in accord with the 
State Water Board’s finding in Order WQ 98-01 (“The [State Water Board] agrees that 
the NPDES permit must prohibit discharges that “cause” or “contribute” to violations of 
water quality standards.”). Second, it includes a provision stating that discharges from 
the MS4 of stormwater or non-stormwater, for which a Permittee is responsible, shall 
not cause or contribute to a condition of nuisance.28   

Third, it includes a provision that states that Permittees shall achieve these two 
prohibitions “through timely implementation of control measures and other actions to 
reduce pollutants in the discharges in accordance with the storm water management 
program and its components and other requirements of this Order including any 
modifications.” This third provision elucidates the process by which Permittees are 
expected to achieve the first two provisions and then outlines the so-called “iterative 
process” whereby certain actions are required when exceedances of receiving water 
limitations occur and discharges from the MS4 are implicated. This iterative process 
includes submitting a Receiving Water Limitations Compliance Report; revising the 
storm water management program and its components to include additional BMPs, an 
implementation schedule and additional monitoring to address the exceedances; and 
implementing the revised storm water management program. The inclusion of this 
protocol for estimating BMP effectiveness and taking additional actions such as 
implementing additional BMPs and/or modifying BMPs to improve their effectiveness 
when monitoring demonstrates that they are necessary to protect water quality is 
consistent with USEPA’s expectations for MS4 permits.29 

The State and Regional Water Boards have stated that each of the three provisions are 
independently applicable, meaning that compliance with one provision does not provide 

                                            
28

 Wat. Code, § 13377 (“the state board or the regional boards shall . . . issue waste discharge requirements and dredged or 
fill material permits which apply and ensure compliance with all applicable provisions of the [CWA], thereto, together with any 
more stringent effluent standards or limitations necessary to implement waste quality control  plans, or for the protection of 
beneficial uses, or to prevent nuisance”). 

29
 See, e.g., USEPA 2002 memorandum, “Establishing Total Maximum Daily Load (TMDL) Wasteload Allocations (WLAs) for 
Storm Water Sources and NPDES Permit Requirements Based on Those WLAs.” 
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a “safe harbor” where there is non-compliance with another provision (i.e., compliance 
with the third provision does not shield a Permittee who may have violated the first or 
second provision from an enforcement action). Rather, the third provision is intended to 
ensure that the necessary storm water management programs and controls are in 
place, and that they are modified by Permittees in a timely fashion when necessary, so 
that the first two provisions are achieved as soon as possible. USEPA expressed the 
importance of this independent applicability in a series of comment letters on MS4 
permits proposed by various regional water boards. At that time, USEPA expressly 
objected to certain MS4 permits that included language stating, “permittees will not be in 
violation of this [receiving water limitation] provision …” (if certain steps are taken to 
evaluate and improve the effectiveness of the Drainage Area Management Plan 
(DAMP)), concluding that this phrase would not comply with the CWA.30 

The receiving water limitations provisions in this Order are the same as those included 
in the previous Los Angeles County MS4 Permit provisions, and are based on 
precedential State Water Board Orders WQ 98-01 and WQ 99-05.  

The Receiving Water Limitations provisions of Order No. 01-182 have been litigated 
twice, and in both cases the courts have upheld the language and the State and 
Regional Water Board’s interpretation of it. Both courts ruled that the first two provisions 
are independently applicable from the third provision that establishes the “iterative 
process” requirements and no “safe harbor” exists.  

The provisions were first litigated in 2005 where the Los Angeles County Superior Court 
stated, “In sum, the Regional [Water] Board acted within its authority when it included 
Parts 2.1 and 2.2 in the Permit without a ‘safe harbor,’ whether or not compliance 
therewith requires efforts that exceed the ‘MEP’ standard.” (In re L.A. Cnty. Mun. Storm 
Water Permit Litig., No. BS 080548, at 4-5, 7 (L.A. Super. Ct., No. BS 080548, Mar. 24, 
2005) Statement of Decision from Phase I Trial on Petitions for Writ of Mandate, pp. 4-
5, 7.).    

The provisions were again litigated in 2011. In that case, the Ninth Circuit Court of 
Appeal in NRDC v. County of Los Angeles (673 F.3d 880, 886) affirmed that the 
iterative process (in Part 2.3 of the 2001 Order) does not “forgive” violations of the 
discharge prohibitions (in Parts 2.1 and 2.2 of the 2001 Order). The court acknowledged 
that Part 2.3 clarifies that Parts 2 and 3 interact, but the court concluded that Part 2.3 
“offers no textual support for the proposition that compliance with certain provisions 
shall forgive non-compliance with the discharge prohibitions.” The Ninth Circuit further 
concluded that, “[a]s opposed to absolving noncompliance or exclusively adopting the 
MEP standard, the iterative process ensures that if water quality standards ‘persist,’ 
despite prior abatement efforts, a process will commence whereby a responsible 
Permittee amends its SQMP. Given that Part 3 of the [2001] Permit states that SQMP 
implementation is the ‘minimum’ required of each Permittee, the discharge prohibitions 
serve as additional requirements that operate as enforceable water-quality-based 
performance standards required by the Regional Board.” 

                                            
30

 See note 20. 
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This Order includes requirements in Part VI.E of this Order to implement WLAs 
assigned to MS4 discharges from 33 TMDLs. Those TMDLs adopted through the 
State’s basin planning process include programs of implementation pursuant to 
California Water Code section 13242, including implementation schedules, for attaining 
water quality standards. The TMDL provisions in Part VI.E and attachments include 
compliance schedules for TMDLs adopted by the Regional Water Board consistent with 
the TMDL implementation schedule to achieve the final receiving water limitations. The 
Regional Water Board recognizes that, in the case of impaired waters subject to a 
TMDL, the permit’s receiving water limitations for the pollutants addressed by the TMDL 
may be exceeded during the period of TMDL implementation. Therefore, this Order 
provides, in Part VI.E.2.c, that an MS4 Permittee shall not be considered in violation of 
a receiving water limitation in Part V.A. of this Order for the particular pollutant 
addressed by the TMDL, if the Permittee is in full compliance with the applicable TMDL 
requirements pursuant to the compliance schedules in this Order. 

For water body-pollutant combinations not addressed by a TMDL, the Regional Water 
Board has included provisions in Part VI.C. to allow Permittees to develop a Watershed 
Management Program to address receiving water limitations not otherwise addressed 
by a TMDL. The Watershed Management Program must include a Reasonable 
Assurance Analysis (RAA) that is quantitative and performed using a peer-reviewed 
model in the public domain.  Models to be considered for the RAA, without exclusion, 
are the Watershed Management Modeling System (WMMS), Hydrologic Simulation 
Program-FORTRAN (HSPF), and the Structural BMP Prioritization and Analysis Tool 
(SBPAT). The RAA  shall commence with assembly of all available, relevant 
subwatershed data collected within the last 10 years, including land use and pollutant 
loading data, establishment of quality assurance/quality control (QA/QC) criteria, 
QA/QC checks of the data, and identification of the data set meeting the criteria for use 
in the analysis. Data on performance of watershed control measures needed as model 
input shall be drawn only from peer-reviewed sources.  These data shall be statistically 
analyzed to determine the best estimate of performance and the confidence limits on 
that estimate for the pollutants to be evaluated. The objective of the RAA shall be to 
demonstrate the ability of Watershed Management Programs and enhanced Watershed 
Management Programs to ensure that Permittees’ MS4 discharges achieve applicable 
water quality based effluent limitations and do not cause or contribute to exceedances 
of receiving water limitations. A Permittee’s full compliance with all requirements and 
dates for their achievement in an approved Watershed Management Program or 
enhanced Watershed Management Program constitutes compliance with receiving 
water limitations in Part V.A. of the Order for the specific water body-pollutant 
combinations addressed by an approved Watershed Management Program or 
enhanced Watershed Management Program. However, if a Permittee fails to meet any 
requirement or date for its achievement in an approved Watershed Management 
Program or enhanced Watershed Management Program, the Permittee is subject to the 
provisions of Part V.A. for the waterbody-pollutant combination(s) that were to be 
addressed by the requirement. Permittees that do not elect to develop a Watershed 
Management Program are required to demonstrate compliance with receiving water 
limitations pursuant to Part V.A.will work with the MS4 Permittees through the process 
outlined in Part V.A.3 in this Order or the prioritization and adaptive management 
processes in Permittees’ watershed management programs (which mirror the iterative 
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process in Part V.A.3), so that additional controls are implemented in an expeditious 
manner to address exceedances of receiving water limitations that are caused or 
contributed to by discharges from the MS4. Generally, to comply with Part V.A.3, the 
Regional Water Board expects that MS4 Permittees will address isolated exceedances 
of receiving water limitations through the screening of MS4 outfalls for significant non-
storm water discharges and subsequent source identification (including monitoring and 
comparison to non-storm water action levels, where appropriate) and elimination actions 
and through its illicit connection/illicit discharges elimination program. For persistent 
exceedances of receiving water limitations, the Regional Water Board expects that MS4 
Permittees will comply with Part V.A.3 by first undertaking a detailed source 
assessment in the contributing drainage area as part of its watershed management 
program (as required by Part VI.C.3.a.iii of this Order), and identifying and implementing 
additional BMPs and other control measures (as required by Parts VI.C.3.b and VI.C.4 
of this Order). The detailed source assessment and identification of BMPs and control 
measures may also be conducted during the adaptive management process of the 
watershed management program in response to exceedances of receiving water 
limitations that occur between the initial development of the watershed management 
program and the first evaluation of program effectiveness.     

VI. RATIONALE FOR PROVISIONS 

A. Standard Provisions 

Standard Provisions, which apply to all NPDES permits in accordance with 40 CFR 
section 122.41, and additional conditions applicable to specified categories of permits in 
accordance with 40 CFR section 122.42, are provided in Attachment D.  Dischargers 
must comply with all standard provisions and with those additional conditions that are 
applicable under 40 CFR section 122.42. 

B. Watershed Management Programs 

The purpose of the Watershed Management Programs is to provide a framework for 
Permittees to implement the requirements of this Order in an integrated and 
collaborative fashion to address water quality priorities on a watershed scale, including 
complying with the requirements of Part V.A. (Receiving Water Limitations), Part VI.E 
(Total Maximum Daily Load Provisions) and Attachments L through R, by customizing 
the control measures in Parts III.A.4 (Prohibitions – Non-Storm Water Discharges) and 
VI.D (Minimum Control Measures). This watershed management paradigm is consistent 
with federal regulations that support the development of permit conditions, as well as 
the implementation of storm water management programs, at a watershed scale (40 
CFR §§ 122.26(a)(3)(ii), 122.26(a)(3)(v), and 122.26(d)(2)(iv)). USEPA later issued a 
Watershed-Based NPDES Permitting Policy Statement (USEPA, 2003) that defines 
watershed-based permitting as an approach that produces NPDES permits that are 
issued to point sources on a geographic or watershed basis. In this policy statement, 
USEPA explains that, “[t]he utility of this tool relies heavily on a detailed, integrated, and 
inclusive watershed planning process.” USEPA identifies a number of important benefits 
of watershed permitting, including more environmentally effective results; the ability to 
emphasize measuring the effectiveness of targeted actions on improvements in water 
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quality; reduced cost of improving the quality of the nation’s waters; and more effective 
implementation of watershed plans, including TMDLs, among others. 
 
There are several reasons for this shift in emphasis from Order No. 01-182. A 
watershed based structure for permit implementation is consistent with TMDLs 
developed by the Los Angeles Water Board and USEPA, which are established at a 
watershed or subwatershed scale and are a prominent new part of this Order. Many of 
the Permittees regulated by this Order have already begun collaborating on a 
watershed scale to develop monitoring and implementation plans required by TMDLs. 
Additionally, a watershed based structure comports with the recent amendment to the 
Los Angeles County Flood Control Act (Assembly Bill 2554 in 2010), which allows the 
LACFCD to assess a parcel tax for storm water and clean water programs. Funding is 
subject to voter approval in accordance with Proposition 218. Fifty percent of funding is 
allocated to nine “watershed authority groups” to implement collaborative water quality 
improvement plans. 

 
An emphasis on watersheds is appropriate at this stage in the region’s MS4 program to 
shift the focus of the Permittees from rote program development and implementation to 
more targeted, water quality driven planning and implementation. Addressing MS4 
discharges on a watershed scale focuses on water quality results by emphasizing the 
receiving waters within the watershed. The conditions of the receiving waters drive 
management actions, which in turn focus on the measures to address pollutant 
contributions from MS4 discharges.    
 
The ultimate goal of the Watershed Management Programs is to ensure that discharges 
from the Los Angeles County MS4: (i) achieve applicable WQBELs that implement 
TMDLs, (ii) do not cause or contribute to exceedances of receiving water limitations, 
and (iii) for non-storm water discharges from the MS4, are not a source of pollutants to 
receiving waters.  
 
After more than 20 years of program implementation, it is critical that the Permittees 
design and implement their programs based on their improved knowledge of storm 
water and its impacts on local receiving waters and by employing BMPs and other 
control measures that have been developed and refined over the past two decades. The 
Watershed Management Programs are driven by strategic planning and 
implementation, which will ultimately result in more cost effective implementation. The 
Watershed Management Programs will provide permittees with the flexibility to prioritize 
and customize control measures to address the water quality issues specific to the 
watershed management area (WMA), consistent with federal regulations (40 CFR § 
122.26(d)(2)(iv)).  
 
Focusing on watershed implementation does not mean that the Permittees must expend 
funds outside of their jurisdictions. Rather, the Permittees within each watershed are 
expected to collaborate to develop a watershed strategy to address the high priority 
water quality problems within each watershed. They have the option of implementing 
the strategy in the manner they find to be most effective. Each Permittee can implement 
the strategy individually within its jurisdiction, or the Permittees can group together to 
implement the strategy throughout the watershed.   
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While this Order includes a new emphasis on addressing MS4 discharges on a 
watershed basis, this Order includes recognition of the importance of continued 
program implementation on jurisdictional levels.  This Order also acknowledges that 
jurisdictional and watershed efforts may be integrated to achieve water quality 
outcomes.   
 
In this Order, the watershed requirements serve as the mechanism for this program 
integration.  Since jurisdictional activities also serve watershed purposes, such activities 
can be integrated into the Permittees’ watershed management programs. Such 
opportunities for program integration inherently provide flexibility to the Permittees in 
implementing their programs.  Program integration can be expanded or minimized as 
the Permittees see fit.  Some Permittees may opt to continue jurisdiction-specific 
implementation for certain programs, while for other program areas more collaborative 
watershed scale implementation may be more effective. Permittees identify individual 
roles and responsibilities as part of the Watershed Management Program Plan.  
 
Permittees can customize the BMPs to be implemented, or required to be implemented, 
for development, construction, and existing development areas.  Flexibility to determine 
which industrial or commercial sites are to be inspected is also provided to the 
Permittees.  Educational approaches are also to be determined by the Permittees under 
this Order.  Significant leeway is also provided to the Permittees in using methods to 
assess the effectiveness of their various runoff management programs.  This flexibility is 
further extended to the monitoring program requirements, which allow the Permittees to 
develop monitoring approaches to several aspects of the monitoring program. 
 
The challenge in drafting this Order is to provide the flexibility described above, while 
ensuring that this Order provides baseline requirements and is still enforceable.  To 
achieve this, this Order frequently prescribes baseline or default requirements, such as 
for each of the six “minimum control measures” within a Permittee’s baseline storm 
water management program, while providing the Permittees with flexibility to propose 
customized actions as part of their watershed management program.   
 
Permittees that elect to develop a Watershed Management Program must submit a 
“Notice of Intent” to the Regional Water Board no later than six months after the 
effective date of this Order. The Notice of Intent must be signed by all Permittees 
electing to participate in the Watershed Management Program for the Watershed 
Management Area. Permittees that do not elect to develop a Watershed Management 
Program are subject to the baseline storm water management program requirements in 
this Order and must demonstrate compliance with applicable WQBELs through 
monitoring data collected from the Permittee’s outfall(s).  
 
Permittees electing to develop a Watershed Management Program must submit a draft 
plan for approval by the Regional Water Board Executive Officer no later than one year 
after the effective date of this the Order, or if certain conditions are met, no later than 18 
months after the effective date of the Order.  
 
Each Watershed Management Program must:  
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1. Prioritize water quality issues resulting from storm water and non-storm water 

discharges to the MS4 and from the MS4 to receiving waters within each Watershed 
Management Area,  

2. Identify and implement strategies, control measures, and BMPs to achieve 
applicable water quality based effluent limitations and/or receiving water limitations, 
consistent with applicable compliance schedules in this Order, 

3. Execute an integrated monitoring and assessment program to determine progress 
towards achieving applicable limitations, and 

4. Modify strategies, control measures, and BMPs as necessary based on analysis of 
monitoring data collected pursuant to the MRP to ensure that applicable water 
quality-based effluent limitations and receiving water limitations and other milestones 
set forth in the Watershed Management Program will be achievedRevise strategies, 
control measures, and BMPs as necessary to maintain progress towards achieving 
applicable limitations. 

 
Watershed Management Programs must be developed using the Regional Water 
Board’s Watershed Management Areas (see Attachments B and C of this Order). 
Where appropriate, Watershed Management Areas may be separated into 
subwatersheds to focus water quality prioritization and implementation efforts by 
receiving water, or to align Permittee groups with “watershed authority groups” 
designated in the Los Angeles County Flood Control Act, so long as the Permittees 
implement all TMDL provisions for which they are identified as a responsible Permittee.   
 
Permittees must identify the water quality priorities within each Watershed Management 
Area that will be addressed by the Watershed Management Program consistent with 40 
CFR section 122.26(d)(2)(iv). At a minimum, these priorities must include achieving 
applicable water quality based effluent limitations and/or receiving water limitations 
established pursuant to TMDLs and included in this Order. 
 
Each plan must include an evaluation of existing water quality conditions, including 
characterization of storm water and non-storm water discharges from the MS4 and 
receiving water quality, consistent with 40 CFR §§ 122.26(d)(1)(iv) and 122.26(d)(2)(iii), 
to support identification and prioritization/sequencing of management actions. 
 
On the basis of the evaluation of existing water quality conditions, water body-pollutant 
combinations must be classified into one of the following three categories: 
 
• Category 1 (Highest Priority):  Water body-pollutant combinations for which water 

quality based effluent limitations and/or receiving water limitations are included in 
this Order to implement TMDLs. 

• Category 2 (High Priority):  Pollutants for which data indicate water quality 
impairment in the receiving water according to the State’s Listing Policy and for 
which MS4 discharges may be causing or contributing to the impairment.  

• Category 3 (Medium Priority):  Pollutants for which there are insufficient data to 
indicate water quality impairment in the receiving water according to the State’s 
Listing Policy, but which exceed applicable receiving water limitations contained in 
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this Order and for which MS4 discharges may be causing or contributing to the 
exceedancewater quality standards.  

 
Utilizing existing information, potential sources within the watershed for the pollutants in 
Categories 1 and 2 must be identified, consistent with 40 CFR sections 122.26(d)(1)(iii) 
and 122.26(d)(2)(ii). Permittees must identify known and suspected storm water and 
non-storm water pollutant sources in discharges to the MS4 and from the MS4 to 
receiving waters and any other stressors related to MS4 discharges causing or 
contributing to the highest water quality priorities (Categories 1 and 2). 
 
Based on the findings of the source assessment, the issues within each watershed must 
be prioritized and sequenced. Factors that must be considered in establishing 
watershed priorities include: 
 
1. Pollutants for which there are water quality based effluent limitations and/or 

receiving water limitations with interim or final compliance deadlines within the 
permit term.  

2. Pollutants for which there are water quality based effluent limitations and/or 
receiving water limitations with interim or final compliance deadlines between 
October 26, 2012 and October 25, 2017.  

3. Pollutants for which data indicate impairment in the receiving water and the findings 
from the source assessment implicates discharges from the MS4, but no TMDL has 
been developed. 

 
Permittees must identify strategies, control measures, and BMPs to implement through 
their jurisdictional storm water management programs, or collectively on a watershed 
scale, with the goal of creating an efficient program to focus individual and collective 
resources on watershed priorities.   

 
The following provisions of this Order may be part of the Watershed Control Measures 
within a Watershed Management Program:  
 
1. Minimum Control Measures. Permittees may assess the minimum control measures 

(MCMs) as defined in this Order to identify opportunities for focusing resources on 
the high priority issues in each watershed.  For each of the following minimum 
control measures, Permittees may propose modifications that will achieve equivalent 
pollutant control given watershed priorities: 

 
a. Development Construction Program 
b. Industrial/Commercial Program   
c. Illicit Connection/Illicit Discharge Detection and Elimination Program 
d. Public Agency Activities Program   
e. Public Information and Participation Program 

 
2. Non-Storm Water Discharge Measures.  Where Permittees identify non-storm water 

discharges from the MS4 as a source of pollutants in the source assessment, the 
Watershed Control Measures must include strategies, control measures, and/or 
BMPs that will be implemented to effectively eliminate the source of pollutants. 
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These may include measures to prohibit the non-storm water discharge to the MS4, 
additional BMPs to reduce pollutants in the non-storm water discharge or conveyed 
by the non-storm water discharge, or strategies to require the non-storm water 
discharge to be separately regulated under a general NPDES permit. 

 
3. TMDL Control Measures.  Permittees must compile control measures that have 

been identified in TMDLs and corresponding implementation plans.  If not sufficiently 
identified in previous documents, or if implementation plans have not yet been 
developed (e.g., EPA promulgated TMDLs), the Permittees must evaluate and 
identify control measures to achieve water quality based effluent limitations and/or 
receiving water limitations established in this Order pursuant to these TMDLs.   
 
a. TMDL control measures must include, where necessary, control measures to 

address both storm water and non-storm water discharges from the MS4.  
b. TMDL control measures may include activities covered under the MCMs as well 

as BMPs and other control measures covered under the non-stormwater 
discharge provisions of this Order.   

c. TMDL control measures must include, at a minimum, those actions that will be 
implemented during the permit term to achieve interim and/or final water quality 
based effluent limitations and/or receiving water limitations with compliance 
deadlines within the permit term. 

 
Pursuant to 40 CFR sections 124.8, 124.9, and 124.18, As as part of the Watershed 
Management Program plan, Permittees must conduct a Reasonable Assurance 
Analysis for each TMDL that consists of an assessment (through quantitative 
analysis or modeling) to demonstrate that the activities and control measures (i.e. 
BMPs) identified in the Watershed Control Measures will achieve applicable water 
quality based effluent limitations and/or receiving water limitations with compliance 
deadlines during the permit term.  
 
Permittees must incorporate and, where necessary develop, numeric milestones and 
compliance schedules into the plan consistent with 40 CFR section 122.47(a).  
Numeric milestones and schedules shall be used to measure progress towards 
addressing the highest water quality priorities and achieving applicable water quality 
based effluent limitations and/or receiving water limitations.  Where the TMDL 
Provisions do not include interim or final water quality based effluent limitations 
and/or receiving water limitations with compliance deadlines during the permit term, 
Permittees must identify interim numeric milestones and compliance schedules to 
ensure significant progress toward achieving interim and final water quality based 
effluent limitations and/or receiving water limitations with deadlines beyond the 
permit term (40 CFR § 122.47(a)(3)).   
 
Schedules must be developed for both the strategies, control measures and BMPs 
to be implemented by each individual Permittee within its jurisdiction and for those 
that will be implemented by multiple Permittees on a watershed scale. Schedules 
must be adequate for measuring progress at least twice during the permit term.  
Schedules must incorporate the following:  
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1. Compliance deadlines occurring within the permit term for all applicable interim 
and/or final water quality based effluent limitations and/or receiving water limitations 
to implement TMDLs, 
 

2. Interim deadlines and numeric milestones within the permit term for any applicable 
final water quality based effluent limitation and/or receiving water limitation to 
implement TMDLs, where deadlines within the permit term are not otherwise 
specified, 
 

3. For watershed priorities related to addressing exceedances of receiving water 
limitations in Part V.A and not otherwise addressed by Part VI.Enot related to 
implementing TMDL provisions: 

 
a. Numeric milestones based on measureable criteria or indicators, to be achieved 

in the receiving waters and/or MS4 discharges, 
b. A schedule with interim and final dates for achieving the numeric milestones as 

soon as possible, and 
c. Final dates for achieving the receiving water limitations within the permit termas 

soon as possible. 
 
Each Permittee must implement the Watershed Management Program immediately 
after determination by the Regional Water Board Executive Officer that the Watershed 
Management Program meets the requirements of this Order. 
 
Clean Water Act section 402(a)(2) requires the permitting authority to prescribe 
conditions for MS4 permits to assure compliance, including conditions on data and 
information collection, reporting, and such other requirements as appropriate. 
Consistent with this requirement, Permittees in each Watershed Management Area 
must develop an integrated program to assess the progress toward achieving the water 
quality based effluent limitations and/or receiving water limitations per the compliance 
schedules, and the progress toward addressing the highest water quality priorities for 
each Watershed Management Area.  The integrated watershed monitoring and 
assessment program may be customized, but must include the monitoring and 
assessment requirementscontain the basic elements (receiving water monitoring, storm 
water outfall monitoring, non-storm water outfall monitoring, new development/re-
development effectiveness tracking and regional studies), and achieve the objectives of, 
the Monitoring and Reporting Program (MRP) (Attachment E of this Order). 
 
Permittees in each Watershed Management Area must implement the iterative an 
adaptive management process, at least twice during the permit term, adapting the 
Watershed Management Program to become more effective, based on, but not limited 
to the following: 
 
1. Progress toward achieving the outcome of improved water quality in MS4 discharges 

and receiving waters through implementation of the watershed control measures; 
 

RB-AR5410



Greater Los Angeles County ORDER NO. R4-2012-XXXX 
Municipal Separate Storm Sewer System NPDES PERMIT NO. CAS004001 
 

 
Attachment F – Fact Sheet F-47 

R
E
V
I
S
E
D 
 

T 
E 
N 
T 
A 
T 
I 
V 
E 

2. Progress toward achieving interim and/or final water quality based effluent limitations 
and/or receiving water limitations, or other numeric milestones where specified, 
according to established compliance schedules; 
 

3. Re-evaluation of the highest water quality priorities identified for the Watershed 
Management Area based on more recent water quality data for discharges from the 
MS4 and the receiving water(s) and a reassessment of sources of pollutants in MS4 
discharges; 
 

4. Availability of new information and data from sources other than the Permittees’ 
monitoring program(s) within the Watershed Management Area that informs the 
effectiveness of the actions implemented by the Permittees; 
 

5. Regional Water Board recommendations; and 
 

6. Recommendations for modifications to the Watershed Management Program 
solicited through a public participation process, consistent with 40 CFR section 
122.26(d)(2)(iv).  

 
Based on the results of the iterative process, Permittees are required to report any 
modifications necessary to improve the effectiveness of the Watershed Management 
Program in the Annual Report, and as part of the Report of Waste Discharge 
(ROWD). Permittees must implement any modifications to the Watershed 
Management Program upon acceptance by the Regional Water Board Executive 
Officer. 

 
C. Storm Water Management Program Minimum Control Measures (MCMs) 

1. General Requirements 

a. Basis for MCMs.  40 CFR section 122.26(d)(2)(iv) establishes required elements 
of the Permittees’ storm water management program. The previous permit, Order 
No. 01-182, included six categories of minimum control measures that are 
considered to be baseline or default requirements for meeting the requirements 
of 40 CFR section 122.26(d)(2)(iv). These requirements were determined 
appropriate within Order No. 01-182 and again appropriate for this Order. The 
minimum control measures require Permittees to implement BMPs that are 
considered necessary to reduce pollutants in storm water to the MEP and to 
effectively prohibit non-storm water discharges. In lieu of implementing the 
MCMs as described in Part VI of this Order, this Order allows for Permittees to 
develop alternative BMPs to comply with 40 CFR section 122.26(d)(2)(iv), when 
implemented through a Watershed Management Program approved by the 
Executive Officer of the Regional Water Board. 

b. Timelines for Implementation 

 The timelines for implementation of most MCMs contained in Part VI.D of this 
Order is provided in Table F-5 below. Where implementation dates for minimum 

Formatted:
numbering
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control measures are not provided in the Table, Part VI.D.1.b requires 
implementation within 30 days6 months of the effective date this Order. Unless 
otherwise noted in Part VI.D of the Order, each Permittee that does not elect to 
develop a Watershed Management Program or enhanced Watershed 
Management Program per Part VI.C must implement the requirements contained 
in Part VI.D within 6 months after the effective date of this Order. In the interim, a 
Permittee shall continue to implement its existing storm water management 
program, including actions within each of the six categories of minimum control 
measures consistent with 40 CFR section 122.26(d)(2)(iv).  

Permittees that elect to develop a Watershed Management Program or 
enhanced Watershed Management Program shall continue to implement their 
existing storm water management programs, including actions within each of the 
six categories of minimum control measures consistent with 40 CFR section 
122.26(d)(2)(iv) until the Watershed Management Program or enhanced 
Watershed Management Program is approved by the Regional Water Board 
Executive Officer.All obligations continue the implementation of existing MS4 
program requirements.  The Table below denotes the timeframe for requirements 
as well as the basis of those timeframes. The majority of the timeframes are 
consistent with Order No. 01-182 as well as other area permits including the 
Ventura County MS4 Permit and the State Water Board’s Construction General 
NPDES Permit. The timeframe for notifications, submittals, and attaining 
compliance with permit requirements are determined to be the earliest 
practicable periods and ensure timely measures for protection of water quality.  

Table F-5. Timeline for the Implementation of Permit Requirements 
Part Number Requirement Summary Timeframe Basis for Timeframe 

Discharge Prohibitions 

III.A.2.a.ii Potable water suppliers must notify 
MS4 Permittee if intend to 
discharge to the Permittee’s MS4. 

At least 72 hours prior to 
a planned discharge and 
as soon as possible after 
an unplanned discharge. 

Allows for advanced notice 
and sampling, if warranted. 

III.A.4.e If the Permittee determines that any 
of the authorized or conditionally 
exempt essential non-storm water 
discharges identified in Parts 
III.A.1.a through III.A.1.c, III.A.2.a or 
III.A.3 is a source of pollutants, 
notify the Regional Water Board if 
the non-storm water discharge has 
coverage under a separate NPDES 
permit or subject to a Record of 
Decision (ROD) approved under 
section 121 of CERCLA, or a 
conditionally exempt essential non-
storm water discharge or 
emergency non-storm water 
discharge. 

Within 30 days of 
determination. 

The language in the 
previous LA MS4 permit, 
Order No. 01-182, states 
“promptly.” The 
specification of a 30 day 
deadline is considered 
reasonable and the 
earliest practicable 
deadline to ensure the 
protection of water quality. 

Table III.A Dewatering of Lakes – Ensure 
procedures for advanced 
notification by the lake 
owner/operator to the Permittee(s). 

At least 72 hours in 
advance of discharge. 

Allows for advanced notice 
and sampling, if warranted. 
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Part Number Requirement Summary Timeframe Basis for Timeframe 

Table III.A Dechlorinated/debrominated 
swimming pool/spa discharges – 
Ensure procedures for advanced 
notification by the pool owner to the 
Permittee(s) prior to planned 
discharges of one acre-foot100,000 
gallons or more. 

At least 72 hours in 
advance of discharge. 

Allows for advanced notice 
and sampling, if warranted. 

Table III.A Dewatering of decorative fountains 
– Ensure procedures for advanced 
notification by the fountain owner to 
the Permittee(s) prior to planned 
discharges of one acre-foot100,000 
gallons or more. 

At least 72 hours in 
advance of discharge. 

Allows for advanced notice 
and sampling, if warranted. 

Receiving Water Limitations 

V.A.3.a Upon determination by either the 
Permittee or the Regional Water 
Board that discharges from the MS4 
are causing or contributing to an 
exceedance of an applicable 
Receiving Water Limitation, the 
Permittee shall notify the Regional 
Water Board within 30 days of 
analytical results and thereafter 
submit an Integrated Monitoring 
Compliance Report within the next 
Annual Report. 

Within 30 days of receipt 
of analytical results from 
the sampling event. 

The language in the 
current LA MS4 permit 
reads “promptly.” The 
specification of a 30 day 
deadline is considered 
reasonable and the 
earliest practicable 
deadline to ensure the 
protection of water quality.  

V.A.3.b Submit any modifications to the 
Integrated Monitoring  Compliance 
Report required by the Regional 
Water Board 

Within 30 days 
notification from the 
Regional Water Board. 

This is consistent with 
Order No. 01-182 

V.A.3.c Permittee shall revise its control 
measures and monitoring program 
to incorporate the improved 
modified BMPs that will be 
implemented, an implementation 
schedule, and any additional 
monitoring required. 

Within 30 days following 
Regional Water Board 
Executive Officer’s 
approval of the Integrated 
Monitoring Report. 

Allows for adequate time 
to make modifications. 

Provisions 

VI.A.2.j Discharger shall file with the 
Regional Water Board a report of 
waste discharge before making any 
material change or proposed 
change in the character, location, or 
volume of the discharge. 

At least 120 days prior to 
any change. 

Standard language. 

Special Provisions: Watershed Management Programs 

VI.C.2.b Permittees that elect to develop a 
Watershed Management Program 
must notify the Regional Water 
Board. 

No later than 6 months 
after the date this Order 
is adopted. 

This provides a reasonable 
amount of time to 
determine participation in a 
WMP, but also ensure 
adequate time for 
implementation of 
watershed scale control 
measures during the term 
of this Order. 

VI.C.2.c Permittees that elect to develop a 
Watershed Management Program 

No later than 18 year 
months after the date this 

This provides a reasonable 
amount of time to 
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Part Number Requirement Summary Timeframe Basis for Timeframe 

shall submit a draft plan to the 
Regional Water Board Executive 
Officer. 

Order is adopted. complete the plan but also 
ensure effective monitoring 
during the term of this 
Order. 

VI.C.6.a.i Permittees in each Watershed 
Management Area shall implement 
an adaptive management process 
adapting the Watershed 
Management Program to become 
more effective. 

At least twice during the 
permit term. 

This encourages 
application of the iterative 
approach. 

VI.C.6.b.i Permittees in the Watershed 
Management Area shall implement 
the adaptive management process 
with regard to its jurisdictional storm 
water management program to 
improve its effectiveness. 

At least annually. This encourages 
application of the iterative 
approach. 

Special Provisions: Minimum Control Measures 

VI.D.2.a.i Progressive Enforcement and 
Interagency Coordination – In the 
event that a Permittee determines 
that a facility or site operator has 
failed to adequately implement all 
necessary BMPs, that Permittee 
shall take progressive enforcement 
which shall include a follow-up 
inspection. 

Follow-up inspection 
within 4 weeks from the 
date of the initial 
inspection and/or 
investigation. 

This is consistent with the 
current LA MS4 permit. 

VI.D.2.b Progressive Enforcement and 
interagency Coordination – Each 
Permittee shall initiate investigation 
of complaints from facilities within 
its jurisdiction. 

Initiate investigation 
within one business day 
of complaint. 

This is consistent with 
Order No. 01-182. 

VI.D.45.b.ii Public Information and Participation 
Program – If participating in a 
County-wide or Watershed Group 
PIPP, provide contact information 
for their appropriate staff 
responsible for storm water public 
education activities to the 
designated PIPP coordinator and 
contact information changes. 

No later than 30 days 
after a change occurs. 

This is consistent with 
Order No. 01-182 for 
contact changes, which 
directs contact changes be 
sent to Los Angeles 
County by May 1, 2002. 
However, with the 
elimination of the Principal 
Permittee in this Order, it is 
more appropriate to direct 
any contact information 
changes directly to the 
PIPP coordinator.  

VI.D.56.b.iii Industrial/Commercial Business 
Program – Each Permittee shall 
update its inventory of critical 
sources. 

Update at least annually. Business turn-over can be 
significant thus an active 
inventory is required.  

VI.D.56.c.i Industrial/Commercial Business 
Program – Each Permittee shall 
notify the owner/operator of each of 
its inventoried commercial and 
industrial sites identified in Part 
VI.D.5.b of this Order of the BMP 
requirements applicable. 

Notify at least once 
during the five-year 
period of this Order. 

This is required so that the 
owner/operator remains 
informed and vigilant about 
BMP implementation. 

VI.D.56.d.i Industrial/Commercial Business Provided that the first Order No. 01-182 required 
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Program – Each Permittee shall 
inspect all commercial facilities 
identified in Part VI.D.5.b of this 
Order twice during the 5-year term 
of this Order with a minimum 
interval of 6 months between the 
first and second mandatory 
compliance inspection required. 

mandatory compliance 
inspection occurs no later 
than 2 years after the 
date this Order is 
adopted. 

initial implementation by 
August 2004 (or a little 
over 2.5 years), however 
the 2 year requirement 
contained in this Order is 
considered reasonable 
and the earliest practicable 
deadline to ensure the 
protection of water quality.  

VI.D.56.e.i.(1) Industrial/Commercial Business 
Program – Each Permittee shall 
perform an initial compliance 
inspection of all industrial facilities 
identified in Part VI.D.5.b.of this 
Order 

No later than 2 years 
after the date this Order 
is adopted.  

Order No. 01-182 required 
initial implementation by 
August 2004 (or a little 
over 2.5 years). However, 
the 2 year requirement 
contained in this Order is 
considered reasonable 
and the earliest practicable 
deadline to ensure the 
protection of water quality. 

VI.D.56.e.i.(2) Industrial/Commercial Business 
Program – Each Permittee shall 
review the State Water Board’s 
Storm Water Multiple Application 
and Report Tracking System 
(SMARTS) database at defined 
intervals to determine if an industrial 
facility has been recently inspected 
by the Regional Water Board. The 
Permittee does not need to inspect 
the facility if it is determined that the 
Regional Water Board conducted 
an inspection of the facility within 
the prior 24 month period.  

The first interval shall 
occur approximately 2 
years after the date this 
Order is adopted. The 
second interval shall 
occur approximately 4 
years after the date this 
Order is adopted. 

This specific requirement 
for inspecting facilities 
within certain intervals is a 
new requirement, but is 
considered consistent with 
Order No. 01-182.  

VI.D.56.e.i.(3) Industrial/Commercial Business 
Program – Each Permittee shall 
evaluate its inventory of industrial 
facilities and perform a second 
mandatory compliance inspection at 
a minimum of 25% of the facilities 
identified to have filed a No 
Exposure Certification. 

Approximately 3 to 4 
years after the date this 
Order is adopted. 

This is consistent Order 
No. 01-182. 

VI.D.67.c.iii.(45).
(f) 

Planning and Land Development 
Program – Each Permittee shall 
develop a schedule for the 
completion of offsite projects, 
including milestone dates to 
identify, fund, design, and construct 
the projects. 

Offsite projects shall be 
completed as soon as 
possible, and at the latest 
within 4 years of the 
certificate of occupancy 
for the first project that 
contributed funds toward 
the construction of the 
offsite project. 

This requirement is 
consistent with the 
provisions contained in the 
Ventura County 
Redevelopment Project 
Area Master Plan 
(RPAMP).  

VI.D.67.cd.iv.(21
).(bc) 

Planning and Land Development 
Program – Each Permittee shall 
maintain a database providing key 
information for each new 
development/re-development 
subject to the requirements of Part 

Each Permittee shall 
implement a tracking 
system and an inspection 
and enforcement program 
for new development and 
redevelopment post-

Monitoring Effectiveness 
tracking of the treatment 
system is warranted and 
will also help to ensure 
adequate maintenance. 
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VI.D.6 of this OrderEach Permittee 
may determine, based on data from 
its storm water outfall based 
monitoring program (Attachment E 
Part VIII.A.), that the discharge is 
not causing an exceedance of water 
quality standards. In this scenario, 
the Permittee shall require the 
project proponent to monitor the 
treatment system discharge and 
report data to the Permittee for 
inclusion in its Annual Report. 

construction storm water 
no later than 60 days 
after Order adoption 
date.Monitor the 
treatment system 
discharge during the 
year’s first precipitation 
event during the first two 
years after completion. 

VI.D.67.d.i Planning and Land Development 
Program – A local LID ordinance 
that fully incorporated the applicable 
requirements of this Order shall be 
submitted to the Executive Officer 
of the Regional Water Board for 
approval. 

Within 180 days after the 
date this Order is 
adopted. 

The requirement is 
deemed acceptable due to 
the large number of 
existing LID ordinances 
within the Permittees and 
the varied number of 
templates available 
nationally.  

VI.D.67.d.iii.(1).(
a).(ii) 

Planning and Land Development 
Program – Written conditions in the 
sales or lease agreement, which 
require the property owner or tenant 
to assume responsibility for BMP 
maintenance and conduct a 
maintenance inspection. 

At least once a year. This is consistent with the 
current Ventura County 
MS4 permit. 

VI.D.67.d.iv Planning and Land Development 
Program – Each Permittee shall 
implement a tracking system and an 
inspection and enforcement 
program from new development 
and redevelopment post-
construction storm water BMPs. 

No later than 60 days 
after the date this Order 
is adopted. 

A tracking system is 
deemed critical to the 
success of this MCM. 
Additionally, a tracking 
system need not be 
complex and can, and has, 
been developed using 
spreadsheets or 
equivalent. 

VI.D.67.d.iv.(1).(
c).(ii) 

Planning and Land Development 
Program – Inspection of post-
construction BMPs to assess 
operation conditions with particular 
attention to criteria and procedures 
for post-construction treatment 
control and hydromodification 
control BMP repair, replacement, or 
re-vegetation. 

Inspection at least once 
every 2 years after 
project completion. 

This is consistent with the 
current Ventura County 
MS4 permit. 

VI.D.78.j.ii.(1) Development Construction Program 
– Inspect public and private 
construction sites 1 acre or larger 
that discharge to a tributary listed 
by the state as an impaired water 
for sediment or turbidity under CWA 
§ 303(d). 

When two or more 
consecutive days with 
greater than 50% chance 
of rainfall are predicted by 
NOAA, within 48 hours of 
a ½-inch rain event, and 
at least once every two 
weeks. 

This requirement is 
consistent with the current 
State Water Board’s 
General NPDES 
Construction Permit 
Requirements. 

VI.D.78.j.ii.(1) Development Construction Program 
– Inspect public and private 
construction sites 1 acre or larger 

When two or more 
consecutive days with 
greater than 50% chance 

This requirement is 
consistent with the current 
State Water Board’s 
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determined to be a significant threat 
to water quality. 

of rainfall are predicted by 
NOAA, within 48 hours of 
a ½-inch rain event, and 
at least once every two 
weeks. 

General NPDES 
Construction Permit 
Requirements. 

VI.D.78.j.ii.(1) Development Construction Program 
– Inspect public and private 
construction sites 1 acre or larger 
that do not meet other criteria in 
Part VI.D.7.j.ii.(1) of this Order. 

At least monthly. This requirement is 
consistent with the current 
General Construction 
Permit Requirements. 

VI.D.89.c.iii Public Agency Activities Program – 
Each Permittee shall update its 
facility inventory. 

At least twice once during 
the term of this Order. 

This requirement is 
deemed reasonable 
because site conditions 
can change at existing 
facilities. 

VI.D.89.h.iii.(2) Public Agency Activities Program – 
In areas that are not subject to a 
trash TMDL, each Permittee shall 
inspect Priority A catch basins. 

A minimum of 3 times 
during the wet season 
(October 1 through April 
15) and once during the 
dry season every year. 

This is consistent with 
Order No. 01-182. 

VI.D.89.h.iii.(2) Public Agency Activities Program – 
In areas that are not subject to a 
trash TMDL, each Permittee shall 
inspect Priority B catch basins. 

A minimum of once 
during the wet season 
and once during the dry 
season every year. 

This is consistent with 
Order No. 01-182. 

VI.D.89.h.iii.(2) Public Agency Activities Program – 
In areas that are not subject to a 
trash TMDL, each Permittee shall 
inspect Priority C catch basins. 

A minimum of once per 
year. 

This is consistent with 
Order No. 01-182. 

VI.D.89.h.iv.(1).(
c) 

Public Agency Activities Program – 
Provide clean out of catch basins, 
trash receptacles, and grounds in 
the event area. 

Within 24 hoursone 
business day subsequent 
to the event. 

This is consistent with the 
current Ventura County 
MS4 permit. 

VI.D.8.h.vi.(2) Public Agency Activities Program – 
Each Permittee shall inspect the 
legibility of the stencil or label 
nearest each inlet. 

Prior to the wet season 
every year. 

This is consistent with 
Order No. 01-182. 

VI.D.89.h.vi.(3) Public Agency Activities Program – 
Each Permittee shall record all 
catch basins with illegible stencils 
and re-stencil or re-label. 

Within 180 days of 
inspection. 

This is consistent with 
Order No. 01-182. 

VI.D.89.h.vii.(1) Public Agency Activities Program – 
In areas that are not subject to a 
trash TMDL, each Permittee shall 
install trash excluders, or equivalent 
devices, on or in catch basins or 
outfalls, except at sites where the 
application of such BMPs alone will 
cause flooding. 

No later than 2 4 years 
after the date this Order 
is adopted in areas 
specified as Priority A. 

This is based on the 
current Ventura County 
MS4 permit, but due to the 
significant number of catch 
basins in Los Angeles 
County compared to 
Ventura County the time 
frame was lengthened.This 
is consistent with the 
current Ventura County 
MS4 permit. 

VI.D.89.h.viii.(1) Public Agency Activities Program –
Visual monitoring of Permittee-
owned open channels and other 
drainage structures, including 
debris basins, for debris. 

At least annually. This is consistent with 
Order No. 01-182. 
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VI.D.89.h.viii.(2) Public Agency Activities Program – 
Removal of trash and debris from 
open channels. and debris basins. 

A minimum of once per 
year before the wet 
season. 

This is consistent with 
Order No. 01-182. 

VI.D.89.i.ii Public Agency Activities Program – 
Each Permittee shall perform street 
sweeping of curbed streets for 
Priority A areas. 

Swept at least two times 
per month. 

This is consistent with 
Order No. 01-182. 

VI.D.89.i.ii Public Agency Activities Program – 
Each Permittee shall perform street 
sweeping of curbed streets for 
Priority B areas. 

Swept at least once per 
month. 

This is consistent with 
Order No. 01-182. 

VI.D.89.i.ii Public Agency Activities Program – 
Each Permittee shall perform street 
sweeping of curbed streets for 
Priority C areas. 

Swept as necessary but 
in no case less than once 
per year. 

This is consistent with 
Order No. 01-182. 

VI.D.89.i.iv.(1) Public Agency Activities Program – 
Permittee-owned parking lots 
exposed to storm water shall be 
kept clear of debris and excessive 
oil buildup and cleaned using street 
sweeping equipment. 

No less than 2 times per 
month and/or inspected 
no less than 2 times per 
month to determine if 
cleaning is necessary. In 
no case shall a 
Permittee-owned parking 
lot be cleaned less than 
once a month. 

This is consistent with 
Order No. 01-182. 

VI.D.89.j.i.(2) Public Agency Activities Program – 
Where the self-waiver has been 
invoked, the Permittee shall submit 
to the Regional Water Board 
Executive Officer a statement of the 
occurrence of the emergency, an 
explanation of the circumstances, 
and the measures that were 
implemented to reduce the threat to 
water quality. 

No later than 30 business 
days after the situation of 
emergency has passed. 

This is consistent with the 
current Ventura County 
MS4 permit. 

VI.D.89.k.i Public Agency Activities Program – 
Each Permittee shall train or ensure 
training of all of their employees 
and contractors in targeted 
positions on the requirements of the 
overall storm water management 
program. 

No later than 1 year after 
the date this Order is 
adopted and annually 
thereafter before June 30. 

Order No. 01-182 allowed 
for this to be initially 
completed by August 
2002. However, since this 
implementation of this 
requirement is continuing 
from the previous LA MS4 
permit, implementation 
within a year is considered 
reasonable and the 
earliest practicable period 
for implementation. This is 
consistent with Order No. 
01-182 and the current 
Ventura County MS4 
permit. 

VI.D.89.k.ii Public Agency Activities Program – 
Each Permittee shall train all of their 
employees and contractors or 
ensure training for allin who use or 
have the potential to use pesticides 
or fertilizers. 

No later than 1 year after 
the date this Order is 
adopted and annually 
thereafter before June 30. 

This is consistent with the 
current Ventura County 
MS4 permit. 
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VI.D.910.b.ii Illicit Connections and Illicit 
Discharges Elimination Program – 
Each Permittee shall initiate 
investigation(s) to identify and 
locate the source of an illicit 
discharge. 

Within 72 hours of 
becoming aware of the 
illicit discharge. 

Order No. 01-182 and the 
current Ventura County 
MS4 permit require illicit 
discharge investigations 
be initiated within 1 
business day. However, 
the 72 hour requirement 
takes into account the 
possibility of weekend 
spills.  

VI.D.910.b.iv.(2) Illicit Connections and Illicit 
Discharges Elimination Program – If 
the source of the illicit discharge 
has been determined to originate 
within an upstream jurisdiction, the 
Permittee shall notify the upstream 
jurisdiction and the Regional Water 
Board. 

Within 30 days of such 
determination. 

This ensures the ID is 
addressed in a reasonable 
period of time by the 
upstream jurisdiction. 

VI.D.910.b.v Illicit Connections and Illicit 
Discharges Elimination Program – 
In the event the Permittee is unable 
to eliminate an ongoing illicit 
discharge following full execution of 
its legal authority and in accordance 
with its Progressive Enforcement 
Policy, or other circumstances 
prevent the full elimination of an 
ongoing illicit discharge, the 
Permittee shall work with the 
Regional Water Board to provide a 
diversion of the entire flow to the 
sanitary sewer or provide treatment. 

Notify the Regional Water 
Board within 30 days of 
such determination and 
provide a written plan for 
review and comment. 

This ensures the Regional 
Water Board is effectively 
engaged in the ultimate 
disposition of ongoing illicit 
discharges. 

VI.D.910.c.ii Illicit Connections and Illicit 
Discharges Elimination Program – 
Each Permittee, upon discovery or 
upon receiving a report of a 
suspected illicit connection, shall 
initiate an investigation. 

Initiate investigation 
within 21 days of 
discovery. 

This is consistent with 
Order No. 01-182 and the 
current Ventura County 
MS4 permit. 

VI.D.910.c.iii.(2) Illicit Connections and Illicit 
Discharges Elimination Program – 
Each Permittee, upon confirmation 
of an illicit MS4 connection, shall 
ensure that the connection is 
eliminated. 

Within 180 days of 
completion of the 
investigation. 

This is consistent with 
Order No. 01-182 and the 
current Ventura County 
MS4 permit. 

VI.D.910.e.i.(2) Illicit Connections and Illicit 
Discharges Elimination Program – 
Initiate investigation of all public and 
employee illicit discharge  and spill 
complaints. 

Within 1 business day of 
receiving the complaint. 

This is consistent with 
Order No. 01-182 and the 
current Ventura County 
MS4 permit. 

VI.D.910.e.i.(3) Illicit Connections and Illicit 
Discharges Elimination Program – 
Response to spills for containment. 

Within 4 hours of 
becoming aware of the 
spill, except where such 
spills occur on private 
property, in which case 
should be within 2 hours 
of gaining legal access to 

The requirement that spills 
be responded to within 4 
hours of becoming aware 
of the spill, except where 
such spills occur on private 
property, in which case 
should be within 2 hours of 
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the property. gaining legal access to the 
property is the earliest 
practicable period for 
implementation and 
ensures the protection of 
water quality. 

VI.D.910.f.iv Illicit Connections and Illicit 
Discharges Elimination Program – 
Each Permittee must create a list of 
applicable staff and contractors 
which require IC/ID training and 
ensure that training is provided. 

At least twice during the 
term of this Order. 

This requirement is new 
and twice during the term 
of this Order is considered 
reasonable and the 
earliest practicable period 
for implementation. 

VI.D.910.f.v Illicit Connections and Illicit 
Discharges Elimination Program – 
New Permittee staff members must 
be provided with IC/ID training. 

Within 180 days of 
starting employment. 

The current Ventura MS4 
permit specifies that within 
1 year all employees must 
be trained. However, the 
requirement that 
employees be trained 
within 180 days of starting 
employment is the earliest 
practicable period for 
implementation and 
ensures the protection of 
water quality.  

 
2. Progressive Enforcement 

Progressive enforcement is a series of defined and reproducible enforcement 
actions whereby consequences of non-compliance increase with each incremental 
enforcement steps. Progressive enforcement includes procedures to coordinate 
enforcement between the Regional Water Board and Permittees. As the Regional 
Water Board is the agency responsible for implementing the NPDES program, it has 
the authority to step in when enforcement actions of Permittee are unsuccessful in 
bringing dischargers into compliance with the permit. As such, progressive 
enforcement is an effective strategy to achieve timely compliance with permit 
requirements. Order No. 01-182 included requirements for a progressive 
enforcement strategy that are carried over to this Order, with some modifications. 
This Order includes supplemental documentation requirements for site acreage and 
Risk Factor rating, when making a referral to the Regional Water Board for MS4 
permit non-compliance of a discharger under the construction general permit. This 
requirement is necessary information for the Regional Water Board consideration. 
Moreover, this Order eliminates the provision within Order No. 01-182 that allows the 
Regional Water Board and Permittees to form a storm water task force. This 
provision was removed because the ability for coordinated enforcement between the 
Regional Water Board and Permittees is adequately established through remaining 
provisions within Part VI.D.2 of this Order. 

3. Modifications/Revisions 

This Order requires each Permittee to modify its storm water management 
programs, protocols, practices, and municipal codes to be consistent with this Order. 
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This provision is necessary to ensure that each Permittee takes all the steps 
necessary to update the core and ancillary programs that are required to ensure 
compliance with this Order. A significant change from Order No. 01-182 is that this 
obligation now rests with each individual Permittee rather than the Principal 
Permittee. 
 

4. Public Information and Participation Program 

a. Legal Authority 

NPDES regulation 40 CFR section 122.26(d)(2)(iv)(A)(6) provides that the 
proposed management program include "A description of a program to reduce to 
the maximum extent practicable, pollutants in discharges from MS4s associated 
with the application of pesticides, herbicides, and fertilizer which will include, as 
appropriate, controls such as educational activities, permits, certifications, and 
other measures for commercial applicators and distributors, and controls for 
application in public right-of-ways and at municipal facilities." 
 
NPDES regulation 40 CFR section 122.26(d)(2)(iv)(B)(6) provides that the 
proposed management program include " A description of education activities, 
public information activities, and other appropriate activities to facilitate the 
proper management and disposal of used oil and toxic materials." 
 
To satisfy the Public Education and Outreach minimum control measure, the 
Permittees need to implement a Public Information and Participation Program 
(PIPP) that has the following objectives: (1) measurably increase the knowledge 
of the target audiences about the MS4, the adverse impacts of storm water 
pollution of receiving waters and potential solutions to mitigate the impacts, (2) 
measurably change the waste disposal and storm water pollution generation 
behavior of target audiences by developing and encouraging implementation of 
appropriate activities, and (3) involve and engage a diversity of socio-economic 
groups and ethnic communities in Los Angeles County to participate in mitigating 
the impacts of storm water pollution.  
 

b. Background 

Implementation of a PIPP is a critical BMP and a necessary component of a 
storm water management program.  The State Water Board Technical Advisory 
Committee "recognizes that education with an emphasis on pollution prevention 
is the fundamental basis for solving nonpoint source pollution problems."  The 
USEPA Phase II Fact Sheet 2.3 (Fact Sheet 2.3) finds that "An informed and 
knowledgeable community is critical to the success of a storm water 
management program since it helps insure the following: (i) greater support for 
the program as the public gains a greater understanding of the reasons why it is 
necessary and important, and (ii) greater compliance with the program as the 
public becomes aware of the personal responsibilities expected of them and 
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others in the community, including the individual actions they can take to protect 
or improve the quality of area waters."31 
 
Furthermore, the public can provide valuable input and assistance to a municipal 
storm water management program and, therefore, should play an active role in 
the development and implementation of the program. An active and involved 
community is essential to the success of a storm water management program 
because it allows for: 
 
• Broader public support since residents who participate in the development 

and decision making process are partially responsible for the program and, 
therefore, are more likely to take an active role in its implementation; 

• Shorter implementation schedules due to fewer obstacles in the form of public 
and legal challenges and increased sources in the form of residents 
volunteers; 

• A broader base of expertise and economic benefits since the community can 
be a valuable, and free, intellectual resource; and  

• A conduit to other programs as residents involved in the storm water program 
development process make important cross-connections and relationships 
with other community and government programs.  This benefit is particularly 
valuable when trying to implement a storm water program on a watershed 
basis. 

 
c. PIPP Implementation 

It is generally more cost-effective to have numerous operators coordinate to use 
an existing program than each developing its own local programs. Therefore, 
Permittees are encouraged to participate in a County-sponsored wide PIPP or in 
one or more Watershed Group sponsored PIPPs supplemented with additional 
information specific to local needs. 
 
Permittees are required to: (a) conduct storm water pollution prevention public 
service announcements and advertising campaigns; (b) provide public education 
materials on the proper handling or potential storm water pollutants; (c) distribute 
activity specific storm water pollution prevention public education materials to 
points of purchase; (d) maintain storm water websites or provide links to storm 
water websites via the Permittees website, which contain educational material 
and opportunities for the public to participate in storm water pollution prevention 
and clean-up activities; and (e) provide independent, parochial, and public 
schools within each Permittee’s jurisdiction with materials, including, but not 
limited to videos, live presentations, and other information. Permittees are 
required to use effective strategies to educate and involve ethnic communities 
using culturally effective methods.  
 

                                            
31

 Storm Water Phase II Final Rule - Public Education and Outreach Minimum Control Measure. USEPA Fact Sheet 2.3, 
January 2000. 
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The intent of these changes is to provide an increase in public knowledge of 
storm water pollution prevention practices in an effective and cost efficient 
manner, while still providing flexibility for the Permittees to implement the 
requirements on a watershed group basis. 
 
The Order requires outreach to ethnically diverse communities using culturally 
effective strategies. The USEPA, Tailoring Outreach Programs to Minority and 
Disadvantaged Communities and Children Fact Sheet finds that, "many residents 
of ethnically and culturally diverse communities don't speak English. English 
messages contained in public education outreach materials may not be 
effectively reaching a significant portion of some communities. The intent of this 
provision is to encourage behavior changes that reduce pollutants in storm water 
to a portion of the population who might otherwise be overlooked. 
 

5. Industrial/Commercial Business Program 

a. Legal Authority 

The Phase I regulations require, in part, that the applicant: (i) develop adequate 
legal authority, (ii) perform a source identification, and (iii) develop a 
management program to reduce the discharge of pollutants to the MEP using 
management practices, control techniques and system design and engineering 
methods, and such other provisions which are appropriate.  Specifically, with 
regards to industrial controls, the management plan shall include the following. 
 

“A description of a program to monitor and control pollutants in storm 
water discharges to municipal systems from municipal landfills, hazardous 
waste treatment, disposal and recovery facilities, industrial facilities that 
are subject to section 313 of Title III of the Superfund Amendments and 
Reauthorization Act of 1986 (SARA), and industrial facilities that the 
municipal permit applicant determines are contributing a substantial 
pollutant loading to the municipal storm sewer system. The program shall: 

 
i. Identify priorities and procedures for inspections and establishing and 

implementing control measures for such discharges. 
ii. Describe a monitoring program for storm water discharges associated 

with industrial facilities […]”  
 
(40 CFR section 122.26(d)(2)(iv)(C)) 

 
The provisions contained in this Order pertaining to the inspection and facility 
control program requirements for industrial and commercial facilities, as well as 
construction sites (as discussed below in Part VI.7.b.) are also based on the 
requirements found in the previous permit, Order No. 01-182. Those 
requirements, among others, were the subject of litigation between several 
permittees and the Regional Water Board. In that case, the Los Angeles County 
Superior Court upheld the inspection and facility control program requirements 
for industrial/commercial facilities and construction sites in Order No. 01-182. 
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The Court determined that “[t]he Permit contains reasonable inspection 
requirements for these types of facilities. [Citation.] The Permit requires each 
permittees to confirm that operators of these facilities have a current waste 
discharge identification number and is effectively implementing Best 
Management Practices (BMPs) in compliance with County and municipal 
ordinances, Regional Board Resolution 90-08 and the Stormwater Quality 
Management Plans (SQMPs). [Citation.] Addressing pollution after it has entered 
the storm sewer system is not working to meet legislative goals. More work is 
required at the source of pollution, and that is partially the basis on which this 
Court finds that the Permit’s inspection requirements are reasonable, and not 
onerous and burdensome.” (In re L.A. Cnty. Mun. Storm Water Permit Litig. (, No. 
BS 080548 (L.A. Super. Ct., No. BS 080548, Mar. 24, 2005), Statement of 
Decision from Phase II Trial on Petitions for Writ of Mandate, p. at 17.) 
 
The Court also addressed the permittees’ claims that the requirements in Order 
No. 01-182 shifted the Regional Water Board’s inspection responsibility under 
State Water Board issued general NPDES permits for these types of facilities 
onto the local agencies. The Court disagreed, stating: “The Court agrees with 
[the Regional Water Board] and Intervenors that the United States EPA 
considered obligations under state-issued general permits to be separate and 
distinct. Despite the similarity between the general permits and the local storm 
water ordinances, both must be enforced. [Citations.] EPA requires permittees to 
conduct inspections of commercial and industrial facilities, as well as of 
construction sites. [Citation.]…..This Court finds that the state-issued general 
permits do not preempt local enforcement of local storm water ordinances. (See 
State Board Order No. 99-08, [citation].) [¶] Therefore, this Court finds that 
requiring permittees to inspect commercial and industrial facilities and 
construction sites is authorized under the Clean Water Act, and both the 
Regional Board and the municipal permittees or the local government entities 
have concurrent roles in enforcing the industrial, construction and municipal 
permits. The Court finds that the Regional Board did not shift its inspection 
responsibilities to Petitioners. [¶] … The Court further notes that the Permit 
issued to local entities, who are Petitioners here, does not refer to any inspection 
obligations related to state-issued permits. [Citation.] There is no duplication of 
efforts and no shifting of inspection responsibility in derogation of the Regional 
Board’s responsibility here. The Regional Board is not giving up its won 
responsibilities, and there is nothing arbitrary or capricious about the Permit’s 
inspection provisions.” (Id. at 17-18.) 
 
It is also important to note that similar controls for industrial/commercial facilities 
and constriction sites, including inspection activities, required by this Order were 
also required in the 2002 San Bernardino County MS4 permit issued by the 
Santa Ana Regional Water Quality Control Board (Santa Ana Regional Water 
Board). Like Order No. 01-182, that permit was also subject to litigation. In that 
case, the City of Rancho Cucamonga claimed that the Santa Ana Regional 
Water Board improperly delegated to it and other permittees the inspection duties 
of the State and Regional Water Boards and that it was being required to conduct 
inspections for facilities covered by other state-issued general NPDES permits. 
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(City of Rancho Cucamonga v. Regional Water Quality Control Board- Santa Ana 
Region (2006) 135 Cal.App.4th 1377, 1389.) Like the Los Angeles County 
Superior Court, the California Court of Appeal rejected this argument. The Court 
of Appeal upheld the Santa Ana Regional Water Board’s requirements, finding 
that “Rancho Cucamonga and the other permittees are responsible for inspecting 
construction and industrial sites and commercial facilities within their jurisdiction 
for compliance with and enforcement of local municipal ordinances and permits. 
But the Regional Board continues to be responsible under the 2002 NPDES 
permit for inspections under the general permits. The Regional Board may 
conduct its own inspections but permittees must still enforce their own laws at 
these sites. (40 C.F.R. § 122.26, subd. (d)(2) (2005).)” (Id. at 1390.) 
 

b. Background 

Municipalities are required to control the storm water discharges associated with 
industrial activities and other commercial facilities identified as significant 
contributors of pollutants through the implementation of a mandatory baseline 
minimum set of source control BMPs; performance of an inspection program to 
verify the adequacy of BMPs implementation in the field and compliance with the 
municipal ordinances; and assist the Regional Water Board in ensuring that 
industrial activities subject to regulations are covered by the general industrial 
stormwater permit. Regional Water Board will also assist the municipalities in 
case of instances of egregious non-compliance with the municipal ordinances 
and state and federal laws and regulations. 
 
The municipality is ultimately responsible for discharges from the MS4.  Because 
industrial awareness of the program may not be complete, there may be facilities 
within the MS4 area that should be permitted under an industrial storm water 
permit but are not (non-filers). In addition, the Phase I regulations that require 
industries to obtain permit coverage for storm water discharges is largely based 
on Standard Industry Classification (SIC) Code. This has been shown to be 
incomplete in identifying industries that may be significant sources of storm water 
pollution (“industries” includes commercial businesses).  The word "industries" is 
used in a broad sense. Another concern is that the permitting authority may not 
have adequate resources to provide the necessary oversight of permitted 
facilities. Therefore, it is in the municipality’s best interest to assess the specific 
situation and implement an industrial/commercial inspection/site visit and 
enforcement program to control the contribution of pollutants to the MS4 from all 
high risk sources. 
 
In the preamble to the 1990 regulations, USEPA clearly states the intended 
strategy for discharges of storm water associated with industrial activity: 
 
"…Municipal operators of large and medium municipal separate storm sewer 
systems are responsible for obtaining system-wide or area permits for their 
system's discharges. These permits are expected to require that controls be 
placed on storm water discharges associated with industrial activity which 
discharge through the municipal system." The USEPA also notes in the preamble 
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that "… municipalities will be required to meet the terms of their permits related to 
industrial dischargers." 
 
Similarly, in the USEPA's Guidance Manual (Chapter 3.0), USEPA specified that 
MS4 applicants must demonstrate that they possess adequate legal authority to: 
 
i. Control construction site and other industrial discharges to MS4s; 
ii. Prohibit illicit discharges and control spills and dumping; 
iii. Carry out inspection, surveillance, and monitoring procedures.  
 
The document goes on to explain that "control," in this context means not only to 
require disclosure of information, but also to limit, discourage, or terminate a 
storm water discharge to the MS4.  Further, to satisfy its permit conditions, a 
municipality may need to impose additional requirements on discharges from 
permitted industrial facilities, as well as discharges from industrial facilities and 
construction sites not required to obtain permits. 
 
In the same Guidance Manual (Chapter 6.3.3), USEPA states that the 
municipality is ultimately responsible for discharges from their MS4. 
Consequently, the MS4 applicant must describe how the municipality will help the 
USEPA and authorized NPDES States to: 
 
i. Identify priority industries discharging to their systems; 
ii. Review and evaluate storm water pollution prevention plans (SWPPPs) and 

other procedures that industrial facilities must develop under general or 
individual permits; 

iii. Establish and implement BMPs to reduce pollutants from these industrial 
facilities (or require industry to implement them); and 

iv. Inspect and monitor industrial facilities discharging storm water to the 
municipal systems to ensure these facilities are in compliance with their 
NPDES storm water permit, if required. 
 

c. Industrial/Commercial Business Program Implementation 

The requirements in this Order clarify the scope and frequency of inspections. 
For commercial facilities, in general, frequencies have been modified to require 
inspections of a facility twice during the five year permit tem provided that the first 
mandatory compliance inspection takes place no later than two years after the 
date this Order is adopted with a minimum interval of six months between the 
first and second inspection. The scope of the inspections for each of the facility 
types was clarified by specifying in tables what BMPs should be implemented at 
that facility to ensure that pollutant generating activity does not occur. The tables 
include a range of BMPs that are anticipated to be needed at select industrial 
and commercial facilities. The BMP categories are based on BMPs identified in 
the 2003 California Stormwater BMP Handbook, Industrial and Commercial as 
well as BMPs identified in Regional Water Board Resolution No. 98-08.  
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For industrial facilities, an initial mandatory compliance inspection must be 
completed at all industrial facilities no later than 2 years after the date this Order 
is adopted. If after the initial inspection, the facility was determined to as having 
exposure of industrial activities to storm water then the permit requires a second 
mandatory compliance inspection with a minimum interval of 6 months between 
the first and second mandatory compliance inspection. For facilities determined 
not to have exposure of industrial activities to storm water during the initial 
inspection, Permittees must conduct second compliance inspections yearly at a 
minimum of 20% of the facilities.  
 
A provision was added to the Order relieving Permittees of the responsibility to 
inspect industrial facilities that the Regional Water Board has inspected within the 
previous 24 months.  
 
In regards to the level of inspection, this Order clarifies that the Permittees are 
expected to check during inspections for a current Waste Discharge Identification 
(WDID) number for facilities discharging storm water associated with industrial 
activity, and that a SWPPP is available on site or that the owner/operator of the 
facility has applied for and has a current No Exposure Certification (and WDID 
number). In addition Permittees are expected to check during inspections for 
compliance with the implementation of minimum BMPs, as previously approved 
by Board Order 98-08, and compliance with the local storm water ordinances. 
 
The inspection requirements in this Order provide greater clarification concerning 
the scope of enforcement. A progressive enforcement procedure was outlined 
including minimum steps that Permittees must take in their program to enforce 
their municipalities’ storm water requirements. In recognition of some of the 
Permittees concerns regarding the resource intensive efforts needed to elevate 
enforcement actions, a mechanism was provided through which Permittees can 
refer cases to the Regional Water Board, and for violations of the State Water 
Board’s General Industrial Activities Storm Water NPDES permit, the referral can 
be expedited, referral can occur after a single inspection and one written notice 
rather than referral after two inspections and two written notices. 
 

6. Planning and Land Development Program 

a. Legal Authority 

The permit application requirements described in 40 CFR section 122.26(d) have 
formed the basis for MS4 permits and remain applicable as elements in a storm 
water program.  40 CFR section 122.26(d)(2)(iv), requires in part, that the large 
and medium MS4 system applicant develop a management plan. Specifically, 
with regards to planning and land development and post-construction controls, 
the management plan shall include the following:  

“(A) A description of structural and source control measures to reduce pollutants 
from runoff from commercial and residential areas that are discharged from the 
municipal storm sewer system that are to be implemented during the life of the 
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permit, accompanied with an estimate of the expected reduction of pollutant 
loads and a proposed schedule for implementing such controls. At a minimum, 
the description shall include: 

( 1 ) A description of maintenance activities and a maintenance schedule for 
structural controls to reduce pollutants (including floatables) in discharges from 
municipal separate storm sewers; 

( 2 ) A description of planning procedures including a comprehensive master plan 
to develop, implement and enforce controls to reduce the discharge of pollutants 
from municipal separate storm sewers which receive discharges from areas of 
new development and significant redevelopment. Such plan shall address 
controls to reduce pollutants in discharges from municipal separate storm sewers 
after construction is completed.  

( 3 ) A description of practices for operating and maintaining public streets, roads 
and highways and procedures for reducing the impact on receiving waters of 
discharges from municipal storm sewer systems 

( 4 ) A description of procedures to assure that flood management projects 
assess the impacts on the water quality of receiving water bodies and that 
existing structural flood control devices have been evaluated to determine if 
retrofitting the device to provide additional pollutant removal from storm water is 
feasible.” 

b. Background 

Land development and urbanization have been linked to the impairment of 
aquatic life beneficial uses in numerous studies. Poorly planned new 
developments and re-development have the potential to impact the hydrology of 
the watershed and the water quality of the surface waters. Development without 
proper controls, often result in increased soil compaction, changes in vegetation 
and increased impervious surfaces. These conditions may lead to a reduction in 
groundwater recharge and changes in the flow regime of the surface water 
drainages. Historically, urban development has resulted in increased peak 
stream flows and flow duration, reduced base flows, and increased water 
temperatures.  Pollutant loading in storm water runoff often increases due to 
post-construction use and because the storm water runoff is directly connected to 
the storm drain system or to the surface water body, without the benefit of 
filtration through soil and vegetation. 

In a natural water body (i.e., a water body that has not been armored for flood 
control or channel stability), increased peak flows and flow duration can cause 
stream bank erosion, changes in channel geomorphology and bed sediment 
composition and stability. 

When development infringes upon natural riparian buffers, the additional impacts 
may include further stream bank instability, increased nitrogen loadings to the 
water body—which would have been intercepted by native riparian vegetation, 
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loss of shading resulting in further increase in water temperature, and a loss of 
woody debris and leaf litter, which provide food and habitat for some aquatic 
species. 

Low Impact Development (LID) strategies are designed to retain storm water 
runoff on-site by minimizing soil compaction and impervious surfaces, and by 
disconnecting storm water runoff from conveyances to the storm drain system. 
This Order establishes criteria for the volume of storm water to be retained on-
site as required to meet water quality goals and to preserve pre-development 
hydrology in natural drainage systems.  

In California, hydromodification studies have focused on the erosive effects of 
storm water runoff flows and the resulting changes in geomorphology and bed 
sediment. As described in Hawley et al., southern California streams may be 
especially susceptible to geomorphic changes due to steep topography, flashy 
flow regimes, high sediment loads and largely non-resistant stream bed material. 
This recent study assessed the impact of urbanization on peak flow and the 
duration of lower flows capable of moving bed sediment. The results of the study 
showed that, urbanization resulted in proportionally-longer durations of all 
geomorphically-effective flows, with a more pronounced effect on the durations of 
low to moderate flows.   

A study performed by United States Geological Survey (USGS) researchers at 
nine different metropolitan areas within the United States, found that adverse 
impacts to macroinvertebrate benthic communities were observed in drainages 
with 5 percent impervious area. The authors concluded that there appears to be 
no percent impervious area threshold below which benthic communities are not 
adversely impacted   

The Grand River (lower) Surrogate Flow Regime Total Maximum Daily Load 
(TMDL), prepared for the Ohio Environmental Protection Agency (OEPA), 
examined the impacts of impervious cover and flow regime changes on aquatic 
life beneficial uses. The TMDL was approved by USEPA on April 12, 2012. The 
TMDL analysis showed that aquatic community health (as measured by 
biological indices) decreased as impervious cover increased. Flow alteration and 
impervious cover were determined to be the stressors impairing aquatic life. 
Riparian buffers were identified as a mitigating factor. Peak flow, runoff volume, 
and flashiness were considered as surrogates. However, for this watershed, flow 
regime was selected because it addresses the full spectrum of flow conditions 
(i.e., peak flow and flow duration and base flow). In this watershed, low flow and 
increased water temperature presented a threat to cold-water fish species. 
Increased peak flow and flow duration were linked to impairment of aquatic life 
beneficial uses due to increased pollutant loading and the impact of channel 
scouring. A flow duration curve was developed for a reference watershed, based 
on unit area to allow for comparison of varying-sized streams. The criteria for 
selecting the reference watershed were: (1) the water body was fully supporting 
aquatic life beneficial uses, (2) location (ecoregion), (3) size (4) land cover (5) 
riparian buffer and (6) soils. The flow regime TMDL compares flow duration 
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curves for the impaired stream and the reference stream. The TMDL is 
expressed as the difference between the impaired stream’s flow and the 
reference stream’s flow during all flow conditions. The TMDL report recommends 
protection strategy numeric targets of no more than 6 percent EIA with a forested 
(70 percent coverage) riparian buffer of 100 feet from the top of each stream 
bank (200 feet total).   

In Los Angeles County, development has infringed upon or eliminated natural 
riparian buffers and existing development exceeds recommended percent 
impervious area in many watersheds. In addition, many water bodies have been 
armored or converted to engineered channels to manage flood hazards. Because 
of the hydrologic differences between engineered channels and natural water 
bodies, the Regional Water Board approaches each situation differently. Where 
development occurs in drainages to water bodies that have been converted to 
engineered channels, the Regional Water Board’s regulatory approach is 
designed to reduce storm water runoff -- the most effective method for reducing 
pollutant loading. Alternatively, where development occurs in drainages to natural 
water bodies, the Regional Water Board regulatory approach aims to reduce 
pollutant loading conveyed by storm water runoff and to preserve or restore the 
pre-development hydrology. As a result of past development, it is likely that 
retrofitting of existing development will be necessary to restore watershed 
hydrology to pre-development conditions. 

c. Applicability 

New development and re-development projects subject to these requirements 
are described in Part VI.D.6.b. of this Order. Although not defined for large and 
medium MS4s, 40 CFR section 122.34 requires programs for small MS4s to 
include all projects that disturb an area equal to or greater than 1 acre of land 
and add more than 10,000 square feet of impervious surface area. The list of 
new development projects subject to requirements, specified in this Order in 
Parts VI.D.1.c.i(1)(a) through (k) were either carried over from Order No. 01-182 
or were developed for the Ventura County MS4 and are appropriate for defining 
new developments and redevelopments in this Order. Clarification is provided for 
developments in progress during formulation of this Order (Part VI.D.c.i(1)(4)).   

New development/re-development projects are subject to either the Water 
Quality/Flow Reduction Resource Management Criteria in Part VI.D.6.c.i or 
potentially more stringent Hydromodification (Flow/ Volume/ Duration) Control 
Criteria.  Note that hydromodification controls apply only to projects that drain to 
a natural water body that is a stream, creek or a river. Hydromodification controls 
do not apply to discharges to lakes, estuaries, or to the ocean, which are not 
susceptible to channel erosion.  

i. Integrated Water Quality/ Flow Reduction /Resources Management 
Criteria (Part VI.D.6.c.i). Projects located in drainages to water bodies that 
are now engineered channels are subject to Integrated Water Quality/Flow 
Reduction/Resources Management Criteria. These projects must be designed 
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to minimize the footprint of the impervious area and to use low impact 
development (LID) strategies to disconnect the runoff from impervious area. 
The project must be designed to retain on-site the storm water runoff equal to 
the storm water quality design volume (SWQDv), unless it is determined that 
it is technically infeasible or there is an opportunity to contribute to an off-site 
regional ground water replenishment project.   

The SWQDv is defined as the storm water runoff resulting from either: 

• the 0.75 inch per 24 hour storm or 
• the 85th percentile storm as defined in the Los Angeles County 85th 

percentile, 24-hour storm isohyetal map, whichever is greater. 
 
This Order establishes a minimum design volume based on the 0.75 inch, 24-
hour storm event as defined in the previous Los Angeles County MS4 permit 
(Order No. 01-182). This requirement is to prevent backsliding from the 
previous Order. The 85th percentile storm is the design storm used throughout 
most of the State of California for storm water treatment and LID BMPs 
designed for water quality protection.  

Using detailed local rainfall data, the County of Los Angeles Hydrologist has 
developed the 85th percentile storm event isohyetal map, which exhibits the 
size of the 85th percentile storm event throughout Los Angeles County. Since 
this map uses detailed local rainfall data, it is more accurate for calculating 
the 85th percentile storm event than other methods which were included in 
Order No. 01-182. The other methods found in Order No. 01-182 were 
included as options to be used in the event that detailed accurate rainfall data 
did not exist for various locations within Los Angeles County. Therefore, they 
have not been carried over into this Order.  

Storm water runoff may be retained on-site by methods designed to intercept 
rain water via infiltration, bioretention, and harvest and use. Examples of LID 
Best Management Practices (BMPs) that may be employed to meet the storm 
water retention requirements include rain gardens, bioswales, pervious 
pavement, green roofs, and rainwater harvesting for use in landscape 
irrigation.      

ii. Alternative Compliance for Technical Infeasibility or Opportuntity for 
Regional Ground Water Replenishment (Part VI.D.6.c.ii). This Order 
defines conditions that may make on-site retention of the SWQDv 
technically infeasible. These conditions include measures to: 

• Ensure that on-site soils (in-situ or amended) have adequate infiltration 
rates for successful operation of infiltration BMPs, 

• Protect groundwater and drinking water wells from contamination, 
• Prevent infiltration that might exacerbate potential geotechnical 

hazards,  
• Accommodate smart growth and infill or redevelopment. 
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A determination that compliance with the Integrated Water Quality/Flow 
Reduction/Resources Management Criteria is technically infeasible at the 
New Development/Re-development project site must be based on a site-
specific hydrologic assessment or design analysis conducted and 
endorsed by a registered professional engineer, geologist, architect or 
landscape architect.  This requirement is the same as contained in the 
Ventura County MS4 permit, and is necessary to ensure that a competent 
determination is conducted.  

The criteria for technical infeasibility contained in Part VI.D.6.c.ii(2)(a) is 
necessary to ensure that the in-situ soil has adequate permeability to 
accommodate infiltration, and to ensure against premature failure of 
infiltration BMPs. A minimum infiltration rate of 0.15 3 inches per hour 
under saturated conditions is specified for infiltration BMPs (e.g., dry well, 
pervious pavement). Infiltration BMPs are restricted to Hydrologic Soil 
Groups A and B, by other California storm water regulatory agencies. For 
example, the Contra Costa County Program’s Stormwater LID Design 
Guidebook prohibits routing storm water runoff to a dry (infiltration) well, 
developed in Hydrologic Soil Groups C and D32. Infiltration rates for the 
lower permeability B soil group ranges between 0.30 and 0.15 inches per 
hour (USEPA, 2009, Appendix A)33. This criterion is specified to ensure 
the viability of infiltration systems, which may be depended upon to meet 
the storm water design volume criteria. 

Infiltration BMPs are distinguished from bioretention BMPs, which may be 
implemented in all soils types. Bioretention BMPs are constructed using a 
manufactured/imported media that must meet strict specifications. The 
media specification for bioretention facilities is the same as specified for 
biofiltration systems. The difference between bioretention and biofiltration 
is that biofiltration systems are designed with an underdrain, which may 
allow for the discharge of a significant portion of the design storm volume, 
as described below under Alternative Compliance Measures. Bioretention 
BMPs may not include an underdrain.  

The criteria for determining Technical Infeasibility described in Part 
VI.D.6.c.ii.(2)(b)-(f) are the same as contained in the Ventura County MS4 
permit , except that (2)(b) “locations where seasonal high ground water is 
within 5 feet of the surface”, was expanded to” 5 to 10 feet” of the surface, 
to be consistent with local LID Manuals developed by the City of Santa 
Monica and the City of Los Angeles.  

                                            
32

 Contra Costa County Clean Water Program. 2010. Stormwater C.3 Guidebook, Stormwater Quality Requirements for 
Development Applications. Fifth Ed. October 20, 2010. p. 18. < www.cccleanwater.org>. 

33
 USEPA. 2009. (United States Environmental Protection Agency). Technical Guidance on Implementing the Stormwater 
Runoff Requirements for Federal Projects under Section 438 of the Energy and Independence and Security Act. Office of 
Water. December 2009. 

RB-AR5432



Greater Los Angeles County ORDER NO. R4-2012-XXXX 
Municipal Separate Storm Sewer System NPDES PERMIT NO. CAS004001 
 

 
Attachment F – Fact Sheet F-69 

R
E
V
I
S
E
D 
 

T 
E 
N 
T 
A 
T 
I 
V 
E 

iii. Alternative Compliance Measures (Part VI.D.6.c.iii.). This Order 
provides equally weighted alternatives to on-site retention of the SWQDv. 
One alternative is to employ infiltration at off-site locations, including 
regional groundwater replenishment projects. In an effort to promote 
retrofitting of existing development, alternative compliance measures may 
include the use of infiltration, bioretention, rainfall harvest and/or 
biofiltration at an existing development with similar land uses and where 
storm water runoff is expected to exhibit pollutant event mean 
concentrations (EMCs) that are comparable to or higher than the 
proposed new development re-development project. As another 
alternative the project proponent may comply with the Integrated Water 
Quality/Flow Reduction/Resources Management Criteria using biofiltration 
on the project site. The volume of storm water to be treated with 
biofiltration is 1.5 times the difference between the SWQDv and the 
volume of storm water runoff that can be reliably retained on the project 
site. The 1.5 multiplier is based on the finding in the Ventura County 
Technical Guidance Manual that biofiltration of 1.5 times the design 
volume will provide approximately the same pollutant removal as retention 
of the design volume on an annual basis.34 

The volume of storm water runoff to be intercepted at an off-site mitigation 
project is equal to the difference between the SWQDv and the volume of 
storm water runoff that can be reliably retained on the project site. The 
estimate of the volume that can be reliably retained on-site shall be based 
on conservative assumptions including permeability of soils under 
saturated conditions. When rainfall harvest and use is linked to irrigation 
demand, the demand shall be estimated based on conditions that exist 
during the wet weather, winter season.  

Mitigation at off-site projects shall be designed to provide equal or greater 
water quality protection to the surface waters within the same 
subwatershed as the proposed project. Preferably, the mitigation site will 
be located within the same Hydrologic Unit Code (HUC)-12 drainage area 
as the proposed new development or re-development. However, the 
mitigation project may be located within the expanded HUC-10 drainage 
area, if approved by the Executive Officer of the Regional Water Board.  

As described in the Ventura County Technical Guidance Manual, a 
biofiltration system as defined in this Order, including Attachment LH, 
allows for incidental interception of approximately 40 percent of the 
treatment volume and treatment of the remaining volume through filtration, 
and aerobic and anaerobic degradation. The effectiveness of the 
biofiltration system is greatly impacted by the volume of storm water runoff 
that is intercepted through incidental infiltration. For this reason, 
biofiltration as defined in this Order, does not include flow-through planter 

                                            
34

 Ventura Countywide Stormwater Management Program. 2011. Ventura Technical Guidance Manual, Manual Update, 2011.  
Appendix D. July 13, 2011. 
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box or vault type systems with impervious bottom layers, unless Executive 
Officer approval is obtained. In addition, biofiltration systems as defined in 
this Order, must meet the specifications for drain placement and planting 
media provided in Attachment L if they are to be credited as meeting the 
water quality/flow reduction requirements of the Alternative Compliance 
Measures of this Order, unless Executive Officer approval is obtainedr. 
Attachment L H provides a compilation of recent information contained in 
the Contra Costa County C3 Guidebook and Order R2-2011-083, adopted 
by the California Regional Water Quality Control Board, San Francisco 
Bay Region, on November 28, 2011. These specifications are based on 
experiences in the San Francisco Bay Region and are designed to ensure 
optimum pollutant removal and to prevent premature failure of infiltration 
components of the biofiltration system.  

iv. Water Quality Mitigation Criteria (Part VI.D.6.c.iv.) When off-site 
mitigation is performed, the storm water runoff from the project site must 
be treated prior to discharge. Volume-based treatment BMPs are to be 
sized to treat the runoff from the 85th percentile, 24-hour storm event, as 
described above for storm water retention BMPs. Flow through treatment 
BMPs are to be sized based on a rainfall intensity of 0.2 inches per hour 
or the one year, one-hour rainfall intensity as determined from the Los 
Angeles County isohyetal map, whichever is greater. A minimum flow 
design of 0.2 inches per hour is consistent with Order No. 01-182 and is 
included to prevent back sliding. The one year, one-hour rainfall intensity 
is the flow requirement specified in the Los Angeles River Trash Total 
Maximum Daily Loads (TMDL) and other Trash TMDLs established in the 
Region. The Los Angeles County isohyetal map of the one-year, one-hour 
storm intensity provides an accurate measure of variable storm intensity 
throughout the County. The one-year, one-hour rain intensity within the 
County ranges from approximately 0.2 inch/hour to 1.1 inches per hour. 

 

v. Hydromodification (Flow/ Volume/ Duration Control Criteria (Part 
VI.D.6.v.). New development/re-development projects located in a 
drainage to a natural stream/creek/river water body shall be required to 
meet the water quality/flow reduction criteria and/or hydromodification 
control criteria, whichever are more stringent. (Hydromodification controls 
do not apply to discharges to lakes, estuaries or to the Pacific Ocean as 
these types of water bodies are not susceptible to hydromodification 
impacts.) This Order provides Interim Hydromodification Control Criteria to 
be employed until the State Water Board or Regional Water Board adopts 
a final Hydromodification Policy. The purpose of the hydromodification 
controls is to preserve or restore pre-development hydrology.  

Part VI.D.6.v.(b) of this Order describes New Development/Re-
development projects that are exempted from hydromodification controls. 
These projects include maintenance and replacement activities and other 
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projects that do not increase EIA within the subwatershed and therefore 
are not expected to add to the hydromodification effects. Also exempted 
are projects located within drainages to waterbodies that are not 
susceptible to channel erosion or other hydromodification effects. 

This Order anticipates the issuance of a State-wide Hydromodification 
criteria or guidance within the term of this Order, but provides interim 
criteria for New Development/Re-development projects that are permitted 
pending the issuance of State-wide Guidance.  This Order also identifies 
preliminary tasks to be conducted within 24 months after the effective date 
of this Order. The results of these preliminary tasks will support the 
development of a final Subwatershed Hydromodification Plan. The final 
Subwatershed Hydromodification Plan must be completed within 12 
months after the issuance of the State-wide Guidance, unless the 
compliance period is extended by the Executive Officer of the Regional 
Water Board.   

This Order offers three four options for meeting the interim 
hydromodification controls for projects that will disturb greater than 1 acre 
but less than 50 acres: 

• The project is designed to retain the storm water runoff from the 95th 
percentile, 24-hour-hour storm. This criterion is based on the 
recommendations from the USEPA’s Technical Guidance on 
Implementing the Stormwater Runoff Requirements for Federal 
Projects under Section 438 of the Energy Independence and Security 
Act (USEPA, 2009). 

• The runoff flow rate, volume, velocity and duration does not exceed the 
pre-development condition for the 2-year, 24-hour rainfall event. 
Research has determined that the maximum point of the effective work 
curve occurs in the 1 to 2-year frequency (Leopold, 1964, as cited in 
the South Orange County Hydromodification Plan, 2011)35. 
Furthermore, the effects of development are greatest during smaller 
storm events. Under natural conditions, the storm water runoff from 
smaller storms would have been largely intercepted by vegetation, 
canopy, infiltration and/or evapotranspiration. During large storms, the 
soils become saturated and runoff occurs even under natural 
conditions.   

• The Erosion Potential (Ep) in the receiving water channel will 
approximate 1, as determined by the Hydromodification Analysis Study 
and the Equation presented in Attachment J.  This provision is the 
same as the requirement in the Ventura County MS4 permit (Order No. 
R4-2010-0108). By maintaining an Ep of approximately 1, the bed 
sediment of the channel is in an equilibrium state.  Alternatively, 

                                            
35

 South Orange County. 2011. South Orange County Hydromodification Management Plan. < 
http://www.waterboards.ca.gov/sandiego/water_issues/programs/stormwater/docs/oc_permit/updates_031212/South_Orange
_County%20HMP.pdf > Accessed April 25, 2012. 
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Permittees can opt to use other work equations to calculate Erosion 
Potential with Executive Officer approval.  
• Permittees may also satisfy the requirement for Hydromodification 

Controls by implementing the hydromodification requirements in the 
County of Los Angeles Low Impact Development Manual (2009) for 
all projects disturbing an area greater than 1 acre within natural 
drainage systems. 

 

For projects disturbing more than 50 acres, compliance with the interim 
controls may be achieved by similar means. However, the plans must be 
supported by more comprehensive hydrologic modeling. The final 
Subwatershed Hydromodification Plan must be completed within one year 
after the effective date of the Order. 

The elements of the Interim Subwatershed Hydromodification Plan are: 

• Screening to assess which subwatersheds exhibit changes in 
geomorphology. 

• Identify natural drainage systems within the subwatershed that are 
susceptible to hydromodification impacts, 

• Identify areas critical to the hydrology (e.g., groundwater recharge 
areas, riparian buffers and wetlands) of the subwatershed and identify 
potential protection strategies for such areas, 

• Conduct or access bioassessment monitoring data to assess whether 
aquatic life uses are being fully supported, 

• Prepare preliminary protection strategies for subwatersheds that are 
fully supporting aquatic life beneficial uses, 

• Prepare preliminary retrofit strategies for subwatersheds that exhibit 
the effects of hydromodification and are not fully supporting aquatic life 
beneficial uses, 

• Identify candidate reference sub-watersheds that are supporting 
aquatic life beneficial uses and develop a flow duration curve that may 
serve as a standard for flow duration controls in water bodies that have 
aquatic life impairments linked to changes in the flow regime. This 
approach is as described in the recently approved OEPA, Grand River 
(lower) Flow Regime TMDL. 

 
7. Development and Construction Program 

a. Introduction 

Soil disturbing activities during construction and demolition exacerbate sediment 
losses. Sediment is a primary pollutant impacting beneficial uses of 
watercourses. Sediments, and other construction activity pollutants must be 
properly controlled to reduce or eliminate adverse impacts. 

Formatted
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b. Legal Authority 

40 CFR section 122.34(b)(4) states that with respect to construction site storm 
water runoff control for small MS4s, which is analogous to that for large MS4s:  

“(i) [the permittee] must develop, implement, and enforce a program 
to reduce pollutants in any storm water runoff to your small MS4 
from construction activities that result in a land disturbance of 
greater than or equal to one acre. Reduction of storm water 
discharges from construction activity disturbing less than one acre 
must be included in your program if that construction activity is part 
of a larger common plan of development or sale that would disturb 
one acre or more. If the NPDES permitting authority waives 
requirements for storm water discharges associated with small 
construction activity in accordance with § 122.26(b)(15)(i), you are 
not required to develop, implement, and/or enforce a program to 
reduce pollutant discharges from such sites. (ii) Your program must 
include the development and implementation of, at a minimum: (A) 
An ordinance or other regulatory mechanism to require erosion and 
sediment controls, as well as sanctions to ensure compliance, to 
the extent allowable under State, Tribal, or local law; (B) 
Requirements for construction site operators to implement 
appropriate erosion and sediment control best management 
practices; (C) Requirements for construction site operators to 
control waste such as discarded building materials, concrete truck 
washout, chemicals, litter, and sanitary waste at the construction 
site that may cause adverse impacts to water quality; (D) 
Procedures for site plan review which incorporate consideration of 
potential water quality impacts; (E) Procedures for receipt and 
consideration of information submitted by the public, and (F) 
Procedures for site inspection and enforcement of control 
measures.” 

The inspection requirements for construction sites contained in this Order are 
also based on the requirements found in Order No. 01-182. As noted above in 
Part VI.C.5.a, the inspection requirements contained in Order No. 01-182 for 
construction sites were the subject of litigation between several permittees and 
the Regional Water Board. As provided in more detail above, the Los Angeles 
County Superior Court upheld the inspection requirements for 
industrial/commercial facilities and construction sites in Order No. 01-182, finding 
that the “[t]he Permit contains reasonable inspection requirements for these 
types of facilities.” (In re L.A. Cnty. Mun. Storm Water Permit Litig. (, No. BS 
080548 (L.A. Super. Ct., No. BS 080548, Mar. 24, 2005), Statement of Decision 
from Phase II Trial on Petitions for Writ of Mandate, p. at 17.) As also noted 
above, the Superior Court also rejected the permittees’ claims that the 
requirements in Order No. 01-182 shifted the Regional Water Board’s inspection 
responsibility under State Water Board issued general NPDES permits for these 
types of facilities onto the local agencies, finding that “[r]equiring permittees to 
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inspect commercial and industrial facilities and construction sites is authorized 
under the Clean Water Act, and both the Regional Board and the municipal 
permittees or the local government entities have concurrent roles in enforcing the 
industrial, construction and municipal permits. The Court finds that the Regional 
Board did not shift its inspection responsibilities to Petitioners.” (Id. at 17-18.)   

As previously noted for inspections of commercial/industrial facilities, the 
California Court of Appeal also rejected arguments pertaining to similar 
inspection requirements for construction sites prescribed by the Santa Ana 
Regional Water Board. (City of Rancho Cucamonga v. Regional Water Quality 
Control Board- Santa Ana Region (2006) 135 Cal.App.4th 1377, 1389.) In that 
case, the City of Rancho Cucamonga claimed that the Santa Ana Regional 
Water Board improperly delegated to it and other permittees the inspection duties 
of the State and Regional Water Boards and that it was being required to conduct 
inspections for facilities covered by other state-issued general NPDES permits. 
The Court of Appeal upheld the Santa Ana Regional Water Board’s 
requirements, finding that “Rancho Cucamonga and the other permittees are 
responsible for inspecting construction and industrial sites and commercial 
facilities within their jurisdiction for compliance with and enforcement of local 
municipal ordinances and permits. But the Regional Board continues to be 
responsible under the 2002 NPDES permit for inspections under the general 
permits. The Regional Board may conduct its own inspections but permittees 
must still enforce their own laws at these sites. (40 C.F.R. § 122.26, subd. (d)(2) 
(2005).)” (Id. at 1390.) 

 

c. Construction Activity Applicability 

Any construction or demolition activity, including, but not limited to, clearing, 
grading, grubbing, or excavation, or any other activity that results in a land 
disturbance of equal to or greater than one acre.  

Construction activity that results in land surface disturbances of less than one 
acre if the construction activity is part of a larger common plan of development or 
sale of one or more acres of disturbed land surface.  

Construction activity related to residential, commercial, or industrial development 
on lands currently used for agriculture including, but not limited to, the 
construction of buildings related to agriculture that are considered industrial 
pursuant to USEPA regulations, such as dairy barns or food processing facilities.  

Construction activity associated with linear underground/overhead project (LUPs) 
including, but not limited to, those activities necessary for the installation of 
underground and overhead linear facilities (e.g., conduits, substructures, 
pipelines, towers, poles, cables, wires, connectors, switching, regulating and 
transforming equipment and associated ancillary facilities) and include, but are 
not limited to, underground utility mark-out, potholing, concrete and asphalt 
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cutting and removal, trenching, excavation, boring and drilling, access road and 
pole/tower pad and cable/wire pull station, substation construction, substructure 
installation, construction of tower footings and/or foundations, pole and tower 
installations, pipeline installations, welding, concrete and/or pavement repair or 
replacement, and stockpile/borrow locations.  

Discharges of sediment from construction activities associated with oil and gas 
exploration, production, processing, or treatment operations or transmission 
facilities. 

Storm water discharges from dredge spoil placement that occur outside of U.S. 
Army Corps of Engineers jurisdiction36 (upland sites) and that disturb one or 
more acres of land surface from construction activity are covered by this General 
Permit. Construction projects that intend to disturb one or more acres of land 
within the jurisdictional boundaries of a CWA section 404 permit should contact 
the appropriate Regional Water Board to determine whether this permit applies to 
the project. 

d. Development Construction Program Implementation 

Permittees must implement a construction program that applies to all activities 
involving soil disturbance with the exception of agricultural activities. Minimum 
requirements have been established for construction activity less than one acre 
and for those activities equal or greater than one acre. Activities covered by the 
permit include but are not limited to grading, vegetation clearing, soil compaction, 
paving, re-paving, and LUPs. The construction program should be designed to: 
(1) prevent illicit construction-related discharges of pollutants into the MS4 and 
receiving waters; (2) implement and maintain structural and non-structural BMPs 
to reduce pollutants in storm water runoff from construction sites; (3) reduce 
construction site discharges of pollutants to the MS4 to the MEP; and (4) prevent 
construction site discharges to the MS4 from causing or contributing to a violation 
of water quality standards.  

Each permittee shall use an site system to track grading permits, encroachment 
permits, demolition permits, building permits, or construction permits (and any 
other municipal authorization to move soil and/ or construct or destruct that 
involves land disturbance) issued by each permittee. To satisfy this requirement, 
the use of a database or GIS system is recommended. 

For construction activity equal or greater than one acre, the Permittee must 
establish review procedures for construction site plans to determine potential 
water quality impacts and ensure the proposed controls are adequate. These 
procedures should include the preparation and submission of an Erosion and 
Sediment Control Plan (ESCP) containing elements of a Storm Water Pollution 
Prevention Plan (SWPPP) prior to issuance of a grading or building permit as 

                                            
36

 A construction site that includes a dredge and/or fill discharge to any water of the United States (e.g., wetland, channel, 
pond, or marine water) requires a permit from the U.S. Army Corps of Engineers pursuant to CWA section 404 and a Water 
Quality Certification from the Regional Water Board or State Water Board pursuant to CWA section 401. 
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well as a review of individual pre-construction site plans to ensure consistency 
with local sediment and erosion control requirements. The requirement that 
ESCP/SWPPPs must be developed by a Qualified SWPPP Developer (QSD) is 
new for this iteration of the permit. This requirement ensures the development of 
high quality ESCP/SWPPPs that protect water quality to the MEP.  

A ESCP/SWPPP must be appropriate for the type and complexity of a project 
and will be developed and implemented to address project specific conditions. 
Some projects may have similarities or complexities, yet each project is unique in 
its progressive state that requires specific description and selection of BMPs 
needed to address all possible generated pollutants. The Permittee must ensure 
that construction site operators select and implement appropriate erosion and 
sediment control measures to reduce or eliminate the impacts to receiving 
waters. To help guide their Construction Program and ensure consistency 
regarding BMP selection, the Permit requires the Permittee to develop or adopt 
BMP standards for a range of construction related activities. The list of activities 
is based on California Stormwater Quality Association’s (CASQA) Construction 
BMP handbook. The ESCP/SWPPP must include the rationale used for selecting 
or rejecting BMPs. The project architect, or engineer of record, or authorized 
qualified designee, must sign a statement on the ESCP/SWPPP to the effect: 

"As the architect/ engineer of record, I have selected, appropriate BMPs to 
effectively minimize the negative impact of the project's construction activities on 
storm water quality. The project owner and contractor are aware that the selected 
BMPs must be installed, monitored, and maintained to ensure their effectiveness. 
The BMPs not selected for implementation are redundant or deemed not 
applicable to the proposed construction activity." 

The Permittee is responsible for conducting inspection and enforcement of 
erosion and sediment control measures at specified times and frequencies during 
construction including prior to land disturbance, during grading and land 
development, during streets and utilities activities, during vertical construction, 
and during final landscaping and site stabilization. The Permittees’ Municipal 
Inspectors must be adequately trained and Permittees are encouraged to offer 
opportunities for inspectors to enroll in the State Water Board sponsored 
Qualified Storm Water Pollution Prevention Plan (SWPPP) Practitioner (QSP) 
certification program. A progressive enforcement policy has been integrated into 
this iteration of the permit to ensure that adequate penalties are in place and to 
ensure the protection of receiving water quality.  

Prior to approving and/ or signing off for occupancy and issuing the Certificate of 
Occupancy for all construction projects subject to post-construction controls, 
each permittee shall inspect the constructed site design, source control and 
treatment control BMPs to verify that they have been constructed in compliance 
with all specifications, plans, permits, ordinances, and this Order. The initial/ 
acceptance BMP verification inspection does not constitute a maintenance and 
operation inspection. 
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The Permittee must ensure that staff has proper training. In addition, the 
Permittee must develop and distribute training and educational material and 
conduct outreach to the development community. To ensure that the construction 
program is followed, construction operators must be educated about site 
requirements for control measures, local storm water requirements, enforcement 
activities, and penalties for non-compliance. 

8. Public Agency Activities Program 

a. Background 

Publically-owned or operated facilities serve as hubs of activity for a variety of 
municipal staff from many different departments. Some municipalities will have 
one property at which all activities take place (e.g., the municipal maintenance 
yard), whereas others will have several specialized facilities such as animal 
control facilities, chemical storage facilities, composting facilities, equipment 
storage and maintenance facilities, fueling facilities, hazardous waste disposal 
facilities, incinerators, landfills, materials storage yards, pesticide storage 
facilities, public buildings, public parking lots, public golf courses, public 
swimming pools, public parks, public marinas, recycling facilities, solid waste 
handling and transfer facilities, and flood control facilities. 

b. Program Implementation  

i. Public Construction Activities Management  

The Permittee is required to implement BMPs and comply with the Planning 
and Land Development Program requirements in Part VI.D.6 of this Order 
and the Development Construction Program requirements in Part VI.D.7 of 
this Order at applicable Permittee-owned or operated (i.e., public or 
Permittee sponsored) construction projects.  These requirements ensure 
that Permittee-owned or operated construction and development occurs in 
an equally protective manner as private development.  The Permittee is also 
required to implement an effective combination of erosion and sediment 
control BMPs from Table 13 (see Construction Development Program, 
minimum BMPs) at those public sites that disturb less than one acre of soil. 
Last, the Permittee is required to obtain separate coverage under the State 
Water Board’s Construction General NPDES Permit for all Permittee-owned 
or operated construction sites that require coverage. 

ii. Public Facility Inventory  

A comprehensive list of publically-owned or operated facilities will help staff 
responsible for storm water compliance build a better awareness of their 
locations within the MS4 service area and their potential to contribute storm 
water pollutants. The inventory should include information on the location, 
contact person at the facility, activities performed at the facility, and whether 
the facility is covered under an industrial general storm water permit or other 
individual or general NPDES permit, or any applicable waivers issued by the 
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Regional or State Water Board pertaining to storm water discharges. 
Incorporation of GIS into the inventory is encouraged. The facility inventory 
should be updated at least twice during the permit term and will serve as a 
basis for setting up periodic facility assessments and developing, where 
necessary, facility storm water pollution prevention plans. By developing an 
inventory of Permittee-owned facilities that are potential sources of storm 
water pollution helps to ensure that these facilities are monitored and 
receiving water quality is protected.  

iii. Inventory of Existing Development for Retrofitting Opportunities 

Each Permittee is required to maintain an updated inventory of all 
Permittee-owned or operated (i.e., public) facilities within its jurisdiction that 
are potential sources of storm water pollution.  This requirement is similar to 
the requirement of Order No. 01-182. In this Order, the incorporation of 
facility information into a GIS is recommended as this has been proven 
effective for effectively inventory and management of facilities and 
associated BMPs.  Given that facility operation, condition, and practices can 
change over a five year period, the Permittees are required to update its 
inventory at least twice during the term of this Order. 

In addition to developing an inventory of publically-owned or operated 
facilities, in this Order, Permittees are required to develop an inventory of 
existing development for retrofitting opportunities. The intention of adding 
this requirement to the permit is to encourage the use of retrofit projects that 
reduce storm water pollutants into the MS4 that are a result of impacts from 
existing development. Permittees are also required to evaluate and rank 
these retrofitting opportunities.  

iv. Public Agency Facility and Activity Management 

Each Permittee is required to manage its facilities in accordance with the 
State Water Board’s Industrial General NPDES Permit, where applicable, 
and shall ensure the implementation and maintenance of appropriate BMPs 
at all facilities with a potential to pollute stormwater. Therefore, Permitees 
shall obtain separate coverage under the State Water Board’s Industrial 
General NPDES Permit for all Permittee-owned or operated facilities where 
industrial activities are conducted that require coverage under the Industrial 
General NPDES Permit and shall implement and maintain activity specific 
BMPs listed in Table 19 (BMPs for Public Agency Facilities and Activities).  

Many municipalities use third-party contractors to conduct municipal 
maintenance activities in lieu of using municipal employees. Contractors 
performing activities that can affect storm water quality must be held to the 
same standards as the Permittee. Not only must these expectations be 
defined in contracts between the Permittee and its contractors, but the 
Permittee is responsible for ensuring, through contractually-required 
documentation or periodic site visits, that contractors are using storm water 
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controls and following standard operating procedures. Therefore, the 
Permittee shall ensure all contractors hired by the Permittee to conduct 
Public Agency Activities including, but not limited to, storm and/or sanitary 
sewer system inspection and repair, street sweeping, trash pick-up and 
disposal, and street and right-of-way construction and repair shall be 
contractually required to implement and maintain the activity specific BMPs 
listed in Table 18.  

v. Vehicle and Equipment Washing 

Specific BMPs for all fixed vehicle and equipment washing; including fire 
fighting and emergency response vehicles have been incorporated into this 
Order and must be implemented. In addition, specific BMPs for wash waters 
from vehicle and equipment washing. These requirements effectively 
prohibit the occurrence of illicit discharges resulting from unauthorized 
washing activities. 

vi. Landscape, Park, and Recreational Facilities Management 

Specific BMPs for public right-of-ways, flood control facilities and open 
channels, lakes and reservoirs, and landscape, park, and recreation 
facilities and activities have been included this Order, similar to those in 
Order No. 01-182 and the more recently adopted Ventura County MS4 
Permit, and must be implemented. These requirements are reflective of 
current environmentally responsible practices. 

vii. Storm Drain Operation and Maintenance 

Specific BMPs for storm drain operations and maintenance have been 
carried over from Order No. 01-182 into this Order.  

Permittees must prioritize catch basins for cleaning activities based on the 
volume of trash or debris.  

The materials removed from catch basins may not reenter the MS4. The 
material must be dewatered in a contained area and the water treated with 
an appropriate and approved control measure or discharged to the sanitary 
sewer. The solid material will need to be stored and disposed of properly to 
avoid discharge during a storm event. Some materials removed from storm 
drains and open channels may require special handling and disposal, and 
may not be authorized to be disposed of in a landfill. 

viii. Streets, Roads, and Parking Facilities Maintenance 

Permittees must prioritize streets and/or street segments for sweeping 
activities based on the volume of trash generated on the street or street 
segments. Based on these established priorities, Permittees must conduct 
street sweeping twice per month on the highest priority streets (Priority A), 
once per month on the medium priority streets (Priority B), and as needed 
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but not less than once per year on the lowest priority streets (Priority C). In 
addition parking facilities must be cleaned using street sweeping equipment 
no less than two times per month and inspect no less than two times per 
month to determine if cleaning is necessary.  

Specific BMPs for road reconstruction have been incorporated into this 
Order and must be followed during road repaving activities.  

ix. Emergency Procedures 

Permittees are required to conduct repairs of essential public service 
systems and infrastructure in emergency situations. These requirements 
ensure the protection of water quality. BMPs must be implemented to 
reduce the threat to water quality and the Regional Water Board must be 
notified of the occurrence, an explanation of the circumstances and 
measures taken to reduce the threat to water quality within 30 business 
days after the emergency has passed.  

x. Municipal Employee and Contractor Training 

Permittees are required to ensure that training is provided for employees 
and contractors that have job duties or participate in activities that have the 
potential to affect storm water quality. The training should promote a general 
understanding of the potential for activities to pollute storm water and 
include information on the identification of opportunities to require, 
implement, and maintain BMPs associated with the activities they perform. 
In addition training specific to employees or contractors that use or have the 
potential to use pesticides or fertilizers should be provided. This training 
should instruct employees and contractors on the potential for pesticide-
related surface water toxicity, the proper use, handling and disposal of 
pesticides, the least toxic methods of pest prevention and control, and the 
overall reduction of pesticide use. 

Many municipalities use third-party contractors to conduct municipal 
maintenance activities in lieu of using municipal employees. Contractors 
performing activities that can affect storm water quality must be held to the 
same standards as the Permittee. Not only must these expectations be 
defined in contracts between the Permittee and its contractors, but the 
Permittee is responsible for ensuring, through contractually-required 
documentation or periodic site visits, that contractors are using storm water 
controls and following standard operating procedures.  

9. Illicit Connection and Illicit Discharge Elimination Program 

a. Legal Authority 

A proposed management program “shall be based on a description of a program, 
including a schedule, to detect and remove (or require the discharger to the 
municipal storm sewer to obtain a separate NPDES permit for) illicit discharges 
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and improper disposal into the storm sewer,” per 40 CFR section 
122.26(d)(2)(iv)(B).  A Permittee must include in its proposed management 
program “a program, including inspections, to implement and enforce an 
ordinance, orders or similar means to prevent illicit discharges to the municipal 
storm sewer system,” per subsection (1) of the above federal regulation. 

 
USEPA stormwater regulations define "illicit discharge" as "any discharge to a 
municipal separate storm sewer that is not composed entirely of stormwater" 
except discharges resulting from fire fighting activities and discharges from 
NPDES permitted sources (see 40 CFR section 122.26(b)(2)). The applicable 
regulations state that the following non-stormwater discharges may be allowed if 
they are not determined to be a significant source of pollutants to the MS4: water 
line flushing, landscape irrigation, diverted stream flows, rising ground waters, 
uncontaminated ground water infiltration (as defined at 40 CFR section 
35.2005(20)), uncontaminated pumped ground water, discharges from potable 
water sources, foundation drains, air conditioning condensation, irrigation water, 
springs, water from crawl space pumps, footing drains, lawn watering, individual 
residential car washing, flows from riparian habitats and wetlands, dechlorinated 
swimming pool discharges, and street wash water. If, however, these discharges 
are determined to be a significant source of pollution then they must be 
prohibited. 

 
Examples of common sources of illicit discharges in urban areas include 
apartments and homes, car washes, restaurants, airports, landfills, and gas 
stations. These so called "generating sites" discharge sanitary wastewater, septic 
system effluent, vehicle wash water, washdown from grease traps, motor oil, 
antifreeze, gasoline and fuel spills, among other substances. Although these illicit 
discharges can enter the storm drain system in various ways, they generally 
result from either direct connections (e.g., wastewater piping either mistakenly or 
deliberately connected to the storm drains) or indirect connections (e.g., 
infiltration into the storm drain system, spills, or "midnight dumping"). Illicit 
discharges can be further divided into those discharging continuously and those 
discharging intermittently. 

 
b. Illicit Discharge Source Investigation and Elimination 

Section 402(p)(3)(B)(ii) of the CWA requires MS4 permits to “effectively prohibit 
non-stormwater discharges into the storm sewers.” The permit implements this 
requirement, in part by requiring the development of procedures to investigate 
and eliminate illicit discharges. The permittee must develop a clear, step-by-step 
procedure for conducting the investigation of illicit discharges. The procedure 
must include an investigation protocol that clearly defines what constitutes an 
illicit discharge and what steps shall be taken to identify and eliminate its source. 
In many circumstances, sources of intermittent, illicit discharges are very difficult 
to locate, and these cases may remain unresolved. The permit requires that each 
case be conducted in accordance with the procedures developed to locate the 
source and conclude the investigation, after which the case may be considered 
closed. These procedures should be completed per the Progressive Enforcement 
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Policy identified in Part VI.D.2 of this Order and should include enforcement as 
necessary to ensure the elimination of the illicit discharge/connection.   
 
Illicit discharges may also originate in upstream jurisdictions and therefore this 
Order establishes procedures for communicating with upstream entities and 
providing information that may prove helpful in their investigation of its source(s).  
 
If a Permittee is unable to eliminate an ongoing illicit discharge following full 
execution of its legal authority and in accordance with its Progressive 
Enforcement Policy, or other circumstances prevent the full elimination of an 
ongoing illicit discharge, including the inability to find the responsible 
party/parties, the Permittee shall provide for diversion of the entire flow to the 
sanitary sewer or provide treatment. In either instance, the Permittee shall notify 
the Regional Water Board in writing within 30 days of such determination and 
shall provide a written plan for review and comment that describes the efforts that 
have been undertaken to eliminate the illicit discharge, a description of the 
actions to be undertaken, anticipated costs, and a schedule for completion.  The 
goal of these requirements is to provide a permanent solution for ongoing illicit 
discharges. 
 

c. Identification and Response to Illicit Connections  

Illicit connections to the MS4 can lead to the direct discharge or infiltration of 
sewage or other prohibited discharges into the MS4. Permitees have been 
conducting illicit connection screening throughout the term of Order No. 01-182 
and this Order requires a continuation of response efforts once an illicit 
connection is identified. This Order establishes unique obligations for the 
LACFCD and for the individual Permitees. The requirements for LACFCD are 
based on the unique obligations and infrastructure of a regional flood control 
district.  Requirements for the individual Permittees require the investigation and 
follow-up of all illicit connections within 21 days of identification and elimination 
within 180 days. 

d. Public Reporting of Non-Storm Water Discharges and Spills   

Each Permittee needs to promote a program to help in the identification and 
termination of illicit discharges. This Order establishes requirements for the 
Permitees, individually or as a group, to develop public education campaigns and 
reporting numbers which are intended to promote public reporting of illicit 
discharges. Specifically, a stormwater hotline can be used to help permittees 
become aware of and mitigate spills or dumping incidents. Spills can include 
everything from an overturned gasoline tanker to sediment leaving a construction 
site to a sanitary sewer overflow entering into a storm drain. Permittees must set 
up a hotline consisting of any of the following (or combination thereof): a 
dedicated or non-dedicated phone line, E-mail address, or website. 
 
This Order also requires development of written procedures for receiving and 
responding to calls from the public and for maintaining documentation about 
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reported illicit discharges and spills and their investigation and remedy.  These 
requirements are intended to ensure that reliable and consistent practices are 
deployed to address this persistent problem.  

e. Spill Response Plan 

Spills, leaks, sanitary sewer overflows, and illicit dumping or discharges can 
introduce a range of stormwater pollutants into the storm system. Prompt 
response to these occurrences is the best way to prevent or reduce negative 
impacts to waterbodies. The permittee must develop a spill response plan that 
includes an investigation procedure similar to or in conjunction with the 
investigation procedures developed for illicit discharges in general. Often, a 
different entity might be responsible for spill response in a community (i.e. fire 
department), therefore, it is imperative that adequate communication exists 
between stormwater and spill response staff to ensure that spills are documented 
and investigated in a timely manner. 

 
f. Illicit Connection and Illicit Discharge Education and Training 

The permit requires each Permittee to train field staff, who may come into contact 
or observe illicit discharges, on the identification and proper procedures for 
reporting illicit discharges. Field staff to be trained may include, but are not 
limited to, municipal maintenance staff, inspectors, and other staff whose job 
responsibilities regularly take them out of the office and into areas within the MS4 
area. Permittee field staff are out in the community every day and are in the best 
position to locate and report spills, illicit discharges, and potentially polluting 
activities. With proper training and information on reporting illicit discharges 
easily accessible, these field staff can greatly expand the reach of the IDDE 
program. 

10. Los Angeles County Flood Control District Section 

 Due to the unique characteristics of the Los Angeles County Flood Control District, a 
Minimum Control Measure Section unique to the Los Angeles County Flood Control 
District was included in the Order.  Unlike other Permittees, the LACFCD does not 
own or operate any municipal sanitary sewer systems, public streets, roads, or 
highways.  Additionally, The LACFCD has no planning, zoning, development 
permitting or other land use authority over industrial or commercial facilities, new 
developments or re-development projects, or development construction sites located 
in any incorporated or unincorporated areas within its service area. The Permittees 
that have such land use authority are responsible for implementing a storm water 
management program to inspect and control pollutants from industrial and 
commercial facilities, new development and re-development projects, and 
development construction sites within their jurisdictional boundaries.  The 
requirements included in the Section are the same as those for other Permittees, but 
requirements that are not applicable due to the unique characteristic of the Los 
Angeles County Flood Control District were eliminated.     
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D. Total Maximum Daily Load Provisions 

Clean Water Act section 303(d)(1)(A) requires each State to conduct a biennial 
assessment of its waters, and identify those waters that are not achieving water quality 
standards.  These waters are identified as impaired on the State’s Clean Water Act 
section “303(d) List” of water quality limited segments.  The Clean Water Act also 
requires States to establish a priority ranking for waters on the 303(d) List and to 
develop and implement Total Maximum Daily Loads (TMDLs) for these waters.  A 
TMDL specifies the maximum amount of a pollutant that a waterbody can receive and 
still meet water quality standards, and allocates the acceptable pollutant load to point 
and nonpoint sources.  The elements of a TMDL are described in 40 CFR sections 
130.2 and 130.7.  A TMDL is defined as “the sum of the individual waste load 
allocations for point sources and load allocations for nonpoint sources and natural 
background” (40 CFR § 130.2).  Regulations further require that TMDLs must be set at 
“levels necessary to attain and maintain the applicable narrative and numeric water 
quality standards with seasonal variations and a margin of safety that takes into account 
any lack of knowledge concerning the relationship between effluent limitations and 
water quality” (40 CFR section 130.7(c)(1)).  The regulations at 40 CFR section 130.7 
also state that TMDLs shall take into account critical conditions for stream flow, loading 
and water quality parameters. Essentially, TMDLs serve as a backstop provision of the 
CWA designed to implement water quality standards when other provisions have failed 
to achieve water quality standards.  
 
Upon establishment of TMDLs by the State or the USEPA, the State is required to 
incorporate, or reference, the TMDLs in the State Water Quality Management Plan (40 
CFR sections 130.6(c)(1) and 130.7).  The Regional Water Board’s Basin Plan, and 
applicable statewide plans, serves as the State Water Quality Management Plan 
governing the watersheds under the jurisdiction of the Regional Water Board.  When 
adopting TMDLs as part of its Basin Plan, the Regional Water Board includes, as part of 
the TMDL, a program for implementation of the WLAs for point sources and load 
allocations (LAs) for nonpoint sources. 
 
TMDLs are not self-executing, but instead rely upon further Board orders to impose 
pollutant restrictions on discharges to achieve the TMDL’s WLAs. Section 
402(p)(3)(B)(iii) of the Clean Water Act requires the Regional Water Board to impose 
permit conditions, including: “management practices, control techniques and system, 
design and engineering methods, and such other provisions as the Administrator of the 
State determines appropriate for the control of such pollutants.” (emphasis added.) 
Section 402(a)(1) of the Clean Water Act also requires states to issue permits with 
conditions necessary to carry out the provisions of the Clean Water Act. Federal 
regulations also require that NPDES permits must include conditions consistent with the 
assumptions and requirements of any available waste load allocation (40 CFR section 
122.44(d)(1)(vii)(B)). Similarly, state law requires both that the Regional Water Board 
implement its Basin Plan when adopting waste discharge requirements (WDRs) and 
that NPDES permits apply “any more stringent effluent standards or limitations 
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necessary to implement water quality control plans…” (Cal. Wat. Code §§ 13263, 
13377). 
 
An NPDES permit should incorporate the WLAs as numeric WQBELs, where feasible.  
Where a non-numeric permit limitation is selected, such as BMPs, the permit’s 
administrative record must support the expectation that the BMPs are sufficient to 
achieve the WLAs. (40 CFR §§ 124.8, 124.9, and 124.18.)  The USEPA has published 
guidance for establishing WLAs for storm water discharges in TMDLs and their 
incorporation as numeric WQBELs in MS4 permits.37 
 
As required, permit conditions are included in this Order consistent with the 
assumptions and requirements of the available WLAs assigned to MS4 discharges, 
which have been established in thirty-three TMDLs.  The Regional Water Board 
adopted twenty-five (25) TMDLs and USEPA established seven (7) TMDLs that assign 
WLAs to MS4 Permittees within the County of Los Angeles.  In addition, the Santa Ana 
Regional Water Board adopted a TMDL that assigns WLAs to the Cities of Pomona and 
Claremont.  The TMDLs included in this Order along with the adoption and approval 
dates are listed in the table below.  Permit conditions for two of these TMDLs – the 
Marina del Rey Harbor Bacteria TMDL and the Los Angeles River Watershed Trash 
TMDL – were previously incorporated into Order No. 01-182 during re-openers in 2007 
and 2009, respectively (Orders R4-2007-0042 and R4-2009-0130). TMDLs are typically 
developed on a watershed or subwatershed basis, which facilitates a more accurate 
assessment of cumulative impacts of pollutants from all sources.  An overview of each 
Watershed Management Area, including the TMDLs applicable to it, is provided below. 
 
TMDLs with Resolution Numbers, Adoption Dates and Effective Dates 

                                            
37

  USEPA (2010) “Revisions to the November 22, 2002 Memorandum ‘Establishing Total Maximum Daily Load (TMDL) 
Wasteload Allocations (WLAs) for Storm Water Sources and NPDES Permit Requirements Based on Those TMDLs’.” Issued 
by James A. Hanlon, Director, Office of Wastewater Management and Denise Keehner, Director, Office of Wetlands, Oceans 
and Watersheds. November 12, 2010. 
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TOTAL MAXIMUM DAILY LOAD 
 RESOLUTION 

NUMBER 
ADOPTION 

DATE 

STATE 
BOARD 

RESOLUTION 
NUMBER 

STATE 
BOARD 

APPROVAL 
DATE 

OAL 
APPROVAL 

DATE 

EPA 
APPROVAL 

DATE 

EFFECTIVE 
DATE 

Santa Clara River Watershed Management Area 

Santa Clara River Nitrogen 
Compounds TMDL 

2003-011 8/7/2003 2003-0073 11/19/2003 2/27/2004 3/18/2004 3/23/2004 

Upper Santa Clara River Chloride 
TMDL 

2008-012 12/11/2008 2009-0077 10/20/2009 1/26/2010 4/6/2010 4/6/2010 

Lake Elizabeth, Munz Lake, and 
Lake Hughes Trash TMDL (Lake 
Elizabeth only) 

2007-009 6/7/2007 2007-0073 12/4/2007 2/8/2008 2/27/2008 3/6/2008 

Santa Clara River Estuary and 
Reaches 3, 5, 6, and 7 Indicator 
Bacteria TMDL 

R10-006 7/8/2010 2011-0048 10/4/2011 12/19/2011 1/13/2012 3/21/2012 

Santa Monica Bay Watershed Management Area 

Santa Monica Bay Beaches Bacteria 
TMDL (Dry Weather) 

2002-004 1/24/2002 2002-0149 9/19/2002 12/9/2002 6/19/2003 7/15/2003 

Santa Monica Bay Beaches Bacteria 
TMDL (Wet Weather) 

2002-022 12/12/2002 2003-0022 3/19/2003 5/20/2003 6/19/2003 7/15/2003 

Santa Monica Bay Nearshore and 
Offshore Debris TMDL 

R10-010 11/4/2010 2011-0064 12/6/2011 3/15/2012 3/20/2012 3/20/2012 

Santa Monica Bay TMDL for DDTs 
and PCBs (USEPA established) 

N/A N/A N/A N/A N/A 3/26/2012 N/A 

Malibu Creek Subwatershed 

Malibu Creek and Lagoon Bacteria 
TMDL 

2004-019R 12/13/2004 2005-0072 9/22/2005 12/1/2005 1/10/2006 1/24/2006 

Malibu Creek Watershed Trash 
TMDL 

2008-007 5/1/2008 2009-0029 3/17/2009 6/16/2009 6/26/2009 7/7/2009 

Malibu Creek Watershed Nutrients 
TMDL (USEPA established) 

N/A N/A N/A N/A N/A 3/21/2003 N/A 

Ballona Creek Subwatershed 

Ballona Creek Trash TMDL 2004-023 3/4/2004 2004-0059 9/30/2004 2/8/2005 N/A 8/11/2005 

Ballona Creek Estuary Toxic 
Pollutants TMDL 

2005-008 7/7/2005 2005-0076 10/20/2005 12/15/2005 12/22/2005 1/11/2006 

Ballona Creek, Ballona Estuary and 
Sepulveda Channel Bacteria TMDL 

2006-011 6/8/2006 2006-0092 11/15/2006 2/20/2007 3/26/2007 4/27/2007 
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TOTAL MAXIMUM DAILY LOAD 
 RESOLUTION 

NUMBER 
ADOPTION 

DATE 

STATE 
BOARD 

RESOLUTION 
NUMBER 

STATE 
BOARD 

APPROVAL 
DATE 

OAL 
APPROVAL 

DATE 

EPA 
APPROVAL 

DATE 

EFFECTIVE 
DATE 

Ballona Creek Metals TMDL 2007-015 9/6/2007 2008-0045 6/17/2008 10/6/2008 10/29/2008 10/29/2008 

Ballona Creek Wetlands TMDL for 
Sediment and Invasive Exotic 
Vegetation (USEPA established) 

N/A N/A N/A N/A N/A 3/26/2012 N/A 

Marina del Rey Subwatershed 

Marina del Rey Harbor Mothers' 
Beach and Back Basins Bacteria 
TMDL 

2003-012 8/7/2003 2003-0072 11/19/2003 1/30/2004 3/18/2004 3/18/2004 

Marina del Rey Harbor Toxic 
Pollutants TMDL 

2005-012 10/6/2005 2006-0006 1/13/2006 3/13/2006 3/16/2006 3/22/2006 

Dominguez Channel and Greater Harbors Waters Watershed Management Area 

Los Angeles Harbor Bacteria TMDL 
(Inner Cabrillo Beach and Main Ship 
Channel) 

2004-011 7/1/2004 2004-0071 10/21/2004 1/5/2005 3/1/2005 3/10/2005 

Machado Lake Trash TMDL 2007-006 6/7/2007 2007-0075 12/4/2007 2/8/2008 2/27/2008 3/6/2008 

Machado Lake Nutrient TMDL 2008-006 5/1/2008 2008-0089 12/2/2008 2/19/2009 3/11/2009 3/11/2009 

Machado Lake Pesticides and PCBs 
TMDL 

R10-008 9/2/2010 2011-0065 12/6/2011 2/29/2012 3/20/2012 3/20/2012 

Dominguez Channel and Greater 
Los Angeles and Long Beach Harbor 
Waters Toxic Pollutants TMDL 

R11-008 5/5/2011 2012-0008 2/7/2012 3/21/2012 3/23/2012 3/23/2012 

Los Angeles River Watershed Management Area 

Los Angeles River Watershed Trash 
TMDL 

2007-012 8/9/2007 2008-0024 4/15/2008 7/1/2008 7/24/2008 9/23/2008 

Los Angeles River Nitrogen 
Compounds and Related Effects 
TMDL 

2003-016 12/4/2003 2004-0014 3/24/2004 9/27/2004 N/A 9/27/2004 

Los Angeles River and Tributaries 
Metals TMDL 

R10-003 5/6/2010 2011-0021 4/19/2011 7/28/2011 11/3/2011 11/3/2011 

Los Angeles River Bacteria TMDL R10-007 7/9/2010 2011-0056 11/1/2011 3/21/2012 3/23/2012 3/23/2012 

Legg Lake Trash TMDL 2007-010 6/7/2007 2007-0074 12/4/2007 2/5/2008 2/27/2008 3/6/2008 

Long Beach City Beaches and Los N/A N/A N/A N/A N/A 3/26/2012 N/A 
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TOTAL MAXIMUM DAILY LOAD 
 RESOLUTION 

NUMBER 
ADOPTION 

DATE 

STATE 
BOARD 

RESOLUTION 
NUMBER 

STATE 
BOARD 

APPROVAL 
DATE 

OAL 
APPROVAL 

DATE 

EPA 
APPROVAL 

DATE 

EFFECTIVE 
DATE 

Angeles River Estuary Bacteria 
TMDL (USEPA established) 
Los Angeles Area Lakes TMDLs 
(USEPA established for Lake 
Calabasas, Echo Park Lake, Legg 
Lake and Peck Road Park Lake) 

N/A N/A N/A N/A N/A 3/26/2012 N/A 

San Gabriel River Watershed Management Area 

San Gabriel River and Impaired 
Tributaries Metals and Selenium 
TMDL (USEPA established) 

N/A N/A N/A N/A N/A 3/26/2007 N/A 

Legg Lake Trash TMDL 2007-010 6/7/2007 2007-0074 12/4/2007 2/5/2008 2/27/2008 3/6/2008 

Los Angeles Area Lakes TMDLs 
(USEPA established for Legg Lake 
and Puddingstone Reservoir) 

N/A N/A N/A N/A N/A 3/26/2012 N/A 

Los Cerritos Channel and Alamitos Bay Watershed Management Area 

Los Cerritos Channel Metals TMDL 
(USEPA established) 

N/A N/A N/A N/A N/A 3/17/2010 N/A 

Colorado Lagoon OC Pesticides, 
PCBs, Sediment Toxicity, PAHs, and 
Metals TMDL 

R09-005 10/1/2009 2010-0056 11/16/2010 5/6/2011 6/14/2011 7/28/2011 

Middle Santa Ana River Watershed Management Area (Santa Ana Region TMDL) 

Middle Santa Ana River Watershed 
Bacterial Indicator TMDLs 

R8-2005-0001 8/26/2005 2006-0030 5/15/2006 9/1/2006 5/16/2007 5/16/2007 
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Santa Clara River Watershed Management Area.  The Santa Clara River and its 
tributaries drain a watershed area of 1,634 square miles (sq. miles) (Figure B-1).  Santa 
Clara River Reaches 1, 2, 3, 4A, 4B and major tributaries Santa Paula, Sespe and Piru 
Creeks are in Ventura County.  Santa Clara River Reaches 5, 6, 7, 8 and major 
tributaries Castaic, San Francisquito, and Bouquet Canyon Creeks are in Los Angeles 
County.  About 40% of the watershed, the Upper Santa Clara River, is located in County 
of Los Angeles.  Approximately, 75% of the Upper Santa Clara River watershed is open 
space used for recreation in the Angeles National Forest.  The remainder of the upper 
portion of the watershed is characterized by a mixture of residential, mixed urban, and 
industrial land uses with low density residential more common in the uppermost areas of 
the watershed, while high density residential is more prevalent in the City of Santa 
Clarita.   
 
Various reaches of the Santa Clara River are on the 2010 CWA Section 303(d) List of 
impaired water bodies for nitrogen, bacteria, chloride, and trash (in lakes), among other 
pollutants.  The excess nitrogen compounds are causing impairments to the WARM, 
WILD, and GWR designated beneficial uses of the Santa Clara River in Reaches 3, 7 
and 8. The elevated bacterial indicator densities are causing impairment of the REC-1 
and REC-2 designated beneficial uses for the Santa Clara River Estuary and Reaches 
3, 5, 6, and 7.  The excessive levels of chloride are impairing the AGR and GWR 
designated beneficial uses of the Upper Santa Clara River Reaches 4A, 4B, 5 and 6. 
The trash in Lake Elizabeth is causing impairments to the WARM, WILD, RARE, REC-1 
and REC-2 designated beneficial uses.  
 
TMDLs have been adopted by the Regional Water Board to address the impairments 
due to nitrogen, bacteria and chloride in the Upper Santa Clara River Watershed and for 
trash in Lake Elizabeth. Each of these TMDLs identifies MS4 discharges as a source of 
pollutants and assigns allocations to MS4 discharges. In the nitrogen compounds 
TMDL, storm water discharges were identified as potentially contributing nitrogen loads. 
Data from land use monitoring conducting under the LA County MS4 Permit from 1994-
1999 indicate some concentrations of ammonia from commercial land uses in excess of 
the 30-day average concentration based WLA of 1.75 mg/l, and potential concentrations 
of nitrate-N and nitrite-N from residential land uses in excess of the WLA of 6.8 mg/l. 
Recent data from the 2010-11 annual monitoring report indicate low levels of ammonia 
and nitrite at the mass emissions station (S29) in the Santa Clara River, and 
concentrations of nitrate-N ranging from 1.38-1.66 mg/l in dry weather and 0.015-1.86 
mg/l in wet weather. In the chloride TMDL, major point sources are assigned a WLA of 
100 mg/l. Data from land use monitoring conducted under the LA County MS4 Permit 
from 1994-99 indicate chloride concentrations ranging from 3.2-48 mg/l, while more 
recent data from the mass emissions station (S29) indicate concentrations ranging from 
116-126 mg/l in dry weather, and 25.1-96.3 mg/l in wet weather. For the bacteria TMDL, 
the Regional Water Board found that the significant contributors of bacteria loading to 
the Santa Clara River are discharges of storm water and non-storm water from the 
MS4. For the trash TMDL, discharges from the MS4 are sources of trash discharged to 
Lake Elizabeth.  
 
Santa Monica Bay Watershed Management Area.  The Santa Monica Bay Watershed 
Management Area (WMA) encompasses an area of 414 sq. miles (Figure B-2).  Its 

RB-AR5453



Greater Los Angeles County ORDER NO. R4-2012-XXXX 
Municipal Separate Storm Sewer System NPDES PERMIT NO. CAS004001 
 

 
Attachment F – Fact Sheet F-90 

R
E
V
I
S
E
D 
 

T
E
N
T
A
T
I
V
E 

Formatted:

Formatted:
9.5"

Formatted:

Formatted:

borders reach from the crest of the Santa Monica Mountains on the north and from the 
Ventura-Los Angeles County line to downtown Los Angeles.  From there it extends 
south and west across the Los Angeles plain to include the area east of Ballona Creek 
and north of the Baldwin Hills.  A narrow strip of land between Playa del Rey and Palos 
Verdes drains to the Bay south of Ballona Creek.  The WMA includes several 
subwatersheds, the two largest being Malibu Creek to the north (west) and Ballona 
Creek to the south.  SCAG land use data from 2005 shows 62% of the area is open 
space, high density residential is 17% of the area, and low density residential is 2.3% of 
the area.  Commercial and industrial land uses total 6% of the area and are found in all 
but a handful of the subwatersheds.   
 
Many of the Santa Monica Bay beaches were identified on the 1998 CWA Section 
303(d) List of impaired water bodies for high coliform counts and beach closures.  Santa 
Monica Bay offshore and nearshore is on the 2010 CWA Section 303(d) List of impaired 
water bodies for debris, DDTs, PCBs and sediment toxicity.  The elevated bacterial 
indicator densities during both dry and wet weather are causing impairments of the 
REC-1 and REC-2 designated beneficial uses of the Santa Monica Bay beaches. The 
debris and elevated concentrations of DDT and PCBs are causing impairments to the 
IND, NAV, REC-1, REC-2, COMM, EST, MAR, BIOL, MIGR, WILD, RARE, SPWN, 
SHELL, and WET designated beneficial uses of the Santa Monica Bay.  
 
TMDLs have been adopted by the Regional Water Board and USEPA for bacteria at 
Santa Monica Bay Beaches, and for debris, DDTs, PCBs and sediment toxicity in Santa 
Monica Bay.  In the bacteria TMDL, the Regional Water Board determined that 
discharges of storm water and non-storm water from the MS4 are the primary source of 
elevated bacterial indicator densities to Santa Monica Bay beaches during dry and wet 
weather. In the debris TMDL, the Regional Water Board determined that most of the 
land-based debris is discharged to the marine environment through the MS4. In the 
DDT and PCBs TMDL, USEPA determined that although DDT is no longer used, it 
persists in the environment, adhering strongly to soil particles.  The manufacture of 
PCBs is no longer legal, but PCBs also persist in the environment and are inadvertently 
produced as a result of some manufacturing processes.  Both DDT and PCBs are 
transported in contaminated sediments via urban runoff through the MS4 to Santa 
Monica Bay.  
 
The Malibu Creek subwatershed drains an area of about 109 square miles (Figure B-
2a).  Approximately two-thirds of this subwatershed lies in Los Angeles County and the 
remaining third in Ventura County.  Much of the land is part of the Santa Monica 
Mountains National Recreation Area and is under the purview of the National Parks 
Service.  The watershed borders the eastern portion of Ventura County to the west and 
north and Los Angeles River watershed to the east.  Major tributaries include Cold 
Creek, Lindero Creek, Las Virgenes Creek, Medea Creek, and Triunfo Creek.  Located 
at the end of and receiving flows from Malibu Creek is the 40-acre Malibu Lagoon.  The 
Malibu Creek subwatershed land uses are 88% open space, 3% commercial/light 
industry, 9% residential and less than 1% public.   
 
The Malibu Creek Watershed is on the 2010 CWA Section 303(d) List of impaired water 
bodies for bacteria, nutrients, and trash.  Elevated bacterial indicator densities are 
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causing impairment of the REC-1 and REC-2 designated beneficial uses of Malibu 
Creek, Malibu Lagoon, and the adjacent beaches.  Excess nutrients are causing 
impairments to the REC-1, REC-2, WARM, COLD, EST, MAR, WILD, RARE, MIGR, 
and SPWN designated beneficial uses of waterbodies in the Malibu Creek Watershed.  
Trash is causing impairments to the MUN, GWR, REC-1, REC-2, WARM, COLD, MIGR, 
WILD, RARE, SPWN, and WET designated beneficial uses of the waterbodies in the 
Malibu Creek Watershed.  
 
TMDLs have been adopted by the Regional Water Board for bacteria and trash in 
Malibu Creek.  USEPA established a TMDL for nutrients in Malibu Creek.  Fecal 
coliform bacteria may be introduced from a variety of sources including storm water and 
non-storm water discharges from the MS4. USEPA determined that high nitrogen and 
phosphorus loadings are associated with storm water discharges from commercial and 
residential land uses and also from undeveloped areas.  During the summer non-storm 
water discharges add a significant portion of the load. The Regional Water Board 
determined in the trash TMDL that discharges from the MS4 are a source of trash to 
waterbodies in the Malibu Creek Watershed.   
 
Ballona Creek and its tributaries drain a subwatershed of about 127 square miles 
(Figure B-2b).  The watershed boundary extends in the east from the crest of the Santa 
Monica Mountains southward and westward to the vicinity of central Los Angeles and 
thence to Baldwin Hills.  Tributaries of Ballona Creek include Centinela Creek, 
Sepulveda Canyon Channel, Benedict Canyon Channel, and numerous other storm 
drains.  Ballona Creek is concrete lined upstream of Centinela Boulevard.  All of its 
tributaries are either concrete channels or covered culverts.  The channel downstream 
of Centinela Boulevard is trapezoidal composed of grouted rip-rap side slopes and an 
earth bottom.  The urbanized areas of Ballona Creek, which consists of residential and 
commercial properties, accounts for 80% of the watershed; the partially developed 
foothill and mountains make up the other 20%.   
 
Ballona Creek and Ballona Creek Estuary is on the 2010 CWA Section 303(d) List for 
trash, toxicity, bacteria, and metals.  The Ballona Creek Wetlands is on the 2010 CWA 
Section 303(d) List for trash, exotic vegetation, habitat alterations and 
hydromodification.  Trash is causing impairments to the REC-1, REC-2, WARM, WILD, 
EST, MAR, RARE, MIGR, SPWN, COMM, WET, and COLD designated beneficial uses 
of Ballona Creek. A suite of toxic pollutants, including cadmium, copper, lead, silver, 
zinc, chlordane, DDT, PCBs, and PAHs in sediments and dissolved copper, dissolved 
lead, total selenium, and dissolved zinc, are causing impairments to the REC-1, REC-2, 
EST, MAR, WILD, RARE, MIGR, SPWN, COMM, and SHELL designated beneficial 
uses of Ballona Creek Estuary and Ballona Creek and Sepulveda Channel, 
respectively. The elevated bacterial indicator densities are causing impairment of the 
REC-1, LREC-1, and REC-2 designated beneficial uses of Ballona Creek and Ballona 
Estuary.  The excess sediment and invasive exotic vegetation is causing impairments to 
the EST, MIGR, RARE, REC-1, REC-2, SPWN, WET, and WILD designated beneficial 
uses of the Ballona Creek Wetlands.  
 
TMDLs have been adopted by the Regional Water Board for trash, metals and toxic 
pollutants in Ballona Creek and Estuary, and bacteria.  USEPA established a TMDL for 
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Sediment and Invasive Exotic Vegetation in the Ballona Creek Wetlands.  Stormwater 
discharge is the major source of trash in Ballona Creek. Urban storm water has been 
recognized as a substantial source of metals.  Storm drains convey a large percentage 
of the metals loadings during dry weather because although their flows are typically low, 
concentrations of metals in urban runoff may be quite high. Because metals are typically 
associated with fine particles in storm water runoff, they have the potential to 
accumulate in estuarine sediments where they may pose a risk of toxicity.  Similar to 
metals, the majority of organic constituents in storm water are associated with 
particulates.  There is toxicity associated with suspended solids in urban runoff 
discharged from Ballona Creek, as well as with the receiving water sediments.  This 
toxicity is likely attributed to metals and organics associated with the suspended 
sediments. The major contributors of flows and associated bacteria loading to Ballona 
Creek and Ballona Estuary are storm water and non-storm water discharges from the 
MS4. The potential for sediment loading into the Ballona Creek Wetlands is associated 
with the flow coming down the watershed. Sediment moves from the watershed through 
the MS4 as a result of storms, wind and land based runoff. Major storms usually take 
place in winter and are responsible for major movements of sediment down the 
watershed into Ballona Creek and Ballona Wetland towards the coastal waterbodies. 
These activities can lead to discharge of large quantities of sediments in runoff.  
 
The Marina del Rey subwatershed is approximately 2.9 square miles located adjacent 
to the mouth of Ballona Creek.  The Marina del Rey subwatershed is highly developed 
at 80%, the remaining 20% is split between water and open/recreation land uses.   
 
Marina del Rey is on the 2010 CWA Section 303(d) List for bacteria and sediment 
concentrations of copper, lead, zinc, DDT, PCBs, chlordane, and sediment toxicity.  The 
elevated bacterial indicator densities are causing impairment of the REC-1 and REC-2 
designated beneficial uses at Marina del Rey Harbor Mothers’ Beach and back basins. 
The toxic pollutants are causing impairments to the REC-1, MAR, WILD, COMM, and 
SHELL designated beneficial uses of the Marina del Rey Harbor.  
 
TMDLs have been adopted by the Regional Water Board for bacteria and toxic 
pollutants.  Non-storm water and storm water discharges from the MS4 are the primary 
sources of elevated bacterial indicator densities to Marina del Rey Harbor Mothers’ 
Beach and back basins during dry and wet weather. Urban storm water has been 
recognized as a substantial source of metals. Numerous researchers have documented 
that the most prevalent metals in urban storm water (i.e., copper, lead, and zinc) are 
consistently associated with suspended solids. Because metals are typically associated 
with fine particles in storm water runoff, they have the potential to accumulate in marine 
sediments where they may pose a risk of toxicity. Similar to metals, the majority of 
organic constituents in storm water are associated with particulates.  
 
Dominguez Channel and Greater Harbor Waters Watershed Management Area.  
The Dominguez Channel and Los Angeles/Long Beach Harbors Watershed 
Management Area (Dominguez WMA) is located in the southern portion of the Los 
Angeles Basin (Figure B-3).  Los Angeles Harbor is 7,500 acres and the Long Beach 
Harbor is 7,600 acres; together they have an open water area of approximately 8,128 
acres.  The 15 mile-long Dominguez Channel drains a densely urbanized area to Inner 
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Los Angeles Harbor.  Near the end of the 19th century and during the beginning of the 
next century, channels were dredged, marshes were filled, wharves were constructed, 
the Los Angeles River was diverted, and breakwaters were constructed in order to allow 
deep draft ships to be directly offloaded at the docks.  The Dominguez Slough was 
completely channelized and became the drainage endpoint for runoff from a highly 
industrialized area.  Eventually, the greater San Pedro Bay was enclosed by two more 
breakwaters and deep entrance channels were dredged to allow for entry of ships.   
 
Various reaches of the Dominguez WMA are on the 2010 CWA Section 303(d) List of 
impaired water bodies for metals, DDT, PCBs, PAHs, historic pesticides, coliform, and 
sediment toxicity.  The elevated bacteria indicator densities is causing impairments to 
the SHELL, REC-1, and REC-2 designated beneficial uses of Los Angeles Harbor.  The 
elevated levels of metals and organics are causing impairments to beneficial uses 
designated in these waters to protect aquatic life, including MAR and RARE. In addition, 
the elevated levels are causing impairments in the estuaries, which are designated with 
SPWN, MIGR, and WILD beneficial uses. Dominguez Channel also has an existing 
designated use of WARM and the Los Angeles River Estuary has the designated use of 
WET. Beneficial uses associated with human use of these waters that are impaired due 
to the elevated concentrations of metals and organics include REC-1, REC-2, IND, 
NAV, COMM, and SHELL.   
 
TMDLs have been adopted by the Regional Water Board for toxic pollutants in the 
Dominguez WMA and for bacteria at Inner Cabrillo Beach and the Main Ship Channel.  
Discharges from the MS4 are a source of elevated bacterial indicator densities to Inner 
Cabrillo Beach and the Main Ship Channel during dry and wet weather. The major point 
sources of organochlorine pesticides, PCBs, and metals into Dominguez Channel are 
storm water and non-storm water discharges.  The contaminated sediments are a 
reservoir of historically deposited pollutants. Storm water runoff from manufacturing, 
military facilities, fish processing plants, wastewater treatment plants, oil production 
facilities, and shipbuilding or repair yards in both Ports have discharged untreated or 
partially treated wastes into Harbor waters. Current activities also contribute pollutants 
to Harbor sediments, in particular, storm water runoff.  
 
Machado Lake is listed for trash, nutrients, PCBs and historic pesticides.  Trash, 
nutrients and toxic pollutants are causing impairments to the WARM, WET, RARE, 
WILD, REC-1 and REC-2 designated beneficial uses of Machado Lake. TMDLs have 
been adopted by the Regional Water Board for trash, nutrients, PCBs and pesticides for 
Machado Lake.  The point sources of trash and nutrients into Machado Lake are storm 
water and non-storm water discharges from the MS4.  Storm water discharges occur 
through the following sub-drainage systems: Drain 553, Wilmington Drain, Project 
77/510, and Walteria Lake.  
 
Los Angeles River Watershed Management Area.  The Los Angeles River 
Watershed Management Area (LAR WMA) drains a watershed of 824 square miles 
(Figure B-4).  The LAR WMA is one of the largest in the Region and is also one of the 
most diverse in terms of land use patterns.  Approximately 324 square miles of the 
watershed are covered by forest or open space land including the area near the 
headwaters, which originate in the Santa Monica, Santa Susana, and San Gabriel 
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Mountains.  The remainder of the watershed is highly developed.  The river flows 
through the San Fernando Valley past heavily developed residential and commercial 
areas.  From the Arroyo Seco, north of downtown Los Angeles, to the confluence with 
the Rio Hondo, the river flows through industrial and commercial areas and is bordered 
by rail yards, freeways, and major commercial and government buildings.  From the Rio 
Hondo to the Pacific Ocean, the river flows through industrial, residential, and 
commercial areas, including major refineries and petroleum products storage facilities, 
major freeways, rail lines, and rail yards serving the Ports of Los Angeles and Long 
Beach. Due to major flood events at the beginning of the century, by the 1950s most of 
the LA River was lined with concrete.  In the San Fernando Valley, there is a section of 
the river with a soft bottom at the Sepulveda Flood Control Basin.  At the eastern end of 
the San Fernando Valley, the river bends around the Hollywood Hills and flows through 
Griffith and Elysian Parks, in an area known as the Glendale Narrows.  Since the water 
table was too high to allow laying of concrete, the river in this area has a rocky, unlined 
bottom with concrete-lined or rip-rap sides.  South of the Glendale Narrows, the river is 
contained in a concrete-lined channel down to Willow Street in Long Beach.  The LA 
River tidal prism/estuary begins in Long Beach at Willow Street and runs approximately 
three miles before joining with Queensway Bay.  The channel has a soft bottom in this 
reach with concrete-lined sides.  A number of lakes are also part of the LAR WMA, 
including Legg Lake, Peck Road Park, Belvedere Park, Hollenbeck Park, Lincoln Park, 
and Echo Park Lakes as well as Lake Calabasas.   
 
Various reaches and lakes within the LAR WMA are on the 2010 CWA Section 303(d) 
List of impaired water bodies for trash, nitrogen compounds and related effects 
(ammonia, nitrate, nitrite, algae, pH, odor, and scum), metals (copper, cadmium, lead, 
zinc, aluminum and selenium), bacteria, and historic pesticides.  Beneficial uses 
impaired by trash in the Los Angeles River are REC-1, REC-2, WARM, WILD, EST, 
MAR, RARE, MIGR, SPWN, COMM, WET and COLD. The excess nitrogen compounds 
are causing impairments to the WARM and WILD designated beneficial uses of Los 
Angeles River. Excess metals are causing impairments to the WILD, RARE, WARM, 
WET, and GWR designated beneficial uses of the Los Angeles River and its tributaries. 
Elevated indicator bacteria densities are causing impairments to the REC-1 and REC-2 
designated beneficial uses of Los Angeles River and the Los Angeles River Estuary.  
Beneficial uses impaired by trash in Legg Lake include REC1, REC2, and WILD. 
 
TMDLs have been adopted by the Regional Water Board for trash, nitrogen, metals, 
and bacteria in the Los Angeles River.  USEPA established TMDLs for bacteria in the 
Los Angeles River Estuary and for various pollutants in Los Angeles Area Lakes.  The 
Los Angeles River Watershed Trash TMDL identifies discharges from the municipal 
separate storm sewer system as the principal source of trash to the Los Angeles River 
and its tributaries. The Regional Water Board determined that urban runoff and storm 
water may contribute to nitrate loads.  Discharges from the MS4 contribute a large 
percentage of the metals loadings during dry weather because although non-storm 
water flows from the MS4 are typically low relative to other discharges during dry 
weather, concentrations of metals in urban runoff may be quite high.  During wet 
weather, most of the metals loadings are in the particulate form and are associated with 
wet-weather storm water flow. On an annual basis, storm water discharges from the 
MS4 contribute about 40% of the cadmium loading, 80% of the copper loading, 95% of 
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the lead loading, and 90% of the zinc loading. Discharges from the MS4 are the 
principal source of bacteria to the Los Angeles River, its tributaries and the Los Angeles 
River Estuary in both dry weather and wet weather.  
 
A TMDL has been adopted by the Regional Water Board for trash in Legg Lake.  The 
Legg Lake Trash TMDL identifies MS4 storm drains as the principal point source for 
trash discharged to Legg Lake.   
 
The Los Angeles Water Board identified 10 lakes in the Los Angeles region as impaired 
by algae, ammonia, chlordane, copper, DDT, eutrophication, lead, organic 
enrichment/low dissolved oxygen, mercury, odor, PCBs, pH and/or trash and placed 
them on California’s 303(d) list of impaired waters.  For several lakes, USEPA 
concluded that ammonia, pH, copper and/or lead are currently meeting water quality 
standards and TMDLs are not required at this time. In other lakes, recent chlordane and 
dieldrin data indicate additional impairment.  Associated with this WMA are:  Lake 
Calabasas TMDLs for total nitrogen and total phosphorus; Echo Park Lake TMDLs for 
nutrients (total nitrogen and total phosphorus), total chlordane, dieldrin, total PCBs, and 
trash; Legg Lake TMDLs for total nitrogen and total phosphorus; and Peck Road Park 
Lake TMDLs for nutrients (total nitrogen and total phosphorus), total chlordane, total 
DDT, dieldrin, total PCBs, and trash.   
 
In Lake Calabasas beneficial uses impaired by elevated levels of nutrients include 
REC1, REC2, and WARM. At high enough concentrations, WILD and MUN uses could 
also become impaired.  MS4 discharges from the surrounding watershed to Lake 
Calabasas during dry and wet weather contributes 97.7 percent of the total phosphorus 
load and 74.4 percent of the total nitrogen load.   
 
In Echo Park Lake beneficial uses impaired by elevated levels of nutrients, PCBs, 
chlordane, and dieldrin are currently impairing the REC1, REC2, and WARM uses. At 
high enough concentrations WILD and MUN uses could also become impaired.  
Beneficial uses impaired by trash in Echo Park Lake include REC1, REC2, WARM and 
WILD.  The Echo Park Lake nutrient TMDL found that MS4 discharges from the 
northern and southern watershed to Echo Lake contribute 29 percent of the total 
phosphorus load and 28 percent of the total nitrogen load during wet weather with dry 
weather loading data unavailable due to the majority of runoff being diverted 
downstream of the lake.  PCBs, chlordane, and dieldrin in Echo Park Lake are primarily 
due to historical loading and storage within the lake sediments, with some ongoing 
contribution by watershed wet weather loads. Dry weather loading is assumed to be 
negligible because hydrophobic contaminants primarily move with particulate matter 
that is mobilized by higher flows. Storm water loads from the watershed were estimated 
based on simulated sediment load and observed pollutant concentrations on sediment 
near inflows to the lake.  MS4 discharges via storm drains are the principal point source 
for trash in Echo Park Lake.   
 
In Legg Lake beneficial uses impaired due to elevated nutrient levels include REC1, 
REC2, WARM and COLD.  At high enough concentrations the WILD, MUN, and GWR 
uses could also become impaired.  The Legg Lake nutrient TMDL found that MS4 
discharges from the surrounding watershed to Legg Lake during dry and wet weather 
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contributes 69.1 percent of the total phosphorus load and 36 percent of the total 
nitrogen load.   
 
In Peck Road Park Lake beneficial uses impaired by elevated levels of nutrients, PCBs, 
chlordane, DDT, dieldrin, and trash are currently impairing the REC1, REC2, and 
WARM uses. At high enough concentrations WILD and MUN uses could also become 
impaired.  The Peck Road Park Lake nutrient TMDL found that MS4 discharges from 
the surrounding watershed including both wet and dry weather contribute 80.2 percent 
of the total phosphorus load and 55.5 percent of the total nitrogen load.  PCBs, 
chlordane, DDT, and dieldrin in Peck Road Park Lake loads are primarily due to 
historical loading and storage within the lake sediments, with some ongoing contribution 
by watershed wet weather loads. Dry weather loading is assumed to be negligible 
because hydrophobic contaminants primarily move with particulate matter that is 
mobilized by higher flows. Stormwater loads from the watershed were estimated based 
on simulated sediment load and observed pollutant concentrations on sediment near 
inflows to the lake.  MS4 discharges via storm drains are the principal point source for 
trash in Peck Road Park Lake.   
 
San Gabriel River Watershed Management Area.  The San Gabriel River Watershed 
(SGR WMA) receives drainage from a 689-square mile area of eastern Los Angeles 
County (Figure B-5).  The main channel of the San Gabriel River is approximately 58 
miles long. Its headwaters originate in the San Gabriel Mountains with the East, West, 
and North Forks.  The river empties to the Pacific Ocean at the Los Angeles and 
Orange Counties boundary in Long Beach.  The main tributaries of the river are Big and 
Little Dalton Wash, San Dimas Wash, Walnut Creek, San Jose Creek, Fullerton Creek, 
and Coyote Creek.  Part of the Coyote Creek subwatershed is in Orange County and is 
under the authority of the Santa Ana Water Board.  A number of lakes and reservoirs 
are also part of the SGR WMA, including Legg Lake and Puddingstone Reservoir.  Land 
use in the watershed is diverse and ranges from predominantly open space in the upper 
watershed to urban land uses in the middle and lower parts of the watershed.   
 
Various reaches of the SGR WMA are on the 2010 CWA Section 303(d) List of impaired 
water bodies due to trash, nitrogen, phosphorus, and metals (copper, lead, selenium, 
and zinc).  Beneficial uses impaired by trash in Legg Lake include REC1, REC2, and 
WILD.  
 
A TMDL has been adopted by the Regional Water Board for trash in Legg Lake.    The 
Legg Lake Trash TMDL identifies MS4 storm drains as the principal point source for 
trash discharged to Legg Lake.   
 
USEPA established TMDLs for metals and selenium in the San Gabriel River and 
various pollutants in Los Angeles Area Lakes.  Segments of the San Gabriel River and 
its tributaries exceed water quality objectives for copper, lead, selenium, and zinc.  
Metals loadings to San Gabriel River are causing impairments of the WILD, WARM, 
COLD, RARE, EST, MAR, MIGR, SPWN, WET, MUN, IND, AGR, GWR, and PROC 
beneficial uses.  The San Gabriel River metals and selenium TMDL found that the MS4 
contributes a large percentage of the metals loadings during dry weather because 
although their flows are typically low, concentrations of metals in urban runoff may be 
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quite high.  During wet weather, most of the metals loadings are in the particulate form 
and are associated with wet-weather storm water flow.  
 
The Regional Water Board identified 10 lakes in the Los Angeles Region as impaired by 
algae, ammonia, chlordane, copper, DDT, eutrophication, lead, organic enrichment/low 
dissolved oxygen, mercury, odor, PCBs, pH and/or trash and placed them on 
California’s 303(d) list of impaired waters.  For several lakes, USEPA concluded that 
ammonia, pH, copper and/or lead are currently meeting water quality standards and 
TMDLs are not required at this time. In other lakes, recent chlordane and dieldrin data 
indicate additional impairment.  Associated with this WMA isare: Legg Lake TMDLs for 
total nitrogen and total phosphorus; and Puddingstone Reservoir TMDLs for total 
nitrogen, total phosphorus, total chlordane, total DDT, total PCBs, total mercury, and 
dieldrin.   
 
In Legg Lake beneficial uses impaired due to elevated nutrient levels include REC1, 
REC2, WARM and COLD.  At high enough concentrations the WILD, MUN, and GWR 
uses could also become impaired.  The Legg Lake nutrient TMDL found that MS4 
discharges from the surrounding watershed to Legg Lake during dry and wet weather 
contributes 69.1 percent of the total phosphorus load and 36 percent of the total 
nitrogen load.   
 
In Puddingstone Reservoir beneficial uses impaired due to elevated nutrient, mercury, 
PCBs, chlordane, dieldrin, and DDT levels include REC1, REC2, WARM, and COLD.  
At high enough concentrations the WILD, MUN, GWR, and RARE uses could also 
become impaired.  The Puddingstone Reservoir nutrients TMDL found that MS4 
discharges from the surrounding watershed to Puddingstone Reservoir during dry and 
wet weather contributes 79.8 percent of the total phosphorus and 74.1 percent of the 
total nitrogen load.  Mercury, PCBs, chlordane, dieldrin, and DDT in Puddingstone 
Reservoir loads are primarily due to historical loading and storage within the lake 
sediments, with some ongoing contribution by watershed wet weather loads. Dry 
weather loading is assumed to be negligible because hydrophobic contaminants 
primarily move with particulate matter that is mobilized by higher flows. Stormwater 
loads from the watershed were estimated based on simulated sediment load and 
observed pollutant concentrations on sediment near inflows to the lake.   

 
Los Cerritos Channel and Alamitos Bay Watershed Management Area.  The Los 
Cerritos Channel is concrete-lined above the tidal prism and drains a small but densely 
urbanized area of east Long Beach (Figure B-6).  The channel’s tidal prism starts at 
Anaheim Road and connects with Alamitos Bay through the Marine Stadium; the 
wetlands connect to the Channel a short distance from the lower end of the Channel.  
Alamitos Bay is composed of the Marine Stadium, a recreation facility built in 1932; 
Long Beach Marina; a variety of public and private berths; and the Bay proper.  A small 
bathing lagoon, Colorado Lagoon located entirely in Long Beach, has a tidal connection 
with the Bay.  The majority of land use in this WMA is high density residential.    
  
Los Cerritos Channel is on the 2010 CWA Section 303(d) List of impaired water bodies 
for metals (copper, zinc, and lead).  Beneficial uses impaired by metals in the Los 
Cerritos Channel include WILD, REC2 and WARM.  USEPA established a TMDL for 
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various metals in Los Cerritos Channel.  The TMDL for metals in Los Cerritos Channel 
found that the MS4 contributes a large percentage of the metals loadings during dry 
weather because although their flows are typically low, concentrations of metals in 
urban runoff may be quite high.  During wet weather, most of the metals loadings are in 
the particulate form and are associated with wet-weather storm water flow.  
 
Middle Santa Ana River Watershed Management Area.  The Middle Santa Ana River 
Watershed Management Area (MSAR WMA) covers approximately 488 square miles 
and lies mostly in San Bernardino and Riverside Counties; however, a small part of Los 
Angeles County is also included.  The area of Los Angeles County, which lays in the 
MSAR WMA, includes portions of the Cities of Pomona and Claremont (Figure B-7).  
The MSAR WMA is comprised of three subwatersheds.  The subwatershed that 
includes portions of Pomona and Claremont is the Chino Basin Subwatershed.  Surface 
drainage from Pomona and Claremont is generally southward toward San Antonio 
Creek, which is tributary to Chino Creek, which feeds into the Prado Flood Control 
Basin.   
 
Various reaches of the MSAR WMA, including Chino Creek, are listed on 2010 CWA 
Section 303(d) List for bacteria.  Elevated bacterial indicator densities are causing 
impairments of the REC-1 and REC-2 designated beneficial for the Santa Ana River 
Reach 3; Chino Creek Reaches 1 and 2; Mill Creek (Prado Area); Cucamonga Creek 
Reach 1; and Prado Park Lake.  
 
The Santa Ana Water Board adopted TMDLs for bacteria for the Middle Santa Ana 
River Watershed.  The Basin Plan amendment incorporating the Middle Santa Ana 
River Watershed Bacterial Indicator TMDLs was approved by the Santa Ana Water 
Board on August 26, 2005 (Resolution No. R8-2005-0001), by the State Water Board on 
May 15, 2006, by the Office of Administrative Law on September 1, 2006, and by the 
USEPA on May 16, 2007.  The TMDL was effective on May 16, 2007.  The Santa Ana 
Water Board concluded based upon data and information collected in 1993, 1996-1998 
and in 2002-2004, that urban runoff from the MS4 is a significant source of bacterial 
indicators year round to the Middle Santa Ana River and its tributaries (Rice, 2005). The 
TMDL specifies both dry weather and wet weather WLAs, with distinct implementation 
schedules.  Compliance with the summer dry (April 1st through October 31st) WLAs is to 
be achieved as soon as possible, but no later than December 31, 2015.  In recognition 
of the difficulties associated with the control of storm water discharges, compliance with 
the winter wet (November 1st through March 31st) WLAs is to be achieved as soon as 
possible, but no later than December 31, 2025. The MS4 permit allows for discharges 
from the MS4s of the Cities of Claremont and Pomona to be regulated to ensure 
compliance with the wasteload allocations set forth in the Middle Santa Ana Bacterial 
Indicator TMDL by the terms of an NPDES permit issued by the Santa Ana Regional 
Water Quality Control Board that is applicable to such MS4 discharges.  The NPDES 
permit must be issued pursuant to a designation agreement between the Los Angeles 
and Santa Ana Regional Boards under Water Code § 13228.  In the absence of such an 
NPDES permit, the MS4 permit includes specific provisions in Attachment R that are 
consistent with the assumptions and requirements of the wasteload allocations 
applicable to MS4 discharges as set forth in the Middle Santa Ana Bacterial Indicator 
TMDL. 
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Calleguas Creek Watershed Management Area.  Calleguas Creek and its tributaries 
drain a watershed area of 343 square miles (sq. miles) in southern Ventura County and 
a small portion of western Los Angeles County.  Approximately, 4.16 sq. miles of Los 
Angeles County is part of the Calleguas Creek Watershed.  The land use of the 4.15 sq. 
miles is open space and recreation.  The land use of the remaining 0.01 sq. miles is 
divided between low density residential, industrial, and agriculture (Southern California 
Association of Governments, 2008).  Six TMDLs have been adopted and are in effect 
for the Calleguas Creek Watershed.  None of the TMDLs assign waste load allocations 
to the Los Angeles County Flood Control District, County of Los Angeles or any 
incorporated city within Los Angeles County.  Therefore, no water quality based effluent 
limitations were incorporated in this Order for TMDLs in the Calleguas Creek 
Watershed. 
 
Manner of Incorporation of TMDL WLAs. The description of the permit conditions and 
the basis for the manner for incorporating requirements to implement the TMDLs’ WLAs 
is discussed below. 
 
WLAs may be expressed in different ways in a TMDL.  In general, a WLA is expressed 
as a discharge condition that must be achieved in order to ensure that water quality 
standards are attained in the receiving water.  The discharge condition may be 
expressed in terms of mass or concentration of a pollutant.  However, in some cases, a 
WLA may be expressed as a receiving water condition such as an allowable number of 
exceedance days of the bacteria objectives. 
 
In this Order, in most cases, TMDL WLAs have been translated into numeric WQBELs 
and, where consistent with the expression of the WLA in the TMDL, also as receiving 
water limitations.  For each TMDL included in this Order, the WLA were translated into 
numeric WQBELs, which were based on the WLAs in terms of the numeric value and 
averaging period.  For those TMDLs where the averaging period was not specific for the 
WLA, the averaging period was based on the averaging period for the numeric target. 
 
For the bacteria TMDLs, where the WLA are expressed as an allowable number of 
exceedance days in the water body, the WLAs were translated into receiving water 
limitations.  In addition to the receiving water limitations, WQBELs were established 
based on the bacteria water quality objectives.  In the bacteria TMDLs, the numeric 
targets are based on the multi-part bacteriological water quality objectives; therefore, 
this approach is consistent with the assumptions of the bacteria TMDLs. 
 
In the Ballona Creek Trash TMDL, the default baseline WLA for the MS4 Permittees is 
equal to 640 gallons (86 cubic feet) of uncompressed trash per square mile per year.  
No differentiation is applied for different land uses in the default baseline WLA.  The 
default baseline WLAs for the Permittees has been refined based on results from the 
baseline monitoring conducted by the City of Los Angeles.  The City of Los Angeles 
provided trash generation flux data for five land uses: commercial, industrial, high 
density residential, low density residential and open space and recreation.  The 
Baseline WLA for any single city is the sum of the products of each land use area 
multiplied by the WLA for the land use area, as shown below: 
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WLA = ∑ for each city (area by land uses x allocations for this land use) 
 
The baseline was calculated using the City of Los Angeles trash generation flux data 
provided for the 2003-04 and 2004-05 storm years averaged for pounds of trash per 
acre and the 2003-04 storm year for gallons of trash per acre.  The urban portion of the 
Ballona Creek watershed was divided into twelve types of land uses for every city and 
unincorporated area in the watershed.  The land use categories are: (1) high density 
residential, (2) low density residential, (3) commercial and services, (4) industrial, (5) 
public facilities, (6) educational institutions, (7) military installations, (8) transportation, 
(9) mixed urban, (10) open space and recreation, (11) agriculture, and (12) water.  The 
land use data used in the calculation is based on the Southern California Association of 
Governments 2005 data. 
 
1. Compliance Determination 

For TMDLs that establish individual mass-based WLAs or a concentration-based 
WLA such as the Trash TMDLs, Nitrogen TMDLs, and Chloride TMDL, this Order 
requires Permittees to demonstrate compliance with their assigned WQBELs 
individually. 

A number of the TMDLs for Bacteria, Metals and Toxics establish WLAs that are 
assigned jointly to a group of Permittees whose storm water and/or non-storm water 
discharges are or may be commingled in the MS4 prior to discharge to the receiving 
water subject to the TMDL.  TMDLs address commingled MS4 discharges by 
assigning a WLA to a group of MS4 Permittees based on co-location within the 
same subwatershed.  Permittees with co-mingled storm water are jointly responsible 
for meeting the WQBELs and receiving water limitations assigned to MS4 
discharges in this Order.  "Joint responsibility" means that the Permittees that have 
commingled MS4 discharges are responsible for implementing programs in their 
respective jurisdictions, or within the MS4 for which they are an owner or operator, to 
meet the WQBELs and/or receiving water limitations assigned to such commingled 
MS4 discharges.   

In these cases, federal regulations state that co-permittees need only comply with 
permit conditions relating to discharges from the MS4 for which they are owners or 
operators.  (40 CFR § 122.26(a)(3)(vi).)  Individual co-permittees are only 
responsible for their contributions to the commingled discharge. This Order does not 
require a Permittee to individually ensure that a commingled MS4 discharge meets 
the applicable WQBELs included in this Order, unless such Permittee is shown to be 
solely responsible for the exceedances.  

Additionally, this Order allows a Permittee to clarify and distinguish their individual 
contributions and demonstrate that its MS4 discharge did not cause or contribute to 
exceedances of applicable WQBELs and/or receiving water limitations. In this case, 
though the Permittee’s discharge may commingle with that of other Permittees, the 
Permittee would not be held jointly responsible for the exceedance of the WQBELs 
or receiving water limitation.  
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Individual co-permittees who demonstrate compliance with the WQBELs will not be 
held responsible for violations by non-compliant co-permittees.   
 
Demonstrating Compliance with Interim Limitations. This Order provides 
Permittees with several means of demonstrating compliance with applicable interim 
WQBELs and/or interim receiving water limitations for the pollutant(s) associated 
with a specific TMDL. These include any of the following: 

a. There are no violations of the interim WQBELs for the pollutant(s) associated 
with a specific TMDL at the Permittee’s applicable MS4 outfall(s),1 including an 
outfall to the receiving water that collects discharges from multiple Permittees’ 
jurisdictions; 

b. There are no exceedances of the applicable receiving water limitation for the 
pollutant(s) associated with a specific TMDL in the receiving water(s) at, or 
downstream of, the Permittee’s outfall(s); 

c. There is no direct or indirect discharge from the Permittee’s MS4 to the receiving 
water during the time period subject to the WQBEL and/or receiving water 
limitation for the pollutant(s) associated with a specific TMDL; or 

d. The Permittee has submitted and is fully implementing an approved Watershed 
Management Program, which includes analyses that provide the Regional Water 
Board with reasonable assurance that the watershed control measures proposed 
will achieve the applicable WQBELs and receiving water limitations consistent 
with relevant compliance schedules.  

Demonstrating Compliance with Final Limitations. This Order provides 
Permittees with three general means of demonstrating compliance with an 
applicable final WQBEL and/or final receiving water limitation for the pollutant(s) 
associated with a specific TMDL.  

These include any of the following: 
 
a. There are no violations of the final WQBEL for the specific pollutant at the 

Permittee’s applicable MS4 outfall(s)2; 

b. There are no exceedances of applicable receiving water limitation for the specific 
pollutant in the receiving water(s) at, or downstream of, the Permittee’s outfall(s); 
or 

c. There is no direct or indirect discharge from the Permittee’s MS4 to the receiving 
water during the time period subject to the WQBEL and/or receiving water 
limitation for the pollutant(s) associated with a specific TMDL. 

                                            
1
 An outfall may include a manhole or other point of access to the MS4 at the Permittee’s jurisdictional boundary. 

2
 Ibid. 
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This Order provides the opportunity for Permittees to demonstrate compliance with 
interim effluent limitations through development and implementation of a Watershed 
Management Program, where Permittees have provided a reasonable 
demonstration through quantitative analysis (i.e., modeling or other approach) that 
the control measures/BMPs to be implemented will achieve the interim effluent 
limitations in accordance with the schedule provided in this Order.  It is premature to 
consider application of this action based compliance demonstration option to the 
final effluent limitations and final receiving water limitations that have deadlines 
outside the term of this Order.  More data is needed to validate assumptions and 
model results regarding the linkage among BMP implementation, the quality of MS4 
discharges, and receiving water quality.  

During the term of this Order, there are very few deadlines for compliance with final 
effluent limitations applicable to storm water, or final receiving water limitations 
applicable during wet weather conditions. Most deadlines during the term of this 
Order are for interim effluent limitations applicable to storm water, or for final effluent 
limitations applicable to non-storm water discharges and final dry weather receiving 
water limitations.  

There are only five State-adopted TMDLs for which the compliance deadlines for 
final water quality-based effluent limitations applicable to storm water occur during 
the term of this Order. These include: Santa Clara River Chloride TMDL, Santa 
Clara River Nitrogen TMDL, Los Angeles River Nitrogen TMDL, Marina del Rey 
Harbor Toxics TMDL, and LA Harbor Bacteria TMDL. In most of these five TMDLs, 
compliance with the final water quality-based effluent limitations assigned to MS4 
discharges is expected to be achieved (e.g., Santa Clara River Chloride TMDL3), or 
a mechanism is in place to potentially allow additional time to come into compliance 
(e.g. reconsideration of the Marina del Rey Harbor Toxics TMDL implementation 
schedule).  

The Regional Water Board will evaluate the effectiveness of this action-based 
compliance determination approach in ensuring that interim effluent limitations for 
storm water are achieved during this permit term. If this approach is effective in 
achieving compliance with interim effluent limitations for storm water during this 
permit term, the Regional Water Board will consider during the next permit cycle 
whether it would be appropriate to allow a similar approach for demonstrating 
compliance with final water quality-based effluent limitations applicable to storm 
water. The Order includes a specific provision to support reopening the permit to 
include provisions or modifications to WQBELs in Part VI.E and Attachments L-R in 
this Order prior to the final compliance deadlines, if practicable, that would allow an 
action-based, BMP compliance demonstration approach with regard to final 
WQBELs for storm water discharges based on the Regional Board’s review of 
relevant research, including but not limited to data and information provided by 
Permittees, on storm water quality and control technologies 

                                            
3
 Data from land use monitoring conducted under the LA County MS4 Permit from 1994-99 indicate chloride concentrations 
ranging from 3.2-48 mg/L, while more recent data from the mass emissions station in the Santa Clara River (S29) indicate 
concentrations ranging from 116-126 mg/l in dry weather, and 25.1-96.3 mg/l in wet weather, suggesting that storm water has 
a diluting effect on chloride concentrations in the receiving water. 
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2. Compliance Schedules for Achieving TMDL Requirements 

A Regional Water Board may include a compliance schedule in an NPDES permit 
when the state’s water quality standards or regulations include a provision that 
authorizes such schedules in NPDES permits.4  In California, TMDL implementation 
plans5 are typically adopted through Basin Plan Amendments.  The TMDL 
implementation plan, which is part of the Basin Plan Amendment, becomes a 
regulation upon approval by the State of California Office of Administrative Law 
(OAL).6  Pursuant to California Water Code sections 13240 and 13242, TMDL 
implementation plans adopted by the Regional Water Board “shall include … a time 
schedule for the actions to be taken [for achieving water quality objectives],” which 
allows for compliance schedules in future permits. This Basin Plan Amendment 
becomes the applicable regulation that authorizes an MS4 permit to include a 
compliance schedule to achieve effluent limitations derived from wasteload 
allocations.  

Where a TMDL implementation schedule has been established through a Basin Plan 
Amendment, it is hereby incorporated into this Order as a compliance schedule to 
achieve interim and final WQBELs and corresponding receiving water limitations, in 
accordance with 40 CFR section 122.47.  WQBELs must be consistent with the 
assumptions and requirements of any WLA, which includes applicable 
implementation schedules.7 California Water Code sections 13263 and 13377 state 
that waste discharge requirements must implement the Basin Plan.8 Therefore, 
compliance schedules for attaining WQBELs derived from WLAs must be based on 
a state-adopted TMDL implementation plan and cannot exceed the maximum time 
that the implementation plan allows.  

In determining the compliance schedules, the Regional Water Board considered 
numerous factors to ensure that the schedules are as short as possible.  Factors 
examined include, but are not limited to, the size and complexity of the watershed; 
the pollutants being addressed; the number of responsible agencies involved; time 
for Co-Permittees to negotiate memorandum of agreements; development of water 
quality management plans; identification of funding sources; determination of an 
implementation strategy based on the recommendations of water quality 
management plans and/or special studies; and time for the implementation 

                                            
4
 See In re Star-Kist Caribe, Inc., (Apr. 16, 1990) 3 E.A.D. 172, 175, modification denied, 4 E.A.D. 33, 34 (EAB 1992)). 

5
 TMDL implementation plans consist of those measures, along with a schedule for their implementation, that the Water 
Boards determine are necessary to correct an impairment.  The NPDES implementation measures are thus required by 
sections 303(d) and 402(p)(3)(B)(iii) of the CWA.  State law also requires the Water Boards to implement basin plan 
requirements.  (See Wat. Code §§ 13263, 13377; State Water Resources Control Board Cases (2006) 136 Cal.App.4th 189.)   

6
 See Gov. Code, § 11353, subd. (b). Every amendment to a Basin Plan, such as a TMDL and its implementation plan, 
requires approval by the State Water Board and OAL.  When the TMDL and implementation plan is approved by OAL, it 
becomes a state regulation.    

7
 See 40 C.F.R. § 122.44(d)(1)(vii)(B). 

8
 Cal. Wat. Code, § 13263, subd. (a) (“requirements shall implement any relevant water quality control plans that have been 
adopted”); Cal. Wat. Code, § 13377 (“the state board or the regional boards shall . . . issue waste discharge requirements 
and dredged or fill material permits which apply and ensure compliance with all applicable provisions of the [CWA], thereto, 
together with any more stringent effluent standards or limitations necessary to implement waste quality control plans, or for 
the protection of beneficial uses, or to prevent nuisance”); see also, State Water Resources Control Board Cases (2006) 136 
Cal.App.4th 189.   
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strategies to yield measurable results.  Compliance schedules may be altered based 
on the monitoring and reporting results as set forth in the individual TMDLs. 

In many ways, the incorporation of interim and final WQBELs and associated 
compliance schedules is consistent with the iterative process of implementing BMPs 
that has been employed in the previous Los Angeles County MS4 Permits in that 
progress toward compliance with the final effluent limitations may occur over the 
course of many years. However, because the waterbodies in Los Angeles County 
are impaired due to MS4 discharges, it is necessary to establish more specific 
provisions in order to: (i) ensure measurable reductions in pollutant discharges from 
the MS4, resulting in progressive water quality improvements during the iterative 
process, and (ii) establish a final date for completing implementation of BMPs and, 
ultimately, achieving effluent limitations and water quality standards.  

The compliance schedules established herein in this Order are consistent with the 
implementation plans established in the individual TMDLs.  The compliance dates 
for meeting the final WQBELs and receiving water limitations for each TMDL are 
listed below in Table F-7.  

 

RB-AR5468



Los Angeles County ORDER NO. R4-2012-XXXX 
Municipal Separate Storm Sewer System NPDES NO. CAS004001 
 

 
Attachment F – Fact Sheet F-105 

R
E
V
I
S
E
D 
 

T 
E 
N 
T 
A 
T 
I 
V 
E 

Table F-7.  Compliance Schedule for final compliance dates. 

TOTAL MAXIMUM DAILY LOADS (TMDL) 

Final Compliance 

date has Passed 

Final Compliance 

date within 5 years 

(2012-2017) 

Final Compliance 

date between 5 

and 10 years 

(2018-2022) 

Final Compliance 

date after  10 

years (2023) 

Santa Clara River Nitrogen Compounds TMDL March 23, 2004       

Upper Santa Clara River Chloride TMDL April 6, 2010       

Lake Elizabeth, Munz Lake, and Lake Hughes Trash TMDL (Lake 

Elizabeth only)   March 6, 2016     

Santa Clara River Estuary and Reaches 3, 5, 6, and 7 Indicator 

Bacteria TMDL         

     Dry Weather       March 21, 2023 

     Wet Weather       March 21, 2029 

Santa Monica Bay Beaches Bacteria TMDL         

     Summer Dry Weather July 15, 2006       

     Winter Dry Weather July 15, 2009       

     Wet Weather     July 15, 2021   

Santa Monica Bay Nearshore and Offshore Debris TMDL     March 20, 2020   

Santa Monica Bay TMDL for DDTs and PCBs (USEPA established)   March 26, 2012     

Malibu Creek and Lagoon Bacteria TMDL         

     Summer Dry Weather January 24, 2009       

     Winter Dry Weather January 24, 2012       

     Wet Weather     July 15, 2021   

Malibu Creek Watershed Trash TMDL   July 7, 2017     

Malibu Creek Watershed Nutrients TMDL (USEPA established) March 21, 2003       

Ballona Creek Trash TMDL   September 30, 2015     

Ballona Creek Estuary Toxic Pollutants TMDL     January 11, 2021   

Ballona Creek, Ballona Estuary and Sepulveda Channel Bacteria 

TMDL         

     Dry Weather   April 27, 2013     

     Wet Weather     July 15, 2021   

RB-AR5469



Los Angeles County ORDER NO. R4-2012-XXXX 
Municipal Separate Storm Sewer System NPDES NO. CAS004001 
 

 
Attachment F – Fact Sheet F-106 

R
E
V
I
S
E
D 
 

T 
E 
N 
T 
A 
T 
I 
V 
E 

TOTAL MAXIMUM DAILY LOADS (TMDL) 

Final Compliance 

date has Passed 

Final Compliance 

date within 5 years 

(2012-2017) 

Final Compliance 

date between 5 

and 10 years 

(2018-2022) 

Final Compliance 

date after  10 

years (2023) 

Ballona Creek Metals TMDL         

     Dry Weather   January 11, 2016     

     Wet Weather     January 11, 2021   

Ballona Creek Wetlands TMDL for Sediment and Invasive Exotic 

Vegetation (USEPA established)   March 26, 2012     

Marina del Rey Harbor Mothers' Beach and Back Basins Bacteria 

TMDL         

     Dry Weather March 18, 2007       

     Wet Weather     July 15, 2021   

Marina del Rey Harbor Toxic Pollutants TMDL   March 22, 2016 March 22, 2021*   

Los Angeles Harbor Bacteria TMDL  March 10, 2010       

Machado Lake Trash TMDL   March 6, 2016     

Machado Lake Nutrient TMDL     

September 11, 

2018   

Machado Lake Pesticides and PCBs TMDL     

September 30, 

2019   

Dominguez Channel and Greater LA and LB Harbor Waters Toxic 

Pollutants TMDL       March 23, 2032 

Los Angeles River Watershed Trash TMDL   September 30, 2016     

Los Angeles River Nitrogen Compounds and Related Effects TMDL March 23, 2004       

Los Angeles River and Tributaries Metals TMDL         

     Dry Weather       January 11, 2024 

     Wet Weather       January 11, 2028 

Los Angeles River Watershed Bacteria TMDL         

     Dry Weather (Compliance dates range from 10 to 25 years)     March 23, 2022 March 23, 2037 

     Wet Weather       March 23, 2037 

Legg Lake Trash TMDL   March 6, 2016     

Long Beach City Beaches and Los Angeles River Estuary Bacteria   March 26, 2012     

RB-AR5470



Los Angeles County ORDER NO. R4-2012-XXXX 
Municipal Separate Storm Sewer System NPDES NO. CAS004001 
 

 
Attachment F – Fact Sheet F-107 

R
E
V
I
S
E
D 
 

T 
E 
N 
T 
A 
T 
I 
V 
E 

TOTAL MAXIMUM DAILY LOADS (TMDL) 

Final Compliance 

date has Passed 

Final Compliance 

date within 5 years 

(2012-2017) 

Final Compliance 

date between 5 

and 10 years 

(2018-2022) 

Final Compliance 

date after  10 

years (2023) 

TMDL (USEPA established) 

Los Angeles Area Lakes TMDLs  (USEPA established)   March 26, 2012     

San Gabriel River and Impaired Tributaries Metals and Selenium 

TMDL (USEPA established) March 26, 2007       

Legg Lake Trash TMDL   March 6, 2016     

Los Cerritos Channel Metals TMDL (USEPA established) March 17, 2010       

Colorado Lagoon OC Pesticides, PCBs, Sediment Toxicity, PAHs, 

and Metals TMDL     July 28, 2018   

Middle Santa Ana River Watershed Bacterial Indicator TMDLs         

     Dry Weather   December 31, 2015     

     Wet Weather 

 

  

 

December 31, 2025 

* If an Integrated Water Resources Approach is approved and implemented then Permittees have an extended  
compliance deadline. 
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3. State Adopted TMDLs with Past Final Compliance Deadlines 

As required by In accordance with federal regulations, this Order includes WQBELs 
necessary to achieve applicable wasteload allocations assigned to MS4 discharges. 
In some cases, the deadline specified in the TMDL implementation plan for 
achieving the final wasteload allocation has passed.  (See Table F-8)  This Order 
requires that Permittees comply immediately with WQBELs and/or receiving water 
limitations for which final compliance deadlines have passed. 
 
Table F-8.  State-Adopted TMDLs with Past Final Implementation Deadlines  

TOTAL MAXIMUM DAILY LOADS (TMDL)

Final Compliance 

date has Passed

Santa Clara River Nitrogen Compounds TMDL March 23, 2004

Upper Santa Clara River Chloride TMDL April 6, 2010

Santa Monica Bay Beaches Bacteria TMDL Summer Dry Weather only July 15, 2006

Santa Monica Bay Beaches Bacteria TMDL Winter Dry Weather only July 15, 2009

Malibu Creek and Lagoon Bacteria TMDL Summer Dry Weather only  January 24, 2009

Malibu Creek and Lagoon Bacteria TMDL Winter Dry Weather only  January 24, 2012

Marina del Rey Harbor Mothers' Beach and Back Basins Bacteria TMDL Dry Weather Year-round only March 18, 2007

Los Angeles Harbor Bacteria TMDL March 10, 2010

Los Angeles River Nitrogen Compounds and Related Effects TMDL March 23, 2004  
 
Where a Permittee determines that its MS4 discharge may not meet the final 
WQBELs for the TMDLs in Table F-8 upon adoption of this Order, the Permittee may 
request a time schedule order (TSO) from the Regional Water Board.  TSOs are 
issued pursuant to California Water Code section 13300, whenever a Water Board 
"finds that a discharge of waste is taking place or threatening to take place that 
violates or will violate [Regional Water Board] requirements."  Permittees may 
individually request a TSO, or may jointly request a TSO with all Permittees subject 
to the WQBELs and/or receiving water limitations.  Permittees must request a TSO 
to achieve WQBELs for the TMDLs in Table F-8 no later than 45 days after the date 
this Order is adopted. 
 
In the request, the Permittee(s) must include, at a minimum, the following: 
 
a. Location specific data demonstrating the current quality of the MS4 discharge(s) 

in terms of concentration and/or load of the target pollutant(s) to the receiving 
waters subject to the TMDL; 

b. A detailed description and chronology of structural controls and source control 
efforts, including location(s) of implementation, since the effective date of the 
TMDL, to reduce the pollutant load in the MS4 discharges to the receiving waters 
subject to the TMDL; 

c. A list of discharge locations for which additional time is needed to achieve the 
water quality based effluent limitations and/or receiving water limitations; 

d. Justification of the need for additional time to achieve the water quality-based 
effluent limitations and/or receiving water limitations for each location identified in 
Part VI.E.3.c, above; 
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e. A detailed time schedule of specific actions the Permittee will take in order to 
achieve the water quality-based effluent limitations and/or receiving water 
limitations at each location identified in Part VI.E.3.c, above; 

f. A demonstration that the time schedule requested is as short as possible, 
consistent with California Water Code section 13385(j)(3)(C)(i), taking into 
account the technological, operation, and economic factors that affect the design, 
development, and implementation of the control measures that are necessary to 
comply with the effluent limitation(s); and 

g. If the requested time schedule exceeds one year, the proposed schedule shall 
include interim requirements and the date(s) for their achievement. The interim 
requirements shall include both of the following: 
 
i. Effluent limitation(s) for the pollutant(s) of concern; and 
ii. Actions and milestones leading to compliance with the effluent limitation(s). 
 

The Regional Water Board does not intend to take enforcement action against a 
Permittee for violations of specific WQBELs and corresponding receiving water 
limitations for which the final compliance deadline has passed if a Permittee is fully 
complying with the requirements of a TSO to resolve exceedances of the WQBELs 
for the specific pollutant(s) in the MS4 discharge. 
 
 

4. USEPA Established TMDLs 

USEPA has established seven TMDLs that include wasteload allocations for MS4 
discharges covered by this Order (See Table F-9).  Five TMDLs were established 
since 2010, one in 2007, and one in 2003. 
 
Table F-9. USEPA Established TMDLs with WLAs Assigned to MS4 

Discharges 
TOTAL MAXIMUM DAILY LOADS (TMDL) Effective Date

Santa Monica Bay TMDL for DDTs and PCBs (USEPA established) March 26, 2012

Ballona Creek Wetlands TMDL for Sediment and Invasive Exotic Vegetation (USEPA established) March 26, 2012

Long Beach City Beaches and Los Angeles River Estuary Bacteria TMDL (USEPA established) March 26, 2012

Los Angeles Area Lakes TMDLs  (USEPA established) March 26, 2012

Los Cerritos Channel Metals TMDL (USEPA established) March 17, 2010

San Gabriel River and Impaired Tributaries Metals and Selenium TMDL (USEPA established) March 26, 2007

Malibu Creek Watershed Nutrients TMDL (USEPA established) March 21, 2003  
 
In contrast to State-adopted TMDLs, USEPA established TMDLs do not contain an 
implementation plan or schedule. The Clean Water Act does not allow USEPA to 
either adopt implementation plans or establish compliance schedules for TMDLs that 
is establishes. Such decisions are generally left with the States. The Regional Water 
Board could either (1) adopt a separate implementation plan as a Basin Plan 
Amendment for each USEPA established TMDL, which would allow inclusion of 
compliance schedules in the permit where applicable, or (2) issue a Permittee a 
schedule leading to full compliance in a separate enforcement order (such as a Time 
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Schedule Order or a Cease and Desist Order). To date, the Board has not adopted a 
separate implementation plan or enforcement order for any of these TMDLs. As 
such, the final WLAs in the seven USEPA established TMDLs identified above 
become effective immediately upon establishment by USEPA and placement in a 
NPDES permit. 
 
The Regional Water Board’s decision as to how to express permit conditions for 
USEPA established TMDLs is based on an analysis of several specific facts and 
circumstances surrounding these TMDLs and their incorporation into this Order. 
First, since these TMDLs do not include implementation plans, none of these TMDLs 
have undergone a comprehensive evaluation of implementation strategies or an 
evaluation of the time required to fully implement control measures to achieve the 
final WLAs. Second, given the lack of an evaluation, the Regional Water Board is not 
able to adequately assess whether Permittees will be able to immediately comply 
with the WLAs at this time. Third, the majority of these TMDLs were established by 
USEPA recently (i.e., since 2010) and permittees have had limited time to plan for 
and implement control measures to achieve compliance with the WLAs. Lastly, while 
federal regulations do not allow USEPA to establish implementation plans and 
schedules for achieving these WLAs, USEPA has nevertheless included 
implementation recommendations regarding MS4 discharges as part of six of the 
seven of these TMDLs. The Regional Water Board needs time to adequately 
evaluate USEPA’s recommendations. For the reasons above, the Regional Water 
Board has determined that numeric water quality based effluent limitations for these 
USEPA established TMDLs are infeasible at the present time. The Regional Water 
Board may at its discretion revisit this decision within the term of the Order or in a 
future permit, as more information is developed to support the inclusion of numeric 
water quality based effluent limitations.  
 
In lieu of inclusion of numeric water quality based effluent limitations at this time, this 
Order requires Permittees subject to WLAs in USEPA established TMDLs to 
propose and implement best management practices (BMPs) that will be effective in 
achieving the numeric WLAs. Permittees will propose these BMPs to the Regional 
Water Board in a Watershed Management Program Plan, which is subject to 
Regional Water Board Executive Officer approval. As part of this Plan, Permittees 
are also required to propose a schedule for implementing the BMPs that is as short 
as possible. The Regional Water Board finds that, at this time, it is reasonable to 
include permit conditions that require Permittees to develop specific Watershed 
Management Program plans that include interim milestones and schedules for 
actions to achieve the WLAs. These plans will facilitate a comprehensive planning 
process, including coordination among co-permittees where necessary, on a 
watershed basis to identify the most effective watershed control measures and 
implementation strategies to achieve the WLAs.  
 
At a minimum, the Watershed Management Program Plan must include the following 
data and information relevant to the USEPA established TMDL: 
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i. Available data demonstrating the current quality of the MS4 discharge(s) in terms 
of concentration and/or load of the target pollutant(s) to the receiving waters 
subject to the TMDL; 

ii. A detailed time schedule of specific actions the Permittee will take in order to 
achieve the WLA(s); 

iii. A demonstration that the time schedule requested is as short as possible, taking 
into account the time since USEPA establishment of the TMDL, and 
technological, operation, and economic factors that affect the design, 
development, and implementation of the control measures that are necessary to 
comply with the WLA(s);  

a. For the Malibu Creek Nutrient TMDL established by USEPA in 2003, in no case 
shall the time schedule to achieve the final numeric WLAs exceed five years from 
the effective date of this Order; and 

iv. If the requested time schedule exceeds one year, the proposed schedule shall 
include interim requirements, including numeric milestones, and the date(s) for 
their achievement. 

 
Each Permittee subject to a WLA in a TMDL established by USEPA since 2010 must 
submit a draft of a Watershed Management Program Plan to the Regional Water 
Board Executive Officer for approval no later than one year after the effective date of 
this Order. 
 
Each Permittee subject to a WLA in a TMDL established by USEPA prior to 2010 
must submit a draft of a Watershed Management Program Plan to the Regional 
Water Board Executive Officer for approval no later than six months after the 
effective date of this Order..   
 
Based on the nature and timing of the proposed watershed control measures, the 
Regional Water Board will consider appropriate actions on its part, which may 
include: (1) no action and continued reliance on permit conditions that require 
implementation of the approved watershed control measures throughout the permit 
term; (2) adopting an implementation plan and corresponding schedule through the 
Basin Plan Amendment process and then incorporating water quality based effluent 
limitations and a compliance schedule into this Order consistent with the State-
adopted implementation plan; or (3) issuing a time schedule order to provide the 
necessary time to fully implement the watershed control measures to achieve the 
WLAs. 
 
If a Permittee chooses not to submit a Watershed Management Program Plan, or 
the plan is determined to be inadequate by the Regional Water Board Executive 
Officer and necessary revisions are not made within 90 days of written notification to 
the Permittee that that plan is inadequate, the Permittee will be required to 
demonstrate compliance with the numeric WLAs immediately based on monitoring 
data collected under the MRP (Attachment E) for this Order.   
 
The Regional Water Board does not intend to take enforcement action against a 
Permittee for violations of specific WLAs and corresponding receiving water 
limitations for USEPA established TMDLs if a Permittee has developed and is 
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implementing an approved Watershed Management Program to achieve the WLAs 
in the USEPA TMDL and the associated receiving water limitations. 

 
E. Other Provisions 

1. Legal Authority 

Adequate legal authority is required to implement and enforce most parts of the 
Minimum Control Measures and all equivalent actions if implemented with a 
Watershed Management Program (See 40 CFR section 122.26(d)(2)(i)(A)-( through 
F) and 40 CFR section 122.26(d)(2)(iv).  Without adequate legal authority the MS4 
would be unable to perform many vital functions such as performing inspections, 
requiring remedies, and requiring installation of control measures.  In addition, the 
Permittee would not be able to penalize and/or attain remediation costs from 
violators.   
 

2. Fiscal Resources 

The annual fiscal analysis will show the allocated resources, expenditures, and staff 
resources necessary to comply with the permit, and implement and enforce the 
Permittee’s Watershed Management Program (See 40 CFR section 122.26(d)(2)(vi).  
The annual analysis is necessary to show that the Permittee has adequate 
resources to meet all Permit Requirements.  The analysis can also show year-to-
year changes in funding for the storm water program.  A summary of the annual 
analysis must be reported in the annual report.  This report will help the Permitting 
Authority understand the resources that are dedicated to compliance with this 
permit, and to implementation and enforcement of the Watershed Management 
Program, and track how this changes over time.  Furthermore, the inclusion of the 
requirement to perform a fiscal analysis annually is similar to requirements included 
in Order No. 01-182 permit as well as the current Ventura County MS4 permit.   

3. Responsibilities of the Permittees 

Because of the complexity and networking of the storm drain system and drainage 
facilities within and tributary to the LA MS4, the Regional Water Board adopted an 
area-wide approach in permitting storm water and urban runoff discharges.  Order 
No.  01-182 was structured as a single permit whereby individual Permittees were 
assigned uniform requirements and additional requirements were assigned to the 
Principal Permittee (Los Angeles County Flood Control District).  Because the Los 
Angeles County Flood Control District does not own or control land where most 
pollutants originate, it is relieved as Principal Permittee.  This permit does not 
designate a principal Permittee and as such requires each Permittee to implement 
provisions as a separate entity.  Furthermore it does not hold a Permittee 
responsible for implementation of provisions applicable to other Permittees.   

Part VI.A.4.a requires inter and intra-agency coordination to facilitate implementation 
of this Order.  This requirement is based on 40 CFR section 122.26(d)(2)(iv) which 
requires “a comprehensive planning process which public participation and where 
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necessary intergovernmental coordination, to reduce the discharge of pollutants to 
the maximum extent practicable […].” 

4. Reopener and Modification Provisions 

These provisions are based on 40 CFR sections 122.44, 122.62, 122.63, 122.64, 
124.5, 125.62, and 125.64, and are also consistent with Order No. 01-182.  The 
Regional Water Board may reopen the permit to modify permit conditions and 
requirements, as well as revoke, reissue, or terminate in accordance with federal 
regulations.  Causes for such actions include, but are not limited to, endangerment 
to human health or the environment; acquisition of newly-obtained information that 
would have justified the application of different conditions if known at the time of 
Order adoption; to incorporate provisions as a result of new federal or state laws,  
regulations, plans, or policies (including TMDLs and other Basin Plan amendments); 
modification in toxicity requirements; violation of any term or condition in this Order; 
and/or minor modifications to correct typographical errors or require more frequent 
monitoring or reporting by a Permittee. The Order also includes additional causes 
including: within 18 months of the effective date of a revised TMDL or as soon as 
practicable thereafter, where the revisions warrant a change to the provisions of this 
Order, the Regional Water Board may modify this Order consistent with the 
assumptions and requirements of the revised WLA(s), including the program of 
implementation; in consideration of any State Water Board action regarding the 
precedential language of State Water Board Order WQ 99-05; and to include 
provisions or modifications to WQBELs in Part VI.E and Attachments L-R in this 
Order prior to the final compliance deadlines, if practicable, that would allow an 
action-based, BMP compliance demonstration approach with regard to final 
WQBELs for storm water discharges based on the Regional Board’s review of 
relevant research, including but not limited to data and information provided by 
Permittees, on storm water quality and control technologies. 

XIII. RATIONALE FOR MONITORING AND REPORTING REQUIREMENTS 

Section 308(a) of the federal Clean Water Act, and s40 CFR sections 122.41(h), (j)-(l), 
122.44(i), and 122.48 of Title 40 of the Code of Federal Regulations requires that all 
NPDES permits specify monitoring and reporting requirements for recording and 
reporting monitoring results. Federal regulations applicable to large and medium MS4s 
also specify additional monitoring and reporting requirements. (40 C.F.R. §§ 
122.26(d)(2)(i)(F) & (d)(2)(iii)(D), 122.42(c).)  California Water Code sections 13267 and 
13383 further authorizes the Regional Water Board to establish require technical and 
monitoring, inspection, entry,  reportings, and recordkeeping requirements.  The MRP 
(Attachment E of this Order) establishes monitoring,  and reporting, and recordkeeping 
requirements thatto implement the federal and state laws and/or 
regulationsrequirements.  The following provides the rationale for the monitoring and 
reporting requirements contained in the MRP for this Order. 
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A. Integrated Monitoring Plans 

1. Integrated Monitoring Program and Coordinated Integrated Monitoring 
Program 

As discussed in Part VI.B of this Fact Sheet, the purpose of the Watershed 
Management Programs is to provide a framework for Permittees to implement the 
requirements of this Order in an integrated and collaborative fashion and to address 
water quality priorities on a watershed scale.  Additionally, the Watershed 
Management Programs are to be designed to ensure that discharges from the Los 
Angeles County MS4: (i) achieve applicable water quality based effluent limitations 
that implement TMDLs, (ii) do not cause or contribute to exceedances of receiving 
water limitations, and (iii) for non-storm water discharges from the MS4, are not a 
source of pollutants to receiving waters.  This Order allows Permittees in 
coordination with an approved Watershed Management Program per Part VI.C, to 
implement a customized monitoring program that achieves the five Primary 
Objectives set forth in Part II.A. of Attachment E and includes the elements set forth 
in Part II.E. of Attachment E. This Order provides options for each Permittee to 
develop and implement an Integrated Monitoring Program (IMP), or alternatively, 
individual Permittee(s) may cooperate with other Permittees to develop a 
Coordinated Integrated Monitoring Program (CIMP).  Both the IMP and CIMP are 
intended to facilitate the effective and collaborative monitoring of receiving waters, 
storm water, and non-storm water discharges and to report the results of monitoring 
to the Regional Water Board.   
 
The key requirements for Watershed Management Programs are included in Part 
VI.C of this Order.  The IMP and CIMP requirements within the MRP largely 
summarize the requirements and reinforce that, at a minimum, the IMP or CIMP 
must address all TMDL and Non-TMDL monitoring requirements of this Order, 
including receiving water monitoring, storm water outfall based monitoring, non-
storm water outfall based monitoring, and regional water monitoring studies. 
 
Both the IMP and CIMP approach provides opportunities to increase the cost 
efficiency and effectiveness of the Permittees monitoring program as monitoring can 
be designed, prioritized and implemented on a watershed basis.  The IMP/CIMP 
approach allows the Permittees to prioritize monitoring resources between 
watersheds based on TMDL Implementation and Monitoring Plan schedules, 
coordinate outfall based monitoring programs and implement regional studies.  Cost 
savings can also occur when Permittees coordinate their monitoring programs with 
other Permittees.   
 

B. TMDL Monitoring Plans 

Monitoring requirements established in TMDL Monitoring Plans, presented in Table E-1.  
Approved TMDL Monitoring Plans by Watershed Management Area, were approved by 
the Executive Officer of the Regional Water Board prior to the effective date of this 
Order are incorporated into this Order by reference. 
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C. Receiving Water Monitoring 

The purposes of receiving water monitoring are to measure the effects of storm water 
and non-storm water discharges from the MS4 to the receiving water, to identify water 
quality exceedances, to evaluate compliance with TMDL WLAs and receiving water 
limitations, and to evaluate whether water quality is improving, staying the same or 
declining.   
 
1. Receiving Water Monitoring Stations 
 
Receiving water monitoring is linked to outfall based monitoring in order to gauge the 
effects of MS4 discharges on receiving water.  Receiving water monitoring stations must 
be downstream of linked outfall monitoring stations.   
 
The IMP, CIMP or stand-alone receiving monitoring plan (in the case of jurisdictional 
monitoring) must include a map identifying proposed wet weather and dry-weather 
monitoring stations.  Receiving water monitoring stations may include historical mass 
emission stations, TMDL compliance monitoring stations, or other selected stations.  
The Permittee must describe how monitoring at the proposed locations will accurately 
characterize the effects of the discharges from the MS4 on the receiving water, and 
meet other stated objectives.  The plan must also state whether historical mass 
emission stations will continue to be monitored and describe the value of past receiving 
water monitoring data in performing trends analysis to assess whether water quality if 
improving, staying the same or declining.   
 
2. Minimum Monitoring Requirements 
 
Receiving water is to be monitored during both dry and wet weather conditions to 
assess the impact of non-storm water and storm water discharges.  Wet weather and 
dry weather are defined in each watershed, consistent with the definitions in TMDLs 
approved within the watershed.  Monitoring is to commence within 6 hours of the 
commencement of linked outfall monitoring.  At a minimum, the parameters to be 
monitored and the monitoring frequency are the same as those required for the linked 
outfalls.   
 

D. Outfall Based Monitoring  

The MRP requires Permittees to conduct outfall monitoring, linked with receiving water 
monitoring, a study of Pyrethroids and their effects in receiving waters and 
bioassessment monitoring and TMDL special studies.  The MRP allows the Permittees 
flexibility to integrate the minimum requirements of this Order, applicable TMDL 
monitoring plans and other regional monitoring obligations into a single IMP or within a 
CIMP.   
 
Per Part VII.A.2 of the MRPis Order, the Permittee must establish a storm drain system 
map to aid in the development of the outfall monitoring plan and to assist the Regional 
Water Board in reviewing the logic and adequacy of the number and location of outfalls 
selected for monitoring.  The map must include the storm drain network, receiving 
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waters, other surface waters that may impact hydrology, including dams and dry 
weather diversions.  In addition, the map must identify the location and identifying code 
for each major outfall within the Permittee’s jurisdiction.  The map must include overlays 
including jurisdictional boundaries, subwatershed boundaries and storm drain outfall 
catchment boundaries.  The map must distinguish between storm drain catchment 
drainage areas and subwatershed drainage areas, as these may differ.  In addition, the 
map must include overlays displaying land use, impervious area and effective 
impervious area (if available).  To the extent known, outfalls that convey significant non-
stormwater discharges (see Part I.F to this Fact Sheet), must also be identified on the 
map, and the map must be updated annually to include the total list of known outfalls 
conveying significant flow of non-storm water discharge.   
 

E. Storm Water Outfall Based Monitoring 

The purpose of the outfall monitoring plan is to characterize the storm water discharges 
from each Permittee’s drainages within each subwatershed.  Outfall based monitoring is 
also conducted to assess compliance with WQBELs.  Under an IMP approach, each 
Permittee must identify at least one outfall within each subwatershed (HUC 12) within its 
jurisdictional boundary to monitor storm water discharges.  The selected outfall(s) 
should receive drainage from an area representative of the land uses within the portion 
of its jurisdiction that drains to the subwatershed, and not be unduly influenced by storm 
water discharges from upstream jurisdictions or other NPDES discharges.  It is 
assumed that storm water runoff quality will be similar for similar land use areas, and 
therefore runoff from a representative area will provide sufficient characterization of the 
entire drainage area.  Factors that may impact storm water runoff quality include the 
land use (industrial, residential, commercial) and the control measures that are applied.  
Factors that may impact storm water runoff volume include percent effective impervious 
cover (connected to the storm drain system), vegetation type, soil compaction and soil 
permeability.   
 
Storm water outfall monitoring is linked to receiving water monitoring (see above).  
Monitoring must be conducted at least three times per year during qualifying rain 
events, including the first rain event of the year and conducted approximately 
concurrently (within 6 hours) before the commencement of the downstream receiving 
water monitoring.   
 
Monitoring is conducted for pollutants of concern including all pollutants with assigned 
WQBELs.  Parameters to be monitored during wet weather include: flow, pollutants 
subject to a TMDL applicable to the receiving water, pollutants listed on the Clean 
Water Act Section 303(d) list for the receiving water or a downstream receiving water.  
Flow is necessary to calculate pollutant loading.  Sampling requirements, including 
methods for collecting flow-weighted composite samples, are consistent with the 
Ventura County Monitoring program (Order No.  C17388).   
 
For water bodies listed on the Clean Water Act section 303(d) list as being impaired due 
to sedimentation, siltation or turbidity, total suspended solids (TSS) and suspended 
sediment concentration (SSC) must be analyzed.  TSS is the parameter most often 
required in NPDES permits to measure suspended solids.  However, studies conducted 
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by the United States Geological Survey (USGS) have found that the TSS procedure 
may not capture the full range of sediment particle sizes contributing to sediment 
impairments .  Therefore both TSS and SSC are required in this Order. 
 
For freshwater, the following field measurements are also required: hardness, pH, 
dissolved oxygen, temperature, and specific conductivity.  Hardness, pH and 
temperature are parameters impacting the effect of pollutants in freshwater (i.e., metals 
water quality standards are dependent on hardness, ammonia toxicity is dependent on 
pH and temperature.  Temperature and dissolved oxygen are interdependent and 
fundamental to supporting aquatic life beneficial uses.  Specific conductivity is a 
parameter important to assessing potential threats to MUN and freshwater aquatic life 
beneficial uses. 
 
Aquatic toxicity monitoring is required in the receiving water twice per year during wet 
weather conditions.  Aquatic toxicity is a direct measure of toxicity and integrates the 
effects of multiple synergistic effects of known and unidentified pollutants.  When 
samples are found to be toxic, a Toxicity Identification Evaluation must be performed in 
an attempt to identify the pollutants causing toxicity.  Aquatic toxicity is required to be 
monitored in the receiving water twice per year during wet-weather rather than three 
times per year due to the expense of the procedure.   
 
The monitoring data is to be accompanied by rainfall data and hydrographs, and a 
narrative description of the storm event, consistent with the requirements in the Ventura 
County MS4 (Monitoring Program—No.  CI 7388).  This information will allow the 
Permittee and the Regional Water Board staff to evaluate the effects of differing storm 
events in terms of storm water runoff volume and duration and in-stream effects. 
 

F. Non-Stormwater Outfall-Based Screening and Monitoring Program 

The non-storm water outfall screening and monitoring program is intended to build off of 
Permittees prior efforts under Order No.  01-182 to screen all outfalls within their MS4 to 
identify illicit connections and discharges.  Under this Order, the Permitttees will use the 
following step-wise method to assess non-storm water discharges. 

•••• Develop criteria or other means to ensure that all outfalls with significant non-storm 
water discharges are identified and assessed during the term of this Order.   

•••• For outfalls determined to have significant non-storm water flow, determine whether 
flows are the result of illicit connections/illicit discharges (IC/IDs), authorized or 
conditionally exempt non-storm water flows, or from unknown sources. 

•••• Refer information related to identified IC/IDs to the IC/ID Elimination Program (Part 
VI.D.9 of this Order) for appropriate action. 

•••• Based on existing screening or monitoring data or other institutional knowledge, 
assess the impact of non-storm water discharges (other than identified IC/IDs) on 
the receiving water. 

•••• Prioritize monitoring of outfalls considering the potential threat to the receiving water 
and applicable TMDL compliance schedules.   
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•••• Conduct monitoring or assess existing monitoring data to determine the impact of 
non-storm water discharges on the receiving water.   

•••• Conduct monitoring or other investigations to identify the source of pollutants in non-
storm water discharges. 

•••• Use results of the screening process to evaluate the conditionally exempt non-storm 
water discharges identified in Part III.A.2 and III.A.3 in this Order and take 
appropriate actions pursuant to Part III.A.4.d of this Order for those discharges that 
have been found to be a source of pollutants.  Any future reclassification shall occur 
per the conditions in Parts III.A.2 or III.A.6 of this Order.   

 
The screening and monitoring program is intended to maximize the use of Permittee 
resources by integrating the screening and monitoring process into existing or planned 
IMP/CIMP efforts.  It is also intended to rely on the illicit discharge source investigation 
and elimination requirements in Part VI.D.9 of this Order and the MS4 Mapping 
requirements in Part VII.A of the MRP.   
 
The screening and source identification component of the program is used to identify 
the source(s) and point(s) of origin of the non-storm water discharge.  The Permittee is 
required to develop a source identification schedule based on the prioritized list of 
outfalls exhibiting significant non-storm water discharges.  The schedule shall ensure 
that source investigations are to be conducted for no less than 25% of the outfalls in the 
inventory within three years of the effective date of this Order and 100% of the outfalls 
within 5 years of the effective date of this Order.  This will ensure that all outfalls with 
significant non-storm water discharges will be assessed within the term of this Order.   
 
Additional requirements have been included to require the Permittee to develop a map 
and database of all outfalls with known non-storm water discharges.  The database and 
map are to be updated throughout the term of this Order. If the source of the non-storm 
water discharge is determined to be an NPDES permitted discharge, a discharge 
subject to a Record of Decision approved by USEPA pursuant to section 121 of 
CERCLA, a conditionally exempt essential non-storm water discharge, or entirely 
comprised of natural flows as defined at Part III.A.d of this Order, the Permittee need 
only document the source and report to the Regional Water Board within 30 days of 
determination and in the next annual report.  Likewise, if the discharge is determined to 
originate in an upstream jurisdiction, the Permittee is to provide notice and all 
characterization data to the upstream jurisdiction within 30 days of determination.   
 
However, if the source is either unknown or a conditionally exempt non-essential non-
storm water discharge, each Permittee shall conduct monitoring required in Part IX.F of 
the MRP.  Special provisions are also provided if the discharge is found to result from 
multiple sources. 
 
The parameters to be monitored include flow rate, pollutants assigned a WQBEL or 
receiving water limitation to implement TMDL provisions for the respective receiving 
water, as identified in Attachments L - R of this Order, non-storm water action levels as 
identified in Attachment G of this Order, and CWA Section 303(d) listed pollutants for 
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the respective receiving water.  Aquatic Toxicity required only when receiving water 
monitoring indicates aquatic toxicity.   
 
In an effort to provide flexibility and allow the Permittee to prioritize its monitoring efforts, 
the outfall based monitoring can be integrated within an IMP/CIMP.  For outfalls subject 
to a dry weather TMDL, monitoring frequency is established per the approved TMDL 
Monitoring Program. 
 
Unless specified in an approved IMP/CIMP, outfalls not subject to dry weather TMDLs 
must be monitored at least four times during the first year of monitoring.  Due to the 
expense, Aquatic Toxicity monitoring is only required twice per year.  The four times per 
year monitoring is reflective of the potential for high variability in the quality and volume 
of non-storm water discharges and duration as opposed to storm water discharges.   
 
Collected monitoring data is to be compared against applicable receiving water 
limitations, water quality based effluent limitations, non-storm water action levels, or 
exhibited Aquatic Toxicity as defined in the Parts XII.F and G of the MRP and all 
exceedances are to be reported in the Integrated Monitoring Compliance Report 
required in Part XIX.A.5 of the MRP.   
 
After the first year, monitoring for specific pollutants may be reduced to once per year, if 
the values reported in the first year do not exceed applicable non-storm water WQBELs, 
non-storm water action levels, or a water quality standard applicable to the receiving 
water.   
 
After two years of monitoring, the Permittee may submit a written request to the 
Executive Officer of the Regional Water Board requesting to eliminate monitoring for 
specific pollutants based on an analysis demonstrating that there is no reasonable 
potential for the pollutant to exist in the discharge at a concentration exceeding 
applicable water quality standards. 
 
1. Dry Weather Screening Monitoring 

a. Background 

Clean Water Act section 402(p) regulates discharges from municipal separate 
storm sewer systems (MS4s).  Clean Water Act section 402(p)(3)(B)(ii) requires 
the Permittees  to effectively prohibit non-storm water from entering the MS4.   

Non-exempted, non-storm water discharges are to be effectively prohibited from 
entering the MS4 or become subject to another NPDES permit (55 Fed. Reg.  
47990, 47995 (Nov.16, 1990)).  Conveyances which continue to accept non-
exempt, non-storm water discharges do not meet the definition of MS4 and are 
not subject to Clean Water Act section 402(p)(3)(B) unless the discharges are 
issued separate NPDES permits.  Instead, conveyances that continue to accept 
non-exempt, non-storm water discharges that do not have a separate NPDES 
permit are subject to sections 301 and 402 of the CWA (55 Fed.  Reg.  47990, 
48037 (Nov. 16, 1990)). 
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In part, to implement these statutory provisions, Order No.  01-182 included non-
storm water discharge prohibitions.  Several categories of non-storm water 
discharges are specifically identified as authorized or conditionally exempt non-
storm water discharges, including: 

i. Discharges covered under an NPDES permit 

ii. Discharges authorized by USEPA under CERCLA 

iii. Discharges resulting from natural flows  

iv. Discharges from emergency fire fighting activity  

v. Some Categories of Discharges incidental to urban activities  

Further, as another mechanism to effectively prohibit non-storm water discharges 
into the MS4, Order No.  01-182 also requires the Los Angeles County MS4 Co-
Permittees to implement an illicit connections and illicit discharges elimination 
program as part of their storm water management program pursuant to 40 CFR 
section 122.26(d)(2)(iv)(B).   

Finally, Monitoring and Reporting Program CI 6948, a part of Order No.  01-182, 
required dry weather monitoring at the Mass Emissions Stations (MES) to 
estimate pollutant contributions and determine if the MS4 is contributing to 
exceedances of applicable water quality standards during dry weather.   

b. Evaluation of Dry Weather Data 

40 CFR section 122.44(d)(1)(i) mandates that permits include effluent limitations 
for all pollutants that are or may be discharged at levels that have the reasonable 
potential to cause or contribute to an exceedance of a water quality standard.  
The process for determining reasonable potential and calculating WQBELs when 
necessary is intended to protect the designated uses of the receiving water as 
specified in the Basin Plan, and achieve applicable water quality objectives and 
criteria that are contained in the Basin Plan and other state plans and policies, or 
any applicable water quality criteria contained in the California Toxics Rule (CTR) 
and National Toxics Rule (NTR).   
 
In an effort to evaluate the Discharger’s program to effectively prohibit non-storm 
water discharges into the MS4, as well as to determine whether MS4 discharges 
are potentially contributing to exceedances of water quality standards, the 
Reasonable Potential Analysis (RPA) process was used as a screening tool.  In 
doing so, dry weather monitoring data submitted by the Discharger was 
evaluated to identify where non-storm water discharges may impact beneficial 
uses and where additional monitoring and/or investigations of non-storm water 
discharges should be focused. 
 
Order No.  01-182 and Monitoring and Reporting Program No.  6948 required the 
Discharger to implement core monitoring at seven mass emission stations: 
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• Ballona Creek 

• Malibu Creek 

• Los Angeles River 
• San Gabriel River (representing the upper portion of the San Gabriel River 

Watershed Management Area) 
• Coyote Creek (representing the lower portion of the San Gabriel River 

Watershed Management Area) 
• Dominguez Channel 
• Santa Clara River 
 
In addition to wet weather monitoring requirements at each of the mass emission 
stations, a minimum of two dry weather samples were required each year.  
Monitoring was required for conventional pollutants (BOD, TSS, pH, fecal 
coliform, oil and grease), priority pollutants, and a variety of other 
nonconventional pollutants (e.g., nutrients, dissolved oxygen, 
salinity/conductivity).   
 
Dry weather monitoring data were compiled from Annual Stormwater Monitoring 
Reports submitted by the Los Angeles County Department of Public Works for 
the period from 2005 to 2011 to reflect the most recent data.  The Annual 
Stormwater Monitoring Reports include the results for dry weather samples that 
were collected from 2005 to 2011 on 15 different dates.   
 
For each monitored parameter, the most stringent applicable water quality 
objective/criterion was identified from the Basin Plan and the CTR at 
40 CFR section 131.38.  The following assumptions were made when conducting 
the analysis: 

 
• The mass emissions stations represented only freshwater segments.  

Accordingly, CTR criteria for the protection of freshwater aquatic life were 
selected for comparison to monitoring results.   

• For hardness-dependent metals, criteria were derived by using the lowest 
reported dry-weather hardness value for each mass emission station for the 
period of 2005 to 2011.   

• For screening purposes the criteria associated with the most protective 
beneficial use for any segment within the watershed was selected for 
comparison to monitoring results.   

• Basin Plan surface water quality objectives for minerals (i.e., total dissolved 
solids, sulfate, and chloride) apply to specific stream reaches within each 
watershed and are provided in Chapter 3 of the Basin Plan.  Where no 
specific objectives are identified, footnote f to Table 3-8 provides guidelines 
for protection of various beneficial uses.  When guidelines were presented as 
a range, the most protective (low end of range) value was selected and 
applied according to beneficial uses in the watershed.   

• With the exception of bacteria, the water quality objectives used for the 
analysis are the most current in effect.  Since adoption of Order No.  01-182 
in 2001, some Basin Plan objectives and CTR criteria have been amended.  
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As a result, the pollutants monitored under the MRP for Order No.  01-182 
may not necessarily reflect current objectives. 

• E coli bacteria was not required as part of the MRP to Order No.  01-182, thus 
screening for bacteria was based solely on fecal coliform.  Monitoring results 
for fecal coliform were compared to the Basin Plan fecal coliform objective in 
effect during the monitoring period.  The Basin Plan objective for bacteria was 
amended in December 2011 to omit fecal coliform as a fresh water objective.  
The existing numeric bacteria objective for freshwater is limited to E.  coli.  
The Basin Plan bacteria objectives are expressed as a single sample 
maximum and a geometric mean.  In this screening, limited data precluded 
calculation of geometric means, therefore, the geometric mean objective was 
treated as a “not-to-exceed” criterion for screening purposes.  The geometric 
mean objective for fecal coliform is 200/100 ml (the Basin Plan objective to 
protect primary contact recreation beneficial use (REC-1) uses in 
freshwaters). 

• Within a given watershed, where the Basin Plan designates a “Potential” 
beneficial use of MUN, drinking water maximum contaminant levels (MCLs) 
were not applied as the most stringent objectives.  Within a given watershed, 
where the Basin Plan designates “Potential” or “Intermittent” for beneficial 
uses other than MUN, the appropriate protective objectives were used for 
screening.  This is consistent with Basin Plan requirements and existing 
permitting procedures.   

 
The maximum reported pollutant concentration was compared to the most 
stringent applicable water quality objective to determine if there was potential for 
receiving water concentrations to exceed water quality objectives.   
 
Table F-10 summarizes the results of the RPA analysis based on evaluation of 
the 15 sets of data for the period of 2005 to 2011 for each of the mass emission 
stations.  Generally, all priority pollutant organic parameters were reported as 
below detection levels at practical quantitation levels (PQLs) consistent with the 
minimum levels (MLs) listed in the SIP.  The most prevalent pollutants of concern 
among the mass emission stations include fecal coliform bacteria, cyanide, 
mercury, chloride, sulfate, total dissolved solids, copper, and selenium.  Reported 
fecal coliform bacteria, cyanide, copper, and selenium concentrations appear to 
consistently exceed objectives/criteria in all watersheds at relatively high levels.  
For watersheds where objectives apply for sulfate and total dissolved solids, the 
receiving water concentrations consistently exceeded the objectives.  The 
incidences where exceedances are indicated for mercury are largely due to 
analytical detection levels that were higher than the applicable criterion.   

 
Table F-10. Summary of LA County Watersheds and Frequency of Receiving Water 

Exceeding Criteria - 2005 to 2011- Dry Season Data Analysis1 

Parameter 
Santa Clara 

River 
Los Angeles 

River 
Dominguez 

Channel 
Ballona Creek Malibu Creek 

San Gabriel River 

Upper Portion Lower Portion 

pH 0/15 7/15 5/15 3/15 0/15 1/14 2/15 

Total Coliform 
No FW 
Objective 

No FW 
Objective) 

No FW 
Objective 

No FW 
Objective 

No FW 
Objective 

No FW 
Objective 

No FW 
Objective 
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Parameter 
Santa Clara 

River 
Los Angeles 

River 
Dominguez 

Channel 
Ballona Creek Malibu Creek 

San Gabriel River 

Upper Portion Lower Portion 

Fecal Coliform 4/15 4/15 10/15 13/15 6/15 11/14 13/15 

Enterococcus 
No FW 
Objective 

No FW 
Objective 

No FW 
Objective 

No FW 
Objective 

No FW 
Objective 

No FW 
Objective 

No FW 
Objective 

Chloride 15/15 15/15 No Objective 0/15 0/15 14/14 15/15 

Dissolved Oxygen 1/15 0/15 0/15 0/15 0/15 √1/14 0/15 

Nitrate-N 0/15 0/15 No Objective No Objective 0/15 7/14 No Objective 

Nitrite-N 0/15 3/15 No Objective No Objective 0/15 0/15 No Objective 

Methylene Blue Active 
Substances 

4/15 0/15 No Objective No Objective 0/15 0/14 No Objective 

Sulfate 15/15 15/15 No Objective No Objective 15/15 14/14 15/15 

Total Dissolved Solids 15/15 15/15 No Objective No Objective 13/15 14/14 15/15 

Turbidity2 0/15 2/15 No Objective No Objective 0/15 0/15 0/15 

Cyanide 11/15 14/15 4/15 15/15 3/15 14/14 15/15 

Total Aluminum 1/15 2/15 No Objective No Objective 0/15 1/14 No Objective 

Dissolved Copper 0/15 0/15 5/15 0/15 0/15 13/14 0/15 

Total Copper 1/15 6/15 11/15 3/15 0/15 13/14 2/15 

Dissolved Lead 0/15 0/15 0/15 0/15 0/15 1/14 0/15 

Total Lead 0/15 0/15 1/15 1/15 0/15 13/14 0/15 

Total Mercury 1515 14/15 14/15 15/15 15/15 14/14 15/15 

Dissolved Mercury 15/15 15/15 15/15 15/15 15/15 14/14 14/14 

Total Nickel 0/15 0/15 0/15 0/15 0/15 1/14 0/15 

Dissolved Selenium 2/15 2/15 1/15 2/15 6/15 1/15 10/11 

Total Selenium 2/15 2/15 1/15 2/15 6/15 1/15 10/11 

Dissolved Zinc 0/15 0/15 0/15 0/15 0/15 7/10 0/15 

Total Zinc 0/15 0/15 0/1) 0/15 0/15 10/10 0/15 
1.

 Frequency of exceedance is denoted as number of exceedances/number of dry weather samples evaluated.  For 
example, “2/15” indicates 2 of the 15 samples had analytical results that exceeded the water quality objective for a given 
parameter. 

2.
 The Basin Plan objective for turbidity for the protection of MUN is the secondary MCL of 5 NTU.  The Basin Plan contains 

additional turbidity objectives expressed as incremental changes over natural conditions.  Since inadequate data were 
available to assess criteria expressed as incremental changes, only the MCL was considered in the analysis. 

c. Requirements for Controlling Non-Storm Water Discharges 

The USEPA’s approach for non-storm water discharges from MS4s is to regulate 
these discharges under the existing CWA section 402 NPDES framework for 
discharges to surface waters.  The NPDES program (40 CFR section 122.44(d)) 
utilizes discharge prohibitions and effluent limitations as regulatory mechanisms 
to regulate non-storm water discharges, including the use of technology- and 
water quality-based effluent limitations.  Non-numerical controls, such as BMPs 
for non-storm water discharges may only be authorized where numerical effluent 
limitations are infeasible. 
 
As described in Table F-10 above, there were a number of pollutants for which it 
was determined that receiving water concentrations at the mass emission 
stations indicate possible exceedances of water quality standards within the 
watershed.  However, for waterbody-pollutant combinations not subject to a 
TMDL, there is uncertainty regarding whether exceedances occurred within 
specific segments where standards apply; the extent to which non-storm water 
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discharges from the MS4 have caused or contributed to any exceedances; and 
whether the exceedances are attributable to any one or more specific MS4 
outfalls within the watershed management area.   
 
Given the need for additional data on non-stormwater discharges from the MS4 
where a TMDL has not been developed, USEPA and the State have used action 
levels as a means to gauge potential impact to water quality and to identify the 
potential need for additional controls for non-stormwater discharges in the future.  
If these action levels are exceeded, then additional requirements (e.g., numeric 
effluent limitations, increased monitoring, special studies, additional BMPs) are 
typically used to address the potential impacts.  In this case, non-storm water 
action levels are applicable to non-storm water discharges from that MS4 outfall.  
Non-storm water discharges from the MS4 are those which occur during dry 
weather conditions.  These action levels are not applied to storm water 
discharges, as defined within this Order.  Storm water discharges regulated by 
this Order are required to meet the MEP standard and other provisions 
determined necessary by the State to control pollutants and have separate 
requirements under this Order.   
 
The use of action levels in this Order does not restrict the Regional Water Boards 
ability to modify this Order in accordance with 40 CFR section 122.62 to include 
numeric effluent limitations should monitoring data indicate that controls beyond 
action levels are necessary to ensure that non-storm water discharges do not 
cause or contribute to exceedances of water quality standards. 

i. Approach for Deriving Action Levels 

Where exceedances are indicated in Table F-10 and where a TMDL has not 
been developed, action levels are applied as a screening tool to indicate 
where non-storm water discharges, including exempted flows and illicit 
connections may be causing or contributing to exceedances of water quality 
objectives.  Action levels in this Order are based upon numeric or narrative 
water quality objectives and criteria as defined in the Basin Plan, the Water 
Quality Control Plan for Ocean Waters of California (Ocean Plan), and the 
CTR. 

(1) Discharges to Inland Surface Waters, Enclosed Bays, and Estuaries 

Priority Pollutants Subject to the CTR 

Priority pollutant water quality criteria in the CTR are applicable to all 
inland surface waters, enclosed bays, and estuaries.  The CTR contains 
both saltwater and freshwater criteria.  Because a distinct separation 
generally does not exist between freshwater and saltwater aquatic 
communities, the following apply, in accordance with Section 131.38(c)(3): 
 
• For waters in which the salinity is equal to or less than 1 part per 

thousand (ppt), the freshwater criteria apply. 
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• For waters in which the salinity is greater than 10 ppt 95 percent or 
more of the time, the saltwater criteria apply.   

• For waters in which the salinity is between 1 ppt and 10 ppt, the more 
stringent of the freshwater or saltwater criteria apply. 

 
For continuous discharges, 40 CFR section 122.45(d)(1) specifies daily 
maximum and average monthly effluent limitations.  Because of the 
uncertainty regarding the frequency of occurrence and duration of non-
storm water discharges through the MS4, average monthly action levels 
(AMALs) and maximum daily action levels (MDALs) were calculated 
following the procedure based on the steady-state model, available in 
Section 1.4 of the SIP.  The SIP procedures were used to calculate action 
levels for CTR priority pollutants and other constituents for which the 
Basin Plan contains numeric objectives. 
 
Since many of the streams in the Region have minimal upstream flows, 
mixing zones and dilution credits are usually not appropriate.  Therefore, 
in this Order, no dilution credit is being allowed.   
 
40 CFR section 122.45(c) requires that effluent limitations for metals be 
expressed as total recoverable concentration; therefore it is appropriate to 
include action levels also as a total recoverable concentration.  The SIP 
requires that if it is necessary to express a dissolved metal value as a total 
recoverable and a site-specific translator has not yet been developed, the 
Regional Water Board shall use the applicable conversion factor 
contained in the 40 CFR section 131.38.   
 
Using nickel as an example, and assuming application of saltwater criteria 
(e.g., a situation where an MS4 outfall discharges to an estuary), the 
following demonstrates how action levels were established for this Order.  
The tables in Attachment H provide the action levels for each watershed 
management area addressed by this Order using the process described 
below. 
 
The process for developing these limits is in accordance with Section 1.4 
of the SIP.  Two sets of AMAL and MDAL values are calculated 
separately, one set for the protection of aquatic life and the other for the 
protection of human health (consumption of organisms only).  The AMALs 
and MDALs for aquatic life and human health are compared, and the most 
restrictive AMAL and the most restrictive MDAL are selected as the action 
level.   
 
Step 1: For each constituent requiring an action level, identify the 
applicable water quality criteria or objective.  For each criterion, determine 
the effluent concentration allowance (ECA) using the following steady 
state mass balance equation: 
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ECA = C + D(C-B) when C > B, and 
ECA = C when C ≤ B, 
 
Where: 
 

 C =  The priority pollutant criterion/objective, adjusted if 
necessary for hardness, pH and translators (criteria for 
saltwater are independent of hardness and pH). 

 D =  The dilution credit, and 
   B = The ambient background concentration 

 
As discussed above, for this Order, dilution was not allowed; therefore: 
 

ECA = C 
 

For nickel the applicable ECAs are: 

ECAacute = 75 µg/L 
 
ECAchronic=  8.3 µg/L 
 

Step 2: For each ECA based on aquatic life criterion/objective, determine 
the long-term average discharge condition (LTA) by multiplying the ECA 
by a factor (multiplier).  The multiplier is a statistically based factor that 
adjusts the ECA to account for effluent variability.  The value of the 
multiplier varies depending on the coefficient of variation (CV) of the data 
set and whether it is an acute or chronic criterion/objective.  Table 1 of 
the SIP provides pre-calculated values for the multipliers based on the 
value of the CV.  Equations to develop the multipliers in place of using 
values in the tables are provided in Section 1.4, Step 3 of the SIP and will 
not be repeated here. 

 
LTAacute = ECAacute x Multiplieracute 99 

 
LTAchronic= ECAchronic x Multiplierchronic 99 

 
The CV for the data set must be determined before the multipliers can be 
selected and will vary depending on the number of samples and the 
standard deviation of a data set.  If the data set is less than 10 samples, or 
at least 80% of the samples in the data set are reported as non-detect, the 
CV shall be set equal to 0.6.  For nickel, a CV of 0.6 was assumed. 

For nickel, the following data were used to develop the acute and chronic 
LTA using equations provided in Section 1.4, Step 3 of the SIP (Table 1 of 
the SIP also provides this data up to three decimals): 

CV ECA Multiplieracute ECA Multiplierchronic 
0.6 0.32 0.53 
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LTAacute = 75 µg/L x 0.32 = 24 µg/L 
 
LTAchronic = 8.3 µg/L x 0.53 = 4.4 µg/L 
 
Step 3: Select the most limiting (lowest) of the LTA. 
 
LTA = most limiting of LTAacute or LTAchronic 

 
For nickel, the most limiting LTA was the LTAchronic 

LTAnickel= LTAchronic = 4.4 µg/L 

 
Step 4: Calculate the action levels by multiplying the LTA by a factor 
(multiplier).  Action levels are expressed as AMAL and MDAL.  The 
multiplier is a statistically based factor that adjusts the LTA for the 
averaging periods and exceedance frequencies of the criteria/objectives 
and the action levels.  The value of the multiplier varies depending on the 
probability basis, the CV of the data set, the number of samples (for 
AMAL) and whether it is a monthly or daily limit.  Table 2 of the SIP 
provides pre-calculated values for the multipliers based on the value of the 
CV and the number of samples.  Equations to develop the multipliers in 
place of using values in the tables are provided in Section 1.4, Step 5 of 
the SIP and will not be repeated here. 
 
AMALaquatic life = LTA x AMALmultiplier 95 
 
MDALaquatic life = LTA x MDALmultiplier 99 
 
AMAL multipliers are based on a 95th percentile occurrence probability, 
and the MDAL multipliers are based on the 99th percentile occurrence 
probability.  If the number of samples is less than four (4), the default 
number of samples to be used is four (4). 
 
For nickel, the following data were used to develop the AMAL and MDAL 
for action levels using equations provided in Section 1.4, Step 5 of the SIP 
(Table 2 of the SIP also provides this data up to two decimals): 
 

No.  of 
Samples Per 

Month 
CV MultiplierMDAL 99 MultiplierAMAL 95 

4 0.6 3.11 1.55 

 
Therefore: 

 
AMAL = 4.4 µg/L x 1.55 = 6.8 µg/L 
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MDAL= 4.4 µg/L x 3.11 = 14 µg/L 
 

 
Step 5:  For the ECA based on human health, set the AMAL equal to the 
ECAhuman health 

AMALhuman health = ECAhuman health 
 

For nickel:  
 

AMALhuman health = 4,600 µg/L 
 

Step 6: Calculate the MDAL for human health by multiplying the AMAL by 
the ratio of the MultiplierMDAL to the MultiplierAMAL.  Table 2 of the SIP 
provides pre-calculated ratios to be used in this calculation based on the 
CV and the number of samples. 

MDALhuman health = AMALhuman health  x (MultiplierMDAL / MultiplierAMAL) 
 

For nickel, the following data were used to develop the MDALhuman health: 

No.  of 
Samples Per 

Month 
CV MultiplierMDAL 99 MultiplierAMAL 95 Ratio 

4 0.6 3.11 1.55 2.0 

 

For nickel: 
 

MDALhuman health= 4,600 µg/L x 2 = 9,200 µg/L 

Step 7: Select the lower of the AMAL and MDAL based on aquatic life and 
human health as the non-storm water action level for this Order. 

AMALaquatic life MDALaquatic life AMALhuman health MDALhuman health 
6.8 14 4,600 9,200 

 
For nickel, the lowest (most restrictive) levels are based on aquatic toxicity 
and serve as the basis for non-storm water action levels included in this 
Order.  
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Table F-11: Calculations of Freshwater Action Levels1 

Parameter Units CV 

Aquatic Life Criteria
2
 

Human 
Health 
Criteria HH Calculations Aquatic Life Calculations 

Final Effluent 
Limitations 
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D

A
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A
L
 

L
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A
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A
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L
o

w
e

s
t 

M
D

A
L

 

Cadmium   µg/L 0.6 4.52 2.46 N  2.01  0.321 1.45 0.527 1.30 1.30 1.55 2.02 3.11 4.0 2.0 4.0 

Copper  µg/L 0.6 14.00 9.33   2.01  0.321 4.49 0.527 4.92 4.49 1.55 6.98 3.11 14 7.0 14 

Lead  µg/L 0.6 81.65 3.18 N  2.01  0.321 26.21 0.527 1.68 1.68 1.55 2.61 3.11 5.2 2.6 5.2 

Mercury µg/L 0.6 R R 0.051 0.051 2.01 0.1023          0.051 0.10 

Nickel  µg/L 0.6 469.17 52.16 4600 4600 2.01 9228 0.321 150.6 0.527 27.51 27.51 1.55 42.71 3.11 86 43 86 

Selenium  µg/L 0.6 20.00 5.00 N  2.01  0.321 6.42 0.527 2.64 2.64 1.55 4.09 3.11 8.2 4.1 8.2 

Silver  µg/L 0.6 4.06    2.01  0.321 1.30 0.527  1.30 1.55 2.02 3.11 4.1 2.0 4.1 

Zinc  µg/L 0.6 119.82 119.82   2.01  0.321 38.47 0.527 63.20 38.47 1.55 59.72 3.11 120 60 120 

Cyanide  µg/L 0.6 22.00 5.20 22,0000 22,0000 2.01 44,1362 0.321 7.06 0.527 2.74 2.74 1.55 4.26 3.11 8.5 4.3 8.5 

R = Reserved 
N = Narrative  

1 Calculations include rounded results.  Final AMALs/MDALs are rounded to 2 significant digits. 
2 Where criteria are based on hardness, a value of 100 mg/L CaCO3 was used for these sample calculations. 
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Calculations of Saltwater Action Levels 

Parameter Units CV 

Aquatic Life 
Criteria 

Human 
Health 
Criteria HH Calculations Aquatic Life Calculations 

Final Effluent 
Limitations 
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Cadmium   µg/L 0.6 42.25 9.36 N  2.01  0.321 13.57 0.527 4.93 4.93 1.55 7.66 3.11 15.4 7.7 15 

Copper  µg/L 0.6 5.78 3.73   2.01  0.321 1.86 0.527 1.97 1.86 1.55 2.88 3.11 5.8 2.9 5.8 

Lead  µg/L 0.6 220.82 8.52 N  2.01  0.321 70.90 0.527 4.49 4.49 1.55 6.97 3.11 14 7.0 14 

Mercury µg/L 0.6 R R 0.051 0.051 2.01 0.1023               0.051 0.10 

Nickel  µg/L 0.6 74.75 8.28 4600 4600 2.01 9228 0.321 24.00 0.527 4.37 4.37 1.55 6.78 3.11 14 6.8 14 

Selenium  µg/L 0.6 290.58 71.14 N  2.01  0.321 93.30 0.527 37.52 37.52 1.55 58.25 3.11 117 58 117 

Silver  µg/L 0.6 2.24     2.01  0.321 0.72 0.527   0.72 1.55 1.11 3.11 2.2 1.1 2.2 

Zinc  µg/L 0.6 95.14 85.62   2.01  0.321 30.55 0.527 45.16 30.55 1.55 47.42 3.11 95 47 95 

Cyanide  µg/L 0.6 1.00 1.00 22,0000 22,0000 2.01 44,1362 0.321 0.32 0.527 0.53 0.32 1.55 0.50 3.11 1.0 0.50 1.0 

R = Reserved 
N = Narrative 
1 Calculations include rounded results.  Final AMALs/MDALs are rounded to 2 significant digits. 
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Basin Plan Requirements for Other Pollutants  

A number of pollutants were identified that exceed applicable Basin Plan 
objectives.  These objectives however, are not amenable to the SIP 
process for developing action levels.   
 
Resolution No.  01-018, Amendment to the Water Quality Control Plan for 
the Los Angeles Region to Update the Bacteria Objectives for Water 
Bodies Designated for Water Contact Recreation, adopted by the 
Regional Water Board on October 25, 2001, served as the basis for the 
action levels for bacteria.  Subsequently, the Basin Plan was amended 
through Order No.  R10-005 (effective on December 5, 2011) to remove 
the freshwater fecal coliform numeric objective while retaining the 
freshwater objective for E.  coli.  The dry-weather evaluation conducted for 
fecal coliform indicates of a need for a bacteria action level.  Since the 
Basin Plan no longer contains freshwater objectives for fecal coliform, 
action levels have been developed for E.  coli in freshwater.  The current 
bacteria objectives (saltwater and freshwater) are applied directly to the 
MS4 outfalls discharging to freshwaters to serve as action levels.   
 
The Basin Plan, in Tables 3-5 through 3-7, include chemical constituents 
objectives based on the incorporation of Title 22, Drinking Water 
Standards, by reference, to protect the surface water MUN beneficial use.  
The Basin Plan in Tables 3-8 and 3-10 also includes mineral quality 
objectives that apply to specific watersheds and stream reaches and 
where indicated by the beneficial use of ground water recharge (GWR).  
These objectives contained in the Basin Plan are listed as not-to-exceed 
values.  Consistent with the approach used by the Regional Water Board 
in other Orders for dry weather discharges, these not-to-exceed values will 
be applied as AMALs in this Order. 

(2) Discharges to the Surf Zone 

From the Table B water quality objectives of the Ocean Plan, action levels 
are calculated according to Equation 1 of the Ocean Plan for all pollutants: 

Ce = Co + Dm(Co-Cs) 

Where: 

Ce = the Action Level (µg/L) 
Co = the water quality objective to be met at the completion of initial 

dilution (µg/L) 
Cs = background seawater concentration (µg/L)  
Dm = minimum probable initial dilution expressed as parts seawater 

per part wastewater 
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The Dm is based on observed waste flow characteristics, receiving water 
density structure, and the assumption that no currents of sufficient 
strength to influence the initial dilution process flow across the discharge 
structure.  Initial dilution is the process that results in the rapid and 
irreversible turbulent mixing of wastewater with ocean water around the 
point of discharge.  It is conservatively assumed that when non-storm 
water discharges to the surf zone occur, that conditions are such that no 
rapid mixing would occur.  Therefore, an initial dilution is not allowed and 
the formula above reduces to: 

Ce = Co  
 

The following demonstrates how the action levels for copper are 
established.   

 
Copper 
 Ce = 3 µg/L (6-Month Median) 
 Ce = 12 µg/L (Daily Maximum) 
 Ce = 30 µg/L (Instantaneous Maximum) 

 
ii. Applicability of Action Levels 

The action levels included in this Order apply to pollutants in non-storm water 
discharges from the MS4 to receiving waters that are not already subject to 
WQBELs to implement TMDL wasteload allocations applicable during dry 
weather. 
 
This Order requires outfall-based monitoring throughout each Watershed 
Management Area, including monitoring during dry weather.  The dry weather 
monitoring data will be evaluated by the Permittee(s) in comparison to all 
applicable action levels.   

 
iii. Requirements When Action Levels are Exceeded 

When monitoring data indicates an action level is exceeded for one or more 
pollutants, then the Permittee will be required to implement actions to identify 
the source of the non-storm water discharge, and depending on the identified 
source, implement an appropriate response.  With respect to action levels, 
the Permittee will have identified appropriate procedures within the 
Watershed Management Program (Part VI.C) and the Illicit Connection and 
Illicit Discharge Elimination Program (Part VI.D.9). 

 
G. New Development/Re-Development Effectiveness MonitoringTracking 

This Order requires the use of Low Impact Development (LID) designs to reduce storm 
water runoff (and pollutant discharges) from new development or re-development 
projects.  In areas that drain to water bodies that have been armored or are not natural 
drainages, the goal of this requirement is to protect water quality by retaining on-site the 
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storm water runoff from the 85th percentile storm event.  This is the design storm used 
throughout most of California for water quality protection.  If it is not technically feasible 
due to site constraints (e.g., close proximity to a drinking water supply, slope instability) 
or if instead the project proponent is proposing to supplement a groundwater 
replenishment project, the project proponent may provide treatment BMPs to reduce 
pollutant loading in storm water runoff from the project site.  Flow through treatment 
BMPs are less effective in reducing pollutant loadings than on-site retention for the 
design storm.  Therefore the project proponent must mitigate the impacts further by 
providing for LID designs at retrofit projects or other off-site locations within the same 
subwatershed.  The effectiveness monitoring is designed to assess and track whether 
post construction operation of the LID designs are effective in retaining the design storm 
runoff volume.   
 
For projects located in natural drainages, the goal of the LID design is to retain the pre-
development hydrology, unless a water body is not susceptible to hydromodification 
effects (e.g., estuaries or the ocean).  Smaller projects that will disturb less than 50 
acres of land are presumed to meet the criteria if the project retains the storm water 
runoff from the 95th percentile storm.  The effectiveness monitoring in this situation 
should be design to confirm that storm water runoff is not occurring for any storm at or 
less than the 95th percentile storm.  Projects may also demonstrate compliance by 
showing that the erosion potential will be approximately 1 as described in Attachment J 
of this Order.  For larger projects, the project proponent may be required to conduct 
modeling to demonstrate compliance by comparing the hydrographs of a two-year storm 
for the pre-development and post-development conditions, or by comparing the flow 
duration curves for a reference watershed and the post project condition.  Flow 
monitoring will be required to substantiate the simulated hydrographs or flow duration 
curves. 
 
Monitoring studies conducted by the California Department of Public Health (CDPH) 
have documented that mosquitoes opportunistically breed in structural storm water Best 
Management Practices (BMPs), particularly those that hold standing water for over 96 
hours.  Certain Low Impact Development (LID) site design measures that hold standing 
water such as rainwater capture systems may similarly produce mosquitoes. BMPs and 
LID design features should incorporate design, construction, and maintenance 
principles to promote drainage within 96 hours to minimize standing water available to 
mosquitoes. This Order requires regulated MS4 Permittees to coordinate with other 
agencies necessary to successfully implement the provisions of this Order. These 
agencies may include CDPH and local mosquito and vector control agencies on vector-
related issues surrounding implementation of post-construction BMPs. 
 
 
This Order is not intended to prohibit the inspection for or abatement of vectors by the 
State Department of Public Health or local vector agencies in accordance with CA 
Health and Safety Code, § 116110 et seq. and Water Quality Order No. 2012-0003-
DWQ. 
 

Formatted:

Formatted:

Formatted:
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H. Regional Studies 

1. Pyrethroid Insecticides Study Requirements 

In addition to routine monitoring, this Order requires the Permittees to conduct 
regional studies of Pyrethroid toxicity1 in receiving waters as Pyrethroid toxicity has 
become an emerging issue in urban drainages.  The Pyrethroid Toxicity monitoring 
program required in this Order is based on the Ventura County MS4 Monitoring and 
Reporting Plan.   

The results of the receiving water monitoring, Pyrethroid Study and bioassessment 
surveys may be used in to optimize Watershed Management Program actions, as 
described in Part VI.C. of this Order (Watershed Management Programs). 

2.1. Southern California Stormwater Monitoring Coalition Watershed Monitoring 
Program 

Also, aAs a condition to this Order, Permittees must participate in the bioassessment 
studies conducted under the Southern California Stormwater Monitoring Coalition 
Watershed Monitoring Program.  Bioassessment provides a direct measure of 
whether aquatic life beneficial uses are fully supported and integrates the effects of 
multiple factors including pollutant discharges, changes in hydrology, 
geomorphology, and riparian buffers.   

I. Aquatic Toxicity Monitoring Methods 

Based on the stated goals of the CWA, the USEPA and individual states implement 
three approaches to monitoring water quality. These approaches include chemical-
specific monitoring, toxicity testing, and bioassessments (USEPA 1991a).  Each of the 
three approaches has distinct advantages and all three work together to ensure that the 
physical, chemical and biological integrity of our waters are protected.  Water quality 
objectives have been developed for only a limited universe of chemicals. For mixtures of 
chemicals with unknown interactions or for chemicals having no chemical-specific 
objectives, the sole use of chemical-specific objectives to safeguard aquatic resources 
would not ensure adequate protection. Aquatic life in southern California coastal 
watersheds are often exposed to nearly 100% effluent from wastewater treatment 
plants, urban runoff, or storm water; therefore, toxicity testing and bioassessments are 
also critical components for monitoring programs as they offer a more direct and 
thorough confirmation of biological impacts.  The primary advantage of using the toxicity 
testing approach is that this tool can be used to assess toxic effects (acute and chronic) 
of all the chemicals in aqueous samples of effluent, receiving water, or storm water. 
This allows the cumulative effect of the aqueous mixture to be evaluated, rather than 

                                            
1
 Weston et al.  2006.  Pyrethroid Pesticide Insecticides and Sediment Toxicity in Urban Creeks from California and 

Tennessee.  Environ.  Sci.  Technol.  2006.  40, 1700-1706. 
  
Holmes et al.  2008.  Statewide Investigation of the Role of Pyrethroid Pesticides in Sediment Toxicity in California's Urban 
Waterways.  Environ.  Sci.  Tehcnol.2008.  7003-7009. 
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the toxic responses to individual chemicals (USEPA, EPA Regions 8, 9, and 10 Toxicity 
Training Tool, January 2010).  

Based on available data from the LA County MS4 Permit Annual Monitoring Reports, 
samples collected at mass emissions stations during both wet weather and dry weather 
have been found to be toxic in the San Gabriel River, Coyote Creek, the Los Angeles 
River, Dominguez Channel, Ballona Creek, Malibu Creek, and the Santa Clara River, 
demonstrating the need for this toxicity monitoring requirement (see Table below). 

Summary of Toxicity by Watershed 

Source and 

Season 

San 

Gabriel 

River 

Coyote Creek 
Los Angeles 

River 

Dominguez 

Channel 

Ballona 

Creek 

Malibu 

Creek 

Santa 

Clara 

River 

Integrated Receiving Water Impacts Report (1994-2005) 

Wet 

Weather - 

CDS, CDR, 

SUF CDS, SUF 

CDS, CDR, 

SUF CDR, SUF CDR CDS 

Dry 

Weather - SUF SUF SUF SUF - - 

Annual Monitoring Reports (2005-2010) 

Wet Weather 

2005-06 - - SUF 

CDS, CDR, 

SUF SUF - - 

2006-07 SUF SUF SUF SUF SUF SUF SUF 

2007-08 SUF - - SUF - CDS,CDR,SUF SUF 

2008-09 - SUF SUF - SUF CDS,CDR,SUF - 

2009-10 - - - - - - - 

Dry Weather 

2005-06 - - - - - CDS,CDR - 

2006-07 - - - - SUF - - 

2007-08 - - CDS,CDR - SUF - - 

2008-09 - - SUF - - - - 

2009-10 - - - - - - - 

Notes: 

     CDS= Ceriodaphnia survival toxicity   

SUF= Sea Urchin fertilization toxicity 

   CDR= Ceriodaphnia reproduction 

toxicity 

 

This Order requires Permittee(s) to conduct acute chronic toxicity tests (96-hour static 
renewal toxicity tests) on water samples, by methods specified in Short-term Methods 
for Estimating the Chronic Toxicity of Effluents and Receiving Waters to Freshwater 
Organisms (EPA/821/R-02/013, 2002; Table IA, 40 CFR Part 136)40 CFR Part 136 
which cites USEPA’s Methods for Measuring the Acute Toxicity of Effluents and 
Receiving Waters to Freshwater and Marine Organisms, Fifth Edition, October 2002, 
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USEPA, Office of Water, Washington D.C. (EPA/821/R-02/012) or a more recent 
edition. 

To determine the most sensitive test species, the Permittee(s) shall conduct two wet 
weather and two dry weather toxicity tests with a vertebrate, an invertebrate, and a 
plant. After this screening period, subsequent monitoring shall be conducted using the 
most sensitive test species. Alternatively, if a sensitive test species has already been 
determined, or if there is prior knowledge of potential toxicant(s) and a test species is 
sensitive to such toxicant(s), then monitoring shall be conducted using only that test 
species. Sensitive test species determinations shall also consider the most sensitive 
test species used for proximal receiving water monitoring. After the screening period, 
subsequent monitoring shall be conducted using the most sensitive test species. 
Rescreening shall occur in the fourth year of the permit term.In the selection of test 
species, USEPA recommends the use of species from ecologically diverse taxa. The 
recommendation is to screen an effluent with at least three species (a fish, an 
invertebrate, and a plant) for chronic testing and two species (a fish and an invertebrate) 
for acute testing. This recommendation is based upon the fact that there are species 
sensitivity differences among different groups of organisms to different toxicants 
(USEPA, EPA Regions 8, 9, and 10 Toxicity Training Tool, January 2010). 

For freshwater, this Order requires the Permittee(s) to conduct the chronic toxicity test 
in accordance with USEPA’s Short-Term Methods for Estimating the Chronic Toxicity of 
Effluents and Receiving Waters to Freshwater Organisms Fourth Edition, October 2002, 
(EPA/821/R-02/013), or a more recent edition.  

For brackish water, this Order requires the Permittee(s) to conduct the chronic toxicity 
test in accordance with USEPA’s Short-Term Methods for Estimating the Chronic 
Toxicity of Effluent and Receiving Waters to West Coast Marine and Estuarine 
Organisms, First Edition, August 1995, (EPA/600/R-95/136), or Short Term Methods for 
Estimating the Chronic Toxicity of Effluents and Receiving Waters to Marine and 
Estuarine Organisms, Third Edition, October 2002, (EPA/821-R-02-014), or a more 
recent edition.   

This Order proposes the use of 3 organisms for chronic toxicity testing, but for acute 
testing, where the fish species is found to be the most sensitive of the two species 
tested, only fish (2 species) will be used for acute testing in cases where 2 fish species, 
tolerant of different salinities) are required based on the expected salinity of the 
receiving water.  In cases where only one fish species is needed, both the fish and 
invertebrate test will be performed.  In cases where the invertebrate is the most 
sensitive species, both the invertebrate and fish tests will be required.  Rescreening of 
the test species is required to verify the most sensitive test species are being used. 

Furthermore, the toxicity component of the Monitoring Program includes toxicity 
identification procedures so that pollutants that are causing or contributing to acute or 
chronic effects in aquatic life exposed to these waters can be identified and others can 
be discounted.  TIEs are needed to identify the culprit constituents to be used to 
prioritize management actions. Once Where these constituentstoxicants are identified in 
a MS4 discharge, the first phase of a Toxicitythe Order requires a Toxicity  Reduction 
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Plan (TRE) is to conduct a Toxicity Identification Plan (TIE).  TIEs are needed to identify 
the culprit constituents to be used to prioritize management actions. 

In this Order, Permittee(s) are required to prepare and submit a copy of the 
Permittee(s)’s initial investigation TRE workplan to the Executive Officer of the Regional 
Water Board for approval. The Permittee(s) shall use USEPA manuals 
EPA/600/2-88/070 (industrial) or EPA/833B-99/002 (municipal) as guidance.  This 
workplan shall describe the steps the Permittee(s) intends to follow if toxicity is 
detected, and shall include, at a minimum: 

•••• A description of the investigation and evaluation techniques that will be used to 
identify potential causes and sources of toxicity, effluent variability, and MCM 
and/or BMP efficiency. 

•••• A description of the Permittee(s) methods for minimizing the toxicity of storm 
water and non-storm water discharges. 

•••• If a TIE is necessary, an indication of the person who would conduct the TIEs 
(i.e., an in-house expert or an outside contractor). 

TRE development and implementation is directly tied to the integrated monitoring 
programs and watershed management program, to ensure that management actions 
and follow-up monitoring are implemented when problems are identified.  Permittees 
are encouraged to coordinate TREs with concurrent TMDLs where overlap exists.  If a 
TMDL is being developed or implemented for an identified toxic pollutant, much of the 
work necessary to meet the objectives of a TRE may already be underway, and 
information and implementation measures should be shared.    

Overall, the toxicity monitoring program will assess the impact of storm water and non-
storm water discharges on the overall quality of aquatic fauna and flora and implement 
measures to ensure that those impacts are eliminated or reduced.  As stated previously, 
chemical monitoring does not necessarily reveal the totality of impacts of storm water on 
aquatic life and habitat-related beneficial uses of water bodies.  Therefore, toxicity 
requirements are a necessary component of the MS4 monitoring program. 

J. Special Studies 

Requirements to conduct special studies as described in TMDL Implementation Plans 
that were approved by the Executive Officer of the Regional Water Board prior to the 
effective date of this Order are incorporated into this Order by reference. 

K. Annual Reporting 

The Annual Reporting requirement was also required in Order No. 01-182 and provides 
summary information to the Regional Water Board on each Permittee’s participation in 
one or more Watershed Management Programs; the impact of each Permittee(s) storm 
water and non-storm water discharges on the receiving water; each Permittee’s 
compliance with receiving water limitations, numeric water quality based effluent 
limitations, and non-storm water action levels; and the effectiveness of each 
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Permittee(s) control measures in reducing discharges of pollutants from the MS4 to 
receiving waters.  In addition the Annual Report allows the Regional Water Board to 
assess whether the quality of MS4 discharges and the health of receiving waters is 
improving, staying the same, or declining as a result watershed management program 
efforts, and/or TMDL implementation measures, or other Control Measures and whether 
changes in water quality can be attributed to pollutant controls imposed on new 
development, re-development, or retrofit projects.  The Annual Report provides the 
Permittee(s) a forum to discuss the effectiveness of its past and ongoing control 
measure efforts and to convey its plans for future control measures as well as a way to 
present data and conclusions in a transparent manner so as to allow review and 
understanding by the general public.  Overall the Annual Report allows Permittee’s to 
focus reporting efforts on watershed condition, water quality assessment, and an 
evaluation of the effectiveness of control measures. 

L. Watershed Summary Information, Organization and Content 

As a means to establish a baseline and then identify changes or trends, for each 
watershed, each Permittee shall provide the information on its watershed management 
area, subwatershed area, and drainage areas within the subwatershed area in its odd 
year Annual Report (e.g., Year 1, 3, 5).  The requested information should be provided 
for each watershed within the Permittee’s jurisdiction.  Alternatively, permittees 
participating in a Watershed Management Program may provide the requested 
information through the development and submission of a Watershed Management 
Program report or within a TMDL Implementation Plan Annual Report.  However, in 
either case, the Permittee shall bear responsibility for the completeness and accuracy of 
the referenced information.  This reporting requirement helps to ensure that both the 
Permittee and the Regional Water Board have up to date information on the status of 
each of their watersheds and subwatersheds. 

M. Jurisdictional Assessment and Reporting 

The requested information shall be provided for each watershed within the Permittee’s 
jurisdiction.  Annual Reports submitted on behalf of a group of Watershed Permittees 
shall clearly identify all data collected and strategies, control measures, and 
assessments implemented by each Permittee within its jurisdiction as well as those 
implemented by multiple Permittees on a watershed scale.  Permittees must provide 
information on storm water control measures, an effectiveness assessment of storm 
water control measures, information on non-storm water control measures, an 
effectiveness assessment of non-storm water control measures, an integrated 
monitoring compliance report, information on adaptive management strategies, and 
supporting data and information.  The addition of this reporting requirement serves as a 
mechanism to evaluate and ensure the protection of receiving water quality on a 
watershed scale.  If Permittees do not elect to develop a Watershed Management 
Program, all required information shall be provided by the Permittee for its jurisdiction. 
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N. TMDL Reporting 

Reporting requirements included in this Order and Attachment E (MRP) were 
established during the TMDL development process for each individual TMDL.  These 
reporting requirements have incorporated into this Order to implement TMDL 
requirements.   

 
XIV. CALIFORNIA WATER CODE SECTION 13241SOCIOECONOMIC 

CONSIDERATIONS 

California Water Code section 13241 requires the Regional Water Board to consider certain 
factors, including economic considerations, in the adoption of water quality objectives. 
California Water Code section 13263 requires the Board to take into consideration the 
provisions of section 13241 in adopting waste discharge requirements. In City of Burbank v. 
State Water Resources Control Board (2005) 35 Cal.4th 613, the California Supreme Court 
considered whether regional water boards must comply with section 13241 when issuing 
waste discharge requirements under section 13263(a) by taking into account the costs a 
permittee will incur in complying with the permit requirements. The Court concluded that 
whether it is necessary to consider such cost information “depends on whether those 
restrictions meet or exceed the requirements of the federal Clean Water Act.” (Id. at p. 
627.) The California Supreme Court has ruled that although California Water Code section 
13263 requires the Water Boards to consider the factors set forth in California Water Code 
section 13241 when issuing an NPDES permit, the Wregional water Boards boards may 
not consider the factors in section 13241, including economics, to justify imposing pollutant 
restriction that are less stringent than the applicable federal requlations law requires. (Id. at 
pp. 618, 626-627 [“[Water Code s]ection 13377 specifies that [] discharge permits issued by 
California’s regional boards must meet the federal standards set by federal law. In effect, 
section 13377 forbids a regional board's consideration of any economic hardship on the 
part of the permit holder if doing so would result in the dilution of the requirements set by 
Congress in the Clean Water Act…Because section 13263 cannot authorize what federal 
law forbids, it cannot authorize a regional board, when issuing a [] discharge permit, to use 
compliance costs to justify pollutant restrictions that do not comply with federal clean water 
standards”].City of Burbank v. State Water Resources Control Bd. (2005) 35 Cal.4th 613, 
618, 627). However, when the pollutant restrictions in an NPDES permit are more stringent 
than federal law requires, California Water Code section 13263 requires that the Water 
Boards consider the factors described in section 13241 as they apply to those specific 
restrictions.  
 
The Regional Water Board finds that the requirements in this Order are not more stringent 
than the minimum federal requirements. Among other requirements, federal law requires 
MS4 permits to include requirements to effectively prohibit non-storm water discharges into 
the storm sewers, in addition to requiring controls to reduce the discharge of pollutants in 
storm water to the maximum extent practicable and other provisions that the agency 
determines are necessary for the control of pollutants in MS4 discharges. The requirements 
in this Order may be more specific or detailed than those enumerated in federal regulations 
under 40 CFR § 122.26 or in USEPA guidance. However, the requirements have been 
designed to be consistent with and within the federal statutory mandates described in 
Clean Water Act section 402(p)(3)(B)(ii) and (iii) and the related federal regulations and 
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guidance. Consistent with federal law, all of the conditions in this Order could have been 
included in a permit adopted by USEPA in the absence of the in lieu authority of California 
to issue NPDES permits. Moreover, the inclusion of numeric WQBELs in this Order does 
not cause the permit to be more stringent than current federal law. Federal law authorizes 
both narrative and numeric effluent limitations to meet state water quality standards. The 
inclusion of WQBELs as discharge specifications in an NPDES permit in order to achieve 
compliance with water quality standards is not a more stringent requirement than the 
inclusion of BMP based permit limitations to achieve water quality standards. (State Water 
Board Order No. WQ 2006-0012 (Boeing).) Therefore, consideration of the factors set forth 
in section a 13241 analysis is not required for permit requirements that implement the 
effective prohibition on the discharge of non-storm water discharges into the MS4, or for 
controls to reduce the discharge of pollutants in storm water to the maximum extent 
practicable, or other provisions that the Regional Water Board has determined appropriate 
to control such pollutants, as those requirements are mandated by federal law.. 
 
Notwithstanding the above, the Regional Water Board has considered the factors set forth 
in developed an economic analysis of this Order, consistent with California Water Code 
section 13241 in issuing this Order. That analysis is provided below. The Regional Water 
Board has also considered all of the evidence that has been presented to the Board 
regarding the section 13241 factors in adopting this Order. The Regional Water Board finds 
that the requirements in this Order are reasonably necessary to protect beneficial uses 
identified in the Basin Plan, and the econimic economic information related to costs of 
compliance and other section 13241 factors are not sufficient to justify failing to protect 
those beneficial uses. Where appropriate, the Regional Water Board has provided 
Permittees with additional time to implement control measures to achieve final WQBELs 
and/or water quality standards.  
 
A. Past, present and probable future beneficial uses of water.  
 
Chapter 2 of the Basin Plan identifies designated beneficial uses for water bodies in the 
Los Angeles Region, which are the receiving waters for MS4 discharges.  Beneficial uses 
are also identified in the findings of this Order and further discussed relative to TMDLs in 
section VI.D of this Fact Sheet. 
 
B. Environmental characteristics of the hydrographic unit under consideration, 
including the quality of water available thereto.  
 
Environmental characteristics of each of the Watershed Management Areas covered by 
this Order, including the quality of water, are discussed in the Region's Watershed 
Management Initiative Chapter as well as available in State of the Watershed reports and 
the State’s CWA Section 303(d) List of impaired waters.  
 

� Santa Clara River Watershed Management Area 
www.waterboards.ca.gov/losangeles/water_issues/programs/regional_program/wmi/santa_
clara_river_watershed/santa_clara_river_watershed.doc 

� Santa Monica Bay Watershed Management Area 
www.waterboards.ca.gov/losangeles/water_issues/programs/regional_program/wmi/santa_
monica_bayWMA/santa_monica_bayWMA.doc 

Field

Field
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� Dominguez Channel Watershed Management Area 
www.waterboards.ca.gov/losangeles/water_issues/programs/regional_program/wmi/domin
guez_channelWMA/dominguez_channelWMA.doc 

� Los Angeles River Watershed Management Area 
www.waterboards.ca.gov/losangeles/water_issues/programs/regional_program/wmi/los_an
geles_river_watershed/los_angeles_river_watershed.doc 

� San Gabriel River Watershed Management Area 
www.waterboards.ca.gov/losangeles/water_issues/programs/regional_program/wmi/san_g
abriel_river_watershed/san_gabriel_river_watershed.doc 

� Los Cerritos Channel and Alamitos Bay Watershed Management Area 
www.waterboards.ca.gov/losangeles/water_issues/programs/regional_program/wmi/los_ce
rritos_channelWMA/los_cerritos_channelWMA.doc 

� Middle Santa Ana River Watershed Management Area 
http://www.waterboards.ca.gov/santaana/water_issues/programs/wmi/index.shtml  
http://www.sawpa.org/watershedinfo.html  

 
The quality of water in major receiving waters for MS4 discharges has been routinely 
monitored by Permittees through the Monitoring and Reporting Program under Order No. 
01-182.  Below are summaries of water quality exceedances reported for the 2010-2011 
reporting year. 
 

Field

Field

Field

Field
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Summary of Constituents that Did Not Meet Water Quality Objectives at Mass 

Emission Stations during 2010-2011 for One or More Events 
 

Mass Emission/Watershed Wet Dry 

 

Ballona Creek (S01)
2
 

Fecal coliforms3 

pH
4
 

Dissolved zinc 

pH
3
 

 

Malibu Creek (S02) 

Fecal coliforms 

Cyanide  

pH
3
 

Sulfate 

 

Fecal coliforms 

Sulfate 

 

Los Angeles River (S10)
1

 

Fecal coliforms
2

  

pH
3

 

Dissolved zinc 

Cyanide 

 

Fecal coliforms  

pH
3
 

 

Coyote Creek (S13) 

Fecal coliforms
2
 

pH
3
 

Dissolved zinc 

 

Fecal coliforms 

 

San Gabriel River (S14) 

Fecal coliforms
2
 

pH
3
 

 

 

Dominguez Channel (S28)
1
 

 

Fecal coliforms
2
 

Dissolved copper 

Dissolved zinc 

 

Fecal coliforms  

pH
3
 

 

Santa Clara River (S29) 

Fecal coliforms  

pH
3
 

Dissolved zinc 

 

 

                                            
2
 More urbanized watersheds. 

3
 Subject to the fecal coliform water quality objective high-flow suspension (LARWQCB, 2003). 

4
 pH was evaluated outside of holding time. 
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The following table summarizes the results of an analysis based on evaluation of the 15 
sets of dry weather data for the period of 2005 to 2011 for each of the mass emission 
stations.  The most prevalent pollutants of concern among the mass emission stations 
include fecal coliform bacteria, cyanide, mercury, chloride, sulfate, total dissolved solids, 
copper, and selenium.  Reported results for fecal coliform bacteria, cyanide, copper, and 
selenium concentrations consistently exceeded water quality objectives in all watersheds.  
For watersheds where objectives apply for sulfate and total dissolved solids, the receiving 
water concentrations consistently exceeded the objectives.  The incidences where 
exceedances are indicated for mercury are largely due to analytical detection levels that 
were higher than the applicable objective. 
 

Summary of LA County Watersheds and Frequency of Receiving Water Exceeding 
Water Quality Objectives (2005 to 2011 - Dry Season Data Analysis)1 

Parameter 
Santa 
Clara 
River 

Los 
Angeles 

River 

Dominguez 
Channel 

Ballona 
Creek 

Malibu 
Creek 

San Gabriel River 

Upper 
Portion 

Lower 
Portion 

pH 0/15 7/15 5/15 3/15 0/15 1/14 2/15 

Total Coliform 
No FW 

Objective 
No FW 

Objective) 
No FW 

Objective 
No FW 

Objective 
No FW 

Objective 
No FW 

Objective 
No FW 

Objective 

Fecal Coliform 4/15 4/15 10/15 13/15 6/15 11/14 13/15 

Enterococcus 
No FW 

Objective 
No FW 

Objective 
No FW 

Objective 
No FW 

Objective 
No FW 

Objective 
No FW 

Objective 
No FW 

Objective 

Chloride 15/15 15/15 
No 

Objective 
0/15 0/15 14/14 15/15 

Dissolved Oxygen 1/15 0/15 0/15 0/15 0/15 1/14 0/15 

Nitrate-N 0/15 0/15 
No 

Objective 
No 

Objective 
0/15 7/14 

No 
Objective 

Nitrite-N 0/15 3/15 
No 

Objective 
No 

Objective 
0/15 0/15 

No 
Objective 

Methylene Blue 
Active Substances 

4/15 0/15 
No 

Objective 
No 

Objective 
0/15 0/14 

No 
Objective 

Sulfate 15/15 15/15 
No 

Objective 
No 

Objective 
15/15 14/14 15/15 

Total Dissolved 
Solids 

15/15 15/15 
No 

Objective 
No 

Objective 
13/15 14/14 15/15 

Turbidity
2
 0/15 2/15 

No 
Objective 

No 
Objective 

0/15 0/15 0/15 

Cyanide 11/15 14/15 4/15 15/15 3/15 14/14 15/15 

Total Aluminum 1/15 2/15 
No 

Objective 
No 

Objective 
0/15 1/14 

No 
Objective 

Dissolved Copper 0/15 0/15 5/15 0/15 0/15 13/14 0/15 

Total Copper 1/15 6/15 11/15 3/15 0/15 13/14 2/15 

Dissolved Lead 0/15 0/15 0/15 0/15 0/15 1/14 0/15 

Total Lead 0/15 0/15 1/15 1/15 0/15 13/14 0/15 

Total Mercury 1515 14/15 14/15 15/15 15/15 14/14 15/15 

Dissolved Mercury 15/15 15/15 15/15 15/15 15/15 14/14 14/14 

Total Nickel 0/15 0/15 0/15 0/15 0/15 1/14 0/15 

Dissolved 
Selenium 

2/15 2/15 1/15 2/15 6/15 1/15 10/11 

Total Selenium 2/15 2/15 1/15 2/15 6/15 1/15 10/11 

Dissolved Zinc 0/15 0/15 0/15 0/15 0/15 7/10 0/15 

Total Zinc 0/15 0/15 0/1) 0/15 0/15 10/10 0/15 
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1. Frequency of exceedance is denoted as number of exceedances/number of dry weather 
samples evaluated.  For example, “2/15” indicates 2 of the 15 samples had analytical 
results that exceeded the water quality objective for a given parameter. 

2. The Basin Plan water quality objective for turbidity for the protection of MUN is the 
secondary MCL of 5 NTU.  The Basin Plan contains additional turbidity objectives 
expressed as incremental changes over natural conditions.  Since inadequate data 
were available to assess criteria expressed as incremental changes, only the MCL was 
considered in the analysis. 

3. FW means freshwater 
 

C. Water quality conditions that could reasonably be achieved through the coordinated 
control of all factors which affect water quality in the area.     
 
Since 2001, municipalities both locally and nationally have gained considerable experience 
in the management of municipal storm water and non-storm water discharges. The 
technical capacity to monitor storm water and its impacts on water quality has also 
increased.  In many areas, monitoring of the impacts of storm water on water quality has 
become more sophisticated and widespread. Better information on the effectiveness of 
storm water controls to reduce pollutant loadings and address water quality impairments is 
now available. The International Stormwater BMP Database (http://www.bmpdatabase.org/) 
provides extensive information of the performance capabilities of storm water controls.  
Additionally, the County of Los Angeles conducted a BMP effectiveness study as a 
requirement of Order No. 01-182.5  
 
Generally, improvements in the quality of receiving waters impacted by MS4 discharges 
can be achieved by reducing the volume of storm water or non-storm water discharged 
through the MS4 to receiving waters; reducing pollutant loads to storm water and non-storm 
water through source control/pollution prevention, including operational source control such 
as street sweeping, public education, and product or materials elimination or substitution; 
and removing pollutants that have been loaded into storm water or non-storm water before 
they enter receiving waters, through treatment or diversion to a sanitary sewer.  The 
following factors are generally accepted to affect pollutant concentrations in MS4 
discharges6: 
 

• Land use 
• Climatic conditions 
• Season (i.e. for southern California, dry season and winter wet season) 
• Percentage imperviousness (in particular, “effective impervious area” or “EIA”) 
• Rainfall amount and intensity (including seasonal “first-flush” effects) 
• Runoff amount 
• Watershed size 
• Motor vehicle operation 
• Aerial deposition 

 

                                            
5
 County of Los Angeles Department of Public Works. “Los Angeles County BMP Effectiveness Study,” August 2005. 

6
 Maestre, Alexander and Robert Pitt. “Identification of Significant Factors Affecting Stormwater Quality Using the NSQD” (draft 
monograph, 2005). 
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In their 2010-2011 Annual Report, Permittees identified the following storm water and non-
storm water pollutant control measures as particularly effective: 
 

• Street sweeping; 
• Catch basin cleaning; 
• Catch basin inserts 
• Trash bins; 
• End-of-pipe controls such as low-flow diversions; 
• Infiltration controls; 
• Erosion controls; and  
• Public education and outreach, including multi-lingual strategies. 

 
Permittees summarized the most-used BMPs and most popular BMPs (according to the 
number of Permittees using a particular BMP) in their 2010-2011 Annual Report. An 
itemization of all BMPs installed and maintained during the 2010-11 reporting period is 
provided in Appendices B and C of the Permittees’ Annual Report. 
 
Most installed BMPs County-wide During 2010-11 

BMP Type Total Number Installed 
Catch Basin Connector Pipe Full 
Capture (CPS) 

6377 

Fossil Filter Catch Basin Insert 5968 
Automatic Retractable Catch Basin 
Trash Screen (ARS) 

3870 

Clean Screen Catch Basin Insert 3767 
Extra Trash Can 3681 
Covered Trash Bin 3119 
Signage and Stenciling 1884 
Drain Pac Catch Basin Insert 1625 
CulTec Infiltration Systems 1296 
Infiltration Trenches 963 
Infiltration Pit 958 
Abtech Ultra Urban Catch Basin 
Insert 

748 

CDS Gross Pollutant Separator 438 
United Storm Water Catch Basin 
Scree Inserts 

403 

Restaurants Vent Traps 258 
Stormceptor Gross Pollutant 
Separators 

211 

 
Most Used Proprietary and Non-Proprietary BMPs During 2010-11  

Types of Nonproprietary BMPs 
Used By Most Permittees 

Types Proprietary BMPs Used By 
Most Permittees 

BMP Type No. of Cities BMP Type No. of Cities 
Infiltration 
Trenches 

40 Fossil Filter 
Catch Basin 

46 
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Inserts 
Covered Trash 
Bins 

32 CDS Gross 
Pollutant 
Separator 

36 
 

Extra Trash 
Cans 

31 Drain Pac 
Catch Basin 
Insert 

21 

Enhanced 
Street 
Sweeping  

26 Clean Screen 
Catch Basin 
Insert 

21 

Dog Parks 23 Stormceptor 
Gross 
Pollutant 
Separator 

19 

 
Some of the many advances in how to effectively control storm water and pollutants in 
storm water have occurred locally within the Los Angeles Region and include the 
development of cost effective trash full capture devices, storm water diversion, treatment 
and beneficial use facilities such as SMURRF and storm water capture, storage, and reuse 
facilities such as Sun Valley, low impact development/site design practices, and 
innovative/opportunistic culvert inlet multi-media filters. There are many other case studies 
of municipalities that have implemented innovative and effective storm water management 
measures (e.g., Portland, OR). 
 
This Order is designed to reduce pollutant loading to waterbodies within Los Angeles 
County from discharges to and from the Los Angeles County MS4 through the 
implementation of multi-faceted storm water management programs at the municipal and 
watershed levels.  Overall improvements in MS4 discharge quality are expected to occur 
over time with ongoing implementation of the Los Angeles County MS4 Permit. However, 
currently little information on the quality of storm water in the region and the water quality 
that can be achieved with the coordinated control of all MS4 discharges through full 
implementation of all storm water management measures by individual municipalities and 
collectively by all Permittees within a watershed is available. ThisOrder, however, is 
designed to effectively focus and broaden monitoring requirements with the addition of 
outfall monitoring and monitoring associated with the 33 TMDLs being incorporated, so 
pollutant loading from the MS4 can be better quantified and improvements in water quality 
resulting from implementation of storm water management measures can be tracked. 
 
D. Economic considerations.  
 
The Regional Water Board recognizes that Permittees will incur costs in implementing this 
Order above and beyond the costs from the Permittees’ prior permit. Such costs will be 
incurred in complying with the post-construction, hydromodification, Low Impact 
Development, TMDL, and monitoring and reporting requirements of this Order. The 
Regional Water Board also recognizes that, due to California’s current economic condition, 
many Permittees currently have limited staff and resources to implement actions to address 
its MS4 discharges. Based on the economic considerations below, the Board has provided 
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permittees a significant amount of flexibility to choose how to implement the permit. This 
Order allows Permittees the flexibility to address critical water quality priorities, namely 
discharges to waters subject to TMDLs, but aims to do so in a focused and cost-effective 
manner while maintaining the level of water quality protection mandated by the Clean 
Water Act and other applicable requirements.  For example, the inclusion of a watershed 
management program option allows Permittees to submit a plan, either individually or in 
collaboration with other Permittees, for Regional Water Board Executive Officer approval 
that would allow for actions to be prioritized based on specific watershed needs. The Order 
also allows Permittees to customize monitoring requirements, which they may do 
individually, or in collaboration with other Permittees. In the end, it is up to the permittees to 
determine the effective BMPs and measures needed to comply with this Order. Permittees 
can choose to implement the least expensive measures that are effective in meeting the 
requirements of this Order. This Order also does not require permittees to fully implement 
all requirements within a single permit term. Where appropriate, the Board has provided 
permittees with additional time outside of the permit term to implement control measures to 
achieve final WQBELs and/or water quality standards. Lastly, this Order includes several 
reopener provisions whereby the Board can modify this Order based on new information 
gleaned during the term of this Order.  
 
Before discussing the economics associated with regulating MS4 discharges, it should be 
noted that there are instances outside of this Order where the Board previously considered 
economics. First, when the Board adopted the water quality objectives that serve as the 
basis for several requirements in this Order, it took economic considerations into account. 
(See In re Los Angeles County Municipal Storm Water Permit Litigation (Sup. Ct. Los 
Angeles County, March 24, 2005, Case No. BS 080548), Statement of Decision from 
Phase II Trial on Petitions for Writ of Mandate, p. 21.) Second, The the cost of complying 
with TMDL wasteload allocations has been previously considered during the adoption of 
each TMDL. The costs of complying with the water quality based effluent limitations and 
receiving water limitations derived from the 33 TMDLs, which are incorporated into this 
Order, are not additive.  For example, the costs estimated for compliance with a TMDL for 
one pollutant in a watershed, such as metals, can be applied to the costs to achieve 
compliance with a TMDL for another pollutant in the same watershed, such as pesticides, 
because the same implementation strategies can be used for both pollutants. Several MS4 
permittees have recognized this opportunity in the multi-pollutant TMDL implementation 
plans they have submitted (e.g. Ballona Creek Metals/Bacteria TMDLs and Machado Lake 
Pesticides/Nutrients TMDLs).  In other words, the estimated cost of complying with the 
Ballona Creek Metals TMDL can apply to metals, pesticides, PCBs, and bacteria.  The 
costs for complying with trash TMDLs are based on different implementation strategies 
(e.g., full capture devices), but those strategies are effective at removing metals and toxic 
pollutants as well.  Thus, the costs estimated for each TMDL should not be added to 
determine the cost of compliance with all TMDLs.  The staff reports for the various TMDLs 
include this disclaimer, and also discuss the cost efficiencies that can be achieved by 
treating multiple pollutants. Further, the Board’s considerations of economics in developing 
each TMDL have often resulted in lengthy implementation schedules to achieve water 
quality standards. Where appropriate, these implementation schedules have been used to 
justify compliance schedules in this Order. 
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Economic Considerations of Regulating MS4 Discharges 
 
It is very difficult to determine the true cost of implementing storm water and urban runoff 
management programs because of highly variable factors and unknown level of 
implementation among different municipalities and inconsistencies in reporting by 
Permittees. In addition, it is difficult to isolate program costs attributable to permit 
compliance. Reported costs of compliance for the same program element can vary widely 
from Permittee to Permittee, often by a very wide margin that is not easily explained. 
Despite these problems, efforts have been made to identify storm water and urban runoff 
management program costs, which can be helpful in understanding the costs of program 
implementation.  
 
Economic considerations of implementing this Order were examined by primarily utilizing 
the data that are self-reported by the Permittees in their annual reports and a State Water 
Board funded study, which examined the costs of municipal MS4 programs statewide.7  
The economic impact to public agencies was tabulated based on the reported costs of 
implementing the six minimum control measures (Public Information and Participation, 
Industrial/Commercial Facilities Control, Development Planning, Development 
Construction, Public Agency Activities, and Illicit Connections and Illicit Discharges 
Elimination) required by 40 CFR section 122.26(d)(2)(iv) as well as costs associated with 
program management, monitoring programs, and a category described as other. As noted 
above, Permittees report wide variability in the cost of compliance, which is not easily 
explained. Based on reported values, the average annual cost to the Permittees in 2010-11 
was $4,090,876 with a median cost of $687,633. This translated to an average annual cost 
per household8 of $120.04 with a median cost of $57.31 per household.   
 
It is important to note that reported program costs are not all solely attributable to 
compliance with requirements of the LA County MS4 Permit. Many program components, 
and their associated costs, existed before the first LA County MS4 Permit was issued in 
1990. For example, storm drain maintenance, street sweeping and trash/litter collection 
costs are not solely or even principally attributable to MS4 permit compliance, since these 
practices have long been implemented by municipalities. Therefore, the true program cost 
related to complying with MS4 permit requirements is some fraction of the total reported 
costs. For example, after adjusting the total reported costs by subtracting out the costs for 
street sweeping and trash collection, the average annual cost to the Permittees was 
$2,397,315 with a median cost of $290,000.  This translates to an average annual cost per 
household of $42.57 (or $3.55 per month) with a median annual cost of $17.89 per 
household.    
 
These results are consistent with the State Water Board funded study (“State Water Board 
Study”) that surveyed the costs to develop, implement, maintain and monitor municipal 

                                            
7
 Data from NPDES Stormwater Cost Survey, prepared by the Office of Water Programs, California State University, 
Sacramento (January 2005) and the Los Angeles County Municipal Storm Water Permit (Order No. 01-182), Unified Annual 
Stormwater Report, 2010 – 2011, http://ladpw.org/wmd/npdesrsa/annualreport/ 

8
 Data from the U.S. Census Bureau, 2010, http://quickfacts.census.gov. 
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separate storm sewer system management and control programs in 2004.9  The objectives 
of the study were to: 1) document stormwater program costs and 2) assess alternative 
approaches to MS4 quality control. The six cities selected for the study were judged by 
State Water Board staff as having good MS4 management programs, adequate accounting 
systems, and represented a variety of geographic locations, hydrologic areas, populations 
and incomes. The cities selected were Corona, Encinitas, Fremont, Fresno-Clovis 
Metropolitan Area, Sacramento and Santa Clarita.  The results found that the annual total 
cost per household ranged from $18 to $46. The average cost was found to be $35 and the 
median, $36. The true mean, which is derived by dividing the total sample costs by the total 
sample number of households, is $29 in 2002 dollars.  This study was further examined 
and applied to the Ventura County MS4 Permit in “Economic Considerations of the 
Proposed (February 25, 2008) State of California Regional Water Quality Control Board 
Los Angeles Region, Order 08-xxx, NPDES Permit No. CAS004002, Waste Discharge 
Requirements for Stormwater (Wet Weather) and Non-Stormwater (Dry Weather) 
Discharges from the Municipal Separate Storm Sewer Systems within the Ventura County 
Watershed Protection District, County of Ventura and the Incorporated Cities Therein,” and 
found that when adjusted for inflation, the total annual cost to the MS4 Permittees ranged 
from $7.15 to $10.9 million, depending on the averaging method applied. This translated to 
an annual cost per household that ranged from $27.60 to $42.00 in 2008 dollars. 
 
The State Water Board Study noted inherent limitations in the cost data quality.  The most 
significant data quality limitation cited is that the costs provided by the municipalities were 
not sufficiently detailed or referenced to provide opportunity for independent review of the 
accuracy and completeness of the cost data.  Similarly, the costs presented in the Los 
Angeles County Unified Annual Report (“Unified Annual Report”) are not presented with 
supporting data or references so that they can be independently reviewed.  Some of the 
limitations of the reported cost data are illustrated by a comparison of monitoring costs in 
different sections of the Unified Annual Report.  In the monitoring costs section, the total 
costs for monitoring, including sample collection, analytical results, and sampling station 
maintenance was $713,409 for 2010-2011.  In contrast, the same report showed the 
monitoring costs of $9,008,460 in the Unified Cost Table.  Absent further explanation in the 
Unified Annual Report, this suggests that the reported costs may not be reliable.  
 
The State Water Board Study also found that certain stormwater implementation costs 
included activities that provide separate and additional municipal benefits such as street 
sweeping and storm drain and channel cleaning.  The State Water Board Study indicated 
that the inclusion of these costs as stormwater implementation costs is not uniform across 
different municipalities.  In order to assess the variability of costs reported by different 
municipalities under the same permit and determine if Los Angeles County MS4 Permittees 
are reporting costs for activities that provide municipal benefits beyond storm water 
management and permit compliance, Regional Water Board staff reviewed costs reported 
by Los Angeles County MS4 Permittees in the Unified Annual Report.  The reported storm 
water costs range from $11.45 to $928.10 per household per year.  The average reported 
cost was $120.04 per household per year and the median cost was $57.31 per household 

                                            
9
 Currier, Brian K., Joseph M. Jones, Glenn L. Moeller. “NPDES Stormwater Cost Survey, Final Report”, Prepared for 
California State Water Resources Control Board, California State University Sacramento, Office of Water Programs,  
January, 2005. 
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per year.  The wide spread of annual costs and the significant difference between the mean 
and median costs indicate that the LA County MS4 Permittees are not reporting costs in a 
uniform manner.   
 
Board Staff staff also reviewed available cost data in the Unified Annual Report for 
Permittees that provided separate costs regarding street sweeping and trash collection.  
Staff adjusted the total costs so that the costs for these multi-benefit municipal programs 
were not included in the storm water cost and found that the adjusted storm water costs 
were greatly reduced by excluding these activities.  These adjusted costs ranged from 
$0.00 per household per year to $903.10 per household per year.  The mean adjusted rate 
is $42.57 per household per year and the median adjusted rate is $17.89 per household 
per year.   Clearly, a significant portion (greater than 50%) of the costs attributed to storm 
water compliance activities also provide additional municipal benefits.  (In the case of the 
Los Angeles County MS4 Permittees, some municipalities reported costs for trash 
collection; these costs were not reported by municipalities in the State Water Board Study.) 
 
Finally, Board staff reviewed the cost breakdowns reported in the State Water Board Study 
and the Unified Annual Report for Los Angeles County MS4 Permittees.  The following 
table summarizes the results: 
 

 
Cost Category 

 
State Water Board 
Study 

Los Angeles County  
(2010-2011) 

Watershed Management 6% 5% 
Construction 11% 1% 
Illicit Discharge 4% 2% 
Industrial and Commercial 8% 1% 
Overall Management 37% 5% 
Pollution Prevention 2% 2% 
Post Construction 3%  
Public Education 13% 2% 
Monitoring 16% 3% 
BMP Maintenance Not Reported  2% 
Development Not Reported 1% 
Other Not reported 76% 

 
The reported costs show differences between the MS4 Permittees surveyed in the State 
Water Board Study and the Los Angeles County MS4 Permittee costs in the following 
categories:  construction, industrial and commercial activities, public education and 
monitoring.  These categories all show greater proportional statewide cost allocations 
relative to the cost allocations by the Los Angeles County MS4 Permittees.  The Los 
Angeles County MS4 Permittees report a cost category of BMP maintenance, which is not 
defined in the State Water Board Study.  The management costs in the State Water Board 
Study were greater than the management costs reported by the Los Angeles County MS4 
Permittees, but the Los Angeles County MS4 Permittees also reported a category of 
“Other” that accounted for a large proportion of costs, which is not defined in the Unified 
Annual Report. 
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The State Water Board Study found that cost information is crucial in making management 
decisions regarding storm water requirements. The report also recommends that annual 
reports required under MS4 permits throughout the State follow a standard format for cost 
reporting and that costs for all MS4 program activities (per program area) should be 
identified as existing, enhanced or new according to the extent that the activity was 
required under the previous permit, is enhanced by the permit, or is exclusively a result of 
compliance efforts with new provisions of the MS4 permit.  
 
Further, there is an element of cost consideration inherent in the maximum extent 
practicable (MEP) standard. While the term “maximum extent practicable” is not specifically 
defined in the Clean Water Act or its implementing regulations, USEPA, courts, and the 
State Water Board have addressed what constitutes MEP. MEP is not a one-size fits all 
approach. Rather, MEP is an evolving, flexible, and advancing concept, which considers 
practicability. This includes technical and economic practicability. Compliance with the MEP 
standard involves applying BMPs that are effective in reducing or eliminating the discharge 
of pollutants in storm water to receiving waters. BMP development is a dynamic process, 
and the menu of BMPs may require changes over time as experience is gained and/or the 
state of the science and art progresses. MEP is the cumulative effect of implementing, 
evaluating, and making corresponding changes to a variety of technically appropriate and 
economically practicable BMPs, ensuring that the most appropriate controls are 
implemented in the most effective manner. The State Water Board has held that “MEP 
requires permittees to choose effective BMPs, and to reject applicable BMPs only where 
other effective BMPs will serve the same purpose, the BMPs would not be technically 
feasible, or the costs would be prohibitive.” (State Water Board Order WQ 2000-11.) 
 
In addition to considering the costs of storm water management, it is important to consider 
the benefits of storm water and urban runoff management programs. A recent study 
conducted by USC/UCLA assessed the costs and benefits of implementing various 
approaches for achieving compliance with the MS4 permits in the Los Angeles Region. The 
study found that non-structural systems would cost $2.8 billion but provide $5.6 billion in 
benefit. If structural systems were determined to be needed, the study found that total costs 
would be $5.7 to $7.4 billion, while benefits could reach $18 billion.10 Costs are anticipated 
to be borne over many years. As can be seen, the benefits of the programs are expected to 
considerably exceed their costs. Such findings are corroborated by USEPA, which found 
that the benefits of implementation of its Phase II storm water rule would also outweigh the 
costs.11 
 
Economic considerations of Not Regulating MS4 Discharges.   
 
Economic discussions of storm water and urban runoff management programs tend to 
focus on costs incurred by municipalities in developing and implementing the programs. 
This is appropriate, and these costs are significant and a major issue for the Permittees. 
However, in adopting Order WQ 2000-11, the State Water Board further found that in 
considering the cost of compliance, it is also important to consider the costs of impairment; 

                                            
10

 LARWQCB, 2004. Alternative Approaches to Stormwater Control. 
11

 Federal Register / Vol. 64, No. 235 / Wednesday, December 8, 1999 / Rules and Regulations. P. 68791. 
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that is, the negative impact of pollution on the economy and the positive impact of improved 
water quality. For example, economic benefits may result through program implementation, 
and alternative costs (as well as environmental impacts) may be incurred by not fully 
implementing the program. So, while it is appropriate and necessary to consider the cost of 
compliance, it is also important to consider the alternative costs incurred by not fully 
implementing the programs, as well as the benefits which result from program 
implementation. 
 
The benefits of implementation of the Los Angeles County MS4 Permit include 
improvements in water quality, enhancement of beneficial uses, and increased 
employment, income and satisfaction from environmental amenities. Most of the benefits of 
this permit can be identified and, in some cases, quantified in monetary terms. Others 
cannot be expressed in dollar terms and can only be described. For example, household 
willingness to pay for improvements in fresh water quality for fishing and boating has been 
estimated by USEPA12 to be $158-210.62.  This estimate can be considered conservative, 
since it does not include important considerations such as marine waters benefits, wildlife 
benefits, or flood control benefits. The California State University, Sacramento study 
corroborates USEPA’s estimates, reporting annual household willingness to pay for 
statewide clean water to be $180.63.13  When viewed in comparison to household costs of 
existing urban runoff management programs, these household willingness to pay estimates 
exhibit that per household costs incurred by Permittees to implement their urban runoff 
management programs remain reasonable. 
 
Not regulating discharges from the Los Angeles County MS4 will result in greater pollution 
of rivers, streams, lakes, reservoirs, bays, harbors, estuaries, groundwater, coastal 
shorelines and wetlands.  Urban runoff in southern California has been found to cause 
illness in people bathing near storm drains.14  A study of south Huntington Beach and north 
Newport Beach found that an illness rate of about 0.8% among bathers at those beaches 
resulted in about $3 million annually in health-related expenses.15 In addition, poor beach 
water quality negatively affects tourism, which in turn reduces revenues to local 
businesses. 
 
Funding Sources.  
 
Public agencies (both federal and state) recognize the importance of storm water 
improvement projects and have provided significant sources of funding through grants, 
bonds, and fee collections to help offset the costs of storm water management in Los 
Angeles County.  The table below summarizes the funds that have been allocated to storm 
water management in Los Angeles County, to date. 
 

Source of Money Dollars % of total costs funded by 
State (only for those 

                                            
12

 Federal Register / Vol. 64, No. 235 / Wednesday, December 8, 1999 / Rules and Regulations. P. 68793. 
13

 State Water Board, 2005. NPDES Stormwater Cost Survey. P. iv. 
14

 Haile, R.W., et al, 1996. An Epidemiological Study of Possible Adverse Health Effects of Swimming in Santa Monica Bay. 
Santa Monica Bay Restoration Project. 

15
 Los Angeles Times, May 2, 2005. Here’s What Ocean Germs Cost You: A UC Irvine Study Tallies the Cost of Treatment 
and Lost Wages for Beachgoers Who Get Sick. 
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projects which included 
State funding) 

Only State Board-awarded 
funding (Propositions 12, 13, 40, 
50, and 84; and federal money, 
319h, 205j, ARRA) 

$49,143,132 47% 
 

Only State money from any 
State agency (propositions only, 
no federal); includes State 
Board, DWR, Coastal 
Conservancy, Fish & Game 

$67,461,699 58% 

Total costs (approx.) for projects 
involving State money 

$114,703,731 N/A 

Prop A $4,981,772 N/A 
Prop O $508,678,258 N/A 
Measure V $9,107,959 N/A 
Total Public Funds (federal, 
State, local bonds and 
measures) expended on 
stormwater control projects 

$645,389,932 N/A (information not 
available for projects 
funded by local bonds and 
measures) 

 
In addition to current funding options, future funding options continue to be created.  
Assembly Bill 2554, known as the Los Angeles County Flood Control District’s Water 
Quality Funding Initiative, is currently awaiting under consideration by the LACFCD’s Board 
of Supervisors.  If the Board of Supervisors approve the fee proposal and no majority 
protest is received, then it will be submitted for voter approval and cwould create an 
estimated annual revenue of $300 million earmarked to be utilized for various storm water 
projects including but not limited to: 

• New and Existing Water Quality Projects and Programs 
• Maintenance of Existing Facilities 
• TMDL and MS4 Permit Implementation 

 
Of the estimated annual revenue, of $300M, 40%forty percent of the money would be 
returned to the municipalities to create new local projects and programs and maintenance.  
Below are the estimated revenues that would be allocated to certain municipalities based 
on the estimated annual revenue of $300 million. 
 

Municipalities Estimated Annual Revenue 
City of Los Angeles $37 million 
City of Santa Monica $1 million 
El Segundo $600,000 
Manhattan Beach $300,000 
Redondo Beach $750,000 
Unincorporated Areas on Los 
Angeles County 

$15 million 
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Fifty percent of the $300M annual revenue would be spread across nine watershed 
authority groups (WAGs) to develop Water Quality Improvement Plans and implement 
regional projects and programs.  Some examples of the possible annual revenues available 
to the WAGs are provided below: 
 

WAG Estimated Revenue 
Santa Monica Bay $12 million 
Upper Los Angeles River $36 million 
Lower Los Angeles River $15 million 
Upper San Gabriel River $17 million 

 
The remaining 10%ten percent of the annual revenues is would be allocated to the Los 
Angeles County Flood Control District for administration of the program and other district 
water quality projects and programs. 
 
E. Need for developing housing within the region.   
 
For over 100 years, this region has relied on imported water to meet many of our water 
resource needs.  Imported water makes up approximately 70 to 75% of the Southern 
California region’s water supply, with local groundwater, local surface water, and reclaimed 
water making up the remaining 25 to 30%.16  The area encompassed by this Order imports 
approximately 50% of its water supply. The Los Angeles County MS4 permit helps address 
the need for housing by controlling pollutants in MS4 discharges, which will improve the 
quality of water available for recycling and re-use. This in turn may reduce the demand for 
imported water thereby increasing the region’s capacity to support continued housing 
development.   
 
A reliable water supply for future housing development is required by law, and with less 
imported water available to guarantee this reliability, an increase in local supply is 
necessary.   
 
In this Order, the Regional Water Board supports integrated water resources approaches.  
An integrated water resources approach manages water resources by integrating 
wastewater, stormwater, recycled water, and potable water planning through the capture 
and beneficial use of stormwater.  An integrated approach can preserve local groundwater 
resources and reduce imported water needs.  Thus, complying with this Order can 
positively affect the need for developing housing in the region. Furthermore, the low impact 
development (LID) requirements of this MS4 permit emphasize the necessity to balance 
growth with the protection of water quality.  LID emphasizes cost effective, lot-level 
strategies that replicate the natural hydrology of the site and reduces the negative impacts 
of development.  By avoiding the installation of more costly conventional storm water 
management strategies and harnessing runoff at the source, LID practices enhance the 
environment while providing cost savings to both developers and local governments. 
 
F. Need to develop and use recycled water. 

                                            
16

 Southern California Association of Governments. The State of the Region 2007 Measuring Regional Progress (Housing, 
Environment). December 6, 2007. http://www.scag.ca.gov/publications/index.htm. 
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Storm water runoff that travels across the urban landscape quickly becomes contaminated 
with the wastes inherent from urban living. This polluted water is then discharged to the 
surface waters and eventually the ocean where it wreaks havoc on the natural coastal 
ecosystem and impacts human health. If the storm water is captured and treated (or 
captured prior to contamination) a new resource could be added to local water supplies.  If 
this water is more effectively harnessed and recycled, numerous benefits could be 
achieved. These include: 
 
• Regional reduction on imported water; 
• Aid in the restoration of area aquifers; 
• Reduction in the need for extensive public works projects; and 
• Improvement in the quality of impaired water bodies. 
 
The exact volume of storm water available for capture is dependent on the intensity and 
duration of storm events. Looking at land uses across the region and applying land use-
specific runoff coefficients, the annual average runoff in the  Los Angeles subarea is 
450,000 acre-feet/year (with an average annual rainfall of 15.5 inches).  The Los Angeles 
and San Gabriel Rivers Watershed Council estimates that, on average, about 550,000 
acre-feet/year of runoff are discharged from Los Angeles area to the ocean.17   
 
It is not possible to capture all MS4 discharges; however, a significant portion could be put 
to beneficial use.  Potentially, in Los Angeles, “[i]f we could capture 80% of the rainfall that 
falls on just a quarter of the urban area-15% of the total watershed-we would be reducing 
total runoff by approximately 30%. That translates into a diversion of 43 billion gallons of 
water per year (132,000 acre-feet) or enough to supply 800,000 people for a year.”18 That 
water capture would render a savings of almost sixty million dollars of imported State Water 
Project water. Capturing storm water from a larger portion of the watershed could increase 
the volume of this “new” water even further. Unlike traditional recycled water that requires 
the installation of dual plumbing and intensive infrastructure, much of the storm water 
capture could be done with minimal infrastructure retrofits in established communities.  
 
Larger projects (and the corresponding savings) are also possible.  The County of Los 
Angeles recharges storm water already. While the scale of these recharge activities is 
limited compared to the volume of water potentially available to recharge, the value of the 
process is significant. For example, in 2000 “County conservation efforts captured 220,000 
acre-feet of local storm water runoff that was valued at $80 million dollars.”19 
 
The unknown effects of infiltrating stormwater to recharge ground water have created some 
concern that such activities could introduce pollutants to the water supply.  However, the 
U.S. Bureau of Reclamation has found20: 
  

                                            
17

 http://www.lasgrwc.org/WAS/WASflyer_web.pdf 
18

 Los Angeles and San Gabriel River Watershed Council. 1999. Stormwater: asset not liability. 
19

 Los Angeles County Department of Regional Planning. 2008. 2008 Draft General Plan- 
Planning Tomorrow’s Great Places. 
20

 Los Angeles and San Gabriel River Watershed Council. 2010. Water Augmentation Study: Research, Strategy, and 
Implementation Report. 
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“Based on the findings of the WAS research, decentralized stormwater management would 
provide a local and reliable supply of water that would not negatively impact groundwater 
quality. A decentralized approach could contribute up to 384,000 acre-feet of additional 
groundwater recharge annually if the first ¾” of each storm is infiltrated on all parcels, 
enough to provide water annually to approximately 1.5 million people. The value of this new 
water supply would be approximately $311 million, using the MWD Tier 2 rate for 2010.” 
 
Recent studies in the Los Angeles area have also shown that in the process of infiltration 
through the soil, many contaminants are removed with no immediate impacts, and no 
apparent trends to indicate that storm water infiltration will negatively impact 
groundwater.21. In areas with groundwater contamination issues, utilizing recycled storm 
water to recharge the aquifers may actually aid in the dilution of the buildup of salts.  The 
value of this is hard to quantify but is an additional benefit.  The use of recycled water can 
be accomplished in direct (such as irrigation projects or dual plumbing fixtures) or indirect 
(such as infiltration) ways. Both direct and indirect methods can be completed on a variety 
of different scales. To maximize the benefits available from using recycled water, the direct 
and indirect projects will need to be completed on household, neighborhood, watershed 
and regional scales. Currently there are a limited (but growing) number of projects in the 
region that can serve as examples of what may be accomplished through the development 
and implementation of recycled water projects.  The Los Angeles County MS4 permit 
addresses the need for recycled water by controlling pollutants in storm water, which will 
result in water of improved quality with a greater potential for recycling or beneficial use.  
State law and policy advocates greatly expanding the use of recycled water to help meet 
local demand and reduce the volumes of water that are imported from other regions. 
Increased utilization of recycled water will require looking beyond the traditional reclaimed 
wastewater and will require utilizing storm water that is wasted by conveyance in the MS4 
and dumping into the ocean. Storm water capture and use has not traditionally been 
included in the discussion of water recycling, but the process meets the definitional 
constraints and is bound by the same limitations and boundaries.   
 
In addition, there are a number of Total Maximum Daily Loads (TMDLs) developed by the 
Regional Water Board that incorporate recycled water programs as potential 
implementation actions to meet TMDL requirements. These potential actions focus on both 
traditional water recycling and the newer storm water recycling approaches.  Such recycled 
water programs could also reduce reliance on potable water supplies by expanding water 
recycling and aiding in the reclamation of poor quality, unconfined groundwater supplies. 
The capture, treatment and use of stormwater could augment these techniques as well. 
On-site capture of storm water helps prevent the water from being contaminated by urban 
by-products to begin with and the use of this high quality resource could reduce the 
unnecessary use of potable water for non-potable needs. 
 
Some great examples of onsite capture are being demonstrated by TreePeople22 who have 
demonstration projects ranging from small scale rainwater harvesting at the single family 
home locations, to large scale watershed projects at Tuxedo Green in Sun Valley where the 

                                            
21

 Los Angeles and San Gabriel River Watershed Council. 2005. Los Angeles Basin Water Augmentation Study Phase II Final 
Report. 

22
 www.treepeople.org  
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project redesigned the intersection with a flood control system that conveys most 
stormwater under, instead of into, the busy intersection. The water is stored in a 45,000-
gallon cistern to be used for irrigating the landscaping at the new pocket park, which is 
planted with native and drought-tolerant species. 
 
Another state of the art project was implemented by the City of Santa Monica called the 
Santa Monica Urban Runoff Recycling Facility (SMURFF).23  The project harnesses the 
urban runoff (primarily during the dry season) and treats it for various pollutants to create a 
source of high quality water for reuse in landscape irrigation.  Because the facility captures 
the dry weather runoff before it reaches the Santa Monica Bay it decreases a significant 
amount of pollutants from negatively impacting the Bay and associated beaches.  The 
SMURFF is also open to the public and has several exhibits to raise public awareness of 
Santa Monica Bay pollution and the role of each individual in the watershed’s health. 
 
The County of Los Angeles Department of Public Works, Watershed Management Division 
has targeted the Sun Valley Watershed “…to solve the local flooding problem while 
retaining all storm water runoff from the watershed, increasing water conservation, 
recreational opportunities, wildlife habitat, and reducing stormwater pollution.”24  This 
aggressive plan involves several stakeholders and has implemented a variety of on-site 
BMPs as well as storm water infiltration retrofits and diversions. 
 

XV. UNFUNDED STATE MANDATES 

Article XIII B, Section 6(a) of the California Constitution provides that whenever “any state 
agency mandates a new program or higher level of service on any local government, the 
state shall provide a subvention of funds to reimburse that local government for the costs of 
the program or increased level of service.” The requirements of this Order do not constitute 
state mandates that are subject to a subvention of funds for several reasons, including, but 
not limited to, the following.   

First, the requirements of this Order do not constitute a new program or a higher level of 
service as compared to the requirements contained in the previous permit, Order No. 01-
182 (as amended). The overarching requirement to impose controls to reduce the 
pollutants in discharges from MS4s is dictated by the Clean Water Act and is not new to 
this permit cycle. (33 U.S.C. §1342(p)(3)(B).) The inclusion of new and advanced measures 
as the MS4 programs evolve and mature over time is anticipated under the Clean Water 
Act (55 Fed. Reg. 47990, 48052 (Nov. 16, 1990)), and these new and advanced measures 
do not constitute a new program or higher level of service.  

Second, and more broadly, mandates imposed by federal law, rather than by a state 
agency, are exempt from the requirement that the local agency's expenditures be 
reimbursed. (Cal. Const., art. XIII B, §9, subd. (b).) This Order implements federally 
mandated requirements under the Clean Water Act and its requirements are therefore not 
subject to subvention of funds. This includes federal requirements to effectively prohibit 

                                            
23

http://c0133251.cdn.cloudfiles.rackspacecloud.com/Case%20Study%20-
%20Santa%20Monica%20Urban%20Runoff%20Recycling%20Facility%20SMURFF.pdf 

24
 http://www.sunvalleywatershed.org/watershed_management_plan/wmp-0ES.pdf  
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non-storm water discharges, to reduce the discharge of pollutants to the maximum extent 
practicable, and to include such other provisions as the Administrator or the State 
determines appropriate for the control of such pollutants. (30 U.S.C. §1342(p)(3)(B).) 
Federal cases have held these provisions require the development of permits and permit 
provisions on a case-by-case basis to satisfy federal requirements.  (Natural Resources 
Defense Council, Inc. v. U.S. E.P.A. (9th Cir. 1992) 966 F.2d 1292, 1308, fn. 17.) The 
authority exercised under this Order is not reserved state authority under the Clean Water 
Act’s savings clause (cf. Burbank v. State Water Resources Control Bd. (2005) 35 Cal.4th 
613, 627-628 [relying on 33 U.S.C. § 1370, which allows a state to develop requirements 
which are not “less stringent” than federal requirements]), but instead is part of a federal 
mandate to develop pollutant reduction requirements for municipal separate storm sewer 
systems.  To this extent, it is entirely federal authority that forms the legal basis to establish 
the permit provisions.  (See, City of Rancho Cucamonga v. Regional Water Quality Control 
Bd.-Santa Ana Region (2006) 135 Cal.App.4th 1377, 1389; Building Industry Ass’n of San 
Diego County v. State Water Resources Control Bd. (2004) 124 Cal.App.4th 866, 882-883.) 

The maximum extent practicable standard is a flexible standard that balances a number of 
considerations, including technical feasibility, cost, public acceptance, regulatory 
compliance, and effectiveness. (Building Ind. Asso., supra, 124 Cal. App.4th at pp. 873, 
874, 889.) Such considerations change over time with advances in technology and with 
experience gained in storm water management. (55 Fed. Reg. 47990, 48052 (Nov. 16, 
1990).) Accordingly, a determination of whether the conditions contained in this Order 
exceed the requirements of federal law cannot be based on a point by point comparison of 
the permit conditions and the six minimum control measures that are required “at a 
minimum” to reduce pollutants to the maximum extent practicable and to protect water 
quality (40 CFR § 122.34). Rather, the appropriate focus is whether the permit conditions, 
as a whole, exceed the maximum extent practicable standard. In recent months, the 
County of Los Angeles and County of Sacramento Superior Courts have granted writs 
setting aside decisions of the Commission on State Mandates that held that certain 
requirements in Phase I permits constituted unfunded mandates. In both cases, the courts 
found that the correct analysis in determining whether a MS4 permit constituted a state 
mandate was to evaluate whether the permit as a whole -- and not a specific permit 
provision -- exceeds the maximum extent practicable standard. (State of Cal. v. Comm. 
oOn State Mandates (Super. Ct. Sacramento County, 2012, No. 34-2010-80000604), State 
of Cal. v. County of Los Angeles (Super. Ct. Los Angeles County, 2011, No. BS130730.)  

The requirements of the Order, taken as a whole rather than individually, are necessary to 
reduce the discharge of pollutants to the maximum extent practicable and to protect water 
quality. The Regional Water Board finds that the requirements of the Order are practicable, 
do not exceed federal law, and thus do not constitute an unfunded mandate. These findings 
are the expert conclusions of the principal state agency charged with implementing the 
NPDES program in California. (Cal. Wat. Code, §§ 13001, 13370.)  

It should also be noted that the provisions in this Order to effectively prohibit non-storm 
water discharges are also mandated by the Clean Water Act. (33 U.S.C. § 
1342(p)(3)(B)(ii).) Likewise, the provisions of this Order to implement total maximum daily 
loads (TMDLs) are federal mandates.  The Clean Water Act requires TMDLs to be 
developed for water bodies that do not meet federal water quality standards. (33 U.S.C. § 
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1313(d).)  Once the USEPA or a state establishes or adopts a TMDL, federal law requires 
that permits must contain effluent limitations consistent with the assumptions and 
requirements of any applicable waste load allocation in a TMDL. (40 CFR § 
122.44(d)(1)(vii)(B).) 

Third, the local agency Permittees’ obligations under this Order are similar to, and in many 
respects less stringent than, the obligations of non-governmental dischargers who are 
issued NPDES permits for storm water discharges.  With a few inapplicable exceptions, the 
Clean Water Act regulates the discharge of pollutants from point sources (33 U.S.C. 
§ 1342) and the Porter-Cologne Water Quality Control Act (Porter-Cologne Act) regulates 
the discharge of waste (Cal. Wat. Code, § 13263), both without regard to the source of the 
pollutant or waste.  As a result, the “costs incurred by local agencies” to protect water 
quality reflect an overarching regulatory scheme that places similar requirements on 
governmental and non-governmental dischargers.  (See County of Los Angeles v. State of 
California (1987) 43 Cal.3d 46, 57-58 [finding comprehensive workers compensation 
scheme did not create a cost for local agencies that was subject to state subvention].) 

The Clean Water Act and the Porter-Cologne Act largely regulate storm water with an even 
hand, but to the extent there is any relaxation of this even-handed regulation, it is in favor of 
the local agencies.  Generally, the Clean Water Act requires point source dischargers, 
including discharges of storm water associated with industrial or construction activity, to 
comply strictly with water quality standards.  (33 U.S.C. § 1311(b)(1)(C), Defenders of 
Wildlife v. Browner (1999) 191 F.3d 1159, 1164-1165 [noting that industrial storm water 
discharges must strictly comply with water quality standards].)  As discussed in prior State 
Water Resources Control Board decisions, certain provisions of this Order do not require 
strict compliance with water quality standards.  (SWRCB Order No. WQ 2001-15, p. 7.)  
Those provisions of this Order regulate the discharge of waste in municipal storm water 
under the Clean Water Act MEP standard, not the BAT/BCT standard that applies to other 
types of discharges. These provisions, therefore, regulate the discharge of waste in 
municipal storm water more leniently than the discharge of waste from non-governmental 
sources.   

Fourth, the Permittees have requested permit coverage in lieu of compliance with the 
complete prohibition against the discharge of pollutants contained in Clean Water Act 
section 301, subdivision (a) (33 U.S.C. § 1311(a)). To the extent that the local agencies 
have voluntarily availed themselves of the permit, the program is not a state mandate.  
(Accord County of San Diego v. State of California (1997) 15 Cal.4th 68, 107-108.)  

Fifth, the local agencies’ responsibility for preventing discharges of waste that can create 
conditions of pollution or nuisance from conveyances that are within their ownership or 
control under state law predates the enactment of Article XIIIB, Section (6) of the California 
Constitution. 

Finally, even if any of the permit provisions could be considered unfunded mandates, under 
Government Code section 17556, subdivision (d), a state mandate is not subject to 
reimbursement if the local agency has the authority to charge a fee. The local agency 
Permittees have the authority to levy service charges, fees, or assessments sufficient to 
pay for compliance with this Order subject to certain voting requirements contained in the 
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California Constitution. (See California Constitution XIII D, section 6, subdivision (c); see 
also Howard Jarvis Taxpayers Association v. City of Salinas (2002) 98 Cal. App. 4th 1351, 
1358-1359.).  Additional fee authority has recently been established through amendments 
to the Los Angeles County Flood Control Act (Chapter 755 of the Statutes of 1915, as 
amended by Assembly Bill 2554 (2010)) to provide funding for municipalities, watershed 
authority groups, and the LACFCD to initiate, plan, design, construct, implement, operate, 
maintain, and sustain projects and services to improve surface water quality and reduce 
storm water and non-storm water pollution in the LACFCD, which maywill directly support 
Permittees’ implementation of the requirements in this Order. The Fact Sheet demonstrates 
that numerous activities contribute to the pollutant loading in the municipal separate storm 
sewer system.  Local agencies can levy service charges, fees, or assessments on these 
activities, independent of real property ownership.  (See, e.g., Apartment Ass’n of Los 
Angeles County, Inc. v. City of Los Angeles (2001) 24 Cal.4th 830, 842 [upholding 
inspection fees associated with renting property].)  The authority and ability of a local 
agency to defray the cost of a program without raising taxes indicates that a program does 
not entail a cost subject to subvention. (Clovis Unified School Dist. v. Chiang (2010) 188 
Cal. App.4th 794, 812, quoting Connell v. Superior Ccourt (1997) 59 Cal.App.4th 382, 401; 
County of Fresno v. State of California (1991) 53 Cal.3d 482, 487-488.)  

XVI. PUBLIC PARTICIPATION 

Regional Water Board staff held a kick-off meeting on May 25, 2011 to discuss the 
preliminary schedule for permit development; identify potential alternative permit structures; 
and outline some of the major technical and policy aspects of permit development. All LA 
County MS4 Permittees, as well as other known interested stakeholders, were invited to 
attend. Ninety-five individuals attended the meeting, representing most of the permittees as 
well as environmental organizations. After a presentation by Board staff, Permittees and 
interested persons had an initial opportunity to ask questions of staff, raise concerns, and 
provide feedback.  

At the May 25, 2011 kick-off meeting, Board staff requested input from the attendees on 
various permit structures. In order to solicit more focused input from permittees on 
alternative permit structures, and per suggestions at the kick-off meeting, Board staff 
developed and distributed an on-line survey to permittees using the on-line survey tool, 
SurveyMonkey®.  The survey was distributed to all Los Angeles County MS4 Permittees on 
June 14, 2011 and responses were requested within two weeks. Fifty-two permittees 
responded using the on-line survey tool. The on-line survey sought input on several options 
for permit structure, including an individual permit for each municipality, a single permit for 
all permittees (i.e., the existing permit structure), and a single or multiple watershed-based 
permits.  

Regional Water Board staff also held three topical workshops on December 15, 2011, 
January 23, 2012, and March 1, 2012. At the December 2011 workshop, staff discussed 
and invited feedback on: tentative permit requirements for the “minimum control measures” 
that comprise Permittees core storm water management program, approaches to 
addressing non-storm water MS4 discharges, and options for flexibility in permit 
requirements to address watershed priorities. At the January 2012 workshop, staff 
discussed and invited feedback on: tentative permit requirements to implement TMDL 
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waste load allocations assigned to MS4 discharges and monitoring and reporting 
requirements for this Order. At the March 2012 workshop, staff discussed the use of water 
quality-based effluent limitations in this Order, discussed a revised proposal for monitoring 
requirements based on comments from the January 2012 workshop, and provided 
additional detail on proposed minimum control measure requirements.  

Three Regional Water Board workshops were held during regularly scheduled Board 
meetings on November 10, 2011, April 5, 2012, and May 3, 2012. At the November 2011 
Board workshop, staff discussed the objectives for the new permit, the status and schedule 
for permit development, alternatives for permit structure, provisions to implement TMDL 
WLAs, and provisions for minimum control measures, and identified preliminary 
considerations related to provisions for non-storm water discharges, receiving water 
limitations, water quality-based effluent limitations, and requirements for monitoring and 
reporting. 

Prior to the April 5, 2012 Board workshop, staff released complete working proposals of the 
permit provisions related to two key parts of this Order: the storm water management 
program “minimum control measures” and the non-storm water MS4 discharge prohibitions 
on March 21, 2012 and March 28, 2012, respectively. Staff provided Permittees and 
interested persons the opportunity to submit written and oral comments over a period of 
three weeks for early consideration by staff prior to the release of the tentative Order. At the 
April 2012 Board workshop, staff presented the working proposals and the Board invited 
public comments. Detailed comments were made on both working proposals, and in 
particular, comments were made on how to address “essential” non-storm water discharges 
from potable water supplies and fire fighting activities in this Order. 

Prior to the May 3, 2012 Board workshop, staff released complete working proposals of the 
permit provisions related to three other key parts of this Order: provisions for watershed 
management programs, TMDL-related requirements, and receiving water limitations 
language. Staff provided Permittees and interested persons the opportunity to submit 
written and oral comments over a period of three weeks for early consideration by staff 
prior to the release of the tentative Order. At the May 2012 Board workshop, staff 
presented the three working proposals and the Board invited public comments. Staff 
answered extensive questions from Board members following public comments. 

In addition to staff and Board workshops, Regional Water Board staff met regularly with 
Permittees, including the LA Permit Group (a coalition of 62 of the 86 Permittees covered 
by this Order), the Los Angeles County Flood Control District and the County of Los 
Angeles, the City of Los Angeles, and interested environmental organizations including 
Heal the Bay, Santa Monica Baykeeper, and the Natural Resources Defense Council 
(NRDC). Staff also met on several occasions with other affected agencies including large 
public water suppliers (Los Angeles Department of Water and Power and Metropolitan 
Water District), small community water suppliers, and local fire departments.  

Finally, staff hosted several “joint” meetings to bring together key leaders among the 
Permittees and environmental organizations to discuss significant issues and work towards 
consensus on these issues where possible. The first two of these were held on May 17, 
2012 and May 31, 2012, during which the group discussed permit requirements for USEPA 
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established TMDLs. Staff prepared a working proposal based on the areas of agreement 
from the May 17th joint meeting, and distributed the proposal for review prior to the second 
meeting on May 31st. The proposal was discussed and refined at the second meeting. A 
third meeting is scheduled forwas held on June 14, 2012.  

Prior to the Board’s consideration of this Order, the Regional Water Board notified the 
Permittees and all interested agencies and persons of its intent to hold a hearing to issue 
an NPDES permit for discharges from the Los Angeles County MS4 and provided them 
with an opportunity to submit written comments over a 45-day period.  The procedures 
followed for submission of written comments are described in the Notice of Hearing and 
Opportunity to Comment published for this Order. Notification was provided through the 
Regional Water Board’s website, the Regional Water Board’s e-mail subscription service, 
and the LA Times. After releasing the tentative permit for public review, the Regional Water 
Board held a staff level workshop on July 9, 2012 to answer questions regarding the 
tentative permit. A Board member field tour of portions of the MS4 in the San Gabriel Valley 
was held on July 31, 2012. 

The Regional Water Board held a public hearing on the tentative Order during its regular 
Board meeting on September 6-7October 4-5, 2012.  The Regional Water Board continued 
the public hearing at its next regular Board meeting on November 8, 2012. Permittees and 
interested persons were invited to attend.  At the public hearing, the Regional Water Board 
heard testimony and comments pertinent to the discharge and this Order.  The hearing 
procedures followed by the Regional Water Board are described in the Notice of Hearing 
and Opportunity to Comment published for this Order.  
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ATTACHMENT G.  NON-STORM WATER ACTION LEVELS AND MUNICIPAL ACTION 

LEVELS 

I. SANTA CLARA RIVER WATERSHED AREA  

 
Table G-1. Action Levels for Discharges to Inland Surface Waters, Enclosed  
Bays, and Estuaries (with receiving water salinity equal to or less than 1 ppt) 

Parameter Units Average Monthly Daily Maximum 

E. Coli coli Bacteria #/100 ml 126
1
 235

2
 

Chloride mg/L 3 -- 

Sulfate mg/L 3 -- 

Total Dissolved Solids mg/L 
3 

-- 

Methylene Blue Active 
Substances 

mg/L 0.5
4
 -- 

Aluminum, Total 
Recoverable 

mg/L 1.0
4
 -- 

Cyanide, Total Recoverable µg/L 4.3 8.5 

Copper, Total Recoverable µg/L 
5 5 

Mercury, Total Recoverable µg/L 0.051 1.00.1 

Selenium, Total Recoverable µg/L 4.1 8.2 
1
 E. Colicoli density shall not exceed a geometric mean of 126/100 ml. 

2
 E. Colicoli density in a single sample shall not exceed 235/100 ml.  

3
 In accordance with applicable water quality objectives contained in Tables 3-8 and 3-10Chapter 3 of the Basin Plan. 

4
 Applicable only to discharges to receiving waters designated for Municipal and Domestic Supply (MUN) use as specified 

in Tables 2-1 and 2-2 of the Basin Plan. 
5
 Action levels are hardness dependent.  See Section VII of this Attachment for a listing of the applicable action levels. 

 
Table G-2. Action Levels for Discharges to Inland Surface Waters, Enclosed  
Bays, and Estuaries (with receiving water salinity between 1 ppt and 10 ppt) 

Parameter Units Average Monthly Daily Maximum 

E. Coli coli Bacteria #/100 ml 126
1
 235

2
 

Total Coliform Bacteria #/100 ml 1,000
3
 10,000

4
 

Fecal Coliform Bacteria #/100 ml 200
3
 400

4
 

Enterococcus Bacteria #/100 ml 35
3
 104

4
 

Chloride mg/L 5 -- 

Sulfate mg/L 5 -- 

Total Dissolved Solids mg/L 
5 

-- 

Methylene Blue Active 
Substances 

mg/L 0.5
6
 -- 

Aluminum, Total 
Recoverable 

mg/L 1.0
6
 -- 

Cyanide, Total Recoverable µg/L 0.50 1.0 

Copper, Total Recoverable µg/L 
7 7 

Mercury, Total Recoverable µg/L 0.051 1.00.1 

Selenium, Total Recoverable µg/L 4.1 8.2 
1
 E. Colicoli density shall not exceed a geometric mean of 126/100 ml. 

2
 E. Colicoli density in a single sample shall not exceed 235/100 ml. 

3
 Total coliform density shall not exceed a geometric mean of 1,000/100 ml. Fecal coliform density shall not exceed a 

geometric mean of 200/100 ml. Enterococcus density shall not exceed a geometric mean of 35/100 ml. 
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4
 Total coliform density in a single sample shall not exceed 10,000/100 ml. Fecal coliform density in a single sample shall 

not exceed 400/100 ml. Enterococcus density shall not exceed a geometric mean of 104/100 ml. 
5
 In accordance with applicable water quality objectives contained in Tables 3-8 and 3-10Chapter 3 of the Basin Plan. 

6
 Applicable only to discharges to receiving waters designated for Municipal and Domestic Supply (MUN) use as specified 

in Tables 2-1 and 2-2 of the Basin Plan. 
7
 The applicable action level is the most stringent between corresponding Table HG-1 and Table HG-3 action levels. 

 
Table G-3. Action Levels for Discharges to Inland Surface Waters, Enclosed  
Bays, and Estuaries (with receiving water salinity equal to or greater than  
10 ppt 95% or more of the time) 

Parameter Units Average Monthly Daily Maximum 

Total Coliform Bacteria #/100 ml 1,000
1, 2

 10,000
2, 3

 

Fecal Coliform Bacteria #/100 ml 200
1
 400

3
 

Enterococcus Bacteria #/100 ml 35
1
 104

3
 

Chloride mg/L 4 -- 

Sulfate mg/L 4 -- 

Total Dissolved Solids mg/L 
4 

-- 

Methylene Blue Active 
Substances 

mg/L 0.5
5
 -- 

Aluminum, Total 
Recoverable 

mg/L 1.0
5
 -- 

Cyanide, Total Recoverable µg/L 0.50 1.0 

Copper, Total Recoverable µg/L 2.9 5.8 

Mercury, Total Recoverable µg/L 0.051 1.00.1 

Selenium, Total Recoverable µg/L 58 117 
1
 Total coliform density shall not exceed a geometric mean of 1,000/100 ml. Fecal coliform density shall not exceed a 

geometric mean of 200/100 ml. Enterococcus density shall not exceed a geometric mean of 35/100 ml. 
2
 In areas where shellfish may be harvested for human consumption, as determined by the Regional Water Board, the 

median total coliform density shall not exceed 70/100 ml and not more than 10 percent of the samples shall exceed 
230/100 ml. 

3
 Total coliform density in a single sample shall not exceed 10,000/100 ml. Fecal coliform density in a single sample shall 

not exceed 400/100 ml. Enterococcus density shall not exceed a geometric mean of 104/100 ml. 
4
 In accordance with applicable water quality objectives contained in Tables 3-8 and 3-10Chapter 3 of the Basin Plan. 

5
 Applicable only to discharges to receiving waters designated for Municipal and Domestic Supply (MUN) use as specified 

in Tables 2-1 and 2-2 of the Basin Plan. 

 
Table G-4. Action Levels for Discharges to Ocean Waters (Surf Zone) 

Parameter Units 6-Month Median Daily Maximum 
Instantaneous 

Maximum 

Total Coliform Bacteria #/100 ml 70
1
 230

1
 -- 

Fecal Coliform 
Bacteria 

#/100 ml -- 200
2
 400

3
 

Enterococcus Bacteria #/100 ml -- 35
2
 104

3
 

Cyanide, Total 
Recoverable 

µg/L 1 4 10 

Copper, Total 
Recoverable 

µg/L 3 12 30 

Mercury, Total 
Recoverable 

µg/L 0.04 0.16 0.4 

Selenium, Total 
Recoverable 

µg/L 15 60 150 

1
 In areas where shellfish may be harvested for human consumption, as determined by the Regional Water Board, the 

median total coliform density shall not exceed 70/100 ml and not more than 10 percent of the samples shall exceed 
230/100 ml. 
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2
 Fecal coliform density shall not exceed a geometric mean of 200/100 ml. Enterococcus density shall not exceed a 

geometric mean of 35/100 ml. 
3
 Fecal coliform density in a single sample shall not exceed 400/100 ml. Enterococcus density shall not exceed a geometric 

mean of 104/100 ml. 

 

II. LOS ANGELES RIVER WATERSHED MANAGEMENT AREA 

 
Table G-5. Action Levels for Discharges to Inland Surface Waters, Enclosed  
Bays, and Estuaries (with receiving water salinity equal to or less than 1 ppt) 

Parameter Units Average Monthly Daily Maximum 

pH 
Standard 

units 
6.5-8.5

1
 

E. Coli coli Bacteria #/100 ml 126
2
 235

3
 

Chloride mg/L 4 -- 

Nitrite Nitrogen, Total (as N) mg/L 1.0
5
 -- 

Sulfate mg/L 4 -- 

Total Dissolved Solids mg/L 
4 

-- 

Turbidity NTU 5
5 

-- 

Aluminum, Total 
Recoverable 

mg/L 1.0
5
 -- 

Cyanide, Total Recoverable µg/L 4.3 8.5 

Copper, Total Recoverable µg/L 
6 6 

Mercury, Total Recoverable µg/L 0.051 0.10 

Selenium, Total Recoverable µg/L 4.1 8.2 
1
 Within the range of 6.5 to 8.5 at all times. 

2
 E. Colicoli density shall not exceed a geometric mean of 126/100 ml. 

3
 E. Colicoli density in a single sample shall not exceed 235/100 ml.  

4
 In accordance with applicable water quality objectives contained in Tables 3-8 and 3-10Chapter 3 of the Basin Plan. 

5
 Applicable only to discharges to receiving waters or receiving waters with underlying groundwater designated for 

Municipal and Domestic Supply (MUN) use as specified in Tables 2-1 and 2-2 of the Basin Plan. 
6
 Action levels are hardness dependent.  See Section VII of this Attachment for a listing of the applicable action levels. 

 
Table G-6. Action Levels for Discharges to Inland Surface Waters, Enclosed  
Bays, and Estuaries (with receiving water salinity between 1 ppt and 10 ppt) 

Parameter Units Average Monthly Daily Maximum 

pH 
Standard 

units 
6.5-8.5

1
 

E. Coli coli Bacteria #/100 ml 126
2
 235

3
 

Total Coliform Bacteria #/100 ml 1,000
4
 10,000

5
 

Fecal Coliform Bacteria #/100 ml 200
4
 400

5
 

Enterococcus Bacteria #/100 ml 35
4
 104

5
 

Chloride mg/L 6 -- 

Nitrite Nitrogen, Total (as N) mg/L 1.0
7
 -- 

Sulfate mg/L 6 -- 

Total Dissolved Solids mg/L 
6 

-- 

Turbidity NTU 5
7 

-- 

Aluminum, Total 
Recoverable 

mg/L 1.0
7
 -- 

Cyanide, Total Recoverable µg/L 0.50 1.0 

RB-AR5529



Los Angeles County ORDER NO. R4-2012-XXXX 
Municipal Separate Storm Sewer System NPDES NO. CAS004001 
 

Attachment G – Non-Storm Water Action Levels G-4 
 

R
E
V
I
S
E
D 
 

T
E
N
T
A
T 
I
V
E 

Parameter Units Average Monthly Daily Maximum 

Copper, Total Recoverable µg/L 
8 8 

Mercury, Total Recoverable µg/L 0.051 0.10 

Selenium, Total Recoverable µg/L 4.1 8.2 
1
 Within the range of 6.5 to 8.5 at all times. 

2
 E. Colicoli density shall not exceed a geometric mean of 126/100 ml. 

3
 E. Colicoli density in a single sample shall not exceed 235/100 ml. 

4
 Total coliform density shall not exceed a geometric mean of 1,000/100 ml. Fecal coliform density shall not exceed a 

geometric mean of 200/100 ml. Enterococcus density shall not exceed a geometric mean of 35/100 ml. 
5
 Total coliform density in a single sample shall not exceed 10,000/100 ml. Fecal coliform density in a single sample shall 

not exceed 400/100 ml. Enterococcus density shall not exceed a geometric mean of 104/100 ml. 
6
 In accordance with applicable water quality objectives contained in Tables 3-8 and 3-10Chapter 3 of the Basin Plan.  

7
 Applicable only to discharges to receiving waters or receiving waters with underlying groundwater designated for 

Municipal and Domestic Supply (MUN) use as specified in Tables 2-1 and 2-2 of the Basin Plan. 
8
 The applicable action level is the most stringent between corresponding Table HG-5 and Table HG-7 action levels. 

 
Table G-7. Action Levels for Discharges to Inland Surface Waters, Enclosed  
Bays, and Estuaries (with receiving water salinity equal to or greater than  
10 ppt 95% or more of the time) 

Parameter Units Average Monthly Daily Maximum 

pH 
Standard 

units 
6.5-8.5

1
 

Total Coliform Bacteria #/100 ml 1,000
2, 3

 10,000
3, 4

 

Fecal Coliform Bacteria #/100 ml 200
2
 400

4
 

Enterococcus Bacteria #/100 ml 35
2
 104

4
 

Chloride mg/L 5 -- 

Nitrite Nitrogen, Total (as N) mg/L 1.0
6
 -- 

Sulfate mg/L 5 -- 

Total Dissolved Solids mg/L 
5 

-- 

Turbidity NTU 5
6 

-- 

Aluminum, Total 
Recoverable 

mg/L 1.0
6 

-- 

Cyanide, Total Recoverable µg/L 0.50 1.0 

Copper, Total Recoverable µg/L 2.9 5.8 

Mercury, Total Recoverable µg/L 0.051 0.10 

Selenium, Total Recoverable µg/L 58 117 
1
 Within the range of 6.5 to 8.5 at all times. 

2
 Total coliform density shall not exceed a geometric mean of 1,000/100 ml. Fecal coliform density shall not exceed a 

geometric mean of 200/100 ml. Enterococcus density shall not exceed a geometric mean of 35/100 ml. 
3
 In areas where shellfish may be harvested for human consumption, as determined by the Regional Water Board, the 

median total coliform density shall not exceed 70/100 ml and not more than 10 percent of the samples shall exceed 
230/100 ml. 

4
 Total coliform density in a single sample shall not exceed 10,000/100 ml. Fecal coliform density in a single sample shall 

not exceed 400/100 ml. Enterococcus density shall not exceed a geometric mean of 104/100 ml. 
5
 In accordance with applicable water quality objectives contained in Tables 3-8 and 3-10Chapter 3 of the Basin Plan.  

6
 Applicable only to discharges to receiving waters or receiving waters with underlying groundwater designated for 

Municipal and Domestic Supply (MUN) use as specified in Tables 2-1 and 2-2 of the Basin Plan. 
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Table G-8. Action Levels for Discharges to Ocean Waters (Surf Zone) 

Parameter Units 6-Month Median Daily Maximum 
Instantaneous 

Maximum 

pH 
Standard 

units 
6.0-9.0

1
 

Total Coliform Bacteria #/100 ml 70
2
 230

2
 -- 

Fecal Coliform 
Bacteria 

#/100 ml -- 200
3
 400

4
 

Enterococcus Bacteria #/100 ml -- 35
3
 104

4
 

Turbidity NTU 75 100 225 

Cyanide, Total 
Recoverable 

µg/L 1 4 10 

Copper, Total 
Recoverable 

µg/L 3 12 30 

Mercury, Total 
Recoverable 

µg/L 0.04 0.16 0.4 

Selenium, Total 
Recoverable 

µg/L 15 60 150 

1
 Within the range of 6.0 to 9.0 at all times. 

2
 In areas where shellfish may be harvested for human consumption, as determined by the Regional Water Board, the 

median total coliform density shall not exceed 70/100 ml and not more than 10 percent of the samples shall exceed 
230/100 ml. 

3
 Fecal coliform density shall not exceed a geometric mean of 200/100 ml. Enterococcus density shall not exceed a 

geometric mean of 35/100 ml. 
4
 Fecal coliform density in a single sample shall not exceed 400/100 ml. Enterococcus density shall not exceed a geometric 

mean of 104/100 ml. 

 

III. DOMINGUEZ CHANNEL WATERSHED MANAGEMENT AREA 

 
Table G-9. Action Levels for Discharges to Inland Surface Waters, Enclosed  
Bays, and Estuaries (with receiving water salinity equal to or less than 1 ppt) 

Parameter Units Average Monthly Daily Maximum 

pH 
Standard 

units 
6.5-8.5

1
 

E. Coli coli Bacteria #/100 ml 126
2
 235

3
 

Cyanide, Total Recoverable µg/L 4.3 8.5 

Copper, Total Recoverable µg/L 
4 4 

Lead, Total Recoverable µg/L 
4 4 

Mercury, Total Recoverable µg/L 0.051 0.10 

Selenium, Total Recoverable µg/L 4.1 8.2 
1
 Within the range of 6.5 to 8.5 at all times. 

2
 E. Colicoli density shall not exceed a geometric mean of 126/100 ml. 

3
 E. Colicoli density in a single sample shall not exceed 235/100 ml.  

4
 Action levels are hardness dependent.  See Section VII of this Attachment for a listing of the applicable action levels. 

 
Table G-10. Action Levels for Discharges to Inland Surface Waters, Enclosed  
Bays, and Estuaries (with receiving water salinity between 1 ppt and 10 ppt) 

Parameter Units Average Monthly Daily Maximum 

pH s.u 6.5-8.5
1
 

E. Coli coli Bacteria #/100 ml 126
2
 235

3
 

RB-AR5531



Los Angeles County ORDER NO. R4-2012-XXXX 
Municipal Separate Storm Sewer System NPDES NO. CAS004001 
 

Attachment G – Non-Storm Water Action Levels G-6 
 

R
E
V
I
S
E
D 
 

T
E
N
T
A
T 
I
V
E 

Parameter Units Average Monthly Daily Maximum 

Total Coliform Bacteria #/100 ml 1,000
4
 10,000

5
 

Fecal Coliform Bacteria #/100 ml 200
4
 400

5
 

Enterococcus Bacteria #/100 ml 35
4
 104

5
 

Cyanide, Total Recoverable µg/L 0.50 1.0 

Copper, Total Recoverable µg/L 
6 6 

Lead, Total Recoverable µg/L 
6 6 

Mercury, Total Recoverable µg/L 0.051 0.10 

Selenium, Total Recoverable µg/L 4.1 8.2 
1
 Within the range of 6.5 to 8.5 at all times. 

2
 E. Colicoli density shall not exceed a geometric mean of 126/100 ml. 

3
 E. Colicoli density in a single sample shall not exceed 235/100 ml.  

4
 Total coliform density shall not exceed a geometric mean of 1,000/100 ml. Fecal coliform density shall not exceed a 

geometric mean of 200/100 ml. Enterococcus density shall not exceed a geometric mean of 35/100 ml. 
5
 Total coliform density in a single sample shall not exceed 10,000/100 ml. Fecal coliform density in a single sample shall 

not exceed 400/100 ml. Enterococcus density shall not exceed a geometric mean of 104/100 ml. 
6
 The applicable action level is the most stringent between corresponding Table HG-9 and Table HG-11 action levels. 

 
Table G-11. Action Levels for Discharges to Inland Surface Waters, Enclosed  
Bays, and Estuaries (with receiving water salinity equal to or greater than  
10 ppt 95% or more of the time) 

Parameter Units Average Monthly Daily Maximum 

pH s.u 6.5-8.5
1
 

Total Coliform Bacteria #/100 ml 1,000
2, 3

 10,000
3, 4

 

Fecal Coliform Bacteria #/100 ml 200
2
 400

4
 

Enterococcus Bacteria #/100 ml 35
2
 104

4
 

Cyanide, Total Recoverable µg/L 0.50 1.0 

Copper, Total Recoverable µg/L 2.9 5.8 

Lead, Total Recoverable µg/L 7.0 14 

Mercury, Total Recoverable µg/L 0.051 0.10 

Selenium, Total Recoverable µg/L 58 117 
1
 Within the range of 6.5 to 8.5 at all times. 

2
 Total coliform density shall not exceed a geometric mean of 1,000/100 ml. Fecal coliform density shall not exceed a 

geometric mean of 200/100 ml. Enterococcus density shall not exceed a geometric mean of 35/100 ml. 
3
 In areas where shellfish may be harvested for human consumption, as determined by the Regional Water Board, the 

median total coliform density shall not exceed 70/100 ml and not more than 10 percent of the samples shall exceed 
230/100 ml. 

4
 Total coliform density in a single sample shall not exceed 10,000/100 ml. Fecal coliform density in a single sample shall 

not exceed 400/100 ml. Enterococcus density shall not exceed a geometric mean of 104/100 ml. 

 
Table G-12. Action Levels for Discharges to Ocean Waters (Surf Zone) 

Parameter Units 6-Month Median Daily Maximum 
Instantaneous 

Maximum 

pH s.u 6.0-9.0
1
 

Total Coliform Bacteria #/100 ml 70
2
 230

2
 -- 

Fecal Coliform 
Bacteria 

#/100 ml -- 200
3
 400

4
 

Enterococcus Bacteria #/100 ml -- 35
3
 104

4
 

Cyanide, Total 
Recoverable 

µg/L 1 4 10 

Copper, Total µg/L 3 12 30 
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Parameter Units 6-Month Median Daily Maximum 
Instantaneous 

Maximum 

Recoverable 

Lead, Total 
Recoverable 

µg/L 2 8 20 

Mercury, Total 
Recoverable 

µg/L 0.04 0.16 0.4 

Selenium, Total 
Recoverable 

µg/L 15 60 150 

1
 Within the range of 6.0 to 9.0 at all times. 

2
 In areas where shellfish may be harvested for human consumption, as determined by the Regional Water Board, the 

median total coliform density shall not exceed 70/100 ml and not more than 10 percent of the samples shall exceed 
230/100 ml. 

3
 Fecal coliform density shall not exceed a geometric mean of 200/100 ml. Enterococcus density shall not exceed a 

geometric mean of 35/100 ml. 
4
 Fecal coliform density in a single sample shall not exceed 400/100 ml. Enterococcus density shall not exceed a geometric 

mean of 104/100 ml. 

 

IV. BALLONA CREEK WATERSHED MANAGEMENT AREA 

 
Table G-13. Action Levels for Discharges to Inland Surface Waters, Enclosed  
Bays, and Estuaries (with receiving water salinity equal to or less than 1 ppt) 

Parameter Units Average Monthly Daily Maximum 

pH 
Standard 

units 
6.5-8.5

1
 

E. Coli coli Bacteria #/100 ml 126
2
 235

3
 

Cyanide, Total Recoverable µg/L 4.3 8.5 

Copper, Total Recoverable µg/L 
4 4 

Lead, Total Recoverable µg/L 
4 4 

Mercury, Total Recoverable µg/L 0.051 0.10 

Selenium, Total Recoverable µg/L 4.1 8.2 
1
 Within the range of 6.5 to 8.5 at all times. 

2
 E. Colicoli density shall not exceed a geometric mean of 126/100 ml. 

3
 E. Colicoli density in a single sample shall not exceed 235/100 ml.  

4
 Action levels are hardness dependent.  See Section VII of this Attachment for a listing of the applicable action levels. 

 
Table G-14. Action Levels for Discharges to Inland Surface Waters, Enclosed  
Bays, and Estuaries (with receiving water salinity between 1 ppt and 10 ppt) 

Parameter Units Average Monthly Daily Maximum 

pH 
Standard 

units 
6.5-8.5

1
 

E. Coli coli Bacteria #/100 ml 126
2
 235

3
 

Total Coliform Bacteria #/100 ml 1,000
4
 10,000

5
 

Fecal Coliform Bacteria #/100 ml 200
4
 400

5
 

Enterococcus Bacteria #/100 ml 35
4
 104

5
 

Cyanide µg/L 0.50 1.0 

Copper, Total Recoverable µg/L 
6 6 

Lead, Total Recoverable µg/L 
6 6 

Mercury, Total Recoverable µg/L 0.051 1.00.1 

Selenium, Total Recoverable µg/L 4.1 8.2 
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1
 Within the range of 6.5 to 8.5 at all times. 

2
 E. Colicoli density shall not exceed a geometric mean of 126/100 ml. 

3
 E. Colicoli density in a single sample shall not exceed 235/100 ml.  

4
 Total coliform density shall not exceed a geometric mean of 1,000/100 ml. Fecal coliform density shall not exceed a 

geometric mean of 200/100 ml. Enterococcus density shall not exceed a geometric mean of 35/100 ml. 
5
 Total coliform density in a single sample shall not exceed 10,000/100 ml. Fecal coliform density in a single sample shall 

not exceed 400/100 ml. Enterococcus density shall not exceed a geometric mean of 104/100 ml. 
6
 The applicable action level is the most stringent between corresponding Table HG-13 and Table HG-15 action levels. 

 
Table G-15. Action Levels for Discharges to Inland Surface Waters, Enclosed  
Bays, and Estuaries (with receiving water salinity equal to or greater than  
10 ppt 95% or more of the time) 

Parameter Units Average Monthly Daily Maximum 

pH 
Standard 

units 
6.5-8.5

1
 

Total Coliform Bacteria #/100 ml 1,000
2, 3

 10,000
3,
 
4
 

Fecal Coliform Bacteria #/100 ml 200
2
 400

4
 

Enterococcus Bacteria #/100 ml 35
2
 104

4
 

Cyanide, Total Recoverable µg/L 0.50 1.0 

Copper, Total Recoverable µg/L 2.9 5.8 

Lead, Total Recoverable µg/L 7.0 14 

Mercury, Total Recoverable µg/L 0.051 1.00.1 

Selenium, Total Recoverable µg/L 58 117 
1
 Within the range of 6.5 to 8.5 at all times. 

2
 Total coliform density shall not exceed a geometric mean of 1,000/100 ml. Fecal coliform density shall not exceed a 

geometric mean of 200/100 ml. Enterococcus density shall not exceed a geometric mean of 35/100 ml. 
3
 In areas where shellfish may be harvested for human consumption, as determined by the Regional Water Board, the 

median total coliform density shall not exceed 70/100 ml and not more than 10 percent of the samples shall exceed 
230/100 ml. 

4
 Total coliform density in a single sample shall not exceed 10,000/100 ml. Fecal coliform density in a single sample shall 

not exceed 400/100 ml. Enterococcus density shall not exceed a geometric mean of 104/100 ml. 

 
Table G-16. Action Levels for Discharges to Ocean Waters (Surf Zone) 

Parameter Units 6-Month Median Daily Maximum 
Instantaneous 

Maximum 

pH 
Standard 

units 
6.0-9.0

1
 

Total Coliform Bacteria #/100 ml 70
2
 230

2
 -- 

Fecal Coliform 
Bacteria 

#/100 ml -- 200
3
 400

4
 

Enterococcus Bacteria #/100 ml -- 35
3
 104

4
 

Cyanide, Total 
Recoverable 

µg/L 1 4 10 

Copper, Total 
Recoverable 

µg/L 3 12 30 

Lead, Total 
Recoverable 

µg/L 2 8 20 

Mercury, Total 
Recoverable 

µg/L 0.04 0.16 0.4 

Selenium, Total 
Recoverable 

µg/L 15 60 150 

1
 Within the range of 6.0 to 9.0 at all times. 
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2
 In areas where shellfish may be harvested for human consumption, as determined by the Regional Water Board, the 

median total coliform density shall not exceed 70/100 ml and not more than 10 percent of the samples shall exceed 
230/100 ml. 

3
 Fecal coliform density shall not exceed a geometric mean of 200/100 ml. Enterococcus density shall not exceed a 

geometric mean of 35/100 ml. 
4
 Fecal coliform density in a single sample shall not exceed 400/100 ml. Enterococcus density shall not exceed a geometric 

mean of 104/100 ml. 

 

V. MALIBU CREEK WATERSHED MANAGEMENT AREA NON-STORM WATER ACTION 
LEVELS  

 
Table G-17. Action Levels for Discharges to Inland Surface Waters, Enclosed  
Bays, and Estuaries (with receiving water salinity equal to or less than 1 ppt) 

Parameter Units Average Monthly Daily Maximum 

E. Coli coli Bacteria #/100 ml 126
1
 235

2
 

Sulfate mg/L 
3 

-- 

Total Dissolved Solids mg/L 
3 

-- 

Cyanide, Total Recoverable µg/L 4.3 8.5 

Mercury, Total Recoverable µg/L 0.051 0.10 

Selenium, Total Recoverable µg/L 4.1 8.2 
1
 E. Colicoli density shall not exceed a geometric mean of 126/100 ml. 

2
 E. Colicoli density in a single sample shall not exceed 235/100 ml.  

3
 In accordance with applicable water quality objectives contained in Tables 3-8 and 3-10Chapter 3 of the Basin Plan. 

 
Table G-18. Action Levels for Discharges to Inland Surface Waters, Enclosed  
Bays, and Estuaries (with receiving water salinity between 1 ppt and 10 ppt) 

Parameter Units Average Monthly Daily Maximum 

E. Coli coli Bacteria #/100 ml 126
1
 235

2
 

Total Coliform Bacteria #/100 ml 1,000
3
 10,000

4
 

Fecal Coliform Bacteria #/100 ml 200
3
 400

4
 

Enterococcus Bacteria #/100 ml 35
3
 104

4
 

Sulfate mg/L 
5 

-- 

Total Dissolved Solids mg/L 
5 

-- 

Cyanide, Total Recoverable µg/L 0.50 1.0 

Mercury, Total Recoverable µg/L 0.051 0.10 

Selenium, Total Recoverable µg/L 4.1 8.2 
1
 E. Colicoli density shall not exceed a geometric mean of 126/100 ml. 

2
 E. Colicoli density in a single sample shall not exceed 235/100 ml.  

3
 Total coliform density shall not exceed a geometric mean of 1,000/100 ml. Fecal coliform density shall not exceed a 

geometric mean of 200/100 ml. Enterococcus density shall not exceed a geometric mean of 35/100 ml. 
4
 Total coliform density in a single sample shall not exceed 10,000/100 ml. Fecal coliform density in a single sample shall 

not exceed 400/100 ml. Enterococcus density shall not exceed a geometric mean of 104/100 ml. 
5
 In accordance with applicable water quality objectives contained in Tables 3-8 and 3-10Chapter 3 of the Basin Plan. 

 
Table G-19. Action Levels for Discharges to Inland Surface Waters, Enclosed  
Bays, and Estuaries (with receiving water salinity equal to or greater than  
10 ppt 95% or more of the time) 

Parameter Units Average Monthly Daily Maximum 

Total Coliform Bacteria #/100 ml 1,000
1, 2

 10,000
2, 3

 

RB-AR5535



Los Angeles County ORDER NO. R4-2012-XXXX 
Municipal Separate Storm Sewer System NPDES NO. CAS004001 
 

Attachment G – Non-Storm Water Action Levels G-10 
 

R
E
V
I
S
E
D 
 

T
E
N
T
A
T 
I
V
E 

Parameter Units Average Monthly Daily Maximum 

Fecal Coliform Bacteria #/100 ml 200
1
 400

3
 

Enterococcus Bacteria #/100 ml 35
1
 104

3
 

Sulfate mg/L 
4 

-- 

Total Dissolved Solids mg/L 
4 

-- 

Cyanide, Total Recoverable µg/L 0.50 1.0 

Mercury, Total Recoverable µg/L 0.051 0.10 

Selenium, Total Recoverable µg/L 58 117 
1
 Total coliform density shall not exceed a geometric mean of 1,000/100 ml. Fecal coliform density shall not exceed a 

geometric mean of 200/100 ml. Enterococcus density shall not exceed a geometric mean of 35/100 ml. 
2
 In areas where shellfish may be harvested for human consumption, as determined by the Regional Water Board, the 

median total coliform density shall not exceed 70/100 ml and not more than 10 percent of the samples shall exceed 
230/100 ml. 

3
 Total coliform density in a single sample shall not exceed 10,000/100 ml. Fecal coliform density in a single sample shall 

not exceed 400/100 ml. Enterococcus density shall not exceed a geometric mean of 104/100 ml. 
4
 In accordance with applicable water quality objectives contained in Tables 3-8 and 3-10Chapter 3 of the Basin Plan. 

 
Table G-20. Action Levels for Discharges to Ocean Waters (Surf Zone) 

Parameter Units 6-Month Median Daily Maximum 
Instantaneous 

Maximum 

Total Coliform Bacteria #/100 ml 70
1
 230

1
 -- 

Fecal Coliform 
Bacteria 

#/100 ml -- 200
2
 400

3
 

Enterococcus Bacteria #/100 ml -- 35
2
 104

3
 

Cyanide, Total 
Recoverable 

µg/L 1 4 10 

Mercury, Total 
Recoverable 

µg/L 0.04 0.16 0.4 

Selenium, Total 
Recoverable 

µg/L 15 60 150 

1
 In areas where shellfish may be harvested for human consumption, as determined by the Regional Water Board, the 

median total coliform density shall not exceed 70/100 ml and not more than 10 percent of the samples shall exceed 
230/100 ml. 

2
 Fecal coliform density shall not exceed a geometric mean of 200/100 ml. Enterococcus density shall not exceed a 

geometric mean of 35/100 ml. 
3
 Fecal coliform density in a single sample shall not exceed 400/100 ml. Enterococcus density shall not exceed a geometric 

mean of 104/100 ml. 

 

VI. SAN GABRIEL RIVER WATERSHED MANAGEMENT AREA 

 
Table G-21. Action Levels for Discharges to Inland Surface Waters, Enclosed  
Bays, and Estuaries (with receiving water salinity equal to or less than 1 ppt) 

Parameter Units Average Monthly Daily Maximum 

pH 
Standard 

units 
6.0-9.0

1
 

E. Coli coli Bacteria #/100 ml 126
2
 235

3
 

Chloride mg/L 4 -- 

Nitrate Nitrogen, Total (as N) mg/L 4
 -- 

Sulfate mg/L 
4 

-- 

Total Dissolved Solids mg/L 
4 

-- 
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Parameter Units Average Monthly Daily Maximum 

Aluminum, Total 
Recoverable 

mg/L 1.0
5
 -- 

Cyanide, Total Recoverable µg/L 4.3 8.5 

Cadmium, Total 
Recoverable 

µg/L 
6 6 

Copper, Total Recoverable µg/L 
6 6 

Lead, Total Recoverable µg/L 
6 6 

Mercury, Total Recoverable µg/L 0.051 0.10 

Nickel, Total Recoverable µg/L 
6 6 

Selenium, Total Recoverable µg/L 4.1 8.2 

Silver, Total Recoverable µg/L 
6
 

6
 

Zinc, Total Recoverable µg/L 
6 6 

1
 Within the range of 6.5 to 8.5 at all times. 

2
 E. Colicoli density shall not exceed a geometric mean of 126/100 ml. 

3
 E. Colicoli density in a single sample shall not exceed 235/100 ml.  

4
 In accordance with applicable water quality objectives contained in Tables 3-8 and 3-10Chapter 3 of the Basin Plan. 

5
 Applicable only to discharges to receiving waters or receiving waters with underlying groundwater designated for 

Municipal and Domestic Supply (MUN) use as specified in Tables 2-1 and 2-2 of the Basin Plan. 
6
 Action levels are hardness dependent.  See Section VII of this Attachment for a listing of the applicable action levels. 

 
Table G-22. Action Levels for Discharges to Inland Surface Waters, Enclosed  
Bays, and Estuaries (with receiving water salinity between 1 ppt and 10 ppt) 

Parameter Units Average Monthly Daily Maximum 

pH 
Standard 

units 
6.0-9.0

1
 

E. Coli coli Bacteria #/100 ml 126
2
 235

3
 

Total Coliform Bacteria #/100 ml 1,000
4
 10,000

5
 

Fecal Coliform Bacteria #/100 ml 200
4
 400

5
 

Enterococcus Bacteria #/100 ml 35
4
 104

5
 

Chloride mg/L 6 -- 

Nitrate Nitrogen, Total (as N) mg/L 6
 -- 

Sulfate mg/L 
6 

-- 

Total Dissolved Solids mg/L 
6 

-- 

Aluminum, Total 
Recoverable 

mg/L 1.0
7
 -- 

Cyanide, Total Recoverable µg/L 0.50 1.0 

Cadmium, Total 
Recoverable 

µg/L 
8 8 

Copper, Total Recoverable µg/L 
8 8 

Lead, Total Recoverable µg/L 
8 8 

Mercury, Total Recoverable µg/L 0.051 0.10 

Nickel, Total Recoverable µg/L 
8 8 

Selenium, Total Recoverable µg/L 4.1 8.2 

Silver, Total Recoverable µg/L 
8
 

8
 

Zinc, Total Recoverable µg/L 
8 8 

1
 Within the range of 6.5 to 8.5 at all times. 

2
 E. Colicoli density shall not exceed a geometric mean of 126/100 ml. 

3
 E. Colicoli density in a single sample shall not exceed 235/100 ml.  

4
 Total coliform density shall not exceed a geometric mean of 1,000/100 ml. Fecal coliform density shall not exceed a 

geometric mean of 200/100 ml. Enterococcus density shall not exceed a geometric mean of 35/100 ml. 
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5
 Total coliform density in a single sample shall not exceed 10,000/100 ml. Fecal coliform density in a single sample shall 

not exceed 400/100 ml. Enterococcus density shall not exceed a geometric mean of 104/100 ml. 
6
 In accordance with applicable water quality objectives contained in Tables 3-8 and 3-10Chapter 3 of the Basin Plan. 

7
 Applicable only to discharges to receiving waters designated for Municipal and Domestic Supply (MUN) use as specified 

in Tables 2-1 and 2-2 of the Basin Plan. 
8
 The applicable action level is the most stringent between corresponding Table HG-21 and Table HG-23 action levels. 

 
Table G-23. Action Levels for Discharges to Inland Surface Waters, Enclosed  
Bays, and Estuaries (with receiving water salinity equal to or greater than  
10 ppt 95% or more of the time) 

Parameter Units Average Monthly Daily Maximum 

pH 
Standard 

units 
6.0-9.0

1
 

Total Coliform Bacteria #/100 ml 1,000
2, 3

 10,000
2, 4

 

Fecal Coliform Bacteria #/100 ml 200
2
 400

4
 

Enterococcus Bacteria #/100 ml 35
2
 104

4
 

Chloride mg/L 5 -- 

Nitrate Nitrogen, Total (as N) mg/L 5
 -- 

Sulfate mg/L 
5 

-- 

Total Dissolved Solids mg/L 
5 

-- 

Aluminum, Total 
Recoverable 

mg/L 1.0
6
 -- 

Cyanide, Total Recoverable µg/L 0.50 1.0 

Cadmium, Total 
Recoverable 

µg/L 7.7 15 

Copper, Total Recoverable µg/L 2.9 5.8 

Lead, Total Recoverable µg/L 7.0 14 

Mercury, Total Recoverable µg/L 0.051 0.10 

Nickel, Total Recoverable µg/L 6.8 14 

Silver, Total Recoverable µg/L 1.1 2.2 

Selenium, Total Recoverable µg/L 58 117 

Zinc, Total Recoverable µg/L 47 95 
1
 Within the range of 6.5 to 8.5 at all times. 

2
 Total coliform density shall not exceed a geometric mean of 1,000/100 ml. Fecal coliform density shall not exceed a 

geometric mean of 200/100 ml. Enterococcus density shall not exceed a geometric mean of 35/100 ml. 
3
 In areas where shellfish may be harvested for human consumption, as determined by the Regional Water Board, the 

median total coliform density shall not exceed 70/100 ml and not more than 10 percent of the samples shall exceed 
230/100 ml. 

4
 Total coliform density in a single sample shall not exceed 10,000/100 ml. Fecal coliform density in a single sample shall 

not exceed 400/100 ml. Enterococcus density shall not exceed a geometric mean of 104/100 ml. 
5
 In accordance with applicable water quality objectives contained in Tables 3-8 and 3-10 Chapter 3 of the Basin Plan. 

6
 Applicable only to discharges to receiving waters designated for Municipal and Domestic Supply (MUN) use as specified 

in Tables 2-1 and 2-2 of the Basin Plan. 

 
Table G-24. Action Levels for Discharges to Ocean Waters (Surf Zone) 

Parameter Units 6-Month Median Daily Maximum 
Instantaneous 

Maximum 

pH 
Standard 

units 
6.0-9.0

1
 

Total Coliform Bacteria #/100 ml 70
2
 230

2
 -- 

Fecal Coliform 
Bacteria 

#/100 ml -- 200
3
 400

4
 

Enterococcus #/100 ml -- 35
3
 104

4
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Parameter Units 6-Month Median Daily Maximum 
Instantaneous 

Maximum 

Cyanide, Total 
Recoverable 

µg/L 1 4 10 

Cadmium, Total 
Recoverable 

µg/L 1 4 10 

Copper, Total 
Recoverable 

µg/L 3 12 30 

Lead, Total 
Recoverable 

µg/L 2 8 20 

Mercury, Total 
Recoverable 

µg/L 0.04 0.16 0.4 

Nickel, Total 
Recoverable 

µg/L 5 20 50 

Silver, Total 
Recoverable 

µg/L 0.7 2.8 7.0 

Selenium, Total 
Recoverable 

µg/L 15 60 150 

Zinc, Total 
Recoverable 

µg/L 20 80 200 

1
 Within the range of 6.0 to 9.0 at all times. 

2
 In areas where shellfish may be harvested for human consumption, as determined by the Regional Water Board, the 

median total coliform density shall not exceed 70/100 ml and not more than 10 percent of the samples shall exceed 
230/100 ml. 

3
 Fecal coliform density shall not exceed a geometric mean of 200/100 ml. Enterococcus density shall not exceed a 

geometric mean of 35/100 ml. 
4
 Fecal coliform density in a single sample shall not exceed 400/100 ml. Enterococcus density shall not exceed a geometric 

mean of 104/100 ml. 

VII. HARDNESS-BASED ACTION LEVELS FOR METALS 

 

Cadmium, Total Recoverable 

Hardness 
(mg/L as 
CaCO3) 

AMAL 
(µg/L) 

MDAL 
(µg/L) 

Hardness 
(mg/L as 
CaCO3) 

AMAL 
(µg/L) 

MDAL 
(µg/L) 

Hardness 
(mg/L as 
CaCO3) 

AMAL 
(µg/L) 

MDAL 
(µg/L) 

5.0 0.1 0.2 125.0 2.4 4.8 245.0 4.1 8.2 

10.0 0.2 0.3 130.0 2.5 5.0 250.0 4.1 8.3 

15.0 0.3 0.5 135.0 2.5 5.1 255.0 4.2 8.4 

20.0 0.4 0.7 140.0 2.6 5.3 260.0 4.3 8.5 

25.0 0.5 0.9 145.0 2.7 5.4 265.0 4.3 8.7 

30.0 0.6 1.2 150.0 2.8 5.5 270.0 4.4 8.8 

35.0 0.7 1.4 155.0 2.8 5.7 275.0 4.5 8.9 

40.0 0.8 1.6 160.0 2.9 5.8 280.0 4.5 9.1 

45.0 0.9 1.8 165.0 3.0 6.0 285.0 4.6 9.2 

50.0 1.0 2.1 170.0 3.1 6.1 290.0 4.6 9.3 

55.0 1.1 2.3 175.0 3.1 6.3 295.0 4.7 9.4 

60.0 1.3 2.5 180.0 3.2 6.4 300.0 4.8 9.6 

65.0 1.4 2.8 185.0 3.3 6.5 310.0 4.9 9.8 

70.0 1.5 3.0 190.0 3.3 6.7 320.0 5.0 10.1 

75.0 1.6 3.2 195.0 3.4 6.8 330.0 5.1 10.3 

80.0 1.7 3.4 200.0 3.5 7.0 340.0 5.3 10.5 

85.0 1.8 3.6 205.0 3.5 7.1 350.0 5.4 10.8 
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Cadmium, Total Recoverable 

Hardness 
(mg/L as 
CaCO3) 

AMAL 
(µg/L) 

MDAL 
(µg/L) 

Hardness 
(mg/L as 
CaCO3) 

AMAL 
(µg/L) 

MDAL 
(µg/L) 

Hardness 
(mg/L as 
CaCO3) 

AMAL 
(µg/L) 

MDAL 
(µg/L) 

90.0 1.9 3.7 210.0 3.6 7.2 360.0 5.5 11.0 

95.0 1.9 3.9 215.0 3.7 7.4 370.0 5.6 11.3 

100.0 2.0 4.0 220.0 3.7 7.5 380.0 5.7 11.5 

105.0 2.1 4.2 225.0 3.8 7.6 390.0 5.9 11.7 

110.0 2.2 4.3 230.0 3.9 7.8 400.0 6.0 12.0 

115.0 2.2 4.5 235.0 3.9 7.9 >400 6.0 12.0 

120.0 2.3 4.7 240.0 4.0 8.0    

 

Copper, Total Recoverable 

Hardness 
(mg/L as 
CaCO3) 

AMAL 
(µg/L) 

MDAL 
(µg/L) 

Hardness 
(mg/L as 
CaCO3) 

AMAL 
(µg/L) 

MDAL 
(µg/L) 

Hardness 
(mg/L as 
CaCO3) 

AMAL 
(µg/L) 

MDAL 
(µg/L) 

5.0 0.4 0.8 125.0 8.6 17.2 245.0 16.2 32.5 

10.0 0.8 1.6 130.0 8.9 17.9 250.0 16.5 33.1 

15.0 1.2 2.3 135.0 9.2 18.5 255.0 16.8 33.8 

20.0 1.5 3.1 140.0 9.6 19.2 260.0 17.1 34.4 

25.0 1.9 3.8 145.0 9.9 19.8 265.0 17.4 35.0 

30.0 2.2 4.5 150.0 10.2 20.5 270.0 17.8 35.6 

35.0 2.6 5.2 155.0 10.5 21.1 275.0 18.1 36.2 

40.0 2.9 5.9 160.0 10.8 21.8 280.0 18.4 36.9 

45.0 3.3 6.6 165.0 11.2 22.4 285.0 18.6 37.4 

50.0 3.6 7.3 170.0 11.5 23.0 290.0 18.9 38.0 

55.0 4.0 8.0 175.0 11.8 23.7 295.0 19.2 38.5 

60.0 4.3 8.6 180.0 12.1 24.3 300.0 19.5 39.1 

65.0 4.6 9.3 185.0 12.4 25.0 310.0 20.0 40.2 

70.0 5.0 10.0 190.0 12.8 25.6 320.0 20.6 41.3 

75.0 5.3 10.7 195.0 13.1 26.2 330.0 21.1 42.4 

80.0 5.6 11.3 200.0 13.4 26.9 340.0 21.7 43.5 

85.0 6.0 12.0 205.0 13.7 27.5 350.0 22.2 44.6 

90.0 6.3 12.7 210.0 14.0 28.1 360.0 22.8 45.7 

95.0 6.6 13.3 215.0 14.3 28.7 370.0 23.3 46.8 

100.0 7.0 14.0 220.0 14.6 29.4 380.0 23.8 47.8 

105.0 7.3 14.6 225.0 15.0 30.0 390.0 24.4 48.9 

110.0 7.6 15.3 230.0 15.3 30.6 400.0 24.9 50.0 

115.0 7.9 15.9 235.0 15.6 31.3 >400 24.9 50.0 

120.0 8.3 16.6 240.0 15.9 31.9    

 

Lead, Total Recoverable 

Hardness 
(mg/L as 
CaCO3) 

AMAL 
(µg/L) 

MDAL 
(µg/L) 

Hardness 
(mg/L as 
CaCO3) 

AMAL 
(µg/L) 

MDAL 
(µg/L) 

Hardness 
(mg/L as 
CaCO3) 

AMAL 
(µg/L) 

MDAL 
(µg/L) 

5.0 0.1 0.1 125.0 3.5 6.9 245.0 8.1 16.3 

10.0 0.1 0.3 130.0 3.6 7.3 250.0 8.3 16.7 
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Lead, Total Recoverable 

Hardness 
(mg/L as 
CaCO3) 

AMAL 
(µg/L) 

MDAL 
(µg/L) 

Hardness 
(mg/L as 
CaCO3) 

AMAL 
(µg/L) 

MDAL 
(µg/L) 

Hardness 
(mg/L as 
CaCO3) 

AMAL 
(µg/L) 

MDAL 
(µg/L) 

15.0 0.2 0.5 135.0 3.8 7.6 255.0 8.6 17.2 

20.0 0.3 0.7 140.0 4.0 8.0 260.0 8.8 17.6 

25.0 0.4 0.9 145.0 4.2 8.4 265.0 9.0 18.0 

30.0 0.6 1.1 150.0 4.4 8.7 270.0 9.2 18.5 

35.0 0.7 1.4 155.0 4.5 9.1 275.0 9.4 18.9 

40.0 0.8 1.6 160.0 4.7 9.5 280.0 9.6 19.3 

45.0 0.9 1.9 165.0 4.9 9.9 285.0 9.9 19.8 

50.0 1.1 2.2 170.0 5.1 10.2 290.0 10.1 20.2 

55.0 1.2 2.4 175.0 5.3 10.6 295.0 10.3 20.7 

60.0 1.4 2.7 180.0 5.5 11.0 300.0 10.5 21.1 

65.0 1.5 3.0 185.0 5.7 11.4 310.0 11.0 22.0 

70.0 1.7 3.3 190.0 5.9 11.8 320.0 11.4 22.9 

75.0 1.8 3.6 195.0 6.1 12.2 330.0 11.9 23.8 

80.0 2.0 3.9 200.0 6.3 12.6 340.0 12.3 24.8 

85.0 2.1 4.2 205.0 6.5 13.0 350.0 12.8 25.7 

90.0 2.3 4.6 210.0 6.7 13.4 360.0 13.3 26.6 

95.0 2.4 4.9 215.0 6.9 13.8 370.0 13.7 27.6 

100.0 2.6 5.2 220.0 7.1 14.2 380.0 14.2 28.5 

105.0 2.8 5.5 225.0 7.3 14.6 390.0 14.7 29.5 

110.0 2.9 5.9 230.0 7.5 15.1 400.0 15.2 30.5 

115.0 3.1 6.2 235.0 7.7 15.5 >400 15.2 30.5 

120.0 3.3 6.6 240.0 7.9 15.9    

 

Nickel, Total Recoverable 

Hardness 
(mg/L as 
CaCO3) 

AMAL 
(µg/L) 

MDAL 
(µg/L) 

Hardness 
(mg/L as 
CaCO3) 

AMAL 
(µg/L) 

MDAL 
(µg/L) 

Hardness 
(mg/L as 
CaCO3) 

AMAL 
(µg/L) 

MDAL 
(µg/L) 

5.0 3.4 6.8 125.0 51.5 103.3 245.0 90.9 182.5 

10.0 6.1 12.2 130.0 53.2 106.7 250.0 92.5 185.6 

15.0 8.6 17.2 135.0 54.9 110.2 255.0 94.1 188.7 

20.0 10.9 21.9 140.0 56.6 113.6 260.0 95.6 191.9 

25.0 13.2 26.5 145.0 58.3 117.1 265.0 97.2 195.0 

30.0 15.4 30.9 150.0 60.0 120.5 270.0 98.7 198.1 

35.0 17.5 35.2 155.0 61.7 123.9 275.0 100.3 201.2 

40.0 19.6 39.4 160.0 63.4 127.2 280.0 101.8 204.3 

45.0 21.7 43.5 165.0 65.1 130.6 285.0 103.3 207.4 

50.0 23.7 47.6 170.0 66.8 133.9 290.0 104.9 210.4 

55.0 25.7 51.6 175.0 68.4 137.3 295.0 106.4 213.5 

60.0 27.7 55.5 180.0 70.1 140.6 300.0 107.9 216.6 

65.0 29.6 59.4 185.0 71.7 143.9 310.0 111.0 222.7 

70.0 31.5 63.2 190.0 73.3 147.1 320.0 114.0 228.7 

75.0 33.4 67.0 195.0 75.0 150.4 330.0 117.0 234.7 

80.0 35.3 70.8 200.0 76.6 153.7 340.0 120.0 240.7 
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Nickel, Total Recoverable 

Hardness 
(mg/L as 
CaCO3) 

AMAL 
(µg/L) 

MDAL 
(µg/L) 

Hardness 
(mg/L as 
CaCO3) 

AMAL 
(µg/L) 

MDAL 
(µg/L) 

Hardness 
(mg/L as 
CaCO3) 

AMAL 
(µg/L) 

MDAL 
(µg/L) 

85.0 37.1 74.5 205.0 78.2 156.9 350.0 123.0 246.7 

90.0 39.0 78.2 210.0 79.8 160.2 360.0 125.9 252.7 

95.0 40.8 81.9 215.0 81.4 163.4 370.0 128.9 258.6 

100.0 42.6 85.5 220.0 83.0 166.6 380.0 131.8 264.5 

105.0 44.4 89.1 225.0 84.6 169.8 390.0 134.8 270.4 

110.0 46.2 92.7 230.0 86.2 173.0 400.0 137.7 276.2 

115.0 48.0 96.2 235.0 87.8 176.1 >400 137.7 276.2 

120.0 49.7 99.8 240.0 89.4 179.3    

 

Zinc, Total Recoverable 

Hardness 
(mg/L as 
CaCO3) 

AMAL 
(µg/L) 

MDAL 
(µg/L) 

Hardness 
(mg/L as 
CaCO3) 

AMAL 
(µg/L) 

MDAL 
(µg/L) 

Hardness 
(mg/L as 
CaCO3) 

AMAL 
(µg/L) 

MDAL 
(µg/L) 

5.0 4.7 9.4 125.0 72.0 144.5 245.0 127.4 255.6 

10.0 8.5 17.0 130.0 74.5 149.4 250.0 129.6 260.0 

15.0 11.9 24.0 135.0 76.9 154.2 255.0 131.8 264.4 

20.0 15.2 30.6 140.0 79.3 159.1 260.0 134.0 268.8 

25.0 18.4 37.0 145.0 81.7 163.9 265.0 136.1 273.1 

30.0 21.5 43.1 150.0 84.1 168.6 270.0 138.3 277.5 

35.0 24.5 49.1 155.0 86.4 173.4 275.0 140.5 281.9 

40.0 27.4 55.0 160.0 88.8 178.1 280.0 142.6 286.2 

45.0 30.3 60.8 165.0 91.1 182.8 285.0 144.8 290.5 

50.0 33.1 66.5 170.0 93.5 187.5 290.0 146.9 294.8 

55.0 35.9 72.1 175.0 95.8 192.2 295.0 149.1 299.1 

60.0 38.7 77.6 180.0 98.1 196.8 300.0 151.2 303.4 

65.0 41.4 83.0 185.0 100.4 201.4 310.0 155.5 312.0 

70.0 44.1 88.4 190.0 102.7 206.0 320.0 159.7 320.5 

75.0 46.7 93.7 195.0 105.0 210.6 330.0 163.9 328.9 

80.0 49.3 99.0 200.0 107.3 215.2 340.0 168.1 337.4 

85.0 51.9 104.2 205.0 109.5 219.8 350.0 172.3 345.8 

90.0 54.5 109.4 210.0 111.8 224.3 360.0 176.5 354.1 

95.0 57.1 114.5 215.0 114.0 228.8 370.0 180.6 362.4 

100.0 59.6 119.6 220.0 116.3 233.3 380.0 184.8 370.7 

105.0 62.1 124.7 225.0 118.5 237.8 390.0 188.9 379.0 

110.0 64.6 129.7 230.0 120.7 242.3 400.0 193.0 387.2 

115.0 67.1 134.7 235.0 123.0 246.7 >400 193.0 387.2 

120.0 69.6 139.6 240.0 125.2 251.2    
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VIII. MUNICIPAL ACTION LEVELS 

 
Conventional Pollutants  
 
Pollutants pH TSS 

mg/L 
COD 
mg/L 

Kjedahl 
Nitrogen (TKN) 
mg/L 

Nitrate & Nitrite- 
total mg/L 

P- total 
mg/L 

Municipal 
Action 
Level 

 
7.70
6.0-
9.0 

 
264.1 

 
247.5 

 
4.59 

 
1.85 

 
0.80 

 
 
Metals 
 
Pollutants Cd- total 

µg/L 
Cr-total 
µg/L 

Cu- total 
µg/L 

Pb- total 
µg/L 

Ni- total 
µg/L 

Zn- total 
µg/L 

Hg- total 
µg/L 

Municipal 
Action 
Level 

 
2.52 

 
20.20 

 
71.12 

 
102.00 

 
27.43 

 
641.3 

 
0.32 

 
 
This Order establishes Municipal Action Levels (MALs) to identify subwatersheds requiring 
additional Best Management Practices (BMPs) to reduce pollutant loads and prioritize 
implementation of additional BMPs.  MALs for selected pollutants are based on nationwide 
Phase I MS4 monitoring data for pollutants in storm water 
(http://unix.eng.ua.edu/~rpitt/Research/Research.shtml, last visited on May 9, 2012).  The 
MALs were obtained by computing the upper 25th percentile for selected pollutants for Rain 
Zone 6 using the statistical program Minitab.  Non-detects were removed from the data set and 
all data from the database were used.   
 
Under this Order, the Municipal Action Levels (MALs) shall be utilized by Permittees to identify 
subwatersheds discharging pollutants at levels in excess of the MALs.   Within those 
subwatersheds where pollutant levels in the discharge are in excess of the MALs, Permittees 
shall implement controls and measures necessary to reduce the discharge of pollutants.  
 
In order to determine if MS4 discharges are in excess of the MALs, Permittees shall conduct 
outfall monitoring as required in the Monitoring and Reporting Program (MRP) (Attachment E).  
A MAL Assessment Report shall be submitted to the Regional Water Board Executive Officer 
as part of the Annual Report. The MAL Assessment Report shall present the monitoring data in 
comparison to the applicable MALs, and identify those subwatersheds with a running average 
of twenty percent or greater of exceedances of the MALs listed in this attachment in 
discharges of storm water from the MS4. 
 
Beginning in Year 3 after the effective date of this Order, each Permittee shall submit a MAL 
Action Plan with the Annual Report (first MAL Action Plan due with December 15, 2013 Annual 
Report) to the Regional Water Board Executive Officer, for those subwatersheds with a 
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running average of twenty percent or greater of exceedances of the MALs in any discharge of 
storm water from the MS4.  The plan shall include an assessment of the sources responsible 
for the MAL exceedances, the existing storm water programs and BMPs that address those 
sources, an assessment of potential program enhancements, alternative BMPs and actions the 
Permittee shall implement to reduce discharges to a level that is equivalent to or below the 
MALs, and an implementation schedule for such actions for Executive Officer approval.  The 
MAL Action Plan shall provide the technical rationale to demonstrate the proposed measures 
and controls will attain the MALs.  If the MAL Action Plan is not approved within 90 days of the 
due date, the Executive Officer may establish an appropriate plan with at least 90 day 
notification and consultation to the Permittees.  
 
Within 90 days of the plan approval by the Regional Water Board Executive Officer, the 
Permittee shall initiate the BMPs and actions proposed in the MAL Action Plan, together with 
any other practicable BMPs or actions that the Executive Officer determines to be necessary to 
meet the MALs.  The Permittee shall complete the proposed actions in accordance with the 
approved implementation schedule.  
 
Upon completion of the actions specified in the approved MAL Action Plan, the Permittee shall 
re-monitor the subject subwatershed in accordance with the MRP, and submit a Post-Project 
MAL Assessment Report to the Regional Water Board Executive Officer. 
 
Implementation of an approved Watershed Management Program per Part VI.C of the Order 
fulfills all requirements related to the development and implementation of the MAL Action Plan. 
 
As additional data become available through the MRP or from the Regional Subset of the 
National Dataset, MALs may be revised annually by the Regional Water Board Executive 
Officer in accordance with an equivalent statistical method as that used to establish the MALs 
in this attachment with at least 90 day notification and consultation to the Permittees. 
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ATTACHMENT H. BIORETENTION / BIOFILTRATION DESIGN CRITERIA 

Note: A significant portion of the information in this appendix has been copied verbatim from 
the Ventura County Technical Guidance Manual, Updated 2011, and modified to reflect recent 
changes to the bioretention/biofiltration soil media specifications as adopted by the California 
Regional Water Quality Control Board, San Francisco Region, on November 28, 2011, Order 
No. R2-2011-083, Attachment L.  Permittees can submit alternate Bioretention/Biofiltration 
Design Criteria subject to Executive Officer approval. 
 

1. Geometry 

a. Bioretention/biofiltration areas shall be sized to capture and treat the design with an 18-
inch maximum ponding depth. The intention is that the ponding depth be limited to a 
depth that will allow for a healthy vegetation layer. 

b. Minimum planting soil depth should be 2 feet, although 3 feet is preferred. The intention 
is that the minimum planting soil depth should provide a beneficial root zone for the 
chosen plant palette and adequate water storage for the SWQDv. 

c. A gravel storage layer below the bioretention/biofiltraton soil media is required as 
necessary to provide adequate temporary storage to retain the SWQDv and to promote 
infiltration.  

2. Drainage 

a. Bioretention and biofiltration BMPs should be designed to drain below the planting soil 
in less than 48 hours and completely drain in less than 96 hours. The intention is that 
soils must be allowed to dry out periodically in order to restore hydraulic capacity 
needed to receive flows from subsequent storms, maintain infiltration rates, maintain 
adequate soil oxygen levels for healthy soil biota and vegetation, and to provide proper 
soil conditions for biodegradation and retention of pollutants. 

b. Biofiltration BMPs are designed and constructed with an underdrain. The underdrain is 
preferably placed near the top of the gravel storage area to promote incidental 
infiltration and enhanced nitrogen removal. However, if in-situ, underlying soils do not 
provide sufficient drainage, the underdrain may need to be placed lower in the gravel 
storage area (within 6 inches of the bottom) to prevent the unit from holding stagnant 
water for extended periods of time.  At many sites, clay soils will drain sufficiently fast, 
particularly if they are not compacted. Observing soil moisture and surface conditions in 
the days following a wet period may provide sufficient information for making this 
decision and may be more directly applicable than in situ or laboratory testing of soil 
characteristics. 1 

3. Overflow 

An overflow device is required at the 18-inch ponding depth. The following, or equivalent, 
should be provided: 

a. A vertical PVC pipe (SDR 35) to act as an overflow riser. 

                                            
11

 Dan  Cloak, Dan Cloak Environmental Consulting to Tom Dalziel, Contra Costa County, February 22, 2011. 
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b. The overflow riser(s) should be 6 inches or greater in diameter, so it can be cleaned 
without damage to the pipe. 

The inlet to the riser should be at the ponding depth (18 inches for fenced bioretention 
areas and 6 inches for areas that are not fenced), and be capped with a spider cap to 
exclude floating mulch and debris. Spider caps should be screwed in or glued, i.e., not 
removable. 

4. Integrated Water Quality/ Flow Reduction/Resources Management Criteria 

a. When calculating the capacity of an infiltration system, each Permittee shall account for 
the 24-hour infiltration assuming that the soil is saturated. Infiltration BMPs shall be 
limited to project sites where the in-situ soil or the amended on-site soils have a 
demonstrated infiltration rate under saturated conditions of no less than 0.15 3 inch per 
hour.  

b. Bioretention BMPs shall be designed to accommodate the minimum design flow at a 
surface loading rate of 5 inches per hour and no greater than 12 inches per hour, and 
shall have a total volume, including pore spaces and pre-filter detention volume of no 
less than the SWQDv.   

c. If rainwater harvested for use in irrigation is to be credited toward the total volume of 
storm water runoff retained on-site, each Permittee shall require the project proponent 
to conduct a conservative (assuming reasonable worst-case scenarios) assessment of 
water demand during the wet-weather season. This volume will be referred to as the 
“reliable” estimate of irrigation demand. The portion of water to be credited as retained 
on-site for use in irrigation shall not exceed the reliable estimate of irrigation demand. 

d. Harvested rainwater must be stored in a manner that precludes the breeding of 
mosquitoes or other vectors or with a draw down not to exceed 96 hours. 

e. When evaluating the potential for on-site retention, each Permittee shall consider the 
maximum potential for evapotranspiration from green roofs and rainfall harvest and use. 

f. Project requirements shall address at a minimum the potential use of harvested 
rainwater for non-potable uses including toilet flushing, laundry, and cooling water 
makeup water. If the municipal, building or county health code(s) does not allow such 
use of harvested rainwater, each Permittee shall develop a model ordinance and submit 
it to the city council or County Supervisors for consideration within 24 months after the 
Order effective date. The model ordinances shall be based on the International 
Association of Plumbing and Mechanical Officials’ (IAPMO’s) Green Plumbing and 
Mechanical Code Supplement to the 2012 National Standard Plumbing Code, or similar 
guidance to ensure the safe and effective use of harvested rainwater, separate from the 
existing provisions, if any, for reclaimed wastewater. 

5. Hydraulic Restriction Layers 

Infiltration pathways may need to be restricted due to the close proximity of roads, 
foundations, or other infrastructure. A geomembrane liner, or other equivalent water 
proofing, may be placed along the vertical walls to reduce lateral flows. This liner should 
have a minimum thickness of 30 mils. Generally, Waterproof waterproof barriers may 
should not be placed on the bottom of the biofiltration unit, as this would prevent incidental 
infiltration which is critical important to meeting the required pollutant load reduction. 
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6. Planting/Storage Media Specifications  

a. The planting media placed in the cell should achieve a long-term, in-place infiltration 
rate of at least 5 inches per hour. Higher infiltration rates of up to 12 inches per hour are 
permissible. Bioretention/biofiltration soil shall retain sufficient moisture to support 
vigorous plant growth. 

b. Planting media should consist of 60 to 80% fine sand and 20 to 40% compost. 

c. Sand should be free of wood, waste, coating such as clay, stone dust, carbonate, etc. or 
any other deleterious material. All aggregate passing the No. 200 sieve size should be 
non-plastic. Sand for bioretention should be analyzed by an accredited lab using #200, 
#100, #40, #30, #16, #8, #4, and 3/8 sieves (ASTM D 422 or as approved by the local 
permitting authority) and meet the following gradation (Note: all sands complying with 
ASTM C33 for fine aggregate comply with the gradation requirements provided in 
Table H-1): 

 
Table H-1. Sand Texture Specifications 

 Percent Passing by Weight 
Sieve Size 
ASTM D422 

Minimum Maximum 

3 /8 inch 100 100 
No. 4 90 100 
No. 8 70 100 
No. 16 40 95 
No. 30 15 70 
No. 40 5 55 
No. 110 0 15 
No. 200 0 5 

Note: The gradation of the sand component of the media is believed to be a major factor in the 
hydraulic conductivity of the media mix. If the desired hydraulic conductivity of the media cannot 
be achieved within the specified proportions of sand and compost (#2), then it may be 
necessary to utilize sand at the coarser end of the range specified in above (“minimum” 
column). 

d. Compost should be a well decomposed, stable, weed free organic matter source 
derived from waste materials including yard debris, wood wastes, or other organic 
materials not including manure or biosolids meeting standards developed by the US 
Composting Council (USCC). The product shall be certified through the USCC Seal of 
Testing Assurance (STA) Program (a compost testing and information disclosure 
program). Compost quality should be verified via a lab analysis to be: 

• Feedstock materials shall be specified and include one or more of the following: 
landscape/yard trimmings, grass clippings, food scraps, and agricultural crop 
residues. 

• Organic matter: 35-75% dry weight basis. 
• Carbon and Nitrogen Ratio: 15:1 < C:N < 25:1 
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• Maturity/Stability: shall have dark brown color and a soil-like odor. Compost 
exhibiting a sour or putrid smell, containing recognizable grass or leaves, or is hot 
(120 F) upon delivery or rewetting is not acceptable. 

• Toxicity: any one of the following measures is sufficient to indicate non-toxicity: 
o NH4:NH3 < 3 
o Ammonium < 500 ppm, dry weight basis 
o Seed Germination > 80% of control 
o Plant trials > 80% of control 

o Solvita® > 5 index value 

• Nutrient content: 
o Total Nitrogen content 0.9% or above preferred 
o Total Boron should be <80 ppm, soluble boron < 2.5 ppm 

• Salinity: < 6.0 mmhos/cm 
• pH between 6.5 and 8 (may vary with plant palette) 
• Compost for bioretention should be analyzed by an accredited lab using #200, ¼ 

inch, ½ inch, and 1 inch sieves (ASTM D 422) and meet the gradation described in 
Table H-2: 

Table H-2. Compost Texture Specifications 

 Percent Passing by Weight 

Sieve Size 
ASTM D422 

Minimum Maximum 

1 inch 99 100 
½ inch 90 100 
¼ inch 40 90 
#200 2 10 
 

Tests should be sufficiently recent to represent the actual material that is anticipated to 
be delivered to the site. If processes or sources used by the supplier have changed 
significantly since the most recent testing, new tests should be requested. 

Note: the gradation of compost used in bioretention/biofiltratation media is believed to 
play an important role in the saturated hydraulic conductivity of the media. To achieve a 
higher saturated hydraulic conductivity, it may be necessary to utilize compost at the 
coarser end of this range (“minimum” column). The percent passing the #200 sieve 
(fines) is believed to be the most important factor in hydraulic conductivity. 

In addition, a coarser compost mix provides more heterogeneity of the bioretention 
media, which is believed to be advantageous for more rapid development of soil 
structure needed to support health biological processes. This may be an advantage for 
plant establishment with lower nutrient and water input. 

e. Bioretention/Biofiltration soils not meeting the above criteria shall be evaluated on a 
case by case basis. Alternative bioretention soil shall meet the following specification: 
“Soils for bioretention facilities shall be sufficiently permeable to infiltrate runoff at a 
minimum rate of 5 inches per hour during the life of the facility, and provide sufficient 
retention of moisture and nutrients to support healthy vegetation.” The following steps 
shall be followed by the Permittees  to verify that alternative soil mixes meet the 
specification: 
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• Submittals – The applicant must submit to the Permittee for approval: 

o A sample of mixed bioretention/biofiltration soil. 
o Certification from the soil supplier or an accredited laboratory that the 

bioretention/biofiltration soil meets the requirements of this specification. 
o Certification from an accredited geotechnical testing laboratory that the 

bioretention/biofiltration soil has an infiltration rate of between 5 and 12 inches 
per hour.   

o Organic content test results of mixed bioretention/biofiltration soil. Organic 
content test shall be performed in accordance with by Testing Methods for the 
Examination of Compost and Composting (TMECC) 05.07A, “Loss-On-Ignition 
Organic Matter Method”. 

o Organic Grain size analysis results of mixed bioretention/biofiltration soil 
performed in accordance with ASTM D 422, Standard Test Method for Particle 
Size Analysis of Soils. 

o A description of the equipment and methods used to mix the sand and compost 
to produce the bioretention/biofiltration soil. 

• The name of the testing laboratory(s) and the following information: 
o Contact person(s) 
o Address(s) 
o Phone contact(s) 
o email address(s) 
o Qualifications of laboratory(s), and personnel including date of current 
o Certification by STA, ASTM, or approved equal. 

• Bioretention/biofiltration soils shall be analyzed by an accredited lab using #200, and 
1/2” inch sieves (ASTM D 422 or as approved by municipality), and meet the 
gradation described in Table H-3). 

Table H-3. Alternative Bioretention/Biofiltration Soil Texture Specifications 

 Percent Passing by Weight 
Sieve Size 
ASTM D422 

Minimum Maximum 

½   inch 97 100 
200 2 5 

 
• Bioretention/biofiltration soils shall be analyzed by an accredited geotechnical lab for 

the following tests: 
o Moisture – density relationships (compaction tests) shall be conducted on 

bioretention soil. Bioretention/biofiltration soil for the permeability test shall be 
compacted to 85 to 90 percent of the maximum dry density (ASTM D1557). 

o Constant head permeability testing in accordance with ASTM D2434 shall be 
conducted on a minimum of two samples with a 6-inch mold and vacuum 
saturation. 

7. Mulch for Bioretention/Biofiltration Facilities 

Mulch is recommended for the purpose of retaining moisture, preventing erosion and 
minimizing weed growth. Projects subject to the State’s Model Water Efficiency 
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Landscaping Ordinance (or comparable local ordinance) will be required to provide at least 
two inches of mulch. Aged mulch, also called compost mulch, reduces the ability of weeds 
to establish, keeps soil moist, and replenishes soil nutrients. Aged mulch can be obtained 
through soil suppliers or directly from commercial recycling yards. It is recommended to 
apply 1" to 2" of composted mulch, once a year, preferably in June following weeding 

8. Plants 

a. Plant materials should be tolerant of summer drought, ponding fluctuations, and 
saturated soil conditions for 48 to 96 hours. 

b. It is recommended that a minimum of three types of tree, shrubs, and/or herbaceous 
groundcover species be incorporated to protect against facility failure due to disease 
and insect infestations of a single species. 

c. Native plant species and/or hardy cultivars that are not invasive and do not require 
chemical inputs should be used to the maximum extent practicable. 
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ATTACHMENT I. DEVELOPER TECHNICAL INFORMATION AND GUIDELINES 

1. Each Permittee shall make available to the Development Community reference 
information and recommended guidelines. Such information may include the following: 

a. Hydromodification Control criteria described in this Order, including numerical 
criteria 

b. Links to the State Water Board’s Water Balance Calculator 

c. Expected BMP pollutant removal performance including effluent quality (ASCE/ U.S. 
EPA International BMP Database, CASQA New Development BMP Handbook, 
technical reports, local data on BMP performance, and the scientific literature 
appropriate for southern California geography and climate) 

d. Selection of appropriate BMPs for stormwater pollutants of concern 

e. Data on observed local effectiveness and performance of implemented BMPs 

f. BMP maintenance and cost considerations 

g. Guiding principles to facilitate integrated water resources planning and management 
in the selection of BMPs, including water conservation, groundwater recharge, public 
recreation, multipurpose parks, open space preservation, and existing retrofits 

h. LID principles and specifications, including the objectives and specifications for 
integration of LID strategies in the areas of: 

i. Site Assessment 

ii. Site Planning and Design 

iii. Vegetative Protection, Revegetation, and Maintenance 

iv. Techniques to Minimize Land Disturbance 

v. Techniques to Implement LID Measures at Various Scales 

vi. Integrated Water Resources Management Practices 

vii. LID Design and Flow Modeling Guidance 

viii. Hydrologic Analysis 

ix. LID Credits for trees or other features that intercept storm water runoff. 

i. Recommended Guidelines to include: 

i. Locate structures on less pervious soils where possible so as to preserve areas 
with permeable soils (Hydrologic Soil Group Classes A and B, as defined by the 
National Cooperative Soil Survey), for use in stormwater infiltration and 
groundwater recharge. Minimize the need to grade the site by concentrating 
development in areas with minimal non-engineered slopes and existing 
infrastructure, and mitigate any construction disturbance. 

ii. The total disturbed area shall be no greater than 110 percent of the final project 
footprint plus the area of the construction stormwater detention basins, if any, 
and as required to meet applicable Fire Department regulations for brush 
clearance.  
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iii. Construction vehicles shall be confined at all times to the area specifically 
permitted to be disturbed by construction as depicted in the approved 
construction documents. Physical barriers shall be used to designate and 
protect the boundary between disturbed and undisturbed areas. 

iv. Materials staging shall be confined to the area permitted to be disturbed by 
construction or may be temporarily stored off-site at an approved location at the 
Contractor’s option.  

v. Construction vehicles shall not traverse areas within the drip lines of those 
trees and other landscaping to be preserved. Approved visible physical 
barriers, such as continuous fencing, shall be provided to completely surround 
all trees and other landscaping to be preserved. Barriers shall be placed not 
less than 5 feet outside the drip lines of trees. 

vi. Preserve or restore continuous riparian buffers widths along all natural 
drainages to a minimum width of 100 feet from each bank top, for a total of 200 
feet plus the width of the stream, unless the Watershed Plan demonstrates that 
a smaller riparian buffer width is protective of water quality, hydrology, and 
aquatic life beneficial uses within a specific drainage. 

vii. Identify and avoid development of areas containing habitat with threatened or 
endangered plant and animal species2. 

j. Each Permittee shall facilitate implementation of LID by providing key industry, 
regulatory, and other stakeholders with information regarding LID objectives and 
specifications through a training program. The LID training program will include the 
following: 

i. LID targeted sessions and materials for builders, design professionals, 
regulators, resource agencies, and stakeholders 

ii. A combination of awareness on national efforts and local experience gained 
through LID pilot projects and demonstration projects 

iii. Materials and data from LID pilot projects and demonstration projects including 
case studies 

iv. Guidance on how to integrate LID requirements at various project scales 

v. Guidance on the relationship among LID strategies, Source Control BMPs, 
Treatment Control BMPs, and Hydromodification Control requirements 

 

                                            
2
 Federal Endangered Species Act, 16 U.S.C. §§ 1531–1544 (http://water.epa.gov/lawsregs/guidance/wetlands/eo11990.cfm); 
California Endangered Species Act, California Fish and Game Code, §§  2050 to 2115.5.   
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ATTACHMENT J. DETERMINATION OF EROSION POTENTIAL 

 
 

Ep is determined as follows- The total effective work done on the channel boundary is derived 
and used as a metric to predict the likelihood of channel adjustment given watershed and 
stream hydrologic and geomorphic variables.  The index under urbanized conditions is 
compared to the index under pre-urban conditions expressed as a ratio (Ep).  The effective 
work index (W) can be computed in a number of different ways including simplistic work 
equations, material specific sediment transport equations, or more complex functions based on 
site calibrated sediment rating curves. One such work equation, which represents the total 
work done on the channel boundary, includes the followingis computed as the excess shear 
stress that exceeds a critical value for streambed mobility or bank material erosion integrated 
over time and represents the total work done on the channel boundary:   

( )∑
=

∆⋅⋅−=
n

i

ici tVW
1

5.1

ττ
   (1) 

 
Where: W = effective work, τc = critical shear stress that initiates bed mobility or erodes the 
weakest bank layer, τi  = applied hydraulic shear stress, ∆t = duration of flows (in hours), V= 
mid-channel flow velocity, and n = length of flow record.  The effective work index for 
presumed stable stream channels under pre-urban conditions is compared to stable and 
unstable channels under current urbanized conditions.Where τc = critical shear stress that 
initiates bed mobility or erodes the weakest bank layer, τi  = applied hydraulic shear stress, ∆t 
= duration of flows (in hours), and n = length of flow record.  The effective work index for 
presumed stable stream channels under pre-urban conditions is compared to stable and 
unstable channels under current urbanized conditions.  The comparison, expressed as a ratio, 
is defined as the Erosion Potential (Ep)3 (McRae (1992, 1996).  

 

pre

post

W

W
Ep =

              (2) 
where:  

Wpost = work index estimated for the post-urban condition 
Wpre  = work index estimated for the pre-urban condition 

 
 

                                            
3  MacRae, C.R. 1992. The Role of Moderate Flow Events and Bank Structure in the 

Determination of Channel Response to Urbanization. Resolving conflicts and uncertainty in 
water management: Proceedings of the 45th Annual Conference of the Canadian Water 
Resources Association. Shrubsole, D, ed. 1992, pg. 12.1-12.21; MacRae, C.R. 1996. 
Experience from Morphological Research on Canadian Streams: Is Control of the Two-Year 
Frequency Runoff Event the Best Basis for Stream Channel Protection. Effects of Watershed 
Development and Management on Aquatic Ecosystems, ASCE Engineering Foundation 
Conference, Snowbird, Utah, pg. 144-162. 
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Alternatively, a sediment transport function such as the Brownlie equation or the Meyer-Peter 

and Muller equation (US Department of Agriculture, Natural Resources Conservation Service, 

2007.  Part 654 Stream Restoration Design, National Engineering Handbook, August 2007) 

can be used to demonstrate appropriate Hydromodification control.
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ATTACHMENT K. PERMITTEES AND TMDLS MATRIX 

Note: For all tables in this Attachment, Permittees listed in italics are Multi-Jurisdictional Permittees. 

Table K-1: Santa Clara River Watershed Management Area TMDLs 

SANTA CLARA RIVER 
WATERSHED 

MANAGEMENT AREA 
PERMITTEES 

ACTIVE TMDLS 

Santa Clara River 
Nitrogen Compounds 

TMDL 

Upper Santa Clara 
River Chloride 

TMDL 

Lake Elizabeth, Munz Lake, 
and Lake Hughes Trash 

TMDL 

Santa Clara River Estuary and 
Reaches 3, 5, 6, and 7 

Indicator Bacteria TMDL 

Los Angeles (County of) X X X X 

Los Angeles County Flood 
Control 

X X X  X 

Santa Clarita X X   X 

 

Table K-2: Santa Monica Bay Watershed Management Area TMDLs 

SANTA MONICA BAY 
WATERSHED 
MANAGEMENT AREA 
PERMITTEES 

ACTIVE TMDLS 

  Malibu Creek Subwatershed 

Santa Monica 
Bay Beaches 

Bacteria TMDL 
(Wet and Dry 

Weather) 

Santa Monica 
Bay 

Nearshore and 
Offshore 

Debris TMDL 

Santa Monica Bay 
TMDL for DDTs and 

PCBs 

Malibu Creek and 
Lagoon Bacteria 

TMDL 

Malibu Creek 
Watershed 

Trash TMDL 

Malibu Creek 
Nutrient TMDL 

Agoura Hills X X X X X X 

Beverly Hills X X X       

Calabasas X X X X X X 

Culver City X X X       

El Segundo X X X       

Hermosa Beach X X X       

Hidden Hills X X X X X X 

Inglewood X X X       
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SANTA MONICA BAY 
WATERSHED 
MANAGEMENT AREA 
PERMITTEES 

ACTIVE TMDLS 

  Malibu Creek Subwatershed 

Santa Monica 
Bay Beaches 

Bacteria TMDL 
(Wet and Dry 

Weather) 

Santa Monica 
Bay 

Nearshore and 
Offshore 

Debris TMDL 

Santa Monica Bay 
TMDL for DDTs and 

PCBs 

Malibu Creek and 
Lagoon Bacteria 

TMDL 

Malibu Creek 
Watershed 

Trash TMDL 

Malibu Creek 
Nutrient TMDL 

Los Angeles (City of) X X X       

Los Angeles (County 
of) 

X X X X X X 

Los Angeles County 
Flood Control 

X X X X X X 

Malibu X X X X X X 

Manhattan Beach X X X       

Palos Verdes Estates X X X       

Rancho Palos Verdes X X X       

Redondo Beach X X X       

Rolling Hills X X X       

Rolling Hills Estates X X X       

Santa Monica X X X       

Torrance X X X       

West Hollywood X X X       

Westlake Village X X X X X X 
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Table K-3: Santa Monica Bay Watershed Management Area TMDLs 

SANTA MONICA 
BAY WATERSHED 

MANAGEMENT 
AREA 

PERMITTEES 

ACTIVE TMDLS 

Ballona Creek Subwatershed Marina del Rey Subwatershed 

Ballona 
Creek 
Trash 
TMDL 

Ballona 
Creek 

Estuary 
Toxic 

Pollutants 
TMDL 

Ballona Creek, 
Ballona estuary and 
Sepulveda Channel 

Bacteria TMDL 

Ballona 
Creek 
Metals 
TMDL 

Ballona Creek 
Wetlands TMDL for 

Sediment and 
Invasive Exotic 

Vegetation 

Marina del Rey 
Harbor Mothers' 
Beach and Back 
Basins Bacteria 

TMDL 

Marina del Rey 
Harbor Toxic 

Pollutants 
TMDL 

Agoura Hills               

Beverly Hills X X X X X     

Calabasas               

Culver City X X X X X X X 

El Segundo               

Hermosa Beach               

Hidden Hills               

Inglewood X X X X X     

Los Angeles (City 
of) 

X X X X X X X 

Los Angeles 
(County of) 

X X X X X X X 

Los Angeles 
County Flood 

Control 
  X X X X X X 

Malibu               

Manhattan Beach               

Palos Verdes 
Estates 

              

Rancho Palos 
Verdes 

              

Redondo Beach               

Rolling Hills               

Rolling Hills 
Estates 
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SANTA MONICA 
BAY WATERSHED 

MANAGEMENT 
AREA 

PERMITTEES 

ACTIVE TMDLS 

Ballona Creek Subwatershed Marina del Rey Subwatershed 

Ballona 
Creek 
Trash 
TMDL 

Ballona 
Creek 

Estuary 
Toxic 

Pollutants 
TMDL 

Ballona Creek, 
Ballona estuary and 
Sepulveda Channel 

Bacteria TMDL 

Ballona 
Creek 
Metals 
TMDL 

Ballona Creek 
Wetlands TMDL for 

Sediment and 
Invasive Exotic 

Vegetation 

Marina del Rey 
Harbor Mothers' 
Beach and Back 
Basins Bacteria 

TMDL 

Marina del Rey 
Harbor Toxic 

Pollutants 
TMDL 

Santa Monica X X X X X     

Torrance               

West Hollywood X X X X X     

Westlake Village               

 

Table K-4: Dominguez Channel Watershed Management Area TMDLs 

DOMINGUEZ CHANNEL 
WATERSHED MANAGEMENT 

AREA PERMITTEES 

ACTIVE TMDLS 

Los Angeles Harbor 
Bacteria TMDL 

Machado Lake 
Trash TMDL 

Machado Lake 
Nutrient TMDL 

Machado Lake 
Pesticides and 

PCBs TMDL 

Dominguez Channel 
and Greater Los 

Angeles and Long 
Beach Harbor Waters 

Toxic Pollutants TMDL 

Carson   X X X X 

Compton         X 

El Segundo         X 

Gardena         X 

Hawthorne         X 

Inglewood         X 

Lawndale         X 

Lomita   X X X   

Los Angeles (City of) X X X X X 

Los Angeles (County of) X X X X X 

Los Angeles County Flood 
Control 

  X X X X 
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DOMINGUEZ CHANNEL 
WATERSHED MANAGEMENT 

AREA PERMITTEES 

ACTIVE TMDLS 

Los Angeles Harbor 
Bacteria TMDL 

Machado Lake 
Trash TMDL 

Machado Lake 
Nutrient TMDL 

Machado Lake 
Pesticides and 

PCBs TMDL 

Dominguez Channel 
and Greater Los 

Angeles and Long 
Beach Harbor Waters 

Toxic Pollutants TMDL 

Manhattan Beach         X 

Palos Verdes Estates   X X X   

Rancho Palos Verdes   X X X X  

Redondo Beach   X X X X 

Rolling Hills   X X X X  

Rolling Hills Estates   X X X X  

Torrance   X X X X 

 

Table K-5: Los Angeles River Watershed Management Area TMDLs 

LOS ANGELES 
RIVER 

WATERSHED 
MANAGEMENT 

AREA 
PERMITTEES 

ACTIVE TMDLS 

Los 
Angeles 

River 
Watershed 

Trash 
TMDL 

Los Angeles 
River Nitrogen 
Compounds 
and Related 

Effects TMDL 

Los 
Angeles 

River and 
Tributaries 

Metals 
TMDL 

Los 
Angeles 

River 
Watershed 

Bacteria 
TMDL 

Legg Lake 
Trash TMDL 

Long Beach 
City Beaches 

and Los 
Angeles River 

Estuary 
Bacteria TMDL 

Los Angeles 
Area Lake 

TMDLs for Lake 
Calabasas, Echo 
Park Lake, Legg 
Lake and Peck 
Road Park Lake 

Dominguez 
Channel and 
Greater Los 

Angeles and Long 
Beach Harbor 
Waters Toxic 

Pollutants TMDL 

Alhambra X X X X        

Arcadia X X X X    X   

Bell X X X X        

Bell Gardens X X X X        

Bradbury X X X X    X   

Burbank X X X X        

Calabasas X X X X    X   

Carson X X X X        

Commerce X X X X        
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LOS ANGELES 
RIVER 

WATERSHED 
MANAGEMENT 

AREA 
PERMITTEES 

ACTIVE TMDLS 

Los 
Angeles 

River 
Watershed 

Trash 
TMDL 

Los Angeles 
River Nitrogen 
Compounds 
and Related 

Effects TMDL 

Los 
Angeles 

River and 
Tributaries 

Metals 
TMDL 

Los 
Angeles 

River 
Watershed 

Bacteria 
TMDL 

Legg Lake 
Trash TMDL 

Long Beach 
City Beaches 

and Los 
Angeles River 

Estuary 
Bacteria TMDL 

Los Angeles 
Area Lake 

TMDLs for Lake 
Calabasas, Echo 
Park Lake, Legg 
Lake and Peck 
Road Park Lake 

Dominguez 
Channel and 
Greater Los 

Angeles and Long 
Beach Harbor 
Waters Toxic 

Pollutants TMDL 

Compton X X X X      X 

Cudahy X X X X        

Downey X X X X        

Duarte X X X X    X   

El Monte X X X X X   X   

Glendale X X X X        

Hidden Hills X X X X        

Huntington 
Park 

X X X X 
 

      

Inglewood                

Irwindale X X X X    X   

La Canada 
Flintridge 

X X X X 
 

      

Lakewood X X          X 

Los Angeles 
(City of) 

X X X X 
 

  X X 

Los Angeles 
(County of) 

X X X X X   X X 

Los Angeles 
County Flood 

Control 
  X X X X X X X 

Lynwood X X X X        

Maywood X X X X        

Monrovia X X X X    X   

Montebello X X X X        

Monterey Park X X X X        

Paramount X X X X      X 
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LOS ANGELES 
RIVER 

WATERSHED 
MANAGEMENT 

AREA 
PERMITTEES 

ACTIVE TMDLS 

Los 
Angeles 

River 
Watershed 

Trash 
TMDL 

Los Angeles 
River Nitrogen 
Compounds 
and Related 

Effects TMDL 

Los 
Angeles 

River and 
Tributaries 

Metals 
TMDL 

Los 
Angeles 

River 
Watershed 

Bacteria 
TMDL 

Legg Lake 
Trash TMDL 

Long Beach 
City Beaches 

and Los 
Angeles River 

Estuary 
Bacteria TMDL 

Los Angeles 
Area Lake 

TMDLs for Lake 
Calabasas, Echo 
Park Lake, Legg 
Lake and Peck 
Road Park Lake 

Dominguez 
Channel and 
Greater Los 

Angeles and Long 
Beach Harbor 
Waters Toxic 

Pollutants TMDL 

Pasadena X X X X        

Pico Rivera 
X X X X 

 
  

  
 

  

Rosemead X X X X        

San Fernando X X X X        

San Gabriel X X X X        

San Marino X X X X        

Santa Clarita X X X X        

Sierra Madre X X X X    X   

Signal Hill X X X X  X   X 

South El Monte X X X X X    X   

South Gate X X X X        

South 
Pasadena 

X X X X 
 

      

Temple City X X X X        

Vernon X X X X        

 

Table K-6: San Gabriel River Watershed Management Area TMDLs 

SAN GABRIEL RIVER 
WATERSHED 

MANAGEMENT AREA 
PERMITTEES 

ACTIVE TMDLS 

San Gabriel River and 
Impaired Tributaries 
Metals and Selenium 

TMDL 

Legg Lake Trash 
TMDL 

Los Angeles Area Lakes TMDLs 
for Legg Lake, Puddingstone 

Reservoir, and Santa Fe Dam Park 
Lake 

Dominguez Channel and Greater 
Los Angeles and Long Beach 

Harbor Waters Toxic Pollutants 
TMDL 
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SAN GABRIEL RIVER 
WATERSHED 

MANAGEMENT AREA 
PERMITTEES 

ACTIVE TMDLS 

San Gabriel River and 
Impaired Tributaries 
Metals and Selenium 

TMDL 

Legg Lake Trash 
TMDL 

Los Angeles Area Lakes TMDLs 
for Legg Lake, Puddingstone 

Reservoir, and Santa Fe Dam Park 
Lake 

Dominguez Channel and Greater 
Los Angeles and Long Beach 

Harbor Waters Toxic Pollutants 
TMDL 

Arcadia X       

Artesia X       

Azusa X   X   

Baldwin Park X       

Bellflower X     X 

Bradbury X       

Cerritos X       

Claremont X   X   

Covina X       

Diamond Bar X       

Downey X       

Duarte X       

El Monte X X X   

Glendora X       

Hawaiian Gardens X       

Industry X       

Irwindale X   X   

La Habra Heights X       

La Mirada X       

La Puente X       

La Verne X   X   

Lakewood X       

Los Angeles (County of) X X X X 

Los Angeles County 
Flood Control 

X X X X 

Monrovia X        
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SAN GABRIEL RIVER 
WATERSHED 

MANAGEMENT AREA 
PERMITTEES 

ACTIVE TMDLS 

San Gabriel River and 
Impaired Tributaries 
Metals and Selenium 

TMDL 

Legg Lake Trash 
TMDL 

Los Angeles Area Lakes TMDLs 
for Legg Lake, Puddingstone 

Reservoir, and Santa Fe Dam Park 
Lake 

Dominguez Channel and Greater 
Los Angeles and Long Beach 

Harbor Waters Toxic Pollutants 
TMDL 

Norwalk X       

Pico Rivera X       

Pomona X   X   

San Dimas X   X   

Santa Fe Springs X       

South El Monte X X X   

Walnut X       

West Covina X       

Whittier X       

 

Table K-7: Los Cerritos Channel and Alamitos Bay Watershed Management Area TMDLs 

LOS CERRITOS CHANNEL AND 
ALAMITOS BAY WATERSHED 

MANAGEMENT AREA 
PERMITTEES 

ACTIVE TMDLS 

Los Cerritos Channel Metals 
TMDL 

Colorado Lagoon OC 
Pesticides, PCBs, Sediment 
Toxicity, PAHs, and Metals 

TMDL 

Dominguez Channel and Greater 
Los Angeles and Long Beach 

Harbor Waters Toxic Pollutants 
TMDL 

Bellflower X   X 

Cerritos X     

Downey X     

Lakewood X     

Los Angeles (County of) X   X 

Los Angeles County Flood 
Control 

X X X 

Paramount X     

Signal Hill X     
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Table K-8: Middle Santa Ana River Watershed Management Area TMDLs 

MIDDLE SANTA ANA RIVER 
WATERSHED MANAGEMENT 

AREA PERMITTEES 

ACTIVE TMDL 

Middle Santa Ana River Watershed Bacterial Indicator 
TMDL 

Claremont X 

Pomona X 

 

Table K-9: Los Angeles River Watershed Management Area Metals TMDLs by Reach 

LOS ANGELES RIVER 
WATERSHED MANAGEMENT 

AREA PERMITTEES 

Los Angeles River and Tributaries Metals TMDL 

Reach 1 and 
Compton Creek 

Reach 2, Rio Hondo, 
Arroyo Seco, and all 

contributing 
subwatersheds 

Reach 3, 
Verdugo Wash, 

and Burbank 
Western Channel 

Reach 4, Reach 5, 
Tujunga Wash, and all 

contributing 
subwatersheds 

Reach 6, Bell 
Creek, and all 
contributing 

subwatersheds 

Alhambra   X       

Arcadia   X       

Bell   X       

Bell Gardens   X       

Bradbury   X       

Burbank     X X   

Calabasas         X 

Carson X 
 

      

Commerce   X       

Compton X X       

Cudahy   X       

Downey   X       

Duarte   X       

El Monte   X       

Glendale   X X X   

Hidden Hills         X 
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LOS ANGELES RIVER 
WATERSHED MANAGEMENT 

AREA PERMITTEES 

Los Angeles River and Tributaries Metals TMDL 

Reach 1 and 
Compton Creek 

Reach 2, Rio Hondo, 
Arroyo Seco, and all 

contributing 
subwatersheds 

Reach 3, 
Verdugo Wash, 

and Burbank 
Western Channel 

Reach 4, Reach 5, 
Tujunga Wash, and all 

contributing 
subwatersheds 

Reach 6, Bell 
Creek, and all 
contributing 

subwatersheds 

Huntington Park X X       

Inglewood           

Irwindale   X       

La Canada Flintridge   X X     

Lakewood           

Los Angeles (City of) X X X X X 

Los Angeles (County of) X X X X X 

Los Angeles County Flood 
Control 

X X X X X 

Lynwood X X       

Maywood   X       

Monrovia   X       

Montebello   X       

Monterey Park   X       

Paramount   X       

Pasadena   X X     

Pico Rivera   X       

Rosemead   X       

San Fernando       X   

San Gabriel   X       

San Marino   X       

Santa Clarita           

Sierra Madre   X       

Signal Hill X         

South El Monte   X       

South Gate X X       

South Pasadena   X       
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LOS ANGELES RIVER 
WATERSHED MANAGEMENT 

AREA PERMITTEES 

Los Angeles River and Tributaries Metals TMDL 

Reach 1 and 
Compton Creek 

Reach 2, Rio Hondo, 
Arroyo Seco, and all 

contributing 
subwatersheds 

Reach 3, 
Verdugo Wash, 

and Burbank 
Western Channel 

Reach 4, Reach 5, 
Tujunga Wash, and all 

contributing 
subwatersheds 

Reach 6, Bell 
Creek, and all 
contributing 

subwatersheds 

Temple City   X       

Vernon  
X       

 

Table K-10: Los Angeles River Watershed Management Area Bacteria TMDL by Reach 

LOS ANGELES 
RIVER 

WATERSHED 
MANAGEMENT 

AREA 
PERMITTEES 

Los Angeles River Watershed Bacteria TMDL 

Los Angeles 
River Segment 

Los Angeles River Tributary 

A B C D E 
Aliso 

Canyon 
Wash 

Arroyo 
Seco 

Bell 
Creek 

Bull 
Creek 

Burbank 
Western 
Channel 

Compton 
Creek 

Dry 
Canyon 
Creek 

McCoy 
Canyon 
Creek 

Rio 
Hondo 

Tujunga 
Wash 

Verdugo 
Wash 

Alhambra   X                       X     

Arcadia                           X     

Bell   X                             

Bell Gardens   X                       X     

Bradbury                           X     

Burbank     X             X             

Calabasas                       X X       

Carson                     X           

Commerce   X                       X     

Compton X X                 X           

Cudahy   X                             

Downey   X                       X     

Duarte                           X     

El Monte                           X     

Glendale   X X       X     X         X X 
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LOS ANGELES 
RIVER 

WATERSHED 
MANAGEMENT 

AREA 
PERMITTEES 

Los Angeles River Watershed Bacteria TMDL 

Los Angeles 
River Segment 

Los Angeles River Tributary 

A B C D E 
Aliso 

Canyon 
Wash 

Arroyo 
Seco 

Bell 
Creek 

Bull 
Creek 

Burbank 
Western 
Channel 

Compton 
Creek 

Dry 
Canyon 
Creek 

McCoy 
Canyon 
Creek 

Rio 
Hondo 

Tujunga 
Wash 

Verdugo 
Wash 

Hidden Hills               X         X       

Huntington 
Park 

  X                 X           

Inglewood                                 

Irwindale                           X     

La Canada 
Flintridge 

    X       X                 X 

Lakewood X                               

Los Angeles 
(City of) 

  X X X X X X X X X X X X   X X 

Los Angeles 
(County of) 

X X X   X X X X X   X X X X X X 

Los Angeles 
County Flood 

Control 
X X X X X X X X X X X X X X X X 

Lynwood X X                 X           

Maywood   X                             

Monrovia                           X     

Montebello   X                       X     

Monterey Park   X                       X     

Paramount X X                             

Pasadena   X X       X             X   X 

Pico Rivera                           X     

Rosemead                           X     

San Fernando                             X   

San Gabriel                           X     

San Marino                           X     

Santa Clarita                 X               
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LOS ANGELES 
RIVER 

WATERSHED 
MANAGEMENT 

AREA 
PERMITTEES 

Los Angeles River Watershed Bacteria TMDL 

Los Angeles 
River Segment 

Los Angeles River Tributary 

A B C D E 
Aliso 

Canyon 
Wash 

Arroyo 
Seco 

Bell 
Creek 

Bull 
Creek 

Burbank 
Western 
Channel 

Compton 
Creek 

Dry 
Canyon 
Creek 

McCoy 
Canyon 
Creek 

Rio 
Hondo 

Tujunga 
Wash 

Verdugo 
Wash 

Sierra Madre                           X     

Signal Hill X                               

South El Monte                           X     

South Gate   X                 X     X     

South 
Pasadena 

  X         X             X     

Temple City                           X     

Vernon   X                 
 

          

 

Table K-11: Santa Monica Bay Watershed Management Area Bacteria TMDL by Reach 

SANTA MONICA 
BAY 

WATERSHED 
MANAGEMENT 

AREA 
PERMITTEES 

Santa Monica Bay Beaches Bacteria TMDL (Wet and Dry Weather) 

Jurisdiction 
Group 1 

Jurisdiction 
Group 2 

Jurisdiction 
Group 3 

Jurisdiction 
Group 4 

Jurisdiction 
Group 5 

Jurisdiction 
Group 6 

Jurisdiction 
Group 7 

Jurisdiction 
Group 8 

Jurisdiction 
Group 9 

Agoura Hills                 X 

Beverly Hills               X   

Calabasas X               X 

Culver City               X   

El Segundo   X     X         

Hermosa Beach         X X       

Hidden Hills                 X 

Inglewood               X   

Los Angeles 
(City of) 

X X X       X X   
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SANTA MONICA 
BAY 

WATERSHED 
MANAGEMENT 

AREA 
PERMITTEES 

Santa Monica Bay Beaches Bacteria TMDL (Wet and Dry Weather) 

Jurisdiction 
Group 1 

Jurisdiction 
Group 2 

Jurisdiction 
Group 3 

Jurisdiction 
Group 4 

Jurisdiction 
Group 5 

Jurisdiction 
Group 6 

Jurisdiction 
Group 7 

Jurisdiction 
Group 8 

Jurisdiction 
Group 9 

Los Angeles 
(County of) 

X X 
 

X  X X X X X 

Los Angeles 
County Flood 

Control 
X X X X X X X X X 

Malibu X     X         X 

Manhattan Beach         X X       

Palos Verdes 
Estates 

            X     

Rancho Palos 
Verdes 

            X     

Redondo Beach         
 

X 
 

    

Rolling Hills             X     

Rolling Hills 
Estates 

            X     

Santa Monica   X X         X   

Torrance           X 
 

    

West Hollywood               X   

Westlake Village                 X 

 

RB-AR5570



Los Angeles County ORDER NO. R4-2012-XXXX 
Municipal Separate Storm Sewer System NPDES NO. CAS004001 
 

Attachment K – Permittees and TMDLs Matrix K-17 
 

R
E
V
I
S
E
D 
 

T 
E 
N 
T 
A 
T 
I 
V 
E 

Table K-12: San Gabriel River Watershed Management Area Metals TMDLs by Reach 

SAN GABRIEL RIVER 
WATERSHED 

MANAGEMENT AREA 
PERMITTEES 

San Gabriel River and Impaired Tributaries Metals and Selenium TMDL 

Walnut 
Creek 

San Jose 
Creek 

Coyote 
Creek 

San Gabriel 
River Reach 1 

San Gabriel 
River Reach 2 

San Gabriel 
River Reach 3 

San Gabriel 
River Reach 4 

San Gabriel 
River Reach 5 

Arcadia             X   

Artesia     X X         

Azusa X             X 

Baldwin Park X         X X   

Bellflower       X         

Bradbury                 

Cerritos     X X         

Claremont X X             

Covina X               

Diamond Bar   X X           

Downey       X X       

Duarte               X 

El Monte           X X   

Glendora X             X 

Hawaiian Gardens     X           

Industry X X     X X     

Irwindale X         X X X 

La Habra Heights   X X           

La Mirada     X           

La Puente X X       X     

La Verne X X             

Lakewood     X X         

Los Angeles (County of) X X X   X X   X 

Los Angeles County Flood 
Control 

X X X X X X X X 

RB-AR5571



Los Angeles County ORDER NO. R4-2012-XXXX 
Municipal Separate Storm Sewer System NPDES NO. CAS004001 
 

Attachment K – Permittees and TMDLs Matrix K-18 
 

R
E
V
I
S
E
D 
 

T 
E 
N 
T 
A 
T 
I 
V 
E 

SAN GABRIEL RIVER 
WATERSHED 

MANAGEMENT AREA 
PERMITTEES 

San Gabriel River and Impaired Tributaries Metals and Selenium TMDL 

Walnut 
Creek 

San Jose 
Creek 

Coyote 
Creek 

San Gabriel 
River Reach 1 

San Gabriel 
River Reach 2 

San Gabriel 
River Reach 3 

San Gabriel 
River Reach 4 

San Gabriel 
River Reach 5 

Monrovia               X  

Norwalk     X X         

Pico Rivera         X X     

Pomona X X             

San Dimas X X             

Santa Fe Springs     X X X       

South El Monte           X     

Walnut X X             

West Covina X X             

Whittier   X X   X X     

 

Table K-13: Dominguez Channel Watershed Management Area Toxics TMDL by Reach  

DOMINGUEZ CHANNEL 
WATERSHED 

MANAGEMENT AREA 
PERMITTEES 

Dominguez Channel and Greater Los Angeles and Long Beach Harbor Waters Toxic Pollutants TMDL 

Dominguez 
Channel 

Dominguez 
Channel Estuary 

Greater Los 
Angeles and Long 

Beach Harbors 

Los Angeles 
River Estuary 

Consolidated 
Slip 

Los Angeles River and 
San Gabriel River 

Bellflower   X    

Carson X X     

Compton X X     

El Segundo X      

Gardena X X     

Hawthorne X      

Inglewood X      

Lakewood   X    

Lawndale X      
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DOMINGUEZ CHANNEL 
WATERSHED 

MANAGEMENT AREA 
PERMITTEES 

Dominguez Channel and Greater Los Angeles and Long Beach Harbor Waters Toxic Pollutants TMDL 

Dominguez 
Channel 

Dominguez 
Channel Estuary 

Greater Los 
Angeles and Long 

Beach Harbors 

Los Angeles 
River Estuary 

Consolidated 
Slip 

Los Angeles River and 
San Gabriel River 

Los Angeles (City of) X X X X X  

Los Angeles (County of) X X X X X  

Los Angeles County Flood 
Control District 

X X X X X  

Manhattan Beach X      

Paramount   X    

Rancho Palos Verdes   X    

Redondo Beach X      

Rolling Hills   X    

Rolling Hills Estates   X    

Signal Hill   X X   

Torrance X X     

Los Angeles River and San 
Gabriel River Metals TMDLs 

Responsible Parties
1
 

     
see footnote 

1 below 

1
 Permittees subject to the Los Angeles River Metals TMDL and the San Gabriel River Metals TMDL are required to submit a monitoring plan and a report of 

implementation. 
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ATTACHMENT L. TMDLs IN THE SANTA CLARA RIVER WATERSHED MANAGEMENT 

AREA (WMA) 

A. Santa Clara River Nitrogen Compounds TMDL 

1. Permittees subject to the provisions below are identified in Attachment K, Table K-1. 

2. Permittees shall comply with the following water quality-based effluent limitations for 
discharges to the Santa Clara River Reach 54 as of the effective date of this Order: 

Constituent 
Effluent Limitations (mg/L) 

1-hour Average 30-day Average 

Total Ammonia as Nitrogen 5.2 1.75 
Nitrate as Nitrogen plus Nitrite as Nitrogen -- 6.8 

B. Upper Santa Clara River Chloride TMDL 

1. Permittees subject to the provisions below are identified in Attachment K, Table K-1. 

2. Permittees shall comply with the following water quality-based effluent limitation for 
discharges to the Santa Clara River Reaches 5 and 6 as of the effective date of this 
Order: 

Constituent 
Effluent Limitation 

Instantaneous Maximum 
(mg/L) 

Chloride 100 

C. Lake Elizabeth Trash TMDL 

1. Permittees subject to the provisions below are identified in Attachment K, Table K-1. 

2. Permittees shall comply with the final water quality-based effluent limitation of zero 
trash discharged to Lake Elizabeth no later than March 6, 2016 and every year 
thereafter. 

3. Permittees shall comply with interim and final water quality-based effluent limitations 
for trash discharged to Lake Elizabeth, per the schedule below: 

4. Permittees shall comply with the interim and final water quality-based effluent 
limitations for trash in C.2 and C.3 above per the provisions in Part VI.E.5. 

                                            
4
 The Basin Plan Chapter 7-9 Santa Clara River Nitrogen Compounds TMDL uses the USEPA Santa Clara River reach 
designations.  The USEPA’s Santa Clara River Reach 7 corresponds to Santa Clara River Reach 5 in the Los Angeles 
Region’s Basin Plan Chapter 2. 

Deadline 

Effluent Limitation 

Drainage Area covered by 
Full Capture Systems (%) 

Annual Trash 
Discharge (gal/yr) 

Baseline 0 529 

March 6, 2012 20 423 

March 6, 2013 40 317 

March 6, 2014 60 212 

March 6, 2015 80 106 

March 6, 2016 100 0 
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D. Santa Clara River Indicator Bacteria TMDL 

1. Permittees subject to the provisions below are identified in Attachment K, Table K-1. 

2. Permittees shall comply with the following final water quality-based effluent 
limitations for discharges to the Santa Clara River Reaches 5, 6 and 7 during dry 
weather no later than March 21, 2023 and during wet weather5 no later than March 
21, 2029: 

Constituent 
Effluent Limitation (MPN or cfu) 

Daily Maximum Geometric Mean 

E. coli 235/100 mL 126/100 mL 

 

3. Receiving Water Limitations 

a. Permittees shall comply with the following interim bacteria receiving water 
limitations6 for the Santa Clara River Reaches 5, 6, and 7: 

Time 
Period 

Annual Allowable 
Exceedance Days of the 
Single Sample Objective 

(days) 
Deadline 

Daily 
Sampling 

Weekly 
Sampling 

Dry Weather 17 3 March 21, 2016 

Wet 
Weather 

61 9 March 21, 2016 

b. Permittees shall comply with the following final bacteria receiving water 
limitations7 for the Santa Clara River Reaches 5, 6, and 7: 

Time 
Period 

Annual Allowable 
Exceedance Days of the 
Single Sample Objective 

(days) 
Deadline 

Daily 
Sampling 

Weekly 
Sampling 

Dry Weather 5 1 March 21, 2023 

Wet 
Weather 

16 3 March 21, 2029 

 
  

                                            
5
 Wet weather is defined as days with 0.1 inch of rain or more and the three days following the rain event. 

6
 The final receiving water limitations are group-based and shared among all MS4 Permittees located within the sub-drainage 
area to each reach. 

7
 Ibid. 
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c. Permittees shall comply with the following geometric mean receiving water 
limitation for the Santa Clara River Reaches 5, 6, and 7 during dry weather no 
later than March 21, 2023 and during wet weather no later than March 21, 2029: 

Constituent Geometric Mean (MPN or cfu) 

E. coli 126/100 mL 

 

d. Permittees may propose wet-weather load-based compliance at MS4 outfalls.  
The plan shall include an estimate of existing load and the allowable load from 
MS4 outfalls to attain the allowable number of exceedance days instream.  The 
plan shall include a technically defensible quantitative linkage to the allowable 
number of exceedance days.  The plan shall include quantitative estimates of the 
water quality benefits provided by the proposed implementation approach. 
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ATTACHMENT M. TMDLs IN THE SANTA MONICA BAY WATERSHED MANAGEMENT 

AREA 

A. Santa Monica Bay Beaches Bacteria TMDL 

1. Permittees subject to the provisions below are identified in Attachment K,  
Table K-2. 

2. Permittees shall comply with the following final water quality-based effluent 
limitations for discharges to Santa Monica Bay beaches during dry weather as of the 
effective date of this Order and during wet weather no later than July 15, 2021: 

Constituent 
Effluent Limitations (MPN or cfu) 

Daily Maximum Geometric Mean 

Total coliform* 10,000/100 mL 1,000/100 mL 

Fecal coliform 400/100 mL 200/100 mL 

Enterococcus 104/100 mL 35/100 mL 

* Total coliform density shall not exceed a daily maximum of 1,000/100 mL, if the ratio of fecal-to-
total coliform exceeds 0.1. 

3. Receiving Water Limitations 

a. Permittees in each defined jurisdictional group shall comply with the interim 
single sample bacteria receiving water limitations for shoreline monitoring 
stations within their jurisdictional area during wet weather, per the schedule 
below: 

Deadline 

Cumulative percentage reduction from the total 

exceedance day reductions required for each 

jurisdictional group as identified in Table 1 

July 15, 2013 25% 

July 15, 2018 50% 
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Table M-1:  Interim Single Sample Bacteria Receiving Water Limitations by Jurisdictional Group 

Jurisdiction 

Group 
Primary Jurisdiction 

Additional Responsible 

Jurisdictions & Agencies 
Subwatershed(s) Monitoring Site(s) 

Interim Single Sample Bacteria 

Receiving Water Limitations as 

Maximum Allowable Exceedance 

Days during Wet Weather 

10% 

Reduction 

Milestone 

25% 

Reduction 

Milestone 

50% 

Reduction 

Milestone 

1 County of Los Angeles Malibu 

City of Los Angeles 

(Topanga only) 

Calabasas (Topanga only) 

Arroyo Sequit SMB 1-1 221 212 197 

Carbon Canyon SMB 1-13 

Corral Canyon SMB 1-11, 

SMB 1-12 

Encinal Canyon SMB 1-3
 

Escondido Canyon SMB 1-8 

Las Flores Canyon SMB 1-14 

Latigo Canyon SMB 1-9 

Los Alisos Canyon SMB 1-2 

Pena Canyon SMB 1-16 

Piedra Gorda Canyon SMB 1-15 

Ramirez Canyon SMB 1-6, SMB 1-7 

Solstice Canyon SMB 1-10 

Topanga Canyon SMB 1-18 

Trancas Canyon SMB 1-4 

Tuna Canyon SMB 1-17 

Zuma Canyon SMB 1-5 

2 City of Los Angeles County of Los Angeles 

El Segundo (DW only) 

Manhattan Beach (DW 

only) 

Culver City (MDR only) 

Santa Monica 

Castlerock SMB 2-1 342 324 294 

Dockweiler SMB 2-10, SMB 2-

11, SMB 2-12, SMB 

2-13, SMB 2-14, 

SMB 2-15 

Marina del Rey SMB 2-8, 

SMB 2-9 

Pulga Canyon SMB 2-4, SMB 2-5 
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Jurisdiction 

Group 
Primary Jurisdiction 

Additional Responsible 

Jurisdictions & Agencies 
Subwatershed(s) Monitoring Site(s) 

Interim Single Sample Bacteria 

Receiving Water Limitations as 

Maximum Allowable Exceedance 

Days during Wet Weather 

10% 

Reduction 

Milestone 

25% 

Reduction 

Milestone 

50% 

Reduction 

Milestone 

Santa Monica 

Canyon 

SMB 2-7 

Santa Ynez Canyon SMB 2-2, SMB 2-3, 

SMB 2-6 

3 Santa Monica City of Los Angeles 

County of Los Angeles 

Santa Monica SMB 3-1, SMB 3-2, 

SMB 3-3, SMB 3-4, 

SMB 3-5, SMB 3-6 

SMB 3-7, SMB 3-8
#
 

SMB 3-9 

257 237 203 

4 Malibu County of Los Angeles Nicholas Canyon SMB 4-1
# 

14 14 14 

5 Manhattan Beach El Segundo 

Hermosa Beach 

Redondo Beach 

Hermosa SMB 5-1
#
, 

SMB 5-2, 

SMB 5-3
#
, 

SMB 5-4
#
, 

SMB 5-5
#
 

29 29 29 

6 Redondo Beach Hermosa Beach 

Manhattan Beach 

Torrance 

County of Los Angeles 

Redondo SMB 6-1, 

SMB 6-2
#
, 

SMB 6-3, 

SMB 6-4, 

SMB 6-5
#
, 

SMB 6-6
#
 

58 57 56 
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Jurisdiction 

Group 
Primary Jurisdiction 

Additional Responsible 

Jurisdictions & Agencies 
Subwatershed(s) Monitoring Site(s) 

Interim Single Sample Bacteria 

Receiving Water Limitations as 

Maximum Allowable Exceedance 

Days during Wet Weather 

10% 

Reduction 

Milestone 

25% 

Reduction 

Milestone 

50% 

Reduction 

Milestone 

7 Rancho Palos Verdes City of Los Angeles 

Palos Verdes Estates 

Redondo Beach 

Rolling Hills 

Rolling Hills Estates 

Torrance 

County of Los Angeles 

Palos Verdes 

Peninsula 

SMB 7-1
#
,  

SMB 7-2
#
, 

SMB 7-3
#
, 

SMB 7-4
#
, 

SMB 7-5
#
, 

SMB 7-6
#
, 

SMB 7-7, 

SMB 7-8
#
, 

SMB 7-9
#
 

36 36 36 

# For those beach monitoring locations subject to the antidegradation provision, there shall be no increase in exceedance days during the implementation period above that 
estimated for the beach monitoring location in the critical year. 

* The California Department of Transportation (Caltrans) is a responsible agency in each Jurisdiction Group and is jointly responsible for complying with the allowable 
number of exceedance days.  Caltrans is separately regulated under the Statewide Storm Water Permit for State of California Department of Transportation (NPDES No. 
CAS000003). 
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b. Permittees shall comply with the following grouped8 final single sample bacteria 
receiving water limitations for all shoreline monitoring stations along Santa 
Monica Bay beaches, except for those monitoring stations subject to the 
antidegradation implementation provision as established in the TMDL and 
identified in subpart c. below, during dry weather as of the effective date of this 
Order and during wet weather no later than July 15, 2021: 

Time Period 

Annual Allowable Exceedance 
Days of the Single Sample 

Objective (days) 

Daily Sampling 
Weekly 

Sampling 

Summer Dry-Weather 
(April 1 to October 31) 

0 0 

Winter Dry-Weather 
(November 1 to March 31) 

3 1 

Wet Weather
9 17 3 

 
c. Permittees shall comply with the following grouped2 final single sample bacteria 

receiving water limitations for shoreline monitoring stations along Santa Monica 
Bay beaches subject to the antidegradation provision as of the effective date of 
this Order: 

 

Annual Allowable Exceedance Days 

of the Single Sample Objective (days) 

Station ID Beach Monitoring Location 

Winter Dry Weather 

(November 1 – March 

31) 

Wet Weather 

(November 1 – 

October 31) 

Daily 

Sampling 

Weekly 

Sampling 

Daily 

Sampling 

Weekly 

Sampling 

SMB 1-4 Trancas Creek at Broad Beach 0 0 17 3 

SMB 1-5 Zuma Creek at Zuma Beach 0 0 17 3 

SMB 2-13 Imperial Highway storm drain 2 1 17 3 

SMB 3-8 
Windward Ave. storm drain at Venice 

Pavilion 
2 1 13 2 

SMB 4-1 
San Nicholas Canyon Creek at 

Nicholas Beach 
0 0 14 2 

SMB 5-1 Manhattan Beach at 40th Street 1 1 4 1 

SMB 5-2 
28th Street storm drain at Manhattan 

Beach 
0 0 17 3 

SMB 5-3 Manhattan Beach Pier, southern drain 1 1 5 1 

                                            
8
 The final receiving water limitations are group-based and shared among all MS4 Permittees located within the sub-drainage 
area to each beach monitoring location. 

9
 Wet weather is defined as days with 0.1 inch of rain or greater and the three days following the rain event. 
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Annual Allowable Exceedance Days 

of the Single Sample Objective (days) 

Station ID Beach Monitoring Location 

Winter Dry Weather 

(November 1 – March 

31) 

Wet Weather 

(November 1 – 

October 31) 

Daily 

Sampling 

Weekly 

Sampling 

Daily 

Sampling 

Weekly 

Sampling 

SMB 5-4 Hermosa City Beach at 26th St. 3 1 12 2 

SMB 5-5 Hermosa Beach Pier 2 1 8 2 

SMB 6-2 
Redondo Municipal Pier- 100 yards 

south 
3 1 14 2 

SMB 6-5 
Avenue I storm drain at Redondo 

Beach 
3 1 6 1 

SMB 6-6 Malaga Cove, Palos Verdes Estates 1 1 3 1 

SMB 7-1 Malaga Cove, Palos Verdes Estates 1 1 14 2 

SMB 7-2 Bluff Cove, Palos Verdes Estates 1 1 0 0 

SMB 7-3 Long Point, Rancho Palos Verdes 1 1 5 1 

SMB 7-4 Abalone Cove, Rancho Palos Verdes  0 0 1 1 

SMB 7-5 
Portuguese Bend Cove, Rancho 

Palos Verdes 
1 1 2 1 

SMB 7-6 
White’s Point, Royal Palms County 

Beach 
1 1 6 1 

SMB 7-8 
Point Fermin/Wilder Annex, San 

Pedro 
1 1 2 1 

SMB 7-9 Outer Cabrillo Beach 1 1 3 1 

 
d. Permittees shall comply with the following geometric mean receiving water 

limitations for all shoreline monitoring stations along Santa Monica Bay beaches 
during dry weather as of the effective date of this Order and during wet weather 
no later than July 15, 2021: 

Constituent Geometric Mean (MPN or cfu) 

Total coliform 1,000/100 mL 

Fecal coliform 200/100 mL 

Enterococcus 35/100 mL 

 

B. Santa Monica Bay Nearshore and Offshore Debris TMDL 

1. Permittees subject to the provisions below are identified in Attachment K, Table K-2. 
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2. Permittees shall comply with the final water quality-based effluent limitation of zero 
trash discharged into water bodies within the Santa Monica Bay WMA and then into 
Santa Monica Bay or on the shoreline of Santa Monica Bay no later than March 20, 
202010, and every year thereafter. 

3. Permittees shall comply with interim and final water quality-based effluent limitations 
for trash discharged into Santa Monica Bay or on the shoreline of Santa Monica Bay, 
per the schedule below: 

Permittees Baseline
11

 

Mar 20, 2016 
(80%) 

Mar 20, 2017 
(60%) 

Mar 20, 2018 
(40%) 

Mar 20, 2019 
(20%) 

Mar 20, 
2020

12
 

(0%) 

Annual Trash Discharge (gals/yr) 

Agoura Hills
13

 1,044 835 626 418 209 0 

Calabasas
10

 1,656 1,325 994 663 331 0 

Culver City 52 42 31 21 10 0 

El Segundo 2,732 2,186 1,639 1,093 546 0 

Hermosa Beach 1,117 894 670 447 223 0 
Los Angeles, 
 City of 25,112 20,090 15,067 10,045 5,022 0 
Los Angeles, 
County of 5,138 4,110 3,083 2,055 1,028 0 

Malibu 5,809 4,648 3,486 2,324 1,162 0 

Manhattan Beach 2,501 2,001 1,501 1,001 500 0 
Palos Verdes 
Estates 3,346 2,677 2,007 1,338 669 0 
Rancho Palos 
Verdes 7,254 5,803 4,353 2,902 1,451 0 

Redondo Beach 3,197 2,558 1,918 1,279 639 0 

Rolling Hills 515 412 309 206 103 0 
Rolling Hills 
Estates 365 292 219 146 73 0 

Santa Monica 5,672 4,537 3,403 2,269 1,134 0 

Torrance 2,484 1,987 1,490 993 497 0 

Westlake Village
10

 3,131 2,505 1,879 1,252 626 0 

4. Permittees shall comply with the interim and final water quality-based effluent 
limitations for trash in B.2 and B.3 above per the provisions in Part VI.E.5. 

C. Santa Monica Bay TMDL for DDTs and PCBs (USEPA established) 

1. Permittees subject to the provisions below are identified in Attachment K, Table K-2. 

                                            
10

 If a Permittee by November 4, 2013, adopts local ordinances to ban plastic bags, smoking in public places and single use 
expanded polystyrene food packaging then the final compliance date will be extended until March 20, 2023. 

11
 If a Permittee elects not to use the default baseline, then the Permittee shall include a plan to establish a site specific trash 
baseline in their Trash Monitoring and Reporting Plan. 

12
 Permittees shall achieve their final effluent limitation of zero trash discharge for the 2019-2020 storm year and every year 
thereafter. 

13
 Permittees shall be deemed in compliance with the water quality-based effluent limitation for trash established to implement 
the Santa Monica Bay Nearshore and Offshore Debris TMDL, if the Permittee is in compliance with the water quality-based 
effluent limitations established to implement the Malibu Creek Watershed Trash TMDL. 
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2. Permittees shall comply with the following WLAs, expressed as an annual loading of 
pollutants from the sediment discharged to Santa Monica Bay, per the provisions in 
Part IVI.E.3: 

Constituent 
Annual Mass-Based WLA 

(g/yr) 
DDT 27.08 
PCBs 140.25 

 

3. Compliance shall be determined based on a three-year averaging period. 

D. TMDLs in the Malibu Creek Subwatershed 

1. Malibu Creek and Lagoon Bacteria TMDL 

a. Permittees subject to the provisions below are identified in Attachment K, 
Table K-2. 

b. Water Quality-Based Effluent Limitations 

i. Permittees shall comply with the following final water quality-based effluent 
limitations for discharges to Malibu Lagoon during dry weather as of the 
effective date of this Order, and during wet weather no later than July 15, 
2021: 

Constituent 
Effluent Limitations (MPN or cfu) 

Daily Maximum Geometric Mean 

Total coliform* 10,000/100 mL 1,000/100 mL 

Fecal coliform 400/100 mL 200/100 mL 

Enterococcus 104/100 mL 35/100 mL 

* Total coliform density shall not exceed a daily maximum of 1,000/100 mL, if the ratio 
of fecal-to-total coliform exceeds 0.1. 

 

ii. Permittees shall comply with the following final water quality-based effluent 
limitations for discharges to Malibu Creek and its tributaries during dry 
weather as of the effective date of this Order, and during wet weather no 
later than July 15, 2021: 

Constituent 
Effluent Limitation (MPN or cfu) 

Daily Maximum Geometric Mean 

E. coli 235/100 mL 126/100 mL 

 
c. Receiving Water Limitations 

i. Permittees shall comply with the following grouped14 final single sample 
bacteria receiving water limitations for Malibu Creek, its tributaries, and 

                                            
14

 The final receiving water limitations are group-based and shared among all MS4 Permittees located within the drainage area 
to the receiving water. 
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Malibu Lagoon during dry weather as of the effective date of this Order, and 
during wet weather no later than July 15, 2021: 

Time Period 

Annual Allowable Exceedance 
Days of the Single Sample 

Objective (days) 

Daily Sampling 
Weekly 

Sampling 
Summer Dry-Weather 
(April 1 to October 31) 

0 0 

Winter Dry-Weather 
(November 1 to March 31) 

3 1 

Wet Weather
15

 17 3 

 
ii. Permittees shall comply with the following geometric mean receiving water 

limitations for discharges to Malibu Lagoon during dry weather as of the 
effective date of this Order, and during wet weather no later than July 15, 
2021: 

Constituent Geometric Mean (MPN or cfu) 

Total coliform 1,000/100 mL 

Fecal coliform 200/100 mL 

Enterococcus 35/100 mL 

 
iii. Permittees shall comply with the following geometric mean receiving water 

limitation for discharges to Malibu Creek and its tributaries during dry 
weather as of the effective date of this Order, and during wet weather no 
later than July 15, 2021: 

Constituent Geometric Mean (MPN or cfu) 

E. coli 126/100 mL 

 

2. Malibu Creek Watershed Trash TMDL 

a. Permittees subject to the provisions below are identified in Attachment K, 
Table K-2. 

b. Permittees shall comply with the final water quality-based effluent limitation of 
zero trash discharged to Malibu Creek from Malibu Lagoon to Malibou Lake, 
Malibu Lagoon, Malibou Lake, Medea Creek, Lindero Creek, Lake Lindero, and 
Las Virgenes Creek in the Malibu Creek Watershed no later than July 7, 2017 
and every year thereafter. 

c. Permittees shall comply with interim and final water quality-based effluent 
limitations for trash discharged to the Malibu Creek, per the schedule below: 

  

                                            
15

 Wet weather is defined as days with 0.1 inch of rain or greater and the three days following the rain event. 
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Permittees 

Baseline July 7, 2013 

(80%) 

July 7, 2014 

(60%) 

July 7, 2015 

(40%) 

July 7, 2016 

(20%) 

July 7, 2017 

(0%) 

Annual Trash Discharge (gals/yr) 

Agoura Hills 1810 1448 1086 724 362 0 

Calabasas 673 539 404 269 135 0 

Hidden Hills 71 57 43 28 14 0 

Los Angeles 
County 

1117 894 670 447 223 0 

Malibu 226 181 136 91 45 0 

Westlake 
Village 

143 114 86 57 29 0 

 
d. Permittees shall comply with the interim and final water quality-based effluent 

limitations for trash in D.2.b and D.2.c above per the provisions in Part VI.E.5. 

3. Malibu Creek Watershed Nutrients TMDL (USEPA established) 

a. Permittees subject to the provisions below are identified in Attachment K, 
Table K-2. 

b. Permittees shall comply with the following grouped16 WLAs per the provisions in 
Part IVI.E.3 for discharges to Westlake Lake, Lake Lindero, Lindero Creek, Las 
Virgenes Creek, Medea Creek, Malibou Lake, Malibu Creek and Malibu Lagoon 
and its tributaries.  Tributaries to Malibu Creek and Lagoon, include the following 
upstream water bodies; Triunfo Creek, Palo Comado Creek, Cheesebro Creek, 
Strokes Creek and Cold Creek. 

Time Period 

WLA 

Nitrate as Nitrogen plus 
Nitrite as Nitrogen 

Total Phosphorus 

Daily Maximum Daily Maximum 

Summer (April 15 to November 15)
17

 8 lbs/day 0.8 lbs/day 

Winter (November 16 to April 14) 8 mg/L n/a 

 

E. TMDLs in the Ballona Creek Subwatershed 

1. Ballona Creek Trash TMDL 

a. Permittees subject to the provisions below are identified in Attachment K, 
Table K-3. 

                                            
16

 USEPA was unable to specifically distinguish the amounts of pollutant loads from allocation categories associated with 
areas regulated by the storm water permits.  Therefore, allocations for storm water permits are grouped. 

17
 The mass-based summer WLAs are calculated as the sum of the allocations for “runoff from developed areas” and “dry 
weather urban runoff.” 
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b. Permittees shall comply with the final water quality-based effluent limitation of 
zero trash discharged to Ballona Creek no later than September 30, 2015 and 
every year thereafter. 

c. Permittees shall comply with the interim and final water quality-based effluent 
limitations for trash discharged to Ballona Creek, per the schedule below: 

Ballona Creek Subwatershed Trash Effluent Limitations per Storm Year18 
(pounds of drip-dry trash) 

Permittees 

Baseline 

Sept 30, 
2012 
(20%) 

Sept 30, 
2013 
(10%) 

Sept 30, 
2014 

(3.3%) 

Sept 30, 
2015

19
 

(0%) 

Annual Trash Discharge (pounds of trash) 

Beverly Hills 70,712 14,142 7,071 2,333 0 

Culver City 37,271 7,454 3,727 1,230 0 

Inglewood 22,324 4,465 2,232 737 0 
Los Angeles, 
City of 942,720 188,544 94,272 31,110 0 
Los Angeles, 
County of 52,693 10,539 5,269 1,739 0 

Santa Monica 2,579 516 258 85 0 
West 
Hollywood 13,411 2,682 1,341 443 0 

 

Ballona Creek Subwatershed Trash Effluent Limitations per Storm Year 
(gallons of uncompressed trash) 

Permittees 

Baseline 

Sept 30, 
2012 
(20%) 

Sept 30, 
2013 
(10%) 

Sept 30, 
2014 

(3.3%) 

Sept 30, 
2015

16 

(0%) 

Annual Trash Discharge (gallons of uncompressed trash) 

Beverly Hills 45,336 9,067 4,534 1,496 0 

Culver City 25,081 5,016 2,508 828 0 

Inglewood 14,717 2,943 1,472 486 0 
Los Angeles, 
City of 602,068 120,414 60,207 19,868 0 
Los Angeles, 
County of 32,679 6,536 3,268 1,078 0 

Santa Monica 1,749 350 175 58 0 
West 
Hollywood 9,360 1,872 936 309 0 

 

d. Seventy-two (72) hours after each rain event, Permittees shall clean out and 
measure trash retained. 

                                            
18

 For purposes of the provisions in this subpart, a storm year is defined as October 1 to September 30. 
19

 Permittees shall achieve their final water quality-based effluent limitation of zero trash discharged for the 2014-2015 storm 
year and every year thereafter. 
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e. Every 3 months during dry weather, Permittees shall clean out and measure 
trash retained. 

f.d.Permittees shall comply with the interim and final water quality-based effluent 
limitations for trash in E.1.b and E.1.c above per the provisions in Part VI.E.5. 

2. Ballona Creek Estuary Toxic Pollutants TMDL 

a. Permittees subject to the provisions below are identified in Attachment K, 
Table K-3. 

b. Permittees shall comply with the following final water quality-based effluent 
limitations no later than January 11, 2021, expressed as an annual loading of 
sediment-bound pollutants deposited to Ballona Creek Estuary: 

Constituent 
Effluent Limitations 

Annual Units 

Cadmium 8.0 kg/yr 

Copper 227.3 kg/yr 

Lead 312.3 kg/yr 

Silver 6.69 kg/yr 

Zinc 1003 kg/yr 

Chlordane 3.34 g/yr 

DDTs 10.56 g/yr 

Total PCBs 152 g/yr 

Total PAHs 26,900 g/yr 

 
c. Permittees shall comply with interim and final water quality-based effluent 

limitations for sediment-bound pollutant loads deposited to Ballona Creek 
Estuary, per the schedule below: 

Deadline 

Total Drainage Area Served by the 
MS4 required to meet the water 

quality-based effluent limitations 

(%) 

January 11, 2013 25 

January 11, 2015 50 

January 11, 2017 75 

January 11, 2021 100 

 
d. Permittees shall be deemed in compliance with the water quality-based effluent 

limitations in Part E.2.b  by demonstrating any one of the following: 

i. Final water quality-based effluent limitations for sediment-bound pollutants 
deposited to Ballona Creek Estuary are met; or 
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ii. The sediment numeric targets as defined in the TMDL are met in bed 
sediments; or 

iii. Concentrations of sediments discharged meet the numeric targets for 
sediment as defined in the TMDL. 

3. Ballona Creek, Ballona Estuary and Sepulveda Channel Bacteria TMDL 

a. Permittees subject to the provisions below are identified in Attachment K, 
Table K-3. 

b. Water Quality-Based Effluent Limitations 

i. Permittees shall comply with the following final water quality-based effluent 
limitations for discharges to Ballona Creek Estuary; Ballona Creek Reach 2 at 
the confluence with Ballona Creek Estuary; and Centinela Creek at the 
confluence with Ballona Creek Estuary during dry weather no later than April 
27, 2013, and during wet weather no later than July 15, 2021: 

Constituent 
Effluent Limitations (MPN or cfu) 

Daily Maximum Geometric Mean 

Total coliform* 10,000/100 mL 1,000/100 mL 

Fecal coliform 400/100 mL 200/100 mL 

Enterococcus 104/100 mL 35/100 mL 

* Total coliform density shall not exceed a daily maximum of 1,000/100 mL,  
if the ratio of fecal-to-total coliform exceeds 0.1. 

 

ii. Permittees shall comply with the following final water quality-based effluent 
limitations for discharges to Sepulveda Channel during dry weather no later 
than April 27, 2013, and during wet weather no later than July 15, 2021: 

Constituent 
Effluent Limitation (MPN or cfu) 

Daily Maximum Geometric Mean 

E. coli 235/100 mL 126/100 mL 

 

iii. Permittees shall comply with the following final water quality-based effluent 
limitations for discharges to Ballona Creek Reach 2; Ballona Creek Reach 1 
at the confluence with Ballona Creek Reach 2; and Benedict Canyon Channel 
at the confluence with Ballona Creek Reach 2 during dry weather no later 
than April 27, 2013, and during wet weather no later than July 15, 2021: 

Constituent 
Effluent Limitation (MPN or cfu) 

Daily Maximum Geometric Mean 

E. coli 576/100 mL 126/100 mL 

 
iv. Permittees shall comply with the following final water quality-based effluent 

limitations for discharges to Ballona Creek Reach 1 during dry weather no 
later than April 27, 2013, and during wet weather no later than July 15, 2021: 
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Constituent 
Effluent Limitation (MPN or cfu) 

Daily Maximum Geometric Mean 

Fecal coliform 4000/100 mL 2000/100 mL 

 
c. Receiving Water Limitations 

i. Permittees shall comply with the following grouped20 single sample bacteria 
receiving water limitations for Ballona Creek Estuary; Ballona Creek Reach 2 
at the confluence with Ballona Creek Estuary; Centinela Creek at the 
confluence with Ballona Creek Estuary; Ballona Creek Reach 2; Ballona 
Creek Reach 1 at the confluence with Reach 2; Benedict Canyon Channel at 
the confluence with Ballona Creek Reach 2; and Sepulveda Channel: 

Time Period 

Annual Allowable Exceedance 
Days of the Single Sample 

Objective Deadline 

Daily Sampling 
Weekly 

Sampling 
Summer Dry-Weather 
(April 1 to October 31) 

0 0 April 27, 2013 

Winter Dry-Weather 
(November 1 to March 31) 

3 1 April 27, 2013 

Wet Weather
21

 17* 3 July 15, 2021 

* In Ballona Creek Reach 2 and at the confluence with Reach 2, the greater of the allowable 
exceedance days under the reference system approach or high flow suspension shall apply. 

 
ii. Permittees shall not exceed the single sample bacteria objective of 4000/100 

ml in more than 10% of the samples collected from Ballona Creek Reach 1 
during any 30-day period.  Permittees shall achieve compliance with this 
receiving water limitation during dry weather no later than April 27, 2013, and 
during wet weather no later than July 15, 2021. 

iii. Permittees shall comply with the following geometric mean receiving water 
limitations for discharges to Ballona Creek Estuary; Ballona Creek Reach 2 at 
the confluence with Ballona Creek Estuary; and Centinela Creek at the 
confluence with Ballona Creek Estuary during dry weather no later than April 
27, 2013, and during wet weather no later than July 15, 2021: 

Constituent Geometric Mean (MPN or cfu) 

Total coliform 1,000/100 mL 

Fecal coliform 200/100 mL 

Enterococcus 35/100 mL 

 
iv. Permittees shall comply with the following geometric mean receiving water 

limitation for discharges to Ballona Creek Reach 2; Ballona Creek Reach 1 at 
the confluence with Ballona Creek Reach 2; Benedict Canyon Channel at the 

                                            
20

 The final receiving water limitations are group-based and shared among all MS4 Permittees located within the drainage 
area. 

21
 Wet weather is defined as days with 0.1 inch of rain or greater and the three days following the rain event. 
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confluence with Ballona Creek Reach 2; and Sepulveda Channel during dry 
weather no later than April 27, 2013, and during wet weather no later than 
July 15, 2021: 

Constituent Geometric Mean (MPN or cfu) 

E. coli 126/100 mL 

 
v. Permittees shall comply with the following geometric mean receiving water 

limitation for discharges to Ballona Creek Reach 1 during dry weather no later 
than April 27, 2013, and during wet weather no later than July 15, 2021: 

Constituent Geometric Mean (MPN or cfu) 

Fecal coliform 2000/100 mL 

 

4. Ballona Creek Metals TMDL 

a. Permittees subject to the provisions below are identified in Attachment K, 
Table K-3. 

b. Final Water Quality-Based Effluent Limitations 

i. Permittees shall comply with the following dry weather22 water quality-based 
effluent limitations no later than January 11, 2016, expressed as total 
recoverable metals discharged to Ballona Creek and Sepulveda Channel: 

Constituent 

Effluent Limitation 
Daily Maximum 

(g/day) 

Ballona Creek 
Sepulveda 
Channel 

Copper 807.7 365.6 

Lead 432.6 196.1 

Selenium 169 76 

Zinc 10,273.1 4,646.4 

 
ii. In lieu of calculating loads, Permittees may demonstrate compliance with the 

following concentration-based water quality-based effluent limitations during 
dry weather23 no later than January 11, 2016, expressed as total recoverable 
metals discharged to Ballona Creek and Sepulveda Channel: 

Constituent 
Effluent Limitation 

Daily Maximum (µg/L) 

Copper 24 

                                            
22

 Dry weather is defined as any day when the maximum daily flow in Ballona Creek is less than 40 cubic feet per second (cfs) 
measured at Sawtelle Avenue. 

23
 Ibid. 
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Lead 13 

Selenium 5 

Zinc 304 

 
iii. Permittees shall comply with the following wet weather24 water quality-based 

effluent limitations no later than January 11, 2021, expressed as total 
recoverable metals discharged to Ballona Creek and its tributaries: 

Constituent 
Effluent Limitation 

Daily Maximum (g/day) 

Copper 1.70 x 10
-5

 x daily storm volume (L) 

Lead 5.58 x 10
-5

 x daily storm volume (L) 

Selenium 4.73 x 10
-6

 x daily storm volume (L) 

Zinc 1.13 x 10
-4

 x daily storm volume (L) 

 
c. Permittees shall comply with interim and final water quality-based effluent 

limitations for metals discharged to Ballona Creek and its tributaries, per the 
schedule below: 

Deadline 

Total Drainage Area Served by the 

MS4 required to meet the water 

quality-based effluent limitations (%) 

Dry weather Wet weather 

January 11, 2012 50 25 

January 11, 2014 75 -- 

January 11, 2016 100 50 

January 11, 2021 100 100 

 

5. Ballona Creek Wetlands TMDL for Sediment and Invasive Exotic Vegetation 
(USEPA established) 

a. Permittees subject to the provisions below are identified in Attachment K, 
Table K-3. 

b. Permittees shall comply with the following grouped25 WLA per the provisions in 
Part VI.E.3 for discharges of sediment into Ballona Creek Wetlands: 

Constituent Annual WLA
26

 (m³/yr) 

Total Sediment (suspended 
sediment plus sediment bed 

44,615 

                                            
24

 Wet weather is defined as any day when the maximum daily flow in Ballona Creek is equal to or greater than 40 cubic feet 
per second (cfs) measured at Sawtelle Avenue. 

25
 The WLA is group-based and shared among all MS4 Permittees located within the drainage area. 

26
 The WLA is applied as a 3-year average. 
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load) 

F. TMDLs in Marina del Rey Subwatershed 

1. Marina del Rey Harbor Mothers’ Beach and Back Basins Bacteria TMDL 

a. Permittees subject to the provisions below are identified in Attachment K, 
Table K-3. 

b. Permittees shall comply with the following final water quality-based effluent 
limitations for discharges to Marina del Rey Harbor Beach and Back Basins D, E, 
and F during dry weather as of the effective date of this Order, and during wet 
weather no later than July 15, 2021: 

Constituent 
Effluent Limitations (MPN or cfu) 

Daily Maximum Geometric Mean 

Total coliform* 10,000/100 mL 1,000/100 mL 

Fecal coliform 400/100 mL 200/100 mL 

Enterococcus 104/100 mL 35/100 mL 

* Total coliform density shall not exceed a daily maximum of 1,000/100 mL,  
if the ratio of fecal-to-total coliform exceeds 0.1. 

c. Receiving Water Limitations 

i. Permittees shall comply with the following grouped27 final single sample 
bacteria receiving water limitations for all monitoring stations at Marina Beach 
and Basins D, E, and F, except for those monitoring stations subject to the 
antidegradation provisions, during dry weather as of the effective date of this 
Order and during wet weather no later than July 15, 2021. 

Time Period 

Annual Allowable Exceedance 
Days of the Single Sample 

Objective (days) 

Daily 
Sampling 

Weekly 
Sampling 

Summer Dry-Weather 
(April 1 to October 31) 

0 0 

Winter Dry-Weather 
(November 1 to March 31) 

3 1 

Wet Weather
28

 17 3 

 
ii. Permittees shall comply with the following grouped29 final single sample 

bacteria receiving water limitations for monitoring stations in Marina del Rey 
subject to the antidegradation provision as of the effective date of this Order: 

 

Annual Allowable Exceedance Days 
of the Single Sample Objective (days) 

                                            
27

 The final receiving water limitations are group-based and shared among all MS4 Permittees located within the drainage 
area. 

28
 Wet weather is defined as days with 0.1 inch of rain or greater and the three days following the rain event. 

29
 The final receiving water limitations are group-based and shared among all MS4 Permittees located within the drainage 
area. 
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Station 
ID 

Monitoring 
Location 

Winter Dry Weather 
(November 1 – March 31) 

Wet Weather 
(November 1 – October 31) 

Daily 
Sampling 

Weekly 
Samplin

g 
Daily 

Sampling 
Weekly 

Sampling 

MdRH-9 
Basin F, center of 
basin  

3 1 8 1 

 
iii. Permittees shall comply with the following geometric mean receiving water 

limitations for monitoring stations at Marina Beach and Basins D, E, and F 
during dry weather as of the effective date of this Order, and during wet 
weather no later than July 15, 2021: 

Constituent Geometric Mean (MPN or cfu) 

Total coliform 1,000/100 mL 

Fecal coliform 200/100 mL 

Enterococcus 35/100 mL 

 

2. Marina del Rey Harbor Toxic Pollutants TMDL 

a. Permittees subject to the provisions below are identified in Attachment K, 
Table K-3. 

b. Permittees shall comply with the following final water quality-based effluent 
limitations no later than March 22, 201630, expressed as an annual loading of 
pollutants associated with total suspended solids (TSS) discharged to Marina del 
Rey Harbor Back Basins D, E, and F: 

Constituent 
Effluent Limitations 

Annual Units 

Copper 2.01 kg/yr 

Lead 2.75 kg/yr 

Zinc 8.85 kg/yr 

Chlordane 0.0295 g/yr 

Total PCBs 1.34 g/yr 

 
c. Permittees shall comply with interim and final water quality-based effluent 

limitations for pollutant loads associated with TSS discharged to Marina del Rey 
Harbor Back Basins D, E, and F, per the schedule below: 

                                            
30

 If an Integrated Water Resources Approach is approved by the Regional Water Board and implemented then the Permittees 
shall comply with the final water quality-based effluent limitations no later than March 22, 2021. 
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Deadline 

Total Drainage Area Served by the 

MS4 required to meet the effluent 

limitations (%) 

March 22, 2014 50 

March 22, 2016 100 

 
d. If an approved Integrated Water Resources Approach is implemented, 

Permittees shall comply with interim and final water quality-based effluent 
limitations for pollutant loads associated with TSS discharged to Marina del Rey 
Harbor Back Basins D, E, and F, per the schedule below: 

Deadline 

Total Drainage Area Served 

by the MS4 required to meet 

the effluent limitations (%) 

March 22, 2013 25 

March 22, 2015 50 

March 22, 2017 75 

March 22, 2021 100 

 
e. Permittees shall be deemed in compliance with the water quality-based effluent 

limitations in Part F.2.b  by demonstrating any one of the following: 

i. Final water quality-based effluent limitations for pollutants associated with 
TSS discharged to Marina del Rey Harbor Back Basins D, E, and F are met; 
or 

ii. The sediment numeric targets as defined in the TMDL are met in bed 
sediments; or 

iii. Pollutant concentrations associated with TSS discharged meet the numeric 
targets for sediment as defined in the TMDL. 
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ATTACHMENT N. TMDLs IN DOMINGUEZ CHANNEL AND GREATER HARBOR WATERS 
WATERSHED MANAGEMENT AREA 

A. Los Angeles Harbor Bacteria TMDL (Inner Cabrillo Beach and Main Ship Channel) 

1. Permittees subject to the provisions below are identified in Attachment K, Table K-4. 

2. Permittees shall comply with the following final water quality-based effluent 
limitations for discharges to the Los Angeles Harbor Main Ship Channel, Los 
Angeles and Long Beach Inner Harbor, and Inner Cabrillo Beach as of the effective 
date of this Order: 

Constituent 
Effluent Limitations (MPN or cfu) 

Daily Maximum Geometric Mean 

Total coliform* 10,000/100 mL 1,000/100 mL 

Fecal coliform 400/100 mL 200/100 mL 

Enterococcus 104/100 mL 35/100 mL 

* Total coliform density shall not exceed a daily maximum of 1,000/100 mL,  
if the ratio of fecal-to-total coliform exceeds 0.1. 

3. Receiving Water Limitations 

a. Permittees shall comply with the following final single sample bacteria receiving 
water limitations for the Los Angeles Harbor Main Ship Channel and Inner 
Cabrillo Beach: 

Time Period Receiving Water 
Compliance 
Monitoring 
Location 

Annual Allowable Exceedance 
Days of the Single Sample 

Objective (days) 

Daily sampling 
Weekly 

sampling 

Summer Dry-Weather 
(April 1 to October 31) 

Inner Cabrillo 
Beach 

CB1 & CB2 0 0 

Main Ship 
Channel 

HW07 0 0 

Winter Dry-Weather 
(November 1 to March 31) 

Inner Cabrillo 
Beach 

CB1 & CB2 0 0 

Main Ship 
Channel 

HW07 3 1 

Wet Weather
31

 

Inner Cabrillo 
Beach 

CB1 & CB2 0 0 

Main Ship 
Channel 

HW07 15 3 

 
b. Permittees shall comply with the following geometric mean receiving water 

limitations for the Los Angeles Harbor Main Ship Channel, Los Angeles and Long 
Beach Inner Harbor, and Inner Cabrillo Beach at all times: 

                                            
31

 Wet weather is defined as days with 0.1 inch of rain or greater and the three days following the rain event. 
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Constituent Geometric Mean 

Total coliform 1,000 MPN/100 mL 

Fecal coliform 200 MPN/100 mL 

Enterococcus 35 MPN/100 mL 

B. Machado Lake Trash TMDL  

1. Permittees subject to the provisions below are identified in Attachment K, Table K-4. 

2. Permittees shall comply with the final water quality-based effluent limitation of zero 
trash discharged to Machado Lake no later than March 6, 2016, and every year 
thereafter. 

3. Permittees shall comply with interim and final water quality-based effluent limitations 
for trash discharged to Machado Lake, per the schedule below: 

Machado Lake Trash Water Quality-Based Effluent Limitations  
(gallons of uncompressed trash per year) 

Permittees Baseline
32

  
3/6/2012 

(80%) 
3/6/2013 

(60%) 
3/6/2014 

(40%) 
3/6/2015 

(20%) 
3/6/2016

33
 

(0%) 

Annual Trash Discharge (gallons/yr) 
Carson 8141 6513 4885 3257 1628 0 
Lomita 9393 7514 5636 3757 1879 0 
City of Los 
Angeles 12331 9865 7399 4932 2466 0 
Los Angeles 
County 8304 6643 4982 3322 1661 0 
Los Angeles 
County Flood 
Control District 16 13 10 7 3 0 
Palos Verdes 
Estates 1976 1581 1186 791 395 0 
Rancho Palos 
Verdes 5227 4181 3136 2091 1045 0 
Redondo 
Beach 18 15 11 7 4 0 
Rolling Hills 7004 5603 4202 2801 1401 0 
Rolling Hills 
Estates 14722 11777 8833 5889 2944 0 
Torrance 34809 27847 20885 13924 6962 0 

 

4. If a Permittee opts to derive a site specific trash generation rate through its 
Trash Monitoring and Reporting Plan (TMRP), the baseline limitation will be 
calculated by multiplying the point source area(s) by the derived trash 
generation rate(s). 

                                            
32

 The Regional Water Board calculated the baseline water quality-based effluent limitations for the Permittees based on the 
estimated trash generation rate of 5334 gallons of uncompressed trash per square mile per year. 

33
 Permittees shall achieve their final effluent limitation of zero trash discharge for the 2015-2016 storm year and every year 
thereafter. 
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5. Permittees shall comply with the interim and final water quality-based effluent 
limitations for trash in B.2 and B.3 above per the provisions in Part VI.E.5. 

C. Machado Lake Nutrient TMDL 

1. Permittees subject to the provisions below are identified in Attachment K, Table K-4. 

2. Permittees shall comply with the following interim and final water quality-based 
effluent limitations for discharges to Machado Lake: 

Deadline 

Interim and Final Effluent Limitations 

Monthly Average 
Total Phosphorus 

(mg/L) 

Monthly Average 
Total Nitrogen 

(TKN+NO3-N+NO2-N) 
(mg/L) 

As of the effective date 
of this Order 

1.25 3.5 

March 11, 2014 1.25 2.45 
September 11, 2018 0.10 1.0 

3. Compliance Determination 

a. Permittees may be deemed in compliance with the water quality-based effluent 
limitations by actively participating in a Lake Water Quality Management Plan 
(LWQMP) and attaining the receiving water limitations for Machado Lake.  The 
City of Los Angeles has entered into a Memorandum of Agreement with the 
Regional Water Board to implement the LWQMP and reduce external nutrient 
loading to attain the following receiving water limitations: 

 

Deadline 

Interim and Final Receiving 
Water Limitations 

Monthly Average 
Total Phosphorus 

(mg/L) 

Monthly Average 
Total Nitrogen 

(TKN+NO3-N+NO2-N) 
(mg/L) 

As of the effective date 
of this Order 

1.25 3.5 

March 11, 2014 1.25 2.45 
September 11, 2018 0.10 1.0 

 
b. Permittees may be deemed in compliance with water quality-based effluent 

limitations by demonstrating reduction of total nitrogen and total phosphorous on 
an annual mass basis measured at the storm drain outfall of the Permittee’s 
drainage area where approved by the Regional Water Board Executive Officer 
based on the results of a special study by the Permittee.34 

 
i. The County of Los Angeles submitted a special study work plan, which was 

approved by the Regional Water Board Executive Officer, and established the 
following annual mass-based water quality based effluent limitations: 

 
Deadline Interim and Final Effluent Limitations 

                                            
34

 The annual mass-based allocation shall be equivalent to a monthly average concentration of 0.1 mg/L total phosphorus and 
1.0 mg/L total nitrogen based on approved flow conditions. 
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Annual Load  
Total Phosphorus 

(kg) 

Annual Load  
Total Nitrogen 

(TKN+NO3-N+NO2-N) 
(kg) 

March 11, 2014 887 1739 
September 11, 2018 71 710 

ii. The City of Torrance submitted a special study work plan, which was 
approved by the Regional Water Board Executive Officer, and established the 
following annual mass-based water quality based effluent limitations: 

 

Deadline 

Interim and Final Effluent Limitations 

Annual Load  
Total Phosphorus 

(kg) 

Annual Load  
Total Nitrogen 

(TKN+NO3-N+NO2-N) 
(kg) 

March 11, 2014 3,760 7,370 
September 11, 2018 301 3008 

 

D. Machado Lake Pesticides and PCBs TMDL 

1. Permittees subject to the provisions below are identified in Attachment K, Table K-4. 

2. Permittees shall comply with the following water quality-based effluent limitations for 
discharges of suspended sediments to Machado Lake, applied as a 3-year average 
no later than September 30, 2019: 

Pollutant 
Effluent Limitations for Suspended 
Sediment-Associated Contaminants 

(µg/kg dry weight) 

Total PCBs 59.8 

DDT (all congeners) 4.16 

DDE (all congeners) 3.16 

DDD (all congeners) 4.88 

Total DDT 5.28 

Chlordane 3.24 

Dieldrin 1.9 

E. Dominguez Channel and Greater Los Angeles and Long Beach Harbor Waters 
Toxic Pollutants TMDL 

1. Permittees subject to the provisions below are identified in Attachment K, Tables K-4 
and K-13. 

2. Permittees shall comply with the following interim water quality-based effluent 
limitations for discharges to Dominguez Channel and Torrance Lateral listed below, 
as of the effective date of this Order: 

a. Permittees shall comply with the following interim water quality-based effluent 
limitations for discharges to Dominguez Channel Ffreshwater during– Wwet 
Wweather: 
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i. The freshwater toxicity interim water quality-based effluent limitation is 2 TUc.  
The freshwater interim effluent limitation shall be implemented as a trigger 
requiring initiation and implementation of the TRE/TIE process as outlined in 
US EPA’s “Understanding and Accounting for Method Variability in Whole 
Effluent Toxicity Applications Under the National Pollutant Discharge 
Elimination System Program” (2000). 

ii. Permittees shall comply with the following interim metals water quality-based 
effluent limitations for discharges to the Dominguez Channel freshwater and 
Torrance Lateral during wet weather: 

Metals Interim Effluent Limitation 

Daily Maximum (µg/L) 

Total Copper 207.51 

Total Lead 122.88 

Total Zinc 898.87 

b. Permittees shall comply with the following interim concentration-based water 
quality-based effluent limitations for pollutant concentrations in the sediment 
discharged to the Dominguez Channel Estuary and Greater Los Angeles and 
Long Beach Harbor Waters: 

Water Body 

Interim Effluent Limitations 
Daily Maximum 

 
(mg/kg sediment) 

Copper Lead Zinc DDT PAHs PCBs 
Dominguez Channel Estuary 
(below Vermont Avenue) 220.0 510.0 789.0 1.727 31.60 1.490 
Long Beach Inner Harbor 142.3 50.4 240.6 0.070 4.58 0.060 
Los Angeles Inner Harbor 154.1 145.5 362.0 0.341 90.30 2.107 
Long Beach Outer Harbor 
(inside breakwater) 67.3 46.7 150 0.075 4.022 0.248 
Los Angeles Outer Harbor 
(inside breakwater) 104.1 46.7 150 0.097 4.022 0.310 
Los Angeles River Estuary 53.0 46.7 183.5 0.254 4.36 0.683 
San Pedro Bay Near/Off 
Shore Zones 76.9 66.6 263.1 0.057 4.022 0.193 
Los Angeles Harbor - 
Cabrillo Marina 367.6 72.6 281.8 0.186 36.12 0.199 
Los Angeles Harbor - 
Consolidated Slip 1470.0 1100.0 1705.0 1.724 386.00 1.920 
Los Angeles Harbor - Inner 
Cabrillo Beach Area 129.7 46.7 163.1 0.145 4.022 0.033 
Fish Harbor 558.6 116.5 430.5 40.5 2102.7 36.6 

3. Permittees shall comply with the final water quality-based effluent limitations as 
listed below no later than March 23, 2032, and every year thereafter: 

a. Dominguez Channel Freshwater – Wet Weather 

i. Freshwater Toxicity Effluent Limitation shall not exceed the monthly median 
of 1 TUc. 
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ii. Permittees shall comply with the following final metals water quality-based 
effluent limitations for discharges to Dominguez Channel and all upstream 
reaches and tributaries of Dominguez Channel above Vermont Avenue: 

Metals 
Water Column Mass-Based 

Final Effluent Limitation 
Daily Maximum

35
 (g/day) 

Total Copper 1,300.3 

Total Lead 5,733.7 
Total Zinc 9,355.5 

 

b. Torrance Lateral Freshwater and Sediment – Wet Weather 

i. Permittees shall comply with the following final metals water quality-based 
effluent limitations for discharges to the Torrance Lateral: 

Metals 

Water Column 
Effluent Limitation 
Daily Maximum

36
 

(unfiltered, µg/L) 

Total Copper 9.7 

Total Lead 42.7 
Total Zinc 69.7 

 

ii. Permittees shall comply with the following final concentration-based water 
quality-based effluent limitations for pollutant concentrations in the sediment 
discharged to the Torrance Lateral: 

Metals 

Concentration-Based 
Effluent Limitation 

Daily Maximum 
(mg/kg dry) 

Total Copper 31.6 

Total Lead 35.8 
Total Zinc 121 

c. Dominguez Channel Estuary and Greater Los Angeles and Long Beach Harbor 
Waters 

i. Permittees shall comply with the following final mass-based water quality-
based effluent limitations, expressed as an annual loading of pollutants in the 
sediment deposited to Dominguez Channel Estuary, Los Angeles River 
Estuary, and the Greater Los Angeles and Long Beach Harbor Waters: 

                                            
35

 Effluent limitations are based on a hardness of 50 mg/L, and 90th percentile of annual flow rates (62.7 cfs) in Dominguez 
Channel.  Recalculated mass-based effluent limitations using ambient hardness and flow rate at the time of sampling are 
consistent with the assumptions and requirements of the TMDL.  In addition to the effluent limitations above, samples 
collected during flow conditions less than the 90

th
 percentile of annual flow rates must demonstrate that the acute and chronic 

hardness dependent water quality criteria provided in the California Toxics Rule (CTR) are achieved. 
36

 Effluent limitations are based on a hardness of 50 mg/L.  Recalculated concentration-based effluent limitations using 
ambient hardness at the time of sampling are consistent with the assumptions and requirements of the TMDL.  In addition to 
the effluent limitations above, samples collected during flow conditions less than the 90

th
 percentile of annual flow rates must 

demonstrate that the acute and chronic hardness dependent water quality criteria provided in the CTR are achieved. 
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Final Effluent Limitations 

Annual (kg/yr) 

Water Body Total Cu Total Pb Total Zn 
Total 
PAHs  

Dominguez Channel Estuary 22.4 54.2 271.8 0.134 

Consolidated Slip 2.73 3.63 28.7 0.0058 

Inner Harbor 1.7 34.0 115.9 0.088 

Outer Harbor 0.91 26.1 81.5 0.105 

Fish Harbor (POLA) 0.00017 0.54 1.62 0.007 

Cabrillo Marina (POLA) 0.0196 0.289 0.74 0.00016 

San Pedro Bay 20.3 54.7 213.1 1.76 

LA River Estuary 35.3 65.7 242.0 2.31 

 
ii. Permittees shall comply with the following final concentration-based water 

quality-based effluent limitations for pollutant concentrations in the sediments 
discharged to the Dominguez Channel Estuary, Consolidated Slip, and Fish 
Harbor: 

Water Body 

Effluent Limitations 
Daily Maximum 

(mg/kg dry sediment) 
Cadmium Chromium Mercury 

Dominguez Channel Estuary 1.2 -- -- 
Consolidated Slip 1.2 81 0.15 
Fish Harbor -- -- 0.15 

d. Permittees shall comply with the following final mass-based water quality-based 
effluent limitations, expressed as an annual loading of total DDT and total PCBs 
in the sediment deposited to Dominguez Channel Estuary, Los Angeles River 
Estuary, and the Greater Los Angeles and Long Beach Harbor Waters: 

 
Final Effluent Limitations 

Annual (g/yr) 

 
Water Body 

DDT total PCBs total 

Dominguez Channel Estuary 0.250 0.207 

Consolidated Slip 0.009 0.004 

Inner Harbor 0.051 0.059 

Outer Harbor 0.005 0.020 

Fish Harbor 0.0003 0.0019 

Cabrillo Marina 0.000028 0.000025 

Inner Cabrillo Beach 0.0001 0.0003 

San Pedro Bay 0.049 0.44 

LA River Estuary 0.100 0.324 

 

4. Compliance Determination 

a. Permittees shall be deemed in compliance with the interim concentration-based 
water quality-based effluent limitations for pollutant concentrations in the 
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sediment as listed above in part E.2.b by meeting any one of the following 
methods: 

i. Demonstrate that the. sediment quality condition of Unimpacted or Likely 
Unimpacted via the interpretation and integration of multiple lines of evidence 
as defined in the Sediment Quality Objectives (SQO) Part 1, is met; or 

ii. Meet the interim water quality-based effluent limitations in bed sediment over 
a three-year averaging period; or 

iii. Meet the interim water quality-based effluent limitations in the discharge over 
a three-year averaging period. 

b. Permittees shall be deemed in compliance with the final fresh water metals water 
quality-based effluent limitations for discharges to Dominguez Channel and 
Torrance Lateral as listed above in parts E.3.a.ii and E.3.b.i by meeting any one 
of the following methods: 

i. Final metals water quality-based effluent limitations are met; or 

ii. CTR total metals criteria are met instream; or 

iii. CTR total metals criteria are met in the discharge. 

c. Permittees shall be deemed in compliance with the final water quality-based 
effluent limitations for pollutants in the sediment as listed above in parts E.3.c.i 
and E.3.c.ii by meeting any one of the following methods: 

i. Final water quality-based effluent limitations for pollutants in the sediment are 
met; or 

ii. The qualitative sediment condition of Unimpacted or Likely Unimpacted via 
the interpretation and integration of multiple lines of evidence as defined in 
the SQO Part 1, is met, with the exception of chromium, which is not included 
in the SQO Part 1; or 

iii. Sediment numeric targets are met in bed sediments over a three-year 
averaging period. 

d. Permittees shall be deemed in compliance with the final water quality-based 
effluent limitations for total DDT and total PCBs in the sediment as listed above in 
part E.3.d by meeting any one of the following methods: 

i. Fish tissue targets are met in species resident to the specified water bodies37; 
or 

ii. Final water quality-based effluent limitations for pollutants in the sediment are 
met; or 

iii. Sediment numeric targets to protect fish tissue are met in bed sediments over 
a three-year averaging period; or 

                                            
37

 A site-specific study to determine resident species shall be submitted to the Regional Water Board Executive Officer for 
approval. 
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iv. Demonstrate that the sediment quality condition protective of fish tissue is 
achieved per the State Water Board’s Statewide Enclosed Bays and 
Estuaries Plan. 
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ATTACHMENT O. TMDLs IN LOS ANGELES RIVER WATERSHED MANAGEMENT AREA 

A. Los Angeles River Watershed Trash TMDL 

1. Permittees subject to the provisions below are identified in Attachment K, Table K-5. 

2. Permittees shall comply with the final water quality-based effluent limitation of zero 
trash discharged to the Los Angeles River no later than September 30, 2016 and 
every year thereafter. 

3. Permittees shall comply with interim and final water quality-based effluent limitations 
for trash discharged to the Los Angeles River, per the schedule below: 

Los Angeles River Watershed Trash Effluent Limitations
38

 per Storm Year
39

  
(gallons of uncompressed trash) 

Permittees Baseline 
2012 
(30%) 

2013 
(20%) 

2014 
(10%) 

2015 
(3.3%) 

2016
40

 
(0%) 

Alhambra 39903 11971 7981 3990 1317 0 
Arcadia 50108 15032 10022 5011 1654 0 

Bell 16026 4808 3205 1603 529 0 
Bell Gardens 13500 4050 2700 1350 446 0 

Bradbury 4277 1283 855 428 141 0 
Burbank 92590 27777 18518 9259 3055 0 

Calabasas 22505 6752 4501 2251 743 0 
Carson 6832 2050 1366 683 225 0 

Commerce 58733 17620 11747 5873 1938 0 
Compton 53191 15957 10638 5319 1755 0 
Cudahy 5935 1781 1187 594 196 0 
Downey 39063 11719 7813 3906 1289 0 
Duarte 12210 3663 2442 1221 403 0 

El Monte 42208 12662 8442 4221 1393 0 
Glendale 140314 42094 28063 14031 4630 0 

Hidden Hills 3663 1099 733 366 121 0 
Huntington Park 19159 5748 3832 1916 632 0 

Irwindale 12352 3706 2470 1235 408 0 
La Cañada Flintridge 33496 10049 6699 3350 1105 0 

Los Angeles 1374845 412454 274969 137485 45370 0 
Los Angeles County 310223 93067 62045 31022 10237 0 

Lynwood 28201 8460 5640 2820 931 0 
Maywood 6129 1839 1226 613 202 0 
Monrovia 46687 14006 9337 4669 1541 0 

Montebello 50369 15111 10074 5037 1662 0 
Monterey Park 38899 11670 7780 3890 1284 0 

Paramount 27452 8236 5490 2745 906 0 
Pasadena 111998 33599 22400 11200 3696 0 

Pico Rivera 13953 4186 2791 1395 460 0 
Rosemead 27305 8192 5461 2731 901 0 

San Fernando 13947 4184 2789 1395 460 0 
San Gabriel 20343 6103 4069 2034 671 0 

                                            
38

 Effluent limitations are expressed as allowable trash discharge relative to baseline Waste Load Allocations specified in 
Table 7-2.2 of the Basin Plan.  

39
 Storm year is defined as October 1 to September 30 herein. 

40
 Permittees shall achieve their final effluent limitation of zero trash discharge for the 2015-2016 storm year and every year 
thereafter. 
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Permittees Baseline 
2012 
(30%) 

2013 
(20%) 

2014 
(10%) 

2015 
(3.3%) 

2016
40

 
(0%) 

San Marino 14391 4317 2878 1439 475 0 
Santa Clarita 901 270 180 90 30 0 
Sierra Madre 11611 3483 2322 1161 383 0 

Signal Hill 9434 2830 1887 943 311 0 
Simi Valley 137 41 27 14 5 0 

South El Monte 15999 4800 3200 1600 528 0 
South Gate 43904 13171 8781 4390 1449 0 

South Pasadena 14907 4472 2981 1491 492 0 
Temple City 17572 5272 3514 1757 580 0 

Vernon 47203 14161 9441 4720 1558 0 
 

Los Angeles River Watershed Trash Effluent Limitations
41

 per Storm Year
42

 
(pounds of drip-dry trash) 

Permittees Baseline 
2012 
(30%) 

2013 
(20%) 

2014 
(10%) 

2015 
(3.3%) 

2016
43

 
(0%) 

Alhambra 68761 20628 13752 6876 2269 0 
Arcadia 93036 27911 18607 9304 3070 0 

Bell 25337 7601 5067 2534 836 0 
Bell Gardens 23371 7011 4674 2337 771 0 

Bradbury 12160 3648 2432 1216 401 0 
Burbank 170389 51117 34078 17039 5623 0 

Calabasas 52230 15669 10446 5223 1724 0 
Carson 10208 3062 2042 1021 337 0 

Commerce 85481 25644 17096 8548 2821 0 
Compton 86356 25907 17271 8636 2850 0 
Cudahy 10061 3018 2012 1006 332 0 
Downey 68507 20552 13701 6851 2261 0 
Duarte 23687 7106 4737 2369 782 0 

El Monte 68267 20480 13653 6827 2253 0 
Glendale 293498 88049 58700 29350 9685 0 

Hidden Hills 10821 3246 2164 1082 357 0 
Huntington Park 30929 9279 6186 3093 1021 0 

Irwindale 17911 5373 3582 1791 591 0 
La Cañada Flintridge 73747 22124 14749 7375 2434 0 

Los Angeles 2572500 771750 514500 257250 84893 0 
Los Angeles County 651806 195542 130361 65181 21510 0 

Lynwood 46467 13940 9293 4647 1533 0 
Maywood 10549 3165 2110 1055 348 0 
Monrovia 100988 30296 20198 10099 3333 0 

Montebello 83707 25112 16741 8371 2762 0 
Monterey Park 70456 21137 14091 7046 2325 0 

Paramount 44490 13347 8898 4449 1468 0 
Pasadena 207514 62254 41503 20751 6848 0 

Pico Rivera 22549 6765 4510 2255 744 0 
Rosemead 47378 14213 9476 4738 1563 0 

San Fernando 23077 6923 4615 2308 762 0 

                                            
41

 Effluent limitations are expressed as allowable trash discharge relative to baseline Waste Load Allocations specified in 
Table 7-2.2 of the Basin Plan.  

42
 Storm year is defined as October 1 to September 30 herein. 

43
 Permittees shall achieve their final effluent limitation of zero trash discharge for the 2015-2016 storm year and every year 
thereafter. 
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Permittees Baseline 
2012 
(30%) 

2013 
(20%) 

2014 
(10%) 

2015 
(3.3%) 

2016
43

 
(0%) 

San Gabriel 36437 10931 7287 3644 1202 0 
San Marino 29147 8744 5829 2915 962 0 

Santa Clarita 2326 698 465 233 77 0 
Sierra Madre 25192 7558 5038 2519 831 0 

Signal Hill 14220 4266 2844 1422 469 0 
Simi Valley 344 103 69 34 11 0 

South El Monte 24319 7296 4864 2432 803 0 
South Gate 72333 21700 14467 7233 2387 0 

South Pasadena 28357 8507 5671 2836 936 0 
Temple City 31819 9546 6364 3182 1050 0 

Vernon 66814 20044 13363 6681 2205 0 
 

4. Permittees shall comply with the interim and final water quality-based effluent 
limitations for trash in A.2 and A.3 above per the provisions in Part VI.E.5. 

B. Los Angeles River Nitrogen Compounds and Related Effects TMDL  

1. Permittees subject to the provisions below are identified in Attachment K, Table K-5. 

2. Permittees shall comply with the following water quality-based effluent limitations as 
of the effective date of this Order: 

Water Body 
NH3-N (mg/L) 

NO3-N 
(mg/L) 

NO2-N 
(mg/L) 

NO3-N+NO2-N 
(mg/L) 

One-hour 
Average 

Thirty-day 
Average 

Thirty-day 
Average 

Thirty-day 
Average 

Thirty-day 
Average 

Los Angeles River above Los 
Angeles-Glendale WRP (LAG) 

4.7 1.6 8.0 1.0 8.0 

Los Angeles River below LAG 8.7 2.4 8.0 1.0 8.0 
Los Angeles Tributaries 10.1 2.3 8.0 1.0 8.0 

C. Los Angeles River and Tributaries Metals TMDL  

1. Permittees subject to the provisions below are identified in Attachment K, Table K-5. 

2. Final Water Quality-Based Effluent Limitations 

a. The watershed is divided into five jurisdictional groups based on the 
subwatersheds of the tributaries that drain to each reach of the river.  Each 
jurisdictional group shall achieve compliance in prescribed percentages of its 
subwatershed(s).  Jurisdictional groups can be reorganized or subdivided upon 
approval by the Regional Water Board Executive Officer. 

b. Permittees shall comply with the following grouped44 dry weather45 water quality-
based effluent limitations no later than January 11, 2024, expressed as total 
recoverable metals.46

  

                                            
44

 The dry weather water quality-based effluent limitations are grouped-based and shared by the MS4 Permittees that are 
located within the drainage area. 

45
 Dry weather is defined as any day when the maximum daily flow in the Los Angeles River is less than 500 cfs measured at 
the Wardlow gage station. 

46
 Dry weather effluent limitations are equal to storm drain flows (critical flows minus median POTW flows minus median open 
space flows) multiplied by reach specific numeric targets, minus the contribution from direct air deposition. 
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Waterbody 

Effluent Limitations 
Daily Maximum 

(kg/day) 

Copper Lead Zinc 

LA River Reach 6 WER¹ x 0.53 WER¹ x 0.33 --- 

LA River Reach 5 WER¹ x 0.05 WER¹ x 0.03 --- 

LA River Reach 4 WER¹ x 0.32 WER¹ x 0.12 --- 

LA River Reach 3 WER¹ x 0.06 WER¹ x 0.03 --- 

LA River Reach 2 WER¹ x 0.13 WER¹ x 0.07 --- 

LA River Reach 1 WER¹ x 0.14 WER¹ x 0.07 --- 

Bell Creek WER¹ x 0.06 WER¹ x 0.04 --- 

Tujunga Wash WER¹ x 0.001 WER¹ x 0.0002 --- 

Burbank Channel WER¹ x 0.15 WER¹ x 0.07 --- 

Verdugo Wash WER¹ x 0.18 WER¹ x 0.10 --- 

Arroyo Seco WER¹ x 0.01 WER¹ x 0.01 --- 

Rio Hondo Reach 1 WER¹ x 0.01 WER¹ x 0.006 
WER¹ x 

0.16 

Compton Creek WER¹ x 0.04 WER¹ x 0.02 --- 

¹WER(s) have a default value of 1.0 unless site-specific WER(s) are approved via 

the Basin Plan Amendment process. 

c. In lieu of calculating loads, Permittees may demonstrate compliance with the 
following concentration-based water quality-based effluent limitations during dry 
weather no later than January 11, 2024, expressed as total recoverable metals: 

Waterbody 

Effluent Limitations 
Daily Maximum 

(µg total recoverable metals/L) 

Copper Lead Zinc 

LA River Reach 5, 6 
and Bell Creek 

WER¹ x 30 WER¹ x 19 --- 

LA River Reach 4 WER¹ x 26 WER¹ x 10 --- 
LA River Reach 3 

above LA-Glendale 
WRP and Verdugo 

Wash 

WER¹ x 23 WER¹ x 12 --- 

LA River Reach 3 
below LA-Glendale 

WRP 

WER¹ x 26 WER¹ x 12 --- 

Burbank Western 
Channel (above WRP) 

WER¹ x 26 WER¹ x 14 --- 

Burbank Western 
Channel (below WRP) 

WER¹ x 19 WER¹ x 9.1 --- 

LA River Reach 2 and 
Arroyo Seco 

WER¹ x 22 WER¹ x 11 --- 

LA River Reach 1 WER¹ x 23 WER¹ x 12 --- 
Compton Creek WER¹ x 19 WER¹ x 8.9 --- 

Rio Hondo Reach 1 WER¹ x 13 WER¹ x 5.0 WER¹ x 131 

 
 

RB-AR5608



Los Angeles County ORDER NO. R4-2012-XXXX 
Municipal Separate Storm Sewer System NPDES NO. CAS004001 
 

Attachment O –TMDLs in the Los Angeles River WMA O-5 
 

R
E
V
I
S
E
D 
 

T 
E 
N 
T 
A 
T 
I 
V 
E 

¹WER(s) have a default value of 1.0 unless site-specific WER(s) are 
approved via the Basin Plan Amendment process. 

d. Permittees shall comply with the following grouped47 wet weather48 water quality-
based effluent limitations no later than January 11, 2028, expressed as total 
recoverable metals discharged to all reaches of the Los Angeles River and its 
tributaries. 

Constituent Effluent Limitation 

Daily Maximum 

(kg/day) 

Cadmium WER¹ x 2.8 x 10
-9

 x daily volume (L) – 1.8 

Copper WER¹ x 1.5 x 10
-8

 x daily volume (L) – 9.5 

Lead WER¹ x 5.6 x 10
-8

 x daily volume (L) – 3.85 

Zinc WER¹ x 1.4 x 10
-7

 x daily volume (L) – 83 

¹ WER(s) have a default value of 1.0 unless site-specific WER(s) are 
approved via the Basin Plan Amendment process. 

3. Permittees shall comply with interim and final water quality-based effluent limitations 
for metals discharged to the Los Angeles River and its tributaries, per the schedule 
below: 

Deadline 

Total Drainage Area Served by the 
MS4 required to meet the water 

quality-based effluent limitations (%) 

Dry weather Wet weather 

January 11, 2012 50 25 

January 11, 2020 75 -- 

January 11, 2024 100 50 

January 11, 2028 100 100 

D. Los Angeles River Watershed Bacteria TMDL 

1. Permittees subject to the provisions below are identified in Attachment K, Table K-5. 

2. Permittees shall comply with the following final water quality-based effluent 
limitations for discharges to the Los Angeles River and its tributaries during dry 
weather according to the schedule in Table O-1, and during wet weather no later 
than March 23, 2037: 

                                            
47

 The wet weather water quality-based effluent limitations are grouped-based and shared among all MS4 Permittees located 
within the drainage area. 

48
 Wet weather is defined as any day when the maximum daily flow in the Los Angeles River is equal to or greater than 500 cfs 
measured at the Wardlow gage station. 
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Constituent 
Effluent Limitation (MPN or cfu) 

Daily Maximum Geometric Mean 

E. coli 235/100 mL 126/100 mL 

3. Permittees shall comply with the following grouped49 interim dry weather single 
sample bacteria water quality-based effluent limitations for specific river segments 
and tributaries as listed in the table, below, according to the schedule in Table O-1: 

 

River Segment or Tributary 
Daily Maximum 

E. coli Load 
(10

9
 MPN/Day) 

Los Angeles River Segment A 
(Willow to Rosecrans) 

301 

Los Angeles River Segment B 
(Rosecrans to Figueroa) 

518 

Los Angeles River Segment C 
(Figueroa to Tujunga) 

463 

Los Angeles River Segment D 
(Tujunga to Balboa) 

454 

Los Angeles River Segment E 
(Balboa to headwaters) 

32 

Aliso Canyon Wash 23 

Arroyo Seco 24 

Bell Creek 14 

Bull Creek 9 

Burbank Western Channel 86 

Compton Creek 7 

Dry Canyon 7 

McCoy Canyon 7 

Rio Hondo  2 

Tujunga Wash 10 

Verdugo Wash 51 

 
a. Unexpectedly high-loading outfalls may be excluded from interim compliance 

calculations under the following circumstances: If an outfall which was 1) loading 
E. coli at a rate less than the 25th percentile of outfalls during the monitoring 
events used to develop the “MS4 Load Reduction Strategy” (LRS), but, at the 
time of compliance monitoring, is 2) loading E. coli at a rate greater than the 90th 
percentile of outfalls, and 3) actions are taken prior to the end of the first phase 
(i.e. 10 years after the beginning of the segment or tributary specific phase) such 
that the outfall is returned to a loading less than the 50th percentile of the outfalls 

                                            
49

 The interim dry weather water quality-based effluent limitations are group-based and shared among all MS4 Permittees 
located within the drainage area. However, the interim dry weather water quality-based effluent limitations may be distributed 
based on proportional drainage area, upon approval of the Regional Water Board Executive Officer. 
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at compliance monitoring, then the 90th percentile data from the outfall can be 
excluded from the compliance loading calculations. 

b. Likewise, if an outfall which was 1) the subject of a dry weather diversion is 
found, at the time of compliance monitoring, to be 2) contributing greater than the 
90th percentile loading rate, and 3) actions are taken such that the outfall is 
returned to a loading less than the 50th percentile of the outfalls at compliance 
monitoring, and a maintenance schedule for the diversion is submitted with the 
compliance report, then the 90th percentile data from the outfall can be excluded 
from the compliance loading calculations. 

4. Receiving Water Limitations 

a. Permittees shall comply with the following grouped50 final single sample bacteria 
receiving water limitations for discharges to the Los Angeles River and its 
tributaries during dry weather according to the schedule in Table O-1, and during 
wet weather no later than March 23, 2037: 

Time Period 

Annual Allowable Exceedance Days 
of the Single Sample Objective (days) 

Daily Sampling Weekly Sampling 

Dry Weather  5 1 

Non-HFS
51

 Waterbodies Wet 
Weather  

15 2 

HFS Waterbodies  
Wet Weather  

10 (not including 
HSF days) 

2 (not including HSF 
days) 

b. Permittees shall comply with the following geometric mean receiving water 
limitation for discharges to the Los Angeles River and its tributaries during dry 
weather according to the schedule in Table O-1, and during wet weather no later 
than March 23, 2037: 

Constituent Geometric Mean (MPN or cfu) 

E. coli 126/100 mL 

 
Table O-1. Los Angeles River Bacteria Implementation Schedule for Dry Weather 

Italics in this Table refer to Permittees using an alternative compliance plan instead of an LRS. 
Implementation Action Responsible Parties Deadline 

SEGMENT B (upper and middle Reach 2 – Figueroa Street to Rosecrans Avenue) 

First phase – Segment B 

Submit a Load Reduction Strategy 
(LRS) for Segment B (or submit an 
alternative compliance plan) 

MS4 Permittees discharging to 
Segment B 

September 23, 2014 

                                            
50

 The final receiving water limitations are group-based and shared among all MS4 Permittees, which includes LA MS4, Long 
Beach MS4, and Caltrans. 

51
 HFS stands for high flow suspension as defined in Chapter 2 of the Basin Plan. 
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Implementation Action Responsible Parties Deadline 

Complete implementation of LRS MS4 Permittees discharging to 
Segment B, if using LRS 

March 23, 2019 

Achieve interim (or final) water 
quality-based effluent limitations 
and submit report to Regional 
Water Board 

MS4 Permittees discharging to 
Segment B, if using LRS 

March 23, 2022 

Achieve final water quality-based 
effluent limitations or demonstrate 
that non-compliance is due to 
upstream contributions and submit 
report to Regional Water Board 

MS4 Permittees discharging to 
Segment B, if using alternative 
compliance plan 

March 23, 2022 

Second phase, if necessary – Segment B for LRS approach only  

Submit a new LRS MS4 Permittees discharging to 
Segment B 

March 23, 2023 

Complete implementation of LRS MS4 Permittees discharging to 
Segment B, if using LRS 

September 23, 2026 

Achieve final water quality-based 
effluent limitations in Segment B or 
demonstrate that non-compliance 
is only due to upstream 
contributions and submit report to 
Regional Water Board 

MS4 Permittees discharging to 
Segment B, if using LRS 

September 23, 2028 

SEGMENT B TRIBUTARIES (Rio Hondo and Arroyo Seco) 

First phase – Segment B Tributaries (Rio Hondo and Arroyo Seco) 

Submit a Load Reduction Strategy 
(LRS) for Segment B tributaries (or 
submit an alternative compliance 
plan) 

MS4 Permittees discharging to 
Segment B tributaries 

March 23, 2016 

Complete implementation of LRS MS4 Permittees discharging to 
Segment B tributaries, if using LRS 

September 23, 2020 

Achieve interim (or final) water 
quality-based effluent limitations 
and submit report to Regional 
Water Board 

MS4 Permittees discharging to 
Segment B tributaries, if using LRS 

September 23, 2023 

Achieve final water quality-based 
effluent limitations or demonstrate 
that non-compliance is only due to 
upstream contributions and submit 
report to Regional Water Board  

MS4 Permittees discharging to 
Segment B tributaries, if using 
alternative compliance plan 

September 23, 2023 

Second phase, if necessary – Segment B Tributaries (Rio Hondo and Arroyo Seco) for LRS 
approach only 

Submit a new LRS MS4 Permittees discharging to 
Segment B tributaries 

September 23, 2024 
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Implementation Action Responsible Parties Deadline 

Complete implementation of LRS MS4 Permittees discharging to 
Segment B tributaries, if using LRS 

March 23, 2028 

Achieve final water quality-based 
effluent limitations Segment B 
tributaries or demonstrate that 
non-compliance is due to upstream 
contributions and submit report to 
Regional Water Board 

MS4 Permittees discharging to 
Segment B tributaries, if using LRS 

March 23, 2030 

SEGMENT A (lower Reach 2 and Reach 1 – Rosecrans Avenue to Willow Street) 

First phase – Segment A 

Submit a Load Reduction Strategy 
(LRS) for Segment A (or submit an 
alternative compliance plan) 

MS4 Permittees discharging to 
Segment A 

September 23, 2016 

Complete implementation of LRS MS4 Permittees discharging to 
Segment A, if using LRS 

March 23, 2021 

Achieve interim (or final) water 
quality-based effluent limitations 
and submit report to Regional 
Water Board 

MS4 Permittees discharging to 
Segment A, if using LRS 

March 23, 2024 

Achieve final water quality-based 
effluent limitations or demonstrate 
that non-compliance is due to 
upstream contributions and submit 
report to Regional Water Board 

MS4 Permittees discharging to 
Segment A, if using alternative 
compliance plan 

March 23, 2024 

Second phase, if necessary – Segment A for LRS approach only 

Submit a new LRS MS4 Permittees discharging to 
Segment A 

March 23, 2025 

Complete implementation of LRS MS4 Permittees discharging to 
Segment A, if using LRS 

September 23, 2029 

Achieve final water quality-based 
effluent limitations in Segment A or 
demonstrate that non-compliance 
is due to upstream contributions 
and submit report to Regional 
Water Board 

MS4 Permittees discharging to 
Segment A, if using LRS 

September 23, 2031 

SEGMENT A TRIBUTARY (Compton Creek) 

First phase – Segment A Tributary 

Submit a Load Reduction Strategy 
(LRS) for Segment A tributary (or 
submit an alternative compliance 
plan) 

MS4 Permittees discharging to 
Segment A tributary 

March 23, 2018 

Complete implementation of LRS MS4 Permittees discharging to 
Segment A tributary if using LRS 

September 23, 2022 
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Implementation Action Responsible Parties Deadline 

Achieve interim (or final) water 
quality-based effluent limitations 
and submit report to Regional 
Water Board 

MS4 Permittees discharging to 
Segment A tributary if using LRS 

September 23, 2025 

Achieve final water quality-based 
effluent limitations or demonstrate 
that non-compliance is due to 
upstream contributions and submit 
report to Regional Water Board 

MS4 Permittees discharging to 
Segment A tributary, if using 
alternative compliance plan 

September 23, 2025 

Second phase, if necessary – Segment A Tributary for LRS approach only 

Submit a new LRS MS4 Permittees discharging to 
Segment A tributary 

September 23, 2026 

Complete implementation of LRS MS4 Permittees discharging to 
Segment A tributary, if using LRS 

March 23, 2030 

Achieve final water quality-based 
effluent limitations in Segment A 
tributary or demonstrate that non-
compliance is due to upstream 
contributions and submit report to 
Regional Water Board 

MS4 Permittees discharging to 
Segment A tributary, if using LRS 

March 23, 2032 

SEGMENT E (Reach 6 – LA River headwaters [confluence with Bell Creek and Calabasas Creek] to 
Balboa Boulevard) 

First phase – Segment E 

Submit a Load Reduction Strategy 
(LRS) for Segment E (or submit an 
alternative compliance plan) 

MS4 Permittees discharging to 
Segment E 

September 23, 2017 

Complete implementation of LRS MS4 Permittees discharging to 
Segment E, if using LRS 

March 23, 2022 

Achieve interim (or final) water 
quality-based effluent limitations 
and submit report to Regional 
Water Board 

MS4 Permittees discharging to 
Segment E, if using LRS 

March 23, 2025 

Achieve final water quality-based 
effluent limitations or demonstrate 
that non-compliance is due to 
upstream contributions and submit 
report to Regional Water Board 

MS4 Permittees discharging to 
Segment E, if using alternative 
compliance plan 

March 23, 2025 

Second phase, if necessary –Segment E for LRS approach only 

Submit a new LRS MS4 Permittees discharging to 
Segment E 

March 23, 2026 

Complete implementation of LRS MS4 Permittees discharging to 
Segment E, if using LRS 

September 23, 2029 
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Implementation Action Responsible Parties Deadline 

Achieve final Water quality-based 
effluent limitations in Segment E or 
demonstrate that non-compliance 
is due to upstream contributions 
and submit report to Regional 
Water Board 

MS4 Permittees discharging to 
Segment E, if using LRS 

September 23, 2031 

SEGMENT E TRIBUTARIES (Dry Canyon Creek, McCoy Creek, Bell Creek, and Aliso Canyon Wash) 

First phase – Segment E Tributaries 

Submit a Load Reduction Strategy 
(LRS) for Segment E tributaries (or 
submit an alternative compliance 
plan) 

MS4 Permittees discharging to 
Segment E tributaries 

September 23, 2021 

Complete implementation of LRS MS4 Permittees discharging to 
Segment E tributaries if using LRS 

March 23, 2026 

Achieve interim (or final) water 
quality-based effluent limitations 
and submit report to Regional 
Water Board 

MS4 Permittees discharging to 
Segment E tributaries, if using LRS 

March 23, 2029 

Achieve final water quality-based 
effluent limitations or demonstrate 
that non-compliance is due to 
upstream contributions and submit 
report to Regional Water Board 

MS4 Permittees discharging to 
Segment E tributaries, if using 
alternative compliance plan 

March 23, 2029 

Second phase, if necessary – Segment E Tributaries for LRS approach only 

Submit a new LRS MS4 Permittees discharging to 
Segment E tributaries 

March 23, 2030 

Complete implementation of LRS MS4 Permittees discharging to 
Segment E tributaries, if using LRS 

September 23, 2033 

Achieve final water quality-based 
effluent limitations in Segment E 
tributaries or demonstrate that 
non-compliance is due to upstream 
contributions and submit report to 
Regional Water Board 

MS4 Permittees discharging to 
Segment E tributaries, if using LRS 

September 23, 2035 

SEGMENT C (lower Reach 4 and Reach 3 – Tujunga Avenue to Figueroa Street) 
SEGMENT C TRIBUTARIES (Tujunga Wash, Burbank Western Channel, and Verdugo Wash) 
SEGMENT D (Reach 5 and upper Reach 4 – Balboa Boulevard to Tujunga Avenue) 
SEGMENT D TRIBUTARIES (Bull Creek) 

First phase – Segment C, Segment C Tributaries, Segment D, Segment D tributaries 

Submit a Load Reduction 
Strategies (LRS) for Segment C, 
Segment C tributaries, Segment D, 
Segment D tributaries (or submit 
an alternative compliance plan) 

MS4 Permittees discharging to 
Segment C, Segment C tributaries, 
Segment D, Segment D tributaries 

March 23, 2023 
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Implementation Action Responsible Parties Deadline 

Complete implementation of LRS MS4 Permittees discharging to 
Segment C, Segment C tributaries, 
Segment D, Segment D tributaries, if 
using LRS 

September 23, 2027 

Achieve interim (or final) water 
quality-based effluent limitations 
and submit report to Regional 
Water Board 

MS4 Permittees discharging to 
Segment C, Segment C tributaries, 
Segment D, Segment D tributaries, if 
using LRS 

September 23, 2030 

Achieve final water quality-based 
effluent limitations or demonstrate 
that non-compliance is due to 
upstream contributions and submit 
report to Regional Water Board  

MS4 Permittees discharging to 
Segment C, Segment C tributaries, 
Segment D, Segment D tributaries, if 
using alternative compliance plan 

September 23, 2030 

Second phase, if necessary - Segment C, Segment C Tributaries, Segment D, Segment D 
Tributaries for LRS approach only 

Submit a new LRS MS4 Permittees discharging to 
Segment C, Segment C tributaries, 
Segment D, Segment D tributaries 

September 23, 2031 

Complete implementation of LRS MS4 Permittees discharging to 
Segment C, Segment C tributaries, 
Segment D, Segment D tributaries if 
using LRS 

March 23, 2035 

Achieve final water quality-based 
effluent limitations in Segment C, 
Segment C tributaries, Segment D, 
Segment D tributaries or 
demonstrate that non-compliance 
is due to upstream contributions 
and submit report to Regional 
Water Board 

MS4 Permittees discharging to 
Segment C, Segment C tributaries, 
Segment D, Segment D tributaries if 
using LRS 

March 23, 2037 

 

5. Compliance 

a. Permittees may demonstrate compliance with the final dry weather limitations by 
demonstrating that final receiving water limitations are met in the receiving 
waters or by demonstrating one of the following conditions at outfalls to the 
receiving waters: 

i. Flow-weighted concentration of E. coli in MS4 discharges during dry weather 
is less than or equal to 235 MPN/100mL, based on a weighted-average using 
flow rates from all measured outfalls; or 

ii. Zero discharge during dry weather. 

b. In addition, individual Permittees or subgroups of Permittees may differentiate 
their dry weather discharges from other dischargers or upstream contributions by 
demonstrating one of the following conditions at outfalls to the receiving waters 
or at segment, tributary or jurisdictional boundaries: 
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i. The flow-weighted concentration of E. coli in a Permittee’s individual 
discharge or in a group of Permittees’ collective discharge during dry weather 
is less than or equal to 235 MPN/100mL, based on a weighted-average using 
flow rates from all measured outfalls; or 

ii. Zero discharge from a Permittee’s individual outfall(s) or from a group of 
Permittees’ outfall(s) during dry weather; or 

iii. Demonstration that the MS4 loading of E. coli to the segment or tributary 
during dry weather is less than or equal to the calculated loading rate that 
would not cause or contribute to exceedances based on the loading capacity 
representative of conditions in the River at the time of compliance. 

c. The interim dry weather water quality-based effluent limitations are group-based, 
shared among all MS4 Permittees that drain to a segment or tributary.  However, 
the interim dry weather water quality-based effluent limitations may be distributed 
based on proportional drainage area, upon approval of the Regional Water Board 
Executive Officer. 

E. Legg Lake Trash TMDL 

1. Permittees subject to the provisions below are identified in Attachment K, Table K-5. 

2. Permittees shall comply with the final water quality-based effluent limitation of zero 
trash discharged to Legg Lake no later than March 6, 2016, and every year 
thereafter. 

3. Permittees that choose to comply via a full capture compliance strategy must 
demonstrate a phased implementation of full capture devices attaining interim 
effluent limitations over the following 8-year period until the final effluent limitation of 
zero is attained: 

Deadline 

Effluent Limitation 

Drainage Area covered 
by Full Capture Systems 

 (%) 

March 6, 2008 0 

March 6, 2012 20 

March 6, 2013 40 

March 6, 2014 60 

March 6, 2015 80 

March 6, 2016 100 
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Legg Lake Trash Effluent Limitations
52

 (gallons of uncompressed trash per year) 

Permittees 
Baseline

53
 

(100%) 
3/6/2012 

(80%) 
3/6/2013 

(60%) 
3/6/2014 

(40%) 
3/6/2015 

(20%) 
3/6/2016

54
 

(0%) 

Los Angeles 
County 

2400.03 1920.02 1440.02 960.01 480.01 0 

Los Angeles 
County Flood 

Control District 
24.05 19.24 14.43 9.62 4.81 0 

City of El Monte 509.48 407.58 305.69 203.79 101.90 0 

City of South El 
Monte 

3896.76 3117.41 2338.06 1558.70 779.35 0 

4. Permittees shall comply with the interim and final water quality-based effluent 
limitations for trash in E.2 and E.3 above per the provisions in Part VI.E.5. 

5. If a Permittee opts to derive site specific trash generation rates through its Trash 
Monitoring and Reporting Plan (TMRP), the baseline limitation shall be calculated by 
multiplying the point source area(s) by the derived trash generation rate(s). 

6. Permittees shall comply with the interim and final water quality-based effluent 
limitations for trash in E.2 and E.3 above per the provisions in Part VI.E.5. 

E.F. Long Beach City Beaches and Los Angeles River Estuary Bacteria TMDL 
(USEPA established) 

1. Permittees subject to the provisions below are identified in Attachment K, Table K-5. 

2. Permittees shall comply with the following final WLAs for discharges to the Los 
Angeles River Estuary per the provisions in Part VI.E.3: 

Constituent 
WLA (MPN or cfu) 

Daily Maximum Geometric Mean 

Total coliform* 10,000/100 mL 1,000/100 mL 

Fecal coliform 400/100 mL 200/100 mL 

Enterococcus 104/100 mL 35/100 mL 

* Total coliform density shall not exceed a daily maximum of  
1,000/100 mL, if the ratio of fecal-to-total coliform exceeds 0.1. 

3. Receiving Water Limitations 

a. Permittees shall comply with the following grouped55 final single sample bacteria 
WLAs for the Los Angeles River Estuary per the provisions in Part VI.E.3: 

                                            
52

 Water quality-based effluent limitations are expressed as allowable trash discharge relative to baseline Waste Load 
Allocations.  

53
 The Regional Water Board calculated the baseline water quality-based effluent limitations for the Permittees based on the 
estimated trash generation rate of 5334 gallons of uncompressed trash per square mile per year. 

54
 Permittees shall achieve their final effluent limitation of zero trash discharged for the year and every year thereafter. 

55
 The final receiving water limitations are group-based and shared among all MS4 Permittees located within the drainage 
area. 
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Time Period 

Annual Allowable Exceedance 
Days of the Single Sample 

Objective (days) 

Daily 
sampling 

Weekly 
sampling 

Summer Dry-Weather 
(April 1 to October 31) 

0 0 

Winter Dry-Weather 
(November 1 to March 31) 

9 2 

Wet Weather
56

 17 3 

b. Permittees shall comply with the following geometric mean receiving water 
limitations for all monitoring stations in the Los Angeles River Estuary per the 
provisions in Part VI.E.3: 

Constituent Geometric Mean (MPN or cfu) 

Total coliform 1,000/100 mL 

Fecal coliform 200/100 mL 

Enterococcus 35/100 mL 

4. Compliance Determination 

a. Permittees may demonstrate compliance with the final dry or weather WLAs by 
demonstrating that final WLAs expressed as allowable exceedance days are met 
in the receiving waters or by demonstrating one of the following conditions at 
outfalls to the receiving waters: 

i. Flow-weighted concentration of bacterial indicators in MS4 discharges during 
dry or wet weather is less than or equal to the WLAs in part E.2 above, based 
on a weighted-average using flow rates from all measured outfalls; or 

ii. Zero discharge during dry weather. 

b. In addition, individual Permittees or subgroups of Permittees may differentiate 
their dry or wet weather discharges from other dischargers or upstream 
contributions by demonstrating one of the following conditions at outfalls to the 
receiving waters or at segment, tributary or jurisdictional boundaries: 

i. The flow-weighted concentration of bacterial indicators in a Permittee’s 
individual discharge or in a group of Permittees’ collective discharge during 
dry or wet weather is less than or equal to the WLAs in part E.2 above, based 
on a weighted-average using flow rates from all measured outfalls; or 

ii. Zero discharge from a Permittee’s individual outfall(s) or from a group of 
Permittees’ outfall(s) during dry weather. 

F.G. Los Angeles Area Lakes TMDLs (USEPA established) 

1. Lake Calabasas Nutrient TMDL 

                                            
56

 Wet weather is defined as days with 0.1 inch of rain or greater and the three days following the rain event. 
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a. Permittees subject to the provisions below are identified in Attachment K, 
Table K-5. 

b. Permittees shall comply with the following WLAs per the provisions in Part 
VI.E.3. 

c. Permittees shall comply with the following annual mass-based allocations based 
on current flow conditions: 

Permittee 
Total 

Phosphorus      
(lb-P/yr) 

Total Nitrogen   
(lb-N/yr) 

City of 
Calabasas 

48.5  220  

Measured at the point of discharge. The mass-based 
allocations are equivalent to existing concentrations of 0.066 
mg/L total phosphorus as a summer average (May-September) 
and annual average, and 0.66 mg/L total nitrogen as a summer 
average (May-September) and annual average based on 
approved flow conditions. 

d. The following concentration-based WLAs shall apply during both wet and dry 
weather if: 

i. The Regional Water Board Executive Officer approves a request by the 
Permittee that the concentration-based WLAs apply, and the USEPA does 
not object to the Executive Officer’s decision within 60 days of receiving 
notice. 

ii. The Permittee shall submit a request to both the Regional Water Board and 
USEPA and shall include as part of the request a Lake Management Plan, 
describing actions that will be implemented to ensure that the applicable 
water quality objectives for ammonia, dissolved oxygen, and pH are achieved 
and the chlorophyll a target of 20 ug/L measured as a summer average (May-
September) and as an annual average is met. 

iii. If the applicable water quality objectives for ammonia, dissolved oxygen, pH 
are achieved, and the chlorophyll a target is met, then the total phosphorus 
and total nitrogen concentration-based WLAs shall be considered attained. 

Permittee 
Total 

Phosphorus 
(mg-P/L) 

Total Nitrogen   
(mg-N/L) 

City of 
Calabasas 

0.1 1.0 

Measured as in-lake concentration and applied as a 
summer average (May-September) and an annual average. 

2. Echo Park Lake Nutrient TMDL 

a. Permittees subject to the provisions below are identified in Attachment K, 
Table K-5. 

b. Permittees shall comply with the following WLAs per the provisions in Part 
VI.E.3. 

c. Permittees shall comply with the following annual mass-based allocations based 
on current flow conditions: 
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Subwatershed Permittee 
Total 

Phosphorus     
(lb-P/yr) 

Total Nitrogen   
(lb-N/yr) 

Northern 
City of Los 
Angeles 

24.7  156  

Southern 
City of Los 
Angeles 

7.129  49.69 

Measured at the point of discharge using a three-year average. The mass-based 
allocations are equivalent to existing concentrations of 0.12 mg/L total 
phosphorus as a summer average (May-September) and annual average, and 
1.2 mg/L total nitrogen as a summer average (May-September) and annual 
average based on approved flow conditions. 

d. In assessing compliance with WLAs, Permittees assigned both northern and 
southern subwatershed allocations may have their allocations combined. 

e. If the applicable water quality objectives for ammonia, dissolved oxygen, and pH 
are achieved, and the chlorophyll a target of 20 ug/L as a summer average (May-
September) and as an annual average is met, in the lake then the total 
phosphorus and total nitrogen concentration-based WLAs shall be considered 
attained.  

3. Echo Park Lake PCBs TMDL 

a. Permittees subject to the provisions below are identified in Attachment K, 
Table K-5. 

b. Permittees shall comply with the following WLAs per the provisions in Part 
VI.E.3. 

c. Permittees shall comply with the following WLAs: 

Subwatershed Permittee 

Total PCBs associated 
with Suspended 

Sediment 
 (ug/kg dry weight) 

Total PCBs in 
the Water 
Column    
(ng/L) 

Northern 
City of Los 
Angeles 

1.77 0.17 

Southern 
City of Los 
Angeles 

1.77 0.17 

Measured at the point of discharge. Applied as an annual average. 

 
d. Permittees may comply with the following alternative WLAs upon approval by the 

Regional Water Board Executive Officer based upon documentation that the fish 
tissue target of 3.6 ppb wet weight has been met for the preceding three or more 
years.  A demonstration that the fish tissue target has been met in any given year 
must at a minimum include a composite sample of skin of fillets from at least five 
common carp each measuring at least 350 mm in length.  Documentation shall 
be submitted to the Regional Water Board and USEPA. Compliance may be 
demonstrated based on the alternative WLAs upon approval by the Executive 
Officer, so long as USEPA does not object within 60 days of receiving notice. 

Subwatershed Permittee 

Total PCBs associated 
with Suspended 

Sediment         
(ug/kg dry weight)

*,**
 

Total PCBs in 
the Water 
Column    
(ng/L)

*,***
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Northern 
City of Los 
Angeles 

59.8 0.17 

Southern 
City of Los 
Angeles 

59.8 0.17 

*Measured at the point of discharge. 
**Applied as a three-year average. 
***Applied as an annual average. 

 

4. Echo Park Lake Chlordane TMDL 

a. Permittees subject to the provisions below are identified in Attachment K, 
Table K-5. 

b. Permittees shall comply with the following WLAs per the provisions in Part 
VI.E.3. 

c. Permittees shall comply with the following WLAs: 

Subwatershed Permittee 

Total Chlordane 
associated with 

Suspended Sediment  
(ug/kg dry weight) 

Total Chlordane 
in the Water 

Column       
(ng/L) 

Northern 
City of Los 
Angeles 

2.10 0.59 

Southern 
City of Los 
Angeles 

2.10 0.59 

Measured at the point of discharge. Applied as an annual average. 

 
d. Permittees may comply with the following alternative WLAs upon approval by the 

Regional Water Board Executive Officer based upon documentation that the fish 
tissue target of 5.6 ppb wet weight has been met for the preceding three or more 
years.  A demonstration that the fish tissue target has been met in any given year 
must at a minimum include a composite sample of skin of fillets from at least five 
common carp each measuring at least 350 mm in length.  Documentation shall 
be submitted to the Regional Water Board and USEPA. Compliance may be 
demonstrated based on the alternative WLAs upon approval by the Executive 
Officer, so long as USEPA does not object within 60 days of receiving notice. 

Subwatershed Permittee 

Total Chlordane 
associated with 

Suspended Sediment  
(ug/kg dry weight)

*,**
 

Total Chlordane 
in the Water 

Column    
(ng/L)

*,***
 

Northern 
City of Los 
Angeles 

3.24 0.59 

Southern 
City of Los 
Angeles 

3.24 0.59 

*Measured at the point of discharge. 
**Applied as a three-year average. 
***Applied as an annual average. 

5. Echo Park Lake Dieldrin TMDL 

a. Permittees subject to the provisions below are identified in Attachment K, 
Table K-5. 
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b. Permittees shall comply with the following WLAs per the provisions in Part 
VI.E.3. 

c. Permittees shall comply with the following WLAs: 

Subwatershed Permittee 

Dieldrin associated 
with Suspended 

Sediment  
 (ug/kg dry weight) 

Dieldrin in the 
Water Column    

(ng/L) 

Northern 
City of Los 
Angeles 

0.80 0.14 

Southern 
City of Los 
Angeles 

0.80 0.14 

Measured at the point of discharge. Applied as an annual average. 

 
d. Permittees may comply with the following alternative WLAs upon approval by the 

Regional Water Board Executive Officer based upon documentation that the fish 
tissue target of 0.46 ppb wet weight has been met for the preceding three or 
more years.  A demonstration that the fish tissue target has been met in any 
given year must at a minimum include a composite sample of skin of fillets from 
at least five common carp each measuring at least 350 mm in length.  
Documentation shall be submitted to the Regional Water Board and USEPA. 
Compliance may be demonstrated based on the alternative WLAs upon approval 
by the Executive Officer, so long as USEPA does not object within 60 days of 
receiving notice: 

Subwatershed Permittee 

Dieldrin associated 
with Suspended 

Sediment  
 (ug/kg dry weight)

*,**
 

Dieldrin in the 
Water Column    

(ng/L)
*,***

 

Northern 
City of Los 
Angeles 

1.90 0.14 

Southern 
City of Los 
Angeles 

1.90 0.14 

*Measured at the point of discharge. 
**Applied as a three-year average. 
***Applied as an annual average. 

6. Echo Park Lake Trash TMDL 

a. Permittees subject to the provisions below are identified in Attachment K, 
Table K-5. 

b. Permittees shall comply with the following WLAs per the provisions in Parts 
VI.E.3 and VI.E.5. 

c. Permittees shall comply with the following WLA: 

Permittee Trash (Gal/year) 

City of Los Angeles 0 

7. Legg Lake System Nutrient TMDL 

a. Permittees subject to the provisions below are identified in Attachment K, 
Table K-5. 
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b. Permittees shall comply with the following WLAs per the provisions in Part 
VI.E.3.  

c. Permittees shall comply with the following annual mass-based allocations based 
on current flow conditions: 

Subwatershed Permittee 
Flow  

(ac-ft/yr) 

Total 
Phosphorus 

 (lb-P/yr) 

Total 
Nitrogen   
(lb-N/yr) 

Northwestern 
County of Los 

Angeles 
33.5 

53.6 148.7 

Northwestern South El Monte 308 526.3 1,500.6 
Northeastern El Monte 122 226.6 590.3 

Northeastern 
County of Los 

Angeles 
8.18 

12.8 39.2 

Northeastern South El Monte 287 498.7 1,394.8 
Measured at the point of discharge. The mass-based allocations are equivalent to existing 
concentrations of 0.065 mg/L total phosphorus as a summer average (May-September) and 
annual average, and 0.65 mg/L total nitrogen as a summer average (May-September) and 
annual average based on approved flow conditions. 

 
d. The following concentration-based WLAs shall apply during both wet and dry 

weather if: 

i. The Regional Water Board Executive Officer approves a request by a 
Permittee that the concentration-based WLAs apply, and the USEPA does 
not object to the Executive Officer’s decision within 60 days of receiving 
notice.  

ii. Permittees shall submit a request to both the Regional Water Board and 
USEPA and shall include as part of the request a Lake Management Plan, 
describing actions that will be implemented to ensure that the applicable 
water quality objectives for ammonia, dissolved oxygen, and pH are achieved, 
and the chlorophyll a target of 20 ug/L as a summer average (May-
September) and an annual average is met, in the lake. 

iii. If the applicable water quality objectives for ammonia, dissolved oxygen, and 
pH are achieved, and the chlorophyll a target is met, in the lake then the total 
phosphorus and total nitrogen concentration-based WLAs shall be considered 
attained. 

Subwatershed Permittee 
Total 

Phosphorus 
 (mg-P/L) 

Total Nitrogen   
(mg-N/L) 

Northwestern 
County of Los 

Angeles 
0.1 1.0 

Northwestern South El Monte 0.1 1.0 
Northeastern El Monte 0.1 1.0 

Northeastern 
County of Los 

Angeles 
0.1 1.0 

Northeastern South El Monte 0.1 1.0 
Measured as an in-lake concentration. Applied as a summer average (May-
September) and an annual average. 
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7.8. Peck Road Park Lake Nutrient TMDL 

a. Permittees subject to the provisions below are identified in Attachment K, 
Table K-5. 

b. Permittees shall comply with the following WLAs per the provisions in Part 
VI.E.3. 

c. Permittees shall comply with the following annual mass-based allocations based 
on current flow conditions: 

Subwatershed Permittee 
Total 

Phosphorus     
(lb-P/yr) 

Total 
Nitrogen  
(lb-N/yr) 

Eastern Arcadia 383 2,320 
Eastern Bradbury 497 3,223 
Eastern Duarte 1,540 9,616 
Eastern  Irwindale 496 3,487 

Eastern 
County of 

Los Angles 
924 5,532 

Eastern Monrovia 6,243 38,736 
Near Lake Arcadia 158 1,115 
Near Lake El Monte 96.2 602 
Near Lake Irwindale 28.2 207 

Near Lake 
County of 

Los Angeles 
129 773 

Near Lake Monrovia 60.4 415 
Western Arcadia 2,840 16,334 

Western 
County of 

Los Angeles 
467 2,818 

Western Monrovia 425 2,678 
Western Sierra Madre 695 4,254 

Measured at the point of discharge using a three-year average. The mass-
based allocations are equivalent to existing concentrations of 0.076 mg/L 
total phosphorus as a summer average (May-September) and annual 
average, and 0.76 mg/L total nitrogen as a summer average (May-
September) and annual average based on approved flow conditions. 

d. If the applicable water quality objectives for ammonia, dissolved oxygen, and pH 
are achieved, and the chlorophyll a target of 20 ug/L as a summer average (May-
September) and as an annual average is met, in the lake then the total 
phosphorus and total nitrogen concentration-based WLAs shall be considered 
attained. 

8.9. Peck Road Park Lake PCBs TMDL 

a. Permittees subject to the provisions below are identified in Attachment K, 
Table K-5. 

b. Permittees shall comply with the following WLAs per the provisions in Part 
VI.E.3. 

c. Permittees shall comply with the following WLAs: 
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Subwatershed Permittee 

Total PCBs associated 
with Suspended 

Sediment        
(ug/kg dry weight) 

Total PCBs 
in the Water 

Column   
(ng/L) 

Eastern Arcadia 1.29 0.17 
Eastern Bradbury 1.29 0.17 
Eastern Duarte 1.29 0.17 
Eastern  Irwindale 1.29 0.17 

Eastern 
County of 

Los Angles 
1.29 0.17 

Eastern Monrovia 1.29 0.17 
Near Lake Arcadia 1.29 0.17 
Near Lake El Monte 1.29 0.17 
Near Lake Irwindale 1.29 0.17 

Near Lake 
County of 

Los Angeles 
1.29 0.17 

Near Lake Monrovia 1.29 0.17 
Western Arcadia 1.29 0.17 

Western 
County of 

Los Angeles 
1.29 0.17 

Western Monrovia 1.29 0.17 
Western Sierra Madre 1.29 0.17 

Measured at the point of discharge. Applied as an annual average. 

 
d. Permittees may comply with the following alternative WLAs upon approval by the 

Regional Water Board Executive Officer based upon documentation that the fish 
tissue target of 3.6 ppb wet weight has been met for the preceding three or more 
years.  A demonstration that the fish tissue target has been met in any given year 
must at a minimum include a composite sample of skin of fillets from at least five 
largemouth bass each measuring at least 350 mm in length.  Documentation 
shall be submitted to the Regional Water Board and USEPA. Compliance may be 
demonstrated based on the alternative WLAs upon approval by the Executive 
Officer, so long as USEPA does not object within 60 days of receiving notice. 

Subwatershed Permittee 

Total PCBs associated 
with Suspended 

Sediment     
(ug/kg dry weight)

*,**
 

Total PCBs in 
the Water 
Column 

   (ng/L)
*,***

 

Eastern Arcadia 59.8 0.17 
Eastern Bradbury 59.8 0.17 
Eastern Duarte 59.8 0.17 
Eastern  Irwindale 59.8 0.17 

Eastern 
County of 

Los Angles 
59.8 0.17 

Eastern Monrovia 59.8 0.17 
Near Lake Arcadia 59.8 0.17 
Near Lake El Monte 59.8 0.17 
Near Lake Irwindale 59.8 0.17 

Near Lake 
County of 

Los Angeles 
59.8 0.17 

Near Lake Monrovia 59.8 0.17 
Western Arcadia 59.8 0.17 

Western 
County of 

Los Angeles 
59.8 0.17 
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Subwatershed Permittee 

Total PCBs associated 
with Suspended 

Sediment     
(ug/kg dry weight)

*,**
 

Total PCBs in 
the Water 
Column 

   (ng/L)
*,***

 

Western Monrovia 59.8 0.17 
Western Sierra Madre 59.8 0.17 

*Measured at the point of discharge. 
**Applied as a three-year average. 
***Applied as an annual average. 

9.10. Peck Road Park Lake Chlordane TMDL 

a. Permittees subject to the provisions below are identified in Attachment K, 
Table K-5. 

b. Permittees shall comply with the following WLAs per the provisions in Part 
VI.E.3. 

c. Permittees shall comply with the following WLAs: 

Subwatershed Permittee 

Total Chlordane 
associated with 

Suspended Sediment  
 (ug/kg dry weight) 

Total Chlordane 
in the Water 

Column      
(ng/L) 

Eastern Arcadia 1.73 0.59 
Eastern Bradbury 1.73 0.59 
Eastern Duarte 1.73 0.59 
Eastern  Irwindale 1.73 0.59 

Eastern 
County of 

Los Angles 
1.73 0.59 

Eastern Monrovia 1.73 0.59 
Near Lake Arcadia 1.73 0.59 
Near Lake El Monte 1.73 0.59 
Near Lake Irwindale 1.73 0.59 

Near Lake 
County of 

Los Angeles 
1.73 0.59 

Near Lake Monrovia 1.73 0.59 
Western Arcadia 1.73 0.59 

Western 
County of 

Los Angeles 
1.73 0.59 

Western Monrovia 1.73 0.59 
Western Sierra Madre 1.73 0.59 

Measured at the point of discharge. Applied as an annual average. 

 
d. Permittees may comply with the following alternative WLAs upon approval by the 

Regional Water Board Executive Officer based upon documentation that the fish 
tissue target of 5.6 ppb wet weight has been met for the preceding three or more 
years.  A demonstration that the fish tissue target has been met in any given year 
must at a minimum include a composite sample of skin of fillets from at least five 
largemouth bass each measuring at least 350 mm in length.  Documentation 
shall be submitted to the Regional Water Board and USEPA. Compliance may be 
demonstrated based on the alternative WLAs upon approval by the Executive 
Officer, so long as USEPA does not object within 60 days of receiving notice: 
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Subwatershed Permittee 

Total Chlordane 
associated with 

Suspended Sediment   
 (ug/kg dry weight)

*,**
 

Total Chlordane 
in the Water 

Column    
(ng/L)

*,***
 

Eastern Arcadia 3.24 0.59 
Eastern Bradbury 3.24 0.59 
Eastern Duarte 3.24 0.59 
Eastern  Irwindale 3.24 0.59 

Eastern 
County of 

Los Angles 
3.24 0.59 

Eastern Monrovia 3.24 0.59 
Near Lake Arcadia 3.24 0.59 
Near Lake El Monte 3.24 0.59 
Near Lake Irwindale 3.24 0.59 

Near Lake 
County of 

Los Angeles 
3.24 0.59 

Near Lake Monrovia 3.24 0.59 
Western Arcadia 3.24 0.59 

Western 
County of 

Los Angeles 
3.24 0.59 

Western Monrovia 3.24 0.59 
Western Sierra Madre 3.24 0.59 

*Measured at the point of discharge. 
**Applied as a three-year average. 
***Applied as an annual average. 

10.11. Peck Road Park DDT TMDL 

a. Permittees subject to the provisions below are identified in Attachment K, 
Table K-5. 

b. Permittees shall comply with the following WLAs per the provisions in Part 
VI.E.3. 

c. Permittees shall comply with the following WLAs: 

Subwatershed Permittee 

Total DDT associated 
with Suspended 

Sediment 
 (ug/kg dry weight) 

4-4’ DDT in the 
Water Column    

(ng/L) 

Eastern Arcadia 5.28 0.59 
Eastern Bradbury 5.28 0.59 
Eastern Duarte 5.28 0.59 
Eastern  Irwindale 5.28 0.59 

Eastern 
County of 

Los Angles 
5.28 0.59 

Eastern Monrovia 5.28 0.59 
Near Lake Arcadia 5.28 0.59 
Near Lake El Monte 5.28 0.59 
Near Lake Irwindale 5.28 0.59 

Near Lake 
County of 

Los Angeles 
5.28 0.59 

Near Lake Monrovia 5.28 0.59 
Western Arcadia 5.28 0.59 

Western 
County of 

Los Angeles 
5.28 0.59 

Western Monrovia 5.28 0.59 
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Subwatershed Permittee 

Total DDT associated 
with Suspended 

Sediment 
 (ug/kg dry weight) 

4-4’ DDT in the 
Water Column    

(ng/L) 

Western Sierra Madre 5.28 0.59 
Measured at the point of discharge. Applied as an annual average. 

11.12. Peck Road Park Lake Dieldrin TMDL 

a. Permittees subject to the provisions below are identified in Attachment K, 
Table K-5. 

b. Permittees shall comply with the following WLAs per the provisions in Part 
VI.E.3. 

c. Permittees shall comply with the following WLAs: 

Subwatershed Permittee 

Dieldrin associated 
with Suspended 

Sediment  
 (ug/kg dry weight) 

Dieldrin in the 
Water Column    

(ng/L) 

Eastern Arcadia 0.43 0.14 
Eastern Bradbury 0.43 0.14 
Eastern Duarte 0.43 0.14 
Eastern  Irwindale 0.43 0.14 

Eastern 
County of 

Los Angles 
0.43 0.14 

Eastern Monrovia 0.43 0.14 
Near Lake Arcadia 0.43 0.14 
Near Lake El Monte 0.43 0.14 
Near Lake Irwindale 0.43 0.14 

Near Lake 
County of 

Los Angeles 
0.43 0.14 

Near Lake Monrovia 0.43 0.14 
Western Arcadia 0.43 0.14 

Western 
County of 

Los Angeles 
0.43 0.14 

Western Monrovia 0.43 0.14 
Western Sierra Madre 0.43 0.14 

Measured at the point of discharge. Applied as an annual average. 

 
d. Permittees may comply with the following alternative WLAs upon approval by the 

Regional Water Board Executive Officer based upon documentation that the fish 
tissue target of 0.46 ppb wet weight has been met for the preceding three or 
more years.  A demonstration that the fish tissue target has been met in any 
given year must at a minimum include a composite sample of skin of fillets from 
at least five largemouth bass each measuring at least 350 mm in length.  
Documentation shall be submitted to the Regional Water Board and USEPA. 
Compliance may be demonstrated based on the alternative WLAs upon approval 
by the Executive Officer, so long as USEPA does not object within 60 days of 
receiving notice: 

Subwatershed Permittee 

Dieldrin associated 
with Suspended 

Sediment  
 (ug/kg dry weight)

*,**
 

Dieldrin in the 
Water Column   

(ng/L)
*,***
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Subwatershed Permittee 

Dieldrin associated 
with Suspended 

Sediment  
 (ug/kg dry weight)

*,**
 

Dieldrin in the 
Water Column   

(ng/L)
*,***

 

Eastern Arcadia 1.90 0.14 
Eastern Bradbury 1.90 0.14 
Eastern Duarte 1.90 0.14 
Eastern  Irwindale 1.90 0.14 

Eastern 
County of 

Los Angles 
1.90 0.14 

Eastern Monrovia 1.90 0.14 
Near Lake Arcadia 1.90 0.14 
Near Lake El Monte 1.90 0.14 
Near Lake Irwindale 1.90 0.14 

Near Lake 
County of 

Los Angeles 
1.90 0.14 

Near Lake Monrovia 1.90 0.14 
Western Arcadia 1.90 0.14 

Western 
County of 

Los Angeles 
1.90 0.14 

Western Monrovia 1.90 0.14 
Western Sierra Madre 1.90 0.14 

*Measured at the point of discharge. 
**Applied as a three-year average. 
***Applied as an annual average. 

12.13. Peck Road Park Lake Trash TMDL 

a. Permittees subject to the provisions below are identified in Attachment K, 
Table K-5. 

b. Permittees shall comply with the following WLAs per the provisions in Parts 
VI.E.3 and VI.E.5. 

c. Permittees shall comply with the following WLA: 

Permittee Trash (gal/year) 

Arcadia 0 
Bradbury 0 
Duarte 0 

El Monte 0 
Irwindale 0 

County of Los 
Angeles 

0 

Monrovia 0 
Sierra Madre 0 
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ATTACHMENT P. TMDLs IN SAN GABRIEL RIVER WATERSHED MANAGEMENT AREA 

A. San Gabriel River Metals and Impaired Tributaries Metals and Selenium TMDL 
(USEPA established) 

1. Permittees subject to the provisions below are identified in Attachment K, Table K-6. 

2. Permittees shall comply with the following grouped57 wet weather58 WLAs, 
expressed as total recoverable metals discharged to all upstream reaches and 
tributaries of the San Gabriel River Reach 2 and Coyote Creek per the provisions in 
Part VI.E.3: 

Water Body 
WLA 

Daily Maximum (kg/day) 
Copper Lead Zinc 

San Gabriel Reach 2 --- 
81.34 uµg/L x daily storm 

volume (L) 
--- 

Coyote Creek 
24.71 uµg/L x daily 
storm volume (L) 

96.99 uµg/L x daily storm 
volume (L) 

144.57 uµg/L x daily 
storm volume (L) 

3. Permittees shall comply with the following grouped7253 dry weather WLAs, expressed 
as total recoverable metals discharged to San Gabriel River Reach 1, Coyote Creek, 
San Gabriel River Estuary, and San Jose Creek Reach 1 and Reach 2 per the 
provisions in Part VI.E.3: 

Water Body 
WLA 

Daily Maximum  

Copper Selenium 

San Gabriel Reach 1 18 uµg/L --- 
Coyote Creek 0.941 kg/day* --- 

San Gabriel River Estuary 3.7 uµg/L --- 
San Jose Creek Reach 1 and 2 --- 5 uµg/L 

*Calculated based upon the median flow at LACDPW Station F354-R of 19 
cfs multiplied by the numeric target of 20 uµg/L, minus direct air deposition of 
0.002 kg/d. 

4. Permittees may convert the grouped mass-based WLAs into individual WLAs based 
on the percentage of the watershed and land uses within the Permittee’s jurisdiction, 
upon approval of the Regional Water Board Executive Officer. 

B. Legg Lake Trash TMDL 

1. Permittees subject to the provisions below are identified in Attachment K, Table K-6. 

2. Permittees shall comply with the final water quality-based effluent limitation of zero 
trash discharged to Legg Lake no later than March 6, 2016, and every year 
thereafter. 

                                            
57

 The wet weather and dry weather water WLAs are group-based and shared among all MS4 Permittees, which includes LA 
MS4 Permittees, the City of Long Beach, and Orange County MS4 Permittees located within the drainage area and Caltrans. 

58
 In San Gabriel River Reach 2, wet weather TMDLs apply when the maximum daily flow of the river is equal to or greater 
than 260 cfs as measured at USGS station 11085000, located at the bottom of Reach 3 just above the Whittier Narrows 
Dam.  In Coyote Creek, wet weather TMDLs apply when the maximum daily flow in the creek is equal to or greater than 156 
cfs as measured at LACDPW flow gauge station F354-R, located at the bottom of the creek, just above the Long Beach 
WRP. 
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3. Permittees that choose to comply via a full capture compliance strategy must 
demonstrate a phased implementation of full capture devices attaining interim 
effluent limitations over the following 8-year period until the final effluent limitation of 
zero is attained: 

Deadline 

Effluent Limitation 

Drainage Area covered 
by Full Capture Systems 

 (%) 

March 6, 2008 0 

March 6, 2012 20 

March 6, 2013 40 

March 6, 2014 60 

March 6, 2015 80 

March 6, 2016 100 

 
Legg Lake Trash Effluent Limitations

59
 (gallons of uncompressed trash per year) 

Permittees 
Baseline

60
 

(100%) 
3/6/2012 

(80%) 
3/6/2013 

(60%) 
3/6/2014 

(40%) 
3/6/2015 

(20%) 
3/6/2016

61
 

(0%) 

Los Angeles 
County 

2400.03 1920.02 1440.02 960.01 480.01 0 

Los Angeles 
County Flood 

Control District 
24.05 19.24 14.43 9.62 4.81 0 

City of El Monte 509.48 407.58 305.69 203.79 101.90 0 

City of South El 
Monte 

3896.76 3117.41 2338.06 1558.70 779.35 0 

4. Permittees shall comply with the interim and final water quality-based effluent 
limitations for trash in B.2 and B.3 above per the provisions in Part VI.E.5. 

5. If a Permittee opts to derive site specific trash generation rates through its Trash 
Monitoring and Reporting Plan (TMRP), the baseline limitation shall be calculated by 
multiplying the point source area(s) by the derived trash generation rate(s). 

6. Permittees shall comply with the interim and final water quality-based effluent 
limitations for trash in B.2 and B.3 above per the provisions in Part VI.E.5. 

                                            
59

 Water quality-based effluent limitations are expressed as allowable trash discharge relative to baseline Waste Load 
Allocations.  

60
 The Regional Water Board calculated the baseline water quality-based effluent limitations for the Permittees based on the 
estimated trash generation rate of 5334 gallons of uncompressed trash per square mile per year. 

61
 Permittees shall achieve their final effluent limitation of zero trash discharged for the year and every year thereafter. 
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C.B. Los Angeles Area Lakes TMDLs62 (USEPA established) 

1. Legg Lake System Nutrient TMDL 

a. Permittees subject to the provisions below are identified in Attachment K, 
Table K-6. 

b. Permittees shall comply with the following WLAs per the provisions in Part 
VI.E.3.  

c. Permittees shall comply with the following annual mass-based allocations based 
on current flow conditions: 

Subwatershed Permittee 
Flow  

(ac-ft/yr) 

Total 
Phosphorus 

 (lb-P/yr) 

Total 
Nitrogen   
(lb-N/yr) 

Northwestern 
County of 

Los 
Angeles 

33.5 
53.6 148.7 

Northwestern 
South El 
Monte 

308 
526.3 1,500.6 

Northeastern El Monte 122 226.6 590.3 

Northeastern 
County of 

Los 
Angeles 

8.18 
12.8 39.2 

Northeastern 
South El 
Monte 

287 
498.7 1,394.8 

Measured at the point of discharge. The mass-based allocations are equivalent to existing 
concentrations of 0.065 mg/L total phosphorus as a summer average (May-September) 
and annual average, and 0.65 mg/L total nitrogen as a summer average (May-September) 
and annual average based on approved flow conditions. 

 
d. The following concentration-based WLAs shall apply during both wet and dry 

weather if: 

i. The Regional Water Board Executive Officer approves a request by a 
Permittee that the concentration-based WLAs apply, and the USEPA does 
not object to the Executive Officer’s decision within 60 days of receiving 
notice.  

ii. Permittees shall submit a request to both the Regional Water Board and 
USEPA and shall include as part of the request a Lake Management Plan, 
describing actions that will be implemented to ensure that the applicable 
water quality objectives for ammonia, dissolved oxygen, and pH are achieved, 
and the chlorophyll a target of 20 ug/L as a summer average (May-
September) and an annual average is met, in the lake. 

iii. If the applicable water quality objectives for ammonia, dissolved oxygen, and 
pH are achieved, and the chlorophyll a target is met, in the lake then the total 
phosphorus and total nitrogen concentration-based WLAs shall be considered 
attained. 

                                            
62

 Los Angeles Area Lakes TMDL includes multiple watershed management areas. 
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Subwatershed Permittee 
Total 

Phosphorus 
 (mg-P/L) 

Total Nitrogen   
(mg-N/L) 

Northwestern 
County of Los 

Angeles 
0.1 1.0 

Northwestern South El Monte 0.1 1.0 
Northeastern El Monte 0.1 1.0 

Northeastern 
County of Los 

Angeles 
0.1 1.0 

Northeastern South El Monte 0.1 1.0 
Measured as an in-lake concentration. Applied as a summer average (May-
September) and an annual average. 

2.1. Puddingstone Reservoir Nutrient TMDL 

a. Permittees subject to the provisions below are identified in Attachment K, 
Table K-6. 

b. Permittees shall comply with the following WLAs per the provisions in Part 
VI.E.3. 

c. Permittees shall comply with the following annual mass-based allocations based 
on current flow conditions: 

Subwatershed Permittee 
Total 

Phosphorus   
(lb-P/yr) 

Total Nitrogen 
(lb-N/yr) 

Northern Claremont 169 829 

Northern 
County of 

Los Angeles 
741 3,390 

Northern La Verne 2,772 11,766 
Northern Pomona 6.30 28.3 
Northern San Dimas 31.1 137 

Measured at the point of discharge. The mass-based allocations are equivalent 
to existing concentrations of 0.071 mg/L total phosphorus as a summer average 
(May-September) and annual average, and 0.71 mg/L total nitrogen as a 
summer average (May-September) and annual average based on approved 
flow conditions. 

 
d. The following concentration-based WLAs shall apply during both wet and dry 

weather if: 

i. The Regional Water Board Executive Officer approves a request by a 
Permittee that the concentration-based WLAs apply, and the USEPA does 
not object to the Executive Officer’s decision within 60 days of receiving 
notice.  

ii. Permittees shall submit a request to both the Regional Water Board and 
USEPA and shall include as part of the request a Lake Management Plan, 
describing actions that will be implemented to ensure that the applicable 
water quality objectives for ammonia, dissolved oxygen, and pH are achieved 
and the chlorophyll a target of 20 ug/L as a summer average (May-
September) and an annual average is met, in the lake. 

iii. If the applicable water quality objectives for ammonia, dissolved oxygen, and 
pH are achieved, and the chlorophyll a target is met, in the lake then the total 

RB-AR5634



Los Angeles County ORDER NO. R4-2012-XXXX 
Municipal Separate Storm Sewer System NPDES NO. CAS004001 
 

Attachment P –TMDLs in the San Gabriel River WMA P-5 
 

R
E
V
I
S
E
D 
 

T 
E 
N 
T 
A 
T 
I 
V 
E 

phosphorus and total nitrogen concentration-based WLAs shall be considered 
attained. 

Subwatershed Permittee 
Total 

Phosphorus 
(mg-P/L) 

Total Nitrogen 
(mg-N/L) 

Northern Claremont 0.1 1.0 

Northern 
County of Los 

Angeles 
0.1 1.0 

Northern La Verne 0.1 1.0 
Northern Pomona 0.1 1.0 
Northern San Dimas 0.1 1.0 

Measured as an in-lake concentration. Applied as a summer average (May-
September) and an annual average. 

3.2. Puddingstone Reservoir Mercury TMDL 

a. Permittees subject to the provisions below are identified in Attachment K, 
Table K-6. 

b. Permittees shall comply with the following WLAs per the provisions in Part 
VI.E.3. 

c. Permittees shall comply with the following WLAs during both wet and dry 
weather: 

Subwatershed Permittee 
Total 

Mercury    
(g-Hg/yr) 

Northern Claremont 0.674 

Northern 
County of 

Los Angeles 
2.79 

Northern La Verne 10.6 
Northern Pomona 0.026 
Northern San Dimas 0.109 

Measured at the point of discharge.  

4.3. Puddingstone Reservoir PCBs TMDL 

a. Permittees subject to the provisions below are identified in Attachment K, 
Table K-6. 

b. Permittees shall comply with the following WLAs per the provisions in Part 
VI.E.3. 

c. Permittees shall comply with the following WLAs: 

Subwatershed Permittee 

Total PCBs associated 
with Suspended 

Sediment  
(ug/kg dry weight) 

Total PCBs in 
the Water 
Column    
(ng/L) 

Northern Claremont 0.59 0.17 

Northern 
County of 

Los Angeles 
0.59 0.17 

Northern La Verne 0.59 0.17 
Northern Pomona 0.59 0.17 
Northern San Dimas 0.59 0.17 

Measured at the point of discharge. Applied as an annual average. 
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d. Permittees may comply with the following alternative WLAs upon approval by the 
Regional Water Board Executive Officer based upon documentation that the fish 
tissue target of 3.6 ppb wet weight has been met for the preceding three or more 
years.  A demonstration that the fish tissue target has been met in any given year 
must at a minimum include a composite sample of skin of fillets from at least five 
common carp each measuring at least 350 mm in length.  Documentation shall 
be submitted to the Regional Water Board and USEPA. Compliance may be 
demonstrated based on the alternative WLAs upon approval by the Executive 
Officer, so long as USEPA does not object within 60 days of receiving notice. 

Subwatershed Permittee 

Total PCBs associated 
with Suspended 

Sediment  
(ug/kg dry weight)

*,**
 

Total PCBs in 
the Water 
Column   
(ng/L)

*,***
 

Northern Claremont 59.8 0.17 

Northern 
County of 

Los Angeles 
59.8 0.17 

Northern La Verne 59.8 0.17 
Northern Pomona 59.8 0.17 
Northern San Dimas 59.8 0.17 

*Measured at the point of discharge. 
**Applied as a three-year average. 
***Applied as an annual average. 

5.4. Puddingstone Reservoir Chlordane TMDL 

a. Permittees subject to the provisions below are identified in Attachment K, 
Table K-6. 

b. Permittees shall comply with the following WLAs per the provisions in Part 
VI.E.3. 

c. Permittees shall comply with the following WLAs: 

Subwatershed Permittee 

Total Chlordane 
associated with 

Suspended Sediment  
   (ug/kg dry weight) 

Total Chlordane 
in the Water 

Column       
(ng/L) 

Northern Claremont 0.75 0.57 

Northern 
County of 

Los Angeles 
0.75 0.57 

Northern La Verne 0.75 0.57 
Northern Pomona 0.75 0.57 
Northern San Dimas 0.75 0.57 

Measured at the point of discharge. Applied as an annual average. 

 
d. Permittees may comply with the following alternative WLAs upon approval by the 

Regional Water Board Executive Officer based upon documentation that the fish 
tissue target of 5.6 ppb wet weight has been met for the preceding three or more 
years.  A demonstration that the fish tissue target has been met in any given year 
must at a minimum include a composite sample of skin of fillets from at least five 
common carp each measuring at least 350 mm in length.  Documentation shall 
be submitted to the Regional Water Board and USEPA. Compliance may be 
demonstrated based on the alternative WLAs upon approval by the Executive 
Officer, so long as USEPA does not object within 60 days of receiving notice. 
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Subwatershed Permittee 

Total Chlordane 
associated with 

Suspended Sediment  
(ug/kg dry weight)

*,**
 

Total Chlordane 
in the Water 

Column  
(ng/L)

*,***
 

Northern Claremont 3.24 0.57 

Northern 
County of 

Los Angeles 
3.24 0.57 

Northern La Verne 3.24 0.57 
Northern Pomona 3.24 0.57 
Northern San Dimas 3.24 0.57 

*Measured at the point of discharge. 
**Applied as a three-year average. 
***Applied as an annual average. 

6.5. Puddingstone Reservoir Dieldrin TMDL 

a. Permittees subject to the provisions below are identified in Attachment K, 
Table K-6. 

b. Permittees shall comply with the following WLAs per the provisions in Part 
VI.E.3. 

c. Permittees shall comply with the following WLAs: 

Subwatershed Permittee 

Dieldrin associated 
with Suspended 

Sediment     
 (ug/kg dry weight) 

Dieldrin in the 
Water Column   

(ng/L) 

Northern Claremont 0.22 0.14 

Northern 
County of 

Los Angeles 
0.22 0.14 

Northern La Verne 0.22 0.14 
Northern Pomona 0.22 0.14 
Northern San Dimas 0.22 0.14 

Measured at the point of discharge. Applied as an annual average. 
 

d. Permittees may comply with the following alternative WLAs upon approval by the 
Regional Water Board Executive Officer based upon documentation that the fish 
tissue target of 0.46 ppb wet weight has been met for the preceding three or 
more years.  A demonstration that the fish tissue target has been met in any 
given year must at a minimum include a composite sample of skin of fillets from 
at least five common carp each measuring at least 350 mm in length.  
Documentation shall be submitted to the Regional Water Board and USEPA. 
Compliance may be demonstrated based on the alternative WLAs upon approval 
by the Executive Officer, so long as USEPA does not object within 60 days of 
receiving notice. 

 

Subwatershed Permittee 

Dieldrin associated 
with Suspended 

Sediment             
(ug/kg dry weight)

*,**
 

Dieldrin in the 
Water Column    

(ng/L)
*,***

 

Northern Claremont 1.90 0.14 

Northern 
County of 

Los Angeles 
1.90 0.14 

Northern La Verne 1.90 0.14 
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Northern Pomona 1.90 0.14 
Northern San Dimas 1.90 0.14 

*Measured at the point of discharge. 
**Applied as a three-year average. 
***Applied as an annual average. 

7.6. Puddingstone Reservoir DDT TMDL 

a. Permittees subject to the provisions below are identified in Attachment K, 
Table K-6. 

b. Permittees shall comply with the following WLAs per the provisions in Part 
VI.E.3. 

c. Permittees shall comply with the following WLAs: 

Subwatershed Permittee 

Total DDT associated 
with Suspended 

Sediment  
(ug/kg dry weight) 

4-4’ DDT in the 
Water Column    

(ng/L) 

Northern Claremont 3.94 0.59 

Northern 
County of 

Los Angeles 
3.94 0.59 

Northern La Verne 3.94 0.59 
Northern Pomona 3.94 0.59 
Northern San Dimas 3.94 0.59 

Measured at the point of discharge. Applied as an annual average. 

 
d. Permittees may comply with the following alternative WLAs upon approval by the 

Regional Water Board Executive Officer based upon documentation that the fish 
tissue target of 21 ppb wet weight has been met for the preceding three or more 
years.  A demonstration that the fish tissue target has been met in any given year 
must at a minimum include a composite sample of skin of fillets from at least five 
common carp each measuring at least 350 mm in length.  Documentation shall 
be submitted to the Regional Water Board and USEPA. Compliance may be 
demonstrated based on the alternative WLAs upon approval by the Executive 
Officer, so long as USEPA does not object within 60 days of receiving notice. 

Subwatershed Permittee 

Total DDT associated 
with Suspended 

Sediment 
(ug/kg dry weight)

*,**
 

4-4’ DDT in the 
Water Column    

(ng/L)
*,***

 

Northern Claremont 5.28 0.59 

Northern 
County of 

Los Angeles 
5.28 0.59 

Northern La Verne 5.28 0.59 
Northern Pomona 5.28 0.59 
Northern San Dimas 5.28 0.59 

*Measured at the point of discharge. 
**Applied as a three-year average. 
***Applied as an annual average. 
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ATTACHMENT Q. TMDLs IN LOS CERRITOS CHANNEL AND ALAMITOS BAY 
WATERSHED MANAGEMENT AREA 

A. Los Cerritos Channel Metals TMDL (USEPA established) 

1. Permittees subject to the provisions below are identified in Attachment K, Table K-7. 

2. Permittees shall comply with the following dry weather63 WLAs, expressed as total 
recoverable metals discharged to Los Cerritos Channel, per the provisions in Part 
VI.E.3: 

3. Permittees shall comply with the following wet weather64 WLA, expressed as total 
recoverable metals discharged to Los Cerritos Channel, per the provisions in Part 
VI.E.3: 

Constituent 
WLA 

Daily Maximum  (g/day) 

Copper 4.709 x 10
-6

 x daily storm volume (L) 

Lead 26.852 x 10
-6

 x daily storm volume (L) 

Zinc 46.027 x 10
-6

 x daily storm volume (L) 

B. Colorado Lagoon OC Pesticides, PCBs, Sediment Toxicity, PAHs, and Metals 
TMDL  

1. Permittees subject to the provisions below are identified in Attachment K, Table K-7. 

2. Permittees shall comply with the following interim water quality-based effluent 
limitations as of the effective date of this Order, for sediments within Colorado 
Lagoon: 

Constituent 
Interim Concentration-based Effluent Limitations 

Monthly Average (µg/dry kg) 

Chlordane 129.65 

Dieldrin 26.20 

Lead 399,500 

Zinc 565,000 

PAHs 4,022 

PCBs 89.90 

DDT 149.80 

3. Permittees shall comply with the following final water quality-based effluent 
limitations no later than July 28, 2018, for sediments within Colorado Lagoon: 

                                            
63

 Dry weather is defined as any day when the maximum daily flow in Los Cerritos Channel is less than 23 cubic feet per 
second (cfs) measured at Stearns Street Monitoring Station. 

64
 Wet weather is defined as any day when the maximum daily flow in Los Cerritos Channel is equal to or greater than 23 cfs 
measured at Stearns Street Monitoring Station. 

Constituent 
WLA 

Daily Maximum (g/day) 

Copper 67.2 
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Constituent 
Final Concentration Based Effluent Limitations 

Monthly Average (µg/dry kg) 

Chlordane 0.50 

Dieldrin 0.02 

Lead 46,700 

Zinc 150,000 

PAHs 4,022 

PCBs 22.70 

DDT 1.58 

4. The mass-based water quality-based effluent limitations are shared by the MS4 
Permittees, which includes the LACFCD, City of Long Beach and Caltrans.  
Permittees shall comply with the following grouped final water quality-based effluent 
limitations no later than July 28, 2018, expressed as an annual discharge of 
sediment to Colorado Lagoon: 

Constituent 
Annual Mass-based Effluent Limitations (mg/yr) 

Project 452  Line I  Termino Ave Line K  Line M  

Chlordane 5.10 3.65 12.15 1.94 0.73 
Dieldrin 0.20 0.15 0.49 0.08 0.03 

Lead 476,646.68 340,455.99 1,134,867.12 181,573.76 68,116.09 
Zinc 1,530,985.05 1,093,541.72 3,645,183.47 583,213.37 218,788.29 

PAHs 41,050.81 29,321.50 97,739.52 15,637.89 5,866.44 
PCBs 231.69 165.49 551.64 88.26 33.11 
DDT 16.13 11.52 38.40 6.14 2.30 

5. Compliance with the concentration-based water quality-based effluent limitations 
shall be determined by pollutant concentrations in the sediment in Colorado Lagoon 
at points in the West Arm, North Arm and Central Arm that represent the cumulative 
inputs from the MS4 drainage to the lagoon. 
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ATTACHMENT R. TMDLs IN THE MIDDLE SANTA ANA RIVER WATERSHED 
MANAGEMENT AREA (SANTA ANA REGION TMDL) 

A. Middle Santa Ana River Watershed Bacterial Indicator TMDLs 

1. Permittees subject to the provisions below are identified in Attachment K, Table K-8. 

2. Permittees shall comply with the following final water quality-based effluent 
limitations for discharges to San Antonio Creek and Chino Creek during dry weather 
no later than December 31, 2015, and during wet weather no later than December 
31, 2025: 

a. Fecal coliform65: geometric mean less than 180 organisms/100 mL based on five 
or more samples during any 30-day period, and not more than 10% of the 
samples exceed 360 organisms/100 mL during any 30-day period. 

b. E. coli: E. coli: geometric mean less than 113 organisms/100 mL based on five or 
more samples during any 30-day period, and not more than 10% of the samples 
exceed 212 organisms/100 mL during any 30-day period. 

3. Permittees shall comply with the following receiving water limitations for discharges 
to San Antonio Creek and Chino Creek during dry weather no later than December 
31, 2015, and during wet weather no later than December 31, 2025: 

a. Fecal coliform66: geometric mean less than 200 organisms/100 mL based on 5 
samples during any 30-day period, and not more than 10% of the samples 
exceed 400 organisms/100 mL during any 30-day period. 

b. E. coli: geometric mean less than 126 organisms/100 mL based on 5 samples 
during any 30-day period, and not more than 10% of the samples exceed 235 
organisms/100 mL during any 30-day period. 

B. Section A of this Attachment R shall not be applicable during the effective dates of any 
NPDES permit that: 

1. Is issued by the Regional Water Quality Control Board, Santa Ana Region, pursuant 
to a valid and enforceable designation agreement between this Regional Board and 
the Santa Ana Regional Board under Water Code section 13228, that is applicable 
to MS4 discharges by the Permittees identified in Attachment K, Table K-8; and 

2. The designation agreement delegates the Santa Ana Regional Board as the 
regulator MS4 of discharges by the Permittees identified in Attachment K, Table K-8, 
to ensure compliance with the Middle Santa Ana River Watershed Bacterial Indicator 
TMDLs, Resolution No. R8-2005-0001, in satisfaction of the requirements of 40 CFR 
section 122.44(d)(1)(vii)(B). 

 

 

                                            
65

 The fecal coliform water quality-based effluent limitations become ineffective upon the replacement of the REC-1 fecal 
coliform water quality objectives with REC-1 E. coli water quality objectives in the Santa Ana Region Basin Plan. 

66
 The fecal coliform receiving water limitations become ineffective upon the replacement of the REC-1 fecal coliform water 
quality objectives with REC-1 E. coli water quality objectives in the Santa Ana Region Basin Plan. 

RB-AR5641



Comment Letters Received from Academia 

 

� Dr. Jenny Jay 

� Dr. Richard Horner 

� UCLA La Kretz Center 

RB-AR5642



RB-AR5643



RB-AR5644



RB-AR5645



RB-AR5646



RB-AR5647



RB-AR5648



RB-AR5649



RB-AR5650



RB-AR5651



RB-AR5652



RB-AR5653



RB-AR5654



RB-AR5655



RB-AR5656



RB-AR5657



RB-AR5658



RB-AR5659



Coastal Water Quality Impact of
Stormwater Runoff from an Urban
Watershed in Southern California
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Project, Westminster, California 92683, and Department of
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Field studies were conducted to assess the coastal water
quality impact of stormwater runoff from the Santa Ana
River, which drains a large urban watershed located in
southern California. Stormwater runoff from the river leads
to very poor surf zone water quality, with fecal indicator
bacteria concentrations exceeding California ocean bathing
water standards by up to 500%. However, cross-shore
currents (e.g., rip cells) dilute contaminated surf zone water
with cleaner water from offshore, such that surf zone
contamination is generally confined to <5 km around the
river outlet. Offshore of the surf zone, stormwater runoff
ejected from the mouth of the river spreads out over a very
large area, in some cases exceeding 100 km2 on the
basis of satellite observations. Fecal indicator bacteria
concentrations in these large stormwater plumes generally
do not exceed California ocean bathing water standards,
even in cases where offshore samples test positive for human
pathogenic viruses (human adenoviruses and enteroviruses)
and fecal indicator viruses (F+ coliphage). Multiple
lines of evidence indicate that bacteria and viruses in the
offshore stormwater plumes are either associated with
relatively small particles (<53 µm) or not particle-associated.
Collectively, these results demonstrate that stormwater
runoff from the Santa Ana River negatively impacts coastal
water quality, both in the surf zone and offshore. However,
the extent of this impact, and its human health significance,
is influenced by numerous factors, including prevailing ocean
currents, within-plume processing of particles and
pathogens, and the timing, magnitude, and nature of
runoff discharged from river outlets over the course of a
storm.

Introduction
Oceans adjacent to large urban areas, or “urban oceans”, are
the final repositories of pollutants from a myriad of point
and nonpoint sources of human waste (1). Pollutants are
transported to the urban ocean by surface water runoff
(1-4), discharge of treated sewage through submarine outfalls
(5), wet and dry deposition of airborne pollutants (6), and
submarine discharge of contaminated groundwater (7). Until
recently, effluent from sewage treatment plants was often
the primary source of urban coastal pollution, including
nutrients, pathogens, pesticides, and heavy metals (8).
However, pollutant loading from many sewage treatment
plants has declined over the past several decades because of
improvements in civil infrastructure (e.g., separation of the
storm and sanitary sewer systems to prevent combined sewer
overflows), pollutant source control, and disposal/treatment
technology (9). As a result, surface water runoff, in many
cases, has supplanted sewage treatment plants as the primary
source of pollutant loading to the urban ocean (3, 10).

The focus of this study is the coastal water quality impact
of surface water runoff during storms, or “stormwater runoff”,
from an urban watershed in southern California. The study
was motivated by several considerations. First, beneficial use
designations for the coastal ocean in southern California
apply year-round and, consequently, watershed managers
are legally required to develop stormwater management plans
for reducing wet-weather impairments of the coastal ocean
(11). The impact of stormwater runoff on coastal water quality
is of particular concern in arid regions such as southern
California because, on an annual basis, a large percentage
(>99.9% according to Reeves et al. (2) and >95% according
to Schiff et al. (10)) of the surface water runoff and associated
pollution flows into the ocean during a few storms in the
winter. Second, while recreational use of the coastal ocean
in southern California is lighter in the winter, compared to
the summer, winter ocean recreation is still very common,
particularly among surfers who surf the large waves that often
accompany storm events (R. Wilson, personal communica-
tion). Third, to the extent that particles in stormwater runoff
are associated with pathogens and other contaminants, their
discharge to the ocean during storms may serve as a source
of near-shore pollution that persists long after the storm
season is over (10, 12). Finally, in many urban watersheds
in southern California and elsewhere, the flow of stormwater
runoff is highly regulated by civil infrastructure (e.g., dams)
designed to minimize flood potential and maximize water
reclamation. As will be demonstrated later in this paper, the
regulated nature of stormwater runoff implies that the ocean
discharge of stormwater runoff from urban watersheds can
occur days after the cessation of rain, when the potential for
human exposure to pathogens by marine recreational contact
is significant.

This paper describes how stormwater runoff from several
major rivers in southern California, with particular focus on
the Santa Ana River in Orange County, impacts coastal water
quality, as measured by turbidity, particle size spectra, total
organic carbon, fecal indicator bacteria, fecal indicator
viruses, and human pathogenic viruses. The present study
is unique in the combination of data resources utilized,
including data and information from routine surf zone water
quality and wave field monitoring programs, an automated
in-situ ocean observing sensor, shipboard sampling cruises,
and satellite sensors. Further, this is the first wet weather
study to examine the linkage between water quality in the
surf zone, where routine monitoring samples are collected

* Corresponding author phone: (949)824-7320; fax: (949)824-2541;
e-mail: sbgrant@uci.edu.

† Henry Samueli School of Engineering, University of California.
‡ California Institute of Technology.
§ Southern California Coastal Water Research Project.
| School of Social Ecology, University of California.

Environ. Sci. Technol. 2005, 39, 5940-5953

5940 9 ENVIRONMENTAL SCIENCE & TECHNOLOGY / VOL. 39, NO. 16, 2005 10.1021/es0501464 CCC: $30.25 © 2005 American Chemical Society
Published on Web 07/15/2005

RB-AR5660



and most human exposure occurs, and water quality offshore
of the surf zone. The work described in this study was carried
out in parallel with a watershed-focused study that examined
the spatial variability of fecal indicators, and the relationship
between suspended particle size and fecal indicators, in storm
runoff from the Santa Ana River watershed (13). Background
information is available elsewhere on coastal water quality
impairment at our Orange County field site (2, 14-18) and
the transport and mixing dynamics of sediment plumes as
they flow into the coastal ocean from river outlets in southern
California (4, 19, 20).

Materials and Methods
Rainfall and River Discharge. Weather information and Next
Generation Radar (NEXRAD) images for planning the field
studies and interpreting rainfall patterns were obtained on-
line from the National Weather Service (http://www.

nwsla.noaa.gov/). Precipitation and stream discharge data
were obtained at two sites, one located where the Santa Ana
River crosses 5th Street in the City of Santa Ana and another
located where the San Gabriel River crosses Spring Street in
the City of Long Beach (black squares in inset, Figure 1).
These data were obtained, respectively, from the U.S. Army
Corps of Engineers and the Los Angeles County Department
of Public Works. Both of these gauge sites are located relatively
close (within 11 km) to the rivers’ respective ocean outlets,
and hence streamflow measured at these sites will likely make
its way to the ocean.

Surf Zone Measurements: NEOCO Data. Time series of
water temperature, conductivity, chlorophyll, and water
depth were obtained from an instrument package deployed
at the end of the Newport Pier, where the local water depth
is between 6.5 and 9 m (blue star in Figure 1). This instrument
package is part of a recently deployed network of coastal

FIGURE 1. Map showing location of field site and sampling sites in the surf zone and offshore. Also shown are the locations of the NEOCO
sensor on the end of the Newport Pier and the rain and stream gauges located on the Santa Ana River and the San Gabriel River.
Abbreviations are Los Angeles River (LAR), San Gabriel River (SGR), Santa Ana River (SAR), Orange County Sanitary District (OCSD), and
University of California, Irvine (UCI).
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sensors in southern California called the Network for
Environmental Observations of the Coastal Ocean (NEOCO).
The NEOCO sensor package contains an SBE-16plus CTD
(Sea-Bird Electronics, Inc., Bellevue, WA) and a Seapoint
Chlorophyll Fluorometer (Seapoint Sensors, Inc.). These
instruments are mounted on a pier piling at a depth of
approximately 1 m (below mean lower low water) and are
programmed to acquire data at a sampling frequency of 0.25
min-1.

Surf Zone Measurements: Fecal Indicator Bacteria and
Breaking Waves. The concentration of fecal indicator bacteria
in the surf zone was measured at 17 stations (black circles
along shoreline in Figure 1) by personnel at the Orange
County Sanitation District (OCSD). The stations are desig-
nated by OCSD according to their distance (in thousands of
feet) north or south of the Santa Ana River outlet (e.g., station
15N is located approximately 15 000 ft, approximately 5 km,
north of the Santa Ana River outlet). Water samples were
collected 5 days per week (not on Friday and Sunday) from
5:30 to 10:00 local time at ankle depth on an incoming wave,
placed on ice in the dark, and returned to the OCSD (Fountain
Valley, CA) where they were analyzed within 6 h of collection
for total coliform (TC), fecal coliform (FC), and enterococci
bacteria (ENT) using standard methods 9221B and 9221E
and EPA method 1600, respectively. Results are reported in
units of colony forming units per 100 mL of sample (CFU/
100 mL). Wave conditions, including both the direction and
height of breaking waves, were recorded by lifeguards at the
Newport Beach pier (near surf zone station 15S, Figure 1)
twice per day, once at 7:00 and again at 14:00 local time.

Offshore Measurements: Satellite Ocean Color Imagery.
The satellite images used in this study were collected by
NASA’s Moderate-Resolution Imaging Spectroradiometer
(MODIS) instruments. These instruments operate onboard
two near-polar sun-synchronous satellite platforms orbiting
at 705 km altitude: Terra (since February 24, 2000) and Aqua
(since June 24, 2002). Terra passes across the equator from
north to south at ∼10:30 local time, while Aqua passes the
equator south to north at ∼13:30 local time. As such, all the
images were acquired within 2 h before or after local noon
or between 18:00 and 22:00 UTC. The MODIS sensors collect
data in 36 spectral bands, from 400 to 14 000 nm. We utilized
bands 1 (250-m spatial resolution, 620-670 nm), 3, and 4
(500-m resolution, 459-479 and 545-565 nm, respectively)
to produce “true color” (i.e., RGB) images, with band 1 used
for the red channel, band 4 for the green channel, and band
3 for the blue channel. Using a MATLAB program, the 500-m
green (band 4) and blue (band 3) monochrome channels
were “sharpened” to 250-m resolution using fine details from
the higher resolution red channel (band 1). Then, the contrast
of each of these monochrome channels was increased to
emphasize maximum details in the coastal ocean region of
interest. Finally, all three monochrome channels (i.e., red,
green, and blue) were combined to form a single true color
image. In all, 16 satellite images from February 23 to March
5 were acquired and processed for this study; four of them
were selected as most illustrative, on the basis of their quality
and observed features. The timing of these satellite acquisi-
tions relative to the storms and sampling periods is indicated
at the top of Figure 2.

Offshore Measurements: Sampling Cruises. The offshore
monitoring grid (red triangles in Figure 1) was sampled during
three separate cruises on February 23, February 28, and March
1, 2004, coinciding with a sequence of storm events in late
February 2004. Table 1 provides a summary of activities
performed during each cruise. A short description of the
offshore sampling and analysis protocols is presented here;
details can be found in the Supporting Information for this
paper. All offshore water samples were analyzed for salinity
and fecal indicator bacteria, specifically, total coliform (TC),

Escherichia coli (EC, a subset of FC), and enterococci bacteria
(ENT), using the defined substrate tests known commercially
as Colilert-18 and Enterolert (IDEXX, Westbrook, ME)
implemented in a 97-well quantitray format; results are
reported in units of most probable number of bacteria per
100 mL of sample (MPN/100 mL). A subset of the offshore
water samples was analyzed for total organic carbon (TOC)
by U.S. EPA Method 415.1, fecal indicator viruses (F+

coliphage) by a two-step enrichment method (U.S. EPA
Method 1601), and human pathogenic viruses (human
adenovirus and human enterovirus) by real-time quantitative
polymerase chain reaction (Q-PCR), nested PCR, and reverse-
transcriptase (RT)-PCR using published protocols (21-25).
Details on the PCR protocols used here can be found in the
Supporting Information for this paper.

Coincident with the collection of the offshore water
samples, temperature, particle size spectra, and light trans-
missivity were measured using an LISST-100 (laser in situ
scattering and transmissometry) analyzer (Sequoia Scientific,
Inc., Bellevue, WA). The LISST-100 estimates the particle
volume per unit fluid volume (∆V) resident in 32 logarithmi-
cally spaced particle diameter bins ranging in size from dp

) 2.5 to 500 µm. At least 10 replicates of the particle size
spectra were collected at each offshore station. Following
the recommendation of Mikkelsen (26), ∆V was taken as the
median of all replicate measurements. The LISST-100 data
are presented in this paper in one of three ways: (1) particle
size spectra represented by plots of ∆V/∆log dp against log
dp, (2) the number of particles per unit fluid volume or total
number concentration (TNC), and (3) the number-averaged
particle size, dh. The last two parameters were computed from
the particle size spectra as follows (26, 27):

Results and Discussion
Rainfall and River Discharge. Over the period of study
(February 18 through March 3, 2004), four rain events were
recorded by the rain gauge on the Santa Ana River in the City
of Santa Ana (black curve, top panel, top axis, Figure 2). The
first event accumulated 16.0 mm of rain in the afternoon of
February 21 (RE1 in Figure 2), the second event accumulated
23.4 mm of rain in the afternoon of February 22 (RE2), the
third event accumulated 51.3 mm of rain in the evening of
February 25 (RE3), and the fourth event accumulated 6.8 mm
of rain in the evening of March 1 (RE4). The rain gauge located
on the San Gabriel River in the City of Long Beach did not
record RE2 but recorded a fifth rain event on February 18
(red curve, top panel, top axis, Figure 2). The difference in
rainfall recorded at the Santa Ana River and the San Gabriel
River sites is a consequence of the spatial variability of rainfall
near the coast (see Figures S1 and S2, Supporting Information,
for NEXRAD maps acquired during RE1 and RE2). Records of
stream discharge (in units of m3/s) at the Santa Ana River
and the San Gabriel River sites are also quite different (black
and red curves, top panel, bottom axis, Figure 2). While rainfall
and stream discharge are coupled at the San Gabriel River
site (i.e., stream discharge increases shortly after locally
recorded rain events, compare set of red curves in top panel,
Figure 2), rainfall and stream discharge are frequently
uncoupled at the Santa Ana River site. For example, the Santa
Ana River discharge events DE3 and DE4 do not obviously
correlate with records of local rainfall. Instead, these two
discharge events can be traced to stormwater runoff gener-
ated from inland regions of the Santa Ana River watershed

TNC )∑
i)1

32 6∆Vi

πdp,i
3

(1a)

dh ) "3
6
π
∑i)1

32 ∆Vi

TNC
(1b)
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that was released from inland dams after the cessation of
rain (13). For comparison, we have also included in the plot
hourly volume discharge records (unit of m3/s, blue curve,

top panel, Figure 2) of treated sewage discharged from the
Orange County Sanitation District (OCSD) sewage outfall
(courtesy of OCSD).

FIGURE 2. Time series measurements of rainfall, stream discharge at the Santa Ana River and San Gabriel River, and discharge of treated
sewage from the OCSD outfall (top panel); water level, salinity, temperature, and chlorophyll measured at the NEOCO sensor (second and
third panels); the direction and height of breaking waves at the Newport Beach Pier (fourth panel); and the concentration of fecal indicator
bacteria in the surf zone (color contour plots, fifth through seventh panels). Shown at the top of the figure is the timing of the satellite
images (blue lettering) and the offshore sampling cruises (black squares).
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Surf Zone Measurements: NEOCO Data. Water level,
salinity, temperature, and chlorophyll measurements at the
NEOCO sensor, located on the end of the Newport Pier at
the offshore edge of the surf zone, are presented in Figure
2 (second and third panels). The largest rain event (RE3) and
the largest discharge of stormwater runoff from the Santa
Ana River (DE4) occurred during a neap tide when the daily
tide range was small (see quarter moon and water level
measurements in the second panel, Figure 2). The other
rainfall and stream discharge events occurred during periods
of time when the daily tide range was larger, either during
the transition from spring to neap tide (RE1, RE2, DE1, DE2,
DE3) or during the transition from neap to spring tide (RE4,
DE5).

Salinity recorded at the NEOCO sensor is characterized
by a series of low salinity events, relative to ambient ocean
water salinity of 32.5-33.0 ppt (salinity events SE1-SE6, Figure
2). These low salinity events may be caused, at least in part,
by stormwater discharged from the Santa Ana River (e.g., SE6

appears to be related to DE4). However, correlating discharge
and the low salinity events is complicated by the fact that
once river water is discharged to the ocean, its offshore
transport is controlled by a complex set of near-shore currents
(28). These near-shore currents, and their impact on the
spatial distribution of stormwater runoff plumes, are explored
in the next several sections. Temperature and chlorophyll
records at the NEOCO sensor appear to be relatively
unaffected by rainfall or discharge from the Santa Ana River.
Surf zone temperature exhibits a diurnal pattern consistent
with solar heating (i.e., temperatures are higher during the
day and lower at night). Chlorophyll measurements indicate
a bloom event occurred early in the study period (bloom
event 1, BE1), but this bloom event mostly dissipated prior
to the rain and discharge events that occurred later. While
the chlorophyll fluorometer was being maintained during
this period, we cannot rule out the possibility that the
downward trend in the chlorophyll signal is related to
instrument fouling.

Surf Zone Measurements: Wave Data and Along-Shore
Currents. Wave conditions, including the direction and
height of breaking waves, were recorded twice per day by
lifeguards stationed at the Newport Pier (surf zone station
15S, Figure 1). These wave data, which are plotted in the
fourth panel of Figure 2, can be divided into five events,
depending on whether waves approach the beach from the
west (WE1, WE3, and WE5) or from the south to southwest
(WE2 and WE4). Because this particular stretch of shoreline
strikes northwest-southeast (see Figure 1), waves approach-
ing the beach from the west are likely to yield a down-coast
surf zone current (i.e., directed to the southeast). Likewise,
waves approaching the beach from the south are likely to
yield an up-coast surf zone current (i.e., directed to the
northwest) (28, 29).

This expectation is consistent with the salinity signal
measured at the NEOCO sensor, which is located ap-
proximately 5 km down-coast of the Santa Ana River ocean
outlet. The onset of low salinity event SE6 at the NEOCO
sensor coincides very closely in time with the change in wave
conditions from WE2 to WE3 and a likely change in the
direction of the surf zone current from up-coast to down-
coast (Figure 2). Discharge from the Santa Ana River was
particularly high during this period (discharge event DE4

overlaps wave events WE2 and WE3). Hence, the onset of SE6

was probably triggered by a change in the direction of wave-
driven surf zone currents from up-coast during WE2 to down-
coast during WE3 and a consequent down-coast transport of
stormwater runoff entrained in the surf zone from the Santa
Ana River during DE4.

Employing the same logic, low salinity events SE3-SE5,
which occurred during a period when waves were out of theTA
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south to southwest, may have originated from stormwater
discharged by river outlets or embayment located down-
coast of the NEOCO sensor (e.g., the Newport Bay outlet).
Low salinity events SE1 and SE2, which occurred during a
period when waves were out of the west, may have originated
from stormwater discharged by outlets located up-coast of
the NEOCO sensor, although no significant discharge from
the Santa Ana River was recorded during this period of time.

Some of these low salinity events may have originated
from the cross-shore transport of lower salinity water from
offshore, perhaps from surface runoff plumes or submarine
wastewater fields associated with local sewage outfalls (16),
or from the submarine discharge of low salinity groundwater
(7). While the power-plant cooling water intake and outfall
appear to affect local circulation patterns offshore of
Huntington Beach (30), the power-plant effluent consists of
pure ocean water and therefore is very unlikely to be a source
of the low salinity events documented in Figure 2. It is
theoretically possible that the OCSD sewage outfall is a source
of SE1 and SE2, although there is nothing unusual about the
sewage discharge rates observed during these two periods
of time (compare SE1 and SE2 with the blue curve, top panel,
Figure 2).

Surf Zone Measurements: Fecal Indicator Bacteria. The
concentrations of the three fecal indicator bacteria groups
(TC, FC, and ENT) in the surf zone are presented as a set of
color contour plots in Figure 2 (bottom three panels). Fecal
indicator bacteria concentrations were log-transformed to
visualize the temporal and spatial variability associated with
these measurements. For comparison, the California single-
sample standards for the three fecal indicator bacteria (104

for TC, 102.602 for FC, and 102.017 for ENT, all CFU or MPN/100
mL) are indicated by a set of arrows on the scale bar in the
figure. The concentration of fecal indicator bacteria was
frequently elevated around the ocean outlet of the Santa Ana
River (near surf zone station 0), particularly during and after
rain events when stormwater was discharging from the river.
For example, during stormwater discharge events (DE3 and
DE4), water quality around the Santa Ana River outlet was
very poor (see water quality events TC2, FC2, and ENT2 in
Figure 2). During this period of time, fecal indicator bacteria
concentrations around the Santa Ana River outlet frequently
exceeded one or more state standards, in some cases by as
much as 300-500% (depending on the fecal indicator group).

The spatial distribution of fecal indicator bacteria in the
surf zone around the Santa Ana River outlet appears to be
controlled by local wave conditions, in a manner consistent
with the earlier discussion of wave-driven surf zone currents.
When waves approach the beach from the west and down-
coast currents are likely to prevail, the concentration of fecal
indicator bacteria in the surf zone is higher on the down-
coast side of the ocean outlet (compare WE1 with TC1, FC1,
ENT1 and WE3 with TC3, FC3, ENT3). Likewise, when waves
approach the beach from the south and up-coast currents
are likely to prevail, the concentration of fecal indicator
bacteria in the surf zone is higher on the up-coast side of the
ocean outlet (compare WE2 with TC2, FC2, ENT2). The
exception is a short period of time when relatively small waves
(wave height<0.5 m) approach the beach from the southwest
and the concentration of fecal indicator bacteria is higher on
the down-coast side of the river (compare WE4 with TC4, FC4,
ENT4). This exception can be rationalized by noting that waves
out of the southwest break with their crests parallel to the
beach, and hence the direction of long-shore transport in
the surf zone is likely to be unpredictable under these
conditions. The apparent time delay between change in wave
direction (e.g., from WE1 to WE2) and change in the spatial
distribution of fecal indicator bacteria around the Santa Ana
River outlet (e.g., from TC1 to TC2) is, at least in part, a
sampling artifact. Wave height and direction were recorded

twice per day while fecal indicator bacteria concentrations
in the surf zone were sampled at most once per day (the gray
dots in the color contour plots indicate the timing of surf
samples at each station).

Stormwater runoff discharged from the Santa Ana River
appears to severely impact water quality in the surf zone
over a fairly limited stretch of the beach (<5 km either side
of the river between surf zone stations 15N and 15S). This
spatial confinement of stormwater plumes in the surf zone,
which is particularly evident for FC and ENT, could be the
result of physical transport processes (e.g., dilution by rip
cell mediated exchange of water between the surf zone and
offshore) or nonconservative processes (e.g., the removal of
fecal indicator bacteria from the surf zone by die-off or
sedimentation) (28, 29). An analysis of historical fecal
indicator bacteria measurements at Huntington Beach
concluded that the length of surf zone impacted by point
sources of fecal indicator bacteria, such as the Santa Ana
River, is influenced more by rip cell dilution and less by
nonconservative processes such as die-off (31). The decay
length scale reported here of 5 km is very close to the length
scale predicted by rip cell dilution alone (2-4 km, assuming
a rip cell spacing of 0.5 km) (31). Hence, die-off probably
plays a secondary role, compared to dilution, in limiting the
distance over which water quality is impaired in the surf
zone by stormwater runoff from the Santa Ana River.

Fecal indicator bacteria events also occur in the surf zone
at the northern (events TC6, TC7, ENT6, ENT7) and southern
(events TC5, FC5, and ENT5) edges of our study area. Possible
sources of these fecal indicator bacteria events include
stormwater discharged from the Huntington Harbor and
Newport Bay Harbor located at the extreme northern (5 km
up-coast of station 39N) and southern (stations 27S and 29S)
ends of the study site and, possibly, from river outlets located
outside of the study area (e.g., the Los Angeles River and San
Gabriel River, see inset in Figure 1). Boehm and co-workers
(32, 33) suggested that the OCSD sewage outfall might be a
source of fecal indicator bacteria in the surf zone at
Huntington Beach, particularly during dry weather summer
periods. However, compared to the Santa Ana River, the
sewage outfall probably had a negligible impact on surf zone
water quality at Huntington Beach and Newport Beach during
the storm events sampled in this study. This conclusion is
based on the following evidence. First, during our study
period, sewage effluent discharged by OCSD was chlorinated
and the fecal indicator bacteria concentrations in the final
effluent (mean of 6000, 400, and 100 MPN/100 mL for TC,
EC, and ENT, n ) 17, C. McGee, personal communication)
were significantly below the concentration of fecal indicator
bacteria measured in stormwater runoff from the Santa Ana
River (mean 17000, 5000, and 8000 MPN/100 mL for TC, EC,
and ENT, n ) 30, Surbeck et al. (13)). Second, the peak
discharge rate from the OCSD outfall (ca. 13 m3/s) is much
smaller than the peak discharge rate of stormwater runoff
from the Santa Ana River (ca. 300 m3/s) (compare blue and
black curves, second panel, Figure 2). Third, the sewage
effluent is discharged 6 km offshore of the surf zone through
a 1-km-long diffuser located at the end of OCSD’s submarine
outfall at a water depth of approximately 60 m (hatched region
of the outfall pipe in Figure 1). By contrast, stormwater runoff
from the Santa Ana River is discharged into the ocean directly
at the surf line.

Offshore Measurements: Satellite Ocean Color Imagery.
The spatio-temporal distributions of offshore stormwater
runoff plumes sampled during this study are revealed by
MODIS true color satellite imagery of a 100-km stretch of the
coastline centered around our field site (Figure 3). The
monitoring grid sampled during the offshore cruises is
depicted on the satellite images by yellow dots. The timing
of the satellite passes, relative to rain events, discharge events,
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wave events, surf zone water quality events, and offshore
sampling cruises, is indicated at the top of Figure 2.

Generally speaking, in this collection of true color imagery
the stormwater runoff plumes appear to be characterized by
a band of turbid water turquoise to brown in appearance
that is observed along the entire imaged region, although
both cross-shelf and along-shore gradients in the color
signature are evident. Following the rain events on February
21-22 (total of 39.4 mm, see RE1 and RE2 in Figure 2), a
MODIS Aqua imagery from February 23 demonstrates the
cross-shelf extent of the runoff plume to be variable, ranging
from under 1 km in some places to more than 10 km offshore
of the Los Angeles River and San Gabriel River (Figure 3A).
At our study site, which is centrally located within this broad
region, a distinct and apparently heavily particulate-laden
runoff plume was observed in the vicinity of the Santa Ana
River outlet and nearby station 2201 (see Figure 1 for
numerical designation of offshore sampling sites). The Santa
Ana River plume extended offshore past station 2203, with
an apparent turn down-coast (i.e., southeast), continuing
past stations 2104 and 2024. During this time, breaking waves
were out of the south and the transport direction of fecal
indicator bacteria in the surf zone was directed up-coast,
opposite the apparent transport direction of stormwater
plumes offshore of the surf zone (compare timing of satellite
image 1 with WE2 and fecal indicator bacteria events TC2,
FC2, and ENT2, Figure 2). It also appears that a portion of the
Los Angeles River and the San Gabriel River stormwater
plumes may have advected south and comingled with the
Santa Ana River stormwater plume. Further south, offshore
particulate loadings off the Newport Bay outlet (station 2001)
do not appear to be as large as those off the Santa Ana River
outlet.

A MODIS image on February 27 revealed two distinct
plumes of considerable size and offshore extent (Figure 3B).

This satellite acquisition preceded by 1 day the sampling
cruise on February 28 (described in the next section), followed
the large precipitation event on February 25-26 (total of
51.3 mm, see RE3 in Figure 2), and followed the large discharge
event from the Santa Ana River (DE4, in Figure 2). The plume
to the northwest in this image appears to be associated with
the Los Angeles River or the San Gabriel River outlets, with
an approximate areal extent of 450 km2. The plume to the
southeast appears to be distinct from the former plume and
likely originated from the Santa Ana River outlet, with an
approximate areal extent of 100 km2 (the presumptive Los
Angeles River, San Gabriel River, and Santa Ana River plumes
are delineated by red lines in Figure 3B). The February 27
Santa Ana River stormwater plume is considerably larger in
size than the one observed on February 23 (compare Figure
3A and 3B), consistent with the very large volume of water
discharged from the Santa Ana River just prior to this satellite
acquisition (approximately 4 × 107 m3, see DE4 in Figure 2).
Further, the Los Angeles River, San Gabriel River, and Santa
Ana River runoff plumes on February 27 differed from those
on February 23 in that they penetrated farther offshore (30
km compared to 10 km) and thus potentially transported more
sediments into the deep waters of the San Pedro Channel.

The jetlike appearance of the presumptive Los Angeles
River, San Gabriel River, and Santa Ana River stormwater
runoff plumes in Figure 3B has been observed elsewhere in
the Southern California Bight, for example, off the Santa Clara
River discharge (4, 29), and is potentially the result of inertia-
driven flow. At the time of this second satellite acquisition,
breaking waves out of the west, and along-shore transport
in the surf zone and offshore of the surf zone, appear to be
directed down-coast (compare timing of satellite image 2
with WE3 and fecal indicator events TC3, FC3, and ENT3).

Subsequent MODIS true color imagery on February 28
(Figure 3C) and February 29 (Figure 3D) indicates that both

FIGURE 3. MODIS Terra and Aqua true color satellite imagery of stormwater runoff plumes along the San Pedro Channel, California, with
nominal spatial resolution of 250 m. Yellow dots indicate location of field sampling stations offshore of Huntington and Newport Beach;
black arrows denote the Los Angeles River (LAR) outlet, San Gabriel River (SGR) outlet, Santa Ana River/Talbert Marsh (SAR/TM) outlet,
and Newport Bay outlet. (A) MODIS-Aqua, February 23, 2004, at 21:00 UTC (13:00 local time), (B) MODIS-Aqua, February 27, 2004, at 20:35
UTC (12:35 local time), (C) MODIS-Aqua, February 28, 2004, at 21:20 UTC (13:20 local time), (D) MODIS-Terra, February 29, 2004, at 18:50
UTC (10:50 local time).
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the Los Angeles River/San Gabriel River and the Santa Ana
River runoff plumes had significantly decreased in size,
consistent with reduced flow out of the respective rivers
(compare stream discharge curves with timing of satellite
images 2 and 3, Figure 2). However, particulate matter
appeared to remain high in the general vicinity of the Santa
Ana River outlet. Whereas this zone of elevated particulate
matter extended south to at least station 2021 on February
27-28, by February 29 it had receded somewhat and was
fairly localized around station 2201. Unfortunately, no satellite
imagery was available the following day (March 1) to
complement the third sampling cruise, given persistent
regional cloud cover that day.

Offshore Measurements: In-Situ Turbidity and Number-
Averaged Particle Size. In-situ turbidity measurements
collected during the three offshore cruises are presented as
a series of color contour plots in Figure 4. During the February
23 cruise, a region of high turbidity, as evidenced by low
transmissivity and high TNC, is evident offshore of, and to
the south of, the Santa Ana River outlet (left-hand column
of panels, Figure 4). The number-averaged particle size is
depressed in this same region, as well as in the region offshore
of the Newport Bay outlet. During subsequent cruises, the
ocean became progressively less turbid closer to shore
(although not necessarily offshore), as evidenced by increas-
ing transmissivity and decreasing TNC, and the number-
averaged particle size progressively increased (second and
third columns, Figure 4). These results suggest that, offshore
of the surf zone, particle size was steadily increasing and

particle concentrations were steadily decreasing following
the rain and stream discharge events that ended on, or before,
the evening of February 27. The above turbidity patterns are
generally consistent with the plume signatures and gradients
observed in the true color satellite imagery (Figure 3),
although some differences exist which could result from the
offset timing (up to several hours) between the acquisition
of the satellite images and the field measurements. As a
technical aside, the number-averaged particle size (dh, see eq
1b) and the median particle size (d50) follow similar trends
(i.e., they both rise and fall together), although the magnitude
of d50 was approximately 16-fold larger (Figure S3, Supporting
Information). For the results presented here, dh was chosen
because it emphasizes changes in the small end of particle
size spectra.

Offshore Measurements: Fecal Indicator Bacteria. Water
quality test results from the three offshore cruises are
presented as a set of color contour plots in Figure 5. During
the February 23 cruise, the concentration of fecal indicator
bacteria exceeded the California single-sample standards for
TC, ENT, and EC in several samples collected just offshore,
and to the south, of the Santa Ana River and Newport Bay
outlets (left-hand column of panels in Figure 5). Nevertheless,
the highest concentrations measured offshore of the surf
zone are generally lower, in many cases by several orders of
magnitude, compared to the highest concentrations mea-
sured in the surf zone (compare concentration scales for EC,
FC, and ENT in Figures 2 and 5). The difference in offshore
and surf zone fecal indicator bacteria concentrations is even

FIGURE 4. Particle measurements collected during the three sampling cruises. The bottom row of panels indicates the sampling track.
TNC is an abbreviation for total particle number concentration. TNC and number-averaged particle size were calculated from measured
particle size spectra using eq 1a, b.
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more pronounced during the later cruise dates. For example,
none of the samples collected during the February 28 and
March 1 cruises exceeded state standards for fecal indicator
bacteria, yet several of the samples collected from the surf
zone during the same time period exceeded single-sample
standards for one or more fecal indicator bacteria groups
(compare concentrations measured during the second cruise
date with TC3, FC3, and ENT3 and concentrations measured
during the third cruise date with TC4, FC4, and ENT4, Figures
2 and 5).

Offshore Measurements: F+ Coliphage and Human
Viruses. Offshore samples tested positive for F+ coliphage (n
) 8, see Table 1), with the exception of a single sample
collected on the February 28 cruise from offshore of the
Newport Pier (blue, green, and red plus symbols, bottom
panels, Figure 5). Human adenoviruses and enteroviruses
were detected by real time Q-PCR, nested PCR, and RT-PCR
in a sample collected from station 2201 located directly
offshore of the Santa Ana River outlet during the February
28 cruise (red plus, middle bottom panel, Figure 5). The
concentration of human adenoviruses in this sample is
estimated to be 9.5 × 103 genomes per liter of water, which
is approximately equivalent to 10 plaque forming units per
liter of water, according to a laboratory study comparing
Q-PCR results with plaque assay (35). Human enteroviruses
were also detected in a sample collected directly offshore of
the Santa Ana River outlet (station 2201) on the February 23
cruise (green plus, bottom left panel, Figure 5). While
relatively few samples were tested for human viruses

(n ) 8), these results demonstrate that human viruses are
present in surface water offshore of the Santa Ana River outlet
following storm events, even when the fecal indicator bacteria
concentrations are below state standards (e.g., station 2201
during the February 28 cruise, Figure 5). These results are
consistent with previous observations that human pathogenic
viruses and fecal indicator viruses persist longer than fecal
indicator bacteria in ocean water (36). Direct PCR measure-
ment of pathogenic viruses in highly turbid water is chal-
lenging because of PCR inhibition (35).

Offshore Measurements: Relationship between Fecal
Indicator Bacteria, Turbidity, and Number-Averaged Par-
ticle Size. Turbidity has been suggested as a possible proxy
for water quality (37, 38). However, on the basis of our offshore
data, turbidity per se appears to be an inconsistent proxy for
the concentration of fecal indicator bacteria. For example,
during the February 23 cruise, there is good coherence
between turbidity and TC, EC, and ENT concentrations off
the Santa Ana River outlet and Newport Pier (compare
transmissivity and TNC with fecal indicator bacteria results,
left-hand column of panels, Figures 4 and 5). However,
turbidity is low off of the Newport Bay outlet where the
bacteria concentrations are particularly high. In addition,
there are no consistently robust relationships between
shipboard measurements of fecal indicator bacteria and
shipboard measurements of TOC, temperature, or salinity
(see Figure S4, Supporting Information). The number-
averaged particle size, on the other hand, comes close to
matching the along-shore spatial pattern of fecal indicator

FIGURE 5. Fecal indicator bacteria concentrations measured during the three sampling cruises. The bottom row of panels indicates the
sampling track (blue arrows) and the detection of F+ coliphage and human viruses. SAR/TM is an abbreviation for the outlet of the Santa
Ana River and Talbert Marsh.
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bacteria measured during the February 23 cruise. Specifically,
elevated fecal indicator bacteria concentration appears to
correlate with depressed number-averaged particle size
(compare fecal indicator bacteria and number-averaged
particle size results for the February 23 cruise, left-hand
column of panels, Figures 4 and 5). When all of the fecal
indicator bacteria data collected during the three cruises are
aggregated and plotted against number-averaged particle
size, an inverse relationship between these two parameters
emerges; specifically, samples with elevated fecal indicator
bacteria concentrations also exhibit small number-averaged
particle size (Figure 6A). Moreover, the concentration of fecal
indicator bacteria in water samples collected during the first
two cruises is the same, within error, before and after filtration

through a 53-µm sieve (Figure 6B), implying that fecal
indicator bacteria are either adsorbed to particles smaller
than 53 µm or are not particle-associated. TOC also appears
to pass through the 53-µm sieve (Figure 6B) as do human
viruses and fecal indicator viruses (data not shown). The
co-occurrence of small particles and indicators of fecal
pollution (fecal indicator bacteria, fecal indicator viruses,
and human pathogenic viruses) does not necessarily imply
that the latter are adsorbed to the former. The inverse
relationship evident in Figure 6A, for example, may reflect
a temporal evolution of stormwater plumes as they age, from
a predominance of small particles and high concentrations
of fecal indicators initially, to larger particles and lower
concentrations of fecal indicators later.

FIGURE 6. (A) Cross plots of log-transformed fecal indicator bacteria concentrations measured in samples collected during the three
offshore cruises, against the corresponding number-averaged particle size. (B) Cross plots of log-transformed fecal indicator bacteria
concentrations and TOC concentrations measured in samples collected during the three offshore cruises, before and after filtration through
a 53-µm sieve. The one-to-one line corresponds to the case where the concentrations are the same before and after filtration.
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Offshore Measurements: Particle Size Spectra. Particle
size spectra acquired during the three cruises are presented
in Figure 7. Each plot displays the normalized particle volume
(vertical axis) detected in 32 logarithmically spaced particle
diameter bins ranging in size from 2.5 to 500 µm (horizontal
axis). The particle size spectrum measured at a particular
offshore location and time appear to be related to the specific
stormwater plume the particles are associated with and,
possibly, the elapsed time stormwater has spent in the ocean.
Stormwater flowing out of the Santa Ana River during the
February 23 cruise, for example, is characterized by two
modes at the small end of the size spectrum, one in the <5
µm bin and another in the 10-50 µm bins (set of red curves,
Figure 7). These modes are present in stormwater runoff
sampled at several locations in the Santa Ana River watershed
(13), in samples collected at the ocean outlet of the Santa
Ana River (panel labeled “SAR Outlet” at top of Figure 7), and
in samples collected just offshore (red curve at station 2201,
Figure 7) and down-coast (red curve at station 2101, Figure
7) of the Santa Ana River outlet. Particles discharged from
the Santa Ana River appear to dilute and merge into a
background turbidity characterized by a single broad mode
in the 50-300 µm size range (evident in the red curves at
most stations, Figure 7).

Referring to Figure 3A and the earlier discussion of this
satellite image, the 50-300 µm mode observed on February
23 may be characteristic of a large runoff plume originating
from one or more up-coast sources of stormwater runoff,

most likely the Los Angeles River or the San Gabriel River.
Several factors can lead to artifacts in the particle size spectra
estimated from the light-scattering instrument deployed in
this study (39). However, in our case this caveat is mitigated
somewhat by the observation that particle volume fractions
calculated from the particle size spectra are strongly cor-
related (Spearman’s rank correlation Sp ) 0.90, p ) 0.02)
with independent measurements of total suspended solids
(data not shown).

During the second and third cruises, the particle size
spectra progressively coarsen with the result that, by March
1, virtually all of the particle volume is associated with the
largest size bin (>500 µm, green curves in Figure 7). The
observed temporal evolution in particle size spectra, from
high turbidity and multiple modes at the lower end of the
particle size spectrum to low turbidity and a single mode at
the large end of the particle size spectrum, may reflect
decreasing particle supply (i.e., reduced stormwater discharge
from major river outlets) coupled with within-plume co-
agulation of particles into larger size classes and, ultimately,
removal of the largest particles by gravitational sedimenta-
tion. Coagulation time scales estimated from these particle
size spectra measurements are short (minutes to hours or
longer) compared to time scales associated with the genera-
tion and offshore transport of stormwater plumes (hours to
days), and hence coagulation cannot be ruled out as an
important mechanism at our field site (see Supporting
Information for details on the time scale calculations).

FIGURE 7. Particle size spectra measured during the three offshore cruises; numbers at the top of each panel denote the station number
where the particle size spectra were measured (see Figure 1). The vertical axis in each plot represents the particle volume resident in
logarithmically spaced particle diameter bins; the horizontal axis represents the diameter of the particles (in µm). These plots are arranged
so that the stations progress from onshore to offshore (top to bottom) and up-coast to down-coast (left to right). The single plot labeled
“SAR Outlet” corresponds to a particle size spectrum measured in stormwater runoff flowing out of the Santa Ana River outlet, just upstream
of where it flows over the beach and into the ocean.
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Whether coagulation, in fact, plays a role in the fate and
transport of particles and particle-associated contaminants
in stormwater plumes will likely depend on the coagulation
efficiency (i.e., the fraction of particle-particle collisions that
result in sticking events) and shear rates present at a given
location and time (40, 41). Alternatively, the observed
temporal coarsening of particles in the offshore may reflect
changes in the particle size spectra of the stormwater runoff
before it enters the ocean, from a predominance of smaller
particles during the peak of the hydrograph, to a predomi-
nance of coarser particles during the falling limb of the
hydrograph. Further studies are needed to determine whether
observed coarsening of the offshore particle size spectra is
caused by within-plume coagulation or by temporal evolution
of the particle size spectra in stormwater runoff before it
enters the ocean.

Data Synthesis. Results presented in this paper are
represented schematically in Figure 8, including potential
offshore transport mechanisms (panel A) and the resulting
distribution of particles, bacteria, and viruses (panel B). As
stormwater is discharged from the river outlet and flows over
the beach, a fraction is entrained in the surf zone and the

rest is ejected offshore in a momentum jet. Measurements
of fecal indicator bacteria in the surf zone suggest that, once
entrained, contaminants are transported parallel to shore
by wave-driven currents, in a direction (i.e., up- or down-
coast) controlled by the approaching wave field. When waves
strike the beach so that a component of wave momentum
is directed up-coast (the scenario pictured in Figure 8), fecal
indicator bacteria in the surf zone are carried up-coast of the
river outlet. Conversely, when waves strike the beach so that
a component of wave momentum is directed down-coast,
fecal indicator bacteria in the surf zone are carried down-
coast of the river outlet. The buildup of water in the surf zone
from breaking waves drives a cross-shore circulation cell,
which can transport material between the surf zone and
offshore of the surf zone. At our field site, this cross-shore
circulation appears to limit the length of beach severely
polluted with fecal indicator bacteria to <5 km around the
river outlet, by diluting contaminated surf zone water with
cleaner water from offshore. While the transport processes
described here are based on measurements of fecal indicator
bacteria in the surf zone, it is likely that other contaminants
in stormwater runoff, in particular, human viruses and toxic

FIGURE 8. (A) Transport mechanisms that can affect the offshore distribution of contaminants discharged from river outlets. (B) Schematic
representation of the spatial distribution of particles (black circles of varying size), fecal indicator bacteria (red symbols), and F+ coliphage
and human pathogenic viruses (green symbols). Abbreviations are SAR (Santa Ana River), SGR (San Gabriel River), and LAR (Los Angeles
River).
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contaminants associated with suspended particles (13, 42),
will behave similarly.

Further offshore, stormwater runoff plumes are common
and readily detected through a variety of geophysical
parameters (e.g., salinity, transmissivity, surface color). A
clear linkage between these parameters and fecal indicator
bacteria could not be established here. However, fecal
indicator bacteria did appear to be associated with the
smallest particle sizes, on the basis of both fractionation
studies (Figure 6B) and the inverse relationship observed
between fecal indicator bacteria concentrations and number-
averaged particle size (Figure 6A). Particle size spectra in the
offshore plumes coarsen with time post-release, and fecal
indicator bacteria concentrations steadily drop (see the
schematic representation of particle size in the various
offshore plumes, Figure 8B). These results have several
implications. First, they suggest that high concentrations of
fecal indicator bacteria in the surf zone at our field site are
probably not brought into the study area by coastal currents
from distal sources (e.g., the Los Angeles river or the San
Gabriel river). Second, cross-shore transport of water between
the surf zone and offshore of the surf zone, for example, by
rip cell currents, is likely to improve surf zone water quality
by diluting dirty river effluent entrained in the surf zone with
relatively clean ocean water from offshore.

While the concentrations of fecal indicator bacteria in
the offshore plumes are generally below surf zone water
quality standards, particularly during the latter two cruises,
fecal indicator viruses (F+ coliphage) were detected in nearly
all offshore samples tested, and human adenoviruses and
enteroviruses were detected in several offshore samples,
including two collected offshore of the Santa Ana River outlet
(station 2201 on February 23 and 28, see Figure 5). It is likely
that the virus results presented here represent a conservative
estimate of viral prevalence, because a limited numbers of
samples were tested (n) 8). In addition, the presence of PCR
inhibitors in stormwater reduces the efficiency of PCR
detection of human pathogenic viruses, as mentioned earlier.
At present, there are no water quality standards for fecal
indicator viruses and human pathogenic viruses, largely
because epidemiological data are not available to link adverse
human health outcomes (e.g., gastrointestinal disease) to
recreational ocean exposure to these organisms. However,
the offshore detection of human pathogenic viruses begs
several questions: First, do these viruses constitute a human
health risk, either by contaminating the surf zone directly
(see arrow with question mark, indicting the possible transfer
of contaminants from offshore into the surf zone, Figure 8B)
or by sequestering in offshore sediments? Second, given the
fact that the Santa Ana River has separate storm and sanitary
sewer systems, what is the source of human fecal pathogens
in the wet weather water runoff? Many studies have shown
that human fecal pathogens are associated with storm runoff
from urban areas located throughout the United States
(25, 43-45), so the association between stormwater runoff
and human fecal pathogens observed here is certainly not
unique. Possible sources of human pathogens in stormwater
runoff from urban areas include leaking sewer pipes, illicit
sewage connections to the stormwater sewer system, home-
less populations, and so forth.

Taken together, the results presented in this paper
demonstrate that stormwater runoff from the Santa Ana River
is a significant source of near-shore pollution, including
turbidity, fecal indicator bacteria, fecal indicator viruses, and
human pathogenic viruses. However, relationships between
variables (e.g., between turbidity and fecal indicator bacteria
and between fecal indicator bacteria and human viruses)
vary from site to site (at the same time) and from time to
time (at the same site) suggesting that the sources, fate, and
transport processes are contaminant specific. The apparent

exception is the inverse relationship observed between fecal
indicator bacteria and number-averaged particle size, al-
though further studies are needed to determine if this result
is generalizable to other storm seasons and coastal sites and,
if so, to determine the underlying mechanism at work. The
relationship between water quality parameters (e.g., fecal
indicator bacteria), turbidity, and other field proxies, such
as number-averaged particle size, salinity, and colored
dissolved organic matter, are the focus of ongoing and future
regional studies, including as part of a coastal water
quality observing program within the Bight ’03 Project
(http://www.sccwrp.org/regional/03bight/bight03_fact_
sheet.html), as well as other investigations being carried out
as part of the Southern California Coastal Ocean Observing
System (SCCOOS).
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a b s t r a c t

The effect of a stormwater conveyance system on indicator bacteria levels at a Florida

beach was assessed using microbial source tracking methods, and by investigating

indicator bacteria population structure in water and sediments. During a rain event,

regulatory standards for both fecal coliforms and Enterococcus spp. were exceeded,

contrasting with significantly lower levels under dry conditions. Indicator bacteria levels

were high in sediments under all conditions. The involvement of human sewage in the

contamination was investigated using polymerase chain reaction (PCR) assays for the esp

gene of Enterococcus faecium and for the conserved T antigen of human polyomaviruses, all

of which were negative. BOX-PCR subtyping of Escherichia coli and Enterococcus showed

higher population diversity during the rain event; and higher population similarity during

dry conditions, suggesting that without fresh inputs, only a subset of the population

survives the selective pressure of the secondary habitat. These data indicate that high

indicator bacteria levels were attributable to a stormwater system that acted as a reservoir

and conduit, flushing high levels of indicator bacteria to the beach during a rain event. Such

environmental reservoirs of indicator bacteria further complicate the already questionable

relationship between indicator organisms and human pathogens, and call for a better

understanding of the ecology, fate and persistence of indicator bacteria.

& 2007 Elsevier Ltd. All rights reserved.

1. Introduction

Stormwater runoff can cause an influx of indicator bacteria to
receiving waters. Previous studies in southern California have
demonstrated increased indicator bacteria levels in coastal
waters influenced by stormwater runoff (Noble et al., 2003;
Reeves et al., 2004; Ahn et al., 2005). Reeves et al. (2004)
observed that during dry conditions, total coliforms, Escher-
ichia coli and Enterococcus spp. were highly concentrated in
runoff from forebays (underground storage tanks), which was
transported to coastal water during storm events.

Underground storage of stormwater runoff may well
provide favorable conditions for bacterial persistence, as
sediments in the stormwater conveyance systems may act
as a reservoir. Both E. coli and Enterococcus spp. can persist in a

culturable state in sediments for weeks or months (Byappa-
nahalli, 1998; Desmarais et al., 2002; Anderson et al., 2005;
Jeng et al., 2005). Studies of indicator bacterial survival have
shown lower decay rates in sediment compared to water
(Sherer et al., 1992; Howell et al., 1996; Anderson et al., 2005),
indicating that sediments provide protection from harm-
ful stressors (e.g., high temperatures and sunlight). Both
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sediments and underground storage systems provide protec-
tion from these abiotic influences, and in addition supply
inorganic and organic nutrients, promoting survival and

possible regrowth.
Areas with widely different land-use practices, including

agricultural, commercial, rural or residential, can contri-
bute stormwater to environmental waters. The possibi-
lity also exists of cross-connections from sewer pipes, or
leakage from sewer or septic systems delivering human
sewage to the stormwater conveyance system. Both
human health risk and strategies for remediation of mi-
crobial pollution from stormwater are influenced by the
host source of microorganisms, but measurement of
indicator bacteria alone does not provide information on this

important parameter. Microbial source tracking (MST) is a
group of methods whose goal is to define the source(s) of
indicator bacteria. Such methods may be library-dependent;
relying on a reference database of patterns, or fingerprints, of
organisms from fecal material of known source (Wiggins,
1996; Hagedorn et al., 1999; Parveen et al., 1999; Dombek
et al., 2000; Harwood et al., 2000; Moore et al., 2005).
Library-independent methods do not require a database of
patterns for comparison, but instead have a specific
target which, when present, indicates fecal contamination
from a particular source. The target could be a gene

(Martellini et al., 2005), virus (Hsu et al., 1995; McQuaig
et al., 2006) or a bacterium (Bernhard et al., 2003; Scott et al.,
2005) associated with a specific host, and is frequently
detected by a molecular method such as the polymerase
chain reaction (PCR) (USEPA, 2005).
Two library-independent MST methods for detection of

human-associated markers were used in this study to
determine whether human sewage was impacting the
stormwater system: the enterococcal surface protein (esp)
gene of Enterococcus faecium, and the conserved T antigen
of human polyomavirus strains JC and BK. The Ent. faecium

strain(s) containing the esp gene is present throughout the
US and other countries (Willems et al., 2001; Rice et al.,
2003). At least two published studies detected the esp
marker in 100% of sewage influent samples tested in the
US (Scott et al., 2005; Soule et al., 2006). Furthermore, 100%
of sewage samples tested in New Zealand (n ¼ 4) were
also positive (Harwood, unpublished data); and all the
sewage samples representing greater than half of the states
in the US have also tested positive (T. Scott, unpublished
data). Human polyomaviruses are estimated to infect up to
80% of the human population, and are shed in urine and feces

(Knowles et al., 2003; Behzad-Behbahani et al., 2004). In
Florida, 36 sewage influent samples from three wastewater
treatment facilities and 14 samples from different septic
tanks were all positive for human polyomaviruses (McQuaig
et al., 2006). Detection of esp and human polyomavirus
markers were significantly correlated in Florida surface
waters that were suspected of contamination from sewage
(McQuaig et al., 2006). These markers were therefore con-
sidered good candidates for detection of human sewage
contamination in this study, and were further confirmed
during the study.
This study investigated the source of indicator bacteria

contaminating waters at a Florida beach by combining

library-independent MST methods (human-associated mar-
kers) and a MST tool previously used as a library-dependent
method (BOX-PCR of indicator bacteria strains) to investigate

the population structure of these bacteria under varying
hydrological conditions. The goals of the study were three-
fold: (1) to determine whether the stormwater conveyance
system contributed high indicator bacteria numbers to Gulf of
Mexico waters; (2) determine whether human sewage was
contributing to the indicator bacteria contamination and (3)
determine whether survival in the stormwater conveyance
system might contribute to elevated indicator bacteria levels.
Characteristics of the E. coli and Enterococcus populations,
including population diversity and population similarity, were
used to explore the hypothesis that the microbial contamina-

tion at Siesta Key Beach originated from the stormwater
system.

2. Materials and methods

2.1. Study site and sampling strategy

Siesta Key Beach is located on a barrier island on the west

coast of Florida in Sarasota County. A stormwater conveyance
system runs parallel to the beach underneath a paved
thoroughfare (Fig. 1). The stormwater system receives runoff
from an urban, residential area of approximately 0.24km2 (60
acres). The stormwater remains in the underground system,
which runs southward to an underground concrete vault on
the west side of the road, approximately 300m from the
beach. Water may be retained in the vault for many days until
a rain event causes overflow, which is pumped into an
adjacent retention pond. Surface runoff from the road and
overflow from the pond enter a ditch, which flows "300m

before it empties onto the beach. During heavy rain, the ditch
outfall reaches the Gulf waters.

Two sampling events were conducted during this study; one
within 48h of heavy rainfall and one after a dry period (6 days
of no precipitation). Water and sediment samples were taken
at various points, i.e., access was obtained via a manhole to
sample the stormpipe that feeds the vault, the vault was
sampled through a metal-covered access portal, and the ditch
and its beach outfall were sampled from the surface. The land
around the ditch and the ditch itself was heavily vegetated,
and therefore shaded, with Brazilian pepper trees and

mangroves. More surface sampling sites were added (reten-
tion pond and Gulf of Mexico) for the second sampling (dry
period) in order to obtain a more complete picture of the
possible sources and sinks of microorganisms in the drainage
system.

For genetic diversity studies, Enterococcus spp. were also
isolated from sewage and a pristine water site. Untreated
sewage sampleswere obtained from lift stations in the Florida
counties of Duval andWakulla. Water samples from a pristine
site were collected at Deer Prairie Slough in the Myakka River,
Myakka River State Park (Sarasota County; N Latitude

27110.5430 and W Longitude 82112.7050). This site was chosen
due to the absence of known human impact and urban
stormwater runoff.
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2.2. Isolation and enumeration of indicator bacteria

Water and sediment samples were collected in sterile
containers (in duplicate), immediately placed on ice and
processed within 4h of collection at the USF (Tampa, FL)
laboratory. Water samples and supernatant from sonicated
sediments were filtered through sterile nitrocellulose mem-
branes (0.45mm pore size, 47mm diameter) using standard
methods for fecal coliforms (APHA, 1998) and enterococci

(USEPA, 2000). Twenty grams (wet weight) of sediment were
added to 200ml of sterile buffered water (0.0425gL#1 KH2PO4

and 0.4055g L#1 MgCl2) and sonicated as modified from
Anderson et al. (2005). The power was increased to 16W for
30 s based on experiments that determined the highest
recovery of indicator bacteria from contaminated sediments
(data not shown).

Fecal coliforms were enumerated on mFC agar (Difco) and
incubated for 24h at 44.5 1C in a water bath (APHA, 1998). Blue
colonies were counted as fecal coliforms and then inoculated
into microtiter plates containing EC broth amended with

4-methylumbelliferyl-b-D-glucuronide (MUG) (50mgml#1) in
order to determine the percentage of the colonies that were
E. coli. After incubation for 24h at 37 1C, the microtiter plates
were exposed to ultraviolet (UV) light. Fluorescence indicated
strains that had b-glucuronidase activity (MUG+), a character-
istic of E. coli. For further confirmation, 25% of the MUG+
isolates were profiled biochemically using API 20E strips
(BioMerieux), and 100% were identified as E. coli. MUG+ fecal
coliforms were therefore designated E. coli and fingerprinted
by BOX-PCR for the similarity/diversity study.

Enterococci were enumerated by Method 1600 (USEPA,

2000), in which filters were incubated on mEI agar (base
medium from Difco; indoxyl b-D-glucoside from Sigma
Aldrich) at 41 1C for 24h. All resultant colonies with a blue
halo were inoculated into Enterococcosel Broth (Becton

Dickinson) to confirm esculin hydrolyzation. Concentrations
for all indicators were log10-transformed and recorded as CFU
100ml#1 (water samples) or 100 gwetweight#1 (sediment
samples).

2.3. Human-associated genetic markers

The method used for detection of an enterococcal surface
protein (esp) gene of Ent. faecium was carried out as previously
described (Scott et al., 2005). Briefly, 300ml of each water

sample was filtered using 0.45mm pore-size membrane
filters. Sediment samples were diluted 1:6 with sterile
distilled water, vortexed for 2min and allowed to stand for
2min (Byappanahalli et al., 2003). The supernatant was
filtered through sterile nitrocellulose membranes (0.45mm
pore size, 47mm diameter). Filters were incubated on mEI
agar at 41 1C for 48h in awater bath. Filters were suspended in
tryptic soy broth (Difco), vortexed and incubated for 3h at
41 1C. Two milliliters of culture were used for DNA extraction,
which was performed using a QIAamp DNA extraction kit
(Qiagen, Inc.) according to manufacturer’s instructions.

The forward primer (Scott et al., 2005), which is specific for
the Ent. faecium esp gene (50-TAT GAA AGC AAC AGC ACA AGT
T-30), and a conserved reverse primer (50-ACG TCG AAA GTT
CGA TTT CC-30) (Hammerum and Jensen, 2002) were both
previously published. PCR reactions were performed in a 50ml
reaction mixture containing 1$PCR buffer, 1.5mM MgCl2,
200mM of each of the four deoxyribonucleotides, 0.3 mM of
each primer, 2.5U of HotStarTaq DNA polymerase (Qiagen,
Inc.) and 5 ml of template DNA. Amplification consisted of an
initial denaturation at 95 1C for 15min (to activate Taq
polymerase), followed by 35 cycles of 94 1C for 1min, 58 1C
for 1min and 72 1C for 1min. The amplicon (680bps) was
stained with GelStar nucleic acid stain (BioWhittaker) on a
1.5% agarose gel and viewed under UV light. The reliable
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presence of the esp marker in human sewage was determined
in sewage samples collected throughout the State of Florida,
including the study area (Sarasota County).

The method to detect human polyomaviruses (HPyVs) in
water samples was carried out as previously described
(McQuaig et al., 2006). Briefly, each water sample (600ml) was
adjusted to 9.5 pH using 1M NaOH, and then prefiltered using a
47mm filter (Millipore Cat. No. RW0304700). The filtrate was
adjusted to 3.5 pH using 2.0N HCl, and then filtered through a
0.45mmpore size, 47mm diameter nitrocellulose filter. The filter
was placed into a 30ml polypropylene tube with 2ml of beef
extract (pH 9.3) and vortexed for 30s to elute viruses from filter.
DNAwas extracted from the resulting eluate using the QIAamp
Blood Midi Kit (Qiagen, Inc., Valencia, CA). Previously published

primers specific for the homologous T-antigen of both JC virus
and BK virus were used to amplify HPyVs DNA (Fwd: 50-AGT
CTT TAG GGT CTT CTA CC-30 and Rev: 50-GGT GCC AAC CTA
TGG AAC AG-30) (Askamit, 1993). PCR reactions were prepared
using 45ml of Platinums Blue PCR SuperMix (Invitrogen, Inc.,
Carlsbad, CA), 200nM of each primer, and 4ml of DNA template.
The final reaction volume was adjusted to 50ml using reagent-
grade water (Whiley et al., 2004). The PCR reaction conditions
were as follows: initial denaturation at 94 1C for 2min, followed
by 45 cycles of: 94 1C for 20s, 55 1C for 20s and 72 1C for 20s, then
a final elongation at 72 1C for 2min. The nested PCR was run

under the same reaction conditions as above, with 1ml of the
first reaction used as the template. PCR productswere separated
by agarose gel electrophoresis (1.5%). DNA was viewed using
GelStar nucleic acid stain under UV light. Bands appearing at
172bp were recorded as a positive PCR result. Throughout the
course of the study, 17 sewage influent samples were tested for
the presence of HPyVs, and all were positive.
Controls used for all PCR assays included method blanks

(sterile buffer carried through the entire filtration/extraction/
PCR procedure) and matrix spikes (water samples spiked with
sewage to insure PCR performance, including lack of inhibition).

2.4. BOX-PCR of E. coli and Enterococcus spp.

E. coli strains were grown overnight in microcentrifuge tubes
containing 750 ml of BHI broth (Becton Dickinson). After
centrifugation at 14,000RPM for 1min, pellets were washed
with sterile buffered water 2 times and resuspended in 500ml
of deionized sterile water. The cell suspension was boiled for
5min to lyse the cells and then centrifuged again at

14,000RPM for 1min. Two ml of supernatant was used as
template for each PCR reaction. BOX-PCR patterns (finger-
prints) were generated using the previously published BOX-
A1R primer (Koeuth et al., 1995), which has the following
sequence: 50-CTA CGG CAA GGC GAC GCT GAC G-30. Reagents
and volumes for each 25ml reaction were: 2.5ml 10X Buffer B
(Fisher Scientific); 3.0 ml 25mM MgCl2; 1.0 ml 10mM dNTPs
(Fisher Scientific); 2.5ml 2% bovine serum albumin (Sigma);
1.3ml 10mM BOXA1R primer (IDT, Coralville, IA); 1.0 ml Taq
polymerase (5000uml#1) (Fisher Scientific); and 11.7ml PCR-
grade water. Amplification contained three steps: (1) initial

denaturation at 95 1C for 5min; (2) 35 cycles of 94 1C for 1min,
60 1C for 1min and 72 1C for 1min; and (3) final extension at
72 1C for 10min. The preceding protocol was provided by

correspondence with Dr. Cindy Nakatsu (2004), Purdue Uni-
versity, West Lafayette, IN.

Enterococci were grown overnight in microcentrifuge tubes

containing 1.5ml of BHI broth (Becton Dickinson). DNA was
extracted using the DNeasy Tissue Kit (Qiagen, Valencia, CA)
and the manufacturer’s protocol for Gram-positive bacteria.
BOX-PCR fingerprints for enterococci were generated using the
BOXA2R primer (Koeuth et al., 1995), which has the following
sequence: 50-ACG TGG TTT GAA GAG ATT TTC G-30. PCR
reagents and conditions used were from previously published
protocols with modifications (Versalovic et al., 1991; Malathum
et al., 1998). Each 25ml PCR reaction contained: 5ml of 5$
Gitschier Buffer (Kogan et al., 1987); 2.5ml of 10% dimethyl
sulfoxide; 0.4ml bovine serum albumin(10mgml#1); 2.0ml 10mM

dNTPs; 1.0ml Taq polymerase (5000uml#1); 11.6ml PCR-grade
water; 1.5ml 10mM BOXA2R primer; and 1.0ml of DNA template,
containing between 30 and 100ngml#1. Amplification contained
three steps: (1) initial denaturation at 95 1C for 7min; (2) 35
cycles of 90 1C for 30s, 40 1C for 1min and 65 1C for 8min; and (3)
final extension at 65 1C for 16min.

Fragments were separated by electrophoresis through a
1.5% agarose gel for 4h at 90V (E. coli fingerprints), or 6h at
60V (Enterococcus spp. fingerprints). Gels were stained with
ethidium bromide (1% solution). Gels were digitally docu-
mented under UV light using a FOTO/Analyst Archiver

(Fotodyne, Hartland, WI).

2.5. Statistical analysis

Fingerprint patterns of E. coli and Enterococcus spp. subtypes
generated by BOX-PCR were analyzed with BioNumerics 4.0
software (Applied Maths, Belgium). Samples from which
fewer than 10 isolates were recovered were not included in
the analysis. Dendrograms were created using a densiometric
curve-based algorithm (Pearson correlation coefficient, opti-

mization 1%) and UPGMA to cluster patterns by similarity.
Repeated runs of the control strains, ATCC 9637 for E. coli and
ATCC 19433 (E. faecalis) for Enterococcus spp., were 86% and
93% similar, respectively. Therefore, as a first approximation,
patterns showingXthe similarity value established by the
control strains were considered identical. The relationship of
patterns considered similar was also visually confirmed.

The relationships among indicator bacteria populations
isolated from the various sites were based on comparison of
BOX-PCR genotypes. The relationships were visualized by
dendrograms constructed using a population similarity coeffi-

cient (Sp), previously published by Kuhn et al. (1991). The
algorithm (Sp ¼ (

P
qxi/Nx+

P
qyi/Ny)/2) is based on the proportion

of identical BOX-PCR patterns between two populations, x and y.
For example, if two populations x and y have 10 isolates each
and isolate (i ¼ 1) in population x is repeated 2 times in
population x and 3 times in population y, then the qx1 would
be 2/10 divided by 3/10. The qxi is calculated for every isolate in
population x, and then the

P
qxi is divided by the number (N) of

isolates in population x. The same process is applied to every
isolate in population y. Therefore, if two populations have no
identical subtypes Sp ¼ 0, and as the number of identical

subtypes increases between two populations, the Sp increases
to a maximum of 1.0 (Kuhn et al., 1991). The population
similarity coefficient was used to compare E. coli and Enterococcus
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populations at Siesta Key after a rain event and during dry
conditions, and to further compare Enterococcus populations at
Siesta Key to Enterococcus populations in sewage and in a

sampled site on Myakka River.
The population characteristics (assessed by BOX-PCR) were

also assessed by accumulation curves and the Shannon–Wei-
ner diversity index, which were calculated using EcoSim 7
software (Acquired Intelligence Inc. & Kesey-Bear, Jericho,
VT). An accumulation curve measures the diversity of a
sampled population (in this case, the number of unique BOX-
PCR types) by plotting new subtypes as a function of sampling
effort. As the curve approaches an asymptote (slope ¼ 0), the
probability of obtaining new subtypes with additional sam-
pling diminishes. The Shannon–Weiner index of diversity,

(H0) ¼ #Spi ln(pi), considers the frequency of the various
subtypes in a population as well as the total number of
subtypes; pi being the number of isolates with pattern i
divided by total number of isolates. H0 was calculated with
approximately the same number of isolates (19 or 20) per site
population for Siesta Key, as this was the largest sample size
that was common to all treatments. Data sets containing
more isolates were randomly subsampled for inclusion in the
diversity values. Both the accumulation curve and the
Shannon–Weiner index were used to compare the relative
diversities of E. coli and Enterococcus populations after a rain

event and during dry conditions at Siesta Key, and to further
compare Enterococcus populations at Siesta Key to Enterococcus
populations in sewage and in a sampled site on Myakka River.
Paired t tests, nonparametric tests (Mann-Whitney), and
ANOVA were used to determine significant difference in the
comparisons. GraphPad Prism version 4.02 (GraphPad Soft-
ware, San Diego, CA) was used for the statistical analyses.

3. Results and discussion

3.1. Indicator organism concentrations and human-
associated markers

The indicator bacterial concentrations and the absence/
presence of the human-associated markers are summarized

in Table 1A for samples collected after a rain event, and in
Table 1B for samples collected during dry conditions. High
levels of indicator bacteria in the stormwater drainage

system, and stormwater flow during the rain event demon-
strated the ability of the stormwater system to contaminate
beach waters, and also raised the possibility of a sewage
influence. Tests for human polyomaviruses and the enter-
ococcal surface protein gene (esp) for Ent. faecium, which have
previously been used to determine the presence of human
sewage in environmental waters (Scott et al., 2005; McDonald
et al., 2006; McQuaig et al., 2006) were carried out at all
sites. All tests for human-associated markers were negative
(Table 1A and B). These human-associated markers are very
reliably present in human sewage in Florida and in all other

geographic areas in which the markers have been tested,
which suggests that human sewage input was not involved in
the contamination. Furthermore, the wastewater collection
system was examined for connections or leaks into the
stormwater system by the Siesta Key Utility Authority several
months prior to this study, and no connections were found.
While the negative results for human-associated suggest

the absence of sewage contamination in the stormwater
system, other factors can influence these results. In parti-
cular, little is known about the inactivation rates of most of
the bacteria and viruses used in MST studies (Stoeckel and

Harwood, 2007). The survival of Ent. faecium C68, which
carries the esp gene, was assessed in the laboratory and was
found to be 9 days in simulated freshwater and 10 days in
simulated seawater (Scott et al., 2005). HPyVs in sewage could
be detected by PCR in laboratory mesocosms for over 3
months (Bofill-Mas et al., 2001). These data should be
interpreted in light of the knowledge that many factors
influence the inactivation rates of microorganisms in aquatic
environments that cannot be adequately simulated in the
laboratory (Anderson et al., 2005); environmental stresses
such as radiation, temperature variations, salinity and pre-

dators are among the factors that influence persistence
outside the host. As MST methods continue to mature and
the organisms are better characterized, this will be an
important point to address. Chemical methods for MST, such
as fluorometry, can provide additional or corroborating
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Table 1A – Sites sampled at Siesta Key Beach after a rain event (A) and during dry conditions (B)

Stormpipe
water

Vault
water

Ditch
water

Ditch
sediment

Standing
water on
beach

Beach
sediment

Fecal coliform concentration 2.12 3.55a 3.72a 3.24 3.29a 3.64
Enterococci concentration 4.01a 4.23a 4.72a 4.37 3.86a 3.63
esp gene of Ent. Faecium — — — — — —

Human polyomaviruses — — — N/A — N/A
BOX-PCR E. coli ’ ’ ’ ’ ’ ’

BOX-PCR Enterococcus spp. ’ ’ ’ ’ ’ ’

Concentrations for all indicators were log10-transformed and recorded as CFU100ml#1 (water samples) or 100 gwetweight#1 (sediment
samples). Human-associated markers are recorded as present/absent (+/–), and BOX-PCR analyses were conducted (’), or not conducted (&).
a Concentrations exceeded state regulatory standards. The Florida Department of Health, which monitors the beaches of Florida, considers a
water sample of 100ml containing X104 Enterococcus spp. and/orX400 fecal coliforms an indicator of poor water quality (http://
esetappsdoh.doh.state.fl.us/irm00beachwater/terms.htm). N/A, sediments were not tested for human polyomaviruses.
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evidence of human sewage (or the lack thereof) in stormwater
systems and other environmental waters (McDonald et al.,
2006). Because MST markers targeting only human sewage

were used here, the results do not point toward a specific
source of contamination (only away from one). This limita-
tion of library-independent methods can be addressed by the
use of multiple markers; however, reliable markers are now
available for only a handful of target species, e.g., human,
ruminant, horse and pig (Bernhard and Field, 2000; Dick et al.,
2005; Scott et al., 2005; Layton et al., 2006; McQuaig et al.,
2006).

All water samples collected after the rain event had fecal
coliforms and Enterococcus concentrations above the regula-
tory level for recreational waters, with the exception of

fecal coliforms in the stormpipe water (Table 1A). Enterococcus
spp. concentrations were significantly higher than fecal
coliforms (P ¼ 0.041, paired t test). The mean concentrations
(log10-transformed) were 3.1770.72 and 4.2070.37 for fecal
coliforms and Enterococcus spp., respectively. Indicator bacter-
ial levels were also high in sediments collected during the
rain event, at 4103CFU100g#1, although there are no
regulatory standards for indicator bacteria concentrations in
sediment.

During dry conditions (Table 1B), Enterococcus spp. concen-
trations also exceeded regulatory levels in the stormwater

conveyance system (stormpipe and vault), which provided
protection from such stressors as sunlight and high tempera-
tures. Only the standing water on beach, where water pools
and does not reach the Gulf, was in violation for fecal
coliform concentrations (as well as Enterococcus spp.). The
beach area may have been impacted by another source of
indicator bacteria such as seagulls, which were observed
flocking to the standing water on the beach. Indicator bacteria
concentrations remained high in sediment samples during
dry conditions; e.g., levels in stormpipe sediment were
highest at 4103.5 CFU100g#1 for both fecal coliforms and

Enterococcus spp. Enterococcus spp. concentrations in sedi-
ments during dry conditions were significantly higher than
fecal coliform concentrations (paired t test, P ¼ 0.020). The
mean concentrations (log10-transformed) were 1.7071.38 and
3.2171.11 for fecal coliforms and Enterococcus spp., respec-
tively. The fact that indicator bacteria concentrations re-
mained high in sediments during dry conditions when the
overlaying water column (retention pond, ditch and Gulf) had
concentrations below regulatory standards supports previous
reports in the literature (Craig et al., 2002; Anderson et al.,
2005; Ferguson et al., 2005), and indicates that the sediments

act as a reservoir for these organisms.
Indicator bacteria concentrations in water samples at sites

sampled in rainy and dry conditions (i.e., stormpipe water,
vault water, ditch water and beach water) were compared by
calculating the mean of log10-transformed concentrations at
all sites. In general, indicator bacteria concentrations were
significantly higher during the rain event than during
dry conditions. The mean fecal coliform concentration dur-
ing the rain event was 3.17CFU100ml#1, while it was
1.57CFU100ml#1 under dry conditions. Correspondingmeans
for Enterococcus spp. were 4.20 and 2.55CFU100ml#1. The
difference in mean concentrations for rainy versus dry

conditions was statistically significant for Enterococcus spp.
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(P ¼ 0.028) and nearly significant for fecal coliforms (P ¼ 0.057)
at the a ¼ 0.05 level.

3.2. Population diversity

BOX-PCR patterns of E. coli and Enterococcus spp. isolated
during the rain event were compared to those isolated during
the dry sampling in order to determine whether the popula-
tion structure was influenced by these conditions. The two
methods used to estimate indicator bacteria population
diversity were: (1) the Shannon–Weiner index, which has

been previously used to measure microbial population
diversity in habitats such as rhizospheres, artesian spring
sediments and microbial mats (McCaig et al., 1999; Nubel
et al., 1999; Elshahed et al., 2003); and (2) the accumulation
curve, used to estimate diversity in animal populations
(Bohannan and Hughes, 2003) and bacterial populations
(Anderson et al., 2006).

Accumulation curves for vault water samples (Fig. 2) illustrate
a tendency toward greater diversity during rainy conditions for
both E. coli and Enterococcus populations. The Shannon–Weiner
index of diversity corroborated these data, showing significantly

greater diversity in E. coli and Enterococcus populations in the
rain event versus dry conditions (Table 2). The increased
population diversity during the rain event suggests that higher
diversity is due to recent inputs into the stormwater system,
undoubtedly from multiple sources.

The diversity of Enterococcus populations during the rain
event and during dry conditions was compared to the
diversity of Enterococcus populations sampled from sewage
and from water samples collected from the Myakka River,
considered to be a relatively unimpacted site with no direct
human or agricultural input, or urban runoff (Fig. 3). Averaged

accumulation curves were constructed for Enterococcus popu-
lations for the rain event (n ¼ 4 sites), dry conditions (n ¼ 4
sites), sewage samples (n ¼ 6) and samples collected at
Myakka River (n ¼ 3). Similar diversity levels were observed
in Siesta Key Enterococcus populations during the rain event

and Enterococcus populations in sewage samples. In contrast,
significantly lower diversity was found in Enterococcus popula-
tions during dry conditions and at Myakka River (unimpacted
site) (Fig. 3). Previous studies have shown that Enterococcus
populations in domestic sewage display higher diversity than
those sampled from river water (Vilanova et al., 2002), and
animal feces (Manero et al., 2002; Kuhn et al., 2003). The
Shannon–Weiner index for these four groups reveals a
significant difference in the diversity levels of Siesta Key rain

event and sewage populations versus Siesta Key dry condi-
tions and Myakka River populations (Table 3). These results
suggest that stormwater can influence the diversity of
indicator bacteria populations in waters it impacts to
approach that of sewage input. Interestingly, the Enterococcus
population from sewage shares very few subtypeswith that of
Siesta Key or Myakka River (see Section 3.3).

3.3. Population similarity

The population similarity of indicator bacteria (E. coli or
Enterococcus spp.) was compared by site for the rain event and

ARTICLE IN PRESS

0

2

4

6

8

10

12

14

16

1 3 5 7 9 13 15 17 19

Sampling effort

S
u

b
ty

p
e
s

11

Fig. 2 – Accumulation curves of BOX-PCR fingerprint
patterns of indicator bacteria from vault water samples.
E. coli sampled after a rain event (m) and during dry condi-
tions (n); Enterococcus spp. sampled after a rain event (’)
and during dry conditions (&).

Table 2 – Comparison of the population diversity
(Shannon-Weiner index, H0) of E. coli and Enterococcus
spp. during the rain event versus dry conditions

Indicator
organism

Mean H0 P value

E. colia Rain event ¼ 2.3970.22 P ¼ 0.047
Dry conditions ¼ 1.1270.34

Enterococcus
spp.b

Rain event ¼ 2.6570.13 P ¼ 0.008

Dry conditions ¼ 1.8870.28

a Site populations averaged for E. coli: beach water, ditch water and
vault water.
b Site populations averaged for Enterococcus spp.: beach water,
ditch water, stormpipe water and vault water.
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after a rain event (’), at Siesta Key sites during dry
conditions (&), from wastewater influent (x) and from
Myakka River water (n).
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dry conditions. A similarity coefficient was used to express
the proportion of identical BOX-PCR subtypes sampled from
the various sites (Kuhn et al., 1991). This strategy has been

used to compare phenotypic subtypes of coliforms in
environmental water samples (Kuhn et al., 1991), and
phenotypic subtypes of fecal coliforms and enterococci in
sewage (Manero et al., 2002; Vilanova et al., 2002, 2004), and in
the feces of livestock, seabirds and dogs (Kuhn et al., 2003;
Wallis and Taylor, 2003).
Higher similarity between sites was observed for E. coli

populations sampled during dry conditions compared to the
rain event (Fig. 4). Higher similarity also existed between sites
for Enterococcus populations during dry conditions (Fig. 5), but
the difference was less pronounced than for the E. coli

populations. Increased population similarity for E. coli and
Enterococcus spp. during dry conditions suggests that a greater
portion of the population is composed of ‘‘survivor’’ isolates
(Anderson et al., 2005) that have survived under the selective
pressure of this secondary habitat. Interestingly, the in-
creased population similarity for both E. coli and Enterococcus

spp. under dry conditions was not observed in Gulf waters. A
possible explanation is that under dry conditions, the
standing water on the beach did not reach the Gulf,

demonstrating the physical and microbiological disconnect
between the stormwater drainage system and the Gulf, which
contrasts with the direct stormwater flow observed during the
rain event.

BOX-PCR patterns of enterococci from all stormwater sites
used for the above analysis were pooled for a comparison of
population similarity between rainy conditions and dry
conditions, as well as sewage populations (positive control
for human contamination) and Myakka River populations
(control for unimpacted water) (Fig. 6). The two Enterococcus
populations with the highest similarity were Myakka River

and Siesta Key (dry), and the population with the least
similarity to all other groups was sewage. Thus, the popula-
tions in the environments with relatively low levels of recent
inputs of indicator bacteria (Myakka River and Siesta Key Dry)
contain more identical Enterococcus genotypes, suggesting
that survival in this secondary habitat is a form of selective
pressure.

Even though human sewage input was not detected at
Siesta Key Beach, one cannot rule out risk to human
health from contact with the water. The health risks
associated with exposure to recreational waters impacted

by stormwater runoff have not been as well studied as
the risks associated with sewage-impacted waters. One
study found that respiratory and gastrointestinal symp-
toms increased as the distance decreased between swimmers
and a stormwater outlet in Santa Monica Bay, CA (Haile et al.,
1999). During an El Nino year, surfers in Orange County, CA
reported twice as many symptoms as surfers in Santa Cruz
County, considered to be less impacted by urban runoff
(Dwight et al., 2004). These studies suggest that adverse heath
outcomes are associated with stormwater impact of recrea-
tional waters.

ARTICLE IN PRESS

beach sediment

stormpipe water

ditch water

vault water

beach water

ditch sediment

ditch water

vault water

beach water

stormpipe sediment

gulf water

1
0

2
0

3
0

4
0

5
0

6
0

7
0

8
0

9
0

1
0
0

1
0

0 2
0

3
0

4
0

5
0

6
0

7
0

8
0

9
0

1
0
0

Fig. 4 – Similarity of E. coli populations by site at Siesta Key during the rain event (A), and during dry conditions (B), based on
BOX-PCR fingerprint patterns.

Table 3 – Comparison of the population diversity
(Shannon–Weiner index, H0) of Enterococcus spp. in
sewage, Myakka River water and Siesta Key water during
rain event and dry conditions

Site Mean H0

Sewage 2.6970.09 (a)
Myakka 1.9670.22 (b)
Siesta key (dry) 1.8870.28 (b)
Siesta key (rain) 2.6570.13 (a)

Values that share the same letter within columns are not
significantly different. ANOVA (P ¼ 0.0001, a ¼ 0.05).
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The population dynamics of indicator bacteria in the storm
drainage system at Siesta Key Beach are evidently affected by
the hydrological changes caused by rain events. A change in
bacterial concentrations and diversity, as well as similarity, of
the populations extending from the stormpipe to the Gulf was
observed. The transport of urban runoff collecting for days in
the stormpipe and vault, and the persistence of survivor
isolates in the sediments, suggests a reservoir for indicator
bacteria that can be flushed through the system to the Gulf

during a rain event, causing high levels of indicator bacteria.
The design of the stormwater conveyance system, in which
sediments collect during low-flow conditions, ultimately
contributes to contamination of receiving waters under
high-flow conditions, when collected material is flushed
through the system. These observations suggest that better
handling and treatment of stormwater is needed, particularly
when it impacts areas that receive heavy human use. Such
environmental reservoirs of indicator bacteria further com-
plicate the already questionable relationship between indi-
cator organisms and human pathogens (Byappanahalli, 1998;

Anderson et al., 2005), and call for a better understanding of

the ecology, fate and persistence of indicator bacteria in
water.

4. Conclusions

Although indicator bacteria levels during the rain event were

above state standards for recreational waters, no evidence of
human fecal contamination was found by library-indepen-
dent MST methods. The persistent high bacterial concentra-
tions in stormwater sediment samples during dry conditions
suggest that sediments are a reservoir of these organisms.
During high flow (rainy) conditions indicator bacteria diver-
sity was high and population similarity was low, suggesting
fresh inputs of bacteria from many sources. These observa-
tions contrasted with results from dry conditions, where
indicator bacteria diversity was lower and population simi-
larity was higher, suggesting that a group of ‘‘survivor’’ strains

may form a significant portion of the population when fresh
inputs of indicator bacteria are minimal. The combination of
ecological and hydrological approaches with MST methods
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allowed assessment of the source of E. coli and Enterococcus
populations, where the library-independent methods alone
would not have been sufficient.
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SWIMMING-ASSOCIATED GASTROENTERITIS AND WATER QUALITY1

V. J. CABELLI,1 A. P DUFOUR,3 L. J. McCABE,3 AND M. A LEVIN4

Cabelll, V. J. (Dept. of Microbiology, U. of Rhode Island, Kingston, Rl 02881),
A. P. Dufour, L. J. McCabe and M. A. Levin. Swimming-associated gastroen-
teritis and water quality. Am J Epidemiol 1982;115:606-16.

A direct, linear relationship between swimming-associated gastrointestinal
illness and the quality of the bathing water was obtained from a multi-year,
multiple-location prospective epidemlologlc-microblologic research program
conducted in New York City, 1973-1975, Lake Pontchartraln, Louisiana, 1977-
1978, and Boston, Massachusetts, 1978. Several mlcrobial Indicators were
used In attempting to define the quality of the water; and, of those examined,
enterococci showed the best correlation to total and "highly credible" gastro-
intestinal symptoms. The frequency of gastrointestinal symptoms also had
a high degree of association with distance from known sources of municipal
wastewater. A striking feature of the relationship was the very low entero-
coccus and Eacherlchla coll densities In the water (10/100 ml) associated
with appreciable attack rates (about 10/1000 persons) for "highly credible"
gastrointestinal symptoms. Moreover, the ratio of the swimmer to nonswimmer
symptom rates indlpated that swimming In even marginally polluted marine
bathing water is a significant route of transmission for the observed gastro-
enteritis.

gastroenteritis; swimming; water microbiology

In an earlier report (1), the authors dards (2). The swimming-associated ill-
presented evidence from a prospective ness observed was an acute, relatively
epidemiologic-microbiologic study that benign gastroenteritis which had a short
there are measurable health effects as- incubation period and duration. The ac-
sociated with swimming in sewage- companying symptoms, as pointed out in
polluted waters. In some cases, these ef- another report (3), suggested that the
fects were observed even in waters that etiologic agent might be the human
were in compliance with existing recrea- rotaviruses or Norwalk-like viruses. The
tional water quality guidelines and stan- water-related nature of one of these

agents, the Norwalk-like virus, recently
has been confirmed in a shellfish-asso-
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when Stevenson (6) and Moore (7) ob-
tained seemingly contradictory results.
Therefore, studies similar to those re-
ported for New York City beaches (8, 9)
were conducted at two other locations in
the United States: Lake Pontchartrain,
Louisiana and Boston, Massachusetts.
The results obtained at these two sites
were essentially the same as those found
in the New York City study.

This report describes the quantitative
relationship of the swimming-associated
gastroenteritis to the mean enterococcus
density of the water as obtained from all
the epidemiologic-microbiologic studies
conducted in the United States.

MATERIALS AND METHODS

Study sites. Studies were conducted at
three general locations: New York City
(beaches on Coney Island and the Rocka-
ways) in 1973-1975; Lake Pontchartrain,
Louisiana (Levee Beach and Fontain-
bleau Beach) in 1977 and 1978; and Bos-
ton, Massachusetts (Revere Beach and
Nahant Beach) in 1978. The beaches were
chosen because they were near large met-
ropolitan areas and, hence, used by large
numbers of individuals who swam on
weekends but not during midweek days.
This was an essential requirement of the
experimental design for reasons to be
given.

The sources of pollution reaching the
beaches in the New York City study were
reasonably well defined as those emerg-
ing from the mouth of the Hudson River.
They were less defined in the Boston
study, and least defined in the Lake
Pontchartrain study. Moreover, in order
to determine which, if any, symptoms or
groups of symptons were both swimming-
associated and pollution-related (a major
objective of the first two years of the
New York City study), a relatively un-
polluted beach at the Rockaways was
paired with a barely acceptable beach
on Coney Island. The latter was adjacent
to a beach area classified by local au-

thorities as unsafe for swimming. The
paired beaches were also chosen so that
they would have demographically similar
populations. The results obtained with
reference to this objective of the New
York City study have been published (1).

Study design. A prospective cohort de-
sign was used in all the studies. The es-
sential features of the design, which have
been described previously (1, 9, 10), are
as follows:

1. Discrete trials were conducted only
on Saturdays and Sundays. Potential par-
ticipants were recruited at the beach, pref-
erably as family groups. Trials were lim-
ited to weekend days to maximize the size
of the beachgoing population, especially
the portion that comes to the beach only
on weekends. By excluding from the study
those individuals who swam in the five
midweek days before and after the
weekend in question or at other locations
on either weekend day, exposure to ba-
thing water was limited to that at the
specific beach during a single day, or two
days at the most. This decreased the con-
founding effect of beach-to-beach and
day-to-day variability in pollution levels
on the illness-pollution relationships
sought. In addition, it allowed the anal-
yses of the data by trials (study days) or
by groups of trials when the pollution
levels as indicated by the mean indicator
densities in the water were similar.

2. Demographic information was ob-
tained at the initial beach interview and
during the subsequent telephone follow-
up survey. The information included age,
sex, ethnicity and socioeconomic status,
as determined from a persons-to-rooms
ratio.

3. Information on bathing activity was
obtained at the initial beach interview.
Swimming was stringently defined as
complete exposure of the head to the
water. This characteristic was deter-
mined by direct inquiry and by observa-
tion, i.e., whether or not the hair of the
subject was wet. Individuals who did not

 at U
niversity of California, Los A

ngeles on July 23, 2012
http://aje.oxfordjournals.org/

D
ow

nloaded from
 

RB-AR5686

http://aje.oxfordjournals.org/


608 CABELLI, DUFOUR, McCABE AND LEVIN

immerse their heads in the water were
considered nonswimmers. The validity of
the respondents' information on bathing
activity was evaluated at the New York
City beaches in 1972 by comparing their
responses to information collected by
teams of observers. Good agreement was
obtained with regard to immersion of the
head in the water, but not the duration of
immersion or even the time spent in the
water with the head not necessarily im-
mersed. Recruitment of the participants
at the beach as family groups and their
designation as swimmers and nonswim-
mers provided a nonswimming but beach-
going control (cohort) population which,
in general, came from the same family
groups as the swimmers.

4. One or two days after the initial con-
tact, participating families were sent a
reminder letter asking them to note any
illnesses that might occur in the week fol-
lowing the beach activity. In the first year
(1973) (pretest) of the New York City
study, a telephone number was provided
so that follow-up medical or laboratory
examinations could be obtained by indi-
viduals with subsequent illnesses. Very
few individuals called the number, and
this approach toward confirming the re-
ported symptomatology was abandoned.
A substitute for the approach is described
below.

5. Eight to 10 days after the initial
beach interview, the participants were
contacted by telephone and information
on symptomatology and demographic
characteristics was obtained. Participants
were questioned about gastrointestinal,
respiratory, "other" and disabling symp-
tomatology. The categorized symptoms
are shown in table 1. Follow-up inquiries
for information on a variety of symptoms
were consistent with another require-
ment of the experimental design, that no
prejudgment would be made as to which
are the "important" illnesses, diseases or
symptoms. In fact, only gastrointestinal
symptoms (vomiting, diarrhea, nausea or

TABLE 1
Symptoms for which queries were made in studies

of the relationship between illnesses and swimming
in sewage-polluted waters in New York City,
1973-1975, Lake Pontchartrain, Louisiana,
1977-1978 and Boston, Massachusetts, 1978

Gastrointestinal
Vomiting
Diarrhea
Stomachache
Nausea

Respiratory
Sore throat
Bad cough
Chest cold
Runny or stuffy nose
Earache or runny ears
Sneering, wheezing, tightness in chest

"Other"
Fever (over 37 78 C)
Headache (more than a few hours)
Backache
Skin rash, itchy skin, welts

Disabling
Home because of symptoms
In bed because of symptoms
Medical help because of symptoms

stomachache) were consistently both
swimming-associated and pollution-
related (1, 9). Therefore, only gastrointes-
tinal symptomatology was examined rela-
tive to the indicator densities in the ba-
thing water. Disability was estimated by
asking whether the respondents re-
mained home, remained in bed or sought
medical advice. Hospitalization was not
reported by any of the subjects, and the
observation period was too short to iden-
tify illness with long incubation periods.

6. As an alternative to follow-up medi-
cal and laboratory examinations, the cred-
ibility of the information obtained on
gastrointestinal symptomatology was
confirmed by comparing the rates and
trends for total gastrointestinal symp-
toms to those in a subset designated
"highly credible." Highly credible gas-
trointestinal symptoms included all cases
of vomiting, instances of diarrhea that
were accompanied by a fever or that were
disabling, or cases of nausea or stomach-
ache that were accompanied by a fever.
Henceforth, highly credible gastrointes-
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tinal symptoms and gastroenteritis will be
used synonomously.

Water quality monitoring. Water sam-
ples were collected periodically on trial
days during the time of maximum swim-
ming activity at the beaches. This was
generally between the hours of 11 a.m.
and 5 p.m. Usually, three to four samples
were collected at two or three sites from
each beach at chest depth approximately
four inches below the surface of the water.
Upon collection, the samples were iced
and delivered to the laboratory, where
they were assayed within eight hours of
collection. Potential water quality indi-
cators that were examined are shown in
table 2. Total coliform and fecal coliform
densities were obtained using the most
probable number or membrane filter
methods, as described (11). The densities of
total colifonns and the component genera
of that group (Escherichia, Klebsiella,
Citrobacter-Enterobacter) were also
measured using the membrane filter pro-
cedure for coliforms (mC) of Dufour and
Cabelli (12). After 1974, Escherichia coli
densities were determined by the mem-
brane filter method for thermotolerant
E. coli (mTEC) (13). Enterococci (14),
Pseudomonas aeruginosa (15), Aeromonas
hydrophila (16), Clostridium perfringens
(17) and Vibrio parahemolyticus (18) were
assayed using membrane filter methods.

Analysis. The relationship of swim-
ming-associated (swimmer minus non-
swimmer) gastrointestinal symptom rates
to the mean indicator densities in the
water was examined by regression analy-
sis. Because the participants were re-
cruited at the beach on weekends and
individuals who were swimming in the
midweeks before and after the one in
question were eliminated from the study,
the symptom rates for a given weekend
day (trial) and the associated mean indi-
cator density could have been analyzed as
a point on the regression line. In fact, this
was not possible with most of the trials
because the number of nonswimming par-

TABLE 2

Potential water quality indicators used at the
New York City, Lake Pontchartrain, Louisiana
and Boston, Massachusetts beaches, 1973-1978

Indicators
New

PontcCrain

Enterococci
Eschenchia coli
Klebsiella sp
Enterobacter sp
Citrobacter sp.
Total cohforms
ClostruUum perfnngens
Pseudomonas aeruginosa
Fecal cohforms
Aeromonas hydrophila
Vibrio parahemolyticus

* + shows that measurements were made for this indi-
cator at the specified location

ticipants was too small. This problem was
circumvented by grouping the trials.
Single-day trials were arrayed according
to increasing indicator densities. Groups
were selected by utilizing "natural
breaks" in the array; in this way, those
trial days with similar indicator densities
formed a group of data from which a geo-
metric mean density and the associated
rates for gastrointestinal and highly cred-
ible gastrointestinal symptoms could be
calculated. This arbitrary grouping of
trials was done for each of the indicator
organisms.

The attack rates for gastrointestinal
and highly credible gastrointestinal
symptoms were regressed against the
mean indicator density. The log-linear
regression equation

7 = a + 61ogX (1)
was used in which X was the mean indi-
cator density and Y the gastrointestinal
symptom rate.

RESULTS

Studies were conducted over several
years at three locations in the United
States. The locations, beaches, study
years, follow-up percentages and number
of usable responses are shown in table 3.
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610 CABELLJ, DUFOUR, McCABE AND LEVIN

TABLE 3

Location of beaches and the number of usable responses by beach and study year, 1973 -1978

Location

New York City*

Lake Pontchartrain, LAt

Boston, MAt

Beaches

Coney Island
Rockaways
Levee
Fontainbleau
Revere
Nahant

%

1

82.3
86.6
77.2

81.2
81.2

Follow-up during
study year

2 3

78 3 78.3
82 9
77 9
—§

No. of usable
responses during study year

1

641
681

3432

1824
2229

2 3
3146 6491
4923
2768

551

* Coney Island, 1973-1975, Rockaways, 1973-1974.
t Levee, 1977-1978, Fontainbleau, 1978.
t Revere, 1978; Nahant, 1978.
8 Included with Levee Beach.

The degree of association of the mean
indicator densities to swimming-asso-
ciated gastrointestinal symptoms in the
three years of the New York City study
was used to reduce the number of in-
dicators examined in subsequent studies.
The correlation coefficients for the various
indicators obtained from these regression
analyses are shown in table 4. It can be
seen that enterococci was the best indi-
cator of those examined. Equally impor-
tant, fecal coliform densities, the basis
for most federal and state guidelines and
standards (2), correlated very poorly with
swimming-associated gastrointestinal
symptoms.

The rates for total and highly credible
gastrointestinal symptoms among swim-
mers and nonswimmers and the residuals
(swimmer minus nonswimmer rates) for
the grouped trials are given in table 5.
Also included are the corresponding
means and ranges of the enterococcus den-
sities and the number of trials (days) in
each group. Similar data for E. coli are
given in table 6 by way of contrast. In a
number of instances, the swimmer and
nonswimmer rates were significantly dif-
ferent from each other. This was more
frequent for residual rates associated
with high enterococcus densities and with
total gastrointestinal symptoms.

The regression lines obtained from the
data given in tables 5 and 6 are shown in
figure 1 along with their correlation co-
efficients (r). In addition to having higher
r values, the enterococcus regression lines
differ from those for E. coli in two other
ways. The E. coli lines have shallower
slopes and intercept the X axis at much
lower densities. However, in the regres-
sion lines for both indicators, rather low
densities are associated with appreciable
attack rates. Attack rates for highly cred-
ible gastrointestinal symptoms of about

TABLE 4

Correlation coefficients for total gastrointestinal (GI)
symptoms and the "highly credible" gastrointestinal
(HCGI) portion against the mean indicator densities
for studies at New York City beaches, 1973-1975

Indicator

Enterococci
Eschenchia coli
KUbsiella
Enterobacter-CUrobacter
Total coliforms
Clostndium perfringens*
Pseudomonas aeruginosa
Fecal coliforms
Aeromonas hydrophila
Vibrio parahemolyticus*

Correlation
coefficients (r)
HCGI

0.96
0.58
0.61
0.64
0.65
0.01
0.59
0 51
0.60
0.42

GI

0.81
0.51
0.47
0 54
0.46

-0.36
0.35
0.36
0.27
0.05

No.
f

of
points

9
9

11
13
11

8
11
12
11

7

* No data for 1973.
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10/1000 (1 per cent) are associated with
enterococcus densities of about 10/100 ml.

The enterococcus regression lines, their
formulae, the r and p values and 95 per
cent confidence limits for the lines are
shown in figure 2. These relationships
predict the illness rates from the mean
enterococcus densities.

The relative importance of swimming
in sewage-polluted water as a route of
transmission for enteric illness was de-
termined by examining the ratio of
swimmer to nonswimmer gastroenteritis
rates against the mean enterococcus den-
sity. It was assumed that all the cases ac-
quired by all the routes other than swim-
ming in sewage-polluted waters were in-
cluded in the nonswimmer rates. The
regression lines obtained for the trials
clustered by indicator densities are shown
in figure 3. It can be seen that the rates

for both total and highly credible gastro-
intestinal symptoms were equal at a mean
enterococcus density of about 17100 ml. At
a level of 10/100 ml, the rates for total and
highly credible gastrointestinal symp-
toms were 1.5 times for swimmers and
twice those for nonswimmers, respec-
tively. The higher ratios for highly credi-
ble than for total gastrointestinal symp-
toms are of interest because of their im-
plications concerning the reliability of the
respondents' information to the illness
queries.

DISCUSSION
The results clearly show that the risk of

gastroenteritis associated with swimming
in marine waters impacted with munici-
pal wastewaters is related to the quality
of the water as indexed by the mean en-
terococcus density in the water. More-
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over, the risk is detectable at extremely
low levels of pollution. According to the
criteria suggested by Hill (19), there is
a strong suggestion of causality. First,
the association is a good one; in some
trials, the swimming-associated gas-
troenteritis rate was three to four times
greater than the nonswimming rate.
Second, there was a consistency in the
association in that it was observed at
multiple locations over multiple years.
Third, the association between enteric
disease and fecal contamination is a rea-
sonable one by its very nature. Fourth,
the association is a coherent one since
there is a precedent for such a relation-
ship by other waterbome routes of trans-
mission, i.e., in shellfish (20) and potable
water (21).

It was also understandable that, of the
indicators examined, enterococcus den-

sities in the water correlated best with
the rates for the swimming-associated
gastroenteritis. The two salient indicator
characteristics required for the specific
association obtained are a consistent fecal
source and "good" survival during sewage
treatment and transport in the aquatic
environment. Of the indicators examined,
enterococci and E. coli best satisfy the
first requirement (22, 23); and, of the two,
enterococci have the best survival charac-
teristics (24), although their densities in
raw or treated sewage are 1-2 orders of
magnitude less than those of E. coli (25).
These two differences are consistent with
those observed in the slopes andX axis in-
tercepts of the regression lines for the two
indicators. That is, the slopes of the re-
gression lines should become shallower
and the lines should cross the X axis at
lower indicator densities as the survival
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characteristics of the indicator become
poorer relative to those of the etiologic
agent(s).

There are two implications from the
finding of rather high gastroenteritis rates
(1 per cent) associated with the ingestion
of one to five enterococci (the accidental
ingestion of 10-15 ml of water (26) whose
enterococcus density was about 10/100
ml). The first is that even enterococci
may not survive as well as the etiologic
agent for the gastroenteritis. The second
is that the agent must be present in the
bathing waters and, hence, municipal
wastewaters in very large numbers, be
highly infectious, survive very well in
the marine environment or, most prob-
ably, a combination of all three.

The analysis of the ratios of the swim-
mer to nonswimmer gastroenteritis rates
would suggest that, for individuals of
"swimming age," swimming in sewage-
polluted waters is not an insignificant
route of transmission for the disease.
Moreover, the risk of gastroenteritis is

present even at relatively low pollution
levels, as seen from the indicator den-
sities. The higher ratio of the swimmer
to nonswimmer rates observed with
highly credible as opposed to total gas-
trointestinal symptoms suggests that
nausea, stomachache and even diarrhea
are disproportionately reported by non-
swimmers. This, in turn, suggests that
the swimming-associated rates for total
gastrointestinal symptoms are under-
estimated.

Finally, the finding of swimming-
related rates of gastroenteritis associated
with very low indicator densities, i.e., the
ingestion of one to five enterococci, has
some interesting implications with regard
to the existence of sporadic cases of this
illness by the other potential water-
associated routes of transmission, e.g.,
shellfish, drinking water and even aero-
sols generated from municipal sewage
and its receiving waters. These possibil-
ities should be pursued by prospective
epidemiologic investigations.
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a b s t r a c t

Background: Traditional fecal indicator bacteria (FIB) measurement is too slow (>18 h) for

timely swimmer warnings.

Objectives: Assess relationship of rapid indicator methods (qPCR) to illness at a marine-

beach impacted by urban runoff.

Methods: We measured baseline and two-week health in 9525 individuals visiting Doheny

Beach 2007e08. Illness rates were compared (swimmers vs. non-swimmers). FIB measured

by traditional (Enterococcus spp. by EPA Method 1600 or Enterolert!, fecal coliforms, total

coliforms) and three rapid qPCR assays for Enterococcus spp. (Taqman, Scorpion-1, Scor-

pion-2) were compared to health. Primary bacterial source was a creek flowing untreated

into ocean; the creek did not reach the ocean when a sand berm formed. This provided

a natural experiment for examining FIB-health relationships under varying conditions.

Results: We observed significant increases in diarrhea (OR 1.90, 95% CI 1.29e2.80 for swal-

lowing water) and other outcomes in swimmers compared to non-swimmers. Exposure

(body immersion, head immersion, swallowed water) was associated with increasing risk

of gastrointestinal illness (GI). Daily GI incidence patterns were different: swimmers (2-day

peak) and non-swimmers (no peak). With berm-open, we observed associations between GI

and traditional and rapid methods for Enterococcus; fewer associations occurred when berm

status was not considered.

Abbreviations: FIB, fecal indicator bacteria; qPCR, quantitative polymerase chain reaction; GI, gastrointestinal illness; HCGI, highly
credible gastrointestinal illness; UTI, urinary tract infection; HCRESP, highly credible respiratory illness; CI, confidence interval; OR, odds
ratio; CFU, colony forming unit; WQS, water quality standard; LOD, level of detection; MGD, million gallons per day.
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1 Present address. Kaiser Permanente Division of Research, 2000 Broadway, Oakland, CA 94612, USA.

Available online at www.sciencedirect.com

journal homepage: www.elsevier .com/locate /watres

wat e r r e s e a r c h 4 6 ( 2 0 1 2 ) 2 1 7 6e2 1 8 6

0043-1354/$ e see front matter ª 2012 Elsevier Ltd. All rights reserved.
doi:10.1016/j.watres.2012.01.033

RB-AR5696

mailto:jcolford@berkeley.edu
www.sciencedirect.com/science/journal/00431354
http://www.elsevier.com/locate/watres
http://dx.doi.org/10.1016/j.watres.2012.01.033
http://dx.doi.org/10.1016/j.watres.2012.01.033
http://dx.doi.org/10.1016/j.watres.2012.01.033


Conclusions: We found increased risk of GI at this urban runoff beach. When FIB source

flowed freely (berm-open), several traditional and rapid indicators were related to illness.

When FIB source was weak (berm-closed) fewer illness associations were seen. These

different relationships under different conditions at a single beach demonstrate the diffi-

culties using these indicators to predict health risk.

ª 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Current methods for monitoring beach water quality involve
the enumeration of fecal indicator bacteria (FIB) using culture-
based methods, such as membrane filtration or defined
substrate kits. These methods are widely accepted because of
relative ease of use, low cost, and demonstrated relationship
to health risk (Wade et al., 2003; Zmirou et al., 2003). However,
the time required for FIB enumeration ranges from 18 to 24 h,
with confirmation steps adding 1þ days. Each beach is unique,
but FIB concentrations can change substantially on time
scales of less than a day (Boehm et al., 2002). Thus, contami-
nated beaches remain open during the enumeration period
and the contamination event may have passed by the time
warnings are posted (Leecaster and Weisberg, 2001).

Technological advances provide opportunities to measure
bacterial water quality more rapidly (Bushon et al., 2009;
Haugland et al., 2005; Noble et al., 2010; Noble and Weisberg,
2005). Whereas current EPA-approved methods rely on bacte-
rial growth and metabolic activity, these new rapid molecular
methods directly quantify intracellular molecules, such as
ATP, DNA, or RNA. Eliminating the enrichment and incubation
steps associated with culture-based methods reduces assay
time to as little as two hours and provides the opportunity for
public health warnings to be issued on the same day that
samples are collected (Griffith and Weisberg, 2011). The best
developed of these methods is quantitative polymerase chain
reaction (qPCR), such as the Enterococcus spp. (herein referred
to as Enterococcus) assay developed by Haugland et al. (2005).

Quantitative PCRhas been found to correlatewith traditional
culture-basedmethods (Griffithetal., 2009;Hauglandetal., 2005;
Lavender and Kinzelman, 2009; Noble et al., 2010), even though
the measurement endpoint is different. Given the inherent
differences between the two classes of methods, epidemiology
studies are needed to establish health-risk relationships before
establishing qPCR-based standards. Several studies have
developed this relationship for waters affected by wastewater
effluent (Wade et al., 2006, 2008, 2010), but few have assessed it
for beaches affected by urban runoff (Sinigalliano et al., 2010).
Here we report results from an epidemiologic study comparing
health-risk relationships between qPCR-based (three different
assays) and culture-based quantification of Enterococcus at
a marine recreational beach affected by urban runoff.

2. Materials and methods

2.1. Study site

The studywas conducted at Doheny State Beach in Dana Point,
California, USA. Based on the frequency and magnitude of FIB

water quality standards exceedances, Doheny Beach is chron-
ically listed as one of the most polluted beaches in California
(www.healthebay.org). Several potential sources of beach FIB
exist including an adjacent small craft harbor and a 21 MGD
secondary treated wastewater outfall 2.1 km offshore, but
modeling and currentmeasurement studies suggest that these
sources are too distant to have a consistent effect on water
quality at this beach (Jones, 2009). The largest and most direct
FIB source to Doheny State Beach is San Juan Creek, which
drains the adjacent 347 km2 watershed. However, southern
California has a Mediterranean climate and San Juan Creek
does not flow to the ocean year-round because a sand berm
forms and effectively dams the creek when creek flow is low.
When the berm is open, the untreated creek-flow discharges
directly to the surf zone and dramatically increases FIB
concentration; when closed, water quality generally improves.
There was nomeasurable rain during this 12-week study, as is
typical in the summer, and the bermwas open for threeweeks.

2.2. Study design

The study was designed as a prospective cohort, similar to
prior studies (Coford et al., 2007; Wade et al., 2006, 2008, 2010).
Participants were recruited each sampling day with current
health and degree of water exposure recorded. Ten to 14 days
later interviewers contacted participants by phone and
recorded illness occurring after their visit. We used regression
models to evaluate the association of illness between swim-
mers and non-swimmers and between FIB and illness.

2.3. Water quality data collection and analysis

Surfacewater sampleswere collected in sterilizedcontainersat
0.5 m depth on incoming waves. We collected samples three
times (8 AM, 12 Noon, 3 PM) at each of five beach sites, three of
whichwerewithin 400m of the creekmouth (sites A, B, and D),
one that was in the creek (site C), and one that was a reference
site located about 3000m to the south (site E; see Supplemental
Material, Figure 1). Samples were analyzed for traditional
culture-based FIB (Enterococcus, fecal coliforms, total coliforms)
and three qPCR assays for Enterococcus. Total and fecal coliform
bacteria were enumerated by membrane filtration on m-Endo
and m-FC media, respectively (APHA, 2009). Culture methods
for Enterococcus included EPA Method 1600 (USEPA, 2006) and
EnterolertTM (IDEXX, Westbrook ME; APHA, 2009) a defined
substrate technology. All culture methods were processed
immediately, while filters for the three qPCR methods were
frozen for later processing. Two of the qPCR methods, here
referred to as TaqMan and Scorpion-1 targeted the same broad
species range of the genus Enterococcus, but differed in their
probe chemistries and the manner in which final quantitative
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resultswere calculated (Hauglandetal., 2005;Nobleet al., 2010).
The thirdmethod, here referred to as Scorpion-2, was identical
to Scorpion-1 except that the primer-probe complex was
slightly modified for more specific amplification of Enterococcus
faecium and Enterococcus faecalis, two of the more common
Enterococcus spp. commonly found in human fecal contamina-
tion (Layton et al., 2010). TaqmanqPCR resultswere reported as
calibrator cell equivalents per 100mlbasedon thedelta-deltaCt
methoddescribed inHaugland et al. (2005), whereas Scorpion-1
andScorpion-2 resultswere reported incell equivalents (CE)per
100 ml using the deltaCt method outlined in Pfaffl (2001) and
used by Noble et al. (2010).

2.4. Beach recruitment and follow-up interviews

The Committee for Protection of Human Subjects at the
University of California, Berkeley approved all protocols.
Eligibility criteria included: 1) no previous participation in the
study; 2) at least onehouseholdmemberat thebeach"18years
old; 3) home address in United States, Canada, or Mexico; and
4) verbal consent. Interviewers recorded the closest water-
sampling site to the recruit. Participants were given an incen-
tive (beach ball) and a questionnaire to complete prior to
departure. The questionnaire assessed possible confounding
exposures at the beach and exposures/illnesses experienced
the previous three days. Participants failing to complete the
beach survey on-site were contacted within 3 days by tele-
phone. Ten to 14 days following their visit, participants were
telephoned for a 10e15min interview. This interview collected
demographic information, swimming and exposures since the
beach day, pre-existing health problems (e.g., chronic diar-
rhea), and acute health conditions since the beach visit. The
headof household answeredquestions on behalf of the family.

2.5. Health outcomes

Health outcomes included gastrointestinal, respiratory,
dermatologic symptoms, and non-specific symptoms. Gastro-
intestinal outcomes included nausea, vomiting, diarrhea, and
stomachache or abdominal cramping. Diarrhea was defined as
"3 loose or watery stools in 24 h (Baqui et al., 1991). Highly
credible gastrointestinal illness (HCGI) was defined as: i) diar-
rhea; or ii) vomiting; or iii) nausea and stomach cramps; or iv)
nausea and missed daily activities due to gastrointestinal
illness, or (v) stomach cramps andmissed daily activities due to
gastrointestinal illness (identical to “GI illness” defined inWade
et al., 2010). Respiratory outcomes included cough and sore
throat symptoms. Highly credible respiratory illness was
definedasany 2of the following symptoms: cough, runnynose,
sore throat, fever or cold.Dermatologic outcomes included skin
rashes and infected cuts. Non-specific symptoms included
fever, ear infection, allergies, watery eyes, eye infection, and
urinary tract infection. Respondents who reported a symptom
at baseline (within 72 h before the beach visit) were excluded
from analysis for that outcome, but not other outcomes.

2.6. Definition of swimming

We used four graded definitions of “swimmer” based on an
individual’s reportedminimum exposure: i) any water contact;

ii) body immersion; iii) head immersion; and iv) swallowed
water. We defined body immersion as water contact above the
waist, head immersion as head below the water line, and
swallowed water as ingestion of any ocean water.

2.7. Statistical methods and data analysis

For swim exposure analyses, we modeled the probability of
illness, p, with a logistic regression:

ln ½p=ð1% pÞ' ¼ aþ b1Aþ b2Sþ gX (1)

where A is an indicator variable for any water contact, S is
a dichotomous indicator variable for exposure greater than or
equal to some level of water contact (body immersion, head
immersion, swallowed water), and X is a vector of potentially
confounding covariates (see below). We estimated the relative
risk of illness due to swim exposure using the odds ratio (OR),
estimated as OR ¼ exp (b̂1 þ b̂2). Thus the comparison group
for these analyses was non-swimmers: individuals who had
no contact with ocean water during their day at the beach.

In our analyses of the relationships between FIB concen-
trations and health outcomes, our goal was first to identify
a set of conditions under which the traditional indicators
appeared to have the expected relationships to health
outcomes, especially gastrointestinal symptoms, as reported
in prior studies (Wade et al., 2006, 2008, 2010). The conditions
we examined included berm status (open, closed, and all days
combined), level of participant exposure to water (body
immersion, head immersion, swallowed water), specific
health symptoms (detailed in 2.5 above) and indicator aver-
aging method. Based on these exploratory analyses, we chose
to use a site-specific daily average (one of nine averaging
methods that we considered). We estimated site-specific daily
averages by calculating the geometric mean of the indicator
concentration levels over the 8:00 AM, 12 Noon, and 3 PM
samples for each of the five sampling sites. Each swimmer
was assigned the average indicator value for the sampling site
nearest to where the individual reported swimming.

FIB concentrations were log10 transformed for the analysis
because they were right-skewed. When indicator values were
below the level of detection (LOD) for a given assay results
were set equal to 10 per 100 ml. We also explored other
imputation methods by substituting the LOD, the LOD/2, and
LOD/SQRT(2). We restricted the population for each analysis
to swimmers with a defined level of water contact. The
probability of illness, p, was modeled for all berm days
combined using logistic regression:

ln ½p=ð1% pÞ' ¼ aþ bI ¼ gX (2)

where I is a continuous measure of the site-specific daily
average for the indicator of interest and X is a vector of
potentially confounding covariates. All ORs were estimated as
OR ¼ exp ðb̂Þ and, thus estimate the increase in risk for a one
unit change on the log10 scale of the indicator concentration
among swimmers with a defined water exposure level.

The probability of illness, p, on berm-open and berm-
closed days was modeled using logistic regression with
a berm-indicator interaction term:

ln ½p=1% p' ¼ aþ bIþ gXþdBþ4ðI ) BÞ (3)
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where I and X are equivalent to equation (2), B is a dichoto-
mous indicator of berm status (open¼ 1, closed¼ 0) and I * B is
an interaction term between indicator concentration and
berm status. ORs for berm-closed days were estimated from
equation (3) as OR ¼ exp (b̂) and for berm-open days as
OR ¼ exp (b̂þ 4̂), and estimate the increase in risk for a one
unit change on the log10 scale of the indicator concentration
among swimmers with a defined water exposure level. The
coefficient (4̂) and associated p-value were used to test
whether the interaction term differed from 0, and thus
whether the association between an indicator concentration
and health differed by berm status. Both models (2) and (3)
assume that the association between indicators and illness
is linear on the log-odds scale.

Models were adjusted for covariates, X, that were associ-
ated with the outcome or judged to be potential confounders:
study year, age, sex, race, swimming on multiple days, aller-
gies, contact with animals, contact with other sick people,
frequency of beach visits, digging in the sand, and consump-
tion of raw or undercooked eggs ormeat. All covariates, except
age and frequency of beach visits, were categorized as 1 or 0.
Race was dichotomized as white or nonwhite. Consistent with
prior recreational water analyses (Coford et al., 2007; Wade
et al., 2006, 2008, 2010), we selected a subset of these cova-
riates for each model using a change in estimate algorithm,
which retains covariates that change the estimated OR by at
least 5% when removed from a multivariable specification
(Rothman and Greenland, 1998 ). We estimated the 95%
confidence intervals (CIs) for the ORs using robust standard
errors (Freedman, 2010) that allow for correlated observations
within household, but assume that households are indepen-
dent. The decision to examine the health-indicator relation-
ships stratified by berm status (berm-open, berm-closed, and
all days combined) was planned prior to the initiation of the
study. The “berm-open” analyses provide estimates of
indicator-health relationships under poor water quality
conditions; the “combined” analyses provide estimates of the
indicator-health relationships averaged over the mix of berm
conditions as would be typical for use of FIB at this beach.

3. Results

3.1. Water quality

A total of 481 water samples were collected and analyzed.
Overall, Enterococcus concentrations by EPA 1600 ranged from
<2 to 41,000 colony forming units (CFU)/100 mL. Overall, 17%
of the samples exceeded the single sample marine water
quality standard (WQS) of 104 CFU/100 ml for Enterococcus as
determined by EPA Method 1600. At least 10% of the samples
exceeded the standard at each of the three sampling sites
located near the creek (see sites A, B, and D in Supplemental
Material, Figure 1). Water quality at Doheny Beach differed
significantly when the sand berm restraining San Juan Creek
was closed compared to when open and the creek flowed
untreated into beach waters (see Supplemental Material,
Figure 2). Examining the site directly in front of the creek,
median Enterococcus concentrations as measured by EPA1600
were 316 CFU/100 mL on berm-open days compared to

10 CFU/100 mL on berm-closed days. Similarly, 5% of samples
from the same site exceeded single sample WQS on berm-
closed days compared to 71% on berm-open days (data not
shown).

3.2. Population characteristics

We approached 6686 eligible households. Of these, 4499
households (67%) agreed to participate and completed the
beach interview, and 3587 households completed the two-
week follow-up interview. Of 9525 individuals completing
the study, 62% were swimmers (Table 1). Among individuals
completing the study, 21% failed to complete beach interviews
on-site (while at the beach) and were contacted by phone
within 3 days of their visit, consistent with Coford et al. (2007).
No differences were found in reported swim exposures by
beach interview format (on-site vs. phone) or in the basic
demographics of the two groups (data not shown). We
collected limited data on those who enrolled but could not be
located for follow-up; we did not observe notable differences
(“lost to follow-up” in Tables 1 and 2).

3.3. Health outcomes for swimmers compared to non-
swimmers

Among the 3585 non-swimmers at Doheny Beach, 3.49% had
an episode of diarrhea in the 10e14 days following their visit
(Table 3); this is comparable to the estimated 3.26% endemic
12-day prevalence of diarrhea in the United States (Scallan
et al., 2005). The incidence of diarrhea following the beach
visit was significantly higher for body immersion (4.58%), head
immersion (4.59%) and those who swallowed water (6.13%)
than among those with no contact. The adjusted odds ratio
(aOR) for diarrhea among swimmers compared to non-
swimmers increased with increasing water exposure: body
immersion (aOR ¼ 1.38, 95% CI 1.03e1.86); head immersion
(aOR 1.46, 95% CI 1.07e1.99); and swallowed water (aOR 1.90,
95% CI 1.29e2.80). Similar patterns were observed for HCGI.
We also collected information on non-gastrointestinal
outcomes (see Supplemental Material, Tables 1e4 and 6e9).
Generally these symptomswere less frequently observed than
diarrhea and HCGI.

3.4. Associations of indicators with diarrhea and HCGI

The strongest associations between levels of FIB and diarrhea
among swimmers were seen among those with highest level
of water exposure (“swallowed water“) on berm-open days
(Table 4). For example, log10 increases in Enterococcus CFU
measured by EPAMethod 1600 were associated with an aOR of
2.50 (95% CI 1.52e4.11), fecal coliforms had an aOR of 2.30 (95%
CI 1.48e-3.59) and TaqMan qPCR had an aOR of 2.34 (95% CI
1.13e4.84) when swimmers swallowed water on berm-open
days. Berm-open ORs were consistently higher than berm-
closed and berm-combined ORs. For each indicator, we
report P-values for a test of interaction between indicator
concentration and berm status (comparing open and closed
estimates from the interactionmodel). The tests of interaction
suggest that indicator-health associations differ by
berm status, in particular among swimmers that swallowed
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water. Similar patterns (stronger, significant effects on berm-
open days, among those who swallowed water) were seen for
the association of traditional and rapid measurements of FIB
with gastrointestinal illness (Table 5). Alternate LOD imputa-
tionmethodswere explored for indicator analyses, but did not
alter conclusions (see Supplemental Material, Tables 10e12
for LOD/2; other results not shown.)

3.5. Lagged analysis (EPA 1600)

In current beachmonitoring practice, the 24 h incubation time
needed for culture-based methods means that water quality
results are not available until the day following collection. We
therefore repeated our epidemiological analyses lagging
culture-based exposure by one day to account for laboratory
processing time (i.e. measuring the association between FIB
on a given day and illness among swimmers the following
day). In these analyses (Supplemental Material, Table 13) we
found no significant associations between prior-day FIB and
illness. For example, with berm-open the aOR for diarrheawas
1.30 (95% CI, 0.66e2.52) among swimmers with head
immersion.

3.6. Dichotomized analysis (EPA 1600)

In current practice, single samples measuring EPA 1600 are
typically reported as values above or below 104 CFU/100 ml.
As a further check on the internal consistency of our findings,
we dichotomized site-specific daily average values for log10
EPA 1600 at 2.017, corresponding to a concentration of
104 CFU/ml. We then took this dichotomized variable and
measured the association with diarrhea and HCGI. We found
strong associations between exposure and illness when
specifying Enterococcus in this manner (see Supplemental
Material, Tables 14 and 15). For example, among the small
subsample of those who swallowed water (N ¼ 181) on berm-
open days, the aOR for diarrhea was 8.66 (95% CI 1.89e39.81)
for those exposed to EPA 1600 levels above 104 CFU/100 ml
compared to those exposed to levels below 104 CFU/100 ml.

Table 2 e Doheny beach demographics, household level.

Variable Lost to
follow-up (%)

Completed
follow-up (%)

Number of household residents
1 14.9 9.5
2 17.7 19.8
3 24.6 22.3
4 26.1 27.9
5 11.9 13.4
6 3.3 5.2
7 1.3 1.0
8 0.4 0.8

Household income
<$10,000e$25,000 e 5.50
$25,001e$50,000 e 10.90
$50,001e$75,000 e 14.50
$75,001e$100,000 e 15.80
$100,001e$150,000 e 22.70
>$150,000 e 19.10
Missing e 11.50

Citizenship
US 99.5 99.6
Canada 0.2 0.03
Mexico 0.3 0.4

Table 1 e Doheny beach demographics by swimmer exposure status, individual level.

Variable Lost to
follow-up

Completed
follow-up

Non-swimmers Body
immersion

Head
immersion

Swallowed
water

Individuals 2194 9525 3585 4335 3290 1219
Households 912 3587 913 2159 1784 769
Age (years)
0e5 12.7% 12.5% 9.7% 13.3% 10.3% 16.5%
5.1e10 13.6 14.2 2.9 24.1 25.2 29.1
10.1e20 15.6 15.2 7.5 23.3 26.1 26.2
20.1e30 13.9 9.1 10.2 7.9 7.7 7.5
30.1e40 18.0 18.4 24.2 12.6 11.9 9.4
40.1e50 16.8 18.2 26.1 12.1 12.0 7.2
>50 9.4 12.0 19.0 6.3 6.5 3.8
Missing 0.4 0.4 0.4 0.3 0.3 0.4

Sex
Male 45.9% 47.4% 38.0% 58.3% 62.1% 59.8%
Female 54.1 52.2 61.8 41.3 37.4 39.7
Missing 0.4 0.3 0.3 0.4 0.5 0.5

Race/Ethnicity
White 58.0% 66.8% 68.8% 66.8% 67.4% 66.9%
White, Hispanic 0.0 4.4 4.4 4.3 4.4 5.7
Non-White, Hispanic 0.0 10.8 10.5 10.3 9.9 8.9
Black 2.4 1.3 1.3 1.2 1.1 1.0
Asian 7.3 4.9 5.4 4.3 3.6 3.7
Indian 0.0 0.5 0.6 0.5 0.4 0.3
Multiple 0.0 7.1 5.3 8.9 9.8 10.2
Other 8.8 2.0 1.9 1.9 1.7 1.9
Missing 23.5 2.0 1.9 1.8 1.6 1.4
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3.7. Indicator-illness associations among non-
swimmers: “negative controls”

Our a priori assumption was that there should be only
random associations between FIB concentrations and

gastrointestinal illness among the non-swimmers. Because
our study was observational rather than randomized and
involved a multiplicity of analyses (i.e. multiple hypothesis
testing), we carried out an additional step to investigate the
robustness of the associations we observed. We used non-

Table 3 e Associations between gastrointestinal illness and swimming for various levels of water exposure and different
berm conditions.

Health outcome No contact
(N ¼ 3585)

Body immersion
(N ¼ 4335)

Head immersion
(N ¼ 3290)

Swallowed water
(N ¼ 1219)

% Ill % Ill Adjusted ORa

[95% CI]
% Ill Adjusted ORa

[95% CI]
% Ill Adjusted ORa

[95% CI]

Berm-combined
Diarrhea 3.49 4.58 1.38 [1.03e1.86] 4.59 1.46 [1.07e1.99] 6.13 1.90 [1.29e2.80]
HCGI 5.37 6.82 1.16 [0.90e1.50] 6.92 1.25 [0.96e1.63] 8.07 1.32 [0.96e1.79]

Berm-open
Diarrhea 3.65 4.13 1.27 [0.64,2.51] 4.71 1.61 [0.82,3.16] 6.28 1.92 [0.77,4.78]
HCGI 6.41 6.80 1.00 [0.59,1.67] 7.50 1.21 [0.72,2.01] 8.97 1.31 [0.67,2.56]

HCGI, highly credible gastrointestinal illness.
a Odds Ratio calculated using non-swimmers as the reference group.

Table 4 eAssociations between diarrhea and exposure to specific indicators for various levels of water exposure and berm
conditions.

Indicatorsa Berm-combined
Adjusted OR (95%)b

Berm-closed
Adjusted OR (95%)c

Berm-open
Adjusted OR (95%)c

Test of interaction
P-valued

Body immersion
Traditional
EPA 1600 1.33 [1.07,1.64] 1.20 [0.94,1.53] 1.70 [1.17,2.46] 0.12
Enterolert 1.25 [1.03,1.50] 1.20 [0.99,1.46] 1.46 [0.94,2.26] 0.42
Fecal coliform 1.14 [0.93,1.40] 1.02 [0.82,1.28] 1.52 [1.05,2.19] 0.07
Total coliform 1.11 [0.93,1.31] 1.08 [0.9,1.29] 1.40 [0.81,2.41] 0.38
Rapid
Taqman qPCR (delta delta) 1.03 [0.78,1.35] 0.92 [0.69,1.22] 1.50 [0.92,2.44] 0.09
Scorpion-1 qPCR 1.05 [0.82,1.33] 0.99 [0.74,1.33] 1.20 [0.76,1.91] 0.34
Scorpion-2 qPCR 1.03 [0.82,1.30] 1.01 [0.79,1.29] 1.15 [0.71,1.88] 0.64

Head immersion
Traditional
EPA 1600 1.33 [1.03,1.73] 1.12 [0.83,1.51] 1.87 [1.28,2.72] 0.04
Enterolert 1.29 [1.02,1.62] 1.20 [0.95,1.51] 1.54 [0.97,2.45] 0.35
Fecal coliform 1.18 [0.92,1.52] 1.04 [0.79,1.38] 1.61 [1.12,2.31] 0.06
Total coliform 1.12 [0.91,1.37] 1.03 [0.84,1.28] 1.49 [0.85,2.59] 0.23
Rapid
Taqman qPCR (delta delta) 1.05 [0.76,1.45] 0.87 [0.62,1.22] 1.66 [1.02,2.68] 0.03
Scorpion-1 qPCR 1.12 [0.84,1.49] 1.07 [0.75,1.53] 1.24 [0.74,2.06] 0.65
Scorpion-2 qPCR 1.04 [0.79,1.36] 0.93 [0.67,1.27] 1.30 [0.82,2.04] 0.23

Swallowed water
Traditional
EPA 1600 1.74 [1.25,2.43] 1.42 [0.93,2.18] 2.50 [1.52,4.11] 0.09
Enterolert 1.38 [0.99,1.93] 1.07 [0.77,1.49] 2.17 [1.35,3.49] 0.02
Fecal coliform 1.29 [0.89,1.87] 0.96 [0.65,1.43] 2.30 [1.48,3.59] 0.00
Total coliform 1.29 [0.93,1.80] 1.13 [0.82,1.56] 2.15 [0.91,5.13] 0.17
Rapid
Taqman qPCR (delta delta) 1.28 [0.82,2.01] 0.90 [0.56,1.44] 2.34 [1.13,4.84] 0.03
Scorpion-1 qPCR 1.34 [0.89,2.03] 1.16 [0.72,1.87] 2.02 [0.73,5.60] 0.34
Scorpion-2 qPCR 1.49 [1.14,1.95] 1.25 [0.90,1.73] 2.30 [1.46,3.61] 0.03

a Indicator exposure assigned based on site-specific daily average.
b Odds Ratio for diarrhea associated with a 1 unit increase in the log10 indicator concentration using non-interaction model.
c Odds Ratio for diarrhea associated with a 1 unit increase in the log10 indicator concentration using interaction model.
d P-value associated with interaction term comparing open to closed berm conditions.
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swimmers as “negative controls” (Lipsitch et al., 2010): we
explored the association between average FIB concentrations
at the beach for a given day and gastrointestinal illness
among non-swimmers who visited the same day (who did
not contact water, and were unlikely to be exposed to
waterborne pathogens). In comparison with the indicator-
illness associations seen among swimmers (Tables 4 and 5)
there appear to be no patterns in the associations between
FIB concentrations and gastrointestinal outcomes among
non-swimmers (see Supplemental Material, Table 16). This
suggests that health associations with FIB concentrations
(both traditional and rapid) observed among swimmers are
unlikely to be an artifact of unmeasured confounding, or our
estimation approach.

3.8. Daily incidence of diarrhea

Swimmers reported a markedly different pattern of diarrhea
incidence than non-swimmers following their beach visit
(see Supplemental Material, Figure 3). Among swimmers,

diarrhea rates were strongly elevated two days post-
exposure relative to non-swimmers. Furthermore, these
increases among swimmers were consistent with a dos-
eeresponse relationship; the greatest elevation seen among
swimmers who swallowed water, followed by swimmers
with head immersion, and finally swimmers with body
immersion.

3.9. Morning vs. afternoon sampling

As described in Methods (Section 2.7), we assigned indicator
values to swimmers using the site-specific daily average of all
morning and afternoon sample-values for the site nearest to
the swimmer’s area of immersion. To evaluate the impact of
the timing of water sampling on indicator-health relation-
ships, we analyzed the morning and afternoon samples
separately (see Supplemental Material, Tables 17e20). Across
all point estimates for the indicators, there appeared to be
a stronger relationship to health when analyzing the morning
rather than the afternoon samples.

Table 5 e Associations between HCGI and exposure to specific indicators for various levels of water exposure and berm
conditions.

Indicatorsa Berm-combined
Adjusted OR (95%)b

Berm-closed
Adjusted OR (95%)c

Berm-open
Adjusted OR (95%)c

Test of interaction
P-valued

Body immersion
Traditional
EPA 1600 1.16 [0.97,1.39] 1.08 [0.88,1.32] 1.36 [0.98,1.89] 0.24
Enterolert 1.10 [0.94,1.30] 1.09 [0.92,1.29] 1.15 [0.79,1.66] 0.79
Fecal coliform 1.11 [0.95,1.31] 1.03 [0.87,1.23] 1.36 [1.00,1.84] 0.13
Total coliform 1.10 [0.96,1.27] 1.09 [0.94,1.27] 1.19 [0.83,1.72] 0.66
Rapid
Taqman qPCR (delta delta) 0.97 [0.79,1.20] 0.90 [0.71,1.13] 1.23 [0.80,1.91] 0.21
Scorpion-1 qPCR 1.02 [0.84,1.24] 1.00 [0.79,1.28] 1.06 [0.75,1.50] 0.80
Scorpion-2 qPCR 0.96 [0.79,1.16] 0.95 [0.77,1.17] 0.98 [0.66,1.45] 0.91

Head immersion
Traditional
EPA 1600 1.16 [0.94,1.45] 1.01 [0.79,1.29] 1.54 [1.10,2.16] 0.04
Enterolert 1.13 [0.93,1.36] 1.07 [0.87,1.30] 1.26 [0.85,1.86] 0.45
Fecal coliform 1.15 [0.94,1.39] 1.03 [0.83,1.29] 1.49 [1.09,2.03] 0.06
Total coliform 1.16 [0.99,1.36] 1.09 [0.91,1.31] 1.38 [0.95,2.01] 0.27
Rapid
Taqman qPCR (delta delta) 0.94 [0.74,1.21] 0.83 [0.63,1.09] 1.26 [0.78,2.03] 0.14
Scorpion-1 qPCR 1.11 [0.89,1.39] 1.02 [0.77,1.36] 1.25 [0.85,1.82] 0.41
Scorpion-2 qPCR 1.00 [0.80,1.23] 0.93 [0.73,1.18] 1.12 [0.75,1.67] 0.42

Swallowed water
Traditional
EPA 1600 1.52 [1.12,2.06] 1.29 [0.88,1.88] 1.94 [1.23,3.05] 0.18
Enterolert 1.20 [0.88,1.63] 0.93 [0.69,1.26] 1.75 [1.16,2.64] 0.02
Fecal coliform 1.15 [0.84,1.59] 0.89 [0.63,1.27] 1.95 [1.29,2.97] 0.00
Total coliform 1.32 [1.01,1.72] 1.16 [0.88,1.53] 2.01 [1.06,3.83] 0.12
Rapid
Taqman qPCR (delta delta) 1.21 [0.83,1.75] 0.95 [0.65,1.39] 1.95 [1.05,3.59] 0.05
Scorpion-1 qPCR 1.28 [0.92,1.77] 1.17 [0.79,1.71] 1.55 [0.80,3.00] 0.46
Scorpion-2 qPCR 1.35 [1.03,1.75] 1.19 [0.88,1.61] 1.70 [1.10,2.63] 0.18

HCGI, highly credible gastrointestinal illness.
a Indicator exposure assigned based on site-specific daily average.
b Odds Ratio for HCGI associated with a 1 unit increase in the log10 indicator concentration using non-interaction model.
c Odds Ratio for HGCI associated with a 1 unit increase in the log10 indicator concentration using interaction model.
d p-value associated with interaction term comparing open to closed berm conditions.
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3.10. Associations of indicators with other (non-
gastrointestinal) symptoms

Although the principal goal of our study was to measure
associations between FIB concentrations and gastrointestinal
illnesses, we also measured associations between FIB
concentrations and non-gastrointestinal health outcomes,
including respiratory, eye, ear, and skin complaints. Because
these outcomes were less frequently reported, we show only
the data for swimmers who placed their heads under water
(see Supplemental Material, Tables 21e27). Unlike associa-
tions seen for the indicators with diarrhea and highly credible
gastrointestinal illness, there were no clear patterns of
indicator-illness associations.

4. Discussion

4.1. Summary

We found that swimmers at Doheny Beach in the summers of
2007 and 2008 experienced diarrhea at a significantly
increased rate compared to non-swimmers. Additionally,
although it was not a primary focus of our study, we found
increased rates of eye infections and earaches among swim-
mers. We found strong associations between several FIB
quantification approaches and diarrhea, with evidence that
these associations differed by berm status. Additionally, the
data suggest an increasing doseeresponse relationship; the
strongest associations were seen for those who reported
swallowing water, especially on berm-open days. The asso-
ciations of the FIB concentrations, using rapid molecular
assays, with gastrointestinal health outcomes were similar to
those of the traditional culture-based assays when examined
under the same berm conditions. The pattern of time to
diarrhea onset among swimmers (strong peak at 2 days)
appears to be different from that seen among non-swimmers.
Using non-swimmers as “negative controls” we saw no rela-
tionship between FIB and diarrhea among individuals with no
water contact, further strengthening the suggestion that the
associations observed between traditional and rapid indica-
tors and illness among swimmers were not spurious findings
related to our observational design.

4.2. Berm status: open, closed and all days combined

Our observation of a large difference in the associations
between measures of Enterococcus and illness when the berm
was open compared to berm-closed days, and all days
combined could indicate a different FIB source between the
different conditions. Boehmet al. (2004) suggested that FIB can
transport through sand, but the transport of contaminated
material to the beach is more rapid when the berm is open,
reducing time for degradation and inactivation of FIB and
pathogens alike. Additionally when the berm is closed, sand
can filter out pathogens and Enterococcus, and appears to be
impacting the association between Enterococcus densities and
adverse health effects often seen among swimmers proximate
to direct, flowing sources. More research is needed on the
differential fate and transport impacts of pathogens and FIB

through sand, and the potential cause of the breakdown of FIB
density-illness relationships.

4.3. Lagged analyses

The associations we observed were similar between the
culture-based and qPCR methods, but this is based on anal-
yses assessing health relationships with samples collected on
the same day that swimmerswere in thewater.We found that
the indicator-health associations for the culture-based
methods were no longer significant (nor was there a pattern
of increasing odds ratios with increasing swimmer exposure)
when the results were lagged by one day, typical of current
beach monitoring practice. Thus, while these methods theo-
retically provide comparable levels of health protection, qPCR
could provide a substantial advantage in practical application
if rapid results were used to make decisions about health-risk
management on the same day.

4.4. Morning vs. afternoon results

The processing lag for qPCR is less than for culture-based
methods, but there is still about six hours from morning
sample collection to when warnings are issued in the after-
noon. Our results suggest that the effect of this 6-hr lag would
be minimal, though, as we found that the odds ratios for
samples collected in the morning were more likely to be
statistically significant than those for samples collected in the
afternoon (see Supplemental Material, Tables 17e20). This is
in apparent contrast with rapid changes in bacterial concen-
trations that have been observed at some beaches (Boehm
et al., 2002). A likely explanation is that the morning
samples better represent the average swimmer’s exposure
compared to afternoon samples. This may be due to solar
inactivation, which alters the relationship between FIB and
the pathogens with which they co-occur (Davies-Colley et al.,
1994; Noble et al., 2004; Sinton et al., 2007). This is consistent
with our observation of consistently lower Enterococcus
concentrations in the afternoon samples compared to
morning samples (data not shown).

4.5. Differences in rapid indicators

We evaluated three qPCR assays that utilize primer-probe sets
specific for Enterococcus and found little difference in their
associations with illness. Two (TaqMan and Scorpion-1) used
primer-probe sets targeting a gene sequence similar to that of
Ludwig and Schleifer (2000) and are intended to quantify the
broad range of Enterococcus species enumerated by EPA 1600
(Moore et al., 2008). The similarity in odds ratios between these
two methods is consistent with several studies finding they
yield similar Enterococcus concentrations (Griffith et al., 2009;
Noble et al., 2010). The third primer-probe set (Scorpion-2)
was amodified design intended tomore specifically amplify E.
facaelis and E. faecium, species thought to be important in
human fecal contamination. The lack of difference in health
relationships for this third method may result from the fecal
sources at the site already having high concentrations of these
species. Alternatively, it may result from the Scorpion-2
primer-probe design not being exclusionary and still
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amplifying a wide array of species, as suggested by the
concentration correlations with the other two methods
observed over a range of sample types (Noble et al., 2010).

4.6. Previous studies

Most bathing water epidemiology studies investigating munic-
ipal wastewater effluent-impacted waters, and studies exam-
ining the health risks from exposure to land-based runoff are
equivocal. Schoen and Ashbolt (2010) used quantitative micro-
bial risk assessment to show that non-point source runoff-
affected beaches present considerably less health risk than
those affected by wastewater, which is consistent with several
studies that found no relationship between GI illness and
increasing levels of Enterococci at beaches without known
sources of sewage (Calderon et al., 1991; Coford et al., 2007;
Fleisher et al., 2010). In contrast, McBride et al. (1998) found
health risk from human and animal fecal material were not
substantially different. Similarly, Haile et al. (1999) found
increased health risk for several health outcomes (including
fever, chills, cough, ear discharge and respiratory disease
although not for HCGI-1 and HCGI-2) from swimming in prox-
imity to urban runoff sources; these runoff source were known
to contain human sources of fecal contamination based on the
presence of human enteric viruses. Despite the separation of
sanitary from storm-water runoff pipes and conduits in
southern California, our study also provides an equivocal
answer. When the berm was open, we observed associations
between Enterococcus andhealth outcomes thatwere consistent
with those seen in studies conducted near wastewater effluent
(Wade et al., 2010). In contrast, these associations were weak
when the berm status was not taken into account. The United
States Environmental Protection Agency has committed to
a new water quality standard by October 2012. Boehm et al.
(2009) noted that some have suggested the potential establish-
ment of different standards for beaches without direct impact
fromhuman fecal sources. Findings fromour studysuggest that
while this option may be possible, the contamination source
and delivery must be well understood, as FIB-illness relation-
ships can vary between conditions even within a beach.

4.7. Limitations

There are potential limitations when evaluating our results.
Although multiple attempts were made to contact all partici-
pants, 22% of participants could not be reached. We have no
data to suggest that this introduced a systematic bias into our
findingsas thebaselineenrollment characteristicsof thosewho
completed the study and those who did not are similar. The
final number of participants completing the study (9525) was
less than the 12,230wehad initially hoped to enroll. Enrollment
was impacted byweather conditions that reduced beach usage
during the months of our study and conceivably could have
limited our ability to detect indicator-health associations for
less frequently observed outcomes. We assigned exposure to
each participant based on the FIB concentrations collected at
the site closest to where that participant swam. Although this
may not represent each individual’s actual exposure, the
internal consistency of the results (increased illness when
waterqualitywaspoorduringopen-bermconditions,markedly

different daily incidence pattern for swimmers and non-
swimmers, increasing illness with increasing exposure) does
not suggest a systematic bias.Although indicator exposurewas
not randomly assigned in our study, neither participants nor
investigators had knowledge of water quality results during
water exposure. Finally, our results must be interpreted with
the understanding that we estimated and report numerous
(indicator and health outcome) associations.

5. Conclusions

Our data suggest an increased risk of swimming-associated
gastrointestinal illness at this urban runoff contaminated
beach. When the source of FIB consistently exceeded water
quality standards (berm-open), traditional and rapid methods
for Enterococcuswere both strongly related to illness.When the
source of FIB was diffuse (berm status not adjusted for), fewer
significant associations were measured. These differences in
relationships between FIB and illness, even at a single beach,
demonstrate that it can be difficult to consistently predict FIB-
health associations at urban runoff impacted beaches using
currently available indicators.
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Abstract
In this article, we review the causes of outbreaks associated with recreational water during 1971 – 2000.
A bacterial or protozoan etiology was identified in three-quarters of the outbreaks; 23% of the outbreaks
were of undetermined etiology. The most frequently identified agents were Cryptosporidium (15%),
Pseudomonas (14%), Shigella (13%), Naegleria (11%), Giardia (6%), and toxigenic E. coli (6%).
Outbreaks attributed to Shigella, E. coli O157:H7, and Naegleria were primarily associated with
swimming in fresh waters such as lakes, ponds, and rivers. In contrast, outbreaks caused by
Cryptosporidium and Giardia were primarily associated with treated water in swimming and wading
pools. Important sources of contamination for both treated and untreated recreational waters were the
bathers themselves. Contamination from sewage discharges and wild or domestic animals were also
important sources for untreated waters. Contributing factors in swimming-pool outbreaks were
inadequate attention to maintenance, operation, disinfection, and filtration. Although not all waterborne
outbreaks are recognized nor reported, the national surveillance of these outbreaks has helped identify
important sources of contamination of recreational waters and the etiologic agents. This information can
affect prevention recommendations and research priorities that may lead to improved water quality
guidelines.

Keywords: Waterborne disease, waterborne pathogens, swimming and bathing, water quality

Introduction

In 1971, the U.S. Environmental Protection Agency (EPA), the Centers for Disease Control
and Prevention (CDC), and the Council of State and Territorial Epidemiologists initiated a
surveillance system for reporting the occurrence and causes of waterborne outbreaks in the
United States (Craun et al. 1990). State and local health agencies have primary responsibility
for detecting and investigating waterborne outbreaks which are then voluntarily reported to
the CDC and EPA. The surveillance system provides information about outbreaks associated
with drinking water systems and other types of water. Recently, national statistics were
reported for outbreaks associated with recreational water during 2001 – 2002 (Yoder et al.
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2004). To supplement these recent statistics, we reviewed the historical information for
waterborne outbreaks reported during 1971 – 2000. Recreational waters encompass swim-
ming and wading pools, thermal and other natural springs, fresh and marine waters, water
parks, interactive fountains, and other venues where water contact may take place. Fresh and
marine waters are classified as untreated water; treated waters refer to the remaining
recreational venues. Occasionally, an outbreak may be reported in a private swimming or
wading pool that is a drain and fill type with no additional disinfection or filtration.

Yoder et al. (2004) included statistics for outbreaks associated with the use of whirlpools or
hot tubs. In our review, we include these outbreaks only when persons also had a swimming
pool exposure that was associated with illness. Also not included in this review are outbreaks
on cruise ships operating from U.S. ports and wound infections associated with water
recreation.

Methods

Information about the outbreaks reviewed here were obtained from the CDC-EPA database
and surveillance summaries that have been published biennially or annually since 1973 (CDC
1973, 1974, 1976a, 1976b, 1977, 1979, 1980, 1981, 1982a, 1982b, 1983, 1984, 1985, St.
Louis 1988; Levine and Craun 1990; Herwaldt et al. 1991; Moore et al. 1993; Kramer et al.
1996; Levy et al. 1998; Barwick et al. 2000; Lee et al. 2002). In 1978, the CDC began to
specifically request information about recreational water outbreaks from state health agencies.
Before then, recreational water outbreaks were sporadically reported, and in the early years,
the database included several outbreaks reported in the literature.

Waterborne outbreak surveillance

Information available from the surveillance system pertains to outbreaks voluntarily reported.
The outbreaks are classified according to the strength of the epidemiologic evidence
implicating water as the vehicle of transmission. At least two persons must experience a
similar illness after the ingestion of or contact with water, and epidemiologic evidence must
implicate water as the probable source of the illness. Exceptions are single cases of laboratory-
confirmed, primary amebic meningoencephalitis (PAM) and chemical poisoning if water-
quality data indicate contamination by the chemical.

Since resources available for outbreak investigations differ from locality to locality and not
all outbreaks are rigorously investigated (Craun et al. 2001; Yoder et al. 2004), the reported
outbreaks do not always contain complete information about the number of ill or exposed
persons, duration of illness, etiologic agent, or suspected sources of contamination.
Outbreaks without water quality data or with incomplete information about sources of
contamination are included in the surveillance data if the epidemiologic evidence implicates
water (Lee et al. 2002; Yoder et al. 2004).

The surveillance system does not include endemic illnesses that may be associated with
recreational water. In addition, not all outbreaks are recognized, investigated, or reported,
and not all outbreaks are sufficiently investigated to estimate the total number of persons who
may have been affected. The likelihood that individual cases of illness will be detected and
investigated is dependent on many factors including: (a) public awareness of waterborne
illnesses, (b) local requirements for reporting cases of particular diseases, (c) the surveillance
and investigative activities of state and local public health and environmental agencies, and (d)
availability of and extent of laboratory facilities. Outbreaks associated with recreational water
are difficult to recognize and investigate because they usually result from persons who
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congregate in one venue and then disperse among the community or to other localities. Ill
persons may consult different health-care providers, and different health districts may have
jurisdiction for surveillance and investigation. Reliable estimates of the number of
unrecognized and unreported waterborne outbreaks or illnesses are not available (Yoder et
al. 2004).

Results

Outbreak statistics

During 1971 – 2000, the surveillance system contained information about 259 outbreaks and
an estimated 21,740 cases of illness, 36 emergency room visits, 206 hospitalizations, and 28
deaths (Table I). Most (58%) illnesses were associated with protozoan outbreaks, and most
(67%) hospitalizations and emergency room visits were associated with bacterial outbreaks.
Most frequently, exposure to contaminated recreational waters resulted in acute gastro-
enteritis and dermatitis (Table II). Gastroenteritis was reported in 61% of the outbreaks and
85% of the illnesses. Dermatitis was reported in 20% of the outbreaks and 8% of the illnesses.
PAM was reported in 28 single-case outbreaks. Occasionally, outbreaks of typhoid fever,
infectious hepatitis, leptospirosis, and other illnesses were reported.

Outbreaks were primarily associated with recreational activities in lakes or ponds and swim
pools (Table III). Other venues included wading pools, water slides, wave pools, interactive
water fountains, rivers, canals, springs, and creeks. In one outbreak, 61 persons who
volunteered for a dunking booth at a local fair became ill after accidentally swallowing water
(Moore et al. 1993).

Reporting trends. Almost two-thirds of the outbreaks were reported during 1991 – 2000
(Figure 1). The recent increase in the number of outbreaks may be due, in part, to increased
recreational activities and increased exposure to contaminated water; however, improved
surveillance and outbreak detection, investigation, and reporting by public health agencies are
also important. There has been a greater public awareness of waterborne pathogens such as
Giardia, Cryptosporidium, and E. coli O157:H7 and more prompt reporting of these illnesses to
health agencies in recent years. Reporting was inconsistent during the first half of the 30-year
surveillance period when fewer than five outbreaks were reported in each of 11 years. In three
of these years, no outbreaks were reported. The increase in the number of outbreaks was
primarily due to outbreaks associated with gastroenteritis symptoms (Figure 2). An increased

Table I. Etiology, recreational water outbreaks, USA, 1971—2000.

Outbreaks Cases of Illness

Etiology (n) % (n) %

Protozoa 97 37.5 12 701 58.4

Bacteria 97 37.5 4 548 20.9
Unidentified agents 40 15.4 2 966 13.6

Viruses 18 6.9 1 433 6.6

Chemicals 5 1.9 40 0.2

Bacteria and protozoa 1 0.4 38 0.2
Algae 1 0.4 14 0.1

Totals 259 100.0 21 740 100.0
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number of outbreaks were reported for both treated and untreated recreational water (Figure
3). In 2000, 20 outbreaks were associated with swimming, wading, and wave pools, water
slides, and interactive fountains, whereas only eight and nine outbreaks were associated with

Table II. Disease or Symptoms, Recreational Water Outbreaks, USA, 1971—2000.

Outbreaks Cases of illness

Disease or symptoms (n) % (n) %

Gastroenteritis 157 60.6 18 584 85.5

Non-chemical dermatitisa 49 18.9 1 761 8.1
Primary amebic

meningoencephalitis

28 10.8 28 0.1

Leptospirosis 7 2.7 426 2.0

Conjunctivitisb, pharyngitis,
or aseptic meningitis

(adenovirus or enterovirus)

6 2.3 746 3.4

Otitis externa 3 1.2 118 0.5

Chemical dermatitis 3 1.2 34 0.1
Hepatitis 2 0.8 26 0.1

Typhoid fever 2 0.8 11 0.1

Chemical bronchial irritation 1 0.4 3 5 0.1

Chemical keratitis 1 0.4 3 5 0.1

a includes one outbreak (35 cases) of dermatitis with otitis externa. b includes one outbreak (5 cases) of dermatitis with
conjunctival irritation.

Table III. Water source, recreational water outbreaks, USA, 1971—2000.

Outbreaks Cases of illness

Recreational water (n) % (n) %

Lake or pond 116 44.8 7 559 34.8

Swimming pool only 72 27.8 11 692 53.8

Swimming pool and other

watersa
17 6.6 431 2.0

River, stream, creek, or canal 12 4.6 80 0.4

Wading pool 10 3.9 195 0.9

Water slide, wave pool, or
interactive water fountain

7 2.7 1 247 5.7

Spring 7 2.7 137 0.6

Ditch or puddle 6 2.3 22 0.1

Swimming pool and wading
pool

5 1.9 268 1.2

Lake, pond, or river and other

watersb
3 1.2 3 5 0.1

Ocean 2 0.8 44 0.2
Dunking booth 1 0.4 61 0.3

Unknown 1 0.4 1 5 0.1

Totals 259 100.0 21 740 100.0

a Swimming pool and whirlpool (7 outbreaks), swimming pool and hot tub (9 outbreaks), and swimming pool and

sauna (1 outbreak). b Pond and swimming pool (1 outbreak), lake and swimming pool (1 outbreak), and river and
wastewater holding pond (1 outbreak).
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Figure 1.

Figure 2.
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these venues in 1999 and 1998, respectively. Before 1998, there were only two years when
more than five outbreaks were reported in treated recreation water. The number of outbreaks
reported during 1991 – 2000 in untreated water venues was significantly greater than the
number reported during the previous ten-year period; however, the annual number varied
greatly from as few as two outbreaks in 1997 to as many as thirteen in 1995.

Outbreak etiologies. A bacterial or protozoan etiology was identified in most outbreaks (75%)
and cases of illness (79%) during 1971 – 2000 (Table I). A viral etiology was identified in only
7% of both outbreaks and illnesses. Exposures to high levels of pool chemicals (chlorine,
bromine, sodium hydroxide) caused 2% of the outbreaks and less than 1% of the illnesses. An
infectious etiologic agent was suspected but not identified in the remaining outbreaks and
illnesses. All but two outbreaks of undetermined etiology resulted in acute gastroenteritis; in
these two outbreaks, investigators suspected Pseudomonas aeruginosa as the cause of otitis
externa and folliculitis.

Almost half (47%) of the protozoan outbreaks were associated with swimming or wading
pools and water fountains; 35% of the outbreaks were associated with lakes or ponds.
Outbreaks of bacterial etiology were also associated with swimming or wading pools and
fountains (45%) and lakes and ponds (46%). In an outbreak that occurred at an interactive
water fountain, both a bacterial and protozoan etiology (Shigella and Cryptosporidium) was
identified. Of the 18 reported viral outbreaks, 56% were associated with lakes or ponds.

Two dermatitis outbreaks were associated with marine water. One outbreak was attributed
to Microcoleus lyngbyaceus algae at an ocean beach in Hawaii (Moore et al. 1993). The second

Figure 3.
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outbreak occurred at an ocean beach in Delaware where local snails were found to contain
cercariae of Austrobilharzia variglandis, an avian schistosome that can cause cercarial
dermatitis (CDC 1982).

In recent years, reports of outbreaks of undetermined etiology have decreased, and
outbreaks of protozoan etiologies have increased. Only 11% of the outbreaks reported during
1991 – 2000 were of undetermined etiology; during 1986 – 90, 34% of the reported outbreaks
were of unknown etiology. During 1991 – 2000, 50% of the reported outbreaks were caused by
protozoa, but only 16% of the outbreaks reported during 1986 – 90 were caused by protozoa.

Seasonal distribution. The date of occurrence was available for 252 (97%) outbreaks reported
during 1971 – 2000. More than 70% of the outbreaks occurred during June, July, and August
when increased numbers of persons participate in water recreation. Persons have access to
indoor pools, especially at resorts and motels during cold weather months, and some areas of
the United States are warm enough for year-round water recreation. Some 17% of outbreaks
occurred during the months of September through February. Almost all (90%) of the
outbreaks of gastroenteritis occurred during the summer months. However, almost all (92%)
of the outbreaks of dermatitis occurred during the months of September through February.

Severity of illness. The number of illnesses associated with outbreaks varied during the 30-year
period. In 1981 only 14 illnesses were reported; 5,623 illnesses were reported in 1995. The
largest outbreaks occurred most recently when an average of 137 and 83 illnesses per outbreak
were reported during 1991 – 95 and 1996 – 2000, respectively (Figure 4).

Although information was not always reported about the severity of illness, at least 75
outbreaks (29%) resulted in one or more hospital admissions. Hospitalizations were caused by
various etiologic agents. The most frequent admissions were for persons diagnosed with
shigellosis (32%), cryptosporidiosis (24%), E. coli O157:H7 gastroenteritis (18%), and

Figure 4.
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leptospirosis (14%). In an additional four outbreaks, persons visited a hospital emergency
room, primarily for medical treatment of shigellosis. Shigellosis is characterized by diarrhea
accompanied by fever, nausea and sometimes vomiting, cramps, and tenesmus. In typical
cases, the stools contain blood and mucus.

PAM, an infection of the central nervous system caused by free-living ameba Naegleria
fowleri, usually occurs within 5 – 8 days after swimming and diving in warm fresh or
brackish water. The majority of cases have been reported from states with more temperate
climates like Florida and Texas, but cases have also been associated with lakes and ponds
in Arkansas, North Carolina, New York, and Oklahoma and a thermal spring in
California. The portal of entry is probably the nasal mucosa overlying the cribriform plate
during underwater swimming and diving (Visvesvara and Stehr-Green 1990; CDC 1991).
Infection is almost always fatal. Twenty-seven persons, mostly children and young adults
3 – 19 years old, died after becoming infected during the 30-year surveillance period. A
single non-fatal case was reported; a nine-year-old child survived after being infected while
bathing in a thermal spring.

A single death was associated with E. coli O157:H7, a pathogen that can elaborate potent
cytotoxins and cause hemolytic-uremic syndrome. Diarrhea can be mild or very severe with
stools that are virtually all blood.

Sources of contamination and deficiencies. In about half of the outbreaks reported during 1971 –
2000, information was available about sources of contamination and contributing factors such
as a high density of bathers. Multiple sources of contamination and deficiencies including
inadequate disinfection were reported in several outbreaks.

Inadequate attention to maintenance, operation, or treatment (e.g., disinfection or
filtration) was frequently reported in treated-water outbreaks. Important sources of
contamination for both treated and untreated waters included fecal accidents, ill bathers,
and diaper-age children (Table IV). In several outbreaks, adults were reported rinsing
diapers in the water. High bather density, heavy bather use, and bather crowding were
often cited as the possible source of contamination or as a contributing factor.
Overcrowding was a subjective conclusion based on investigators’ comments. For example,
investigators may have noted that the outbreak occurred during a time when the facility
had a very large number of bathers due to a holiday, special event, or high temperatures

Table IV. Source of contamination and deficiencies, recreational water outbreaks, USA, 1971 – 2000.

Percentage of outbreaks with listed contamination or deficiency a

Treated water Untreated water

Source of contamination or deficiency (%) (%)

Feces in water or ill bathers 36 31
Poor maintenance or operation; inadequate or

malfunctioning filter or disinfection

52 –

Bather overloading or crowding 13 34

Diaper aged children 18 25
Seepage or overflow of sewage 2 21

Animals 2 18

Flooding, heavy rainfall – 3

a Some outbreaks have multiple deficiencies; thus, totals are 4100%. One swimming pool outbreak is included

where no treatment was provided.
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(e.g., the hottest day of the season). Overcrowding was also noted without additional
comments. Sources of contamination for untreated waters included sewage discharges,
wildlife, and domestic animals.

Fecal accidents were identified or suspected in 39 outbreaks. In 15 (38%) of these
outbreaks, Cryptosporidium was the etiologic agent. E. coli O15:H7 and Shigella each caused
seven (18%) outbreaks where fecal accidents were reported. Norovirus and Giardia each
caused three (8%) and two (5%) outbreaks, respectively. The remaining outbreaks (13%)
were of undetermined etiology.

Cryptosporidium or Shigella caused most of the 25 outbreaks where diaper-age children were
suspected sources of contamination. Shigella was identified as the etiologic agent in seven
(28%) of these outbreaks, Cryptosporidium was identified in 6 (24%), and both agents were
identified in one (4%) outbreak.

In the 28 outbreaks where large numbers of bathers were reported or overcrowding was
noted, Shigella was the most frequently (32%) identified agent; no agent was identified in
eleven (39%) outbreaks.

Water quality. Water samples collected during the investigation were found to be coliform-
positive in 40 (85%) outbreaks where fecal accidents, diapered children, ill bathers, or bather
crowding was reported and in 8 (73%) outbreaks where a sewage discharge was identified.
Quantitative information about bacterial water quality was available for relatively few (38)
outbreaks (Table V). Less than 500 organisms per 100 ml were detected in 59% of those
outbreaks where water samples were analyzed for fecal coliforms, E. coli, or fecal
streptococcus.

In 1986, EPA recommended microbiological water quality guidelines for fresh and marine
recreational waters (EPA 1986; Dufour et al. 1984; Cabelli et al. 1983). The guideline for
fresh waters is a monthly geometric mean (based on five equally spaced samples) of 4 33/
100 ml for enterococci or 4 126/100 ml for Escherichia coli. For marine waters, the monthly
geometric mean water quality indicator concentration should be 4 35/100 ml enterococci.
State and local governments establish and enforce regulations for recreational water and may
use different guidelines, including a single sample maximum value, to determine when to
close beaches or post warning signs to alert potential bathers of poor water quality. The water
quality of a recreational lake or pond was reported as meeting local bathing water quality
standards in 12 (93%) of 13 outbreaks where this information was provided. In these 13
outbreaks, investigation reports provided no information about the limits that were applied. If

Table V. Number of outbreaks with water quality data obtained during outbreak investigations, 1971—2000.

Number of outbreaks and average number of coliforms/100 ml:

4126/100 ml 127 to 499/100 ml 5500/100 ml

Recreational water Fecal Coliform or E. coli Fecal Coliform or E. coli Fecal Coliform or E. coli

Lakes, ponds 16a 7 b 12c

Rivers, streams, creek, or canal 2

Springs 1

All 16 7a 15

a Includes 2 outbreaks where samples were analyzed only for total coliforms (30 TC/100 ml and 30 TC/100 ml).
b Includes one outbreak where sample was analyzed for fecal streptococcus (380 FS/100ml) and one outbreak where
sample was analyzed for total coliforms (208.5 TC/100ml). c Includes one outbreak where sample was analyzed for

only for total coliforms (1400 TC/100ml).
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the water samples that were collected during the outbreak investigations are assumed to be a
measure of compliance with EPA guidelines, then 16 (42%) outbreaks occurred in
recreational waters that met the EPA guidelines for fresh water (Table V). This includes
water samples where only total coliforms were measured; (i.e., it was assumed that the
coliforms were fecal coliforms). In an outbreak of E. coli O157:H7 in Wisconsin in 1999 (Lee
et al. 2002), total and fecal coliforms were detected in water samples collected before and
during the outbreak, but the levels detected did not exceed EPA guidelines for recreation in
fresh waters.

Outbreaks associated with treated tecreational water

During 1971 – 2000, almost all (94%) treated-water outbreaks were associated with
swimming and wading pools. Pool locations included community centers, parks and
campgrounds, water theme parks, motels and hotels, country clubs, day-care centers, schools,
and hospitals. Cryptosporidium, Pseudomonas, and Giardia were the three most frequently
identified etiologies of outbreaks in treated recreational water (Figure 5). Cryptosporidium
caused 32% of treated-water outbreaks and 80% of the cases of illness. Pseudomonas caused
31% of the outbreaks but only 10% of the illnesses. Giardia caused 9% of the outbreaks and
4% of the illnesses. An agent was not identified in 9% of the outbreaks and 4% of the cases of
illness. Cryptosporidium was an important cause of outbreaks associated with swimming pools
with and without wading pools, water slides, wave pools, and interactive water fountains.

Figure 5.
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Pseudomonas primarily caused outbreaks among users of swimming pools with and without
hot tubs or whirlpool baths. Giardia was an important cause of outbreaks among children
using wading pools.

A cryptosporidiosis outbreak in 1998 involved three community swimming pools in
Wisconsin (Barwick et al. 2000). A child, later diagnosed with Cryptosporidium, had a fecal
accident in each of the three pools on three successive days. Poor water quality and low
chlorine levels were noted in two cryptosporidiosis outbreaks at an apartment complex and
resort in Florida in 2000 (Lee et al. 2002). Fecal material was visible in the apartment pool.
At the resort, there were complaints of ‘‘cloudy’’ water, and numerous diaper-aged children
swam in the pool. In a third Florida outbreak in 2000, an infected child reportedly swam
while ill (Lee et al. 2002). In a cryptosporidiosis outbreak that affected 700 members of a
large private swim club in Ohio in 2000, oocysts were found in the water and inadequate
operation, low chlorine residuals, high bather loads, and fecal accidents were reported (Lee
et al. 2002). Another large outbreak of cryptosporidiosis was reported in Nebraska in 2000;
225 cases were associated with a cluster of four pools – outdoor adult and baby pools and
indoor adult and baby pools (CDC 2002). Before the outbreak, several fecal accidents had
occurred, and there was a two-day period when the baby pool was not chlorinated. In 1995,
an outbreak at a water park in Georgia caused an estimated 5,449 cases of cryptosporidiosis
after a probable fecal accident in the children’s pool; several stool specimens were positive
for both Cryptosporidium and Giardia (Levy et al. 1998). In 1996, an estimated 3,000
persons acquired cryptosporidiosis after being exposed to untreated water at a swimming
pool and water from a jet-ski spray while watching a water show at a water park in
California (Levy et al. 1998). As in the Georgia outbreak, some stool specimens were also
found to be positive for Giardia.

Waterborne outbreaks of dermatitis (rash or folliculitis) caused by Ps. aeruginosa serotypes
0 – 11 have been reported since 1975 (McCausland and Cox 1975; Washburn et al. 1976). The
rash has been described as intensely pruritic, progressing from a maculopapular to
vesiculopustular eruption within hours to several days after exposure (CDC 1980). Extended
and painful rashes associated with Pseudomonas outbreaks are unusual but have been reported
(Lee et al. 2002). Most of these outbreaks have been associated with whirlpool baths and hot
tubs, but swimming pool outbreaks have also been reported. Pseudomonads are well adapted
to survival in whirlpools, hot tubs, and indoor pools because of the warm water temperatures.
These waters are especially prone to contamination during periods of high use when it is diffi-
cult to maintain adequate disinfection levels. Ps. aeruginosa was identified as the etiologic agent
in 36 outbreaks, 35 of which occurred in treated waters. In 16 outbreaks, ill persons reported
using both a swimming pool and whirlpool, hot tub, or sauna. Also of interest are reports of
conjunctivitis, otitis externa, and other symptoms reported in Pseudomonas outbreaks. In
recent outbreaks in Alaska and Maine, persons reported nausea, headache, fever, fatigue and
sore throat in addition to dermatitis (Lee et al. 2002). In another outbreak inMaine in 2000, 11
persons who were staying at a hotel during a sports tournament reported a rash accompanied
by symptoms including ear infection, cough, headache and joint pain (Lee et al. 2002).

Other agents that caused outbreaks in treated water included Shigella (4%), chemicals
(4%), and E. coli O157:H7 (3%). Three Shigella outbreaks occurred among children using
wading pools or an interactive fountain and the fourth among water park visitors using a water
slide. Three swimming pool-associated E. coli outbreaks were reported. One outbreak was
associated with swimming in a poorly maintained and chlorinated indoor pool, and another
occurred at a wading pool frequented by diaper-aged children. The third E. coli outbreak
occurred at a water park where seven case-patients developed hemolytic uremic syndrome
and one person died.
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Outbreaks of chemical dermatitis were associated with incorrect dosing of chemicals to
adjust the pH of swimming pool water, the addition of chemicals to remove excess
chloramines, and high levels of disinfectants. Excess chlorine caused bronchial irritation in
one outbreak and rash and conjunctivitis in another. Three cases of chemical keratitis resulted
from exposure to bromine in a Vermont hotel swimming pool in February 2000 (Lee et al.
2002). Bromine levels were found to be greater than 5 mg/l.

Several outbreaks were associated with interactive fountains. In 1997, 369 persons became
ill with cryptosporidiosis after playing in a sprinkler fountain at a Minnesota zoo (Barwick et
al. 2000). The fountain was a popular place for diaper-age children to soak themselves during
the heat of the summer. Water was sprayed through the air, drained through grates, collected,
passed through a sand filter, chlorinated, and recirculated; however, it was not designed as an
interactive fountain. In Massachusetts, nine persons became ill from Shigella sonnei in 1997
after play in a wading pool that included a sprinkler fountain. Recirculated water was
disinfected with chlorine but not filtered, and many diaper-aged children were observed
sitting in the wading pool (Barwick et al. 2000). An outbreak that occurred in August 1999
among 38 persons who visited a Florida beach park was attributed to both S. sonnei and C.
parvum (Lee et al. 2002). The fountain’s recirculation, filtration and disinfection systems
were not approved by the health department and were inadequate or not completely
operational at the time of its use.

In 1995, an outbreak of Salmonella serotype Java was reported in Idaho among persons
using a scuba dive pool that had been filled with fish (Levy et al. 1998). In 1999, an outbreak
of Campylobacter jejuni was associated with a private pool in Florida that had ducks swimming
in the pool but did not have continuous chlorine disinfection (Lee et al. 2002).

Two swimming-pool outbreaks of conjunctivitis and pharyngitis in 1980 and 1982 were
caused by adenoviruses; the source of contamination was not identified in either outbreak
(CDC 1982a, 1983). In 1987, two outbreaks of enterovirus-like illness and aseptic meningitis
were reported in an inadequately chlorinated wading pool and a private pool that had been
filled with water from a nearby creek (Levine and Craun 1990). In 1989, 20 persons in
Louisiana contracted hepatitis after swimming in a campground pool; diaper-aged children
were the likely source of contamination (Herwaldt et al. 1991). One norovirus outbreak in
January 2000 was associated with swimming in a Wisconsin motel pool during a party where
diapered infants were allowed in the water (Lee et al. 2002). Persons became ill within
48 hours after attending the event, and stool specimens tested positive for norovirus. An
outbreak of suspected viral etiology occurred among 23 persons who attended three separate
pool parties at a California apartment complex in June 1999 (Lee et al. 2002). Swimmers
reported that the pool was overcrowded and toddlers were swimming in the pool.

Outbreaks associated with untreated recreational water

An etiologic agent was not identified in 21% of the outbreaks and 30% of the cases of illness
associated with bathing activities in untreated water venues during 1971 – 2000 (Figure 6).
Most of these outbreaks were associated with lakes and ponds (Table V). Shigella was the
most frequently identified etiology of outbreaks (21%) and illnesses (29%) in untreated-water
outbreaks. Other important agents included N. fowleri (17%), E. coli O157:H7 (9%),
Schistosoma causing swimmer’s itch (9%), norovirus (6%), Leptospira (5%), and Giardia (4%).
Cryptosporidium caused only 3% of the outbreaks, all among swimmers in lakes or ponds.
Causes of outbreaks among bathers in springs were due primarily to norovirus or N. fowleri.

Sixteen of the 28 single-case outbreaks of PAM were associated with swimming in lakes or
ponds. Five PAM cases were associated with swimming in rivers and canals, and three cases
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were associated with bathing in a thermal spring. PAM cases also occurred after facial
immersion in a puddle and playing in mud holes and swimming in a waste water holding
pond. In one outbreak, the infected person had fallen from a jet ski into the water.

In an E. coli O157:H7 outbreak of 36 laboratory-confirmed cases among visitors to a
Washington state park in 1999, seven persons were hospitalized; E. coli O157:H7 was
isolated from samples of lake water and sediment (Lee et al. 2002). E. coli O157:H7 also
was implicated in a September 1999 outbreak among two young children who had been
playing in ditch water in Florida (Lee et al. 2002); both clinical specimens and water
samples were positive for E. coli O157:H7. A toddler with severe diarrhea reportedly swam
in a Connecticut lake during a one-week period before an outbreak of E. coli O121:H19 in
2000 (Lee et al. 2002); lake water sampled after the outbreak was positive for total and fecal
coliforms.

In a New Jersey park, at least 300 cases of shigellosis occurred in a 1994 outbreak among
bathers in the swimming area of a reservoir where numerous fecal accidents had occurred and
people were seen rinsing diapers (Kramer et al. 1996). During 1995 – 1996, swimming in a
lake in Colorado contaminated with human feces caused 120 persons to become ill in two
separate outbreaks; in a Pennsylvania outbreak where most cases occurred among children
who were playing in the sand close to the water, soiled diapers were found near the implicated
lake (Levy et al. 1998). S. sonnei was the cause of two outbreaks at freshwater lakes in
Minnesota in 2000; in one outbreak, a large number of children were swimming, and a fecal
accident was the likely source of contamination (Lee et al. 2002).

Figure 6.
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In August 2000, a cryptosporidiosis outbreak of 220 persons occurred at a Minnesota
swimming beach where persons washed babies in the lake while changing diapers (Lee et al.
2002). Three persons in Indiana became ill with cryptosporidiosis in 1996 after heavy rains
washed cattle feces into a lake (Levy et al. 1998). In Massachusetts, 18 persons were
confirmed with G. intestinalis in a 1999 outbreak after swimming in a local pond that had high
coliform levels (Lee et al. 2002). Two outbreaks of typhoid fever in 1971 and 1972 affected 11
children who swam and played in drainage pools and ditches contaminated with sewage
(CDC 1973; Klein 1972).

An outbreak of conjunctivitis and pharyngitis attributed to enterovirus was reported among
swimmers at a Wisconsin lake in 1983; the source of the contamination was not identified
(CDC 1984). Adenovirus serotype 3 was isolated from clinical and water samples in a 1991
outbreak of 595 persons who reported conjunctivitis, pharyngitis, and fever after swimming in
a pond in North Carolina (Moore et al. 1993). In Missouri in 1971, six persons contracted
hepatitis A after swimming in a sewage-contaminated river (anon. 1971). In three norovirus
outbreaks that occurred among bathers at lakes, fecal contamination from the bathers or
sewage was identified as the source of contamination. In the four remaining norovirus
outbreaks, a source of contamination was not identified. In one of two norovirus outbreaks in
thermal springs, poor personal hygiene was the likely source of contamination.

The largest outbreak of leptospirosis ever reported in the United States occurred in Illinois
during 1998 among competitors in a triathlon; 375 persons became ill after swimming in a
lake; 28 were hospitalized (Barwick et al. 2000; CDC 1998). In 1991, an outbreak of
leptospirosis was associated with swimming in a rural pond in Illinois; Leptospira interrogans
was found in urine specimens from cases and in pond water (Moore et al. 1993). Swimming
in waters contaminated by animal urine was the likely explanation for an outbreak of
leptospirosis among 21 persons who participated in an adventure race in Guam in July 2000
(Lee et al. 2002). These persons reported various outdoor exposures including swimming in a
river and a reservoir. Leptospira was confirmed via serology, and the epidemiologic
investigation demonstrated that swimming in the reservoir, submerging one’s head in the
reservoir and swallowing water while swimming were significant risk factors for illness.

Discussion

The discussion includes a comparison of the recently reported 2001 – 2002 outbreak statistics
(Yoder et al. 2004) and the 1971 – 2000 statistics. During 2001 – 2002 Yoder et al. reported
outbreaks that included: 30 gastroenteritis outbreaks associated with recreation in lakes,
pools, a river, a pool/hot spring, and a puddle; eight dermatitis outbreaks reported among
persons who swam in a lake or used both a pool and spa; seven single-case outbreaks of PAM
associated with lakes; one single-case outbreak of PAM associated with a river; two outbreaks
of acute respiratory illness associated with exposure to an accidential release of chlorine gas at
an indoor and outdoor pool; and two outbreaks of acute respiratory illness associated with
exposure to an accumulation of chloramines at indoor pools. The seasonal distribution of
these outbreaks was similar to that reported for outbreaks during 1971 – 2000.

Outbreaks associated with recreational water continued to increase during 2001 – 2000
when, an average of 25 outbreaks per year were reported. During 1991 – 1995 and 1996 –
2000, respectively, an annual average of 14 and 18 outbreaks were reported. This increase
could reflect improved surveillance and reporting at the local and state level, a true increase in
the number of outbreaks, or more likely, a combination of these factors. Although increased
reporting of outbreaks occurred in both treated and untreated recreational water, a greater
increase occurred in treated-water outbreaks where, on average, 14.5 outbreaks per year were
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reported during 2001 – 2002 compared to 5 and 9 outbreaks per year during 1991 – 1995 and
1996 – 2000, respectively. A relative modest increase occurred for outbreaks in untreated
water where outbreaks increased from 8 to 9.5 per year during 1996 – 2000 to 2001 – 2002.

In recent years, cases of illness associated with these outbreaks have exceeded those
reported in drinking water outbreaks. During 1995 – 2000, 13,131 illnesses were reported in
recreational water outbreaks compared with 9,094 illnesses in drinking water outbreaks.
During 2001 – 2002, this difference was even greater, as the number of illnesses reported in
recreational water outbreaks was more than two-fold greater than illnesses in drinking water
outbreaks.

Dose-response studies have shown that relatively few organisms of Cryptosporidium,
Giardia, Shigella and E. coli O157:H7 are required to cause infection (Rendtorff 1954;
DuPont et al. 1995, 1989; Moyer 1999; Benenson 1995). Thus, the unintentional ingestion
of a single mouthful of contaminated water while swimming and bathing can cause illness,
even in non-outbreak settings (Seyfried et al. 1986; Calderon et al. 1991). Swimming is
essentially communal bathing, and pathogens can be introduced by the rinsing of soiled
bodies and other bather activities. Most recreational outbreaks reported both during 1971 –
2000 and 2001 – 2002 occurred while swimming in lakes and swimming pools that were
contaminated by fecal accidents and children in diapers and where bather overcrowding was
suspected. However, in outbreaks during 2001 – 2002, bather overcrowding and diapered
children were reported more frequently in treated water venues and less frequently in
untreated water venues. High temperatures, special events, and holidays can result in bather
overcrowding, and weather conditions (e.g., wind, rain, drought) can affect the water quality
in pools and lakes. Outbreaks were also caused by contamination of untreated water by
sewage discharges, watershed runoff from agricultural and residential areas, algal blooms, and
various animal and avian species. Wild and domestic animals, as well as infected humans, can
be sources of pathogens that can cause gastroenteritis, dermatitis, or other illnesses.

During both 1971 – 2000 and 2001 – 2002, relatively few (14 – 15%) outbreaks were of
undetermined etiology. Outbreaks of undetermined etiology primarily occurred in untreated
waters. Protozoan and bacterial agents caused almost three-fourths of the outbreaks reported
during 1971 – 2000 and slightly more than half of the outbreaks reported during 2001 – 2002.
During 2001 – 2002, norovirus was identified in 10% of the outbreaks compared to only 4%
during 1971 – 2000. This may largely be due to improved laboratory capabilities and
increased analyses. Outbreaks associated with chemical exposures were also more important
during 2001 – 2002 (8%) than during 1971 – 2000 (2%). Outbreaks in 2001 and 2002
emphasize the importance of adequate operation, maintenance, and training; illnesses
associated with exposure to chlorine gas or chloramines were characterized by respiratory
symptoms, nausea, skin rash, and eye and throat irritation (Yoder et al. 2004). Chloramine
exposures occurred at indoor pools, and chlorine gas exposures occurred at an indoor and an
outdoor pool.

Outbreaks attributed to bacteria, such as Shigella and E. coli O157:H7, were associated
primarily with swimming in fresh water (i.e., lakes, ponds, reservoirs). In contrast, most of the
outbreaks caused by Cryptosporidium and Giardia were reported in chlorinated, filtered pool
waters. Although Cryptosporidium and Pseudomonas were the principal causes of outbreaks in
treated recreational water both in 2001 – 2002 (56%) and 1971 – 2000 (63%), other etiologies
differed. During 2001 – 2002 compared to 1971 – 2000, there were increased percentages of
treated-water outbreaks caused by norovirus (10 vs. 5 1%) and Shigella (7 vs. 4%). No
Giardia outbreaks were reported in treated water during 2001 – 2002, whereas 9% of the
treated-water outbreaks during 1971 – 2000 were caused by Giardia. In untreated recreational
waters, N. fowleri, Cryptosporidium, norovirus, and toxigenic E. coli increased in importance.
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During 2001 – 2002 compared to 1971 – 2000, there were increased percentages of untreated-
water outbreaks caused by N. fowleri (38 vs. 17%), Cryptosporidium (10 vs. 3%), norovirus (14
vs. 6%), and toxigenic E. coli (14 vs. 9%). No Shigella outbreaks were associated with treated
recreational water during 2001—2002, whereas 21% of the treated-water outbreaks during
1971 – 2000 were caused by Shigella.

Cryptosporidium and Giardia are relatively resistant to disinfection by chlorine, and some
pool filtration systems might not be effective in removing oocysts. Poor maintenance or
operation and inadequate water treatment were identified as deficiencies that contributed to
52% of all outbreaks reported in treated water venues during 1971 – 2000. Similar statistics
were reported during 2001—2002. Even pools with filters and disinfection practices capable
of removing or killing these parasites may require hours or even a day to completely
recirculate and disinfect the pool water once it becomes contaminated (e.g., by a fecal
accident). Swimmers remain at risk until the contaminated water is recirculated through an
effective water treatment process, and the water can become recontaminated if persons
continue to swim. The risk for transmission of waterborne pathogens can also increase
because of problems in the design of pools that result in areas with poor water circulation,
mixing of water from different pools during filtration, and the depletion of residual
disinfection levels (Carpenter et al. 1999; CDC 1976).

Although most bacterial outbreaks were associated with untreated water, outbreaks of
bacterial etiology also occurred in treated water where residual disinfectant levels would be
expected to prevent these outbreaks. Low chlorine levels found during an outbreak at a large
water park emphasize the importance of frequent monitoring and maintaining adequate
chlorination levels in large shallow pools, especially those used by young children. Since fecal
contaminants and other organic material can rapidly consume the available chlorine, low
chlorine residuals indicate possible water quality deterioration.

Although gastroenteritis is the most frequently reported illness in recreational water
outbreaks, other illness have been reported and efforts to prevent these illnesses should not be
forgotten. Outbreaks of Pseudomonas dermatitis are preventable if water is maintained at a pH
of 7.2 – 7.8 with free, residual chlorine levels in the range of 2.0 – 5.0 mg/L (CDC 1981). A
person’s susceptibility and immersion time, along with the number of bathers per unit area,
also influence the risk for infection (Highsmith and McNamara 1988). Close attention to
bather overcrowding, as well as frequent disinfectant level monitoring and attention to
maintaining adequate treatment, can help prevent these outbreaks.

Spring water was implicated in seven outbreaks during 1971 – 2000, five of which were
associated with thermal springs. Springs and geothermal pools pose an increased risk to
swimmers because their high levels of minerals and elevated temperatures may contribute to
microbial growth and contamination. Improved education of patrons and staff about good
hygiene practices is important, and in some instances, supplementary treatment or other
measures may be needed to reduce risks.

Leptospira spp. can be found frequently in wild animal urine, and leptospirosis can be
acquired through abrasions, inhalation of aerosols, or ingestion of water while swimming
(Nelson et al. 1973; Lee et al. 2002). Swimmers should be educated about the potential risks
of swimming in ponds and lakes that are not secured from entry by wild animals and that may
be subject to contamination by wild or domestic animals.

The extent of the problem of cercarial dermatitis due to freshwater exposure is unknown,
but it is likely that it occurs more frequently than what has been reported. Cercariae occur
naturally in ecosystems that bring snails and birds closely together, and a number of the
freshwater lakes in the United States have the potential to cause dermatitis among swimmers
(Verbrugge et al. 2004). Persons should pay careful attention to where they swim, avoid
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shallow swimming areas known to be appropriate snail habitats in lakes associated with
cercarial dermatitis, and report any incidents to their local health department to prevent
further illnesses.

Inadequate pool operation and maintenance were often reported as contributing factors to
treated-water outbreaks. Analysis of over 22,000 pool inspection records revealed that the
majority of pool inspections had at least one pool code violation for water quality,
recirculation system, or pool management and 8.3% of inspections resulted in immediate
pool closure (CDC 2003). In partnership with a consortium of local and national pool
associations, the CDC developed health communication materials for staff who work at
treated water venues. This includes a caution to the public about health risks associated with
swimming and wading pools, ways to reduce these risks, and a recreational water outbreak
investigation tool kit for public health professionals (www.cdc.gov/healthyswimming).
CDC has also developed and published technical information concerning laboratory
diagnostics and a recreational water outbreak investigation toolkit that can be used by public
health professionals.

Training of water park and pool managers, operators, and staff should include information
about the transmission of waterborne illnesses and the critical role of treatment (i.e.,
disinfection, pH control, and filtration), operation/maintenance, and monitoring in
preventing these illnesses. Health education activities should stress the potential for
contamination by overcrowding, fecal accidents, and diaper-aged children. Good hygiene
practices are required. Adequate toilet and diaper-changing facilities should be provided, and
showers required before bathing. Although difficult to enforce, an important measure is
preventing persons, especially young children from entering recreational waters if they are
experiencing or convalescing from a diarrheal illness. The development of effective policies
regarding fecal accidents and limiting the number of bathers in recreational water facilities are
also needed, but additional research is needed, especially for water quality indicators and
monitoring to assess bather contamination (CDC 2001). Contamination of pools and
freshwater venues may require lengthy periods of closure or other ways to limit use before
swimming can resume.

Because of the severe consequences associated with PAM, it is important to educate the
public about the risks of PAM when swimming in certain locations. Since the amoebas
associated with PAM are believed to enter through the nasal passage, limiting the amount of
water forced into the nasal passages during jumping or diving by holding the nose or wearing
nose plugs can reduce the risk of infection.

The effectiveness of health communication messages should be also assessed. For example,
although cercarial dermatitis was a known problem at several of the lakes implicated in
outbreaks during 1999 – 2000, signs posted by the health department regarding this problem
were ignored by swimmers. Also, one gastroenteritis outbreak involved persons who swam in
a lake that was clearly marked with signs indicating that the lake was unsafe for swimming.
Additional microbial indicators and monitoring for fecal contamination may also be needed
for freshwater recreational areas potentially contaminated by sewage. When one or more
samples were collected during the outbreak investigations, it was surprising to find that
current fecal indicators were present in relatively low numbers, and although the data are
limited to only 13 outbreaks, investigators reported that the water quality had not exceeded
state or local bathing water limits. In addition, limited water quality data are available for 26%
of the outbreaks in fresh water. If it is assumed that water samples collected during the
outbreak investigation reflect compliance samples, almost half of these outbreaks would have
occurred in freshwaters that did not exceed EPA guidelines. It should be recognized that
investigations were conducted after illnesses were reported, and the water quality of samples
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collected then might reflect improved water quality. However, these findings suggest the need
for additional research on appropriate health indicators and monitoring frequency.

Current efforts by EPA under the Beaches Environmental Assessment, Closure, and
Health (BEACH) program are aimed at reducing the risk for infection attributed to fresh and
marine recreational water by strengthening water quality standards and monitoring frequency.
Other activities include evaluating faster laboratory test methods, assessing sources of
contamination, and increasing health- and methods-related research. To improve public
access to information regarding both the quality of the water at their beaches and health risks
associated with swimming in polluted water, EPA’s Beach Watch (www.epa.gov/water-
science/beaches) provides online information regarding water quality, local protection
programs, and other beach-related programs. Ongoing epidemiologic studies by EPA will
provide information about the effectiveness of new, rapid (results in less than 2 hours) water
quality indicator methods (www.epa.gov/nerlcwww/neearnerl.htm) and will be used to
develop new EPA recreational water quality guidelines.

Conclusions

Although reporting is incomplete and the accuracy of case counts vary, surveillance activities
have helped identify the types of recreational water, deficiencies and sources of contamina-
tion, and etiologic agents that are important causes of outbreaks in the United States. This
information and recent increases in the number of reported outbreaks suggest the need to
develop improved prevention and control to provide safe recreational waters. The prevention
of illness from contaminated recreational waters requires a comprehensive approach that
includes the control and remediation of environmental contamination, improved training of
beach/pool managers and maintenance staff, and enhanced health education activities. To be
effective, prevention and control programs depend on the close collaboration of local, state,
and federal public health and regulatory agencies. It is also important that ways be developed
to share surveillance, monitoring, and research information.

An important limitation of the outbreak surveillance data is the lack of information about
sporadic waterborne illness. The outbreak statistics do not reflect the true incidence of
waterborne outbreaks or illness, and additional regulations and control strategies may be
necessary to prevent endemic waterborne illness. Recently initiated epidemiologic studies of
endemic disease risks should help provide information in this regard.

Increased outbreak surveillance activities should also be considered to improve outbreak
recognition and investigation, especially in localities where exposures may differ from the
reported outbreaks in terms of recreational activities, water temperatures, contamination
sources, or other local conditions. The evaluation and reporting of recreational-associated
waterborne outbreak statistics from other countries is also encouraged.
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Current focus

Cryptosporidiosis: epidemiology and impact
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Abstract

Cryptosporidium was first recognized in humans in 1976 and came to prominence in the 1980s and 1990s as a cause of severe diarrheal
illness in patients with AIDS. Its hardy, chlorine-resistant oocysts, tiny size, low infectious dose, fully infectious development when shed
and zoonotic potential make it a threat in drinking and recreational water, contaminated food, day care centers, hospitals, and in persons
with exposure to animals or unsanitary conditions, with potentially huge, long-term impact in malnourished children, as reviewed herein.
© 2002 Éditions scientifiques et médicales Elsevier SAS. All rights reserved.
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1. History

Cryptosporidiosis, first recognized in the stomachs of
autopsied mice by Tyzzer in 1907 [1] and first reported in
humans in an immunocompetent child and in an immuno-
suppressed adult with diarrhea in 1976 [2,3], had only been
anecdotally described in eight human patients (six with
documented immunocompromise, including a child with
congenital hypogammaglobulinemia and another with IgA
deficiency) until AIDS patients with sometimes devastating,
cholera-like diarrhea (and an outbreak among veterinary
students with impressive calf diarrhea exposure) brought it
to prominence [4–6]. Since then, cryptosporidiosis has
become recognized as a highly chlorine-resistant pathogen
for immunocompetent as well as immunocompromised
humans. Most notorious is the huge waterborne outbreak
affecting over 400,000 residents of South Milwaukee in
1993 [7]. In addition, cryptosporidiosis is increasingly
appreciated as a cause of intestinal malabsorptive function
not only in patients with AIDS [8,9], but also in malnour-
ished children living in impoverished, developing areas
[10–15].

As discussed in detail elsewhere, although over 20
different “species” of Cryptosporidium have been “named”
in the literature, biologic, ribosomal RNA and genetic

studies suggest that three larger, “gastric” (or cloacal)
species (C. muris, C. serpentis, and C. baileyi, in rodents,
reptiles and chickens, respectively) are distinct from the
smaller, intestinal C. parvum (both the human genotype 1
and the bovine (and human genotype 2)) and its close
“relatives” C. felis, C. meleagridis (seen in turkeys),
C. wrairi (seen in guinea pigs) and possibly C. saurophilum
(seen in skinks), and C. nasorum (seen in fish). To date,
most human infections are with C. parvum (type 1 and some
type 2). In addition, C. meleagridis, C. felis, and a dog
genotype of C. parvum have been associated with human
infections and/or diarrhea in adults with AIDS as well as in
children in developing areas [16–20].

2. Cryptosporidiosis in immunocompromised
and normal hosts

Cryptosporidiosis has now been reported from over 40
countries in six continents in both immunocompetent as
well as immunocompromised patients around the world
[21]. In a review of over 130,000 presumably immunocom-
petent patients with diarrhea in 43 studies in developing
areas (Asia, Africa and Latin America) and in 35 studies in
industrialized countries (in Europe, North America and
Australia), Adal et al. [22] noted that 6.1% and 2.1% in
developing and developed areas with diarrhea (vs. 1.5% and
0.15% in controls without diarrhea) had Cryptosporidium
infections (see Table 1). Among HIV-positive patients with
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diarrhea, the percentages with Cryptosporidium infections
rose to 24% and 14% (vs. 5% and 0 in HIV-infected controls
without diarrhea) in over 1500 patients in nine studies in
developing and in 13 studies in developed areas, respec-
tively (Table 1) [22].

Serosurveys suggest that about 20% of individuals in the
US experience cryptosporidial infections by young adult-
hood (numbers reach 58% in Oklahoma adolescents [23]
and are higher, of course, for Peace Corps volunteers after
working in developing areas [24]), while about 65% of
children living in rural China become seropositive by
8–10 years of age and over 90% of children living in an
urban shantytown in Northeast Brazil are seropositive by
the end of their first year of life [10,25]. The consequences
of these numerous infections (many of which may have
important effects on absorption, nutrition and development,
especially those in early childhood, with or without causing
overt “diarrhea”) are discussed in detail in Section 6.

3. Life cycle, biology and epidemiology

As shown in Table 2, critical to the epidemiology and
spread of Cryptosporidium are five remarkable, distinguish-
ing characteristics: (1) its impressively hardy oocysts that
are highly resistant to chlorine and to acid; (2) its relatively
small size; (3) its apparent low infectious dose; (4) its fully
sporulated and infectious nature immediately upon shedding
(unlike, for example, its “cousin”, Cyclospora); and (5) its
zoonotic potential (at least for strains other than C. parvum,
genotype 1).

3.1. Chlorine, iodine (and relative acid) resistance

A distinguishing characteristic of Cryptosporidium is its
remarkable resistance to chlorine as used in drinking water
treatment, swimming pools and even, for short periods, full
strength household laundry bleach. A study of effects of
fecal material on the chlorine concentration–time (Ct)
calculation required to kill infectious Cryptosporidium oo-
cysts for mice [26] confirms the previously published Ct
values of 7200–9600 [27], i.e. >2 d (2880 min) at “normal”
pool chlorine concentrations of 2 ppm. However, when
fecal material was added, the Ct was increased over
threefold; in fact, all oocysts remained infectious even after
exposure of fecally contaminated material to 10 ppm chlo-
rine for 48 h [26]. Consequently, Cryptosporidium is readily
transmitted in fully chlorinated drinking water, as well as in
public swimming pools [28]. Its relative acid resistance
means that even though it does not multiply in foods,
Cryptosporidium can also be transmitted in relatively acidic
foods such as apple cider [29].

3.2. Relatively small size

As its 4–6-µm size is about one-third the size of amebic
or Giardia cysts for which traditional filtration methods are
effective, Cryptosporidium oocysts have proven to be a
huge menace to the water treatment industry, requiring
increasingly strict criteria for turbidity standards. The small
size of cryptosporidial oocysts means that they are more
difficult to filter (relative to oocysts of larger Giardia or
Cyclospora parasites, for example), thus making Cryptospo
ridium a particular challenge to effective water treatment
methods. For example, the 1993 Milwaukee outbreak in-
volved water with acceptable turbidity at that time
(<0.5 NTU, nephilometry turbidity units), a standard that
has subsequently been tightened. However, even the new,
more stringent criteria may not be perfectly safe, as sug-
gested by the outbreak of cryptosporidiosis in Clark Co.,
Nevada, despite full chlorination and “state-of-the-art” wa-
ter treatment [30].

3.3. Low infectious dose

The infectious dose, initially reported to be a median of
132 oocysts for a single, type 2 (bovine) strain given to
human volunteers [31], now appears to range from 9 to 1042
for three different bovine strains fed to humans [9,32], and

Table 1
Frequency of Cryptosporidium positivity in patients with diarrhea and
controls with and without HIV in developing and developed countries a

Cases (%) Controls (%)

Developing countries
HIV– 6.1% (1486/24,269) 1.5% (61/4146)
HIV+ 24% (120/503) 5% (5/101)
Developed countries
HIV– 2.1% (2232/107,329) 0.15% (3/1941)
HIV+ 13.8% (148/1074) 0% (0/35)
.

a From a review of 52 studies in developing countries and 48 studies
in developed countries [22].

Table 2
Special characteristics of Cryptosporidium that are relevant to its epidemiology and transmission

Characteristic Epidemiologic significance

1 Hardy, chlorine (and acid)-resistant oocysts Readily spread in fully chlorinated water or swimming pools and acidic foods (e.g. cider)
2 Relatively small size Difficult to filter; menace to water industry
3 Low infectious dose Easily acquired with high infection rates (e.g. Milwaukee water, DCC, hospitals, households)
4 Fully infectious when shed Person-to-person spread (e.g. households, hospitals, day care centers)
5 Zoonotic potential Animal contact (e.g. vet students; cattle, zoo related outbreaks)
.
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even less is known about the infectious dose of the human
strain that causes most outbreaks. Extrapolations from the
Milwaukee outbreak suggest that the infectious dose may be
as low as 1–10 oocysts for some individuals [10,33].

3.4. Fully infectious oocysts upon shedding

In addition to their remarkable chlorine resistance, small
size and low infectious dose, the full development of
Cryptosporidium oocysts by the time they are excreted to a
promptly infectious stage means that it can be readily spread
by direct person-to-person contact, and thus determines a
key aspect of the epidemiology of Cryptosporidium infec-
tions. This is quite different, for example, for its sporozoan
relative, Cyclospora, which, though also readily infectious
with low oocyst doses, and also spread in foods (like
raspberries) and water, is not initially infectious when shed,
and thus does not appear to exhibit the same problem of
secondary household spread or spread in institutions, at least
to the extent that Cryptosporidium can. Consequently, taken
with its low infectious dose described above, like other
enteric pathogens with low infectious doses, Cryptospo-
ridium can be readily spread by direct person-to-person
contact in households [10], hospitals and extended care
institutions [34,35], and day care centers [36,37]. Further-
more, especially difficult for control is the extended period
of shedding often long after the overt symptomatic illness
[36]. This may also lead to relapse or secondary spread,
although the latter usually tapers off after an outbreak
[38,39].

3.5. Zoonotic potential

While apparently not the case for genotype 1 C. parvum,
genotype 2 C. parvum and other genotypes and Cryptospo-
ridium species increasingly appear to have less stringent
host species specificities. An impressive range of 152
different mammalian species have been reported to be
infected with C. parvum or with a C. parvum-like organism
[40]. This is again quite different from Cyclospora, which,
despite a careful search in endemic Haiti, has not been
found in animals [41]. As noted above, in addition to many
human infections related to cattle exposure (as in veterinary
students, farm and zoo exposures, and even cider from
indirect cattle exposure), several reports now describe
associations of C. felis, C. meleagridis and a dog genotype
of C. parvum with human infections in adults with AIDS
and in children in developing areas. One report describes the
shedding of apparent C. muris oocysts by two asymptomatic
Indonesian children [42]. Recently, the specificity of geno-
type 1 for humans has also been challenged by the report of
its infecting a dugong [43].

Genetic studies of 39 outbreak isolates of Cryptospo-
ridium (from nine different outbreaks in the US and Canada)
suggest that most outbreaks in the US (six of eight) are with
the human (genotype 1) parasite [44–46], which, when fed

to calves or mice fails to infect, suggesting at least relative
human host specificity [44]. In contrast, most sporadic cases
of cryptosporidiosis reported in the UK are often with the
bovine genotype [45], suggesting possible zoonotic sources.
In an extensive study of over 1700 human fecal samples in
cases in the UK, fully 61.5% were with genotype 2 (bovine)
C. parvum, often with animal contact, while genotype 1 is
seen (often with genotype 2 in mixed infections) in drinking
water, swimming pool and travel-related cases [47]. Fur-
thermore, epidemiologic studies in three of the four geno-
type 2 outbreaks in North America (one in Maine [29], one
in British Columbia [48], one in Pennsylvania [44]) sug-
gested zoonotic sources, and the fourth outbreak could well
have been zoonotic, because it was associated with a
sprinkler at a zoo [49].

Finally, new (as well as recognized) genotypes being
found in wildlife suggest that sylvatic transmission of
C. parvum genotype 2 and possibly novel genotypes is
common in deer, chipmunks, mice, muskrats and occasional
raccoons and skunks, and must be considered when strains
are found in water sources or in association with outbreaks
[50].

4. Means of transmission

As introduced above (and as shown in Fig. 1), the tiny,
hardy, chlorine-resistant oocycsts of Cryptosporidium can
be transmitted in several different ways.

4.1. Drinking water

Probably most common is waterborne transmission,
whether in fully chlorinated drinking water (that has been
contaminated usually via contaminated surface water) or by
sewage effluent, since sewage treatment often does not kill
the parasite [27,40,51,52]. Fayer et al. have reviewed some
50 waterborne outbreaks reported from throughout the US,
UK, Canada and New Zealand, and the documentation of
widespread fecal contamination with oocysts in wastewater,
activated sludge, ground and surface water, and treated
drinking water [40]. Although questions remain about
viability, species and sources of oocysts found in tap water,
numerous outbreaks (including the huge Milwaukee out-
break) amply document the importance of waterborne
transmission of C. parvum infections in humans.

4.2. Recreational water

In addition, 31 outbreaks [40] affecting over 10,000
people have associated cryptosporidiosis with exposure to
recreational water, often despite its full chlorination, and
often related to frequent fecal accidents by diapered infants,
toddlers, or incontinent individuals.
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4.3. Food

Several documented food-associated outbreaks have im-
plicated fresh pressed cider in Maine and New York [29,40],
improperly pasteurized milk in the UK [53], chicken salad

in Minnesota [54], uncooked green onions in Spokane,
Washington [55], and an infected cook who cut fresh
vegetables and fruit in a Washington, DC cafeteria [46].

Fig. 1. Life cycle of cryptosporidia.
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4.4. Person-to-person

Person-to-person transmission occurred in households in
5.4% (of household contacts who developed symptomatic
disease in the Milwaukee outbreak) to 19% (of family
members of infected children in Fortaleza, Brazil develop-
ing disease or seroconversion) [38]. The nosocomial and
day care center outbreaks noted above [34–36] are also
likely related to direct person-to-person spread in institu-
tional settings where sanitation is difficult. Association with
anal sexual exposure also likely reflects person-to-person
direct spread as well [56].

4.5. Animals-to-people

In addition to the links of bovine (genotype 2) cryptospo-
ridiosis to cattle exposure on farms and through unpasteur-
ized milk and apple cider, the outbreak of cryptosporidiosis
among veterinary students in the early 1980s illustrates the
potential for direct animal-to-person transmission of C. par-
vum [6]. The cases of human infection with cat, dog, and
turkey genotypes mentioned above also implicate transmis-
sion from animals [10].

4.6. Other potential environmental sources

Environmental sources include well-documented com-
mon presence of Cryptosporidium oocysts in cattle, manure
and farm watershed runoff [57,58]. Other potential environ-
mental sources of cryptosporidial infections include Canada
geese, Peking ducks, oysters, mussels and cockles
[17,40,59,60], although care must be taken to distinguish
similar acid fast Haplosporidium [61].

4.7. Flies, cockroaches and other potential vectors

Cockroaches, houseflies, dung beetles and microscopic
rotifers in water have all been suggested as potential vectors
of spread for C. parvum [40,62,63,64]. Finally, despite
frequent pulmonary symptoms in immunocompromised pa-
tients with cryptosporidiosis and apparent respiratory acqui-
sition of avian species among birds, airborne transmission to
humans is not well documented.

5. Seasonality and other risk factors

Cryptosporidial infections are typically seen predomi-
nantly during the warm or wet season in tropical developing
areas, when increased rainfall presumably results in greater
spread of contaminated surface water used for drinking [10],
an effect that is not seen with other enteric protozoa like
microsporidia, for example [65]. Bern et al. [66] also found
that Cryptosporidium infections were most common in the
rainy season in Guatemala (while Cyclospora peaked in the
warmer months, and tended to affect older children, and was

more associated with diarrhea). Others, however, do not see
a distinct association with the rainy season and see Cy-
clospora in cooler months (in Haiti) [67].

Another risk factor appears to be weaning, especially at
a young age, suggesting that breast feeding provides some
protection, whether by protective factors like immunoglo-
bulin or simply by a safer source of primary sustenance in
vulnerable young infants [68–71].

Other major risk factors include consumption of poten-
tially contaminated water, lower household income and
older age [72]. In addition, among homosexual and bisexual
HIV-infected men, seropositivity was related to spa and
sauna exposure and to anal sexual exposure, albeit not to
CD-4 lymphocyte counts (while symptoms are highly cor-
related with low CD-4 counts) [73].

6. Impact and consequences

Without question, cryptosporidiosis constitutes a leading
cause of persistent diarrhea in tropical, developing areas,
both among children, in whom it often signals a period of
increased diarrhea burden or nutrition shortfalls [14,15,74]
as well as in patients with AIDS, in whom it can be
devastating and often fatal [30,65,75].

In addition, however, the impact and consequences of
cryptosporidiosis may well be far greater than generally
appreciated, because of the lasting impairments in growth
and development that may follow, especially with early
childhood infections in impoverished areas, and possibly
with malabsorption of key drugs such as antiretroviral or
antituberculous drugs (Brantley, Silva, Lima, Guerrant,
unpublished observations). Checkley et al. [11] reported
impaired weight gain in the month following symptomatic
or even asymptomatic cryptosporidial infections in children
in Peru, where malnutrition did not appear to be a significant
risk factor for infection. In a follow-up study of 185
children, those with cryptosporidial infection experienced
several months of weight and height faltering, an effect that
in young children (i.e. <6 months) or stunted children per-
sisted (with about 1 cm growth shortfall) at 1 year after
infection [12]; i.e. young and stunted children did not
experience “catch-up” growth after their cryptosporidial
infections.

Furthermore, we are now learning that the 4–8 dehydrat-
ing, malnourishing diarrheal illnesses that often occur each
year in the critically formative first 2 years of life may have
profound, lasting consequences for impaired fitness, growth,
cognitive development and school performance several
years later. Our initial studies in Northeast Brazil show
reduced fitness 4–6 years later associated with early child-
hood diarrhea, and specifically with cryptosporidial infec-
tions in the first 2 years of life, independent of respiratory
illnesses, anthropometry, anemia and intestinal helminths
[76]. The fitness deficits that associate with the average
diarrhea burdens in the first 2 years of life in these studies

R.A. Dillingham et al. / Microbes and Infection 4 (2002) 1059–1066 1063

RB-AR5732



are comparable to that associated with a 17% decrement in
work productivity in Zimbabwe sugar cane workers [76,77].

Furthermore, these early childhood diarrheal illnesses
and intestinal helminthic infections in the first 2 years of life
independently and additively associate with substantial
long-term linear growth shortfalls that continue beyond
6 years of age (totaling an average of 8.2 cm (3 and 1/4 in.)
growth shortfall at 7 years of age) [78]. We also find
significant associations of early childhood diarrhea with
long-term cognitive deficits (by standard “Test of Nonverbal
Intelligence” or TONI) even when controlling for maternal
education, breast-feeding duration and early helminthic
infections [76,79]. Furthermore, WISC (Wechsler Intelli-
gence Scale for Children; The Psychological Corp, San
Antonio, TX) coding and digit span scores were lower in
children with persistent diarrheal illnesses in their first
2 years of life, even when controlling for helminths and
maternal education [79]. Finally, these effects are seen in a
“best case” scenario in which we have documented substan-
tial improvements in disease rates and in nutritional status
over the several years in which we have conducted close,
long-term surveillance of this population [78], effects that
we have subsequently not found in other nearby shantytown
communities that had not been under such intensive surveil-
lance (Lima, Guerrant et al., unpublished observations).

These correlations of early childhood diarrhea with
fitness, growth and cognitive deficits are also extending to
school performance, with significant associations of diar-
rhea in the first 2 years of life with delayed age at starting
school (late starters are also twofold more likely to have
experienced cryptosporidial infections) and age for grade
(the latter independent of height for age Z scores at 2 years
of age) ([80]; R.L. Guerrant et al, trends Parasitol. 18 (2002)
191–193).

Consistent with these lasting effects of early childhood
illnesses (or infections, without overt illness, with
Cryptosporidium) are studies of the importance of early
childhood years in human brain development [79,81–83].
The major brain growth and synapse formation occurs
during the first 2 years of life in humans. If impaired at this
critical formative stage, these synapses may never form or
may be substantially delayed, thus potentially explaining
why these early childhood infections may have such a
lasting impact.

7. Prevention of spread

Special attention to care in the treatment of drinking
water can prevent most cases of cryptosporidiosis. This is
especially important for immunocompromised individuals
in whom it can be devastating and life threatening. Probably
the surest way to inactivate viable cryptosporidial oocysts is
with heat (to 72 °C for 1 min or simply bring water to a boil)
[84]. Water filters that limit to <1 µm and reverse osmosis
filters are usually effective, but may fail [85]. As noted
above, chlorine and iodine treatment is usually ineffective,

and even the more rigorous water treatment standards
(to <0.5 NTU) may not be fully protective [30].
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We present estimates of annual public health impacts,
both illnesses and cost of illness, attributable to excess
gastrointestinal illnesses caused by swimming in contaminated
coastal waters at beaches in southern California. Beach-
specific enterococci densities are used as inputs to
two epidemiological dose-response models to predict
the risk of gastrointestinal illness at 28 beaches spanning
160 km of coastline in Los Angeles and Orange Counties.
We use attendance data along with the health cost of
gastrointestinal illness to estimate the number of illnesses
among swimmers and their likely economic impact. We
estimate that between 627,800 and 1,479,200 excess
gastrointestinal illnesses occur at beaches in Los Angeles
and Orange Counties each year. Using a conservative
health cost of gastroenteritis, this corresponds to an annual
economic loss of $21 or $51 million depending upon the
underlying epidemiological model used (in year 2000 dollars).
Results demonstrate that improving coastal water quality
could result in a reduction of gastrointestinal illnesses locally
and a concurrent savings in expenditures on related
health care costs.

Introduction
Each year between 150 million and nearly 400 million visits
are made to California (CA) beaches generating billions of
dollars in expenditures, by tourists and local swimmers, and
nonmarket values enjoyed mostly by local area residents (1,
2). Nonmarket benefits represent the value society places on
resources, such as beaches, beyond what people have to pay
to enjoy these resources (see Pendleton and Kildow (1) for
a review of the nonmarket value of CA beaches). In an effort
to protect the health of beach swimmers, the CA State
Legislature passed Assembly Bill 411 (AB411) in 1997 with
formal guidance and regulations for beach water quality
which are formally codified as a state statute (3). AB411
requires monitoring of bathing waters for fecal indicator

bacteria (FIB, including total coliform (TC), fecal coliform
(FC), and enterococcci (ENT)) on at least a weekly basis during
the dry season (1 April through 31 October) if the beach is
visited by over 50,000 people annually or is located adjacent
to a flowing storm drain. Beaches can be posted with health
warnings if single-sample or geometric mean standards for
TC, FC, and ENT exceed prescribed levels (see Supporting
Information (SI) for standards).

Based on AB411 water quality criteria and their profes-
sional judgment, CA county health officials posted or closed
beaches 3,985 days during 2004 (4). Sixty percent (2,408
beach-days) of these occurred at Los Angeles and Orange
County (LAOC) beaches (4), and nearly all (93%) of the LAOC
advisories and closures were caused by unknown sources of
FIB. The number of beach closures and advisories in CA
(and the country as a whole) rises each year as counties
monitor more beaches (4). Needless to say, public awareness
of coastal contamination issues is growing, and in some cases
strongly influencing the development of programs to improve
coastal water quality. For example, public pressure on the
Orange County Sanitation District (OCSD) prevented them
from reapplying for a waiver from the USEPA to release
partially treated sewage to the coastal ocean. Instead, OCSD
plans to implement a costly upgrade to their sewage treatment
plant. New stormwater permits issued by CA Regional Water
Boards require counties and municipalities to implement
prevention and control programs to meet coastal water
quality criteria. The cost of such mitigation measures is
difficult to determine, yet cost has been used as an argument
in court challenges to the permits (4). In 2004 elections, voters
in the city of Los Angeles approved a measure to spend $500
million on stormwater mitigation (5).

To understand the potential public health benefits of
cleaning up coastal waters, we need a better idea of the
magnitude of health costs associated with illnesses that are
due to coastal water contamination. Several previous studies
address the potential economic impacts of swimming-related
illnesses. Rabinovici et al. (6) and Hou et al. (7) focused on
the economic and policy implications of varying beach
closure and advisory policies at Lake Michigan and Hun-
tington Beach, CA, respectively. Dwight et al. (8) estimated
the per case medical costs associated with illnesses at two
beaches in southern California and used this to make
estimates of public health costs at two Orange County
beaches. Our study is novel in that it provides the first regional
estimates of the public health costs of coastal water quality
impairment.

While many different illnesses are associated with swim-
ming in contaminated marine waters, we focus our analysis
on gastrointestinal illness (GI) because this is the most
frequent adverse health outcome associated with exposure
to FIB in coastal waters (9, 10). We estimate daily excess GI
based on attendance data, beach-specific water quality
monitoring data, and two separate epidemiological models
developed by Kay et al. (11) and Cabelli et al. (12) that model
GI based on exposure to fecal streptococci and ENT,
respectively. Finally, we provide estimates of the potential
annual economic impact of GI associated with swimming at
study beaches.

We conduct our analysis using data from 28 LAOC beaches
during the year 2000. Together, these beaches span 160 km
of coastline (Figure 1, Table S1). We limit our analysis to
these beaches and the year 2000 in particular because we
were able to obtain relatively complete daily and weekly
attendance and water quality data for these beaches during
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this year. The 28 beaches represent a large, but incomplete,
subset of the total beach shoreline in LAOC. Large stretches
of relatively inaccessible beaches (e.g., portions of Laguna
Beach, much of Malibu, and Broad Beach) were omitted from
the analysis as were several large public beaches (e.g., Seal
Beach and Long Beach) because of paucity of attendance
and/or water quality data. The 1999-2000 and 2000-2001
winter rainy seasons were typical for southern CA (13), so
2000 was not particularly unique with respect to rainfall. A
comparison of inter-annual water quality at a subset of
beaches suggests that pollution levels in 2000 were moderate
(data not shown). Thus, the estimates we provide can be
viewed as typical for the region.

Methods
Number of Swimmers. Morton and Pendleton (2) compiled
daily attendance data from lifeguards’ records and beach
management agencies. When data were missing, attendance
was estimated using corresponding monthly median weekday
or weekend values from previous years. (Table S1 shows the
number of days in 2000 when data are availablesfor most
beaches, this number approaches 366.) Because these data
are based on actual counts, we do not need to factor in effects
due to the issuance of advisories at a particular beach. Only
a fraction of beach visitors enter the water. This fraction
varies by month in southern CA from 9.56 to 43.62% (Table
S2) (14). We applied the appropriate fraction to the attendance
data to determine the number of individual swimmers
exposed to coastal waters. Although research suggests the
presence of FIB in sand in the study area (15, 16), we do not
consider the potential health risk that may arise from sand
exposure because it has not been evaluated.

Water Quality Data. ENT data were obtained from the
local monitoring agencies and are publicly available. Local
monitoring agencies sample coastal waters at ankle depth in
the early morning in sterile containers. Samples are returned
to the lab and analyzed for ENT using USEPA methods. When
ENT values are reported as being below or above the detection

limit of the ENT assay, we assume that ENT densities were
equal to the detection limit.

During 2000, monitoring rarely occurred on a daily basis;
ENT densities were measured 14-100% of the 366 days in
2000, depending on monitoring site (Table S1). For example,
Zuma beach was monitored once per week during the study
period, while Cabrillo beach was monitored daily. To estimate
ENT densities on unsampled days, we used a Monte Carlo
technique. Normalized cumulative frequency distributions
of observed ENT densities at each monitoring site were
constructed for the 1999-2000 wet season (Nov 1, 1999
through Mar 31, 2000), 2000 dry season (April 1, 2000 through
Oct 31, 2000), and the 2000-2001 wet season (Nov 1, 2000
through Mar 31, 2001). ENT densities on unsampled days
during 2000 were estimated by randomly sampling from the
appropriate seasonal distribution. Because day-to-day ENT
concentrations at marine beaches are weakly correlated and
variable (17), we chose not to follow the estimation method
of Turbow et al. (18) who assumed a linear relationship
between day-to-day ENT densities at two CA beaches.
Comparisons between the Monte Carlo method and a method
that simply used the monthly arithmetic average ENT density
indicated the two provided similar results (data not shown).

The beaches in our study area (Figure 1) are of variable
sizes; each beach may include 1-7 monitoring sites (Table
S1). If more than one monitoring site exists within the
boundaries of a beach, the arithmetic mean of ENT at the
sites was used as a single estimate for ENT concentrations
within the beach (19). There is considerable evidence that
ENT densities at a beach vary rapidly over as little as 10
minutes (17, 20). Therefore, even though we used up to 7
measurements or estimates to determine ENT at a beach on
a given day, there is still uncertainty associated with our
estimate because sampling is conducted at a single time each
day.

Dose-Response. Of all the illnesses considered in the
literature, GI is most commonly associated with exposure to
polluted water (10-12, 21-26). To estimate the risk of GI

FIGURE 1. The 28 beaches considered in this study. HSB ) Huntington State Beach, HCB) Huntington City Beach, SCC ) San Clemente
City Beach, and SCS ) San Clemente State Beach.
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from swimming in contaminated marine waters in southern
CA, we utilized two dose-response models (11, 12) (Table
1) developed in epidemiology studies conducted elsewhere
(in marine waters of the East U.S. coast and United Kingdom)
(18, 27). A local dose-response model for GI would be
preferable, but does not exist. Haile et al. (28) conducted an
epidemiology study at Los Angeles beaches and found that
skin rash, eye and ear infections, significant respiratory
disease, and GI were associated with swimming in waters
with elevated FIB or near storm drains; however, they did
not report dose-response models for illness and bacterial
densities.

The two dose-response models (hereafter referred to as
models C (12) and K (11)) are fundamentally different in that
model C was derived from a prospective cohort study while
model K was developed using a randomized trial study. Model
C has been scrutinized in the literature (20, 26, 29-31). Among
the criticisms are lack of ENT measurement precision and
inappropriate pooling of data from marine and brackish
waters. World Health Organization (WHO) experts (10)
suggest that epidemiology studies that apply a randomized
trial design, such as model K, offer a more precise dose-
response relationship because they allow for better control
over confounding variables and exposure (26). Thus, the WHO
has embraced model K over cohort studies such as model
C for assessing risk. We report GI estimates obtained from
both models C and K in our study because they have both
been applied in the literature (8, 18), and form the basis for
water quality criteria worldwide.

Models C and K were developed in waters suspected to
be polluted with wastewater. The source of pollution at our

study site during the dry season is largely unknown (4),
although human viruses have been identified in LAOC coastal
creeks and rivers (32-36) and an ENT source tracking study
at one beach suggests sewage is a source (37). During the wet
season, stormwater is a major source of FIB to coastal waters
and Ahn et al. (38) detected human viruses in LAOC
stormwater. Because we cannot confirm that all the ENT at
our study site was from wastewater, there may be errors
associated with the application of models C and K. In addition,
there is evidence that dose-response relationships may be
site specific (30). The results presented in our study should
be interpreted in light of these limitations.

We converted incidence and odds, the dependent vari-
ables reported for model C and K, respectively, into risk of
GI (P) (Table 1). P represents total risk of GI to the swimmer,
and includes risk due to water exposure plus the background
GI rate (P0). Excess risk was calculated by subtracting the
background risk from risk (P - P0). While ENT is the
independent variable for model C, model K requires fecal
streptococci (FS), the larger bacterial group of which ENT
are a subset, as the independent variable. We assumed that
FS and ENT represent the same bacteria, following guidance
from the WHO (9).

Models C and K provide different functional relationships
between ENT and excess GI risk (Figure 2). Model C predicts
relatively low, constant risks across moderate to high ENT
densities relative to model K. At ENT less than 32 CFU/100
mL, model K predicts no excess risk; model C, however, does
predict nonzero risks even at these low levels of contamina-
tion. The data range upon which each model was built varies
considerably. Model C is based on measurements ranging

TABLE 1. Dose-Response Models for Predicting GIa

name original model model converted to excess risk

model C (12) 1000(P - Po) ) 24.2 log10(ENT) - 5.1 (P - P0) ) (24.2 log10(ENT) - 5.1)/1000
model K (11) X ) Ln(P/(1 - P)) ) 0.201 (FS - 32)1/2 - 2.36 (P - P0) ) (eX/(1 + eX)) - P0

a ENT ) enterococci, FS ) fecal streptococci. Both ENT and FS are in units of CFU or MPN per 100 mL water. P is the risk of GI for swimmers,
P0 is the background risk of GI.

FIGURE 2. Dose-response relationships for the two epidemiological models. Excess risk of GI is shown as a function of ENT density.
The inset more clearly shows the differences between the relationship for the randomized trial study (model K (11)) and the cohort study
(model C (12)).
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from 1.2-711 CFU/100 mL and model K is based on
measurements from 0-35 to 158 CFU/100 mL. We extrapo-
lated models C and K when ENT densities were outside the
epidemiology study data ranges. Given the lack of epide-
miological data on illlness outside the ranges, extrapolation
of the models represents a reasonable method of estimating
excess GI.

Excess Illness Due To Swimming. The excess incidence
of GI on day i at beach j (GIi,j) is given by the following
expression:

Pi,j -Po is the excess risk of GI on day i at beach j as estimated
from models C or K (Table 1), Ai,j is the number of beach
visitors, and fi is the fraction of swimmers on day i (14). We
assume P0 is 0.06sthe background risk for stomach pain as
reported by Haile et al. (28) for beaches within Santa Monica
Bay, CA. Daily values were summed across the year or season
to estimate the number of excess GI per beach. Seasonal
comparisons are useful in this region because of distinct
differences between attendance and water quality between
seasons. The wet season is defined as November through
March and the dry season is defined as April through October.
Note that the dry season corresponds to the season when
state law mandates beach monitoring (3).

Public Health Costs of Coastal Water Pollution. GI can
result in loss of time at work, a visit to the doctor, expenditures
on medicine, and even significant nonmarket impacts that
represent the “willingness-to-pay” of swimmers to avoid
getting sick (sometimes referred to as psychic costs). Because
there is a lack of information on the costs of waterborne GI,
Rabinovici et al. (6) used the cost of a case of food-borne GI,
$280 (year 2000 dollars) per illness from Mauskopf and French
(39), as a proxy for the cost of water-borne GI for swimmers
in the Great Lakes. The $280 per illness represents the
willingness-to-pay to avoid GI and includes both market and
nonmarket costs (6). Dwight et al. (8) conducted a cost of
illness study for water-borne GI for two beaches in southern
California (Huntington State Beach and Newport Beach) and
determined the cost as $36.58 per illness in 2004 dollars based
on lost work and medical costs. Discounting for inflation,
this amount is equivalent to $33.35 in the year 2000 dollars.
This value does not include lost recreational values or the
willingness-to-pay to avoid getting sick from swimming. We
use the more conservative estimate of Dwight et al. (8) to
calculate the health costs of excess GI at LAOC beaches.
However, we also provide more inclusive estimates of the
cost of illness using Mauskopf and French’s $280 willingness-
to-pay value (39). Unless otherwise stated, all costs are
reported in year 2000 dollars.

Results
Attendance and Swimmers. Beach attendance was higher
during the dry season (from May through October) than in
the wet season (November through April) (Figure 3). We
estimate that the annual visitation to Los Angeles and Orange
County (LAOC) beaches for the year 2000 approached 80
million visits.

Water Quality. Water quality (measured in terms of ENT
concentration) varies widely across the beaches in the study.
(Figure S1 shows the log-mean of ENT observations at each
beach during the dry and wet seasons.) In general ENT
densities are higher during the wet season compared to the
dry. Water quality problems at a beach may exist chronically
over the course of the year or may be confined to particularly
wet days when precipitation washes bacteria into storm
drains and into the sea. The most serious, acute water quality
impairments can result in the issuance of a beach advisory
or beach closure. According to CA state law, water quality

exceeds safe levels for swimming if a single beach water
sample has a concentration of ENT greater than 104 CFU/
100 mL. Figure 4 illustrates the percentage of the days for
which daily estimated ENT concentrations were in excess of
the state single sample standard. Exceedances during the
wet months generally outnumber exceedances during the
dry months. The exceptions are Corral, Bolsa Chica, and
Crystal Cove, which are all relatively clean beaches, even in
the wet season. Doheny, Malibu, Marina Del Rey, Cabrillo,
and Las Tunas had the worst water quality with over 33% of
the daily estimates in 2000 greater than 104 CFU/100 mL,
while Newport, Hermosa, Abalone Cove, Manhattan, Tor-
rance, and Bolsa Chica had the best water quality with less
than 5% of daily estimates under the standard.

Estimates of Excess GI and Associated Public Health
Costs due to Swimming. Figure 5 illustrates estimated annual
excess GI at beaches based on models C and K; results are
given for dry and wet months. Models C and K both indicate
that Santa Monica, the beach with the highest attendance
(Figure 3), has the highest excess GI of all beaches during
wet and dry seasons. Both models predict that the three
beaches with the lowest excess GI were San Clemente State,
Nicholas Canyon, and Las Tunas, a direct result of these
beaches being among the smallest and least visited in our
study area (Figure 3).

GIi,j ) Ai,jfi(Pi,j - Po) (1)

FIGURE 3. Beach attendance during wet and dry seasons 2000.
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There are marked seasonal differences between excess
GI predictions. Although water quality is typically worse
during the wet season compared to the dry (Figures 4 and
S1), more excess GI are predicted for the dry season for most
beaches. This result is driven by seasonal variation in
attendance (Figure 3). The exceptions are model K predictions
for Zuma that indicate 0 and 6647 excess GI during the dry
and wet seasons, respectively. Zuma had no ENT densities
greater than 32 CFU/100 mL during the dry season, hence
the prediction of 0 excess GI.

Numerical predictions of excess GI for the entire year
from model C and model K vary markedly between beaches.
At 24 beaches, model K predicts between 18% and 700%
greater excess GI than model C. The greatest difference in
the estimated GI is at Doheny beach where models C and
K predict 18,000 and 153,000 excess GI, respectively. At 4
beaches (Zuma, Hermosa, Torrance, and Newport), model
K predicts between 1 and 90% lower incidence of GI than
model C. These beaches are generally clean with ENT
densities below the model K threshold of 32 CFU/100 mL for
excess risk.

The public health burden of coastal contamination
depends on both attendance and water quality. Figure 6

illustrates how excess GI, based on predictions from models
C and K, varies as a function of water quality (percent of
daily ENT estimates in exceedance of standard) and at-
tendance. Red, yellow, and green symbols indicate beaches
with increasing numbers of GI. If reduction of public health
burden is a goal of local health care agencies, then beaches
with a red symbol are candidates for immediate action. Nearly
all beaches are categorized as high priority during the dry
season based on model K (panels A and B). Model C indicates
that dry weather mitigation measures at Venice, Zuma, Santa
Monica, and Newport, some of the most visited beaches,
would significantly reduce the public health burden (panel
C), more so than wet weather mitigation measures (panel
D).

Another way of prioritizing beach remediation is to
examine the risk of GI relative to the USEPA guideline of 19
illnesses per 1000 swimmers (Figure S2). Model K indicates
that at 19 and 15 of the 28 LAOC beaches during the wet and
dry seasons, respectively, risk is greater than twice the EPA
acceptable risk. Model C, on the other hand, indicates that
only two beaches (Marina del Rey and Doheny) during the

FIGURE 4. Percentage of days on which daily ENT estimates were
greater than the CA Department of Health single-sample ENT
standard of 104 CFU/100 mL.

FIGURE 5. Excess GI by beach and season for models C and K.
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dry season, and six (Marina del Rey, Doheny, Santa Monica,
Las Tunas, Will Rogers, and Malibu) in the wet season fall
into this “high” risk category.

Public Health Costs of Coastal Water Pollution. Table
2 summarizes the number of excess GI and associated public
health costs during wet and dry periods by county and season.
Based on the conservative cost of illness given by Dwight et
al. (8), the estimated health costs of GI based on models C
and K is over $21 million and $50 million, respectively. If we
follow Rabinovici et al.(6) and use $280 per GI, the estimated
public health impacts are $176 million based on model C
and $414 million based on model K. For both LA and OC
beaches, county-wide costs obtained using model K yield
higher results than those obtained from model C, a direct

result of the difference in GI estimates (Figures 5 and 6).
Health costs are greater in the dry season compared to the
wet suggesting that money may be well spent on dry-weather
diversions.

Discussion
A significant public health burden, in terms of both numbers
of GI and the costs of GI, is likely to result from beach water
quality contamination in southern CA. The corollary to this
finding is that water quality improvements in the region
would result in public health benefits. Specifically, we make
three key findings: (1) removing fecal contamination from
coastal water in LAOC beaches could result in the prevention
of between 627,800 and 1,479,200 GI and a public health cost
of between $21 and $51 million (depending upon the
epidemiological model used) each year in the region using
the most conservative cost estimates and as much as $176
million or $414 million if we use the larger estimate of health
costs (6, 39); (2) even beaches within the same region differ
significantly in the degree to which swimming poses a public
health impact; and (3) public health risks differ between
seasons. Findings (2) and (3) are not surprising given spatio-
temporal variation in water quality (17, 40) and attendance
within the study site.

A previous study by Turbow et al. (18) estimated 36,778
excess HCGI (highly credible GI) per year from swimming at
Newport and Huntington State beaches (8). Our estimates
for the same stretch of shoreline are higher (68,011 and 87,
513 excess GI based on models C and K, respectively). Not
only did we use a different measure of illness (GI vs. HCGI)
we also used a Monte Carlo scheme to estimate ENT on
unsampled days whereas Turbow et al. (18) used linear
interpolation, and we used higher, empirically determined

FIGURE 6. Excess GI at each beach as a function of % ENT in exceedance of the single sample standard and attendance. Results for
the dry (panels A and C) and wet (panels B and D) seasons are shown for Models K (panels A and B) and C (panels C and D). Beaches
are labeled; SCC is San Clemente City Beach, SCS is San Clemente State, HSB is Huntington State Beach, and HCB is Huntington City
Beach. In panels A and C, numbers on symbols correspond to beaches, as indicated in the upper right corner of panel C. The color scale
in panel A applies to all panels.

TABLE 2. Countywide Public Health Impacts and Costs for Wet
and Dry Months (2000)

GI cases health costscounty/
region season model C model K model C model K

Los
Angeles

dry 394,000 804,000 $13,100,000 $28,800,000
wet 33,800 189,000 $1,130,000 $6,310,000
total 427,800 993,000 $14,230,000 $35,110,000

Orange
dry 185,000 420,000 $6,180,000 $14,000,000
wet 15,000 66,200 $500,000 $2,210,000
total 200,000 486,200 $6,680,000 $16,210,000

region
total

dry 579,000 1,224,000 $19,280,000 $40,800,000
wet 48,800 255,200 $1,630,000 $8,520,000
total 627,800 1,479,200 $20,910,000 $51,320,000
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(14) measures of the percent of beach goers that swim. Dwight
et al. (8) used Turbow et al.’s (18) estimate to determine that
the health costs of excess GI at the same beaches were $1.2
million. Our health cost estimates are higher ($2.3 and $2.9
million for models C and K, respectively), due to the higher
incidence of ilness predicted by our models.

Beaches with chronic water quality problems are obvious
candidates for immediate contamination mitigation. Many
beaches in LAOC, however, are relatively clean and meet
water quality standards on most days. Clean beaches with
moderate to low levels of attendance do not represent a
significant public health burden (Figure 6). Nevertheless,
public health impacts are still substantial at heavily visited
beaches (for instance those with over 6,000,000 visitors per
year) even when water quality is good (e.g., Manhattan Beach)
(Figure 6). Generally speaking, it will be more difficult to
reduce contaminant levels at cleaner beaches. At beaches
with high attendance and generally good water quality (like
Newport Beach and Zuma), policy managers should continue
dry weather source reduction efforts (e.g., education cam-
paigns and watershed management), but should also rec-
ognize that the cost of eliminating all beach contamination
may outweigh the marginal public health benefits of doing
so.

Our estimates of the potential health benefits that might
result from removing bacterial contamination from coastal
water in LAOC beaches have limitations. First, we focus on
a lower bound estimate of the health cost of GI that does not
consider the amount a beach goer is willing to pay to avoid
getting sick (estimates using higher, but less scientifically
conservative estimates also are provided). Second, while we
focus on the public health impacts from GI. Exposure to
microbial pollution at beaches also increases the chance of
suffering from various symptoms and illnesses (28, 41). For
instance, Haile et al. (28) and Fleisher et al. (41) document
associations between water quality and respiratory illnesses,
acute febrile illness, fever, diarrhea with blood, nausea, and
vomiting, and earaches. Third, if the public believes swim-
ming is associated with an increased risk of illness, they may
be discouraged from going to the beach, resulting in a loss
of beach-related expenditures to local businesses and
recreational benefits to swimmers in addition to the loss in
health benefits described here. Fourth, we consider GI
occurring at a subset of LAOC beaches for which water quality
and attendance data were available (Figure 1). Fifth, implicit
in our analysis is the assumption that models C and K can
be applied to LAOC beaches. Despite these limitations, the
results reported here represent the best estimates possible
in light of imperfect information. Future studies that establish
dose-response relationships for the LAOC region or confirm
incidence of swimming GI medically would improve esti-
mates of public health burden and costs.
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The Health Effects of Swimming in Ocean Water  
Contaminated by Storm Drain Runoff  
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Waters adjacent to the County of Los Angeles (CA) receive 
untreated runoff from a series of storm drains year round. Many 
other coastal areas face a similar situation. To our knowledge, 
there has not been a large-scale epidemiologic study of persons 
who swim in marine waters subject to such runoff. We report 
here results of a cohort study conducted to investigate this 
issue. Measures of exposure included distance from the storm 
drain, selected bacterial indicators (total and fecal coliforms, 
enterococci, and Escherichia coli), and a direct measure of 
enteric viruses. We found higher risks of a broad range of 

symptoms, including both upper respiratory and gastrointesti- 
nal, for subjects swimming (a) closer to storm drains, (b) in 
water with high levels of single bacterial indicators and a low 
ratio of total to fecal coliforms, and (c) in water where enteric 
viruses were detected. The strength and consistency of the 
associations we observed across various measures of exposure 
imply that there may be an increased risk of adverse health 
outcomes associated with swimming in ocean water that is 
contaminated with untreated urban runoff. (Epidemiology 
1999;10:355-363) 

Keywords: environmental epidemiology, gastrointestinal illness, ocean, recreational exposures, sewage, storm drains, water- 
borne illnesses, waterborne pathogens. 

Runoff from a system of storm drains enters the Santa 
Monica Bay adjacent to Los Angeles County (CA). 
Even in the dry months of summer 10-25 million gal- 
lons of runoff (or non-storm water discharge) per day 
enter the bay from the storm drain system. Storm drain 
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water is not subject to treatment and is discharged di- 
rectly into the ocean. Total and fecal coliforms, as well 
as enterococci, are sometimes elevated in the surf zone 
adjacent to storm drain outlets; pathogenic human en- 
teric viruses have also been isolated from storm drain 
effluents, even when levels of all commonly used indica- 
tors, including F2 male-specific bacteriophage, were low.' 

Approximately 50-60 million persons visit Santa 
Monica Bay beaches annually. Concern about possible 
adverse health effects due to swimming in the bay has 
been raised by numerous interested parties2 Previous 
reports indicate that swimming in polluted water (for ex- 
ample, due to sewage) increases risks of numerous adverse 
health outcomes (Pruss3 provides a recent review of this 
literature). To our knowledge, however, there has never 
been a large epidemiologic study of persons who swim in 
marine waters contaminated by heavy urban runoff. 

These circumstances provided the motivation to study 
the possible health effects of swimming in the bay. We 
present here the main results from a large cohort study of 
people that addressed the issue of adverse health effects 
of swimming in ocean water subject to untreated urban 
runoff. 

Methods 
DESIGNAND SUBJECTS 
The exposures of interest were distance swimming from 
storm drains, levels of bacterial indicators (total coli- 
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forms, fecal coliforms, enterococcus, Escherichia coli) for 
pathogens that potentially produce acute illness, and 
human enteric viruses. We  studied three beaches located 
in Santa Monica Bay (CA)  that exhibited a wide range 
of pathogen indicator counts and a high density of 
swimmers (Santa Monica, Will Rogers, and Surfrider). 

Persons who immersed their heads in the ocean water 
were potential subjects for this study. There was no 
restriction based on age, sex, or race. We  excluded 
anyone who swam at the study beaches or in heavily 
polluted areas (that is, Mothers' Beach in Marina del 
Rev or near the Santa Monica Pier) within 7 days before 
thd study date, or between the date of the beadh inter- 
view and the telephone follow-up interview. We ex-
cluded subjects who swam on  multiple days, as one of our 
primary questions was whether risk of health outcomes 
was associated with levels of indicator organisms on the -
specific day a subject entered the water. We  targeted 
persons bathing within 100 yards upcoast or downcoast 
of the storm drain and persons bathing greater than 400 
yards beyond a storm drain. 

For this study, 22,085 subjects were interviewed on 
the beach from June 25 to September 14, 1995, to 
ascertain eligibility and willingness to participate. We 
found that 17,253 of these subjects were eligible and able 
to participate (that is, had a telephone and were able to 
speak English or Spanish). Of these, 15,492 (90% of the 
eligible subjects) agreed to participate. They were inter- 
viewed about their age, residence, and swimming, par- 
ticularly immersion of the head into ocean water. The 
interviewer noted distance from the storm drain (within 
the categories 0, 1-50, 51-100, or 400 yards), gender, 
and race of the subject. (Distances from each drain were 
marked with inconspicuous objects such as beach towels 
and umbrellas.) 

Nine to 14 days after the beach interview, subjects 
were interviewed bv te le~hone to ascertain the occur- 
r ence (~)  of: fever, chills, eye discharge, earache, ear 
discharge, skin rash, infected cuts, nausea, vomiting, 
diarrhea, diarrhea with blood, stomach pain, coughing, 
coughing with phlegm, nasal congestion, and sore 
throat. For this study we defined a priori three groupings 
of svmvtoms indicative of gastrointestinal illness or re- , -
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they did not confirm immersing their faces in ocean 
water, leaving 11,686 subjects. One subject had a miss- 
ing value for age, which we imputed (as the median 
value among all subjects) for inclusion in the adjusted 
analyses (discussed below). For the bacteriological anal- 
yses, we excluded an additional 1,227 subjects who had 
missing values, leaving 10,459 subjects. In the virus 
analyses we included only the 3,554 subjects who swam 
within 50 yards of the drain on days when viruses were 
measured (as the samples were collected only at the 
storm drain). 

Samples were collected on days that subjects were inter- 
viewed on  the beaches. Each day, ankle depth samples 
were collected from each location (0 yards, 100 yards 
upcoast and downcoast of the drain, and one sample at 
400 yards). One duplicate sample per site was collected 
daily. Samples were collected in sterile 1 liter polypro- 
pylene bottles and transferred on ice to the microbiology 
laboratory. All samples were analyzed for total coliforms, 
fecal coliforms, enterococcus, and E. coli. Densities of 
total and fecal coliforms and enterococci were deter-
mined using the appropriate membrane filtration tech- 
niques in Ref 5. E. coli densities were determined by 
membrane filtration using Hach Method 10029 for m- 
ColiBlue24 Broth. 

For looking at enteric viruses, we collected samples from 
the three storm drain sites on  Fridays, Saturdays, and 
Sundays, using Method 9510 C g of Ref 5. Ambient pH, 
temperature, conductivity, and total dissolved solids 
were measured. Samples as large as 100 gallons chosen to 
minimize the impacts of seawater dilution were filtered 
through electropositive filters at ambient pH. Adsorp- 
tion filters were eluted in the field with 1 liter of sterile 
3% beef extract adjusted to pH 9.0 with sodium hydrox- 
ide. Field eluates were reconcentrated in the laboratorv 

spiratory disease. In particular, following Cabelli et ~ 1 , ~using an organic reflocculation p r~cedure .~All final 
subjects were classified as having highly credible gastro- 
intestinal illness 1 (HCGI 1)  if they experienced at least 
one of the following: (1) vomiting, (2) diarrhea and 
fever, or (3) stomach vain and fever. We  also classified 
subjects as having higLly credible gastrointestinal illness 
2 (HCGI 2) if they had vomiting and fever. Finally, we 
classified subjects as having significant respiratory dis- 
ease (SRD) if they had one of the following: (1) fever 
and nasal congestion, (2) fever and sore throat, or (3) 
coughing with phlegm. 

We were able to contact and interview 13,278 sub- 
jects (86%follow-up). Of those interviewed, 1,485 were 
found to be ineligible because thev swam (and immersed 
their heads) at studv beach dr in hiavilv volluted 
waters between the day of the beach interview &and the 
telephone follow-up. We excluded 107 subjects because 

concentrates were detoxified before ana l~s i s .~  
All samples were analyzed for infectious human en- 

teric viruses in Buffalo green monkey kidney cells 
(BGMK) by the plaque assay technique. Ten percent of 
the final concentrate was tested in this manner to de- 
termine whether there were a quantifiable number of 
viruses present. The remaining concentrate volume was 
divided in half and analyzed using the liquid overlay 
technique known as the cytopathic effect (CPE) assay.8 
The CPE assay generally detects a greater number of 
viruses than the plaque assay, but it is not quantitative. 
Flasks that did not exhibit CPE were considered to be 
negative for detectable infectious virus. We  further ex- 
amined any flask exhibiting CPE by the plaque-forming 
unit method to confirm the presence of infectious vi- 
ruses. 
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Our analysis addressed two main questions. First, are 
there different risks of specific outcomes among subjects 
swimming 0, 1-50, 51-100, and 400 or more yards from 
a storm drain? If pathogens in the storm drain result in 
increased acute illnesses, one would expect higher risks 
among swimmers closer to the drain. Second, are risks of 
specific outcomes associated with levels of specific bac- 
terial indicators or enteric viruses? 

To address the second question, we estimated risks 
arising from exposure to levels within categories defined 
a pliori by existing standards or expert consensus. Spe- 
cifically, for total coliforms we defined categories using 
1,000 and 10,000 colony-forming units (cfu) per 100 ml 
as cutpoints, which are based on the California Code of 
Regulations (S.7958 in Title 17).9 For fecal coliforms we 
created categories using cutpoints of 200 and 400 cfu per 
100 ml, which reflect criteria set by the State Water 
Resources Control Board.lo For enterococcus we used 
cutpoints of 35 and 104 cfu per 100 ml of water, which 
were established by the U.S. Environmental Protection 
Agency." Finally, categories for E. coli were selected in 
meetings with staff from the Santa Monica Bay Resto- 
ration Project (SMBRP), Heal the Bay, and the Los 
Angeles County Department of Health Services. These 
meetings resulted in initially selecting categories based 
on cutpoints of 35 and 70 cfu per 100 ml, and then 
subsequently adding categories using cutpoints of 160 
and 320 cfu per 100 ml; the latter were added because it 
is believed that E. coli comprises about 80% of the fecal 
coliforms. Using these knowledge-based categories, how- 
ever, assumes a homogeneous risk between cutpoints. 
This might not be a reasonable assumption because the 
adequacy of these cutpoints is unclear, and because a 
large percentage of the subjects were in a single (that is, 
the lowest) category. Therefore, we further explored the 
bacteriological relations using categories defined by de- 
ciles. 

In addition to considering total and fecal coliforms 
separately, we investigated the potential effect of the 
ratio of total to fecal coliforms. Motivation for this arose 
from our expectation that the risk of adverse health 
outcomes might be higher when the ratio is smaller, 
indicating a relatively greater proportion of fecal con- 
tamination. We used categories of this ratio defined by a 
cutpoint of 5 (where 5 corresponds to there being 5 
times as much total as fecal coliform in the water). The 
human enteric virus exposure was reported as a dichot- 
omous (that is, virus detected us not detected) measure. 

We first calculated simple descriptive statistics giving 
the number of subjects with each adverse health out- 
come who swam (1) at the prespecified distances from 
the drain or (2) in water with the prespecified levels of 
pathogens. From these counts we estimated the crude 
risk associated with each exposure. We then used logistic 
regression to estimate the adjusted relative risks of each 
outcome. For each exposure/outcome combination, we 
fit a separate model. All models adjusted for the poten- 
tial confounding of: age (three categories: 0-12 years, 

STORM DRAIN RUNOFF AND ILL HEALTH 357 

13-25 years, >25 years); sex; beach; race (four catego- 
ries: white, black, Latinola, and Asian/multiethnic/oth- 
er); California us out-of-state resident; and concern 
about potential health hazards at the beach (four cate- 
gories: not at all, somewhat, a little, and very). 

Results 
Table 1 presents results for each of the adverse health 
outcomes by distance swimming from the storm drain. 
Across all distances, risks ranged from about 0.001 (that 
is, 1 per 1,000) for diarrhea with blood to about 0.1 for 
runny nose. The risk of numerous outcomes was higher 
for people who swam at the drain (0 yards away), in 
comparison with those who swam 1-50, 51-100, or 
>400 yards from the drain. In particular, we observed 
increases in risk for fever, chills, ear discharge, coughing 
with phlegm, HCGI 2, and SRD. In addition, the risks 
for eye discharge, earache, sore throat, infected cut, and 
HCGI 1 were also slightly elevated. A handful of out- 
comes exhibited small increased risks among swimmers 
at 1-50 yards (skin rash) or at 51-100 yards (cough, 
cough with phlegm, runny nose, and sore throat). Ad- 
justed estimates of relative risk (RR) comparing swim- 
mers at 0, 1-50, or 51-100 yards from the drain with 
swimmers at least 400 yards away from the drain showed 
similar relations as the aforementioned patterns of risks 
(Table 1). Among the positive associations for swimmers 
at the drain, RRs ranged in magnitude from about 1.2 
(eye discharge, sore throat, HCGI 1) to 2.3 (earache), 
with varying degrees of precision; most of these RRs 
ranged from 1.4 to 1.6. 

In Table 2 we see that the risk of skin rash increased 
for the highest prespecified category of total coliforms 
(that is, >10,000 cfu). Furthermore, the adjusted RR 
comparing swimmers exposed at this level us those ex- 
posed to levels 51,000 cfu was 2.6. Whereas the RR for 
diarrhea with blood also suggested a positive association, 
this result was based on a single adverse health event (as 
evinced by the wide 95% CIS). When looking at deciles, 
in relation to the lowest exposure level (that is, the 
lowest lo%), we observed increased risks of skin rash at 
all other levels (Figure 1). The adjusted RRs ranged from 
1.6 to 6.2, with five of the nine RRs in the 2-3 range. In 
addition, there were increased risks of HCGI 2 for all 
deciles except one (the eighth); the corresponding ad- 
justed RRs ranged from 1.4 to 4.7, with varying levels of 
precision (Figure 1 ) . 

When looking at fecal coliforms, we again observed 
among those in the highest category (that is, >400 cfu) 
an increased risk for skin rash (Table 3). There were also 
slight increased risks for infected cut, runny nose, and 
diarrhea with blood in the highest category, as well as for 
nausea, vomiting, coughing, sore throat, and HCGI 2 in 
the middle category (200-400 cfu). The adjusted RRs 
also indicated positive associations for these outcomes 
(Table 3 ) .  When we used deciles to categorize subjects, 
however, in comparison with the lowest decile, we only 
observed marginal increased risks for infection and skin 
rash (not shown). In our investigation of the ratio of 
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TABLE 1. Adverse Health Outcomes by Distance Swimming from Drain: Number Ill, Acute Risks, Adjusted Relative Risk 
(RR) Estimates and 95% Confidence Intervals (CI) 

Distance from Drain (in Yards) 

>400 
(N = 3030)* 51-100 (N = 3311) 1-50 (N = 4518) 0 (N = 827) 

Outcome No. Ill Risk No. Ill Risk RR (95% CI) t  No. Ill Risk RR (95% CI) t  No. I11 Risk RR (95% CI)t  

Fever 138 0.046 158 0.048 1.06 (0.84-1.34) 208 0.046 1.07 (0.85-1.33) 59 0.071 1.61 (1.16-2.24) .. .. - - -

Chills 72 0.024 85 0.026 1.07 (0.7 7-1.4jj 108 0.024 1.05 (0.77-i.42j 31 0.037 1.60 (1.03-2.5oj 
Eye discharge 61 0.020 59 0.018 0.88 (0.61-1.27) 73 0.016 0.77 (0.55-1.09) 19 0.023 1.15 (0.67-1.98) 
Earache 116 0.038 116 0.035 0.89 (0.68-1.16) 136 0.030 0.81 (0.63-1.04) 38 0.046 1.34 (0.91-1.98) 
Ear discharee 21 0.007 19 0.006 0.78 (0.42-1.46j 25 0.006 0.80 (0.45-1.44) 13 0.016 2.09 (1.014.33) --.. -~...--.-
Skin rash 
Infected cut 
Nausea 

~ i a r r h e a  204 0.067 163 0.049 0.70 (0 .5w.86j  202 0.045 0.69 io.56-0.84j 53 0.064 1.04 (0.75-i.44j 
Diarrhea with blood 7 0.002 2 0.001 0.26 (0.05-1.26) 3 0.001 0.27 (0.07-1.06) 2 0.002 0.87 (0.154.57) 
Stomach pain 206 0.068 194 0.059 0.85 (0.70-1.05) 271 0.060 0.93 (0.77-1.12) 61 0.074 1.11 (0.82-1.51) 
Cough 209 0.069 263 0.079 1.18 (0.97-1.42) 296 0.066 0.98 (0.82-1.18) 55 0.067 1.01 (0.73-1.38) 
Cough and phlegm 90 0.030 114 0.034 1.16 (0.88-1.54) 143 0.032 1.09 (0.83-1.43) 39 0.047 1.65 (1.1 1-2.46) 
Runny nose 273 0.090 351 0.106 1.18 (1.00-1.40) 371 0.082 0.95 (0.80-1.12) 74 0.089 1.10 (0.84-1.46) 
Sore throat 190 0.063 244 0.074 1.17 (0.96-1.43) 304 0.067 1.12 (0.93-1.35) 59 0.071 1.25 (0.92-1.71) 
HCGI 1 102 0.034 96 0.029 0.88 (0.661.17) 121 0.027 0.84 (0.64-1.10) 35 0.042 1.21 (0.81-1.82) 
HCGI 2 26 0.009 28 0.008 1.04 (0.61-1.79) 32 0.007 0.90 (0.53-1.53) 15 0.018 1.64 (0.84-3.21) 
Significant respiratory 139 0.046 177 0.053 1.18 (0.94-1.49) 205 0.045 1.03 (0.82-1.23) 63 0.076 1.78 (1.29-2.45) 

disease 

The total number of swimmers in each category is given in (N).HCGI1, highly credible gastrolntestlnal illness wlth vomiting, dlarrhea and fever or stomach 
paln and fever. HCGT2, highly credible gastrointestinal illness with vomiting and fever only. Significant respiratory disease, fever and nasal congestion, fever and sore 
throat or coughing with phlegm. 
* Referent category (RR = 1.0).  
t Adjusted for age, sex, beach, race, Califomla us outeof-state resident, and concem about potential health hazards at the beach.  

total to fecal coliforms, we observed a consistent pattern 1,000 or 5,000 cfu, we then restricted our analysis to 
of higher risks for diarrhea and HCGI 2 as the ratio subjects swimming in water above these levels. In the 
category became lower (not shown, but available in Ref first case, increased risks with decreasing cutpoints were 
12). Because any effect of this lower ratio should be observed for nausea, diarrhea, and HCGI 2.12When we 
stronger when there was a higher degree of contamina- restricted our investigation to subjects in water in which 
tion, indicated by total coliform counts in excess of the total coliforms exceeded 5,000 cfu, we observed 

TABLE 2. Adverse Health Outcomes by Total Coliform Levels: Number Ill, Acute Risks, Adjusted Relative Risk (RR) 
Estimates and 95% Confidence Intervals (CI) 

Total Coliforms (cfu/lOOml) 

51,000 
(N = 7,574)* >1,00&10,000 (N = 1,988) >10,000 (N = 757) 

Outcome No. I11 Risk No. I11 Risk RRt No. I11 Risk RRt 

Fever 368 0.049 88 0.044 0.92 (0.72-1.17) 42 0.055 1.23 (0.87-1.73) 
Chills 193 0.025 51 0.026 1.03 (0.75-1.42) 9 0.012 0.51 (0.261.01) 
Eye discharge 
Earache 
Ear discharge 
Skin rash 
Infected cut 
Nausea 
Vomiting 
Diarrhea 
Diarrhea with blood 
Stomach pain 
Cough 
Cough and phlegm 
Runny nose 
Sore throat 
HCGI 1 242 0.032 54 0.027 0.84 (0.62-1.14) 17 0.022 0.74 (0.44-1.23) 
HCGI 2 72 0.010 16 0.008 0.89 (0.51-1.55) 5 0.007 0.83 (0.32-2.12) 
Significant respiratory disease 396 0.052 84 0.042 0.80 (0.62-1.02) 42 0.055 1.1 1 (0.79-1.55) 

The total number of swimmers in each category IS given In parentheses (N).
* Referent category (RR = 1.0). 
t Adjusted for age, sex, beach, race, Callfom~a us out-of-state resident, and concern about potentla1 health hazards at the beach 
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D e c i l e s  Sore Throat 
FIGURE 1. Log odds of adverse health outcomes by de- 
ciles of exposure for selected bacterial exposures. -, Total 
coliform and skin rash; - - - ., total coliform and HCGI 2; - ., Enterococci and infected cut; ---,E coli and eye 
discharge; ..-,E coli and skin rash; .- ,E coli and infected 
cut. HCGI 2 = highly credible gastrointestinal illness with 
vomiting and fever only. 

increased risks with eye discharge, ear discharge, skin  
rash, nausea, diarrhea, stomach pain, nasal congestion,  
HCGI 1, and HCGI 2.12There was a consistent pattern FIGURE 2. Selected attributable numbers/10,000 ex- 
of stronger risk ratios as the cutpoint became lower posed subjects for total to fecal coliforms. +, All days; ., 
(when the analyses were restricted to times when total >1000; A, > 5000. HCGI 1 = highly credible gastrointes-  
coliforms exceeded 1,000 or 5,000 cfu), with the stron- tinal illness with vomiting, diarrhea and fever or stomach  
gest effects generally observed with the cutpoint of 2, as pain and fever.  
illustrated in Figure 2 for diarrhea, vomiting, sore throat,  
and HCGI1. served an increased risk of skin rash among those in the  

Table 4 gives results for the relation among entero- highest category (that is, >I04 cfu). In addition, com- 
cocci and the adverse health outcomes. Again, we ob- paring the highest to other categories of exposure, there 

TABLE 3. Adverse Health Outcomes by Fecal Coliform Levels: Number Ill, Acute Risks, Adjusted Relative Risk (RR) 
Estimates and 95% Confidence Intervals (CI) 

Fecal Coliforms (cfu/lOOml) 

5200  
(N = 8,005)* >200-400 (N= 768) >400 (N= 1,636) 

Outcome No. I11 Risk No. I11 Risk RRt No. I11 Risk RRt 

Fever 381 0.048 39 0.051 1.04 (0.74-1.46) 80 0.049 1.02 (0.80-1.32)  
Chills 197 0.025 24 0.031 1.14 (0.74-1.76) 34 0.021 0.78 (0.54-1.14)  
Eye discharge  
Earache  
Ear discharge  
Skin rash  
Infected cut  
Nausea  
Vomiting  
Diarrhea  
Diarrhea with blood  
Stomach vain 495 0.062 51 0.066 1.04 (0.77-1.41)' 103 0.063 0.98 i0.78-1.23j  
Cough  
Cough and phlegm  
Runny nose  
Sore throat  
HCGI 1  
HCGI 2 65 0.008 1 1  0.014 1.63 (0.85-3.12j 17 0.010 1.13 (0.65-i.95j  
Significant respiratory disease 399 0.050 42 0.055 1.08 (0.77-1.50) 85 0.052 1.04 (0.81-1.33)  

The total number of swimmers in each catego7 is given in parentheses (N) .
* Referent category (RR = 1.0).  
t Adlusted for age, sex, beach, race, California us out,of-state resident, and concern about potential health hazards at the beach.  

RB-AR5750



360 HAILE ET AL Epidemiology July 1999, Volume 10 Number 4 

TABLE 4. Adverse Health Outcomes by Enterococci Levels: Number Ill, Acute Risks, Adjusted Relative Risk (RR) 
Estimates and 95% Confidence Intervals (CI) 

Enterococci (cfu/lOOml) 

5 3 5  
(N= 7,689)* >35-104 (N = 1,863) >lo4 (N= 857) 

Outcome No. 111 Risk No. I11 Risk RRt  No. I11 Risk R R t  

Fever 371 0.048 84 0.045 0.91 (0.71-1.16) 45 0.053 1.00 (0.72-1.40)  
Chills 198 0.026 33 0.018 0.67 (0.4W.97) 24 0.028 0.94 (0.60-1.48)  
Eye discharge 149 0.019 25 0.013 0.69 (0.45-1.07) 16 0.019 1.01 (0.5g1.75)  
Earache 270 0.035 57 0.031 0.82 (0.61-1.11) 3 1 0.036 0.88 (0.59-1.31)  
Ear discharge 52 0.007 12 0.006 0.85 (0.45-1.62) 4 0.005 0.53 (0.19-1.51)  
Skin rash 74 0.010 13 0.007 0.71 (0.39-1.30) 13 0.015 1.72 (0.89-3.31)  
Infected cut 46 0.006 12 0.006 0.95 (0.49-1.82) 6 0.007 0.90 (0.37-2.18)  
Nausea 271 0.035 72 0.039 1.07 (0.82-1.41) 4 1 0.048 1.19 (0.84-1.70)  
Vomiting 130 0.017 34 0.018 1.13 (0.77-1.67) 18 0.021 1.20 (0.71-2.04)  
Diarrhea 398 0.052 101 0.054 0.99 (0.78-1.25) 57 0.067 1.01 (0.75-1.36)  
Diarrhea with blood 8 0.001 0 - - 3 0.004 2.90 i0.66-12.68)  
Stomach pain 464 0.060 126 0.068 1.09 (0.89-1.35) 59 0.069 0.97 (0.72-1.30)  
Cough 554 0.072 121 0.065 0.91 (0.73-1.12) 63 0.074 1.00 (0.75-1.34)  
Cough and phlegm 266 0.035 59 0.032 0.91 (0.68-1.22) 3 1 0.036 1.03 (0.69-1.54)  
Runny nose 704 0.092 165 0.089 0.96 (0.80-1.15) 85 0.099 1.01 (0.79-1.30)  
Sore throat 533 0.069 118 0.063 0.89 (0.72-1.10) 5 2 0.061 0.80 (0.59-1.09)  
HCGI 1 230 0.030 51 0.027 0.92 (0.67-1.26) 36 0.042 1.31 (0.89-1.92)  
HCGI 2 67 0.009 14 0.008 0.82 (0.461.48) 12 0.014 1.30 (0.67-2.51)  
S~gnificant 397 0.052 84 0.045 0.86 (0.67-1.1 1) 45 0.053 0.98 (0.70-1.37)  

respiratory disease 

The total number of swimmers m each category 1s given in parentheses (N).
* Referent category (RR = 1.0).  
t Adjusted for age, sex, beach, race, California us out-of-state resident, and concern about potential health hazards at the beach  

were increased risks of nausea, vomiting, diarrhea with adjusting for each bacterial indicator (one-at-a-time) 
blood, HCGI 1, and HCGI 2. Our adjusted RRs sug- also left these results essentially unchanged.12 As ex-
gested similar positive associations, except for diarrhea; pected, there was an association between presence of 
although the risk increased from 0.05 to 0.07, the ad- virus and fecal coliforms within 50 yards of the drain. 
justed RR comparing the highest to lowest category was The mean density of fecal coliforms when no virus was 
1.0 (Table 4). When comparing the lowest to higher detected was 234.8 cfu (SD 542.5 cfu); whereas it was 
deciles, we observed increased risks in most categories 2,233.8 (SD 2,634.1) when viruses were detected (N = 
for infected cut and skin rash (Figure 1). Other adverse 386). The median values were 47.8 and 452.6 cfu, re- 
health outcomes-infected cut, nausea, diarrhea, diar- spectively. 
rhea with blood, HCGI 1, and HCGI 2-exhibited 
increased risks only in particular quantiles. In compari- 
son with the lowest decile, the risk of each of these Discussion 
outcomes was higher in the 10th decile. For example, W e  observed differences in risk for a number of out- 
the risk for HCGI 2 was 0.007 in the first decile, but comes when we compared subjects swimming at 0 yards 
0.015 in the 10th. us 400+ yards. Most of the relative risks suggested an 

Table 5 presents results for E. coli. We once again approximately 50% increase in risk. Furthermore, as 
found an increased risk of skin rash in the highest evinced by both the risks and RRs, there is an apparent 
prespecified category (that is, >320 cfu). Furthermore, threshold of increased risk occurring primarily at the 
we observed slight increased risks in this highest cate- drain: no dose response is evinced with increasing close- 
gory for eye discharge, earache, stomach pain, coughing ness to the drain, but there is a jump in risk for many 
with phlegm, runny nose, and HCGI 1 (Table 5). In our adverse health outcomes among those swimming at the 
decile-based analysis, however, we only observed mate- drain. W e  also found that distance is a reasonably good 
rially increased risks for eye discharge, skin rash, and surrogate for bacterial indicators, with higher levels ob- 
infection (Figure 1). served closer to the drain.12 

Numerous adverse health outcomes exhibited higher For bacterial indicators, we observed a relation among 
risks among subjects swimming on days when samples numerous higher exposures and adverse health out-
were positive for viruses (Table 6). In particular, the risk comes. These increases were mostly restricted to the 
of fever, eye discharge, vomiting, sore throat, HCGI 1, highest knowledge-based categories (no effect was ob- 
and HCGI 2, and to a lesser extent, chills, diarrhea, served below any existing standards). When looking at 
diarrhea with blood, cough, coughing with phlegm, and quantiles, we found higher risks of skin rash and infec- 
SRD were higher on days when viruses were detected. tion at fairly low levels. In contrast with what one might 
Our adjusted RR estimates showed similar relations, expect, however, there was no clear dose-response pat- 
most ranging from 1.3 to 1.9 (Table 6). Additionally, tern across increasing levels of bacteriological exposures. 
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TABLE 5. Adverse Health Outcomes by E. coli Levels: Number Ill, Acute Risks, Adjusted Relative Risk (RR) Estimates and 95% Confidence Intervals (CI) 

E. coli (cfu/lOOml) 

535 
(N = 6,104)* 

-- 
135-75 (N = 1,620) >75-160 (N= 1,145) >I66320 (N = 518) >320 (N = 991) 

Outcome No. Ill Risk No. I11 Risk RRI No. Ill Risk RRt No. Ill Risk RRt No. Ill Risk RRt 

Fever 274 0.045 89 0.055 1.22 61 0.053 1.20 29 0.056 1.22 45 0.045 0.98 

Chills 145 0.024 41 0.025 
(0.95-1.56) 

1.OO 28 0.024 
(0.90-1.60) 

1.OO 18 0.035 
(0.81-1.84) 

1.38 22 0.022 
(0.70-1.37) 

0.79 

Eye discharge 

Earache 

116 

214 

0.019 

0.035 

30 

45 

0.019 

0.028 

(0.70-1.44) 
0.99 

(0.65-1.49) 
0.75 

14 

33 

0.012 

0.029 

(0.66-1.52) 
0.65 

(0.37-1.15) 
0.78 

6 

18 

0.012 

0.035 

(0.82-2.33) 
0.61 

(0.26-1.43) 
0.91 

23 

47 

0.023 

0.047 

(0.49-1.26) 
1.36 

(0.84-2.19) 
1.25 

Ear discharge 

Skin rash 

42 

57 

0.007 

0.009 

8 

15 

0.005 

0.009 

(0.54-1.04)
0.60 

(0.28-1.28) 
1.01 

5 

7 

0.004 

0.006 

(0.53-1.14)
0.57 

(0.22-1.46) 
0.66 

6 

6 

0.012 

0.012 

(0.55-1.50)
1.28 

(0.52-3.15) 
1.21 

6 

15 

0.0066 

0.015 

(0.89-1.77)
0.67 

(0.27-1.62)
2.04 

Infected cut 42 0.007 7 0.004 
(0.56-1.80) 

0.53 3 0.003 
(0.30-1.46) 

0.33 3 0.006 
(0.49-2.98) 

0.66 9 0.009 
(1.11-3.76) 

1.02 

Nausea 216 0.035 74 0.046 
(0.24-1.20) 

1.22 34 0.030 
(0.10-1.06) 

0.80 18 0.035 
(0.20-2.19) 

0.88 42 0.042 
(0.48-2.19) 

1.03 

Vomiting 

Diarrhea 

107 

310 

0.018 

0.051 

31 

101 

0.019 

0.062 

(0.93-1.61) 
1.09 

(0.72-1.64) 
1.14 

16 

63 

0.014 

0.055 

(0.55-1.16) 
0.82 

(0.48-1.40) 
1.OO 

8 

25 

0.015 

0.048 

(0.53-1.46) 
0.87 

(0.41-1.85) 
0.80 

20 

56 

0.020 

0.057 

(0.73-1.47) 
1.05 

(0.63-1.74) 
0.91 

Diarrhea with blood 5 0.001 3 0.002 
(0.90-1.44) 

2.06 1 0.001 
(0.75-1.33) 

1.03 2 0.004 
(0.52-1.23) 

3.98 0 -
(0.67-1.23) 

Stomach pain 353 0.058 124 0.077 
(0.48-8.89) 

1.28 
(1.03-1.59) 

70 0.061 
(0.12-9.01) 

1.02 
(0.78-1.33) 

31 0.060 
(0.68-23.21 ) 

0.95 
(0.64-1.40) 

70 0.071 1.06 
(0.80-1.40) 

Cough 

Cough and phlegm 

444 

226 

0.073 

0.037 

96 

41 

0.059 

0.025 

0.81 
(0.64-1.02) 

0.66 
(0.474.92) 

86 

34 

0.075 

0.030 

1.04 
(0.82-1.33) 

0.78 
(0.54-1.12) 

29 

11 

0.056 

0.021 

0.77 
(0.5 1-1.14) 

0.53 
(0.28-1.00) 

82 

43 

0.083 

0.043 

1.14 
(0.88-1.48) 

1.12 
(0.79-1.59) 

Runny nose 

Sore throat 

566 

417 

0.093 

0.068 

136 

99 

0.084 

0.061 

0.87 
(0.71-1.06) 

0.86 

105 

82 

0.092 

0.072 

0.96 
(0.77-1.20) 

1.02 

38 

29 

0.073 

0.056 

0.76 
(0.53-1.08) 

0.78 

108 

75 

0.109 

0.076 

1.12 
(0.89-1.41) 

1.04 

HCGI 1 183 0.030 51 0.031 
(0.68-1.08) 

1.03 30 0.026 
(0.80-1.31) 

0.88 17 0.033 
(0.52-1.17) 

1.06 36 0.036 
(0.80-1.37) 

1.12 
(0.75-1.42) (0.59-1.30) (0.63-1.80) (0.76-1.64) 

HCGI 2 48 0.008 21 0.013 1.55 8 0.007 0.85 6 0.012 1.25 10 0.010 1.04 

Significant respiratory 
disease 

3 19 0.052 71 0.044 
(0.92-2.64) 

0.82 
(0.62-107) 

58 0.051 
(0.40-1.81) 

0.96 
(0.72-1.28) 

21 0.041 
(0.51-3.03) 

0.74 
(0.47-1.18) 

56 0.057 
(0.5 1-2.13) 

1.03 
(0.76-1.40) 

-- -

The total number of swimmers in each category is given m parentheses (N).
* Referent category (RR= 1.0). 
t Adjusted for age, sex, beach, race, California ws out-of-state resrdent, and concern about potential health hazards at the beach. 
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TABLE 6. Number Ill, Risks, and Adjusted Relative Risk (RR) Estimates of Adverse Health Outcomes by Virus 

Viruses 

No (N = 3,168)* Yes (N = 386) 

Outcome No. I11 Risk No. 111 Risk RR (95% CI)t  

Fever 
Chills 
Eye discharge 
Earache 
Ear discharge 
Skin rash 
Infected cut 
Nausea 
Vomiting 
Diarrhea 
Diarrhea with blood 
Stomach ~ a i n  
Cough 
Cough and phlegm 
Runnv nose 
Sore throat 
HCGI 1 
HCGI 2 
Significant respiratory disease 

The total number of swlmrners In each category 1s glven In parentheses (N)
* Referent category (RR = 1 0 )   
t Adjusted for age, sex, beach, race, Cal~fomla us out-of-state restdent, and concern about potentla1 health hazards at the beach  

When looking at the ratio of total to fecal coliforms 
using the entire dataset, no  consistent pattern 
emerged.12 This is not entirely surprising inasmuch as an  
analysis of all data points treats all ratios of similar 
numerical value equally. Thus, for example, even though 
a ratio of 5 when the total coliforms are very low may 
not increase risk, the same ratio may be associated with 
increased risks when the density of total coliforms is 
above 1,000 or 5,000 cfu. When the analysis was re- 
stricted to swimmers exposed to total coliform densities 
above 1,000 or 5,000 cfu, a consistent pattern emerged, 
with higher risks associated with low ratios.'* 

This is the first large-scale epidemiologic study that 
included measurements of viruses. A number of adverse 
health effects were reported more often on days when 
the samples were positive, suggesting assays for viruses 
may be informative for predicting risk. Norwalk-like 
viruses are a plausible cause of gas t r~enter i t i s .~~ '~  Entero-
viruses, the most common viruses in sewage effluent, can 
cause respiratory symptoms. Not only are viruses respon- 
sible for many of the symptoms associated with swim- 
ming in ocean water but also they die off at slower rates 
in sea water than do bacteria, and they can cause infec- 
tion at a much lower dose.14 

Our design substantially reduced the potential for 
confounding by restricting the study entirely to swim- 
mers and making comparisons between groups of swim- 
mers (for example, defined by distance from the drain) 
to estimate relative risks. Previous studies looking at the 
effects of exposure to polluted recreational water (for 
example, due to sewage outflows) have been criticized 
for comparing risks in swimmers with risks in non-
~ w i m m e r s . ~ J ~ J ~In these earlier studies, background risks 
among subjects who swim PIS those choosing not to swim 
may differ because there are many other (potentially 

noncontrollable) exposures/pathways that can produce 
the symptoms under investigation. By restricting the 
present study to swimmers, we have reduced potential 
differences between the background risks of exposed us 
unexposed subjects (for example, swimmers choosing to 
swim at the drain us those swimming at the same beach 
but farther away from the drain). Furthermore, we were 
able to adjust our relative risk estimates for a number of 
additional factors (listed above) that could confound the 
observed relations. Of course, this does not exclude the 
possibility that residual confounding in these factors, or 
other unknown factors, might have confounded the ob- 
served relations. 

Nevertheless, any actual (that is, causal) effects may 
be higher than we observed in this study because both 
distance and pathogenic indicators are proxy measures of 
the true pathogenic agents. Also, recall that we excluded 
subjects who frequently entered the water at these 
beaches. If there is a dose-response relation such that 
higher cumulative exposures are associated with in-
creased risk, then one may infer that persons who fre- 
quently enter the water and immerse their heads (for 
example, surfers) may have a higher risk of adverse 
health outcomes than the relatively infrequent swim- 
mers included in this study. 

In summary, we observed positive associations be- 
tween adverse health effects and (1) distance from the 
drain, (2) bacterial indicators, and ( 3 ) presence of en- 
teric viruses. Taken together, these results imply that 
there may be an increased risk of a broad range of 
adverse health effects associated with swimming in 
ocean water subject to urban runoff. Moreover, attrib- 
utable numbers-that is, estimates of the number of new 
cases of an  adverse health outcome that is attributable to 
the exposure of interest-reached well into the 100s per 
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10,000exposed subjects for many of the positive associ- 
ations observed here.12 This finding implies that these 
risks mieht not be trivial when we consider the millions 

L7 

of persons who visit these beaches each year. Further- 
more, the factors apparently contributing to the in- 
creased risk of adverse health outcomes observed here 
are not unique to Santa Monica Bay (similar levels of 
bacterial indicators are observed at manv other beaches). 
Consequently, the prospect that untreated storm drain 
runoff poses a health risk to swimmers is probably rele- 
vant to many beaches subject to such runoff, including 
areas on the East, West, and Gulf coasts of North Amer- 
ica, as well as numerous beaches on other continents. 
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Predicting likelihood of gastroenteritis from sea bathing: results
from randomised exposure

Summary
The health effects of bathing in coastal waters is an area of
scientific controversy. We conducted the first ever

randomised "trial" of an environmental exposure to

measure the health effects of this activity. The trial was
spread over four summers in four UK resorts and 1216
adults took part. Detailed interviews were used to collect
data on potential confounding factors and intensive water
quality monitoring was used to provide more precise
indices of exposure. 548 people were randomised to

bathing, and the exposure included total immersion of the
head. Crude rates of gastroenteritis were significantly
higher in the exposed group (14&middot;8 per 100) than the

unexposed group (9&middot;7 per 100; p=0&middot;01).
Linear trend and multiple logistic regression techniques

were used to establish relations between gastroenteritis
and microbiological water quality. Of a range of

microbiological indicators assayed only faecal streptococci
concentration, measured at chest depth, showed a

significant dose-response relation with gastroenteritis.
Adverse health effects were identified when faecal

streptococci concentrations exceeded 32 per 100 mL. This
relation was independent of non-water-related predictors of
gastroenteritis.
We do not suggest that faecal streptococci caused the

excess of gastrointestinal symptoms in sea bathers but
these microorganisms do seem to be a better indicator of
water quality than the traditional coliform counts. Bathing
water standards should be revised with these findings in
mind.

Introduction
There is a widespread belief that sea bathing may lead to
illness’ but evidence for such an association has proved
elusive. No consistent relation between any single
microbiological indicator of water quality and disease has
emerged2,3 from the many studies that have been
undertaken.4-15 Despite this, microbiological standards
and recommendations have been drawn up for bathing
waters in Europe and North America.16-21

Previous studies have suffered from three

methodological flaws: (1) those who bathed and those
who did not selected themselves and may have differed in
respect to factors other than the quality of the bathing
water to which they were exposed, (2) the microbiological
quality of water was not assigned to each bather at the
time and place of bathing, and (3) non-water-related risk
factors were not measured or adequately controlled for.
To overcome these problems, and following a suggestion
of the World Health Organization (WHO),22 we have
conducted a randomised controlled exposure study.
Groups of healthy adults were allocated at random to
bathe or not to bathe at UK resorts that met the

mandatory EC standards. The levels of indicator

organisms to which each bather was exposed were

precisely determined. Four such studies were done, and
preliminary results, based on the first two, have been

published.23,24 In this paper we present the dose-response
relation between gastroenteritis and exposure to sea water
of varying microbial quality based on the results of the full
four year programme.

Methods

Epidemiological
Four sites around the UK coast that had met EC mandatory
bacteriological criteria for bathing waters18 in the previous
summer were selected by an independent committee. Adult
volunteers (>18 years) were recruited in population centres close
to the study sites in the 3 weeks before the study. Background
rates in previous studies gave our study the power to detect an
increase in illness rate of 5% above background at alpha=0&middot;01
and beta=0&middot;02. The acceptable water quality and minimum age
of volunteers were both requirements defined in ethical clearance
for the studies granted by the Royal College of Physicians
Committee for Research on Healthy Volunteers. The studies
took place at four separate locations on four successive bathing
seasons between 1989-1992 (beaches A-D)

Volunteers attended for an extensive structured personal
enrolment interview and medical examination not more than 2

days before the exposure day. The interview recorded age, sex,
occupation, household size, general health, illness in previous 3
weeks, water contact activities, and other possible confounding
factors associated with gastroenteritis. Those deemed unfit at the
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Sex

History of migraine headaches
History of stress or anxiety
Frequency of diarrhoea (often/sometimes/ rarely/ never)
Current use of prescription drugs
Illnesses in 4 weeks before study day lasting more than 24 h
Use of prescription drugs in 4 weeks before study day
Consumption of following foods in period from 3 days before to 7 days after trial day
Mayonnaise
Purchased sandwiches
Chicken

Eggs
Hamburgers
Hot dogs
Raw milk
Cold meat pies
Seafood

Illness in household within 3 weeks after trial day
Alcohol consumption within 7 day period after trial
Frequency of usual alchol consumption
Taking of laxatives within 4 weeks of trial day
Taking of other stomach remedies within 4 weeks of trial day
Additional bathing within 3 day before and 3 weeks after trial day*
*Included to control for possible confounding due to multiple exposures among
bathers and exposure among non-bathers before or after trial day.
Table 1: Non-exposure-related risk factors for gastroenteritis

medical examination (eg, serious heart conditions, life-

threatening illness, fear of water; n=16) and those who failed to
attend on the trial day (n=183) were excluded from further
analysis. 23 volunteers who failed to comply with their
randomisation status were also excluded because no water

quality data were available for "non-bathers" who bathed and the
research team could not confirm that "bathers" who claimed to
have stayed on the beach had not entered the water unobserved.
The remaining 1306 volunteers (table 2) were randomised into

bathing and non-bathing groups using a computerised table of
random numbers on the exposure day. Some recruitment was
also undertaken on the trial day itself. Participants recruited on
the trial day were given the initial trial day interviews, examined
by a physician, and randomised to bather or non-bather.
Volunteers were unaware of their group status until they reported
to the beach. The bathing group (exposed) entered a defined and
roped-off 20 m area of water for at least 10 min, completely
immersing their heads at least three times. Their location and
duration of exposure was closely monitored. The non-bathing
(unexposed) group remained in a designated area on the adjacent
beach. Before they left the beach, participants were interviewed
about their current health and dietary habits for the days before
the trial day.

Further extensive interviews inquiring about health, diet, water
contact activity, and other possible non-water-related risk factors
for gastroenteritis in the intervening period were done 1 week
after the trial day. Volunteers were also given medical
examinations. Interviewers were blind to exposure status. 3
weeks subsequent to the trial date participants each received a
final questionnaire by post on which to record any further

symptoms of illness and exposure to bathing water. These delay
periods were chosen to accommodate the incubation periods of
illness often attributed to bathing exposures such as viral

gastroenteritis and cryptosporidiosis. The study was not designed
to pick up longer incubation illness such as hepatitis A.

B=bather, NB=non-bather. *Excluded from further analysis due to missing indicator
organism exposure data or incomplete follow-up. tlncludes 104 participants who
reported gastroenteritis symptoms on exposure day.
Table 2: Study population

p (trend) for all classes <0.01, p (trend) exposed classes only <0.01.

Table 3: Gastroenteritis among non-bathers and bathers
exposed to less than 34, 35-69, and greater than 70 faecal
streptococci (per 100 mL) derived from samples taken at
chest depth

Bacteriological
The bathing area was sampled every half-hour over the exposure
period every 20 m and at surf, mid (1 m depth, 30 cm below the
surface) and chest (1-3-1-4 m depth, 30 cm below the surface)
depths. The chest depth was the location at which immersion
exposure took place. Samples were analysed for total and faecal
coliforms, faecal streptococci, and Pseudomonas aeruginosa.25
Total staphylococci26,27 were counted at three of the study sites.
All samples were analysed by standard methods and the results
were first known to the researchers at 24-48 h post exposure.

Analytical
The success of randomisation was assessed by comparing the
distribution of non-water-related risk factors for gastroenteritis
among bathers and non-bathers (table 1). This was done by
univariate X2 analysis. If randomisation was successful, the crude
rates of illness for bathers and non-bathers would be adjusted for
any of those extraneous risk factors. If randomisation was not
successful for any non-water-related risk factor, the effect of this
failure was assessed, for any association between illness at

increasing indicator organism exposure, by multiple logistic
regression.
The indicator organism concentrations to which individual

bathers were exposed were assigned from results obtained from
samples at three depths taken at the location of, and during, the
exposure to sea water. Where this was not possible the closest
sample results of the time of the individual exiting the water were
assigned as the measure of exposure. All volunteers (and
interviewers) were "blind" to the water quality attributed to each
bather.

Statistical analyses examined dose-response relationships
between exposure (as measured by microbiological water quality)
and gastroenteritis, whilst controlling for the effects of

confounding factors. Confounding factors included non-

exposure-related variables likely to affect the incidence of
gastroenteritis. Gastroenteritis was defined as any case of

vomiting or diarrhoea plus any case of either indigestion or
nausea accompanied by fever reported at either post-exposure
interview. Participants were excluded from the analysis where
they failed to attend for follow-up interviews or where precise
details of the indicator organism density to which the bathers
were exposed could not be determined.
Trends in gastroenteritis rate with indicator organism exposure

measured at the three depths were examined by the Mantel-
Haenszel X2 test for linear trend .21 Exposure classes for total and
faecal coliforms were defined, on the basis of existing standards,
as 0-2400 and greater than 2400 total coliforms per 100 mL
(dL) and 0-200 and greater than 200 faecal coliforms/dL and
0-34, 35-69, and greater than 70 faecal streptococci/dL. Rates of
gastroenteritis amongst the unexposed were thus compared with
rates amongst those exposed to water quality judged to comply
with or to exceed current standards for total coliforms, faecal
coliform, and faecal streptococci.

Since no quantitative standards exist for Pseudomonas
aeruginosa and total staphylococci, median values were used to
define exposure, the classes being 0 and greater than 0
P aeruginosaldL and 0-172 and greater than 172 total
staphylococci/dL. Trend analyses were repeated excluding the
unexposed group. A trend was considered significant if the
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Mantel Haenszel XI for linear trend yielded a p value less than
0-05 with and without the inclusion of the unexposed group.
This ensured that the trend statistic was not unduly influenced
by an excessive difference between the gastroenteritis rate in the
unexposed group and that in the lowest exposure class."’2
Trends were also assessed by study site and the differences in
stratum-specific gastroenteritis rates between sites examined to
justify combining the data.
Any significant trends were further analysed by quartiles and

20-unit intervals to define exposure categories. Multiple logistic
regression analysis was then used to examine the details of

significant dose relationships between indicator organism
concentration and gastroenteritis whilst controlling for significant
non-exposure-related risk, or confounding, factors found by
univariate xZ analyses between the exposed and reference groups.
Two independent analyses were conducted with the BMDP" (by
JMF) and MULTLR34 (by RLS) statistical packages. This
provided an independent validation of the results of the BDMP
models which are reported herein and were constructed with
backwards selection procedures to control for confounding
factors.

Results
Table 2 shows numbers of volunteers who came to the
beach on the four trial days, the exclusions due to missing
indicator organism data or incomplete follow-up, the final
cohorts, and the percentages with complete follow-up
information. The median ages of the volunteers before
exclusions were bathers 31-8 years and non-bathers 32-4
years. After exclusions the medians were 31-7 years and
32-1, respectively. The sex balance was 47-4%
males/52-6% females before exclusions and 45-6%/54-4%
afterwards.
Each trial covered a 3 h period. Significant spatial and

temporal variability was observed in indicator organism
concentrations at each site throughout the 3 h period of
sea water sampling during which bathers were exposed.
Crude rates of gastroenteritis were significantly higher

in the exposed group (14-8%) than in the unexposed
group (9-7%) (p=001). A check on non-water-related
risk factors showed randomisation to have been successful
in that no confounding was observed between non-water-
related factors and the excess risk for bathers at increasing
levels of indicator organism exposure.
34-3% of gastroenteritis cases developed within 7 days

of the study day, the remaining 65-7% had onset dates up
to 21 days. No difference in onset of symptoms was
observed between the exposed and unexposed groups. Of
the five indicator organisms analysed, only increases in
faecal streptococci concentrations derived from samples
taken at chest depth were associated with a trend towards
increased rates of gastroenteritis when the unexposed
(non-bather) group was included or excluded in the trend
analysis (table 3). The exposure categories were then
defined by the quartile points of the faecal streptococci
distribution. This was done to remove any possible

p (trend) for all classes <0.001, p (trend) exposed classes only <0.002.

Table 4: Gastroenteritis among non-bathers and bathers
exposed in quartile categories of faecal streptococci
(per 100 mL) derived from samples taken at chest depth

p (trend) for all classes <0.001, p (trend) exposed classes only <0.001.
*Rates significant relative to unexposed (non-bather) group (p<0.05).
Table 5: Gastroenteritis among unexposed individuals vs
bathers exposed to 20 unit categories of faecal streptococci
(per 100 mL) derived from samples taken at chest depth

subjectivity in the selection of cut-points and to look for
relations between faecal streptococci exposure and
gastroenteritis at indicator organism density below 35/dL.
Table 4 shows gastroenteritis rates for exposure categories
defined by quartiles of faecal streptococci exposure at

chest depth and provides data on bathers exposed to

concentrations below 35/dL. A significant trend was
observed with or without inclusion of the non-bather
group (table 4).

Better to delineate the faecal streptococci exposure at
which bathers reported gastroenteritis significantly more
than non-bathers, the data were split into 20 unit intervals
of faecal streptococci exposure (table 5). The increased
risk to the bathers did not start until exposure to 40 or
more faecal streptococci/dL.
Trends in gastroenteritis rate with increasing faecal

streptococci exposure were not significantly different
between sites, indicating that the pooling of data from all
four studies was justified. Furthermore, all volunteers at
all sites were healthy adults who underwent medical
examination and screening before exposure.

Logistic regression analysis (BMDP model) revealed no
confounding of the relation between exposure to faecal
streptococci and illness by the risk factors shown (table
6). Nor was there any significant interaction between
faecal streptococci exposure and any of these non-water-
related risk factors. Results with the MULTR model were
similar. The lack of interaction between faecal
streptococci exposure and the non-water-related risk
factors shows that the non-water factors are independent
predictors of illness.
The analyses presented thus far suggest that the risk of

gastroenteritis does not increase until bathers are exposed
to about 40 faecal streptococci/dL. To define the
threshold more precisely, we did logistic regression
modelling comparing ill with non-ill bathers as the

*p (trend)=0.009. tcomposite variable of non-water-related risk factors (a), (b), (c),
(g), and (h) (see figure legend). *Modelled continuously m intervals of 10 years.
&sect;Symptoms in family members preceding symptom m individual bathers. Reference
group males.

Table 6: Logistic regression analysis of gastroenteritis
amongst bathers only
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Figure: Probability of gastroenteritis amongst bathers exposed
to increasing faecal streptococci densities from samples taken
at chest depth
Model is adjusted for following significant non-exposure related risk
factors identified between bathers reporting gastroenteritis and those
not reporting gastroenteritis post exposure:
(a) Predisposition to diarrhoea (diarrhoea at least once per month vs
less than twice per year) (site A). (b) Diarrhoea lasting over 24 h within
3 weeks before exposure (all sites). (c) Usual fatigue lasting over 23 h
within 3 weeks before exposure (site B). (d) Gastroenteritis in family
members preceding illness experienced by individual bathers (all sites)
(e) Gender (all sites). (f) Age (10 unit categories) (all sites).
(g) Hamburgers or take-out food consumed within 3 days before and 7
days post exposure (site B). (h) Purchased sandwiches consumed
within 3 days before and 7 days post exposure (site A).
From equaton (see Results) a value of 32 per 100 mL on x axis for
faecal streptococcal density is the approximate density at which
predicted probability of gastroenteritis equals observed proportion of
non-bathers reporting gastroenteritis (ie, y, the excess, is zero).

outcome variable with faecal streptococci density as a

continuous variable. Since all previous models had
indicated no excess risk among bathers exposed to 20-39
faecal streptococci/dL, the median faecal streptococci
density to which bathers were exposed within this
exposure grouping was chosen as the cut-point on which
to conduct separate logistic regression analysis-ie,
separate logistic models were computed for bathers
exposed to less than 32 and more than 32 faecal
streptococci/dL. Because the faecal streptococci density
was a continuous variable here, a square-root
transformation was necessary to ensure linearity.
The model for bathers exposed to less than 32 faecal

streptococci/dL was not significant (likelihood ratio

=0-67, p=041) but for bathers exposed to more than
32 faecal streptococci/dL there was a significant result
(6-33, p=002), as follows:

Logn odds (of gastroententis)=O’20102B{FS-32)-2-3561

This model was then used to calculate the probability of
gastroenteritis symptoms with increased faecal
streptococci exposure (figure 1). The model predicts a
probability of illness of 0-0866 at 32 faecal

streptococci/dL and 0-1039 at 33/dL. When compared
with the observed rate of gastroenteritis symptoms among
non-bathers (0-0975) the model does provide strong
evidence that 33 faecal streptococci/100 mL is the
threshold of increased risk.

Discussion
This is the first time that the methods of a randomised
controlled clinical trial have been applied to an

environmental exposure. The relation between faecal
streptococci concentration measured at chest depth and
gastroenteritis is robust. No other microbiological
indicator at any sampling depth displayed a significant
trend relating concentration to gastroenteritis rate. The
biological basis of this observation is unknown and there
is no suggestion that faecal streptococci was the
aetiological agent involved. However, it would be logical
to presume that whatever causes gastroenteritis co-

partitions in sea water with faecal streptococci. A
Norwalk-like virus is one possibility. The case definition
of gastroenteritis used gave relative prominence to

upper gastrointestinal symptoms which frequently
predominate in outbreaks of viral gastroenteritis.35 These
viruses cannot be isolated from surface waters with
current techniques.36
The use of organisms similar to faecal streptococci as

indicators of risk of gastroenteritis has been proposed
before.6,20 Nevertheless the increase in rates of illness in
those studies with increasing indicator concentration is
lower than in our study. US Environmental Protection
Agency (EPA) studies report lower rates of gastroenteritis,
both in bathing and non-bathing groups, than we found.5,6
We cannot explain this discrepancy though
methodological criticisms have been levelled at EPA type
studies.13,30 The healthy volunteers in our study may dffer
from the weekend family groups who participated in the
EPA studies. Prospective cohort studies in the UK"
confirm the generally higher rates of gastroenteritis
observed in UK investigations than in EPA studies .5

Our findings are not applicable to younger bathers or
special interest groups such as surfers, sailboarders, and
divers; nor can they be extrapolated to freshwater
recreation sites. They do show that existing EC
standards" have very little public health significance to
coastal bathing waters in temperate north-west Europe.
Indeed coliforms seem to have little value as indicators of
the risks of gastroenteritis from sewage pollution of
coastal waters. Faecal streptococci concentrations are a
better microbiological indicator of whether sea water is fit
for bathing in and should replace coliform concentrations
as the basis for official standards. Some movement in this
direction is evident in proposed amendments to EC

bathing water standards.21 Information on faecal
streptococci concentrations, resort-by-resort and day-by-
day, may have an important role in helping people decide
whether to bathe or not
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SUMMARY

Cryptosporidium are parasitic protozoans that cause gastrointestinal disease and represent a significant risk to public
health. Cryptosporidium oocysts are prevalent in surface waters as a result of human, livestock and native animal faecal

contamination. The resistance of oocysts to the concentrations of chlorine and monochloramine used to disinfect potable
water increases the risk of waterborne transmission via drinking water. In addition to being resistant to commonly used
disinfectants, it is thought that oocysts can persist in the environment and be readily mobilized by precipitation events.

This paper will review the critical processes involved in the inactivation or removal of oocysts in the terrestrial and aquatic
environments and consider how these processes will respond in the context of climate change.

Key words: Cryptosporidium, survival, environment, inactivation, processes, review, climate change.

INTRODUCTION

Protozoan parasites of the genus Cryptosporidium
are ubiquitous and a significant enteropathogen of a
wide range of vertebrates, including mammals,
birds, reptiles, and fish (O’Donoghue, 1995; Sturdee
et al. 1999; Fayer et al. 2000a; Sreter and Varga,
2000; Alvarez-Pellitero and Sitja-Bobadilla, 2002;
Xiao et al. 2004). They are the cause of the gastro-
intestinal disease cryptosporidiosis, which primarily
involves watery diarrhoea in mammals and birds
and gastritis in reptiles and fish (O’Donoghue,
1995). While the disease is normally self-limiting,
persistent infections have been associated with
severe, chronic disease, particularly in snakes or
immuno-compromised mammals (Current et al.
1983). Recent research has identified drugs (e.g.
nitrazoxanide) for the treatment of cryptospor-
idiosis, making this less of a concern in immuno-
compromised human patients (Smith and Corcoran,
2004; Rossignol et al. 2006).

The infectious form is the oocyst, and a single
oocyst is sufficient to produce infection and disease
in an animal model (Pereira et al. 2002). In humans,
the median infectious dose for some isolates of
C. parvum has been reported to be as low as 12
oocysts or as high as 2066 oocysts (Messner et al.
2001). Transmission can occur via the faecal/oral

route or by ingestion of contaminated food or water,
the latter of which serves as an excellent vehicle for its
transmission (Juranek, 1997). Following ingestion
by the host of an infectious oocyst, exposure to
stomach acid, bile salts and host metabolic tem-
perature promotes destabilization of the oocyst wall,
resulting in release of the sporozoites that can then
infect the epithelial cells lining the luminal surfaces
of the digestive and respiratory tract of the host
(O’Donoghue, 1995; Chen et al. 2004). The life-
cycle is complex, comprising asexual and sexual
stages, with the sexual cycle resulting in the pro-
duction of millions of thick walled, environmentally
robust oocysts (Fayer et al. 2000a; Atwill et al.
2003), which are excreted with the faeces of the host
and subjected to the rigors of the environment until
rendered non-infectious or ingested by a susceptible
host (Fayer et al. 1998a).
Cryptosporidium sparked enormous public health

interest after the large human waterborne outbreak
in Milwaukee in 1993 (MacKenzie et al. 1995). In
the past decade, Cryptosporidium has been identified
as the cause of numerous outbreaks of waterborne
disease affecting hundreds of thousands of in-
dividuals (SoloGabriele and Neumeister, 1996;
Smith and Rose, 1998; Causer et al. 2006). However,
because diagnosis of cryptosporidiosis is frequently
not considered by many clinicians outside of the
context of immunodeficient patients and many lab-
oratories do not routinely test stool specimens for
Cryptosporidium unless specifically requested, there
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is speculation that many cases of gastroenteritis
caused by this parasite go undiagnosed and there-
fore unreported (Tillett et al. 1998; Hunter et al.
2001).

Cross-infection studies lead to the proposal that
Cryptosporidium are zoonotic, with transmission re-
ported between animals and humans (Meisel et al.
1976; Anderson et al. 1982; Reese et al. 1982).
More recent genetic studies have demonstrated
considerable genetic diversity among isolates of
the same species suggesting that some species are in
fact species complexes and that some of these spe-
cies, such as C. hominis, may be host specific (Monis
and Thompson, 2003). However, Cryptosporidium
parvum is truly zoonotic and small percentages of
human infections may also be caused by species
other than C. parvum or Cryptosporidium hominis
(Caccio, 2005). The widespread distribution of
Cryptosporidium amongst vertebrates highlights the
potential for transmission between host species
(Sturdee et al. 1999; Hunter and Thompson, 2005).

Oocysts in the terrestrial environment are often
associated with faeces from domestic and wild
animals (Power et al. 2003) and can be readily mo-
bilized by precipitation events (Davies et al. 2004).
Consequently, oocysts of various species of
Cryptosporidium are frequently detected in rivers
and lakes and have also been detected in ground-
water and treated drinking water (Smith and Rose,
1990; LeChevallier et al. 1995). In addition to being
extremely resistant to chemical disinfection, oocysts
can survive for several months in the aquatic en-
vironment (Robertson et al. 1992; Johnson et al.
1997). Therefore, Cryptosporidium represents not
only a threat to public health but also a challenge to
suppliers of drinking water.

The aim of this paper is to review the critical pro-
cesses involved in the inactivation or removal of
oocysts from both the terrestrial and aquatic
environments, identify those processes that warrant
further attention and consider how these processes
will be impacted by climate change.A comprehensive
understanding of these environmental matrices may
help in mitigating the threat that Cryptosporidium
oocysts pose by providing a valuable framework for
risk assessment of Cryptosporidium oocysts in both
the terrestrial and aquatic environments.

DETERMINATION OF CRYPTOSPORIDIUM

OOCYST INACTIVATION

Studies investigating oocyst inactivation via biotic
and abiotic mechanisms have used a variety
of methods including animal infectivity or surrogate
in vitro assays to determine oocyst viability. Before
discussing critical processes affecting oocyst vi-
ability, it is prudent that the different methodologies
used for determination of oocyst viability and the
validity of these methods be considered.

A number of studies have examined oocyst sur-
vival using techniques such as in vitro excystation or
vital dye staining (Robertson et al. 1992; Chauret
et al. 1998), but such methods are only indictors of
viability and are known to overestimate infectivity
(Black et al. 1996; Bukhari et al. 2000). It therefore
will be noted in this review where only these meth-
ods have been used for the determination of oocyst
inactivation rates for particular biotic/abiotic
stresses. Animal bioassays are considered the ‘gold
standard’ for the assessment of Cryptosporidium
oocyst infectivity, and the neonatal mouse model has
been used extensively in the assessment of oocyst
inactivation for Cryptosporidium parvum (Bukhari
et al. 2000; Rochelle et al. 2002). However, this
model is limited in its application for the assessment
of C. hominis as this species cannot infect mice.
While C. hominis (‘human genotype’) can be cul-
tured in gnotobiotic pigs (Widmer et al. 1999), and
this model has been used to assess drug efficacy
(Theodos et al. 1998), it has not been used for the
study of environmental oocyst inactivation.

Significant progress in the measurement of oocyst
infectivity was catalysed by the development of cell
culture (CC) assays for both C. hominis oocysts
(Hijjawi et al. 2001) and C. parvum oocysts (Current
and Haynes, 1984; Upton et al. 1994; Di Giovanni
et al. 1999; Hijjawi et al. 2001; Rochelle et al. 2002).
Evaluation of the cell culture assays using the human
ileocecal adenocarcinoma (HCT-8) cells have shown
them to be equivalent to the gold standard neonatal
mouse infectivity assay (Shin et al. 2001; Rochelle
et al. 2002; Slifko et al. 2002). A range of methods,
including reverse transcriptase PCR (Rochelle et al.
1997), immunofluorescence microscopy (Slifko et al.
1997), colorimetric in situ hybridization (Rochelle
et al. 2002) and real-time PCR (Keegan et al. 2003)
have been applied for the analysis of CC infection.
The combination of high throughput rapid molecu-
lar methods with CC, used to measure oocyst inac-
tivation by temperature and solar inactivation
(King et al. 2005, and manuscript in preparation),
promises to improve our ability to rapidly quantify
environmental oocyst inactivation through biotic
and abiotic mechanisms. However, it is reasonable to
consider that differences in reported inactivation
rates for oocysts challenged by a particular stress
may result from actual differences in the sensitivities
of different methodologies employed by particular
investigators to quantify oocyst inactivation. During
this review we will endeavour to identify dissimilar
methodologies used by investigators where sig-
nificant differences in inactivation rates are reported
for the same environmental stress.

TEMPERATURE

The ability of Cryptosporidium oocysts to initiate
infection has been linked to finite carbohydrate
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energy reserves in the form of amylopectin, which
are consumed in direct response to ambient en-
vironmental temperatures (Fayer et al. 1998b). King
et al. (2005), using ATP and CC-PCR assays, dem-
onstrated that temperature inactivation at higher
temperatures (up to 37 xC) is a function of increased
metabolic activity. Temperature, therefore, is one
of the most critical processes governing the fate of
oocysts in the environment. While Cryptosporidium
oocysts appear to be resilient to a wide range of
temperatures (Chauret et al. 1998; Fayer et al.
1998b; Widmer et al. 1999; Freire-Santos et al.
1999, 2000a; Jenkins et al. 2000) increased holding
temperatures correspond to decreased oocyst infec-
tivity (Fayer et al. 1998b). At temperatures below
15 xC oocysts can maintain high levels of infectivity
for periods of at least 24 weeks (Fayer et al. 1998b)
with one report suggesting oocysts may remain
infectious for periods longer than a year (Jenkins
et al. 2002) (using 4k6-diaminidino-2-phenylindole
(DAPI) and propidium iodide (PI) vital dyes). In
contrast, at slightly increased environmental tem-
peratures of 20 xC and 25 xC, inactivation is more
rapid, leading to complete inactivation after 12
weeks and 8 weeks, respectively (King et al. 2005)
(using CC-PCR). While Fayer et al. (1998b) (using
neonatal BALB/c mice) described a longer survival
time at these holding temperatures (24 weeks and 12
weeks for 20 xC and 25 xC respectively), they too
described rapid inactivation rates as determined by
reductions in mouse infectivity at these tempera-
tures. At higher temperatures, King et al. (2005)
described complete oocyst inactivation at 30 xC and
37 xC within 500 h and 72 h respectively. Therefore,
Cryptosporidium oocysts, which have a finite energy
supply, are highly susceptible to higher (>15 xC)
environmental temperatures which they may en-
counter in the environment.

Oocysts are extremely susceptible to temperatures
above 37 xC. Fayer (1994), using neonatal BALB/c
mice, reported oocysts held at 64.2 xC for 5 min
completely lost their ability to infect mice while
Moriarty et al. (2005) reported that oocysts were
rendered non-infective against monolayers of HCT-
8 cells following treatments of 60 xC for 45 s and
75 xC for 20 s. Work in our laboratory (unpublished
observations, using CC-PCR) has identified greater
than 2 logs of inactivation at temperatures as low as
45 xC for holding times of only 20 min. These results
suggest that oocysts are particularly susceptible to
heat-shock. Oocysts may encounter such extreme
temperatures, especially within manure, with bovine
faecal material exhibiting temperature peaks over
40 xC and up to 70 xC if exposed to ambient tem-
peratures of mid-20 to 30 xC under direct exposure
to solar radiation (Li et al. 2005). Li et al. (2005)
examined oocyst viability using a thermocycler to
emulate the diurnal cycles found in bovine faeces
and under such conditions they reported a complete

loss of infectivity in the first diurnal cycle (using
neonatal BALB/c mice). They determined that once
climatic conditions generate internal faecal tem-
peratures of greater than 40 xC, rapid inactivation
occurs at rates of greater than 3 logs per day for
C. parvum oocysts deposited in the faeces of beef and
dairy cattle. Therefore, any substantial delays in
time between the deposition of faeces containing
Cryptosporidium and hydrological events such as
rainfall, particularly under arid climatic conditions,
will have the consequence that the initial load of
infective oocysts may be significantly reduced by
thermal inactivation.

The effects of low freezing temperatures also pose
a serious challenge to oocyst survival. Fayer and
Nerad (1996) reported that oocysts frozen atx10 xC
for up to 168 h and then thawed out at room
temperature were able to retain viability and infec-
tivity to neonatal BALB/c mice. However, oocysts
frozen at x20 xC for greater than 24 h and then
thawed at room temperature did not infect mice.
A similar study (using DAPI/PI vital dyes) by
Robertson et al. (1992) found that after 21 h at
x22 xC, 67% of oocysts were no longer viable. Kato
et al. (2002) found that 99% of oocysts that were
frozen at x10 xC in soils became inactivated within
50 days (using DAPI/PI vital dyes). Robertson and
Gjerde (2004), using a vital dye assay, reported that
oocysts did not persist in a Norwegian terrestrial
environment over winter. They postulated that
shear forces generated during the freeze-thaw cycles
disintegrated the parasites. However, Fayer and
Nerad (1996) predicted that for surface soil tem-
peratures just below freezing and insulated by a
cover of snow, oocysts may survive for weeks or
months. The survival (measured using DAPI/PI
vital dyes) of sentinel and control oocysts in field soil
for 39 days (Jenkins et al. 1999b) adds weight to this
prediction.

The predicted global temperature increases in
the near future may have dramatic consequences
for oocyst longevity in the environment, with small
increases in temperatures above 15 xC increasing
inactivation. However, warmer temperatures may
also increase survival of oocysts in areas prone to soil
subsurface freezing or lake ice covers, resulting in
substantial numbers remaining infective after the
winter period, where previously they may have been
inactivated.

AMMONIA

Ammonia occurs naturally in the environment as a
product of urea hydrolysis and of microbiological
degradation of proteins and other nitrogen con-
taining compounds (ammonification) (Jenkins et al.
1998). Other important sources of ammonia can in-
clude fertilizers, human and animal wastes, and by-
products from industrial manufacturing processes
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(www.telwf.org/watertesting/ammonia.htm). Am-
monia exists in 2 forms simultaneously, with the
equilibrium between these forms governed largely
by pH and temperature. These forms are NH3 (un-
ionized ammonia) and NH4

+ (ionized ammonia or
ammonium) and it is the NH3 form that is particu-
larly harmful to aquatic organisms (Arauzo and
Valladolid, 2003). The formation of NH3 is favoured
at higher pHs but is also affected by increased
temperature, so while the concentration of total
ammonia may remain constant in a water body,
the proportion of un-ionized ammonia fluctuates
with temperature and pH. Significant formation
of NH3 can occur within a single day as water tem-
peratures fluctuate (www.ec.gc.ca/substances/ese/
eng/psap/final/ammonia.cfm).

Fayer et al. (1996) reported that oocysts sus-
pended in water exposed to one atmosphere of pure
ammonia at room temperature (21 xC to 23 xC) for
24 h were no longer infectious when fed to neonatal
BALB/c mice, identifying ammonia as a useful dis-
infectant for oocysts. Jenkins et al. (1998) identified
significant decreases in oocyst viability using DAPI/
PI dye permeability and in vitro excystation assays.
Based on their kinetic analysis, they predicted ex-
posure to 0.06 M ammonia would inactivate 99.999%
of freshly purified oocysts in 8.2 days at a tempera-
ture of 24 xC. The rate of inactivation for oocysts
exposed to the same concentration at 4 xC was sig-
nificantly less, with a hypothetical 55.1 days to reach
99.999% inactivation (Jenkins et al. 1999a). They
concluded that environmentally relevant concen-
trations of free ammonia may significantly increase
the inactivation of oocysts in ammonia-containing
environments.

Significant concentrations of ammonia can be
present in decomposing manure, especially manure
storages (Muck and Steenhuis, 1982; Muck and
Richards, 1983; Patni and Jui, 1991). Concen-
trations in cattle slurries have been measured at an
initial concentration of 0.05 M, rising to 0.2 M after 3
weeks (Whitehead and Raistrick, 1993). According
to ammonia induced oocyst inactivation data pro-
duced by Jenkins et al. (1998), exposures to such
high concentrations would have significant effects on
oocyst viability even at cool temperatures given
longer exposure times (Ruxton, 1995). Therefore,
storage of animal waste products may be regarded as
an effective strategy to reduce oocyst numbers in
livestock wastes before being spread onto the land
(Hutchison et al. 2005).

While ammonia levels in manure storages may be
high enough to substantially affect oocyst viability,
Brookes et al. (2004) concluded that the impact of
free ammonia on oocyst viability would be negligible
in drinking water reservoirs. They calculated that
levels of ammonium in the hypolimnion of lakes
(often the highest concentration) are typically less
than 1 mg/l, values considerably less than the lowest

concentration tested by Jenkins et al. (1998), 0.007 M

being equivalent to 1780 mg/l at a pH of 8 in an
aquatic environment. Even for lakes undergoing
eutrophication, ammonia levels according to these
data would be too low to significantly affect oocyst
viability. However, anthropogenic induced increases
in ammonia levels in aquatic systems may have in-
direct effects on the survival of oocysts in aquatic
systems through the disruption of benthic fauna and
flora responsible for oocyst removal (see section on
predation). Such fauna and flora may be significantly
more susceptible to the lower ammonia levels that
oocysts resist. Additionally, small increases in global
temperature due to climatic change and the con-
comitant increase in water temperatures may raise
ammonia levels in some water bodies. Such changes
in the aquatic environment could possibly see an
increase in the presence of oocysts due to slight in-
creases in ammonia, to which some predatory or-
ganisms may be more susceptible.

Oocysts may reside in the soil for a considerable
degree of time before mobilization by a precipitation
event. Soils typically contain ammonia levels ranging
between 1 and 5 ppm, which are not high enough
to affect oocyst viability. However, freshly fertilized
soils may contain levels as high as 3000 ppm (http://
www.npi.gov.au/database/substance-info/profiles/
8.html#env-whateffect), which is high enough to
have an effect. It may be prudent to revisit the effect
of ammonia on oocyst viability, but measuring
inactivation using cell culture models instead of vital
dye and in vitro excystation methods, which are
too conservative for estimating reductions in oocyst
infectivity. Any dramatic increases recorded in
oocyst sensitivity to ammonia levels would have
consequences for the predicted survival of oocysts,
especially in manures, soils and possibly heavily
polluted waters.

DESICCATION

While the robust nature of Cryptosporidium oocysts
is well recognized and they are known to be resistant
to many forms of environmental stress, desiccation
is apparently an exception. Robertson et al. (1992)
reported desiccation to be lethal with only 3% of
oocysts viable as judged by DAPI/PI vital dye stain-
ing after being air-dried for 2 h at room temperature.
Deng and Cliver, (1999), using PI vital dye staining,
reported similar rates of survival with only 5% of
oocysts remaining viable after 4 h of air drying at
room temperature. This is in contrast to another
coccidian, Eimeria, which has been reported to
maintain viability under conditions of severe desic-
cation (Thomas et al. 1995).

Once oocysts are excreted into the terrestrial en-
vironment and released from faeces by precipitation
or other physical processes, their survival above the
soil milieu is greatly limited due to the process of
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desiccation. It is envisaged that this may vary greatly
depending on the climatic setting, with increased
rates of inactivation expected in more arid environ-
ments. However, once within the soil environment
oocysts appear to be protected from desiccation as
indicated by a majority of studies identifying soil
moisture and soil water potential to have little
effect on oocyst viability (see section on the physical
terrestrial environment). Therefore, while those
oocysts above the soil matrix may be extremely
vulnerable to desiccation, those within it may be
protected.

Since only vital dye assays have been used to
measure oocyst inactivation from desiccation, it
would be prudent to conduct further studies using
the neonatal mouse or cell culture assays for more
accurate measurements of inactivation. In addition,
due to the limited number of studies undertaken it
would be warranted to further investigate the pro-
cess of desiccation by challenging oocysts to a variety
of environmental conditions, with particular atten-
tion to synergistic interactions with temperature. In
the light that climate change is predicted to increase
the frequency and duration of droughts, it is possible
that the process of desiccation may predominate in
such areas as one of the critical processes inactivating
oocysts.

THE PHYSICAL TERRESTRIAL ENVIRONMENT

(SOIL MATRIX AND VEGETATION)

Once oocysts are shed in faeces, they may be released
from the faecal matrix by the action of rainfall
(Davies et al. 2004). After dispersal from the faecal
matrix, inactivation may be dependent on the
physical, chemical and biological properties of the
soil environment (Ferguson et al. 2003). Jenkins
et al. (2002) used DAPI/PI dye permeability and
Davies et al. (2005) used fluorescent in situ hy-
bridization (FISH) to estimate oocyst viability and
found significant differences in oocyst survival in
different soil types, identifying soil texture as im-
portant for survival. However, neither gave detailed
explanations of how this parameter was able to
influence oocyst viability, with the exception of
Jenkins et al. (2002),who indicated that while un-
likely, lower soil pH may contribute somewhat to
this inactivation. Soil moisture in the ranges tested
were not shown to be influential to oocyst survival
(Jenkins et al. 2002; Kato et al. 2004; Davies et al.
2005), with the exception of a study by Nasser et al.
(2003) that suggested oocysts in a loam soil can
become susceptible to dehydration. Increased water
potential (measured using osmotic potential as a
surrogate for total water potential in soils, which
can avoid problems such as heterogeneity in soil
moisture distribution) has been identified as leading
to oocyst population degradation (measured using
PI vital dye and microscopy) (Walker et al. 2001).

Therefore, it is possible that environmental soil
moisture content may affect oocyst survival, but this
requires further research effort for this to be con-
clusively determined. From the limited studies,
biotic status appears to have little effect on oocyst
inactivation within the soil environment (Davies
et al. 2005). However, temperature (see above
section) was identified (Jenkins et al. 2002; Davies
et al. 2005) as the critical factor affecting oocyst
survival within the soil profile, indicating that
oocysts within the soil profile at 4 xC may remain
infectious for very long periods (even years) regard-
less of soil texture.

Pathogen fate within the soil environment is not
only a function of survival within the soil but also
retention by soil particles (Zyman and Sorber,
1988). Soils have been shown to act as an effective
pathogen filter, with a number of studies indicating
that the majority of bacteria and/or viruses are re-
moved in a relatively short distance (Cilimburg et al.
2000). Soil pore size may significantly affect the
movement of protozoa through soil and protozoan
cysts and oocysts are likely to be dependent on
macropores for their transport and may be expected
to show an even greater response to a lack of mac-
ropores in disturbed soils from precipitation events
(Mawdsley et al. 1995; Davies et al. 2004). However,
a study of the movement of Cryptosporidium parvum
through 3 contrasting soil types identified distri-
bution within the cores as similar in all 3 soil types,
with the majority of oocysts in the top 2 cm of soil,
and oocyst numbers decreasing with increasing
depth (Mawdsley et al. 1996). Depending on soil
saturation and soil type, this suggests the possibility
for remobilization of those oocysts close to the soil
surface with further precipitation events. Soils that
consist predominantly of clay-sized particles can
cake with wetting and drying, or freezing and thaw-
ing, and may pool water, establish water tables, and
encourage runoff (Fuller and Warrick, 1985).
However, Zyman and Sorber (1988) found that in
soils with high clay content, adsorption plays an
important role in virus removal. So it is possible that
for less than saturating conditions, soils with higher
clay contents may retain oocysts more readily under
such conditions. Soil pH may also affect properties
like adsorption (Mawdsley et al. 1996). However,
Davies et al. (2005) identified little adsorption of
oocysts in intact soils plots without vegetation.

Vegetation surfaces have been identified as very
effective in reducing Cryptosporidium in surface
runoff into drinking and irrigation water supplies
(Tate et al. 2004; Trask et al. 2004). Grassland
buffers of only 1.1 to 2.1 m in width have been
shown to generate between 3 and 8 log retention of
Cryptosporidium oocysts (Atwill et al. 2006), and in
combination with soil type, vegetated buffered strips
constructed on soils of lower bulk densities have
been identified as most effective in retaining oocysts
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(Atwill et al. 2002). Davies et al. (2004), using
intact soil blocks, showed that runoff load was
significantly affected by vegetation status, the slope
of the soil, and event characteristics in terms of
rainfall intensity and duration. Based on their ob-
servations, a significant risk existed for the disper-
sion of oocysts from recent animal faecal deposits
and their transport into nearby surface waters on
sloping land of 10x or more with little or no veg-
etation after a short burst of rainfall of significant
intensity.

On the soil surface, high temperature, desiccation
and ultraviolet radiation (see relevant individual
sections) can be lethal to pathogens. Therefore,
oocysts within the soil column are to a large extent
protected from inactivation depending on soil tem-
perature and to a lesser extent soil texture. Oocysts
within the soil column are tied away from host in-
gestion until a precipitation event can mobilize
them. Climate change models predict more intense
precipitation events in the future for a number of
geographical locations (Easterling et al. 2000).
Such scenarios may increase saturation of soil pro-
files, mobilize infectious oocysts within the soil
column more often, and in combination with urba-
nization and deforestation of the landscape, may
significantly increase the risk that Cryptosporidium
oocysts pose. Further attention to particular water-
sheds at risk of oocyst contamination may therefore
be warranted, so as to better predict source water
quality.

SOLAR INACTIVATION

It is well established that solar radiation is a genotoxic
agent with short-wavelength UV radiation, UV-B
(280 nm to 320 nm) and UV-A (320 nm–400 nm),
the most biologically damaging and mutagenic com-
ponent of the electromagnetic spectrum (Caldwell,
1971; Ravanat et al. 2001). Although short-
wavelength UV radiation can disturb most macro-
molecules, including proteins, lipids and nucleic
acids, studies in animal systems suggest that damage
to the structure and function of DNA is the primary
mechanism responsible for cell injury and loss of
viability by UV radiation (Friedberg et al. 1995;
Malloy et al. 1997). UV exposure has been identified
as being detrimental to a wide range of organisms
including bacteria (Slieman and Nicholson, 2000;
Whitman et al. 2004), fungi (Hughes et al. 2003),
plants (Deckmyn and Impens, 1999; Ries et al. 2000;
Hollosy, 2002) and animals (Misra et al. 2005). As
well as impacting organisms on the terrestrial en-
vironment, surface irradiances are high enough to
cause injurious effects in aquatic organisms even in
coastal waters characterized by strong attenuation of
UV radiation (Piazena and Hader, 1994). Therefore,
oocysts in both terrestrial and aquatic environments
are targets for solar inactivation.

While the efficacy of UV-C on Cryptosporidium
parvum oocyst infectivity has been well documented
during the last 10 years (for a review see Rochelle
et al. (2005)), the effects of solar radiation on
Cryptosporidium are little known. The effect of solar
inactivation of Cryptosporidium has been limited
to one study carried out in marine waters which
identified a 90% reduction in viability (measured
using excystation) after a 3-day exposure period
(Johnson et al. 1997). Recent work has investigated
the inactivation of C. parvum oocysts incubated in
tap water and a range of environmental waters ex-
posed to solar radiation over consecutive winter and
summer periods (CC-PCR) (King et al., manuscript
in preparation). These experiments, conducted on
days with varying levels of solar insolation, identified
rapid inactivation of Cryptosporidium oocysts in tap
water, with up to 90% inactivation occurring within
the first hour on the highest UV index days.

Results from these tap water inactivation exper-
iments indicate that C. parvum oocysts are particu-
larly susceptible to inactivation via solar insolation,
indicating the potential for solar insolation to play a
significant role in inactivating oocysts in the terres-
trial environment. Cryptosporidium oocysts present
on the soil surface may be exposed to the micro-
bicidal effects of solar radiation and become quickly
inactivated. While it is assumed that the majority
of oocysts will be protected in the bulk of the soil
matrix, including those in the top few centimetres of
the bulk soil (Mawdsley et al. 1996; McGechan,
2002), precipitation events may re-mobilize oocysts
and deposit them on top of the soil matrix, exposing
previously protected oocysts to inactivation via solar
radiation. This cycle may be repeated multiple times
depending on the frequency of precipitation and
presence of vegetation buffer zones which reduce
oocyst runoff, therefore effecting significant re-
ductions in the infectivity of the total oocyst load
of the terrestrial environment.

Outdoor tank experiments have also identified
rapid oocyst inactivation in environmental waters of
varying water quality with up to 2 log inactivation
recorded on a winter’s day and up to 3 log inacti-
vation recorded on a summer’s day for C. parvum
(King et al., manuscript in preparation). Dissolved
Organic Carbon (DOC) content of the environmen-
tal waters was identified as significantly affecting
oocyst induced solar inactivation, with increased
DOC levels rapidly reducing oocyst inactivation. It
is well known that in freshwater environments, the
penetration of UV is dependent on the concentration
and type of DOC as it is highly absorptive in the
ultraviolet spectrum and determines the extinction
co-efficient of UV light in a particular water body
(Morris et al. 1995; Jerome and Bukata, 1998;
Hutchison et al. 2005). Therefore, waters high in
DOC can provide a natural shield to harmful solar
radiation (Jerome andBukata, 1998).However, while
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solar inactivation of Cryptosporidium oocysts may be
negligible in waters of high DOC content at depth, it
may still play an important contributing factor to
oocyst inactivation when oocysts mobilized by pre-
cipitation events are carried into such water bodies
by warm water inflows. Inflows are controlled by
their density relative to that of the lake, such that
warm inflows will flow over the surface of the lake as
a buoyant surface flow and cold, dense inflows will
sink beneath the lake water where they will flow
along the lake bed towards the deepest point
(Brookes et al. 2004). With >90% oocyst inacti-
vation occurring in just a few hours in the top 5 cm
of environmental waters high in DOC (King et al.,
manuscript in preparation), oocysts present in warm
water inflows into water bodies with strong UV light
attenuation may still be strongly inactivated by UV
light as they would be in the top few cm of the water
column. Oocysts in water bodies with low DOC
levels may, on the other hand, be quite vulnerable to
solar inactivation at significant depths because UV
can penetrate to a depth of 46 m in fresh water
bodies (Brookes et al. 2004). However, those oocysts
carried into water bodies by cold water inflows
may escape the damaging effects of solar radiation if
water bodies are high in DOC content.

Long-pass filter experiments have identifiedUV-B
as the most germicidal wavelength (King et al.
2006). However, a pronounced but lesser effect on
oocyst infectivity from UV-A (<380 nm) was also
identified by the end of each experimental period.
This is consistent with other findings that UV-A
light also exhibits cytotoxic and mutagenic effects,
however, to a smaller extent than UV-B (Ravanat
et al. 2001). While UV-A may be less cytotoxic, it
may have greater ecological significance, especially
where oocysts are found in water bodies where lower
wavelengths are more rapidly attenuated in the water
column.

While it has been recently demonstrated that solar
UV can substantially affect Cryptosporidium oocyst
infectivity in environmental waters of varying water
quality, suggesting that it may be a major factor
driving oocyst inactivation in both terrestrial and
aquatic environments, there is an enormous lack of
data on solar inactivation rates in different environ-
ments. Previously, models for determining oocyst
fate have incorporated solar radiation inactivation
rates of other surrogate organisms (Brookes et al.
2004).However, data produced byKing et al. (manu-
script in preparation) suggests a greater degree of
susceptibility to solar radiation than previously
thought, warranting further effort to study the im-
pact that solar radiation has on oocyst survival. For
some environments, this may be the critical process
determining oocyst inactivation.

Drastic stratospheric ozone depletion over the
Antarctic and Artic, as well as moderate decreases
in total ozone column over high and mid-latitude

waters, have been reported (Hader et al. 1998).
Changes in the spectral composition exceeding those
experienced during the evolution of exposed organ-
isms may pose significant stress for diverse aquatic
ecosystems (IASC, 1995). Any anthropogenic in-
creases in UV-B radiation from atmospheric ozone
destruction may not just affect exposed oocysts in
the terrestrial environment or upper water column
of low DOC water bodies, but may affect oocysts
deeper in the water column in higher DOC water
bodies due increased solar UV photolytic degra-
dation of dissolved organic carbon (Naganuma et al.
1996), resulting in a significant effect on oocyst sur-
vival in environments susceptible to such changes.

BIOTIC ANTAGONISM

It has been proposed that natural biological antag-
onism has a pronounced influence in determining the
environmental stability of Cryptosporidium oocysts
(Chauret et al. 1998). Yet to date, little work has
been published on the predation of Cryptosporidium
oocysts in either the terrestrial (Huamanchay et al.
2004) or aquatic environments (Fayer et al. 2000b;
Stott et al. 2001, 2003), while no work has identified
bacterial antagonism of oocysts. Rotifers, ciliates,
amoebae, gastrotrichs and platyhelminths have pre-
viously been reported as capable of ingesting oocysts
(Fayer et al. 2000b; Harvey, 2004; Huamanchay et al.
2004; Stott et al. 2001, 2003). However, there is
minimal information on the effect that predation
has on either the removal of oocysts from the en-
vironment, or on oocyst infectivity.

Fayer et al. (2000b) noted that rotifers excreted
oocysts in boluses. King et al. (2005) also identified
oocyst clumping in a number of raw water exper-
iments, which was absent in the sterilized water
controls, and concluded this to be a result of pre-
dation. It is therefore possible that oocyst predation
and then excretion of oocysts in boluses or clumps
may hasten the settling of oocysts in water bodies,
removing them more quickly to the sediment
(Brookes et al. 2004) (see Hydrological Parameters
section). Brookes et al. (2004) noted that the feeding
experiments reported in the literature exposed
predatory organisms to prey densities greater than
104 oocysts/ml. This density is far greater than the
oocyst density in the environment, which in a water
reservoir can typically be 0 to 100 oocysts per 100
litres, leading to their suggestion that this represents
an extremely low prey density for grazing (Brookes
et al. 2004). However, of those organisms shown to
ingest oocysts, many are phagotrophic size-selective
filter feeders, therefore their prey range may include
a plethora of particles in the same size range as
Cryptosporidium oocysts. Prey and predatory den-
sities may therefore be high enough to effectively
ingest large numbers of oocysts finding their way into
the aquatic environment. The effects of predation in
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the natural terrestrial environment are unknown,
with the limited oocyst microcosm studies in the
soil environment not yet identifying any effect of
microbial activity on oocyst survival (Davies et al.
2005).

Caenorhabditis elegans has been shown to ingest
oocysts and excrete both intact oocysts and empty
oocysts (Huamanchay et al. 2004). King et al. (2005)
observed variation in oocyst FITC staining which
they concluded could be a result of partial digestion
of the oocyst wall due to predation of oocysts in raw
water samples. Harvey (2004) found that DAPI- and
FITC-stained oocysts were being degraded through
the gut of a number of predatory organisms in
feeding experiments. While empty oocysts can be
safely assumed to be no longer infectious, it is not
known if intact excreted oocysts are still infectious,
or if these oocysts are as environmentally robust as
they were before ingestion. It is also not known
whether ingestion of oocysts by any of these organ-
isms may act to protect oocysts from other biotic
or abiotic stresses, potentially enhancing oocyst
survival in the environment before ingestion by a
susceptible host.

A number of RNA viruses have been identified as
infecting protozoan parasites including Leishmania
(Patterson, 1993), Giardia (Wang and Wang, 1986;
Tai et al. 1996), Trichomonas, Eimeria and Babesia
(Wang and Wang, 1991). Viral-like double-stranded
RNAs and virus-like particles have also recently
been identified in Cryptosporidium sporozoites
(Khramtsov and Upton, 1998, 2000). However, it is
unknown whether the presence of the virus affects
sporozoite infectivity, survival, or fitness. It is
therefore interesting to speculate that oocysts con-
taining infected sporozoites may be more susceptible
to environmental degradation through synergistic in-
teractions with other stresses. For example, increased
metabolic temperatures may result in increased viral
replication within the sporozoite, increasing meta-
bolic demand, therefore reducing the longevity of the
oocyst in the environment.

Invertebrates, such as dung beetles which feed on
dung, can rapidly degrade manure pats and reduce
the activity of other organisms within the pat such as
flies, fungi and nematodes (Fincher, 1975; Beesley,
1982; Biggane and Gormally, 1994). Such activity
may also reduce the survival of Cryptosporidium
oocysts in faeces either directly by feeding activity
and ingestion and inactivation of oocysts (Mathison
and Ditrich, 1999) or through the breakdown of the
dung pat and exposure to abiotic stresses such as
solar radiation and desiccation. Considering the
enormous oocyst load in animal faeces, the activity
of dung beetles may significantly impact on the sur-
vival of oocysts in the terrestrial environment, and
the study of this warrants further effort. However,
invertebrates have also been implicated in the
spread and dissemination ofCryptosporidium oocysts

(Graczyk et al. 2000, 2005; Follet-Dumoulin et al.
2001; Szostakowska et al. 2004). The feeding mech-
anisms, breeding habits and indiscriminate travel
between filth and food make some groups of insects,
such as non-biting flies and cockroaches, efficient
vectors of protozoan parasites of concern to human
health (Graczyk et al. 2005).

Many potential predators of Cryptosporidium
oocysts may be found in animal faeces, the soil or
aquatic environments. Invertebrate organisms may
pose both negative and positive stresses on oocyst
survival. Further experiments designed to measure
oocyst removal or attenuation from the environment
due to such biotic processes are needed if we are
able to effectively model the fate of Cryptosporidium
oocysts in the environment. Until we know which
organisms are responsible for removal, attenuation,
dissemination or reduction in general fitness of
oocysts, it is not possible to predict the effect that
climate change may have on these organisms and
therefore the fate of oocysts in the environment.

HYDROLOGICAL PARAMETERS

Once oocysts escape the terrestrial environment and
enter the aquatic ecosystem, water can serve as an
excellent vehicle for their transmission and sub-
sequent contact with and ingestion by hosts.
However, there are a number of important processes
controlling the transport and distribution of patho-
gens within water bodies. These include dispersion,
dilution, horizontal and vertical transport. The set-
tling of pathogen particles and their partition into
the sediment (hydrodynamic processes) is discussed
in detail by Brookes et al. (2004).

Horizontal transport is predominantly driven by
inflows and basin-scale circulation patterns includ-
ing wind-driven currents and internal waves. The
riverine inflow is considered to be a major source of
pathogens to water bodies. Inflows are controlled by
their density relative to that of the lake, such that
warm inflows flow over the surface of the lake and
cold dense inflows sink beneath the lake water. As
already discussed, this can impact enormously on
the solar radiation exposure oocysts receive. The
inflow will entrain water from the lake, increasing its
volume and diluting the concentration of oocysts.
The speed at which an inflow travels through the
lake, its entrainment of lake water and resulting
dilution of its characteristics and its insertion depth
are all of critical importance in determining the hy-
drodynamic distribution of oocysts (Brookes et al.
2004).

The vertical distribution of pathogens can be
affected by the settling rate of the pathogen, which in
turn is affected by its size and density (Reynolds,
1984). Aggregation of pathogens to particulate
material or integration into an organic matrix will
influence settling. Medema et al. (1998) identified
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individual oocysts with a settling velocity in water of
0.03 m/day, and when attached to particles from
biological effluent the rate increased to 2.5 m/day.
Hawkins et al. (2000) estimated sedimentation rates
of oocysts of 5–10 m/day. Therefore, while the set-
tling of individual oocysts is extremely slow, when
attached to other particles this can increase their
settling velocity by 2 orders of magnitude (Brookes
et al. 2004). Therefore, the size of particles with
which Cryptosporidium associates is a major factor
influencing its transport in a water body. However, a
study by Dai and Boll (2003) determined that
oocysts do not attach to natural soil particles and
would travel freely in water. This is supported by
the negative surface charge of oocysts at neutral pH,
suggesting that they would not readily adsorb to
particles (Ongerth and Pecoraro, 1996). However,
this conflicts with the high settling velocities re-
corded by Hawkins et al. (2000) and Medema et al.
(1998), suggesting that in some situations oocysts
must associate with larger particles. Brookes et al.
(2004) suggested that the aggregation of oocysts to
particles in water will be primarily controlled by
turbulence, therefore if aggregation is to occur it is
much more likely in inflowing rivers than within
lakes and reservoirs due to the higher rates of tur-
bulence in riverine systems. Vertical transport may
also be affected by internal waves, which may gen-
erate significant vertical movements in the order of
tens of metres, resulting in the vertical advection
of pathogens and particles (Deen and Antenucci,
2000; Brookes et al. 2004).

While sedimentation of oocysts may remove them
from host ingestion, it may only be temporarily.
Since oocysts can remain viable for lengthy periods
of time within the sediment, especially if cold
and dark, any re-suspension and subsequent re-
distribution will be important in estimating the risk
such oocysts still pose. Turbulence generated by
underflow events and internal waves can result in
sediment re-suspension of particulate material
(Michallet and Ivey, 1999). If the turbulent zone
of benthic boundary layers coincides with the zone of
substantial sediment accretion, then large amounts
of suspended oocysts may occur in this region.
Climate change predictions forecast more intense
precipitation events, this may in turn result in in-
creased disturbance of sediments and re-suspension
of infectious oocysts; however it may also result in
increased settling of oocysts due to increased turbu-
lence combined with increased organic matter in
waters in which oocysts may become enmeshed.

SALINITY AND ACCUMULATION IN FILTER

FEEDING SHELLFISH

Large quantities of oocysts find their way to the
ocean from precipitation events or through the dis-
charge of treated and untreated waste products,

resulting in contamination of marine waters. Any
survival of oocysts for significant periods at en-
vironmental temperatures provides potential for
exposure to humans and marine animals. Significant
reductions in oocyst viability have been identified in
seawater trials using DAPI/PI vital dyes (Robertson
et al. 1992), with concentrations of 20 ppt and
higher demonstrated to have a significant effect on
Cryptosporidium infectivity (Fayer et al. 1998a)
(neonatal BALB/c mice). Salinity, time and salinity-
time interactions have been described as important
factors affecting infection intensity (Freire-Santos
et al. 1999) (neonatal CD-1 mice). Fayer et al.
(1998a) also identified a strong synergistic interac-
tion of salinity and temperature, with oocysts held at
20 xC infectious at salinities of 0 and 10 ppt for 12
weeks, 20 ppt for 4 weeks, and 30 ppt for 2 weeks.
While these findings demonstrate that salinity can
have a pronounced effect on oocyst viability, they
also suggest that oocysts could survive in marine
waters long enough to be removed by filter feeders or
infect marine animals. This is supported by the
identification of Cryptosporidium species in marine
mammal species (Fayer et al. 2004; Appelbee et al.
2005; Hughes-Hanks et al. 2005) fish (Sitja-
Bobadilla et al. 2005) and the detection and recovery
of infectious oocysts in filter feeding shellfish
worldwide (Fayer et al. 1998a, 2002; Freire-Santos
et al. 2001, 2000b; Gomez-Couso et al. 2003, 2004;
Giangaspero et al. 2005; MacRae et al. 2005).
Because shellfish are able to filter large volumes of
water and concentrate oocysts, this poses a threat not
only to human health but to marine wildlife that may
feed on these shellfish as well. With increased global
temperatures predicted and subsequent estimates of
large rises in sea levels due to melting of the Artic
and Antarctic ice sheets (Overpeck et al. 2006), any
large decreases in salinity or ocean freshening
(Wadhams and Munk, 2004) may result in increased
survival of oocysts. Any lengthening of the period of
exposure for marine wildlife to oocysts may have
detrimental consequences for marine ecosystems
due to increased parasitism.

CONCLUSIONS

While Cryptosporidium oocysts are considered to
be environmentally robust, they are sensitive to a
number of abiotic and biotic processes that they may
encounter in either the terrestrial or aquatic en-
vironment. While a number of these processes
(e.g. temperature) have been well quantified by re-
searchers, other processes affecting oocyst viability
(e.g. solar radiation/biotic antagonism) need much
more attention. Importantly, it is largely unknown
what synergetic processes occur between these dif-
ferent stresses and how they affect oocyst survival
and/or viability in the environment. When further
studies are undertaken, attention must be paid to
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the methodology used to measure oocyst inacti-
vation. Using either the neonatal mouse assay or cell
culture assays for measuring oocyst viability (instead
of vital dye or excystation) after being challenged
by these stresses will help provide accurate data
for estimating Cryptosporidium risks in different
environments.

While much progress has been made in the disin-
fection of oocysts in treated water supplies using
artificial UV-C (Clancy et al. 2004; Johnson et al.
2005; Hijnen et al. 2006), it is important to realize
that the vast amount of potable water used for con-
sumption by the world’s populus will not be disin-
fected using such processes and Cryptosporidium
oocysts will continue to pose a threat to many com-
munities, as well as impacting wildlife and domestic
animals. Climate change and climate warming have
been predicted to increase pathogen development
and survival rates, disease transmission and host
susceptibility. However, while the severity and fre-
quency of diseases are predicted to increase for many
host-parasite systems, a subset of pathogens might
decline, releasing hosts from disease (Harvell et al.
2002). Our analysis of the critical processes involved
in the inactivation and removal of oocysts from the
environment leads us to predict that while some
regions of the world will experience increasing in-
cidences of cryptosporidiosis, other areas will see a
decline in the disease. Further attention to those
critical processes affecting oocyst survival in par-
ticular environments will help us to determine which
areas may become more susceptible to outbreaks of
cryptosporidiosis. Finally it has not escaped our
attention that the processes discussed in this review
and how they may respond to climate change will
also have important implications for other coccidians
with an infectious oocyst stage. Any substantial
changes in the levels of host parasitism by coccidian
parasites will have important ramifications for the
ecology of those particular systems.
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Abstract. Leptospirosis is a global zoonotic disease with a variety of clinical manifestations. We report an outbreak
of leptospirosis in the Yaeyama Islands, Japan, in the summer of 1999 associated with heavy rainfall. Fourteen people
were diagnosed with leptospirosis and required hospitalization. All cases were found to have exposure to contaminated
soil or water. A history of recreational activities involving water sports was more frequent (71%) than occupational risk
factors related to agriculture or construction (29%). Fever was the primary symptom in all cases, followed by chills
(93%), headache (86%), myalgias (57%) and conjunctival suffusion (57%). All cases were successfully treated with
antimicrobial therapy except one patient who improved spontaneously. Jarisch-Herxheimer reactions were seen in six
cases (43%). The increasing incidence of leptospirosis related to recreational sports is an important public health
problem in resort areas. A high-index of suspicion, early treatment, and prevention are crucial in this latently endemic
area.

INTRODUCTION

The Yaeyama Islands consist of two major islands, Ishigaki
and Iriomote, and a number of smaller islets located in the
most southern part of Japan. Due to its location at a latitude
of 24 degrees, the climate of the Yaeyama Islands is subtropi-
cal. As in other subtropical resort locations, such as Hawaii
and Florida, marine sports are major tourist attractions in this
area.

Leptospirosis has a worldwide distribution. The incidence
is higher in the tropics than in temperate regions.1 In both
developing and developed countries, leptospirosis is an im-
portant public health problem related to poor housing condi-
tions. The disease is seasonal, with peak incidence occurring
in summer or fall in temperate regions.2 Extensive flooding
and seasonal rainfall are significant risk factors for exposure
to water contaminated with leptospires. A report from Brazil
described a relationship between rainfall and human lep-
tospirosis.3 Leptospirosis was formerly considered to be pri-
marily an occupational disease associated with agriculture,
mining, livestock farming, and military maneuvers.1,4

Although leptospirosis related to occupational exposure
has decreased, reports of recreational exposure involving wa-
ter-sports including swimming, canoeing, or rafting have been
increasing conspicuously.5–8 Travelers returning from loca-
tions where leptospirosis is endemic are at risk. The incuba-
tion period of the disease is usually 5–14 days but may last up
to 1 month.9 Therefore, the relationship between symptoms
and the water exposure may not always be apparent. In this
report, we describe 14 cases of leptospirosis requiring hospi-
talization in a 2-month period, with the majority acquiring the
disease after recreational exposure to water.

MATERIALS AND METHODS

The medical records of all patients with a laboratory diag-
nosis of leptospirosis during summer 1999 at the Yaeyama

Hospital, Okinawa, Japan, were retrospectively reviewed. In
some cases, patients were also interviewed during hospital-
ization.

In this institution, all patients suspected to have leptospiro-
sis on the basis of history and symptoms were studied by two
methods: culture isolation and serological diagnosis. Blood,
urine, and cerebrospinal fluid were inoculated into Korthof
media (Denka Seiken Co. Ltd., Tokyo, Japan), followed by
subculturing 300 !L into 5 mL of Stuart media. Repeated
weekly subculturing was continued at least 4 weeks until posi-
tive growth was visualized by dark-field microscopy. Other-
wise, the results were regarded as negative. Serotyping of
isolates was performed by cross-agglutination absorption.

As for serological diagnosis, microcapsule agglutination
test and microagglutination tests were performed on paired
acute and convalescent sera.

A positive laboratory diagnosis of leptospirosis required
one of the following two criteria: 1) culture isolation or 2)
serological diagnosis by greater than 4-fold elevation in
paired sera, or a titer of greater than 1/80 in a single serum.
Laboratory studies were performed by the microbiology sec-
tion at the Okinawa Prefectural Institute of Health and En-
vironment.

The following clinical information was collected; exposure
history of contaminated water or soil, injury on extremities,
resident or nonresident, occupation, clinical symptoms, and
clinical data from all hospitalized 14 cases.

Descriptive weather data including the amount of rainfall
during summer 1999 in the Yaeyama Islands were retrieved
from the Ishigakijima Local Meteorological Observatory. The
timing of the onset of symptoms of leptospirosis and heavy
rainfall were compared.

RESULTS

Fourteen cases met criteria for a laboratory diagnosis of
leptospirosis. 11 cases occurred in the Iriomote Island and 3
cases in the Ishigaki Island. Most patients were males (86%).
The average age was 35 years. All patients reported exposure
to contaminated water or soil, and 4 cases (29%) had an open
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wound on hands or feet. Nine patients (64%) were nonresi-
dents of the Yaeyama Islands. Ten of 14 (71%) patients re-
ported recreational exposures, including kayaking or canoe-
ing.

In terms of clinical findings, fever (100%), chills (93%), and
headache (86%) were the most common symptoms. Myalgia,
arthralgia, and conjunctival suffusion were seen more than
half of cases. Jarisch-Herxheimer reactions (JHR) character-
ized by rigors followed by hypotension were seen in 6 cases
(43%) after ampicillin administration. Urinary protein was
seen in 50%.

Leptospires were isolated in 9 cases (2 cases from the Ishi-
gaki Island, 7 cases from the Iriomote Island). Serovar iden-
tity was determined either by serotyping of isolates or by
serology and the majority of cases were due to serovars heb-
domadis or grippotyphosa (Table 1).

Detailed clinical information is provided in Table 2. The
incubation period was defined as the period from the day of
exposure to contaminated water or soil to the day of onset of
symptoms. Incubation periods were determined in only 4
cases, ranging from 6 to 14 days (Table 2). The other cases
were exposed to water or soil on a regular basis, making it
difficult to estimate the incubation period. There were no
cases of icteric leptospirosis (Weil disease). One case had a
typical biphasic clinical course accompanied by aseptic men-
ingitis. All cases recovered without long-term complications.

Cases were clustered from July to September in 1999, after
unusually heavy rainfall (Figure 1). During summer 1999,
peaks of rainfall alternated with dry weather. According to
the the Ishigakijima Local Meteorological Observatory, only
September 1999 showed a significant increase in precipitation
of 150–200% greater than average. Most of this excess pre-
cipitation occurred over a relatively short period of a few
days.

DISCUSSION

The epidemiology of human leptospirosis reflects the eco-
logic relationship between humans and chronically infected
mammalian reservoir hosts.10 Three epidemiologic patterns
of leptospirosis were originally defined by Faine.11 The first
pattern is a “farming type” that occurs in temperate regions,
due to direct contact with animals through exposure to a lim-
ited number of serovars that infect cattle and pigs.12 The
second pattern is an “urban type” that comprises rodent-
borne infection in the urban environment.13,14 The third pat-
tern is a ”tropical type” that occurs in humid, wet areas, from
exposure to a larger number of serovars infecting a diversity
of reservoir animals including rodents and farm animals. The

outbreak in the Yaeyama Islands corresponds typically to this
“tropical type.” Eleven out of our 14 cases were from the
Iriomote Island.

Transmission frequently occurs via skin abrasion or ex-
posed mucous membranes. Haake and others reported in
their case report of leptospirosis that leech bites, skin abra-
sions, and maceration might have served as risk factors for
infection.6 All cases in the outbreak presented here demon-
strated water-soil exposure, and 4 cases (29%) were con-
firmed with some injury on extremities. Many of our cases
were tour guides or water-sports instructors with frequent
exposure to white water. Three cases reported swimming in a
river and were presumed to be exposed through immersion in
contaminated water. In our study, skin maceration, conjunc-
tivae, and skin injury were possible portals of entry. In mice,
immunity to leptospirosis is exclusively humoral.15 Immunity
is strongly restricted to the homologous serovar or closely
related serovars.16–18

Nine cases (64%) of leptospirosis occurred in nonresidents
of the Yaeyama Islands. This finding may suggest that non-
residents are more susceptible to leptospirosis in the
Yaeyama Islands, due to a lack of immunity. A report from
the Okinawa Prefectural Institute of Health and Environment
showed that 29% of the population in Iriomote Island had
positive antibodies for serovars hebdomadis and 13% for se-
rovars grippotyphosa.19 Leptospirosis can be prevented by
serovar-specific vaccination or prophylactic antibiotic
therapy. Of note, from 1977, serovar-specific vaccination as
protection against serovars pyrogenes, autumnalis, and heb-
domadis had succeeded in the Izena Island, Okinawa, Ja-
pan.20 As Bharti and others mentioned, several problems con-
front the development of vaccines to prevent human lep-
tospirosis.1 Further study of the role of immunization for
prevention of leptospirosis in water-sports instructers in en-
demic areas is warranted.

Human infections of leptospirosis may be acquired through
two types of exposures: occupational and recreational.2 In the
previous report from this area, the main occupational expo-
sures were secondary to agriculture or construction.21 By con-
trast, the current report from the Yaeyama Islands found that
recreational exposure predominated. Recent case reports and
review articles describe recreational exposure including eco-
tourism as epidemiologic risk factors.2,5–10,22,23 Young male
patients were predominantly affected in this outbreak, a pre-
dilection that seems to be related to recreational exposure.
The leading demographic characteristics of this outbreak
were tour guides or instructors of water-sports, such as kay-
aking or canoeing. They were exposed to contaminated tur-
bulent river water daily while paddling. Their activity as the

TABLE 1
Identified serovars of leptospirosis

Serovar(s)

Ishigaki Iriomote

Total
Serologically

diagnosed
Isolated

microbiologically
Serologically

diagnosed
Isolated

microbiologically

Hebdomadis 0 0 3 4 7
Grippotyphosa 0 2 1 2 5
Kremastos 1 0 0 0 1
Pyrogenes 0 0 0 1 1
Total 1 2 4 7 14
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cause of infection related to river water in the Yaeyama Is-
lands represents an overlap between occupation and recre-
ation.

The clinical spectrum of leptospirosis is broad, ranging
from asymptomatic illness to the classic syndrome of Weil
disease. The great majority of infections caused by leptospiro-
sis are subclinical, thus, patients probably will not seek medi-
cal attention.2 In Japan, including the Yaeyama Islands, lep-
tospirosis only became a reportable disease in 2003 through a
revision of the infectious diseases reporting regulations. We
have only described hospitalized cases; it is likely that larger
numbers of people were affected who did not require hospi-
talization.

The biodiversity of leptospirosis in the environment is af-
fected by geography, climate, biotic interactions, and anthro-
pogenic activities.1 Leptospiral diversity is limited in islands
such as Barbados, where only four pathogenic serovars infec-
tious to people have been identified.24,25 On the other side, in
tropical regions with a rich diversity of animal reservoir spe-

cies such as in the Amazon basin or rural areas in Southeast
Asia, leptospires are also highly diverse. A report described
11 serovars in Okinawa Prefecture includes the Yaeyama Is-
land.26 The result showed 9 cases of serovars kremastos, 5
cases of canicola, 3 cases each of hebdomadis, pyrogenes,
rachmati, 2 cases each of autumnalis and javanica, one case
each of australis, castellonis, icterohemorrhagiae, and
pomona. The result on Table 1 shows four serovars. It is
interesting to observe that serovars grippotyphosa was found
on two separate islands, Ishigaki and Iriomote. Multiple se-
rovars are also found in the mainland of Japan because the
climate and reservoir animals are diverse.

For prevention, travelers and tour instructors should know
how to minimize exposure to contaminated soil and water.
Protective clothing is recommended to prevent skin injury.6

Walking with bare feet should be avoided. Swimming in fresh
water should be abandoned in endemic areas.

Chemoprophylaxis with doxycycline is likely to be useful
for adventure travelers who visit endemic areas.1,27 In a study
of U.S. army soldiers in Panama, doxycycline, 200 mg weekly,
was found to reduce the attack rate of symptomatic lep-
tospirosis.27 A study suggested that the use of postexposure
chemoprophylaxis may be useful for rural residents of an area
of high endemicity with flood-associated outbreaks of lep-
tospirosis.28 In the Yaeyama area, chemoprophylaxis should
be considered, especially for high-risk subjects to prevent se-
rious complications. Administrative interventions including
public information and education also play an important role.

Human exposure to leptospires is not limited by occupation
but results more often from widespread environmental con-
tamination, particularly during rainy seasons. Large out-
breaks of leptospirosis are most likely to occur following
floods, hurricanes or other disasters. Outbreaks of leptospiro-
sis associated with water sports have demonstrated the ability
of pathogenic leptospira species to survive in water for ex-
tended periods.9 Survival of pathogenic leptospires in the en-
vironment is dependent of several factors, including pH, tem-
perature, and the presence of inhibitory compounds. In soil
saturated with rainwater, leptospires have been found to sur-
vive for at least 3 weeks.29 Outbreaks of leptospirosis fol-
lowed extensive flooding.30–32 Cases of leptospirsis in Puerto

FIGURE 1. Relationship between rainfall and leptospirosis. Cases
of leptospirosis were clustered from July to September 1999, several
days (latent period) after unusually heavy rainfall. According to the
Ishigakijima Local Meteorological Observatory, most of this excess
precipitation occurred over a relatively short period of a few days.

TABLE 2
Detailed clinical information of 14 cases of leptospirosis

Summary of leptospirosis (all cases)

Case Occupation
Water/soil
exposure

Native vs.
nonresident Serovar(s) Clinical course JHR

IP
(days)

61 yr M Agriculture Rice farming Nonresident Pyrogenes Thrombocytopenia, renal failure + NA
22 yr M Agriculture Rice farming Nonresident Hebdomadis Improved without antibiotics − NA
26 yr M Tour guide River Nonresident Hebdomadis Thrombocytopenia + NA
49 yr M Tour guide River Nonresident Hebdomadis Conjunctival hemorrhage, calf muscle pain + NA
13 yr M Junion high student Swimming Native Grippotyphosa Vomiting, diarrhea, concerned HUS − 6
28 yr M Tour guide River Nonresident Grippotyphosa Headache without meningismus + NA
54 yr M Tour guide River Native Hebdomadis Arthralgia, myalgia − NA
22 yr M Agriculture Swimming Nonresident Hebdomadis General joint pain − NA
22 yr M Tour guide River Nonresident Hebdomadis Doxycycline, switched to ampicillin − NA
48 yr M Tour guide River Nonresident Hebdomadis Headache and lower back pain − NA
31 yr M Doctor Canoeing Nonresident Grippotyphosa Biphasic clinical course with aseptic meningitis − 10
30 yr M Laborer River Native Kremastos Severe JHR + NA
25 yr F Office worker Swimming Native Grippotyphosa Well clinical course − 14
60 yr F Agriculture Rice farming Native Grippotyphosa General fatigue, joint pain + 7

HUS, hemolytic uremic syndrome; JHR, Jarisch-Herixheimer reaction; IP, incubational period; NA, not assessed.
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Rico increased in 1966 after a hurricane,33 and a report of
urban epidemic in Brazil described peaks of leptospirosis af-
ter excessive rainfall.3 Other authors found an association
between leptospirosis and seasonal rainfall.3,33–36 As Figure 1
shows, most of the cases of leptospirosis in this outbreak oc-
curred after heavy rainfall. The role of rainfall in outbreak of
leptospirosis is thought to occur as follows: Leptospires are
shed by reservoir hosts and accumulate in moist soil during
drier periods. The spirochete requires a warm, moist climate
of 25°C and water and soil pH level of 7.0–8.0 for optimal
survival outside the host.37 When precipitation from a heavy
rainstorm exceeds the capacity of the soil to absorb the mois-
ture, leptospires are gathered from contaminated soil into
rivers. The meteorological conditions during the outbreak de-
scribed in this report meets with these environmental condi-
tions. The caveat is that this relationship between rainfall and
outbreaks of leptospirosis might represent the exception
rather than the rule. Further investigation is warranted for
public health of residents and visitors to the Yaeyama Islands.

CONCLUSION

Increasing cases of leptospirosis due to recreational sports
affects public health in a resort area. Our study suggested the
relationship of large volume of rain precipitation and the out-
break of leptospirosis. Understanding the relationship be-
tween the epidemiology and rainfall in a subtropical area is
crucial to prevention of leptospirosis outbreaks. Further ob-
servational study is warranted to confirm these conclusions.
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The ubiquity of fecal indicator bacteria such as Escherichia coli and Enterococcus spp. in urban environments
makes tracking of fecal contamination extremely challenging. A multitiered approach was used to assess
sources of fecal pollution in Ballona Creek, an urban watershed that drains to the Santa Monica Bay (SMB)
near Los Angeles, Calif. A mass-based design at six main-stem sites and four major tributaries over a 6-h
period was used (i) to assess the flux of Enterococcus spp. and E. coli by using culture-based methods (tier 1);
(ii) to assess levels of Enterococcus spp. by using quantitative PCR and to detect and/or quantify additional
markers of human fecal contamination, including a human-specific Bacteroides sp. marker and enterovirus,
using quantitative reverse transcriptase PCR (tier 2); and (iii) to assess the specific types of enterovirus
genomes found via sequence analysis (tier 3). Sources of fecal indicator bacteria were ubiquitous, and
concentrations were high, throughout Ballona Creek, with no single tributary dominating fecal inputs. The flux
of Enterococcus spp. and E. coli averaged 109 to 1010 cells h!1 and was as high at the head of the watershed as
at the mouth prior to discharge into the SMB. In addition, a signal for the human-specific Bacteroides marker
was consistently detected: 86% of the samples taken over the extent during the study period tested positive.
Enteroviruses were quantifiable in 14 of 36 samples (39%), with the highest concentrations at the site furthest
upstream (Cochran). These results indicated the power of using multiple approaches to assess and quantify
fecal contamination in freshwater conduits to high-use, high-priority recreational swimming areas.

The Santa Monica Bay (SMB), California, is home to some
of the most popular beaches in the world. It is located adjacent
to metropolitan Los Angeles, and more than 50 million beach-
goers visit SMB shorelines every year—more than those visit-
ing all other beaches in California combined (38). However,
there are serious concerns about beach water quality because
of continued exceedances of water quality thresholds based on
fecal indicator bacteria such as total coliforms, fecal coliforms,
or Escherichia coli and Enterococcus spp., particularly in areas
impacted by urban runoff. Thirteen percent of the shoreline
mile-days in the SMB exceeded water quality thresholds be-
tween 1995 and 2000, with over 50% of these exceedances
located near storm drains (37). The public health risk associ-
ated with urban runoff has been directly demonstrated through
epidemiology studies. Haile et al. (19) demonstrated that
swimmers near storm drain discharges in the SMB had a higher
likelihood of respiratory and/or gastrointestinal symptoms than
swimmers more than 400 m from a storm drain.

Despite the impairment of water quality and risks to human
health, identification and elimination of the sources of bacteria
responsible for the beach warnings remain elusive. The diffi-
culty in identifying and eliminating the sources of bacteria
results from three important factors. First, the traditional in-
dicators of fecal pollution on the basis of which the water
quality thresholds were developed are not specific to humans.

These fecal indicator bacteria can be shed from any warm-
blooded organism, including wild and domesticated animals
(12). Therefore, source tracking turns into a challenging sce-
nario when these diffuse and frequently intermittent or epi-
sodic fecal releases occur. The second difficulty in identifying
and eliminating sources of fecal indicator bacteria is their ubiq-
uity in urban environments. Finally, unlike many human patho-
gens of concern, fecal indicator bacteria may survive and even
grow in the environment (see, e.g., references 24, 39, and 44).

Viruses are one tool that could prove useful in source-track-
ing studies, because they include many pathogens of concern,
and they are generally species specific. Viruses are known to
cause a significant portion of waterborne disease, mostly from
ingestion of sewage-contaminated water and seafood (10). Un-
til recently, however, virus detection and quantification have
relied on cell culture-based approaches that are much too slow
to be effective source-tracking tools. Recently developed mo-
lecular techniques, such as quantitative reverse transcriptase
PCR (QRT-PCR), can detect and quantify viral genetic mate-
rial directly from water samples. Tests conducted previously in
Southern California (11, 22, 32, 41, 42), Florida (17, 36), and
Europe (35) using conventional RT-PCR or PCR have de-
tected genetic material from human-specific viruses, including
enterovirus, hepatitis A virus, rotavirus, and adenovirus, in
urban runoff discharges or seawater samples.

A different approach would be to use alternative bacterial
indicators for source tracking that might be much more abun-
dant in urban discharges. For example, Bacteroides spp. make
up approximately one-third of the human fecal microflora,
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considerably outnumbering fecal coliforms, E. coli, and Entero-
coccus spp. Bacteroides spp. are obligate anaerobes, so there is
little concern over persistence or regrowth in the environment.
More importantly, human-specific Bacteroides markers have
been developed, increasing the value of this potential indicator
(2, 3, 7).

Both viruses and alternative bacterial indicators such as Bac-
teroides spp. have been shown to be potentially useful source-
tracking tools. Griffith et al. (18) and Noble et al. (33) con-
cluded that genetics-based methods, such as PCR, consistently
provided the best information in efforts to conduct source
tracking on mixed-source samples. To date, however, no single
method has all of the traits necessary to be the consummate
source-tracking tool. Therefore, a multitiered, multiindicator
approach has been recommended by some investigators (4,
40). By using multiple tools, investigators can utilize the
strengths of each to ascertain inputs and track fates that will
ultimately lead to successful management solutions.

The objective of this study was to identify the contributions
and quantify the loading of fecal contamination affecting the
SMB by using a multitiered approach. The first tier included
traditional measurements of fecal indicator bacteria. The sec-
ond tier included molecular assays developed and conducted
for Enterococcus spp., a human-specific Bacteroides marker,
and enterovirus. These methods rely on conventional PCR,
quantitative PCR (QPCR), or QRT-PCR, which have not pre-
viously been applied in conjunction with one another for
source-tracking studies in urban watersheds. The third tier
involved sequencing of the enterovirus from the field samples
with the greatest concentrations so as to determine the likely
type of enterovirus amplified in the assay. The multitiered

approach was applied using a mass-based design to quantify
inputs and flux through an urban watershed to the beach.

MATERIALS AND METHODS

Study site. This study quantified inputs of flow, bacterial concentrations, and
virus genomic equivalents and then tracked them through an urban watershed
over time. This mass-based design was applied in the watershed of Ballona
Creek, the largest tributary to the SMB. Ballona Creek is over 85% developed
and currently has the largest inputs of fecal indicator bacteria to the SMB (Fig.
1).

Sample collection and filtration. Samples were collected at six main-stem sites
and four major tributaries to Ballona Creek. The six main-stem sites extended
from Cochran Ave. (where the system daylights from the underground storm
drainage system) to Inglewood Ave. (located at the head of tide just prior to
discharge into the SMB) (Table 1). The four tributaries represented the four

FIG. 1. Map of the Ballona Creek watershed in Los Angeles, Calif. Tributary and main-stem sampling sites for the water quality study are
indicated. (Inset) Santa Monica Bay, in Southern California.

TABLE 1. Sampling sites along the main stem and major
tributaries of Ballona Creek

Site Description GPS coordinates
(NAD 83 datum)a

Cochran Ave. Main stem/
tributary

34°02.662"N, 118°21.237"W

Fairfax drain Tributary 34°02.298"N, 118°22.136"W
Adams Ave. Main stem 34°02.009"N, 118°22.494"W
Adams drain Tributary 34°02.009"N, 118°22.494"W
Rodeo/Higuera Main stem 34°01.305"N, 118°22.693"W
Benedict Box Channel Tributary 34°00.925"N, 118°23.432"W
Overland Ave. Main stem 33°00.429"N, 118°23.771"W
Sawtelle Ave. Main stem 33°59.816"N, 118°24.164"W
Sepulveda channel Tributary 33°59.512"N, 118°24.693"W
Inglewood Ave. Main stem 33°59.394"N, 118°24.696"W

a GPS, global positioning system; NAD 83 datum, North American datum of
1983.
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largest hydrodynamic inputs to the system and were located in reaches between
each of the main-stem sampling sites. Flow was calculated as the product of the
flow rate and the wetted cross-sectional area (43). Doppler area-velocity sensors
(Teledyne ISCO, Los Angeles, CA) were used to measure flow rate. Pressure
transducers that measure stage, along with verified as-built cross sections, were
used to estimate the wetted cross-sectional area. One-minute instantaneous flow
was logged electronically during the entire 6-h sampling period. Both the area-
velocity sensors and the pressure transducers were calibrated prior to sampling.

One-hour composite water samples were collected immediately downstream
of flow measurement devices at each site (Table 1, GPS coordinates) between
8:00 and 14:00 on 26 August 2004. The 6-h sampling period corresponds to the
approximate hydrodynamic travel time from Cochran Ave. to Inglewood Ave.
(1). The hourly 4-liter composite samples at each site were created after com-
bining 10 individual 400-ml grab samples collected every 6 min into a single
container. In total, 60 composite samples were collected at Ballona Creek as a
result of sampling 6 h at 10 different sites.

After collection, samples were placed on ice and transported immediately to
the University of Southern California for processing. For each composite sample,
100 ml of water was devoted to indicator bacteria analysis, and 200 to 600 ml of
the sample volume was vacuum filtered through replicate 47-mm-diameter, 0.4-
#m-pore-size polycarbonate filters (Poretics, Inc., Livermore, CA) using a filter
funnel and receiver (Millipore, Inc., Bedford, MA) for Enterococcus sp. analyses
by QPCR or Bacteroides sp. analysis by conventional PCR, as suggested by
Haugland et al. (20). In addition, replicate filtrations were also conducted using
47-mm-diameter, 0.45-#m-pore-size type HA (Millipore, Inc., Bedford, MA)
mixed cellulose ester filters for enterovirus analysis as suggested by Fuhrman et
al. (11). For each filter, the volume filtered was the maximum filterable within
ca. 10 min of the start of filtration. The total volume filtered was dependent on
the location and turbidity of each individual sample, and the filter volumes were
carefully recorded to the nearest 1 ml. All filters were placed in microcentrifuge
tubes and stored at $80°C for further analysis.

Analysis of indicator bacteria. Concentrations of E. coli and Enterococcus spp.
were measured by defined substrate technology using kits supplied by IDEXX
Laboratories, Inc. (Westbrook, ME) according to the manufacturer’s instruc-
tions. Briefly, 10-fold and 100-fold dilutions of the water samples were made with
deionized water containing the appropriate media and sodium thiosulfate, mixed
to dissolve, dispensed into trays (Quanti-Tray/2000), and heat sealed. E. coli was
measured using the Colilert-18 reagents, while Enterococcus spp. were measured
using Enterolert reagents. Samples were incubated overnight according to the
manufacturer’s instructions and inspected for positive wells. Conversion of pos-
itive wells from these tests to a most probable number was done following Hurley
and Roscoe (21).

Extraction of DNA. The polycarbonate filters were processed for DNA extrac-
tion using the UltraClean fecal DNA isolation kit (MoBio Laboratories, Inc.,
Carlsbad, CA) according to the manufacturer’s alternative protocol for maxi-
mum yield. Eluted DNA extracts were stored at $20°C until use.

The concentration of the extracted DNA was measured using the Quant-iT
Picogreen double-stranded DNA reagent (Invitrogen, Carlsbad, CA) according
to the manufacturer’s instructions. Standard curves were generated in duplicate
using Lambda DNA standards between 2.5 ng/ml and 600 ng/ml and a negative
control (0 ng/ml). Fluorometric measurements were made using a Bio-Rad
VersaFluor fluorometer.

Bacterial analyses using QPCR. The total Enterococcus sp. primers and probe
are described by Ludwig and Schleifer (28) and were constructed using the 23S
rRNA gene regions around the target site of a well-established Enterococcus
group-specific primer (ENC854R). Primer ECST748F targets Enterococcus spp.,
lactococci, and several clostridia. The target site of probe GPL813TQ is present
in the 23S rRNA genes from a variety of representatives of gram-positive bac-
teria with low G!C DNA contents (28).

The master mix contained 1% Taq buffer, 4 mM MgCl2, 3 mM deoxynucleo-
side triphosphates (dNTPs), 2.5 U Ex Taq R polymerase (R PCR kit for quan-
titative PCR; TaKaRa Mirus Bio, Madison, WI), 1 #M ENC854R, 1 #M
ECST748F, 0.1 #M GPL813 TQ Cy3 Probe (synthesized by MWG Biotech, High
Point, NC), and nuclease-free water, yielding a final volume of 20 #l, to which 5
#l of sample (either DNA extract from an environmental sample, ranging from
1 to 76 ng genomic DNA, or 5 #l of lysed cell suspension or genomic equivalents)
was added for a final volume of 25 #l. The samples were run under the following
optimized assay conditions for PCR: 1 cycle consisting of an initial hold at 95°C
for 2 min and 45 cycles of denaturation at 94°C for 15 s and annealing/extension
at 60°C for 30 s (the optics were turned on during the annealing step). The
Cepheid Smart Cycler II was set with the following specific parameters for this
assay. The Dye Set was set for FCTC25. The cycle threshold analysis mode was
set for growth curve (linear) analyses, with a manual threshold typically set at 5

to 15 fluorescence units. The background subtract level was set at a minimum of
12 and a maximum of 40. The BoxCar averaging feature was set at zero. The
assay was previously optimized for Taq, Mg2!, and dNTP concentrations as well
as all cycling parameters (data not shown). For quality control, Enterococcus
faecalis ATCC 29212 and Enterococcus faecium ATCC 35667 combined were
used as our calibration strains for the total-Enterococcus primer and probe set.
Control bacterial preparations were prepared by boiling bacteria for 5 min,
centrifuging for 2 min at 12,000 % g at 4°C, and storing immediately on ice. E.
faecalis and E. faecium cells were enumerated using SYBR Green I epifluores-
cence microscopy (30). Serial dilutions of the standards were made in diethyl
pyrocarbonate-treated sterile water, and four-point standard curves were run in
duplicate in concert with the unknown samples on the Smart Cycler II instru-
ment. Total-Enterococcus primers were tested with all 19 validly described spe-
cies of the genus Enterococcus and demonstrated amplification of rRNA genes of
all strains, with varying efficiencies (28).

Analysis of Bacteroides spp. using conventional PCR. Amplification of the
human-specific Bacteroides/Prevotella marker generally followed the procedure
of Bernhard and Field (2), with PCR primers that amplify partial 16S rRNA from
the human feces-specific group (BAC708R and HS183F). A range of extracted
DNA quantities (representing 1 to 70 ng per assay, with most samples in the
range of 5 to 20 ng) was tested to avoid problems with inhibition of the PCR.
DNA was amplified with the Bacteroides-Provotella-specific primers described by
Bernhard and Field (2). The PCR mixture was 1% Taq polymerase buffer, 1#m
each primer, 200 #m dNTPs, 1.25 U Taq polymerase, 640 ng #l$1 BSA, and 1.5
mM MgCl2. The PCR conditions were specifically optimized for this study and
differed from those in the original publication: 2 min at 95°C, then 25 cycles of
95°C for 30 s, 60°C for 30 s, and 72°C for 30 s, followed by a 5-min extension at
72°C. Then 1 #l of each PCR product was reamplified using the conditions given
above for another 25 cycles. PCR was performed on a 3000MX thermal cycler
(Stratagene). PCR products were visualized in a 2% agarose gel stained with 1%
SYBR Gold (Molecular Probes, Eugene, OR) and compared to a 100-bp DNA
ladder (Promega). Positive results yielded 525-bp amplicons. The positive con-
trol was a human fecal sample extracted with a QIAamp DNA stool kit (QIA-
GEN, Valencia, CA). Negative controls contained water instead of sample. All
samples were initially run with 5 #l of extracted material. After the initial
analyses, all negative samples (14 of 60) were spiked with 0.1 ng of positive-
control DNA and reanalyzed to determine possible inhibition. Three of the 14
negative samples (two from Benedict Box Channel and one from Adams) were
determined to be inhibited. Inhibited samples were reanalyzed using 2 #l of
sample, but all three remained negative.

Enterovirus analyses. Samples, along with negative controls, were extracted
using a modified RNeasy plant minikit (QIAGEN Plant and Fungi RNA isola-
tion protocol). The RLT homogenization buffer supplied was supplemented with
polyvinyl pyrrolidone 40 (PVP-40) at a final concentration of 2%. Prior to the
extraction, fresh &-mercaptoethanol (Sigma Chemical Co.) was added to the
extraction buffer in the exact concentration recommended by the manufacturer.
Filters (type HA) were manually homogenized with a pipette tip, and 700 #l of
the RLT/filter slurry was applied to a QiaShredder column (QIAGEN) and spun
at maximum speed, !8,000 % g, for 2 min to aid in viral lysis as well as to separate
filter particles from the filtrate (11). The filtrate was then carefully removed
without disturbing the pelleted material and was placed into a new 1.5-ml tube.
The volume of solution in each tube was estimated by pipetting, and 0.4 volume
of 5 M potassium acetate (pH 6.5) was added. Tubes were mixed by inversion and
incubated on ice for 15 min. The mixture was then spun (12,000 % g) at 4°C for
15 to 30 min and the supernatant transferred to a new 1.5-ml microcentrifuge
tube. Subsequently, the Plant and Fungi RNA isolation protocol was followed
starting at step 5. RNA was eluted with 50 #l of the supplied RNase-free water.
A one-step TaqMan QRT-PCR was performed on the extracted RNA, with final
reaction volumes of 25 #l, using a QIAGEN One-Step RT-PCR kit. Five mi-
croliters of extracted RNA was added to 20 #l of master mix containing 1% RT
buffer, 6 mM MgCl2, 500 nM dNTPs, 700 nM EV1 reverse primer (5'-TGTCA
CCATA AGCAGCCA-3'), 700 nM EV1 forward primer (5'-CCCTGAATGCG
GCTAAT-3'), 30 #g bovine serum albumin, 20 U of recombinant RNasin (Pro-
mega Corp.), 1.5% PVP-25 (29) (Sigma Chemical Co.), 100 genomic equivalent
units of a competitive internal positive control (CIPC) developed in-house (16)
by following the general approach of Kleiboeker (25), plus 300 nM CIPC probe
5'-Cy5-TGTGCTGCAAGGCGATTAAGTTGGGT–BHQ-2–3', and 300 nM
EV-BHQ probe 5'–6-carboxyfluorescein–ACGGACACCCAAAGTAGTCGGT
TC–BHQ-1–3', and 1 #l of enzyme mix (containing both reverse transcriptase
and DNA polymerase). The probe and primers were synthesized by MWG
Biotech, Inc. The Cepheid Smart Cycler II was programmed as follows: a 1-h
reverse transcription step at 50°C followed by a 15-min hold at 95°C for DNA
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polymerase activation, then 45 cycles of 94°C for 15 s (denaturation) and 60°C for
1 min (annealing and extension, with optics on).

QRT-PCR results were available 3 h after the start of analysis, making the
total RNA extraction, QRT-PCR preparation, and analysis time less than 5 h.
After the first analyses, those samples that appeared to have inhibition of the
QRT-PCR (as indicated by the CIPC) had RNA sample volumes reduced in half
and were rerun. No inhibition was observed at this lower RNA concentration.
Standard curves were generated using a synthetic enterovirus transcript that was
quantified using fluorometric analysis, and sample genome concentrations were
interpolated from the standard curve using the manufacturer’s curve-fitting soft-
ware. Quantitative results are reported per liter sample volume.

Sequencing of enterovirus QRT-PCR positives. QRT-PCR-positive samples
from the enterovirus analyses were sequenced to assess the specificity and fidelity
of our enterovirus QRT-PCR and to elucidate the identities of the enterovirus
genomes being amplified by the assay. Following the initial enteroviral analysis of
the Ballona Creek samples, RNA samples identified as positive for enterovirus
genomes were again amplified using the QRT-PCR protocol. However, after
numerous repetitions of freezing and thawing of the extracted RNAs for various
analyses, only Cochran Ave. samples from 9:00, 10:00, and 11:00 contained
amplifiable enterovirus genetic material (11). The 144-bp enterovirus QRT-PCR
product was distinguished from the 126-bp internal positive control product
using a 10% polyacrylamide–1% Tris-borate-EDTA gel. The gel was stained with
ethidium bromide and visualized with a 254-nm UV light. The larger 144-bp
enterovirus QRT-PCR products were excised, homogenized in 50 #l of 1%
QIAGEN One-Step RT-PCR buffer using a microcentrifuge pestle, and incu-
bated overnight at 37°C with shaking. The enterovirus products were purified
(Wizard SV gel and PCR Clean Up System; Promega), cloned into the 3.9-
kilobase pCR 2.1 TOPOVector (TOPO TA cloning kit; Invitrogen, Carlsbad,
CA), transformed into TOP10 chemically competent E. coli, and plated on
Luria-Bertani agar plates containing 100 #g/ml of ampicillin. Bacterial clones
were screened using QPCR, and positive colonies from each of the three sites
were selected and grown individually in 3 ml of 2% medium overnight at 37°C.
Plasmid DNA was isolated (PerfectPrep plasmid minikit; Eppendorf, Westbury,
CT), and the DNA concentration was calculated using yeast extract-tryptone
Ribogreen (Molecular Probes). Plasmid DNA was sequenced bidirectionally by
MWG Biotech, and the chromatograms were inspected using Sequencher, ver-
sion 4.2 (Gene Codes Corp., Ann Arbor, MI). The sequences were aligned to
sequences in the NCBI GenBank using BLAST and are available by searching
nucleotide accession numbers DQ196482 through DQ196487.

Calculations and statistical analyses. Data analysis comprised four steps.
First, the hydrologic budget was evaluated to determine if the majority of the
flow was sampled. This evaluation was conducted by comparing the volumetric
inputs from each of the tributaries to the volumetric discharges along the main
stem of Ballona Creek. The second step was to examine temporal and spatial
trends in the flux of fecal indicator bacteria. The flux of indicator bacterial cells
per hour was calculated by multiplying the concentration of the indicator bac-
teria (per deciliter [100 ml]) by the flow rate (in deciliters per hour). The mean
hourly flux (temporal analysis) was calculated by averaging the flux of indicator
bacteria at all main-stem locations for each hourly interval (n ( 6). The mean
flux at each site (spatial analysis) was calculated by averaging the flux at each
main-stem or tributary site for all hourly samples (n ( 6). Statistical analysis of
the differences in bacterial flux between hourly time periods or, alternatively,
between main-stem sites was conducted using analysis of variance (46). The third
data analysis step was to examine spatial and temporal patterns in the frequency
of Bacteroides detection. The Bacteroides method used in this study was a pres-
ence/absence end point. This examination was conducted by tabulating the lo-
cations and time periods of Bacteroides detection to detect patterns moving
downstream, adjacent to tributaries, or over time. The fourth data analysis step
was to examine the spatial and temporal extent of enterovirus concentrations.
Unlike that of Bacteroides, the presence of enterovirus was quantified, so the
magnitude of enterovirus concentrations was tabulated among the different lo-
cations across the different time periods. As in the Bacteroides data analysis,
patterns moving downstream, adjacent to tributaries, or over time were exam-
ined.

RESULTS

The total volume discharged from Ballona Creek during the
6-h sampling period was 13,390 m3 (Fig. 2). Of this volume,
97% was attributed to monitored inputs from Cochran, Fair-
fax, Adams, Benedict, and Sepulveda tributaries. The largest

volume was contributed at Cochran Ave., where the creek
emerges into daylight from beneath downtown Los Angeles.
Flow remained relatively stable over the study period at all
sites, with little variation or pattern in discharge. For example,
the coefficient of variation for flow at the most-downstream
site, Inglewood Ave., was less than 8%, approaching the reso-
lution of our flow-monitoring devices.

There was no observed spatial trend in the flux of fecal
indicator bacteria in Ballona Creek during this study (Fig. 3).
The average flux of E. coli ranged from 1.1 % 1010 to 5.3 % 1010

cells h$1 at the six main-stem sites. The average flux of En-
terococcus spp. ranged from 6.6 % 108 to 1.4 % 109 cells h$1 at
the six main-stem sites. In both cases, there was no discernible
increase in bacterial flux as one moved downstream; no two
main-stem sites were significantly different from one another in
the flux of either E. coli or Enterococcus spp. (P ) 0.05 by
analysis of variance).

A temporal trend in the flux of fecal indicator bacteria in
Ballona Creek was observed during this study (Fig. 4). The
average flux of Enterococcus spp. was highest at 9:00 (2.9 %
1010 cells h$1) and decreased monotonically throughout the
study period. The lowest flux was measured at 14:00 (3.0 % 109

cells h$1). Similar patterns were observed for E. coli (data not
shown). In contrast to the results obtained by the culture-based
methods, the QPCR results for Enterococcus spp. did not de-
crease over time. The flux of Enterococcus spp. ranged from 2.7
% 1010 to 4.7 % 1010 cells h$1, and the 9:00 and 14:00 samples
were nearly equivalent (Fig. 4).

The relative patterns of Enterococcus contributions from the
tributaries were similar at all time periods (Fig. 5). Benedict
tributary always had the greatest flux of fecal indicator bacte-
ria, followed by Sepulveda, Fairfax, and Adams tributaries. A

FIG. 2. Schematic diagram depicting additive flow in the main
channel of Ballona Creek and the percentage contributed by each
tributary sampled.
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similar pattern was also observed for E. coli. The flux of En-
terococcus spp. from Benedict tributary ranged from 4.1 % 109

to 1.4 % 1010 cells h$1 throughout the sampling period while
the flux of Enterococcus spp. from Adams tributary ranged
from 3.7 % 105 to 4.4 % 106 cells h$1. On average, Benedict
tributary contributed 81% of the Enterococcus spp. loading
from all four tributaries.

The hourly flux of Enterococcus spp. (determined by culture-
based methods) from each of the four main tributaries approx-
imated the load being passed down Ballona Creek (Fig. 5).
Regardless of the hour, the flux from each of the tributaries
was within a factor of 101 compared to its nearest downstream
site on the main stem of Ballona Creek. The only exception
was the Adams tributary, for which the flux was as much as 4

FIG. 3. Mean flux of E. coli and Enterococcus cells (expressed as cells per hour) at main-channel sampling sites of Ballona Creek (26 August
2004).

FIG. 4. Mean hourly flux of Enterococcus spp. (expressed as cells per hour) along the main channel of Ballona Creek, measured by using either
an IDEXX chromogenic substrate (Enterolert) or QPCR methods on 26 August 2004.
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orders of magnitude less than that for the nearest downstream
site. The main stem showed virtually no response to any of
these tributary inputs, including that of Adams. The flux of
Enterococcus spp. remained virtually unchanged from up-
stream to downstream of each of the tributary inputs (Fig. 3
and 5).

The human-specific Bacteroides marker was positively de-
tected throughout the main stem of Ballona Creek; its pres-
ence in 31 of the 36 main-stem samples tested (86%) was
confirmed (Table 2). A positive signal was observed at all sites
during the early morning hours, but during periods of height-
ened UV radiation (midday and late afternoon), a decrease in
the number of positive results for the human-specific Bacte-
roides marker was observed. For example, only three of six sam-
ples at 14:00 were positive for the human-specific Bacteroides
marker and exceeded the water quality threshold for E. coli.

Enteroviruses were detected and quantified in 14 of the 36
main-stem samples tested (39%) (Table 2). Moreover, spatial
and temporal patterns in enterovirus concentrations were also
evident in the Ballona Creek system. Main-channel locations in
the upper reaches of the study area were more likely to be
positive for enteroviruses than downstream sites. The most
consistently positive site was Cochran Ave., where 89% of the
samples contained measurable levels of enterovirus. In addi-
tion, some of the highest concentrations of enterovirus were
measured at Cochran during four of the six time periods (con-
centrations ranging from 1,336 to 3,255 enterovirus genomes
per liter). A general pattern in enterovirus detection was ob-
served during the course of the day. Enterovirus was detected
during the early morning and at midday at upstream sites but
was detected most frequently late in the day at the downstream
sites. The 12:00 sampling interval had the most frequent de-

FIG. 5. Loading of Enterococcus spp. (expressed as cells per hour) in the main channel and tributaries of Ballona Creek at 9:00 (a), 10:00 (b),
11:00 (c), 12:00 (d), 13:00 (e), and 14:00 (f) on 26 August 2004.
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tection of enterovirus, with the highest concentrations ob-
served, at the middle sites in the watershed. In nearly all of the
tributary samples, no enterovirus was detected (data not
shown); only Adams Drain tributary had any detectable en-
terovirus.

The highest sequence homology observed for the three en-
terovirus-positive Cochran Ave. samples that were sequenced
()95%) was with human coxsackievirus A22 (GenBank acces-
sion no. AF499643), human coxsackievirus A19 (accession no.
AF499641), and human enterovirus 90 (accession no.
AY773285). The 144-bp QRT-PCR product corresponded to
nucleotides 453 to 596 of human coxsackievirus A22, nucleo-
tides 457 to 600 of human enterovirus 90, and nucleotides 454
to 597 of human coxsackievirus A19.

DISCUSSION

The Ballona Creek watershed is a system impacted by fecal
pollution. The flux of fecal indicator bacteria was as high at the
head of the watershed as it was at the mouth of the creek,
where it discharges into the SMB. Although we focused on the
flux of these fecal indicator bacteria, it should be noted that
92% of all samples collected from Ballona Creek in this study
exceeded the water quality thresholds established by the State
of California (CA State Assembly Bill 411). The presence of
human enterovirus and of human-specific markers of Bacte-
roides spp. further characterizes the fecal inputs and should
increase an environmental manager’s awareness of the human
health risks associated with these discharges.

Our study is not the first to examine the presence of viruses
in urban runoff entering shorelines in the SMB and other
Southern California urban watersheds. For example, Gold and
colleagues (13, 14) found viruses in repeated samples from
multiple storm drains to the SMB by using both cell culture
and RT-PCR techniques. Haile et al. (19) detected human-
specific viruses in all three storm drains tested in their epide-
miological study of the SMB. Noble and Fuhrman (32) found
human enteric virus genomes in the near-shore marine waters
of the SMB. Jiang et al. (22) found human adenovirus in
samples collected at 12 sites between Malibu and the Mexican
border, and Fuhrman et al. (11) previously found human en-
terovirus genomes in Ballona Creek.

The multitiered approach used in this study can assist wa-
tershed managers in determining sources and efficiently abat-
ing the most significant inputs of fecal indicator bacteria. If
managers relied solely on the patterns in fecal indicator bac-

teria from Ballona Creek, then the only option would be to
treat the entire 37-m3 s$1 discharge furthest downstream at
Inglewood Ave., because the flux of fecal indicator bacteria
was similar at all sources. The use of multiple tools, however,
allows managers to prioritize the most important sources. In
this case, the presence of human enterovirus was greatest at
the Cochran Ave. site, where the system daylights from the
underground storm drain system beneath Los Angeles and the
discharge volume is one-third of the volume at Inglewood Ave.
Previous studies of Southern California storm drains have de-
tected a human-pathogenic virus signal (22, 23, 31, 32). Since
Cochran Ave. had the most frequent occurrence and highest
concentrations of enterovirus, plus a consistent co-occurrence
of the human-specific Bacteroides marker, this source would
appear to be the most likely candidate for future management
actions. The sequencing results that confirmed the presence of
several potential risks to human health (human coxsackievirus
and enterovirus) should provide the reassurance most manag-
ers would need before planning future management steps.

The lack of correlation between bacterial indicator levels
and levels of human-pathogenic viruses has been observed in
previous studies (8, 9) and demonstrates the value of the mul-
titiered approach used here for source identification. For ex-
ample, analysis of wild shellfish from the Atlantic coast of
France indicated no significant correlation between fecal coli-
forms and enteroviruses or hepatitis A virus (26, 27), and
viruses have sometimes been found in oysters without coliform
contamination (15, 45). Noble and Fuhrman (32) detected
enterovirus in 35% of the 50 shoreline samples they examined
over a 5-year period, and no significant statistical relationship
to any of the standard bacterial indicators was found. Virus
and fecal indicator bacteria were measured in dry-weather
urban runoff in drains along 300 km of shoreline from Santa
Barbara to San Diego, CA (31). Although 40% of the storm
drains contained detectable enterovirus, there was no correla-
tion with concentrations of fecal indicator bacteria. It is also
possible that differential rates of degradation of viruses and
bacteria can explain much of the discordant relationship be-
tween viral pathogens and indicator bacteria (see, e.g., refer-
ence 34).

The use of QPCR to measure fecal indicator bacteria pre-
sents unique opportunities and challenges. An advantage of
using QPCR for measuring fecal indicator bacteria is speed;
the method potentially provides measurements in less than 3 h
(18). However, culture-based methods quantify only viable

TABLE 2. Number of enterovirus genomes per liter along the main stem of Ballona Creek in Los Angeles, CA

Distance upstream from Santa Monica
Bay (km) (name of site)

No. of enterovirus genomes/liter and presence or absence of the human-specific Bacteroides markera

at the following time of day:

9:00 10:00 11:00 12:00 13:00 14:00

6.3 (Cochran) 3,255* 1,391* 1,714* 1,440* 1,336* *
5.4 (Adams) * 630* 200b 290* * *
4.7 (Rodeo/Higuera) * 96* * 1,641* 579
2.6 (Overland) * * * 926* * *
1.5 (Sawtelle) * * * 61* * 384
0 (Inglewood) * * * * * *

a Asterisks indicate presence.
b PCR inhibited for human-specific Bacteroides marker.
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bacteria, while QPCR measures the DNA from both cultivable
and noncultivable microbes. This was most apparent in the
temporal trends from Ballona Creek. Levels of Enterococcus
spp. determined using culture-based methods generally de-
creased as the day progressed, most likely as a result of pho-
toinactivation of cells by sunlight (5, 6, 34). Ballona Creek is a
40-m-wide concrete-lined channel, concentrating solar energy
into the shallow creek in the channel invert. The QPCR results,
however, remained steady, indicating that the bacterial DNA
was still intact and detectable, even though the Enterococcus
spp. were not viable.

Overall, the use of multiple approaches provided convincing
evidence of the extent and types of microbial contamination in
this urban watershed. We believe such studies should provide
invaluable information for researchers and managers trying to
balance regulatory burdens and public safety.
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a b s t r a c t

Microbial contaminants in stormwater runoff have the potential to negatively impact

public health. Stormwater runoff to coastal waters is increasing in amount and rate of

discharge due to loss of vegetated landscape and increasing coastal development.

However, the extent and nature of microbial contamination of stormwater runoff in North

Carolina (NC) has not been previously characterized. The aim of this study was to measure

a range of fecal indicator bacteria (FIB) and molecular markers at three coastal sites. E. coli

and Enterococcus sp. were measured in addition to molecular markers including Bacteroides

Human-Specific Marker (HS) and fecal Bacteroides spp. Levels of FIB in stormwater far

exceeded recreational water quality guidelines, frequently by several orders of magnitude.

High concentrations of fecal Bacteroides spp. and the presence of HS indicated the presence

of human fecal contamination in the stormwater runoff, but only during specific storms.

Examinations of levels of fecal contamination in stormwater over multiple seasons and

a range of storm conditions will allow managers to consider appropriate design of effective

mitigation strategies necessary to maintain and restore coastal water quality.

ª 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Stormwater runoff, one of the most common forms of non-
point source (NPS) pollution, has been identified as a potential
threat to human and ecosystem health due to the high levels
of chemical and biological contaminants it contains that have
been directly linked to disease outbreaks (Curriero et al., 2001;
Gaffield et al., 2003), toxic effects in aquatic life (Bay et al.,
2003; Heaney et al., 1999), and dramatic negative impacts on
water quality (Ahn et al., 2005; Makepeace et al., 1995). As
precipitation washes over land, it picks up and transports
a variety of chemicals, pesticides,metals, petroleumproducts,
sediment, and human and animal fecal wastes. Knowledge of
the composition of the resultant runoff, as well as its delivery

pathways and distribution in the environment, is crucial in
managing the overall risk associated with stormwater runoff.

Discharge of stormwater runoff onto recreational beaches
in the US is particularly problematic in terms of public health,
as it is the largest known cause of beach closures and advi-
sories in the US (Dorfman, 2006). Many of these advisories
(75% in 2005) are in response to elevated fecal indicator
bacteria (FIB) levels that exceed USEPA recommended beach
water quality standards (Dorfman, 2006; USEPA, 1986).
Furthermore, US recreational waters serve as a known route
of exposure to human pathogens, with 95 documented
recreational water-associated outbreaks occurring from 1996
to 2000 (Arnone and Walling, 2007). Evidence from epidemio-
logical studies of recreational water-associated health effects
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suggests a causal dose-related relationship between gastro-
intestinal symptoms and FIB counts and strong relationships
between urban runoff and illness (Pruss, 1998). Therefore,
mitigating stormwater runoff to decrease loading rates of FIB
and viral, bacterial, and protozoan pathogens to recreational
beaches is a direct way to improve beach water quality and
protect public health.

In some locations, such as the coast of California, the
microbial contaminants in stormwater and their associated
health risks have been studied (Dwight et al., 2004; Haile et al.,
1999). However, in coastal NC, the microbial contaminants in
stormwater and their impacts on recreational beaches have
not yet been assessed. North Carolina ranks sixth of the fifty
US states in tourism (by person-trip volume, NC Department
of Commerce, 2008), with more than 6.5 million coastal tour-
ists annually (Dorfman, 2006). Stormwater runoff in coastal
NC is also receiving greater attention from the public as
coastal development, number of septic tanks, and percentage
of impervious surface area increase along with tourism and
visitation of beaches. In Carteret County, located in coastal
NC, 68% of housing units utilize septic tank systems for
wastewater disposal, according to 1990 census data, which is
considerably higher than the statewide average of 50% (NC
National Estuarine Research Reserve, 2004). A study on
southeastern NC coastal watersheds showed the percentage
of watershed impervious surface is the most important
anthropogenic factor associated with FIB concentrations in
estuarine creeks (Mallin et al., 2000). Furthermore, the shell-
fish-harvesting industry is a prominent economic and cultural
resource in NC which is impacted by poor microbiological
water quality. These factors provide numerous opportunities
for stormwater runoff to affect the coast of NC, increasing the
need for research to identify and quantify the microbial
contaminants therein.

To date, most published studies of microbial contaminants
in stormwater runoff are limited by reliance on quantification
of single types of FIB only and by low numbers of storms

characterized. In this study of NC stormwater runoff,
a sampling scheme was implemented to assess microbial
contaminant concentrations in both baseflowand stormwater
runoff samples by measuring several types of FIB and alter-
nate molecular markers of human fecal contamination over
the course of many storm events. Concentrations of FIB,
including total coliforms, E. coli, and Enterococcus spp., and the
Bacteroides Human-Specific Marker (HS) and fecal Bacteroides
spp., were examined in an attempt to quantify levels of fecal
contamination and determine the likelihood for the presence
of human fecal contamination in stormwater runoff.

2. Materials and methods

2.1. Sample site selection

The study was conducted at three sites in coastal Carteret
County, NC: two impacted by stormwater outfalls (pipes
emptying to the beach, also called storm drains) and one
impacted by a culvert/ditch system that funnels runoff to an
estuarine marina. The two stormwater outfall sites are Bogue
Inlet Pier (BIP), located in Emerald Isle, NC, and Triple S Pier
(TSP), located in Atlantic Beach, NC (Fig. 1). Both are located at
fishing piers frequented by fishermen and collect water from
parking lots and residential areas which is discharged at the
dune lines of popular recreational beaches. Stormwater
outfall sites were selected based on historical data demon-
strating poor microbial water quality of recreational beach
waters after rainfall (R. T. Noble, unpublished data), anecdotal
reports of failing health of surfers at recreational beaches
receiving stormwater runoff (J. D. Siekmann, personal
communication), and a need to initiate an examination of
stormwater runoff in NC due to findings in other locations
(Jeong et al., 2005; Noble et al., 2003). The estuarine site, Town
Creek Marina (TCM), is located on Turner Street in Beaufort,
NC (Fig. 1), where the majority of runoff from the nearby

Fig. 1 e Map of sample sites.
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watershed flows into a popular marina in close proximity to
high priority shellfish-harvesting waters and sound-side
swimming areas. TCM was selected based on results from
a pilot study which demonstrated high levels of FIB at the site
after rainfall (Parker, 2004).

2.2. Water sample collection

The sampling scheme was designed to collect stormwater
runoff from a range of storm events. Storm sampling was
initiated at any point after a sustained period of moderate to
heavy rainfall produced precipitation of at leastw0.5 cm until
w1 h after the storm ended. This ensured that flowwas visible
from the stormwater outfalls. Rainfall was monitored in real-
time using online data from weather stations in close prox-
imity to each sampling site to make this determination.
Weather stations used for each sampling site were: BIP e

Oceanside of Emerald Isle Crystal Shores Station (ID# KNCE-
MERA1) from Weather Underground; TSP e Atlantic Beach
Water Plant Station (ID# COOP 310356) from the National
Climatic Data Center; TCM e Beaufort Michael J Smith Field
Station (ID# WBAN 93765) from the National Climatic Data
Center. Grab samples were collected using a triple acid-rinsed
bucket (5% HCl) which was rinsed twice with water from the
sample site before filling 4 L sample bottles prepared in the
same way. At BIP, samples were taken directly from the pipe
or, under conditions of very heavy rainfall, at the interface of
flow from the pipe and the pool of accumulated water (storm,
n ¼ 21, baseflow n ¼ 4). At TSP, the pipe rises w1 m from
ground level, and samples were taken as water flowed out at
this height (storm n ¼ 14, baseflow n ¼ 4). At TCM, samples
were takene0.3m below the surface of thewater (storm, n¼ 14,
baseflow, n ¼ 7). Baseflow samples from TSP and BIP were
collected after a period of at least five days without rain, and
were taken from the wavewash area of the Atlantic Ocean, as
pipe discharge was absent. Samples were stored on ice and
analyzed in the laboratory within 2 h of collection.

2.3. Time series sampling

During several rainfall events, time series experiments were
conducted where multiple samples were collected over
durations of 2e3 h. Two of the time series studies were started
immediately prior to the peak rainfall rate for the given storm
(BIP 24 Oct 2005 and TSP 21 Nov 2005), while one was initiated
during the peak rainfall rate (BIP 7 Oct 2005). Samples for the
first BIP time series (BIP 7 Oct 2005) were collected over 2.1 h,
beginning after 14 h (5.26 cm) of rainfall, ca. 1.5 h after the
peak rainfall rate for the storm. Samples for the second BIP
time series (BIP 24 Oct 2005) were collected over 1.3 h, begin-
ning after 5 h (1.30 cm) rainfall, ca. 2.5 h before the peak
rainfall rate for the storm. Samples for the TSP time series
(TSP 21 Nov 2005) were collected over 2.7 h, beginning after 5 h
(0.53 cm) rainfall, ca. 4.5 h before the peak rainfall rate for the
storm.

2.4. Fecal indicator bacteria measurements

Concentrations of FIB used as monitoring standards for both
freshwater (TC and EC) and marine waters (ENT) were

enumerated, since the stormwater samples were essentially
freshwater, yet were contaminating marine recreational
waters. Colilert-18! was used for enumeration of total coli-
forms and E. coli and Enterolert"was used for Enterococcus spp.
(IDEXX Laboratories, Westbrook, ME). Since concentrations of
FIB were typically high, duplicate samples were diluted to
10 ml, 1 ml, or 0.1 ml per 100 ml with deionized water. The
reagents were added to each sample, dissolved by shaking 10
times, poured into a Quanti!-Tray/2000 tray, and incubated
overnight at 35 #C for Colilert-18! and 41 #C for Enterolert" as
required by manufacturer’s instructions. Trays were counted
according to manufacturer’s instructions and most probable
number (MPN) per 100ml of sample was determined using the
manufacturer’s MPN tables. For each set of duplicate MPN
values (per dilution), average MPN values were calculated
using the dilution set that yielded usable counts, with pref-
erence to the least diluted sample set if more than one set was
usable.

2.5. Molecular analyses of stormwater samples

For molecular analyses, duplicate 100 ml samples were
vacuum filtered through 0.4 mm polycarbonate (PC) filters (GE
Osmonics, Minnetonka, MN). The filters were placed into
sterile, DNase/RNase-freemicrocentrifuge tubes and stored at
$80 #C. DNA extractions were performed on the filters using
the UltraClean" Soil DNA Isolation Kit (Mo Bio Laboratories,
Inc., Solana Beach, CA) following the protocol for maximum
yield, with extracts stored at $20 #C.

Quantitative PCR (QPCR) was performed on extracted DNA
using the fecal Bacteroides spp. primer-probe set (Converse
et al., 2009). The DNA template in each reaction ranged from
1 to 50 ng, determined fluorometrically with PicoGreen (Invi-
trogen Carlsbad, CA) using a Turner TBS-380 Fluorometer.
QPCR was conducted on a SmartCycler! II (Cepheid, Sunny-
vale, CA) using TaKaRa Ex Taq version 2.1 (Mirus Bio, Madison,
WI), with each 25 ml reaction containing the following:
300 mmol l$1 dNTPs, 4 mmol l$1 MgCl2, 0.05 U Taq polymerase,
1% Taq buffer, and 5 ml DNA template. Reaction conditions
were as follows: 95 #C for 2 min, followed by 45 cycles of 95 #C
for 15 s and 60 #C for 45 s. Quantification was conducted using
Bacteroides thetaiotaomicron cells (Converse et al., 2009)
enumerated via epifluorescence microscopy (Noble and
Fuhrman, 1998). Quantified cells were used to establish a 4-
log standard curve, with reactions run in duplicate. QPCR
amplification efficiencies of >90% and R2 values of >0.95 were
documented for all standard curves.

Conventional PCR was performed on the DNA extracts
using the human-specific Bacteroides/Prevotella marker,
referred to in this manuscript as “HS” (Bernhard and Field,
2000) using primers targeting a segment of the 16S rRNA
gene from the human feces-specific group (HS183F and
BAC708R). PCRmastermixwas composed of 1.25 U HotMaster
polymerase (Eppendorf, Westbury, NY), 1% Taq Polymerase
self-adjusting magnesium buffer (Eppendorf, Westbury, NY),
1 mmol l$1 each primer, 200 mmol l$1 dNTPs, and 640 ng ml$1

bovine serum albumin. PCR was performed on a Genius
thermal cycler (Techne, Burlington, NJ) using the following
cycling parameters: 2 min at 94 #C, then 30 cycles of 94 #C for
30 s, 58 #C for 30 s, and 68 #C for 30 s, followed by 5min at 68 #C.
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PCR products were visualized in a 1.2% agarose gel stained
with 1 mg ml$1 ethidium bromide and compared to a 100-bp
DNA ladder (Promega, Madison, WI).

2.6. Statistical analyses

Normality tests on non-transformed data indicate that the FIB
data are not normally distributed. Therefore, FIB measure-
ments were log10 transformed prior to all statistical analyses.
Normality tests were conducted for the datasets to select the
appropriate statistical analyses. Independent sample t-tests
examined significant differences (alpha (a) ¼ 0.05, two-tailed)
between FIB concentrations for storm and baseflow samples
and for seasonal comparisons. Levene’s test for equality of
variances was used to determine whether equal variances
were or were not assumed (a ¼ 0.05, two-tailed). Seasonal
differences for FIB concentrations were determined using the
one-way ANOVA with the post-hoc comparison Bonferroni
(e.g. Salkind, 2004). A significant relationship was determined
with respect to an alpha (a) of 0.05 (two-tailed). The percent of
samples positive for the molecular markers was calculated by
dividing the number of samples with positive detection of
target by the total number of samples and multiplying by 100.

Ongoing research is being conductedon fecalBacteroides spp.
QPCR data to establish relationships among fecal contamina-
tion types. Preliminary work (Coulliette and Noble, 2008)
suggests an “action threshold” of 5000 cells per 100 ml (as
determined by QPCR), i.e. water samples exhibiting concentra-
tions of fecal Bacteroides spp. above this concentration shouldbe
further examined for the potential presence of human fecal
contamination using other “toolbox” approaches such as those
presented previously (Noble et al., 2006). Furthermore, ratios of
Enterococcus spp. and E. coli and the fecal Bacteroides spp. QPCR
numbers have been suggested to be predictive of source
(Converse et al., 2009). Someratios fromthiswork arepresented
here to examine these ideas. The HS marker, developed by
Bernhard andField (2000), has beenutilized for a rangeof source
tracking studies, including Noble et al. (2006). Recently, Ahmed
et al. (2009) conducted an evaluation study on Bacteroides-
based PCR markers and found the HS marker, reported for use
here,wasable todiscriminatebetweenhumanandanimal feces
99% of the time.

3. Results

3.1. Fecal indicator bacteria measurements

Coastal areas of eastern NC are subject to extensive microbial
contamination due to stormwater runoff. Concentrations of
FIB in runoff samples collected during storm events reached
as high as 2.39% 106, 1.20 % 105, and 1.00 % 105 MPN per 100ml
for total coliforms, E. coli and Enterococcus spp., respectively.
Even the mean concentrations of FIB across storms were at
least one order of magnitude above existing single-sample
standards for recreational waters (Table 1). All three sites
appeared to be impacted by stormwater runoff contributing
high concentrations of FIB to receiving waters, though
concentrations of FIB varied widely from sample to sample
and season to season. Precipitation amounts prior to collec-
tion of storm samples ranged from 0.2 to 11.4 cm, with
a median value of 1.3 cm. There was no correlation of rainfall
to FIB concentrations, but the sample size was relatively
small.

Baseflow FIB concentrations ranged from 79e2.18 % 104,
10e8.31% 102, and 10e4.78% 102 for total coliforms, E. coli, and
Enterococcus spp., respectively. Concentrations of FIB in base-
flow samples were significantly lower than concentrations in
stormwater samples (Table 1, p < 0.001). However, compared
to historical data examined from the NCDENR Recreational
Water Quality Section, some baseflow concentrations of FIB
were higher than expected.

Concentrations of FIB exceeded the single-sample marine
recreational water quality standard of 104 MPN per 100 ml
Enterococcus spp. in almost all stormwater samples (Table 1),
often by an order of magnitude. Stormwater samples from the
outfall sites were more consistent in the degree of contami-
nation and showed the most marked differences between
stormflowand baseflow (Table 1). TCMhad FIB concentrations
that were more variable from sample to sample (Table 1). The
total coliform:E. coli ratio was analyzed for each sample at all
sites. When total coliform concentrations exceed 1000 CFU or
MPN per 100 ml and the total coliforms:E. coli ratio is less than
5, stormwater runoff may be predictive of gastrointestinal
illness and the presence of “fresh” human sewage is indicated
(Haile et al., 1999). In all stormwater samples, this ratio

Table 1eAverage, standard deviation, andmedian values for total coliforms, E. coli, and Enterococcus spp. concentrations in
MPN per 100 ml for all stormwater samples and baseflow samples collected from Bogue Inlet Pier (BIP), Triple S Pier (TSP)
and Town Creek Marina (TCM).

Total coliforms E. coli Enterococcus

Average Standard
deviation

Median Average Standard
deviation

Median Average Standard
deviation

Median

Stormwater samples
BIP 1.80E5 5.20E5 2.93E4 7.21E3 2.60E4 5.70E2 7.92E3 2.15E4 3.12E3
TSP 1.65E5 1.41E5 1.65E5 4.92E3 1.14E4 1.64E3 4.36E3 5.89E3 2.23E3
TCM 2.91E5 6.26E5 1.10E5 5.17E3 7.32E3 1.15E3 1.15E4 2.01E4 2.44E3

Baseflow samples
BIP 7.82E2 7.09E2 6.41E2 5.70E1 2.2E1 5.8E1 1.5E1 1.4E1 1.0E1
TSP 4.88E2 4.78E2 4.23E2 7.50E1 7.5E1 6.2E1 8.0 1.0 8.0
TCM 8.46E3 6.66E3 6.52E3 3.95E2 2.46E2 3.66E2 1.29E2 1.62E2 7.5E1
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exceeded 5.0. Linear regressions and correlations of log-
transformed Enterococcus versus E. coli were also examined.
Stormwater runoff from TSP and TCM demonstrated strong,
significant correlations between Enterococcus and E. coli
(r2 ¼ 0.85 and 0.92, respectively, Table 3). The presence of HS
and the high concentrations of fecal Bacteroides spp. indicate
a strong likelihood for the presence of human fecal contami-
nation at BIP and TCM. The overall relationship between the
presence of HS and fecal Bacteroides spp. was significant
(r2 ¼ 0.50, p ¼ 0.001, n ¼ 39), yet weak.

3.2. Bogue Inlet Pier, Town of Emerald Isle, NC

Overall mean FIB storm sample concentrations at BIP were
high and were similar for E. coli (7212 MPN per 100 ml) and
Enterococcus spp. (7915 MPN per 100 ml, n ¼ 21, Table 1).
Concentrations of total coliforms, E. coli, and Enterococcus spp.
in stormwater sampleswere statistically higher than baseflow
concentrations (Fig. 2a, p < 0.001). None of the baseflow
samples exceeded the single-sample recreational water
quality standard for Enterococcus spp. E. coli concentrations
tended to be higher in the spring and summer, while Entero-
coccus spp. concentrations were highest from spring to fall
(Fig. 3a). The relationship between Enterococcus spp. and E. coli
in BIP storm samples was weak and insignificant (r2 ¼ 0.15).
The HS marker was found in 1 of 15 samples (7%), indicating
an ephemeral human fecal contamination signal during
a single intense storm event (Table 2). This sample also con-
tained BT (1148 cells/100 ml), but it did not exceed 5000 cells
per 100 ml. Fecal Bacteroides spp. were detected in 82% of
samples, but the concentrations were generally low, with only
2 of 17 storm samples having concentrations greater than
5000 cells per 100 ml (Table 2).

3.3. Triple S Pier, Town of Atlantic Beach, NC

Overall mean FIB concentrations at TSP were similar for E. coli
(4920 MPN per 100 ml) and Enterococcus spp. (4358 MPN per
100 ml, n ¼ 14, Table 1). Storm total coliforms, E. coli, and
Enterococcus spp. concentrations were statistically higher than
baseflow concentrations ( p < 0.05, Fig. 2b). Baseflow samples
never exceeded the single-sample limit for recreational
guidelines. Seasonal trends showed that E. coli concentrations
were highest in the summer and fall, while Enterococcus spp.
concentrations were highest in the fall (Fig. 3b). Storm sample
Enterococcus spp. and E. coli concentrations had a significant,
positive, and strong correlation (r2 ¼ 0.85), a departure from
the weak relationship observed at BIP. The Bacteroides HS
Marker was found in 0 of 13 samples, and fecal Bacteroides spp.
were detected in 64% of samples, generally at very low
concentrations. The quantity of fecal Bacteroides spp. cells in
one sample was greater than 30,000 per 100 ml, however HS
was not detected in this sample. These results indicate a low
likelihood of human fecal contamination in TSP storm
samples for the periods studied.

3.4. Town Creek Marina, Town of Beaufort, NC

Overallmean FIB concentrations at TCMweremuch higher for
Enterococcus spp. (11,486MPN per 100ml) than E. coli (5174MPN

per 100 ml, n ¼ 14, Table 1). Although mean stormwater
concentrations were generally higher for total coliforms, E.
coli, and Enterococcus spp. than in baseflow samples (Table 1,
Fig. 2c), only Enterococcus spp. concentrations were signifi-
cantly different ( p < 0.05). Seasonal trends showed that E. coli

Fig. 2 e Log-transformed fecal indicator bacteria
concentrations reported in MPN per 100 ml for samples
collected from a) Bogue Inlet Pier, b) Triple S Pier, and
c) Town Creek Marina. On 6 May 2005 a sewage spill
contributed 12,000 gallons of sewage to Town Creek
Marina. Error bars are ± one standard deviation.
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and Enterococcus spp. were highest in the summer (Fig. 3c). The
correlation between Enterococcus spp. and E. coli concentra-
tions in storm samples was strong, (r2 ¼ 0.91). Bacteroides HS
marker was found in 4 of 13 samples (31%, Table 2). Fecal
Bacteroides spp. were detected and quantified in 11 of 11

samples, and 8 of the 11 samples exceeded concentrations of
5000 cells per 100 ml (Table 2). All of the TCM samples that
were positive for HS also had BT concentrations greater than
5000 cells per 100 ml (Table 2.) These findings suggest that
human fecal contamination was present during the period
studied.

3.5. Time series

Time series experiments were conducted to see if FIB and
molecular marker concentrations would change over short
time scales. Observed FIB concentrations indicated the
magnitude of the storm response during the time series
events was similar to that typically seen for other storm
events of similar-size. Concentrations of FIB were high and
varied little over time, with variability generally not exceeding
an order of magnitude (data not shown). There were no clear
patterns of either increasing or decreasing concentrations
according to the progression of the storm.

Concentrations of FIB were notably similar in both BIP time
series (Fig. 4a and b), and the total storm rainfall amounts
were similar, although storm hydrographs are not available.
Ocean samples taken during the TSP time series exceeded
recreational guidelines for Enterococcus spp. concentrations
(Fig. 4c), though the magnitude of exceedance was much less
than for the samples taken directly from the stormwater
outfall.

Fig. 3 e Log-transformed fecal indicator bacteria
concentrations reported as seasonal averages in MPN per
100 ml for samples collected from a) Bogue Inlet Pier, b)
Triple S Pier, and c) Town Creek Marina. Total rainfall (cm)
is on the secondary y-axis. Error bars are ± one standard
deviation.

Table 2 e Percent of samples testing positive by PCR for
Bacteroides HS Marker (HS) and Bacteroides
thetaiotaomicron (BT) from samples collected at Bogue
Inlet Pier (BIP), Triple S Pier (TSP) and Town Creek Marina
(TCM).

Sample
Site

Percent
positive

(# samples
tested)

Percent HS
positive with
>5000 BT

cells/100 ml

Percent
positive

(# samples
tested)

Percent
samples

with >5000
cells/100 ml

HS HS BT BT

BIP 6.7 (15) 0 82 (17) 12
TSP 0.0 (13) 0 64 (11) 9
TCM 44 (9) 100 100 (11) 73

Table 3 e Linear regression of log-transformed E. coli and
Enterococcus spp. concentrations for all three sampling
sites, for all samples (baseflow and storm) and for storm
samples only.

Regression R2 intercept
p-value

x p-
Value

n

All samples y ¼ 0.9678x þ 0.1511 0.5887 0.610 1.42E-13 64
All storm y ¼ 0.722x þ 1.1101 0.546 4.46E-4 1.34E-9 49
BIP storm y ¼ 0.3094x þ 2.4573 0.1502 8.92E-5 0.0826 21
BIP all y ¼ 0.7037x þ 1.0976 0.3307 0.0714 0.00264 25
TSP storm y ¼ 0.8968x þ 0.4302 0.8524 0.228 2.49E-6 14
TSP all y ¼ 1.0718x $ 0.2517 0.8105 0.509 3.58E-7 18
TCM storm y ¼ 1.0951x $ 0.1325 0.916 0.669 8.22E-8 14
TCM all y ¼ 1.2331x $ 0.7921 0.8092 0.066 2.91E-8 21
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4. Discussion

Stormwater runoff is a public health concern in coastal NC.
Recreating on beaches with stormwater outfalls during and
after storm periods could pose a significant public health risk.

Concentrations of all three types of FIB in stormwater samples
far exceeded recreational water quality standards, frequently
by one or two orders of magnitude. This was true regardless of
the amount of precipitation occurring prior to storm
sampling. Overall, 88% of stormwater samples exceeded the
single-sample threshold for designated recreational waters of
104 MPN per 100 ml for Enterococcus sp. (USEPA, 1986). All sites
were impacted by both E. coli and Enterococcus spp. The higher
levels of E. coli and Enterococcus spp. in summer and fall cor-
responded to warmer temperatures, greater amounts of
rainfall, and increased human use of the watersheds draining
to the sample sites. Positive confirmation of human fecal
contamination in a subset of the stormwater samples tested is
particularly problematic because of greater potential for the
presence of human pathogens, increasing the risk of a water-
borne disease outbreak.

Based on historical and baseflow data collected during this
study, it appears to be safe to recreate at beaches close to
stormwater outfalls during non-storm periods. FIB concen-
trations generally do not exceed water quality guidelines in
dry weather, probably due to lack of runoff. Similar differ-
ences between stormwater and baseflow FIB concentrations
have been found in other studies (Brownell et al., 2007;
Krometis et al., 2007; Noble et al., 2003). NC runoff is domi-
nated by rain events, and stormwater runoff flow is greatly
reduced or absent during dry weather. In this study, flow from
the stormwater outfalls at BIP and TSP was only observed
during and directly after storm events. This differs from
stormwater outlets in areas like California, which can
discharge millions of gallons of urban runoff even in dry
weather (Haile et al., 1999; Stein and Ackerman, 2007). The
possible exception to this is TCM, where baseflow samples
exceeded guidelines on occasion. TCM collects non-point
source runoff from inland areas. Flow is always present at the
sample site and may collect dry weather runoff, possibly
contributing human contamination in the form of septic
system leachate, bird and dog feces, and agricultural runoff to
the area.

From a management standpoint, there is more interest in
mitigating stormwater contamination at BIP and TSP, which
are located on recreational beaches where humans are more
likely to come into direct contact with stormwater. Storm-
water outfalls at these sites discharge directly onto the beach,
creating large standing pools of contaminated water that
children are often observed playing in, as well as streams of
water which flow downhill into the ocean. Total loading
amounts are of great concern for these sites, as large volumes
of water flow from the pipe continuously during and imme-
diately after a storm. Although flow measuring equipment
was not in place during this study, similar ongoing studies in
Dare County, NC are equipped for flow measurements, and
estimated total flows have ranged from 3.8 % 106 to 1.2 % 107 L
for 2e5 cm storms of roughly 12 h duration in watersheds of
similar-size to those studied here (n ¼ 10, Converse, 2009). In
addition, the loading of FIB during these storms has consis-
tently ranged from 1011 to 1012 FIB per storm (Converse, 2009).
For very large storms of long duration at BIP and TSP, the
standing water and visible plume can last for days (J.K. Parker
and R.T. Noble, unpublished data). Results indicate that the
two stormwater outfall sites have a low likelihood of being

Fig. 4 e Samples collected during time series sampling.
Error bars are ± one standard deviation. Samples shown
were collected at: a) Bogue Inlet Pier on 7 October 2005;
b) Bogue Inlet Pier on 24 October 2005; c) Triple S Pier on 21
November 2005.
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heavily impacted by human fecal contamination, possibly
indicating a lower public health risk. However, the risk of
swimming in contaminated stormwater runoff has been
demonstrated (Haile et al., 1999), and, as a major component
of NPS runoff, it is of great concern for recreational water
quality. Based on the magnitude of contamination observed
during this study, even if human fecal contamination is not
prominent, one could speculate that other types of contami-
nation (e.g. bird or dog) could contain zoonotic pathogens
which pose a health risk to those using the waters for recre-
ation. Regardless of the associated public health risk, for
compliance with USEPA recommended standards stormwater
requires mitigation to reduce concentrations of FIB contrib-
uted to receiving waters.

While not discharging directly to the beach, stormwater
contamination at TCM is of concern because it is proximal to
high priority (Type SA) shellfish-harvesting waters that are
valuable to the NC economy and society (North Carolina
Division of Shellfish Sanitation, Map 29, Area E5 and E6).
Though used for swimming less often than the beach sites,
TCM is located in a marina frequented by recreational boaters
and the site of sailing camps for children. Based on the rela-
tively strong relationship between Enterococcus spp. and E. coli
at TCM and the number of samples concurrently containing
HS and high concentrations of fecal Bacteroides spp., it can be
speculated that this site was contaminated by human fecal
material, at least during the course of this study. While these
noted markers on their own might cause one to only suggest
the possible presence of human fecal contamination, their
simultaneous presence lends strength to the likelihood that
human fecal contamination is present. The main source of
human fecal contamination is probably stormwater runoff,
but it is also possible that illicit dumping of boat vessel waste
within the marina or leakage from septic tanks in the devel-
opments surrounding the marina contribute to the human
fecal contamination signal during storms (during poor
weather many boaters who live aboard are forced to keep the
boat within the marina). Further investigations are necessary
to determine the source of contamination at this site and to
determine whether the contamination is chronic or episodic.
However, this example shows that measuring both ENT and
EC, and then analyzing the correlation between the two
datasets,might be an informative and fairly simple addition to
current FIB testing schemes used by recreational water quality
monitoring agencies. This practice is currently conducted in
the State of California, where they use the total coliform to
fecal coliform (or EC) ratio as one means of posting or closing
a beach (Noble et al., 2003).

The time series analysis of stormwater outfall FIB
concentrations was intended to provide insight as to how FIB
concentrations vary over short time scales during a storm
event. In this study, sampling was conducted for a short
duration (2e3 h). The concentrations of FIB remained high and
varied only slightly over the sampling time. Another short
time scale study of stormwater FIB found similar results
(Dorner et al., 2007). Results are consistent with a study of
urban surface runoff drainage outfalls which concluded there
is usually enough pollution available for wash-off to occur
throughout the duration of normal storm events (Deletic,
1998). Also, observed concentrations of FIB from the two

different BIP time series presented here, conducted during two
different storms, showed extremely similar FIB
concentrations.

It is notable that ocean samples collected during the TSP
time series storm event exceeded recreational water quality
guidelines. None of the baseflow samples at TSP exceeded
guidelines, so this is evidence that the ephemeral stream
created by the stormwater runoff directly impacts the ocean
waters nearby. Dorner et al. (2007) found that trends in
stormwater FIB concentrations are more easily observed over
longer time spans. Also, it has been demonstrated in Florida,
though it differs from NC in having distinct wet/dry seasons,
that FIB concentrations increase with proximity to the
shoreline, especially during the time subsequent to high tide
when wash-off from contaminated beach areas occurs
(Shibata et al., 2004). It would be important to repeat this set of
time series experiments for the entire duration of a storm,
with concomitant measurements of flow, to thoroughly
examine the process of first flush. Future studies to determine
the duration of stormwater impact and to assess the area of
influence of stormwater plumes are necessary to better
understand the potential for adverse public health outcomes.

5. Conclusions

This study has shown that stormwater in NC contains high
levels of FIB and includes human fecal contamination at
times. These findings demonstrate the need for further char-
acterization of possible health risks. Storm events contribute
fecal matter to receiving waters, likely from a range of sour-
ces. These sources need to be identified to help with risk
assessment and mitigation efforts. This study also demon-
strates the successful use ofmolecularmarkers to confirm the
presence of human fecal contamination.

Total FIB loading to receiving waters also needs to be
determined for storm events. This would require instrumen-
tation at the stormwater outfalls to accurately measure flow
rates and volumes so that totalmicrobial contaminant loading
can be estimated. Loading rates and fate and transport may
also be affected by variability of partitioning of FIB and path-
ogens during the course of a storm, and this effect should be
more thoroughly examined (Krometis et al., 2007). Epidemio-
logical research should be conducted along the NC coast to
ascertain actual human health risks from contact with
stormwater runoff. It has been shown that rapid molecular
methods (notably QPCR for Enterococcus spp.) can be used to
predict swimming-associated health effects (Wade et al.,
2006), so further application of molecular methods in
conjunction with collection of epidemiological data in NC is
recommended.
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RICHARD R. HORNER, PH.D. 
1752 NW MARKET STREET, # 551    TELEPHONE:  (206) 782-7400 
SEATTLE, WASHINGTON  98107    E-MAIL:  rrhorner@msn.com 
 
 
 
July 23, 2012 
 
 
 
Mr. Sam Unger, Executive Officer, and Members of the Board 
California Regional Water Quality Control Board, Los Angeles Region 
320 West 4th Street, Suite 200 
Los Angeles, CA 90013 
 
Dear Mr. Unger and Members of the Board: 
 
At the request of the Natural Resources Defense Council, I wish to submit the following 
comments regarding tentative Order No. R4-2012-XXXX; NPDES Permit No. CAS004001; 
Waste Discharge Requirements for Municipal Separate Storm Sewer System (MS4) Discharges.  
In formulating my comments I applied the experience of my 35 years of work in the stormwater 
management field and 11 additional years of engineering practice.  During this period I have 
performed research, taught, and offered consulting services on all aspects of the subject, 
including investigating the sources of pollutants and other causes of aquatic ecological damage, 
impacts on organisms in waters receiving urban stormwater drainage, and the full range of 
methods of avoiding or reducing these impacts.  Attachment A to this letter presents a more 
complete description of my background and experience.  My full curriculum vitae are available 
upon request.  
 
Synopsis of Comments 
 
In this letter I express and provide documentation for my opinions that: 
 

 The permit’s key management criterion at paragraph 6.c.i(2)(b), page 70, properly requires 
retaining on-site (i.e., not discharging to a surface receiving water) runoff from a designated 
rainfall event.  That standard that has been demonstrated to be feasible in California. 

 
 I base my opinion of the criterion’s feasibility on three analyses that I have performed in recent 

years, for Ventura County, the San Francisco Bay Area, and four climate regions nationally 
(including north San Diego County).  Average annual precipitation for California sites covered in 
these studies varies from slightly under 10 to approximately 20 inches, essentially bracketing the 
range for the developed portion of Los Angeles County.  Soil conditions examined in these 
investigations also represent the range of Los Angeles County soil types. 

 
 I concluded from these analyses using the low-impact development (LID) practice of infiltrating 

bioretention alone would meet the permit’s criterion in residential land use cases throughout the 
developed portion of Los Angeles County on all but the most restrictive soils.  In fact, this 
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management strategy could save all pre-development groundwater recharge and avoid any 
increase in pollutant mass loadings to receiving waters. 

 
 With more intense urban land uses, like large retail commercial and infill redevelopment cases, I 

have shown that the criterion would be achieved in most of the County, possibly excluding higher 
rainfall, foothill areas.  There, adding a special roof runoff management LID practice (e.g., water 
harvesting for some beneficial use) would achieve the standard for these more developed land 
uses. 

 
 On the most restrictive soils present in the County, roof runoff harvesting in the most impervious 

developments or broad landscape dispersal in less intensive land uses would capture, on average, 
an estimated 37 to 66 percent of the total runoff produced.  The pollutant loading reduction could 
be further increased by treating non-retained runoff with a vegetative practice.  Relative to the 
retention volume required by the Los Angeles County’s permit, more than 50 percent of the 
requirement can be met with any land use considered on this restrictive soil by using only roof 
runoff management strategies. 

 
 In my quantitative analyses of surface runoff reduction through bioretention, I took no credit for 

evaporation or transpiration loss to the atmosphere, attributing the decrease only to infiltration.  
However, I performed an evaporation assessment showing Los Angeles has a much greater 
excess of evaporation over precipitation in the highest rainfall months than elsewhere in the 
nation where runoff retention standards are in force or under consideration.  Thus, I believe 
atmospheric loss would add substantially to the surface runoff reduction via infiltration.  This 
finding gives me further confidence in the feasibility of the permit’s retention criterion. 

 
 This letter presents data showing that installing an underdrain in a bioretention unit cuts the 

hydrologic advantage by roughly one-third to one-half; adding a liner diminishes that advantage 
by around two-thirds.  Therefore, these design features should only be incorporated for a good 
reason.  Without such a reason, bioretention cells and other soil- and vegetation-based LID 
practices should be built without an underdrain or liner for maximum infiltration opportunity and 
minimum surface discharge.  I therefore disagree with the categorical provision in Appendix H of 
the permit stating, “Biofiltration BMPs are designed and constructed with an underdrain.” 

 
 The letter also presents data showing LID options are generally less costly than traditional 

drainage system designs (e.g., using curb and gutter collectors and pipe conveyances).  These 
financial advantages add to the feasibility of achieving the permit’s criterion. 

 
 I agree with the permit’s questioning the technical feasibility of infiltration where seasonal high 

groundwater table is within 5 ft of the surface but disagree with extending the concern to a 
separation of as much as 10 ft.  In my experience 5 ft is adequate to ensure no groundwater 
intrusion.  If the concern is with groundwater quality in rapidly infiltrating soils, a geotextile 
material can be placed in the bed to limit the infiltration rate to a safe value, e.g., 2 inches/hour. 

 
I present my rationale for these opinions after a general discussion of municipal separate storm 
sewer systems and their problems. 
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The Nature of Stormwater Runoff and Other Urban Runoff Conveyed by Municipal 
Separate Storm Sewer Systems 
 
When precipitation falls to earth, it can evaporate, infiltrate into soil, or generate surface runoff.  
Runoff typically first forms in a thin, broadly distributed sheet (“sheet flow”) as rain drops strike 
the ground and coalesce.  In a natural landscape, if they even form at all, sheet flows are often 
quickly attenuated as water travels slowly over the soil and through vegetation, infiltrating and 
percolating downward to groundwater or being drawn into plant tissues.  In such a landscape 
sheet flows that persist may eventually concentrate into a more confined stream in a natural draw 
and flow, seasonally or permanently, to a receiving water, such as a creek, river, lake, estuary, or 
ocean.  
 
This hydrologic picture changes when development occurs.  Vegetation is removed and 
impervious surfaces (e.g., roofs, pavement) overlay some or even most of the soil, not admitting 
water for infiltration.  Construction activity typically results in the removal of topsoils, and their 
associated water storage capacity, and compaction of the remaining soils, tending to reduce the 
perviousness of even revegetated areas.  With this hardening, sheet flows are more rapid, greatly 
cutting the time for evaporation to occur.  This reduced infiltration and evaporation results in a 
higher proportion of surface runoff than seen in a natural landscape.  Sheet flows are typically 
collected close to their point of formation into a structural conveyance (e.g., pipe, channel) 
engineered to carry them to the receiving water as quickly as possible, to prevent accumulations 
that would interfere with the human activities on the landscape.  A typical example is the “curb-
and-gutter” system employed on urban roadways.  The road is designed to pass sheet flows to a 
curb at the side, which guides them via periodically placed inlets to a subsurface pipe. 
 
Not only is urban runoff proportionately greater than runoff from natural lands, but it also carries 
substances, present not at all or in smaller quantities in non-urban flows, that are detrimental to 
aquatic life and human consumers; i.e., pollutants.  These contaminants are varied and numerous 
and occur in the categories of bacteria, some disease-causing; metals, oils, and organic 
chemicals, many toxic to living organisms; nutrients, which can cause excessive algal and 
aquatic plant growths deleterious to ecosystems and human uses of water; and sediments, which 
have a number of direct negative effects in receiving waters and also transport pollutants in the 
other categories.  These pollutants are deposited by humans in their outdoor activities of driving, 
fertilizing plants, raising animals, killing pests, doing construction, manufacturing products, and 
many others.  Water contacting these deposits entrains the solids and dissolves the soluble 
contaminants and conveys them along to receiving waters. 
 
An important point about urban stormwater runoff arises from the dual burden of more flow and 
more pollutants that it imposes on the environment as compared to natural land runoff.  The 
higher flow quantities, even if they would be uncontaminated, erode stream channels, increasing 
sediment pollutants and destroying aquatic habitats, and of course also contribute to downstream 
flooding.  Pollutants occur at elevated concentrations (mass per unit volume) in urban 
stormwater, which can cause acute negative effects (e.g., toxic reactions).  The combination of 
greater volumes and higher concentrations in this runoff impose the burden on the receiving 

RB-AR5800



Mr. Sam Unger, Executive Officer, and Members of the Board 
July 23, 2012 
Page 4 
 
water of increased cumulative mass loadings, loading being the multiplication product of volume 
times concentration.  Even if acute effects do not occur, longer term chronic ones can as a result 
of cumulative mass of contaminants.  Many pollutants tend to accumulate in the bottom muds 
and sands of water bodies.  The solids deposited there and the dissolved pollutants reacting with 
and attaching to the bed materials harm organisms that dwell or feed there.  They can also be 
resuspended or redissolved into the water column and impact the pelagic life. 
 
A municipal separate storm sewer system is a network of pipes, channels, and the entrance points 
to them, operated by one or more municipalities, that collect and convey surface runoff from at 
or near the point of formation to a receiving water.  The word “separate” denotes that these 
systems are designed for flows generated directly and immediately by precipitation, to be 
conveyed separately from waste streams produced after water is used and processed by humans, 
for example, as household water or supply for an industrial process.  While separation of these 
flows is the intention, sanitary sewage can leak or overflow into storm sewers.  Although not a 
factor in Los Angeles County, combined sanitary and storm sewers exist in many places in the 
nation.  In these cases stormwater receives treatment at the municipal sewage treatment plant, 
until the stormwater volume exceeds its capacity, after which the combined flow bypasses the 
plant and discharges to a receiving water without treatment.  In a separate storm sewer the flow 
always discharges to the receiving water with no treatment.  In functioning as they do, MS4s 
convert what was originally dispersed flow to a “point source” of water pollution. 
 
Flow can enter municipal drainage systems during dry weather too.  The leading example is 
excess irrigation runoff, but vehicle and pavement washing and other sources also contribute.  
Not only do these flows entrain and dissolve pollutants in the same way as stormwater, but they 
also add contaminants directly associated with the operation, like oil residue on vehicles and 
detergents in cleaning products.  Dry-weather runoff diversions that have been put in place 
successfully, though they handle only a limited quantity of runoff short of the amounts generally 
accompanying rainfall. 
 
In recent years the classic MS4 as described above has begun to change to some degree.  
Recognizing the benefits of vegetation and soil in a natural landscape, scientists and engineers 
are attempting to replace the highly structural elements with features offering vegetation and soil 
contact, with the attendant opportunities to infiltrate and evaporate precipitation instead of 
allowing it to become surface runoff.  These practices are usually termed “low impact 
development” (LID) techniques.  They are many and diverse and can be decentralized through 
the landscape to manage runoff before it concentrates much or at all, when it is easier to manage.  
There are even opportunities to apply these methods in an already built, dense urban area, 
especially when it redevelops to a different form. 

RB-AR5801



Mr. Sam Unger, Executive Officer, and Members of the Board 
July 23, 2012 
Page 5 
 
 
Feasibility of the Permit’s Quantitative Management Criterion 
 
The Criterion and Los Angeles County’s Physiographic Setting 
 
The permit’s fundamental quantitative management criterion1 properly requires retaining on-site 
(i.e., not discharging to a surface receiving water) runoff from a designated rainfall event, a 
standard that has been demonstrated to be feasible in California.  Over the last five years I have 
analyzed the feasibility and benefits of this criterion in three locations in the state.  
Climatological and soil conditions in these locations bracket such circumstances found in Los 
Angeles County and thus constitute a feasibility demonstration valid in the County. 
 
Average annual precipitation for the Los Angeles area is highly variable and terrain-dependent, 
ranging from approximately twelve inches at the ocean to about twice that in the foothills.  At the 
Civic Center in downtown Los Angeles the average annual rainfall is 14.77 inches.2  Regarding 
soils, Los Angeles County’s Hydrology Manual3 observes that valley soils are alluvial and grade 
from coarse sand and gravel near San Gabriel Mountain canyon mouths to silty clay and clay in 
the lower valleys and coastal plain.  Residual soils in other mountainous and hilly areas are 
shallow and generally less pervious than those of the San Gabriel Mountains.  Water infiltration 
potential thus ranges widely in the County, from high in the alluvium to restricted in the clays. 
 
Scope of Previous Analyses 
 
Ventura County 
 
My first analysis concerned Ventura County, reported in Attachment B.  The analysis was 
performed to evaluate proposed permit terms to limit effective impervious area (EIA) of certain 
types of new development and redevelopment projects to 5 percent of total development project 
area.  EIA is defined as hardened surface hydrologically connected via sheet flow or a discrete 
hardened conveyance to a drainage system or receiving water body.  The study modified this 
requirement to 3 percent, as a way to test both the feasibility of meeting the higher, 5 percent 
standard in the draft permit and a more environmentally protective 3 percent EIA. 
 
The study’s objective was to compare the water quantity and quality management benefits of 
LID methods in comparison to conventional stormwater management best management practices 
(BMPs) and to no stormwater management at all.  In this investigation and all of the subsequent 
ones, including my analysis for this letter, I define LID practices as those that retain runoff and 
thus avoid discharge on the surface.  Accordingly, vegetative methods that still produce a surface 

                                                 
1 Retain on-site the Stormwater Quality Design Volume (SWQDv) defined as the runoff from:  (a) The 0.75-inch, 
24-hour rain event, or (b) The 85th percentile, 24-hour rain event, as determined from the Los Angeles County 85th 
percentile precipitation isohyetal map, whichever is greater, with exceptions as provided in Parts VI.D.6.c.ii and 
VI.D.6.c.v. 
2 http://www.wrh.noaa.gov/lox/climate/climate_intro.php 
3 Los Angeles County Department of Public Works.  2006.  Hydrology Manual.  Water Resources Division, 

Alhambra, CA. 
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effluent (e.g., by including an underdrain collecting percolating water and ultimately discharging 
it on the surface) are not included in my definition.  The letter revisits this subject later under the 
heading Bioretention with Underdrains. 
 
Average annual precipitation in the City of Ventura is 14.71 inches, rising to as much as 21.32 
inches elsewhere.1  Calculations in this analysis used a 0.75-inch quantity as the best estimate of 
the 85th percentile, 24-hour rainfall, the design event.  The most prominent soils in developed 
and developing areas of Ventura County are loams, sandy loams, loamy sands, and silty clay 
loams.2  The analysis involved six land use case studies, three residential developments, a 
restaurant, a relatively small office park, and a large retail commercial development. 
 
The study evaluated the hydrologic and water quality benefits of draining all runoff produced by 
storms up to the design event to pervious area, to reduce the quantity discharging from the site 
and improve the quality of any remnant runoff.  This pervious land could be in the form of 
bioretention (also known as a rain garden), a vegetated cell providing runoff storage, or via land 
dispersion on a parcel over which water travels as a sheet flow (often called a filter strip).  While 
these LID practices offer the opportunity for runoff both to infiltrate the soil and evaporate or 
transpire to the atmosphere, the quantitative analysis conservatively assessed only infiltration as 
a runoff-reduction mechanism (please see the section later in this letter titled Evaporation 
Considerations for a discussion of the substantial role that this mechanism probably plays). 
 
The investigation also examined how special efforts at roof water management harvesting could 
contribute to storm water management for case study sites where infiltration capacity, available 
space, or both appeared to be limited.  Roof runoff can be subtracted from the surface runoff by 
harvesting and storing it for uses such as irrigation and toilet flushing or distributed over and/or 
in the soil in a dispersion trench (e.g., French drain).  Water storage capacity in such a trench 
effectuates infiltration, even at a slow rate, and also increases the opportunity for evaporation.  
The study assumed the former mode for the large retail commercial development and the latter 
for less intense land uses needing special roof runoff management.  The Ventura County analysis 
further included an assessment of the benefits of conventional stormwater management methods, 
used alone without any LID practices or applied just to effective impervious area. 
 
San Francisco Bay Area 
 
I followed up with analyses of a four-county region of the San Francisco Bay Area, the initial 
report for which is in Attachment C.  I obtained rainfall records from a number of sites in the 
region, finding that the mean annual range is from 13.73 to 24.30 inches, with quantities close to 

                                                 
1 Ventura County Watershed Protection District (http://www.vcwatershed.org/fws/specialmedia.htm).  The City of 
Ventura is considered to be representative of most of the developed and developing areas in Ventura County.  
However, there is some variation around the county, with the maximum precipitation registered at Ojai (annual 
average 21.32 inches).  Ojai is about 15 miles inland and lies at elevation 745 ft at the foot of the Topatopa 
Mountains, the orographic effect of which influences its meteorology.  Ojai’s higher rainfall was taken into account 
in the calculations, and the report notes the few instances where it affected the conclusions.  
2 Cabrillo Port Liquefied Natural Gas Deepwater Port Draft EIS/EIR (Oct. 2004) 
(http://www.cabrilloport.ene.com/files/eiseir/4.05%20%20-Agriculture%20and%20Soils.pdf). 
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either 14 or 20 inches predominating.  The report details how I estimated 85 percentile, 24-hour 
event quantities of 0.77 and 0.82 inch for the 14 and 20-inch Bay Area rainfall zones, 
respectively.  Loam soils are common formations in the portion of the Bay Area covered by this 
report, those areas with Hydrologic Soil Groups (HSGs) A, B, and C.1  However, a minority but 
still substantial fraction of the Bay Area has group D soils (39.3, 68.0, 18.3, and 50.1 percent of 
the mapped areas of Alameda, Contra Costa, San Mateo, and Santa Clara Counties, respectively).  
Whereas A and B soils generally effectively infiltrate water, and C soils can be amended with 
organic compost according standard techniques to do so, D soils are usually not amenable to 
infiltration.  Accordingly, I prepared a supplementary analysis covering those soils in the 14-inch 
rainfall region, included here as Attachment D. 
 
The initial analysis covered six urban land use types (four residential, a restaurant, and an office 
park).  The supplementary analysis added to those case studies a large retail commercial 
development and an infill redevelopment.  These studies evaluated the hydrologic and water 
quality benefits of soil- and vegetation-based and roof runoff management LID techniques, as 
well as conventional stormwater best management practices (BMPs) in a fashion similar to the 
Ventura County analysis. 
 
National Study, Including North San Diego County 
 
Finally, I extended the analysis nationally, in this case assessing the feasibility of four potential 
regulatory standards in addition to the 85 percentile, 24-hour event.  Attachment E presents the 
resulting report.  This study assessed five urban land use types (three residential, one retail 
commercial, and one infill redevelopment), each placed in four climate regions in the continental 
United States on two regionally common soil types.  One of the regions was the Southwest, 
represented by San Marcos in north San Diego County.  Its average annual precipitation, 9.68 
inches, is based on the NOAA Hourly Precipitation Data Rainfall Event Statistics2 for the nearest 
station with a long-term record, San Diego International Airport.  The 85th percentile, 24-hour 
rainfall quantity was taken as 0.76 inch, determined as described in the report.  Soils were 
characterized by a web soil survey for an 8267.5-acre area of interest centered in San Marcos.  
The leading HSG is D (58 percent of the area), followed by group C (26 percent) and group B 
(14 percent).  Soil textures include sandy loam (19 percent), coarse sandy loam (17 percent), silt 
loam (15 percent), very fine sandy loam (14 percent), loamy fine sand (12 percent), loam (7 
percent), and clay (5 percent).  The leading drainage classification is well drained (51 percent of 
the area), followed by moderately well drained (34 percent).  It was accordingly decided to 
perform the analysis based on characteristics consistent with both D and C soils for this climate 
region. 
 
These analyses concerned only LID-type practices.  Infiltrating bioretention was applied as an 
initial strategy in the analysis of each case.  When the initial strategy could not fully retain post-

                                                 
1 http://gis.ca.gov/catalog/BrowseCatalog.epl?id=108, http://websoilsurvey.nrcs.usda.gov/applWebSoiISurvey.aspx 
2 National Climatic Data Center, Hourly Precipitation Data Rainfall Event Statistics (http://cdo.ncdc.noaa.gov/cgi-
bin/HPD/HPDStats.pl). 
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development runoff, additional methods were applied, involving roof runoff harvesting in the 
most impervious development cases and roof water dispersion in those with substantial pervious 
area. 
 
Basis of Estimates of Runoff Reduction Through LID in Previous Analyses 
 
All of the previous analyses assumed that runoff discharged from the site on the surface would 
be reduced only by infiltration while draining into or over a vegetated LID practice on HSG A, 
B, or C (organically amended as necessary) soils, taking no credit for evapotranspiration.  In the 
Ventura County and San Francisco Bay Area analyses, the chief basis for infiltration estimation 
was an assessment of infiltration capacity and benefits performed earlier for Los Angeles’ San 
Fernando Valley by Chralowicz et al. (2001).1  This study posited providing 0.1-0.5 acre for 
infiltration basins to serve each 5 acres of contributing drainage area.  At 2-3 ft deep, it was 
estimated that such basins could infiltrate 0.90-1.87 acre-ft/year of runoff in San Fernando 
Valley conditions.  Soils there are generally various loam textures with infiltration rates in the 
approximate range of 0.5-2.0 inches/hour.  Similar soils predominate in Ventura County and are 
an important component of the Bay Area soil matrix, excepting the HSG D soil areas where zero 
infiltration was assumed.  Information from the Chralowicz et al. study was used to estimate how 
much of each case study site’s annual runoff would be infiltratable, and if the pervious portion 
would provide sufficient area for infiltration. 
 
In the national study, bioretention cell surface areas were calculated using an equation in the City 
of Santa Barbara’s Storm Water BMP Guidance Manual2, runoff volume based on the design 
standard, a design infiltration rate based on saturated hydraulic conductivity, and other 
characteristics.  HSG C soils, such as found in north San Diego County, either have 
conductivities in excess of 0.5 inch/hour, the rate often regarded in the stormwater management 
field as the minimum for the use of infiltration practices (e.g., Geosyntec Consultants 2008)2 or, 
in my experience, can be and have been successfully organically amended to produce such a rate 
and infiltrate accumulated water within 72 hours, and usually less time.  Bioretention sizing was 
accordingly based on a 0.5-inch/hour infiltration rate for such soils.  The D soils also found in 
north San Diego County were regarded as not amendable to reach 0.5 inch/hour conductivity to 
host facilities designed specifically for infiltration. 
 
The national study also incorporated a groundwater mounding analysis intended to avoid water 
table rise that would compromise the infiltration facility or any other infrastructure.  The analysis 
was based on limiting the yearly rate of infiltration, as volume of runoff per unit infiltrating 
surface area, to hold water table rise to no more than 1 ft/year.  As another conservative feature 
of the analysis, the yearly rate was capped at a maximum value based on the results of 
Chralowicz et al. (2001) from the San Fernando Valley. 

                                                 
1 Chralowicz, D., T. Goff, M. Mascali, and E. Taylor.  2001.  Infiltration of Urban Stormwater Runoff to Recharge 

Groundwater Used for Drinking Water:  A Study of the San Fernando Valley, California.  Master of 
Environmental Science and Management Report, University of California at Santa Barbara, Santa Barbara, CA. 

2 Geosyntec Consultants.  2008.  Post‐Construction BMP Technical Guidance Manual.  City of Santa Barbara, CA. 
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Comparison of Previous Study Locations to Los Angeles County 
 
Overall, among the three previous sets of analyses, average annual precipitation for California 
sites varies from slightly under 10 to approximately 20 inches, essentially bracketing the range 
for the developed portion of Los Angeles County (roughly 12 inches to about twice that 
quantity).  The 85th percentile, 24-hour rainfall amounts are very similar for these sites, as well as 
for Los Angeles County.  All four Hydrologic Soil Groups and the range of soil types present in 
the County were represented in these analyses.  Results of an infiltration study based on soil 
conditions in Los Angeles’ San Fernando Valley were important components of all previous 
analyses.  Therefore, it is my strong opinion that their results apply in Los Angeles County and 
can be used to assess the feasibility of the permit’s quantitative management criterion.  
 
Summary of Results of Previous Analyses 
 
Organization of the Summary 
 
Previous studies conducted for areas with approximately 14 inches average annual precipitation 
on infiltrating soils (HSG A and B, as well as C with compost soil amendment) have the broadest 
relevance to Los Angeles County; i.e., the analyses for Ventura County and one Bay Area 
rainfall region, which are summarized first.  Analysis of the 20-inch Bay Area rainfall region, 
along with observations for Ojai in Ventura County, provides insights applicable to the wetter 
portions of developed Los Angeles County.  The C soil assessment in north San Diego County 
shows the relatively high retention potential present in a relatively low rainfall area.  Results for 
these higher and lower rainfall cases are summarized next.  More restrictive soils are represented 
by the HSG D soil analyses performed for the Bay Area and north San Diego County, the final 
topic in the summary.   
 
Ventura County and San Francisco Bay Results for Predominant Los Angeles County Rainfall 

and Infiltratable Soils 
 
These analyses demonstrated that, on infiltrating soils, all land use cases except the large retail 
development have sufficient pervious area to infiltrate all runoff produced in the average year, 
even that from the allowable EIA.  This retention would save all pre-development groundwater 
recharge, whereas as much as 65 percent of that recharge would be lost with no stormwater 
BMPs or with conventional techniques having hardened beds (e.g., box filters).  Full retention, of 
course, would also capture and prevent the discharge of all pollutants. 
 
The large commercial development would have pervious area sufficient to infiltrate about 26 
percent of the annual runoff, falling well short of performance with the less intense land uses.  
Nevertheless, it still would have the capacity to limit EIA to 3 percent and thus exceed the draft 
permit term under consideration at the time of the report.  Harvesting its roof runoff would raise 
infiltration to 45 percent of the total remaining production.  The combination of infiltration to 
recharge groundwater and harvesting for some beneficial use would reduce the loss of water 
supply available as a potential resource from 86 percent of the incident rainfall with no BMPs or 
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with hard-bottom conventional ones to just 37 percent.  With this LID management scheme plus 
conventional treatment of EIA runoff, I estimated that annual pollutant mass loadings to 
receiving waters would fall by at least 89 percent for total suspended solids (TSS) and the metals 
copper and zinc and by 83 percent for total phosphorus, compared to a case with no BMPs.  
Conventional BMPs would provide far less reduction in pollutant loadings; for example, as little 
as zero reduction of copper with the poorest treatment and no more than 55 percent phosphorus 
decrease with the best treatment for that pollutant. 
 
Effects of Higher and Lower Rainfall 
 
Repeating the analyses for the Bay Area 20-inch annual rainfall region yielded no change in the 
conclusions regarding infiltration capability, recharge, and pollutant loadings.  That analysis did 
not consider a large retail commercial case, but that land use was represented in the Ventura 
County study.  Assuming Ojai average annual rainfall of 21.32 inches would slightly reduce the 
infiltration estimate from 26 near the coast to 18 percent of average annual production with 
infiltrative BMPs only, and from 45 to 32 percent when roof harvesting is added.  With the 
higher rainfall, the multi-family residential development could no longer infiltrate all runoff but 
could retain it all if the deficit were made up by special management of roof runoff (e.g., by 
harvesting or broad land dispersion). 
 
With the lower rainfall in the San Diego area, not only the residential cases but also the large 
retail commercial and redevelopment scenarios would achieve full runoff retention with 
bioretention on the C soil.  Full retention would save all pre-development groundwater recharge 
and attenuate all pollutant loading. 
 
The national study did not include a climate region having average annual precipitation in the 
area of 20 ± 5 inches to serve in assessing the wetter portions of developed Los Angeles County.  
The closest case was from the South Central U.S., represented by Round Rock, TX, an Austin 
suburb.  Average annual precipitation there is 32.67 inches, and the 85th percentile, 24-hour 
event quantity is 1.19 inch, both substantially higher than anywhere in developed areas of Los 
Angeles County.  The analysis determined that, on HSG C soil with compost amendment as 
needed, use of bioretention alone would meet the 85th percentile, 24-hour standard in the 
residential land use cases.  Adding roof water management in the large retail commercial and 
infill redevelopment cases would achieve that standard.  Hence, I strongly believe that the Los 
Angeles permit’s quantitative management criterion can be met with a wide range of land uses, 
anywhere A, B, and C soils occur, in any Los Angeles County climate regime.  The criterion can 
probably be achieved with bioretention alone in most of the County, and roof water management 
can meet it with the more intensely developed land uses in foothill areas with higher rainfall. 
 
Results with Low Infiltration Capabilities 
 
The Bay Area analysis for HSG D soils in the 14-inch/year rainfall region assumed roof runoff 
harvesting for the multi-family residential, office park, restaurant, large retail commercial and 
redevelopment cases; harvesting supplemented by dispersion of roof runoff for three single-
family residential scenarios of different scales; and treatment of remaining runoff by 
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conventional extended-detention basins (EDBs).  This management strategy was estimated to 
decrease the average annual runoff by 40 to 79 percent, compared to no BMPs, depending on the 
land use case.  I estimated that the average annual mass loadings of TSS, metals, and phosphorus 
would drop by 61 to 92 percent, depending on land use and pollutant.  Conventional EDB 
treatment alone would reduce runoff quantity by only 8 to 23 percent and pollutant loadings by 
44 to 78 percent. 
 
With the San Diego area D soil, a similar management plan would reduce average annual runoff 
quantity by 37 to 66 percent from the amount with no BMPs, depending on land use.  The 
pollutant loading reduction would be at least equal, and could be increased to an estimated 67 to 
85 percent by treating non-retained runoff with a vegetative BMP.  Relative to the retention 
volume required by an 85th percentile, 24-hour event standard, more than 50 percent of the 
requirement can be met with any land use considered on this D soil by using only rooftop 
dispersion or harvest and reuse of rooftop water (100 percent for the redevelopment case). 
 
Evaporation Considerations 
 
As I pointed out above, I estimated surface runoff reduction in bioretention cells and filter strips 
only as a function of infiltration and assumed no loss as vapor to the atmosphere through 
evaporation from free water surfaces or transpiration from plants.  If evapotranspiration (ET) is 
substantial, though, it would reinforce my conclusion that the permit’s criterion of retaining 
runoff produced by events up to and including the 85th percentile, 24-hour storm can be met, and 
in fact exceeded, on all developed land uses in most of Los Angeles County.  To examine the 
extent of the additional insurance that ET would provide, I prepared a report (Attachment F) 
comparing recorded evaporation and rainfall records in California with other locations in the 
nation that have adopted or considered stormwater runoff retention standards. 
 
I based the analysis primarily on the excess of evaporation over precipitation in the three and six 
months of highest rainfall in the respective locations.  I learned that Los Angeles and other 
Southern California locations exhibit a substantial excess of evaporation over precipitation in the 
six highest months of precipitation, almost twice the excess in the next highest location (Atlanta).  
Among the cities assessed elsewhere in the nation, only Philadelphia has any excess in the three 
highest rainfall months; and the southern California cities’ excess is about two to four times as 
large as Philadelphia’s in these months.  Therefore, even though southern California’s wet 
season coincides with its period of lowest evaporation, its generally warm, sunny winters give it 
an advantage over other locations in the nation that have adopted runoff retentive LID measures. 
 
To gauge how this demonstrated evaporation potential would affect surface runoff I considered 
green roof research performed at Pennsylvania State University, located in central PA, a location 
for which I have evaporation data.  The researchers found over 50 percent of annual stormwater 
volume to be retained and not discharged, even with as little as 20 mm (under 1 inch) of storage 
capacity, and peak discharge rate attenuation to no more than the pre-development level for the 
2-, 25-, and 100-year frequency events.  Central PA has a deficit of evaporation relative to 
precipitation in both the three and six months of highest precipitation.  With the far more 
favorable position of Los Angeles in this regard, it can be expected that runoff retention afforded 
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by green roofs would be well over 50 percent.  This advantage would also accrue to other LID 
BMP types, such as bioretention, and gives me further confidence in the feasibility of the 
permit’s retention criterion. 
 
Bioretention with Underdrains 
 
Bioretention facilities have been built and studied with and without impermeable liners and/or 
underdrains, either entirely eliminating (if lined) or reducing (if unlined but underdrained) 
infiltration.  Obviously, this design feature would be expected to have a major influence on 
performance.  Table 1 below presents a comparison in surface runoff volume reduction with and 
without underdrains.  Installing an underdrain but leaving the facility unlined appears to cut the 
hydrologic advantage by roughly one-third to one-half, while adding a liner diminishes that 
advantage by around two-thirds.  Therefore, these design features should only be incorporated 
for a good reason (e.g., high groundwater table; very restricted infiltration rate that cannot be 
sufficiently increased by soil amendment; buried contaminants in the soil below, which could be 
mobilized by concentrated infiltration).  Without such a reason, bioretention cells and other soil- 
and vegetation-based LID practices should be built without these features for maximum 
infiltration opportunity and minimum surface discharge.  I therefore disagree with the provision 
in Appendix H of the permit stating, “Biofiltration BMPs are designed and constructed with an 
underdrain.” 
 
While unlined, free-draining systems are preferable, lined and underdrained units still can 
provide a benefit where some good reason exists for incorporating one or both of these features.  
The 20-29 percent of the inflow lost from the lined facility reported in the table could only have 
departed via evapotranspiration, pointing out again the substantial role that loss to the 
atmosphere can play in surface runoff reduction. 
 
Davis et al. (2009) summarized water quality performance registered by several bioretention 
studies in the eastern United States from New Hampshire to North Carolina.  As shown in Table 
2, the results were highly variable, most likely as a consequence of the several design variables 
listed earlier, differing behavior among geo-climatological regions, or both.  The results overall 
do not provide good indices of effectiveness and signify that relative certainty is quite poor.  
They do, though, indicate the strong potential of bioretention to eliminate the discharge of almost 
all pollutant mass in the best applications and to meet or at least approach achievement of water 
quality standards at the point of release. 
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Table 1.  Surface Runoff Volume Reduction Achieved by Bioretention Systems With and 
Without Underdrains (adapted from NRC [2009] and references cited)1 

 
Design 

 
Location 

Volume 
Reduction (%) 

 
Reference 

Unlined, no underdrain Connecticut 99 Dietz and Clausen (2006) 
Unlined, no underdrain Pennsylvania 86 Ermilio and Traver (2006) 
Unlined, no underdrain Florida 98 Rushton (2002) 
Unlined, no underdrain Australia 73 Lloyd et al. (2002) 
Unlined, with underdrain Ontario 40 Van Seters et al. (2002) 
Unlined, with underdrain North Carolina 40-60 Smith and Hunt (2007) 
Unlined, with underdrain North Carolina 52-56 Hunt et al. (2008) 
Unlined, with underdrain Maryland 52-65 Davis (2008) 
Lined, with underdrain North Carolina 20-29 Sharkey (2006) 
  
Table 2.  Summary of Water Quality Performance of Eastern United States Bioretention Cells 
(after Davis et al. 20092, excluding laboratory and pilot tests) 

 
Pollutant 

 
Effluent Concentration Range 

Mass Loading Reduction Range 
(%) 

Total suspended solids 13-20 mg/L 54-99 
Total nitrogen 0.80-4.38 mg/L 32-97 
Total phosphorus 58-560 µg/L negative 240-79 
Total zinc 17-48 µg/L 54-99 

                                                 
1 Davis, A.P.  2008.  Field Performance of Bioretention:  Hydrology Impacts.  Journal of Hydrologic Engineering 

13(2):90-95. 
Dietz, M., and J. Clausen.  2006.  Saturation to Improve Pollutant Retention in a Rain Garden. Environmental 

Science and Technology 40(4):1335-1340. 
Ermilio, J., and R. Traver.  2006.  Hydrologic and Pollutant Removal Performance of a Bio-infiltration BMP.  

EWRI 2006, National Symposium. 
Hunt, W.F., J.T. Smith, S.J. Jadlocki, J.M. Hathaway, and P.R. Eubanks.  2008.  Pollutant Removal and Peak Flow 

Mitigation by a Bioretention Cell in Urban Charlotte, NC.  Journal of Environmental Engineering 134(5):403-
408. 

Lloyd, S., T. Wong and C. Chesterfield.  2002.  Water Sensitive Urban Design:  A Stormwater Management 
Perspective.  Cooperative Research Centre for Catchment, Monash University, Victoria, Australia. 

National Research Council (NRC).  2009.  Urban Stormwater Management in the United States.  The National 
Academies Press, Washington, DC. 

Rushton, B.  2002.  Low Impact Parking Lot Design Infiltrates Stormwater.  Florida Department of Environmental 
Protection, Tallahassee, FL. 

Sharkey, L.J.  2006.  The Performance of Bioretention Areas in North Carolina:  A Study of Water Quality, Water 
Quantity, and Soil Media.  Thesis, North Carolina State University, Raleigh, NC. 

Smith, R.A., and W.F. Hunt.  2007.  Pollutant Removal in Bioretention Cells with Grass Cover.  Proceedings of 
the World Environmental and Water Resources Congress. 

Van Seters, T., D. Smith and G. MacMillan.  2006.  Performance Evaluation of Permeable Pavement and a 
Bioretentions Swale.  Proceedings 8th International Conference on Concrete Block Paving, San Fransisco, CA. 

2 Davis, A.P., W.F. Hunt, R.G. Traver, and M. Clar.  2009.  Bioretention Technology:  An Overview of Current 
Practice and Future Needs.  Journal of Environmental Engineering 135(3):109-117. 
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Low-Impact Development Stormwater Management Costs 
 
The U.S. Environmental Protection Agency (USEPA, 2007)1 assembled a series of LID case 
studies, including costs.  In general, the investigation concluded that: 
 

... applying LID techniques can reduce project costs and improve environmental 
performance.  In most cases, LID practices were shown to be both fiscally and 
environmentally beneficial to communities.  In a few cases, LID project costs were 
higher than those for conventional stormwater management practices.  However, in the 
vast majority of cases, significant savings were realized due to reduced costs for site 
grading and preparation, stormwater infrastructure, site paving, and landscaping.  Total 
capital cost savings ranged from 15 to 80 percent when LID methods were used, with a 
few exceptions in which LID project costs were higher than conventional stormwater 
management costs. 

 
Among examples covered by the USEPA report, the 2nd Avenue NW SEA Streets bioretention 
project in Seattle, WA saved $217,255 of the expected $868,803 cost (25 percent) of upgrading 
the street’s previous “informal” drainage system to a conventional street curb-and-gutter 
configuration.  Two parking lot rain garden retrofits in Bellingham, WA saved 76 and 80 percent 
of the costs of the conventional stormwater management alternative of underground vaults.  A 
design study for a Pierce County, WA subdivision using an integrated range of LID techniques 
estimated 20 percent savings compared to managing stormwater conventionally.  On the other 
hand, in a design study for another subdivision in the same county maximizing LID 
opportunities, including home roof water collection, capital costs were estimated as about twice 
as high as for a conventional system.  These costs were expected to be offset somewhat by 
operating savings over time.  The residential roof downspout disconnection program conducted 
by Portland, OR has cost the city $8.5 million thus far in materials and incentive payments but is 
expected to save $250 million in construction costs for piping to store an extra 1 billion gallons 
per year to prevent combined sewer overflows. 
 
The City of Seattle2 reported costs in comparison to traditional methods for two types of 
bioretention systems built in the City’s Natural Drainage System program:  (1) SEA Streets, a 
series of bioretention cells on relatively flat streets, and (2) Cascades, stepped bioretention cells 
divided by weirs placed on streets sloping at approximately 4-6 percent.  All costs were for a 
residential area with 35 percent impervious land cover.  The SEA Street cost per block (330 ft) 
on a local, low-traffic street was $325,000, compared to $425,000 for the same street built with a 
traditional curb and gutter and piped drainage system.  In a 15-block network the per-block cost 
fell to $280,000.  The Cascade system for a higher-traffic collector street was $285,000 per 
block, considerably below the $520,400 cost of a traditional system on a collector. 

                                                 
1 U.S. Environmental Protection Agency (USEPA).  2007b.  Reducing Stormwater Costs through Low Impact 

Development (LID) Strategies and Practices.  USEPA, Nonpoint Source Control Branch, Washington, DC. 
2 http://www.seattle.gov/util/groups/public/@spu/@usm/documents/webcontent/spu02_019986.pdf 
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Groundwater Separation 
 
I agree with the permit provision at c.ii.(2)(b) on page 70 to question technical feasibility where 
seasonal high groundwater table is within 5 ft of the surface but not, everything else being equal, 
when it is more than 5 ft below the bed of the infiltration facility.  In my experience such a 
separation is adequate to ensure no groundwater intrusion.  If the concern is with groundwater 
quality in rapidly infiltrating soils, a geotextile material can be placed in the bed to limit the 
infiltration rate to a safe value, e.g., 2 inches/hour. 
 
I would be pleased to discuss my comment with you and invite you contact me if you wish to do 
so. 
 
Sincerely, 

 
Richard R. Horner, Ph.D. 
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ATTACHMENT A 
 

RICHARD R. HORNER, PH.D. 
 

BACKGROUND AND EXPERIENCE 
 
 
I have 35 years of experience in the urban stormwater management field and 11 additional years 
of engineering practice.  During this period I have performed research, taught, and offered 
consulting services on all aspects of the subject, including investigating the sources of pollutants 
and other causes of aquatic ecological damage, impacts on organisms in waters receiving urban 
stormwater drainage, and the full range of methods of avoiding or reducing these impacts. 
 
I received a Ph.D. in Civil and Environmental Engineering from the University of Washington in 
1978, following two Mechanical Engineering degrees from the University of Pennsylvania.  
Although my degrees are all in engineering, I have had substantial course work and practical 
experience in aquatic biology and chemistry.  For 12 years beginning in 1981, I was a full-time 
research professor in the University of Washington’s Department of Civil and Environmental 
Engineering.  From 1993 until 2011, I served half time in that position and had adjunct 
appointments in two additional departments (Landscape Architecture and the College of the 
Environment’s Center for Urban Horticulture).  I spent the remainder of my time in private 
consulting through a sole proprietorship.  My appointment became emeritus in late 2011, but I 
continue university research and teaching at a reduced level while maintaining my consulting 
practice. 
 
I have conducted numerous research investigations and consulting projects involving all aspects 
of stormwater management.  Serving as a principal or co-principal investigator on more than 40 
research studies, my work has produced three books, approximately 30 papers in the peer-
reviewed literature, and over 20 reviewed papers in conference proceedings.  I have also 
authored or co-authored more than 80 scientific or technical reports.  In addition to graduate and 
undergraduate teaching, I have taught many continuing education short courses to professionals 
in practice.  My consulting clients include federal, state, and local government agencies; citizens’ 
environmental groups; and private firms that work for these entities, primarily on the West Coast 
of the United States and Canada but in some instances elsewhere in the nation. 
 
Over an 18-year period I spent a major share of my time as the principal investigator on two 
extended research projects concerning the ecological responses of freshwater resources to urban 
conditions and the urbanization process.  I led an interdisciplinary team for 11 years in studying 
the effects of human activities on freshwater wetlands of the Puget Sound lowlands.  This work 
led to a comprehensive set of management guidelines to reduce negative effects and a published 
book detailing the study and its results.  The second effort, extending 10 years, involved an 
analogous investigation of human effects on Puget Sound’s salmon spawning and rearing 
streams.  These two research programs had broad sponsorship, including the U.S. Environmental 
Protection Agency, the Washington Department of Ecology, and a number of local governments. 
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I have helped to develop stormwater management programs in Washington State, California, and 
British Columbia and studied such programs around the nation.  I was one of four principal 
participants in a U.S. Environmental Protection Agency-sponsored assessment of 32 state, 
regional, and local programs spread among 14 states in arid, semi-arid, and humid areas of the 
West and Southwest, as well as the Midwest, Northeast, and Southeast.  This evaluation led to 
the 1997 publication of “Institutional Aspects of Urban Runoff Management:  A Guide for 
Program Development and Implementation” (subtitled “A Comprehensive Review of the 
Institutional Framework of Successful Urban Runoff Management Programs”). 
 
My background includes 18 years of work in California, where I have been a federal court-
appointed overseer of stormwater program development and implementation at the city and 
county level and for two Caltrans districts.  I was directly involved in the process of developing 
the 13 volumes of Los Angeles County’s Stormwater Program Implementation Manual, working 
under the terms of a settlement agreement in federal court as the plaintiffs’ technical 
representative.  My role was to provide quality-control review of multiple drafts of each volume 
and contribute to bringing the program and all of its elements to an adequate level.  I have also 
evaluated the stormwater programs in San Diego, Orange, Riverside, San Bernardino, Ventura, 
Santa Barbara, San Luis Obispo, and Monterey Counties, as well as a regional program for the 
San Francisco Bay Area.  My clients in these cases include Natural Resources Defense Council, 
Santa Monica Baykeeper, Orange County Coastkeeper, Ventura Coastkeeper, Santa Barbara 
Channelkeeper, Russian Riverkeeper, and San Diego Coastkeeper.  At the recommendation of 
the latter organization, I have been a consultant on stormwater issues to the City of San Diego, 
the San Diego Unified Port District, and the San Diego County Regional Airport Authority. 
 
For the last six years I have been a member of Salmon-Safe’s assessment team.  Salmon-Safe is 
an organization based in Portland, Oregon that certifies academic and professional campuses and 
other developed lands for maintaining practices supportive of salmon protection and recovery.  
We have assessed numerous parcels in Oregon and Washington and extended certification to 
those whose practices met our criteria or conditions imposed to achieve certification. 
 
I was a member of the National Academy of Sciences-National Research Council (NAS-NRC) 
committee on Reducing Stormwater Discharge Contributions to Water Pollution.  NAS-NRC 
committees bring together experts to address broad national issues and give unbiased advice to 
the federal government.  The present panel was the first ever to be appointed on the subject of 
stormwater.  Its broad goals were to understand better the links between stormwater discharges 
and impacts on water resources, to assess the state of the science of stormwater management, and 
to apply the findings to make policy recommendations to the U.S. Environmental Protection 
Agency relative to municipal, industrial, and construction stormwater permitting.  The committee 
issued its final report in October 2008. 
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ATTACHMENT B 
 

INVESTIGATION OF THE FEASIBILITY AND BENEFITS  
OF LOW-IMPACT SITE DESIGN PRACTICES (“LID”)  

FOR VENTURA COUNTY 
 
 

Richard R. Horner† 
 
 
 
ABSTRACT 
 
The Clean Water Act NPDES permit that regulates municipal separate storm sewer systems 
(MS4s) in Ventura County, California will be reissued in 2007.  The draft permit includes 
provisions for requiring the use of low impact development practices (LID) for certain kinds of 
development and redevelopment projects.  Using six representative development project case 
studies, the author investigated the practicability and relative benefits of the permit’s LID 
requirements.  The results showed that (1) LID site design and source control techniques are 
more effective than conventional best management practices (BMPs) in reducing runoff rates; 
(2) Effective Impervious Area (EIA) can practicably be capped at three percent, a standard more 
protective than that proposed in the draft permit; and (3) in five out of six case studies, LID 
methods would reduce site runoff volume and pollutant loading to zero in typical rainfall 
scenarios. 
 
 
 
 
 
 
 
 
INTRODUCTION 
 
The Assessment in Relation to Municipal Permit Conditions 
 
This purpose of this study is to investigate the relative water quality and water reuse benefits of 
three levels of storm water treatment best management practices (BMPs):  (1) basic “treat-and-
release” BMPs (e.g., drain inlet filters, CDS units), (2) commonly used BMPs that expose runoff 
to soils and vegetation (extended-detention basins and biofiltration swales and filter strips), and 
(3) low-impact development (LID) practices.  The factors considered in the investigation are 
runoff volume, pollutant loading, and the availability of water for infiltration or other reuse.  In 
order to assess the differential impact of storm water reduction approaches on these factors, 
this study examines six case studies typical of development covered by the Ventura County 
Municipal Separate Storm Sewer System Permit. 
 
Low-impact development methods reduce storm runoff and its contaminants by decreasing their 
generation at sources, infiltrating into the soil or evaporating storm flows before they can enter 
surface receiving waters, and treating flow remaining on the surface through contact with 
vegetation and soil, or a combination of these strategies.  Soil-based LID practices often use 
soil enhancements such as compost, and thus improve upon the performance of more 
traditional basins and biofilters.  For the study’s purposes, verification of the practicability and 
utility of LID practices was based on a modified version of the Planning and Land Development 
Program (Part 4, section E) in the Draft Ventura County Municipal Separate Storm Sewer 

†  Richard R. Horner, Ph.D., Research Associate Professor, University of Washington 
Departments of Civil and Environmental Engineering and Landscape Architecture; 
Adjunct Associate Professor, University of Washington Center for Urban Horticulture 
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System Permit (“Draft Permit”).  The Draft Permit requires that Effective Impervious Area (EIA) 
of certain types of new development and redevelopment projects be limited to five percent of 
total development project area.  EIA is defined as hardened surface hydrologically connected 
via sheet flow or a discrete hardened conveyance to a drainage system or receiving water body.  
(Draft Permit p. 50)  The study modified this requirement to three percent, as a way to test both 
the feasibility of meeting the higher, five percent standard in the draft permit and because the 
lower, three percent EIA is essential to protect the Ventura County aquatic environment (see 
Attachment A). 
 
The Draft Permit further requires minimizing the overall percentage of impervious surfaces in 
new development and redevelopment projects to support storm water infiltration.  The Draft 
Permit also directs an integrated approach to minimizing and mitigating storm water pollution, 
using a suite of strategies including source control, LID, and treatment control BMPs.  (Draft 
Permit p. 50)  It is noted in this section of the document that impervious surfaces can be 
rendered "ineffective" if runoff is dispersed through properly designed vegetated swales.  In 
testing the practicability of the draft permit’s requirements and a three percent EIA standard, this 
study broadened this approach to encompass not only vegetated swales (channels for 
conveyance at some depth and velocity) but also vegetated filter strips (surfaces for 
conveyance in thin sheet flow) and bioretention areas (shallow basins with a range of vegetation 
types in which runoff infiltrates through soil either to groundwater or a subdrain for eventual 
surface discharge).  The Draft Permit’s stipulation of “properly designed” facilities was 
interpreted to entail, among other requirements, either determination that existing site soils can 
support runoff reduction through infiltration or that soils will be amended using accepted LID 
techniques to attain this objective.  Finally, the study further broadened implementation options 
to include water harvesting (collection and storage for use in, for example, irrigation or gray 
water systems), roof downspout infiltration trenches, and porous pavements. 
 
The Draft permit was interpreted to require management of EIA, other impervious area (what 
might be termed Not-Connected Impervious Area, NCIA), and pervious areas as follows: 
 

 Runoff from EIA is subject to treatment control and the Draft Permit’s 
Hydromodification Mitigation Control requirements before discharge. 

 
 NCIA must be drained onto a properly designed vegetated surface or its runoff 

managed by one of the other options discussed in the preceding paragraph.  To the 
extent NCIA runoff is not eliminated prior to discharge from the site in one of these 
ways, it is subject to treatment control and the Draft Permit’s Hydromodification 
Mitigation Control requirements before discharge. 

 
 Runoff from pervious areas is subject to treatment control and the Draft Permit’s 

Hydromodification Mitigation Control requirements before discharge.  This provision 
applies to pervious areas that both do and do not receive drainage from NCIA. 

 
Where treatment control BMPs are required to manage runoff from the site, the Draft Permit’s 
Volumetric or Hydrodynamic (Flow Based) Treatment Control design bases were assumed to 
apply.  The former basis applies to storage-type BMPs, like ponds, and requires capturing and 
treating either the runoff volume from the 85th percentile 24-hour rainfall event for the location, 
the volume of annual runoff to achieve 80 percent or more volume treatment, or the volume of 
runoff produced from a 0.75 inch storm event.  The calculations in this analysis used the 0.75-
inch quantity.  The Hydrodynamic basis applies to flow-through BMPs, like swales, and requires 
treating the runoff flow rate produced from a rain event equal to at least 0.2 inches per hour 
intensity (or one of two other approximately equivalent options). 
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Scope of the Assessment 
 
With respect to each of the six development case studies, three assessments were undertaken: 
a baseline scenario incorporating no storm water management controls; a second scenario 
employing conventional BMPs; and a third development scenario employing LID storm water 
management strategies.  
 
To establish a baseline for each case study, annual storm water runoff volumes were estimated, 
as well as concentrations and mass loadings of four pollutants:  (1) total suspended solids 
(TSS), (2) total recoverable copper (TCu), (3) total recoverable zinc (TZn), and (4) total 
phosphorus (TP).  These baseline estimates were based on the anticipated land use and cover 
with no storm water management efforts.   
 
Two sets of calculations were then conducted using the parameters defined for the six case 
studies.   
 
The first group of calculations estimated the extent to which basic BMPs reduce runoff volumes 
and pollutant concentrations and loadings, and what impact, if any, such BMPs have on 
recharge rates or water retention on-site.   
 
The second group of calculations estimated the extent to which commonly used soil-based 
BMPs and LID site design strategies ameliorate runoff volumes and pollutant concentrations 
and loadings, and the effect such techniques have on recharge rates.  When evaluating LID 
strategies, it was presumed that EIA would be limited to three percent and runoff from EIA, 
NCIA, and pervious areas would be managed as indicated above.  The assessment of basins, 
biofiltration, and low-impact design practices analyzed the expected infiltration capacity of the 
case study sites.  It also considered related LID techniques and practices, such as source 
reduction strategies, that could work in concert with infiltration to serve the goals of:  (1) 
preventing increase in annual runoff volume from the pre- to the post-developed state, (2) 
preventing increase in annual pollutant mass loadings between the two development states, 
and (3) avoiding exceedances of California Toxics Rule (CTR) acute saltwater criteria for 
copper and zinc. 
 
The results of this analysis show that: 
 

 Developments implementing no post-construction BMPs result in storm water runoff 
volume and pollutant loading that are substantially increased, and recharge rates that 
are substantially decreased, compared to pre-development conditions.   

 
 Developments implementing basic post-construction treatment BMPs achieve reduced 

pollutant loading compared to developments with no BMPs, but storm water runoff 
volume and recharge rates are similar to developments with no BMPs.   

 
 Developments implementing traditional basins and biofilters, and even more so low-

impact post-construction BMPs, achieve significant reduction of pollutant loading and 
runoff volume as well as greatly enhanced recharge rates compared to both 
developments with no BMPs and developments with basic treatment BMPs.   

 
 Typical development categories, ranging from single family residential to large 

commercial, can feasibly implement low-impact post-construction BMPs designed in 
compliance with the draft permit’s requirements, as modified to include a lower, three 
percent EIA requirement. 
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This report covers the methods employed in the investigation, data sources, and references for 
both.  It then presents the results, discusses their consequences, draws conclusions, and 
makes recommendations relative to the feasibility of utilizing low-impact development practices 
in Ventura County developments. 
 
CASE STUDIES 
 
Six case studies were selected to represent a range of urban development types considered to 
be representative of coastal Southern California, including Ventura County.  These case studies 
involved:  a multi-family residential complex (MFR), a relatively small-scale (23 homes) single-
family residential development (Sm-SFR), a restaurant (REST), an office building (OFF), a 
relatively large (1000 homes) single-family residential development (Lg-SFR) and a sizeable 
commercial retail installation (COMM).1   
 
Parking spaces were estimated to be 176 sq ft in area, which corresponds to 8 ft width by 22 ft 
length dimensions.  Code requirements vary by jurisdiction, with the tendency now to drop 
below the traditional 200 sq ft average.  About 180 sq ft is common, but various standards for 
full- and compact-car spaces, and for the mix of the two, can raise or lower the average.2  The 
176 sq ft size is considered to be a reasonable value for conventional practice. 
 
Roadways and walkways assume a wide variety of patterns.  Exclusive of the two SFR cases, 
simple, square parking lots with roadways around the four sides and square buildings with 
walkways also around the four sides were assumed.  Roadways and walkways were taken to 
be 20 ft and 6 ft wide, respectively. 
 
Single-family residences were assumed each to have a driveway 20 ft wide and 30 ft long.  It 
was further assumed that each would have a sidewalk along the front of the lot, which was 
calculated to be 5749 sq ft in area.  Assuming a square lot, the front dimension would be 76 ft.  
A 40-ft walkway was included within the property.  Sidewalks and walkways were taken to be 4 
ft wide. 
 
Exclusive of the COMM case, the total area for all of these impervious features was subtracted 
from the total site area to estimate the pervious area, which was assumed to have conventional 
landscaping cover (grass, small herbaceous decorative plants, bushes, and a few trees).  For 
the COMM scenario, the hypothetical total impervious cover was enlarged by 10 percent to 
represent the landscaping, on the belief that a typical retail commercial establishment would 
typically be mostly impervious. 
 
Table 1 (page 5) summarizes the characteristics of the six case studies.  The table also 
provides the recorded or estimated areas in each land use and cover type. 

                                                 
1  Building permit records from the City of San Marcos in San Diego County provided data on total site 
areas for the first four case studies, including numbers of buildings, building footprint areas (including 
porch and garage for Sm-SFR), and numbers of parking spaces associated with the development projects.  
While the building permit records made no reference to features such as roadways, walkways, and 
landscaping normally associated with development projects, these features were taken into account in the 
case studies using assumptions described herein.  Larger developments were not represented in the 
sampling of building permits from the San Marcos database.  To take larger development projects into 
account in the subsequent analysis, the two larger scale case studies were hypothesized.  The Lg-SFR 
scenario scaled up all land use estimates from the Sm-SFR case in the ratio of 1000:23.  The hypothetical 
COMM scenario consisted of a building with a 2-acre footprint and 500 parking spaces.  As with the 
smaller-scale cases, these hypothetical developments were assumed to have roadways, walkways, and 
landscaping, as described herein. 
 
2  J. Gibbons, Parking Lots, NONPOINT EDUCATION FOR MUNICIPAL OFFICERS, Technical Paper No. 5 (1999) 
(http://nemo.uconn.edu/tools/publications/tech_papers/tech_paper_5.pdf). 
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Table 1.  Case Study Characteristics and Land Use and Land Cover Areas 

 MFRa Sm-SFRa RESTa OFFa Lg-SFRa COMMa 
No. buildings 11 23 1 1 1000 1 
Total area (ft2) 476,982 132,227 33,669 92,612 5,749,000 226,529 
Roof area (ft2) 184,338 34,949 3,220 7,500 1,519,522 87,120 
No. parking spaces 438 - 33 37 - 500 
Parking area (ft2) 77,088 - 5808 6512 - 88,000 
Access road area (ft2) 22,212 - 6097 6456 - 23,732 
Walkway area (ft2) 33,960 10,656 1362 2078 463,289 7,084 
Driveway area (ft2) - 13,800 - - 600,000 - 
Landscape area (ft2) 159,384 72,822 17,182 70,066 3,166,190 20,594 

 

a MFR—multi-family residential; Sm-SFR—small-scale single-family residential;  
REST—restaurant; OFF—office building; Lg-SFR—large-scale single-family residential; COMM—retail commercial 
 
 
METHODS OF ANALYSIS 
 
Annual Storm Water Runoff Volumes 
 
Annual surface runoff volumes produced were estimated for both pre- and post-development 
conditions for each case study site.  Runoff volume was computed as the product of annual 
precipitation, contributing drainage area, and a runoff coefficient (ratio of runoff produced to 
rainfall received).  For impervious areas the following equation was used:  
 

C = (0.009) I + 0.05 
 
where I is the impervious percentage.  This equation was derived by Schueler (1987) from 
Nationwide Urban Runoff Program data (U.S. Environmental Protection Agency 1983).  With I = 
100 percent for fully impervious surfaces, C is 0.95. 
 
The basis for pervious area runoff coefficients was the Natural Resource Conservation 
Service’s (NRCS) Urban Hydrology for Small Watersheds (NRCS 1986, as revised from the 
original 1975 edition).  This model estimates storm event runoff as a function of precipitation 
and a variable representing land cover and soil, termed the curve number (CN).  Larger events 
are forecast to produce a greater amount of runoff in relation to amount of rainfall because they 
more fully saturate the soil.  Therefore, use of the model to estimate annual runoff requires 
selecting some event or group of events to represent the year.  A 0.75-inch rainfall event was 
used in the analysis here for the relative comparison between pre- and post-development and 
applied to deriving a runoff coefficient for annual estimates, recognizing that smaller storms 
would produce less and larger storms more runoff. 
 
To select CN for the pre-development case, an analysis performed in the area of the Cedar Fire 
in San Diego County was used in which CN was determined before and after the 2003 fire.3  In 
the San Diego analysis, CN = 83 was estimated for the pre-existing land cover, which was 
generally chaparral, a vegetative cover also typical of Ventura County.  As indicated below, soils 
are also similar in Ventura and San Diego Counties, making the parameter selection reasonable 
for use in both locations.  For post-development landscaping, CN = 86 was selected based on 
tabulated data in NRCS (1986) and professional judgment.  
 
Pre- and post-development runoff quantities were computed with these CN values and the 0.75-
inch rainfall, and then divided by the rainfall to obtain runoff coefficients.  The results were 0.07 
                                                 
3  American Forests, San Diego Urban Ecosystem Analysis After the Cedar Fire (Feb. 3, 2006) 
(http://www.ufei.org/files/pubs/SanDiegoUrbanEcosystemAnalysis-PostCedarFire.pdf). 
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and 0.12, respectively.  Finally, total annual runoff volumes were estimated based on an 
average annual precipitation in the City of Ventura of 14.71 inches.4 
 
Storm Water Runoff Pollutant Discharges 
 
Annual pollutant mass discharges were estimated as the product of annual runoff volumes 
produced by the various land use and cover types and pollutant concentrations typical of those 
areas.  Again, the 0.75-inch precipitation event was used as a basis for volumes.  Storm water 
pollutant data have typically been measured and reported for general land use types (e.g., 
single-family residential, commercial).  However, an investigation of low-impact development 
practices of the type this study sought to conduct demands data on specific land coverages.  
The literature offers few data on this basis.  Those available and used herein were assembled 
by a consultant to the City of Seattle for a project in which the author participated.  They appear 
in Attachment B (Herrera Environmental Consultants, Inc. undated). 
 
Pollutant concentrations expected to occur typically in the mixed runoff from the several land 
use and cover types making up a development were estimated by mass balance; i.e., the 
concentrations from the different areas of the sites were combined in proportion to their 
contribution to the total runoff. 
 
The Effect of Conventional Treatment BMPs on Runoff Volume, Pollutant Discharges, and 
Recharge Rates 
 
The first question in analyzing how BMPs reduce runoff volumes and pollutant discharges was, 
What BMPs are being employed in Ventura County developments under the permit now in 
force?  This permit is open-ended and provides regulated entities with a large number of 
choices and few fixed requirements.  These options presumably include manufactured BMPs, 
such as drain inlet inserts (DIIs) and continuous deflective separation (CDS) units.  
Developments may also select such non-proprietary devices as extended-detention basins 
(EDBs) and biofiltration swales and filter strips.  EDBs hold water for two to three days for solids 
settlement before releasing whatever does not infiltrate or evaporate.  Biofiltration treats runoff 
through various processes mediated by vegetation and soil.  In a swale, runoff flows at some 
depth in a channel, whereas a filter strip is a broad surface over which water sheet flows.  Each 
of these BMP types was applied to each case study, although it is not clear that these BMPs, in 
actuality, have been implemented consistently within Ventura County to date. 
  
The principal basis for the analysis of BMP performance was the California Department of 
Transportation’s (CalTrans, 2004) BMP Retrofit Pilot Program, performed in San Diego and Los 
Angeles Counties.  One important result of the program was that BMPs with a natural surface 
infiltrate and evaporate (probably, mostly infiltrate) a substantial amount of runoff, even if 
conditions do not appear to be favorable for an infiltration basin.  On average, the EDBs, 
swales, and filter strips lost 40, 50 and 30 percent, respectively, of the entering flow before the 
discharge point.  DIIs and CDS units do not contact runoff with a natural surface, and therefore 
do not reduce runoff volume. 
 
The CalTrans program further determined that BMP effluent concentrations were usually a 
function of the influent concentrations, and equations were developed for the functional 

                                                 
4  Ventura County Watershed Protection District (http://www.vcwatershed.org/fws/specialmedia.htm).  The 
City of Ventura is considered to be representative of most of the developed and developing areas in 
Ventura County.  However, there is some variation around the county, with the maximum precipitation 
registered at Ojai (annual average 21.32 inches).  Ojai is about 15 miles inland and lies at elevation 745 ft 
at the foot of the Topatopa Mountains, the orographic effect of which influences its meteorology.  Ojai’s 
higher rainfall was taken into account in the calculations, and the report notes the few instances where it 
affected the conclusions.  
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relationships in these cases.  BMPs generally reduced influent concentrations proportionately 
more when they were high.  In relatively few situations influent concentrations were constant at 
an “irreducible minimum” level regardless of inflow concentrations. 
 
In analyzing the effects of BMPs on the case study runoff, the first step was to reduce the runoff 
volumes estimated with no BMPs by the fractions observed to be lost in the pilot study.  The 
next task was estimating the effluent concentrations from the relationships in the CalTrans 
report.  The final step was calculating discharge pollutant loadings as the product of the reduced 
volumes and predicted effluent concentrations.  As before, typical pollutant concentrations in the 
mixed runoff were established by mass balance. 
 
Estimating Infiltration Capacity of the Case Study Sites 
 
Infiltrating sufficient runoff to maintain pre-development hydrologic characteristics and prevent 
pollutant transport is the most effective way to protect surface receiving waters.  Successfully 
applying infiltration requires soils and hydrogeological conditions that will pass water sufficiently 
rapidly to avoid overly-lengthy ponding, while not allowing percolating water to reach ground-
water before the soil column captures pollutants. 
 
The study assumed that infiltration would occur in surface facilities and not in below-ground 
trenches.  The use of trenches is certainly possible, and was judged to be an approved BMP by 
CalTrans after the pilot study.  However, the intent of this investigation was to determine the 
ability of pervious areas to manage the site runoff.  This was accomplished by determining the 
infiltration capability of the pervious areas in their original condition for each development case 
study, and further assessing the pervious areas’ infiltration capabilities if soils were modified 
according to low impact development practices. 
 
The chief basis for this aspect of the work was an assessment of infiltration capacity and 
benefits for Los Angeles’ San Fernando Valley (Chralowicz et al. 2001).  The Chralowicz study 
posited providing 0.1-0.5 acre for infiltration basins to serve each 5 acres of contributing 
drainage area.  At 2-3 ft deep, it was estimated that such basins could infiltrate 0.90-1.87 acre-
ft/year of runoff in San Fernando Valley conditions.  Soils there are generally various loam 
textures with infiltration rates of approximately 0.5-2.0 inches/hour.  The most prominent soils in 
Ventura County, at least relatively near the coast, are loams, sandy loams, loamy sands, and 
silty clay loams, thus making the conclusions of the San Fernando Valley study applicable for 
these purposes.5  This information was used to estimate how much of each case study site’s 
annual runoff would be infiltratable, and if the pervious portion would provide sufficient area for 
infiltration.  For instance, if sufficient area were available, the infiltration configuration would not 
have to be in basin form but could be shallower and larger in surface area.  This study’s 
analyses assumed the use of bioretention areas rather than traditional infiltration basins.  
 
Volume and Pollutant Source Reduction Strategies 
 
As mentioned above, the essence of low-impact development is reducing runoff problems 
before they can develop, at their sources, or exploiting the infiltration and treatment abilities of 
soils and vegetation.  If a site’s existing infiltration and treatment capabilities are inadequate to 
preserve pre-development hydrology and prevent runoff from causing or contributing to 
violations of water quality standards, then LID-based source reduction strategies can be 
implemented, infiltration and treatment capabilities can be upgraded, or both. 

                                                 
5  Cabrillo Port Liquefied Natural Gas Deepwater Port Draft EIS/EIR (Oct. 2004) 
(http://www.cabrilloport.ene.com/files/eiseir/4.05%20%20-Agriculture%20and%20Soils.pdf).   
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Source reduction can be accomplished through various LID techniques.  Soil can be upgraded 
to store runoff until it can infiltrate, evaporate, or transpire from plants through compost addition.  
Soil amendment, as this practice is known, is a standard LID technique.   
 
Upgraded soils are used in bioretention cells that hold runoff and effect its transfer to the 
subsurface zone.  This standard LID tool can be used where sufficient space is available.  This 
study analyzed whether the six development case study sites would have sufficient space to 
effectively reduce runoff using bioretention cells, assuming the soils and vegetation could be 
amended and enhanced where necessary. 
 
Conventional pavements can be converted to porous asphalt or concrete or replaced with 
concrete or plastic unit pavers or grid systems.  For such approaches to be most effective, the 
soils must be capable of infiltrating the runoff passing through, and may require renovation.  
 
Source reduction can be enhanced by the LID practice of water harvesting, in which water from 
impervious surfaces is captured and stored for reuse in irrigation or gray water systems.  For 
example, runoff from roofs and parking lots can be harvested, with the former being somewhat 
easier because of the possibility of avoiding pumping to use the water and fewer pollutants. 
Harvesting is a standard technique for Leadership in Energy and Environmental Design (LEED) 
buildings.6  Many successful systems of this type are in operation, such as the Natural 
Resources Defense Council offices (Santa Monica, CA), the King County Administration 
Building (Seattle, WA), and two buildings on the Portland State University campus (Portland, 
OR).  This investigation examined how water harvesting could contribute to storm water 
management for case study sites where infiltration capacity, available space, or both appeared 
to be limited. 
 
 
RESULTS OF THE ANALYSIS 
 
1. “Base Case” Analysis:  Development without Storm Water Controls  

 
Comparison of Pre- and Post-Development Runoff Volumes 
 
Table 2 (page 9) presents a comparison between the estimated runoff volumes generated by 
the respective case study sites in the pre- and post-development conditions, assuming 
implementation of no storm water controls on the developed sites.  On sites dominated by 
impervious land cover, most of the infiltration that would recharge groundwater in the 
undeveloped state is expected to be lost to surface runoff after development.  This greatly 
increased surface flow would raise peak flow rates and volumes in receiving water courses, 
raise flooding risk, and transport pollutants.  Only the office building, the plan for which retained 
substantial pervious area, would lose less than half of the site’s pre-development recharge. 

                                                 
6  New Buildings Institute, Inc., Advanced Buildings (2005) 
(http://www.poweryourdesign.com/LEEDGuide.pdf). 
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Table 2.  Pre- and Post-Development without BMPs:  Distribution of Surface Runoff Versus 
Recharge to Groundwater 

Annual Volume (acre-ft) MFRa Sm-SFRa RESTa OFFa Lg-SFRa COMMa 
Precipitationb  13.4 3.72 0.95 2.60 162 6.37 
Pre-development runoffc 0.94 0.26 0.07 0.18 11 0.45 
Pre-development recharged 12.5 3.46 0.88 2.42 150 5.92 
Post-development impervious runoffc 8.48 1.59 0.44 0.60 69 5.50 
Post-development pervious runoffc 0.54 0.25 0.06 0.24 11 0.07 
Post-development total runoffc 9.02 1.83 0.50 0.84 80 5.57 
Post-development recharged 4.39 1.88 0.45 1.76 82 0.80 
Post-development recharge loss  
(% of pre-development recharge) 

8.08 
(65%) 

1.57 
(46%) 

0.43 
(49%) 

0.66 
(27%) 

68 
(45%) 

5.12 
(86%) 

 

a MFR—multi-family residential; Sm-SFR—small-scale single-family residential; REST—restaurant; OFF—office 
building; Lg-SFR—large-scale single-family residential;  
COMM—retail commercial 
b Volume of precipitation on total project area 
c Quantity of water discharged from the site on the surface 
d Quantity of water infiltrating the soil; the difference between precipitation and runoff 
 
 
Pollutant Concentrations and Loadings 
 
Table 3 presents the pollutant concentrations from the literature and loadings calculated as 
described for the various land use and cover types represented by the case studies.  
Landscaped areas are expected to release the highest TSS concentration, although relatively 
low TSS mass loading because of the low runoff coefficient.  The highest copper concentrations 
and loadings are expected from parking lots.  Roofs, especially commercial roofs, top the list for 
both zinc concentrations and loadings.  Landscaping would issue by far the highest phosphorus, 
although access roads and driveways would contribute the highest mass loadings. 
 
Table 3.  Pollutant Concentrations and Loadings for Case Study Land Use and Cover Types  

Land Use Concentrations Loadings 

 TSS 
(mg/L) 

TCu 
(mg/L) 

TZn 
(mg/L) 

TP 
(mg/L) 

Lbs. 
TSS/ 
acre-
year 

Lbs. 
TCu/ 
acre-
year 

Lbs. 
TZn/ 
acre-
year 

Lbs. 
TP/ 

acre-
year 

Residential roof 25 0.013 0.159 0.11 79 0.041 0.503 0.348 
Commercial roof 18 0.014 0.281 0.14 57 0.044 0.889 0.443 
Access 
road/driveway 120 0.022 0.118 0.66 380 0.070 0.373 2.088 

Parking 75 0.036 0.097 0.14 237 0.114 0.307 0.443 
Walkway 25 0.013 0.059 0.11 79 0.041 0.187 0.348 
Landscaping 213 0.013 0.059 2.04 85 0.005 0.024 0.815 

 
 
The CTR acute criteria for copper and zinc are 0.0048 mg/L and 0.090 mg/L, respectively.  
Table 3 shows that all developed land uses are expected to discharge copper above the 
criterion, based on the mass balance calculations using concentrations from Table 3.  Any 
surface release from the case study sites would violate the criterion at the point of discharge, 
although dilution by the receiving water would lower the concentration below the criterion at 
some point.  Even if copper mass loadings are reduced by BMPs, any surface discharge would 
exceed the criterion initially, but it would be easier to dilute below that level.  In contrast, runoff 
from some land covers would not violate the acute zinc criterion.  Because of this difference, the 
evaluation considered whether or not the zinc criterion would be exceeded in each analysis, 
whereas there was no point in this analysis for copper.  There are no equivalent water quality 
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criteria for TSS and TP; hence, their concentrations were not further analyzed in the different 
scenarios. 
 
Table 4 shows the overall loadings, as well as zinc concentrations, expected to be delivered 
from the case study developments should they not be fitted with any BMPs.  As Table 4 shows, 
all cases are forecast to exceed the 0.090 mg/L acute zinc criterion, and the retail commercial 
development does so by a wide margin.  Because of its size, the large residential development 
dominates the mass loading emissions. 
 
Table 4.  Case Study Pollutant Concentration and Loading Estimates without BMPs 

 MFRa Sm-SFRa RESTa OFFa Lg-SFRa COMMa 
TZn (mg/L) 0.127 0.123 0.128 0.133 0.123 0.175 
Lbs. TSS/year 1321 345 125 242 15016 853 
Lbs. TCu/year 0.46 0.074 0.032 0.045 3.21 0.37 
Lbs. TZn/year 3.09 0.607 0.174 0.301 26.4 2.64 
Lbs. TP/year  6.58 2.39 0.72 1.78 104 3.36 

 

a MFR—multi-family residential; Sm-SFR—small-scale single-family residential; REST—restaurant;  
OFF—office building; Lg-SFR—large-scale single-family residential; COMM—retail commercial 
 
 
2. “Conventional BMP” Analysis:  Effect of Basic Treatment BMPs 
 
Effect of Basic Treatment BMPs on Post-Development Runoff Volumes 
 
The current permit allows regulated parties to select from a range of BMPs in order to treat or 
infiltrate a given quantity of annual rainfall.  The range includes drain inlet inserts, CDS units, 
and other manufactured BMPs, detention vaults, and sand filters, all of which isolate runoff from 
the soil; as well as basins and biofiltration BMPs built in soil and generally having vegetation.  
Treatment BMPs that do not permit any runoff contact with soils discharge as much storm water 
runoff as equivalent sites with no BMPs, and hence yield zero savings in recharge.  As 
mentioned above, the CalTrans (2004) study found that BMPs with a natural surface can reduce 
runoff by substantial margins (30-50 percent for extended-detention basins and biofiltration). 
 
With such a wide range of BMPs in use, runoff reduction ranging from 0 to 50 percent, and a 
lack of clearly ascertainable requirements, it is not possible to make a single estimate of how 
much recharge savings are afforded by maximal implementation of the current permit.  We 
made the following assumptions regarding implementation of BMPs.  Assuming natural-surface 
BMPs perform at the average of the three types tested by CalTrans (2004), i.e., 40 percent 
runoff reduction, the estimate can be bounded as shown in Table 5 (page 11).  The table 
demonstrates that allowing free choice of BMPs without regard to their ability to direct water into 
the ground forfeits substantial groundwater recharge benefits when hardened-surface BMPs are 
selected.  Use of soil-based conventional BMPs could cut recharge losses from half or even 
more of the full potential to about one-quarter to one-third or less, except with the highly 
impervious commercial development.  This analysis shows the wisdom of draining impervious to 
pervious surfaces, even if those surfaces are not prepared in any special way.  But as 
subsequent analyses showed, soil amendment can gain considerably greater benefits.  
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Table 5.  Pre- and Post-Development with Conventional BMPs:  Distribution of Surface Runoff 
Versus Recharge to Groundwater  

Annual Volume 
(acre-ft) MFRa  

Sm-SFRa RESTa OFFa Lg-SFRa COMMa 

Precipitationb  13.4 3.72 0.95 2.60 162 6.37 
Pre-development 
runoffc 0.94 0.26 0.07 0.18 11 0.45 

Pre-development 
recharge 12.5 3.46 0.88 2.42 150 5.92 

Post-development 
impervious runoffc, d 

 
5.09-8.48 

 
0.95-1.59 

 
0.26-0.44 

 
0.36-0.60 

 
41-69 

 
3.30-5.50 

Post-development 
pervious runoffc, d 0.32-0.54 0.15-0.25 0.04-0.06 0.14-0.24 6.6-11 0.04-0.07 

Post-development 
total runoffc, d 5.41-9.02 1.10-1.83 0.30-0.50 0.50-0.84 48-80 3.34-5.57 

Post-development 
recharged, e 4.39-7.99 1.88-2.62 0.45-0.65 1.76-2.10 82-114 0.80-3.03 

Post-development 
recharge loss  
(% of pre-development 
recharge) d, e 

4.51-8.08 
(36-65%) 

0.84-1.57 
(24-46%) 

0.23-0.43 
(26-49%) 

0.32-0.66 
(13-27%) 

36-68 
(24-45%) 

2.89-5.12 
(49-86%) 

 

a MFR—multi-family residential; Sm-SFR—small-scale single-family residential; REST—restaurant; OFF—office 
building; Lg-SFR—large-scale single-family residential; COMM—retail commercial.  Ranges represent 40 percent runoff 
volume reduction, with full site coverage by BMPs having a natural surface, to no reduction, with BMPs isolating runoff 
from soil. 
b Volume of precipitation on total project area 
c Quantity of water discharged from the site on the surface 
d Ranging from the quantity with hardened bed BMPs to the quantity with soil-based BMPs 
e Quantity of water infiltrating the soil; the difference between precipitation and runoff 
 
 
Effect of Basic Treatment BMPs on Pollutant Discharges 
 
Table 6 (page 12) presents estimates of zinc effluent concentrations and mass loadings of the 
various pollutants discharged from four types of conventional treatment BMPs.  The 
manufactured CDS BMPs in this table, which do not expose runoff to soil or vegetation, are not 
expected to drop any of the concentrations sufficiently to meet the acute zinc criterion at the 
discharge point.  The loading reduction results show the CDS units always performing below 50 
percent reduction for all pollutants analyzed, and most often in the vicinity of 20 percent, with 
zero copper reduction. 
 
When treated with swales or filter strips, effluents from each development case study site are 
expected to fall below the CTR acute zinc criterion.  All but the large commercial site would 
meet the criterion with EDB treatment.  These natural-surface BMPs, if fully implemented and 
well maintained, are predicted to prevent the majority of the pollutant masses generated on 
most of the development sites from reaching a receiving water.  Only total phosphorus reduction 
falls below 50 percent for two case studies.  Otherwise, mass loading reductions range from 
about 60 to above 80 percent for the EDB, swale, and filter strip.  This data indicates that 
draining impervious to pervious surfaces, even if those surfaces are not prepared in any special 
way, pays water quality as well as hydrologic dividends. 
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Table 6.  Pollutant Concentration and Loading Reduction Estimates with Conventional BMPs 

 MFRa Sm-SFRa RESTa OFFa Lg-SFRa COMMa 
Effluent Concentrations:       
CDS TZn (mg/L)a 0.095 0.095 0.098 0.102 0.095 0.131 
EDB TZn (mg/L)a 0.085 0.086 0.084 0.084 0.086 0.098 
Swale TZn (mg/L) 0.055 0.054 0.055 0.056 0.054 0.068 
Filter strip TZn (mg/L) 0.039 0.039 0.039 0.041 0.039 0.048 
Loading Reductions:       
CDS TSS loading reduction 15.7% 19.9% 22.0% 24.0% 19.9% 16.9% 
CDS TCu loading reduction 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
CDS TZn loading reduction 22.7% 22.4% 22.9% 23.1% 22.4% 25.1% 
CDS TP loading reduction 30.6% 41.5% 40.7% 45.9% 41.5% 20.3% 
EDB TSS loading reduction 68.1% 73.7% 79.0% 81.1% 73.7% 71.7% 
EDB TCu loading reduction 61.9% 55.7% 66.2% 63.0% 55.7% 66.8% 
EDB TZn loading reduction 59.7% 59.6% 60.4% 61.9% 59.6% 66.6% 
EDB TP loading reduction 61.9% 69.7% 69.1% 72.9% 69.7% 54.5% 
Swale TSS loading reduction 68.8% 71.1% 73.1% 73.9% 71.1% 69.4% 
Swale TCu loading reduction 72.5% 68.5% 78.2% 73.3% 68.5% 75.8% 
Swale TZn loading reduction 78.4% 78.1% 84.3% 78.8% 78.1% 80.7% 
Swale TP loading reduction 66.3% 70.7% 67.2% 76.2% 70.7% 55.0% 
Filter strip TSS loading reduction 69.9% 75.4% 80.6% 82.6% 75.4% 72.3% 
Filter strip TCu loading reduction 74.4% 69.1% 78.2% 75.4% 69.1% 78.7% 
Filter strip TZn loading reduction 78.3% 77.9% 78.4% 78.7% 77.9% 80.9% 
Filter strip TP loading reduction 48.4% 53.1% 63.7% 59.8% 53.1% 34.6% 

 

a MFR—multi-family residential; Sm-SFR—small-scale single-family residential; REST—restaurant;  
OFF—office building; Lg-SFR—large-scale single-family residential; COMM—retail commercial;  
CDS— continuous deflective separation unit; EDB—extended-detention basin 
 
 
3. LID Analysis:  Development According to Modified Draft Permit Provisions 
 
(a)  Hydrologic Analysis 
 
The LID analysis was first performed according to the Draft Permit provisions under the 
Planning and Land Development Program (Part 4, section E).  In this analysis, however, EIA 
was limited to three instead of five percent, under the reasoning presented in Attachment A.  All 
runoff from NCIA was assumed to drain to vegetated surfaces, as provided in the Draft Permit. 
 
One goal of this exercise was to identify methods that reduce runoff production in the first place.  
It was hypothesized that implementation of source reduction techniques could allow all of the 
case study sites to infiltrate substantial proportions of the developed site runoff, advancing the 
hydromodification mitigation objective of the Draft Permit.  When runoff is dispersed into the soil 
instead of being rapidly collected and conveyed away, it recharges groundwater, supplementing 
a resource that maintains dry season stream flow and wetlands.  An increased water balance 
can be tapped by humans for potable, irrigation, and process water supply.  Additionally, runoff 
volume reduction would commensurately decrease pollutant mass loadings. 
 
Accordingly, the analysis considered the practicability of more than one scenario by which the 
draft permit’s terms could be met, as modified to reflect three percent EIA.  In one option, all 
roof runoff is harvested and stored for some beneficial use. A second option disperses runoff 
into the soil via roof downspout infiltration trenches.  The former option is probably best suited to 
cases like the large commercial and office buildings, while distribution in the soil would fit best 
with residences and relatively small commercial developments.  The analysis was repeated with 
the assumptions of harvesting OFF and COMM roof runoff for some beneficial use and 
dispersing roof runoff from the remaining four cases in roof downspout infiltration systems. 
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Expected Infiltration Capacities of the Case Study Sites 
 
The first inquiry on this subject sought to determine how much of the total annual runoff each 
property is expected to infiltrate.  This assessment tested the feasibility of draining all but three 
percent of impervious area to pervious land on the sites.  Based on the findings of Chralowicz et 
al. (2001), it was assumed that an infiltration zone of 0.1-0.5 acres in area and 2-3 ft deep would 
serve a drainage catchment area in the size range 0-5 acres and infiltrate 0.9-1.9 acre-ft/year.  
The conclusions of Chralowicz et al. (2001) were extrapolated to conservatively assume that 0.5 
acre would be required to serve each additional five acres of catchment, and would infiltrate an 
incremental 1.4 acre-ft/year (the midpoint of the 0.9-1.9 acre-ft/year range).  According to these 
assumptions, the following schedule of estimates applies: 
 

Pervious Area Available for Infiltration  Catchment Served acres Infiltration Capacity  
0.5 acres 0-5 acres 1.4 acre-ft/year 
1.0 acres 5-10 acres 2.8 acre-ft/year 
1.5 acres 10-15 acres 4.2 acre-ft/year 

(Etc.) ... ... 
 
As a formula, infiltration capacity ≈ 2.8 x available pervious area.  To apply the formula 
conservatively, the available area was reduced to the next lower 0.5-acre increment before 
multiplying by 2.8. 
 
As shown in Table 7, five of the six sites have adequate or greater capacity to infiltrate the full 
annual runoff volume from NCIA and pervious areas where EIA is limited to three percent of the 
total site area (four at the higher Ojai rainfall).  Indeed, five of the six development types have 
sufficient pervious area to infiltrate all runoff, including runoff from EIA areas.  With the most 
representative rainfall, only the large commercial development, with little available pervious 
area, falls short of the needed capacity to infiltrate all rainfall, but it still has the capacity to meet 
the terms of the draft permit, as modified for this analysis.  These results are based on 
infiltrating in the native soils with no soil amendment.  For any development project at which 
infiltration-oriented BMPs are considered, it is important that infiltration potential be carefully 
assessed using site-specific soils and hydrogeologic data.  In the event such an investigation 
reveals a marginal condition (e.g., hydraulic conductivity, spacing to groundwater) for infiltration 
basins, soils could be enhanced to produce bioretention zones to assist infiltration.  Notably, the 
four case studies with far greater than necessary infiltration capacity would offer substantial 
flexibility in designing infiltration, allowing ponding at less than 2-3 ft depth. 
 
Table 7. Infiltration and Runoff Volume With 3 Percent EIA and All NCIA Draining to Pervious Areas 

 MFRa Sm-SFRa RESTa OFFa Lg-SFRa COMMa 
EIA runoff (acre-ft/year) 0.38 0.11 0.03 0.07 4.6 0.18 
NCIA + pervious area 
runoff (acre-ft/year) 8.63 1.73 0.47 0.76 75.0 5.39 

Total runoff (acre-ft/year) 9.01 1.84 0.50 0.83 79.6 5.57 
Pervious area available 
for infiltration (acres) 3.66 1.67 0.39 1.61 72.7 0.47 

Estimated infiltration 
capacity (acre-ft/year)b 9.8 4.2 1.4 4.2 203 1.4 

Infiltration capacity c > 100%d > 100% > 100% > 100% > 100% ~26% d 
 

a MFR—multi-family residential; Sm-SFR—small-scale single-family residential; REST—restaurant;  
OFF—office building; Lg-SFR—large-scale single-family residential; COMM—retail commercial;  
b Based on Chralowicz et al. (2001) according to the schedule described above 
c Compare runoff production from NCIA + pervious area (row 3) with estimated infiltration capacity (row 6) 
d At Ojai rainfall levels, capacity would be ~78 percent at the MFR site and ~18 percent at the COMM site. 
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As Table 7 shows, five of the six case study sites have the capacity to infiltrate all runoff 
produced onsite by draining impervious surfaces to pervious areas.  Even runoff from the area 
assumed to be EIA could be infiltrated in most cases based on the amount of pervious area 
available in typical development projects.  By showing that it is possible under normal site 
conditions and using native soils to retain all runoff in typical developments, these results 
demonstrate that a three percent EIA requirement, which would not demand that all runoff be 
retained, is feasible and practicable.   
 
Additional Source Reduction Capabilities of the Case Study Sites:  Water Harvesting Example 
 
Infiltration is one of a wide variety of LID-based source reduction techniques.  Where site 
conditions such as soil quality or available area limit a site’s infiltration capacity, other source 
LID measures can enhance a site’s runoff retention capability.  For example, soil amendment, 
which improves infiltration, is a standard LID technique.  Water harvesting is another.  Such 
practices can also be used where infiltration capacity is adequate, but the developer desires 
greater flexibility for land use on-site.  Table 8 shows the added implementation flexibility 
created by subtracting roof runoff by harvesting it or efficiently directing it into the soil through 
downspout dispersion systems, further demonstrating the feasibility of meeting the draft permit’s 
proposed requirements, as modified to include a three percent EIA standard.    
 
Table 8.  Infiltration and Runoff Volume Reduction Analysis Including Roof Runoff Harvesting or 
Disposal in Infiltration Trenches (Assuming 3 Percent EIA and All NCIA Draining to Pervious Areas) 

 MFRa Sm-SFRa RESTa OFFa Lg-SFRa COMMa 
EIA runoff (acre-ft/year) 0.38 0.11 0.03 0.07 4.6 0.18 
Roof runoff (acre-ft/year) 4.92 0.93 0.09 0.20 41 2.33 
Other NCIA + pervious 
area runoff (acre-ft/year) 3.71 0.79 0.39 0.56 35 3.06 

Total runoff (acre-ft/year) 9.01 1.84 0.50 0.83 79.6 5.57 
Pervious area available for 
infiltration (acres) 3.66 1.67 0.39 1.61 72.7 0.47 

Estimated infiltration 
capacity (acre-ft/year)b 9.8 4.2 1.4 4.2 203 1.4 

Infiltration capacity c > 100% > 100% > 100% > 100% > 100% ~45% d  
 

a MFR—multi-family residential; Sm-SFR—small-scale single-family residential; REST—restaurant;  
OFF—office building; Lg-SFR—large-scale single-family residential; COMM—retail commercial;  
b Based on Chralowicz et al. (2001) according to the schedule described above 
c Comparison of runoff production from NCIA + pervious area (row 3) with estimated infiltration capacity (row 6) 
d If the higher rainfall at Ojai is assumed, capacity would be ~32 percent of the amount needed for the COMM case. 
 
 
Effect of Full LID Approach on Recharge  
 
Table 9 (page 15) shows the recharge benefits of preventing roofs from generating runoff and 
infiltrating as much as possible of the runoff from the remainder of the case study sites.  The 
data show that LID methods offer significant benefits relative to the baseline (no storm water 
controls) in all cases.  These benefits are particularly impressive in developments with relatively 
high site imperviousness, such as in the MFR and COMM cases.  In the latter case the full LID 
approach (excluding the common and effective practice of soil amendment) would cut loss of 
the potential water resource represented by recharge and harvesting from 86 to 37 percent. 
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Table 9.  Comparison of Water Captured Annually (in acre-ft) from Development Sites for Beneficial 
Use With a Full LID Approach Compared to Development With No BMPs 

 MFRa Sm-SFRa RESTa OFFa Lg-SFRa COMMa 

Pre-development rechargeb (acre-ft) 12.5 3.46 0.88 2.42 150 5.92 
No BMPs:       

post-development recharge b (acre-ft) 4.39 1.88 0.45 1.76 82 0.80 

post-development runoff (acre-ft) 8.08 1.57 0.43 0.66 68 5.12 

post-development % recharge lost 65% 46%  49% 27% 45% 86% 
Full LID approach:       

post-development runoff capture (acre-ft)c 12.5 3.46 0.88 2.42 150 3.73 

post-development runoff (acre-ft)  0  0 0  0  0 2.19  

post-development % recharge lost 0% 0% 0% 0% 0% 37% 
 

a MFR—multi-family residential; Sm-SFR—small-scale single-family residential; REST—restaurant; OFF—office 
building; Lg-SFR—large-scale single-family residential; COMM—retail commercial 
b Quantity of water infiltrating the soil; the difference between precipitation and runoff 
c Water either entirely infiltrated in BMPs and recharged to groundwater or partially harvested from roofs and partially 
infiltrated in BMPs. For the first five case studies, EIA was not distinguished from the remainder of the development, 
because these sites have the potential to capture all runoff. 
 
 
(b)  Water Quality Analysis 
 
As outlined above, it was assumed that EIA discharges, as well as runoff from all pervious 
surfaces, are subject to treatment control.  For purposes of the analysis, treatment control was 
assumed to be provided by conventional sand filtration.  This choice is appropriate for study 
purposes for two reasons.  First, sand filters can be installed below grade, and land above can 
be put to other uses.  Under the Draft Permit’s approach, pervious area should be reserved for 
receiving NCIA drainage, and using sand filters would not draw land away from that service or 
other site uses.  A second reason for the choice is that sand filter performance data equivalent 
to the data used in analyzing other conventional BMPs are available from the CalTrans (2004) 
work.  Sand filters may or may not expose water to soil, depending on whether or not they have 
a hard bed.  This analysis assumed a hard bed, meaning that no infiltration would occur and 
thus there would be no additional recharge in sand filters.  Performance would be even better 
than shown in the analytical results if sand filters were built in earth. 
 
Pollutant Discharge Reduction Through LID Techniques 
 
The preceding analyses demonstrated that each of the six case studies could feasibly comply 
with the draft permit’s requirements, as modified to include a more protective three percent EIA 
standard.  Moreover, for five of the six case studies, all storm water discharges could be 
eliminated at least under most meteorological conditions by dispersing runoff from impervious 
surfaces to pervious areas.  Therefore, pollutant additions to receiving waters would also be 
eliminated.  This demonstrates not only that a lower EIA (three percent) is a feasible and 
practicable approach to maintaining the natural hydrology of land being developed, as 
discussed above, but that a lower EIA is a feasible and practicable way to eliminate the 
discharge of pollutants that could cause or contribute to violations of water quality standards.   
 
While the high proportion of impervious area present on the large commercial site relative to 
pervious area would not allow eliminating all discharge, harvesting roof water and draining NCIA 
to properly-prepared pervious area would substantially decrease the volume discharged.  
Deployment of treatment control BMPs (e.g. sand filter treatment) could cut contaminant 
discharges from pollutants in the remaining volume of runoff to low levels.   
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Table 10 presents the pollutant reductions from the untreated case achievable through the 
complete LID approach described above in comparison to conventional treatments (from Table 
6).  Assuming EIA still discharges through sand filters, pollutant loadings from the untreated 
condition are expected to decrease by more than 96 percent for all but the COMM case.  In that 
challenging case loadings would still fall by at least 89 percent for TSS and the metals and by 
83 percent for total phosphorus, assuming City of Ventura rainfall levels, and slightly less 
assuming the higher Ojai rainfall levels.  Thus, the Draft Permit’s basic premise of disconnecting 
most impervious area, supplemented by specially managing roof water, is shown by both water 
quality and hydrologic results to be feasible and to afford broad and significant environmental 
benefits. 
 
Table 10.  Pollutant Loading Reduction Estimates With a Full LID Approach Relative to 
Conventional BMPs 

 MFRa Sm-SFRa RESTa OFFa Lg-SFRa COMMa 
Conventional TSS loading 
reductionb 

15.7-
69.9% 

19.9-
75.4% 

22.0-
80.6% 

24.0-
82.6% 

19.9-
75.4% 

16.9-
72.3% 

Conventional TCu loading 
reductionb 

0.0-
74.4% 

0.0-
69.1% 

0.0-
78.2% 

0.0-
75.4% 

0.0-
69.1% 0.0-78.7% 

Conventional TZn loading 
reductionb 

22.7-
78.4% 

22.4-
78.1% 

22.9-
84.3% 

23.1-
78.8% 

22.4-
78.1% 

25.1-
80.9% 

Conventional TP loading 
reductionb 

30.6-
66.3% 

41.5-
70.7% 

40.7-
69.1% 

45.9-
76.2% 

41.5-
70.7% 

20.3-
55.0% 

LID TSS loading reductionc 99.4% 99.3% 99.5% 99.4% 99.3% 89.0% d 
LID TCu loading reductionc 98.1% 96.7% 98.0% 96.2% 96.7% 90.6% d 
LID TZn loading reductionc 99.1% 98.8% 98.9% 98.3% 98.8% 94.8% d 
LID TP loading reductionc 98.1% 98.6% 98.8% 98.7% 98.6% 83.1%d 

 

a MFR—multi-family residential; Sm-SFR—small-scale single-family residential; REST—restaurant; OFF—office 
building; Lg-SFR—large-scale single-family residential; COMM—retail commercial; CDS— continuous deflective 
separation unit; EDB—extended-detention basin; NCIA—not connected impervious area; EIA—effective (connected) 
impervious area 
b Range from Table 6 represented by treatment by CDS unit, EDB, biofiltration swale, or biofiltration strip 
c Based on directing roof runoff to downspout infiltration trenches (MFR, Sm-SFR, REST, and Lg-SFR) or harvesting it 
(OFF and COMM), draining other NCIA to pervious areas, and treating EIA with sand filters 
d If the higher rainfall at Ojai is assumed, reduction estimates for TSS, TCu, TZn, and TP would be 84.0, 86.3, 92.5, and 
75.5 percent, respectively. 
 
 
SUMMARY AND CONCLUSIONS 
 
This paper demonstrated that common Ventura County area residential and commercial 
development types subject to the Municipal NPDES Permit are likely, without storm water 
management, to reduce groundwater recharge from the predevelopment state by approximately 
half in most cases to a much higher fraction with a large ratio of impervious to pervious area.  
With no treatment, runoff from these developments is expected to exceed CTR acute copper 
and zinc criteria at the point of discharge and to deliver large pollutant mass loadings to 
receiving waters. 
 
Conventional soil-based BMP solutions that promote and are component parts of low-impact 
development approaches, by contrast, regain about 30-50 percent of the recharge lost in 
development without storm water management, although commercially-manufactured filtration 
and hydrodynamic BMPs for storm water management give no benefits in this area.  It is 
expected the soil-based BMPs generally would release effluent that meets the acute zinc 
criterion at the point of discharge, although it would still exceed the copper limit.  Excepting 
phosphorus, it was found that these BMPs would capture and prevent the movement to 
receiving waters of the majority of the pollutant loadings considered in the analysis. 
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It was found that a three percent Effective Impervious Area standard can be met in typical 
developments, and that by draining all site runoff to pervious areas, runoff can be eliminated 
entirely in most development types.  This result was reached assuming the use of native soils.  
Soil enhancement (typically, with compost) can further advance infiltration.  Draining impervious 
surfaces onto the loam soils typical of Ventura County, in connection with limiting directly 
connected impervious area to three percent of the site total area, should eliminate storm runoff 
from some development types and greatly reduce it from more highly impervious types.  Adding 
roof runoff elimination to the LID approach (by harvesting or directing it to downspout infiltration 
trenches) should eliminate runoff from all but mostly impervious developments.  Even in the 
development scenario involving the highest relative proportion of impervious surface, losses of 
rainfall capture for beneficial uses could be reduced from more than 85 to less than 40 percent, 
and pollutant mass loadings would fall by 83-95 percent from the untreated scenario when 
draining to pervious areas was supplemented with water harvesting.  These results demonstrate 
the basic soundness of the Draft Permit’s concept to limit directly connected impervious area 
and drain the remainder over pervious surfaces.   
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ATTACHMENT A 
 

JUSTIFICATION OF PROPOSED EFFECTIVE IMPERVIOUS AREA LIMITATION 
 
 
 

Summary 
 

 The literature shows that adverse impacts to the physical habitat and biological 
integrity of receiving waters occur as a result of the conversion of natural areas to 
impervious cover. These effects are observed at the lowest levels of impervious 
cover in associated catchments (two to three percent) and are pronounced by the 
point that impervious cover reaches five percent. To protect biological 
productivity, physical habitat, and other beneficial uses, effective impervious area 
should be capped at no more than three percent. 

 
 
 
I. Impacts to physical habitat of California receiving waters observed at three 

percent impervious cover  
 
Stein et al.7 note that while studies from parts of the country with climates more humid than 
California’s indicate that physical degradation of stream channels can initially be detected when 
watershed impervious cover approaches 10%, biological effects, which may be more difficult to 
detect, may occur at lower levels (CWP 2003).8 Recent studies from both northern and southern 
California indicate that intermittent and ephemeral streams in California are more susceptible to 
the effects of hydromodification than streams from other regions of the US, with stream 
degradation being recognized when the associated catchment’s impervious cover is as little as 
3-5% (Coleman et al. 2005).9 Furthermore, supplemental landscape irrigation in semi-arid 
regions, like California, can substantially increase the frequency of erosive flows (AQUA TERRA 
Consultants 2004).10 
 
Coleman, et al.3 report that the ephemeral/intermittent streams in southern California 
(northwestern Los Angeles County through southern Ventura County to central Orange County) 
appear to be more sensitive to changes in percent impervious cover than streams in other 
areas. Stream channel response can be represented using an enlargement curve, which relates 
the percent of impervious cover to a change in cross-sectional area. The data for southern 
California streams forms a relationship very similar in shape to the enlargement curves 
developed for other North American streams. However, the curve for southern California 
streams is above the general curve for streams in other climates. This suggests that a specific 
enlargement ratio is produced at a lower value of impervious surface area in southern California 
than in other parts of North America. Specifically, the estimated threshold of response is 
approximately 2-3% impervious cover, as compared to 7-10% for other portions of the U.S. It is 
important to note that this conclusion applies specifically to streams with a catchment drainage 
area less than 5 square miles. 

                                                 
7  Stein, E.D., S. Zaleski, (2005) Managing Runoff to Protect Natural Streams: The Latest Developments on 
Investigation and Management of Hydromodification in California. (Proceedings of a Special Technical Workshop Co-
sponsored by California Stormwater Quality Association (CASQA), Stormwater Monitoring Coalition (SMC), University 
of Southern California Sea Grant (USC Sea Grant), Technical Report #475). 
8  Center for Watershed Protection (CWP), (2003) Impacts of Impervious Cover on Aquatic Systems. Ellicott City, MD. 
9  Coleman, D., C. MacRae, and E.D. Stein, (2005) Effect of Increases in Peak Flows and Imperviousness on the 
Morphology of Southern California Streams. Southern California Coastal Water Research Project Technical Report 
#450, Westminster, CA. 
10  AQUA TERRA Consultants, (2004) Urbanization and Channel Stability Assessment in the Arroyo Simi Watershed of 
Ventura County CA. FINAL REPORT. Prepared for Ventura County Watershed Protection Division, Ventura CA. 
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This study concludes that disconnecting impervious areas from the drainage network and 
adjacent impervious areas is a key approach to protecting channel stability. Utilizing this 
strategy can make it practical to keep the effective impervious cover (i.e. the amount 
hydrologically connected to the stream) equal to or less than the identified threshold of 2-3%. 
 

II. Impacts to biological integrity of receiving waters observed with any 
conversion from natural to impervious surface  

 
Two separate studies conducted by Horner et al.11,12 in the Puget Sound region (Washington 
State), Montgomery County, Maryland, and Austin, Texas built a database totaling more than 
650 reaches on low-order streams in watersheds ranging from no urbanization and relatively 
little human influence (the reference state, representing “best attainable” conditions) to highly 
urban (>60 percent total impervious area, “TIA”). Biological health was assessed according to 
the benthic index of biotic integrity (B-IBI) and, in Puget Sound, the ratio of young-of-the-year 
coho salmon (Oncorhynchus kisutch), a relatively stress-intolerant fish, to cutthroat trout 
(Oncorhynchus clarki), a more stress-tolerant species. The following discussion summarizes the 
results and conclusions of these two studies. 
 
There is no single cause for the decline of water resource conditions in urbanizing watersheds. 
Instead, it is the cumulative effects of multiple stressors that are responsible for degraded 
aquatic habitat and water quality. Imperviousness, while not a perfect yardstick, appears to be a 
useful predictor of ecological condition. However, a range of stream conditions can be 
associated with any given level of imperviousness. In general, only streams that retain a 
significant proportion of their natural vegetative land-cover and have very low levels of 
watershed imperviousness appear to retain their natural ecological integrity. It is this change in 
watershed land-cover that is largely responsible for the shift in hydrologic regime from a sub-
surface flow dominated system to one dominated by surface runoff. 
 
While the decline in ecological integrity is relatively continuous and is consistent for all 
parameters, the impact on physical conditions appears to be more pronounced earlier in the 
urbanization process than chemical degradation. It is generally acknowledged, based on field 
research and hydrologic modeling, that it is the shift in hydrologic conditions that is the driving 
force behind physical changes in urban stream-wetland ecosystems. 
 
Multiple scales of impact operate within urbanizing watersheds: landscape-level impacts, 
including the loss of natural forest cover and the increase in impervious surface area throughout 
the watershed; riparian corridor-specific impacts such as encroachment, fragmentation, and 
loss of native vegetation; and local impacts such as water diversions, exotic vegetation, stream 
channelization, streambank hardening, culvert installation, and pollution from the widespread 
use of pesticides and herbicides. All of these stressors contribute to the overall cumulative 
impact. 
 
The researchers found that there is no clear threshold of urbanization below which there exists 
a “no-effect” condition. Instead, there appears to be a relatively continuous decline in almost all 
measures of water quality or ecological integrity. Losses of integrity occur from the lowest levels 
of TIA and are already pronounced by the point that TIA reaches 5 percent.  

 

                                                 
11  Horner, R. R., C. W. May, (2002) The Limitations of Mitigation-Based Stormwater Management in the Pacific 
Northwest and the Potential of a Conservation Strategy based on Low-Impact Development Principles. (Proceedings of 
the American Society of Engineers Stormwater Conference, Portland, OR). 
12  Horner, R.R., E. H. Livingston, C. W. May, J. Maxted, (2006) BMPs, Impervious Cover, and Biological Integrity of 
Small Streams. (Proceedings of the Eighth Biennial Stormwater Research and Watershed Management Conference, 
Tampa, FL). 

RB-AR5834



 A-3 

Similarly, the Alliance for the Chesapeake Bay13 reports that small-watershed studies by the 
Maryland Department of Natural Resources Biological Stream Survey have shown that some 
sensitive species are affected by even low amounts of impervious cover. In one study, no brook 
trout were observed in any stream whose watershed had more than 2 percent impervious cover, 
and brook trout were rare in any watershed with more than 0.5 percent impervious cover.  
 
III. Ventura County’s watersheds include biologically-significant water bodies 
 
The literature discussed above is relevant to the watersheds of Ventura County, which contain 
rivers and streams that currently or historically support a variety of beneficial uses that may be 
impaired by water quality degradation and stream hydromodification as a result of storm water 
runoff from impervious land cover. Unlike some Southern California watersheds, Ventura 
County still has many natural stream systems with a high degree of natural functionality.    
 
For instance, the Ventura River watershed in northwestern Ventura County “supports a large 
number of sensitive aquatic species,”14 including steelhead trout, a federally-listed endangered 
species. Although “local populations of steelhead and rainbow trout have nearly been eliminated 
along the Ventura River” itself, the California Department of Fish and Game has “recognized the 
potential for the restoration of the estuary and enhancement of steelhead populations in the 
Ventura River.”15 Steelhead may also be present in tributaries such as San Antonio Creek.16 
Thriving rainbow trout populations exist in tributaries of the Ventura River including Matilija 
Creek and Coyote Creek.17 The Ventura River either does or is projected to support the 
following beneficial uses: warm freshwater habitat; cold freshwater habitat; wildlife habitat; rare, 
threatened, or endangered species; migration of aquatic organisms; and spawning and 
reproduction.18 Furthermore, the Ventura River Estuary also supports commercial fishing, 
shellfish harvesting, and wetland habitat.19 The Ventura River receives municipal storm drain 
discharges from Ojai, San Buenaventura, and unincorporated areas of Ventura County.20 
 
The Santa Clara River watershed in northern Ventura County “is the largest river system in 
southern California that remains in a relatively natural state.”21 Sespe Creek is one of the Santa 
Clara’s largest tributaries, and “supports significant steelhead spawning and rearing habitat.”22 
Other creeks in the Santa Clara River watershed that support steelhead are Piru Creek and 
Santa Paula Creek. Sespe Creek and the Santa Clara River also provide spawning habitat for 
the Pacific lamprey. Rainbow trout populations exist in tributaries of the Santa Clara River 
including Sespe Creek.23 The creeks and the Santa Clara river do or are projected to support 
the following beneficial uses: warm freshwater habitat; cold freshwater habitat; wildlife habitat; 
preservation of biological habitats rare, threatened, or endangered species; migration of aquatic 
organisms; and spawning and reproduction.24 Los Padres National Forest covers much of the 
Santa Clara River watershed, but increasing development in floodplain areas has been 

                                                 
13  Karl Blankenship, BAY JOURNAL,”It’s a hard road ahead for meeting new sprawl goal: States will try to control growth 
of impervious” (July/August 2004), at http://www.bayjournal.com/article.cfm?article=66.  
14  Los Angeles Region Water Quality Control Plan (1994) p. 1-18 (“Basin Plan”). 
15  Basin Plan, p. 1-16; Ventura County Environmental & Energy Resources Division, “Endangered Steelhead Trout in 
Ventura County: Past, Present, and Future,” available at http://www.wasteless.org/Eye_articles/steelhead.htm.   
16  Ventura County Environmental & Energy Resources Division, “Steelhead Spawning in Ventura County,” (2005), 
available at http://www.wasteless.org/Eye_articles/steehead2005.html. 
17  Ventura County Environmental & Energy Resources Division, “Endangered Steelhead Trout in Ventura County: Past, 
Present, and Future,” available at http://www.wasteless.org/Eye_articles/steelhead.htm.   
18  Basin Plan, Table 2-1. 
19  Basin Plan, Table 2-4. 
20  Ventura County Watershed Protection District, Report of Waste Discharge (January 2005) at p. 3. 
21  Basin Plan, p. 1-16. 
22  Basin Plan, p. 1-16. 
23  Ventura County Environmental & Energy Resources Division, “Endangered Steelhead Trout in Ventura County: Past, 
Present, and Future,” available at http://www.wasteless.org/Eye_articles/steelhead.htm.   
24  Basin Plan, Table 2-1. 
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identified as a threat to the river system’s water quality.25 Furthermore, the Santa Clara estuary 
supports the additional beneficial uses of shellfish harvesting and wetlands habitat.26 The Santa 
Clara River receives municipal storm drain discharges from Fillmore, Oxnard, San 
Buenaventura, Santa Paula, and unincorporated areas of Ventura County.27 
 
The Calleguas Creek watershed “empties into Mugu Lagoon, one of southern California’s few 
remaining large wetlands.”28 It supports or is projected to support the following beneficial uses:  
estuarine habitat; marine habitat; wildlife habitat; preservation of biological habitats; rare, 
threatened, or endangered species; migration of aquatic organisms; spawning and 
reproduction; shellfish harvesting; and wetlands habitat.29 Historically, Calleguas Creek drained 
largely agricultural areas. But this watershed has been under increasing pressure from 
sedimentation due to increased surface flow from municipal discharges and urban wastewaters, 
among other sources.30 Increasing residential developments on steep slopes has been 
identified as a substantial contributing factor to the problem of accelerated erosion in the 
watershed (and sedimentation in the Lagoon). Calleguas Creek receives municipal storm drain 
discharges from Camarillo, Moorpark, Simi Valley, Thousand Oaks, and unincorporated areas 
of Ventura County.31 
 
Ventura County’s coastal streams also support a variety of beneficial uses:32  

 Little Sycamore Canyon Creek in southern Ventura County (warm freshwater habitat; 
wildlife habitat; rare, threatened or endangered species; and spawning and 
reproduction);  

 Lake Casitas tributaries (warm freshwater habitat; cold freshwater habitat; wildlife 
habitat; rare, threatened or endangered species; spawning and reproduction; and 
wetland habitat); 

 Javon Canyon and Padre Juan Canyon (warm freshwater habitat; cold freshwater 
habitat; wildlife habitat; and spawning and reproduction); and 

 Los Sauces Creek in northern Ventura County (warm freshwater habitat; cold 
freshwater habitat; wildlife habitat; migration of aquatic species; and spawning and 
reproduction). 

 
IV. Conclusion 
 
In order to protect the biological habitat, physical integrity, and other beneficial uses of the water 
bodies in Ventura County, effective impervious area should be capped at no more than three 
percent. 

                                                 
25  Basin Plan, pp. 1-16, 1-18. 
26  Basin Plan, Table 2-4. 
27  Ventura County Watershed Protection District, Report of Waste Discharge (January 2005) at p. 3. 
28  Basin Plan, p. 1-18. 
29  Basin Plan, Table 2-1. 
30  Basin Plan, pp. 1-16, 1-18. 
31  Ventura County Watershed Protection District, Report of Waste Discharge (January 2005) at p. 3. 
32  Basin Plan, Table 2-1. 
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ATTACHMENT B   
 

POLLUTANT CONCENTRATIONS FOR URBAN SOURCE AREAS (HERRERA ENVIRONMENTAL CONSULTANTS, INC. UNDATED) 
 

 

Source Area Study Location Sample Size (n) TSS (mg/L) TCu (ug/L) TPb (ug/L) TZn (ug/L) TP (mg/L) Notes 
Roofs                   
Residential Steuer, et al. 1997 MI 12 36 7 25 201 0.06 2 
Residential Bannerman, et al. 1993 WI ~48 27 15 21 149 0.15 3 
Residential Waschbusch, et al. 2000 WI 25 15 n.a. n.a. n.a. 0.07 3 
Residential FAR 2003 NY  19 20 21 312 0.11 4 
Residential Gromaire, et al. 2001 France  29 37 493 3422 n.a. 5 
Representative Residential Roof Values     25 13 22 159 0.11   
Commercial Steuer, et al. 1997 MI 12 24 20 48 215 0.09 2 
Commercial Bannerman, et al. 1993 WI ~16 15 9 9 330 0.20 3 
Commercial Waschbusch, et al. 2000 WI 25 18 n.a. n.a. n.a. 0.13 3 
Representative Commercial Roof Values     18 14 26 281 0.14   
Parking Areas                   
Res. Driveways Steuer, et al. 1997 MI 12 157 34 52 148 0.35 2 
Res. Driveways Bannerman, et al. 1993 WI ~32 173 17 17 107 1.16 3 
Res. Driveways Waschbusch, et al. 2000 WI 25 34 n.a. n.a. n.a. 0.18 3 
Driveway FAR 2003 NY  173 17  107 0.56 4 
Representative Residential Driveway Values     120 22 27 118 0.66   

Comm./ Inst. Park. Areas Pitt, et al. 1995 AL 16 110 116 46 110 n.a. 1 
Comm. Park. Areas Steuer, et al. 1997 MI 12 110 22 40 178 0.2 2 
Com. Park. Lot Bannerman, et al. 1993 WI 5 58 15 22 178 0.19 3 
Parking Lot Waschbusch, et al. 2000 WI 25 51 n.a. n.a. n.a. 0.1 3 
Parking Lot Tiefenthaler, et al. 2001 CA 5 36 28 45 293 n.a. 6 
Loading Docks Pitt, et al. 1995 AL 3 40 22 55 55 n.a. 1 
Highway Rest Areas CalTrans 2003 CA 53 63 16 8 142 0.47 7 

Park and Ride Facilities CalTrans 2003 CA 179 69 17 10 154 0.33 7 

Comm./ Res. Parking FAR 2003 NY  27 51 28 139 0.15 4 
Representative Parking Area/Lot Values     75 36 26 97 0.14   
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Landscaping/Lawns                 
Landscaped Areas Pitt, et al. 1995 AL 6 33 81 24 230 n.a. 1 
Landscaping FAR 2003 NY  37 94 29 263 n.a. 4 
Representative Landscaping Values     33 81 24 230 n.a.   
Lawns - Residential Steuer, et al. 1997 MI 12 262 n.a. n.a. n.a. 2.33 2 
Lawns - Residential Bannerman, et al. 1993 WI ~30 397 13 n.a. 59 2.67 3 
Lawns Waschbusch, et al. 2000 WI 25 59 n.a. n.a. n.a. 0.79 3 
Lawns Waschbusch, et al. 2000 WI 25 122 n.a. n.a. n.a. 1.61 3 
Lawns - Fertilized USGS 2002 WI 58 n.a. n.a. n.a. n.a. 2.57 3 

Lawns - Non-P Fertilized USGS 2002 WI 38 n.a. n.a. n.a. n.a. 1.89 3 
Lawns - Unfertilized USGS 2002 WI 19 n.a. n.a. n.a. n.a. 1.73 3 
Lawns FAR 2003 NY 3 602 17 17 50 2.1 4 
Representative Lawn Values     213 13 n.a. 59 2.04   
 
Notes:             
Representative values are weighted means of collected data.  Italicized values were omitted from these calculations. 
1 - Grab samples from residential, commercial/institutional, and industrial rooftops.  Values represent mean of   
     DETECTED concentrations            
2 - Flow-weighted composite samples, geometric mean concentrations         
3 - Geometric mean concentrations            
4 - Citation appears to be erroneous - original source of data is unknown.  Not used to calculate representative value 
5 - Median concentrations.  Not used to calculate representative values due to site location and variation from other values. 
6 - Mean concentrations from simulated rainfall study           
7 - Mean concentrations.  Not used to calculate representative values due to transportation nature of land use.  
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INITIAL INVESTIGATION OF THE
FEASIBILITY AND BENEFITS

OF LOW-IMPACT SITE DESIGN PRACTICES ("LID")
FOR THE SAN FRANCISCO BAY AREA

Richard R. Hornert

ABSTRACT

The Clean Water Act NPDES permit that regulates municipal separate storm sewer systems
(MS4s) in the San Francisco Bay Area, California will be reissued in 2007. The draft permit
includes general provisions related to low impact development practices (LID) for certain kinds
of development and redevelopment projects. Using six representative development project
case studies, based on California building records, the author investigated the practicability and
relative benefits of LID options for the majority of the region having soils potentially suitable for
infiltration either in their natural state or after amendment using well recognized LID techniques.
The results showed that (1) LID site design and source control techniques are more effective
than conventional best management practices (BMPs) in reducing runoff rates; and (2) in each
of the case studies, LID methods would reduce site runoff volume and pollutant loading to zero
in typical rainfall scenarios.

t Richard R. Horner, Ph.D., Research Associate Professor, University of Washington
Departments of Civil and Environmental Engineering and Landscape Architecture;
Adjunct Associate Professor, University of Washington Center for Urban Horticulture

INTRODUCTION

The Assessment in Relation to Municipal Permit Conditions

This purpose of this study is to investigate the relative water quality and water reuse benefits of
three levels of storm water treatment best management practices (BMPs): (1) basic "treat-and
release" BMPs (e.g., drain inlet filters, CDS units), (2) commonly used BMPs that expose runoff
to soils and vegetation (extended-detention basins and biofiltration swales and filter strips), and
(3) low impact development (LID) practices. The factors considered in the investigation are
runoff volume, pollutant loading, and the availability of water for infiltration or other reuse. In
order to assess the differential impact of storm water reduction approaches on these factors,
this study examines six case studies typical of development covered by the proposed Municipal
Regional Urban Runoff Phase I NPDES Stormwater Permit (MRP).

This report covers locations in the Bay Area most amenable to soil infiltration of stormwater
runoff, those areas having soils in Natural Resources Conservation Service (NRCS) Hydrologic
Soil Groups A, B, or C as classified by the Natural Resources Conservation Service
(http://websoilsurvey.nrcs.usda.gov/applWebSoilSurvey.aspx). Depending on site-specific
conditions, A and B soils would generally effectively infiltrate water without modification,
whereas C soils could require organic amendments according to now standard LID methods.
This report does not cover locations with group 0 soils, which are generally not amenable to
infiltration, again depending on the specific conditions on-site. A subsequent report will
examine options in these locations, which include other LID techniques (e.g., roof runoff
harvesting for irrigation or gray water supply) and state-of-the-art conventional stormwater
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management practices. A minority but still substantial fraction of the Bay Area has group D
soils (39.3, 68.0, 18.3, and 50.1 percent of the mapped areas of Alameda, Contra Costa, San
Mateo, and Santa Clara Counties, respectively). Regarding any mapped soil type, it is
important to keep in mind that soils vary considerably within small distances. Characteristics at
specific locations can deviate greatly from those of the major mapped unit, making infiltration
potential either more or less than may be expected from the mapping.

Low impact development methods reduce storm runoff and its contaminants by decreasing their
generation at sources, infiltrating into the soil or evaporating storm flows before they can enter
surface receiving waters, and treating flow remaining on the surface through contact with
vegetation and soil, or a combination of these strategies. Soil-based LID practices often use
soil enhancements such as compost, and thus improve upon the performance of more
traditional basins and biofilters. The study encompassed vegetated swales (channels for
conveyance at some depth and velocity), vegetated filter strips (surfaces for conveyance in thin
sheet flow), and bioretention areas (shallow basins with a range of vegetation types in which
runoff infiltrates through soil either to groundwater or a subdrain for eventual surface discharge).
Application of these practices in a low impact site design mode requires either determination
that existing site soils can support runoff reduction through infiltration or that soils will be
amended using accepted LID techniques to attain this objective. Finally, the study further
broadened implementation options to include water harvesting (collection and storage for use
in, for example, irrigation or gray water systems), roof downspout infiltration trenches, and
porous pavements.

The investigation also considered whether typical development patterns and local conditions in
the Bay Area would enable LID implementation as required by a new standard proposed for the
2007 Ventura County Municipal Storm Water Permit. This standard requires management of
effective impervious area (EIA), limiting it to 5%, as well as other impervious area (what might
be termed Not-Connected Impervious Area, NCIA), and pervious areas.

Where treatment control BMPs are required to manage runoff from a site, Volume or Flow
Hydraulic Design Bases commonly used in California were assumed to apply. The former basis
applies to storage-type BMPs, like ponds, and requires capturing and treating either the runoff
volume from the 85th percentile, 24-hour rainfall event for the location or the volume of annual
runoff to achieve 80 percent or more volume treatment. The calculations in this analysis used
the 85th percentile 24-hour rainfall event basis. The Flow basis applies to flow-through BMPs,
like swales, and requires treating the runoff flow rate produced from a rain event equal to at
least 0.2 inches per hour intensity (or one of two other approximately equivalent options).

Scope of the Assessment

With respect to each of the six development case studies, three assessments were undertaken:
a baseline scenario incorporating no stormwater management controls; a second scenario
employing conventional BMPs; and a third development scenario employing LID stormwater
management strategies.

To establish a baseline for each case study, annual stormwater runoff volumes were estimated,
as well as concentrations and mass loadings of four pollutants: (1) total suspended solids
(TSS), (2) total recoverable copper (TCu), (3) total recoverable zinc (TZn), and (4) total
phosphorus (TP). These baseline estimates were based on the anticipated land use and cover
with no stormwater management efforts.

Two sets of calculations were then conducted using the parameters defined for the six case
studies. The first group of calculations estimated the extent to which basic BMPs reduce runoff
volumes and pollutant concentrations and loadings, and what impact, if any, such BMPs have
on recharge rates or water retention on-site.
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The second group of calculations estimated the extent to which commonly used soil-based
BMPs and LID site design strategies ameliorate runoff volumes and pollutant concentrations
and loadings, and the effect such techniques have on recharge rates. When evaluating LID
strategies in the context of the EIA concept employed in the draft Ventura County MS4 permit, it
was presumed that EIA would be limited to three percent. It was also assumed that pervious
surfaces on a site receiving runoff from other areas on the site would be sized and prepared to
manage (through infiltration or storage) the volume directed there in addition to precipitation
falling directly on those areas. The assessment of basins, biofiltration, and low impact design
practices analyzed the expected infiltration capacity of the case study sites. It also considered
related LID techniques and practices, such as source reduction strategies, that could work in
concert with infiltration to serve the goals of: (1) preventing increase in annual runoff volume
from the pre- to the post-developed state, (2) preventing increase in annual pollutant mass
loadings between the two development states, and (3) avoiding exceedances of the Water
Quality Control Plan for the San Francisco Bay Basin (Basin Plan) criteria for copper and zinc.

The results of this analysis show that:

• A full-range of typical development categories common in the Bay Area, from single
family residential to restaurants, housing developments, and commercial uses like
office buildings, can feasibly implement standard LID techniques to achieve no
stormwater discharge during rain events equal to, and in some cases greater than,
design storm conditions. This conclusion is based on an analysis that used actual
building records in California and annual rainfall records in two rainfall zones in the Bay
Area to show that site conditions support this level of performance. In addition, site
conditions typical at a wide range of development projects are more than sufficient to
attain compliance with a three percent EIA limit, as is being contemplated in other MS4
re-issuance proceedings in California presently.

• Developments implementing no post-construction BMPs result in storm water runoff
volume and pollutant loading that are substantially increased, and recharge rates that
are substantially decreased, compared to pre-development conditions.

• Developments implementing basic post-construction treatment BMPs achieve reduced
pollutant loading compared to developments with no BMPs, but stormwater runoff
volume and recharge rates are similar to developments with no BMPs.

• Developments implementing traditional basins and biofilters, and even more so low
impact post-construction BMPs, achieve significant reduction of pollutant loading and
runoff volume as well as greatly enhanced recharge rates compared to both
developments with no BMPs and developments with basic treatment BMPs.

This report covers the methods employed in the investigation, data sources, and references for
both. It then presents the results, discusses their consequences, draws conclusions, and
makes recommendations relative to the feasibility of utilizing low-impact development practices
in Bay Area developments.
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CASE STUDIES

Six case studies were selected to represent a range of urban development types considered to
be representative of the Bay Area. These case studies involved: a multi-family residential
complex (MFR), a relatively small-scale (23 homes) single-family residential development (Sm
SFR), a restaurant (REST), an office building (OFF), a relatively large (1000 homes) single
family residential development (Lg-SFR), and a single home (SINGLE).1

Parking spaces were estimated to be 176 sq ft in area, which corresponds to 8 ft width by 22 ft
length dimensions. Code requirements vary by jurisdiction, with the tendency now to drop
below the traditional 200 sq ft average. About 180 sq ft is common, but various standards for
full- and compact-car spaces, and for the mix of the two, can raise or lower the average.2 The
176 sq ft size is considered to be a reasonable value for conventional practice.

Roadways and walkways assume a wide variety of patterns. Exclusive of the two SFR cases,
simple, square parking lots with roadways around the four sides and square buildings with
walkways also around the four sides were assumed. Roadways and walkways were taken to
be 20 ft and 6 ft wide, respectively.

Single-family residences were assumed each to have a driveway 20 ft wide and 30 ft long. It
was further assumed that each would have a sidewalk along the front of the lot, which was
calculated to be 5749 sq ft in area. Assuming a square lot, the front dimension would be 76 ft.
A 40-ft walkway was included within the property. Sidewalks and walkways were taken to be 4
ft wide. For each case study the total area for all of these impervious features was subtracted
from the total site area to estimate the pervious area, which was assumed to have conventional
landscaping cover (grass, small herbaceous decorative plants, bushes, and a few trees).

1 Building permit records from the City of San Marcos in San Diego County provided data on total site
areas for the first four case studies, including numbers of buildings, building footprint areas (including
porch and garage for Sm-SFR), and numbers of parking spaces associated with the development projects.
While the building permit records made no reference to features such as roadways, walkways, and
landscaping normally associated with development projects, these features were taken into account in the
case studies using assumptions described herein. Larger developments and redevelopment were not
represented in the sampling of building permits from the San Marcos database. To take these types of
projects into account in the subsequent analysis, the Lg-SFR scenario scaled up all land use estimates
from the Sm-SFR case in the ratio of 1000:23. The single home case (SINGLE) was derived from Bay
Area records obtained at http://www,ppic.org/content/otherI706EHEP web only appendix.pdf, which
showed 8000 ff as a rough average for a single home lot in the region. As with the other cases, these
hypothetical developments were assumed to have roadways, walkways, and landscaping, as described
herein.

2 J. Gibbons, Parking Lots, NONPOINT EDUCATION FOR MUNICIPAl OFFICERS, Technical Paper No.5 (1999)
(http://nemo.uconn.edu/tools/publications/tech papers/tech paper 5.pdf).
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Table 1 summarizes the characteristics of the six case studies. The table also provides the
recorded or estimated areas in each land use and cover type.

Ad La d Cd L d UChCTable 1. ase Study aracteristics an an se an n over reas

MFRa Sm-SFRa RESra OFFa LQ-SFRa SINGLEa

No. buildin s 11 23 1 1 1000 1
Total area ft") 476,982 132,227 33,669 92,612 5,749,000 8,000
Roof area +") 184,338 34,949 3,220 7,500 1,519,522 2114
No. parking
spaces 438 - 33 37 - -
Parking area
(ff) 77,088 - 5808 6512 - -
Access road
area (ff) 22,212 - 6097 6456 - -
Walkway area
(ff) 33,960 10,656 1362 2078 463,289 518
Driveway area
(ff) - 13,800 - - 600,000 835
Landscape
area (ff) 159,384 72,822 17,182 70,066 3,166,190 4533

a MFR-multi-family residential; Sm-SFR-small-scale single-family residential; REST-restaurant; OFF-office
building; Lg-SFR-Iarge-scale single-family residential; SINGLE-single-family home

METHODS OF ANALYSIS

Annual Stormwater Runoff Volumes

Annual surface runoff volumes produced were estimated for both pre- and post-development
conditions for each case study site. Runoff volume was computed as the product of annual
precipitation, contributing drainage area, and a runoff coefficient (ratio of runoff produced to
rainfall received). For impervious areas the following equation was used:

C = (0.009) 1+ 0.05

where I is the impervious percentage. This equation was derived by Schueler (1987) from
Nationwide Urban Runoff Program data (U.S. Environmental Protection Agency 1983). With 1=
100 percent for fUlly impervious surfaces, C is 0.95.

The basis for pervious area runoff coefficients was the Natural Resource Conservation
Service's (NRCS) Urban Hydrology for Small Watersheds (NRCS 1986, as revised from the
original 1975 edition). This model estimates storm event runoff as a function of precipitation
and a variable representing land cover and soil, termed the curve number (CN). Larger events
are forecast to produce a greater amount of runoff in relation to amount of rainfall because they
more fully saturate the soil. Therefore, use of the model to estimate annual runoff requires
selecting some event or group of events to represent the year. The 85th percentile, 24-hour
rainfall event was used in the analysis here for the relative comparison between pre- and post
development and applied to deriving a runoff coefficient for annual estimates, recognizing that
smaller storms would produce less and larger storms more runoff.

A memorandum titled Rainfall Data Analysis and Guidance for Sizing Treatment BMPs
(http://www.cccleanwater.org/construction/Publications/CCCWPBasinSizingMemoFINAL 4-20
05.pdD prepared for the Contra Costa Clean Water Program demonstrated a linear relationship
between unit basin storage volume for 80 percent capture (which is related to the 85th
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percentile event) and mean annual precipitation. Rainfall for Bay Area 85th percentile, 24-hour
events could thus be determined from locations where events have been established in direct
proportion to mean annual rainfall.

In order to obtain appropriate regional estimates of annual precipitation, rainfall records were
obtained from a number of sites in the four counties, plus the city of Vallejo, covered by the
permit.3 The mean annual range is from 13.73 to 24.30 inches, with quantities close to either
14 or 20 inches predominating. The study was performed for both of these rainfall totals.
These figures were used in conjunction with 85th percentile, 24-hour event amounts of 0.75 for
Los Angeles and 0.92 for Santa Rosa (http://ci.santa
rosa.ca.us/pworks/other/SW/SRSWManuaIFinaIDraft.pdf), respectively, and mean annual totals
of 12 and 31 inches for the respective cities to estimate 85 percentile, 24-hour event quantities
of 0.77 and 0.82 inch for the 14 and 20-inch Bay Area rainfall zones, respectively.

Pre- and post-development runoff quantities were computed with selected CN values and the
0.77- and 0.82-inch rainfalls. The CN choices based on tabulated data in NRCS (1986) and
professional judgment were 83 before development and 86 after land modification. Estimate
runoff amounts were then divided by the rainfall totals to obtain runoff coefficients. The results
were about the same for the two rainfall zones at 0.07 and 0.12 before and after development,
respectively. Finally, total annual runoff volumes were estimated based on the two average
annual precipitation figures.

Stormwater Runoff Pollutant Discharges

Annual pollutant mass discharges were estimated as the product of annual runoff volumes
produced by the various land use and cover types and pollutant concentrations typical of those
areas. Again, the 0.75-inch precipitation event was used as a basis for volumes. Stormwater
pollutant data have typically been measured and reported for general land use types (e.g.,
single-family residential, commercial). However, an investigation of low impact development
practices of the type this study sought to conduct demands data on specific land coverages.
The literature offers few data on this basis. Those available and used herein were assembled
by a consultant to the City of Seattle for a project in which the author participated. They appear
in Attachment A (Herrera Environmental Consultants, Inc. undated).

Pollutant concentrations expected to occur typically in the mixed runoff from the several land
use and cover types making up a development were estimated by mass balance; i.e., the
concentrations from the different areas of the sites were combined in proportion to their
contribution to the total runoff.

The Effect of Conventional Treatment BMPs on Runoff Volume, Pollutant Discharges, and
Recharge Rates

The first question in analyzing how BMPs reduce runoff volumes and pollutant discharges was,
What BMPs are being employed in Bay Area developments under the permit now in force?
These county permits provide regulated entities with a large number of choices and few fixed
requirements regarding the selection of stormwater BMPs. (See Contra Costa County NPDES
Municipal Stormwater Permit, Order No. 99-058; see also Santa Clara County NPDES
Municipal Stormwater Permit, Order No. 01-024, at C.3.a.). Clean Water Program Available
options presumably include manufactured BMPs, such as drain inlet inserts (Dlls) and
continuous deflective separation (CDS) units. Developments may also select such non-

3 http://www.census.gov/stab/ccdb/cit7140a.txt,
http://www.acwd.org/dms docs176dOb026b60d97830492079a48b1eb88.pdf,
http://www.ei.berkely.ca.us/aboutberkeley/weather.html, http://www.usbr.gov/dataweb/dams/ea10168.htm,
http://www.redwoodcitv.org/aboutfweather.html.
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proprietary devices as extended-detention basins (EDBs) and biofiltration swales and filter
strips. EDBs hold water for two to three days for solids settlement before releasing whatever
does not infiltrate or evaporate. Biofiltration treats runoff through various processes mediated
by vegetation and soil. In a swale, runoff flows at some depth in a channel, whereas a filter strip
is a broad surface over which water sheet flows. Each of these BMP types was applied to each
case study, although it is not clear that these BMPs, in actuality, have been implemented
consistently within the Bay Area to date.

The principal basis for the analysis of BMP performance was the California Department of
Transportation's (CalTrans, 2004) BMP Retrofit Pilot Program, performed in San Diego and Los
Angeles Counties. One important result of the program was that BMPs with a natural surface
infiltrate and evaporate (probably, mostly infiltrate) a substantial amount of runoff, even if
conditions do not appear to be favorable for an infiltration basin. On average, the EDBs,
swales, and filter strips lost 40, 50 and 30 percent, respectively, of the entering flow before the
discharge point. Dlls and CDS units do not contact runoff with a natural surface, and therefore
do not reduce runoff volume.

The CalTrans program further determined that BMP effluent concentrations were usually a
function of the influent concentrations, and equations were developed for the functional
relationships in these cases. BMPs generally reduced influent concentrations proportionately
more when they were high. In relatively few situations influent concentrations were constant at
an "irreducible minimum" level regardless of inflow concentrations.

In analyzing the effects of BMPs on the case study runoff, the first step was to reduce the runoff
volumes estimated with no BMPs by the fractions observed to be lost in the pilot study. The
next task was estimating the effluent concentrations from the relationships in the CalTrans
report. The final step was calculating discharge pollutant loadings as the product of the reduced
volumes and predicted effluent concentrations. As before, typical pollutant concentrations in the
mixed runoff were established by mass balance.

Estimating Infiltration Capacity of the Case Study Sites

Infiltrating sufficient runoff to maintain pre-development hydrologic characteristics and prevent
pollutant transport is the most effective way to protect surface receiving waters. Successfully
applying infiltration requires soils and hydrogeological conditions that will pass water sufficiently
rapidly to avoid overly-lengthy ponding, while not allowing percolating water to reach ground
water before the soil column captures pollutants.

The study assumed that infiltration would occur in surface facilities and not in below-ground
trenches. The use of trenches is certainly possible, and was judged to be an approved BMP by
CalTrans after the pilot study. However, the intent of this investigation was to determine the
ability of pervious areas to manage the site runoff. This was accomplished by determining the
infiltration capability of the pervious areas in their original condition for each development case
study, and further assessing the pervious areas' infiltration capabilities if soils were modified
according to low impact development practices.

The chief basis for this aspect of the work was an assessment of infiltration capacity and
benefits for Los Angeles' San Fernando Valley (Chralowicz et al. 2001). The Chralowicz study
posited providing 0.1-0.5 acre for infiltration basins to serve each 5 acres of contributing
drainage area. At 2-3 ft deep, it was estimated that such basins could infiltrate 0.90-1.87 acre
ft/year of runoff in San Fernando Valley conditions. Soils there are generally various loam
textures with infiltration rates of approximately 0.5-2.0 inches/hour. Loams are also common
formations in the portion of the Bay Area covered by this report, those areas with Hydrologic
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Soil Groups A, B, and C,4 thus making the conclusions of the San Fernando Valley study
applicable for these purposes. This information was used to estimate how much of each case
study site's annual runoff would be infiltratable, and if the pervious portion would provide
sufficient area for infiltration. For instance, if sufficient area were available, the infiltration
configuration would not have to be in basin form but could be shallower and larger in surface
area. This study's analyses assumed the use of bioretention areas rather than traditional
infiltration basins.

Volume and Pollutant Source Reduction Strategies

As mentioned above, the essence of low impact development is reducing runoff problems
before they can develop, at their sources, or exploiting the infiltration and treatment abilities of
soils and vegetation. If a site's existing infiltration and treatment capabilities are inadequate to
preserve pre-development hydrology and prevent runoff from causing or contributing to
violations of water quality standards, then LID-based source reduction strategies can be
implemented, infiltration and treatment capabilities can be upgraded, or both.

Source reduction can be accomplished through various LID techniques. Soil can be upgraded
to store runoff until it can infiltrate, evaporate, or transpire from plants through compost addition.
Soil amendment, as this practice is known, is a standard LID technique.

Upgraded soils are used in bioretention cells that hold runoff and effect its transfer to the
subsurface zone. This standard LID tool can be used where sufficient space is available. This
study analyzed whether the six development case study sites would have sufficient space to
effectively reduce runoff using bioretention cells, assuming the soils and vegetation could be
amended and enhanced where necessary.

Conventional pavements can be converted to porous asphalt or concrete or replaced with
concrete or plastic unit pavers or grid systems. For such approaches to be most effective, the
soils must be capable of infiltrating the runoff passing through, and may require renovation.

Source reduction can be enhanced by the LID practice of water harvesting, in which water from
impervious surfaces is captured and stored for reuse in irrigation or gray water systems. For
example, runoff from roofs and parking lots can be harvested, with the former being somewhat
easier because of the possibility of avoiding pumping to use the water and fewer pollutants.
Harvestin~ is a standard technique for Leadership in Energy and Environmental Design (LEED)
buildings. Many successful systems of this type are in operation, such as the Natural
Resources Defense Council office (Santa Monica, CA), the King County Administration BUilding
(Seattle, WA), and two buildings on the Portland State University campus (Portland, OR). This
investigation examined how water harvesting could contribute to stormwater management for
case study sites where infiltration capacity, available space, or both appeared to be limited.

4 http://gis.ca.gov/catalog/BrowseCatalog.epl?id=108,
http://websoilsurvey.nrcs.usda.gov/applWebSoiISurvey.aspx

5 New Buildings Institute, Inc., Advanced Buildings (2005)
(http://www.powervourdesign.com/LEEDGuide.pdD.
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RESULTS OF THE ANALYSIS

1. "Base Case" Analysis: Development without Stormwater Controls

Comparison of Pre- and Post-Development Runoff Volumes

Table 2 presents a comparison between the estimated runoff volumes generated by the
respective case study sites in the pre- and post-development conditions, assuming
implementation of no stormwater controls on the developed sites. On sites dominated by
impervious land cover, most of the infiltration that would recharge groundwater in the
undeveloped state is expected to be lost to surface runoff after development. This greatly
increased surface flow would raise peak flow rates and volumes in receiving water courses,
raise flooding risk, and transport pollutants. Only the office building, the plan for which retained
substantial pervious area, would lose less than 40 percent of the site's pre-development
recharge.

Table 2. Pre- and Post-Development without BMPs: Distribution of Surface Runoff Versus
Recharge to Groundwater annual volume in acre-ft)

Distribution MFRa Sm-SFRa
RES~ OFFa Lo-SFRa SINGLEa

141nchesNear Rainfall:
PrecipitationO 12.8 3.54 0.90 2.47 154 0.21
Pre-development runoff 0.89 0.25 0.07 0.17 10 0.02
Pre-development
rechamed 11.9 3.29 0.83 2.30 144 0.19
Post-development
impervious runoff 8.07 1.51 0.42 0.57 66 0.09
Post-development
pervious runoff 0.51 0.24 0.06 0.23 10 0.01
Post-development total
runoff 8.58 1.75 0.48 0.80 76 0.10
Post-development
recharoed 4.22 1.79 0.42 1.67 78 0.11
Post-development
recharge loss 7.68 1.50 0.41 0.65 66 0.08
(% of pre-development) (65%) (46%) (49%) (27%) (45%) (41%)
20 InchesNear Rainfall:
PrecipitationO 18.2 5.06 1.29 3.54 220 0.30
Pre-development runoff 1.28 0.35 0.10 0.24 15 0.03
Pre-development
recharged 16.9 4.71 1.19 3.30 205 0.27
Post-development
impervious runoff 11.5 2.16 0.60 0.82 94 0.13
Post-development
pervious runoff 0.73 0.34 0.08 0.33 15 0.01
Post-development total
runoff 12.2 2.50 0.68 1.15 109 0.14
Post-development
recharged 6.0 2.56 0.61 2.39 111 0.16
Post-development
recharge loss 10.9 2.15 0.58 0.91 94 0.11
(% of pre-development) (65%) (46%) (49%) (27%) (45%) (41%)

a MFR-multi-family residential; Sm-SFR-small-scale single-family residential; REST-restaurant; OFF-office
building; Lg-SFR-Iarge-scale single-family residential; SINGLE-single family home
b Volume of precipitation on total project area
C Quantity of water discharged from the site on the surface
d Quantity of water infiltrating the soil; the difference between precipitation and runoff
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Pollutant Concentrations and Loadings

Table 3 presents the pollutant concentrations from the literature and loadings calculated as
described for the various land use and cover types represented by the case studies.
Landscaped areas are expected to release the highest TSS concentration, although relatively
low TSS mass loading because of the low runoff coefficient. The highest copper concentrations
and loadings are expected from parking lots. Roofs, especially commercial roofs, top the list for
both zinc concentrations and loadings. Landscaping would issue by far the highest phosphorus,
although access roads and driveways would contribute the highest mass loadings. With
expected concentrations being equal in the two rainfall zones, mass loadings in the 20
inches/year zone would be higher than those in the 14 inches/year zone in the same proportion
as the ratio of rainfall quantities.

TdCSt d L dUf Cd L d"Ca e o utant oncentratlons an oa mgs or ase u IV an se an over I ypes
Land Use Concentrations Loadinas

Lbs. Lbs. Lbs. Lbs.
TSS TCu TZn TP TSS/ TCu/ TZn/ TP/

(mg/L) (mg/L) (mg/L) (mg/L) acre- acre- acre- acre-
year year year year

141nchesNear
Rainfall:
Residential roof 25 0.013 0.159 0.11 75 0.039 0.477 0.330
Commercial roof 18 0.014 0.281 0.14 54 0.042 0.844 0.420
Access
road/driveway 120 0.022 0.118 0.66 360 0.066 0.354 1.981
Parkina 75 0.036 0.097 0.14 225 0.108 0.291 0.420
Walkwav 25 0.013 0.059 0.11 75 0.039 0.177 0.330
Landscapina 213 0.013 0.059 2.04 81 0.005 0.022 0.774
20 InchesNear
Rainfall:
Residential roof 25 0.013 0.159 0.11 107 0.056 0.683 0.472
Commercial roof 18 0.014 0.281 0.14 77 0.060 1.207 0.601
Access
road/driveway 120 0.022 0.118 0.66 515 0.094 0.507 2.834
Parking 75 0.036 0.097 0.14 322 0.155 0.417 0.601
Walkway 25 0.013 0.059 0.11 107 0.056 0.253 0.472
Landscapina 213 0.013 0.059 2.04 135 0.008 0.037 1.291

T bl 3 P II

The Basin Plan freshwater acute criteria for copper and zinc are 0.013 mg/L and 0.120 mg/L,
respectively (http://www.swrcb.ca.gov/rwgcb2/basinplan/web/BP CH3.html). All developed
land uses are expected to discharge copper at or above the criterion, based on the mass
balance calculations using concentrations from Table 3. Any surface release from the case
study sites would just meet or violate the criterion at the point of discharge, although dilution by
the receiving water would lower the concentration below the criterion at some point. Even if
copper mass loadings are reduced by BMPs, any surface discharge would equal or exceed the
criterion initially, but it would be easier to dilute below that level. In contrast, runoff from land
covers other than roofs would not violate the acute zinc criterion. Because of this difference,
the evaluation considered whether or not the zinc criterion would be exceeded in each analysis,
whereas there was no point in this analysis for copper. There are no equivalent water quality
criteria for TSS and TP; hence, their concentrations were not further analyzed in the different
scenarios.
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Table 4 shows the overall loadings, as well as zinc concentrations, expected to be delivered
from the case study developments should they not be fitted with any BMPs. As Table 4 shows,
all cases are forecast to exceed the 0.120 mg/L acute zinc criterion. Because of its size, the
large residential development dominates the mass loading emissions.

h 8ML dcP IIscbTa Ie 4. ase tudy 0 utant oncentrat on and oa ing Estimates wit out Ps
MFRa Sm-SFRa RESr OFFa Lq-SFRa SINGLe

141nchesl
Year Rainfall:
TZn (mq/L) 0.127 0.123 0.128 0.133 0.123 0.121
Lbs. TSS/vear 1254 328 119 230 14249 20
Lbs. TCu/year 0:44 0.070 0.030 0.043 3.04 0.004
Lbs. TZn/year 2.94 0.576 0.165 0.286 25.04 0.034
Lbs. TP/year 6.24 2.27 0.68 1.69 98.55 0:14
20lnchesl
Year Rainfall:
TZn (mg/L) 0.127 0.123 0.128 0.133 0.123 0.121
Lbs. TSS/vear 1864 501 180 360 21781 30
Lbs. TCu/year 0.63 0.102 0.043 0.063 4.44 0.006
Lbs. TZn/vear 4.22 0.833 0.238 0.417 36.2 0.050
Lbs. TP/year 9.60 3.55 1.05 2.71 154 0.22

a MFR-multi-family residential; Sm-SFR-small-scale single-family residential; REST-restaurant;
OFF-<lffice building; Lg-SFR-Iarge-scale single-family residential; SINGLE-single-family home

2. "Conventional BMP" Analysis: Effect ofBasic Treatment BMPs

Effect of Basic Treatment BMPs on Post-Development Runoff Volumes

The current set of regional permits allows regulated parties to select from a range of BMPs in
order to treat or infiltrate a given quantity of annual rainfall. The administrative draft of the
proposed MRP is also non-specific regarding the role of LID in satisfying permit conditions. The
range of BMPs includes drain inlet inserts, CDS units, and other manufactured BMPs, detention
vaults, and sand filters, all of which isolate runoff from the soil; as well as basins and biofiltration
BMPs built in soil and generally having vegetation. Treatment BMPs that do not permit any
runoff contact with soils discharge as much stormwater runoff as equivalent sites with no BMPs,
and hence yield zero savings in recharge. As mentioned above, the CalTrans (2004) study
found that BMPs with a natural surface can reduce runoff by substantial margins (30-50 percent
for extended-detention basins and biofiltration).

With such a wide range of BMPs in use, runoff reduction ranging from 0 to 50 percent, and a
lack of clearly ascertainable requirements, it is not possible to make a single estimate of how
much recharge savings are afforded by maximal implementation of the current permits or the
Municipal Regional Permit (MRP), if issued as now proposed. We made the following
assumptions regarding implementation of BMPs. Assuming natural-surface BMPs perform at
the average of the three types tested by CalTrans (2004), i.e., 40 percent runoff reduction, the
estimate can be bounded as shown in Table 5. The table demonstrates that allowing free
choice of BMPs without regard to their ability to direct water into the ground forfeits substantial
groundwater recharge benefits when hardened-surface BMPs are selected. Use of soil-based
conventional BMPs could cut recharge losses from half or more of the full potential to about
one-quarter to one-third or less, except with the highly impervious commercial development.
This analysis shows the wisdom of draining impervious to pervious surfaces, even if those
surfaces are not prepared in any special way. But as SUbsequent analyses showed, soil
amendment can gain considerably greater benefits.
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Table 5. Pre~ and Post-Development with Conventional BMPs: Distribution of Surface Runoff
Versus Recharge to Groundwater annual volume in acre-ft)

Distribution MFRa Sm-SFRa RESTa OFFa LQ-SFRa SINGLEa

141nchesNear
Rainfall:
Precipitation° 12.8 3.54 0.90 2.47 154 0.21
Pre-development
runoff 0.89 0.25 0.07 0.17 10 0.02
Pre-development
recharged 11.9 3.29 0.83 2.30 144 0.19
Post-development
impervious runoff 4.84-8.07 0.90-1.51 0.25-0.42 0.34-0.57 39-66 0.05-0.09
Post-development
pervious runoff 0.30-0.51 0.14-0.24 0.04-0.06 0.13-0.23 6.3-10 0.006-0.01
Post-development
total runoff 5.15-8.58 1.05-1.75 0.29-0.48 0.48-0.80 46-76 0.06-0.10
Post-development
recharQed, e 4.22-7.60 1.79-2.49 0.42-0.62 1.67-2.00 78-108 0.11-0.15
Post-development
recharge loss
(% of pre- 4.29-7.68 0.80-1.50 0.80-0.41 0.30-0.65 34-66 0.05-0.08
development) e (36-65%) (24-46%) (26-49%) (13-27%) (24-45%) (24-41%)
20 InchesNear
Rainfall:
Precipitation° 18.2 5.06 1.29 3.54 220 0.30
Pre-development
runoff 1.28 0.35 0.10 0.24 15 0.03
Pre-development
recharaed 16.9 4.71 1.19 3.30 205 0.27
Post-development
impervious runoff 6.92-11.5 1.29-2.16 0.35-0.60 0.49-0.82 56-94 0.08-0.13
Post-development
pervious runoff 0.44-0.73 0.20-0.34 0.05-0.08 0.19-0.33 9.0-15 0.006-0.01
Post-development
total runoff 7.36-12.2 1.50-2.50 0.41-0.68 0.68-1.15 65-109 0.08-0.14
Post-development
recharQed, e 6.0-10.8 2.56-3.56 0.61-0.88 2.39-2.86 111-155 0.16-0.22
Post-development
recharge loss
(% of pre- 6.1-10.9 1.14-2.15 0.31-0.58 0.44-0.91 49-94 0.07-0.11
development) e (36-65%) (24-46%) (26-49%) (13-27%) (24-45%) (24-41%)

a MFR-multi-family residential; Sm-SFR-small-scale single-family residential; REST-restaurant; OFF-office
building; Lg-SFR-Iarge-scale single-family residential; SINGLE-single-family home. Ranges represent 40 percent
runoff volume reduction, with full site coverage by BMPs having a natural surface, to no reduction, with BMPs isolating
runoff from soil.
b Volume of precipitation on total project area
C Quantity of water discharged from the site on the surface
d Quantity of water infiltrating the soil; the difference between precipitation and runoff e Ranging from the quantity with
hardened bed BMPs to the quantity with soil-based BMPs
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Effect of Basic Treatment BMPs on Pollutant Discharges

Table 6 presents estimates of zinc effluent concentrations and mass loadings of the various
pollutants discharged from four types of conventional treatment BMPs. The loading reduction
results show the CDS units always performing below 50 percent reduction for all pollutants
analyzed, and most often in the vicinity of 20 percent, with zero copper reduction.

IBCER dCTable 6. Pollutant oncentration and Mass Loading e uction stimates with onventiona MPs
MFRa Sm-SFRa RES-r OFFa LQ-SFRa SINGLEa

Effluent
Concentrations:
CDS TZn (mQ/L)a 0.095 0.095 0.098 0.102 0.095 0.094
EDB TZn (mg/Ua 0.085 0.086 0.084 0.084 0.086 0.084
Swale TZn (mQ/L) 0.055 0.054 0.055 0.056 0.054 0.053
Filter strip TZn
(mQ/U 0.039 0.039 0.039 0.041 0.039 0.038
Mass Loading
Reductions-14
IncheslYear
Rainfall:
CDSTSS
reduction 15.7% 19.9% 22.0% 24.0% 19.9% 20.2%
CDS TCu
reduction 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
CDS TZn reduction 22.7% 22.4% 22.9% 23.1% 22.4% 22.5%
CDS TP reduction 30.6% 41.5% 40.7% 45.9% 41.5% 42.0%
EDB TSS
reduction 68.1% 73.7% 79.0% 81.1% 73.7% 74.3%
EDB TCu
reduction 61.9% 55.7% 66.2% 63.0% 55.7% 55.8%
EDB TZn reduction 59.7% 59.6% 60.4% 61.9% 59.6% 59.8%
EDB TP reduction 61.9% 69.7% 69.1% 72.9% 69.7% 70.1%
Swale TSS
reduction 68.8% 71.1% 73.1% 73.9% 71.1% 71.3%
SwaleTCu
reduction 72.5% 68.5% 78.2% 73.3% 68.5% 68.5%
SwaleTZn
reduction 78.4% 78.1% 84.3% 78.8% 78.1% 78.2%
SwaleTP
reduction 66.3% 70.7% 67.2% 76.2% 70.7% 71.1%
Filter strip TSS
reduction 69.9% 75.4% 80.6% 82.6% 75.4% 76.0%
Filter strip TCu
reduction 74.4% 69.1% 78.2% 75.4% 69.1% 69.1%
Filter strip TZn
reduction 78.3% 77.9% 78.4% 78.7% 77.9% 78.1%
Filter strip TP
reduction 48.4% 53.1% 63.7% 59.8% 53.1% 53.5%
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Table 6 continued
MFRS Sm-SFRs RESr' OFFs Lg-SFRa SINGLEa

Mass Loading
Reductions-20
InchesNear
Rainfall:
CDS TSS
reduction 18.8% 25.0% 26.3% 30.5% 25.0% 25.4%
CDSTCu
reduction 0.7% 1.9% 1.1% 3.0% 1.9% 2.0%
CDS TZn reduction 23.1% 23.3% 23.6% 24.7% 23.3% 23.4%
CDS TP reduction 35.4% 46.6% 44.8% 51.8% 46.6% 47.1%
EDB TSS
reduction 68.8% 74.6% 79.6% 81.6% 74.6% 75.1%
EDB TCu
reduction 61.8% 55.6% 66.0% 62.7% 55.6% 55.7%
EDB TZn reduction 59.6% 59.3% 60.2% 61.5% 59.3% 59.6%
EDB TP reduction 63.0% 70.4% 69.7% 73.4% 70.4% 70.7%
Swale TSS
reduction 69.1% 71.4% 73.6% 74.1% 71.4% 71.6%
SwaleTCu
reduction 72.5% 68.4% 77.9% 73.1% 68.4% 68.5%
Swale TZn
reduction 78.3% 78.0% 84.1% 78.6% 78.0% 78.1%
SwaleTP
reduction 67.6% 71.9% 68.2% 77.1% 71.9% 72.3%
Filter strip TSS
reduction 70.6% 76.3% 81.2% 83.1% 76.3% 76.8%
Filter strip TCu
reduction 74.4% 69.0% 78.0% 75.1% 69.0% 69.1%
Filter strip TZn
reduction 78.2% 77.8% 78.3% 78.5% 77.8% 77.9%
Filter strip TP
reduction 49.9% 54.6% 66.3% 61.0% 54.6% 55.0%

a MFR-multi-family residential; Sm-SFR-small-scale single-family residential; REST-restaurant;
OFF-office building; Lg-SFR-Iarge-scale single-family residential; SINGLE-single family home;
CDS- continuous deflective separation unit; EDB-extended-detention basin

When treated with extended-detention basins, swales, or filter strips, effluents from each
development case study site are expected to fall below the Basin Plan acute zinc criterion.
These natural-surface BMPs, if fully implemented and well maintained, are predicted to prevent
the pollutant masses generated on the six case study development sites from reaching a
receiving water in both rainfall zones, which do not differ appreciably. Only total phosphorus
reduction falls below 50 percent for three case studies. Otherwise, mass loading reductions
range from about 60 to above 80 percent for the EDB, swale, and filter strip. These data
indicate that draining impervious to pervious surfaces, even if those surfaces are not prepared
in any special way, pays water quality as well as hydrologic dividends.

3. LID Analysis

(a) Hydrologic Analysis

The LID analysis repeats the analysis above, focusing here on the performance of LID
techniques in reducing or eliminating runoff from the six development case studies. In addition
to assessing the total runoff that would be expected, the analysis also considered whether LID
techniques would be sufficient to attain compliance wit[l a performance standard being
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considered by the Los Angeles Regional Water Quality Control Board for Ventura County,
California. This standard limits EIA (Effective Impervious Area) to five percent (but our analysis
further assumed EIA would be ultimately reduced to three percent). All runoff from NCIA (Not
Connected Impervious Area) was assumed to drain to vegetated surfaces.

One goal of this exercise was to identify methods that reduce runoff production in the first place.
It was hypothesized that implementation of source reduction techniques could allow all of the
case study sites to infiltrate substantial proportions, or all, of the developed site runoff,
advancing the hydromodification mitigation objective of the Draft Permit. When runoff is
dispersed into the soil instead of being rapidly collected and conveyed away, it recharges
groundwater, supplementing a resource that maintains dry season stream flow and wetlands.
An increased water balance can be tapped by humans for potable, irrigation, and process water
supply. Additionally, runoff volume reduction would commensurately decrease pollutant mass
loadings.

Accordingly, the analysis considered the practicability of more than one scenario. In one option,
all roof runoff is harvested and stored for some beneficial use. A second option disperses runoff
into the soil via roof downspout infiltration trenches. The former option is probably best suited to
cases like large commercial and office buildings, while distribution in the soil would fit best with
residences and relatively small commercial developments. The analysis was repeated with the
assumptions of harvesting OFF roof runoff for some beneficial use and dispersing roof runoff
from the remaining four cases in roof downspout infiltration systems.

Expected Infiltration Capacities of the Case Study Sites

The first inquiry on this subject sought to determine how much of the total annual runoff each
property is expected to infiltrate, since infiltration is a basic (although not exclusive) LID
technique. Based on the findings of Chralowicz et al. (2001), it was assumed that an infiltration
zone of 0.1-0.5 acres in area and 2-3 ft deep would serve a drainage catchment area in the size
range 0-5 acres and infiltrate 0.9~1.9 acre-fVyear. The conclusions of Chralowicz et al. (2001)
were extrapolated to conservatively assume that 0.5 acre would be required to serve each
additional five acres of catchment, and would infiltrate an incremental 1.4 acre-fVyear (the
midpoint of the 0.9-1.9 acre-fVyear range). According to these assumptions, the following
schedule of estimates applies:

Infiltration Capacity
1.4 acre-fUyear
2.8 acre-fUyear
4.2 acre-fUyear

Catchment Served acres
0-5 acres

5-10 acres
10-15 acres

Pervious Area Available for Infiltration
0.5 acres
1.0 acres
1.5 acres

(Etc.)
As a formula, infiltration capacity = 2.8 x available pervious area. To apply the formula
conservatively, the available area was reduced to the next lower 0.5-acre increment before
multiplying by 2.8.

As shown in Table 7, in both rainfall zones all six of the sites have adequate or greater capacity
to infiltrate the full annual runoff volume expected from NCIA and pervious areas where EIA is
limited to three percent of the total site area. Indeed, five of the six development types have
sufficient pervious area to infiltrate all runoff, including runoff from EIA areas. These results are
based on infiltrating in the native soils with no soil amendment. For any development project at
which infiltration-oriented BMPs are considered, it is important that infiltration potential be
carefully assessed using site-specific soils and hydrogeologic data. In the event such an
investigation reveals a marginal condition (e.g., hydraulic conductivity, spacing to groundwater)
for infiltration basins, soils could be enhanced to produce bioretention zones to assist infiltration.
Notably, the five case studies with far greater than necessary infiltration capacity would offer
substantial fleXibility in designing infiltration, allowing ponding at less than 2-3 ft depth.
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Table 7. Infiltration and Runoff Volume (With 3 Percent EIA and All NCIA Draining to Pervious
Areas)

MFRa Sm-SFRa RESr' OFFa Lg-SFRa SINGLEa

141nchesNear
Rainfall:
EIA runoff (acre-

0.36 0.10 0.03 0.07 4.4 0.01fUyear)
NCIA + pervious
area runoff (acre- 8.20 1.64 0.45 0.73 71.3 0.08
fUyear)
Total runoff 8.56 1.74 0.48 0.80 75.7 0.09(acre-fUyear)
Pervious area
available for 3.66 1.67 0.39 1.61 72.7 0.10
infiltration (acres)
Estimated
infiltration 9.8 4.2 1.4 4.2 203 0.28
capaci~ (acre-
fUyearr
Infiltration >100% >100% >100% >100% >100% >100%Dotentialc

20lnchesNear
Rainfall:
EIA runoff (acre- 0.52 0.14 0.04 0.10 6.2 0.01fUyear)
NCIA + pervious
area runoff (acre- 11.7 2.34 0.64 1.04 101.7 0.14
fUyear)
Total runoff

12.2 2.48 0.68 1.14 108.0 0.15(acre-fUyear)
Pervious area
available for 3.66 1.67 0.39 1.61 72.7 0.10
infiltration (acres)
Estimated
infiltration 9.8 4.2 1.4 4.2 203 0.28
capaci~ (acre-
fUvear)'
Infiltration

84% >100% >100% >100% >100% >100%potentialc

a MFR-multi-family residential; Sm-SFR~mall-scale single-family residential; REST-restaurant;
OFF-office building; Lg-SFR-Iarge-scale single-family residential; SINGLE-single family home;
b Based on Chralowicz et al. (2001) according to the schedule described above
C Compare runoff production from NCIA + pervious area (row 3) with estimated infiltration capacity (row 6)

As Table 7 shows, each of the six case study sites have the capacity to infiltrate all or
SUbstantially all of the runoff produced onsite annually by draining impervious surfaces to
pervious areas on native soils or, in some soil regimes, soils amended with organic matter. If
these sites were designed as envisioned in this analysis, no runoff discharge is expected in
storms as large as, and probably larger than, the design storm event-using infiltration only.
Discharge would be anticipated only with exceptionally intense, large, or prolonged rainfall that
saturates the ground at a faster rate than water can infiltrate or evaporate. Even runoff from the
area assumed to be EIA could be infiltrated in most cases based on the amount of pervious
area available in typical development projects. Therefore, this analysis shows that the EIA
performance standard being considered for Ventura County, California, or one more stringent,
can be met readily in development projects occurring on A, B, and C soils in the San Francisco
Bay Area.
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Additional Source Reduction Capabilities of the Case Study Sites: Water Harvesting Example

As noted, infiltration is one of a wide variety of LID-based source reduction techniques. Where
site conditions such as soil quality or available area limit a site's infiltration capacity, other
source LID measures can enhance a site's runoff retention capability. For example, soil
amendment, which improves infiltration, is a standard LID technique. Water harvesting is
another. Such practices can also be used where infiltration capacity is adequate, but the
developer desires greater flexibility for land use on-site. Table 8 shows the added LID
implementation flexibility created by subtracting roof runoff by harvesting it or efficiently directing
it into the soil through downspout dispersion systems, further demonstrating the feasibility and
robust performance of LID options for reducing or eliminating runoff in most expected
conditions. Specifically, all development types studied could readily infiltrate and/or retain all
expected annual precipitation.

Table 8. Infiltration and Runoff Volume Reduction Analysis Including Roof Runoff Harvesting or
Disposal in Infiltration Trenches (Assuming 3 Percent EIA and All NCIA Draining to Pervious Areas\

MFRa Sm-SFRa RESr OFFa Lg-SFRa SINGLEa

14
IncheslYear
Rainfall:
EIA runoff

0.36 0.10 0.03 0.07 4.4 0.01(acre-ftlyear)
Roof runoff 4.68 0.89 0.08 0.19 38.5 0.05
(acre-ftlyear)
Other NCIA +
pervious area 3.52 0.75 0.37 0.54 32.7 0.04
runoff (acre-
ftlvear)
Total runoff

8.56 1.74 0.48 0.80 75.6 0.10(acre-ftlyear)
Pervious area
available for 3.66 1.67 0.39 1.61 72.7 0.10infiltration
(acres)
Estimated
infiltration 9.8 4.2 1.4 4.2 203 0.28
capaci~ (acre-
ftlyear)[
Infiltration >100% >100% >100% >100% >100% >100%capacitl
20
IncheslYear
Rainfall:
EIA runoff 0.52 0.14 0.04 0.10 6.2 0.01(acre-ftlyear)
Roof runoff 6.67 1.27 0.12 0.28 55.1 0.08(acre-ftlyear)
Other NCIA +
pervious area 5.03 1.07 0.52 0.76 46.7 0.06
runoff (acre-
ftlyear)
Total runoff 12.2 2.48 0.68 1.14 108.0 0.15(acre-ftlyear)
Pervious area
available for 3.66 1.67 0.39 1.61 72.7 0.10infiItration
(acres)

17

RB-AR5855



Table 8 continued
MFRa Sm-SFRa

RES~ OFFa LQ-SFRa SINGLEa

Estimated
infiltration 9.8 4.2 1.4 4.2 203 0.28
capaci~ (acre-
ftIyead
Infiltration >100% >100% >100% >100% >100% >100%
capacit/

a MFR-multi-family residential; Sm-SFR-small-scale single-family residential; REST-restaurant;
OFF-office building; Lg-SFR-Iarge-scale single-family residential; SINGLE-single family home;
b Based on Chralowicz et al. (2001) according to the schedule described above
C Comparison of runoff production from NCIA + pervious area (row 3) with estimated infiltration capacity (row 6)

Effect of Full LID Approach on Recharge

Table 9 shows the recharge benefits of preventing roofs from generating runoff and infiltrating
as much as possible of the runoff from the remainder of the case study sites. The data show
that LID methods offer significant benefits relative to the baseline (no stormwater controls) in all
cases. These benefits are particularly impressive in developments with relatively high site
imperviousness, such as in the MFR case.

sewl a u ,pproac ompare 0 eve opmen I 0 S

MFRa Sm-SFRa
RES~ OFFa Lg-SFRa SINGLEa

141nchesNear
Rainfall:
Pre-development
rechargeb

(acre-ft) 11.9 3.29 0.83 2.30 144 0.19

NoBMPs-
Post-
development
rechargeb

(acre-ft) 4.22 1.79 0.42 1.67 78 0.11
Post-
development
recharge lost
(acre-ft) 7.68 1.50 0.41 0.65 66 0.08
Post-
development %
recharae lost 65% 46% 49% 27% 45% 41%
Full LID
alJlJroac~

Post-
development
runoff capture
(acre-fOe 11.9 3.29 0.83 2.30 144 0.19
Post-
development
recharge lost
(acre-tO 0 0 0 0 0 0
Post-
development %
recharQe lost 0% 0% 0% 0% 0% 0%

Table 9. Comparison of Water Captured Annually (in acre-ttl from Development Sites for Beneficial
U 'th F II LID A h C d t D I t W·th N BMP
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Table 9 continued

MFRa Sm-SFRa
RES~ OFFa Lg-SFRa SINGLEa

20 IncheslYear
Rainfall:
Pre-development
rechargeb

(acre-tt) 16.9 4.71 1.19 3.30 205 0.27

NoBMPs-
Post-
development
rechargeb

(acre-ft) 6.0 2.56 0.61 2.39 111 0.16
Post-
development
recharge lost
(acre-ft) 10.9 2.15 0.58 0.91 94 0.11
Post-
development %
recharoe lost 65% 46% 49% 27% 45% 41%
Full LID
alJlJroach-
Post-
development
runoff capture
(acre-fOe 16.9 4.71 1.19 3.30 205 0.27
Post-
development
recharge lost
(acre-ft) 0 0 0 0 0 0
Post-
development %
recharoe lost 0% 0% 0% 0% 0% 0%

a MFR-multi-family residential; Sm-SFR-small-scale single-family residential; REST-restaurant; OFF--office
building; Lg-SFR-Iarge-scale single-family residential; SINGLE-Single family home
b Quantity of water infiltrating the soil; the difference between precipitation and runoff
C Water either entirely infiltrated in BMPs and recharged to groundwater or partially harvested from roofs and partially
infiltrated in BMPs. EIA was not distinguished from the remainder of the development, because these sites have the
potential to capture all runoff.

(b) Water Quality Analysis

It was assumed that any site discharges would be subject to treatment control. For purposes of
the analysis, treatment control was assumed to be provided by conventional sand filtration.
This choice is appropriate for study purposes for two reasons. First, sand filters can be installed
below grade, and land above can be put to other uses. Pervious area should be reserved for
receiving NCIA drainage, and using sand filters would not draw land away from that service or
other site uses. A second reason for the choice is that sand filter performance data equivalent
to the data used in analyzing other conventional BMPs are available from the CalTrans (2004)
work. Sand filters mayor may not expose water to soil, depending on whether or not they have
a hard bed. This analysis assumed a hard bed, meaning that no infiltration would occur and
thus there would be no additional recharge in sand filters. Performance would be even better
than shown in the analytical results if sand filters were built in earth.
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Pollutant Discharge Reduction Through LID Techniques

The preceding analyses demonstrated that in each of the six case studies, all stormwater
discharges could be eliminated at least under most meteorological conditions by dispersing
runoff from impervious surfaces to pervious areas. Therefore, pollutant additions to receiving
waters would also be eliminated.

SUMMARY AND CONCLUSIONS

This paper demonstrated that common Bay Area residential and commercial development types
subject to the Municipal NPDES Permit are likely, without stormwater management, to reduce
groundwater recharge from the pre-development state by approximately half in most cases to a
much higher fraction with a large ratio of impervious to pervious area. With no treatment, runoff
from these developments is expected to exceed Basin Plan acute copper and zinc criteria at the
point of discharge and to deliver large pollutant mass loadings to receiving waters.

Conventional soil-based BMP solutions that promote and are component parts of low impact
development approaches, by contrast, regain about 30-50 percent of the recharge lost in
development without stormwater management in Bay Area locations having NRCS Hydrologic
Soil Groups A, B, and C. It is expected the soil-based BMPs generally would release effluent
that meets the acute zinc criterion at the point of discharge, although it would still exceed or just
barely meet the copper limit. Excepting phosphorus, it was found that these BMPs would
capture and prevent the movement to receiving waters of the majority of the pollutant loadings
considered in the analysis.

It was found that by draining all site runoff to pervious areas with A, B, or C soil types, runoff
can be eliminated entirely in most development categories. It follows that a three percent
Effective Impervious Area standard can be met in typical developments, as well. This result
was reached assuming the use of native soils or well recognized soil enhancement techniques
(typically, with compost). Draining impervious surfaces onto these soils, in connection with
limiting directly connected impervious area to three percent of the site total area, should
eliminate storm runoff from some development types and greatly reduce it from more highly
impervious types. Adding roof runoff elimination to the LID approach (by harvesting or directing
it to downspout infiltration trenches) provides an additional tool, increasing flexibility and
confidence that no discharge in most meteorological conditions is a feasible performance
expectation. Even in the development scenarios involving the highest relative proportion of
impervious surface, losses of rainfall capture for beneficial uses could be reduced from the
untreated scenario when draining to pervious areas was supplemented with water harvesting.
These results demonstrate the basic soundness of the concept of using LID techniques to
reduce stormwater pollution in the Bay Area, and further show that limiting directly connected
impervious area and draining the remainder over pervious surfaces, as contemplated by some
Regional Water Boards in California, is also feasible.
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ATIACHMENTA

POLLUTANT CONCENTRATIONS FOR URBAN SOURCE AREAS (HERRERA ENVIRONMENTAL CONSULTANTS, INC. UNDATED)

Residential Steuer, et al. 1997 MI 12 36 7 25 201 0.06 2
Residential Bannerman, et al. 1993 WI -48 27 15 21 149 0.15 3
Residential Waschbusch, et al. 2000 WI 25 15 n.a. n.a. n.a. 0.07 3
Residential FAR 2003 NY 19 20 21 312 0.11 4
Residential Gromaire, et al. 2001 France 29 37 493 3422 n.a. 5
Representative Residential Roof Values 25 13 22 159
Commercial Steuer, et al. 1997 MI 12 24 20 48 215 0.09 2
Commercial Bannerman, et al. 1993 WI -16 15 9 9 330 0.20 3
Commercial Waschbusch, et al. 2000 WI 25 18 n.a. n.a. n.a. 0.13 3

Res. Driveways Steuer, et al. 1997 MI 12 157 34 52 148 0.35 2
Res. Driveways Bannerman, et al. 1993 WI -32 173 17 17 107 1.16 3
Res. Driveways Waschbusch, et al. 2000 WI 25 34 n.a. n.a. n.a. 0.18 3
Driveway FAR 2003 NY 173 17 107 0.56 4
Representative Residential Driveway Values 120 22 27 118 0.66

Comm.llnst. Park. Areas Pitt, et al. 1995 AL 16 110 116 46 110 n.a. 1
Comm. Park. Areas Steuer, et al. 1997 MI 12 110 22 40 178 0.2 2
Com. Park. Lot Bannerman, et al. 1993 WI 5 58 15 22 178 0.19 3
Parking Lot Waschbusch, et al. 2000 WI 25 51 n.a. n.a. n.a. 0.1 3
Parking Lot Tiefenthaler, et al. 2001 CA 5 36 28 45 293 n.a. 6
Loading Docks Pitt, et al. 1995 AL 3 40 22 55 55 n.a. 1
Highway Rest Areas CalTrans 2003 CA 53 63 16 8 142 0.47 7

Park and Ride Facilities CalTrans 2003 CA 179 69 17 10 154 0.33 7

Comm.l Res. Parking FAR 2003 NY 27 51 28 139 0.15 4
Representative Parking Area/Lot Values 75 36 26 97 0.14
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Landscaped Areas Pitt, et al. 1995 AL 6
Landscaping FAR 2003 NY
Representative Landscaping Values
Lawns - Residential Steuer, et al. 1997 MI 12
Lawns - Residential Bannerman, et al. 1993 WI -30
Lawns Waschbusch, et al. 2000 WI 25
Lawns Waschbusch, et al. 2000 WI 25
Lawns - Fertilized USGS 2002 WI 58

Lawns - Non-P Fertilized USGS 2002 WI 38
Lawns - Unfertilized USGS 2002 WI 19
Lawns FAR 2003 NY 3
ReDresentative Lawn Values

33 81 24 230 n.a. 1
37 94 29 263 n.a. 4
33 81 24 230 n.a.

262 n.a. n.a. n.a. 2.33 2
397 13 n.a. 59 2.67 3
59 n.a. n.a. n.a. 0.79 3
122 n.a. n.a. n.a. 1.61 3
n.a. n.a. n.a. n.a. 2.57 3

n.a. n.a. n.a. n.a. 1.89 3
n.a. n.a. n.a. n.a. 1.73 3
602 17 17 50 2.1 4
213 13 n.a. 59 2.04

Notes:
Representative values are weighted means of collected data. Italicized values were omitted from these calculations.
1 - Grab samples from residential, commercial/institutional, and industrial rooftops. Values represent mean of

DETECTED concentrations
2 - Flow-weighted composite samples, geometric mean concentrations
3 - Geometric mean concentrations
4 - Citation appears to be erroneous - original source of data is unknown. Not used to calculate representative value
5 - Median concentrations. Not used to calculate representative values due to site location and variation from other values.
6 - Mean concentrations from simulated rainfall study
7 - Mean concentrations. Not used to calculate representative values due to transportation nature of land use.
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ABSTRACT 
 
The Clean Water Act NPDES permit that regulates municipal separate storm sewer systems (MS4s) in 
the San Francisco Bay Area, California will be reissued in 2007.  The draft permit includes general 
provisions related to low impact development practices (LID) for certain kinds of development and 
redevelopment projects.  Using eight representative development project case studies, based on 
California building records, the author investigated the practicability and relative benefits of LID options 
for the portion of the region having soils potentially limiting to infiltration.  The principal LID option 
applicable in this situation is roof runoff harvesting, supplement by dispersion of the roof water in single-
home sites.  Other site runoff would be treated by conventional stormwater best management practices 
(BMPs), as specified in the permit.  The results showed that effectively managing roof runoff and treating 
the remainder with conventional BMPS can:  (1) reduce annual runoff volumes by almost half to more 
than 3/4, depending on land use characteristics, with much of the water saved available for a beneficial 
use; and (2) decrease mass loadings of pollutants to receiving waters by 63 to over 90 percent, 
depending on pollutant and land use. 
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INTRODUCTION 
 
Background 
 
A report titled Initial Investigation of the Feasibility and Benefits of Low-Impact Development Practices 
(“LID”) for the San Francisco Bay Area used six representative development project case studies, based 
on California building records, to investigate the practicability and relative benefits of LID options for the 
majority of the region having soils potentially suitable for infiltration either in their natural state or after 
amendment using well recognized LID techniques.  The results demonstrated that:  (1) LID site design 
and source control techniques are more effective than conventional best management practices (BMPs) 
in reducing runoff rates; and (2) in each of the case studies, LID methods would reduce site runoff volume 
and pollutant loading to zero in typical rainfall scenarios. 
 
For a broad regional assessment of relatively large scale use of soil-based, infiltrative LID practices, the 
initial report covered areas having soils in Natural Resources Conservation Service (NRCS) Hydrologic 
Soil Groups A, B, or C as classified by the Natural Resources Conservation Service 
(http://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx).  Depending on site-specific conditions, A 
and B soils would generally effectively infiltrate water without modification, whereas C soils could require 
organic amendments according to now standard LID methods.  This supplementary report covers 
locations with group D soils, which are generally not amenable to infiltration, again depending on the 
specific conditions on-site.  A minority but still substantial fraction of the Bay Area has group D soils (39.3, 
68.0, 18.3, and 50.1 percent of the mapped areas of Alameda, Contra Costa, San Mateo, and Santa 
Clara Counties, respectively).  Regarding any mapped soil type, it is important to keep in mind that soils 
vary considerably within small distances.  Characteristics at specific locations can deviate greatly from 
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those of the major mapped unit, making infiltration potential either more or less than may be expected 
from the mapping.  The soil survey data are regarded as appropriate for use in broad-scale assessments 
such as underlie this and the initial report, but once site-specific implementation begins, it is important to 
verify site conditions. 
 
General Assessment Methods 
 
The assessment for group D soils reported herein emphasizes the use of LID practices appropriate in 
areas with relatively restrictive soils to the greatest possible extent, supplemented by conventional 
stormwater management practices implemented at fully practicable, high levels of effectiveness.  The 
assessment was performed in a manner analogous to the analysis for the other soil groups and as 
described in the initial report.  To recap briefly, with respect to each of several development case studies, 
three assessments were undertaken:  a baseline scenario incorporating no stormwater management 
controls; a second scenario employing conventional BMPs; and a third development scenario employing 
LID stormwater management strategies.  In each assessment, annual stormwater runoff volumes were 
estimated, as well as concentrations and mass loadings (the products of concentrations times flow 
volumes) of four pollutants:  (1) total suspended solids (TSS), (2) total recoverable copper (TCu), (3) total 
recoverable zinc (TZn), and (4) total phosphorus (TP).  The results of the second and third assessments 
were expressed in terms of the extent to which the management practices would reduce pollutant 
concentrations and loadings  and runoff volumes, converting stormwater discharge  a potential beneficial 
use (direct consumption or, in the case of group A, B, C soil areas, groundwater recharge). 
 
Six case studies were selected to represent a range of urban development types considered to be 
representative of the Bay Area.  These case studies involved:  a multi-family residential complex (MFR), a 
relatively small-scale (23 homes) single-family residential development (Sm-SFR), a restaurant (REST), 
an office building (OFF), a relatively large (1000 homes) single-family residential development (Lg-SFR), 
and a single home (SINGLE).  The land cover types for these various land uses were derived from 
building permit and other public records from the Bay Area or elsewhere in California. 
 
Adaptation of Methods for Areas with Group D Soils 
 
A key LID technique in a setting with soils relatively restrictive to infiltration is water harvesting, which can 
be applied at larger scales in commercial and light industrial developments and at smaller residential 
scales using cisterns or rain barrels.  Harvesting has been successful in reducing runoff discharged to the 
storm drain system and conserving water in applications at all scales.  For example, in downtown Seattle 
the King County Government Center collects enough roof runoff to supply over 60 percent of the toilet 
flushing and plant irrigation water requirements, saving approximately 1.4 million gallons of potable water 
per year (http://www.psat.wa.gov/Publications/LID_studies/rooftop_rainwater.htm, 
http://dnr.metrokc.gov/dnrp/ksc_tour/features/features.htm).  A much smaller public building in Seattle, 
the Carkeek Environmental Learning Center, drains roof runoff into a 3500-gallon cistern to supply toilets 
(http://www.harvesth2o.com/seattle.shtml).  Collecting drainage from individual dwellings for household 
use is a standard technique around the world, particularly in areas deficient in rainfall and without 
affordable alternative sources. 
 
An additional general category of LID practices for poorly infiltrating locations, applicable especially at 
single homes and other relatively small-scale developments, is runoff dispersion for storage in vegetation 
and soil until evapotranspiration and some infiltration occurs.  Section C.3.c of the California Regional 
Water Quality Control Board San Francisco Bay Region "Administrative Draft" NPDES Municipal Regional 
Stormwater Permit (“the Permit”) requires all single-family home projects that create and/or replace 5,000 
square feet or more of impervious surface to implement one or more stormwater lot-scale BMPs from a 
selection of:  (1) diverting roof runoff to vegetated areas; (2) directing paved surface runoff flow to 
vegetated areas; and/or (3) installing driveways, patios, and walkways with pervious material such as 
pervious concrete or pavers.  Another way of distributing and dissipating roof runoff used successfully in 
varied soils in the state of Washington is the downspout dispersion system, consisting of a splash block 
or gravel-filled trench serving to spread roof runoff over a vegetated area (Washington Department of 
Ecology 2005 [Volume III, Section 3.1.2]). 
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The basis of the group D soils assessment was harvesting roof runoff to the maximum possible degree, 
supplemented in smaller-scale developments by runoff dispersion methods.  The report asserts that, 
through these LID BMPs, it is practicable to prevent the entrance of any roof runoff into the municipal 
storm drain system in any soils setting in the Bay Area.  In group D soils, infiltration likely cannot be relied 
upon to reduce runoff from other portions of developments, such as walkways, driveways, parking lots, 
access roads, and landscaping.  Some water loss would undoubtedly occur, especially through 
evapotranspiration and at least some infiltration of runoff generated on or directed to landscaping.  The 
analysis presented in this report does not take account of these losses and hence is somewhat 
conservative in estimating benefits. 
 
As required by the Permit, any runoff not attenuated by harvest, evapotranspiration, or infiltration would 
be subject to quantity and quality controls.  The analysis assumes that extended-detention basins (EDBs) 
with water residence times up to 72 hours would provide this control.  EDBs are one of several general-
purpose, conventional stormwater BMPs available for this service, others being wet ponds, constructed 
wetlands, sand or other media filters, and biofiltration swales and filter strips.  The California Department 
of Transportation (Caltrans, 2004) tested the performance of all of these practices in its BMP Retrofit Pilot 
Program, conducted in San Diego and Los Angeles Counties.  The initial report investigating LID for A, B, 
and C soils presented estimates of benefits for EDBs, swales, and filter strips, along with continuous 
deflective separation (CDS) units, a practice that effectively captures only large particulate pollutants.  For 
brevity, this follow-up report focuses on just EDBs as the supplement to LID.  In performance, EDBs tend 
to fall between swales and filter strips for total suspended solids, slightly lower than the other two BMP 
types for metals, and either between the two or comparable to swales for total phosphorus. 
 
These practices were applied to the same six case studies used in the initial analysis and described in 
Table 1 of the first report.  Two additional case studies were defined for the assessment reported here:  a 
sizeable commercial retail installation (COMM) and an urban redevelopment (REDEV).  The hypothetical 
COMM scenario consists of a building with a 2-acre footprint and 500 parking spaces.  Parking spaces 
were estimated to be 176 sq ft in area, which corresponds to 8 ft width by 22 ft length dimensions.  A 
simple, square parking lot with roadways around the four sides and a square building with walkways also 
around the four sides were assumed.  Roadways and walkways were taken to be 20 ft and 6 ft wide, 
respectively.  The REDEV case was taken from an actual project in Berkeley involving a remodel of an 
existing structure, built originally as a corner grocery store with apartments above and a large side yard, 
and the addition of a new building on the same site to create a nine-unit, mixed-use, urban infill project.  
Table 1 summarizes the characteristics of these two case studies.  The table also provides the recorded 
or estimated areas in each land use and cover type. 
 
Table 1.  Characteristics and Land Use and Land Cover Areas of Added Case Studies 

 COMMa REDEVa 
No. buildings 1 1 
Total area (ft2) 226,529 5,451 
Roof area (ft2) 87,120 3,435 

No. parking spaces 500 
 

2 uncovered 

Parking area (ft2) 88,000 
 

316 uncovered

Access road area (ft2) 23,732 
 
- 

Walkway area (ft2) 7,084 350 
Driveway area (ft2) - 650 
Landscape area (ft2) 20,594 700 

 

a COMM—retail commercial; REDEV—commercial/residential infill 
 
 
The assessment for group D soils employed the same methods as the earlier analysis to estimate annual 
stormwater runoff volumes and pollutant discharges.  Please refer to the initial report for details on those 
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methods.  The Natural Resource Conservation Service (NRCS, 1986) methodology cited in that report 
was applied to estimate that infiltration in group D soils would be roughly 60 percent of the amount 
through landscaping or the bed of a conventional BMP in C soils, which were the basis for establishing 
runoff coefficients in the first analysis.  While that initial analysis was performed for both 14- and 20-inch 
average annual runoff zones, typical of different Bay Area locations, this supplementary work covered 
only the former condition.  This simplification was made in the interest of brevity in this report, given that 
the first analysis showed almost no difference in conclusions between the two situations. 
 
 
RESULTS OF THE ANALYSIS 
 
Table 2 provides a comprehensive summary of the results.  Rows shaded in gray compare runoff and 
pollutant discharges with and without treatment by CDS units, which can capture relatively large solids 
but have no mechanisms for dissolved substances and the finer particles.  Having no soil contact and 
very limited residence time for evaporation, this BMP cannot reduce runoff volume at all.  It can achieve 
some substantial reductions in TSS and TP for land uses relatively high in landscaped area but little 
removal of metals, especially copper. 
 
The blue-shaded rows show the performance of conventional EDBs.  In the group D soils considered in 
this analysis, they were estimated to reduce annual runoff volumes by 13-23 percent, the higher values 
for land uses with relatively small impervious footprints (OFF and REST).  These BMPs can capture the 
majority of the long-term mass loading of most pollutants from most land uses in these soils, falling below 
50 percent in reducing metals in stormwater flowing from residential developments. 
 
Rows shaded in green present the results of applying LID BMPs appropriate for group D soils, roof runoff 
harvesting supplemented by dispersion in single-home land uses, plus treating the remaining runoff with 
EDBs.  Comparing annual runoff volumes with and without LID, it can be seen that removing roof runoff 
from the storm drain system affords very significant benefits in reducing surface discharge and putting 
much of that water to productive use.  Compared to directing all site runoff to EDBs, LID is expected to 
reduce volume by almost 10 times in the REDEV case, by about five times for the various residential land 
uses, 3.6 times for the large commercial development, and around twice for the OFF and REST cases.  
This management strategy can recover over 3/4 of the stormwater that would otherwise go down the 
drain in the intense redevelopment case, approximately 2/3 for the multi- and single-family residential 
cases, over half in the COMM development, and almost half in the office and restaurant cases with 
relatively small roof footprints.  
 
Reduction of volume translates to decreases in pollutant loadings also.  The combination of LID and EDB 
treatment is estimated to raise copper and zinc reductions to about 70 to over 90 percent in all except the 
developments with relatively low roof proportions (60-65 percent in these cases).  TSS predictions come 
in at a quite consistent 75-82 percent across land uses.  Total phosphorus estimates are a similarly 
consistent 63-71 percent, a bit higher in the highly impervious REDEV case. 
 
Effectively managing roof runoff gives a way out of the dilemma posed by group D soils in the Bay Area.  
The analysis has demonstrated that harvesting this runoff stream, supplemented by ground dispersion 
techniques with sufficient space, shows strong promise to reduce the majority of flow inputs to municipal 
storm drain systems while conserving water.  Moreover, this strategy can also stem the majority of solids, 
copper, zinc, and phosphorus transport to receiving waters.
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Table 2.  Runoff Volume and Pollutant Loading Reductions with Conventional and Low-Impact Development (LID) Best Management Practices 
(BMPs) for Eight Land Use Case Studies in Hydrologic Group D Soils 
 COMMa OFFa RESTa REDEVa MFRa Lg-SFRa Sm-SFRa SINGLE 
Total annual runoff with no BMPs (ac-ft) 5.29 0.80 0.47 0.12 8.57 75.66 1.74 0.10 
Total annual runoff with CDS unitsb 
(reduction) 

5.29 
(0.0%) 

0.80 
(0.0%) 

0.47 
(0.0%) 

0.12 
(0.0%) 

8.57 
(0.0%) 

75.66 
(0.0%) 

1.74 
(0.0%) 

0.10 
(0.0%) 

Total annual runoff with EDBsb 
(reduction) 

4.43 
(16.3%) 

0.63 
(21.3%) 

0.36 
(23.2%) 

0.11 
(8.1%) 

7.48 
(12.7%) 

65.27 
(13.7%) 

1.50 
(13.7%) 

0.09 
(13.3%) 

Total annual runoff with LIDb (reduction) 2.22 
(58.0%) 

0.44 
(45.0%) 

0.28 
(40.4%) 

0.03 
(78.9%) 

2.80 
(67.3%) 

26.72 
(64.8%) 

0.61 
(64.8%) 

0.04 
(65.7%) 

CDS TSS reductionb, c 19.4% 44.8% 33.9% 22.1% 27.1% 37.1% 37.1% 37.7% 
CDS TCu reductionb, c 0.4% 11.0% 4.2% 0.9% 2.7% 7.3% 7.3% 7.6% 
CDS TZn reductionb, c 25.3% 29.1% 25.5% 25.5% 24.1% 25.6% 25.6% 25.9% 
CDS TP reductionb, c 25.9% 63.7% 54.3% 35.7% 46.7% 57.6% 57.6% 58.2% 
EDB TSS reductionb, c 64.7% 78.1% 74.9% 66.5% 62.8% 70.3% 70.3% 70.9% 
EDB TCu reductionb, c 57.9% 51.6% 56.4% 53.2% 51.4% 43.5% 43.5% 43.6% 
EDB TZn reductionb, c 57.6% 49.6% 48.9% 58.1% 48.5% 47.7% 47.7% 48.0% 
EDB TP reductionb, c 44.4% 67.6% 63.3% 52.8% 56.3% 64.4% 64.4% 64.7% 
LID + EDB TSS reductionb, c, d 74.6% 80.3% 77.0% 81.5% 79.4% 81.3% 81.3% 81.8% 
LID + EDB TCu reductionb, c, d 71.9% 60.3% 62.2% 82.3% 73.8% 68.9% 68.9% 69.5% 
LID + EDB TZn reductionb, c, d 79.7% 65.1% 60.9% 92.3% 78.9% 76.4% 76.4% 77.0% 
LID + EDB TP reductionb, c, d 63.1% 69.8% 66.0% 75.2% 69.4% 70.8% 70.8% 71.1% 
 

a COMM—retail commercial; OFF—office building; REST—restaurant; REDEV—commercial/residential redevelopment; MFR—multi-family residential; Lg-SFR—large-scale single-
family residential; Sm-SFR—small-scale single-family residential; SINGLE—single family home  
b CDS— continuous deflective separation; EDBs—extended-detention basins; reduction—comparison with no BMPs 
c TSS—total suspended solids; TCu—total recoverable copper; TZn—total recoverable zinc; TP—total phosphorus 
d LID + EDB—roof runoff harvesting for COMM, OFF, REST, REDEV, AND MFR; harvesting supplemented by dispersion of roof runoff for Lg-SFR, Sm-SFR, and SINGLE; treatment 
of remaining runoff by EDBs 
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EXECUTIVE SUMMARY 
 
STUDY DESIGN 
 
A study was performed to investigate the degree to which stormwater management practices, 
commonly referred to as “low-impact development” methods or “green infrastructure,” can retain 
urban runoff and meet five possible regulatory standards that could be applied nationally.  
Retention is defined as preventing the conversion of precipitation to runoff discharging from a 
development site on the surface, from where it can enter a receiving water. Retaining runoff 
from impervious and pollutant generating pervious surfaces prevents the introduction of urban 
runoff pollutants to receiving waters as well as reduces runoff volume to prevent stream channel 
and habitat damage, flooding, and loss of groundwater recharge.  ARCD methods were 
assessed for their ability to:  (1-2) meet standards pertaining to retention of the runoff generated 
by the 85th and 95th percentile, 24-hour precipitation events; (3) retain 90 percent of the post-
development runoff; and (4-5) retain the difference between the post- and pre-development 
runoff, both with and without a cap at the 85th percentile, 24-hour event.  The study assessed 
five urban land use types (three residential, one retail commercial, and one infill 
redevelopment), each placed in four climate regions in the continental United States on two 
regionally common soil types. 
 
Infiltrating bioretention was applied as an initial strategy in the analysis of each case.  When the 
initial strategy could not fully retain post-development runoff, additional methods were applied, 
involving roof runoff harvesting in the most impervious development cases and roof water 
dispersion in those with substantial pervious area.  Benefits were assessed with respect to 
reduction of the annual average surface runoff volume from the quantity estimated without any 
stormwater management practices, the associated maintenance of pre-development 
groundwater recharge, and water quality improvement achieved through preventing discharge 
to receiving waters of pollutants generated with developed land uses. 
 
RETENTION AND POLLUTANT REDUCTION CAPABILITIES 
 
The initial strategy of infiltrating bioretention could retain all post-development runoff and pre-
existing groundwater recharge, as well as attenuate all pollutant transport, in the three 
residential land use development types on hydrologic soil group (HSG) B soils, in all cases, in 
all regions, taking a fraction of the available pervious area to do so.  For the more highly 
impervious commercial retail and redevelopment cases, bioretention would retain about 45 
percent of the runoff and pollutants generated and save about 40 percent of the pre-
development recharge.  Adding roof runoff management measures in these cases would 
approximately double retention and pollutant reduction for the retail commercial land use and 
raise it to 100 percent for the redevelopment.  Results were generally similar with HSG C soils, 
although more of the pervious portion of sites was required to equal the retention seen on B 
soils. 
 
For development on the D soils in all climate regions, use of roof runoff management 
techniques was estimated to increase runoff retention and pollutant reduction from zero to 
between about one-third to two-thirds of the post-development runoff generated, depending on 
the land use case.  These strategies would offer little groundwater recharge benefit with this soil 
condition, but would still have the potential to significantly reduce runoff volume and pollutant 
loading. 
 
ABILITY TO MEET STANDARDS 
 
The projected ability to meet the five standards identified above was found to vary mostly in 
relation to soil type (B or C versus D) and the relative imperviousness of development.  The 
ability to meet the five standards varied much less across climate regions.  With B and C soils, 
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the methods considered were projected to meet all five standards in all but 12 of 125 
evaluations.  With D soils, however, only three standards could be met at all and those only 
occasionally.  However, even on D soils, all cases for Standard 1 (retention of the 85th 
percentile, 24-hour precipitation event) were able to retain greater than 50 percent of the 
required runoff volume.  Moreover, opportunities to use ARCD practices or site design principles 
not modeled in this analysis have the potential to further increase runoff retention volume. 
 
Standard 3 (retain 90 percent of the average annual post-development runoff volume) would be 
the most environmentally protective standard.  Meeting or coming as close as possible to 
meeting, but not exceeding, this standard was estimated to lead to 66-90 percent of total runoff 
retention and pollutant loading reduction on B and C soils and 37-66 percent runoff retention on 
D soils.  Standard 2 (retain the runoff produced by the 95th percentile, 24-hour precipitation 
event) would yield equivalent protection on D soils and only slightly less protection with B and C 
soils.  The outcome with this standard would also be more consistent region to region than with 
the alternative standard 1, based on the 85th instead of the 95th percentile precipitation event.  
Sites located on B or C soils were able retain the runoff produced by the 85th percentile storm in 
24 of 25 cases modeled (in 18 of the 25 cases by using infiltrating bioretention alone), and were 
able to retain the runoff produced by the 95th percentile storm in 22 of 25 cases modeled.  
 
Standards 4 and 5, based on the differential between pre- and post-development runoff volume, 
are inconsistent in retaining runoff and reducing pollutants, in that they are relatively protective 
where pre-development runoff is estimated to be low relative to post-development flow, but 
result in progressively lower retention and pollutant loading reduction as pre- and post-
development volumes converge, such as in several cases on D soils.  Standard 5 is especially 
weak in this regard.  The potentially low level of retention and pollutant loading reduction  
renders these standards based on the change in pre- versus post-development runoff volume 
poor candidates for national application, at least as formulated in these terms. 
 
In summary, standards 2 and 3 are clearly superior to the other three options from both a 
volume and pollutant load reduction standpoint.  Standard 3 is entirely consistent from place to 
place in degree of environmental protection, and standard 2 does not deviate much.  Analysis of 
the five development cases on two soil groups in each of four regions demonstrated the two 
standards are virtually identical in the runoff retention and pollutant loading reduction they would 
bring about.  Of the remaining standards, standard 1 (retantion of the runoff produced by the 
85th percentile storm event) remains more consistent across regions and more protective of 
water quality for development on D soils than either standard 4 or 5, and is preferable to those 
standards in this regard.
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INTRODUCTION 
 
 
GENERAL STUDY DESCRIPTION 
 
Study Design 
 
This purpose of this study was to investigate the degree to which low-impact development (LID)
1 practices can meet or exceed the requirements of various potential stormwater management 
facility design standards and to determine the environmental benefits that can be realized by 
applying these techniques.  The investigation was performed by estimating the stormwater 
retention possible with full application of low-impact options under a range of conditions broadly 
representative of different regions within the United States and then determining the 
implications of the findings for achieving various standards and for providing benefits.  Retention 
is defined as preventing the conversion of precipitation to surface runoff from urbanized land 
uses through infiltration, evapotranspiration, and/or harvesting for some water supply purpose.  
Retaining runoff from impervious and pollutant generating pervious surfaces prevents the 
introduction of urban runoff pollutants to receiving waters as well as reduces runoff volume to 
prevent stream channel and habitat damage, flooding, and loss of groundwater recharge.  
Benefits were assessed with respect to reduction of the potential developed land surface runoff 
volume, the associated maintenance of pre-development groundwater recharge, and water 
quality improvement achieved through preventing discharge to receiving waters of pollutants 
generated with developed land uses. 
 
The potential regulatory standards investigated were capture and retention of, at minimum: 
 

 Standard 1—The runoff produced by the 85th percentile, 24-hour precipitation event,2 a 
standard commonly used in California; 

 
 Standard 2—The runoff produced by the 95th percentile, 24-hour precipitation event, 

the standard adopted under Section 438 of the Energy Independence and Security Act; 
 

 Standard 3—90 percent of the average annual post-development runoff volume; 
 

 Standard 4—The difference between the post- and pre-development3 average annual 
runoff volumes; and 
 

 Standard 5—The difference between the post- and pre-development runoff volumes for 
all events up to and including the 85th percentile, 24-hour precipitation event. 

 
Conditions broadly representative of the nation were selected by, first, considering the climate 
regions defined in USEPA’s (1983) Nationwide Urban Runoff Project (NURP) report.  For full 
analysis, climate regions 1 (Northeast-Upper Midwest), 3 (Southeast), 5 (South Central), and 6 
(Southwest) were chosen as providing a wide range of climatological conditions and geographic 
distribution.  Once the four regions were picked, a metropolitan area and a specific city in each 
were chosen to serve as typical models of development circumstances in the general area, as 
                                                 
1 The National Research Council (NRC, 2009) renamed LID, also known as green infrastructure, as 
aquatic resources conservation design (ARCD), the term used henceforth in this report. 
 
2 The 85th percentile, 24-hour event represents the precipitation quantity in a 24-hour period not exceeded 
in 85 percent of all events in an extended record. 
 
3 In this study the pre-development state is taken as the typical land cover existing before European 
settlement of an area. 
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detailed in the Case Studies discussion below.  In addition, region 7 (Pacific Northwest) was 
identified as an additional location to be discussed.  This region is the site of a considerable 
amount of ARCD application in an area somewhat different climatologically than other selected 
regions, in having persistent winter rainfall totaling annually, in the major urban areas, 
intermediately among the other regions.  Results of research on ARCD conducted in this region 
are discussed at several points in this report. 
 
Soils and topography were the next considerations in developing broadly representative 
conditions.  U.S. Department of Agriculture websites were the source of general soil 
characterizations for the study regions and specific soil survey data in and around the 
representative metropolitan areas.  Soils generally represented some range in textural classes 
and associated hydraulic conductivities.  For each region, a soil type predominating among 
those representing hydraulic conductivities relatively high and low for the region were selected 
to serve as a basis for the analyses.  The effect of slope was also investigated but ultimately 
found not to affect results substantially. 
 
Five types of urban development were selected to represent breadth in land use:  (1) multi-
family residential, (2) small-scale single-family residential, (3) large-scale single-family 
residential, (4) large-scale commercial, and (5) infill redevelopment.  Building permit data from 
each region were consulted to determine typical distributions of site features for each (e.g., land 
cover by buildings, parking areas, roadways, walkways, driveways, landscaping). 
 
Case studies thus comprised four climate regions, each with two soil conditions and five land 
use types, for a total of 40 permutations.  For each, the ability of the site to accommodate soil- 
and vegetation-based ARCD practices was investigated.  Runoff quantities were estimated and 
compared to the five potential regulatory standards.  Annual mass loading discharges were 
estimated for four pollutants:  total suspended solids (TSS), total recoverable copper (TCu) and 
zinc (TZn), and total phosphorus (TP).  In any case where soil- and vegetation-based ARCD 
infiltration techniques appeared not to be able to attenuate all runoff, specific roof runoff 
management strategies were investigated as possible measures to achieve additional retention.  
Runoff quantities and pollutant discharges were recalculated based on use of these additional 
practices in place. 
 
This report covers the methods employed in the investigation, data sources, and references for 
both.  It then presents the results, discusses their consequences, draws conclusions, and 
makes recommendations relative to the feasibility of utilizing low-impact development practices 
to meet the respective potential regulatory standards. 
 
AQUATIC RESOURCES CONSERVATION DESIGN PRACTICES 
 
General Description 
 
As the stormwater management field developed, it passed through several stages.  First, it was 
thought that the key to success was to match post-development with pre-development peak 
flow rates, while also reducing a few common pollutants (usually, TSS) by a set percentage.  
Finding that these efforts generally required large ponds, but that they did not forestall impacts, 
stormwater managers next deduced that runoff volumes and high discharge durations would 
also have to decrease.  Almost simultaneously, although not necessarily in concert, the idea of 
low-impact development arose to offer a way to achieve actual avoidance, or at least 
minimization, of discharge quantity and pollutant increases reaching far above pre-development 
levels.  These methods reduce storm runoff and its contaminants by decreasing their generation 
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at sources, infiltrating into the soil or evaporating or transpiring4 storm flows before they can 
enter surface receiving waters, and treating flow remaining on the surface through contact with 
vegetation and soil, or a combination of these strategies. 

 
The National Research Council (“NRC”) (2009) renamed LID as Aquatic Resources 
Conservation Design (ARCD) for several reasons.  First, this term signifies that the principles 
and many of the methods apply not only to building on previously undeveloped sites, but also to 
redeveloping and retrofitting existing development.  Second, incorporating aquatic resources 
conservation in the title is a direct reminder of the central reason for improving stormwater 
regulation and management.  ARCD encompasses the complete range of practices to 
counteract all negative urban runoff impacts; i.e., the full suite of practices that emphasize and 
accomplish retention as defined above.  These practices aim at decreasing surface runoff peak 
flow rates, volumes, and elevated flow durations, as well as avoiding or at least minimizing the 
introduction of pollutants to any surface runoff produced.  Reducing the concentration of 
pollutants, together with runoff volume decrease, cuts the cumulative mass loadings (mass per 
unit time) of pollutants entering receiving waters over time. 
 
The menu of ARCD practices begins with conserving, as much as possible, existing trees, other 
vegetation, and soils, as well as natural drainage features (e.g., depressions, dispersed sheet 
flows, swales).  Clustering development to affect less land is a fundamental practice advancing 
this goal.  Conserving natural features would further entail performing construction in such a 
way that vegetation and soils are not needlessly disturbed and soils are not compacted by 
heavy equipment.  Using less of polluting materials, isolating contaminating materials and 
activities from contact with rainfall or runoff, and reducing the introduction of irrigation and other 
non-stormwater flows into storm drain systems are essential.  Many ARCD practices fall into the 
category of minimizing impervious areas through decreasing building footprints and restricting 
the widths of streets and other pavements to the minimums necessary.  Another important 
category of ARCD practices involves directing runoff from roofs and pavements onto pervious 
areas as sheet flow, where all or much of the runoff can infiltrate or evaporate in many 
situations. 
 
Water can be harvested from impervious surfaces, especially roofs, and put to use for irrigation, 
non-potable indoor water supply.  Harvesting is a standard technique for Leadership in Energy 
and Environmental Design (LEED) buildings (U.S. Green Building Council, 2008).  Many successful 
systems of this type are in operation, with examples such as the Natural Resources Defense 
Council offices (Santa Monica, CA), the King County Administration Building (Seattle, WA), and 
two buildings on the Portland State University campus (Portland, OR).  Harvesting is feasible at 
the small scale using rain barrels and at larger scales using larger collection cisterns and piping 
systems.  These small-scale applications have been used throughout the world for centuries 
and are rapidly spreading in the United States today (See, e.g., Texas Water Development Board, 
2005; Georgia Department of Community Affairs, 2009). 
 
If these practices are used but runoff is still produced, ARCD offers an array of techniques to 
retain it on-site through infiltration and evapotranspiration (ET).  The bioretention cell (rain 
garden) is the workhorse practice in this category, but swales conveying flow slowly, filter strips 
set up for sheet flows, and other modes are also important.  Relatively low traffic areas can be 
constructed with permeable surfaces such as porous asphalt, open-graded Portland cement 
concrete, coarse granular materials, concrete or plastic unit pavers, or plastic grid systems to 
allow for infiltration.   
 
                                                 
4 Transpiration refers to vaporization of water from plant tissue, while evaporation applies to vaporization 
from a liquid (e.g., pool) or solid (e.g., leaf) surface.  The terms are often combined to form the compound 
evapotranspiration (ET). 
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ARCD practices should be selected and applied as close to sources as possible to stem runoff 
and pollutant production near the point of potential generation.  However, these practices must 
also work well together and, in many cases, must be supplemented with strategies operating 
farther downstream.  For example, the City of Seattle, in its “natural drainage system” retrofit 
initiative, built serial bioretention cells flanking relatively flat streets.  “Cascades” of vegetated 
stepped pools created by weirs were installed along more sloping streets.  In some cases the 
cells drain to downstream cascades.  The upstream components are highly effective in 
attenuating most or even all runoff.  Flowing at higher velocities on sloped surfaces, the 
cascades do not perform at such a high level, although under favorable conditions they can still 
infiltrate or evapotranspire the majority of the incoming runoff (Chapman 2006, Chapman and 
Horner 2010).  Even if not as impressive statistically, cascades can actually decrease storm 
discharge to streams more than the cells do, because of their generally greater size.  Also, the 
cascades extract pollutants from remnant runoff through mechanisms mediated by vegetation 
and soils.  The success of Seattle’s natural drainage systems demonstrates that well designed 
ARCD practices can mimic natural landscapes hydrologically, and thereby avoid raising 
discharge quantities. 
 
A watershed-based program emphasizing ARCD practices would convey significant benefits 
beyond greatly improved stormwater management.  ARCD techniques overall would advance 
water conservation, and infiltrative practices would increase recharge of groundwater resources.  
ARCD practices can be made attractive and thereby improve neighborhood aesthetics and 
property values.  Retention of more natural vegetation can both save wildlife habitat and provide 
recreational opportunities.  Municipalities could use the program in their general urban 
improvement initiatives, giving incentives to property owners to contribute to goals in that area 
while also protecting water resources. 
 
A Catalogue of ARCD Practices 
 
ARCD practices are numerous and expanding as existing configurations are applied in new 
ways.  Table 1 presents a catalogue adapted from USEPA (2007) and NRC (2009). This 
catalogue contains practices that are not equally applicable in all settings; e.g., nevertheless, 
each category offers practices applicable in a broad variety of circumstances. 
 
The best strategy for choosing among and implementing these practices is a decentralized, 
integrated one; i.e., selecting practices that fit together as a system, starting at or near sources 
and working through the landscape until management objectives are met.  This strategy makes 
maximum possible use of practices in the first three categories, which prevent stormwater 
quantity and quality problems, and then selects among the remaining classifications in relation 
to the localized and overall site conditions.  Source control and preservation of existing 
vegetation and soils obviously avoid post-development runoff quantity and pollutant increases 
from any portion of the site that can be so treated.  Among all strategies, these best maintain 
natural infiltration and ET patterns and yield of materials flowing from the site.  This preventive 
strategy is supplemented by strategies to create as little impervious cover as possible.  The 
remaining practices then contend with the excess runoff and pollutants over pre-development 
levels generated by the development. 
 
For the practices that infiltrate water, a site’s soil characteristics and depth to groundwater can 
and should be determined through infiltration rate testing and excavation to determine the 
infiltration capability. Because of the often substantial variability of conditions around a site, 
these determinations should be made at multiple points.  If the natural infiltration rate is low, 
generally < 0.5 inch/hour (< 1.25 cm/h, Geosyntec 2008), in many situations the soil can be 
amended, usually with organic compost, to apply an infiltrative practice.  
 
In addition to soil characteristics, the position of the groundwater table is a crucial determinant 
of whether or not stormwater infiltration should be promoted by applying ground-based ARCD 
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practices.  A seasonal high water table too close to the surface results in rapid saturation of a 
thin soil column and retarded infiltration.  Ponding water longer than 72 hours can permit 
mosquito growth, damage vegetation, and promote clogging of the facility by microorganism 
growths and polysaccharide organic materials that form in the reduced-oxygen environment 
accompanying excessive ponding time (Mitchell and Nevo 1964, Ronner and Wong 1996).  
Also, storm runoff flow through a short soil column or very rapidly through a coarse-textured soil 
can convey contaminants to groundwater.    
 
Evidence gathering from available performance data is that evapotranspiration (ET) can be a 
substantial factor in water retention (discussed below) but may be difficult to quantify at a given 
site without more research. A conservative approach is to design on the basis of infiltration rate, 
calculated to include consideration of soil amendments, if any.  Together with careful 
investigation of soils and hydrogeologic conditions, this means of proceeding is very likely to 
produce facilities that retain at least as much runoff as predicted, and almost certainly more as a 
result of unquantified ET. 
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Table 1.  A Catalogue of Aquatic Resources Conservation Design Practices (USEPA [2007] and NRC [2009]) 
Category Definition Examples 

Source control Minimizing pollutants or 
isolating them from 
contact with rainfall or 
runoff 

 Substituting less for more polluting products 
 Segregating, covering, containing, and/or enclosing pollutant-

generating materials, wastes, and activities 
 Avoiding or minimizing fertilizer and pesticide applications 
 Removing animal wastes deposited outdoors 
 Conserving water to reduce non-stormwater discharges 

Conservation site 
design 

Minimizing the 
generation of runoff by 
preserving open space 
and reducing the amount 
of land disturbance and 
impervious surface 

 Clustering development 
 Preserving wetlands, riparian areas, forested tracts, and porous soils 
 Reducing pavement widths (streets, sidewalks, driveways, parking lot 

aisles) 
 Reducing building footprints 

Conservation 
construction 

Retaining vegetation and 
avoiding removing 
topsoil or compacting 
soil 

 Minimizing site clearing 
 Minimizing site grading 
 Prohibiting heavy vehicles from driving anywhere unnecessary 

Runoff harvesting Capturing rainwater, 
generally from roofs, for 
a beneficial use 

 Using storage and distribution systems (rain barrels or cisterns) for 
irrigation and/or indoor supply for public and private buildings 

Natural runoff 
conveyance 
practices 

Maintaining natural 
drainage patterns (e.g., 
depressions, natural 
swales) as much as 
possible, and designing 
drainage paths to 
increase the time before 
runoff leaves the site 

 Emphasizing sheet instead of concentrated flow 
 Eliminating curb-and-gutter systems in favor of natural drainage 

systems 
 Roughening land surfaces 
 Creating long flow paths over landscaped areas 
 When flow must be concentrated, using vegetated channels with flow 

controls (e.g., check dams) 
Practices for 
temporary runoff 
storage followed by 
infiltration and/or 
evapotranspirationa 

Use of soil pore space 
and vegetative tissue to 
increase the opportunity 
for runoff to percolate to 
groundwater or vaporize 
to the atmosphere 

 Bioretention cells (rain garden) 
 Vegetated swales (channel flow) 
 Vegetated filter strips (sheet flow) 
 Planter boxes 
 Tree pits 
 Infiltration basins 
 Infiltration trenches 
 Roof downspout surface or subsurface dispersal 
 Permeable pavement 
 Vegetated (green) roofs 

ARCD 
landscapingb 

Soil amendment and/or 
plant selection to 
increase storage, 
infiltration, and 
evapotranspiration 

 Organic compost soil amendments 
 Native, drought-tolerant plantings 
 Reforestation 
 Turf conversion to meadow, shrubs, and/or trees 

a Some of these practices are also conventional stormwater BMPs but are ARCD practices when ARCD landscaping 
methods are employed as necessary to maximize storage, infiltration, and evapotranspiration.  The first five examples can 
be constructed with an impermeable liner and an underdrain connection to a storm sewer, if full retention is technically 
infeasible (see further discussion later). Vegetated roofs store and evapotranspire water but offer no infiltration opportunity, 
unless their discharge is directed to a secondary, ground-based facility. 
b Selection of landscaping methods depends on the ARCD practice to which it applies and the stormwater management 
objectives, but amending soils unless they are highly infiltrative and planting several vegetation canopy layers (e.g., 
herbaceous growth, shrubs, and trees) are generally conducive to increasing storage, infiltration, and evapotranspiration. 

 

RB-AR5877



7 
 

Application of ARCD Practices in This Study 
 
The investigation performed for this study first assessed the capacity of each case study site to 
infiltrate the full average annual post-development storm runoff volume and thereby reduce 
pollutant releases to zero.  The report terms this initial evaluation as the “Basic ARCD Analysis”.  
The means of infiltration was not distinguished at this level of analysis.  For example, it was not 
specified if runoff would be distributed in sheet flow across a pervious area or channeled into a 
rain garden.  As detailed later in the Methods of Analysis section, this analysis was limited to the 
estimated infiltration capacity of the case study soil type, possibly compost-amended, and the 
available pervious area.   
 
Critically, there was no attempt to estimate the loss of surface runoff through ET in the Basic 
ARCD analysis (ET is considered, to address rooftop runoff only, as part of our “Full ARCD 
analysis,” discussed below).  In general, the estimated mean annual evapotranspiration in the 
Southeast is about 70 percent of the precipitation, or roughly 35 inches per year.  For large 
areas of the Southwest, evapotranspiration is virtually equal to 100 percent of the precipitation, 
which is only about 10 inches per year. The ratio of estimated mean annual evapotranspiration 
to precipitation is least in the mountains of the Pacific Northwest and New England where 
evapotranspiration is about 40 percent of the precipitation (Hanson, 1991).  By leaving out these 
substantial losses, generally 40 percent of precipitation or more, the retention estimates in this 
study can be considered quite conservative. 
 
Additionally, there was no consideration of many ARCD practices in the Table 1 catalogue that 
could be applied in site-specific design.  For example, there were no refinements of the 
prevailing building standards to reduce street widths or cluster buildings and reduce their 
footprints.  Further, green roofs were not considered in this study, although they are already 
making a contribution to runoff reduction around the nation and reflect a significant additional 
opportunity to retain runoff on-site.  The U.S. EPA has stated that “a 3.5-4 in. (8 -10 cm) deep 
green roof can retain 50% or more of the annual precipitation.” (U.S. EPA, 2009a). For water 
quality, we did not assume any source control implementation.  Thus, actual site design could 
take advantage of substantial additional capabilities not considered in this study. 
 
In cases where the practices incorporated in the initial level of analysis (infiltration through 
bioretention) did not, according to the estimates, fully attenuate post-development pollutant 
discharges, specific attention was directed at ways of extracting additional water from surface 
discharge by managing roof runoff.  This assessment is called the “Full ARCD Analysis” in the 
report.  The options broadly divide into harvesting water for a purpose such as irrigation and/or 
non-potable indoor supply, or making special provisions to infiltrate or evapotranspire roof runoff 
even if soil conditions are limiting.  Harvesting applies best to relatively large developments 
having sufficient demand for the collected water.  While single-family residences can harvest 
water into rain barrels or cisterns for lawn and garden watering, these containers may be small 
in volume relative to runoff production; and though opportunity exists, no credit was taken for 
them in this study.  However, even in poorly infiltrating soils, options exist to disperse house roof 
runoff as sheet flow for storage in vegetation and soil until evapotranspiration and some 
infiltration occurs. 
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CASE STUDIES 
 
CLIMATE REGIONS 
 
Basis of Selection 
 
The Nationwide Urban Runoff Project divided the nation into nine regions based on differences 
in volume, intensity, and duration of precipitation and interval between precipitation events 
(USEPA 1983).  For broad representation of the U.S. generally this study chose regions 1 
(Northeast-Upper Midwest), 3 (Southeast), 5 (South Central), and 6 (Southwest) for analysis.  
Table 2 provides the annual precipitation statistics from the NURP compilation. 
 
Table 2.  Precipitation Statistics (Means) for Four NURP Regions Selected for Study (USEPA 
1983) 

Region Volume (inch) Intensity (inch/hour) Duration (hours) Interval (hours) 
1—Northeast-Upper Midwest 0.26 0.051 5.8 73 
3—Southeast 0.49 0.102 5.2 89 
5—South Central 0.33 0.080 4.0 108 
6—Southwest 0.17 0.045 3.6 277 
 
The selected regions represent a volume differential of about a factor of three, intensity variation 
of approximately two times, and inter-storm interval varying by almost four times.  The NURP 
report shows coefficients of variation (mean/standard deviation) of greater than 1.0 for all of 
these means, indicating an overall high degree of dispersion. 
 
Figure 1 visually depicts variation in mean annual precipitation across the continental United 
States.  It shows that the selected regions are overall representative of the broadly prevailing 
range across the nation, particularly its major urban and still urbanizing areas. 
 
Region 7 (Pacific Northwest) was also identified for discussion of research results on ARCD, 
although not full analysis.  It has less intense (mean 0.024 inch/hour) but much more extended 
(mean 20.0 hours) precipitation compared to any other region in the nation.  Mean storm 
volume ranks with region 3 (mean 0.48 inch); but fewer storms, especially in the summer, yield 
overall less total annual precipitation in lowland areas holding all urban development in region 7.  
It was of interest because of the already occurring use of ARCD techniques in a relatively rainy 
part of the country. 
 
Representative Metropolitan Areas and Cities 
 
Once the regions were identified, a metropolitan area within each area was chosen as a basis 
for assigning specific precipitation and development characteristics.  The areas considered 
were USEPA-designated Urban Areas: “An urbanized area is a land area comprising one or 
more places – central place(s) – and the adjacent densely settled surrounding area – urban 
fringe – that together have a residential population of at least 50,000 and an overall population 
density of at least 1,000 people per square mile” (USEPA 2007).  Stormwater regulations would 
have the most impact in areas that are being quickly developed, redeveloped, or both.  Five of 
the twenty fastest growing counties in the nation from 2000 to 2009 were near Atlanta, GA and 
five were in the state of Texas (U.S. Census Bureau 2010).  These statistics factored into the 
decision to focus on records from these regions.   
 
Each selected metropolitan area is generally representative of its region in precipitation and 
development characteristics.  Each is also undergoing relatively active new development and 
redevelopment, offering candidate locations where a prospective stormwater standard would 
frequently be applied.  These metropolitan areas are:  region 1—Boston, MA, region 3—Atlanta, 
GA, region 5—Austin, TX, and region 6—San Diego, CA 
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Figure 1.  Precipitation of the Conterminous States of the United States, National Atlas of the 
United States, 2011. 
 
Finally, a city with a high rate of development (and often redevelopment) was picked in each 
metropolitan area for investigation of building patterns and standards.  The intent was to match 
regional patterns of climate, soils (see discussion on physiographic data, below), and land use 
and land cover realistically.  After substantial investigation, the conclusion was that building 
standards, how land is used, and the relative allocation of impervious and pervious lands do not 
vary in any systematic way across the nation and cannot be regionally distinguished.  
Therefore, the variables of interest came down to precipitation and soils. 
 
Alpharetta, about 30 miles north of Atlanta, represents that metropolitan area.  In 1981 it was a 
small town of approximately 3,000 residents but grew to 51,243 by 2007.  During the workday, 
the city swells to more than 120,000 residents, workers, and visitors.  Alpharetta is home to 
large corporations such as AT&T (3500 employees), Verizon Wireless (3000 employees), and 
ADP, Inc./National Account Services (2100 employees).  Infill redevelopment projects are 
anticipated in the downtown area (City of Alpharetta, 2011). 
 
Round Rock is a typical developing city located 15 miles to the north of Austin, TX.  In 1970 
there were only 2,700 residents in this town, while today the population exceeds 100,000.  
Round Rock is the eighth-fastest growing city in the nation and the location of several large 
corporate campuses. 
 
The Town of Framingham, 20 miles west of Boston, represents the northeastern climate zone. 
At nearly 67,000 inhabitants, Framingham is the largest entity designated as a “town” in the 
Commonwealth of Massachusetts.  It is home to three large corporations and overall 2200 
businesses providing 45,000 jobs.  Differing greatly from the representative communities in 
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other regions, Framingham was incorporated in 1700 and developed early in the nation’s 
history.  Today’s activity includes redevelopment of brownfields and downtown revitalization, 
although some agricultural land still remains within the town limits (Town of Framingham, 2011). 
 
San Marcos, representing the San Diego area and located about 35 miles north of the city, grew 
from a population of 17,479 in 1980 to 82,743 by 2008.  Major institutions in the city include 
California State University San Marcos and Palomar Community College.  At this stage the city 
is only approximately 72 percent built out, and thus new development continues (City of San 
Marcos, 2011). 
 
Precipitation Data 
 
Average monthly precipitation data were obtained from the NOAA Hourly Precipitation Data 
Rainfall Event Statistics5 for one station with a long-term record in each region:  Southeast—
Atlanta/Hartsfield International Airport (Station #90451), South Central—Austin/Robert Mueller 
Municipal Airport (410428), Northeast—Boston/Logan International Airport (190770), and 
Southwest—San Diego/San Diego International Airport (Lindbergh Field) (47740).  Atlanta 
receives the most precipitation, averaging about 49 inches per year, followed by Boston (47 
inches/year), Austin (33 inches/year), and San Diego (10 inches/year).  Figure 2 depicts 
precipitation variations over more than 50 years. 
 
Values for either the 85th and 95th percentile, 24-hour storms were available in a number of 
state-specific resources, including the Georgia Stormwater Standards Supplement (Center for 
Watershed Protection 2009) and the Integrated Stormwater Management Program (North 
Central Texas Council of Governments 2010), as well as national publications such as an 
USEPA’s technical guidance documents (USEPA 2009).  However, few references had values 
for both 85th and 95th percentile storms.  Therefore, these values were calculated following the 
methodology outlined in the USEPA’s Technical Guidance on Implementing the Stormwater 
Runoff Requirements (USEPA 2009, page 30).  Daily precipitation and temperature data from 
the National Climatic Data Center’s TD Summary of the Day data set were collected and 
analyzed for the four stations lover a time period of 60 years, January 1, 1950 to January, 31 
2010. 

                                                 
5 National Climatic Data Center, Hourly Precipitation Data Rainfall Event Statistics 
(http://cdo.ncdc.noaa.gov/cgi-bin/HPD/HPDStats.pl, last accessed December 15, 2011). 
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Figure 2.  Average Annual Precipitation for Four Climate Regions over the Latter Part of the 
Twentieth Century (from NOAA Hourly Precipitation Data Rainfall Event Statistics, 
http://cdo.ncdc.noaa.gov/cgi-bin/HPD/HPDStats.pl) 
 
For snowfall days, snow water equivalent (SWE) was calculated according to the guidelines 
provided by a National Climate Data Center’s (NCDC) document, Estimating the Water 
Equivalent of Snow, utilizing the reported mean temperature for the day (National Climatic Data 
Center, accessed December 16, 2011).  The NCDC tables calculate that the SWE is at most, 
about 10 percent of the total snowfall depth.  In the methodology for determining the 85th and 
95th percentile events, all days with < 0.1 inch precipitation are removed, lowering the impact of 
snow on the results.  Snowfall had no effect in the Southwest region, a very minor effect in the 
Southeast and South Central, and still a relatively small effect in the Northeast, as follows:  San 
Diego—0 snow days; Atlanta—74 of 4600 total days having ≥ 0.1 inch (1.6 percent), with a 
contribution ranging 0.01-0.79 inch precipitation; Austin—32 of 2418 days (1.3 percent), 
contributing 0.01-0.50 inch; and Boston—993 of 4783 days (20.8 percent), contributing 0.01-
2.24 inch.  Since snow does add to runoff that must be managed in a location like the 
Northeast, these snow water equivalents were left in the records.  Table 3 summarizes 
precipitation data used in the analyses for the four regions. 
 
Table 3.  Precipitation Summary for Study Regions 

Region Average Annual Precipitation (inches) 

85th Percentile, 
24-Hour Event 

95th Percentile, 
24-Hour Event 

Depth 
(inch)a 

Fraction 
Coveredb 

Depth 
(inch)a 

Fraction 
Coveredb 

Southeast 49.02 1.13 0.63 1.79 0.87 
South Central 32.67 1.19 0.58 1.99 0.82 
Northeast 47.03 1.07 0.81 1.72 0.89 
Southwest 9.68 0.76 0.62 1.26 0.83 
 
a Calculated from National Climatic Data Center’s TD Summary of the Day, for all precipitation days >0.1 
inch for period January 1, 1950 – December 31, 2009  
b Fraction of total annual precipitation covered by event standard 
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Physiographic Data 
 
General Methods 
 
This section of the report covers the soils, groundwater, and topographic data underlying the 
analyses.  Soil characteristics are largely a product of climate, geology and topography.  The 
characteristics of most interest for this study were those controlling infiltration of surface water 
and percolation to an aquifer.  Although there is variation within each climate region, the major 
soil orders can be used to identify regional characteristics.  The Natural Resources 
Conservation Service (NRCS) website6 describing the major soil orders and their locations was 
the initial source of these data.  Maps generated by Miller and White (1998) gave information 
from the State Soil Geographic Database (STATSGO), including characteristics such as soil 
texture and hydrologic soil group.  These resources were employed to gain a broad view of the 
soils in each of the four regions. 
 
To extend the scope of the study, soils were investigated in the Upper Midwest, in addition to 
the Southeast, South Central, Northeast, and Southwest climate regions.  Upper Midwest and 
Northeast soils share general similarities.  Both regions also have temperate, seasonal, humid 
climates.  While average annual precipitation is overall somewhat greater in the Northeast 
compared to the Upper Midwest, the two regions were deemed similar enough 
physiographically and climatologically to be considered together.  This report henceforth groups 
them as the Northeast – Upper Midwest climate region. 
 
To validate the regional patterns emerging from the general sources, custom “soil resource” 
reports for four cities were generated using the NRCS Web Soil Survey7 tool.  These reports 
collected characteristics related to infiltration rates and runoff including soil texture, hydrologic 
soil group, drainage classification, representative slope, and depth to water table.  Using this 
tool requires selecting an “area of interest”.  This examination utilized a size of at least 8,000 
acres (10,000 acres is the maximum allowed) to insure a representative sample of soil and 
related conditions. 
 
Hydrologic soil group assignment is a means of generally categorizing soils according to their 
tendency to admit and transmit water.  The hydrologic soil group (HSG) is determined with 
respect to the water-transmitting soil layer with the lowest saturated hydraulic conductivity and 
depth to any layer that is more or less water impermeable (such as a fragipan or duripan) or 
depth to a water table.  Box 1 summarizes the characteristics of the four HSGs (NRCS 2007).  
 
The position of the groundwater table is a crucial determinant of whether or not stormwater 
infiltration should be promoted by applying ground-based ARCD practices.  A seasonal high 
water table too close to the surface results in rapid saturation of a thin soil column and retarded 
infiltration.  Ponding water longer than 72 hours can permit mosquito growth, damage 
vegetation, and promote clogging of the facility by microorganism growths and polysaccharide 
organic materials that form in the reduced-oxygen environment accompanying excessive 
ponding time (Mitchell and Nevo 1964, Ronner and Wong 1996).  Also, storm runoff flow 
through a short soil column or very rapidly through a coarse-textured soil can potentially convey 
contaminants to groundwater.  To avoid entertaining stormwater management strategies 
threatening development of these problems, data on depth to groundwater was obtained from 
the U.S. Geological Survey’s (USGS) Groundwater-Level Annual Statistics (USGS 2011). 
                                                 
6 Natural Resources Conservation Service, Distribution Maps of Dominant Soil Orders 
(http://soils.usda.gov/technical/classification/orders/, last accessed December 16, 2011). 
 
7 Natural Resources Conservation Service, 2011, Web Soil Survey 
(http://websoilsurvey.nrcs.usda.gov/app/HomePage.htm). 
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Topographic slope influences runoff production by setting incident precipitation in motion 
downslope, thus producing a horizontal component of velocity vector partially counteracting the 
tendency to penetrate the soil vertically.  This study investigated that importance of that effect 
by considering two slopes typical of urban development sites.  As discussed during the 
presentation of results, below, this factor did not have a large effect on the analysis. 
 
Box 1.  Summary of Hydrologic Soil Groups (NRCS 2007) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
a While Group A soils are present across large areas of the country, our analysis considers only Group B, 
C, and D soils to provide a conservative assessment of infiltration potential in urban areas, and to account 
for potential issues such as soil compaction that may occur for lawn and other landscaping in urban and 
suburban development. 
 
 
 

Group A—Soils in this group have low runoff potential when thoroughly wet.  Water is transmitted 
freely through the soil.  Group A soils typically have less than 10 percent clay and more than 90 
percent sand or gravel and have gravel or sand textures.  Some soils having loamy sand, sandy 
loam, loam or silt loam textures may be placed in this group if they are well aggregated, of low bulk 
density, or contain greater than 35 percent rock fragments.  The saturated hydraulic conductivity of 
all soil layers exceeds 5.67 inches per hour.  The depth to any water-impermeable layer is greater 
than 20 inches. The depth to the water table is greater than 24 inches.  Soils deeper than 40 inches 
to a water-impermeable layer are in group A if the saturated hydraulic conductivity of all soil layers 
within 40 inches of the surface exceeds 1.42 inch per hour.a 

 
Group B—Soils in this group have moderately low runoff potential when thoroughly wet.  Water 
transmission through the soil is unimpeded.  Group B soils typically have between 10 percent and 20 
percent clay and 50 percent to 90 percent sand and have loamy sand or sandy loam textures.  Some 
soils having loam, silt loam, silt, or sandy clay loam textures may be placed in this group if they are 
well aggregated, of low bulk density, or contain greater than 35 percent rock fragments.  The 
saturated hydraulic conductivity in the least transmissive layer between the surface and 20 inches 
ranges from 10.0 1.42 to 5.67 inches per hour.  The depth to any water-impermeable layer is greater 
than 20 inches.  The depth to the water table is greater than 24 inches.  Soils deeper than 40 inches 
to a water- impermeable layer or water table are in group B if the saturated hydraulic conductivity of 
all soil layers within 40 inches of the surface exceeds 0.57 inch per hour but is less than 1.42 inch 
per hour. 
 
Group C—Soils in this group have moderately high runoff potential when thoroughly wet.  Water 
transmission through the soil is somewhat restricted.  Group C soils typically have between 20 
percent and 40 percent clay and less than 50 percent sand and have loam, silt loam, sandy clay 
loam, clay loam, and silty clay loam textures.  Some soils having clay, silty clay, or sandy clay 
textures may be placed in this group if they are well aggregated, of low bulk density, or contain 
greater than 35 percent rock fragments.  The saturated hydraulic conductivity in the least 
transmissive layer between the surface and 20 inches is between 0.14 and 1.42 inch per hour.  The 
depth to any water-impermeable layer is greater than 20 inches.  The depth to the water table is 
greater than 24 inches.  Soils deeper than 40 inches to a restriction or water table are in group C if 
the saturated hydraulic conductivity of all soil layers within 40 inches of the surface exceeds 0.06 
inch per hour but is less than 0.57 inch per hour. 
 
Group D—Soils in this group have high runoff potential when thoroughly wet. Water movement 
through the soil is restricted or very restricted.  Group D soils typically have greater than 40 percent 
clay, less than 50 percent sand, and have clayey textures.  In some areas, they also have high 
shrink-swell potential.  All soils with a depth to a water-impermeable layer less than 20 inches and all 
soils with a water table within 24 inches of the surface are in this group, although some may have a 
dual classification if they can be adequately drained.  For soils with a water-impermeable layer at a 
depth between 20 and 40 inches, the saturated hydraulic conductivity in the least transmissive soil 
layer is less than or equal to 0.14 inch per hour.  For soils deeper than 40 inches to a restriction or 
water table, the saturated hydraulic conductivity of all soil layers within 40 inches of the surface is 
less than or equal to 0.06 inch per hour. 
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Southeast Climate Region 
 
The major soil order found throughout the southeastern United States is Utisols, sub-order 
Udults.  The humid climate with frequent rainfall gives the soils an udic moisture regime; soils 
are rarely dry for more than 45 consecutive days.  Utisols are highly weathered and are 
deficient in calcium and other bases.  Georgia is known for its red soils, which are the 
unhydrated iron oxides left in the weathered material.  Pre-European contact, these soils 
supported mixed conifer and deciduous woodlands.  Due to its relatively flat topography and 
warmer temperatures, Florida has primarily Spodosols, Alphisols and Histosols (Soil Survey 
Staff, NRCS 2011). 
 
This region has a variety of soil textures, ranging from sand and sandy loam throughout 
Mississippi, Alabama, and Georgia; silty loam soils near the Appalachian Mountains; and some 
areas with significant organic materials in Florida.  The major soil hydrologic groups of the 
region are varied as well, with C and D soils dominating the Georgia coastline and most of 
Florida. Group A and B soils are more prevalent in the interior parts of the region, in central 
Georgia and Alabama (Miller and White 1998).  
 
A NRCS web soil survey was conducted for an area of interest (AOI) centered in Alpharetta, 
GA.  The selected AOI did not have complete soil survey coverage, and findings were 
compared with another AOI of 8990.5 acres north of the city in Fulton County.  In both AOIs, the 
leading HSG is B (86 percent of AOI), followed by group C (11 percent of AOI).  Approximately 
97 percent of the AOI has a sandy loam soil texture.  The leading drainage classification was 
well drained (86 percent of AOI), followed by somewhat poorly drained (10 percent of AOI).  The 
selected AOI was moderately steep, with approximately 70 percent of the AOI having slopes 
between 8 and 12 percent. 
 
Fulton County, Georgia has four wells in the USGS record, three with depth-to-groundwater 
data.  Two wells have only one recorded depth:  site 08CC08 had a depth of 2.447 ft in 1986, 
and site 10DD01 had a depth of 16.131 ft in 1968.  Site 10DD02 has been monitored annually 
from 1977-2010 and has an annual well-depth average in this time period of 6.292 ft.  
 
South Central Climate Region 
 
The major soil order in Texas is Mollisols, sub-order ustolls.  These soils span the sub-humid 
and semiarid climate zones, and are common on the western Great Plains and throughout the 
Rocky Mountain States.  These soils originally supported grasslands and (in mountainous 
regions) forests, and now are ranched or farmed.  Houston black soils are also characteristic of 
the region and are important in agriculture and urban areas, occurring throughout central Texas.  
Dry soils in the Order Aridisols, sub-orders Argids and Calcids, are found in west Texas and 
large portions of New Mexico as well.  These soils were formerly sparsely vegetated areas, now 
used for rangeland or wildlife habitat (Soil Survey Staff, NRCS 2011).  
 
Soil characteristic maps generated by Miller & White (1998) indicate that the majority of soil 
types in the South Central climate region are diverse: sandy loam and clay dominate eastern 
Texas, clay soils are prevalent in central parts of the state and loam soils are in western Texas 
and New Mexico. Most soils tend to be in the C and D hydrologic groups, however B soils are 
found in bands in New Mexico (Miller & White, 1998). 
 
A web soil survey was conducted for an area of interest of 8267.5 acres centered in Round 
Rock, TX. The leading HSG is D (68 percent of AOI), followed by group C (22 percent of AOI) 
and group B (10 percent).  Primary soil textures are clay (33 percent), silty clay (27 percent), 
extremely stony clay (17 percent), and silty clay loam (10 percent).  The leading drainage 
classification is well drained (79 percent of AOI) followed by moderately well drained (21 
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percent).  The selected AOI is relatively flat; approximately 70 percent of the AOI has slopes 
under 2 percent, and 20 percent has slopes of 3-4 percent.  
 
Travis County, Texas had three wells that were measured in 2003 and recorded by USGS (site 
YD-58-50-216) and 2004 (sites YD-58-50-216 and YD-58-25-907).  Groundwater is very deep in 
each location, averaging 220 ft below the ground surface.  
 
Northeast – Upper Midwest Climate Region 
 
This climate region has significant variation in dominant soil orders.  The Spodsols order, sub-
order Orthods, dominates the northern portions (northern Minnesota, Wisconsin, Michigan, 
Vermont, and Maine) and is generally considered infertile without soil amendments.  Inceptisols, 
sub-order Udepts, are also prevalent in the region, especially in New England states, through 
the Appalachian Mountains and northeastern Minnesota.  Alfisols, sub-order Udalfs, too are 
prevalent in the region, extending from Minnesota east to New York.  These two soils both have 
an udic moisture regime, and are rarely dry for more than 45 consecutive days due to the year-
round precipitation in the area (Soil Survey Staff, NRCS 2011).  The state soil of Massachusetts 
is the Paxton fine sandy loam and also extends into New Hampshire, New York and Vermont.  
These deep soils were formed in acid subglacial till and are derived from schist, gneiss and 
granite (NRCS undated).  
 
Based on maps generated by Miller and White (1998), sandy loam and silt loam soils tend to 
dominate the region, with small areas of clay and silty clay soils.  Hydrologic soil group B is 
most prevalent in the Midwestern states (Minnesota, Wisconsin, Illinois), and Group C is most 
common in the rest of the region, spanning from Indiana to Maine.  The region primarily 
supported forest ecosystems before development. 
 
A web soil survey was conducted for an area of interest centered in Framingham, MA with an 
AOI of 8645.6 acres. The region has relatively equal amounts of each HSG:  20 percent of the 
AOI in Group A, 19 percent in group B, 20 percent in Group C, and 24 percent in Group D.  Soil 
textures represented are fine sandy loam (49 percent), muck (10 percent), loamy sand (9 
percent), and moderately decomposed plant material (8 percent).  The leading drainage 
classification is well drained (32 percent of AOI) followed by very poorly drained (16 percent), 
somewhat excessively drained (12 percent), and moderately well drained (11 percent).  
Fourteen percent of the AOI has slopes of 1 percent or less, with 18 percent at 2-5 percent, 23 
percent at 6-8 percent, and another 23 percent at 8-12 percent slopes.  
 
There are three wells in the USGS record for Middlesex County, MA including 5 years of record 
for an Acton well averaging 17.75 ft, 6 years for the Wakefield well with an average depth of 
6.59 ft, and 11 years at the Wilmington well with an average of 8.09 ft. 
 
Southwest Climate Region 
 
There are multiple soil orders in California due to its variation in climate, topography and 
geologic history.  Entisols occur in the southern parts of the state; sub-order Psamments is a 
frequently found sandy soil that makes productive rangeland.  Order Mollisols, sub-order 
Xerolls, are freely drained and dry soils found in the Mediterranean climate along the coast of 
California.  Pre-settlement ecosystems supported by these soils include oak savanna, 
grasslands, and chaparral.  Current soils may be used as cropland or rangeland (Soil Survey 
Staff, NRCS 2011).     
 
A web soil survey was conducted for an 8267.5-acre area of interest centered in San Marcos, 
CA. The leading HSG is D (58 percent of AOI), followed by group C (26 percent) and group B 
(14 percent).  Soil texture include sandy loam (19 percent), coarse sandy loam (17 percent), silt 
loam (15 percent), very fine sandy loam (14 percent), loamy fine sand (12 percent), loam (7 

RB-AR5886



16 
 

percent), and clay (5 percent).  The leading drainage classification is well drained (51 percent of 
AOI), followed by moderately well drained (34 percent).  Approximately 10 percent of the AOI 
has slopes ≤ 5 percent, and 66 percent has slopes of 5-10 percent. 
 
There are no groundwater records for San Diego County available on the USGS website.  Data 
were collected from the California Department of Water Resource Water Data Library8.  Ten 
wells west of San Marcos near Escondido were sampled in 1987.  The depth to groundwater 
ranged from 2.0 to 28.1 ft for an average of 11.6 ft.  
 
Summary of Physiographic Characteristics 
 
Due to the large area of land encompassed in each climate region, it is difficult to select one 
location that is truly “representative” of the entire region.  By selecting four cities that are spaced 
throughout the country with different climate and soil characteristics, however, this study can 
demonstrate the different potential for ARCD strategies in regions around the nation.  Table 4 
summarizes the major soils, groundwater, and topographic characteristics for these regions.  
Figure 3 shows the distributions of hydrologic soil groups in areas of interest investigated in the 
four metropolitan areas.  
 
Table 4.  Summary of Physiographic Data 

Characteristic Southeast South 
Central 

Northeast – 
Upper Midwest Southwest 

Main soil types Sandy loam Clay, clay 
loam 

Sandy loam, silt 
loam 

Sandy loam, 
loam 

Hydrologic soil group near study 
site B 

(GA, AL, SC) 
D 

(TX) 

C 
(Northeastern 

states) 
D 

Other hydrologic soil group in 
climate region 

D 
(FL) 

C 
(NM) 

B 
(MN, WI, IL, MI) C 

Predominant pre-development land 
cover Woods Semi-arid 

herbaceous Woods Narrow-leaved 
chaparral 

Predominant slopes 70% @ 8-
12% 90% < 4% 65% < 12% 76% < 10% 

 
LAND USE CASES 
 
Five cases were selected to represent a range of urban development types considered to be 
representative of the nation.  These cases involved:  a multi-family residential complex (MFR), a 
relatively small-scale (23 homes) single-family residential development (Sm-SFR), a relatively 
large (1000 homes) single-family residential development (Lg-SFR), a sizeable commercial 
retail installation (COMM), and an urban redevelopment (REDEV).  
 
Building permit records from the City of San Marcos in San Diego County, California provided 
data on total site areas for the first three cases, including numbers of buildings, building footprint 
areas (including porch and garage for Sm-SFR), and numbers of parking spaces associated 
with the development projects.  Information was not as complete for cities in other regions, but 
what data was available indicated no substantial difference in these site features.  Therefore, 
the San Marcos data were used for all regional case studies.  This uniformity had the advantage 
of placing comparisons completely on the basis of the major variables of interest, climatological 
and soils characteristics. 
 
 

                                                 
8 http://www.water.ca.gov/waterdatalibrary (last accessed December 16, 2011). 
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Figure 3.  Distribution of Hydrologic Soil Groups in Four Study Cities 
 
The REDEV case was taken from an actual project in Berkeley, California involving conversion 
of an existing structure, built originally as a corner grocery store, to apartments and addition of a 
new building to create a nine-unit, mixed-use, urban infill project.  Space remained for a large 
side yard. 
 
Larger developments were not represented in the sampling of building permits from the San 
Marcos database.  To take larger development projects into account in the subsequent analysis, 
the two larger scale cases were hypothesized.  The Lg-SFR scenario scaled up all land use 
estimates from the Sm-SFR case in the ratio of 1000:23.  The hypothetical COMM scenario 
consisted of a building with a 2-acre footprint and 500 parking spaces.  As with the smaller-
scale cases, these hypothetical developments were assumed to have roadways, walkways, and 
landscaping, as described below. 
 
While the building permit records made no reference to features such as roadways, walkways, 
and landscaping normally associated with development projects, these features were taken into 
account in the case studies using assumptions described herein.  Parking spaces were 
estimated to be 176 square ft in area, which corresponds to 8 ft width by 22 ft length 
dimensions.  Code requirements vary by jurisdiction, with the tendency now to drop below the 
traditional 200 square ft average.  About 180 square ft is common, but various standards for full- 
and compact-car spaces, and for the mix of the two, can raise or lower the average (Gibbons, 
2009).  The 176 square ft size is considered to be a reasonable value for conventional practice. 
 
Roadways and walkways assume a wide variety of patterns.  Exclusive of the two SFR cases, 
simple, square parking lots with roadways around the four sides and square buildings with 
walkways also around the four sides were assumed.  Roadways and walkways were taken to 
be 20 ft and 6 ft wide, respectively. 
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Each single-family residences (SFR) was assumed to have a lot area of 5749 square ft,, and a 
driveway 20 ft wide and 30 ft long.  Assuming a square lot, each would have a sidewalk 76 feet 
by 4 feet wide, and a walkway that is 40 feet by 4 feet.  .   
 
Exclusive of the COMM case, the total area for all of these impervious features was subtracted 
from the total site area to estimate the pervious area, which was assumed to have conventional 
landscaping cover (grass, small herbaceous decorative plants, bushes, and a few trees).  For 
the COMM scenario, an additional 10 percent was added to the building, parking lot, access 
road, and walkway area to represent the landscaping, on the belief that a typical retail 
commercial establishment would be mostly impervious. 
 
Table 5 summarizes the characteristics of the five land use cases.  The table also provides the 
recorded or estimated areas in each land use and cover type. 
 
Table 5.  Summary of Cases  with Land Use and Land Cover Areas 

 MFRa Sm-SFRa Lg-SFRa COMMa REDEVa
 

No. buildings 11 23 1000 1 2 
Total area (ft2) 476,982 132,227 5,749,000 226,529 5,451 
Roof area (ft2) 184,338 34,949 1,519,522 87,120 3,435 
No. parking spacesb 438 - - 500 2 
Parking area (ft2) b 77,088 - - 88,000 316 
Access road area (ft2) 22,212 - - 23,732 - 
Walkway area (ft2) 33,960 10,656 463,289 7,084 350 
Driveway area (ft2) - 13,800 600,000 - 650 
Landscape area (ft2) 159,384 72,822 3,166,190 20,594 700 

a MFR—multi-family residential; Sm-SFR—small-scale single-family residential; Lg-SFR—large-scale 
single-family residential; COMM—retail commercial; REDEV—redevelopment 
b Uncovered 
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METHODS OF ANALYSIS 
 

AVERAGE EVENT AND ANNUAL STORMWATER RUNOFF VOLUMES 
 
Calculation Methods 
 
Surface runoff volumes produced were estimated for both pre- and post-development conditions 
for each case study.  The pre-development state was considered to be the predominant land 
cover for each region prior to European settlement. 
 
For impervious areas, average event and annual runoff volumes were computed as the product 
of event or average annual precipitation, contributing drainage area, and a runoff coefficient 
(ratio of runoff produced to precipitation received) according to the familiar Rational Method 
equation.  The runoff coefficient was determined from the equation C = (0.009) I + 0.05, where I 
is the impervious percentage.  This equation was derived by Schueler (1987) from Nationwide 
Urban Runoff Program data (USEPA 1983).  With I = 100 percent for fully impervious surfaces, 
C is 0.95. 
 
The basis for pervious area runoff coefficients, for both the pre-development state and 
landscaped areas in developments, was the NRCS’s Urban Hydrology for Small Watersheds 
(NRCS 1986, as revised from the original 1975 edition).  This model estimates storm event 
runoff (R, inch) as a function of precipitation (P, inch) and a variable representing land cover 
and soil, termed the curve number (CN, dimensionless).  CN enters the calculation via a 
variable S, which is the potential maximum soil moisture retention after runoff begins. The 
equations for English units of measurement are: 
 

 
 
The runoff equation is valid for P > 0.2S, which represents the initial abstraction, the amount of 
water retained before runoff begins by vegetative interception and infiltration (NRCS 1986).  
According to this model, larger events are forecast to produce a greater amount of runoff in 
relation to amount of precipitation, because they more fully saturate the soil.  Therefore, use of 
the model to estimate annual runoff requires selecting some event or group of events to 
compute an average runoff coefficient representing the year. 
 
Average pre- and post-development pervious area average runoff coefficients were derived by 
computing runoff from a series of precipitation events ranging from 0.1 inch up to the 95th 
percentile, 24-hour event for the respective metropolitan areas, dividing by the associated 
precipitation, and averaging for all event amounts > 0.2S.  Average annual runoff volumes for 
pervious areas were estimated based on these runoff coefficients and average annual 
precipitation quantities recorded at the respective gauging locations. 
 
Curve Number Selection 
 
Pre-development curve numbers were determined from existing studies and NRCS (1986) CN 
tables based on pre-European settlement land cover.  Before development, woods 
predominated in Georgia and Massachusetts.  Pre-development Texas had principally arid and 
semi-arid range with herbaceous cover.  Chaparral was the predominant land cover in the San 
Diego area, however, this land cover type is not listed in the NRCS tables.  For that region the 
selection came from a study by Easterbrook (undated) on curve numbers and associated soil 
hydrologic groups in an investigation of mainly chaparral lands before and after wildfires in the 
San Diego area. 
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Conversion to landscaping typical of development modifies soil and water infiltration 
characteristics by removing topsoil and even subsoil, compacting the remaining soil, and 
changing the vegetative cover.  For pervious landscaping after development, CN was based on 
1/8-acre urban development for all building types.   
 
To demonstrate a range of results, runoff estimates were made for two soils in each region 
falling in B and C, B and D, or C and D HSGs.   The more infiltrative soil was assumed to be in 
“good” condition and the less permeable one in “poor” condition, differentiations made in the 
NRCS tables.  Table 6 summarizes the curve numbers used in the analyses.  The paragraphs 
following the table detail how the selections were made for each region. 
 
Table 6.  Summary of Curve Numbers for Study Regions 
 Southeast South Central Northeast – 

Upper Midwest Southwest 

Hydrologic soil group-
condition 

B-
good 

D-
poor 

C-
good 

D-
poor 

B-
good 

C-
poor 

C-
good 

D-
poor 

Pre-development 55 83 74 93 55 77 77 90 
Post-development 85 92 90 93 85 90 91 93 
 
The Georgia Stormwater Manual Supplement recommends that watershed managers select 
curve numbers proposed by the NRCS based on hydrologic soil groups A through D and 
hydrologic condition of the site (Center for Watershed Protection 2009).  As aforementioned, the 
pre-European land cover of the southeastern United States was forested.  A study by Dyke 
(2001) in Forsyth and Hall Counties northeast of Atlanta confirmed that, immediately prior to 
development, approximately 50 percent of urban lands were forested, with 22 percent in 
agricultural use.   
 
Because the region includes B soils in the interior of Alabama and Georgia, and poorly draining 
D soils in Florida and along the coasts, it was decided, for the purpose of demonstrating a range 
of results, to base NRCS Curve number values on B soils in good condition and D soils in poor 
condition.  The corresponding pre- and post-development curve numbers are 55 and 83 and 85 
and 92, respectively. 
 
Prior to human development, approximately 80 percent of Texas, mostly in the central part, was 
covered in short and tall grassland communities; the western 10 percent of the state was desert 
grassland; and the eastern 10 percent was forested (University of Texas 2000).  McLendon 
(2002) conducted a study on the observed and predicted curve numbers in 107 watersheds in 
Texas.  For rural watersheds the CNs ranged from 48 to 88.  The range in Austin was 49-89 
and in Dallas 60-90.  The Texas Department of Transportation’s (2001) Hydraulic Design 
Manual Section 7 lists values for pre-development curve numbers for arid and semi- arid 
rangelands.  Based on these sources, the respective pre- and post-development CN choices 
were 74 (C—good soil) and 93 (D—poor soil) and 90 (C—good soil) and 93 (D—poor soil). 
 
Before European development, most of the Northeast – Upper Midwest region was covered in 
mixed hardwood and coniferous forests.  A recent USGS report confirms that most urban 
development in the region from 1973 to 2000 has converted forestland (47 percent of all 
changes), followed by farmland (11 percent) (Auch undated).  For this study’s pre-development 
curve number, the woods cover type, soil group B in good condition and C soil in poor condition 
gave corresponding curve numbers of 55 and 77, respectively.  Post-development curve 
numbers for these soil types at 1/8-acre development size were 85 and 90 for the good B and 
poor C soils, respectively. These post-development curve numbers are similar to a recent study 
in the Aberjona River watershed, an urban catchment northwest of Boston, where the authors 
used an overall CN of 89 to represent the more impervious parts of the watershed (Perez-Pedini 
et al. 2005).  
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With the lack of NRCS data for chaparral, CN selection for the San Diego area was based on an 
analysis performed in the area of the 2003 Cedar Fire in San Diego County by Easterbrook 
(undated). For pre-development C soils in good condition and D soils in poor condition, the 
choices were 77 and 90, respectively.  Post-development curve numbers were selected from 
Easterbrook’s estimation of CN after a high-burn fire; for good C soils CN = 91, and for poor D 
soils CN = 93. 
 
Effect of Slope on Curve Number 
 
NRCS documents developing the curve number concept and associated methods did not cover 
the effect of land slope.  Independent researchers have given some attention to the question 
though.  Sharpley and Williams (1990) introduced the empirical equation that has been most 
often used to adjust CN relative to slope: 
 

 
 
where CN is the curve number reported in NRCS tables for an average soil moisture condition 
and assumed slope ≤ 5 percent, CNs = slope-adjusted CN, CNw = CN in an initially wet soil 
condition, and s = slope (ft/ft).  Ward and Trimble provided factors to adjust tabulated CN values 
to obtain CNw.  Carrying through the analysis in this manner demonstrated that results deviated 
between two assessed slopes (5 and 10 percent) by only around 2-6 percent.  This small 
difference was considered minimal in the context of the approximations and assumptions 
inherent in the modeling process.  While the results presentation gives some additional data on 
slope effects, full coverage is given only for 5 percent, the topographic basis of the NRCS model 
and by far the subject of its greatest application. 
 
ESTIMATING INFILTRATION CAPACITY OF THE CASE STUDY SITES 
 
Infiltration Rates 
 
Infiltrating sufficient runoff to maintain pre-development hydrologic characteristics and prevent 
pollutant transport is the most effective way to protect surface receiving waters.  Successfully 
applying infiltration requires soils and hydrogeological conditions that will pass water sufficiently 
rapidly to avoid overly-lengthy ponding, while not allowing percolating water to reach 
groundwater before the soil column captures pollutants. 
 
The study assumed that infiltration would occur in surface facilities and not in below-ground 
trenches.  The use of trenches is certainly possible.  However, the intent of this investigation 
was to determine the ability of pervious areas to manage the site runoff, and their exclusion is 
consistent with the conservative approach to modeling taken in this analysis.  This inquiry was 
accomplished by evaluating the ability of the predominant soil types identified for each region to 
provide an infiltration rate of at least 0.5 inch/hour, the rate often regarded in the stormwater 
management field as the minimum for the use of infiltration practices (e.g., Geosyntec 
Consultants 2008).  The assessment considered soils that either would provide this rate, at a 
minimum, in their original condition or could be organically amended to augment soil water 
storage and increase infiltration, while also safeguarding groundwater.  Therefore, prevailing 
groundwater depths were assessed in relation to runoff percolation times generally regarded as 
safe. 
 
Infiltration rates were based on saturated hydraulic conductivities (obtained from Leij et al. 
1996) typical of the basic soil types incorporated in the U.S. Department of Agriculture (USDA, 
1987) soil textural triangle.  Sand, loamy sand, and sandy loam have conductivities well above 
0.5 inch/hour.  As Table 4 indicates, three of the four regions have a sandy loam as the 
dominant soil type.  For such a soil in the B HSG in these regions, the infiltration rate was taken 
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as 1.74 inch/hour (Leij et al. 1996).  Other textures represented that would generally fall in the C 
group are mostly loam and silt loam.  These soil types either have conductivities in excess of 
0.5 inch/hour or, in the first author’s experience, can be and have been successfully organically 
amended to produce such a rate and infiltrate accumulated water within 72 hours, and usually 
less time.  The D soils in some study regions, silty clay and clay, were regarded as not 
amendable to reach 0.5 inch/hour conductivity to host conventional or ARCD-type facilities 
designed specifically for infiltration.  Still, locations with these soils could distribute sheet flow 
over pervious areas for evapotranspiration and some infiltration at slow rates and could utilize 
roof downspout surface or subsurface dispersal. 
 
Groundwater Protection Assessment 
 
Avoidance of groundwater contamination was assessed by assuming a hydraulic conductivity 
generally regarded as the maximum rate for the use of infiltration practices, 2.4 inches/hour 
(e.g., Geosyntec Consultants 2008), and a minimum spacing to seasonal high groundwater 
from the bed of an infiltration facility of 4 ft.  These conditions would provide a travel time of 20 
hours, during which contaminant capture would occur through soil contact.  This 20-hour travel 
time was regarded as a minimum for any soil type.  For example, infiltrating on loamy sand with 
a hydraulic conductivity of 5.7 inches/hour would require minimum spacing from the infiltration 
surface to groundwater of 10 ft.  This consideration did not actually become an issue for 
analyses in any region in this study, because all predominant soil types have infiltration rates 
under 2.4 inches/hour and groundwater spacings that exceed 4 ft. 
 
Site Infiltration Capacities 
 
Runoff volumes were estimated for the 85th and 95th percentile, 24-hour events as described 
previously.  Bioretention cell surface area to accommodate these volumes was calculated 
based on a method in the City of Santa Barbara’s Storm Water BMP Guidance Manual 
(Geosyntec Consultants 2008) (adapted from the Georgia Stormwater Manual (Atlanta Regional 
Commission, 2001)): 
 

 
where: 
 

Vdesign = design volume of runoff to be infiltrated (ft3); 
 
kdesign = design infiltration rate (in/hr), taken as 0.5 times the typical rate for the soil type 

naturally or amended as a safety factor;  
 
d = ponding depth (ft), assumed as 0.25 ft for a shallow landscape feature on the 
recommendation of the Georgia manual; 
 
l = depth of planting media (ft), assumed as 4 ft on the recommendation of the Georgia 
manual; 
 
t = required drawdown time (hr), taken as 48 hours. 

 
The design variable selections are conservative in applying a safety factor to hydraulic 
conductivity, using minimum depths for economy and limiting site disruption, and applying a 
drain time lower than the maximum of 72 hours. 
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In considering the long-term capacity of a facility designed to infiltrate, the potential for 
groundwater mounding below or aside the unit is a concern.  To avoid this problem a basic 
analysis was made using a groundwater rise equation from Zomorodi (2005): 
 

 
 
where: 
 

Rise = mounding occurring in a year of use (ft); 
 

 = vertical saturated hydraulic conductivity (ft/year); 
 
W = bioretention cell width (ft); and 
 

 = horizontal saturated hydraulic conductivity (ft/year). 
 

This equation was solved for  for computation of the allowable annual infiltration rate, 
assuming a rise limited to 1 ft.  It was assumed that the bioretention surface area would be 
broken up to have no more than one basin for each 5 acres of total site area, another measure 
safeguarding against groundwater mounding.  Also assumed was a square cell (i.e., W was 
computed as the square root of the surface area calculated according to the equation for A 
above).  Horizontal hydraulic conductivites for loams such as represented among the B and C 
soils in the study regions tend to run in the range of 10 to 1000 meters/year (0.1 to 9 ft/day.  A 
conservative value of 3 ft/day was used in the analysis. 
 
The yearly rate of infiltration from a bioretention cell can be expressed in terms of volume of 
runoff per unit infiltrating surface area, acre-ft/acre-year, which is equivalent to expressed as 
ft/year.  The value avoiding groundwater monitoring was therefore used to assess maximum 
annual infiltration capacity by multiplying by the total available pervious surface area.  However, 
the value was capped at a rate found in a study of infiltration capacity and benefits for Los 
Angeles’ San Fernando Valley by Chralowicz et al. (2001).  The Los Angeles study posited 
providing 0.1-0.5 acre for infiltration basins to serve each 5 acres of contributing drainage area.  
At 2-3 ft deep, it was estimated that such basins could infiltrate 0.90-1.87 acre-ft/year of runoff 
in San Fernando Valley conditions.  Three types of soils predominate in the study area:  sandy 
loams (35 percent of the area), a clay loam (23 percent), and a silty clay loam (29 percent).  The 
balance of 13 percent includes small amounts at both ends of the textural spectrum, a clay and 
loamy sands.  Infiltration rates are in the approximate range of 0.5-2.0 inches/hour, within the 
span generally regarded as ideal for successful infiltration without threatening groundwater.  
Computing the ratios of the rate and basin size data of Chralowicz et al. (2001),  maximized 
at approximately 20 acre-ft of runoff/acre infiltration surface-year under the most limiting 
conditions of soils and basin dimensions.  This value was applied in this study if calculated rates 
were higher, another conservative feature to obtain the most realistic projections of infiltration 
potential.  

 
In some cases analyzed, the maximum annual infiltration capacity was estimated at greater 
than post-development runoff volume production.  In these instances complete retention would 
be possible with excess capacity left, and only a fraction of the available pervious area would 
have to be devoted to bioretention.  That fraction was expressed as the ratio of annual runoff 
production to infiltration capacity. 
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STORMWATER RUNOFF VOLUME AND POLLUTANT DISCHARGES 
 
Urban Land Use Pollutant Yields 
 
Annual pollutant mass loadings prior to application of any stormwater management practices 
were estimated as the product of annual runoff volumes produced by the various land use and 
cover types and pollutant concentrations typical of those areas.  General land use types (e.g., 
single-family residential, commercial) have typically been the basis for measuring and reporting 
stormwater pollutant data.  However, an investigation of ARCD practices of the type of interest 
in this study demands data on specific land coverages.  The literature offers few data on this 
basis.  Those available and used herein were assembled by a consultant to the City of Seattle 
for a project in which the author participated.  They appear in Attachment A (Herrera 
Environmental Consultants, Inc. undated).  Table 7 summarizes the representative values used 
in the analysis. 
 
Table 7.  Pollutant Concentrations in Runoff from Developed Land Uses (after Herrera 
Environmental Consultants, Inc. undated) 

Land Use Total Suspended Solids 
(mg/L) 

Total Copper 
(µg/L) 

Total Zinc 
(µg/L) 

Total Phosphorus 
(µg/L) 

Residential roof 25 13 159 110 
Commercial roof 18 14 281 140 
Access 
road/driveway 

120 22 118 660 

Parking 75 36 97 140 
Walkway 25 13 59 110 
Landscaping 213 13 59 2040 
 
Pollutant concentrations expected to occur typically in the mixed runoff from the several land 
use and cover types making up a development were estimated by mass balance; i.e., the 
concentrations from the different areas of the sites were combined in proportion to their 
contribution to the total runoff. 
 
Estimating Retention 
 
The principal interest of this study was to estimate how much of the post-development runoff 
volume for the various land use cases could be retained by ARCD measures and prevented 
from discharging from the site on the surface.  The analyses initially evaluated the runoff volume 
that could potentially be infiltrated by using a portion or all of the available pervious area for 
bioretention facilities.  In some instances judicious use of the pervious area could infiltrate the 
full volume.  In other cases use of the pervious area for as much infiltration as possible plus 
special management of roof runoff would fully attenuate post-development runoff. 
 
Complete retention would, of course, exceed any ordinary regulatory standard intended to 
govern discharge quantity and quality.  To the extent that full retention could not be expected, 
the study was interested in assessing the degree to which bioretention and roof runoff 
management could meet the specific potential standards outlined earlier.  Performance was 
estimated in terms of volume retained versus released, the extent to which pre-development 
groundwater recharge would be preserved, and the pollutant loading reduction accompanying 
volume retention in comparison to the quantities that would enter receiving waters with no 
stormwater management actions.  These measures expressed in equation form are: 
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(expresses amount of the theoretical maximum post-development runoff prevented from 
discharging by ARCD) 

 

 
 
 Pre-development recharge = Rainfall volume – Predevelopment runoff volume 
 

Post-development recharge = The smaller of rainfall volume or post-development 
infiltration volume 
 

 
 
It should be noted that runoff retention and recharge retention express different quantities and 
are not equal numerically. 
 
When infiltration alone (Basic ARCD) could not accomplish full retention, roof runoff 
management strategies were selected as appropriate for the land use case (Full ARCD).  For 
the retail commercial development (COMM), roof runoff management was assumed to be 
accomplished by harvesting, temporarily storing, and applying water to use in the building.  To 
this end, the assumption was made that the commercial development would be able to manage 
and would have capacity to store and make use of the entire roof runoff volume.  While this 
particular assumption is, on its own, speculative, the commercial development would, as 
discussed in the section on Application of ARCD Practices, earlier, see a reduction in runoff as 
a result of evapotranspiration, and would have the option to employ ARCD site design principles 
to reduce impervious surface area, to install a green roof to retain runoff, or to implement any of 
a number of other ARCD practices designed to reduce runoff volume and pollutant loading.  As 
a result, the overall analysis of the commercial site remains conservative in its assessment of 
the potential to retain runoff onsite. 
 
In the three multi-family and single-family residential cases it was assumed that the roof water 
would be dispersed on or within the pervious area according to accepted and standardized 
practices.  For example, the Washington Department of Ecology’s (2005) Stormwater 
Management Manual for Western Washington provides design criteria for two methods:  splash 
blocks followed by vegetated dispersion areas and gravel-filled trenches.  These devices can be 
used wherever space is sufficient regardless of infiltration rates, as they operate by 
evapotranspiration and slow infiltration.  Even clay can infiltrate at an approximate rate of 0.2 
inch/hour or higher (Leij et al. 1996; Pitt, Chen, and Clark 2002).  Care was taken to assure that 
pervious area already allocated to infiltration would not also be counted upon for dispersion.  
While dispersion was assumed for simplification of the study analyses, in reality a site designer 
would have the option of using rain barrels, cisterns, and/or green roofs instead of or along with 
ground dispersion to manage roof water.  Analyses for the final case, the redevelopment 
scenario (REDEV), assumed dispersion and/or small-scale harvesting of roof runoff above 
whatever level of infiltration could be accomplished given the soil condition. 
 
Additional Analyses When Full Retention Cannot Be Expected 
 
Retaining runoff from impervious and pollutant generating pervious surfaces is the best 
stormwater management policy, because it prevents the introduction of urban runoff pollutants 
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to receiving waters as well as serves quantity discharge control requirements.  Maintaining pre-
development peak flow rates, volumes, and elevated flow durations prevents stream channel 
and habitat damage, flooding, and loss of groundwater recharge.  When conditions were 
expected to render full retention technically infeasible for the study cases, estimates were made 
of the volume and pollutant loadings that would be discharged assuming the remaining surface 
runoff is released to a receiving water with and without treatment.  Treatment was assumed to 
be provided by bioretention discharging either directly on the surface or via an underdrain.  
While not as environmentally beneficial as retention, such treatment is superior to conventional 
stormwater management practices like ponds and sand filters.  It captures pollutants through a 
number of mechanisms as contaminants are held for a time in the facility and contact vegetation 
and soil, such as sedimentation, filtration by plants, and adsorption and ion exchange in soil. 
 
The effectiveness of bioretention in removing pollutants from surface runoff was estimated 
according to measurements by Chapman and Horner (2010).  This study was performed on a 
linear bioretention device located on a slope and made up of a number of cells separated by 
weirs (termed a “cascade”).  While an estimated 74 percent of all entering runoff infiltrated or 
evapotranspired before discharging, the flows reaching the end in the larger storms would have 
less residence time in the facility than in a unit on flat ground percolating water through soil 
before surface discharge via an underdrain.  Therefore, pollutant concentrations exiting such a 
unit could be less yet.  On the other hand, some bioretention facilities bypass the relatively rare 
higher flows, affording no treatment, while the cascade was designed to convey all runoff, even 
beyond its water quality design storm flow, and provide some treatment.  On balance between 
the advantage and disadvantage of the facility providing the data, the discharge concentrations 
are considered to be representative of bioretention. 
 
Chapman and Horner (2010) computed volume-weighted average discharge pollutant 
concentrations by multiplying concentrations times flow volumes for each monitored storm, 
summing, and dividing by total volume.  The resulting values for the contaminants considered in 
this study are:  total suspended solids (TSS)—30 mg/L, total copper—6.3 µg/L, total zinc—47 
µg/L, and total phosphorus—133 µg/L.  In a few instances these concentrations are higher than 
those in Table 7, an expression of the observation sometimes made in stormwater management 
that treatment cannot reduce concentrations in relatively “clean” flows below certain minimum 
values.  In these situations the concentrations in Table 8 were also used in computing discharge 
loadings; i.e., no concentration reduction was applied in estimating discharge loadings, although 
flow volume would still be decreased to the extent infiltration could occur. 
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RESULTS OF THE ANALYSIS 
 
ASSESSMENT OF MAXIMUM ARCD CAPABILITIES 
 
Runoff Retention and Groundwater Recharge 
 
Basic ARCD 
 
One goal of this exercise was to determine if ARCD practices could eliminate post-development 
runoff production, and the pollutants it transports, and maintain pre-development groundwater 
recharge.  The first assessment, termed the Basic ARCD analysis in this report, was to estimate 
if each site’s pervious area is sufficient for full infiltration if given to this purpose to the extent 
necessary without compromising other uses.  Accordingly, shallow, unobtrusive bioretention 
cells (i.e., rain gardens) are envisioned, dispersed through sites at no more than one for each 5 
acres.  It bears reemphasis that no credit was taken for water loss through evapotranspiration in 
this assessment, although a substantial, but not necessarily easily quantifiable, amount would 
undoubtedly occur.  Estimates of runoff retention are therefore conservative. 
 
Table 8 presents comparisons, for the Southeast climate region, between estimated annual 
runoff volumes generated before development and then post-development with and without 
Basic ARCD stormwater management.  The table also gives annual groundwater recharge 
estimates for these same conditions.     
 
Table 8.  Runoff and Groundwater Recharge Volumes with Basic ARCD:  Southeast Climate 
Regiona  

Period Volume (acre-ft) or Percentage Measure MFR Sm-SFR Lg-SFR COMM REDEV 
B soil 

Pre-dev. Runoff 0.046 0.013 0.56 0.022 0.001 
Recharge 44.7 12.4 539 21.2 0.51 

Post-dev. 

Runoff without stormwater practices 29.5 6.85 298 18.7 0.45 
Runoff retained with Basic ARCD 29.5 6.85 298 8.30 0.21 
Runoff released with Basic ARCD 0 0 0 10.4 0.25 
Runoff retention (%) 100% 100% 100% 44% 45% 
Recharge without stormwater practices 15.3 5.55 241 2.53 0.06 
Recharge with Basic ARCD 44.7 12.4 539 8.30 0.21 
Recharge retention (%) 100% 100 100% 39% 40% 
Pervious area needed (%)b 36% 22% 22% 100% 100% 

D soil 

Pre-dev. Runoff 13.5 3.76 163 6.43 0.16 
Recharge 31.2 8.64 376 14.8 0.36 

Post-dev. 

Runoff without stormwater practices 

Full ARCD needed to maximize retention on D soil Runoff retained with Basic ARCD 
Runoff released with Basic ARCD 
Runoff retention (%) 
Recharge without stormwater practices 11.6 4.17 181 2.12 0.05 
Recharge with Basic ARCD Full ARCD needed to maximize retention on D soil 
Recharge retention (%) 37% 48% 48% 14% 14% 
Pervious area needed (%)b Full ARCD needed to maximize retention on D soil 

a Pre-dev.—pre-development; post-dev.—post-development; ARCD—aquatic resources conservation 
design; MFR—multi-family residential; Sm-SFR—small-scale single-family residential; Lg-SFR—large-
scale single-family residential; COMM—retail commercial; REDEV—infill redevelopment; Basic ARCD—
infiltrating bioretention; runoff—quantity of water discharged from the site on the surface; recharge--
quantity of water infiltrating the soil 
b Proportion of the total pervious area on the site required for bioretention to achieve given results 
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In all cases the majority of the infiltration that would recharge groundwater in the undeveloped 
state would be lost to surface runoff after development.  These losses would approach 90 
percent in the most impervious developments.  The greatly increased surface flow would raise 
peak flow rates and volumes in receiving water courses, increase flooding risk, and transport 
pollutants. 
 
Basic ARCD could retain all post-development runoff and pre-existing groundwater recharge in 
the three residential cases on the B soils, using from less than one-fourth to just over one-third 
of the available pervious area for bioretention cells.  Taking all available pervious area for the 
more highly impervious COMM and REDEV cases on B soil, bioretention would retain about 45 
percent of the runoff generated and save about 40 percent of the pre-development recharge.  
To illustrate the relatively small role that slope increase from 5 to 10 percent plays in runoff 
retention, full retention would still be expected in the three residential cases and for the 
remaining two cases (COMM and REDEV) would decrease from 44-45 percent only slightly to 
40-41 percent (not shown in table). 
 
On the D soil, infiltrating bioretention may not be technically feasible and was not relied upon for 
retention estimates.  Without the use of additional measures in the Full ARCD category, only 
incidental post-development runoff would be retained; and most pre-development recharge 
would be lost. 
 
Tables 9-11 are companions to Table 8 for the South Central, Northeast – Upper Midwest, and 
Southwest climate regions, respectively.  Results for the Northeast  - Upper Midwest B soil are 
very close to those for the Southeast B soil, as would be expected given the similar precipitation 
quantities and soil characteristics.  In the three regions having C soils, Basic ARCD can retain 
all runoff for the MFR, Sm-SFR, and Lg-SFR residential cases.  With these soils, except in the 
Southwest, achieving full retention requires more of the available pervious area than with B 
soils, up to 69 percent, but is still fully attainable. 
 
The effect of lower rainfall is evident in the South Central and, especially, the Southwest 
regions.  In the latter location, not only the residential cases but also the COMM and REDEV 
scenarios can achieve full runoff retention with Basic ARCD on the C soil.  The residential cases 
need much smaller percentages of the available pervious area for bioretention than for the 
same cases on C and even B soils elsewhere.  Applying Basic ARCD to the South Central, C 
soil, REDEV case results in higher runoff retention than for the B soil cases in higher rainfall 
regions. 
 
The study cases demonstrated two interesting points about groundwater recharge.  First, with 
effective infiltrating bioretention it is possible for post-development annual recharge to exceed 
the pre-development quantity.  This phenomenon is most evident in comparing the two amounts 
for cases with 100 percent runoff retention on C soils, which in the natural state produce much 
less recharge in relation to runoff than B soils.  The B soils have a recharge-to-runoff ratio of 
about 500, whereas that ratio is only 4-6 for the C soils studied.  One reason for higher post- 
compared to pre-development recharge is that bioretention is set up to hold water, increasing 
the time for infiltration to occur, instead of letting it run off.  Another is that soils, especially in the 
C HSG, are often improved by organic amendments to yield both more water storage capacity 
and higher infiltration rates than the pre-existing soils. 
 
A related point is that the percentage of pre-development recharge retained after development 
can be higher with C than B soils.  This situation can best be seen in cases without full runoff 
retention, COMM and sometimes REDEV.  In terms of recharge, installing bioretention conveys 
a greater advantage to the C than the B soils, which already have more pore space for water 
storage and higher infiltration and recharge rates. 
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Table 9.  Runoff and Groundwater Recharge Volumes with Basic ARCD: South Central Climate 
Regiona  

Period Volume (acre-ft) or Percentage Measure MFR Sm-SFR Lg-SFR COMM REDEV 
C soil 

Pre-dev. Runoff 4.10 1.14 49.4 1.95 0.05 
Recharge 25.7 7.13 310 12.2 0.29 

Post-dev. 

Runoff without stormwater practices 21.2 5.15 224 12.7 0.31 
Runoff retained with Basic ARCD 21.2 5.15 224 4.33 0.21 
Runoff released with Basic ARCD 0 0 0 8.32 0.10 
Runoff retention (%) 100 100 100 34 67 
Recharge without stormwater practices 8.62 3.11 135 1.51 0.03 
Recharge with Basic ARCD 29.8 8.3 359 4.33 0.21 
Recharge retention (%) 100 100 100 38 70 
Pervious area needed (%)b 51 23 30 100 100 

D soil 

Pre-dev. Runoff 18.5 5.14 223 8.80 0.21 
Recharge 11.3 3.13 136 5.36 0.13 

Post-dev. 

Runoff without stormwater practices 
 

Full ARCD needed to maximize retention on D soil 
 

Runoff retained with Basic ARCD 
Runoff released with Basic ARCD 
Runoff retention (%) 
Recharge without stormwater practices 7.23 7.59 112 1.35 0.03 
Recharge with Basic ARCD Full ARCD needed to maximize retention on D soil 
Recharge retention (%) 64 83 83 25 24 
Pervious area needed (%)b Full ARCD needed to maximize retention on D soil 

 
 
Table 10.  Runoff and Groundwater Recharge Volumes with Basic ARCD:  Northeast – Upper 
Midwest Climate Regiona 

Period Volume (acre-ft) or Percentage Measure MFR Sm-SFR Lg-SFR COMM REDEV 
B soil 

Pre-dev. Runoff 0.04 0.01 0.54 0.02 0.001 
Recharge 42.9 11.9 517 20.4 0.49 

Post-dev. 

Runoff without stormwater practices 28.3 6.68 286 18.0 0.44 
Runoff retained with Basic ARCD 28.3 6.68 286 8.53 0.21 
Runoff released with Basic ARCD 0 0 0 9.43 0.23 
Runoff retention (%) 100 100 100 48 47 
Recharge without stormwater practices 14.6 5.32 231 2.42 0.06 
Recharge with Basic ARCD 42.9 11.9 517 8.53 0.21 
Recharge retention (%) 100 100 100 42 42 
Pervious area needed (%)b 34 21 21 100 100 

C soil 

Pre-dev. Runoff 7.87 2.18 94.8 3.74 0.09 
Recharge 35.1 9.72 422 16.6 0.40 

Post-dev. 

Runoff without stormwater practices 30.5 7.42 323 18.2 0.44 
Runoff retained with Basic ARCD 30.5 7.42 323 4.57 0.21 
Runoff released with Basic ARCD 0 0 0 13.6 0.24 
Runoff retention (%) 100 100 100 25 47 
Recharge without stormwater practices 12.4 4.48 195 2.17 0.05 
Recharge with Basic ARCD 42.9 11.9 517 4.57 0.21 
Recharge retention (%) 100 100 100 27 51 
Pervious area needed (%)b 69 31 40 100 100 
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Table 11.  Runoff and Groundwater Recharge Volumes with Basic ARCD:  Southwest Climate 
Regiona  

Period Volume (acre-ft) or Percentage Measure MFR Sm-SFR Lg-SFR COMM REDEV 
C soil 

Pre-dev. Runoff 1.62 0.45 19.5 0.77 0.02 
Recharge 7.22 2.00 87.0 3.43 0.08 

Post-dev. 

Runoff without stormwater practices 6.41 1.57 68.5 3.77 0.09 
Runoff retained with Basic ARCD 6.41 1.57 68.5 3.77 0.09 
Runoff released with Basic ARCD 0 0 0 0 0 
Runoff retention (%) 100 100 100 100 100 
Recharge without stormwater practices 2.43 0.88 38.1 0.43 0.01 
Recharge with Basic ARCD 8.84 2.45 107 4.20 0.10 
Recharge retention (%) 100 100 100 100 100 
Pervious area needed (%)b 12 5 7 69 44 

D soil 

Pre-dev. Runoff 4.47 1.24 53.8 2.12 0.05 
Recharge 4.37 1.21 52.7 2.08 0.05 

Post-dev. 

Runoff without stormwater practices 

Full ARCD needed to maximize retention on D soil Runoff retained with Basic ARCD 
Runoff released with Basic ARCD 
Runoff retention (%) 
Recharge without stormwater practices 2.14 0.77 33.3 0.40 0.01 
Recharge with Basic ARCD Full ARCD needed to maximize retention on D soil 
Recharge retention (%) 49 63 63 19 18 
Pervious area needed (%)b Full ARCD needed to maximize retention on D soil 

 
Full ARCD 
 
Infiltration is one of a wide variety of ARCD-based source reduction techniques.  Where site 
conditions such as soil quality or available area limit a site’s infiltration capacity, other ARCD 
measures can enhance a site’s runoff retention capability.  Such practices can also be used 
where infiltration capacity is adequate, but the developer desires greater flexibility for land use 
on-site.  Among those techniques, this study considered special management of roof water in 
those cases where bioretention could not infiltrate all post-development runoff. 
 
Specifically, water harvesting for supply of irrigation and/or non-potable indoor uses was 
investigated for the retail commercial development.  In residential cases with insufficient 
capacity for infiltrative bioretention but remaining space not already devoted to infiltration, 
efficiently directing roof runoff into the soil through downspout dispersion systems was the 
method of choice.  Such cases invariably occurred with HSG D soils.  The Full-ARCD scenario 
applied to the redevelopment case was roof water dispersion, harvesting, or a combination of 
the two practices.  Generally speaking, infiltration consumed all available pervious area in the 
REDEV cases on B and C soils, making roof runoff harvesting the mechanism to retain more 
water.  With no bioretention facility on D soil, the pervious area would be available for 
dispersion.  Of course, harvesting could be applied instead of or along with dispersion.  Again, it 
was assumed that that the commercial and, as needed, redevelopment sites had capacity to 
harvest and make use of the full volume of roof runoff generated; however, the analysis remains 
conservative in terms of the potential for onsite retention as it does not consider the use of 
ARCD site design principles to reduce impervious surfaces, green roofs, and 
evaporation/evapotranspiration from surfaces other than rooftops. 
 
Table 12 gives Southeast climate region results with the addition of Full ARCD techniques:  roof 
runoff management, consisting of harvesting for reuse in the COMM case, dispersion on or 
within pervious land for the three residential cases, and a combination of these measures for 
REDEV.  On the B soil runoff retention would approximately double for the retail commercial 
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land use and reach 100 percent for the redevelopment.  Groundwater recharge would not be 
expected to increase over the Basic ARCD case, though; because harvesting still keeps water 
out of the soil system.   
 
For development on the D soil, use of roof runoff management techniques was estimated to 
increase runoff retention from zero to about one-third to two-thirds of the post-development 
runoff generated, depending on the land use case.  Groundwater recharge would not materially 
benefit, however; because harvest does not contribute to it.  Also, no recharge credit was taken 
for dispersion, since infiltration is restricted and loss by ET would tend to occur before 
infiltration.  Some small amount of recharge would still be likely though.  To illustrate further the 
small role of topography, in this D soil, Full ARCD scenario runoff retention is forecast to 
decrease by only 1-2 percent at a 10 percent slope compared to a 5 percent slope (not shown 
in table). 
 
Table 12.  Runoff and Groundwater Recharge Volumes with Full ARCD:  Southeast Climate 
Regiona 

Period Volume (acre-ft) or Percentage Measure MFR Sm-SFR Lg-SFR COMM REDEV 
B soil 

Pre-dev. Runoff 0.046 0.013 0.56 0.022 0.001 
Recharge 44.7 12.4 539 21.2 0.51 

Post-dev. 

Runoff without stormwater practices 

Complete retention possible 
with Basic ARCD 

18.7 0.45 
Runoff retained with Full ARCD 16.1 0.45 
Runoff released with Full ARCD 2.66 0 

Runoff retention (%) 86% 100% 
Recharge without stormwater practices 2.53 0.06 

Recharge with Full ARCD 8.30 0.21 
Recharge retention (%) 39% 40% 

Pervious area needed (%)b 100% 100% 
D soil 

Pre-dev. Runoff 13.5 3.76 163 6.43 0.16 
Recharge 31.2 8.64 376 14.8 0.36 

Post-dev. 

Runoff without stormwater practices 33.1 8.23 358 19.1 0.46 
Runoff retained with Full ARCD 16.4 3.11 135 7.76 0.31 
Runoff released with Full ARCD 16.7 5.12 222 11.4 0.16 

Runoff retention (%) 50% 38% 38% 41% 66% 
Recharge without stormwater practices 11.6 4.17 181 2.12 0.05 

Recharge with Full ARCD 11.6 4.17 181 2.12 0.05 
Recharge retention (%) 37.2% 48.3% 48.3% 14.3% 13.6% 

Pervious area needed (%)b 100% 100% 100% 100% 100% 
a Pre-dev.—pre-development; post-dev.—post-development; ARCD—aquatic resources conservation 
design; MFR—multi-family residential; Sm-SFR—small-scale single-family residential; Lg-SFR—large-
scale single-family residential; COMM—retail commercial; REDEV—infill redevelopment; Full ARCD—
infiltrating bioretention, roof runoff harvesting, and/or roof runoff dispersion; runoff—quantity of water 
discharged from the site on the surface; recharge--quantity of water infiltrating the soil 
b Proportion of the total pervious area on the site required for bioretention to achieve given results 
 
Tables 13-15 give data analogous to Table 12 for the South Central, Northeast – Upper 
Midwest, and Southwest climate regions, respectively.  Results are similar to those reported for 
the Southeast region.  Full ARCD can approximately double runoff retention from the Basic 
ARCD level for the COMM case and extend runoff retention to 100 percent for the 
redevelopment on both B and C soils.  Once again, application of Full ARCD to the D soil cases 
increases runoff retention from zero to one-third to two-thirds of the volume produced, 
depending on land use case. 
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Table 13.  Runoff and Groundwater Recharge Volumes with Full ARCD:  South Central Climate 
Regiona 

Period Volume (acre-ft) or Percentage Measure MFR Sm-SFR Lg-SFR COMM REDEV 
C soil 

Pre-dev. Runoff 4.10 1.14 49.4 1.95 0.05 
Recharge 25.7 7.13 310 12.2 0.29 

Post-dev. 

Runoff without stormwater practices 

Complete retention possible 
with Basic ARCD 

12.7 0.31 
Runoff retained with Full ARCD 9.51 0.31 
Runoff released with Full ARCD 3.15 0 
Runoff retention (%) 75 100 
Recharge without stormwater practices 1.51 0.03 
Recharge with Full ARCD 4.33 0.21 
Recharge retention (%) 35 72 
Pervious area needed (%)b 100 100 

D soil 

Pre-dev. Runoff 18.5 5.14 223 8.80 0.21 
Recharge 11.3 3.13 136 5.36 0.13 

Post-dev. 

Runoff without stormwater practices 22.6 5.68 247 12.8 0.31 
Runoff retained with Full ARCD 11.0 2.08 90.3 5.17 0.20 
Runoff released with Full ARCD 11.6 3.60 157 7.63 0.11 
Runoff retention (%) 49 37 37 40 66 
Recharge without stormwater practices 7.23 2.59 112 1.35 0.03 
Recharge with Full ARCD 7.23 2.59 112 1.35 0.03 
Recharge retention (%) 64 83 83 25 24 
Pervious area needed (%)b 100 100 100 100 100 

 
 
Table 14.  Runoff and Groundwater Recharge Volumes with Full ARCD:  Northeast – Upper 
Midwest Climate Regiona 

Period Volume (acre-ft) or Percentage Measure MFR Sm-SFR Lg-SFR COMM REDEV 
B soil 

Pre-dev. Runoff 0.04 0.01 0.54 0.02 0.001 
Recharge 42.9 11.9 51.7 20.4 0.49 

Post-dev. 

Runoff without stormwater practices 

Complete retention possible 
with Basic ARCD 

18.0 0.44 
Runoff retained with Full ARCD 16.0 0.44 
Runoff released with Full ARCD 2.00 0 

Runoff retention (%) 89 100 
Recharge without stormwater practices 2.42 0.06 

Recharge with Full ARCD 8.53 0.21 
Recharge retention (%) 42 43 

Pervious area needed (%)b 100 100 
C soil 

Pre-dev. Runoff 7.87 2.18 94.8 3.74 0.09 
Recharge 35.1 9.72 422 16.6 0.40 

Post-dev. 

Runoff without stormwater practices 

Complete retention possible 
with Basic ARCD 

18.2 0.44 
Runoff retained with Full ARCD 12.0 0.44 
Runoff released with Full ARCD 6.19 0 

Runoff retention (%) 66 100 
Recharge without stormwater practices 2.17 0.05 

Recharge with Full ARCD 4.57 0.21 
Recharge retention (%) 28 43 

Pervious area needed (%)b 100 100 
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Table 15.  Runoff and Groundwater Recharge Volumes with Full ARCD:  Southwest Climate 
Regiona 

Period Volume (acre-ft) or Percentage Measure MFR Sm-SFR Lg-SFR COMM REDEV 
C soil 

Pre-dev. Runoff 1.62 0.45 19.5 0.77 0.02 
Recharge 7.22 2.00 87.0 3.43 0.08 

Post-dev. 

Runoff without stormwater practices 

Complete retention possible with Basic ARCD 

Runoff retained with Full ARCD 
Runoff released with Full ARCD 

Runoff retention (%) 
Recharge without stormwater practices 

Recharge with Full ARCD 
Recharge retention (%) 

Pervious area needed (%)b 
D soil 

Pre-dev. Runoff 4.47 1.24 53.8 2.12 0.05 
Recharge 4.37 1.21 52.7 2.08 0.05 

Post-dev. 

Runoff without stormwater practices 6.70 1.68 73.2 3.80 0.09 
Runoff retained with Full ARCD 3.25 0.62 26.8 1.53 0.06 
Runoff released with Full ARCD 3.45 1.07 46.5 2.26 0.03 

Runoff retention (%) 49 37 37 40 66 
Recharge without stormwater practices 2.14 0.77 33.3 0.40 0.01 

Recharge with Full ARCD 2.14 0.77 33.3 0.40 0.01 
Recharge retention (%) 49 63 63 19 18 

Pervious area needed (%)b 100 100 100 100 100 
 
Pollutant Loading Reductions 
 
The examination of maximum ARCD capabilities considered the reductions of annual mass 
loadings of four water pollutants that would accompany runoff retention.  Since retention means 
no surface discharge, these loading reductions are, at a minimum, equal to the percentages of 
runoff retention.  In those cases with less than full runoff retention, there is good reason to 
expect pollutant loading reductions higher than the percentage of runoff retained.  The early 
runoff (“first flush”), occurring when the soils are least saturated, is more likely to be retained 
than later runoff.  It is frequently observed that the first flush has higher pollutant concentrations 
than later runoff, particularly in the wash off after relatively extended dry periods.   
 
For the B and D soil and the residential cases on C soils, the reductions were very consistent 
among regions: 
 

 B and C soils, Basic ARCD, residential cases—100%; 
 B soil, Basic ARCD, COMM and REDEV cases—44-45%; 
 B soil, Full ARCD, COMM and REDEV cases—86-100%; 
 D soil, Full ARCD, SFR and COMM cases—38-41%; 
 D soil, Full ARCD, MFR case—50%; and 
 D soil, Full ARCD, REDEV case—66%. 

 
For the most highly impervious cases, COMM and REDEV, on C soils reduction was variable 
and dependent on precipitation.  With Basic ARCD the range was from 25 to 100 percent, going 
from relatively high to low precipitation.  Full ARCD is expected to raise the lowest reductions to 
100 percent for REDEV and at least 66 percent for COMM. 
 
Therefore, taking the greatest advantage of what ARCD offers could prevent the addition to 
receiving waters of all or almost all pollutant mass that would otherwise discharge from a range 
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of urban developments on B and C soils.  With D soils, Full ARCD can accomplish loading 
reductions approaching or somewhat exceeding 50 percent. 
 
ABILITY TO MEET POTENTIAL STANDARDS 
 
General Summary 
 
This section evaluates the ability of the Basic and Full ARCD strategies to meet each of the five 
potential stormwater management standards enumerated in the beginning of the report.  It also 
examines the extent of pollutant loading reduction if the standards are just met; i.e., if runoff is 
retained at the minimum needed to meet the standard.  It has already been demonstrated that 
retention of all post-development runoff and full pollutant attenuation is possible in some 
circumstances.  Table 16 summarizes the results for all regions and cases and both ARCD 
strategies. 
 
Ability to Meet Standards 
 
The projected ability to meet the standards overall varies mostly in relation to soil type (B or C 
versus D) and the relative imperviousness of development, and much less across climate 
regions.  The one exception to this generality is that implementing Basic ARCD practices on the 
Southwest region C soil would meet all five standards.  This uniformity does not occur 
elsewhere on either B or C soils, and is apparently primarily a function of the relatively low 
precipitation in the region. 
 
Setting aside the Southwest region, success in complying with standards is mostly comparable 
among the various B and C soils, with a small number of instances where a development type 
meets a standard on B but not on C soil.  Basic ARCD methods invariably can meet all 
standards on B and C soils for the residential development cases (MFR and Sm- and Lg-SFR).  
Full ARCD practices are forecast to meet all standards for the redevelopment case on B soils 
but only standards 1 and 5 consistently on C soils.  The combination of infiltration and roof 
runoff management applied to the retail commercial development allows meeting these same 
two standards on B soils but only the latter on both of the C soils occurring outside the 
Southwest region.  The only standards that cannot be met on B and C soils by the ARCD 
methods considered are standards 2-4 for the COMM case.  Therefore, of the 125 standards 
assessments, ARCD practices are projected to meet 113 (90.4 percent) with B and C soils. 
 
The ability to meet these standards is much reduced on D soils.  Standard 1 can be met 
occasionally with Full ARCD used in the redevelopment.  All cases with Full ARCD comply with 
standard 4 on this soil where pre-development runoff is estimated to be relatively high, reflecting 
a low overall requirement for retention volume.  Standard 5 can be met with Full ARCD with the 
exception of one COMM case.  Standards 2 and 3 were never estimated to be met in any D soil 
case.  All in all, with this soil 26 of the 75 scenarios (34.7 percent) are expected to meet a 
standard. 
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Table 16.  Ability to Meet Potential Regulatory Standards with Basic/Full ARCD Practices 

Region-Casea 
Standards 

Met— 
Basic ARCDb 

Standards 
Met— 

Full ARCDb 

Runoff Retention and Pollutant Loading 
Reduction (%)b, c 

Std. 1 Std. 2 Std. 3 Std. 4 Std. 5 
SE(B)-MFR 
          Sm-SFR 
          Lg-SFR 
          COMM 
          REDEV 

1, 2, 3, 4, 5  63 87 90 >99 63 
1, 2, 3, 4, 5  63 87 90 >99 63 
1, 2, 3, 4, 5  63 87 90 >99 63 

 1, 5 63 86 86 86 63 
 1, 2, 3, 4, 5 63 87 90 >99 63 

SE(D)-MFR 
          Sm-SFR 
          Lg-SFR 
          COMM 
          REDEV 

 5 50 50 50 50 37 
 5 38 38 38 38 34 
 5 38 38 38 38 34 
  41 41 41 41 41 
 1, 5 63 66 66 66 42 

SC(C)-MFR 
          Sm-SFR 
          Lg-SFR 
          COMM 
          REDEV 

1, 2, 3, 4, 5  58 82 90 81 47 
1, 2, 3, 4, 5  58 82 90 78 45 
1, 2, 3, 4, 5  58 82 90 78 45 

 1, 5 58 75 75 75 49 
 1, 2, 3, 4, 5 58 82 90 84 49 

SC(D)-MFR 
          Sm-SFR 
          Lg-SFR 
          COMM 
          REDEV 

 4, 5 49 49 49 18 10 
 4, 5 37 37 37 10 6 
 4, 5 37 37 37 10 6 
 4, 5 40 40 40 31 18 
 1, 4, 5 58 66 66 32 18 

NM(B)-MFR 
          Sm-SFR 
          Lg-SFR 
          COMM  
          REDEV 

1, 2, 3, 4, 5  81 89 90 >99 81 
1, 2, 3, 4, 5  81 89 90 >99 81 
1, 2, 3, 4, 5  81 89 90 >99 81 

 1, 2, 5 81 89 89 89 81 
 1, 2, 3, 4, 5 81 89 90 >99 81 

NM(C)-MFR 
          Sm-SFR 
          Lg-SFR 
          COMM 
          REDEV 

1, 2, 3, 4, 5  81 89 90 74 60 
1, 2, 3, 4, 5  81 89 90 71 57 
1, 2, 3, 4, 5  81 89 90 71 57 

 5 66 66 66 66 64 
 1, 2, 3, 4, 5 81 89 90 80 64 

SW(C)-MFR 
          Sm-SFR 
          Lg-SFR 
          COMM 
          REDEV 

1, 2, 3, 4, 5  62 83 90 75 46 
1, 2, 3, 4, 5  62 83 90 72 44 
1, 2, 3, 4, 5  62 83 90 72 44 
1, 2, 3, 4, 5  62 83 90 80 49 
1, 2, 3, 4, 5  62 83 90 80 49 

SW(D)-MFR 
          Sm-SFR 
          Lg-SFR 
          COMM 
          REDEV 

 4, 5 49 49 49 33 21 
 4, 5 37 37 37 27 16 
 4, 5 37 37 37 27 16 
 5 40 40 40 40 27 
 1, 4, 5 62 66 66 44 28 

a Region (hydrologic soil group)—land use; regions:  SE—Southeast, SC—South-central, NM—Northeast-
Upper Midwest, SW—Southwest; land uses:  MFR—multi-family residential, Sm-SFR—small single-family 
residential, Lg-SFR--large single-family residential, COMM—retail commercial, REDEV--redevelopment 
b Standard (Std.) 1—Retain the runoff produced by the 85th percentile, 24-hour precipitation event 
   Standard 2—Retain the runoff produced by the 95th percentile, 24-hour precipitation event 
   Standard 3—Retain 90 percent of the average annual post-development runoff volume 
   Standard 4—Retain the difference between the post- and pre-development average annual runoff 

volumes 
   Standard 5—Retain the difference between the post- and pre-development runoff volumes for all events 

up to and including the 85th percentile, 24-hour precipitation event 
c Reduction estimated to result from meeting the standard, to the extent it can be met (fully met if so 
indicated in preceding columns), without treatment of remaining discharge. Where a standard can be met 
using Basic or Full ARCD application it is indicated in black, where a standard cannot be met using Basic 
or Full ARCD it is highlighted red.  
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Figure 4a.  Ability to Meet Potential Regulatory Standards with Basic/Full ARCD Practices for 
Southeast Climate Region 

 
MFR—multi-family residential, Sm-SFR—small single-family residential, Lg-SFR--large single-family 
residential, COMM—retail commercial, REDEV—redevelopment.  Standard (Std.) 1—Retain the runoff 
produced by the 85th percentile, 24-hour precipitation event; Standard 2—the 95th percentile, 24-hour 
precipitation event; Standard 3—90 percent of the average annual post-development runoff volume; 
Standard 4—the difference between the post- and pre-development average annual runoff volumes; and, 
Standard 5—the difference between the post- and pre-development runoff volumes for all events up to and 
including the 85th percentile, 24-hour precipitation event 
 
Figure 4b.  Ability to Meet Potential Regulatory Standards with Basic/Full ARCD Practices for 
South Central Climate Region 
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Figure 4c.  Ability to Meet Potential Regulatory Standards with Basic/Full ARCD Practices for 
Northeast-Midwest Climate Region 

 
 
 
Figure 4d.  Ability to Meet Potential Regulatory Standards with Basic/Full ARCD Practices for 
Southwest Climate Region 
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Figure 5a.  Percentage of Runoff Retained Relative to Standards 1 (85th Percentile, 24-hour 
precipitation event) and 2 (95th Percentile event) for Southeast Climate Region 

 
MFR—multi-family residential, Sm-SFR—small single-family residential, Lg-SFR--large single-family 
residential, COMM—retail commercial, REDEV—redevelopment.  Standard (Std.) 1—Retain the runoff 
produced by the 85th percentile, 24-hour precipitation event; Standard 2—the 95th percentile, 24-hour 
precipitation event; Standard 3—90 percent of the average annual post-development runoff volume; 
Standard 4—the difference between the post- and pre-development average annual runoff volumes; and, 
Standard 5—the difference between the post- and pre-development runoff volumes for all events up to and 
including the 85th percentile, 24-hour precipitation event 
 
Figures 5a-d show the percentage of runoff that can be retained for each development type, in 
each region, using either Basic or Full ARCD practices, in comparison with Standard 1 
(retention of the 85th percentile, 24-hour precipitation event) and Standard 2 (retention of the 
95th percentile, 24 hour event).  Even where Standards 1 and 2 cannot be met in full, ARCD 
practices can still result in substantial compliance, and retention of significant runoff volume. 
 
Figure 5b.  Percentage of Runoff Retained Relative to Standards 1 (85th Percentile, 24-hour 
precipitation event) and 2 (95th Percentile event) for South Central Climate Region 
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Figure 5c.  Percentage of Runoff Retained Relative to Standards 1 (85th Percentile, 24-hour 
precipitation event) and 2 (95th Percentile event) for Northeast-Midwest Region 

 
Figure 5d.  Percentage of Runoff Retained Relative to Standards 1 (85th Percentile, 24-hour 
precipitation event) and 2 (95th Percentile event) for Southwest Region 

 
Effectiveness of Standards in Environmental Protection 
 
Standard 3 (retain 90 percent of the average annual post-development runoff volume) would be 
the most protective standard.  Meeting or coming as close as possible to meeting, but not 
exceeding, this standard is estimated to lead to 66-90 percent runoff retention and pollutant 
loading reduction on B and C soils and 37-66 percent on D soil.  Standard 2 (retain the runoff 
produced by the 95th percentile, 24-hour precipitation event) would yield only slightly less 
protection with B and C soils and, with D soil, retention and loading reduction equivalent to 
standard 3. 
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Standards 4 and 5, based on the differential between pre- and post-development runoff volume, 
are highly inconsistent in retaining runoff and reducing pollutants, in that they are relatively 
protective where pre-development runoff is estimated to be very low relative to post-
development flow, but result in progressively lower retention and pollutant loading reduction as 
pre- and post-development volumes converge, such as in several cases on D soils.  Standard 5 
is especially weak in this regard.  The potentially low level of retention and pollutant loading 
reduction  renders these standards based on the change in pre- versus post-development runoff 
volume poor candidates for national application, at least as formulated in these terms. 
 
Fully meeting standard 1 (retain the runoff produced by the 85th percentile, 24-hour precipitation 
event) would yield runoff retention and pollutant mass reduction ranging from 58 to 81 percent, 
depending on climate region.  This level of inconsistency decreases the utility of this standard 
for widespread use.  Standard 2, based on the 95th percentile event, is much better in this 
respect, with variability in runoff retention and loading reduction across the nation in the much 
narrower 82-89 percent range.  However, standard 1 remains more consistent across regions, 
and more protective of water quality for development on D soils than either standard 4 or 5, and 
is preferable to those standards in this regard. 
 
In summary, standards 2 and 3 are clearly superior to the other three options.  Standard 3 is 
entirely consistent from place to place in degree of environmental protection, and standard 2 
does not deviate much.  Analysis of the five development cases on two soil groups in each of 
four regions demonstrated the two standards are virtually identical in the runoff retention and 
pollutant loading reduction they would bring about. 
 
Management or Runoff in Excess of Standards Requirements 
 
All of the analysis reported above assumed that any remaining runoff after the application of 
ARCD and meeting, or coming as close as possible to meeting a standard, would discharge 
with no treatment.  In fact, additional treatment could further decrease pollutant loadings.  
Treatment without further runoff retention could be accomplished by many conventional or 
ARCD methods designed to lower contaminant concentrations.  The most effective of the 
alternatives is probably bioretention discharging non-retained runoff either on the surface or 
through an underdrain, assumed in the analysis conducted for this study according to the 
methods cited above.  Treatment of all remaining runoff with underdrained bioretention cells 
where space remains but all infiltration capacity is used can raise the pollutant removals given 
in Table 16 to the levels in Table 17.  These estimates apply to the four pollutants considered, 
TSS and total copper, zinc, and phosphorus.  Space would most likely be available in the three 
MFR and SFR cases but not the COMM and REDEV scenarios. 
 
While there is substantial variability in these results, they demonstrate that discharging effluent 
of relatively consistent, high quality can be accomplished with a comprehensive ARCD strategy.  
This strategy would embrace, first, retaining as much urban runoff as possible and then utilizing 
treatment based on soil and vegetative media to capture contaminants from the remainder. 
 
Table 17.  Estimated Pollutant Loading Reduction Benefits of Bioretention Treatment of Runoff 
Remaining After ARCD Implemented to Meet or Approach Standards 

Range of Table 16 Values (%) Approximate Pollutant 
Removal Increase (%) 

Total Estimated Pollutant 
Removal Range (%) 

35-45 30-45 65-90 
45-55 25-35 70-90 
55-65 20-30 75-95 
65-75 15->20 80->95 
75-85 10->15 85->95 

              >85 5->10 90->95 
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SUMMARY AND CONCLUSIONS 
 
STUDY DESIGN 
 
This study was performed to investigate the degree to which low-impact development ARCD 
practices can meet or exceed the requirements of various potential stormwater management 
facility design standards and the resulting environmental benefits.  The investigation was 
performed by estimating the stormwater retention possible with full application of ARCD 
practices to five land use cases in four representative climatic regions in the United States on 
two prominent soil types in each region.  Retention is defined as preventing the conversion of 
precipitation to surface runoff. Retaining runoff from impervious and pollutant generating 
pervious surfaces prevents the introduction of urban runoff pollutants to receiving waters as well 
as reduces runoff volume to prevent stream channel and habitat damage, flooding, and loss of 
groundwater recharge.  Infiltrating bioretention was first applied in the analysis of each case, a 
strategy termed Basic ARCD.  When Basic ARCD could not fully retain post-development 
runoff, a Full ARCD strategy was added, involving roof runoff harvesting in the most impervious 
development cases and roof water dispersion in those with substantial pervious area.  Benefits 
were assessed with respect to reduction of the annual average surface runoff volume from the 
quantity estimated without any stormwater management practices, and associated maintenance 
of pre-development groundwater recharge and water quality improvement through preventing 
discharge to receiving waters of pollutants generated with developed land uses. 
 
A number of conservative assumptions were built into the analysis to ensure that the 
capabilities and benefits of ARCD would not be over-estimated.  In summary, these 
assumptions are: 
 

 No retention credit for evapotranspiration in the Basic ARCD strategy, although 
generally a substantial amount would occur, and consideration of evapotranspiration 
only for roof runoff in the Full ARCD strategy; 

 
 Letting aside many available ARCD practices and site design principles that could be 

employed to reduce the runoff quantity, and the pollutants it transports, by reducing 
impervious surface area or directing the runoff to bioretention, harvesting, and 
dispersion facilities; 
 

 The assumption of no infiltration on hydrologic soil group D soils, although some 
infiltration occurs at finite rates even on clay; 
 

 Application of a safety factor to estimated infiltration rates; 
 

 Minimum bioretention cell depths, so that these facilities would not be disruptive to site 
design and could be put to other uses; 
 

 Requiring a 48-hour drawdown time for bioretention, instead of the 72-hour maximum; 
 

 An analysis to guard against groundwater mounding under bioretention cells, with 
conservative assumptions for horizontal and vertical hydraulic conductivity rates; and 
 

 An analysis demonstrating that doubling topographic slope changes results by only a 
few percent. 
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CAPABILITIES OF FULL ARCD APPLICATION 
 
Comparison of estimated runoff production in the pre- and post-development states 
demonstrated that the majority of the infiltration that would recharge groundwater in the 
undeveloped state would be lost to surface runoff after development with no stormwater 
management practices.  These losses would approach 90 percent in the most impervious 
developments.  These observations apply in in all climate regions and with the full range of soil 
conditions. 
 
Basic ARCD could retain all post-development runoff and pre-existing groundwater recharge, as 
well as attenuate all pollutant transport, in the three residential cases on B soils in the two 
climate regions where these soils were analyzed.  Bioretention cells to accomplish this retention 
would use from less than one-fourth to just over one-third of the available pervious area for 
infiltration.  Taking all available pervious area for the more highly impervious COMM and 
REDEV cases, bioretention would retain about 45 percent of the runoff and pollutants generated 
and save about 40 percent of the pre-development recharge.  Adding Full ARCD measures in 
these cases would approximately double retention and pollutant reduction for the retail 
commercial land use and raise it to 100 percent for the redevelopment.  Groundwater recharge 
would not increase, however, because the additional retention is accomplished by harvesting or 
dispersion. 
 
In the three regions having C soils, Basic ARCD can again retain all runoff and reduce urban 
runoff pollutant mass loading to zero for the MFR and Sm-SFR and Lg-SFR residential cases, 
although generally requiring more of the available pervious area to do so than in B soil cases.  
The effect of lower rainfall is evident in the South Central and, especially, the Southwest 
regions.  In the latter location, not only the residential cases but also the COMM and REDEV 
scenarios can achieve full runoff and groundwater recharge retention and pollutant loading 
attenuation with Basic ARCD on C soil.  Full ARCD can approximately double runoff retention 
and pollutant removal from the Basic ARCD level for the COMM case and extend these 
measures to 100 percent for the redevelopment. 
 
For development on the D soils in all climate regions, use of roof runoff management 
techniques was estimated to increase runoff retention and pollutant reduction from zero to 
between about one-third to two-thirds of the post-development runoff generated, depending on 
the land use case.  These strategies would offer little groundwater recharge benefit with this soil 
condition, but would still have the potential to significantly reduce runoff volume and pollutant 
loading. 
 
Therefore, taking the greatest advantage of what ARCD offers is expected to retain the great 
majority of post-development runoff and pre-development groundwater recharge.   This strategy 
would also prevent the addition to receiving waters of all or almost all pollutant mass that would 
otherwise discharge from a range of urban developments on B and C soils.  With D soils, Full 
ARCD can accomplish runoff retention and loading reductions approaching or somewhat 
exceeding 50 percent, and opportunities to use ARCD practices or site design principles not 
modeled in this analysis can further increase runoff retention volume. 
 
ABILITY TO MEET STANDARDS 
 
ARCD methods were assessed for their ability to meet five potential regulatory standards, the 
first two pertaining to retention of the 85th and 95th percentile, 24-hour precipitation events, the 
third to retain 90 percent of the post-development runoff, and the last two to retain the difference 
between the post- and pre-development runoff, the final standard capped at the 85th percentile, 
24-hour event.  The projected ability to meet the five standards varies mostly in relation to soil 
type (B or C versus D) and the relative imperviousness of development, and much less across 
climate regions, except for the relatively arid Southwest. 
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The only standards that cannot be fully met on B and C soils by the ARCD methods considered 
are standards 2-4 for the COMM case.  Of the 125 standards assessments, ARCD practices are 
projected to meet 113 (90.4 percent) with B and C soils.  The ability to meet these standards is 
much reduced on D soils.  Only standards 1 (85th percentile, 24-hour precipitation event, and 4 
and 5 (related to the difference between the post- and pre-development runoff) can be met 
occasionally and under limited conditions using Full ARCD methods. However, even on D soils, 
all cases for Standard 1 were able to retain greater than 50 percent of the required runoff 
volume. 
 
Standard 3 (retain 90 percent of the average annual post-development runoff volume) would be 
the most environmentally protective standard.  Meeting or coming as close as possible to 
meeting, but not exceeding, this standard was estimated to lead to 66-90 percent runoff 
retention and pollutant loading reduction on B and C soils and 37-66 percent on D soil.  
Standard 2 (retain the runoff produced by the 95th percentile, 24-hour precipitation event) would 
yield equivalent protection on D soils and only slightly less protection with B and C soils. 
 
Standards 4 and 5, based on the differential between pre- and post-development runoff volume, 
are very inconsistent in retaining runoff and reducing pollutants.  They are highly protective 
where pre-development runoff is estimated to be very low relative to post-development flow, 
and then to result in progressively lower retention and loading reduction as pre- and post-
development volumes converge.  Standard 5 is especially weak in this regard.  This 
inconsistency makes these standards poor candidates for national application, at least as 
formulated in these terms. 
 
Fully meeting standard 1 (retain the runoff produced by the 85th percentile, 24-hour precipitation 
event) would yield runoff retention and pollutant mass reduction ranging from 58 to 81 percent, 
depending on climate region.  This level of inconsistency decreases the utility of this standard to 
some degree.  Standard 2, based on the 95th percentile event, is much better in this respect, 
with variability in runoff retention and loading reduction across the nation in the much narrower 
82-89 percent range. However, standard 1 remains more consistent across regions, and more 
protective of water quality for development on D soils than either standard 4 or 5, and is 
preferable to those standards in this regard. 
 
In summary, standards 2 and 3 are clearly superior to the other three options.  Standard 3 is 
entirely consistent from place to place in degree of environmental protection, and standard 2 
does not deviate much.  Analysis of the five development cases on two soil groups in each of 
four regions demonstrated the two standards are virtually identical in the runoff retention and 
pollutant loading reduction they would bring about. 
 
All five standards are based on some stipulated runoff retention.  Pollutant mass loading 
reduction is at least equal to the amount of retention that occurs.  It is possible to decrease 
loadings further by treating excess runoff.  Analysis showed that subjecting that runoff to 
bioretention treatment before discharge could reduce loadings of TSS and total copper, zinc, 
and phosphorus by at least two-thirds and as much as over 95 percent.  This conclusion applies 
to all climate regions and soil types for land use cases where space is available for the 
additional bioretention cells.  The three residential cases are in this group but not the COMM or 
REDEV cases, where all pervious land would have already been used for retentive or roof water 
dispersion practices. 

RB-AR5914



44 
 

REFERENCES 
 

Askar, G, D. Ahlfeld, and E. Winkler.  2001.  Final Report Addendum, Assessment of the 
Relative Importance of Hydraulic Parameters on Infiltration Performance.  University of 
Massachusetts, Amherst, MA. 

 
Atlanta Regional Commission, 2001, Georgia Stormwater Management Manual, Volume 2 

(Technical Handbook, section 3.2.3, at http://www.georgiastormwater.com/vol2/3-2-3.pdf. 
 
Auch, R.F.  Undated.  Northeastern Coastal Zone, U.S. Geological Survey Land Cover Trends 

Project.  Accessed 4/11/11 at http://landcovertrends.usgs.gov/east/eco59Report.html.  
 
California Department of Transportation.  2004.  BMP Retrofit Pilot Program Final Report.  

California Department of Transportation, Sacramento, CA. 
 
Center for Watershed Protection.  2009.  Coastal Stormwater Supplement to the Georgia 

Stormwater Management Manual. 1st Ed.  Accessed 3/15/11 at 
http://www.gaepd.org/Documents/CoastalStormwaterSupplement.html. 

 
Chapman, C.  2006.  Performance Monitoring of an Urban Stormwater Treatment System.  

M.S.C.E. thesis, Department of Civil and Environmental Engineering, University of 
Washington, Seattle, WA. 

 
Chapman, C. and R.R. Horner.  2010.  Performance Assessment of a Street-Drainage 

Bioretention System.  Water Environment Research 82(2):109-119. 
 
Chralowicz, D., T. Goff, M. Mascali, and E. Taylor.  2001.  Infiltration of Urban Stormwater 

Runoff to Recharge Groundwater Used for Drinking Water:  A Study of the San Fernando 
Valley, California.  Master of Environmental Science and Management Report, University of 
California at Santa Barbara, Santa Barbara, CA. 

 
City of Alpharetta, Georgia, 2011, Official Website of the City of Alpharetta, Georgia, at 

http://www.alpharetta.ga.us/index.php?m=publications&id=14. 
 
City of Alpharetta, Georgia.  2011a.  Demographics.  Accessed 3/15/11 at 

http://alpharetta.ga.us/index.php?p=21.  
 
City of Round Rock, Texas, 2011, City of Round Rock profile, at 

http://www.roundrocktexas.gov/about/. 
 
City of San Marcos, California, 2011, About Us, at http://www.ci.san-

marcos.ca.us/index.aspx?page=2. 
 
Dyke, H.  2001.  Accurate Land Cover Development for Rapidly Growing Watersheds. 

Proceedings of the 2001 Georgia Water Resources Conference, March 26-27, 2001. 
Kathryn Hatcher, ed. Institute of Ecology, University of Georgia, Athens, GA.  Accessed on 
4/11/11 at www.gwri.gatech.edu/uploads/proceedings/2001/DykeH-01.pdf. 

 
Easterbrook, R.  Undated.  Predicting Post-Wildfire Watershed Runoff Using ArcGIS 

Modelbuilder.  Accessed on 4/20/11 at 
http://proceedings.esri.com/library/.../docs/predicting_wildfire_runoff.pdf (see also 
http://www.ufei.org/files/pubs/SanDiegoUrbanEcosystemAnalysis-PostCedarFire.pdf).   

 
Geosyntec Consultants.  2008.  Post‐Construction BMP Technical Guidance Manual.  City of 

Santa Barbara, CA. 

RB-AR5915

http://landcovertrends.usgs.gov/east/eco59Report.html
http://www.gaepd.org/Documents/CoastalStormwaterSupplement.html
http://www.ingentaconnect.com.offcampus.lib.washington.edu/content/wef/wer
http://www.alpharetta.ga.us/index.php?m=publications&id=14
http://alpharetta.ga.us/index.php?p=21
http://www.roundrocktexas.gov/about/
http://www.ci.san-marcos.ca.us/index.aspx?page=2
http://www.ci.san-marcos.ca.us/index.aspx?page=2
http://www.gwri.gatech.edu/uploads/proceedings/2001/DykeH-01.pdf
http://proceedings.esri.com/library/.../docs/predicting_wildfire_runoff.pdf
http://www.ufei.org/files/pubs/SanDiegoUrbanEcosystemAnalysis-PostCedarFire.pdf


45 
 

 
Georgia Department of Community Affairs, 2009, Georgia Rainwater Harvesting Guidelines, 

2009, at  
http://www.dca.state.ga.us/development/constructioncodes/programs/downloads/GeorgiaRai
nWaterHarvestingGuidelines_2009.pdf. 

 
Gibbons, J., 2009,  Parking Lots, Nonpoint Education for Municipal Officers, Technical Paper 
No. 5, at http://nemo.uconn.edu/tools/publications/tech_papers/tech_paper_5.pdf. 
 
Hanson, Robert L., 1991, Evapotranspiration and Droughts, U.S. Geological Survey, at  

http://geochange.er.usgs.gov/sw/changes/natural/et/. 
 
Herrera Environmental Consultants, Inc.  Undated.  Pollutant Concentrations for Urban Source 

Areas, unpublished data table. 
 
Leij, F.J., W.J. Alves, M.Th. van Genuchten, and J.R. Williams. 1996.  The UNSODA 

Unsaturated Soil Hydraulic Database; User's Manual, Version 1.0. EPA/600/R-96/095, 
National Risk Management Laboratory, Office of Research and Development, U.S. 
Environmental Protection Agency, Cincinnati, OH. 

 
McLendon, D.  2002.  Hydrologic Investigation of the NRCS Curve Number for Texas 

Watersheds Using Historical Records of Rainfall and Runoff.  M.S. thesis, Texas Tech 
University.  Accessed on 3/15/11 at http://etd.lib.ttu.edu/theses/available/etd-07312008-
31295017084442/unrestricted/31295017084442.pdf. 

 
Miller, D.A. and R.A. White.  1998.  A Conterminous United States Multilayer Soil 

Characteristics Dataset for Regional Climate and Hydrology Modeling. Earth Interactions, 
Paper ID EI0111. 

 
Mitchell, R. and Z. Nevo.  1964.  Effect of Bacterial Polysaccharide Accumulation on Infiltration 

of Water Through Sand.  Applied Microbiology 12(3):219-223. 
 
National Atlas of the United States.  2011.  Printable Maps:  Precipitation of the Conterminous 

States of the United States.  Accessed on 5/7/11 at 
http://www.nationalatlas.gov/printable/climatemap.html#list. 

 
National Climatic Data Center, Estimating the Water Equivalent of Snow, at 

www.ncdc.noaa.gov/oa/climate/conversion/newsnowfall.pdf, last accessed December 16, 
2011. 

 
National Oceanic and Atmospheric Administration.  Undated.  Estimating the Water Equivalent 

of Snow.  Figure 11-8, New Snowfall to Estimated Meltwater ConversionTable.  Accessed on 
4/7/11 at www.ncdc.noaa.gov/oa/climate/conversion/newsnowfall.pdf.  

 
National Research Council.  2009.  Urban Stormwater Management in the United States.  The 

National Academies Press, Washington, DC. 
 
Natural Resources Conservation Service. 1986.  Urban Hydrology for Small Watersheds, 

Technical Release-55.  U.S. Department of Agriculture, Washington, DC. 
 
Natural Resource Conservation Service.  2007.  Part 630, Hydrology, National Engineering 

Handbook, Chapter 7, Hydrologic Soil Groups.  U.S. Department of Agriculture, Washington, 
DC. 

 

RB-AR5916

http://www.dca.state.ga.us/development/constructioncodes/programs/downloads/GeorgiaRainWaterHarvestingGuidelines_2009.pdf
http://www.dca.state.ga.us/development/constructioncodes/programs/downloads/GeorgiaRainWaterHarvestingGuidelines_2009.pdf
http://nemo.uconn.edu/tools/publications/tech_papers/tech_paper_5.pdf
http://geochange.er.usgs.gov/sw/changes/natural/et/
http://etd.lib.ttu.edu/theses/available/etd-07312008-31295017084442/unrestricted/31295017084442.pdf
http://etd.lib.ttu.edu/theses/available/etd-07312008-31295017084442/unrestricted/31295017084442.pdf
http://www.nationalatlas.gov/printable/climatemap.html#list
http://www.ncdc.noaa.gov/oa/climate/conversion/newsnowfall.pdf
http://www.ncdc.noaa.gov/oa/climate/conversion/newsnowfall.pdf


46 
 

Natural Resources Conservation Service.  2011.  Distribution Maps of Dominant Soil Orders. 
U.S. Department of Agriculture, Washington, DC.  Accessed on 3/15/11 at 
http://soils.usda.gov/technical/classification/orders/. 

 
Natural Resources Conservation Service.  Undated.  State Soil – Paxton Fine Sandy Loam. 

Massachusetts NRCS office.   Accessed on 3/15/11 at 
http://www.ma.nrcs.usda.gov/technical/soils/soils_paxton.html. 

 
North Central Texas Council of Governments.  2010.  Integrated Stormwater Management, 

iSWM, Technical Manual, Water Quality Protection, Volume and Peak Flow.  Accessed on 
4/2/11 at iswm.nctcog.org/Documents/technical_manual/Water_Quality_4-2010.pdf. 

 
Perez-Pedini, C., J. Lumbrunner, and R.M. Vogel.  2005.  Optimal Location of Infiltration-Based 

Best Management Practices for Storm Water Management.  Journal of Water Resources 
Planning and Management 131:441-448. 

 
Pitt, R., S. Chen, and S. Clark.  2002.  Compacted Urban Soils Effects on Infiltration and 

Bioretention Stormwater Control Designs.  Presented at the 9th International Conference on 
Urban Drainage. IAHR, IWA, EWRI, and ASCE. Portland, OR, September 8-13, 2002. 

 
Ronner, A.B. and A.C.L. Wong.  1996.  Microbial Clogging of Wastewater Infiltration Systems.  

College of Agricultural and Life Sciences, University of Wisconsin, Madison, WI. 
 
Schueler, T.R.  1987.  Controlling Urban Runoff:  A Practical Manual for Planning and Designing 

Urban BMPs.  Metropolitan Washington Council of Governments, Washington, DC. 
 
Sharpley, A.N. and J.R. Williams.  1990.  EPIC- Erosion/Productivity Impact Calculator:  1. 

Model Determination, Technical Bulletin, No. 1768.  U.S. Department of Agriculture, 
Washington, DC. 

 
Soil Survey Staff, Natural Resources Conservation Service, United States Department of 

Agriculture, Official Soil Series Descriptions.  Accessed  on 4/1/11 at 
http://soils.usda.gov/technical/classification/osd/index.html. 

 
Texas Department of Transportation.  2001.  Hydraulic Design Manual.  Accessed on 4/11/11 at 

http://onlinemanuals.txdot.gov/txdotmanuals/hyd/nrcs_runoff_curve_number_methods.htm. 
 
Texas Water Development Board, 2005, The Texas Manual on Rainwater Harvesting, 3d ed., 

2005, at 
http://www.twdb.state.tx.us/publications/reports/rainwaterharvestingmanual_3rdedition.pdf. 

 
Town of Framingham, Massachusetts, 2011, About Framingham, at 

http://www.framinghamma.gov/index.aspx?NID=58. 
 
University of Texas at Austin.  2000.  Vegetation/Cover Types of Texas 2000 Information Sheet. 

Accessed on 4/11/11 at http://www.lib.utexas.edu/geo/fieldguides/vegetationmap2.html. 
 
U.S. Census Bureau.  2010.  Table 8, Resident Population Estimates for the 100 Fastest 

Growing U.S. Counties with 10,000 or More Population in 2009:  April 1, 2000 to July 1, 
2009 (CO-EST2009-08).  Population Division, U.S. Census Bureau, Washington, DC. 

 
U.S. Department of Agriculture.  1987.  Soil Mechanics Level 1, Module 3 – USDA Textural Soil 

Classification Study Guide.  Soil Conservation Service, U.S. Department of Agriculture, 
Washington, DC. 

 

RB-AR5917

http://soils.usda.gov/technical/classification/orders/
http://www.ma.nrcs.usda.gov/technical/soils/soils_paxton.html
http://soils.usda.gov/technical/classification/osd/index.html
http://onlinemanuals.txdot.gov/txdotmanuals/hyd/nrcs_runoff_curve_number_methods.htm
http://www.twdb.state.tx.us/publications/reports/rainwaterharvestingmanual_3rdedition.pdf
http://www.framinghamma.gov/index.aspx?NID=58
http://www.lib.utexas.edu/geo/fieldguides/vegetationmap2.html


47 
 

U.S. Environmental Protection Agency.  1983.  Results of the Nationwide Urban Runoff 
Program: Volume 1 - Final Report, Report No. 832R83112.  Office of Water, Washington, 
DC. 

 
U.S. Environmental Protection Agency (USEPA).  2007.  Reducing Stormwater Costs through 

Low Impact Development (LID) Strategies and Practices.  USEPA, Nonpoint Source Control 
Branch, Washington, DC. 

 
U.S. Environmental Protection Agency.  2007.  Urban Area Maps.  Accessed on 3/15/11 at  

http://cfpub.epa.gov/npdes/stormwater/urbanmaps.cfm. 
 
U.S. Environmental Protection Agency.  2009.  Technical Guidance on Implementing the 

Stormwater Runoff Requirements for Federal Projects under Section 438 of the Energy 
Independence and Security Act. EPA Doc. No. 841-B-09-001.  Accessed on 4/15/11 at 
www.epa.gov/owow/nps/lid/section438. 

 
U.S. Environmental Protection Agency, February 2009a, Green Roofs for Stormwater Runoff 

Control, at http://www.epa.gov/nrmrl/pubs/600r09026/600r09026.pdf. 
 
U.S. Geological Survey.  2011.  Surface Water Data for USA:  USGS Groundwater-Level 

Annual Statistics.  Accessed on 4/711 at http://waterdata.usgs.gov/nwis/annual. 
 
U.S. Green Building Council, November 2008 (updated November 2011), LEED 2009 for New 

Construction and Major Renovations, with Alternative Compliance Paths for Projects Outside 
the United States, at http://www.usgbc.org/ShowFile.aspx?DocumentID=8868. 

 
Ward, A.D. and S.W. Trimble.  2004.  Environmental Hydrology, 2nd Ed.  Lewis Publishers, Boca 

Raton, FL. 
 
Washington Department of Ecology.  2005.  Stormwater Management Manual for Western 

Washington.  Washington Department of Ecology, Olympia, WA. 
 
Zomorodi, K.  2005.  Simplified Solutions for Groundwater Mounding Under Stormwater 

Infiltration Facilities.  AWRA 2005 Annual Water Resources Conference, Seattle, 
Washington. 

 
 
 

RB-AR5918

http://cfpub.epa.gov/npdes/stormwater/urbanmaps.cfm
http://www.epa.gov/owow/nps/lid/section438
http://www.epa.gov/nrmrl/pubs/600r09026/600r09026.pdf
http://waterdata.usgs.gov/nwis/annual
http://www.usgbc.org/ShowFile.aspx?DocumentID=8868


 A-1 

ATTACHMENT A 
 

POLLUTANT CONCENTRATIONS FOR URBAN SOURCE AREAS (HERRERA ENVIRONMENTAL CONSULTANTS, INC. UNDATED) 
  
 

Source Area Study Location Sample Size (n) TSS (mg/L) TCu (µg/L) TPb (µg/L) TZn (µg/L) TP (mg/L) Notes 
Roofs                   
Residential Steuer, et al. 1997 MI 12 36 7 25 201 0.06 2 
Residential Bannerman, et al. 1993 WI ~48 27 15 21 149 0.15 3 
Residential Waschbusch, et al. 2000 WI 25 15 n.a. n.a. n.a. 0.07 3 
Residential FAR 2003 NY  19 20 21 312 0.11 4 
Residential Gromaire, et al. 2001 France  29 37 493 3422 n.a. 5 
Representative Residential Roof Values     25 13 22 159 0.11   
Commercial Steuer, et al. 1997 MI 12 24 20 48 215 0.09 2 
Commercial Bannerman, et al. 1993 WI ~16 15 9 9 330 0.20 3 
Commercial Waschbusch, et al. 2000 WI 25 18 n.a. n.a. n.a. 0.13 3 
Representative Commercial Roof Values     18 14 26 281 0.14   
Parking Areas                   
Res. Driveways Steuer, et al. 1997 MI 12 157 34 52 148 0.35 2 
Res. Driveways Bannerman, et al. 1993 WI ~32 173 17 17 107 1.16 3 
Res. Driveways Waschbusch, et al. 2000 WI 25 34 n.a. n.a. n.a. 0.18 3 
Driveway FAR 2003 NY  173 17  107 0.56 4 
Representative Residential Driveway Values     120 22 27 118 0.66   

Comm./ Inst. Park. Areas Pitt, et al. 1995 AL 16 110 116 46 110 n.a. 1 
Comm. Park. Areas Steuer, et al. 1997 MI 12 110 22 40 178 0.2 2 
Com. Park. Lot Bannerman, et al. 1993 WI 5 58 15 22 178 0.19 3 
Parking Lot Waschbusch, et al. 2000 WI 25 51 n.a. n.a. n.a. 0.1 3 
Parking Lot Tiefenthaler, et al. 2001 CA 5 36 28 45 293 n.a. 6 
Loading Docks Pitt, et al. 1995 AL 3 40 22 55 55 n.a. 1 
Highway Rest Areas CalTrans 2003 CA 53 63 16 8 142 0.47 7 
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Park and Ride Facilities CalTrans 2003 CA 179 69 17 10 154 0.33 7 

Comm./ Res. Parking FAR 2003 NY  27 51 28 139 0.15 4 
Representative Parking Area/Lot Values     75 36 26 97 0.14   
Landscaping/Lawns                 
Landscaped Areas Pitt, et al. 1995 AL 6 33 81 24 230 n.a. 1 
Landscaping FAR 2003 NY  37 94 29 263 n.a. 4 
Representative Landscaping Values     33 81 24 230 n.a.   
Lawns - Residential Steuer, et al. 1997 MI 12 262 n.a. n.a. n.a. 2.33 2 
Lawns - Residential Bannerman, et al. 1993 WI ~30 397 13 n.a. 59 2.67 3 
Lawns Waschbusch, et al. 2000 WI 25 59 n.a. n.a. n.a. 0.79 3 
Lawns Waschbusch, et al. 2000 WI 25 122 n.a. n.a. n.a. 1.61 3 
Lawns - Fertilized USGS 2002 WI 58 n.a. n.a. n.a. n.a. 2.57 3 

Lawns - Non-P Fertilized USGS 2002 WI 38 n.a. n.a. n.a. n.a. 1.89 3 
Lawns - Unfertilized USGS 2002 WI 19 n.a. n.a. n.a. n.a. 1.73 3 
Lawns FAR 2003 NY 3 602 17 17 50 2.1 4 
Representative Lawn Values     213 13 n.a. 59 2.04   
 
Notes:             
Representative values are weighted means of collected data.  Italicized values were omitted from these calculations. 
1 - Grab samples from residential, commercial/institutional, and industrial rooftops.  Values represent mean of   
     DETECTED concentrations            
2 - Flow-weighted composite samples, geometric mean concentrations         
3 - Geometric mean concentrations            
4 - Citation appears to be erroneous - original source of data is unknown.  Not used to calculate representative value 
5 - Median concentrations.  Not used to calculate representative values due to site location and variation from other values. 
6 - Mean concentrations from simulated rainfall study           
7 - Mean concentrations.  Not used to calculate representative values due to transportation nature of land use.  
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ATTACHMENT F:  ASSESSMENT OF EVAPORATION POTENTIAL WITH LOW-
IMPACT DEVELOPMENT PRACTICES 

 
 

RICHARD R. HORNER 
 
 
BACKGROUND 
 
Low-impact development (“LID”) stormwater management practices are designed to capture and retain 
(i.e., not discharge) stormwater runoff through infiltrating water into the soil, vaporizing it to the 
atmosphere via transpiration from vegetation and evaporation, and harvesting to put rainwater to a 
beneficial use like irrigation or gray water supply.  Jurisdictions in various locations around the United 
States have adopted stormwater management regulations requiring elimination of surface runoff 
discharge in storms up to specified sizes, and hence in effect requiring application of LID methods.  An 
issue raised in California regarding such requirements is the potential of the evapotranspiration 
component of runoff attenuation, in the event infiltration is limited by soil, high groundwater, or subsurface 
contamination and insufficient demand exists for harvested water.  The opinion has been advanced that 
evapotranspiration potential must be low, because most California rainfall occurs in the months with least 
evaporation.  To explore this issue the author compared rainfall and evaporation at five California 
locations and four sites elsewhere in the nation where limitations on urban stormwater discharge are in 
effect. 
 
 
METHODS OF ANALYSIS 
 
Examples of surface discharge limitations are found, or are being considered by regulatory authorities, in 
the states of Georgia, Tennessee, West Virginia, Pennsylvania, and New Jersey and the cities of 
Philadelphia and Washington, DC (Anacostia River watershed).  Data from long-term evaporation pan 
measuring devices are available for Georgia, Tennessee, and Pennsylvania (including Philadelphia), as 
well as for California.  In the analysis Georgia was represented by Atlanta, Tennessee by Nashville, and 
Pennsylvania by State College in central PA (Centre County), as well as Philadelphia.  Evaporation data 
were not found for New Jersey, Washington, DC, and West Virginia.  However, Philadelphia is adjacent 
or very close to New Jersey and Washington and represents those locations well.  Fayette County in 
southwestern Pennsylvania has such data and is very close to Morgantown, WV; this location 
represented a West Virginia case.    Precipitation data were readily available for all of the locales offering 
evaporation data.  Table 1 presents data sources. 
 
Table 1.  Sources of Precipitation and Evaporation Data 

Location Dataa Source 
Atlanta Evaporation http://climate.engr.uga.edu/evaporation.html 
Nashville Evaporation http://www.nashville.gov/stormwater/docs/pdfs/stw/vol2/swmanual12_vol2_chapt

er8.pdf 
Philadelphia, 
Central PA, 
Fayette 
County (for 
Morgantown, 
WV) 

Precipitation, 
evaporation 

http://www.pa.nrcs.usda.gov/technical/Engineering/PaRainEvapRunoff.pdf 

California 
cities except 
Ventura 

Evaporation http://www.calclim.dri.edu/ccda/comparative/avgpan.htm 

Ventura Precipitation, 
evaporation 

http://portal.countyofventura.org/portal/page?_pageid=876,1686932&_dad=portal
&_schema=PORTAL 
(El Rio – UWCD Spreading Grounds [Revolon Slough]) 

a Precipitation data are from http://www.met.utah.edu/jhorel/html/wx/climate/normrain.html except as noted. 
 
Rainfall and evaporation were tabulated for the three highest and six highest months of precipitation at 
each location.  The excess or deficit of evaporation for these periods was then calculated as the 
difference between evaporation and precipitation. 
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RESULTS 
 
Table 2 shows the three highest and six highest months of precipitation for each location assessed.  The 
southern cities experience their highest precipitation in the earlier months of the year, the northeastern 
locations in the warmest months, and the California cities during the winter and just before and after it.  
Snow is not a factor in any location, in that the California cities receive no snow, and snow in the southern 
cities comes rarely and in small quantities in the months of high precipitation. 
 
Table 2.  Months with the Highest Precipitation Totals 
 

Location Three Highest Months of Precipitation Six Highest Months of Precipitation 
Atlanta January-March February-July 
Nashville March-May December-May 
Philadelphia May-July April-September 
Central PA May-July April-September 
Morgantown, WV May-July March-August 
Los Angeles December-February November-April 
Long Beach December-February November-April 
San Diego December-February November-April 
Ventura January-March November-April 
San Francisco November-January November-April 
 
Figures 1 and 2 exhibit the rainfall and evaporation totals, respectively, in the three and six highest rainfall 
months.  The southern cities receive the most rain in these periods, the northeastern locations slightly 
less, and the California cities roughly half of the southern totals.  Evaporation does not differ much among 
the sites in the three highest rainfall months, excepting San Francisco’s somewhat lower amount.  
Philadelphia and environs and southern California are very similar in evaporation in their respective six 
highest months of precipitation.  During this period, evaporation at San Francisco and Nashville is 
somewhat lower than in southern California and Philadelphia, and Atlanta has the highest quantity. 
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Figure 1.  Rain in Highest Rainfall Months

Rain in 3 highest rainfall months
Rain in 6 highest rainfall months
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Figure 2.  Evaporation in Highest Rainfall Months

Evaporation in 3 highest rainfall months
Evaporation in 6 highest rainfall months

 
Figure 3 offers the most telling portrait of the potential of evaporation to cut surface runoff discharge using 
LID techniques in California.  Los Angeles and other Southern California locations exhibit a substantial 
excess of evaporation over precipitation in the six highest months of precipitation, almost twice the 
excess in the next highest location (Atlanta).  Among the cities assessed elsewhere in the nation, only 
Philadelphia has any excess in the three highest rainfall months, and the southern California cities’ 
excess is about two to four times as large as Philadelphia’s in these months.  Therefore, even though 
southern California’s wet season coincides with its period of lowest evaporation, its generally warm, 
sunny winters give it an advantage over other locations in the nation that have adopted runoff retentive 
LID measures.  San Francisco has an evaporation excess in its six rainiest months, although a small 
deficit in its three wettest ones.  Atlanta has a much larger deficit in this period.  Inland areas in the San 
Francisco Bay region are generally warmer than the city itself and likely have somewhat higher 
evaporation.  However, data were not available to verify this hypothesis. 
 
As one illustration of the potential offered by LID, Berghage et al. (2007) performed green roof research at 
Pennsylvania State University, located in State College, PA.  They found over 50 percent of annual 
stormwater volume to be retained and not discharged, even with as little as 20 mm (under 1 inch) of 
storage capacity, and peak discharge rate attenuation to no more than the pre-development level for the 
2-, 25-, and 100-year frequency events.  Figure 3 shows that all of the California cities assessed are in a 
more favorable position than State College in implementing green roofs, and hence would be expected to 
increase runoff retention to well over 50 percent with this LID technique. 
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Figure 3.  Evaporation Excess or Deficit in Highest Rainfall Months
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CONCLUSIONS AND RECOMMENDATIONS 
 
Los Angeles and other urban Southern California locations have considerably greater potential to reduce 
the discharge of contaminated urban runoff through evaporation in LID stormwater management practices 
than other locations in the United States that have already adopted and mandated those practices or are 
considering regulatory proposals to do so.  Elsewhere in the state, the San Francisco Bay Area’s potential 
to utilize evaporation in LID stormwater management is equal to or higher than those other locations in 
the U.S.  Furthermore, most locations can infiltrate much or even all runoff produced by typical water 
quality design storms and need not rely on evaporation.  In addition, harvesting rainwater for beneficial 
uses can further subtract from surface discharge.  California is unique among the locations considered in 
this analysis in having some reclaimed water distribution systems in place.  These systems could be 
expanded to take harvested rainwater, and many unexplored opportunities exist to put runoff to good 
purposes to help solve the state’s water supply problems. 
 
Recognizing all these points, the fact that California experiences most of its nominal annual rainfall during 
winter months is not a factor that technically justifies imposing relatively weaker runoff retention 
requirements than other jurisdictions nationally, such as West Virginia or Anacostia, Washington, D.C.  
Instead, in a number of California cities, evaporation potential, all things being equal, actually enables 
stronger requirements.  For all of these reasons, California Regional Water Quality Control Boards 

RB-AR5924



 5 

feasibly can require capture and full retention of stormwater runoff produced by design events in new 
developments and redevelopments through LID methods.  Boards should set thorough, objective criteria 
that a development project proponent must use to demonstrate inability to satisfy these requirements on-
site.  For those cases where such a demonstration can be convincingly made, the Boards should require 
and provide for installing compensating, equivalent LID works off-site, so as to ensure that practicable 
storm water pollution reduction is achieved on a watershed or sub-watershed basis in those 
circumstances when it cannot be achieved fully on-site. 
 
 
REFERENCE 
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2007.  Quantifying Evaporation and Transpirational Water Losses from Green Roofs and Green Roof 
Media Capacity for Neutralizing Acid Rain.  Pennsylvania State University, University Park, PA. 
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Mr. Ivar Ridgeway 

Los Angeles Regional Water Quality Control Board 

320 W. 4th Street, Suite 200 

Los Angeles, CA 90013 

 

Submitted electronically to LAMS42012@waterboards.ca.gov 

 

RE: Comments on Greater Los Angeles County MS4 Permit Draft Tentative Oder No. R4-

2012-XXXX, NPDES No. CAS004001, Dated June 6, 2012 

 

Dear Mr. Ridgeway: 

This letter provides comments on the hydromodification provisions in the subject draft tentative 

order. 

My experience includes ten years of research and practice in the field of urban hydromodification 

impacts and management, and co-authorship of the report released earlier this year entitled: 

Hydromodification Assessment and Management in California
1
, prepared for the State Water 

Resources Control Board.  

Section VI.D.6.c.v.(1)(c)(ii) Interim Hydromodification Control Criteria for project disturbing 50 

acres or more within natural drainage systems, provides three alternative options that are each 

presumed to meet pre-development hydrology:  

1. The site infiltrates on-site at least the runoff from a 2-year, 24-hour storm event 

2. The runoff flow rate, volume, velocity, and duration for the post-development condition 

does not exceed the pre-development condition for the 2-year, 24-hour rainfall events 

3. The Erosion Potential (Ep) in the receiving water channel will approximate 1, as 

determined by a Hydromodification Analysis Study and the equation presented in 

Attachment J. 

The proposed criteria are inconsistent with current scientific understanding. These three options 

represent very different levels of control and will not provide equivalent protection of downstream 

resources for the following reasons: 
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A. Options 1 and 2 are event-based criteria, whereas current scientific understanding of 

hydromodification impacts is that a range of moderately frequent, “geomorphically 

significant” flows transport the majority of the sediment over the long term
2,3,4

 and are the 

most influential in determining channel form.  Rather than focusing on a single event, 

hydromodification control requirements should therefore address this critical range of flows. 

This scientific understanding has been reflected in other hydromodification regulations in the 

State of California by establishing flow-control criteria that require pre-project flow rates, 

volumes and durations to be matched across a range of flows (e.g., 0.5Q2 through Q10). 

B. I am unaware of any studies that have evaluated the use of the 2-yr, 24-hr storm event (as 

either an infiltration volume or as a basis for matching flow rates, volumes and durations) to 

determine its equivalence to an Erosion Potential metric or to a flow control criteria using a 

range of geomorphically significant flows.  Options 1 and 2 do not appear to have any basis in 

the scientific literature. 

C. The use of a flow-control criterion assumes this range of flows to be appropriate for all 

receiving waters, and had been provided in other permits as an easy-to-implement option for 

smaller development projects.  However, field research and modeling show that characteristics 

of the receiving stream channel (such as cross-section, slope, and sediment size) will influence 

the in-stream impacts of a changed runoff regime.  This is why larger developments have been 

required to use an Erosion Potential metric, as it accounts for in-stream characteristics, as well 

as the full range of flows, to establish design criteria to minimize excess erosion and channel 

instability.   

The Ventura County MS4 Permit (finalized by the Los Angeles Regional Board in January 2010) 

contains requirements for a Hydromodification Analysis Study (HAS) for projects disturbing 50 

acres or greater.  The HAS must demonstrate that post development conditions approximate pre-

project erosive effects in receiving waters through the incorporation of an Erosion Potential or 

equivalent metric. I recommend that the Board modify the draft tentative order for Los Angeles 

County to be consistent with the Ventura County Permit hydromodification control criteria for 

projects of 50 acres or greater. 

I also suggest that Attachment J be modified to indicate that the Work equation shown is just one 

of several equations that could be used to calculate an Erosion Potential.  Other options include 

sediment transport function such as the Brownlie equation or the Meyer-Peter and Muller 

equation
5
.  Allowing additional options supported by the scientific literature will permit the use of 

equations most appropriate for the characteristics of the receiving channel. 

I am available to discuss these comments in more detail with Regional Board staff if desired. 

 

Sincerely, 

 

 

Felicia Federico, D.Env. 

Executive Director, UCLA La Kretz Center 

 
1
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Building Industry Association of     Construction Industry Coalition 
Southern California      on Water Quality  
Los Angeles and Ventura Counties Chapter   2149 E. Garvey Avenue N.  
28480 Avenue Stanford, Suite 240    Suite A-11  
Santa Clarita, CA 91355     West Covina, CA 91791 
 
 
July 23, 2012 
 
Submitted via email to:  
rpurdy@waterboards.ca.gov 

iridgeway@waterboards.ca.gov 

LAMS42012@waterboards.ca.gov 

Original sent via U.S. Mail  
 
Attn: Mr. Ivar Ridgeway, Chief  
Stormwater Permitting  
Los Angeles Regional Water Quality Control Board  
320 W. Fourth Street, Suite 200  
Los Angeles, CA 90013  
 
 
RE: Comments from Building and Construction Industry Representatives Concerning the 
Tentative Draft Permit for the Greater Los Angeles County MS4 Permit  
 
 
Dear Mr. Ridgeway:  
 
On behalf of the Building Industry Association of Southern California, Inc. (BIASC), including 
its Los Angeles-Ventura Chapter (BIASC/LAV) and the Construction Industry Coalition on 
Water Quality (CICWQ) and the members thereof, we appreciate the opportunity to provide 
comments on the Tentative Draft of the Greater Los Angeles County MS4 Permit (Permit) that 
was released for public review on June 6, 2012.  
 
BIA/SC is a nonprofit trade association representing more than 1,000 member companies, which 
together have nearly 100,000 employees. BIA/SC’s members have, for decades, built the 
majority of the homes in the region that it serves, and the LAV Chapter works with members 
building in Los Angeles and Ventura Counties. CICWQ is a water quality coalition comprised of 
representatives from five industry trade associations (in addition to BIA/SC) involved in the 
development of public and private building, infrastructure and roads throughout California 
(Associated General Contractors, Engineering Contractors Association, Southern California 
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Contractors Association, Engineering and General Contractors Association, and United 
Contractors). All of the above trade associations are affected by the post-construction runoff 
control requirements proposed in the tentative draft Permit, and this letter and supporting 
attachments are intended to provide the LA Regional Board with constructive suggestions for 
improvement. 

The building industry recognizes that the Planning and Land Development requirements in MS4 
permits are a major policy issue for water boards statewide.  The LARWQCB established 
precedents on numerous Planning and Land Development issues in the Ventura County MS4 
Permit (Order No. R4-2010-0108) and related Ventura County Technical Guidance Manual 
(TGM).  We are concerned, therefore, that this permit departs from and is inconsistent with the 
precedent set by this Region in the Ventura County MS4 Permit and TGM with respect to many 
Planning and Land Development requirements.  Further, this draft permit incorporates many 
detailed technical standards for low impact development (LID) and treatment control that other 
permits, including the Ventura County MS4 Permit, address in technical guidance.  This 
approach creates great disparity between the LID and treatment control technical standards 
adopted in the Ventura County MS4 Permit and TGM and those imposed by this draft permit, 
and eliminates flexibility during the next term of this permit to implement LID and treatment 
control innovations as they are developed.  

LARWQCB Staff held a workshop on July 9, 2012 which served to clarify the intent of many of 
the requirements in the proposed Tentative Draft. Through their responses to questions, staff 
made it clear that in most cases, the intent was not to deviate significantly from the precedent in 
the Ventura County MS4 Permit and TGM.  Nonetheless, the workshop revealed that the draft 
permit requirements, as currently drafted, are not fully aligned with either staff intention or the 
Ventura County precedent.  Therefore, we respectfully request that a revised draft of the 
permit be prepared and circulated for comment before the Board takes any final action to 
adopt a permit.  This revised tentative draft of the Permit should reflect greater consistency with 
the policies and technical standards (e.g., for onsite treatment and retention, offsite retention, and 
treatment control), and other planning and land development requirements reflected in the 
adopted Ventura County MS4 Permit and TGM. 

The tentative draft Permit should retain, however, one set of provisions that deviate somewhat 
from the Ventura County MS4 Permit.  Specifically, the draft permit introduces a significant 
move towards permitting off-site volume reduction solutions that augment water supply by 
creating the opportunity for a project applicant to participate in Regional Groundwater 
Replenishment. While this concept has been included in previous permits, including the Ventura 
County MS4 Permit, the tentative draft establishes a clearer pathway for such solutions, and 
eliminates hurdles that would prevent their implementation, based on what staff described at the 
July 9, 2012 workshop as their desire to make offsite retention and infiltration for purposes of 
water supply augmentation an equal goal with onsite retention. Unfortunately, the language, as 
drafted, does not fully achieve the staff intention of co-equal goals that was outlined in previous 
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staff drafts and as described in the staff workshop.  The draft permit provisions create confusion 
between procedures and requirements applicable to implementation of Regional Groundwater 
Replenishment and those applicable to other offsite Alternative Compliance methods.  Further, 
under the best possible interpretation of the Regional Groundwater Replenishment provisions as 
they are currently written, it appears that offsite infiltration for purposes of water supply 
augmentation is at best a co- equal goal not with onsite retention, but instead with onsite 
biofiltration, based on the requirements that must be satisfied before Regional Groundwater 
Replenishment solutions can be implemented. 

In light of these concerns, we offer more detailed comments and supporting information 
regarding modifications to the draft permit language to increase consistency with the Ventura 
County MS4 Permit and TGM, and to improve the draft permit’s planning and land development 
approach for regional ground water replenishment projects.   We have attached a comment 
matrix titled LA MS4 Comments_BIALAV_CICWQ and supporting Attachments 1-4. 

 

1. As drafted, the tentative draft permit creates fewer hurdles and requirements  for 
onsite retention than for Regional Groundwater Replenishment, and potentially makes 
offsite capture as difficult to implement as other types of alternative compliance 
solutions.  

During the July 9, 2012 staff workshop, staff indicated that the intent of the permit was to create 
co-equal goals for onsite, micro-replenishment projects and offsite, macro-replenishment 
projects. As written, however, the draft permit appears to require onsite retention to be 
maximized, and other additional requirements to be met before off-site groundwater 
replenishment can be considered as an alternative. This impression is created by inclusion of the 
Regional Groundwater Replenishment pathway in the multiple sections of the draft permit that 
require maximization of onsite retention, evidence of the infeasibility of further onsite retention, 
and satisfaction of multiple additional requirements prior to implementation of alternative 
compliance solutions.  (See Sections D.6.c.ii through D.6.c.iv).  If the intent is to allow macro 
groundwater replenishment projects, then, at a minimum, the language that requires the project 
applicant to demonstrate why it is not advantageous to replenish onsite (in D.6.c.ii.(3) and 
D.6.c.iii.(4)(c)) should be removed.   

 If this language is not removed, project applicants will be required to spend unnecessary 
amounts of time and money disproving that it is more advantageous to replenish onsite than off-
site. It is highly unlikely that these small projects will be as effective at groundwater 
replenishment as macro-scale regional recharge solutions because onsite retention facilities will 
be located depending on where new development and redevelopment happens to occur, rather 
than being located in those places that make the most sense for purposes of enhancing water 
supply and accessibility to the captured groundwater. Conversely, macro recharge solutions can 
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be located in more optimal places. Macro solutions are also more likely to have long lasting 
success because they will be appropriately maintained, whereas small, dispersed retention 
projects are unlikely to have reliable operation and maintenance. 

In order to encourage capture and use of stormwater for groundwater replenishment, we suggest 
that the section be reorganized and revised as necessary (including deletion of Sections 
D.6.c.ii.(3) and D.6.c.iii.(4)(c))  to clearly distinguish the Regional Groundwater Recharge 
pathway from other offsite alternative compliance solutions, rather than intermingling the 
requirements for Regional Groundwater Recharge and Alternative Compliance for Technical 
Infeasibility. We also suggest that staff prepare a flowchart that outlines the BMP selection 
process for new development and redevelopment projects. 

The draft permit language also fails to consider the secondary consequences on water supply 
associated with its insistence on small, onsite micro-replenishment, and in its limited definition 
of offsite water supply augmentation solutions that can be prioritized above other offsite 
solutions. For example, the draft permit requires onsite retention even if it would preclude better 
solutions, such as the use of recycled water onsite. Protection of the marketability of recycled 
water is imperative to assure continued capital and operational investments in its production.  
When micro-harvesting is prioritized and alternative compliance is precluded despite its potential 
impacts on demand for recycled water, the unintended consequence is a reduction in investment 
in recycled water production and associated adverse impacts on water conservation and reuse. 

In addition, the draft permit language currently requires that green roofs must be maximized, 
including by adoption of new local regulations to encourage green roof implementation, before 
alternative compliance pathways may be pursued. This requirement ignores studies that have 
demonstrated that green roofs often increase overall water demand, adversely affecting water 
supply and conservation programs. Furthermore, this requirement does not provide the flexibility 
needed for some jurisdictions with fire and safety concerns associated with green roofs to limit 
their use to where it is appropriate from a fire and safety perspective. 

Finally, we suggest that by limiting offsite capture for purposes of supply augmentation to 
capture for Regional Groundwater Replenishment projects, the current draft permit unnecessarily 
limits the types of water supply augmentation projects that runoff can be directed toward, and 
thereby fails to maximize use of  runoff for water supply augmentation.  We recommend that the 
permit language should be expanded to allow the direction of runoff to all types of beneficial 
Water Supply Replenishment projects so that projects that augment surface water storage 
facilities, water agency conveyance facilities that deliver water to water agencies for treatment 
and use, surface water beneficial use restoration projects, and other supply and conservation 
projects can be implemented. 

Revising the language of the draft permit as necessary to assure that offsite water supply 
augmentation is a coequal goal with onsite, micro-retention is of particular importance now, at 
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the time when the County of Los Angeles has decided to pursue a stormwater assessment to 
implement an integrated stormwater program requiring an investment of millions of dollars to 
study and identify stormwater capture opportunities in its water conservation and flood control 
system. 

 

2. The onsite LID implementation requirements and standards unnecessarily deviate from 
the Board’s precedent in Ventura County. 

LARWQCB Staff have indicated that the permit is intended to be consistent with the 
requirements in the Ventura County MS4 Permit and TGM. The tentative draft permit’s LID 
requirements, however, deviate in significant ways from those adopted in the Ventura County 
permit and TGM, and no evidence or rationale has been presented to explain or justify the 
changes that were made. Further, the changes in these LID requirements and standards made in 
the draft permit should have been subjected to analysis pursuant to the factors that must be 
evaluated and balanced to assure that the new standards represent requirements that are 
appropriate to implement LID technologies to the Maximum Extent Practicable, including the 
technical feasibility, cost, and public acceptance of the new standard.  Yet no analysis has been 
done about whether the proposed changes are practicable. For example: 

 The tentative draft establishes significantly more restrictive infeasibility thresholds (i.e., 
maximum application of green roof and rainwater harvesting and 0.15 inches per hour 
infiltration rate) that must be met to allow treated runoff to leave a site, without regard for 
its consequences on geotechnical stability, public health and safety, or use of recycled 
water. 

 The tentative draft characterizes biofiltration as an alternative compliance practice rather 
than a recognizing that technically it is a viable, very effective LID treatment solution.  

 The tentative draft includes detailed LID design standards rather than establishing a 
requirement for the Permittee’s to develop technical guidance to implement the standards. 
Those standards depart significantly from the standards of the Ventura County MS4 
Permit and TGM, requiring LID BMPs that must be significantly larger than those 
required under the adopted Ventura permit, and much more frequent implementation of 
substantially more expensive BMPs (green roofs and large cisterns/onsite use) regardless 
of regulatory impediments.  

 The tentative draft permit seeks to force implementation of certain BMP technologies 
(e.g., green roofs, harvest and use), to the point of requiring local ordinance changes that 
are inconsistent with other current state building and public health regulations, rather than 
allowing a project to select BMPs to meet a performance-based standard established by 
the permit. 
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Collectively, these changes have significant impact on the size and design of LID BMPs and will 
negatively affect other sustainable development and environmental goals such as compact design 
and development, smart growth, water conservation, and use of recycled water. We strongly 
encourage revision of the draft permit as necessary to incorporate LID implementation 
requirements and standards that are the same as those established by the Ventura County MS4 
Permit and TGM.   

 

3. The Tentative Draft Permit BMP implementation requirements are overly prescriptive 
and will constrain future improvements in  BMPs. 

While this draft permit adopts a general framework for implementation of LID BMPs that is 
similar to the Ventura County MS4, it does not provide for the development of technical 
guidance to address the specific requirements for implementation of LID BMPs.  Instead, the 
draft permit itself contains detailed technical LID design and implementation standards and 
requirements, and those standards and requirements are very different than, and inconsistent 
with, those adopted by the Ventura County MS4 Permit and TGM. 

At the July 9, 2012 workshop, staff indicated concern that some Permittees, particularly smaller 
cities, might not have the resources or expertise to develop their own technical guidance, and 
therefore staff has included detailed technical standards in the permit itself. We point out that if 
some permittees lack technical expertise to develop guidance, these cities will struggle with 
successful implementation of the permit’s very detailed technical standards, which throws the 
effectiveness of the entire permit into question. In addition, Permittees could utilize guidance 
that has been prepared by other jurisdictions, including the Ventura County TGM, as a template. 
Detailed BMP design specifications and technical standards should not be included in the 
regulatory permit document in order to facilitate the selection and engineering design of BMPs, 
as these aspects are most responsive to site-specific conditions and pollutants of concern. . 
Inclusion of these technical specifications in the permit will not only encumber implementation 
but will restrict the progress of future BMP improvements. 

Therefore, the detailed standards incorporated into the Planning and Land Development section 
and those in Attachment H should be eliminated, and the permit instead should set performance-
based standards and defer the development of technical specifications to technical guidance to be 
developed and/or adopted by Permittees.  
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4. The proposed grandfathering language will force costly redesign of projects that 
developers and Cities have spent time and money preparing. Language from the 
Ventura County MS4 Permit should be used. 

Contrary to the grandfathering provisions of the Ventura MS4, the draft permit grandfathering 
provision does not recognize the point in the development process when project design is both 
practically and legally final, such that redesign is not feasible or within the legal purview of 
Permittees to demand. The draft language will unnecessarily force redesign of projects that are 
nearing construction. Also unlike the Ventura County MS4 Permit, the grandfathering clause 
fails to recognize that there are legal limitations on project final approvals that preclude 
Permittees from forcing redesign. 

 

5. The water quality mitigation criteria appear to create unnecessary legal liability for 
development projects. 

During the July 9, 2012 staff workshop, staff clarified that the purpose of water quality 
mitigation criteria (Section 4.D.6.c.iv, including Table 11) is to guide the selection of onsite 
treatment BMPs for projects that have been approved for offsite runoff volume mitigation or 
groundwater replenishment to address the pollutants of concern for the project site. As written, 
however, this section appears to create unnecessary legal liability in the treatment BMP selection 
process, as it requires that treatment BMPs be selected to achieve receiving water limitations and 
WQBELS when measured at downstream MS4 outfalls.   

Developers, as a practical matter, cannot develop treatment systems to assure end-of-pipe 
compliance with every single water quality standard specified in the Basin Plan so that there is 
no potential violation of the permit actionable not only by the LARWQCB, but also subject to 
third-party citizen suits. We concur with the concerns raised by Permittees in the workshop (and 
discussed further in the Building Industry Legal Defense Foundation letter) that requiring 
compliance with receiving water limitations and TMDL waste load allocations at the outfall 
improperly transforms water quality standards and waste load allocations into permit effluent 
limitations that are not established pursuant to proper regulatory procedures and requirements, 
the exceedance of which creates the basis for potential permit compliance actions against 
developers implementing treatment systems upstream of the outfall under Section 4.D.6.c.iv,  

In addition to these liability issues, even if used only for their intended purpose to guide selection 
of BMPs, Table 11 contains benchmark values for pollutants based on the “median effluent 
quality of the three highest performing BMPs, per pollutant, in the stormwater BMP database.” 
Technically, treatment systems cannot be developed that comply with the Table 11 benchmarks, 
as it is not technically feasible to comply with a benchmark based on a median value all the time. 
The median is inherently a value that is exceeded 50 percent of the time. Consequently, effluent 
from any treatment system developed, even if it incorporates BMPs performing as well as the 
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three highest performing BMPs for each pollutant of concern, may exceed the benchmarks 50 
percent of the time. Also, because the values were taken from different BMPs depending on the 
pollutant identified, it is not possible to select one single BMP that meets all of the benchmarks 
for all identified pollutants. Taking a pollutant-by-pollutant approach to rating BMPs implicitly 
requires a highly inefficient,  “Frankenstein” approach to the selection of treatment systems, 
incorporating pollutant specific BMPs for every pollutant, rather than allowing for an integrated 
approach to runoff treatment that efficiently provides effective treatment of all project pollutants 
of concern.  

Given the context that under the draft permit, treatment BMPs would only be used onsite in 
combination with offsite retention of the full water quality design volume, this section would be 
much improved by replacing the current language with two simple requirements: 

 Select those treatment BMPs necessary to address all project pollutants of concern, 
including pollutants that may be associated with a project and are causing an impairment 
in receiving waters; and 
 

 Select BMPs that that have demonstrated treatment efficiency equivalent to sand filters 
for the project pollutants of concern. 

 

6. The Permit should allow for the creation of Regional Stormwater Mitigation Plans.   

The current LA County MS4 permit allows for the preparation and approval of regional 
stormwater mitigation programs. It is not clear whether the tentative draft Permit is continuing to 
permit such programs. Is Section VI.D.6.c.vi (p. 78) of the draft permit intended to allow 
preparation and approval of regional stormwater mitigation programs, similar to those allowed 
under Section 4.D.9 of the current MS4 Permit?  In the proper circumstances, regional 
stormwater mitigation plans can provide for equivalent or better pollutant and volume reduction 
far more cost efficiently.  Therefore, the draft permit should be revised to expressly allow 
regional stormwater mitigation plans that employ a combination of LID retention, LID bio-
filtration, and onsite treatment/regional retention BMPs for retention and treatment of 
stormwater, so long as pollutant and volume reduction provided prior to discharge to receiving 
waters is equivalent to that which would be provided on a site-by-site basis under Section 
VI.D.6.c.1. 

 

7. There is no need for Interim Hydromodification Control Criteria in this Permit, as 
Permittees have adopted criteria. 

The draft permit should be revised to allow permittees to use currently adopted 
hydromodification control standards as an alternative to the Interim Hydromodification Control 
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Criteria proposed in the Tentative Order. For example, Los Angeles County adopted 
hydromodification control criteria in its Low Impact Development Manual in January 2009. 
These established criteria are sufficient to address hydromodification control until such time as 
the State or Regional Water Board adopts a final Hydromodification Policy or criteria. 

 

*  *  *  *  * 

BIA/SC and CICWQ have been active participants and contributors to the creation of new and 
improved MS4 permits across the region. We continue to believe that rational, implementable 
permit requirements are critical to achieving great progress concerning water quality and our 
environment.  We hope that these comments are received in the manner in which they are 
intended – to continue the discussion of how we can create a workable permit that improves 
water quality to the maximum extent practicable. We remain committed to a positive dialog with 
the Board and its staff – one that will result in an informed, balanced and effective permit. 

Sincerely, 

      

Holly Schroeder      Mark Grey, Ph.D. 
Executive Officer      Technical Director 
BIASC Los Angeles & Ventura Chapter Construction Industry Coalition on 

Water Quality  
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Comments on the Tentative Order, Greater Los Angeles County Municipal Separate Storm Sewer System Permit  
Submitted by The Building Industry Association of Southern California, Los Angeles-Ventura Chapter; Building Industry Legal 
Defense Foundation; and Construction Industry Coalition on Water Quality; July 23, 2012 
 

1 
 

Tentative Order 
Narrative Requirement 

BIA/LAV-BILD-CICWQ 
Comment 

Rationale for Change in Staff 
Working Proposal Minimum 
Control Measures 

BIA/LAV-BILD-CICWQ 
Suggested Permit 
Language/Requirement 

General Comment:  
 
Economic considerations in 
evaluating and selecting LID BMPs for 
control of the stormwater quality 
design volume are absent.   

We continue to emphasize including 
economic feasibility in selecting onsite 
or offsite LID BMPs, and include 
economic feasibility as part of the LID 
BMP feasibility determination process 
along with technical feasibility. The 
maximum extent practicable (MEP) 
standard expressly includes the 
recognition of economic 
considerations when evaluating 
stormwater management options. 

Santa Ana Regional Board Permit 
R8—2009-0030, Section 
XII.C.6:  “The LID BMPs shall be 
designed to mimic pre-development 
hydrology through technically and 
economically feasible preventative 
and mitigative site design 
techniques. LID combines 
hydrologically functional site design, 
with pollution prevention methods 
to compensate for land development 
impact on hydrology and water 
quality.”  
 
San Diego Regional Board Permit 
R9—2009-0002, Section 
F.(7)(b):  “For each PDP participating, 
a technical feasibility analysis must 
be included demonstrating that it is 
technically infeasible to implement 
LID BMPs that comply with the 
requirements of Section F.1.(d)(4). 
The Copermittee(s) must develop 
criteria for the technical feasibility 
analysis including a cost benefit 
analysis, examination of LID BMPs 
considered and alternatives chosen. 
Each PDP participating must 
demonstrate that LID BMPs were 
implemented as much as feasible 
given the site’s unique conditions. 

Within the current tentative order 
there are several instances where, in 
addition to a demonstration of 
technical feasibility, economic 
feasibility must be included when 
evaluating and selecting LID BMPs.  
In the Tentative Order, these 
instances are found in: 
 
1.  D. Storm Water Management 
Program Minimum Control 
Measures, 6. Planning and Land 
Development Program, c. New 
Development/Redevelopment 
Project Performance Criteria, i. 
Integrated Water Quality/Flow 
Reduction Resources Management 
Criteria (2). 
 
2. D. Storm Water Management 
Program Minimum Control 
Measures, 6. Planning and Land 
Development Program, c. New 
Development/Redevelopment 
Project Performance Criteria, ii, 
Alternative Compliance for Technical 
Infeasibility or Opportunity for 
Groundwater Replenishment (1) and 
(2) 
 
3. D. Storm Water Management 
Program Minimum Control 
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Tentative Order 
Narrative Requirement 

BIA/LAV-BILD-CICWQ 
Comment 

Rationale for Change in Staff 
Working Proposal Minimum 
Control Measures 

BIA/LAV-BILD-CICWQ 
Suggested Permit 
Language/Requirement 
Measures, 6. Planning and Land 
Development Program, c. New 
Development/Redevelopment 
Project Performance Criteria, iii. 
Alternative Compliance Measures, 
introductory paragraph and in (4)(e). 
 
We suggest inserting “and 
economically” to read “technically 
and economically infeasible” in the 
instances noted above. 
 

Attachment A; Definitions: 
 
Definition edits needed for: 
ii. Biofiltration 
iii. Bioretention 
viii. Infiltration 
xi. Planter boxes and other flow-
through treatment BMPs 
 
Definitions needed for: 
1) Bioinfiltration 
2) Project 
3) Total Project Area 

Some definitions provided are 
inconsistent with established 
knowledge and practice in infiltration 
and biotreatment system designs.  In 
addition, we recommend including 
definitions for “bioinfiltration”, 
“project” and “total project area.” 

There are established definitions in 
the Ventura County MS4 Permit 
Technical Guidance Manual that 
clearly and succinctly define 
essential permit terms and 
conditions, in addition to those in 
the staff proposed MCM.     
 

Revisions or additions are shown 
in strikeout or underline: 
 
Biofiltration: A LID BMP that reduces 
stormwater pollutant discharges by 
intercepting rainfall on vegetative 
canopy, and through 
evapotranspiration, incidental 
infiltration if feasible, and filtration. 
As described in the Ventura County 
Technical Guidance Manual, studies 
have demonstrated that biofiltration 
of 1.5 times the stormwater quality 
design volume (SWQDv) provides 
approximately equivalent or greater 
reductions in pollutant loading when 
compared to bioretention or 
infiltration of the SWQDv. Incidental 
infiltration volume reduction is an 
important factor in achieving the 
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Narrative Requirement 

BIA/LAV-BILD-CICWQ 
Comment 

Rationale for Change in Staff 
Working Proposal Minimum 
Control Measures 

BIA/LAV-BILD-CICWQ 
Suggested Permit 
Language/Requirement 
required pollutant load reduction. 
Therefore, the term “biofiltration” as 
used in this Order is defined to 
include only systems designed to 
facilitate incidental infiltration 
volume reduction through the use of 
vegetated media to promote ET and 
by allowing for incidental infiltration 
where feasible. Biofiltration BMPs 
include bioretention systems with an 
underdrain, bioswales, and other 
systems providing biofiltration 
mechanisms to address pollutants of 
concern. 
 
Bioretention: A LID BMP that 
reduces stormwater runoff by 
intercepting rainfall on vegetative 
canopy, and through 
evapotranspiration and infiltration. 
The bioretention system typically 
includes a minimum 2-foot top layer 
of a specified soil and compost 
mixture underlain by an optional 
gravel-filled temporary storage pit 
dug into the in-situ soil. As defined in 
this Order, a bioretention BMP 
should may be designed with an 
overflow drain, but may not include 
an underdrain. When a bioretention 
BMP is designed or constructed with 
an underdrain it is regulated in this 
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BIA/LAV-BILD-CICWQ 
Comment 

Rationale for Change in Staff 
Working Proposal Minimum 
Control Measures 

BIA/LAV-BILD-CICWQ 
Suggested Permit 
Language/Requirement 
Order as bioinfiltration (if the 
underdrain discharge point is 
elevated) or biofiltration (if the 
underdrain is at the bottom or the 
system must be lined). 
 
Infiltration: A LID BMP that reduces 
stormwater runoff by capturing and 
infiltrating the runoff into in-situ soils 
or amended onsite soils. Examples of 
infiltration BMPs include infiltration 
basins, bioretention areas, dry wells, 
and pervious pavement. 
 
Planter boxes and other flow-
through treatment BMPs: modular 
vault type planter boxes or “high 
flow biotreatment” devices 
contained within an impervious vault 
with an underdrain or designed with 
an impervious liner and an 
underdrain.  Planter boxes do not 
allow for incidental infiltration and 
therefore do not meet the 
requirements of biofiltration as 
defined in this Order.  However, 
planter boxes may be used to meet 
Water Quality Mitigation Criteria as 
specified in Part [TBD] of this Order. 
 
Bioinfiltration: A LID BMP that is 
designed for partial infiltration of 
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Tentative Order 
Narrative Requirement 

BIA/LAV-BILD-CICWQ 
Comment 

Rationale for Change in Staff 
Working Proposal Minimum 
Control Measures 

BIA/LAV-BILD-CICWQ 
Suggested Permit 
Language/Requirement 
runoff and partial biofiltration. These 
facilities are similar to bioretention 
devices with underdrains, but the 
discharge elevation from the 
underdrain is raised above the gravel 
sump (via upturned elbow or 
elevated underdrain) to facilitate 
infiltration. These facilities can be 
used in areas where there are no 
hazards associated with infiltration, 
but infiltration of the full SWQDv 
may not be feasible due to low 
infiltration rates or high depths of fill. 
These facilities may not result in 
retention of the SWQDv but they can 
be used to meet the requirement to 
retain stormwater onsite to the 
maximum extent practicable (MEP).  
Swales and other biofiltration 
systems can be designed as 
bioinfiltration systems by including 
an infiltration sump below the lowest 
surface discharge elevation.  
 
Green roof 
A LID BMP using planter boxes and 
vegetation to intercept rainfall on the 
roof surface. Rainfall is intercepted 
by vegetation leaves and through 
evapotranspiration. Green roofs may 
be designed as either a bioretention 
BMP or as a planter box flow-through 
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Tentative Order 
Narrative Requirement 

BIA/LAV-BILD-CICWQ 
Comment 

Rationale for Change in Staff 
Working Proposal Minimum 
Control Measures 

BIA/LAV-BILD-CICWQ 
Suggested Permit 
Language/Requirement 
treatment BMP. To receive credit as 
a bioretention BMP, the green roof 
system planting medium shall be of 
sufficient depth to provide capacity 
within the pore space volume to 
contain the design storm depth and 
may not be designed or constructed 
with an underdrain.  
Rationale for revision: contemporary 
green roof designs include a drainage 
layer; if a drainage layer is not 
provided, water flows over the 
surface of the soil and can lead to 
erosion.  
 
 
Project: development, 
redevelopment, and land disturbing 
activities. The term is not limited to 
“project” as defined under CEQA 
(Reference: California Public 
Resources Code § 21065). 
 
Total Project Area: Total project area 
(or “gross project area”) for new 
development and redevelopment 
projects is the disturbed, developed, 
and un-disturbed portions within the 
project’s property (or properties) 
boundary, at the project scale 
submitted for first approval. Areas 
proposed to be permanently 
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BIA/LAV-BILD-CICWQ 
Comment 

Rationale for Change in Staff 
Working Proposal Minimum 
Control Measures 

BIA/LAV-BILD-CICWQ 
Suggested Permit 
Language/Requirement 
dedicated for open space purposes 
as part of the project are explicitly 
included in the "total project area."  

Attachment H 
Bioretention/Biofiltration Design 
Criteria 
 

We recommend moving this detailed 
design criteria to technical guidance 
specific to Los Angeles County.  

All other existing MS4 permits in 
southern California provide 
permittees and project applicants 
with detailed design criteria support 
in technical guidance documents.  
Including this level of detail in the 
permit significantly reduces flexibility 
of design standards to evolve with 
evolving science and innovation.  

Delete Attachment H; See 
bioretention, bioinfiltration, and 
biofiltration definitions on page 2 of 
this comment matrix. 

Attachment J 
Determination of Erosion Potential 

We provide comments on Permit 
Attachment J in a separate document 
file entitled BIASC_CICWQ Comments 
on Attachment J (Attachment 1). 

The equation given in Appendix J is 
one work index, but there are other 
indices which can be used in Ep 
analysis as well. For instance, bed 
sediment transport equations can be 
used for applicable bed material. 
Revisions are intended to provide 
this clarification. 

See Attachment 1 

Attachment L 
TMDL Provisions for Santa Clara River 
Watershed Management Area 

Page 7 of the Santa Clara River (SCR) 
Bacteria TMDL Basin Plan Amendment 
states that “compliance can 
alternatively be based on an allowable 
load,” however this language is 
missing from page L-2 of the Draft 
Permit’s TMDL provisions.  By omitting 
this compliance option in the Permit, 
the draft Permit is inconsistent with 
the Basin Plan Amendment. 

The Permit should be consistent with 
the TMDL Basin Plan Amendment. 
The MS4 Permit should not modify 
the Basin Plan Amendment without a 
reopener. 

We request that the statement 
“compliance can alternatively be 
based on an allowable load,” be 
inserted as an alternative for the final 
effluent limits for the SCR Bacteria 
TMDL; this would be an alternative 
for BOTH the single sample and 
geometric mean objective based 
WQBELs. 

D. Storm Water Management 
Program Minimum Control 

We recommend that the term “pre-
development water balance” be 

Phase I MS4 permits in California 
including North and South Orange 

Remove the reference to “pre-
development water balance” and 
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Tentative Order 
Narrative Requirement 

BIA/LAV-BILD-CICWQ 
Comment 

Rationale for Change in Staff 
Working Proposal Minimum 
Control Measures 

BIA/LAV-BILD-CICWQ 
Suggested Permit 
Language/Requirement 

Measures, 6. Planning and Land 
Development Program, a. Purpose, 
i.(3) and (7) 
 

eliminated or exceptions to this goal 
be explicitly recognized. This may be a 
reasonable goal in some cases, but 
may be more restrictive than is 
required to protect surface water and 
groundwater quality. For example, if 
recharge is needed, then why is it 
necessary to require water balance 
matching when it is actually desirable 
to increase recharge compared to 
natural conditions? Additionally it may 
be cost prohibitive to attempt to 
manage the entire water balance. 
 
We recommend combining (7) (a) and 
(b) into a single statement indicating 
LID BMP selection preference and 
deleting the reference to 
“bioretention.” 

County, Western and Southern 
Riverside County, and San 
Bernardino County recognize the use 
of LID BMPs as a means to 
potentially mimic “pre-development 
hydrology”.   

replace with “pre-development 
hydrology” and include 
“biofiltration”.  Section (3) would 
then read: “...and employing Low 
Impact Development (LID) design 
principles to mimic pre-development 
hydrology through infiltration, 
evapotranspiration, harvest and use, 
and biofiltration.” 
 
The statement should combine 
(7)(a)(b) into (7)(a) and read: 
“...managing water resources in the 
following order of preference: (a) 
Infiltration, rainfall harvest and use, 
and biofiltration.” 

D. Storm Water Management 
Program Minimum Control 
Measures, 6. Planning and Land 
Development Program, b. 
Applicability, i. New Development 
Projects (1)(g) 

We recommend providing clarifying 
language that implementing the green 
streets manual to the MEP fulfills and 
supersedes all other development / 
redevelopment requirements (i.e., LID 
and/or hydromodification control). 
 
We recommend providing clarifying 
language that the green streets 
provision applies to standalone 
streets, roads, highways, and freeway 
projects, and also applies to streets 
within larger projects.  

This roadway requirement is 
consistent with the approved 
Ventura County MS4 Permit 
Technical Guidance Manual. 

Add footnote to b. Applicability, i. 
New Development Projects, (1)(g) 
that reads:  “implementing the 
USEPA Green Streets Manual in a 
manner consistent with the MEP 
standard fulfills and supersedes all 
other development/redevelopment 
requirements, including Low Impact 
Development and Hydromodification 
Control criteria”. 
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Tentative Order 
Narrative Requirement 

BIA/LAV-BILD-CICWQ 
Comment 

Rationale for Change in Staff 
Working Proposal Minimum 
Control Measures 

BIA/LAV-BILD-CICWQ 
Suggested Permit 
Language/Requirement 

D. Storm Water Management 
Program Minimum Control 
Measures, 6. Planning and Land 
Development Program, c. New 
Development/Redevelopment 
Project Performance Criteria, i. 
Integrated Water Quality/Flow 
Reduction Resources Management 
Criteria (1). 

Biofiltration is an established LID BMP 
for use in attempting to mimic pre-
development hydrology. 

The Ventura County MS4 Permit as 
well as other Phase I MS4 permits in 
California including SF Bay Area, 
North and South Orange County, 
Western and Southern Riverside 
County, and San Bernardino County 
recognize the use of biofiltration in 
meeting water quality volume and 
flow control performance standards. 

Modify permit language to read: (1) 
Each Permittee shall require all New 
Development and Redevelopment 
projects identified in Part VI.D.6.b to 
control pollutants, pollutant loads, 
and runoff volume emanating from 
the project site by: (1) minimizing 
impervious surface area and (2) 
controlling runoff from impervious 
surfaces through infiltration, 
bioretention, rainfall harvest and use, 
and biofiltration.” 

D. Storm Water Management 
Program Minimum Control 
Measures, 6. Planning and Land 
Development Program, c. New 
Development/Redevelopment 
Project Performance Criteria, i. 
Integrated Water Quality/Flow 
Reduction Resources Management 
Criteria (2). 
 

The Staff working proposal MCM 
released in March 2012 provided an 
option for a project proponent to use 
an offsite location to manage an 
equivalent volume of stormwater if 
co-equal water quality and water 
supply objectives are established.  In 
the Tentative Order the opportunity 
for regional groundwater 
replenishment has been relegated to 
an Alternative Compliance option.   
 
We request that this option be 
restored as co-equal to onsite 
management of the SWQDv.   

Allow projects that are within the 
contributing watershed area of an 
“Opportunity for Regional 
Groundwater Replenishment” to 
“opt in” to the Regional 
Groundwater Replenishment Project 
as a compliance option that is co-
equal to onsite management of the 
SWQDv per  VI.D.6.c.i.(2) 

Modify permit language to read: 
 
(2) Except as provided in Part 
VI.D.6.c.ii (Technical Infeasibility) or 
Opportunity for Regional Ground 
Water Replenishment), Part VI.D.6.d.i 
(Local Ordinance Equivalence), or 
Part VI.D.6.c.v (Hydromodification), 
below, each Permittee shall require 
the project to either retain on site 
the Stormwater Quality Design 
Volume (SWQDv) defined as the 
runoff from: 
 
(a) The 0.75-inch, 24-hour rain event 

or 
(b) the 85th percentile, 24-hour rain 
event, as determined from the Los 
Angeles County 85

th
 percentile 

isohyetal map, whichever is greater,  
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Control Measures 

BIA/LAV-BILD-CICWQ 
Suggested Permit 
Language/Requirement 
 

or 
 
Where a project has been 
determined to provide an 
opportunity to replenish regional 
groundwater supplies at an offsite 
location, each permittee may allow 
projects to comply with this Order 
through offsite groundwater 
replenishment projects as described 
in Part VI.D.6.iii (4) 

D. Storm Water Management 
Program Minimum Control 
Measures, 6. Planning and Land 
Development Program, c. New 
Development/Redevelopment 
Project Performance Criteria, i. 
Integrated Water Quality/Flow 
Reduction Resources Management 
Criteria (3)(4). 
 

The Tentative Order does not support 
the established hierarchy of LID BMP 
selection found in similar Phase I MS4 
permits adopted in California since 
2007, and as most recently as 2010.   
The Tentative Order establishes a zero 
discharge threshold for compliance 
with the Integrated Water 
Quality/Flow Reduction criteria in 
subpart (2) that is inconsistent with 
the application of LID technologies for 
stormwater management.  The 
exclusion of LID biofiltration 
technologies in meeting the onsite 
capture standard is without merit or 
technical support.  
 
Design criteria for bioretention and 
biofiltration found in (3) should be 
deleted, and instead moved to 

Design criteria for bioretention, 
biofiltration, harvest and use, and 
using evapotranspiration/green 
roofs as hydrologic source controls 
should be moved to separate 
technical guidance specific to the LA 
County MS4 permit. While each of 
these elements may be applicable to 
projects, technical guidance is 
needed to identify the 
considerations associated with 
implementing these system based on 
project types. For example, it is not 
technically or economically 
appropriate to utilize green roofs in 
some project types because of 
construction methods (i.e., steeply 
sloped roofs), specialized 
maintenance requirements, water 
consumption impacts, and potential 

Strike sections (3) and (4)  
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Working Proposal Minimum 
Control Measures 

BIA/LAV-BILD-CICWQ 
Suggested Permit 
Language/Requirement 

technical guidance. 
 
In addition, delete (4) “consider the 
maximum potential for 
evapotranspiration from green roofs 
and rainfall harvest and use”, and 
instead address these options for 
application in technical guidance 
specific to LA County. 

increases in fire risks. As another 
example, it is not technically or 
economically appropriate to utilize 
harvest and use where reliable 
demand is not adequate to a yield 
meaningful stormwater retention 
benefit that justifies capital and 
O&M costs.  

D. Storm Water Management 
Program Minimum Control 
Measures, 6. Planning and Land 
Development Program, c. New 
Development/Redevelopment 
Project Performance Criteria, ii. 
Alternative Compliance for Technical 
Infeasibility or Opportunity for 
Regional Groundwater 
Replenishment (1) 
 

 The Opportunity for Regional Ground 
Water Replenishment should be a 
stand-alone, co-equal option with that 
of onsite management of the SWQDv. 
 

Allow projects that are within the 
contributing watershed area of an 
“Opportunity for Regional 
Groundwater Replenishment” to 
“opt in” to the Regional 
Groundwater Replenishment Project 
as a compliance option that is co-
equal to onsite management of the 
SWQDv per  VI.D.6.c.i.(2) 

Strike “Opportunity for Regional 
Ground Water Replenishment” from 
c. New Development / 
Redevelopment Project Performance 
Criteria, ii. Alternative Compliance 
for Technical Infeasibility or 
Opportunity for Regional 
Groundwater Replenishment 
 
Revise part (1) to read:  In instances 
of technical infeasibility or where a 
project has been determined to 
provide an opportunity to replenish 
regional ground water supplies at an 
offsite location, each Permittee may 
allow projects to comply with this 
Order through the alternative 
compliance measures as described in 
Part VI.D.6.c.iii 

D. Storm Water Management 
Program Minimum Control 
Measures, 6. Planning and Land 
Development Program, c. New 

A statement such as “the project 
applicant must demonstrate that the 
project cannot reliably retain 100 
percent of the SWQDv onsite, even 

We recommend modification of the 
permit language to incorporate 
elements of conducting a reasonable 
engineering analysis of the feasibility 

Revise to read:   
 
To demonstrate technical 
infeasibility, the project applicant 
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Development/Redevelopment 
Project Performance Criteria, ii. 
Alternative Compliance for Technical 
Infeasibility or Opportunity for 
Regional Groundwater 
Replenishment (2) 
 

with the maximum application of 
green roofs and rainwater harvest and 
use....” is unclear given existing permit 
language, and is inconsistent with 
precedential language established in 
the Ventura County MS4 permit. 
 

for harvest and use systems and 
estimation of reliable water demand.  
See the Ventura County TGM for 
suggested language, and incorporate 
into a LA County MS4 permit specific 
technical guidance.  Green roofs are 
considered a hydrologic source 
control and not required in California 
Phase I MS4 permits because of 
numerous concerns regarding cost 
and performance relative to 
performance of other onsite LID 
BMPs. Green roofs are not applicable 
to all project types based on the 
discussion provided earlier in this 
matrix. 

must demonstrate that the project 
cannot reliably retain 100 percent of 
the SWQDv onsite, even with the 
maximum application of green roofs 
and rainwater harvest and use, and 
that compliance with the applicable 
post-construction requirements 
would be technically or economically 
infeasible by submitting site specific 
hydrologic and/or design analysis 
conducted and endorsed by a 
registered professional engineer, 
geologist, architect, and/or 
landscape architect. 

Attachment H 
Bioretention/Biofiltration Design 
Criteria, Section 4.a. 

 

(1) The 24-hour criterion for 
infiltration as described in Attachment 
H is arbitrary and is an unnecessarily 
short drawdown time for achieving 
acceptable performance in back to 
back storms. Additionally, this 
limitation is unnecessary to protect 
against vector concerns.  
If this criterion stands, then BMPs 
designed to drain in 48 -72 hours 
(standard design practice) would only 
be able to count 1/3 to 1/2 of volume 
as infiltrated. There is no technical 
basis for this limitation. 
 
(2)The 0.15 in/hr criterion is extremely 

For infiltration system design criteria 
support, see i) Attachment 2, which 
presents a review of Minimum 
Infiltration Rates in LID and 
Stormwater Management Manuals 
and Ordinances; ii) Attachment 3, 
which presents a case study analysis 
of the effect of infiltration rate 
feasibility on BMP sizing 
requirements; iii) Attachment 4, 
which presents comments on 
geotechnical considerations when 
using soil infiltration systems. 
 
In order to encourage infiltration in 
marginal soil conditions, researchers 

While we suggest, that design criteria 
be moved to technical guidance 
instead of being included in the 
Permit, we are providing the 
following suggestions to improve on 
the criteria that have been included 
in the draft Permit:  
 
 
Adjust infiltration drawdown 
criterion to “48 to 72 hours”. 

 
Include an option to demonstrate 
80% average annual retention using 
continuous modeling analysis. (This is 
consistent with Ventura County MS4 
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low and unprotective compared to 
what other LID BMP design guidance 
documents have contained. 
Additionally, it is not clear if this 
criterion is before or after a factor of 
safety is applied.  
 

 

and design professionals commonly 
use a bioinfiltration design (elevated 
underdrain) to so that infiltration is 
achieved to the extent practicable 
while providing a secondary treated 
outlet if soil infiltration rates decline 
or are misestimated in initial design. 
For rainfall harvest and use system 
design criteria support (including 
calculation of reliable onsite 
demand), see the Ventura County 
TGM, pages 6-94 to 6-101 
 

Permit and technical guidance). 
Make the onsite infiltration criterion 
more consistent with other MS4 
permits (0.3 or 0.5 inches per hour, 
after applying a prudent factor of 
safety) adopted in California. 
 
We recommend adopting a three-
tiered infiltration prioritization 
model: 
 
Tier 1 - Ksat > 0.5 in/hr after factor of 
safety – designer should attempt to 
design system without underdrain 
unless infiltration is infeasible for 
other reasons. 
 
Tier 2 - Ksat < 0.5 in/hr after factor of 
safety but Ksat is non-negligible – 
designer should utilize an elevated 
underdrain (bioinfiltration) design 
unless a shallow footprint is 
practicable given space constraints 
(in which case, can design without 
underdrain) or infiltration is 
infeasible for other reasons (in which 
case, should utilize a bottom 
underdrain). 
 
Tier 3 - Ksat is negligible or 
infiltration is infeasible for other 
reason(s) (i.e., would cause a hazard 
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BIA/LAV-BILD-CICWQ 
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Working Proposal Minimum 
Control Measures 

BIA/LAV-BILD-CICWQ 
Suggested Permit 
Language/Requirement 
or adverse impact) – utilize an 
underdrain and protect against 

incidental infiltration, as needed. 
 
Include a table in technical guidance 
indicating specific percent of site 
area that would be dedicated to 
infiltration or biofiltration based on a 
project type and density. 

D. Storm Water Management 
Program Minimum Control 
Measures, 6. Planning and Land 
Development Program, c. New 
Development/Redevelopment 
Project Performance Criteria, ii. 
Alternative Compliance for Technical 
Infeasibility or Opportunity for 
Regional Groundwater 
Replenishment (3) 
 

Part (3) does not support Staff’s 
statements that Opportunity for 
Regional Ground Water 
Replenishment is co-equal with that of 
100% management of the SWQDv 
onsite.  We suggest striking this 
section. 

Staff clarified on July 9, 2012 that 
Opportunity for Regional Ground 
Water Replenishment is co-equal 
with that of 100% management of 
the SWQDv onsite. 

Strike (3) To utilize alternative 
compliance measures to replenish 
ground water at an offsite location, 
the project applicant shall 
demonstrate why it is not 
advantageous to replenish ground 
water at the project site, and that the 
alternative measures shall also 
provide equal or greater water 
quality benefits to the receiving 
surface water than the Water 
Quality/Flow Reduction/Resource 
Management Criteria in Part 
VI.6.D.c.i. 
 

D. Storm Water Management 
Program Minimum Control 
Measures, 6. Planning and Land 
Development Program, c. New 
Development/Redevelopment 
Project Performance Criteria, iii. 
Alternative Compliance Measures 
 

We suggest explicitly removing “to 
replenish regional ground water 
supplies” from the introductory 
statement” and from part (2) because 
this language does not support Staff’s 
statements that Opportunity for 
Regional Ground Water 
Replenishment is co-equal with that of 

Staff clarified on July 9, 2012 that 
Opportunity for Regional Ground 
Water Replenishment is co-equal 
with that of 100% management of 
the SWQDv onsite. 

Revise to read: 
 
When a Permittee determines a 
project applicant has demonstrated 
that it is technically or economically 
infeasible to retain 100% of the 
SWQDv on site, or is proposing an 
alternative offsite project to 
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Tentative Order 
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BIA/LAV-BILD-CICWQ 
Comment 

Rationale for Change in Staff 
Working Proposal Minimum 
Control Measures 

BIA/LAV-BILD-CICWQ 
Suggested Permit 
Language/Requirement 

Introductory Statement on page 71 
and part (2) on page 72 
 
 

100% management of the SWQDv 
onsite.  Conditions for Regional 
Ground Water Replenishment are 
appropriately established in iii.(4) with 
some language modifications (see 
below) 

replenish regional ground water 
supplies, the Permittee shall require 
one of the following mitigation 
options:  
 
(2) Offsite Infiltration/Ground Water 
Replenishment/Bioretention Projects 

D. Storm Water Management 
Program Minimum Control 
Measures, 6. Planning and Land 
Development Program, c. New 
Development/Redevelopment 
Project Performance Criteria, iii. 
Alternative Compliance Measures 
(1)(b) Conditions for Biofiltration (i) 

Bioretention and biofiltration design 
criteria should not be included in 
permit language.  Design criteria 
evolve and adapt to changing 
conditions and available information.  
Inclusion of these specifications in 
Attachment G will not only encumber 
implementation, but will also restrict 
the progress of future LID BMP 
implementation. 

Prescriptive design criteria are best 
established in engineering guidance 
documents, and should be included 
in LA County specific technical 
guidance. 

Strike: Alternative Compliance 
Measures (1)(b) Conditions for 
Biofiltration (i)  Biofiltration systems 
shall meet the design specifications 
provided in Attachment H to this 
Order unless otherwise approved by 
the Regional Water Board Executive 
Officer. 

D. Storm Water Management 
Program Minimum Control 
Measures, 6. Planning and Land 
Development Program, c. New 
Development/Redevelopment 
Project Performance Criteria, iii. 
Alternative Compliance Measures (4) 
Conditions for Offsite Projects 
 

Section (4) is the appropriate location 
for any conditions governing the use 
of Regional Ground Water 
Replenishment projects 
 
Project applicants who have a regional 
ground water replenishment project 
available to them should not have to 
demonstrate equal benefit of onsite 
recharge, as these two types of 
projects are considered co-equal.  A 
regional project (and its proponents) 
would demonstrate the water quality 
and supply benefits in the approval 
process described in Section iii.(4) and 

Staff clarified on July 9, 2012 that 
Opportunity for Regional Ground 
Water Replenishment is co-equal 
with that of 100% management of 
the SWQDv onsite. 

Revise (4) read: 
 
(4) Conditions for Offsite Projects and 
Ground Water Replenishment 
 
Strike: 
 
(c ) Project applicant must 
demonstrate that equal benefits to 
ground water recharge cannot be 
met on the project site. 
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Working Proposal Minimum 
Control Measures 

BIA/LAV-BILD-CICWQ 
Suggested Permit 
Language/Requirement 

receive approval per (4)(g).  

D. Storm Water Management 
Program Minimum Control 
Measures, 6. Planning and Land 
Development Program, c. New 
Development/Redevelopment 
Project Performance Criteria, iv. 
Water Quality Mitigation Criteria (1-
3) 

 

This is an extremely onerous 
requirement and questionably legal; 
we recommend striking much of this 
requirement and providing an 
alternative method of demonstrating 
that treatment control BMPs have 
been selected to adequately address 
pollutants of concern. 
 
During the July 9, 2012 staff 
workshop, staff clarified that the 
purpose of water quality mitigation 
criteria (Section 4.D.6.c.iv) is to guide 
the selection of treatment BMPs for 
projects that have been approved for 
offsite mitigation or groundwater 
replenishment to address the 
pollutants of concern for the project 
site. As written, however, this section 
appears create unnecessary legal 
liability in the treatment BMP 
selection process, as it requires that 
treatment BMPs be selected to 
achieve receiving water limitations 
and WQBELS at downstream MS4 
outfalls.   
 

 

Support is needed for the 
development of Table 11. The 
studies that were queried to develop 
this table should be reported to 
allow a transparent assessment of 
the validity of the methods used. 
 
It is not technically appropriate to 
establish a benchmark that must be 
met all the time by taking the 
median of studies. The median is 
inherently a value that is exceeded 
50 percent of the time. Therefore it 
is not appropriate to use a median 
for setting a benchmark unless the 
benchmark only needs to be met 50 
percent of the time. If this is the 
intent, it should be explicitly 
clarified.  
 
It is not technically appropriate to 
utilize the 3 best performing BMPs, 
by pollutant, to establish 
benchmarks. The BMP database 
includes more than 500 studies 
spanning many types of BMPs, 
including BMPs ranging from sand 
filters to constructed wetlands to 
green roofs and others. The unit 
processes that exist in one BMP to 
address one pollutant may not be as 

Revise to read: 
 
(1) Each Permittee shall require all 
New Development and 
Redevelopment projects that have 
been approved for offsite mitigation 
or ground water replenishment 
projects as defined in Part VI.D.6.c.ii-
iii. to also provide treatment of storm 
water runoff from the project site, 
unless the groundwater 
replenishment project is located 
downstream of the project and prior 
to discharge to waters of the United 
States.. Each Permittee shall require 
these projects to design and 
implement post-construction storm 
water BMPs and control measures to 
reduce pollutant loadings as 
necessary to:  
(a) meet the pollutant specific 
benchmarks listed in Table 11 at the 
treatment systems outlet or prior to 
the discharge to the MS4 and (b) 
ensure that the discharge does not 
cause or contribute to an exceedance 
of water quality standards at the 
Permittee’s downstream MS4 outfall. 
 
(3) In addition to the requirements 
for controlling pollutant discharges 
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BIA/LAV-BILD-CICWQ 
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Language/Requirement 

effective for another pollutant.  
Taking the pollutant by pollutant 
approach to rating BMPs is implicitly 
requiring the use of a “Frankenstein” 
of treatment processes that do not 
exist within a single BMP. 
 
It is not technically appropriate to 
rank BMP studies based solely on 
their effluent concentration. Within 
the 500+ studies in the BMP DB, a 
wide range of BMP study sites exist 
with a wide range of tributary runoff 
quality. It is possible, and perhaps 
likely, that the top three BMPs 
(ranked only by cleanest effluent) 
may in fact be cleanest because they 
had anomalously clean influent. If 
BMPs must be ranked, they should 
be ranked as a function of their 
effluent quality, their ability to 
achieve statistically significant 
removal (i.e., out less than in), and 
back-check that their influent quality 
is within the range typically observed 
in urban stormwater runoff.  BMPs 
such as green roofs that address only 
rainfall directly on a roof (i.e., 
typically lower pollutant loading than 
average for an entire site) should be 
removed. 
 

as described in Part IV.D.6.iv. and the 
treatment requirements described 
above, each Permittee shall ensure 
that the new development or 
redevelopment will not cause or 
contribute to an exceedance of 
applicable water quality-based 
effluent limitations established in 
Part VI.E pursuant to Total Maximum 
Daily Loads (TMDLs). 
 
Delete: Table 11 and its content 
 
Include language so that sand filter 
equivalency is an acceptable pathway 
when selecting treatment control 
BMPs. 
 
Include a table that list which BMPs 
are equal to or better than sand 
filters for each pollutant of concern. 
Base the table on the latest studies in  
the US EPA-ASCE International 
Stormwater BMP Database.   
 
Include an option to demonstrate 
80% average annual capture using 
continuous modeling analysis for 
sizing of treatment control BMPs. 

RB-AR5955



Comments on the Tentative Order, Greater Los Angeles County Municipal Separate Storm Sewer System Permit  
Submitted by The Building Industry Association of Southern California, Los Angeles-Ventura Chapter; Building Industry Legal 
Defense Foundation; and Construction Industry Coalition on Water Quality; July 23, 2012 
 

18 
 

Tentative Order 
Narrative Requirement 

BIA/LAV-BILD-CICWQ 
Comment 

Rationale for Change in Staff 
Working Proposal Minimum 
Control Measures 

BIA/LAV-BILD-CICWQ 
Suggested Permit 
Language/Requirement 

D. Storm Water Management 
Program Minimum Control 
Measures, 6. Planning and Land 
Development Program, c. New 
Development/Redevelopment 
Project Performance Criteria v. 
Hydromodification 
(Flow/Volume/Duration) Control 
Criteria (1)(b)(iii) and (1)(c)(i)1. 
 
 

We recommend providing a definition 
for pre-project condition. 

 
We recommend striking (1)(c)(i)1 and 
allowing projects less than 50 acres to 
install LID BMPs to the MEP per 
process described in Part VI.D.6.c.i, to 
meet interim hydromodification 
control standards.  In addition, allow 
projects an additional option of 
complying with existing LA County 
Hydromodification Control 
Requirements found on pages 19 and 
20 in the County of Los Angeles Low 
Impact Development Standards 
Manual, January 2009. 

Ventura County MS4 Permit and 
Technical Guidance Manual 

 
County of Los Angeles Low Impact 
Development Standards Manual, 
January 2009. 

Provide definition for pre-project 
condition: 
 
Pre-project conditions:  “The existing 
land use condition prior to the 
proposed activity.” 
 
Delete section v. Hydromodification 
(Flow/Volume/Duration) Control 
Criteria ( (1)(c)(i)1., and replace with 
the following:   
 
1. The combined effects of LID and 
the treatment BMPs are considered 
adequate for Hydromodification 
control for projects that disturb less 
than 50 acres. 
 
Include a 4

th
 option for meeting 

interim hydromodification control 
standards by referencing the existing 
LA County hydromodification control 
requirements found on pages 19 and 
20 in the County of Los Angeles Low 
Impact Development Standards 
Manual, January 2009. 

D. Storm Water Management 
Program Minimum Control 
Measures, 6. Planning and Land 
Development Program, c. New 
Development/Redevelopment 
Project Performance Criteria, vi. 

We recommend moving this 
paragraph/clause to the section 
addressing alternative compliance 
measures when using LID BMPs. 

There is a similar statement in 
Ventura County MS4 permit (July 
2010), which appears on page 59 
within Section III. New 
Development/Redevelopment 
Performance Criteria. 2.(d) 

 
We support this provision. 

 

RB-AR5956



Comments on the Tentative Order, Greater Los Angeles County Municipal Separate Storm Sewer System Permit  
Submitted by The Building Industry Association of Southern California, Los Angeles-Ventura Chapter; Building Industry Legal 
Defense Foundation; and Construction Industry Coalition on Water Quality; July 23, 2012 
 

19 
 

Tentative Order 
Narrative Requirement 

BIA/LAV-BILD-CICWQ 
Comment 

Rationale for Change in Staff 
Working Proposal Minimum 
Control Measures 

BIA/LAV-BILD-CICWQ 
Suggested Permit 
Language/Requirement 

Watershed Equivalence 
 

D. Storm Water Management 
Program Minimum Control 
Measures, 6. Planning and Land 
Development Program. d. 
Implementation, i. Local Ordinance 
Equivalence 

We recommend recognizing regional 
mitigation programs in addition to 
local ordinances that provide program 
equivalence 

Local ordinances and regional 
mitigation programs provide greater 
program flexibility, allow 
jurisdictional specific water quality 
issues to be directly addressed at a 
local level, and allow regional 
projects to incorporate and achieve 
multiple benefits while meeting 
water quality standards. 

Revise to read: 
 
i. Local Ordinance or Regional 
Mitigation Program Equivalence 
 
A local LID ordinance and technical 
manual or a regional or sub-regional 
storm water mitigation program that 
does not fully incorporate the 
applicable requirements of this 
Order, shall may be submitted to the 
Executive Officer of the Regional 
Water Board for approval as 
equivalent within X months after the 
Order effective date. The Executive 
Officer shall will assess whether the 
Permittee has provided reasonable 
assurance that the alternative 
requirements in the local ordinance 
or regional or sub-regional storm 
water mitigation program will 
provide equal or greater reduction in 
storm water discharge pollutant 
loading and volume as would have 
been obtained through strict 
conformance with VI.D.6.c.i  and ii. 
Integrated Water Quality/Flow 
Reduction Resources Management 
Criteria or Alternative Compliance 
Measures for Technical Infeasibility 
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Language/Requirement 
of this Order and, if applicable, 
VI.D.6.c.v. Hydromodification 
(Flow/Volume Duration) Control 
Criteria.  Local ordinances or regional 
or sub-regional storm water 
mitigation programs that do not 
strictly conform to the provisions of 
this Order must be approved by the 
Executive Officer of the Regional 
Water Board as being “equivalent” in 
effect to the applicable provisions of 
this Order. 
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BIA/SC_CICWQ COMMENTS ON ATTACHMENT J 
DETERMINATION OF EROSION POTENTIAL 
 
Ep is determined as follows - The total effective work done on the channel boundary is derived 
and used as a metric to predict the likelihood of channel adjustment given watershed and stream 
hydrologic and geomorphic variables. The index under urbanized conditions is compared to the 
index under preurban conditions expressed as a ratio (Ep). The effective work index (W) iscan be 
computed in a number of different ways including simplistic work equations, material specific 
sediment transport equations, or more complex functions based on site calibrated sediment rating 
curves.  One such work equation, which represents the total work done on the channel boundary, 
includes the following: 
computed as the excess shear stress that exceeds a critical value for streambed 
mobility or bank material erosion integrated over time and represents the total 
work done on the channel boundary: 

 

Where: W = effective work, τi = applied hydraulic shear stress, τc = critical shear stress that 
initiates bed mobility or erodes the weakest bank layer, V = mid-channel flow velocity,i = 
applied hydraulic shear stress, _t = duration of flows (typically in hours), and n = length of flow 
record. The effective work index for presumed stable stream channels under pre-urban 
conditions is compared to stable and unstable channels under current urbanized conditions. The 
comparison, expressed as a ratio, is defined as the Erosion Potential (Ep)1 (McRae 1992, 1996). 

 

where: 
 
Wpost = work index estimated for the post-urban condition 
Wpre = work index estimated for the pre-urban condition 
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Review of Minimum Infiltration Rates in LID and Stormwater Management Manuals and Ordinances 

Updated: April 11, 2012 

Manual/Jurisdiction Minimum Infiltration Rate for Infiltration BMPs 
Ventura Technical Guidance Manual 
(approved by the Executive Officer of the 
Los Angeles Regional Board on July 13, 
2011) 

Infiltration is considered infeasible if infiltration is less than 0.3 inches per hour. 
 
Infiltration is considered partially feasible from 0.3 inches to 0.5 inches per hour; bioinfiltration 
system with elevated underdrain should be used, but infiltration systems without an underdrain are 
not considered feasible. 
 
Infiltration is considered feasible without an underdrain if rates are greater than 0.5 inches per hour 

Orange County Technical Guidance 
Document  
(approved by the Executive Officer of the 
Santa Ana Regional Board on May 19, 
2011) 

Infiltration of the full design capture volume is considered infeasible if the infiltration rate is less than 
0.3 inches per hour. A minimum factor of safety of 2.0 must be applied to testing observations 
before comparing to this criterion. Testing results must indicate 0.6 inches per hour or greater.  
 
If infiltration rate is less than 0.3 inches per hour but other infiltration feasibility constraints do not 
apply, then biotreatment systems must be designed with a sump below the lowest surface discharge 
point. 
 
Infiltration rate must be tested at a horizon 2 feet below the anticipated bottom of the infiltration 
facility to ensure that the potential benefits of soil amendments are accounted for.  

City of Los Angeles SUSMP Infiltration 
Requirements and Guidance (not dated) 

Infiltration BMPs 
Minimum site soil percolation rate shall be 0.5 inches per hour. Soils with a percolation rate of less 
than 0.5 in/hr may utilize a biofiltration system that includes an under drain system to prevent 
extended ponding. 
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Manual/Jurisdiction Minimum Infiltration Rate for Infiltration BMPs 
City of Los Angeles Development Best 
Management Practices Handbook - Part 
B: Planning Activities (4th edition) 
(adopted by City of Los Angeles' Board of 
Public Works, July 2011) 

Infiltration is considered infeasible if infiltration is less than 0.3 inches per hour and connectivity to 
soils with higher infiltration rate is not feasible. 
 
Infiltration is considered potentially feasible from 0.3 inches to 0.5 inches per hour; additional design 
considerations may be needed such as an elevated underdrain to provide redundancy in design.  
 
Infiltration is considered feasible without additional features such as an underdrain if rates are 
greater than 0.5 inches per hour. 

LA County SUSMP Manual (September 
2002) 

Bioretention: 
“The soil should have infiltration rates greater than 0.5 inches per hour, otherwise an underdrain 
system should be included.” 
 
Infiltration Basin: 
“Soils with an infiltration rate of less than 0.3 inches per hour, are not suitable sites for infiltration 
basins.” 
 
Infiltration Trench: 
“Soil should have infiltration rate greater than 0.3 inches per hour and clay content less than 30 
percent.” 

LA County LID Manual (January 2009) Infiltration is infeasible in locations with native undisturbed infiltration rate less than 0.5 inches per 
hour. 
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Manual/Jurisdiction Minimum Infiltration Rate for Infiltration BMPs 
CASQA BMP Handbook (2004 revision) Bioretention: 

“In areas where the native soil permeability is less than 0.5 in/hr an underdrain should be provided.” 
 
Infiltration Trench:  
“The minimum acceptable hydraulic conductivity as measured in any of the three required test holes 
is 13 mm/hr (0.5 in/hr). If any test hole shows less than the minimum value, the site should 
be disqualified from further consideration.” 
 
Infiltration Basins: 
“Infiltration basins require a minimum soil infiltration rate of 0.5 inches/hour, not appropriate at sites 
with Hydrologic Soil Types C and D.” 
 

Caltrans BMP Technology Report (April 
2006) 

Infiltration Basins: 
“Siting Constraints: Infiltration basins can only be placed in areas where soil type is RCS type “A”, 
“B”, or “C”. Soil shall not have more than 30 percent clay or more than 40 percent clay and silt 
combined. Minimum infiltration rate of 12 mm/hr [=0.47 in/hr] is preferred.  
 
Infiltration Trenches: 
“An infiltration rate of at least 14 mm/hr [=0.55 in/hr] is desired. This infiltration rate would be found 
in soils with low silt and clay content.  
 

Eastern Washington Manual/ WA DOE 
Manuals (2004) 

Soil Type (p 5-11): 
“The permeability of the soil underlying a treatment facility has a profound influence on its 
effectiveness. This is particularly true for infiltration treatment facilities that are best sited in sandy to 
loamy sand soils. They are not generally appropriate for sites that have final infiltration rates of less 
than 0.5 inches per hour.” 

City of Seattle Public Utilities Department 
of Planning and Development Stormwater 
Manual (released November 
2009) 

Infiltration is infeasible if the infiltration rate (after factor of safety correction) is less than 0.25 inches 
per hour. Factors of safety range from 2 to 10. Therefore tested infiltration rate must be at least 0.5 
to 2.5 inches per hour for infiltration to be feasible. 

State of Michigan (Not Dated) 0.52 inches per hour 

RB-AR5962

http://www.cabmphandbooks.com/Development.asp�
http://www.mastep.net/documents/caltrans%20treatment%20bmp%20technology%20report.pdf�
http://www.ecy.wa.gov/programs/wq/stormwater/municipal/StrmwtrMan.html�
http://www.ecy.wa.gov/programs/wq/stormwater/municipal/StrmwtrMan.html�
http://www.seattle.gov/dpd/codes/dr/DR2009-17.pdf�
http://www.seattle.gov/dpd/codes/dr/DR2009-17.pdf�
http://www.seattle.gov/dpd/codes/dr/DR2009-17.pdf�
http://www.michigan.gov/documents/deq/lwm-smg-04_202867_7.pdf�


Attachment 2 – Minimum Infiltration Rates in LID Manuals and Ordinances 

4 

 

Manual/Jurisdiction Minimum Infiltration Rate for Infiltration BMPs 
Georgia Stormwater Management Manual 
http://www.georgiastormwater.com/ 
(August 2001) 

Bioretention: 
“The soil must have an infiltration rate of at least 0.5 inches per hour” 
 
Infiltration Trench: 
“Soil infiltration rate of 0.5 in/hr or greater required” 
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Attachment 3 --Infiltration Rate Sizing Case Study

Rationale

85th Percentile Storm 
Depth, inches 1.0

Site Imperviousness 90%
Runoff Coefficient 0.82
Drainage Area, acres 1.0
Target Drawdown Time, 
hours 48

Case Study System Design Calculations

Assumed Design 
Infiltration Rate1, inches 

per hour

System Maximum 
Effective Depth to 
Drain in 48 hours, 

inches

Selected System 
Effective Depth 

based on 
Bioretention 

Design Criteria2, 

inches
BMP Effective 
Footprint, sq-ft

Approximate 
BMP Capital 

Cost3, $

0.075 3.6 3.6 9,920 170,000 99,000 - 397,000

0.15 7.2 7.2 4,960 84,000 50,000 - 198,000

0.3 14.4 14.4 2,480 42,000 25,000 - 99,000

0.5 24 18 1,980 27,000 20,000 - 79,000

1 48 18 1,980 27,000 20,000 - 79,000
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Case Study: Sensitivity of Infiltration Rate Feasibility Threshold on BMP Sizing 
Requirements and Associated Costs

Ranges of Capital Cost 
from Other Reference 

Material4, $

Case Study Assumptions

4 - Range of estimates from  Bannerman et al. (2003), USEPA (2005), and and UFC (2004). Note, range of costs include retrofit and new 
development applications. 

3 - Source:  WERF, 2009. Whole Life Cycle Cost Worksheets, Curb Contained Bioretention. Economy of scale may exist that is not 
reflected here. 

2 - Selected system depth based on the lesser of the depth that will drain in 48 hours and the depth provided using a common bioretention 
design profile that consists of 12 inch ponding and 2 feet amended soil (0.25 in/in available porosity assumed).

Consistent with Ventura TGM

For illustration purposes
Based on Los Angeles County Hydrology Manual and LID Manual
For illustration purposes

For illustration purposes, 85th pctl depth ranges from less than 0.75 to more 
than 1.5 across Los Angeles County

1 - Design rate should be based on applying an appropriate factor of safety to tested value to account for site variability, uncertainty in 
testing methods, long term clogging, and other factors.
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July 19, 2012 

 
Los Angeles Regional Water Quality Control Board 
320 W. 4th Street 
Los Angeles, CA 90013 
 
Attention: Mr. Ivar Ridgeway 

 
Subject: Comments on Tentative Order No. R4-2012-XXX 

Waste Discharge Requirements for 
Municipal Separate Storm Sewer Systems (MS4) 
Discharges Within The Los Angeles County Flood Control District 
Including The County of Los Angeles and Incorporated Cities Therein 
Except City of Long Beach 

 
Leighton and Associates, Inc. (Leighton) appreciates this opportunity to provide 
comments to the Los Angeles Regional Water Quality Control Board on this subject 
matter.  Leighton is a geotechnical, environmental, and materials testing and inspection 
consulting firm that has been serving the Southern California region for over 50 years. 
 
The tentative MS4 permit for the Los Angeles region defines soil suitable for infiltration 
Best Management Practice (BMP) facilities such as basins or trenches, as having 
infiltration rates as low as 0.15 inches per hour.  Many other agencies require suitable 
soils for infiltration purposes to have minimum infiltration rates of 0.3 inches per hour to 
0.6 inches per hour.  As compared to soils with infiltration rates of 0.3 inches per hour or 
higher, our experience suggests that soils with infiltration rates less–than (<) 0.3 inches 
per hour have limited pore space and often contain significant amounts of silt and/or 
clay.  These soils may provide adequate infiltration upon initial exposure for use in an 
infiltration facility.  However, they may become clogged in a relatively short time due to 
deposition of additional silt contained in the storm water runoff; thus reducing the limited 
pore space that provides for these soils to have some initial infiltration capability.  
Additionally, silts and clays, preexisting or deposited in stormwater runoff, may also 
have expansive soil characteristics, and when exposed to moisture, swelling of these 
soils may close the limited pore space of basin or trench soils and reduce infiltration 
rates to less than desired levels. 
 

  
 
 

17781 Cowan    Irvine, CA 92614-6009
949.250.1421    Fax 949.250.1114    www.leightongroup.com 
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We understand that criteria for Technical Infeasibility are provided for in the permit if 
infiltration might exacerbate potential geotechnical hazards and that is a very important 
consideration.  However, the focus of this letter centers on infiltration BMPs that are 
prone to develop reduced to no infiltration capacity in a short period of use, may create 
additional geotechnical hazards due to the presence of saturated soils and/or standing 
water over a prolonged period of time.  The Fact Sheet (Attachment F of the Tentative 
Order No. R4-2012-XXX) makes several references to the Ventura County MS-4 permit 
(last corrected version dated January 28, 2010).  Based upon our review of the Ventura 
County MS4 Permit, the minimum infiltration rate is 0.5 inches per hour for direct 
infiltration BMPs by referenced inclusion of the Ventura County Technical Guidance 
Manual for Storm Water Quality Control Measures.  Similarly, our review of the County 
of Los Angeles Low Impact Development Standards Manual dated January 2009 
indicates a minimum infiltration rate of 0.5 inches per hour for infiltration BMPs as well.  
For these reasons stated above, we would suggest that similar criteria for minimum 
infiltration rates be considered for the Los Angeles MS4 Permit. 
 

Respectfully submitted, 
 
LEIGHTON & ASSOCIATES 
 
 
 
Andrew A. Price, PG, CEG 1705 
President 
 

AAP/lr 
 
Attachment: References 
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July 23, 2012  
 
Mr. Ivar Ridgeway 
Los Angeles Regional Water Quality Control Board 
320 W. 4th Street, Suite 200 
Los Angeles, CA 90013 
 
Submitted via U.S. Mail and 

electronically at 
LAMS42012@waterboards.ca.gov 
rpurdy@waterboards.ca.gov 
iridgeway@waterboards.ca.gov 
 
RE: Order No. R4-2012-XXXX (NPDES Permit No. CAS004001) Waste 

Discharge Requirements for Municipal Separate Storm Sewer System (MS4) 
Discharges within Los Angeles County Flood Control District, Including the 
County of Los Angeles, and the Incorporated Cities Therein, Except the City 
of Long Beach. 

 
Dear Mr. Ridgeway: 

Thank you for this opportunity to respond to the draft tentative Los Angeles 
County Municipal Separate Storm Sewer System (“MS4”) Permit (the “Draft Permit”), 
which was provided by public notice dated June 6, 2012.  The comments herein are those 
of Building Industry Legal Defense Foundation (“BILD”), which represents the 
homebuilding and community development industries within a six-county Southern 
California region that includes Los Angeles County.  Our comments in this letter express 
our concerns specifically about the questionable legality of some of the Draft Permit’s 
proposed requirements and the Board’s proposed departure from sound legal policy.   
 

BILD is a separate non-profit mutual benefit corporation and affiliate of Building 
Industry Association of Southern California, Inc. (“BIA/SC”).  BILD’s constituents are 
BIASC, which is its sole corporate member, and BIASC’s more than 900 member 
companies involved in homebuilding and community development.  BILD’s purposes are 
to monitor legal and regulatory conditions for the construction industry in Southern 
California and intervene as appropriate.  BILD focuses on litigation and regulatory 
matters with a regional or statewide significance to its mission.  Separate from this letter, 
BIASC and others are commenting concerning many technical and policy issues raised 
by the proposed permit conditions.   
 

BILD is concerned that the Draft Permit, as it now reads and will be interpreted if 
it is finalized as it, cannot pass legal muster.  Most of our legal concerns relate to the fact 
that the Board is exercising its discretion to impose heavy-handed requirements on the 
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MS4 permittees; yet the Board has not undertaken the types of analyses that are required 
by statutes and regulations that circumscribe how the Board must exercise its discretion.   

 
BILD recognizes that the Board wields broad discretion concerning MS4 

requirements.  Even so, state and federal statutes and regulations ultimately limit and 
guides the Board’s discretion.  Under both California and federal law, the Board is 
required to exercise its discretion only after gathering of information and the proper 
consideration of certain prescribed factors, the types and details of which are set forth in 
both statutes and EPA regulations.  Many of the requirements in the Draft Permit were 
proposed even though they would violate the constraints on the Board’s discretion. 

 
Our comments about the legality of the Draft Permit provisions fall into five main 

categories: 
 

1) In the Draft Permit, the Board states that the permit requirements do no more than 
fulfill federal mandates concerning the National Pollution Discharge Elimination 
System (“NPDES”) set forth in the federal Clean Water Act and implementing 
EPA regulations.  Specifically, the Board’s legal position is expressed in the Draft 
Permit as Finding R on pp. 24-25 (“The … Board finds that the requirements in 
this permit are not more stringent that the minimum federal requirements.”).  
Contrary to the Board’s statement, many of the Draft Permit’s requirements result 
from the Board’s exercise – or rather its abuse – of its own discretion, where the 
Board proposes permit requirements that are, at best, uncritically established, and, 
at worst, squarely at odds with what the federal NPDES requirements allow.   

 
Most problematically, unless corrected, the permit would effectively establish 
numeric effluent limitations (“NEL”) at various monitoring sites (e.g., at MS4 
outfalls and in ambient receiving waters) for comparison against (a) receiving 
water quality standards, (b) waste load allocations based on total maximum daily 
loads (“TMDLs”), or (c) other numeric standards that the Board has newly 
fashioned.  Unquestionably, monitoring requirements of this type are readily 
susceptible to a judicial ruling to the effect that any and all detected exceedances 
constitute ipso facto enforceable permit violations.  See Natural Resources 
Defense Council v. County of Los Angeles (9th Cir. 2011) 673 F.3d 880, 898, 
certiorari granted, U.S., June 25, 2012 (“[T]he Permit's provisions plainly specify 
that the mass-emissions monitoring is intended to measure compliance and that 
‘[a]ny violation of this Order’ is a Clean Water Act violation.”). 

 
To the extent that the Board intends that exceedances measured pursuant to 
required monitoring shall be ipso facto or presumptive permit violations, the 
Board is acting in violation of NPDES regulations that specify how enforceable 
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water quality based effluent limitations (“WQBELs”) must be established.  
Specifically, 40 C.F.R. section 122.44(d)(1)(ii) and (iii) sets forth a specific 
process for establishing enforceable WQBELs.  Therefore, especially given the 
Board’s stated intention to limit its role to fulfilling the federally-imposed NPDES 
mandates, the final permit should state that any detectable exceedance based on 
comparisons between samples and the relevant waste load allocations, water 
quality standards, and the like, which are measured at required monitoring points, 
shall not in and of themselves constitute an ipso facto or presumptive violation of 
the permit.   

 
2) The Board needs to clarify whether the permit requirements set forth in the final 

permit will be imposed because they are (i) themselves precisely mandated by 
federal law, or (ii) instead as an exercise of the Board’s discretion.  We believe 
that, consistent with the principles of federalism which are inherent in the Clean 
Water Act and reflected in City of Burbank v. State Water Resources Control 
Board (2005) 35 Cal.4th 613 (“Burbank”), the Board must either (i) conform its 
actions to the Porter-Cologne Act’s requirements (i.e.., demonstrably consider the 
Section 13241 factors), or (ii) identify clearly the specific federal requirements 
that operate to prevent the Board from exercising its discretion consistent with the 
Porter-Cologne Act.   
 
This issue is particularly important because the Draft Permit’s proposed 
requirements, as proposed, include WQBELs.  Clearly, the imposition of 
WQBELs in MS4 permits is elective and extends regulation gratuitously beyond 
the “maximum extent practicable” congressional mandate, as was recognized by 
the court in San Diego Building Industry Assn. v. State Water Resources Control 
Board (2004) 124 Cal.App.4th 866 (4th Dist. 2004) (“BIASD”).  See also 
Defenders of Wildlife v. Browner (9th Cir. 1999) 191 F.3d 1159, 1166-67 (“Under 
33 U.S.C. § 1342(p)(3)(B)(iii), the … choice to include either management 
practices or numeric limitations in the permits was within [EPA Administrator’s 
or the State’s] discretion.”)  Therefore, the Board’s election to promulgate such 
WQBELs would necessarily be subject to the consideration of Section 13241 
factors. 
  

3) Moreover, the BIASD court explained that the water quality based requirements at 
issue there was “particularly” permissible because they were for use in an iterative 
compliance process: 
 

The legislative purpose underlying the Water Quality Act of 1987, 
and section 1342(p) in particular, supports that Congress intended 
to provide the EPA (or the regulatory agency of an approved state) 
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the discretion to require compliance with water quality standards in 
a municipal storm sewer NPDES permit, particularly where, as 
here, that compliance will be achieved primarily through an 
iterative process. 

 
BIASD, 124 Cal.App.4th at 883 (emphasis added).  
 
If here, to the contrary, the Board were to impose permit requirements that are not 
expressly part of an iterative process, then their adoption would not only exceed 
the basic federal MEP mandate, it would also be arbitrary and capricious given 
the record evidence and what is widely known about storm water and our region’s 
MS4s.  Unless the proposed permit requirements are qualified or softened, many 
of them are legally indefensible because the “maximum extent practical” standard 
requires consideration of factors such as affordability and technical feasibility. 
 
In particular, we are concerned about the many numerical requirements in the 
Draft Permit (e.g., the remote parcel-boundary numerical limitations shown in 
Table 11, entitled “Benchmarks Applicable to New Development BMPs” (the 
“Benchmarks”).  As the technical/policy comments that BIASC is providing 
herewith explain, the Benchmarks are uncritically established in light of practical 
technical and economic realities.   

 
During the July 9th public workshop, the Board’s staff stated that the Benchmarks 
were intended only to guide selection of BMPs at the pre-development stage; and 
therefore they are not intended to indicate ipso facto permit violations at a post-
development stage.  BILD concurs that the Benchmarks cannot serve as NELs 
because they have not been derived in accordance with applicable procedures for 
determination of technology based effluent limits established consistent with any 
accepted definition of “maximum extent practicable.”  In order to be consistent 
with legal constraints and in order to ensure that the courts do not become 
confused, the final permit should state plainly that any measured exceedances 
(post-construction) will not constitute permit violations.   
 

4) If the Board were to adopt the various numeric benchmarks as strict or 
presumptive permit requirements (rather than as triggers for improvement through 
iteration), the Board would be ignoring the basic legal principle of causation, 
which is an element the presence of which is necessary in order to find liability 
even in “strict liability” situations.  MS4 operators cannot possibly prevent much 
of the problematic influent from entering and ultimately exiting the MS4s – 
especially when larger storm events occur.  Indeed, much of the problematic MS4 
influent and through-put consist of “natural loads” coming from natural 
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landscapes, which cannot be contained or controlled in larger storms (no matter 
the heroic amount of effort and treasure expended).   
 
Therefore, if the Board intends that any numeric limitations should operate as 
thresholds for ipso facto or presumptive enforceable permit violations, then the 
Board would need to devise a way to incorporate a principle similar to the one 
that led to 40 C.F.R. § 122.45(g) – the federal “gross-net” regulations for 
industrial facilities.  Doing so (if it were even possible to do so) or otherwise 
forgoing strict NELs is necessary because – given the variable nature of storm 
water – no amount of heroics could ever allow MS4 operators and their 
constituents to comply constantly with NELs (such as WQBELs) derived from 
current water quality standards irrespective of the MS4 influent.   
 

5) The Draft Permit contains a hierarchy of low impact development (LID) 
provisions which relegates to a relatively inferior status the use bio-filtration 
employed as a means to mimic the natural flow of diffuse storm water while 
benefitting water quality.  If the Board were to formalize the final permit with 
such a hierarchy, it would run afoul of thousands of years of legal policy that 
favors the maintenance or mimicking of natural water flows.  

 
Each of these five concerns is discussed more thoroughly below. 
 

1. Especially given the Board’s view that it is only effectuating federal 
NPDES mandates, the Board needs to rule out any potential that 
required monitoring will result in exceedances being deemed ipso 
facto or presumptive permit violations.  To the extent that the Board 
intends to use numerical water quality based effluent limitations 
(WQBELs) as grounds for ipso facto or presumptive permit violations, 
the Board does so in violation of federal NPDES regulations 
concerning the proper establishment of WQBELs. 

 
As is noted above, the Board tentatively takes the position that it need not comply 

with Section 13241 because “the requirements in this permit are not more stringent that 
the minimum federal requirements.”  Draft Permit, Finding R, at p. 25.  The Board’s 
position is incorrect.  The Draft Permit, when compared to the existing Los Angeles 
County MS4 permit, contains numerous new and onerous monitoring and testing 
requirements that were not present before and are proposed on a discretionary basis.   
Among them are the following:   

 
 Part V.E of the Draft Permit contains new provisions that require monitoring 

and purport to “assure compliance” with numerical total maximum daily load 
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(“TMDL”) waste load allocations (“WLAs”).  See Draft Permit at p. 111-123 
(“Part VI.E of this Order includes provisions that are designed to assure that 
Permittees achieve WLAs and meet other requirements of TMDLs covering 
receiving waters impacted by the Permittees’ MS4 discharges.”); Draft Permit 
Att. E (e.g., Sec. V and Sec. VI.D.1.a.ii.); Att. K-R.   

   
 Part VI.B (page 45) and Attachment E, Sections VII and VIII impose arduous 

outfall monitoring and reporting; while Att. E, Sec. VI sets forth receiving 
water monitoring and reporting requirements. 

 
As proposed, the Draft Permit would clearly invite the courts to rule that any 

exceedances measured by Permittees (or by others) against these numerical benchmarks 
will constitute ipso facto or presumptive permit violations.  Specifically, Draft Permit 
Sec. VI.C.1.d reads: 

 
The goal of the Watershed Management Programs is to ensure that 
discharges from the Los Angeles County MS4: (i) achieve applicable 
water quality-based effluent limitations in Part VI.E and Attachments L 
through R, (ii) do not cause or contribute to exceedances of receiving 
water limitations in Parts V.A and VI.E and Attachments L through R, 
and (iii) do not cause exceedances of nonstorm water action levels in 
Attachment G.   

 
 Last year, the federal Ninth Circuit Court of Appeals ruled in Natural Resources 
Defense Council v. County of Los Angeles (9th Cir. 2011) 673 F.3d 880, certiorari 
granted (2012 WL 2368688, U.S., June 25, 2012), that similar permit language “plainly” 
translates monitoring benchmarks into ipso facto permit violations. See id. at 898 (“[T]he 
Permit's provisions plainly specify that the mass-emissions monitoring is intended to 
measure compliance and that ‘[a]ny violation of this Order’ is a Clean Water Act 
violation.” (emphasis added)).  In addition, at the July 9th workshop, the Board’s staff 
stated that it may choose to deem any monitoring exceedance to be a permit violation, 
which – if recognized by the courts – would add an extraordinarily high degree of 
subjectivity to permit enforcement based on the monitoring requirements. 
 

Therefore, as the Draft Permit now reads, any and all exceedances of water-
quality based NELs will apparently be deemed ipso facto or presumptive permit 
violations.  Accordingly, the Board or private litigants may enforce the WQBELs and 
seek the assessment of massive penalties.  See Draft Permit Sec. VI.D.14 (“Violation of 
any of the provisions of this Order may subject the violator to any of the penalties 
described herein or in Attachment D of this Order, or any combination thereof, at the 
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discretion of the prosecuting authority; except that only one kind of penalty may be 
applied for each kind of violation.”).    

 
We respectfully urge the Board to clarify the final permit to state plainly that 

exceedances found through monitoring shall not constitute ipso facto or even 
presumptive permit violations.  Instead, the final permit should state that exceedances 
should be used to trigger iteration concerning the selection and deployment of BMPs 
where reasonably practicable.  See Draft Permit Sec. C.1.f.iv (“Each watershed 
management program shall … [r]evise strategies, control measures, and BMPs as 
necessary to maintain progress towards achieving applicable limitations and/or action 
levels in Attachment G.”). 
 
 If, however, the Board were to finalize the permit such that exceedances detected 
through permit-required monitoring constitute ipso facto or presumptive permit 
violations, then the permit requirements would not only exceed minimum federal 
requirements, they would plainly violate federal NPDES regulations.  Specifically, 40 
CFR section 122.44(d)(1)(ii) and (iii) set forth the procedures that EPA or a state agency 
that is authorized to implement NPDES must follow whenever establishing WQBELs.  
The Board has pursued none of the Section 122.44(d)(1) procedures concerning the 
translation of water quality standards into WQBELs.1   
 
The Section 122.44(d)(1) procedures exist because great care and analysis must be taken 
when a regulator attempts to translate receiving water quality standards into site-specific 
WQBELs.  Indeed, given the extreme variability of storm water, it is most probable that 
compliance with the Section 122.44(d)(1) procedures would result in adherence to an 
iterative BMP process approach.2  Respectfully, the Board must not establish any 
WQBELs without first pursuing the undertaking the 122.44(d)(1) procedures.  See, e.g., 
NPDES Permit Writers’ Manual, United States Environmental Protection Agency 
(September 2010).  

 
 

                                                 
1  The Board’s proposal to invoke WLAs as WQBELs is also improper.  WLAs serve an 
entirely different purpose than do WQBELs; and WLAs are not crafted pursuant to the 
Section 122.44(d)(1) procedures.   
 
2 See In the Matter of the Petitions of Building Industry Assn. of San Diego County and 
Western States Petroleum Assn., Order WQ 2001-15 (Nov. 15, 2001).   The order 
explains that site-specific, monitored exceedances of TMDL WQBELs and receiving 
water limitations would not constitute permit violations so long as permittees are 
implementing the required “iterative process.” 
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 Given the Board’s failure to pursue the Section 122.44(d)(1) procedures, the 
Board should expressly state in the final permit that monitoring exceedances will not 
constitute permit violations.  To do otherwise would constitute a clear breach of federal 
NPDES regulations.   Among other implications, the breach would result in the Board’s 
inability to maintain that its chosen permit requirements are not more stringent that what 
the federal law requires. 

  
2. Unless the Board can point to any specific federal limitations that 

compel it to impose its chosen permit requirements, the Board must 
comply with the Porter-Cologne Act’s requirements for exercising its 
discretion only following a prescribed minimum degree of 
circumspection.  

 
A. The Board wields broad – but not completely unqualified – 

discretion to either impose or exercise forbearance when 
establishing MS4 requirements. 

 
In California, the State Water Resources Control Board and the Regional Water 

Quality Control Boards have long been charged with administering the federal NPDES 
program.  See Shell Oil Co. v. Train, 585 F.2d 408, 410 (9th Cir. 1978).  Under the 
resulting combined state-federal permitting NPDES regime, the Board is therefore 
responsible for imposing permit requirements which will reduce the discharge of 
pollutants from the Los Angeles County MS4s “to the maximum extent practicable 
(“MEP”)....”  33 U.S.C. § 1342(p)(3)(B)(iii). 
 

Separately but relatedly, California Water Code sections 13241 and 13263 require 
the Board, whenever it is determining permit requirements, to apply six specific, non-
exclusive considerations (including economic considerations, the need for regional 
housing, and the practical likelihood of achieving water quality improvements through 
coordinated efforts).  Specifically, the six, non-exclusive § 13241 factors are: 

 
(a) Past, present, and probable future beneficial uses of water. 
 
(b) Environmental characteristics of the hydrographic unit under consideration, 
including the quality of water available thereto. 
 
(c) Water quality conditions that could reasonably be achieved through the 
coordinated control of all factors which affect water quality in the area. 
 
(d) Economic considerations. 
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(e) The need for developing housing within the region. 
 
(f) The need to develop and use recycled water. 

 
As a bridge between the federal law and the Porter-Cologne Act, California Water 

Code section 13372 effectively provides that Sections 13241 and 13263 must be applied 
to the state water boards’ implementation of the federal Clean Water Act unless the 
federal law is “inconsistent” with such an application.  As the discussion below explains, 
the application of the Section 13241 considerations is consistent with any federally-
required “MEP” determination.   Moreover, as proposed, the Draft Permit would exceed 
the federally-required MEP, given that the Draft Permit contains requirements that the 
Board need not impose under federal law.  Accordingly, if the Board were to finalize the 
Draft Permit with its current requirements, the Board would be violating California law.  
 
 The initial question that must be answered is a Board ascertainment of the MEP in 
any given context is consistent with the fulfillment of Section 13241.  There is no 
inconsistency between the section 1342(p)(3)(B)(iii) mandate to require pollution 
reduction to the MEP and the Section 13241 mandate to take into account certain the 
listed non-exclusive considerations.  The federal law requires the Board to ascertain the 
MEP; Section 13241 specifies certain non-exclusive factors that must be considered 
when making such an ascertainment.  Thus, there is no conflict or inconsistency in the 
law sufficient to negate the Section 13241 mandate. 
 

Relevant case law explains that the Board’s legal obligation to regulate MS4 
discharges “to the maximum extent practicable” requires it to exercise broad regulatory 
discretion.  In the context of such governmental duties, a legislative directive to an 
agency to act or impose to the maximum extent “practicable” is equivalent to a directive 
to act to the maximum extent that is “advisable.”  Outfitters Properties, LLC v. Wildlife 
Conservation Bd. (2012) ___ Cal.App.4th ___, ___ (2012 WL 2390682 at p. 5, June 26, 
2012) (“[C]ourts have said that ‘practicable’ in a government context means that an entity 
is vested with discretion to consider the ‘advisability’ of an action….”); Covarrubias v. 
Superior Court (1998) 60 Cal.App.4th 1168, 1183-84; Conservation Law Foundation v. 
Evans (2004) 360 F.3d 21, 28 (“[B]y using the term “practicable” Congress intended 
rather to allow for the application of … discretion in determining how best to manage 
[the natural] resource.”).  Although “practicable” is not defined in the federal Clean 
Water Act, virtually all definitions of the terms imply the need to consider and balance– 
i.e., to wield regulatory discretion.  See, e.g., 8 C.C.R § 1504(J) (“Practicable … 
[m]eans capable of being accomplished by reasonably available and workable means.”). 
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 Because the ascertainment of MEP is an exercise of discretion, the courts have 
persistently rejected litigants’ arguments that MS4 permits must impose upon the MS4 
permittees to any particular extent or in some particular manner, such as by necessarily 
imposing numeric limitations.  See Natural Resources Defense Council, Inc. v. U.S. 
E.P.A. (1992) 966 F.2d 1292, 1308 (“[T]he language in [section 1342(p)(3)(B)(iii)] … 
requires the Administrator or a state to design controls.  Congress did not mandate a 
minimum standards approach or specify that EPA develop minimal performance 
requirements.”); Divers Environmental Conservation Organization v. State Water 
Resources Control Bd. (2006) 145 Cal.App.4th 246, 261 (“[I]n enacting section 402(p)[,] 
Congress intended to permit the EPA and [state] permitting authorities wide discretion in 
regulating storm water runoff….”). 
 
 The Board, its state-wide brethren, and the State Water Resources Control Board 
have generally defended their discretionary powers concerning NPDES permitting.  
However, these same agencies have also maintained that they do not need to comply with 
the Section 13241 requirements when they exercise discretion when implementing the 
NPDES.   
 

The legal stance seems to be based on the unstated assumption that the federal 
Clean Water Act and the Porter-Cologne Act combine somehow to negate the California 
Legislature’s Section 13241 mandate.  Specifically, the Board must believe that the 
federal law preempts the California Legislature’s specified mandates concerning how the 
water boards must exercise their discretion.  The discussion below explains that the 
Board’s implicit legal position concerning federal preemption is erroneous. 
 

B. Federal law does not negate the Board’s statutory obligation to 
apply and reconcile the six Porter Cologne Act “balancing factors” 
prescribed in Water Code section 13241 when establishing MS4 
requirements. 

 
When Congress enacted the federal Clean Water Act, it took care to “recognize, 

preserve, and protect the primary responsibilities and rights of States to prevent, reduce, 
and eliminate pollution.” 33 U.S.C. § 1251(b).  Under the Act, the states were entitled to 
qualify for and, upon such qualification, to assume the primary responsibility for the 
implementation and enforcement of the National Pollution Discharge Elimination System 
(“NPDES”) as long as their state regulatory regimes were sufficient to achieve the 
minimum protections required by the Clean Water Act and federal limitations 
promulgated thereunder.  33 U.S.C. §§ 1342(b) and 1370.  In 1978, the U.S. Ninth 
Circuit Court of Appeals explained the distribution of powers between federal and State 
governments concerning NPDES, and described the legal relationship as follows: 
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Congress clearly intended that the states would eventually assume the 
major role in the operation of the NPDES program…. Under § 1342(b), a 
state may submit to the EPA a proposed permit program governing 
discharges into navigable waters within its borders. If the state can 
demonstrate that it will apply [any federally prescribed] effluent 
limitations and the [Act’s] other requirements in the permits it grants and 
that it will monitor and enforce the terms of those permits, then, unless the 
Administrator … determines that a state program does not meet these 
requirements, he must approve the proposal (§ 1342(b)).…  Upon 
approval of a state program, the EPA must suspend its own issuance of 
permits covering those navigable waters subject to the approved state 
program (§ 1342(c)).  However, while the direct federal regulatory role 
largely ceases following EPA approval of a state program, the EPA does 
retain a review authority over the states.  The EPA may veto particular 
[individual] permits issued by the state …, or it may withdraw approval of 
the entire state program upon a determination … that the [overall] 
program is not being administered in compliance with the mandates of 
federal law (§ 1342(c)).  Despite this residual federal supervisory 
responsibility, the federal-state relationship established under 33 U.S.C. § 
1342 is “a system for the mandatory approval of a conforming State 
program and the consequent suspension of the federal program (which) 
creates a separate and independent State authority to administer the 
NPDES pollution controls.”  Mianus River Preservation Committee v. 
Administrator, EPA (2d Cir. 1976) 541 F.2d 899, 905. 
 
California has adopted a plan for the issuance of NPDES permits [the 
Porter-Cologne Act] which has been approved by the EPA.  39 Fed. Reg. 
26,061 (1973).  The California State Water Resources Control Board 
(“State Board”) and its nine subsidiary regional boards thus have primary 
responsibility for the enforcement of the [Clean Water Act]… in 
California.  

 
Shell Oil Co. v. Train, 585 F.2d 408, 410 (9th Cir. 1978) (emphasis added). 
 

California was the first state that EPA authorized to implement NPDES within its 
boundaries.  As a result, EPA’s role in NPDES administration was necessarily withdrawn 
in favor of the water boards’ administration of NPDES.  Under the congressionally-
prescribed arrangement, EPA still: (a) reviews the permits issued by the water boards, (b) 
may veto inadequate permits (a reactive role), and (c) may revoke entirely California’s 
implementing authority if EPA concludes that the state is generally implementing the 
NPDES program inadequately.  See 33 U.S.C. § 1342(d); 40 C.F.R. § 123.44; Save the 
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Bay, Inc. v. U.S. E.P.A., 556 F.2d 1282, 1285-87 (5th Cir. 1977).  Under this structure, 
however, whenever one of California’s water boards exercises its discretion, it does so 
(as the Ninth Circuit explained) pursuant to its “separate and independent [state] authority 
to administer the NPDES pollution controls….”  Shell Oil Co. v. Train, 585 F.2d at 410 
(quoting Mianus River Preservation Committee v. Administrator, EPA (2d Cir. 1976) 541 
F.2d 899, 905). 

 
Here, the Draft Permit would impose many new and onerous requirements upon 

the permittees and their constituents, but it reflects no effort by the Board’s staff to 
marshal evidence necessary to consider and reconcile the six balancing factors that are 
specifically prescribed by California Water Code § 13241.  Instead, the Draft Permit’s 
Finding R (on pp. 24-25) reflect the Board’s view that no Section 13241 factors need to 
be considered, claiming that “the [Draft Permit] requirements … are not more stringent 
than the minimum federal requirements.”  This statement indicates that the Board has 
misapprehended (i) the California Supreme Court’s opinion in City of Burbank v. State 
Water Quality Control Bd., 35 Cal.4th 613 (2005) (“Burbank”), (ii) the law concerning 
federal preemption generally, and (iii) the implications of the California Legislature’s 
relatively minimal circumscription of the Board’s discretion.  
 

The California Supreme Court’s Burbank opinion explains the interplay between 
federal and state water quality regulation and the applicability (or not) of the § 13241 
balancing requirement to the establishment of state waste discharge requirements.  Per 
the Burbank opinion, in any situation where such a federal minimum requirement is 
prescribed: 

 
1. First, the state may not avoid any federally-prescribed requirement or relax any 

federally-prescribed minimum standard.  The U.S. Constitution’s “Supremacy 
Clause” operates to prevent the State from relaxing a specified federal minimum 
requirement.  See Burbank, 35 Cal.4th at 626 (“[Section 13241] cannot authorize a 
regional board, when issuing a wastewater discharge permit, to use [section 13241 
considerations] to justify pollutant restrictions that do not comply with federal 
clean water standards.”); 33 U.S.C. § 1370 (“[A] State or political subdivision … 
may not adopt or enforce any effluent limitation … or other limitation … which is 
less stringent than the effluent limitation … or other limitation … [established 
federally] under this chapter [i.e., the Clean Water Act]….”).   

  
2. Second, impliedly, if the State exactly meets (i.e., does not discretionarily exceed) 

a specified, federally-prescribed minimum standard, then the permittee cannot 
complain that the agency should have undertaken the minimum amount of 
consideration and reconciliation required under Water Code section 13241, 
because the failure to consider Porter-Cologne factors is of no consequence to the 

RB-AR5979



Mr. Ivar Ridgeway 
July 23, 2012 
Page 13 
 

 
 
The Building Industry Legal Defense Foundation 
BILDFoundation@biasc.org  

 
17744 Sky Park Circle, Irvine, CA 92614 

949-553-9500; Fax: 949-769-8942 
 

permittee.  Where the state agency merely conforms to a specified, federally-
prescribed minimum standard, the agency itself is not exercising its own 
discretion to impose upon the regulated community.  In such a scenario, the State 
agency would not need to justify its determination by considering and reconciling 
the legislatively-imposed Section 13241 considerations.  

 
3. Third, however, when a state agency exercises its independent discretion to 

impose a permit requirement, then State must apply and reconcile the Section 
13241 balancing factors, in accordance with the Porter-Cologne Act.  Burbank, 35 
Cal.4th at 628 (“The states are free to manage their own water quality programs so 
long as they do not compromise the federal clean water standards.”).  The 
California Supreme Court explained clearly in Burbank that federal law does not 
foreclose consideration of the prescribed Section 13241 factors: 

 
The federal Clean Water Act … does not … restrict the factors that a state 
may consider when exercising [its] independent authority, and thus it does 
not prohibit a state – when imposing effluent limitations that are more 
stringent than required by federal law – from taking into account [Section 
13241 considerations when] doing so.   
 

Id. at 627-28. 
 
The California Supreme Court’s appreciation for the State’s continuing NPDES 

prerogatives, expressed in Burbank, are similarly recognized by the federal courts.  See, 
e.g., Mianus River Preservation Committee v. Administrator, EPA (2d Cir. 1976) 541 
F.2d 899, 905-06 (“It is quite clear … that Congress intended that the States' programs 
were to be their own and that it was fully aware of the difference between States' and [the 
EPA] Administrator's permits.”).   

  
Apparently, the Board does not appreciate that the specific requirements proposed 

in the Draft Permit are not the result of conformity to a set of federally-prescribed 
minimum standards.  Instead, the MS4 permit’s requirements will be promulgated 
pursuant to the Board’s discretion, which the Board must exercise consistent with both 
the Porter-Cologne Act and federal law.  In other words, federal law compels the Board 
to act as EPA’s authorized surrogate (subject to EPA’s potential veto) to ascertain the 
MEP and impose MS4 permit requirements; but the California law separately instructs 
the Board more specifically concerning how to decide what permit requirements to 
impose.  Essentially, Section 13241 prescribes a mandatory minimum amount of 
circumspection that must occur when the water boards exercise their regulatory 
discretion.   
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There is nothing about complying with Section 13241 which conflicts with any 
federal mandate under NPDES sufficient to find federal preemption; and the body of state 
and federal case law that governs questions of federal preemption generally supports such 
a conclusion.  First, the question of whether federal law preempts a state legislative 
directive is a question of law that is strictly for the courts to decide.  See, e.g., Industrial 
Trucking Association v. Henry, 125 F.3d 1305, 1309 (9th Cir. 1997), citing Inland Empire 
Chapter of Associated Gen. Contractors v. Dear, 77 F.3d 296, 299 (9th Cir.1996) and 
Aloha Airlines, Inc. v. Ahue, 12 F.3d 1498, 1500 (9th Cir.1993) (“Preemption is … a 
matter of law subject to de novo review.”); see also Bammerlin v. Navistar International 
Transportation Corp., 30 F.3d 898, 901 (7th Cir. 1994) (meanings of federal regulations 
are questions of law to be resolved by the court). 
 

The burden of demonstrating that preemption should result rests squarely with the 
party asserting preemption (here, the water boards) because federal preemption is an 
affirmative defense to a claim that a state statute applies.  See Bronco Wine Co. v. Jolly, 
33 Cal.4th 943, 956-57 (2004) (“The party who claims that a state statute is preempted by 
federal law bears the burden of demonstrating preemption.”); see also United States v. 
Skinna, 931 F.2d 530, 533 (9th Cir.1990) (the burden is on the party asserting a federal 
preemption defense).  Therefore, if the Board follows through in its tentative assertion 
that federal law preempts the application of the Section 13241 requirements, the Board 
will bear the burden of demonstrating that, as a matter of law, the actions required of it 
under the Porter-Cologne Act are preempted by federal law.   

 
Here, if the Board continues to assert that federal law preempts an otherwise 

required consideration of the Section 13241 factors, then it will face an uphill legal battle.  
The U.S. Supreme Court has ruled that courts should always attempt to reconcile the 
tension among laws to avoid federal preemption of state laws.  See Merrill Lynch, Pierce, 
Fenner & Smith v. Ware, 414 U.S. 117, 127 (1973); see also Rice v. Norman Williams 
Co., 458 U.S. 654, 659 (1982) (“[T]he inquiry is whether there exists an irreconcilable 
conflict between the federal and state regulatory schemes.”).  Both state and federal 
courts have a presumption against finding federal preemption, even when a federal statute 
expressly states that at least state laws are preempted to a degree.  See, e.g., Washington 
Mutual Bank, FA v. Superior Court, 75 Cal.App.4th 773 (1999): 

 
In interpreting the extent of the express [federal] preemption, courts must be 
mindful that there is a strong presumption against preemption or 
displacement of state laws.  Moreover, this presumption against preemption 
applies not only to state substantive requirements, but also to … causes of 
action.  
 

Id. at 782. 
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 In the absence of any express federal preemptive language (in other words, where 
a defendant argues that a federal law impliedly preempts a state law), the presumption 
against federal preemption is even stronger:   

 
 “In the absence of express pre-emptive language, Congress's intent to pre-
empt all state law in a particular area may be inferred where the scheme of 
federal regulation is sufficiently comprehensive to make reasonable the 
inference that Congress ‘left no room’ for supplementary state regulation.  
 

Hillsborough County v. Automated Medical Labs, 471 U.S. 707, 713 (1985).   
 
 Armed with understanding of the strong presumption against preemption, the 
Board cannot reasonably maintain that the federal statute or regulations preclude the 
Board’s application of the California Water Code § 13241 considerations to the policy 
choices before it.  First, there is no express federal preemption here that would preclude 
consideration of the Section 13241 factors.  (If the Board believes that there are any, then 
BILD respectfully asks the Board to identify them in response hereto.)  Absent any 
expressly preemptive federal law, if preemption exists, it must be implied – and therefore 
the Board must overcome the very strong legal presumption against implied federal 
preemption.   
 

Second, the Board cannot reasonably argue that the federal regulatory scheme at 
issue here “left no room” for supplementary state regulation.  To the contrary, the federal 
statutory scheme here (the Clean Water Act) elevates surrogate state agencies to the level 
of the “major” or primary governmental actors, wielding their “separate and independent 
State authority to administer the NPDES pollution controls.”  Shell Oil Co. v. Train, 585 
F.2d at 410; see also 2 Cal. Jur. 3d Admin. Law § 589 (2012) (“[W]here coordinate state 
and federal efforts exist within a complementary administrative framework, and in the 
pursuit of common purposes, the case for federal preemption becomes a less persuasive 
one.”). 

 
Finally, although the Board is acting as the federal EPA Administrator’s 

congressionally-authorized replacement when establishing MS4 permit requirements to 
the MEP, the Board wields broad discretion when deciding exactly what pollution 
controls to require.  Given the breadth of the Board’s discretion, the Board cannot 
reasonably maintain that it also lacked the power to consider and reconcile – at a 
minimum, and among any other considerations – the six non-exclusive factors for 
consideration which the California Legislature prescribed in Water Code section 13241. 
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Here especially, it is particularly clear that the Board is exercising its own 
discretion and should pursue Section 13241 because the Board is tentatively electing to 
impose water quality based NELs.   The relevant case law clearly holds that the federal 
Clean Water Act does not require any such regulatory imposition.  See Defenders of 
Wildlife v. Browner (9th Cir. 1999) 191 F.3d 1159, 1166-67 (“Under 33 U.S.C. § 
1342(p)(3)(B)(iii), the … choice to include either management practices or numeric 
limitations in the permits was within [EPA Administrator’s or State’s] discretion.”); 
BIASD, 124 Cal.App.4th 866, 886-87 (“[S]ection 1342(p)(3)(B)(iii)'s statutory language 
unambiguously demonstrates that Congress did not require municipal storm-sewer 
discharges to comply strictly with effluent limitations.” (quotation omitted)).  Indeed, in 
BIASD, the water boards argued successfully that they possessed the discretion under 
federal law to require MS4 compliance with NELs even though such an imposition may 
have exceeded the MEP.  See id. at 882 (“[The water boards] argue that the “and such 
other provisions” [i.e, the discretionary clause of Section 1342(p)(3)(B)(iii)] cannot be 
fairly read as restricted by the ‘maximum extent practicable’ phrase.”). 

 
Given these relevant court opinions and the water boards’ own argument in the 

cases, the Board cannot reasonably maintain that federal law – and in particular the 
federal  requirement to ascertain MEP – compel the Board to impose the NELs that are 
seen throughout the Draft Permit.   

 
In sum, the Board cannot demonstrate that it is preempted by federal law from 

undertaking the minimum level of regulatory circumspection that the California 
Legislature prescribed in Water Code section 13241.  Therefore, the Board should 
undertake the legislatively-prescribed level of circumspection concerning all of MS4 
permit requirements that are the result of its discretion, including, but not limited to, the 
proposed requirements that are discussed more specifically in this comment letter.  
 

3. The Board failed to take into account the practicability of complying 
with many of the numeric limitations set forth in the Draft Permit.  
Therefore, their use should be limited to iterative processes. 

 
 We are also very concerned with the possible implications of a number of the 
additional numerical requirements set forth in the Draft Permit.  The technical matrix 
provided even herewith by BIASC many such proposed requirements.  We believe that 
the final permit should plainly state that all such NELs are for use in an iterative process, 
and that exceedances are not in and of themselves ipso facto or presumptive permit 
violations.   
 

To illustrate our concern, Table 11 and its accompanying text (see Draft Permit at 
VI(D)(6)(c)(iv)(1) at p. 74) could be construed to require the MS4 permittees to adopt 
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ordinances that would assure, without exception, that future projects built within their 
jurisdictions would never exceed the pollutant specific Benchmarks set forth in Table 11 
(p. 75).  We believe that the final permit should state clearly that such a requirement is 
solely for purpose of requiring the pre-development selection of best management 
practices (BMPs) that are expected, in good faith, to comply post-construction with the 
Table 11 benchmarks.  In particular, the final permit should explain that if any 
subsequent monitoring reveals that a given project does not meet the benchmarks, that it 
will not constitute a violation of the MS4 permit.   

 
Given the recent Ninth Circuit opinion concerning the existing Los Angeles 

County MS4 permit, the Board should not provide interested parties with any argument 
that a local government’s good faith efforts to regulate future development should result 
in Clean Water Act liability simply because the MS4 permittee’s efforts prove to be less 
than perfectly successful at all times and all places.3  Moreover, actually requiring 
developers to comply with the proposed new development benchmarks fails to take into 
account the fact that natural loads of pollutants will cross many properties regardless of 
either a lack of anthropogenic influence or heroic attempts to control their advance.  
Therefore, the Board has overlooked the basic element of causation concerning many of 
its proposed numeric limitation, as is discussed in section 4 below. 
 
 The Benchmarks in Table 11, like outfall and receiving water monitoring NELs 
discussed above, were not established consistent with a proper consideration of that 
which is “practicable.”  Although the concept of MEP is generally regarded as “fluid,” 
the water boards are supposed to consider factors such as public acceptability, practical 
feasibility and affordability when ascertaining the MEP.  See Memorandum dated 
February 11, 1993 by Elizabeth Jennings, counsel to the State Water Resources Control 
Board.  Given that a finding of “practicability” necessarily requires attention to such 
considerations, and given that the Board apparently has chosen not to consider them, 

                                                 
3  We note that the Board and the State Water Resources Control Board have the power to 
regulate new construction through the General Permit for the Discharge of Storm Water 
from Construction Activities (the “CGP”).  It seems unreasonable and arguably unlawful 
for the Board to effectively embellish the CGP’s requirements (albeit outside of the CGP) 
by mandating, through the MS4 permit, that MS4 permittees must impose new and 
different requirements on new development and construction.  For one thing, by doing so, 
the Board would deprive many landowners and others who might be interested in the 
CGP requirements of reasonably fair notice and an opportunity to comment on matters 
affecting their rights and the use of their property.  In addition, the Board should not 
exercise its discretion in ways that infringe upon constitutionally and statutorily protected 
municipal powers to regulate land uses within their boundaries. 
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there is no substantial evidence to support a finding of practicability concerning most if 
not all of the NELs reflected in the Draft Permit.   
 

The Draft Permit and Fact Sheet also fail to show any considered analysis and 
evaluation of the MEP factors with respect to the many new, and more stringent low 
impact development (LID) and treatment control standards and requirements proposed 
for inclusion in the permit.  The BIASC/CICWQ letter and attachments set forth in detail 
the new and more stringent standards proposed in the Draft Permit, but it does not appear 
that cost, technical feasibility or public acceptance of any those new standards or 
requirements have been analyzed to assure that they are consistent with treatment control 
to the MEP.  Given the technical, economic, public health and safety, and water 
conservation impacts of those new, more stringent standards as discussed in that 
companion letter and its attachments, Board staff must, at a minimum, conduct a 
transparent and proper analysis of the new requirements in compliance with the federal 
MEP technology based standards.  Moreover, at least to the extent the new requirements 
deviate from the MEP standard by imposing greater cost, creating technical infeasibility 
issues, or resulting in health and safety, water conservation or other public acceptability 
issues, then adoption of those requirements must further be analyzed pursuant to Porter 
Cologne, Cal. Water Code §§ 13263; 13421.  

 
In addition, many of the NELs are accompanied by monitoring requirement 

appears may be inconsistent with Water Code section 13267, which empowers the Board 
to require permittees to furnish any “technical or monitoring program reports which the 
regional board requires.”  Specifically, the two sentences of Water Code section 
13267(b)(1) read as follows: 

The burden, including costs, of [monitoring] reports shall bear a 
reasonable relationship to the need for the report and the benefits to be 
obtained from the reports. In requiring those reports, the Board shall 
provide the person with a written explanation with regard to the need for 
the reports, and shall identify the evidence that supports requiring that 
person to provide the reports. 

 
We are unaware of any appropriate cost-benefit analysis having been undertaken by the 
Board concerning, for example, the ambient receiving water and outfall monitoring; and 
we seriously doubt that the proposed requirements could survive such an analysis 
undertaken.  All of these concerns suggest that the Board should make it plain that the 
NELs in the final permit should be employed only as part of an iterative process leading 
toward compliance with all such NELs. 
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4. If the final permit is not clarified to state that any measured numeric 
exceedances do not constitute permit violations, the final permit will 
violate basic due process principles because the permit would fail to 
take into account causation as a necessary element of finding an MS4 
permittee liable for a violation, particularly in regard to influent to 
the MS4 which is completely impossible to arrest.    

 
As we noted above, we believe that the Draft Permit should be revised to make it 

clear that certain exceedances that might be measured through required monitoring 
cannot be regarded as ipso facto or presumptive violations of the final permit.  
Specifically, we noted that the Board has failed to comply with either federal or state 
procedures for establishing enforceable numeric limits.  There is, however, another 
equally important reason to avoid penalizing MS4 permittees and potentially (via the 
operation of Draft Permit § D.6.c.iv) developers preparing and implementing urban 
stormwater management plans for new and significant redevelopment,  for problematic 
water quality levels within and flowing from the MS4. It is that the MS4 permittees 
largely in no way cause the water quality problems; and “due process” requires that 
proximate causation be considered when determining liability. 

Specifically, the Board knows that many of the problems with the quality of the 
water within the MS4s are due to natural loads (e.g., excessive natural “waste” from 
mountainous natural areas) and other constituents that are uncontrollable in large storm 
events.  It is therefore unreasonable to penalize the MS4 permittees or developers for the 
fate and disposition of such natural loads, because they do constitute an anthropogenic 
“addition” of a pollutant to receiving waters.   Thus, their discharge would not constitute 
the discharge of a pollutant as defined in the CWA by the permittees.  See 33 U.S.C. § 
1362(12) (definition of “discharge of a pollutant” for federal Clean Water Act purposes).  
Similarly, other influent into an MS4 – even if it is anthropogenic in its origins – is simply 
impossible to prevent or reduce in many storm events (e.g., airborne deposition).  
Accordingly, no MS4 operator or developer should have legal responsibility under the 
CWA for such their inevitable discharge.  

Even in the context of relatively strict industrial permits and plainly anthropogenic 
activities, due process concerns about causation must be taken into account.  See, e.g., 
American Iron and Steel Institute v. E.P.A., 526 F.3d 1027, 1055-56 (3rd Cir. 1975) (“due 
process” concerns require a net-gross adjustment if a plant could be subjected to heavy 
penalties because of circumstances beyond its control); Appalachian Power Co. v. Train, 
545 F.2d 1351, 1377 (4th Cir. 1976) (“Industry is … required [by EPA] to treat and reduce 
pollutants other than those added by the plant process.  This, we are of opinion, is beyond 
the scope of EPA's authority.”) (emphasis added); Northern Plains Resource Council v. 
Fidelity Exploration and Development Co., 325 F.3d 1155, 1162 (9th Cir. 2003) (“but for” 
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causation was sufficient to show that alteration of water quality was “man-induced,” and 
thus pollution subject to the CWA).  Indeed, the E.P.A. was forced to respond to such court 
rulings by promulgating the so-called “net-gross” regulations found at 40 C.F.R. § 
122.45(g), which allow industrial dischargers to take into account the water quality of 
influent into their systems.  See American Iron and Steel Institute v. E.P.A., 526 F.3d at 
1055-56.   

Here, the Board – unless it states plainly that numerical exceedances are not ipso 
facto or presumptive permit violations – will be failing to consider causation in connection 
with storm water discharges from the MS4s.  For example, even during modest or moderate 
storms, sediment discharges (with their attendant readings for turbidity and total suspended 
solids (“TSS”)) will flow naturally from many land areas, including unavoidably from 
lands that are undisturbed by anthropogenic activity.  The TSS concentrations and turbidity 
readings of such natural discharges will depend on many factors, each of which is 
extremely difficult to predict, measure, or repeat, such as the anecdotal storm movements 
and dynamics, fine-scale storm intensity (especially), storm duration, storm water volume, 
the exact site location, geology, topography, vegetation, soil characteristics, and the like.  
Given the myriad factors at play, it is effectively impossible to determine what proportion 
of problematic constituents in storm water entering and exiting MS4s should be excused 
due to impossibility and a lack of causation.   

Because an MS4 permittee, and certainly a developer, cannot – and should not be 
required to – control unavoidable and natural discharges of water from its system, due 
process considerations should operate protect MS4 operators and developers far more than 
the Draft Permit suggests.  “In the absence of congressional abrogation of traditional 
principles of causation …, … parties should be held liable under [the relevant statute, even 
if it is a strict liability statute,] only if their … actions proximately cause [the harm].”  
Babbitt v. Sweet Home Chapter of Communities for a Great Oregon, 515 U.S. 687, 712 
(1995) (O’Connor, J., concurring) (emphasis added); Kleebauer v. Western Fuse and 
Explosives Co. (1903) 138 Cal. 497, 504-05 (“The damage in question resulted from a 
cause entirely beyond [the defendant’s] control, and without any carelessness or negligence 
on its part whatever, and under the more recent and better line of authorities, as shown 
under such circumstances, it is not responsible.”).   

The Board knows that – during any appreciable storm – MS4s will (i) necessarily 
yield naturally-occurring discharges of sediment, metals, bacteria, and the like, and (ii) 
unavoidably yield additional anthropogenic pollutants.  Recognition of this fact alone 
should lead the Board to specify in the final permit that water quality standard exceedances 
measured either within or flowing from the MS4s should not constitute permit violations.   
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5. The Draft Permit’s relegation of bio-filtration to an inferior status as a 
Low Impact Development protocol is a departure from established 
land use legal policy.  

 
One aspect of the Draft Permit that should be clarified and improved is the low 

impact development criteria discussed in Section VI(d)(6).  Particularly, these provisions 
would establish a hierarchy of presumptive mandates for development or redevelopment 
would need to be met first and foremost by designing and constructing for the parcel by 
parcel, on-site retention – for infiltration, evapo-transporation or on-site reuse – of the 
volume of a design storm.  The same provisions would relegate to a relatively inferior 
and inaccessible status the option of instead utilizing bio-filtration to mimic the pre-
development natural flow from the site.  Even though the Draft Permit would allow 
mitigation options where the “infeasibility” of on-site retention exists, as proposed, the 
requirements would impose a generally-applicable presumptive requirement that almost 
no storm water (from a design storm) should be allowed to flow from a parcel that has 
been developed or redeveloped.   

 
 This requirement flies in the face of recognized low impact development (LID) 
principles, which generally aim to have LID undertaken so that the pre-construction 
flows of storm waters are “mimicked” (i.e., maintained, matched, or reasonably 
approximated.)  For example, in 2009, the U.S. E.P.A. issued an updated definition of 
LID, which states that the use of LID best management practices (BMPs) for filtration 
(i.e., not merely retention) is appropriate – and repeats the basic goal of trying to maintain 
pre-construction hydrology.  Most notably, the US EPA defines LID as follows:   

LID principles and practices, water can be managed in a way that reduces the 
impact of built areas and promotes the natural movement of water within an 
ecosystem or watershed. Applied on a broad scale, LID can maintain or restore 
a watershed's hydrologic and ecological functions.  

http://water.epa.gov/polwaste/green/index.cfm (emphasis added). 

If the Board indeed intends to relegate to an inferior or secondary status the use of 
LID BMPs for filtration and the maintenance of natural flows, and require instead as a 
“first and foremost” proposition the on-site retention of nearly all storm water for a 
design storm, then it would be contrary to thousands of years of civil law concerning the 
unconstrained flow of rain water (called “diffuse surface water”).   

 
Specifically, the law in California concerning diffuse surface waters (storm water) 

– which itself is derived from the laws of the ancient Roman Empire – generally favors 
what is called the “natural flow doctrine,” which states that diffuse surface flows should 
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be permitted to flow to their natural water course.  See Gdowski v. Louie, 84 Cal.App.4th 
1395, 1402 (2000) (“California has always followed the [Roman] civil law rule.  That 
principle meant ‘the owner of an upper … estate is entitled to discharge surface water 
from his land as the water naturally flows.  As a corollary to this, the upper owner is 
liable for any damage he causes to adjacent property in an unnatural manner….  In 
essence each property owner’s duty is to leave the natural flow of water undisturbed.’” 
– original emphasis altered, quoting Keys v. Romley, 64 Cal.2d 396, 405-06 (1966)).       

 
The “natural flow doctrine” has been slightly altered by the California courts in 

recent decades in order to facilitate reasonable land development and protect local 
governments and land owners.  Replacing the natural flow doctrine is a modern 
reasonableness test.  Property owners (both public and private) may alter the natural flow 
of diffuse and/or discrete surface water, but only if they are reasonable when doing so 
and downstream owners can effectively trump the reasonable efforts of the upstream 
owner only if they (the downstream owners) in turn take reasonable defensive steps.  See, 
e.g., Locklin v. City of Lafayette, 7 Cal.4th 327, 337 (1994). 

 
In addition to both the natural flow doctrine and the modern reasonableness test, 

there is a third, less favored legal doctrine, called the “common enemy doctrine.”  The 
common enemy doctrine stands for three propositions, that (i) individual property 
(development) rights are paramount, (ii) in developed and developing areas, both diffuse 
and discrete surface water is a common scourge, and (iii) each property owner may act 
“for herself or himself” and take steps to alter the natural or unnatural flow of such waters 
for the protection of his or her property, without regard for the effect on neighbors.  See 
Skoumbas v. City of Orinda, 165 Cal.App.4th 783, 792 (2008).  Although the common 
enemy doctrine still has some viability in other states and nations – particularly in 
urbanized and suburban areas, the common enemy doctrine has also long been the focus 
of strong criticism from progressive courts, environmentalists, academics, and concerned 
policy makers because of the obvious and very negative implications for the broader 
community and for the preservation and restoration of natural flows.   See, e.g., Keys v. 
Romley, 64 Cal.2d 396, 400-03 (1966) (Mosk, J., concurring). 

 
Of these three basic legal doctrines (the natural flow doctrine, the common enemy 

doctrine, and the modern reasonableness test), the natural flow doctrine – which seeks to 
maintain the natural flows of diffuse and discrete surface water – is the doctrine that 
conforms best to the federal Clean Water Act’s overarching objective to “restore and 
maintain” the natural integrity of waters.4  See 33 U.S.C. section 1251.  Accordingly, we 

                                                 
4 See S. Rep. No. 92-414, 92 Cong. 2d Sess., 2 U.S. Code Cong. & Adm. News ‘72 3668, 
3674 (1992) (“The Committee believes the restoration of the natural chemical, physical, 
and biological integrity of the Nation's waters is essential.”); H.R.Rep. No. 92-911, p. 76 
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would expect the Board and the non-governmental organizations that exist to defend 
natural resources to strongly prefer the natural flow doctrine, and to deviate from it (if at 
all) only as reasonably necessary to accommodate competing societal goals. 

 
Rather than favor the natural flow doctrine, however, the Draft Permit – which 

relegates to a secondary status the filtration of diffuse surface water and its discharge 
across property lines consistent with pre-development patterns – reflects a relatively new 
“universal retention doctrine,” which stands for the proposition that, wherever feasible, 
no diffuse surface water should leave any parcel that has been developed or redeveloped, 
except in very large storms.   

 
Very recently, we became aware of the fact that EPA representatives are presently 

questioning their recent policy interest in a universal retention doctrine which would 
favor on-site retention, which EPA has labeled “green infrastructure.”  Specifically, Mr. 
Kemmerer of U.S. E.P.A. Region 9, who is the EPA liaison to our Southern California 
region, addressed a recent storm water conference and noted that the universal retention 
doctrine may have logical application more so in areas of the nation that have so-called 
“combined sewer systems” (i.e., where storm sewer and municipal waste sewers are 
conjoined).  In other words, wherever there is a combined sewer system with the clear 
potential for municipal sewage spills during sufficiently large rain events, the universal 
retention doctrine has a very sound logical basis.  Notably, no combined sewer system 
exists within the Board’s jurisdiction; so this policy justification for on-site retention does 
not apply in Los Angeles County.   

 
 We respectfully urge the Board and staff to reconsider and reject the universal 
retention doctrine.  We urge instead far more appreciation of the natural flow doctrine 
and competing regional needs for storm water flows.  Especially in our arid region, storm 
water harvesting and use should be deliberately optimized (by identifying and utilizing 
better regional infiltration opportunities) and downstream habitat needs should be 
considered as well. Both of these considerations suggest that there should be no universal 
retention doctrine or even a priority favoring universal retention or “micro-capture.”  We 
respectfully urge the Board’s staff to reconsider universal retention and remove from the 
final permit any undue preference for or hierarchy favoring parcel-by-parcel, on-site 
storm water retention.  

*   *   *   * 

 

                                                                                                                                                 
(1972) (““the word ‘integrity’ ... refers to a condition in which the natural structure and 
function of ecosystems is [are] maintained.”).   
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 Thank you for considering these comments.  We look forward to ongoing 
discussions with the Board and its staff as the final permit provisions are decided upon 
and on into the future.   
 

Sincerely, 
 
 
 

Andrew R. Henderson 
General Counsel, 

 Building Industry Legal Defense Foundation 
and 
Vice President and General Counsel, 
Building Industry Association of Southern California, Inc. 

 
cc: Holly Schroeder 

Dr. Mark Grey 
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July 19, 2012 

 
Los Angeles Regional Water Quality Control Board 
320 W. 4th Street 
Los Angeles, CA 90013 
 
Attention: Mr. Ivar Ridgeway 

 
Subject: Comments on Tentative Order No. R4-2012-XXX 

Waste Discharge Requirements for 
Municipal Separate Storm Sewer Systems (MS4) 
Discharges Within The Los Angeles County Flood Control District 
Including The County of Los Angeles and Incorporated Cities Therein 
Except City of Long Beach 

 
Leighton and Associates, Inc. (Leighton) appreciates this opportunity to provide 
comments to the Los Angeles Regional Water Quality Control Board on this subject 
matter.  Leighton is a geotechnical, environmental, and materials testing and inspection 
consulting firm that has been serving the Southern California region for over 50 years. 
 
The tentative MS4 permit for the Los Angeles region defines soil suitable for infiltration 
Best Management Practice (BMP) facilities such as basins or trenches, as having 
infiltration rates as low as 0.15 inches per hour.  Many other agencies require suitable 
soils for infiltration purposes to have minimum infiltration rates of 0.3 inches per hour to 
0.6 inches per hour.  As compared to soils with infiltration rates of 0.3 inches per hour or 
higher, our experience suggests that soils with infiltration rates less–than (<) 0.3 inches 
per hour have limited pore space and often contain significant amounts of silt and/or 
clay.  These soils may provide adequate infiltration upon initial exposure for use in an 
infiltration facility.  However, they may become clogged in a relatively short time due to 
deposition of additional silt contained in the storm water runoff; thus reducing the limited 
pore space that provides for these soils to have some initial infiltration capability.  
Additionally, silts and clays, preexisting or deposited in stormwater runoff, may also 
have expansive soil characteristics, and when exposed to moisture, swelling of these 
soils may close the limited pore space of basin or trench soils and reduce infiltration 
rates to less than desired levels. 
 

  
 
 

17781 Cowan    Irvine, CA 92614-6009
949.250.1421    Fax 949.250.1114    www.leightongroup.com 
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We understand that criteria for Technical Infeasibility are provided for in the permit if 
infiltration might exacerbate potential geotechnical hazards and that is a very important 
consideration.  However, the focus of this letter centers on infiltration BMPs that are 
prone to develop reduced to no infiltration capacity in a short period of use, may create 
additional geotechnical hazards due to the presence of saturated soils and/or standing 
water over a prolonged period of time.  The Fact Sheet (Attachment F of the Tentative 
Order No. R4-2012-XXX) makes several references to the Ventura County MS-4 permit 
(last corrected version dated January 28, 2010).  Based upon our review of the Ventura 
County MS4 Permit, the minimum infiltration rate is 0.5 inches per hour for direct 
infiltration BMPs by referenced inclusion of the Ventura County Technical Guidance 
Manual for Storm Water Quality Control Measures.  Similarly, our review of the County 
of Los Angeles Low Impact Development Standards Manual dated January 2009 
indicates a minimum infiltration rate of 0.5 inches per hour for infiltration BMPs as well.  
For these reasons stated above, we would suggest that similar criteria for minimum 
infiltration rates be considered for the Los Angeles MS4 Permit. 
 

Respectfully submitted, 
 
LEIGHTON & ASSOCIATES, INC. 
 
 
 
Andrew A. Price, PG, CEG 1705 
President 
 

AAP/lr 
 
Attachment: References 
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February 21, 2012 
 
Mr. Charles Hoppin, Chair 
State Water Resources Control Board 
P.O. Box 100 
Sacramento, CA 95812-0100  
 
Subject:  Receiving Water Limitation Provision to Stormwater NPDES Permits 
 
Dear Mr. Hoppin: 
 
As a follow up to our December 16, 2011 letter to you and a subsequent January 25, 2012 
conference call with Vice-Chair Ms. Spivy-Weber and Chief Deputy Director Jonathan Bishop, the 
California Stormwater Quality Association (CASQA) has developed draft language for the receiving 
water limitation provision found in stormwater municipal NPDES permits issued in California.  This 
provision, poses significant challenges to our members given the recent 9th Circuit Court of Appeals 
decision that calls into question the relevance of the iterative process as the basis for addressing the 
water quality issues presented by wet weather urban runoff.   As we have expressed to you and other 
Board Members on various occasions, CASQA believes that the existing receiving water limitations 
provisions found in most municipal permits needs to be modified to create a basis for compliance 
that provides sufficient rigor in the iterative process to ensure diligent progress in complying with 
water quality standards but also allows the municipality to operate in good faith with the iterative 
process without fear of unwarranted third party action.  To that end, we have drafted the attached 
language in an effort to capture that intent.  We ask that the Board give careful consideration to this 
language, and adopt it as ‘model’ language for use statewide.   
 
Thank you for your consideration and we look forward to working with you and your staff on this 
important matter. 
 
Yours Truly, 

 
Richard Boon, Chair 
California Stormwater Quality Association 
 
cc: Frances Spivy-Weber, Vice-Chair – State Water Board   

Tam Doduc, Board Member – State Water Board  
Tom Howard, Executive Director – State Water Board  
Jonathan Bishop, Chief Deputy Director – State Water Board  
Alexis Strauss, Director – Water Division, EPA Region IX 
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CASQA	  Proposal	  for	  Receiving	  Water	  Limitation	  Provision	  

D.	  RECEIVING	  WATER	  LIMITATIONS	  	  

1. Except	  as	  provided	  in	  Parts	  D.3,	  D.4,	  and	  D.5	  below,	  discharges	  from	  the	  MS4	  for	  which	  a	  
Permittee	  is	  responsible	  shall	  not	  cause	  or	  contribute	  to	  an	  exceedance	  of	  any	  applicable	  water	  
quality	  standard.	  	  

2. Except	  as	  provided	  in	  Parts	  D.3,	  D.4	  and	  D.5,	  discharges	  from	  the	  MS4	  of	  storm	  water,	  or	  non-‐
storm	  water,	  for	  which	  a	  Permittee	  is	  responsible,	  shall	  not	  cause	  a	  condition	  of	  nuisance.	  

3. In	  instances	  where	  discharges	  from	  the	  MS4	  for	  which	  the	  permittee	  is	  responsible	  (1)	  causes	  or	  
contributes	  to	  an	  exceedance	  of	  any	  applicable	  water	  quality	  standard	  or	  causes	  a	  condition	  of	  
nuisance	  in	  the	  receiving	  water;	  (2)	  the	  receiving	  water	  is	  not	  subject	  to	  an	  approved	  TMDL	  that	  
is	  in	  effect	  for	  the	  constituent(s)	  involved;	  and	  (3)	  the	  constituent(s)	  associated	  with	  the	  
discharge	  is	  otherwise	  not	  specifically	  addressed	  by	  a	  provision	  of	  this	  Order,	  the	  Permittee	  shall	  
comply	  with	  the	  following	  iterative	  procedure:	  	  	  

a. Submit	  a	  report	  to	  the	  State	  or	  Regional	  Water	  Board	  (as	  applicable)	  that:	  

i. Summarizes	  and	  evaluates	  water	  quality	  data	  associated	  with	  the	  pollutant	  of	  
concern	  in	  the	  context	  of	  applicable	  water	  quality	  objectives	  including	  the	  
magnitude	  and	  frequency	  of	  the	  exceedances.	  	  

ii. Includes	  a	  work	  plan	  to	  identify	  the	  sources	  of	  the	  constituents	  of	  concern	  
(including	  those	  not	  associated	  with	  the	  MS4to	  help	  inform	  Regional	  or	  State	  
Water	  Board	  efforts	  to	  address	  such	  sources).	  

iii. Describes	  the	  strategy	  and	  schedule	  for	  implementing	  best	  management	  
practices	  (BMPs)	  and	  other	  controls	  	  (including	  those	  that	  are	  currently	  being	  
implemented)	  that	  will	  address	  the	  Permittee's	  sources	  of	  constituents	  that	  are	  
causing	  or	  contributing	  to	  the	  exceedances	  of	  an	  applicable	  water	  quality	  
standard	  or	  causing	  a	  condition	  of	  nuisance,	  and	  are	  reflective	  of	  the	  severity	  of	  
the	  exceedances.	  	  The	  strategy	  shall	  demonstrate	  that	  the	  selection	  of	  BMPs	  will	  
address	  the	  Permittee’s	  sources	  of	  constituents	  and	  include	  a	  mechanism	  for	  
tracking	  BMP	  implementation.	  	  	  The	  strategy	  shall	  provide	  for	  future	  refinement	  
pending	  the	  results	  of	  the	  source	  identification	  work	  plan	  noted	  in	  D.3.	  ii	  above.	  	  	  

iv. Outlines,	  if	  necessary,	  additional	  monitoring	  to	  evaluate	  improvement	  in	  water	  
quality	  and,	  if	  appropriate,	  special	  studies	  that	  will	  be	  undertaken	  to	  support	  
future	  management	  decisions.	  	  

v. Includes	  a	  methodology	  (ies)	  that	  will	  assess	  the	  effectiveness	  of	  the	  BMPs	  to	  
address	  the	  exceedances.	  	  	  

vi. This	  report	  may	  be	  submitted	  in	  conjunction	  with	  the	  Annual	  Report	  unless	  the	  
State	  or	  Regional	  Water	  Board	  directs	  an	  earlier	  submittal.	  
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b. Submit	  any	  modifications	  to	  the	  report	  required	  by	  the	  State	  of	  Regional	  Water	  Board	  
within	  60	  days	  of	  notification.	  The	  report	  is	  deemed	  approved	  within	  60	  days	  of	  its	  
submission	  if	  no	  response	  is	  received	  from	  the	  State	  or	  Regional	  Water	  Board.	  

c. Implement	  the	  actions	  specified	  in	  the	  report	  in	  accordance	  with	  the	  acceptance	  or	  
approval,	  including	  the	  implementation	  schedule	  and	  any	  modifications	  to	  this	  Order.	  	  	  

d. As	  long	  as	  the	  Permittee	  has	  complied	  with	  the	  procedure	  set	  forth	  above	  and	  is	  
implementing	  the	  actions,	  the	  Permittee	  does	  not	  have	  to	  repeat	  the	  same	  procedure	  
for	  continuing	  or	  recurring	  exceedances	  of	  the	  same	  receiving	  water	  limitations	  unless	  
directed	  by	  the	  State	  Water	  Board	  or	  the	  Regional	  Water	  Board	  to	  develop	  additional	  
BMPs.	  

4. For	  Receiving	  Water	  Limitations	  associated	  with	  waterbody-‐pollutant	  combinations	  addressed	  in	  
an	  adopted	  TMDL	  that	  is	  in	  effect	  and	  that	  has	  been	  incorporated	  in	  this	  Order,	  the	  Permittees	  
shall	  achieve	  compliance	  as	  outlined	  in	  Part	  XX	  (Total	  Maximum	  Daily	  Load	  Provisions)	  of	  this	  
Order.	  	  For	  Receiving	  Water	  Limitations	  associated	  with	  waterbody-‐pollutant	  combinations	  on	  
the	  CWA	  303(d)	  list,	  which	  are	  not	  otherwise	  addressed	  by	  Part	  XX	  or	  other	  applicable	  pollutant-‐
specific	  provision	  of	  this	  Order,	  the	  Permittees	  shall	  achieve	  compliance	  as	  outlined	  in	  Part	  D.3	  
of	  this	  Order.	  

5. If	  a	  Permittee	  is	  found	  to	  have	  discharges	  from	  its	  MS4	  causing	  or	  contributing	  to	  an	  exceedance	  
of	  an	  applicable	  water	  quality	  standard	  or	  causing	  a	  condition	  of	  nuisance	  in	  the	  receiving	  water,	  
the	  Permittee	  shall	  be	  deemed	  in	  compliance	  with	  Parts	  D.1	  and	  D.2	  above,	  unless	  it	  fails	  to	  
implement	  the	  requirements	  provided	  in	  Parts	  D.3	  and	  D.4	  or	  as	  otherwise	  covered	  by	  a	  
provision	  of	  this	  order	  specifically	  addressing	  the	  constituent	  in	  question,	  as	  applicable.	  
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Comment Letters Received from Environmental Agencies 

 

� Ballona Creek Renaissance 

� Environmental Entrepreneurs (E2) 

� Malibu Surfing Association 

� NRDC, Heal the Bay, Los Angeles Waterkeeper 

� Surfrider Foundation 

� TreePeople 
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         P.O. Box 843, Culver City CA 90232 

 
July 23, 2012 

 
 

Via electronic mail 
 
 
Mr. Sam Unger 
Executive Officer and Members of the Board 
California Regional Water Quality Control Board, Los Angeles Region 
320 West 4

th
 Street, Suite 200 

Los Angeles, CA  90013 
Email: LAMS42012@waterboards.ca.gov   
 

 
Re: Comments on Draft Los Angeles County Stormwater Permit, Tentative 

Order No. R4-2012-XXXX 
 
 

Dear Mr. Unger: 
 
On behalf of Ballona Creek Renaissance, we appreciate the opportunity to comment to the Los Angeles Regional 
Water Quality Control Board (“Regional Board”) on the Draft Los Angeles County Municipal Separate Storm Sewer 
System (MS4) Permit (“Draft Permit”). As the local nonprofit organization focused on the renewal of Ballona Creek 
and its watershed, we suggest the following revisions to the Draft Permit, which better reflect the goals and 
requirements of the Clean Water Act.  

BCR would like the Regional Board to maintain requirements in the MS4 permit’s Receiving Water Limitations 
section for permittees to meet water quality standards. We further urge the Regional Board to properly incorporate 
and enforce Total Maximum Daily Load (TMDL) provisions, including interim and final numeric waste load 
allocations, as described below. 

Bacteria TMDLs, in particular, merit immediate attention, perhaps the most critical being the Santa Monica Bay 
Beaches Bacteria TMDL for dry weather. It would do much to protect swimmers, surfers, waders and beachgoers 
from the proven harmful impacts of waterborne fecal bacteria. We strongly disagree with the Draft Permit’s 
suggested allowance of additional time for these long overdue protections.. 

BCR also strongly supports including low impact development (LID) and green infrastructure provisions in the Draft 
Permit. Because there are practical and cost-effective methods for retaining and reusing stormwater, which reduces 
runoff volume and pollutant loading while in many cases increasing water supplies, these practices should be a 
priority requirement in the new LA MS4 Permit. These mechanisms, including use of infiltration, capture and re-use, 
and evapotranspiration, produce economic and social benefits, in addition to improvements to water quality.   

The Regional Board should revise the Draft permit to ensure all permittees are held to the same standards 
(infiltration and/or capture of the 85

th
 percentile storm). Also, requirements should apply not only to new 

development and redevelopment, but also to the existing built environment where technically feasible. The vast 
majority of runoff stems from the existing development. 

Sincerely, 

 
Jim Lamm, President 
  
Ballona Creek Renaissance (BCR)+Connecting Creek and Community 
A Culver City-based 501(c)(3) nonprofit organization, Federal Tax ID No. 95-4764614 
310-839-6896, www.ballonacreek.org 
 

 

Board of Directors 
Jim Lamm, President 

Gerald Sallus, Vice President 
David Valdez Jr.,Secretary 

Rich Hibbs, Treasurer 
Michele Bigelow 
Lucy Blake-Elahi 

Sandrine Cassidy Schmitt 
Bobbi Gold 
Cathi Lamm 
Scott Malsin 

Irene Reingold 
Amy Rosenstein 

Mim Shapiro 
Advisory Council 

Steven Coker 
Lori Escalera 
Bob Hadley 
Pat Hadley 
Scott Malsin 
Dino Parks 

Marina Tidwell 
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NORTHERN CALIFORNIA, PACIFIC NORTHWEST 
& ROCKY MOUNTAINS   
111 Sutter Street, Fl 20 
San Francisco, CA 94104 
TEL 415 875-6100 FAX 415 875-6161 

NEW YORK & NEW ENGLAND 

40 West 20th Street 
New York, NY 10011 
TEL 212 727-2700 FAX 212 727-1773 

SOUTHERN CALIFORNIA 
1314 Second Street 
Santa Monica, CA 90401 
TEL 310 434-2300 FAX 310 434-2399 

 

 
July 23, 2012 
 
Mr. Sam Unger, Executive Officer 
RWQCB Los Angeles Region 
 
RE: Comments on Draft Los Angeles County Stormwater Permit, Tentative Order No. R4-

2012-XXXX 
 

Dear Mr. Unger and Members of the Board: 
 
On behalf of Environmental Entrepreneurs (E2), we write to express support for the inclusion of 
strong protections for our region’s beaches and surface waters in the Draft Los Angeles County 
Municipal Separate Storm Sewer (MS4) Permit (“Draft Permit”).   
 
Clean beaches and a safe ocean are critical to the success of our region’s economy. As a result, we 
are particularly interested in the need to manage and control stormwater, a leading cause of water 
pollution in Los Angeles County and statewide. The Draft Permit must ensure that the public health 
of county residents and visitors to our waters are protected, and that the Regional Board is moving 
forward with solutions to the problems of stormwater pollution that are effective and enforceable.  
 
E2 is a non-partisan, national community of business leaders who promote strong environmental 
policy to grow the economy. In California, E2 represents a community of almost 600 business 
leaders who promote strong environmental policy to grow the economy. We are entrepreneurs, 
investors and professionals who collectively manage over $81 billion of venture capital and private 
equity. Our members have started 1,200 businesses, which in turn have created almost 420,000 
jobs.  
 
Controlling pollution in stormwater discharges has far-reaching economic and social benefits for the 
Los Angeles region. According to a report to California’s Resources Agency, “California has the 
largest Ocean Economy in the United States, ranking number one overall for both employment and 
gross state product . . . .”1 This ocean economy, particularly in southern California, is responsible for 
tens of thousands of jobs and provides billions in wages each year. A 2007 study by the National 
Oceanic and Atmospheric Association found that improving water quality in Long Beach, to the 
healthier standards of Huntington City Beach would create $8.8 million in economic benefits over a 
10-year period.2 
 
Yet the number of beach closures and advisories has nearly doubled in California since 2009, and 
there were more than 2,400 closing or advisory days at beaches in Los Angeles County last year, 
the highest of any county in the state.3 Many of these closures and advisories are directly related to 
urban runoff conveyed through our region’s MS4 system. These beach closures and advisories 
result in direct and indirect negative effects on the coastal economy, including lost revenue.   

                                                           
1
 Judith Kildow and Charles S. Colgan, National Ocean Economics Program (2005) California’s Ocean Economy: A 

Report to the Resources Agency, State of California, at 1.  
2
 Leeworthy, V.R., and P.C. Wiley (February 2007) Southern California Beach Valuation Project: Economic Value and 

Impact of Water Quality Change for Long Beach in Southern California, National Oceanic and Atmospheric 
Administration, at 9, 15, available at http://coastalsocioeconomics.noaa.gov/core/scbeach/long%20beach_econ_imp.pdf 
3
 Natural Resources Defense Council (2012) Testing the Waters: A Guide to Water Quality at Vacation Beaches, 22

nd
 

Annual Report, at CA Chapter, available at http://www.nrdc.org/water/oceans/ttw/ca.asp.  
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Environmental Entrepreneurs  July 23, 2012 

Comments on Draft Los Angeles County Stormwater Permit page 2 of 4 

 
We believe it is imperative that the Regional Board include strong and enforceable provisions in the 
region’s new MS4 permit that require compliance with water quality standards set to protect the 
public health and that will promote important recreational and commercial uses of our waters. The 
permit should also prioritize use of green infrastructure practices to address stormwater runoff. 
These practices, which infiltrate, capture and re-use, or evapotranspirate runoff at its source, reduce 
the volume of runoff and pollution that reaches our beaches and inland waters, while potentially 
replenishing groundwater resources and increasing our local water supplies.  
 
The new MS4 permit for the Los Angeles Region is an opportunity to move forward in improving 
water quality vital to our region’s economy and well being. Please act to ensure it contains strong 
protections for our waters. 
 
Sincerely, 
 
The following 145 E2 members have signed this letter:  
 
Dan Abrams 
President/CEO, Cross River Pictures 
Tony Bernhardt, PhD 
Northern California Director, Environmental 
Entrepreneurs 
Maureen Blanc 
Director, CHARGE ACROSS TOWN 
Dayna Bochco 
President, Steven Bochco Productions 
Steven Bochco 
Steven Bochco Productions 
Lori Bonn 
President, Bonnventures LLC 
David Bowen 
Consultant 
Eric Bowen 
Director Business Development & Legal 
Affairs, Renewable Energy Group 
Barbara Brenner Buder 
CFO, San Francisco Theological Seminary 
Selcuk Cakir 
MSD Capital 
Pete Cartwright 
CEO, Avalon Ecopower 
Steve Chadima 
John Cheney 
CEO, Silverado Power, LLC 
David Cheng 
Co-Founder & CEO, VendorStack 
Roger Choplin 
Proprietor / Owner, Our Earth Music, Inc. 
Diane Christensen 
President, Manzanita Management Corp 
Lyn Christenson 
Director, Corporate Communications, Codexis 
 

Stephen Colwell 
Executive Director, Philanthropy Associates 
Daniel Conners 
Senior V.P. Financial Advisor, UBS 
Catherine Crystal Foster 
Consultant, Policy & Advocacy Consulting 
Jayne Davis 
Peter Davis 
Retired Attorney 
John Dawson 
Co-founder, Zentek Technology 
Rick DeGolia 
Partner, Exigen Capital 
Harry Dennis 
Pediatrician, Palo Alto Medical Clinic 
Susan Dennis 
Fine Arts Advisor, Self-employed 
Ann Doerr 
John Doerr 
Partner, Kleiner Perkins Caufield and Byers 
Elizabeth Dreicer 
CEO, KUITY Corp 
Ted Driscoll 
Venture Partner, Claremont Creek Ventures 
Patricia Durham 
Bob Epstein 
Co-founder, Sybase, New Resource Bank, 
Environmental Entrepreneurs 
Christina Erickson 
Founder, Green by Design 
Rob Erlichman 
Founder & President, Sunlight Electric, LLC 
Homeyra Eshaghi 
Anne Feldhusen 
Noel Fenton 
General Partner, Trinity Ventures 
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Comments on Draft Los Angeles County Stormwater Permit page 3 of 4 

Sally Fenton 
Kacey Fitzpatrick 
President, Avalon Enterprises Inc 
Andrew Foss 
CEO, Swan Labs 
Jon Foster 
Board of Directors, California Clean Energy 
Fund 
Karen Francis 
CEO, Academix Direct, Inc 
Bonnie Gemmell 
GoFavo 
Rob Gemmell 
Co-founder, AlikeList 
Tushar Gheewala 
CEO & Chairman, Inventions Outsource 
Nancy Gail Goebner 
Gardenpeach Place 
Ken Goldsholl 
CEO, x.o.ware, Inc. 
Nancy Goldsholl 
Lorena Gonda Kiralla 
Guest Greswold 
Kate Greswold 
TOSA Foundation 
Doug Hammer 
Ruth Hartman 
President, Wordcraft Incorporated 
Paula Hawthorn, PhD 
Carol Hazenfield 
Alan Herzig 
Independent Director 
Shiela Hingorani 
First Vice President- Wealth Management , 
Morgan Stanley Smith Barney  
Rick Holmstrom 
Partner & Vice Chairman, Menlo Equities 
Nicholas Josefowitz 
Impact Reactor LLC 
Charlene Kabcenell 
Former Vice President, Oracle Corporation 
Derry Kabcenell 
Former Executive Vice President, Oracle 
Corporation 
Kiran Kiki Kapany 
Chief Executive Officer, KIKIM Media 
Arthur Keller 
Managing Partner, Minerva Consulting 
Eric Kentor 
Steven Kiralla 
Charly Kleissner 
Co-Founder, KL Felicitas Foundation 
 

Lisa Kleissner 
KL Felicitas Foundation 
Charles Knowles 
Executive Director, Wildlife Conservation 
Network 
Stephanie Knowles 
Gina Lambright 
Managing Partner, TOZ Consulting 
Sue Learned-Driscoll 
Administrator, Stanford University 
Nicole Lederer 
Co-Founder, Environmental Entrepreneurs 
Waidy Lee 
Sam Leichman 
Cindy Lewis 
Malcolm Lewis 
Founder, Constructive Technologies Group 
Inc.  
Alison Long Poetsch 
Principal, SHR Investments 
Teresa Luchsinger 
Tracy Lyons 
Singer-Songwriter, Mythic Records LLC 
Steve MacKay 
Principal, Scourie Network Partners 
Marguerite Manteau-Rao 
Entrepreneur, blogger 
Ughetta Manzone 
Attorney-at-Law 
Christine Martin 
Clinical Nurse Specialist, San Francisco 
General Hospital 
Nancy McCarter-Zorner 
Plant Pathologist 
Bill McClure 
Attorney/Partner, Jorgenson, Siegel, McClure 
& Flegel LLP 
Christina McClure 
Community Volunteer 
Lisa Mihaly 
Family Nurse Practitioner 
Kate Mitchell 
Managing Partner, Scale Venture Partners 
Wes Mitchell 
Board Member, Foto Forum, SFMOMA 
Carol Moné 
Producer, Our Earth Productions 
John Montgomery 
Chairman, Montgomery & Hansen, LLP 
Linda Montgomery 
Robert Morgan 
Founder, President & COO, Agile Energy, 
LLC 
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Gib Myers 
Partner Emeritus, Mayfield Fund and 
Founder/board of the Entrepreneurs 
Foundation 
Susan Myers 
Armand Neukermans 
Founder, Xros 
Eliane Neukermans 
Nadine North 
CEO, The North Point 
Carrie Norton 
Founder & CEO, Green Business BASE 
CAMP 
Anne O'Grady 
Standish O'Grady 
Managing Director, Granite Ventures, LLC 
Jack Oswald 
CEO, SynGest Inc. 
Lyn Oswald 
E2 Membership Director 
Mark Parnes 
Attorney, Wilson Sonsini Goodrich & Rosati 
Neela Patel 
Director, Biology, Poniard Pharmaceuticals 
Jim Patton 
Trade Counsel, Apple 
Jean Pierret 
Jeff Poetsch 
Principal, JCP Advisors 
Marc Porat 
Chairman, Greencube 
Christopher Pribe 
Prad Rao 
Investor 
Kate Ridgway 
David Rosenheim 
Executive Director, The Climate Registry 
Jackie Rosenheim 
Rick Rosenthal 
Amy Roth 
David Schwartz 
Michael Schwarz 
Lauren Scott 
Paul B. Scott 
Vice President, Advanced Technologies, 
Transportation Power Inc 
Anneke Seley 
CEO, ALIO Inc. 

Ann Shulman 
President, Philanthropy Associates, Inc. 
Barbara Simons 
Research Staff Member, Retired, IBM 
Research 
Jon Slangerup 
CEO, NEI Treatment Systems, LLC 
Sandra Slater 
Owner, Sandra Slater Environments 
Kristen Steck 
Nancy Stephens 
Marc Stolman 
Attorney, Stolman Law office, E2 Climate 
Project Leader 
Ed Supplee 
Former CFO, UTStarcom 
Sally Supplee 
Former Chief Financial Officer, various 
companies 
Sven Thesen 
Communication & Technology, Better Place 
Adam Tibbs 
President, projectFrog 
Mike Ubell 
Architect, Oracle 
Thomas Van Dyck 
Sr. Vice President, RBC Wealth Management 
Mark Vander Ploeg 
Bill Weihl 
Sustainability guru, Facebook 
Dave Welch 
Chief Technology Officer, Infinera Corporation 
Heidi Welch 
Tonia Wisman 
Gary Wolff 
Former Vice Chair, CA State Water 
Resources Control Board 
Mary M. Yang 
Scientist and Entrepreneur 
Daniel Yost 
Partner, Orrick, Herrington & Sutcliffe LLP 
Margaret Zankel 
Martin Zankel 
Emeritus Chairman, Bartko, Zankel, Tarrant & 
Miller 
Paul Zorner 
Chairman, Kuehnle AgroSystems 
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July 22, 2012 

 

Via electronic mail 

 

Mr. Sam Unger 

Executive Officer and Members of the Board California Regional Water Quality Control Board, Los 

Angeles Region 

320 West 4th Street, Suite 200 

Los Angeles, CA 90013 

 

Email: rpurdy@waterboards.ca.gov, iridgeway@waterboards.ca.gov, LAMS42012@waterboards.ca.gov 

 

RE: COMMENTS ON TENTATIVE LOS ANGELES COUNTY MS4 PERMIT 

 

Dear Mr. Unger: 

 

The Malibu Surfing Association (MSA) formed in 1961 as one of California’s first surfing clubs. The MSA is 

an all-volunteer, nonprofit organization dedicated to the fellowship of surfing and to the stewardship of 

our home break, world-famous Malibu Surfrider Beach. 

Our club membership represents over 750 years of cumulative surfing experience at Malibu. We 

advocate for the protection and preservation of this historic surfing spot and a positive experience for 

Surfrider’s 

2.5 million annual visitors. In over 50 years since our club’s founding, we remain intimately associated 

with the past, present, and future of Malibu surfing and of Surfrider Beach. 

 

On behalf of the club, I am writing with regard to the Tentative Los Angeles County MS4 Permit 

(“Tentative Permit”). We appreciate the opportunity to comment on the Tentative Permit. While we 

support some of the progress made in comparison to the current Permit’s provisions, now more than 

ten years old, we are concerned that the Tentative Permit, as currently drafted, fails to properly 

implement both state and federal law, and is otherwise insufficiently protective of water quality in the 

region. In this regard, we appreciate the opportunity to comment on the Tentative Permit and suggest 

revisions that better reflect the goals and requirements of the Clean Water Act. 

 

I. Enforceable Standards Are Imperative to Water Quality Protections 

 

We support strong and enforceable provisions that require compliance with water quality standards set 

to protect the beneficial uses in our beaches and waterways. Most of Los Angeles’ waterways are listed 

as impaired for one or more pollutants due to years of industrial, commercial, and stormwater pollution. 

This includes Malibu Creek, Malibu Lagoon, and Surfrider Beach. This new LA MS4 Permit is an 

opportunity to move forward in improving water quality in the region – not moving backwards. Thus, we 

urge the Regional Board to maintain current strong enforceable receiving water limitations and to 

properly incorporate and enforce TMDL provisions, as described below. 

 

II. TMDLs Are Critical to Public Health and Must Comply With CWA Requirements 

 

We support the Los Angeles Regional Water Quality Control Board 

(LARWQCB) and U.S. EPA’s efforts to adopt TMDLs for 175 waterways in the Los Angeles area over the 

past thirteen years. We recognize and appreciate that this is more than in any other region in the State 
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of California. It is now imperative that each of these TMDLs is properly incorporated into the MS4 Permit 

such that waste load allocations are enforceable and water quality improvements are guaranteed. 

 

Of the numerous TMDLs established to protect our rivers, creeks, beaches, and ocean in the last several 

years, one category merits special attention because of the significant public health risks it addresses to 

protect swimmers, surfers, waders and beachgoers from the proven harmful impacts of waterborne 

fecal bacteria. Bacteria TMDLs, in particular, require immediate attention by permittees. Perhaps the 

most important of these, both in terms of its territorial reach and the magnitude of public health 

protection it provides, is the Santa Monica Bay Beaches Bacteria TMDL for dry weather. Epidemiological 

studies demonstrate that recreating in polluted runoff causes an increased health risk to swimmers. Our 

organization’s members, who place a premium on clean water they recreate in, demand their health be 

protected and that their recreational activities do not result in sickness and doctor visits. 

 

We urge the Board to require immediate compliance with bacteria TMDLs for dry weather that are past 

due and intended to protect public health. The Tentative Permit’s suggested allowance of additional 

time for these long overdue protections is inappropriate and dangerous to the millions of people that 

frequent our beaches and waterways each year. 

 

We note that over 2.5 million annual visits take place at Surfrider Beach. For us recreating in these 

waters, and being intimately involved in the future of surfing there, we ask that you do everything 

possible to ensure our waters are clean and safe. 

 

III. LID Provisions Are Critical to Protecting LA’s Waterways 

 

In general, we support the inclusion of the low impact development and green infrastructure provisions 

in the Tentative Permit. Because there are affordable and effective methods for retaining and reusing 

stormwater, this should be a priority requirement in the new LA MS4 Permit. These mechanisms 

produce economic and social benefits, in addition to improvements to water quality. 

 

However, requirements should apply not only to new development and redevelopment, but also to the 

existing built environment where feasible. The vast majority of runoff stems from the existing 

development and the Regional Board should prioritize controlling pollutants, reducing pollutant loads, 

and addressing runoff volume from existing streets and parking lots to improve water quality in all of Los 

Angeles’ waterways. Suggested mechanisms include: infiltration, storage for reuse, and 

evapotranspiration. In existing development areas, retrofit of existing impervious surfaces is a 

transformative opportunity. Specifically, the LARWQCB could require “Green Street” 

pilot projects that follow U.S. EPA guidance and prioritize on-site stormwater runoff retention where 

technically feasible. To ensure effectiveness, the LARWQCB should require permittees to address storms 

up to a 24-hour 85th percentile storm in these projects, as is required in several other regional permits. 

 

Thank you for the opportunity to comment on the Tentative Permit. 

Please feel free to contact me with any questions or concerns. 

 

Sincerely, 

 

Michael Blum 

Stewardship Chair, on behalf of Malibu Surfing Association 
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July 23, 2012 
 

Via electronic mail 
 
Mr. Sam Unger 
Executive Officer and Members of the Board 
California Regional Water Quality Control Board, Los Angeles Region 
320 West 4th Street, Suite 200 
Los Angeles, CA  90013 
Email: LAMS42012@waterboards.ca.gov    
 

Re: Comments on Tentative Order R4-2012-XXXX, Los Angeles County 

MS4 Permit, June 6, 2012 Draft 

 
Dear Mr. Unger: 
 
On behalf of the Natural Resources Defense Council (“NRDC”), the Los Angeles 
Waterkeeper (“Waterkeeper”), and Heal the Bay (collectively, “Environmental Groups”), 
we are writing with regard to the June 6, 2012, Draft Waste Discharge Requirements for 
Municipal Separate Storm Sewer System (MS4) Discharges Within the Los Angeles 
County Flood Control District, Including the County of Los Angeles, and the 
Incorporated Cities Therein, Except the City of Long Beach, Draft permit R4-2012-
XXXX, NPDES Permit No. CAS004001 (“Draft Permit”).  We appreciate the 
opportunity to submit these comments to the Los Angeles Regional Water Quality 
Control Board (“Regional Board”) on the Draft permit.   
 
I. Introduction  
 
While we believe the Draft Permit in many aspects either appropriately preserves 
requirements or improves upon requirements contained in the predecessor Los Angeles 
MS4 permit1 – now more than 10 years old – we are concerned that in other critical 
aspects the Draft Permit fails to meet the requirements of the federal Clean Water Act 
and California Porter Cologne Act, and is otherwise inconsistent with both state and 
federal law.  We urge the Regional Board to revise the Draft Permit in accordance with 
the legal requirements outlined in the comments we present below.  We also stress the 
need for the Regional Board to incorporate these revisions in a timely fashion and to 
avoid any further delay in the Permit adoption process.  Given the continuing threat to 
                                                 
1 Los Angeles Regional Water Quality Control Board, Order No. 01-182, NPDES Permit No. CAS004001 
(as amended by Orders R4-2006-0074, R4-2007-0042, R4-2009-0137, and October 19, 2010 and April 14, 
2011 pursuant to L.A. Superior Court Case No. BS122724) (“2001 Permit”). 
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RWQCB Los Angeles Region 
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public health and the environment posed by stormwater pollution in Los Angeles County, 
and consistent with the Regional Board’s repeatedly stated intent, the Regional Board 
should ensure that a new MS4 permit for Los Angeles County, that meets the 
requirements of state and federal law, is finalized this coming September. 
 
II. Summary of Comments 
 
We are concerned that the Draft Permit in several aspects fails to meet the requirements 
of federal and state law, and is inadequate to control pollution and protect the region’s 
waters, which are threatened by persistent, pervasive pollution from urban runoff.  We 
note first several provisions that are appropriately incorporated and legally required in the 
Draft Permit, followed by a summary of provisions that require revision for the Draft 
Permit to pass legal muster. 
 

 The Draft Permit’s Receiving Water Limitations have been upheld against 
numerous administrative, judicial, and enforcement challenges, and under federal 
law must prohibit discharges that cause or contribute to a violation of water 
quality standards as an independently enforceable provision. 

 
  The Draft Permit must require Low Impact Development practices to retain 

stormwater runoff on-site, which are common in other jurisdictions and  are the 
most practicable means of protecting and restoring water quality in Los Angeles 
County. 

 
 The Draft Permit inappropriately allows for use of biofiltration practices that 

discharge runoff and pollutants where retention of stormwater runoff, either on-
site or off-site is feasible. 

 
 The Draft Permit establishes unlawfully high thresholds for applicability of its 

otherwise enforceable Low Impact Development standards. 
 
 The Draft Permit allows for unprecedented and unlawful waivers from its core 

provisions and TMDL requirements through permit terms that fail to provide for 
meaningful review or allow for adequate public process. 

 
 The Draft Permit unlawfully delegates authority to the Executive Officer to 

determine key control requirements. 
 
 For TMDLs, the Draft Permit incorporates unlawful compliance schedules  that 

are inconsistent with federal requirements under the Clean Water Act. 
 
 The Draft Permit fails to include interim numeric benchmarks for TMDL 

implementation to properly track TMDL compliance. 
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 The Draft Permit illegally exempts Dischargers from compliance with U.S. 
Environmental Protection Agency developed TMDLs. 

 
 The Draft Permit inappropriately establishes a goal of discharge water quality in 

comparison to Municipal Action Levels rather than against Water Quality 
Standards. 

 
  The Draft Permit fails to address monitoring plans for U.S. EPA developed 

TMDLs. 
 
 The Draft Permit fails to require adequate monitoring for toxicity at outfalls, and 

 
 The Draft Permit authorizes the discharge of runoff from non-stormwater sources 

that are known sources of pollution to receiving waters. 
 
III. Factual Background 
 
The 2001 Permit has been the subject of repeated administrative, judicial, and 
enforcement challenges, the majority brought against the Regional Board by the 
Permittees, with the result that the California Court of Appeal for the Second District 
upheld the validity of the 2001 Permit on all grounds, including the permit’s foundational 
requirement that “discharges from the MS4 that cause or contribute to the violation of 
Water Quality Standards or water quality objectives are prohibited.”  (See County of Los 
Angeles v. Cal. State Water Res. Control Bd. (2006) 143 Cal.App.4th 985, 989; see also, 
Natural Resources Defense Council v. County of Los Angeles (2011) 673 F.3d 880, 897; 
see also section on Legal Background, below.)  Many of the Permittees have suggested 
the Regional Board weaken protections from the 2001 Permit, upheld by the courts and 
legally required by the Clean Water Act, that have been properly incorporated into the 
Draft permit.  They have also pushed for the Board to instill controls that will be less 
protective of water quality than state and federal law require or that sound policy advises.  
But stormwater runoff remains the leading cause of surface water pollution in southern 
California, and a substantial and persistent public health risk and source of harm to 
aquatic life.  The Regional Board should reject calls to place Los Angeles County’s 
waters and residents at further risk.  
 

A. Stormwater Runoff is the Leading Source of Water Pollution in Southern 
California  

 
Waters discharged from municipal storm drains carry bacteria, metals, and other 
pollutants at unsafe levels to rivers, lakes and beaches in Los Angeles County.  This 
pollution causes increased rates of human illness, harm to the environment, and an 
economic loss of tens to hundreds of millions of dollars every year from public health 
impacts alone.  The U.S. Environmental Protection Agency (“U.S. EPA”) considers 
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urban runoff to be “one of the most significant reasons that water quality standards are 
not being met nationwide.”2  As the U.S. EPA has stated: 

 
Most stormwater runoff is the result of the man-made hydrologic 
modifications that normally accompany development.  The addition of 
impervious surfaces, soil compaction, and tree and vegetation removal 
result in alterations to the movement of water through the environment.  
As interception, evapotranspiration, and infiltration are reduced and 
precipitation is converted to overland flow, these modifications affect not 
only the characteristics of the developed site but also the watershed in 
which the development is located.  Stormwater has been identified as one 
of the leading sources of pollution for all waterbody types in the United 
States.  Furthermore, the impacts of stormwater pollution are not static; 
they usually increase with more development and urbanization.3 

 
In Los Angeles County, the Regional Board has found that:  
 

Discharges of storm water and non-storm water from the Los Angeles 
County [MS4] convey pollutants to surface waters throughout the Los 
Angeles Region. The primary pollutants of concern in these discharges . . . 
are indicator bacteria, nutrients, total dissolved solids, turbidity, nickel, 
zinc, cyanide, bis(2-ethylhexyl)phthalate, polycyclic aromatic 
hydrocarbons (PAHs), diazinon, and chlorpyrifos. Aquatic toxicity, 
particularly during wet weather, is also a concern. . . .  
 
Pollutants in storm water and non-storm water have damaging effects on 
both human health and aquatic ecosystems. Water quality assessments 
conducted by the Regional Water Board have identified impairment of 
beneficial uses of water bodies in the Los Angeles Region caused or 
contributed to by pollutant loading from municipal storm water and non-
storm water discharges.   

 
(Draft permit, at Finding A.)  Specifically, “[n]umerous receiving waters within Los 
Angeles County do not meet water quality standards or fully support beneficial uses.”  
(Id., at Finding J.1.) 
 
Monitoring data collected pursuant to the 2001 Los Angeles County MS4 Permit at mass 
emission stations demonstrates that the LA County MS4 persistently contributes to 
violations of water quality standards and TMDLs in Los Angeles area waterbodies.  The 
water quality limits for fecal bacteria, various heavy metals, ammonia, pH and cyanide, 
                                                 
2 U.S. General Accounting Office (June 2001) Water Quality: Urban Runoff Programs, Report No. GAO-
01-679.   
3 U.S. Environmental Protection Agency (December 2007) Reducing Stormwater Costs through Low 
Impact Development (LID) Strategies and Practices, at v. 
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among other constituents, were exceeded in Ballona Creek, Malibu Creek, the Los 
Angeles River, Santa Clara River, Dominguez Channel, and Coyote Creek 1105 times 
since 2003.4   
 
Monitoring conducted by non-profit organizations, including Friends of the Los Angeles 
River (“FoLAR”), Heal the Bay and Waterkeeper similarly shows that the Los Angeles 
County MS4 is a significant source of pollution to receiving waters in the region.  
 
Malibu Creek Watershed monitoring data collected by Heal the Bay from 1998 until 
2010 reveal that regulatory limits for nitrogen, ammonia, phosphate, E.coli and 
enterococcus were routinely exceeded both during wet and dry weather.5  At some of the 
sites sampled in the Malibu Creek Watershed, 100% of the samples collected from a 
particular monitoring station were above the limit for nitrogen, phosphate and 
enterococcus.6   
 
Heal the Bay’s monitoring in Compton Creek also demonstrates frequent exceedances of 
Basin Plan and California Toxics Rule limits, with the highest magnitude of exceedances 
occurring during storm events at storm drain outfalls.7  In addition, copper, zinc and lead 
were exceeded at most of the sites sampled during wet weather, while the rate of 
exceedances during dry weather was significantly lower for the same metals.  Id.  
Exceedances of ammonia, nitrogen and pH limits were also a common occurrence in 
Compton Creek.8  
 
Data from sampling of the Los Angeles River watershed conducted by FoLAR similarly 
shows that water quality standards in Los Angeles River are routinely exceeded.9  Of the 
22 sites sampled in 2005 by FoLAR throughout the Los Angeles River watershed, 13 
received an F grade for failing water quality standards for PH, temperature, dissolved 
solids, nutrients, dissolved oxygen and turbidity.10    Bacteria monitoring data from 
FoLAR’s 2003-2004 sampling at 23 sites in the Los Angeles River watershed similarly 
reveal widespread fecal bacteria indicator exceedances.11  
 
Furthermore, storm drain and receiving water data collected by Waterkeeper clearly 
establish that MS4 discharges contribute to violations of water quality standards and 

                                                 
4 Los Angeles County Stormwater Monitoring Reports 2003-2004, 2005-2006, 2006-2007, 2007-2008, 
2008-2009, 2009-2010, 2010-2011, (selected data tables attached and full documents available at 
http://dpw.lacounty.gov/wmd/NPDES/report_directory.cfm, last visited July 19, 2012). 
5 See Exhibit A1: Heal the Bay, Exceedance figures for Malibu Watershed; Exhibit A2: Heal the Bay, 
Malibu Watershed Exceedances, Raw Data. 
6 Id. 
7 See Exhibit B1: Heal the Bay, Compton Creek Monitoring Summary; Exhibit B2: Heal the Bay, Sed Data 
Analysis – Compton Creek; Exhibit B3: Heal the Bay, Water Data Analysis – Compton Creek. 
8 Id. 
9 Friends of the Los Angeles River (2005) The First State of the Los Angeles River Report. 
10 Id. at 3. 
11 Id. at 6. 
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TMDLs.  Recent Waterkeeper monitoring of 18 storm drains reveals consistently high 
levels of bacteria in dry weather discharges from these storm drains flowing into Ballona 
Creek, which is impaired by fecal bacteria.12  Receiving water sampling conducted in 
Ballona Creek together with the dry weather storm drain sampling demonstrates the link 
between polluted storm drain discharges and exceedance of water quality standards.13  
Similarly, monitoring data from Waterkeeper’s sampling efforts in the City of Malibu 
confirm that the MS4 system is a significant source of pollution to receiving waters and 
contributes to violations of water quality limits.  For example, Waterkeeper’s receiving 
water samples at Malibu Creek and various Malibu beaches collected during the January 
21, 2012 storm event contemporaneously with samples at storm drain inlets and outfalls 
discharging to these waters show that fecal indicator bacteria from the MS4 discharges 
and contributes to exceedances of bacteria limits in the receiving waters.14 
 
Finally, monitoring data demonstrates the pervasive pollution problem affecting tens of 
millions of Los Angeles County residents and visitors recreating at our world-famous 
beaches.15  California Ocean Plan standards and fecal bacteria TMDL limits established 
to protect the health of beachgoers were exceeded on thousands of occasions.  In fact, 
beach bacteria TMDL limits were exceeded at 65 Los Angeles County beach monitoring 
locations 3369 times during the April – October dry weather season from 2006 through 
2011, exposing the public to various well-documented health risks associated with 
recreating in polluted water.16  In addition, a total of 974,306 trash items, including 
plastic, styrofoam and cigarette butts, were collected during volunteer clean ups at 30 Los 
Angeles County beaches.17  An estimated 80 percent of marine debris comes from land-
based sources.18  As important, monitoring data collected by Waterkeeper at storm drain 
inlets, outlets and coastal receiving waters in the City of Malibu puts to rest any argument 
that storm drain discharges are not the source of exceedances of water quality standards 
and TMDLs at the beaches.19   
 

B. Stormwater Pollution Poses a Significant Threat to Public Health  
 

Discharges of polluted urban runoff result in elevated bacteria levels and increased illness 
rates among swimmers, and the association between heavy precipitation (leading to 

                                                 
12 See Exhibit C: Los Angeles Waterkeeper, Ballona Creek Data. 
13 Id. 
14 See Exhibit D :Los Angeles Waterkeeper, 2011-2012 Storm Water Monitoring.  
15 See Exhibit E1: Heal the Bay, 2012-07-06 Trash Table; Exhibit E2, Heal the Bay, Beach Trash Data; 
Exhibit F: Heal the Bay, 2011 Santa Monica Bay Bacteria TMDL data. 
16 See Exhibit F. 
17 See Exhibits E1; E2. 
18 National Oceanic and Atmospheric Administration (1999) Turning to the Sea: America’s Ocean Future, 
at 52. 
19 See Exhibit D; Exhibit G: Los Angeles Waterkeeper Malibu Data Revised 3-27-2012; Exhibit H: Los 
Angeles Waterkeeper, Non-ASBS and Malibu Creek data revised 3-27-2012. 
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increased runoff) and waterborne disease outbreaks is well documented.20  Swimming or 
contact with waters contaminated by stormwater runoff can lead to fever, chills, ear 
infections and discharge, coughing and respiratory ailments, vomiting, diarrhea and other 
gastrointestinal illness, and skin rashes.21  In a peer reviewed evaluation of 22 selected 
epidemiological studies from around the world, scientists found that 19 of 22 studies 
showed that adverse health effects were significantly related to fecal indicator bacteria or 
bacterial pathogens.22   
 
Among those, an epidemiological study of Santa Monica Bay investigated health risks of 
swimmers exposed to storm drain runoff while swimming in ocean waters.23  The study 
found that the number of adverse health effects in swimmers at beaches receiving 
stormwater discharge increases with increasing densities of fecal bacteria indicators in 
the water; the study concluded that high levels of indicator bacteria were more likely to 
be in or close to a storm drain, and there was an approximately 50-100 percent increase in 
health risk for those swimming directly in front of a storm drain versus those who swam 
more than 400 yards away from the storm drain.24  The study reported that per 10,000 
swimmers, there were 130 cases of attributable highly credible gastroenteritis, 165 
attributable cases of skin rash, and 277 cases of attributable diarrhea.25  Given that an 
estimated 55 million people visit Santa Monica Bay alone each year, a significant number 
of negative health incidences occur when beach water quality does not meet health 
standards.   
 
The Regional Board itself has acknowledged that the harm to the public from violating 
bacteria standards “is dramatic both in terms of health impacts to exposed beachgoers, 
and the economic cost to the region associated with related illnesses.”  (2001 Permit (as 
amended by Order R4-2009-0130, at Finding 32).)  And the health impacts do come at 
tremendous cost—one study demonstrated that swimming at polluted beaches in Los 
Angeles County caused between 427,800 and 993,000  excess cases of gastroenteritis per 
year, in turn resulting in annual health costs of between $14 and $35 million, or $120 and 
$278 millon (depending on the epidemiological model used) per year.26  Without 

                                                 
20 Curriero et al., (August 2001) The Association Between Extreme Precipitation and Waterborne Disease 
Outbreaks in the United States, 1949-1994, American Journal of Public Health, 91:8 1194-1199.  
21 See, e.g., Haile, et al. (1999) The Health Effects of Swimming in Ocean Water Contaminated by Storm 
Drain Runoff, Epidemiology 10(4): 355-63; Haile, R. W. et al (1996) An Epidemiological Study of Possible 
Adverse Health Effects of Swimming in Santa Monica Bay, Santa Monica Bay Restoration Project, 70 pp. 
22 Pruss, A. (1998) Review of epidemiological studies on health effects from exposure to recreational 
waters, International Journal of Epidemiology 27:1-9. 
23 See, Haile, R. W. et al (1996) ; see also, Haile, et al. (1999). 
24 Haile, R. W. et al (1996) An Epidemiological Study of Possible Adverse Health Effects of Swimming in 
Santa Monica Bay, Santa Monica Bay Restoration Project, at 54. 
25 Id. at 59. 
26 Vernon R. Leeworthy and Peter C. Wiley, National Oceanic and Atmospheric Administration (2000) 
Southern California Beach Valuation Project: Economic Value and Impact of Water Quality Change for 
Long Beach in Southern California, at 4. 
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question, swimming in stormwater runoff contaminated water has a high cost for our 
region.  
 

C. Economic studies indicate that the control of stormwater pollution 
provides numerous economic benefits, while stormwater pollution creates 
many economic harms. 

 
As discussed in the section on Legal Background, below, the Regional Board is 
unconditionally precluded from considering economic factors to weaken federally 
mandated controls in the Draft Permit.27  Within this framework, however, controlling 
pollution in stormwater and non-stormwater discharges has far-reaching economic and 
social benefits for the region.  According to a report to California’s Resources Agency, 
“California has the largest Ocean Economy in the United States, ranking number one 
overall for both employment and gross state product . . . .”28 One study estimated that 
local beach goers in California spend as much as $9.5 billion annually and the non-
market values associated with beach going in California may be as high as $5.8 billion 
annually.29  A review of multiple studies concerning the consumer surplus per visitor for 
beach visits found that welfare impacts of were in the range of $8.16 to $60.79 per visit 
for several California beaches.30   
 
Yet stormwater runoff in Los Angeles County’s coastal waters caused or contributed to 
potentially thousands of days of beach closures or advisories in 2011.31   Beach closures 
and advisories result in direct and indirect negative effects on the coastal economy, such 
as lost revenue.32  A hypothetical beach closure of Huntington Beach for one day was 
estimated to result in a loss of 1200 beach visits and associated economic losses of 
$100,000.33  For a month long closure of the beach due to poor water quality, losses 
                                                 
27 Draft Permit, at Finding R (“the requirements in this permit are not more stringent than . . . minimum 
federal requirements”).  
28 Judith Kildow and Charles S. Colgan, National Ocean Economics Program, California’s Ocean 
Economy: A Report to the Resources Agency, State of California (2005), at 1.  
29 Pendleton, L. 2003. Estimating the Regional Economic Benefits of Improvements in the California 
Coastal Ocean Observing System. Arlington, VA: Ocean. Unnumbered Report. July.  
30 Chapman, D. and Hanemann, M. (2001) Environmental damages in court: the American Trader case, in 
The Law and Economics of the Environment, Anthony Heyes, Editor, pp. 319-367. 
31 NRDC (2012) Testing the Waters: A Guide to Water Quality at Vacation Beaches, at California Chapter 
Summary.  Los Angeles County reported 2,430 total closing or advisory days in 2012 from all sources.  
Reported closing or advisory days are for events lasting six consecutive weeks or less.  NRDC learned just 
prior to publication of the 2012 report that Los Angeles County's 2011 closing and advisory days were 
underreported.  Eighteen of 69 beaches managed by the county were scrutinized and 25 missing closing and 
advisory days at four beaches were discovered. These days are included in the analysis in this summary and 
in the California table, but any additional errors in the remaining 51 beaches remain uncorrected. 
32 Leeworthy, V.R. and Wiley, P.C. (2000) Southern California Beach Valuation Project: Economic Value 
and Impact of Water Quality Change for Long Beach in Southern California, National Oceanic and 
Atmospheric Administration, at 4. 
33 Hanemann, M., L. Pendleton, and C. Mohn  (November 2005)  Welfare Estimates for Five Scenarios of 
Water Quality Change in Southern California. A Report from the Southern California Beach Valuation 
Project, at 7-8.   
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could be as much as 38,000 beach visits, with corresponding economic losses of more 
than $3.5 million; or a staggering $9.0 million in losses with a season long (i.e., June, 
July, and August) closure.  Conversely, a 2007 study by the National Oceanic and 
Atmospheric Association found that an increase in water quality in Long Beach (a C 
grade), to the healthier standards of Huntington City Beach (a B grade) would create $8.8 
million in economic benefits over a 10-year period.34   
 

D. MS4 Permittees Have Historically Overlooked the Benefits of Stormwater 
Capture While Exaggerating the Costs of Compliance 

 
The above societal costs and benefits have been generally overlooked in comments or 
contentions by the Permittees, who have focused almost solely on calling attention to 
claimed costs, in many cases wildly inaccurate, of implementing stormwater programs.  
In comments submitted on the 2001 Permit, for example, the City of Signal Hill and city 
members of the “Coalition for Practical Regulation”35 stated that “the cost of the TMDL 
program for Los Angeles County alone, which is to be implemented in part, through the 
NPDES permitting process, could result in expenditures to Los Angeles taxpayers in 
excess of $50 billion.”36  In contrast to this assertion, the Regional Board notes in the 
Draft permit Fact Sheet that “Based on reported values [by the Permittees], the average 
annual cost to the Permittees in 2010-11 was $4,090,876 with a median cost of 
$687,633,” for implementation of their entire stormwater programs, including TMDL 
requirements.  (Fact sheet, at F-138.)   
 
Further, as the Regional Board notes, the “reported program costs are not all solely 
attributable to compliance with requirements of the LA County MS4 Permit. . . . For 
example, storm drain maintenance, street sweeping and trash/litter collection costs are not 
solely or even principally attributable to MS4 permit compliance, since these practices 
have long been implemented by municipalities,” and provide separate and additional 
municipal benefits beyond stormwater pollution control.  (Fact Sheet, at F-138.)  As a 
result, “the true program cost related to complying with MS4 permit requirements is 
                                                 
34 Leeworthy, V.R. and Wiley, P.C. (2000) Southern California Beach Valuation Project: Economic Value 
and Impact of Water Quality Change for Long Beach in Southern California, National Oceanic and 
Atmospheric Administration, at 9, 15. 
35 At the time of this comment, the Coalition for Practical Regulation was made up of at least 35 cities 
regulated under the Los Angeles County MS4 permit, of which at least 20 were members of the current Los 
Angeles Permit Group, comprising one-third of that group’s membership, as of May 30, 2012.  These cities 
include: Arcadia, Artesia, Bellflower, Burbank, Commerce, Diamond Bar, Industry, Lakewood, Lawndale, 
Monrovia, Montebello, Paramount, Pico Rivera, Pomona, Rosemead, Santa Fe Springs, San Gabriel, Sierra 
Madre, South Gate, and Vernon.  (See Letter from Larry Forester, Coalition for Practical Regulation, to Mr. 
Dennis Dickerson, Regional Board, re: Second Draft – Municipal NPDES Permit, August 6, 2001, at 1; 
Statement by Larry Forester, Coalition for Practical Regulation, December 13, 2001, at 1; City Manager’s 
Office, City of San Gabriel (May 30, 2012) The Council Weekly, “LA Permit Group: Voting Agencies,” at 
9.) 
36 Letter from Rutan & Tucker, LLP, to Dr. Xavier Swamikannu, Los Angeles Regional Water Quality 
Control Board, re: Los Angeles Regional Water Quality Control Board, October 11, 2001 Draft NPDES 
Permit No. CAS004001, November 13, 2001, at 20. 
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some fraction of the total reported costs. For example, after adjusting the total reported 
costs by subtracting out the costs for street sweeping and trash collection, the average 
annual cost to the Permittees was $2,397,315 with a median cost of $290,000.”  (Fact 
Sheet, at F-138.)  Even multiplied over the course of the 10 years the 2001 Permit has 
been in effect, these expenditures (which as stated above, cover the entire program, not 
just TMDL implementation), are an order of magnitude less than claimed by the 
commenting cities. 
 
This pattern has been repeated by claims of costs that will be incurred by the regulated 
entities.  In 2010 Los Angeles County asserted, for instance, that compliance with the 
Trash TMDLs “could cost the municipalities over $1 billion.”37  Yet the staff report for 
the TMDLs states that the cost of implementing the TMDLs “will depend on the BMPs 
selected by the Permittees,” and in fact, the County itself points out that compliance 
could cost less than $1 million.38  The listed implementation costs for the Los Angeles 
River Trash TMDL, for example, are also spread among 44 Permittees, meaning the costs 
borne by any one discharger are only a fraction of any total cost estimate.39     
 
Further, the “Gateway IWRM Authority”40 was awarded $10 million from the State 
Water Resources Control Board Clean Water State Revolving Fund as part of the 
American Recovery and Reinvestment Act.41  As explained in the grant award document, 
these funds were specifically given to assist the cities in their compliance with the Los 
Angeles River Trash TMDL by supporting acquisition of full capture devices for literally 
thousands of catch basins in the watershed.  Some of those same municipal recipients 
have long opposed the trash TMDL.  The Regional Board should not be dissuaded by 
these cities’ arguments about cost or feasibility when these cities have claimed full 
compliance with the TMDL and have accepted taxpayer funds to address the problem 
specifically in the Los Angeles River.42 

                                                 
37 Brief of Amici Curae County of Los Angeles and Los Angeles County Flood Control District in Support 
of Cross-Appeal of Plaintiffs/Cross-Appellants Cities of Arcadia et al. at 16, in City of Arcadia v. State 
Water Resources Control Bd. (2010) 191 Cal.App.4th 156, 161.  
38 Regional Board (Revised Draft July 27, 2007) Trash Total Maximum Daily Loads for the Los Angeles 
River Watershed, at 42; Brief of Amici Curae County of Los Angeles and Los Angeles County Flood 
Control District in Support of Cross-Appeal of Plaintiffs/Cross-Appellants Cities of Arcadia et al. at 16 n.5. 
39 See, e.g., City of Arcadia v. U.S. E.P.A. (N.D. Cal. 2003) 265 F.Supp.2d 1142, 1157 (rejecting an 
economic challenge to the Trash TMDL in part based on the fact that costs are spread among multiple 
parties). 
40 Participants in the grant request included Bell, Bell Gardens, Commerce, Compton, Cudahy, Downey, 
Huntington Park, Long Beach, Lynwood, Maywood, Montebello, Paramount, Pico Rivera, South Gate, and 
Vernon.  
41 See Clean Water State Revolving Fund American Recovery and Reinvestment Act Status Report as of 
Oct 30, 2009 (attached hereto and available at 
http://www.waterboards.ca.gov/water_issues/programs/grants_loans/srf/docs/economic_recovery/stimulus_
report.pdf) 
42 See Gateway IWRM Press Release, $10 Million L.A. River Regional Stormwater Clean-Up Project 
Complete (November 1, 2011); see also Mr. Desi Alvarez, Representing Gateway IRWM at 11/5/09 
Regional Board hearing. 
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In 2004, a group of Permittee cities commenting on the 2005 Triennial Review for the 
Los Angeles Basin Plan, referred to three studies prepared for CalTrans in 1998 regarding 
costs of stormwater treatment, specifically “in light of the Receiving Water Limitation 
language prohibiting exceedances of water quality standards and objectives in the 
existing Los Angeles County [MS4] permit.”43  In response, the Regional Board noted 
that one of the studies “has been disavowed by Cal-Trans, the agency that requested the 
report,”44 and that the costs presented in the studies “assume a worst-case scenario and 
assume advanced treatment for all storm water discharges.”  The Regional Board further 
noted that they had performed their own economic analysis of the costs, and “The 
numbers are orders of magnitude less.”45 
 
But as discussed above, the Permittees often fail to mention the economic and social 
benefits of stormwater regulations. For example, Los Angeles County claimed in 2010 
that one method of implementing the Metals TMDLs for the Los Angeles River and 
Ballona Creek would cost as much as $1.7 billion, with annual operational costs as high 
as $180 million.46  The accuracy of this claim notwithstanding, the staff report that 
discussed these costs also demonstrated that region-wide benefits associated with 
removing metals from the waterways would substantially outweigh costs and equal as 
much as $18 billion.47  This would be in addition to “[u]nquantifiable health benefits” 
associated with implementation.48   
 
As mentioned above with regard to the Gateway IWRM and Clean Water State 
Revolving Fund, Permittees have also generally failed to mention the funding sources 
that have provided resources for implementation of the Los Angeles County MS4 permit.  
Public agencies (both federal and state) have provided significant sources of funding 
through grants, bonds, and fee collections designated for implementation of stormwater 
management programs in Los Angeles County.  From sources such as Prop O, Props, 12, 
13, 40, 50, and 84, grants or funds from state agencies such as DWR and the Coastal 
Conservancy, and Measure V, more than $645 million has been provided for stormwater 
management in Los Angeles County.  (Draft Fact Sheet, at F-142.)   
 

                                                 
43 Regional Board, Responsiveness Survey – Triennial Review (to comments received before February 11, 
2005), at 35-37.   
44 Id. 
45 Id. 
46 Brief of Amici Curae County of Los Angeles and Los Angeles County Flood Control District in Support 
of Cross-Appeal of Plaintiffs/Cross-Appellants Cities of Arcadia et al. at 16.  It is worth noting that these 
TMDLs are based on federally promulgated standards in the California Toxics Rule and are therefore not 
subject to economic analysis that could weaken the federal requirement (see 40 C.F.R. § 131.36.)  
47 Regional Board and U.S. EPA Region 9 (June 2, 2005) Total Maximum Daily Loads for Metals Los 
Angeles River and Tributaries, at 77.  The report this analysis was based on found that if structural systems 
were determined to be needed, the study found that total costs would be $5.7 to $7.4 billion, while benefits 
could reach $18 billion. 
48 Id.; See Draft Fact Sheet, at 76-77. 
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IV. Standards Governing the Adoption of the Los Angeles County MS4 Permit 

by the Regional Board  
 

In considering the Draft Permit, the Regional Board must not only ensure compliance 
with substantive legal standards, but it must also ensure that it complies with well-settled 
standards that govern its administrative decision-making.  The Draft Permit’s terms must 
be supported by evidence that justifies the Regional Board’s decision to include, or not to 
include, specific requirements.  The Regional Board would be abusing its discretion if the 
Permit ultimately fails to contain findings that explain the reasons why certain control 
measures and standards have been selected and others omitted.  Abuse of discretion is 
established if “the respondent has not proceeded in the manner required by law, the order 
or decision is not supported by the findings, or the findings are not supported by the 
evidence.”  (Cal. Code Civ. Proc. § 1094.5(b).)49  “Where it is claimed that the findings 
are not supported by the evidence, . . . abuse of discretion is established if the court 
determines that the findings are not supported by the weight of the evidence.”  (Phelps v. 
State Water Resources Control Bd. (2007) 157 Cal.App.4th 89, 98-99.) 
 
The administrative decision must be accompanied by findings that allow the court 
reviewing the order or decision to “bridge the analytic gap between the raw evidence and 
ultimate decision or order.”  (Topanga Ass’n for a Scenic Cmty. v. County of Los Angeles 
(1974) 11 Cal.3d 506, 515.)  This requirement “serves to conduce the administrative body 
to draw legally relevant sub-conclusions supportive of its ultimate decision … to 
facilitate orderly analysis and minimize the likelihood that the agency will randomly leap 
from evidence to conclusions.”  (Id. at 516.)  “Absent such roadsigns, a reviewing court 
would be forced into unguided and resource-consuming explorations; it would have to 
grope through the record to determine whether some combination of credible evidentiary 
items which supported some line of factual and legal conclusions supported the ultimate 
order or decision of the agency.”  (Id. at 516 n.15.)  Currently, several of the terms 
presented in the Draft Permit are not supported by the necessary evidence, as discussed 
below.  The lack of substantial evidence to support the Permit terms would render it 
unlawful as currently drafted.  (See, e.g., Bangor Hydro-Elec. Co. v. F.E.R.C. (D.C. Cir. 
1996) 78 F.3d 659, 664.) 
 
V. Legal Context for the Draft Permit 
 
In 1972, Congress enacted the Clean Water Act to “restore and maintain the chemical, 
physical, and biological integrity of the Nation’s waters.”  (33 U.S.C. § 1251(a).)  The 
Act has the important goal of eliminating the discharge of pollutants into navigable 
waters by 1985, with an interim goal of achieving fishable and swimmable conditions, 
wherever possible, by 1983.  (33 U.S.C. § 1251(a)(1)-(2).)  Courts have consistently 

                                                 
49 See also, Zuniga v. Los Angeles County Civil Serv. Comm’n (2006) 137 Cal.App.4th 1255, 1258 
(applying same statutory standard). 
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recognized that the Act is a tough law – “strong medicine.”  (Texas Municipal Power 
Agency v. U.S. EPA (5th Cir. 1988) 836 F.2d 1482, 1488.)50 
 
The primary means for achieving the Act’s objectives is through the issuance of permits 
via the NPDES program, which Congress authorized state agencies to implement.  (33 
U.S.C. § 1342(b).)  In California, the approved agency is the California State Water 
Resources Control Board.  (Water Code §§ 13001, 13160.)  For the Los Angeles area, 
state law further approves permit development by the Regional Board.  (Id. §§ 13200(d), 
13263, 13377.) 
 
The Clean Water Act requires each state to adopt and submit for federal approval water 
quality standards for all waters within its boundaries.  (33 U.S.C. §§ 1311(b)(1)(C), 
1313.)  Water quality standards include maximum permissible pollutant levels, expressed 
either as numeric limits or in narrative terms, that must be sufficiently stringent to protect 
public health and enhance water quality, consistent with the uses for which the water 
bodies have been designated.  (Id. § 1313(c)(2)(A).)  Water quality standards provide the 
basis for regulating point sources within a state, “to prevent water quality from falling 
below acceptable levels.”  (PUD No. 1 of Jefferson County v. Washington Dep’t of 
Ecology (1994) 511 U.S. 700, 704 [114 S. Ct. 1900, 1905] [quotation omitted].)  States 
also must identify as impaired any water bodies that fail to meet water quality standards. 
(33 U.S.C. § 1313(d).)  For impaired waters, states must establish TMDLs, which set a 
daily limit on the discharge of each pollutant necessary to achieve water quality 
standards.  (Id. § 1313(d)(1).)  The TMDL “assigns a waste load allocation (WLA) to 
each point source, which is that portion of the TMDL’s total pollutant load, which is 
allocated to a point source for which a NPDES permit is required.”  (Communities for a 
Better Env’t v. State Water Res. Control Bd. (2005) 132 Cal.App.4th 1313, 1321 
(emphasis in original).)  Importantly, and as discussed in the sections on TMDLs below, 
federal law requires that “once a TMDL is developed, effluent limitations in NPDES 
permits must be consistent with the WLA’s in the TMDL.”  (id., at 1322 (citing 40 C.F.R. 
§ 122.44(d)(1)(vii)(B).)  The provisions and requirements established in a TMDL cannot 
be challenged through the adoption process for this permit.  (Id.) 
 
The Act prohibits the discharge of any pollutant from a point source into navigable 
waters without an NPDES permit.  (33 U.S.C. §§ 1311(a), 1342.)  “Point source” is 
defined to mean any discrete “conveyance,” such as a pipe or channel.  (Id. § 1362(14).)  
Since 1987, Municipal Separate Storm Sewer Systems (“MS4s”) have been recognized as 
point sources under the Clean Water Act.  (Id. §§ 1342(p), 1362(14).)  Moreover, the 
definition of a “discharge of a pollutant” includes “additions of pollutants into waters of 
the United States from: surface runoff which is collected or channelled by man [and] 
discharges through pipes, sewers, or other conveyances owned by a State, municipality, 
                                                 
50 “The [Clean Water Act] is strong medicine. . . . Congress explicitly recognized that reduction of the 
amount of effluents—not merely their dilution or dispersion—is the goal of the [Act].”  (Texas Municipal 
Power Agency, 836 F.2d at 1488.) 
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or other person which do not lead to a treatment works . . .”  (40 C.F.R. § 122.2.)  For 
that reason, the discharge of pollutants from an MS4 is unlawful unless in compliance 
with an NPDES permit.  (33 U.S.C. § 1342(a), (p).)  An MS4 permit may be issued on a 
jurisdiction-wide basis when a number of entities operate an interconnected storm sewer 
system.  (33 U.S.C. § 1342(p)(3)(B); 40 C.F.R. § 122.26(d).).  
 
The discharge of pollutants from an MS4, often called “polluted runoff” or “urban 
runoff,” is a two-part problem.  It includes what is often referred to as non-stormwater 
discharges—typically, landscape irrigation flows, washwater, and other flows not related 
to precipitation carrying herbicides, bacteria, metals, used motor oil and other 
pollutants.51 And it includes urban stormwater—which is basically what it sounds like—
storm flows that contain pollutants from the urban environment. (See 33 U.S.C. § 
1342(p)(3)(B)(ii)-(iii).) 
 
Consistent with the federal Clean Water Act, a fundamental goal of all municipal 
stormwater permits is to ensure that discharges from storm sewers do not cause or 
contribute to a violation of water quality standards.  (33 U.S.C. § 1341.)  In addition, for 
MS4s covered under the NPDES program, permits for discharges from municipal storm 
sewers: 
  

shall require controls to reduce the discharge of pollutants to the 
maximum extent practicable, including management practices, control 
techniques and system, design and engineering methods, and such other 
provisions as the Administrator or the State determines appropriate for the 
control of such pollutants. 
 

(33 U.S.C. § 1342(p)(3)(B)(iii).) The maximum extent practicable (“MEP”) standard 
serves effectively as a floor to performance for regulated parties. 
 

1. The Clean Water Act’s “Maximum Extent Practicable” Standard 
 
The Clean Water Act’s MEP standard does not grant unbridled leeway to Permittees in 
developing controls to reduce the discharge of pollution. “[W]hat the discharger will do 
to reduce discharges to the ‘maximum extent practicable’ . . . crosses the threshold from 
being an item of procedural correspondence to being a substantive requirement of a 
regulatory regime.”  (Environmental Defense Center, Inc. v. U.S. E.P.A (9th Cir. 2003) 
344 F.3d 832, 853.)  The MEP standard “imposes a clear duty on the agency to fulfill the 
statutory command to the extent that it is feasible or possible.” (Defenders of Wildlife v. 
Babbitt, 130 F. Supp. 2d 121, 131 (D.D.C. 2001); Friends of Boundary Waters 
Wilderness v. Thomas, 53 F.3d 881, 885 (8th Cir. 1995) (“feasible” means “physically 
possible”). 
 

                                                 
51 Unauthorized non-stormwater discharges into the MS4 are prohibited. (33 U.S.C. § 1342(p)(3)(B)(ii).) 
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As one state hearing board held:  

 
[MEP] means to the fullest degree technologically feasible for the protection of 
water quality, except where costs are wholly disproportionate to the potential 
benefits….  This standard requires more of Permittees than mere compliance with 
water quality standards or numeric effluent limitations designed to meet such 
standards….  The term “maximum extent practicable” in the stormwater context 
implies that the mitigation measures in a stormwater permit must be more than 
simply adopting standard practices.  This definition applies particularly in areas 
where standard practices are already failing to protect water quality…. 

 
(North Carolina Wildlife Fed. Central Piedmont Group of the NC Sierra Club v. N.C. 
Division of Water Quality  (N.C.O.A.H. October 13, 2006) 2006 WL 3890348, 
Conclusions of Law 21-22 (internal citations omitted).)  The North Carolina board further 
found that the permits in question violated the MEP standard both because commenters 
highlighted measures that would reduce pollution more effectively than the permits’ 
requirements and because other controls, such as infiltration measures, “would [also] 
reduce discharges more than the measures contained in the permits.”  (Id. at Conclusions 
of Law 19.) 
 
Nor is MEP a static requirement—the standard anticipates and in fact requires new and 
additional controls to be included with each successive permit.  As U.S. EPA has 
explained, NPDES permits, including the MEP standard, will “evolve and mature over 
time” and must be flexible “to reflect changing conditions.”  (55 Fed. Reg. 47990, 
48052.)  “EPA envisions application of the MEP standard as an iterative process. MEP 
should continually adapt to current conditions and BMP effectiveness and should strive to 
attain water quality standards. Successive iterations of the mix of BMPs and measurable 
goals will be driven by the objective of assuring maintenance of water quality standards.”  
(64 Fed. Reg. 68722, 68754.)  In other words, successive iterations of permits for a given 
jurisdiction will necessarily evolve, and contain new, and more stringent requirements for 
controlling the discharge of pollutants in runoff.   
 

2. 33 U.S.C. § 1342(p)’s Requirement to Incorporate “Such Other 
Provisions” as the Permitting Authority Determines Appropriate 

 
Requiring compliance with MEP is often synonymous with achieving water quality 
standards and other common permit terms such as TMDL waste load allocations.  
Nonetheless, permits also require “such other provisions as the Administrator or the State 
determines appropriate for the control of such pollutants.”  This language in section 
1342(p) has been held by California courts to grant “the EPA (and/or a state approved to 
issue the NPDES permit) . . . the discretion to impose ‘appropriate’ water pollution 
controls in addition to those that come within the definition of ‘maximum extent 
practicable.’”  (Building Industry Ass’n of San Diego County v. State Water Resources 
Control Bd. (2004) 124 Cal.App.4th 866, 883 (citing Defenders of Wildlife v. Browner 
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(1999) 191 F.3d 1159, at 1165–1167).)  As a result, while the MEP standard represents a 
statutory floor, rather than limit, for permit requirements, the Regional Board and EPA 
maintain the authority to impose additional restrictions over and above MEP as they 
determine appropriate. 
 

B. The 2001 Los Angeles County MS4 Permit and Litigation 
 
Since 1990, the County of Los Angeles and municipalities in the region have been 
subject to NPDES permit requirements for discharges from their MS4. (Draft permit, at 
Finding B; see also 33 U.S.C. 1342(p)(2).)  In 2001, the Regional Board adopted the 
current NPDES permit for MS4s in Los Angeles County.52  The 2001 Permit, designed to 
address the harm caused by pollutants conveyed via storm drains to surface waters in the 
Los Angeles area—including bacteria hazardous to human health—regulates the County 
of Los Angeles and the Los Angeles County Flood Control District, and 84 incorporated 
cities within the County.  The County, along with 43 of these cities,53challenged in state 
court the validity of the 2001 Permit; their challenge involved many of the permit 
provisions and requirements incorporated into the Draft Permit such as the permit’s 
Receiving Water Limitations (discussed further below).  After years of complex 
litigation, the case ended with the Permit being upheld on all grounds by the California 
Court of Appeal.54  
 

                                                 
52 This was the third such permit issued by the Regional Board to Los Angeles County and local 
municipalities, prior permits were adopted in 1990 and 1996. (2001 Permit, at Finding A.) 
53 Thirty-two cities and Los Angeles County appealed the Superior Court’s decision in the matter. (County 
of Los Angeles v. Cal. State Water Res. Control Bd. (2006) 143 Cal.App.4th 985, 990.) 
54 See, In re L.A. County Mun. Storm Water Permit Litigation., No. BS 080548 at 4-7 (L.A. Super. Ct. Mar. 
24, 2005) (“L.A. County Mun. Stormwater”); County of Los Angeles v. Cal. State Water Res. Control Bd. 
(2006) 143 Cal.App.4th 985, 989.) We also note that, in 2005, 21 of the Permittee cities and the Building 
Industry Legal Defense Foundation filed suit in California State Court for a writ of mandate ordering the 
State Water Resources Control Board and the Regional Board to declare the continued application of water 
quality standards to stormwater null and void, and cease all activities relating to the implementation and 
application of water quality standards to stormwater pending further specified action by the Regional 
Board.  (See City of Arcadia v. State Water Resources Control Bd. (2010) 191 Cal.App.4th 156, 161 
(petition denied and appeal dismissed as moot on appeal).)  Further, in 2003, The County of Los Angeles 
and 14 Permittee cities filed a “test claim” before the California Commission on State Mandates, seeking 
subvention of state funds under a claim that numerous provisions of the permit exceed the requirements of 
federal law and thus constituted state imposed costs.  (State of Cal. Dept. of Finance, et al. v. Comm’n on 
State Mandates (Super Ct. L.A. County, 2011, No. BS130730) (the court found that the challenged 
provisions were compelled by federal law and were not state mandates).)  And in 2006, the County of Los 
Angeles challenged the Regional Board’s incorporation of the Dry Weather Bacteria TMDL for Santa 
Monica Bay Beaches into the Permit in State Court. (County of Los Angeles et al. v. Cal. State Water Res. 
Control Bd. et al., (Super. Ct. L.A. County, 2010, No. BS122724) (The Court ordered the Regional Board 
to vacate the provisions of the NPDES Permit implementing the Dry Weather TMDL based solely on a 
ruling that the Regional Board had erred procedurally during its administrative process. Importantly, the 
Court did not rule on the merits of the TMDL language in the permit, nor did the Court order the Regional 
Board or its Executive Officer to ignore the substantive or procedural requirements necessary for NPDES 
permits, such as the requirement for permits to be consistent with TMDL provisions.).)  
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1. The 2001 Permit’s Receiving Water Limitations Have Withstood 
Multiple Legal Challenges 

 
A principal challenge to the 2001 Permit by the Permittees was directed at the permit’s 
Receiving Water Limitations section. Part 2.1 of the 2001 Permit states, “discharges from 
the MS4 that cause or contribute to the violation of Water Quality Standards or water 
quality objectives are prohibited.”  (2001 Permit, at 23.)55  Under Part 2.3 of the 2001 
Permit, the Permittees are directed to begin remedial measures immediately if discharges 
violate water quality standards.  (Id.)  If exceedances of water quality standards persist, 
notwithstanding control measures, the Permittees “shall assure compliance” by preparing 
a compliance report that identifies the violations and adopts more stringent pollution 
control measures to correct them.  (Id.)  Specifically, under Part 2.3(a), if the Regional 
Board or a Permittee determines that “discharges are causing or contributing to an 
exceedance of an applicable Water Quality Standard,” the Permittee must promptly notify 
the Regional Board and submit a Receiving Water Limitations Compliance Report.  (Id.)  
The compliance report must include: 1) a plan to comply with water quality standards; 2) 
a revised stormwater quality management program to eliminate exceedances; 3) 
“enhanced monitoring to demonstrate compliance”; and 4) the results of implementation 
of these measures.  (2001 Permit at T-3.)  The compliance report must also include an 
implementation schedule.  (2001 Permit, at 23.)  
 
However, compliance with the permit’s reporting process does not excuse violations of 
water quality standards, prohibited under Part 2.1 of the 2001 Permit.  MS4 discharges 
that exceed water quality standards are independently enforceable as violations of the 
permit and the Clean Water Act.  (L.A. County Mun. Stormwater, at 7.)56  As the court 
stated in L.A. County Mun. Stormwater, the Regional Board “included Parts 2.1 and 2.2 
in the Permit without a ‘safe harbor.’” (Id.) The Regional Board has affirmed this 
interpretation: “the plain meaning of these provisions is clear: they prohibit discharges 
that cause or contribute to a ‘violation of Water Quality Standards’ [or water quality 
objectives] or to a condition of nuisance.”57  Put simply, “[t]he Regional Board’s position 
. . . is that the Permit cannot be read to excuse exceedances of water quality standards.”58 
 
Based on the authority of permitting authorities under section 1342(p)(3)(B)(iii) to issue 
NPDES permits imposing “appropriate” water pollution controls, the court in In re L.A. 
                                                 
55 “Water Quality Standards and Water Quality Objectives” are defined in the 2001 Permit to mean “water 
quality criteria contained in the Basin Plan, the California Ocean Plan, . . . the California Toxics Rule, and 
other state or federally approved surface water quality plans.”  (2001 Permit, at 70.) 
56 This conclusion has been upheld by the 9th Circuit Court of Appeals, which found that “no such ‘safe 
harbor’ is present in this Permit . . . . Part 2.3 . . .  offers no textual support for the proposition that 
compliance with certain provisions shall forgive non-compliance with the discharge prohibitions.” (Natural 
Resources Defense Council v. County of Los Angeles (2011) 673 F.3d 880, 897.)  This portion of the 9th 
Circuit Court’s Opinion is not subject to further review. 
57 Brief of Amicus Curiae California Regional Water Quality Control Board, Los Angeles Region, in Santa 
Monica Baykeeper v. City of Malibu No. CV 08-1465-AHM (PLAx) (C.D. Cal.) (filed Feb. 5, 2010), at 4.   
58 Id. at 9. 
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County Mun. Stormwater noted that, “the Regional Board acted within its authority when 
it included Parts 2.1 and 2.2 in the Permit without a ‘safe harbor,’ whether or not 
compliance therewith requires efforts that exceed the ‘MEP’ standard.”  (In re L.A. 
County Mun. Stormwater, at 7.)  But regardless of this authority, as described above, the 
Court found that “the terms of the Permit taken, as a whole, constitute the Regional 
Board’s definition of MEP, including, but not limited to, the challenged Permit 
Provisions.”  (Id. at 7-8.)  Having carefully reviewed the administrative record, the Court 
found that compliance with Part 2.1 and 2.2 of the permit, which prohibit discharges from 
the MS4 that cause or contribute to the violation of Water Quality Standards or water 
quality objectives, constitute compliance with MEP.  (Id. at 8.)   
 

2. California Water Code Sections 13241 and 13263 Do Not Apply to the 
Current Adoption Proceedings 

 
Because the Clean Water Act creates a federally mandated floor for controls in MS4 
permits, it cannot be in any way lessened by the application of state law. (City of Burbank 
v. State Water Resources Control Board (2005) 35 Cal.4th 613, 626.) In City of Burbank, 
the California Supreme Court found that although the Regional Board is required to 
consider factors set forth in Water Code section 13241 when issuing an NPDES permit, 
including economic considerations, section 13241 is only relevant when the requirements 
of federal law are exceeded; Regional Boards are forbidden from considering state law 
factors, such as those under section 13241, “if doing so would result in the dilution of the 
requirements set by Congress in the Clean Water Act.” (Id.)  As the Regional Board 
points out in the Draft Permit, “the requirements in this permit are not more stringent than 
the minimum federal requirements. Therefore, a 13241 analysis is not required. . . .”  
(Draft Permit, at Finding R.) 
 
In fact, California law explicitly ensures consistency between the state and federal 
regulatory schemes. In 1972, the California Legislature enacted Chapter 5.5 of the Porter-
Cologne Act, subordinating provisions of the California Porter-Cologne Water Quality 
Control Act to those of the Clean Water Act.  Water Code section 13372(a) provides that, 
“This chapter [entitled ‘Compliance with the Provisions of the Federal Water Pollution 
Control Act as Amended in 1972’] shall be construed to ensure consistency with the 
requirements for state programs implementing the Federal Water Pollution Control Act. . 
. . The provisions of this chapter shall prevail over other provisions of this division 
[which includes section 13241] to the extent of any inconsistency.”  (Wat. Code § 
13372(a).)  Section 13372 therefore acts as a limitation upon the applicability of other 
sections of the Porter-Cologne Act, such as section 13241, ensuring that the State will not 
enforce water quality laws that would weaken practices required under the Clean Water 
Act.  (See City of Burbank, 35 Cal.4th at 620.)  Since the Draft Permit does not impose 
controls more stringent than federal law requires, economic factors may weaken the 
requirements of federal law and may not be considered.  
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3. Federally Mandate Practices do not Constitute an Unfunded Mandate 
 
Article XIII B, Section 6(a) of the California Constitution provides that whenever “any 
state agency mandates a new program or higher level of service on any local government, 
the State shall provide a subvention of funds to reimburse that local government for the 
costs of the program or increased level of service. . . .”  However, “constitutional 
subvention is not required when the costs implement federal law.  Article XIII B, section 
9, subdivision (b) excludes from the state or local spending limit any ‘appropriations 
required to comply with mandates of the . . . federal government.’”59  A California Court 
recently found that, under the MEP standard, permits will ordinarily “evolve” and contain 
changing permit requirements that may not yet have been articulated in regulation or 
prior permits.  As a result, that a permit term or requirement is not expressly dictated by 
federal regulation is irrelevant, “[a] federal mandate does not require explicit mention of 
every mandated activity.  Rather the relevant inquiry is whether these . . . activities fall 
within the Clean Water Act’s maximum extent practicable standard.”60  Where the terms 
of a permit, such as the 2001 Permit, meet MEP, the terms in that permit do not constitute 
an unfunded mandate.61    
 

4. The California Environmental Quality Act Does Not Apply to the 
Current Permit Adoption Proceedings 

 
The California Environmental Quality Act (“CEQA”) (Public Resources Code § 21100, 
et seq.) does not apply to the issuance of NPDES permits.  (County of Los Angeles v. Cal. 
Water Boards (2006) 143 Cal.App.4th 985, 1005-07.)  As a result, the Regional Board is 
not required to consider CEQA in the adoption of the Draft Permit here.  
 

5. The Regional Board and U.S. EPA Maintain Jurisdiction to Issue 
Permit Requirements for the Watersheds Addressed in the Draft 
Permit 

 
The Los Angeles River and the San Gabriel River are navigable waters,62 as are 
numerous other water bodies in Los Angeles County including the Santa Clara River, 

                                                 
59 See State of Cal. Dept. of Finance v. County of Los Angeles (Super. Ct. L.A. County, 2011, No. 
BS10730), Court’s Ruling on Petition for Writ of Mandate Heard on August 10, 2011, at 4. 
60 Id. at 10. 
61 Id. at 11.  The regional board has found that the terms of the Draft Permit also “are not more stringent 
than the minimum federal requirements.”  (Draft Permit, at Finding R.) 
62 Natural Resources Defense Council v. County of Los Angeles (2011) 673 F.3d 880, 898 (“The Watershed 
Rivers are all navigable waters”); see also, Letter from Jared Blumenfeld, U.S. EPA, Administrator, EPA 
Region 9, to Colonel Mark Toy, U.S. Army Corps of Engineers, transmitting the Clean Water Act (CWA) 
jurisdictional determination for the Los Angeles River, at 1. (“We conclude that the mainstem of the Los 
Angeles River is a ‘Traditional Navigable Water’ from its origins at the confluence of Arroyo Calabasas 
and Bell Creek to San Pedro Bay at the Pacific Ocean, a distance of approximately 51 miles.”); U.S. EPA, 
Region IX (July 1, 2010) Special Case Evaluation Regarding Status of the Los Angeles River, California, 
as a Traditional Navigable Water. 
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Malibu Creek, Ballona Creek, the Dominguez Channel, and Santa Monica Bay.  As a 
result, these rivers and waterbodies are subject to Clean Water Act requirements to obtain 
a NPDES permit for the discharge of any pollutant into their waters. 
 
VI. The Draft Los Angeles County MS4 Permit 

 
A. Receiving Water Limitations in the Adopted MS4 Permit Must Remain 

As Stringent As They Are Currently 
 

Environmental Groups applaud Regional Board staff’s recommendation to retain the 
current Draft Permit’s Receiving Water Limitations (“RWLs”), which contain the same 
prohibition against “discharges from the MS4 that cause or contribute to the violation of” 
water quality standards as contained in the 2001 Permit.  (Draft Permit at V.A.1.)63 The 
RWL provisions in the Draft Permit, as in the 2001 Permit, contain clear, appropriate, 
and enforceable language that complies with the Clean Water Act and has stood the test 
of administrative, judicial, and enforcement challenges.64  This section of the permit has 
now been upheld by state and federal courts, and has been strongly supported by the 
Regional Board through these proceedings, including in its Amicus Briefs submitted to 
the District Court for the Central District of California and the Ninth Circuit Court of 
Appeals.65  Moreover, the Regional Board has stated that “the requirements in this [2001] 
permit,” which include the RWLs “are not more stringent than the minimum federal 
requirements.”  (Draft Permit, at Finding R.) As a result, the current RWLs must be 
adopted in the final permit.  
 
Permittees have, as they did in 2001, suggested that the Regional Board revise the RWLs 
to incorporate a “safe harbor” provision.66  The regional Board should decline this 
request.  Any weakening of the RWL language would fall below federal minimum 
requirements, and in any event, would constitute a violation of the Clean Water Act’s 

                                                 
63 Section V.A.1. prohibits Discharges from the MS4 that cause or contribute to the violation of Receiving 
Water Limitations.  Receiving Water Limitations are defined under Attachment A of the Draft Permit as 
“Any applicable numeric or narrative water quality objective or criterion, or limitation to implement the 
applicable water quality objective or criterion, for the receiving water as contained in Chapter 3 or 7 of the 
Water Quality Control Plan for the Los Angeles Region (Basin Plan), water quality control plans or policies 
adopted by the State Water Board, or federal regulations, including but not limited to, 40 CFR § 131.38.”  
64 “[T]he plain meaning of these provisions is clear: they prohibit discharges that cause or contribute to a 
‘violation of Water Quality Standards’ [or water quality objectives].”  Brief of Amicus Curiae California 
Regional Water Quality Control Board, Los Angeles Region, in Santa Monica Baykeeper v. City of Malibu 
No. CV 08-1465-AHM (PLAx) (C.D. Cal.) (filed Feb. 5, 2010), at 4.  See also, In re L.A. County Mun. 
Storm Water Permit Litigation, No. BS 080548 at 4-7 (L.A. Super. Ct. Mar. 24, 2005). 
65 Id.; see also Brief of Amicus Curiae California Regional Water Quality Control Board, Los Angeles 
Region, in Natural Resources Defense Council v. County of Los Angeles (2011) 673 F.3d 880. 
66 The LA Permit Group states that the Ninth Circuit Court of appeals recently “determined that a 
municipality is liable for permit violations if its discharges cause or contribute to an exceedance of a water 
quality standard,” and therefore “municipal stormwater Permittees will now be considered to be in non-
compliance with their NPDES permits.”  Id. Yet there is nothing new about this interpretation of the 2001 
Permit—  
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anti-backsliding provisions.67 The adopted permit must require compliance with water 
quality standards, with no “safe harbor” or other restriction placed on the prohibitions of 
this section. 
 
Moreover, despite claims that the Ninth Circuit Court of appeals only recently 
“determined that a municipality is liable for permit violations if its discharges cause or 
contribute to an exceedance of a water quality standard,” and therefore “municipal 
stormwater Permittees will now be considered to be in non-compliance with their NPDES 
permits,”68 there is categorically nothing new about this interpretation of the Receiving 
Water Limitations.  The prohibition against discharges that cause or contribute to an 
exceedance of water quality standards has been in effect and explicitly understood by all 
parties since the permit was adopted in 2001, and at least as far back as 2006 in light of 
the Court’s decision in L.A. County Mun. Stormwater.69  The Permittees will not only 
“now” be considered to be in non-compliance for their discharges, they have been 
in non-compliance for over a decade, and the Draft Permit imposes no new terms 
to this effect. 
 
Further, the U.S. EPA has objected to inclusion of any “safe harbor” in the permit that 
would shield Permittees from liability for exceedances of water quality standards.  The 
State Board has issued a precedential order implementing EPA’s requirement that the 
permit language contain no safe harbor provision.70  As the Regional Board rightly points 
out, under this framework, “The Regional Board did not include a safe harbor in the 
[2001] Permit and, under California law, could not have done so.”71  The Regional Board 
is similarly precluded from taking such action here. 
 

B. The Draft Permit’s LID Requirements 
 
Subject to the overarching requirement that pollution in discharges from MS4 systems be 
controlled to the MEP, 40 C.F.R. section 122.26(d)(2)(iv)(A)(2) requires municipalities 
to implement controls to reduce polluted runoff from MS4s that “receive discharges from 
areas of new development and significant redevelopment.”  The sections that implement 
this requirement are contained in the Draft Permit’s Planning and Land Development 
                                                 
67 40 C.F.R. 122.44(l)(1) provides that except for a narrow set of enumerated circumstances, “when a 
permit is renewed or reissued, interim effluent limitations, standards, or conditions must be at least as 
stringent as the final effluent limitations, standards, or conditions in the previous permit.”   
68 See, e.g. Letter from LA Permit Group to Regional Board re: Technical Comments on Los Angeles 
Regional Water Quality Control Board Staff Working Proposals for . . . Watershed Management Programs, 
TMDLs and Receiving Water Limitations, May 14, 2012, at 6.   
69 See, e.g. Cities of Arcadia et al.’s Opening Brief, Feb. 13, 2006, in County of Los Angeles 143 
Cal.App.4th 985 (“it is impossible for Permittees to strictly comply with Part 2 of the Permit; they would 
be in violation of Parts 2.1 and 2.2 of the Permit from its effective date. . . .”).   
70 State Water Resources Control Board, Order No. WQ 99-05, June 17, 1999 (revising receiving water 
limitations language).  
71 Brief of Amicus Curiae California Regional Water Quality Control Board, Los Angeles Region, in Santa 
Monica Baykeeper v. City of Malibu No. CV 08-1465-AHM (PLAx) (C.D. Cal.) (filed Feb. 5, 2010), at 8. 
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Program.  While the controls in this section, particularly the Draft Permit’s low impact 
development (“LID”) based stormwater runoff retention requirements, represent in 
general a substantial step forward from those in the 2001 Permit, the Draft Permit’s 
controls are undermined by: 1) the incorporation of an unjustifiably lenient applicability 
threshold for new development; 2) a lack of clarity with respect to the Draft Permit’s 
Alternative Compliance provisions; and, 3)provisions allowing for the Regional Board’s 
Executive Officer to approve to waive the Draft Permit’s core LID provisions in favor of 
a Permittee developed local ordinance without requisite public process and Regional 
Board consideration necessary for approval under the Clean Water Act.  As a result, 
while providing a potentially strong framework, the Draft Permit’s Planning and Land 
Development Program fails to meet the requirements of the Act’s MEP standard, and 
must be revised in order to pass legal muster under the federal Act.   
 

1. The Draft Permit’s Performance Criteria Appropriately Require New 
Development and Redevelopment Projects to Retain On-Site the 0.75-
inch, 24-hour rain event or the 85th percentile, 24-hour rain event, 
whichever is larger. 

 
At the outset, we strongly support that the Draft Permit establishes requirements for new 
development and redevelopment projects to retain on-site the runoff from the 85th 
percentile, 24-hour rain event or the 0.75 inch, 24-hour rain event, whichever is greater.72  
This requirement, resulting in retention of stormwater runoff with no off-site discharge in 
the vast majority of storms, is consistent with on-site retention requirements of other 
permits throughout California, as well as in permits and ordinances found in all corners 
of the United States.  Similar or more stringent requirements are included in the 
following permits: 
 
Ventura County: MS4 permit requires on-site retention of ninety-five percent of rainfall 
from the 85th percentile storm; off-site mitigation allowed if on-site retention is 
technically infeasible;73 
 
South Orange County: MS4 permit requires on-site retention of the 85th percentile 
storm, off-site mitigation allowed if on-site retention is technically infeasible;74 
 

                                                 
72 We note, however, that the evidence presented below, including reports from Dr. Richard Horner and 
examples of permits and ordinances from other jurisdictions, would support requirements for projects to 
retain runoff from up to and including the 95th percentile storm event.   
73 Los Angeles Regional Water Quality Control Board (July 8, 2010) Ventura County Municipal Separate 
Stormwater National Pollutant Discharge Elimination System (NPDES) Permit; Order No. R4-2009-0057; 
NPDES Permit No. CAS004002. 
74 San Diego Regional Water Quality Control Board (December 16, 2009) South Orange County MS4 
Permit, Order No. R9-2009-0002, NPDES Permit No. CAS0108740. 
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Washington D.C.: MS4 permit requires retention of the first 1.2 inches of stormwater 
(which represents the 90th percentile storm) for all new development and redevelopment 
over 5,000 square feet.75 
 
West Virginia: Statewide Phase II MS4 permit requires on-site retention of “the first one 
inch of rainfall from a 24-hour storm” event unless infeasible;76 and, 
 
Philadelphia, PA: Infiltrate the first one inch of rainfall from all impervious surfaces; if 
on-site infiltration is infeasible, the same performance must be achieved off-site.77 
 
These jurisdictions have recognized the paramount importance of mandating onsite 
retention of a certain quantity of stormwater since onsite retention prevents all pollution 
in that volume of rainfall from being discharged to receiving waters, in comparison with 
practices that treat or filter runoff with subsequent discharge, which invariably result in 
the discharge of pollutants as well.   
 
The retention requirement in the Draft Permit is additionally supported by recent 
technical analysis by national stormwater expert Dr. Richard Horner.  Dr. Horner’s 
analysis demonstrates that, for five different types of land use development or 
redevelopment projects in Southern California, the full 85th percentile, or even the full 
95th percentile, 24-hour precipitation event could be retained on-site using only 
infiltration practices on sites overlying soils classified as Group C (typically containing 
20 to 40 percent clay) under the Natural Resources Conservation Service (NRCS) major 
soil orders classification scheme.78  Even for sites overlying Group D soils (typically 40 
percent or more clay with substantially restricted water transmissivity) and assuming no 
infiltration was feasible, greater than 50 percent of the 85th percentile storm could be 
retained at each development type using only rooftop runoff dispersion or harvest and 
reuse techniques.79  Additional retention under these scenarios could be achieved through 
use of evaporation practices, or, in cases where some infiltration is feasible, use of 
infiltration BMPs. 
 
Additional analysis by Dr. Horner has amply demonstrated both the viability of, and need 
for, such a retention standard.  A principal reason to adopt such an approach is the 
superior pollutant load reduction capacity of LID practices that retain runoff on-site, for a 
                                                 
75 U. S. EPA (2011) Fact Sheet, National Pollutant Discharge Elimination System (NPDES) Municipal 
Separate Storm Sewer System (MS4) Permit No. DC0000221 (Government of the District of Columbia).  
76 State of West Virginia Department of Environmental Protection, Division of Water and Waste 
Management, General National Pollution Discharge Elimination System Water Pollution Control Permit, 
NPDES Permit No. WV0116025 at 13-14 (June 22, 2009).  
77 City of Philadelphia (Jan. 29, 2008) Stormwater Management Guidance Manual 2.0, at 1.1, available at.  
78 Dr. Richard Horner and Jocelyn Gretz (November 2011) Investigation of the Feasibility and Benefits of 
Low-Impact Site Design Practices Applied to Meet Various Potential Stormwater Runoff Regulatory 
Standards; Natural Resources Conservation Service, Distribution Maps of Dominant Soil Orders 
(http://soils.usda.gov/technical/classification/orders/, last accessed December 16, 2011). 
79 Id.  
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variety of climatic scenarios that bracket that of Los Angeles County.80  With particular 
regard to the feasibility of the type of retention standard proposed by the Draft Permit, 
Dr. Horner has found that, in nearly all case studies, “all storm water discharges could be 
eliminated at least under most meteorological conditions by dispersing runoff from 
impervious surfaces to pervious areas.”81   
 

2. LID Is Cost-Effective and Provides Significant Economic Benefits 
 

LID “provides ecosystem services and associated economic benefits that conventional 
stormwater controls do not.”82  Because traditional stormwater management approaches 
involve the construction of complex systems of infrastructure, they can entail substantial 
costs.  Since LID attempts to mimic the predevelopment hydrology of a site, emphasizing 
storage and use, infiltration, and use of a site’s existing drainage conditions, “[c]ost 
savings are typically seen in reduced infrastructure because the total volume of runoff to 
be managed is minimized.”83  A 2007 U.S. EPA study found that “in the vast majority of 
cases . . . implementing well-chosen LID practices saves money for developers, property 
owners, and communities while protecting and restoring water quality.”84  With only “a 
few exceptions,” the EPA study found that “[t]otal capital cost savings ranged from 15 to 
80 percent when LID methods were used” instead of conventional stormwater 
management techniques.85  The savings identified in documented studies are noteworthy 
considering they do not reflect the additional economically beneficial attributes LID 
provides, including reduced costs of municipal infrastructure, reduced costs of municipal 
stormwater management, and increased value of real estate.86 
 
Nor is the EPA Study alone in reaching this conclusion.  A survey released by the 
American Society of Landscape Architects in 2011 found that green infrastructure 
reduced or did not influence project costs 75 percent of the time.87 A joint project by the 
University of New Hampshire Stormwater Center and Virginia Commonwealth 
University found that use of LID provided stormwater management cost savings of 6 
percent for residential development and 26 percent for commercial developments as 

                                                 
80 See, e.g., Horner, Richard. Report for Ventura County; Horner, Richard. Initial Investigation for San 
Francisco Bay Area; Horner, Richard. Supplementary Investigation for San Francisco Bay Area; Horner, 
Richard. Report for San Diego Region. 
81 Horner, Ventura Report, at 15. 
82 ECONorthwest, The Economics of Low-Impact Development: A Literature Review, at iii. (2007) 
(“ECONorthwest”) (Exh. 61). 
83 U.S. EPA Cost Study, at 2; U.S. Department of Housing and Urban Development, The Practice of Low 
Impact Development, at 33 (2003) (Exh. 62). 
84 U.S. EPA Cost Study, at iii. 
85 Id. at iv. 
86 See ECONorthwest, at 5; Id. at 15 (disconnecting downspouts to allow for natural infiltration in the 
Beecher Water District near Flint, Michigan cost the district about $15,000, but decreased the mean volume 
of sewer flows by 26 percent, and saved the district more than $8,000 per month in stormwater fees); U.S. 
EPA Cost Study, at 7. 
87 American Society of Landscape Architects (2011) Advocacy: Stormwater Case Studies.  
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compared with conventional stormwater management.88 And while the economics of 
integrating LID into redevelopment projects vary slightly from new development, there is 
little evidence it typically raises project costs.  An analysis of three communities by 
ECONorthwest found that while complying with stormwater standards, including strict 
runoff volume reduction requirements, is a cost consideration, it is rarely, if ever, a 
driving factor in decisions to undertake redevelopment projects.89 
 
Other studies have found that LID provides significant economic benefits:  

 Green Infrastructure impacts were evaluated for the city of Philadelphia for 
controlling Combined Sewer Overflows (CSOs) through managing 50 percent of 
runoff from impervious surface through LID.  Cumulative effects from 2010 
through 2049 indicated present value recreational benefits of $524.5 million from 
use of the stormwater controls, with improved aesthetics and property value 
benefits of $574.7 million.90 

 A comprehensive cost-benefit analysis of Portland’s green roof program 
estimated that green roofs provide each private homeowner, on average, a net 
benefit of $404,000 over 40 years from avoided stormwater fees, reduced heating 
and cooling costs, and longer roof life. In addition public buildings with green 
roofs realized net benefits of $191,000 from reduced operations and maintenance 
costs, avoided storm-water management costs, particulate pollution and carbon 
absorption benefits, and habitat amenities.91 

 The city of Washington D.C. could potentially realize annual operational savings 
between $1.4 and $5.1 million per year from reduced pumping and treatment 
costs by implementing additional urban forestry practices, in addition to annual 
value in the millions already provided by street trees.92 

 An estimation of the impacts of urban green areas on single family property 
values in Los Angeles, California in 2003-2004 found that more neighborhood 

                                                 
88 Roseen, R., T. Janeski, J. Houle, M. Simpson, and J. Gunderson (2011) Forging the Link: Linking the 
Economic Benefits of Low Impact Development and Community Decisions. University of New Hampshire 
Stormwater Center, the Virginia Commonwealth University, and Antioch University New England; see 
generally, NRDC (2011) Rooftops to Rivers II: Green Strategies for Controlling Stormwater and Combined 
Sewer Overflows, at 19-30.  
89 ECONorthwest (2011) “Managing Stormwater in Redevelopment and Greenfield Development Projects 
Using Green Infrastructure: Economic Factors that Influence Developers Decisions,”prepared by S. Reich 
et al, accessed at http://www.americanrivers.org/assets/pdfs/reports-andpublications/stormwater-green-
report.pdf, p. 2. 
90 Stratus Consulting (August 2009) A Triple Bottom Line Assessment of Traditional and Green 
Infrastructure Options for Controlling CSO Events in Philadelphia's Watersheds, 
Final Report, at S-3. 
91 City of Portland Bureau of Environmental Services (November 2008) Cost Benefit Evaluation of 
Ecoroofs, at 22. 
92 Casey Trees and LimnoTech (April 2007) The Green Build-out Model: Quantifying the Stormwater 
Management Benefits of Trees and Green Roofs in Washington, DC, at v. 
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trees would increase the values of 97 percent of the properties included in their 
sample.93 

Further, LID can provide substantial benefits in Los Angeles and southern California in 
terms of increased local supply of water and reduced energy usage.  A 2009 study 
conducted by NRDC and the University of California, Santa Barbara, “A Clear Blue 
Future,” found that implementing green infrastructure practices that emphasize on-site 
infiltration or capture and reuse had the potential to increase local water supplies by up to 
405,000 acre feet per year by 2030 at new and redeveloped residential and commercial 
properties in Southern California and the San Francisco Bay area.94  This represents 
roughly two-thirds of the volume of water used by the entire city of Los Angeles each 
year. These water savings translate into electricity savings of up to 1,225,500 megawatt-
hours—which would decrease the release of carbon dioxide (CO2) into the atmosphere 
by as much as 535,500 metric tons per year—because more plentiful local water reduces 
the need for energy-intensive imported water.95  And, perhaps most importantly, these 
benefits would increase every year. 
 
NRDC and the University of California, Los Angeles recently released a report 
demonstrating that if green roofs were installed on 50 percent of existing roof surfaces for 
residential, commercial, and government and public use buildings in southern California, 
it could save up to 1.6 million megawatt hours of electricity annually, enough energy to 
power more than 127,000 homes in California and save residents up to $211 million in 
energy costs each year based on 2012 rates.96  The energy savings would cut carbon 
pollution by 465,000 metric tons annually.   
 
These results are in addition to the stormwater runoff and pollution benefits LID practices 
can provide.  For example, because green roofs absorb and evaporate rainfall, installing 
green roofs on 50 percent of the existing roof surfaces in southern California could 
reduce stormwater runoff by more than 36 billion gallons each year, significantly 
reducing the volume of pollution reaching our local waters.97  As a result, we strongly 
support the Draft Permit’s stormwater runoff retention requirements, and the Permit’s 
specific requirement that, “[w]hen evaluating the potential for on-site retention, each 
Permittee shall consider the maximum potential for evapotranspiration from green roofs  
and rainfall harvest and use.”  (Draft Permit at  VI.D.6.c.i.(4).) 
                                                 
93 Li, Wei, and Jean-Daniel Saphores. (March 2012) “Estimating the value of urban green areas: A hedonic 
pricing analysis of the single family housing market in Los Angeles, CA.” Landscape and Urban Planning, 
Vol. 104, No. 3-4. pp. 373-387. 
94 NRDC and University of California at Santa Barbara (2009) A Clear Blue Future: How Greening 
California Cities Can Address Water Resources and Climate Challenges in the 21st Century.  See also, 
NRDC (2011) Capturing Rainwater from Rooftops: An Efficient Water Resource Management Strategy 
that Increases Supply and Reduces Pollution. 
95 Id. 
96 NRDC and University of California at Los Angeles (2012) Looking Up: How Green Roofs and Cool 
Roofs Can Reduce Energy Use, Address Climate Change, and Protect Water Resources in Southern 
California. 
97 Id. 

RB-AR6031



Mr. Sam Unger, Executive Officer 
RWQCB Los Angeles Region 
July 23, 2012 
Page | 27 
 
 

3. The Draft Permit’s Planning and Land Use Program Fails to Meet the 
Requirements of the MEP Standard Due to its Unjustifiably Lenient 
Applicability Thresholds For New Development, is Hampered by a 
Lack of Clarity with respect to Alternative Compliance, Would 
Improperly Allow for Biofiltration to be Used When On-Site 
Retention is Feasible, and Creates an Unlawful Self-Regulatory 
Scheme in Violation of the Clean Water Act. 

 
Although we support the inclusion of strong retention standards for stormwater runoff, 
we are concerned that the provisions of the Planning and Land Use Program in many 
aspects fail to meet the requirements of both state and federal law. 
 

a. The Applicability Threshold for New Development Projects is 
Set Unjustifiably High and Fails to Meet MEP 

 
The Draft permit establishes the threshold for application of requirements under the 
Planning and Land Development section for New Development Projects as “All 
developed projects equal to 1 acre or greater of disturbed area and adding more than 
10,000 square feet of impervious surface acres.”  (Draft permit, at VI.D.8.b.i.(1)(a) 
(emphasis added).)  This threshold, in particular the requirement that a project disturb 1-
acre and additionally add 10,000 square feet of impervious surface, is unlawfully lenient 
in comparison with other Phase I permits in California, which have implemented 
substantially lower threshold requirements, demonstrating their practicability.  For 
example, the South Orange County MS4 Permit requires any new development projects 
“that create 10,000 square feet or more of impervious surfaces (collectively over the 
entire project site)” to comply with the Permit’s Development Planning Component 
provisions, without any requirement that the site also disturb 1-acre or greater of land.98  
The San Francisco Bay Region MS4 Permit99 sets the same 10,000 square foot threshold 
for all non-“Special Land Use Category” development, while “Special Land Uses” are set 
at 5,000 square feet.   
 
More rigorous in its application thresholds for development, the recently adopted Low 
Impact Development Ordinance for the City of Los Angeles establishes that development 
creating, adding, or replacing only 500 square feet or more of impervious area may 
                                                 
98 San Diego Regional Water Quality Control Board (December 16, 2009) Order No. R9-2009-0002, 
NPDES Permit No. CAS0108740, The Waste Discharge Requirements for Discharges of Runoff from the 
Municipal Separate Storm Sewer Systems (MS4s) Draining the Watershed of the County of Orange, the 
Incorporated Cities of Orange County, and the Orange County Flood Control District Within the San Diego 
Region, at F.1.d.(2).  
99 San Francisco Regional Water Quality Control Board (October 14, 2009, revised November 28, 2011) 
Order No. R2-2009-0074, NPDES Permit No. CAS612008, Waste Discharge Requirements and National 
Pollutant Discharge Elimination System (NPDES) Permit for the discharge of stormwater runoff from the 
municipal separate storm sewer systems (MS4s) of the . . . San Francisco Bay Municipal Regional 
Stormwater Permit (MRP), at C.3.b.ii.(1)(a).   
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trigger requirements to implement low impact development practices to reduce 
stormwater runoff and pollution.100  The threshold set forth in the Draft permit, applying 
requirements only to development adding 10,000 square feet of impervious surface and 
disturbing greater than one acre can hardly be construed as meeting the MEP standard 
when multiple other permits and local ordinances have set substantially more stringent 
standards. 
 
Moreover, the Draft permit’s threshold for new development is entirely nonsensical and 
unsupported when compared with the permit’s applicability threshold for Redevelopment 
Projects.  Under section VI.D.6.b.ii.(1).(a), the Draft permit states that “redevelopment 
projects subject to the Draft permit’s performance criteria are: “Land-disturbing activity 
that results in the creation or addition or replacement of 5,000 square feet or more of 
impervious surface area on an already developed site. . . .”101  Thus, new development 
(including greenfield developments on open space), typically less likely to be constrained 
by space or density considerations than redevelopment projects, are afforded the far more 
lenient standard for applicability.  Indeed, the concern over potential space constraints in 
a redevelopment context are explicitly addressed by off-ramp provisions in the Draft 
Permit, which allow for alternative compliance in cases of technical infeasibility for 
“redevelopment locations where the density and/ or nature of the project would create 
significant difficulty for compliance with the on-site volume retention requirement.”  We 
urge the Regional Board to include an applicability requirement commensurate with the 
City of Los Angeles’ Ordinance.  At a minimum, the applicability threshold for new 
development should be no less stringent than that set for redevelopment projects and 
should not include any requirement for an additional 1-acre of disturbed land, in line with 
other permits in California.  As currently drafted, the standard fails on its face to meet the 
MEP requirements of the CWA. 
  
 
 
 
 
 

                                                 
100 City of Los Angeles (Sept. 28, 2011) Low Impact Development Ordinance, at Sec. 64.72.D.  
101 This requirement is in line with requirements for other California Phase I permits.  (See, e.g., San Diego 
Regional Water Quality Control Board (December 16, 2009) Order No. R9-2009-0002 (Performance 
Criteria apply to “Those redevelopment projects that create, add, or replace at least 5,000 square feet of 
impervious surfaces on an already developed site.”).)  We further note that the applicability threshold for 
redevelopment projects under VI.D.6.b.ii.(1).(a). confusingly refer to “development categories identified in 
Part VI.D.6.c. (New Development/Redevelopment Performance Criteria).”  Part VI.D.6.c., however, 
contains performance criteria, and defines the criteria as applying to “all New Development and 
Redevelopment projects (referred to hereinafter as “new projects”) identified in Part VI.D.6.b.”  The Draft 
permit should correct this circular reference, such that redevelopment criteria apply clearly to “Land-
disturbing activity that results in the creation or addition or replacement of 5,000 square feet or more of 
impervious surface area on an already developed site.” 
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b. Repaving of Greater than 10,000 Square Feet of Surface Area 
on Publicly Owned Streets or Parking Lots Should Trigger 
Requirements to Meet Post-Construction Low Impact 
Development Standards  

 
While is critical that the MS4 permit address new and redevelopment projects and 
prevent the introduction of new or additional sources of pollution to receiving waters, the 
vast majority of runoff stems from existing development.  One of the primary 
opportunities to address runoff from the existing built environment is through retrofit of 
existing streets and parking lots.  We support the Draft Permit’s requirement that new 
streets, roads, highways, and freeway construction must follow U.S. EPA guidance 
regarding green streets, but urge the Regional Board to require that roadway construction 
of this size should be required to meet the Draft Permit’s otherwise applicable on-site 
stormwater runoff retention standards where technically feasible, and require offsite 
mitigation where it is not.  The Draft Statewide General Permit for Small MS4s in 
California currently requires that road projects that create 5,000 square feet or more of 
newly constructed contiguous impervious surface, including widening of existing road 
surface: 
 

shall comply with Low Impact Development Standards except that 
treatment of runoff of the 85th percentile that cannot be infiltrated onsite 
shall follow USEPA guidance regarding green infrastructure to the 
maximum extent practicable.102 

 
The Draft Permit should similarly require infiltration or evaporation of the 85th percentile 
storm or 0.75 inch storm, whichever is larger, to the extent feasible. 
 
Further, projects that result in the reconstruction or resurfacing of greater than 10,000 
square feet of street, road, highway, freeway, or parking lot surface (or resurfacing of 
more than 25 parking spaces) should, at minimum, be required to implement post-
construction LID BMPs, such as curb cuts, swales, or other retention practices.  Of note, 
the City of Santa Monica adopted a green streets requirement with a threshold based on 
monetary expenditures: 
 

Any Municipal street, road and alley re-construction project of 
$500,000.00 or more of construction costs, excluding repaving projects of 
existing roads, shall implement post-construction BMPs for green 
transportation infrastructure.103  

 
In combination with requirements to retrofit streets or parking lots undergoing 
resurfacing, the Regional Board should require Permittees to implement a set number of 
                                                 
102 E.12.d.1.(e). 
103 An Ordinance of the City Council of Santa Monica Amending Santa Monica Municipal Code Chapter 
7.10 to Update and Clarify the Urban Runoff Pollution Ordinance (July 27, 2010). 
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“Green Street Pilot Projects” that incorporate low impact development (“LID”) 
techniques for site design and treatment in accordance with the Draft Permit’s otherwise 
applicable on-site stormwater retention requirements.  (See, e.g., San Francisco Bay 
Regional MS4 Permit, at C.3.b.iii.) 
 

c. The Draft Permit’s Alternative Compliance Provisions Lack 
Clarity and Should: 1) Require That Mitigation be Tied to 
Water Supply; and 2) Distinguish Between Groundwater 
Replenishment Facilities that Convey Runoff From the Project 
Site (Hydrologically Connected) and Those that Are 
Hydrologically Unconnected From the Project Site 

 
NRDC strongly supports efforts to use LID and groundwater recharge or other 
stormwater capture practices to increase water supplies in California.  These initiatives 
are in line with California’s stated policy goals.  For example, the State Water Resources 
Control Board’s State Recycled Water Policy establishes a goal of increasing the capture 
and use of stormwater over the amount used in 2007 by at least 500,000 acre-feet per 
year by 2020, and by at least one million acre-feet annually by 2030.104  While we are 
encouraged by the Regional Board’s move to incorporate provisions that could promote 
increased reliance on local, energy efficient water supply strategies such as groundwater 
replenishment, we are concerned that the Draft Permit would allow projects to perform 
“off-site regional groundwater replenishment” without requiring a finding that the 
subsequently recharged groundwater will (or even could), in fact, be used to increase 
local water supplies.  The Draft Permit’s groundwater replenishment provisions require 
only that: 1) the volume of stormwater to be infiltrated, replenished, or retained by 
bioretention BMPs is equal to or greater than the design stormwater runoff volume, less 
the volume reliably retained on-site; 2) the project demonstrate, in vaguely defined terms, 
why it is not advantageous to replenish groundwater at the project site; and, 3) that the 
project provide equal or greater water quality benefits to the receiving surface water.  
(Draft Permit, at VI.D.6.c.ii.(3); iii.(2)(a).)  The Proposal does not condition participation 
in an off-site mitigation project on its connection to an aquifer used for municipal or 
other groundwater supply.   
 
The provision raises two concerns.  First, while the ostensible objective of the 
groundwater replenishment provision is to promote use of stormwater as an alternative 
water source through recharge to augment groundwater supplies, the lack of any 
requirement that recharge be directed to an aquifer actually used for groundwater 
production undercuts this objective.  The Regional Board should include a requirement 
that, in order to perform alternative compliance for groundwater replenishment, 
groundwater recharge must be directed to an aquifer used for water supply, or a purpose 
related to preserving groundwater supply (e.g., to prevent saltwater intrusion into a 
groundwater aquifer used for supply, or reduce/mitigate existing pollution to a 

                                                 
104 State Water Resources Control Board (May 14, 2009) State Recycled Water Policy. 
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groundwater aquifer).  Further, we suggest that the Regional Board direct the Permittees 
to assess and prioritize areas within their jurisdiction that, at either the site or regional 
scale, present opportunities to increase groundwater replenishment specifically for water 
supply. 
 
Second, the Draft Permit is unclear in its definition of “off-site,” and must provide 
clarification whether it intends for the term to mean an “off-site” project that is 
hydrologically unconnected to the project site, or a “regional” project that may receive 
runoff conveyed to it from the project site.105   Conveying runoff from the project site to a 
regional groundwater replenishment facility that will retain that runoff, albeit at a 
different location, typically does not implicate significant water quality concerns. Where 
the same, specific quantum of water is ultimately retained, 100 percent of the pollution 
contained in that particular volume of water will be prevented from reaching receiving 
waters.  In contrast, where a project, performs off-site mitigation at some other location 
within the same watershed or sub-watershed. that is not hydrologically connected to the 
original project site, it raises substantial concerns as to whether the alternate location will 
“provide equal or greater water quality benefits to the receiving surface water.”  (Draft 
Permit, at VI.D.6.c.ii.(3).)  Among the issues presented by this form of off-site mitigation 
are whether the off-site mitigation will be performed at a similar land use; whether the 
mitigation project will achieve equivalent pollutant load reduction; and if so, what 
pollutants it will be monitored for.  In practice it may prove exceedingly difficult to 
assess the equivalency of benefits to surface water quality from retention at one site to the 
next.   
 
As currently drafted, the Draft Permit would allow a developer discretion to perform off-
site mitigation, without a finding of infeasibility, at a site where it cannot be accurately 
determined whether equivalent protection of water quality will be achieved, to recharge 
groundwater that will not serve to increase local water supplies.  While regional projects 
receiving runoff conveyed directly from the project site may raise less concern, the Draft 
Permit should be revised to allow off-site mitigation or alternative compliance at a site 
hydrologically unconnected from the project site only when it is technically infeasible for 
the project to retain runoff on-site.  
 
An additional concern raised by the Draft Permit’s off-site mitigation provisions is that 
they would potentially allow for new development discharging polluted runoff to persist 
in the built environment.  A project that is developed during the term of this permit may 
stand for 60 years or more.106  Yet if the project performs alternative compliance, the 

                                                 
105 The provision under the “Options for Stormwater Management Design, Most Preferred Stormwater 
Management Options” requiring that a project opting to perform off-site groundwater replenishment “Must 
also provide reduction through treatment of the SWDQv at the project site” implies the former, that projects 
may perform off-site mitigation at a site hydrologically unconnected to the project within the same sub-
watershed.  In addition to the concerns described above.  
106 See, e.g., Nelson, Arthur C., 2004, Toward a New Metropolis: The Opportunity to Rebuild America, 
Brookings Institution.  
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permit would then allow for the project to be developed using less protective 
conventional, engineered, treat and discharge controls on runoff.  Instead, another “off-
site” development would theoretically be retrofitted in place of on-site retention, even if 
that site might otherwise eventually be subject to the permit’s (or a local ordinances) 
requirements to incorporate LID based controls: e.g., while the new project will be 
developed using inferior engineered controls that will persist in the built environment for 
generations, the off-site project would, independent of its participation in the Draft 
Permit’s off-site program, potentially have been required to implement LID controls 
within the next 5, 10, or even 20 years. This path, requiring on-site retention and eventual 
retrofit of older development, would result in a substantially faster conversion of existing 
development to LID controls.  Under the Draft Permit a continuous stream of new 
development projects could be constructed without LID based stormwater controls, 
ensuring that pollution will continue to be discharged to receiving waters. 
 

d. The Draft Permit’s Alternative Compliance Provisions for 
Biofiltration are Insufficiently Protective of Water Quality and 
Would Improperly Allow Use Of Biofiltration Off-site, Even 
Where On-Site Retention or Biofiltration were Feasible 
 

In contrast to retention practices, which ensure that 100 percent of the pollutant load in 
the retained volume of runoff does not reach receiving waters, biofiltration practices that 
that treat and then discharge runoff through an underdrain result in the release of 
pollutants to receiving waters.  Indeed, in order to achieve equivalent pollutant load 
reduction benefits to the use of on-site retention, biofiltration practices would have to be 
100 percent effective at filtering pollutants from runoff, which they are invariably not.  
As a result, we have previously commented that biofiltration practices are not a proper 
substitute for LID practices that retain water on-site.     
 
This conclusion is borne out by data presented in the Draft Ventura County Technical 
Guidance Manual estimates pollutant removal efficiency for total suspended solids to be 
54-89 percent, and for total zinc to be 48-96 percent.107  Biofiltration has additionally 
been shown to be a particularly ineffective method of pollutant removal for addressing 
nitrogen or phosphorous, two common contaminants found in stormwater.108  The Draft 
Ventura Technical Guidance, for example, indicate that biofiltration achieves pollutant 

                                                 
107 Ventura County Low Impact Development Technical Guidance Manual, July 13, 2011, at D-7. 
108 Lawn irrigation has been identified as a “hot spot” for nutrient contamination in urban watersheds—
lawns “contribute greater concentrations of Total N, Total P and dissolved phosphorus than other urban 
source areas . . . source research suggests that nutrient concentrations in lawn runoff can be as much as four 
times greater than other urban sources such as streets, rooftops or driveways.”  Center for Watershed 
Protection (March 2003) Impacts of Impervious Cover on Aquatic Systems at 69; see also H.S. Garn (2002) 
Effects of lawn fertilizer on nutrient concentration in runoff from lakeshore lawns, Lauderdale Lakes, 
Wisconsin. U.S. Geological Survey Water- Resources Investigations Report 02-4130 (In an investigation of 
runoff from lawns in Wisconsin, runoff from fertilized lawns contained elevated concentrations of 
phosphorous and dissolved phosphorous).   
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removal efficiency for total nitrogen at between only 21-54 percent,109 as compared with 
100 percent for runoff retained on-site.   
 
As a result, the Draft Permit’s provision allowing that “if using biofiltration due to 
demonstrated technical infeasibility, then the new project must biofiltrate 1.5 times the 
portion of the [design volume] that is not reliably retained on-site,” (Draft Permit, at 
VI.D.6.c.iii.(1)(a)), is not sufficiently protective of water quality and does not meet the 
Clean Water Act’s MEP standard.  This Regional Board has, in fact, already passed more 
stringent requirements regarding application of biofiltration to meet on-site LID 
requirements in the MS4 Permit for Ventura County.  The Ventura permit requires that 
biofiltration devices be sized to treat 1.5 times the design storm volume and achieve 1.5 
times the pollutant load reduction as would on-site retention.  Even retention of 
equivalent pollutant load reduction to on-site retention (let alone 1.5 times the loading), a 
minimum backstop at the very least, is not guaranteed by a biofiltration system treating 
1.5 times the design stormwater runoff volume.  Based on treatment efficiencies in the 
Ventura County Technical Guidance Manual, biofiltration of 1.5 times the design runoff 
volume could result in as little as 81 percent removal of TSS, 72 percent of total zinc, and 
32 percent of total nitrogen.   
 
The Draft Permit should either eliminate biofiltration as an option for compliance, or at a 
minimum require that sites electing to use biofiltration for on-site compliance in cases of 
technical infeasibility must demonstrate both treatment of 1.5 times the design 
stormwater runoff volume and pollutant load reduction equivalent to that of retention 
practices.  The 1.5 multiplier would thus set a minimum volume for treatment, but where 
a site is unable to demonstrate that biofiltration of 1.5 times the design volume will 
achieve equivalent pollutant load reduction to retention practices, the site would be 
required to treat a correspondingly larger volume of runoff until equivalent pollutant load 
reduction is achieved.   
 
Even if the Regional Board allows the use of biofiltration for compliance on-site in cases 
of technical infeasibility, there is no justification for the Board’s proposal to allow use of 
biofiltration to achieve compliance off-site at retrofit projects.  (See Draft Permit, at 
VI.D.6.c.iii.(3).)  Where on-site retention is infeasible, off-site mitigation through 
retention of the design storm volume, including at a retrofit project, should be allowed, 
coupled with requirements that the project demonstrate equivalent off-site pollutant load 
reduction and perform on-site treatment of the design stormwater volume.  However, it is 
unclear whether the Draft Permit’s Offsite Project – Retrofit Existing Development, 
requires infeasibility for on-site retention in the first instance.  In this connection, it 

                                                 
109 Ventura County Low Impact Development Technical Guidance Manual, July 13, 2011, at D-7.  See 
also, BASMAA (December 1, 2010) Draft Model Bioretention Soil Media Specifications-MRP Provision 
C.3.c.iii, at Annotated Bibliography section 3.0 (noting nutrient removal from synthetic stormwater runoff 
demonstrated only 55 to 65 percent of total Kjeldahl nitrogen removal and that only 20 percent of nitrate is 
removed from the runoff). 
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would appear to allow biofiltration to be performed at an off-site retrofit project, even 
where on-site retention was feasible.  The Draft Permit should be revised to explicitly 
state that biofiltration is not authorized as a method of alternative compliance at offsite 
locations under any circumstance where on-site compliance is feasible.   
 

e. The Draft Permit’s Water Quality Mitigation Criteria should 
apply to all BMPs 

 
The Draft Permit establishes water quality mitigation criteria that serve as benchmarks 
applicable to new and redevelopment project BMPs only.  Specifically, the Draft Permit 
requires the Permittee to meet the listed pollutant benchmarks prior to the discharge to 
the MS4.  In general, we support performance-based criteria for BMPs. 

  
One of the most significant shortcomings in previous stormwater permits is the lack of 
performance-based criteria for BMPs. As a result, BMPs are added as part of permit 
requirements or pollution abatement efforts without any focus on the quality of the water 
exiting the BMPs. An effective way to ensure the success of stormwater programs and 
the attainment of water quality standards is to assess BMPs based on performance. Flow-
based design criteria are simply not adequate to ensure that water quality standards are 
consistently met because flow, and corresponding BMP size, is but one factor 
determining BMP effectiveness.  
  
The Ventura MS4 appropriately contains Treatment BMP Performance standards that 
apply to all treatment BMPs being implemented under the Permit.110   Thus, we urge the 
Regional Board to increase the applicability of the Water Quality Mitigation Critiera to 
all treatment BMPs being implemented under the Permit. 
 

f. The Draft Permit’s Local Ordinance Equivalence Provision 
Creates a Self Regulatory Scheme in Violation of the Clean 
Water Act 

 
The Draft Permit allows for a Permittee to submit a local LID ordinance for “The 
Executive Officer [to] determine whether implementation of the local ordinance provides 
an equivalent pollutant control to the applicable provisions of” the Draft Permit.  (Draft 
Permit, at VI.D.6.d.i.)  But putting such review authority solely in the Executive Officer 
shields the development of these critical, core permit requirements from oversight and 
creates a self-regulatory scheme in violation of the Clean Water Act.  In Environmental 
Defense Center, Inc. v. U.S. E.P.A (9th Cir. 2003) 344 F.3d 832, 854-56, the court 
explained: “[S]tormwater management programs that are designed by regulated parties 
must, in every instance, be subject to meaningful review by an appropriate regulating 
entity. . . . Congress identified public participation rights as a critical means of advancing 
                                                 
110 Los Angeles Regional Water Quality Control Board, Ventura County Municipal Separate Stormwater 
National Pollutant Discharge Elimination System (NPDES) Permit; Order No. R4-2010-0108; NPDES 
Permit No. CAS004002, July 8, 2010 at 37. 
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the goals of the Clean Water Act in its primary statement of the Act’s approach and 
philosophy.”   
 
In bypassing the public review process, the Local Ordinance Equivalence provision 
instead has the potential to exempt development from participation in the Permit’s core 
requirements to prevent the discharge of pollutants to the MS4 system.  These 
requirements, encompassing the permit’s on-site stormwater controls, LID requirements, 
alternative performance criteria, hydromodification controls, and other post-construction 
requirements, are necessarily reviewed in order to determine whether the permit meets 
the requirements of the Clean Water Act’s MEP standard.  This determination lies 
properly with the Regional Board in the first instance, through the process of public 
review and hearing.  In order to “ensure that each [MS4 permit] program reduces the 
discharges of pollutants to the maximum extent practicable,” the Local Ordinance 
Equivalence provision should be removed, and Permittees should be required to meet the 
permit’s applicable requirements, or should be subject to public notice and comment, 
with a final determination to be made by the Regional Board in public hearing.  
Moreover, the Draft Permit should clearly state that a local ordinance will not be 
considered without a minimum retention requirement numerically equal to the 0.75-inch, 
24-hour rain event or the 85th percentile, 24-hour rain event, whichever is greater.  Absent 
such a minimum numeric criteria, the local standard would by definition be less than 
what has been demonstrated practicable in California.  
 

C. The Draft MS4 Permit Illegally Eliminates Essential Agency and Public 
Oversight 

 
As discussed above in the Section on the Draft Permit’s Local Ordinance Equivalence 
Program, (See Draft Permit, at VI.D.6.d.i), the Draft Permit fails to provide for 
meaningful agency and/or public review and comment on programs that would be 
developed by the Permittees.  This scheme therefore violates the requirement that 
“stormwater management programs that are designed by regulated parties must, in every 
instance, be subject to meaningful review by an appropriate regulating entity. . . .”  
(Environmental Defense Center, 344 F.3d at 854-56.  Unfortunately, the Draft Permit is 
riddled with similar, and similarly unlawful, provisions allowing for the regulated parties 
to develop their own program:  
 

 Section VI.C.3.b.iv.(5)(b): “Where the TMDL Provisions in Part VI.E and 
Attachments L through R do not include interim or final water quality-based 
effluent limitations and/or receiving water limitations with compliance deadlines 
during the permit term, Permittees shall identify interim milestones and dates for 
their achievement. . . .” 

 Section VI.E.2.d.i.: “A Permittee shall be considered in compliance with an 
applicable interim water quality-based effluent limitation and/or a receiving water 
limitation for the pollutants associated with a specific TMDL” where certain 
demonstrations are made, which allows Permittees to determine their own 
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compliance with the MS4 Permit because Permittees identify their own “interim 
water quality-based effluent limitations” pursuant to Section VI.C.3.iv.(5)(b). 

 Section VI.C.3.b.iv.(5)(b), and Section VI.E.2.d.i.: Provisions fail to provide for 
public review and comment of “interim milestones”  and “dates for their 
achievement” developed by Permittees. These sections also fail to provide a 
timeline as to when agency review of Permittee’s self-established limits and 
deadlines must occur. 

 
Or more overarching in their application: 
 

 Section VI.C.1.b.: “Participation in a Watershed Management Program is  
voluntary and allows a Permittee to customize the requirements in Part VI.D 
(Minimum Control Measures). . . .” 

 Section VI.D.1.a.: “Each Permittee shall implement the requirements in Parts 
VI.D.4 through VI.D.9 below, or may, in lieu of the requirements in Parts VI.D.4 
through VI.D.9 implement customized actions within each of these general 
categories of control measures as set forth in an approved Watershed 
Management Program per Part VI.C.  Implementation shall be consistent with the 
requirements of 40 C.F.R. § 122.26(d)(2)(iv). 

 
The above provisions effectively allow Permittees, with minimal and wholly inadequate 
oversight or public input, to rewrite vast and critical sections of the Los Angeles County 
MS4 Permit—Section VI.D.1.a allows for a Permittee to eliminate complete categories of 
Minimum Control Measures required in the Permit, solely by providing an ill-defined 
“justification for its elimination.”  (See Draft Permit, at § VI.D.1.c.).  This type of self-
regulatory program which eliminates meaningful agency review and public participation 
violates fundamental provisions of the Clean Water Act and has been expressly 
invalidated by the Ninth Circuit Court of Appeals.  (Environmental Defense Center, 344 
F.3d, at 854-56.)  Given that “Congress identified public participation rights as a critical 
means of advancing the goals of the Clean Water Act in its primary statement of the Act's 
approach and philosophy,” (Id. at 856-57), the public must given the opportunity to 
participate in the permitting and compliance process.  
 
Failure to provide for meaningful agency review and public comment also impermissibly 
allows Permittees to defer implementation of and compliance with the terms of the MS4 
Permit until some indeterminate future date – if ever.  (See id. at 855 (reasoning that 
failing to require agency review and approval of Permittees’ storm water management 
plans could improperly result in a Permittee “proposing a set of minimum measures for 
itself that would reduce discharges by far less than the maximum extent practicable”).  
The Regional Board “is required to ensure that the individual programs adopted are 
consistent with the law,” and cannot allow Permittees to discharge without conducting a 
“meaningful review.” Environmental Defense Center, Inc., 344 F.3d at 856.  These 
provisions in the Draft Permit must be removed, or must be substantially re-written to 
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provide for meaningful review and public process or they threaten to invalidate the entire 
MS4 permit. 

 
 
 
D. The MS4 Permit Definition of “Joint Responsibility” is Potentially 

Internally Contradictory, and Should be Clarified to Ensure Compliance 
With Existing Waste Load Allocations and Other Clean Water Act 
Requirements 

 
Citing to 40 C.F.R. section 122.26(a)(3)(vi), the Draft Permit states that, in the case of 
comingled discharges, “each Permittee is only responsible for discharges from the MS4 
for which they are owners and/or operators.” (Draft MS4 Permit § VI.E.2.b.ii.)  
Following from this, the Draft Permit states, referring to “joint responsibility” of the 
Permittees, that: 
 

Where Permittees have commingled discharges to the receiving water, 
compliance at the outfall to the receiving water or in the receiving water 
shall be determined for the group of Permittees as a whole unless an 
individual Permittee demonstrates that its discharge did not cause or 
contribute to the exceedance, pursuant to subpart v. below. For purposes 
of compliance determination, each Permittee is responsible for 
demonstrating that its discharge did not cause or contribute to an 
exceedance of an applicable water quality-based effluent limitation(s) at 
the outfall or receiving water limitation(s) in the target receiving water. 

 
(Draft MS4 Permit § VI.E.2.b.iii-iv.)  While we agree with the Draft Permit’s description 
of joint responsibility above, we are concerned that the Permit’s discussion of joint 
responsibility in the Findings section could potentially cause confusion for purposes of 
permit implementation, and suggest the Regional Board revise the findings accordingly. 
 
In particular, under Finding J.1, the Draft Permit states that, “[t]his Order does not require 
a Permittee to individually ensure that a commingled MS4 discharge meets the applicable 
water quality-based effluent limitations included in this Order, unless such Permittee is 
shown to be solely responsible for an exceedance.”  In light of the clear prescription in 
the Permit’s implementing language requiring individual Permittees to affirmatively 
demonstrate that their discharge did not cause or contribute to an exceedance, we do not 
interpret this finding to mean otherwise.  However, we suggest that the Regional Board 
clarify that it is the Permittee who must show its discharge is not responsible for causing 
or contributing to an exceedance, rather than any other possible interpretation to the 
contrary.111  Further, the Regional Board should explicitly state that it is a Permittees 
                                                 
111 Such a clarification would be in line with requirements that the permitting authority ensure that “effluent 
limits … are consistent with the assumptions and requirements of any available wasteload allocation for the 
discharge. . . .”  (40 C.F.R. § 122.44(d)(1)(vii)(B).)  For example, The WLAs of the Santa Monica Bay 
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responsibility to address any contribution to an exceedance, not only exceedances for 
which they are solely responsible. 
 

E. Environmental Groups Strongly Support the Inclusion of Final Numeric 
Waste Load Allocations 

 
The Regional Board and EPA have adopted TMDLs for 175 waterways in the Los 
Angeles area over the past thirteen years. These TMDLs are due in large part to a 1998 
Clean Water Act citizen action by Heal the Bay, NRDC and Santa Monica Baykeeper, 
which resulted in a consent decree with U.S. EPA setting the deadlines for the adoption 
of specified TMDLs. TMDLs are in effect for numerous pollutants that still impair Los 
Angeles waterways, including bacteria, metals, toxics, trash, and nutrients.  
 
The Clean Water Act and its implementing regulations require that NPDES permits 
incorporate WLAs established in existing, applicable TMDLs as water-quality based 
effluent limitations (“WQBELs”). 40 C.F.R. § 122.44(d)(1)(vii)(B). Thus, the MS4-
related waste load allocations for TMDLs adopted in the Los Angeles Region must be 
properly reflected in the MS4 Permit.   
 
Accordingly, Environmental Groups strongly support the Draft Permit’s inclusion of final 
numeric waste load allocations.  
 

The Permittees shall comply with the applicable water quality-based effluent 
limitations and/or receiving water limitations contained in Attachments L through 
R, consistent with the assumptions and requirements of the WLAs established in 
the TMDLs, including implementation plans and schedules, where provided for in 
the State adoption and approval of the TMDL (40 CFR §122.44(d)(1)(vii)(B); 
Cal.Wat. Code §13263(a)).   

 
(Draft Permit, at  VI.E.1.c.) This provision is critical to ensure that the water quality 
objectives for each impaired waterbody are achieved.  In this regard, the above provision 
of the Draft Permit is in line with other sections of the MS4 Permit.  Section V.A.1. of the 
Draft MS4 Permit states: “[d]ischarges from the MS4 that cause or contribute to the 
violation of receiving water limitations are prohibited.” “Receiving water limitations” is 
then a defined permit term.  This language in fact creates effluent limitations in the form 
of “receiving water limitations.”    
 

                                                                                                                                                 
Beaches Bacteria (“SMBBB”) TMDLs establish that all responsible jurisdictions and responsible agencies 
within a subwatershed are jointly responsible for complying with the applicable WLAs, unless an 
individual discharger demonstrates their discharges did not contribute to an exceedance of the WLA. See 
Resolution No. 2002-022 SMBBB Wet Weather TMDL, Attachment A at pp. 5 (Waste Load Allocations), 
10 (emphasis added); see also Resolution No. 02-004 SMBBB Dry Weather TMDL, Attachment A at p. 4 
(Waste Load Allocations) (emphasis added).  
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However, section IV.A.2 of the Permit provides: “This Order establishes WQBELs 
consistent with the assumptions and requirements of all available TMDL waste load 
allocations assigned to discharges from the Los Angeles County MS4.”  This section 
must be revised to clarify that the WLAs in the specified TMDLs are incorporated into 
the Draft Permit as WQBELs, rather than merely stating that the WQBELs “are 
established.”  
 

1. The Draft Permit Fails to Incorporate All Existing, Applicable TMDLs 
In a Manner Consistent with the Clean Water Act. 

 
NPDES permits may only include schedules for achieving compliance with permit limits 
as permit terms when schedules for achieving compliance are authorized, appropriate, 
and satisfy specific requirements.  (See In the Matter of Star-Kist Caribe, Inc., 1989 EPA 
App. LEXIS 38, at *7 (E.A.B. 1989); 33 U.S.C. § 1313(e)(3)(F); 40 C.F.R. § 122.47.)  

 
The Draft MS4 Permit violates these requirements in at least three ways. First, the Draft 
Permit incorporates illegal compliance schedules as permit terms.  Second, and as 
described above, the Draft Permit unlawfully allows Permittees to enact self-regulatory 
programs. Finally, the permit fails to incorporate numeric WLAs established by U.S. 
EPA as WQBELs.  
 

a. The Draft Permit Incorporates Illegal Compliance Schedules In 
Violation of 40 C.F.R. § 122.47 

 
Section IV.A.2.a. of the Draft MS4 Permit provides:  
 

Each Permittee shall comply with applicable WQBELs as set forth in Part VI.E of 
this Order, pursuant to applicable compliance schedules. 
 

(emphasis added). The Draft Permit also references the TMDL implementation schedules 
at several other sections.112  The implementation schedules set out in the applicable 
TMDLs cannot be incorporated into the MS4 permit as an NPDES permit compliance 
schedules where the TMDL implementation schedules do not satisfy federal laws 
governing NPDES permit compliance schedules.  
 
Any compliance schedules incorporated into the MS4 Permit must lead to compliance “as 
soon as possible,” (40 C.F.R. § 122.47(a)(1)), and must comply with specific 
requirements including: (1) if the compliance schedule exceeds one year, it must include 
interim compliance deadlines; (2) interim deadlines must be no more than one year apart; 
and (3) if the time necessary for completion of any interim requirement is more than one 
year and is not readily divisible into stages for completion, the permit shall specify 

                                                 
112 See, e.g., p. 52, Sec. VI.C.3.c; p.111, Sec. VI.E.1.; p. 112, Sec. VI.E.c.ii; p. 113, Sec. VI.E.2.d.i. 
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interim dates for the submission of reports of progress toward completion of the interim 
requirements and indicate a projected completion date. (40 C.F.R. § 122.47(a)(3).) 
 
Waste load allocations and compliance schedules in the MS4 Permit must also be 
consistent with other state water quality control plans and statutory deadlines; a 
compliance schedule may only be included in an NPDES permit as a permit term when 
such compliance schedules are authorized.  (See In the Matter of Star-Kist Caribe, Inc., 
1989 EPA App. LEXIS, at *7; 33 U.S.C. § 1313(e)(3)(F).)   The Draft Permit then 
conflicts with federal requirements in several ways.  First, waste load allocations in 
metals TMDLs in Los Angeles are based on the California Toxics Rule (“CTR”) criteria 
and compliance schedules for CTR-based limits are authorized through the Inland 
Surface Water Plan (“ISWP”).  But the ISWP only authorized compliance schedules for a 
maximum of 10 years from the time CTR criteria were promulgated and stated that no 
discharger can be given a compliance schedule to meet CTR criteria after May 18, 
2010.113  As a result, any compliance schedules set out in TMDLs implementing the 
California Toxics Rule (“CTR”) are not authorized. 
 
Second, compliance schedules may only be included in NPDES permits when the 
schedule leads to compliaAnce “as soon as possible.”  (40 C.F.R. § 122.47(a)(1).)  The 
MS4 Permittees have been prohibited from causing or contributing to exceedances of the 
same water quality standards on which the TMDLs waste load allocations are based since 
2001, and many TMDL deadlines have already passed.  Where TMDL deadlines have 
already passed, allowing the Permittees additional time to comply with the WLAs as a 
term of the re-issued MS4 Permit will not lead to compliance “as soon as possible.”  The 
TMDL schedules therefore cannot be incorporated into the MS4 Permit. 
 
Third, NPDES compliance schedules must meet certain specific requirements, which are: 

 
(i) if the compliance schedule exceeds one year, it must include interim 
compliance deadlines;  
(ii) interim deadlines must be no more than one year apart; and  
(iii) if the time necessary for completion of any interim requirement is more than 
1 year and is not readily divisible into stages for completion, the permit shall 
specify interim dates for the submission of reports of progress toward completion 
of the interim requirements and indicate a projected completion date.  
 

(40 C.F.R. § 122.47(a)(3).)  Any implementation schedule set forth in an applicable 
TMDL that allows for more than one (1) year to achieve compliance and lacks interim 
deadlines cannot be incorporated into the MS4 Permit as an NDPES compliance 
schedule. For example, this specifically applies to the implementation schedules set out in 
                                                 
113Inland Surface Water Plan, at 19; see also October 23, 2006 EPA Letter re: California SIP, Compliance 
Schedule Provisions; State Board Memo dated September 15, 2006 Re: CTR Compliance Schedules; State 
Board Resolution No. 2008-0025 at 4; Final Staff Report, State Board Resolution No. 2008-0025 at 10; 
Final Response to Written Comments, State Board Resolution No. 2008-0025 at 6, 9, 10, 18-19, 26. 
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the Malibu Creek Bacteria TMDL, the SMBBB TMDLs, and the Los Angeles River 
Indicator Bacteria TMDL.  These compliance schedules must either be modified to 
comply with the regulations or eliminated in their entirety.   
 
Finally, the Draft Permit unlawfully provides a compliance determination for interim 
limits where a Permittee is merely implementing a Watershed Management Plan rather 
than actually achieving the defined interim limits.  (Draft Permit, at VI.E.(2)(d)(i)(4).)  
This violates the provision on requirements for interim deadlines.  But the Draft Permit 
nowhere references 40 C.F.R. § 122.47, nor does the permit explain how the 
requirements of this regulation have been met. 
 

2. The Draft MS4 Permit Fails to Provide Meaningful Agency Review or 
Public Review and Comment on Interim Limits Developed by 
Permittees 

 
Section VI.C.3.c. (p. 53) of the Draft Permit provides:  

 
Permittees shall incorporate compliance schedules in Attachments L through R 
into the plan and, where necessary develop interim milestones and dates for their 
achievement. 

 
As with multiple other provisions in the Permit, including, as discussed above, sections 
VI.C.3.b.iv.(5)(b) and VI.E.2.d.i, this section is unlawful, as it allows Permittees to 
develop interim compliance deadlines applicable to their discharges, but fails to require 
meaningful agency review or public review and comment.  (See Environmental Defense 
Center, 344 F.3d, at 854-56.)  Absent opportunity for public review and comment, as 
well as Regional Board review and approval, on the interim milestones that are developed 
these provisions must be removed.  
 

3. Interim TMDL Requirements Must Include Numeric Benchmarks to 
Properly Track Compliance  

 
In addition to incorporating final numeric waste load allocations for TMDLs, it is 
imperative that the renewed MS4 Permit also includes interim numeric benchmarks that 
are consistent with federal regulations in order to track compliance and ensure that final 
objectives are met.  
 
Rather than allowing for implementation of Watershed Management Programs to serve as 
the sole compliance measure, each TMDL requirement in the Permit with a future final 
compliance deadline should include interim numeric benchmarks throughout the process 
of implementation. This is the only way to track a Permittee’s progress and evaluate 
BMPs and progress toward final compliance along the way, and is consistent with the 
requirements that compliance schedules include interim deadlines (40 C.F.R. § 
122.47(a)(3).) For this reason, the renewed MS4 Permit should mirror the process already 
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adopted by the Regional Board in the Ventura MS4 Permit. In the Ventura MS4 Permit, 
Permittees must meet both interim and final compliance milestones, consistent with the 
adopted TMDL.114  Likewise, Los Angeles MS4 Permittees should be required to monitor 
and evaluate methodologies, adapt accordingly, and report progress via numeric 
benchmarks in order to ensure that final numeric benchmarks will be met when required. 
(40 C.F.R. § 122.47(a)(3).)  
 
In addition, each Permittee should be required to report on BMP implementation, BMP 
maintenance activities, and water quality monitoring results (which some TMDLs require 
independently)115 on an annual basis to the Regional Board. The Working Proposal’s 
requirement that this information merely be available for inspection by the Regional 
Board is insufficient to ensure that the public can access information related to permit 
implementation and compliance. 
 

4. The Draft MS4 Permit Illegally Exempts Dischargers from Complying 
with Numeric Waste Load Allocations Established in Total Maximum 
Daily Loads Developed by EPA 

 
The Draft MS4 Permit attempts to excuse Permittees from complying with WLAs set 
forth in TMDLs established by EPA. Specifically, Section VI.E.3 provides:  
 

TMDLs established by the USEPA, to which Permittees are subject, do not 
contain an implementation plan adopted pursuant to California Water code section 
13424. However, USEPA has included implementation recommendations as part 
of these TMDLs. In lieu of inclusion of numeric water quality based effluent 
limitations at this time, this Order requires Permittees subject to WLAs in USEPA 
established TMDLs to propose and implement best management practices 
(BMPs) that will be effective in ultimately achieving the numeric WLAs. 

 
(emphasis added). This section violates the requirement at 40 C.F.R. 
§ 122.44(d)(1)(vii)(B) that NPDES permit requirements be consistent with existing, 
applicable WLAs. Because TMDLs established by EPA include numeric WLAs, the MS4 
Permit must include numeric WQBELs consistent with those WLAs. For example, the 
San Gabriel River Metals and Selenium TMDL (“EPA San Gabriel TMDL”), which has 
been in effect since 2007, sets numeric WLAs based on the CTR criteria. The MS4 
Permit must incorporate the numeric WLAs set forth in the EPA San Gabriel TMDL to 
comply with the Clean Water Act. 
  

                                                 
114 Los Angeles Regional Water Quality Control Board, Ventura County Municipal Separate Stormwater 
National Pollutant Discharge Elimination System (NPDES) Permit; Order No. R4-2010-0108; NPDES 
Permit No. CAS004002, July 8, 2010. 
115 See, e.g.,The Ballona Creek Metals TMDL (requiring ambient and effectiveness monitoring and special 
studies) (Amendment to the Water Quality Control Plan - Los Angeles Region to incorporate the Ballona 
Creek Metals TMDL, Resolution No. R2007-015, in effect October 29, 2008.) 
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Further, the Draft MS4 Permit mischaracterizes the “recommended implementation” 
portion of the EPA-established TMDLs.  The EPA-established TMDLs’ “recommended 
implementation” section “describes the implementation procedures and regulatory 
mechanisms that could be used to provide reasonable assurances that water quality 
standards will be met.”116  With respect to WLAs applicable to MS4 discharges, EPA 
recommends that the WLAs be incorporated into the MS4 permit. EPA San Gabriel 
TMDL at p. 46-47. The EPA “recommended implementation” thus provides no basis for 
not incorporating the numeric WLAs into the MS4 permit. 

 
To the extent the Draft MS4 Permit exempts Permittees from complying with numeric 
WLAs established by EPA TMDLs, it violates the Clean Water Act. Permittees must be 
required to comply with all existing, applicable WLAs, regardless of the adopting 
agency. 

 
F. The Draft MS4 Permit Ignores Implementation Plans Already Required 

Under the Current Permit 
 
Section VI.C.2. and Table 9 of the Draft MS4 Permit allow Permittees a timetable for 
developing plans to implement programs required under the permit.  However, under the 
2001 Permit, Permittees were previously required to develop and implement 
implementation plans.  For example, Part 3 of the 2001 Permit sets forth general and 
specific requirements for Permittees to develop and implement a “Storm Water Quality 
Management Program (SQMP).”  The purpose of the SQMP is to “reduce the discharges 
of pollutants in storm water to the MEP.”  (2001 Permit, at section 3.A.2.)  Permittees 
were to implement their SQMP no later than February 1, 2002.  (2001 Permit, at section 
3.A.1.)  In some instances, Permittees have in fact developed and begun to implement 
these plans.117  In others, failure to act timely under the terms of the 2001 Permit has 
resulted in noncompliance. 

 
In either event, the timeline described in the Draft Permit fails to take into account the 
2001 Permit’s requirements that Permittees develop and put into effect implementation 
plans, and that time and effort have already been spent in developing plans that may be 
applicable to Draft Permit program requirements.  Instead, the Draft Permit creates an 
entirely new mechanism for Permittees to implement the permit requirements, referred to 
by a different name—the “Watershed Management Program”—as well as a renewed 
period for plan development.  (See Draft Permit, at VI.C.1.)  The Draft Permit fails to 
explain why Permittees should be allowed to effectively “start over” with the 
implementation process, which will serve to substantially delay permit implementation.  
This is particularly troublesome given that it was anticipated that when the new MS4 
                                                 
116 See EPA San Gabriel TMDL, at 46. 
117 See, e.g., City of Malibu Annual Storm Water Report 2009-2010, III.C. Storm Water Quality 
Management Plan SQMP Implementation (“The City has been implementing the Countywide SQMP since 
adoption of this permit in 2001. Generally, the City finds the SQMP helpful in meeting permit 
requirements.”). 
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permit was reissued, as is being done now, it would take into consideration Permittees’ 
prior implementation efforts: “Ideally, any revisions to the SQMP, or adoption of an 
updated or local/regional SQMP, would coincide with adoption of a new NPDES 
Permit.”118  Nor does the Draft Permit provide any basis as to why Permittees need more 
time to achieve compliance.  Where plans have been properly implemented under the 
2001 Permit, additional time should not be necessary.  Where Permittees have failed to 
comply with Permit requirements of their own devise, providing additional time only 
rewards prior poor performance. 
 

G. Monitoring and Reporting Program 
 

The Clean Water Act requires that a Permittee undertake a self-monitoring program 
sufficient to determine compliance with its NPDES permit.  (See 40 C.F.R. § 
122.44(i)(1).)  Appropriately, the Tentative Monitoring and Reporting Program 
(“Tentative MRP”) outlines this as an objective: “The primary objectives of the 
Monitoring Program are to…assess compliance with receiving water limitations and 
water quality-based effluent limitations established to implement Total Maximum Daily 
Load wet weather and dry weather wasteload allocations…”  (E-3).  
We conceptually support the proposal to require both receiving water monitoring and 
storm water and non-stormwater outfall based monitoring to assess a Permittee’s 
compliance with the permit.  (E-4).  The combination of monitoring will be used to 
establish compliance or violations of the permit.  However, many of the specific 
requirements for the core monitoring program elements outlined in the Tentative MRP 
should be enhanced to improve upon the existing monitoring program and assist in 
assessment of water quality.   
 
As an overarching comment, the Tentative MRP is difficult to evaluate, as it is unclear 
what monitoring is already underway and what additional monitoring locations are 
required in the Draft Permit.   
 

1. Receiving Water Monitoring 
 

a. The MRP should identify beach water quality monitoring 
frequency 
 

The LA County MS4 Order No. 01-182 includes a Shoreline Monitoring section that 
requires monitoring for the purposes of evaluating “the impacts to coastal receiving 
waters and the loss of recreational beneficial uses resulting from storm water/urban 
runoff.”  (Order No. 01-182, changes on June 15, 2005).  Instead, the Tentative MRP 
refers to the monitoring requirements in the approved Santa Monica Bay Beaches 
Bacterial TMDLs Coordinated Shoreline Monitoring Plan (“CMP”).  (E-9).  One notable 

                                                 
118 City of Malibu Annual Storm Water Report 2009-2010, III.C. Storm Water Quality Management Plan 
SQMP Implementation (emphasis added). 
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difference between the requirements in Order No. 01-182 and the CMP is that the 
monitoring frequency is not specified in the CMP.  Thus, it is critical that the Regional 
Board include in the MRP the minimum sampling of five times per week at the same 
beaches included in Order No. 01-182 that were identified to necessitate this more 
frequent sampling.119   
 

b. The MRP should specify a minimum number of receiving 
water monitoring locations 

 
The Tentative MRP does not specify the required number of receiving water monitoring 
locations or exact monitoring locations.  Instead, the Tentative MRP states that 
“[r]eceiving water monitoring shall be performed at previously designated mass emission 
stations and/or at TMDL receiving water compliance points, as designated in Regional 
Water Board Executive Officer approved TMDL Coordinated Monitoring Plans.” (E-4).  
The MRP should include a specific list and map of all receiving water monitoring 
locations, including the existing mass emissions stations and TMDL receiving water 
compliance points.  
 
The current mass emissions station (MES) monitoring locations should be maintained as 
is, to continue to fulfill the objectives set out in the 2001 Permit and the goals of the 
current Draft Permit. The Regional Board articulated several objectives of the MES 
monitoring in Order No. 01-182 including (1) estimate the mass emissions from the MS4; 
(2) assess trends in the mass emissions over time; and (3) determine if the MS4 is 
contributing to exceedances of water quality standards. See Order No. 01-182 at T-6. 
Thus, it is important that the Regional Board continue to require monitoring at each MES 
to continue to assess trends over time. This is also consistent with the Tentative MRP’s 
objectives to assess trends over time. See Tentative MRP at E-4. Thus, the option to 
justify the elimination of MES monitoring in Parts VI.A.1.b.v. and VI.B.3.b. should be 
eliminated. See Tentative MRP at E-13-E-14. While we agree that there is room for 
improvement in the LA MS4 Permit, it is important that we not abandon all that has been 
implemented and achieved over the last decade.  
 
In addition, the MRP should provide more specificity, including the exact location of all 
existing mass emission stations and the requirement that Permittees identify a minimum 
number of additional receiving water monitoring locations and comply with TMDL 
requirements.   
 
 
 
 

                                                 
119 Surfrider, Topanga, Santa Monica Canyon, Santa Monica Pier, Pico, Ashland, Marina del Rey 
Playground, Marina del Rey Lifeguard, Ballona, Manhattan Beach 28th St, Herondo drain, Redondo Pier, 
Cabrillo Harborside 
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c. The Tentative MRP should include additional receiving water 
monitoring parameters 
 

The Receiving Water Monitoring requirements contain an insufficient number of 
monitoring parameters and inappropriately focus on only known impairments, rather than 
a comprehensive assessment of the waterbody.  Specifically the Tentative MRP requires 
monitoring for flow, known impairments, hardness, pH, dissolved oxygen, temperature, 
specific conductivity and toxicity.  Theoretically under this scenario, a waterbody may 
not be assessed during the entire permit cycle for pollutants such as metals, nutrients and 
pesticides which are often found at levels exceeding water quality standards in 
waterbodies throughout the county.  In comparison, the current LA MS4 MRP 
(Attachment U-1) and the Ventura County MS4 adopted in 2010 both contain receiving 
water monitoring requirements for over 130 parameters.  What is the reasoning for this 
large drop in monitoring?  TMDL monitoring certainly will not make up this gap.  
Instead, the Regional Board should maintain the parameters that are currently monitored 
in the receiving water.  This is particularly important for assessing trends over time.  This 
same list of parameters should be mimicked in the outfall monitoring program.  
 

d. The wet weather thresholds should be clarified 
 
The Draft Permit provides two wet weather thresholds: one for ocean water and one for 
streams.  (E-14).  We are concerned that the proposed thresholds assume that distance 
(space) and time are uniform throughout the waterbody.  In reality, rainfall may be much 
more significant in the lower portion of a watershed, for example, than the upper portion.  
In this scenario, if a disproportionate amount of rain gauges are in the upper portion of 
the watershed, it could lead to a mischaracterization of conditions.  The proposed 
approach also assumes that flow and contaminant loads are homogeneous throughout the 
watershed.  The Regional Board should clarify how these differences will be accounted 
for when determining wet versus dry weather. 
 

2. Outfall Monitoring 
 
The Tentative MRP requires outfall based monitoring from “…at least one major outfall 
per subwatershed (HUC-12) drainage area, within the Permittee’s jurisdiction.” (E-17).  
We request that the Regional Board require monitoring from more than one outfall in 
each HUC-12 per Permittee at this time.  “Hydrologic Units (HUC-12)” are very large 
drainages (up to 63 square miles).  An associated receiving water monitoring location 
should be in proximity to this location.  Further, the Regional Board must ensure that 
appropriate land-use categories are monitored in order to be able to more readily 
determine if a MS4 is causing or contributing to a water quality objective exceedance, 
and if so, which Permittee. Drainages carrying stormwater from commercial, industrial, 
and high-use transportation should be prioritized. 
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a. The MRP should determine the quality of a Permittee’s 
discharge relative to Water Quality Standards, not action levels 
 

The Tentative MRP states that a goal of both the stormwater outfall and non-stormwater 
outfall based monitoring is to “[d]etermine the quality of a Permittee’s discharge relative 
to municipal action levels…” (E-4).  This comparison is inappropriate, as the MRP 
should determine the quality of a Permitttee’s discharge relative to Water Quality 
Standards and effluent limits, not municipal action levels.  Further, the calculated MAL 
values are weak and completely inappropriate.  Using the 25th percentile in developing 
the MAL values means that 75 percent of the time, BMPs performed better.  For 
comparison, the MAL values are an order of magnitude higher than the Treatment 
Performance Standards calculated using median BMP performance and included in the 
Ventura MS4.  For instance, the proposed total zinc MAL is 641 ug/l compared to 21.6 
ug/l for wet pond BMPs in the Ventura Permit.120  The Regional Board has not provided 
any justification for using the 25th percentile standard.  Moreover, the Tentative MRP 
only requires action (3 years later) “for those subwatersheds with a running average of 
twenty percent or greater of exceedances of the MALs in any discharge of storm water 
from the MS4.”  (G-17).  Instead, the discharge should be compared to water quality 
standards, and the median performance values should be used for developing Treatment 
BMP Performance Standards as was done in the Ventura MS4. 
 

3. TMDL Monitoring 
 

a. The MRP should include shortened timeframes for submitting 
MRPs on past-due TMDLs and USEPA TMDLs adopted prior 
to 2010 
 

Appropriately, a stated goal of the MRP is assessment of compliance with applicable wet 
weather and dry weather WQBELs derived from TMDL WLAs.  (E-4).  However, 
according to Table E-1, the Regional Board does not have monitoring plans for USEPA-
adopted TMDLs.  As such the Tentative MRP allows for up to 12 months for Permittees 
to submit monitoring plans for these TMDLs.  This timeframe is excessive for TMDLs 
that have been in effect prior to 2010.    Also, the Regional Board should require all 
monitoring data that have been collected with respect to the TMDL since the effective 
date be submitted at the same time. 
 
Moreover, as noted in Table E-1, several of the Monitoring Plans—such as the Santa 
Clara River Nitrogen Compounds TMDL (due March 23, 2005) and Middle Santa Ana 
River Watershed Bacteria Indicator TMDL (due November 16, 2007)—are past due.  Yet 
the Tentative MRP allows up to 12 months for developing these already late plans.  

                                                 
120 See Los Angeles Regional Water Quality Control Board, Ventura County Municipal Separate 
Stormwater National Pollutant Discharge Elimination System (NPDES) Permit; Order No. R4-2010-0108; 
NPDES Permit No. CAS004002, July 8, 2010, at Attachment C. 
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Instead, the plans should be submitted immediately.  If the plans are not submitted, the 
Regional Board should immediately pursue enforcement action. 
 

b. A summary of TMDL monitoring locations, frequencies and 
parameters should be included in the MRP 
 

The Tentative MRP “incorporates by reference” and simply lists the TMDL Monitoring 
Plans that have been approved in Table E-1. (E-8).  Referencing the Monitoring Plans 
makes review of the overall scope of the Tentative MRP monitoring program in 
conjunction with the TMDL monitoring plans extremely difficult, as the monitoring 
provisions are not described in the permit itself. It is difficult to discern if the TMDL 
monitoring programs are adequate for determining if water quality objectives are 
achieved in the receiving water. The Regional Board should include a summary of 
TMDL monitoring locations, frequencies and parameters in the MRP or Permit Factsheet. 
 

4. Regional Studies 
 

a. The Board should include bioassessment monitoring in the 
Permit that is sufficient for determining receiving water trends 
and stormwater impacts on specific aquatic communities  

 
The Tentative MRP requires that the Permittees participate in the SMC Regional 
Monitoring Program for bioassessment monitoring. Specifically, the program calls for six 
random sites annually in the Santa Monica Bay Watershed Management area and three 
random sites annually in the Santa Clara River Watershed.   
 
While the SMC Regional Monitoring Program is useful in measuring the overall health of 
Southern California watersheds, probabilistic monitoring does not provide adequate 
information on compliance or trends over time at specific sites. Of note the Ventura MS4 
includes one fixed site in each watershed, although we do not believe this is sufficient to 
solve this overall deficiency. The SMC Program should not take the place of a 
compliance monitoring program that is necessary for compliance assurance purposes in 
an MS4 permit.  
 
Bioassessment monitoring is critical to assess the full impacts of the discharge and should 
be performed on a regular basis. Heal the Bay has monitored over a dozen fixed sites per 
year in the Malibu Creek watershed for over a decade to observe trends. In order to 
determine the impacts of stormwater on biological resources in receiving waters, the 
Board must include a defined semi-annual or annual bioassessment monitoring program 
with at least six fixed sites per watershed in the Permit as part of the “Core Monitoring” 
requirements. 
 
There is brief mention of Permittees contributing resources towards the San Gabriel and 
Los Angeles River Regional Watershed Management Programs; however, it is unclear 
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what this monitoring entails and what would be required under this permit.  It is critical 
that biological communities in all watersheds throughout Los Angeles County are 
adequately monitored.   
 
In addition the Regional Board should discuss how the bioassessment results will be 
evaluated.  If bioassessment results raise concern, when compared to the Southern 
California Index of Biological Integrity, for example, the Permittee should be required to 
assess the impact and determine the source of impairment.  This is a critical component 
absent in the Draft MRP. 
 

b. Toxicity 
 

Toxicity testing is the “safety net” of the NPDES permit monitoring program, as toxicity 
tests can identify pollution problems due to pollutants that may not be monitored or 
synergistic impacts from multiple pollutants. 
   
In general, we are concerned that the proposed toxicity monitoring is inconsistent with 
the 2010 USEPA guidance121 on toxicity monitoring, guidance released from the State 
Water Board in anticipation of the statewide Toxicity Policy122, and the California Ocean 
Plan.  For instance, sample hold time, sample volume, and the procedure for species 
selection in brackish and freshwater should be consistent with the above-mentioned 
guidance and polices.  The Regional Board should address the comments below and 
should coordinate with the State Water Board and USEPA staff in order to ensure 
consistency and the utilization of the latest scientific thinking. 
  

c. The MRP should include enhanced aquatic toxicity outfall 
monitoring requirements 
 

We strongly support the proposed aquatic toxicity monitoring in both dry and wet 
weather in the receiving water and outfalls.  We also support the four required monitoring 
events each year for receiving water monitoring.  These requirements are consistent with 
the Ventura MS4 and the recommendations from the SMBRC Technical Memorandum on 
Toxicity Testing of Wet and Dry Weather Runoff.  However, the Tentative MRP requires 
outfall monitoring only once per year and provides for an “out” to outfall monitoring 
entirely if toxicity is not found in receiving water for two years.  Toxicity can be very 
fleeting.  A once-per-year sampling regime will likely not capture toxic discharge.  In 
order to ensure that toxic discharge is identified, the Regional Board should require 
outfall monitoring for toxicity four times per year, at a minimum, at the same time that 

                                                 
121 U.S. Environmental Protection Agency. 2010a. National Pollutant Discharge Elimination System Test of 
Significant Toxicity Implementation Document. EPA 833-R-10-003. Washington, DC: Office of 
Wastewater Management. 
122 State Water Resources Control Board. 
http://www.swrcb.ca.gov/water_issues/programs/state_implementation_policy/docs/draft_tox_staff_report_
0612.pdf.  Accessed July 17, 2012. 
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the receiving water monitoring location is sampled.  In addition, the toxicity tests should 
continue for the term of the permit.  Outfall toxicity monitoring is important, as it 
characterizes the discharge without in-stream dilution.  The Permittee should select 
dischargers that are chronically flowing and that represent high-impact land uses such as 
transportation and industrial.    
 

d. The MRP should require TST data reporting 
 
Consistent with the 2010 USEPA guidance123, we urge the Regional Board to also require 
toxicity data be reported for the Test of Significant Toxicity (“TST”) statistical method 
(pass/fail and percent effected).  This is also consistent with current drafts of the 
statewide Toxicity Policy. 
  

e. The Regional Board should clarify the TIE/TRE processes for 
acute and chronic toxicity  

 
The Draft MRP provides for different requirements for follow-up action if acute and 
chronic toxicity are observed.  For acute toxicity the Permittee shall immediately begin a 
Toxic Identification Evaluation (“TIE”) and the Initial Toxicity Reduction Evaluation 
(“TRE”) workplan.  (E-30).  In the cases of chronic toxicity, a TRE Workplan is required 
to be implemented.  Why does the Regional Board not require a TIE for chronic toxicity?  
Logically, one should identify the cause of toxicity prior to efforts to reduce the toxicity.  
The Regional Board should make these clarifications in the Permit.  
 

5. Miscellaneous Monitoring Provisions 
 
The Tentative MRP states that “[m]onitoring shall commence within 30 days after 
approval of the IMP or CIMP plan by the Executive Officer…” (E-8).  How long does 
the Regional Board anticipate this approval process taking?  We are concerned that the 
limited staff resources may significantly delay this approval process and inhibit adequate 
monitoring from taking place for an extended period of time.  As an example of how this 
has already occurred, the Malibu Creek Watershed Trash Monitoring and Reporting Plan 
was submitted to the Regional Board on April 28, 2010 but has yet to be approved over 
two years later.  (E-9)  Also, the MRP must require that current MS4-required monitoring 
and TMDL monitoring occurs during the interim. 

 
The Tentative MRP does not include Southern California Bight Monitoring 
Requirements, as the Ventura MS4 includes.  What is the Regional Board’s reasoning for 
this difference? 

 
                                                 
123 U.S. Environmental Protection Agency. 2010a. National Pollutant Discharge Elimination System Test of 
Significant Toxicity Implementation Document. EPA 833-R-10-003. Washington, DC: Office of 
Wastewater Management. 
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H. The Draft Permit’s Non-stormwater Provisions Contradict Federal and 
State Law and Are Unsupported by the Evidence 

 
Pursuant to section 402(p) of the Clean Water Act, MS4 Permits must contain “a 
requirement to effectively prohibit non-storm water discharges into the storm sewers.” 33 
U.S.C. § 1342(p)(3)(B).  Non-storm water discharges through the MS4 which are not 
covered by an NPDES Permit are by definition “illicit discharge[s]” (55 Fed.Reg. 47990, 
47995.)   “Such illicit discharges are not authorized under the CWA.” (Id.)  Further, 
regulations under 40 C.F.R. § 122.26(d)(2)(iv)(B)(1) explicitly require that certain 
categories of non-stormwater discharges or flows that the Draft Permit claims are exempt 
from the section 402(p)(3)(B) prohibition “shall be addressed where such discharges are 
identified by the municipality as sources of pollutants to waters of the United States.”  
MS4 Permittees are responsible for continuously evaluating the exempted non-
stormwater discharges to ensure these discharges are not sources of pollution to receiving 
waters. 40 C.F.R. § 122.26 (d)(2)(iv)(B)(1). 
 
Despite the Regional Board’s explicit recognition of the “widespread presence of 
persistent non-storm water discharges” and continued “widespread exceedances of WQS 
during dry weather,”124 the Regional Board proposes to continue authorizating a long list 
of non-stormwater discharges through the MS4.  The permit must include a requirement 
to “effectively prohibit” these discharges.125  More than two decades after the first Los 
Angeles County MS4 Permit was issued, non-storm water discharges to and from the 
MS4 continue to be a daily occurrence in Los Angeles County.  Moreover, monitoring 
data demonstrates that TMDLs and water quality standards are persistently exceeded on 
days with no precipitation.126  Storm drain monitoring data similarly confirms that the 
Los Angeles County MS4 is a significant source of pollution to Los Angeles rivers, 
creeks and beaches.127 
 
The Draft Permit states that several enumerated “categories of non-storm water 
discharges are conditionally exempt from the non-stormwater discharge prohibition. . . . 
provided that the discharge itself is not a source of pollutants and meets all required 
conditions. . . .”  (Draft Permit, at III.A.2.b.)128  But evidence of unabated non-

                                                 
124 April 5, 2012 LA County MS4 Permit Workshop, Regional Board Staff Presentation, Slide 8 
(unnumbered).   
125 While Environmental Groups are concerned over the impacts of non-stormwater runoff from all listed 
categories under section III.A.2 of the Draft Permit, we focus our comments on those discharges identified 
in sections III.A.2.a.ii and III.A.2.b, and do not address discharges from essential non-emergency fire 
fighting activities under section III.A.2.i here. 
126 See Exhibit E2 and Exhibit F. 
127 See Exhibit C and Exhibit D. 
128 While Environmental Groups dispute that 40 C.F.R. § 122.26(d)(2) authorizes any exemption in the first 
instance, it is abundantly clear that, as the San Diego Regional Water Quality Control Board correctly 
points out, where “certain categories of non-storm water discharges have been identified by the 
municipality to be sources of pollutants, they are no longer exempt and become subject to the effective 
prohibition requirement in section 402(p)(3)(B)(ii).”  
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stormwater pollution and the Permittees’ failure to identify the specific sources of 
pollution in these discharges dictates these discharges should be prohibited.   (See 40 
C.F.R. § 122.26 (d)(2)(iv)(B)(1).)  As the Regional Board has observed, there has been 
“little done [by the Permittees] to identify the sources and characteristics” of non-
stormwater discharges that persistently impair Los Angeles County’s waters, harming 
aquatic life and endanger public health.129  Yet the Permittees cannot reap the reward of 
their own failure to act; pending a full evaluation of the currently exempted categories of 
non-stormwater discharge both to and from the MS4, the Regional Board must 
“effectively prohibit” these sources of non-stormwater discharge.130 
 

1. Landscape Irrigation Must Be Removed From the List of 
Conditionally Exempted Discharges  

 
Regardless of the Regional Board’s overall approach to non-stormwater discharges, the 
continued inclusion of landscape irrigation in the list of conditionally exempted 
discharges in the Draft Permit is plainly unjustified.  It is well-established that landscape 
irrigation is a significant source of pollutants to receiving waterbodies—Lawn irrigation 
has been identified as a “hot spot” for nutrient contamination in urban watersheds—lawns 
“contribute greater concentrations of Total N, Total P and dissolved phosphorus than 
other urban source areas … source research suggests that nutrient concentrations in lawn 
runoff can be as much as four times greater than other urban sources such as streets, 
rooftops or driveways.”131   
 
The San Diego Regional Board recently removed landscape irrigation as a category of 
exempt non-stormwater discharge in MS4 permits for both South Orange County and 
Riverside County due to the presence of pollution in runoff from this source.132  
Landscape irrigation is a proven source of pollutants and should no longer be included in 
the list of conditionally exempt non-storm water discharges in the Draft Permit.  
 
 
 

                                                 
129 December 15, 2011 LA County MS4 Permit Workshop, Regional Board Staff Presentation, Slide 5 
130 We note that, as authorized by Clean Water Act implementing regulations under 40 C.F.R. § 122.26 
(d)(2)(iv)(B, the Regional Board can alternately regulate the conditionally exempted non-storm water 
discharges listed in Part III.A.2 of the draft Permit by separate NPDES Permits.   
131 Center for Watershed Protection (March 2003) Impacts of Impervious Cover on Aquatic Systems at 69; 
see also H.S. Garn (2002) Effects of lawn fertilizer on nutrient concentration in runoff from lakeshore 
lawns, Lauderdale Lakes, Wisconsin. U.S. Geological Survey Water-Resources Investigations Report 02-
4130 (In an investigation of runoff from lawns in Wisconsin, runoff from fertilized lawns contained 
elevated concentrations of phosphorous and dissolved phosphorous); Orange County Watershed and 
Coastal Resources Division (August 18, 2006)  Model Aliso Creek Watershed Action Plan, at 2-13 (“Based 
on other studies performed in Orange County, it is suspected that organophosphate pesticides may be a 
significant component of aquatic toxicity in the Aliso Creek storm samples.”) 
132 South Orange County Permit Order No. R9-2009-0002, NPDES Permit No. CAS0108740; Riverside 
County MS4 Permit, Order No. R9-2010-0016, NPDES Permit No. CAS90108766 
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VII. Conclusion 

 
Environmental Groups appreciate this opportunity to comment on the Draft Permit.  
Please feel free to contact us with any questions or concerns you may have. 

 
Sincerely, 

    
Noah Garrison     Kirsten James 
Project Attorney    Director of Water Quality 
Natural Resources Defense Council  Heal the Bay 
 
 

 
Liz Crosson 
Executive Director 
Los Angeles Waterkeeper 
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Event ID Date Year Wet/Dry Season Site Group Air Temp Water Temp pH DO Turbidity Conductivity Flow Nitrate Phosphate Ammonia Enterococcus E. coli Total Coliform
1 11/7/1998 1998 D 1 O 17 14 8.4 8.15 1.25 1875 . 8.8 2.43 2.4 . . .

31 11/7/1998 1998 D 2 O 17.8 13.5 8.2 10.55 0.005 1095 0.8 0.07 0.03 0.97 . . .

55 11/7/1998 1998 D 3 R 15.5 13.8 8.2 9.65 0.6 675 0.2 0.19 0.12 0.8 . . .

83 11/7/1998 1998 D 4 O 15.5 14.5 8.2 7.89 13 2700 . 0.09 0.005 0.13 . . .

100 11/7/1998 1998 D 5 O 17.3 14.5 8.1 9.87 0.005 3050 3.5 9.1 0.34 1.19 . . .

135 11/7/1998 1998 D 6 R 17.3 12 7.8 8.55 0.1 . 0.6 0.03 0.2 0.25 . . .

168 11/7/1998 1998 D 7 O 16 14 8 9.5 0.77 . 7 1.24 2.82 0.54 . . .

2 12/5/1998 1998 W 1 O 12.3 13.3 8.5 10.87 1.6 1800 . 11 4.8 0.5 . . .

32 12/5/1998 1998 W 2 O 11.8 10 8.3 8.79 0.4 1200 3.4 0.09 0.08 0.13 . . .

56 12/5/1998 1998 W 3 R 9.9 10.5 8.4 9.15 0.005 700 0.3 0.1 0.04 0.1 . . .

84 12/5/1998 1998 W 4 O 13 12.2 8.1 9.53 6.3 1825 . 0.07 0.08 0.23 . . .

110 12/5/1998 1998 W 5 O 13.5 12.2 7.8 10.5 16 1955 4.8 2.66 0.62 0.42 . . .

136 12/5/1998 1998 W 6 R 11.5 10 7.8 10.36 0.005 2950 0.6 0.005 0.24 0.09 . . .

169 12/5/1998 1998 W 7 O 14 11.5 7.9 9.74 2.7 2400 8.5 1.2 0.46 0.28 . . .

3 1/9/1999 1999 W 1 O 19.8 11.5 8.3 11.62 0.63 1665 . 0.73 2 0.05 . . .

33 1/9/1999 1999 W 2 O 15.8 8 8.1 9.9 0.01 1010 2.8 0.14 0.005 0.005 . . .

57 1/9/1999 1999 W 3 R 17 9.8 8.3 8.45 0.2 600 0.4 0.1 0.03 0.005 . . .

85 1/9/1999 1999 W 4 O 21 10.7 8.1 11.05 5.3 1250 . 0.04 0.03 0.03 . . .

111 1/9/1999 1999 W 5 O 22.5 10.6 8.1 12.57 0.18 3000 5.4 6.2 0.28 0.03 . . .

143 1/9/1999 1999 W 6 R 20.8 11.5 7.8 6.81 0.03 2700 0.7 0.005 0.15 0.01 . . .

170 1/9/1999 1999 W 7 O 22 11.8 8.2 5.96 1.25 3050 4.8 1.13 0.15 0.05 . . .

4 2/6/1999 1999 W 1 O 15 15 8.3 10.66 4.75 1497 . 10 1.97 0.27 . . .

34 2/6/1999 1999 W 2 O 15.7 11.5 8 10.72 0.4 1065 2.6 0.28 0.1 0.29 . . .

58 2/6/1999 1999 W 3 R 12.5 11.7 8.1 10.24 0.43 620 0.1 0.11 0.005 0.06 . . .

86 2/6/1999 1999 W 4 O 15 11.5 8.2 11.32 4.4 1500 . 0.005 0.05 0.05 . . .

112 2/6/1999 1999 W 5 O 14.5 13.2 7.9 9.34 2.25 2700 4 5.3 0.48 0.15 . . .

137 2/6/1999 1999 W 6 R 13.8 11.8 8.1 9.97 0.005 2900 0.5 0.005 0.18 0.06 . . .

171 2/6/1999 1999 W 7 O 14.5 . 8.3 11.91 0.82 2700 6.5 0.96 0.12 0.03 . . .

5 3/6/1999 1999 W 1 O 13 14 8.3 13.81 1.85 1697 . 10.33 2.02 0.04 . . .

40 3/6/1999 1999 W 2 O 15.5 11.3 8.1 11.72 0.45 1225 1.8 0.04 0.04 0.01 . . .

59 3/6/1999 1999 W 3 R 15.1 11.6 8.3 10.28 0.65 670 0.5 0.11 0.04 0.01 . . .

87 3/6/1999 1999 W 4 O 12.8 14.9 8.3 12.64 5.4 2200 . 0.005 0.03 0.02 . . .

113 3/6/1999 1999 W 5 O 13 13.5 8.3 16.95 1 3200 3.1 6.73 0.19 0.01 . . .

144 3/6/1999 1999 W 6 R 11.4 11.9 7.9 10.03 0.005 3100 0.3 0.005 0.15 0.03 . . .

172 3/6/1999 1999 W 7 O 13.1 13.5 8.1 13.19 0.42 2970 5.3 0.7 0.12 0.06 . . .

244 4/10/1999 1999 W 1 O 13.3 13 8.2 11.47 0.45 1586 . 6.95 1.47 0.32 . . .

41 4/10/1999 1999 W 2 O 14.8 10.3 7.9 12.08 0.1 1140 4.7 0.14 0.17 0.005 . . .

62 4/10/1999 1999 W 3 R 14 11.3 8.2 10.86 5.4 635 0.2 0.005 0.005 0.005 . . .

88 4/10/1999 1999 W 4 O 16.5 15.8 8.2 10.15 7.9 1525 . 0.005 0.005 0.01 . . .

114 4/10/1999 1999 W 5 O 18.3 13.3 8 12.65 0.005 2750 2.9 3.38 0.3 0.005 . . .

138 4/10/1999 1999 W 6 R 15.5 11.5 7.9 9.82 0.005 2900 0.5 0.005 0.17 0.06 . . .

160 4/10/1999 1999 W 7 O 18.3 13 8.2 12.59 0.23 2550 8.9 0.4 0.14 0.14 . . .

6 5/8/1999 1999 D 1 O 15.5 18 8.3 12.3 0.92 3690 . 7.7 2.17 0.1 . . .

35 5/8/1999 1999 D 2 O 16.3 14.8 8.1 11.37 0.005 1236 4.6 0.005 0.02 0.02 . . .

63 5/8/1999 1999 D 3 R 16.9 15.8 8.1 9.56 0.005 685 0.3 0.005 0.005 0.02 . . .

89 5/8/1999 1999 D 4 O 17.3 19.1 8.2 8.98 2.5 4700 . 0.005 0.005 0.02 . . .

115 5/8/1999 1999 D 5 O 18.5 . 8.2 13.56 0.15 7700 1.9 3.8 0.14 0.08 . . .
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Event ID Date Year Wet/Dry Season Site Group Air Temp Water Temp pH DO Turbidity Conductivity Flow Nitrate Phosphate Ammonia Enterococcus E. coli Total Coliform
139 5/8/1999 1999 D 6 R 16.8 14.2 8.1 8.95 0.005 81 0.5 0.005 0.16 0.03 . . .

173 5/8/1999 1999 D 7 O 20 17.5 8.3 10.7 0.8 3060 . 0.58 0.09 0.12 . . .

7 6/5/1999 1999 D 1 O 17 17 8.5 12.9 0.85 2620 . 2.36 2.01 0.04 . . .

36 6/5/1999 1999 D 2 O 16.8 14.8 8 9.52 0.02 6630 1.7 0.25 0.15 0.005 . . .

64 6/5/1999 1999 D 3 R 16.9 15.3 8.1 8.83 0.1 546 0.3 0.02 0.07 0.005 . . .

90 6/5/1999 1999 D 4 O 19.5 19.8 8.2 10.47 7.15 2225 . 0.005 0.005 0.02 . . .

116 6/5/1999 1999 D 5 O 20.3 14.8 8 9.82 0.75 3530 3.6 3.2 0.45 0.03 . . .

140 6/5/1999 1999 D 6 R 20.5 14.9 8.1 8.52 0.45 5455 0.4 0.005 0.18 0.005 . . .

161 6/5/1999 1999 D 7 O 19 15.4 8.1 8.88 1.3 4335 . 0.95 0.36 0.21 . . .

8 7/17/1999 1999 D 1 O 20 20 7.8 4.97 1.2 1896 . 0.07 0.67 0.005 . . .

43 7/17/1999 1999 D 2 O 22 18 7.9 10.65 0.05 1274 0.1 0.18 0.25 0.005 . . .

65 7/17/1999 1999 D 3 R 27 19.9 8 8.26 1.35 689 0.2 0.03 0.1 0.005 . . .

91 7/17/1999 1999 D 4 O 27.5 25.3 8.2 8.72 8 2290 . 0.005 0.38 0.05 . . .

122 7/17/1999 1999 D 5 O 28.8 19.8 8.2 10.46 1.85 3180 1.9 6.4 0.64 0.005 . . .

141 7/17/1999 1999 D 6 R 28.5 20.2 7.8 5.35 0.005 3345 0.1 0.01 0.3 0.05 . . .

174 7/17/1999 1999 D 7 O 28 20.9 8 9.34 1.55 2900 2.5 0.67 0.46 0.09 . . .

9 8/7/1999 1999 D 1 O 19.5 19.4 8.4 6.5 1 1915 . 0.005 0.59 0.005 . . .

37 8/7/1999 1999 D 2 O 19 18 8.4 11.55 0.27 1247 0.4 0.005 0.14 0.005 . . .

66 8/7/1999 1999 D 3 R 19.5 18.6 8.6 5.37 0.005 664 0.1 0.005 0.005 0.005 . . .

92 8/7/1999 1999 D 4 O 25 23.9 8.4 9.76 8 2478 . 0.005 0.41 0.22 . . .

123 8/7/1999 1999 D 5 O 20.3 16.9 8.4 10.64 0.53 3380 2.3 4.6 0.37 0.005 . . .

142 8/7/1999 1999 D 6 R 21.5 16.1 8.2 8.66 0.4 3510 0.2 0.005 0.19 0.005 . . .

175 8/7/1999 1999 D 7 O 26.8 21.4 8.4 10.92 0.55 2910 . 1.28 0.31 0.005 . . .

13 9/4/1999 1999 D 1 O 18 19 8.1 5.77 2 2330 . 0.01 1.25 0.03 . . .

44 9/4/1999 1999 D 2 O 16.7 18.5 7.9 4.23 0.65 1252 . 0.01 0.005 0.03 . . .

67 9/4/1999 1999 D 3 R 18.6 17.3 8.4 7.21 0.005 668 0.2 0.01 0.005 0.005 . . .

93 9/4/1999 1999 D 4 O 26 22.2 8.4 10.02 9.25 2810 . 0.005 0.37 0.04 . . .

117 9/4/1999 1999 D 5 O 19.3 16.2 8.2 10.67 0.7 3500 2.5 4.95 0.37 0.01 . . .

145 9/4/1999 1999 D 6 R 17.3 15.3 8.1 9.35 0.005 3650 0.3 0.01 0.3 0.005 . . .

176 9/4/1999 1999 D 7 O 21.8 18.8 8.2 10.4 0.95 3140 . 0.52 0.23 0.08 . . .

22 10/2/1999 1999 D 1 O 18.8 17.7 7.7 7.07 0.9 2285 . . 1.1 7.05 . . .

45 10/2/1999 1999 D 2 O 21.5 17.5 7.6 3.95 0.68 1234 . . 0.06 0.19 . . .

68 10/2/1999 1999 D 3 R 24.5 16.6 8 8.21 0.005 682 0.3 . 0.005 3.25 . . .

101 10/2/1999 1999 D 4 O 27 22.4 8.3 10.56 8.1 2820 . . 0.38 0.89 . . .

124 10/2/1999 1999 D 5 O 19 15.1 8 11.36 0.25 3600 2.2 . 0.39 0.16 . . .

146 10/2/1999 1999 D 6 R 22.8 15.3 7.8 6.61 0.005 3380 0.2 . 0.24 0.13 . . .

162 10/2/1999 1999 D 7 O 24.3 17.2 8 7.2 0.55 3080 2.7 . 0.28 0.08 . . .

16 11/6/1999 1999 D 1 O 18 16.3 7.9 8.55 0.005 2350 . 0.22 0.78 0.005 . . .

46 11/6/1999 1999 D 2 O 17.5 17 7.8 . 15 1234 . 0.005 0.11 0.05 . . .

69 11/6/1999 1999 D 3 R 18 14 8.3 10.31 0.005 672 0 0.005 0.19 0.005 . . .

102 11/6/1999 1999 D 4 O 20.5 17.5 8.1 6.73 6.95 2920 . 0.005 0.18 0.04 . . .

118 11/6/1999 1999 D 5 O 21 13 8 8.46 0.73 3640 2.4 5.34 0.45 0.005 . . .

147 11/6/1999 1999 D 6 R 21.3 13.8 7.7 8.59 0.15 3405 0.1 0.005 0.29 0.005 . . .

163 11/6/1999 1999 D 7 O 23 16.3 8 9.9 2.3 2950 6 1.41 0.45 0.22 . . .

17 12/4/1999 1999 W 1 O 18.4 12 8.4 . 0.6 1788 . 5.02 0.92 0.04 . . .

38 12/4/1999 1999 W 2 O 17.5 10.1 7.9 9.8 2.1 1325 . 0.22 0.18 0.005 . . .

70 12/4/1999 1999 W 3 R 16.8 10.3 8.2 10.46 0.005 693 0.1 0.005 0.04 0.01 . . .
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Event ID Date Year Wet/Dry Season Site Group Air Temp Water Temp pH DO Turbidity Conductivity Flow Nitrate Phosphate Ammonia Enterococcus E. coli Total Coliform
103 12/4/1999 1999 W 4 O 18.5 11.7 8.4 . 4.9 2665 . 0.005 0.08 0.01 . . .

148 12/4/1999 1999 W 6 R 18.8 . 7.7 9 0.005 3245 0.1 0.005 0.23 0.005 . . .

164 12/4/1999 1999 W 7 O 19 10.5 7.8 8.83 1.4 3035 4.4 0.73 0.16 0.09 . . .

290 1/20/2000 2000 W 1 O 20.8 16.4 7.8 9.15 1.28 1550 . 9.56 4.6 0.02 20 . .

42 1/20/2000 2000 W 2 O 20.3 13 7.8 10.56 0.005 1340 0.6 0.005 0.1 0.005 52 . .

72 1/20/2000 2000 W 3 R 19.3 13.3 8 10 0.05 680 0.3 0.02 0.02 0.005 5 . .

104 1/20/2000 2000 W 4 O 19.3 14.7 8.2 11.27 5.85 2760 . 0.005 0.01 0.22 30 . .

121 1/20/2000 2000 W 5 O 19 12.8 8.1 11.73 0.4 3335 2.2 5.72 0.47 0.005 41 . .

150 1/20/2000 2000 W 6 R 21.5 12.7 8.1 9.21 0.15 3350 0.2 0.01 0.24 0.005 5 . .

291 1/20/2000 2000 W 7 O 20.5 13.9 8.3 9.72 1.45 3050 5.4 0.46 0.18 0.1 132 . .

19 2/5/2000 2000 W 1 O 18.5 15.5 8.1 10.32 0.55 1562 . 13.05 4.72 0.14 30 . .

47 2/5/2000 2000 W 2 O 17.7 12.1 8.1 10.45 0.005 1098 0.5 0.12 0.19 0.03 122 . .

73 2/5/2000 2000 W 3 R 18.3 12.9 8.2 9.83 1.65 686 0.2 0.005 0.05 0.005 10 . .

105 2/5/2000 2000 W 4 O 17.5 14.9 8.4 11.77 5.6 2190 . 0.005 0.09 0.005 5 . .

125 2/5/2000 2000 W 5 O 20 15 8.3 14.46 1.3 3545 1.9 5.8 0.55 0.63 31 . .

151 2/5/2000 2000 W 6 R 18.3 13.8 7.8 9.26 0.005 3180 0.2 0.005 0.15 0.005 5 . .

177 2/5/2000 2000 W 7 O 19 14.3 8.2 . 1.25 2855 5.7 0.49 0.58 0.19 41 . .

20 3/4/2000 2000 W 1 O 13 14.3 8.5 10.11 39.5 1407 . 3.18 2.04 0.06 1236 . .

48 3/4/2000 2000 W 2 O 13.5 12.8 8.1 11.68 0.52 1336 3.7 1.5 0.62 0.005 97 . .

74 3/4/2000 2000 W 3 R 12 11.4 8.1 11.14 0.12 668 0.4 0.04 0.49 0.005 5 . .

106 3/4/2000 2000 W 4 O 13 13.5 8.3 10.35 7.1 1372 . 0.9 0.14 0.005 216 . .

126 3/4/2000 2000 W 5 O 12.5 . 8.1 10.24 72.5 1568 5.2 2.42 1.54 0.21 2909 . .

152 3/4/2000 2000 W 6 R 12.3 12.4 8 8.91 0.08 3195 0.3 0.05 0.2 0.005 5 . .

178 3/4/2000 2000 W 7 O 13 13.6 8.2 9.73 7.9 1860 16.1 1.14 0.34 0.09 459 . .

21 4/1/2000 2000 W 1 O 26.8 16.4 8.6 15.2 0.75 1976 . 4.05 2.11 0.16 10 . .

49 4/1/2000 2000 W 2 O 28 15.2 8.3 11.21 0.11 1264 . 0.95 0.09 0.09 20 . .

75 4/1/2000 2000 W 3 R 26 14.3 . 9.8 0.89 701 . 0.02 0.05 0.005 10 . .

95 4/1/2000 2000 W 4 O 25.3 18.2 8.4 10.87 6.2 2765 . 0.005 0.01 0.49 5 . .

127 4/1/2000 2000 W 5 O 28 15 8.2 . 0.45 2965 2.7 4.72 0.44 0.35 20 . .

153 4/1/2000 2000 W 6 R 24 15.7 7.8 9.33 0.48 3200 0.1 0.005 0.22 0.06 86 . .

182 4/1/2000 2000 W 7 O 25.5 16.4 8 8.29 0.75 2915 11.1 0.87 0.38 0.07 31 . .

24 5/6/2000 2000 D 1 O 18.5 18.7 8.4 13.91 0.4 1537 . 0.53 0.97 0.005 5 . .

50 5/6/2000 2000 D 2 O 17.8 16.1 8.1 9.58 3 2890 4.8 1.29 0.18 0.14 135 . .

76 5/6/2000 2000 D 3 R 19 15.9 8 8.57 0.92 . . 0.05 0.05 0.08 5 . .

96 5/6/2000 2000 D 4 O 19.8 22.6 8.1 9.65 5.55 1507 . 0.09 0.09 0.01 5 . .

128 5/6/2000 2000 D 5 O 22 18.2 8 11.18 10.5 3393 4 5.16 1.13 0.02 146 . .

154 5/6/2000 2000 D 6 R 19 16 7.8 8.78 0.27 3215 0.1 0.005 0.29 0.005 158 . .

183 5/6/2000 2000 D 7 O 20 18.3 8 9.31 0.78 2850 7.1 0.89 0.34 0.15 122 . .

25 6/3/2000 2000 D 1 O 19 20.5 8.2 11.27 1.25 1742 . 0.05 0.54 0.02 74 . .

51 6/3/2000 2000 D 2 O 20.8 20.8 8.3 11.08 1.1 1238 2.2 0.64 0.26 0.02 86 . .

77 6/3/2000 2000 D 3 R 28 19.2 8.2 8.07 0.93 697 4.5 0.02 0.09 0.05 41 . .

97 6/3/2000 2000 D 4 O 34 24.4 8.2 8.56 5.76 1756 . 0.07 0.47 0.05 5 . .

129 6/3/2000 2000 D 5 O 33 18.6 8.1 12.73 1.05 3650 12.9 4.76 0.62 0.51 31 . .

155 6/3/2000 2000 D 6 R 25.8 16.7 8 9.11 0.85 3475 0.1 0.04 0.48 0.03 223 . .

184 6/3/2000 2000 D 7 O 27.5 19.6 8.2 9.72 1.4 2880 6 0.71 0.54 0.06 84 . .

26 7/8/2000 2000 D 1 O 21 19.6 7.9 8.11 1.43 1862 . 0.005 1.18 0.005 20 . .

52 7/8/2000 2000 D 2 O 20.5 17.1 8.1 8.84 1.55 1253 . 0.83 0.49 0.14 216 . .
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78 7/8/2000 2000 D 3 R 23.5 18.4 8.1 7.77 1.1 689 0.3 0.04 0.05 0.005 5 . .

98 7/8/2000 2000 D 4 O 24 23.8 8.4 9.62 6.75 2320 . 0.005 0.29 0.005 282 . .

130 7/8/2000 2000 D 5 O 27 18 8.1 11.34 2.45 3110 4.9 3.58 0.57 0.005 98 . .

156 7/8/2000 2000 D 6 R 23 16.8 8 7.5 8.3 3515 0.1 0.005 0.44 0.005 5 . .

179 7/8/2000 2000 D 7 O 24 20.5 8.2 8.91 2.05 2950 3.6 0.77 0.67 0.04 213 . .

27 8/5/2000 2000 D 1 O 22.5 21.9 7.7 4.67 1.75 1862 . 0.02 1.44 0.005 10 . .

53 8/5/2000 2000 D 2 O 25 19.1 7.9 8.19 1.4 1244 0.2 0.18 0.31 0.01 135 . .

79 8/5/2000 2000 D 3 R 33.3 21 8 7.71 2.23 686 0.1 0.03 0.11 0.005 52 . .

107 8/5/2000 2000 D 4 O 36.5 26.9 8.2 9.11 4.75 2530 . 0.005 0.38 0.005 231 . .

131 8/5/2000 2000 D 5 O 33.5 21.3 8 11.23 2.04 3480 2.1 2.93 0.34 0.005 98 . .

157 8/5/2000 2000 D 6 R 29 20.9 8 7.41 5.4 4000 . 0.02 0.4 0.005 4884 . .

180 8/5/2000 2000 D 7 O 31.5 22 7.9 7.03 2.2 2910 6 0.73 0.44 0.09 657 . .

28 9/9/2000 2000 D 1 O 20 19.3 7.9 6.21 0.4 2180 . 0.01 1.32 0.005 10 . .

60 9/9/2000 2000 D 2 O 21.5 16.1 7.8 7.09 0.08 1325 . 0.03 0.22 0.01 10 . .

80 9/9/2000 2000 D 3 R 25.5 16.3 8 7.76 0.02 684 0.1 0.005 0.11 0.005 10 . .

108 9/9/2000 2000 D 4 O 26.5 21.6 8.2 10.23 5.1 2715 . 0.005 0.32 0.03 85 . .

133 9/9/2000 2000 D 5 O 30.5 16.4 8.1 11.24 0.93 3180 2.3 4.64 1.4 0.03 1145 . .

166 9/9/2000 2000 D 6 R 26.5 16.2 7.8 7.81 0.61 3880 . 0.02 0.43 0.03 537 . .

185 9/9/2000 2000 D 7 O 30 18.1 8.1 8.77 0.88 2970 4.5 0.75 0.55 0.005 218 . .

284 10/7/2000 2000 D 1 O 20.3 20.1 7.9 6.28 0.56 2200 . 0.01 1.48 0.03 313 . .

285 10/7/2000 2000 D 2 O 20 17.7 7.8 6.4 0.05 1205 . 0.16 0.29 0.02 638 . .

286 10/7/2000 2000 D 3 R 18.3 16.9 8 8.47 0.005 677 0.2 0.005 0.08 0.03 63 . .

287 10/7/2000 2000 D 4 O 20.5 20.5 8.2 8.58 5.9 2690 . 0.005 0.17 0.03 282 . .

289 10/7/2000 2000 D 5 O 22.1 18 8.1 10.06 0.18 3470 2.1 5.48 0.7 0.07 379 . .

158 10/7/2000 2000 D 6 R . . . . . . . . . . . . .

288 10/7/2000 2000 D 7 O 20 19 8 7.07 0.75 3100 5.3 0.83 0.61 0.15 428 . .

29 11/4/2000 2000 D 1 O 21 15.2 8 10.38 1.3 1802 . 3.7 3.16 0.07 98 . .

54 11/4/2000 2000 D 2 O 20.5 13.1 7.8 9.11 0.005 1289 0.2 0.53 0.33 0.005 298 . .

81 11/4/2000 2000 D 3 R 21 12.5 8 9.79 0.005 710 0.2 0.005 0.06 0.005 5 . .

99 11/4/2000 2000 D 4 O 22.9 15.4 8.3 11.89 8.35 2500 . 0.005 0.22 0.005 5 . .

132 11/4/2000 2000 D 5 O 28.5 12 8.1 11.69 0.33 3510 1.4 5.92 0.7 0.005 97 . .

167 11/4/2000 2000 D 6 R 23 12.5 7.8 10.32 1.43 3640 . 0.005 0.56 0.22 97 . .

186 11/4/2000 2000 D 7 O 23.3 13.2 8 9.67 0.48 2950 3.7 0.83 0.92 0.03 185 . .

30 12/2/2000 2000 W 1 O 14 12.7 8 10.04 0.04 1943 . 2.61 1.96 0.13 10 . .

61 12/2/2000 2000 W 2 O 15.5 9.1 7.9 10.77 0.005 1366 1.4 0.32 0.17 0.04 216 . .

82 12/2/2000 2000 W 3 R 15.8 10.9 8.1 10.21 0.005 750 0.2 0.005 0.1 0.02 5 . .

109 12/2/2000 2000 W 4 O 18 11.6 8.1 10.68 4.1 2490 . 0.005 0.11 0.005 5 . .

134 12/2/2000 2000 W 5 O 22.5 9.6 8 11.52 0.005 3570 2.1 5.96 0.42 0.04 63 . .

159 12/2/2000 2000 W 6 R 20.1 8.9 7.8 9.2 1.5 3395 . 0.005 0.42 0.03 31 . .

187 12/2/2000 2000 W 7 O 21.7 10.9 7.9 9.5 0.26 3095 9.3 1.03 0.44 0.09 86 . .

181 1/6/2001 2001 W 1 O 18 12.8 8.2 10.66 0.18 1739 . 3.98 5.46 0.2 10 . .

296 1/6/2001 2001 W 2 O 17 9.5 7.9 12.54 0.005 1386 . 0.37 0.22 0.07 20 . .

297 1/6/2001 2001 W 3 R 19 10.4 8.1 10.23 0.005 699 0.2 0.01 0.17 0.08 5 . .

194 1/6/2001 2001 W 4 O 20.4 10.2 8.2 13.34 1.99 2500 . 0.01 0.1 0.14 5 . .

195 1/6/2001 2001 W 5 O 21 10.3 8.1 14.2 0.04 3460 2.4 5.8 0.44 0.09 30 . .

196 1/6/2001 2001 W 6 R 18 10.1 7.8 8.99 1.2 3190 . 0.05 0.52 0.1 31 . .

292 1/6/2001 2001 W 7 O 21 11.6 7.9 9.14 0.59 2960 4.7 0.73 0.51 0.19 20 . .
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197 2/3/2001 2001 W 1 O 20 13.6 8.4 14.46 0.71 1480 . 4.62 3.58 0.83 10 . .

198 2/3/2001 2001 W 2 O 24 10.5 8.1 11.52 1.05 1318 2 1.26 0.24 0.05 31 . .

298 2/3/2001 2001 W 3 R 21 10.4 8.1 10.94 0.005 683 . 0.005 0.04 0.005 5 . .

199 2/3/2001 2001 W 4 O 23 11.9 8.4 11.9 4.2 1367 . 0.07 0.07 0.04 5 . .

294 2/3/2001 2001 W 5 O 27 11 8.1 11.39 0.7 3500 1.5 6.32 0.64 0.06 86 . .

200 2/3/2001 2001 W 6 R 22 12 7.7 9.6 0.65 3300 0.1 0.05 0.53 0.1 10 . .

293 2/3/2001 2001 W 7 O 26 11.8 7.9 10.55 1.3 2700 10 1.13 0.1 0.005 63 . .

201 3/3/2001 2001 W 1 O 17 13.6 8.3 10.35 2.94 1204 . 2.54 1.1 0.08 31 . .

202 3/3/2001 2001 W 2 O 15.1 13.3 8.2 10.38 1.4 1045 18 2.51 0.32 0.005 41 . .

203 3/3/2001 2001 W 3 R 13 11 8.1 10.36 1.09 577 1.5 0.005 0.08 0.005 5 . .

204 3/3/2001 2001 W 4 O 13.8 13.4 8 . 5.7 1192 . 1.4 0.32 0.69 41 . .

205 3/3/2001 2001 W 5 O 17 13.6 8.1 10.83 4.65 3230 8.3 4.04 0.72 0.12 203 . .

206 3/3/2001 2001 W 6 R 15 12.5 7.7 9.39 0.47 3360 0.3 0.005 0.72 0.13 52 . .

188 3/3/2001 2001 W 7 O 16 13.8 7.9 10.68 3.08 2280 23.9 1.39 0.38 0.05 97 . .

207 4/7/2001 2001 W 1 O 15 15 8.4 10.47 7.3 1500 . 1.56 1.07 0.07 1210 . .

208 4/7/2001 2001 W 2 O 12 12.8 8.2 10.1 16 939 . 1.21 0.19 0.03 1690 . .

209 4/7/2001 2001 W 3 R 12 10.7 8 10.39 47.5 341 . 0.23 0.04 0.005 845 . .

191 4/7/2001 2001 W 4 O 13.2 15.4 8.4 10.25 4.15 1460 . 0.005 0.04 0.3 410 . .

295 4/7/2001 2001 W 5 O 11.3 12.7 8 10.27 140 1191 . 2.06 0.72 0.14 6840 . .

210 4/7/2001 2001 W 6 R 12 11.6 7.7 9.57 1 3060 . 0.005 0.52 0.14 933 . .

254 4/7/2001 2001 W 7 O 12 13.7 7.8 10.02 9.8 1544 . 0.005 0.44 0.25 4280 . .

283 5/5/2001 2001 D 1 O 21 21 8.8 16.41 0.5 1628 . 0.005 0.65 0.005 5 . .

189 5/5/2001 2001 D 2 O 15 13.9 8.1 10.22 0.43 1181 3.5 1.08 0.24 0.005 292 . .

190 5/5/2001 2001 D 3 R 22 14.4 8.1 9.24 0.06 719 0.7 0.005 0.07 0.005 10 . .

193 5/5/2001 2001 D 5 O 23.3 16.3 7.8 12.25 0.64 3310 5.4 4.56 0.45 0.005 233 . .

211 5/5/2001 2001 D 6 R 23 14.2 . 8.72 0.28 3470 0.2 0.005 0.63 0.005 243 . .

225 5/5/2001 2001 D 7 O 26 17.1 7.9 11.7 1.15 3040 4.5 0.83 0.3 0.03 135 . .

217 5/5/2001 2001 D 8 R 24 16.3 7.7 7.46 3.3 1800 . 0.005 0.16 0.005 171 . .

218 5/5/2001 2001 D 9 R 24 15.6 7.7 7.1 0.8 2766 . 0.005 0.5 0.005 86 . .

219 5/5/2001 2001 D 10 R 25 15.6 7.2 . 0.14 425 . 0.02 0.16 0.005 5 . .

255 6/16/2001 2001 D 1 O 22 23.5 8.5 14.33 0.9 1773 . 0.005 0.33 0.09 5 . .

212 6/16/2001 2001 D 2 O 22 16.5 7.9 9.32 0.08 1176 1.7 0.66 0.91 0.02 134 . .

192 6/16/2001 2001 D 3 R 29 18 7.8 8.14 0.29 708 . 0.005 0.14 0.005 85 . .

213 6/16/2001 2001 D 4 O 31.8 25.6 8.1 9.58 4.8 1931 . 0.005 0.41 0.32 10 . .

214 6/16/2001 2001 D 5 O 30 18.3 7.8 9.57 0.07 3330 4.4 4.08 0.37 2.53 158 . .

215 6/16/2001 2001 D 6 R 33 21.2 7.9 . 0.2 3368 0 0.005 0.55 0.005 213 . .

216 6/16/2001 2001 D 7 O 29 19 7.8 6.59 0.94 . 5.6 1.2 0.78 0.01 345 . .

220 6/16/2001 2001 D 8 R 30 18.4 7.9 . 0.07 1714 . 0.005 0.14 0.02 369 . .

221 6/16/2001 2001 D 9 R 28 17 7.7 5.43 2.3 3110 . 0.005 0.5 0.01 173 . .

226 7/7/2001 2001 D 1 O 23 23.2 8.3 13.01 0.28 1873 . 0.005 1.13 0.005 31 . .

227 7/7/2001 2001 D 2 O 22 19.4 7.8 8.65 0.25 1196 0.3 0.68 0.44 0.005 384 . .

275 7/7/2001 2001 D 3 R 27 19.6 7.7 7.84 0.28 730 0.3 0.005 0.1 0.005 41 . .

228 7/7/2001 2001 D 4 O 28 25.5 8 9.78 6.15 2375 . 0.005 0.6 0.005 74 . .

229 7/7/2001 2001 D 5 O 26 20 7.6 8.65 0.1 3310 3.6 5.6 0.51 0.005 309 . .

230 7/7/2001 2001 D 6 R 26 20 7.8 7.2 0.14 3468 . 0.005 0.53 0.005 317 . .

231 7/7/2001 2001 D 7 O 30 22.9 8.1 8.79 1.15 2899 0.4 0.92 0.61 0.07 323 . .

264 7/7/2001 2001 D 8 R 28 20 7.8 6.76 0.19 1714 . 0.005 0.11 0.005 201 . .
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222 7/7/2001 2001 D 9 R 27 18.2 7.5 5.46 1.6 3310 . 0.005 0.61 0.005 74 . .

223 7/7/2001 2001 D 10 R 27 21.4 7.2 6.49 0.25 595 . 0.005 0.09 0.005 10 . .

232 8/4/2001 2001 D 1 O 21 21.7 7.9 12 0.36 1962 . 0.005 1.3 0.05 5 . .

233 8/4/2001 2001 D 2 O 19 17.3 7.8 8.5 0.64 1220 . 0.34 0.35 0.02 354 . .

234 8/4/2001 2001 D 3 R 26 18.6 7.8 7.67 0.15 705 0.3 0.005 0.06 0.005 10 . .

235 8/4/2001 2001 D 4 O 31 26 7.9 10.4 5.2 2600 . 0.005 0.24 0.06 160 . .

271 8/4/2001 2001 D 5 O 26.5 19.4 8 10.18 0.14 3300 2.6 3.96 0.29 0.005 96 . .

236 8/4/2001 2001 D 7 O 28 19.8 8.1 . 2.49 2810 7.6 0.77 0.61 0.26 183 . .

224 8/4/2001 2001 D 9 R 28 16.2 7.5 5.97 1.35 3655 . 0.005 0.98 0.02 108 . .

243 8/4/2001 2001 D 10 R 25 20.1 7.4 4.79 2.6 708 . 0.005 0.1 0.005 61 . .

282 9/8/2001 2001 D 1 O 23 21.9 7.9 12.77 2.05 2356 . 0.005 1.31 0.02 10 . .

279 9/8/2001 2001 D 2 O 20.6 18.1 7.6 8.21 0.4 1226 . 0.22 0.36 0.005 97 . .

245 9/8/2001 2001 D 3 R 22.2 18 7.6 8.3 0.26 693 0 0.03 0.11 0.03 31 . .

272 9/8/2001 2001 D 4 O 22.2 24.4 8 10.1 4.2 2710 . 0.005 0.6 0.12 108 . .

246 9/8/2001 2001 D 5 O 23 18.6 7.9 10.25 0.25 3330 1.4 4.52 0.82 0.03 108 . .

266 9/8/2001 2001 D 6 R 24.5 19.6 7.8 7.12 0.33 3622 . 0.01 0.54 0.005 309 . .

247 9/8/2001 2001 D 7 O 21.3 20.3 8 7.13 0.98 2968 . 0.73 0.61 0.06 74 . .

263 9/8/2001 2001 D 8 R 26 19.7 7.8 8.65 0.9 1724 . 0.005 0.11 . 63 . .

260 9/8/2001 2001 D 9 R 21 17.1 7.1 4.44 2.6 3540 . 0.005 0.68 . 31 . .

281 10/6/2001 2001 D 1 O 20.8 20.6 8.1 12.11 0.2 2240 . 0.005 1.42 0.005 30 . .

249 10/6/2001 2001 D 2 O 17.6 16.6 7.5 6.76 0.89 1212 . 0.23 0.41 0.04 185 . .

276 10/6/2001 2001 D 3 R 17.4 16.1 7.6 8.29 0.005 686 0 0.005 0.19 0.005 10 . .

273 10/6/2001 2001 D 4 O 20.7 21 8 8.88 5.7 2860 . 0.005 0.37 0.07 216 . .

250 10/6/2001 2001 D 5 O 18 16.6 7.9 9.79 0.03 3340 1.3 5.54 0.45 0.03 281 . .

267 10/6/2001 2001 D 6 R 17.5 16 7.8 7.92 15 3701 . 0.005 0.54 0.15 134 . .

251 10/6/2001 2001 D 7 O 19 18.5 7.9 6.97 1.2 3014 7.8 0.71 0.62 0.09 583 . .

259 10/6/2001 2001 D 9 R 17.8 16.2 7.1 4.82 3.4 3540 . 0.005 0.69 0.02 359 . .

252 11/3/2001 2001 D 1 O 20.5 19.2 8 14.76 0.39 2280 . 0.35 1.39 0.09 31 . .

278 11/3/2001 2001 D 2 O 18 14.8 7.8 10.51 0.05 1220 . 0.18 0.32 0.005 75 . .

299 11/3/2001 2001 D 3 R 20.8 14.2 7.9 9.72 0.005 692 0.3 0.005 0.04 0.005 5 . .

300 11/3/2001 2001 D 4 O 23.9 18.4 7.9 12.42 4.3 2920 . 0.005 0.09 0.27 5 . .

301 11/3/2001 2001 D 5 O 21.5 14.6 7.9 10.28 0.17 3330 1.5 5.62 0.4 0.05 5 . .

268 11/3/2001 2001 D 6 R 23.3 13.2 7.8 9.24 0.67 3490 0.3 0.005 0.48 2 10 . .

253 11/3/2001 2001 D 7 O 23.2 16 8 7.58 0.51 3024 5.6 0.96 0.63 0.16 53 . .

262 11/3/2001 2001 D 8 R 24.5 14.9 7.8 8.34 0.2 1763 . 0.005 0.1 0.03 87 . .

258 11/3/2001 2001 D 9 R 20.3 12.9 7.1 5.36 1.4 3510 . 0.005 0.43 0.02 10 . .

280 12/1/2001 2001 W 1 O 17.8 15.2 8.3 12.04 1.65 1636 . 7.84 3.44 0.005 20 . .

277 12/1/2001 2001 W 2 O 11.8 9.6 7.7 10.51 0.47 1332 0.4 0.52 0.29 0.005 238 . .

302 12/1/2001 2001 W 3 R 13 10.8 7.7 9.9 0.005 721 . 0.005 0.05 0.005 20 . .

274 12/1/2001 2001 W 4 O 14.5 11 7.8 10.49 15.7 1726 . 0.26 0.33 0.005 124 . .

270 12/1/2001 2001 W 5 O 15.5 11.1 7.8 10.5 0.55 2850 2.8 4.96 0.49 0.005 150 . .

269 12/1/2001 2001 W 6 R 15.8 8.2 7.9 8.98 0.08 2753 0.2 0.005 0.44 0.01 99 . .

265 12/1/2001 2001 W 7 O 15.8 11.2 8 9.29 1.8 2537 4.2 0.78 0.34 0.005 124 . .

261 12/1/2001 2001 W 8 R 18 10.9 7.8 8.46 0.6 1388 . 0.005 0.1 0.005 0.005 . .

257 12/1/2001 2001 W 9 R 14.3 8.5 7.2 5.37 0.78 3730 . 0.005 0.67 0.005 10 . .

256 12/1/2001 2001 W 10 R 16.5 9.9 7 3.34 0.52 780 . 0.1 0.17 0.005 0.005 . .

303 1/5/2002 2002 W 1 O 22 14.3 8.2 14.22 0.8 1621 . 6.28 3.9 0.14 20 5 2359
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304 1/5/2002 2002 W 2 O 11 8.6 7.7 10.14 0.02 1284 1.4 0.4 0.19 0.02 64 30 1313

320 1/5/2002 2002 W 3 R 13.4 10.5 7.6 8.53 0.01 713 0.4 0.01 0.05 0.01 5 5 309

305 1/5/2002 2002 W 4 O 15.3 12.6 7.8 11.23 3.8 1663 . 0.01 0.1 0.03 10 20 624

312 1/5/2002 2002 W 5 O 21 11 7.8 11.2 0.02 2800 1.6 5.2 0.44 0.14 31 52 1050

306 1/5/2002 2002 W 6 R 16 8 7.8 9.64 0.01 3466 . 0.01 0.47 0.02 42 5 789

321 1/5/2002 2002 W 7 O 21 11 7.8 9.23 0.4 2578 3.4 0.78 0.24 0.01 5 73 15531

322 1/5/2002 2002 W 8 R 17 10 7.6 7.12 0.79 1895 . 0.01 0.04 0.07 5 5 631

323 1/5/2002 2002 W 9 R 18 10 7.2 3.03 0.99 3790 . 0.01 0.71 0.48 5 5 1081

307 1/5/2002 2002 W 10 R 15 10 7.2 10.37 0.01 518 0.5 0.01 0.12 0.03 31 85 538

308 2/3/2002 2002 W 1 O 20 13 8.2 17.44 0.8 1683 . 8 4.02 0.17 10 41 528

324 2/3/2002 2002 W 2 O 15 6 7.4 12.46 0.15 1343 0.7 0.58 0.24 0.02 5 10 2481

309 2/3/2002 2002 W 3 R 16 8 7.7 11.73 0.36 715 0.2 0.01 0.07 0.01 10 10 173

325 2/3/2002 2002 W 4 O 17 10 7.8 12.13 3.9 1833 . 0.01 0.05 0.06 5 10 110

313 2/3/2002 2002 W 5 O 21 8 7.9 14.7 0.33 3360 2.3 5.22 0.33 0.03 10 31 860

310 2/3/2002 2002 W 6 R 13 5.2 7.6 11.1 0.17 3293 . 0.01 0.36 0.01 10 20 480

311 2/3/2002 2002 W 7 O 20 8 8 11.9 0.55 2749 . 0.74 0.22 0.02 31 98 3255

326 2/3/2002 2002 W 8 R 14 8 7.6 8.53 0.18 1789 . 0.01 0.06 0.01 5 5 416

327 2/3/2002 2002 W 9 R 20 7 7.1 7.09 0.83 4310 . 0.01 0.31 0.04 5 5 537

328 2/3/2002 2002 W 10 R 14 6 7.5 12.1 0.03 407 0.3 0.01 0.11 0.01 5 5 161

329 3/3/2002 2002 W 1 O 22 16 8.3 19.68 0.33 1573 . 7.96 2.92 . 5 41 677

332 3/3/2002 2002 W 2 O 20 8.5 7.5 11.88 0.7 1382 0.7 0.38 0.15 0.2 10 10 2282

314 3/3/2002 2002 W 3 R 19 10.2 7.6 10.98 0.18 722 . 0.01 0.06 0.12 10 5 63

330 3/3/2002 2002 W 4 O 20 15.1 7.8 10.85 4.75 2200 . 0.01 0.05 0.14 5 10 275

315 3/3/2002 2002 W 5 O 22 10.8 8 14.86 0.51 3255 3 5.1 0.21 0.68 20 10 1334

316 3/3/2002 2002 W 6 R 19 8.5 7.9 10.44 0.15 3278 0.1 0.01 0.4 0.01 53 41 1198

317 3/3/2002 2002 W 7 O 21 11 8 12.6 0.78 2916 2 0.55 0.19 0.48 31 41 4106

318 3/3/2002 2002 W 8 R 20 14.2 7.3 8.1 1.1 1752 . 0.01 0.14 . 20 10 404

319 3/3/2002 2002 W 9 R 19 12.2 7.2 7.2 1.85 3270 . 0.01 0.48 0.03 20 5 1178

331 3/3/2002 2002 W 10 R 19 9.4 7.3 9.3 0.19 477 . 0.01 0.12 0.03 5 5 74

341 4/7/2002 2002 W 1 O 17 16.4 8.4 12.71 0.54 1804 . 2.48 2.66 0.07 5 158 .

342 4/7/2002 2002 W 2 O 16 12.9 8 10.78 0.01 1341 . 0.02 0.17 0.08 42 920 .

343 4/7/2002 2002 W 3 R 18 13.1 8 9.74 0.01 706 . 0.01 0.09 0.03 5 5 .

344 4/7/2002 2002 W 6 R 15 12.5 8.1 8.78 0.01 3252 . 0.01 0.62 0.03 20 5 .

345 4/7/2002 2002 W 7 O 17 14.6 7.9 7.25 0.37 3110 9.7 0.43 0.28 0.09 20 410 .

346 4/7/2002 2002 W 8 R 15 12.6 7.7 . 1.04 1761 . . . . . . .

347 4/7/2002 2002 W 9 R 15 13 7.4 5.23 0.17 4150 . 0.01 0.45 0.05 30 . .

348 4/7/2002 2002 W 10 R 15 12.1 7.8 7.16 0.65 552 . 0.01 0.14 0.03 5 5 .

349 4/7/2002 2002 W 11 M 17 13.8 8.1 10.71 0.01 1262 . 0.01 0.19 0.01 10 5 .

350 4/7/2002 2002 W 13 M 19 16.1 7.4 8.87 0.93 3760 1.4 1.16 0.61 0.08 110 64 .

333 4/8/2002 2002 W 4 O 18 17.6 8.1 9.54 4.7 2540 . 0.01 0.2 0.1 5 5 4352

314 4/8/2002 2002 W 5 O 15 14.8 8.1 12.6 0.03 3380 2.8 4.3 0.42 0.07 31 30 3448

335 4/8/2002 2002 W 12 M 16 15.7 8.1 10.13 0.24 2280 . 0.01 0.29 0.02 5 10 3448

336 4/8/2002 2002 W 14 R 17 13.9 7.8 8.62 0.11 1256 0 0.07 0.13 0.1 20 5 554

337 4/8/2002 2002 W 16 O 18 15.6 7.4 8.13 0.01 1562 0.1 0.76 0.43 0.06 64 5 3873

338 4/8/2002 2002 W 17 O 18 16.2 7.2 8.19 0.64 1426 0.3 0.07 0.32 0.02 20 175 2909

340 4/8/2002 2002 W 18 R 15 14.6 8 9.5 0.03 1570 0.2 0.01 0.19 0.05 10 310 1354

339 4/8/2002 2002 W 19 R 16 15.4 8 9.54 0.01 1130 0.9 0.01 0.23 0.01 5 5 816

RB-AR6071



Event ID Date Year Wet/Dry Season Site Group Air Temp Water Temp pH DO Turbidity Conductivity Flow Nitrate Phosphate Ammonia Enterococcus E. coli Total Coliform
374 5/5/2002 2002 D 1 O 18 17 8.2 11.42 2.3 2054 . 0.48 1.04 0.01 5 171 10462

368 5/5/2002 2002 D 2 O 16 13 8 10.05 1.36 1384 . 0.13 0.15 0.08 164 1354 4611

375 5/5/2002 2002 D 3 R 18 14 7.9 8.9 0.4 719 . 0.005 0.06 0.01 5 5 218

376 5/5/2002 2002 D 6 R 15 13 8 8.33 0.14 3364 . 0.01 0.39 0.02 150 20 2187

369 5/5/2002 2002 D 7 O 20 16 7.6 7.98 0.56 3340 5.7 0.76 0.28 0.14 42 121 12996

407 5/5/2002 2002 D 9 R 15 14 7.5 6.8 0.005 3010 . 0.005 0.42 0.1 42 5 1616

371 5/5/2002 2002 D 10 R 19 14 7.2 6.73 0.06 589 . 0.005 0.12 0.11 10 10 3654

372 5/5/2002 2002 D 11 M 14 14 8 9.97 0.29 1366 . 0.005 0.13 0.03 124 41 1935

377 5/5/2002 2002 D 13 M 19 16 7.3 6.85 0.9 4070 1.8 0.005 0.58 0.05 111 52 12033

425 5/6/2002 2002 D 4 O 19 19 8 9.32 2 2630 . 0.03 0.03 0.12 5 74 4352

378 5/6/2002 2002 D 5 O 15 14 7.9 9.67 0.005 3490 1.3 5.32 0.33 0.005 31 41 3654

379 5/6/2002 2002 D 12 M 14 17 8.1 8.98 0.59 2460 . 0.05 0.28 0.04 5 52 8664

380 5/6/2002 2002 D 14 R 14 14 7.8 8.37 0.03 1255 0.2 0.07 0.14 0.06 31 20 547

426 5/6/2002 2002 D 16 O 15 15 7.5 8.18 0.01 1477 . 0.71 0.35 0.005 137 31 7270

382 5/6/2002 2002 D 17 O 16 16 7.1 4.93 0.58 1475 1 0.05 0.31 0.03 10 53 .

383 5/6/2002 2002 D 18 R 15 15 8.2 7.06 0.005 1621 . 0.005 0.19 0.09 42 5 675

384 5/6/2002 2002 D 19 R 15 15 8.1 8.88 0.23 1162 . 0.005 0.19 0.005 10 5 743

351 6/2/2002 2002 D 2 O 17 15.8 8 7.17 0.31 1389 0.1 0.25 0.35 0.03 299 231 3873

352 6/2/2002 2002 D 3 R 18 16.2 7.7 8.19 0.01 744 . 0.01 0.08 0.01 5 20 369

353 6/2/2002 2002 D 4 O 20 22.4 8.1 8.34 3.83 2760 . 0.01 0.32 0.01 52 86 8664

354 6/2/2002 2002 D 6 R 20 16.8 7.9 7.26 0.08 3790 . 0.01 0.53 0.01 148 41 2098

355 6/2/2002 2002 D 9 R 17 15.4 7.4 3.52 1.5 4280 . 0.01 0.76 0.01 10 5 1354

359 6/2/2002 2002 D 10 R 19 17.6 7.3 4.25 0.19 666 . 0.01 0.17 0.01 5 5 1789

356 6/2/2002 2002 D 11 M 17 16.4 7.9 8.93 0.02 1396 0 0.01 0.23 0.01 20 20 2282

357 6/2/2002 2002 D 12 M 20 20.5 8.3 8.4 0.55 2365 . 0.01 0.28 0.01 63 10 12996

358 6/2/2002 2002 D 13 M 20 18 7.2 6.01 . 3980 1.1 1.66 0.88 0.01 416 240 17329

360 6/3/2002 2002 D 1 O 20 19.1 8.1 13.62 3.39 2350 . 0.01 1.11 0.19 10 288 11198

361 6/3/2002 2002 D 5 O 22 17.3 8 13.85 0.04 3350 0.8 5.14 0.49 0.1 10 20 2755

362 6/3/2002 2002 D 7 O 21 17.7 7.7 8.63 0.37 3030 3.3 1.33 0.79 0.13 161 63 19863

363 6/3/2002 2002 D 14 R 18 15.3 7.7 8.17 . 1311 . 0.01 0.11 0.01 10 135 683

364 6/3/2002 2002 D 16 O 21 17 7.7 8.13 0.22 1574 . 0.83 0.38 0.05 439 31 6131

365 6/3/2002 2002 D 17 O 22 17.4 6.8 4.63 0.93 1446 0.6 0.04 0.31 0.14 265 10 8664

366 6/3/2002 2002 D 18 R 17 15.7 7.8 9.67 0.03 1510 . 0.01 0.13 0.02 41 10 512

367 6/3/2002 2002 D 19 R 17 20 7.9 9.48 0.01 1155 . 0.01 0.27 0.16 31 51 842

385 7/14/2002 2002 D 2 O 21 19 7.8 5.88 0.74 1386 . 0.17 0.38 0.11 111 5 9804

427 7/14/2002 2002 D 3 R 29 20 7.4 7.4 0.005 700 . 0.005 0.08 0.005 10 20 816

386 7/14/2002 2002 D 9 R 28 18 7.1 3 0.1 3210 . 0.005 0.45 0.02 238 97 699

408 7/14/2002 2002 D 11 M 25 18 6.8 1.9 0.3 1452 . 0.04 0.13 0.06 20 5 644

387 7/14/2002 2002 D 12 M 26 24 7.9 7.31 0.85 2403 . 0.07 0.23 0.02 99 5 24193

388 7/14/2002 2002 D 13 M 30 21 7.2 6.02 1.06 3927 0.5 1.64 0.83 0.05 945 413 24192

389 7/14/2002 2002 D 14 R 19 18 7.6 8.18 0.09 1268 . 0.02 0.09 0.005 178 218 2932

390 7/15/2002 2002 D 1 O 23 25 8.1 12.7 4 1938 . 0.04 1.23 0.16 31 97 17329

391 7/15/2002 2002 D 4 O 30 27 8.2 9.49 7.75 3020 . 0.01 0.7 0.01 64 256 24193

392 7/15/2002 2002 D 5 O 28 20 7.9 10.98 0.57 3630 . 4.2 0.31 0.005 124 122 9804

393 7/15/2002 2002 D 7 O 31 22 7.6 6.63 1.3 3230 6.3 0.59 0.7 0.06 344 132 24193

394 7/15/2002 2002 D 16 O 29 20 7.6 8.34 0.24 1461 . 1.02 0.38 0.04 384 10 4352

395 7/15/2002 2002 D 17 O 31 22 7.1 4.68 0.96 1576 . 0.08 0.3 0.13 20 10 6131

RB-AR6072



Event ID Date Year Wet/Dry Season Site Group Air Temp Water Temp pH DO Turbidity Conductivity Flow Nitrate Phosphate Ammonia Enterococcus E. coli Total Coliform
396 7/15/2002 2002 D 18 R 22 18.5 7.8 8.77 0.36 1523 . 0.005 0.05 0.02 10 20 1565

430 7/15/2002 2002 D 19 R 23 21 7.8 9.36 0.18 1089 . 0.02 0.14 0.06 31 5 1333

398 8/4/2002 2002 D 3 R 27 18 7.5 7.31 0.01 714 . 0.01 0.03 0.005 42 5 275

399 8/4/2002 2002 D 9 R 26 17 6.9 4.33 0.005 3265 . 0.01 0.64 0.005 591 122 1274

409 8/4/2002 2002 D 12 M 26 21 8.2 10.09 0.9 2385 . 0.03 0.08 0.04 10 5 14136

429 8/4/2002 2002 D 13 M 28 19 7.1 6.2 0.55 3980 1.6 1.52 0.77 0.04 659 203 24192

400 8/4/2002 2002 D 14 R 17 17 7.8 8.15 0.02 1349 . 0.005 0.07 0.005 20 10 1376

401 8/4/2002 2002 D 16 O 26 18 8 7.84 0.05 1572 . 0.78 0.46 0.08 478 63 5172

402 8/5/2002 2002 D 4 O 30 25 8 9.67 5.95 2870 . 0.005 0.57 0.1 10 84 24192

431 8/5/2002 2002 D 5 O 24 17 7.8 10.63 0.49 3575 . 4.64 0.21 0.02 53 31 8164

404 8/5/2002 2002 D 7 O 28 20 7.4 6.2 0.97 3250 3.7 0.08 0.4 0.04 222 134 24193

768 8/5/2002 2002 D 17 O 26.3 21 6.9 . 0.93 1593 . 0.08 0.4 0.04 5 98 12996

411 8/5/2002 2002 D 18 R 19 17 7.8 9.68 0.005 1530 . 0.005 0.09 0.005 222 573 2187

405 8/5/2002 2002 D 19 R 19 18 7.7 9.03 0.09 1122 . 0.005 0.12 0.005 10 10 2359

416 9/8/2002 2002 D 3 R 29 18 7.4 7.79 0.23 715 . 0.005 0.09 0.12 10 10 884

418 9/8/2002 2002 D 9 R 28 17 6.8 5.04 0.72 3010 . 0.005 0.58 0.02 207 135 988

419 9/8/2002 2002 D 12 M 27 26 7.7 9.49 0.57 2760 . 0.005 0.15 0.09 20 5 8704

438 9/8/2002 2002 D 13 M 29 18 7.1 7.16 1.09 3910 0.5 1.68 0.82 0.13 831 327 9139

442 9/8/2002 2002 D 14 R 21 16 7.4 7.98 0.005 1356 . 0.005 0.08 0.005 64 41 708

412 9/9/2002 2002 D 4 O 32 22 8.4 11.23 4.25 3195 . 0.005 0.75 0.09 20 41 17329

432 9/9/2002 2002 D 5 O 28 15 8.1 11.8 0.28 3570 . 4.64 0.34 0.02 238 295 7270

709 9/9/2002 2002 D 7 O 29 17 7.6 7.15 0.86 3410 1.9 0.53 0.39 0.05 124 218 17329

433 9/9/2002 2002 D 18 R 21 16 7.8 9.28 0.11 1590 . 0.005 0.09 0.04 164 155 2143

413 9/9/2002 2002 D 19 R 23 17 7.6 8.68 0.005 1145 . 0.005 0.14 0.01 5 5 6867

445 10/13/2002 2002 D 3 R 27 16 8.1 9.28 0.005 711 . 0.005 0.005 0.03 5 272 2909

434 10/13/2002 2002 D 9 R 24 15 7.6 3.3 0.16 3190 . 0.005 0.4 0.12 87 74 794

447 10/13/2002 2002 D 12 M 19 16 8.1 9.01 0.29 2750 . 0.005 0.18 0.02 5 5 4106

448 10/13/2002 2002 D 13 M 22 17 7.2 6.7 0.32 4000 1 1.47 0.62 0.03 531 189 24192

435 10/13/2002 2002 D 14 R 17 15 7.6 8.26 0.04 1372 . 0.005 0.005 0.02 20 10 520

449 10/14/2002 2002 D 1 O 22 22 7.5 11.05 0.56 2520 . 0.02 1.63 0.05 269 74 24193

421 10/14/2002 2002 D 4 O 25 20 8.3 11.59 5.83 3350 . 0.005 0.22 0.03 42 84 5172

441 10/14/2002 2002 D 5 O 18 14 8 10.03 1.9 3650 0.6 5.12 0.28 0.18 1607 24193 24193

450 10/14/2002 2002 D 7 O 18 17 7.7 7.25 0.9 3200 . 0.49 0.37 0.06 42 161 10462

422 10/14/2002 2002 D 17 O . . . . . . . . . . . . .

423 10/14/2002 2002 D 18 R 17 18 7.6 8.88 0.37 1260 . 0.26 0.25 0.05 5 5 1211

424 10/14/2002 2002 D 19 R 17 15 7.5 9.37 0.005 1148 . 0.005 0.12 0.01 5 5 2282

373 11/3/2002 2002 D 3 R 23 13 8.1 9.12 0.01 699 . 0.02 0.04 0.08 5 5 789

452 11/3/2002 2002 D 4 O 25 16 8 11.3 5.66 3081 . 0.005 0.005 0.04 20 31 17329

381 11/3/2002 2002 D 9 R 24 14 7 5.37 0.24 3120 . 0.005 0.48 0.15 74 63 601

453 11/3/2002 2002 D 12 M 22 14 7.9 10.23 0.12 2852 . 0.03 0.28 0.01 5 5 5794

439 11/3/2002 2002 D 13 M 24 14 7.5 7.32 0.61 3940 . 1.36 0.57 0.06 428 282 9804

477 11/3/2002 2002 D 14 R 18 14 7.6 8.63 0.005 1347 0.1 0.04 0.06 0.06 20 63 1793

478 11/4/2002 2002 D 1 O 20 19 7.2 9.33 1.56 2770 . 0.2 1.51 0.1 10 20 8164

455 11/4/2002 2002 D 5 O 19 10 8.1 11.76 0.02 3720 0.5 4.3 0.37 0.11 148 336 2613

479 11/4/2002 2002 D 7 O 20 13 7.6 9.84 0.56 3470 3.1 0.52 0.14 0.08 323 97 2755

457 11/4/2002 2002 D 18 R 19 14 7.7 10.01 0.005 1702 0.3 0.005 0.03 0.005 20 5 1187

458 11/4/2002 2002 D 19 R 19 13 7.6 9.86 0.005 1145 . 0.05 0.02 0.01 10 5 2014
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Event ID Date Year Wet/Dry Season Site Group Air Temp Water Temp pH DO Turbidity Conductivity Flow Nitrate Phosphate Ammonia Enterococcus E. coli Total Coliform
480 12/1/2002 2002 W 2 O 13 11 7.4 7.46 0.13 1507 . 0.71 0.3 0.12 213 41 1723

459 12/1/2002 2002 W 3 R 12 12 7.9 9.43 0.005 740 . 0.005 0.01 0.005 20 5 1012

460 12/1/2002 2002 W 6 R 16 11 7.5 8.19 0.05 3890 . 0.04 0.48 0.07 109 10 906

461 12/1/2002 2002 W 9 R 17 13 7.1 4.59 0.28 3700 . 0.04 0.51 0.02 63 20 581

481 12/1/2002 2002 W 11 M 17 12 7.6 7.05 0.005 1720 . 0.02 0.19 0.05 5 5 435

482 12/1/2002 2002 W 12 M 16 12 8.1 10.66 1.45 2401 . 0.14 0.37 0.06 63 63 2187

462 12/1/2002 2002 W 13 M 18 14 7.1 5.83 0.48 3490 1 1.15 0.67 0.09 262 110 6131

463 12/1/2002 2002 W 14 R 18 14 7.5 8.2 0.005 1424 0.1 0.02 0.12 0.14 31 5 663

483 12/2/2002 2002 W 1 O 20 17 7.9 13.92 1.04 1848 . 4.56 2.7 0.12 86 41 7701

465 12/2/2002 2002 W 4 O 19 14 . 10.66 6.5 2490 . 0.03 0.17 0.04 41 571 19863

484 12/2/2002 2002 W 5 O 15 10 8 10.73 0.13 3460 1 4 0.55 0.08 41 51 1664

466 12/2/2002 2002 W 7 O 18 12 7.5 8.6 1.28 2875 4.8 0.69 0.46 0.05 1467 1039 19863

467 12/2/2002 2002 W 17 O 23 14 6.9 6.7 0.05 1659 1.2 0.15 0.37 0.03 20 10 1664

464 12/2/2002 2002 W 18 R 19 15 7.6 9.55 0.005 1553 0.3 0.07 0.2 0.01 5 5 3873

468 12/2/2002 2002 W 19 R 20 12 7.4 7.39 0.005 1086 . 0.05 0.15 0.005 10 5 2359

591 1/12/2003 2003 W 2 O 12 11.5 7.9 9.56 0.005 1400 0.8 1.23 0.24 0.13 63 63 1539

592 1/12/2003 2003 W 3 R 16 11 7.9 9.88 0.005 686 . 0.02 0.05 0.12 5 5 226

640 1/12/2003 2003 W 6 R 19 10.9 7.6 8.15 0.01 3475 . 0.005 0.52 0.07 86 5 857

593 1/12/2003 2003 W 9 R 19 13 7.1 4.06 0.26 3040 . 0.005 0.52 0.06 41 5 327

594 1/12/2003 2003 W 10 R 14 10 7.3 10.52 0.11 475 0.1 0.03 0.18 0.005 5 5 97

595 1/12/2003 2003 W 11 M 17 11.4 8 10 0.02 1550 . 0.03 0.16 0.02 10 5 317

641 1/12/2003 2003 W 12 M 15 11 7.8 11.39 1.6 1867 . 0.005 0.27 0.005 30 41 860

607 1/12/2003 2003 W 13 M 20 15 7.2 7.86 0.69 3825 1.1 1.81 0.85 0.04 161 31 1789

608 1/12/2003 2003 W 14 R 15 12.6 7.6 7.85 0.005 1395 0.2 0.005 0.1 0.01 5 20 399

596 1/13/2003 2003 W 1 O 16 14 7.9 11.02 0.91 1664 . 5.22 2.92 0.06 20 31 2851

470 1/13/2003 2003 W 4 O 13 12 8.2 11.5 3.83 1722 . 0.005 0.07 0.01 41 20 1553

486 1/13/2003 2003 W 5 O 17 11 8.1 11.92 0.45 3780 1.5 4.62 0.39 0.03 52 52 1597

510 1/13/2003 2003 W 7 O 18 11.9 7.7 8.75 1.2 3280 2.9 0.65 0.23 0.07 253 121 4611

511 1/13/2003 2003 W 16 O 18 12 7.6 7.23 0.37 1552 . 0.17 0.43 0.08 31 5 933

471 1/13/2003 2003 W 17 O 35 12 7 7.71 0.29 1347 1.5 0.29 0.23 0.1 63 10 884

512 1/13/2003 2003 W 18 R . . . . . . . 0.01 0.28 0.01 98 5 1374

472 1/13/2003 2003 W 19 R 16 13 7.6 9.9 0.005 950 . 0.36 0.18 0.04 5 5 213

665 2/2/2003 2003 W 2 O 20 11.2 7.8 9.96 0.06 1564 1.3 1.05 0.28 0.01 31 63 1313

666 2/2/2003 2003 W 3 R 17 12 7.9 9.24 0.005 716 . 0.01 0.1 0.01 10 5 249

609 2/2/2003 2003 W 6 R 18 12 7.5 8.01 0.43 3810 . 0.01 0.55 0.04 10 5 677

643 2/2/2003 2003 W 8 R 16 12 7.1 . 0.74 1944 . 0.01 0.15 0.29 31 5 354

644 2/2/2003 2003 W 9 R 19 13 7 5.24 0.005 3205 . 0.005 0.65 0.12 96 332 683

610 2/2/2003 2003 W 10 R 16 10 7.2 9.55 0.05 502 . 0.005 0.19 0.05 5 5 74

667 2/2/2003 2003 W 11 M 17.5 11 8 10.72 0.005 1426 0.6 0.01 0.18 0.03 10 5 213

645 2/2/2003 2003 W 12 M 21 12 7.8 11.14 0.37 2107 . 0.01 0.33 0.03 20 5 644

611 2/2/2003 2003 W 13 M 21 15 7.2 9.82 0.61 3970 0.7 1.15 0.65 0.05 278 74 3654

612 2/2/2003 2003 W 14 R 21 15.3 7.4 8.42 0.01 1354 . 0.005 0.09 0.005 20 5 1119

613 2/3/2003 2003 W 1 O 21.5 15.2 8.4 14.3 0.2 1722 . 7.12 4.1 0.12 5 5 2247

614 2/3/2003 2003 W 4 O 20 13.9 8.1 10.67 2.3 2340 . 0.005 0.1 0.005 31 20 12033

615 2/3/2003 2003 W 5 O 19.5 9.4 8 14.25 0.33 3495 0.1 4.9 0.28 0.01 5 5 3076

616 2/3/2003 2003 W 7 O 21 11.1 7.8 11.37 1.32 3550 2.1 0.66 0.21 0.04 158 292 15531

646 2/3/2003 2003 W 16 O 20 12 7.5 7.09 0.4 1629 . 0.24 0.33 0.11 41 10 1236
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Event ID Date Year Wet/Dry Season Site Group Air Temp Water Temp pH DO Turbidity Conductivity Flow Nitrate Phosphate Ammonia Enterococcus E. coli Total Coliform
647 2/3/2003 2003 W 17 O 19 12.5 7 9.86 0.07 1407 1.9 0.14 0.18 0.005 10 41 907

668 2/3/2003 2003 W 18 R 23 13.6 7.6 10.7 0.04 1575 0.2 0.005 0.14 0.005 10 10 759

617 2/3/2003 2003 W 19 R 20.5 13.6 7.3 11.11 0.07 1031 0.4 0.03 0.005 0.005 20 5 432

648 3/2/2003 2003 W 2 O 17.5 10.5 8 11.67 0.7 1446 3.2 1.28 0.25 0.04 85 74 2613

621 3/2/2003 2003 W 3 R 16.5 11.2 8 10.23 0.005 708 . 0.005 0.05 0.005 10 5 173

618 3/2/2003 2003 W 6 R . 11.9 7.8 9.43 0.54 3490 . 0.005 0.52 0.09 52 10 933

765 3/2/2003 2003 W 8 R . . . . . . . . . . . . .

697 3/2/2003 2003 W 9 R 18.5 12 7.5 8.64 0.66 3190 . 0.005 0.54 0.1 5 272 1081

698 3/2/2003 2003 W 10 R 16 9.9 7.4 11.82 0.005 282 3 0.005 0.08 0.02 63 20 262

619 3/2/2003 2003 W 11 M 19.3 10.7 8.2 11.6 0.005 1425 . 0.11 0.14 0.02 10 20 428

620 3/2/2003 2003 W 12 M 19 12.9 7.7 9.96 2.43 1222 . 0.005 0.08 0.03 5 10 581

622 3/2/2003 2003 W 13 M 18.5 13.8 7.4 9.42 0.86 3810 0.2 0.88 0.56 0.07 96 62 4352

623 3/2/2003 2003 W 14 R . 12.6 7.7 10.14 0.005 1192 0.2 0.03 0.06 0.005 30 10 933

700 3/3/2003 2003 W 1 O 17 14 8 10.83 1.3 1512 . 5.82 2.98 0.11 10 5 2755

633 3/3/2003 2003 W 4 O 12.5 13.1 8.4 11.23 4.67 1370 . . 0.08 0.005 31 20 749

701 3/3/2003 2003 W 5 O 15 11.1 8.1 11.69 0.15 3390 2.1 4.46 0.6 0.12 74 98 4352

543 3/3/2003 2003 W 7 O 13.5 11.1 7.8 9.83 1.05 2860 4.7 0.7 0.25 0.005 52 20 6131

546 3/3/2003 2003 W 16 O 13.5 13.3 7.8 9.34 0.005 1633 . 0.45 0.43 0.07 74 10 345

550 3/3/2003 2003 W 17 O 12.9 16 7.3 8.92 0.78 994 8.8 0.43 0.3 0.05 52 52 1553

702 3/3/2003 2003 W 18 R 16 13.9 7.8 10.27 0.1 1597 . 0.005 0.19 0.005 5 5 1250

704 3/3/2003 2003 W 19 R 15 12.8 7.5 10.36 0.005 801 2.6 0.01 0.21 0.005 10 5 419

625 4/6/2003 2003 W 2 O 16 11.1 7.8 7.14 0.07 1333 2.2 1.69 0.2 0.13 299 594 4352

699 4/6/2003 2003 W 3 R 16 12.1 8 9.49 0.01 748 . 0.005 0.05 0.005 31 5 313

626 4/6/2003 2003 W 6 R 16.8 11.7 7.5 7.52 0.09 3545 . 0.04 0.41 0.01 52 5 1722

627 4/6/2003 2003 W 8 R 15.5 11.8 7.1 3.99 0.05 2300 . 0.005 0.18 0.05 74 5 855

628 4/6/2003 2003 W 9 R 17 12.1 7.5 9.14 0.33 3120 . 0.03 0.34 0.02 10 131 1529

629 4/6/2003 2003 W 10 R 16 11.7 7.5 10.45 0.02 397 1.4 0.01 0.1 0.13 5 5 689

630 4/6/2003 2003 W 11 M 16.5 12 8.2 11.35 0.07 1449 . 0.24 0.15 0.04 52 5 624

631 4/6/2003 2003 W 12 M 19.3 14.3 7.9 10.56 0.47 1574 . 0.05 0.28 0.05 5 5 1421

632 4/6/2003 2003 W 13 M 20 14.2 7.3 11.06 0.47 3700 . 0.87 0.48 0.11 63 109 6488

624 4/6/2003 2003 W 14 R 17.3 14.2 7.7 8.56 0.005 1210 0.3 0.1 0.06 0.01 63 295 1223

606 4/7/2003 2003 W 1 O 20 16.9 8.1 10.65 0.33 1548 . 5.64 2.68 0.04 10 10 1014

541 4/7/2003 2003 W 4 O 22 16.5 8.1 9.62 2.92 1600 . 0.04 0.14 0.01 31 5 24193

469 4/7/2003 2003 W 5 O 26.5 12.3 8 12.89 0.41 3480 3.7 3.98 0.41 0.005 20 98 5172

475 4/7/2003 2003 W 7 O 19.5 13.2 7.7 9.64 0.93 3115 0.4 0.83 0.24 0.05 197 435 24192

548 4/7/2003 2003 W 16 O 19 16.3 7.7 11.04 0.16 1607 . 0.61 0.36 0.05 109 31 3448

551 4/7/2003 2003 W 17 O 23.3 16.5 7.1 8.47 0.28 1020 4.7 0.3 0.24 0.005 5 20 2187

703 4/7/2003 2003 W 18 R 16 14.4 7.8 10.12 0.005 1551 . 0.005 0.18 0.005 5 10 1145

552 4/7/2003 2003 W 19 R 18.5 14.2 7.6 10.31 0.005 752 3.4 0.08 0.13 0.005 20 5 443

488 5/17/2003 2003 D 2 O 19.5 16.1 7.9 9.65 0.11 1275 4.8 0.78 0.25 0.005 52 146 1968

489 5/17/2003 2003 D 3 R 21.8 16 7.9 8.4 0.005 730 . 0.005 0.11 0.03 122 20 556

490 5/17/2003 2003 D 6 R 22 16.2 7.6 8.26 0.005 3620 . 0.005 0.47 0.03 145 31 2014

491 5/17/2003 2003 D 8 R 22 16.2 7.3 5.42 0.33 2045 . 0.005 0.14 0.04 41 10 663

492 5/17/2003 2003 D 9 R 21 16.1 7.4 9.11 0.29 3140 . 0.005 0.56 0.03 187 158 8164

664 5/17/2003 2003 D 10 R 22.5 16.2 7.5 9.06 0.35 319 . 0.01 0.19 0.05 41 10 1789

554 5/17/2003 2003 D 11 M 21 16.6 8.1 10.27 0.005 1344 1.5 0.15 0.19 0.03 30 52 1872

555 5/17/2003 2003 D 12 M 21.5 18.8 7.8 8.89 1.01 1402 . 0.005 0.4 0.03 10 5 4352

RB-AR6075



Event ID Date Year Wet/Dry Season Site Group Air Temp Water Temp pH DO Turbidity Conductivity Flow Nitrate Phosphate Ammonia Enterococcus E. coli Total Coliform
494 5/17/2003 2003 D 13 M 22.5 18.3 7.3 7.56 0.77 3505 2 0.64 0.61 0.05 327 98 15531

669 5/17/2003 2003 D 14 R 18 16.4 7.8 11.4 0.37 1129 0.2 0.04 0.06 0.005 63 20 1483

710 5/18/2003 2003 D 1 O 19 18.6 8.2 14.53 0.19 1534 . 0.06 0.74 0.02 5 10 1137

496 5/18/2003 2003 D 4 O 20 20.6 8 9.25 3.9 1517 . 0.005 0.28 0.005 31 52 24193

711 5/18/2003 2003 D 5 O 23 15.7 8 8.27 0.35 3500 2.1 3.08 0.47 0.02 97 52 2489

712 5/18/2003 2003 D 7 O 24 16.8 7.6 9.22 0.6 2950 7.2 0.47 0.39 0.09 187 669 7701

498 5/18/2003 2003 D 16 O 20 17.1 7.5 9.27 0.05 1618 . 0.33 0.35 0.06 84 20 1597

500 5/18/2003 2003 D 17 O 21.5 18.1 7 8.44 0.06 1027 5.3 0.09 0.34 0.05 31 143 1860

502 5/18/2003 2003 D 18 R 17 16.2 7.7 11.24 0.005 1553 . 0.005 0.12 0.04 20 145 1076

503 5/18/2003 2003 D 19 R 18 16.1 7.5 11.07 0.005 772 4.2 0.02 0.1 0.03 10 41 556

713 6/1/2003 2003 D 2 O 19.5 16.9 7.8 10.13 0.005 1256 2.4 0.63 0.14 0.02 213 74 3654

714 6/1/2003 2003 D 3 R 24 19.9 7.8 8.47 0.005 720 . 0.005 0.03 0.005 41 5 457

509 6/1/2003 2003 D 6 R 20.5 17.4 7.5 6.78 0.06 3730 . 0.005 0.33 0.07 323 31 1576

516 6/1/2003 2003 D 8 R 24.5 17.5 7.2 . 0.49 2100 . 0.005 0.08 0.03 86 31 3255

670 6/1/2003 2003 D 9 R 23 16.6 7.3 6.71 0.29 3020 . 0.005 0.5 0.06 175 52 7270

719 6/1/2003 2003 D 10 R 22.5 17.9 7.1 8.19 0.005 420 0.6 0.005 0.09 0.04 10 41 4611

720 6/1/2003 2003 D 11 M 21.8 19.3 8.1 12.1 0.005 1312 0.8 0.03 0.1 0.01 98 86 1515

671 6/1/2003 2003 D 12 M . 23.8 7.8 11.44 0.03 1644 . 0.005 0.51 0.07 10 20 12996

572 6/1/2003 2003 D 13 M 25 20.2 7.2 8.87 0.54 3700 0.6 0.69 0.53 0.07 197 132 8164

721 6/1/2003 2003 D 14 R 19.5 17.8 7.8 11.33 0.005 1122 0.2 0.02 0.07 0.04 41 120 1829

530 6/2/2003 2003 D 1 O 17 19.3 7.6 9 0.19 1644 . 0.01 1.21 0.05 5 63 3873

715 6/2/2003 2003 D 4 O 21.8 24.9 7.6 7.33 5.59 1778 . 0.005 0.74 0.35 86 169 17329

722 6/2/2003 2003 D 5 O 22.3 19.1 7.8 13.14 0.005 3570 1.4 3.26 0.43 0.05 51 108 5475

723 6/2/2003 2003 D 7 O 25 19.5 7.7 8.44 0.005 3060 5.7 0.85 0.86 0.12 318 1607 24193

574 6/2/2003 2003 D 16 O 21.8 18.1 7.4 9.06 0.23 1603 . 0.29 0.43 0.04 350 31 9208

724 6/2/2003 2003 D 17 O 23.8 20.3 6.9 8.19 0.005 1101 1.5 0.06 0.41 0.08 63 52 7701

672 6/2/2003 2003 D 18 R 18 17.5 7.7 9.76 0.01 1529 . 0.005 0.13 0.04 86 216 1935

537 6/2/2003 2003 D 19 R 18 16.8 7.4 9.64 0.005 817 . 0.005 0.18 0.02 20 5 1076

717 7/1/2003 2003 D 1 O 21 21.9 8.3 17.05 0.6 1780 . 0.005 0.89 0.02 41 41 6131

732 7/1/2003 2003 D 4 O 25 24 7.8 8.51 4.97 2020 . 0.005 0.6 0.02 30 5 8164

661 7/1/2003 2003 D 5 O 25 18.7 7.8 11.52 0.12 3358 1.9 3.66 0.4 0.04 135 85 11198

748 7/1/2003 2003 D 7 O 23 19.5 7.9 7.83 0.78 3030 3.1 1.09 0.72 0.08 226 282 24192

683 7/1/2003 2003 D 16 O 25.5 18.3 7.4 9.4 0.8 1664 . 0.17 0.33 0.04 145 298 12996

734 7/1/2003 2003 D 17 O 31 21.4 7.3 9.07 0.13 1182 2.8 0.01 0.35 0.06 189 110 5794

750 7/1/2003 2003 D 18 R 18 17.9 7.9 9.65 0.01 1552 . 0.005 0.1 0.04 52 41 1658

735 7/1/2003 2003 D 19 R 19 18.4 7.8 10.15 0.01 846 0.4 0.005 0.12 0.07 10 10 1450

660 7/13/2003 2003 D 2 O 25.5 18.6 7.7 8.3 0.005 1318 3.3 0.72 0.24 0.005 472 345 3255

731 7/13/2003 2003 D 3 R 32.5 23 7.6 6.83 0.09 736 . 0.005 0.06 0.1 74 5 2143

662 7/13/2003 2003 D 6 R 33.5 20.4 7.1 3.08 0.65 4170 . 0.005 0.79 0.1 616 313 24193

749 7/13/2003 2003 D 9 R 31.5 18.1 7.5 5.7 0.08 3050 . 0.005 0.58 0.08 148 109 2613

718 7/13/2003 2003 D 10 R 32.5 21.7 7.1 9.54 5.17 506 . 0.005 0.12 0.04 52 10 4611

733 7/13/2003 2003 D 11 M 29 23.1 7.8 7.87 0.17 1300 0.1 0.005 0.13 0.05 122 187 3654

663 7/13/2003 2003 D 12 M 32.5 24.8 8 10.9 0.89 1935 . 0.005 0.46 0.07 20 20 15531

681 7/13/2003 2003 D 13 M 33 21.9 7.5 7.86 1.16 3410 0.7 1.74 0.78 0.09 813 301 24192

682 7/13/2003 2003 D 14 R 23.5 18.9 7.4 8.13 0.03 1160 . 0.16 0.04 0.06 201 63 2909

758 8/3/2003 2003 D 2 O 22 17.7 7.6 8.58 0.005 1351 . 0.77 0.33 0.1 369 187 3873

707 8/3/2003 2003 D 3 R 17.5 20.3 7.4 7.5 0.12 738 . 0.005 0.03 0.03 209 52 754

RB-AR6076



Event ID Date Year Wet/Dry Season Site Group Air Temp Water Temp pH DO Turbidity Conductivity Flow Nitrate Phosphate Ammonia Enterococcus E. coli Total Coliform
759 8/3/2003 2003 D 9 R 26.5 18.3 7.4 5.86 0.01 3230 . 0.005 0.63 0.05 161 249 1918

693 8/3/2003 2003 D 10 R 27.5 20.4 7.4 6.92 0.005 562 . 0.005 0.16 0.08 63 52 2143

694 8/3/2003 2003 D 11 M 24.8 18.9 7.8 8.35 0.005 1335 . 0.005 0.15 0.07 161 20 4106

739 8/3/2003 2003 D 12 M 29 24.9 7.9 9.16 0.52 2058 . 0.005 0.45 0.1 52 41 6867

695 8/3/2003 2003 D 13 M 28 20.6 7.2 7.56 0.87 3805 0.6 1.61 0.72 0.14 880 1187 24197

760 8/3/2003 2003 D 14 R 22 18.9 7.6 8.62 0.01 1194 . 0.13 0.02 0.06 145 63 2489

757 8/4/2003 2003 D 1 O 25 21.6 7.6 9 0.55 1883 . 0.02 1.26 0.09 63 41 8664

690 8/4/2003 2003 D 4 O 27.3 24.4 8 8.03 5 2410 . 0.005 0.55 0.07 63 120 12996

691 8/4/2003 2003 D 5 O 27.5 18.5 7.8 9.96 0.27 3410 1 3.52 0.38 0.06 1019 73 6131

692 8/4/2003 2003 D 7 O 29 20.5 7.6 7.6 1.33 3145 2.3 0.77 0.8 0.14 171 86 24193

696 8/4/2003 2003 D 16 O 29 19.2 7.4 7.25 0.33 1624 . 0.32 0.38 0.1 987 1725 8664

740 8/4/2003 2003 D 17 O 29 21.7 6.9 4.48 0.1 1351 0.5 0.02 0.33 0.13 5 5 3255

741 8/4/2003 2003 D 18 R 21.5 19 7.8 9.91 0.03 1595 . 0.04 0.21 0.1 122 84 2489

706 8/4/2003 2003 D 19 R 23 18.5 7.6 9.81 0.005 939 . 0.005 0.16 0.09 30 5 2224

1028 9/7/2003 2003 D 2 O 24 18.2 7.7 7.4 0.72 1360 . 0.3 0.38 0.03 521 20 5794

1029 9/7/2003 2003 D 3 R 27 20.8 7.7 7.67 0.26 720 . 0.04 0.09 0.005 86 31 670

1030 9/7/2003 2003 D 4 O 31 25.3 8 9.24 6.4 2680 . 0.03 0.74 0.12 10 10 24192

1037 9/7/2003 2003 D 5 O 21.5 17.2 7.8 9.96 1.1 3430 1.7 3.9 0.36 0.03 246 134 7270

1031 9/7/2003 2003 D 9 R 31 18 7.2 2.92 1.3 3175 . 0.02 0.81 0.005 369 213 1860

1032 9/7/2003 2003 D 11 M 30 19.1 7.7 5.84 0.44 1367 . 0.01 0.19 0.01 161 201 3255

1033 9/7/2003 2003 D 13 M 28 19.8 7.3 6.5 1.3 3530 . 1.73 0.93 0.13 521 211 24192

1034 9/7/2003 2003 D 14 R 27.5 19.2 7.6 9.44 0.03 1215 . 0.1 0.06 0.03 132 52 2613

1035 9/7/2003 2003 D 16 O 27 18.3 7.5 7.63 0.05 1615 . 0.46 0.36 0.06 368 238 3654

1036 9/9/2003 2003 D 1 O 25 22.6 8.1 14.32 0.01 1858 . 0.01 1.62 0.005 10 5 4611

1038 9/9/2003 2003 D 7 O 22.5 19.5 7.7 7.09 1.18 3130 3.5 1.15 0.52 0.21 620 738 24193

1039 9/9/2003 2003 D 12 M 23 22.2 8 10.17 0.29 1915 . 0.07 0.43 0.04 5 14136 10

1040 9/9/2003 2003 D 17 O 22.8 19.5 6.8 6.15 0.005 1323 . 0.12 0.34 0.04 . 52 8164

1042 9/9/2003 2003 D 18 R 20 18.6 7.7 9.7 0.005 1523 . 0.02 0.1 0.005 74 41 1467

1043 9/9/2003 2003 D 19 R 20 17.8 7.6 9.98 0.005 918 . 0.05 0.14 0.03 20 5 2400

774 10/5/2003 2003 D 2 O 17.5 15.1 7.5 8.76 0.005 1366 . 0.32 0.29 0.09 52 30 2063

775 10/5/2003 2003 D 3 R 22 17 7.7 9.8 0.005 714 . 0.06 0.09 0.03 31 96 1106

776 10/5/2003 2003 D 4 O 20.5 20.4 8.1 8.99 6.6 2740 . 0.05 0.54 0.07 10 20 14136

778 10/5/2003 2003 D 7 O 23 17.4 7.6 7.11 1.1 2875 6.4 0.96 0.55 0.11 240 231 24193

781 10/5/2003 2003 D 9 R 24 16.6 7.2 3.55 0.53 3190 . 0.03 0.67 0.005 278 108 1354

783 10/5/2003 2003 D 11 M 20.5 15.2 7.6 8.16 0.1 1329 . 0.06 0.14 0.03 135 31 3873

785 10/5/2003 2003 D 13 M 19 16.9 7.2 7.34 2.05 3660 0.8 1.35 1.88 0.005 496 269 15531

786 10/5/2003 2003 D 14 R 18 16.5 7.8 9.85 0.005 1216 . 0.07 0.05 0.03 5 30 364

787 10/5/2003 2003 D 16 O 20.5 15.3 7.6 8.51 1.47 1671 . 0.44 0.45 0.005 379 1178 6131

788 10/5/2003 2003 D 17 O 20 17.8 6.8 2.55 0.9 1410 . 0.12 0.33 0.13 10 20 3255

772 10/7/2003 2003 D 1 O 19.5 19.9 7.7 8.64 0.28 2210 . 0.1 1.48 0.06 52 122 6131

777 10/7/2003 2003 D 5 O 21.5 17 8 10.36 0.23 3520 1.4 4.26 0.44 0.06 1050 959 5475

784 10/7/2003 2003 D 12 M 19.3 19.2 8 8.95 0.17 2530 . 0.09 0.43 0.04 5 5 7701

791 10/7/2003 2003 D 18 R 18.5 17.8 7.9 11.45 0.005 1567 . 0.08 0.18 0.005 98 5 710

792 10/7/2003 2003 D 19 R 18 17.1 7.9 11.26 0.005 1030 . 0.07 0.21 0.06 30 5 1850

793 11/2/2003 2003 D 1 O 19.3 16.7 8 9.94 1.17 2550 . 0.34 1.1 0.08 145 601 10462

794 11/2/2003 2003 D 2 O 16 11.4 7.4 7.71 0.005 1316 . 0.66 0.28 0.05 331 226 7270

796 11/2/2003 2003 D 3 R 15.5 13.3 7.6 9.07 0.005 712 . 0.005 0.05 0.05 31 292 1565

RB-AR6077



Event ID Date Year Wet/Dry Season Site Group Air Temp Water Temp pH DO Turbidity Conductivity Flow Nitrate Phosphate Ammonia Enterococcus E. coli Total Coliform
797 11/2/2003 2003 D 5 O 16.3 11.7 7.9 9.97 0.71 2802 3.5 3.92 0.61 0.32 3076 1210 24193

798 11/2/2003 2003 D 7 O 14.5 12.9 7.8 7.7 1.54 2875 . 0.85 0.51 0.16 2602 1354 24193

799 11/2/2003 2003 D 12 M 16 14.2 8.1 9.61 0.99 2520 . 0.05 0.41 0.005 20 120 7270

800 11/2/2003 2003 D 13 M 18.5 14.5 . 6.5 1.37 3040 . 1.98 0.92 0.31 1414 389 19863

801 11/2/2003 2003 D 14 R 16.5 14.4 7.4 9.32 0.01 1256 . 0.005 0.08 0.005 41 5 1785

802 11/2/2003 2003 D 17 O 13 14.6 6.9 4.97 0.18 1554 . 0.22 0.43 0.08 122 63 5794

803 11/2/2003 2003 D 18 R 18.3 15.8 8 9.65 0.05 1611 . 0.02 0.13 0.005 630 5 1918

804 12/14/2003 2003 W 1 O 12.5 13.2 7.7 11.06 0.82 1454 . 6.24 4.52 0.06 30 10 2723

805 12/14/2003 2003 W 2 O 12.5 7.8 7.5 9.76 0.03 1333 . 0.58 0.25 0.01 31 5 173

806 12/14/2003 2003 W 3 R 11.5 10 7.7 10.86 0.005 753 . 0.005 0.05 0.005 20 10 448

807 12/14/2003 2003 W 5 O 12.3 8.2 7.9 12.34 0.19 3349 . 5.1 0.43 0.02 52 52 591

808 12/14/2003 2003 W 7 O 13 9.3 7.7 9 1.16 3180 . 0.53 0.31 0.06 12 161 17329

810 12/14/2003 2003 W 12 M 12.5 8.6 8 11.42 0.09 2560 . 0.07 0.31 0.03 20 52 565

811 12/14/2003 2003 W 13 M 11.3 11.5 7.4 9.26 1.9 3670 . 1.69 0.83 0.08 134 63 1968

812 12/14/2003 2003 W 14 R 12.5 11.6 7.6 9.25 0.01 1276 . 0.005 0.09 0.03 5 5 2282

813 12/14/2003 2003 W 17 O 12 11.9 7.6 5.94 0.18 1471 . 0.32 0.32 0.005 31 10 512

814 12/18/2003 2003 W 18 R 14 12.9 7.8 9.64 0.09 1597 . 0.005 0.07 0.005 132 5 712

815 1/11/2004 2004 W 1 O 21 13.3 8 12.21 0.63 1735 . 5.08 3.42 0.08 20 5 1515

816 1/11/2004 2004 W 2 O 13.3 7.3 7.5 10.76 0.72 1453 . 1.03 0.32 0.02 203 86 1872

817 1/11/2004 2004 W 3 R 15 9.4 7.6 10.32 0.04 742 . 0.005 0.04 0.005 5 10 1017

818 1/11/2004 2004 W 5 O 23 9.1 7.7 11.18 0.65 3179 1.8 5.68 1.12 0.05 135 52 3076

819 1/11/2004 2004 W 7 O 28 10 7.6 8.82 1.85 2810 . 0.75 0.41 0.08 243 389 24192

821 1/11/2004 2004 W 12 M 10 7.7 7.8 11.94 1.41 1864 . 0.005 0.23 0.04 20 10 1198

822 1/11/2004 2004 W 13 M 22.8 12.8 7.4 9.8 0.76 3780 . 1.39 0.69 0.07 201 62 2755

823 1/11/2004 2004 W 14 R 20.5 12.8 7.3 9.58 0.02 1291 . 0.005 0.05 0.005 5 5 857

824 1/11/2004 2004 W 17 O 16.5 10 6.8 8.09 0.76 1477 . 0.15 0.35 0.01 41 20 487

825 1/11/2004 2004 W 18 R 19 13.8 7.7 8.67 0.005 1596 . 0.005 0.13 0.01 309 5 2143

826 2/8/2004 2004 W 1 O 18 12.9 8.3 13.82 0.46 1694 . 6.96 3.04 0.06 52 5 934

827 2/8/2004 2004 W 2 O 16.5 8 7.6 11.41 0.005 1438 . 0.8 0.17 0.005 189 20 860

828 2/8/2004 2004 W 3 R 16.5 8.5 7.7 11.34 0.005 730 . 0.03 0.06 0.02 5 5 74

829 2/8/2004 2004 W 5 O 19.5 8.6 8.1 13.13 0.44 3350 0.6 5.08 0.4 0.03 52 10 1607

830 2/8/2004 2004 W 7 O 19 10.1 8 9.83 1.55 2900 . 0.51 0.16 0.07 187 121 2613

832 2/8/2004 2004 W 12 M 18.8 9.2 8.2 12.22 0.97 1830 . 0.01 0.18 0.04 5 5 605

833 2/8/2004 2004 W 13 M 19 12.3 7.4 10.08 1.22 3660 . 1.3 0.58 0.04 216 63 3654

834 2/8/2004 2004 W 14 R 20 13.5 7.9 9.55 0.01 1262 0.1 0.005 0.08 0.01 10 5 771

835 2/8/2004 2004 W 17 O 16.3 10.7 7.6 8.74 0.53 1413 . 0.1 0.2 0.07 74 41 880

836 2/8/2004 2004 W 18 R 20 13.3 8.2 9.33 0.02 1528 . 0.005 0.13 0.005 146 5 860

837 3/7/2004 2004 W 1 O 24 17 8.1 11.68 1.4 1473 . 5.44 2.76 0.08 31 97 2755

838 3/7/2004 2004 W 2 O 23.5 12.1 7.8 10.29 0.36 1348 . 1.79 0.32 0.14 63 341 2481

840 3/7/2004 2004 W 3 R 26 12.2 7.6 10.19 0.06 688 . 0.04 0.1 0.05 10 5 240

841 3/7/2004 2004 W 5 O 24 13.7 8.1 9.96 1.38 2502 3.7 4.18 0.49 0.05 74 98 2851

842 3/7/2004 2004 W 7 O 28.5 13.8 7.8 11.06 1.83 2760 . 0.64 0.17 0.02 233 187 17329

843 3/7/2004 2004 W 8 R 27 13.4 7 . 0.2 2210 . 0.05 0.19 0.08 5 5 480

844 3/7/2004 2004 W 12 M 25.5 13.4 8.3 10.24 2.6 1300 . 0.03 0.09 0.07 5 5 404

845 3/7/2004 2004 W 13 M 28.5 16 7.5 10.75 1.13 3625 . 0.84 0.6 0.14 262 547 6131

846 3/7/2004 2004 W 14 R 30 16.8 7.7 9.3 0.01 1196 . 0.19 0.13 0.04 31 5 627

847 3/7/2004 2004 W 17 O 26.5 14 7.2 9.45 1.67 961 . 0.37 0.14 0.06 41 52 1723

RB-AR6078



Event ID Date Year Wet/Dry Season Site Group Air Temp Water Temp pH DO Turbidity Conductivity Flow Nitrate Phosphate Ammonia Enterococcus E. coli Total Coliform
848 3/7/2004 2004 W 18 R 25.5 17.9 8.2 9.31 0.06 1319 . 0.02 0.17 0.04 98 20 1860

849 4/4/2004 2004 W 1 O 19.5 17.5 8 12.53 0.35 1670 . 3.08 2.78 0.04 5 10 1850

850 4/4/2004 2004 W 2 O 17 13.7 7.7 9.47 0.005 1350 . 1.29 0.22 0.03 393 448 1723

851 4/4/2004 2004 W 3 R 19.5 13.3 7.6 9.03 0.005 721 . 0.005 0.07 0.005 5 5 221

852 4/4/2004 2004 W 5 O 20.5 14.5 8.2 9.94 0.74 3254 1.5 4.24 0.46 0.04 95 98 4352

853 4/4/2004 2004 W 7 O 19.7 15.6 7.7 7.54 1.55 2880 . 0.44 0.37 0.15 173 480 24193

854 4/4/2004 2004 W 12 M 19.3 16.2 8.3 9.25 0.78 1824 . 0.02 0.29 0.005 52 20 2613

855 4/4/2004 2004 W 13 M 20.5 16.8 7.4 8.12 1.12 3540 . 0.95 0.65 0.05 262 175 15531

856 4/4/2004 2004 W 14 R 17.8 14.9 7.5 9.44 0.005 1234 0.1 0.03 0.04 0.005 31 10 441

857 4/4/2004 2004 W 17 O 19.7 16 7 6.53 0.13 1085 . 0.23 0.31 0.03 52 63 4884

858 4/4/2004 2004 W 18 R 17.8 16.5 8.3 9.65 0.15 1508 . 0.01 0.12 0.005 265 5 4352

860 5/2/2004 2004 D 1 O 32 20.2 7.8 14.33 0.5 1861 . 0.21 1.21 0.05 10 41 1354

861 5/2/2004 2004 D 2 O 22 15 7.7 9.63 0.03 1397 . 0.97 0.23 0.01 169 292 2247

862 5/2/2004 2004 D 3 R 32 16.1 7.5 8.75 0.005 728 . 0.01 0.1 0.02 95 5 4611

863 5/2/2004 2004 D 5 O 31 16.8 8.2 12.08 0.2 3264 1.1 3.78 0.52 0.02 86 161 4611

864 5/2/2004 2004 D 7 O 26 17.1 7.5 7.6 3.47 2960 . 0.61 0.56 0.27 98 246 3873

865 5/2/2004 2004 D 12 M 27.3 19.6 8.4 10 0.03 1974 . 0.01 0.27 0.07 31 63 8664

866 5/2/2004 2004 D 13 M 35 18.8 7.4 8.69 1.85 3800 . 1 0.78 0.06 148 74 11198

867 5/2/2004 2004 D 14 R 26.5 16.5 7.6 8.19 0.04 1292 0 0.01 0.04 0.01 10 10 2602

868 5/2/2004 2004 D 17 O 32.5 18.3 7 7.66 0.005 1203 . 0.06 0.31 0.03 63 74 2909

869 5/2/2004 2004 D 18 R 25.5 20.4 8.3 9.73 0.42 1593 . 0.01 0.12 0.07 30 20 1050

871 6/6/2004 2004 D 1 O 20.5 21.9 8.6 15.1 0.51 2155 . 0.01 1.35 0.01 10 41 24192

872 6/6/2004 2004 D 2 O 19 16.7 7.6 7.9 0.13 1401 . 0.79 0.33 0.02 156 109 3076

873 6/6/2004 2004 D 3 R 21.5 17.5 7.6 7.75 0.005 722 . 0.01 0.06 0.01 41 5 1793

874 6/6/2004 2004 D 5 O 23 17.9 8.3 10.93 0.25 3244 1.2 3.08 0.41 0.03 52 51 8664

875 6/6/2004 2004 D 7 O 24.5 20.3 8.1 7.96 1.75 2870 . 0.58 0.53 0.13 481 240 24193

876 6/6/2004 2004 D 12 M 22 21.1 8.1 7.27 0.74 2194 . 0.005 0.22 0.05 41 10 24193

877 6/6/2004 2004 D 13 M 25.5 19.6 7.4 7.17 2.2 3540 . 1.05 0.86 0.1 382 86 24193

879 6/6/2004 2004 D 14 R 20.5 16.8 7.8 8.44 0.01 1278 0.1 0.01 0.05 0.01 31 31 1576

880 6/6/2004 2004 D 17 O 25 20.8 7.7 11.42 0.31 1339 . 0.08 0.27 0.01 132 108 11198

882 6/6/2004 2004 D 18 R 23 19.9 8.4 9.67 0.005 1594 . 0.01 0.09 0.01 41 10 909

883 7/15/2004 2004 D 1 O 27 24.6 8.4 13.5 0.14 1950 . 0.01 1.48 0.01 62 5 2489

884 7/15/2004 2004 D 2 O 23.8 17.7 7.8 5.67 0.07 1406 . 0.34 0.37 0.01 419 552 3076

885 7/15/2004 2004 D 3 R 29 18.7 8 8.23 0.01 725 . 0.01 0.07 0.01 41 31 1785

886 7/15/2004 2004 D 5 O 24 17.3 8.2 10.7 0.1 3460 0 2.8 0.39 0.01 272 119 3282

887 7/15/2004 2004 D 7 O 26.5 19.9 7.9 6.78 3.18 3045 . 0.59 0.58 0.1 249 410 24193

888 7/15/2004 2004 D 12 M 29 23.4 8.2 11.89 0.51 2325 . 0.01 0.17 0.01 30 5 19863

889 7/15/2004 2004 D 13 M 30.3 19.9 7.7 8.29 2.42 3530 . 1.29 0.96 0.08 382 231 15531

890 7/15/2004 2004 D 14 R 28 17.5 8 8.74 0.19 1314 0.1 0.01 0.07 0.04 20 10 907

891 7/15/2004 2004 D 17 O 26 19.5 7.4 8.04 0.81 1388 . 0.01 0.26 0.01 160 1935 5172

892 7/15/2004 2004 D 18 R 24.5 19.5 8.3 10.46 0.55 1546 . 0.02 0.08 0.01 275 10 1354

893 8/8/2004 2004 D 1 O 23 19.5 7.3 2.81 1.5 1869 . 0.22 1.33 0.04 20 20 7701

895 8/8/2004 2004 D 3 R 31 19.3 7.9 7.88 0.19 718 . 0.01 0.08 0.01 74 74 1483

896 8/8/2004 2004 D 5 O 30 18.1 8 11.03 0.54 3375 0.9 3.14 0.49 0.04 134 62 8664

897 8/8/2004 2004 D 7 O 29.5 19.9 7.9 6.98 0.22 2970 . 0.65 0.57 0.13 160 119 24193

898 8/8/2004 2004 D 12 M 29 20.9 7.7 6.47 0.46 2335 . 0.005 0.04 0.06 63 10 24193

899 8/8/2004 2004 D 13 M 34 20.1 7.6 7.75 1.55 3395 . 1.03 0.77 0.07 120 419 14136
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Event ID Date Year Wet/Dry Season Site Group Air Temp Water Temp pH DO Turbidity Conductivity Flow Nitrate Phosphate Ammonia Enterococcus E. coli Total Coliform
900 8/8/2004 2004 D 14 R 20.5 17.4 7.8 8.3 0.09 1305 0.1 0.02 0.09 0.03 85 63 1137

901 8/8/2004 2004 D 17 O 31 20.8 7.2 2.17 0.44 1390 . 0.02 0.34 0.03 10 31 3255

902 8/8/2004 2004 D 18 R 22 19.3 8.2 9.28 0.3 1557 . 0.005 0.08 0.005 155 52 805

903 9/12/2004 2004 D 1 O 26.5 24.3 7.8 11.04 2.62 2270 . 0.01 1.68 0.11 5 5 24193

904 9/12/2004 2004 D 3 R 26 18.4 7.8 7.65 0.005 720 . 0.005 0.1 0.09 41 41 2014

905 9/12/2004 2004 D 5 O 29 18.1 8.1 . 0.55 3460 1.2 2.26 0.5 0.06 240 143 10462

906 9/12/2004 2004 D 7 O 25 20.4 7.8 6 2.08 2970 . 0.6 0.68 0.14 120 81 17329

907 9/12/2004 2004 D 12 M 28 20.2 7.7 5.88 1.23 2370 . 0.07 0.23 0.21 10 5 24193

908 9/12/2004 2004 D 13 M 30 19.8 7.4 9.21 1.73 3740 . 1.05 1.06 0.16 583 480 24193

909 9/12/2004 2004 D 14 R 24 18.3 7.8 7.23 0.02 1344 0 0.005 0.08 0.07 74 5 1211

910 9/12/2004 2004 D 18 R 25 19.5 8.2 10 0.2 1509 . 0.02 0.12 0.07 143 5 1246

984 10/3/2004 2004 D 1 O 20 19.2 7.6 6.94 1.2 2390 . 0.06 1.81 0.12 20 20 24192

986 10/3/2004 2004 D 3 R 20.5 15.7 8 12.51 0.01 719 . 0.005 0.005 0.005 10 10 650

987 10/3/2004 2004 D 5 O 23.5 14.9 8.1 10.38 0.02 3520 1.3 2.72 0.51 0.03 158 259 2613

988 10/3/2004 2004 D 7 O 20.5 17.3 7.9 6.66 5.2 3140 . 0.44 0.38 0.12 317 134 14136

989 10/3/2004 2004 D 12 M 21.5 17.6 8.1 8.38 0.19 2510 . 0.03 0.36 0.06 399 5 6131

990 10/3/2004 2004 D 13 M 24.5 17.6 7.5 10.16 1.45 3610 . 1.04 1.05 0.1 . 413 14136

991 10/3/2004 2004 D 14 R 17.5 15.7 7.8 7.05 0.72 1389 0.1 0.005 0.06 0.02 41 41 2723

993 10/3/2004 2004 D 18 R 18.5 16.8 8.1 13.28 0.01 1553 . 0.005 0.11 0.005 86 30 1246

973 11/7/2004 2004 D 1 O 18 15 8.2 11.73 1.9 1965 . 0.98 1.21 0.05 10 31 4352

974 11/7/2004 2004 D 2 O 12 12 8.1 7.46 0.25 1505 . 1.19 0.36 0.03 86 63 2489

975 11/7/2004 2004 D 3 R 13.5 11.7 8.2 9.6 0.25 754 . 0.02 0.06 0.01 5 10 601

976 11/7/2004 2004 D 5 O 13 10.8 8.1 9.51 1.4 3650 2.4 4.88 0.77 0.06 419 121 11198

977 11/7/2004 2004 D 7 O 13 12.9 7.9 8.16 2.4 2880 . 0.61 0.3 0.1 317 354 11198

979 11/7/2004 2004 D 12 M 13 12.3 8.1 9.15 1.3 1693 . 0.12 0.36 0.06 5 10 1313

980 11/7/2004 2004 D 13 M 13.7 14 7.6 8.84 1.4 3320 . 1.13 0.7 0.06 278 119 119

981 11/7/2004 2004 D 14 R 15 13.9 7.8 8.26 0.06 1362 0.6 0.01 0.08 0.02 31 5 933

982 11/7/2004 2004 D 17 O 14.2 14 7.2 6.87 0.45 1391 . 0.36 0.34 0.04 109 63 2489

983 11/7/2004 2004 D 18 R 16 14.6 8.1 9.17 0.09 1596 . 0.005 0.1 0.03 31 30 1014

994 12/5/2004 2004 W 1 O 10 12.5 7.9 9.66 3.17 1681 . 4.14 2.84 0.09 52 10 2909

1044 12/5/2004 2004 W 2 O 8 9.5 7.8 9.75 30 1286 . 0.87 0.34 0.1 1374 933 17329

1045 12/5/2004 2004 W 3 R 7 8.5 8 10.8 0.86 697 . 0.005 0.06 0.1 52 5 487

1046 12/5/2004 2004 W 5 O 9.5 8.9 8.1 9.76 8.3 3430 14.9 3.3 0.63 0.23 243 327 8664

1047 12/5/2004 2004 W 7 O 8 10.1 7.8 11.92 11 2470 . 1.18 0.6 0.79 4106 12033 24193

1048 12/5/2004 2004 W 12 M 8 8.2 8.2 10.08 1.5 2080 . 0.01 0.27 0.08 10 10 706

1049 12/5/2004 2004 W 13 M 8 9.7 7.7 9.96 27.5 1340 . 0.96 0.91 0.8 6131 2851 24193

1050 12/5/2004 2004 W 14 R 9 11.9 7.8 8.12 0.6 1320 . 0.005 0.03 0.09 231 30 1515

1051 12/5/2004 2004 W 17 O 8 10.5 7.3 9.76 0.7 1342 . 0.18 0.3 0.16 2035 31 2143

1052 12/5/2004 2004 W 18 R 9 11.7 7.8 10.03 3.1 1531 . 0.03 0.45 0.13 683 218 8164

995 2/13/2005 2005 W 1 O 18.5 15.5 8.5 11.94 7.1 1187 . 1.94 0.71 0.12 85 327 14136

996 2/13/2005 2005 W 2 O 17 13.4 8.3 9.82 2.18 1058 . 1.44 0.21 0.07 63 41 2602

997 2/13/2005 2005 W 3 R 15 12.6 8.3 9.23 2.75 473 . 0.06 0.07 0.08 5 5 591

998 2/13/2005 2005 W 5 O 18 14.1 8.2 9.91 6.3 2640 22.4 2.88 0.57 0.18 309 738 14136

999 2/13/2005 2005 W 7 O 16.5 14.7 7.6 10.63 5.2 2245 . 1.2 0.39 0.13 959 1137 15531

1000 2/13/2005 2005 W 12 M 17 14 8.3 10.24 7.8 903 . 0.5 0.27 0.34 146 213 4106

1001 2/13/2005 2005 W 13 M 17 14 8 9.32 3.3 2650 . 0.85 0.67 0.18 246 246 4106

1002 2/13/2005 2005 W 14 R 16.5 14.1 8.3 9.77 3.2 667 3 1.01 0.06 0.11 10 10 156
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Event ID Date Year Wet/Dry Season Site Group Air Temp Water Temp pH DO Turbidity Conductivity Flow Nitrate Phosphate Ammonia Enterococcus E. coli Total Coliform
1003 2/13/2005 2005 W 17 O 17.5 14.4 7.8 9.44 3.13 781 . 0.67 0.25 0.17 51 379 2187

1004 2/13/2005 2005 W 18 R 18 16.1 8.4 10.68 0.28 1381 . 0.01 0.09 0.07 20 5 288

1005 3/6/2005 2005 W 1 O 17.5 16.3 8.4 10.38 4.9 1339 . 1.85 0.61 0.05 10 63 2613

1007 3/6/2005 2005 W 2 O 18 15 8.2 10.22 1.4 1077 . 1.63 0.18 0.005 74 169 583

1008 3/6/2005 2005 W 3 R 21 14.5 8.3 9.19 3.4 554 . 0.27 0.02 0.005 5 10 285

1009 3/6/2005 2005 W 5 O 22.5 14.7 8.1 10.28 5 3060 30.4 3.3 0.45 0.04 74 63 2909

1011 3/6/2005 2005 W 7 O 22 16.8 8.2 11.87 2.5 2740 . 1.07 0.15 0.01 74 211 11198

1012 3/6/2005 2005 W 12 M 19.5 15.2 8.3 10.38 5.7 1109 . 0.86 0.3 0.07 52 86 2282

1013 3/6/2005 2005 W 13 M 24.5 16.6 8 9.3 2.2 3140 . 2.96 0.61 0.07 41 84 2755

1014 3/6/2005 2005 W 14 R 16 14.2 8.2 10.16 0.58 872 5.1 1.58 0.005 0.005 5 20 243

1015 3/6/2005 2005 W 17 O 19 15.7 7.9 9.88 4.08 691 . 0.74 0.33 0.02 52 530 1421

1016 3/6/2005 2005 W 18 R 20 16.1 8.4 10.43 1.14 1281 . 0.59 0.2 0.005 30 31 3654

1018 4/3/2005 2005 W 1 O 18 15.4 8.5 11.29 1.29 1483 . 2.26 1.25 0.08 5 10 2014

1019 4/3/2005 2005 W 2 O 16 11.9 8.2 9.74 0.59 1112 . 1.2 0.12 0.05 41 110 744

1020 4/3/2005 2005 W 3 R 16.5 13.6 8.3 9.49 1.3 616 . 0.15 0.04 0.005 10 10 187

1021 4/3/2005 2005 W 5 O 16 13.7 8.1 10.12 0.76 3100 12.9 3.62 0.37 0.06 86 146 3873

1022 4/3/2005 2005 W 7 O 16 13.9 8.2 10.06 1.05 3070 . 0.85 0.14 0.08 98 173 4106

1023 4/3/2005 2005 W 12 M 15.5 15.7 8.4 9.67 1.01 1449 . 0.005 0.1 0.07 10 5 213

1024 4/3/2005 2005 W 13 M 19 13.6 7.9 9.96 0.83 3360 . 1.8 0.33 0.14 52 158 1467

1025 4/3/2005 2005 W 14 R 15 14 8.3 9.82 0.08 1010 2.8 2.7 0.01 0.06 10 20 556

1026 4/3/2005 2005 W 17 O 18 16.6 7.9 9.14 0.35 857 . 0.46 0.32 0.12 10 41 432

1027 4/3/2005 2005 W 18 R 17.5 15.9 8.3 9.92 0.005 1550 . 0.05 0.09 0.06 20 20 441

1053 5/8/2005 2005 D 1 O 19 19.1 8.6 14.88 0.27 1559 . 2.3 1.98 0.15 30 5 958

1054 5/8/2005 2005 D 2 O 17.5 13.7 8.1 10.08 0.8 1138 . 0.47 0.19 0.05 135 109 2014

1055 5/8/2005 2005 D 3 R 18 14.5 8.3 9.53 1.09 651 . 0.1 0.07 0.005 5 5 240

1056 5/8/2005 2005 D 5 O 19.5 15.6 8 10.21 0.71 2930 5.7 3.44 0.49 0.07 122 98 2481

1057 5/8/2005 2005 D 7 O 18 16.2 7.6 9.96 1.09 3020 . 0.55 0.35 0.14 161 259 5794

1058 5/8/2005 2005 D 12 M 19 18.2 8.3 9.66 0.78 1629 . 0.07 0.36 0.07 5 10 743

1059 5/8/2005 2005 D 13 M 21 15.6 7.7 9.77 0.97 3320 . 1.51 0.61 0.05 199 145 3130

1060 5/8/2005 2005 D 14 R 18 15.4 8.2 9.71 0.12 1065 . 2.68 0.06 0.005 10 52 601

1061 5/8/2005 2005 D 17 O 19.5 18.8 7.5 9.94 0.06 1022 . 0.2 0.36 0.05 20 20 1296

1062 5/8/2005 2005 D 18 R 20 19.5 8.3 10.96 0.15 1488 . 0.005 0.18 0.01 20 5 537

1290 5/10/2005 2005 D 22 L . 21 8 9.73 4.05 1566 . 0.01 0.17 0.06 5 10 1201

1291 5/10/2005 2005 D 23 L . 20.3 7.9 7.92 3.75 1331 . 0.01 0.23 0.02 148 31 10462

1292 5/10/2005 2005 D 24 L . 20.6 7.9 8.72 6.1 1192 . 0.01 0.25 0.03 31 10 19863

1293 5/10/2005 2005 D 25 L . 19.8 8 11.2 0.69 1069 . 0.01 0.28 0.02 52 31 17329

1294 5/10/2005 2005 D 26 L . 21.8 7.9 9.01 2.08 1219 . 0.01 0.23 0.02 5 5 5475

1295 5/10/2005 2005 D 27 L . 21.6 8 9.57 3.73 1412 . 0.01 0.23 0.03 20 10 5475

1289 5/10/2005 2005 D 28 L . 2.8 8 9.54 2.7 1535 . 0.01 0.22 0.01 5 20 1860

1064 6/5/2005 2005 D 1 O 22.5 20.1 8.4 14.22 0.38 1764 . 0.08 0.49 0.03 5 10 1515

1063 6/5/2005 2005 D 2 O 17 16.4 8 8.96 0.18 1101 . 0.15 0.15 0.07 52 63 1723

1066 6/5/2005 2005 D 3 R 16.5 15.5 8.2 9.11 0.31 660 . 0.04 0.12 0.04 10 10 754

1067 6/5/2005 2005 D 5 O 19 17.2 7.9 9.25 0.72 2960 9.6 3.28 0.48 0.08 72 41 2602

1069 6/5/2005 2005 D 7 O 17.5 18.6 8 7.81 0.82 3150 . 0.93 0.46 0.09 364 345 24193

1070 6/5/2005 2005 D 12 M 19 20.2 8.2 8.31 1.1 1861 . 0.03 0.43 0.04 5 20 3448

1071 6/5/2005 2005 D 13 M 19 18.3 7.6 7.84 0.4 3530 . 1.26 0.65 0.04 175 98 8164

1072 6/5/2005 2005 D 14 R 18.5 16.5 8.2 9.57 0.1 1070 0.8 1.42 0.07 0.03 31 62 3325
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Event ID Date Year Wet/Dry Season Site Group Air Temp Water Temp pH DO Turbidity Conductivity Flow Nitrate Phosphate Ammonia Enterococcus E. coli Total Coliform
1073 6/5/2005 2005 D 17 O 19 19.9 7.3 6.09 0.23 1145 . 0.06 0.42 0.1 10 52 24192

1075 6/5/2005 2005 D 18 R 19 18.1 8.2 9.95 0.03 1524 . 0.01 0.16 0.09 20 5 301

1076 6/5/2005 2005 D 21 L . 18.6 7.8 7.6 0.29 3040 . 0.12 0.31 0.07 295 97 19863

1077 6/5/2005 2005 D 22 L . 23.2 7.9 8.01 4.62 1881 . 0.01 0.38 0.02 98 41 12033

1078 6/5/2005 2005 D 23 L . 22.5 7.8 7.73 6.5 1801 . 0.01 0.36 0.06 31 20 11198

1079 6/5/2005 2005 D 24 L . 22.2 7.7 5.75 7.3 1731 . 0.01 0.37 0.06 86 109 24193

1080 6/5/2005 2005 D 25 L . 20.1 7.7 8.15 0.03 1191 . 0.01 0.36 0.04 30 10 5475

1081 6/5/2005 2005 D 26 L . 21.9 7.7 7.32 7.4 1678 . 0.01 0.34 0.02 158 185 24192

1082 6/5/2005 2005 D 27 L . 22.6 7.8 7 7 1828 . 0.005 0.35 0.03 74 41 24193

1132 6/5/2005 2005 D 28 L . . . . . . . . . . . . .

1102 7/10/2005 2005 D 1 O 22 20.7 8 8.48 0.41 1895 . 0.005 0.54 0.05 5 5 6867

1103 7/10/2005 2005 D 2 O 20 17.6 8 9.02 0.21 1132 . 0.18 0.23 0.08 384 240 1725

1104 7/10/2005 2005 D 3 R 20.5 17.5 8.2 8.92 0.28 673 . 0.07 0.13 0.03 31 10 1313

1105 7/10/2005 2005 D 5 O 24 18.7 8 9.32 0.78 2930 3.8 3.42 0.37 0.08 350 132 6488

1106 7/10/2005 2005 D 7 O 22.5 20 7.9 7.91 1.12 3240 . 0.53 0.32 0.12 547 313 24193

1107 7/10/2005 2005 D 12 M 22 22.4 8.2 8.32 0.78 2140 . 0.005 0.29 0.09 20 5 11198

1108 7/10/2005 2005 D 13 M 27 19.9 7.8 9.77 0.82 3435 . 1.18 0.64 0.1 249 878 4374

1109 7/10/2005 2005 D 14 R 19.5 17.2 8.1 8.6 0.01 1120 . 1.07 0.1 0.03 20 20 1374

1111 7/10/2005 2005 D 17 O 24 21.2 7.3 10.62 0.23 1275 . 0.08 0.29 0.1 41 691 15531

1112 7/10/2005 2005 D 18 R 21.5 19.3 8.2 11.61 0.25 1516 . 0.01 0.14 0.09 52 20 1726

1083 7/10/2005 2005 D 21 L . 21.2 7.7 5.27 3.27 2980 . 0.01 0.11 0.05 148 231 24192

1084 7/10/2005 2005 D 22 L . 25.7 8.2 8.62 5.4 2300 . 0.005 0.25 0.01 5 5 52

1085 7/10/2005 2005 D 23 L . 25.8 8.1 7.87 10.13 2117 . 0.005 0.29 0.04 10 5 2359

1086 7/10/2005 2005 D 24 L . 25.8 8.1 7.54 9.13 2170 . 0.01 0.26 0.02 52 63 2909

1087 7/10/2005 2005 D 25 L . 25.2 7.5 6.67 1.21 1465 . 0.005 0.3 0.01 5 10 6131

1088 7/10/2005 2005 D 26 L . 25.9 8 7.65 9.9 1947 . 0.01 0.25 0.05 10 41 1793

1089 7/10/2005 2005 D 27 L . 26.3 8.1 7.22 8.52 2205 . 0.005 0.28 0.09 10 41 1956

1090 7/10/2005 2005 D 28 L . 25.9 8.2 9.77 5.13 2390 . 0.005 0.16 0.02 41 5 122

1113 8/7/2005 2005 D 1 O 21 22.3 7.9 8.68 1.14 1774 . 0.03 0.83 0.09 20 20 11198

1114 8/7/2005 2005 D 2 O 21.5 19.1 8 8.77 0.3 1115 . 0.17 0.19 0.03 294 160 3654

1115 8/7/2005 2005 D 3 R 27 19.4 8.2 8.83 0.39 638 . 0.05 0.08 0.06 63 10 1354

1117 8/7/2005 2005 D 5 O 29.5 20.5 8 10.11 0.79 3060 2.3 3.2 0.23 0.01 317 175 11198

1118 8/7/2005 2005 D 7 O 25 22.3 7.5 7.21 1.35 3180 . 0.48 0.32 0.19 213 529 24193

1119 8/7/2005 2005 D 12 M 27.5 24.7 8.2 7.57 2.3 1934 . 0.31 0.31 0.07 41 5 8164

1120 8/7/2005 2005 D 13 M 30 22.2 7.6 8.94 1.03 3420 . 1.57 0.71 0.08 563 571 24192

1121 8/7/2005 2005 D 14 R 20.5 18.8 8 8.65 0.01 1065 0.4 0.88 0.09 0.08 20 20 2723

1122 8/7/2005 2005 D 17 O 31 21.7 7.2 10.22 0.3 1278 . 0.1 0.34 0.05 20 30 5172

1123 8/7/2005 2005 D 18 R 21 19.5 8.2 11.27 0.61 1433 . 0.07 0.1 0.05 20 4352 4352

1091 8/7/2005 2005 D 21 L . 24.9 7.7 4.49 1.53 3100 . 0.04 0.3 0.07 121 120 24192

1093 8/7/2005 2005 D 22 L . 27.9 8 6.38 9.43 2605 . 0.01 0.6 0.12 142 41 17329

1094 8/7/2005 2005 D 23 L . 28 7.9 6.65 12.83 2580 . 0.005 0.69 0.05 51 10 17329

1095 8/7/2005 2005 D 24 L . 27.7 7.9 6.49 12 2550 . 0.01 0.66 0.005 97 74 15531

1096 8/7/2005 2005 D 25 L . 25.4 7.3 3.37 0.67 1328 . 0.08 0.55 0.06 52 314 19863

1097 8/7/2005 2005 D 26 L . 28.5 8 7.57 11.17 2550 . 0.005 0.68 0.05 52 10 12033

1098 8/7/2005 2005 D 27 L . 28.9 8 7.8 10.66 2645 . 0.005 0.6 0.03 97 20 14136

1100 8/7/2005 2005 D 28 L . 29.2 8.2 8.83 10.5 2685 . 0.07 0.55 0.04 20 20 12996

1133 9/11/2005 2005 D 1 O 21 20.8 8.1 9.69 0.43 2260 . 0.01 0.8 0.03 5 20 5172
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Event ID Date Year Wet/Dry Season Site Group Air Temp Water Temp pH DO Turbidity Conductivity Flow Nitrate Phosphate Ammonia Enterococcus E. coli Total Coliform
1134 9/11/2005 2005 D 2 O 22.5 17.3 8.3 10.37 0.34 1181 . 0.04 0.14 0.01 122 146 4106

1135 9/11/2005 2005 D 3 R 22 16.1 8.2 7.4 0.23 6775 . 0.005 0.08 0.02 5 20 538

1136 9/11/2005 2005 D 5 O 21.5 16.5 8 8.54 0.49 3130 4.2 3.38 0.34 0.09 265 145 8164

1137 9/11/2005 2005 D 7 O 20.5 17.8 7.9 7.21 7 3210 . 0.74 0.39 0.11 612 265 24193

1138 9/11/2005 2005 D 12 M 20.5 19.3 8.2 7.3 0.61 2520 . 0.01 0.37 0.04 30 20 9804

1139 9/11/2005 2005 D 13 M 20 17.7 7.5 6.05 1.6 3445 . 1.25 0.83 0.09 1178 195 24193

1140 9/11/2005 2005 D 14 R 19.5 16.9 8.1 8.99 0.02 1179 . 0.71 0.08 0.05 52 97 1126

1141 9/11/2005 2005 D 17 O 18 18.4 7.2 8.16 0.01 1418 . 0.1 0.37 0.06 5 20 5794

1142 9/11/2005 2005 D 18 R 20 18.9 8.1 10.21 0.15 1537 . 0.02 0.08 0.01 20 31 2098

1124 9/11/2005 2005 D 21 L . 18.6 8 9.1 5 3030 . 0.01 0.24 0.09 20 74 15531

1125 9/11/2005 2005 D 22 L . 21.4 8.1 5.46 8.1 2865 . 0.005 0.38 0.08 52 5 4352

1126 9/11/2005 2005 D 23 L . 21 8.5 7.2 14.1 2830 . 0.01 0.45 0.1 20 10 4884

1127 9/11/2005 2005 D 24 L . 21.8 8 6.5 8.2 2820 . 0.005 0.4 0.11 74 20 7270

1128 9/11/2005 2005 D 25 L . 22.8 7.3 5.52 5.3 1521 . 0.005 0.26 0.04 10 10 8664

1129 9/11/2005 2005 D 26 L . 22.2 8 6.36 9.1 2820 . 0.005 0.34 0.1 160 98 6867

1130 9/11/2005 2005 D 27 L . 22 8 7.13 7.5 2870 . 0.005 0.39 0.13 10 86 10462

1131 9/11/2005 2005 D 28 L . 21.9 8.1 7.39 7.2 2880 . 0.005 0.35 0.1 20 10 4884

1143 10/16/2005 2005 D 1 O 20.5 17.4 8 9.33 0.55 2420 . 0.07 0.75 0.005 5 5 3873

1144 10/16/2005 2005 D 2 O 20 13.3 8 9.78 0.52 1210 . 0.11 0.11 0.005 10 122 2755

1145 10/16/2005 2005 D 3 R 17.5 14.5 8.2 8.64 0.49 681 . 0.06 0.005 0.005 5 5 706

1146 10/16/2005 2005 D 5 O 20.5 14.2 8.1 10.49 1.37 3300 2.2 5.46 0.44 0.005 331 269 4106

1147 10/16/2005 2005 D 7 O 18.5 16.1 7.7 6.45 3.4 3195 . 0.77 0.29 0.24 201 354 9804

1148 10/16/2005 2005 D 12 M 19 15.7 8.2 9.08 0.47 2720 . 0.04 0.33 0.03 10 10 4611

1149 10/16/2005 2005 D 13 M 19.5 16.6 7.6 7.38 1.9 3510 . 2.27 0.69 0.19 504 426 19862

1150 10/16/2005 2005 D 14 R 19.5 15.4 8 8.64 0.07 1245 0.2 0.68 0.1 0.03 10 30 1935

1151 10/16/2005 2005 D 17 O 22 15.5 7.3 6.62 0.45 1485 . 0.21 0.31 0.11 20 5 1169

1152 10/16/2005 2005 D 18 R 20 16.9 8.1 10.23 0.33 1566 . 0.06 0.1 . 20 20 2143

1154 10/16/2005 2005 D 21 L . 15.7 7.9 7.43 1.4 3100 . 0.27 0.29 0.09 146 173 4884

1155 10/16/2005 2005 D 22 L . 18.8 8.1 7.71 5.2 2960 . 0.005 0.14 0.06 20 20 187

1156 10/16/2005 2005 D 23 L . 18.7 8 8.82 5.5 2940 . 0.01 0.15 0.09 10 10 226

1157 10/16/2005 2005 D 24 L . 18.5 8 8.09 6.9 2910 . 0.02 0.17 0.12 74 41 1187

1158 10/16/2005 2005 D 25 L . 19.9 7.3 8.71 1.1 1782 . 0.08 0.26 0.11 5 122 7701

1159 10/16/2005 2005 D 26 L . 18.8 8 8.2 6.6 2900 . 0.04 0.21 0.11 31 5 857

1160 10/16/2005 2005 D 27 L . 19 8.1 8.88 6 2950 . 0.02 0.2 0.13 109 5 1374

1161 10/16/2005 2005 D 28 L . 18.9 8.1 9.07 5.3 2970 . 0.01 0.19 0.05 5 5 345

1162 11/6/2005 2005 D 1 O 21 15.6 8.3 14.19 1.27 2500 . 0.43 0.8 0.05 10 5 4106

1163 11/6/2005 2005 D 2 O 19 13 8.1 11.16 0.15 1201 . 0.05 0.16 0.01 52 41 2282

1164 11/6/2005 2005 D 3 R 20 13.7 8 9.47 0.46 685 . 0.03 0.08 0.03 5 5 771

1165 11/6/2005 2005 D 5 O 22 12.7 8.1 11.24 1.6 3400 3.3 4.62 0.53 0.06 223 173 7270

1166 11/6/2005 2005 D 7 O 19.5 13.6 8 7.91 2.35 3130 . 0.59 0.27 0.25 313 327 15531

1167 11/6/2005 2005 D 12 M 17 13.9 8.2 10.02 1.15 2470 . 0.05 0.32 0.05 20 20 4884

1168 11/6/2005 2005 D 13 M 19 14.5 7.5 9.2 3.09 3600 . 1.95 0.89 0.16 1106 3448 24193

1169 11/6/2005 2005 D 14 R 19 14.6 8 9.17 0.01 1256 0.3 0.52 0.09 0.01 20 20 1624

1170 11/6/2005 2005 D 17 O 23 16 7.4 8.32 0.49 1576 . 0.03 0.36 0.01 74 262 3654

1171 11/6/2005 2005 D 18 R 19 16.4 8.3 10.87 0.04 1563 . 0.03 0.14 0.04 10 5 2359

1208 11/6/2005 2005 D 21 L . 13.7 7.9 9.99 1.98 3100 . 0.25 0.32 0.09 74 98 6131

1209 11/6/2005 2005 D 22 L . 15.8 8.2 9.68 4.33 2350 . 0.005 0.15 0.08 5 52 226

RB-AR6083



Event ID Date Year Wet/Dry Season Site Group Air Temp Water Temp pH DO Turbidity Conductivity Flow Nitrate Phosphate Ammonia Enterococcus E. coli Total Coliform
1210 11/6/2005 2005 D 23 L . 16 8.1 9.65 10.14 2400 . 0.005 0.12 0.12 51 10 556

1211 11/6/2005 2005 D 24 L . 16.4 7.9 6.84 5.45 2340 . 0.03 0.15 0.28 50 10 605

1212 11/6/2005 2005 D 25 L . 17.2 7.3 7.75 0.21 1634 . 0.05 0.26 0.08 10 10 4352

1213 11/6/2005 2005 D 26 L . 16.3 7.9 7.17 6.9 2355 . 0.02 0.19 0.23 60 20 933

1214 11/6/2005 2005 D 27 L . 16.2 8.1 9.14 7.19 2475 . 0.005 0.15 0.07 51 31 1376

1215 11/6/2005 2005 D 28 L . 16.7 8.2 11.57 8.5 2525 . 0.005 0.11 0.09 30 30 294

1172 12/4/2005 2005 W 1 O 19 13 8.4 13.69 3.05 1844 . 5.68 3.64 0.04 5 20 4352

1173 12/4/2005 2005 W 2 O 16.3 8.8 8 10.74 0.01 1254 . 0.15 0.11 0.005 95 52 689

1174 12/4/2005 2005 W 3 R 13 10.4 8.1 10.3 0.18 694 . 0.01 0.03 0.005 10 5 161

1175 12/4/2005 2005 W 5 O 17.5 10.9 8.1 10.81 1.45 3230 2.2 3.76 0.5 0.05 132 96 5475

1176 12/4/2005 2005 W 7 O 16 10.7 7.6 . 1.22 3090 . 0.63 0.39 0.15 135 213 6488

1177 12/4/2005 2005 W 12 M 18.5 10.6 8.2 10.41 1.3 2360 . 0.03 0.26 0.01 20 5 2481

1178 12/4/2005 2005 W 13 M 14 12.8 7.7 9.07 0.87 3550 . 2.48 0.76 0.04 292 108 8164

1179 12/4/2005 2005 W 14 R 18.5 11.2 7.9 9.04 0.58 1307 0.2 0.33 0.03 0.005 20 5 959

1180 12/4/2005 2005 W 17 O 14.8 12.8 7.3 6.38 0.48 1572 . 0.13 0.31 0.005 20 63 1081

1181 12/4/2005 2005 W 18 R 20 13.2 7.9 10.79 0.15 1598 . 0.01 0.07 . 10 5 2909

1182 12/4/2005 2005 W 21 L . 11.4 7.7 12.13 1.9 2705 . 0.29 0.33 0.05 233 161 2046

1183 12/4/2005 2005 W 22 L . 12.7 7.7 11 4.12 2325 . 0.02 0.18 0.02 10 20 1450

1184 12/4/2005 2005 W 23 L . 12.4 7.7 8.1 7.22 2300 . 0.04 0.18 0.04 411 74 8164

1185 12/4/2005 2005 W 24 L . 12.3 7.6 8.67 5.7 2145 . 0.04 0.14 0.11 62 96 1789

1186 12/4/2005 2005 W 25 L . 13.9 7.5 9.88 0.14 1607 . 0.03 0.19 0.005 63 5 1607

1187 12/4/2005 2005 W 26 L . 13 7.7 9.32 6.45 2210 . 0.02 0.12 0.05 30 31 2481

1188 1/8/2006 2006 W 1 O 17.5 13.7 8.2 10.88 2.02 1618 . 6.56 2.8 0.11 97 86 5172

1189 1/8/2006 2006 W 2 O 12 8.3 8.1 11.94 0.19 1236 . 0.62 0.2 0.04 132 73 3873

1190 1/8/2006 2006 W 3 R 13.5 10.7 8.1 10.43 0.78 658 . 0.05 0.08 0.04 10 20 416

1191 1/8/2006 2006 W 5 O 19.5 10.4 8.2 10.47 3.46 3480 3.5 3.96 0.69 0.11 381 185 12033

1193 1/8/2006 2006 W 7 O 21 11.1 7.8 9.98 1.71 2815 . 0.92 0.42 0.12 448 359 12033

1194 1/8/2006 2006 W 12 M 13 10.5 8.2 10.54 1.68 1350 . 0.55 0.5 0.1 31 20 1439

1195 1/8/2006 2006 W 13 M 21 11.6 7.6 9.48 3.5 3730 . 1.56 0.78 0.16 309 156 11198

1196 1/8/2006 2006 W 14 R 18 13 8.1 9.82 0.05 1205 0.3 0.42 0.08 0.05 5 10 2143

1197 1/8/2006 2006 W 17 O 19.5 12.1 7.2 8.74 2.8 1185 . 0.57 0.47 0.01 52 41 2187

1198 1/8/2006 2006 W 18 R 16 13.6 8 9.84 0.05 1565 . 0.03 0.1 0.06 110 10 3076

1200 1/8/2006 2006 W 21 L . 11.8 8 11.33 1.08 2750 . 0.66 0.38 0.005 303 185 15531

1201 1/8/2006 2006 W 22 L . 11.4 7.7 9.07 3.9 1370 . 0.7 0.49 0.06 30 10 689

1202 1/8/2006 2006 W 23 L . 11.2 7.7 8.35 2.97 1354 . 0.64 0.38 0.06 20 5 749

1203 1/8/2006 2006 W 24 L . 11.6 7.7 7.87 3.48 1340 . 0.54 0.36 0.005 80 20 1274

1204 1/8/2006 2006 W 25 L . 13.7 7.5 10.59 1 1248 . 0.43 0.32 0.04 52 52 1515

1205 1/8/2006 2006 W 26 L . 12.1 7.6 8.08 2.63 1350 . 0.55 0.36 0.08 31 10 988

1206 1/8/2006 2006 W 27 L . 11.8 7.8 8.93 2.67 1357 . 0.57 0.37 0.08 31 10 638

1207 1/8/2006 2006 W 28 L . 11.7 7.8 8.66 2.38 1385 . 0.61 0.4 0.06 10 5 1092

1216 2/12/2006 2006 W 1 O 24.5 13.8 8.5 16.34 0.96 1652 . 2.62 1.66 0.02 5 8 1619

1218 2/12/2006 2006 W 2 O 17.3 9 8.1 11.18 0.02 1112 . 0.22 0.14 0.01 20 63 1187

1219 2/12/2006 2006 W 3 R 20.4 11 8.1 9.06 0.39 580 . 0.02 0.08 0.005 5 5 723

1220 2/12/2006 2006 W 5 O 24.5 10.9 8.1 12.09 1.1 3490 1.7 4.73 0.44 0.11 58 57 4482

1221 2/12/2006 2006 W 7 O 23.3 11.5 8 9.59 1.7 3260 . 0.44 0.25 0.08 288 160 5475

1223 2/12/2006 2006 W 12 M 15 10.9 8.3 10.28 1.5 1729 . 0.03 0.31 0.08 31 10 1198

1224 2/12/2006 2006 W 13 M 26.5 13.1 7.7 9.22 1.75 3425 . 1.67 0.47 0.04 109 256 4611

RB-AR6084



Event ID Date Year Wet/Dry Season Site Group Air Temp Water Temp pH DO Turbidity Conductivity Flow Nitrate Phosphate Ammonia Enterococcus E. coli Total Coliform
1226 2/12/2006 2006 W 14 R 26 14.7 7.9 9.74 0.005 1092 0.2 0.29 0.08 0.06 20 20 1145

1228 2/12/2006 2006 W 17 O 20.8 11.9 7.3 8.69 2.8 1055 . 0.12 0.24 0.04 41 85 959

1230 2/12/2006 2006 W 18 R 24.8 15.4 8 10.1 0.51 1346 . 0.02 0.11 0.07 41 5 2851

1232 2/12/2006 2006 W 21 L . 12.3 7.9 14.14 0.73 3125 . 0.15 0.14 0.02 36 31 1882

1234 2/12/2006 2006 W 22 L . 13 7.9 12.78 5.25 1740 . 0.01 0.05 0.09 10 5 1259

1236 2/12/2006 2006 W 23 L . 13.2 7.7 11.2 5.36 1625 . 0.03 0.06 0.005 10 5 624

1240 2/12/2006 2006 W 24 L . 13.2 7.6 10.75 5.57 1607 . 0.005 0.11 0.03 31 10 1236

1242 2/12/2006 2006 W 25 L . 14.4 7.7 12.59 0.29 1114 . 0.04 0.22 0.005 8 5 530

1244 2/12/2006 2006 W 26 L . 13.7 7.6 10.72 4.75 1608 . 0.005 0.1 0.005 10 5 556

1247 2/12/2006 2006 W 27 L . 13.3 7.7 11.64 5.4 1703 . 0.005 0.8 0.005 52 41 1210

1250 2/12/2006 2006 W 28 L . 13.2 7.8 11.94 4.33 1732 . 0.005 0.11 0.005 5 30 738

1238 3/5/2006 2006 W 1 O 15.5 14.1 8.3 11.37 3.9 1423 . 3.87 2.16 0.09 87 74 4762

1239 3/5/2006 2006 W 2 O 17 11.4 7.9 11.96 1.22 1189 . 0.37 0.13 0.07 187 97 3448

1241 3/5/2006 2006 W 3 R 15.5 10.4 8.1 10.95 0.99 626 . 0.02 0.04 0.02 10 10 443

1243 3/5/2006 2006 W 5 O 16 11.1 8.1 11.28 2.95 3150 4.8 3.96 0.58 0.09 303 704 15732

1245 3/5/2006 2006 W 7 O 14.5 10.5 8 10.24 3.25 2615 . 0.81 0.31 0.07 487 211 9804

1246 3/5/2006 2006 W 12 M 13 12.1 8.2 11.25 3.25 1245 . 0.03 0.17 0.03 10 31 3255

1248 3/5/2006 2006 W 13 M 16 10.9 7.7 10.18 2.51 3495 . 1.43 0.65 0.05 393 373 9208

1249 3/5/2006 2006 W 14 R 14 11.9 8 10.58 0.44 1201 0.3 0.29 0.08 0.005 31 31 3654

1251 3/5/2006 2006 W 17 O 16 13.2 7.7 9.72 0.43 985 . 0.16 0.22 0.1 52 63 2046

1252 3/5/2006 2006 W 18 R 16.7 14.1 8.1 10.68 1.37 1560 . 0.03 0.08 0.005 10 171 2481

1217 3/5/2006 2006 W 21 L . 13.1 8 9.87 1.7 2325 . 0.54 0.27 0.12 253 416 6774

1222 3/5/2006 2006 W 22 L . 13.6 8.1 15.99 6.27 1154 . 0.03 0.09 0.03 5 86 10462

1225 3/5/2006 2006 W 23 L . 13.6 8.1 12.9 3.4 1044 . 0.005 0.12 0.04 41 74 3609

1227 3/5/2006 2006 W 24 L . 13.5 8.1 12.04 4.4 1045 . 0.005 0.13 0.05 20 41 2909

1231 3/5/2006 2006 W 25 L . 14.8 8.2 10.65 1.08 1012 . 0.11 0.2 0.1 52 25 1553

1233 3/5/2006 2006 W 26 L . 14.3 8.1 12.2 3.5 1044 . 0.005 0.1 0.04 10 41 3654

1235 3/5/2006 2006 W 27 L . 14.3 8.1 13.31 5.23 1076 . 0.005 0.14 0.07 30 62 2851

1237 3/5/2006 2006 W 28 L . 14.2 7.9 13.26 3.63 1128 . 0.04 0.08 0.005 10 62 3448

1255 4/23/2006 2006 D 1 O 18 16.5 8.6 14.49 0.57 1375 . 0.12 0.53 0.02 5 10 1644

1257 4/23/2006 2006 D 2 O 13.5 13.1 8.1 11.18 0.38 1098 . 0.36 0.3 0.005 97 148 2382

1259 4/23/2006 2006 D 3 R 15 11.8 8 10.61 0.56 641 . 0.02 0.03 0.01 5 41 554

1263 4/23/2006 2006 D 5 O 14.5 14.2 8.1 10.78 1.14 3250 4.4 3.5 0.46 0.01 64 135 8686

1265 4/23/2006 2006 D 7 O 13.5 13.6 7.9 9.37 1.5 3 . 1.71 0.46 0.05 158 292 4106

1266 4/23/2006 2006 D 12 M 15 16.5 8.3 9.26 0.78 1395 . 0.12 0.25 0.03 20 5 2187

1267 4/23/2006 2006 D 13 M 15 13.5 7.6 9.35 1.48 3530 . 0.04 0.56 0.04 187 959 14136

1268 4/23/2006 2006 D 14 R 14.5 13.1 8.1 10.48 0.24 954 0.5 0.33 0.04 0.01 5 10 2143

1271 4/23/2006 2006 D 17 O 14.8 15.9 7.7 9.44 0.5 923 . 0.15 0.36 0.03 20 51 2602

1273 4/23/2006 2006 D 18 R 17.3 17 8.1 9.69 0.16 1422 . 0.04 0.16 0.005 30 5 8664

1277 4/23/2006 2006 D 21 L . 14.4 8 8.17 0.54 2620 . 0.3 0.23 0.07 152 148 3255

1278 4/23/2006 2006 D 22 L . 18.5 8.1 8.86 4.95 1469 . 0.01 0.21 0.05 10 20 638

1280 4/23/2006 2006 D 23 L . 18.3 7.9 8.62 3 1238 . 0.01 0.2 0.02 120 31 683

1284 4/23/2006 2006 D 24 L . 17.9 7.8 7.52 4.15 1136 . 0.005 0.18 0.03 591 201 1259

1285 4/23/2006 2006 D 25 L . 16.5 8.2 8.91 0.12 936 . 0.06 0.37 0.1 20 8 2732

1286 4/23/2006 2006 D 26 L . 18.3 7.9 7.85 5.6 1190 . 0.01 0.28 0.01 354 5 1233

1287 4/23/2006 2006 D 27 L . 18.3 8 8.34 3.1 1215 . 0.005 0.35 0.01 73 5 1050

1288 4/23/2006 2006 D 28 L . 17.9 8.1 9.2 3.7 1267 . 0.01 0.16 0.005 52 20 697

RB-AR6085



Event ID Date Year Wet/Dry Season Site Group Air Temp Water Temp pH DO Turbidity Conductivity Flow Nitrate Phosphate Ammonia Enterococcus E. coli Total Coliform
1253 5/14/2006 2006 D 1 O 21.5 18.3 8.2 10.52 0.6 1725 . 0.08 0.6 0.09 5 8 1375

1254 5/14/2006 2006 D 2 O 21 17.7 8 11.4 0.3 1201 . 0.35 0.22 0.04 74 110 5475

1256 5/14/2006 2006 D 3 R 23 16.4 7.9 9.01 0.47 705 . 0.01 0.08 0.04 31 20 1014

1258 5/14/2006 2006 D 5 O 21.5 18 8 12.27 0.5 299 3.1 3.9 0.72 0.06 120 141 7270

1260 5/14/2006 2006 D 7 O 21 17.8 7.6 7.24 1.85 293 . 0.44 0.49 0.14 441 480 19863

1261 5/14/2006 2006 D 12 M 19.5 20.3 8.1 9.84 0.46 1645 . 0.05 0.42 0.07 5 5 8164

1262 5/14/2006 2006 D 13 M 20.5 17.8 7.5 8.33 1.38 346 . 1.16 0.74 0.15 411 776 12997

1264 5/14/2006 2006 D 14 R 16 15.2 8.1 9.42 0.43 1099 0.2 0.09 0.11 0.06 52 41 2014

1269 5/14/2006 2006 D 17 O 22.5 20.1 7.3 7.62 0.55 1008 . 0.36 0.4 0.06 41 63 1918

1270 5/14/2006 2006 D 18 R 18.8 16.8 7.9 9.46 0.28 1452 . 0.02 0.15 0.02 98 10 2310

1272 5/14/2006 2006 D 21 L . 19.4 7.9 10.93 0.86 2775 . 0.07 0.48 0.1 122 152 5324

1274 5/14/2006 2006 D 22 L . 23.5 8 9.74 2.23 1843 . 0.03 0.42 0.005 10 5 8164

1275 5/14/2006 2006 D 23 L . 23.3 8 8.96 2.75 1567 . 0.01 0.43 0.01 20 10 6131

1276 5/14/2006 2006 D 24 L . 23.1 7.8 7.92 2.9 1394 . 0.01 0.27 0.02 41 52 7701

1279 5/14/2006 2006 D 25 L . 21 7.9 9.33 0.75 1068 . 0.02 0.36 0.07 10 36 3415

1281 5/14/2006 2006 D 26 L . 23.2 7.7 7.47 3.3 1338 . 0.005 0.45 0.04 31 10 6867

1282 5/14/2006 2006 D 27 L . 23.6 8 8.79 5.2 1553 . 0.01 0.43 0.06 20 51 7270

1283 5/14/2006 2006 D 28 L . 23.6 8 8.91 3.4 1800 . 0.01 0.47 0.08 5 10 5475

1305 7/19/2007 2007 D 21 L . 22.1 8.3 . 10.2 2565 . . . . 10 31 724192

1306 7/19/2007 2007 D 22 L . 26.9 8.3 . 12.35 2367 . . . . 5 5 14136

1307 7/19/2007 2007 D 23 L . 25.9 7.9 . 10 2323 . . . . 20 41 24191

1308 7/19/2007 2007 D 24 L . 12 8 . 10.8 2315 . . . . 10 30 724192

1309 7/19/2007 2007 D 25 L . 24.1 7.8 . 7 2204 . . . . 10 10 724192

1310 7/19/2007 2007 D 26 L . 25.2 8.2 . 9.9 2271 . . . . 5 30 24192

1311 7/19/2007 2007 D 27 L . 26.9 8.4 . 10 2305 . . . . 5 5 19863

1312 7/19/2007 2007 D 28 L . 27.6 8.6 . 9.85 2316 . . . . 5 5 19863

1321 8/22/2007 2007 D 21 L . 24.5 8.1 6.32 11 2685 . . . . 10 20 24192

1322 8/22/2007 2007 D 22 L . 25.5 8.3 6.25 11 2700 . . . . 5 20 14136

1324 8/22/2007 2007 D 23 L . 25.7 8.3 7.51 11 2670 . . . . 10 20 15531

1325 8/22/2007 2007 D 24 L . 25.6 8.2 5.65 10.8 2650 . . . . 41 10 24192

1326 8/22/2007 2007 D 25 L . 25.2 8.3 6.75 10.1 2590 . . . . 10 5 24192

1327 8/22/2007 2007 D 26 L . 26.7 8.4 7.38 8.5 2680 . . . . 10 10 24192

1328 8/22/2007 2007 D 27 L . 26.7 8.4 8.65 10.7 2700 . . . . 10 10 24192

1329 8/22/2007 2007 D 28 L . 27 8.5 9.54 10.6 2750 . . . . 5 5 19863

1313 9/25/2007 2007 D 21 L . 18.5 7.8 11.3 . 2580 . . . . 5 373 19863

1314 9/25/2007 2007 D 22 L . 19.9 8.3 9.98 . . . . . . 10 638 24192

1315 9/25/2007 2007 D 23 L . 19.8 8.3 8.45 . 2460 . . . . 41 504 24192

1316 9/25/2007 2007 D 24 L . 20.1 8.3 6.09 . 2600 . . . . 10 836 24192

1317 9/25/2007 2007 D 25 L . 19.7 8.2 5.35 . 2680 . . . . 10 448 24192

1318 9/25/2007 2007 D 26 L . 20.6 8.5 10.2 . 2710 . . . . 10 839 24192

1319 9/25/2007 2007 D 27 L . 20.3 8.4 9.91 . 2610 . . . . 10 512 15531

1320 9/25/2007 2007 D 28 L . 20.2 8.3 12.51 . 2590 . . . . 10 464 24192

1297 10/30/2007 2007 D 21 L . 16.3 8 7.44 1.1 2790 . . . . . 63 4106

1298 10/30/2007 2007 D 22 L . 17.5 8.4 10.61 1.4 2660 . . . . . 5 2909

1299 10/30/2007 2007 D 23 L . 17 8.4 8.63 1.4 2700 . . . . . 5 5475

1300 10/30/2007 2007 D 24 L . 17 8.3 8.57 . 2670 . . . . . 5 7270

1301 10/30/2007 2007 D 25 L . 16.3 . 4.8 1.1 8120 . . . . . 5 6131

RB-AR6086



Event ID Date Year Wet/Dry Season Site Group Air Temp Water Temp pH DO Turbidity Conductivity Flow Nitrate Phosphate Ammonia Enterococcus E. coli Total Coliform
1302 10/30/2007 2007 D 26 L . 17.3 8.3 8.82 1.57 2700 . . . . . 5 10462

1303 10/30/2007 2007 D 27 L . 17.3 8.4 9.09 1.3 2760 . . . . . 5 5172

1304 10/30/2007 2007 D 28 L . 17.5 8.4 . 1.4 2750 . . . . . 20 2613

1335 3/6/2008 2008 W 1 O 22.5 13.3 7.4 9.57 1.5 13 . . . . . . .

1336 3/6/2008 2008 W 14 R 17.5 13.4 8.3 9.07 . 956 . . . . . . .

1333 3/6/2008 2008 W 15 M 22.3 15.7 7.8 . 1.9 1393 . . . . . . .

1330 4/11/2008 2008 W 2 O 20.9 12.1 8.3 10.11 0.23 13 . 2.28 0.6 . 74 52 754

1331 4/11/2008 2008 W 3 R 15.5 11.4 8.3 8.6 . 740 . . 0.26 . 0 0 265

1332 4/11/2008 2008 W 5 O 24.8 13 8.3 11.99 0.42 5135 . 3.98 1.12 . 20 63 4884

1337 5/4/2008 2008 D 1 O 20 17.6 8.3 11.46 . 1835 . 0.02 0.55 . 20 5 8164

1338 5/4/2008 2008 D 2 O 15 13.8 7.9 11.28 0.17 1284 . 0.63 0.09 . 41 20 2247

1339 5/4/2008 2008 D 3 R 15.5 14 7.8 8.32 0.07 718 . . . . 0 10 605

1340 5/4/2008 2008 D 5 O 19 15.5 8.1 14.56 0.7 3330 . 2.32 0.37 . 52 31 3448

1341 5/4/2008 2008 D 14 R 16.1 16.9 8.4 9.36 0.08 1026 . . . . 75 63 3654

1342 5/4/2008 2008 D 19 R 14.8 14.4 7.8 8.33 0.1 861 . . . . 10 10 1594

1344 5/4/2008 2008 D 21 L . 17.6 7.7 3.9 4.3 2640 . 0.35 0.28 . 10 10 7701

1345 5/4/2008 2008 D 22 L . 20.5 7.9 2.78 2.8 2030 . 0.02 0.27 . 0 20 24196

1346 5/4/2008 2008 D 23 L . 20.7 8 3.32 4.6 1740 . 0.02 0.28 . 10 41 24196

1347 5/4/2008 2008 D 24 L . 20.7 7.9 3.95 4.5 1470 . 0.01 0.14 . 20 5 19863

1348 5/4/2008 2008 D 25 L . 18.8 7.9 5.37 3.9 1330 . 0.11 0.07 . 0 5 3076

1349 5/4/2008 2008 D 26 L . 20.2 7.9 4.61 . 1390 . . 0.13 . 20 5 16462

1350 5/4/2008 2008 D 27 L . 20.7 7.9 3.68 4.9 1560 . . 0.25 . 32 10 17329

1351 5/4/2008 2008 D 28 L . 20.1 7.9 3.3 4.9 2217 . . 0.16 . 32 10 19863

1354 6/8/2008 2008 D 1 O 20.1 19.6 8 14.16 0.04 1792 . 0.02 0.78 0.05 0 5 5475

1355 6/8/2008 2008 D 2 O 19 15.6 7.9 8.96 0.77 1306 . 0.58 0.21 0.04 135 75 2755

1356 6/8/2008 2008 D 3 R 20 16 7.8 7.01 . 706 . 0.01 0.04 0.01 10 10 1467

1357 6/8/2008 2008 D 5 O 24 17.8 8.1 12.5 0.11 3245 . 2.5 0.45 0.05 31 31 5172

1366 6/8/2008 2008 D 14 R 19.8 19.1 8.3 16.17 . 1053 . 0.01 0.03 . 10 5 3255

1367 6/8/2008 2008 D 15 M 21.4 20.4 7.3 18.14 0.21 2260 . 0.19 0.18 . 30 41 5172

1368 6/8/2008 2008 D 19 R 17.5 15.7 7.9 15.06 0.12 914 . 0.02 0.21 0.04 41 5 2603

1358 6/8/2008 2008 D 21 L 18.8 20.7 7.7 7.27 4.1 2385 . 0.01 0.35 0.11 5 75 4245

1359 6/8/2008 2008 D 22 L 20.6 23.9 7.5 8.73 3.7 2245 . . 0.36 0.05 10 10 3725

1360 6/8/2008 2008 D 23 L 22.5 24.4 7.1 8.22 5.4 1885 . . 0.34 0.06 10 5 6130

1361 6/8/2008 2008 D 24 L 23 24.2 7.4 8.97 5.4 1840 . . 0.38 0.05 30 5 9804

1362 6/8/2008 2008 D 25 L 23 23.4 7.3 12.32 2.3 1430 . 0.01 0.25 0.04 5 5 6130

1363 6/8/2008 2008 D 26 L 25.5 24.3 7.4 9.84 5.6 1740 . . 0.35 0.06 20 10 7270

1364 6/8/2008 2008 D 27 L 25.5 25.1 7.4 8.6 4.2 1910 . . 0.35 0.1 10 41 2812

1365 6/8/2008 2008 D 28 L 19.5 22.3 7.1 9.05 4.8 2355 . . 0.33 0.11 10 31 24196

1370 7/13/2008 2008 D 1 O . 22 7.6 7.34 0.38 2230 . 0.01 1.35 . 0 5 7701

1371 7/13/2008 2008 D 2 O 23.8 18.6 7.6 7.58 0.43 1364 . 0.29 0.38 0.06 906 86 2809

1372 7/13/2008 2008 D 3 R 25 20.2 7.6 5.36 . 725 . 0.04 0.09 0.04 122 5 2809

1373 7/13/2008 2008 D 5 O 28 21.2 8 11.35 0.4 3375 . 3.74 0.35 0.04 197 305 10462

1374 7/13/2008 2008 D 14 R 27.8 21.8 8.2 8.36 0.45 1070 . 0.01 0.08 0.02 41 20 3609

1375 7/13/2008 2008 D 15 M . 21.7 7.8 9.03 5.85 2560 . 0.15 0.33 0.02 20 41 19863

1376 7/13/2008 2008 D 19 R 22.5 17.7 7.8 8.65 0.54 962 . 0.02 0.14 0.04 52 5 488

1378 7/13/2008 2008 D 21 L 25.5 25.6 7.2 13.21 17.8 2770 . . 0.1 0.08 10 5 19863

1379 7/13/2008 2008 D 22 L 26.8 26.5 8.1 13.02 22.4 2415 . . 0.31 0.08 5 10 10462

RB-AR6087



Event ID Date Year Wet/Dry Season Site Group Air Temp Water Temp pH DO Turbidity Conductivity Flow Nitrate Phosphate Ammonia Enterococcus E. coli Total Coliform
1380 7/13/2008 2008 D 24 L . 27.2 7.5 10.05 16 2220 . . 0.32 0.05 10 5 6131

1381 7/13/2008 2008 D 25 L . 25.7 7 8.81 3.2 1454 . . 0.16 0.05 5 20 17359

1382 7/13/2008 2008 D 28 L 22.5 26.1 7.4 15.5 15 2550 . . 0.08 0.1 5 5 1120

1391 8/10/2008 2008 D 1 O 29.5 21.8 7.5 7.11 0.9 2300 . 0.04 1.38 0.06 30 20 19863

1392 8/10/2008 2008 D 2 O 22.3 16.4 7.5 5.59 1.4 1310 . 0.04 0.2 0.05 30 1467 9208

1393 8/10/2008 2008 D 3 R 24 18.8 7.7 4.99 . 703 . 0.02 0.06 0.08 98 20 12282

1395 8/10/2008 2008 D 5 O 28.5 19 8 10.72 0.3 3450 . 3.8 0.3 0.04 86 85 10111

1394 8/10/2008 2008 D 14 R 26 21.7 8.1 8.7 0.1 1062 . 0.04 0.09 0.03 160 0 2382

1396 8/10/2008 2008 D 15 M 32.5 21 7.8 10.03 0.7 2730 . 0.09 0.44 0.06 52 41 29192

1397 8/10/2008 2008 D 19 R 22.5 16.4 7.7 8.41 . 980 . . 0.08 0.05 31 10 6488

1383 8/10/2008 2008 D 21 L 29.8 27.7 7.4 12.26 33.2 2650 . . . . 0 0 24192

1384 8/10/2008 2008 D 22 L 25.5 26.5 6.4 5.68 31 2550 . . . 0.03 20 10 24192

1385 8/10/2008 2008 D 23 L 25.5 25.5 6.8 5.29 37.8 2600 . . . . 10 0 24192

1386 8/10/2008 2008 D 24 L 26.5 25.2 6.7 5.54 35 2490 . . . 0.01 63 52 24192

1387 8/10/2008 2008 D 25 L 28.5 25.1 6.7 5.54 33.8 2490 . . 0.06 0.03 10 41 24192

1388 8/10/2008 2008 D 26 L 29.3 24.8 6.9 9.06 34.3 2540 . . . . 10 52 24192

1389 8/10/2008 2008 D 27 L 29.5 26.7 7.1 8.84 31.2 2580 . . 0.01 0.01 41 41 24192

1390 8/10/2008 2008 D 28 L 32.5 28.1 7.7 13.43 32.5 2570 . . . 0.06 20 0 24192

1399 9/14/2008 2008 D 1 O 20 19.7 7.4 3.6 0.7 2410 . 0.05 1.42 0.01 31 10 14136

1400 9/14/2008 2008 D 5 O 17 16.7 8 6.69 0.12 3440 . 4.74 0.39 . 201 203 14136

1401 9/14/2008 2008 D 12 M 16.8 20.4 7.9 6.24 1.4 2300 . 0.01 0.24 0.02 10 5 4352

1404 9/14/2008 2008 D 21 L . 21.9 7.3 5.3 6.8 2930 . . 0.16 0.08 5 10 24196

1405 9/14/2008 2008 D 22 L 15 23.6 7.7 1.73 7.2 2890 . . 0.22 0.08 10 10 24196

1406 9/14/2008 2008 D 23 L 16.5 22.9 7.9 4.89 7.2 2910 . . 0.11 0.05 31 20 24196

1407 9/14/2008 2008 D 24 L 17.3 23.1 7.9 6.04 8.7 2890 . . 0.12 0.09 20 31 24196

1408 9/14/2008 2008 D 25 L 19.8 23 7 1.3 9 2790 . . 0.19 0.17 5 5 24196

1409 9/14/2008 2008 D 26 L 19.8 23.4 7 4 8.1 2860 . . 0.14 0.09 10 5 24196

1410 9/14/2008 2008 D 27 L 20 23.8 7.2 5.93 7.3 2890 . . 0.15 0.09 10 5 24196

1411 9/14/2008 2008 D 28 L 15.3 22.8 6.8 6.15 7.2 2880 . . 0.07 0.05 10 85 24196

1402 9/15/2008 2008 D 15 M 21.5 20.5 6.8 9.4 1 2760 . 1.38 1.05 0.06 121 10 17329

1420 10/5/2008 2008 D 1 O 22 19.3 7.4 4.03 2.1 2510 . 0.06 1.44 0.04 20 52 15531

1421 10/5/2008 2008 D 5 O 16 15.4 8 6.6 0.3 3570 . 4.68 0.35 0.02 109 243 8664

1422 10/5/2008 2008 D 12 M 15.5 17.7 7.8 5.41 0.38 2390 . . 0.26 . 63 282 5475

1423 10/5/2008 2008 D 15 M 20.5 18.2 7.9 9.45 1 3040 . 0.44 0.45 0.03 10 10 24196

1412 10/5/2008 2008 D 21 L 17.5 20.2 7.8 6.32 8.3 3000 . . 0.14 0.13 10 10 12003

1413 10/5/2008 2008 D 22 L 16.8 21.4 7.7 2 9.5 2960 . . 0.13 0.77 20 5 8664

1414 10/5/2008 2008 D 23 L 17.3 21 7.8 6.22 10.8 2970 . . 0.09 0.17 5 31 24196

1415 10/5/2008 2008 D 24 L 18.3 21.1 7.8 5.98 10.8 2960 . . 0.08 0.2 10 41 24196

1416 10/5/2008 2008 D 25 L 19.5 21.2 7.6 3.06 8.9 2870 . . 0.08 0.28 10 5 24196

1417 10/5/2008 2008 D 26 L 20.3 21.8 7.9 8.01 9.8 2890 . . 0.08 0.11 20 31 11199

1418 10/5/2008 2008 D 27 L 21.5 21.5 7.9 5.86 8.4 2850 . . 0.07 0.18 10 10 24196

1419 10/5/2008 2008 D 28 L 16 20.7 7.3 5.47 8.5 3000 . . 0.12 0.11 10 5 12033

1429 11/6/2008 2008 D 1 O 23.5 18.5 7.4 9.15 0.9 2760 . 0.13 1.07 0.05 31 203 8664

1430 11/6/2008 2008 D 12 M 26 14 8 9.56 1.6 2970 . . 0.25 0.08 52 75 4884

1431 11/6/2008 2008 D 14 R 26.5 18.2 7.9 9.25 . 1211 . . 0.25 0.08 10 20 2613

1428 11/6/2008 2008 D 15 M 25 13.4 7.6 10.01 0.8 2940 . 1.85 0.51 0.12 20 52 5712

1436 11/8/2008 2008 D 25 L 17.8 15.4 . . 8.5 3040 . . 0.1 . 20 63 6131

RB-AR6088



Event ID Date Year Wet/Dry Season Site Group Air Temp Water Temp pH DO Turbidity Conductivity Flow Nitrate Phosphate Ammonia Enterococcus E. coli Total Coliform
1424 11/9/2008 2008 D 3 R . 12.9 7.7 8.91 . 722 . 0.01 0.02 0.13 5 5 332

1425 11/9/2008 2008 D 5 O . 13.5 7.9 9.93 0.3 3430 . 4.96 0.58 . 109 5475 63

1426 11/9/2008 2008 D 13 M . 15.3 7.5 7.65 1.4 3610 . 1.48 0.82 . 452 20 15531

1432 11/9/2008 2008 D 21 L 18 14.9 7.2 . 6.7 2960 . . 0.09 . 10 110 6867

1433 11/9/2008 2008 D 22 L 16 15.7 7.9 . 7.4 2970 . . 0.1 . 5 74 6488

1434 11/9/2008 2008 D 23 L 16 15.4 7.3 . 10.5 2980 . . 0.05 . 5 97 9208

1435 11/9/2008 2008 D 24 L 16 15.6 7.5 . 9.1 3020 . . 0.05 . 10 31 7270

1437 11/9/2008 2008 D 26 L 17 16.1 7.5 . 9.1 3060 . . 0.03 . 5 30 7701

1438 11/9/2008 2008 D 27 L 17 16 7.6 . 9 3000 . . 0.1 0.03 20 160 10462

1439 11/9/2008 2008 D 28 L 16.5 15.9 7.2 . 7.8 2940 . . 0.1 . 31 121 8164

1440 12/7/2008 2008 W 1 O 20.5 15.5 8 9.98 0.5 1835 . 6.24 3.54 . 30 63 3076

1441 12/7/2008 2008 W 2 O 18.5 12 7.2 4.39 0.7 1360 . 0.8 0.35 . 199 52 9208

1442 12/7/2008 2008 W 3 R 16.8 11.8 7.8 7.09 . 762 . . 0.1 . 5 5 98

1443 12/7/2008 2008 W 5 O 17.5 12.4 8 7.6 0.9 3500 . 4 0.56 . 185 41 2987

1444 12/7/2008 2008 W 12 M 16 11.8 8 9.3 0.7 2650 . 0.09 0.09 . 20 20 933

1445 12/7/2008 2008 W 13 M 19.8 15 7.4 5.91 0.7 3750 . 1.25 . . 408 20 5794

1446 12/7/2008 2008 W 15 M 19.5 20.4 7.3 7.76 1.1 1603 . 6.84 4.12 . 20 20 3654

1449 12/7/2008 2008 W 21 L 20 13 7.1 6.14 5.7 2690 . . 0.08 0.04 5 10 1450

1450 12/7/2008 2008 W 22 L 17 13.4 7.7 7.56 6.8 2570 . . 0.06 . 10 5 1500

1451 12/7/2008 2008 W 23 L 17.5 13.5 7.8 7.26 6.7 2550 . . 0.06 0.26 5 10 3448

1452 12/7/2008 2008 W 24 L 17.3 13.4 7.8 6.61 7.3 2520 . . 0.16 . 10 5 6131

1453 12/7/2008 2008 W 25 L 17 13 7.3 5.03 4.4 2410 . 0.01 0.1 . 41 5 4353

1454 12/7/2008 2008 W 26 L 17.5 13.6 7.8 6.83 6.8 2520 . . 0.08 0.17 5 5 8664

1455 12/7/2008 2008 W 27 L 18 14 7.7 6.27 7.1 2620 . . 0.06 . 5 52 11199

1456 12/7/2008 2008 W 28 L 19 13.6 7.6 6.88 6.2 2620 . . 0.06 . 10 5 1314

1448 12/9/2008 2008 W 19 R 18.3 10.2 7.8 5.53 0.05 1051 . . 0.05 . 20 5 73

1457 1/11/2009 2009 W 1 O 30 14.3 7.8 11.68 1.2 1790 . 4.96 3.26 0.07 10 10 2382

1458 1/11/2009 2009 W 2 O 24 10.2 6.6 9.59 1.8 1500 . 0.77 0.31 . 52 52 703

1459 1/11/2009 2009 W 3 R 15.8 9.3 7.6 9.9 0.2 722 . . 0.07 . 5 5 110

1460 1/11/2009 2009 W 5 O 21 10.2 7.7 12.21 0.9 3550 . 5.64 0.48 0.02 63 75 1658

1461 1/11/2009 2009 W 12 M 24 8.9 7.9 11.54 1.9 1950 . 0.03 0.21 . 10 10 201

1462 1/11/2009 2009 W 13 M 28.3 14.1 7.2 8.11 0.5 3710 . 1.15 0.66 0.01 96 767 2382

1463 1/11/2009 2009 W 15 M 28.5 13.6 7.5 10.77 1.9 2400 . 1.12 0.7 . 10 41 1497

1464 1/11/2009 2009 W 18 R 25 13 7.7 8.78 0.4 1520 . . 0.1 . 10 5 295

1465 1/11/2009 2009 W 19 R 24.5 10.7 7.6 7.59 0.3 1114 . . 0.1 0.01 5 5 1421

1467 1/11/2009 2009 W 21 L 23.6 9.6 7.8 10.53 4.5 2830 . . 0.15 0.04 5 10 1723

1468 1/11/2009 2009 W 22 L 23 10.4 8.1 11.75 5.6 1980 . . 0.23 0.02 5 10 336

1469 1/11/2009 2009 W 23 L 24 9.8 8 10.7 6.1 1970 . . 0.09 0.04 10 5 2382

1470 1/11/2009 2009 W 24 L 24.5 10 8 8.53 5.7 1920 . . 0.11 0.02 10 20 3255

1471 1/11/2009 2009 W 25 L 25 10.5 7.7 10.4 3.2 1820 . . 0.11 0.06 20 20 1956

1472 1/11/2009 2009 W 26 L 24.8 10.8 8 12.02 5.9 1900 . . 0.09 0.02 5 5 1500

1473 1/11/2009 2009 W 27 L 25 10.4 8 12.34 5.8 1920 . . 0.12 0.02 5 52 2046

1474 1/11/2009 2009 W 28 L 21.8 9.6 7.8 11.83 5.8 2220 . . 0.13 0.06 10 5 1187

1475 2/17/2009 2009 W 1 O . 11.9 7.8 12.81 40 1094 . 1.24 0.88 . 6867 5475 .

1476 2/17/2009 2009 W 2 O 12.3 10.4 8.1 10.8 32.2 886 . 0.81 0.14 . 7 155 11199

1477 2/17/2009 2009 W 3 R 9 8.9 7.4 10.99 4.2 230 . 0.08 0.01 0.17 85 52 461

1478 2/17/2009 2009 W 5 O 13 9.5 7.6 11.58 170 1100 . 0.65 1.63 0.01 24198 24198 .

RB-AR6089



Event ID Date Year Wet/Dry Season Site Group Air Temp Water Temp pH DO Turbidity Conductivity Flow Nitrate Phosphate Ammonia Enterococcus E. coli Total Coliform
1479 2/17/2009 2009 W 12 M 12 11 7.9 11.07 14.9 943 . 0.83 0.44 0.02 4569 551 24198

1480 2/17/2009 2009 W 13 M 15.5 10.5 7.1 10.31 20.3 1280 . 0.9 0.92 . 2613 1354 17329

1481 2/17/2009 2009 W 14 R . 10.9 7.3 13.11 39.5 368 . 1.66 0.1 0.17 364 52 4352

1482 2/17/2009 2009 W 15 M 13.5 11.8 7.7 10.58 35.5 1030 . 1.27 1.07 0.02 6131 3282 .

1483 3/1/2009 2009 W 1 O 30 15.5 8.3 11.64 2.6 1580 . 8.44 3.12 0.22 31 10 1789

1484 3/1/2009 2009 W 2 O 22.5 11.5 7.9 . 0.9 1370 . 0.93 0.29 0.19 52 10 1664

1485 3/1/2009 2009 W 3 R 17.8 11.3 7.8 . 0.2 710 . 0.02 0.12 0.17 10 5 350

1486 3/1/2009 2009 W 5 O 17.5 11.8 7.9 11.24 0.71 3510 . 4.36 0.41 0.16 75 84 6488

1487 3/1/2009 2009 W 12 M 21 13.4 8.1 10.5 1.5 1520 . 0.02 0.16 0.17 40 5 1259

1488 3/1/2009 2009 W 13 M 26.3 14.5 7.4 . 2 3630 . 1.02 0.66 0.15 74 5 1259

1489 3/1/2009 2009 W 14 R 24.3 17.3 7.9 . 0.5 1100 . 0.3 0.17 0.13 63 5 2613

1502 3/1/2009 2009 W 15 M 27.5 17.2 7.7 11.21 1.2 1560 . 5.4 3.16 0.31 5 5 1658

1490 3/1/2009 2009 D 17 O 24.5 19.3 6.5 . 16 1020 . 0.41 0.24 0.2 20 10 1414

1491 3/1/2009 2009 W 18 R 23.5 14.7 7.8 . 0.26 1540 . 0.03 0.14 0.14 31 5 331

1492 3/1/2009 2009 W 19 R 25.5 14.3 7.8 . 0.5 860 . 0.04 0.17 0.16 20 5 933

1494 3/1/2009 2009 W 21 L . 14.7 8 10.59 2.9 1610 . . 0.1 0.04 41 10 1467

1495 3/1/2009 2009 W 22 L . 15.1 8.4 11.63 4.7 1490 . . 0.14 . 5 5 520

1496 3/1/2009 2009 W 23 L . 15 8.2 11.19 2.3 1340 . 0.02 0.11 . 5 5 882

1497 3/1/2009 2009 W 24 L . . 8.1 11.02 2.9 1290 . 0.03 0.12 0.03 5 5 2187

1498 3/1/2009 2009 W 25 L . 13.5 7.6 8.12 7.2 1140 . 0.11 0.19 0.11 41 5 1354

1500 3/1/2009 2009 W 26 L . 15.5 8.2 11 2.4 1640 . 0.01 0.1 0.01 5 5 414

1503 3/1/2009 2009 W 27 L . 15 8.2 10.71 3 1470 . 0.01 0.1 0.01 5 5 414

1501 3/1/2009 2009 W 28 L . 14.5 8.3 11.11 2.8 1430 . . 0.09 0.03 5 5 759

1504 4/5/2009 2009 W 1 O 25 15.6 . 16.04 0.6 1400 . 3.56 2.26 0.07 20 5 2046

1505 4/5/2009 2009 W 2 O 21.5 10.8 8.3 . 1 1400 . 0.67 0.22 0.04 75 153 3873

1506 4/5/2009 2009 W 3 R 16.3 . 8.5 . 0.2 730 . . 0.04 0.07 5 5 426

1507 4/5/2009 2009 W 5 O 22 11.9 . 10.79 0.7 2 . 4 0.34 . 175 197 24196

1508 4/5/2009 2009 W 12 M 15.5 14.1 8.7 9.37 0.7 1800 . 0.01 0.22 0.04 5 20 987

1509 4/5/2009 2009 W 13 M 23 14.6 7.8 . 1.1 3500 . 0.93 0.6 0.04 262 75 5794

1510 4/5/2009 2009 W 14 R 21.5 13.9 8.8 . 0.3 1200 . . 0.08 0.07 10 31 4106

1511 4/5/2009 2009 W 15 M 25 18.2 . 11.22 0.7 1300 . 5.16 3.56 0.16 10 63 2987

1512 4/5/2009 2009 W 17 O 23 14.4 8 . 0.35 1300 . 0.23 0.21 . 5 63 2755

1513 4/5/2009 2009 W 18 R 22 14 8.6 . 0.2 1600 . 0.07 0.13 0.15 5 5 691

1515 4/5/2009 2009 W 21 L 16.3 16.2 8.2 6.8 3.4 2170 . . 0.07 0.03 10 10 17329

1516 4/5/2009 2009 W 22 L 19 17.9 8.2 6.96 3.3 2110 . . 0.14 0.05 41 10 9204

1517 4/5/2009 2009 W 23 L 20 18.5 8.3 7.31 4 1960 . . . . 5 5 2359

1518 4/5/2009 2009 W 24 L 21 17.9 8.3 7.66 3.2 1840 . 0.01 0.07 0.06 10 10 3448

1519 4/5/2009 2009 W 25 L 22 16.1 7.9 6.93 0.8 1450 . . 0.15 0.04 10 5 1430

1520 4/5/2009 2009 W 26 L 23.3 18.6 8.3 7.56 8.3 1830 . . 0.07 . 5 5 4884

1521 4/5/2009 2009 W 27 L 23.8 18.8 8.3 7.39 3.5 2030 . . 0.08 . 20 5 3448

1522 4/5/2009 2009 W 28 L 15 16.6 8.3 6.87 3.8 2130 . 0.01 0.11 0.06 10 5 8164

1523 5/3/2009 2009 D 1 O 26.8 17.9 8.4 11.57 8.4 1960 . 0.19 0.82 . 5 20 14136

1524 5/3/2009 2009 D 2 O 22 15.7 7.8 10.3 1.1 1386 . 0.35 0.31 . 145 146 1366

1525 5/3/2009 2009 D 3 R 24 15 7.8 9.04 0.75 720 . 0.01 0.08 . 20 10 345

1526 5/3/2009 2009 D 5 O 19 15.2 8.1 11.23 0.7 3490 . 2.9 0.35 . 20 74 2909

1527 5/3/2009 2009 D 12 M 20.5 17 8.3 10.16 0.7 1980 . 0.05 0.31 0.11 5 10 3784

1528 5/3/2009 2009 D 13 M 22.5 16.3 7.34 7.86 1.5 3640 . 0.12 0.68 0.02 5 5 12033

RB-AR6090



Event ID Date Year Wet/Dry Season Site Group Air Temp Water Temp pH DO Turbidity Conductivity Flow Nitrate Phosphate Ammonia Enterococcus E. coli Total Coliform
1529 5/3/2009 2009 D 17 O 19 16.7 7.17 5.78 1.1 1290 . 0.26 0.35 . 41 . 3255

1534 5/3/2009 2009 D 21 L 22 18.7 7.6 7.66 9.7 2310 . . 0.04 . 5 5 5784

1535 5/3/2009 2009 D 22 L 22 20.8 7.9 8.6 6 2220 . 0.02 0.06 . 10 5 5012

1536 5/3/2009 2009 D 23 L 23.3 21 7.7 10.12 11.9 1950 . 0.02 0.08 . 5 5 4611

1537 5/3/2009 2009 D 24 L 24 21.3 7.9 11.17 7 1890 . . 0.08 . 5 5 4611

1538 5/3/2009 2009 D 25 L 26 19.1 7.6 10.07 3.3 1480 . 0.05 0.18 . 10 5 2613

1539 5/3/2009 2009 D 26 L 26 22 7.9 11.46 4.3 1830 . . 0.13 . 20 5 2187

1540 5/3/2009 2009 D 27 L 25.5 21.6 8 11.95 9.9 1970 . . 0.04 0.14 134 10 12997

1541 5/3/2009 2009 D 28 L 20 19.6 7.9 11.1 11.1 2210 . . 0.01 . 10 5 6131

1531 5/5/2009 2009 D 14 R . . . . . . . 0.04 0.07 0.06 86 650 5475

1532 5/5/2009 2009 D 18 R 22 16 8 9.54 1 1530 . 0.07 0.08 0.04 85 5 2613

1533 5/5/2009 2009 D 19 R . . . . . . . 0.05 0.19 . 86 75 2755

1542 6/7/2009 2009 D 1 O 23.3 20 8.1 3.29 1.7 2320 . 0.06 0.89 . 5 41 .

1562 6/7/2009 2009 D 2 O 20.3 15.4 8 8.73 2.1 1490 . 0.43 0.36 . 288 201 2014

1563 6/7/2009 2009 D 3 R 18 14.9 8.1 8.91 0.4 740 . . 0.04 . 5 5 591

1564 6/7/2009 2009 D 5 O 20.3 16.5 7.8 2.57 1 3150 . 3.16 0.55 0.34 295 197 9804

1565 6/7/2009 2009 D 12 M 19.5 19.1 8.3 2.6 1.6 2200 . 0.01 0.45 0.08 86 75 9804

1566 6/7/2009 2009 D 13 M 22.5 17.5 7.5 7.4 1.5 3500 . 1.23 0.77 0.25 496 161 12997

1567 6/7/2009 2009 D 14 R . 19.2 8.5 10.1 0.7 1200 . 0.04 0.1 0.03 311 108 4160

1568 6/7/2009 2009 D 15 M 19.8 17.6 7.8 2.8 2 2800 . 1.18 0.38 0.01 41 197 12033

1569 6/7/2009 2009 D 17 O . 18.3 7.9 5.2 1.7 1160 . 0.1 0.32 0.01 336 110 8664

1570 6/7/2009 2009 D 18 R . 16.9 8.4 8.86 1.3 1560 . 0.03 0.15 0.07 75 5 3873

1572 6/7/2009 2009 D 21 L 19.5 19.3 8.1 3.67 8.8 2740 . . 0.12 0.04 5 52 6131

1573 6/7/2009 2009 D 22 L 17.5 21.6 8.3 8.75 10.3 2620 . . 0.14 0.14 20 5 3255

1574 6/7/2009 2009 D 23 L 18.5 21.7 8.3 8.4 12.2 2570 . . 0.2 0.2 5 10 2603

1575 6/7/2009 2009 D 24 L 20 21.7 8.3 8.55 9.1 2530 . . 0.37 0.05 41 31 4884

1577 6/7/2009 2009 D 25 L 20.5 20.7 7.5 2.92 3.1 1860 . . 0.53 0.16 10 5 1467

1578 6/7/2009 2009 D 26 L 19.9 22.2 8.3 8.29 9.8 994 . . 0.33 0.06 5 5 4352

1579 6/7/2009 2009 D 27 L 19 22.5 8.6 11.49 12.3 2620 . . 0.2 . 5 5 5172

1580 6/7/2009 2009 D 28 L 18.3 21 8.4 12.25 9.9 2610 . . 0.09 0.02 10 52 3076

1543 7/12/2009 2009 D 1 O 27 20.4 7.8 5.5 1.7 2160 . 0.01 1.41 . 122 20 .

1560 7/12/2009 2009 D 2 O 24.5 16.4 7.8 5.2 1.7 14180 . 0.11 0.38 . 2909 9804 24196

1561 7/12/2009 2009 D 3 R 26 18.4 7.7 7 0.2 7290 . 0.01 0.13 . 132 5 1785

1556 7/12/2009 2009 D 5 O 29.6 17.8 8.1 9.4 23.8 3500 . 3.2 0.3 . 1421 41 9804

1555 7/12/2009 2009 D 12 M 28.5 20.3 7.7 4.1 0.5 2170 . 0.1 0.03 0.5 31 5 17329

1558 7/12/2009 2009 D 13 M 26.5 19 7.7 6.7 1.8 3770 . 1.09 0.79 . 613 98 14136

1554 7/12/2009 2009 D 14 R . 22.1 8.2 9.7 0.1 1200 . 0.03 0.09 . 546 173 5794

1557 7/12/2009 2009 D 15 M 28 19.5 7.8 7.5 0.8 2530 . 0.04 0.6 0.02 31 41 24196

1552 7/12/2009 2009 D 17 O . 18.9 7.3 3.42 0.1 1490 . 0.1 0.29 . 158 231 4611

1553 7/12/2009 2009 D 19 R . 18 8.2 10.5 . 1020 . 0.01 0.15 . 5 63 1935

1551 7/12/2009 2009 D 21 L 31 25.2 8 6 11.6 2420 . . 0.06 0.27 122 5 24196

1550 7/12/2009 2009 D 22 L 31 26.3 8.3 10.8 10 2440 . . 0.08 0.17 10 10 2014

1549 7/12/2009 2009 D 23 L 33.5 26.6 8 8.7 10.9 2480 . . 0.01 0.19 5 5 10462

1548 7/12/2009 2009 D 24 L 33 26 8.1 7 14.1 2430 . . 0.04 0.13 41 5 9804

1547 7/12/2009 2009 D 25 L 33 26 8.1 7 14.1 2 . . 0.07 0.14 10 20 9208

1546 7/12/2009 2009 D 26 L 33.8 26.5 7.9 6.8 11.3 2420 . . 0.02 0.14 10 5 14136

1545 7/12/2009 2009 D 27 L 34.5 27.9 8.3 10.1 11.3 2480 . . 0.04 0.13 31 5 6131
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Event ID Date Year Wet/Dry Season Site Group Air Temp Water Temp pH DO Turbidity Conductivity Flow Nitrate Phosphate Ammonia Enterococcus E. coli Total Coliform
1544 7/12/2009 2009 D 28 L 28.5 25.5 8.2 8.1 10.9 2235 . . 0.1 0.18 5 10 15531

1596 8/2/2009 2009 D 1 O 23 20.5 7.5 3.8 1.03 2280 . 0.04 1.29 0.13 189 5 .

1598 8/2/2009 2009 D 2 O 21 . . . . . . . 0.48 0.23 3873 1935 15531

1581 8/2/2009 2009 D 3 R 19.9 19.9 8.1 7.2 . 720 . . 0.12 0.01 86 5 4106

1595 8/2/2009 2009 D 5 O 24 18.9 8 8.6 0.32 3600 . 4.28 0.2 0.03 882 63 14136

1582 8/2/2009 2009 D 13 M 24 19.6 7.6 6.9 0.5 3790 . 1.52 0.84 0.03 749 1178 .

1593 8/2/2009 2009 D 14 R 20 20 8.3 10.4 . 1220 . . 0.05 0.01 933 84 3884

1594 8/2/2009 2009 D 15 M 27 20.1 7.7 6.8 1.3 2670 . 0.04 0.77 0.09 292 31 .

1591 8/2/2009 2009 D 17 O 21 19.8 7.2 0.7 0.17 1610 . 0.01 0.51 0.01 644 3654 11199

1592 8/2/2009 2009 D 19 R 20 19 8.2 10.42 . 1060 . 0.01 0.11 0.02 63 31 2382

1583 8/2/2009 2009 D 21 L 18.5 24.9 7.9 3.06 33.8 2580 . . . 0.11 160 98 .

1590 8/2/2009 2009 D 22 L 21 26.1 8 5.3 37.5 2550 . . . 0.14 31 52 .

1589 8/2/2009 2009 D 23 L 21.5 25.7 8 3.23 33.5 2500 . . . 0.12 41 63 .

1588 8/2/2009 2009 D 24 L 22.5 25.7 8.1 3.86 27.9 2470 . . . 0.13 84 31 .

1587 8/2/2009 2009 D 25 L 25 25 7.6 1.15 21 2410 . . . 0.37 75 5 .

1586 8/2/2009 2009 D 26 L 26.5 25.7 8 3.18 32.8 2520 . . . 0.16 20 31 .

1585 8/2/2009 2009 D 27 L 28 25.5 8.1 3.18 34.2 2330 . . . 0.11 20 31 .

1584 8/2/2009 2009 D 28 L 19 25.4 7.8 3.17 23.3 2560 . . . 0.17 16 52 .

1599 9/13/2009 2009 D 1 O 23.4 21.1 7.6 6.45 2.8 2300 . 0.02 1.02 1.06 10 5 .

1600 9/13/2009 2009 D 3 R 18 18.3 7.9 7.83 . 710 . . . . 41 5 1017

1601 9/13/2009 2009 D 5 O . 18.4 7.8 9.7 0.2 9240 . 4.4 0.23 0.02 323 216 14136

1602 9/13/2009 2009 D 12 M . 20.5 7.1 . 1.3 6020 . 0.02 0.28 0.27 2014 98 17329

1603 9/13/2009 2009 D 13 M 22.5 19.6 7.5 7.25 0.7 3740 . 1.22 0.88 0.06 1421 40 2143

1604 9/13/2009 2009 D 14 R 23.5 21 8.1 8.99 0.9 1230 . 0.01 0.06 . 495 249 2143

1605 9/13/2009 2009 D 15 M 23.5 20 7.6 8.68 1.3 2420 . 0.89 0.19 2.57 249 52 .

1606 9/13/2009 2009 D 18 R 21.5 18.5 8 8.6 . 16 . . 0.09 0.03 146 5 1607

1607 9/13/2009 2009 D 19 R 21.8 18.3 7.9 7.21 0.7 1070 . . 0.08 0.04 134 10 5475

1609 10/4/2009 2009 D 1 O 24.5 18.8 7.6 8.33 0.8 2300 . 0.03 1.25 0.13 75 10 7701

1610 10/4/2009 2009 D 3 R 15 14.8 8 8.5 . 660 . 0.21 0.37 . 31 776 31

1611 10/4/2009 2009 D 5 O 17 12.7 8.1 10.73 0.3 3720 . 4.36 0.42 0.33 173 63 4106

1612 10/4/2009 2009 D 12 M 17.3 17.4 7.7 9.8 1.3 2400 . 0.05 0.15 0.12 5 5 4106

1613 10/4/2009 2009 D 13 M 19.3 16 7.5 7.65 0.6 3840 . 1.82 0.97 0.34 1450 259 12033

1614 10/4/2009 2009 D 14 R 19.3 17.2 7.9 9.69 . 1270 . 0.17 0.34 0.11 173 10 1664

1615 10/4/2009 2009 D 15 M 24 16.1 7.6 7.6 1.1 2390 . 1.87 2.31 0.16 121 41 .

1616 10/4/2009 2009 D 18 R 19 15.7 7.9 10 0.02 1570 . 0.05 0.14 0.16 160 135 1054

1617 10/4/2009 2009 D 19 R 19.5 14.3 7.7 8.9 1.1 1100 . 0.01 0.13 0.03 20 20 2481

1619 11/8/2009 2009 D 1 O 19 18 7.3 . 0.4 2550 . 0.01 1.13 . 41 41 4611

1620 11/8/2009 2009 D 2 O 16 11.1 7.4 5.96 0.3 . . 0.06 0.39 . 487 197 17329

1621 11/8/2009 2009 D 3 R 14 12.3 7.8 9.3 . 788 . . 0.08 0.21 5 10 331

1622 11/8/2009 2009 D 5 O 13.4 11.3 7.9 . 0.5 3700 . 5.4 0.01 0.51 410 31 4884

1623 11/8/2009 2009 D 12 M 16.3 12.3 7.7 . 0.1 2750 . 0.04 0.3 0.1 41 10 1607

1624 11/8/2009 2009 D 13 M 19 14.8 7.5 7.87 0.5 4000 . 1.14 0.84 0.03 697 471 24196

1625 11/8/2009 2009 D 14 R 20 16.6 8.2 10.15 . 1340 . . 0.1 0.02 86 10 2046

1626 11/8/2009 2009 D 15 M 20 14.8 7.7 . 0.4 3080 . 0.46 0.54 0.29 86 10 3448

1627 11/8/2009 2009 D 17 O 23.5 14.6 7.2 5.53 0.03 1830 . 0.23 0.34 0.03 20 75 1956

1628 11/8/2009 2009 D 19 R 17 12.2 7.9 10.05 0.8 1170 . . 0.23 0.04 10 5 2755

1630 11/8/2009 2009 D 21 L 21.5 15.8 7.6 6.8 3 2550 . 0.17 0.4 0.79 122 31 2613
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Event ID Date Year Wet/Dry Season Site Group Air Temp Water Temp pH DO Turbidity Conductivity Flow Nitrate Phosphate Ammonia Enterococcus E. coli Total Coliform
1631 11/8/2009 2009 D 22 L 20.5 15.8 7.7 5.61 1.2 2510 . 0.18 0.53 0.97 148 20 2909

1632 11/8/2009 2009 D 23 L 20.5 16.1 7.6 6.59 1.8 2490 . 0.17 0.43 1.04 459 20 3873

1633 11/8/2009 2009 D 24 L 22 16.3 7.6 5.57 2.3 2430 . 0.27 0.45 0.98 41 52 3874

1634 11/8/2009 2009 D 25 L 25 15.4 7.5 4.9 1.6 2350 . 0.24 0.41 0.72 243 20 8664

1635 11/8/2009 2009 D 26 L 23 16.3 7.6 4.92 2.9 2430 . 0.58 0.56 0.88 30 31 6131

1636 11/8/2009 2009 D 27 L 23.3 16.3 7.8 7.78 2.6 2630 . 0.16 0.46 0.87 120 52 3448

1637 11/8/2009 2009 D 28 L 18.5 15.2 7.7 6.68 2 2540 . 0.2 0.47 0.77 173 41 2613

1638 12/6/2009 2009 W 1 O 14 12.9 8.2 10.73 0.4 2160 . 3.56 3.48 0.06 108 41 6131

1639 12/6/2009 2009 W 2 O 11 8.5 7.4 8.85 0.3 . . 0.98 0.31 0.06 146 74 2909

1640 12/6/2009 2009 W 3 R 11.5 9.3 7.8 10.25 . 780 . . 0.01 . 5 5 315

1641 12/6/2009 2009 W 5 O 11 8 8.1 11.74 0.06 3920 . 5.48 0.41 . 5 40 2359

1642 12/6/2009 2009 W 12 M 9 7.8 8 11.13 0.04 3070 . . 0.27 . 10 5 1081

1643 12/6/2009 2009 W 13 M 12 12.5 7.5 8.29 0.2 3930 . 0.97 0.75 . 10 75 3076

1644 12/6/2009 2009 W 14 R 13 13 8.1 10.57 . 1390 . 0.03 . 0.07 121 52 2481

1645 12/6/2009 2009 W 15 M 14.5 18.2 7.4 7.41 0.9 1720 . 4.48 5.12 0.12 173 20 6867

1646 12/6/2009 2009 W 18 R 14.6 12.7 8 10.48 . 1650 . 0.01 0.1 . 31 5 591

1647 12/6/2009 2009 W 19 R 13 9.8 7.6 5.43 0.6 1180 . . 0.14 . 5 5 1782

1649 1/10/2010 2010 W 1 O 22 13.4 8 10.55 0.35 1810 . 5.8 3.2 0.15 20 5 5475

1650 1/10/2010 2010 W 2 O 14 9.2 7.9 10.97 0.1 1620 . 0.93 0.29 . 20 63 2247

1651 1/10/2010 2010 W 3 R 13.5 10 8 10.02 . 740 . . 0.35 0.01 5 5 243

1652 1/10/2010 2010 W 5 O 15.5 8.8 7.4 13.2 0.4 3510 . 4.44 0.45 0.05 122 52 4353

1653 1/10/2010 2010 W 12 M 10 8.4 7.9 12.92 1 2060 . 0.01 0.2 0.09 10 5 1309

1654 1/10/2010 2010 W 13 M 20 13 7.5 8.44 0.3 3770 . 1.24 0.62 0.01 816 158 2613

1655 1/10/2010 2010 W 14 R 19.8 14.6 8 9.94 . 1300 . . 0.1 . 86 5 1850

1656 1/10/2010 2010 W 15 M 22.3 16.3 7.5 10.3 0.2 1840 . 4.72 3.52 0.22 52 31 2354

1657 1/10/2010 2010 W 17 O 22 11.8 7.3 10 0.35 1520 . 0.19 0.24 0.01 20 10 1401

1658 1/10/2010 2010 W 19 R 16 9.8 7.9 10.67 0.4 1150 . . 0.12 . 10 5 2755

1672 2/4/2010 2010 W 1 O 17.3 14.1 8.4 . 0.8 1500 . 5.4 2.88 0.06 134 63 15531

1673 2/4/2010 2010 W 2 O . 11.3 8.1 4.75 1.7 1410 . 0.85 0.3 0.06 110 52 4106

1674 2/4/2010 2010 W 3 R . 10.3 7.9 9.86 . 720 . 0.01 0.08 . 20 5 309

1675 2/4/2010 2010 W 5 O . 11.2 8.1 4.38 1.3 3700 . 4.16 0.6 . 199 52 5794

1676 2/4/2010 2010 W 12 M . 11.3 8.4 4.17 1.3 1410 . 0.35 0.34 0.04 75 52 2909

1677 2/4/2010 2010 W 13 M 16 13.6 7.5 9.62 0.9 3790 . 0.92 0.64 0.02 586 31 4884

1679 2/4/2010 2010 W 14 R 16.8 14.6 8.2 . . 1130 . 0.02 0.07 . 41 5 679

1680 2/4/2010 2010 W 15 M . 15.1 7.8 4.73 1.2 1530 . 5.84 3.4 0.19 74 10 2755

1681 2/4/2010 2010 W 17 O 15 11.8 7.5 10.39 7.5 1010 . 0.75 0.42 0.1 119 20 2723

1682 2/4/2010 2010 W 18 R 17 14.3 8.1 . 0.02 1480 . 0.04 . 0.07 5 63 2613

1683 2/4/2010 2010 W 19 R 18 13.1 7.8 . . 800 . 0.07 . 0.73 10 5 723

1660 3/7/2010 2010 W 1 O 24 14.7 8.4 10.58 1.1 1330 . 1.68 1.66 0.14 30 52 3654

1661 3/7/2010 2010 W 2 O 16.5 12.2 8.2 10.61 0.1 1210 . 0.86 0.14 0.03 31 132 2489

1662 3/7/2010 2010 W 3 R 11 10.1 8 10.16 . 580 . 0.01 0.03 0.08 10 5 465

1663 3/7/2010 2010 W 5 O 14.8 12.3 8.1 10.8 0.6 3380 . 2.39 0.35 0.04 199 272 6488

1664 3/7/2010 2010 W 12 M 15.5 13.6 8.3 10.72 1.3 1150 . 0.15 0.1 0.31 52 31 2359

1665 3/7/2010 2010 W 13 M 19 13.7 7.7 9.95 1.1 3330 . 0.59 0.48 0.1 336 52 6131

1666 3/7/2010 2010 W 14 R 19.5 14.7 8.1 . . 820 . 0.17 0.07 0.35 31 10 2247

1667 3/7/2010 2010 W 15 M 21 15.7 7.9 10.15 1 1360 . 1.58 0.17 2.23 85 41 2613

1668 3/7/2010 2010 W 17 O 15 14.3 8 10.96 0.5 870 . 0.22 0.35 0.15 20 41 4106
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1669 3/7/2010 2010 W 18 R 16.5 14.8 8 . 1.3 1470 . 0.03 0.12 0.04 20 1250 5

1670 3/7/2010 2010 W 19 R 15.5 12.4 7.9 . 0.6 610 . 0.1 0.1 0.1 41 75 1664

1685 4/11/2010 2010 W 1 O 14.5 14.9 8.3 . 0.1 1700 . 0.3 1.04 0.05 10 10 3448

1686 4/11/2010 2010 W 2 O 14.2 12.8 8 11.35 0.2 1300 . 0.67 0.28 0.05 529 441 6867

1687 4/11/2010 2010 W 3 R 13 11.4 7.8 10.3 . 740 . . 0.12 0.04 10 5 393

1688 4/11/2010 2010 W 5 O 13 13.4 7.8 6.56 0.2 3430 . 3.88 0.51 0.12 199 158 19863

1689 4/11/2010 2010 W 12 M 13 15.1 8 6.5 0.3 15500 . 0.09 0.27 0.09 97 31 3255

1690 4/11/2010 2010 W 13 M 14.5 14.7 7.5 9.29 0.6 3660 . 1.03 0.65 0.12 487 122 24196

1691 4/11/2010 2010 W 14 R 15.8 14.5 8 9.35 . 1070 . . 0.1 0.63 121 20 4106

1692 4/11/2010 2010 W 15 M 14 17.2 7.6 . 0.7 1560 . 5.04 3.04 0.1 97 10 3873

1693 4/11/2010 2010 W 18 R 17 14.8 7.9 9.05 . 1510 . . 0.08 . 41 10 990

1694 4/11/2010 2010 W 19 R 15 14.2 7.9 9.34 . 760 . . 0.08 . 41 41 1178

1696 5/2/2010 2010 D 1 O 25.5 17.2 8.5 7.48 . . . 0.05 0.78 0.04 5 10 1500

1697 5/2/2010 2010 D 2 O 14.5 13.5 8 10.03 . 1330 . 0.24 0.33 0.09 121 84 2909

1698 5/2/2010 2010 D 3 R 14.5 12.6 7.9 . . 740 . 0.04 0.13 0.06 10 31 697

1699 5/2/2010 2010 D 5 O 14.5 12.6 8.2 7.77 0.05 3590 . 1.72 0.35 0.03 52 249 8664

1700 5/2/2010 2010 D 7 O 19 20.4 8 7.72 3.8 1660 . . . . 809 63 4352

1701 5/2/2010 2010 D 12 M 20.3 16.6 8.3 11.33 0.2 1540 . 0.01 0.26 0.08 10 63 2659

1702 5/2/2010 2010 D 13 M 20 15.6 7.5 10.01 0.3 3730 . 0.71 0.54 0.08 520 96 4884

1703 5/2/2010 2010 D 14 R 21 17.7 8.2 9.48 0.6 1070 . 0.02 0.09 0.06 97 98 3255

1704 5/2/2010 2010 D 15 M 26 17 8.3 7.37 . . . 0.09 0.3 0.06 20 10 1483

1705 5/2/2010 2010 D 17 O 18 17.6 7.5 9.78 0.1 1120 . 0.17 0.33 0.07 233 153 3448

1706 5/2/2010 2010 D 18 R 18.5 15.2 7.9 10.71 . 1530 . 0.02 0.15 0.09 62 5 2613

1707 5/2/2010 2010 D 19 R 18 14.4 7.9 10.38 0.1 830 . 0.07 0.15 0.04 10 5 833

1709 6/6/2010 2010 D 1 O 22 18.9 7.8 7.1 0.9 1770 . . 0.98 0.09 20 5 24196

1710 6/6/2010 2010 D 2 O 19.5 17.2 8 8.62 0.2 1360 . 0.43 0.23 0.1 309 52 17329

1711 6/6/2010 2010 D 3 R 22 16.9 8.1 8.03 . 740 . . . 0.25 62 5 4611

1712 6/6/2010 2010 D 5 O 24 18.3 7.9 7.76 0.4 3580 . 2.65 0.33 0.11 146 5 24196

1713 6/6/2010 2010 D 12 M 26.3 21.4 8.12 7.7 0.3 1740 . . 0.19 0.02 108 41 9804

1714 6/6/2010 2010 D 13 M 26 19.1 . 6.62 0.7 3760 . 0.98 0.68 0.09 683 292 10462

1715 6/6/2010 2010 D 14 R 20 18.2 8.2 . 0.2 1090 . . 0.11 0.12 249 5 3076

1716 6/6/2010 2010 D 15 M 24.5 19.3 8 7.3 0.4 1910 . . 0.21 . 41 31 15531

1717 6/6/2010 2010 D 17 O 28 20.5 7.5 . 0.4 1220 . 0.25 0.28 0.04 149 318 17329

1718 6/6/2010 2010 D 19 R 18.4 16.5 8 . . 880 . 0.05 0.07 0.17 189 10 9804
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Heal the Bay’s Monitoring Plan 
 for Compton Creek 

 
Heal the Bay developed an implementation plan to accompany the water quality 
monitoring plan stipulated in the Los Angeles/San Gabriel Rivers Watershed 
Council’s (LASGRWC) Compton Creek Watershed Management Plan. Although 
there were not enough funds in this grant to implement the full scale water quality 
monitoring program as detailed in the LASGRWC’s plan, Heal the Bay continued 
to successfully implement a scaled down version of the program. To this end, 
Heal the Bay plans on conducting at least five (5) water and sediment sampling 
events over the course of this grant. If additional funds are obtained from outside 
sources, the monitoring program increase the number of sample locations to better 
reflect the LASGRWC Watershed Management Plan for Compton Creek.  
 
RESULTS 
Over this grant cycle, Heal the Bay continued to implement a water and sediment quality 
monitoring program for the Compton Creek Watershed. The lack of historic, routine 
sampling in the Compton Creek Watershed has meant that there is an insufficient amount 
of data to:  
 

1. permit an extensive analysis of existing surface water quality, 
2. permit an extensive analysis of existing sediment quality, 
3. characterize the source or geographic variability of the sources of contaminants.  

 
Without such information, there has been a great deal of uncertainty regarding the 
viability of a Compton Creek rehabilitation, restoration, or remediation effort. Heal the 
Bay’s sampling conducted over the past five years attempts to address these issues.   
 
The overall monitoring program for this grant reporting period was broken into three 
general categories:  

 Water Quality Assessment, 
 Sediment Quality Assessment, 
 Public Education (Watershed Education Program). 

 
 
Water Quality 
Heal the Bay conducted a total of eight water quality sampling events from August 2006 
through April 2011. Water samples were collected from the same six sites during each 
sampling event. All water samples were analyzed by a state certified lab for: metals, 
nutrients (ammonia, NO2, and NO3), hardness, pH, and Polycyclic Aromatic 
Hydrocarbons (PAH). There were two other constituents, organo-phosphorus pesticides 
and total suspended solids (TSS), sampled for during this time period; however, they 
were not sampled at the same frequency as the others.  
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Heal the Bay used the California Toxics Rule (CTR) and the Los Angeles Regional 
Water Quality Control Board’s (LARWQCB) Basin Plan water quality standards as 
guidance for evaluating our water sample results. More specifically, we used CTR’s 
Criteria Maximum Concentration (CMC) values to evaluate the metal constituents. CMC 
values represent the highest concentration of a pollutant in the water that aquatic life can 
be exposed to for a short period (generally less than four days) without being negatively 
impacted. In addition, CMC values were selected because of our ‘one-time’ grab 
sampling regime. For all other constituents, such as ammonia, nitrate/nitrite, and pH, we 
used the LARWQCB Basin Plan’s water quality objectives. 
 
Heal the Bay looked at the frequency of CMC exceedances for eight metals covered by 
the CTR. These percent exceedance values can be found in Table One. Copper and Zinc 
were the only two metal constituents that had any exceedances of the CMC standards 
during dry weather conditions. Of 42 possible samples (7-events x 6-samples), 2% of the 
samples exceeded the CMC CTR standards for Copper, and 5% for Zinc. While the 
sample set was limited to one event, or six samples, for wet weather; Copper (83%), Lead 
(33%), and Zinc (83%) were the only metals to exceed the CMC thresholds.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
When stratified by site, two sites had exceedances of CMC thresholds for metals: Avalon 
Stormdrain—Site Two (2), and Cressy Street drain—Site three (3). The Avalon site 
exceeded the Copper CMC threshold 14%, and the Cressy Street site exceeded the Zinc 
CMC threshold 29%. Table Two includes CMC percent exceedances by site. The data 
associated with Tables One and Two can be found in Attachment 6.2.   
 
 
 

TABLE ONE 
Compton Creek  

Sample Exceedances of CTR’s CMC Guidelines for Metals 
By Metal 

Constituent Dry Weather          
Percent Exceeded 

Wet Weather          
Percent Exceeded 

Arsenic 0% 0% 
Cadmium 0% 0% 
Chromium 0% 0% 

Copper 2% 83% 
Lead 0% 33% 

Nickel 0% 0% 
Silver 0% 0% 
Zinc 5% 83% 

 Dry weather n = 42 Wet weather n = 6 
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TABLE TWO 
Compton Creek Sample Exceedances 
 of CTR’s CMC Guidelines for Metals  

By Site 
Site Description Dry Weather 

Percent Exceeded 
(constituent) 

1 Main and 108th 0% 
2 Avalon Storm Drain 14% (Copper) 
3 Cressy St. Storm Drain 29% (Zinc) 

4* Crystal Park Casino 0% 

5* Day-lighted Sub-Tributary 0% 

6* 710 Freeway 
(downstream side) 0% 

*soft bottom locations n = 7 
 
 
In addition to metals, Heal the Bay looked at nutrient levels in Compton Creek, 
specifically ammonia, nitrate and nitrite. Elevated levels of unionized ammonia can be 
highly toxic to fish and other aquatic life. Excess nitrogen levels (Nitrate and Nitrite) in 
surface waters can lead to eutrophication, or increased algae growth, which ultimately 
can lead to reduced dissolved oxygen levels when algae dies-off. In addition, excess 
nitrogen levels can be toxic to amphibian and salmonid embryos as cited in the document 
Technical Approach to Develop Nutrient Numeric Endpoints for California prepared for 
U.S. EPA.  
 
Table Three contains the percent exceedance of the LARWQCB’s Basin Plan Water 
Quality Objects for unionized ammonia by both total exceedance and site exceedances. 
Because there is no maximum contaminant level (mcl) established for ammonia, Heal the 
Bay used the Basin Plan’s “One-hour Average Concentration” limit as a threshold 
measure for our grab samples. Of the 42 samples analyzed for unionized ammonia, 48% 
(20 samples) exceeded the Basin Plan objective. In particular, two sites, Site Three (3) 
and Site Four (4) exceeded the Basin Plan objectives 86% and 100% of the time. The 
data associated with Table Three can be found in Attachment 6.3. 
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TABLE THREE 
Compton Creek  

Sample Exceedances of Basin Plan Objective 
 for Ammonia during Dry-Weather 

(Site and Total) 
Site* Description Percent 

Exceeded 
1 Main and 108th 42% 
2 Avalon Storm Drain 0% 
3 Cressy St. Storm Drain 86% 

4 Crystal Park Casino 
(soft bottom) 100% 

5 Day-lighted Sub-Tributary   0% 

6 710 Freeway 
(downstream side) 57% 

Total Exceedances** 48% 
*Site n = 7 
**Total n = 42 

 
 
As for nitrogen (Nitrate, Nitrite), the LARWQCB Basin Plan currently includes the 
following water quality objective for nitrogen: “Waters shall not exceed 10 mg/l nitrogen 
as nitrate-nitrogen plus nitrite-nitrogen, 45 mg/l as nitrate, 10 mg/l as nitrate-nitrogen, or 
1 mg/l as nitrite-nitrogen…” The total nitrogen water quality objective of 10 mg/l is 
based on drinking water standards and is not protective of aquatic life beneficial uses. 
The water quality objective of 10 mg/l is based on a Department of Health Services 
drinking water standard. Drinking water standards are designed to protect human health, 
not aquatic health. Aquatic life is much more sensitive to increases in total nitrogen 
concentrations and the impacts resulting from nutrient increases in waterbodies such as 
algal growth. In 2008 staff report for the Machado Lake Eutrophic, Algae, Ammonia, and 
Odors (Nutrient) TMDL, the LARWQCB a made a determination that the Machado Lake 
Nutrient TMDL include a total nitrogen numeric target of 1.0 mg/L as a monthly average 
concentration. In addition, the current Nutrient TMDL for Malibu Creek, adopted by 
USEPA in 2003, provides summer season water quality objectives of 1.0 mg/l total 
nitrogen. Also, as cited in the document Technical Approach to Develop Nutrient 
Numeric Endpoints for California prepared for U.S. EPA, “Nitrite is considered generally 
toxic to fish at 0.1 mg-N/L to 0.6 mg-N/L. Chronic nitrate toxicity to amphibian and 
salmonid embryos has been observed at levels as low as 1.1 mg N/L. Table Four contains 
the percent exceedance for three thresholds of Nitrogen (Nitrate + Nitrite) by both total 
exceedance and site exceedances. 
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TABLE FOUR 
Compton Creek  

Sample Exceedances of Various Nitrogen Levels 
during Dry-Weather by percent 

(Site and Total) 
Site* Description >10 

mg/L 
10> and 
<1 mg/L

1> and 
<.01 
mg/L 

<.1 
mg/L 

1 Main and 108th 17% 50% 33% 0% 
2 Avalon Storm Drain 17% 83% 0% 0% 

3 Cressy St. Storm 
Drain 0% 67% 33% 0% 

4 Crystal Park Casino 
(soft bottom) 0% 17% 33% 50% 

5 Day-lighted Sub-
Tributary   0% 0% 33% 67% 

6 710 Freeway 
(downstream side) 0% 0% 50% 50% 

Total Exceedances** 5% 36% 31% 28% 
* Site n = 6 
**Total n = 36 

 
 
Table Four contains the percent exceedance for four thresholds of Nitrogen (Nitrate + 
Nitrite) by both total exceedance and site exceedances. The four thresholds Heal the Bay 
utilized for this analysis are based on LARWQCB Basin Plan Standard, LARWQCB 
TMDL Standard for Nitrogen in Machado Lake, and USEPA’s  Technical Approach to 
Develop Nutrient Numeric Endpoints for California. Of the 36 samples analyzed for 
nitrogen (nitrate and nitrite), 5% exceeded the Basin Plan objective, 36% exceeded the 
TMDL Nitrogen Standard, 31% exceeded USEPA’s nutrient numeric endpoint for 
nitrogen, and 28% were lower than .01 mg/L or non-detectable. Nitrogen levels are 
considerably higher in the concreted, box channel portions of Compton Creek (Sites 1, 2, 
and 3) as compared to the earthen-bottom sites (4 and 6). However, nitrogen levels in the 
earthen-bottom portion of Compton Creek were still elevated compared to the USEPA’s 
nutrient numeric endpoints, which are designed to protect aquatic species. The data 
associated with Table Four can be found in Attachment 6.3. 
 
Heal the Bay also looked at the pH levels in Compton Creek. Monitoring the pH level 
evaluates the hydrogen ion concentrations in the water. Water with a low pH is 
considered acidic, while water with a higher pH is alkaline (basic). Aquatic life can be 
harmed when pH levels fluctuate in receiving waters beyond their normal range.  The 
Basin Plan objective for pH is a range between 6.5 and 8.5. Table Five contains the 
percent exceedance of the LARWQCB’s Basin Plan Water Quality Objects for pH by 
both site exceedance and total exceedances.  
 
 

RB-AR6099



 6

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Of the 42 samples collected, 24% did not meet the Bain Plan objective for pH. All  
exceedances that did not meet the objectives were all above the upper range limit of 8.5, 
so they were highly alkaline. In particular, Site 5—whose drainage area includes 
Compton College and a large, heavily industrialize land-use area—had one-half (5) of all 
the pH exceedances, and  multiple pH results above nine (9).  

Another pollutant investigated in Compton Creek was polycyclic aromatic hydrocarbons 
(PAHs). PAH compounds are generated primarily from incomplete combustion of 
carbon-containing fuels such as wood, oil, coal, diesel, fat, or tobacco. They are one of 
the most widespread organic pollutants found, and some PAH compounds are known or 
suspected carcinogens. Heal the Bay used CTR standards, specifically the “human health 
values for organism only,” to determine the water quality in Compton Creek for 11 PAH 
compounds. Heal the Bay limited the sampling effort to those sites located in the soft-
bottom portion of Compton Creek, namely Sites 4, 5, and 6. All samples collected during 
each event were from the same three locations. None of the 15 total samples—five 
samples at three (3) sites—collected exceeded CTR values for the 11 PAH compounds. 

In addition to analyzing metals, nutrients, and polycyclic aromatic hydrocarbons, Heal 
the Bay conducted a one-time grab sample of organophosphate based pesticides. 
Organophosphate based pesticides were widely used commercially (malathion) and by 
homeowners (diazinon) alike as an effective herbicide and insecticide. The easy access 
and frequency at which these types of pesticides were applied to gardens and landscape 
enabled them to enter the natural environment through runoff. Their impact on the natural 
environment moved the US EPA to recently ban the residential uses of such pesticides as 
chlorpyrifos and diazinon. 

TABLE FIVE 
Compton Creek  

Sample Exceedances of Basin Plan Objective 
 for pH during Dry-weather by percent 

(Site and Total) 
Site* Description Percent 

Exceeded 
1 Main and 108th 0% 
2 Avalon Storm Drain 29% 
3 Cressy St. Storm Drain 0% 

4 Crystal Park Casino 
(soft bottom) 29% 

5 Day-lighted Sub-Tributary   71% 

6 710 Freeway 
(downstream side) 14% 

Total Exceedances** 24% 
*Site n = 7 
**Total n = 42 
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Heal the Bay limited this sampling effort to those sites located in the soft-bottom portion 
of Compton Creek, namely Sites 4, 5, and 6. All three samples collected for 
organophosphate pesticides had non-detectable results. Due to the cost of conducting 
such analysis, Heal the Bay did not pursue investigating these constituents any further.  
 
 
Sediment Monitoring 
In addition to the water quality assessment, Heal the Bay completed a sediment quality 
assessment of the soft-bottom portion of Compton Creek. Sediments are tested to 
determine the level of contamination that may occur in areas with polluted runoff. When 
runoff enters a natural waterbody, like Compton Creek, metals and organic compounds 
will adsorb or bind to suspended particles and eventually settle to the floor of the 
waterbody. Once on the bottom, the contaminated sediment can negatively affect benthic 
organisms, and those organisms that feed on them.     
 
Heal the Bay identified nine (9) potential sites to sample sediment. Of the nine, Heal the 
Bay focused its efforts in four areas along the earthen-bottom portion of Compton Creek. 
Heal the Bay conducted nine (9) sampling events from August 2006 through April 2011. 
For each sampling event, Heal the Bay generally collected three (3) sediment samples for 
each event. In total, Heal the Bay collected 27 sediment samples for this project. All 
sediment samples collected were analyzed for: PAHs and Metals. In addition to these two 
analytes, Heal the Bay conducted a limited number of samples for organo-
chlorines/PCBs, and a one-time random sample for Pyrethroids. Heal the Bay sampled 
organo-chlorines/PCBs as a legacy pollutant, and pyrethroids as an emerging pollutant 
possibly impacting Compton Creek.  

The US Environmental Protection Agency (USEPA) established sediment quality 
guidelines as a measure to evaluate and monitor the toxic effects on benthic organisms. 
USEPA uses two guidelines to help determine the incidence of adverse biological effects, 
which are the Effects Range-Low (ERL) and Effects Range-Medium (ERM). The ERL 
value is the lowest concentration of a pollutant that produced an adverse effect in 10% of 
a population. The ERM value designates the level where half of the population 
demonstrates harmful effects. Pollutant concentrations below a specifically defined ERL 
value are not expected to elicit adverse effects, while levels above the ERM value are 
likely to be very toxic. 

For this report, Heal the Bay simply looked at the number of ERL exceedances for each 
constituent covered in the USEPA’s sediment quality guidelines. While both ERL and 
ERM values are used regularly in the evaluation of sediments for their incidence of 
biological effects, Heal the Bay took a more conservative or environmentally protective 
approach, and chose ERL values. Of the nine (9) identified metals covered by the 
sediment quality guidelines, Heal the Bay analyzed samples for eight (8) of them. Table 
Six highlights the metal constituent and the number of ERL exceedances by percent 
found in Compton Creek. The data associated with Table Six can be found in Attachment 
6.4.  

RB-AR6101



 8

TABLE SIX 
Compton Creek Soft-bottom Portion 

Sample Exceedances of ERL Guidelines for Metals 
Constituent Percent Exceeded 

Arsenic 4% 
Cadmium 19% 
Chromium 0% 

Copper 48% 
Lead 67% 

Nickel 19% 
Silver 4% 
Zinc 89% 

N = 27 
 
 
In Table Seven, Heal the Bay presents 13 organic compounds and the number of ERL 
exceedances by percent found in Compton Creek. The data associated with Table Seven 
can be found in Attachment 6.5.  

 
 
  
  

TABLE SEVEN 
Compton Creek Soft-bottom Portion 

Sample Exceedances of ERL Guidelines for  
Organic Compounds 

Constituent Percent Exceeded 
Total PAHs 24% 
Total DDT* 92% 

4,4-DDE 75% 
Total PCBs** 55% 
Acenaphthene 25% 

Acenaphthylene 0% 
Anthracene 7% 

benzo(a) pyrene 7% 
Fluorene 33% 

Naphthalene 0% 
Chrysene 15% 

Fluoranthene 19% 
Pyrene 11% 

N = 27 
*The sample size for this constituent was 12. 
**The sample size for this constituent was 9. 
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Pyrethroids are a type of pesticide used for agriculture, commercial, and residential pest 
control, and can be toxic to aquatic invertebrates at very low concentrations. As an 
emerging contaminant of concern, there is a great deal of information on pyrethroids but 
little regulatory policy in California. In 2011, the USEPA adopted the Total Maximum 
Daily Loads (TMDL) for Pesticides, PCBs, and Sediment Toxicity in Oxnard Drain 3, 
which set a pyrethorid target for Bifenthrin in water column of .0006 ug/kg. In this 
TMDL, there were no objectives set for Bifenthrin in sediment or fish tissue. Bifenthrin is 
one of many pyrethroids used today. Due to the widespread presence of pyrethroids at 
levels toxic to aquatic organisms, the Los Angeles Regional Water Quality Control Board 
is proposing prioritization of bifenthrin and other pyrethroids for their next water quality 
standards update (LARWQCB, 2011). Table Eight shows the pyrethroid test results by 
site and analyte for Compton Creek. 
 
 

TABLE EIGHT 
Compton Creek Soft-bottom Portion 

Sample* Results for 
Pyrethroids** 

Constituent Bifenthrin Cyfluthrin Permethrin 
Sample Location (ng/g) (ng/g) (ng/g) 
Compton Autoplaza culvert 
(hard bottom) (S0) 23 46 90 

Crystal Park Casino 
(soft bottom) (S1) Non-detect (nd) nd nd 

Day-lighted Sub-Tributary  
(S5) nd nd 22 

* n = 1 
** Other pyrethroids analyzed with nd results: Allethrin, Cypermethrin, Dischloran, 
Deltamethrin/Tralomethrin, Esfenvalerate, Fenvalerate, L-Cyhalothrin, Pendimethalin, 
Prallethrin, Sumithrin, and Tefluthrin. 
 
 
 
DISCUSSION 
Heal the Bay conducted the first assessment of the water and sediment quality conditions 
in Compton Creek over time. The results from our assessment are mixed. In light of the 
visual pollution problems in the creek and the frequent strong petroleum odor, Heal the 
Bay expected more exceedances of water quality standards.  However, as expected, a 
number of sediment quality parameters were exceeded frequently. In local waterways, it 
is not uncommon to find sediment quality exceedances, but not water quality ones. The 
rationale is that contaminants are present in the water column but at levels below 
standards. These contaminants then settle out of the water column as part of the sediment 
load, where over time they build up to toxic levels. Also, while two of the three aquatic 
toxicity sampling events were clean, one of the events was toxic. The cause(s) of the 
toxicity are unknown. In addition, there were differences in how pollutants impacted 
Compton Creek depending if the sample was collected in the earthen bottom portion or 
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the hard, concrete portion. For example, zinc in the water exceeded standards only in the 
concrete segment of the Creek, while zinc in the sediment exceeded thresholds in the 
earthen-bottom.  
 
Although this constituent was not covered in the results section, the biggest pollution 
problem in Compton Creek is trash. Heal the Bay has conducted nearly 15 clean-ups in 
the creek pulling out everything from food waste packaging to car parts to electronic 
materials. To this end, Heal the Bay successfully advocated for the listing of Compton 
Creek for trash on the State’s 2006 303 (d) list of impaired waterbodies. While the 
timeframe for compliance is years down the road, ultimately this will mean that public 
agencies will have to develop programs, like full capture devices, other best management 
practices, or public education campaigns, to keep trash from entering Compton Creek. 
Currently there are programs already under way in the watershed to keep trash out as part 
of the Los Angeles River Trash Total Maximum Daily Load.  
 
While additional monitoring for water quality, sediment quality, and toxicity need to be 
conducted, Compton Creek appears to be significantly impaired for constituents not 
currently listed by the State of California. As of 2010, Compton Creek was only listed as 
impaired by the State of California for the pollutant constituents: copper, lead, pH, trash 
and elevated coliform counts. Water bodies generally have beneficial uses tied to them. 
An impaired water body is unable to attain a designated beneficial use (therefore 
impaired) because the waters are too polluted with a particular constituent. There are a 
number of existing beneficial uses associated with Compton Creek. They are: 
groundwater recharge (GWR), recreational I and II (REC I & REC II), warm freshwater 
(WARM), wildlife (WILD), and wetland (WET). The RWQCB defines these beneficial 
uses as: 
 
GWR- uses of water for natural or artificial recharge of ground water for 

purposes of future extraction, maintenance of water quality, or halting of 
saltwater intrusion into freshwater aquifers; 

REC I- uses of water for recreational activities involving body contact with 
water, where ingestion of water is reasonably possible; 

REC II- uses of water for recreational activities involving proximity to water, but 
not normally involving body contact with water, where ingestion of water 
is reasonably possible; 

WARM- as supporting warm water ecosystems including, but not limited to, 
preservation or enhancement of aquatic habitats, vegetation, fish, or 
wildlife, including invertebrates; 

WILD- as supporting terrestrial ecosystems including, but not limited to, 
preservation and enhancement of terrestrial habitats, vegetation, wildlife 
(e.g., mammals, birds, reptiles, amphibians, invertebrates), or wildlife 
water and food sources; 

WET- as supporting wetland ecosystems, including, but not limited to, 
preservation or enhancement of wetland habitats, vegetation, fish, 
shellfish, or wildlife, and other unique wetland functions which enhance 
water quality, such as providing flood and erosion control, stream bank 
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stabilization, and filtration and purification of naturally occurring 
contaminants.  

 
RECOMMENDATIONS 
In moving forward with this program, Heal the Bay recommends the following points 
based on this effort: 
 
 Maintain Water Quality Monitoring Program: While Heal the Bay collected a 

great deal of information with the initial water quality monitoring program, 
maintaining a similar program in the future or expanding the program to include 
more sites is imperative. Our effort merely provided a glimpse at the overall state 
of Compton Creek. Additional monitoring would increase our understanding of: 
problem areas needing to be abated, temporal and spatial water quality variability 
along the Creek, the causes of aquatic toxicity in the creek, and the feasibility of 
potential restoration efforts. Such monitoring might include: additional sites, 
TIEs, wet weather monitoring, and a time-interval monitoring over a specified 
time period (24 hours).  

 
 Work with LARWQCB to List Additional, Appropriate Pollutant 

Constituents to the State’s 303(d) list of Impaired Waterbodies: Given the 
new monitoring information on Compton Creek, and the expected monitoring to 
be completed in the next grant cycle, Heal the Bay will work with both the 
LARWQCB and the State Water Resources Control Board to add other 
constituents, as justified, to the list of pollutants impairing the beneficial uses of 
Compton Creek. Once on this list, public agencies are required to develop and 
implement a total maximum daily load and clean-up effort. 

 
 Work with public agencies to develop a management strategy for the 

Earthen-bottom portion of Compton Creek: There are a number of piece-meal 
policies and programs impacting Compton Creek—reduced regulatory protection 
(RWQCB’s Los Angeles River RECUR Policy), continued habitat destruction 
(LACDPW channel maintenance), flood control capacity (FEMA Certification 
and Los Angeles County’s Compton Creek and Dominguez Channel Flood Risk 
Mitigation Alternatives Study), and limited public access points (disconnected 
bike and trail paths). Conversely, there are three studies (Compton Creek 
Regional Garden Park Plan, the Compton Creek Watershed Management Plan, 
and the Compton Creek Earthen Bottom Enhancement Feasibility Study) that 
demonstrate different restoration opportunities for the earthen-bottom portion of 
the Compton Creek. As such, Heal the Bay will continue to advocate for 
increased collaborations from public agencies to reduce the volume of water 
during rain events, water quality impairments, and habitat impacts. In addition, 
Heal the Bay will advocate for an increase in the amount of low-impact 
developments in the watershed, implementation of stormwater best management 
practices, and consideration to the construction of recreational/habitat areas along 
Compton Creek.         
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MONITORING CONCLUSION 
Heal the Bay will report our findings to the Los Angeles Regional Water Quality Control 
Board, the State Water Resources Control Board, and other relevant stakeholders, begin 
advocating for a greater allocation of resources to be used in addressing these problems 
and to expand monitoring of Compton Creek. If the creek is to be restored or enhanced, 
then improving water and sediment quality will be a necessary endeavour. 
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Site Descriptions

Site Description

Site 0
Sample collected on upstream side of covered 
bridge (adjacent to Gateway Towne Center-Best 
Buy)

Site 1
Crystal Park Casino (sample collected in the 
earth-bottom portion of the creek at first palm 
tree on Casino side)

Site 2 Down stream side of Artesia Blvd.
Site 3 Down stream side of 91 Freeway
Site 4 Down stream side of Rail Road crossing

Site 5
Day-lighted sub-tribuatry adjacent to County bike 
path (access is off of Santa Fe through rail spur); 
sample is collected in the creek.

Site 5a Sample is collected about 150 yards 
downstream of Site 5

Site 6 Down stream side of 710 Freeway
Site 7 Down stream side of Del Amo Blvd.

RB-AR6110



Arsenic

date sample site result units
ERL 

Exceeded
ERM 

Exceeded
 ERL standard 8.2 µg/dry g
ERM standard 70.0 µg/dry g

08/10/06 1 2.3 µg/dry g n n
08/10/06 3 2.4 µg/dry g n n
08/10/06 5 3.4 µg/dry g n n
10/26/06 1 1.2 µg/dry g n n
10/26/06 3 3.2 µg/dry g n n
10/26/06 5 2.2 µg/dry g n n
03/08/07 1 1.8 µg/dry g n n
03/08/07 3 1.9 µg/dry g n n
03/08/07 5 1.8 µg/dry g n n
10/15/08 1 3.1 µg/dry g n n
10/15/08 2 1.3 µg/dry g n n
10/15/08 5 11.2 µg/dry g y n
10/12/09 1 1.6 µg/dry g n n
10/12/09 5a 2.7 µg/dry g n n
10/12/09 7 3.5 µg/dry g n n
12/03/09 0 2.9 µg/dry g n n
12/03/09 1 1.5 µg/dry g n n
12/03/09 5 1.7 µg/dry g n n
06/23/10 0 1.7 µg/dry g n n
06/23/10 1 1.4 µg/dry g n n
06/23/10 5 1.4 µg/dry g n n
12/10/10 0 1.9 mg/kg n n
12/10/10 1 1.0 mg/kg n n
12/10/10 5 1.6 mg/kg n n
04/13/11 0 1.8 mg/kg n n
04/13/11 1 1.1 mg/kg n n
04/13/11 5 1.4 mg/kg n n

ERL ERM Sample Size
total exceedances 
by percent: 4% 0% 27

Site Exceedances by percent
0 0% 0% 4
1 0% 0% 9
2 0% 0% 1
3 0% 0% 3

5 & 5a 13% 0% 9
7 0% 0% 1

Sample Date Exceedances by percent
08/10/06 0% 0% 3
10/26/06 0% 0% 3
03/08/07 0% 0% 3

10/15/2008 33% 0% 3
10/12/2009 0% 0% 3
12/3/2009 0% 0% 3
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Cadmium

date sample site result units
ERL 

Exceeded
ERM 

Exceeded
 ERL standard 1.2 µg/dry g
 ERM standard 9.6 µg/dry g

08/10/06 1 0.67 µg/dry g n n
08/10/06 3 2.62 µg/dry g y n
08/10/06 5 0.9 µg/dry g n n
10/26/06 1 0.64 µg/dry g n n
10/26/06 3 4.9 µg/dry g y n
10/26/06 5 0.78 µg/dry g n n
03/08/07 1 0.46 µg/dry g n n
03/08/07 3 0.35 µg/dry g n n
03/08/07 5 0.44 µg/dry g n n
10/15/08 1 1.3 µg/dry g y n
10/15/08 2 0.5 µg/dry g n n
10/15/08 5 4 µg/dry g y n
10/12/09 1 0.7 µg/dry g n n
10/12/09 5a 0.866 µg/dry g n n
10/12/09 7 3.454 µg/dry g y n
12/03/09 0 0.77 µg/dry g n n
12/03/09 1 0.599 µg/dry g n n
12/03/09 5 0.641 µg/dry g n n
06/23/10 0 0.852 µg/dry g n n
06/23/10 1 0.702 µg/dry g n n
06/23/10 5 0.238 µg/dry g n n
12/10/10 0 0.82 mg/kg n n
12/10/10 1 0.36 mg/kg n n
12/10/10 5 0.41 mg/kg n n
04/13/11 0 0.25 mg/kg n n
04/13/11 1 0.53 mg/kg n n
04/13/11 5 0.43 mg/kg n n

ERL ERM Sample Size
total exceedances 
by percent: 19% 0% 27

Site Exceedances by percent
0 0% 0% 4
1 11% 0% 9
2 0% 0% 1
3 66% 0% 3

5 & 5a 11% 0% 9
7 100% 0% 1

Sample Date Exceedances by percent
08/10/06 33% 0% 3
10/26/06 33% 0% 3
03/08/07 0% 0% 3

10/15/2008 66% 0% 3
10/12/2009 33% 0% 3
12/3/2009 0% 0% 3
6/23/2010 0% 0% 3
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Chromium

date sample site result units
ERL 

Exceeded
ERM 

Exceeded
 ERM standard 81 µg/dry g
 ERL standard 370 µg/dry g

08/10/06 1 25.4 µg/dry g n n
08/10/06 3 38.1 µg/dry g n n
08/10/06 5 24.23 µg/dry g n n
10/26/06 1 4.75 µg/dry g n n
10/26/06 3 34.2 µg/dry g n n
10/26/06 5 7.6 µg/dry g n n
03/08/07 1 22.6 µg/dry g n n
03/08/07 3 9 µg/dry g n n
03/08/07 5 32 µg/dry g n n
10/15/08 1 25.6 µg/dry g n n
10/15/08 2 11.5 µg/dry g n n
10/15/08 5 64.9 µg/dry g n n
10/12/09 1 23.81 µg/dry g n n
10/12/09 5a 15.33 µg/dry g n n
10/12/09 7 12.64 µg/dry g n n
12/03/09 0 22.22 µg/dry g n n
12/03/09 1 24.3 µg/dry g n n
12/03/09 5 23.47 µg/dry g n n
06/23/10 0 28.4 µg/dry g n n
06/23/10 1 6.32 µg/dry g n n
06/23/10 5 7.65 µg/dry g n n
12/10/10 0 21 mg/kg n n
12/10/10 1 5.5 mg/kg n n
12/10/10 5 9.9 mg/kg n n
04/13/11 0 7.3 mg/kg n n
04/13/11 1 4.9 mg/kg n n
04/13/11 5 49 mg/kg n n

ERL ERM Sample Size
total exceedances 
by percent: 0% 0% 27

Site Exceedances by percent
0 0% 0% 4
1 0% 0% 9
2 0% 0% 1
3 0% 0% 3

5 & 5a 0% 0% 9
7 0% 0% 1

Sample Date Exceedances by percent
08/10/06 0% 0% 3
10/26/06 0% 0% 3
03/08/07 0% 0% 3

10/15/2008 0% 0% 3
10/12/2009 0% 0% 3
12/3/2009 0% 0% 3
6/23/2010 0% 0% 3
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Copper

date sample site result units
ERL 

Exceeded
ERM 

Exceeded
ERL Standard 34 µg/dry g
ERM Standard 270 µg/dry g

08/10/06 1 50.843 µg/dry g y n
08/10/06 3 50.103 µg/dry g y n
08/10/06 5 87.653 µg/dry g y n
10/26/06 1 13.52 µg/dry g n n
10/26/06 3 60.96 µg/dry g y n
10/26/06 5 27.5 µg/dry g n n
03/08/07 1 26.95 µg/dry g n n
03/08/07 3 18.96 µg/dry g n n
03/08/07 5 51.97 µg/dry g y n
10/15/08 1 90 µg/dry g y n
10/15/08 2 31.8 µg/dry g n n
10/15/08 5 268.6 µg/dry g y n
10/12/09 1 31.55 µg/dry g n n
10/12/09 5a 35.07 µg/dry g y n
10/12/09 7 23.45 µg/dry g n n
12/03/09 0 31.83 µg/dry g n n
12/03/09 1 112.2 µg/dry g y n
12/03/09 5 77 µg/dry g y n
06/23/10 0 68.1 µg/dry g y n
06/23/10 1 30.3 µg/dry g n n
06/23/10 5 28 µg/dry g n n
12/10/10 0 42 mg/kg y n
12/10/10 1 160 mg/kg y n
12/10/10 5 27 mg/kg n n
04/13/11 0 16 mg/kg n n
04/13/11 1 28 mg/kg n n
04/13/11 5 21 mg/kg n n

ERL ERM Sample Size
total exceedances 

by percent: 48% 0% 27

Exceedances by percent
0 50% 0% 4
1 44% 0% 9
2 0% 0% 1
3 66% 0% 3

5 & 5a 55% 0% 9
7 0% 0% 1

Date Exceedances by percent
08/10/06 100% 0% 3
10/26/06 33% 0% 3
03/08/07 33% 0% 3
10/15/08 66% 0% 3
10/12/09 33% 0% 3
12/03/09 66% 0% 3
06/23/10 33% 0% 3
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Lead

date sample site result units
ERL 

Exceeded
ERM 

Exceeded
 ERL standard 46.7 µg/dry g
 ERM standard 220 µg/dry g

08/10/06 1 335.1 µg/dry g y y
08/10/06 3 360.8 µg/dry g y y
08/10/06 5 70.16 µg/dry g y n
10/26/06 1 69.178 µg/dry g y n
10/26/06 3 455.298 µg/dry g y y
10/26/06 5 81.778 µg/dry g y n
03/08/07 1 37.53 µg/dry g n n
03/08/07 3 32.39 µg/dry g n n
03/08/07 5 82.33 µg/dry g y n
10/15/08 1 69.5 µg/dry g y n
10/15/08 2 46.4 µg/dry g y* n
10/15/08 5 141.2 µg/dry g y n
10/12/09 1 54.83 µg/dry g y n
10/12/09 5a 106.3 µg/dry g y n
10/12/09 7 93.44 µg/dry g y n
12/03/09 0 112 µg/dry g y n
12/03/09 1 119.6 µg/dry g y n
12/03/09 5 37.86 µg/dry g n n
06/23/10 0 41.6 µg/dry g n n
06/23/10 1 31.4 µg/dry g n n
06/23/10 5 18.5 µg/dry g n n
12/10/10 0 49 mg/kg y n
12/10/10 1 20 mg/kg n n
12/10/10 5 15 mg/kg n n
04/13/11 0 100 mg/kg y n
04/13/11 1 57 mg/kg y n
04/13/11 5 21 mg/kg n n

ERL ERM Sample Size
total exceedances 
by percent: 67% 11% 27

Site Exceedances by percent
0 75% 0% 4
1 67% 11% 9
2 100% 0% 1
3 66% 66% 3

5 & 5a 55% 0% 9
7 100% 0% 1

Sample Date Exceedances by percent
08/10/06 100% 66% 3
10/26/06 100% 33% 3
03/08/07 33% 0% 3
10/15/08 100% 0% 3
10/12/09 100% 0% 3
12/03/09 66% 0% 3
06/23/10 0% 0% 3

RB-AR6115



Nickel

date sample site result units
ERL 

Exceeded
ERM 

Exceeded
 ERL standard 20.9 µg/dry g
 ERM standard 52 µg/dry g

08/10/06 1 18.85 µg/dry g n n
08/10/06 3 16.34 µg/dry g n n
08/10/06 5 17.79 µg/dry g n n
10/26/06 1 6.353 µg/dry g n n
10/26/06 3 21.41 µg/dry g y n
10/26/06 5 11.61 µg/dry g n n
03/08/07 1 17.2 µg/dry g n n
03/08/07 3 7.59 µg/dry g n n
03/08/07 5 15.35 µg/dry g n n
10/15/08 1 27.3 µg/dry g y n
10/15/08 2 9.4 µg/dry g n n
10/15/08 5 49.9 µg/dry g y n
10/12/09 1 9.8 µg/dry g n n
10/12/09 5a 13.36 µg/dry g n n
10/12/09 7 35.03 µg/dry g y n
12/03/09 0 16.8 µg/dry g n n
12/03/09 1 16.73 µg/dry g n n
12/03/09 5 13.33 µg/dry g n n
06/23/10 0 14 µg/dry g n n
06/23/10 1 22 µg/dry g y n
06/23/10 5 12.6 µg/dry g n n
12/10/10 0 16 mg/kg n n
12/10/10 1 17 mg/kg n n
12/10/10 5 6.2 mg/kg n n
04/13/11 0 5.8 mg/kg n n
04/13/11 1 11 mg/kg n n
04/13/11 5 6.2 mg/kg n n

ERL ERM Sample Size
total exceedances 
by percent: 19% 0% 27

Site Exceedances by percent
0 0% 0% 4
1 22% 0% 9
2 0% 0% 1
3 33% 0% 3

5 & 5a 11% 0% 9
7 100% 0% 1

Sample Date Exceedances by percent
08/10/06 0% 0% 3
10/26/06 33% 0% 3
03/08/07 0% 0% 3
10/15/08 66% 0% 3
10/12/09 33% 0% 3
12/03/09 0% 0% 3
06/23/10 33% 0% 3

RB-AR6116



Silver

date sample site result units
ERL 

Exceeded
ERM 

Exceeded
 ERL standard 1 µg/dry g
 ERM standard 3.7 µg/dry g

08/10/06 1 nd µg/dry g n n
08/10/06 3 0.58 µg/dry g n n
08/10/06 5 0.53 µg/dry g n n
10/26/06 1 nd µg/dry g n n
10/26/06 3 0.036 µg/dry g n n
10/26/06 5 nd µg/dry g n n
03/08/07 1 nd µg/dry g n n
03/08/07 3 0.03 µg/dry g n n
03/08/07 5 0.06 µg/dry g n n
10/15/08 1 0.081 µg/dry g n n
10/15/08 2 0.062 µg/dry g n n
10/15/08 5 0.585 µg/dry g n n
10/12/09 1 0.319 µg/dry g n n
10/12/09 5a 0.387 µg/dry g n n
10/12/09 7 0.496 µg/dry g n n
12/03/09 0 0.679 µg/dry g n n
12/03/09 1 0.437 µg/dry g n n
12/03/09 5 2.151 µg/dry g y n
06/23/10 0 0.402 µg/dry g n n
06/23/10 1 0.112 µg/dry g n n
06/23/10 5 0.231 µg/dry g n n
12/10/10 0 nd mg/kg n n
12/10/10 1 nd mg/kg n n

12/10/2010 5 nd mg/kg n n
4/13/2011 0 nd mg/kg n n
4/13/2011 1 nd mg/kg n n
4/13/2011 5 nd mg/kg n n

ERL ERM Sample Size
total exceedances 
by percent: 4% 0% 27

Site Exceedances by percent
0 0% 0% 4
1 0% 0% 9
2 0% 0% 1
3 0% 0% 3

5 & 5a 11% 0% 9
7 0% 0% 1

Sample Date Exceedances by percent
08/10/06 0% 0% 3
10/26/06 0% 0% 3
03/08/07 0% 0% 3

10/15/2008 0% 0% 3
10/12/2009 0% 0% 3
12/3/2009 33% 0% 3
6/23/2010 0% 0% 3

RB-AR6117



Zinc

date sample site result units
ERL 

Exceeded
ERM 

Exceeded
 ERL standard 150 µg/dry g
 ERM standard 410 µg/dry g

08/10/06 1 592.787 µg/dry g y y
08/10/06 3 344.787 µg/dry g y n
08/10/06 5 371.487 µg/dry g y n
10/26/06 1 152.474 µg/dry g y n
10/26/06 3 386.074 µg/dry g y n
10/26/06 5 207.874 µg/dry g y n
03/08/07 1 186.5 µg/dry g y n
03/08/07 3 156 µg/dry g y n
03/08/07 5 1012 µg/dry g y y
10/15/08 1 419.9 µg/dry g y y
10/15/08 2 172 µg/dry g y n
10/15/08 5 1363 µg/dry g y y
10/12/09 1 253.3 µg/dry g y n
10/12/09 5a 277 µg/dry g y n
10/12/09 7 1050 µg/dry g y y
12/03/09 0 187.8 µg/dry g y n
12/03/09 1 176.5 µg/dry g y n
12/03/09 5 262.2 µg/dry g y n
06/23/10 0 293 µg/dry g y n
06/23/10 1 268 µg/dry g y n
06/23/10 5 119 µg/dry g n n
12/10/10 0 430 mg/kg y y
12/10/10 1 160 mg/kg y n
12/10/10 5 140 mg/kg n n
04/13/11 0 120 mg/kg n n
04/13/11 1 180 mg/kg y n
04/13/11 5 170 mg/kg y n

ERL ERM Sample Size
total exceedances 
by percent: 89% 22% 27

Site Exceedances by percent
0 75% 25% 4
1 100% 22% 9
2 100% 0% 1
3 100% 0% 3

5 & 5a 89% 22% 9
7 100% 100% 1

Sample Date Exceedances by percent
08/10/06 100% 33% 3
10/26/06 100% 0% 3
03/08/07 100% 33% 3
10/15/08 100% 66% 3
10/12/09 100% 33% 3
12/03/09 100% 0% 3
06/23/10 66% 0% 3

RB-AR6118



Total PAH

date sample site result units
ERL 

Exceeded
ERM 

Exceeded
 ERL standard 4022 ng/dry g
ERM standard 44792 ng/dry g

08/10/06 1 617 ng/dry g n n
08/10/06 3 928 ng/dry g n n
08/10/06 5 4204 ng/dry g y n
10/26/06 1 788 ng/dry g n n
10/26/06 3 9400 ng/dry g y n
10/26/06 5 755 ng/dry g n n
03/08/07 1 7960 ng/dry g y n
03/08/07 3 530 ng/dry g n n
03/08/07 5 645 ng/dry g n n
10/15/08 1 2852 ng/dry g n n
10/15/08 2 2218 ng/dry g n n
10/15/08 5 7933 ng/dry g y n
10/12/09 1 2592 ng/dry g n n
10/12/09 5a 878 ng/dry g n n
10/12/09 7 459 ng/dry g n n
12/03/09 0 4432 ng/dry g y n
12/03/09 1 264 ng/dry g n n
12/03/09 5 1358 ng/dry g n n
06/23/10 0 1093 ng/dry g n n
06/23/10 1 2799 ng/dry g n n
06/23/10 5 856 ng/dry g n n
12/10/10 0 6727 ug/kg y n
12/10/10 1 nd ug/kg n n
12/10/10 5 nd ug/kg n n
04/13/11 0 ug/kg n n
04/13/11 1 ug/kg n n
04/13/11 5 ug/kg n n

ERL ERM Sample Size
total exceedances 
by percent: 24% 0% 21

Site Exceedances by percent
0 50% 0% 2
1 14% 0% 7
2 0% 0% 1
3 33% 0% 3

5 & 5a 29% 0% 7
7 0% 0% 1

Sample Date Exceedances by percent
08/10/06 33% 0% 3
10/26/06 33% 0% 3
03/08/07 33% 0% 3
10/15/08 33% 0% 3
10/12/09 0% 0% 3
12/03/09 33% 0% 3
06/23/10 0% 0% 3

RB-AR6119



Total PCB

date sample site result units
ERL 

Exceeded
ERM 

Exceeded
 ERL standard 22.7 ng/dry g
ERM standard 180 ng/dry g

10/26/06 1 36 ng/dry g y n
10/26/06 3 194 ng/dry g y y
10/26/06 5 4 ng/dry g n n
03/08/07 1 73 ng/dry g y n
03/08/07 3 21 ng/dry g y* n
03/08/07 5 19 ng/dry g n n
06/23/10 0 48.8 ng/dry g y n
06/23/10 1 4.46 ng/dry g n n
06/23/10 5 nd ng/dry g n n

ERL ERM Sample Size
total exceedances 
by percent: 55% 11% 9

Site Exceedances by percent
0 100% 0% 1
1 66% 0% 3
3 100% 50% 2
5 0% 0% 3

 
Sample Date Exceedances by percent  

08/10/06 ns 0%  
10/26/06 67% 33% 3
03/08/07 67% 0% 3
06/23/10 33% 0% 3

RB-AR6120



Total DDT

date sample site result units
ERL 

Exceeded
ERM 

Exceeded
 ERL standard 1.6 ng/dry g
ERM standard 46.1 ng/dry g

08/10/06 1 4.87 ng/dry g y n
08/10/06 3 112 ng/dry g y n
08/10/06 5 7.8 ng/dry g y n
10/26/06 1 11.8 ng/dry g y n
10/26/06 3 203 ng/dry g y n
10/26/06 5 7.2 ng/dry g y n
03/08/07 1 13.2 ng/dry g y n
03/08/07 3 8.1 ng/dry g y n
03/08/07 5 7.5 ng/dry g y n
06/23/10 0 nd ng/dry g n n
06/23/10 1 18.2 ng/dry g y n
06/23/10 5 9.01 ng/dry g y n

ERL ERM Sample Size
total exceedances 

by percent: 92% 17% 12

Site Exceedances by percent
0 0% 0% 1
1 100% 0% 4
3 100% 66% 3
5 100% 0% 4

 
Sample Date Exceedances by percent  

08/10/06 100% 33% 3
10/26/06 100% 33% 3
03/08/07 100% 0% 3
06/23/10 66% 0% 3

RB-AR6121



4,4-DDE

date sample site result units
ERL 

Exceeded
ERM 

Exceeded
 ERL standard 2.2 ng/dry g
ERM standard 27 ng/dry g

08/10/06 1 4.87 ng/dry g y n
08/10/06 3 16.1 ng/dry g y n
08/10/06 5 7.8 ng/dry g y n
10/26/06 1 nd ng/dry g n n
10/26/06 3 46 ng/dry g y n
10/26/06 5 nd ng/dry g n n
03/08/07 1 4.9 ng/dry g y n
03/08/07 3 4 ng/dry g y n
03/08/07 5 5.1 ng/dry g y n
06/23/10 0 nd ng/dry g n n
06/23/10 1 6.44 ng/dry g y n
06/23/10 5 9.01 ng/dry g y n

ERL ERM Sample Size
total 

exceedances 
by percent: 75% 0% 12

Site Exceedances by percent
0 0% 0% 1
1 75% 0% 4
3 100% 0% 3
5 75% 0% 4

Sample Date Exceedances by percent
08/10/06 100% 0% 3
10/26/06 100% 0% 3
03/08/07 100% 0% 3
06/23/10 67% 0% 3

RB-AR6122



Acenaphthene

date sample site result units
ERL 

Exceeded
ERM 

Exceeded
 ERL standard 16 ng/dry g
ERM standard 500 ng/dry g

08/10/06 1 2.4 ng/dry g n n
08/10/06 3 5 ng/dry g n n
08/10/06 5 9 ng/dry g n n
10/26/06 1 2.1 ng/dry g n n
10/26/06 3 58 ng/dry g y n
10/26/06 5 5 ng/dry g n n
03/08/07 1 100 ng/dry g y n
03/08/07 3 2 ng/dry g n n
03/08/07 5 5 ng/dry g n n
10/15/08 1 10.5 ng/dry g n n
10/15/08 2 4.2 ng/dry g n n
10/15/08 5 26.3 ng/dry g y n
10/12/09 1 1.7 ng/dry g n n
10/12/09 5a 2.1 ng/dry g n n
10/12/09 7 1.5 ng/dry g n n
12/03/09 0 7.4 ng/dry g n n
12/03/09 1 1.2 ng/dry g n n
12/03/09 5 1.4 ng/dry g n n
06/23/10 0 4.66 ng/dry g n n
06/23/10 1 6.03 ng/dry g n n
06/23/10 5 6.59 ng/dry g n n
12/10/10 0 120 ug/kg y n
12/10/10 1 nd ug/kg n n
12/10/10 5 nd ug/kg n n
04/13/11 0 nd ug/kg n n
04/13/11 1 nd ug/kg n n
04/13/11 5 nd ug/kg n n

ERL ERM Sample Size
total exceedances 
by percent: 25% 0% 27

Site Exceedances by percent
0 25% 0% 4
1 11% 0% 9
2 0% 0% 1
3 33% 0% 3
5 11% 0% 9
7 0% 0% 1

Sample Date Exceedances by percent
08/10/06 0% 0%
10/26/06 33% 0%
03/08/07 33% 0%

10/15/2008 33% 0%

RB-AR6123



Acenaphthylene

date sample site result units
ERL 

Exceeded
ERM 

Exceeded
 ERL standard 44 ng/dry g
 ERM standard 640 ng/dry g

08/10/06 1 nd ng/dry g n n
08/10/06 3 1.3 ng/dry g n n
08/10/06 5 5.6 ng/dry g n n
10/26/06 1 1.6 ng/dry g n n
10/26/06 3 3.5 ng/dry g n n
10/26/06 5 5.6 ng/dry g n n
03/08/07 1 2.3 ng/dry g n n
03/08/07 3 1.6 ng/dry g n n
03/08/07 5 2 ng/dry g n n
10/15/08 1 4.8 ng/dry g n n
10/15/08 2 10.8 ng/dry g n n
10/15/08 5 16.5 ng/dry g n n
10/12/09 1 nd ng/dry g n n
10/12/09 5a 1.2 ng/dry g n n
10/12/09 7 1.1 ng/dry g n n
12/03/09 0 1.6 ng/dry g n n
12/03/09 1 nd ng/dry g n n
12/03/09 5 1.8 ng/dry g n n
06/23/10 0 nd ng/dry g n n
06/23/10 1 1.48 ng/dry g n n
06/23/10 5 1.37 ng/dry g n n
12/10/10 0 nd ug/kg n n
12/10/10 1 nd ug/kg n n
12/10/10 5 nd ug/kg n n
04/13/11 0 nd ug/kg n n
04/13/11 1 nd ug/kg n n
04/13/11 5 nd ug/kg n n

ERL ERM Sample Size
total exceedances 
by percent: 0% 0% 27

Site Exceedances by percent
0 0% 0% 4
1 0% 0% 9
2 0% 0% 1
3 0% 0% 3
5 0% 0% 9
7 0% 0% 1

Sample Date Exceedances by percent
08/10/06 0% 0%
10/26/06 0% 0%
03/08/07 0% 0%
3/15/2008 0% 0%

RB-AR6124



Anthracene

date sample site result units
ERL 

Exceeded
ERM 

Exceeded
 ERL standard 85.3 ng/dry g
 ERM standard 1100 ng/dry g

08/10/06 1 6 ng/dry g n n
08/10/06 3 15 ng/dry g n n
08/10/06 5 66 ng/dry g n n
10/26/06 1 11 ng/dry g n n
10/26/06 3 71 ng/dry g n n
10/26/06 5 15 ng/dry g n n
03/08/07 1 193 ng/dry g y n
03/08/07 3 7 ng/dry g n n
03/08/07 5 12 ng/dry g n n
10/15/08 1 24.1 ng/dry g n n
10/15/08 2 50.9 ng/dry g n n
10/15/08 5 42.8 ng/dry g n n
10/12/09 1 16.7 ng/dry g n n
10/12/09 5a 9.1 ng/dry g n n
10/12/09 7 6.7 ng/dry g n n
12/03/09 0 75.5 ng/dry g n n
12/03/09 1 4.6 ng/dry g n n
12/03/09 5 7.6 ng/dry g n n
06/23/10 0 8.58 ng/dry g n n
06/23/10 1 32.1 ng/dry g n n
06/23/10 5 5.92 ng/dry g n n
12/10/10 0 290 ug/kg y n
12/10/10 1 nd ug/kg n n
12/10/10 5 nd ug/kg n n
04/13/11 0 nd ug/kg n n
04/13/11 1 nd ug/kg n n
04/13/11 5 nd ug/kg n n

ERL ERM Sample Size
total exceedances 
by percent: 7% 0% 27

Site Exceedances by percent
0 25% 0% 4
1 11% 0% 9
2 0% 0% 1
3 0% 0% 3
5 0% 0% 9
7 0% 0% 1

Sample Date Exceedances by percent
08/10/06 0% 0%
10/26/06 0% 0%
03/08/07 33% 0%
3/15/2008 0% 0%

RB-AR6125



Benzo(a) pyrene

date sample site result units
ERL 

Exceeded
ERM 

Exceeded
 ERL standard 430 ng/dry g
 ERM standard 1600 ng/dry g

08/10/06 1 36 ng/dry g n n
08/10/06 3 49 ng/dry g n n
08/10/06 5 328 ng/dry g n n
10/26/06 1 56 ng/dry g n n
10/26/06 3 666 ng/dry g y n
10/26/06 5 31 ng/dry g n n
03/08/07 1 512 ng/dry g y n
03/08/07 3 32 ng/dry g n n
03/08/07 5 21 ng/dry g n n
10/15/08 1 86.5 ng/dry g n n
10/15/08 2 122.7 ng/dry g n n
10/15/08 5 192.2 ng/dry g n n
10/12/09 1 174.9 ng/dry g n n
10/12/09 5a 44.8 ng/dry g n n
10/12/09 7 21.3 ng/dry g n n
12/03/09 0 255.7 ng/dry g n n
12/03/09 1 7.2 ng/dry g n n
12/03/09 5 58.6 ng/dry g n n
06/23/10 0 51.7 ng/dry g n n
06/23/10 1 153 ng/dry g n n
06/23/10 5 17.8 ng/dry g n n
12/10/10 0 260 ug/kg n n
12/10/10 1 nd ug/kg n n
12/10/10 5 nd ug/kg n n
04/13/11 0 nd ug/kg n n
04/13/11 1 nd ug/kg n n
04/13/11 5 nd ug/kg n n

ERL ERM Sample Size
total exceedances 

by percent: 7% 0% 27

Site Exceedances by percent
0 0% 0% 4
1 11% 0% 9
2 0% 0% 1
3 33% 0% 3
5 0% 0% 9
7 0% 0% 1

Sample Date Exceedances by percent
08/10/06 0% 0%
10/26/06 33% 0%
03/08/07 33% 0%
3/15/2008 0% 0%

RB-AR6126



Fluorene

date sample site result units
ERL 

Exceeded
ERM 

Exceeded
 ERL standard 19 ng/dry g
 ERM standard 540 ng/dry g

08/10/06 1 6 ng/dry g n n
08/10/06 3 14 ng/dry g n n
08/10/06 5 27 ng/dry g y n
10/26/06 1 6 ng/dry g n n
10/26/06 3 59 ng/dry g y n
10/26/06 5 13 ng/dry g n n
03/08/07 1 113 ng/dry g y n
03/08/07 3 6 ng/dry g n n
03/08/07 5 13 ng/dry g n n
10/15/08 1 39 ng/dry g y n
10/15/08 2 36.1 ng/dry g y n
10/15/08 5 54.2 ng/dry g y n
10/12/09 1 6 ng/dry g n n
10/12/09 5a 4.4 ng/dry g n n
10/12/09 7 2.6 ng/dry g n n
12/03/09 0 24.3 ng/dry g y n
12/03/09 1 3 ng/dry g n n
12/03/09 5 4.4 ng/dry g n n
06/23/10 0 25.4 ng/dry g y n
06/23/10 1 17.2 ng/dry g n n
06/23/10 5 11.4 ng/dry g n n
12/10/10 0 97 ug/kg y n
12/10/10 1 nd ug/kg n n
12/10/10 5 nd ug/kg n n
04/13/11 0 nd ug/kg n n
04/13/11 1 nd ug/kg n n
04/13/11 5 nd ug/kg n n

ERL ERM Sample Size
total exceedances 
by percent: 33% 0% 27

Site Exceedances by percent
0 75% 0% 4
1 22% 0% 9
2 100% 0% 1
3 33% 0% 3
5 22% 0% 9
7 0% 0% 1

Sample Date Exceedances by percent
08/10/06 33% 0%
10/26/06 33% 0%
03/08/07 33% 0%
3/15/2008 100% 0%

RB-AR6127



Naphthalene

date sample site result units
ERL 

Exceeded
ERM 

Exceeded
 ERL standard 160 ng/dry g
 ERM standard 2100 ng/dry g

08/10/06 1 12 ng/dry g n n
08/10/06 3 4 ng/dry g n n
08/10/06 5 22 ng/dry g n n
10/26/06 1 4 ng/dry g n n
10/26/06 3 13 ng/dry g n n
10/26/06 5 13 ng/dry g n n
03/08/07 1 24 ng/dry g n n
03/08/07 3 3 ng/dry g n n
03/08/07 5 9 ng/dry g n n
10/15/08 1 24 ng/dry g n n
10/15/08 2 nd ng/dry g n n
10/15/08 5 85.9 ng/dry g n n
10/12/09 1 2.4 ng/dry g n n
10/12/09 5a 4.5 ng/dry g n n
10/12/09 7 4.9 ng/dry g n n
12/03/09 0 6.4 ng/dry g n n
12/03/09 1 1.6 ng/dry g n n
12/03/09 5 7.4 ng/dry g n n
06/23/10 0 15.1 ng/dry g n n
06/23/10 1 4.55 ng/dry g n n
06/23/10 5 8.11 ng/dry g n n
12/10/10 0 nd ug/kg n n
12/10/10 1 nd ug/kg n n
12/10/10 5 nd ug/kg n n
04/13/11 0 nd ug/kg n n
04/13/11 1 nd ug/kg n n
04/13/11 5 nd ug/kg n n

ERL ERM Sample Size
total exceedances 
by percent: 0% 0% 27

Site Exceedances by percent
0 0% 0% 4
1 0% 0% 9
2 0% 0% 1
3 0% 0% 3
5 0% 0% 9
7 0% 0% 1

Sample Date Exceedances by percent
08/10/06 0% 0%
10/26/06 0% 0%
03/08/07 0% 0%
3/15/2008 0% 0%

RB-AR6128



Chrysene

date sample site result units
ERL 

Exceeded
ERM 

Exceeded
 ERL standard 384 ng/dry g
 ERM standard 2800 ng/dry g

08/10/06 1 62 ng/dry g n n
08/10/06 3 93 ng/dry g n n
08/10/06 5 389 ng/dry g y n
10/26/06 1 118 ng/dry g n n
10/26/06 3 918 ng/dry g y n
10/26/06 5 73 ng/dry g n n
03/08/07 1 555 ng/dry g y n
03/08/07 3 61 ng/dry g n n
03/08/07 5 62 ng/dry g n n
10/15/08 1 124.1 ng/dry g n n
10/15/08 2 208.5 ng/dry g n n
10/15/08 5 321.8 ng/dry g n n
10/12/09 1 176.4 ng/dry g n n
10/12/09 5a 65.7 ng/dry g n n
10/12/09 7 39.4 ng/dry g n n
12/03/09 0 267.3 ng/dry g n n
12/03/09 1 16.1 ng/dry g n n
12/03/09 5 136.7 ng/dry g n n
06/23/10 0 94.5 ng/dry g n n
06/23/10 1 208 ng/dry g n n
06/23/10 5 72.3 ng/dry g n n
12/10/10 0 610 ug/kg y n
12/10/10 1 nd ug/kg n n
12/10/10 5 nd ug/kg n n
04/13/11 0 nd ug/kg n n
04/13/11 1 nd ug/kg n n
04/13/11 5 nd ug/kg n n

ERL ERM Sample Size
total exceedances 

by percent: 15% 0% 27

Site Exceedances by percent
0 25% 0% 4
1 11% 0% 9
2 0% 0% 1
3 33% 0% 3
5 11% 0% 9
7 0% 0% 1

Sample Date Exceedances by percent
08/10/06 33% 0%
10/26/06 33% 0%
03/08/07 33% 0%
3/15/2008 0% 0%

RB-AR6129



Fluoranthene

date sample site result units
ERL 

Exceeded
ERM 

Exceeded
 ERL standard 600 ng/dry g
 ERM standard 5100 ng/dry g

08/10/06 1 65 ng/dry g n n
08/10/06 3 85 ng/dry g n n
08/10/06 5 576 ng/dry g n n
10/26/06 1 68 ng/dry g n n
10/26/06 3 1670 ng/dry g y n
10/26/06 5 78 ng/dry g n n
03/08/07 1 1529 ng/dry g y n
03/08/07 3 63 ng/dry g n n
03/08/07 5 65 ng/dry g n n
10/15/08 1 688.2 ng/dry g y n
10/15/08 2 315.7 ng/dry g n n
10/15/08 5 443 ng/dry g n n
10/12/09 1 450.7 ng/dry g n n
10/12/09 5a 125.7 ng/dry g n n
10/12/09 7 65.3 ng/dry g n n
12/03/09 0 890.8 ng/dry g y n
12/03/09 1 43.5 ng/dry g n n
12/03/09 5 256.2 ng/dry g n n
06/23/10 0 143 ng/dry g n n
06/23/10 1 450 ng/dry g n n
06/23/10 5 181 ng/dry g n n
12/10/10 0 1400 ug/kg y n
12/10/10 1 nd ug/kg n n
12/10/10 5 nd ug/kg n n
04/13/11 0 nd ug/kg n n
04/13/11 1 130 ug/kg n n
04/13/11 5 nd ug/kg n n

ERL ERM Sample Size
total exceedances 

by percent: 19% 0% 27

Site Exceedances by percent
0 50% 0% 4
1 22% 0% 9
2 0% 0% 1
3 33% 0% 3
5 0% 0% 9
7 0% 0% 1

Sample Date Exceedances by percent
08/10/06 0% 0%
10/26/06 33% 0%
03/08/07 33% 0%
3/15/2008 33% 0%

RB-AR6130



Pyrene

date sample site result units
ERL 

Exceeded
ERM 

Exceeded
ERL Standard 665 ng/dry g
ERM Standard 2600 ng/dry g

08/10/06 1 73 ng/dry g n n
08/10/06 3 118 ng/dry g n n
08/10/06 5 533 ng/dry g n n
10/26/06 1 69 ng/dry g n n
10/26/06 3 1048 ng/dry g y n
10/26/06 5 61 ng/dry g n n
03/08/07 1 906 ng/dry g y n
03/08/07 3 50 ng/dry g n n
03/08/07 5 61 ng/dry g n n
10/15/08 1 336 ng/dry g n n
10/15/08 2 516.6 ng/dry g n n
10/15/08 5 265.3 ng/dry g n n
10/12/09 1 369.4 ng/dry g n n
10/12/09 5a 116.1 ng/dry g n n
10/12/09 7 69.9 ng/dry g n n
12/03/09 0 650 ng/dry g n n
12/03/09 1 48.7 ng/dry g n n
12/03/09 5 232.7 ng/dry g n n
06/23/10 0 138 ng/dry g n n
06/23/10 1 358 ng/dry g n n
06/23/10 5 178 ng/dry g n n
12/10/10 0 1100 ug/kg y n
12/10/10 1 nd ug/kg n n
12/10/10 5 nd ug/kg n n
04/13/11 0 nd ug/kg n n
04/13/11 1 120 ug/kg n n
04/13/11 5 nd ug/kg n n

ERL ERM Sample Size
total exceedances 

by percent: 11% 0% 27

Site Exceedances by percent
0 25% 0% 4
1 11% 0% 9
2 0% 0% 1
3 33% 0% 3
5 0% 0% 9
7 0% 0% 1

Sample Date Exceedances by percent
08/10/06 0% 0%
10/26/06 33% 0%
03/08/07 33% 0%
3/15/2008 0% 0%

RB-AR6131



Pyrethroids

Analyte Allethrin Bifenthrin Cyfluthrin Cypermethrin Deltamethrin/Tralomethrin Dischloran Esfenvalerate Fenvalerate L-Cyhalothrin
Date Location

12/10/2010 S0 nd 23 46 nd nd nd nd nd nd
12/10/2010 S1 nd nd nd nd nd nd nd nd nd
12/10/2010 S5 nd nd nd nd nd nd nd nd nd

RB-AR6132



Pyrethroids

Date
12/10/2010
12/10/2010
12/10/2010

Pendimethalin Permethrin Prallethrin Sumithrin Tefluthrin units

nd 90 nd nd nd ug/kg
nd nd nd nd nd ug/kg
nd 22 nd nd nd ug/kg

RB-AR6133



Site Description

Site Description
Site 0 Does not exist 

Site 1
108th and Main (as the creek day lights--generally north side of 
creek) 

Site 2
108th and Avalon Blvd. (sample is collected from Avalon drain, not 
creek)

Site 3
Cressy Street Drain--Williamington Drain (sample is collected from 
Drain, not Creek)

Site 4
Crystal Park Casino (sample collected in the earth-bottom portion 
of the creek at first palm tree on Casino side)

Site 5

Day-lighted sub-tribuatry adjacent to County bike path (access is 
off of Santa Fe through rail spur); sample is collected in the 
tributary not the creek.

Site 5a Does not exist 
Site 6 710 Freeway on the Down stream side.  
Site 7 Does not exist 

RB-AR6134



Hardness

date sample site result units Rain
08/10/06 1 98.8 mg/L
08/10/06 2 190 mg/L
08/10/06 3 110 mg/L
08/10/06 4 126 mg/L
08/10/06 5 168 mg/L
08/10/06 6 123 mg/L
10/26/06 1 169 mg/L

10/26/06 2 201 mg/L

10/26/06 3 117 mg/L

10/26/06 4 153 mg/L

10/26/06 5 158 mg/L

10/26/06 6 162 mg/L

03/08/07 1 154 mg/L

03/08/07 2 183 mg/L

03/08/07 3 93 mg/L

03/08/07 4 191 mg/L

03/08/07 5 114 mg/L

03/08/07 6 133 mg/L

10/15/08 1 213.1 mg/L

10/15/08 2 186.1 mg/L

10/15/08 3 212.6 mg/L

10/15/08 4 221.4 mg/L

10/15/08 5 199.2 mg/L

10/15/08 6 216.4 mg/L

10/13/09 1 145.4 mg/L 0.24
10/13/09 2 194.5 mg/L 0.24
10/13/09 3 240.4 mg/L 0.24
10/13/09 4 220.4 mg/L 0.24
10/13/09 5 225.7 mg/L 0.24
10/13/09 6 214 mg/L Not sure if rain impacted
6/23/10 1 1450 mg/L use default value of 400 for CTR
6/23/10 2 1200 mg/L use default value of 400 for CTR
6/23/10 3 1450 mg/L use default value of 400 for CTR
6/23/10 4 1150 mg/L use default value of 400 for CTR
6/23/10 5 1370 mg/L use default value of 400 for CTR
6/23/10 6 1170 mg/L use default value of 400 for CTR
12/10/10 1 100 mg/L

12/10/10 2 81 mg/L

12/10/10 3 140 mg/L

12/10/10 4 160 mg/L

12/10/10 5 110 mg/L

12/10/10 6 59 mg/L

4/13/11 1 110 mg/L

4/13/11 2 120 mg/L

4/13/11 3 120 mg/L

4/13/11 4 140 mg/L

4/13/11 5 120 mg/L

4/13/11 6 130 mg/L

RB-AR6135
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Copper

date sample site  dissolved result units
Criterion Maximum 
Concentration (ug/l)

Criterion Continous 
Concentration (ug/l)

CMC 
exceeded?

CCC 
exceeded? Rain Notes

08/10/06 1 5.40 µg/L n n
08/10/06 2 8.80 µg/L n n
08/10/06 3 8.30 µg/L n n
08/10/06 4 7.00 µg/L n n
08/10/06 5 11.50 µg/L n n
08/10/06 6 1.90 µg/L n n
10/26/06 1 5.00 µg/L n n
10/26/06 2 6.80 µg/L n n
10/26/06 3 12.60 µg/L 15.58168852 10.24156091 n y
10/26/06 4 5.80 µg/L n n
10/26/06 5 8.40 µg/L n n
10/26/06 6 2.80 µg/L n n
03/08/07 1 8.30 µg/L n n
03/08/07 2 7.70 µg/L n n
03/08/07 3 2.40 µg/L n n
03/08/07 4 9.10 µg/L n n
03/08/07 5 10.70 µg/L 15.20496965 10.01674309 n y
03/08/07 6 1.90 µg/L n n
10/15/08 1 1.40 µg/L n n
10/15/08 2 8.20 µg/L n n
10/15/08 3 0.80 µg/L n n
10/15/08 4 3.60 µg/L n n
10/15/08 5 10.10 µg/L n n
10/15/08 6 0.50 µg/L n n
10/13/09 1 222.70 µg/L 19.12220297 12.33140508 y y 0.24
10/13/09 2 371.20 µg/L 25.15299545 15.81186179 y y 0.24
10/13/09 3 168.60 µg/L 30.71044099 18.95001912 y y 0.24
10/13/09 4 46.60 µg/L 28.2972079 17.59444123 y y 0.24
10/13/09 5 115.90 µg/L 28.93790282 17.95535047 y y 0.24
10/13/09 6 1.70 µg/L n n ?
06/23/10 1 3.69 µg/L n n use default value of 400 for CTR
06/23/10 2 6.07 µg/L n n use default value of 400 for CTR
06/23/10 3 7.7 µg/L n n use default value of 400 for CTR
06/23/10 4 2.82 µg/L n n use default value of 400 for CTR
06/23/10 5 7.11 µg/L n n use default value of 400 for CTR
06/23/10 6 1.27 µg/L n n use default value of 400 for CTR
12/10/10 1 7.4 µg/L n n
12/10/10 2 12 µg/L 11.01905842 7.480004751 y y
12/10/10 3 3.3 µg/L n n
12/10/10 4 4.7 µg/L n n
12/10/10 5 9.2 µg/L 14.70178288 9.71563964 n ?
12/10/10 6 4.8 µg/L n n
04/13/11 1 11 µg/L 14.70178288 9.71563964 n y
04/13/11 2 11 µg/L 15.95784942 10.46554144 n y
04/13/11 3 2.7 µg/L n n
04/13/11 4 6.6 µg/L n n
04/13/11 5 9.5 µg/L n n
04/13/11 6 2.9 µg/L n n

RB-AR6137



Nickel

date sample site  dissolved result units

Criterion 
Maximum 

Concentration 
(ug/l)

Criterion 
Continous 

Concentration 
(ug/l)

CMC 
exceeded?

CCC 
exceeded? Rain Notes

08/10/06 1 3.50 µg/L n n
08/10/06 2 5.30 µg/L n n
08/10/06 3 5.10 µg/L n n
08/10/06 4 5.10 µg/L n n
08/10/06 5 5.30 µg/L n n
08/10/06 6 4.60 µg/L n n
10/26/06 1 3.10 µg/L n n
10/26/06 2 6.80 µg/L n n
10/26/06 3 3.50 µg/L n n
10/26/06 4 5.10 µg/L n n
10/26/06 5 4.10 µg/L n n
10/26/06 6 6.30 µg/L n n
03/08/07 1 8.40 µg/L n n
03/08/07 2 5.30 µg/L n n
03/08/07 3 1.30 µg/L n n
03/08/07 4 5.10 µg/L n n
03/08/07 5 4.60 µg/L n n
03/08/07 6 3.10 µg/L n n
10/15/08 1 0.70 µg/L n n
10/15/08 2 7.60 µg/L n n
10/15/08 3 0.90 µg/L n n
10/15/08 4 4.90 µg/L n n
10/15/08 5 4.60 µg/L n n
10/15/08 6 3.20 µg/L n n
10/13/09 1 51.90 µg/L n n 0.24
10/13/09 2 86.10 µg/L n n 0.24
10/13/09 3 64.10 µg/L n n 0.24
10/13/09 4 27.40 µg/L n n 0.24
10/13/09 5 64.00 µg/L n n 0.24
10/13/09 6 2.50 µg/L n n ?
06/23/10 1 1.27 µg/L n n use default value of 400 for CTR
06/23/10 2 5.49 µg/L n n use default value of 400 for CTR
06/23/10 3 2.73 µg/L n n use default value of 400 for CTR
06/23/10 4 3.43 µg/L n n use default value of 400 for CTR
06/23/10 5 5.12 µg/L n n use default value of 400 for CTR
06/23/10 6 3.49 µg/L n n use default value of 400 for CTR
12/10/10 1 3.30 µg/L n n
12/10/10 2 4.90 µg/L n n
12/10/10 3 1.70 µg/L n n
12/10/10 4 3.80 µg/L n n
12/10/10 5 3.60 µg/L n n
12/10/10 6 3.00 µg/L n n
04/13/11 1 5.00 µg/L n n
04/13/11 2 5.60 µg/L n n
04/13/11 3 2.60 µg/L n n
04/13/11 4 5.70 µg/L n n
04/13/11 5 4.00 µg/L n n
04/13/11 6 4.90 µg/L n n

RB-AR6138



Lead

date sample site  dissolved result units

Criterion 
Maximum 

Concentration 
(ug/l)

Criterion 
Continous 

Concentration 
(ug/l)

CMC 
exceeded?

CCC 
exceeded? Rain Notes

08/10/06 1 0.54 µg/L n n
08/10/06 2 1.40 µg/L n n
08/10/06 3 1.17 µg/L n n
08/10/06 4 1.24 µg/L n n
08/10/06 5 1.05 µg/L n n
08/10/06 6 1.47 µg/L n n
10/26/06 1 0.48 µg/L n n
10/26/06 2 0.71 µg/L n n
10/26/06 3 1.31 µg/L n n
10/26/06 4 0.87 µg/L n n
10/26/06 5 0.29 µg/L n n
10/26/06 6 1.45 µg/L n n
03/08/07 1 2.75 µg/L n n
03/08/07 2 1.47 µg/L n n
03/08/07 3 0.22 µg/L n n
03/08/07 4 2.27 µg/L n n
03/08/07 5 2.12 µg/L n n
03/08/07 6 1.01 µg/L n n
10/15/08 1 0.06 µg/L n n
10/15/08 2 0.56 µg/L n n
10/15/08 3 nd µg/L n n
10/15/08 4 0.50 µg/L n n
10/15/08 5 0.72 µg/L n n
10/15/08 6 0.20 µg/L n n
10/13/09 1 116.68 µg/L 104.003895 4.052891322 y y 0.24
10/13/09 2 325.98 µg/L 150.6259033 5.86968802 y y 0.24
10/13/09 3 15.60 µg/L 197.2579428 7.686875616 n y 0.24
10/13/09 4 10.33 µg/L 176.6091963 6.882221856 n y 0.24
10/13/09 5 28.24 µg/L 182.0332093 7.093588314 n y 0.24
10/13/09 6 2.97 µg/L n n ?
06/23/10 1 ND µg/L n n use default value of 400 for CTR
06/23/10 2 0.129 µg/L n n use default value of 400 for CTR
06/23/10 3 ND µg/L n n use default value of 400 for CTR
06/23/10 4 0.233 µg/L n n use default value of 400 for CTR
06/23/10 5 0.296 µg/L n n use default value of 400 for CTR
06/23/10 6 1.06 µg/L n n use default value of 400 for CTR
12/10/10 1 0.31 µg/L n n
12/10/10 2 1.00 µg/L n n
12/10/10 3 nd µg/L n n
12/10/10 4 0.43 µg/L n n
12/10/10 5 0.46 µg/L n n
12/10/10 6 0.80 µg/L n n
04/13/11 1 0.57 µg/L n n
04/13/11 2 0.41 µg/L n n
04/13/11 3 nd µg/L n n
04/13/11 4 0.62 µg/L n n
04/13/11 5 nd µg/L n n
04/13/11 6 0.23 µg/L n n

RB-AR6139



Zinc

date sample site  dissolved result units

Criterion 
Maximum 

Concentration 
(ug/l)

Criterion 
Continous 

Concentration 
(ug/l)

CMC 
exceeded?

CCC 
exceeded? Rain Notes

08/10/06 1 29.00 µg/L n n
08/10/06 2 76.80 µg/L n n
08/10/06 3 824.70 µg/L 127.0356977 128.0748445 y y
08/10/06 4 32.90 µg/L n n
08/10/06 5 30.90 µg/L n n
08/10/06 6 15.50 µg/L n n
10/26/06 1 29.70 µg/L n n
10/26/06 2 81.90 µg/L n n
10/26/06 3 374.80 µg/L 133.8528493 134.9477602 y y
10/26/06 4 24.40 µg/L n n
10/26/06 5 29.40 µg/L n n
10/26/06 6 21.30 µg/L n n
03/08/07 1 87.90 µg/L n n
03/08/07 2 95.40 µg/L n n
03/08/07 3 23.10 µg/L n n
03/08/07 4 28.70 µg/L n n
03/08/07 5 26.40 µg/L n n
03/08/07 6 12.70 µg/L n n
10/15/08 1 8.20 µg/L n n
10/15/08 2 58.60 µg/L n n
10/15/08 3 6.20 µg/L n n
10/15/08 4 18.80 µg/L n n
10/15/08 5 39.40 µg/L n n
10/15/08 6 2.70 µg/L n n
10/13/09 1 1147.80 µg/L 160.9142508 162.2305228 y y 0.24
10/13/09 2 2830.80 µg/L 205.8994544 207.5837035 y y 0.24
10/13/09 3 1034.80 µg/L 246.3878752 248.403318 y y 0.24
10/13/09 4 348.30 µg/L 228.9057823 230.7782223 y y 0.24
10/13/09 5 914.00 µg/L 233.561291 235.4718128 y y 0.24
10/13/09 6 19.50 µg/L n n ?
06/23/10 1 10 µg/L n n use default value of 400 for CTR
06/23/10 2 65.9 µg/L n n use default value of 400 for CTR
06/23/10 3 26 µg/L n n use default value of 400 for CTR
06/23/10 4 31.2 µg/L n n use default value of 400 for CTR
06/23/10 5 24.4 µg/L n n use default value of 400 for CTR
06/23/10 6 5.14 µg/L n n use default value of 400 for CTR
12/10/10 1 28.00 µg/L n n
12/10/10 2 78.00 µg/L n n
12/10/10 3 19.00 µg/L n n
12/10/10 4 42.00 µg/L n n
12/10/10 5 16.00 µg/L n n
12/10/10 6 13.00 µg/L n n
04/13/11 1 63.00 µg/L n n
04/13/11 2 80.00 µg/L n n
04/13/11 3 29.00 µg/L n n
04/13/11 4 45.00 µg/L n n
04/13/11 5 15.00 µg/L n n
04/13/11 6 15.00 µg/L n n

RB-AR6140



Chromium

date sample site  dissolved result units

Criterion 
Maximum 

Concentration 
(ug/l)

Criterion 
Continous 

Concentration 
(ug/l)

CMC 
exceeded?

CCC 
exceeded? Rain notes

08/10/06 1 0.30 µg/L n n
08/10/06 2 1.30 µg/L n n
08/10/06 3 0.50 µg/L n n
08/10/06 4 0.50 µg/L n n
08/10/06 5 0.70 µg/L n n
08/10/06 6 0.40 µg/L n n
10/26/06 1 0.80 µg/L n n
10/26/06 2 0.50 µg/L n n
10/26/06 3 0.40 µg/L n n
10/26/06 4 0.40 µg/L n n
10/26/06 5 0.70 µg/L n n
10/26/06 6 0.50 µg/L n n
03/08/07 1 0.70 µg/L n n
03/08/07 2 0.80 µg/L n n
03/08/07 3 0.40 µg/L n n
03/08/07 4 1.80 µg/L n n
03/08/07 5 0.60 µg/L n n
03/08/07 6 0.60 µg/L n n
10/15/08 1 1.80 µg/L n n
10/15/08 2 0.40 µg/L n n
10/15/08 3 0.10 µg/L n n
10/15/08 4 0.30 µg/L n n
10/15/08 5 0.50 µg/L n n
10/15/08 6 0.20 µg/L n n
10/13/09 1 12.60 µg/L n n 0.24
10/13/09 2 23.90 µg/L n n 0.24
10/13/09 3 8.40 µg/L n n 0.24
10/13/09 4 9.20 µg/L n n 0.24
10/13/09 5 12.60 µg/L n n 0.24
10/13/09 6 0.20 µg/L n n ?
06/23/10 1 0.27 µg/L n n use default value of 400 for CTR
06/23/10 2 0.25 µg/L n n use default value of 400 for CTR
06/23/10 3 0.20 µg/L n n use default value of 400 for CTR
06/23/10 4 0.12 µg/L n n use default value of 400 for CTR
06/23/10 5 0.27 µg/L n n use default value of 400 for CTR
06/23/10 6 0.12 µg/L n n use default value of 400 for CTR
12/10/10 1 0.39 µg/L n n
12/10/10 2 0.59 µg/L n n
12/10/10 3 0.37 µg/L n n
12/10/10 4 0.33 µg/L n n
12/10/10 5 0.95 µg/L n n
12/10/10 6 0.46 µg/L n n
04/13/11 1 0.35 µg/L n n
04/13/11 2 0.46 µg/L n n
04/13/11 3 nd µg/L n n
04/13/11 4 0.35 µg/L n n
04/13/11 5 0.35 µg/L n n
04/13/11 6 0.22 µg/L n n

RB-AR6141



Silver

date sample site  dissolved result units

Criterion 
Maximum 

Concentration 
(ug/l)

Criterion 
Continous 

Concentration 
(ug/l)

CMC 
exceeded?

CCC 
exceeded? Rain notes

8/10/06 1 nd µg/L n n
8/10/06 2 nd µg/L n n
8/10/06 3 nd µg/L n n
8/10/06 4 nd µg/L n n
8/10/06 5 nd µg/L n n
8/10/06 6 nd µg/L n n
10/26/06 1 nd µg/L n n
10/26/06 2 nd µg/L n n
10/26/06 3 nd µg/L n n
10/26/06 4 nd µg/L n n
10/26/06 5 nd µg/L n n
10/26/06 6 nd µg/L n n
03/08/07 1 nd µg/L n n
03/08/07 2 nd µg/L n n
03/08/07 3 nd µg/L n n
03/08/07 4 nd µg/L n n
03/08/07 5 nd µg/L n n
03/08/07 6 nd µg/L n n
10/15/08 1 nd µg/L n n
10/15/08 2 nd µg/L n n
10/15/08 3 nd µg/L n n
10/15/08 4 nd µg/L n n
10/15/08 5 nd µg/L n n
10/15/08 6 nd µg/L n n
10/13/09 1 nd µg/L n n 0.24
10/13/09 2 nd µg/L n n 0.24
10/13/09 3 nd µg/L n n 0.24
10/13/09 4 nd µg/L n n 0.24
10/13/09 5 nd µg/L n n 0.24
10/13/09 6 nd µg/L n n ?
06/23/10 1 nd µg/L n n use default value of 400 for CTR
06/23/10 2 nd µg/L n n use default value of 400 for CTR
06/23/10 3 nd µg/L n n use default value of 400 for CTR
06/23/10 4 nd µg/L n n use default value of 400 for CTR
06/23/10 5 nd µg/L n n use default value of 400 for CTR
06/23/10 6 nd µg/L n n use default value of 400 for CTR
12/10/10 1 nd µg/L n n
12/10/10 2 nd µg/L n n
12/10/10 3 nd µg/L n n
12/10/10 4 nd µg/L n n
12/10/10 5 nd µg/L n n
12/10/10 6 nd µg/L n n
04/13/11 1 nd µg/L n n
04/13/11 2 nd µg/L n n
04/13/11 3 nd µg/L n n
04/13/11 4 nd µg/L n n
04/13/11 5 nd µg/L n n
04/13/11 6 nd µg/L n n

RB-AR6142



Cadmium

date sample site  dissolved result units

Criterion 
Maximum 

Concentration 
(ug/l)

Criterion 
Continous 

Concentration 
(ug/l)

CMC 
exceeded?

CCC 
exceeded? Rain notes

08/10/06 1 nd µg/L n n
08/10/06 2 0.20 µg/L n n
08/10/06 3 0.20 µg/L n n
08/10/06 4 nd µg/L n n
08/10/06 5 0.20 µg/L n n
08/10/06 6 nd µg/L n n
10/26/06 1 nd µg/L n n
10/26/06 2 nd µg/L n n
10/26/06 3 0.70 µg/L n n
10/26/06 4 0.20 µg/L n n
10/26/06 5 0.20 µg/L n n
10/26/06 6 nd µg/L n n
03/08/07 1 nd µg/L n n
03/08/07 2 nd µg/L n n
03/08/07 3 nd µg/L n n
03/08/07 4 nd µg/L n n
03/08/07 5 nd µg/L n n
03/08/07 6 nd µg/L n n
10/15/08 1 nd µg/L n n
10/15/08 2 nd µg/L n n
10/15/08 3 nd µg/L n n
10/15/08 4 nd µg/L n n
10/15/08 5 nd µg/L n n
10/15/08 6 nd µg/L n n
10/13/09 1 1.80 µg/L n n 0.24
10/13/09 2 6.10 µg/L 9.031485382 3.773232995 n y 0.24
10/13/09 3 0.60 µg/L n n 0.24
10/13/09 4 0.70 µg/L n n 0.24
10/13/09 5 1.20 µg/L n n 0.24
10/13/09 6 nd µg/L n n ?
06/23/10 1 0.26 µg/L n n use default value of 400 for CTR
06/23/10 2 0.27 µg/L n n use default value of 400 for CTR
06/23/10 3 ND µg/L n n use default value of 400 for CTR
06/23/10 4 ND µg/L n n use default value of 400 for CTR
06/23/10 5 0.226 µg/L n n use default value of 400 for CTR
06/23/10 6 0.241 µg/L n n use default value of 400 for CTR
12/10/10 1 nd µg/L n n
12/10/10 2 0.15 µg/L n n
12/10/10 3 nd µg/L n n
12/10/10 4 0.11 µg/L n n
12/10/10 5 0.13 µg/L n n
12/10/10 6 nd µg/L n n
04/13/11 1 0.16 µg/L n n
04/13/11 2 0.27 µg/L n n
04/13/11 3 nd µg/L n n
04/13/11 4 0.23 µg/L n n
04/13/11 5 0.18 µg/L n n
04/13/11 6 nd µg/L n n

RB-AR6143



Selenium

date sample site  dissolved result units Rain Notes
08/10/06 1 0.6 µg/L
08/10/06 2 2.8 µg/L
08/10/06 3 1.3 µg/L
08/10/06 4 1.3 µg/L
08/10/06 5 2.0 µg/L
08/10/06 6 0.9 µg/L
10/26/06 1 2.0 µg/L

10/26/06 2 1.6 µg/L

10/26/06 3 1.3 µg/L

10/26/06 4 1.9 µg/L

10/26/06 5 1.7 µg/L

10/26/06 6 1.5 µg/L

03/08/07 1 0.9 µg/L

03/08/07 2 2.3 µg/L

03/08/07 3 0.6 µg/L

03/08/07 4 2.6 µg/L

03/08/07 5 1.0 µg/L

03/08/07 6 1.0 µg/L

10/15/08 1 1.4 µg/L

10/15/08 2 0.5 µg/L

10/15/08 3 1.6 µg/L

10/15/08 4 1.1 µg/L

10/15/08 5 0.6 µg/L

10/15/08 6 0.3 µg/L

10/13/09 1 0.7 µg/L 0.24
10/13/09 2 1.6 µg/L 0.24
10/13/09 3 1.3 µg/L 0.24
10/13/09 4 0.9 µg/L 0.24
10/13/09 5 2.1 µg/L 0.24
10/13/09 6 nd µg/L ?
06/23/10 1 2.1 µg/L use default value of 400 for CTR
06/23/10 2 1.6 µg/L use default value of 400 for CTR
06/23/10 3 1.8 µg/L use default value of 400 for CTR
06/23/10 4 0.7 µg/L use default value of 400 for CTR
06/23/10 5 1.0 µg/L use default value of 400 for CTR
06/23/10 6 0.7 µg/L use default value of 400 for CTR
12/10/10 1 nd µg/L

12/10/10 2 0.4 µg/L

12/10/10 3 0.8 µg/L

12/10/10 4 nd µg/L

12/10/10 5 0.4 µg/L

12/10/10 6 nd µg/L

04/13/11 1 nd µg/L

04/13/11 2 nd µg/L

04/13/11 3 0.8 µg/L

04/13/11 4 0.5 µg/L

04/13/11 5 nd µg/L

04/13/11 6 nd µg/L

RB-AR6144
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Arsenic

date sample site  dissolved result units Rain Notes
08/10/06 1 2.7 µg/L
08/10/06 2 2.2 µg/L
08/10/06 3 1.9 µg/L
08/10/06 4 2.3 µg/L
08/10/06 5 4.2 µg/L
08/10/06 6 2.6 µg/L
10/26/06 1 1.6 µg/L

10/26/06 2 1.7 µg/L

10/26/06 3 1.6 µg/L

10/26/06 4 1.8 µg/L

10/26/06 5 2.7 µg/L

10/26/06 6 2.1 µg/L

03/08/07 1 2.3 µg/L

03/08/07 2 1.7 µg/L

03/08/07 3 1.8 µg/L

03/08/07 4 1.8 µg/L

03/08/07 5 3.9 µg/L

03/08/07 6 2.3 µg/L

10/15/08 1 1.0 µg/L

10/15/08 2 3.4 µg/L

10/15/08 3 1.7 µg/L

10/15/08 4 2.8 µg/L

10/15/08 5 3.3 µg/L

10/15/08 6 2.6 µg/L

10/13/09 1 5.5 µg/L 0.24
10/13/09 2 9.4 µg/L 0.24
10/13/09 3 4.1 µg/L 0.24
10/13/09 4 3.7 µg/L 0.24
10/13/09 5 5.5 µg/L 0.24
10/13/09 6 2.2 µg/L ?
06/23/10 1 2.0 µg/L use default value of 400 for CTR
06/23/10 2 2.9 µg/L use default value of 400 for CTR
06/23/10 3 2.0 µg/L use default value of 400 for CTR
06/23/10 4 2.1 µg/L use default value of 400 for CTR
06/23/10 5 3.3 µg/L use default value of 400 for CTR
06/23/10 6 3.9 µg/L use default value of 400 for CTR
12/10/10 1 1.7 µg/L

12/10/10 2 1.6 µg/L

12/10/10 3 1.3 µg/L

12/10/10 4 1.5 µg/L

12/10/10 5 2.6 µg/L

12/10/10 6 3.1 µg/L

04/13/11 1 2.1 µg/L

04/13/11 2 2.1 µg/L

04/13/11 3 1.6 µg/L

04/13/11 4 1.6 µg/L

04/13/11 5 2.8 µg/L

04/13/11 6 2.0 µg/L

RB-AR6146
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Barium

date sample site  dissolved result units Rain Notes
08/10/06 1 71.1 µg/L
08/10/06 2 142.0 µg/L
08/10/06 3 65.5 µg/L
08/10/06 4 78.8 µg/L
08/10/06 5 115.0 µg/L
08/10/06 6 83.6 µg/L
10/26/06 1 89.7 µg/L

10/26/06 2 88.0 µg/L

10/26/06 3 53.1 µg/L

10/26/06 4 80.6 µg/L

10/26/06 5 76.6 µg/L

10/26/06 6 86.8 µg/L

03/08/07 1 110.3 µg/L

03/08/07 2 91.1 µg/L

03/08/07 3 44.2 µg/L

03/08/07 4 96.0 µg/L

03/08/07 5 57.8 µg/L

03/08/07 6 83.9 µg/L

10/15/08 1 120.1 µg/L

10/15/08 2 77.6 µg/L

10/15/08 3 120.1 µg/L

10/15/08 4 115.2 µg/L

10/15/08 5 106.4 µg/L

10/15/08 6 103.2 µg/L

10/13/09 1 353.6 µg/L 0.24
10/13/09 2 646.4 µg/L 0.24
10/13/09 3 162.3 µg/L 0.24
10/13/09 4 131.6 µg/L 0.24
10/13/09 5 200.3 µg/L 0.24
10/13/09 6 95.8 µg/L ?
06/23/10 1 115 µg/L use default value of 400 for CTR
06/23/10 2 87.6 µg/L use default value of 400 for CTR
06/23/10 3 109 µg/L use default value of 400 for CTR
06/23/10 4 77.7 µg/L use default value of 400 for CTR
06/23/10 5 106 µg/L use default value of 400 for CTR
06/23/10 6 94.3 µg/L use default value of 400 for CTR
12/10/10 1 56.0 µg/L

12/10/10 2 43.0 µg/L

12/10/10 3 74.0 µg/L

12/10/10 4 75.0 µg/L

12/10/10 5 45.0 µg/L

12/10/10 6 33.0 µg/L

04/13/11 1 60.0 µg/L

04/13/11 2 64.0 µg/L

04/13/11 3 66.0 µg/L

04/13/11 4 80.0 µg/L

04/13/11 5 74.0 µg/L

04/13/11 6 82.0 µg/L

RB-AR6148
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Strontium

date sample site  dissolved result units Rain Notes
08/10/06 1 381.0 µg/L
08/10/06 2 756.1 µg/L
08/10/06 3 440.0 µg/L
08/10/06 4 603.0 µg/L
08/10/06 5 812.0 µg/L
08/10/06 6 550.5 µg/L
10/26/06 1 534.4 µg/L

10/26/06 2 653.5 µg/L

10/26/06 3 398.5 µg/L

10/26/06 4 532.0 µg/L

10/26/06 5 569.2 µg/L

10/26/06 6 568.2 µg/L

03/08/07 1 700.9 µg/L

03/08/07 2 709.5 µg/L

03/08/07 3 330.5 µg/L

03/08/07 4 844.6 µg/L

03/08/07 5 501.1 µg/L

03/08/07 6 605.8 µg/L

10/15/08 1 755.7 µg/L

10/15/08 2 639.8 µg/L

10/15/08 3 1037.0 µg/L

10/15/08 4 901.5 µg/L

10/15/08 5 769.6 µg/L

10/15/08 6 811.2 µg/L

10/13/09 1 755.5 µg/L 0.24
10/13/09 2 950.8 µg/L 0.24
10/13/09 3 890.9 µg/L 0.24
10/13/09 4 679.5 µg/L 0.24
10/13/09 5 696.2 µg/L 0.24
10/13/09 6 697.7 µg/L ?
06/23/10 1 883 µg/L use default value of 400 for CTR
06/23/10 2 604 µg/L use default value of 400 for CTR
06/23/10 3 892 µg/L use default value of 400 for CTR
06/23/10 4 688 µg/L use default value of 400 for CTR
06/23/10 5 747 µg/L use default value of 400 for CTR
06/23/10 6 679 µg/L use default value of 400 for CTR
12/10/10 1 290.0 µg/L

12/10/10 2 220.0 µg/L

12/10/10 3 540.0 µg/L

12/10/10 4 430.0 µg/L

12/10/10 5 290.0 µg/L

12/10/10 6 150.0 µg/L

04/13/11 1 380.0 µg/L

04/13/11 2 400.0 µg/L

04/13/11 3 560.0 µg/L

04/13/11 4 560.0 µg/L

04/13/11 5 530.0 µg/L

04/13/11 6 420.0 µg/L

RB-AR6150
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Total PAH

date sample site result units Rain
08/10/06 4 148.6 ng/L
08/10/06 5 220 ng/L
08/10/06 6 111 ng/L
10/26/06 4 179 ng/L
10/26/06 5 264 ng/L
10/26/06 6 198 ng/L
03/08/07 4 187 ng/L
03/08/07 5 101 ng/L
03/08/07 6 147 ng/L
10/15/08 4 108 ng/L
10/15/08 5 49 ng/L
10/15/08 6 231 ng/L
10/13/09 4 239.3 ng/L 0.24
10/13/09 5 892.1 ng/L 0.24
10/13/09 6 25.1 ng/L ?
06/23/10 4 ns ng/L
06/23/10 5 ns ng/L
06/23/10 6 ns ng/L
12/10/10 4 ns ng/L
12/10/10 5 ns ng/L
12/10/10 6 ns ng/L
04/13/11 1 ns ng/L
04/13/11 2 ns ng/L
04/13/11 3 ns ng/L
04/13/11 4 ns ng/L
04/13/11 5 ns ng/L
04/13/11 6 ns ng/L

RB-AR6152



Acenaphthene

date sample site result units CTR Exceeded Rain CTR Limit for Human Health Consumption (Organisms Only)  is: 2,700 µg/L
08/10/06 4 4.3 ng/L N 2,700,000 ng/L
08/10/06 5 nd ng/L N
08/10/06 6 nd ng/L N
10/26/06 4 5.6 ng/L N
10/26/06 5 13.5 ng/L N
10/26/06 6 7.5 ng/L N
03/08/07 4 nd ng/L N
03/08/07 5 nd ng/L N
03/08/07 6 nd ng/L N
10/15/08 4 nd ng/L N
10/15/08 5 nd ng/L N
10/15/08 6 4.4 ng/L N

10/13/2009 4 nd ng/L N 0.24
10/13/2009 5 nd ng/L N 0.24
10/13/2009 6 5.2 ng/L N ?
06/23/10 4 ns ng/L
06/23/10 5 ns ng/L
06/23/10 6 ns ng/L
12/10/10 4 ns ng/L
12/10/10 5 ns ng/L
12/10/10 6 ns ng/L
04/13/11 1 ns ng/L
04/13/11 2 ns ng/L
04/13/11 3 ns ng/L
04/13/11 4 ns ng/L
04/13/11 5 ns ng/L
04/13/11 6 ns ng/L

RB-AR6153



Anthracene

date sample site result units CTR Exceeded Rain CTR Limit for Human Health Consumption (Organisms Only)  is: 110,000 µg/L
08/10/06 4 nd ng/L N 110,000,000 ng/L
08/10/06 5 nd ng/L N
08/10/06 6 nd ng/L N
10/26/06 4 3.8 ng/L N
10/26/06 5 6.3 ng/L N
10/26/06 6 8.3 ng/L N
03/08/07 4 nd ng/L N
03/08/07 5 nd ng/L N
03/08/07 6 4 ng/L N
10/15/08 4 3.3 ng/L N
10/15/08 5 nd ng/L N
10/15/08 6 nd ng/L N
10/13/09 4 nd ng/L N 0.24
10/13/09 5 19.4 ng/L N 0.24
10/13/09 6 1.1 ng/L N ?
06/23/10 4 ns ng/L
06/23/10 5 ns ng/L
06/23/10 6 ns ng/L
12/10/10 4 ns ng/L
12/10/10 5 ns ng/L
12/10/10 6 ns ng/L
04/13/11 1 ns ng/L
04/13/11 2 ns ng/L
04/13/11 3 ns ng/L
04/13/11 4 ns ng/L
04/13/11 5 ns ng/L
04/13/11 6 ns ng/L

RB-AR6154



Bens{a}anthracene

date sample site result units CTR Exceeded Rain CTR Limit for Human Health Consumption (Organisms Only)  is: 0.049 µg/L
08/10/06 4 nd ng/L N 49.000 ng/L
08/10/06 5 18.2 ng/L N
08/10/06 6 16.9 ng/L N
10/26/06 4 nd ng/L N
10/26/06 5 9.1 ng/L N
10/26/06 6 6.2 ng/L N
03/08/07 4 3 ng/L N
03/08/07 5 nd ng/L N
03/08/07 6 5.8 ng/L N
10/15/08 4 nd ng/L N
10/15/08 5 nd ng/L N
10/15/08 6 18.4 ng/L N
10/13/09 4 5.2 ng/L N 0.24
10/13/09 5 21.3 ng/L N 0.24
10/13/09 6 2.6 ng/L N ?
06/23/10 4 ns ng/L
06/23/10 5 ns ng/L
06/23/10 6 ns ng/L
12/10/10 4 ns ng/L
12/10/10 5 ns ng/L
12/10/10 6 ns ng/L
04/13/11 1 ns ng/L
04/13/11 2 ns ng/L
04/13/11 3 ns ng/L
04/13/11 4 ns ng/L
04/13/11 5 ns ng/L
04/13/11 6 ns ng/L

RB-AR6155



Benzo(a)Pyrene

date sample site result units CTR Exceeded Rain CTR Limit for Human Health Consumption (Organisms Only)  is: 0.049 µg/L
08/10/06 4 nd ng/L N 49 ng/L
08/10/06 5 13.1 ng/L N
08/10/06 6 nd ng/L N
10/26/06 4 5.3 ng/L N
10/26/06 5 8 ng/L N
10/26/06 6 11.3 ng/L N
03/08/07 4 4.1 ng/L N
03/08/07 5 nd ng/L N
03/08/07 6 6.9 ng/L N
10/15/08 4 nd ng/L N
10/15/08 5 nd ng/L N
10/15/08 6 24.8 ng/L N
10/13/09 4 2.5 ng/L N 0.24
10/13/09 5 10.3 ng/L N 0.24
10/13/09 6 nd ng/L N ?
06/23/10 4 ns ng/L
06/23/10 5 ns ng/L
06/23/10 6 ns ng/L
12/10/10 4 ns ng/L
12/10/10 5 ns ng/L
12/10/10 6 ns ng/L
04/13/11 1 ns ng/L
04/13/11 2 ns ng/L
04/13/11 3 ns ng/L
04/13/11 4 ns ng/L
04/13/11 5 ns ng/L
04/13/11 6 ns ng/L

RB-AR6156



Benzo(b)Fluoranthene

date sample site result units CTR Exceeded Rain CTR Limit for Human Health Consumption (Organisms Only)  is: 0.049 µg/L
08/10/06 4 9.1 ng/L N 49 ng/L
08/10/06 5 15.2 ng/L N
08/10/06 6 nd ng/L N
10/26/06 4 9.1 ng/L N
10/26/06 5 8.5 ng/L N
10/26/06 6 8.5 ng/L N
03/08/07 4 6.5 ng/L N
03/08/07 5 nd ng/L N
03/08/07 6 8.3 ng/L N
10/15/08 4 nd ng/L N
10/15/08 5 nd ng/L N
10/15/08 6 23.7 ng/L N
10/13/09 4 7.2 ng/L N 0.24
10/13/09 5 41.1 ng/L N 0.24
10/13/09 6 nd ng/L N ?
06/23/10 4 ns ng/L
06/23/10 5 ns ng/L
06/23/10 6 ns ng/L
12/10/10 4 ns ng/L
12/10/10 5 ns ng/L
12/10/10 6 ns ng/L
04/13/11 1 ns ng/L
04/13/11 2 ns ng/L
04/13/11 3 ns ng/L
04/13/11 4 ns ng/L
04/13/11 5 ns ng/L
04/13/11 6 ns ng/L

RB-AR6157



Benzo(k)Fluoranthene

date sample site result units CTR Exceeded Rain CTR Limit for Human Health Consumption (Organisms Only)  is: 0.049 µg/L
08/10/06 4 nd ng/L N 49 ng/L
08/10/06 5 nd ng/L N
08/10/06 6 nd ng/L N
10/26/06 4 5.6 ng/L N
10/26/06 5 6.8 ng/L N
10/26/06 6 8.5 ng/L N
03/08/07 4 nd ng/L N
03/08/07 5 nd ng/L N
03/08/07 6 5.3 ng/L N
10/15/08 4 nd ng/L N
10/15/08 5 nd ng/L N
10/15/08 6 11.2 ng/L N
10/13/09 4 nd ng/L N 0.24
10/13/09 5 nd ng/L N 0.24
10/13/09 6 nd ng/L N ?
06/23/10 4 ns ng/L
06/23/10 5 ns ng/L
06/23/10 6 ns ng/L
12/10/10 4 ns ng/L
12/10/10 5 ns ng/L
12/10/10 6 ns ng/L
04/13/11 1 ns ng/L
04/13/11 2 ns ng/L
04/13/11 3 ns ng/L
04/13/11 4 ns ng/L
04/13/11 5 ns ng/L
04/13/11 6 ns ng/L

RB-AR6158



Chrysene

date sample site result units CTR Exceeded Rain CTR Limit for Human Health Consumption (Organisms Only)  is: 0.049 µg/L
08/10/06 4 nd ng/L N 49 ng/L
08/10/06 5 16.5 ng/L N
08/10/06 6 nd ng/L N
10/26/06 4 7 ng/L N
10/26/06 5 14.7 ng/L N
10/26/06 6 11.6 ng/L N
03/08/07 4 13.4 ng/L N
03/08/07 5 5.7 ng/L N
03/08/07 6 11.7 ng/L N
10/15/08 4 nd ng/L N
10/15/08 5 nd ng/L N
10/15/08 6 28.6 ng/L N
10/13/09 4 8.1 ng/L N 0.24
10/13/09 5 56 ng/L Y 0.24
10/13/09 6 1.4 ng/L N ?
06/23/10 4 ns ng/L
06/23/10 5 ns ng/L
06/23/10 6 ns ng/L
12/10/10 4 ns ng/L
12/10/10 5 ns ng/L
12/10/10 6 ns ng/L
04/13/11 1 ns ng/L
04/13/11 2 ns ng/L
04/13/11 3 ns ng/L
04/13/11 4 ns ng/L
04/13/11 5 ns ng/L
04/13/11 6 ns ng/L

RB-AR6159



Dibenzo(a,h)Anthracene

date sample site result units CTR Exceeded Rain CTR Limit for Human Health Consumption (Organisms Only)  is: 0.049 µg/L
08/10/06 4 nd ng/L N 49 ng/L
08/10/06 5 nd ng/L N
08/10/06 6 nd ng/L N
10/26/06 4 nd ng/L N
10/26/06 5 nd ng/L N
10/26/06 6 nd ng/L N
03/08/07 4 nd ng/L N
03/08/07 5 nd ng/L N
03/08/07 6 nd ng/L N
10/15/08 4 nd ng/L N
10/15/08 5 nd ng/L N
10/15/08 6 nd ng/L N
10/13/09 4 nd ng/L N 0.24
10/13/09 5 nd ng/L N 0.24
10/13/09 6 nd ng/L N ?
06/23/10 4 ns ng/L
06/23/10 5 ns ng/L
06/23/10 6 ns ng/L
12/10/10 4 ns ng/L
12/10/10 5 ns ng/L
12/10/10 6 ns ng/L
04/13/11 1 ns ng/L
04/13/11 2 ns ng/L
04/13/11 3 ns ng/L
04/13/11 4 ns ng/L
04/13/11 5 ns ng/L
04/13/11 6 ns ng/L

RB-AR6160



Fluoranthene

date sample site result units CTR Exceeded Rain CTR Limit for Human Health Consumption (Organisms Only)  is: 370 µg/L
08/10/06 4 14.2 ng/L N 370,000 ng/L
08/10/06 5 22.5 ng/L N
08/10/06 6 8.2 ng/L N
10/26/06 4 7 ng/L N
10/26/06 5 21.6 ng/L N
10/26/06 6 15.6 ng/L N
03/08/07 4 18.1 ng/L N
03/08/07 5 11 ng/L N
03/08/07 6 17.4 ng/L N
10/15/08 4 10.6 ng/L N
10/15/08 5 nd ng/L N
10/15/08 6 30.2 ng/L N
10/13/09 4 18.5 ng/L N 0.24
10/13/09 5 62.2 ng/L N 0.24
10/13/09 6 3.2 ng/L N ?
06/23/10 4 ns ng/L
06/23/10 5 ns ng/L
06/23/10 6 ns ng/L
12/10/10 4 ns ng/L
12/10/10 5 ns ng/L
12/10/10 6 ns ng/L
04/13/11 1 ns ng/L
04/13/11 2 ns ng/L
04/13/11 3 ns ng/L
04/13/11 4 ns ng/L
04/13/11 5 ns ng/L
04/13/11 6 ns ng/L

RB-AR6161



Fluorene

date sample site result units CTR Exceeded Rain CTR Limit for Human Health Consumption (Organisms Only)  is: 14,000 µg/L
08/10/06 4 4.5 ng/L N 14,000,000 ng/L
08/10/06 5 5 ng/L N
08/10/06 6 6.8 ng/L N
10/26/06 4 7.9 ng/L N
10/26/06 5 7.4 ng/L N
10/26/06 6 8 ng/L N
03/08/07 4 9.7 ng/L N
03/08/07 5 5.2 ng/L N
03/08/07 6 6.5 ng/L N
10/15/08 4 9.4 ng/L N
10/15/08 5 3 ng/L N
10/15/08 6 2.7 ng/L N
10/13/09 4 5.4 ng/L N 0.24
10/13/09 5 20 ng/L N 0.24
10/13/09 6 nd ng/L N ?
06/23/10 4 ns ng/L
06/23/10 5 ns ng/L
06/23/10 6 ns ng/L
12/10/10 4 ns ng/L
12/10/10 5 ns ng/L
12/10/10 6 ns ng/L
04/13/11 1 ns ng/L
04/13/11 2 ns ng/L
04/13/11 3 ns ng/L
04/13/11 4 ns ng/L
04/13/11 5 ns ng/L
04/13/11 6 ns ng/L

RB-AR6162



Indeno(1,2,3-cd) Pyrene

date sample site result units CTR Exceeded Rain CTR Limit for Human Health Consumption (Organisms Only)  is: 0.049 µg/L
08/10/06 4 nd ng/L N 49 ng/L
08/10/06 5 nd ng/L N
08/10/06 6 nd ng/L N
10/26/06 4 nd ng/L N
10/26/06 5 nd ng/L N
10/26/06 6 9.4 ng/L N
03/08/07 4 nd ng/L N
03/08/07 5 nd ng/L N
03/08/07 6 6.8 ng/L N
10/15/08 4 nd ng/L N
10/15/08 5 nd ng/L N
10/15/08 6 nd ng/L N
10/13/09 4 nd ng/L N 0.24
10/13/09 5 21.9 ng/L N 0.24
10/13/09 6 nd ng/L N ?
06/23/10 4 ns ng/L
06/23/10 5 ns ng/L
06/23/10 6 ns ng/L
12/10/10 4 ns ng/L
12/10/10 5 ns ng/L
12/10/10 6 ns ng/L
04/13/11 1 ns ng/L
04/13/11 2 ns ng/L
04/13/11 3 ns ng/L
04/13/11 4 ns ng/L
04/13/11 5 ns ng/L
04/13/11 6 ns ng/L
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Pyrene

date sample site result units CTR Exceeded Rain CTR Limit for Human Health Consumption (Organisms Only)  is: 11,000 µg/L
08/10/06 4 19.8 ng/L N 11,000,000 ng/L
08/10/06 5 21.2 ng/L N
08/10/06 6 9.4 ng/L N
10/26/06 4 7.7 ng/L N
10/26/06 5 17.4 ng/L N
10/26/06 6 11.4 ng/L N
03/08/07 4 15.5 ng/L N
03/08/07 5 7.8 ng/L N
03/08/07 6 12.5 ng/L N
10/15/08 4 15.5 ng/L N
10/15/08 5 ND ng/L N
10/15/08 6 36.6 ng/L N
10/13/09 4 30.6 ng/L N 0.24
10/13/09 5 98.4 ng/L N 0.24
10/13/09 6 3 ng/L N ?
06/23/10 4 ns ng/L
06/23/10 5 ns ng/L
06/23/10 6 ns ng/L
12/10/10 4 ns ng/L
12/10/10 5 ns ng/L
12/10/10 6 ns ng/L
04/13/11 1 ns ng/L
04/13/11 2 ns ng/L
04/13/11 3 ns ng/L
04/13/11 4 ns ng/L
04/13/11 5 ns ng/L
04/13/11 6 ns ng/L

RB-AR6164



Ammonia

date sample site  dissolved result units pH results temp (Celsius) Exceeded? c
08/10/06 1 0.03 mg/L 8.25 20 n
08/10/06 2 0.01 mg/L 8.43 20 n
08/10/06 3 0.61 mg/L 7.95 20 y
08/10/06 4 0.33 mg/L 9.30 20 y
08/10/06 5 0.02 mg/L 9.27 20 n
08/10/06 6 0.02 mg/L 8.27 20 n
10/26/06 1 0.01 mg/L 8.30 20 n
10/26/06 2 0.02 mg/L 8.30 20 n
10/26/06 3 0.04 mg/L 8.40 20 n
10/26/06 4 0.82 mg/L 8.00 20 y
10/26/06 5 0.01 mg/L 7.90 20 n
10/26/06 6 1.00 mg/L 9.90 20 y
03/08/07 1 0.04 mg/L 8.10 20 n
03/08/07 2 nd mg/L 8.60 20 n
03/08/07 3 0.35 mg/L 7.90 20 y
03/08/07 4 0.48 mg/L 9.00 20 y
03/08/07 5 0.02 mg/L 10.30 20 n
03/08/07 6 0.23 mg/L 7.80 20 y
10/15/08 1 0.04 mg/L 8.40 20 n
10/15/08 2 0.04 mg/L 8.60 20 n
10/15/08 3 0.66 mg/L 8.00 20 y
10/15/08 4 0.67 mg/L 7.70 20 y
10/15/08 5 0.07 mg/L 9.50 20 n
10/15/08 6 0.03 mg/L 7.70 20 n
10/13/09 1 3.44 mg/L 6.70 20 y 0.24
10/13/09 2 1.49 mg/L 7.10 20 y 0.24
10/13/09 3 1.27 mg/L 6.90 20 y 0.24
10/13/09 4 1.58 mg/L 7.00 20 y 0.24
10/13/09 5 1.74 mg/L 6.70 20 y 0.24
10/13/09 6 0.03 mg/L 7.10 20 n ?
06/23/10 1 0.29 mg/L 7.11 20 y
06/23/10 2 ND mg/L 8.04 20 n
06/23/10 3 1.62 mg/L 7.92 20 y
06/23/10 4 0.52 mg/L 7.9 20 y
06/23/10 5 0.05 mg/L 8.3 20 n
06/23/10 6 0.03 mg/L 8.15 20 n
12/10/10 1 5.70 mg/L 7.65 20 y
12/10/10 2 nd mg/L 7.78 20 n
12/10/10 3 1.20 mg/L 7.74 20 y
12/10/10 4 0.80 mg/L 7.36 20 y
12/10/10 5 nd mg/L 9.41 20 n
12/10/10 6 0.38 mg/L 7.26 20 y
04/13/11 1 3.40 mg/L 7.73 20 y
04/13/11 2 nd mg/L 7.98 20 n
04/13/11 3 6.20 mg/L 7.46 20 y
04/13/11 4 1.00 mg/L 7.58 20 y
04/13/11 5 nd mg/L 9.09 20 n
04/13/11 6 0.17 mg/L 7.51 20 y
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Ammonia

pH 20c
6.5 0.029592
6.75 0.048498

7 0.076446
7.25 0.11097
7.5 0.148782
7.75 0.18084

8 0.21372
8.25 0.21372
8.5 0.21372
8.75 0.21372

9 0.21372

pH 20c
6.5 0.029592
6.75 0.048498

7 0.076446
7.25 0.11097
7.5 0.148782
7.75 0.18084

8 0.21372
8.25 0.21372
8.5 0.21372
8.75 0.21372

9 0.21372

Basin Plan Standard

Basin Plan Standard
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Ammonia

Basin Plan 
Exceedance 
for ammonia 

standard
total 
exceedances 
by percent: 48%

Site 
Exceedances 
by percent

1 42%
2 0%
3 86%
4 100%
5 0%
6 57%

Sample Date 
Exceedances 
by percent

08/10/06 33%
10/26/06 33%
03/08/07 50%
10/15/08 33%

RB-AR6167



Nitrate-Nitrite

date sample site  Nitrate dissolved result  Nitrite dissolved result Total (Nitrate+Nitrite) units
08/10/06 1 0.51 0.05 0.56 mg/L
08/10/06 2 2.20 0.03 2.23 mg/L
08/10/06 3 0.90 0.09 0.99 mg/L
08/10/06 4 0.08 0.00 0.08 mg/L
08/10/06 5 0.10 0.00 0.10 mg/L
08/10/06 6 0.00 0.00 0.00 mg/L

10/26/06 1 1.24 0.00 1.24 mg/L

10/26/06 2 2.97 0.00 2.97 mg/L

10/26/06 3 0.85 0.00 0.85 mg/L

10/26/06 4 0.03 0.00 0.03 mg/L

10/26/06 5 0.00 0.00 0.00 mg/L

10/26/06 6 0.02 0.00 0.02 mg/L

03/08/07 1 1.53 0.08 1.61 mg/L

03/08/07 2 2.71 0.06 2.77 mg/L

03/08/07 3 1.43 0.07 1.50 mg/L

03/08/07 4 0.18 0.09 0.27 mg/L

03/08/07 5 0.00 0.08 0.08 mg/L

03/08/07 6 0.17 0.08 0.25 mg/L

06/23/10 1 0.76 0.06 0.82 mg/L

06/23/10 2 5.01 0.00 5.01 mg/L

06/23/10 3 0.98 0.08 1.06 mg/L

06/23/10 4 0.14 0.05 0.18 mg/L

06/23/10 5 0.12 0.00 0.12 mg/L

06/23/10 6 0.12 0.00 0.12 mg/L

12/10/10 1 15.00 0.00 15.00 mg/L

12/10/10 2 5.50 0.00 5.50 mg/L

12/10/10 3 4.70 0.00 4.70 mg/L

12/10/10 4 0.00 0.00 0.00 mg/L

12/10/10 5 0.00 0.00 0.00 mg/L

12/10/10 6 0.00 0.00 0.00 mg/L

04/13/11 1 9.50 0.17 9.67 mg/L

04/13/11 2 13.00 0.00 13.00 mg/L

04/13/11 3 6.80 0.00 6.80 mg/L

04/13/11 4 1.10 0.16 1.26 mg/L

04/13/11 5 0.00 0.00 0.00 mg/L

04/13/11 6 0.63 0.00 0.63 mg/L

*nd = 0
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Nitrate-Nitrite

LARWQCB Nitrogen 
Thresholds (>10 mg/L)

LARWQCB Nitrogen 
Thresholds (10> and <1 mg/L)

LARWQCB Nitrogen Thresholds 
(1> and <.01 mg/L)

LARWQCB Nitrogen 
Thresholds (<.1 mg/L)

total 
exceedances 
by percent: 5.0% 36.0% 31.0% 28.0%

Site 
Exceedances 
by percent

1 17.0% 50.0% 33.0% 0.0%
2 17.0% 83.0% 0.0% 0.0%
3 0.0% 67.0% 33.0% 0.0%
4 0.0% 17.0% 33.0% 50.0%
5 0.0% 0.0% 33.0% 67.0%
6 0.0% 0.0% 50.0% 50.0%

RB-AR6169



Nitrate-Nitrite

0.00
0.50
1.00
1.50
2.00
2.50
3.00
3.50
4.00
4.50
5.00
5.50
6.00
6.50
7.00
7.50
8.00
8.50
9.00
9.50

10.00
10.50
11.00
11.50
12.00
12.50
13.00
13.50
14.00
14.50
15.00
15.50
16.00

0 1 2 3 4 5 6 7

08/10/06

10/26/06

03/08/07

06/23/10

12/10/10

04/13/11
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Nitrite

date sample site  dissolved result units
08/10/06 1 0.05 mg/L
08/10/06 2 0.03 mg/L
08/10/06 3 0.09 mg/L
08/10/06 4 nd mg/L
08/10/06 5 nd mg/L
08/10/06 6 nd mg/L
10/26/06 1 nd mg/L

10/26/06 2 nd mg/L

10/26/06 3 nd mg/L

10/26/06 4 nd mg/L

10/26/06 5 nd mg/L

10/26/06 6 nd mg/L

03/08/07 1 0.08 mg/L

03/08/07 2 0.06 mg/L

03/08/07 3 0.07 mg/L

03/08/07 4 0.09 mg/L

03/08/07 5 0.08 mg/L

03/08/07 6 0.08 mg/L

06/23/10 1 0.06 mg/L

06/23/10 2 ND mg/L

06/23/10 3 0.08 mg/L

06/23/10 4 0.05 mg/L

06/23/10 5 ND mg/L

06/23/10 6 ND mg/L

12/10/10 1 ND mg/L

12/10/10 2 ND mg/L

12/10/10 3 ND mg/L

12/10/10 4 ND mg/L

12/10/10 5 ND mg/L

12/10/10 6 ND mg/L

04/13/11 1 0.17 mg/L

04/13/11 2 nd mg/L

04/13/11 3 nd mg/L

04/13/11 4 0.16 mg/L

04/13/11 5 nd mg/L

04/13/11 6 nd mg/L
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Nitrite

0.00

0.01

0.02

0.03
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pH

date sample site pH result

Basn Plan 
Exceeded?  
(6.5 - 8.5) Rain

08/10/06 1 8.25 n
08/10/06 2 8.43 n
08/10/06 3 7.95 n
08/10/06 4 9.30 y
08/10/06 5 9.27 y
08/10/06 6 8.27 n
10/26/06 1 8.30 n
10/26/06 2 8.30 n
10/26/06 3 8.40 n
10/26/06 4 8.00 n
10/26/06 5 7.90 n
10/26/06 6 9.90 y
03/08/07 1 8.10 n
03/08/07 2 8.60 y
03/08/07 3 7.90 n
03/08/07 4 9.00 y
03/08/07 5 10.30 y
03/08/07 6 7.80 n
10/15/08 1 8.40 n
10/15/08 2 8.60 y
10/15/08 3 8.00 n
10/15/08 4 7.70 n
10/15/08 5 9.50 y
10/15/08 6 7.70 n
10/13/09 1 6.70 n 0.24
10/13/09 2 7.10 n 0.24
10/13/09 3 6.90 n 0.24
10/13/09 4 7.00 n 0.24
10/13/09 5 6.70 n 0.24
10/13/09 6 7.10 n ?
06/23/10 1 7.11 n
06/23/10 2 8.04 n
06/23/10 3 7.92 n
06/23/10 4 7.9 n
06/23/10 5 8.3 n
06/23/10 6 8.15 n
12/10/10 1 7.65 n
12/10/10 2 7.78 n
12/10/10 3 7.74 n
12/10/10 4 7.36 n
12/10/10 5 9.41 y
12/10/10 6 7.26 n
04/13/11 1 7.73 n
04/13/11 2 7.98 n
04/13/11 3 7.46 n
04/13/11 4 7.58 n
04/13/11 5 9.09 y
04/13/11 6 7.51 n
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pH

Basin Plan 
Exceedance for 

ammonia 
standard

total 
exceedances 
by percent: 24%

Site 
Exceedances 
by percent

1 0%
2 29%
3 0%
4 29%
5 71%
6 14%

Sample Date 
Exceedances 
by percent

08/10/06 33%
10/26/06 17%
03/08/07 50%
10/15/08 33%
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pH
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TSS

date sample site  dissolved result units Rain Notes
08/10/06 1 ns mg/L
08/10/06 2 ns mg/L
08/10/06 3 ns mg/L
08/10/06 4 ns mg/L
08/10/06 5 ns mg/L
08/10/06 6 ns mg/L
10/26/06 1 nd mg/L

10/26/06 2 3.0 mg/L

10/26/06 3 nd mg/L

10/26/06 4 16.0 mg/L

10/26/06 5 8.0 mg/L

10/26/06 6 53.0 mg/L

03/08/07 1 19.0 mg/L
03/08/07 2 5.0 mg/L
03/08/07 3 6.0 mg/L
03/08/07 4 9.0 mg/L
03/08/07 5 4.0 mg/L
03/08/07 6 4.0 mg/L
10/15/08 1 8.2 mg/L
10/15/08 2 2.8 mg/L
10/15/08 3 1.5 mg/L
10/15/08 4 1.3 mg/L
10/15/08 5 25.8 mg/L

10/15/08 6 133.6 mg/L

this sample was taken when 
major construction was 
occuring at the 710 freeway.

10/13/09 1 802.0 mg/L 0.24
10/13/09 2 1310.0 mg/L 0.24
10/13/09 3 25.8 mg/L 0.24
10/13/09 4 25.0 mg/L 0.24
10/13/09 5 74.5 mg/L 0.24
10/13/09 6 2.8 mg/L ?
06/23/10 1 6.8 mg/L
06/23/10 2 0.8 mg/L
06/23/10 3 8.3 mg/L
06/23/10 4 1.3 mg/L
06/23/10 5 5.8 mg/L
06/23/10 6 7.0 mg/L
12/10/10 1 6.0 mg/L
12/10/10 2 nd mg/L
12/10/10 3 nd mg/L
12/10/10 4 5.0 mg/L
12/10/10 5 nd mg/L
12/10/10 6 6.0 mg/L
04/13/11 1 8.0 mg/L

04/13/11 2 nd mg/L

04/13/11 3 12.0 mg/L

04/13/11 4 9.0 mg/L

04/13/11 5 nd mg/L

04/13/11 6 130.0 mg/L
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TSS
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opp

date sample site result units
08/10/06 4 nd µg/L
08/10/06 5 nd µg/L
08/10/06 6 nd µg/L
10/26/06 4 ns µg/L
10/26/06 5 ns µg/L
10/26/06 6 ns µg/L
03/08/07 4 ns µg/L
03/08/07 5 ns µg/L
03/08/07 6 ns µg/L

All opp constituents were nd for this
sampling event.

RB-AR6178



Exhibit C ‐ Ballona Creek Data

ESTUARY ‐ Marine water standards Rec‐1
Drain ID BC‐N10

Date

E.coli 
MPN/100ml

Fecal 
Coliform 

MPN/100ml

Enterococcus 
MPN/100ml

Total Coliform 
MPN/100ml

Receiving 
water

7/24/2011 520 100 17310

9/18/2011 100

Drain ID BC‐N30
Receiving 
water

Date

E.coli 
MPN/100ml

Fecal 
Coliform 

MPN/100ml

Enterococcus 
MPN/100ml

Total Coliform 
MPN/100ml

R E.coli 
MPN/100ml

R Fecal 
Coliform 

MPN/100ml

R 
Enterococcus 
MPN/100ml 

R Total 
Coliform 

MPN/100ml

6/7/2012 41 41 1766

6/7/2012 100 100 20630

Drain ID BC‐N40
Receiving 
water

Date

E.coli 
MPN/100ml

Fecal 
Coliform 

MPN/100ml

Enterococcus 
MPN/100ml

Total Coliform 
MPN/100ml

R E.coli 
MPN/100ml

R Fecal 
Coliform 

MPN/100ml

R 
Enterococcus 
MPN/100ml 

R Total 
Coliform 

MPN/100ml

5/7/2011 160 260 760 48000

5/17/2011 10000 18000 12000 280000

9/18/2011 2920

6/13/2012 10 10 7915

6/13/2012 <100 <100 68930

RB-AR6179



Exhibit C ‐ Ballona Creek Data

Drain ID BC‐N50
Receiving 
water

Date

E.coli 
MPN/100ml

Fecal 
Coliform 

MPN/100ml

Enterococcus 
MPN/100ml

Total Coliform 
MPN/100ml

R E.coli 
MPN/100ml

R Fecal 
Coliform 

MPN/100ml

R 
Enterococcus 
MPN/100ml 

R Total 
Coliform 

MPN/100ml

5/7/2011 220 220 2500 14000

5/17/2011 10000 18000 280000 12000

7/24/2012 1210 2110 2560

9/18/2012 200

6/24/2012 2850 200 68670 200 310 98040

6/24/2012 2750 1580 51720

6/24/2012 2490 630 57940

REACH 2 ‐ Fresh water standards Limited Rec
Drain ID BC‐N60

Date

E.coli 
MPN/100ml

Fecal 
Coliform 

MPN/100ml

Enterococcus 
MPN/100ml

Total Coliform 
MPN/100ml

Receiving 
water

7/24/2011 2030 1350 3700

9/18/2011 980

Drain ID BC‐N80
Receiving 
water

Date

E.coli 
MPN/100ml

Fecal 
Coliform 

MPN/100ml

Enterococcus 
MPN/100ml

Total Coliform 
MPN/100ml

R E.coli 
MPN/100ml

R Fecal 
Coliform 

MPN/100ml

R 
Enterococcus 
MPN/100ml 

R Total 
Coliform 

MPN/100ml

5/7/2011 140 440 420 4800

5/17/2011 18000 60000 20000 340000

7/24/2011 8360 6240 1860

9/18/2011 7490

7/17/2012 200 200 60150 730 <100 96060
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Exhibit C ‐ Ballona Creek Data

Drain ID BC‐N95

Date E.coli

Fecal 
Coliform 

MPN/100ml

Enterococcus 
MPN/100ml Total

Receiving 
water

5/17/2011 48000 48000 7800 >3200000

Drain ID BC‐N110

Date

E.coli 
MPN/100ml

Fecal 
Coliform 

MPN/100ml

Enterococcus 
MPN/100ml

Total Coliform 
MPN/100ml

Receiving 
water

5/7/2011 ND ND 500 1000

Drain ID BC‐N115

Date

E.coli 
MPN/100ml

Fecal 
Coliform 

MPN/100ml

Enterococcus 
MPN/100ml

Total Coliform 
MPN/100ml

Receiving 
water

5/7/2011 1000 140000 2500 600000

Drain ID BC‐N160
Receiving 
water

Date

E.coli 
MPN/100ml

Fecal 
Coliform 

MPN/100ml

Enterococcus 
MPN/100ml

Total Coliform 
MPN/100ml

R E.coli 
MPN/100ml

R Fecal 
Coliform 

MPN/100ml

R 
Enterococcus 
MPN/100ml 

R Total 
Coliform 

MPN/100ml

7/17/2012 <100 <100 <100 1580 <100 79150
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Exhibit C ‐ Ballona Creek Data

Drain ID BC‐N170
Receiving 
water

Date

E.coli 
MPN/100ml

Fecal 
Coliform 

MPN/100ml

Enterococcus 
MPN/100ml

Total Coliform 
MPN/100ml

R E.coli 
MPN/100ml

R Fecal 
Coliform 

MPN/100ml

R 
Enterococcus 
MPN/100ml 

R Total 
Coliform 

MPN/100ml

5/17/2011 6000 18000 17000 1000000 <100 630 34480

Drain ID BC‐N190
Receiving 
water

Date

E.coli 
MPN/100ml

Fecal 
Coliform 

MPN/100ml

Enterococcus 
MPN/100ml

Total Coliform 
MPN/100ml

R E.coli 
MPN/100ml

R Fecal 
Coliform 

MPN/100ml

R 
Enterococcus 
MPN/100ml 

R Total 
Coliform 

MPN/100ml

5/7/2011 40 40 210 40

6/5/2011 <100 100 5710

10/23/2011 300 6225

7/17/2012 <100 100 75560 630 <100 79150

Drain ID BC‐N200
Receiving 
water

Date

E.coli 
MPN/100ml

Fecal 
Coliform 

MPN/100ml

Enterococcus 
MPN/100ml

Total Coliform 
MPN/100ml

R E.coli 
MPN/100ml

R Fecal 
Coliform 

MPN/100ml

R 
Enterococcus 
MPN/100ml 

R Total 
Coliform 

MPN/100ml

5/7/2011 160 160 ND 160

5/17/2011 ND 160 250 1600

6/5/2011 <100 100 5040

9/18/2011 100

10/23/2011 1870 5833

6/7/2012 269 269 169 109 109 52

6/7/2012 <100 <100 3980 100 100 7120

7/15/2012 100 <100 19350 300 <100 72150

7/15/2012 <100 <200 19180

7/17/2012 310 740 43600 200 <100 18500
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Exhibit C ‐ Ballona Creek Data

Drain ID BC‐N210
Receiving 
water

Date

E.coli 
MPN/100ml

Fecal 
Coliform 

MPN/100ml

Enterococcus 
MPN/100ml

Total Coliform 
MPN/100ml

R E.coli 
MPN/100ml

R Fecal 
Coliform 

MPN/100ml

R 
Enterococcus 
MPN/100ml 

R Total 
Coliform 

MPN/100ml

5/7/2011 80 540 490 48000

6/5/2011 <100 200 19890

7/24/2011 100 8670

9/18/2011 5650

10/23/2011 5810 1755

7/15/2012 970 980 11250 520 <100 39680

Drain ID BC‐N230

Date

E.coli 
MPN/100ml

Fecal 
Coliform 

MPN/100ml

Enterococcus 
MPN/100ml

Total Coliform 
MPN/100ml

Receiving 
water

9/18/2011 6200

Drain ID BC‐N260

Date

E.coli 
MPN/100ml

Fecal 
Coliform 

MPN/100ml

Enterococcus 
MPN/100ml

Total Coliform 
MPN/100ml

Receiving 
water

5/17/2011 1600 1600 1700 6000
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Exhibit C ‐ Ballona Creek Data

Drain ID BC‐N280

Date

E.coli 
MPN/100ml

Fecal 
Coliform 

MPN/100ml

Enterococcus 
MPN/100ml

Total Coliform 
MPN/100ml

Receiving 
water

5/7/2011 80 260 630 4800

6/5/2011 4570 630 92080

7/24/2011 2720 3750

10/23/2011 300 3609

Drain ID BC‐N290

Date

E.coli 
MPN/100ml

Fecal 
Coliform 

MPN/100ml

Enterococcus 
MPN/100ml

Total Coliform 
MPN/100ml

Receiving 
water

5/4/2011 600 1200 700 600000

RB-AR6184



Exhibit C ‐ Ballona Creek Data

ID Number x‐coordinate y‐coordinate Description
Access from 
Bike Path

BC‐N10 33.97549 ‐118.43221 metal drain cover  √
BC‐S10 33.97751 ‐118.42912 square concrete  no

BC‐S20 33.97854 ‐118.42754 square concrete  no

BC‐N20 33.97857 ‐118.42734 square concrete  √
BC‐S30 33.98051 ‐118.42479 metal drain cover  no

BC‐N30 33.98179 ‐118.42308 square concrete with grate √
BC‐S40 33.98191 ‐118.4229 square concrete  no

BC‐S50 33.98257 ‐118.42207 square concrete  no

BC‐S60 33.98423 ‐118.41976 square concrete  no

BC‐N40 33.9842 ‐118.41984 metal drain cover  √
BC‐N50 33.98671 ‐118.41623 square concrete with grate √
BC‐N60 33.98805 ‐118.41453 square concrete with grate √

BC‐N70 and N75

small concrete mounds with round drain low in 
channel (may be covered when water level is 
high) √

BC‐S70 and S75

small concrete mounds with round drain low in 
channel (may be covered when water level is 
high) no

BC‐N80 33.98975 ‐118.41216 square concrete with grate √
BC‐N90 33.98975 ‐118.41217 metal drain cover  √
BC‐SC 33.99142 ‐118.40788 Sepulveda Channel √

BC‐N100 33.99252 ‐118.40768 metal drain cover  √
BC‐N110 &N115 33.99334 ‐118.40631 Double concrete square drain with screens √

BC‐N120 33.9941 ‐118.40549 √
BC‐N130 33.99455 ‐118.40495 √
BC‐N140 33.99547 ‐118.40385 √
BC‐N150 33.99574 ‐118.40377 street gutter drains Culver Dr √
BC‐N160 33.99674 ‐118.40312 √
BC‐N170 33.99678 ‐118.40304 √
BC‐N180 33.99743 ‐118.40273 street gutter √
BC‐N190 33.99927 ‐118.40165 √
BC‐N200 33.9995 ‐118.40144 √
BC‐N210 34.00195 ‐118.40038 √

BC‐N220 34.0034 ‐118.39984 small drain with metal cover √
BC‐N230 34.00525 ‐118.39933 √

BC‐N240 34.00605 ‐118.39894 small concrete pipe √

BC‐N250 34.00682 ‐118.39793 √

BC‐N260 34.00706 ‐118.39718 black long exposed pipe √

BC‐N270 34.00716 ‐118.3968 √
BC‐N280 34.00722 ‐118.39653 √
BC‐N290 has total capture devise √
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Exhibit C ‐ Ballona Creek Data

ID Number
BC‐N10
BC‐S10
BC‐S20
BC‐N20
BC‐S30
BC‐N30
BC‐S40
BC‐S50
BC‐S60
BC‐N40
BC‐N50
BC‐N60

BC‐N70 and N75

BC‐S70 and S75
BC‐N80
BC‐N90
BC‐SC

BC‐N100
BC‐N110 &N115

BC‐N120
BC‐N130
BC‐N140
BC‐N150
BC‐N160
BC‐N170
BC‐N180
BC‐N190
BC‐N200
BC‐N210

BC‐N220
BC‐N230

BC‐N240

BC‐N250

BC‐N260

BC‐N270
BC‐N280
BC‐N290

Location Closest Creek Access Point Notes
Lincoln Blvd overpass Lincoln Blvd

HWY 90 overpass
east of HWY 90 overpass McConnell Ave
east of HWY 90 overpass
east of Lincoln Blvd overpass
Mascagni St & Milton

Mascagni St & Milton MCConnell Ave
Centinela Ave Centinela Ave go west
Marshall Dr Marshall Dr @ Mai Hall Dr

next to BC‐N70 Marshall Dr @ Mai Hall Dr

next to BC‐N70
Inglewood overpass Inglewood

Inglewood overpass Inglewood

confluence of Sepulveda Channel
wast of Slauson Slauson 
Slauson overpass Slauson 
405 overpass Purdue Ave @ Culver Dr
west of 405 overpass Purdue Ave @ Culver Dr
east of 405 overpass Purdue Ave @ Culver Dr
east of 405 overpass Purdue Ave @ Culver Dr labeled 208+40
Sawtelle overpass
under Sawtelle overpass
east of Sawtelle overpass
west of Sepulveda eastside of Sepulveda
Sepulveda overpass eastside of Sepulveda
east of Sepulveda eastside of Sepulveda

east of Sepulveda eastside of Sepulveda
west of iron pedestrian bridge overland lots of gulls

iron pedestrian bridge overland

could be draining rain 
garden along bike path

overland

west of overland overland
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Exhibit C ‐ Ballona Creek Data

ID Number
BC‐N10
BC‐S10
BC‐S20
BC‐N20
BC‐S30
BC‐N30
BC‐S40
BC‐S50
BC‐S60
BC‐N40
BC‐N50
BC‐N60

BC‐N70 and N75

BC‐S70 and S75
BC‐N80
BC‐N90
BC‐SC

BC‐N100
BC‐N110 &N115

BC‐N120
BC‐N130
BC‐N140
BC‐N150
BC‐N160
BC‐N170
BC‐N180
BC‐N190
BC‐N200
BC‐N210

BC‐N220
BC‐N230

BC‐N240

BC‐N250

BC‐N260

BC‐N270
BC‐N280
BC‐N290

dry weather flow Owner/Operator Source
trickle City of LA  Navigate LA
trickle CIty of LA  Navigate LA
trickle LA County Navigate LA

stagnant/full LA County Navigate LA
no flow LA County Navigate LA

stagnant/full

trickle City of LA Navigate LA
trickle

trickle City of LA Navigate LA
trickle City of LA Navigate LA
trickle City of LA Navigate LA
no flow

trickle

trickle

flow LA County Navigate LA
no flow

no flow
trickle City of LA Navigate LA
trickle City of LA Navigate LA
no flow City of LA Navigate LA
no flow City of LA Navigate LA
no flow
no flow
no flow City of LA Navigate LA
no flow
trickle

flow LA County Navigate LA
flow LA County Navigate LA

no flow In Culver
Culver City 

Boundary Map

no flow LA County Navigate LA

trickle In Culver  City
Culver City 

Boundary Map

In Culver
Culver City 

Boundary Map

In Culver
Culver City 

Boundary Map

flow In Culver
Culver City 

Boundary Map

LA County Navigate LA
LA County Navigate LA

RB-AR6187



Exhibit D ‐ Malibu 2011‐2012 Storm Water Monitoring

SAD620

Date Time Type Sample ID E. Coli Total Entero Observations
1/21/2012 6:55 inlet SAD620‐1 340 28000 9800

1/21/2012 6:56 outfall SAD620 1600 48000 3300

1/21/2012 6:56 receiving SAD620‐R 40 280 330

RB-AR6188



Exhibit D ‐ Malibu 2011‐2012 Storm Water Monitoring

SAD800

Date Time Type Sample ID E. Coli Total Entero Observations
1/21/2012 7:13 inlet SAD800‐1 3400 10000 590

1/21/2012 7:15 outfall SAD800  6000 34000 12000

1/21/2012 7:16 receiving SAD800‐R 220 4400 500

RB-AR6189



Exhibit D ‐ Malibu 2011‐2012 Storm Water Monitoring

S2D130

Date Time Type Sample ID
E. Coli 

MPN/100 ml

Total 
Coliform 

MPN/100ml
Enterococcus 
MPN/100ml

11/20/2011 13:59 inlet S2D130‐2 5200 8000 4900

11/20/2011 14:02 inlet S2D130‐1 2600 2600 17000

11/20/2011 14:02 outfall S2D130  18000 48000 14000

11/20/2011 14:04 receiving S2D130‐R 260 1000 1300

RB-AR6190



Exhibit D ‐ Malibu 2011‐2012 Storm Water Monitoring

S2D140

Date Time Type Sample ID
E. Coli 

MPN/100 ml

Total 
Coliform 

MPN/100 ml
Enterococcus 
MPN/100ml

11/20/2011 13:02 inlet S2D140‐1 22000 22000 240000

11/20/2011 13:07 outfall S2D140  6000 10000 16000

11/20/2011 13:11 receiving S2D140‐R 80 600 1100

11/20/2011 14:13 inlet S2D140‐1 2800 56000 55000

11/20/2011 14:13 outfall S2D140  4800 6000 13000

11/20/2011 14:26 receiving S2D140‐R 460 1000 1400

1/21/2012 6:55 inlet S2D140‐1 340 1800 20000

1/21/2012 6:55 outfall S2D140  10000 44000 8100

1/21/2012 6:55 receiving S2D140‐R 600 2600 2800

RB-AR6191



Exhibit D ‐ Malibu 2011‐2012 Storm Water Monitoring

S2D150

Date Time Type Sample ID
E. Coli 

MPN/100 ml
Total Coliform 
MPN/100 ml

Enterococcus 
MPN/100ml

11/20/2011 13:05 inlet S2D150‐1 6000 32000 34000

11/20/2011 13:07 outfall S2D150  2600 10000 7700

11/20/2011 13:11 receiving S2D150‐R 260 460 1100

11/20/2011 14:24 inlet S2D150‐1 2600 18000 2800

11/20/2011 14:24 outfall S2D150  3400 100000 3900

11/20/2011 14:25 receiving S2D150‐R 40 26 630

1/21/2012 6:45 inlet S2D150‐1 ND 600 1200

1/21/2012 6:45 outfall S2D150  4800 6000 1700

1/21/2012 6:45 receiving S2D150‐R 260 460 700

RB-AR6192



Exhibit D ‐ Malibu 2011‐2012 Storm Water Monitoring

S2D170

Date Time Type Sample ID
E. Coli 

MPN/100 ml

Total 
Coliform 

MPN/100 ml
Enterococcus 
MPN/100ml

11/20/2011 12:47 inlet S2D170‐1 600 2200 5800

11/20/2011 12:47 outfall S2D170 2800 18000 7300

11/20/2011 12:49 receiving S2D170‐R 2600 32000 11000

11/20/2011 14:35 inlet S2D170‐1 440 2600 8700

11/20/2011 14:36 outfall S2D170 3400 6000 14000

11/20/2011 14:37 receiving S2D170‐R 1000 18000 11000

1/21/2012 6:35 inlet S2D170‐1 600 1600 31

1/21/2012 6:35 outfall S2D170 4400 48000 530

1/21/2012 6:35 receiving S2D170‐R 40 460 230
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Exhibit D ‐ Malibu 2011‐2012 Storm Water Monitoring

S2D210

Date Time Type Sample ID
E. Coli 

MPN/100 ml

Total 
Coliform 

MPN/100 ml
Enterococcus 
MPN/100ml

11/20/2011 12:29 inlet S2D210‐2 6000 44000 1800

11/20/2011 12:30 outfall S2D210 4800 18000 17000

11/20/2011 12:31 receiving S2D210‐R 1600 10000 17000

11/20/2011 14:45 inlet S2D210‐2 3400 20

11/20/2011 14:46 outfall S2D210 4800 14000 20

11/20/2011 14:47 receiving S2D210‐R 100 10000 220

1/21/2012 5:35 inlet S2D210‐2 40 18000 ND

1/21/2012 5:37 outfall S2D210 1600 10000 52

1/21/2012 5:37 receiving S2D210‐R 600 4400 120

RB-AR6194



Exhibit D ‐ Malibu 2011‐2012 Storm Water Monitoring

Civic Center

Date Time Type Sample ID
E. Coli 

MPN/100 ml
Total Coliform 
MPN/100 ml

Enterococcus 
MPN/100ml

11/20/2011 15:07 outfall Civic Center 14000 14000 60000

11/20/2011 15:10 receiving Civic Center‐R 18000 320000 2500

11/20/2011 15:58 receiving Malibu Lagoon R 340 600 300

11/20/2011 conductivity Civic Center (cond) 250 umhos/cm

RB-AR6195



Exhibit D ‐ Malibu 2011‐2012 Storm Water Monitoring

SAD 620

Date Time Type Sample ID
E. Coli 

MPN/100ml 

Total 
Coliform 

MPN/100ml
Enterococcus 
MPN/100ml

1/21/2012 6:55 inlet SAD620‐1 340 28000 9800

1/21/2012 6:56 outfall SAD620 1600 48000 3300

1/21/2012 6:56 receiving SAD620‐R 40 280 330

RB-AR6196



Exhibit D ‐ Malibu 2011‐2012 Storm Water Monitoring

SAD 800

Date Time Type
Sample 

ID
E. Coli 

MPN/100ml 

Total 
Coliform 

MPN/100ml
Enterococcus 
MPN/100ml

1/21/2012 7:13 inlet SAD800‐1 3400 10000 590

1/21/2012 7:15 outfall SAD800  6000 34000 12000

1/21/2012 7:16 receiving SAD800‐R 220 4400 500

RB-AR6197



Exhibit D ‐ Malibu 2011‐2012 Storm Water Monitoring

Malibu Rd

Date Time Type Sample ID
E. Coli 

MPN/100 ml

Total 
Coliform 

MPN/100 ml
Enterococcus 
MPN/100ml

11/20/2011 15:48 outfall Malibu Rd 12000 28000 12000

11/20/2011 15:58 receiving Malibu Lagoon R 340 600 300

1/21/2012 8:38 outfall Malibu Road 2800 14000 2600

1/21/2012 8:39 receiving Malibu Road R 1200 10000 2800

1/21/2012 8:42 receiving Surfrider Beach 600 2800 550

1/23/2012 14:38 outfall Malibu Road 10000 48000 440

1/23/2012 14:41 receiving Malibu Road R 2600 10000 960

1/23/2012 14:45 receiving Surfrider Beach 260 2600 330
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From: Kirsten James [kjames@healthebay.org]
Sent: Monday, July 16, 2012 1:49 PM
To: Tatiana Gaur
Subject: beach trash data
Here is a list of the beaches that the trash data is from:

Abalone Cove

Blocker Beach/Corral Beach

Cabrillo Beach

Dockweiler State Beach at Imperial Hwy

Dockweiler State Beach at Playa Del Rey

Hermosa Beach Pier

Leo Carillo State Beach

Malaga Cove

Malibu Lagoon State Beach

Manhattan State Beach at 14th Street

Manhattan State Beach at El Porto

Manhattan State Beach Pier

Mother's Beach

Other

Redondo State Beach Pier

Santa Monica Beach - Tower 22

Santa Monica Beach - Tower 8

Santa Monica Beach at Annenberg Beach House

Santa Monica Beach at Ocean Park

Santa Monica Beach Pier north

Santa Monica Beach Pier south

Surfrider Beach

Topanga State Beach

Torrance County Beach - Tower RAT

Torrance County Beach at Miramar Park

Venice Beach at Rose Avenue

Venice Beach Pier

Westward Beach

Whites Point - Royal Palms State Beach

Will Rogers State Beach at Temescal Canyon Road

Zuma Beach at entrance

Page 1 of 2

9/3/2013file:///E:/Exhibit%20E2%20-%20beach%20trash%20data.htm
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Kirsten James | Director of Water Quality 

Heal the Bay | 1444 9th Street | Santa Monica CA 90401

Tel: 310 451 1500 X162 | FAX: 310 496 1902 | kjames@healthebay.org

Join the fight for clean water this summer. Take L.A. by Storm!

Description: signature-fishfist-
takelabystorm2012-200x84

Page 2 of 2

9/3/2013file:///E:/Exhibit%20E2%20-%20beach%20trash%20data.htm
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Exhibit F ‐ 2011SMBayBactiTMDLtally

Total 2011 2010 2009 2008 2007 2006* fldLocName
444 19 19 125 110 143 28 Santa Monica Municipal Pier (point zero)
369 58 47 93 88 77 6 Ballona Creek entrance (point zero)
324 102 31 64 79 15 33 Surfrider Beach (breach point)‐ daily (aka SMB‐MC‐2)
266 140 126 na na na na Cabrillo Beach ‐ harborside at restrooms

241 85 61 40 45 8 2 Topanga State Beach
214 45 41 50 33 33 12 Redondo Municipal Pier ‐ south side
176 50 14 9 41 42 20 Marie Canyon storm drain at Puerco Beach, at 24572 Malibu Rd.
125 48 14 14 31 10 8 Solstice Canyon at Dan Blocker County Beach
83 42 10 13 9 8 1 Malibu Pier‐ 50 yards east
78 30 8 9 11 18 2 Santa Monica Canyon, Will Rogers State Beach (point zero)
59 10 12 8 20 4 5 Paradise Cove, adjacent to westside of Pier (point zero)
58 24 5 5 22 1 1 Escondido Creek, just east of Escondido State Beach
55 17 4 14 5 14 1 Santa Monica Beach at Pico/Kenter storm drain (point zero)
48 1 1 9 5 18 14 Castlerock Storm Drain at Castle Rock Beach
39 8 2 3 20 3 3 Santa Monica projection of Wilshire Blvd. (point zero)
37 17 12 6 2 Latigo Canyon Creek entrance (point zero)
29 2 11 16 Will Rogers State Beach‐ Temescal Canyon (point zero)
28 20 8 na na na na Cabrillo Beach ‐ harborside at boat launch
28 1 1 10 8 8 Santa Monica at Montana Ave. (point zero)
27 10 7 1 8 1 Puerco Beach, 25500 PCH (at lifeguard station) (point zero)
26 7 13 1 2 3 Herondo Street storm drain‐ (in front of the drain)
25 2 15 6 2 16801 PCH, Bel Air Bay Club (chain fence) (point zero)
24 13 2 1 8 Carbon Beach at Sweetwater Canyon
24 3 3 5 9 4 Redondo State Beach at Topaz St. ‐ north of jetty
24 4 1 17 1 1 Santa Ynez Storm Drain at Castle Rock Beach
24 3 1 12 4 4 Venice City Beach at Topsail St.
20 4 2 2 1 8 3 Big Rock Beach, at 19900 PCH
20 5 5 1 1 8 Manhattan Beach at 28th St. drain
16 10 6 Leo Carrillo Beach, at 35000 PCH (point zero)
15 2 4 1 7 1 Dockweiler State Beach at Culver Bl.
15 2 4 2 3 3 1 Torrance Beach at Avenue I (point zero)
14 12 1 1 Zuma Creek (point zero)
12 3 1 3 2 1 2 Hermosa Beach Pier‐ 50 yards south
12 2 6 1 3 Malibu Point
11 2 1 3 3 2 Ashland Av. storm drain (point zero)
11 1 2 7 1 Pulga Canyon storm drain (point zero)
10 3 1 1 3 2 Malaga Cove, Palos Verdes Estates‐daily
10 9 1 Trancas Beach entrance (point zero)

RB-AR6202



Exhibit F ‐ 2011SMBayBactiTMDLtally

Total 2011 2010 2009 2008 2007 2006* fldLocName
10 4 3 3 Venice City Beach at Windward Ave. (point zero)
9 1 3 1 4 PCH and Sunset Bl.‐ 400 yards east
8 4 3 1 Imperial HWY storm drain (point zero)
7 6 1 Las Flores State Beach at Las Flores Creek (point zero)
7 2 2 3 Venice Fishing Pier‐ 50 yards south
6 1 1 1 3 Manhattan Beach Pier (point zero)
6 1 1 2 2 Venice City Beach, at the Rose Ave. storm drain
5 1 1 3 Dockweiler State Beach‐ south of D&W jetty
5 1 1 1 1 1 Manhattan State Beach at 40th Street
5 1 4 Redondo Municipal Pier 100 yards south
5 1 2 2 Royal Palms State Beach
5 1 1 3 Santa Monica Beach at Strand St. (in front of the restrooms)

5 1 1 3 Venice City Beach at Brooks Ave. drain (aka SMB‐3‐7)
4 1 1 2 Cabrillo Beach, oceanside
4 2 1 1 Dockweiler State Beach at Grand Av. (in front of the drain)
4 2 1 1 Hyperion Treatment Plant One Mile Outfall
4 2 1 1 Nicholas Beach‐ 100 feet west of lifeguard tower (point zero)
3 2 1 Portuguese Bend Cove, Rancho Palos Verdes
3 1 1 1 Walnut Creek, projection of Wildlife Rd. (private)
2 1 1 Hermosa City Beach at 26th St.
2 2 Malaga Cove, Palos Verdes Estates‐weekly
2 2 Redondo State Beach at Sapphire Street
1 1 North Westchester Storm Drain at Dockweiler State Beach
1 1 Pena Creek at Las Tunas County Beach

3154 838 499 523 617 496 181 * 9/14/2006-10/31/2006

Total 2011 2010 2009 2008 2007** fldLocName
136 20 18 47 19 32 Marina del Rey, Mothers' Beach‐Playground area (aka MdRH‐1)
69 19 8 11 26 5 Marina del Rey, Mothers' Beach‐lifeguard tower
10 2 1 6 1 Marina del Rey, Mothers' Beach‐btwn. Tower and Boat dock (aka MdRH‐3)
215 41 27 64 46 37 ** 8/9/2007-10/31/2007

RB-AR6203



Exhibit F ‐ 2011SMBayBactiTMDLtally

Total 2011 2010 2009 2008 2007** 2006* fldLocName

444 19 19 125 110 143 28 Santa Monica Municipal Pier
369 58 47 93 88 77 6 Ballona Creek entrance
324 102 31 64 79 15 33 Surfrider Beach (breach point)‐ daily
266 140 126 na na na na Cabrillo Beach ‐ harborside at restrooms
241 85 61 40 45 8 2 Topanga State Beach
214 45 41 50 33 33 12 Redondo Municipal Pier ‐ south side
176 50 14 9 41 42 20 Marie Canyon storm drain at Puerco Beach, at 24572 Malibu Rd.
136 20 18 47 19 32 na Marina del Rey, Mothers' Beach‐Playground area
125 48 14 14 31 10 8 Solstice Canyon at Dan Blocker County Beach
83 42 10 13 9 8 1 Malibu Pier‐ 50 yards east
78 30 8 9 11 18 2 Santa Monica Canyon, Will Rogers State Beach
69 19 8 11 26 5 na Marina del Rey, Mothers' Beach‐lifeguard tower
59 10 12 8 20 4 5 Paradise Cove, adjacent to westside of Pier
58 24 5 5 22 1 1 Escondido Creek, just east of Escondido State Beach
55 17 4 14 5 14 1 Santa Monica Beach at Pico/Kenter storm drain
48 1 1 9 5 18 14 Castlerock Storm Drain at Castle Rock Beach
39 8 2 3 20 3 3 Santa Monica projection of Wilshire Blvd.
37 17 12 6 2 Latigo Canyon Creek entrance
29 2 11 16 Will Rogers State Beach‐ Temescal Canyon
28 20 8 na na na na Cabrillo Beach ‐ harborside at boat launch
28 1 1 10 8 8 Santa Monica at Montana Ave.
27 10 7 1 8 1 Puerco Beach, 25500 PCH (at lifeguard station)
26 7 13 1 2 3 Herondo Street storm drain‐ (in front of the drain)
25 2 15 6 2 16801 PCH, Bel Air Bay Club (chain fence)
24 13 2 1 8 Carbon Beach at Sweetwater Canyon
24 3 3 5 9 4 Redondo State Beach at Topaz St. ‐ north of jetty
24 4 1 17 1 1 Santa Ynez Storm Drain at Castle Rock Beach
24 3 1 12 4 4 Venice City Beach at Topsail St.
20 4 2 2 1 8 3 Big Rock Beach, at 19900 PCH
20 5 5 1 1 8 Manhattan Beach at 28th St. drain
16 10 6 Leo Carrillo Beach, at 35000 PCH
15 2 4 1 7 1 Dockweiler State Beach at Culver Bl.
15 2 4 2 3 3 1 Torrance Beach at Avenue I
14 12 1 1 Zuma Creek
12 3 1 3 2 1 2 Hermosa Beach Pier‐ 50 yards south
12 2 6 1 3 Malibu Point
11 2 1 3 3 2 Ashland Av. storm drain
11 1 2 7 1 Pulga Canyon storm drain

RB-AR6204



Exhibit F ‐ 2011SMBayBactiTMDLtally

10 2 1 6 1 na Marina del Rey, Mothers' Beach‐btwn. Tower and Boat dock
10 3 1 1 3 2 Malaga Cove, Palos Verdes Estates‐daily
10 9 1 Trancas Beach entrance
10 4 3 3 Venice City Beach at Windward Ave.
9 1 3 1 4 PCH and Sunset Bl.‐ 400 yards east
8 4 3 1 Imperial HWY storm drain
7 6 1 Las Flores State Beach at Las Flores Creek
7 2 2 3 Venice Fishing Pier‐ 50 yards south
6 1 1 1 3 Manhattan Beach Pier
6 1 1 2 2 Venice City Beach, at the Rose Ave. storm drain
5 1 1 3 Dockweiler State Beach‐ south of D&W jetty
5 1 1 1 1 1 Manhattan State Beach at 40th Street
5 1 4 Redondo Municipal Pier 100 yards south
5 1 2 2 Royal Palms State Beach
5 1 1 3 Santa Monica Beach at Strand St. (in front of the restrooms)
5 1 1 3 Venice City Beach at Brooks Ave. drain
4 1 1 2 Cabrillo Beach, oceanside
4 2 1 1 Dockweiler State Beach at Grand Av. (in front of the drain)
4 2 1 1 Hyperion Treatment Plant One Mile Outfall
4 2 1 1 Nicholas Beach‐ 100 feet west of lifeguard tower
3 2 1 Portuguese Bend Cove, Rancho Palos Verdes
3 1 1 1 Walnut Creek, projection of Wildlife Rd. (private)
2 1 1 Hermosa City Beach at 26th St.
2 2 Malaga Cove, Palos Verdes Estates‐weekly
2 2 Redondo State Beach at Sapphire Street
1 1 North Westchester Storm Drain at Dockweiler State Beach
1 1 Pena Creek at Las Tunas County Beach

3369 879 526 587 663 533 181 * 9/14/2006-10/31/2006

Total 2011 2010 2009 2008 2007** fldLocName
136 20 18 47 19 32 Marina del Rey, Mothers' Beach‐Playground area
69 19 8 11 26 5 Marina del Rey, Mothers' Beach‐lifeguard tower
10 2 1 6 1 Marina del Rey, Mothers' Beach‐btwn. Tower and Boat dock
215 41 27 64 46 37 ** 8/9/2007-10/31/2007

RB-AR6205



Exhibit F ‐ 2011SMBayBactiTMDLtally

Total 2011 2010 2009 2008 2007** 2006* fldLocName

10 2 1 6 1 na Marina del Rey, Mothers' Beach‐btwn. Tower and Boat dock
10 3 1 1 3 2 Malaga Cove, Palos Verdes Estates‐daily
10 9 1 Trancas Beach entrance
10 4 3 3 Venice City Beach at Windward Ave.
9 1 3 1 4 PCH and Sunset Bl.‐ 400 yards east
8 4 3 1 Imperial HWY storm drain
7 6 1 Las Flores State Beach at Las Flores Creek
7 2 2 3 Venice Fishing Pier‐ 50 yards south
6 1 1 1 3 Manhattan Beach Pier
6 1 1 2 2 Venice City Beach, at the Rose Ave. storm drain
5 1 1 3 Dockweiler State Beach‐ south of D&W jetty
5 1 1 1 1 1 Manhattan State Beach at 40th Street
5 1 4 Redondo Municipal Pier 100 yards south
5 1 2 2 Royal Palms State Beach
5 1 1 3 Santa Monica Beach at Strand St. (in front of the restrooms)
5 1 1 3 Venice City Beach at Brooks Ave. drain
4 1 1 2 Cabrillo Beach, oceanside
4 2 1 1 Dockweiler State Beach at Grand Av. (in front of the drain)
4 2 1 1 Hyperion Treatment Plant One Mile Outfall
4 2 1 1 Nicholas Beach‐ 100 feet west of lifeguard tower
3 2 1 Portuguese Bend Cove, Rancho Palos Verdes
3 1 1 1 Walnut Creek, projection of Wildlife Rd. (private)
2 1 1 Hermosa City Beach at 26th St.
2 2 Malaga Cove, Palos Verdes Estates‐weekly
2 2 Redondo State Beach at Sapphire Street
1 1 North Westchester Storm Drain at Dockweiler State Beach
1 1 Pena Creek at Las Tunas County Beach

3369 879 526 587 663 533 181 TOTALS BY YEAR FOR ALL LOCATIONS

RB-AR6206



Total 2011 2010 2009 2008 2007** 2006* Location

444 19 19 125 110 143 28 Santa Monica Municipal Pier
369 58 47 93 88 77 6 Ballona Creek entrance
324 102 31 64 79 15 33 Surfrider Beach (breach point)‐ daily
266 140 126 na na na na Cabrillo Beach ‐ harborside at restrooms
241 85 61 40 45 8 2 Topanga State Beach
214 45 41 50 33 33 12 Redondo Municipal Pier ‐ south side
176 50 14 9 41 42 20 Marie Canyon storm drain at Puerco Beach, at 24572 Malibu Rd.
136 20 18 47 19 32 na Marina del Rey, Mothers' Beach‐Playground area
125 48 14 14 31 10 8 Solstice Canyon at Dan Blocker County Beach
83 42 10 13 9 8 1 Malibu Pier‐ 50 yards east
78 30 8 9 11 18 2 Santa Monica Canyon, Will Rogers State Beach
69 19 8 11 26 5 na Marina del Rey, Mothers' Beach‐lifeguard tower
59 10 12 8 20 4 5 Paradise Cove, adjacent to westside of Pier
58 24 5 5 22 1 1 Escondido Creek, just east of Escondido State Beach
55 17 4 14 5 14 1 Santa Monica Beach at Pico/Kenter storm drain
48 1 1 9 5 18 14 Castlerock Storm Drain at Castle Rock Beach
39 8 2 3 20 3 3 Santa Monica projection of Wilshire Blvd.
37 17 12 6 2 Latigo Canyon Creek entrance
29 2 11 16 Will Rogers State Beach‐ Temescal Canyon
28 20 8 na na na na Cabrillo Beach ‐ harborside at boat launch
28 1 1 10 8 8 Santa Monica at Montana Ave.
27 10 7 1 8 1 Puerco Beach, 25500 PCH (at lifeguard station)
26 7 13 1 2 3 Herondo Street storm drain‐ (in front of the drain)
25 2 15 6 2 16801 PCH, Bel Air Bay Club (chain fence)
24 13 2 1 8 Carbon Beach at Sweetwater Canyon
24 3 3 5 9 4 Redondo State Beach at Topaz St. ‐ north of jetty
24 4 1 17 1 1 Santa Ynez Storm Drain at Castle Rock Beach
24 3 1 12 4 4 Venice City Beach at Topsail St.
20 4 2 2 1 8 3 Big Rock Beach, at 19900 PCH
20 5 5 1 1 8 Manhattan Beach at 28th St. drain
16 10 6 Leo Carrillo Beach, at 35000 PCH
15 2 4 1 7 1 Dockweiler State Beach at Culver Bl.
15 2 4 2 3 3 1 Torrance Beach at Avenue I
14 12 1 1 Zuma Creek
12 3 1 3 2 1 2 Hermosa Beach Pier‐ 50 yards south
12 2 6 1 3 Malibu Point
11 2 1 3 3 2 Ashland Av. storm drain
11 1 2 7 1 Pulga Canyon storm drain

*   2006 SM Bay 9/14/2006 – 10/31/2006
** 2007 MDR 8/9/2007 – 10/31/2007

AB411 Beach Bacteria TMDL Violation Counts (locations with >10)

RB-AR6207



Exhibit G ‐ SMBK ASBS Malibu Data Revised 03_27_2012

Drain ID Date of Sample Constituent Measurement Unit Ocean Plan Limits
SAD620 "MALIBU DRAIN 1"

Fecal Coliforms 4160 MPN/100mL 400.00
Total Coliforms >241920 MPN/100mL 10000.00
Enterococcus 27550 MPN/100mL 104.00
Arsenic (As) 1 ug/L 80.00

Cadmium (Cd) 0 ug/L 10.00
Copper (Cu) 4 ug/L 30.00
Mercury (Hg) 0 ug/L 0.40

Nickel (Ni) 2 ug/L 50.00
Lead (Pb) 0 ug/L 20.00

Selenium (Se) 1 ug/L 150.00
Silver (Ag) 0 ug/L 7.00
Zinc(Zn) 19 ug/L 200.00

Aluminum (Al) 21 ug/L
Barium (Ba) 110 ug/L

Boron(B) ug/L
Beryllium (Be) 0 ug/L
Calcium (Ca) 15621 ug/L
Cobalt (Co) 0 ug/L

Chromium (Cr) 0 ug/L
Iron (Fe) 72 ug/L

Lanthanum (La) ug/L
Potassium (K) 4868 ug/L

Magnesium (Mg) 13722 ug/L
Manganese (Mn) 37 ug/L

Molybdenum (Mo) 2 ug/L
Phosphorus(P) ug/L
Antimony(Sb) 0 ug/L
Sodium (Na) -555 ug/L
Strontium(Sr) 271 ug/L
Thallium (Ti) 0 ug/L

Tin (Sn) 0 ug/L
Titanium (Ti) 1 ug/L
Vanadium(V) 2 ug/L

Dry Weather Sample

SAD620 8/2/2003

RB-AR6208



Exhibit G ‐ SMBK ASBS Malibu Data Revised 03_27_2012

Drain ID Date of Sample Constituent Measurement Unit Ocean Plan Limits
SAD620 "MALIBU DRAIN 1"

Fecal Coliforms 8600 MPN/100mL 400.00
Total Coliforms >241960 MPN/100mL 10000.00
Enterococcus 19863 MPN/100mL 104.00
Arsenic (As) 4 ug/L 80.00

Cadmium (Cd) 0 ug/L 10.00
Copper (Cu) 23 ug/L 30.00
Mercury (Hg) 0 ug/L 0.40

Nickel (Ni) 6 ug/L 50.00
Lead (Pb) 0 ug/L 20.00

Selenium (Se) 0 ug/L 150.00
Silver (Ag) 0 ug/L 7.00
Zinc(Zn) 30 ug/L 200.00

Aluminum (Al) 108 ug/L
Barium (Ba) 192 ug/L

Boron(B) ug/L
Beryllium (Be) 0 ug/L
Calcium (Ca) 59647 ug/L
Cobalt (Co) 1 ug/L

Chromium (Cr) 2 ug/L
Iron (Fe) 390 ug/L

Lanthanum (La) ug/L
Potassium (K) 6490 ug/L

Magnesium (Mg) 24738 ug/L
Manganese (Mn) 36 ug/L

Molybdenum (Mo) 5 ug/L
Phosphorus(P) ug/L
Antimony(Sb) 0 ug/L
Sodium (Na) 0 ug/L
Strontium(Sr) 602 ug/L
Thallium (Ti) 0 ug/L

Tin (Sn) 0 ug/L
Titanium (Ti) 8 ug/L
Vanadium(V) 6 ug/L

SAD620 10/20/2004

Dry Weather Sample

RB-AR6209



Exhibit G ‐ SMBK ASBS Malibu Data Revised 03_27_2012

Drain ID Date of Sample Constituent Measurement Unit Ocean Plan Limits
SAD620 "MALIBU DRAIN 1"

Fecal Coliforms ns MPN/100mL 400.00
Total Coliforms ns MPN/100mL 10000.00
Enterococcus ns MPN/100mL 104.00
Arsenic (As) ug/L 80.00

Cadmium (Cd) 0.1 ug/L 10.00
Copper (Cu) 4.6 ug/L 30.00
Mercury (Hg) ug/L 0.40

Nickel (Ni) 7 ug/L 50.00
Lead (Pb) 0 ug/L 20.00

Selenium (Se) ug/L 150.00
Silver (Ag) 0 ug/L 7.00
Zinc(Zn) 23.2 ug/L 200.00

SAD620 "MALIBU DRAIN 1"

Fecal Coliforms ns MPN/100mL 400.00
Total Coliforms ns MPN/100mL 10000.00
Enterococcus ns MPN/100mL 104.00
Arsenic (As) ug/L 80.00

Cadmium (Cd) 0 ug/L 10.00
Copper (Cu) 6.6 ug/L 30.00
Mercury (Hg) ug/L 0.40

Nickel (Ni) 11.4 ug/L 50.00
Lead (Pb) 0.1 ug/L 20.00

Selenium (Se) ug/L 150.00
Silver (Ag) 1.4 ug/L 7.00
Zinc(Zn) 19.3 ug/L 200.00

SAD620 "MALIBU DRAIN 1"

Fecal Coliforms ns MPN/100mL 400.00
Total Coliforms ns MPN/100mL 10000.00
Enterococcus ns MPN/100mL 104.00
Arsenic (As) ug/L 80.00

Cadmium (Cd) 0.1 ug/L 10.00
Copper (Cu) 9.7 ug/L 30.00
Mercury (Hg) ug/L 0.40

Nickel (Ni) 6.2 ug/L 50.00
Lead (Pb) 0.3 ug/L 20.00

Selenium (Se) ug/L 150.00
Silver (Ag) 0.2 ug/L 7.00
Zinc(Zn) 41.7 ug/L 200.00

SAD620 4/24/2006

4/20/2006

Dry Weather Sample

Dry Weather Sample

SAD620 4/18/2006

Dry Weather Sample

SAD620

RB-AR6210



Exhibit G ‐ SMBK ASBS Malibu Data Revised 03_27_2012

Drain ID Date of Sample Constituent Measurement Unit Ocean Plan Limits
SAD620 "MALIBU DRAIN 1"

Fecal Coliforms ns MPN/100mL 400.00
Total Coliforms ns MPN/100mL 10000.00
Enterococcus ns MPN/100mL 104.00
Arsenic (As) ug/L 80.00

Cadmium (Cd) 0.1 ug/L 10.00
Copper (Cu) 5.6 ug/L 30.00
Mercury (Hg) ug/L 0.40

Nickel (Ni) 9.6 ug/L 50.00
Lead (Pb) 0.1 ug/L 20.00

Selenium (Se) ug/L 150.00
Silver (Ag) 0 ug/L 7.00
Zinc(Zn) 73.4 ug/L 200.00

SAD620 "MALIBU DRAIN 1"

Fecal Coliforms ns MPN/100mL 400.00
Total Coliforms ns MPN/100mL 10000.00
Enterococcus ns MPN/100mL 104.00
Arsenic (As) ug/L 80.00

Cadmium (Cd) 0 ug/L 10.00
Copper (Cu) 28.1 ug/L 30.00
Mercury (Hg) ug/L 0.40

Nickel (Ni) 2.2 ug/L 50.00
Lead (Pb) 0.4 ug/L 20.00

Selenium (Se) ug/L 150.00
Silver (Ag) 0 ug/L 7.00
Zinc(Zn) 53.9 ug/L 200.00

SAD620 "MALIBU DRAIN 1"

Fecal Coliforms ns MPN/100mL 400.00
Total Coliforms ns MPN/100mL 10000.00
Enterococcus ns MPN/100mL 104.00
Arsenic (As) ug/L 80.00

Cadmium (Cd) 0.1 ug/L 10.00
Copper (Cu) 112.2 ug/L 30.00
Mercury (Hg) ug/L 0.40

Nickel (Ni) 5 ug/L 50.00
Lead (Pb) 1.2 ug/L 20.00

Selenium (Se) ug/L 150.00
Silver (Ag) 1.2 ug/L 7.00
Zinc(Zn) 47 ug/L 200.00

SAD620 5/4/2006

Dry Weather Sample

SAD620 5/3/2006

Dry Weather Sample

Dry Weather Sample

SAD620 4/25/2006

RB-AR6211



Exhibit G ‐ SMBK ASBS Malibu Data Revised 03_27_2012

Drain ID Date of Sample Constituent Measurement Unit Ocean Plan Limits
SAD620 "MALIBU DRAIN 1"

Fecal Coliforms ns MPN/100mL 400.00
Total Coliforms ns MPN/100mL 10000.00
Enterococcus ns MPN/100mL 104.00
Arsenic (As) ug/L 80.00

Cadmium (Cd) 0.3 ug/L 10.00
Copper (Cu) 38.8 ug/L 30.00
Mercury (Hg) ug/L 0.40

Nickel (Ni) 6.5 ug/L 50.00
Lead (Pb) 2.8 ug/L 20.00

Selenium (Se) ug/L 150.00
Silver (Ag) 0.2 ug/L 7.00
Zinc(Zn) 339.4 ug/L 200.00

SAD620 "MALIBU DRAIN 1"

Fecal Coliforms ns MPN/100mL 400.00
Total Coliforms ns MPN/100mL 10000.00
Enterococcus ns MPN/100mL 104.00
Arsenic (As) ug/L 80.00

Cadmium (Cd) 0.10 ug/L 10.00
Copper (Cu) 14.60 ug/L 30.00
Mercury (Hg) ug/L 0.40

Nickel (Ni) 4.90 ug/L 50.00
Lead (Pb) 0.50 ug/L 20.00

Selenium (Se) ug/L 150.00
Silver (Ag) 0 ug/L 7.00
Zinc(Zn) 76.10 ug/L 200.00

SAD620 "MALIBU DRAIN 1"

Fecal Coliforms ns MPN/100mL 400.00
Total Coliforms ns MPN/100mL 10000.00
Enterococcus ns MPN/100mL 104.00
Arsenic (As) ug/L 80.00

Cadmium (Cd) 0.10 ug/L 10.00
Copper (Cu) 18.20 ug/L 30.00
Mercury (Hg) ug/L 0.40

Nickel (Ni) 4.30 ug/L 50.00
Lead (Pb) 0.30 ug/L 20.00

Selenium (Se) ug/L 150.00
Silver (Ag) 0 ug/L 7.00
Zinc(Zn) 55.90 ug/L 200.00

SAD620 5/24/2006

Dry Weather Sample

SAD620 5/10/2006

Dry Weather Sample

Dry Weather Sample

SAD620 5/9/2006

RB-AR6212



Exhibit G ‐ SMBK ASBS Malibu Data Revised 03_27_2012

Drain ID Date of Sample Constituent Measurement Unit Ocean Plan Limits
SAD620 "MALIBU DRAIN 1"

Fecal Coliforms ns MPN/100mL 400.00
Total Coliforms ns MPN/100mL 10000.00
Enterococcus ns MPN/100mL 104.00
Arsenic (As) ug/L 80.00

Cadmium (Cd) 0.2 ug/L 10.00
Copper (Cu) 45.40 ug/L 30.00
Mercury (Hg) ug/L 0.40

Nickel (Ni) 4.50 ug/L 50.00
Lead (Pb) 1.3 ug/L 20.00

Selenium (Se) ug/L 150.00
Silver (Ag) 0.4 ug/L 7.00
Zinc(Zn) 71.70 ug/L 200.00

SAD620 "MALIBU DRAIN 1"

Fecal Coliforms ns MPN/100mL 400.00
Total Coliforms ns MPN/100mL 10000.00
Enterococcus ns MPN/100mL 104.00
Arsenic (As) ug/L 80.00

Cadmium (Cd) 0 ug/L 10.00
Copper (Cu) 40.23 ug/L 30.00
Mercury (Hg) ug/L 0.40

Nickel (Ni) 7.30 ug/L 50.00
Lead (Pb) 1.54 ug/L 20.00

Selenium (Se) ug/L 150.00
Silver (Ag) 0.97 ug/L 7.00
Zinc(Zn) 64.48 ug/L 200.00

SAD620 "MALIBU DRAIN 1"

Fecal Coliforms ns MPN/100mL 400.00
Total Coliforms ns MPN/100mL 10000.00
Enterococcus ns MPN/100mL 104.00
Arsenic (As) ug/L 80.00

Cadmium (Cd) 0.24 ug/L 10.00
Copper (Cu) 87.19 ug/L 30.00
Mercury (Hg) ug/L 0.40

Nickel (Ni) 3.81 ug/L 50.00
Lead (Pb) 0.73 ug/L 20.00

Selenium (Se) ug/L 150.00
Silver (Ag) 0.54 ug/L 7.00
Zinc(Zn) 91.99 ug/L 200.00

SAD620 6/2/2006

Dry Weather Sample

SAD620 6/1/2006

Dry Weather Sample

Dry Weather Sample

SAD620 5/25/2006

RB-AR6213



Exhibit G ‐ SMBK ASBS Malibu Data Revised 03_27_2012

Drain ID Date of Sample Constituent Measurement Unit Ocean Plan Limits
SAD620 "MALIBU DRAIN 1"

Fecal Coliforms ns MPN/100mL 400.00
Total Coliforms ns MPN/100mL 10000.00
Enterococcus ns MPN/100mL 104.00
Arsenic (As) ug/L 80.00

Cadmium (Cd) 0 ug/L 10.00
Copper (Cu) 41.08 ug/L 30.00
Mercury (Hg) ug/L 0.40

Nickel (Ni) 6.07 ug/L 50.00
Lead (Pb) 0.26 ug/L 20.00

Selenium (Se) ug/L 150.00
Silver (Ag) 2.51 ug/L 7.00
Zinc(Zn) 57.72 ug/L 200.00

SAD620 "MALIBU DRAIN 1"

Fecal Coliforms ns MPN/100mL 400.00
Total Coliforms ns MPN/100mL 10000.00
Enterococcus ns MPN/100mL 104.00
Arsenic (As) ug/L 80.00

Cadmium (Cd) 0.04 ug/L 10.00
Copper (Cu) 53.71 ug/L 30.00
Mercury (Hg) ug/L 0.40

Nickel (Ni) 29.67 ug/L 50.00
Lead (Pb) 2.86 ug/L 20.00

Selenium (Se) ug/L 150.00
Silver (Ag) 2.81 ug/L 7.00
Zinc(Zn) 563.00 ug/L 200.00

SAD620 "MALIBU DRAIN 1"

Fecal Coliforms ns MPN/100mL 400.00
Total Coliforms ns MPN/100mL 10000.00
Enterococcus ns MPN/100mL 104.00
Arsenic (As) ug/L 80.00

Cadmium (Cd) 0 ug/L 10.00
Copper (Cu) 9.22 ug/L 30.00
Mercury (Hg) ug/L 0.40

Nickel (Ni) 3.37 ug/L 50.00
Lead (Pb) 0.15 ug/L 20.00

Selenium (Se) ug/L 150.00
Silver (Ag) 0.05 ug/L 7.00
Zinc(Zn) 38.08 ug/L 200.00

SAD620 6/14/2006

Dry Weather Sample

SAD620 6/8/2006

Dry Weather Sample

Dry Weather Sample

SAD620 6/7/2006

RB-AR6214



Exhibit G ‐ SMBK ASBS Malibu Data Revised 03_27_2012

Drain ID Date of Sample Constituent Measurement Unit Ocean Plan Limits
SAD620 "MALIBU DRAIN 1"

Fecal Coliforms ns MPN/100mL 400.00
Total Coliforms ns MPN/100mL 10000.00
Enterococcus ns MPN/100mL 104.00
Arsenic (As) ug/L 80.00

Cadmium (Cd) 0 ug/L 10.00
Copper (Cu) 18.76 ug/L 30.00
Mercury (Hg) ug/L 0.40

Nickel (Ni) 4.89 ug/L 50.00
Lead (Pb) 0.49 ug/L 20.00

Selenium (Se) ug/L 150.00
Silver (Ag) 0.99 ug/L 7.00
Zinc(Zn) 63.21 ug/L 200.00

SAD620 "MALIBU DRAIN 1"

Fecal Coliforms ns MPN/100mL 400.00
Total Coliforms ns MPN/100mL 10000.00
Enterococcus ns MPN/100mL 104.00
Arsenic (As) ug/L 80.00

Cadmium (Cd) 0 ug/L 10.00
Copper (Cu) 16.80 ug/L 30.00
Mercury (Hg) ug/L 0.40

Nickel (Ni) 3.77 ug/L 50.00
Lead (Pb) 0.14 ug/L 20.00

Selenium (Se) ug/L 150.00
Silver (Ag) 0.07 ug/L 7.00
Zinc(Zn) 101.80 ug/L 200.00

Dry Weather Sample

SAD620 6/21/2006

Dry Weather Sample

SAD620 6/15/2006

RB-AR6215



Exhibit G ‐ SMBK ASBS Malibu Data Revised 03_27_2012

Drain ID Date of Sample Constituent Measurement Unit Ocean Plan Limits
SAD620 "MALIBU DRAIN 1"

Fecal Coliforms ns MPN/100mL 400.00
Total Coliforms ns MPN/100mL 10000.00
Enterococcus ns MPN/100mL 104.00
Arsenic (As) ug/L 80.00

Cadmium (Cd) 0 ug/L 10.00
Copper (Cu) 11.74 ug/L 30.00
Mercury (Hg) ug/L 0.40

Nickel (Ni) 4.83 ug/L 50.00
Lead (Pb) 0.2 ug/L 20.00

Selenium (Se) ug/L 150.00
Silver (Ag) 0.08 ug/L 7.00
Zinc(Zn) 56.22 ug/L 200.00

SAD620 "MALIBU DRAIN 1"

Fecal Coliforms ns MPN/100mL 400.00
Total Coliforms ns MPN/100mL 10000.00
Enterococcus ns MPN/100mL 104.00
Arsenic (As) ug/L 80.00

Cadmium (Cd) 0.2 ug/L 10.00
Copper (Cu) 80 ug/L 30.00
Mercury (Hg) ug/L 0.40

Nickel (Ni) 2.4 ug/L 50.00
Lead (Pb) 0.3 ug/L 20.00

Selenium (Se) ug/L 150.00
Silver (Ag) 0.2 ug/L 7.00
Zinc(Zn) 24.8 ug/L 200.00

SAD620 6/22/2006

Dry Weather Sample

SAD620** 4/24/2006

Dry Weather Sample

RB-AR6216



Exhibit G ‐ SMBK ASBS Malibu Data Revised 03_27_2012

Drain ID Date of Sample Constituent Measurement Unit Ocean Plan Limits
SAD620 "MALIBU DRAIN 1"

Fecal Coliforms 387 MPN/100mL 400.00
Total Coliforms >241960 MPN/100mL 10000.00
Enterococcus 3873 MPN/100mL 104.00
Arsenic (As) 2.7 ug/L 80.00

Cadmium (Cd) 0.3 ug/L 10.00
Copper (Cu) 236.6 ug/L 30.00
Mercury (Hg) ug/L 0.40

Nickel (Ni) 11.3 ug/L 50.00
Lead (Pb) 3.61 ug/L 20.00

Selenium (Se) 0.7 ug/L 150.00
Silver (Ag) ND ug/L 7.00
Zinc(Zn) 321.3 ug/L 200.00

Aluminum (Al) 101 ug/L
Barium (Ba) 74.5 ug/L

Boron(B) ug/L
Beryllium (Be) ND ug/L
Calcium (Ca) ug/L
Cobalt (Co) 1.7 ug/L

Chromium (Cr) 1.2 ug/L
Iron (Fe) 329 ug/L

Lanthanum (La) ug/L
Potassium (K) ug/L

Magnesium (Mg) ug/L
Manganese (Mn) 296.4 ug/L

Molybdenum (Mo) 3.4 ug/L
Phosphorus(P) ug/L
Antimony(Sb) 2.2 ug/L
Sodium (Na) ug/L
Strontium(Sr) 460 ug/L
Thallium (Ti) ND ug/L

Tin (Sn) 0.2 ug/L
Titanium (Ti) 1.8 ug/L
Vanadium(V) 9.6 ug/L

Wet Weather Sample

SAD620 10/13/2009

RB-AR6217



Exhibit G ‐ SMBK ASBS Malibu Data Revised 03_27_2012

Drain ID Date of Sample Constituent Measurement Unit Ocean Plan Limits
SAD790 "MALIBU DRAIN 3" 

Fecal Coliforms 740 MPN/100mL 400.00
Total Coliforms >241960 MPN/100mL 10000.00
Enterococcus 11199 MPN/100mL 104.00
Arsenic (As) 3 ug/L 80.00

Cadmium (Cd) 0 ug/L 10.00
Copper (Cu) 16 ug/L 30.00
Mercury (Hg) 0 ug/L 0.40

Nickel (Ni) 3 ug/L 50.00
Lead (Pb) 1 ug/L 20.00

Selenium (Se) 1 ug/L 150.00
Silver (Ag) 0 ug/L 7.00
Zinc(Zn) 44 ug/L 200.00

Aluminum (Al) 348 ug/L
Barium (Ba) 116 ug/L

Boron(B) ug/L
Beryllium (Be) 0 ug/L
Calcium (Ca) 8309 ug/L
Cobalt (Co) 0 ug/L

Chromium (Cr) 2 ug/L
Iron (Fe) 393 ug/L

Lanthanum (La) ug/L
Potassium (K) 2712 ug/L

Magnesium (Mg) 5220 ug/L
Manganese (Mn) 21 ug/L

Molybdenum (Mo) 3 ug/L
Phosphorus(P) ug/L
Antimony(Sb) 0 ug/L
Sodium (Na) 0 ug/L
Strontium(Sr) 79 ug/L
Thallium (Ti) 0 ug/L

Tin (Sn) 0 ug/L
Titanium (Ti) 28 ug/L
Vanadium(V) 4 ug/L

SAD790 10/20/2004

Dry Weather Sample

RB-AR6218



Exhibit G ‐ SMBK ASBS Malibu Data Revised 03_27_2012

Drain ID Date of Sample Constituent Measurement Unit Ocean Plan Limits
SAD800 "MALIBU DRAIN 4"

Fecal Coliforms 950 MPN/100mL 400.00
Total Coliforms >241960 MPN/100mL 10000.00
Enterococcus 1313 MPN/100mL 104.00
Arsenic (As) 1 ug/L 80.00

Cadmium (Cd) 0 ug/L 10.00
Copper (Cu) 4 ug/L 30.00
Mercury (Hg) 0 ug/L 0.40

Nickel (Ni) 3 ug/L 50.00
Lead (Pb) 0 ug/L 20.00

Selenium (Se) 0 ug/L 150.00
Silver (Ag) 0 ug/L 7.00
Zinc(Zn) 36 ug/L 200.00

Aluminum (Al) 148 ug/L
Barium (Ba) 162 ug/L

Boron(B) ug/L
Beryllium (Be) 0 ug/L
Calcium (Ca) 23279 ug/L
Cobalt (Co) 0 ug/L

Chromium (Cr) 4 ug/L
Iron (Fe) 271 ug/L

Lanthanum (La) ug/L
Potassium (K) 6995 ug/L

Magnesium (Mg) 22745 ug/L
Manganese (Mn) 7 ug/L

Molybdenum (Mo) 6 ug/L
Phosphorus(P) ug/L
Antimony(Sb) 0 ug/L
Sodium (Na) 0 ug/L
Strontium(Sr) 208 ug/L
Thallium (Ti) 0 ug/L

Tin (Sn) 0 ug/L
Titanium (Ti) 15 ug/L
Vanadium(V) 4 ug/L

Dry Weather Sample

SAD800 6/5/2004

RB-AR6219



Exhibit G ‐ SMBK ASBS Malibu Data Revised 03_27_2012

Drain ID Date of Sample Constituent Measurement Unit Ocean Plan Limits
SAD800 "MALIBU DRAIN 4"

Fecal Coliforms 11870 MPN/100mL 400.00
Total Coliforms >241960 MPN/100mL 10000.00
Enterococcus 24196 MPN/100mL 104.00
Arsenic (As) 3 ug/L 80.00

Cadmium (Cd) 0 ug/L 10.00
Copper (Cu) 9 ug/L 30.00
Mercury (Hg) 0 ug/L 0.40

Nickel (Ni) 4 ug/L 50.00
Lead (Pb) 1 ug/L 20.00

Selenium (Se) 0 ug/L 150.00
Silver (Ag) 0 ug/L 7.00
Zinc(Zn) 75 ug/L 200.00

Aluminum (Al) 462 ug/L
Barium (Ba) 90 ug/L

Boron(B) ug/L
Beryllium (Be) 0 ug/L
Calcium (Ca) 16917 ug/L
Cobalt (Co) 1 ug/L

Chromium (Cr) 2 ug/L
Iron (Fe) 470 ug/L

Lanthanum (La) ug/L
Potassium (K) 4816 ug/L

Magnesium (Mg) 11718 ug/L
Manganese (Mn) 25 ug/L

Molybdenum (Mo) 2 ug/L
Phosphorus(P) ug/L
Antimony(Sb) 1 ug/L
Sodium (Na) 0 ug/L
Strontium(Sr) 155 ug/L
Thallium (Ti) 0 ug/L

Tin (Sn) 0 ug/L
Titanium (Ti) 29 ug/L
Vanadium(V) 5 ug/L

Dry Weather Sample

SAD800 10/20/2004

RB-AR6220



Exhibit G ‐ SMBK ASBS Malibu Data Revised 03_27_2012

Drain ID Date of Sample Constituent Measurement Unit Ocean Plan Limits
SAD800 "MALIBU DRAIN 4"

Fecal Coliforms ns MPN/100mL 400.00
Total Coliforms ns MPN/100mL 10000.00
Enterococcus ns MPN/100mL 104.00
Arsenic (As) ug/L 80.00

Cadmium (Cd) 0 ug/L 10.00
Copper (Cu) 3.92 ug/L 30.00
Mercury (Hg) ug/L 0.40

Nickel (Ni) 2.19 ug/L 50.00
Lead (Pb) 0.20 ug/L 20.00

Selenium (Se) ug/L 150.00
Silver (Ag) 0 ug/L 7.00
Zinc(Zn) 50.19 ug/L 200.00

Aluminum (Al) ug/L
Barium (Ba) ug/L

Boron(B) ug/L
Beryllium (Be) ug/L
Calcium (Ca) ug/L
Cobalt (Co) ug/L

Chromium (Cr) ug/L
Iron (Fe) ug/L

Lanthanum (La) ug/L
Potassium (K) ug/L

Magnesium (Mg) ug/L
Manganese (Mn) ug/L

Molybdenum (Mo) ug/L
Phosphorus(P) ug/L
Antimony(Sb) ug/L
Sodium (Na) ug/L
Strontium(Sr) ug/L
Thallium (Ti) ug/L

Tin (Sn) ug/L
Titanium (Ti) ug/L
Vanadium(V) ug/L

SAD800 6/7/2006

Dry Weather Sample

RB-AR6221



Exhibit G ‐ SMBK ASBS Malibu Data Revised 03_27_2012

Drain ID Date of Sample Constituent Measurement Unit Ocean Plan Limits
SAD800 "MALIBU DRAIN 4"

Fecal Coliforms 6488 MPN/100mL 400.00
Total Coliforms >241960 MPN/100mL 10000.00
Enterococcus 2014 MPN/100mL 104.00
Arsenic (As) 7.4 ug/L 80.00

Cadmium (Cd) ND ug/L 10.00
Copper (Cu) 15.3 ug/L 30.00
Mercury (Hg) ug/L 0.40

Nickel (Ni) 2.2 ug/L 50.00
Lead (Pb) 0.55 ug/L 20.00

Selenium (Se) ND ug/L 150.00
Silver (Ag) ND ug/L 7.00
Zinc(Zn) 37.1 ug/L 200.00

Aluminum (Al) 143 ug/L
Barium (Ba) 6.5 ug/L

Boron(B) ug/L
Beryllium (Be) ND ug/L
Calcium (Ca) ug/L
Cobalt (Co) ND ug/L

Chromium (Cr) 0.8 ug/L
Iron (Fe) 131 ug/L

Lanthanum (La) ug/L
Potassium (K) ug/L

Magnesium (Mg) ug/L
Manganese (Mn) 12.8 ug/L

Molybdenum (Mo) 0.8 ug/L
Phosphorus(P) ug/L
Antimony(Sb) 0.5 ug/L
Sodium (Na) ug/L
Strontium(Sr) 25.9 ug/L
Thallium (Ti) ND ug/L

Tin (Sn) ND ug/L
Titanium (Ti) 6.5 ug/L
Vanadium(V) 3.2 ug/L

Wet Weather Sample

SAD800 10/14/2009

RB-AR6222



Exhibit G ‐ SMBK ASBS Malibu Data Revised 03_27_2012

Drain ID Date of Sample Constituent Measurement Unit Ocean Plan Limits
SAD800 "MALIBU DRAIN 4"

Fecal Coliforms MPN/100mL 400.00
Total Coliforms MPN/100mL 10000.00
Enterococcus MPN/100mL 104.00
Arsenic (As) 7.1 ug/L 80.00

Cadmium (Cd) ND ug/L 10.00
Copper (Cu) 14.8 ug/L 30.00
Mercury (Hg) ug/L 0.40

Nickel (Ni) 2.1 ug/L 50.00
Lead (Pb) 0.6 ug/L 20.00

Selenium (Se) ND ug/L 150.00
Silver (Ag) ND ug/L 7.00
Zinc(Zn) 37.2 ug/L 200.00

Aluminum (Al) 144 ug/L
Barium (Ba) 6.5 ug/L

Boron(B) ug/L
Beryllium (Be) ND ug/L
Calcium (Ca) ug/L
Cobalt (Co) ND ug/L

Chromium (Cr) 0.8 ug/L
Iron (Fe) 128 ug/L

Lanthanum (La) ug/L
Potassium (K) ug/L

Magnesium (Mg) ug/L
Manganese (Mn) 13 ug/L

Molybdenum (Mo) 0.7 ug/L
Phosphorus(P) ug/L
Antimony(Sb) 0.5 ug/L
Sodium (Na) ug/L
Strontium(Sr) 26 ug/L
Thallium (Ti) ND ug/L

Tin (Sn) ND ug/L
Titanium (Ti) 5.4 ug/L
Vanadium(V) 3.1 ug/L

Wet Weather Sample

SAD800 10/14/2009

RB-AR6223



Exhibit G ‐ SMBK ASBS Malibu Data Revised 03_27_2012

Drain ID Date of Sample Constituent Measurement Unit Ocean Plan Limits
SAD840 "MALIBU DRAIN 6"

Fecal Coliforms 4352 MPN/100mL 400.00
Total Coliforms >241960 MPN/100mL 10000.00
Enterococcus 1674 MPN/100mL 104.00
Arsenic (As) 2.8 ug/L 80.00

Cadmium (Cd) 0.3 ug/L 10.00
Copper (Cu) 199.8 ug/L 30.00
Mercury (Hg) ug/L 0.40

Nickel (Ni) 13.2 ug/L 50.00
Lead (Pb) 5.24 ug/L 20.00

Selenium (Se) 1.2 ug/L 150.00
Silver (Ag) ND ug/L 7.00
Zinc(Zn) 375 ug/L 200.00

Aluminum (Al) 157 ug/L
Barium (Ba) 44.8 ug/L

Boron(B) ug/L
Beryllium (Be) ND ug/L
Calcium (Ca) ug/L
Cobalt (Co) 1.9 ug/L

Chromium (Cr) 2.7 ug/L
Iron (Fe) 276 ug/L

Lanthanum (La) ug/L
Potassium (K) ug/L

Magnesium (Mg) ug/L
Manganese (Mn) 145.5 ug/L

Molybdenum (Mo) 3.7 ug/L
Phosphorus(P) ug/L
Antimony(Sb) 1.5 ug/L
Sodium (Na) ug/L
Strontium(Sr) 273.3 ug/L
Thallium (Ti) ND ug/L

Tin (Sn) 0.1 ug/L
Titanium (Ti) 4.1 ug/L
Vanadium(V) 10.1 ug/L

SAD840 10/13/2009

Wet Weather Sample

RB-AR6224



Exhibit G ‐ SMBK ASBS Malibu Data Revised 03_27_2012

Drain ID Date of Sample Constituent Measurement Unit Ocean Plan Limits
SAD840 "MALIBU DRAIN 6"

Fecal Coliforms 2014 MPN/100mL 400.00
Total Coliforms >241960 MPN/100mL 10000.00
Enterococcus 2755 MPN/100mL 104.00
Arsenic (As) 1.6 ug/L 80.00

Cadmium (Cd) 0.3 ug/L 10.00
Copper (Cu) 44.2 ug/L 30.00
Mercury (Hg) ug/L 0.40

Nickel (Ni) 12.8 ug/L 50.00
Lead (Pb) 2.16 ug/L 20.00

Selenium (Se) 1.7 ug/L 150.00
Silver (Ag) ND ug/L 7.00
Zinc(Zn) 190.7 ug/L 200.00

Aluminum (Al) 186 ug/L
Barium (Ba) 21.9 ug/L

Boron(B) ug/L
Beryllium (Be) ND ug/L
Calcium (Ca) ug/L
Cobalt (Co) 1.5 ug/L

Chromium (Cr) 1.8 ug/L
Iron (Fe) 244 ug/L

Lanthanum (La) ug/L
Potassium (K) ug/L

Magnesium (Mg) ug/L
Manganese (Mn) 96.8 ug/L

Molybdenum (Mo) 3.1 ug/L
Phosphorus(P) ug/L
Antimony(Sb) 1.3 ug/L
Sodium (Na) ug/L
Strontium(Sr) 118 ug/L
Thallium (Ti) ND ug/L

Tin (Sn) ND ug/L
Titanium (Ti) 4.2 ug/L
Vanadium(V) 11.9 ug/L

Wet Weather Sample

SAD840 10/13/2009

RB-AR6225



Exhibit G ‐ SMBK ASBS Malibu Data Revised 03_27_2012

Drain ID Date of Sample Constituent Measurement Unit Ocean Plan Limits
SAD852 "MALIBU DRAIN 7"

Fecal Coliforms 3076 MPN/100mL 400.00
Total Coliforms >241960 MPN/100mL 10000.00
Enterococcus 932 MPN/100mL 104.00
Arsenic (As) 12.9 ug/L 80.00

Cadmium (Cd) ND ug/L 10.00
Copper (Cu) 27 ug/L 30.00
Mercury (Hg) ug/L 0.40

Nickel (Ni) 2.6 ug/L 50.00
Lead (Pb) 0.59 ug/L 20.00

Selenium (Se) ND ug/L 150.00
Silver (Ag) ND ug/L 7.00
Zinc(Zn) 74.3 ug/L 200.00

Aluminum (Al) 29 ug/L
Barium (Ba) 14.2 ug/L

Boron(B) ug/L
Beryllium (Be) ND ug/L
Calcium (Ca) ug/L
Cobalt (Co) ND ug/L

Chromium (Cr) 2.5 ug/L
Iron (Fe) 71 ug/L

Lanthanum (La) ug/L
Potassium (K) ug/L

Magnesium (Mg) ug/L
Manganese (Mn) 6.7 ug/L

Molybdenum (Mo) 1.6 ug/L
Phosphorus(P) ug/L
Antimony(Sb) 1.2 ug/L
Sodium (Na) ug/L
Strontium(Sr) 49.5 ug/L
Thallium (Ti) ND ug/L

Tin (Sn) ND ug/L
Titanium (Ti) 1.6 ug/L
Vanadium(V) 4 ug/L

Wet Weather Sample

SAD852 10/14/2009

RB-AR6226



Exhibit G ‐ SMBK ASBS Malibu Data Revised 03_27_2012

Drain ID Date of Sample Constituent Measurement Unit Ocean Plan Limits
SAD853 "MALIBU DRAIN 7"

Fecal Coliforms 1460 MPN/100mL 400.00
Total Coliforms >241960 MPN/100mL 10000.00
Enterococcus 2247 MPN/100mL 104.00
Arsenic (As) 14.1 ug/L 80.00

Cadmium (Cd) 0.0 ug/L 10.00
Copper (Cu) 65.0 ug/L 30.00
Mercury (Hg) 0.0 ug/L 0.40

Nickel (Ni) 3.0 ug/L 50.00
Lead (Pb) 1.0 ug/L 20.00

Selenium (Se) 4.4 ug/L 150.00
Silver (Ag) 0.0 ug/L 7.00
Zinc(Zn) 671.0 ug/L 200.00

Aluminum (Al) 19.0 ug/L
Barium (Ba) 102.0 ug/L

Boron(B) ug/L
Beryllium (Be) 0.0 ug/L
Calcium (Ca) 40137.0 ug/L
Cobalt (Co) 0.0 ug/L

Chromium (Cr) 6.0 ug/L
Iron (Fe) 1258.0 ug/L

Lanthanum (La) ug/L
Potassium (K) 23467.0 ug/L

Magnesium (Mg) 44918.0 ug/L
Manganese (Mn) 167.0 ug/L

Molybdenum (Mo) 3.0 ug/L
Phosphorus(P) ug/L
Antimony(Sb) 3.0 ug/L
Sodium (Na) 0.0 ug/L
Strontium(Sr) 682.0 ug/L
Thallium (Ti) 0.0 ug/L

Tin (Sn) 0.0 ug/L
Titanium (Ti) 5.0 ug/L
Vanadium(V) 7.0 ug/L

Dry Weather Sample

SAD853 10/20/2004

RB-AR6227



Exhibit G ‐ SMBK ASBS Malibu Data Revised 03_27_2012

Drain ID Date of Sample Constituent Measurement Unit Ocean Plan Limits
SAD853 "MALIBU DRAIN 7"

Fecal Coliforms 3090 MPN/100mL 400.00
Total Coliforms 6488 MPN/100mL 10000.00
Enterococcus 798 MPN/100mL 104.00
Arsenic (As) 6.5 ug/L 80.00

Cadmium (Cd) 0.4 ug/L 10.00
Copper (Cu) 430.1 ug/L 30.00
Mercury (Hg) ug/L 0.40

Nickel (Ni) 12.5 ug/L 50.00
Lead (Pb) 3.2 ug/L 20.00

Selenium (Se) 0.3 ug/L 150.00
Silver (Ag) ND ug/L 7.00
Zinc(Zn) 738.6 ug/L 200.00

Aluminum (Al) 38.0 ug/L
Barium (Ba) 66.0 ug/L

Boron(B) ug/L
Beryllium (Be) ND ug/L
Calcium (Ca) ug/L
Cobalt (Co) 1.1 ug/L

Chromium (Cr) 4.0 ug/L
Iron (Fe) 330.0 ug/L

Lanthanum (La) ug/L
Potassium (K) ug/L

Magnesium (Mg) ug/L
Manganese (Mn) 30.7 ug/L

Molybdenum (Mo) 5.3 ug/L
Phosphorus(P) ug/L
Antimony(Sb) 5.1 ug/L
Sodium (Na) ug/L
Strontium(Sr) 682.6 ug/L
Thallium (Ti) ND ug/L

Tin (Sn) 1.0 ug/L
Titanium (Ti) 5.2 ug/L
Vanadium(V) 10.1 ug/L

Wet Weather Sample

SAD853 10/13/2009

RB-AR6228



Exhibit G ‐ SMBK ASBS Malibu Data Revised 03_27_2012

Drain ID Date of Sample Constituent Measurement Unit Ocean Plan Limits
SAD910 "MALIBU DRAIN 10"

Fecal Coliforms 448 MPN/100mL 400.00
Total Coliforms >241960 MPN/100mL 10000.00
Enterococcus 275 MPN/100mL 104.00
Arsenic (As) 8.1 ug/L 80.00

Cadmium (Cd) ND ug/L 10.00
Copper (Cu) 89.7 ug/L 30.00
Mercury (Hg) ug/L 0.40

Nickel (Ni) 3.1 ug/L 50.00
Lead (Pb) 6.54 ug/L 20.00

Selenium (Se) ND ug/L 150.00
Silver (Ag) ND ug/L 7.00
Zinc(Zn) 109.3 ug/L 200.00

Aluminum (Al) 87 ug/L
Barium (Ba) 19.1 ug/L

Boron(B) ug/L
Beryllium (Be) ND ug/L
Calcium (Ca) ug/L
Cobalt (Co) 0.1 ug/L

Chromium (Cr) 2.2 ug/L
Iron (Fe) 107 ug/L

Lanthanum (La) ug/L
Potassium (K) ug/L

Magnesium (Mg) ug/L
Manganese (Mn) 28.4 ug/L

Molybdenum (Mo) 1.3 ug/L
Phosphorus(P) ug/L
Antimony(Sb) 1.1 ug/L
Sodium (Na) ug/L
Strontium(Sr) 42.7 ug/L
Thallium (Ti) ND ug/L

Tin (Sn) ND ug/L
Titanium (Ti) 4.7 ug/L
Vanadium(V) 4.1 ug/L

Wet Weather Sample

SAD910 10/14/2009

RB-AR6229



Exhibit G ‐ SMBK ASBS Malibu Data Revised 03_27_2012

Drain ID Date of Sample Constituent Measurement Unit Ocean Plan Limits
SAD910 "MALIBU DRAIN 10"

Fecal Coliforms 359 MPN/100mL 400.00
Total Coliforms >241960 MPN/100mL 10000.00
Enterococcus 309 MPN/100mL 104.00

S1D20 (South Point Dume)

Fecal Coliforms/ E. coli 3080 MPN/100mL 400.00
Total Coliforms 29100 MPN/100mL 10000.00
Enterococcus 15500 MPN/100mL 104.00

S1D20 (South Point Dume)

Fecal Coliforms/E.Coli 300 MPN/100mL 400.00
Total Coliforms ≥1600 MPN/100mL 10000.00
Enterococcus 300 MPN/100mL 104.00

S1D30 (Zumirez Canyon)

Fecal Coliforms/E.Coli 20 MPN/100mL 400.00
Total Coliforms 5170 MPN/100mL 10000.00
Enterococcus 74 MPN/100mL 104.00

S1D30 (Zumirez Canyon)

Fecal Coliforms/E.Coli ≥1600 MPN/100mL 400.00
Total Coliforms ≥1600 MPN/100mL 10000.00
Enterococcus 2900 MPN/100mL 104.00

BB2 (Trancas)

Fecal Coliforms/E.Coli ≥1600 MPN/100mL 400.00
Total Coliforms ≥1600 MPN/100mL 10000.00
Enterococcus 17000 MPN/100mL 104.00

BB3 (Trancas)

Fecal Coliforms/E.Coli ≥1600 MPN/100mL 400.00
Total Coliforms ≥1600 MPN/100mL 10000.00
Enterococcus 14000 MPN/100mL 104.00

Wet Weather Sample

SAD910 10/14/2009

Dry Weather Sample

S1D20 9/27/2010

Dry Weather Sample

Wet Weather Sample

BB3 - Trancas 11/21/2010

Wet Weather Sample

BB2 - Trancas 11/21/2010

Wet Weather Sample

S1D30 11/21/2010

Wet Weather Sample

S1D20 11/21/2010

S1D30 9/27/2010

RB-AR6230



Exhibit G ‐ SMBK ASBS Malibu Data Revised 03_27_2012

Drain ID Date of Sample Constituent Measurement Unit Ocean Plan Limits
ZB2 (Zuma Beach)

Fecal Coliforms 1600 MPN/100mL 400.00
Total Coliforms 480000 MPN/100mL 10000.00
Enterococcus 6500 MPN/100mL 104.00

BB1 (Trancas Canyon)

Fecal Coliforms 3400 MPN/100mL 400.00
Total Coliforms 4200 MPN/100mL 10000.00
Enterococcus 5800 MPN/100mL 104.00

BB2 (Trancas Canyon)

Fecal Coliforms 4800 MPN/100mL 400.00
Total Coliforms 100000 MPN/100mL 10000.00
Enterococcus 12000 MPN/100mL 104.00

PD-2324 (Trancas Canyon)

Fecal Coliforms 280 MPN/100mL 400.00
Total Coliforms 180000 MPN/100mL 10000.00
Enterococcus 1800 MPN/100mL 104.00

S1D50 (Paradise Cove)

Fecal Coliforms 4800 MPN/100mL 400.00
Total Coliforms 32000 MPN/100mL 10000.00
Enterococcus 9200 MPN/100mL 104.00

S1D50 (Paradise Cove)

Fecal Coliforms 4800 MPN/100mL 400.00
Total Coliforms 32000 MPN/100mL 10000.00
Enterococcus 9200 MPN/100mL 104.00

S1D147 (Escondido Beach)

Fecal Coliforms 6000 MPN/100mL 400.00
Total Coliforms 18000 MPN/100mL 10000.00
Enterococcus 4600 MPN/100mL 104.00

Wet Weather Sample
S1D147 

(Escondido 
Beach)

2/16/2011

Wet Weather Sample
S1D50 

(Paradise 
Cove)

2/16/2011

Wet Weather Sample
S1D50 

(Paradise 
Cove)

2/16/2011

Wet Weather Sample

BB2 (Trancas 
Canyon) 2/16/2011

Wet Weather Sample
PD-2324 
(Trancas 
Canyon)

2/16/2011

Wet Weather Sample

ZB2 Zuma 
Beach 2/16/2011

Wet Weather Sample

BB1 (Trancas 
Canyon) 2/16/2011

RB-AR6231



Non ASBS beaches

Drain ID Date of Sample Coordinates Constituent Measurement Unit Ocean Plan Limits
S1D240 (Latigo Beach)
Wet Weather Sample

Fecal Coliforms 1600 MPN/100mL 400
Total Coliforms 3000 MPN/100mL 10000
Enterococcus 1500 MPN/100mL 104

S2D210 - aka MDD 622 26 (Malibu Road)
Wet Weather Sample

Fecal Coliforms ≥1600 MPN/100mL 400
Total Coliforms ≥1600 MPN/100mL 10000
Enterococcus ≥1600 MPN/100mL 104

S2D210 - aka MDD 622 26 (Malibu Road)
Wet Weather Sample

Fecal Coliforms 1000 MPN/100mL 400
Total Coliforms 22000 MPN/100mL 10000
Enterococcus 3400 MPN/100mL 104

S2D210 Field Duplicate- aka MDD 622 26 (Malibu Road)
Wet Weather Sample

Fecal Coliforms 1000 MPN/100mL 400
Total Coliforms 18000 MPN/100mL 10000
Enterococcus 2600 MPN/100mL 104

S2D130 (Puerco Beach)
Dry Weather Sample

Fecal Coliforms/E.Coli 41 MPN/100mL 400
Total Coliforms 72700 MPN/100mL 10000
Enterococcus 480 MPN/100mL 104

S2D130 (Puerco Beach)
Dry Weather Sample

Fecal Coliforms/E.Coli 2380 MPN/100mL 400
Total Coliforms 199000 MPN/100mL 10000
Enterococcus 6130 MPN/100mL 104

11/21/2010 34.0302, -118.70486

S2D130 9/27/2010

S2D130 7/29/2010

34.02902, -118.753658

34.0302, -118.70486

S2D210 
Field Dup 2/16/2011 34.0302, -118.70486

S2D210 2/16/2011

S1D240 2/16/2011

S2D210

34.03162, -118.716143

34.03162, -118.716143
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Non ASBS beaches

Drain ID Date of Sample Coordinates Constituent Measurement Unit Ocean Plan Limits
S2D130A (Puerco Beach)
Dry Weather Sample

Fecal Coliforms/E.Coli 52 MPN/100mL 400
Total Coliforms 81600 MPN/100mL 10000
Enterococcus 30 MPN/100mL 104

S2D140 (Puerco Beach)
Dry Weather Sample

Fecal Coliforms/E.Coli 199 MPN/100mL 400
Total Coliforms 43500 MPN/100mL 10000
Enterococcus 663 MPN/100mL 104

S2D140 (Puerco Beach)
Dry Weather Sample

Fecal Coliforms/E.Coli 5790 MPN/100mL 400
Total Coliforms 17200 MPN/100mL 10000
Enterococcus 253 MPN/100mL 104

S2D170 (Marie Canyon)
Dry Weather Sample

Fecal Coliforms/E.Coli 135 MPN/100mL 400
Total Coliforms 3260 MPN/100mL 10000
Enterococcus 20 MPN/100mL 104

S2D170 (Marie Canyon)
Dry Weather Sample

Fecal Coliforms/E.Coli 145 MPN/100mL 400
Total Coliforms 12000 MPN/100mL 10000
Enterococcus 10 MPN/100mL 104

S2D130A 9/27/2010

S2D140 7/29/2010

S2D170 9/27/2010

S2D140 9/27/2010

S2D170 7/29/2010 34.03077, -118.71105

34.03077, -118.71105

NA

34.03156, -118.714216

34.03156, -118.714216
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Malibu Ck Watershed

SMBK Sampling ID
Date of 
Sample Coordinates Constituent 

End of Pipe 
Sampling 

Data

Receiving 
Waters 

Sampling 
Data Unit

Water Quality 
Standards

Malibu Civic Center (Malibu Creek)
Wet Weather Sample

Fecal Coliforms NA 4400 MPN/100mL 400
Total Coliforms NA 560000 MPN/100mL 10000
Enterococcus NA 3100 MPN/100mL 104

Texaco 1 (Malibu Lagoon)
Wet Weather Sample

Fecal Coliforms NA 22000 MPN/100mL 400
Total Coliforms NA 560000 MPN/100mL 10000
Enterococcus NA 7300 MPN/100mL 104

Texaco 1 Small Drain (Malibu Lagoon)
Wet Weather Sample

Fecal Coliforms 680 4800 MPN/100mL 400
Total Coliforms 28000 14000 MPN/100mL 10000
Enterococcus 1700 4600 MPN/100mL 104

Malibu Civic Center (Malibu 
Creek) 2/16/2011 NA

Texaco 1 - SM (Malibu Lagoon) 2/18/2011 34.03471, -118.683621

Texaco 1 (Malibu Lagoon) 2/16/2011 34.03471, -118.683621

RB-AR6234



   Page 1 of 14 
 

Comments on Tentative Order R4-2012-XXXX, Los Angeles County MS4 Permit, June 6, 
2012 Draft 
 
Table of Documents 
 

Author Title Year File Name 

American 
Society of 
Landscape 
Architects 
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District within the San Diego Region, Order 
No. R9-2010-0016 NPDES No. CAS0108766, 
(“Riverside County Permit”) 

2010 CRWQCB - Riverside 
County MS4 Permit 
Order No R9-2010-
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2.0 

2011 City of Philadelphia - 
Stormwater 
Management 
Guidance Manual 
2.pdf 

City of Portland 
Bureau of 

Cost Benefit Evaluation of Ecoroofs 2008 City of Portland -cost 
benefit evaluation of 

RB-AR6238



   Page 5 of 14 
 

Author Title Year File Name 

Environmental 
Services 

ecoroofs 2008.pdf 

City of San 
Gabriel 
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in Redevelopment 
and Greenfield using 
GI.pdf 

ECONorthwest The Economics of Low-Impact Development: 
A Literature Review 

2007 ECONorthwest - 
Economics of LID-A 
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Forging the Link: Linking the Economic 
Benefits of Low Impact Development and 
Community Decisions. 

2011 Roseen et al - 
Forging the Link-
Linking the Economic 
Benefits of LID and 
Community 
Decisions.pdf 
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2008.pdf 

State Water 
Resources 
Control Board 

Resolution No. 2008-0025 Policy For 
Compliance Schedules In National Pollutant 
Discharge Elimination System Permits 

2008 SWRCB - Resolution 
No 2008-0025.pdf 
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2005 LA County Mun 
Stormwater BS 
080548.pdf 

Superior Court, 
County of Los 
Angeles 

Statement of Decision from Phase I Trial on 
Petitions for Writ of Mandate, 
In re L.A. County Mun. Storm Water Permit 
Litig., No. BS 080548 
 

2005 LA County Mun 
Stormwater BS 
080548.pdf 

Technical 
Steering 
Committee 
City of Los 
Angeles and 
County Oof Los 
Angeles, Co-
Chairs 

Santa Monica Bay Beaches Bacterial TMDLs 
Coordinated Shoreline Monitoring Plan 
(“CMP”)  

2004 Santa Monica Bay 
Beaches Bacterial 
TMDLs Coordinated 
Shoreline Monitoring 
Plan CMP.pdf 

U.S. 
Department of 
Housing and 
Urban 
Development 

The Practice of Low Impact Development 2003 HUD - Practice of LID 
2003.pdf 

U.S. 
Environmental 
Protection 
Agency 

Fact Sheet, National Pollutant Discharge 
Elimination System (NPDES) Municipal 
Separate Storm Sewer System (MS4) Permit 
No. DC0000221 

2011 EPA - 2011 Fact 
Sheet NPDES MS4 
Permit No 
DC0000221.pdf 

U.S. 
Environmental 
Protection 
Agency 

National Pollutant Discharge Elimination 

SystemTest of Significant Toxicity 

Implementation Document. EPA 833-R-10-

003. 

2010 EPA - 2010 NPDES 
Test of Significant 
Toxicity 
Implementation 
Document.pdf 

U.S. 
Environmental 
Protection 
Agency 

Reducing Stormwater Costs through Low 
Impact Development (LID) Strategies and 
Practices (“U.S. EPA Cost Study”) 

2007  EPA - Reducing 
Stormwater Costs 
through LID 
Strategies and 
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Practices.PDF 

U.S. 
Environmental 
Protection 
Agency, Region 
IX 

Letter to Celeste Cantu, re: California SIP, 
Compliance Schedule Provisions, October 23, 
2006 

2006 EPA Letter 10-23-
2006 re California SIP 
compliance schedule 
provisions.pdf 

U.S. 
Environmental 
Protection 
Agency, Region 
IX 

Special Case Evaluation Regarding Status of 
the Los Angeles River, California, as a 
Traditional Navigable Water 

2000 EPA Special Case 
Evaluation Re Status 
of LAR as Traditional 
Navigable Water.pdf 

U.S. General 
Accounting 
Office 

Water Quality: Better Data and Evaluation of 
Urban Runoff Programs Needed to Assess 
Effectiveness 

2001 GAO - Water Quality-
Better Data and 
Evaluation of Urban 
Runoff Programs.pdf 
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STORMWATER OVERVIEW

The Environmental Protection Agency  (E.P.A.) recently  initiated a national rulemaking to establish a comprehensive
program to reduce stormwater runoff from new development and re-development projects, and make other
improvements to strengthen its stormwater program. The E.P.A. announced that during this rulemaking process it
will evaluate sustainable green infrastructure design techniques that mimic natural processes to evapo-transpire,
infiltrate and recharge, and harvest and reuse stormwater. 

The EPA asked ASLA to collect case studies on projects that successfully  and sustainably  manage stormwater. ASLA
members responded with 479 case studies from 43 states, the District of Columbia, and Canada. Not only  do these
projects showcase landscape architecture, they  also demonstrate to policymakers the value of promoting green
infrastructure policies. Green infrastructure and low-impact development (LID) approaches, which are less costly  than
traditional grey  infrastructure projects, can save communities millions of dollars each year and improve the quality
of our nation’s water supply .  

An analysis of the case studies:  

Project type:
Institutional/Education —
21.5%  
Open Space/Park  — 21.3%
Other  — 17.6%
Transportation
Corridor/Streetscape —  11 .9%
Commercial —8.6%
Single Family  Residential  — 5.5%
Government Complex — 4.2%
Multifamily  Residential — 3.7%
Open Space-Garden/Arboretum 
—2.9%
Mixed Use — 1 .8%
Industrial — 1 .1%

Estimated cost of green
infrastructure:
$100,000–$500,000 — 29.2%
$1,000,000–$5,000,000 — 22.1% 
$500,000–$1,000,000 — 13.2%
$50,000–$100,000 — 12.9%
$10,000–$50,000 — 12.1%
<$5,000,000 — 7.0%
>$10,000 — 3.5%

Green infrastructure type: 
Retrofit of existing property —
50.7%
New development — 30.7%
Redevelopment project — 18.6%

How much impervious area
was managed?
1 acre to 5 acres — 34.5%
5,000 sq/ft to 1  acre — 31.3%
greater than 5 acres — 24.8%
less than 5,000 sq/ft — 9.5%

Did use of green
infrastructure increase
costs? 
Reduced costs — 44.1%
Did not influence costs — 31.4.7%
Increased costs — 24.5%

Green infrastructure design
approaches used:
Bioswale — 62.1%
Rain garden — 53.2%
Bioretention facility  — 50.8%
Permeable pavement systems —
47.3%
Curb cuts — 37.9%
Cistern — 21.2%
Downspout removal — 18.1%
Green roof — 16.5%
Rain barrels — 5.7%

ANALYSIS

Over 300 ASLA members and other practitioners responded with 465
case studies
Case studies were submitted from 43 states, the District of Columbia,
and Canada.
55 percent of the projects were designed to meet a local ordinance.
88 percent of local regulators were supportive of the green
infrastructure projects submitted.
68 percent of the projects received local public funding.

American Rivers
NRDC

ADVOCACY
Economic Recovery
Transportation
Sustainable Design
Livable Communities
Water & Stormwater
Historic Landscapes

contact
Julia Lent
Director,
Government Affairs
tel: 1-202-216-2330
jlent@asla.org
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December 1, 2010 
 
Bruce Wolfe, Executive Officer 
California Regional Water Quality Control Board 
San Francisco Bay Region 
1515 Clay Street, Suite 1400 
Oakland, CA 94612 
 
Subject:  Model Bioretention Soil Media Specifications–MRP Provision C.3.c.iii.(3) 
 
Dear Mr. Wolfe: 
 
This letter and attachments are submitted on behalf of all 76 permittees subject to the 
requirements of the Municipal Regional Stormwater NPDES Permit (MRP). 
 
Provision C.3.c.iii.(3) requires the permittees, collaboratively or individually, to 
submit a report containing the following information: 

• Proposed soil media specifications for biotreatment systems; 
• Proposed soil testing methods to verify a long-term infiltration rate of 5-10 

inches/hour; 
• Relevant literature and field data showing the feasibility of the minimum design 

specifications; 
• Relevant literature, field, and analytical data showing adequate pollutant 

removal and compliance with the Provision C.3.d hydraulic sizing criteria; and 
• Guidance for the permittees to apply the minimum specifications in a consistent 

and appropriate manner. 
 
The permittees have worked diligently since the MRP was adopted in October 2009 
to develop this information.  The work has been carried out collaboratively among 
the permittees and in cooperation with your staff. 
 
In April 2010 the permittees sponsored a roundtable discussion of bioretention soils.  
The roundtable included members of your staff, consultants, permittee staff, and 
representatives of the building industry.  This diverse group included soil scientists 
and soils engineers with expertise in soil testing and construction of bioretention 
facilities. The meeting was facilitated by Sandi Potter of your staff.  
 
Based on that discussion, BASMAA retained WRA, Inc., to develop regional 
guidance for bioretention soil.  WRA was directed to use as a starting point guidance 
they had previously developed for the Contra Costa Clean Water Program (CCCWP).  
The CCCWP published its guidance in February 2009 as Appendix B to their 
Stormwater C.3 Guidebook.  Contra Costa permittees have overseen construction of 
many bioretention facilities using this guidance and have had the opportunity to see 
the facilities perform through at least one full rainy season.  The “soil” is a mix of 60-
70% sand meeting a size gradation consistent with ASTM C33 for fine aggregate and 
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30-40% compost meeting the standards developed by the US Composting Council.  The sand 
and compost are readily available from Bay Area suppliers, and at least two companies currently 
provide and advertise their own versions of the bioretention “soil” mix.  For the regional 
guidance, WRA has recommended some minor improvements and clarifications to the Contra 
Costa guidance. 
 
The permittees are pleased to make this guidance available to permittee staff and the land 
development community.  However, we believe the MRP should continue to allow, as it does 
now, room for experimentation and innovation with bioretention soils, as long as that 
experimentation and innovation is within the bounds of the minimum requirements needed to 
achieve effective stormwater treatment. 
 
MRP Provision C.3.c.i.(2)(b)(vi) currently provides that: “Bioretention systems shall be designed 
to have a surface area no smaller than what is required to accommodate a 5-inch-per-hour 
stormwater runoff surface loading rate.”  This existing permit requirement sets the minimum 
square footage of the bioretention facility.  For a facility this size to successfully treat the design 
runoff flow, the soil media must infiltrate runoff at a rate of at least 5 inches per hour.  Thus, the 
essential characteristic of the bioretention soil is already established within the permit. 
 
Accordingly, we recommend that the Regional Water Board take no action with regard to 
bioretention soil specifications, as the current MRP language is already adequate to the purpose.  
However, if the permit is to be amended to explicitly incorporate a bioretention soil objective, 
we recommend the following: 
 

“Soils for bioretention facilities must be sufficiently permeable to infiltrate runoff at a 
minimum rate of 5 inches per hour during the life of the facility, and must provide sufficient 
retention of moisture and nutrients to support healthy vegetation.” 

 
The guidance developed by WRA on behalf of the permittees meets this objective, and the 
guidance is clearly feasible to implement, but it would be incorrect (and counterproductive) to 
suggest this guidance is the only means and method by which the objective can be achieved. 
 
Similarly, WRA’s report includes proposed testing methods for verification of alternative 
bioretention soil mixes.  Although this information will be useful to permittee staff, some 
permittees have already indicated a preference for fewer or different tests to estimate the long-
term infiltration rate.  
 
WRA’s report also includes guidance on soil installation, the use of mulch, water conservation, 
and other topics of interest to designers and operators of bioretention facilities.  This information 
is outside the scope of permit requirements, but will be useful to permittee staff and land 
development professionals. 
 
We thank your staff for their helpful and attentive participation in the April roundtable and other 
discussions leading to this submittal. 
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We certify under penalty of law that this document was prepared under our direction or 
supervision in accordance with a system designed to assure that qualified personnel properly 
gather and evaluate the information submitted.  Based on our inquiry of the person or persons 
who manage the system, or those persons directly responsible for gathering the information, the 
information submitted is, to the best of our knowledge and belief, true, accurate, and complete.  
We are aware that there are significant penalties for submitting false information, including the 
possibility of fine and imprisonment for knowing violations.  
 
 

 
James Scanlin, Alameda Countywide Clean Water Program  
 

 
Tom Dalziel, Contra Costa Clean Water Program 
 

 
Kevin Cullen, Fairfield-Suisun Urban Runoff Management Program  
 

 
Matt Fabry, San Mateo Countywide Water Pollution Prevention Program  
 

 
Adam Olivieri, Santa Clara Valley Urban Runoff Pollution Prevention Program  
 

 
Lance Barnett, Vallejo Sanitation and Flood Control District 
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Attachments:  
Technical Memorandum, “Regional Bioretention Soil Guidance and Model Specification,” by 
WRA, Inc. 

Technical Memorandum, “Regional Bioretention Installation Guidance,” by WRA, Inc. 
Annotated Bibliography, “Regional Biotreatment Soil Guidance,” by WRA, Inc. 

 
cc: Tom Mumley, Regional Water Board  

Shin-Roei Lee, Regional Water Board 
Dale Bowyer, Regional Water Board 
Sue Ma, Regional Water Board 
BASMAA Board of Directors  
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TECHNICAL MEMORANDUM 
 
Regional Bioretention Soil Guidance & Model Specification 
Bay Area Stormwater Management Agencies Association 

 
 Prepared For: 

 
Bay Area Stormwater Management Agencies 
Association (BASMAA) 
 
Contact: 
 
Megan Stromberg 
stromberg@wra-ca.com 
 
Date: 
 
November 12, 2010 
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INTRODUCTION 

Recently the San Francisco Bay Regional Water Quality Control Board issued the Municipal 
Regional Stormwater Permit.  The Bay Area Stormwater Management Agencies Association 
(BASMAA) engaged WRA to provide guidance and specification for bioretention soils to assist 
stormwater agencies at the associated municipalities in meeting the requirements of the permit. 

This report provides model soil guidance and specification with the goal of providing a long-term 
infiltration rate of 5 to 10 inches per hour, providing stormwater treatment and supporting plant 
health.  The guidance and specification is provided such that Permittees can apply the minimum 
specifications in a consistent and appropriate manner. 

This report is organized into two parts.  Part 1 provides the justification for recommendations 
made for the Regional Bioretention Soil Mix Guidance to better meet the requirements of the 
Municipal Regional Stormwater Permit.  Part 2 provides guidance and a draft Model 
Specification for Bioretention Soil. 

PART 1 - JUSTIFICATION 

1.0     COMPOST  

Compost has been a focus of many bioretention soil mixes because it has been shown to 
increase water holding capacity and attenuate pollutants from stormwater.   

1.1 Compost Particle Size 

Fines play an important role in bioretention facilities.  Cation exchange capacity (CEC) is known 
to improve the removal of metals in bioretention soils (Jurries 2003).  CEC refers to the quantity 
of negative charges in soil.  The negative charges attract positively charged ions, or cations, 
hence the name ‘cation exchange capacity’.  In addition to metals, many essential plant 
nutrients exist in the soil as cations.  The primary factor determining CEC is the clay and organic 
matter content of the soil.  Fines will raise the CEC of a soil and thus the pollutant removal 
capacity as well as the nutrient availability for plant health.   

However, there is mixed information on how fines relate to permeability. In part this is due to the 
different ways the fine fraction of a soil may be characterized. Some research indicates that 
hydraulic conductivity of bioretention soil mixes is correlated to percent passing the 200 sieve 
(0.003”), i.e. fines.  Curtis Hinman’s bioretention soil mix review and recommendations for 
Western Washington states that fines passing the 200 sieve should ideally be between 2 and 4 
percent to produce a bioretention soil mix with a long-term infiltration rate of between 1 and 12 
inches per hour (Hinman 2009).  In contrast, Scott Wikstrom of the City of Walnut Creek states 
that the mineralogy and particle size of the fines is critical to the degree of impact they will have 
on permeability.  Although both silt and clay pass the 200 sieve, his experience is that silt will 
have minimal impact while highly plastic clay will have a significant effect on permeability.  In 
practice, he has observed that the bioretention soils formulated using Contra Costa County’s 
specification are more likely to easily meet the minimum standard 5 inches per hour than they 
are to fail (Personal Communication 2010).  Current Contra Costa guidance only specifies 0 - 
5% passing the 200 sieve size for the fine aggregate and has no specification for compost 
particle gradation. 

A third hypothesis is proposed by Frank Shields of Soil Control Lab.  He points to particle size 
gradation, not particle size distribution, as determining a soil’s infiltration rate (Personal 
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Communication 2010).  He has implied that to limit the risk of compost plugging the bioretention 
soil mix, we should target the correct gradation.  Perhaps both size and gradation are important 
to consider.  Screening compost to remove fines effectively creates an ‘open graded’ compost.  
‘Open graded’ refers to a gradation that contains only a small percentage of aggregate particles 
in the small range relative to the overall mix.  This results in more air voids because there are 
not enough small particles to fill in the voids between the larger particles.  Open graded 
aggregate is used to create pervious concrete, for example.    

Anecdotally, in mixing soils to meet the Contra Costa County performance specification for 
infiltration rate, Rob Hawkins of LH Voss Landscape Materials in Dublin and Stockton, California 
has experienced problems when using whole compost that was not screened to remove some 
fines.  His company uses a blend of different compost types to create a custom coarse compost.  
He provided analytical testing results for his bioretention soil mix conducted from earlier this 
year.  Particle size distribution test results show that his bioretention mix contains over 12% 
passing the 200 sieve size.  Yet, the percolation rate using the ‘dirt bong’ method developed by 
Contra Costa County, was between 14 and 72 inches per hour.  More recently, his compost 
blend has been the following blend:  1/3 BFI ‘whole compost,’ 1/3 Zanker wood fines (screened 
compost with particle sizes between ¼” to ½”) and 1/3 recycled redwood fencing in its 
bioretention soil mix.  He will provide particle size analysis and infiltration rate testing of his new 
blend as soon as it becomes available in the next few weeks.   

Screening whole compost will reduce percentages of fine particles in the compost but this 
screened ‘coarse’ compost is only available from some suppliers.  Adding to the lack of clear 
information on this topic, compost is not routinely tested for particle size distribution to below the 
size 10 sieve (0.079”).  Earl Boyd of Lyngso Garden Materials in Redwood City, California 
stocks ‘Verma Green’ compost that is a coarser blend than their premium compost.  Boyd stated 
that Verma Green compost has less than 10% passing the 200 sieve (Personal communication 
2010).  If used with ASTM C33 fine aggregate which has a maximum of 5% passing the 200 
sieve, the overall bioretention soil mix would therefore have more than 5% passing the 200 
sieve size.  However, without comprehensive testing of compost and ASTM C33 blends, we 
may not have a clear answer about how the permeability relates to fines. 

In summary, existing literature suggests that fines in the overall mix should include fines in the 
range 2 – 4% but even within this range, the permeability will vary from 1 to 12 inches per hour.  
Scott Wikstrom suggests that fines in the range of 6-12% may produce an acceptable infiltration 
rate.  This hypothesis is confirmed by the analytical testing provided by LH Voss Materials.  
Compost is widely available with fines in the range of 8 - 12%. Municipalities have observed that 
previously constructed biofiltration basins are meeting the minimum infiltration rate specification 
without limiting the fines in compost.   

1.2 Nutrient Leaching from Compost 

Compost amended soils are generally good or very good at retaining metals, hydrocarbon, 
organics, and bacteria (Davis 2006, Hinman 2009).  Total phosphorous and total nitrogen 
removal in bioretention is good compared to other stormwater treatment practices; however, 
phosphate and nitrate reduction is variable in bioretention basins with underdrains (Davis 2006, 
Chi-hsu 2005, Hunt 2003, Hunt 2006).  Until recently, loadings of nitrogen and phosphorous to 
San Francisco Bay have not been a high-priority regulatory concern; however, the State Water 
Resources Control Board, supported by USEPA Region IX is implementing an Estuarine 
Nutrient Numeric Endpoint Project. 
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Hinman (2009) and Hunt (2006) suggest that the design of bioretention facilities is at the heart 
of the issue of nutrient export rather than compost or media design.Hinman suggests that depth 
of media should be 24” to 36” to minimize export of phosphorous (2009).  Current specification 
requires a minimum depth of 18”.  Recent research by Hunt (2006) also suggests that a 
laboratory analysis for bio-available phosphorous may correlate with phosphorous export from 
bioretention areas.  Biosolids and manure composts can be higher in bio-available phosphorous 
than compost derived from yard or plant waste.  Accordingly, biosolids or manure compost in 
bioretention areas are not recommended to reduce the possibility of exporting bio-available 
phosphorous in effluent. 

Hunt’s studies (2006) indicate that bioretention designs with underdrains do not reduce nitrate-
nitrogen levels sufficiently, as such bioretention facilities are constructed without any zone 
designed to be saturated and anaerobic.  For nitrate-nitrogen to be converted to nitrogen gas, 
thus enhancing total nitrogen removal, an anaerobic zone is necessary (Hunt 2003, Hunt 2006).  
An elevated underdrain, allowing for a saturated zone beneath the drain, may improve nitrate 
removal more consistently than changing the bioretention soil mix. 

Because design changes are beyond the scope of this report, we researched ways to minimize 
nitrate export from bioretention soils.  Compost is intermediate between soil organic matter and 
fertilizers in its release rates of nitrate in the first season of application (Claassen and Young 
2010).  However, diversity in the types and sources of raw organic solid waste combined with 
the various processing procedures used to produce composted materials results in different 
physical and chemical properties in the composted products (Frank Shields, personal 
communication 2010).  It is therefore difficult to generalize nutrient leaching from compost with 
the variety of sources of composted materials.   
 
However, one recent study by CalTrans has identified some trends in compost and leaching.  
They propose that organic carbon, phosphorous and metal leaching losses steadily decline as 
compost ages; but that losses of nitrogen-rich compounds peak with mature compost (4 weeks 
old) and then decline with curing (except nitrate, which remains at very low levels).  In addition, 
potassium increases with compost age, as does nitrate slightly.  (Claassen and Young 2010).   
 
In contrast, Frank Shields of Soil Control Lab states that while compost age and texture may 
generally relate to nutrient leaching, he hypothesizes that these factors will not always predict 
leaching potential.  He explains that it is possible to estimate nitrate leaching potential by 
evaluating compost for its stability.  He therefore provides some background on how nitrate is 
released from compost:  Young compost that has not been cured contains many different forms 
of organic matter.  Many of these types are readily available to soil organisms (fats, oils, 
polysaccharides, etc) and some are not (lignin, cellulose, proteins).  As organisms consume 
carbon they must also consume nitrogen.  The bio-available forms of carbon are consumed first 
and nitrogen is not released.  As the consumption of carbon slows the compost may then begin 
to leach nitrates.  With cured or aged compost, all the bio-available forms of carbon have 
already been consumed.  Such compost is therefore said to be ‘stable.’  Stable composts will 
release nitrogen at a slow and steady rate (Shields, personal communication, 2010).  Current 
specification already requires that compost be stable because this is a basic requirement for 
certification by the US Composting Council. 
 
Shields further recommends that the Carbon to Nitrogen (C:N) ratio should be evaluated.  Some 
composts are stable but are high in nitrogen (such as those from grass clippings or chicken 
manure).  A C:N ratio below 10:1 can supply nitrogen even if it is stable.  Hinman (2009) 
recommends a C:N ratio of between 20:1 and 25:1 for compost used in bioretention basins.  
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Soil and Compost Lab states that a compost with a C:N ratio above 20:1 can deplete nitrogen 
from the soil (Broadmoor 2010).  Therefore, a compost with a C:N ratio of between 15:1 and 
25:1 may balance the need for nitrogen for plant health with the desire to limit nitrate leaching. 
 
Claassen and Young state that compost only boosts nutrient export temporarily.  In the long-
term (perhaps three or four years), most plant-based composts appear to develop similar rates 
of nitrogen release that are generally similar to soil organic matter (Claassen and Young 2010).  
By specifying compost that is stable, peaks in nitrogen export should be minimized.  The 
specification should therefore balance the need for added nutrients for plants while they are 
getting established and the need to limit exporting nutrients. 
 
In summary, nutrient export from bioretention soil media appears to be an issue related more to 
the design of the bioretention areas rather than the media itself.  Greater depths of treatment 
media and anaerobic areas appear to be promising developments in the design of bioretention 
facilities that could limit nutrient export more predictably than in changing the compost 
specification. 
 
1.3 Inert Materials in Compost  

Current specifications for inert materials in compost range from a maximum of 0.1% by weight in 
Alameda County to 1% by weight in Contra Costa County.  Frank Shields of Soil Control Lab 
suggests that his visual assessment test is more appropriate because the inert materials are an 
aesthetic issue (for example, glass, plastics and paper) more than one of function.  Dan Cloak, 
in working with Contra Costa County, comments that he has not encountered problems with 
trash in bioretention soils (Personal communication 2010).  This suggests that the current 
specifications are already stringent enough to eliminate composts from green waste sources 
which tend to have high percentage of inert materials.   

1.4 Recommendations for Guidance 

Particle Size:  Fines in compost may cause clogging of the bioretention soil mix.  In contrast, 
fines offer enhanced metals retention, fertility, and water-holding capacity.  Current 
specifications require that the aggregate component to have between 0-5% fines.  Contra Costa 
County has not experienced problems with the infiltration rate of bioretention soils as currently 
specified but there may be some risk of low infiltration rate if compost with a high percentage of 
fines is used.   

We recommend one of three options: 

• No change to the specification OR  

• Provide a required particle size gradation for the compost component including a 
maximum of 10% passing the 200 sieve OR 

• Require the overall mix to have between 2% and 5% passing the 200 sieve as 
recommended in Western Washington. 

Nutrient Leaching: Nutrient leaching may be unavoidable without changes to the design of 
bioretention facilities such as increased media depth and raising the underdrain. However, we 
identified some guidance to limit leaching of nutrients from compost.  We recommend that 
guidance continue to specify compost certified by the US Composting Council certified to 
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ensure stability.  In addition, we recommend that the C:N ratio of compost be specified between 
15:1 and 25:1.    

Inert Materials: We recommend specifying a performance level of “no visual impact” from inert 
materials.  Each municipality can interpret the specification as desired to avoid high content of 
inert materials in compost. 

2.0     SOIL ADDITIVES 

2.1 Water Retention and Cationic Exchange Capacity in Bioretention Soils 

Cation exchange capacity (CEC) is known to improve the removal of metals in bioretention soils 
(Jurries 2003).  CEC refers to the quantity of negative charges in soil existing on the surfaces of 
clay and organic matter.  The negative charges attract positively charges ions, or cations, hence 
the name ‘cation exchange capacity’.  In addition to metals, many essential plant nutrients exist 
in the soil as cations.  A high CEC can indicate a more fertile soil.  As discussed earlier, the 
primary factor determining CEC is the clay and organic matter content of the soil.   

Water-holding capacity helps to improve plant survival during dry periods and reduce irrigation 
needs.  Water is held in soil in two ways: as a thin coating on the outside of soil particles and in 
the pore spaces. Soil water in the pore spaces can be divided into two different forms: 
gravitational water and capillary water. Gravitational water generally moves quickly downward in 
the soil due to the force of gravity. Capillary water is the most important for plant growth 
because it is held by soil particles against the force of gravity.  Soil texture is related to water-
holding capacity with loams and silt loams having the greatest available water for plants.  Clays 
hold water very tightly so less is available to plants and sands hold very little water so even less 
is available to plants.  Composted organic material is the most common soil amendment 
because it offers improved water holding capacity and supplies nutrients for soil. 

2.2 Perlite and Vermiculite Blends 

Vermiculite and perlite are both mined materials that are quickly heated to expand the mineral.  
Recently, perlite and vermiculite have been utilized in stormwater treatment facilities.  Perlite 
improves drainage and wicks water well. Vermiculite has a tremendous water holding capacity 
but can drown roots when used alone.  Perlite dries out quickly between rain events or 
waterings.  Vermiculite and perlite are often used together in horticultural applications because 
of these complimentary attributes.   

Granular perlite is sometimes used as a filter media for stormwater treatment.  El Dorado 
County Department of Transportation is currently researching the effectiveness of perlite filters 
for stormwater as compared to fine sand filters for areas where infiltration is not feasible 
(Kooyman and Wigart 2009).  Perlite is used in proprietary stormwater treatment systems 
including Aqua Filter.  Preliminary small scale tests with perlite show effectiveness of reducing 
turbidity in stormwater between 40% and 90% (Kooyman and Wigart 2009).  It is unclear if 
perlite, when included in a soil mix would have the same effectiveness.  It seems that it would 
perform similarly to the sand component of the bioretention soil mix. 

Additionally, vermiculite is commonly used to treat waste waters from mining activities to 
remove waterborne heavy metals.  Vermiculite may be attractive for use in watersheds that are 
known to have a problem with heavy metals.  Research is not available regarding the benefits  
vermiculite offers in reducing heavy metals within watersheds that have lower levels of heavy 
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metals typical of runoff from urban areas as compared to runoff from areas with contaminated 
soils or mining areas. 

In summary, perlite appears to be equivalent to the sand component in the engineered 
bioretention soil mix.  Vermiculite may improve water-holding capacity of a soil, but without 
further study it is difficult to prescribe the proper amount to include in the mix. Furthermore, the 
drawbacks of perlite and vermiculite are that these minerals do not contain nutrients needed for 
plant growth.  Costs may also exceed that of compost. 

2.3  Calcined Clay 

Eliminating fines from the soil mix is likely to increase the infiltration rate as discussed under 
Section 1.1.  On the other hand fine particles increase the cation exchange capacity of a soil 
which in turn increases metals retention.  Fines also improve fertility and water-holding capacity 
by slowing the drainage through the media.  Further study on the use of calcined clay was 
therefore suggested during the April 2010 roundtable discussion as a way to ensure that fines 
are not eliminated from the bioretention soil mix. 

Calcined clay is clay that has been heated to drive out volatile materials.  It is commonly used in 
potting soil mixes and as a garden bed amendment.  In heavy clay soils and compacted soils, it 
can improve aeration, as well as water and nutrient holding capacity.  Calcined clay has high 
levels of calcium and sulfur but doesn’t have additional nutrient value for plants.   

As discussed earlier, the primary factor determining CEC is the clay and organic matter content 
of the soil.  Higher quantities of clay and organic matter beget higher CEC.  Calcined clay is 
sometimes added to sand-based fields to increases CEC.  No research exists on the use of 
calcined clay in bioretention soils.  .   

2.4  Recommendations for Guidance 

Limited research exists on these soil amendments for use in bioretention soil mixes.    It is also 
unclear that they provide greater benefits than compost alone, and they will have an 
unpredictable effect on the infiltration rate of the bioretention soil mix.  Compost is proven to 
improve water holding capacity, increase CEC, and to support plant health, and has been 
studied to provide some measure of predictability in infiltration.  At this time, the existing 
research does not warrant adding vermiculite, perlite or calcined clay to the bioretention soil 
mix. 

3.0     NON-FLOATING MULCH MATERIAL  

Generally, soft woods like fir and pine trees are less dense than water.  Wood chip mulch made 
from softwoods will float because the specific gravity is less than that of water.  Some hardwood 
trees are very dense and will float less or even sink.   Locally, only Mountain mahogany 
(Cercocarpus betuloides) will sink in water, but not likely to be available commercially 
(Armstrong 2010).  Some oaks and acacias are also very dense and only barely float, but these 
materials are also unlikely to be commercially available as mulch.  The most common material 
for commercially available wood chip mulch is pine and fir. 

Shredded redwood bark mulch does not float because the fibrous strands tend to stick together 
and to the soil surface.  Unfortunately, some fire departments will not allow shredded bark 
mulches due to the perceived fire hazard.    
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Some success has been noted in surface mulching with compost.  The City of Seattle 
recommends mulching with compost because it is less likely to float than wood chips.  The 
University of Maine Cooperative extension recommends two types of mulch: Super Humus 
brand of compost and Erosion Control mulch.  Super Humus is commercially available from 
local soil products suppliers. 

In-organic mulches such as pea gravel, are also non-floating.  However, they only provide some 
of the benefits of mulch.  Organic mulches add organic matter and nutrients for plant health.   

We therefore recommend that the guidance specify applying non-floating mulch, such as compost, 

or other non-floating mulch as specified by the landscape-architect and approved by the local jurisdiction, 

as mulch within bioretention basins and wood chips adjacent to basins (above the maximum 
water line). 

 

4.0     METHODS FOR EVALUATION OF ALTERNATE MIXES 

Alternative mixes should be required to meet performance criteria if they do not fulfill the 
prescriptive ‘recipe’ for bioretention soil.  We recommend that municipalities be discouraged 
from using alternative mixes because the specifications are fine tuned to produce a bioretention 
soil that achieves the desired performance in infiltration rate and fertility.  However, if it is 
necessary to include alternative options we recommend that alternate mixes are evaluated for 
infiltration rate and certified for appropriate fertility.   

Infiltration tests should be conducted by a qualified geotechnical soil testing laboratory.  Field 
infiltration rates will differ from permeability rates measured in the laboratory.  Variables during 
construction can have a significant influence on as-constructed and long-term infiltration rates.  
However, laboratory permeability testing is a relative indicator of the overall drainage 
performance of a particular aggregate compost mix.  As discussed at the April 14, 2010, soil 

specifications roundtable meeting, the objectives of onsite infiltration testing can be met alternatively by 

reviewing the soil mix, overseeing installation, and observing the functioning of the facility. The soil 
should be required to have a percolation rate between 5 and 12 inches per hour to provide 
adequate drainage but not be too fast draining to support plants. 
 
The following tests are suggested:   

• Moisture – density relationships (compaction tests) should be conducted on a minimum 
of two samples of bioretention soil.  We recommend compacting the bioretention soil to 
85 to 90 percent of the maximum dry density (ASTM D1557).  This level of relative 
compaction of bioretention soil mixes should be similar to field conditions.   

• Constant head permeability – testing in accordance with ASTM D2434 should be 
conducted with a 6-inch mold and vacuum saturation.  Municipalities should require at 
least two samples be tested. 

• Particle size analysis – particle size analysis on the mixed bioretention soil should be 
provided.  

Due to the expense associated with laboratory testing, the suggested testing may discourage 
developers from using alternative mixes.  The above tests cost about $900.  If the alternative 
mix fails, retesting will be required. 
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Fertility is also an important aspect of the bioretention soil.  Rather than specifying performance 
benchmarks for all the various elements that contribute to soil fertility (pH, salinity, nitrate, 
ammonium nitrogen, phosphate phosphorous, potassium, calcium, magnesium, sodium, 
copper, zinc, manganese, iron, sulfate, and boron, etc), we recommend that alternative soil 
mixes should be certified as appropriate for plants by a qualified soil analysis laboratory or 
landscape architect.  The qualified expert should submit a signed letter certifying that the 
bioretention soil will support the selected species of plants.   

PART 2 – GUIDANCE AND SPECIFICATIONS 

The following text is based on the guidance found in Appendix B of Contra Costa County Clean 
Water Program’s Stormwater C.3 Guidebook, 4th Edition.  Bold and underlined text indicates 
additions to the specifications. 

SOILS FOR BIORETENTION FACILITIES 

Soils for bioretention areas must meet two objectives:  

• Be sufficiently permeable to infiltrate runoff at a minimum rate of 5" per hour during the 
life of the facility, and  

• Have sufficient moisture retention to support healthy vegetation.  

Achieving both objectives with an engineered soil mix requires careful specification of soil 
gradations and a substantial component of organic material (typically compost).  

The San Francisco Regional Water Board has developed specifications for a bioretention soil 
mix. Local soil products suppliers have expressed interest in developing ‘brand-name’ mixes 
that meet these specifications. At their sole discretion, municipal construction inspectors may 
choose to accept test results and certification for a ‘brand-name’ mix from a soil supplier. 
Updated soil and compost test results may be required; tests must be conducted within 120 
days prior to the delivery date of the bioretention soil to the project site.  

Typically, batch-specific test results and certification will be required for projects installing more 
that 100 cubic yards of bioretention soil. 

 

SOIL SPECIFICATION  

Bioretention soils should meet the following criteria.  

1.  General Requirements  
Bioretention soil shall achieve a long-term, in-place infiltration rate of at least 5 inches 
per hour. Bioretention soil shall also support vigorous plant growth.  

Bioretention Soil shall be a mixture of fine sand, and compost, measured 
on a volume basis:  

60%-70% Sand  
30%-40% Compost  
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1.1. Submittals  
The applicant must submit to the municipality for approval:  

A. A sample of mixed bioretention soil.  

B. Certification from the soil supplier or an accredited laboratory that the 
Bioretention Soil meets the requirements of this guideline specification.  

C. Grain size analysis results of the fine sand component performed in 
accordance with ASTM D 422, Standard Test Method for Particle Size 
Analysis of Soils.  

D. Quality analysis results for compost performed in accordance with Seal 
of Testing Assurance (STA) standards, as specified in Section 1.4.  

E. Organic content test results of mixed Bioretention Soil. Organic content 
test shall be performed in accordance with by Testing Methods for the 
Examination of Compost and Composting (TMECC) 05.07A, “Loss-On-
Ignition Organic Matter Method”.  

F.   Grain size analysis results of compost component performed in 
accordance with ASTM D 422, Standard Test Method for Particle 
Size Analysis of Soils. 

G.  A description of the equipment and methods used to mix the sand and 
compost to produce Bioretention Soil.  

H. Provide the following information about the testing laboratory(ies) 
name of laboratory(ies) including  

1) contact person(s)  

2) address(es)  

3) phone contact(s)  

4) e-mail address(es)  

5) qualifications of laboratory(ies), and personnel including date of 
current certification by STA, ASTM, or approved equal  

1.2. Sand for Bioretention Soil  

A. General  

Sand shall be free of wood, waste, coating such as clay, stone dust, 
carbonate, etc., or any other deleterious material. All aggregate passing 
the No. 200 sieve size shall be non-plastic.  

B. Sand for Bioretention Soil Texture  
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Sand for Bioretention Soils shall be analyzed by an accredited lab using 
#200, #100, #40, #30, #16. #8, #4, and 3/8 inch sieves (ASTM D 422 or 
as approved by municipality), and meet the following gradation:  

Sieve Size  Percent Passing (by weight)  

Min                  Max  

3/8 inch  100  100  

No. 4  90  100  

No. 8  70  100  

No. 16  40  95  

No. 30  15  70  

No. 40  5  55  

No. 100  0  15  

No. 200  0  5  

 

Note: all sands complying with ASTM C33 for 
fine aggregate comply with the above 
gradation requirements. 

1.3. Composted Material  

Compost shall be a well decomposed, stable, weed free organic matter 
source derived from waste materials including yard debris, wood wastes 
or other organic materials not including manure or biosolids meeting the 
standards developed by the US Composting Council (USCC). The product 
shall be certified through the USCC Seal of Testing Assurance (STA) 
Program (a compost testing and information disclosure program).  

A. Compost Quality Analysis  

Before delivery of the soil, the supplier shall submit a copy of lab 
analysis performed by a laboratory that is enrolled in the US 
Composting Council’s Compost Analysis Proficiency (CAP) program 
and using approved Test Methods for the Evaluation of Composting 
and Compost (TMECC). The lab report shall verify:  

1) Feedstock Materials shall be specified and include one or 
more of the following: landscape/yard trimmings, grass 
clippings, food scraps, and agricultural crop residues.  

2) Organic Matter Content: 35% - 75% by dry wt.  
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3) Carbon and Nitrogen Ratio: C:N < 25:1 and C:N >15:1 

4) Maturity/Stability: shall have a dark brown color and a soil-
like odor. Compost exhibiting a sour or putrid smell, containing 
recognizable grass or leaves, or is hot (120F) upon delivery or 
rewetting is not acceptable. In addition any one of the following 
is required to indicate stability:  

a. Oxygen Test < 1.3 O2 /unit TS /hr  

b. Specific oxy. Test < 1.5 O2 / unit BVS /  

c. Respiration test < 8 C / unit VS / day  

d. Dewar test < 20 Temp. rise (°C) e.  

e. Solvita® > 5 Index value  

5) Toxicity: any one of the following measures is sufficient to 
indicate non-toxicity.  

a. NH4- : NO3-N < 3  

b. Ammonium < 500 ppm, dry basis  

c. Seed Germination > 80 % of control  

d. Plant Trials > 80% of control 

e. e. Solvita® > 5 Index value 

6) Nutrient Content: provide analysis detailing nutrient content 
including N-P-K, Ca, Na, Mg, S, and B.  

a. Total Nitrogen content 0.9% or above preferred.  

b. Boron: Total shall be <80 ppm; Soluble shall be <2.5 
ppm  

7) Salinity: Must be reported; < 6.0 mmhos/cm  

8) pH shall be between 6.5 and 8. May vary with plant species.  

B.  Compost for Bioretention Soil Texture  

Compost for Bioretention Soils shall be analyzed by an accredited 
lab using #200, 1/4 inch, 1/2 inch, and 1 inch sieves (ASTM D 422 or 
as approved by municipality), and meet the following gradation:  
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Sieve Size  Percent Passing (by 
weight)  

Min                  Max  

1 inch 99 100 

1/2 inch  90  100  

1/4 inch 40 90 

No. 200  2  10  

 

 

C. Bulk density: shall be between 500 and 1100 dry lbs/cubic yard  

D. Moisture Content shall be between 30% - 55% of dry solids.  

E. Inerts: compost shall be relatively free of inert ingredients, including 
glass, plastic and paper, < 1 % by weight or volume.  

F. Weed seed/pathogen destruction: provide proof of process to 
further reduce pathogens (PFRP). For example, turned windrows must 
reach min. 55C for 15 days with at least 5 turnings during that period.  

G. Select Pathogens: Salmonella <3 MPN/4grams of TS, or Coliform 
Bacteria <10000 MPN/gram.  

H. Trace Contaminants Metals (Lead, Mercury, Etc.) Product must 
meet US EPA, 40 CFR 503 regulations.  

I. Compost Testing  

The compost supplier will test all compost products within 120 
calendar days prior to application. Samples will be taken using the 
STA sample collection protocol. (The sample collection protocol can 
be obtained from the U.S. Composting Council, 4250 Veterans 
Memorial Highway, Suite 275, Holbrook, NY 11741 Phone: 631-737-
4931, www.compostingcouncil.org). The sample shall be sent to an 
independent STA Program approved lab. The compost supplier will 
pay for the test. 
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VERIFICATION OF ALTERNATIVE BIORETENTION SOIL MIXES 

Bioretention soils not meeting the above criteria may be evaluated on a case by 
case basis.  Alternative bioretention soil must meet the following specification:   
“Soils for bioretention facilities must be sufficiently permeable to infiltrate runoff at a 
minimum rate of 5 inches per hour during the life of the facility, and must provide 
sufficient retention of moisture and nutrients to support healthy vegetation.” 

 The following guidance is offered to assist municipalities with verifying that alternative 
soil mixes meet the specification: 

 

1.  General Requirements  
Bioretention soil shall achieve a long-term, in-place infiltration rate of at least 5 
inches per hour. Bioretention soil shall also support vigorous plant growth.  

1.1. Submittals  
The applicant must submit to the municipality for approval:  

A. A sample of mixed bioretention soil.  

B. Certification from the soil supplier or an accredited laboratory 
that the Bioretention Soil meets the requirements of this guideline 
specification.  

C. Certification from an accredited geotechnical testing laboratory 
that the Bioretention Soil has an infiltration rate between 5 and 12 
inches per hour as tested according to Section 1.2. 

E. Organic content test results of mixed Bioretention Soil. Organic 
content test shall be performed in accordance with by Testing 
Methods for the Examination of Compost and Composting (TMECC) 
05.07A, “Loss-On-Ignition Organic Matter Method”.  

F.   Grain size analysis results of mixed bioretention soil performed 
in accordance with ASTM D 422, Standard Test Method for Particle 
Size Analysis of Soils. 

G.  A description of the equipment and methods used to mix the 
sand and compost to produce Bioretention Soil.  

H. Provide the following information about the testing laboratory(ies) 
name of laboratory(ies) including  

1) contact person(s)  

2) address(es)  

3) phone contact(s)  
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4) e-mail address(es)  

5) qualifications of laboratory(ies), and personnel including 
date of current certification by STA, ASTM, or approved equal 

1.2. Bioretention Soil  

A.   Bioretention Soil Texture  

Bioretention Soils shall be analyzed by an accredited lab using #200, 
and 1/2” inch sieves (ASTM D 422 or as approved by municipality), 
and meet the following gradation:  

Sieve Size  Percent Passing (by 
weight)  

Min                  Max  

1/2 inch  97  100  

No. 200  2  5  

 

B.   Bioretention Soil Permeability testing  

Bioretention Soils shall be analyzed by an accredited geotechnical 
lab for the following tests: 

1.  Moisture – density relationships (compaction tests) shall 
be conducted on bioretention soil.  Bioretention soil for the 
permeability test shall be compacted to 85 to 90 percent of 
the maximum dry density (ASTM D1557).   

2.  Constant head permeability testing in accordance with 
ASTM D2434 shall be conducted on a minimum of two 
samples with a 6-inch mold and vacuum saturation.   

 

 

MULCH FOR BIORETENTION FACILITIES 

Mulch is not required by this guidance but is recommended for the purpose of retaining 
moisture, preventing erosion and minimizing weed growth. It should be noted that projects 
subject to the State’s Model Water Efficiency Landscaping Ordinance (or comparable local 
ordinance) will be required to provide at least two inches of mulch.  Aged mulch, also called 
compost mulch, reduces the ability of weeds to establish, keeps soil moist, and replenishes soil 
nutrients. Aged mulch can be obtained through soil suppliers or directly from commercial 
recycling yards. Apply 1" to 2" of composted mulch, once a year, preferably in June following 
weeding.  
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Compared to green wood chip or bark mulch, aged mulch has somewhat less of a tendency to 
float into overflow inlets during intense storms. Bark or wood chip mulch may be used on the 
side slopes of basins above the maximum water line.  The project landscape architect may also 
specify another type of non-floating mulch, subject to approval by the local jurisdiction. 
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INTRODUCTION 

Recently the San Francisco Bay Regional Water Quality Control Board issued the Municipal 
Regional Stormwater Permit.  The Bay Area Stormwater Management Agencies Association 
(BASMAA) engaged WRA to provide guidance and specification for bioretention soils to assist 
stormwater agencies at the associated municipalities in meeting the requirements of the permit. 

This report provides guidance for the installation of bioretention soils with the goal of preserving 
the integrity of the soil media to support a long-term infiltration rate of 5 to 10 inches per hour, 
provide stormwater treatment and support plant health.   

INSTALLATION OF BIORETENTION SOILS 

The following section provides considerations for proper bioretention soil installation. 

Prior to Installing Bioretention Soil: 

• Is the contractor familiar with constructing bioretention systems? 

• Plan how inspections will be handled as part of the construction process. 

• Verify soil meets specification prior to delivering and or placing in the facility. 

• Prevent over-compaction of native soils in the area of the basin.  Delineate the facility 
area and keep construction traffic off.  Protect soils with fencing, plywood, etc. 

• Provide erosion control in the contributing drainage areas of the facility.  Stabilize 
upslope areas. 

• Facilities should not be used as sediment control facilities. 

• Drainage should be directed away from bioretention facilities until upslope areas are 
stabilized, if possible.  The concentration of fines could prevent post-construction 
infiltration. 

• If drainage is to be allowed through the facility during construction, leave or backfill at 
least 6” above the final grade.  Temporarily cover the underdrain with plastic or fabric.  
Line or mulch the facility.   

• Ideally, bioretention facilities should remain outside the limit of disturbance until 
construction of the bioretention begins to prevent soil compaction by heavy equipment.  
Protect bioretention areas with silt fence or construction fencing. 

• Verify installation of underdrain is correct prior to placing soil. 

Soil Mixing and Placement: 

• Do not excavate, place soils, or amend soils during wet or saturated conditions. 

• Operate equipment adjacent to (not in) the facility. 

• If machinery must operate in the facility, use light weight, low ground-contact pressure 
equipment. 
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• It may be necessary to rip or scarify the bottom soils to promote greater infiltration or 
excavate any sediment that may have built up during construction. 

• Consider the time of year and site working area when determining whether to mix 
bioretention soil on-site or to import pre-mixed soil. 

• If mixing bioretention media onsite, use an adjacent impervious area or on plastic 
sheeting. 

• Place soil in 12” lifts with machinery adjacent to the facility. If working within the facility, 
to avoid over-compacting, place first lifts at far end from entrance and place backwards 
toward entrance. 

• Do not place or work bioretention soil if it is saturated or raining 

• Allow bioretention soil lifts to settle naturally, boot pack (walk around to firm) lifts to 
achieve 85% compaction effort.  After all lifts are placed, wait a few days to check for 
settlement, and add additional media as needed.   

• An alternative to boot compaction is to settle bioretention soils by lightly watering until 
soils are just saturated.  Allow soil to dry between lifts.  It may take a day or more to dry 
adequately between lifts.  Soil cannot be worked when saturated so this method should 
be used with caution.  Allow for extra time to let soils dry between each lift.  After all lifts 
are placed, wait a few days to check for settlement, and add additional media as 
needed.   

• Verify bioretention soil elevations before applying mulch or installing plants.   

Other Considerations: 

• Protect adjacent trees. 

• Protect adjacent infiltration systems including swales, soils and porous pavement from 
sediment. 
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INTRODUCTION 

Recently the San Francisco Bay Regional Water Quality Control Board issued the Municipal 
Regional Stormwater Permit.  The Bay Area Stormwater Management Agencies Association 
(BASMAA) engaged WRA to provide guidance and specification for bioretention soils to assist 
stormwater agencies at the associated municipalities in meeting the requirements of the permit. 
 
The following bibliography provides a summary of existing literature, field and analytical data 
prepared in conjunction with the preparation of Regional Bioretention Soil Guidance. 

1.0     COMPOST 

Claassen, V. and Young, T.  2010.  Model Guided Specification for Using Compost to Promote 
Establishment of Vegetation and Improvement in Stormwater Quality. California 
Department of Transportation (CalTrans).  Available online: 
http://www.dot.ca.gov/hq/LandArch/research/erosion_control.htm 

This study establishes parameters for compost use on slopes based on performance criteria 
including soil type, climate, slope length and steepness, aspect, and location. The research 
addresses how compost affects water quality and erosion, and if compost improves the 
establishment of permanent vegetation cover.  Results indicate that in many cases, degraded, 
nutrient-poor soils can be regenerated with yard waste compost amendment with minimal risk of 
nutrient loss, especially if the composts are incorporated into the slope surface and covered with 
a mulch layer.  Finer and more aged composts leach nitrogen at slightly higher rates than non-
aged composts.  However, more aged composts are more likely to retain heavy metals.  
Surface application of compost decreases nutrient loss.  
 
Faucette, L.B. et. al.  2005.  “Evaluation of stormwater from compost and conventional erosion 

control practices in construction activities.”  Soil and Water Conservation Society. 
November 2005 vol. 60 no. 6 288-297. 

The use of surface applied organic amendments has been shown to reduce runoff and erosion, 
however, with the exception of animal manure, little research has focused on nutrient loss from 
these amendments. Four types of compost blankets, hydroseed, silt fence, and a bare soil 
(control) were applied in field test plots. Treatments were seeded with common bermuda grass. 
A rainfall simulator applied rainfall at an average rate equivalent to a 50 yr hr−1 storm event 
(7.75 cm hr−1). After three months, the compost generated five times less runoff than 
hydroseed with silt fence, and after one year, generated 24 percent less runoff. All treatments 
proved better than the control at reducing solids loss. Materials high in inorganic nitrogen (N) 
released greater amounts of nitrogen in storm runoff; however, these materials showed reduced 
N loss over time. Hydroseeding generated significantly higher total phosphorus (P) and 
dissolved reactive P loads compared to compost in storm runoff during the first storm event.  

Stenn, H. 2010.  Building Soil: Guidelines and Resources for Implementing Soil Quality and 
Depth BMP T5.13 in WDOE Stormwater Management Manual for Western Washington.  
Seattle Public Utilities: Seattle.  Available at:  
http://www.buildingsoil.org/tools/Soil_BMP_Manual.pdf 

The guide describes techniques for construction site soil handling, reducing soil compaction, 
and amending site soils with compost to meet BMP T5.13 “Post Construction Soil Quality and 
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Depth” in the WA Dept. of Ecology’s Stormwater Management Manual for Western Washington. 
This guide also includes field inspection techniques, WA suppliers of compost and soil testing 
laboratories, and specification language in APWA and CSI formats. 

 
2.0     SOIL AMENDMENTS 

Kooyman, Steve and Wigart, Russ, 2009.  Urban Stormwater fine sediment filtration using 
granular perlite.  El Dorado County Department of Transportation. 

Perlite can be used as an alternative to fine sand for stormwater filtration to reduce turbidity.   

Paul, J. L. et. al. 1971. “Effects of Organic and Inorganic Amendments on the Hydraulic 
Conductivity of Three Sands Used for Turfgrass Soils”  California Turfgrass Culture.  
Volume 21, No. 2. p.9-13.  Accessed from University of California Riverside Turf 
Research Facility: http://ucrturf.ucr.edu/publications/CTC/ctc21_2.pdf 

Calcined clay-l (CC-l ) : montmorillonite clay is calcined at high temperatures to make porous, 
mechanically strong particles of mainly very coarse sand-fine gravel texture. Calcined clay-2 
(CC-2) : an unspecified mineral is calcined to produce a porous, more or less spherical particle 
which falls mostly in the textural class of medium sand.  Vermiculite (V) : the material was an 
industrial chemical grade (No. 1) of expanded mineral. While the particle size consisted mainly 
of very coarse and coarse sand sizes, particles were readily deformed and compressed by 
compacting forces.  In this study, calcined clay acted in the same way as sand.  Depending on 
the gradation of the sand and the particle size of the calcined clay, hydraulic conductivity was 
either increased or decreased.  Vermiculite decreased hydraulic conductivity the most of the 
amendments studied.  In addition, appreciable changes in hydraulic conductivity were not 
observed until 30-40% of the amendment was added to the sand. 
 
 

3.0     POLLUTANT REMOVAL  

Davis et. al. 2006.  “Water Quality Improvement through Bioretention Media: Nitrogen and 
Phosphorous Removal.”  Water Environment Research.  Vol. 78, No. 3: pp.284-293. 

High nutrient inputs and eutrophication continue to be one of the highest priority water quality 
problems. This work provides an in-depth analysis on removal of nutrients from a synthetic 
stormwater runoff by bioretention. Results have indicated good removal of phosphorus (70 to 
85%) and total Kjeldahl nitrogen (55 to 65%). Nitrate reduction was poor (,20%) and, in several 
cases, nitrate production was noted. Variations in flowrate (intensity) and duration had a 
moderate affect on nutrient removal. Mass balances demonstrate the importance of water 
attenuation in the facility in reducing mass nutrient loads. Captured nitrogen can be converted to 
nitrate between storm events and subsequently washed from the system. Analysis on the fate of 
nutrients in bioretention suggests that accumulation of phosphorus and nitrogen may be 
controlled by carefully managing growing and harvesting of vegetation. Water Environ. Res., 78, 
284 (2006). 
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Hsieh, Chi-hsu and Davis, Allen P., 2005.  “Evaluation and Optimization of Bioretention Media 
for Treatment of Urban Storm Water Runoff.”  Journal of Environmental Engineering.  
November: pp. 1521-1531.  

The objective of this study is to provide insight on media characteristics that control bioretention 
water management behavior. Eighteen bioretention columns and six existing bioretention 
facilities were evaluated employing synthetic runoff. In columns, the runoff infiltration rate 
through different media mixtures ranged from 0.28 to 8.15 cm/min at a fixed 15 cm head. For 
pollutant removals, the results showed excellent removal for oil/grease __96%_. Total lead 
removal _from 66 to _98%_ decreased when the total suspended solids level in the effluent 
increased _removed from 29 to _96%_. The removal efficiency of total phosphorus ranged 
widely _4–99%_, apparently due to preferential flow patterns, and both nitrate and ammonium 
were moderate to poorly removed, with removals ranging from 1 to 43% and from 2 to 49%, 
respectively. Two more on-site experiments were conducted during a rainfall event to compare 
with laboratory investigation. For bioretention design, two media design profiles are proposed; 
_96% TSS, _96% O/G, _98% lead, _70% TP, _9% nitrate, and _20% ammonium removals are 
expected with these designs. 

Hunt, William F. III,  2003.  Pollutant Removal Evaluation and Hydraulic Characterization for 
Bioretention Stormwater Treatment Devices.  Pennsylvania State University.  Available 
online: 
http://www.psparchives.com/publications/our_work/stormwater/lid/bio_docs/bio_docs.ht
m 

Current bioretention designs do not reduce nitrate-nitrogen levels sufficiently, as bioretention is 
constructed without any zone designed to be saturated. For nitrate-nitrogen to be converted to 
nitrogen gas, thus enhancing total nitrogen (TN) removal, an anaerobic zone may be necessary. 
This research determined the effect of an anaerobic layer within bioretention devices on the 
concentrations and loadings of TN, nitrate-nitrogen (NO3-N), and other nutrient and pollutant 
species in stormwater runoff including ammonia-nitrogen (NH3-N), total kjeldahl nitrogen (TKN), 
total phosphorus (TP), ortho-phosphate (Ortho-P), zinc (Zn), iron (Fe), copper (Cu), lead (Pb), 
and total suspended solids (TSS).  Results from the laboratory experiment showed high removal 
rates for TN (mean efficiencies ranging from 70% to 85%) and NO3-N (over 90%). The 
presence of an intentional anaerobic zone and the anaerobic zone’s thickness did not have a 
significant impact (p<0.10) on the microcosm’s nutrient removal abilities. There was a significant 
impact (p<0.10) when comparing hydraulic retention times of 2 and 4 days. The longer retention 
time had significantly lower TN and NO3-N concentrations. 
 

Hunt, W.F. et al. 2006.  “Evaluating Bioretention Hydrology and Nutrient Removal at Three Field 
Sites in North Carolina.”  Journal of Irrigation and Drainage Engineering.  
November/December:  600-608.   

Three bioretention field sites in North Carolina were examined for pollutant removal abilities and 
hydrologic performance. The cells varied by fill media type or drainage configuration. The field 
studies confirmed high annual total nitrogen mass removal rates at two conventionally drained 
bioretention cells _40% reduction each_. Nitrate-nitrogen mass removal rates varied between 
75 and 13%, and calculated annual mass removal of zinc, copper, and lead from one 
Greensboro cell were 98, 99, and 81%, respectively. All high mass removal rates were due to a 
substantial decrease in outflow volume. The ratio of volume of water leaving the bioretention cell 
versus that which entered the cell varied from 0.07 _summer_ to 0.54 _winter_. There was a 
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significant _p_0.05_ change in the ratio of outflow volume to inflow volume when comparing 
warm seasons to winter. Cells using a fill soil media with a lower phosphorus index _P-index_, 
Chapel Hill cell C1 and Greensboro cell G1, had much higher phosphorus removal than 
Greensboro cell G2, which used a high P-index fill media. Fill media selection is critical for total 
phosphorus removal, as fill media with a low P-index and relatively high CEC appear to remove 
phosphorus much more readily. 

 
4.0     BIOFILTER MEDIA DESIGN & SPECIFICATIONS 

Burge, K. et. al. 2007. “Finding the Right Bioretention Soil Media”  13th International Conference 
on Rainwater Cathcment Systems.  Available at: 
http://www.hidro.ufcg.edu.br/twiki/pub/ChuvaNet/13thInternationalConferenceonRainwat
erCatchmentSystems/Burge.pdf 

This paper describes the soil media characteristics that are critical to the successful functioning 
of a bioretention system and outlines the methodology behind the development of the 
Guideline Specifications for Soil Media in Bioretention Systems (FAWB, 2006).   

 

Hinman, Curtis,  2009.  Bioretention Soil Mix Review and Recommendations for Western 
Washington. Puget Sound Partnership.  Available online: 
http://www.psparchives.com/publications/our_work/stormwater/BSMResults-
Guidelines%20Final.pdf 

The soil mix used in bioretention systems is central for determining flow control and water 
quality treatment performance. The purpose of this study is to provide bioretention soil mix 
(BSM) guidelines that: 1) meet performance objectives; 2) include materials readily available in 
the Puget Sound region; 3) include materials that aggregate and compost suppliers can provide 
with adequate quality control and consistency; and 4) are affordable. The focus of this study is 
on the aggregate component of the BSM. Four candidate aggregate samples were collected 
from various suppliers and locations around Puget Sound. Laboratory analysis was conducted 
to determine aggregate gradation, as well as the organic matter content, hydraulic conductivity, 
cation exchange capacity, and available phosphorus of a specified aggregate compost 
bioretention soil mix. Hydraulic conductivity of bioretention soil mixes is strongly correlated to 
percent mineral aggregate passing the 200 sieve and that the fines should be less than five and 
ideally between two and four percent.  Organic matter content and associated available 
phosphorus and nitrogen cycling in these mixes may lead to phosphate and nitrate exported in 
under-drain effluent. Current research shows variable nitrate and phosphate retention and 
additional work is needed to study methods to optimize bioretention soil mixes for phosphate 
and nitrate retention and removal capability. 
 

Jurries, Dennis, 2003.  Biofilters (Bioswales, Vegetative Buffers, & Constructed Wetlands) for 
Storm Water Discharge Pollution Removal.  State of Oregon Department of 
Environmental Quality.  Available at:  
http://www.deq.state.or.us/wq/stormwater/docs/nwr/biofilters.pdf 

Compilation of available information on the design and use of biofilters.  Clays and organic 
matter have highest cation exchange capacities.  Organic matter has twice the rate of cation 
exchange capacity as clay. 
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5.0     HYDRAULIC SIZING CRITERIA 

Colwell, S. and Fowler J. 2009.  Technical Memorandum re: Updated SPU Bioretention Soil – 
Modeling Inputs and Water Quality Treatment.  Seattle Public Utilities.  Available at: 
http://www.seattle.gov/util/groups/public/@spu/@usm/documents/webcontent/spu02_01
9972.pdf 

This memorandum provides SPU’s recommendations and justifications for modeling inputs for 
the bioretention soil and discusses how it meets Washington State Department of Ecology’s 
(Ecology) requirements for treatment.  Infiltration rate is highly variable for designed bioretention 
soils.  A long-term correction factor of infiltration rate is recommended to be 2 for catchment 
areas containing less than 5000 sf of pollution generating surface or less than 10,000 sf 
impervious surface. 

Herrera Environmental Consultants, 2007 “First Controlled Infiltration Test for High Point Phase 
I Block-Scale Monitoring Project”  Seattle Public Utilities.  Courtesy of Tracy Tackett 
(SPU NDS Program Manager)  

Results of field study of infiltration and treatment performance of large-scale bioretention system 
project in Seattle.  Design infiltration rate for the bioretention soil mix was 2” per hour and field 
tested rate was 4.2” per hour.  
 
Herrera Environmental Consultants, 2007 “Results from Second Controlled Infiltration Test for 

High Point Phase I Block-Scale Monitoring Project”  Seattle Public Utilities.  Courtesy of 
Tracy Tackett (SPU NDS Program Manager)  

Results of field study of infiltration and treatment performance of large-scale bioretention system 
project in Seattle.  Design infiltration rate for the bioretention soil mix was 2” per hour and field 
tested rate was 6.1” per hour.  Differences from the first and second test are attributed to rainfall 
event occurring just prior to test 1. 
 
Mcmullen, Chad,  2007.  Technical Memorandum:  Bioretention Specification Development. 

Seattle Public Utilites.  Provided courtesy Tracy Tackett of Seattle Public Utilites.  

This memorandum provides grain size analysis for hydraulic capacity of several available 
aggregates in Western Washington.  Compaction, organic content and permeability testing was 
performed on aggregate-compost mixtures.  Provides draft bioretention soil specification for 
SPU. 

6.0     BIOFILTER SOIL SPECIFICATIONS  

Alameda Countywide Clean Water Program, 2007. “Soil Specifications for Stormwater 
Treatment Measures,”  Alameda County.  

Alameda’s soil specification to help applicants specify soils that will provide suitable growing 
conditions for appropriate plantings and meet the percolation requirements.  Target percolation 
rate is 5 to 10 inches per hour. 

Seattle Public Utilites 2008. “SPU Bioretention Soil Specification”  courtesy of Tracy Tackett 
(SPU NDS Program Manager)  

RB-AR6285

http://www.seattle.gov/util/groups/public/@spu/@usm/documents/webcontent/spu02_019972.pdf�
http://www.seattle.gov/util/groups/public/@spu/@usm/documents/webcontent/spu02_019972.pdf�


 

Specification for bioretention soil with infiltration rate of 5 in/hour (to be confirmed with Tracy).  
Specification geared towards locally available materials to Seattle that can be installed by 
contractors or homeowners. 
 

7.0     LAB SOIL TEST RESULTS 

To be provided with final draft. 

8.0     PLANTS 

Bornstein, C., Fross, D., and O’Brien, B. 2005. California Native Plants for the Garden  
Cachuma Press: Solvang. 

Plant recommendations, plant care, nursery resources. 

CalTrans 2001.  “Advisory Guide to Plant Species Selection for Erosion Control.” Cal Trans, 
District 5. 

Hardcopy format of a geographic information system (GIS) that combines state and district-level 
climatalogical, geological, topographical, and plant biogeographical data to define ecologically 
meaningful subdistrict Plant climate Zones. These climate zones form the foundation for rapid 
access to lists of plant species for revegetation that are both ecologically appropriate for a 
project site and useful in minimizing erosion, primarily on slopes up to 2:1 H:V.   

Harlow, Nora 2004. Plants and Landscapes for Summer-Dry Climates. East Bay Municipal 
Utility District.  

Plant recommendations for the Bay Area. 

Los Angeles County Public Works 2004.  “LA River Masterplan:  Landscaping Guidelines and 
Plant Palettes.”  County of Los Angeles. 

Landscape design guidelines for the LA River corridor.  Includes plant list of plants that should 
never be planted along the river and suggested plant lists, plants by plant communities and info 
about each plant such as estimated water needs, height, spread, and frequency of occurrence. 

San Mateo County 2007.  “Appendix B: Plant List and Planting Guidance for Landscape-Based 
Stormwater Measures” San Mateo Countywide Water Pollution Prevention Program: C.3 
Technical Guidance. Accessed from: 
http://www.flowstobay.org/bs_new_development.php 

Summary: Guidance for planting techniques and selection of appropriate plant materials for 
stormwater measures. 

SVR Design Company 2006.  “High Point Community Site Drainage Technical Standards” 
Prepared for Seattle Public Utilities.  Accessed from: 
http://www.svrdesign.com/high_pt.html 

Suggested plant list for various BMPs. 
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9.0     BIORETENTION SOILS INSTALLATION 

SVR Design Company 2006.  “High Point Community Right of Way and Open Space 
Landscape Maintenance Guidelines” Prepared for Seattle Public Utilities.  Accessed 
from: http://www.svrdesign.com/high_pt.html 

Materials recommendations and trouble shooting. 

Lancaster, Alice, 2009.  “Bioretention: Design and Construction”  Presentation at Low Impact 
Development Workshop.  City of San Francisco.  

Construction sequencing, prevention of compaction, erosion control, contractor training, and 
public relations. 

Hinman, Curtis, 2009.  “Low Impact Development Technical Workshop Series: Bioretention Soil 
Mixes.”  Presentation at Low Impact Development Workshop.  City of San Francisco.  

Construction recommendations specific to installing bioretention soils. 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION IX

75 Hawthorne Street
San Francisco, CA 94105·3901

Colone l Mark Toy
District Engineer, Los Angeles District
U.S. Army Corps of Engineers
P.O. Box 532711
Los Ange les, California 90053-2325

Dear Colonel Toy:

JUL 6 2010 OFFICE OF THE

REGIONAL ADMINISTRATOR

This letter transmits the Clean Water Act (CWA) jurisdictional determination for the Los Angeles River. On
August 17, 2008, EPA 's Assistant Administrator for Water designated the Los Angeles River as a "Special
Case" as defined by the EPA-Corps 1989 Memorandum of Agreement (MOA) regarding coordination on
matters of geographic jurisdiction. Pursuant to the MOA, designation of the "Special Case" made EPA
responsib le for determining the extent to which the Los Angeles River was protected as a "water of the United
States." Specifically, EPA analyzed the river's status as a "Traditional Navigable Water," one of several
categories ofjurisdictional waters under the Act.

We conclude that the mainstem of the Los Angeles River is a "Traditional Navigable Water" from its origins
at the confluence of Arroyo Calabasas and Bell Creek to San Pedro Bay at the Pacific Ocean, a distance of
approximately 51 miles .

In reaching this conclusion, Region 9 and Headquarters staff considered a number of factors, including the
ability of the Los Angeles River under current conditions of flow and depth to support navigation by
watercraft; the history of navigation by watercraft on the river; the current commercial and recreational uses of
the river; and plans for future development and use ofthe river which may affect its potential for commercial
navigation. Available evidence on each of these factors indicates that the Los Angeles River mainstem
possesses the physical characteristics and past, present, or future use for navigation consistent with a
"Traditional Navigable Water." This analysis is summarized in the enclosed document, "Special Case
Evaluation regarding the Status of the Los Angeles River, California, as a Traditional Navigable Water."
Please let me know if you would like to receive the underlying data and analyses.

This report constitutes the position ofthe federal government on the CWAjurisdictional status of the
mainstem of the Los Angeles River, and its transmittal concludes the "Special Case" process. If you have any

, questions, please contact me at (415) 947-8702 or Jason Brush, Chief of the Wetlands Office, at (415) 972
3483.

J ed Blumenfeld
i\dministrator, EP1\

Enclosure

Printed on Recycled Paper
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION IX

SPECIAL CASE EVALUATION REGARDING STATUS OF THE
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July 1,2010
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION IX

SPECIAL CASE EVALUATION REGARDING STATUS OF THE
LOS ANGELES RIVER, CALIFORNIA, AS A TRADITIONAL NAVIGABLE WATER

July 1,2010

Summary

This document compiles and evaluates evidence pertaining to an approximately 51-mile reach of the
mainstem Los Angeles River, Los Angeles County , California, to support a determination of whether
some or all of this reach is a "traditional navigable water" (TNW), and as such is a jurisdictional water
of the United States under the Clean Water Act (CWA) . This document does not address the
juri sdictional status of the Los Angeles River under the other jurisdictional criteria set forth in 33
c.F.R. § 328.3(a)(2)-(7) and 40 C.F.R. § 230.3(s)(2)-(7). Analysis of evidence indicates the Los
Angeles River mainstem possesses the physical characteristics and past, present, or future use for
navigation consistent with a TNW .

Background

In response to a request for a jurisdictional determination on a tributary of the Los Angeles River,
on March 20, 2008, the Los Angeles District of the U.S. Army Corps of Engineers (Corps) issued a
Memorandum for the Chief, Regulatory Division, which concluded that a 1.75-mile reach of the Los
Angeles River from the upstream limit of tidal influence (2.5 ft . mean sea level) to its estuary with the
Pacific Ocean is a TNW.1 Subsequently, in a Memorandum for the Record, dated June 4, 2008, the
District Engineer amended the March TNW determination to include a 2-mile reach of the Los Angeles
River within the Sepulveda Basin as a TNW, in addition to tidally-influenced portions of the river?

1 U.S. Army Corps of Engineers . 2008a. Determination of TNW Status of the Los Angeles River (File No. 2008-2 18-AJS),
Memorandum for Chief, Regulatory Division, Los Angeles District, Corps of Engineers, March 20, 2008. 4 pp, w/enclosures.

2 U.S. Army Corps of Engineers. 2008a. Memorandum for the Record: Determination of Traditionally Navigable Waters (TNW) on
the Los Angeles River. Los Angeles District, Corps of Engineers, June 4, 2008.4 pp.
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Considered together the Corps concluded that approximately 3.75 miles of the approximate 51-mile
length of the Los Ang~les River is a TNW. The Corps did not make any determinations regarding the
jurisdictional status of the other segments of the Los Angeles River.

On August 17, 2008, the Assistant Administrator for Water at the U.S. Environmental Protection
Agency (EPA) issued a letter designating the Los Angeles River as a "Special Case" under the EPA
Corps coordination procedures established in the 1989 Memorandum of Agreement Concerning the
Determination of the Geographic Jurisdiction of the Section 404 Program and the Application of the
Exemptions under Section 404(j) of the Clean Water Act. On December 3, 2008, EPA affirmed that
available evidence supported the Corps' June 4, 2008 determinations for the two segments of the river
already evaluated, and provided that EPA would make the final navigability determin ation for

remaining portions of the mainstem Los Angeles River for Clean Water Act purposes. This report
analyzes the available evidence and finds that the entire mainstem Los Angeles River is a TNW
susceptible to commercial navigation from its origin to the estuary at the Pacific Ocean, based on
historical and current recreational use, flows, and plans for future development.

Geographic Scope of Evaluation

The relevant river segment for purposes of this TNW determination is the mainstem Los Angeles
River from its estuary at the Pacific Ocean (33°118°11' 14.04"W), upstream for a linear channel
distance of approximately 51 miles to its origin at the confluences of Arroyo Calabasas and Bell Creek,
in the City of Canoga Park (33°11'42.78"N, 118°36'06.81"W)(Pigure 1).

Navigabi lity [33 CPR 328.3(a)( I)]

Evaluation Criteria

This document evaluates evidence related to the past, present and potential future navigability of
the 51-mile mainstem reach of the Los Angeles River. The relevant criteria come from the CWA,
federal regulations at 33 C.P.R. § 328.3(a)(1) and 40 C.P.R. § 230.3(s)(1), relevant case law, and
existing guidance, including the December 2, 2008 EPA and Department of the Army legal
memorandum Clean Water Act Jurisdiction Following the U.S. Supreme Court's Decision in Rapanos
v. United States & Carabell v. United States (Rapanos Guidance). The Rapanos Guidance, in part,
states that EPA and the Corps will assert jurisdiction over "traditional navigable waters" (i.e., "(a)(1)
Waters"), which include "[a]ll waters which are currently used, or were used in the past, or may be
susceptible to use in interstate or foreign commerce, including all waters which are subject to the ebb
and flow of the tide," as set forth in 33 C.F.R. § 328.3(a)(1), and 40 C.F.R. § 230.3(s)(1).3

3 The Rapanos Guidance further explains: The "(a)(l)" waters include all of the "navigable waters of the United States," defined in
33 C.F.R. Part 329 and numerous decisions of the federal courts, plus all other waters that are navigable-in-fact (e.g., the Great Salt
Lake, UT and Lake Minnetonka, MN). For purposes of CWA juri sdiction and this guidance, waters will be considered traditional
navigable waters if:

• They are subjec t to Section 9 or 10 of the Rivers and Harbors Act; or
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Applying the Rapanos Guidan ce, this navigability evaluation for the Los Angeles River
focuses on several key types of evidence:

(1) Ability of the river under current conditions of flow and depth to support navigation by
watercraft;

(2) History of navigation by watercraft on the Los Angeles River;

(3) The current commercial and recreational uses of the river; and

(4) Plans for future development and use of the river which may affect its potential for
commercial navigation .

Information Evaluated

The Region has evaluated many sources of historical and recent information to assist in its TNW
determination. To characterize the potential of the Los Angeles River to support commercial or recreational
boating under current and foreseeable future conditions, we analyzed information on flow frequency and
depth . EPA contracted with Tetra Tech to compile and analyze available evidence on flow frequency and

flow depth at United States Geological Survey (USGS) and Los Angeles County Department of Public

Works (LADPW) monitoring gages on the Los Angeles River." We also collected historical and current
information on recreational navigation and other uses of the river including access, from various sources
that are publicly available on the Internet, as well as information submitted to EPA from the public. We
evaluated information provided by the public concerning current and planned future uses of the Los
Angeles River for navigation. Finally, we evaluated information received from the City of Los Angeles,

.. A federal court has determin ed that the waterbody is navigable-in-fact under federal law; or

.. They are waters currently being used for commercial navigation, including commercial water-borne recreation (e.g., boat

rentals , guided fishing trips , water ski tournaments, etc.); or

.. They have historically been used for commercial navigation , includin g commercial water-borne recreation; or

.. They are susceptible to being used in the future for commerci al navigation , including commercial water-born e recreation.

Susceptibility for future use may be determined by examinin g a number of factor s, including physical characteristics and
capacity of the water (e.g., size, depth , and flow velocity, etc.) to be used in commercial navigation, including

commercial recreational navigation , and the likelihood of future commercial navigation or commercial water-borne

recreation . Evidence of future commercial navigation use, includin g commercial water-borne recreation (e.g.,

development plans , plans for water dependent events, etc.), must be clearly documented. Susceptibility to future

commercial navigation, including commercial water-borne recreation, will not be supported when the evidence is
insubstantial or speculative. Use of averag e flow statistics may not accurately represent streams with "flashy" flow

characteristics. In such circumstances, daily gage data is more representative of flow characteri stics. Rapanos Guidance

at 5, fn 20.

"Memora ndum, Regarding: Los Angles River Analysis, dated March 30, 2009, to Robert Leidy, EPA, Region 9, from Jon Butcher and Bobby
Tucker, Tetra Tech, 16 pp. + appendices.
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Board of Public Works, on the City's future plans for recreational access and navigation on the Los
Angeles River.

Physical Characteristics

Watershed

The 830 mi2 Los Angeles River watershed encompasses the northern slope of the Santa Monica
Mountains, the Verdugo Hills, and the San Gabriel and Santa Susana Mountains (LACDPW 2006). The
mainstem of the Los Angeles River begins at the confluence of Arroyo Calabasas and Bell Creek in the San
Fernando Valley and flows approximately 51 miles to the Pacific Ocean at San Pedro Bay, between the
City and Port of Long Beach (Figure 1).

Major tributaries to the Los Angeles River from its headwaters downstream to the Pacific Ocean
include Browns Canyon, Aliso Canyon Wash, B'ell Creek, Pacoima Wash, Tujunga Wash, Burbank
Western Channel, Verdugo Channel, Arroyo Seco, Rio Hondo, and Compton Creek (EPA 2005). About
44% of the headwater portion of Los Angeles River watershed is classified as open space or forested, with
about 200 mi2 consisting of mountainous terrain within the Los Angeles National Forest (Tetra Tech
2002). The remainder of the watershed consists of residential (36%), industrial 00%), commercial (7%),
and agricultural (3%) land uses (Tetra Tech 2002). Almost the entire mainstem Los Angeles River is
surrounded by urbanized land uses .

. Annual rainfall within the watershed ranges from approximately 15.5 inches in downtown Los
Angeles to 33 inches in the surrounding San Gabriel Mountains (LACDPW 2006). Seventy-five percent of
precipitation falls between the months of November and March (LACDPW 2006) . Mean monthly
discharges for the Los Angeles River at Long Beach for the period 1929-1992 were greatest in January at
470 cubic feet per second (cfs), February (698 cfs), and March (640 cfs)(USGS Surface Water Data 2009).
The lowest flows are during the months of June through October (USGS Surface Water Data 2009). Major
floods have occurred on the Los Angeles River in 1815, 1825, 1914, 1934, and 1938 (LARMP 1996).

Point source discharges account for a significant portion of the dry weather surface flow in the Los
Angeles River. There are currently six major, and 29 minor, permitted point source discharges to the Los
Angeles River (Tetra Tech 2002). Three of these are major Publicly Owned Treatment Works (POTWs)
that discharge water directly into the Los Angeles River: D.C. Tillman Waste Water Reclamation Plant
(WWRP) (design capacity of 80 million gallons per day (mgd)); Los Angeles-Glendale WWRP (d.c. = 20
mgd); and the Burbank WWRP (d.c. = 9 mgd)(EPA 2005)(Figure 2). Of the six major permitted
discharges the Tillman, Los Angeles-Glendale and Burbank POTWs account for over 80 percent of the
major design discharge. During dry periods, point source discharges accounted for 60 to 100 percent of the
total surface flow through the Los Angeles River (Tetra Tech 2002). Gauged tributary flows into the river
accounted for an additional 20 to 40 percent of the dry weather base flow in the mainstem Los Angeles
River (Tetra Tech 2002) . As such, point source discharges are an important factor in determining the
suitability of various river reaches for navigation, especially during typically dry-weather months (i.e.,

April-October).
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FigureI. Flow Gage Locat ion Map, Los Angeles River Watershed, California

Legend
.A. USGS Gages

L.A. County Gages

- L.A. River

-- N-iD Streams

.. Waterbcdies

c::J L.A. River Watershec

L.A. County Boundary

LosAngeles River Gage :...ocations
r~AO ~ -;'93 2U.1~FI3ne C.'if: m"a Y F!PS C4[~ ~-,! o!t

- t.'u~ orojv:.:c ~-2 3-2J:l~-·e. T~ckN -

4 2 0 4 Mles

••
5 2.5 0 5 Kilometers

••
I~I TETRA TECH

7

RB-AR6295



· ~ing c6.

/

. , / ~~~ar1k;Y\JV~p
. \

lilimanWWRP

Glerdale WWRP/ :

So. Califcrnia Edison CO~
• Major NPDESPennits

303(d) Listed ~ments
Reach RIe, Version 3
Cataloging Un~ Boundaries

5

Figure 2. Major Wastewater Reclamation Plants within the Los Angeles River Watershed

Channel and Reach Characteristics

The entire length of the Los Angeles River is channelized, most of which is confined within a
concrete flood control channel. The concrete channels were constructed primarily between the late 1930s
and the 1950s (LACDPW 2006). Channel cross section geometry along the Los Angeles River is typically .
trapezoidal in the downstream reaches (i .e., from Glendale Narrows downstream) and rectangular in
upstream reaches, although there are exceptions. Channel cross sectional area generally decreases in a
downstream to upstream direction along the length of the Los Angeles River (Tetra Tech 2002). The Los
Angeles River has reaches with low flow channels, no low flow channels, and "natural" unlined channels
(Table 1). TetraTech (2009) presents photographs of representative reaches of the Los Angeles River and
channel cross section dimensions at the four LADPW and one Corps gaging stations (i.e., gages F319-R at
Long Beach below Wardlow Road, F34D-R at Downey below Firestone Blvd., F57C-R at Los Angeles
above Arroyo Seco, F300-R at Los Angeles at Tujunga Avenue, and Corps below Sepulveda Dam).
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Table 1. Channel Type Categories for the Los Angeles River, Los Angeles, County, CA

Channel Type Concrete Lined with Concrete Lined Natural Bott om
Low Flow Without Low Flow

Channel
Channel Channel

Channel Miles
30.4 (62) 8.3 (16) 12.3 (22)

(percentage)

Typical trapezoidal channels have a bottom width of 200-400 feet and a top width of 400-600 feet
with a depth of 20-35 feet (Tetra Tech 2002) . There is typically a low flow channel embedded within the
larger channel (Figure 3). Low flow channel dimensions in upstream reaches vary between 12-20 feet in
width and are usually 1 foot in depth (Tetra Tech 2002)4. Typical rectangular channel widths range from

60-120 feet and typical depths are 12-20 feet. Low flow channel dimensions range between a width of 12
20 feet and a depth of 1-3.2 feet.

There are several reaches of the Los Angele s River that do not have low flow channels. These
include river reaches with full concrete lining and unlined reaches. Concrete-lined river reaches that do not
have low flow channels have a flatter cross-sectional geometry (Figure 4) . Variations in channel geometry
are significant becau se they are an important determinant of channel water depth. As a result, during the
dry season surface water depths tend to be shallower in reaches with wider channel widths and no low flow
channel when compared to reaches with either narrower channel widths and/or reaches with a flow channel.

The Los Angeles River has five reaches with no low flow channel, totaling about 8.3 miles or 16
percent of the river 's total length. River reaches with no low flow channel and their approximate lengths

include the following:

(1) Confluence of Arroyo Calabasas and Bell Creek (beginning of Los Angeles River) downstream
1.25 miles to Mason Avenue;

(2) Sepulveda Dam downstream 3.41 miles to just downstream from the Fulton Avenue Bridge;

(3) Bob Hope Drive downstream 1.82 miles to Bette Davis Picnic Area.

(4) End of Bette Davis Picnic area downstream 0.98-mile to immediately upstream of the Glendale
Narrows; and .

(5) Vernon Split down stream 0.88-mile to opposite Farmer John's and the resumption of the narrow

low flow channel.

There are also several river reaches that do not consist entirely of concrete (Figure 5). The total

distance of unlined channel bottom is approximately 12.3 miles, or 22 percent of the total length of the Los

Angeles River. The unlined channel reaches are generally characterized by a soft-bottomed channel that is
embedded within either concrete walls, or earthen banks with or without concrete revetment. The soft
bottomed reaches also support riparian and wetland vegetation and typically is characterized by greater
water depth and water depth variability than channel reaches that are fully lined with concrete. The unlined
reaches include:
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(1) The 2A-mile reach (34°11'OO.16"N, 118°30'36.63"W downstream to 34°10'OO.63"N,
118°28'25A4"W) within the Sepulveda Basin, a 2,150-acre flood control facility constructed in the
upper watershed, that is designed to collect, retain, and release floodwaters during major storms.
The Sepulveda Basin flood channel is unlined and soft-bottomed which allows the growth of dense
riparian and wetland vegetation. Sloped channel banks consist of either grouted rip-rap or soil and
vegetation;

(2) The 0.70-mile Bette Davis Picnic Site reach (34°09'24.21"N, 118°downstream to 34°09'21.81"N,
118°17' 10.91"W) near Griffith Park consists of soft-bottomed channel within concrete walls;

(3) The Glendale Narrows reach a 6.0-mile reach from near the confluence of Verdugo Wash
downstream to near the Pasadena (110) Freeway Bridge (34°08'47 AO"N, 118°16'41.25"W
downstream to 34°05'03.52"N, 118°13'40.35"W); and

(4) The 3.2-mi1e reach from the Willow Street Bridge (33°48' 14.33"N, 118°12'20.13"W) downstream
to the river estuary at Queensway Bridge (33°45'35.77"N, 118° 11'57 .26"W).
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Figure 3. Photographs from July 25-27, 2008, taken by members of the Los Angeles River Expedition
during the mid-point of the dry season. Examples of low flow channels embedded with larger concrete
lined flood channel. Top: Near the confluence of Arroyo Seco at the Interstate 110 overcrossing (RM

24.7). Bottom: Typical 16-mile reach between Vernon and Long Beach (RM 3.2-19.2).
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Figure 4. Top: Example of dry-season river reach with no low flow channel at the confluence of
Arroyo Calabasas and Bell Creek at Owensmouth Avenue, the beginning of Los Angeles River (RM
51). Bottom: Looking upstream at transition between reach with no low flow channel and beginning of
low flow channel at Mason Ave. confluence Canoga Park (RM 59.8).
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Figure 5. Examples of Fully and Partially Unlined Channel Reaches, Los Angeles River, California.
Top: Sepulveda Basin, upper Los Angeles River (Approximate RM. 45.0) Photograph of the July 25
27,2008 Los Angeles River Expedition. Bottom: Glendale Narrows (approximate RM 31.0).
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Hydrology

Daily Flow Rate Analysis

EPA Region IX obtained from Tetra Tech a compilation of available data on flow frequency and

flow depth at selected USGS and LADPW moni toring gages on the Los Angeles River. Current conditions

that include the five water years covering October 2003 - September 2008 were analyzed separately. Daily

flow data from four USGS gage stations and four LADPW gages along the Los Angeles River were

downloaded and analyzed for the following parameters:

• Flow duration (for period of record and last 10 years);

• Flow percentiles (10, 25, 50, 75, and 90th percentile flows);

• Mean flow; and

• The period of record with the non-zero (measurable) flow .

Table 2 lists the eight gage stations, associated drainage areas, their period of recorded data, and

the number of flow values in the record analyzed in this report. Their locations are shown in Figure 1. Note

that operation of the USGS gages located at Long Beach, Downey, and Los Angeles were eventually taken

over by the LADPW and assigned different station IDs and descriptions.

Table 2. Flow Gage Station Details (LADPW gage identifications in bold in parentheses)

Note: A photo log showing condit ions at each of the gages and key road crossmgs IS Included In TetraTech (2009).

Station ID Drainage
Data CoJIection Period

USGS Station Name (LADPW Area # of Values in
(LA DPW Location Description) Gage) (sq. mi.) Start End Flow Record

LA R. at Long Beach, CA 11103000
10/1929

9/1992

(Below Wardlow R. Rd.) (F319-R) 827 (Present) 26,125

L.A. R. near Downey, CA 11098500
3/1928

9/1978
(Below Firestone Blvd.) (F34D-R) 599 (Present) 28,267

L.A. R. at Los Angeles, CA 11097500
10/1929

9/1979
(Above Arroyo Seco) (F57C-R) 514 (Present) 26,595

(L.A. R. at Tujunga Ave.) (F300-R) 401 (8/1950) (Present) 19,660

L.A. R. at Sepulveda Dam 11092450 158 10/1931 Present 19,846
. .
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Daily Flow Statistics

Daily flow statistics are presented in Table 3 and Table 4 for both the entire flow record and the
five water years, October 2003-September 2008, respectively. We used flow statistics for the five recent
water years to represent current flow conditions. All of these gaging stations show measured flow in the
channel for a high percentage of the days, with the Los Angeles/Firestone Blvd. gage yielding the most
measured flow days on average. During the recent five years the lowest 10th percentile flow is 52 cfs (at
Tujunga Ave.) and the lowest minimum recorded daily average flow is 33.1 cfs (at Sepulveda Dam).

Table 3. Daily Flow Statistics for Entire Flow Record

Flow Percentiles (cfs) Max % Non-
Station Location Mean Flow Min Flow Flow zero10% 50%

(Flow Record) (cfs) (cfs) 25% 75% 90% (cfs) Flow

Long Beach!
Wardlow River Rd.
(10/1929 - 9/2008) 280.6 0 6.0 16.0 42.0 132 252 55,000 99.95%

Near Downey/
Arroyo Seco
(3/1928 - 912008) 178.1 0 4.8 14.0 39.0 124 174 40,000 99.3%

Los Angeles/
Firestone Blvd.
(9/1979 - 9/2008) 149.8 0 0.2 3.2 24.0 98.0 167 27,900 94.8%

Tujunga Ave.
(10/1950 - 9/2008) 123.3 0 7.4 11.1 35.0 75.5 110 19,600 99.98%

Sepulveda Dam
(10/19 31 - 2/2009) 48.7 0.03 1.8 5.0 8.5 24.0 78.0 9,750 100.0%
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Table 4. Daily Flow Statistics for Five Water Years, October 2003 - September 2008

Flow Percentiles (cfs) Max % Non-
Mean Flow Min Flow

10% 50 %
Flow zero

Station Location (cfs) (cfs) 25% 75% 90% (cfs) Flow

Long Beach/
436.9 73.7 93 44,635Wardlow River Rd. 115 124 148 219 100%

Near Downey/
173.1 124.0 127 130 133 136 166 5,204 100%Arroyo Seco

Los Angeles/
295.7 57.3 85 101 360Firestone Blvd. 118 150 17,413 100%

Tujunga Ave. 227.6 36.0 52 62 75 96 230 15,803 100%

Sepulveda Dam 146.8 33.1 59 69 78 96 131 7,790 100%

Figures 6 and 7, respectively, show the flow duration curves for the entire flow record and for the
five recent water years (i .e., current flow conditions). The flow duration curve is a plot that shows the
percentage of time that flow in a stream is likely to equal or exceed some specified value of interest. The
flow duration curves exhibit a significant leveling off effect for the current condition flows, which indicate
a predominant base flow range along the Los Angeles River between 40 and 200 cfs. Current base flows
are significantly higher than the long-term average because of the effluent discharged throughout the year
by POTWs and other point sources .
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Figure 6. Flow Duration Curves for Entire Flow Record
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Daily Flow Depth Analysis

EPA Region IX also collected information on flow depth. Since the reported data does not include
flow depth or gage height, we calculated an average daily flow depth based on channel geometry and
Manning's n roughness factors. The Corps provided three separate HEC-RAS models that covered all the
flow gage locations . The HEC-RAS models included cross-section and longitudinal profile geometry, as
well as Manning's n values that were needed to calculate stage-discharge relationships . We then utilized
the WinXSPRO cross-section analyzer tool (developed by the United States Department of Agriculture,
Forest Service) to calculate channel discharge values for various increments in stage. The cross-sections for
all the flow gages are included in TetraTech (2009).

Regression fits to the stage-discharge estimates were developed using power functions at each gage
site. Since four of the five gage sites included a low-flow channel, separate regression equations were
developed for both the low-flow and high-flow conditions. Refer to Figure 8 as an example of the stage
discharge regression equations developed for the Long Beach gage.

Combining two regression equations presents minor difficulty in this analysis . Once flow begins to
expand out of the low-flow channel onto the larger flood plain, flow.conditions change from laminar to
shallow and turbulent, and as a result become unpredictable and difficult to model. Note that switching to
the high-flow regression equation at the top of low-flow pilot channel (e.g., l-foot flow depth) causes a
false drop in flow rate, as exemplified in Figure 8. Therefore, we assumed that there was a range of flow
beyond the low-flow channel bank-full discharge where increases in flow depth remain minimal. This
assumption is obvious in the depth-duration curves for the Long Beach, Downey, and Firestone Blvd.
gages, all of which are located in sections with low-flow pilot channels.

The estimated regression equations were used to calculate a flow depth for every observed flow
record . Table 5 shows the statistics for the calculated flow depths for the current conditions in the Los
Angeles River, since they are of most importance. The average daily flow depths range between 0.6 feet at
Sepulveda Dam and 1.4 feet at Tujunga Ave. The minimum calculated flow depth during the recent five
water years is 0.3 feet below Sepulveda: Dam. Also, for all of the sites except Sepulveda Dam, only 10
percent of the daily flow depths ever recede below 0.8 feet, at the minimum.
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Figure 8. Example of Depth-Discharge Regression Equations Developed for Long Beach Gage

Table 5. Daily Average Flow Depth Statistics for Past Five Water Years

Mean Min Depth Percentiles Cft) Max % Non-
Depth Depth

10% 50%
Depth zero

Station Location Cft) Cft) 25% 75 % 90 % Cft) Depth

Long Beach/
1.04 0.78 0.80 0.87 0.89 0.95 1.10 8.0 100%Wardlow River Rd .

Near Downey/
0.92 0.86 0.87 0.87 0.88 0.89 0.95 3.3 100%Arroyo Seco

Los Angeles/
1.08 0.71 0.88 0.91 0.95 1.01 1.37 504 100%Firestone Blvd .

Tujunga Ave . 1.38 0.64 0.85 0.95 1.07 1.25 2.16 8.9 100%

Sepulveda Dam 0.59 0.30 0040 0044 0048 0.54 0.66 8.0 100%
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We also developed daily depth-duration curves for both the.entire flow record and the past five
water years (Figure 9 and Figure 10, respectively) . Flow depth values are displayed on a log scale to better
show depth variation near the top of low-flow channels.

As shown in Figure 6, the depth-duration curves for current conditions also yield a leveling-off in
base flow (around I-foot depth for three of the gages) . Flows at the Sepulveda Dam gage, which are largely
restricted by the dam located immediately upstream, yield a noticeably smaller flow depth during the
majority of the flow period. We also created monthly depth-duration curves, separated by gage location, for
both current conditions over the last 5 years (0) and the entire flow record (TetraTech 2009).

- Long Beach - Downey - Firestone BIIiU. Tujunga Ave. - Sepulveda Dam
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Figure 9. Daily Depth-Duration Curves for Entire Flow Record
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Figure 10. Daily Depth Duration Curves for Current Conditions

Historica l Evidence of Navigation and Uses

We located several references related to historical navigat ion on the Los Angeles River. The
Gabrielino Indians inhabited the Los Angeles River coastal plain. Gumprecht (1999) presents an excellent
overview of the close relationsh ip between the Gabrielino Indians and the Los Angeles River noting that:

.The rivers and marshes also provided the raw materials that supported nearly every fac et

of the Gabrielino experience...tules and rushes were also used to construct rafts and

canoesfor navigating the [Los Angeles] region's waterways. Great piles oftules were tied
in bundles ten feet in length, thick in the middle and tapered on both ends. These bundles

were then lashed together to create a boat that could carry two people. At the time of
arrival of the Spanish, these boats were the natives' sole means of water transport. (pp. 33
34)

According to Gumprecht (1999) the Gabrielino Indians were known to use canoes to hunt for the
abundant waterfowl and fish that occurred in near shore ocean waters, the river and adjacent floodplain
ponds and lakes . It is likely that Gabrielino Indians used watercraft to navigate nearshore ocean waters,
estuaries , and coastal inland waters such as lakes, ponds, sloughs, marshes, and rivers with sufficient water
depth.
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The first known description of the Los Angeles River is from the Spanish Portola/Crespi expedition
in August of 1769. Crespi described the Los Angeles River near the present day Glendale Narrows as a
very f ull fl owing, wide river (Gumprecht 1999, p. 37). The following day near the Los Angeles River and
Arroyo Seco confluence Crespi wrote that it was a good sized, f ull flow ing river about seven yards wide
with very good water, pure and fr esh. (Gumprecht 1999, p. 37). This account indicates that prior to
development during years of sufficient rainfall certain reaches of the Los Angeles River maintained
significant surface flows well into summer.

William H. Brewer (1930) describes his navigation up the Los Angeles River in a steamer during
December 1864:

The next morning, after stopping a f ew hours at Santa Barbara, we arrived at San Pedro,
the port ofLos Angeles, about twenty-five miles from here. We got in about sundown, rode
six miles up the river on a small steamer, then disembarked for this place by stage. (p. 12)

A distance upstream from the Pacific Ocean of six miles places the known extent of navigation at that time
somewhere near the present City of Long Beach in the vicinity of Artesia Blvd. During the winter months
of at least some years, the lower Los Angeles River was navigable by small watercraft.

Numerous photograph s for the period 1885-1958 housed at the University of Southern California
Digital Archive (http:/ / digarc.usc.edu/) depict flow conditions in the Los Angeles River during various

months. Several of the photographs show the river during major floods, as well as during dry-weather
months with flows and depths sufficient to support navigation by small watercraft.

The Los Angeles Public Library photo archives have numerous photographs of the Los Angeles
River, under different flow conditions, including at least three photographs that show boating on the Los
Angeles River during floodirig (htt p://www.lapl.org/ search terms "Los Angeles River"). There are several

historical references of early-to-mid 20th Century navigation of the Los Angeles River, particularly during
times of significant flooding" 6 Gumprecht (1999, p. 16) based on a report by McGlashan and Ebert
(1921) notes.. .abundant and surprisingly consistent year-round flow in the river between Burbank and
downtown Los Angeles.. .. The subterranean reservoir that supplies the river is so large, in fa ct, that even
during extended droughts the flow of the river through the [Glendale] Narrows rarely f ell below 20 percent
of its average discharge. Gumprecht (1999) also contains a photograph of the Los Angeles River from
1914 at Griffith Park depicting high flows capable of floating boats (see pg. 102, Figure 3.5). Figure's 6.4,
6.5, and 6.6, in Gumprecht (1999, pp. 242-243), depict well-watered reaches of the Los Angeles River, and
a large steelhead trout, for various dates from 1900-1997 . Note that the flows depicted in Figure 6.4 of the
Los Angeles River near Tujunga Avenue in Studio City show significant surface flows during September
1932, a typically very dry month when some of the lowest annual surface flows are expected . These
historical accounts and photographs establish that there were sufficient flows to support at least sporadic
navigation in the past, even during drier summer months in some locations.

5 Appendix D of letter dated March 20, 2009 to David W. Smith , EPA, from seven environmental groups, regarding the Los

Angeles River Status as Traditional Navigable Water (TNW)-Sp ecial case Review. 9pp + 4 appendices.

6 Attachment 2 (Historical Accounts of Boating from 1900s) of letter dated December 23, 2008 to David W. Smith, EPA, from Joe
Linton, Los Angeles, CA. Cover letter + 7 attachments.
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Evidence of Current Navigation and Related Uses

There are several accounts and references for current and increased navigation of the Los Angeles
River by small recreational watercraft, including canoes and kayaks.' Gumprecht (1999) contains several
photographs depicting surface water conditions along the Los Angeles River sufficient to float water craft.
A photograph taken in 1995 (p. 246, Figure 6.7) depicts surface water within Sepulveda Flood Control
Basin sufficient to float watercraft. Additional photographs (see pages 248-249 and 251, Figs. 6.8, 6.9, and
6.10), depict surface flows sufficient for navigation by watercraft in Glendale Narrows and near Griffith
Park. Figure 6.9 depicts a canoe navigating through the Glendale Narrows (Gumprecht 1999). Gumprecht
(1999, p. 236) mentions that local environmentalists will occasionally canoe the Los Angeles River
following winter rains.

In a video titled Visiting ... With Huell Howser, Episode 218, LA River, KCET-TV, dated circa
1995, the host Huell Howser navigates the Los Angeles River for most of its length to the Pacific Ocean.
There is also a video of recent kayaking on the Los Angeles River
(htt p://www.yout ube.com/ watch?v=lro HhM 31).Aninternet search also found several photographs of

recent canoe and kayaking on the Los Angeles River at various locations, including Sepulveda Basin,
Glendale Narrows, and other areas (see for example Nature Trumps : An L.A. River Blog compiled by Jay
Babcock, May 2007). An internet search also shows that there is public access to the Los Angeles River,
including Sepulveda Basin and Glendale Narrows .

July 2008: "The Los Angeles River Expedition"

On July 25-27, 2008 a group of about 12 kayakers and canoeists navigated almost the entire SI
mile length of the Los Angeles River in what they called "The Los Angeles River Expedition" (2008
Expedit ion)(Figures 11_12).8,9 The 2008 Expedition occurred during the month of July, typically a dry
weather period, in a drought year, when water flows and depths along the Los Angeles River are at or near
their lowest, even with POTW discharges. Members of the 2008 Expedition divided the river into twelve
sections and recorded their observations on the ease of navigability, water depth, and flow as they boated
down the river, rating navigability of each section on a scale of 1 (lowest ease of navigability) to 10
(highest ease of navigability). The 2008 Expedition estimated that at least 90% of the '52-mile Los Angeles
River was moderately to highly navigable (navigability scores of between 4-10), and that less than 10% of

the river (scores between 1-3) requires some form of lining of boats or portaging (at least in the dry

7 Refer to Gumprecht (1999) and Appendices A, C, and D of letter dated March 20, 2009 to David W. Smith, EPA, from seven

environmental groups, regarding the Los Angeles River Status as Traditional Navigabl e Water (TNW)-Sp ecial case Review, 9pp + 4

appendices.

8 The stated purpose of this expedition was to demonstrate to the Corps and the public that the river was navigable-in-fact,
follow ing the Corps ' initial limited TNW determination s. Appendix A ofletter dated March 20, 2009 to David W. Smith , EPA,
from seven environmental groups, regarding the Los Angeles River Status as Traditional Navigable Water (TNW)-Special case

Review. 9pp + 4 appendices.

9 Los Angeles River Expedition Report. Sept ember 2008 . Report prepared by George Wolfe , expedition leader, in consultation with

members of the Los Angeles River Expedition 2008. 29 pp. www.lalatimes.com/la river/LARiver ExpeditionReport 72dpLpdf
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season). . . (p. 2).6 The 2008 Expedition also observed that typical water depth (in the height of summer in
this drought year) for most of the river was approximately 8-12 inches . (p. 2). Maximum depths of 3-8 feet
were encountered within some river reaches.
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(a) (b)

(c)

Figure 11. Photographs taken July 25-27,2008, by members of the Los Angeles River Expedition. (a)
Unlined reach of the Los Angeles River within the Sepulveda Basin (approximate RM 45). (b)
Concrete-lined reach with low flow channel, downstream of the Sepulveda (approximate RM 42.5). (c)
Shooting the Marsh Park rapids within the Glendale Narrows, an unlined reach (approximate RM
26.5).
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Figure 12. Top: Photographs taken July 25-27, 2008, by members of the Los Angeles River Expedition.
Concrete-lined reach with low flow channel along lower Los Angeles River, at E. 6th Street Bridge
(approximate RM 21.5). Bottom: Lower Los Angeles River, at upper end of tidal estuary. The City of
Long Beach is visible in the distance (approximate RM 2.75).
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We also present the recorded flo ws and calculated flow depth s at each gage location for the dates

of the Los Angeles River Expedition, on July 25-27, 2008. Based on the average flow depth s displayed in

Table 6, flow conditions appear to have been sufficient for kayak and can oe navigation . This analysis also

prov ides a basis for identifying the minimum water depths and flows necessary to suppo rt navigation at

different locations in the Los Angeles River . In genera l, approx imate water depths of 0.5-0 .9 feet were

sufficient to support navigation by kayaks and canoes. As illustrated in Figure 9, these depths are present

the vast majority of the year at all gage station locations along the Los Angeles River.

Table 6. Flow and Depth for Los Angeles River Navigation Dates (7/25/08 -7/27/08)

7/25/08 7/26/08 7/27/08

Station Location Flow (cfs) Depth (ft) Flow (cfs) Depth (ft) Flow (cfs) Depth (ft)

Long Beach/
115 0.87 115 0.87 115 0.87Wardlow River

Near Downey/
127 0.87 127 0.87 127 0.87Arroyo Seco

Los Angeles/
77.1 0.85 78 .7 0.86 78 .9 0.86Firestone Blvd.

Tujunga Ave . 49.4 0.82 49.4 0.82 49.4 0.82

Sepulveda Dam 70.0 0.45 68.0 0.46 66.0 0.46

Stream Flow and Depth Conditions Necessary to Support Navigation

Historical base flows have been augmented in recent years by wastewater effluent discharges from

POTWs along the Los Angeles River with resultant increases in flow s over historical base flows . Waste

water discharges provide an uninterrupted and generally con sistent amount of water to the river during dry

months and are expec ted to continue doing so into the foreseeable future. During dry periods, point source

discharges, primarily from POTWs, may account for 60 to 100 perc ent of the total surface flow through the

Los Angeles River (Te tra Tech 2002). The presence of a concrete-lined low-flow channel embedded within

the center of the larger flood control channel along 62% of the river ' s total length concentrates base flows

at depth s that usually exc eed one foot , which is sufficient for small watercraft to navigate the channels.

Low flow channels typically range from 12-28 feet in top width. In addition, unlined or ."natural" river

reaches covering about 22% (12.3 mile s) of the river support surface flow s and depth s that on average are

typically greater than the fully -lined concrete channel s.

Participants in the 2008 Expedition during dry-weather, low-flow conditions were able to navigate

90% of the Los Angeles River by kayaks and canoes. During the 2008 Expedition kayaks and canoes were

able to navigate river reaches characterized by a low-flow channel, a uniformly-flat channel profile with no
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low flow channel, and natural channel with variable cross-sectional profile. Comparisons between the
stream gages of daily flow statistics for the recent five water years (Table 5) with flows and depths for the
2008 Expedition dates (Table 6) shows that flows present during the 2008 Expedition have been exceeded
at least 75% of the time. For three stream gages (i.e., Arroyo Seco, Firestone Blvd. and Tujunga Ave.) the
flows during the 2008 Expedition have been equaled or exceeded 90% of the time . For wet weather months
(November - March), mean monthly discharges greatly exceed comparable dry weather-flows for all

stream gages for all years of record (htt p:/ /www.waterdata .usgs.gov/) .This indicates that flows and water

depths are also suitable for navigation by canoes and kayaks during the period November-March in most or
all years.

Table 4 shows that the daily average flow depths for the five years October 2003 - September 2008
range from 0.59 ft at Sepulveda Dam gage to 1.38 ft at the Tujunga Ave. gauge. During the July 25-27,
2008 Expedition, gaged water depths ranged from 0.46 ft at Sepulveda Dam to 0.82 ft or greater at the
remaining four gages (Table 5). The 2008 Expedition reported being able to navigate over 90% of the Los
Angeles River under the depth conditions modeled for the five gage stations . Comparisons between the
stream gages of daily average flow depth statistics for the recent five water years (Table 4) with flows and
depths for the 2008 Expedition dates (Table 5) shows that the average flow depths that the 2008 Expedition
navigated have been exceeded 75%-90% of the time.

Other supporting flow data from July 2005 shows that the median daily average flow for the dry
summer months was 10 cfs, with a maximum monthly daily average of 92.2 cfs during July 2005 at the
Sepulveda Dam gauge (Los Angeles River Revitalization Master Plan, LARRMP, 2007). Flows were
substantially higher in non-summer months. For the period 2003-2007, mean monthly discharges in the Los

I

Angeles River at the Sepulveda Dam gauge for May through September ranged from 73 cfs (July) to 96 cfs
(May) (USGS 2008) . Surface flow increases significantly as the river flows towards the Pacific Ocean. For
example, the lower Los Angeles River had median and maximum daily average flows from 1991 to 2000 of
83 cfs and 11,900 cfs (LARRMP 2007) . Flows during the dry summer months for the period 2003-2007
are similar to, or greater than, the flows recorded during the 2008 Expedition when canoes and kayaks were
able to navigate most of the length of the Los Angeles River (Table 5). Dry weather flows (April
September) during the last 15 years have regularly exceeded the flows recorded during the 2008 Expedition
for several locations along the Los Angeles River (For example, see Figure 3-11 to 3-15 in Tetra Tech
2002).

The Sepulveda Basin contains additional navigable waterbodies that connect to the Los Angeles
River during periods of significant rainfall. Several conclusions from the document titled: Water Control
Manual Sepulveda Dam and Reservoir, Los Angeles River, California, US Army Corps of Engineers (May
1989) are notable . For example, Table 2-03 indicates that the Sepulveda Wildlife Management Area
(SWMA) lies between elevations 678.5'- 690.8'. Plate 4-07 further indicates that the flood exceedance
interval in years for these water surface elevations ranges between about 1-5 years. There is a 12-acre lake
that lies within the SWMA. The lake contains a boat ramp that supports navigation for park management
purposes. Modeling data from the report indicate that this lake may be inundated and connected by surface
flows to the Sepulveda Basin and Los Angeles River at relatively frequent intervals . In addition, Balboa
Lake is another waterbody within the Sepulveda Basin that lies 300' from the Los Angeles River and is at
an elevation of about 705'; a level that was reached by the river during the 1980 flood with an
approximately 33 year recurrence interval. Finally, the design maximum outlet or spillway crest elevation
for Sepulveda Dam is 710'. If this elevation is reached it would flood both Balboa and the SWMA lakes
connecting them to the Los Angeles River.
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Additional Documentation of River Navigation

EPA has received additional information from the publi c documenting navigation of several
reaches of the Los Angeles River in small watercraft as pari of recreational boating activities. For example,
in 2007 one person success fully navigated the Los Angeles River from its beginnin g to the Pacific Ocean in

a kayak made of plastic bottles (http://www.youtube.com/ watch?v=nZY9rIEHYi8).

There are other several additional documented videos of individuals navigating by kayak various reaches of
the Los Angel es River. Refer to

(htt p://www.yout ube .com/ watch?v=Oro HhM 31&NR=1&feature=fvwp), as one example of recreational

navigation in the Los Angeles River.

Susceptibility to Future Navigation

The Los Angeles River Revitalization Master Plan (LARRMP) (2007) is intended to serve as a 25
to 50-year blueprint to revitalize the river by enhancing flood storage, water quality , safe public access, and
ecosystem functions . The LARRMP was developed with broad community and government input and

support, including the Corps. A major component of the LARRMP is to create a continuous river

greenway, thereby extending open space, recreational opportunities, and water quality features into
adjacent neighborhoods. The LARRMP contains numerous figures depicting possible scenarios to improve
public access throughout a 32-mile reach of the Los Angeles River with the boundaries of the City of Los
Angeles. The LARRMP provides for the development and improvement of boating facilities along several
river reaches from approximately 6 miles upstream from Sepulveda Basin, downstream to the lower river.
In addition, the plans to restore natural features in the Los Angeles River such as channels, loops and
oxbows (see below) will facilitate additional recreational navigation by canoes, kayaks, and rafts .
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The LARRMP makes the following specific recommendations related to access to recreational
opportunities along the Los Angeles River:

• Recommendation #4 .8 includes the provision of enhanced opportunities for safe public access to
the water (p. 4.15) ;

• Recommendation #4 .9 proposes the creation of temporary pools and lakes for water based
recreation, "including recreation al boating", by installing inflatable water dams that are already
being used in the river (p. 4.15 - 4.16). Figure 4.14 identifies nine potential locations for these
dams;

• Preferred Alternative B for the Chinatown-Cornfields Area recommends a large "diversion"
channel that creates "recreational access and use", including use by "kayakers in great numbers" (p.
6.30) . This potential channel improvement would lie within the floodplain and therefore maintain
a hydrological connection to the Los Angeles River.

The City of Los Angeles recently confirmed to EPA its intent to implement the recommendations
contained in the LARRMP and, specifically, to expand opportunities for recreational navigation throughout
the mainstem river. By endorsing the LARRMP in 2007, the Los Angeles City Council has called for
development of boating based recreation in several locations along Los Angeles River. The City of Los
Angeles has undergone an extensive planning process in the development of the LARRMP, including
public input at several workshops. The LARRMP is intended to create recreational resources that will
appeal to interstate and international visitors much as urban river restoration plans have created strong
visitor interest in other urban areas throughout the United States. The Los Angeles area and surrounding
environs is well-recognized as a national and international visitor destination . Given the central geographic
location of Los Angeles River to the City, as well as its close proximity to interstate highways and existing
visitor destinations (e.g., Sepulveda Basin recreation and wildlife area, Griffith Park, Universal Studios,
and The Queen Mary) it is likely that a restored Los Angeles River will attract interstate and international
visitation and commerce. EPA also has received several citizen letters expressing interests in future boating
in the Los Angeles River should recreation access and restoration be implemented.i" EPA has received
several citizen letters expressing a desire to develop a commercial enterprise aimed at teaching
environmental science to school children focused largely through boating on the Los Angeles River." 10, II

Other Contextual Information

Much of the 51-mile length of the Los Angeles River is accessible to the public, even though
public access is not officially sanctioned and may be explicitly prohibited at some locations . There are
numerous areas with public access that are immediately adjacent to interstate highways and surface streets
that accommodate parking and access to the river. For example, there are 107 crossings of the Los Angeles
River, many of which allow some form of access the river. The County of Lo s Angeles, Department of
Public Works, lists twenty-one access points along the 25 miles of the Los Angeles River under their
jurisdiction that have no access restrictions.V There is also a formal and informal bicycle trail along

to Append ix B of letter dated March 20, 2009 to David W. Smith, EPA, from seven Environmental Groups, regarding the Los
Angeles River Status as Traditional Navigable Water (TNW) -Special case Review. 9pp + 4 appendices.

II Letter to David W. Smith, EPA, from George Wolfe, LA River Expeditions, dated December 16, 2008.

12 Letter to David W. Smith, EPA, from Gail Farber, Director of Public Works , County of Los Angele s, dated July 9, 2009.
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appro ximately 49 miles of the Los Angeles River (from Long Beach to Burbank). There are many locations
adjacent to the Los Angeles River, especially in the vicinity of public parks (e.g. , Sepulveda Basin, Elysian
Park) where the public regularly gains access for recreational boating, fishing, educational activities, bird
watching, artistic festivals, and other community activities (Google Images, search term "Los Angeles
River") (Figures l3and 14).
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Figure 13. Two examples of public access to the Los Angeles River. Top: Friends of the Los Angeles River
(FoLAR) outdoor environmental education festival, River School Day provides hands-on educational
experiences for 4th - 12th grade students along the banks of the Los Angeles River. Bottom: FoLAR's guided
public tours of the Los Angeles River. Photos: www.FoLar.org.
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Figure 14. Examples of public access to the Los Angeles River for various recreational activities such as biking
(top) and fishing (bottom).

The Sepulveda Basin supports significant recreational actrvities. Balboa Lake has a boating

concession that supports substantial fee-based recreational boating

(http//www.laparks .org/dos/aquatic/facility/lakeBalboa.htm). Public reviews of Balboa Lake included 2 of

15 reviews from out of state, including South Carolina and Missouri (ht t p://www.ye lp.com/ biz/ la ke

balboa-encino#hrid:PDRzE7AOQ5K2CmgOBfJ7SA).
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The Los Angeles Tourist website lists Sepulveda Basin Wildlife Area as a destination for tourists

(www./atourist .com). The Encino Chamber of Commerce lists Sepulveda Basin as an area for recreational

opportunities (www.encinochambe r.org). The Sepulveda Basin is a major Los Angeles area recreational

destination. It is reasonable to assume that some out of state and international visitors to the Los Angeles
area use the Sepulveda basin . Birding America identifies the Sepulveda Wildlife Area as an important

birding location in Southern California (www.birdingame rica.com). Over 200 species of birds, many

migratory, have been identified from the Sepulveda Basin Wildlife Area .

The Sepulveda Basin Wildlife Area is listed at several websites as a teaching laboratory for school
children and universities. Cal State Northridge and the University of California, Los Angeles, among

others use the site for teaching and natural science research. . (Refer to:

http ://www.csun.edu/scied/3field%20study/sepulveda basin/index.htm and

http://www.centerx.gseis.ucla .edu/globe/sites/sepulveda.htm). The National Birding Hotline

Cooperative has entries for rare bird alerts for the Sepulveda basin. The Hotline.is regularly used by out-of

state birders to identify rare sightings (For example see:

http://listserv.arizona .edu/archives/bi rdwest.html .

The Sepulveda Basin is a major Los Angeles area recreational destination. Presumably, the
Sepulveda basin gets use from out of state and international residents visiting the Los Angeles area. Of note
is the fact that Congressman Brad Sherman, 27th House District, has secured millions in federal funding
over the last decade to restore natural habitats and improve recreational opportunities in the Sepulveda
Basin. Gumprecht (1999, p. 247) notes that Glendale Narrows is desirable as a fishing location, especially
for children . An internet search found that residents along the Los Angeles River fish recreationally,
typically releasing fish following capture.

The Los Angeles River channel has been used as a location in filming numerous, well-known,
motion pictures. As a result, there is a high level of interest among tourists in seeing these movie filming

locations. Several commercial tour operators offer tours, that visit film locations along the Los Angeles

River. Future development of the river for navigation is reasonably likely to provide opportunities for tour
operators to offer boating based tours of famous filming locations along the river.

Numerous films, video games, and television programs have featured various sites along the Los Angeles

River, many of which involve the river as a sinister plot location. Wikipedia lists the following films at
http://en.wikipedia.org/wiki/Los Angeles River:

The Adventures of Buckaroo Banzai Across the 8th Dimension , Chinatown, Them! , Blue

Thunder, Escape from L.A., Terminator 2: Judgment Day, Grease , Volcano , Point Blank,

Freaky Friday (1976 film) , Roadblock, Hot Rod Girl, Blood in Blood Out, Boomtown , Rize,

The Core, Repo Man , The Italian Job, Point Break, Gone in 60 Seconds, Transformers , 24 ,

The Gumball Rally , To Live and Die in L.A., The First Power, Purple Rain , The Tonight Show

with Conan O'Brien and many others, including a skit on the show Jackass... Discovery

Channel filmed scenes of The Colony in the Los Angeles River. ..Los Angeles River,

served as the starting line for the fifteenth season of The Amazing Race. Fifteen music

videos have also been filmed at the Los Angeles River.

Several lines of evidence indicate the Los Angeles River has a commerce connection:
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(1) The river receives boating use in several locations on its main channel and in adjacent waters
that are part of its flood plain; and

(2) The river supports boating and non-boating based recreational uses that are widely advertised
and available to the interstate public. Areas with public access are immediately adjacent to
interstate highways and have ready parking and trail access.

Findings and Conclusions

o Historically, the Los Angeles River was navigated at least occasionally during years and seasons
when there was sufficient surface flow. Native Americans are believed to have navigated portions
of the lower river, especially as a means to acquire food resources. Navigation was likely most
feasible during the months of November-March during years of normal to above normal

precipitation.

The 51-mile mainstem length of the Los Angeles River is currently navigable by small
recreational watercraft, such as canoes and kayaks during periods of moderate to high water.
During dry-weather months (i.e., typically April-October) when river flows are lower, average
channel depths are typically 0.75-feet or greater, which is sufficient for navigation by small
watercraft. Over 90% of the mainstem Los Angeles River was navigated in 2008 by canoes and
kayaks under low-flow conditions.

e Analysis and calculations of water flows and depths, as well as the experiences of the Los Angeles
River Expedition, supports the conclusion that over 90% of the Los Angeles River is navigable by
small watercraft when water average channel depths are 0.75-feet or greater. The existence of a
low flow channel along 62% of the total length of the Los Angeles River, as well as the existence
of several unlined "natural" reaches along 22% of the rivers total length facilitates navigation of
small watercraft during typical dry-weather, low-flow, periods.

o The City of Los Angeles has developed and is implementing a 30-year plan to transform the Los
Angeles River into a publicly accessible natural open space resource, and create more extensive use
of the River environment for both passive and active recreation . Implementation of the LARRMP
would result in new and expanded recreational uses, including boating. The ability to navigate the
Los Angeles River for much or all of its entire length is an anticipated future activity. A goal of the
LARRMP is to establish optimal water quality and restore the river as a fishable and swimmable
water body, which can be used for boating and water recreation.

f) The available evidence demonstrates that the mainstem Los Angeles River, from its origin at the
confluences of Arroyo Calabasas and Bell Creek, to its estuary at the Pacific Ocean, is a TNW.
This conclusion is based on substantial evidence that the River is susceptible to commercial
navigation, as well as the available evidence of historical navigation, current recreational uses,
current flow characteristics, and the City of Los Angeles ' specific plans for restoration of the River.
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California Regional Water Quality Control Board 
San Francisco Bay Region 

Municipal Regional Stormwater NPDES Permit 
  
 
ORDER R2-2009-0074 
NPDES PERMIT NO. CAS612008 

Issuing Waste Discharge Requirements and National Pollutant Discharge 
Elimination System (NPDES) Permit for the discharge of stormwater runoff from 
the municipal separate storm sewer systems (MS4s) of the following jurisdictions 
and entities, which are permitted under this San Francisco Bay Municipal Regional 
Stormwater Permit (MRP): 

The cities of Alameda, Albany, Berkeley, Dublin, Emeryville, Fremont, Hayward, 
Livermore, Newark, Oakland, Piedmont, Pleasanton, San Leandro, and Union City, 
Alameda County, the Alameda County Flood Control and Water Conservation District, 
and Zone 7 of the Alameda County Flood Control and Water Conservation District, which 
have joined together to form the Alameda Countywide Clean Water Program (Alameda 
Permittees) 
 
The cities of Clayton, Concord, El Cerrito, Hercules, Lafayette, Martinez, Orinda, Pinole, 
Pittsburg, Pleasant Hill, Richmond, San Pablo, San Ramon, and Walnut Creek, the towns 
of Danville and Moraga, Contra Costa County, the Contra Costa County Flood Control 
and Water Conservation District, which have joined together to form the Contra Costa 
Clean Water Program (Contra Costa Permittees) 
 
The cities of Campbell, Cupertino, Los Altos, Milpitas, Monte Sereno, Mountain View, 
Palo Alto, San Jose, Santa Clara, Saratoga, and Sunnyvale, the towns of Los Altos Hills 
and Los Gatos, the Santa Clara Valley Water District, and Santa Clara County, which 
have joined together to form the Santa Clara Valley Urban Runoff Pollution Prevention 
Program (Santa Clara Permittees)  
 
The cities of Belmont, Brisbane, Burlingame, Daly City, East Palo Alto, Foster City, Half 
Moon Bay, Menlo Park, Millbrae, Pacifica, Redwood City, San Bruno, San Carlos, San 
Mateo, and South San Francisco, the towns of Atherton, Colma, Hillsborough, Portola 
Valley, and Woodside, the San Mateo County Flood Control District, and San Mateo 
County, which have joined together to form the San Mateo Countywide Water Pollution 
Prevention Program (San Mateo Permittees) 
 
The cities of Fairfield and Suisun City, which have joined together to form the Fairfield-
Suisun Urban Runoff Management Program (Fairfield-Suisun Permittees) 
 
The City of Vallejo and the Vallejo Sanitation and Flood Control District (Vallejo 
Permittees) 
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The California Regional Water Quality Control Board, San Francisco 
Bay Region, (hereinafter referred to as the Water Board) finds that: 

FINDINGS 

Incorporation of Fact Sheet  
1. The Fact Sheet for the San Francisco Bay Municipal Regional Stormwater National Pollutant 

Discharge Elimination System (NPDES) Permit (Appendix I) includes cited regulatory and legal 
references and additional explanatory information in support of the requirements of this Permit. 
This information, including any supplements thereto, and any response to comments on the 
Tentative Orders, is hereby incorporated by reference. 

Existing Permits 
2. Alameda County—The cities of Alameda, Albany, Berkeley, Dublin, Emeryville, Fremont, 

Hayward, Livermore, Newark, Oakland, Piedmont, Pleasanton, San Leandro, and Union City, 
Alameda County (Unincorporated area), the Alameda County Flood Control and Water 
Conservation District, and Zone 7 of the Alameda County Flood Control and Water 
Conservation District have joined together to form the Alameda Countywide Clean Water 
Program (hereinafter collectively referred to as the Alameda Permittees) and have submitted a 
permit application (Report of Waste Discharge), dated July 26, 2007, for reissuance of their 
waste discharge requirements under the NPDES permit to discharge stormwater runoff from 
storm drains and watercourses within the Alameda Permittees’ jurisdictions. The Alameda 
Permittees are currently subject to NPDES Permit No. CAS0029831 issued by Order No. R2-
2003-0021 on February 19, 2003, and amended by Order No. R2-2007-0025 on March 14, 2007, 
to the Alameda Permittees to discharge stormwater runoff from storm drains and watercourses 
within their jurisdictions. 

3. Contra Costa County—The cities of Clayton, Concord, El Cerrito, Hercules, Lafayette, 
Martinez, Orinda, Pinole, Pittsburg, Pleasant Hill, Richmond, San Pablo, San Ramon, and 
Walnut Creek, the towns of Danville and Moraga, Contra Costa County, and the Contra Costa 
County Flood Control and Water Conservation District have joined together to form the Contra 
Costa Clean Water Program (hereinafter collectively referred to as the Contra Costa Permittees) 
and have submitted a permit application (Report of Waste Discharge), dated September 30, 2003, 
for reissuance of their waste discharge requirements under the NPDES permit to discharge 
stormwater runoff from storm drains and watercourses within the Contra Costa Permittees’ 
jurisdictions.  The Contra Costa Permittees are currently subject to NPDES Permit No. 
CAS0029912 issued by Order No. 99-058 on July 21, 1999, amended by Order No. R2-2003-
0022 on February 9, 2003, amended by Order Nos. R2-2004-059 and R2-2004-0061 on July 21, 
2004, and amended by Order No. R2-2006-0050 on July 12, 2006, to the Contra Costa 
Permittees to discharge stormwater runoff from storm drains and watercourses within their 
jurisdictions. 

4. San Mateo County—The cities of Belmont, Brisbane, Burlingame, Daly City, East Palo Alto, 
Foster City, Half Moon Bay, Menlo Park, Millbrae, Pacifica, Redwood City, San Bruno, San 
Carlos, San Mateo, and South San Francisco, the towns of Atherton, Colma, Hillsborough, 
Portola Valley, and Woodside, the San Mateo County Flood Control District and San Mateo 
County have joined together to form the San Mateo Countywide Water Pollution Prevention 

RB-AR6329



Municipal Regional Stormwater Permit               NPDES No. CAS612008 
Order No. R2-2009-0074  Findings 

Findings Page 5 Date:  October 14, 2009 
  Revised:  November 28, 2011 

Program (hereinafter collectively referred to as the San Mateo Permittees) and have submitted a 
permit application (Report of Waste Discharge), dated January 23, 2004, for reissuance of their 
waste discharge requirements under the NPDES permit to discharge stormwater runoff from 
storm drains and watercourses within the San Mateo Permittees’ jurisdictions. The San Mateo 
Permittees are currently subject to NPDES Permit No. CAS0029921 issued by Order No. 99-059 
on July 21, 1999, amended by Order No. R2-2003-0023 on February 19, 2003, amended by 
Order Nos. R2-2004-0060 and R2-2004-0062 on July 21, 2004, and amended by Order R2-2007-
0027 on March 14, 2007, to the San Mateo Permittees to discharge stormwater runoff from storm 
drains and watercourses within their jurisdictions. 

5. Santa Clara County—The cities of Campbell, Cupertino, Los Altos, Milpitas, Monte Sereno, 
Mountain View, Palo Alto, San Jose, Santa Clara, Saratoga, and Sunnyvale, the towns of Los 
Altos Hills and Los Gatos, the Santa Clara Valley Water District, and the County of Santa Clara 
have joined together to form the Santa Clara Valley Urban Runoff Pollution Prevention Program 
(hereinafter collectively referred to as the Santa Clara Permittees) and have submitted a permit 
application (Report of Waste Discharge), dated February 25, 2005, for reissuance of their waste 
discharge requirements under the NPDES permit to discharge stormwater runoff from storm 
drains and watercourses within the Santa Clara Permittees’ jurisdictions. The Santa Clara 
Permittees are currently subject to NPDES Permit No. CAS029718 issued by Order No. 01-024 
on April 21, 2001, amended by Order No. 01-119 on October 17, 2001, and Order No. R2-2005-
0035 on July 20, 2005, to the Santa Clara Permittees to discharge stormwater runoff from storm 
drains and watercourses within their jurisdictions. 

6. Fairfield-Suisun—The cities of Fairfield and Suisun City have joined together to form the 
Fairfield-Suisun Urban Runoff Management Program (hereinafter referred to as the Fairfield-
Suisun Permittees) and have submitted a permit application (Report of Waste Discharge), dated 
October 17, 2007, for reissuance of their waste discharge requirements under the NPDES permit 
to discharge stormwater runoff from storm drains and watercourses within the Fairfield-Suisun 
Permittees’ jurisdictions. The Fairfield-Suisun Permittees are currently subject to NPDES Permit 
No. CAS0612005 issued by Order No. R2-2003-0034 on April 16, 2003, and amended by Order 
R2-2007-0026 on March 14, 2007, to the Fairfield-Suisun Permittees to discharge stormwater 
runoff from storm drains and watercourses within their jurisdictions. 

7. Vallejo—The City of Vallejo and the Vallejo Sanitary District (hereinafter referred to as the 
Vallejo Permittees) are currently subject to NPDES Permit No. CAS612006 issued by the United 
States Environmental Protection Agency (USEPA) on April 27, 1999, and that became effective 
on May 30, 1999, for the discharge of stormwater runoff from storm drains and watercourses 
within the Vallejo Permittees’ jurisdictions. 

8. The Alameda, Contra Costa, San Mateo, Santa Clara, Fairfield-Suisun, and Vallejo Permittees 
are hereinafter referred to in this Order as the Permittees. 

Applicable Federal, State and Regional Regulations 
9. Section 402(p) of the federal Clean Water Act (CWA), as amended by the Water Quality Act of 

1987, requires NPDES permits for stormwater discharges from municipal separate storm sewer 
systems (MS4s), stormwater discharges associated with industrial activity (including 
construction activities), and designated stormwater discharges, which are considered significant 
contributors of pollutants to waters of the United States. On November 16, 1990, USEPA 
published regulations (40 CFR Part 122), which prescribe permit application requirements for 
MS4s pursuant to CWA 402(p). On May 17, 1996, USEPA published an Interpretive Policy 
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Memorandum on Reapplication Requirements for Municipal Separate Storm Sewer Systems, 
which provided guidance on permit application requirements for regulated MS4s. 

10. The Water Quality Control Plan for the San Francisco Bay Basin (Basin Plan) is the Water 
Board's master water quality control planning document. It designates beneficial uses and water 
quality objectives for waters of the State, including surface waters and groundwater. It also 
includes programs of implementation to achieve water quality objectives. The Basin Plan was 
duly adopted by the Water Board and approved by the State Water Resources Control Board 
(State Board), Office of Administrative Law and the USEPA, where required. 

11. The Water Board finds stormwater discharges from urban and developing areas in the San 
Francisco Bay Region to be significant sources of certain pollutants that cause or may be causing 
or threatening to cause or contribute to water quality impairment in waters of the Region. 
Furthermore, as delineated in the CWA section 303(d) list, the Water Board has found that there 
is a reasonable potential that municipal stormwater discharges cause or may cause or contribute 
to an excursion above water quality standards for the following pollutants: mercury, PCBs, 
furans, dieldrin, chlordane, DDT, and selenium in San Francisco Bay segments; pesticide 
associated toxicity in all urban creeks; and trash and low dissolved oxygen in Lake Merritt, in 
Alameda County. In accordance with CWA section 303(d), the Water Board is required to 
establish TMDLs for these pollutants to these waters to gradually eliminate impairment and 
attain water quality standards. Therefore, certain early pollutant control actions and further 
pollutant impact assessments by the Permittees are warranted and required pursuant to this 
Order. 

12. The San Francisco Estuary Project, established pursuant to CWA Section 320, culminated in 
June 1993 with completion of its Comprehensive Conservation and Management Plan (CCMP) 
for the preservation, restoration, and enhancement of the San Francisco Bay-Delta Estuary.  The 
2007 update of the CCMP includes new and revised actions, while retaining many of the original 
plan’s actions. The CCMP includes recommended actions in the areas of aquatic resources, 
wildlife, wetlands, water use, pollution prevention and reduction, dredging and waterway 
modification, land use, public involvement and education, and research and monitoring.  
Recommended actions which may, in part, be addressed through implementation of this Permit 
include, but are not limited to, the following: 
(1) ACTION AR-9.1 (New 2007) 
Improve understanding of sources, types, and impacts of marine debris in the Estuary. 

(5) ACTION AR-9.2 (New 2007) 
Expand existing marine debris prevention and cleanup programs and develop new initiatives to 
reduce discharge of debris to waterways. 

(10)  ACTION PO-1.2 (Revised 2007) 
Recommend institutional and financial changes needed to place more focus on pollution prevention. 

(12) ACTION PO-1.6 (Revised 2007) 
Implement a comprehensive strategy to reduce pesticides coming into the Estuary. 

(13)  ACTION PO-1.7.1 (New 2007) 
Develop product stewardship program for new commercial products to minimize future pollutant 
releases. 
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(14) ACTION PO-1.8 (New 2007) 
Develop and implement programs to prevent pollution of the Estuary by other harmful pollutants like 
trash, bacteria, sediments, and nutrients. 

(15) ACTION PO-2.1 (Revised 2007) 
Pursue a mass emissions strategy to reduce pollutant discharges into the Estuary from point and 
nonpoint sources and to address the accumulation of pollutants in estuarine organisms and sediments. 

(16) ACTION PO-2.4 (Revised 2007) 
Improve the management and control of urban runoff from public and private sources. 

(18) ACTION PO-3.3 (New 2007) 
Accomplish large-scale improvements to Bay-Delta area infrastructure and implement pollution 
prevention strategies to prevent pollution threats to public health and wildlife. 

(19) ACTION PO-4.1 (New 2007) 
Increase regulatory incentives for municipalities, through urban runoff and other programs, to invest 
in projects that restore or enhance stream and wetland functions. 

(20)  ACTION LU-1.1 (Revised 2007) 
Local land use jurisdiction’s General Plans should incorporate watershed protection goals for 
wetlands and stream environments and to reduce pollutants in runoff. 

(21) ACTION LU-1.1.1 (New 2007): Provide assistance to local agencies to ensure that applicable 
nonpoint source control elements are incorporated into local government and business practices. 

(22) ACTION LU-1.5 (LU-3.2 in 1993 CCMP; Revised 2007) 
Provide incentives and promote the use of building, planning, and maintenance guidelines for site 
planning and implementation of best management practices (BMPs) as related to stormwater and 
encourage local jurisdictions to adopt these guidelines as local ordinances. 

(23) ACTION LU-1.6 (New 2007) 
Continue and enhance training and certification for planners, public works departments, consultants, 
and builders on sustainable design and building practices with the goal of preventing or minimizing 
alteration of watershed functions (e.g., flood water conveyance, groundwater infiltration, stream 
channel and floodplain maintenance), and preventing construction-related erosion and post-
construction pollution. 

(24) ACTION LU-2.7 (New 2007) 
Adopt and implement policies and plans that protect and restore water quality, flood water storage, 
and other natural functions of stream and wetland systems. 

(25) ACTION LU-3.1 (New 2007) 
Promote, encourage, and support collaborative partnerships with broad stakeholder representation, 
such as watershed councils, in order to develop diverse community-based approaches to long-term 
stewardship. 

(26) ACTION LU-4.1 (Revised 2007) 
Educate the public about how human actions impact the Estuary and its watersheds. 

(28) ACTION PI-2.5 (Revised 2007) 
Assist in the development of long-term educational programs designed to prevent pollution to 
the Estuary's ecosystem and provide assistance to other programs as needed. 

13. Under section 13389 of the California Water Code, this action to adopt an NPDES permit is 
exempt from the provisions of Chapter 3 of the California Environmental Quality Act (CEQA). 
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Nature of Discharges and Sources of Pollutants 
14. Stormwater runoff is generated from various land uses in all the hydrologic sub basins in the 

Basin and discharges into watercourses, which in turn flow into Central, Lower and South San 
Francisco Bay. 

15. The quality and quantity of runoff discharges vary considerably and are affected by hydrology, 
geology, land use, season, and sequence and duration of hydrologic events. Pollutants of concern 
in these discharges are certain heavy metals; excessive sediment production from erosion due to 
anthropogenic activities; petroleum hydrocarbons from sources such as used motor oil; microbial 
pathogens of domestic sewage origin from illicit discharges; certain pesticides associated with 
acute aquatic toxicity; excessive nutrient loads, which can cause or contribute to the depletion of 
dissolved oxygen and/or toxic concentrations of dissolved ammonia; trash, which impairs 
beneficial uses including, but not limited to, support for aquatic life; and other pollutants which 
can cause aquatic toxicity in the receiving waters. 

16. Federal, State or regional entities within the Permittees’ boundaries, not currently named in this 
Order, operate storm drain facilities and/or discharge stormwater to the storm drains and 
watercourses covered by this Order.  The Permittees may lack jurisdiction over these entities. 
Consequently, the Water Board recognizes that the Permittees should not be held responsible for 
such facilities and/or discharges.  The Water Board will consider such facilities for coverage 
under its NPDES permitting scheme pursuant to US EPA Phase II stormwater 
regulations.  Under Phase II, the Water Board can permit these federal, State, and regional 
entities through use of the Statewide Phase II NPDES General Permit.     

17. Certain pollutants present in stormwater and/or urban runoff can be derived from extraneous 
sources over which the Permittees have limited or no direct jurisdiction. Examples of such 
pollutants and their respective sources are polycyclic aromatic hydrocarbons (PAHs), which are 
products of internal combustion engine operation and other sources; heavy metals, such as 
copper from vehicle brake pad wear and zinc from vehicle tire wear; dioxins as products of 
combustion; polybrominated diphenyl ethers that are incorporated in many household products 
as flame retardants; mercury resulting from atmospheric deposition; and naturally occurring 
minerals from local geology. All these pollutants, and others, can be deposited on paved 
surfaces, rooftops, and other impervious surfaces as fine airborne particles—thus yielding 
stormwater runoff pollution that is unrelated to the activity associated with a given project site. 

18. The Water Board will notify interested agencies and interested persons of the availability of 
reports, plans, and schedules, including Annual Reports, and will provide interested persons with 
an opportunity for a public hearing and/or an opportunity to submit their written views and 
recommendations. The Water Board will consider all comments and may modify the reports, 
plans, or schedules or may modify this Order in accordance with applicable law. All submittals 
required by this Order conditioned with acceptance by the Water Board will be subject to these 
notification, comment, and public hearing procedures. 

19. This Order supersedes and rescinds Order Nos. 99-058, 99-059, 01-024, R2-2003-0021, R2-
2003-0034, and supersedes NPDES Permit Nos. CAS0029831, CAS0029912, CAS0029921, 
CAS029718, CAS0612005, and CAS612006. 

This Order serves as a NPDES permit, pursuant to CWA section 402, or amendments thereto, 
and shall become effective December 1, 2009, provided the Regional Administrator, USEPA, 
Region 9, has no objections. 

RB-AR6333



Municipal Regional Stormwater Permit  NPDES No. CAS612008 
Order No. R2-2009-0074 Discharge Prohibitions and Receiving Water Limitations 
 

Discharge Prohibitions & Receiving Water Limitations  Page 9 Date:  October 14, 2009 
  Revised:  November 28, 2011  

 

IT IS HEREBY ORDERED that the Permittees, in order to meet the provisions contained in 
Division 7 of the California Water Code and regulations adopted hereunder and the provisions 
of the Clean Water Act as amended and regulations and guidelines adopted hereunder, shall 
comply with the following: 
 

A.   DISCHARGE  PROHIBITIONS 
A.1. The Permittees shall, within their respective jurisdictions, effectively prohibit the discharge 

of non-stormwater (materials other than stormwater) into, storm drain systems and 
watercourses. NPDES-permitted discharges are exempt from this prohibition. Provision C.15 
describes a tiered categorization of non-stormwater discharges based on potential for 
pollutant content that may be discharged upon adequate assurance that the discharge contains 
no pollutants of concern at concentrations that will impact beneficial uses or cause 
exceedances of water quality standards. 

A.2. It shall be prohibited to discharge rubbish, refuse, bark, sawdust, or other solid wastes into 
surface waters or at any place where they would contact or where they would be eventually 
transported to surface waters, including flood plain areas. 

B.   RECEIVING WATER LIMITATIONS 
B.1. The discharge shall not cause the following conditions to create a condition of nuisance or to 

adversely affect beneficial uses of waters of the State: 
a. Floating, suspended, or deposited macroscopic particulate matter, or foam; 
b. Bottom deposits or aquatic growths; 
c. Alteration of temperature, turbidity, or apparent color beyond present natural background 

levels; 
d. Visible, floating, suspended, or deposited oil or other products of petroleum origin; and 
e. Substances present in concentrations or quantities that would cause deleterious effects on 

aquatic biota, wildlife, or waterfowl, or that render any of these unfit for human 
consumption. 

B.2. The discharge shall not cause or contribute to a violation of any applicable water quality 
standard for receiving waters. If applicable water quality objectives are adopted and 
approved by the State Board after the date of the adoption of this Order, the Water Board 
may revise and modify this Order as appropriate. 
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C.1. Compliance with Discharge Prohibitions and Receiving Water 
Limitations 
The Permittees shall comply with Discharge Prohibitions A.1 and A.2 and Receiving Water 
Limitations B.1 and B.2 through the timely implementation of control measures and other 
actions as specified in Provisions C.2 through C.15. 

If exceedance(s) of water quality standards or water quality objectives (collectively, WQSs) 
persist in receiving waters, the Permittees shall comply with the following procedure: 

C.1.a. Upon a determination by either the Permittee(s) or the Water Board that discharges 
are causing or contributing to an exceedance of an applicable WQS, the Permittee(s) 
shall notify, within no more than 30 days, and thereafter, except for any exceedances 
of  WQSs for pesticides, trash, mercury, polychlorinated biphenols, copper, 
polybrominated diphenyl ethers, and selenium that are addressed pursuant to 
Provisions C.8 through C.14 of this Order, submit a report to the Water Board that 
describes BMPs that are currently being implemented, and the current level of 
implementation, and additional BMPs that will be implemented, and/or an increased 
level of implementation, to prevent or reduce the discharge of pollutants that are 
causing or contributing to the exceedance of WQSs. The report may be submitted in 
conjunction with the Annual Report, unless the Water Board directs an earlier 
submittal, and shall constitute a request to the Water Board for amendment of this 
NPDES Permit. The report and application for amendment shall include an 
implementation schedule. The Water Board may require modifications to the report 
and application for amendment; and 

C.1.b. Submit any modifications to the report required by the Water Board within 30 days 
of notification. 

As long as the Permittees have complied with the procedures set forth above, they do not 
have to repeat the same procedure for continuing or recurring exceedances of the same 
WQSs unless directed by the Water Board to develop additional control measures and 
BMPs and reinitiate the Permit amendment process.  
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C.2. Municipal Operations 
The purpose of this provision is to ensure development and implementation of 
appropriate BMPs by all Permittees to control and reduce non-stormwater discharges and 
polluted stormwater to storm drains and watercourses during operation, inspection, and 
routine repair and maintenance activities of municipal facilities and infrastructure. 

C.2.a. Street and Road Repair and Maintenance 
i. Task Description – Asphalt/Concrete Removal, Cutting, Installation and Repair 

- The Permittees shall develop and implement appropriate BMPs at street and 
road repair and/or maintenance sites to control debris and waste materials during 
road and parking lot installation, repaving or repair maintenance activities, such 
as those described in the California Stormwater Quality Association’s Handbook 
for Municipal Operations. 

ii. Implementation Levels 
(1) The Permittees shall require proper management of concrete slurry and 

wastewater, asphalt, pavement cutting, and other street and road 
maintenance materials and wastewater to avoid discharge to storm drains 
from such work sites. The Permittees shall coordinate with sanitary sewer 
agencies to determine if disposal to the sanitary sewer system is available 
for the wastewater generated from these activities provided that 
appropriate approvals and pretreatment standards are met. 

(2) The Permittees shall require sweeping and/or vacuuming to remove debris, 
concrete, or sediment residues from such work sites upon completion of 
work. The Permittees shall require cleanup of all construction remains, 
spills and leaks using dry methods (e.g., absorbent materials, rags, pads, 
and vacuuming), as described in the Bay Area Stormwater Management 
Agencies Association’s (BASMAA’s) Blueprint for a Clean Bay. 

iii. Reporting – The Permittees shall report on implementation of and compliance 
with these BMPs in the Annual Report 

C.2.b. Sidewalk/Plaza Maintenance and Pavement Washing 
i. Task Description – The Permittees shall implement, and require to be 

implemented, BMPs for pavement washing, mobile cleaning, pressure wash 
operations in such locations as parking lots and garages, trash areas, gas station 
fueling areas, and sidewalk and plaza cleaning, which prohibit the discharge of 
polluted wash water and non-stormwater to storm drains. The Permittees shall 
implement the BMPs included in BASMAA’s Mobile Surface Cleaner Program. 
The Permittees shall coordinate with sanitary sewer agencies to determine if 
disposal to the sanitary sewer is available for the wastewater generated from 
these activities provided that appropriate approvals and pretreatment standards 
are met. 
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ii. Reporting – The Permittees shall report on implementation of and compliance 
with these BMPs in their Annual Report. 

C.2.c. Bridge and Structure Maintenance and Graffiti Removal 
i. Task Description 

(1) The Permittees shall implement appropriate BMPs to prevent polluted 
stormwater and non-stormwater discharges from bridges and structural 
maintenance activities directly over water or into storm drains. 

(2) The Permittees shall implement BMPs for graffiti removal that prevent 
non-stormwater and wash water discharges into storm drains. 

ii. Implementation Levels 
(1) The Permittees shall prevent all debris, including structural materials and 

coating debris, such as paint chips, or other debris and pollutants 
generated in bridge and structure maintenance or graffiti removal from 
entering storm drains or water courses. 

(2) The Permittees shall protect nearby storm drain inlets before removing 
graffiti from walls, signs, sidewalks or other structures. The Permittees 
shall prevent any discharge of debris, cleaning compound waste, paint 
waste or wash water due to graffiti removal from entering storm drains or 
watercourses. 

(3) The Permittees shall determine the proper disposal method for wastes 
generated from these activities. The Permittees shall train their employees 
and/or specify in contracts about these proper capture and disposal 
methods for the wastes generated. 

iii. Reporting – The Permittees shall report on implementation of and compliance 
with these BMPs in their Annual Report. 

C.2.d. Stormwater Pump Stations 
The objective of this sub-provision is to prevent the discharge of water with low 
dissolved oxygen (DO) from pump stations, and to explore the use of pump stations 
for trash capture and removal from waters to protect beneficial uses of receiving 
waters. 

i. Task Description – Operation and Maintenance of Stormwater Pump Stations – 
The Permittees shall develop and implement measures to operate, inspect, and 
maintain these facilities to eliminate non-stormwater discharges containing 
pollutants, and to reduce pollutant loads in the stormwater discharges to comply 
with WQSs.  

ii. Implementation Levels – The Permittees shall comply with the following 
implementation measures to reduce polluted water discharges from Permittee-
owned or operated pump stations: 
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(1) Complete an inventory of pump stations within each Permittee’s 
jurisdiction, including locations, and key characteristics1 by March 1, 
2010. 

(2) Inspect and collect DO data from all pump stations twice a year during the 
dry season  after July 1, starting in 2010. DO monitoring is exempted 
where all discharge from a pump station remains in the stormwater 
collection system or infiltrates into a dry creek immediately downstream. 

(3) If DO levels are at or below 3 milligrams per liter (3 mg/L), apply 
corrective actions, such as continuous pumping at a low flow rate, 
aeration, or other appropriate methods to maintain DO concentrations of 
the discharge above 3 mg/L. Verify corrective actions are effective by 
increasing DO monitoring interval to weekly until two weekly samples are 
above 3 mg/L. 

(4) Starting in fall 2010, inspect pump stations a minimum of two times 
during the wet season in the first business day after ¼-inch  and larger 
storm events after a minimum of a two week antecedent period with no 
precipitation.  Post-storm inspections shall collect and report presence and 
quantity estimates of  trash, including presence of odor, color, turbidity,   
and floating hydrocarbons. Remove debris and trash and replace any oil 
absorbent booms, as needed. 

iii. Reporting – The Permittees shall report information resulting from C.2.d.ii.(2)-
(4), including DO monitoring data and subsequent corrective actions taken to 
verify compliance with the 3 mg/L implementation level, in their Annual 
Report, and maintain records of inspection and maintenance activities and 
volume or mass of waste materials removed from pump stations.  

C.2.e. Rural Public Works Construction and Maintenance  
i. Task Description – Rural Road and Public Works Construction and 

Maintenance - For the purpose of this provision, rural means any watershed or 
portion thereof that is developed with large lot home-sites, such as one acre or 
larger, or with primarily agricultural, grazing or open space uses. The Permittees 
shall implement and require contractors to implement BMPs for erosion and 
sediment control  during and  after construction for maintenance activities on 
rural roads, particularly in or adjacent to stream channels or wetlands. The 
Permittees shall notify the Water Board, the California Department of Fish and 
Game and the U.S. Army Corps of Engineers, where applicable, and obtain 
appropriate agency permits for rural public works activities before work in or 
near creeks and wetlands. 

                                                 
1 Characteristics include name of pump station, latitude and longitude in WGS 84, number of pumps, drainage area 

in acres, dominant land use(s), first receiving water body, maximum pumping capacity of station in gallons per 
minute (gpm), flow measurement capability (Y or N), flow measurement method, average wet season discharge 
rate in gpm, dry season discharge (Y, N, or unknown), nearest municipal wastewater treatment plant, wet well 
storage capacity in gallons, trash control (Y or N), trash control measure, and date built or last updated. 
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ii. Implementation Level 
(1) The Permittees shall develop, where they do not already exist, and 

implement BMPs for erosion and sediment control measures during 
construction and maintenance activities on rural roads, including 
developing and implementing appropriate training and technical assistance 
resources for rural public works activities, by April 1, 2010.   

(2) The Permittees shall develop and implement appropriate BMPs for the 
following activities, which minimize impacts on streams and wetlands in 
the course of rural road and public works maintenance and construction 
activities: 
(a) Road design, construction, maintenance, and repairs in rural areas that 

prevent and control road-related erosion and sediment transport; 
(b) Identification and prioritization of rural road maintenance on the basis 

of soil erosion potential, slope steepness, and stream habitat 
resources;  

(c) Construction of roads and culverts  that do not impact creek functions. 
New or replaced culverts shall not create a migratory fish passage 
barrier, where migratory fish are present, or lead to stream instability;  

(d) Development and implementation of an inspection program to 
maintain rural roads’ structural integrity and prevent impacts on water 
quality; 

(e) Maintenance of rural roads adjacent to streams and riparian habitat to 
reduce erosion, replace damaging shotgun culverts and excessive 
erosion;  

(f) Re-grading of unpaved rural roads to slope outward where consistent 
with road engineering safety standards, and installation of water bars 
as appropriate; and 

(g) Replacement of existing culverts or design of new culverts or bridge 
crossings shall use measures to reduce erosion, provide fish passage 
and maintain natural stream geomorphology in a stable manner. 

(3) The Permittees shall develop or incorporate existing training and guidance 
on permitting requirements for rural public works activities so as to stress 
the importance of proper planning and construction to avoid water quality 
impacts. 

(4) The Permittees shall provide training incorporating these BMPs to rural 
public works maintenance staff at least twice within this Permit term. 

iii. Reporting – The Permittees shall report on the implementation of and 
compliance with BMPs for the rural public works construction and maintenance 
activities in their Annual Report, including reporting on increased maintenance 
in priority areas. 
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C.2.f. Corporation Yard BMP Implementation 
i. Task Description – Corporation Yard Maintenance 

(1) The Permittees shall prepare, implement, and maintain a site specific 
Stormwater Pollution Prevention Plan (SWPPP) for corporation yards, 
including municipal vehicle maintenance, heavy equipment and 
maintenance vehicle parking areas, and material storage facilities to 
comply with water quality standards. Each SWPPP shall incorporate all 
applicable BMPs that are described in the California Stormwater Quality 
Association’s Handbook for Municipal Operations and the Caltrans Storm 
Water Quality Handbook Maintenance Staff Guide, May 2003, and its 
addenda, as appropriate. 

(2) The requirements in this provision shall apply only to facilities that are not 
already covered under the State Board’s Industrial Stormwater NPDES 
General Permit. 

(3) The site specific SWPPPs for corporation yards shall be completed by July 
1, 2010. 

ii. Implementation Level 
(1) Implement BMPs to minimize pollutant discharges in stormwater and 

prohibit non-stormwater discharges, such as wash waters and street 
sweeper, vactor, and other related equipment cleaning wash water. 
Pollution control actions shall include, but not be limited to, good 
housekeeping practices, material and waste storage control, and vehicle 
leak and spill control. 

(2) Routinely inspect corporation yards to ensure that no non-stormwater 
discharges are entering the storm drain system and, during storms, 
pollutant discharges are prevented to the maximum extent practicable. At 
a minimum, an inspection shall occur before the start of the rainy season. 

(3) Plumb all vehicle and equipment wash areas to the sanitary sewer after 
coordination with the local sanitary sewer agency and equip with a 
pretreatment device (if necessary) in accordance with the requirements of 
the local sanitary sewer agency. 

(4) Use dry cleanup methods when cleaning debris and spills from corporation 
yards. If wet cleaning methods must be used (e.g., pressure washing), the 
Permittee shall ensure that wash water is collected and disposed in the 
sanitary sewer after coordination with the local sanitary sewer agency and 
in accordance with the requirements of the local sanitary sewer agency. 
Any private companies hired by the Permittee to perform cleaning 
activities on Permittee-owned property shall follow the same 
requirements. In areas where sanitary sewer connection is not available, 
the Permittees shall collect and haul the wash water to a municipal 
wastewater treatment plant, or implement appropriate BMPs and dispose 
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of the wastewater to land in a manner that does not adversely impact 
surface water or groundwater. 

(5) Outdoor storage areas containing waste pollutants shall be covered and/or 
bermed to prevent discharges of polluted stormwater runoff or run-on to 
storm drain inlets. 

iii. Reporting – The Permittees shall report on implementation of SWPPPs, the 
results of inspections, and any follow-up actions in their Annual Report. 
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C.3. New Development and Redevelopment 
The goal of Provision C.3 is for the Permittees to use their planning authorities to include 
appropriate source control, site design, and stormwater treatment measures in new 
development and redevelopment projects to address both soluble and insoluble 
stormwater runoff pollutant discharges and prevent increases in runoff flows from new 
development and redevelopment projects.  This goal is to be accomplished primarily 
through the implementation of low impact development (LID) techniques.  

C.3.a. New Development and Redevelopment Performance Standard Implementation 
i. Task Description – At a minimum each Permittee shall: 

(1) Have adequate legal authority to implement all requirements of Provision 
C.3; 

(2) Have adequate development review and permitting procedures to impose 
conditions of approval or other enforceable mechanisms to implement the 
requirements of Provision C.3. For projects discharging directly to CWA 
section 303(d)-listed waterbodies, conditions of approval must require that 
post-development runoff not exceed pre-development levels for such 
pollutants that are listed; 

(3) Evaluate potential water quality effects and identify appropriate mitigation 
measures when conducting environmental reviews, such as under CEQA; 

(4) Provide training adequate to implement the requirements of Provision C.3 
for staff, including interdepartmental training; 

(5) Provide outreach adequate to implement the requirements of Provision 
C.3, including providing education materials to municipal staff, 
developers, contractors, construction site operators, and owner/builders, 
early in the planning process and as appropriate; 

(6) For all new development and redevelopment projects that are subject to the 
Permittee’s planning, building, development, or other comparable review, 
but not regulated by Provision C.3, encourage the inclusion of adequate 
site design measures that may include minimizing land disturbance and 
impervious surfaces (especially parking lots); clustering of structures and 
pavement; directing roof runoff to vegetated areas; use of micro-detention, 
including distributed landscape-based detention; preservation of open 
space; protection and/or restoration of riparian areas and wetlands as 
project amenities; 

(7) For all new development and redevelopment projects that are subject to the 
Permittee’s planning, building, development, or other comparable review, 
but not regulated by Provision C.3, encourage the inclusion of adequate 
source control measures to limit pollutant generation, discharge, and 
runoff. These source control measures should include: 
• Storm drain stenciling. 
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• Landscaping that minimizes irrigation and runoff, promotes surface 
infiltration where possible, minimizes the use of pesticides and 
fertilizers, and incorporates appropriate sustainable landscaping 
practices and programs such as Bay-Friendly Landscaping. 

• Appropriate covers, drains, and storage precautions for outdoor 
material storage areas, loading docks, repair/maintenance bays, and 
fueling areas. 

• Covered trash, food waste, and compactor enclosures.  
• Plumbing of the following discharges to the sanitary sewer, subject to 

the local sanitary sewer agency’s authority and standards: 
• Discharges from indoor floor mat/equipment/hood filter wash 

racks or covered outdoor wash racks for restaurants.  
• Dumpster drips from covered trash and food compactor enclosures.  
• Discharges from outdoor covered wash areas for vehicles, 

equipment, and accessories.  
• Swimming pool water, if discharge to onsite vegetated areas is not 

a feasible option.  
• Fire sprinkler test water, if discharge to onsite vegetated areas is 

not a feasible option. 

(8) Revise, as necessary, General Plans to integrate water quality and 
watershed protection with water supply, flood control, habitat protection, 
groundwater recharge, and other sustainable development principles and 
policies (e.g., referencing the Bay-Friendly Landscape Guidelines). 

ii. Implementation Level – Most of the elements of this task should already be 
fully implemented because they are required in the Permittees’ existing 
stormwater permits. 

Due Dates for Full Implementation – Immediate for C.3.a.i.(1)-(5), May 1, 
2010 for C.3.a.i.(6)-(7), and December 1, 2010 for C.3.a.i.(8).  For Vallejo 
Permittees:  December 1, 2010 for C.3.a.i.(1)-(8) 

iii. Reporting – Provide a brief summary of the method(s) of implementation of 
Provisions C.3.a.i.(1)–(8) in the 2011 Annual Report. 

C.3.b. Regulated Projects 
i. Task Description – The Permittees shall require all projects fitting the category 

descriptions listed in Provision C.3.b.ii below (hereinafter called Regulated 
Projects) to implement LID source control, site design, and stormwater 
treatment onsite or at a joint stormwater treatment facility2 in accordance with 
Provisions C.3.c and C.3.d, unless the Provision C.3.e alternate compliance 
options are evoked. For adjacent Regulated Projects that will discharge runoff to 
a joint stormwater treatment facility, the treatment facility must be completed by 

                                                 
2  Joint stormwater treatment facility – Stormwater treatment facility built to treat the combined runoff from two 

or more Regulated Projects located adjacent to each other, 
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the end of construction of the first Regulated Project that will be discharging 
runoff to the joint stormwater treatment facility.  

Regulated Projects, as they are defined in this Provision, do not include detached 
single-family home projects that are not part of a larger plan of development. 

ii. Regulated Projects are defined in the following categories: 
(1) Special Land Use Categories 

(a) New Development or redevelopment projects that fall into one of 
the categories listed below and that create and/or replace 10,000 
square feet or more of impervious surface (collectively over the entire 
project site). This category includes development projects of the 
following four types on public or private land that fall under the 
planning and building authority of a Permittee: 
(i) Auto service facilities, described by the following Standard 

Industrial Classification (SIC) Codes:  5013, 5014, 5541, 7532-
7534, and 7536-7539; 

(ii) Retail gasoline outlets; 
(iii) Restaurants (SIC Code 5812); or 
(iv) Uncovered parking lots that are stand-alone or part of any other 

development project. This category includes the top uncovered 
portion of parking structures unless drainage from the uncovered 
portion is connected to the sanitary sewer along with the covered 
portions of the parking structure.  

(b) For redevelopment projects in the categories specified in Provision 
C.3.b.ii.(1)(a)(i)-(iv), specific exclusions are: 
(i) Interior remodels;  
(ii) Routine maintenance or repair such as: 

• roof or exterior wall surface replacement, 
• pavement resurfacing within the existing footprint. 

(c) Where a redevelopment project in the categories specified in 
Provision C.3.b.ii.(1)(a)(i)-(iv) results in an alteration of more than 
50 percent of the impervious surface of a previously existing 
development that was not subject to Provision C.3, the entire project, 
consisting of all existing, new, and/or replaced impervious surfaces, 
must be included in the treatment system design (i.e., stormwater 
treatment systems must be designed and sized to treat stormwater 
runoff from the entire redevelopment project). 

(d) Where a redevelopment project in the categories specified in 
Provision C.3.b.ii.(1)(a)(i)-(iv) results in an alteration of less than 50 
percent of the impervious surface of a previously existing 
development that was not subject to Provision C.3, only the new 
and/or replaced impervious surface of the project must be included in 
the treatment system design (i.e., stormwater treatment systems must 
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be designed and sized to treat stormwater runoff from the new and/or 
replaced impervious surface of the project). 

(e) For any private development project in the categories specified in 
Provisions C.3.b.ii.(1)(a)(i)-(iv) for which a planning application has 
been deemed complete by a Permittee on or before the Permit 
effective date, the lower 5000 square feet impervious surface 
threshold (for classification as a Regulated Project) shall not apply so 
long as the project applicant is diligently pursuing the project.  
Diligent pursuance  may be demonstrated by the project applicant’s 
submittal of supplemental information to the original application, 
plans, or other documents required for any necessary approvals of the 
project by the Permittee. If during the time period between the Permit 
effective date and the required implementation date of December 1, 
2011, for the 5000 square feet threshold, the project applicant has not 
taken any action to obtain the necessary approvals from the Permittee, 
the project will then be subject to the lower 5000 square feet 
impervious surface threshold specified in Provision C.3.b.ii.(1).  

(f) For any private development project in the categories specified in 
Provisions C.3.b.ii.(1)(a)(i)-(iv) with an application deemed complete 
after the Permit effective date, the lower 5000 square feet impervious 
surface threshold (for classification as a Regulated Project) shall not 
apply if the project applicant has received final discretionary approval 
for the project before the required implementation date of December 
1, 2011, for the 5000 square feet threshold.  

(g) For public projects for which funding has been committed and 
construction is scheduled to begin by December 1, 2012, the lower 
5000 square feet of impervious surface threshold (for classification as 
a Regulated Project) shall not apply. 

Effective Date – Immediate, except December 1, 2010, for Vallejo 
Permittees. 

Beginning December 1, 2011, all references to 10,000 square feet in 
Provision C.3.b.ii.(1) change to 5,000 square feet.  

(2) Other Development Projects 
New development projects that create 10,000 square feet or more of 
impervious surface (collectively over the entire project site) including 
commercial, industrial, residential housing subdivisions (i.e., detached 
single-family home subdivisions, multi-family attached subdivisions 
(town homes), condominiums, and apartments), mixed-use, and public 
projects. This category includes development projects on public or private 
land that fall under the planning and building authority of a Permittee.  
Detached single-family home projects that are not part of a larger plan of 
development are specifically excluded. 
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Effective Date – Immediate, except December 1, 2010, for Vallejo 
Permittees. 
 

(3) Other Redevelopment Projects 
Redevelopment projects that create and/or replace 10,000 square feet or 
more of impervious surface (collectively over the entire project site) 
including commercial, industrial, residential housing subdivisions (i.e., 
detached single-family home subdivisions, multi-family attached 
subdivisions (town homes), condominiums, and apartments), mixed-use, 
and public projects. Redevelopment is any land-disturbing activity that 
results in the creation, addition, or replacement of exterior impervious 
surface area on a site on which some past development has occurred. This 
category includes redevelopment projects on public or private land that 
fall under the planning and building authority of a Permittee. 

Specific exclusions to this category are: 
• Interior remodels. 
• Routine maintenance or repair such as: 

• roof or exterior wall surface replacement, or 
• pavement resurfacing within the existing footprint. 

(a) Where a redevelopment project results in an alteration of more than 
50 percent of the impervious surface of a previously existing 
development that was not subject to Provision C.3, the entire project, 
consisting of all existing, new, and/or replaced impervious surfaces, 
must be included in the treatment system design (i.e., stormwater 
treatment systems must be designed and sized to treat stormwater 
runoff from the entire redevelopment project). 

(b) Where a redevelopment results in an alteration of less than 50 
percent of the impervious surface of a previously existing 
development that was not subject to Provision C.3, only the new 
and/or replaced impervious surface of the project must be included in 
the treatment system design (i.e., stormwater treatment systems must 
be designed and sized to treat stormwater runoff from the new and/or 
replaced impervious surface of the project). 

Effective Date – Immediate, except December 1, 2010, for Vallejo 
Permittees. 

(4) Road Projects 
Any of the following types of road projects that create 10,000 square feet 
or more of newly constructed contiguous impervious surface and that fall 
under the building and planning authority of a Permittee:   
(a) Construction of new streets or roads, including sidewalks and bicycle 

lanes built as part of the new streets or roads. 
(b) Widening of existing streets or roads with additional traffic lanes.  
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(i) Where the addition of traffic lanes results in an alteration of more 
than 50 percent of the impervious surface of an existing street or 
road that was not subject to Provision C.3, the entire project, 
consisting of all existing, new, and/or replaced impervious 
surfaces, must be included in the treatment system design (i.e., 
stormwater treatment systems must be designed and sized to treat 
stormwater runoff from the entire street or road that had additional 
traffic lanes added). 

(ii) Where the addition of traffic lanes results in an alteration of less 
than 50 percent of the impervious surface of an existing street or 
road that was not subject to Provision C.3, only the new and/or 
replaced impervious surface of the project must be included in 
the treatment system design (i.e., stormwater treatment systems 
must be designed and sized to treat stormwater runoff from only 
the new traffic lanes). However, if the stormwater runoff from the 
existing traffic lanes and the added traffic lanes cannot be 
separated, any onsite treatment system must be designed and sized 
to treat stormwater runoff from the entire street or road. If an 
offsite treatment system is installed or in-lieu fees paid in 
accordance with Provision C.3.e, the offsite treatment system or 
in-lieu fees must address only the stormwater runoff from the 
added traffic lanes. 

(c) Construction of impervious trails that are greater than 10 feet wide or 
are creek-side (within 50 feet of the top of bank).   

(d) Specific exclusions to Provisions C.3.b.ii.(4)(a)-(c) are: 
• Sidewalks built as part of new streets or roads and built to 

direct stormwater runoff to adjacent vegetated areas. 
• Bicycle lanes that are built as part of new streets or roads but 

are not hydraulically connected to the new streets or roads and 
that direct stormwater runoff to adjacent vegetated areas.  

• Impervious trails built to direct stormwater runoff to adjacent 
vegetated areas, or other non-erodible permeable areas, 
preferably away from creeks or towards the outboard side of 
levees. 

• Sidewalks, bicycle lanes, or trails constructed with permeable 
surfaces.3  

• Caltrans highway projects and associated facilities. 
(e) For any private road or trail project described by Provisions 

C.3.b.ii.(4)(b) or (c) for which a planning application has been 
deemed complete by a Permittee on or before the Permit effective 
date, the requirements of Provisions C.3.b.ii.(4)(b) or (c) to classify 
the project as a Regulated Project shall not apply so long as the 
project applicant is diligently pursuing the project. Diligent pursuance 

                                                 
3  Permeable surfaces include pervious concrete, porous asphalt, unit pavers, and granular materials. 
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may be demonstrated by the project applicant’s submittal of 
supplemental information to the original application, plans, or other 
documents required for any necessary approvals of the project by the 
Permittee. If during the time period between the Permit effective date 
and the required implementation date of December 1, 2011, for 
Provisions C.3.b.ii.(4)(b) and (c), the project applicant has not taken 
any action to obtain the necessary approvals from the Permittee, the 
project will then be classified as a Regulated Project under Provisions 
C.3.b.ii.(4)(b) or (c).  

(f) For any private road or trail project with an application deemed 
complete after the Permit effective date, the requirements of 
Provisions C.3.b.i.(4)(b) or (c) to classify the project as a Regulated 
Project shall not apply if the project applicant has received final 
discretionary approval for the project before the required 
implementation date of December 1, 2011, for Provisions 
C.3.b.ii.(4)(b) and (c). 

(g) For any public road or trail project for which funding has been 
committed and construction is scheduled to begin by December 1, 
2012, the requirements of Provisions C.3.b.i.(4)(b) or (c) to classify 
the project as a Regulated Project shall not apply. 

 
Effective Date – Immediate for C.3.b.ii.(4)(a) and (d)-(g), and December 1, 
2011, for C.3.b.ii.(4)(b) and (c).  For Vallejo Permittees:  Immediate for 
C.3.b.ii.(4)(d)-(g), and December 1, 2011 for C.3.b.ii.(4)(a)-(c). 

iii. Green Street Pilot Projects 
The Permittees shall cumulatively complete ten pilot green street projects that 
incorporate LID techniques for site design and treatment in accordance with 
Provision C.3.c and that provide stormwater treatment sized in accordance with 
Provision C.3.d.  It is also desirable that they meet or exceed the Bay-Friendly 
Landscape Scorecard minimum requirements (see www.BayFriendly.org). 

(1) Parking lot projects that provide LID treatment in accordance with 
Provisions C.3.c and Provision C.3.d. for stormwater runoff from the 
parking lot and street may be considered pilot green street projects.   

(2) A Regulated Project (as defined in Provision C.3.b.ii) may not be counted 
as one of the ten pilot green street projects.  

(3) At least two pilot green street projects must be located in each of the 
following counties: Alameda, Contra Costa, San Mateo, and Santa Clara. 

(4) The Permittees shall construct the ten pilot green street projects in such a 
manner that they, as a whole: 
(a) Are representative of the various types of streets: arterial, collector, 

and local; and 
(b) Contain the following key elements: 
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(i) Stormwater storage for landscaping reuse or stormwater 
treatment and/or infiltration for groundwater replenishment 
through the use of natural feature systems;  

(ii) Creation of attractive streetscapes that enhance neighborhood 
livability by enhancing the pedestrian environment and 
introducing park-like elements into neighborhoods; 

(iii) Service as an urban greenway segment that connects 
neighborhoods, parks, recreation facilities, schools, mainstreets, 
and wildlife habitats; 

(iv) Parking management that includes maximum parking space 
requirements as opposed to minimum parking space 
requirements, parking requirement credits for subsidized transit 
or shuttle service, parking structures, shared parking, car 
sharing, or on-street diagonal parking; 

(v) Meets broader community goals by providing pedestrian and, 
where appropriate, bicycle access; and 

(vi) Located in a Priority Development Area as designated under the 
Association of Bay Area Government’s and Metropolitan 
Transportation Commission’s FOCUS4 program.   

(5) The Permittees shall conduct appropriate monitoring of these projects to 
document the water quality benefits achieved.  Appropriate monitoring 
may include modeling using the design specifications and specific site 
conditions.  

 
Due Date – All pilot green street projects shall be completed by December 1, 2014. 

iv. Implementation Level – All elements of Provision C.3.b.i.-iii shall be fully 
implemented by the effective/due dates set forth in their respective sub-
provision, and a database or equivalent tabular format shall be developed and 
maintained that contains all the information listed under Reporting (Provision 
C.3.b.v.). 

Due Dates for Full Implementation – See specific Effective Dates listed under 
Provisions C.3.b.ii& iii. .The database or equivalent tabular format required by 
Provision C.3.b.iv shall be developed by December 1, 2010. (For Vallejo 
Permittees:  December 1, 2011) 

v. Reporting  
(1) Annual Reporting – C.3.b.ii. Regulated Projects 

For each Regulated Project approved during the fiscal year reporting 
period, the following information shall be reported electronically in the 
fiscal year Annual Report, in tabular form (as set forth in the attached 
Provision C.3.b. Sample Reporting Table): 

(a) Project Name, Number, Location (cross streets), and Street Address; 
                                                 

4   FOCUS is a regional incentive-based development and conservation strategy for the Bay Area. 
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(b) Name of Developer, Phase No. (if project is being constructed in 
phases, each phase should have a separate entry), Project Type (e.g., 
commercial, industrial, multiunit residential, mixed-use, public), and 
description; 

(c) Project watershed; 
(d) Total project site area and total area of land disturbed; 
(e) Total new impervious surface area and/or total replaced impervious 

surface area; 
(f) If  redevelopment or road widening project, total pre-project 

impervious surface area and total post-project impervious surface 
area; 

(g) Status of project (e.g., application date, application deemed complete 
date, project approval date); 

(h) Source control measures; 
(i) Site design measures; 
(j) All post-construction stormwater treatment systems installed onsite, at 

a joint stormwater treatment facility, and/or at an offsite location; 
(k) Operation and maintenance responsibility mechanism for the life of 

the project. 
(l) Hydraulic Sizing Criteria used; 
(m) Alternative compliance measures for Regulated Project (if applicable) 

(i) If alternative compliance will be provided at an offsite location 
in accordance with Provision C.3.e.i.(1), include information 
required in Provision C.3.b.v.(a) – (l) for the offsite project; and 

(ii) If alternative compliance will be provided by paying in-lieu fees 
in accordance with Provision C.3.e.i.(2), provide information 
required in Provision C.3.b.v.(a) – (l) for the Regional Project. 
Additionally, provide a summary of the Regional Project’s 
goals, duration, estimated completion date, total estimated cost 
of the Regional Project, and estimated monetary contribution 
from the Regulated Project to the Regional Project; and 

(n) Hydromodification (HM) Controls (see Provision C.3.g.) – If not 
required, state why not. If required, state control method used. 

(2) Pilot Green Streets Project Reporting - Provision C.3.b.iii. 
(a) On an annual basis, the Permittees shall report on the status of the 

pilot green street projects.   
(b) For each completed project, the Permittees shall report the capital 

costs, operation and maintenance costs, legal and procedural 
arrangements in place to address operation and maintenance and its 
associated costs, and the sustainable landscape measures incorporated 
in the project including, if relevant, the score from the Bay-Friendly 
Landscape Scorecard.   
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(c) The 2013 Annual Report shall contain a summary of all green street 
projects completed by January 1, 2013. The summary shall include 
for each completed project the following information: 
(i) Location of project 
(ii) Size of project, including total impervious surface treated 
(iii) Map(s) of project showing areas where stormwater runoff will 

be treated by LID measures 
(iv) Specific type(s) of LID treatment measures included 
(v) Total and specific costs of project 
(vi) Specific funding sources for project and breakdown of 

percentage paid by each funding source 
(vii) Lessons learned, including recommendations to facilitate 

funding and building of future projects  
(viii) Identification of responsible party and funding source for 

operation and maintenance. 

C.3.c. Low Impact Development (LID) 
The goal of LID is to reduce runoff and mimic a site’s predevelopment hydrology by 
minimizing disturbed areas and impervious cover and then infiltrating, storing, 
detaining, evapotranspiring, and/or biotreating stormwater runoff close to its source.  
LID employs principles such as preserving and recreating natural landscape features 
and minimizing imperviousness to create functional and appealing site drainage that 
treats stormwater as a resource, rather than a waste product.  Practices used to adhere 
to these LID principles include measures such as rain barrels and cisterns, green 
roofs, permeable pavement, preserving undeveloped open space, and biotreatment 
through rain gardens, bioretention units, bioswales, and planter/tree boxes. 
 
Task Description 
i. The Permittees shall, at a minimum, implement the following LID requirements: 

(1) Source Control Requirements 
Require all Regulated Projects to implement source control measures 
onsite that at a minimum, shall include the following: 
(a) Minimization of stormwater pollutants of concern in urban runoff 

through measures that may include plumbing of the following 
discharges to the sanitary sewer, subject to the local sanitary sewer 
agency’s authority and standards: 
• Discharges from indoor floor mat/equipment/hood filter wash 

racks or covered outdoor wash racks for restaurants;  
• Dumpster drips from covered trash, food waste and compactor 

enclosures;  
• Discharges from covered outdoor wash areas for vehicles, 

equipment, and accessories;  
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• Swimming pool water, if discharge to onsite vegetated areas is 
not a feasible option; and 

• Fire sprinkler test water, if discharge to onsite vegetated areas is 
not a feasible option; 

(b) Properly designed covers, drains, and storage precautions for outdoor 
material storage areas, loading docks, repair/maintenance bays, and 
fueling areas; 

(c) Properly designed trash storage areas; 
(d) Landscaping that minimizes irrigation and runoff, promotes surface 

infiltration, minimizes the use of pesticides and fertilizers, and 
incorporates other appropriate sustainable landscaping practices and 
programs such as Bay-Friendly Landscaping; 

(e) Efficient irrigation systems; and 
(f) Storm drain system stenciling or signage. 

(2) Site Design and Stormwater Treatment Requirements 
(a) Require each Regulated Project to implement at least the following 

design strategies onsite: 
(i) Limit disturbance of natural water bodies and drainage systems; 

minimize compaction of highly permeable soils; protect slopes 
and channels; and minimize impacts from stormwater and urban 
runoff on the biological integrity of natural drainage systems and 
water bodies; 

(ii) Conserve natural areas,  including existing trees, other 
vegetation, and soils; 

(iii) Minimize impervious surfaces;  
(iv) Minimize disturbances to natural drainages; and 
(v) Minimize stormwater runoff by implementing one or more of the 

following site design measures: 
• Direct roof runoff into cisterns or rain barrels for reuse. 
• Direct roof runoff onto vegetated areas. 
• Direct runoff from sidewalks, walkways, and/or patios onto 

vegetated areas. 
• Direct runoff from driveways and/or uncovered parking lots 

onto vegetated areas. 
• Construct sidewalks, walkways, and/or patios with 

permeable surfaces.3  
• Construct driveways, bike lanes, and/or uncovered parking 

lots with permeable surfaces.3 

(b) Require each Regulated Project to treat 100% of the amount of runoff 
identified in Provision C.3.d for the Regulated Project’s drainage area 
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with LID treatment measures onsite or with LID treatment measures 
at a joint stormwater treatment facility.  

(i) LID treatment measures are harvesting and re-use, infiltration, 
evapotranspiration, or biotreatment.   

(ii) A properly engineered and maintained biotreatment system may 
be considered only if it is infeasible to implement harvesting and 
re-use, infiltration, or evapotranspiration at a project site.   

(iii) Infeasibility to implement harvesting and re-use, infiltration, or 
evapotranspiration at a project site may result from conditions 
including the following: 
• Locations where seasonal high groundwater would be within 

10 feet of the base of the LID treatment measure. 
• Locations within 100 feet of a groundwater well used for 

drinking water. 
• Development sites where pollutant mobilization in the soil or 

groundwater is a documented concern. 
• Locations with potential geotechnical hazards. 
• Smart growth and infill or redevelopment sites where the 

density and/or nature of the project would create significant 
difficulty for compliance with the onsite volume retention 
requirement. 

• Locations with tight clay soils that significantly limit the 
infiltration of stormwater. 

(iv) By May 1, 2011, the Permittees, collaboratively or individually, 
shall submit a report on the criteria and procedures the 
Permittees shall employ to determine when harvesting and re-
use, infiltration, or evapotranspiration is feasible and infeasible 
at a Regulated Project site. This report shall, at a minimum, 
contain the information required in Provision C.3.c.iii.(1). 

(v) By December 1, 2013, the Permittees, collaboratively or 
individually, shall submit a report on their experience with 
determining infeasibility of harvesting and re-use, infiltration, or 
evapotranspiration at Regulated Project sites.  This report shall, 
at a minimum, contain the information required in Provision 
C.3.iii.(2). 

(vi) Biotreatment (or bioretention) systems shall be designed to have 
a surface area no smaller than what is required to accommodate 
a 5 inches/hour stormwater runoff surface loading rate, and 
infiltrate runoff at a minimum of 5 inches per hour during the 
life of the facility.  The soil media for biotreatment (or 
bioretention) systems shall be designed to sustain healthy, 
vigorous plant growth and maximize stormwater runoff retention 
and pollutant removal.  Permittees shall ensure that Regulated 
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Projects use biotreatment soil media that meet the minimum 
specifications set forth in Attachment L.   

(vii) Green roofs may be considered biotreatment systems that treat 
roof runoff only if they meet certain minimum specifications.  
Permittees shall ensure that green roofs installed at Regulated 
Projects meet the following minimum specifications: 
• The green roof system planting media shall be sufficiently deep 

to provide capacity within the pore space of the media for the 
required runoff volume specified by Provision C.3.d.i.(1). 

• The green roof system planting media shall be sufficiently deep 
to support the long term health of the vegetation selected for 
the green roof, as specified by a landscape architect or other 
knowledgeable professional.   

(c) Require any Regulated Project that does not comply with Provision 
C.3.c.i.(2)(b) above to meet the requirements established in Provision 
C.3.e for alternative compliance.   

ii. Implementation Level – All elements of the tasks described in Provision C.3.c.i 
shall be fully implemented.  

Due Date for Full Implementation – December 1, 2011  

(1) For any private development project for which a planning application has 
been deemed complete by a Permittee on or before the Permit effective 
date, Provision C.3.c.i shall not apply so long as the project applicant is 
diligently pursuing the project.  Diligent pursuance  may be demonstrated 
by the project applicant’s submittal of supplemental information to the 
original application, plans, or other documents required for any necessary 
approvals of the project by the Permittee. If during the time period 
between the Permit effective date and the required implementation date of 
December 1, 2011, the project applicant has not taken any action to obtain 
the necessary approvals from the Permittee, the project will then be subject 
to the requirements of Provision C.3.c.i.  

(2) For any private development project with an application deemed complete 
after the Permit effective date, the requirements of Provision C.3.c.i shall 
not apply if the project applicant has received final discretionary approval 
for the project before the required implementation date of December 1, 
2011.   

(3) For public projects for which funding has been committed and 
construction is scheduled to begin by December 1, 2012, the requirements 
of Provision C.3.c.i shall not apply. 

iii. Reporting  
(1) Feasibility/Infeasibility Criteria Report - By May 1, 2011, the Permittees, 

collaboratively or individually, shall submit a report to the Water Board 
containing the following information: 
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• Literature review and discussion of documented cases/sites, particularly 
in the Bay Area and California, where infiltration, harvesting and reuse, 
or evapotranspiration have been demonstrated to be feasible and/or 
infeasible. 

• Discussion of proposed feasibility and infeasibility criteria and 
procedures the Permittees shall employ to make a determination of 
when biotreatment will be allowed at a Regulated Project site. 

(2) Status Report on Application of Feasibility/Infeasibility Criteria – By 
December 1, 2013, the Permittees shall submit a report to the Water Board 
containing the following information: 
• Discussion of the most common feasibility and infeasibility criteria 

employed since implementation of Provision C.3.c requirements, 
including site-specific examples; 

• Discussion of barriers, including institutional and technical site specific 
constraints, to implementation of harvesting and reuse, infiltration, or 
evapotranspiration, and proposed strategies for removing these 
identified barriers; 

• If applicable, discussion of proposed changes to feasibility and 
infeasibility criteria and rationale for the changes; and 

• Guidance for the Permittees to make a consistent and appropriate 
determination of the feasibility of harvesting and reuse, infiltration, or 
evapotranspiration for each Regulated Project. 

(3) Report the method(s) of implementation of Provisions C.3.c.i above in the 
2012 Annual Report. For specific tasks listed above that are reported using 
the reporting tables required for Provision C.3.b.v, a reference to those 
tables will suffice.   

C.3.d. Numeric Sizing Criteria for Stormwater Treatment Systems 
i. Task Description – The Permittees shall require that stormwater treatment 

systems constructed for Regulated Projects meet at least one of the following 
hydraulic sizing design criteria: 

(1) Volume Hydraulic Design Basis – Treatment systems whose primary 
mode of action depends on volume capacity shall be designed to treat 
stormwater runoff equal to: 
(a) The maximized stormwater capture volume for the area, on the basis 

of historical rainfall records, determined using the formula and 
volume capture coefficients set forth in Urban Runoff Quality 
Management, WEF Manual of Practice No. 23/ASCE Manual of 
Practice No. 87, (1998), pages 175–178 (e.g., approximately the 85th 
percentile 24-hour storm runoff event); or 

(b) The volume of annual runoff required to achieve 80 percent or more 
capture, determined in accordance with the methodology set forth in 
Section 5 of the California Stormwater Quality Association’s 
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Stormwater Best Management Practice Handbook, New Development 
and Redevelopment (2003), using local rainfall data. 

(2) Flow Hydraulic Design Basis –  Treatment systems whose primary mode 
of action depends on flow capacity shall be sized to treat: 
(a) 10 percent of the 50-year peak flowrate; 
(b) The flow of runoff produced by a rain event equal to at least two 

times the 85th percentile hourly rainfall intensity for the applicable 
area, based on historical records of hourly rainfall depths; or 

(c) The flow of runoff resulting from a rain event equal to at least 0.2 
inches per hour intensity. 

(3) Combination Flow and Volume Design Basis – Treatment systems that 
use a combination of flow and volume capacity shall be sized to treat at 
least 80 percent of the total runoff over the life of the project, using local 
rainfall data.  

ii. Implementation Level – The Permittees shall immediately require the controls 
in this task. 

Due Date for Full Implementation – Immediate, except December 1, 2010, for 
Vallejo Permittees. 

iii. Reporting – Permittees shall use the reporting tables required in Provision 
C.3.b.v. 

iv. Limitations on Use of Infiltration Devices in Stormwater Treatment 
Systems 
(1) For Regulated Projects, each Permittee shall review planned land use and 

proposed treatment design to verify that installed stormwater treatment 
systems with no under-drain, and that function primarily as infiltration 
devices, should not cause or contribute to the degradation of groundwater 
quality at project sites.  An infiltration device is any structure that is 
deeper than wide and designed to infiltrate stormwater into the subsurface 
and, as designed, bypass the natural groundwater protection afforded by 
surface soil.  Infiltration devices include dry wells, injection wells, and 
infiltration trenches (includes french drains). 

(2) For any Regulated Project that includes plans to install stormwater 
treatment systems which function primarily as infiltration devices, the 
Permittee shall require that: 
(a) Appropriate pollution prevention and source control measures are 

implemented to protect groundwater at the project site, including the 
inclusion of a minimum of two feet of suitable soil to achieve a 
maximum 5 inches/hour infiltration rate for the infiltration system; 

(b) Adequate maintenance is provided to maximize pollutant removal 
capabilities; 

(c) The vertical distance from the base of any infiltration device to the 
seasonal high groundwater mark is at least 10 feet. (Note that some 
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locations within the Permittees’ jurisdictions are characterized by 
highly porous soils and/or high groundwater tables. In these areas, a 
greater vertical distance from the base of the infiltration device to the 
seasonal high groundwater mark may be appropriate, and treatment 
system approvals should be subject to a higher level of analysis that 
considers the potential for pollutants (such as from onsite chemical 
use), the level of pretreatment to be achieved, and other similar 
factors in the overall analysis of groundwater safety); 

(d) Unless stormwater is first treated by a method other than infiltration, 
infiltration devices are not approved as treatment measures for runoff 
from areas of industrial or light industrial activity; areas subject to 
high vehicular traffic (i.e., 25,000 or greater average daily traffic on a 
main roadway or 15,000 or more average daily traffic on any 
intersecting roadway); automotive repair shops; car washes; fleet 
storage areas (e.g., bus, truck); nurseries; and other land uses that pose 
a high threat to water quality;  

(e) Infiltration devices are not placed in the vicinity of known 
contamination sites unless it has been demonstrated that increased 
infiltration will not increase leaching of contaminants from soil, alter 
groundwater flow conditions affecting contaminant migration in 
groundwater, or adversely affect remedial activities; and 

(f) Infiltration devices are located a minimum of 100 feet horizontally 
away from any known water supply wells, septic systems, and 
underground storage tanks with hazardous materials.  (Note that some 
locations within the Permittees’ jurisdictions are characterized by 
highly porous soils and/or high groundwater tables. In these areas, a 
greater horizontal distance from the infiltration device to known water 
supply wells, septic systems, or underground storage tanks with 
hazardous materials may be appropriate, and treatment system 
approvals should be subject to a higher level of analysis that considers 
the potential for pollutants (such as from onsite chemical use), the 
level of pretreatment to be achieved, and other similar factors in the 
overall analysis of groundwater safety). 

C.3.e. Alternative or In-Lieu Compliance with Provision C.3.c.  
i. The Permittees may allow a Regulated Project to provide alternative compliance 

with Provision C.3.c in accordance with one of the two options listed below: 

(1) Option 1:  LID Treatment at an Offsite Location 
Treat a portion of the amount of runoff identified in Provision C.3.d for the 
Regulated Project’s drainage area with LID treatment measures onsite or 
with LID treatment measures at a joint stormwater treatment facility and 
treat the remaining portion of the Provision C.3.d runoff with LID 
treatment measures at an offsite project in the same watershed. The offsite 
LID treatment measures must provide hydraulically-sized treatment (in 
accordance with Provision C.3.d) of an equivalent quantity of both 
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stormwater runoff and pollutant loading and achieve a net environmental 
benefit.  

(2) Option 2: Payment of In-Lieu Fees 
Treat a portion of the amount of runoff identified in Provision C.3.d for the 
Regulated Project’s drainage area with LID treatment measures onsite or 
with LID treatment measures at a joint stormwater treatment facility and 
pay equivalent in-lieu fees5 to treat the remaining portion of the Provision 
C.3.d runoff with LID treatment measures at a Regional Project.6 The 
Regional Project must achieve a net environmental benefit.   

(3) For the alternative compliance options described in Provision C.3.e.i.(1) 
and (2) above, offsite projects must be constructed by the end of 
construction of the Regulated Project. If more time is needed to construct 
the offsite project, for each additional year, up to three years, after the 
construction of the Regulated Project, the offsite project must provide an 
additional 10% of the calculated equivalent quantity of both stormwater 
runoff and pollutant loading. Regional Projects must be completed within 
three years after the end of construction of the Regulated Project. 
However, the timeline for completion of the Regional Project may be 
extended, up to five years after the completion of the Regulated Project, 
with prior Executive Officer approval. Executive Officer approval will be 
granted contingent upon a demonstration of good faith efforts to 
implement the Regional Project, such as having funds encumbered and 
applying for the appropriate regulatory permits.    

ii. Special Projects 
(1) When considered at the watershed scale, certain land development projects 

characterized as smart growth, high density, or transit-oriented 
development can either reduce existing impervious surfaces, or create less 
“accessory” impervious areas and automobile-related pollutant impacts.  
Incentive LID Treatment Reduction Credits approved by the Water Board 
may be applied to these Special Projects, which are Regulated Projects that 
meet the specific criteria listed below in Provisions C.3.e.ii.(2),(3)&(4).  
For any Special Project, the allowable incentive LID Treatment Reduction 
Credit is the maximum percentage of the amount of runoff identified in 
Provision C.3.d. for the Special Project’s drainage area, that may be 
treated with one or a combination of the following two types of non-LID 
treatment systems: 
• Tree-box-type high flowrate biofilters 
• Vault-based high flowrate media filters 

                                                 
5   In-lieu fees – Monetary amount necessary to provide both hydraulically-sized treatment (in accordance with 

Provision C.3.d) with LID treatment measures of an equivalent quantity of stormwater runoff and pollutant 
loading, and a proportional share of the operation and maintenance costs of the Regional Project. 

6    Regional Project – A regional or municipal stormwater treatment facility that discharges into the same 
watershed that the Regulated Project does.  
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The allowed LID Treatment Reduction Credit recognizes that density and 
space limitations for the Special Projects identified herein may make 100% 
LID treatment infeasible. Under Provision C.3.e.vi, each Permittee is 
required to report on the infeasibility of LID treatment for each of the 
Special Projects for which LID Treatment Reduction Credit was applied.   

(2) Category A Special Project Criteria 

(a) To be considered a Category A Special Project, a Regulated Project 
must meet all of the following criteria: 
(i) Be built as part of a Permittee’s stated objective to preserve or 

enhance a pedestrian-oriented type of urban design. 
(ii) Be located in a Permittee’s designated central business district, 

downtown core area or downtown core zoning district, 
neighborhood business district or comparable pedestrian-
oriented commercial district, or historic preservation site and/or 
district. 

(iii) Create and/or replace one half acre or less of impervious surface 
area. 

(iv) Include no surface parking, except for incidental surface parking.  
Incidental surface parking is allowed only for emergency vehicle 
access, Americans with Disabilities Act (ADA) accessibility, 
and passenger and freight loading zones. 

(v) Have at least 85% coverage for the entire project site by 
permanent structures.  The remaining 15% portion of the site is 
to be used for safety access, parking structure entrances, trash 
and recycling service, utility access, pedestrian connections, 
public uses, landscaping, and stormwater treatment.  

(b) Any Category A Special Project may qualify for 100% LID 
Treatment Reduction Credit, which would allow the Category A 
Special Project to treat up to 100% of the amount of runoff identified 
in Provision C.3.d. for the Project’s drainage area with either one or a 
combination of the two types of non-LID treatment systems listed in 
Provision C.3.e.ii.(1) above. 

(3) Category B Special Project Criteria 

(a) To be considered a Category B Special Project, a Regulated Project 
must meet all of the following criteria: 
(i) Be built as part of a Permittee’s stated objective to preserve or 

enhance a pedestrian-oriented type of urban design. 
(ii) Be located in a Permittee’s designated central business district, 

downtown core area or downtown core zoning district, 
neighborhood business district or comparable pedestrian-
oriented commercial district, or historic preservation site and/or 
district. 
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(iii) Create and/or replace greater than one-half acre but no more than 
2 acres of impervious surface area. 

(iv) Include no surface parking, except for incidental surface parking.  
Incidental surface parking is allowed only for emergency vehicle 
access, ADA accessibility, and passenger and freight loading 
zones. 

(v) Have at least 85% coverage for the entire project site by 
permanent structures.  The remaining 15% portion of the site is 
to be used for safety access, parking structure entrances, trash 
and recycling service, utility access, pedestrian connections, 
public uses, landscaping, and stormwater treatment.  

(b) For any Category B Special Project, the maximum LID Treatment 
Reduction Credit allowed is determined based on the density achieved 
by the Project in accordance with the criteria listed below.  Density is 
expressed in Floor Area Ratios (FARs) for commercial and mixed-use 
development projects and in Dwelling Units per Acre (DU/Ac) for 
residential development projects. 

(i) 50% Maximum LID Treatment Reduction Credit 
• For any commercial or mixed use Category B Special Project 

with a FAR of at least 2:1, up to 50% of the amount of runoff 
identified in Provision C.3.d. for the Project’s drainage area may 
be treated with either one or a combination of the two types of 
non-LID treatment systems listed in Provision C.3.e.ii.(1) above. 

• For any residential Category B Special Project with a density of 
at least 50 DU/Ac, up to 50% of the amount of runoff identified 
in Provision C.3.d. for the Project’s drainage area may be treated 
with either one or a combination of the two types of non-LID 
treatment systems listed in Provision C.3.e.ii.(1) above. 

(ii) 75% Maximum LID Treatment Reduction Credit 
• For any commercial or mixed use Category B Special Project 

with a FAR of at least 3:1, up to 75% of the amount of runoff 
identified in Provision C.3.d. for the Project’s drainage area may 
be treated with either one or a combination of the two types of 
non-LID treatment systems listed in Provision C.3.e.ii.(1) above. 

• For any residential Category B Special Project with a density of 
at least 75 DU/Ac, up to 75% of the amount of runoff identified 
in Provision C.3.d. for the Project’s drainage area may be treated 
with either one or a combination of the two types of non-LID 
treatment systems listed in Provision C.3.e.ii.(1) above. 

(iii) 100% Maximum LID Treatment Reduction Credit 
• For any commercial or mixed use Category B Special Project 

with a FAR of at least 4:1, up to 100% of the amount of runoff 
identified in Provision C.3.d. for the Project’s drainage area may 
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be treated with either one or a combination of the two types of 
non-LID treatment systems listed in Provision C.3.e.ii.(1) above. 

• For any residential Category B Special Project with a density of 
at least 100 DU/Ac, up to 100% of the amount of runoff 
identified in Provision C.3.d. for the Project’s drainage area may 
be treated with either one or a combination of the two types of 
non-LID treatment systems listed in Provision C.3.e.ii.(1) above. 

(4) Category C Special Project Criteria (Transit-Oriented Development) 
(a) Transit-Oriented Development refers to the clustering of homes, jobs, 

shops and services in close proximity to rail stations, ferry terminals 
or bus stops offering access to frequent, high-quality transit services.  
This pattern typically involves compact development and a mixing of 
different land uses, along with amenities like pedestrian-friendly 
streets.  To be considered a Category C Special Project, a Regulated 
Project must meet all of the following criteria: 
(i) Be characterized as a non auto-related land use project.  That is, 

Category C specifically excludes any Regulated Project that is a 
stand-alone surface parking lot; car dealership; auto and truck 
rental facility with onsite surface storage; fast-food restaurant, 
bank or pharmacy with drive-through lanes; gas station, car 
wash, auto repair and service facility; or other auto-related 
project unrelated to the concept of Transit-Oriented 
Development. 

(ii) If a commercial or mixed-use development project, achieve at 
least an FAR of 2:1. 

(iii) If a residential development project, achieve at least a density of 
25 DU/Ac. 

(b) For any Category C Special Project, the total maximum LID 
Treatment Reduction Credit allowed is the sum of three different 
types of credits that the Category C Special Project may qualify for, 
namely:  Location, Density and Minimized Surface Parking Credits. 

(c) Location Credits  
(i) A Category C Special Project may qualify for the following 

Location Credits: 
• 50% Location Credit:  Located within a ¼ mile radius of an 

existing or planned transit hub. 
• 25% Location Credit:  Located within a ½ mile radius of an 

existing or planned transit hub. 
• 25% Location Credit:  Located within a planned Priority 

Development Area (PDA), which is an infill development area 
formally designated by the Association of Bay Area 
Government’s / Metropolitan Transportation Commission’s 
FOCUS regional planning program.  FOCUS is a regional 
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incentive-based development and conservation strategy for the 
San Francisco Bay Area. 

(ii) Only one Location Credit may be used by an individual 
Category C Special Project, even if the project qualifies for 
multiple Location Credits.  

(iii) At least 50% or more of a Category C Special Project’s site must 
be located within the ¼ or ½ mile radius of an existing or 
planned transit hub to qualify for the corresponding Location 
Credits listed above.  One hundred percent  of a Category C 
Special Project’s site must be located within a PDA to qualify 
for the corresponding Location Credit listed above. 

(iv) Transit hub is defined as a rail, light rail, or commuter rail 
station, ferry terminal, or bus transfer station served by three or 
more bus routes (i.e., a bus stop with no supporting services does 
not qualify).  A planned transit hub is a station on the MTC’s 
Regional Transit Expansion Program list, per MTC’s Resolution 
3434 (revised April 2006), which is a regional priority funding 
plan for future transit stations in the San Francisco Bay Area. 

(d) Density Credits:  To qualify for any Density Credits, a Category C 
Special Project must first qualify for one of the Location Credits listed 
in Provision C.3.e.ii.((4)(c) above. 

(i) A Category C Special Project that is a commercial or mixed-use 
development project may qualify for the following Density 
Credits: 

• 10% Density Credit:  Achieve an FAR of at least 2:1. 
• 20% Density Credit:  Achieve an FAR of at least 4:1. 
• 30% Density Credit:  Achieve an FAR of at least 6:1. 

(ii) A Category C Special Project that is a residential development 
project may qualify for the following Density Credits: 

• 10% Density Credit:  Achieve a density of at least 30 DU/Ac. 
• 20% Density Credit:  Achieve a density of at least 60 DU/Ac. 
• 30% Density Credit:  Achieve a density of at least 100 DU/Ac. 

(iii) Commercial and mixed-use Category C Projects do not qualify 
for Density Credits based on DU/Ac and residential Category C 
Projects do not qualify for Density Credits based on FAR. 

(iv) Only one Density Credit may be used by an individual Category 
C Special Project, even if the project qualifies for multiple 
Density Credits.  

(e) Minimized Surface Parking Credits:  To qualify for any Minimized 
Surface Parking Credits, a Category C Special Project must first 
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qualify for one of the Location Credits listed in Provision 
C.3.e.ii.(4)(c) above. 

(i) A Category C Special Project may qualify for the following 
Minimized Surface Parking Credits: 

• 10% Minimized Surface Parking Credit:  Have 10% or less of 
the total post-project impervious surface area dedicated to at-
grade surface parking.  The at-grade surface parking must be 
treated with LID treatment measures. 

• 20% Minimized Surface Parking Credit:  Have no surface 
parking except for incidental surface parking.  Incidental surface 
parking is allowed only for emergency vehicle access, ADA 
accessibility, and passenger and freight loading zones. 

(ii) Only one Minimized Surface Parking Credit may be used by an 
individual Category C Special Project, even if the project 
qualifies for multiple Minimized Surface Parking Credits. 

(5) Any Regulated Project that meets all the criteria for multiple Special 
Projects Categories (i.e., a Regulated Project that may be characterized as 
a Category B or C Special Project) may only use the LID Treatment 
Reduction Credit allowed under one of the Special Projects Categories 
(i.e., a Regulated Project that may be characterized as a Category B or C 
Special Project may use the LID Treatment Reduction Credit allowed 
under Category B or Category C, but not the sum of both.) 

iii. Effective Date –  December 1, 2011.  

iv. Implementation Level 
(1) For any private development project for which a planning application has 

been deemed complete by a Permittee on or before the Permit effective 
date, Provisions C.3.e.i-ii shall not apply so long as the project applicant is 
diligently pursuing the project.  Diligent pursuance  may be demonstrated 
by the project applicant’s submittal of supplemental information to the 
original application, plans, or other documents required for any necessary 
approvals of the project by the Permittee. If during the time period 
between the Permit effective date and the required implementation date of 
December 1, 2011, the project applicant has not taken any action to obtain 
the necessary approvals from the Permittee, the project will then be subject 
to the requirements of Provision C.3.e.i-ii.  

(2) For public projects for which funding has been committed and 
construction is scheduled to begin by December 1, 2012, the requirements 
of Provisions C.3.e.i-ii shall not apply. 

(3) Provisions C.3.e.i-ii supersede any Alternative Compliance Policies 
previously approved by the Executive Officer 
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(4) For all offsite projects and Regional Projects installed in accordance with 
Provision C.3.e.i-ii, the Permittees shall meet the Operation & 
Maintenance (O&M) requirements of Provision C.3.h. 

v. Reporting –The Permittees shall submit the ordinance/legal authority and 
procedural changes made, if any, to implement Provision C.3.e with their 2012 
Annual Report. Annual reporting thereafter shall be done in conjunction with 
reporting requirements under Provision C.3.b.v. 

Any Permittee choosing to require 100% LID treatment onsite for all Regulated 
Projects and not allow alternative compliance under Provision C.3.e, shall 
include a statement to that effect in the 2012 Annual Report and all subsequent 
Annual Reports. 

vi. Reporting on Special Projects 
(1) Beginning December 1, 2011, Permittees shall track any identified 

potential Special Projects that have submitted planning applications but 
that have not received final discretionary approval.   

(2) By March 15 and September 15 of each year, Permittees shall report to the 
Water Board on these tracked potential Special Projects using Table 3.1 
found at the end of Provision C.3.  All the required column entry 
information listed in Table 3.1 shall be reported for each potential Special 
Project.  Any Permittee with no potential Special Projects shall so state.   

For each Special Project listed in Table 3.1, Permittees shall include a 
narrative discussion of the feasibility or infeasibility of 100% LID 
treatment, onsite and  offsite.  Both technical and economic feasibility or 
infeasibility shall be discussed, as applicable.  The discussion shall also 
contain enough technical and/or economic detail to document the basis of 
infeasibility used. 

(3) Once a Special Project has final discretionary approval, it shall be reported 
in the Provision C.3.b. Reporting Table in the same reporting year that the 
project was approved.  In addition to the column entries contained in the 
Provision C.3.b. Reporting Table, the Permittees shall provide the 
following supplemental information for each approved Special Project: 
(a) Submittal Date:  Date that a planning application for the Special 

Project was submitted. 
(b) Description:  Type of project, number of floors, number of units 

(commercial, mixed-use, residential), type of parking, and other 
relevant information. 

(c) Site Acreage:  Total site area in acres. 
(d) Density in DU/Ac:  Number of dwelling units per acre. 
(e) Density in FAR:  Floor Area Ratio 
(f) Special Project Category:  For each applicable Special Project 

Category, list the specific criteria applied to determine applicability.  
For each non-applicable Special Project Category, indicate n/a. 
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(g) LID Treatment Reduction Credit Available:  For each applicable 
Special Project Category, state the maximum total LID Treatment 
Reduction Credit applied.  For Category C Special Projects also list 
the individual Location, Density, and Minimized Surface Parking 
Credits applied. 

(h) List of Stormwater Treatment Systems:  List all LID stormwater 
treatment systems approved.  For each type of LID treatment system, 
indicate the percentage of the total amount of runoff identified in 
Provision C.3.d. for the Special Project’s drainage area that will be 
treated. 

(i) List of Non-LID Stormwater Treatment Systems:  List all non-LID 
stormwater treatment systems approved.  For each type of non-LID 
treatment system, indicate: (1) the percentage of the total amount of 
runoff identified in Provision C.3.d. for the Special Project's drainage 
area, and (2) whether the treatment system either meets minimum 
design criteria published by a government agency or received 
certification issued by a government agency, and reference the 
applicable criteria or certification. 

C.3.f. Alternative Certification of Stormwater Treatment Systems 
i. Task Description – In lieu of reviewing a Regulated Project’s adherence to 

Provision C.3.d, a Permittee may elect to have a third party conduct detailed 
review and certify the Regulated Project’s adherence to Provision C.3.d. The 
third party reviewer must be a Civil Engineer or a Licensed Architect or 
Landscape Architect registered in the State of California, or staff of another 
Permittee subject to the requirements of this Permit. 

ii. Implementation Level – Any Permittee accepting third-party reviews must 
make a reasonable effort to ensure that the third party has no conflict of interest 
with regard to the Regulated Project in question. That is, any consultant or 
contractor (or his/her employees) hired to design and/or construct a stormwater 
treatment system for a Regulated Project shall not also be the certifying third 
party. The Permittee must verify that the third party certifying any Regulated 
Project has current training on stormwater treatment system design (within three 
years of the certification signature date) for water quality and understands the 
groundwater protection principles applicable to Regulated Project sites. 

Training conducted by an organization with stormwater treatment system design 
expertise (such as a college or university, the American Society of Civil 
Engineers, American Society of Landscape Architects, American Public Works 
Association, California Water Environment Association (CWEA), BASMAA, 
National Association of Flood & Stormwater Management Agencies, California 
Stormwater Quality Association (CASQA), or the equivalent, may be 
considered qualifying training. 

iii. Reporting – Projects reviewed by third parties shall be noted in reporting tables 
for Provision C.3.b. 
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C.3.g. Hydromodification Management 
i. Hydromodification Management (HM) Projects are Regulated Projects that 

create and/or replace one acre or more of impervious surface and are not 
specifically excluded within the requirements of Attachments B–F. A project 
that does not increase impervious surface area over the pre-project condition is 
not an HM Project. All HM Projects shall meet the Hydromodification 
Management Standard of Provision C.3.g.ii. 

ii. HM Standard 
Stormwater discharges from HM Projects shall not cause an increase in the 
erosion potential of the receiving stream over the pre-project (existing) 
condition. Increases in runoff flow and volume shall be managed so that post-
project runoff shall not exceed estimated pre-project rates and durations, where 
such increased flow and/or volume is likely to cause increased potential for 
erosion of creek beds and banks, silt pollutant generation, or other adverse 
impacts on beneficial uses due to increased erosive force. The demonstration 
that post-project stormwater runoff does not exceed estimated pre-project runoff 
rates and durations shall include the following: 

(1) Range of Flows to Control: For Alameda, Contra Costa, San Mateo, and 
Santa Clara Permittees, HM controls shall be designed such that post-
project stormwater discharge rates and durations match pre-project 
discharge rates and durations from 10 % of the pre-project 2-year peak 
flow7 up to the pre-project 10-year peak flow. For Fairfield-Suisun 
Permittees, HM controls shall be designed such that post-project 
stormwater discharge rates and durations shall match from 20 percent of 
the 2-year peak flow up to the pre-project 10-year peak flow.  Contra 
Costa Permittees, when using pre-sized and pre-designed Integrated 
Management Practices (IMPs) per Attachment C of this Order, are not 
required to meet the low-flow criterion of 10% of the 2-year peak flow. 
These IMPs are designed to control 20% of the 2-year peak flow.  After 
the Contra Costa Permittees conduct the required monitoring specified in 
Attachment C, the design of these IMPs will be reviewed. 

(2) Goodness of Fit Criteria: The post-project flow duration curve shall not 
deviate above the pre-project flow duration curve by more than 10 percent 
over more than 10 percent of the length of the curve corresponding to the 
range of flows to control. 

(3) Precipitation Data: Precipitation data used in the modeling of HM 
controls shall, at a minimum, be 30 years of hourly rainfall data 

                                                 
7  Where referred to in this Order, the 2-year peak flow is determined using a flood frequency analysis based on 

USGS Bulletin 17 B to obtain the peak flow statistically expected to occur at a 2-year recurrence interval. In this 
analysis, the appropriate record of hourly rainfall data (e.g., 35-50 years of data) is run through a continuous 
simulation hydrologic model, the annual peak flows are identified, rank ordered, and the 2-year peak flow is 
estimated. Such models include USEPA’s Hydrologic Simulation Program—Fortran (HSPF), U.S. Army Corps 
of Engineers’ Hydrologic Engineering Center-Hydrologic Modeling System (HEC-HMS), and USEPA’s Storm 
Water Management Model (SWMM). 
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representative of the area being modeled. Where a longer rainfall record is 
available, the longer record shall be used.  

(4) Calculating Post-Project Runoff: Retention and detention basins shall be 
considered impervious surfaces for purposes of calculating post-project 
runoff. Pre- and post-project runoff shall be calculated and compared for 
the entire site, without separating or excluding areas that may be 
considered self-retaining. 

(5) Existing HM Control Requirements: The Water Board has adopted HM 
control requirements for all Permittees (except for the Vallejo Permittees), 
and these adopted requirements are attached to this Order as listed below. 
The Permittees shall comply with all requirements in their own Permittee- 
specific Attachment, unless otherwise specified by this Order. In all cases, 
the HM Standard shall be achieved.   
• Attachment B for Alameda Permittees 
• Attachment C for Contra Costa Permittees 
• Attachment D for Fairfield-Suisun Permittees 
• Attachment E for San Mateo Permittees 
• Attachment F for Santa Clara Permittees 

iii. Types of HM Controls 
Projects shall meet the HM Standard using any of the following HM controls or 
a combination thereof. 

(1) Onsite HM controls are flow duration control structures and hydrologic 
source controls that collectively result in the HM Standard being met at the 
point(s) where stormwater runoff discharges from the project site. 

(2) Regional HM controls are flow duration control structures that collect 
stormwater runoff discharge from multiple projects (each of which shall 
incorporate hydrologic source control measures as well) and are designed 
such that the HM Standard is met for all the projects at the point where the 
regional HM control discharges. 

(3) In-stream measures shall be an option only where the stream, which 
receives runoff from the project, is already impacted by erosive flows and 
shows evidence of excessive sediment, erosion, deposition, or is a 
hardened channel. 
In-stream measures involve modifying the receiving stream channel slope 
and geometry so that the stream can convey the new flow regime without 
increasing the potential for erosion and aggradation. In-stream measures 
are intended to improve long-term channel stability and prevent erosion by 
reducing the erosive forces imposed on the channel boundary. 
In-stream measures, or a combination of in-stream and onsite controls, 
shall be designed to achieve the HM Standard from the point where the 
project(s) discharge(s) to the stream to the mouth of the stream or to 
achieve an equivalent degree of flow control mitigation (based on amount 
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of impervious surface mitigated) as part of an in-stream project located in 
the same watershed. Designing in-stream controls requires a hydrologic 
and geomorphic evaluation (including a longitudinal profile) of the stream 
system downstream and upstream of the project. As with all in-stream 
activities, other regulatory permits must be obtained by the project 
proponent.8 

iv. Reporting 
For each HM Project approved during the reporting period, the following 
information shall be reported electronically in tabular form. This information 
shall be added to the required reporting information specified in Provision 
C.3.b.v. 

(1) Device(s) or method(s) used to meet the HM Standard, such as detention 
basin(s), biodetention unit(s), regional detention basin, or in-stream 
control; 

(2) Method used by the project proponent to design and size the device or 
method used to meet the HM Standard; and 

(3) Other information as required in the Permittee’s existing HM 
requirements, as shown in Attachments B–F. 

v. Vallejo Permittees shall complete the following tasks in lieu of complying with 
Provisions C.3.g.i-iv. 

(1) Develop a Hydrograph Modification Management Plan (HMP) for 
meeting the requirements of Provisions C.3.g.i–iv.  The Vallejo 
Permittees’ HMP shall be subject to approval by the Water Board. 

(2) Vallejo Permittees shall include the following in their HMP: 
(a) A map of the City of Vallejo, delineating areas where the HM 

Standard applies. The HM Standard shall apply in all areas except 
where a project: 

• discharges stormwater runoff into creeks or storm drains that 
are concrete-lined or significantly hardened (e.g., with rip-rap, 
sackrete) downstream to their outfall in San Francisco Bay; 

• discharges to an underground storm drain discharging to the 
Bay; or 

• is located in a highly developed watershed.9  
However, plans to restore a creek reach may reintroduce the 
applicability of HM controls, and would need to be addressed in the 
HMP; 

                                                 
8  In-stream control projects require a Stream Alteration Agreement from the California Department of Fish & 

Game, a CWA section 404 permit from the U.S. Army Corps of Engineers, and a section 401 certification from 
the Water Board. Early discussions with these agencies on the acceptability of an in-stream modification are 
necessary to avoid project delays or redesign. 

9  Within the context of Provision C.3.g., “highly developed watersheds” refers to catchments or subcatchments 
that are 65% impervious or more. 
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(b) A thorough technical description of the methods project proponents 
may use to meet the HM Standard. Vallejo Permittees shall use the 
same methodologies, or similar methodologies, to those already in use 
in the Bay Area to meet the HM Standard. Contra Costa sizing charts 
may be used on projects up to ten acres after any necessary 
modifications are made to the sizes to control runoff rates and 
durations from ten percent of the pre-project 2-year peak flow to the 
pre-project 10-year peak flow, and adjustments are made for local 
rainfall and soil types; 

(c) A description of any land use planning measures the City of Vallejo 
will take (e.g., stream buffers and stream restoration activities, 
including restoration-in-advance of floodplains, revegetation, and use 
of less-impacting facilities at points of discharge) to allow expected 
changes in stream channel cross sections, stream vegetation, and 
discharge rates, velocities, and/or durations without adverse impacts 
on stream beneficial uses;  

(d) A description of how the Vallejo Permittees will incorporate these 
requirements into their local approval processes, and a schedule for 
doing so; and 

(e) Guidance for City of Vallejo project proponents explaining how to 
meet the HM Standard. 

(3) Vallejo Permittees shall complete the HMP according to the schedule 
below. All required documents shall be submitted acceptable to the 
Executive Officer, except the HMP, which shall be submitted to the Water 
Board for approval. Vallejo Permittees shall report on the status of HMP 
development and implementation in each Annual Report and shall also 
provide a summary of projects incorporating measures to address 
Provision C.3.g and the measures used. 
• By April 1, 2011, submit a detailed workplan and schedule for 

completion of the information required in Provision C.3.g.v.(2). 
• By December 1, 2011, submit the map required in Provision 

C.3.g.v.(2)(a). 
• By April 1, 2012, submit a draft HMP. 
• By December 1, 2012, provide responses to Water Board comments 

on the draft HMP so that the final HMP is submitted for Water Board 
approval by July 1, 2013. 

• Upon adoption by the Water Board, implement the HMP, which shall 
include the requirements of this measure. Before approval of the HMP 
by the Water Board, Vallejo Permittees shall encourage early 
implementation of measures likely to be included in the HMP. 
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C.3.h. Operation and Maintenance of Stormwater Treatment Systems 
i. Task Description – Each Permittee shall implement an Operation and 

Maintenance (O&M) Verification Program. 

ii. Implementation Level – At a minimum, the O&M Verification Program shall 
include the following elements: 

(1) Conditions of approval or other legally enforceable agreements or 
mechanisms for all Regulated Projects that, at a minimum, require at least 
one of the following from all project proponents and their successors in 
control of the Project or successors in fee title: 
(a) The project proponent’s signed statement accepting responsibility for 

the O&M of the installed onsite, joint, and/or offsite stormwater 
treatment system(s) and HM control(s) (if any) until such 
responsibility is legally transferred to another entity; 

(b) Written conditions in the sales or lease agreements or deed for the 
project that requires the buyer or lessee to assume responsibility for 
the O&M of the onsite, joint, and/or offsite installed stormwater 
treatment system(s) and HM control(s) (if any) until such 
responsibility is legally transferred to another entity; 

(c) Written text in project deeds, or conditions, covenants and restrictions 
(CCRs) for multi-unit residential projects that require the 
homeowners association or, if there is no association, each individual 
owner to assume responsibility for the O&M of the installed onsite, 
joint, and/or offsite stormwater treatment system(s) and HM 
control(s) (if any) until such responsibility is legally transferred to 
another entity; or 

(d) Any other legally enforceable agreement or mechanism, such as 
recordation in the property deed, that assigns the O&M responsibility 
for the installed onsite, joint, and/or offsite treatment system(s) and 
HM control(s) (if any) to the project owner(s) or the Permittee. 

(2) Coordination with the appropriate mosquito and vector control agency 
with jurisdiction to establish a protocol for notification of installed 
stormwater treatment systems and HM controls.  

(3) Conditions of approval or other legally enforceable agreements or 
mechanisms for all Regulated Projects that require the granting of site 
access to all representatives of the Permittee, local mosquito and vector 
control agency staff, and Water Board staff, for the sole purpose of 
performing O&M inspections of the installed stormwater treatment 
system(s) and HM control(s) (if any). 

(4) A written plan and implementation of the plan that describes O&M 
(including inspection) of all Regional Projects and regional HM controls 
that are Permittee-owned and/or operated. 

(5) A database or equivalent tabular format of all Regulated Projects (public 
and private) that have installed onsite, joint, and/or offsite stormwater 
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treatment systems. This database or equivalent tabular format shall include 
the following information for each Regulated Project: 
(a) Name and address of the Regulated Project; 
(b) Specific description of the location (or a map showing the location) of 

the installed stormwater treatment system(s) and HM control(s) (if 
any); 

(c) Date(s) that the treatment system(s) and HM controls (if any) is/are 
installed; 

(d) Description of the type and size of the treatment system(s) and HM 
control(s) (if any) installed; 

(e) Responsible operator(s) of each treatment system and HM control (if 
any); 

(f) Dates and findings of inspections (routine and follow-up) of the 
treatment system(s) and HM control(s) (if any) by the Permittee; and 

(g) Any problems and corrective or enforcement actions taken. 

(6) A prioritized plan for inspecting all installed stormwater treatment systems 
and HM controls. At a minimum, this prioritized plan must specify the 
following for each fiscal year: 
(a) Inspection by the Permittee of all newly installed stormwater 

treatment systems and HM controls within 45 days of installation to 
ensure approved plans have been followed; 

(b) Inspection by the Permittee of at least 20 percent of the total number 
(at the end of the preceding fiscal year) of installed stormwater 
treatment systems and HM controls; 

(c) Inspection by the Permittee of at least 20 percent of the total number 
(at the end of the preceding fiscal year) of installed vault-based 
systems; and 

(d) Inspection by the Permittee of all installed stormwater treatment 
systems subject to Provision C.3, at least once every five years. 

iii. Maintenance Approvals:  The Permittees shall ensure that onsite, joint, and 
offsite stormwater treatment systems and HM controls installed by Regulated 
Projects are properly operated and maintained for the life of the projects.  In 
cases where the responsible party for a stormwater treatment system or HM 
control has worked diligently and in good faith with the appropriate State and 
federal agencies to obtain approvals necessary to complete maintenance 
activities for the treatment system or HM control, but these approvals are not 
granted, the Permittees shall be deemed to be in compliance with this Provision. 
Permittees shall ensure that constructed wetlands installed by Regulated Projects 
and used for urban runoff treatment shall abide by the Water Board’s Resolution 
No. 94-102:  Policy on the Use of Constructed Wetlands for Urban Runoff 
Pollution Control and the O&M requirements contained therein. 

RB-AR6371



Municipal Regional Stormwater Permit  NPDES No. CAS612008 
Order No. R2-2009-0074  Provision C.3. 

Provision C.3. Page 47 Date:  October 14, 2009 
  Revised:  November 28, 2011 

Due Date for Full Implementation:  Immediate for Provisions C.3.h.i, 
C.3.h.ii.(1), and C.3.h.iii, and December 1, 2010, for Provisions C.3.h.ii.(2)-(6). 
For Vallejo Permittees: December 1, 2010, for Provisions C.3.h.i-iii. 

iv. Reporting: Beginning with the 2010 Annual Report 
(1) For each Regulated Project inspected during the reporting period (fiscal 

year) the following information shall be reported to the Water Board 
electronically in tabular form as part of the Annual Report (as set forth in 
the Provision C.3.h. Sample Reporting Table attached): 
• Name of facility/site inspected. 
• Location (street address) of facility/site inspected. 
• Name of responsible operator for installed stormwater treatment 

systems and HM controls. 
• For each inspection: 

• Date of inspection. 
• Type of inspection (e.g., initial, annual, follow-up, spot). 
• Type(s) of stormwater treatment systems inspected (e.g., swale, 

bioretention unit, tree well, etc.) and an indication of whether the 
treatment system is an onsite, joint, or offsite system. 

• Type of HM controls inspected. 
• Inspection findings or results (e.g., proper installation, proper 

operation and maintenance, system not operating properly because 
of plugging, bypass of stormwater because of improper 
installation, maintenance required immediately, etc.). 

• Enforcement action(s) taken, if any (e.g., verbal warning, notice of 
violation, administrative citation, administrative order). 

(2) On an annual basis, before the wet season, provide a list of newly installed 
(installed within the reporting period) stormwater treatment systems and 
HM controls to the local mosquito and vector control agency and the 
Water Board. This list shall include the facility locations and a description 
of the stormwater treatment measures and HM controls installed. 

(3) Each Permittee shall report the following information in the Annual 
Report each year: 
(a) A discussion of the inspection findings for the year and any common 

problems encountered with various types of treatment systems and/or 
HM controls.  This discussion should include a general comparison to 
the inspection findings from the previous year.   

(b) A discussion of the effectiveness of the Permittee’s O&M Program 
and any proposed changes to improve the O&M Program (e.g., 
changes in prioritization plan or frequency of O&M inspections, other 
changes to improve effectiveness of program). 
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C.3.i. Required Site Design Measures for Small Projects and Detached Single-Family 
Home Projects 
i. Task Description – The Permittees shall require all development projects, 

which create and/or replace > 2500 ft2 to < 10,000 ft2 of impervious surface, and 
detached single-family home projects,10 which create and/or replace 2,500 
square feet or more of impervious surface, to install one or more of the 
following site design measures:     

• Direct roof runoff into cisterns or rain barrels for reuse. 
• Direct roof runoff onto vegetated areas. 
• Direct runoff from sidewalks, walkways, and/or patios onto vegetated 

areas. 
• Direct runoff from driveways and/or uncovered parking lots onto 

vegetated areas. 
• Construct sidewalks, walkways, and/or patios with permeable 

surfaces.3  
• Construct bike lanes, driveways, and/or uncovered parking lots with 

permeable surfaces.3 
This provision applies to all development projects that require approvals and/or 
permits issued under the Permittee’s’ planning, building, or other comparable 
authority. 

ii. Implementation Level – All elements of this task shall be fully implemented by 
December 1, 2012.  

iii. Reporting – On an annual basis, discuss the implementation of the requirements 
of Provision C.3.i, including ordinance revisions, permit conditions, 
development of standard specifications and/or guidance materials, and staff 
training. 

iv. Task Description – The Permittees shall develop standard specifications for lot-
scale site design and treatment measures (e.g., for roof runoff and paved areas) 
as a resource for single-family homes and small development projects. 

v. Implementation Level – This task may be fulfilled by the Permittees 
cooperating on a countywide or regional basis. 

Due Date for Full Implementation – December 1, 2012.  

vi. Reporting – A report containing the standard specifications for lot-scale 
treatment BMPs shall be submitted by December 1, 2012. 

 
 

                                                 
10  Detached single-family home project – The building of one single new house or the addition and/or 

replacement of impervious surface to one single existing house, which is not part of a larger plan of 
development. 
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Table 3.1 Standard Tracking and Reporting Form for Potential Special Projects 
 
Project 
Name 

and No. 
Permittee Address 

Application 
Submittal 

Date 
Description

Site 
Total 

Acreage
Density 
DU/Ac 

Density
FAR 

Special Project 
Category 

LID Treatment 
Reduction Credit 

Available 

List of LID 
Stormwater 
Treatment 
Systems 

List of Non-LID 
Stormwater Treatment 

Systems 

        

Category A: 
Category B: 
Category C: 

Location: 
Density: 
Parking: 

Category A: 
Category B: 
Category C: 

Location: 
Density: 
Parking: 

Indicate each type 
of LID treatment 
system and the 
percentage of 
total runoff treated 

Indicate each type of non-
LID treatment system and 
the percentage of total 
runoff treated.  Indicate 
whether minimum design 
criteria met or certification 
received (see footnotes). 

            
 
Project Name and No:  Name of the Special Project and Project No. (if applicable) 

Permittee:  Name of the Permittee in whose jurisdiction the Special Project will be built. 

Address:   Address of the Special Project; if no street address, state the cross streets. 

Submittal Date:  Date that a planning application for the Special Project was submitted; if a planning application has not been submitted, include a projected application submittal date. 

Description:  Type of project (commercial, mixed-use, residential), number of floors, number of units, type of parking, and other relevant information. 

Site Acreage:  Total site area in acres. 

Density in DU/Ac:  Number of dwelling units per acre. 

Density in FAR:  Floor Area Ratio 

Special Project Category:   For each applicable Special Project Category, list the specific criteria applied to determine applicability. For each non-applicable Special Project Category, indicate n/a.   

LID Treatment Reduction Credit Available:   For each applicable Special Project Category, state the maximum total LID Treatment Reduction Credit available.  For Category C Special Projects also 
list the individual Location, Density, and Minimized Surface Parking Credits available. 

List of LID Stormwater Treatment Systems:  List all LID stormwater treatment systems proposed.  For each type, indicate the percentage of the total amount of runoff identified in Provision C.3.d. for 
the Special Project’s drainage area. 

List of Non-LID Stormwater Treatment Systems:   List all non-LID stormwater treatment systems proposed.  For each type, indicate the percentage of the total amount of runoff identified in Provision 
C.3.d. for the Special Project’s drainage area.  For each type of non-LID treatment system, indicate: (1) the percentage of the total amount of runoff identified in Provision C.3.d. for the Special Project's 
drainage area, and (2) whether the treatment system either meets minimum design criteria published by a government agency or received certification issued by a government agency, and reference the 
applicable criteria or certification. 
 

RB-AR6374



Municipal Regional Stormwater Permit   NPDES No. CAS612008 
Order No. R2-2009-0074  Provision C.4. 
 

Provision C.4. Page 50 Date: October 14, 2009 
  Revised:  November 28, 2011 

C.4. Industrial and Commercial Site Controls 
Each Permittee shall implement an industrial and commercial site control program at all 
sites which could reasonably be considered to cause or contribute to pollution of 
stormwater runoff, with inspections and effective follow-up and enforcement to abate 
actual or potential pollution sources consistent with each Permittee’s respective 
Enforcement Response Plan (ERP), to prevent discharge of pollutants and impacts on 
beneficial uses of receiving waters. Inspections shall confirm implementation of 
appropriate and effective BMPs and other pollutant controls by industrial and commercial 
site operators.  

C.4.a. Legal Authority for Effective Site Management 
i. Task Description – Permittees shall have sufficient legal enforcement authority 

to obtain effective stormwater pollutant control on industrial sites.  Permittees 
shall have the ability to inspect and require effective stormwater pollutant 
control and to escalate progressively stricter enforcement to achieve expedient 
compliance and pollutant abatement at commercial and industrial sites within 
their jurisdiction.  

ii.  Implementation Level  
(1) Permittees shall have the legal authority to oversee, inspect, and require 

expedient compliance and pollution abatement at all industrial and 
commercial sites which may be reasonably considered to cause or 
contribute to pollution of stormwater runoff. Permittees shall have the 
legal authority to require implementation of appropriate BMPs at 
industrial and commercial to address pollutant sources associated with 
outdoor process and manufacturing areas, outdoor material storage areas, 
outdoor waste storage and disposal areas, outdoor vehicle and equipment 
storage and maintenance areas, outdoor parking areas and access roads, 
outdoor wash areas, outdoor drainage from indoor areas, rooftop 
equipment, and contaminated and erodible surface areas, and other sources 
determined by the Permittees or Water Board Executive Officer to have a 
reasonable potential to contribute to pollution of stormwater runoff.  

(2) Permittees shall notify the discharger of any actual or potential pollutant 
sources and violations and require problem correction within a reasonably 
short and expedient time frame commensurate with the threat to water 
quality. Permittees shall require timely correction of problems involving 
rapid temporary repair, and may allow longer time periods for 
implementation of more permanent solutions, if these require significant 
capital expenditure or construction. Violations shall be corrected prior to 
the next rain event or within 10 business days after the violations are 
noted. If more than 10 business days are required for correction, a 
rationale shall be given in the tabulated sheets. 
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C.4.b. Industrial and Commercial Business Inspection Plan (Inspection Plan) 
i. Task Description – Permittees shall develop and implement an inspection plan 

that will serve as a prioritized inspection workplan. This inspection plan will 
allow inspection staff to categorize the commercial and industrial sites within 
the Permittee’s jurisdiction by pollutant threat and inspection frequency, change 
inspection frequency based on site performance, and add and remove sites as 
businesses open and close.  

The Inspection Plan shall contain the following information: 

(1) Total number and a list of industrial and commercial facilities requiring 
inspection, within each Permittee’s jurisdiction, to be determined on the 
basis of a prioritization criteria designed to assign a more frequent 
inspection schedule to the highest priority facilities per Section C.4.b.ii. 
below. 

(2) A description of the process for prioritizing inspections and frequency of 
inspections. If any geographical areas are to be targeted for inspections 
due to high potential for stormwater pollution, these areas should be 
indicated in the Inspection Plan. A mechanism to include newly opened 
businesses that warrant inspection shall be included. 

ii. Implementation Level – Each Permittee shall annually update and maintain a list 
of industrial and commercial facilities in the Inspection Plan to inspect that 
could reasonably be considered to cause or contribute to pollution of stormwater 
runoff.  The following are some of the functional aspects of businesses and types 
of businesses that shall be included in the Inspection Plans: 

(1) Sites that include the following types of functions that may produce 
pollutants when exposed to stormwater include, but are not limited to: 
(a) Outdoor process and manufacturing areas 
(b) Outdoor material storage areas  
(c) Outdoor waste storage and disposal areas 
(d) Outdoor vehicle and equipment storage and maintenance areas 
(e) Outdoor wash areas 
(f) Outdoor drainage from indoor areas 
(g) Rooftop equipment  
(h) Other sources determined by the Permittee or Water Board to have a 

reasonable potential to contribute to pollution of stormwater runoff 

(2) The following types of Industrial and Commercial businesses that have a 
reasonable likelihood to be sources of pollutants to stormwater and non-
stormwater discharges:  
(a) Industrial facilities, as defined at 40 CFR 122.26(b)(14), including 

those subject to the State General NPDES Permit for Stormwater 
Discharges Associated with Industrial Activity (hereinafter the 
Industrial General Permit);  
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(b) Vehicle Salvage yards; 
(c) Metal and other recycled materials collection facilities, waste transfer 

facilities; 
(d) Vehicle mechanical repair, maintenance, fueling, or cleaning;  
(e) Building trades central facilities or yards, corporation yards;  
(f) Nurseries and greenhouses;  
(g) Building material retailers and storage;  
(h) Plastic manufacturers; and 
(i) Other facilities designated by the Permittee or Water Board to have a 

reasonable potential to contribute to pollution of stormwater runoff. 

(3) Prioritization of Facilities 
Facilities of the types described in Provision 4.b.ii.(2) above and identified 
by the Permittees as having the reasonable potential to contribute to 
pollution of stormwater runoff shall be prioritized on the basis of the 
potential for water quality impact using criteria such as pollutant sources 
on site, pollutants of concern, proximity to a waterbody, violation history 
of the facility, and other relevant factors. 

(4) Types/Contents of Inspections 
Each Permittee shall conduct inspections to determine compliance with its 
ordinances and this Permit. Inspections shall include but not be limited to 
the following: 
(a) Prevention of stormwater runoff pollution or illicit discharge by 

implementing appropriate BMPs;  
(b) Visual observations for evidence of unauthorized discharges, illicit 

connections, and potential discharge of pollutants to stormwater; 
(c) Noncompliance with Permittee ordinances and other local 

requirements; and 
(d) Verification of coverage under the Industrial General Permit, if 

applicable. 

(5) Inspection Frequency – Permittees shall establish appropriate inspection 
frequencies for facilities based on Provision 4.b.ii (3) priority, potential for 
contributing pollution to stormwater runoff, and commensurate with the 
threat to water quality. 

(6) Record Keeping – For each facility identified in Provision 4.b.ii, the 
Permittee shall maintain a database or equivalent of the following 
information at a minimum: 
(a) Name and address of the business and local business operator; 
(b) A brief description of business activity including SIC code; 
(c) Inspection priority and inspection frequency; and 
(d) If coverage under the Industrial General Permit is required. 

iii. Reporting – The Permittees shall include the following in the Annual Report: 
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(1) The list of facilities identified in Provision 4.b.ii in the 2010 Annual 
Report and revisions or updates in subsequent annual reports; and 

(2) The list of facilities scheduled for inspection during the current fiscal year. 

C.4.c. Enforcement Response Plan (ERP) 
i. Task Description – Permittees shall develop and implement an ERP that will 

serve as a reference document for inspection staff to take consistent actions to 
achieve timely and effective compliance from all commercial and industrial site 
operators. 

ii. Implementation Level – The ERP shall contain the following: 

(1) Required enforcement actions – including timeframes for corrections of 
problems – for various field violation scenarios. The ERP will provide 
guidance on appropriate use of the various enforcement tools, such as 
verbal and written notices of violation, citations, cleanup requirements, 
administrative and criminal penalties.  

(2) Timely Correction of Violations – All violations must be corrected in a 
timely manner with the goal of correcting them before the next rain event 
but no longer than 10 business days after the violations are discovered. If 
more than 10 business days are required for compliance, a rationale shall 
be recorded in the electronic database or equivalent tabular system. 
A description of the Permittee’s procedures for follow-up inspections and 
enforcement actions or referral to another agency, including appropriate 
time periods for each level of corrective action. 

(3) Referral and Coordination with Water Board – Each Permittee shall 
enforce its stormwater ordinances as necessary to achieve compliance at 
sites with observed violations. For cases in which Permittee enforcement 
tools are inadequate to remedy the noncompliance, the Permittee shall 
refer the case to the Water Board, district attorney or other relevant 
agencies for additional enforcement. 

(4) Recordkeeping – Permittees shall maintain adequate records to 
demonstrate compliance and appropriate follow-up enforcement responses 
for facilities inspected.  
Permittees shall maintain an electronic database or equivalent tabular 
system that contains the following information regarding industrial 
commercial site inspections: 

(a) Name of Facility/Site Inspected 
(b) Inspection Date 
(c) Industrial General Permit coverage required (Yes or No) 
(d) Compliance Status 
(e) Type of Enforcement (if applicable) 
(f) Type of Activity or Pollutant Source 
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Examples: Outdoor process/manufacturing areas, Outdoor material 
storage areas, Outdoor waste storage/disposal areas, outdoor vehicle 
and equipment storage/maintenance areas, Outdoor parking areas and 
access roads, Outdoor wash areas, Rooftop equipment, Outdoor 
drainage from indoor areas   

(g) Specific Problems 
(h) Problem Resolution 
(i) Additional Comments 
The electronic database or equivalent tabular system shall be made readily 
available to the Executive Officer and during inspections and audits by the 
Water Board staff or its representatives.  

(5) The ERP shall be developed and implemented by April 1, 2010. 
iii. Reporting – Permittees shall include the following information in each Annual 

Report:  

(1) Number of inspections conducted, Number of violations issued (excluding 
verbal warnings), Percentage of sites inspected in violation, and number 
and percent of violations resolved within 10 working days or otherwise 
deemed resolved in a longer but still timely manner; 

(2) Frequency and Types/categories of violations observed, Frequency and 
type of enforcement conducted; 

(3) Summary of types of violations noted by business category; and 

(4) Facilities that are required to have coverage under the Industrial General 
Permit, but have not filed for coverage. 

C.4.d. Staff Training 
i. Task Description  

Permittees shall provide focused training for inspectors annually. Trainings may 
be Program-wide, Region-wide, or Permittee-specific. 

ii. Implementation Level  

At a minimum, train inspectors, within the 5-year term of this Permit, in the 
following topics: 

(1) Urban runoff pollution prevention; 

(2) Inspection procedures; 

(3) Illicit Discharge Detection, Elimination and follow-up; and 

(4) Implementation of typical BMPs at Industrial and Commercial Facilities. 

Permittees, either countywide or regionally, if they have not already done so, are 
encouraged to create or adopt guidance for inspectors or reference existing 
inspector guidance including the California Association of Stormwater Quality 
Agencies (CASQA) Industrial BMP Handbook. 
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iii. Reporting 
The Permittees shall include the following information in the Annual Report: 

(1) Dates of trainings; 

(2) Training topics that have been covered; and 

(3) Percentage of Permittee inspectors attending training. 
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C.5. Illicit Discharge Detection and Elimination 
The purpose of this provision is to implement the illicit discharge prohibition and to 
ensure illicit discharges are detected and controlled that are not otherwise controlled 
under provision C4, Industrial and Commercial Site Controls and C6, Construction Site 
Controls. Permittees shall develop and implement an illicit discharge program that 
includes an active surveillance component and a centralized complaint collection and 
follow-up component to target illicit discharge and non-stormwater sources.  Permittees 
shall maintain a complaint tracking and follow-up data system as their primary 
accountability reporting for this provision. 

C.5.a. Legal Authority 
i. Task Description – Permittees shall have the legal authority to prohibit and 

control illicit discharges and escalate stricter enforcement to achieve expedient 
compliance.  

ii. Implementation Level 
(1) Permittees shall have adequate legal authority to address stormwater and 

non-stormwater pollution associated with, but not limited to the following: 
(a) Sewage;  
(b) Discharges of wash water resulting from the cleaning of exterior 

surfaces and pavement, or the equipment and other facilities of any 
commercial business, or any other public or private facility;  

(c) Discharges of runoff from material storage areas, including containing 
chemicals, fuels, or other potentially polluting or hazardous materials;  

(d) Discharges of pool or fountain water containing chlorine, biocides, or 
other chemicals; discharges of pool or fountain filter backwash water;  

(e) Discharges of sediment, pet waste, vegetation clippings, or other 
landscape or construction-related wastes; and  

(f) Discharges of food-related wastes (e.g., grease, fish processing, and 
restaurant kitchen mat and trash bin wash water, etc.).  

(2) Permittees shall have adequate legal authority to prohibit, discover 
through inspection and surveillance, and eliminate illicit connections and 
discharges to storm drains. 

(3) Permittees shall have adequate legal authority to control the discharge of 
spills, dumping, or disposal of materials other than storm water to storm 
drains. 

C.5.b. Enforcement Response Plan (ERP) 
i. Task Description – Permittees shall develop and implement an ERP that will 

serve as guidance for inspection staff to take consistent actions to achieve timely 
and effective abatement of illicit discharges. 

ii. Implementation Level – The ERP shall contain the following:  
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(1) Recommended responses and enforcement actions – including timeframes 
for corrections of problems – for various types and degree of violations. 
The ERP shall provide guidelines on when to employ the range of 
regulatory responses from warnings, citations and cleanup and cost 
recovery, to administrative or criminal penalties.  

(2) Timely Correction of Violations: All violations must be corrected in a 
timely manner with the goal of correcting them before the next rain event 
but no longer than 10 business days after the violations are discovered. If 
more than 10 business days are required for compliance, a rationale shall 
be recorded in the electronic database or equivalent tabular system. 
Immediate correction can be temporary and short-term if a long-term, 
permanent correction will involve significant resources and construction 
time. An example would be replumbing of a wash area to the sanitary 
sewer, which would involve an immediate short-term, temporary fix 
followed by permanent replumbing. 

(3) If corrective actions are not implemented promptly or if there are repeat 
violations, Permittees shall escalate responses as needed to achieve 
compliance, including referral to other agencies were necessary.   

(4) The ERP shall be developed and implemented by April 1, 2010. 

C.5.c. Spill and Dumping Response, Complaint Response, and Frequency of 
Inspections 
i. Task Description – Permittees shall have a central contact point, including a 

phone number for complaints and spill reporting, and publicize this number to 
both internal Permittee staff and the public. If 911 is selected, also maintain and 
publicize a staffed, non-emergency phone number with voicemail, which is 
checked during normal business hours. 

Permittees shall develop a spill/dumping response flow chart and phone tree or 
contact list for internal use that shows the various responsible agencies and their 
contacts, who would be involved in illicit discharge incident response that goes 
beyond the Permittees immediate capabilities. The list shall be maintained and 
updated as changes occur. 

Permittees shall conduct reactive inspections in response to complaints and 
follow-up inspections as needed to ensure that corrective measures have been 
implemented to achieve and maintain compliance. 

ii. Implementation Level – Permittees will have the phone number and contact 
information available and integrated into training and outreach both to Permittee 
staff and the public by July 1, 2010. 

iii. Reporting – Submit the complaint and spill response phone number and spill 
contact list with the 2010 Annual Report and update annually if changes occur. 
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C.5.d. Control of Mobile Sources 
i. Task Description – The purpose of this section is to establish oversight and 

control of pollutants associated with mobile business sources. 

ii. Implementation Level – Each Permittee shall develop and implement a program 
to reduce the discharge of pollutants from mobile businesses.  

(1) The program shall include the following:  
(a) Development and implementation of minimum standards and BMPs 

to be required for each of the various types of mobile businesses such 
as automobile washing, power washing, steam cleaning, and carpet 
cleaning. This guidance can be developed via county-wide or regional 
collaboration. 

(b) Development and implementation of an enforcement strategy which 
specifically addresses the unique characteristics of mobile businesses.  

(c) Outreach to mobile businesses operating within the Permittee’s 
jurisdiction with minimum standards and BMP requirements and local 
ordinances through an outreach and education strategy.  

(d) Inspection of mobile businesses as needed. 

(2) Permittees should cooperate regionally in developing and implementing 
their programs for mobile businesses, including sharing of mobile business 
inventories, BMP requirements, enforcement action information, and 
education.  

iii. Reporting – Permittees shall report on implementation of minimum standards 
and BMPs for mobile business and their enforcement strategy in each Annual 
Report. 

C.5.e. Collection System Screening - Municipal Separate Storm Sewer System (MS4) 
Map Availability 
i. Task Description – Permittees shall perform routine surveys for illicit discharges 

and illegal dumping in above ground check points in the collection system 
including elements that are typically inspected for other maintenance purposes, 
such as end of pipes, creeks, flood conveyances, storm drain inlets and catch 
basins, in coordination with public works/flood control maintenance surveys, 
video inspections of storm drains, and during other routine Permittee 
maintenance and inspection activities when Permittee staff are working in or 
near the MS4 system. 

ii. Implementation Level – Permittees shall develop and implement a screening 
program utilizing the USEPA/Center for Watershed Protection publication, 
“Illicit Discharge Detection and Elimination: A Guidance Manual for Program 
Development and Technical Assessment.”  Permittees shall implement the 
screening program by conducting a survey of strategic collection system check 
points (one screening point per square mile of Permittee urban and suburban 
jurisdiction area, less open space) including some key major outfalls draining 
industrial areas as defined in 40 CFR 122.26 (b)(5) once each year in dry 
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weather conditions meaning no significant rainfall within the past 3 weeks. 
Routine surveys that occur on an ongoing basis during regular conveyance 
system inspections may be credited toward this requirement. Make maps of the 
MS4 publicly available, either electronically or in hard copy by July 1, 2010.  
The public availability shall be through a publicized single point of contact that 
is convenient for the public, such as a staffed counter or web accessible maps. 
The MS4 map availability shall be publicized through Permittee directories and 
web pages. 

iii. Reporting – Permittees shall provide a summary of their collection screening 
program, a summary of problems found during collection system screening, and 
any changes to the screening program in each Annual Report.    

C.5.f. Tracking and Case Follow-up 
i. Task Description – All incidents or discharges reported to the complaint/spill 

system that might pose a threat to water quality shall be logged to track follow-
up and response through problem resolution. The data collected shall be 
sufficient to demonstrate escalating responses for repeated problems, and 
inter/intra-agency coordination, where appropriate. 

ii. Implementation Level – Create and maintain a water quality spill and discharge 
complaint tracking and follow-up in an electronic database or equivalent tabular 
system by April 1, 2010.  

The spill and discharge complaint tracking system shall contain the following 
information: 

(1) Complaint information: 
(a) Date and time of complaint 
(b) Type of pollutant 
(c) Problem Status (potential or actual discharge.) 

(2) Investigation information: 
(a) Date and time started 
(b) Type of pollutant 
(c) Entered storm drain and/or receiving water  
(d) Date abated 
(e) Type of enforcement (if applicable) 

(3) Response time (days) 
(a) Call to investigation 
(b) Investigation to abatement 
(c) Call to abatement 
The electronic database or equivalent tabular system shall be made 
available to Water Board staff as needed for review of enforcement 
response through problem resolution.  
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iii. Reporting – Permittees shall provide the following information in the Annual Report:  

(1) Number of discharges reported; 

(2) Number of discharges reaching storm drains and/or receiving waters; 

(3) Number and percentage of discharges resolved in a timely manner; and 

(4) Summary of major types of discharges and complaints.
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C.6. Construction Site Control 
Each Permittee shall implement a construction site inspection and control program at all 
construction sites, with follow-up and enforcement consistent with each Permittee’s 
respective Enforcement Response Plan (ERP), to prevent construction site discharges of 
pollutants and impacts on beneficial uses of receiving waters. Inspections shall confirm 
implementation of appropriate and effective erosion and other construction pollutant 
controls by construction site operators/developers; and reporting shall demonstrate the 
effectiveness of this inspection and problem solution activity by the Permittees. 

C.6.a. Legal Authority for Effective Site Management 
i. Task Description – Permittees shall have the ability to require effective 

stormwater pollutant controls, and escalate progressively stricter enforcement to 
achieve expedient compliance and clean up at all public and private construction 
sites. 

ii. Implementation Level 
(1) Permittees shall have the legal authority to require at all construction sites 

year round effective erosion control, run-on and runoff control, sediment 
control, active treatment systems (as appropriate), good site management, 
and non storm water management through all phases of construction 
(including but not limited to site grading, building, and finishing of lots) 
until the site is fully stabilized by landscaping or the installation of 
permanent erosion control measures.  

(2) Permittees shall have the legal authority to oversee, inspect, and require 
expedient compliance and clean up at all construction sites year round. 

iii. Reporting – Permittees shall certify adequacy of their respective legal authority 
in the 2010 Annual Report. 

C.6.b. Enforcement Response Plan (ERP) 
i. Task Description – Permittees shall develop and implement an ERP that will 

serve as a reference document for inspection staff to take consistent actions to 
achieve timely and effective compliance from all public and private construction 
site owners/operators. 

ii. Implementation Level 
(1) The ERP shall include required enforcement actions – including 

timeframes for corrections of problems – for various field violation 
scenarios.  All violations must be corrected in a timely manner with the 
goal of correcting them before the next rain event but no longer than 10 
business days after the violations are discovered. If more than 10 business 
days are required for compliance, a rationale shall be recorded in the 
electronic database or equivalent tabular system. 
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(2) If site owners/operators do not implement appropriate corrective actions in 
a timely manner, or if violations repeat, Permittees shall take progressively 
stricter responses to achieve compliance.  The ERP shall include the 
structure for progressively stricter responses and various violation 
scenarios that evoke progressively stricter responses. 

(3) The ERP shall be developed and implemented by April 1, 2010. 

C.6.c. Best Management Practices Categories 
i. Task Description – Permittees shall require all construction sites to have site 

specific, and seasonally- and phase-appropriate, effective Best Management 
Practices (BMPs) in the following six categories: 

• Erosion Control 
• Run-on and Run-off Control 
• Sediment Control 
• Active Treatment Systems (as necessary) 
• Good Site Management 
• Non Stormwater Management. 

Theses BMP categories are listed in State General NPDES Permit for Stormwater 
Discharges Associated with Construction Activities (hereinafter the Construction 
General Permit). 

ii. Implementation Level  
The BMPs targeting specific pollutants within the six categories listed in C.6.c.i. 
shall be site specific. Site specific BMPs targeting specific pollutants from the 
six categories listed in C.6.c.i. can be a combination of BMPs from: 

• California BMP Handbook, Construction, January 2003. 
• Caltrans Stormwater Quality Handbooks, Construction Site Best 

Management Practices Manual, March 2003, and addenda. 
• California Regional Water Quality Control Board, San Francisco Bay 

Region, Erosion and Sediment Control Field Manual, 2002. 
• New BMPs available since the release of these Handbooks. 

C.6.d. Plan Approval Process 
i. Task Description – Permittees shall review erosion control plans for consistency 

with local requirements, appropriateness and adequacy of proposed BMPs for 
each site before issuance of grading permits for projects. Permittees shall also 
verify that sites disturbing one acre or more of land have filed a Notice of Intent 
for coverage under the Construction General Permit. 

ii. Implementation Level – Before approval and issuance of local grading permits, 
each Permittee shall perform the following: 

RB-AR6387



Municipal Regional Stormwater Permit   NPDES No. CAS612008 
Order No. R2-2009-0074  Provision C.6. 
 

Provision C.6. Page 63 Date: October 14, 2009 
  Revised:  November 28, 2011 

(1) Review the site operator’s/developer’s erosion/pollution control plan or 
Stormwater Pollution Prevention Plan (SWPPP) to verify compliance with 
the Permittee’s grading ordinance and other local requirements. Also 
review the site operator’s/developer’s erosion/pollution control plan or 
SWPPP to verify that seasonally appropriate and effective BMPs for the 
six categories listed in C.6.c.i. are planned; 

(2) For sites disturbing one acre or more of soil, verify that the site 
operators/developers have filed a Notice of Intent for permit coverage 
under the Construction General Permit; and 

(3) Provide construction stormwater management educational materials to site 
operators/developers, as appropriate. 

C.6.e. Inspections 
i. Task Description – Permittees shall conduct inspections to determine 

compliance with local ordinances (grading and stormwater) and determine the 
effectiveness of the BMPs in the six categories listed in C.6.c.i.; and Permittees 
shall require timely corrections of all actual and threatened violations of local 
ordinances observed.   

ii. Implementation Level 
(1) Wet Season Notification 

By September 1st of each year, each Permittee shall remind all site 
developers and/or owners disturbing one acre or more of soil to prepare 
for the upcoming wet season. 

(2) Frequency of Inspections 
Inspections shall be conducted monthly during the wet season11  at the 
following sites: 
(a) All construction sites disturbing one or more acre of land; and 
(b) High Priority Sites – Other sites determined by the Permittee or the 

Water Board as significant threats to water quality.  In evaluating 
threat to water quality, the following factors shall be considered: 
(i) Soil erosion potential or soil type; 
(ii) Site slope; 
(iii) Project size and type; 
(iv) Sensitivity or receiving waterbodies; 
(v) Proximity to receiving waterbodies; 
(vi) Non-stormwater discharges; and 
(vii) Any other relevant factors as determined by the local agency or 

the Water Board. 
 
                                                 
11  For the purpose of inspections, the wet season is defined as October through April, but sites need to implement 

seasonally appropriate BMPs in the six categories listed in C.6.c.i throughout the year. 

RB-AR6388



Municipal Regional Stormwater Permit   NPDES No. CAS612008 
Order No. R2-2009-0074  Provision C.6. 
 

Provision C.6. Page 64 Date: October 14, 2009 
  Revised:  November 28, 2011 

(3) Contents of Inspections 
Inspections shall focus on the adequacy and effectiveness of the site 
specific BMPs implemented for the six categories listed in C.6.c.i. 
Permittees shall require timely corrections of all actual and potential 
problems observed. Inspections of construction sites shall include, but are 
not limited to, the following: 
(a) Assessment of compliance with Permittee's ordinances and permits 

related to urban runoff, including the implementation and 
maintenance of the verified erosion/pollution control plan or SWPPP 
(from C.6.d.ii.(1));  

(b) Assessment of the adequacy and effectiveness of the site specific 
BMPs implemented for the six categories listed in C.6.c.i.; 

(c) Visual observations for: 
• actual discharges of sediment and/or construction related 

materials into stormdrains and/or waterbodies. 
• evidence of sediment and/or construction related materials 

discharges into stormdrains and/or waterbodies. 
• illicit connections. 
• potential illicit connections. 

(d) Education on stormwater pollution prevention, as needed. 

(4) Tracking 
All inspections must be recorded on a written or electronic inspection 
form.  Inspectors shall follow the ERP if a violation is noted and shall 
require timely corrections of all actual and threatened violations of local 
ordinances observed. All violations must be corrected in a timely manner 
with the goal of correcting them before the next rain event but no longer 
than 10 business days after the violations are discovered.  If more than 10 
business days are required for compliance, a rationale shall be recorded on 
the inspection form. 

Permittees shall track in an electronic database or tabular format all 
inspections. This electronic database or tabular format shall be made 
readily available to the Executive Officer and during inspections and 
audits by the Water Board staff or its representatives. This electronic 
database or tabular format shall record the following information for each 
site inspection: 

(a) Site name; 
(b) Inspection date; 
(c) Weather during inspection; 
(d) Has there been rainfall with runoff since the last inspection?; 
(e) Enforcement Response Level (Use ERP); 
(f) Problem(s) observed using Illicit Discharge and the six BMP 

categories listed in C.6.c.i.; 
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(g) Specific Problem(s) (List the specific problem(s) within the BMP 
categories); 

(h) Resolution of Problems noted using the following three standardized 
categories: Problems Fixed, Need More Time, and Escalate 
Enforcement; and 

(i) Comments, which shall include all Rationales for Longer Compliance 
Time, all escalation in enforcement discussions, and any other 
information that may be relevant to that site inspection. 

iii. Reporting 
(1) In each Annual Report, each Permittee shall summarize the following 

information: 
(a) Total number of active sites disturbing less than one acre of soil 

requiring inspection; 
(b) Total number of active sites disturbing 1 acre or more of soil; 
(c) Total number of inspections conducted; 
(d) Number and percentage12 of violations in each of the six categories 

listed in C.6.c.i.; 
(e) Number and percentage13 of each type of enforcement action taken as 

listed in each Permittee’s ERP; 
(f) Number of discharges, actual and those inferred through evidence, of 

sediment or other construction related materials; 
(g) Number of sites with discharges, actual and those inferred through 

evidence, of sediment or other construction related materials; 
(h) Number and percentage14 of violations fully corrected prior to the 

next rain event but no longer than 10 business days after the 
violations are discovered or otherwise considered corrected in a 
timely, though longer period; and 

(i) Number and percentage15 of violations not fully corrected 30 days 
after the violations are discovered. 

(2) In each Annual Report, each Permittee shall evaluate its respective 
electronic database or tabular format and the summaries produced in 
C.6.e.ii.(4) above.  This evaluation shall include findings on the program’s 
strength, comparison to previous years’ results, as well as areas that need 

                                                 
12  Percentage shall be calculated as number of violations in each category divided by total number of violations in 

all six categories. 
13  Percentage shall be calculated as number of each type of enforcement action divided by the total number of 

enforcement actions. 
14  Percentage shall be calculated as follows: number of violations fully corrected prior to the goal of the next rain 

event but no later than10 business days after the violations are discovered divided by the total number of 
violations for the reporting year. 

15  Percentage shall be calculated as follows: number of violations not fully corrected 30 days after the violations are 
discovered divided by the total number of violations for the reporting year. 
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more focused education for site owners, operators, and developers the 
following year. 

(3) The Executive Officer may require that the information recorded and 
tracked by C.6.e.ii.(4) be submitted electronically or in a tabular format.  
Permittees shall submit the information within 10-working days of the 
Executive Officer’s requirement. Submittal of the information in tabular 
form for the reporting year is not required in each Annual Report but 
encouraged. 

C.6.f. Staff Training 
i. Task Description – Permittees shall provide training or access to training for 

staff conducting construction stormwater inspections. 

ii. Implementation Level – Permittees shall provide training at least every other 
year to municipal staff responsible for conducting construction site stormwater 
inspections. Training topics will include information on correct uses of specific 
BMPs, proper installation and maintenance of BMPs, Permit requirements, local 
requirements, and ERP. 

iii. Reporting – Permittees shall include in each Annual Report the following 
information: training topics covered, dates of training, and the percentage of 
Permittees’ inspectors attending each training.  If no training in that year, so 
state. 
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C.7. Public Information and Outreach  
Each Permittee shall increase the knowledge of the target audiences regarding the 
impacts of stormwater pollution on receiving water and potential solutions to mitigate the 
problems caused; change the waste disposal and runoff pollution generation behavior of 
target audiences by encouraging implementation of appropriate solutions; and involve 
various citizens in mitigating the impacts of stormwater pollution. 

C.7.a. Storm Drain Inlet Marking 
i. Task Description – Permittees shall mark and maintain at least 80 percent of 

municipally-maintained storm drain inlets with an appropriate stormwater 
pollution prevention message, such as “No dumping, drains to Bay” or 
equivalent. At least 80% of municipally-maintained storm drain inlet markings 
shall be inspected and maintained at least once per 5-year permit term. For 
newly approved, privately maintained streets, Permittees shall require inlet 
marking by the project developer upon construction and maintenance of 
markings through the development maintenance entity.  Markings shall be 
verified prior to acceptance of the project. 

ii. Implementation Level  
(1) Inspect and maintain markings of at least 80 percent of municipality 

maintained inlets to ensure they are legibly labeled with a no dumping 
message or equivalent once per permit term. 

(2) Verify that newly developed streets are marked prior to acceptance of the 
project. 

iii. Reporting 
(1) In the 2013 Annual Report, each Permittee shall report prior years’ annual 

percentages of municipality maintained inlet markings inspected and 
maintained as legible with a no dumping message or equivalent. 

(2) In the 2013 Annual Report, each Permittee shall report prior years’ annual 
number of projects accepted after inlet markings were verified.  

C.7.b. Advertising Campaigns 
i. Task Description – Permittees shall participate in or contribute to advertising 

campaigns on trash/litter in waterways and pesticides with the goal of 
significantly increasing overall awareness of stormwater runoff pollution 
prevention messages and behavior changes in target audience. 

ii. Implementation Level  
(1) Target a broad audience with two separate advertising campaigns, one 

focused on reducing trash/litter in waterways and one focused on reducing 
the impact of urban pesticides. The advertising campaigns may be 
coordinated regionally or county-wide. 
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(2) Permittees shall conduct a pre-campaign survey and a post-campaign 
survey to identify and quantify the audiences’ knowledge, trends, and 
attitudes and/or practices; and to measure the overall population’s 
awareness of the messages and behavior changes achieved by the two 
advertising campaigns.  These surveys may be done regionally or county-
wide.  

iii. Reporting 
(1) In the Annual Report following the pre-campaign survey, each Permittee 

(or the Countywide Program, if the survey was done county-wide or 
regionally) shall provide a report of the survey completed, which at a 
minimum, shall include the following: 
• A summary of how the survey was implemented. 
• A copy of the survey. 
• A copy of the survey results. 
• An analysis of the survey results. 
• A discussion of the outreach strategies based on the survey results. 
• A discussion of the planned or future advertising campaigns to 

influence awareness and behavior changes regarding trash/litter and 
pesticides. 

(2) In the Annual Report following the post campaign survey, each Permittee 
(or the Countywide Program, if survey was done county-wide or 
regionally) shall provide a report of the survey completed, which at 
minimum shall include the information required in the pre-campaign 
report (C.7.b.iii.(1)) and the following: 
• A discussion of the campaigns. 
• A discussion of the measurable changes in awareness and behavior 

achieved. 
• An update of outreach strategies based on the survey results. 

C.7.c. Media Relations – Use of Free Media 
i. Task Description – Permittees shall participate in or contribute to a media 

relations campaign. Maximize use of free media/media coverage with the 
objective of significantly increasing the overall awareness of stormwater 
pollution prevention messages and associated behavior change in target 
audiences, and to achieve public goals. 

ii. Implementation Level – Conduct a minimum of six pitches (e.g., press releases, 
public service announcements, and/or other means) per year at the county-wide 
program, regional, and/or local levels. 

iii. Reporting – In each Annual Report, each Permittee (or the Countywide 
Program, if the media relations campaign was done county-wide or regionally) 
shall include the details of each media pitch, such as the medium, date, and 
content of the pitch. 
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C.7.d. Stormwater Point of Contact 
i. Task Description – Permittees shall individually or collectively create and 

maintain a point of contact, e.g., phone number or website, to provide the public 
with information on watershed characteristics and stormwater pollution 
prevention alternatives. 

ii. Implementation Level – Maintain and publicize one point of contact for 
information on stormwater issues.  Permittees may combine this function with 
the complaint/spill contact required in C.5. 

iii. Reporting – In the 2010 Annual Report, each Permittee shall discuss how this 
point of contact is publicized and maintained.  If any change occurs in this 
contact, report in subsequent annual report. 

C.7.e. Public Outreach Events 
i. Task Description – Participate in and/or host events such as fairs, shows, 

workshops, (e.g., community events, street fairs, and farmers’ markets), to reach 
a broad spectrum of the community with both general and specific stormwater 
runoff pollution prevention messages. Pollution prevention messages shall 
include encouraging residents to (1) wash cars at commercial car washing 
facilities, (2) use minimal detergent when washing cars, and (3) divert the car 
washing runoff to landscaped area. 

ii. Implementation Level – Each Permittee shall annually participate and/or host 
the number of events according to its population, as shown in the table below: 

Table 7.1 Public Outreach Events16 
Permittee Population Number of Outreach Events 

< 10,000 2 
10,001– 40,000 3 

40,001 – 100,000 4 
100,001 – 175,000 5 
175,001 – 250,000 6 

> 250,000 8 
Non-population-based Permittees17 6 

 
Should a public outreach event contain significant citizen involvement elements, 
the Permittee may claim credit for both Public Outreach Events (C.7.e.) and 
Citizen Involvement Events (C.7.g.). 

 

                                                 
16  Permittees may claim individual credits for all events in which their Countywide Program or BASMAA 

participates, supports, and/or hosts, which are publicized to reach the Permittees jurisdiction. 
17  Alameda County Flood Control and Water Conservation District, Contra Costa Flood Control and Water 

Conservation District, Santa Clara Valley Water District, Vallejo Sanitation and Flood Control District, and Zone 
7 of the Alameda County Flood Control and Water Conservation District 
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iii. Reporting – In each Annual Report, each Permittee shall list the events (name of 
event, event location, and event date) participated in and assess the effectiveness 
of efforts with appropriate measures (e.g., success at reaching a broad spectrum 
of the community, number of participants compared to previous years, post-
event survey results, quantity/volume materials cleaned up and comparisons to 
previous efforts). 

C.7.f. Watershed Stewardship Collaborative Efforts 
i. Task Description – Permittees shall individually or collectively encourage and 

support watershed stewardship collaborative efforts of community groups such 
as the Contra Costa Watershed Forum, the Santa Clara Basin Watershed 
Management Initiative, “friends of creek” groups, and other organizations that 
benefit the health of the watershed such as the Bay-Friendly Landscaping and 
Gardening Coalition. If no such organizations exist, encourage and support 
development of grassroots watershed groups or engagement of an existing 
group, such as a neighborhood association, in watershed stewardship activities. 
Coordinate with existing groups to further stewardship efforts. 

ii. Implementation Level – Annually demonstrate effort. 

iii. Reporting – In each Annual Report, each Permittee shall state the level of effort, 
describe the support given, state what efforts were undertaken and the results of 
these efforts, and provide an evaluation of the effectiveness of these efforts. 

C.7.g. Citizen Involvement Events 
i. Task Description – Permittees shall individually or collectively, support citizen 

involvement events, which provide the opportunity for citizens to directly 
participate in water quality and aquatic habitat improvement, such as 
creek/shore clean-ups, adopt-an-inlet/creek/beach programs, volunteer 
monitoring, service learning activities such as storm drain inlet marking, 
community riparian restoration activities, community grants, other participation 
and/or host volunteer activities. 

ii. Implementation Level – Each Permittee shall annually sponsor and/or host the 
number of citizen involvement events according to its population, as shown in 
the table below: 

Table 7.2 Community Involvement Events18 
Permittee Population Number of Involvement Events 

< 10,000 1 
10,001 – 40,000 1 
40,001 – 100,000 2 
100,001 – 175,000 3 
175,001 – 250,000 4 

                                                 
18  Permittees can claim individual credit for all events sponsored or hosted by their Countywide Program or 

BASMAA, which are publicized to reach the Permittee’s jurisdiction. 
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Permittee Population Number of Involvement Events 
> 250,000 5 

Non-population-based Permittees 2 
 

Should a citizen involvement event contain significant public outreach elements, 
the Permittee may claim credit for both Citizen Involvement Events (C.7.g.) and 
Public Outreach Events (C.7.e.). 

iii. Reporting – In each Annual Report, each Permittee shall list the events (name of 
event, event location, and event date) participated in and assess the effectiveness 
of efforts with appropriate measures (e.g., success at reaching a broad spectrum 
of the community, number of participants compared to previous years, post-
event survey results, number of inlets/creeks/shores/parks/and such adopted, 
quantity/volume materials cleaned up, data trends, and comparisons to previous 
efforts). 

C.7.h. School-Age Children Outreach 
i. Task Description – Permittees shall individually or collectively implement 

outreach activities designed to increase awareness of stormwater and/or 
watershed message(s) in school-age children (K through 12). 

ii. Implementation Level – Implement annually and demonstrate effectiveness of 
efforts through assessment. 

iii. Reporting – In each Annual Report, each Permittee shall state the level of effort, 
spectrum of children reached, and methods used, and provide an evaluation of 
the effectiveness of these efforts. 

C.7.i. Outreach to Municipal Officials 
i. Task Description – Permittees shall conduct outreach to municipal officials. One 

alternative means of accomplishing this is through the use of the Nonpoint 
Education for Municipal Officials program (NEMO) to significantly increase 
overall awareness of stormwater and/or watershed message(s) among regional 
municipal officials. 

ii. Implementation Level – At least once per permit cycle, or more often. 

iii. Reporting – Permittees shall summarize efforts in the 2013 Annual Report. 

RB-AR6396



Municipal Regional Stormwater Permit   NPDES No. CAS612008 
Order No. R2-2009-0074  Provision C.8. 
 

Provision C.8. Page 72 Date: October 14, 2009 
  Revised:  November 28, 2011 

C.8. Water Quality Monitoring  

C.8.a. Compliance Options 
i. Regional Collaboration – All Permittees shall comply with the monitoring 

requirements in C.8, however, Permittees may choose to comply with any 
requirement of this Provision through a collaborative effort to conduct or cause 
to be conducted the required monitoring in their jurisdictions. Where all or a 
majority of the Permittees collaborate to conduct water quality monitoring, this 
shall be considered a regional monitoring collaborative. 

Where an existing collaborative body has initiated plans, before the adoption of 
this Permit, to conduct monitoring that would fulfill a requirement(s) of this 
Provision, but the monitoring would not meet this Provision’s due date(s) by a 
year or less, the Permittees may request the Executive Officer adjust the due 
date(s) to synchronize with such efforts. 

The types, quantities, and quality of data required within Provision C.8 establish 
the minimum level-of-effort that a regional monitoring collaborative must 
achieve. Provided these data types, quantities, and quality are obtained, a 
regional monitoring collaborative may develop its own sampling design. For 
Pollutants of Concern and Long-Term monitoring required under C.8.e, an 
alternative approach may be pursued by Permittees provided that: either similar 
data types, data quality, data quantity are collected with an equivalent level of 
effort described under C.8.e; or an equivalent level of monitoring effort is 
employed to answer the management information needs stated under C.8.e. 

ii. Implementation Schedule – Monitoring conducted through a regional 
monitoring collaborative shall commence data collection by October 2011. All 
other Permittee monitoring efforts shall commence data collection by October 
2010.  By July 1, 2010, each Permittee shall provide documentation to the Water 
Board, such as a written agreement, letter, or similar document that confirms 
whether the Permittee will conduct monitoring individually or through a 
regional monitoring collaborative.19   

iii. Permittee Responsibilities – A Permittee may comply with the requirements in 
Provision C.8 by performing the following: 

(1) Contributing to its stormwater countywide program, as determined 
appropriate by the Permittee members, so that the stormwater countywide 
Program conducts monitoring on behalf of its members; 

(2) Contributing to a regional collaborative effort; 

                                                 
19 This documentation will allow the Water Board to know when monitoring will commence for each Permittee. 

Permittees who commit to monitoring individually may join the regional monitoring collaborative at any time. 
Any Permittee who discontinues monitoring through the regional collaborative must commence complying with 
all requirements of Provision C.8 immediately. 
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(3) Fulfilling monitoring requirements within its own jurisdictional 
boundaries; or 

(4) A combination of the previous options, so that all requirements are 
fulfilled. 

iv. Third-party Monitoring – Permittees may choose to fulfill requirements of 
Provision C.8 using data collected by citizen monitors or other third-party 
organizations, provided the data are demonstrated to meet the data quality 
objectives described in Provision C.8.h. Where an existing third-party 
organization has initiated plans to conduct monitoring that would fulfill a 
requirement(s) of this Provision, but the monitoring would not meet this 
Provision’s due date(s) by a year or less, the Permittees may request that the 
Executive Officer adjust the due date(s) to synchronize with such efforts. 

C.8.b. San Francisco Estuary Receiving Water Monitoring 
With limited exceptions, urban runoff from the Permittees’ jurisdictions ultimately 
discharges to the San Francisco Estuary. Monitoring of the Estuary is intended to 
answer questions20 such as:  

• Are chemical concentrations in the Estuary potentially at levels of concern and 
are associated impacts likely? 

• What are the concentrations and masses of contaminants in the Estuary and its 
segments? 

• What are the sources, pathways, loadings, and processes leading to contaminant 
related impacts in the Estuary? 

• Have the concentrations, masses, and associated impacts of contaminants in the 
Estuary increased or decreased? 

• What are the projected concentrations, masses, and associated impacts of 
contaminants in the Estuary? 

Permittees shall participate in implementing an Estuary receiving water monitoring 
program, at a minimum equivalent to the San Francisco Estuary Regional 
Monitoring Program for Trace Substances (RMP), by contributing their fair-share 
financially on an annual basis. 

C.8.c. Status Monitoring/Rotating Watersheds 
i. Status Monitoring is intended to answer these questions: Are water quality 

objectives, both numeric and narrative, being met in local receiving waters, 

                                                 
20 These are the management questions approved by the Regional Monitoring Program’s Steering Committee  on 

May 9, 2008, and stated at 
http://www.sfei/rmp/rmp_steering_meetings/rmp_steering_meeting_5_09_08/Item%2010a%20Attachment%201
%20%20Draft%20RMP%20Management%20Questions%2005-02-08%20Annotated.pdf. While the stated 
objectives may change over time, the intent of this provision is for Permittees to continue contributing financially 
and as stakeholders in such a program as the RMP, which monitors the quality of San Francisco Bay. 
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including creeks, rivers and tributaries? Are conditions in local receiving waters 
supportive of or likely to be supportive of beneficial uses? 

ii. Parameters and Methods – Permittees shall conduct Status Monitoring using 
the parameters, methods, occurrences, durations, and minimum number of 
sampling sites as described in Table 8.1. Spring sampling shall be conducted 
during the April - June timeframe; dry weather sampling shall be conducted 
during the July - September timeframe. Minor variations of the parameters and 
methods may be allowed with Executive Officer concurrence. 

iii. Frequency – Permittees shall complete the Status Monitoring in Table 8.1 at the 
following frequencies: 

• Alameda Permittees – annually 
• Contra Costa Permittees – annually 
• Fairfield-Suisun Permittees – twice during the Permit term 
• San Mateo Permittees – annually 
• Santa Clara Permittees – annually 
• Vallejo Permittees – once during the Permit term
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Table 8.1 Status Monitoring Elements 

Status Monitoring 
Parameter 

Sampling 
and/or 

Analytical 
Method21 

Minimum 
Sampling 

Occurrence22 

Duration of 
Sampling 

Minimum # Sample Sites to Monitor/Yr23 
Santa Clara & Alameda Permittees/  
Contra Costa & San Mateo Permittees/ 
Fairfield-Suisun & Vallejo Permittees 

Result(s) that Trigger a 
Monitoring Project in 

Provision C.8.d.i. 

Biological Assessment24 
(Includes Physical Habitat 
Assessment and General 
Water Quality Parameters25) 
Nutrients (total phosphorus, 
dissolved orthophosphate, 
total nitrogen, nitrate,  
ammonia, silica, chloride, 

SWAMP Std 
Operating 

Procedure26,27,28 

for Biological 
Assessments & 

PHab; 
SWAMP 

comparable 

1/yr 
(Spring 

Sampling) 
Grab sample Spring 20 / 10 / 4 

 

BMI metrics that indicate 
substantially degraded 

community as per 
Attachment H, Table H-1 

 
For Nutrients: 20% of results 
in one waterbody exceed one 

or more water quality standard 
                                                 

21  Refers to field protocol, instrumentation and/or laboratory protocol. 
22  Refers to the number of sampling events at a specific site in a given year. 
23 The number of sampling sites shown is based on the relative population in each Regional Stormwater Countywide Program and is listed in this order: Santa Clara & 

Alameda Countywide / Contra Costa & San Mateo Countywide / Vallejo & Fairfield-Suisun Programs. 
24  The same general location must be used to collect benthic community, sediment chemistry, and sediment toxicity samples. General Water Quality Parameters need not be 

collected twice, where it is collected by a multi-parameter probe at a subset of these sample sites (see next row of Table 8.1).  
25 Includes dissolved oxygen, temperature, conductivity, and pH.   
26 Ode, P.R. 2007. Standard Operating Procedures for Collecting Benthic Macroinvertebrate Samples and Associated Physical and Chemical Data for Ambient 

Bioassessments in California, California State Water Resources Control Board Surface Water Ambient Monitoring Program (SWAMP), as subsequently revised 
(http://www.waterboards.ca.gov/water_issues/programs/swamp/docs/phab_sopr6.pdf ). Permittees may coordinate with Water Board staff to modify their sampling 
procedures if these referenced procedures change during the Permit term.  

27  Biological assessments shall include benthic macroinvertebrates and algae. Bioassessment sampling method shall be multihabitat reach-wide. Macroinvertebrates shall be 
identified according to the Standard Taxonomic Effort Level I of the Southwestern Association of Freshwater Invertebrate Taxonomists, using the most current SWAMP 
approved method. Current methods are documented in (1) SWAMP Standard Operating Procedure (SOP) and Interim Guidance on Quality Assurance for SWAMP 
Bioassessments, Memorandum to SWAMP Roundtable from Beverly H. van Buuren and Peter R. Ode, 5-21-07, and (2) Amendment to SWAMP Interim Guidance on 
Quality Assurance for SWAMP Bioassessments, Memorandum to SWAMP Roundtable from Beverly H. van Buuren and Peter R. Ode, 9-17-08.  For algae, include mass 
(ash-free dry weight), chlorophyll a, diatom and soft algae taxonomy, and reachwide algal percent cover. Physical Habitat (PHab) Assessment shall include the SWAMP 
basic method plus 1) depth and pebble count + CPOM, 2) cobble embeddedness, 3) discharge measurements, and 4) in-stream habitat. Permittees may coordinate with 
Water Board staff to modify these sampling procedures if SWAMP procedures change during the Permit term.  

28  Algae shall be collected in a consistent timeframe as Regional SWAMP. For guidance on algae sampling and evaluation: Fetscher, A. and K. McLaughlin, May 16, 2008. 
Incorporating Bioassessment Using Freshwater Algae into California’s Surface Water Ambient Monitoring Program (SWAMP). Technical Report 563 and current 
SWAMP-approved updates to Standard Operating Procedures therein. Available at 
http://www.waterboards.ca.gov/water_issues/programs/swamp/docs/reports/563_periphyton_bioassessment.pdf. 
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Status Monitoring 
Parameter 

Sampling 
and/or 

Analytical 
Method21 

Minimum 
Sampling 

Occurrence22 

Duration of 
Sampling 

Minimum # Sample Sites to Monitor/Yr23 
Santa Clara & Alameda Permittees/  
Contra Costa & San Mateo Permittees/ 
Fairfield-Suisun & Vallejo Permittees 

Result(s) that Trigger a 
Monitoring Project in 

Provision C.8.d.i. 

dissolved organic carbon, 
suspended sediment 
concentration) 

methods for 
Nutrients 

 

or established threshold 

General Water Quality29 
Multi-

Parameter 
Probe 

2/yr 
(Concurrent 

with 
bioassessment 
& during the 
Aug. - Sept. 
timeframe) 

15-minute 
intervals for 1-

2 weeks 
3 / 2 / 1 

20% of results in one 
waterbody exceed one or more 

water quality standard or 
established threshold 

Chlorine 
(Free and Total) 

USEPA Std. 
Method 4500 

Cl F30 

2/yr  Spring & 
Dry Seasons Grab sample Spring 20 / 10 / 2 

Dry 3 / 2 / 1 

After immediate resampling, 
concentrations remain > 0.08 

mg/L 

Temperature 
Digital 

Temperature  
Logger 

60-minute 
intervals 

60-minute 
intervals April 
through Sept. 

8 / 4 / 1 
20% of results in one 

waterbody exceed applicable 
temperature threshold31 

Toxicity – 
Water Column32 

Applicable 
SWAMP 

Comparable 
Method 

2/yr 
(1/Dry Season 

& 1 Storm 
Event) 

Grab or 
composite 

sample 
3 / 2 / 1 

If toxicity results < 50% of 
control results, repeat sample. 
If 2nd sample yields < 50% of 

control results, proceed to 
C.8.d.i. 

                                                 
29  Includes dissolved oxygen, temperature, conductivity, and pH. 
30  The method of analysis shall achieve a method detection limit at least as low as that achieved by the Amperometric Titration Method (4500-Cl from Standard 

Methods for Examination of Water and Wastewater, Edition 20).  
31  If temperatures exceed applicable threshold (e.g., Maximum Weekly Average Temperature, Sullivan K., Martin, D.J., Cardwell, R.D., Toll, J.E., Duke, S. 2000. An 

Analysis of the Effects of Temperature on Salmonids of the Pacific Northwest with Implications for Selecting Temperature Criteria, Sustainable Ecosystem 
Institute) or spike with no obvious natural explanation observed. 

32  US EPA three species toxicity tests: Selenastrum growth and Ceriodaphnia and Pimephales with lethal and sublethal endpoints. Also Hyalella azteca with lethal endpoint. 
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Status Monitoring 
Parameter 

Sampling 
and/or 

Analytical 
Method21 

Minimum 
Sampling 

Occurrence22 

Duration of 
Sampling 

Minimum # Sample Sites to Monitor/Yr23 
Santa Clara & Alameda Permittees/  
Contra Costa & San Mateo Permittees/ 
Fairfield-Suisun & Vallejo Permittees 

Result(s) that Trigger a 
Monitoring Project in 

Provision C.8.d.i. 

Toxicity– 
Bedded Sediment, 

Fine-grained33 

Applicable 
SWAMP 

Comparable 
Method 

1/yr 
 Grab sample 

3 / 2 / 1 
At fine-grained depositional area at bottom 

of watershed 
See Attachment H, Table H-1 

Pollutants – 
Bedded Sediment,34 fine-

grained 

Applicable 
SWAMP 

Comparable 
Method 

inc. grain size 

1/yr 
 Grab sample 

3 / 2 / 1 
At fine-grained depositional area at bottom 

of watershed 
See Attachment H, Table H-1 

Pathogen Indicators35 U.S. EPA 
protocol36 

1/yr 
(During 

Summer) 

Follow U.S. 
EPA protocol 

5 / 5 / * 
*Fairfield-Suisun & Vallejo Permittees: 3 

sites twice in permit term 
Exceedance of USEPA criteria  

Stream Survey (stream walk 
& mapping)37 

USA38 or 
equivalent 

1 
waterbody/yr N/A 9 / 6 / 3 stream miles/year N/A 

                                                 
33 Bedded sediments should be fine-grain from depositional areas. Grain size and TOC must be reported. Coordinate with TMDL Provision requirements as applicable. 
34 Bedded sediments should be fine-grain from depositional areas. Grain size and TOC must be reported. Analytes shall include all of those reported in MacDonald et al. 2000 

(including copper, nickel, mercury, PCBs, DDT, chlordane, dieldrin) as well as pyrethroids (see Table 8.4 for list of pyrethroids). Coordinate with TMDL Provision 
requirements as applicable.  MacDonald, D.D., G.G. Ingersoll, and T.A. Berger. 2000. Development and Evaluation of Consensus-based Sediment Quality Guidelines for 
Freshwater Ecosystems. Archives of Environ. Contamination and Toxicology 39(1):20–31. 

35 Includes fecal coliform and E. Coli. 
36  Rather than collecting samples over five separate days, Permittees may use Example #2, pg. 54, of USEPA’s Implementation Guidance for Ambient Water Quality Criteria 

for Bacteria, March 2004 Final.  
37   The Stream Surveys need not be repeated on a watershed if a Stream Survey was completed on that waterbody within the  

previous five years. The number of stream miles to be surveyed in any given year may be less than that shown in Table 8-1 in  
order to avoid repeating surveys at areas surveyed during the previous five years.   

38 Center for Watershed Protection, Manual 10: Unified Stream Assessment: A User's Manual, February 2005. 
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iv. Locations – For each sampling year (per C.8.c.iii.), Permittees shall select at 
least one waterbody to sample from the applicable list below. Locations shall be 
selected so that sampling is sufficient to characterize segments of the 
waterbody(s). For example, Permittees required to collect a larger number of 
samples should sample two or more waterbodies, so that each sampling effort 
represents a reasonable segment length and/or type. Samples shall be collected 
in reaches that receive urban stormwater discharges, except in possible 
infrequent instances where non-urban-impacted stream samples are needed for 
comparison39. Waterbody selection shall be based on factors such as watershed 
area, land use, likelihood of urban runoff impacts, and existing monitoring data.  

Table 8.2 Status Monitoring Locations – Waterbodies 
SCVURPPP ACCWP CCCWP SMCWPPP FSUMRP VALLEJO 
Coyote Creek and 
tributaries 

Arroyo Valle (below 
Livermore or lower) Kirker Creek  San Pedro Creek and 

tributaries 
Laurel 
Creek Chabot Creek 

Guadalupe River and
tributaries Arroyo Mocho  Mt. Diablo 

Creek Pilarcitos Creek  Ledgewood 
Creek  

Austin Creek 
& tributaries 

San Tomas Creek 
and tributaries Tassajara Creek Walnut Creek 

and tributaries Colma Creek    

Calabazas Creek  Alamo Creek Rodeo Creek San Bruno Creek and 
tributaries   

Permanente Creek 
and tributaries 

Arroyo de la 
Laguna  Pinole Creek Millbrae Creek and 

tributaries   

Stevens Creek and 
tributaries 

Alameda Creek (at 
Fremont or below) 

San Pablo 
Creek 

Mills Creek and 
tributaries   

Matadero Creek 
and tributaries 

San Lorenzo Creek 
& tribs  

Alhambra 
Creek 

Easton Creek and 
tributaries   

Adobe Creek San Leandro Creek 
& tribs  Wildcat Creek Sanchez Creek and 

tributaries   

Lower Penitencia 
Creek and 
tributaries  

Oakland, Berkeley, 
or Albany Creeks  Burlingame Creek and 

tributaries   

Barron Creek   San Mateo Creek 
(below dam only)   

San Francisquito 
Creek & tributaries   Borel Creek & 

tributaries   

   Laurel Creek & tribs    
   Belmont Creek & tribs    
   Pulgas Creek & tribs    

   Cordilleras & 
tributaries   

   Redwood Creek & tribs   
   Atherton Creek & tribs    

   San Francisquito Creek 
and tributaries   

                                                 
39   Sampling efforts shall focus on stream reaches with urban stormwater system discharges. Sampling upstream of 

urban outfalls is not precluded where needed to meet sampling plan objectives. 
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v. Status Monitoring Results – When Status Monitoring produces results such as 
those described in the final column of Table 8.1, Permittees shall conduct 
Monitoring Project(s) as described in C.8.d.i. 

C.8.d. Monitoring Projects – Permittees shall conduct the Monitoring Projects listed 
below. 

i. Stressor/Source Identification – When Status results trigger a follow-up action 
as indicated in Table 8.1, Permittees shall take the following actions, as also 
required by Provision C.1. If the trigger stressor or source is already known, 
proceed directly to step 2. The first follow-up action shall be initiated as soon as 
possible, and no later than the second fiscal year after the sampling event that 
triggered the Monitoring Project. 

(1) Conduct a site specific study (or non-site specific if the problem is wide-
spread) in a stepwise process to identify and isolate the cause(s) of the 
trigger stressor/source. This study should follow guidance for Toxicity 
Reduction Evaluations (TRE)40 or Toxicity Identification Evaluations 
(TIE).41 A TRE, as adapted for urban stormwater data, allows Permittees 
to use other sources of information (such as industrial facility stormwater 
monitoring reports) in attempting to determine the trigger cause, 
potentially eliminating the need for a TIE. If a TRE does not result in 
identification of the stressor/source, Permittees shall conduct a TIE. 

(2) Identify and evaluate the effectiveness of options for controlling the 
cause(s) of the trigger stressor/source. 

(3) Implement one or more controls. 

(4) Confirm the reduction of the cause(s) of trigger stressor/source.  

(5) Stressor/Source Identification Project Cap: Permittees who conduct this 
monitoring through a regional collaborative shall be required to initiate 
no more than ten Stressor/Source Identification projects during the Permit 
term in total, and at least two must be toxicity follow-ups, unless 
monitoring results do not indicate the presence of toxicity. If conducted 
through a stormwater countywide program, the Santa Clara and Alameda 

                                                 
40  USEPA. August 1999. Toxicity Reduction Evaluation Guidance for Municipal Wastewater Treatment Plants. 

EPA/833B-99/002. Office of Wastewater Management, Washington, D.C. 
41   Select TIE methods from the following references after conferring with SWAMP personnel: For sediment: 

(1) Ho KT, Burgess R., Mount D, Norberg-King T, Hockett, RS. 2007. Sediment toxicity identification 
evaluation: interstitial and whole methods for freshwater and marine sediments. USEPA, Atlantic Ecology 
Division/Mid-Continental Ecology Division, Office of Research and Development, Narragansett, RI, or 
(2) Anderson, BS, Hunt, JW, Phillips, BM, Tjeerdema, RS. 2007. Navigating the TMDL Process: Sediment 
Toxicity. Final Report- 02-WSM-2. Water Environment Research Federation. 181 pp. For water column: 
(1) USEPA. 1991. Methods for aquatic toxicity identification evaluations. Phase I Toxicity Characterization 
Procedures. EPA 600/6-91/003. Office of Research and Development, Washington, DC., (2) USEPA. 1993. 
Methods for aquatic toxicity identification evaluations. Phase II Toxicity Identification Procedures for Samples 
Exhibiting Acute and Chronic Toxicity. EPA 600/R-92/080. Office of Research and Development, Washington, 
DC., or (3) USEPA. 1996. Marine Toxicity Identification Evaluation (TIE), Phase I Guidance Document. 
EPA/600/R-95/054. Office of Research and Development, Washington, DC. 
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Permittees each shall be required to initiate no more than five (two for 
toxicity); the Contra Costa and San Mateo Permittees each shall be 
required to initiate no more than three (one for toxicity); and the 
Fairfield-Suisun and Vallejo Permittees each shall be required to initiate 
no more than one Stressor/Source Identification project(s) during the 
Permit term.  

(6) As long as Permittees have complied with the procedures set forth above, 
they do not have to repeat the same procedure for continuing or recurring 
exceedances of the same receiving water limitations unless directed to do 
so by the Water Board.  

ii. BMP Effectiveness Investigation – Investigate the effectiveness of one BMP 
for stormwater treatment or hydrograph modification control. Permittees who do 
this project through a regional collaborative are required to initiate no more than 
one BMP Effectiveness Investigation during the Permit term. If conducted 
through a stormwater countywide program, the Santa Clara, Alameda, Contra 
Costa, and San Mateo Permittees shall be required to initiate one BMP 
Effectiveness Investigation each, and the Fairfield-Suisun and Vallejo 
Permittees shall be exempt from this requirement. The BMP(s) used to fulfill 
requirements of C.3.b.iii., C.11.e. and C.12.e. may be used to fulfill this 
requirement, provided the BMP Effectiveness Investigation includes the range 
of pollutants generally found in urban runoff. The BMP Effectiveness 
Investigation will not trigger a Stressor/Source Identification Project. Data from 
this Monitoring Project need not be SWAMP-comparable.  

iii. Geomorphic Project – This monitoring is intended to answer the questions: 
How and where can our creeks be restored or protected to cost-effectively 
reduce the impacts of pollutants, increased flow rates, and increased flow 
durations of urban runoff? 

Permittees shall select a waterbody/reach, preferably one that contains 
significant fish and wildlife resources, and conduct one of the following projects 
within each county, except that only one such project must be completed within 
the collective Fairfield-Suisun and Vallejo Permittees’ jurisdictions: 

(1) Gather geomorphic data to support the efforts of a local watershed 
partnership42 to improve creek conditions; or 

(2) Inventory locations for potential retrofit projects in which decentralized, 
landscape-based stormwater retention units can be installed; or 

(3) Conduct a geomorphic study which will help in development of regional 
curves which help estimate equilibrium channel conditions for different-
sized drainages. Select a waterbody/reach that is not undergoing 
changing land use. Collect and report the following data: 

• Formally surveyed channel dimensions (profile), planform, and cross-
sections. Cross-sections shall include the topmost floodplain terrace and 

                                                 
42  A list of local watershed partnerships may be obtained from Water Board staff. 
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be marked by a permanent, protruding (not flush with ground) 
monument. 

• Contributing drainage area. 
• Best available information on bankfull discharges and width and depth of 

channel formed by bankfull discharges. 
• Best available information on average annual rainfall in the study area. 
Permittees shall complete the selected geomorphic project so that project 
results are reported in the Integrated Monitoring Report (see Provision 
C.8.g.v). 

C.8.e. Pollutants of Concern and Long-Term Trends Monitoring 
Pollutants of Concern (POC) monitoring is intended to assess inputs of Pollutants of 
Concern to the Bay from local tributaries and urban runoff, assess progress toward 
achieving wasteload allocations (WLAs) for TMDLs and help resolve uncertainties 
associated with loading estimates for these pollutants. In particular, there are four 
priority management information needs toward which POC monitoring must be 
directed: 1) identifying which Bay tributaries (including stormwater conveyances) 
contribute most to Bay impairment from pollutants of concern; 2) quantifying annual 
loads or concentrations of pollutants of concern from tributaries to the Bay; 3) 
quantifying the decadal-scale loading or concentration trends of pollutants of 
concern from small tributaries to the Bay; and 4) quantifying the projected impacts 
of management actions (including control measures) on tributaries and identifying 
where these management actions should be implemented to have the greatest 
beneficial impact. 
 
Permittees shall implement the following POC monitoring components or pursue an 
alternative approach that addresses each of the aforementioned management 
information needs. An alternative approach may be pursued by Permittees provided 
that: either similar data types, data quality, data quantity are collected with an 
equivalent level of effort described; or an equivalent level of monitoring effort is 
employed to answer the management information needs. 
 
Long-Term monitoring is intended to assess long-term trends in pollutant 
concentrations and toxicity in receiving waters and sediment, in order to evaluate if 
stormwater discharges are causing or contributing to toxic impacts on aquatic life. 
Permittees shall implement the following Long-Term monitoring components or, 
following approval by the Executive Officer, an equivalent monitoring program. 

i. Pollutants of Concern Loads Monitoring Locations – Permittees shall 
conduct Pollutants of Concern monitoring at stations listed below. Permittees 
may install these stations in two phases providing at least half of the stations are 
monitored in the water year beginning October 2010, and all the stations are 
monitored in the water year beginning October 2012. Upon approval by the 
Executive Officer, Permittees may use alternate POC monitoring locations.  

 

RB-AR6406



Municipal Regional Stormwater Permit   NPDES No. CAS612008 
Order No. R2-2009-0074  Provision C.8. 
 

Provision C.8. Page 82 Date: October 14, 2009 
  Revised:  November 28, 2011 

(1) Castro Valley Creek S3 at USGS gauging station in Castro Valley 

(2) Guadalupe River 

(3) Zone 4 Line A at Chabot Road in Hayward 

(4) Rheem Creek at Giant Road in Richmond 

(5) Walnut Creek at a downstream location 

(6) Calabazas Creek at Lakeside Drive in Sunnyvale, at border with Santa 
Clara 

(7) San Mateo Creek at downstream location 

(8) Laurel Creek at Laurie Meadows park, off Casanova Drive in City of San 
Mateo. 

ii. Long-Term Monitoring Locations – Permittees shall conduct Long-Term 
monitoring at stations listed below. After conferring with the Regional SWAMP 
program, and upon approval by the Executive Officer, Permittees may use 
alternate Long-Term monitoring locations. 

Table 8.3. Long-Term Monitoring Locations 

Stormwater Countywide 
Program Waterbody Suggested Location 

Alameda Permittees 
Alameda Creek OR East of Alvarado Blvd* 

Lower San Leandro Creek Empire Road* 

Contra Costa Permittees 
Kirker Creek  OR Floodway* 

Walnut Creek Concord Avenue* 

Santa Clara Permittees 
Guadalupe River OR USGS Gaging Station 11169025* 

Coyote Creek Montague* 
San Mateo Permittees San Mateo Creek Gateway Park* 

* SWAMP is scheduled to collect sediment toxicity and sediment chemistry samples annually at these 
stations during the month of June. 

iii. Parameters and Frequencies – Permittees shall conduct Pollutants of Concern 
sampling pursuant to Table 8.4, Categories 1 and 2. In Table 8.4, Category 1 
pollutants are those for which the Water Board has active water quality 
attainment strategies (WQAS), such as TMDL or site-specific objective projects. 
Category 2 pollutants are those for which WQAS are in development. The lower 
monitoring frequency for Category 2 pollutants is sufficient to develop 
preliminary loading estimates for these pollutants.  

Permittees shall conduct Long-Term monitoring pursuant to Table 8.4, Category 
3. SWAMP has scheduled collection of Category 3 data at the Long-Term 
monitoring locations stated in C.8.e.ii. As stated in Provision C.8.a.iv., 
Permittees may use SWAMP data to fulfill Category 3 sampling requirements.   

iv. Protocols – At a minimum, sampling and analysis protocols shall be consistent 
with 40 CFR 122.21(g)(7)(ii).   
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v. Methods – Methyl mercury samples shall be grab samples collected during 
storm events that produce rainfall of at least 0.10 inch, shall be frozen 
immediately upon collection, and shall be kept frozen during transport to the 
laboratory. All other Category 1 and 2 samples shall be wet weather flow-
weighted composite samples, collected during storm events that produce rainfall 
of at least 0.10 inch. Sampled storms should be separated by 21 days of dry 
weather, but, at a minimum, sampled storms must have 72 hours of antecedent 
dry weather. Samples must include the first rise in the hydrograph. Category 3 
monitoring data shall be SWAMP-comparable. 

Table 8.4 Pollutants of Concern Loads & Long-Term Monitoring Elements 

Category/Parameter Sampling 
Years 

Minimum 
Sampling 

Occurrence 

Sampling 
Interval 

 Category 1 
• Total and Dissolved Copper 
• Total Mercury43 
• Methyl Mercury 
• Total PCBs44 
• Suspended Sediments (SSC) 
• Total Organic Carbon 
• Toxicity – Water Column 
• Nitrate as N 
• Hardness 

Annually 

Average of 4 wet 
weather events per 
year 
 
For methyl mercury 
only: average of 2 
wet & 2 dry weather 
events per year 

Flow-weighted 
composite 
 
For methyl mercury 
only: grab samples 
collected during the 
first rise in the 
hydrograph of a 
storm event. 

Category 2 
• Total and Dissolved Selenium 
• Total PBDEs (Polybrominated Diphenyl 

Ethers) 
• Total PAHs (Poly-Aromatic Hydrocarbons) 
• Chlordane 
• DDTs (Dichloro-Diphenyl-Trichloroethane) 
• Dieldrin 
• Nitrate as N 
• Pyrethroids - bifenthrin, cyfluthrin, beta-

cyfluthrin, cypermethrin, deltamethrin, 
esfenvalerate, lambda-cyhalothrin, permethrin, 
and tralomethrin 

• Carboryl and fipronil   
• Total and Dissolved Phosphorus 

 

Oct. 2010 -
2011 water 
year and 
 
Oct. 2012 -
2013 water 
year  

2 times per year  Flow-weighted 
composite 

Category 3 
Toxicity – Bedded Sediment, fine-grained45 

Biennially, 
Coordinate 

Once per year, 
during April-June, Grab sample 

                                                 
43  The monitoring type and frequency shown for mercury is not sufficient to determine progress toward achieving 

TMDL load allocations. Progress toward achieving load allocations will be accomplished by assessing loads 
avoided resulting from treatment, source control, and pollution prevention actions. 

44  The monitoring type and frequency shown for PCBs is not sufficient to determine progress toward achieving 
TMDL load allocations. Progress toward achieving load allocations will be accomplished by assessing loads 
avoided resulting from treatment, source control, and pollution prevention actions. 
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Category/Parameter Sampling 
Years 

Minimum 
Sampling 

Occurrence 

Sampling 
Interval 

Pollutants – Bedded Sediment, fine-grained with 
SWAMP 

coordinate with 
SWAMP 

 

vi. Sediment Delivery Estimate/Budget – The objective of this monitoring is to 
develop a strong estimate of the amount of sediment entering the Bay from local 
tributaries and urban drainages. By July 1, 2011, Permittees shall develop a 
design for a robust sediment delivery estimate/sediment budget in local 
tributaries and urban drainages. Permittees shall implement the study by July 1, 
2012. 

vii. Emerging Pollutants – Permittees shall develop a work plan and schedule for 
initial loading estimates and source analyses for emerging pollutants: endocrine-
disrupting compounds, PFOS/PFAS (Perfluorooctane Sulfonates (PFOS),  
Perfluoroalkyl sulfonates (PFAS); these perfluorocompounds are related to 
Teflon products), and NP/NPEs (nonylphenols/nonylphenol esters —estrogen-
like compounds). This work plan, which is to be implemented in the next Permit 
term, shall be submitted with the Integrated Monitoring Report (see Provision 
C.8.g.). 

C.8.f. Citizen Monitoring and Participation 
i. Permittees shall encourage Citizen Monitoring. 

ii. In developing Monitoring Projects and evaluating Status & Trends data, 
Permittees shall make reasonable efforts to seek out citizen and stakeholder 
information and comment regarding waterbody function and quality. 

iii. Permittees shall demonstrate annually that they have encouraged citizen and 
stakeholder observations and reporting of waterbody conditions. Permittees shall 
report on these outreach efforts in the annual Urban Creeks Monitoring Report. 

C.8.g. Reporting 
i. Water Quality Standard Exceedence – When data collected pursuant to 

C.8.a.-C.8.f. indicate that stormwater runoff or dry weather discharges are or 
may be causing or contributing to exceedance(s) of applicable water quality 
standards, including narrative standards, a discussion of possible pollutant 
sources shall be included in the Urban Creeks Monitoring Report. When data 
collected pursuant to C.8.a.-C.8.f. indicate that discharges are causing or 
contributing to an exceedance of an applicable water quality standard, 
Permittees shall notify the Water Board within no more than 30 days of such a 
determination and submit a follow-up report in accordance with Provision C.1 
requirements.  The preceding reporting requirements shall not apply to 

                                                                                                                                                             
45 If Ceriodaphnia, Hyalella azteca, or Pimephales survival or Selenastrum growth is < 50% of control results, repeat 

wet weather sample. If 2nd sample yields < 50% of control results, proceed to C.8.d.i. 
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continuing or recurring exceedances of water quality standards previously 
reported to the Water Board or to exceedances of pollutants that are to be 
addressed pursuant to Provisions C.8 through C.14 of this Order in accordance 
with Provision C.1. 

ii. Status Monitoring Electronic Reporting – Permittees shall submit an 
Electronic Status Monitoring Data Report no later than January 15 of each year, 
reporting on all data collected during the foregoing October 1–September 30 
period. Electronic Status Monitoring Data Reports shall be in a format 
compatible with the SWAMP database.46 Water Quality Objective exceedances 
shall be highlighted in the Report. 

iii. Urban Creeks Monitoring Report – Permittees shall submit a comprehensive 
Urban Creeks Monitoring Report no later than March 15 of each year, reporting 
on all data collected during the foregoing October 1–September 30 period, with 
the initial report due March 15, 2012, unless the Permittees choose to monitor 
through a regional collaborative, in which case the due date is March 15, 2013. 
Each Urban Creeks Monitoring Report shall contain summaries of Status, Long-
Term, Monitoring Projects, and Pollutants of Concern Monitoring including, as 
appropriate, the following: 

(1) Maps and descriptions of all monitoring locations; 

(2) Data tables and graphical data summaries; Constituents that exceed 
applicable water quality standards shall be highlighted; 

(3) For all data, a statement of the data quality; 

(4) An analysis of the data, which shall include the following: 
• Calculations of biological metrics and physical habitat endpoints. 
• Comparison of biological metrics to:  

• Each other 
• Any applicable, available reference site(s) 
• Any applicable, available index of biotic integrity 
• Physical habitat endpoints. 

• Identification and analysis of any long-term trends in stormwater or 
receiving water quality. 

(5) A discussion of the data for each monitoring program component, which 
shall: 

• Discuss monitoring data relative to prior conditions, beneficial uses and 
applicable water quality standards as described in the Basin Plan, the 
Ocean Plan, or the California Toxics Rule or other applicable water 
quality control plans. 

                                                 
46  See http://mpsl.mlml.calstate.edu/swdataformats.htm. Permittees shall maintain an information management 

system that will support electronic transfer of data to the Regional Data Center of the California Environmental 
Data Exchange Network (CEDEN), located within the San Francisco Estuary Institute.  
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• Where appropriate, develop hypotheses to investigate regarding pollutant 
sources, trends, and BMP effectiveness. 

• Identify and prioritize water quality problems. 
• Identify potential sources of water quality problems. 
• Describe follow-up actions. 
• Evaluate the effectiveness of existing control measures. 
• Identify management actions needed to address water quality problems. 

iv. Monitoring Project Reports – Permittees shall report on the status of each 
ongoing Monitoring Project in each annual Urban Creeks Monitoring Report. In 
addition, Permittees shall submit stand-alone summary reports within six months 
of completing BMP Effectiveness and Geomorphic Projects; these reports shall 
include: a description of the project; map(s) of project locations; data tables and 
summaries; and discussion of results.  

v. Integrated Monitoring Report – No later than March 15, 2014, Permittees 
shall prepare and submit an Integrated Monitoring Report through the regional 
collaborative monitoring effort on behalf of all participating Permittees, or on a 
countywide basis on behalf of participating Permittees, so that all monitoring 
conducted during the Permit term is reported.47 This report shall be in lieu of the 
Annual Urban Creeks Monitoring Report due on March 15, 2014.  

The report shall include, but not be limited to, a comprehensive analysis of all 
data collected pursuant to Provision C.8., and may include other pertinent 
studies. For Pollutants of Concern, the report shall include methods, data, 
calculations, load estimates, and source estimates for each Pollutant of Concern 
Monitoring parameter. The report shall include a budget summary for each 
monitoring requirement and recommendations for future monitoring. This report 
will be part of the next Report of Waste Discharge for the reissuance of this 
Permit. 

vi. Standard Report Content –All monitoring reports shall include the following: 

• The purpose of the monitoring and briefly describe the study design rationale. 
• Quality Assurance/Quality Control summaries for sample collection and 

analytical methods, including a discussion of any limitations of the data. 
• Brief descriptions of sampling protocols and analytical methods. 
• Sample location description, including waterbody name and segment and 

latitude and longitude coordinates. 
• Sample ID, collection date (and time if relevant), media (e.g., water, filtered 

water, bed sediment, tissue). 
• Concentrations detected, measurement units, and detection limits. 

                                                 
47  Permittees who do not participate in the Regional Monitoring Group or in a stormwater countywide program 

must submit an individual Integrated Receiving Water Impacts Report. 
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• Assessment, analysis, and interpretation of the data for each monitoring 
program component. 

• Pollutant load and concentration at each mass emissions station. 
• A listing of volunteer and other non-Permittee entities whose data are 

included in the report. 
• Assessment of compliance with applicable water quality standards. 
• A signed certification statement. 

vii. Data Accessibility – Permittees shall make electronic reports available through 
a regional data center, and optionally through their web sites. Permittees shall 
notify stakeholders and members of the general public about the availability of 
electronic and paper monitoring reports through notices distributed through 
appropriate means, such as an electronic mailing list. 

C.8.h. Monitoring Protocols and Data Quality 
Where applicable, monitoring data must be SWAMP comparable. Minimum data 
quality shall be consistent with the latest version of the SWAMP Quality Assurance 
Project Plan (QAPP)48 for applicable parameters, including data quality objectives, 
field and laboratory blanks, field duplicates, laboratory spikes, and clean techniques, 
using the most recent Standard Operating Procedures. A Regional Monitoring 
Collaborative may adapt the SWAMP QAPP for use in conducting monitoring in the 
San Francisco Bay Region, and may use such QAPP if acceptable to the Executive 
Officer.  

 
 

                                                 
48 The current SWAMP QAPP at the time of Permit issuance is dated September 1, 2008, and is available at 

http://www.waterboards.ca.gov/water_issues/programs/swamp/docs/qapp/swamp_qapp_master090108a.pdf.   
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C.9. Pesticides Toxicity Control 
To prevent the impairment of urban streams by pesticide-related toxicity, the Permittees 
shall implement a pesticide toxicity control program that addresses their own and others’ 
use of pesticides within their jurisdictions that pose a threat to water quality and that have 
the potential to enter the municipal conveyance system. This provision implements 
requirements of the TMDL for Diazinon and Pesticide related Toxicity for Urban Creeks 
in the region. The TMDL includes urban runoff allocations for Diazinon of 100 ng/l and 
for pesticide related toxicity of 1.0 Acute Toxicity Units (TUa) and 1.0 Chronic Toxicity 
Units (TUc) to be met in urban creek waters. However, urban runoff management 
agencies (i.e., the Permittees) are not solely responsible for attaining the allocations 
because their authority to regulate pesticide use is constrained by federal and State law. 
Accordingly, the Permittees’ requirements for addressing the allocations are set forth in 
the TMDL implementation plan and are included in this provision.  

Pesticides of concern include: organophosphorous pesticides (chlorpyrifos, diazinon, and 
malathion); pyrethroids (bifenthrin, cyfluthrin, beta-cyfluthrin, cypermethrin, 
deltamethrin, esfenvalerate, lambda-cyhalothrin, permethrin, and tralomethrin); 
carbamates (e.g., carbaryl); and fipronil. The Permittees may coordinate with BASMAA, 
the Urban Pesticide Pollution Prevention Project, the Urban Pesticide Committee, the 
Bay-Friendly Landscaping and Gardening Coalition, and other agencies and 
organizations in carrying out these activities. 

C.9.a. Adopt an Integrated Pest Management (IPM) Policy or Ordinance 
i. Task Description – In their IPM policies or ordinances, the Permittees shall 

include provisions to minimize reliance on pesticides that threaten water quality 
and to require the use of IPM in municipal operations and on municipal 
property. 

ii. Implementation Level – If not already in place, the Permittees shall adopt IPM 
policies or ordinances no later than July 1, 2010. 

iii. Reporting – The Permittees shall submit a copy of their IPM ordinance(s) or 
policy(s) in their 2010 Annual Report.  

C.9.b. Implement IPM Policy or Ordinance 
i. Task Description – The Permittees shall establish written standard operating 

procedures for pesticide use that ensure implementation of the IPM policy or 
ordinance and require municipal employees and contractors to adhere to the IPM 
standard operating procedures. 

ii. Reporting 
(1) In their Annual Reports, the Permittees shall report on IPM 

implementation by showing trends in quantities and types of pesticide 
used, and suggest reasons for increases in use of pesticides that threaten 
water quality, specifically organophosphorous pesticides, pyrethroids, 
carbaryl, and fipronil.  
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(2) The Permittees shall maintain pesticide application standard operating 
procedures and submit them upon request. 

C.9.c. Train Municipal Employees 
i. Task Description – The Permittees shall ensure that all municipal employees 

who, within the scope of their duties, apply or use pesticides that threaten water 
quality are trained in IPM practices and the Permittee’s IPM policy. This 
training may also include other training opportunities such as Bay-Friendly 
Landscape Maintenance Training & Qualification Program and EcoWise 
Certified. 

ii. Reporting 
(1) In their Annual Reports, the Permittees shall report the percentage of 

municipal employees who apply pesticides who have received training in 
IPM policy and IPM standard operating procedures within the last three 
years. 

(2) The Permittees shall submit training materials (e.g., course outline, date, 
attendees) upon request. 

C.9.d. Require Contractors to Implement IPM 
i. Task Description – The Permittees shall hire IPM-certified contractors or 

include contract specifications requiring contractors to implement IPM no later 
than July 1, 2010. 

ii. Reporting – In their Annual Reports, the Permittees shall submit documentation 
to confirm compliance, such as the Permittee’s standard contract specification or 
copy of contractors’ certification(s). 

C.9.e. Track and Participate in Relevant Regulatory Processes (may be done jointly 
with other Permittees, such as through CASQA or BASMAA and/or the Urban 
Pesticide Pollution Prevention Project) 

i. Task Description 
(1) The Permittees shall track USEPA pesticide evaluation and registration 

activities as they relate to surface water quality, and when necessary, 
encourage USEPA to coordinate implementation of the Federal 
Insecticide, Fungicide, and Rodenticide Act and the CWA and to 
accommodate water quality concerns within its pesticide registration 
process; 

(2) The Permittees shall track California Department of Pesticide Regulation 
(DPR) pesticide evaluation activities as they relate to surface water 
quality, and when necessary, encourage DPR to coordinate 
implementation of the California Food and Agriculture Code with the 
California Water Code and to accommodate water quality concerns within 
its pesticide evaluation process; 
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(3) The Permittees shall assemble and submit information (such as monitoring 
data) as needed to assist DPR and County Agricultural Commissioners in 
ensuring that pesticide applications comply with water quality standards; 
and 

(4) As appropriate, the Permittees shall submit comment letters on USEPA 
and DPR re-registration, re-evaluation, and other actions relating to 
pesticides of concern for water quality. 

ii. Reporting – In their Annual Reports, the Permittees who participate in a 
regional effort to comply with C.9.e. may reference a regional report that 
summarizes regional participation efforts, information submitted, and how 
regulatory actions were affected. All other Permittees shall list their specific 
participation efforts, information submitted, and how regulatory actions were 
affected.  

C.9.f. Interface with County Agricultural Commissioners 
i. Task Description – The Permittees shall maintain regular communications with 

county agricultural commissioners (or other appropriate State and/or local 
agencies) to (1) get input and assistance on urban pest management practices 
and use of pesticides, (2) inform them of water quality issues related to 
pesticides, and (3) report violations of pesticide regulations (e.g., illegal 
handling) associated with stormwater management. 

ii. Reporting – In their Annual Reports, the Permittees shall summarize improper 
pesticide usage reported to county agricultural commissioners and report follow-
up actions to correct violations. 

C.9.g. Evaluate Implementation of Source Control Actions Relating to Pesticides 
i. Task Description – The Permittees shall evaluate the effectiveness of the 

control measures implemented, evaluate attainment of pesticide concentration 
and toxicity targets for water and sediment from monitoring data (Provision 
C.8.), and identify improvements to existing control measures and/or additional 
control measures, if needed, to attain targets with an implementation time 
schedule. 

ii. Reporting – In their 2013 Annual Reports, the Permittees shall report the 
evaluation results, and if needed, submit a plan to implement improved and/or 
new control measures. 

C.9.h. Public Outreach (may be done jointly with other Permittees, such as through 
CASQA or BASMAA and/or the Urban Pesticide Pollution Prevention Project or the 
Bay-Friendly Landscaping and Gardening Coalition). 
i. Point of Purchase Outreach: The Permittees shall:  

(1) Conduct outreach to consumers at the point of purchase;  
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(2) Provide targeted information on proper pesticide use and disposal, 
potential adverse impacts on water quality, and less toxic methods of pest 
prevention and control; and  

(3) Participate in and provide resources for the “Our Water, Our World” 
program or a functionally equivalent pesticide use reduction outreach 
program. 

ii. Reporting – In their Annual Reports, the Permittees who participate in a 
regional effort to comply with C.9.h.i. may reference a report that summarizes 
these actions. All other Permittees shall summarize activities completed and 
document any measurable awareness and behavior changes resulting from 
outreach. 

iii. Pest Control Contracting Outreach: The Permittees shall conduct outreach to 
residents who use or contract for structural or landscape pest control and shall:  

(1) Provide targeted information on proper pesticide use and disposal, 
potential adverse impacts on water quality, and less toxic methods of pest 
prevention and control, including IPM; 

(2) Incorporate IPM messages into general outreach; 

(3) Provide information to residents about “Our Water, Our World” or 
functionally equivalent program; 

(4) Provide information to residents about EcoWise Certified IPM 
certification in Structural Pest Management, or functionally equivalent 
certification program; and 

(5) Coordinate with household hazardous-waste programs to facilitate 
appropriate pesticide waste disposal, conduct education and outreach, and 
promote appropriate disposal. 

iv. Reporting – In their 2013 Annual Reports, the Permittees who participate in a 
regional effort to comply with C.9.h.iii. may reference a report that summarizes 
these actions. All other Permittees shall document the effectiveness of their 
actions in their 2013 Annual Reports. This documentation may include 
percentages of residents hiring certified IPM providers and the change in this 
percentage. 

v. Outreach to Pest Control Operators: The Permittees shall conduct outreach to 
pest control operators (PCOs) and landscapers; Permittees are encouraged to 
work with DPR, county agricultural commissioners, UC-IPM, BASMAA, the 
Urban Pesticide Committee, the EcoWise Certified Program (or functionally 
equivalent certification program), the Bio-integral Resource Center and others to 
promote IPM to PCOs and landscapers. 

vi. Reporting – In each Annual Report, the Permittees who participate in a regional 
effort to comply with C.9.h.v. may reference a report that summarizes these 
actions. All other Permittees shall summarize how they reached PCOs and 
landscapers and reduced pesticide use. 
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C.10. Trash Load Reduction  
The Permittees shall demonstrate compliance with Discharge Prohibition A.2 and trash-related 
Receiving Water Limitations through the timely implementation of control measures and other 
actions to reduce trash loads from municipal separate storm sewer systems (MS4s) by 40% by 
2014, 70% by 2017, and 100% by 2022 as further specified below.  

During this permit term, the Permittees shall develop and implement a Short-Term Trash Load 
Reduction Plan. This includes implementation of a mandatory minimum level of trash capture; 
cleanup and abatement progress on a mandatory minimum number of Trash Hot Spots; and 
implementation of other control measures and best management practices, such as trash 
reduction ordinances, to prevent or remove trash loads from MS4s to attain a 40% reduction in 
trash loads by July 1, 2014.  The Permittees shall also develop and begin implementation of a 
Long-Term Trash Load Reduction Plan to attain a 70% reduction in trash loads from their MS4s 
by 2017 and 100% by 2022.  Flood management agencies, which are non-population-based 
Permittees that do not have jurisdiction over urban watershed land, are not subject to these trash 
reduction requirements except for minimum full trash capture and Trash Hot Spot requirements, 
as specified in subsections C.10.a.iii and C.10.b below.  

C.10.a. Short-Term Trash Load Reduction  
i. Short-Term Trash Loading Reduction Plan – Each Permittee shall submit a 

Short-Term Trash Load Reduction Plan, including an implementation schedule, 
to the Water Board by February 1, 2012. The Plan shall describe control 
measures and best management practices, including any trash reduction 
ordinances, that are currently being implemented and the current level of 
implementation and additional control measures and best management practices 
that will be implemented, and/or an increased level of implementation designed 
to attain a 40% trash load reduction from its MS4 by July 1, 2014.  

The Short-Term Trash Load Reduction Plan shall account for required 
mandatory minimum Full Trash Capture devices called for in Provision 
C.10.a.iii and Trash Hot Spot Cleanup called for in Provision C.10.b. 

ii. Baseline Trash Load and Trash Load Reduction Tracking Method – Each 
Permittee, working collaboratively or individually, shall determine the baseline 
trash load from its MS4 to establish the basis for trash load reductions and 
submit the determined load level to the Water Board by February 1, 2012, along 
with documentation of methodology used to determine the load level. The 
submittal shall also include a description of the trash load reduction tracking 
method that will be used to account for trash load reduction actions and to 
demonstrate progress and attainment of trash load reduction levels. The 
submittal shall account for the drainage areas of a Permittee’s jurisdiction that 
are associated with the baseline trash load from its MS4, and the baseline trash 
load level per unit area by land use type and drainage area characteristics used to 
derive the total baseline trash load level for each Permittee.  

In the determination of applicable areas that generate trash loads for inclusion in 
the Baseline Trash Load, the Permittees may propose areas for exclusion, with 
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supporting documentation, which meet Discharge Prohibition A.2 and trash-
related Receiving Water Limitations. Documentation demonstrating no material 
trash presence or adverse impact may include data from the maintenance of 
existing trash capture devices, data from trash flux measurements in the MS4 
and the water column of streams during wet weather, Trash Hot Spot 
assessments, and litter audits of street curb and gutter areas in high pedestrian 
traffic and high commercial activity areas.  

If proposed areas for exclusion are commercial, industrial, or high density 
residential areas, or adjacent to schools or event venues, the Permittee shall 
collect and submit by February 1, 2013, an additional year of documentation to 
further support the basis for the exclusion. If the data continue to support the 
exclusion determination, further trash reduction actions are not required in these 
areas, unless the Water Board notifies the Permittee otherwise. 

Each Permittee shall submit a progress report by February 1, 2011, that indicates 
whether it is determining its baseline trash load and trash load reduction method 
individually or collaboratively with other Permittees and a summary of the 
approach being used.  The report shall also include the types and examples of 
documentation that will be used to propose exclusion areas, and the land use 
characteristics and estimated area of potentially excluded areas. 

iii. Minimum Full Trash Capture – Except as excluded below, population-based 
Permittees shall install and maintain a mandatory minimum number of full trash 
capture devices by July 1, 2014, to treat runoff from an area equivalent to 30% 
of Retail/Wholesale Land49 that drains to MS4s within their jurisdictions (see 
Table 10.1 in Attachment J). If the sum of the areas that generate trash loads 
determined pursuant to C.10.a.ii above is a smaller acreage than the required 
trash capture acreage, a population-based Permittee may reduce its minimum 
full trash capture requirement to the smaller acreage. A population-based 
Permittee with a population less than 12,000 and retail/wholesale land less than 
40 acres, or a population less than 2000, is exempt from this trash capture 
requirement. The minimum number of trash capture devices required to be 
installed and maintained by non-population-based Permittees is included in 
Attachment J. 

All installed devices that meet the following full trash capture definition may be 
counted toward this requirement regardless of date of installation. A full capture 
system or device is any single device or series of devices that traps all particles 
retained by a 5 mm mesh screen and has a design treatment capacity of not less 
than the peak flow rate Q resulting from a one-year, one-hour, storm in the sub-
drainage area.  

 

                                                 
49  [http://quake.abag.ca.gov/mitigation/pickdbh2.html]  and Association of Bay Area Governments, 2005 ABAG 

Land Use Existing Land Use in 2005: Report and Data for Bay Area Counties 
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C.10.b. Trash Hot Spot Selection and Cleanup 
Trash Hot Spots in receiving waters shall be cleaned annually to achieve the multiple benefits 
of beginning abatement of these impacts as mitigation and to learn more about the sources 
and patterns of trash loading. 

i. Hot Spot Cleanup and Definition – The Permittees shall cleanup selected 
Trash Hot Spots to a level of “no visual impact” at least one time per year for 
the term of the permit. Trash Hot Spots shall be at least 100 yards of creek 
length or 200 yards of shoreline length.  

ii. Hot Spot Selection – Population-based Permittees shall identify high trash-
impacted locations on State waters totaling at least one Trash Hot Spot per 
30,000 population, or one per 100 acres of Retail/Wholesale Commercial Land 
Area, within their jurisdictions based on Association of Bay Area Governments 
(ABAG) 2005 data1, whichever is greater. If the hot spot number by one of the 
two determination methods is more than twice that determined by the other 
method, double the smaller hot spot number shall be used.  Otherwise, the larger 
hot spot number determined by the two methods shall be the Trash Hot Spot 
assignment for a population-based Permittee. Each population-based Permittee 
shall select at least one Trash Hot Spot. The Permittees shall each submit 
selected Trash Hot Spots to the Water Board by July 1, 2010. The list should 
include photo documentation (one photo per 50 feet) and initial assessment 
results for the proposed hot spots. The minimum number of Trash Hot Spots per 
Permittee is included in Attachment J for population and non-population-based 
Permittees. The Permittees shall proceed with cleanup of selected Trash Hot 
Spots unless informed otherwise by the Water Board. 

iii. Hot Spot Assessments – The Permittees shall quantify the volume of material 
removed from each Trash Hot Spot cleanup, and identify the dominant types of 
trash (e.g., glass, plastics, paper) removed and their sources to the extent 
possible. Documentation shall include the trash condition before and after clean 
up of the entire hot spot using photo documentation with a minimum of one 
photo per 50 feet of hot spot length. Trash Hot Spots may also be assessed using 
either the Rapid Trash Assessment (RTA v.8) or the SCVURPPP Urban RTA 
variation of that method. 

C.10.c. Long-Term Trash Load Reduction  
Each Permittee shall submit a Long-Term Trash Load Reduction Plan, including an 
implementation schedule, to the Water Board by February 1, 2014. The Plan shall describe 
control measures and best management practices, including any trash reduction ordinances, 
that are being implemented and the level of implementation and additional control measures 
and best management practices that will be implemented, and/or an increased level of 
implementation designed to attain a 70% trash load reduction from its MS4 by July 1, 2017, 
and 100% by July 1, 2022. 
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C.10.d. Reporting 
i. In each Annual Report, each Permittee shall provide a summary of its trash load 

reduction actions (control measures and best management practices) including 
the types of actions and levels of implementation, the total trash loads and 
dominant types of trash removed by its actions, and the total trash loads and 
dominant types of trash for each type of action. The latter shall include each 
Trash Hot Spot selected pursuant to C.10.b. Beginning with the 2012 Annual 
Report, each Permittee shall also report its percent annual trash load reduction 
relative to its Baseline Trash Load. 

ii. The Permittees shall retain records for review providing supporting 
documentation of trash load reduction actions and the volume and dominant 
type of trash removed from full trash capture devices, from each Trash Hot Spot 
cleanup, and from additional control measures or best management practices 
implemented. Data may be combined for specific types of full trash capture 
devices deployed in the same drainage area. These records shall have the 
specificity required for the trash load reduction tracking method established 
pursuant to subsection C.10.a.iii. 
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C.11. Mercury Controls 
The Permittees shall implement the following control programs for mercury. The 
Permittees shall perform the control measures and provide reporting on those control 
measures according to the provisions below. The purpose of this provision is to 
implement the urban runoff requirements of the San Francisco Bay mercury TMDL and 
reduce mercury loads to make substantial progress toward achieving the urban runoff 
mercury load allocation established for the TMDL. The aggregate, regionwide, urban 
runoff wasteload load allocation is 82 kg/yr. This allocation should be achieved by 
February 2028 and, as a way to measure progress, an interim loading milestone of 120 
kg/yr, halfway between the current load and the allocation, should be achieved by 
February 2018. If the interim loading milestone is not achieved, the Permittees shall 
demonstrate reasonable and measurable progress toward achieving the milestone. The 
Permittees may comply with any requirement of this provision through a collaborative 
effort. 

C.11.a. Mercury Collection and Recycling Implemented throughout the Region 
i. Task Description – The Permittees shall promote, facilitate, and/or participate 

in collection and recycling of mercury containing devices and equipment at the 
consumer level (e.g., thermometers, thermostats, switches, bulbs). 

ii. Reporting – The Permittees shall report on these efforts in their Annual Report, 
including an estimate of the mass of mercury collected. 

C.11.b. Monitor Methylmercury 
i. Task Description – The Permittees shall monitor methymercury in runoff 

discharges. The objective of the monitoring is to investigate a representative set 
of drainages and obtain seasonal information and to assess the magnitude and 
spatial/temporal patterns of methylmercury concentrations. 

ii. Implementation Level – The Permittees shall analyze aqueous grab samples 
already being collected for total mercury analysis for methylmercury as 
specified in Provision C.8.f.  

iii. Reporting – The Permittees shall report monitoring results annually beginning 
with their 2010 Annual Report. 

C.11.c. Pilot Projects To Investigate and Abate Mercury Sources in Drainages, 
Including Public Rights-Of-Way, and Stormwater Conveyances with 
Accumulated Sediment that Contains Elevated Mercury Concentrations. 
i. Task Description – The Permittees shall investigate and abate mercury sources 

in or to their storm drain systems in conjunction with the Water Board and other 
appropriate regulatory agencies with investigation and cleanup authorities. The 
purpose of this task is to implement and evaluate the benefit of a suite of 
abatement measures at five pilot project locations. The Permittees shall 
document the knowledge and experience gained through pilot implementation, 
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and this documentation will provide a basis for determining the scope of 
abatement implementation in subsequent permit terms. The Permittees shall also 
quantify and report the amount of mercury loads abated resulting from 
implementation of these measures.  

ii. Implementation Level – Reducing loads of PCBs is the main pilot location 
selection factor for this Provision, and reducing loads of mercury is a secondary 
criterion. Accordingly, for PCB pilot project locations selected as part of 
Provision C.12.c, the Permittees shall conduct reconnaissance in the pilot project 
drainage areas. The Permittees shall test sediments in storm drains and 
conveyances to characterize the extent and magnitude of mercury 
concentrations. They shall evaluate monitoring data and determine if a mercury 
sediment abatement program would reduce mercury loading significantly. If so 
determined, the Permittees shall cause abatement activities to be conducted at 
those sites under Permittee jurisdiction with identified remedial activities. When 
contamination is located on private property, a Permittee must either exercise 
direct authority to require cleanup or notify and request other appropriate 
authorities to exercise their cleanup authority.  

iii. Reporting – Report on mercury-related aspects of work and loads abated as part 
of reporting requirements for Provision C.12.c. 

C.11.d. Pilot Projects to Evaluate and Enhance Municipal Sediment Removal and 
Management Practices 
i. Task Description – The Permittees shall jointly evaluate ways to enhance 

mercury load reduction benefits of operation and maintenance actives that 
remove or manage sediment. The purpose of this task is to implement these 
management practices at the pilot scale in five drainages during this permit term. 
The knowledge and experience gained through pilot implementation will be 
used to determine the implementation scope of enhanced sediment removal and 
management practices in subsequent permit terms. The Permittees shall 
document the knowledge and experience gained through pilot implementation, 
and this documentation will provide a basis for determining the implementation 
scope of enhanced sediment removal management practices in subsequent 
permit terms. The Permittees shall also quantify and report the amount of 
mercury loads removed or avoided resulting from implementation of these 
measures. 

ii. Implementation Level – In all pilot program drainages selected as part of 
Provision C.12.c, the Permittees shall jointly evaluate ways to enhance existing 
sediment removal and management practices such as municipal street sweeping, 
curb clearing parking restrictions, inlet cleaning, catch basin cleaning, stream 
and stormwater conveyance system maintenance, and pump station cleaning via 
increased effort and/or retrofits for the control of mercury. This evaluation shall 
also include consideration of street flushing and capture, collection, or routing to 
the sanitary sewer (in coordination and consultation with local sanitary sewer 
agencies) as a potential enhanced management practice in coordination and 
consultation with local sanitary sewer agencies. 
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Beginning July 1, 2011, the Permittees shall implement pilot studies for the most 
potentially effective measures(s) based on the evaluation of Provision C.11.d.ii 
in all drainages for which PCB pilot projects are being conducted. 

iii. Reporting  
(1) The Permittees shall present a progress report on the results of the 

evaluation in their 2010 Annual Report and the final evaluation results in 
their 2011 Annual Report.   

(2) In their March 15, 2014 Integrated Monitoring Report, the Permittees shall 
report the effectiveness of enhanced practices pilot implementation, report 
estimates of loads reduced, and present a plan and schedule for possible 
expanded implementation for subsequent permit terms. 

C.11.e. Conduct Pilot Projects to Evaluate On-Site Stormwater Treatment via Retrofit 
i. Task Description – The Permittees shall evaluate and quantify the removal of 

mercury by on-site treatment systems via retrofit of such systems into existing 
storm drain systems. The purpose of this task is to implement on-site treatment 
projects at the pilot scale in ten locations during this permit term. The Permittees 
shall document the knowledge and experience gained through pilot 
implementation, and this documentation will provide a basis for determining the 
implementation scope of on-site treatment retrofits in subsequent permit terms. 
The Permittees shall also quantify and report the amount of mercury loads 
removed or avoided resulting from implementation of these measures. 

ii. Implementation Level – The Permittees, working collaboratively, shall identify 
at least ten locations throughout the Permittees’ jurisdictions that present 
opportunities to install and evaluate50 on-site treatment systems (e.g., detention 
basins, bioretention units, sand filters, infiltration basins, treatment wetlands) 
and shall assess best treatment options for those locations. Every county (San 
Mateo, Contra Costa, Alameda, Santa Clara, and Solano) should have at least 
one location. This effort shall identify potential locations draining a variety of 
land uses; evaluate technical feasibility; and discuss economical feasibility. The 
pilot locations may be the same as those chosen for Provision C.12.e, but 
consideration should be given to areas of elevated mercury concentrations. 

On the basis of the Provision C.11.e.ii report, the Permittees shall select sites to 
perform pilot studies and shall conduct pilot studies in ten selected locations. 
Pilot studies shall span treatment types and drainage characteristics. 

iii. Reporting –  
(1) In their 2011 Annual Report, the Permittees shall report on candidate 

locations and types of treatment retrofit for each location. The report shall 
include assessment of at least ten locations. 

                                                 
50 Permittees may evaluate a maximum of two pre-existing treatment systems of the ten total required systems to be 

evaluated provided that these existing treatment systems are applicable to the intent of this provision.. 
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(2) In their March 15, 2014 Integrated Monitoring Report, the Permittees shall 
report status, results, mercury removal effectiveness, and lessons learned 
from the ten pilot studies and their plan for implementing this type of 
treatment on an expanded basis throughout their jurisdictions during the 
next permit term. 

C.11.f. Diversion of Dry Weather and First Flush Flows to Publicly Owned Treatment 
Works (POTWs) 
i. Task Description – The Permittees shall evaluate the reduced loads of mercury 

from diversion of dry weather and first flush stormwater flows to sanitary 
sewers. The Permittees shall document the knowledge and experience gained 
through pilot implementation, and this documentation will provide a basis for 
determining the implementation scope of urban runoff diversion projects in 
subsequent permit terms. The Permittees shall also quantify and report the 
amount of mercury loads removed or avoided resulting from implementation of 
these measures. 

ii. Implementation Level – The Permittees shall implement pilot projects to divert 
dry weather and first flush flows to POTWs to address these flows as a source of 
PCBs and mercury to receiving waters. The Permittees are strongly encouraged 
to make use of stormwater pump stations in this effort because pump station 
characterization work performed pursuant to Provisions C.2 and C.10, 
addressing dissolved oxygen depletion and trash impacts, may be efficiently 
leveraged for the initial phase of these diversion pilot projects. The objectives of 
this Provision are to: implement five pilot projects for urban runoff diversion 
from stormwater pump stations to POTWs; evaluate the reduced loads of 
mercury and PCBs resulting from each diversion; and gather information to 
guide the selection of  additional diversion projects in future permits. 
Collectively, the Permittees shall select five stormwater pump stations and five 
alternates by evaluating drainage characteristics and the feasibility of diverting 
flows to the sanitary sewer.   

(1) The Permittees should work with local POTWs on a watershed, county, or 
regional level to evaluate feasibility and to establish cost sharing 
agreements. The feasibility evaluation shall include, but not be limited to, 
costs, benefits, and impacts on the stormwater and wastewater agencies 
and the receiving waters relevant to the diversion and treatment of the dry 
weather and first flush flows.   

(2) From this feasibility evaluation, the Permittees shall select five pump 
stations and five alternates for pilot diversion studies. At least one urban 
runoff diversion pilot project shall be implemented in each of the five 
counties (San Mateo, Contra Costa, Alameda, Santa Clara, and Solano). 
The pilot and alternate locations should be located in industrially-
dominated catchments where elevated PCB concentrations are 
documented. 
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(3) The Permittees shall implement flow diversion to the sanitary sewer at 
five pilot pump stations. As part of the pilot studies, the Permittees shall 
monitor, measure, and report mercury load reduction. 

iii. Reporting  
(1) The Permittees shall summarize the results of the feasibility evaluation in 

their 2010 Annual Report, including: 
• Selection criteria leading to the identification of the five candidate and 

five alternate pump stations for pilot studies. 
• Time schedules for conducting the pilot studies. 
• A proposed method for distributing mercury load reductions to 

participating wastewater and stormwater agencies. 

(2) The Permittees shall report annually on the status of the pilot studies in 
each subsequent Annual Report. 

(3) The Permittees shall include in their March 15, 2014 Integrated 
Monitoring Report: 
• Evaluation of pilot program effectiveness. 
• Mercury loads reduced. 
• Updated feasibility evaluation procedures to guide future diversion 

project selection. 

C.11.g. Monitor Stormwater Mercury Pollutant Loads and Loads Reduced 
i. Task Description – The Permittees shall develop and implement a monitoring 

program to quantify mercury loads and loads reduced through source control, 
treatment and other management measures as required in Provision C.8.f. 

ii. Implementation Level – The Permittees shall demonstrate progress toward (a) 
the interim loading milestones, or (b) attainment of the program area allocations, 
by using the following methods: 

(1) Quantify through estimates the annual average mercury load reduced by 
implementing pollution prevention, source control and treatment control 
efforts required by the provisions of this permit or other relevant efforts; 
or 

(2) Quantify the mercury load as a rolling five-year annual average using data 
on flow and water column mercury concentrations; or 

(3) Quantitatively demonstrate that the mercury concentration of suspended 
sediment that best represents sediment discharged with urban runoff is 
below the target of 0.2 mg mercury/kg dry weight. 

iii. Reporting 
(1) The Permittees shall report in their 2010 Annual Report methods used to 

assess progress toward meeting WLA goals and a full description of the 
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measurement and estimation methodology and rationale for the 
approaches. 

(2) The Permittees shall report in their March 15, 2014 Integrated Monitoring 
Report results of chosen monitoring/measurement approach concerning 
loads assessment and estimation of loads reduced. 

C.11.h. Fate and Transport Study of Mercury in Urban Runoff 
i. Task Description – The Permittees shall conduct or cause to be conducted 

studies aimed at better understanding the fate, transport, and biological uptake of 
mercury discharged in urban runoff to San Francisco Bay and tidal areas. 

ii. Implementation Level – The specific information needs include understanding 
the in-Bay transport of mercury discharged in urban runoff, the influence of 
urban runoff on the patterns of food web mercury accumulation, and the 
identification of drainages where urban runoff mercury is particularly important 
in food web accumulation. 

iii. Reporting – The Permittees shall submit in their 2010 Annual Report a work 
plan describing the specific manner in which these information needs will be 
accomplished and describing the studies to be performed with a schedule. The 
Permittees shall report on status of these studies in their 2010, 2011, and 2012 
Annual Reports.  In the March 15, 2014 Integrated Monitoring Report, the 
Permittees shall report the findings and results of the studies completed, 
planned, or in progress as well as implications of studies on potential control 
measures to be investigated, piloted or implemented in future permit cycles. 

C.11.i. Development of a Risk Reduction Program Implemented Throughout the 
Region. 
i. Task Description – The Permittees shall develop and implement or participate 

in effective programs to reduce mercury-related risks to humans and quantify 
the resulting risk reductions from these activities.  

ii. Implementation Level – The risk reduction activities shall include investigating 
ways to address public health impacts of mercury in San Francisco Bay/Delta 
fish, including activities that reduce actual and potential exposure of health 
impacts to those people and communities most likely to be affected by mercury 
in San Francisco Bay-caught fish, such as subsistence fishers and their families. 
Such strategies should include public participation in developing effective 
programs in order to ensure their effectiveness. The Permittees may include 
studies needed to establish effective exposure reduction activities and risk 
communication messages as part of their planning. The risk reduction activities 
may be performed by a third party if the Permittees wish to provide funding for 
this purpose. This requirement may be satisfied by a combination of related 
efforts through the Regional Monitoring Program or other similar collaborative 
efforts. 

RB-AR6426



Municipal Regional Stormwater Permit   NPDES No. CAS612008 
Order No. R2-2009-0074  Provision C.11. 
 

Provision C.11. Page 102 Date: October 14, 2009 
  Revised:  November 28, 2011 

iii. Reporting – The Permittees shall submit in their 2010 Annual Report the 
specific manner in which these risk reduction activities will be accomplished 
and describe the studies to be performed with a schedule. The Permittees shall 
report on the status of the risk reduction efforts in their 2011 and 2012 Annual 
Reports. The Permittees shall report the findings and results of the studies 
completed, planned, or in progress as well as the status of other risk reduction 
actions in their March 15, 2014 Integrated Monitoring Report. 

C.11.j. Develop Allocation Sharing Scheme with Caltrans. 
i. Task Description – The wasteload allocations for urban stormwater developed 

through the San Francisco Bay mercury TMDL implicitly include California 
Department of Transportation (Caltrans) roadway and non-roadway facilities 
within the geographic boundaries of urban runoff management agencies.  
Consistent with the TMDL, the Permittees are required to develop an equitable 
mercury allocation-sharing scheme in consultation with Caltrans to address the 
Caltrans facilities in the program area, and report the details to the Water Board. 
Alternatively, Caltrans may choose to implement mercury load reduction actions 
on a watershed or regionwide basis in lieu of sharing a portion of an urban 
runoff management agencies’ mercury allocation. In such a case, the Water 
Board will consider a separate allocation for Caltrans for which it may 
demonstrate progress toward attaining an allocation or load reduction in the 
same manner as municipal programs. 

ii. Reporting – The Permittees shall report on the status of the efforts to develop 
this allocation sharing scheme in their 2010, 2011, and 2012 Annual Reports. 
The Permittees shall submit in their March 15, 2014 Integrated Monitoring 
Report the manner in which the urban runoff mercury TMDL allocation will be 
shared between the Permittees and Caltrans. 
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C.12. Polychlorinated Biphenyls (PCBs) Controls 
The Permittees shall implement the following control programs for PCBs. The Permittees 
shall perform the control measures and provide reporting on those control measures 
according to the provisions below. The purpose of these provisions is to implement the 
urban runoff requirements of the PCBs TMDL and reduce PCBs loads to make 
substantial progress toward achieving the urban runoff PCBs load allocation. The 
Permittees may comply with any requirement of this Provision through a collaborative 
effort. 

C.12.a. Implement Project throughout Region to Incorporate PCBs and PCB-
Containing Equipment Identification into Existing Industrial Inspections 
i. Task Description – The Permittees shall develop training materials and train 

municipal industrial building inspectors to identify, in the course of their 
existing inspections, PCBs or PCB-containing equipment. The Permittees shall 
incorporate such PCB identification into industrial inspection programs. 

ii. Implementation Level – Where inspectors identify during inspections PCBs or 
PCB-containing equipment, the Permittees shall document incidents in 
inspection reports and refer to appropriate regulatory agencies (e.g. county 
health departments, Department of Toxic Substances Control, California 
Department of Public Health, and the Water Board) as necessary. 

iii. Reporting – The Permittees shall report the results of training in their 2010 
Annual Report and report on both ongoing training development and inspections 
for PCB identification in their 2011, and following, Annual Reports. 

C.12.b. Conduct Pilot Projects to Evaluate Managing PCB-Containing Materials and 
Wastes during Building Demolition and Renovation (e.g., Window 
Replacement) Activities 
i. Task Description – The Permittees shall evaluate potential presence of PCBs at 

construction sites, current material handling and disposal regulations/programs 
(e.g., municipal ordinances, RCRA, TSCA) and current level of implementation. 

ii. Implementation Level –  
(1) The Permittees shall develop a sampling and analysis plan to evaluate 

PCBs at construction sites that involve demolition activities (including 
research on when, where, and which materials potentially contained 
PCBs). 

(2) The Permittees shall implement a sampling and analysis plan at a 
minimum of 10 sites distributed throughout the combined Permittees’ 
jurisdiction areas. 

(3) The Permittees shall develop/select BMPs to reduce or prevent discharges 
of PCBs during demolition/remodeling. The BMPs will focus on methods 
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to identify, handle, contain, transport and dispose of PCB-containing 
building materials. 

(4) The Permittees shall develop model ordinances or policies, train and 
deploy inspectors, and pilot test BMPs at 5 sites. 

iii. Reporting –  
(1) In their 2010 Annual Report, the Permittees shall submit the sampling and 

analysis plan (of Provision C.12.b.ii.).  

(2) In their 2010 Annual Report, the Permittees shall submit a status report on 
sampling and analysis along with whatever sampling results are available.  

(3) In their 2011 Annual Report, the Permittees shall submit the results of the 
evaluation (Provision C.12.b.i.) of current regulations, level of 
implementation, and regulatory gaps as well as the final sampling and 
analysis report, a list of appropriate BMPs, BMP training program, and 
model ordinances and policies to prevent PCB discharges from building 
demolition and improvement activities.  

(4) In the March 15, 2014 Integrated Monitoring Report, the Permittees shall 
submit the results of pilot program effectiveness evaluation. 

C.12.c. Pilot Projects to Investigate and Abate On-land Locations with Elevated PCB 
Concentrations, Including Public Rights-of-way, and Stormwater Conveyances 
with Accumulated Sediments with Elevated PCBs Concentrations.  
i. Task Description – The Permittees shall investigate and abate PCBs sources in 

or to their storm drain systems in conjunction with the Water Board and other 
appropriate regulatory agencies with investigation and cleanup authorities. The 
purpose of this task is to implement and evaluate the benefit of a suite of 
abatement measures at five pilot project locations. The Permittees shall 
document the knowledge and experience gained through pilot implementation, 
and this documentation will provide a basis for determining the implementation 
scope of abatement projects in subsequent permit terms. The Permittees shall 
also quantify and report the amount of PCBs loads abated resulting from 
implementation of these measures. 

ii. Implementation Level –  
(1) The Permittees, working collaboratively, shall identify 5 drainage areas 

that contain high levels of PCBs and conduct pilot projects to investigate 
and abate these high PCB concentrations. To accomplish this, the 
Permittees shall interview municipal staff and review municipal databases, 
data collected or compiled through grant-funded efforts, other agency 
files, and other available information to identify potential PCB source 
areas and areas where PCB-contaminated sediment accumulates, including 
within stormwater conveyances. The Permittees shall qualitatively rank 
and map potential PCB source areas within each drainage. Investigation of 
mercury (Provision C.11.c.) shall be included in these efforts unless not 
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appropriate. When contamination is located on private property, the 
Permittees must either exercise direct authority to require cleanup or 
notify and request other appropriate authorities to exercise their cleanup 
authority.  

(2) The Permittees shall conduct reconnaissance surveys of the identified 
drainages and gather information concerning past or current use of PCBs 
to further identify potential source areas and determine whether runoff 
from such locations is likely to convey soils/sediments with PCBs to 
municipal stormwater conveyances. 

(3) The Permittees shall validate existence of elevated PCB concentrations 
through surface soil/sediment sampling and analysis where visual 
inspections and/or other information suggest potential source areas within 
each drainage. 

Where data confirm significantly elevated PCB concentrations in surface 
soils/sediments within the subject pilot drainage, the Permittees shall 
provide available information on current site conditions and 
owner/operators and other potentially responsible parties to Water Board 
and other appropriate regulatory agencies to facilitate their issuance of 
orders for further investigation and remediation of subject sites. The 
Permittees shall assist the Water Board and other appropriate agencies to 
identify/evaluate funding to perform abatement and/or responsible parties 
and abatement options. 

(4) The Permittees shall identify areas for expedited abatement on the basis of 
loading potential including factors such as PCB concentration, mass of 
sediment, and mobilization potential and/or human health protection 
thresholds, such as California Human Health Screening Levels. 

(5) The Permittees shall conduct an abatement program in portions of 
drainages under their jurisdiction in conjunction with the Water Board and 
other appropriate agencies. 

iii. Reporting 
(1) The Permittees shall report on the identified suspect drainage areas 

[Provision C.12.c.ii (1)] in their 2010 Annual Report and results of the 
surveys [Provision C.12.c.ii.(2)] in their 2011 Annual Report.   

(2) The Permittees shall report sampling and chemical analysis results at pilot 
locations [Provision C.12.c.ii.(3)] in their 2011 Annual Reports.  

(3) The Permittees shall report on proposed abatement opportunities and 
activities [Provision C.12.c.ii.(4) and (5)], responsible parties, funding, 
agency oversight, and schedules in their 2012 Annual Report.  

(4) The Permittees shall report results of abatement program effectiveness and 
estimates of loads reduced (see C.11.g) in the March 15, 2014 Integrated 
Monitoring Report. 
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C.12.d. Conduct Pilot Projects to Evaluate and Enhance Municipal Sediment Removal 
and Management Practices 
i. Task Description – The Permittees shall jointly evaluate ways to enhance PCBs 

load reduction benefits of operation and maintenance activities that remove or 
manage sediment. The purpose of this task is to implement these management 
practices at the pilot scale in five drainages during this permit term. The 
Permittees shall document the knowledge and experience gained through pilot 
implementation, and this documentation will provide a basis for determining the 
implementation scope of enhanced sediment removal and management practices 
in subsequent permit terms. The Permittees shall also quantify and report the 
amount of PCBs loads removed or avoided resulting from implementation of 
these measures. 

ii. Implementation Level – In all pilot program drainages selected as part of 
Provision C.12.c, the Permittees shall jointly evaluate ways to enhance existing 
sediment removal and management practices such as municipal street sweeping, 
curb clearing parking restrictions, inlet cleaning, catch basin cleaning, stream 
and stormwater conveyance system maintenance, and pump station cleaning via 
increased effort and/or retrofits. This evaluation shall also include consideration 
of street flushing and capture, collection, or routing to the sanitary sewer (in 
coordination and consultation with local sanitary sewer agency) as a potential 
enhanced management practice. The Permittees shall also jointly evaluate 
existing information on high-efficiency street sweepers. The goal is to evaluate 
the cost-effectiveness of high-efficiency street sweeping relative to reducing 
pollutant loads. The Permittees shall develop recommendations for follow-up 
studies to be conducted. 

iii. Reporting – The Permittees shall submit a progress report on the results of 
these two evaluations in their 2010 Annual Report and the final evaluation 
results in their 2011 Annual Report. 

iv. Beginning July 1, 2011, the Permittees shall implement pilot studies for the most 
potentially effective measure(s) based on the evaluation of Provision C.12.d. ii. 
throughout the region. 

v. Reporting – The Permittees shall report effectiveness of enhanced practices 
pilot implementation in the March 15, 2014 Integrated Monitoring Report, and 
their plan for implementing enhanced practices in the next permit term. 

C.12.e. Conduct Pilot Projects to Evaluate On-Site Stormwater Treatment via Retrofit 
i. Task Description – The Permittees shall evaluate and quantify the removal of 

PCBs by on-site treatment systems via retrofit of such systems into existing 
storm drain systems. The purpose of this task is to implement on-site treatment 
projects at the pilot scale in ten locations during this permit term. The Permittees 
shall document the knowledge and experience gained through pilot 
implementation, and this documentation will provide a basis for determining the 
implementation scope of on-site treatment retrofits in subsequent permit terms.  
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ii. Implementation Level – The Permittees, working collaboratively, shall identify 
at least 10 locations throughout the Permittees’ jurisdictions that present 
opportunities to install and evaluate51 on-site treatment systems (e.g., detention 
basins, bioretention units, sand filters, infiltration basins, treatment wetlands) 
and shall assess the best treatment options for those locations. Every county 
(San Mateo, Contra Costa, Alameda, Santa Clara, and Solano) should have at 
least one location. This assessment shall identify potential locations draining a 
variety of land uses, discuss technical feasibility, and discuss economical 
feasibility. The Permittees shall choose pilot study locations primarily on the 
basis of elevated PCBs concentrations with additional consideration to mercury 
concentrations. 

iii. On the basis of the Provision C.12.e.ii. report, the Permittees shall select sites to 
perform pilot studies and shall conduct pilot studies in selected locations. Taken 
as a group, these 10 pilot study locations should span treatment types and 
drainage characteristics. 

iv. Reporting –  
(1) In their 2011 Annual Report, the Permittees shall report on candidate 

locations with types of treatment retrofit for each location. The report shall 
include assessment of at least 10 locations. 

(2) In the March 15, 2014 Integrated Monitoring Report, the Permittees shall 
report status, results, PCBs-removal effectiveness, and lessons learned 
from the pilot studies and their plan for implementing this type of 
treatment on an expanded basis throughout the region during the next 
permit term. 

C.12.f. Diversion of Dry Weather and First Flush Flows to POTWs 
i. Task Description – The Permittees shall evaluate the reduced loads of PCBs 

from diversion of dry weather and first flush stormwater flows to sanitary 
sewers. The knowledge and experience gained through pilot implementation will 
be used to determine the implementation scope of urban runoff diversion in 
subsequent permit terms. The Permittees shall document the knowledge and 
experience gained through pilot implementation, and this documentation will 
provide a basis for determining the implementation scope of urban runoff 
diversion projects in subsequent permit terms.  

ii. Implementation Level – The Permittees shall implement pilot projects to 
address the role of pump stations as a source of pollutants of concern (primarily 
PCBs and secondarily mercury). This work is in addition to Provisions C.2 and 
C.10 that address dissolved oxygen depletion and trash impacts in receiving 
waters. The objectives of this provision are: to implement five pilot projects for 
urban runoff diversion from stormwater pump stations to POTWs; evaluate the 
reduced loads of mercury and PCBs resulting from the diversion; and gather 

                                                 
51 The Permittees may evaluate a maximum of two pre-existing treatment systems of the ten total required systems 

to be evaluated provided that these existing treatment systems are applicable to the intent of this provision. 
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information to guide the selection of  additional diversion projects required in 
future permits. Collectively, the Permittees shall select 5 stormwater pump 
stations and 5 alternates by evaluating drainage characteristics and the feasibility 
of diverting flows to the sanitary sewer.  

(1) The Permittees should work with the local POTW on a watershed, 
program, or regional level to evaluate feasibility and to establish cost 
sharing agreements. The feasibility evaluation shall include, but not be 
limited to, costs, benefits, and impacts on the stormwater and wastewater 
agencies and the receiving waters relevant to the diversion and treatment 
of the dry weather and first flush flows.  

(2) From this feasibility evaluation, the Permittees shall select 5 pump stations 
and 5 alternates for pilot diversion studies. At least one urban runoff 
diversion pilot project shall be implemented in each of the five counties 
(San Mateo, Contra Costa, Alameda, Santa Clara, and Solano). The pilot 
and alternate locations should be located in industrially dominated 
catchments where elevated PCB concentrations are documented. 

(3) The Permittees shall implement flow diversion to the sanitary sewer at the 
5 pilot pump stations. As part of the pilot studies, they shall monitor and 
measure PCBs load reduction. 

iii. Reporting –  
(1) The Permittees shall summarize the results of the feasibility evaluation in 

their 2010 Annual Report, including: 
• Selection criteria leading to the identification of the 5 candidate and 5 

alternate pump station for pilot studies. 
• Time schedules for conducting the pilot studies. 
• A proposed method for distributing PCBs load reductions to 

participating wastewater and stormwater agencies. 

(2) The Permittees shall report annually on the status of the pilot studies in 
each subsequent annual report. 

(3) The March 15, 2014 Integrated Monitoring Report shall include: 
• Evaluation of pilot program effectiveness. 
• PCBs loads reduced. 
• Updated feasibility evaluation procedures to guide future diversion 

project selection. 
 

C.12.g. Monitor Stormwater PCB Pollutant Loads and Loads Reduced 
The Permittees shall develop and implement a monitoring program as required in 
Provision C.8.f to quantify PCBs loads and loads reduced (see C.11.g for details) 
through the source control, treatment and other management measures implemented 
as part of the pilot studies of C.12.a through C.12.f. 
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C.12.h. Fate and Transport Study of PCBs in Urban Runoff 
i. Task Description – The Permittees shall conduct or cause to be conducted 

studies aimed at better understanding the fate, transport, and biological uptake of 
PCBs discharged in urban runoff. 

ii. Implementation Level –  The specific information needs include understanding 
the in-Bay transport of PCBs discharged in urban runoff, the influence of urban 
runoff on the patterns of food web PCBs accumulation, and the identification of 
drainages where urban runoff PCBs are particularly important in food web 
accumulation. 

iii. Reporting – The Permittees shall submit in their 2010 Annual Report a 
workplan describing the specific manner in which these information needs will 
be accomplished and describing the studies to be performed with a schedule. 
The Permittees shall report on status of the studies in their 2011 and 2012 
Annual Reports. The Permittees shall report in the March 15, 2014 Integrated 
Monitoring Report the findings and results of the studies completed, planned, or 
in progress as well as implications of studies on potential control measures to be 
investigated, piloted or implemented in future permit cycles. 

C.12.i. Development of a Risk Reduction Program Implemented throughout the Region 
i. Task Description – The Permittees shall develop and implement or participate 

in effective programs to reduce PCBs-related risks to humans and quantify the 
resulting risk reductions from these activities.   

ii. Implementation Level – The risk reduction activities shall include investigating 
ways to address public health impacts of PCBs in San Francisco Bay/Delta fish, 
including activities that reduce actual and potential exposure of health impacts 
to those people and communities most likely to be affected by PCBs in San 
Francisco Bay-caught fish, such as subsistence fishers and their families. Such 
strategies should include public participation in developing effective programs 
in order to ensure their effectiveness. The Permittees may include studies needed 
to establish effective exposure reduction activities and risk communication 
messages as part of their planning. The risk reduction activities may be 
performed by a third party if the Permittees wish to provide funding for this 
purpose. This requirement may be satisfied by a combination of related efforts 
through the Regional Monitoring Program or other similar collaborative efforts. 

iii. Reporting – The Permittees shall submit in their 2010 Annual Report the 
specific manner in which these risk reduction activities will be accomplished 
and describe the studies to be performed with a schedule. The Permittees shall 
report on status of the studies in their 2011 and 2012 Annual Reports. The 
Permittees shall report the findings and results of the studies completed, 
planned, or in progress as well as the status of other risk reduction actions in the 
March 15, 2014 Integrated Monitoring Report. 
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C.13. Copper Controls 
The control program for copper is detailed below. The Permittees shall implement the 
control measures and accomplish the reporting on those control measures according to 
the provisions below. The purpose of these provisions is to implement the control 
measures identified in the Basin Plan amendment necessary to support the copper site-
specific objectives in San Francisco Bay. The Permittees may comply with any 
requirement of C.13 Provisions through a collaborative effort. 

C.13.a. Manage Waste Generated from Cleaning and Treating of Copper Architectural 
Features, Including Copper Roofs, during Construction and Post-Construction. 
i. Task Description – The Permittees shall ensure that local ordinance authority is 

established to prohibit the discharge of wastewater to storm drains generated 
from the installation, cleaning, treating, and washing of the surface of copper 
architectural features, including copper roofs to storm drains. 

ii. Implementation Level 
(1) The Permittees shall develop BMPs on how to manage the waste during 

and post-construction. 

(2) The Permittees shall require use of appropriate BMPs when issuing 
building permits. 

(3) The Permittees shall educate installers and operators on appropriate 
BMPs. 

(4) The Permittees shall enforce against noncompliance. 

iii. Reporting 
(1) The Permittees shall certify adequate legal authority in their 2011 Annual 

Report or otherwise provide justification for schedule not to exceed one 
year to comply. 

(2) The Permittees shall report annually, starting with their 2012 Annual 
Report, on training, permitting and enforcement activities. 

(3) In their 2013 Annual Report, the Permittees shall evaluate the 
effectiveness of these measures, including BMP implementation and 
propose any additional measures to address this source. 

C.13.b. Manage Discharges from Pools, Spas, and Fountains that Contain Copper-
Based Chemicals 
i. Task Description – By adopting local ordinances, the Permittees shall prohibit 

discharges to storm drains from pools, spas, and fountains that contain copper-
based chemicals. 

ii. Implementation Level – The Permittees shall either: 1) require installation of a 
sanitary sewer discharge connection for pools, spas, and fountains, including 
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connection for filter backwash, with a proper permit from the POTWs; or 2) 
require diversion of discharge for use in landscaping or irrigation. 

iii. Reporting – The Permittees shall certify adequate legal authority in their 2011 
Annual Report or otherwise provide justification for schedule not to exceed one 
year to comply. 

C.13.c. Vehicle Brake Pads 
i. Task Description – The Permittees shall engage in efforts to reduce the copper 

discharged from automobile brake pads to surface waters via urban runoff. 

ii. Implementation Level – The Permittees shall participate in the Brake Pad 
Partnership (BPP) process to develop California legislation phasing out copper 
from certain automobile brake pads sold in California. 

iii. Reporting – The Permittees shall report on legislation development and 
implementation status in Annual Reports during the permit term. In their 2013 
Annual Report, the Permittees shall assess status of copper water quality issues 
associated with automobile brake pads and recommend brake pad-related 
actions for inclusion in subsequent permits if needed. 

C.13.d. Industrial Sources 
i. Task Description – The Permittees shall ensure industrial facilities do not 

discharge elevated levels of copper to storm drains by ensuring, through 
industrial facility inspections, that proper BMPs are in place. 

ii. Implementation Level –  
(1) As part of industrial site controls required by Provision C.4, the Permittees 

shall identify facilities likely to use copper or have sources of copper (e.g., 
plating facilities, metal finishers, auto dismantlers) and include them in 
their inspection program plans.  

(2) The Permittees shall educate industrial inspectors on industrial facilities 
likely to use copper or have sources of copper and proper BMPs for them.  

(3) As part of the industrial inspection, inspectors shall ensure that proper 
BMPs are in place at such facilities to minimize discharge of copper to 
storm drains, including consideration of roof runoff that might accumulate 
copper deposits from ventilation systems on-site. 

iii. Reporting 
The Permittees shall highlight copper reduction results in the industrial 
inspection component in the C.13 portion of each Annual Report beginning 
September 2010. 
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C.13.e. Studies to Reduce Copper Pollutant Impact Uncertainties 
i. Task Description – The Permittees shall conduct or cause to be conducted 

technical studies to investigate possible copper sediment toxicity and technical 
studies to investigate sub-lethal effects on salmonids. 

ii. Implementation Level – Technical uncertainties regarding copper effects in the 
Bay are described in the Basin Plan’s implementation program for copper site-
specific objectives.  These uncertainties include toxicity to Bay benthic 
organisms possibly caused by high copper concentrations as well as possible 
impacts to the olfactory system of salmonids. The Permittees shall ensure that 
these studies are supported and conducted. Similar requirements are included in 
NPDES permits for wastewater discharges. The Permittees shall submit in their 
2010 Annual Report the specific manner in which these information needs will 
be accomplished and describe the studies to be performed with a schedule. The 
Permittees shall report the findings and results of the studies completed, 
planned, or in progress in their 2012 Annual Report. 
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C.14. Polybrominated Diphenyl Ethers (PBDE), Legacy Pesticides and 
Selenium 
The control program for PBDEs, legacy pesticides, and selenium is detailed below. The 
Permittees shall perform the control measures and accomplish the reporting on those 
control measures according to the provisions below. The purpose of these provisions is to 
gather concentration and loading information on a number of pollutants of concern (e.g., 
PBDEs, DDT, dieldrin, chlordane, selenium) for which TMDLs are planned or are in the 
early stages of development. The Permittees may comply with any requirement of C.14 
Provisions through a collaborative effort. 

C.14.a. Control Program for PBDEs, Legacy Pesticides, and Selenium. 
i. Task Description – To determine if urban runoff is a conveyance mechanism 

associated with the possible impairment of San Francisco Bay for PBDEs, 
legacy pesticides (such as DDT, dieldrin, and chlordane), and selenium, the 
Permittees shall work with the other municipal stormwater management 
agencies in the Bay Region to implement a plan (PBDEs/Legacy 
Pesticides/Selenium Plans) to identify, assess, and manage controllable sources 
of PBDEs, legacy pesticides, and selenium found in urban runoff, if any. The 
Water Board recognizes that these three pollutants are distinct in terms of origin 
and transport, but they have been grouped into a single permit provision because 
the requirements are identical. The Water Board anticipates that some of the 
control measures that are developed for PCBs consistent with aforementioned 
efforts warrant consideration for the control of PBDEs and possibly legacy 
pesticides. 

ii. Implementation Level – The PBDEs/Legacy Pesticides/Selenium Plan shall 
include actions to do the following: 

Characterize the representative distribution of PBDEs, legacy pesticides, and 
selenium in the urban areas of the Bay Region covered by this permit to 
determine: 

(1) If PBDEs, legacy pesticides, and selenium are present in urban runoff; 

(2) If PBDEs, legacy pesticides, or selenium are distributed relatively 
uniformly in urban areas; and 

(3) Whether storm drains or other surface drainage pathways are sources of 
PBDEs, legacy pesticides, or selenium in themselves, or whether there are 
specific locations within urban watersheds where prior or current uses 
result in land sources contributing to discharges of PBDEs, legacy 
pesticides, or selenium to San Francisco Bay via urban runoff conveyance 
systems. 

iii. Report on progress in 2010 and 2011 Annual Reports. Submit in the 2012 
Annual Report a report with the results of the characterization of PBDEs, legacy 
pesticides, and selenium in urban areas throughout the Bay Region. 
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iv. Provide information to allow calculation of PBDEs, legacy pesticides, and 
selenium loads to San Francisco Bay from urban runoff conveyance systems. 

v. Submit in the 2013 Annual Report a report with the information required to 
compute such loads to San Francisco Bay of PBDEs, legacy pesticides, and 
selenium from urban runoff conveyance systems throughout the Bay. 

vi. Identify control measures and/or management practices to eliminate or reduce 
discharges of PBDEs, legacy pesticides, or selenium conveyed by urban runoff 
conveyance systems. 

vii. Submit in the 2013 Annual Report a report identifying such control 
measures/management practices.  
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C.15. Exempted and Conditionally Exempted Discharges 
The objective of this provision is to exempt unpolluted non-stormwater discharges from 
Discharge Prohibition A.1 and to conditionally exempt non-stormwater discharges that 
are potential sources of pollutants.  In order for non-stormwater discharges to be 
conditionally exempted from Discharge Prohibition A.1, the Permittees must identify 
appropriate BMPs, monitor the non-stormwater discharges where necessary, and ensure 
implementation of effective control measures – as listed below – to eliminate adverse 
impacts to waters of the State consistent with the discharge prohibitions of the Order.  

C.15.a. Exempted Non-Stormwater Discharges (Exempted Discharges): 
i. Discharge Type – In carrying out Discharge Prohibition A.1, the following 

unpolluted discharges are exempted from prohibition of non-stormwater 
discharges: 

(1) Flows from riparian habitats or wetlands; 

(2) Diverted stream flows; 

(3) Flows from natural springs; 

(4) Rising ground waters; 

(5) Uncontaminated and unpolluted groundwater infiltration;  

(6) Single family homes’ pumped groundwater, foundation drains, and water 
from crawl space pumps and footing drains; 

(7) Pumped groundwater from drinking water aquifers; and 

(8) NPDES permitted discharges (individual or general permits). 

ii. Implementation Level – The non-stormwater discharges listed in Provision 
C.15.a.i above are exempted unless they are identified by the Permittees or the 
Executive Officer as sources of pollutants to receiving waters. If any of the 
above categories of discharges, or sources of such discharges, are identified as 
sources of pollutants to receiving waters, such categories or sources shall be 
addressed as conditionally exempted discharges in accordance with Provision 
C.15.b below. 

C.15.b. Conditionally Exempted Non-Stormwater Discharges: 
The following non-stormwater discharges are also exempt from Discharge 
Prohibition A.1 if they are either identified by the Permittees or the Executive 
Officer as not being sources of pollutants to receiving waters, or if appropriate 
control measures to eliminate adverse impacts of such sources are developed and 
implemented in accordance with the tasks and implementation levels of each 
category of Provision C.15.b.i-viii below.  

i. Discharge Type – Pumped Groundwater, Foundation Drains, and Water from 
Crawl Space Pumps and Footing Drains 
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(1) Pumped Groundwater from Non Drinking Water Aquifers – 
Groundwater pumped from monitoring wells, used for groundwater basin 
management, which are owned and/or operated by the Permittees who 
pump groundwater as drinking water.  These aquifers tend to be shallower, 
when compared to drinking water aquifers. 
(a) Implementation Level – Twice a year (once during the wet season 

and once during the dry season), representative samples shall be taken 
from each aquifer that potentially will discharge or has discharged 
into a storm drain.  Samples collected and analyzed for compliance in 
accordance with self-monitoring requirements of other NPDES 
permits or sample data collected for drinking water regulatory 
compliance may be submitted to comply with this requirement as long 
as they meet the following criteria: 
(i) The water samples shall meet water quality standards consistent 

with the existing effluent limitations in the Water Board’s 
NPDES General Permits, such as NPDES Nos. CAG912002 and 
CAG912003 for Discharge or Reuse of Extracted and Treated 
Groundwater Resulting from the Cleanup of Groundwater 
Polluted by fuel and VOCs, respectively, and NPDES No. 
CAG912004 for discharges of low-level, incidental, and 
potentially contaminated groundwater. 

(ii) The water samples shall be analyzed using approved USEPA 
Methods (e.g., (a) USEPA Method 160.2 for total suspended 
solids; (b) USEPA Method 8015 Modified for total petroleum 
hydrocarbons; (c) USEPA Method 8260B and 8270C or 
equivalent for volatile and semi-volatile organic compounds; and 
(d) USEPA Method 3005 for metals. 

(iii) The water samples shall be analyzed for pH and turbidity. 
(iv) If a Permittee is unable to comply with the above criteria, the 

Permittee shall notify the Water Board upon becoming aware of 
the compliance issue. 

(b) Required BMPs – When uncontaminated (meeting the criteria in 
C.15.b.i.(1)(a)(i)) groundwater is discharged from these monitoring 
wells, the following shall be implemented: 
(i) Discharges shall be properly controlled and maintained to 

prevent erosion at the discharge point and at a rate that avoids 
scouring of banks and excess sedimentation in the receiving 
waterbody. 

(ii) Appropriate BMPs shall be implemented to remove total 
suspended solids and silt to allowable discharge levels.  
Appropriate BMPs may include filtration, settling, coagulant 
application with no residual coagulant discharge, minor odor or 
color removal with activated carbon, small scale peroxide 
addition, or other minor treatment. 
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(iii) Turbidity of the discharged groundwater shall be maintained 
below 50 NTUs for discharges to dry creeks, 110 percent of the 
ambient stream turbidity for a flowing stream with turbidities 
greater than 50 NTU, or 5 NTU above ambient turbidity for 
flowing streams with turbidities less than or equal to 50 NTU. 

(iv) pH of the discharged groundwater shall be maintained within the 
range of 6.5 to 8.5. 

(c) Reporting – The Permittees shall maintain records of these 
discharges, BMPs implemented, and any monitoring data collected. 

(2) Pumped52 Groundwater, Foundation Drains, and Water from Crawl 
Space Pumps and Footing Drains 
(a) Proposed new discharges of uncontaminated groundwater at flows of 

10,000 gallons/day or more and all new discharges of potentially 
contaminated groundwater shall be reported to the Water Board so 
that they can be subject to NPDES permitting requirements. 

(b) Proposed new discharges of uncontaminated groundwater at flows of 
less than 10,000 gallons/day shall be encouraged to discharge to a 
landscaped area or bioretention unit that is large enough to 
accommodate the volume. 

(c) If the discharge options in C.15.b.i.(2)(b) above are not feasible and 
these discharges must enter a storm drain, sampling shall be done to 
verify that the discharge is uncontaminated. 
(i) The discharge shall meet water quality standards consistent with 

the existing effluent limitations in the Water Board’s NPDES 
General Permits, such as NPDES Nos. CAG912002 and 
CAG912003 for Discharge or Reuse of Extracted and Treated 
Groundwater Resulting from the Cleanup of Groundwater 
Polluted by fuel and VOCs, respectively, and NPDES No. 
CAG912004 for discharges of low-level, incidental, and 
potentially contaminated groundwater. 

(ii) The Permittees shall require that water samples from these 
discharge types  be analyzed using approved USEPA Methods 
(e.g., (a) USEPA Method 160.2 for total suspended solids; (b) 
USEPA Method 8015 Modified for total petroleum 
hydrocarbons; (c) USEPA Method 8260B and 8270C or 
equivalent for volatile and semi-volatile organic compounds; and 
(d) USEPA Method 3005 for metals. 

(d) Required BMPs – When the discharge has been verified as 
uncontaminated per sampling completed in C.15.b.i.(2)(c) above, the 
Permittees shall require the following during discharge: 
(i) Proper control and maintain to prevent erosion at the discharge 

point and at a rate that avoids scouring of banks and excess 
sedimentation in the receiving waterbody. 

                                                 
52  Pumped groundwater not exempted in C.15.a or conditionally exempted in C.15.b.i.(1). 
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(ii) Appropriate BMPs to render pumped groundwater free of 
pollutants and therefore exempted from prohibition may include 
the following: filtration, settling, coagulant application with no 
residual coagulant discharge, minor odor or color removal with 
activated carbon, small scale peroxide addition, or other minor 
treatment. 

(iii) Testing of water samples for turbidity and pH on the first two 
consecutive days of dewatering. 

(iv) Turbidity of discharged groundwater shall be maintained below 
50 NTU for discharges to dry creeks, 110 percent of the ambient 
stream turbidity for a flowing stream with turbidities greater than 
50 NTU, or 5 NTU above ambient turbidity for a flowing stream 
with turbidities less than or equal to 50 NTU.  

(v) pH of discharged water shall be maintained within the range of 
6.5 to 8.5. 

(e) If a Permittee determines that a discharger or a project proponent is 
unable to comply with the above criteria, the discharger shall be 
directed to obtain approval or permits directly from the Water Board. 

(f) Reporting – The Permittees shall maintain records of these 
discharges, BMPs implemented, and any monitoring data collected. 

ii. Discharge Type – Air Conditioning Condensate 
Required BMPs – Condensate from air conditioning units shall be directed to 
landscaped areas or the ground. Discharge to a storm drain system may be 
allowed if discharge to landscaped areas or the ground is not feasible. 

iii. Discharge Types – Planned,53 Unplanned,54 and Emergency Discharges of the 
Potable Water System 

(1) Planned Discharges – Planned discharges are routine operation and 
maintenance activities in the potable water distribution system that can be 
scheduled in advance, such as disinfecting water mains, testing fire 
hydrants, storage tank maintenance, cleaning and lining pipe sections, 
routine distribution system flushing, reservoir dewatering, and water main 
dewatering activities. The following requirements only apply to those 
Permittees that are water purveyors and pertain to their planned discharges 
of potable water to their storm drain systems.  
(a) Required BMPs55 – The Permittees shall implement appropriate 

BMPs for dechlorination, and erosion and sediment controls for all 
planned potable water discharges. 

                                                 
53  Planned discharges typically result from required routine operation and maintenance activities that can be 

scheduled in advance. Planned discharges are easier to control than unplanned discharges, and the BMPs are 
significantly easier to plan and implement. 

54  Unplanned discharges are non-routine, the result of accidents or incidents that cannot be scheduled or planned 
for in advance. 
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(b) Notification Requirements 
(i) The Permittees shall notify the Water Board staff at least one 

week in advance for planned discharges with a flow rate of 
250,000 gallons per day or more, or a total volume of 500,000 
gallons or more.  The Permittees shall also notify other 
interested parties who may be impacted by planned discharges, 
such as flood control agencies, downstream jurisdictions, and 
non-governmental organizations such as creek groups, before 
discharge. The notification shall include the following 
information, but is not limited to: (1) project name; (2) type of 
discharges; (3) receiving waterbody(ies); (4) date of discharge; 
(5) time of discharge (in military time); (6) estimated volume 
(gallons); and (7) estimated flow rate (gallons per day); and (8) 
monitoring plan of the discharges and receiving water. If 
receiving water monitoring is infeasible or is not practicable, 
justification shall be provided.  

(c) Monitoring and Reporting Requirements 
(i) The Permittees shall monitor planned discharges for pH, 

chlorine residual, and turbidity. 
(ii) The following discharge benchmarks shall be used to evaluate 

the effectiveness of BMPs for all planned discharges: 
• Chlorine residual 0.05 mg/L using the field test (Standard 

Methods 4500-Cl F and F) or equivalent 
• pH ranges between 6.5 and 8.5 
• Turbidity of 50 NTU post-BMPs or limit increase in turbidity 

above background level as follows: 
Receiving Water Background Incremental Increase 
Dry Creek  50 NTU 
< 50 NTU 5 NTU 
50–100 NTU  10 NTU 
> 100 NTU  10% of background 

(iii) The Permittees shall submit the following information with the 
Annual Report in tabular form for all planned discharges.  
Reporting content shall include, but is not limited to the 
following parameters: (1) project name; (2) type of discharge; 
(3) receiving waterbody(ies); (4) date of discharge; (5) duration 
of discharge (in military time); (6) estimated volume (gallons); 
(7) estimated flow rate (gallons per day); (8) chlorine residual 
(mg/L); (9) pH; (10) turbidity (NTU) for receiving water where 
feasible and point of discharge, and (11) description of 
implemented BMPs or corrective actions. 

                                                                                                                                                             
55  Reference for BMPs, monitoring methods: Guidelines for the Development of Your BMP Manual for Drinking 

Water System Releases. Developed by the California-Nevada Sections of the American Water Works Association 
(CA-NV AWWA), Environmental Compliance Committee (ECC) 2005. 

RB-AR6444



Municipal Regional Stormwater Permit   NPDES No. CAS612008 
Order No. R2-2009-0074  Provision C.15. 
 

Provision C.15. Page 120 Date: October 14, 2009 
  Revised:  November 28, 2011 

(2) Unplanned Discharges – Unplanned discharges are non-routine activities 
such as water line breaks, leaks, overflows, fire hydrant shearing, and 
emergency flushing. The following requirements only apply to those 
Permittees that are water purveyors and pertain to their unplanned 
discharges of potable water to their storm drain systems. 
(a) Required BMPs – The Permittees shall implement appropriate BMPs 

for dechlorination and erosion and sediment control for all unplanned 
discharges upon containing the discharge and attaining safety of the 
discharge site. 

(b) Administrative BMPs – In some instances, the Permittees shall 
implement Administrative BMPs, such as source control measures, 
managerial practices, operations and maintenance procedures, or other 
measures to reduce or prevent potential pollutants from being 
discharged during unplanned discharges upon containing the 
discharge and attaining safety of the discharge site. 

(c) Notification Requirements 
(i) The Permittees shall report to the State Office of Emergency 

Services as soon as possible, but no later than two hours after 
becoming aware of (1) any aquatic impacts (e.g., fish kill) as a 
result of the unplanned discharges, or (2) when the discharge 
might endanger or compromise public health and safety. 

(ii) The Permittees shall report to Water Board staff, by telephone or 
email as soon as possible, but no later than 24 hours after 
becoming aware of any unplanned discharges, where the total 
chlorine residual is greater than 0.05 mg/L and the total volume 
is approximately 50,000 gallons or more. 
• Within five working days after the 24-hour telephone or 

email report, the Permittees shall submit a report 
documenting the discharge and corrective actions taken to 
Water Board staff and other interested parties. 

(d) Monitoring and Reporting Requirements 
(i) The Permittees shall monitor at least 10% of their unplanned 

discharges for pH and chlorine residual, and visually assess each 
discharge for turbidity immediately downstream of  
implemented BMPs to demonstrate their effectiveness. After the 
implementation of appropriate BMPs, the discharge pH levels 
outside the discharge ranges (below 6.5 and above 8.5), chlorine 
residual above 0.05 mg/l, or moderate and high turbidity shall 
trigger BMP improvement.  If the Permittees monitor more than 
10% of the unplanned discharges, all monitoring results shall be 
included in the Annual Report. 

(ii) The Permittees shall submit the following information with the 
Annual Report in tabular form for all unplanned discharges. The 
reporting format and content shall be as described in Provision 
C.15.b.ii.(1)(c)(iii) of the Planned Discharges above.  In 
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addition, these reports shall also state the time of discharge 
discovery, notification time, inspector arrival time, and 
responding crew arrival time. 

(iii) After 18 months of consecutive data gathering, a Permittee may 
propose, to the Executive Officer, a reduced monitoring plan 
targeting specific “high-risk” or “environmentally sensitive” 
areas (i.e., areas that are prone to erosion and excess 
sedimentation at high flows, support rare or endangered species, 
or provide aquatic habitat with proven effective BMPs).  Until 
the Executive Officer approves the reduced monitoring plan, the 
Permittee shall continue the monitoring plan prescribed in 
C.15.b.iii.(2)(d)(i).  

(3) Emergency Discharges – Emergency discharges are the result of 
firefighting, unauthorized hydrant openings, natural or man-made disasters 
(e.g., earthquakes, floods, wildfires, accidents, terrorist actions). 
Required BMPs 
(a) The Permittees shall implement or require fire fighting personnel to 

implement BMPs for emergency discharges.  However, the BMPs 
should not interfere with immediate emergency response operations 
or impact public health and safety.  BMPs may include, but are not 
limited to, the plugging of the storm drain collection system for 
temporary storage, the proper disposal of water according to 
jurisdictional requirements, and the use of foam where there may be 
toxic substances on the property the fire is located. 

(b) During emergency situations, priority of efforts shall be directed 
toward life, property, and the environment (in descending order). The 
Permittees or fire fighting personnel shall control the pollution threat 
from their activities to the extent that time and resources allow. 

(c) Reporting Requirements – Reporting requirements will be 
determined by Water Board staff on a case-by-case basis, such as for 
fire incidents at chemical plants. 

iv. Discharge Type – Individual Residential Car Washing 
Required BMPs 
(1) The Permittees shall discourage through outreach efforts individual 

residential car washing within their jurisdictional areas that discharge 
directly into their MS4s. 

(2) The Permittees shall encourage individuals to direct car wash waters to 
landscaped areas, use as little detergent as necessary, wash cars at 
commercial car wash facilities, etc. 
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v. Discharge Type – Swimming Pool, Hot Tub, Spa, and Fountain Water 
Discharges 
(1) Required BMPs 

(a) The Permittees shall prohibit discharge of water that contains chlorine 
residual, copper algaecide, filter backwash or other pollutants to storm 
drains or to waterbodies.  Such polluted discharges from pools, hot 
tubs, spas, and fountains shall be directed to the sanitary sewer (with 
the local sanitary sewer agency’s approval) or to landscaped areas that 
can accommodate the volume.  

(b) Discharges from swimming pools, hot tubs, spas and fountains shall 
be allowed into storm drain collection systems only if there are no 
other feasible disposal alternatives (e.g., disposal to sanitary sewer or 
landscaped areas) and if the discharge is properly dechlorinated to 
non-detectable levels of chlorine consistent with water quality 
standards. 

(c) The Permittees shall require that new or rebuilt swimming pools, hot 
tubs, spas and fountains within their jurisdictions have a connection56 
to the sanitary sewer to facilitate draining events. The Permittees shall 
coordinate with local sanitary sewer agencies to determine the 
standards and requirements necessary for the installation of a sanitary 
sewer discharge location to allow draining events for pools, hot tubs, 
spas, and fountains to occur with the proper permits from the local 
sanitary sewer agency. 

(d) The Permittees shall improve their public outreach and educational 
efforts and ensure implementation of the required BMPs and 
compliance in commercial, municipal, and residential facilities. 

(e) The Permittees shall implement the Illicit Discharge Enforcement 
Response Plan from C.5.b for polluted (contains chlorine, copper 
algaecide, filter backwash, or other pollutants) swimming pool, hot 
tub, spa, or fountain waters that get discharged into the storm drain. 

(2) Reporting – The Permittees shall keep records of the authorized major 
discharges of dechlorinated pool, hot tubs, spa and fountain water to the 
storm drain, including BMPs employed; such records shall be available for 
inspection by the Water Board. 

vi. Discharge Type – Irrigation Water, Landscape Irrigation, and Lawn or 
Garden Watering 
(1) Required BMPs – The Permittees shall promote measures that minimize 

runoff and pollutant loading from excess irrigation via the following: 
(a) Promoting and/or working with potable water purveyors to promote 

conservation programs that minimize discharges from lawn watering 
and landscape irrigation practices; 

                                                 
56  This connection could be a drain in the pool to the sanitary sewer or a sanitary sewer clean out located close 

enough to the pool so that a hose can readily direct the pool discharge into the sanitary sewer clean out. 
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(b) Promoting outreach messages regarding the use of less toxic options 
for pest control and landscape management; 

(c) Promoting and/or working with potable water purveyors to promote 
the use of drought tolerant, native vegetation to minimize landscape 
irrigation demands;  

(d) Promoting and/or working with potable water purveyors to promote 
outreach messages that encourage appropriate applications of water 
needed for irrigation and other watering practices; and, 

(e) Implementing the Illicit Discharge Enforcement Response Plan from 
C.5.b, as necessary, for ongoing, large-volume landscape irrigation 
runoff to their MS4s. 

(2) Reporting – The Permittees shall provide implementation summaries in 
their Annual Report. 

vii. Additional Discharge Types –The Permittees shall identify and describe 
additional types and categories of discharges not yet listed in Provision C.15.b 
that they propose to conditionally exempt from Prohibition A.1 in periodic 
submissions to the Executive Officer. For each such category, the Permittees 
shall identify and describe, as necessary and appropriate to the category, either 
documentation that the discharges are not sources of pollutants to receiving 
waters or circumstances in which they are not found to be sources of pollutants 
to receiving waters. Otherwise, the Permittees shall describe control measures to 
eliminate adverse impacts of such sources, procedures and performance 
standards for their implementation, procedures for notifying the Water Board of 
these discharges, and procedures for monitoring and record management. 

viii. Permit Authorization for Exempted Non-Stormwater Discharges 
(1) Discharges of non-stormwater from sources owned or operated by the 

Permittees are authorized and permitted by this Permit, if they are in 
accordance with the conditions of this provision. 

(2) The Water Board may require dischargers of non-stormwater, other than 
the Permittees, to apply for and obtain coverage under an NPDES permit 
and to comply with the control measures pursuant to Provision C.15.b. 
Non-stormwater discharges that are in compliance with such control 
measures may be accepted by a Permittee and are not subject to 
Prohibition A.1. 

(3) The Permittees may propose, as part of their annual updates consistent 
with the requirements of Provision C.15.b of this Permit, additional 
categories of non-stormwater discharges with BMPs, to be included in the 
exemption to Prohibition A.1.  Such proposals may be subject to approval 
by the Executive Officer as a minor modification of the Permit. 
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C.16. Annual Reports 

C.16.a. The Permittees shall submit Annual Reports electronically and in paper copy upon 
request by September 15 of each year. Each Annual Report shall report on the 
previous fiscal year beginning July 1 and ending June 30. The annual reporting 
requirements are set forth in Provisions C.1 – C.15. The Permittees shall retain 
documentation as necessary to support their Annual Report. The Permittees shall 
make this supporting information available upon request within a timely manner, 
generally no more that ten business days unless otherwise agreed to by the Executive 
Officer. 

C.16.b. The Permittees shall collaboratively develop a common annual reporting format for 
acceptance by the Executive Officer by April 1, 2010. The resulting Annual Report 
Form, once approved, shall be used by all Permittees. The Annual Report Form may 
be changed by April 1 of each year for the following annual report, to more 
accurately reflect the reporting requirements of Provisions C.1 – C.15, with the 
agreement of the Permittees and by the approval of the Executive Officer.  

C.16.c. The Permittees shall certify in each Annual Report that they are in compliance with 
all requirements of the Order. If a Permittee is unable to certify compliance with a 
requirement, it must submit in the Annual Report the reason for failure to comply, a 
description and schedule of tasks necessary to achieve compliance, and an estimated 
date for achieving full compliance. 

C.17. Modifications to this Order 
This Order may be modified, or alternatively, revoked or reissued, before the expiration 
date as follows: 

C.17.a. To address significant changed conditions identified in the technical or Annual 
Reports required by the Water Board, or through other means or communication, that 
were unknown at the time of the issuance of this Order; 

C.17.b. To incorporate applicable requirements of statewide water quality control plans 
adopted by the State Board or amendments to the Basin Plan approved by the State 
Board; or 

C.17.c. To comply with any applicable requirements, guidelines, or regulations issued or 
approved under section 402(p) of the CWA, if the requirement, guideline, or 
regulation so issued or approved contains different conditions or additional 
requirements not provided for in this Order. The Order as modified or reissued under 
this paragraph shall also contain any other requirements of the CWA then applicable. 
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C.18. Standard Provisions 
Each Permittee shall comply with all parts of the Standard Provisions contained in 
Attachment K of this Order. 

C.19. Expiration Date 
This Order expires on November 30, 2014, five years from the effective date of this 
Order. The Permittees must file a Report of Waste Discharge in accordance with Title 23, 
California Code of Regulations, not later than 180 days in advance of such date as 
application for reissuance of waste discharge requirements. 

C.20. Rescission of Old Orders 
Order Nos. 99-058, 99-059, 01-024, R2-2003-0021, and R2-2003-0034 are hereby 
rescinded on the effective date of this Order, which shall be December 1, 2009, provided 
that the Regional Administrator of USEPA, Region IX, does not object. 

C.21. Effective Date 
The Effective Date of this Order and Permit shall be December 1, 2009, provided that the 
Regional Administrator of USEPA, Region IX, does not object. 

 
 
I, Bruce H. Wolfe, Executive Officer, do hereby certify that the foregoing is a full, true, and 
correct copy of an Order adopted by the California Regional Water Quality Control Board, San 
Francisco Bay Region, on October 14, 2009 and revised on November 28, 2011 by Order No. 
R2-2011-0083. 
 
 
 
 
 

______________________________ 
Bruce H. Wolfe 
Executive Officer 

 
Appendix I:     Municipal Regional Stormwater Permit Fact Sheet 
Attachment A: Provision C.3.b. Sample Reporting Table 
Attachment B: Provision C.3.g. Alameda Permittees Hydromodification Requirements 
Attachment C: Provision C.3.g. Contra Costa Permittees Hydromodification Requirements 
Attachment D: Provision C.3.g. Fairfield-Suisun Permittees Hydromodification Requirements 
Attachment E: Provision C.3.g. San Mateo Permittees Hydromodification Requirements 
Attachment F: Provision C.3.g. Santa Clara Permittees Hydromodification Requirements 
Attachment G: Provision C.3.h. Sample Reporting Table  
Attachment H: Provision C.8. Status & Long-Term Monitoring Follow-up Analysis and Actions 
Attachment I:  Provision C.8. Standard Monitoring Provisions 
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Attachment J: Provision C.10.  Minimum Trash Capture Areas and Minimum Number of Trash 
Hot Spots 

Attachment K: Standard NPDES Stormwater Permit Provisions 
Attachment L: Provision C.3.c.i.(1)(b)(vi) Specification of Soils for Biotreatment or 

Bioretention Facilities 
Attachment M: Provision C.3.g. Revised HM Map for Santa Clara Permittees  
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ACRONYMS & ABBREVIATIONS 

 
ACCWP Alameda Countywide Clean Water Program 

BAHM Bay Area Hydrology Model 

Basin Plan Water Quality Control Plan for the San Francisco Bay Basin 

BASMAA Bay Area Stormwater Management Agencies Association 

BMPs Best Management Practices  

CASQA California Stormwater Quality Association 

CCC California Coastal Commission 

CCCWP Contra Costa Clean Water Program 

CDFG California Department of Fish and Game 

CEQA California Environmental Quality Act 

CFR Code of Federal Regulations 

CSBP California Stream Bioassessment Procedures 

CWA Federal Clean Water Act 

CWC  California Water Code 

DCIA  Directly Connected Impervious Area  

ERP Enforcement Response Plan 

FR Federal Register 

GIS Geographic information System 

HBANC Homebuilders Association of Northern California 

HM Hydromodification Management 

HMP Hydromodification Management Plan 

IC/ID Illicit Connections and Illicit Discharges 

IPM Integrated Pest Management 

LID Low Impact Development 

MEP Maximum Extent Practicable  

MRP Municipal Stormwater Regional Permit 

MS4  Municipal Separate Storm Sewer System 

MTC Metropolitan Transportation Commission 
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NAFSMA National Association of Flood & Stormwater Management Agencies 

NOI Notice of Intent 

NPDES National Pollutant Discharge Elimination System  

NRDC Natural Resources Defense Council 

O&M Operation and Maintenance 

PBDE Polybrominated Diphenyl Ether 

POTW Publicly Owned Treatment Works 

RCRA Resource Conservation and Recovery Act 

RMP Regional Monitoring Program 

ROWD Report of Waste Discharge 

RTA Rapid Trash Assessment 

SARA Superfund Amendments and Reauthorization Act 

SCURTA Santa Clara Urban Rapid Trash Assessment 

SCVURPPP Santa Clara Valley Urban Runoff Pollution Prevention Program 

SFRWQCB San Francisco Bay Regional Water Quality Control Board 

SIC Standard Industrial Classification 

SMWPPP San Mateo Countywide Water Pollution Prevention Program 

SOP  Standard Operating Procedure 

SWAMP Surface Water Ambient Monitoring Program 

SWPPP Stormwater Pollution Prevention Plan 

SWRCB State Water Resources Control Board 

TIE Toxicity Identification Evaluation 

TMDLs Total Maximum Daily Loads 

TSCA Toxic Substances Control Act 

USEPA Unites States Environmental Protection Agency 

Water Board San Francisco Bay Regional Water Quality Control Board 

WLAs Wasteload Allocations 
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GLOSSARY 

Arterial Roads 
Freeways, multilane highways, and other important roadways that supplement the 
Interstate System.  Arterial roads connect, as directly as practicable, principal 
urbanized areas, cities, and industrial centers. 

Beneficial Uses  

The uses of water of the state protected against degradation, such as domestic, 
municipal, agricultural and industrial supply; power generation; recreation; 
aesthetic enjoyment; navigation and preservation of fish and wildlife, and other 
aquatic resources or preserves.   

Collector Roads   Major and minor roads that connect local roads with arterial roads.  Collector roads 
provide less mobility than arterial roads at lower speeds and for shorter distances. 

Commercial Development  
Development or redevelopment to be used for commercial purposes, such as office 
buildings, retail or wholesale facilities, restaurants, shopping centers, hotels, and 
warehouses.   

Construction Site 

Any project, including projects requiring coverage under the General Construction 
Permit, that involves soil disturbing activities including, but not limited to, clearing, 
grading, paving, disturbances to ground such as stockpiling, and excavation. 
Construction sites are all sites with disturbed or graded land area not protected by 
vegetation, or pavement, that are subject to a building or grading permit. 

Conditionally Exempted 
Non-Stormwater 
Discharge 

Non-stormwater discharges that are prohibited by A.1. of this permit, unless such 
discharges are authorized by a separate NPDES permit or are not in violation of 
water quality standards because appropriate BMPs have been implemented to 
reduce pollutants to the maximum extent practicable, consistent with Provision 
C.15.  

Discharger Any responsible party or site owner or operator within the Permittees’ jurisdiction 
whose site discharges stormwater runoff, or a non-stormwater discharge 

Detached Single-family 
Home Project 

The building of one single new house or the addition and/or replacement of 
impervious surface associated with one single existing house, which is not part of a 
larger plan of development.    

Development 

Construction, rehabilitation, redevelopment, or reconstruction of any public or 
private residential project (whether single-family, multi-unit, or planned unit 
development); or industrial, commercial, retail or other nonresidential project, 
including public agency projects.   

Estate Residential  
Development Development zoned for a minimum 1 acre lot size 

Emerging Pollutants 

Pollutants in water that either: 
(1) May not have been thoroughly studied to date but are suspected by the scientific 

community to be a source of impairment of beneficial uses and/or present a 
health risk; or 

(2) Are not yet part of a monitoring program.   

Erosion The diminishing or wearing away of land due to wind, or water.  Often the eroded 
debris (silt or sediment) becomes a pollutant via stormwater runoff.  Erosion occurs 
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naturally, but can be intensified by land disturbing and grading activities such as 
farming, development, road building, and timber harvesting.  

Full Trash Capture 
Device 

Full trash capture systems are defined as “any device or series of devices that traps 
all particles retained by a 5mm mesh screen and has a design treatment capacity of 
not less than the peak flow rate resulting from a one-year, one-hour, storm in the 
tributary drainage catchment area.”  Trash collection booms and sea curtains do not 
meet this definition, but are effective for removal of floating trash if properly 
maintained.  Because these devices do not meet the Full Trash Capture Device 
definition, only ¼ of the catchment area treated by these measures is credited 
toward meeting the trash management area requirement of C.10.a. 

General Permits 

Waste Discharge Requirements or NPDES Permits containing requirements that are 
applicable to a class or category of dischargers.  The State of California has general 
stormwater permits for construction sites that disturb soil of 1 acre or more; 
industrial facilities; `Phase II smaller municipalities (including nontraditional Small 
MS4s, which are governmental facilities, such as military bases, public campuses, 
and prison and hospital complexes); and small linear underground/overhead 
projects disturbing at least 1 acre, but less than 5 acres (including trenching and 
staging areas). 

Grading The cutting and/or filling of the land surface to a slope or elevation. 

Hydrologic source control 
measures 

Site design techniques that minimize and/or slow the rate of stormwater runoff from 
the site. 

Hydromodification 

The modification of a stream’s hydrograph, caused in general by increases in flows 
and durations that result when land is developed (e.g., made more impervious).  
The effects of hydromodification include, but are not limited to, increased bed and 
bank erosion, loss of habitat, increased sediment transport and deposition, and 
increased flooding. 

Illicit Discharge 

Any discharge to a municipal separate storm sewer (storm drain) system (MS4) that 
is prohibited under local, state, or federal statutes, ordinances, codes, or regulations.  
The term illicit discharge includes all non-stormwater discharges not composed 
entirely of stormwater and discharges that are identified under Section A. 
(Discharge Prohibitions) of this Permit.  The term illicit discharge does not include 
discharges that are regulated by an NPDES permit (other than the NPDES permit 
for discharges from the MS4) or authorized by the Regional Water Board Executive 
Officer. 

Impervious Surface 

A surface covering or pavement of a developed parcel of land that prevents the 
land’s natural ability to absorb and infiltrate rainfall/stormwater.  Impervious 
surfaces include, but are not limited to, roof tops; walkways; patios; driveways; 
parking lots; storage areas; impervious concrete and asphalt; and any other 
continuous watertight pavement or covering.  Landscaped soil and pervious 
pavement, including pavers with pervious openings and seams, underlain with 
pervious soil or pervious storage material, such as a gravel layer sufficient to hold 
at least the C.3.d volume of rainfall runoff are not impervious surfaces.  Open, 
uncovered retention/detention facilities shall not be considered as impervious 
surfaces for purposes of determining whether a project is a Regulated Project under 
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Provisions C.3.b. and C.3.g.  Open, uncovered retention/detention facilities shall be 
considered impervious surfaces for purposes of runoff modeling and meeting the 
Hydromodification Standard.   

Industrial Development  Development or redevelopment of property to be used for industrial purposes, such 
as factories; manufacturing buildings; and research and development parks.  

Infill Site 

A site in an urbanized area where the immediately adjacent parcels are developed 
with one or more qualified urban uses or at least 75% of the perimeter of the site 
adjoins parcels that are developed with qualified urban uses and the remaining 25% 
of the site adjoins parcels that have previously been developed for qualified urban 
uses and no parcel within the site has been created within the past 10 years. 

Infiltration Device 

Any structure that is deeper than wide and designed to infiltrate stormwater into the 
subsurface, and, as designed, bypass the natural groundwater protection afforded by 
surface soil.  These devices include dry wells, injection wells, and infiltration 
trenches (includes French drains).   

Joint Stormwater 
Treatment Facility 

A stormwater treatment facility built to treat the combined runoff from two or more 
Regulated Projects located adjacent to each other, 

Local Roads 

Roads that provide limited mobility and are the primary access to residential areas, 
businesses, farms, and other local areas.  Local roads offer the lowest level of 
mobility and usually contain no bus routes.  Service to through traffic movement 
usually is deliberately discouraged in local roads. 

Maximum Extent 
Practicable (MEP) 

A standard for implementation of stormwater management actions to reduce 
pollutants in stormwater.   Clean Water Act (CWA) 402(p)(3)(B)(iii) requires that 
municipal stormwater permits “shall require controls to reduce the discharge of 
pollutants to the maximum extent practicable, including management practices, 
control techniques and system, design and engineering methods, and such other 
provisions as the Administrator or the State determines appropriate for the control 
of such pollutants.”  Also see State Board Order WQ 2000-11.   

Mixed-use Development 
or Redevelopment 

Development or redevelopment of property to be used for two or more different 
uses, all intended to be harmonious and complementary.  An example is a high-rise 
building with retail shops on the first 2 floors, office space on floors 3 through 10, 
apartments on the next 10 floors, and a restaurant on the top floor.   

Municipal Separate Storm 
Sewer System (MS4) 

A conveyance or system of conveyances (including roads with drainage systems, 
municipal streets, catch basins, curbs, gutters, ditches, manmade channels, or storm 
drains), as defined in 40 CFR 122.26(b)(8): 
(1) Owned or operated by a state, city, town, borough, county, parish, district, 

association, or other public body (created by or pursuant to State law...including 
special districts under State law such as a sewer district, flood control district or 
drainage district, or similar entity, or an Indian tribe or an authorized Indian 
tribal organization or a designated and approved management agency under 
section 208 of the CWA) that discharges into waters of the United States; 

(2) Designed or used for collecting or conveying stormwater; 
(3) Which is not a combined sewer; and 
(4) Which is not part of a Publicly Owned Treatment Works (POTW), as defined in 
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40 CFR 122.2. 

Municipal Corporation 
Yards, Vehicle 
Maintenance/Material 
Storage Facilities/  

Any Permittee-owned or -operated facility, or portion thereof, that: 
(1) Conducts industrial activity, operates or stores equipment, and materials; 
(2) Performs fleet vehicle service/maintenance including repair, maintenance, 

washing, or fueling; 
(3) Performs maintenance and/or repair of machinery/equipment; 

National Pollutant 
Discharge Elimination 
System (NPDES) 

A national program for issuing, modifying, revoking and reissuing, terminating, 
monitoring and enforcing permits, and imposing and enforcing pretreatment 
requirements, under sections 307, 402, 318, and 405 of the CWA. 

Notice of Intent (NOI) The application form by which dischargers seek coverage under General Permits, 
unless the General Permit requires otherwise.  

Parking Lot  Land area or facility for the parking or storage of motor vehicles used for business, 
commerce, industry, or personal use. 

Permittee/Permittees Municipal agency/agencies that are named in and subject to the requirements of this 
Permit.  

Permit Effective Date The date at least 45 days after Permit adoption, provided the Regional 
Administrator of U.S. EPA Region 9 has no objection, whichever is later.   

Pervious Pavement 
Pavement that stores and infiltrates rainfall at a rate equal to immediately 
surrounding unpaved, landscaped areas, or that stores and infiltrates the rainfall 
runoff volume described in C.3.d. 

Point Source 

Any discernible, confined, and discrete conveyance including, but not limited to, 
any pipe, ditch, channel, tunnel, conduit, well, discrete fissure, container, rolling 
stock, concentrated animal feeding operations, landfill leachate collection systems, 
vessel, or other floating craft, from which pollutants are or may be discharged. This 
term does not include return flows from irrigated agriculture or agricultural 
stormwater runoff. 

Pollutants of Concern 

Pollutants that impair waterbodies listed under CWA section 303(d), pollutants 
associated with the land use type of a development, including pollutants commonly 
associated with urban runoff. Pollutants commonly associated with stormwater 
runoff include, but are not limited to, total suspended solids; sediment; pathogens 
(e.g., bacteria, viruses, protozoa); heavy metals (e.g., copper, lead, zinc, and 
cadmium); petroleum products and polynuclear aromatic hydrocarbons; synthetic 
organics (e.g., pesticides, herbicides, and PCBs); nutrients (e.g., nitrogen and 
phosphorus fertilizers); oxygen-demanding substances (e.g., decaying vegetation  
and animal waste) litter and trash.     

Potable Water Water that is safe for domestic use, drinking, and cooking. 

Pre-Project Runoff 
Conditions 

Stormwater runoff conditions that exist onsite immediately before development 
activities occur. This definition is not intended to be interpreted as that period 
before any human-induced land activities occurred. This definition pertains to 
redevelopment as well as initial development. 

Public Development  Any construction, rehabilitation, redevelopment or reconstruction of any public 
agency project, including but not limited to, libraries, office buildings, roads, and 
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highways. 

Redevelopment 
Land-disturbing activity that results in the creation, addition, or replacement of 
exterior impervious surface area on a site on which some past development has 
occurred. 

Regional Monitoring 
Program (RMP) 

A monitoring program aimed at determining San Francisco Bay Region receiving 
water conditions.  The program was established in 1993 through an agreement 
among the Water Board, wastewater discharger agencies, dredgers, Municipal 
Stormwater Permittees and the San Francisco Estuary Institute to provide regular 
sampling of Bay sediments, water, and organisms for pollutants. The program is 
funded by the dischargers and  managed by San Francisco Estuary Institute. 

Regional Project A regional or municipal stormwater treatment facility that discharges into the same 
watershed that the Regulated Project does. 

Regulated Projects Development projects as defined in Provision C.3.b.ii. 

Residential Housing 
Subdivision 

Any property development of multiple single-family homes or of dwelling units 
intended for multiple families/households (e.g., apartments, condominiums, and 
town homes).   

Retrofitting  Installing improved pollution control devices at existing facilities to attain water 
quality objectives. 

Sediments Soil, sand, and minerals washed from land into water, usually after rain.   

Solid Waste All putrescible and nonputrescible solid, semisolid, and liquid wastes as defined by 
California Government Code Section 68055.1 (h). 

Source Control BMP 

Land use or site planning practices, or structural or nonstructural measures, that aim 
to prevent runoff pollution by reducing the potential for contact with rainfall runoff 
at the source of pollution. Source control BMPs minimize the contact between 
pollutants and urban runoff. 

Standard Industrial 
Classification (SIC) 

A federal system for classifying establishments by the type of activity in which they 
are engaged using a four-digit code. 

Stormwater Pumping 
Station  

Mechanical device (or pump) that is installed in MS4s or pipelines to discharge 
stormwater runoff and prevent flooding. 

Stormwater Treatment 
System  

Any engineered system designed to remove pollutants from stormwater runoff by 
settling, filtration, biological degradation, plant uptake, media 
absorption/adsorption or other physical, biological, or chemical process.  This 
includes landscape-based systems such as grassy swales and bioretention units as 
well as proprietary systems.   

Surface Water Ambient 
Monitoring Program 
(SWAMP) 

The State Water Board’s program to monitor surface water quality; coordinate 
consistent scientific methods; and design strategies for improving water quality 
monitoring, assessment, and reporting. 

Total Maximum Daily 
Loads (TMDLs) 

The maximum amount of a pollutant that can be discharged into a waterbody from 
all sources (point and nonpoint) and still maintain water quality standards. Under 
CWA section 303(d), TMDLs must be developed for all waterbodies that do not 
meet water quality standards even after application of technology-based controls, 
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more stringent effluent limitations required by a state or local authority, and other 
pollution control requirements such as BMPs. 

Toxicity Identification 
Evaluation (TIE) 

TIE is a series of laboratory procedures used to identify the chemical(s) responsible 
for toxicity to aquatic life. These procedures are designed to decrease, increase, or 
transform the bioavailable fractions of contaminants to assess their contributions to 
sample toxicity. TIEs are conducted separately on water column and sediment 
samples. 

Trash and Litter 

Trash consists of litter and particles of litter.  California Government Code Section 
68055.1 (g) defines litter as all improperly discarded waste material, including, but 
not limited to, convenience food, beverage, and other product packages or 
containers constructed of steel, aluminum, glass, paper, plastic, and other natural 
and synthetic materials, thrown or deposited on the lands and waters of the state, 
but not including the properly discarded waste of the primary processing of 
agriculture, mining, logging, sawmilling, or manufacturing. 

Treatment Any method, technique, or process designed to remove pollutants and/or solids 
from polluted stormwater runoff, wastewater, or effluent. 

Waste Load Allocations 
(WLAs) 

A portion of a receiving water’s TMDL that is allocated to one of its existing or 
future point sources of pollution.  

Water Quality Control 
Plan (Basin Plan) 

The Water Quality Control Plan for the San Francisco Bay Basin (Basin Plan) is the 
Board's master water quality control planning document. It designates beneficial 
uses and water quality objectives for waters of the State within the Region, 
including surface waters and groundwater. It also includes programs of 
implementation to achieve water quality objectives and discharge prohibitions. The 
Basin Plan was duly adopted and approved by the State Water Resources Control 
Board, U.S. EPA, and the Office of Administrative Law where required. The latest 
version is effective as of December 22, 2006.   

Water Quality Objectives 

The limits or levels of water quality elements or biological characteristics 
established to reasonably protect the beneficial uses of water or to prevent pollution 
problems within a specific area. Water quality objectives may be numeric or 
narrative. 

Water Quality Standards 

State-adopted and USEPA-approved water quality standards for waterbodies.  The 
standards prescribe the use of the waterbody and establish the water quality criteria 
that must be met to protect designated uses.  Water quality standards also include 
the federal and state anti-degradation policy. 

Wet Season October 1 through April 30 of each year 
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FACT SHEET/RATIONALE 
TECHNICAL REPORT  

for 

ORDER NO. R2-2009-0074   

NPDES Permit No. CAS612008 

Municipal Regional Stormwater NPDES Permit 
and 

Waste Discharge Requirements 
 

for 
 

The cities of Alameda, Albany, Berkeley, Dublin, Emeryville, Fremont, Hayward, 
Livermore, Newark, Oakland, Piedmont, Pleasanton, San Leandro, and Union City, 
Alameda County, the Alameda County Flood Control and Water Conservation District, 
and Zone 7 of the Alameda County Flood Control and Water Conservation District, which 
have joined together to form the Alameda Countywide Clean Water Program 
 
The cities of Clayton, Concord, El Cerrito, Hercules, Lafayette, Martinez, Orinda, Pinole, 
Pittsburg, Pleasant Hill, Richmond, San Pablo, San Ramon, and Walnut Creek, the towns 
of Danville and Moraga, Contra Costa County, and the Contra Costa County Flood 
Control and Water Conservation District, which have joined together to form the Contra 
Costa Clean Water Program 
 
The cities of Campbell, Cupertino, Los Altos, Milpitas, Monte Sereno, Mountain View, 
Palo Alto, San Jose, Santa Clara, Saratoga, and Sunnyvale, the towns of Los Altos Hills 
and Los Gatos, the Santa Clara Valley Water District, and Santa Clara County, which 
have joined together to form the Santa Clara Valley Urban Runoff Pollution Prevention 
Program 
 
The cities of Belmont, Brisbane, Burlingame, Daly City, East Palo Alto, Foster City, Half 
Moon Bay, Menlo Park, Millbrae, Pacifica, Redwood City, San Bruno, San Carlos, San 
Mateo, and South San Francisco, the towns of Atherton, Colma, Hillsborough, Portola 
Valley, and Woodside, the San Mateo County Flood Control District, and San Mateo 
County, which have joined together to form the San Mateo Countywide Water Pollution 
Prevention Program 
 
The cities of Fairfield and Suisun City, which have joined together to form the Fairfield-
Suisun Urban Runoff Management Program 
 
The City of Vallejo and the Vallejo Sanitation and Flood Control District 
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I. CONTACT INFORMATION  
 

Water Board Staff Contact:  Dale Bowyer, 1515 Clay Street, Suite 1400, Oakland, CA 
94612,  510-622-2323, 510-622-2501 (fax), email: dbowyer@waterboards.ca.gov  

The Permit and other related documents can be downloaded from the Water Board website 
at:  http://www.waterboards.ca.gov/sanfranciscobay/mrp.htm 

Comments can be electronically submitted to mrp@waterboards.ca.gov. 

All documents referenced in this Fact Sheet and in the Order are available for public review 
at the Water Board office, located at the address listed above. Public records are available 
for inspection during regular business hours, from 9:00 am to 4:00 pm, Monday through 
Friday, 12 - 1 pm excluded. Per the Governor’s order calling for furloughs, the Water Board 
office will be closed the first three Fridays of each month through June 2010. To schedule 
an appointment to inspect public records, contact Melinda Wong at 510-622-2430.  

II. PERMIT GOALS AND PUBLIC PROCESS  

Goals 
The Goals for the Municipal Regional Stormwater Permit (hereinafter, the Permit) 
Development Process include: 

1. Consolidate six Phase I municipal stormwater NPDES permits into one consistent 
permit which is regional in scope.   

2. Include more specificity in NPDES permit order language and requirements. Create 
(A) required stormwater management actions, (B) a specific level of implementation 
for each action or set of actions, and (C) reporting and effectiveness evaluation 
requirements for each action sufficient to determine compliance.   

3. Incorporate the Stormwater Management Plan level of detail and specificity into the 
Permit.  Stormwater Management Plans have always been considered integral to the 
municipal stormwater NPDES permits, but have not received the level of public 
review in the adoption process necessary relative to their importance in adequate 
stormwater pollutant management implementation. 

4. Implement and enhance actions to control 303(d) listed pollutants, pollutants of 
concern, and achieve Waste Load Allocations adopted under Total Maximum Daily 
Loads. 

5. Implement more specific and comprehensive stormwater monitoring, including 
monitoring for 303(d) listed pollutants. 

Public Process 
Water Board staff conducted a series of stakeholder meetings and workshops with the 
Permittees and other interested parties to develop this Permit over the past 3 years. These 
meetings included Water Board staff, representatives of the Permittees, representatives of 
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environmental groups, homebuilders, private citizens, and other interested parties. The 
following is a summary of the lengthy stakeholder process. 

 (2004–2005) Water Board staff and the Bay Area Stormwater Management Agencies 
Association (BASMAA) agreed to develop a municipal regional stormwater permit. Board 
staff and BASMAA held monthly meetings to agree on the regional permit approach and 
developed concepts and ground rules for a Steering Committee. The Steering Committee 
for the Permit began regular monthly meetings, and there was agreement to form work 
groups to develop options for permit program components in table format. 

 (2006) Water Board staff, BASMAA, and nongovernmental groups met and discussed the 
Performance Standard (i.e., actions, implementation levels, and reporting requirements) 
tables from six workgroups. In addition to the Steering Committee, Work Group 
Stakeholder meetings focused on the six program elements to complete the Performance 
Standard Tables and discuss other issues in preparation for creating the first Draft Permit 
Provisions. Two large public workshops were held in November with all interested 
stakeholders to discuss Work Group products. 

 (2007) The Water Board held a public workshop in March to receive public input. Board 
staff distributed an Administrative Draft Permit dated May 1, 2007, held multiple meetings 
and received comment.  

(2007- 2008) On December 14, 2007, Board staff distributed the Tentative Order for a 77-
day written public comment period ending February 29, 2008. A public hearing for oral 
testimony was held on March 11, 2008. During the remainder of 2008 there were additional 
meetings with stakeholders, and Board staff worked on revisions to the Tentative Order and 
produced responses to both written comments received by February 29, 2008, and oral 
comments received at the March 11, 2008, hearing.  The Revised Tentative Order for the 
MRP was released on February 11, 2009, and a May 13, 2009, hearing before the Water 
Board was scheduled.  Written comments on the revisions to the Tentative Order were 
received until April 3, 2009. 

(2009) After the May 2009 MRP Public Hearing, Water Board staff held numerous 
meetings with the Permittees (via the Bay Area Stormwater Management Agencies 
Association) and other key stakeholders including Save the Bay, NRDC, the Northern 
California Homebuilders, S.F. BayKeeper and the U.S. EPA.  These meetings have been 
focused on discussion of revisions to the MRP Tentative Order in response to comments 
received, in an effort to resolve issues primarily related to Provisions C.3 New 
Development, C.8 Monitoring, C.10 Trash Load Reduction, C.11 Mercury Controls, C.12 
PCBs Controls, and C.15 Exempt Non-Stormwater Discharges.   
 

Implementation 

It is the Water Board's intent that this Permit shall ensure attainment of applicable water 
quality objectives and protection of the beneficial uses of receiving waters and associated 
habitat. This Permit requires that discharges shall not cause exceedances of water quality 
objectives nor shall they cause certain conditions to occur that create a condition of 
nuisance or water quality impairment in receiving waters. Accordingly, the Water Board is 
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requiring that these standard requirements be addressed through the implementation of 
technically and economically feasible control measures to reduce pollutants in stormwater 
discharges to the maximum extent practicable as provided in Provisions C.1 through C.15 
of this Permit and section 402(p) of the CWA. Compliance with the Discharge Prohibitions, 
Receiving Water Limitations, and Provisions of this Permit is deemed compliance with the 
requirements of this Permit. If these measures, in combination with controls on other point 
and nonpoint sources of pollutants, do not result in attainment of applicable water quality 
objectives, the Water Board may invoke Provision C.1. and may reopen this Permit 
pursuant to Provisions C.1 and C.15 of this Permit to impose additional conditions that 
require implementation of additional control measures. 

Each of the Permittees is individually responsible for adoption and enforcement of 
ordinances and policies, for implementation of assigned control measures or best 
management practices (BMPs) needed to prevent or reduce pollutants in stormwater, and 
for providing funds for the capital, operation, and maintenance expenditures necessary to 
implement such control measures/BMPs within its jurisdiction. Each Permittee is also 
responsible for its share of the costs of the area-wide component of the countywide program 
to which the Permittee belongs. Enforcement actions concerning non-compliance with the 
Permit will be pursued against individual Permittee(s) responsible for specific violations of 
the Permit. 

III. BACKGROUND 

Early Permitting Approach 
The federal Clean Water Act (CWA) was amended in 1987 to address urban stormwater 
runoff pollution of the nation’s waters. One requirement of the amendment was that many 
municipalities throughout the United States were obligated for the first time to obtain 
National Pollutant Discharge Elimination System (NPDES) permits for discharges of urban 
runoff from their Municipal Separate Storm Sewer Systems (MS4s). In response to the 
CWA amendment (and the pending federal NPDES regulations which would implement the 
amendment), the Water Board issued a municipal storm water Phase I permits in the early 
1990s.  These permits were issued to the entire county-wide urban areas of Santa Clara, 
Alameda, San Mateo and Contra Costa Counties, rather than to individual cities over 
100,000 population threshold.  The cities chose to collaborate in countywide groups, to pool 
resources and expertise, and share information, public outreach and monitoring costs, 
among other tasks. 

During the early permitting cycles, the county-wide programs developed many of the 
implementation specifics which were set forth in their Stormwater Pollution Prevention 
Management Plans (Plans).  The permit orders were relatively simple documents that 
referred to the stormwater Plans for implementation details.  Often specific aspects of 
permit and Plan implementation evolved during the five year permit cycle, with relatively 
significant changes approved at the Water Board staff level without significant public 
review and comment. 
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Merging Permit Requirements and Specific Requirements Previously 
Contained in Stormwater Management Plans 
US EPA stormwater rules for Phase I stormwater permits envisioned a process in which 
municipal stormwater management programs contained the detailed BMP and specific level 
of implementation information, and are reviewed and approved by the permitting agency 
before the municipal NPDES stormwater permits are adopted.  The current and previous 
permits established a definition of a stormwater management program and required each 
Permittee to submit an urban runoff management plan and annual work plans for 
implementing its stormwater management program.  An advantage to this approach was 
that it provided flexibility for Permittees to tailor their stormwater management programs to 
reflect local priorities and needs.  However, Water Board staff found it difficult to 
determine Permittees’ compliance with the current permits, due to the lack of specific 
requirements and measurable outcomes of some required actions.  Furthermore, federal 
stormwater regulations require that modifications to stormwater management programs, 
such as annual revisions to urban runoff management plans, be approved through a public 
process.  

Recent court decisions have reiterated that federal regulations and State law require that the 
implementation specifics of Municipal Stormwater NPDES permits be adopted after 
adequate public review and comment, and that no significant change in the permit 
requirements except minor modifications can occur during the permit term without a similar 
level of public review and comment.   

This Permit introduces a modification to these previous approaches by establishing the 
stormwater management program requirements and defining up front, as part of the Permit 
Development Process, the minimum acceptable elements of the municipal stormwater 
management program.  The advantages of this approach are that it satisfies the public 
involvement requirements of both the federal Clean Water Act and the State Water Code.  
An advantage for Permittees and the public of this approach is that the permit requirements 
are known at the time of permit issuance and not left to be determined later through 
iterative review and approval of work plans.  While it may still be necessary to amend the 
Permit prior to expiration, any need to this should be minimized.   

This Permit does not include approval of all Permittees’ stormwater management programs 
or annual reports as part of the administration of the Permit.  To do so would require 
significantly increased staff resources.  Instead, minimum measures have been established 
to simplify assessment of compliance and allow the public to more easily assess each 
Permittee’s compliance.  Each Permit provision and its reporting requirements are written 
with this in mind.  That is, each provision establishes the required actions, minimum 
implementation levels (i.e., minimum percentage of facilities inspected annually, escalating 
enforcement, reporting requirements for tracking projects, number of monitoring sites, etc.), 
and specific reporting elements to substantiate that these implementation levels have been 
met.  Water Board staff will evaluate each individual Permittee’s compliance through 
annual report review and the audit process.   

The challenge in drafting the Permit is to provide the flexibility described above 
considering the different sizes and resources while ensuring that the Permit is still 
enforceable. To achieve this, the Permit frequently prescribes minimum measurable 
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outcomes, while providing Permittees with flexibility in the approaches they use to meet 
those outcomes. Enforceability has been found to be a critical aspect of the Permit. To 
avoid these types of situations, a balance between flexibility and enforceability has been 
crafted into the Permit.  

Current Permit Approach 
In the previous permit issuances, the detailed actions to be implemented by the Permittees 
were contained in Stormwater Management Plans, which were separate from the NPDES 
permits, and incorporated by reference. Because those plans were legally an integral part of 
the permits and were subject to complete public notice, review and comment, this permit 
reissuance incorporates those plan level details in the permit, thus merging the Permittees’ 
stormwater management plans into the permit in one document. This Permit specifies the 
actions necessary to reduce the discharge of pollutants in stormwater to the maximum 
extent practicable, in a manner designed to achieve compliance with water quality standards 
and objectives, and effectively prohibit non-stormwater discharges into municipal storm 
drain systems and watercourses within the Permittees’ jurisdictions. This set of specific 
actions is equivalent to the requirements that in past permit cycles were included in a 
separate stormwater management plan for each Permittee or countywide group of 
Permittees. With this permit reissuance, that level of specific compliance detail is integrated 
into permit language and is not a separate document. 

The Permit includes requirements for the following components: 

• Municipal Operations  
• New Development and Redevelopment 
• Industrial and Commercial Site Controls 
• Illicit Discharge and Elimination 
• Construction Site Controls 
• Public Information and Outreach 
• Water Quality Monitoring 
• Pesticides Toxicity Controls  
• Trash Reduction 
• Mercury Controls 
• PCBs Controls 
• Copper Controls 
• Polybrominated Diphenyl Ethers (PBDE), Legacy Pesticides, and Selenium 
• Exempt and Conditionally Exempt Discharges 

IV. ECONOMIC ISSUES  
 

Economic discussions of urban runoff management programs tend to focus on costs 
incurred by municipalities in developing and implementing the programs. This is 
appropriate, and these costs are significant and a major issue for the Permittees. However, 
when considering the cost of implementing the urban runoff programs, it is also important 
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to consider the alternative costs incurred by not fully implementing the programs, as well as 
the benefits which result from program implementation.  

It is very difficult to ascertain the true cost of implementation of the Permittees’ urban 
runoff management programs because of inconsistencies in reporting by the Permittees. 
Reported costs of compliance for the same program element can vary widely from 
Permittee to Permittee, often by a very wide margin that is not easily explained.57 Despite 
these problems, efforts have been made to identify urban runoff management program 
costs, which can be helpful in understanding the costs of program implementation.  

In 1999, United States Environmental Protection Agency (USEPA) reported on multiple 
studies it conducted to determine the cost of urban runoff management programs. A study 
of Phase II municipalities determined that the annual cost of the Phase II program was 
expected to be $9.16 per household. USEPA also studied 35 Phase I municipalities, finding 
costs to be similar to those anticipated for Phase II municipalities, at $9.08 per household 
annually.58  

A study on program cost was also conducted by the Los Angeles Regional Water Quality 
Control Board (LARWQCB), where program costs reported in the municipalities’ annual 
reports were assessed. The LARWQCB estimated that average per household cost to 
implement the MS4 program in Los Angeles County was $12.50.  

The State Water Resources Control Board (State Water Board) also commissioned a study 
by the California State University, Sacramento to assess costs of the Phase I MS4 program. 
This study is current and includes an assessment of costs incurred by the City of Encinitas 
in implementing its program. Annual cost per household in the study ranged from $18-46, 
with the City of Encinitas representing the upper end of the range.59 The cost of the City of 
Encinitas’ program is understandable, given the City’s coastal location, reliance on tourism, 
and consent decree with environmental groups regarding its program. For these reasons, as 
well as the general recognition the City of Encinitas receives for implementing a superior 
program, the City’s program cost can be considered as the high end of the spectrum for 
Permittee urban runoff management program costs.  

It is important to note that reported program costs are not all attributable to compliance with 
MS4 permits. Many program components, and their associated costs, existed before any 
MS4 permits were issued. For example, street sweeping and trash collection costs cannot be 
solely or even principally attributable to MS4 permit compliance, since these practices have 
long been implemented by municipalities. Therefore, true program cost resulting from MS4 
permit requirements is some fraction of reported costs. The California State University, 
Sacramento study found that only 38% of program costs are new costs fully attributable to 
MS4 permits. The remainder of program costs were either pre-existing or resulted from 
enhancement of pre-exiting programs.60 The County of Orange found that even lesser 
amounts of program costs are solely attributable to MS4 permit compliance, reporting that 
the amount attributable to implement its Drainage Area Management Plan, its municipal 

                                                 
57 LARWQCB, 2003. Review and Analysis of Budget Data Submitted by the Permittees for Fiscal Years 2000-2003.p.2 
58 Federal Register / Vol. 64, No. 235 / Wednesday, December 8, 1999 / Rules and Regulations. P. 68791-68792. 
59 State Water Board, 2005. NPDES Stormwater Cost Survey. P. ii 
60 Ibid. P. 58. 
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stormwater permit requirements, is less than 20% of the total budget. The remaining 80% is 
attributable to pre-existing programs.61  

It is also important to acknowledge that the vast majority of costs that will be incurred as a 
result of implementing the Order are not new. Urban runoff management programs have 
been in place in this region for over 15 years. Any increase in cost to the Permittees will be 
incremental in nature.  

Urban runoff management programs cannot be considered in terms of their costs only. The 
programs must also be viewed in terms of their value to the public. For example, household 
willingness to pay for improvements in fresh water quality for fishing and boating has been 
estimated by USEPA to be $158-210.62 This estimate can be considered conservative, since 
it does not include important considerations such as marine waters benefits, wildlife 
benefits, or flood control benefits. The California State University, Sacramento study 
corroborates USEPA’s estimates, reporting annual household willingness to pay for 
statewide clean water to be $180.63 When viewed in comparison to household costs of 
existing urban runoff management programs, these household willingness to pay estimates 
exhibit that per household costs incurred by Permittees to implement their urban runoff 
management programs remain reasonable.  

Another important way to consider urban runoff management program costs is to consider 
the implementation cost in terms of costs incurred by not improving the programs. Urban 
runoff in southern California has been found to cause illness in people bathing near storm 
drains.64  A study of south Huntington Beach and north Newport Beach found that an 
illness rate of about 0.8% among bathers at those beaches resulted in about $3 million 
annually in health-related expenses.65   Extrapolation of such numbers to the beaches and 
other water contact recreation in San Francisco Bay and the tributary creeks of the region 
could result in huge expenses to the public.  

Urban runoff and its impact on receiving waters also places a cost on tourism. the 
California Division of Tourism has estimated that each out-of-state visitor spends $101.00 a 
day.   The experience of Huntington Beach provides an example of the potential economic 
impact of poor water quality. Approximately 8 miles of Huntington Beach were closed for 
two months in the middle of summer of 1999, impacting beach visitation and the local 
economy.  

Finally, it is important to consider the benefits of urban runoff management programs in 
conjunction with their costs. A recent study conducted by USC/UCLA assessed the costs 
and benefits of implementing various approaches for achieving compliance with the MS4 
permits in the Los Angeles Region. The study found that non-structural systems would cost 
$2.8 billion but provide $5.6 billion in benefit. If structural systems were determined to be 
needed, the study found that total costs would be $5.7 to $7.4 billion, while benefits could 

                                                 
61 County of Orange, 2000. A NPDES Annual Progress Report. P. 60. More current data from the County of Orange is 

not used in this discussion because the County of Orange no longer reports such information. 
62 Federal Register / Vol. 64, No. 235 / Wednesday, December 8, 1999 / Rules and Regulations. P. 68793. 
63 State Water Board, 2005. NPDES Stormwater Cost Survey. P. iv. 
64 Haile, R.W., et al, 1996. An Epidemiological Study of Possible Adverse Health Effects of Swimming in Santa 

Monica Bay. Santa Monica Bay Restoration Project. 
65 Los Angeles Times, May 2, 2005. Here’s What Ocean Germs Cost You: A UC Irvine Study Tallies the Cost of 

Treatment and Lost Wages for Beachgoers Who Get Sick. 
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reach $18 billion.66 Costs are anticipated to be borne over many years – probably ten years 
at least. As can be seen, the benefits of the programs are expected to considerably exceed 
their costs. Such findings are corroborated by USEPA, which found that the benefits of 
implementation of its Phase II storm water rule would also outweigh the costs.67   

V. LEGAL AUTHORITY  

The following statutes, regulations, and Water Quality Control Plans provide the basis for 
the requirements of Order No. R2-2009-0074: CWA, California Water Code (CWC), 40 
CFR Parts 122, 123, 124 (National Pollutant Discharge Elimination System Permit 
Application Regulations for Storm Water Discharges, Final Rule), Part II of 40 CFR Parts 
9, 122, 123, and 124 (National Pollutant Discharge Elimination System – Regulations for 
Revision of the Water Pollution Control Program Addressing Storm Water Discharges; 
Final Rule), Water Quality Control Plan – Ocean Waters of California (California Ocean 
Plan), Water Quality Control Plan for the San Francisco Bay Basin (Basin Plan), 40 CFR 
131Water Quality Standards; Establishment of Numeric Criteria for Priority Toxic 
Pollutants for the State of California; Rule (California Toxics Rule), and the California 
Toxics Rule Implementation Plan.  

The legal authority citations below generally apply to directives in Order No. R2-2009-
0074, and provide the Water Board with ample underlying authority to require each of the 
directives of Order No. R2-2009-0074..  Legal authority citations are also provided with 
each permit provision in this Fact Sheet.  

CWA 402(p)(3)(B)(ii) – The CWA requires in section 402(p)(3)(B)(ii) that permits for 
discharges from municipal storm sewers “shall include a requirement to effectively prohibit 
non-stormwater discharges into the storm sewers.”  

CWA 402(p)(3)(B)(iii) – The CWA requires in section 402(p)(3)(B)(iii) that permits for 
discharges from municipal storm sewers “shall require controls to reduce the discharge of 
pollutants to the maximum extent practicable, including management practices, control 
techniques and system, design and engineering methods, and such other provisions as the 
Administrator or the State determines appropriate for the control of such pollutants.”  

40 CFR 122.26(d)(2)(i)(B,C,E, and F) – Federal NPDES regulations 40 CFR 
122.26(d)(2)(i)(B,C,D,E, and F) require that each Permittee’s permit application “shall 
consist of: (i) Adequate legal authority. A demonstration that the applicant can operate 
pursuant to legal authority established by statute, ordinance or series of contracts which 
authorizes or enables the applicant at a minimum to: […] (B) Prohibit through ordinance, 
order or similar means, illicit discharges to the municipal separate storm sewer; (C) Control 
through ordinance, order or similar means the discharge to a municipal separate storm 
sewer of spills, dumping or disposal of materials other than storm water; (D) Control 
through interagency agreements among co-applicants the contribution of pollutants from 
one portion of the municipal system to another portion of the municipal system; (E) Require 
compliance with condition in ordinances, permits, contracts or orders; and (F) Carry out all 

                                                 
66 LARWQCB, 2004. Alternative Approaches to Stormwater Control. 
67 Federal Register / Vol. 64, No. 235 / Wednesday, December 8, 1999 / Rules and Regulations. P. 68791. 
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inspection, surveillance and monitoring procedures necessary to determine compliance and 
noncompliance with permit conditions including the prohibition on illicit discharges to the 
municipal separate storm sewer.”  

40 CFR 122.26(d)(2)(iv) – Federal NPDES regulation 40 CFR 122.26(d)(2)(iv) requires  “a 
comprehensive planning process which involves public participation and where necessary 
intergovernmental coordination, to reduce the discharge of pollutants to the maximum 
extent practicable using management practices, control techniques and system, design and 
engineering methods, and such other provisions which are appropriate. The program shall 
also include a description of staff and equipment available to implement the program. […] 
Proposed programs may impose controls on a system wide basis, a watershed basis, a 
jurisdiction basis, or on individual outfalls. […] Proposed management programs shall 
describe priorities for implementing controls.”  

40 CFR 122.26(d)(2)(iv)(A -D) – Federal NPDES regulations 40 CFR 122.26(d)(2)(iv)(A -
D) require municipalities to implement controls to reduce pollutants in urban runoff from 
new development and significant redevelopment, construction, and commercial, residential, 
industrial, and municipal land uses or activities. Control of illicit discharges is also 
required.  

CWC 13377 – CWC section 13377 requires that “Notwithstanding any other provision of 
this division, the state board or the regional boards shall, as required or authorized by the 
CWA, as amended, issue waste discharge requirements and dredged or fill material permits 
which apply and ensure compliance with all applicable provisions of the act and acts 
amendatory thereof or supplementary, thereto, together with anymore stringent effluent 
standards or limitation necessary to implement water quality control plans, or for the 
protection of beneficial uses, or to prevent nuisance.”  

Order No. R2-2009-0074 is an essential mechanism for achieving the water quality 
objectives that have been established for protecting the beneficial uses of the water 
resources in the San Francisco Bay Region. Federal NPDES regulation 40 CFR 
122.44(d)(1) requires MS4 permits to include any requirements necessary to “achieve water 
quality standards established under CWA section 303, including State narrative criteria for 
water quality.” The term “water quality standards” in this context refers to a water body’s 
beneficial uses and the water quality objectives necessary to protect those beneficial uses, 
as established in the Basin Plan.  

State Mandates 
This Permit does not constitute an unfunded local government mandate subject to 
subvention under Article XIIIB, Section (6) of the California Constitution for several 
reasons, including, but not limited to, the following. First, this Permit implements federally 
mandated requirements under CWA section 402, subdivision (p)(3)(B). (33 U.S.C. 
§ 1342(p)(3)(B).)  This includes federal requirements to effectively prohibit non-
stormwater discharges, to reduce the discharge of pollutants to the maximum extent 
practicable, and to include such other provisions as the Administrator or the State 
determines appropriate for the control of such pollutants. Federal cases have held that these 
provisions require the development of permits and permit provisions on a case-by-case 
basis to satisfy federal requirements. (Natural Resources Defense Council, Inc. v. USEPA 
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(9th Cir. 1992) 966 F.2d 1292, 1308, fn. 17.) The authority exercised under this Permit is 
not reserved state authority under the CWA’s savings clause (cf. Burbank v. State Water 
Resources Control Bd. (2005) 35 Cal.4th 613, 627-628 [relying on 33 U.S.C. § 1370, which 
allows a state to develop requirements that are not less stringent than federal 
requirements]), but instead, is part of a federal mandate to develop pollutant reduction 
requirements for MS4. To this extent, it is entirely federal authority that forms the legal 
basis to establish the permit provisions. (See, City of Rancho Cucamonga v. Regional 
Water Quality Control Bd.-Santa Ana Region (2006) 135 Cal.App.4th 1377, 1389; Building 
Industry Association of San Diego County v. State Water Resources Control Bd. (2004) 
124 Cal.App.4th 866, 882-883.) 

Likewise, the provisions of this Permit to implement total maximum daily loads (TMDLs) 
are federal mandates. The CWA requires TMDLs to be developed for waterbodies that do 
not meet federal water quality standards. (33 U.S.C. § 1313(d).) Once USEPA or a state 
develops a TMDL, federal law requires that permits must contain effluent limitations 
consistent with the assumptions of any applicable WLA. (40 CFR 122.44(d)(1)(vii)(B).) 

Second, the local agencies’ (Permittees’) obligations under this Permit are similar to, and in 
many respects less stringent than, the obligations of nongovernmental dischargers who are 
issued NPDES permits for stormwater discharges. With a few inapplicable exceptions, the 
CWA regulates the discharge of pollutants from point sources (33 U.S.C. § 1342) and the 
Porter-Cologne regulates the discharge of waste (Water Code, section 13263), both without 
regard to the source of the pollutant or waste. As a result, the costs incurred by local 
agencies to protect water quality reflect an overarching regulatory scheme that places 
similar requirements on governmental and nongovernmental dischargers. (See County of 
Los Angeles v. State of California (1987) 43 Cal.3d 46, 57-58 [finding comprehensive 
workers compensation scheme did not create a cost for local agencies that was subject to 
state subvention].) 

The CWA and the Porter-Cologne Water Quality Control Act largely regulate stormwater 
with an even hand, but to the extent that there is any relaxation of this evenhanded 
regulation, it is in favor of the local agencies. Except for MS4s, the CWA requires point 
source dischargers, including discharges of stormwater associated with industrial or 
construction activity, to comply strictly with water quality standards. (33 U.S.C. 
§ 1311(b)(1)(C), Defenders of Wildlife v. Browner (1999) 191 F.3d 1159, 1164-1165 
[noting that industrial stormwater discharges must strictly comply with water quality 
standards].) As discussed in prior State Water Board decisions, this Permit does not require 
strict compliance with water quality standards. (SWRCB Order No. WQ 2001-15, p. 7.) 
The Permit, therefore, regulates the discharge of waste in municipal stormwater more 
leniently than the discharge of waste from nongovernmental sources. 

Third, the Permittees have the authority to levy service charges, fees, or assessments 
sufficient to pay for compliance with this Permit. The fact sheet demonstrates that 
numerous activities contribute to the pollutant loading in the MS4. Permittees can levy 
service charges, fees, or assessments on these activities, independent of real property 
ownership. (See, e.g., Apartment Association of Los Angeles County, Inc. v. City of Los 
Angeles (2001) 24 Cal.4th 830, 842 [upholding inspection fees associated with renting 
property].) The ability of a local agency to defray the cost of a program without raising 
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taxes indicates that a program does not entail a cost subject to subvention. (County of 
Fresno v. State of California (1991) 53 Cal.3d 482, 487-488.) 

Fourth, the Permittees have requested permit coverage in lieu of compliance with the 
complete prohibition against the discharge of pollutants contained in CWA section 301, 
subdivision (a) (33 U.S.C. § 1311(a)) and in lieu of numeric restrictions on their discharges. 
To the extent Permittees have voluntarily availed themselves of the Permit, the program is 
not a state mandate. (Accord County of San Diego v. State of California (1997) 15 Cal.4th 
68, 107-108.) Likewise, the Permittees have voluntarily sought a program-based municipal 
stormwater permit in lieu of a numeric limits approach. (See City of Abilene v. USEPA 
(5th Cir. 2003) 325 F.3d 657, 662-663 [noting that municipalities can choose between a 
management permit or a permit with numeric limits].) The Permittees’ voluntary decision 
to file a report of waste discharge proposing a program-based permit is a voluntary decision 
not subject to subvention. (See Environmental Defense Center v. USEPA (9th Cir. 2003) 
344 F.3d 832, 845-848.) 

Fifth, the Permittees’ responsibility for preventing discharges of waste that can create 
conditions of pollution or nuisance from conveyances that are within their ownership or 
control under State law predates the enactment of Article XIIIB, Section (6) of the 
California Constitution. 

This Permit is based on the federal CWA, the Porter-Cologne Water Quality Control Act 
(Division 7 of the CWC, commencing with Section 13000), applicable State and federal 
regulations, all applicable provisions of statewide Water Quality Control Plans and Policies 
adopted by the State Water Board, the Basin Plan, the California Toxics Rule, and the 
California Toxics Rule Implementation Plan.  

Discussion: In 1987, Congress established CWA Amendments to create requirements for 
storm water discharges under the NPDES program, which provides for permit systems to 
regulate the discharge of pollutants. Under the Porter-Cologne Water Quality Control Act, 
the State Water Board and Regional Water Quality Control Boards (Water Boards) have 
primary responsibility for the coordination and control of water quality, including the 
authority to implement the CWA. Porter-Cologne (section 13240) directs the Water Boards 
to set water quality objectives via adoption of Basin Plans that conform to all state policies 
for water quality control. As a means for achieving those water quality objectives, Porter-
Cologne (section 13243) further authorizes the Water Boards to establish waste discharge 
requirements (WDRs) to prohibit waste discharges in certain conditions or areas. Since 
1990, the Water Board has issued area-wide MS4 NPDES permits. The Permit will re-issue 
Order Nos. 99-058, 99-059, 01-024, R2-2003-0021, R2-2003-0034 to comply with the 
CWA and attain water quality objectives in the Basin Plan by limiting the contributions of 
pollutants conveyed by urban runoff. Further discussions of the legal authority associated 
with the prohibitions and directives of the Permit are provided in section V. of this 
document.  

This Permit supersedes NPDES Permit Nos. CAS029718, CAS029831, CAS029912, 
CAS029921, CAS612005, and CAS612006.  
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Basin Plan 
The Urban Runoff Management, Comprehensive Control Program section of the Basin Plan 
requires the Permittees to address existing water quality problems and prevent new 
problems associated with urban runoff through the development and implementation of a 
comprehensive control program focused on reducing current levels of pollutant loading to 
storm drains to the maximum extent practicable. The Basin Plan comprehensive program 
requirements are designed to be consistent with federal regulations (40 CFR Parts 122-124) 
and are implemented through issuance of NPDES permits to owners and operators of MS4s. 
A summary of the regulatory provisions is contained in Title 23 of the California Code of 
Regulations at section 3912. The Basin Plan identifies beneficial uses and establishes water 
quality objectives for surface waters in the Region, as well as effluent limitations and 
discharge prohibitions intended to protect those uses. This Permit implements the plans, 
policies, and provisions of the Water Board’s Basin Plan. 

Statewide General Permits  
The State Water Board has issued NPDES general permits for the regulation of stormwater 
discharges associated with industrial activities and construction activities. To effectively 
implement the New Development (and significant redevelopment) and Construction 
Controls, Illicit Discharge Controls, and Industrial and Commercial Discharge Controls 
components in this Permit, the Permittees will conduct investigations and local regulatory 
activities at industrial and construction sites covered by these general permits. However, 
under the CWA, the Water Board cannot delegate its own authority to enforce these general 
permits to the Permittees. Therefore, Water Board staff intends to work cooperatively with 
the Permittees to ensure that industries and construction sites within the Permittees’ 
jurisdictions are in compliance with applicable general permit requirements and are not 
subject to uncoordinated stormwater regulatory activities. 

Regulated Parties  
Each of the Permittees listed in this Permit owns or operates a MS4, through which it 
discharges urban runoff into waters of the United States within the San Francisco Bay 
Region. These MS4s fall into one or more of the following categories: (1) a medium or 
large MS4 that services a population of greater than 100,000 or 250,000 respectively; or (2) 
a small MS4 that is “interrelated” to a medium or large MS4; or (3) an MS4 which 
contributes to a violation of a water quality standard; or (4) an MS4 which is a significant 
contributor of pollutants to waters of the United States.  

Permit Coverage 
The Permittees each have jurisdiction over and maintenance responsibility for their 
respective MS4s in the Region.  Federal, State or regional entities within the Permittees’ 
boundaries, not currently named in this Permit, operate storm drain facilities and/or 
discharge stormwater to the storm drains and watercourses covered by this Permit. The 
Permittees may lack jurisdiction over these entities. Consequently, the Water Board 
recognizes that the Permittees should not be held responsible for such facilities and/or 
discharges. The Water Board will consider such facilities for coverage under NPDES 
permitting pursuant to USEPA Phase II stormwater regulations. Under Phase II, the Water 
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Board intends to permit these federal, State, and regional entities through use of a Statewide 
Phase II NPDES General Permit. 

Discussion: Section 402 of the CWA prohibits the discharge of any pollutant to waters of 
the United States from a point source, unless that discharge is authorized by a NPDES 
permit. Though urban runoff comes from a diffuse source, it is discharged through MS4s, 
which are point sources under the CWA. Federal NPDES regulation 40 CFR 122.26(a) (iii) 
and (iv) provide that discharges from MS4s, which service medium or large populations 
greater than 100,000 or 250,000 respectively, shall be required to obtain a NPDES permit. 
Federal NPDES regulation 40 CFR 122.26(a)(v) also provides that a NPDES permit is 
required for “A [storm water] discharge which the Director, or in States with approved 
NPDES programs, either the Director or the USEPA Regional Administrator, determines to 
contribute to a violation of a water quality standard or is a significant contributor of 
pollutants to waters of the United States.” Such sources are then designated into the 
program.  

VI. PERMIT PROVISIONS 

A. Discharge Prohibitions 
Prohibition A.1. Legal Authority – CWA 402(p)(3)(B)(ii) – The CWA requires in 
section 402(p)(3)(B)(ii) that permits for discharges from municipal storm sewers “shall 
include a requirement to effectively prohibit non-stormwater discharges into the storm 
sewers.” 

Prohibition A.2. Legal Authority – San Francisco Bay Basin Plan, 2006 Revision, 
Chapter 4 Implementation, Table 4-1, Prohibition  7. 

B. Receiving Water Limitations 
Receiving Water Limitation B.1.  Legal Authority – Receiving Water Limitations are 
retained from previous Municipal Stormwater Runoff NPDES permits.  They reflect 
applicable water quality standards from the Basin Plan. 
Receiving Water Limitation B.2.  Legal Authority – Receiving Water Limitations are 
retained from previous Municipal Stormwater Runoff NPDES permits.  They reflect 
applicable water quality standards from the Basin Plan. 

C. Provisions 
C.1. Compliance with Discharge Prohibitions and Receiving Water 

Limitations 
Legal Authority 
Broad Legal Authority: CWA sections 402(p)(3)(B)(ii-iii), CWC section 
13377, and Federal NPDES regulations 40 CFR 122.26(d)(2)(i)(B, C, E, and F) 
and 40 CFR 122.26(d)(2)(iv).  
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Specific Legal Authority: The Water Board’s Water Quality Control Plan for 
the San Francisco Bay Basin (Basin Plan) contains the following waste 
discharge prohibition: “The discharge of waste to waters of the state in a manner 
causing, or threatening to cause a condition of pollution, contamination, or 
nuisance as defined in California Water Code Section 13050, is prohibited.”  

California Water Code section 13050(l) states “(1) ‘Pollution’ means an 
alteration of the quality of waters of the state by waste to a degree which 
unreasonably affects either of the following:  (A) The water for beneficial uses. 
(B) Facilities which serve beneficial uses. (2) ‘Pollution’ may include 
“contamination.”  

California Water Code section 13050(k) states “’Contamination’ means an 
impairment of the quality of waters of the state by waste to a degree which 
creates a hazard to public health through poisoning or through the spread of 
disease. ‘Contamination’ includes any equivalent effect resulting from the 
disposal of waste, whether or not waters of the state are affected.”  

California Water Code section 13050(m) states “’Nuisance’ means anything 
which meets all of the following requirements: (1) Is injurious to health, or is 
indecent or offensive to the senses, or an obstruction to the free use of property, 
so as to interfere with the comfortable enjoyment of life or property. (2) Affects 
at the same time an entire community or neighborhood, or any considerable 
number of persons, although the extent of the annoyance or damage inflicted 
upon individuals may be unequal. (3) Occurs during, or as a result of, the 
treatment or disposal of wastes.”  

California Water Code section 13241 requires each water board to “establish 
such water quality objectives in water quality control plans as in its judgment 
will ensure the reasonable protection of beneficial uses and the prevention of 
nuisance […].”  

California Water Code Section 13243 provides that a water board, “in a water 
quality control plan or in waste discharge requirements, may specify certain 
conditions or areas where the discharge of waste, or certain types of waste, will 
not be permitted.”  

California Water Code Section 13263(a) provides that waste discharge 
requirements prescribed by the water board implement the Basin Plan.  

Federal NPDES regulations 40 CFR 122.26(d)(2)(iv)(A -D) require 
municipalities to implement controls to reduce pollutants in urban runoff from 
commercial, residential, industrial, and construction land uses or activities.  

Federal NPDES regulations 40 CFR 122.26(d)(2)(i)(A -D) require 
municipalities to have legal authority to control various discharges to their MS4.  

Federal NPDES regulation 40 CFR 122.44(d)(1) requires municipal storm water 
permits to include any requirements necessary to “[a]chieve water quality 
standards established under section 303 of the CWA, including State narrative 
criteria for water quality.”  
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Federal NPDES regulation 40 CFR 122.44(d)(1)(i) requires NPDES permits to 
include limitations to “control all pollutants or pollutant parameters (either 
conventional, nonconventional, or toxic pollutants) which the Director 
determines are or may be discharged at a level which will cause, have 
reasonable potential to cause, or contribute to an excursion above any State 
water quality standard, including State narrative criteria for water quality.”  

State Water Resources Control Board (“State Water Board”) Order WQ 1999-
05, is a precedential order requiring that municipal stormwater permits achieve 
water quality standards and water quality standard based discharge prohibitions 
through the implementation of control measures, by which Permittees’ 
compliance with the permit can be determined. The State Water Board Order 
specifically requires that Provision C.1 include language that Permittees shall 
comply with water quality standards based discharge prohibitions and receiving 
water limitations through timely implementation of control measures and other 
actions to reduce pollutants in the discharges.  State Water Board Order WQ 
2001-15 refines Order 1999-05 by requiring an iterative approach to compliance 
with water quality standards that involves ongoing assessments and revisions.
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C.2. Municipal Operations 
Legal Authority 
The following legal authority applies to Provision C.2: 

Broad Legal Authority: CWA sections 402(p)(3)(B)(ii-iii), California Water 
Code (CWC) section 13377, and Federal NPDES regulations 40 CFR 
122.26(d)(2)(i)(B, C, E, and F) and 40 CFR 122.26(d)(2)(iv). 

Specific Legal Authority: Federal NPDES regulation 40 CFR 
122.26(d)(2)(iv)(A)(1) requires, “A description of maintenance activities and a 
maintenance schedule for structural controls to reduce pollutants (including 
floatables) in discharges from municipal separate storm sewers.” 

Federal NPDES regulation 40 CFR 122.26(d)(2)(iv)(A)(3) requires, “A 
description for operating and maintaining public streets, roads and highways and 
procedures for reducing the impact on receiving waters of discharges from 
municipal storm sewer systems, including pollutants discharged as a result of 
deicing activities.” 

Federal NPDES regulation 40 CFR 122.26(d)(2)(iv)(A)(4) requires, “A 
description of procedures to assure that flood management projects assess the 
impacts on the water quality of receiving waterbodies and that existing structural 
flood control devices have been evaluated to determine if retrofitting the device 
to provide additional pollutant removal from storm water is feasible.” 

Federal NPDES regulation 40 CFR 122.26(d)(2)(iv)(A)(5) requires, “A 
description of a program to monitor pollutants in runoff from operating or closed 
municipal landfills or other treatment, storage or disposal facilities for municipal 
waste, which shall identify priorities and procedures for inspections and 
establishing and implementing control measures for such discharges.” 

Federal NPDES regulation 40 CFR 122.26(d)(2)(iv)(A)(6) requires, “A 
description of a program to reduce to the maximum extent practicable, pollutants 
in discharges from municipal separate storm sewers associated with the 
application of pesticides, herbicides, and fertilizer which will include, as 
appropriate, controls such as educational activities, permits, certifications, and 
other measures for commercial applicators and distributors, and controls for 
application in public right-of-ways and at municipal facilities.” 

Federal NPDES regulation 40 CFR 122.44(d)(1)(i) requires NPDES permits to 
include limitations to “control all pollutants or pollutant parameters (either 
conventional, nonconventional, or toxic pollutants) which the Director 
determines are or may be discharged at a level which will cause, have 
reasonable potential to cause, or contribute to an excursion above any State 
water quality standard, including State narrative criteria for water quality.” 
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Fact Sheet Findings in Support of Provision C.2 
C.2-1 Municipal maintenance activities are potential sources of pollutants unless 

appropriate inspection, pollutant source control, and cleanup measures are 
implemented during routine maintenance works to minimize pollutant 
discharges to storm drainage facilities. 

Sediment accumulated on paved surfaces, such as roads, parking lots, parks, 
sidewalks, landscaping, and corporation yards, is the major source of point 
source pollutants found in urban runoff. Thus, Provision C.2 requires the 
Permittees to designate minimum BMPs for all municipal facilities and 
activities as part of their ongoing pollution prevention efforts as set forth in this 
Permit. Such prevention measures include, but are not limited to, activities as 
described below. The work of municipal maintenance personnel is vital to 
minimize stormwater pollution, because personnel work directly on municipal 
storm drains and other municipal facilities. Through work such as inspecting 
and cleaning storm drain drop inlets and pipes and conducting municipal 
construction and maintenance activities upstream of the storm drain, municipal 
maintenance personnel are directly responsible for preventing and removing 
pollutants from the storm drain. Maintenance personnel also play an important 
role in educating the public and in reporting and cleaning up illicit discharges. 

C.2-2 Road construction and other activities can disturb the soil and drainage patterns 
to streams in undeveloped areas, causing excess runoff and thereby erosion and 
the release of sediment. In particular, poorly designed roads can act as man-
made drainages that carry runoff and sediment into natural streams, impacting 
water quality. 

Provision C.2 also requires the Permittees to implement effective BMPs for the 
following rural works maintenance and support activities: (a) Road design, 
construction, maintenance, and repairs in rural areas that  prevent and control 
road-related erosion and sediment transport; (b)Identification and prioritization 
of rural roads maintenance on the basis of soil erosion potential, slope 
steepness, and stream habitat resources; (c) Road and culvert construction 
designs that do not impact creek functions. New or replaced culverts shall not 
create a migratory fish passage barrier, where migratory fish are present, or lead 
to stream instability; (d) Development and implement an inspection program to 
maintain roads structural integrity and prevent impacts on water quality; (e) 
Provide adequate maintenance of rural roads adjacent to streams and riparian 
habitat to reduce erosion, replace damaging shotgun culverts, re-grade roads to 
slope outward where consistent with road engineering safety standards, and 
install water bars; and (f) When replacing existing culverts or redesigning new 
culverts or bridge crossings use measures to reduce erosion, provide fish 
passage and maintain natural stream geomorphology in a stable manner.  

Road construction, culvert installation, and other rural maintenance activities 
can disturb the soil and drainage patterns to streams in undeveloped areas, 
causing excess runoff and thereby erosion and the release of sediment. Poorly 
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designed roads can act as preferential drainage pathways that carry runoff and 
sediment into natural streams, impacting water quality. In addition, other rural 
public works activities, including those the BMP approach would address, have 
the potential to significantly affect sediment discharge and transport within 
streams and other waterways, which can degrade the beneficial uses of those 
waterways. This Provision would help ensure that these impacts are 
appropriately controlled. 

Specific Provision C.2 Requirements 
Provision C.2.a-f. (Operation and Maintenance of Municipal Separate Storm Sewer 
Systems (MS4) facilities) requires that the Permittees implement appropriate pollution 
control measures during maintenance activities and to inspect and, if necessary, clean 
municipal facilities such as conveyance systems, pump stations, and corporation yards, 
before the rainy season. The requirements will assist the Permittees to prioritize tasks, 
implement appropriate BMPs, evaluate the effectiveness of the implemented BMPs, and 
compile and submit annual reports. 

Provision C.2.d. (Stormwater Pump Stations) In late 2005, Board staff investigated the 
occurrence of low salinity and dissolved oxygen conditions in Old Alameda Creek 
(Alameda County) and Alviso Slough (Santa Clara County) in September and October 
of 2005.  Board staff became aware of this problem in their review of receiving water 
and discharge sampling conducted by the U.S. Geological Survey as part of its routine 
monitoring on discharges associated with the former salt ponds managed by the U.S. 
Fish and Wildlife Service in Santa Clara County and the California Department of Fish 
and Game in Alameda County.  

In the case of Old Alameda Creek, discharge of black-colored water from the Alvarado 
pump station to the slough was observed at the time of the data collection on September 
7, 2005, confirming dry weather urban runoff as the source of the documented 
violations of the 5 mg/L dissolved oxygen water quality objective.  Such conditions 
were measured again on September 21, 2005. 

On October 17, 2005, waters in Alviso Slough were much less saline than the salt ponds 
and had the lowest documented dissolved oxygen of the summer, suggesting a dry 
weather urban runoff source.  The dissolved oxygen sag was detected surface to bottom 
at 2.3 mg/L at a salinity of less than 1 part per thousand (ppt), mid-day, when oxygen 
levels should be high at the surface.  The sloughs have a typical depth of 6 feet.  

 
Board staff’s investigations of these incidents, documented in a memorandum,68 found 
that “storm water pump stations, universally operated by automatic float triggers, have 
been confirmed as the cause in at least one instance, and may represent an overlooked 
source of controllable pollution to the San Francisco Bay Estuary and its tidal sloughs. . 
. the discharges of dry weather urban runoff from these pump stations are not being 

                                                 
68  Internal Water Board Memo dated December 2, 2005:  “Dry Weather Urban Weather Urban Runoff Causing or 

Contributing to Water Quality Violations:  Low Dissolved Oxygen (DO) in Old Alameda Creek and Alviso 
Slough” 
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managed to protect water quality, and [that] surveillance monitoring has detected 
measurable negative water quality consequences of this current state of pump station 
management.” 

Pump station discharges of dry weather urban runoff can cause violations of water 
quality objectives.  These discharges are controllable point sources of pollution that are 
virtually unregulated.  The Water Board needs a complete inventory of dry weather 
urban runoff pump stations and to require BMP development and implementation for 
these discharges now.  In the long term, Water Board staff should prioritize the sites 
from the regional inventory for dry weather diversion to sanitary sewers and encourage 
engineering feasibility studies to accomplish the diversions in a cost-effective manner.  
Structural treatment alternatives should be explored for specific pump stations. 

To address the short term goals identified in the previous paragraph, Provision C.2.g. 
requires the Permittees to implement the following measures to reduce pollutant 
discharges to stormwater runoff from Permittee-owned or operated pump stations: 

1. Establish an inventory of pump stations within each Permittee’s jurisdiction, 
including pump station locations and key characteristics, and inspection 
frequencies. 

2. Inspect these pump stations regularly, but at least two times a year, to address water 
quality problems, including trash control and sediment and debris removal. 

3. Inspect trash racks and oil absorbent booms at pump stations in the first business 
day after ¼-inch within 24 hours and larger storm events. Remove debris in trash 
racks and replace oil absorbent booms, as needed. 
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C.3. New Development and Redevelopment 

Legal Authority 
Broad Legal Authority: CWA Sections 402(p)(3)(B)(ii-iii), CWA Section 
402(a), CWC Section 13377, and Federal NPDES regulations 40 CFR 
122.26(d)(2)(i)(B, C, E, and F), 40 CFR 131.12, and 40 CFR 122.26(d)(2)(iv). 

Fact Sheet Findings in Support of Provision C.3 
C.3-1 Urban development begins at the land use planning phase; therefore, this phase 

provides the greatest cost-effective opportunities to protect water quality in new 
development and redevelopment. When a Permittee incorporates policies and 
principles designed to safeguard water resources into its General Plan and 
development project approval processes, it has taken a critical step toward the 
preservation and most of local water resources for current and future 
generations. 

C.3-2 Provision C.3. is based on the assumption that Permittees are responsible for 
considering potential stormwater impacts when making planning and land use 
decisions. The goal of Provision C.3. is for Permittees to use their planning 
authority to include appropriate source control, site design, and stormwater 
treatment measures to address both soluble and insoluble stormwater runoff 
pollutant discharges and prevent increases in runoff flow from new 
development and redevelopment projects.  This goal is to be accomplished 
primarily through the implementation of low impact development (LID) 
techniques. Neither Provision C.3. nor any of its requirements are intended to 
restrict or control local land use decision-making authority. 

C.3-3 Certain control measures implemented or required by Permittees for urban 
runoff management might create a habitat for vectors (e.g., mosquitoes and 
rodents) if not properly designed or maintained. Close collaboration and 
cooperative efforts among Permittees, local vector control agencies, Water 
Board staff, and the State Department of Public Health are necessary to 
minimize potential nuisances and public health impacts resulting from vector 
breeding. 

C.3-4 The Water Board recognized in its Policy on the Use of Constructed Wetlands 
for Urban Runoff Pollution Control (Resolution No. 94-102) that urban runoff 
treatment wetlands that are constructed and operated pursuant to that Resolution 
and are constructed outside a creek or other receiving water are stormwater 
treatment systems and, as such, are not waters of the United States subject to 
regulation pursuant to Sections 401 or 404 of the federal Clean Water Act. 
Water Board staff is working with the California Department of Fish and Game 
(CDFG) and U.S. Fish and Wildlife Service (USFWS) to identify how 
maintenance for stormwater treatment controls required under permits such as 
this Permit can be appropriately streamlined, given CDFG and USFWS 
requirements, and particularly those that address special status species. This 
Permit requires Permittees to ensure that constructed wetlands installed by 
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Regulated Projects are consistent with Resolution No. 94-102 and the operation 
and maintenance requirements contained therein.  

C.3-5 The Permit requires Permittees to ensure that onsite, joint, and offsite 
stormwater treatment systems and HM controls installed by Regulated Projects 
are properly operated and maintained for the life of the projects.  In cases where 
the responsible parties for the treatment systems or HM controls have worked 
diligently and in good faith with the appropriate state and federal agencies to 
obtain approvals necessary to complete maintenance activities for the treatment 
systems or HM controls, but these approvals are not granted, the Permittees  
shall be considered by the Water Board to be in compliance with Provision 
C.3.h.iii. of the Permit. 

Specific Provision C.3 Requirements 
Provision C.3.a. (New Development and Redevelopment Performance Standard 
Implementation) sets forth essentially the same legal authority, development review and 
permitting, environmental review, training, and outreach requirements that are 
contained in the existing permits. This Provision also requires the Permittees to 
encourage all projects not regulated by Provision C.3., but that are subject to the 
Permittees’ planning, building, development , or other comparable review, to include 
adequate source control and site design measures, which include discharge of 
appropriate wastestreams to the sanitary sewer, subject to the local sanitary agency’s 
authority and standards.  Lastly, this Provision requires Permittees to revise, as 
necessary, their respective General Plans to integrate water quality and watershed 
protection with water supply, flood control, habitat protection, groundwater recharge, 
and other sustainable development principles and policies.  Adequate implementation 
time has been allocated to Provisions C.3.a.i.(6)-(8), which may be considered new 
requirements. 

Provision C.3.b. (Regulated Projects) establishes the different categories of new 
development and redevelopment projects that Permittees must regulate under Provision 
C.3. These categories are defined on the basis of the land use and the amount of 
impervious surface created and/or replaced by the project because all impervious 
surfaces contribute pollutants to stormwater runoff and certain land uses contribute 
more pollutants. Impervious surfaces can neither absorb water nor remove pollutants as 
the natural, vegetated soil they replaced can. Also, urban development creates new 
pollution by bringing higher levels of car emissions that are aerially deposited, car 
maintenance wastes, pesticides, household hazardous wastes, pet wastes, and trash, 
which can all be washed into the storm sewer. 

Provision C.3.b.ii.(1) lists Special Land Use Categories that are already regulated 
under the current stormwater permits. Therefore, extra time is not necessary for 
the Permittees to comply with this Provision, so the Permit Effective Date is set as 
the required implementation date.  For these categories, the impervious surface 
threshold (for classification as a Regulated Project subject to Provision C.3.) will 
be decreased from the current 10,000 ft2 to 5,000 ft2 beginning two years from the 
Permit Effective Date. These special land use categories represent land use types 
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that may contribute more polluted stormwater runoff. Regulation of these special 
land use categories at the lower impervious threshold of 5,000 square feet is 
considered the maximum extent practicable and is consistent with State Board 
guidance, court decisions, and other Water Boards’ requirements.  In the 
precedential decision contained in its WQ Order No. 2000-11, the State Board 
upheld the SUSMP (Standard Urban Stormwater Mitigation Plan) requirements 
issued by the Los Angeles Water Board’s Executive Officer on March 8, 2000, 
and found that they constitute MEP for addressing pollutant discharges resulting 
from Priority Development Projects. The State Board re-affirmed that SUSMP 
requirements constitute MEP in their Order WQ 2001-15.  Provision C.3.b.ii.(1)’s 
requirement that development projects in the identified Special Land Use 
Categories adding and/or replacing > 5000 ft2 of impervious surface shall install 
hydraulically sized stormwater treatment systems is consistent with the SUSMP 
provisions upheld by the State Board.  Provision C.3.b.ii.(1) is also consistent 
with Order No. R9-2007-0001 issued by the San Diego Water Board, Order Nos. 
R4-2009-0057 and R4-2001-182 issued by the Los Angeles Water Board, Order 
No. 2009-0030 issued by the Santa Ana Water Board, and State Board’s Order 
WQ 2003-0005 issued to Phase II MS4s.  Under Order WQ 2003-0005, Phase II 
MS4s with populations of 50,000 and greater must apply the lower 5000 ft2 
threshold for requiring stormwater treatment systems by April 2008.  The MRP 
allows two years from the MRP effective date for the Permittees to implement the 
lower 5000 ft2 threshold for the special land use categories, three and half years 
later than the Phase II MS4s. However, the additional time is necessary for the 
Permittees to revise ordinances and permitting procedures and conduct training 
and outreach. 

This Provision contains a “grandfathering” clause, which allows any private 
development project in a special land use category for which a planning 
application has been deemed complete by a Permittee on or before the Permit 
effective date to be exempted from the lower 5,000 square feet impervious surface 
threshold (for classification as a Regulated Project) as long as the project 
applicant is diligently pursuing the project.  Diligent pursuance may be 
demonstrated by the project applicant’s submittal of supplemental information to 
the original application, plans, or other documents required for any necessary 
approvals of the project by the Permittee.  If during the time period between the 
Permit effective date and the required implementation date of December 1, 2011, 
for the 5000 square feet threshold, the project applicant has not taken any action 
to obtain the necessary approvals from the Permittee, the project will then be 
subject to the lower 5000 square feet impervious surface threshold specified in 
Provision C.3.b.ii.(1).   

For any private development project in a special land use category with an 
application deemed complete after the Permit effective date, the lower 5000 
square feet impervious surface threshold (for classification as a Regulated Project) 
shall not apply if the project applicant has received final discretionary approval 
for the project before the required implementation date of December 1, 2011 for 
the 5000 square feet threshold. 
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Previous stormwater permits also used the “application deemed complete” date as 
the date for determining Provision C.3. applicability, but it was tied to the 
implementation date for new requirements and not the Permit effective date.  The 
Permit Streamlining Act requires that a public agency must determine whether a 
permit application is complete within 30 days after receipt; if the public agency 
does not make this determination, the application is automatically deemed 
complete after 30 days.  Data we have collected from audits and file reviews as 
well as reported to us by Permittees confirm that in many cases, the development 
permit applications have indeed not been reviewed for compliance with Provision 
C.3. requirements and yet have automatically been deemed complete 30 days after 
the application submittal date.  As soon as the Permit is adopted, there is certainty 
about any new requirements that must be implemented during the Permit term.  
Therefore, the “application deemed complete” date should only be used to exempt 
projects that have reached this milestone by the Permit effective date and not 
years later at a new requirement’s implementation date.  However, this change 
requires consideration of those applications that are deemed complete after the 
Permit effective date.  Because there is certainty with regard to new requirements 
as soon as the Permit becomes effective, we have tied the “final discretionary 
approval” date to a new requirement’s implementation date for determining 
whether to exempt the projects with applications deemed complete after the 
Permit effective date.  After a project receives “final discretionary approval” it 
would be too late in the permitting process to implement new requirements, 
particularly since this type of approval requires actions by city councils or boards 
of supervisors.  Therefore, the “grandfathering” language is a hybrid that makes 
use of both the “application deemed complete” date and the “final discretionary 
approval” date, two known and recognized milestones in development planning. 

As for private projects, public projects should be far enough along in the design 
and approval process to warrant being grandfathered and essentially exempted 
from complying with the lower 5000 ft2 threshold when it becomes effective.  
Previous stormwater permits grandfathered projects that only had funds 
committed by the new threshold’s effective date, which was too early because 
projects can be held for years before design can begin, well after funding 
commitments have been made. Conversely, application of the grandfathering 
exemption to projects that have construction scheduled to begin by the threshold 
effective date (or 2 years after the MRP effective date) may be too late in the 
permitting process to implement new threshold requirements, particularly since 
this type of approval requires actions by city councils or boards of supervisors. 
Therefore, the Permit provides the grandfathering exemption for projects that 
have construction set to begin within 1 year of the threshold effective date (or 3 
years after the MRP effective date). 

Provisions C.3.b.ii.(2)-(3) describe land use categories that are already regulated 
under the current stormwater permits; therefore, extra time is not necessary for the 
Permittees to comply with these Provisions and the implementation date is the 
Permit effective date. Because the Vallejo Permittees do not have post-
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construction requirements in their current stormwater permit, the Permit allows an 
extra year for them to comply with these Provisions. 

Provision C.3.b.ii.(4) applies to road projects adding and/or replacing 10,000 ft2 
of impervious surface, which include the construction of new roads and sidewalks 
and bicycle lanes built as part of the new roads; widening of existing roads with 
additional traffic lanes; and construction of impervious trails that are greater than 
10 feet wide or are creekside (within 50 feet of the top of bank).  Although 
widening existing roads with bike lanes and sidewalks increases impervious 
surface and therefore increases stormwater pollutants because of aerial deposition, 
they have been excluded from this Provision because we recognize the greater 
benefit that bike lanes and sidewalks provide by encouraging less use of 
automobiles.  Likewise, this Provision also contains specific exclusions for: 
sidewalks built as part of a new road and built to direct stormwater runoff to 
adjacent vegetated areas; bike lanes built as part of a new road but not 
hydraulically connected to the new road and built to direct stormwater runoff to 
adjacent vegetated areas; impervious trails built to direct stormwater runoff to 
adjacent vegetated areas, or other non-erodible permeable areas, preferably away 
from creeks or towards the outboard side of levees; and sidewalks, bike lanes, or 
trails constructed with permeable surfaces. 

In the case of road widening projects where additional lanes of traffic are added, 
the 50% rule also applies.  That is, the addition of traffic lanes resulting in an 
alteration of more than 50 percent of the impervious surface of an existing street 
or road that was not subject to Provision C.3, the entire project, consisting of all 
existing, new, and/or replaced impervious surfaces, must be included in the 
treatment system design (i.e., stormwater treatment systems must be designed and 
sized to treat stormwater runoff from the entire street or road that had additional 
traffic lanes added). 

Where the addition of traffic lanes results in an alteration of less than 50 percent 
of the impervious surface of an existing street or road that was not subject to 
Provision C.3, only the new and/or replaced impervious surface of the project 
must be included in the treatment system design (i.e., stormwater treatment 
systems must be designed and sized to treat stormwater runoff from only the new 
traffic lanes).  However, if the stormwater runoff from the existing traffic lanes 
and the added traffic lanes cannot be separated, any onsite treatment system must 
be designed and sized to treat stormwater runoff from the entire street or road. If 
an offsite treatment system is installed or in-lieu fees paid in accordance with 
Provision C.3.e., the offsite treatment system or in-lieu fees must address only the 
stormwater runoff from the added traffic lanes.   

Because road widening and trail projects belong to a newly added category of 
Regulated Projects, adequate implementation time has been included as well as 
“grandfathering” language.  (See discussion under Provision C.3.b.ii.(1).) 

Provision C.3.b.iii. requires that the Permittees cumulatively complete 10 pilot 
“green street” projects within the Permit term.  This Provision was originally 
intended to require stormwater treatment for road rehabilitation projects on 
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arterial roads that added and/or replaced > 10,000 ft2 of impervious surface. We 
acknowledge the logistical difficulties in retrofitting roads with stormwater 
treatment systems as well as the funding challenges facing municipalities in the 
Bay Area.  However, we are aware that some cities have or will have funding for 
“green street” retrofit projects that will provide water quality benefits as well as 
meet broader community goals such as fostering unique and attractive 
streetscapes that protect and enhance neighborhood livability, serving to enhance 
pedestrian and bike access, and encouraging the planting of landscapes and 
vegetation that contribute to reductions in global warming.  Therefore, instead of 
requiring post-construction treatment for all road rehabilitation of arterial streets, 
this Provision requires the completion of 10 pilot “green street” projects by the 
Permittees within the Permit term.  These projects must incorporate LID 
techniques for site design and treatment in accordance with Provision C.3.c. and 
provide stormwater treatment pursuant to Provision C.3.d. and must be 
representative of the three different types of streets:  arterial, collector, and local.   
To ensure equity and an even distribution of projects, at least two pilot projects 
must be located in each of the following counties:  Alameda, Contra Costa, San 
Mateo, and Santa Clara.  Parking lot projects are acceptable as pilot projects as 
long as both parking lot and street runoff is addressed.  Because these are pilot 
projects, we have not specified a minimum or maximum size requirement and the 
details of which cities will have these projects are to be determined by the 
Permittees. 

Provision C.3.c (Low Impact Development (LID)) recognizes LID as a cost-
effective, beneficial, holistic, integrated stormwater management strategy69. The goal 
of LID is to reduce runoff and mimic a site’s predevelopment hydrology by 
minimizing disturbed areas and impervious cover and then infiltrating, storing, 
detaining, evapotranspiring, and/or biotreating stormwater runoff close to its source.  
LID employs principles such as preserving and recreating natural landscape features 
and minimizing imperviousness to create functional and appealing site drainage that 
treat stormwater as a resource, rather than a waste product.  Practices used to adhere 
to these LID principles include measures such as preserving undeveloped open 
space, rain barrels and cisterns, green roofs, permeable pavement, and biotreatment 
through rain gardens, bioretention units, bioswales, and planter/tree boxes. 
This Provision sets forth a three-pronged approach to LID with source control, site 
design, and stormwater treatment requirements. The concepts and techniques for 
incorporating LID into development projects, particularly for site design, have been 
extensively discussed in BASMAA’s Start at the Source manual (1999) and its 
companion document, Using Site Design Techniques to Meet Development 
Standards for Stormwater Quality (May 2003), as well as in various other LID 
reference documents. 

Provision C.3.c.i.(1) lists source control measures that must be included in all 
Regulated Projects as well as some that are applicable only to certain types of 

                                                 
69 USEPA, Reducing Stormwater Costs through Low Impact Development (LID) Strategies and Practices 
(Publication Number EPA 841-F-07-006, December 2007) http://www.epa.gov/owow/nps/lid/costs07) 
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businesses and facilities. These measures are recognized nationwide as basic, 
effective techniques to minimize the introduction of pollutants into stormwater 
runoff. The current stormwater permits also list these methods; however, they are 
encouraged rather than required. By requiring these source control measures, this 
Provision sets a consistent, achievable standard for all Regulated Projects and 
allows the Board to more systematically and fairly measure permit compliance. 
This Provision retains enough flexibility such that Regulated Projects are not 
forced to include measures inappropriate, or impracticable, to their projects. This 
Provision does not preclude Permittees from requiring additional measures that 
may be applicable and appropriate. 

Provision C.3.c.i.(2)(a) lists site design elements that must be implemented at all 
Regulated Projects. These design elements are basic, effective techniques to 
minimize pollutant concentrations in stormwater runoff as well as the volume and 
frequency of discharge of the runoff. On the basis of the Board staff’s review of 
the Permittees’ Annual Reports and CWA section 401 certification projects, these 
measures are already being done at many projects. One design element requires 
all Regulated Projects to include at least one site design measure from a list of six 
which includes recycling of roof runoff, directing runoff into vegetated areas, and 
installation of permeable surfaces instead of traditional paving. All these 
measures serve to reduce the amount of runoff and its associated pollutants being 
discharged from the Regulated Project.   

Provision C.3.c.i.(2)(b) requires each Regulated Project to treat 100% of the 
Provision C.3.d. runoff with LID treatment measures onsite or with LID treatment 
measures at a joint stormwater treatment facility.  LID treatment measures are 
harvesting and re-use, infiltration, evapotranspiration, or biotreatment.  A 
properly engineered and maintained biotreatment system may be considered only 
if it is infeasible to implement harvesting and re-use, infiltration, or 
evapotranspiration at a project site.  Infeasibility may result from conditions 
including the following: 
• Locations where seasonal high groundwater would be within 10 feet of the 

base of the LID treatment measure. 
• Locations within 100 feet of a groundwater well used for drinking water. 
• Development sites where pollutant mobilization in the soil or groundwater is a 

documented concern. 
• Locations with potential geotechnical hazards. 
• Smart growth and infill or redevelopment sites where the density and/or 

nature of the project would create significant difficulty for compliance with 
the onsite volume retention requirement. 

• Locations with tight clay soils that significantly limit the infiltration of 
stormwater. 

This Provision recognizes the benefits of harvesting and reuse, infiltration and 
evapotranspiration and establishes these methods at the top of the LID treatment 
hierarchy.  This Provision also acknowledges the challenges, both institutional 
and technical, to providing these LID methods at all Regulated Projects.  There 
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are certainly situations where biotreatment is a valid LID treatment measure and 
this Provision allows Permittees the flexibility to make this determination so that 
Regulated Projects are not forced to include measures inappropriate or 
impracticable to the project sites. However, Permittees are required to submit a 
report within 18 months of the Permit effective date and prior to the required 
implementation date on the criteria and procedures that Permittees will employ to 
determine when harvesting and re-use, infiltration, or evapotranspiration is 
feasible and infeasible at a Regulated Project site.  The Permittees are also 
required to submit a second report two years after implementing the new LID 
requirements that documents their experience with determining the feasibility and 
infeasibility of harvesting and reuse, infiltration, and evapotranspiration at 
Regulated Project sites.  This report shall also discuss barriers, including 
institutional and technical site specific constraints, to implementation of 
infiltration, harvesting and reuse, or evapotranspiration and proposed strategies 
for removing these identified barriers. 

This Provision specifies minimum specifications for biotreatment systems to be 
considered as LID treatment and requires Permittees to develop soil media 
specifications.  Because this Provision recognizes green roofs as biotreatment 
systems for roof runoff, it also requires Permittees to develop minimum 
specifications for green roofs. 

Provision C.3.c.ii. establishes the implementation date for the new LID 
requirements of Provision C.3.c.i. to be two years after the Permit effective date.  
Grandfathering language consistent with Provision C.3.b.ii.(1) has been included 
in this Provision to exempt private development projects (that are far along in 
their permitting and approval process) and public projects (that are far along in 
their funding and design) from the requirements of Provision C.3.c.i. 

Provision C.3.d (Numeric Sizing Criteria for Stormwater Treatment Systems) lists the 
hydraulic sizing design criteria that the stormwater treatment systems installed for 
Regulated Projects must meet. The volume and flow hydraulic design criteria are the 
same as those required in the current stormwater permits. These criteria ensure that 
stormwater treatment systems will be designed to treat the optimum amount of 
relatively smaller-sized runoff-generating storms each year. That is, the treatment 
systems will be sized to treat the majority of rainfall events generating polluted runoff 
but will not have to be sized to treat the few very large annual storms as well. For many 
projects, such large treatment systems become infeasible to incorporate into the 
projects. Provision C.3.d. also adds a new combined flow and volume hydraulic design 
criteria to accommodate those situations where a combination approach is deemed most 
efficient. 

Provision C.3.d.iv. defines infiltration devices and establishes limits on the use of 
stormwater treatment systems that function primarily as infiltration devices The 
intent of the Provision is to ensure that the use of infiltration devices, where 
feasible and safe from the standpoint of structural integrity, must also not cause or 
contribute to the degradation of groundwater quality at the project sites. This 
Provision requires infiltration devices to be located a minimum of 10 feet 
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(measured from the base) above the seasonal high groundwater mark and a 
minimum of 100 feet horizontally away from any known water supply wells, 
septic systems, and underground storage tanks with hazardous materials, and 
other measures to ensure that any potential threat to the beneficial uses of ground 
water is appropriately evaluated and avoided. 

Provision C.3.e (Alternative or In-Lieu Compliance with Provision C.3.c.) recognizes 
that not all Regulated Projects may be able to install LID treatment systems onsite 
because of site conditions, such as existing underground utilities, right-of-way 
constraints, and limited space.  

Provision C.3.e.i.  In keeping with LID concepts and strategies, we expect new 
development projects to provide LID treatment onsite and to allocate the 
appropriate space for these systems because they do not have the site limitations 
of redevelopment and infill site development in the urban core. However, this 
Provision does not restrict alternative compliance to redevelopment and infill 
projects because the Permittees have requested flexibility to make the 
determination of when alternative compliance is appropriate.  Based on the lack 
of offsite alternative compliance projects installed during the current stormwater 
permit terms, it seems that having to find offsite projects is already a great 
disincentive.  Therefore, this Provision allows any Regulated Project to provide 
LID treatment for up to 100% of the required Provision C.3.d. stormwater runoff 
at an offsite location or pay equivalent in-lieu fees to provide LID treatment at a 
Regional Project, as long as the offsite and Regional Projects are in the same 
watershed as the Regulated Project. 

For the LID Treatment at an Offsite Location alternative compliance option, 
offsite projects must be constructed by the end of construction of the Regulated 
Project.  We acknowledge that a longer timeframe may be required to complete 
construction of offsite projects because of administrative, legal, and/or 
construction delays.  Therefore, up to 3 years additional time is allowed for 
construction of the offsite project; however, to offset the untreated stormwater 
runoff from the Regulated Project that occurs while construction of the offsite 
project is taking place, the offsite project must be sized to treat an additional 10% 
of the calculated equivalent quantity of both stormwater runoff and pollutant 
loading for each year that it is delayed.  Permittees have commented that for 
projects that are delayed, requiring treatment of an additional (10-30)% of 
stormwater runoff may result in costly re-design of treatment systems.  In those 
cases, payment of in-lieu fees to provide the additional treatment at a Regional 
Project is a viable alternative.   

For the Payment of In-Lieu Fees to a Regional Project alternative compliance 
option, the Regional Project must be completed within 3 years after the end of 
construction of the Regulated Project.  We acknowledge that a longer timeframe 
may be required to complete construction of Regional Projects because they may 
involve a variety of public agencies and stakeholder groups and a longer planning 
and construction phase.  Therefore, the timeline for completion of a Regional 
Project may be extended, up to 5 years after the completion of the Regulated 
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Project, with prior Water Board Executive Officer approval.  Executive Officer 
approval will be granted contingent upon a demonstration of good faith efforts to 
implement the Regional Project, such as having funds encumbered and applying 
for the appropriate regulatory permits. 

Provision C.3.e.ii. (Special Projects) When considered at the watershed scale, 
certain types of smart growth, high density, and transit-oriented development can 
either reduce existing impervious surfaces, or create less “accessory” impervious 
areas and auto-related pollutant impacts.  Incentive LID treatment reduction 
credits approved by the Water Board may be applied to these types of Special 
Projects.  
This Provision requires that by December 1, 2010, Permittees shall submit a 
proposal to the Water Board containing the following information: 

• Identification of the types of projects proposed for consideration of LID 
treatment reduction credits and an estimate of the number and cumulative 
area of potential projects during the remaining term of this permit for each 
type of project.. 

• Identification of institutional barriers and/or technical site specific 
constraints to providing 100% LID treatment onsite that justify the allowance 
for non-LID treatment measures onsite. 

• Specific criteria for each type of Special Project proposed, including size, 
location, minimum densities, minimum floor area ratios, or other appropriate 
limitations. 

• Identification of specific water quality and environmental benefits provided 
by these types of projects that justify the allowance for non-LID treatment 
measures onsite. 

• Proposed LID treatment reduction credit for each type of Special Project and 
justification for the proposed credits. The justification shall include 
identification and an estimate of the specific water quality benefit provided 
by each type of Special Project proposed for LID treatment reduction credit. 

• Proposed total treatment reduction credit for Special Projects that may be 
characterized by more than one category and justification for the proposed 
total credit. 

Provision C.3.f (Alternative Certification of Adherence to Numeric Sizing Criteria for 
Stormwater Treatment Systems) allows Permittees to have a third-party review and 
certify a Regulated Project’s compliance with the hydraulic design criteria in Provision 
C.3.d. Some municipalities do not have the staffing resources to perform these technical 
reviews. The third-party review option addresses this staffing issue. This Provision 
requires Permittees to make a reasonable effort to ensure that the third-party reviewer 
has no conflict of interest with regard to the Regulated Project being reviewed. That is, 
any consultant, contractor or their employees hired to design and/or construct a 
stormwater treatment system for a Regulated Project can not also be the certifying third 
party. 
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Provision C.3.g. (Hydromodification Management, HM) requires that certain new 
development projects manage increases in stormwater runoff flow and volume so that 
post-project runoff shall not exceed estimated pre-project runoff rates and durations, 
where such increased flow and/or volume is likely to cause increased potential for 
erosion of creek beds and banks, silt pollutant generation, or other adverse impacts on 
beneficial uses due to increased erosive force. 

Background for Provision C.3.g.  Based on Hydrograph Modification Management 
Plans prepared by the Permittees, the Water Board adopted hydromodification 
management (HM) requirements for Alameda Permittees (March 2007), Contra Costa 
Permittees (July 2006), Fairfield-Suisun Permittees (March 2007), Santa Clara 
Permittees (July 2005), and San Mateo Permittees (March 2007). Within Provision 
C.3.g, the major common elements of these HM requirements are restated. Attachments 
B–F contain the HM requirements as adopted by the Water Board, with some changes 
to correct minor errors and to provide consistency across the Region.  Attachment F 
contains updated HM requirements for the Santa Clara Permittees. Permittees will 
continue to implement their adopted HM requirements; where Provision C.3.g. 
contradicts the Attachments, Provision C.3.g. shall be implemented.  Additional 
requirements and/or options contained in the Attachments, above and beyond what is 
specified in Provision C.3.g., remain unaltered by Provision C.3.g.  In all cases, the HM 
Standard must be achieved. 

The Alameda, Santa Clara and San Mateo Permittees have adapted the Western 
Washington Hydrology Model70 for modeling runoff from development project sites, 
sizing flow duration control structures, and determining overall compliance of such 
structures and other HM control structures (HM controls) in controlling runoff from the 
project sites to manage hydromodification impacts as described in the Permit. The 
adapted model is called the Bay Area Hydrology Model (BAHM).71 All Permittees may 
use the BAHM if its inputs reflect actual conditions at the project site and surrounding 
area, including receiving water conditions. As Permittees gain experience in designing 
and operating HM controls, the Programs may make adjustments in the BAHM to 
improve its function in controlling excess runoff and managing hydromodification 
impacts. Notification of all such changes shall be given to the Water Board and the 
public through such mechanism as an electronic email list. 

The Contra Costa Permittees have developed sizing charts for the design of flow 
duration control devices.  Attachment C requires the Contra Costa Permittees to conduct 
a monitoring program to verify the performance of these devices. Following the 
satisfactory conclusion of this monitoring program, or conclusion of other study(s) that 
demonstrate devices built according to Attachment C specifications satisfactorily 
protect streams from excess erosive flows, the Water Board intends to allow the use of 
the Contra Costa sizing charts, when tailored to local conditions, by other stormwater 
programs and Permittees. Similarly, any other control strategies or criteria approved by 
the Board would be made available across the Region. This would be accomplished 

                                                 
70    http://www.ecy.wa.gov/programs/wq/stormwater/wwhm_training/wwhm/wwhm_v2/instructions_v2.html 
71 See www.bayareahydrologymodel.org , Resources. 
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through Permit amendment or in another appropriate manner following appropriate 
public notification and process. 

The Fairfield-Suisun Permittees have developed design procedures, criteria, and sizing 
factors for infiltration basins and bioretention units. These procedures, criteria, and 
sizing factors have been through the public review process already, and are not subject 
to public review at this time. Water Board staff’s technical review found that the 
procedures, criteria, and sizing factors are acceptable in all ways except one: they are 
based on an allowable low flow rate that exceeds the criteria established in this Permit. 
Fairfield-Suisun Permittees may choose to change the design criteria and sizing factors 
to the allowable criterion of 20 percent of the 2-year peak flow, and seek Executive 
Officer approval of the modified sizing factors. This criterion, which is greater than the 
criterion allowed for other Bay Area Stormwater Countywide Programs, is based on 
data collected from Laurel and Ledgewood Creeks and technical analyses of these site-
specific data. Following approval by the Executive Officer and notification of the public 
through such mechanism as an email list-serve, project proponents in the Fairfield-
Suisun area may meet the HM Standard by using the Fairfield-Suisun Permittees’ 
design procedures, criteria, and sizing factors for infiltration basins and/or bioretention 
units. 

Attachments B and F allow the Alameda and Santa Clara Permittees to prepare a user 
guide to be used for evaluating individual receiving waterbodies using detailed methods 
to assess channel stability and watercourse critical flow. This user guide would reiterate 
and collate established stream stability assessment methods that have been presented in 
these Programs’ HMPs, which have undergone Water Board staff review and been 
made available for public review. After the Programs have collated their methods into 
user guide format, received approval of the user guide from the Executive Officer, and 
informed the public through such process as an email list-serve, the user guide may be 
used to guide preparation of technical reports for: implementing the HM standard using 
in-stream or regional measures; determining whether certain projects are discharging to 
a watercourse that is less susceptible (from point of discharge to the Bay) to 
hydromodification (e.g., would have a lower potential for erosion than set forth in this 
Permit);  and/or determining if a watercourse has a higher critical flow and project(s) 
discharging to it are eligible for an alternative Qcp72 for the purpose of designing on-site 
or regional measures to control flows draining to these channels (i.e., the actual 
threshold of erosion-causing critical flow is higher than 10 percent of the 2-year pre-
project flow). 

The Water Board recognizes that the collective knowledge of management of erosive 
flows and durations from new and redevelopment is evolving, and that the topics listed 
below are appropriate topics for further study. Such a study may be initiated by Water 
Board staff, or the Executive Officer may request that all Bay Region municipal 
stormwater Permittees jointly conduct investigations as appropriate. Any future 

                                                 
72 Qcp is the allowable low flow discharge from a flow control structure on a project site. It is a means of 

apportioning the critical flow in a stream to individual projects that discharge to that stream, such that cumulative 
discharges do not exceed the critical flow in the stream.  
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proposed changes to the Permittees’ HM provisions may reflect improved 
understanding of these issues: 

• Potential incremental costs, and benefits to waterways, from controlling a 
range of flows up to the 35- or 50-year peak flow, versus controlling up to the 
10-year peak flow, as required by this Permit; 

• The allowable low-flow (also called Qcp and currently specified as 10–20 
percent of the pre-project 2-year runoff from the site) from HM controls; 

• The effectiveness of self-retaining areas for management of post-project flows 
and durations; and/or 

• The appropriate basis for determining cost-based impracticability of treating 
stormwater runoff and controlling excess runoff flows and durations. 

Within Attachments B-F, this Permit allows for alternative HM compliance when on-
site and regional HM controls and in-stream measures are not practicable. Alternative 
HM compliance includes contributing to or providing mitigation at other new or 
existing development projects that are not otherwise required by this Permit or other 
regulatory requirements to have HM controls. The Permit provides flexibility in the 
type, location, and timing of the mitigation measure. The Board recognizes that 
handling mitigation funds may be difficult for some municipalities because of 
administrative and legal constraints. The Board intends to allow flexibility for project 
proponents and/or Permittees to develop new or retrofit stormwater treatment or HM 
control projects within a broad area and reasonable time frame. Toward the end of the 
Permit term, the Board will review alternative projects and determine whether the 
impracticability criteria and options should be broadened or made narrower. 

Provision C.3.g.i. defines the subset of Regulated Projects that must install 
hydromodification controls (HM controls). This subset, called HM Projects, are 
Regulated Projects that create and/or replace one acre or more of impervious 
surface and are not specifically excluded within Attachments B–F of the Permit. 
Within these Attachments, the Permittees have identified areas where the 
potential for single-project and/or cumulative development impacts to creeks is 
minimal, and thus HM controls are not required. Such areas include creeks that 
are concrete-lined or significantly hardened (e.g., with concrete) from point of 
discharge and continuously downstream to their outfall into San Francisco Bay; 
underground storm drains discharging to the Bay; and construction of infill 
projects in highly developed watersheds.73 

Provision C.3.g.ii. establishes the standard hydromodification controls must 
meet. The HM Standard is based largely on the standards proposed by Permittees 
in their Hydrograph Modification Management Plans.  The method for calculating 
post-project runoff in regards to HM controls is standard practice in Washington 
State and is equally applicable in California.   

                                                 
73 Within the context of Provision C.3.g., “highly developed watersheds; refer to catchments or sub-catchments that 

are 65 percent impervious or more. 
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Provision C.3.g.iii. identifies and defines three methods of hydromodification 
management. 

Provision C.3.g.iv. sets forth the information on hydromodification management 
to be submitted in the Permittees’ Annual Reports.  

Provision C.3.g.v. requires the Vallejo Permittees to develop a 
Hydromodification Management Plan (HMP), because the Vallejo Permittees 
have not been required to address HM impacts to date. Vallejo’s current permit 
was issued by USEPA and does not require the Vallejo Permittees’ to develop an 
HMP.  The Vallejo Permittees may choose to adopt and implement one or a 
combination of the approaches in Attachments B–F. 

Provision C.3.h (Operation and Maintenance of Stormwater Treatment Systems) 
establishes permitting requirements to ensure that proper maintenance for the life of the 
project is provided for all onsite, joint, and offsite stormwater treatment systems 
installed. The Provision requires Permittees to inspect at least 20% of these systems 
annually, at least 20% of all vault-based systems annually, and every treatment system 
at least once every 5 years.  Requiring inspection of at least 20% of the total number of 
treatment and HM controls serves to prevent failed or improperly maintained systems 
from going undetected until the 5th year.  We have the additional requirement to inspect 
at least 20% of all installed vault-based systems because they require more frequent 
maintenance and problems arise when the appropriate maintenance schedules are not 
followed.  Also, problems with vault systems may not be as readily identified by the 
projects’ regular maintenance crews.  Neither of these inspection frequency 
requirements interferes with the Permittees’ current ability to prioritize their inspections 
based on factors such as types of maintenance agreements, owner or contractor 
maintained systems, maintenance history, etc.  This Provision also requires the 
development of a database or equivalent tabular format to track the operation and 
maintenance inspections and any necessary enforcement actions against Regulated 
Projects and submittal of Reporting Table C.3.h., which requires standard information 
that should be collected on each operation and maintenance inspection. We require this 
type of information to evaluate a Permittee’s inspection and enforcement program and 
to determine compliance with the Permit.  Summary data alone without facility-specific 
inspection findings does not allow us to determine whether Permittees are doing timely 
follow-up inspections at problematic facilities and taking appropriate enforcement 
actions. 

Stormwater treatment system maintenance has been identified as a critical aspect of 
addressing urban runoff from Regulated Projects by many prominent urban runoff 
authorities, including CASQA, which states that “long-term performance of BMPs 
[stormwater treatment systems] hinges on ongoing and proper maintenance.”74  USEPA 
also stresses the importance of BMP [stormwater treatment system] maintenance, 

                                                 
74 California Stormwater Quality Association, 2003. Stormwater Best Management Practice Handbook – New 

Development and Redevelopment, p. 6-1. 
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stating that “Lack of maintenance often limits the effectiveness of stormwater structure 
controls such as detention/retention basins and infiltration devices.”75 

Provision C.3.i. (Required Site Design Measures for Small Project and Detached 
Single-Family Homes Projects) introduces new requirements on single-family home 
projects that create and/or replace 2500 square feet or more of impervious surface and 
small development projects that create and/or replace > 2500 ft2 to <10,000 ft2 
impervious surface (collectively over the entire project). A detached single-family home 
project is defined as the building of one single new house or the addition and/or 
replacement of impervious surface to one single existing house, which is not part of a 
larger plan of development.   

This Provision requires these  projects to select and implement one or more stormwater 
site design measures from a list of six. These site design measures are basic methods to 
reduce the amount and flowrate of stormwater runoff from projects and provide some 
pollutant removal treatment of the runoff that does leave the projects. Under this 
Provision, only projects that already require approvals and/or permits under the 
Permittees’ current planning, building, or other comparable authority are regulated. 
Hence this Provision does not require Permittees to regulate small development and 
single-family home projects that would not otherwise be regulated under the Permittees’ 
current ordinances or authorities. Water Board staff recognizes that the stormwater 
runoff pollutant and volume contribution from each one of these projects may be small; 
however, the cumulative impacts could be significant. This Provision serves to address 
some of these cumulative impacts in a simple way that will not be too administratively 
burdensome on the Permittees.  To assist these small development and single-family 
home projects, this Provision also requires the Permittees to develop standard 
specifications for lot-scale site design and treatment measures. 

 
 
 
 
 

                                                 
75 USEPA. 1992. Guidance Manual for the Preparation of Part II of the NPDES Permit Application for Discharges 

from Municipal Separate Storm Sewer Systems. EPA 833-B-92-002. 
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C.4. Industrial and Commercial Site Controls  
Legal Authority 

Broad Legal Authority: CWA sections 402(p)(3)(B)(ii-iii), CWC section 
13377, and Federal NPDES regulations 40 CFR 122.26(d)(2)(i)(B, C, D, E, and 
F) and 40 CFR 122.26(d)(2)(iv). 

Specific Legal Authority: Federal NPDES regulation 40 CFR 
122.26(d)(2)(iv)(C) requires, “A description of a program to monitor and control 
pollutants in storm water discharges to municipal systems from municipal 
landfills, hazardous waste treatment, disposal and recovery facilities, industrial 
facilities that are subject to section 313 of title III of the Superfund Amendments 
and Reauthorization Act of 1986 (SARA), and industrial facilities that the 
municipal permit applicant determines are contributing a substantial pollutant 
loading to the municipal storm sewer system.” 

Specific Provision C.4. Requirements 

Provision C.4.a (Legal Authority for Effective Site Management) 
Federal NPDES regulation 40 CFR 122.26(d)(2)(i)(A) provides that each Permittee 
must demonstrate that it can control “through ordinance, permit, contract, order or 
similar means, the contribution of pollutants to the municipal storm sewer by storm 
water discharges associated with industrial activity and the quality of storm water 
discharged from site of industrial activity.” This section also describes requirements for 
effective follow-up and resolution of actual or threatened discharges of either polluted 
non-stormwater or polluted stormwater runoff from industrial/commercial sites. 

Provision C.4.b (Inspection Plan) 
Federal NPDES regulation 40 CFR 122.26(d)(2)(iv)(C)(1) provides that Permittees 
must “identify priorities and procedures for inspections and establishing and 
implementing control measures for such discharges.”  The Permit requires Permittees to 
implement an industrial and commercial site controls program to reduce pollutants in 
runoff from all industrial and commercial sites/sources. 

Provision C.4.b.ii.(1)  (Commercial and Industrial Source Identification) 
Federal NPDES regulation 40 CFR 122.26(d)(2)(ii) provides that Permittees 
“Provide an inventory, organized by watershed of the name and address, and a 
description (such as SIC codes) which best reflects the principal products or 
services provided by each facility which may discharge, to the municipal separate 
storm sewer, storm water associated with industrial activity.” 

USEPA requires “measures to reduce pollutants in storm water discharges to 
municipal separate storm sewers from municipal landfills, hazardous waste 
treatment, disposal and recovery facilities, industrial facilities that are subject to 
section 313 of title III of the Superfund Amendments and Reauthorization Act of 
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1986 (SARA).”76  USEPA “also requires the municipal storm sewer Permittees to 
describe a program to address industrial dischargers that are covered under the 
municipal storm sewer permit.”77  To more closely follow USEPA’s guidance, 
this Permit also includes operating and closed landfills, and hazardous waste 
treatment, disposal, storage and recovery facilities. 

The Permit requires Permittees to identify various industrial sites and sources 
subject to the General Industrial Permit or other individual NPDES permit. 
USEPA supports the municipalities regulating industrial sites and sources that are 
already covered by an NPDES permit: 

Municipal operators of large and medium municipal separate storm 
sewer systems are responsible for obtaining system-wide or area 
permits for their system’s discharges. These permits are expected 
to require that controls be placed on storm water discharges 
associated with industrial activity which discharge through the 
municipal system. It is anticipated that general or individual 
permits covering industrial storm water discharges to these 
municipal separate storm sewer systems will require industries to 
comply with the terms of the permit issued to the municipality, as 
well as other terms specific to the Permittee.78 

And: 

Although today’s rule will require industrial discharges through 
municipal storm sewers to be covered by separate permit, USEPA 
still believes that municipal operators of large and medium 
municipal systems have an important role in source identification 
and the development of pollutant controls for industries that 
discharge storm water through municipal separate storm sewer 
systems is appropriate. Under the CWA, large and medium 
municipalities are responsible for reducing pollutants in discharges 
from municipal separate storm sewers to the maximum extent 
practicable. Because storm water from industrial facilities may be a 
major contributor of pollutants to municipal separate storm sewer 
systems, municipalities are obligated to develop controls for storm 
water discharges associated with industrial activity through their 
system in their storm water management program.79 

Provision C.4.b.ii.(5) (Inspection Frequency) 
USEPA guidance80  says, “management programs should address minimum 
frequency for routine inspections.” The USEPA Fact Sheet—Visual Inspection81 
says, “To be effective, inspections must be carried out routinely.” 

                                                 
76 Federal Register. Vol. 55, No. 222, Friday, November 16, 1990. Rules and Regulations. P. 48056. 
77 Ibid. 
78 Federal Register. Vol. 55, No. 222,  Friday, November 16, 1990, Rules and Regulations. P. 48006. 
79 Ibid. P. 48000 
80 USEPA. 1992. Guidance 833-8-92-002, section 6.3.3.4 “Inspection and Monitoring”. 
81 USEPA. 1999. 832-F-99-046, “Storm Water Management Fact Sheet – Visual Inspection”. 
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Provision C.4.c (Enforcement Response Plan) requires the Permittees to establish an 
Enforcement Response Plan (ERP) that ensures timely response to actual or potential 
stormwater pollution problems discovered in the course of industrial/commercial 
stormwater inspections. The ERP also provides for progressive enforcement of 
violations of ordinances and/or other legal authorities. The ERP will provide guidance 
on the appropriate use of the various enforcement tools, such as verbal and written 
notices of violation, when to issue a citations, and require cleanup requirements, cost 
recovery, and pursue administrative or and criminal penalties. All violations must be 
corrected in a timely manner with the goal of correcting them before the next rain event 
but no longer than 10 business days after the violations are discovered.  

Provision C.4.d (Staff Training) section of the Permit requires the Permittees to 
conduct annual staff trainings for inspectors. Trainings are necessary to keep inspectors 
current on enforcement policies and current MEP BMPs for industrial and commercial 
stormwater runoff discharges. 
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C.5. Illicit Discharge Detection and Elimination 

Legal Authority 
The following legal authority applies to section C.5: 

 
Broad Legal Authority: CWA sections 402(p)(3)(B)(ii-iii), CWC section 
13377, and Federal NPDES regulations 40 CFR 122.26(d)(2)(i)(B, C, D, E, and 
F) and 40 CFR 122.26(d)(2)(iv). 

Specific Legal Authority: Federal NPDES regulations 40 CFR 
122.26(d)(1)(iii)(B)(1) provides that the Permittee shall include in their 
application, “the location of known municipal storm sewer system outfalls 
discharging to waters of the United States.” 

Federal NPDES regulations 40 CFR 122.26(d)(1)(iii)(B)(5) provides that the 
Permittee shall include in their application, “The location of major structural 
controls for storm water discharge (retention basins, detention basins, major 
infiltration devices, etc.” 

Federal NPDES regulations 40 CFR 122.26(d)(2)(i)(B) provides that the 
Permittee shall have, “adequate legal authority to prohibit through ordinance, 
order or similar means, illicit discharges to the municipal separate storm sewer.” 

Federal NPDES regulations 40 CFR 122.26(d)(2)(i)(B) provides that the 
Permittee shall, “Carry out all inspection, surveillance and monitoring 
procedures necessary to determine compliance and noncompliance with permit 
conditions including the prohibition on illicit discharges to the municipal 
separate storm sewer.” 

Federal NPDES regulations 40 CFR 122.26(d)(2)(iv)(B) requires, “shall be 
based on a description of a program, including a schedule, to detect and remove 
(or require the discharger to the municipal storm sewer to obtain a separate 
NPDES permit for) illicit discharges and improper disposal into the storm 
sewer.” 

Federal NPDES regulation 40 CFR 122.26(d)(2)(iv)(B)(1) requires, “a program, 
including inspections, to implement and enforce an ordinance, orders or similar 
means to prevent illicit discharges to the municipal storm sewer system.” 

Federal NPDES regulation 40 CFR 122.26(d)(2)(iv)(B)(2) requires, “a 
description of procedures to conduct on-going field screening activities during 
the life of the permit, including areas or locations that will be evaluated by such 
field screens.” 

Federal NPDES regulation 40 CFR 122.26(d)(2)(iv)(B)(3) requires, “procedures 
to be followed to investigate portions of the separate storm sewer system that, 
based on the results of the field screen, or other appropriate information, indicate 
a reasonable potential of containing illicit discharges or other sources of non-
storm water.” 
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Federal NPDES regulations 40 CFR 122.26(d)(2)(iv)(B)(4) requires, “a 
description of procedures to prevent, contain, and respond to spills that may 
discharge into the municipal separate storm sewer.” 

Federal NPDES regulations 40 CFR 122.26(d)(2)(iv)(B)(5) requires, “a 
description of a program to promote, publicize, and facilitate public reporting of 
the presence of illicit discharges or water quality impacts associated with 
discharges from municipal separate storm sewers.” 

Federal NPDES regulations 40 CFR 122.26(d)(2)(iv)(B)(7) requires, “a 
description of controls to limit infiltration of seepage from municipal sanitary 
sewers to municipal separate storm sewer systems where necessary.” 

Fact Sheet Findings in Support of Provision C.5 
C.5-1 Illicit and inadvertent connections to MS4 systems result in the discharge of 

waste and chemical pollutants to receiving waters. Every Permittee must have 
the ability to discover, track, and clean up stormwater pollution discharges by 
illicit connections and other illegal discharges to the MS4 system. 

C.5-2 Illicit discharges to the storm drain system can be detected in several ways. 
Permittee staff can detect discharges during their course of other tasks, and 
business owners and other aware citizens can observe and report suspect 
discharges. The Permittee must have a direct means for these reports of 
suspected polluted discharges to receive adequate documentation, tracking, 
and response through problem resolution. 

Specific Provision C.5 Requirements 

Provision C.5.a (Legal Authority) requires each Permittee have adequate legal 
authority to effectuate cessation, abatement, and/or clean up of non-exempt non-
stormwater discharges per Federal NPDES regulations 40 CFR 122.26(d)(2)(i)(B). 
Illicit and inadvertent connections to MS4 systems result in the discharge of waste and 
chemical pollutants to receiving waters. Every Permittee must have the ability to 
discover, track, and clean up stormwater pollution discharges by illicit connections and 
other illegal discharges to the MS4 system. 

Provision C.5.b (ERP) requires Permittees to establish an ERP that ensures timely 
response to illicit discharges and connections to the MS4 and provides progressive 
enforcement of violations of ordinances and/or other legal authorities. This section also 
requires Permittees to establish criteria for triggering follow-up investigations. 
Additional language has been added to this section to clarify the minimum level of 
effort and time frames for follow-up investigations when violations are discovered. 
Timely investigation and follow up when action levels are exceeded is necessary to 
identify sources of illicit discharges, especially since many of the discharges are 
transitory. The requirements for all violations to be corrected before the next rain event 
but no longer than 10 business days when there is evidence of illegal non-stormwater 
discharge, dumping, or illicit connections having reached municipal storm drains is 
necessary to ensure timely response by Permittees. 
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Provision C.5.c (Spill and Dumping Response, Complaint Response, and 
Frequency of Inspections) Federal NPDES regulations 40 CFR 122.26(d)(2)(iv)(B)(4) 
requires, “a description of procedures to prevent, contain, and respond to spills that may 
discharge into the municipal separate storm sewer.” This Provision of the Permit 
requires the Permittees to establish and maintain a central point of contact including 
phone numbers for spill and complaint reporting. Reports from the public are an 
essential tool in discovering and investigating illicit discharge activities. Maintaining 
contact points will help ensure that there is effective reporting to assist with the 
discovery of prohibited discharges. Each Permittee must have a direct means for these 
reports of suspected polluted discharges to receive adequate documentation, tracking, 
and response through problem resolution. 

Provision C.5.d (Control of Mobile Sources)  requires each Permittee to develop and 
implement a program to reduce the discharge of pollutants from mobile businesses.  The 
purpose of this section is to establish oversight and control of pollutants associated with 
mobile business sources to the MEP. 
Provision C.5.e (Collection System Screening and MS4 Map Availability) Federal 
NPDES regulation 40 CFR 122.26(d)(2)(iv)(B)(3) requires, “procedures to be followed 
to investigate portions of the separate storm sewer system that, based on the results of 
the field screen, or other appropriate information, indicate a reasonable potential of 
containing illicit discharges or other sources of non-storm water.” This Provision of the 
Permit requires the Permittees to conduct follow up investigations and inspect portions 
of the MS4 for illicit discharges and connections. Permittees shall implement a program 
to actively seek and eliminate illicit connections and discharges during their routine 
collection system screening and during screening surveys at strategic check points. 
Additional wording has been added to this section to clarify and ensure that all 
appropriate municipal personnel are used in the program to observe and report these 
illicit discharges and connections when they are working the system. 

This section also requires the Permittees to develop or obtain a map of their entire MS4 
system and drainages within their jurisdictions and provide the map to the public for 
review. As part of the permit application process federal NPDES regulations 40 CFR 
122.26(d)(1)(iii)(B)(1) and 40 CFR 122.26(d)(1)(iii)(B)(5) specify that dischargers must 
identify the location of any major outfall that discharges to waters of the United States, 
as well as the location of major structural controls for stormwater discharges. A major 
outfall is any outfall that discharges from a single pipe with an inside diameter of 36 
inches or more or its equivalent (discharge from a single conveyance other than a 
circular pipe which is associated with a drainage area of more than 50 acres) or; for 
areas zoned for industrial activities, any pipe with a diameter of 12 inches or more or its 
equivalent (discharge from other than a circular pipe associated with a drainage area of 
2 acres or more). The permitting agency may not process a permit until the applicant 
has fully complied with the application requirements.82 If, at the time of application, the 
information is unavailable, the Permit must require implementation of a program to 
meet the application requirements.83 The requirement in this Provision of the Permit for 

                                                 
82 40 CFR 124.3 (applicable to state programs, see section 123.25). 
83 40 CFR. 122.26(d)(1)(iv)(E). 
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Permittees to prepare maps of the MS4 system will help ensure that Permittees comply 
with federal NPDES permit application requirements that are more than 10 years old. 

Provision C.5.f (Tracking and Case Follow-up) section of the Permit requires 
Permittees to track and monitor follow-up for all incidents and discharges reported to 
the complaint/spill response system that could pose a threat to water quality. This 
requirement is included so Permittees can demonstrate compliance with the ERP 
requirements of Section C.5.b and to ensure that illicit discharge reports receive 
adequate follow up through to resolution. 
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C.6. Construction Site Control  

Legal Authority 
 

The following legal authority applies to section C.6: 
 

Broad Legal Authority: CWA sections 402(p)(3)(B)(ii-iii), CWC section 13377, and 
Federal NPDES regulations 40 CFR 122.26(d)(2)(i)(B, C, D, E, and F) and 40 CFR 
122.26(d)(2)(iv). 

 
Specific Legal Authority: Federal NPDES regulation 40 CFR 122.26(d)(2)(iv)(D) 
requires, “A description of a program to implement and maintain structural and non-
structural best management practices to reduce pollutants in storm water runoff from 
construction sites to the municipal storm sewer system.” 

 
Federal NPDES regulation 40 CFR 122.26(d)(2)(iv)(D)(1) requires, “A description of 
procedures for site planning which incorporate consideration of potential water quality 
impacts.” 

 
Federal NPDES regulation 40 CFR 122.26(d)(2)(iv)(D)(2) requires, “A description of 
requirements for nonstructural and structural best management practices.” 

 
Federal NPDES regulation 40 CFR 122.26(d)(2)(iv)(D)(3) requires, “A description of 
procedures for identifying priorities for  inspecting sites and enforcing control measures 
which consider the nature of the construction activity, topography, and the 
characteristics of soils and receiving water quality.” 

 
Federal NPDES regulation 40 CFR 122.26(d)(2)(iv)(D)(4) requires, “A description of 
appropriate educational and training measures for construction site operators.” 

 
Federal NPDES regulation 40 CFR 122.26(d)(2)(i)(A) provides that each Permittee 
must demonstrate that it can control, “through ordinance, permit, contract, order or 
similar means, the contribution of pollutants to the municipal storm sewer by storm 
water discharges associated with industrial activity and the quality of storm water 
discharged from site of industrial activity.” 

 
Federal NPDES regulation 40 CFR 122.26(b)(14) provides that, “The following 
categories of facilities are considered to be engaging in ‘industrial activity’ for the 
purposes of this subsection: […] (x) Construction activity including cleaning, grading 
and excavation activities […].” 

 
Federal NPDES regulation 40 CFR 122.44(d)(1)(i) requires NPDES permits to include 
limitations to, “control all pollutants or pollutant parameters (either conventional, non-
conventional, or toxic pollutants) which the Director determines are or may be 
discharged at a level which will cause, have reasonable potential to cause, or contribute 
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to an excursion above any State water quality standard, including State narrative criteria 
for water quality.” 

 
Fact Sheet Findings in Support of Provision C.6. 

C.6-1 Vegetation clearing, mass grading, lot leveling, and excavation expose soil to 
erosion processes and increase the potential for sediment mobilization, runoff 
and deposition in receiving waters. Construction sites without adequate BMP 
implementation result in sediment runoff rates that greatly exceed natural 
erosion rates of undisturbed lands, causing siltation and impairment of 
receiving waters. 

C.6-2 Excess sediment can cloud the water, reducing the amount of sunlight 
reaching aquatic plants, clog fish gills, smother aquatic habitat and spawning 
areas, and impede navigation in our waterways. Sediment also transports other 
pollutants such as nutrients, metals, and oils and grease. Permittees are on-site 
at local construction sites for grading and building permit inspections, and 
also have in many cases dedicated construction stormwater inspectors with 
training in verifying that effective BMPs are in place and maintained. 
Permittees also have effective tools available to achieve compliance with 
adequate erosion control, such as stop work orders and citations. 

C.6-3 Mobilized sediment from construction sites can flow into receiving waters. 
According to the 2004 National Water Quality Inventory84, States and Tribes 
report that sediment is one of the top 10 causes of impairment of assessed 
rivers and streams, next to pathogens, habitat alteration, organic enrichment or 
oxygen depletion, nutrients, metals, etc.. Sediment impairs 35,177 river and 
stream miles (14% of the impaired river and stream miles). Sources of 
sedimentation include agriculture, urban runoff, construction, and forestry. 
Sediment runoff rates from construction sites, however, are typically 10 to 20 
times greater than those of agricultural lands, and 1,000 to 2,000 times greater 
than those of forest lands. During a short period of time, construction sites can 
contribute more sediment to streams than can be deposited naturally during 
several decades.85  

 
Specific Provision C.6 Requirements 

Provision C.6.a. Legal Authority for Effective Site Management. Federal NPDES 
regulation 40 CFR 122.26(d)(2)(i)(A) requires that each Permittee demonstrate that it 
can control “through ordinance, permit, contract, order or similar means, the 
contribution of pollutants to the municipal storm sewer by storm water discharges 
associated with industrial activity and the quality of storm water discharged from site of 
industrial activity.” This section of the Permit requires each Permittee to have the 

                                                 
84  http://www.epa.gov/owow/305b/2004report/2004_305Breport.pdf 
85  USEPA. December 2005. Stormwater Phase II Final Rule Fact Sheet Series – Construction Site Runoff Control 

Minimum Control Measure. EPA 833-F-00-008. Fact Sheet 2.6. 
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authority to require year-round, seasonally and phase appropriate effective erosion 
control, run-on and runoff control, sediment control, active treatment systems, good site 
management, and non stormwater management through all phases of site grading, 
building, and finishing of lots.  All Permittees should already have this authority.  
Permittees shall certify adequacy of their respective legal authority in the 2010 Annual 
Report. 

 
Inspectors should have the authority to take immediate enforcement actions when 
appropriate. Immediate enforcement will get the construction site’s owner/operator to 
quickly implement corrections to violations, thereby minimizing and preventing threats 
to water quality. When inspectors are unable to take immediate enforcement actions, the 
threat to water quality continues until an enforcement incentive is issued to correct the 
violation. In its Phase II Compliance Assistance Guidance, USEPA says that, 
“Inspections give the MS4 operator an opportunity to provide additional guidance and 
education, issue warnings, or assess penalties.”86 To issue warnings and assess penalties 
during inspections, inspectors must have the legal authority to conduct enforcement. 

 
Provision C.6.b. Enforcement Response Plan (ERP). This section requires each 
Permittee to develop and implement an escalating enforcement process that serves as 
reference for inspection staff to take consistent actions to achieve timely and effective 
corrective compliance from all public and private construction site owners/operators. 
Under this section, each Permittee develops its own unique ERP tailored for the specific 
jurisdiction; but all ERPs must make it a goal to correct all violations before the next 
rain event but no longer than 10 business days after the violations are discovered.  In a 
few cases, such as slope inaccessibility, it may require longer than 10 days before crews 
can safely access the eroded area.  The Permittees’ tracking data need to provide a 
rationale for the longer compliance timeframe. 

 
Water Board staff has noted deficiencies in the Permittees’ enforcement procedures and 
implementation during inspections. The most common issues found were that 
enforcement was not firm and appropriate to correct the violation, and that repeat 
violations did not result in escalated enforcement procedures. USEPA supports 
enforcement of ordinances and permits at construction sites stating, “Effective 
inspection and enforcement requires […] penalties to deter infractions and intervention 
by the municipal authority to correct violations.”87 In addition, USEPA expects permits 
issued to municipalities to address “weak inspection and enforcement.”88 For these 
reasons, the enforcement requirements in this section have been established, while 
providing sufficient flexibility for each Permittee’s unique stormwater program. 

 
Provision C.6.c. Best Management Practices Categories. This section requires all 
Permittees to require all construction sites to have year-round seasonally appropriate 
effective Best Management Practices (BMPs) in the following six categories: (1) 

                                                 
 
86  USEPA. 2000. 833-R-00-002, Storm Water Phase II Compliance Assistance Guide, P.4-31 
87 USEPA. 1992. Guidance 833-8-92-002. Section 6.3.2.3. 
88 Federal Register. Vol. 55, No. 222, Friday, November 16, 1990. Rules and Regulations. p. 48058. 
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erosion control, (2) run-on and runoff control, (3) sediment control, (4) active treatment 
systems, (5) good site management, and (6) non stormwater management.  These BMP 
categories are listed in the State General NPDES Permit for Stormwater Discharges 
Associated with Construction Activities (General Construction Permit). The Water 
Board staff decided it was too prescriptive and inappropriate to require a specific set of 
BMPs that are to be applicable to all sites.  Every site is different with regards to terrain, 
soil type, soil disturbance, and proximity to a waterbody.  The General Construction 
Permit recognizes these different factors and requires site specific BMPs through the 
Storm Water Pollution Prevention Plan that addresses the six specified BMP categories.  
This Permit allows Permittees the flexibility to determine if the BMPs for each 
construction site are effective and appropriate. This Permit also allows the Permittees 
and the project proponents the necessary flexibility to make immediate decisions on 
appropriate, cutting-edge technology to prevent the discharge of construction pollutants 
into stormdrains, waterways, and right-of-ways.  Appropriate BMPs for the different 
site conditions can be found in different handbooks and manuals. Therefore, this Permit 
is consistent with the General Construction Permit in its requirements for BMPs in the 
six specified categories.   

 
Vegetation clearing, mass grading, lot leveling, and excavation expose soil to erosion 
processes and increase the potential for sediment mobilization, runoff and deposition in 
receiving waters. Construction sites without adequate BMP implementation result in 
sediment runoff rates that greatly exceed natural erosion rates of undisturbed lands, 
causing siltation and impairment of receiving waters. This can even occur in 
conjunction with unexpected rain events during the so-called dry-season.  Although 
rare, significant rains can occur in the San Francisco Bay Region during the dry season.  
Therefore, Permittees should ensure that construction sites have materials on hand for 
rapid rain response during the dry season. 

 
Normally, stormwater restrictions on grading should be implemented during the wet 
season from October 1st through April 30th. Section C.6.c.ii.(1).d of the Permit requires, 
“project proponents to minimize grading during the wet season and scheduling of 
grading with seasonal dry weather periods to the extent feasible.” If grading does occur 
during the wet season, Permittees shall require project proponents to (1) implement 
additional BMPs as necessary, (2) keep supplies available for rapid response to storm 
events, and (3) minimize wet-season, exposed, and graded areas to the absolute 
minimum necessary.  

 
Slope stabilization is necessary on all active and inactive slopes during rain events 
regardless of the season, except in areas implementing advanced treatment. Slope 
stabilization is also required on inactive slopes throughout the rainy season. These 
requirements are needed because unstabilized slopes at construction sites are significant 
sources of erosion and sediment discharges during rainstorms. “Steep slopes are the 
most highly erodible surface of a construction site, and require special attention.”89 
USEPA emphasizes the importance of slope stabilization when it states, “slope length 

                                                 
89  Schueler, T., and H. Holland. 2000. Muddy Water In—Muddy Water Out? The Practice of Watershed Protection. p. 6. 
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and steepness are key influences on both the volume and velocity of surface runoff. 
Long slopes deliver more runoff to the base of slopes and steep slopes increase runoff 
velocity; both conditions enhance the potential for erosion to occur.”90 In lieu of 
vegetation preservation or replanting, soil stabilization is the most effective measure in 
preventing erosion on slopes. Research has shown that effective soil stabilization can 
reduce sediment discharge concentrations up to six times, as compared to soils without 
stabilization.91 Slope stabilization at construction sites for erosion control is already the 
consensus among the regulatory community and is found throughout construction BMP 
manuals and permits. For these reasons, Permittees must ensure that slope stabilization 
is implemented on sites, as appropriate. 

 
It is also necessary that Permittees ensure that construction sites are revegetated as early 
as feasible. Implementation of revegetation reduces the threat of polluted stormwater 
discharges from construction sites. Construction sites should permanently stabilize 
disturbed soils with vegetation at the conclusion of each phase of construction.92 A 
survey of grading and clearing programs found one-third of the programs without a time 
limit for permanent revegetation, “thereby increasing the chances for soil erosion to 
occur.”93 USEPA states “the establishment and maintenance of vegetation are the most 
important factors to minimizing erosion during development.”94  

 
To ensure the MEP standard and water quality standards are met, advanced treatment 
systems may be necessary at some construction sites.  In requiring the implementation 
of advanced treatment for sediment at construction sites, Permittees should consider the 
site’s threat to water quality. In evaluating the threat to water quality, the following 
factors shall be considered: (1) soil erosion potential; (2) the site’s slopes; (3) project 
size and type; (4) sensitivity of receiving waterbodies; (5) proximity to receiving 
waterbodies; (6) non-stormwater discharges; and (7) any other relevant factors. 
Advanced treatment is a treatment system that employs chemical coagulation, chemical 
flocculation, or electro coagulation in order to reduce turbidity caused by fine 
suspended sediment.95  Advanced treatment consists of a three part treatment train of 
coagulation, sedimentation, and polishing filtration. Advanced treatment has been 
effectively implemented extensively in the other states and in the Central Valley Region 
of California.96 In addition, Water Board’s inspectors have observed advanced treatment 
being effectively implemented at both large sites greater than 100 acres, and at small, 5-
acre sites. Advanced treatment is often necessary for Permittees to ensure that 
discharges from construction sites are not causing or contributing to a violation of water 
quality standards.  

                                                 
90 USEPA. 1990. Sediment and Erosion Control: An Inventory of Current Practices. p. II-1. 
91 Schueler, T., and H. Holland. 2000. “Muddy Water In—Muddy Water Out?” The Practice of Watershed 

Protection. p. 5. 
92 Ibid. 
93 Ibid. p. 11. 
94 USEPA. 1990. Sediment and Erosion Control: An Inventory of Current Practices. p. II-1. 
95  SWCRB. September 2, 2009.  NPDES General Permit for Storm Water Discharges Associated with 

Construction and Land Disturbance Activities – Order No. 2009-0009-DWQ. 
96 SWRCB. 2004. Conference on Advanced Treatment at Construction Sites. 
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Provision C.6.d. Plan Approval Process. This section of the Permit requires the 
Permittees to review project proponents’ stormwater management plans for compliance 
with local regulations, policies, and procedures. USEPA states that it is often easier and 
more effective to incorporate stormwater quality controls during the site plan review 
process or earlier.97 In the Phase I stormwater regulations, USEPA states that a primary 
control technique is good site planning.98 USEPA goes on to say that the most efficient 
controls result when a comprehensive stormwater management system is in place.99 To 
determine if a construction site is in compliance with construction and grading 
ordinances and permits, USEPA states that the “MS4 operator should review the site 
plans submitted by the construction site operator before ground is broken.”100 Site plan 
review aids in compliance and enforcement efforts since it alerts the “MS4 operator 
early in the process to the planned use or non-use of proper BMPs and provides a way 
to track new construction activities.”101 

 
Provision C.6.e. (Inspections) The Water Board allows flexibility on the exact legal 
authority language, ERP, and BMPs required on a site. This section of the Permit pulls 
together the accountability of the whole Provision through regular inspections, 
consistent enforcement, and meaningful tracking.  These three elements will help ensure 
that effective construction pollutant controls are in place in order to minimize 
construction polluted runoff to the stormdrain and waterbodies.   

 
Currently, Annual Reports show that some Permittees provide no information on its 
construction inspection and enforcement programs; some Permittees only provide 
information on pre rainy season inspections; another group of Permittees conduct 
inspections through December and provide just the date each site was inspected; yet 
another group of Permittees provides a very brief summary of their respective overall 
inspection program; and there is a small group of Permittees who report meaningful 
inspection and enforcement information.  Inspections of construction sites by Water 
Board staff have noted deficiencies in stormwater inspections and enforcement.  
Therefore, this section clearly identifies the level of effort necessary by all Permittees to 
minimize construction pollutant runoff into stormdrains and ultimately, waterbodies. 

 
This section requires monthly inspections during the wet season of all construction sites 
disturbing one or more acre of land and at all high priority sites as determined by the 
Permittee or the Water Board as significant threats to water quality.  Inspections shall 
focus on the adequacy and effectiveness of the site specific BMPs implemented for the 
six BMP categories.  Permittees shall implement its ERP and require timely corrections 
of all actual and potential problems observed.  All violations must be corrected in a 
timely manner with the goal of correcting them before the next rain event but no longer 

                                                 
97 USEPA. 2000. Storm Water Phase II Compliance Assistance Guide. EPA 833-R-00-002. Section 6.3.2.1. 
98 Federal Register. Vol. 55, No. 222, Friday, November 16, 1990. Rules and Regulations. p. 48034. 
99 Ibid. 
100 USEPA. 2000. Storm Water Phase II Compliance Assistance Guide. EPA 833-R-00-002. Section 4.6.2.4,  

pp. 4–30. 
101 Ibid. pp. 4–31. 
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than 10 business days after the violations are discovered.  All inspections shall be 
recorded on a written or electronic inspection form, and also tracked in an electronic 
database or tabular format. The tracked information provides meaningful data for 
evaluating compliance.  An example tabular format is included as Table 6 – 
Construction Inspection Data.  Submittal of this Table is not required in each Annual 
Report but encouraged. Each Permittee will need to use the information in the electronic 
database or tabular format to compile  its Annual Reports.  The Executive Officer may 
require that the tracked information be submitted electronically or in a tabular format.  
When required, Permittees shall submit that data within 10-working days of the 
requirement. The recommended submittal format is in Table 6 – Construction 
Inspection Data. 

 
Provision C.6.f. Staff Training. This section of the Permit requires Permittees to 
conduct annual staff trainings for municipal staff. These trainings have been found to be 
extremely effective means to educate inspectors and to inform them of any changes to 
local ordinances and state laws. Trainings provide valuable opportunity for Permittees 
to network and share strategies used for effective enforcement and management of 
erosion control practices.  
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Table 6 – Construction Inspection Data 
 

Facility/Site 
Inspected 

Inspection 
Date 

Weather 
During 

Inspection 

Inches of 
Rain 

Since Last 
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Enforcement 
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Level 
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Specific Problem(s) 
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Panoramic 
Views 

9/30/08 Dry 0 Written Notice 
    x         

Driveway not 
stabilized       

  

Panoramic 
Views 

10/15/08 Dry 0.5   
              

  
x     

50' of driveway 
rocked. 

Panoramic 
Views 

11/15/08 Rain 3 Stop Work 

x   x       x 

Uncovered graded lots 
eroding; Sediment 
entering a stormdrain 
that didn't have 
adequate protection. 

      

  

Panoramic 
Views 

11/15/08 Drizzling 0.25   
              

  
x     

Lots blanketed.  Storm 
drains pumped.  Street 
cleaned. 

Panoramic 
Views 

12/1/08 Dry 4 Verbal 
Warning         x     

Porta potty next to 
stormdrain. x     

Porta potty moved 
away from stormdrain. 

Panoramic 
Views 

1/15/08 Rain 3.25 Written 
Warning 

x         x   

Fiber rolls need 
maintenance; Tire 
wash water flowing 
into street 

      

  

Panoramic 
Views 

1/25/09 Dry 0   
              

  
x     

Fiber rolls replaced. 
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Facility/Site 
Inspected 

Inspection 
Date 

Weather 
During 

Inspection 

Inches of 
Rain 

Since Last 
Inspection

Enforcement 
Response 

Level 

Problem(s) Observed 
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Panoramic 
Views 

2/28/09 Rain 2.4 Stop Work 

x   x       x 

Slope erosion control 
failed.  Fiber rolls at 
the bottom of the hill 
flattened.  Sediment 
laden discharge 
skipping protected 
stormdrains and 
entering unprotected 
stormdrains. 

      

  

Panoramic 
Views 

2/28/09 Rain 0.1   

              

  

  x   

Fiber rolls replaced.  
Silt fences added. 
More stormdrains 
protected.  Streets 
cleaned.  Slope too 
soggy to access. 

Panoramic 
Views 

3/15/09 Dry 1 Citation with 
Fine         x   x 

Paint brush washing 
not designated x     

Street and storm 
drains cleaned. Slopes 
blanketed. 

Panoramic 
Views 

4/1/09 Dry 0.5 Citation with 
Fine             x 

Concrete washout 
overflowed; Evidence 
of illicit discharge 

      
  

Panoramic 
Views 

4/15/09 Dry 0   
              

  
x     

Concrete washout 
replaced; Storm drain 
and line cleaned. 
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C.7. Public Information and Outreach 

Legal Authority 
 

The following legal authority applies to section C.7: 
 

Broad Legal Authority: CWA sections 402(p)(3)(B)(ii-iii), CWC section 
13377, and Federal NPDES regulations 40 CFR 122.26(d)(2)(i)(B, C, E, and F) 
and 40 CFR 122.26(d)(2)(iv). 

 
Specific Legal Authority: Federal NPDES regulation 40 CFR 
122.26(d)(2)(iv)(A)(6) requires, “A description of a program to reduce to the 
maximum extent practicable, pollutants in discharges from municipal separate 
storm sewers associated with the application of pesticides, herbicides, and 
fertilizer which will include, as appropriate, controls such as educational 
activities, permits, certifications, and other measures for commercial applicators 
and distributors, and controls for application in public right-of-ways and at 
municipal facilities.” 

 
Federal NPDES regulation 40 CFR 122.26(d)(2)(iv)(B)(5) requires , “a 
description of a program to promote, publicize, and facilitate public reporting of 
the presence of illicit discharges or water quality impacts associated with 
discharges from municipal separate storm sewers.” 

 
Federal NPDES regulation 40 CFR 122.26(d)(2)(iv)(B)(6) requires, “A 
description of educational activities, public information activities, and other 
appropriate activities to facilitate the proper management and disposal of used 
oil and toxic materials.” 

 
Fact Sheet Finding in Support of Provision C.7. 

C.7-1 An informed and knowledgeable community is critical to the success of a 
stormwater program since it helps ensure greater support for the program as the 
public gains a greater understanding of stormwater pollution issues. 

C.7-2 An informed community also ensures greater compliance with the program as 
the public becomes aware of the personal responsibilities expected of them and 
others in the community, including the individual actions they can take to 
protect or improve the quality of area waters. 

C.7-3 The public education programs should use a mix of appropriate local strategies 
to address the viewpoints and concerns of a variety of audiences and 
communities, including minority and disadvantaged communities, as well as 
children.102  

                                                 
102  USEPA.  2000.  Storm Water Phase II Compliance Assistance Guide.  EPA 833-R-00-002. 
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C.7-4 Target audiences should include (1) government agencies and official to achieve 
better communication, consistency, collaboration, and coordination at the 
federal, state, and local levels and (2) K-12/Youth Groups.103 

C.7-5 Citizen involvement events should make every effort to reach out and engage all 
economic and ethnic groups.104 

 
Specific Provision C.7 Requirements 

Provision C.7.a.  Storm Drain Inlet Marking. Storm drain inlet marking is a long-
established program of outreach to the public on the nature of the storm drain system, 
providing the information that the storm drain system connects directly to creeks and 
the Bay and does not receive treatment. Past public awareness surveys have 
demonstrated that this BMP has achieved significant impact in raising awareness in the 
general public and meets the MEP standard as a required action. Therefore, it is 
important to set a goal of ensuring that all municipally-maintained inlets are legible 
labeled with a no dumping message. If storm drain marking can be conducted as a 
volunteer activity, it has additional public involvement value. 

Provision C.7.b.  Advertising Campaigns. Use of various electronic and/or print 
media on trash/litter in waterways and pesticides. Advertising campaigns are long-
established outreach management practices.  Specifically, the Bay Area Management 
Agencies Association (BASMAA) already implements an advertising campaign on 
behalf of the Permittees.  While the Permittees have been successful at reaching certain 
goals for its Public Information/Participation programs, it must continue to increase 
public awareness of specific stormwater issues.  This Permit also requires a pre-
campaign survey and a post-campaign survey.  These two surveys will help identify and 
quantify the audiences’ knowledge, trends, and attitudes and/or practices; and to 
measure the overall population awareness of the messages and behavioral changes.   

Provision C.7.c.  Media Relations. Public service media time is available and allows 
the Permittees to leverage expensive media purchases to achieve broader outreach 
goals. 

Provision C.7.d.  Stormwater Point of Contact. As the public has become more 
aware, citizens are more frequently calling their local jurisdictions to report spills and 
other polluting behavior impacting stormwater runoff and causing non-stormwater 
prohibited discharges. Permittees are required to have a centralized, easily accessible 
point of contact both for citizen reports and to coordinate reports of problems identified 
by Permittee staff, permitting follow-up and pollution cleanup or prevention. Often the 
follow-up, cleanup, and/or prevention provide the opportunity to educate the immediate 
neighborhood through established public outreach mechanisms such as distributing door 
hangers in the neighborhood describing the remedy for the problem discovered.  
Permittees already have existing published stormwater point of contacts. 

                                                 
103  State Water Board.  1994.  Urban Runoff Technical Advisory Committee Report and Recommendations. 

Nonpoint Source Management Program. 
104   USEPA. 2000. Storm Water Phase II Compliance Assistance Guide. EPA 833-R-00-002. 
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Provision C.7.e.  Public Outreach Events.  Staffing tables or booths at fairs, street 
fairs or other community events are a long-established outreach mechanism employed 
by Permittees to reach large numbers of citizens with stormwater pollution prevention 
information in an efficient and convenient manner.  These have been ongoing in the 
Region for several municipal stormwater permit cycles and are MEP outreach actions.  
Permittees shall continue with such outreach events utilizing appropriate outreach 
materials, such as printed materials, newsletter/journal articles, and videos.  Permittees 
shall also utilize existing community outreach events such as the Bringing Back the 
Natives Garden Tour. 

Provision C.7.f.  Watershed Stewardship Collaborative Efforts. Watershed and 
Creek groups are comprised of active citizens, but they often need support from the 
local jurisdiction and certainly need to coordinate actions with Permittees such as flood 
districts and cities. 

Provision C.7.g.  Citizen Involvement Events. Citizen involvement and volunteer 
efforts both accomplish needed creek cleanups and restorations, and serve to raise 
awareness and provide outreach opportunities. These have been ongoing in the Region 
for several municipal stormwater permit cycles and are MEP outreach actions. 

In previous municipal stormwater permits, Public Information/Participation 
encompassed both Citizen Involvement Events and Public Outreach Events.  Citizen 
Involvement Events are important because they provide the community opportunities to 
actively practice being good stewards of our environment.  Therefore, this Permit 
separates out the Public Outreach Events from the Citizen Involvement Events to ensure 
that citizens in all Bay Area communities are given the opportunity to be involved.  In 
addition, the Permit allows Permittees to claim both Public Outreach and Citizen 
Involvement credits if the event contains significant elements of both.  The combined 
specified number of events for Public Outreach and Citizen Involvement are very close 
to current performance standards and/or level of effort for respective Public 
Information/Participation Programs. 

Provision C.7.h.  School-Age Children Outreach. Outreach to school children has 
proven to be a particularly successful program with an enthusiastic audience who are 
efficient to reach. School children also take the message home to their parents, 
neighbors, and friends.  In addition, they are the next generation of decision makers and 
consumers. 

Provision C.7.i.  Outreach to Municipal Officials. It is important for Permittee staff 
to periodically inform Municipal Officials of the permit requirements and also future 
planning and resource needs driven by the permit and stormwater regulations. 
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C.8. Water Quality Monitoring 
Legal Authority 

 
Broad Legal Authority: CWA sections 402(p)(3)(B)(ii-iii); CWC section 
13377; Federal  
NPDES regulations 40 CFR 122.26(d)(2)(iv) 

 
Specific Legal Authority: Permittees must conduct a comprehensive 
monitoring program as required under Federal NPDES regulations 40 CFR 
122.48, 40 CFR 122.44(i), 40 CFR 122.26.(d)(1)(iv)(D), and 40 CFR 
122.26(d)(2)(ii)-(iv). 

 
Fact Sheet Findings in Support of Provision C.8 

C.8-1 In response to questions regarding the type of water quality-based effluent 
limitations that are most appropriate for NPDES stormwater permits, and 
because of the nature of stormwater discharges, USEPA established the 
following approach to stormwater monitoring: 

Each storm water permit should include a coordinated and cost-
effective monitoring program to gather necessary information to 
determine the extent to which the permit provides for attainment of 
applicable water quality standards and to determine the appropriate 
conditions or limitations for subsequent permits. Such a monitoring 
program may include ambient monitoring, receiving water assessment, 
discharge monitoring (as needed), or a combination of monitoring 
procedures designed to gather necessary information.105 

 
According to USEPA, the benefits of stormwater runoff monitoring 
include, but are not limited to, the following: 

• Providing a means for evaluating the environmental risk of stormwater 
discharges by identifying types and amounts of pollutants present; 

• Determining the relative potential for stormwater discharges to contribute 
to water quality impacts or water quality standard violations; 

• Identifying potential sources of pollutants; and 
• Eliminating or controlling identified sources more specifically through 

permit conditions.106 
C.8-2 Provision C.8 requires Permittees to conduct water quality monitoring, 

including monitoring of receiving waters, in accordance with 40 CFR 
122.44(i) and 122.48. One purpose of water quality monitoring is to 
demonstrate the effectiveness of the Permittees’ stormwater management 

                                                 
105 USEPA. 1996. Interim Permitting Approach for Water Quality-Based Effluent Limitations in Stormwater 

Permits. Sept. 1, 1996. http://www.epa.gov/npdes/pubs/swpol.pdf  
106 USEPA. 1992. NPDES Storm Water Sampling Guidance Document. EPA/833-B-92-001. 
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actions pursuant to this Permit and, accordingly, demonstrate compliance with 
the conditions of the Permit. Other water quality monitoring objectives under 
this Permit include: 

• Assess the chemical, physical, and biological impacts of urban runoff on 
receiving waters; 

• Characterize stormwater discharges; 
• Assess compliance with Total Maximum Daily Loads (TMDLs) and 

Wasteload Allocations (WLAs) in impaired waterbodies; 
• Assess progress toward reducing receiving water concentrations of 

impairing pollutants; 
• Assess compliance with numeric and narrative water quality objectives 

and standards; 
• Identify sources of pollutants; 
• Assess stream channel function and condition, as related to urban 

stormwater discharges; 
• Assess the overall health and evaluate long-term trends in receiving water 

quality; and 
• Measure and improve the effectiveness of the Permittees’ urban runoff 

control programs and the Permittees’ implemented BMPs. 
 
C.8-3 Monitoring programs are an essential element in the improvement of urban 

runoff management efforts. Data collected from monitoring programs can be 
assessed to determine the effectiveness of management programs and 
practices, which is vital for the success of the iterative approach, also called 
the “continuous improvement” approach, used to meet the MEP standard. 
When water quality data indicate that water quality standards or objectives are 
not being met, particular pollutants, sources, and drainage areas can be 
identified and targeted for urban runoff management efforts. The iterative 
process in Provision C.1, Water Quality Standards Exceedances, could 
potentially be triggered by monitoring results. Ultimately, the results of the 
monitoring program must be used to focus actions to reduce pollutant 
loadings to comply with applicable WLAs, and protect and enhance the 
beneficial uses of the receiving waters in the Permittees’ jurisdictions and the 
San Francisco Bay. 

C.8-4 Water quality monitoring requirements in previous permits were less detailed 
than the requirements in this Permit. Under previous permits, each program 
could design its own monitoring program, with few permit guidelines. A 
decision by the California Superior Court107 regarding two of the programs’ 
permits stated: 

Federal law requires that all NPDES permits specify “[r]equired 
monitoring including type, intervals, and frequency sufficient to yield 

                                                 
107  San Francisco Baykeeper vs. Regional Water Quality Control Board, San Francisco Bay Region, Consolidated 

Case No. 500527, filed Nov. 14, 2003. 
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data which are representative of the monitored activity.”  40 C.F.R. § 
122.48(b). Here, there is no monitoring program set forth in the 
Permit. Instead, an annual Monitoring Program Plan is to be prepared 
by the dischargers to set forth the monitoring program that will be 
used to demonstrate the effectiveness of the Stormwater Management 
Plan. This does not meet the regulatory requirements that a monitoring 
program be set forth including the types, intervals, and frequencies of 
the monitoring. 

The water quality monitoring requirements in Provision C.8 comply with 40 
CFR 122.44(i) and 122.48(b), and the Superior Court decision. 

C.8-5 The Water Quality Monitoring Provision is intended to provide answers to 
five fundamental management questions, outlined below. Monitoring is 
intended to progress as iterative steps toward ensuring that the Permittees’ can 
fully answer, through progressive monitoring actions, each of the five 
management questions: 

• Are conditions in receiving waters protective, or likely to be protective, of 
beneficial uses? 

• What is the extent and magnitude of the current or potential receiving 
water problems? 

• What is the relative urban runoff contribution to the receiving water 
problem(s)? 

• What are the sources of urban runoff that contribute to receiving water 
problem(s)? 

• Are conditions in receiving waters getting better or worse? 

C.8-6 On April 15, 1992, the Water Board adopted Resolution No. 92-043 directing 
the Executive Officer to implement the Regional Monitoring Program for San 
Francisco Bay. Subsequent to a public hearing and various meetings, Board 
staff requested major permit holders in the Region, under authority of CWC 
section 13267, to report on the water quality of the Estuary. These permit 
holders, including the Permittees, responded to this request by participating in 
a collaborative effort through the San Francisco Estuary Institute. This effort 
has come to be known as the San Francisco Estuary Regional Monitoring 
Program for Trace Substances (RMP). The RMP involves collection and 
analysis of data on pollutants and toxicity in water, sediment and biota of the 
Estuary. The Permittees are required to continue to report on the water quality 
of the Estuary, as presently required. Compliance with the requirement 
through participation in the RMP is considered to be adequate compliance. 

C.8-7 The Surface Water Ambient Monitoring Program (SWAMP) is a statewide 
monitoring effort, administered by the State Water Board, designed to assess 
the conditions of surface waters throughout California. One purpose of 
SWAMP is to integrate existing water quality monitoring activities of the 
State Water Board and the Regional Water Quality Control Boards, and to 
coordinate with other monitoring programs. Provision C.8 contains a 
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framework, referred to as a regional monitoring collaborative, within which 
Permittees can elect to work cooperatively with SWAMP to maximize the 
value and utility of both the Permittees’ and SWAMP’s monitoring resources. 

C.8-8 In 1998 BASMAA published Support Document for Development of the 
Regional Stormwater Monitoring Strategy,108 a document describing a 
possible strategy for coordinating the monitoring activities of BASMAA 
member agencies. The document states: 

BASMAA’s member agencies are connected not only by geography but 
also by an overlapping set of environmental issues and processes and a 
common regulatory structure. It is only natural that the evolution of 
their individual stormwater management programs has led toward 
increasing amounts of information sharing, cooperation, and 
coordination. 

This same concept is found in the optional provision for Permittees to form a 
regional monitoring collaborative. Such a group is meant to provide 
efficiencies and economies of scale by performing certain tasks (e.g., planning, 
contracting, data quality assurance, data management and analysis, and 
reporting) at the regional level. Further benefits are expected from closer 
cooperation between this group, the Regional Monitoring Program, and 
SWAMP. 

C.8-9 This Permit includes monitoring requirements to verify compliance with 
adopted TMDL WLAs and to provide data needed for TMDL development 
and/or implementation. This Permit incorporates the TMDLs’ WLAs adopted 
by the Water Board as required under CWA section 303(d). 

C.8-10 SB1070 (California Legislative year 2005/2006) found that there is no single 
place where the public can go to get a look at the health of local waterbodies. 
SB1070 also states that all information available to agencies shall be made 
readily available to the public via the Internet. This Permit requires water 
quality data to be submitted in a specified format and uploaded to a 
centralized Internet site so that the public has ready access to the data. 

 
Specific Provision C.8 Requirements 
Each of the components of the monitoring provision is necessary to meet the objectives 
and answer the questions listed in the findings above. Justifications for each monitoring 
component are discussed below. 

Provision C.8.a.  Compliance Options. Provision C.8.a. provides Permittees options 
for obtaining monitoring data through various organizational structures, including use 
of data obtained by other parties. This is intended to 

                                                 
108 EcoAnalysis, Inc. & Michael Drennan Assoc., Inc., Support Document for Development of the Regional 

Stormwater Monitoring Strategy, prepared for Bay Area Stormwater Management Agencies Association, March 
2, 1998. 
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• Promote cost savings through economies of scale and elimination of redundant 
monitoring by various entities; 

• Promote consistency in monitoring methods and data quality; 
• Simplify reporting; and 
• Make data and reports readily publicly available. 

In the past, each Stormwater Countywide Program has conducted water quality 
monitoring on behalf of its member Permittees, and some data were collected by wider 
collaboratives, such as the Regional Monitoring Program. In this Permit, all the 
Stormwater Countywide Programs are encouraged to work collaboratively to conduct 
all or most of the required monitoring and reporting on a region-wide basis. For each 
monitoring component that is conducted collaboratively, one report would be prepared 
on behalf of all contributing Permittees; separate reports would not be required from 
each Program. Cost savings could result also from reduced contract and oversight hours, 
fewer quality assurance/quality control samples, shared sampling labor costs, and 
laboratory efficiencies. 

 
Provision C.8.b.  San Francisco Estuary Receiving Water Monitoring. The San 
Francisco Estuary is the ultimate receiving water for most of the urban runoff in this 
region. For this reason and because of the high value of its beneficial uses, Provision 
C.8.b requires focused monitoring on the Estuary to continue. Since the mid-1990s, 
Permittees have caused this monitoring to be conducted by contributing financially and 
with technical expertise, to the San Francisco Estuary Regional Monitoring Program for 
Trace Substances. Provision C.8.b requires such monitoring to continue.  

 
Provisions C.8.c. & C.8.e.ii.  Status Monitoring and Long-Term Monitoring.  Status 
Monitoring and Long-Term Monitoring serve as surrogates to monitoring the discharge 
from all major outfalls, of which the Permittees have many. By sampling the sediment 
and water column in urban creeks, the Permittees can determine where water quality 
problems are occurring in the creeks, then work to identify which outfalls and land uses 
are causing or contributing to the problem. In short, Status and Long-Term Monitoring 
are needed to identify water quality problems and assess the health of streams; they are 
the first step in identifying sources of pollutants and an important component in 
evaluating the effectiveness of an urban runoff management program. 

 
Provisions C.8.c.i. and C.8.e.iii. Parameters and Methods 
Status & Long-Term parameters and methods reflect current accepted practices, based 
on the knowledge and experience of personnel responsible for water quality monitoring, 
including state and Regional SWAMP managers, Permittee representatives, and citizen 
monitors. Many Status and Long-Term Monitoring parameters are consistent with 
parameters the Permittees have been monitoring to date. The following parameters are 
new for some of the Permittees: 

• Biological Assessment—to provide site-specific information about the health 
and diversity of freshwater benthic communities within a specific reach of a 
creek, using standard procedures developed and/or used by the State Water 
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Resources Control Board Surface Water Ambient Monitoring Program.109 It 
consists of collecting samples of benthic communities and conducting a 
taxonomic identification to measure community abundance and diversity, which 
is then compared to a reference creek to assess benthic community health. This 
monitoring can also provide information on cumulative pollutant 
exposure/impacts because pollutant impacts to the benthic community 
accumulate and occur over time. 

• Chlorine—to detect a release of potable water or other chlorinated water 
sources, which are toxic to aquatic life. 

• Nutrients—recent monitoring data indicate nutrients, which can increase algal 
growth and decrease dissolved oxygen concentrations, are present in significant 
concentrations in Bay area creeks. 

• Toxicity and Pollutants in Bedded Sediment—to determine the presence of, and 
identify, chemicals and compounds that bind to sediment in a creek bed and are 
toxic to aquatic life. 

• Pathogen Indicators—to detect pathogens in waterbodies that could be sources 
of impairment to recreational uses at or downstream of the sampling location. 

• Stream Survey (stream walk and mapping)—to assess the overall physical 
health of the stream and to gain information potentially useful in interpreting 
monitoring results. 

 
In consideration of economic impacts to Permittees, the minimum number of Status & 
Long-Term samples (“Minimum # Sample Sites” columns in Tables 8.1 and 8.3) reflects 
the Programs’ populations, not waterbody size. Permittees must select exact sample 
locations that will yield adequate information on the status of their waterbodies; in some 
cases, additional sampling above the minimum might be necessary. 

 
Provisions C.8.c.ii. and C.8.e.iii. Frequency 
Status Monitoring continues to be an annual requirement for the Permittees, except for two 
much smaller Permittees, Fairfield-Suisun and Vallejo. In considering costs, the frequency 
of Status Monitoring is established at twice per Permit term for Fairfield-Suisun, and once 
per Permit term for Vallejo. It is common for Permit terms to be extended through a lengthy 
Permit reissuance process. Thus, these frequencies are considered the minimum; costs are 
minimized while data necessary for successful stormwater management are obtained. 

Long-Term Monitoring is required every second year (biennially), rather than annually, in 
order to balance data needs and Permittee costs. To further reduce costs, the Fairfield-
Suisun and Vallejo Permittees have no Long-Term Monitoring requirements. 

 
Provisions C.8.c.iii. and C.8.e.ii. Locations 
Status Monitoring is to be conducted on a rotating-watershed basis, in similar fashion to 
the Statewide SWAMP. Provision C.8.c.iii. identifies the major waterbodies, and 
Permittees are to select which of these waterbodies will be sampled during the Permit 

                                                 
109 Ode, P.R. 2007. Standard Operating Procedures for Collecting Macroinvertebrate Samples and Associated 

Physical and Chemical Data for Ambient Bioassessments in California, California State Water Resources 
Control Board Surface Water Ambient Monitoring Program (SWAMP), as subsequently revised. 
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term. The exact sample locations within each waterbody are critical in terms of 
determining the monitoring program’s effectiveness. If correctly sited, the stations are 
expected to be very useful in answering the monitoring program’s management 
questions and meeting its goals. For this reason, Provision C.8.c.iii. requires sample 
locations to be based on surrounding land use, likelihood of urban runoff impacts, 
existing data gaps, and similar considerations. This will help maximize the utility of the 
sample locations, while also providing the Permittees with adequate flexibility to 
ultimately choose practical Status Monitoring locations. 

 
Long-Term Monitoring is to be conducted at fixed stations, which are intended to be 
lower reaches of urban creeks. This monitoring is intended to help assess progress 
toward reducing receiving water concentrations of impairing pollutants, among other 
purposes. Provision C.8.e.ii. establishes the waterbodies on which to locate fixed 
stations, and suggests that fixed stations be co-located with SWAMP fixed stations so 
that Permittees can use SWAMP data to fulfill some of their monitoring requirements. 
However, Permittees may select alternate locations based on their knowledge of such 
factors as site access and stream characteristics and provided that similar data types, 
data quality, and data quantity are collected. 

Provision C.8.d.  Monitoring Projects. Monitoring Projects are necessary to meet 
several water quality monitoring objectives under this Permit, including characterize 
stormwater discharges; identify sources of pollutants; identify new or emerging 
pollutants; assess stream channel function and condition; and measure and improve the 
effectiveness of Stormwater Countywide Programs and implemented BMPs. In 
consideration of economic impacts to Permittees, the number of Monitoring Projects 
required reflects the Permittees’ populations. 

 
Provision C.8.d.i. Stressor/Source Identification 
Minimizing sources of pollutants that could impair water quality is a central purpose of 
urban runoff management programs. Monitoring which enables the Permittees to 
identify sources of water quality problems aids the Permittees in focusing their 
management efforts and improving their programs. In turn, the Permittees’ programs 
can abate identified sources, which will improve the quality of urban runoff discharges 
and receiving waters. This monitoring is needed to address the management question, 
“What are the sources to urban runoff that contribute to receiving water problems?” 

 
When Status or Long-Term Monitoring results indicate an exceedance of a water 
quality objective, toxicity threshold, or other “trigger”, Permittees must identify the 
source of the problem and take steps to reduce any pollutants discharged from or 
through their municipal storm sewer systems. This requirement conforms to the process, 
outlined in Provision C.1., of complying with the Discharge Prohibition and Receiving 
Water Limitations. If multiple “triggers” are identified through monitoring, Permittees 
must focus on the highest priority problems; a cap on the total number of source 
identification projects conducted within the Permit term is provided to cap Permittees’ 
potential costs. 
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Provision C.8.d.ii. BMP Effectiveness Investigation 
U.S. EPA’s stated approach to NPDES stormwater permitting uses BMPs in first-round 
permits, and expanded or better-tailored BMPs in subsequent permits, where necessary, 
to provide for the attainment of water quality standards.110 The purpose of this 
monitoring project is to investigate the effectiveness of one currently in-use BMP to 
determine how it might be improved. Permittees may choose the particular stormwater 
treatment or hydromodification control BMP to investigate. As with other monitoring 
requirements, Permittees may work collaboratively to conduct one investigation on a 
region-wide basis, or each stormwater countywide program may conduct an 
investigation. 

 
Provision C.8.d.iii. Geomorphic Project 
The physical integrity of a stream’s bed, bank and riparian area is integral to the 
stream’s capacity to withstand the impacts of discharged pollutants, including chemical 
pollutants, sediment, excess discharge volumes, increased discharge velocities, and 
increased temperatures. At present, various efforts are underway to improve 
geomorphic conditions in creeks, primarily through local watershed partnerships. In 
addition, local groups are undertaking green stormwater projects with the goal of 
minimizing the physical and chemical impacts of stormwater runoff on the receiving 
stream. Such efforts ultimately seek to improve the integrity of the waterbodies that 
receive urban stormwater runoff. 

 
The purpose of the Geomorphic Project is to contribute to these ongoing efforts in each 
Stormwater Countywide Program area. Permittees may select the geomorphic project 
from three categories specified in the Permit. 

 
C.8.e.  Pollutants of Concern111 Monitoring. Federal CWA section 303(d) TMDL 
requirements, as implemented under the CWC, require a monitoring plan designed to 
measure the effectiveness of the TMDL point and nonpoint source control measures and 
the progress the waterbody is making toward attaining water quality objectives. Such a 
plan necessarily includes collection of water quality data. Provision C.8.e. establishes a 
monitoring program to measure of the effectiveness of TMDL control measures in 
progressing toward WLAs. Locations, parameters, methods, protocols, and sampling 
frequencies for this monitoring are specified. A sediment delivery estimate/budget is 
also required to improve the Permittees’ estimates of their loading estimates. In 
addition, a workplan is required for estimating loads and analyzing sources of emerging 
pollutants, which are likely to be present in urban runoff, in the next Permit term. 

 
C.8.f.  Citizen Monitoring and Participation. CWA section 101(e) and 40 CFR Part 
25 broadly require public participation in all programs established pursuant to the 
CWA, to foster public awareness of environmental issues and decision-making 
processes. Provision C.8.f. is intended to do the following: 

                                                 
110 USEPA. 1996. Interim Permitting Approach for Water Quality-Based Effluent Limitations in Stormwater 

Permits. Sept. 1, 1996. http://www.epa.gov/npdes/pubs/swpol.pdf  
111 See section C.9, C.11, C.12, and C.13 of this Fact Sheet for more information on Pollutants of Concern. 
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• Support current and future creek stewardship efforts by providing a framework 
for citizens and Permittees to share their collective knowledge of creek 
conditions; and 

• Encourage Permittees to use and report data collected by creek groups and other 
third-parties when the data are of acceptable quality. 

 
C.8.g.  Reporting. CWC section 13267 provides authority for the Water Board to 
require technical water quality reports. Provision C.8.g. requires Permittees to submit 
electronic and comprehensive reports on their water quality monitoring activities to (1) 
determine compliance with monitoring requirements; (2) provide information useful in 
evaluating compliance with all Permit requirements; (3) enhance public awareness of 
the water quality in local streams and the Bay; and (4) standardize reporting to better 
facilitate analyses of the data, including for the CWA section 303(d) listing process. 
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C.9. – C.14.  Pollutants of Concern including Total Maximum Daily 
Loads 

 
Provisions C.9 through C.14 pertain to pollutants of concern, including those for which 
TMDLs are being developed or implemented.  

 
Legal Authority 

 
The following legal authority applies to provisions C.9 through C.14: 

 
Broad Legal Authority: CWA sections 402(p)(3)(B)(ii-iii), CWC section 13377, and 
Federal NPDES regulations 40 CFR 122.26(d)(2)(i)(B, C, E, and F) and 40 CFR 
122.26(d)(2)(iv). 

 
Specific Legal Authority: Federal NPDES regulation 40 CFR 122.44(d)(1) requires 
municipal stormwater permits to include any requirements necessary to, “[a]chieve 
water quality standards established under section 303 of the CWA, including State 
narrative criteria for water quality.” 

 
Federal NPDES regulation 40 CFR 122.44(d)(1)(i) requires NPDES permits to include 
limitations to, “control all pollutants or pollutant parameters (either conventional, 
nonconventional, or toxic pollutants) which are or may be discharged at a level which 
will cause, have reasonable potential to cause, or contribute to an excursion above any 
State water quality standard, including State narrative criteria for water quality.” 

 
Basin Plan Requirements: Section 4.8 of the Region’s Water Quality Control Plan 
(Basin Plan) requires that stormwater permits include requirements to prevent or reduce 
discharges of pollutants that cause or contribute to violations of water quality 
objectives. In the first phase, the Water Board requires implementation of technically 
and economically feasible control measures to reduce pollutants in stormwater to the 
MEP. If this first phase does not result in attainment of water quality objectives, the 
Water Board will consider permit conditions that might require implementation of 
additional control measures. For example, the control measures required as a result of 
TMDLs may go beyond the measures required in the first phase of the program. 

 
General Strategy for Sediment-Bound Pollutants (Mercury, PCBs, legacy 
pesticides, PBDEs) 

 
The control measures for mercury are intended to implement the urban runoff 
requirements stemming from TMDLs for this pollutant. The control measures required 
for PCBs are intended to implement those that are consistent with control measures in 
the PCBs TMDL implementation plan that has been approved by the Water Board and 
is pending approval by the State Board, the Office of Administrative Law, and U.S. 
EPA. The urban runoff management requirements in the PCBs TMDL implementation 
plan call for permit-term requirements based on an assessment of controls to reduce 
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PCBs to the MEP, and that is the intended approach of the required provisions for all 
pollutants of concern. Many of the control actions addressing PCBs and mercury will 
result in reductions of a host of sediment-bound pollutants, including legacy pesticides, 
mercury, PBDEs, and PCBs. The strategy for these pollutants is to use PCBs control 
guide decisions concerning where to focus effort, but implementation of the control 
efforts would taken into account the benefits for controlling other pollutants of concern. 
Further, because many of the control strategies addressing these pollutants of concern 
are relatively untested, the Water Board will implement control measures in the 
following modes: 

1. Full-scale implementation throughout the region. 
2. Focused implementation in areas where benefits are most likely to accrue. 
3. Pilot-testing in a few specific locations. 
4. Other: This may refer to experimental control measures, Research and 

Development, desktop analysis, laboratory studies, and/or literature review. 
 

The logic of such categorization is that, as actions are tested and confidence is gained 
regarding level of experience and confidence in the control measure’s effectiveness, the 
control measure may be implemented with a greater scope. For example, an untested 
control measure for which the effectiveness is uncertain may be implemented as a pilot 
project in a few locations during this permit term. If benefits result, and the action is 
deemed effective, it will be implemented in subsequent permit terms in a focused 
fashion in more locations or perhaps fully implemented throughout the Region, 
depending upon the nature of the measure. On the other hand there may be some 
control measures in which there is sufficient confidence, on the basis of prior 
experience, that the control action should be implemented in all applicable locations 
and/or situations. By conducting actions in this way and gathering information about 
effectiveness and cost, we will advance our understanding and be able to perform an 
updated assessment of the suite of actions that will constitute MEP for the following 
permit term. In fact, in additional to implementing control measures, gathering the 
necessary information about control measure effectiveness is a vital part of what needs 
to be accomplished by Permittees during this permit term. In the next permit term, 
control measures will be implemented on the basis of what we learn in this term, and 
we will, thus, achieve iterative refinement and improvement through time. 

 
Background on Specific Provisions: Provisions C.9 through C.14 contain both 
technology-based requirements to control pollutants to the MEP and water quality 
based requirements to prevent or reduce discharges of pollutants that may cause or 
contribute to violations of water quality standards. Provisions C.9 and C.11 of the 
Permit incorporate requirements for the two TMDLs that have been fully approved and 
are effective for the Permittees. These TMDLs are for pesticide-related toxicity in 
urban creeks and mercury in San Francisco Bay. Additionally, Provision C.12 contains 
measures that address PCBs. The Regional Water Board has adopted a PCB TMDL, but 
it is still pending approval by State Board, the Office of Administrative Law, and U.S. 
EPA.  This PCBs TMDL includes requirements that would be consistent with this 
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provision. Finally, Provision C.13 contains measures to implement the copper site-
specific objective in San Francisco Bay. 

 
Where a TMDL has been approved, NPDES permits must contain effluent limitations 
and conditions consistent with the requirements and assumptions in the TMDL.112 
Effluent limitations are generally expressed in numerical form. However, USEPA 
recommends that for NPDES-regulated municipal and small construction stormwater 
discharges, effluent limitations should be expressed as BMPs or other similar 
requirements rather than as numeric effluent limitations.113 Consistent with USEPA’s 
recommendation, this section implements WQBELs expressed as an iterative BMP 
approach capable of meeting the WLAs in accordance with the associated compliance 
schedule. The Permit’s WQBELs include the numeric WLA as a performance standard 
and not as an effluent limitation. The WLA can be used to assess if additional BMPs 
are needed to achieve the TMDL Numeric Target in the waterbody. 

 

                                                 
112 40 CFR 122.44(d)(1)(vii)(B) 
113 USEPA, 2002. Establishing Total Maximum Daily Load (TMDL) Wasteload Allocations (WLAs) for Storm 

Water Sources and NPDES Permit Requirements Based on Those WLAs. P. 4. 
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C.9. Pesticides Toxicity Control  

Fact Sheet Findings in Support of Provision C.9. 

C.9-1 This Permit fulfills the Basin Plan amendments the Water Board adopted that 
establish a Water Quality Containment Strategy and TMDL for diazinon and 
pesticide-related toxicity for Bay Area urban creeks on November 16, 2005, 
and approved by the State Water Board on November 15, 2006. The Water 
Quality Containment Strategy requires urban runoff management agencies to 
minimize their own pesticide use, conduct outreach to others, and lead 
monitoring efforts. Control measures implemented by urban runoff 
management agencies and other entities (except construction and industrial 
sites) shall reduce pesticides in urban runoff to the MEP. 

C.9-2 (Allocations): The TMDL is allocated to all urban runoff, including urban 
runoff associated with MS4s, Caltrans facilities, and industrial, construction, 
and institutional sites. The allocations are expressed in terms of toxic units 
and diazinon concentrations. 

Specific Provision C.9 Requirements  
 

C.9 provisions fully implement the TMDL for Urban Creeks Pesticide Toxicity. All C.9 
provisions are stated explicitly in the implementation plan for this TMDL. Permittees 
are encouraged to coordinate activities with the Urban Pesticide Pollution Prevention 
Project, the Urban Pesticide Committee, and other agencies and organizations.  The 
Urban Pesticide Pollution Prevention (UP3) Project has been funded by a grant from the 
State Water Board and its goal is to prevent water pollution from urban pesticide use. 
The Urban Pesticides Committee serves as an information clearinghouse and as a forum 
for coordinating pesticide TMDL implementation. 

 
The UP3 Project provides resources and information on integrated pest management 
(IPM) and tools to municipalities to support their efforts to reduce municipal pesticide 
use and to conduct outreach to their communities on less-toxic methods of pest control. 
In addition, it provides technical assistance to municipalities to encourage the U.S. 
Environmental Protection Agency and the California Department of Pesticide 
Regulation to prevent water quality problems from pesticides. It also maintains and 
manages the  Urban Pesticides Committee, a statewide network of agencies, nonprofits, 
industry, and other stakeholders that are working to solve water quality problems from 
pesticides.  

 
Specific tools provided by the UP3 Project that relate to permit requirements include: 

• Guidance and resources to help agencies create contracts and bid documents for 
structural pest management services that help them meet their integrated pest 
management goals 

• IPM policies and ordinances 
• IPM training workshops and materials 
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• Outreach program design resources 
• Resources for evaluating effectiveness  

 
Provisions C.9.a through C.9.d are designed to insure that integrated pest management 
(IPM) is adopted and implemented as policy by all municipalities. IPM is a pest control 
strategy that uses an array of complementary methods: natural predators and parasites, 
pest-resistant varieties, cultural practices, biological controls, various physical 
techniques, and pesticides as a last resort. If implemented properly, it is an approach 
that can significantly reduce or eliminate the use of pesticides. The implementation of 
IPM will be assured through training of municipal employees and the requirement that 
municipalities only hire IPM-certified contractors. 

 
Provision C.9.e requires that municipalities (through cooperation or participation with 
BASMAA) track and participate in pesticide regulatory processes like the USEPA 
pesticide evaluation and registration activities related to surface water quality, and the 
California Department of Pesticide Regulation (DPR) pesticide evaluation activities. 
The goal of these efforts is to encourage both the state and federal pesticide regulatory 
agencies to accommodate water quality concerns within the pesticide regulation or 
registration process. Through these efforts, it could be possible to prevent pesticide-
related water quality problems from happening by affecting which products are brought 
to market. 

 
Provision C.9.g is critical to the success of municipal efforts to control pesticide-related 
toxicity. Future permits must be based on an updated assessment of what is working and 
what is not. With every provision comes the responsibility to assess its effectiveness 
and report on these findings through the permit. The particulars of assessment will 
depend on the nature of the control measure. 

 
Provision C.9.h directs the municipalities to conduct outreach to consumers at point of 
purchase and provide targeted information on proper pesticide use and disposal, 
potential adverse impacts on water quality, and less toxic methods of pest prevention 
and control. One way in which this can be accomplished is for the Permittees to 
participate in and provide resources for the “Our Water, Our World” program 
(www.ourwaterourworld.org) or a functionally equivalent pesticide use reduction 
outreach program. The “Our Water, Our World” program has developed a Web site 
with many resources, “to assist consumers in managing home and garden pests in a way 
that helps protect” the environment. 
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C.10. Trash Load Reduction  

Legal Authority 
The following legal authority applies to section C.10: 

 
Broad Legal Authority: CWA sections 402(p)(3)(B)(ii-iii), CWC section 
13377, and Federal NPDES regulations 40 CFR 122.26(d)(2)(i)(B, C, D, E, and 
F) and 40 CFR 122.26(d)(2)(iv). 

 
Specific Legal Authority: Federal NPDES regulations 40 CFR 
122.26(d)(2)(iv)(B) requires, “shall be based on a description of a program, 
including a schedule, to detect and remove (or require the discharger to the 
municipal storm sewer to obtain a separate NPDES permit for) illicit discharges 
and improper disposal into the storm sewer.” 

Federal NPDES regulation 40 CFR 122.26(d)(2)(iv)(B)(2) requires, “a 
description of procedures to conduct on-going field screening activities during 
the life of the permit, including areas or locations that will be evaluated by such 
field screens.” 

Federal NPDES regulation 40 CFR 122.26(d)(2)(iv)(B)(3) requires, “a 
description of procedures to be followed to investigate portions of the separate 
storm sewer system that, based on the results of the field screen, or other 
appropriate information, indicate a reasonable potential of containing illicit 
discharges or other sources of non-storm water.” 

Federal NPDES regulations 40 CFR 122.26(d)(2)(iv)(B)(4) requires, “a 
description of procedures to prevent, contain, and respond to spills that may 
discharge into the municipal separate storm sewer.” 

San Francisco Bay Basin Plan, Chapter 4 – Implementation, Table 4-1 
Prohibitions, Prohibition 7, which is consistent with the State Water Board’s 
Enclosed Bays and Estuaries Policy, Resolution 95-84, prohibits the discharge 
of rubbish, refuse, bark, sawdust, or other solid wastes into surface waters or at 
any place where they would contact or where they would be eventually 
transported to surface waters, including flood plain areas. This prohibition was 
adopted by the Water Board in the 1975 Basin Plan, primarily to protect 
recreational uses such as boating. 

Fact Sheet Findings in Support of Provision C.10 
C.10-1 Trash and litter are a pervasive problem near and in creeks and in San 

Francisco Bay. Controlling trash is one of the priorities for this Permit 
reissuance not only because of the trash discharge prohibition, but also 
because trash and litter cause particularly major impacts on our enjoyment 
of creeks and the Bay. There are also significant impacts on aquatic life and 
habitat in those waters and eventually to the global ocean ecosystem, where 
plastic often floats, persists in the environment for hundreds of years, if not 

RB-AR6530



Municipal Regional Stormwater Permit   NPDES No. CAS612008 
Order No. R2-2009-0074  Appendix I:  Fact Sheet 
 

Fact Sheet Page App I-72 Date:  October 14, 2009 
  Revised:  November 28, 2011 

forever, concentrates organic toxins, and is ingested by aquatic life. There 
are also physical impacts, as aquatic species can become entangled and 
ensnared and can ingest plastic that looks like prey, losing the ability to feed 
properly. 

For the purposes of this provision, trash is defined to consist of litter and 
particles of litter. Man made litter is defined in California Government Code 
section 68055.1 (g): Litter means all improperly discarded waste material, 
including, but not limited to, convenience food, beverage, and other product 
packages or containers constructed of steel, aluminum, glass, paper, plastic, 
and other natural and synthetic materials, thrown or deposited on the lands 
and waters of the state, but not including the properly discarded waste of the 
primary processing of agriculture, mining, logging, sawmilling, or 
manufacturing. 

C.10-2 Data collected by Water Board staff using the SWAMP Rapid Trash 
Assessment (RTA) Protocol,114 over the 2003–2005 period,115 suggest that 
the current approach to managing trash in waterbodies is not reducing the 
adverse impact on beneficial uses. The levels of trash in the waters of the 
San Francisco Bay Region are alarmingly high, considering the Basin Plan 
prohibits discharge of trash and that littering is illegal with potentially large 
fines. Even during dry weather conditions, a significant quantity of trash, 
particularly plastic, is making its way into waters and being transported 
downstream to San Francisco Bay and the Pacific Ocean. On the basis of 85 
surveys conducted at 26 sites throughout the Bay Area, staff have found an 
average of 2.93 pieces of trash for every foot of stream, and all the trash was 
removed when it was surveyed, indicating high return rates of trash over the 
2003–2005 study period. There did not appear to be one county within the 
Region with higher trash in waters—the highest wet weather deposition 
rates were found in western Contra Costa County, and the highest dry 
weather deposition was found in Sonoma County. Results of the trash in 
waterbodies assessment work by staff show that rather than  adjacent 
neighborhoods polluting the sites at the bottom of the watershed, these 
areas, which tend to have lower property values, are subject to trash washing 
off with urban stormwater runoff cumulatively from the entire watershed. 

C.10-3 A number of key conclusions can be made on the basis of the trash 
measurement in streams: 
• Lower watershed sites have higher densities of trash. 
• All watersheds studied in the San Francisco Bay Region have high 

levels of trash. 
• There are trash source hotspots, usually associated with parks, schools, 

or poorly kept commercial facilities, near creek channels, that appear to 
contribute a significant portion of the trash deposition at lower 
watershed sites. 

                                                 
114  SWAMP Rapid Trash Assessment Protocol,  Version 8 
115  SWAMP S.F. Bay Region Trash Report, January 23, 2007 
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• Dry season deposition of trash, associated with wind and dry season 
runoff, contributes measurable levels of trash to downstream locations. 

• The majority of trash is plastic at lower watershed sites where trash 
accumulates in the wet season. This suggests that urban runoff is a 
major source of floatable plastic found in the ocean and on beaches as 
marine debris. 

• Parks that have more evident management of trash by city staff and 
local volunteers, including cleanup within the creek channel, have 
measurably less trash pieces and higher RTA scores. 

C.10-4 The ubiquitous, unacceptable levels of trash in waters of the San Francisco 
Bay Region warrant a comprehensive and progressive program of education, 
warning, and enforcement, and certain areas warrant consideration of 
structural controls and treatment. 

C.10-5 Trash in urban waterways of coastal areas can become marine debris, 
known to harm fish and wildlife and cause adverse economic impacts.116 
Trash is a regulated water pollutant that has many characteristics of concern 
to water quality. It accumulates in streams, rivers, bays, and ocean beaches 
throughout the San Francisco Bay Region, particularly in urban areas. 

C.10-6 Trash adversely affects numerous beneficial uses of waters, particularly 
recreation and aquatic habitat. Not all litter and debris delivered to streams 
are of equal concern with regards to water quality. Besides the obvious 
negative aesthetic effects, most of the harm of trash in surface waters is 
imparted to wildlife in the form of entanglement or ingestion.117,118 Some 
elements of trash exhibit significant threats to human health, such as 
discarded medical waste, human or pet waste, and broken glass.119 Also, 
some household and industrial wastes can contain toxic batteries, pesticide 
containers, and fluorescent light bulbs that contain mercury. Large trash 
items such as discarded appliances can present physical barriers to natural 
stream flow, causing physical impacts such as bank erosion. From a 
management perspective, the persistent accumulation of trash in a 
waterbody is of particular concern, and signifies a priority for prevention of 
trash discharges. Also of concern are trash hotspots where illegal dumping, 
littering, and/or accumulation of trash occur. 

C.10-7 The narrative water quality objectives applicable to trash are Floating 
Material (Waters shall not contain floating material, including solids, 
liquids, foams, and scum, in concentrations that cause nuisance or adversely 

                                                 
116 Moore, S.L., and M.J. Allen. 2000. Distribution of anthropogenic and natural debris on the mainland shelf of the 

Southern California Bight. Mar. Poll. Bull. 40:83-88.  
117 Laist, D. W. and M. Liffmann. 2000. Impacts of marine debris: research and management needs. Issue papers of 

the International Marine Debris Conference, Aug. 6-11, 2000. Honolulu, HI, pp. 16–29.  
118 McCauley, S.J. and K.A. Bjorndahl. 1998. Conservation implications of dietary dilution from debris ingestion: 

sublethal effects in post-hatchling loggerhead sea turtles. Conserv. Biol. 13(4):925-929.  
119 Sheavly, S.B. 2004. Marine Debris: an Overview of a Critical Issue for our Oceans. 2004 International Coastal 

Cleanup Conference, San Juan, Puerto Rico. The Ocean Conservancy.  
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affect beneficial uses), Settleable Material (Waters shall not contain 
substances in concentrations that result in the deposition of material that 
cause nuisance or adversely affect beneficial uses), and Suspended Material 
(Waters shall not contain suspended material in concentrations that cause 
nuisance or adversely affect beneficial uses). 

C.10-8 The Water Board, at its February 11, 2009 hearing, adopted a resolution 
proposing that 26 waterbodies in the region be added to the 303(d) list for 
the pollutant trash.  The adopted Resolution and supporting documents are 
contained in Attachment 10.1 – 303(d) Trash Resolution and Staff Report 
Feb 2009. 

 
Specific Provision C.10 Requirements 

 
Provision C.10. Permittees shall demonstrate compliance with Discharge Prohibition 
A.2 and trash-related Receiving Water Limitations through the timely implementation 
of control measures and other actions to reduce trash loads from municipal separate 
storm sewer systems (MS4s) by 40% by 2014, 70% by 2017, and 100% by 2022 as 
further specified below.  

C.10.a.i. Short-Term Trash Load Reduction Plan 
The Short-Term Trash Load Reduction Plan is intended to describe actions to 
incrementally reduce trash loads toward the 2014 requirement of a 40% reduction 
and eventual abatement of trash loads to receiving waters. 

C.10.a.ii. Baseline Trash Load and Trash Load Reduction Tracking Method  
In order to achieve the incremental trash load reductions in an accountable 
manner, the Permittees will propose Baseline Trash Loads and a Trash Load 
Reduction Tracking Method.  The Tracking will account for additional trash load 
reducing actions and BMPs the Permittees implement.  Permittees are also able to 
propose, with documentation, areas for exclusion from the Tracking Method 
accounting, by demonstrating that these areas already meet the Discharge 
Prohibition A.2 and have no trash loads. 

C.10.a.iii. Minimum Full Trash Capture 
Installation of full trash capture systems to prevent trash loads through the MS4 is 
MEP as demonstrated by the significant implementation of these systems 
occurring in the Los Angeles region.  The minimum full trash capture installation 
requirements in this permit represent a moderate initial step toward employing 
this tool for trash load reduction. 

C.10.b.i, ii. Trash Hot Spot Selection and Clean Up  
Trash Hot Spots must be cleaned up as an interim measure until complete 
abatement of trash loads occurs.  Eventually, with adequate source controls and 
trash loading abatement, trash hot spots will not occur in the receiving waters.  In 
addition, Permittees will be credited for trash volume removed from hot spots in 
the trash load reduction tracking.   
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C.10.b.iii. Hot Spot Assessments 
Trash Hot Spot assessments have been simplified and streamlined.  Rather than 
counting individual trash items, which can vary in size from small plastic of glass 
particles to shopping carts, volume of material removed is measured, along with 
dominant types of trash removed.  Photographs are recorded both before and after 
cleanup, to add to the record and verify cleanup. 

C.10.c. Long Term Trash Load Reduction 
Each Permittee will submit a Plan to achieve the incremental progress of 70% 
trash load reduction by 2017 during the following permit term, and the 100% 
reduction of trash loading by 2022. 

C.10.d.  Reporting   

This sub-provision sets forth the reporting required in this provision, including the 
specific submittals and reports, and the annual reporting requirements.   
 

Costs of Trash Control 
Costs for either enhanced trash management measure implementation or installation and 
maintenance of trash capture devices are significant, but when spread over several 
years, and when viewed on a per-capita basis, are reasonable.  Also, Trash capture 
devices have been installed by cities in California and in the Bay Region.   

Trash and litter are costly to remove from our aquatic resource environments.  Staff 
from the California Coastal Commission report that the Coastal Cleanup Day budget 
statewide: $200,000-250,000 for staff Coastal Commission staff, and much more from 
participating local agencies.  The main component of this event is the 18,000 volunteer-
hours which translates to $3,247,200 in labor, and so is equivalent to $3,250,000-
3,500,000 per year to clean up 903,566 pounds of trash and recyclables at $3.60 to 
$3.90 per pound.  This is one of the most cost-effective events because of volunteer 
labor and donations.  The County of Los Angeles spends $20 million per year to sweep 
beaches for trash, according to Coastal Commission staff.  

In Oakland, the Lake Merritt Institute is currently budgeted at $160,000 per year, with 
trash and litter removal from the Lake as a major task.  The budget has increased from 
about $45,000 in 1996 to current levels.   In the period of 1996-2005 the Lake Merritt 
Institute staff, utilizing significant volunteer resources, and accomplishing other 
education tasks, removed 410,859 pounds of trash from the Lake at cost of $951,725 at 
$2.3 per pound. 

The City of Oakland reports that installation of two vortex and screen separators, titled 
by their brand name of CDS units, which cost, according to the table below, $821,000 
for installations that treat tributary catchments of 192 acres before discharge to Lake 
Merritt at $4,276 per acre.  
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City of Oakland—CDS Unit Overview  9-07 
 

Existing 
CDS unit 
location 

Outfall 
number 

Treatment 
area (acres) 

Cost of 
implementation 

 
Sizing 

Maintenance 
requirements 

 
Comments 

Intersection of 
27th and 

Valdez Streets 
56* 71 

$203,000 to contactor; 
plus ~$100,000 City 

costs 

73 cfs peak 
flow; 36” 
stormdrain; 
Unit sizing: 
18’6’6’ box 
with 
10’11”diam 
x 9’6” long 
cylinder 

Visually inspect 
CDS Unit; remove 
trash and debris 
with Hydro Flusher 
bi-monthly 

Installed in 2006. 
Required relocation 
of electrical conduit. 
Water main and gas 
line were also in the 
way; the box was 
adjusted to 
accommodate these 
conflicts. 

Intersection of 
22nd and 

Valley Streets 
56* 121 

$368,000 to contactor; 
plus ~$150,000 City 

costs 

115 cfs peak 
flow; 54” 
stormdrain; 
Unit sizing: 
18’8.5’6’ 
box with 
12’diam x 
9’6” long 
cylinder 

Visually inspect 
CDS Unit; remove 
trash and debris 
with Hydro Flusher 
bi-monthly 

Installed in 2006. 
Installation costs 
were higher than 

anticipated. Sewer 
lines and PGE 
facilities were 

exposed that were 
not known before. 

Unit had to be 
modified and 

poured-in-place.  

 
                   *  The city is treating 192 acres or 72 percent of the 252 acres draining to outfall 56. 

 
 

Mr. Morad Sedrak, the TMDL Implementation Program Manager, Bureau of Sanitation, 
Department of Public Works, City of Los Angeles, reports that the City plans to invest 
$72 million dollars for storm drain catch basin based capture device installation primarily, 
for a City of 4 million population, for a per-capita cost of $18 dollars.  This effort is 
occurring over a span of over five years, for an annual per-capita cost of under $4.   

Mr. Sedrak reports that O&M costs are not anticipated to increase, as the City of L.A. is 
already budgeted for 3 catch basin cleanings per year.  He also states that catch basin 
inserts installed inside the catch basin in front of the lateral pipe, which have been 
certified by the Los Angeles Regional Water Board as total capture trash control devices, 
cost approximately $800 to $3,000 depending on the depth of the catch basin.  The price 
quoted includes installation and the insert is made of Stainless Steel 316.   

Furthermore, the price for catch basin opening screen covers, which are designed to 
retain trash at the street level for removal by sweepers, and also to open if there is a 
potential flooding blockage, ranges roughly from $800 to $4,500, depending on the 
opening size of the catch basin.  

The City of Los Angeles has currently spent 27 million dollars on a retrofit program to 
install catch basin devices in approximately 30% of its area, with either inserts or screens 
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or both.  Mr. Sedrak states that Los Angeles plans to spend $45 million over the next 3 
years to retrofit the remaining catch basins within the City.  The total number of catch 
basins within the City is approximately 52,000.   

Here are some links to information about the Los Angeles trash control approach: 

http://www.lastormwater.org/Siteorg/program/TMDLs/trashtmdl.htm  
 
http://www.lastormwater.org/Siteorg/download/pdfs/general_info/Request-
Certification-10-06.pdf) 

 
http://www.lastorhttp://www.lastormwater.org/Siteorg/download/pdfs/general_info/Req
uest-Certification-10-06.pdfmwater.org/Siteorg/program/poll_abate/cbscreens.htm )  

 
http://www.lastormwater.org/Siteorg/program/poll_abate/cbinserts.htm  
 
http://www.lastormwater.org/Siteorg/program/poll_abate/cbscreens.htm  
 

Additional cost information on various trash capture devices are included in the Santa 
Clara Valley Urban Runoff Pollution Prevention Program (SCVURPPP) BMP Trash 
Toolbox (July 2007).  The Toolbox contains cost information for both trash capture 
devices and enhanced trash management measure implementation, covers a broad range 
of options and also discusses operation and maintenance costs.  Catch basin screens are 
included with an earlier estimate by the City of Los Angeles of $44 million over 10 
years to install devices in 34,000 inlets.   

Litter booms are also discussed with an example from the City of Oakland.  The Damon 
Slough litter boom or sea curtain cost $36,000 for purchase and installation, including 
slough side access improvements for maintenance and trash removal.  Annual 
maintenance costs have been $77,000 for weekly maintenance, which includes use of a 
crane for floating trash removal.  

The costs of the full trash capture device installation required in the Order is 
significantly less than the previous tentative orders requirements for trash capture, as set 
forth in the table below.
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Trash Capture Cost Estimates – Final TO versus previous TOs 

Trash Capture 
Device 

Requirement 
Acres of Capture 

Cost for 
Trash 

Capture 
Installation 

Percent of 
Retail/Wholesale 

Commercial 
(ABAG 2005) 

Per capita $, 
Population = 

4,533,634 

Final TO: 
Implemented in 
Year 4 – 30% of 
Retail/Wholesale 
Commercial 

5527 $ 27,635,000 30% $6.06 

Previous TOs:  
Implement in 
Year 4, 5% of 
Urban/suburban 
land 

0.05 X 529,712 = 26,485 
(BASMAA) or 

ABAG 0.05 X 655,015 = 
32,750 

$132,425,000 
or 

$163,750,000 

5% of 
Urban/suburban 

land 

$29 
or 

$36 

 

30% X 18,426 acres = 5527 acres X $5000/acre = $27,635,000 for four counties for 
installation; maintenance will add an additional cost.  The Permittees may work 
cooperatively to achieve this capture installation requirement, and there is the potential 
for Regional revenue development.  The previous requirement was 5% of (.05 X 
655,015) (529,712 by BASMAA’s count) acres of urban land (from ABAG 2005 table) 
= 32,750 acres, ((26,486 according to BASMAA) X $5000 = $132,000,000).   
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C.11. Mercury Controls 

Fact Sheet Findings in Support of Provision C.11 

C.11-1 On August 9, 2006, the Water Board adopted a Basin Plan amendment 
including a revised TMDL for mercury in San Francisco Bay, two new water 
quality objectives, and an implementation plan to achieve the TMDL. The 
State Water Board has approved this Basin Plan amendment, and USEPA 
approval is pending.  C.11-2 through C.11-6 are components of the Mercury 
TMDL implementation plan relevant to implementation through the municipal 
stormwater permit. 

C.11-2 The 2003 load of mercury from urban runoff is 160 kg/yr, and the aggregate 
WLAs for urban runoff is 80 kg/yr and shall be implemented through the 
NPDES stormwater permits issued to urban runoff management agencies and 
Caltrans. The urban stormwater runoff allocations implicitly include all 
current and future permitted discharges, not otherwise addressed by another 
allocation, and unpermitted discharges within the geographic boundaries of 
urban runoff management agencies (collectively, source category) including, 
but not limited to, Caltrans roadway and non-roadway facilities and rights-of-
way, atmospheric deposition, public facilities, properties proximate to stream 
banks, industrial facilities, and construction sites. 

C.11-3 The allocations for this source category shall be achieved within 20 years, 
and, as a way to measure progress, an interim loading milestone of 120 kg/yr, 
halfway between the current load and the allocation, should be achieved 
within 10 years. If the interim loading milestone is not achieved, NPDES-
permitted entities shall demonstrate reasonable and measurable progress 
toward achieving the 10-year loading milestone. 

C.11-4 The NPDES permits for urban runoff management agencies shall require the 
implementation of BMPs and control measures designed to achieve the 
allocations or accomplish the load reductions derived from the allocations. In 
addition to controlling mercury loads, BMPs or control measures shall include 
actions to reduce mercury-related risks to humans and wildlife. Requirements 
in the permit issued or reissued and applicable for the term of the permit shall 
be based on an updated assessment of control measures intended to reduce 
pollutants in stormwater runoff to the MEP and remain consistent with the 
section of this chapter titled, Surface Water Protection and Management—
Point Source Control—Stormwater Discharges. 

C.11-5 The following additional requirements are or shall be incorporated into 
NPDES permits issued or reissued by the Water Board for urban runoff 
management agencies. 

a. Evaluate and report on the spatial extent, magnitude, and cause of 
contamination for locations where elevated mercury concentrations exist; 

b. Develop and implement a mercury source control program; 
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c. Develop and implement a monitoring system to quantify either mercury 
loads or loads reduced through treatment, source control, and other 
management efforts; 

d. Monitor levels of methylmercury in discharges; 

e. Conduct or cause to be conducted studies aimed at better understanding 
mercury fate, transport, and biological uptake in San Francisco Bay and 
tidal areas; 

f. Develop an equitable allocation-sharing scheme in consultation with 
Caltrans (see below) to address Caltrans roadway and non-roadway 
facilities in the program area, and report the details to the Water Board; 

g. Prepare an Annual Report that documents compliance with the above 
requirements and documents either mercury loads discharged, or loads 
reduced through ongoing pollution prevention and control activities; and 

h. Demonstrate progress toward (a) the interim loading milestone, or (b) 
attainment of the allocations shown in Individual WLAs (see Table 4-w of 
the Basin Plan  amendment), by using one of the following methods: 

(1) Quantify the annual average mercury load reduced by implementing 

i. Pollution prevention activities, and 
ii. Source and treatment controls. The benefit of efforts to reduce 

mercury-related risk to wildlife and humans should also be 
quantified. The Water Board will recognize such efforts as 
progress toward achieving the interim milestone and the mercury-
related water quality standards upon which the allocations and 
corresponding load reductions are based. Loads reduced as a result 
of actions implemented after 2001 (or earlier if actions taken are 
not reflected in the 2001 load estimate) may be used to estimate 
load reductions. 

(2) Quantify the mercury load as a rolling 5-year annual average using 
data on flow and water column mercury concentrations. 

(3) Quantitatively demonstrate that the mercury concentration of 
suspended sediment that best represents sediment discharged with 
urban runoff is below the suspended sediment target. 

C.11-6 Urban runoff management agencies have a responsibility to oversee various 
discharges within the agencies’ geographic boundaries. However, if it is 
determined that a source is substantially contributing to mercury loads to the 
Bay or is outside the jurisdiction or authority of an agency, the Water Board 
will consider a request from an urban runoff management agency that may 
include an allocation, load reduction, and/or other regulatory requirements for 
the source in question. 
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Specific Provision C.11 Requirements 
The C.11 provisions implement the mercury TMDL and follow the general approach for 
sediment-bound pollutants discussed above where we seek to build our understanding 
and level of certainty concerning control actions by implementing actions in a phased 
approach. We then expand implementation of those actions that prove effective, and 
perhaps scale back or discontinue those that are not effective. Accordingly, there are 
some provisions that will be implemented throughout the Region, some that will be 
tested on a limited basis first before making the decision to expand region-wide in the 
next permit term. Some of the measures are companion measures for efforts targeting 
PCBs. 

 
Provision C.11.a.  Mercury is found in a wide variety of consumer products (e.g., 
fluorescent bulbs) that are subject to recycling requirements. These recycling efforts are 
already happening throughout the Region, and Provision C.11.a requires promotion, 
facilitation and/or participation in these region-wide recycling efforts to increase 
effectiveness and public participation. 

 
Provision C.11.b. The remand resolution of the SF Bay Mercury TMDL made it clear 
that methyl mercury monitoring must be required of all NPDES Permittees. Methyl 
mercury is the most toxic form of mercury, and there is very little information, if any, 
regarding the concentrations of methyl mercury found in urban runoff.  The purpose of 
the monitoring required through this provision is to obtain seasonal information and to 
assess the magnitude and spatial/temporal patterns of methylmercury concentrations in 
urban runoff. 

 
Provisions C.11.c through Provision C.11.f relate to identical C.12 Provisions for 
PCBs. For each of these, sites for pilot studies will primarily be chosen on the basis of 
the potential for reducing PCB loads, but consideration will be given to mercury 
removal in the final design and implementation of the studies. For more information, 
see the fact sheet discussions for 
Provisions C.12.c, d, e, and f and Provision C.2.g. 

 
Provision C.11.g implements the TMDL requirement that Permittees measure mercury 
loads and loads reduced from program activities. There are three options for 
accomplishing this requirement: quantifying mercury loads reduced through 
implemented control measures, quantify mercury loading into the Bay from urban 
runoff, or demonstrating that the concentration of mercury on suspended sediment 
particles is below the sediment target of 0.2 ppm. It is likely that the first option will be 
chosen, and this will require development of an accounting system to establish what 
load reductions result from program activities. This will not be difficult for those 
measures that involve capture and measurement of mercury-containing sediment, but it 
will be more challenging for efforts that do not involve direct measurement. 

 
Provision C.11.h is equivalent to Provision C.12.h for PCBs and is motivated by the 
same remaining technical uncertainties. 
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Provision C.11.i requires actions that manage human health risk due to mercury and 
PCBs. These may include efforts to communicate the health risks of eating Bay fish and 
other efforts aimed at high risk-communities. 

 
Provision C.11.j requires an allocation sharing scheme to be developed in cooperation 
with Caltrans. The urban runoff TMDL allocation implicitly includes loads from 
Caltrans facilities. 
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C.12. PCBs Controls 

The C.12 provisions are consistent with the regulatory approach and 
implementation plan of the San Francisco Bay PCBs TMDL adopted by the 
Water Board. They follow the general approach for sediment-bound pollutants 
discussed above where we seek to build our understanding and level of certainty 
concerning control actions by implementing actions in a phased approach. We 
then expand implementation of those actions that prove effective, and perhaps 
scale back or discontinue those that are not effective. Accordingly, there are 
some provisions that will be implemented throughout the region, some that will 
be tested on a limited basis first before making the decision to expand region-
wide in the next permit term. 

 
Fact Sheet Findings in Support of Provision C.12 

C.12-2 On February 13, 2008, the Water Board adopted a Basin Plan amendment 
establishing a TMDL for PCBs in San Francisco Bay and an implementation 
plan to achieve the TMDL. Approval by the State Water Board and USEPA is 
pending. The following excerpts from the TMDL implementation plan are 
relevant to implementation of the municipal stormwater permit. 

“Stormwater runoff wasteload allocations shall be achieved within 20 years and 
shall be implemented through the NPDES stormwater permits issued to 
stormwater runoff management agencies and the California Department of 
Transportation (Caltrans). The urban stormwater runoff wasteload allocations 
implicitly include all current and future permitted discharges, not otherwise 
addressed by another allocation, and unpermitted discharges within the 
geographic boundaries of stormwater runoff management agencies including, but 
not limited to, Caltrans roadway and non-roadway facilities and rights-of-way, 
atmospheric deposition, public facilities, properties proximate to stream banks, 
industrial facilities, and construction sites.  

Requirements in each NPDES permit issued or reissued shall be based on an 
updated assessment of best management practices and control measures 
intended to reduce PCBs in urban stormwater runoff. Control measures 
implemented by stormwater runoff management agencies and other entities 
(except construction and industrial sites) shall reduce PCBs in stormwater 
runoff to the maximum extent practicable. Control measures for construction 
and industrial sites shall reduce discharges based on best available technology 
economically achievable. All permits shall remain consistent with Section 4.8 
- Stormwater Discharges. 

In the first five-year permit term, stormwater Permittees will be required to 
implement control measures on a pilot scale to determine their effectiveness 
and technical feasibility. In the second permit term, stormwater Permittees 
will be required to implement effective control measures, that will not cause 
significant adverse environmental impacts, in strategic locations, and to 
develop a plan to fully implement control measures that will result in 
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attainment of allocations, including an analysis of costs, efficiency of control 
measures and an identification of any significant environmental impacts. 
Subsequent permits will include requirements and a schedule to implement 
technically feasible, effective and cost efficient control measures to attain 
allocations. If, as a consequence, allocations cannot be attained, the Water 
Board will take action to review and revise the allocations and these 
implementation requirements as part of adaptive implementation. 

In addition, stormwater Permittees will be required to develop and implement 
a monitoring system to quantify PCBs urban stormwater runoff loads and the 
load reductions achieved through treatment, source control and other actions; 
support actions to reduce the health risks of people who consume PCBs-
contaminated San Francisco Bay fish; and conduct or cause to be conducted 
monitoring, and studies to fill critical data needs identified in the adaptive 
implementation section. 

Stormwater runoff management agencies have a responsibility to oversee 
various discharges within the agencies’ geographic boundaries. However, if it 
is determined that a source is substantially contributing to PCBs loads to the 
Bay or is outside the jurisdiction or authority of an agency the Water Board 
will consider a request from an stormwater runoff management agency which 
may include an allocation, load reduction, and/or other regulatory 
requirements for the source in question.” 

C.12-3 Some PCB congeners have dioxin-like properties.  Dioxins are persistent, 
bioaccumulative, toxic compounds that are produced from the combustion of 
organic materials in the presence of chlorine. Dioxins enter the air through 
fuel and waste emissions, including diesel and other motor vehicle exhaust 
fumes and trash incineration, and are carried in rain and contaminate soil. 
Dioxins bioaccumulate in fat, and most human exposure occurs through the 
consumption of animal fats, including those from fish.  Therefore, the actions 
targeting PCBs will likely have the simultaneous benefit of addressing a 
portion of the dioxin impairment resulting from dioxin-like PCBs. 

Specific Provision C.12 Requirements 
Provision C.12.a. PCBs were used in a variety of electrical devices and equipment, 
some of which still can be found during industrial inspections. Provision C.12.a requires 
the stormwater management agencies to ensure that industrial inspectors can identify 
PCBs or PCB-containing equipment during their inspections and make sure appropriate 
agencies are notified if they are found. There is enough experience and/or background 
knowledge about the presence of such PCB-containing equipment that this measure 
should be implemented region-wide during this permit term. 

 
Provision C.12.b.  PCBs are used in a variety of building materials like caulks and 
adhesives. PCBs contained in such materials can be liberated and transported in runoff 
during and after demolition and renovation activities. At this point, it is not known how 
extensive this type of PCB contamination is in the region. Therefore, the expectation for 

RB-AR6543



Municipal Regional Stormwater Permit   NPDES No. CAS612008 
Order No. R2-2009-0074  Appendix I:  Fact Sheet 
 

Fact Sheet Page App I-85 Date:  October 14, 2009 
  Revised:  November 28, 2011 

this permit term is that Permittees conduct  pilot studies (Provision C.12.b) that includes 
evaluation of the presence of PCBs in such materials, sampling and analysis, and BMP 
development to prevent PCBs in these materials from being released into the 
environment during demolition and renovation. Conducting these pilot tests and 
reporting results will help determine if control measures for PCBs from these sources 
should be implemented in a more widespread fashion in the next permit term. 

 
Provisions C.12.c and C.12.d form the core of PCB-related efforts for this permit term, 
and these efforts are crucial for the iterative development of effective control measures 
for PCBs and other sediment-bound pollutants in future permit terms. The overarching 
purpose of these two provisions is to conduct five comprehensive pilot studies in 
locations known to contain high levels of PCBs. The pilot studies will involve a 
combination of efforts including abatement of the on-land PCB contamination 
(Provision C.12.c) as well as exploration of sediment management practices (C.12.d) 
that can be implemented by municipalities to control migration of the PCBs away from 
the source of contamination. We expect that a suite of control measures will be applied 
in these five pilot regions to determine the optimum suite of measures for controlling 
PCB contamination and preventing its transport through the storm drain system. The 
lessons learned through these pilot efforts will inform the direction of future efforts 
targeting contaminated zones throughout the Region in subsequent permit terms. 

 
Provision C.12.e.  One promising management practice for addressing a wide range of 
sediment-bound contaminants, including PCBs is on-site treatment. Provision C.12.e 
requires selection of 10 locations for pilot studies spanning treatment types as described 
in the Provision. This effort can be conducted in conjunction with Provision C.12.d such 
that on-site treatment efforts conducted as part of C.12.d can be counted toward 
accomplishing C.12.e requirements. 

 
Provision C.12.f.  Another promising management practice is the diversion of certain 
flows to the sanitary sewers to be treated by the local POTWs. Provision C.12.f requires 
an evaluation of locations for diversion pilot studies and implementation of pilot studies 
at five pump stations. This effort can be conducted in conjunction with Provision C.12.d 
such that POTW diversion efforts conducted as part of C.12.d can be counted toward 
accomplishing C.12.f requirements.  Also see discussion under Provision C.2.g. 

 
Provision C.12.g requires, consistent with the approach taken in the PCBs TMDL, 
development of a monitoring system to quantify PCBs loads and loads reduced through 
source control, treatment and other management measures. This monitoring system will 
be used to determine progress toward meeting TMDL load allocations. This system 
should establish the baseline loading or loads reduced against which to compare future 
loading and load reductions. 

 
Provision C.12.h.  There are still uncertainties surrounding the magnitude and nature of 
PCBs reaching the Bay in urban runoff and the ultimate fate of such PCBs, including 
biological uptake. Provision C.12.h requires that Permittees ensure that fate and 
transport studies of PCBs in urban runoff are completed. 
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Provision C.12.i. requires actions that manage human health risk due to mercury and 
PCBs. These may include efforts to communicate the health risks of eating Bay fish and 
other efforts aimed at high risk-communities. 
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C.13. Copper Controls 

Chronic and acute site-specific objectives (SSOs) for dissolved copper have 
been established in all segments of San Francisco Bay. The plan to implement 
the SSOs and ensure the achievement and ongoing maintenance of the SSOs in 
the entire Bay includes two types of actions for urban runoff management 
agencies. These actions from the SSO implementation are implemented through 
this permit as provisions to control urban runoff sources of copper as well as 
measures to resolve remaining technical uncertainties for copper fate and effects 
in the Bay. 

 
The control measures for urban runoff target significant sources of copper 
identified in a report produced in 2004 for the Clean Estuary Partnership.120 This 
report updated information on sources of copper in urban runoff, loading 
estimates and associated level of uncertainty, and summarized feasible control 
measures and priorities for further investigation. Accordingly, the permit 
provisions target major sources of copper including vehicle brake pads, 
architectural copper, copper pesticides, and industrial copper use. 

 
Fact Sheet Findings in Support of Provision C.13. 

C.13-1 Urban runoff is a conveyance mechanism by which copper reaches San 
Francisco Bay. 

C.13-2 Copper has the reasonable potential to cause or contribute to exceedances of 
copper water quality standards in San Francisco Bay.  

C.13-3 Site specific water quality objectives for dissolved copper have already been 
adopted for South San Francisco Bay will soon be adopted for the rest of the 
Bay.   

C.13-4 The Permit requirements to control copper to the MEP are necessary to 
implement and support ongoing achievement of the site-specific water quality 
objectives.  

 
Specific Provision C.13. Requirements 
Provision C.13.a.  Copper is used as an architectural feature in roofs, gutters and 
downspouts. When these roofs are cleaned with aggressive cleaning solutions, 
substantial amounts of copper can be liberated. The provision C.13.a for architectural 
copper involves a variety of strategies ranging from BMPs to prohibition against 
discharge of these cleaning wastes to the storm drain. 

 

                                                 
120 TDC (TDC Environmental). 2004. Copper Sources in Urban Runoff and Shoreline Activities. Prepared for the 

Clean Estuary Partnership. 
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Provision C.13.b.  Copper is commonly used as an algaecide in pools, spas, and 
fountains. The provision C.13.b prohibits discharge to the storm drain of copper-
containing wastewater from such amenities. 

 
Provision C.13.c.  Vehicle brake pads are a large source of copper to the urban 
environment. There are cooperative efforts (e.g., the Brake Pad Partnership) evaluating 
the potential effects of brake wear debris on water quality. This cooperative effort could 
result in voluntary actions to reduce the amount of copper in automobile brake pads. 
However, this voluntary reduction is uncertain, and some aftermarket brake pads are 
possibly unaffected by the voluntary action. Moreover, the benefits of copper content 
reduction might be slowly realized because there is a great deal of wear debris already 
deposited on watersheds, and this wear debris will continue to be deposited as long as 
copper-containing brake pads are in use. Therefore, there might need to be additional 
measures addressing copper-containing wear debris on the part of urban stormwater 
management agencies. Provision C.13.c requires ongoing participation in the 
cooperative efforts of the Partnership. 

 
Provision C.13.d   Some industrial facilities likely use copper or have sources of 
copper (e.g., plating facilities, metal finishers, auto dismantlers).  This control measure 
requires municipalities to include these facilities in their inspection program plans.  

 
The most recent Staff Report121 for the SSOs north of the Dumbarton Bridge also 
describes several areas of remaining technical uncertainty, and Provision C.13.e 
requires studies to address these uncertainties. Two of these areas are of particular 
concern, and urban runoff management agencies are required to conduct or cause to be 
conducted studies to help resolve these two uncertainties. 

 
The first uncertainty concerns copper’s tendency, even at low concentrations, to cause a 
variety of sublethal (not resulting in death, but in impaired function) effects. The studies 
documenting such effects have, so far, been conducted in the laboratory in experiments 
modeling freshwater systems, and many of them have not yet been published. A number 
of uncertainties need to be resolved before interpretation and extension to marine or 
estuarine systems can be attempted.122 

 
The second uncertainty is that surface sediment samples have exhibited toxicity to test 
organisms at a number of sites throughout the Bay. Research has shown that sediment 
toxicity to bivalve embryos is caused by “elevated concentrations of divalent 
cations….with copper as the most probable cause of toxicity.” Additional studies are 
needed to further examine whether water and sediment toxicity tests used in the RMP 
are accurate predictors of impacts on the Bay’s aquatic and benthic communities. 

 

                                                 
121 SFBRWQCB (San Francisco Bay Regional Water Quality Control Board). 2007. Copper Site-Specific Objectives 

in San Francisco Bay: Proposed Basin Plan Amendment and Draft Staff Report. June. 
122 Ibid. 
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C.14. Polybrominated Diphenyl Ethers (PBDE), Legacy Pesticides and 
Selenium 

This section is predicated on the fact that legacy pesticides, PBDEs, and 
selenium are either known to impair or potentially impair Bay and tributary 
beneficial uses. Further, urban stormwater is a likely or potential cause or 
contributor to such impairment. The requirements for this permit term are 
primarily information gathering consistent with Provision C.1. Namely, this 
provision requires that Permittees gather information on a number of pollutants 
of concern (e.g., PBDEs, DDT, dieldrin, chlordane, selenium) for which TMDLs 
are planned or are in the early stages of development.  

 
The goals of the provisions in this section are the following: One goal is to 
determine the concentrations and distribution of these pollutants and if urban 
runoff is a conveyance mechanism associated with their possible impairment of 
San Francisco Bay.  

 
A second goal is to gather and provide information to allow calculation of 
PBDEs, legacy pesticides, and selenium loads to San Francisco Bay from urban 
runoff conveyance systems. A third goal is to identify control measures and/or 
management practices to eliminate or reduce discharges of PBDEs, legacy 
pesticides, or selenium conveyed by urban runoff conveyance systems. The 
Permittees are encouraged to work with the other municipal stormwater 
management agencies in the Bay Region to implement a plan to identify, assess, 
and manage controllable sources of these pollutants in urban runoff. The control 
actions initiated for PCBs will form the core of initial actions targeting sediment 
bound pollutants like these. It is very likely that some of these PCB control 
measures (see Provision C.12) warrant consideration for the control of sediment 
bound pollutants like PBDEs, legacy pesticides, and possibly others as well. 
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C.15. Exempted and Conditionally Exempted Discharges 

Legal Authority 
 

Broad Legal Authority: CWA section 402(p)(3)(B)(ii-iii), CWC section 1337, and 
Federal NPDES regulation 40 CFR 122.26(d)(2)(i)(B, C, D, E, and F) and 40 CFR 
122.26(d)(2)(iv). 

 
Specific Legal Authority: Federal NPDES regulations 40 CFR 122.26(d)(2)(iv)(B) 
requires MS4 operators, “to detect and remove (or require the discharger to the 
municipal separate storm sewer to obtain a separate NPDES permit for) illicit 
discharges and improper disposal into the storm sewer.” 

Federal NPDES regulation 40 CFR 122.26(d)(2)(iv)(B)(1) provides that the Permittees 
shall prevent all types of illicit discharges into the MS4 except for certain non-
stormwater discharges. 

Fact Sheet Findings in Support of Provision C.15. 
Prohibition A.1. effectively prohibits the discharge of non-stormwater discharges into 
the storm sewer system.  However, we recognize that certain types of non-stormwater 
discharges may be exempted from this prohibition if they are unpolluted and do not 
violate water quality standards.  Other types of non-stormwater discharges may be 
conditionally exempted from Prohibition A.1. if the discharger employs appropriate 
control measures and BMPs prior to discharge, and monitors and reports on the 
discharge. 

Specific Provision C.15. Requirements 
Provision C.15.a.  Exempted Non-Stormwater Discharges.  This section of the 
Permit identifies the types of non-stormwater discharges that are exempted from 
Discharge Prohibition A.1. if such discharges are unpolluted and do not violate water 
quality standards. If any exempted non-stormwater discharge is identified as a source of 
pollutants to receiving waters, the discharge shall be addressed as a conditionally 
exempted discharge and must meet the requirements of Provision C.15.b. 

Provision C.15.b.  Conditionally Exempted Non-Stormwater Discharges.  This 
section of the Permit identifies the types of non-stormwater discharges that are 
conditionally exempted from Discharge Prohibition A.1. if they are identified by 
Permittees or the Executive Officer as not being sources of pollutants to receiving 
waters. To eliminate adverse impacts from such discharges, project proponents shall 
develop and implement appropriate pollutant control measures and BMPs, and where 
applicable, shall monitor and report on the discharges in accordance with the 
requirements specified in Provision C.15.b. The intent of Provision C.15.b.’s 
requirements is to facilitate Permittees in regulating these non-stormwater discharges to 
the storm drains since the Permittees have ultimate responsibility for what flows in 
those storm drains to receiving waters.  For all planned discharges, the nature and 
characteristic of the discharge must be verified prior to the discharge so that effective 
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pollution control measures are implemented, if deemed necessary. Such preventative 
measures are cheaper by far than post-discharge cleanup efforts. 

Provision C.15.b.i.(1).  Pumped Groundwater from Non Drinking Water 
Aquifers.  These aquifers tend to be shallower than drinking water aquifers and 
more subject to contamination.  The wells must be purged prior to sample 
collection.  Since wells are purged regularly, this section of the Permit requires 
twice a year monitoring of these aquifers.  Pumped groundwater from non 
drinking water aquifers, which are owned and/or operated by Permittees who 
pump groundwater as drinking water, are conditionally exempted as long as the 
discharges meet the requirements in this section of the Permit.   

Provision C.15.b.i.(2).  Pumped Groundwater, Foundation Drains, and 
Water from Crawl Space Pumps and Footing Drains.    This section of the 
Permit encourages these types of discharges to be directed to landscaped areas or 
bioretention units, when feasible.  If the discharges cannot be directed to 
vegetated areas, it requires testing to determine if the discharge is 
uncontaminated.   Uncontaminated discharges shall be treated, if necessary, to 
meet specified discharge limits for turbidity and pH.  

Provision C.15.b.ii.  Air Conditioning Condensate. Small air conditioning units 
are usually operated during the warm weather months.  The condensate from 
these units are uncontaminated and unlikely to reach a storm drain or waters of 
the State because they tend to be low in volume and tend to evaporate or percolate 
readily. Therefore, condensate from small air conditioning units should be 
discharged to landscaped areas or the ground.  Commercial and industrial air 
conditioning units tend to produce year-round continuous flows of condensate.  It 
may be difficult to direct a continuous flow to a landscaped area large enough to 
accommodate the volume.  While the condensate tends to be uncontaminated, it 
picks up contaminates on its way to the storm drain and/or waters of the State and 
can contribute to unnecessary dry weather flows.  Therefore, discharges from new 
commercial and industrial air conditioning units should be discharged to 
landscaped areas, if they can accommodate the continuous volume, or to the 
sanitary sewer, with the local sanitary sewer agency’s approval.  If none of these 
options are feasible, air conditioning condensate can be directly discharged into 
the storm drain.  If descaling or anti-algal agents are used to treat the air 
conditioning units, residues from these agents must be properly disposed of. 

Provision C.15.b.iii.  Planned, Unplanned, and Emergency Discharges of the 
Potable Water System..  Potable water discharges contribute pollution to water 
quality in receiving waters because they contain chlorine or chloramines, two very 
toxic chemicals to aquatic life.  Potable water discharges can cause erosion and 
scouring of stream and creek banks, and sedimentation can result if effective 
BMPs are not implemented.  Therefore, appropriate dechlorination and 
monitoring of chlorine residual, pH and turbidity, particularly for planned 
discharges of potable water, are crucial to prevent adverse impacts in the 
receiving waters. 
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This section of the Permit requires Permittees to notify Water Board staff at least 
one week in advance for planned discharges of potable water with a flowrate of 
250,000 gpd or more or a total 500,000 gallons or more. These planned discharges 
must meet specified discharge benchmarks for chlorine residual, pH, and 
turbidity. 

To address unplanned discharges of potable water such as non-routine water line 
breaks, leaks, overflows, fire hydrant shearing, and emergency flushing, this 
section of the Permit requires Permittees to implement administrative BMPs such 
as source control measures, managerial practices, operations and maintenance 
procedures or other measures to reduce or prevent potential pollutants from being 
discharged during these events. This Provision also contains specific notification 
and monitoring requirements to assess immediate and continued impacts to water 
quality when these events happen.  

This section of the Permit acknowledges that in cases of emergency discharge, 
such as from firefighting and disasters, priority of efforts shall be directed toward 
life, property, and the environment, in that order.  Therefore, Permittees are 
required to implement BMPs that do not interfere with immediate emergency 
response operations or impact public health and safety. Reporting requirements 
for such events shall be determined by Water Board staff on a case-by-case basis. 

Provision C.15.b.iv.  Individual Residential Car Washing.  Soaps and 
automotive pollutants such as oil and metals can be discharged into storm drains 
and waterbodies from individual residential car washing activities.  However, it is 
not feasible to prohibit individual residential car washing because it would require 
too much resources for the Permittees to regulate the prohibition.  This section of 
the Permit requires Permittees to encourage residents to implement BMPs such as 
directing car washwaters to landscaped areas, using as little detergent as possible, 
and washing cars at commercial car washing facilities. 

Provision C.15.b.v.  Swimming Pool, Hot tub, Spa, and Fountain Water 
Discharges.   These types of discharges can potentially contain high levels of 
chlorine and copper.  Permittees shall prohibit the discharge of such waters that 
contain chlorine residual, copper algaecide, filter backwash, or other pollutants to 
the storm drains or to waterbodies.  High flow rates into the storm drain or 
waterbody could cause erosion and scouring of the stream or creek banks.  These 
types of discharges should be directed to landscaped areas large enough to 
accommodate the volume or to the sanitary sewer, with the local sanitary sewer’s 
approval.  If these discharge options are not feasible and the swimming pool, hot 
tub, spa, or fountain water discharges must enter the storm drain, they must be 
dechlorinated to non-detectable levels of chlorine and they must not contain 
copper algaecide.  Flow rate should be regulated to minimize downstream erosion 
and scouring.  We strongly encourage local sanitary sewer agencies to accept 
these types of non-stormwater discharges, especially for new and rebuilt ones 
where a connection could be achieved with marginal effort.  This Provision also 
requires Permittees to coordinate with local sanitary agencies in these efforts. 
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Provision C.15.b.v.i.  Irrigation Water, Landscape Irrigation, and Lawn or 
Garden Watering.  Fertilizers and pesticides can be washed off of landscaping 
and discharged into storm drains and waterbodies.  However, it is not feasible to 
prohibit excessive irrigation because it would require too much resource for the 
Permittees to regulate such a prohibition.  It is also not feasible for individual 
Permittees to ban the use fertilizers and pesticides.  This section of the Permit 
requires Permittees to promote and/or work with potable water purveyors to 
promote measures that minimize runoff and pollutant loading from excess 
irrigation, such as conservation programs, outreach regarding overwatering and 
less toxic options for pest control and landscape management, the use of drought 
tolerant and native vegetation, and to implement appropriate illicit discharge 
response and enforcement for ongoing, large-volume landscape irrigation runoff 
to the storm drains. 

Provision C.15.b.vii.  requires Permittees to identify and describe additional 
types and categories of discharges not listed in Provision C.15.b., that they 
propose to conditionally exempt from Prohibition A.1., in periodic submittals to 
the Executive Officer. 

Provision C.15.b.viii. establishes a mechanism to authorize under the Permit non-
stormwater discharges owned or operated by the Permittees. 
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Attachment J: Standard NPDES Stormwater Permit Provisions 

The following legal authority applies to Attachment J:  
 
Broad Legal Authority: CWA sections 402(p)(3)(B)(ii-iii), CWC section 13377, and federal 
NPDES regulations 40 CFR 122.26(d)(2)(i)(B, C, D, E, and F) and 40 CFR 122.26(d)(2)(iv).  
 
Specific Legal Authority: Standard provisions, reporting requirements, and notifications are 
consistent to all NPDES permits and are generally found in federal NPDES regulation 40 CFR  
122.41.  
 
Attachment J includes Standard Provisions. These Standard Provisions ensure that NPDES 
stormwater permits are consistent and compatible with USEPA’s federal regulations. Some 
Standard Provision sections specific to publicly owned sewage treatment works are not included 
in Attachment J.  
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Fact Sheet Attachment 6.1 
 

Construction Inspection Data
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Construction Inspection Data 
 

Facility/Site 
Inspected 

Inspection 
Date 

Weather 
During 

Inspection 
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Panoramic 
Views 

9/30/08 Dry 0 Written Notice 
    x         

Driveway not 
stabilized       

  

Panoramic 
Views 

10/15/08 Dry 0.5   
              

  
x     

50' of driveway 
rocked. 

Panoramic 
Views 

11/15/08 Rain 3 Stop Work 

x   x       x 

Uncovered graded lots 
eroding; Sediment 
entering a stormdrain 
that didn't have 
adequate protection. 

      

  

Panoramic 
Views 

11/15/08 Drizzling 0.25   
              

  
x     

Lots blanketed.  Storm 
drains pumped.  Street 
cleaned. 

Panoramic 
Views 

12/1/08 Dry 4 Verbal 
Warning         x     

Porta potty next to 
stormdrain. x     

Porta potty moved 
away from stormdrain. 

Panoramic 
Views 

1/15/08 Rain 3.25 Written 
Warning 

x         x   

Fiber rolls need 
maintenance; Tire 
wash water flowing 
into street 

      

  

Panoramic 
Views 

1/25/09 Dry 0   
              

  
x     

Fiber rolls replaced. 
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Facility/Site 
Inspected 

Inspection 
Date 

Weather 
During 

Inspection 

Inches of 
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Level 
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Panoramic 
Views 

2/28/09 Rain 2.4 Stop Work 

x   x       x 

Slope erosion control 
failed.  Fiber rolls at 
the bottom of the hill 
flattened.  Sediment 
laden discharge 
skipping protected 
stormdrains and 
entering unprotected 
stormdrains. 

      

  

Panoramic 
Views 

2/28/09 Rain 0.1   

              

  

  x   

Fiber rolls replaced.  
Silt fences added. 
More stormdrains 
protected.  Streets 
cleaned.  Slope too 
soggy to access. 

Panoramic 
Views 

3/15/09 Dry 1 Citation with 
Fine         x   x 

Paint brush washing 
not designated x     

Street and storm 
drains cleaned. Slopes 
blanketed. 

Panoramic 
Views 

4/1/09 Dry 0.5 Citation with 
Fine             x 

Concrete washout 
overflowed; Evidence 
of illicit discharge 

      
  

Panoramic 
Views 

4/15/09 Dry 0   
              

  
x     

Concrete washout 
replaced; Storm drain 
and line cleaned. 
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Fact Sheet Attachment 10.1 
 

303(d) Trash Resolution and Staff Report 
February 2009 

 
Available at 

http://www.waterboards.ca.gov/sanfranciscobay/board_decisions/ad
opted_orders/2009/R2-2009-0008.pdf 
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ATTACHMENT  A 
 
 

Provision C.3.b. 
Sample Reporting Table 
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Provision C.3.b. Sample Reporting Table  
Regulated Projects Approved During the Reporting Period 07/08 to 06/09 

City of Eden Annual Report FY 2008-09 

Project Name, 
Project Number, 

Location, 
Street Address, 

 

Name of 
Developer, 

Project Phase 
No.,1 

Project Type & 
Description 

Project 
Watershed2 

Total Site 
Area, 

Total Area of 
Land 

Disturbed 

Total New 
and/or 

Replaced 
Impervious 

Surface Area3

Total Pre- 
and Post-

Project 
Impervious 

Surface 
Area4 

Status of 
Project5 

Source 
Control 

Measures 
Site Design 
Measures 

Treatment 
Systems 
Installed6 

Operation & 
Maintenance 

Responsibility 
Mechanism 

Hydraulic 
Sizing 
Criteria 

Alternative 
Compliance 
Measures7,8 

HM 
Controls9,10 

Private Projects 

Nirvana Estates; 
Project #05-122; 
Property bounded 
by Paradise 
Lane, Serenity 
Drive, and 
Eternity Circle; 
Eden, CA  

Heavenly 
Homes; 
Phase 1; 
Construction of 
156 single-family 
homes and 45 
townhomes with 
commercial 
shops and 
underground 
parking. 

Runoff from 
site drains to 
Babbling 
Brook 

25 acres site 
area, 

21 acres 
disturbed 

20 acres new 20 acres 
post-project 

Application 
submitted 
12/29/07, 
Application 
deemed 
complete 
1/30/08, 
Project 
approved 
7/16/08 

Stenciled 
inlets, street 
sweeping, 
covered 
parking, car 
wash pad 
drains to 
sanitary 
sewer 

Pervious 
pavement 
for all 
driveways, 
sidewalks, 
and 
commercial 
plaza 

vegetated 
swales, 
detention 
basins,  

Conditions of 
Approval 
require 
Homeowners 
Association to 
perform regular 
maintenance.  
Written record 
will be made 
available to City 
inspectors. 

WEF 
Method n/a 

Contra 
Costa sizing 
charts used 
to design 
detention 
basin at 
Peace Park.  
Also 
contributed 
to in-stream 
projects in 
Babbling 
Brook 

Barter Heaven; 
Project #05-345; 
Shoppers Lane & 
Bargain Avenue; 
14578 Shoppers 
Lane, Eden, CA 

Deals Galore 
Development 
Co.; 
Demolition of 
strip mall and 
parking lot and 
construction of 
500-unit 5-story 
shopping mall 
with 
underground 
parking and 
limited outdoor 
parking. 

Runoff from 
site drains to 
Bargain River 

5 acres site 
area, 

3 acres 
disturbed 

1 acre new,  
2 acres 
replaced 

3.5 acres 
pre-project, 
4.5 acres 

post-project 

Application 
submitted 
7/9/08, 
Application 
deemed 
complete 
8/2/08, 
Project 
approved 
12/12/08 

Stenciled 
inlets, trash 
enclosures, 
underground 
parking, street 
sweeping 

One-way 
aisles to 
minimize 
outdoor 
parking 
footprint; 
roof drains 
to planter 
boxes 

tree wells with 
bioretention; 
planter boxes 
with 
bioretention 

Conditions of 
Approval 
require property 
owner 
(landlord) to 
perform regular 
maintenance.  
Written record 
will be made 
available to City 
inspectors. 

BMP 
Handbook 

Method 

$ 250,000 paid 
to Renew 
Regional 
Project 
sponsored by 
Riverworks 
Foundation, 
243 Water 
Way, Eden,  
CA 408-345-
6789 

Renew 
Project 
includes 
treatment 
and HM 
Controls 
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Provision C.3.b. Sample Reporting Table  
Regulated Projects Approved During the Reporting Period 07/08 to 06/09 

City of Eden Annual Report FY 2008-09 

Project Name, 
Project Number, 

Location, 
Street Address, 

 

Name of 
Developer, 

Project Phase 
No.,1 

Project Type & 
Description 

Project 
Watershed2 

Total Site 
Area, 

Total Area of 
Land 

Disturbed 

Total New 
and/or 

Replaced 
Impervious 

Surface Area3

Total Pre- 
and Post-

Project 
Impervious 

Surface 
Area4 

Status of 
Project5 

Source 
Control 

Measures 
Site Design 
Measures 

Treatment 
Systems 
Installed6 

Operation & 
Maintenance 

Responsibility 
Mechanism 

Hydraulic 
Sizing 
Criteria 

Alternative 
Compliance 
Measures7,8 

HM 
Controls9,10 

New Beginnings; 
Project No. #05-
456; 
Hope Street & 
Chance Road; 
567 Hope 
Boulevard, Eden, 
CA 

Fresh Start 
Corporation;  
Demolition of 
abandoned 
warehouse and 
construction of a 
5-story building 
with 250 low-
income rental 
housing units. 

Runoff from 
site drains to 
Poor Man 
Creek 

5 acres site 
area, 

100,000 ft2 
disturbed 

1 acre 
replaced 

2 acres pre-
project, 

1 acre post-
project 

Application 
submitted 
2/9/09, 
Application 
deemed 
complete 
4/10/09; 
Project 
approved 
6/30/09 

Trash 
enclosures, 
underground 
parking, street 
sweeping, car 
wash pad 
drains to 
sanitary 
sewer 

roof drains 
to 
landscaping 

parking runoff 
flows to six 
bioretention 
units/gardens 

Conditions of 
Approval 
require property 
owner 
(landlord) to 
perform regular 
maintenance.  
Written record 
will be made 
available to City 
inspectors. 

BMP 
Handbook 

Method 
 

n/a n/a 

Public Projects 

Gridlock Relief, 
Project No. #05-
99, 
ABC Blvd 
between Main 
and Huett 
Streets, 
Eden, CA 

City of Eden. 
Widening of 
ABC Blvd from 4 
to 6 lanes 

Runoff from 
site drains to 
Congestion 
River 

6 acres site 
area, 

3 acres 
disturbed 

2 acres new, 
1 acre 

replaced 

4 acres pre-
project, 
6 acres 

post-project 

Application 
submitted 
7/9/06, 
Application 
deemed 
complete 
10/6/08, 
Project 
approved 
12/9/08, 
Constructio
n scheduled 
to begin 
7/10/09 

none 

ABC Blvd 
sloped to 
drain runoff 
into 
landscaped 
areas in 
median 

Runoff leaving 
underdrain 
system of 
landscaped 
median is 
pumped to 
bioretention 
gardens along 
either side of 
ABC Blvd  

Signed 
statement from 
City of Eden 
assuming post-
construction 
responsibility 
for treatment 
BMP 
maintenance. 

WEF 
Method n/a 

BAHM used 
to design 
and size 
stormwater 
treatment 
units so that 
increased 
runoff is 
detained. 
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Sample Reporting Table C.3.b. Footnotes  

1. If a project is being constructed in Phases, use a separate row entry for each Phase. 

2. State the watershed(s) that the Regulated Project drains to.  Optional but recommended:  Also state the downstream watershed(s). 

3. State both the total new impervious surface area and the total replaced impervious surface area, as applicable. 

4. For redevelopment projects state both the pre-project impervious surface area and the post-project impervious surface area. 

5. State project application date; application deemed complete date; and final, major, staff-level discretionary review and approval date. 

6. List stormwater treatment system(s) installed onsite or at a joint stormwater treatment system facility. 

7. For Alternative Compliance at an offsite location in accordance with Provision C.3.e.i.(1), on a separate page, give a discussion of the alternative compliance site including the information specified in Provision 
C.3.b.v.(1)(m)(i) for the offsite project. 

8. For Alternative Compliance by paying in-lieu fees in accordance with Provision C.3.e.i.(2), on a separate page, provide the information specified in Provision C.3.b.v.(1)(m)(ii) for the Regional Project. 

9. If HM control is not required, state why not. 

10. If HM control is required, state control method used (e.g., method to design and size device(s) or method(s) used to meet the HM Standard, and description of device(s) or method(s) used, such as detention 
basin(s), biodetention unit(s), regional detention basin, or in-stream control). 
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Instructions for Provision C.3.b. Sample Reporting Table 
 
 
1. Project Name, Number, Location, and Street Address – Include the following 

information: 

• Name of the project 
• Number of the project (if applicable) 
• Location of the project with cross streets 
• Street address of the project (if available) 

2. Name of Developer, Project Phase Number, Project Type, and Project Description – 
Include the following information: 

• Name of the developer 
• Project phase name and/or number (only if the project is being developed in phases) – 

each phase should have a separate row entry 
• Type of development (i.e., new and/or redevelopment) 
• Description of development (e.g., 5-story office building, residential with 160 single-

family homes with five 4-story buildings to contain 200 condominiums, 100 unit 2-
story shopping mall, mixed use retail and residential development (apartments), 
industrial warehouse) 

3. Project Watershed  

• State the watershed(s) that the Project drains into 
• Optional but recommended: Also state the downstream watershed(s) 

4. Total Site Area and Total Area of Land Disturbed – State the total site area and the total 
area of land disturbed. 

5. Total New and/or Replaced Impervious Surface Area 
• State the total new impervious surface area 
• State the total replaced impervious surface area, as applicable 

6. Total Pre- and Post-Project Impervious Surface Area – For redevelopment projects, 
state both the pre-project impervious surface area and the post-project impervious surface 
area. 

7. Status of Project – Include the following information:  

• Project application submittal date 
• Project application deemed complete date 
• Final, major, staff-level discretionary review and approval date 

8. Source Control Measures – List all source control measures that have been or will be 
included in the project.   
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9. Site Design Measures – List all site design measures that have been or will be included in 
the project. 

10. Treatment Systems Installed – List all post-construction stormwater treatment system(s) 
installed onsite and/or at a joint stormwater treatment system facility.  

11. Operation and Maintenance Responsibility Mechanism – List the legal mechanism(s) 
that have been or will be used to assign responsibility for the maintenance of the post-
construction stormwater treatment systems. 

12.  Hydraulic Sizing Criteria Used – List the hydraulic sizing criteria used for the Project. 

13. Alternative Compliance Measures 
• Option 1:  LID Treatment at an Offsite Location (Provision C.3.e.i.(1)) – On a 

separate page, give a discussion of the alternative compliance project including the 
information specified in Provision C.3.b.v.(1)(m)(i) for the offsite project. 

• Option 2:  Payment of In-Lieu Fees (Provision C.3.e.i.(2)) – On a separate page, 
provide the information specified in Provision C.3.b.v.(1)(m)(ii). 

14. HM Controls  
• If HM control is not required, state why not 
• If HM control is required, state control method used (e.g., method to design and size 

device(s), method(s) used to meet the HM Standard, and description of device(s) or 
method(s) used, such as detention basin(s), biodetention unit(s), regional detention 
basins, or in-stream control)  
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ATTACHMENT  B 

 
Provision C.3.g. 

Alameda Permittees  
Hydromodification Management Requirements 
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Alameda Permittees Hydromodification Management Requirements 

1. On-site and Regional Hydromodification Management (HM) Control Design Criteria 
a. Range of flows to control:  Flow duration controls shall be designed such that post-project 

stormwater discharge rates and durations match pre-project discharge rates and durations 
from 10 percent of the pre-project 2-year peak flow123 up to the pre-project 10-year peak 
flow, except where the lower endpoint of this range is modified as described in Section 6 
of this Attachment. 

b. Goodness of fit criteria:  The post-project flow duration curve shall not deviate above the 
pre-project flow duration curve by more than 10 percent over more than 10 percent of the 
length of the curve corresponding to the range of flows to control. 

c. Allowable low flow rate:  Flow control structures may be designed to discharge 
stormwater at a very low rate that does not threaten to erode the receiving waterbody. 
This flow rate (also called Qcp124) shall be no greater than 10 percent of the pre-project 2-
year peak flow unless a modified value is substantiated by analysis of actual channel 
resistance in accordance with an approved User Guide as described in Section 6 of this 
Attachment. 

d. Standard HM modeling:  On-site and regional HM controls designed using the Bay Area 
Hydrology Model (BAHM125) and site-specific input data shall be considered to meet the 
HM Standard. Such use must be consistent with directions and options set forth in the 
most current BAHM User’s Manual.126 Permittees shall demonstrate to the satisfaction of 
the Executive Officer that any modifications of the BAHM made are consistent with the 
requirements of this Attachment and Provision C.3.f. 

e. Alternate HM modeling and design:  The project proponent may use a continuous 
simulation hydrologic computer model127 to simulate pre-project and post-project runoff 
and to design HM controls. To use this method, the project proponent shall compare the 

                                                 
123  Where referred to in this Order, the 2-year peak flow is determined using a flood frequency analysis procedure 

based on USGS Bulletin 17 B to obtain the peak flow statistically expected to occur at a 2-year recurrence 
interval. In this analysis, the appropriate record of hourly rainfall data (e.g., 35–50 years of data) is run through a 
continuous simulation hydrologic model, the annual peak flows are identified, rank ordered, and the 2-year peak 
flow is estimated.  Such models include USEPA’s Hydrologic Simulation Program—Fortran (HSPF), U.S. Army 
Corps of Engineers’ Hydrologic Engineering Center-Hydrologic Modeling System (HEC-HMS), and USEPA’s 
Storm Water Management Model (SWMM). 

124  Qcp is the allowable low flow discharge from a flow control structure on a project site. It is a means of 
apportioning the critical flow in a stream to individual projects that discharge to that stream, such that cumulative 
discharges do not exceed the critical flow in the stream.  

125  The Bay Area Hydrology Model – A Tool for Analyzing Hydromodification Effects of Development Projects and 
Sizing Solutions, Bicknell, J., D. Beyerlein, and A. Feng, September 26, 2006. Available at  
http://www.scvurppp-w2k.com/permit_c3_docs/Bicknell-Beyerlein-Feng_CASQA_Paper_9-26-06.pdf 

126  The Bay Area Hydrology Model – A Tool for Analyzing Hydromodification Effects of Development Projects and 
Sizing Solutions, Bicknell, J., D. Beyerlein, and A. Feng, September 26, 2006. Available at  
http://www.scvurppp-w2k.com/permit_c3_docs/Bicknell-Beyerlein-Feng_CASQA_Paper_9-26-06.pdf 

127  Such models include US EPA’s Hydrologic Simulation Program—Fortran (HSPF), U.S. Army Corps of 
Engineers Hydrologic Engineering Center-Hydrologic Modeling System (HEC-HMS), and USEPA’s Surface 
Water Management Model (SWMM). 
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pre-project and post-project model output for a rainfall record of at least 30 years, and 
shall show that all applicable performance criteria in 1.a-e above are met. 

2. Impracticability Provision 
Where conditions (e.g., extreme space limitations) prevent a project from meeting the HM 
Standard for a reasonable cost, and where the project’s runoff cannot be directed to a 
regional HM control within a reasonable time frame, and where an in-stream measure is not 
practicable, the project shall use (1) site design for hydrologic source control, and 
(2) stormwater treatment measures that collectively minimize, slow, and detain128 runoff to 
the maximum extent practicable. In addition, the project proponent shall provide for or 
contribute financially to an alternative HM project as set forth below: 

a. Reasonable cost:  To show that the HM Standard cannot be met at a reasonable cost, the 
project proponent must demonstrate that the total cost to comply with both the HM 
Standard and the Provision C.3.d treatment requirement exceeds 2 percent of the project 
construction cost, excluding land costs. Costs of HM and treatment control measures 
shall not include land costs, soil disposal fees, hauling, contaminated soil testing, 
mitigation, disposal, or other normal site enhancement costs such as landscaping or 
grading that are required for other development purposes. 

b. Regional HM controls:  A regional HM control shall be considered available if there is a 
planned location for the regional HM control and if an appropriate funding mechanism 
for a regional HM control is in place by the time of project construction. 

c. In-stream measures practicability:  In-stream measures shall be considered practicable 
when an in-stream measure for the project’s watershed is planned and an appropriate 
funding mechanism for an in-stream measure is in place by the time of project 
construction. 

d. Financial contribution to an alternative HM project:  The difference between 2 percent 
of the project construction costs and the cost of the treatment measures at the site (both 
costs as described in Section 2.a of this Attachment) shall be contributed to an alternative 
HM project, such as a stormwater treatment retrofit, HM retrofit, regional HM control, or 
in-stream measure that is not otherwise required by the Water Board or other regulatory 
agency. Preference shall be given to projects discharging, in this order, to the same 
tributary, mainstem, watershed, then in the same municipality or county. 

3. Record Keeping 
Permittees shall collect and retain the following information for all projects subject to HM 
requirements: 

a. Site plans identifying impervious areas, surface flow directions for the entire site, and 
location(s) of HM measures; 

b. For projects using standard sizing charts, a summary of sizing calculations used; 

c. For projects using the BAHM, a listing of model inputs; 
                                                 
128  Stormwater treatment measures that detain runoff are generally those that filter runoff through soil or other 

media and include bioretention units, bioswales, basins, planter boxes, tree wells, media filters, and green roofs. 

RB-AR6566



Municipal Regional Stormwater Permit   NPDES No. CAS612008 
Order No. R2-2009-0074  Attachment B 
 

Attachment B Page B-4 Date: October 14, 2009 
  Revised:  November 28, 2011 

d. For projects using custom modeling, a summary of the modeling calculations with 
corresponding graph showing curve matching (existing, post-project, and post-project 
with HM controls curves); 

e. For projects using the Impracticability Provision, a listing of all applicable costs and a 
brief description of the alternative HM Project (name, location, date of start up, entity 
responsible for maintenance); and 

f. A listing, summary, and date of modifications made to the BAHM, including technical 
rationale.  Permittees shall submit this list and explanation annually with the Annual 
Report.  This may be prepared at the Countywide Program level and submitted on behalf 
of participating Permittees. 

4. HM Control Areas 
Applicable projects shall be required to meet the HM Standard when such projects are in 
areas of HM applicability shown in the Alameda Permittees’ HM Map.129 (available at 
http://www.waterboards.ca.gov/sanfranciscobay/water_issues/programs/stormwater/muni/mr
p/Final%20TO%20HM%20Maps.pdf). Plans to restore a creek reach may reintroduce the 
applicability of HM requirements; in these instances, Permittees may add, but shall not 
delete, areas of applicability accordingly. 

To assist in location and evaluation of project applicability, the Alameda Permittees’ HM 
Map depicts a number of features including the following: 
• Hardened channels and culverts at least 24 inches in diameter (green solid or dashed 

lines); 
• Natural channels (red lines); 
• Boundaries of major watersheds (light blue lines); and 
• Surface streets and highways (gray or black lines). 

These data are of varying age, precision and accuracy and are not intended for legal 
description or engineering design. Watersheds extending beyond the County boundaries are 
shown for illustration purposes only. Project proponents are responsible for verifying and 
describing actual conditions of site location and drainage. 

5. Alameda Permittees’ HM Map is color-coded as follows: 
a. Solid pink areas – Solid pink designates hilly areas, where high slopes (greater than 25 

percent) occur. The HM Standard and all associated requirements apply in areas shown in 
solid pink on the map. In this area, the HM Standard does not apply if a project proponent 
demonstrates that all project runoff will flow through enclosed storm drains, existing 
concrete culverts, or fully hardened (with bed and banks continuously concrete-lined) 
channels to the tidal area shown in light gray. 

b. Purple/red hatched areas – These are upstream of areas where hydromodification 
impacts are of concern because of factors such as bank instability, sensitive habitat, or 
restoration projects. The HM Standard and all associated requirements apply in areas 

                                                 
129  The watercourses potentially susceptible to hydromodification impacts are identified based on an assessment 

approach developed by Balance Hydrologics (2003). 
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shown in purple/red (printer-dependant) hatch marking on the map. Projects in these 
areas may be subject to additional agency reviews related to hydrologic, habitat or other 
watershed-specific concerns. 

c. Solid white areas – Solid white designates the land area between the hills and the tidal 
zone. This area may be susceptible to hydromodification unless the site is connected to 
storm drains that discharge to the tidal area. The HM Standard and all associated 
requirements apply to projects in solid white areas unless a project proponent 
demonstrates that all project runoff will flow through fully hardened channels.130  Short 
segments of engineered earthen channels (length less than 10 times the maximum width 
of trapezoidal cross-section) can be considered resistant to erosion if located downstream 
of a concrete channel of similar or greater length and comparable cross-sectional 
dimensions. Plans to restore a hardened channel may affect the HM Standard 
applicability in this area. 

d. Solid gray areas – Solid gray designates areas where streams or channels are tidally 
influenced or primarily depositional near their outfall in San Francisco Bay. The HM 
Standard does not apply to projects in this area. Plans to restore a hardened channel may 
affect the HM Standard applicability in this area. 

e. Dark gray, Eastern County area – Dark gray designates the portion of eastern Alameda 
County that lies outside the discharge area of this NPDES permit. This area is in the 
Central Valley Regional Water Quality Control Board’s jurisdiction. 

6. Potential Exceptions to Alameda Permittees’ HM Map Designations 
The Program may choose to prepare a User Guide131 to be used for evaluating individual 
receiving waterbodies using detailed methods to assess channel stability and watercourse 
critical flow. This User Guide would reiterate and collate established stream stability 
assessment methods that have been presented in the Program’s HMP.132 After the Program 
has collated its methods into a User Guide format, received approval of the User Guide from 
the Executive Officer,133 and informed the public through such process as an electronic 
mailing list, the Permittees may use the User Guide to guide preparation of technical reports 
for the following: implementing the HM Standard using in-stream or regional HM controls; 
determining whether certain projects are discharging to a watercourse that is less susceptible 
(from point of discharge to the Bay) to hydromodification (e.g., would have a lower potential 
for erosion than set forth in these requirements); and/or determining if a watercourse has a 
higher critical flow and project(s) discharging to it are eligible for an alternative Qcp for the 
purpose of designing on-site or regional measures to control flows draining to these channels 
(i.e., the actual threshold of erosion-causing critical flow is higher than 10 percent of the 2-
year pre-project flow). In no case shall the design value of Qcp exceed 50 percent of the 2-
year pre-project flow. 

                                                 
130  In this paragraph, fully hardened channels include enclosed storm drains, existing concrete culverts, or channels 

whose bed and banks are continuously concrete-lined to the tidal area shown in light gray on the map. 
131  The User Guide may be offered under a different title. 
132  The Program’s HMP has undergone Water Board staff review and been subject to public notice and comment. 
133  The User Guide shall not introduce a new concept, but rather reformat existing methods; therefore, Executive 

Officer approval is appropriate. 
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ATTACHMENT  C 

 
Provision C.3.g. 

Contra Costa Permittees 
Hydromodification Management Requirements 

 
Contra Costa Permittees Hydromodification Management Requirements 

1. Demonstrating Compliance with the Hydromodification Management (HM) Standard 
Contra Costa Permittees shall ensure that project proponents shall demonstrate compliance 
with the HM Standard by demonstrating that any one of the following four options is met: 

a. No increase in impervious area. The project proponent may compare the project design 
to the pre-project condition and show that the project will not increase impervious area 
and also will not facilitate the efficiency of drainage collection and conveyance.  

b. Implementation of hydrograph modification IMPs. The project proponent may select and 
size IMPs to manage hydrograph modification impacts, using the design procedure, 
criteria, and sizing factors specified in the Contra Costa Clean Water Program’s 
Stormwater C.3 Guidebook. The use of flow-through planters shall be limited to upper-
story plazas, adjacent to building foundations, on slopes where infiltration could impair 
geotechnical stability, or in similar situations where geotechnical issues prevent use of 
IMPs that allow infiltration to native soils. Limited soil infiltration capacity in itself does 
not make use of other IMPs infeasible. 

c. Estimated post-project runoff durations and peak flows do not exceed pre-project 
durations and peak flows. The project proponent may use a continuous simulation 
hydrologic computer model such as USEPA’s Hydrograph Simulation Program—Fortran 
(HSPF) to simulate pre-project and post-project runoff, including the effect of proposed 
IMPs, detention basins, or other stormwater management facilities. To use this method, 
the project proponent shall compare the pre-project and post-project model output for a 
rainfall record of at least 30 years, using limitations and instructions provided in the 
Program’s Stormwater C.3 Guidebook, and shall show that the following criteria are met: 
i. For flow rates from 10 percent of the pre-project 2-year runoff event (0.1Q2) to the 

pre-project 10-year runoff event (Q10), the post-project discharge rates and durations 
shall not deviate above the pre-project rates and durations by more than 10 percent 
over more than 10 percent of the length of the flow duration curve. 

ii. For flow rates from 0.5Q2 to Q2, the post-project peak flows shall not exceed pre-
project peak flows. For flow rates from Q2 to Q10, post-project peak flows may 
exceed pre-project flows by up to 10 percent for a 1-year frequency interval. For 
example, post-project flows could exceed pre-project flows by up to 10 percent for 
the interval from Q9 to Q10 or from Q5.5 to Q6.5, but not from Q8 to Q10. 
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d. Projected increases in runoff peaks and durations will not accelerate erosion of receiving 
stream reaches. The project proponent may show that, because of the specific 
characteristics of the stream receiving runoff from the project site, or because of proposed 
stream restoration projects, or both, there is little likelihood that the cumulative impacts 
from new development could increase the net rate of stream erosion to the extent that 
beneficial uses would be significantly impacted. To use this option, the project proponent 
shall evaluate the receiving stream to determine the relative risk of erosion impacts and 
take the appropriate actions as described below and in Table A-1. Projects 20 acres or 
larger in total area shall not use the medium risk methodology in (d)ii below. 

i. Low Risk. In a report or letter report, signed by an engineer or qualified 
environmental professional, the project proponent shall show that all downstream 
channels between the project site and the Bay/Delta fall into one of the following low-
risk categories. 
(1) Enclosed pipes. 
(2) Channels with continuous hardened beds and banks engineered to withstand 

erosive forces and composed of concrete, engineered riprap, sackcrete, gabions, 
mats, and such. This category excludes channels where hardened beds and banks 
are not engineered continuous installations (i.e., have been installed in response to 
localized bank failure or erosion). 

(3) Channels subject to tidal action. 
(4) Channels shown to be aggrading (i.e., consistently subject to accumulation of 

sediments over decades) and to have no indications of erosion on the channel 
banks. 

ii. Medium Risk. Medium risk channels are those where the boundary shear stress could 
exceed critical shear stress as a result of hydrograph modification but where either the 
sensitivity of the boundary shear stress to flow is low (e.g., an oversized channel with 
high width to depth ratios) or where the resistance of the channel materials is 
relatively high (e.g., cobble or boulder beds and vegetated banks). In medium-risk 
channels, accelerated erosion due to increased watershed imperviousness is not likely 
but is possible, and the uncertainties can be more easily and effectively addressed by 
mitigation than by additional study. 
In a preliminary report, the project proponent’s engineer or qualified environmental 
professional shall apply the Program’s Basic Geomorphic Assessment134 methods and 
criteria to show each downstream reach between the project site and the Bay/Delta is 
either at low-risk or medium-risk of accelerated erosion due to watershed 
development. In a following, detailed report, a qualified stream geomorphologist135 
shall use the Program’s Basic Geomorphic Assessment methods and criteria, 
available information, and current field data to evaluate each medium-risk reach. For 
each medium-risk reach, the detailed report shall show one of the following: 

                                                 
134 Contra Costa Clean Water Program Hydrograph Modification Management Plan, May 15, 2005, Attachment 4, 

pp. 6-13. This method must be made available in the Program’s Stormwater C.3 Guidebook. 
135 Typically, detailed studies will be conducted by a stream geomorphologist retained by the lead agency (or, on the 

lead agency’s request, another public agency such as the Contra Costa County Flood Control and Water 
Conservation District) and paid for by the project proponent. 
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(1) A detailed analysis, using the Program’s criteria, showing the particular reach 
may be reclassified as low-risk.  

(2) A detailed analysis, using the Program’s criteria, confirming the medium-risk 
classification, and: 
(a) A preliminary plan for a mitigation project for that reach to stabilize stream 

beds or banks, improve natural stream functions, and/or improve habitat 
values, and 

(b) A commitment to implement the mitigation project timely in connection with 
the proposed development project (including milestones, schedule, cost 
estimates, and funding), and 

(c) An opinion and supporting analysis by one or more qualified environmental 
professionals that the expected environmental benefits of the mitigation 
project substantially outweigh the potential impacts of an increase in runoff 
from the development project, and  

(d) Communication, in the form of letters or meeting notes, indicating consensus 
among staff representatives of regulatory agencies having jurisdiction that the 
mitigation project is feasible and desirable. In the case of the Regional Water 
Board, this must be a letter, signed by the Executive Officer or designee, 
specifically referencing this requirement. (This is a preliminary indication of 
feasibility required as part of the development project’s Stormwater Control 
Plan. All applicable permits must be obtained before the mitigation project 
can be implemented.) 

iii. High Risk. High-risk channels are those where the sensitivity of boundary shear 
stress to flow is high (e.g., incised or entrenched channels, channels with low width-
to-depth ratios, and narrow channels with levees) or where channel resistance is low 
(e.g., channels with fine-grained, erodible beds and banks, or with little bed or bank 
vegetation). In a high-risk channel, it is presumed that increases in runoff flows will 
accelerate bed and bank erosion. 
To implement this option (i.e., to allow increased runoff peaks and durations to a 
high-risk channel), the project proponent must perform a comprehensive analysis to 
determine the design objectives for channel restoration and must propose a 
comprehensive program of in-stream measures to improve channel functions while 
accommodating increased flows. Specific requirements are developed case-by-case in 
consultation with regulatory agencies having jurisdiction. The analysis will typically 
involve watershed-scale continuous hydrologic modeling (including calibration with 
stream gauge data where possible) of pre-project and post-project runoff flows, 
sediment transport modeling, collection and/or analysis of field data to characterize 
channel morphology including analysis of bed and bank materials and bank 
vegetation, selection and design of in-stream structures, and project environmental 
permitting. 

2. IMP Model Calibration and Validation 
The Program shall monitor flow from Hydrograph Modification Integrated Management 
Practices (IMPs) to determine the accuracy of its model inputs and assumptions. Monitoring 
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shall be conducted with the aim of evaluating flow control effectiveness of the IMPs. The 
Program shall implement monitoring where feasible at future new development projects to 
gain insight into actual versus predicted rates and durations of flow from IMP overflows and 
underdrains. 

At a minimum, Permittees shall monitor five locations for a minimum of two rainy seasons. 
If two rainy seasons are not sufficient to collect enough data to determine the accuracy of 
model inputs and assumptions, monitoring shall continue until such time as adequate data are 
collected. 

Permittees shall conduct the IMP monitoring as described in the IMP Model Calibration and 
Validation Plan in Section 5 of this Attachment. Monitoring results shall be submitted to the 
Executive Officer by June 15 of each year following collection of monitoring data. If the first 
year’s data indicate IMPs are not effectively controlling flows as modeled in the HMP, the 
Executive Officer may require the Program to make adjustments to the IMP sizing factors or 
design, or otherwise take appropriate corrective action. The Permittees shall submit an IMP 
Monitoring Report by August 30 of the second year136 of monitoring. The IMP Monitoring 
Report shall contain, at a minimum, all the data, graphic output from model runs, and a 
listing of all model outputs to be adjusted, with full explanation for each. Board staff will 
review the IMP Monitoring Report and require the Program to make any appropriate changes 
to the model within a 3-month time frame. 

3. Stormwater C.3 Guidebook and IMP Design Criteria 
The Current Contra Costa Clean Water Program C.3 Guidebook, 4th Edition (September 
2008) shall be implemented until the expiration of this permit (November 2014).  Any 
significant changes in the designs of the IMPs, their sizing factors or manner of 
implementation shall be approved by the Water Board. 

4. IMP Model Calibration and Validation Plan Objective 
Monitoring shall be conducted with the aim of evaluating flow control effectiveness of the 
IMPs. The IMPs were redesigned in 2008 to meet a low flow criterion of 0.2Q2, not 0.1Q2, 
which is current HMP standard for Contra Costa County.  The Program shall implement 
monitoring at future new development projects at a minimum of five locations and for a 
minimum of two rainy seasons to gain insight into actual versus predicted rates and durations 
of flow from IMP overflows and underdrains. If two rainy seasons are not sufficient to 
collect enough data to determine the accuracy of model inputs and assumptions, monitoring 
shall continue until such time as adequate data are collected. 

a. The Dischargers Shall Identify and Establish Monitoring Sites – Program staff shall 
work with municipal Co-Permittees to identify potential monitoring sites on development 
projects that implement IMPs. Proposed sites shall be identified during review of 
planning and zoning applications so that monitoring stations can be designed and 
constructed as part of the development project. Monitoring shall begin after the 
development project is complete and the site is in use. 
Criteria for appropriate sites include, but are not limited to, the following: 

                                                 
136 If the monitoring extends beyond 2 years, an IMP Monitoring Report shall be submitted by August 30 annually 

until model calibration and validation is complete. 
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• To ensure applicability of results, the development project and IMPs should be 
typical of development sites and types of IMPs foreseen throughout the County. 
In particular, at least one each of the infiltration planter, flow-through planter, and 
dry swale shall be selected for monitoring. 

• The area tributary to the IMP should be clearly defined, should contain and direct 
runoff at all rainfall intensities to the IMP. Two monitoring locations shall contain 
tributary areas that are a mix of pervious and impervious areas to test the pervious 
area simplifying assumptions used in the HMP, Table 14, Attachment 2, page 49. 
If no such locations are constructed by the monitoring period, modeling of mixed 
(pervious and impervious) tributary areas can substitute for direct monitoring of 
this type of location. 

• The site shall be easily accessible at all times of day and night to allow inspection 
and maintenance of measurement equipment. 

• Hourly rain gauge data representative of the site’s location shall be available. 

b. Documentation of Monitoring Sites – The Dischargers shall record and report (i.e., 
document) pertinent information for each monitoring site. Documentation of each 
monitoring site shall include the following: 

• Amount of tributary area; 
• Condition of roof or paving; 
• Grading and drainage to the IMP, including calculated time of concentration. 
• Locations and elevations of inlets and outlets; 
• As-built measurements of the IMP including depth of soil and gravel layers, 

height of underdrain pipe above the IMP floor or native soil; 
• Detailed specifications of soil and gravel layers and of filter fabric and other 

appurtenances; and 
• Condition of IMP surface soils and vegetation. 

c. Design, Construction, and Operation of Monitoring Sites – The Dischargers shall 
ensure that IMPs selected for monitoring are equipped with a manhole, vault, or other 
means to install and access equipment for monitoring flows from IMP overflows and 
underdrains. 
Development of suitable methods for monitoring the entire range of flows may require 
experiment. The Program and Water Board are interested in the timing and duration of 
very low flows from underdrains, as well as higher flows from IMP overflows. The 
Dischargers shall ensure that equipment is configured to measure the entire range of 
flows and to avoid potential clogging of orifices used to measure low flows. 

The Dischargers shall ensure that construction of IMPs is inspected carefully to ensure 
that IMPs are installed as designed and to avoid potential operational problems. For 
example, gravel used for underdrain layers should be washed free of fines, and filter 
fabric should be installed without breaks. 
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The Dischargers shall ensure that, following construction, artificial flows are applied to 
the IMP to verify the IMP and monitoring equipment are operating correctly and to 
resolve any operational problems prior to measuring flows from actual rain storms. 

The Dischargers shall ensure that monitoring equipment is properly maintained. 
Maintenance of monitoring equipment will require, initially, inspections during and after 
storms that produce runoff. The inspection and maintenance schedule may be adjusted as 
additional experience is gained. 

d. Data to be Obtained – The Dischargers shall collect the following data for each IMP, 
during the monitoring period: 

• Hourly rainfall and more frequent rainfall data where available; 

• Hourly IMP outflow and 15-minute outflow for all time periods in which sub-
hourly rainfall data are available; 

• Hourly IMP inflow (if possible) and more frequent inflow (if possible) when sub-
hourly rainfall data are available; and 

• Notes and observations. 

e. Evaluation of Data – The principal use of the monitoring data shall be a comparison of 
predicted to actual flows. The Dischargers shall ensure that the HSPF model is set up as it 
was to prepare the curves in Attachment 2 of the HMP, with appropriate adjustments for 
the drainage area of the IMP to be monitored and for the actual sizing and configuration 
of the IMP. Hourly rainfall data from observed storms shall be input to the model, and the 
resulting hourly predicted output recorded. Where sub-hourly rainfall data are available, 
the model shall be run with, and output recorded for, 15-minute time steps. 
The Dischargers shall compare predicted hourly outflows to the actual hourly outflows. 
As more data are gathered, the Dischargers may examine aggregated data to characterize 
deviations from predicted performance at various storm intensities and durations. 

Because high-intensity storms are rare, it will take many years to obtain a suitable number of 
events to evaluate IMP performance under overflow conditions. Underdrain flows will occur 
more frequently, but possibly only a few times a year, depending on rainfall and IMP 
characteristics (e.g., extent to which the IMP is oversized, and actual, rather than predicted, 
permeability of native soils). However, evaluating a range of rainfall events that do not 
produce underflow will help demonstrate the effectiveness of the IMP. 

5. Record Keeping and Reporting 
Permittees shall collect and retain the following information for all projects subject to HM 
requirements: 

a. Site plans identifying impervious areas, surface flow directions for the entire site, and 
location(s) of HM measures; 

b. For projects using standard sizing charts, a summary of sizing calculations used; 

c. For projects using the BAHM, a listing of model inputs; 
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d. For projects using custom modeling, a summary of the modeling calculations with 
corresponding graph showing curve matching (existing, post-project, and post-project 
with HM controls curves); 

e. For projects using the Impracticability Provision, a listing of all applicable costs and a 
brief description of the alternative HM project (name, location, date of start up, entity 
responsible for maintenance); and 

f. A list and thorough technical explanation of any changes in design criteria for HM 
Controls, including IMPs.  Permittees shall submit this list and explanation annually with 
the Annual Report. 

6.   The current Contra Costa Clean Water Program C.3 Guidebook, 4th Edition (C.3 Guidebook) 
(September 2008) design approach and IMPs shall be used to comply with Provision C.3.g 
flow requirements until this permit expires and is reissued, pending model verification 
studies as described below. The IMPs shall be an implementation option as the flow control 
implementation for development projects up to a footprint of 30 acres   

By April 1, 2014, the Contra Costa Clean Water Program shall submit a proposal containing 
one or a combination of the following three options (a.-c.) for implementation after the 
expiration and reissuance of this permit: 

a. Present model verification monitoring results demonstrating that the IMPs are sufficiently 
overdesigned and perform to meet the 0.1Q2 low flow design criteria; or 

b. Present study results of Contra Costa County streams geology and other factors that 
support the low flow design criteria of 0.2Q2  as the limiting HMP design low flow; or 

c. Propose redesigns of the IMPs to meet the low flow design criteria of 0.1Q2 to be 
implemented during the next permit term.  
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ATTACHMENT  D 

 
Provision C.3.g. 

Fairfield-Suisun Permittees 
Hydromodification Management Requirements 

 
Fairfield-Suisun Permittees Hydromodification Management Requirements 

1. On-site and Regional Hydromodification Management (HM) Control Design Criteria 
a. Range of flows to control:  Flow duration controls shall be designed such that post-

project stormwater discharge rates and durations match pre-project discharge rates and 
durations from 20 percent of the pre-project 2-year peak flow137 up to the pre-project 
10-year peak flow. 

b. Goodness of fit criteria:  The post-project flow duration curve shall not deviate above 
the pre-project flow duration curve by more than 10 percent over more than 10 percent 
of the length of the curve corresponding to the range of flows to control. 

c. Allowable low flow rate:  Flow control structures may be designed to discharge 
stormwater at a very low rate that does not threaten to erode the receiving waterbody. 
This flow rate (also called Qcp138) shall be no greater than 20 percent of the pre-project 
2-year peak flow. 

d. Standard HM modeling:  On-site and regional HM controls designed using the Bay 
Area Hydrology Model (BAHM139) and site-specific input data shall be considered to 
meet the HM Standard. Such use must be consistent with directions and options set 
forth in the most current BAHM User Manual.140 Permittees shall demonstrate to the 
satisfaction of the Executive Officer that any modifications of the BAHM made are 
consistent with this Attachment and Provision C.3.g. 

                                                 
137  Where referred to in this Order, the 2-year peak flow is determined using a flood flow frequency analysis 

procedure based on USGS Bulletin 17 B to obtain the peak flow statistically expected to occur at a 2-year 
recurrence interval. In this analysis, the appropriate record of hourly rainfall data (e.g., 35–50 years of data) is 
run through a continuous simulation hydrologic model, the annual peak flows are identified, rank ordered, and 
the 2-year peak flow is estimated.  Such models include USEPA’s Hydrologic Simulation Program—Fortran 
(HSPF), U.S. Army Corps of Engineers’ Hydrologic Engineering Center-Hydrologic Modeling System (HEC-
HMS), and USEPA’s Storm Water Management Model (SWMM). 

138  Qcp is the allowable low flow discharge from a flow control structure on a project site. It is a means of 
apportioning the critical flow in a stream to individual projects that discharge to that stream, such that cumulative 
discharges do not exceed the critical flow in the stream.  

139  See www.bayareahydrologymodel.org , Resources 
140  The Bay Area Hydrology Model User Manualis available at http://www.bayareahydrologymodel.org/downloads.html. 
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e. Alternate HM modeling and design:  The project proponent may use a continuous 
simulation hydrologic computer model141 to simulate pre-project and post-project 
runoff and to design HM controls. To use this method, the project proponent shall 
compare the pre-project and post-project model output for a rainfall record of at least 
30 years, and shall show that all applicable performance criteria in 1.a–c above are met. 

f. Sizing Charts:  The Program developed design procedures, criteria, and sizing factors 
for infiltration basins and bioretention units, based on a low flow rate that exceeds the 
allowable low flow rate. After the Program has modified its sizing factors142 to the 
allowable criteria, received approval of the modified sizing factors from the Executive 
Officer,143 and informed the public through such mechanism as an electronic mailing 
list, project proponents may meet the HM Standard by using the Program’s design 
procedures, criteria, and sizing factors for infiltration basins and/or bioretention units. 

2. Impracticability Provision 
Where conditions (e.g., extreme space limitations) prevent a project from meeting the HM 
Standard for a reasonable cost, and where the project’s runoff cannot be directed to a 
regional HM control within a reasonable time frame, and where an in-stream measure is not 
practicable, the project shall use (1) site design for hydrologic source control, and (2) 
stormwater treatment measures that collectively minimize, slow, and detain144 runoff to the 
maximum extent practicable. In addition, if the cost of providing site design for hydrologic 
source control and treatment measures to the maximum extent practicable does not exceed 
2% of the project cost (as defined in “2.a.” below), the project proponent shall provide for or 
contribute financially to an alternative HM project as set forth below: 

a. Reasonable cost:  To show that the HM Standard cannot be met at a reasonable cost, the 
project proponent must demonstrate that the total cost to comply with both the HM 
Standard and the Provision C.3.d. treatment requirement exceeds 2 percent of the project 
construction cost, excluding land costs. Costs of HM and treatment control measures 
shall not include land costs, soil disposal fees, hauling, contaminated soil testing, 
mitigation, disposal, or other normal site enhancement costs such as landscaping or 
grading that are required for other development purposes. 

b. Regional HM controls:  A regional HM control shall be considered available if there is a 
planned location for the regional HM control and if an appropriate funding mechanism 
for a regional HM control is in place by the time of project construction. 

c. In-stream measures practicability:  In-stream measures shall be considered practicable 
when an in-stream measure for the project’s watershed is planned and an appropriate 
funding mechanism for an in-stream measure is in place by the time of project 
construction. 

                                                 
141  Such models include USEPA’s Hydrologic Simulation Program—Fortran (HSPF), U.S. Army Corps of 

Engineers Hydrologic Engineering Center-Hydrologic Modeling System (HEC-HMS), and USEPA’s Storm 
Water Management Model (SWMM). 

142 Current sizing factors and design criteria are shown in Appendix D of the FSURMP HMP. 
143 The modified sizing factors will not introduce a new concept but rather make an existing compliance mechanism 

more stringent; therefore, Executive Officer approval is appropriate. 
144 Stormwater treatment measures that detain runoff are generally those that filter runoff through soil or other 

media, and include bioretention units, bioswales, basins, planter boxes, tree wells, media, filters, and green roofs. 
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d. Financial contribution to an alternative HM project:  The difference between 2 percent 
of the project construction costs and the cost of the treatment measures at the site (both 
costs as described in Section 2.a of this Attachment) shall be contributed to an alternative 
HM project, such as a stormwater treatment retrofit, HM retrofit, regional HM control, or 
in-stream measure. Preference shall be given to projects discharging, in this order, to the 
same tributary, mainstem, watershed, then in the same municipality or county. 

3. Record Keeping 
Permittees shall collect and retain the following information for all projects subject to HM 
requirements: 

a. Site plans identifying impervious areas, surface flow directions for the entire site, and 
location(s) of HM measures; 

b. For projects using standard sizing charts, a summary of sizing calculations used; 

c. For projects using the BAHM, a listing of model inputs; 

d. For projects using custom modeling, a summary of the modeling calculations with 
corresponding graph showing curve matching (existing, post-project, and post-project 
with HM controls curves); 

e. For projects using the Impracticability Provision, a listing of all applicable costs and a 
brief description of the alternative HM project (name, location, date of start up, entity 
responsible for maintenance); and 

f. A listing, summary, and date of modifications made to the BAHM, including technical 
rationale.  Permittees shall submit this list and explanation annually with the Annual 
Report. 

4. HM Control Areas 
Applicable projects shall be required to meet the HM Standard when such projects discharge 
into the upstream reaches of Laurel or Ledgewood Creeks, as delineated in  the Fairfield-
Suisun Permittees’ HM Maps  (available at 
http://www.waterboards.ca.gov/sanfranciscobay/water_issues/programs/stormwater/muni/mr
p/Final%20TO%20HM%20Maps.pdf.).  Plans to restore a creek reach may reintroduce the 
applicability of HM requirements; in these instances, Permittees may add, but shall not 
delete, areas of applicability accordingly. 
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Provision C.3.g. 

San Mateo Permittees 
Hydromodification Management Requirements 

 

 
 
 

San Mateo Permittees Hydromodification Management Requirements 

1. On-site and Regional Hydromodification Management (HM) Control Design Criteria 
a. Range of flows to control:  Flow duration controls shall be designed such that post-

project stormwater discharge rates and durations match pre-project discharge rates and 
durations from 10 percent of the pre-project 2-year peak flow145 up to the pre-project 10-
year peak flow. 

b. Goodness of fit criteria:  The post-project flow duration curve shall not deviate above the 
pre-project flow duration curve by more than 10 percent over more than 10 percent of the 
length of the curve corresponding to the range of flows to control. 

c. Allowable low flow rate:  Flow control structures may be designed to discharge 
stormwater at a very low rate that does not threaten to erode the receiving waterbody. 
This flow rate (also called Qcp146) shall be no greater than 10 percent of the pre-project 2-
year peak flow. 

d. Standard HM modeling:  On-site and regional HM controls designed using the Bay Area 
Hydrology Model (BAHM147) and site-specific input data shall be considered to meet the 
HM Standard. Such use must be consistent with directions and options set forth in the 

                                                 
145 Where referred to in this Order, the 2-year peak flow is determined using a flood flow frequency analysis  

procedure based on USGS Bulletin 17 B to obtain the peak flow statistically expected to occur at a 2-year 
recurrence interval. In this analysis, the appropriate record of hourly rainfall data (e.g., 35–50 years of data) is 
run through a continuous simulation hydrologic model, the annual peak flows are identified, rank ordered, and 
the 2-year peak flow is estimated.  Such models include USEPA’s Hydrologic Simulation Program—Fortran 
(HSPF), U.S. Army Corps of Engineers’ Hydrologic Engineering Center-Hydrologic Modeling System (HEC-
HMS), and USEPA’s Storm Water Management Model (SWMM). 

146 Qcp is the allowable low flow discharge from a flow control structure on a project site. It is a means of 
apportioning the critical flow in a stream to individual projects that discharge to that stream, such that cumulative 
discharges do not exceed the critical flow in the stream.  

147 See www.bayareahydrologymodel.org , Resources 
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most current BAHM User Manual.148 Permittees shall demonstrate to the satisfaction of 
the Executive Officer that any modifications of the BAHM made are consistent with the 
requirements of Provision C.3.g. 

e. Alternate HM modeling and design:  The project proponent may use a continuous 
simulation hydrologic computer model149 to simulate pre-project and post-project runoff 
and to design HM controls. To use this method, the project proponent shall compare the 
pre-project and post-project model output for a rainfall record of at least 30 years, and 
shall show that all applicable performance criteria in 1.a.–c. above are met. 

2. Impracticability Provision 
Where conditions (e.g., extreme space limitations) prevent a project from meeting the HM 
Standard for a reasonable cost, and where the project’s runoff cannot be directed to a 
regional HM control within a reasonable time frame, and where an in-stream measure is not 
practicable, the project shall use (1) site design for hydrologic source control, and (2) 
stormwater treatment measures that collectively minimize, slow, and detain150 runoff to the 
maximum extent practicable. In addition, , if the cost of providing site design for hydrologic 
source control and treatment measures to the maximum extent practicable does not exceed 
2% of the project cost (as defined in “2.a.” below), the project proponent shall provide for or 
contribute financially to an alternative HM project as set forth below: 

a. Reasonable cost:  To show that the HM Standard cannot be met at a reasonable cost, the 
project proponent must demonstrate that the total cost to comply with both the HM 
Standard and the Provision C.3.d treatment requirement exceeds 2 percent of the project 
construction cost, excluding land costs. Costs of HM and treatment control measures 
shall not include land costs, soil disposal fees, hauling, contaminated soil testing, 
mitigation, disposal, or other normal site enhancement costs such as landscaping or 
grading that are required for other development purposes. 

b. Regional HM controls:  A regional HM control shall be considered available if there is a 
planned location for the regional HM control and if an appropriate funding mechanism 
for a regional HM control is in place by the time of project construction. 

c. In-stream measures practicability:  In-stream measures shall be considered practicable 
when an in-stream measure for the project’s watershed is planned and an appropriate 
funding mechanism for an in-stream measure is in place by the time of project 
construction. 

d. Financial contribution to an alternative HM project:  The difference between 2 percent 
of the project construction costs and the cost of the treatment measures at the site (both 
costs as described in Section 2.a of this Attachment shall be contributed to an alternative 
HM project, such as a stormwater treatment retrofit, HM retrofit, regional HM control, or 

                                                 
148 The Bay Area Hydrology Model User Manualis available at  

http://www.bayareahydrologymodel.org/downloads.html 
149 Such models include USEPA’s Hydrologic Simulation Program—Fortran (HSPF), U.S. Army Corps of 

Engineers Hydrologic Engineering Center-Hydrologic Modeling System (HEC-HMS), and USEPA’s Storm 
Water Management Model (SWMM). 

150 Stormwater treatment measures that detain runoff are generally those that filter runoff through soil or other 
media, and include bioretention units, bioswales, basins, planter boxes, tree wells, media filters, and green roofs. 
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in-stream measure. Preference shall be given to projects discharging, in this order, to the 
same tributary, mainstem, watershed, then in the same municipality, or county. 

3. Record Keeping 
Permittees shall collect and retain the following information for all projects subject to HM 
requirements: 
a. Site plans identifying impervious areas, surface flow directions for the entire site, and 

location(s) of HM measures; 

b. For projects using standard sizing charts, a summary of sizing calculations used; 

c. For projects using the BAHM, a listing of model inputs; 

d. For projects using custom modeling, a summary of the modeling calculations with 
corresponding graph showing curve matching (existing, post-project, and post-project 
with HM controls curves); 

e. For projects using the Impracticability Provision, a listing of all applicable costs and a 
brief description of the alternative HM project (name, location, date of startup, entity 
responsible for maintenance); and 

f. A listing, summary, and date of modifications made to the BAHM, including technical 
rationale.  Permittees shall submit this list and explanation annually with the Annual 
Report. This may be prepared at the Countywide Program level and submitted on behalf 
of participating Permittees. 

4. HM Control Areas 
Applicable projects shall be required to meet the HM Standard when such projects are in the 
HM control areas shown in the San Mateo Permittees’ HM Map (available at 
http://www.waterboards.ca.gov/sanfranciscobay/water_issues/programs/stormwater/muni/mr
p/Final%20TO%20HM%20Maps.pdf). Plans to restore a creek reach may reintroduce the 
applicability of HM requirements; in these instances, Permittees may add, but shall not 
delete, areas of applicability accordingly. 

The HM Standard and all associated requirements apply in areas that are shown in green on 
the map and noted in the map’s key as areas subject to HMP.  The other areas are exempt 
from the HM Standard because they drain to hardened channels or low gradient channels (a 
characteristic applicable to San Mateo County’s particular shoreline properties), or are in 
highly developed areas. Plans to restore a hardened channel may affect areas of applicability. 

Areas shown in the San Mateo Permittees’ HM Map may be modified as follows: 
b. Street Boundary Interpretation – Streets are used to mark the boundary between areas 

where the HM Standard must be met and exempt areas. Parcels on the boundary street are 
considered within the area exempted from the hydromodification requirements. 
Nonetheless, there might be cases where the drainage from a particular parcel(s) on the 
boundary street drains westward into the hydromodification required area and, as such, 
any applicable project on such a parcel(s) would be subject to the hydromodification 
requirements. 

RB-AR6581



Municipal Regional Stormwater Permit   NPDES No. CAS612008 
Order No. R2-2009-0074  Attachment E 
 

Attachment E Page E-4 Date:  October 14, 2009 
  Revised:  November 28, 2011 

c. Hardened Channel/Drainage to Exempt Area – If drainage leaving a proposed project 
subject to the HM Standard is determined to flow only through a hardened channel and/or 
enclosed pipe along its entire length before directly discharging into a waterway in the 
exempt area or into tidal waters, the project would be exempted from the HM Standard 
and its associated requirements. The project proponent must demonstrate, in a statement 
signed by an engineer or qualified environmental professional, that this condition is met. 

d. Boundary Re-Opener – If the municipal regional permit or future permit reissuances or 
amendments modify the types of projects subject to the hydromodification requirements, 
the appropriate location for an HMP boundary or boundaries will be reevaluated at the 
same time. 
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ATTACHMENT  F 
 

Provision C.3.g. 
Santa Clara Permittees 

Hydromodification Management Requirements 
 
Santa Clara Permittees Hydromodification Management Requirements 

1. On-site and Regional Hydromodification Management (HM) Control Design 
Criteria 
a. Range of flows to control:  Flow duration controls shall be designed such that post-

project stormwater discharge rates and durations match pre-project discharge rates and 
durations from 10 percent of the pre-project 2-year peak flow151 up to the pre-project 10-
year peak flow, except where the lower endpoint of this range is modified as described in 
Section 5 of this Attachment. 

b. Goodness of fit criteria:  The post-project flow duration curve shall not deviate above the 
pre-project flow duration curve by more than 10 percent over more than 10 percent of the 
length of the curve corresponding to the range of flows to control. 

c. Allowable low flow rate:  Flow control structures may be designed to discharge 
stormwater at a very low rate that does not threaten to erode the receiving waterbody. 
This flow rate (also called Qcp152) shall be no greater than 10 percent of the pre-project 2-
year peak flow unless a modified value is substantiated by analysis of actual channel 
resistance in accordance with an approved User Guide as described in Section 5 of this 
Attachment. 

d. Standard HM modeling:  On-site and regional HM controls designed using the Bay Area 
Hydrology Model (BAHM153) and site-specific input data shall be considered to meet the 
HM Standard. Such use must be consistent with directions and options set forth in the 

                                                 
151 Where referred to in this Order, the 2-year peak flow is determined using a flood flow frequency analysis 

procedure based on USGS Bulletin 17B to obtain the peak flow statistically expected to occur at a 2-year 
recurrence interval. In this analysis, the appropriate record of hourly rainfall data (e.g., 35–50 years of data) is 
run through a continuous simulation hydrologic model, the annual peak flows are identified, rank ordered, and 
the 2-year peak flow is estimated.  Such models include USEPA’s Hydrologic Simulation Program—Fortran 
(HSPF), U.S. Army Corps of Engineers’ Hydrologic Engineering Center-Hydrologic Modeling System (HEC-
HMS), and USEPA’s Storm Water Management Model (SWMM). 

152 Qcp is the allowable low flow discharge from a flow control structure on a project site. It is a means of 
apportioning the critical flow in a stream to individual projects that discharge to that stream, such that cumulative 
discharges do not exceed the critical flow in the stream.  

153 See www.bayareahydrologymodel.org , Resources. 
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most current BAHM User Manual.154 Permittees shall demonstrate to the satisfaction of 
the Executive Officer that any modifications of the BAHM made are consistent with this 
attachment and Provision C.3.g. 

e. Alternate HM modeling and design:  The project proponent may use a continuous 
simulation hydrologic computer model155 to simulate pre-project and post-project runoff 
and to design HM controls. To use this method, the project proponent shall compare the 
pre-project and post-project model output for a rainfall record of at least 30 years, and 
shall show that all applicable performance criteria in 1.a. – c. above are met. 

2. Impracticability Provision 
Where conditions (e.g., extreme space limitations) prevent a project from meeting the HM 
Standard for a reasonable cost, and where the project’s runoff cannot be directed to a 
Regional HM control156 within a reasonable time frame, and where an in-stream measure is 
not practicable, the project shall use (1) site design for hydrologic source control, and (2) 
stormwater treatment measures that collectively minimize, slow, and detain157 runoff to the 
maximum extent practicable. In addition, if the cost of providing site design for hydrologic 
source control and treatment measures to the maximum extent practicable does not exceed 
2% of the project cost (as defined in “2.a.” below), the project shall contribute financially to 
an alternative HM project as set forth below: 

a. Reasonable cost:  To show that the HM Standard cannot be met at a reasonable cost, the 
project proponent must demonstrate that the total cost to comply with both the HM 
Standard and the Provision C.3.d treatment requirement exceeds 2 percent of the project 
construction cost, excluding land costs. Costs of HM and treatment control measures 
shall not include land costs, soil disposal fees, hauling, contaminated soil testing, 
mitigation, disposal, or other normal site enhancement costs such as landscaping or 
grading that are required for other development purposes. 

b. Regional HM control:  A regional HM control shall be considered available if there is a 
planned location for the regional HM control and if an appropriate funding mechanism 
for a regional control is in place by the time of project construction. 

c. In-stream measures practicability:  In-stream measures shall be considered practicable 
when an in-stream measure for the project’s watershed is planned and an appropriate 
funding mechanism for an in-stream measure is in place by the time of project 
construction. 

d. Financial contribution to an alternative HM project:  The difference between 2 percent 
of the project construction costs and the cost of the treatment measures at the site (both 
costs as described in Section 2.a of this Attachment) shall be contributed to an alternative 

                                                 
154 The Bay Area Hydrology Model User Manual is available at 

http://www.bayareahydrologymodel.org/downloads.html. 
155 Such models include USEPA’s Hydrologic Simulation Program—Fortran (HSPF), U.S. Army Corps of 

Engineers Hydrologic Engineering Center-Hydrologic Modeling System (HEC-HMS), and USEPA’s Storm 
Water Management Model (SWMM). 

156 Regional HM controls are flow duration control structures that collect stormwater runoff discharge from multiple 
projects (each of which should incorporate hydrologic source control measures as well) and are designed such 
that the HM Standard is met for all the projects at the point where the regional control measure discharges. 

157 Stormwater treatment measures that detain runoff are generally those that filter runoff through soil or other 
media, and include bioretention units, bioswales, basins, planter boxes, sand filters, and green roofs. 
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HM project, such as a stormwater treatment retrofit, HM retrofit, regional HM control, or 
in-stream measure. Preference shall be given to projects discharging, in this order, to the 
same tributary, mainstem, watershed, then in the same municipality or county. 

3. Record Keeping 
Permittees shall collect and retain the following information for all projects subject to HM 
requirements: 

a. Site plans identifying impervious areas, surface flow directions for the entire site, and 
location(s) of HM measures; 

b. For projects using standard sizing charts, a summary of sizing calculations used; 

c. For projects using the BAHM, a listing of model inputs; 

d. For projects using custom modeling, a summary of the modeling calculations with 
corresponding graph showing curve matching (existing, post-project, and post-project 
with HM controls curves); 

e. For projects using the Impracticability Provision, a listing of all applicable costs and a 
brief description of the alternative HM project (name, location, date of start up, entity 
responsible for maintenance); and 

f.    A listing, summary, and date of modifications made to the BAHM, including technical 
rationale.  Permittees shall submit this list and explanation annually with the Annual 
Report.  This may be prepared at the Countywide Program level and submitted on behalf 
of participating Permittees. 

4. HM Control Areas  
Applicable projects shall be required to meet the HM Standard when such projects are 
located in areas of HM applicability as described below and shown in the revised Santa Clara 
Permittees’ HM Map (see Attachment M).  
a. Purple areas:  These areas represent catchments that drain to hardened channels that 

extend continuously to the Bay or to tidally influenced sections of creeks.  The HM 
Standard and associated requirements do not apply to projects in the areas designated in 
purple on the map. 

Plans to restore a creek reach may reintroduce the applicability of HM requirements, 
unless the creek restoration project is designed to accommodate the potential 
hydromodification impacts of future development; if this is not the case, in these 
instances, Permittees may add, but shall not delete, areas of applicability accordingly. 

b. Red areas:  These areas represent catchments and subwatersheds that are greater than or 
equal to 65% impervious, based on existing imperviousness data sources.  The HM 
Standard and associated requirements do not apply to projects in the areas designated in 
red on the map. 

c. Green area:  These areas represent catchments and subwatersheds that are less than 65% 
impervious. The HM Standard and associated requirements apply to projects in areas 
designated as green on the map. 
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5. Potential Exceptions to Map Designations 
The Program may choose to prepare a User Guide158 to be used for evaluating individual 
receiving waterbodies using detailed methods to assess channel stability and watercourse 
critical flow. This User Guide would reiterate and collate established stream stability 
assessment methods that have been presented in the Program’s HMP.159 After the Program 
has collated its methods into User Guide format, received approval of the User Guide from 
the Executive Officer,160 and informed the public through such process as an electronic 
mailing list, the Permittees may use the User Guide to guide preparation of technical reports 
for the following: implementing the HM Standard using in-stream or regional controls; 
determining whether certain projects are discharging to a watercourse that is less susceptible 
(from point of discharge to the Bay) to hydromodification (e.g., would have a lower potential 
for erosion than set forth in these requirements); and/or determining if a watercourse has a 
higher critical flow and project(s) discharging to it are eligible for an alternative Qcp for the 
purpose of designing on-site or regional measures to control flows draining to these channels 
(i.e., the actual threshold of erosion-causing critical flow is higher than 10 percent of the 2-
year pre-project flow). In no case shall the design value of Qcp exceed 50 percent of the 2-
year pre-project flow. 

 

                                                 
158 The User Guide may be offered under a different title. 
159 The Program’s HMP has undergone Water Board staff review and been subject to public notice and comment. 
160 The User Guide will not introduce a new concept, but rather reformat existing methods; therefore, Executive 

Officer approval is appropriate. 
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Table C.3.h. – Operation and Maintenance of Stormwater Treatment Systems  
City of Eden Annual Report FY 2008-09 

Facility/Site 
Inspected and 

Responsible Party 
for Maintenance 

Date of 
Inspection 

Type of 
Inspection 

(annual, follow-
up, etc.) 

Type of Treatment 
System or HM 

Control Inspected

Inspection Findings 
or Results 

Enforcement Action 
Taken (Warning, 

NOV, 
administrative 
citation, etc.) 

Comments 

ABC Company 
123 Alphabet Road 
San Jose 

12/06/08 annual offsite bioretention 
unit proper operation none Unit is operating properly and is well 

maintained. 

DEF site 
234 Blossom Drive 
Santa Clara 

12/17/08 annual onsite media filter ineffective filter 
media verbal warning Media filter is clogged and needs to be 

replaced. 

12/19/08 follow-up onsite media filter proper operation none New media filter in place and unit is 
operating properly. 

1/19/09 follow-up onsite media filter proper operation none Unit is operating properly. 

GHI Hotel 
1001 Grand Blvd 
227 Touring Parkway 

12/21/08 annual 

onsite swales proper operation 

notice of violation 

Bioretention unit #2 is badly eroded because 
of flow channelization.  Stormwater is 
flowing over the eroded areas, bypassing 
treatment and running off into parking area. 

onsite bioretention 
unit #1 proper operation 

onsite bioretention 
unit #2 

eroded areas due to 
flow channelization 

12/27/08 follow-up onsite bioretention 
unit #2 proper operation none 

Entire bioretention unit #2 has been 
replanted and re-graded. Raining heavily but 
no overflow observed. 

Rolling Hills Estates  
Homeowners’ 
Association 
543 Rolling Hill 
Drive 
Pleasanton 

01/17/09 annual onsite pond sediment and debris 
accumulation notice of violation Pond needs sediment removal and check 

dam needs debris removal. 

01/24/09 follow-up onsite pond sediment and debris 
accumulation 

administrative 
citation $1000 

Pond still a mess. Administrative citation 
requires maintenance within a week. 

01/31/09 follow-up onsite pond proper maintenance none Pond maintenance completed. 

02/18/09 spot inspection onsite pond proper operation and 
maintenance none Proper operation and maintenance. 
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Status and Long-Term Monitoring Follow-up Analysis and Actions 
for Biological Assessment, 

Bedded Sediment Toxicity, and Bedded Sediment Pollutants 
 
When results from Biological Assessment, Bedded Sediment Toxicity, and/or Bedded Sediment 
Pollutants monitoring indicate impacts at a monitoring location, Permittees shall evaluate the 
extent and cause(s) of impacts to determine the potential role of urban runoff as indicated in 
Table H-1. 

Table H-1. Sediment Triad Approach to Determining Follow-Up Actions 

Chemistry Results161 Toxicity 
Results162 

Bioassessment 
Results163 Action 

No chemicals exceed 
Threshold Effect 
Concentrations 
(TEC), mean 
Probable Effects 
Concentrations (PEC) 
quotient < 0.5 and 
pyrethroids < 1.0 
Toxicity Unit (TU)164 

No 
Toxicity 

No indications 
of alterations No action necessary 

No chemicals exceed 
TECs, mean PEC 
quotient < 0.5 and 
pyrethroids< 1.0 TU 

Toxicity No indications 
of alterations 

(1) Take confirmatory sample for toxicity.  
(2) If toxicity repeated, attempt to identify 

cause and spatial extent.  
(3) Where impacts are under Permittee’s 

control, take management actions to 
minimize upstream sources causing 
toxicity; initiate no later than the second 
fiscal year following the sampling event. 

                                                 
161 TEC and PEC are found in MacDonald, D.D., G.G. Ingersoll, and T.A. Berger. 2000. Development and   

Evaluation of Consensus-based Sediment Quality Guidelines for Freshwater Ecosystems. Archives of Environ. 
Contamination and Toxicology 39(1):20–31.  

162 Toxicity is exhibited when Hyallela survival statistically different than and < 20 percent of control. 
163   Alterations are exhibited if metrics indicate substantially degraded community. 
164 Toxicity Units (TU) are calculated as follows: TU = Actual concentration (organic carbon normalized) ÷ 

Reported H. azteca LC50 concentration (organic concentration normalized). Weston, D.P., R.W. Holmes, J. You, 
and M.J. Lydy, 2005. Aquatic Toxicity Due to Residential Use of Pyrethroid Insecticides. Environ. Science and 
Technology 39(24):9778–9784. 
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Chemistry Results161 Toxicity 
Results162 

Bioassessment 
Results163 Action 

No chemicals exceed 
TECs, mean PEC 
quotient < 0.5 and 
pyrethroids< 1.0 TU 

No 
Toxicity 

Indications of 
alterations 

Identify the most probable cause(s) of the 
alterations in biological community. Where 
impacts are under Permittee’s control, take 
management actions to minimize the impacts 
causing physical habitat disturbance; initiate 
no later than the second fiscal year following 
the sampling event. 

No chemicals exceed 
TECs, mean PEC 
quotient < 0.5 and 
pyrethroids< 1.0 TU 

Toxicity Indications of 
alterations 

(1) Identify cause(s) of impacts and spatial 
extent. 

(2) Where impacts are under Permittee’s 
control, take management actions to 
minimize impacts; initiate no later than 
the second fiscal year following the 
sampling event.  

3 or more chemicals 
exceed PECs, the 
mean PEC quotient is 
> 0.5, or pyrethroids 
> 1.0 TU  

No 
Toxicity 

Indications of 
alterations 

(1) Identify cause of impacts.  
(2) Where impacts are under Permittee’s 

control, take management actions to 
minimize the impacts caused by urban 
runoff; initiate no later than the second 
fiscal year following the sampling event. 

3 or more chemicals 
exceed PECs, the 
mean PEC quotient is 
> 0.5, or pyrethroids 
> 1.0 TU  

Toxicity No indications 
of alterations 

(1) Take confirmatory sample for toxicity.  
(2) If toxicity repeated, attempt to identify 

cause and spatial extent.  
(3) Where impacts are under Permittee’s 

control, take management actions to 
minimize upstream sources; initiate no 
later than the second fiscal year following 
the sampling event.  

3 or more chemicals 
exceed PECs, the 
mean PEC quotient is 
> 0.5, or pyrethroids 
> 1.0 TU  

No 
Toxicity 

No Indications 
of alterations 

If PEC exceedance is Hg or PCBs, address 
under TMDLs 

3 or more chemicals 
exceed PECs, the 
mean PEC quotient is 
> 0.5, or pyrethroids 
> 1.0 TU 

Toxicity Indications of 
alterations 

(1) Identify cause(s) of impacts and spatial 
extent. 

(2) Where impacts are under Permittee’s 
control, take management actions to 
address impacts. 
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All monitoring activities shall meet the following requirements:  
1. Samples and measurements taken for the purpose of monitoring shall be representative of the 

monitored activity. [40 CFR 122.41(j)(1)] 

2. Permittees shall retain records of all monitoring information, including all calibration and 
maintenance of monitoring instrumentation, and copies of all reports required by this Order for a 
period of at least five (5) years from the date of the sample, measurement, report, or application. 
This period may be extended by request of the Water Board or USEPA at any time and shall be 
extended during the course of any unresolved litigation regarding this discharge. [40 CFR 
122.41(j)(2), CWC section 13383(a)]  

3. Records of monitoring information shall include [40 CFR 122.41(j)(3)]:  

a. The date, exact place, and time of sampling or measurements; 

b. The individual(s) who performed the sampling or measurements; 

c. The date(s) analyses were performed; 

d. The individual(s) who performed the analyses; 

e. The analytical techniques or methods used; and,  

f. The results of such analyses. 

4. The CWA provides that any person who falsifies, tampers with, or knowingly renders inaccurate 
any monitoring device or method required to be maintained under this Order shall, upon 
conviction, be punished by a fine of not more than $10,000, or by imprisonment for not more than 
two years, or both. If a conviction of a person is for a violation committed after a first conviction of 
such person under this paragraph, punishment is a fine of not more than $20,000 per day of 
violation, or by imprisonment of not more than four years, or both. [40 CFR 122.41(j)(5)]  

5. Calculations for all limitations which require averaging of measurements shall utilize an arithmetic 
mean unless otherwise specified in the monitoring Provisions. [40 CFR 122.41(l)(4)(iii)]  

6. All chemical, bacteriological, and toxicity analyses shall be conducted at a laboratory certified for 
such analyses by the California Department of Health Services or a laboratory approved by the 
Executive Officer. 

7. For priority toxic pollutants that are identified in the California Toxics Rule (CTR) (65 Fed. Reg. 
31682), the Permittees shall instruct its laboratories to establish calibration standards that are 
equivalent to or lower than the Minimum Levels (MLs) published in Appendix 4 of the Policy for 
Implementation of Toxics Standards for Inland Surface Waters, Enclosed Bays, and Estuaries of 
California (SIP). If a Permittee can demonstrate that a particular ML is not attainable, in 
accordance with procedures set forth in 40 CFR 136, the lowest quantifiable concentration of the 
lowest calibration standard analyzed by a specific analytical procedure (assuming that all the 
method specified sample weights, volumes, and processing steps have been followed) may be used 
instead of the ML listed in Appendix 4 of the SIP. The Permittee must submit documentation from 
the laboratory to the Water Board for approval prior to raising the ML for any priority toxic 
pollutant. 

8. The Clean Water Act provides that any person who knowingly makes any false statement, 
representation, or certification in any record or other document submitted or required to be 
maintained under this permit, including monitoring reports or reports of compliance or non-
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compliance shall, upon conviction, be punished by a fine of not more than $10,000 per violation, or 
by imprisonment for not more than six months per violation, or by both. [40 CFR 122.41(k)(2)]  

9. If the discharger monitors any pollutant more frequently than required by the Permit, unless 
otherwise specified in the Order, the results of this monitoring shall be included in the calculation 
and reporting of the data submitted in the reports requested by the Water Board. [40 CFR 
122.41(l)(4)(ii)] 
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Table 10.1 Minimum Trash Capture Area and Trash Hot Spots for Population Based Permittees 
     Data Source: http://quake.abag.ca.gov/mitigation/pickdbh2.html and Association of Bay Area Governments, 2005 ABAG Land Use Existing Land Use in 

2005: Report and Data for Bay Area Counties 

 
Population 
 

Retail / 
Wholesale 
Commercial 
Acres 

 
Minimum Trash 
Capture Catchment 
Area  (Acres)165  

 
# of Trash Hot 
Spots per 30K 
Population 

# of Trash Hot Spots 
per 100 Retail / 
Wholesale 
Commercial Acres  

Minimum # 
of Trash Hot 
Spots166 

Alameda County  
San Leandro 73,402 721 216  2 7  4 

Oakland 420,183 759 228  14 8 8 

Dublin 46,934 377 113  1 3 3 

Emeryville 9,727 69 21  1 1 1 

Albany 16,877 95 28  1 1 1 

Berkeley 106,697 183 55  3 1 3 
Alameda County 
Unincorporated. 140,825 375 112  4 3 4 

Alameda 75,823 402 121  2 4 4 

Fremont 213,512 698 209  7 6 7 

Hayward 149,205 726 218  4 7 7 

Livermore 83,604 423 127  2 4 4 

Newark 43,872 314 94  1 3 3 

Piedmont 11,100 1 0.3  1 1 1 

Pleasanton 69,388 366 110  2 3 3 

Union City 73,402 183 55  2 1 2 

                                                 
165 30% of Retail / Wholesale Commercial Acres 
166 If the hot spot # based on % commercial area is more than twice that based on population, the minimum hot spot # is double the population 

based #. 
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Population 
 

Retail / 
Wholesale 
Commercial 
Acres 

 
Minimum Trash 
Capture Catchment 
Area  (Acres)165  

 
# of Trash Hot 
Spots per 30K 
Population 

# of Trash Hot Spots 
per 100 Retail / 
Wholesale 
Commercial Acres  

Minimum # 
of Trash Hot 
Spots166 

San Mateo County 
San Mateo County 
Unincorporated. 65,844 71 21  2 1 2 

Atherton 7,475 0 0  1 1 1 

Belmont 26,078 58 17  1 1 1 

Brisbane 3,861 16 5  1 1 1 

Burlingame 28,867 123 37  1 1 1 

Colma 1,613 106 32  1 1 1 

Portola Valley 4,639 9 3  1 1 1 

Daly City 106,361 242 73  3 2 3 

East Palo Alto 32,897 59 18  1 1 1 

Foster City 30,308 67 20  1 1 1 

Half Moon Bay 13,046 49 15  1 1 1 

Hillsborough 11,272 0 0  1 1 1 

Menlo Park 31,490 83 25  1 1 1 

Millbrae 21,387 68 20  1 1 1 

Pacifica 39,616 100 30  1 1 1 

Redwood City 77,269 309 93  2 3 3 
San Bruno 43,444 137 41  1 1 1 

San Carlos 28,857 129 39  1 1 1 

San Mateo 95,776 275 82  3 2 3 

South San Francisco 63,744 195 58  2 1 2 

Woodside 5,625 9 3  1 1 1 
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Population 
 

Retail / 
Wholesale 
Commercial 
Acres 

 
Minimum Trash 
Capture Catchment 
Area  (Acres)165  

 
# of Trash Hot 
Spots per 30K 
Population 

# of Trash Hot Spots 
per 100 Retail / 
Wholesale 
Commercial Acres  

Minimum # 
of Trash Hot 
Spots166 

Contra Costa County 
Contra Costa County 
Unincorporated. 173,573 524 157  5 5 5 

Concord 123,776 1016 305  4 10  8 

Walnut Creek 65,306 329 99  2 3 3 

Clayton 10,784 21 6  1 1 1 

Danville 42,629 134 40  1 1 1 

El Cerrito 23,320 105 32  1 1 1 

Hercules 24,324 37 11  1 1 1 

Lafayette 23,962 68 20  1 1 1 

Martinez 36,144 142 43  1 1 1 

Moraga 16,138 108 32  1 1 1 

Orinda 17,542 24 7  1 1 1 

Pinole 19,193 140 42  1 1 1 

Pittsburg 63,652 520 156  2 5  4 

Pleasant Hill 33,377 219 66  1 2 2 

Richmond 103,577 391 117  3 3 3 

San Pablo 31,190 131 39  1 1 1 

San Ramon 59,002 274 82  1 2 2 
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Population 
 

Retail / 
Wholesale 
Commercial 
Acres 

 
Minimum Trash 
Capture Catchment 
Area  (Acres)165  

 
# of Trash Hot 
Spots per 30K 
Population 

# of Trash Hot Spots 
per 100 Retail / 
Wholesale 
Commercial Acres  

Minimum # 
of Trash Hot 
Spots166 

Santa Clara County 
Santa Clara County 
Unincorporated  99,122 270 81  3 3 3 

Cupertino 55,551 213 64  2 2 2 

Los Altos 28,291 65 20  1 1 1 

Los Altos Hills 8,837 0 0  1 1 1 

Los Gatos 30,296 163 49  1 1 1 

Milpitas 69,419 457 137  2 4 4 

Monte Sereno 3,579 0 0  1 1 1 

Mountain View 73,932 375 112  2 3 3 

Santa Clara 115,503 560 168  3 5 5 

Saratoga 31,592 41 12  1 1 1 

San Jose 989,496 2983 895  32 29 32 

Sunnyvale 137,538 548 164  3 5 5 

Palo Alto 63,367 282 84  2 2 2 
 
Solano County 

Vallejo 120,416 559 168  4 5 5 

Fairfield 106,142 486 146  3 4 4 

Suisun 28,031 75 22  1 1 1 
        

Totals 4,930,339 19057 5718  165 184 349 
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Table 10-2.  Non-Population Based Permittee Trash Hot Spot  
   and Trash Capture Assignments 

 

Non population 
based Permittee 

Number of 
Trash Hot 

Spots 
Trash Capture Requirement 

Santa Clara Valley 
Water District 12 

4 trash booms or 8 outfall capture devices 
(minimum 2 ft. diameter outfall) or 
equivalent measures  

Alameda County 
Flood Control 
Agency 

9 
3 trash booms or 6 outfall capture devices 
(minimum 2 ft. diameter outfall) or 
equivalent measures  

Alameda Co. Zone 7 
Flood Control 
Agency 

3 
1 trash boom or 2 outfall capture devices  
(minimum 2 ft. diameter outfall) or 
equivalent measures  

Contra Costa County 
Flood Control 
Agency 

6 
2 trash booms or 4 outfall capture devices 
(minimum 2 ft. diameter outfall) or 
equivalent measures  

San Mateo County 
Flood Control 
District 

2 
1 trash booms or 2 outfall capture devices 
(minimum 2 ft. diameter outfall) or 
equivalent measures  

Vallejo Sanitation 
and Flood District 1 

1 trash boom or 2 outfall capture devices 
or equivalent measures (minimum 2 ft. 
diameter outfall) 
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Standard NPDES Stormwater Permit Provisions 
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CALIFORNIA REGIONAL WATER QUALITY CONTROL BOARD 
SAN FRANCISCO BAY REGION 

 
 

Standard Provisions and Reporting Requirements 
for 

NPDES Stormwater Discharge Permits 
 

February 2009 
 
A. GENERAL PROVISIONS 

1. Neither the treatment nor the discharge of pollutants shall create a pollution, 
contamination, or nuisance as defined by Section 13050 of the California Water Code. 

2. All discharges authorized by this Order shall be consistent with the terms and conditions 
of this Order. 

3. Duty to Comply 
a. If a toxic effluent standard or prohibition (including any schedule of compliance 

specified in such effluent standard or prohibition) is established under Section 307(a) 
of the Clean Water Act, or amendments thereto, for a toxic pollutant which is present 
in the discharge authorized herein and such standard or prohibition is more stringent 
than any limitation upon such pollutant in a Board adopted Order, discharger must 
comply with the new standard or prohibition. The Board will revise or modify the 
Order in accordance with such toxic effluent standard or prohibition and so notify the 
discharger. 

b. If more stringent applicable water quality standards are approved pursuant to Section 
303 of the Clean Water Act, or amendments thereto, the discharger must comply with 
the new standard. The Board will revise and modify this Order in accordance with 
such more stringent standards. 

c. The filing of a request by the discharger for a permit modification, revocation and 
reissuance, or termination, or a notification of planned changes or anticipated 
noncompliance does not stay any permit condition. [40 CFR 122.41(f)] 

4. Duty to Mitigate 
The discharger shall take all reasonable steps to minimize or prevent any discharge in 
violation of this order and permit which has a reasonable likelihood of adversely 
affecting public health or the environment, including such accelerated or additional 
monitoring as requested by the Board or Executive Officer to determine the nature and 
impact of the violation. [40 CFR 122.41(d)] 

5. Pursuant to U.S. Environmental Protection Agency regulations the discharger must notify 
the Water Board as soon as it knows or has reason to believe (1) that they have begun or 
expect to begin, use or manufacture of a pollutant not reported in the permit application, 
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or (2) a discharge of toxic pollutants not limited by this permit has occurred, or will 
occur, in concentrations that exceed the limits specified in 40 CFR 122.42(a). 

6. The discharge of any radiological, chemical, or biological warfare agent waste is 
prohibited. 

7. All facilities used for transport, treatment, or disposal of wastes shall be adequately 
protected against overflow or washout as the result of a 100-year frequency flood. 

8. Collection, treatment, storage and disposal systems shall be operated in a manner that 
precludes public contact with wastewater, except where excluding the public is 
inappropriate, warning signs shall be posted. 

9. Property Rights 
This Order and Permit does not convey any property rights of any sort or any exclusive 
privileges. The requirements prescribed herein do not authorize the commission of any 
act causing injury to the property of another, nor protect the discharger from liabilities 
under federal, state or local laws, nor create a vested right for the discharge to continue 
the waste discharge or guarantee the discharger a capacity right in the receiving water. 
[40 CFR 122.41(g)] 

10. Inspection and Entry 
The Board or its authorized representatives shall be allowed: 

a. Entry upon premises where a regulated facility or activity is located or conducted, or 
where records are kept under the conditions of the order and permit; 

b. Access to and copy at, reasonable times, any records that must be kept under the 
conditions of the order and permit; 

c. To inspect at reasonable times any facility, equipment (including monitoring and 
control equipment), practices, or operations regulated or required under the order and 
permit; and 

d. To photograph, sample, and monitor, at reasonable times for the purpose of assuring 
compliance with the order and permit or as otherwise authorized by the Clean Water 
Act, any substances or parameters at any locations. [40 CFR 122.41(i)] 

11. Permit Actions 
This Order and Permit may be modified, revoked and reissued, or terminated in 
accordance with applicable State and/or Federal regulations. Cause for taking such action 
includes, but is not limited to any of the following: 

a. Violation of any term or condition contained in the Order and Permit; 

b. Obtaining the Order and Permit by misrepresentation, or by failure to disclose fully 
all relevant facts; 

c. Endangerment to public health or environment that can only be regulated to 
acceptable levels by order and permit modification or termination; and 

d. Any condition that requires either a temporary or permanent reduction or elimination 
of the authorized discharge. 
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12. Duty to Provide Information 
The discharger shall furnish, within a reasonable time, any information the Board may 
request to determine whether cause exists for modifying, revoking and reissuing, or 
terminating the permit. The discharger shall also furnish to the Board, upon request, 
copies of records required to be kept by its permit. [40 CFR 122.41(h)] 

13. Availability 

A copy of this permit shall be maintained at the discharge facility and be available at all 
times to operating personnel. 

14. Continuation of Expired Permit 

This permit continues in force and effect until a new permit is issued or the Board rescinds the 
permit. Only those dischargers authorized to discharge under the expiring permit are covered by 
the continued permit. 
 

B. GENERAL REPORTING REQUIREMENTS 
1. Signatory Requirements 

a. All reports required by the order and permit and other information requested by the 
Board or USEPA Region 9 shall be signed by a principal executive officer or ranking 
elected official of the discharger, or by a duly authorized representative of that 
person. [40 CFR 122.22(b)] 

b. Certification 
All reports signed by a duly authorized representative under Provision E.1.a. shall 
contain the following certification: 
"I certify under penalty of law that this document and all attachments are prepared 
under my direction or supervision in accordance with a system designed to assure that 
qualified personnel properly gathered and evaluated the information submitted. Based 
on my inquiry of the person or persons who managed the system, or those persons 
directly responsible for gathering the information, the information submitted is, to the 
best of my knowledge and belief, true, accurate, and complete. I am aware that there 
are significant penalties for submitting false information, including the possibility of 
fine and imprisonment for knowing violations. [40 CFR 122.22(d)] 

2. Should the discharger discover that it failed to submit any relevant facts or that it 
submitted incorrect information in any report, it shall promptly submit the missing or 
correct information. [40 CFR 122.41(l)(8)] 

3. False Reporting 
Any person who knowingly makes any false statement, representation, or certification in 
any record or other document submitted or required to be maintained under this permit, 
including monitoring reports or reports of compliance or noncompliance shall be subject 
to enforcement procedures as identified in Section F of these Provisions. 

4. Transfers 
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a. This permit is not transferable to any person except after notice to the Board. The 
Board may require modification or revocation and reissuance of the permit to change 
the name of the Permittee and incorporate such other requirements as may be 
necessary under the Clean Water Act. 

b. Transfer of control or ownership of a waste discharge facility under an National 
Pollutant Discharge Elimination System permit must be preceded by a notice to the 
Board at least 30 days in advance of the proposed transfer date. The notice must 
include a written agreement between the existing discharger and proposed discharger 
containing specific dates for transfer of responsibility, coverage, and liability between 
them. Whether an order and permit may be transferred without modification or 
revocation and reissuance is at the discretion of the Board. If order and permit 
modification or revocation and reissuance is necessary, transfer may be delayed 180 
days after the Board's receipt of a complete application for waste discharge 
requirements and an NPDES permit. 
 

5. Compliance Reporting  
a. Planned Changes 

The discharger shall file with the Board a report of waste discharge at least 120 days 
before making any material change or proposed change in the character, location or 
volume of the discharge. 

b. Compliance Schedules 
Reports of compliance or noncompliance with, or any progress reports on, interim 
and final compliance dates contained in any compliance schedule shall be submitted 
within 10 working days following each scheduled date unless otherwise specified 
within this order and permit. If reporting noncompliance, the report shall include a 
description of the reason for failure to comply, a description and schedule of tasks 
necessary to achieve compliance and an estimated date for achieving full compliance. 
A final report shall be submitted within 10 working days of achieving full 
compliance, documenting full compliance 

c. Non-compliance Reporting (Twenty-four hour reporting:) 
i. The discharger shall report any noncompliance that may endanger health or the 

environment. All pertinent information shall be provided orally within 24 hours 
from the time the discharger becomes aware of the circumstances. A written 
submission shall also be provided within five working days of the time the 
discharger becomes aware of the circumstances. The written submission shall 
contain a description of the noncompliance and its cause; the period of 
noncompliance, including exact dates and times and, if the noncompliance has not 
been corrected, the anticipated time it is expected to continue; and steps taken or 
planned to reduce, eliminate, and prevent reoccurrence of the noncompliance. 

C. ENFORCEMENT 
1. The provision contained in this enforcement section shall not act as a limitation on the 

statutory or regulatory authority of the Board. 
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2. Any violation of the permit constitutes violation of the California Water Code and 
regulations adopted hereunder and the provisions of the Clean Water Act, and is the basis 
for enforcement action, permit termination, permit revocation and reissuance, denial of an 
application for permit reissuance; or a combination thereof. 

3. The Board may impose administrative civil liability, may refer a discharger to the State 
Attorney General to seek civil monetary penalties, may seek injunctive relief or take 
other appropriate enforcement action as provided in the California Water Code or federal 
law for violation of Board orders. 

4. It shall not be a defense for a discharger in an enforcement action that it would have been 
necessary to halt or reduce the permitted activity in order to maintain compliance with the 
conditions of this order and permit. 

5. A discharger seeking to establish the occurrence of any upset (See Definitions, G. 24) has 
the burden of proof. A discharger who wishes to establish the affirmative defense of any 
upset in an action brought for noncompliance shall demonstrate, through properly signed 
contemporaneous operating logs, or other relevant evidence that: 

a. an upset occurred and that the Permittee can identify the cause(s) or the upset; 

b. the permitted facility was being properly operated at the time of the upset; 

c. the discharger submitted notice of the upset as required in paragraph E.6.d.; and  

d. the discharger complied with any remedial measures required under A.4. 
No determination made before an action for noncompliance, such as during 
administrative review of claims that noncompliance was caused by an upset, is final 
administrative action subject to judicial review. 
In any enforcement proceeding, the discharger seeking to establish the occurrence of 
any upset has the burden of proof. [40 CFR 122.41(n)] 

 

D. DEFINITIONS 
1. DDT and Derivatives shall mean the sum of the p,p' and o,p' isomers of DDT, DDD 

(TDE), and DDE. 

2. Duly authorized representative is one whose: 

a. Authorization is made in writing by a principal executive officer or ranking elected 
official; 

b. Authorization specifies either an individual or a position having responsibility for the 
overall operation of the regulated facility or activity, such as general manager in a 
partnership, manager, operator of a well or a well field, superintendent, position of 
equivalent responsibility, or an individual or position having overall responsibility for 
environmental matters for the company. (A duly authorized representative may thus 
be either a named individual or any individual occupying a named position.); and 

c. Written authorization is submitted to the USEPA Region 9. If an authorization 
becomes no longer accurate because a different individual or position has 
responsibility for the overall operation of the facility, a new authorization satisfying 
the requirements above must be submitted to the Board and USEPA Region 9 prior to 
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or together with any reports, information, or applications to be signed by an 
authorized representative. 

3. Hazardous substance means any substance designated under 40 CFR 116 pursuant to 
Section 311 of the Clean Water Act. 

4. HCH shall mean the sum of the alpha, beta, gama (Lindane), and delta isomers of 
hexachlorocyclohexane. 

5. Overflow is defined as the intentional or unintentional spilling or forcing out of untreated 
or partially treated wastes from a transport system (e.g. through manholes, at pump 
stations, and at collection points) upstream from the plant headworks or from any 
treatment plant facilities. 

6. Priority pollutants are those constituents referred to in 40 CFR S122, Appendix D and 
listed in the USEPA NPDES Application Form 2C, (dated 6/80) Items V-3 through V-9. 

7. Storm Water means storm water runoff, snow melt runoff, and surface runoff and 
drainage. It excludes infiltration and runoff from agricultural land. 

8. Toxic pollutant means any pollutant listed as toxic under Section 307(a)(1) of the Clean 
Water Act or under 40 CFR S401.15. 

9. Total Identifiable Chlorinated hydrocarbons (TICH) shall be measured by summing the 
individual concentrations of DDT, DDD, DDE, aldrin, BHC, chlordane, endrin, 
heptachlor, lindane, dieldrin, PCBs and other identifiable chlorinated hydrocarbons. 

10. Waste, waste discharge, discharge of waste, and discharge are used interchangeably in 
this order and permit. The requirements of this order and permit are applicable to the 
entire volume of water, and the material therein, which is disposed of to surface and 
ground waters of the State of California.  

 

RB-AR6607



Municipal Regional Stormwater Permit                                                             NPDES No. CAS612008 
Order No. R2-2009-0074  Attachment L 
 

Attachment L L-1  Date:  November 28, 2011 

ATTACHMENT  L  
Provision C.3.c.i.(1)(b)(vi) 

Specification of Soils for Biotreatment or Bioretention Facilities 
 

Soils for biotreatment or bioretention areas shall meet two objectives: 

• Be sufficiently permeable to infiltrate runoff at a minimum rate of 5" per hour during the 
life of the facility, and  

• Have sufficient moisture retention to support healthy vegetation.  

Achieving both objectives with an engineered soil mix requires careful specification of soil 
gradations and a substantial component of organic material (typically compost).  

Local soil products suppliers have expressed interest in developing ‘brand-name’ mixes that 
meet these specifications. At their sole discretion, municipal construction inspectors may choose 
to accept test results and certification for a ‘brand-name’ mix from a soil supplier.  

Tests must be conducted within 120 days prior to the delivery date of the bioretention soil to the 
project site.  

Batch-specific test results and certification shall be required for projects installing more than 100 
cubic yards of bioretention soil. 

 
SOIL SPECIFICATIONS 
Bioretention soils shall meet the following criteria. “Applicant” refers to the entity proposing the 
soil mixture for approval by a Permittee. 

1. General Requirements – Bioretention soil shall: 

a. Achieve a long-term, in-place infiltration rate of at least 5 inches per hour.  

b. Support vigorous plant growth.  

c. Consist of the following mixture of fine sand and compost, measured on a volume basis:  

60%-70% Sand  

30%-40% Compost  

2. Submittal Requirements – The applicant shall submit to the Permittee for approval:  

a. A sample of mixed bioretention soil.  

b. Certification from the soil supplier or an accredited laboratory that the Bioretention Soil 
meets the requirements of this guideline specification.  

c. Grain size analysis results of the fine sand component performed in accordance with 
ASTM D 422, Standard Test Method for Particle Size Analysis of Soils.  

d. Quality analysis results for compost performed in accordance with Seal of Testing 
Assurance (STA) standards, as specified in 4.  
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e. Organic content test results of mixed Bioretention Soil. Organic content test shall be 
performed in accordance with by Testing Methods for the Examination of Compost and 
Composting (TMECC) 05.07A, “Loss-On-Ignition Organic Matter Method”.  

f. Grain size analysis results of compost component performed in accordance with ASTM 
D 422, Standard Test Method for Particle Size Analysis of Soils. 

g. A description of the equipment and methods used to mix the sand and compost to 
produce Bioretention Soil.  

h. Provide the name of the testing laboratory(s) and the following information:  

(1) Contact person(s)  

(2) Address(s)  

(3) Phone contact(s)  

(4) E-mail address(s)  

(5) Qualifications of laboratory(s), and personnel including date of current certification 
by STA, ASTM, or approved equal  

3. Sand for Bioretention Soil  

a. Sand shall be free of wood, waste, coating such as clay, stone dust, carbonate, etc., or any 
other deleterious material. All aggregate passing the No. 200 sieve size shall be non-
plastic.  

b. Sand for Bioretention Soils shall be analyzed by an accredited lab using #200, #100, #40, 
#30, #16. #8, #4, and 3/8 inch sieves (ASTM D 422 or as approved by municipality), and 
meet the following gradation:  

Sieve Size Percent Passing (by weight) 
Min                  Max 

3/8 inch 100 100 

No. 4 90 100 

No. 8 70 100 

No. 16 40 95 

No. 30 15 70 

No. 40 5 55 

No. 100 0 15 

No. 200 0 5 
 

Note: all sands complying with ASTM C33 for fine aggregate comply with the above 
gradation requirements. 
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4. Composted Material  

Compost shall be a well decomposed, stable, weed free organic matter source derived from 
waste materials including yard debris, wood wastes or other organic materials not including 
manure or biosolids meeting the standards developed by the US Composting Council 
(USCC). The product shall be certified through the USCC Seal of Testing Assurance (STA) 
Program (a compost testing and information disclosure program).  

a. Compost Quality Analysis – Before delivery of the soil, the supplier shall submit a copy 
of lab analysis performed by a laboratory that is enrolled in the US Composting Council’s 
Compost Analysis Proficiency (CAP) program and using approved Test Methods for the 
Evaluation of Composting and Compost (TMECC). The lab report shall verify:  

(1) Feedstock Materials shall be specified and include one or more of the following: 
landscape/yard trimmings, grass clippings, food scraps, and agricultural crop 
residues.  

(2) Organic Matter Content: 35% - 75% by dry wt.  

(3) Carbon and Nitrogen Ratio: C:N < 25:1 and C:N >15:1 

(4) Maturity/Stability: shall have a dark brown color and a soil-like odor. Compost 
exhibiting a sour or putrid smell, containing recognizable grass or leaves, or is hot 
(120F) upon delivery or rewetting is not acceptable. In addition any one of the 
following is required to indicate stability:  

(i) Oxygen Test < 1.3 O2 /unit TS /hr  

(ii) Specific oxy. Test < 1.5 O2 / unit BVS /  

(iii) Respiration test < 8 C / unit VS / day  

(iv) Dewar test < 20 Temp. rise (°C) e.  

(v) Solvita® > 5 Index value  

(5) Toxicity: any one of the following measures is sufficient to indicate non-toxicity.  

(i) NH4- : NO3-N < 3  

(ii) Ammonium < 500 ppm, dry basis  

(iii) Seed Germination > 80 % of control  

(iv) Plant Trials > 80% of control 
(v) Solvita® > 5 Index value 

(6) Nutrient Content: provide analysis detailing nutrient content including N-P-K, Ca, 
Na, Mg, S, and B.  

(i) Total Nitrogen content 0.9% or above preferred.  

(ii) Boron: Total shall be <80 ppm; Soluble shall be <2.5 ppm  

(7) Salinity: Must be reported; < 6.0 mmhos/cm  

(8) pH shall be between 6.5 and 8. May vary with plant species.  
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b. Compost for Bioretention Soil Texture – Compost for bioretention soils shall be analyzed 
by an accredited lab using #200, 1/4 inch, 1/2 inch, and 1 inch sieves (ASTM D 422 or as 
approved by municipality), and meet the following gradation:  

Sieve Size Percent Passing (by weight) 
Min                  Max 

1 inch 99 100 

1/2 inch 90 100 

1/4 inch 40 90 

No. 200 2 10 
 

c. Bulk density shall be between 500 and 1100 dry lbs/cubic yard  

d. Moisture content shall be between 30% - 55% of dry solids.  

e. Inerts – compost shall be relatively free of inert ingredients, including glass, plastic and 
paper, < 1 % by weight or volume.  

f. Weed seed/pathogen destruction – provide proof of process to further reduce pathogens 
(PFRP). For example, turned windrows must reach min. 55C for 15 days with at least 5 
turnings during that period.  

g. Select Pathogens – Salmonella <3 MPN/4grams of TS, or Coliform Bacteria <10000 
MPN/gram.  

h. Trace Contaminants Metals (Lead, Mercury, Etc.) – Product must meet US EPA, 40 CFR 
503 regulations.  

i. Compost Testing – The compost supplier will test all compost products within 120 
calendar days prior to application. Samples will be taken using the STA sample collection 
protocol. (The sample collection protocol can be obtained from the U.S. Composting 
Council, 4250 Veterans Memorial Highway, Suite 275, Holbrook, NY 11741 Phone: 
631-737-4931, www.compostingcouncil.org). The sample shall be sent to an independent 
STA Program approved lab. The compost supplier will pay for the test. 

 
VERIFICATION OF ALTERNATIVE BIORETENTION SOIL MIXES 
Bioretention soils not meeting the above criteria shall be evaluated on a case by case basis.  
Alternative bioretention soil shall meet the following specification:  “Soils for bioretention 
facilities shall be sufficiently permeable to infiltrate runoff at a minimum rate of 5 inches per 
hour during the life of the facility, and provide sufficient retention of moisture and nutrients to 
support healthy vegetation.” 

The following steps shall be followed by  municipalities  to verify that alternative soil mixes 
meet the specification: 
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1. General Requirements – Bioretention soil shall achieve a long-term, in-place infiltration rate 
of at least 5 inches per hour. Bioretention soil shall also support vigorous plant growth. The 
applicant refers to the entity proposing the soil mixture for approval. 

a. Submittals – The applicant must submit to the municipality for approval:  

(1) A sample of mixed bioretention soil.  

(2) Certification from the soil supplier or an accredited laboratory that the Bioretention 
Soil meets the requirements of this guideline specification.  

(3) Certification from an accredited geotechnical testing laboratory that the Bioretention 
Soil has an infiltration rate between 5 and 12 inches per hour as tested according to 
Section 1.b.(2)(ii). 

(4) Organic content test results of mixed Bioretention Soil. Organic content test shall be 
performed in accordance with by Testing Methods for the Examination of Compost 
and Composting (TMECC) 05.07A, “Loss-On-Ignition Organic Matter Method”.  

(5) Grain size analysis results of mixed bioretention soil performed in accordance with 
ASTM D 422, Standard Test Method for Particle Size Analysis of Soils. 

(6) A description of the equipment and methods used to mix the sand and compost to 
produce Bioretention Soil.  

(7) The name of the testing laboratory(s) and the following information: 

(i) contact person(s)  

(ii) address(s)  

(iii) phone contact(s)  

(iv) e-mail address(s)  

(v) qualifications of laboratory(s), and personnel including date of current 
certification by STA, ASTM, or approved equal 

b. Bioretention Soil  

(1) Bioretention Soil Texture  

Bioretention Soils shall be analyzed by an accredited lab using #200, and 1/2” inch 
sieves (ASTM D 422 or as approved by municipality), and meet the following 
gradation: 

Sieve Size Percent Passing (by weight) 
Min                  Max 

1/2 inch 97 100 

No. 200 2 5 
 

(2) Bioretention Soil Permeability testing  

Bioretention Soils shall be analyzed by an accredited geotechnical lab for the 
following tests: 
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(i) Moisture – density relationships (compaction tests) shall be conducted on 
bioretention soil.  Bioretention soil for the permeability test shall be compacted 
to 85 to 90 percent of the maximum dry density (ASTM D1557).   

(ii) Constant head permeability testing in accordance with ASTM D2434 shall be 
conducted on a minimum of two samples with a 6-inch mold and vacuum 
saturation.   

 

MULCH FOR BIORETENTION FACILITIES 
Mulch is recommended for the purpose of retaining moisture, preventing erosion and minimizing 
weed growth. Projects subject to the State’s Model Water Efficiency Landscaping Ordinance (or 
comparable local ordinance) will be required to provide at least two inches of mulch.  Aged 
mulch, also called compost mulch, reduces the ability of weeds to establish, keeps soil moist, and 
replenishes soil nutrients. Aged mulch can be obtained through soil suppliers or directly from 
commercial recycling yards. It is recommended to apply 1" to 2" of composted mulch, once a 
year, preferably in June following weeding. 
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ATTACHMENT  M 
 

Provision C.3.g. 
Santa Clara Permittees  

Revised Hydromodification Management Map 
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INTRODUCTION 

Pursuant to Rule 29(a) of the Federal Rules of Appellate Procedure and 

Circuit Rule 29-2, the California Regional Water Quality Control Board, Los 

Angeles Region (Regional Board) respectfully submits this amicus curiae 

brief in support of Plaintiff-Appellants’ opposition to Defendant-Appellee’s 

Petition for Rehearing or Rehearing En Banc (the Petition).1  In 2001, the 

Regional Board issued the Los Angeles County Municipal Separate Storm 

Sewer System National Pollutant Discharge Elimination System (NPDES) 

Permit (the Permit) that is the subject of this litigation. 

The Permit regulates discharges of stormwater and non-stormwater 

urban runoff from the Los Angeles County municipal separate storm sewer 

system (MS4) operated by the Los Angeles County Flood Control District 

(the District) and its co-permittees.  The Regional Board specified 

requirements to implement the federal Clean Water Act’s unique provisions 

for MS4s.  Mindful of the harmful social, health, and economic damage 

stormwater and urban runoff discharges have on Southern California’s 

world-class beaches, the Regional Board incorporated specific requirements 

                                           
1 As an agency of the State of California, the Regional Board is filing this 
brief as of right.  Fed R. App. P. 29(a). 
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to prevent and remedy violations of water quality standards in waters that 

receive these discharges.   

This brief addresses a single issue:  The District supported by two 

amici (Petitioners) contends the only remedy for a violation of the Permit’s 

water-quality based discharge prohibitions is to require a prospective 

modification to permittee’s stormwater management program and practices: 

“[N]o violation of the Permit occurs unless a permittee has failed to engage 

in the ‘iterative process’ set forth in Part 2 of the Permit.”  Petition at 15-18.  

The Regional Board contends that the discharge prohibitions are enforceable 

provisions of the Permit; a permittee who violates a discharge prohibition 

can be held liable for that violation. 

The Regional Board believes this Court got it right the first time, and 

therefore, rehearing is unnecessary.  Petitioners ask this Court for rehearing 

because they would like another chance to argue their iterative process 

theory and obtain a different result.  Yet this Court and every other court that 

has considered this argument – including the Los Angeles Superior Court, 

two California Courts of Appeal and the District Court in this matter2 – has 

rejected it.  Consistent with the earlier decisions, this Court’s March 11, 
                                           

2 District Court Order, March 2, 2010, n.8 at 9, Appellants’ Excerpt of 
Record (ER), at 8, 16. 
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2011 decision held that the Permit includes a clear, enforceable discharge 

prohibition.  Slip Opinion at 3360-61, 3370.  The Regional Board 

respectfully contends, therefore, that rehearing is unnecessary.  

This brief expands upon certain arguments the Regional Board 

presented in the amicus curiae brief it filed in the District Court’s related 

case Santa Monica Baykeeper v. City of Malibu, Civ. No. 08-1465.  

Appellants Further Excerpt of Record (FER) at FER 13.   

INTEREST OF THE AMICI CURIAE 

The Regional Board is a California state agency mandated to protect 

water quality in Los Angeles County and adjacent parts of the Pacific Ocean.  

Cal. Water Code §§ 13200, 13240-41; City of Arcadia v. State Water 

Resources Control Bd. (Arcadia II), 119 Cal.Rptr.3d 232, 240 (Cal. Ct. App. 

2010).  The Permit seeks to control the discharge of urban runoff and 

polluted stormwater into waters of Los Angeles County.  Permit at 3. 

Protecting the public from harm caused by urban runoff and stormwater 

pollution is an essential part of the Regional Board’s mandate.  In Los 

Angeles County, urban runoff and stormwater inevitably flow towards the 

ocean, site of popular beaches, active harbors and ports.  That polluted 

stormwater causes public health harm including gastrological distress, upper 

respiratory infections, and other diseases and ailments is well documented.  
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Permit at 3-5.  In addition to adversely affecting public health, beach 

closures, fishing advisories and pollution stigma adversely affect the 

region’s multi-billion coastal tourist economy. 

The federal Clean Water Act places “primary reliance for developing 

water quality standards on the states.”  City of Arcadia v. State Water 

Resources Control Bd. (Arcadia I), 38 Cal.Rptr.3d 373, 379 (Cal. Ct. App. 

2006) (quoting Scott v. Hammond 741 F.2d 992, 994 (7th Cir. 1984)).  The 

United States Environmental Protection Agency (U.S. EPA) has delegated 

authority to the Regional Board to issue NPDES permits.  Building Industry 

Ass’n of San Diego County v. State Water Resources Control Bd. (BIA), 22 

Cal.Rptr.3d 128, 134 (Cal. Ct. App. 2004); Permit, at 10.  Pursuant to that 

authority, the Regional Board spent two years developing – and five years 

defending in administrative and judicial forums – the Permit at issue here, 

which the Regional Board believes is an essential tool for protecting 

Southern California’s rivers, beaches and beachgoers. 

Over and above the general protection of the people it serves, the 

Regional Board has a strong interest in the interpretation of the Permit.  This 

Court’s ruling will impact both compliance obligations and the Regional 

Board’s ability to enforce violations of the Permit.  See, e.g., United States, 

ex rel. Holder, v. Special Devices, Inc, 296 F. Supp. 2d 1167, 1175 (C.D. 
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Cal. 2003).  If Petitioner’s interpretation were adopted, the Regional Board’s 

ability to enforce MS4 NPDES permits would be seriously undermined.  

Moreover, the Regional Board’s NPDES program would be at risk for 

revocation by the U.S. E.P.A.  This would be directly contrary to the 

California Legislature’s intent that California maintain local control over the 

regulation of its waters.  Cal. Water Code § 13370 (“It is in the interest of 

the people of the state, in order to avoid direct regulation by the federal 

government of persons already subject to regulation under state law . . . [for] 

the state to implement the provisions of the [federal Clean Water Act]”.) 

SUMMARY OF ARGUMENT 

Petitioners argue that the water-quality based discharge prohibitions in 

Part 2 of the Permit are not enforceable; instead, they contend, a permittee 

who violates one of those prohibitions need only modify the compliance 

programs specified in Part 3 of the Permit.  Yet, the water-quality based 

discharge prohibitions in Part 2 and the compliance programs in Part 3 are 

independent and separately enforceable.  Each section has its own purpose 

and meaning.  The fact that a permittee who violates a Part 2 discharge 

prohibition must modify its implementation of its stormwater management 

plan does not nullify or excuse the underlying violation.  A permittee that 
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has caused or contributed to an exceedance of water quality standards has 

still violated the prohibition and the Permit itself.   

Nothing in the language of the Permit supports the argument that by 

simply trying to meet water quality standards, or by waiting for an 

enforcement action, a permittee is shielded from its permit violations.  If the 

argument were correct, permittees would obtain the “safe harbor” they were 

already denied by California’s state courts when they challenged the Permit.  

Federal law, and the decisions of other courts, belie rather than support 

Petitioners’ argument.  Thus, Petitioners should not be allowed to obtain a 

different result through rehearing.  Further, rehearing is unnecessary because 

this Court’s March 11, 2011 decision fairly explained why Petitioners 

argument failed. 

ARGUMENT 

I. THE PERMIT’S WATER-QUALITY BASED DISCHARGE 
PROHIBITIONS ARE ENFORCEABLE 

A. The Regional Board Adopted Water Quality Standards 
to Protect the Beneficial Uses of the Waters of Los 
Angeles County 

California’s Porter–Cologne Water Quality Control Act (Porter-

Cologne Act), Water Code section 13000 et seq., requires the Regional 

Board to ensure compliance with the Clean Water Act and to protect the 
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State’s water quality. BIA, 22 Cal.Rptr.3d at 133.  To that end, the Regional 

Board adopts and periodically amends a basin plan, which identifies the 

“beneficial uses” of state and federal waters and specifies the water quality 

objectives necessary to protect those uses.  Water quality objectives are “the 

limits or levels of water quality constituents or characteristics which are 

established for the reasonable protection of beneficial uses of water or the 

prevention of nuisance within a specific area.”  Cal Water Code § 13050(h); 

Arcadia II, 119 Cal.Rptr.3d 240. 

Under the Porter-Cologne Act, water quality objectives, together with 

the beneficial uses they protect, serve as the State’s water quality standards.  

San Joaquin River Exch. Contractors Water Auth. v. State Water Res. 

Control Bd., 108 Cal.Rptr.3d 290, 297-98 (Cal. Ct. App. 2010), review 

denied (June 30, 2010), as modified (May 5, 2010).  Water quality standards 

do not depend on whether the source of pollution is diffuse or difficult to 

regulate, but look to the overall condition of the water itself and specifically 

what is necessary to protect the beneficial uses of the water and to prevent 

water quality degradation.  City of Burbank v. State Water Resources 

Control Bd. (Burbank),  26 Cal.Rptr.3d 304, 307-08 (Cal. 2005); 33 U.S.C. 

§ 1313; see also Arcadia II, 119 Cal.Rptr.3d at 250-51 (noting water quality 

standards apply to water bodies, not sources of pollution). 
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B. Parts 2 and 3 of the Permit are Independently 
Enforceable. 

Part 2 of the Permit – the “Receiving Water Limitations” – prohibits 

discharges that would cause pollution levels to threaten public health.  Part 

2.1 prohibits “discharges from the MS4 that cause or contribute to the 

violation of Water Quality Standards or water quality objectives,” while Part 

2.2 prohibits discharges that contribute to “a condition of nuisance.”  

Part 3 and Part 4 animate the Clean Water Act’s “maximum extent 

practicable” or “MEP” requirement with specific identifiable programs that 

supplement the provisions of Part 2 of the Permit.  To achieve the MEP 

standard, permittees must implement a “Storm Water Quality Management 

Program” or “SQMP” and  “best management practices” or “BMPs.”  Permit, 

Parts 3.A.2. & 3.B; 40 CFR § 122.26(d)(2). 

Part 3 includes its own mandates:  “Each Permittee shall, at a 

minimum” implement the SQMP.  Permit, Part 3.A.1.  “The Permittees shall 

implement or require the implementation of the most effective combination 

of BMPs.”  Permit Part 3.B.  Thus, under Parts 3 and 4 the requirements for 

each permittee to reduce pollutants to the MEP standard are binding and 

enforceable, independent of Part 2.  Nothing in the Permit supports 
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Petitioner’s argument that compliance with Part 2 satisfies the requirements 

found in Part 3, or vice versa.  

Parts 2.3 and 2.4 of the Permit, rather than nullifying the discharge 

prohibitions of Part 2, clarify that Parts 2 and 3, though independently 

enforceable, interact.  Part 2.3 states that the permittees shall “comply with” 

the discharge prohibition “through timely implementation of control 

measures and other actions . . . in accordance with the SQMP.”  The 

discharge prohibitions are thus water-quality-based performance standards 

for the SQMP, that amplify, and at times may reach beyond, the MEP 

standard expressed in Parts 3 and 4.  It is not enough for a SQMP to reduce 

stormwater pollution to the maximum extent practicable, the SQMP must 

also prevent discharges that would cause or contribute to “a violation of 

Water Quality Standards.”   

Part 2.3 also specifies the “iterative process.”  Upon a determination 

that a permittee’s discharges are “causing or contributing to an exceedance 

of an applicable Water Quality Standard . . . the permittee shall identify 

additional BMPs that [the permittee will implement] to reduce” the 

pollutants causing the exceedance.  Permit, Part 2.3.  In other words, a 

permittee who learns it has violated the discharge prohibition must amend its 
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SQMP to prevent future violations.  Part 2.4 reserves to the Regional Board 

the discretion to determine whether the additional BMPs are adequate. 

Thus, Parts 2 and 3, each with different purposes and requirements, co-

exist within the same Permit.  Nothing within the Permit allows compliance 

with one part to render the other meaningless or unenforceable.  Similarly, 

nothing in Part 2.3’s iterative process makes Parts 2.1 and 2.2 otherwise 

unenforceable. 

II. THE PETITIONERS’ INTERPRETATION OF THE PERMIT IS 
INCONSISTENT WITH THE CLEAN WATER ACT’S STRICT 
LIABILITY PROTOCOL. 

Petitioners contend “no violation of the Permit occurs unless a 

permittee has failed to engage in the ‘iterative process’ set forth in Part 2 of 

the Permit.”  Petition at 15.  In this view, violations of the Permit’s discharge 

prohibitions are not violations of the Permit.  Characterizing this claim as a 

“safe harbor argument,” as is often done, understates the claim.  Its 

proponents do not concede that a permittee who fails to comply with the Part 

2.3 iterative process can be deemed liable for violating the Part 2.1 discharge 

prohibition.  Rather their position is that the mere possibility of conducting 

the iterative process eliminates any potential liability under Part 2.1, 

regardless of whether a permittee has engaged in the iterative process or not. 
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Further, this argument is inconsistent with the Clean Water Act’s 

strict liability provisions.  United States v. Earth Sciences, Inc. 599 F.2d 368, 

374 (10th Cir. 1979); City of Brentwood v. Central Valley Regional Water 

Quality Control Bd., 20 Cal.Rptr.3d 322, 329 (Cal. Ct. App. 2004) (“The 

Clean Water Act does not permit pollution whenever that activity might be 

deemed reasonable or necessary; rather, the statute provides that pollution is 

permitted only when discharged under the conditions or limitations of a 

[NPDES] permit.” (quoting Natural Resources Defense Council, Inc. v. U.S. 

E.P.A. 822 F.2d 104, 123 (D.C.Cir.1987))).  This does not mean that 

Congress or an implementing agency cannot include a knowledge element 

for certain requirements, as the Regional Board did with the iterative process.  

The discharge prohibition of Part 2.1, however, has no such element; it is a 

pure water-quality based standard.  As such, the discharge prohibition is 

subject to the Clean Water Act’s strict liability standard.  

Because the Part 2.1 discharge prohibition is based on water quality 

standards, a violation of that prohibition means that the permittee is causing, 

or contributing to, pollution levels to exceed health-protective or otherwise 

safe levels.  Yet, under Petitioners’ view the permittee bears no liability and 

has no responsibility to take action unless and until it is informed of the 

violation.  The Regional Board agrees that a permittee’s obligation to begin 
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the iterative process is triggered when the permittee or the Regional Board 

“determin[es]” that the permittee’s “discharges are causing or contributing to 

an exceedance of water quality standards.”  Permit, Part 2.3.a.  That, 

however, is different from suggesting that the permittees are immune from 

any consequence for causing or contributing to violations of water quality 

standards unless and until they have knowledge of their violation. 

III. PETITIONERS’ OTHER ARGUMENTS FOR WHY A PERMITTEE CAN 
NEVER BE LIABLE FOR VIOLATING THE DISCHARGE 
PROHIBITION OF PART 2.1 ARE WITHOUT MERIT. 

As discussed above, there is not textual support for the contention that 

Parts 2.3 and 2.4 of the Permit are enforceable provisions while Parts 2.1 

and 2.2 are not.  Nor are any of Petitioners’ other arguments availing. 

A. The Discharge Prohibition of Part 2.1 Is Not Inconsistent 
with or Precluded by the Clean Water Act 

Petitioners argue that the Clean Water Act prohibits the Regional Board 

from including a water-quality based discharge prohibition in an MS4 permit.  

Their argument relies on a misreading of Defenders of Wildlife v. Browner 

(Defenders), 191 F.3d 1159, 1165 (9th Cir. 1999).  

In Defenders, this Court held that section 402(p) of the Clean Water 

Act does not require MS4 permits to strictly comply with water quality 

standards.  Id. 191 F.3d  at 1166.  The Court went on, however, to explain 
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that “the [U.S. EPA] has the authority to determine that ensuring strict 

compliance with state water-quality standards is necessary to control 

pollutants.”  Ibid.  In BIA, the California Court of Appeal similarly held that 

federal law neither barred a provision in an MS4 permit prohibiting a 

discharge that would cause a water body to exceed the applicable water 

quality standard an MS4 permit, nor precluded a regulatory agency from 

requiring an MS4 permittee “to comply with a state water quality standard if 

the required controls exceed a ‘maximum extent practicable’ standard.” 22 

Cal.Rptr.3d at 137 (construing 33 USC. § 1342(p)(3)(B)(iii)).  Thus, this 

Court and others have already concluded that a water quality based 

discharge prohibition, such as the one in Part 2.1 of the Permit, is consistent 

with and not precluded by section 402(p) of the Clean Water Act.    

B. The Los Angeles County Superior Court Rejected 
Petitioners’ Interpretation of the Permit. 

In 2001, the District, joined by many of its co-permittees, filed a 

petition for writ of mandate in the Los Angeles County Superior Court 

seeking, among other things, to invalidate Part 2.1 of the Permit.  County of 

Los Angeles v. California State Water Resources Control Bd. 50 Cal.Rptr.3d 

619 (Cal. Ct. App. 2006).  Petitioners contend that the Superior Court ruling 
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in that matter supports their interpretation of that same Part 2.1.3  In fact, as 

the District Court explained, the Superior Court held just the opposite:  “A 

state court has already … found that, based on the regulatory history 

underlying the creation of the Permit, there is no safe harbor for a Permittee 

who complies with the iterative process.”  District Court Order, March 2, 

2010, n.8 at 9, ER at 8, 19.  

The Superior Court also determined that federal law allowed the 

Regional Board to impose the discharge prohibitions.  The “Regional Board 

acted within its authority when it included Parts 2.1 and 2.2 in the Permit 

without a ‘safe harbor,’ whether or not compliance therewith requires efforts 

that exceed the ‘MEP’ standard.”  In re L.A. County Mun. Storm Water 

Permit Litig., No. BS 080548 (L.A. Super. Ct. Mar. 24, 2005).  Appellees’ 

Supplemental Excerpts of Record (ER) at 231-37.  The California courts 

ruled correctly ruled that Part 2.1 is enforceable and Petitioners cannot now 

challenge that ruling. 

                                           
3 Petitioners’ characterization of the Superior Court’s holding 

contradicts the position the County of Los Angeles took when 
unsuccessfully appealing the Superior Court decision.  See the Regional 
Board’s amicus curiae in Santa Monica Baykeeper v. City of Malibu, FER at 
13. 
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C. Petitioners Misconstrue Prior Representations by the 
Regional Board. 

In its amicus brief in Santa Monica Baykeeper v City of Malibu, the 

Regional Board explained that it adopted Part 2 of the Permit to comply with 

precedential orders requirements adopted by the State Water Resources 

Control Board (State Board).  FER at 13, 21-19.  The State Board issued 

those orders in response to a decision by U.S. EPA rejecting less stringent 

terms in other MS4 permits.  Ibid.  Indeed, previous permits specifically 

conditioned their Part 2 requirements by not requiring strict compliance with 

water quality standards, but by stating that compliance with an iterative 

process would mean compliance with the permits.  U.S. EPA disagreed that 

an MS4 permit could authorize exceedances of water quality standards at all, 

whether a permittee engaged in preventative programs or not.  Ibid.  This 

sequence illustrates the rapid evolution that stormwater regulation 

underwent in 2001.   

After the Regional Board adopted the Permit with the new provisions, 

its then-Chair circulated a memorandum explaining how the Regional Board 

would implement the Permit.  This is the “Diamond Letter” that the District 

discusses on pages 16-17 of the Petition.   Petitioner’s characterization of the 

Case: 10-56017   05/23/2011   Page: 20 of 28    ID: 7761559   DktEntry: 48RB-AR6635



 

16 

Diamond Letter as the Regional Board’s binding interpretation of the Permit 

is misplaced.   

The Diamond Letter expressed the Chairperson’s intention that the 

Regional Board would continue to work with permittees and the hope that 

the new provisions would enable continuous progress toward reduced 

stormwater pollution.  It also sought to assure dischargers that adoption of 

the 2001 Permit did not necessarily mean the Regional Board would 

immediately impose penalties based on strict liability.  To this extent, the 

letter should be viewed as a statement of intent with respect to how the 

Regional Board would exercise its enforcement discretion.  This reassurance, 

however, did not alter the permit requirements or somehow revoke the 

Regional Board’s enforcement authority under federal and state law.  See 

California Govt. Code § 11425.60 (regarding precedential agency 

determinations).  Nor did the letter allow the permittees to freely cause or 

contribute to exceedances of water quality standards.  Thus, the Diamond 

Letter did not change state or federal law or modify the terms of the Permit 

itself.  Nor, as the Superior Court found, is the Diamond Letter inconsistent 

with the Regional Board’s interpretation of the Permit.  SER at 236-37. 
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IV. THIS COURT’S MAY 11, 2011 DECISION DEMONSTRATES THAT 
REHEARING IS UNNECESSARY. 

Petitioners contend that rehearing is called for because the Court’s 

March 11, 2011 Opinion did not explicitly address the District’s argument 

regarding the iterative process.  The Opinion’s discussion of related issues, 

however, fully demonstrates why Petitioners’ iterative process argument 

must also fail.  Further, the Opinion quotes at length the provisions of Parts 

2.3 and 2.4 of the Permit that are the basis for the iterative process argument.  

Slip Opinion, at 3353 to 3355.   

In addressing the District’s various enforceability arguments, the Court 

reached several conclusions that effectively dispose of the District’s iterative 

process argument.  First:  “The Permit prohibits MS4 discharges into 

receiving waters that exceed the Water Quality Standards established in the 

Basin Plan and elsewhere.  Specifically, Part 2.1 provides:  ‘[D]ischarges 

from the MS4 that cause or contribute to the violation of Water Quality 

Standards or water quality objectives are prohibited.’”  Slip Opinion at 

3360-61.  Second:  “Only by enforcing the water-quality standards 

themselves as the limits could the purpose of the CWA and the NPDES 

system be effectuated.”  Id. at 3369, quoting Northwest Environmental 

Advocates v. City of Portland, 56 F.3d 979, 988-90. (9th Cir.1995).  Third: 
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“Defendants’ position that they are subject to a less rigorous or 

unenforceable regulatory scheme for their stormwater discharges cannot be 

reconciled with the significant legislative history showing Congress’s intent 

to bring MS4 operators under the NPDES-permitting system.”  Id. at 3366.  

Fourth:  “Our prior case law emphasizes that NPDES permit enforcement is 

not scattershot—each permit term is simply enforced as written.”  Slip 

Opinion at 3370.  Fifth:  “Accordingly, we agree with the district court’s 

determination that an exceedance detected through mass-emissions 

monitoring is a Permit violation that gives rise to liability for contributing 

dischargers.”  Id. at page 3371. 

These holdings, and the Opinion’s lengthy quotation of Parts 2.3 and 

2.4, provide a coherent explanation why, as a matter of law, the District’s 

iterative process argument must fail. 

CONCLUSION 

The Regional Board respectfully submits that the Court’s disposition of 

the iterative process issue was correct and that rehearing on that issue is not 

warranted.  
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INTRODUCTION 
The California Regional Water Quality Control Board, Los Angeles Region 

(Regional Board) is filing this amicus curiae brief to address issues regarding the 

interpretation of the Los Angeles County Municipal Storm Water National 

Pollutant Discharge Elimination System (NPDES) Permit (the Permit), which the 

Regional Board issued and implements.1  The Regional Board is concerned that  

Defendant City of Malibu (the City) has taken positions that are inconsistent with 

the Permit as adopted, interpreted, and implemented by the Regional Board.2     

The Regional Board submits this brief because the Permit is critical to the 

Board’s efforts to protect water quality in the Los Angeles Region. Storm water and 

urban runoff are among the principal threats to water quality in the region.  See 

Regional Board’s Request for Judicial Notice (RB RJN), Exhibit A, Permit, at pp. 

5-6 ¶ B.1 to B.6.  NPDES permits, such as the Permit, bridge the gap between water 

quality and regulatory requirements.  The Supreme Court has described NPDES 

permits as serving “to transform generally applicable effluent limitations and other 

standards including those based on water quality into the obligations . . .  of the 

individual discharger.”  Environmental Protection Agency v. California ex rel. State 

Water Resources Control Bd. 426 U.S. 200, 205, 96 S.Ct. 2022, 2025 (1976); see 

also Cal.Wat. Code, § 13370.  Here, the Permit “transforms” the water quality 

standards specified in the Los Angeles Basin Plan (see California Water Code 

section 13240) and the California Ocean Plan (id. at section 13170.2) into 

compliance obligations of the City and other co-permittees. 

                                           1 Issued in 2001, the Permit was Regional Board Order No. 01-182.  It has 
been amended twice. 

 2 Timing considerations have precluded the Regional Board from filing an 
amicus brief in the companion case, NRDC et al v. County of Los Angeles, et al, 
Case Number 08-1467 -AHM (PLAx), where many of the same issues appear.  The 
Court may consider the positions conveyed here in the companion case.  
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Ironically, by invoking the “permit as shield” doctrine, the City itself 

demonstrates the importance of interpreting the Permit in a manner that preserves 

its enforceability in both this action and administrative actions before the Regional 

Board. 3  The permit shield provision states that for purposes of enforcement, 

compliance with an NDPES permit is deemed compliance with sections of the 

Clean Water Act upon which those provisions are based.  33 U.S.C. § 1342(k).  But 

“compliance” means compliance with the entire Permit.  It is not the case that there 

is a one-to-one correlation between statutory requirements and permit provisions 

such that a permittee can insulate itself from direct liability under the statute by 

complying with selected permit provisions.  Any regulatory permit, particularly one 

as necessarily complex as a system-wide municipal separate storm sewer system 

(MS4) permit, represents an overall approach to the problem.   

This brief discusses three aspects of the Permit put at risk and potentially 

nullified by the City’s positions in this litigation.  First, the Permit’s prohibition of 

discharges that cause or contribute to an exceedance is an enforceable Permit 

requirement.  There is no “safe harbor” provision allowing permittees to escape 

liability with partial compliance.  Second, the Permit envisions a system of self-

monitoring and reporting: the permittees must identify an exceedance or other 

                                           
3   City’s Response to Plaintiff’s MSJ at 5, fn. 7.  The permit shield provision can be 
overstated, however, as it does not shield a permittee from all claims that the 
permittee has violated the Clean Water Act.  Nor does the provision mean that 
compliance with part of the permit means compliance with the whole permit, or that 
“good faith” is a factor in determining permit violations.  It certainly does not mean 
that if a permittee argues that it has no legal duty to comply, it can use its 
possession of a permit to avoid liability.  Instead, if polluters subject to other 
sections (33 U.S.C. §§ 1311, 1312, 1316, 1317 and 1343) have a permit issued 
under section 1342, then compliance with the 1342 permit shall be deemed 
compliance with those other sections.  (64 Fed.Reg. 68,722, 68,770 (Dec. 8, 1999).) 
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violation, and then take corrective action.  Because there are multiple permittees, 

they must work collaboratively to determine which permittees are causing or 

contributing to the exceedance.  It does not fall to the Regional Board, the United 

States Environmental Protection Agency (U.S. EPA) or citizens to investigate all 

potential causes of pollution before any individual permittee’s obligations begin.  

Third, the provisions of the Ocean Plan, including its discharge prohibition, like the 

provisions of any other Water Quality Control Plan, are incorporated into and 

enforceable through the Permit.  

 

ARGUMENT 

I. THE COURT SHOULD NOT REFRAIN FROM ADJUDICATING THESE 
MATTERS BASED UPON THE LOS ANGELES SUPERIOR COURT’S 
DECEMBER 24, 2009 STAY OF CERTAIN PERMIT PROVISIONS.  
The Regional Board disagrees with the stay issued by the Los Angeles 

Superior Court on December 24, 2009 and will vigorously defend the Permit 

modifications that are the subject of the Superior Court litigation.  The court’s stay 

affects only a few provisions of the Permit that are the subject of this citizen suit, 

and only until June 2, 2010.  Even with respect to those few provisions, the 

Regional Board contends that violations of the Permit predating the stay are still 

enforceable.   

II. VIOLATIONS OF WATER QUALITY STANDARDS ARE VIOLATIONS OF THE 
PERMIT.  

The Regional Board disagrees with the City’s contention that compliance with 

the Permit’s “iterative process” satisfies all the Permit’s water quality standards 

requirements.  In particular, the City argues that if it is complying with the 

“iterative process,” it is fully complying with the Permit and cannot be held liable 

for any exceedances of water quality standards.   See, e.g. City’s P&As in Support 

of Motion for Judgment on the Pleadings and Cross-Motion for Summary 
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Judgment, at 12-14, 4:19-20, and 5:6-9; 23-24; see also City’s Response to 

Plaintiff’s Motion for Summary Judgment at 10. 

A. Parts 2.1 and 2.2 Require Compliance with Water Quality 
Standards And Are Enforceable . 

The Regional Board issued the Permit as required by the Clean Water Act.  

See 33 U.S.C. § 1342(p)(3).  As part of issuing the Permit, the Regional Board 

considered tens of thousands of pages of reports and data and concluded that 

municipal storm water discharges are the principal cause of beach closures and 

water quality impairments.  RB RJN, Exhibit A, at 3-7.  The Regional Board 

considered the record and, exercising its authority under Section 402(p)(3)(B)(iii), 

included permit provisions to prevent MS4 discharges that cause of contribute to 

exceedances of water quality standards.  See 33 U.S.C. § 1342(p)(3)(B)(iii); see 

also County of Los Angeles v. California State Water Resources Control Bd., 143 

Cal.App.4th 985 (2006).  To this end, the Permit provides: 

1. Except as provided in Part 2.5 and 2.6 below, discharges from the MS4 
that cause or contribute to the violation of Water Quality Standards or 
water quality objectives are prohibited. 

2. Discharges from the MS4 of storm water, or non-storm water, for which 
a Permittee is responsible for, shall not cause or contribute to a condition 
of nuisance. 

Exhibit A at 25, Part 2 (“Receiving Water Limitations”).   

The plain meaning of these provisions is clear: they prohibit discharges that 

cause or contribute to a “violation of Water Quality Standards” or to a condition of 

nuisance.  The only “exceptions” concern even more explicit requirements provided 

in Parts 2.5 and 2.6 for protecting certain beaches during the summer dry weather 

months.4  As Permit requirements, these provisions are separately enforceable from 

                                           4 Those “exceptions” are the subject of the Los Angeles Superior Court’s 
stay, issued on December 24, 2009.  To the extent those newer provisions are 
stayed after December 24, 2009, then what remains are the general, pre-existing 
prohibitions of Parts 2.1 and 2.2. 
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other programs outlined within the Permit.  See 40 C.F.R. § 122.41(a) (“Any permit 

noncompliance constitutes a violation of the Clean Water Act and is grounds for 

enforcement action.”) 

In 2001, precisely because they understood Parts 2.1 and 2.2, the permittees 

filed administrative and judicial challenges to the Permit.  The permittees claimed 

then that they could not comply with what they now argue the Permit does not 

mean.   See County of Los Angeles, supra,143 Cal.App.4th at 985. The Los Angeles 

Superior Court and the California Court of Appeal upheld the Permit, the 

permittees’ concerns about Parts 2.1 and 2.2 notwithstanding.  In response, the 

County of Los Angeles and Los Angeles County Flood Control District (the 

Principal Permittee for the Permit) summarized the Permit in a petition for review 

to the California Supreme Court, “[A]ccording to the Regional Board, the County 

must comply with Parts 2.1 and 2.2[.]”  See RB RJN, Exhibit G, County’s Petition 

for Review at 257.   Further, the County entities argued that “[t]he Regional Board 

adopted a Permit requiring compliance with those water quality standards, terms 

that were ‘absolute and unconditioned.’  The Court of Appeal erred in not holding 

such action to be an abuse of discretion.”  Id. at 258.  The Supreme Court declined 

to review the Court of Appeal’s decision upholding the Permit and rejecting the 

Permittees’ pointed challenge to Parts 2.1 and 2.2.  Clearly, the permittees did not 

believe they had prevailed on their claims that Parts 2.1 and 2.2 cannot stand alone. 

Despite this prior acknowledgement by the permittees, the City now asserts 

that Parts 2.1 and 2.2 of the Permit cannot be enforced separately from the iterative 

process provisions that begin with Part 2.3.  See, e.g. City’s P&As in Support of 

Motion for Judgment on the Pleadings and Cross-Motion for Summary Judgment at 

4:19-20.  The City’s contention is contradicted by both the plain meaning of the 

Permit and the Principal Permittee’s previous position.   Further, the City’s own 

papers demonstrate that even if it was complying with the “iterative process,” this 

has not been enough to eliminate discharges of pollutants.  See, e.g. Thorsen 
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Declaration in Support of City’s Motion for Judgment on the Pleadings and Cross 

Motion for Summary Judgment, Exhibit A at 15 (claiming 160 violations of dry-

weather fecal indicator bacteria limits in the period 2008-2009).   

B. Reviewing Courts Have Concured that Parts 2.1 and 2.2 of the 
Permit are Enforceable. 

The argument, made by the City and others that Congress intended to prohibit 

implementing agencies from requiring MS4 dischargers to “strictly comply with 

promulgated water quality standards” has been rejected by several courts, including 

the decisions relied upon by the City.  City’s P&As in Support of Motion for 

Judgment on the Pleadings and Cross-Motion for Summary Judgment at 12-14.  

As addressed above, in their judicial challenges to the Permit, the permittees 

articulated the very interpretations of the Permit the City now attacks.  They 

presented that theory as overreaching by the Regional Board.  The reviewing courts, 

however, neither rejected the Regional Board’s interpretation nor overturned the 

Permit.     

At the time the permittees brought their challenge to the 2001 version of the 

Permit, the principal case arguably on point was Defenders of Wildlife v. Browner, 

191 F.3d 1159, 1165 (9th Cir. 1999), upon which the City continues to rely.  

Defenders, however, held that while “Congress did not require municipal storm-

sewer discharges to comply strictly with” water quality standards, “the [U.S. EPA] 

has the authority to determine that ensuring strict compliance with state water- 

quality standards is necessary to control pollutants.”  191 F.3d at 1166.  The latter 

holding, although arguably dicta, undermines any contention, in this judicial circuit, 

that Congress intended to prohibit U.S. EPA or state authorities from requiring 

MS4 owners and operators to comply with water quality standards. 

Similarly, in Building Industry Association of San Diego County v. State 

Water Resources Control Board, 124 Cal.App.4th 866 (2004) (BIA), the California 

Court of Appeal reviewed an MS4 permit issued by the California Regional Water 
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Quality Control Board, San Diego Region.  The permit included terms similar to 

the Permit in question here.  It prohibited the discharge of pollutants that caused or 

contributed to exceedances of receiving water objectives and/or caused or 

contributed to the violation of water quality standards and included an iterative 

process for responding to violations of water quality standards.  Id. at 876-77.  The 

issue on appeal was “narrow”: whether a regulatory agency could prohibit 

discharges that caused or contributed to exceedances of water quality standards, or 

whether the “maximum extent practicable” standard was the limit of permit controls.  

Id. at 880. 

The BIA court noted that Congress and the courts had long held that agencies 

should use water quality standards to supplement, not supplant, effluent limitations 

and conditions to prevent water quality from declining.  BIA, 124 Cal.App.4th at 

883-884 (citing Environmental Protection Agency v. State Water Resources Control 

Bd., supra, 426 U.S. at 205 fn. 12; PUD No. 1 of Jefferson County v. Washington 

Dept. of Ecology, 511 U.S. 700, 715; Northwest Environmental Advocates v. 

Portland, 56 F.3d 979, 987 (9th Cir. 1995).  Municipal permits, too, were intended 

to strengthen, not weaken, the Clean Water Act in this regard.  BIA, at 884.  The 

BIA court upheld the permit’s inclusion of prohibitory receiving waters language, in 

addition to provisions requiring controls to the maximum extent practicable.  Id. at 

885-886.  It found that Defenders agreed with this approach.  Id. at 886-887.  

“Although dicta, this conclusion reached by a federal court interpreting federal law 

is persuasive and is consistent with our independent analysis of the statutory 

language.”  Ibid.;  see also, City of Rancho Cucamonga v. Regional Water Quality 

Control Board—Santa Ana Region, 135 Cal.App.4th 1377, 1388-1389 (2006) 

(citing BIA to find that Water Boards are not limited to “maximum extent 

practicable” standard in MS4 permits, but may require compliance with water 

quality standards).   
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C. The Permit Does Not Include a Safe Harbor or “Good Faith” 
Exception to Permit Compliance.   

   Permittees would like to read a “safe harbor” into the Permit: if a permittee 

was in compliance with the iterative process specified in Sections 2.3 and 2.4 of the 

Permit, it would be in compliance with the Permit, regardless of whether water 

quality standards are met.  See, e.g, City’s P&As in Support of Motion for 

Judgment on the Pleadings and Cross-Motion for Summary Judgment at 12-14; 

City’s Response to Plaintiff’s MSJ at 10.  In other words, if a permittee is trying to 

meet water quality standards, it would be the same as meeting them.  The Regional 

Board did not include a safe harbor in the Permit and, under California law, could 

not have done so.  Further, the City now makes the same argument rejected in the 

permittees’ challenge to the 2001 Permit.   

In 1998, the State Water Resources Control Board (State Board) did, in fact, 

approve an MS4 permit with the type of “safe harbor” provision the City wants to 

read into the Permit.   RB RJN, Exhibit E, State Board WQ Order 98-01, at 219.  

The permit in question included the following language:  “The permittees will not 

be in violation of this provision so long as they are in compliance with [the iterative 

process set forth in the permit].”  Ibid. 

The U.S. EPA, however, objected to that safe harbor provision and issued its 

own permit, in effect mooting the state-issued permit.   RB RJN, Exhibit F, State 

Board Order 99-05, at 229.  In this manner, U.S. EPA supplanted three state-issued 

permits containing the improper safe harbor provision.  Ibid.  The State Board, in 

turn, issued a new Water Quality Order, amending its prior order, and directing the 

Regional Boards to include the language devised by EPA – with no safe harbor 

provision – in all future MS4 permits.  The State Board specifically invoked its 

authority to issue precedential, i.e. binding, decisions.  Id. at 230.  (In Resolution 

96-01, the State Board exercised its authority under Government Code section 
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11425.60 to designate its water quality orders, such as State Board Order WQ 99-

05 as precedential.)   

Notwithstanding the directives from the State Board and U.S. EPA, in 2001, 

the City and other permittees included a safe harbor provision in their MS4 permit 

application to the Regional Board.  RB RJN, Exhibit D, Report of Waste Discharge 

for Municipal Stormwater and Urban Runoff Discharges in the County of Los 

Angeles (Order No. 96-054, NPDES No. CAS614001).  The permittees proposed 

that the provision read as follows: “Timely and complete implementation by a 

Permittees(s) of the stormwater management programs prescribed in this Order 

shall satisfy the requirements of this section and constitute compliance with 

receiving water limitations.”  Id. at 159.) 

As required by State Board Order 99-05, the Regional Board did not include 

the safe harbor provision in the final permit.  RB RJN, Exhibit A, at 23-24 & 14, ¶ 

24 (intending the Permit’s receiving waters limitations language to be consistent 

with State Board Water Quality Order 99-05 and Defenders of Wildlife.)  The 

Regional Board’s position then, as now, is that the Permit cannot be read so as to 

excuse exceedances of water quality standards.  A permittee cannot shield itself 

from liability for causing exceedances of water quality standards simply by 

invoking the iterative process.  The permittees are well aware of this fact. 

The permittees have already complained that the Court of Appeal has upheld 

the Regional Board’s decision to omit a safe harbor provision from the Permit.  In 

its petition for review with the California Supreme Court, the Principal Permittee 

equated the absence of a safe harbor with going beyond what it contended was the 

Congressionally mandated Maximum Extent Practicable standard (MEP).  It argued 

that the Court of Appeal had erred by allowing the Regional Board to require the 

“impossible” by requiring compliance with Parts 2.1 and 2.2 and not be limited to 

the MEP standard.  RB RJN, Exhibit E, at 226.  As has been noted, despite these 

arguments, the Supreme Court denied review.  The permittees’ petition to the 
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Supreme Court, and their arguments in support of that petition, eviscerate the City’s 

claim that any court has read a “safe harbor” into the Permit. 

 In sum, the iterative process is a means of addressing violations, not a 

defense to them.  The process requires a permittee to identify violations and correct 

them.  It requires a permittee to assess the inadequacy of its best management 

practices and develop new measures.  The provisions also allow the Regional Board 

to assess a permittee’s best management practices and determine whether to require 

further, specific, actions to resolve the violations.  Information gathered through a 

permittee’s self-evaluation and reporting process may also assist the Regional 

Board in determining whether penalties or other enforcement actions are required.  

Nothing within the Permit, however, limits the Regional Board’s enforcement 

authority to only require permittees to engage in this iterative process or its ability 

to enforce the prohibitions of Parts 2.1 and 2.2 directly.  See also City of Rancho 

Cucamonga, supra,135 Cal.App.4th at 1388 (holding that there is no statutory right 

to a safe harbor provision stating that a permittee is in compliance with its permit if 

in full compliance with the terms and conditions of its permit). 

III. PERMITTEES ARE RESPONSIBLE FOR DISCHARGES FROM THEIR STORM 
SEWERS; REQUIRING THE REGIONAL BOARD TO DISENTANGLE 
PERMITTEES’ COLLECTIVE REPORTING AND DISCHARGES WOULD 
RENDER THE PERMIT VIRTUALLY UNENFORCEABLE  

The City takes the position that the plaintiffs have not met their burden of 

showing that the City in particular is liable for the exceedances observed adjacent to 

the City’s discharges.  See City’s Response to Plaintiff’s MSJ at 9, 12.  It suggests 

that until there is a formal determination that the City is responsible for discharges 

that cause or contribute to the exceedance of water quality standards, it need not 

examine monitoring data, inspect its own discharges, or determine whether it is 

responsible for poisoning receiving waters with bacteria, toxic metals, sediment or 

other pollutants.  City’s P&As in Support of Motion for Judgment on the Pleadings 
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and Cross-Motion for Summary Judgment at 24; see also City’s Response to 

Plaintiff’s MSJ at 17.  Again, the Regional Board disagrees.   

A. The Permit Prohibits Violations of Water Quality Standards, 
but also Requires the City to Identify and Correct Discharges 
that Cause or Contribute to Exceedances of Water Quality 
Standards. 

 The Permit makes the permittees responsible for complying with water quality 

standards.  RB RJN, Exhibit A, at 25, Part 2.1.  The Permit requires the permittees, 

including the City, to develop a program “designed to achieve compliance with 

receiving water limitations.”  RB RJN, Exhibit A at 25, Part 2.3.  Further, the 

Permit specifies that: 

If exceedances of Water Quality Objectives or Water Quality Standards 
(collectively, Water Quality Standards) persist, notwithstanding 
implementation of the [Storm Water Quality Management Plan] and its 
components and other requirements of this permit, the Permittee shall 
assure compliance with discharge prohibitions and receiving water 
limitations. 

Ibid. (emphasis added).  The Regional Board squarely placed upon the permittees 

the responsibility for assuring compliance.  The City’s arguments are wrong 

because they shift that responsibility away from the permittees.   

 In further discussing the permittees’ responsibilities, Part 2.3.a grants the 

Regional Board the authority to trigger the iterative process, but this does not erode 

the permittees’ responsibilities in the first instance.  Part 2.3.a specificies that 

“[u]pon a determination by either the Permittee or the Regional Board that 

discharges are causing or contributing to an exceedance of an applicable Water 

Quality Standard,” the permittee shall undertake a further sequence of actions 

designed to bring the permittee into compliance with the prohibitions.  RB RJN, 

Exhibit A, at 25, Part 2.3.a (emphasis added).  First, this language must be read in 

the context of Part 2.3, which places responsibility on the permittees for assuring 

compliance.  Nothing in Part 2.3.a diminishes the City’s obligation to assure 

compliance with water quality standards.  Second, the language merely ensures that 
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in addition to the City’s obligation to identify exceedances and direct the permittees 

to take further actions, the Regional Board can determine that there are exceedances 

and direct the permittees to take further actions.  This makes perfect sense.  The 

agency primarily responsible for enforcing the Clean Water Act in the Los Angeles 

Region can force the permittees to comply with the Permit.  As discussed in greater 

detail below, Part 2.3.a cannot be read to excuse the City from making the required 

determination and assuring compliance with water quality standards. 

B. The Monitoring and Self-Reporting Provisions of the Permit 
Place the Burden on Permittees to Respond to an Exceedance of 
Water Quality Standards; They Cannot Wait For A Formal 
Determination of Liability before Self-Reporting and Analysis 
Begins. 

 

While the City relies upon its alleged “good faith” compliance with the 

iterative process, it also argues that these Permit provisions are triggered only upon 

a formal request by the Regional Board.  City’s P&As in Support of Motion for 

Judgment on the Pleadings and Cross-Motion for Summary Judgment at 5:6-9 & 

23-24.  The error in the City’s arguments is best understood by starting with the 

Clean Water Act’s fundamental premise: no one may discharge pollutants from a 

point source.  33 U.S.C. § 1311(a).  This prohibition is the cornerstone of the Act.  

The only means to avoid the total prohibition is to possess a permit issued under the 

NPDES program.  33 U.S.C. §§ 1311(a); 1342.  Permits are intended to impose 

effective enough controls upon dischargers that they may be allowed to discharge, 

rather than be held to account under the total prohibition.  See Natural Res. Def. 

Council v. Costle, 568 F.2d 1369, 1375 (D.C. Cir. 1977) (noting that a permitting 

agency has discretion to issue a permit or leave the discharge subject to section 

1311’s total bar).  Indeed, the Clean Water Act is intended to “restore and maintain 

the chemical, physical, and biological integrity of the Nation’s waters,” not to 

create a means for polluters to discharge pollution.  See 33 U.S.C. § 1251(a).  There 
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is no right to discharge waste.  Cal.Wat. Code, § 13263 (“All discharges of waste 

into waters of the state are privileges, not rights.”).   

When a permittee applies for, and receives, an NPDES permit, it implicitly 

agrees to comply with a host of regulations and requirements.  Among these is the 

need to establish and maintain records, sample and monitor discharges and report 

the results to the permitting agency.  See 33 U.S.C. § 1318(a); 40 C.F.R. §§ 

122.41(j); 122.48 & 123.25.  This system of self-reporting is critical to the NPDES 

program, which “fundamentally relies” upon it.  U.S. v. Brittain, 931 F.2d 1413, 

1416 (10th Cir. 1991).5  The data provided through accurate and complete 

monitoring reports serve as conclusive evidence as to whether permit violations 

exist.  Ibid.; see also 40 C.F.R. §§ 122.26(d)(1)(iv)(B) (permit application must 

describe program to sample and analyze discharges); (d)(1)(iv)(E) (sampling points 

must be “appropriate for representative data collection”); 122.41(j) (samples should 

represent monitored activity); 122.44(i)(l) (permits must use monitoring to assure 

permit compliance).  The reports do not exist in a vacuum; it is the very process of 

reliable information-gathering and analysis required by these reports through which 

NPDES permits meet their goals of reducing or eliminating the discharge of 

pollutants.   

Given the importance of self-monitoring, analysis and reporting to NPDES 

permits—and, specifically to this Permit’s requirements—the City cannot wait until 

the Regional Board formally declares the City’s discharges to cause or contribute to 

exceedances before the City bears the responsibility to engage in self-analysis and 
                                           5 The need for this self-monitoring and assessment explains why a 
municipality cannot obtain a permit at all without proposing a monitoring program 
for representative data collection.  See, e.g., 42 C.F.R. § 122.26(d)(2)(iii)(D).  
Recognizing that administrative agencies rely upon monitoring and other reports to 
set permit conditions and enforce their terms, federal regulations require that these 
documents be signed and certified.  40 C.F.R. §§ 122.22; 122.26(d)(2)(iii)(A)(4).  
A permittee faces civil and/or criminal penalties for submitting false or incomplete 
information.  40 C.F.R. §§ 122.22(d); 122.41(l)(8).  A permitting agency may even 
terminate a permit or refuse to issue a new one if a permittees misrepresents facts at 
any time.  40 C.F.R. § 122.64(a).   
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reporting.  The City cannot shift the initial determination of liability from a straight 

look at objective monitoring data (asking whether levels of a given pollutant are 

greater than the applicable water quality standard) to instead require a subjective 

investigation as to the liability of each and every discharger potentially responsible 

for an exceedance of water quality standards before presuming that some, or all, of 

them bear responsibility.  Under the latter regime, the regulatory agency would 

need to formally establish that the particular municipality caused or contributed to 

an exceedance in order to obtain the very information needed to make that 

determination in the first place.  The argument is circular. 

To accept the City’s argument, along with its arguments elsewhere, would 

create a nonsensical permit implementation scheme that completely violates public 

policy and contradicts the purpose of the Clean Water Act.  The scheme would be 

this: the permittees would perform sampling and monitoring; they may become 

aware of violations of water quality standards; their own MS4s could be responsible 

for the violations; they could choose to ignore the violations or, choose not to report 

on such violations until the Regional Board ordered an investigation; if the 

Regional Board did not do so, then the permittee could do nothing; but if the 

Regional Board or a citizen’s group attempted enforcement without the information 

the permittee should have provided in the report, the permittee could shield itself 

from liability by claiming that the enforcing party did not have sufficient 

information to enforce the Permit.   

Such a scheme would be inconsistent with the Clean Water Act’s requirement 

for monitoring that is sufficient to determine compliance with water quality 

standards and its assumption that permittees will not hide from or turn a “blind-

eye” (whether willful or not) to violations.  Indeed, under the City’s read of the 

Permit and supporting law, no permittee would ever want to know of potential 

Permit violations or water quality exceedances.  And, if they knew of violations or 
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exceedances, they would not attempt to investigate whether the source of the 

discharges was theirs.   

In contrast to the City’s suggested implementation scheme, the effectiveness 

of the permittees’ storm water and other programs depends upon their honest 

participation; otherwise, the NPDES program does not function to reduce and 

eliminate the discharge of pollutants.  Compliance should not turn on whether a 

permittee gets caught violating the Permit.  It is the permittee, not the Regional 

Board, which bears the burden of catching problems with its system and, more 

importantly, reporting and addressing them.  RB RJN, Exhibit A, at 73, ¶ 6.A.2; see 

also 40 C.F.R. §122.41(l)(8). 

For example, every year, permittees must provide the Principal Permittee with 

“Individual Annual Reports,” which must summarize their storm water 

management programs’ effectiveness.6  RB RJN, Exhibit B, Monitoring and 

Reporting Program, at 81, § I.A.3; Exhibit C, Individual Annual Report Form, at 

139.  The summary should include an assessment of compliance with permit 

requirements, the strength and weaknesses of the management program and how 

cities have coordinated in support of those programs.  Ibid.  Without effective 

monitoring and self-assessment, permittees cannot perform this analysis and 

reporting.  Any failure to provide such complete reports creates a further problem: 

the Principal Permittee is required to submit a monitoring report every year based 

upon the Individual Annual Reports.  RB RJN, Exhibit B, at 82.  The report must 

provide data and results of water quality monitoring.  Ibid.  It must analyze, 

                                           6 The permittees’ Individual Annual Report Form asks whether a permittee is 
aware, or has been informed, that its MS4 has caused or contributed to a violation 
of water quality standards or condition of nuisance.  RB RJN, Exhibit C, Permit at 
106.  It also asks the permittee if the Regional Board has advised it that its MS4 has 
caused or contributed to an exceedance of water quality standards.  Ibid.  Under 
either situation, the permittee must attach a Receiving Water Limitations 
Compliance Report to its annual report.  Ibid.  This requirement stands in contrast 
to the City’s read of Part 2.3 as allowing it to wait for the Regional Board to issue 
orders before reporting on exceedances of water quality standards. 
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identify, and prioritize water quality problems.  Ibid.  It must identify potential 

sources of the problems and recommend future monitoring and programs to identify 

and address sources of pollutant discharges.  Id. at 82-83.  Thus, the determination 

of whether the Permit adequately controls the discharge of pollutants, why it does 

not adequately control the discharge of pollutants and how to prevent such 

discharges, rests upon the permittees to faithfully implement the Permit’s terms. 

The permittees are best situated to perform this analysis.  It only makes sense, 

therefore, that they cannot shield themselves from self-analysis and reporting 

obligations by shifting the burden to enforcing parties to prove that the City is liable 

for the discharge before these obligations arise.7   All permittees are expected to 

report any discharges that cause or contribute to exceedances of water quality 

standards or other instances of non-compliance.  RB RJN, Exhibit A, at 73 ¶ 6.A.3.   

C. The Systemwide Basis for the Permit Creates The Presumption 
that Municipalities Upstream of an Exceedance Share Liability 
for Exceedances. 

The Clean Water Act allows the Regional Board to issue MS4 permits on a 

system-wide basis, as it did for the City and its co-permittees.  See 40 C.F.R. § 

122.26(a)(1)(v) & (a)(3)(ii) (permitting agency may issue permit for categories of 

discharge, such as by municipality, by watershed, by system,  or by jurisdictions).  

This was the type of permit the City and 82 co-permittees sought, including the 

County of Los Angeles and the lead permittee, the Los Angeles County Flood 

Control District.  RB RJN, Exhibit D, at 149-155.  This was the type of permit they 

received.   

                                           7 As another example, for the Bacteria TMDL provisions incorporated into 
Part 2.5 and 2.6, the Regional Board advises that if Receiving Waters Limitations 
are exceeded, it “will generally” issue an order requesting investigation.  RB RJN 
19, ¶ 37.  But “generally” suggests that this may not always occur and, when read 
with the Permit’s other requirements, means that permittees cannot wait for 
Regional Board notification before beginning the self-evaluation and analysis 
necessary to correct exceedances.  
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The City’s argument—that it can act as if it is the only permittee—

misunderstands the operation of MS4 permits.  The word “municipal” in MS4 

refers to the type of discharger and does not imply that the permit has issued to a 

single municipality.  Final Rule, National Pollutant Discharge Elimination System 

Permit Application Regulations for Storm Water Discharges, 55 Fed.Reg. 47,990, 

48,040-41 (Nov. 15, 1990).  The City could have applied for its own permit.  40 

C.F.R. § 122.26(f).  It chose not to do so.  Thus, it became part of a larger system 

that must recognize the physical reality of the sewer systems’ interconnectedness.   

For this Permit—and for MS4 permits in general—co-permittees have an 

enforceable obligation to cooperate with day-to-day obligations and in response to 

observed exceedances.  RB RJN, Exhibit A, at 27-29.  As a general matter, each 

MS4 owner or operator is responsible for pollutants discharged from its system.  Id. 

at 5, 20-21.  In addition, by accepting a permit based on system-wide discharges, 

the City agreed to accept the additional roles and responsibilities necessary to 

control, and reduce the discharge of pollutants in, comingled discharges.  See, e.g. 

40 C.F.R. § 122.26(d)(2)(iv) (permit applicants propose management programs and 

controls showing plan for inter-government coordination to reduce the discharge of 

pollutants through management practices and controls), (d)(2)(vii)(when more than 

one legal entity applies for a permit, they agree to accept the roles and 

responsibilities necessary to ensure effective coordination) & (d)(2)(i)(D)(permittee 

must have legal authority and agreement with other dischargers to control 

contribution of pollutants from one portion of the MS4 to another).  This 

responsibility is the only meaningful way to read the requirements for a system-

wide permit.  If a permittee desires to opt out of this system-wide responsibility, it 

may submit its own distinct permit application which only covers discharges from 

its own MS4.  40 C.F.R. § 122.26(a)(3)(iii)(B).  Until then, it is part of a larger 

system. 
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The Permit recognizes that the inter-connected nature of the system means that 

it may be difficult to determine exactly where pollutanted originated within the 

MS4.  This does not mean, however, that the Permit assumes only one permittee 

may be responsible.  Instead, it recognizes that in such an integrated storm sewer 

system, “one or more Permittees” may have caused or contributed to violations.  

RB RJN, Exhibit A, at 19, ¶ 37(d).  

With respect to Parts 2.5 and 2.6 of the Permit (the Dry-Weather Bacteria 

TMDL provisions), the Permit provides a means for the Regional Board to “rule 

out” potential contributors pollutants to the system.  Once the permittee or Regional 

Board has data that show such exceedances, the permittee must provide information 

on its system.  Based upon this information, the Regional Board may determine that 

no enforcement is warranted against the permittee.  For example, if the Regional 

Board determines that the permittee could not have caused or contributed to the 

exceedance, the permittee will not be held liable for the water quality violation.  RB 

RJN, Exhibit A, at 19, ¶ 37.  Once data indicate that a violation of water quality 

standards is occurring, the Permit requires the permittees to undertake the necessary 

inquiry and develop information to either demonstrate that its discharges are not the 

source of the exceedances or, if they are the source, they must correct the problem.  

At this time, the City has not conducted the required inquiry and provided the 

Regional Board with the necessary information.  The Regional Board has not 

determined that the City is not liable.   

Having constructed a joint storm sewer system that, by design, co-mingles the 

cities’ discharges, they cannot avoid enforcement because one cannot determine the 

original source of pollutants in the waste stream.  Moreover, the Permit 

incorporates the type of monitoring scheme that the permittees’ expressly requested 

in their permit application.  RB RJN, Exhibit D, at 195-204.  That scheme 

determines compliance not at any city’s individual outfalls, but in-stream at “mass 

emissions stations” or at beach compliance monitoring sites, where waste has 
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already co-mingled.  In other words, the monitoring program that the permittees 

requested (and were granted) does not readily generate the permittee-by-permittee 

outfall data that the City would require as a precondition to enforcement.  

Therefore, any attempt to enforce the receiving water limitations would require an 

extensive and expensive investigation.  It would require the Regional Board to 

know all potential legal and illicit sources of discharge within a permittees’ system 

and jurisdiction.  It further would require the Regional Board to distinguish 

between molecules of pollutants as to whether they came from one city’s MS4 or 

another’s.  The Regional Board does not agree with the City that this burden rests 

upon the enforcing entity before violations are proven. 

 The City’s proposed burden-shifting undermines the enforceability of a 

system-wide-based Permit.  On the contrary, the Clean Water Act seeks to 

encourage, not impede, enforcement efforts and does not impose a heavy burden 

upon those who seek to hold violators accountable: 

One purpose of these new requirements is to avoid the necessity of 
lengthy fact finding, investigations at the time of enforcement. 
Enforcement of violations of requirements of this Act should be based 
on relatively narrow fact situations requiring a minimum of 
discretionary decision making or delay. 

U.S. v. Brittain, supra, 931 F.2d at 1416-1417 (citing legislative history for Clean 

Water Act).  In the context of citizens’ suits, allowing a permittee that knows of 

water quality violations to wait for the government to fully investigate discharges, 

and use any failure to perform such an investigation to shield itself from liability, 

would contradict the need to ensure that environmental laws are enforced.  See, e.g., 

Sierra Club v. Union Oil Co. of Cal., (N.D. Cal. 1988) 716 F.Supp. 429, 436 

(allowing citizens’ suits to enforce environmental laws absent state enforcement, 

rather than finding that government has “acquiesced” to permit violations by not 

investigating).   
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The Clean Water Act puts the onus on the permittee to have sufficient control 

over its system to prevent discharges that are not compliant.  See, e.g, 40 C.F.R. § 

122.26(d)(2)(iv)(B)(3) (application for permit must show how permittees will 

investigate any part of their system with a reasonable potential for contributing 

pollutants into the system from other sources).  The Permit is in accord.  RB RJN, 

Exhibit A, at 30-31 (permittees must have legal authority to inspect and monitor 

industrial sources within their jurisdiction that have the potential to discharge 

polluted storm water to the MS4).  The Act requires permittees to know their 

systems and to constantly evaluate the sufficiency of their storm water programs.  

Finally, should any permittee determine that it no longer wishes to be 

permitted under a system-wide regime, it has multiple opportunities to seek to have 

the permit modified or opt out of the permit.  Permits issued on a jurisdiction-wide, 

system-wide watershed or other basis may specify different conditions relating to 

different discharges.  40 C.F.R. § 122.26(a)(3)(v).  So, if a permittee is unable or 

unwilling to cooperate with adjacent jurisdictions within the structures created by 

the Permit, it could ask for particular situations/discharges to have their own 

conditions imposed.  It may also seek its own permit with permit terms that are 

specific to its own MS4.  40 C.F.R. § 122.26(a)(3)(iii)(B).  Or, conceivably, the 

MS4 operator who neither desires to work with other operators on a system-wide 

basis, nor wants responsibility for its own permit, could be denied a permit entirely.  

See Natural Res. Def. Council v. Costle, 568 F.2d at 1375.  “The use of the word 

‘may’ in [33 U.S.C. § 1342] means only that the Administrator has discretion either 

to issue a permit or to leave the discharger subject to the total proscription of [§ 

1311].  This is the natural reading, and the one that retains the fundamental logic of 

the statute.”  (Ibid. (emphasis added).) 
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IV. A VIOLATION OF THE OCEAN PLAN DISCHARGE PROHIBITION IS A 
VIOLATION OF THE PERMIT. 
The City argues that the Ocean Plan’s prohibition of discharging waste into an 

Areas of Special Biological Significance (ASBS) is not incorporated into the 

Permit.  The Regional Board does not agree. 

As noted above, the Permit incorporates Water Quality Standards from two 

Water Quality Control Plans: the Basin Plan for the Los Angeles Region and the 

statewide Ocean Plan.  RB RJN, Exhibit A, Part 5 at 72 (“‘Water Quality Standards 

and Water Quality Objectives’ means water quality criteria contained in the Basin 

Plan [and] the California Ocean Plan . . . .”); Cal.Wat. Code § 13050. The Permit 

does not make any distinction between the force and effect of the two plans.  Indeed 

the findings note that the “Ocean Plan contains water quality objectives which 

apply to all discharges to the coastal waters of California.”8  RB RJN, Exhibit A, at 

13 (emphasis added).   

The Ocean Plan is required by Water Code section 13170.2, which directs the 

State Board to update the plan triennially.   The prohibition on discharges of waste 

into ASBS is one such Water Quality Standard.  RB RJN, Exhibit I, Ocean Plan, at 

307-308 & 310;  In re Cal. Dep’t of Transp., Order WQ 2001-08 at 8-9 (Apr. 26, 

2001) (CalTrans) (“The Ocean Plan discharge prohibition is a water quality 

standard.”) 

The discharge prohibition is self-implementing and incorporated into the 

Permit.  Nothing in the language of the prohibition itself–“Waste shall not be 

discharged to designated Areas of Special Biological Significance except as 

provided in [the implementation provisions].”–or in those implementation 

provisions–“Discharges shall be located a sufficient distance from such designated 

areas to assure maintenance of natural water quality conditions in these areas” 

                                           8 A similar provision was included in the Permitees’ permit application.  RB 
RJN, Exhibit D, at152. 
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suggests that any additional agency action is needed to effectuate the prohibition. 

RB RJN, Exhibit I, Ocean Plan,  at 307-308 & 310.   On the contrary, the Ocean 

Plan establishes procedures for the State Board and the regional boards, 

respectively, to give permanent and temporary exceptions to the discharge 

prohibition.  RB RJN, Exhibit I, Ocean Plan, at 307-308 & 310.  Neither provision 

would be necessary if the prohibition was subject to an implementation process of 

the sort the City suggests. 

The Permit requires compliance with the ASBS discharge prohibition.  Here 

again, this is not a question of the Regional Board’s discretion.  Rather, the State 

Board’s determination in CalTrans that the discharge prohibition is a water quality 

standard is binding on the Regional Board.  Accordingly, the Permit itself 

references the CalTrans decision “The State Board in In Re: California Department 

of Transportation (State Board Order WQ 2001-08), determined that the discharge 

of storm water to ASBS is subject to the prohibition in the Ocean Plan against the 

discharge of wastes to an ASBS.”9  RB RJN, Exhibit A, at 13.    

In CalTrans, the California Department of Transportation (CalTrans) 

challenged a Cease and Desist Order, in which the Santa Ana Regional Board had 

directed the agency to cease discharging stormwater into an ASBS. The State Board 

held first that that “the discharge prohibition in the current Ocean Plan applies to 

storm water runoff.”  RB RJN, Exhibit H, State Water Resources Control Board, 

Order WQ 2001-09 at 271-272.  The State Board then addressed CalTrans’ 

contention that its State-Board-issued municipal storm water permit shielded it 

                                           9 This provision appeared in the Permit as issued in 2001.  See 
http://www.waterboards.ca.gov/losangeles/water_issues/programs/stormwater/muni
cipal/ms4_permits/los_angeles/01-182_LosAnglelesMS4Permit.pdf.    

The State Board issued its CalTrans order in April 2001; the Regional Board 
issued the 2001 Permit in December 2001.  That a former employee of the Regional 
Board, Dr Xavier Swamikannu, in his deposition, did not recall that the CalTrans 
decision predated the Permit is of no consequence. 

 

Case 2:08-cv-01465-AHM-PLA     Document 107      Filed 02/05/2010     Page 27 of 30RB-AR6670



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

 

 

 23 RQWCB AMICUS CURIAE BRIEF 
(CV 08-1465-AHM (PLAx) 

 

from compliance with the discharge prohibition.10  The State Board held there was 

no inconsistency because the CalTrans’ permit incorporated the Discharge 

Prohibition.  RB RJN, Exhibit H, at 272-273 (“Receiving Water Limitation C-1-2 

[sic.] prohibits discharges in violation of water quality standards. The Ocean Plan 

discharge prohibition is a water quality standard.)”11 

It is precisely because most Clean Water Act enforcement proceedings are 

based on violations of NPDES permits, as Malibu (and CalTrans) acknowledge, 

that water quality standards are incorporated wholesale rather than individually.  

EPA v. State Bd., supra, 426 U.S. 200 at 205 (“With few exceptions, for 

enforcement purposes a discharger in compliance with the terms and conditions of 

an NPDES permit is deemed to be in compliance with those sections of the 

Amendments on which the permit conditions are based . . . .”)  In the case of the 

Permit, as upheld by the California Court of Appeal, it incorporated and 

transformed the water quality standards into an enforceable prohibition on causing 

or contributing to exceedances of water quality standards.  The City’s interpretation 

of the Permit’s Receiving Water Limitations, such as section 2.1 of the Permit, 

would undermine, rather than “transform,” water quality standards if dischargers 

were shielded from every such standard not explicitly incorporated into the permit.   

/ / 

/ / 

/ / 

/ / 

                                           10 Although not a municipality under state law, because it owns and manages 
a municipal separate storm sewer system as defined by the Clean Water Act,  
CalTrans is required to obtain a “municipal” storm water permit.  40 C.F.R. § 
122.26(b)(8). 

   11 The Receiving Water Limitations in the present Permit and in the CalTrans 
permit are virtually identical.  The applicable provision of the CalTrans permit is C-
1-1; the reference in the CalTrans decision to Receiving Water Limitation C-1-2 
appears to be a typographical error. 
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STATE OF CALIFORNIA 

 

CALIFORNIA REGIONAL WATER QUALITY CONTROL BOARD 

LOS ANGELES REGION 

 

ORDER R4-2010-0108 

NPDES PERMIT NO. CAS004002 

WASTE DISCHARGE REQUIREMENTS  

FOR 

STORM WATER AND NON-STORM WATER DISCHARGES FROM THE 

MUNICIPAL SEPARATE STORM SEWER SYSTEM WITHIN THE VENTURA 

COUNTY WATERSHED PROTECTION DISTRICT, COUNTY OF VENTURA AND 

THE INCORPORATED CITIES THEREIN 

 

 

FINDINGS 

 

The California Regional Water Quality Control Board, Los Angeles Region (hereinafter called 

Regional Water Board), finds that: 

 

A. Permit Parties and History 

 

1. Ventura County Watershed Protection District (Principal Permittee and Co-

permittee), County of Ventura, cities of Camarillo, Fillmore, Moorpark, Ojai, 

Oxnard, Port Hueneme, San Buenaventura (Ventura), Santa Paula, Simi Valley and 

Thousand Oaks (hereinafter referred to separately as Permittees) have joined together 

to form the Ventura Countywide Storm Water Quality Management Program to 

discharge wastes.  The Permittees discharge or contribute to discharges of storm 

water and non-storm water from municipal separate storm sewer systems (MS4s), 

also called storm drain systems, into the Watershed Management Areas of Ventura 

River, Santa Clara River, Calleguas Creek, Malibu Creek and Miscellaneous Ventura 

Coastal all within Ventura County and Los Angeles County (see Attachment "A"). 

 

2. Prior to the issuance of this permit, storm water discharges from the Ventura County 

MS4 were covered under the countywide waste discharge requirements contained in 

Order No. 09-0057, adopted by the Regional Water Board on May 7, 2009, which 

replaced Order No. 00-108, adopted by the Regional Water Board on July 27, 2000, 

which replaced Order No. 94-082, adopted by the Regional Water Board on August 

22, 1994.  Order No. 09-0057 also served as a National Pollutant Discharge 

Elimination System (NPDES) permit for the discharge of municipal storm water. 

 

3. On June 8, 2009, the Building Industry Legal Defense Foundation, Construction 

Industry Coalition on Water Quality, and the Building Industry Association of 

Southern California, Inc. (collectively, “BIA”) submitted a petition to the State Water 

Resources Control Board (State Water Board) challenging Order No. 09-0057. On 
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March 10, 2010, the State Water Board requested that the Regional Water Board 

agree to a voluntary remand of Order No. 09-0057 in order to address perceived 

procedural issues in connection with adoption of Order No. 09-0057. The State Water 

Board also requested that BIA agree to place its petition in abeyance. On March 11, 

2010, the Regional Water Board agreed to a voluntary remand, and stated its intention 

to hold a hearing to reconsider the permit in July 2010. Since BIA did not agree to 

place its petition in abeyance, BIA’s petition was thereafter dismissed by operation of 

law. On May 5, 2010, the Regional Water Board notified the Permittees, the parties 

and other interested persons of its intent to reconsider Order No. 09-0057 and has 

provided them with an opportunity to submit written comments on provisions of the 

permit that were not previously subject to notice and comment. 

 

4. The Ventura County Board of Supervisors approved the concept of a countywide 

NPDES permit program and the use of the Flood Management District (presently the 

Watershed Protection District) benefit assessment authority to finance it on April 14, 

1992. On June 30, 1992, the Ventura County Board of Supervisors adopted a benefit 

assessment levy for storm water and flood management in the unincorporated areas of 

Ventura County and the cities within the County, to be used in part to finance the 

implementation of a countywide NPDES municipal storm water permit program. The 

Ventura County MS4 Permittees have entered into an agreement with the Watershed 

Protection District to finance the activities related to the Ventura County MS4 Permit 

for shared and district wide expenses. The Permittees are also given the option to use 

the Benefit Assessment Program to finance their respective activities related to 

reducing the discharge of storm water pollutants under the MS4 Permit. 

 

5. The Regional Water Board may require a separate NPDES permit for any entity that 

discharges storm water into the watersheds of Ventura County.  Such an entity can be 

any State or Federal facility, special district or other public or private party. 

 

B. Nature of Discharge 

 

1. Storm water discharges consist of surface water runoff generated from various land 

uses in all the hydrologic drainage basins, which discharge into Waters of the State.  

The quality of these discharges varies and is affected by geology, land use, season, 

hydrology, and sequence and duration of hydrologic events.  Based on the Ventura 

Countywide Storm Water Monitoring Program's Water Quality Monitoring Reports 

which were required under Order No. 00-108, the dry weather and wet weather 

Pollutants of Concern (POC) in urban stormwater include chloride, fecal indicator 

bacteria, conventional pollutants, metals, nitrogen, organic compounds, and 

pesticides.  The POC are identified in Attachment "B" of this Order.  Many of the 

POC listed are causing impairments identified on the federal Clean Water Act (CWA) 

§ 303(d) list of impaired waterbodies.   

 

The State Water Board submits a report (a list of water quality limited segments (§ 

303[d] list)) on the State's water quality to the U.S. EPA pursuant to § 305(b) of the 
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1972 CWA, and Title 40, CFR 130.7, every 2 years.  The Report provides water quality 

information to the general public and serves as the basis for the U.S. EPA's National 

Water Quality Inventory Report to Congress.  Section 303(d) requires that all waters that 

are not attaining standards after the implementation of those controls required by 1977, 

shall be included on the list.  Title 40 CFR 130.7(b)(3) defines "water quality standard 

applicable to such waters" as "those water quality standards established under § 303 

of the Clean Water Act, including numeric criteria, narrative criteria, waterbody uses, 

and antidegradation requirements." 

 

2. Common pollutants in urban storm water and their respective sources include, but are 

not limited to: bacteria from illegal discharges, illicit connections and animal waste; 

Polycyclic Aromatic Hydrocarbons (PAHs) from the products of internal combustion 

engine operation and parking lot sealants; nitrogen compounds from fertilizer 

application; pesticides from pest mitigating applications and from plant mitigating 

applications; bis (2-ethylhexyl) phthalate from the break down of plastic products; 

mercury from atmospheric fallout and improper disposal of mercury switches; lead 

from fuels, paints and automotive parts; copper from brake pad wear and roofing 

materials; zinc from tire wear and galvanized sheeting and fencing; sediment from 

land disturbance and erosion; trash; and dioxins as products of combustion. 

 

3. In general, the pollutants that are found in municipal storm water runoff can harm 

human health and aquatic ecosystems.  In addition, the high volumes and high 

velocities of storm water discharged from MS4s into receiving waters can adversely 

impact aquatic ecosystems and stream habitat and cause stream bank erosion and 

physical modifications; these changes are collectively termed hydromodification.  

Hydromodification and discharges of runoff and stormwater from urbanized areas 

remain a leading cause of impairment of surface waters in California and nationwide 

(U.S. EPA 2009). 

 

4. Ammonia as Nitrogen, and Nitrate plus Nitrite as Nitrogen are biostimulatory 

substances that can cause or contribute to eutrophic effects such as low dissolved 

oxygen and algae growth impairing aquatic and wildlife habitats as well as 

recreational uses.  At elevated concentrations, ammonia is highly toxic to fish and 

other aquatic life.   

 

5. Elevated bacterial indicator densities impair the water contact recreation (REC-1) 

beneficial use at beaches, creeks, lakes, estuaries, lagoons, and marinas.  Swimming 

in waters with elevated bacterial indicator densities has been associated with adverse 

health effects.  Specifically, local and national epidemiological studies indicate that 

there is a causal relationship between adverse health effects and recreational water 

quality, as measured by bacterial indicator densities (Pruss, 1998, Review of 

epidemiological studies on health effects from exposure to recreational waters, 

International Journal of Epidemiology; Haile et al., 1996, An epidemiological study 

of possible adverse health effects of swimming in Santa Monica Bay, Santa Monica 

Bay Restoration Project; and Haile et al., 1999, The health effects of swimming in 
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ocean water contaminated by storm drain runoff, Epidemiology).  Sources of elevated 

bacteria to marine and fresh waters may also include illegal discharges from 

improperly maintained standard septic systems, on-site wastewater treatment systems 

(OWTS) and illicit discharges from private drains. 

 

6. Pesticides are substances used to prevent, destroy, repel or mitigate pests such as 

insects, weeds, and microorganisms.  Their effects can be direct (e.g. fish die from 

exposure to a pesticide entering waterways, or birds do not reproduce after ingesting 

contaminated fish), or indirect (a hawk becomes sick from eating a mouse dying from 

pesticide poisoning). Pesticide categories include: Organochlorine, 

Organophosphorus, Organophosphate, and Pyrethroid. 

 

7. Polychlorinated Biphenyls (PCBs) are a subset of the synthetic organic chemicals 

known as chlorinated hydrocarbons.  Concern over PCBs’ toxicity, persistence 

(chemical stability) in the environment and bioconcentration in aquatic organisms has 

led to prohibitions on PCBs. 

 

8. Rising groundwater and swimming pool water have been found to be sources of 

pollutants such as salts (chloride).  Salts increase the salinity of otherwise freshwater 

systems and disrupt physiological processes.  The Regional Water Board has 

waterbodies listed on the CWA § 303(d) list for impairment due to salts and has 

adopted Basin Plan amendments to include Total Maximum Daily Loads (TMDLs) 

for salts.  This Order includes provisions to control the discharges from these 

activities in order to directly or indirectly reduce or eliminate the discharge of salts to 

fresh water systems where salts may impair water quality and beneficial uses. 

 

9. Trash and debris are pervasive pollutants which accumulate in streams, rivers, bays, 

and the ocean throughout Southern California.  They pose a serious threat to our 

oceans and coasts, navigation, biological resources, recreation, human health and 

safety, aesthetics, and economies. 

 

10. Municipal storm water (wet weather) and non-storm water (dry weather) discharges 

may contain pollutants that cause or threaten to cause an exceedance of the water 

quality standards, as outlined in the Los Angeles Region’s Basin Plan.  Wet weather 

and dry weather discharges from the MS4 are subject to conditions and requirements 

established in the Basin Plan for point source discharges.  Discharges from the MS4 

may not cause or contribute to exceedances of water quality standards. 

 

11. Biological communities act to integrate the effects of water quality conditions in a 

stream by responding with changes in their population abundances and species 

composition over time.  These populations are sensitive to multiple aspects of water 

and habitat quality, and provide expressions of ecological health easier to understand 

than the results of chemical and toxicity tests.  Biological assessments and criteria 

address the cumulative impacts of all stressors, especially habitat degradation, and 

chemical contamination, which result in a loss of biological diversity.  Biological 
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information can help provide an ecologically based assessment of the status of a 

waterbody.  Bioassessment is a cost-effective tool and protocol for assessing the 

biological and physical habitat conditions of streams and rivers for evaluation of the 

overall health of a watershed.  The Principal Permittee consents to participate in the 

Southern California Storm Water Monitoring Coalition (SMC) Southern California 

Regional Bioassessment Monitoring Program. 

 

12. Studies indicate that facilities with paved surfaces subject to frequent motor vehicular 

traffic (such as: strip malls, parking lots, commercial business parks, and fast food 

restaurants), or facilities that perform vehicle repair, maintenance, or fueling 

(automotive service facilities) are potential sources of POC in storm water (California 

Stormwater Quality Association, Stormwater Best Management Practice Handbook, 

Municipal, January 2003). 

 

13. Retail Gasoline Outlets (RGOs) are points of convergence for vehicular traffic and 

are similar to parking lots and urban roads.  Studies indicate that storm water 

discharges from RGOs have high concentrations of hydrocarbons and heavy metals 

(California Stormwater Quality Association, Stormwater Best Management Practice 

Handbook, Municipal, January 2003). 

 

14. The industries and businesses listed in this Order that are to be inspected by 

Permittees have the potential to discharge contaminated storm water into the MS4.  

This storm water is an environmental threat because it can adversely impact public 

health and safety, and the quality of receiving waters.  For example, pretreatment 

program compliance inspections and audits performed in the Los Angeles and 

Ventura Counties indicate that automotive service and food service facilities 

sometimes discharge polluted storm water to the MS4s.  The POC in such wash 

waters include oil and grease, toxic chemicals, and food waste.  Spills from clogged 

sanitary sewer lines have a high likelihood to reach the receiving waters via MS4s.  

Overall, the most common POC identified in storm water discharge to the MS4s are: 

(i) heavy metals, (ii) oil and grease/ PAHs, (iii) sediments, (iv) oxygen demanding 

substances, (v) litter/ trash/ debris, (vi) nutrients, (vii) other toxic materials, such as 

pesticides.  Municipal storm water monitoring data and industrial storm water 

monitoring data indicate that industrial and commercial sites continue to contribute 

significant quantities of pollutants in storm water runoff. 

 

15. Development and urbanization increase pollutant loads, volume, and discharge 

velocity.  First, natural vegetated pervious ground cover is converted to impervious 

surfaces (paved) such as highways, streets, rooftops and parking lots.  While natural 

vegetated soil can both absorb rainwater and remove pollutants providing an effective 

natural purification process, in contrast, impervious surfaces (such as pavement and 

concrete) can neither absorb water nor remove pollutants, and thus the natural 

purification characteristics are lost.  Second, urban development creates new pollution 

sources as the increased density of human population brings proportionately higher 

levels of vehicle emissions, vehicle maintenance wastes, municipal sewage waste, 
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pesticides, household hazardous wastes, pet wastes, trash, and other anthropogenic 

pollutants.  Development and urbanization especially threaten environmentally 

sensitive areas.  Such areas have a much lower capacity to withstand pollutant shocks 

than might be acceptable in the general circumstance.  In essence, development that is 

ordinarily insignificant in its impact on the environment may become significant in a 

particularly sensitive environment.  These environmentally sensitive areas (ESAs) 

designated by the State in the Ventura County watershed are defined in Part 6 

(Definitions). 

 
16. The increased volume, increased velocity, and discharge duration of storm water 

runoff from developed areas has the potential to accelerate downstream erosion and 

impair stream habitat in natural drainages.  Studies have demonstrated a direct 

relationship between the degree of imperviousness of an area and waterbody 

degradation (Impacts of Impervious Cover on Aquatic Systems, Center for Watershed 

Protection, March 2003; Management Strategies for Urban Stream Rehabilitation, 

Booth, D. et al., February 2003).  Significant declines in the biological integrity and 

physical habitat of streams and other receiving waters have been found to occur with 

as little as 3-10 percent conversion from natural to impervious surfaces in a 

subwatershed. Recent studies conducted in California indicate that intermittent and 

ephemeral streams are even more susceptible to the effects of hydromodification than 

streams from other regions of the U.S. with stream degradation being recognized 

when the associated catchment’s impervious cover is as little as 3-5% (Managing 

Runoff to Protect Natural Streams: The Latest Development on Investigation and 

Management of Hydromodification in California, Stein, E. and Zaleski, S., December 

2005; Effect of Increase in Peak Flows and Imperviousness on the Morphology of 

Southern California Streams, Coleman, D., April 2005).  The percentage of 

impervious cover is one indicator and predictor of potential water quality degradation 

expected from new development. 

 

17. The Order requires projects where it has been demonstrated to be technically 

infeasible to achieve less than 30% Effective Impervious Area, to mitigate off-site 1.5 

times the volume that would normally be required to be retained on site.  The increase 

in off-site mitigation is warranted because it has been concluded that, at impervious 

land cover over 30%, impacts on streams and wetlands become more severe, and 

degradation is almost unavoidable without special measures (Prince George’s County, 

MD 1999; BASMAA 1999; Center for Watershed Protection 2003). The off-site 

mitigation volume requirement may be met through retention and/or biofiltration. 

 

18. Low Impact Development (LID) is an effective approach to minimizing the adverse 

effects of urbanization and development on waterbodies and their beneficial uses that 

has been endorsed by California and other states. The California Ocean Protection 

Council (OPC), in a resolution adopted on May 15, 2008, found that LID is a 

practicable and superior approach that new and redevelopment projects can 

implement to minimize and mitigate increases in runoff and runoff pollutants and the 

resulting impacts on downstream uses, coastal resources and communities. In its 
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Strategic Plan Update 2008-2012, the State Water Board reiterated sustainability as a 

key principle, stating its commitment to “enhancing and encouraging sustainability 

within the administration of Water Board programs and activities by promoting water 

management strategies such as low impact development…” (SWRCB 2008).   

 

19. LID is a comprehensive source control strategy first pioneered by Prince George’s 

County, Maryland in 1997 to help address the growing economic and environmental 

limitations of conventional stormwater management practices. As LID was developed 

by a local government, it is sensitive to addressing local government’s unique 

environmental and regulatory needs in the most economical manner possible by 

reducing costs associated with stormwater infrastructure design, construction, 

maintenance and enforcement. LID also provides for local government’s need for 

economic vitality through reasonable and continued growth and redevelopment. LID 

allows for greater development potential with less environmental impacts through the 

use of smarter designs and advanced technologies to achieve a better balance between 

conservation, growth, ecosystem protection and public health / quality of life.  (Low 

Impact Development: Smart Technology For Clean Water Definitions, Issues, 

Roadblocks, and Next Steps, Coffman, Larry) 

 

20. The implementation of LID techniques across the United States and Canada has 

demonstrated that the proper implementation of LID techniques results in more 

benefits than single purpose stormwater and flood control infrastructure, including 

increased water quality protection, enhanced property values, improved aquatic and 

terrestrial habitat, aesthetic amenities, and improved quality of life (Reducing 

Stormwater Costs through Low Impact Development (LID) Strategies and Practices, 

USEPA Doc No. EPA 841-F-07-006, December 2007). Further, properly 

implemented LID techniques can help mimic the pre-project runoff volume and time 

of concentration, thus minimizing the adverse effects of hydromodification on stream 

habitat and biological condition (A Review of Low Impact Development Policies: 

Removing Institutional Barriers to Adoption, Low Impact Development Center and 

State of California, State Water Resources Control Board, December 2007).  The 

requirements of this Order facilitate the implementation of LID strategies to protect 

water quality, reduce runoff volume, and to garner additional benefits. 

 

21. The implementation of LID techniques have been associated with the following 

environmental benefits: improved air quality due to the increased use of trees and 

vegetation, reduced urban temperatures due to the shade offered by increased 

vegetation and the reduction of heat absorbing materials (concrete, etc.), the 

moderation of climate change due to reduced urban temperatures, increased energy 

efficiency due to lower ambient temperatures when LID practices are implemented on 

and around buildings, and aesthetic benefits due to the increased use of trees and 

vegetation (U.S. EPA Technical Guidance on Implementing the Storm Water Runoff 

Requirements for Federal Projects under Section 438 of the Energy Independence and 

Security Act). 
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22. Furthermore, the implementation of LID not only benefits water quality, but also 

enhances water supply. LID is consistent with and supports the Governor’s 20 x 2020 

Water Conservation Plan (February 2010); the State Board’s 2008-2012 Strategic 

Plan Update (i.e. to promote sustainable local water supplies); the State Board’s 

Recycled Water Policy (Resolution No. 2009-0011) objective to increase [beneficial] 

use of stormwater; requirements of the Water Conservation in Landscaping Act of 

2006 (AB 1881, Laird), which requires cities and counties to adopt landscape water 

conservation ordinances by January 1, 2010; and the Department of Water Resources’ 

Water Efficient Landscape Ordinance (Cal. Code Regs. §492.15). 

 

23. This Order requires specified New Development and Redevelopment projects to 

control pollutants, pollutant loads, and runoff volume emanating from impervious 

surfaces by specifying a 5% Effective Impervious Area (EIA) site limitation and a fixed 

runoff volume to be retained on site.  There is a growing acceptance by stormwater 

professionals and local governments to integrate LID strategies that limit impervious 

area, and associated onsite retention criteria, into stormwater management programs 

and MS4 permits.  For example, West Virginia’s Small MS4 Permit # WV0116025, 

requires the on-site retention of the volume of runoff produced from the first inch of a 

24-hour storm; the U.S. EPA’s Technical Guidance on Implementing the Storm Water 

Runoff Requirements for Federal Projects under Section 438 of the Energy 

Independence and Security Act, requires the on-site retention of the volume of runoff 

produced from the 95
th

 percentile storm event where technically feasible; the City of 

Philadelphia requires the onsite retention of the volume of runoff produced from the 

first inch of a 24-hour storm; and the City of Portland, Oregon requires the onsite 

infiltration of the runoff volume from a 10-year, 24-hour design storm. 

 
24. Based on a study conducted by Horner (2007) in Ventura County, it was found that a 

5% EIA threshold can be met in typical developments. This result was reached 

assuming the use of native soils typical to Ventura County; soil enhancements can 

further increase onsite infiltration potential. Using six different development types, 

the Horner study tested the feasibility of draining all but 3% of impervious area to 

pervious land on the sites. Five of the six sites had adequate or greater capacity to 

infiltrate the full annual runoff volume from the “Not-Connected Impervious Area” 

(NCIA) and pervious areas where EIA is limited to 3% of the total site area. By 

showing that it is possible to retain all runoff from pervious areas where EIA is 

limited to 3% of the total site area under typical site conditions (i.e. native soils) and a 

wide range of development types, the study results provide support for the feasibility 

of the 5% EIA threshold.  

 

25. Horner (2007) also found that developments implementing low impact strategies can 

achieve significant reductions in pollutant loading and runoff volume as well as 

greatly enhanced recharge rates compared to both developments with no BMPs and 

developments with traditional treatment BMPs. 
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26. In some circumstances, however, site conditions and the type of development can 

limit the feasibility of retaining, infiltrating, and reusing stormwater at sites due to a 

variety of site specific conditions.  Factors that affect the feasibility of a fixed volume 

capture standard include, but are not limited to: successive storms, soil infiltration 

capacity, subsurface pollution, and infill in urban core centers (e.g. R. Horner, 

Investigation of the Feasibility and Benefits of Low-Impact Site Design Practices 

(“LID”) for Ventura County (February 2007); E. Strecker, A. Poresky, D. Christsen, 

Memorandum: Rainwater Harvesting and Reuse Scenarios and Cost Consideration 

(April, 2009)).   

 

27. A major concern expressed by commenters is the 30% EIA limitation may not allow 

some projects to be built.  Part of the rationale supporting the feasibility of on site 

retention in Order 09-0057 was derived from the Richard Horner (2007) study.  The 

Horner study purports to demonstrate that stormwater infiltration is feasible 

throughout Ventura County and is the key study for an upper-bound EIA requirement.  

Horner’s approach to demonstrate feasibility is to estimate stormwater runoff volume 

and compare it to infiltration capacity.  While the Horner report has value at a general 

level and complements findings of other studies in Southern California and 

elsewhere. Staff has the following concerns with the Horner study conclusions with 

regard to the universal feasibility of achieving less than 30% EIA:  

 

• The Horner analysis is based on engineered infiltration basins rather than 

undisturbed pervious cover. 

• The Horner analysis cites the UCSB infiltration studies which are based 

on a relatively high permeability soils.  However, the EIR cited in the 

study by Horner shows a significant quantity percentage of the Ventura 

County soils are described as sandy loamy and are classified as “low 

permeability and slow draining. 

• The Horner analysis normalizes runoff rates and infilration capacity to an 

annual basis which may not address the critical conditions appropriate for 

the seasonal precipitation patterns in Ventura County.   

• Horner states the study was limited in scope such that its universal 

applicability throughout Ventura County is not well supported. 

 

Staff recognizes the significance of the 30% EIA threshold but cannot justify a strict 

cap. 

 

28. In a letter dated April 10, 2009, the Ventura County Permittees, NRDC and Heal the 

Bay presented an agreement to the Regional Water Board proposing new 

development/redevelopment criteria, including on-site retention requirements, a 5% 

EIA limitation, infeasibility criteria, a 30% EIA cap, and off-site mitigation 

provisions; the elimination of Municipal Action Levels (MALs); and weekly, year-

round beach water quality monitoring at 10 sites. The letter was signed by 

representatives of the parties, including NRDC, Heal the Bay, Ventura, Oxnard, Simi 

Valley, and the County of Ventura. At the Regional Board hearing on May 7, 2009, 
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the Ventura County Permittees, NRDC, and Heal the Bay reiterated their support for 

the agreement set forth in their joint April 10, 2009 comment letter and advocated 

that the agreement be incorporated into the permit in its entirety. 

 

29. Specific LID strategies include bioretention and rainwater harvesting for reuse. 

Bioretention is a method of treating stormwater by pooling water on the surface and 

allowing filtering and settling of suspended solids and sediment at the mulch layer, 

prior to entering the plant/soil/microbe complex media for infiltration and pollutant 

removal. Rain Gardens / bioretention techniques are used to accomplish water quality 

improvement and water quantity reduction. Prince George’s County, Maryland, and 

Alexandria, Virginia have used this BMP since 1992 with success in many urban and 

suburban settings.  Rain Gardens can be integrated into a site with a high degree of 

flexibility and can balance nicely with other structural management systems, 

including porous asphalt parking lots, infiltration trenches, as well as non-structural 

stormwater BMPs.  The Rain Garden vegetation serves to filter (water quality) and 

transpire (water quantity) runoff, and the root systems can enhance infiltration. The 

plants take up pollutants; the soil medium filters out pollutants and allows storage and 

infiltration of stormwater runoff; and the infiltration bed provides additional volume 

control (“Rain Gardens”, River-Friendly Landscaping Coalition, Sacramento, CA). 

Properly designed bioretention techniques mimic natural forest ecosystems through 

species diversity, density and distribution of vegetation, and the use of native species, 

resulting in a system that is resistant to insects, disease, pollution, and climatic 

stresses (Draft - Pennsylvania Stormwater Management Manual). 

 

As an alternative to redirection of stormwater to functional landscape, rain gutter 

flows can be directed into rain barrels or cisterns for later use in irrigating lawns and 

gardens.  Disconnections of rain gutters can effectively be implemented on existing 

properties with little change to present site designs.  The benefits of urban area 

rainwater harvesting can be huge, providing supplemental water for many local uses. 

Such as irrigating a vegetable garden and surrounding landscape, which also leaves 

more treated water in the municipal water supply to help cities through times of 

drought or other shortages. A number of cities in the Los Angeles Region, including 

Los Angeles, Long Beach and Santa Monica, have implemented successful rainwater 

harvesting incentive programs. 

 

30. Traditional approaches to stormwater management involve conveying runoff off-site 

to receiving waters, to a combined sewer system, or to a regional facility that treats 

runoff from multiple sites. These designs typically include hard infrastructure, such as 

curbs, gutters, and piping. LID-based designs, in contrast, are designed to use natural 

drainage features or engineered swales and vegetated contours for runoff conveyance 

and treatment. In terms of costs, LID techniques like conservation design can reduce 

the amount of materials needed for paving roads and driveways and for installing 

curbs and gutters. Conservation designs can be used to reduce the total amount of 

impervious surface, which results in reduced road and driveway lengths and reduced 

costs. Other LID techniques, such as grassed swales, can be used to infiltrate roadway 
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runoff and eliminate or reduce the need for curbs and gutters, thereby reducing 

infrastructure costs. Also, by infiltrating or evaporating runoff, LID techniques can 

reduce the size and cost of flood-control structures (Reducing Stormwater Costs 

through Low Impact Development (LID) Strategies and Practices, U.S. EPA). 

 

The U.S. EPA looked at 17 case studies throughout the country to determine if LID 

strategies were a cost effective alternative to conventional storm water control 

measures.  They found that the use of LID practices can be both fiscally and 

environmentally beneficial to communities.  They found total capital cost savings 

ranging from 15% to 80% when LID strategies were used compared with traditional 

stormwater control measures, with only a few cases noted where LID projects 

resulted in higher costs than traditional storm water controls.  In the majority of the 

cases, costs for projects implementing LID strategies were found to be less due to 

reduced costs for site grading and preparation, stormwater infrastructure, site paving, 

and landscaping (Reducing Stormwater Costs through Low Impact Development 

(LID) Strategies and Practices, U.S. EPA). 

 

31. The use of LID strategies also has the potential to create larger economic benefits, 

including but not limited to, reduced need for flood control, which could save up to 

$400 million; increased property values, which could amount to up to $5 billion; and 

creation of additional groundwater supplies worth up to $7.2 billion (Devinny et al. 

2004; MacMullan, E., Assessing Low Impact Developments Using a Benefit-Cost 

Approach, 2
nd

 National Low Impact Development Conference, March 12-14, 2007). 

  

32. The Regional Water Board adopted a Conditional Waiver of Waste Discharge 

Requirements for Discharges from Irrigated Lands (Order No. R4-2005-0080) on 

November 3, 2005.  The objective of the program is to monitor runoff from irrigated 

agriculture facilities in the coastal watersheds of Ventura and Los Angeles Counties.  

The Basin Plan, which designates beneficial uses and establishes water quality 

objectives for the Region, recognizes that agricultural activities can generate 

pollutants such as sediment, pesticides, and nutrients that upon discharge to receiving 

water can degrade water quality and impair beneficial uses.  A category identified by 

the Conditional Waiver as a source of pollutants is nursery operations.  This Order 

includes requirements for the municipal operator to confirm that nursery operators 

implement pollutant reduction and control measures with the objective of reducing 

pollutants in storm water runoff discharges. 

 

33. Research conducted on the contribution of aerial deposition of trace heavy metals in 

Los Angeles County watersheds indicates that dry indirect deposition may account 

for a significant load of pollutants into surface waters.  Similar patterns of aerial 

deposition likely occur in Ventura County.  Of the atmospherically deposited 

pollutants on the watersheds, ten to twenty percent may account for the total load for 

copper, zinc, nickel, lead, and chromium to the waterbodies.  Land reservoirs and 

sequestration may account for the remaining eighty to ninety percent of the 

atmospherically deposited pollutants on the watersheds.  Emissions of semi-volatile 
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organics such as polycyclic aromatic hydrocarbons (PAHs) and pesticides and their 

subsequent deposition may contribute to the contamination of receiving waters but 

appear to be less significant.  The remaining percentage is stored in land reservoirs 

and eventually shows up in receiving waters. 

 

C. Permit Background 

 

1. The essential components of the Storm Water Management Program, as required by 

the Code of Federal Regulations (CFR) [40 CFR 122.26(d)] are: 

(a) Adequate Legal Authority. 

(b) Fiscal Resources. 

(c) Storm Water Quality Management Program (SMP) 

(1) Public Information and Participation Program 

(2) Industrial/ Commercial Facilities Program 

(3) Planning and Land Development Program 

(4) Development Construction Program 

(5) Public Agency Activities Program 

(6) Illicit Connection and Illicit Discharges Elimination Program 

(d) Reporting Program (Monitoring Report and Program Report) 

 

2. The Ventura County SMP, dated November 2001 (revision 2) identifies seven 

program areas, which are listed below and were previously approved under Board 

Order No. 00-108.  For purposes of consistency, they are titled as follows: 

(a) Ventura County SMP. 

(1) Program Management 

(2) Programs for Residents 

(3) Programs for Industrial/ Commercial Businesses 

(4) Programs for Planning and Land Development 

(5) Programs for Construction Sites 

(6) Programs for Public Agency Activities 

(7) Programs for Illicit Connections/ Illegal Discharges 

(b) For purposes of region-wide consistency, the program titles are revised and 

consolidated into the six areas listed in the preceding C.1(c).  All Permittee storm 

water documents submitted to the Regional Water Board are to follow the 

organization enumerated in C.1(c). 

 

3. The Permittees filed a Report of Waste Discharge (ROWD), dated January 26, 2005.  

The Permittees applied for renewal of their waste discharge requirements for a 5-year 

period, which serves as an NPDES permit to discharge wastes to surface waters. 

 

4. The Regional Water Board reviewed the ROWD and determined it to be partially 

complete under the reapplication policy for MS4s issued by the United States 

Environmental Protection Agency (U.S. EPA) (61 Fed. Reg. 41697).  The Regional 

Water Board has prepared this Order so that implementation of provisions contained 
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in this Order by Permittees will meet the requirements of the federal NPDES 

regulations at 40 CFR 122.26. 

 

5. The Permittees ROWD contained a proposed Storm Water Management Program and 

a Monitoring Program to be considered by the Regional Water Board for 

incorporation into an MS4 NPDES Permit as permit conditions and to demonstrate 

compliance with federal law.   

 

6. To-date, the monitoring program has consisted of mass emission, receiving water 

(tributaries), and land-use monitoring stations, toxicity testing, special studies for 

bioassessment of the Ventura River and hydrology, identification of ESAs, 

implementation of the Storm Water Quality Urban Impact Mitigation Plan 

(SQUIMP), and has provided support for volunteer monitoring programs.  This Order 

requires a monitoring program consisting of mass emission, toxicity, TMDL storm 

water (wet weather) MS4 water quality-based effluent limits, TMDL non-storm water 

(dry weather) MS4 water quality-based effluent limits, Pyrethroid assessment study, 

continuation of the hydromodification study, low impact development study, and 

participation in the Southern California Regional Bioassessment Program and 

Southern California Bight Project (SCBP). 

 

7. The Principal Permittee is a member of the Southern California Coastal Water 

Research Project (SCCWRP) Commission.  The Principal Permittee also participates 

in the Regional Monitoring Programs and research partnerships, such as the Southern 

California Storm Water Monitoring Coalition (SMC) and the Bioassessment Working 

Group. 

 

D. Permit Coverage 

 

1. The area covered by this Order includes all areas within Ventura County boundaries 

and all areas within each co-permittee’s boundaries (see Figure 1) that drain into the 

MS4. 

 

2. The Permittees covered under this Order were designated on a system-wide basis 

under Phase I of the CWA § 402(p)(3)(B)(i).  The action of covering all Ventura 

County municipalities under a single MS4 permit on a system-wide basis was 

consistent with the provisions of  40 CFR 122.26(a)(3)(iv), which states that one 

permit application may be submitted for all or a portion of all municipal separate 

storm sewers within adjacent or interconnected large or medium municipal separate 

storm sewer systems; and the Regional Water Board may issue one system-wide 

permit covering all, or a portion of all municipal separate storm sewers in adjacent or 

interconnected large or medium municipal separate storm sewer systems. 

 

3. Federal, State, Regional, or local entities within the Permittees’ boundaries or in 

jurisdictions outside the Ventura County Watershed Protection District, and not 

currently named in this Order, may operate storm drain facilities and/ or discharge 
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storm water to storm drains and receiving waters covered by this Order.  The 

Permittees may lack legal jurisdiction over these entities under State and Federal 

constitutions.  The Regional Water Board will coordinate with these entities to 

implement programs that are consistent with the requirements of this Order.  The 

Regional Water Board may consider such facilities for coverage under its NPDES 

permitting scheme pursuant to USEPA Phase II storm water regulations. Permittees 

have expressed their intention to work cooperatively to control the contribution of 

pollutants from one portion of the MS4 to another portion of the system.  Permittees 

shall make good faith efforts to control the contribution of pollutants to the MS4 from 

non-permittee dischargers such as Caltrans, the U.S. Department of Defense, and 

other state and federal facilities. 

 

4. TMDLs are numerical calculations of the maximum amount of a pollutant that a 

waterbody can receive and still meet water quality standards, and an allocation of that 

amount to the pollutant's sources.  A TMDL is the sum of the allowable loads of a 

single pollutant from all contributing point sources (Waste Load Allocation (WLA)) 

and non-point sources (Load Allocation (LA)).  Discharges from the MS4s are 

considered point sources discharges, because the MS4 is a point source. 

 

5. This Order incorporates applicable WLAs that have been adopted by the Regional 

Water Board and have been approved by the Office of Administrative Law and the 

U.S. EPA.  The TMDL WLAs in the Order are expressed as water quality-based 

effluent limits in a manner consistent with the assumptions and requirements of the 

TMDL from which they are derived. 

 

6. The CWA and the California Water Code contain specific provisions on how 

wastewater discharges from point sources are to be permitted.  Stormwater discharges 

(both dry weather and wet weather) are considered point source discharges. 

 

7. Permittees should work cooperatively to control the contribution of pollutants from 

one portion of the MS4 to another portion of the system through inter-agency 

agreements or other formal arrangements. 

 

E. Federal, State and Regional Regulations 

 

1. The Water Quality Act of 1987 added § 402(p) to the CWA (33U.S.C. § 1251-1387).  

This section requires the U.S. EPA to establish regulations setting forth NPDES 

requirements for storm water discharges in 2 phases. 

(a) U.S. EPA Phase I storm water regulations were directed at MS4s serving a 

population of 100,000 or more, including interconnected systems and storm water 

discharges associated with industrial activities, including construction activities.  

The Phase 1 Final Rule was published on November 16, 1990 (55 Fed. Reg. 

47990). 

(b) U.S. EPA Phase II storm water regulations are directed at storm water discharges 

not covered in Phase I, including small MS4s (population of less than 100,000), 
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small construction projects (less than 5 acres), municipal facilities with delayed 

coverage under the Intermodal Surface Transportation Efficiency Act of 1991, 

and other discharges for which the U.S. EPA Administrator or the State 

determines that the storm water discharge contributes to a violation of a water 

quality standard, or is a significant contributor of pollutants to waters of the U.S.  

The Phase II Final Rule was published on December 8, 1999 (64 Fed. Reg. 

68722). 

 

2. The U.S. EPA published an Interpretative Policy Memorandum on Reapplication 

Requirements for MS4 permits on August 9, 1996 (61 Fed. Reg. 41697).  This policy 

requires that MS4 reapplication for reissuance for a subsequent five-year permit term 

contain certain basic information and information for proposed changes and 

improvements to the storm water management program and monitoring program. 

 

3. The U.S. EPA has entered into a Memorandum of Agreement (MOA) with the U.S. 

Fish and Wildlife Service, and the National Marine Fisheries Service for enhancing 

coordination regarding the protection of endangered and threatened species under 

section 7 of the Endangered Species Act, and the CWA's water quality standards and 

NPDES programs.  Among other actions, the MOA establishes a framework for 

coordination of actions by the U.S. EPA, the Services, and CWA delegated States on 

CWA permit issuance under § 402 of the CWA [66 Fed. Reg. 11202-11217]. 

 

4. The CWA allows the U.S. EPA to authorize states with an approved environmental 

regulatory program to administer the NPDES program in lieu of the U.S. EPA.  The 

State of California is a delegated State.  The Porter-Cologne Water Quality Control 

Act (California Water Code) authorizes the State Water Resources Control Board 

(State Water Board), through the Regional Water Boards, to regulate and control the 

discharge of wastes that could affect the quality of waters of the State, including 

waters of the United States, and tributaries thereto. 

 

5. Under CWA § 303(d) of the CWA, States are required to identify a list of impaired 

water-bodies and develop and implement TMDLs for these waterbodies (33 USC § 

1313 (d)(1)). The most recent 303(d) list’s U.S. EPA approval date was June 28, 

2007.  The U.S. EPA entered into a consent decree with the Natural Resources 

Defense Council (NRDC), Heal the Bay, and the Santa Monica Baykeeper on March 

22, 1999, under which all TMDLs for the Los Angeles Region must be adopted 

within 13 years from that date.  This Order incorporates provisions incorporating 

approved WLAs for municipal storm water discharges and requires amending the 

SMP after subsequent pollutant loads have been allocated and approved. 

 

6. Collectively, the restrictions contained in the TMDL Provisions for Storm Water 

(Wet Weather) Discharges and Non-Storm Water (Dry Weather) Discharges of this 

Order on individual pollutants are no more stringent than required to implement the 

provisions of the TMDL, which have been adopted and approved in a manner that is 

consistent with the CWA.  Where a TMDL has been approved, NPDES permits must 
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contain effluent limits and conditions consistent with the assumptions and 

requirements of the available WLAs in TMDLs (40 CFR 122.44(d)(1)(vii)(B)). 

 

7. This Order does not constitute an unfunded local government mandate subject to 

subvention under Article XIIIB, Section (6) of the California Constitution for several 

reasons, including, but not limited to, the following.  This Order implements federally 

mandated requirements under CWA § 402, subdivision (p)(3)(B)(33 U.S.C.               

§ 1342(p)(3)(B))  This includes federal requirements to effectively prohibit non-storm 

water discharges, to reduce the discharge of pollutants to the maximum extent 

practicable, and to include such other provisions as the Administrator or the State 

determines appropriate for the control of such pollutants.  Federal cases have held 

these provisions require the development of permits and permit provisions on a case-

by-case basis to satisfy federal requirements.  (Natural Resources Defense Council, 

Inc. v. U.S. E.P.A. (9th Cir. 1992) 966 F.2d 1292, 1308, fn. 17.)  The authority 

exercised under this Order is not reserved state authority under the Clean Water Act’s 

savings clause (cf. Burbank v. State Water Resources Control Bd. (2005) 35 Cal.4th 

613, 627-628 [relying on 33 U.S.C. § 1370, which allows a state to develop 

requirements which are not “less stringent” than federal requirements]), but instead, is 

part of a federal mandate to develop pollutant reduction requirements for municipal 

separate storm sewer systems.  To this extent, it is entirely federal authority that 

forms the legal basis to establish the permit provisions.  (See, City of Rancho 

Cucamonga v. Regional Water Quality Control Bd.-Santa Ana Region (2006) 135 

Cal.App.4th 1377, 1389; Building Industry Ass’n of San Diego County v. State Water 

Resources Control Bd. (2004) 124 Cal.App.4th 866, 882-883.) 

 

Likewise, the provisions of this Order to implement TMDLs are federal mandates.  

The CWA requires TMDLs to be developed for waterbodies that do not meet federal 

water quality standards (33 U.S.C. § 1313(d)).  Once the U.S. EPA or a state develops 

a TMDL, federal law requires that permits must contain effluent limitations consistent 

with the assumptions of any applicable wasteload allocation.                                    

(40 CFR 122.44(d)(1)(vii)(B)). 

 

Second, the local agency Permittees’ obligations under this Order are similar to, and 

in many respects less stringent than, the obligations of non-governmental dischargers 

who are issued NPDES permits for storm water discharges.  With a few inapplicable 

exceptions, the Clean Water Act regulates the discharge of pollutants from point 

sources (33 U.S.C. § 1342) and the Porter-Cologne regulates the discharge of waste 

(Wat. Code, § 13263), both without regard to the source of the pollutant or waste.  As 

a result, the “costs incurred by local agencies” to protect water quality reflect an 

overarching regulatory scheme that places similar requirements on governmental and 

nongovernmental dischargers.  (See County of Los Angeles v. State of California 

(1987) 43 Cal.3d 46, 57-58 [finding comprehensive workers compensation scheme 

did not create a cost for local agencies that was subject to state subvention].) 
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The Clean Water Act and the Porter-Cologne Water Quality Control Act largely 

regulate storm water with an even hand, but to the extent there is any relaxation of 

this even-handed regulation, it is in favor of the local agencies.  Generally, the Clean 

Water Act requires point source dischargers, including discharges of storm water 

associated with industrial or construction activity, to comply strictly with water 

quality standards.  (33 U.S.C. § 1311(b)(1)(C), Defenders of Wildlife v. Browner 

(1999) 191 F.3d 1159, 1164-1165 [noting that industrial storm water discharges must 

strictly comply with water quality standards].)  As discussed in prior State Water 

Resources Control Board decisions, certain provisions of this Order do not require 

strict compliance with water quality standards.  (SWRCB Order No. WQ 2001-15, p. 

7.)  Therefore, certain provisions of this Order regulate the discharge of waste in 

municipal storm water more leniently than the discharge of waste from non-

governmental sources.   

 

Third, the local agency Permittees have the authority to levy service charges, fees, or 

assessments sufficient to pay for compliance with this Order subject to certain voting 

requirements contained in the California Constitution. (See California Constitution 

XIII D, section 6, subdivision (c); see also Howard Jarvis Taxpayers Association v. 

City of Salinas (2002) 98 Cal. App. 4
th

 1351, 1358-1359.).  The fact sheet 

demonstrates that numerous activities contribute to the pollutant loading in the 

municipal separate storm sewer system.  Local agencies can levy service charges, 

fees, or assessments on these activities, independent of real property ownership.  (See, 

e.g., Apartment Ass’n of Los Angeles County, Inc. v. City of Los Angeles (2001) 24 

Cal.4th 830, 842 [upholding inspection fees associated with renting property].)  The 

ability of a local agency to defray the cost of a program without raising taxes 

indicates that a program does not entail a cost subject to subvention.  (County of 

Fresno v. State of California (1991) 53 Cal.3d 482, 487-488.) 

 

Fourth, the Permittees have requested permit coverage in lieu of compliance with the 

complete prohibition against the discharge of pollutants contained in federal Clean 

Water Act section 301, subdivision (a) (33 U.S.C. § 1311(a)) and in lieu of numeric 

restrictions on their discharges. (See finding C.5., supra.)  To the extent that the local 

agencies have voluntarily availed themselves of the permit, the program is not a state 

mandate.  (Accord County of San Diego v. State of California (1997) 15 Cal.4th 68, 

107-108.)  Likewise, where MS4 Permittees are regulated under a Best Management 

Practices (BMP) based storm water management program rather than end-of-pipe 

numeric limits, there exists no compulsion of a specific regulatory scheme that would 

violate the 10
th

 Amendment to the United States Constitution.  (See City of Abilene v. 

U.S. E.P.A. (5th Cir. 2003) 325 F.3d 657, 662-663 [noting that municipalities can 

choose between a management permit or a permit with numeric limits].)  The local 

agencies’ voluntary decision to file a report of waste discharge proposing a program-

based permit is a voluntary decision not subject to subvention. (See Environmental 

Defense Center v. USEPA (9th Cir. 2003) 344 F.3d 832, 845-848.) 
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Fifth, the local agencies’ responsibility for preventing discharges of waste that can 

create conditions of pollution or nuisance from conveyances that are within their 

ownership or control under state law predates the enactment of Article XIIIB, Section 

(6) of the California Constitution. 

 

8. Under § 6217(g) of the Coastal Zone Act Reauthorization Amendments of 1990 

(CZARA), Coastal States with approved coastal zone management programs are 

required to address non-point pollution impacting or threatening coastal water quality.  

CZARA addresses five sources of non-point pollution: 1) agriculture; 2) silviculture; 

3) urban; 4) marinas; and 5) hydromodification.  This Waste Discharge Requirement 

addresses the management measures required for the urban category and the 

hydromodification category, with the exception of septic systems. 

 

9. The Regional Water Board addresses septic systems through the administration of 

non-Chapter 15 regulatory programs and the implementation of Regional Water 

Board Order No.R4-2004-0146.  Septic systems are also addressed under State 

Assembly Bill (AB) 885 (2000).  The Regional Water Board will implement and 

enforce regulations issued by the State Board pursuant to AB 885.  Taken together, 

these State and Local agency requirements when imposed on septic system operators 

are expected to reduce the bacterial contamination of storm water from improperly 

maintained septic systems. 

 

10. The State Water Board has issued waste discharge requirements for discharges from 

utility vaults (CAG990002).  The Regional Water Board has issued waste discharge 

requirements for discharges from well heads and hydrostatic pipe testing 

(CAG674001).  These discharges to the MS4 shall be conducted under coverage of a 

separate NPDES permit specific to that activity. 

 

11. On May 18, 2000, the U.S. EPA established numeric criteria for priority toxic 

pollutants for the State of California (California Toxics Rule (CTR) 65 Fed. Reg. 

31682 (40 CFR 131.38)) for the protection of human health and aquatic life.  These 

apply as ambient water quality criteria for inland surface waters, enclosed bays and 

estuaries.  

 

12. The State Water Board adopted a revised Water Quality Control Plan for Ocean 

Waters of California (Ocean Plan) in 2005.  The California Ocean Plan establishes 

water quality objectives for California’s ocean waters and provides the basis for 

regulation of wastes discharged into the State’s coastal waters.  It applies to point and 

nonpoint source discharges.  The Ocean Plan identifies the applicable beneficial uses 

of marine waters that include preservation and enhancement of designated Areas of 

Special Biological Significance (ASBS) (now called “State Water Quality Protection 

Areas”) and establishes a set of narrative and numerical water quality objectives 

designed to protect beneficial uses.  The SWRCB adopted the California Ocean Plan, 

and both the SWRCB and the six coastal Regional Water Quality Control Boards 

(RWQCBs) implement and interpret the California Ocean Plan. 
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13. This Regional Water Board adopted a revised Water Quality Control Plan (Basin 

Plan) for the Los Angeles Region on June 13, 1994.  The Basin Plan specifies the 

beneficial uses of Ventura County waterbodies and their tributary streams, and 

contains both narrative and numerical water quality objectives for these receiving 

waters.  The following beneficial uses identified in the Basin Plan apply to all or 

portions of each watershed covered by this Order: 

(a) Municipal and domestic supply 

(b) Agricultural supply 

(c) Industrial service supply 

(d) Industrial process supply 

(e) Ground water recharge 

(f) Freshwater replenishment 

(g) Navigation 

(h) Hydropower generation 

(i) Water contact recreation 

(j) Non-contact water recreation 

(k) Ocean commercial and sport fishing 

(l) Warm freshwater habitat 

(m) Cold freshwater habitat 

(n) Preservation of Areas of Special Biological Significance 

(o) Saline water habitat 

(p) Wildlife habitat 

(q) Preservation of rare and endangered species 

(r) Marine habitat 

(s) Fish migration 

(t) Fish spawning 

(u) Shellfish harvesting 

 

14. On March 22, 1999 the Consent Decree in Heal the Bay, Inc.; Santa Monica 

Baykeeper, Inc. v. Browner, Case No. 98-4825 SBA was approved.  Under 

Establishment of TMDLs- The parties understand that California has the initial 

opportunity pursuant to § 303(d) of the CWA to adopt and submit to U.S. EPA for 

approval TMDLs to be established under this Consent Decree.  TMDLs developed by 

Regional Water Boards are generally adopted through Basin Plan amendments.  Basin 

plan amendments adopted by the State Board pursuant to Water Code section 13246, 

and the regulatory portions must be approved by the Office of Administrative Law 

pursuant to Government Code section 11353(b).  TMDLs established pursuant to 

CWA section 303(d)(1) must be submitted to U.S. EPA for approval pursuant to 

section 303(d)(2), and incorporated into the state’s water quality management plan. 

 

15. The Regional Water Board has adopted amendments to the Basin Plan, to incorporate 

TMDLs for the following: 

(a) The following TMDLs have been or will be incorporated into the Basin Plan 

within the term of the Order. 
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(1) Santa Clara River - Nitrogen Compounds 

(A) Regional Water Board Resolution No. 2003-011 

(B) State Water Board Resolution No. 2003-0073 

(C) OAL file No. 04-0123-35  

(D) U.S. EPA approval date March 18, 2004 

(E) Final fee exemption date March 23, 2004 (effective date). 

(F) Compliance is 1 year after effective date (March 23, 2005) 

 

(2) Malibu Creek and Lagoon - Bacteria.  

(A) Regional Water Board Resolution No. 2004-019 

(B) State Water Board Resolution No. 2005-0072 

(C) OAL file No. 05-1018-03 S 

(D) U.S. EPA approval date January 10, 2006 

(E) Final fee exemption date January 24, 2006 (effective date) 

(F) Compliance for Summer Dry is 3 years after effective date (January 

24, 2009) 

(G) Compliance for Winter Dry is 6 years after effective date (January 24, 

2012) 

(H) Compliance for Wet Weather is 10 years after effective date (January 

24, 2016), which is beyond the term of this Order 

 

(3) Toxicity, Chlorpyrifos and Diazinon in the Calleguas Creek, Its Tributaries 

and Mugu Lagoon. 

(A) Regional Water Board Resolution No. 2005-009  

(B) State Water Board Resolution No. 2005-0067 

(C) OAL file No. 05-1110-02 S 

(D) U.S. EPA approval date March 14, 2006 

(E) Final fee exemption date March 24, 2006 (effective date)  

(F) Compliance for Toxicity and Interim WLA is effective date (March 

24, 2006) 

(G) Compliance for Final WLA is 2 years after effective date (March 24, 

2008) 

 

(4) Organochlorine (OC) Pesticides, Polychlorinated Biphenyls (PCBs), and 

Siltation in Calleguas Creek, Its Tributaries and Mugu Lagoon. 

(A) Regional Water Board Resolution No. 2005-010 

(B) State Water Board Resolution No. 2005-0068 

(C) OAL file No. 05-1206-03 S 

(D) U.S. EPA approval date March 14, 2006 

(E) Final fee exemption date March 24, 2006 (effective date) 

(F) Compliance for Interim WLA is effective date (March 24, 2006) 

(G) Compliance for Final WLA is 20 years after effective date (March 24, 

2026), which is beyond the term of this Order 

 

(5) Calleguas Creek Watershed Metals  
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(A) Regional Water Board Resolution No. 2006-012 

(B) State Water Board Resolution No. 2006-0078 

(C) OAL file No. 06-1222-015 S  

(D) U.S. EPA approval date March 26, 2007 

(E) Final fee exemption date March 27, 2007 (effective date) 

(F) Compliance for Interim WLA is effective date (March 27, 2007) 

(G) Compliance for Final WLA is Within 15 years after the effective date 

(March 27, 2022), which is beyond the term of this Order 

 

(6) Revolon Slough & Beardsley Wash Trash TMDL 

(A) Regional Water Board Resolution No. 2007-007 

(B) State Water Board Resolution No 2007-0076 

(C) OAL file No 2007-1227-05 S 

(D) U.S. EPA approval date February 27, 2008 

(E) Final fee exemption date March 6, 2008 (effective date) 

(F) Compliance for Trash Monitoring & Reporting Plan Submittal is 6 

months from effective date (September 6, 2008) 

(G) Compliance for Final WLA is 8 years from effective date (March 6, 

2016) 

 

(7) Ventura River Estuary Trash TMDL 

(A) Regional Water Board Resolution No. 2007-008 

(B) State Water Board Resolution No 2007-0072 

(C) OAL file No 2007-1227-01 S 

(D) U.S. EPA approval date February 27, 2008 

(E) Final fee exemption date March 6, 2008 (effective date) 

(F) Compliance for Trash Monitoring & Reporting Plan Submittal is 6 

months from effective date (September 6, 2008) 

(G) Compliance for Final WLA is 8 years from effective date (March 6, 

2016) 

(8) Harbor Beaches of Ventura County Bacteria TMDL 

(A) Regional Water Board Resolution No. 2007-017 

(B) State Water Board Resolution No 2008-0072 

(C) OAL file No 2007-1023-01 S 

(D) U.S. EPA approval date December 18, 2008 

(E) Final fee exemption date January 17, 2009 (effective date) 

 

16. The Regional Water Board adopted and approved requirements for new development 

and significant redevelopment projects in Ventura County to control the discharge of 

storm water pollutants in post-construction storm water, on January 26, 2000, in 

Board Resolution No. R-00-02.  The Regional Water Board Executive Officer issued 

the approved Standard Urban Storm Water Mitigation Plans (SUSMPs) on March 8, 

2000 for Los Angles County and the Cities in Los Angeles County.  Since 2000, new 

development and redevelopment water quality criteria have been implemented by the 

Permittees to be consistent with SUSMP.  The State Board affirmed the Regional 
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Water Board action and SUSMPs in State Board Order No. WQ 2000-11, issued on 

October 5, 2000. 

(a) A statewide policy memorandum (dated December 26, 2000), which interprets the 

Order to provide broad discretion to Regional Water Boards and identifies 

potential future areas for inclusion in SUSMPs and the types of evidence and 

findings necessary.  Such areas include ministerial projects, projects in 

environmentally sensitive areas, and water quality design criteria for Retail 

Gasoline Outlets (RGOs, see Part 6 for definition).  The Regional Water Board 

properly justified the extensions of SUSMPs and water quality criteria to 

ministerial projects, projects in environmentally sensitive areas, and RGOs, 

during the adoption of Regional Water Board Order 01-182.  The Regional Water 

Board’s action was upheld by the County of Los Angeles Superior Court (In Re: 

County of Los Angeles v. State Water Resources Control Board (2006) 143 

Cal.App.4
th

 985). 

(b) The State Water Board's Chief Counsel interpreted the Order to encourage 

regional solutions and endorsed a mitigation fund or "bank" as alternatives for 

new development and significant redevelopment.  The Regional Water Board has 

included provisions for regional solutions and the establishment of a mitigation 

bank in this Order. 

 

17. The Regional Water Board supports Watershed Management planning to address 

water quality protection in the region.  The objective of the Watershed Management 

planning is to provide a comprehensive and integrated strategy towards water 

resource protection, enhancement, and restoration while balancing economic and 

environmental impacts within a hydrologically defined drainage basin or watershed.  

It emphasizes cooperative relationships between regulatory agencies, the regulated 

community, environmental groups, and other stakeholders in the watershed to achieve 

the greatest environmental improvements with available resources. 

 

18. To facilitate compliance with federal regulations, the State Water Board has issued 

the following 4 Statewide General NPDES Permits associated with storm water:  

(a) Industrial General Permit (IASGP- Industrial Activities Storm Water General 

Permit), NPDES No. CAS000001, issued on November 19, 1991, reissued on 

September 17, 1992 and April 17, 1997, currently under review for reissuance. 

(b) Construction General Permit (CASGP- Construction Activities Storm Water 

General Permit), NPDES No. CAS000002, issued on August 20, 1992, reissued 

August 19, 1999, and September 2, 2009. 

(c) Small Linear Underground/ Overhead Construction Projects General Permit 

(small LUPs), NPDES No. CAS000005, issued on June 18, 2003. 

(d) Small MS4 Permit WQ Order No. 2003-0005-DWQ, NPDES No. CAS000004, 

adopted on April 30, 2003. 

 

19. Facilities discharging storm water associated with industrial activities, construction 

projects that disturb one or more acres of soil, or construction projects that disturb 

less than one acre but are part of a larger common plan of development or sale that in 
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total disturbs 1 or more acres, and construction activities associated with small linear 

underground/ overhead projects that result in land disturbances greater than one acre, 

but less than five acres (small LUPs), are all required to obtain individual NPDES 

permits for storm water discharges, or be covered by the statewide General Permits 

by completing and filing a Notice of Intent (NOI) with the State Board.  The U.S. 

EPA guidance anticipates coordination of the state-administered programs for 

industrial and construction activities with the local agency program to reduce 

pollutants in storm water discharges to the MS4. 

 

20. State Water Board Resolution No. 68-16 contains the state Antidegradation Policy, 

titled “Statement of Policy with Respect to Maintaining High Quality Waters in 

California” (Resolution 68-16), which applies to all waters of the state, including 

ground waters of the state, whose quality meets or exceeds (is better than) water 

quality objectives.  Resolution No. 68-16 is considered to incorporate the federal 

Antidegradation Policy (40 CFR 131.12) where the federal policy applies, (State 

Water Board Order WQO 86-17).  Administrative policies that implement both, 

federal and state antidegradation policies acknowledge that an activity that results in a 

minor water quality lowering, even if incrementally small, can result in violation of 

Antidegradation Policies through cumulative effects, for example, when the waste is a 

cumulative, persistent, or bioaccumulative pollutant. 

(a) Federal Antidegradation Policy (40 CFR 131.12) states that the State shall 

develop and adopt a statewide antidegradation policy and identify the methods for 

implementing such policy pursuant to this subpart.  The antidegradation policy 

and implementation methods shall, at a minimum, be consistent with the 

following: 

(1) Existing instream water uses and the level of water quality necessary to 

protect the existing uses shall be maintained and protected. 

(2) Where the quality of the waters exceed levels necessary to support 

propagation of fish, shellfish, and wildlife and recreation in and on the water, that 

quality shall be maintained and protected unless the State finds, after full 

satisfaction of the intergovernmental coordination and public participation 

provisions of the State’s continuing planning process, that allowing lower water 

quality is necessary to accommodate important economic or social development 

in the area in which the waters are located.  In allowing such degradation or lower 

water quality, the State shall assure water quality adequate to protect existing uses 

fully.  Further, the State shall assure that there shall be achieved the highest 

statutory and regulatory requirements for all new and existing point sources and 

all cost-effective and reasonable best management practices for nonpoint source 

control. 

(3) Where high quality waters constitute an outstanding National resource, such as 

waters of National and State parks and wildlife refuges and waters of exceptional 

recreational or ecological significance, that water quality shall be maintained and 

protected. 
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(4) In those cases where potential water quality impairment associated with a 

thermal discharge is involved, the antidegradation policy and implementing 

method shall be consistent with section 316 of the Act. 

(b) State Water Board Resolution No. 68-16 establishes essentially a 2-step process 

for compliance with the policy. 

(1) Step 1- if a discharge will degrade high quality water, the discharge may be 

allowed if any change in water quality:  

(A) Will be consistent with maximum benefit to the people of the State. 

(B) Will not unreasonably affect present and anticipated beneficial use of 

such water. 

(C) Will not result in water quality less than that prescribed in state 

policies (e.g., water quality objectives in Water Quality Control Plans). 

(2) Step 2- any activities that result in discharges to high quality waters are 

required to: 

(A) Meet waste discharge requirements that will result in the best 

practicable treatment or control of the discharge necessary to avoid a 

pollution or nuisance.  

(B) Maintain the highest water quality consistent with the maximum 

benefit to the people of the State.   

 

21. The State Water Board on June 17, 1999, adopted Order No. WQ 99-05, which 

specifies standard receiving water limitation language to be included in all municipal 

storm water permits issued by the State and Regional Water Boards. 

 

22. Cal. Water Code § 13263(a) requires that waste discharge requirements issued by 

Water Boards shall implement any relevant water quality control plans that have been 

adopted; shall take into consideration the beneficial uses to be protected and the water 

quality objectives reasonably required for that purpose; other waste discharges; and 

the need to prevent nuisance. 

 

23. Clean Water Act section 402(p)(3)(B)(iii) requires municipal separate storm sewer 

system (MS4) operators to reduce the discharge of pollutants to the “maximum extent 

practicable” (MEP).  The MEP requirement is analogous to a technology-based 

requirement in that it focuses upon the feasibility of pollutant reduction measures 

rather than achievement of water quality standards in the receiving waters to achieve 

improvements in the quality of the storm water that is discharged.  Compliance with 

the MEP requirement can range from implementation of structural and nonstructural 

best management practices to installation of end-of-pipe treatment systems.  MEP 

generally provides the MS4 operators the flexibility to determine what controls 

should be implemented through the development of a storm water management plan, 

subject to the Regional Water Board’s approval.    Nevertheless, MEP does not define 

the limits of pollution control measures that may be required of MS4 operators, and 

the requirement to implement controls that reduce pollutants to the MEP is not 

limited by the goal of attaining water quality standards.  In some circumstances, 

compliance with MEP may result in controls more stringent than applicable WQS, 
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and in others, less stringent.  The Regional Water Board may use its discretion to 

impose other provisions beyond MEP, as it determines appropriate for the control of 

pollutants, including ensuring strict compliance with water quality standards.  

(Defenders of Wildlife v. Browner (1999) 191 F.3d 1159, 1168.)  

 

24. The California Supreme Court has ruled that although Water Code section 13263 

requires the Water Boards to consider the factors set forth in Water Code section 

13241 when issuing an NPDES permit, the Water Boards may not consider the 

factors to justify imposing pollutant restrictions that are less stringent than the 

applicable federal regulations require (City of Burbank v. State Water Resources 

Control Bd. (2005) 35 Cal.4th 613).  However, when the pollutant restrictions in an 

NPDES are more stringent than federal law requires, Water Code section 13263 

requires that the Water Boards consider the factors described in section 13241 as they 

apply to those specific restrictions. 

 

25. The City of Burbank case related to NPDES permits for publicly owned treatment 

works, not permits for municipal separate storm sewer systems (MS4s).  Among other 

requirements, federal law requires MS4 permits to include requirements to effectively 

prohibit non-storm water discharges into the storm sewers, in addition to requiring 

controls to reduce the discharge of pollutants to the maximum extent practicable.  

Therefore, a 13241 analysis is not required for permit requirements that implement 

the effective prohibition on the discharge of non-storm water into the MS4, or for 

practicable controls to reduce the discharge of pollutants to the maximum extent, as 

those requirements are mandated by federal law. 

 

26. The requirements in this Order may be more specific or detailed than those 

enumerated in federal regulations under 40 CFR 122.26 or in U.S. EPA guidance. 

However, the requirements have been designed to be consistent with and within the 

federal statutory mandates described in CWA § 402(p)(3)(B)(ii) and (iii) and the 

related federal regulations.  Consistent with federal law, all of the conditions in this 

permit could have been included in a permit adopted by U.S. EPA in the absence of 

the in lieu authority of California to issue NPDES permits. 

   

27. The Board finds that all requirements in this order are practicable.  Moreover, while 

commenters have alleged that the permit requirements are “beyond MEP,” no 

commenter has presented evidence that demonstrates that any particular permit 

requirement is not actually practicable. 

 

28. Notwithstanding findings 23 through 27, the Regional Water Board has developed an 

economic analysis of the permit’s requirements, consistent with Water Code section 

13241.  That analysis is contained in the “Economic Considerations of the Proposed 

Storm Water (Wet Weather) and Non-Storm Water (Dry Weather) Discharges form 

the Municipal Separate Storm Sewer Systems within the Ventura County Watershed 

Protection District, County of Ventura and the Incorporated Cities Therein, June 2, 

2008, which is contained in the administrative record for this Order.  The Regional 
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Water Board has considered all of the evidence that has been presented regarding the 

13241 factors in adopting this permit, both as contained in the economic analysis and 

as reflected in the fact sheet and comments (and responses thereto) submitted to the 

many drafts of this permit.  The Regional Water Board finds that the requirements in 

this Order are reasonably necessary to protect beneficial uses identified in the Basin 

Plan, and the economic information related to costs of compliance and other 13241 

factors are not sufficient to justify failing to protect those beneficial uses.  Where 

appropriate, additional time to implement certain measures and achieve water quality 

objectives can be provided through the iterative storm water management plan 

process. 

 

 

F. Implementation 

 

1. The California Environmental Quality Act (CEQA) (Cal. Pub. Resources Code § 

2100 et seq.) requires that public agencies consider the environmental impacts of the 

projects they approve for development.  CEQA applies to projects that are considered 

discretionary (a governmental agency can use its judgment in deciding whether and 

how to carry out or approve a project, § 15357) and does not apply to ministerial 

projects (the law requires a governmental agency to act on a project in a set way 

without allowing the agency to use its own judgment, § 15369).  A ministerial project 

may be made discretionary by adopting local ordinance provisions or imposing 

conditions to create decision-making discretion in approving the project.  In the 

alternative, Permittees may establish standards and objective criteria administratively 

for storm water mitigation for ministerial projects.  For water quality purposes 

regardless of whether a project is discretionary or ministerial, the Regional Water 

Board considers that all new development and significant redevelopment activity in 

specified categories, that receive approval or permits from a municipality, are subject 

to storm water mitigation requirements in a manner that is consistent with and 

complies with the provisions of CEQA. 

 

2. The objective of this Order is to ensure that discharges from the MS4 in Ventura 

County comply with water quality standards, including protecting the beneficial uses 

of receiving waters.  To meet this objective, the Order requires that Best Management 

Practices (BMPs) will be implemented to reduce the discharge of pollutants in storm 

water to the maximum extent practicable (MEP), and achieve water quality objectives 

and standards.  The U.S. EPA envisioned that municipal storm water programs would  

be implemented in an iterative manner and improved with each iteration by using 

information and experience gained during the previous permit term (Interpretative 

Policy Memorandum on Reapplication Requirements for MS4 permits - 61 Fed. Reg. 

41697).  Municipalities are required to evaluate what is effective and make 

improvements in order to protect beneficial uses of receiving waters.  This Order 

requires implementation of an effective combination of pollution control and 

pollution prevention measures, education, public outreach, planning, and 

implementation of source control BMPs and Structural and Treatment Control BMPs.  
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The better–tailored BMPs combined with the performance objectives outlined in this 

Order have the purpose of attaining water quality objectives and standards (Interim 

Permitting Approach for Water Quality-Based Effluent Limitations in Storm Water 

Permits- 61 Fed. Reg. 43761).  Where WLAs have been adopted for storm water (wet 

weather) and non-storm water (dry weather) discharges from MS4s, this Order 

requires Permittees to implement controls to achieve the WLAs within the 

compliance schedule provided in the TMDLs. 

 

3. The implementation of measures set forth in this Order are reasonably expected to 

reduce the discharge of pollutants conveyed in storm water discharges into receiving 

waters, and to meet the TMDL WLAs for discharges from MS4s that have been 

adopted by the Regional Water Board. 

 

4. The U.S. EPA has recommended that all future TMDLs and TMDL amendments be 

expressed as daily increments consistent with a federal court ruling (Friends of the 

Earth, Inc. v. EPA, et al. No. 05-5015 (D.C. Cir. 2006)).  However, this interpretation 

does not affect the discretionary authority of the Regional Water Board to express 

NPDES permit limits and conditions in non daily terms because there is no express or 

implied statutory limitation (CWA §502(11)) (Establishing TMDL “Daily Loads” in 

Light of the Decision by the U.S. Court of Appeals for the D.C. Circuit in Friends of 

the Earth, Inc. v. EPA, et al.  (April 2006) and Implications for NPDES Permits, U.S. 

EPA Office of Water, memorandum, Nov 15, 2006). This Order translates MS4 

TMDL WLAs adopted by the Regional Water Board into forms “consistent with the 

assumptions and requirements of the TMDL”.  

 

5. During the term of the Order, the Permittees shall implement all necessary control 

measures to reduce pollutant(s) which cause or continue to cause or contribute to 

water quality impairments, but for which TMDLs have not yet been developed or 

approved, to eliminate the water quality impairment(s).  Successful efforts to reverse 

the wet weather impairments during the permit term for such pollutants, may avoid 

the need for a WLA for wet weather or the need to develop a TMDL in the future. 

 

6. This Order promotes land development and redevelopment strategies that consider 

water quality and water management benefits associated with smart growth 

techniques.  Such measures may include hydromodification mitigation requirements, 

minimization of effective impervious area, integrated water resources planning, and 

low impact development guidelines. (Reference: Protecting Water Resources with 

Smart Growth, EPA 231-R- 04-002, U.S. EPA 2004; Using Smart Growth 

Techniques as Storm Water Best Management Practices, EPA 231-B-05-002, U.S. 

EPA 2005; Parking Spaces/Community Places: Finding the Balance through Smart 

Growth Solutions, EPA  231-K-06-001, U.S. EPA 2006; Protecting Water Resources 

with Higher-Density Development, EPA 231-R-06-001, U.S. EPA 2006.) 

 

7. The implementation of an effective Public Information and Participation Program is a 

critical component of a storm water management program.  While commercial and 
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industrial facilities are traditionally subject to multiple environmental regulations and 

receive environmental protection guidance from multiple sources, the general public, 

in comparison, receives significantly less education in environmental protection.  An 

effective Public Information and Participation Program is required because: 

(a) Activities conducted by the public such as vehicle maintenance, improper 

household waste materials disposal, improper pet waste disposal and the improper 

application of fertilizers and pesticides have the potential to generate a significant 

amount of pollutants that could be discharged in storm water. 

(b) An increase in public knowledge of storm water regulations, proper storage and 

disposal of household wastes, proper disposal of pet wastes and appropriate home 

vehicle maintenance practices can lead to a significant reduction of pollutants 

discharged in storm water. 

 

8. This Order also provides flexibility for Permittees to seek authorization from the 

Regional Water Board Executive Officer to substitute a BMP under this Order with 

an alternative BMP, if they can provide information and documentation on the 

effectiveness of the alternative, equal to or greater than the prescribed BMP in 

meeting the objectives of this Order. 

 

9. This Order contemplates that the Permittees are responsible for considering potential 

storm water impacts when making planning decisions in order to fulfill the 

Permittees' CWA requirement to reduce the discharge of pollutants in municipal 

storm water to the MEP and attain water quality objectives from new development 

and redevelopment activities.  However, the Permittees retain authority to make the 

final land-use decisions and retain full statutory authority for deciding what land uses 

are appropriate at specific locations within each Permittee's jurisdiction.  This Order 

and its requirements are not intended to restrict or control local land use decision-

making authority.  

 

10. The State Water Board amended the Policy for the Implementation of Toxics 

Standards In Inland Surface Waters, Enclosed Bays and Estuaries of California (State 

Implementation Policy – SIP) on February 24, 2005.  The SIP does not apply directly 

to the stormwater discharges.  However, this Order includes a Monitoring Program 

that incorporates Minimum Levels (MLs) established under the State Implementation 

Policy.  The MLs represent the lowest quantifiable concentration for priority toxic 

pollutants that is measurable with the use of proper method-based analytical 

procedures and factoring out matrix interference.  The SIP's MLs therefore represent 

the best available science for determining MLs and are appropriate for a storm water 

monitoring program.  The use of MLs allows the detection of toxic priority pollutants 

at concentrations of concern using recent advances in chemical analytical methods. 

 

11. The International Storm Water Best Management Practices (BMP) Database was 

established in 1996 as a cooperative initiative between the U.S. EPA and the 

American Society of Civil Engineers (ASCE) to provide scientifically sound 

information to improve the design, selection and performance of storm water BMPs.  
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The BMP database includes standardized BMP monitoring and reporting protocols, a 

storm water BMP database, BMP performance evaluation protocols, and BMP 

monitoring guidance. The storm water BMP database is updated approximately semi-

annually to add new BMP studies and performance data. The International Storm 

Water Database is now maintained by the Water Environment Research Foundation 

(WERF). 

 

12. This Order is not intended to prohibit the inspection for or abatement of vectors by 

the State Department of Public Health or local vector agencies in accordance with CA 

Health and Safety Code, § 116110 et seq.  Certain Treatment Control BMPs if not 

properly designed, operated or maintained may create habitats for vectors (e.g. 

mosquitoes and rodents).  This Order contemplates that the Permittees will closely 

cooperate and collaborate with local vector control agencies and the State Department 

of Public Health for the implementation, operation, and maintenance of Treatment 

Control BMPs in order to minimize the risk to public health from vector borne 

diseases.  

 

13. This Order contemplates that Permittees will ensure that implemented Treatment 

Control BMPs will not pose a safety or health hazard to the public.  This Order 

contemplates that Permittees will ensure that the maintenance of implemented 

Treatment Control BMPs will comply with all applicable health and safety 

regulations, such as, but not limited to requirements for worker entry into confined 

spaces under OSHA Safety and Training education, § 1926.21(b)(6)(i). 

 

14. This Order incorporates presumptive BMPs to reduce pollutants in storm water 

discharges from construction sites to the MEP.  The BMPs are identified in Table 6 

(BMPs at Construction sites less than 1 acre), Table 7 (BMPs at Construction Sites 1 

acre or greater but less than 5 acres), and Table 8 (BMPs at Construction sites 5 acres 

or greater).  These BMPs include erosion control, sediment control, and construction 

site waste management practices.  The BMPs listed in part 4.F of the Order were 

selected based on the Water Boards’ experience of regulating such sites since 1992, 

and are referenced in the California Stormwater Quality Association (CASQA) Storm 

Water Best Management Practice Handbook Construction (January 2003) and from 

the Stormwater Quality Handbooks, Project Planning and Design Guide, Stormwater 

Pollution Prevention Plan (SWPPP) and Water Pollution Control Plan (WPCP) 

Preparation Manual, Construction Site Best Management Practices (BMPs) 

Reference Manual, March 2007 (Caltrans Document Number                            

CTSW-RT-06-171.11-1) which serve as an industry standard for California.  The 

BMPs identified in the Tables are technically feasible, practicable, and cost-effective. 

Where an identified BMP may be impracticable on a particular site, this Order 

includes a provision to select and implement an alternative BMP, through the BMP 

substitution provisions in subpart 4.A.2. 

 

15. This Order incorporates presumptive BMPs to reduce pollutants in storm water 

discharges from commercial and industrial sites to the MEP.  The BMPs are 

RB-AR6709



NPDES No. CAS004002                                                                           Order No. R4-2010-0108 

Ventura County Municipal Separate Storm Sewer System Permit 

 

 

July 8, 2010 – Final Pending Verification of Transcript 30 

 

identified in Table 2 (BMPs at Restaurants), Table 3 (BMPs at Automotive Service 

Facilities), Table 4 (BMPs at Retail Gasoline Outlets), and Table 5 (BMPs at 

Nurseries).  These BMPs include the implementation of good housekeeping practices 

designed to control pollutants at the source, promote the use of proper waste 

management practices, and implement control practices to keep pollutants away from 

any entrance to the storm drainage system.  The BMPs listed in part 4.D of the Order 

were selected based on the Water Boards’ experience of regulating such sites since 

1992 and referenced in the California Stormwater Quality Association (CASQA) 

Storm Water Best Management Practice Handbook Commercial/Industrial Activity 

(January 2003) and from the Caltrans Storm Water Quality Handbook Maintenance 

Staff Guide May 2003 (Caltrans Document Number CTSW-RT-02-057), which serve 

as an industry standard for California.  The BMPs identified in the Tables are 

technically feasible, practicable, and cost-effective. Where an identified BMP may be 

impracticable, this Order includes a provision to select and implement an alternative 

BMP, through the BMP substitution provisions in subpart 4.A.2. 

 

16. This Order incorporates presumptive BMPs to reduce pollutants in storm water 

discharges from Public Agency Activities to the MEP.  The BMPs are identified in 

Table 10 (BMPs at Vehicle Maintenance/ Material Storage Facilities/ Corporation 

Yards).  These BMPs include the implementation of good housekeeping practices 

designed to control pollutants at the source, promote the use of proper waste 

management practices, implement control practices to keep pollutants away from any 

entrance to the storm drainage system and from being deposited or discharged 

directly into waters of the U.S.  The BMPs listed in part 4.G of the Order were 

selected based on the Water Boards’ experience of regulating such sites since 1990, 

and are referenced in the Caltrans Storm Water Quality Handbook Maintenance Staff 

Guide May 2003 (Caltrans Document Number CTSW-RT-02-057), which serves as a 

statewide standard for the California Department of Transportation (Caltrans).  The 

BMPs identified in the Table are technically feasible, practicable, and cost-effective, 

and are the standard of practice for Caltrans sites statewide. Where an identified BMP 

may be impracticable, this Order includes a provision to select and implement an 

alternative BMP, through the BMP substitution provisions in subpart 4.A.2. 

 

17. This Order incorporates BMPs to ensure that authorized Non-Storm Water 

Discharges are not a source of pollutants to the MS4, Table 1 (Required Conditions 

for Non-Storm Water Discharges).  The BMPs included are for the purpose of 

dechlorination and/or for prevention of erosion and sediment loss, or to reduce other 

harmful pollutants during the discharge of authorized non-storm water discharges to 

the MS4.  The BMPs listed in part 1.A of the Order were selected from the American 

Water Works Association AWWA Guidelines For The Development Of Your Best 

Management  Practices (BMP) Manual For Drinking Water System Releases 

Developed by the CA-NV AWWA Environmental Compliance Committee (2005) 

which serves as an industry standard for California, from the results of studies 

directed by the Los Angeles Water Board, - Evaluation of Non-Storm Water 

Discharges to California Storm Drains and Potential Policies for Effective 
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Prohibition Methods, Final Report, University of California, Los Angeles, Contract 

No. 5-104-140-0 (1997), and Water Quality Concerns and Regulatory Controls for 

Non Storm Water Discharges to Storm Drains, Duke L.D. and M. Kihara, Journal of 

the American Water Resources Association, Vol. 34: 661-676, (1998), and from the 

Water Boards’ experience of controlling authorized non-storm discharges to the MS4 

since 1990.  The BMPs identified in the Table are technically feasible, practicable, 

and cost-effective. Where an identified BMP may be impracticable, this Order 

includes a provision to select and implement an alternative BMP, through the BMP 

substitution provisions in subpart 4.A.2. 

 

18. In accordance with Federal regulations at 40 CFR 124.8, a Fact Sheet has been 

prepared to explain the principal facts and the significant factual, legal, 

methodological, policy, and economic matters considered in preparing the Order.  

This Fact Sheet has been made a part of the Administrative Record. 

 

19. The State Water Board adopted statewide General Waste Discharge Requirements for 

Sanitary Sewer Systems, (WQ Order No. 2006-0003) on May 2, 2006, to provide a 

consistent, statewide regulatory framework to address sanitary sewer overflows 

(“SSO Orders”).  The SSO Order establishes requirements for public agencies that 

own or operate sanitary sewer systems to develop and implement sewer system 

management plans and to report SSOs.  SSOs that enter MS4s have the potential to 

impair the recreational use of receiving waters, and to harm public health.  This Order 

establishes coordination, response, and notification requirements for MS4 Permittees 

when SSOs result in a discharge to the MS4 system. 

 

20. This Order takes into consideration the housing needs in the area under the 

Permittees’ jurisdiction by balancing the implementation of Smart Growth and Low 

Impact Development techniques with the protection of the water resources of the 

region.  Although not required, the Regional Water Board considered the need for 

housing and the appropriate techniques to allow for reasonable development while 

protecting the receiving waters from degradation. 

 

21. This Order may have an effect on costs required for compliance with the provisions 

contained herein.  Although not required, the Regional Water Board has considered 

costs in preparing this Order.  Though also not required, the Regional Water Board 

has also considered the factors set forth in Water Code section 13241. 

 

G. Public Notification 

 

1. The issuance of waste discharge requirements pursuant to California Water Code 

section 13370 et seq. is exempt from the California Environmental Quality Act in 

accordance with California Water Code section 13389.  County of Los Angeles et al., 

v. California Water Boards et al., (2006), 143 Cal.App.4
th

 985. 
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2. The Regional Water Board has notified the Permittees, and interested agencies and 

persons of its intent to reconsider Order No. 09-0057 and issue waste discharge 

requirements for this discharge, and has provided them with an opportunity to make 

statements and submit their comments. 

 

3. The Regional Water Board staff has conducted more than 35 meetings from   

February 9, 2007 through December 19, 2008, with Permittees, their representatives 

(Larry Walker Associates, and Somach, Simmons & Dunn), and various stakeholders 

(Building Industry Association of Southern California/Greater Los Angeles Ventura 

Chapter (BIA/LAV), California State Dept. of Public Health, Calleguas Municipal 

Water District, California Stormwater Quality Association (CASQA), City of 

Downey, City of Los Angeles-EMD, Coalition for Practical Regulation (CPR), 

Construction Industry Coalition on Water Quality (CICWQ), County of Orange, 

Geosyntec Consultants, Golden State, Heal the Bay; Local Government Commission, 

Los Angeles City; Los Angeles County Department of Public Works, Los Angeles 

County-SD, Los Angeles Department of Water and Power, Metropolitan Water 

District, Natural Resources Defense Council (NRDC), Richard Watson and 

Associates, San Bernardino Flood Control District, Santa Monica Bay Restoration 

Commission, Southern California Coastal Water Research Project, University of 

California Sea Grant, Ventura CoastKeeper).  On April 5, 2007 and September 20, 

2007, the Regional Water Board conducted workshops to discuss drafts of the 

NPDES Order and received input from the Permittees and the public regarding 

proposed changes. 

 

4. This Order shall serve as a NPDES permit, pursuant to CWA § 402, and shall take 

effect on (Order adoption date) provided the Regional Administrator of the U.S. EPA 

has no objections. 

 

5. Pursuant to Cal. Water Code § 13320, any aggrieved party may seek review of this 

Order by filing a petition with the State Board within 30 days of the date of adoption 

of the Order by the Regional Water Board.  A petition must be sent to: 

 

State Water Resources Control Board 

Office of the Chief Counsel 

P.O. Box 100 

Sacramento, CA  95812-0100 

 

6. This Order may be modified or alternatively revoked or reissued prior to its 

expiration date or any administrative extension thereto, in accordance with  

40 CFR 122.41(f) and 122.62. 

 

 

IT IS HEREBY ORDERED that the Permittees, in order to meet the provisions contained in 

Division 7 of the Cal. Water Code and regulations adopted thereunder, and the provisions of the 

CWA and regulations adopted thereunder, shall comply with the following: 
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PART 1 - DISCHARGE PROHIBITIONS 

 

A. Prohibitions - Non-Storm Water Discharges 

1.      The Permittees shall, within their respective jurisdictions, effectively prohibit non-

storm discharges into the MS4 and receiving waters, except where such discharges: 

(a) Originate from a State, Federal, or other source for which they are pre-empted 

from regulating by State or Federal law; or 

(b) Are covered by a separate individual or general NPDES permit, or conditional 

waiver for irrigated lands; or 

(c) Flows from fire fighting activities. 

(d) Fall within one of the categories below, are not a source of pollutants that exceed 

water quality standards, and meet all conditions where specified by the Regional 

Water Board Executive Officer: 

(1) Category A – Natural flows 

(A) Stream diversions authorized by the State Water Board 

(B) Natural springs and rising ground water 

(C) Uncontaminated ground water infiltration                                                 

[as defined by 40 CFR 35.2005(20)]
1
 

(D) Flows from riparian habitats or wetlands 

(2) Category B – Flows incidental to urban activities, providing conditions listed 

in table below: 

(A) Discharges from potable water sources
2
 

(B) Gravity flow from foundation, footing and crawl space drains. 

(C) Air conditioning condensate 

(D) Reclaimed and potable landscape irrigation runoff 

(E) Dechlorinated/ debrominated swimming pool discharges [see def.   

part 6] 

(F) Non-commercial car washing by residents or non-profit organizations 

(G) Sidewalk rinsing 

(H) Pooled non-storm water from treatment BMPs
3
 

 

                                                           

 
1
 NPDES permit for ground water dewatering is required within the Los Angeles Region including Ventura County. 

2
 The term applies to low volume, incidental and infrequent releases that are innocuous from a water quality 

perspective. Those releases for dewatering or hydro-testing or flushing of water supply and distribution mains and 

incidental and infrequent releases from well heads shall be allowed with the implementation of appropriate BMPs 

until such time as a new General Permit is adopted that addresses those types of releases. Discharges from 

hydrostatic pipe testing shall be subject to separate NPDES general permit coverage (CAG674001) and discharges 

from utility vaults shall be conducted under coverage of a separate NPDES permit specific to that activity. 
3 All storm water BMPs shall at a minimum be maintained at a frequency as specified by the manufacturer, and 

designed to drain within 72 hours of the end of a rain. Storm water treatment BMPs may be drained to the MS4 

under this Order if the discharge is not a source of pollutants. Sediments shall be disposed of properly, in 

compliance with all applicable local, state, and federal policies, acts, laws, regulations, ordinances, and statutes. 
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Table 1 – Required Conditions for Non-Storm Water Discharges 

Type of 

Discharges: 

Conditions under which allowed: Required conditions for 

discharge to occur: 

Stream diversions 

permitted by the 

State Board 

Authorization by the State Water Board Permittees shall comply with all 

conditions in the authorization. 

Natural springs and 

rising ground water 

1. Ground water dewatering requires a 

separate NPDES permit.  2. Segregate flow to 

prevent introduction of pollutants. 

Permittees shall comply with all 

conditions in the authorization. 

Uncontaminated 

ground water 

infiltration [as 

defined by 40 CFR 

35.2005(20)] 

(Utility vault 

dewatering requires 

a separate NPDES 

permit.) 

NPDES permit for ground water dewatering is 

required within the Los Angeles Region 

including Ventura County 

Permittees shall comply with all 

conditions in the authorization. 

Flows from riparian 

habitats or wetlands 

Provided that all necessary permits or 

authorizations are received prior to diverting 

the stream flow. 

Permittees shall comply with all 

conditions in the authorization. 

Discharges from 

potable water 

sources 

See Footnote #2. 

 

Provided discharges from water lines and 

potable water sources shall be dechlorinated, 

pH adjusted if necessary, reoxygenated, and 

volumetrically and velocity controlled to 

prevent resuspension of sediments. 

 

See Footnote #2. To be 

discharged, this type of water 

shall be dechlorinated using 

aeration and/ or sodium 

thiosulfate and/ or other 

appropriate means and/or be 

allowed to infiltrate to the 

ground. BMPs such as sand 

bags or gravel bags, or other 

appropriate means shall be 

utilized to prevent sediment 

transport. All sediments shall be 

collected and disposed of in a 

legal and appropriate manner. 

Drains for 

foundation, footing 

and crawl drains 

Dewatering requires a separate NPDES 

permit. 

 

Permittees shall comply with all 

conditions in the authorization. 

Air conditioning 

condensate 

Segregation of flow to prevent introduction of 

pollutants.  Percolation whenever possible. 

Permittees shall comply with all 

conditions in the authorization. 

Water from crawl 

space pumps 

Dewatering requires a separate NPDES permit 

within the Los Angeles Region including 

Ventura County 

Permittees shall comply with all 

conditions in the authorization. 

Reclaimed and 

potable landscape 

irrigation runoff 

Segregation of flow to prevent introduction of 

pollutants. 

Implement conservation 

programs to minimize this type 

of discharge by using less 

water.  

Dechlorinated/  

debrominated 

Where the discharge is not excepted by the 

sanitary sewer operator.  Swimming pool 

Pool water may be 

dechlorinated using time, 

RB-AR6714



NPDES No. CAS004002                                                                           Order No. R4-2010-0108 

Ventura County Municipal Separate Storm Sewer System Permit 

 

 

July 8, 2010 – Final Pending Verification of Transcript 35 

 

Type of 

Discharges: 

Conditions under which allowed: Required conditions for 

discharge to occur: 

swimming pool 

discharges [see 

definition Part 6] 

discharges are to be dechlorinated, pH 

adjusted if necessary, aerated to remove 

chlorine if necessary, and volumetrically and 

velocity controlled to prevent resuspension of 

sediments. 

 

Cleaning waste water and filter back wash 

shall not be discharged to municipal separate 

storm sewers. 

 

No discharges are allowed containing salts in 

excess of Water Quality Standards. 

 

Chlorine residual in discharge shall not 

exceed 0.1mg/L. 

aeration, and/ or sodium 

thiosulfate. 

Non-commercial 

car washing by 

residents or non-

profit organizations 

Preferably at a commercial carwash or 

designated area where wash water can 

percolate. Pumps or vacuums may be used to 

direct water to pervious areas. 

Permittees shall comply with all 

conditions in the authorization. 

Sidewalk rinsing This may be undertaken only if high pressure 

low volume is used as described in the 

glossary under “Sidewalk Rinsing”. 

 

Pooled storm water 

from treatment 

BMPs 

All storm water BMPs shall at a minimum be 

maintained at a frequency as specified by the 

manufacturer.  All storm water BMPs shall be 

designed to drain within 72 hours of the end 

of the rain event to avoid the breeding of 

vectors. Storm water treatment BMPs may be 

drained to the MS4 under this Order if the 

discharge is not a source of pollutants.  The 

discharge shall cease before the discharge has 

become a source of a pollutant(s), (bottom 

sediment included).  Sediments shall be 

disposed of properly, in compliance with all 

applicable local, state, and federal policies, 

acts, laws, regulations, ordinances, and 

statutes. 

 

 

2. If the Regional Water Board Executive Officer determines that any of the preceding 

categories of non-storm water discharges are a source of pollutants that exceed water 

quality standards, the Permittee(s) shall either:  

(a) Prohibit the discharge from entering the MS4; or 

(b) Authorize the discharge category and require implementation of appropriate or 

additional BMPs to ensure that the discharge will not be a source of pollutants; or 

(c) Require or obtain coverage under a separate RWQCB or SWRCB permit for 

discharge into the MS4. 
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PART 2 – RECEIVING WATER LIMITATIONS 

 

1. Discharges from the MS4 that cause or contribute to a violation of water quality 

standards are prohibited. 

 

2. Discharges from the MS4 of storm water, or non-storm water, for which a Permittee 

is responsible, shall not cause or contribute to a condition of nuisance. 

 

3. The Permittee shall comply with Receiving Water Limitations 1 and 2 through timely 

implementation of control measures and other actions to reduce pollutants in the 

storm water discharges in accordance with the requirements of this Order including 

any modifications.  The Permittees’ Program shall be designed to achieve compliance 

with Receiving Water Limitations 1 and 2.  If exceedance(s) of water quality 

objectives or water quality standards (collectively WQS) persist, notwithstanding 

implementation of this permit, the Permittees shall ensure compliance with Receiving 

Water Limitations 1 and 2 by complying with the following procedure: 

(a) Upon determination by either the Permittees or the Regional Water Board that 

discharges are causing or contributing to an exceedance of an applicable WQS, 

the Permittee(s) upstream of the point of discharge shall promptly notify and 

thereafter submit a report to the Regional Water Board Executive Officer that 

describes BMPs that are currently being implemented and additional BMPs that 

will be implemented to prevent or reduce any pollutants that are causing or 

contributing to the exceedance of WQSs. The report may be included with the 

Annual Report, unless the Regional Water Board Executive Officer directs an 

earlier submittal.  The Regional Water Board Executive Officer may require 

modifications to the report. 

(b) Submit any modifications to the report required by the Regional Water Board 

Executive Officer within 30 days of notification. 

(c) Within 30 days following approval of the Report described above by the Regional 

Water Board Executive Officer, the Permittees shall revise their Program and 

monitoring program to incorporate the approved modified BMPs that have been 

and will be implemented, the implementation schedule, and any additional 

monitoring required. 

(d) Implement the revised Program and monitoring program according to the 

approved schedule. 

 

4. Permittees shall annually report the effectiveness of BMPs in reducing exceedances 

of receiving water limitations.  The Regional Water Board Executive Officer may 

direct implementation of additional BMPs if there are continuing or recurring 

exceedances of the same receiving water limitation.   
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PART 3 - STORM WATER QUALITY MANAGEMENT PROGRAM 

IMPLEMENTATION 

 

A. General Requirements 

 

1. Each Permittee shall, at a minimum, adopt and implement applicable terms of this 

Order within its jurisdictional boundary.  The Principal Permittee shall be responsible 

for program coordination as described in this Order as well as compliance with 

applicable portions of the permit within its jurisdiction.  This Order shall be 

implemented no later than [insert date of adoption], unless a later date has been 

specified for a particular provision in this Order and provided the Regional 

Administrator of the U.S. EPA has no objections. 

 

2. Each Permittee shall comply with the requirements of 40 CFR 122.26(d)(2) and 

implement programs and control measures so as to reduce the discharges of pollutants 

in storm water to the MEP and achieve water quality standards. 

 

3. Each Permittee shall require that treatment control BMPs being implemented under 

the provisions of this Order shall be designed, at a minimum, to achieve the BMP 

performance criteria for storm water pollutants likely to be discharged as identified in 

Attachment “C”, for an 85th percentile 24-hour runoff event determined as the 

maximized capture storm water volume for the area using a 48 to 72-hour draw down 

time, from the formula recommended in Urban Runoff Quality Management, WEF 

Manual of Practice No. 23/ASCE Manual of Practice No. 87, (1998).  Expected BMP 

pollutant removal performance for effluent quality was developed from the WERF-

ASCE/ U.S. EPA International BMP Database.  Permittees shall select Treatment 

BMPs based on the primary class of pollutants likely to be discharged from the 

site/facility (e.g. metals from an auto repair shop).  Permittees may develop guidance 

for appropriate Treatment BMPs for project type based on Attachment “C”.  For the 

treatment of pollutants causing impairments within the drainage of the impaired 

waterbody, permittees shall select BMPs from the top three performing BMP 

categories or alternative BMPs that are designed to meet or exceed the performance 

of the highest performing BMP for the pollutant causing impairment. 

 

4. Each Permittee shall implement programs and measures to comply with the TMDLs' 

WLAs for the MS4 as specified in Part 5.  

 

5. If TMDL requirements, including Implementation Plans and Reports, address 

substantially similar requirements as the MS4 permit, the Executive Officer may 

approve the applicable reports, plans, data or submittals under the applicable TMDL 

as fulfilling requirements under the MS4. 
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B. Legal Authority 

 

1. Permittees shall possess the necessary legal authority to prohibit, including, but not 

limited to: 

(a) Illicit connections and illicit discharges, and to remove illicit connections. 

(b) The discharge of non-storm water to the MS4 from: 

(1) Washing or cleaning of gas stations, auto repair garages, or other types of 

automotive service facilities 

(2) Mobile auto washing, carpet cleaning, steam cleaning, sandblasting and 

other such mobile commercial and industrial operations 

(3) Areas where repair of machinery and equipment which are visibly leaking 

oil, fluid or antifreeze, is undertaken 

(4) Storage areas for materials containing grease, oil, or other hazardous 

substances, and uncovered receptacles containing hazardous materials 

(5) Swimming pools
1
 that have a concentration greater than: 

(A) Chlorine/ bromine- 0.1mg/L 

(B) Chloride- 250mg/L 

(6) Swimming pool filter backwash 

(7) Decorative fountains and ponds 

(8) Industrial/ Commercial areas, including restaurant mats 

(9) Concrete truck cement, pumps, tools, and equipment washout 

(10) Spills, dumping, or disposal of materials other, such as: 

(A) Litter, landscape and construction debris, garbage, food, animal waste, 

fuel or chemical wastes, batteries, and any other materials which have 

the potential to adversely impact water quality; and  

(B) Any pesticide, fungicide or herbicide 

(11) Stationary and mobile pet grooming facilities 

(12) Trash container leachate 

 

2. The Permittees shall possess adequate legal authority to: 

(a) Control through interagency agreement, the contribution of pollutants from one 

portion of the MS4 to another portion of the MS4. 

(b) Require persons within their jurisdiction to comply with conditions in the 

Permittees' ordinances, permits, contracts, model programs, or orders (i.e. hold 

dischargers to its MS4 accountable for their contributions of pollutants and 

flows). 

(c) Utilize enforcement measures (e.g., stop work orders, notice of violations, fines, 

referral to City, County, and/ or District Attorneys, referral to strikeforces, etc.) 

by ordinances, permits, contracts, orders, administrative authority, and civil and 

criminal prosecution.
2
 

                                                           

 
1
 MS4s discharging directly to the ocean are not subject to this prohibition.   

2
In the case of private responsible parties such as, HOAs, the Permittee must retain enforcement authority. 
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(d) Control pollutants, including potential contribution
1
 in discharges of storm water 

runoff associated with industrial activities, including construction activities to its 

MS4, and control the quality of storm water runoff from industrial sites, including 

construction sites. 

(e) Carry out all inspections, surveillance and monitoring procedures necessary to 

determine compliance and non-compliance with permit conditions including the 

prohibition on illicit discharges to the MS4. 

(f) Require the use of control measures to prevent or reduce the discharge of 

pollutants to achieve water quality objectives. 

(g) Require that Treatment Control BMPs be properly operated and maintained. 

 

3. Each Permittee has adopted a Storm Water Quality Ordinance based upon a 

countywide model.  Each Permittee shall ensure, no later than [two years after Order 

adoption date], that its Storm Water Quality Ordinance authorizes the Permittee to 

enforce all requirements of this Order. 

 

4. Each Permittee shall submit no later than (two years after Order adoption date), a 

statement by its legal counsel that the Permittee has obtained and possesses all 

necessary legal authority to comply with this Order through adoption of ordinances 

and/ or municipal code modifications. 

 

C. Fiscal Resources 

 

1. The Permittees shall implement the activities required to comply with the provisions 

of this Order.
2
  Each Permittee shall: 

(a) Submit an Annual Budget Summary that shall include: 

(1) Budgets for the upcoming report year (estimated expenditure) for the 

following specific categories (estimated percentages and written 

explanations where necessary): 

(A) Program Management Activities. 

(i) Overall Administrative costs 

(B) Program Implementation Activities (permit related activities only).  

Provide figures breakdown of expenditures for the categories below: 

(i) Illicit connection/ illicit discharge program. 

(ii) Development planning and approval 

(iii) Construction program including inspection activities 

(iv) Industrial/ Commercial program including inspection activities 

(v) Public Agency Activities 

(I) Maintenance and inspection of Treatment Control BMPs 

(II) Municipal Street Sweeping  

                                                           

 
1
 “Potential contributions” and “potential to discharge,” means adequate legal authority to prevent an actual 

discharge of pollutants to the municipal separate storm sewer system. 
2
 The sources of funding may be the general funds, and/or Benefit Assessment, plan review fees, permit fees, 

industrial/ commercial user fee, revenue bonds, grants or other similar funding mechanism. 
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(III) Municipal Drainage Maintenance including catch basin 

clean-outs  

(IV) Other costs associated with storm water management 

(describe) 

(vi) Public Information and Participation. 

(vii) Monitoring Program 

(viii) Miscellaneous Expenditures (describe) 

 

D. Modifications/ Revisions  

 

1. No later than (two years after the Order adoption date), each Permittee shall modify 

its storm water management programs, protocols, practices, and municipal codes to 

make them consistent with the requirements herein.  

 

E. Designation and Responsibilities of the Principal Permittee 
 

1. The Ventura County Watershed Protection District is hereby designated as the 

Principal Permittee.  The Principal Permittee shall: 

(a) Participate in the County Environmental Crimes Task Force 

(b) Coordinate and facilitate activities necessary to comply with the requirements of 

this Order, but the Principal Permittee is not responsible for ensuring compliance of 

any other individual Permittee 

(c) Coordinate permit activities among Permittees and act as liaison between the 

Permittees and the Regional Water Board on permitting issues 

(d) Provide technical and administrative support for committees that will be organized 

to implement this Order and its requirements 

(e) Evaluate, assess, and synthesize the results of the monitoring program and the 

effectiveness of the implementation of BMPs 

(f) Convene the Committee Meetings constituted pursuant to subpart 4.F.1., below, 

upon designation of representatives 

(g) Implement the Countywide Monitoring Program required under the Order and 

evaluate, assess and synthesize the results of the monitoring program 

(h) Provide personnel and fiscal resources for the collection, processing and submittal 

to the Regional Water Board of monitoring and annual reports, and summaries of 

other reports required under this Order 

 

F. Responsibilities of the Permittees 

 

1. Each Permittee is required to comply with the requirements of this Order applicable to 

discharges within its boundaries (see Findings- Permit Coverage D.1 and D.2).  

Permittees are not responsible for the implementation of the provisions applicable to 

the Principal Permittee or other Permittees.  Each Permittee shall: 

(a) Comply with the requirements of this Order and any modifications thereto 
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(b) Coordinate among its internal departments and agencies, as necessary, to facilitate 

the implementation of the requirements of this Order applicable to such Permittees 

in an efficient and cost-effective manner 

(c) Participate in intra-agency coordination (e.g., Planning Department, Fire 

Department, Building and Safety, Code Enforcement, Public Health, Parks and 

Recreation, and others) necessary to successfully implement the provisions of this 

Order 

(d) Report, in addition to the Budget Summary, any supplemental dedicated budgets for 

the same categories 

(e) Participate in Committee Meetings, as necessary 

 

 

PART 4 - SPECIAL PROVISIONS (BASELINE) 

 

A. General Requirements 

 

1. This Order and the provisions herein are intended to develop, achieve, and implement 

a timely, comprehensive, cost-effective storm water pollution control program to 

reduce the discharge of pollutants in storm water to the MEP and not cause or 

contribute to exceedances of water quality standards for the permitted areas in the 

County of Ventura.  

 

2. Best Management Practice Substitution 

(a) The Regional Water Board Executive Officer may approve any site-specific BMP 

substitution upon written request by a Permittee(s) and after public notice, if the 

Permittee can document that: 

(1) The proposed alternative BMP or program will meet or exceed the objective 

of the original BMP or program in the reduction of storm water pollutants. 

(2) The fiscal burden of the original BMP or program is greater than the 

proposed alternative and does not achieve a greater improvement in storm 

water quality. 

(3) The proposed alternative BMP or program will be implemented within a 

similar period of time. 

(4) BMP substitution will be in accordance with the public review provisions of 

the Order (Part 7.C.1 and Part 7.C.2). 

 

B. Watershed Initiative Participation 

 

1. The Principal Permittee shall participate in water quality meetings for watershed 

management and planning, including but not limited to the following: 

(a) Southern California Stormwater Monitoring Coalition (SMC) 

(b) Other Watershed planning groups as appropriate 

 

2. The Principal Permittee shall participate in the following regional water quality 

programs, and projects for watershed management and planning: 
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(a) SMC Regional Monitoring Programs 

(1) Southern California Regional Bioassessment 

(A) Level of effort per watershed 

(i) Probabilistic sites per watershed 

(I) Ventura River - Six  

(II) Santa Clara River - Three 

(III) Calleguas Creek - Six 

(ii) Integrator sites per watershed 

(I) Ventura River - One 

(II) Santa Clara River - One 

(III) Calleguas Creek – One 

(iii)  Fixed bioassessment sites 

(I)     The Permittees shall perform bioassessment at one fixed 

urban site in each major watershed. Site selection shall be 

determined by the results of the first year SMC results, as 

approved by the Executive Officer. 

(b) Southern California Bight Projects 

(1) Regional Monitoring Survey – 2008, and successive years. 

 

C. Public Information and Participation Program (PIPP) 

 

1. The Principal Permittee shall implement a Public Information and Participation 

Program (PIPP) that includes, but is not limited to, the requirements listed in this part.  

The Principal Permittee shall coordinate with Permittees to implement specific PIPP 

requirements.  The objectives of the PIPP are as follows: 

(a) To increase the knowledge of the target audience about the MS4, the adverse 

impacts of storm water pollution on receiving waters and potential solutions to 

mitigate the impacts 

(b) To change the waste disposal and storm water pollution generation behavior of 

target audiences by encouraging implementation of appropriate solutions 

(c) To involve and engage communities in Ventura County to participate in 

mitigating the impacts of storm water pollution 

 

2. Residential Program 

(a) "No Dumping" Message 

 Each Permittee shall label all storm drain inlets that they own with a legible “no 

dumping” message.  In addition, signs with prohibitive language discouraging 

illegal dumping shall be posted at designated public access points to creeks, other 

relevant waterbodies, and channels.  Signage and storm drain messages shall be 

legible and maintained. 

(b) Public Reporting 

 Each Permittee shall identify staff who will serve as the contact person(s) for 

reporting clogged catch basin inlets and illicit discharges/dumping, faded or 

missing catch basin labels, and general storm water management information. 
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Permittees shall include this information, updated by July 1 of each year, in public 

information media such as the government pages of the telephone book, and 

internet web sites.  The Principal Permittee shall compile a list of the general 

public reporting contacts submitted by all Permittees and make this information 

available on the web site (http://www.vcstormwater.org/contact.htm) and upon 

request.  Each Permittee is responsible for providing current, updated information 

to the Principal Permittee. 

(c) Outreach and Education 

(1) Collaboratively, the Permittees shall implement the following activities: 

(A) Conduct a Storm Water pollution prevention advertising campaign. 

(B) Conduct Storm Water pollution prevention public service 

announcements. 

(C) Distribute storm water pollution prevention public education materials 

no later than (365 days after Order adoption date) to:  

(i) Automotive parts stores 

(ii) Home improvement centers/ lumber yards/ hardware stores 

(iii) Pet shops/ feed stores 

(D) Public education materials shall include, but are not limited to 

information on the proper disposal, storage, and use of: 

(i) Vehicle waste fluids 

(ii) Household waste materials  

(iii) Construction waste materials  

(iv) Pesticides and fertilizers (including integrated pest management 

practices-IPM)  

(v) Green waste (including lawn clippings and leaves) 

(vi) Animal wastes 

(E) Work with existing local watershed groups or organize watershed 

Citizen Advisory Groups/ Committees to develop effective methods to 

educate the public about storm water pollution no later than  

(365 days after Order adoption date).   

(F) Organize events targeted to residents and population subgroups; and 

(G) Maintain the Countywide storm water website 

(www.vcstormwater.org), which shall include educational material 

listed in the preceding subpart C.2(c)(1)(D). 

(2) The Principal Permittee shall develop a strategy to educate ethnic 

communities through culturally effective methods.  Details of this strategy 

should be incorporated into the PIPP, and implemented, no later than  

(365 days after Order adoption date). 

(3) Each Permittee shall continue the existing outreach program to residents on 

the proper disposal of litter, green waste, pet waste, proper vehicle 

maintenance, lawn care and water conservation practices.   

(4) Each Permittee shall conduct educational activities within its jurisdiction 

and participate in countywide events. 

(5) The Permittees shall make a minimum of 5 million impressions per year to 

the general public related to storm water quality, with a minimum of 2.5 
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million impressions via newspaper, local TV access, local radio and/ or 

internet access. 

(6) The Principal Permittee, in cooperation with the Permittees, shall provide 

schools within each School District in the County with materials, including, 

but not limited to, videos, live presentations, and other information 

necessary to educate a minimum of 50 percent of all school children (K-12) 

every 2 years on storm water pollution.  Alternatively, a Permittee may 

submit a plan to the Regional Water Board Executive Officer for 

consideration no later than (90 days after Order adoption date), to provide 

outreach in lieu of the school curriculum.  Pursuant to Water Code section 

13383.6, the Permittees, in lieu of providing educational materials/ funding 

to School Districts in the County, may opt to provide an equivalent amount 

of funds or fraction thereof to the Environmental Education Account 

established within the State Treasury.  

(7) Each Permittee shall provide the contact information for their appropriate 

staff responsible for storm water public education activities to the Principal 

Permittee and contact information changes no later than 30 days after a 

change occurs. 

(8) The Permittees shall develop and implement a behavioral change assessment 

strategy no later than (365 days after Order adoption date) in order to 

determine whether the PIPP is demonstrably effective in changing the 

behavior of the public.  The strategy shall be developed based on current 

sociological data and studies. 

(d) Pollutant-Specific Outreach 

The Principal Permittee, in cooperation with the Permittees, shall coordinate to 

develop outreach programs that focus on metals, urban pesticides, bacteria and 

nutrients as the pollutants of concern no later than (365 days after Order adoption 

date).  Metals may be appropriately addressed through the Industrial/ Commercial 

Facilities Program (e.g. the distribution of educational materials on appropriate 

BMPs for metal fabrication and recycling facilities that have been identified as a 

potential source).  Region-wide pollutants may be included in the Principal 

Permittee's mass media outreach program.  

 

3. Businesses Program 

(a) Corporate Outreach 

(1) The Permittees shall work with other regional or statewide agencies and, 

associations such as the California Storm Water Quality Association 

(CASQA), to develop and implement a Corporate Outreach program to 

educate and inform corporate franchise operators and/or local facility 

managers about storm water regulations and BMPs.  Once developed, the 

program shall target a minimum of four Retail Gasoline Outlets (RGO) 

franchisers and cover a minimum of 80% of RGO franchisees in the county, 

four retail automotive parts franchisers, two home improvement center 

franchisers and six restaurant franchisers.  Corporate outreach for all target 

facilities shall be conducted not less than twice during the term of this 
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Order, with the first outreach contact to begin no later than two years after 

Order adoption date.  At a minimum, this program shall include: 

(A) Confer with franchise operators and/or local facility managers to 

explain storm water regulations. 

(B) Distribution and discussion of educational material regarding storm 

water pollution and BMPs, and provide managers with 

recommendations to facilitate employee and facility compliance with 

storm water regulations. 

 

(b) Business Assistance Program 

(1) The Permittees shall implement a Business Assistance Program to provide 

technical information to small businesses to facilitate their efforts to reduce 

the discharge of pollutants in storm water.  The Program shall include: 

(A) On-site, telephone or e-mail consultation regarding the responsibilities 

of businesses to reduce the discharge of pollutants, procedural 

requirements, and available guidance documents. 

(B) Distribution of storm water pollution prevention education materials to 

operators of auto repair shops, car wash facilities (including mobile car 

detailing), mobile carpet cleaning services, commercial pesticide 

applicator services and restaurants. 

 

D. Industrial/ Commercial Facilities Program 

 

I.      Each Permittee shall require implementation of pollutant reduction and control 

measures, unless precluded by local ordinances, at industrial and commercial 

facilities, with the objective of reducing pollutants in storm water.  Except where 

specified otherwise in this Order, pollutant reduction and control measures may be 

used alone or in combination, and may include Treatment Control, Source Control 

BMPs, and operation and maintenance procedures, which may be applied before, 

during, and/ or after pollutant generating activities.  At a minimum, the Industrial/ 

Commercial Facilities Control Program shall include requirements to: 

(a) Track 

(b) Inspect 

(c) Ensure compliance with municipal ordinances at industrial and commercial 

facilities that are critical sources of pollutants in storm water 

 

1. Inventory of Critical Sources 

(a) Each Permittee shall maintain a watershed-based inventory or database of all 

facilities within its jurisdiction that are critical sources of storm water pollution.  

Critical Sources to be tracked are summarized below, and specified in  

Attachment "D": 

(1) Commercial Facilities 

(A) Restaurants 

(B) Automotive service facilities 

(C) RGOs and automotive dealerships 
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(D) Nurseries and nursery centers 

(2) U.S. EPA Phase I, II Facilities 

(3) Other Federally-mandated Facilities [as specified in                                     

40 CFR 122.26(d)(2)(iv)(C)] 

(A) Municipal landfills 

(B) Hazardous waste treatment, disposal, and recovery facilities 

(C) Facilities subject to SARA Title III (also known as the Emergency 

Planning and Community Right-to-Know Act (EPCRA)) 

(b) Each Permittee shall include the following minimum fields of information for 

each critical source industrial and commercial facility 

(1) Name of facility and name of owner/ operator. 

(2) Address of facility 

(3) Coverage under the IASGP or other individual or general NPDES 

permits or any applicable waiver issued by the Regional or State Board 

pertaining to runoff discharges. 

(4) A narrative description including Standard Industrial Classification 

(SIC) System/ North American Industry Classification System 

(NAICS) codes that best describe the industrial activities performed 

and principal products used at each facility and status of exposure to 

storm water. 

(c) The Regional Water Board recommends that Permittees include additional fields 

of information, such as material usage and/ or industrial output, and discrepancies 

between SIC System/ NAICS Code designations (as reported by facility 

operators) and identify the actual type of industrial activity that has the potential 

to pollute storm water.  In addition, the Regional Water Board recommends the 

use of an automated database system, such as a Geographical Information System 

(GIS) or Internet-based system. 

(d) Each Permittee shall update its inventory of critical sources at least annually.  The 

update may be accomplished through collection of new information obtained 

through field activities or through other readily available inter and intra-agency 

informational databases (e.g. business licenses, pretreatment permits, sanitary 

sewer hook-up permits, and similar information). 

 

2. Inspect Critical Sources 

(a) Commercial Facilities 

Permittee shall inspect all facilities identified in subpart 4.D.1. twice during the  

5-year term of the Order, provided that the first inspection occurs no later than (2 

years after Order adoption date).  A minimum interval of 6 months between the 

first and the second mandatory compliance inspection is required.  In addition, 

each Permittee shall implement the activities outlined in the following subparts.  

At each facility, inspectors shall verify that the operator is implementing the 

source control BMPs.  The Permittees may require implementation of additional 

BMPs where storm water flows from the MS4 discharge to an environmentally 

sensitive area (ESA, see Part 6 for definition) or a CWA § 303(d) listed 

waterbody (see subpart 3(b) below).   
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(1) Restaurants- 

Level of inspections: Each Permittee shall inspect all restaurants within its 

jurisdiction to confirm that storm water BMPs are being effectively 

implemented in compliance with State law, County and municipal 

ordinances.  BMPs in Table 2 (BMPs at Restaurants) shall be implemented, 

unless the pollutant generating activity does not occur. 

 

Table 2 - BMPs at Restaurants  

Pollutant-Generating Activity BMP Narrative Description 2003 California Stormwater 

BMP Handbook 

Industrial and Commercial 

BMP Identification # 

Waste/ Hazardous Materials 

Storage, Handling and Disposal   

Implementation of effective 

storage, handling and disposal 

procedures for hazardous 

materials.   

By Municipality 

Unauthorized Non-Storm Water 

Discharges 

Effective elimination of non-storm 

water discharges. 

SC-10 

Accidental Spills/ Leaks Implementation of effective spills/ 

leaks prevention and response 

procedures. 

SC-11 

Outdoor Storage of Raw Materials  Implementation of effective source 

control practices and structural 

devices. 

SC-33 

Storage and Handling of Solid 

Waste 

Implementation of effective solid 

waste storage/ handling practices 

and appropriate control measures 

SC-34 

Parking/ Storage Area 

Maintenance 

Implementation of effective 

parking/ storage area designs and 

housekeeping/ maintenance 

practices  

SC-43 

 

Storm Water Conveyance System 

Maintenance  

Implementation of proper 

conveyance system operation and 

maintenance protocols. 

SC-44 
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(2) Automotive Service Facilities- 

Level of Inspection: Each Permittee shall confirm that BMPs are being 

effectively implemented at each facility within its jurisdiction, in 

compliance with County and municipal ordinances.  The inspections shall 

verify that BMPs in Table 3 (BMPs at Automotive Service Facilities) are 

being implemented, unless the pollutant generating activity does not occur. 

 

Table 3 - BMPs at Automotive Service Facilities 

Pollutant-Generating Activity BMP Narrative Description 2003 California Stormwater 

BMP Handbook 

Industrial and Commercial 

BMP Identification # 

Unauthorized Non-Storm Water 

Discharges 

Effective elimination of non-storm 

water discharges. 

SC-10 

Accidental Spills/ Leaks Implementation of effective spills/ 

leaks prevention and response 

procedures. 

SC-11 

Vehicle/ Equipment Fueling Implementation of effective fueling 

source control devices and 

practices. 

SC-20 

Vehicle/ Equipment Cleaning Implementation of effective 

equipment/ vehicle cleaning 

practices and appropriate wash 

water management practices 

SC-21 

Vehicle/ Equipment Repair Implementation of effective 

vehicle/ equipment repair practices 

and source control devices. 

SC-22 

Outdoor Liquid Storage Implementation of effective outdoor 

liquid storage source controls and 

practices. 

SC-31 

Outdoor Storage of Raw 

Materials  

Implementation of effective source 

control practices and structural 

devices. 

SC-33 

Storage and Handling of Solid 

Waste 

Implementation of effective solid 

waste storage/ handling practices 

and appropriate control measures 

SC-34 

Parking/ Storage Area 

Maintenance 

Implementation of effective 

parking/ storage area designs and 

housekeeping/ maintenance 

practices  

SC-43 

 

Storm Water Conveyance System 

Maintenance Practices 

Implementation of proper 

conveyance system operation and 

maintenance protocols. 

SC-44 
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(3) Retail Gasoline Outlets and Automotive Dealerships- 

Level of Inspections: Each Permittee shall confirm that BMPs are being 

effectively implemented at each facility within its jurisdiction, in 

compliance with County and municipal ordinances.  The inspections shall 

verify that BMPs in Table 4 (BMPs at Retail Gasoline Outlets) are being 

implemented, unless the pollutant generating activity does not occur. 

 

Table 4 - BMPs at Retail Gasoline Outlets 

Pollutant-Generating Activity BMP Narrative Description 2003 California Stormwater 

BMP Handbook 

Industrial and Commercial 

BMP Identification # 

Unauthorized Non-Storm Water 

Discharges 

Effective elimination of non-storm 

water discharges. 

SC-10 

Accidental Spills/ Leaks Implementation of effective spills/ 

leaks prevention and response 

procedures. 

SC-11 

Vehicle/ Equipment Fueling Implementation of effective 

fueling source control devices and 

practices. 

SC-20 

Vehicle/ Equipment Cleaning Implementation of effective wash 

water control devices.  

SC-21 

Outdoor Storage of Raw Materials  Implementation of effective source 

control practices and structural 

devices. 

SC-33 

Storage and Handling of Solid 

Waste 

Implementation of effective solid 

waste storage/ handling practices 

and appropriate control measures 

SC-34 

Building and Grounds 

Maintenance 

Implementation of effective 

facility maintenance practices. 

SC-41 

Parking/ Storage Area 

Maintenance 

Implementation of effective 

parking/ storage area designs and 

housekeeping/ maintenance 

practices  

SC-43 
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(4) Commercial Nurseries and Nursery Centers (Merchant Wholesalers, 

Nondurable Goods, and Retail Trade)- 

Level of Inspection: Each Permittee shall confirm that BMPs are being 

effectively implemented at each facility within its jurisdiction, in 

compliance with County and municipal ordinances.  The inspections shall 

verify that BMPs in Table 5 (BMPs at Nurseries) are being implemented, 

unless the pollutant generating activity does not occur. 

 

Table 5 - BMPs at Nurseries 

Pollutant-Generating Activity BMP Narrative Description 2003 California Stormwater 

BMP Handbook 

Industrial and Commercial 

BMP Identification # 

Unauthorized Non-Storm Water 

Discharges 

Effective elimination of non-storm 

water discharges. 

SC-10 

Outdoor Loading/ Unloading Implementation of effective 

outdoor loading/ unloading 

practices. 

SC-30 

Outdoor Liquid Storage Implementation of effective 

outdoor liquid storage source 

controls and practices. 

SC-31 

Outdoor Equipment Operations Implementation of effective 

outdoor equipment source control 

devices and practices. 

SC-32 

Outdoor Storage of Raw Materials  Implementation of effective source 

control practices and structural 

devices. 

SC-33 

Building and Grounds 

Maintenance 

Implementation of effective 

facility maintenance practices. 

SC-41 

 

 

(b) Industrial Facilities 

Each Permittee shall conduct compliance inspections as specified below. 

(1) Frequency of Inspection 

(A) Each Permittee shall perform an initial inspection at all industrial 

facilities identified by the U.S. EPA in 40 CFR 122.26(c) no later than 

(2 years after Order adoption date).  After the initial inspection, all 

facilities determined as having exposure of industrial activities to 

storm water are subject to a second mandatory compliance inspection.  

A minimum interval of 6 months between the first and the second 

compliance inspection is required. 

(B) Following the first mandatory compliance inspection, a Permittee shall 

perform a second mandatory compliance inspection yearly at a 

minimum of 20% of the facilities determined not to have exposure of 

industrial activities to storm water.  The purpose of this inspection is to 

verify the continuity of the no exposure status.  Facilities determined 

RB-AR6730



NPDES No. CAS004002                                                                           Order No. R4-2010-0108 

Ventura County Municipal Separate Storm Sewer System Permit 

 

 

July 8, 2010 – Final Pending Verification of Transcript 51 

 

as having exposure will be notified that they must obtain coverage 

under the IASGP.  A facility need not be inspected more than twice 

during the term of the Order unless subject to an enforcement action.  

A minimum interval of 6 months in between the first and the second 

compliance inspection is required. 

(C) Applicable to all facilities: A Permittee need not inspect facilities that 

have been inspected by the Regional Water Board within the previous 

24 month interval.  However, if the Regional Water Board performed 

only one inspection, the Permittee shall conduct the second required 

mandatory compliance inspection. 

(2) Level of Inspection:  Each Permittee shall confirm that each operator: 

(A) Has a current Waste Discharge Identification (WDID) number for 

facilities discharging storm water associated with industrial activity, 

and that a Storm Water Pollution Prevention Plan (SWPPP) is 

available on-site.  

(B) Is effectively implementing BMPs in compliance with County and 

municipal ordinances.  Facilities must implement the source control 

BMPs identified in subpart 4.D.2. and Appendix D, California 

Stormwater Industrial and Commercial BMP Handbook (2003); or  

(C) Has applied and has a current No Exposure Certification (and WDID 

number) for facilities subject to this requirement.  

 

3. Ensure Compliance of Critical Sources 

(a) BMP Implementation: Facilities must implement the source control BMPs 

identified in Part 4.D.2. and, as applicable, Appendix D, California Stormwater 

Industrial and Commercial BMP Handbook (2003).  In the event that a Permittee 

determines that a BMP is infeasible at any site, the Permittee shall require 

implementation of similar BMPs that will achieve the equivalent reduction of 

pollutants in the storm water discharges.  Likewise, for those BMPs that are not 

protective of water quality standards, Permittees may require additional site-

specific controls. 

(b) Environmentally Sensitive Areas (ESAs) and Impaired Waters:  For critical 

sources that discharge to MS4s that directly discharge to ESAs or to CWA           

§ 303(d) listed impaired waterbodies, the Permittees shall require operators to 

implement additional pollutant specific controls to reduce pollutants in storm 

water runoff that are causing or contributing to exceedances of water quality 

objectives.  A Regional Water Board approved TMDL Implementation Plan for 

the receiving water will substitute for this requirement. 

(c) Progressive Enforcement: Each Permittee shall implement a progressive 

enforcement policy to ensure that facilities are brought into compliance with all 

storm water requirements within a reasonable time period as specified below. 

(1) In the event that a Permittee determines, based on an inspection conducted, 

that an operator has failed to adequately implement all necessary BMPs, that 

Permittee shall take progressive enforcement actions which, at a minimum, 
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shall include a follow-up inspection within 4 weeks from the date of the 

initial inspection. 

(2) In the event that a Permittee determines that an operator has failed to 

adequately implement BMPs after a follow-up inspection, that Permittee 

shall take enforcement action as established through authority in its 

municipal code and ordinances or through the judicial system. 

(3) Each Permittee shall maintain records and make them available on request to 

the Regional Water Board, including inspection reports, warning letters, 

notices of violations, and other enforcement records, demonstrating a good 

faith effort to bring facilities into compliance. 

 

4. Interagency Coordination 

(a) Referral of Violations of the Municipal Storm Water Ordinances and 

California Water Code § 13260:  A Permittee may refer a violation(s) of             

§ 13260 by Industrial and Commercial facilities to the Regional Water Board 

provided that under its municipal storm water ordinance the Permittee has made a 

good faith effort of progressive enforcement.  At a minimum, a Permittee’s good 

faith effort must be documented with: 

(1) Two follow-up inspections 

(2) Two warning letters or notices of violation 

(b) Referral of Violations of the Industrial Activities Storm Water General 

Permit  (IASGP), including Requirements to File a Notice of Intent or No 

Exposure Certification:  For those facilities in violation of the municipal storm 

water ordinance and subject to the IASGP, Permittees may escalate referral of 

such violations to the Regional Water Board (electronically on a quarterly basis to 

the Regional Water Board's Storm Water Site at 

MS4stormwaterrb4@waterboards.ca.gov) after one inspection and one written 

notice (copied to the Regional Water Board) to the operator regarding the 

violation.  In making such referrals, Permittees shall include, at a minimum, the 

following documentation: 

(1) Name of the facility 

(2) Operator of the facility 

(3) Owner of the facility 

(4) WDID Number (if applicable) 

(5) Industrial activity being conducted at the facility that is subject to the 

IASGP 

(6) Records of communication with the facility operator regarding the violation, 

which shall include at least an inspection report 

(7) The written notice of the violation copied to the Regional Water Board 
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(c) Investigation of Complaints Regarding Facilities – Transmitted by the 

Regional Water Board Staff:  Each Permittee shall initiate, within one business 

day,
1
 investigation of complaints (other than non-storm water discharges) to the 

MS4 from facilities within its jurisdiction. The initial investigation shall include, 

at a minimum, a limited inspection of the facility to confirm the complaint to 

determine if the facility is effectively complying with the municipal storm water 

urban runoff ordinances and, if necessary, to oversee corrective action. 

 

(d) Assistance of Regional Water Board Enforcement Actions:  As directed by the 

Regional Water Board Executive Officer, Permittees shall assist Regional Water 

Board enforcement actions by:  helping in identification of current owners, 

operators, and lessees of facilities; providing staff, when available, for joint 

inspections with Regional Water Board inspectors; appearing as witnesses in 

Regional Water Board enforcement hearings; and providing copies of inspection 

reports and other progressive enforcement documentation. 

 

(e) Participation in a Task Force:  The Permittees shall participate with the 

Regional Water Board, and other public agencies on an enforcement task force 

such as the Storm Water Task Force, to communicate concerns regarding special 

cases of storm water violations by industrial and commercial facilities and to 

develop a coordinated approach to enforcement action. 

 

 

E. Planning and Land Development Program 

 

I. Purpose 

 

1. The Permittees shall implement a Planning and Land Development Program pursuant 

to part 4.E. for all New Development and Redevelopment projects subject to this 

Order to: 

(a) Lessen the water quality impacts of development by using smart growth practices 

such as compact development, directing development towards existing communities 

via infill or redevelopment, safeguarding of environmentally sensitive areas, mixing 

of land uses (e.g., homes, offices, and shops), transit accessibility, and better 

pedestrian and bicycle amenities. 

(b) Minimize the adverse impacts from storm water runoff on the biological integrity of 

Natural Drainage Systems and the beneficial uses of waterbodies in accordance 

with requirements under CEQA (Cal. Pub. Resources Code § 21100).  

(c) Minimize the percentage of effective impervious surfaces on land developments 

to mimic predevelopment water balance through infiltration, evapotranspiration 

and reuse.  

                                                           

 
1
 Permittees may comply with the Permit by taking initial steps (such as logging, prioritizing, and tasking) to “initiate” the 

investigation within that one business day.   However, the Regional Water Board would expect that the initial investigation, 

including a site visit, to occur within four business days. 
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(d) Minimize pollutant loadings from impervious surfaces such as roof-tops, parking 

lots, and roadways through the use of properly designed, technically appropriate 

BMPs (including Source Control BMPs such as good housekeeping practices), 

Low Impact Development Strategies, and Treatment Control BMPs. 

(e) Properly select, design and maintain Treatment Control BMPs and 

Hydromodification Control BMPs to address pollutants that are likely to be 

generated, assure long-term function, and to avoid the breeding of vectors.
1
  

(f) Prioritize the selection of BMPs suites to remove storm water pollutants, reduce 

storm water runoff volume, and beneficially reuse storm water to support an 

integrated approach to protecting water quality and managing water resources in 

the following order of preference: 

(1) Infiltration BMPs 

(2) BMPs that store and reuse storm water runoff.  

(3) BMPs that incorporate vegetation to promote pollutant removal and runoff 

volume reduction and integrate multiple uses 

(4) BMPs which percolate runoff through engineered soil and allow it to 

discharge downstream slowly 

(5) Approved modular/ proprietary treatment control BMPs that are based on 

LID concepts and that meet pollution removal goals 

 

II. Applicability 

 

1. New Development Projects. 

(a) Development projects subject to Permittee conditioning and approval for the 

design and implementation of post-construction controls to mitigate storm water 

pollution, prior to completion of the project(s), are: 

(1) All development projects equal to 1 acre or greater of disturbed area and 

adding more than 10,000 square feet of impervious surface area 

(2) Industrial park 10,000 square feet or more of surface area 

(3) Commercial strip mall 10,000 square feet or more of impervious surface 

area 

(4) Retail gasoline outlet 5,000 square feet or more of surface area 

(5) Restaurant (SIC 5812) 5,000 square feet or more of surface area 

(6) Parking lot 5,000 square feet or more of impervious surface area, or with 

25 or more parking spaces 

(7) Streets, roads, highways, and freeway construction of 10,000 square feet or 

more of impervious surface area shall incorporate USEPA guidance 

regarding Managing Wet Weather with Green Infrastructure: Green Streets 

to the maximum extent practicable.    

(8) Automotive service facilities (SIC 5013, 5014, 5511, 5541, 7532-7534 and 

7536-7539) [5,000 square feet or more of surface area] 

                                                           

 
1
 Treatment BMPs when designed to drain within 72 hours of the end of rainfall minimize the potential for the 

breeding of vectors. 
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(9) Redevelopment projects in subject categories that meet Redevelopment 

thresholds (identified in subpart E.II.2 below) 

(10) Projects located in or directly adjacent to, or discharging directly to an 

Environmentally Sensitive Area (ESA), where the development will: 

(A) Discharge storm water runoff that is likely to impact a sensitive 

biological species or habitat; and   

(B) Create 2,500 square feet or more of impervious surface area 

(11) Single-family hillside homes.  To the extent that a Permittee may lawfully 

impose conditions, mitigation measures or other requirements on the 

development or construction of a single-family home in a hillside area as 

defined in the applicable Permittee’s Code and Ordinances, each Permittee 

shall require that during the construction of a single-family hillside home, 

the following measures to be implemented: 

(A) Conserve natural areas 

(B) Protect slopes and channels 

(C) Provide storm drain system stenciling and signage 

(D) Divert roof runoff to vegetated areas before discharge unless the 

diversion would result in slope instability 

(E) Direct surface flow to vegetated areas before discharge unless the 

diversion would result in slope instability 

 

2.  Redevelopment Projects 

(a) Redevelopment projects subject to Permittee conditioning and approval for the 

design and implementation of post-construction controls to mitigate storm water 

pollution, prior to completion of the project(s), are: 

(1) Land-disturbing activity that results in the creation or addition or 

replacement of 5,000 square feet or more of impervious surface area on an 

already developed site on development categories identified in subpart 

4.E.III.1. 

(2) Where Redevelopment results in an alteration to more than fifty percent of 

impervious surfaces of a previously existing development, and the existing 

development was not subject to post development storm water quality 

control requirements, the entire project must be mitigated. 

(3) Where Redevelopment results in an alteration to less than fifty percent of 

impervious surfaces of a previously existing development, and the existing 

development was not subject to post development storm water quality 

control requirements, only the alteration must be mitigated, and not the 

entire development. 

(b) Redevelopment does not include routine maintenance activities that are conducted 

to maintain original line and grade, hydraulic capacity, original purpose of facility 

or emergency redevelopment activity required to protect public health and safety.  

Impervious surface replacement, such as the reconstruction of parking lots and 

roadways which does not disturb additional area and maintains the original grade 

and alignment, is considered a routine maintenance activity.  Redevelopment does 

not include the repaving of existing roads to maintain original line and grade. 
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(c) Existing single-family dwelling and accessory structures are exempt from the 

Redevelopment requirements unless such projects create, add, or replace 10,000 

square feet of impervious surface area. 

 

3. Effective Date –The New Development and Redevelopment requirements contained 

in Section E of the Order shall begin (90 calendar days) after Regional Water Board 

Executive Officer approval of the changes to the Technical Guidance Manual needed 

to comply with this permit. After that date all discretionary permit projects or project 

phases that have not been deemed complete for processing, or discretionary permit 

projects without vesting tentative maps that have not requested and received an 

extension of previously granted approvals must comply with the requirements in 

Section E.  Projects that have been deemed complete prior to the update of the 

technical design manual are not subject to this section.  For Permittee’s projects the 

effective date shall be the date the governing body or their designee approves 

initiation of the project design. 

 

III. New Development/ Redevelopment Performance Criteria 

 

1. Integrated Water Quality/ Flow Reduction/Resources Management Criteria 

(a) Except as provided in subpart 4.E.III.1.(c) below, Permittees shall require all New 

Development and Redevelopment projects identified in subpart 4.E.II to control 

pollutants, pollutant loads, and runoff volume emanating from impervious surfaces 

through infiltration, storage for reuse, evapotranspiration, or bioretention/ 

biofiltration by reducing the percentage of Effective Impervious Area (EIA) to 5 

percent or less of the total project area. 

(b) Impervious surfaces may be rendered "ineffective", and thus not count toward the 

5 percent EIA limitation, if the stormwater runoff from those surfaces is fully 

retained on-site for the design storm event specified in provision (c), below.  To 

satisfy the EIA limitation and low-impact development requirements, the 

permittees must require stormwater runoff to be infiltrated, reused, or 

evapotranspired on-site through a stormwater management technique allowed 

under the terms of this permit and implementing documents. If on-site retention is 

determined to be technically infeasible pursuant to 4.E.III.2(b), an on-site 

biofiltration system that achieves equivalent stormwater volume and pollutant load 

reduction as would have been achieved by on-site retention shall satisfy the EIA 

limitation. An on-site biofiltration system that releases above the design volume 

shall achieve 1.5 times the amount of stormwater volume and pollutant load 

reduction as would have been achieved by on-site retention and, thereby, shall 

satisfy the EIA limitation. 

(c) The permittees shall require all features constructed or otherwise utilized to render 

impervious surfaces "ineffective", as described in provision (b), above, to be 

properly sized to infiltrate, store for reuse, or evapotranspire, without any runoff at 

least the volume of water, or in the case of biofiltration with release above the 

design volume, 1.5 times the volume of water, that results from: 
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(1) The 85th percentile 24-hour runoff event determined as the maximized 

capture stormwater volume for the area using a 48 to 72-hour draw down 

time, from the formula recommended in Urban Runoff Quality Management, 

WEF Manual of Practice No. 23/ASCE Manual of Practice No. 87, (1998); 

(2) The volume of annual runoff based on unit basin storage water quality 

volume, to achieve 80 percent or more volume treatment by the method 

recommended in the Ventura County Technical Guidance Manual for Storm 

Water Quality Control Measures (July 2002 and its revisions); or 

(3) The volume of runoff produced from a 0.75 inch storm event. 

(d) To address any impervious surfaces that may not be rendered "ineffective", 

surface discharge of stormwater runoff if any, that results from New Development 

and Redevelopment projects identified in subpart 4.E.II which have complied with 

subparts 4.E.III.1.(a)-(c), above, shall be mitigated in accordance with subpart 

4.E.III.4. 

 

2. Alternative Compliance for Technical Infeasibility 

 (a) To encourage smart growth and infill development of existing urban centers where 

on-site compliance with post-construction requirements may be technically 

infeasible, the permittees may allow projects that are unable to meet the Integrated 

Water Quality/Flow Reduction/Resources Management Criteria in subpart 

4.E.III.1, above, to comply with this permit through the alternative compliance 

measures described in subpart 4.E.III.2.(c), below. 

(b) To utilize alternative compliance measures, the project applicant must demonstrate 

that compliance with the applicable post-construction requirements would be 

technically infeasible by submitting a site-specific hydrologic and/or design analysis 

conducted and endorsed by a registered professional engineer, geologist, architect, 

and/or landscape architect. Technical infeasibility may result from conditions 

including the following: 

(1) Locations where seasonal high groundwater is within 5 feet of the surface 

(2) Locations within 100 feet of a groundwater well used for drinking water 

(3) Brownfield development sites or other locations where pollutant 

mobilization is a documented concern 

(4) Locations with potential geotechnical hazards 

(5) Smart growth and infill or redevelopment locations where the density and/ 

or nature of the project would create significant difficulty for compliance 

with the on-site volume retention requirement 

(6) Other site or implementation constraints identified in the LID Technical 

Guidance document required by subpart 4.E.IV.4. 

(c) Alternative Compliance Measures. When a permittee finds that a project applicant 

has demonstrated technical infeasibility, the permittee shall identify alternative 

compliance measures that the project will need to comply with as a substitute for 

the otherwise applicable post-construction requirements listed in subparts 

4.E.III.1.(a)-(c) of this permit.  The Ventura County Technical Guidance Manual 

shall be revised to identify the alternative compliance measures and shall include 

the following requirement: 
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(1) Minimum on-site requirement. The project must take all feasible measures 

to reduce the percentage of Effective Impervious Area to no more than 30 

percent of the total project area and treat all remaining runoff pursuant to the 

design and sizing requirements of subparts 4.E.III.1.(b)-(d). 

(2) Offsite mitigation volume. The difference in volume between the amount of 

stormwater infiltrated, reused, and/ or evapotranspired and/or biofiltered by 

the project on-site and the otherwise applicable requirements of subparts 

4.E.III.1.(a)-(c) (the "offsite mitigation volume'), above, must be mitigated 

by the project applicant either by performing offsite mitigation that is 

approved by the permittee or by providing sufficient funding for public or 

private offsite mitigation to achieve equivalent stormwater volume and 

pollutant load reduction through infiltration, reuse, evapotranspiration and/ 

or biofiltration. 

� For projects with demonstrable technical infeasibility that cannot reduce 

the Effective Impervious Area to 5% or less of the total project, but are 

able to reduce the Effective Impervious Area to no more than 30 percent 

of the total project, mitigation or payment in lieu must be equivalent to 

the amount of stormwater not managed on site. 

� For projects with demonstrable technical infeasibility that cannot reduce 

the Effective Impervious Area to 30% of the total project or less, 

mitigation or payment in lieu must be for 1.5 times the amount of 

stormwater not managed on site 

(3)     Location of off site mitigation. Offsite mitigation projects must be located in 

the same sub-watershed (defined as draining to the same hydrologic area in 

the Basin Plan) as the new development or redevelopment project. A list of 

eligible public and private offsite mitigation projects available for funding 

shall be identified by the Permittees and provided to the project applicant. 

Off site mitigation projects include green streets projects, parking lot 

retrofits, other site specific LID BMPs, and regional BMPs. Project 

applicants seeking to utilize these alternative compliance provisions may 

propose other offsite mitigation projects, which the Permittees may approve 

if they meet the requirements of this subpart. 

(4) Timing and Reporting Requirements for Offsite Mitigation Projects. The 

Permittee(s) shall develop a schedule for the completion of offsite 

mitigation projects, including milestone dates to identify fund, design, and 

construct the projects. Offsite mitigation projects shall be completed as 

soon as possible, and at the latest, within 4 years of the certificate of 

occupancy for the first project that contributed funds toward the 

construction of the offsite mitigation project, unless a longer period is 

otherwise authorized by the Executive Officer. For public offsite mitigation 

projects, the permittees must provide in their annual reports a summary of 

total offsite mitigation funds raised to date and a description (including 

location, general design concept, volume of water expected to be retained, 

and total estimated budget) of all pending public offsite mitigation projects. 

Funding sufficient to address the offsite mitigation volume must be 
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transferred to the permittee (for public offsite mitigation projects) or to an 

escrow account (for private offsite mitigation projects) within one year of the 

initiation of construction. 

(5) The project applicant must demonstrate that the EIA achieved on-site is as 

close to 5 percent EIA as technically feasible, given the site's constraints. 

(d)  Watershed equivalence. Regardless of the methods through which permittees allow 

project applicants to implement alternative compliance measures, the sub-watershed 

-wide (defined as draining to the same hydrologic area in the Basin Plan) result of 

all development must be at least the same level of water quality protection as would 

have been achieved if all projects utilizing these alternative compliance provisions 

had complied with subparts 4.E.III.1.(a)-(d) of the permit. The permittees shall 

provide in their annual report to the Regional Board a list of mitigation project 

descriptions and pollutant and flow reduction analyses (compiled from design 

specifications submitted by project applicants and approved by the permittee(s)) 

comparing the expected aggregate results of alternative compliance projects to the 

results that would otherwise have been achieved by meeting the 5 percent EIA 

requirement on-site. 

 

3. Hydromodification (Flow/ Volume/ Duration) Control Criteria 

(a) Each Permittee shall require all New Development and Redevelopment projects 

identified in subpart 4.E.II to implement hydrologic control measures, to prevent 

accelerated downstream erosion and to protect stream habitat in natural drainage 

systems.  The purpose of the hydrologic controls is to minimize changes in post-

development hydrologic storm water runoff discharge rates, velocities, and 

duration.  This shall be achieved by maintaining the project’s pre-project storm 

water runoff flow rates and durations. 

(1) Description 

(A) Hydromodification control in natural drainage systems shall be 

achieved by maintaining the Erosion Potential (Ep) in streams at a 

value of 1, unless an alternative value can be shown to be protective of 

the natural drainage systems from erosion, incision, and sedimentation 

that can occur as a result of flow increases from impervious surfaces 

and damage stream habitat (see Attachment "E" - Determination of 

Erosion Potential) 

(B) Hydromodification control may include one, or a combination of     

on-site, regional subregional hydromodification control BMPs, LID 

strategies, or stream restoration measures, with preference given to 

LID strategies and hydromodification control BMPs.  Any in-stream 

restoration measure shall not adversely affect the beneficial uses of the 

natural drainage systems 

(C) Natural drainage systems, which include unlined or unimproved     

(not engineered) creeks, streams, rivers and their tributaries, are 

located in the following watersheds: 

(i) Ventura River 

(ii) Santa Clara River 
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(iii) Calleguas Creek 

(iv) Malibu Creek 

(v) Miscellaneous Ventura Coastal 

(D) The Southern California Storm Water Monitoring Coalition (SMC) is 

developing a regional methodology to eliminate or mitigate the 

adverse impacts of hydromodification as a result of urbanization, 

including hydromodification assessment and management tools. 

(i) The SMC has identified the following objectives for the 

Hydromodification Control Study (HCS): 

(I) Establishment of a stream classification for Southern 

California streams 

(II) Development of a deterministic or predictive relationship 

between changes in watershed impervious cover and 

stream-bed/ stream bank enlargement 

(III) Development of a numeric model to predict stream-bed/ 

stream bank enlargement and evaluate the effectiveness of 

mitigation strategies 

 

(E) The Permittees shall participate in the SMC HCS to develop: 

(i) A regional stream classification system 

(ii) A numerical model to predict the hydrological changes resulting 

from new development 

(iii) A numerical model to identify effective mitigation strategies 

(F) Until the completion of the SMC HCS, Permittees shall implement the 

Interim Hydromodification Control Criteria, described in subpart 

4.E.III.3(a)(3)(A) below, to control the potential adverse impacts of 

changes in hydrology that may result from new development and 

redevelopment projects identified in subpart 4.E.II 

(G) Existing single-family structures are exempt from the 

Hydromodification control requirements unless such projects disturb 

one acre or more of land or create, add, or replace 10,000 square feet 

or more of impervious surface area 

(2) Exemptions to Hydromodification Controls.  Permittees may exempt the 

following New Development and Redevelopment projects from 

implementation of Hydromodification controls where assessments of 

downstream channel conditions and proposed discharge hydrology indicate 

that adverse Hydromodification effects to present and future beneficial uses 

of Natural Drainage Systems are unlikely: 

(A) All projects that disturb less than one acre. 

(B) Projects that are replacement, maintenance or repair of a Permittee’s 

existing flood control facility, storm drain, or transportation network.               

(C) Redevelopment Projects in the Urban Core that do not increase the 

effective impervious area or decrease the infiltration capacity of 

pervious areas compared to the pre-project conditions.   
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(D) Projects that have any increased discharge go directly or via a storm 

drain to a sump, lake, area under tidal influence, into a waterway that 

has a 100-year peak flow (Q100) of 25,000 cfs or more, or other 

receiving water that is not susceptible to Hydromodification impacts;  

(E) Projects that discharge directly or via a storm drain into concrete or 

improved (not natural) channels (e.g., rip rap, sackcrete, etc.), which, 

in turn, discharge into receiving water that is not susceptible to 

Hydromodification impacts (as in D above). 

(3) Interim Hydromodification Control Criteria 

(A) The Interim Hydromodification Control Criteria to protect natural 

drainage systems until Permittees complete Hydromodification 

Control Plans (HCPs), described in subpart 4.E.III.3(a)(4) below, are 

as follows: 

(i) Projects disturbing land area of less than fifty acres 

 will be subject to LID and/or source or treatment BMPs as 

addressed in this permit. The combined effects of LID and the 

treatment BMPs are considered adequate for Hydromodification 

control for projects that disturb less than 50 acres. 

 

(ii) Projects disturbing land areas of fifty acres or greater 

Projects in this category shall develop and implement a 

Hydromodification Analysis Study (HAS) that demonstrates that 

post development conditions are expected to approximate the 

pre-project erosive effect of sediment transporting flows in 

receiving waters. The HAS must lead to the incorporation into 

the project design features intended to approximate, to the extent 

feasible, an Erosion Potential value of 1 or any alternative value 

that can be shown to be protective of the natural drainage 

systems from erosion, incision, and sedimentation that can occur 

as a result of flow increases from impervious surfaces and 

damage stream habitat in natural drainage systems, or 

(I) Alternatively, project proponents in this category may elect 

to develop, in partnership with Permittees, an equivalent 

implementation method based on flow duration control in 

the form of nomographs relating planned impervious area 

and local soil type (infiltration rates) to determine 

hydromodification control BMP volume and land area 

requirements for the proposed project. The nomographs 

shall be derived from continuous simulation modeling 

using Ventura County specific rain gauge records and soil 

types, and calibrated using data from a local undeveloped 

watershed with similar conditions; or 

(II) Alternatively, the Co-Permittees may revise the Ventura 

County Technical Guidance Manual for Stormwater 
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Quality Control Measures to address projects that disturb 

more than 50 acres. 

(4) Final Criteria 

(A) The Permittees shall develop and implement watershed specific HCPs 

no later than (180 days) after the completion of the SMC HCS. 

(i) The HCP shall identify: 

(I) Stream classifications 

(II) Flow rate and duration control methods 

(III) Sub-watershed mitigation strategies  

(IV) Stream restoration measures, which will maintain the 

stream and tributary Erosion Potential at 1 unless an 

alternative value can be shown to be protective of the 

natural drainage systems from erosion, incision, and 

sedimentation that can occur as a result of flow increases 

from impervious surfaces and damage stream habitat in 

natural drainage system tributaries 

(B) The HCP shall contain the following elements: 

(i) Hydromodification Management Standards 

(ii) Natural Drainage Areas and Hydromodification Management 

Control Areas 

(iii) New Development and Redevelopment Projects subject to the 

HCP 

(iv) Description of authorized Hydromodification Management 

Control BMPs 

(v) Hydromodification Management Control BMP Design Criteria. 

(vi) For flow duration control methods, the range of flows to control 

for, and goodness of fit criteria  

(vii) Allowable low critical flow, Qc, which initiates sediment 

transport 

(viii) Description of the approved Hydromodification Model. 

(ix) Any alternate Hydromodification Management Model and 

Design 

(x) Stream Restoration Measures Design Criteria 

(xi) Monitoring and Effectiveness Assessment 

(xii) Record Keeping 

(C) The HCP shall be deemed in effect upon Executive Officer approval. 

 

4. Water Quality Mitigation Criteria 

(a) Each Permittee shall require all New Development and Redevelopment projects 

identified in subpart 4.E.II to implement post-construction storm water treatment 

BMPs and control measures to mitigate storm water pollution as follows: 

(1) Projects disturbing land areas less than 50 acres 

(A) Volumetric Treatment Control BMP 

(i) The 85th percentile 24-hour runoff event determined as the 

maximized capture storm water volume for the area using a 48 to 
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72-hour draw down time, from the formula recommended in 

Urban Runoff Quality Management, WEF Manual of Practice 

No. 23/ASCE Manual of Practice No. 87, (1998); or 

(ii) The volume of annual runoff based on unit basin storage water 

quality volume, to achieve 80 percent or more volume treatment 

by the method recommended in the Ventura County Technical 

Guidance Manual for Storm Water Quality Control Measures 

(July 2002 and its revisions); or 

(iii) The volume of runoff produced from a 0.75 inch storm event, 

prior to its discharge to a storm water conveyance system;
1
  

and/ or 

(B) Flow Based Treatment Control BMP 

(i) The flow of runoff produced from a rain event equal to at least 

0.2 inches per hour intensity; or  

(ii) The flow of runoff produced from a rain event equal to at least 2 

times the 85th percentile hourly rainfall intensity as determined 

from local rainfall records; or  

(iii) Eight percent of the 50-year storm design flow rate as 

determined from the method recommended in the Ventura 

County Technical Guidance Manual for Storm Water Quality 

Control Measures (July 2002 and its revisions) 

(2) Projects disturbing land area of 50 acres or greater 

(A) Eighty percent of the average runoff volume using an appropriate 

public domain continuous flow model (such as Storm Water 

Management Model (SWMM) or Hydrologic Engineering Center – 

Hydrologic Simulation Program – Fortran (HEC-HSPF), using the 

local rainfall record and relevant BMP Performance data. 

 

 

IV. Implementation 

 

1. Maintenance Agreement and Transfer 

(a) Prior to issuing approval for final occupancy each Permittee shall require that all 

new development and redevelopment projects subject to post-construction BMP 

requirements provide an operation and maintenance plan and verification of 

ongoing maintenance provisions for LID practices, Treatment Control BMPs, and 

Hydromodification Control BMPs including but not limited to: final map 

conditions, legal agreements, covenants, conditions or restrictions, CEQA 

mitigation requirements, conditional use permits, and/ or other legally binding 

maintenance agreements.  

(1) Verification at a minimum shall include the developer's signed statement 

accepting responsibility for maintenance until the responsibility is legally 

transferred; and either 

                                                           

 
1
 This option is available only for construction projects that disturb land area less than 5 acres. 
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(A) A signed statement from the public entity assuming responsibility for 

BMP maintenance; or 

(B) Written conditions in the sales or lease agreement, which require the 

property owner or tenant to assume responsibility for BMP 

maintenance and conduct a maintenance inspection at least once a 

year; or 

(C) Written text in project covenants, conditions, and restrictions (CCRs) 

for residential properties assigning BMP maintenance responsibilities 

to the Home Owners Association (HOA); or 

(D) Any other legally enforceable agreement or mechanism that assigns 

responsibility for the maintenance of BMPs. 

(b) Each Permittee shall require all development projects subject to post-

construction BMP requirements to provide a plan for the operation and 

maintenance of all structural and treatment controls. The Operation and 

Maintenance plan shall follow the Technical Guidance Manual Appendix D 

“Maintenance Plan Guidance” (or subsequent guidance manual) for each BMP 

component. The plan shall be submitted for examination of relevance to 

keeping the BMPs in proper working order. Where BMPs are transferred to 

Permittee for ownership and maintenance, the plan shall also include all 

relevant costs for upkeep of BMPs in the transfer. Operation and Maintenance 

plans for private BMPs shall be kept on-site for periodic review by Permittee 

inspectors. 

 

2. Tracking, Inspection, and Enforcement of Post-Construction BMPs 

(a) Each Permittee shall implement a tracking system and an inspection and 

enforcement program for new development and redevelopment post-construction 

storm water BMPs as set forth in part 4.E. no later than (one year after Order 

adoption date). 

(1) Implement a GIS or other electronic system for tracking projects that have 

been conditioned for post-construction BMPs.  The electronic system, at a 

minimum, should contain the following information: 

(A) Municipal Project ID 

(B) State WDID No 

(C) Project Acreage 

(D) BMP Type and Description 

(E) BMP Location (coordinates) 

(F) Date of Acceptance 

(G) Date of Maintenance Agreement 

(H) Maintenance Records 

(I) Inspection Date and Summary 

(J) Corrective Action 

(K) Date Certificate of Occupancy Issued 

(L) Replacement or Repair Date 

(b) Inspect all development sites upon completion of construction and prior to the 

issuance of occupancy certificates to ensure proper installation of LID measures, 
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structural BMPs, treatment control BMPs and Hydromodification control BMPs. 

The inspection may be combined with other inspections provided it is conducted 

by trained personnel. 

(c) Verify proper maintenance and operation of post-construction BMPs previously 

approved for new development and redevelopment and operated by the 

Permittees.  The post construction BMP maintenance inspection program shall 

incorporate the following elements: 

(1) Post-construction BMP Maintenance Inspection checklist. 

(2) Inspection at least once every 2 years, beginning (Order adoption date), of 

post-construction BMPs to assess operation conditions with particular 

attention to: 

(3) Criteria and procedures for post construction Treatment Control and 

Hydromodification Control BMP repair, replacement, or re-vegetation. 

(d) For post construction BMPs operated and maintained by parties other than the 

Permittees, the Permittees shall require annual reports by the other parties 

demonstrating proper maintenance and operations.   

(e) Undertake enforcement as appropriate based on the results of the inspection. 

 

3. Alternative Post Construction Storm Water Mitigation Programs 

(a) A Permittee or a coalition of Permittees may apply to the Regional Water Board 

for approval of a Redevelopment Project Area Master Plan (RPAMP) for 

redevelopment projects within the Redevelopment Project Areas, in consideration 

of exceptional site constraints that inhibit site-by-site or project-by-project 

implementation of post-construction requirements. 

(b) Upon review and a determination by the Regional Water Board Executive Officer 

that the proposal is technically valid and appropriate, the Regional Water Board 

may consider for approval such a program if its implementation will: 

(1) Result in equivalent or superior reduction of storm water pollutant loads in 

comparison to individual projects regulated by this permit.   

(2) Satisfy, on a Redevelopment Project Area-wide basis, the hydromodification 

criteria of this section.   

(3) Reduce the percentage of Effective Impervious Area (EIA) to a target of 5 

percent or less of the Redevelopment Project Area, using properly sized 

storm water treatment/ collection features, as described in this Section. 

(4) Be fiscally sustainable and have secure funding; and   

(5) Be completed in four years of the adoption date of this permit.   

(c) The RPAMP should prioritize the implementation of LID storm water mitigation 

measures, as described in this section. 

(d) A Permittee or a coalition of Permittees may apply to the Regional Water Board 

for approval of a Redevelopment Project Area Master Plan (RPAMP) that takes 

into consideration the balancing of water quality protection with the needs for 

adequate housing, population growth, public transportation and management, land 

recycling, and urban revitalization. 

(e) For the RPAMP to be considered, a technical panel of the Local Government 

Commission or an equivalent state or regional planning agency must have 
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reviewed and approved the proposed RPAMP, prior to its submittal to the 

Regional Water Board.  The Regional Water Board Executive Officer may then 

consider the RPAMP for approval, or elect to submit it to the Regional Water 

Board for consideration. 

(f) The RPAMP, on approval, may substitute in part or wholly for post-construction 

requirements. 

(g) Redevelopment Project Areas include the following: 

(1) City Center areas  

(2) Historic District areas  

(3) Brownfield areas 

(4) Infill Development areas 

(5) Urban Transit Villages 

(6) Any other redevelopment area so designated by the Regional Water Board 

(h) Nothing in these provisions shall be construed as to delay the implementation of 

post-construction control requirements, as approved in this Order. 

 

4. Developer Technical Guidance and Information 

(a) The Permittees shall update the Ventura County Technical Guidance Manual for 

Storm Water Quality Control Measures to include, at a minimum, the following: 

(1) Hydromodification Control criteria described in this Order, including 

numerical criteria. 

(2) Expected BMP pollutant removal performance including effluent quality 

(ASCE/ U.S. EPA International BMP Database, CASQA New Development 

BMP Handbook, technical reports, local data on BMP performance, and the 

scientific literature appropriate for southern California geography and 

climate). 

(3) Selection of appropriate BMPs for storm water pollutants of concern. 

(4) Data on Observed Local Effectiveness and performance of implemented 

BMPs. 

(5) BMP Maintenance and Cost Considerations. 

(6) Guiding principles to facilitate integrated water resources planning and 

management in the selection of BMPs, including water conservation, 

groundwater recharge, public recreation, multipurpose parks, open space 

preservation, and redevelopment retrofits.  

(7) LID principles and specifications, including the objectives and 

specifications for integration of LID strategies in the areas of: 

(A) Site Assessment. 

(B)  Site Planning and Layout.  

(C) Vegetative Protection, Revegetation, and Maintenance.  

(D) Techniques to Minimize Land Disturbance.  

(E) Techniques to Implement LID Measures at Various Scales 

(F) Integrated Water Resources Management Practices.  

(G) LID Design and Flow Modeling Guidance.  

(H) Hydrologic Analysis.  

(I) LID Credits. 
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(b) Permittees shall update the Technical Guidance Manual within (120 days after 

Order adoption date).  

(c) The Permittees shall facilitate implementation of LID by providing key industry, 

regulatory, and other stakeholders with information regarding LID objectives and 

specifications contained in the LID Technical Guidance Section through a training 

program.  The LID training program will include the following: 

(1) LID targeted sessions and materials for builders, design professionals, 

regulators, resource agencies, and stakeholders 

(2) A combination of awareness on national efforts and local experience gained 

through LID pilot projects and demonstration projects 

(3) Materials and data from LID pilot projects and demonstration projects 

including case studies 

(4) Guidance on how to integrate LID requirements into the local regulatory 

program(s) and requirements 

(5) Availability of the LID Technical Guidance regarding integration of LID 

measures at various project scales 

(6) Guidance on the relationship among LID strategies, Source Control BMPs, 

Treatment Control BMPs, and Hydromodification Control requirements 

(d) The Permittees shall submit revisions to the Ventura County Technical Guidance 

Manual to the Regional Water Board for Executive Officer approval. 

 

5. Project Coordination 

(a) Each Permittee shall facilitate a process for effective approval of                     

post-construction storm water control measures.  The process shall include: 

(1) Detailed BMP review including BMP sizing calculations, BMP pollutant 

removal performance, and municipal approval; and 

(2) An established structure for communication and delineated authority 

between and among municipal departments that have jurisdiction over 

project review, plan approval, and project construction through memoranda 

of understanding (MOU) or an equivalent agreement. 

 

 

V. State Statute Conformity 

 

1. California Environmental Quality Act (CEQA) Document Update 

(a) Each Permittee shall incorporate into its CEQA process no later than (365 days 

after Order adoption date) those additional procedures necessary for considering 

potential storm water quality impacts and providing for appropriate mitigation 

when preparing and reviewing CEQA documents.  

(1) The procedures shall require consideration of the following: 

(A) Potential impact of project construction on storm water runoff. 

(B) Potential impact of project post-construction activity on storm water 

runoff. 

(C) Potential for discharge of storm water from areas from material 

storage, vehicle or equipment fueling, vehicle or equipment 
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maintenance (including washing), waste handling, hazardous materials 

handling or storage, delivery areas or loading docks, or other outdoor 

work areas. 

(D) Potential for discharge of storm water to impair the beneficial uses of 

the receiving waters. 

(E) Potential for the discharge of storm water to cause significant harm on 

the biological integrity of the waterways and waterbodies. 

(F) Potential for significant changes in the flow velocity or volume of 

storm water runoff to cause harm to or impair the beneficial uses of 

natural drainage systems. 

(G) Potential for significant increases in erosion at the project site or 

surrounding areas. 

 

2. General Plan Update 

(a) Each Permittee shall amend, revise or update its General Plan to include 

watershed and storm water quality and quantity management considerations and 

policies when any of the following General Plan elements are updated or 

amended: 

(1) Land Use 

(2) Housing  

(3) Conservation 

(4) Open Space 

(b) Each Permittee shall provide the Regional Water Board with the draft amendment 

or revision when a listed General Plan element or General Plan is noticed for 

comment in accordance with Cal. Govt. Code § 65350 et seq. 

 

 

F. Development Construction Program 

 

(I) Each Permittee shall implement a construction program that prevents illicit 

construction-related discharges of pollutants into the MS4, implements and maintains 

structural and non-structural BMPs to reduce pollutants in stormwater runoff from 

construction sites, reduces construction site discharges of pollutants from the MS4 to 

the MEP, and prevents construction site discharges from the MS4 from causing or 

contributing to a violation of water quality standards. 

 

1. BMP Implementation - Construction Sites Less Than One Acre 

(a) Each Permittee shall require the implementation of an effective combination of 

erosion and sediment control BMPs from Table 6 to prevent erosion and sediment 

loss, and the discharge of construction wastes.
1
   

 

                                                           

 
1
 The BMPs are taken from the California BMP Handbook, Construction, January 2003 and the Caltrans 

Stormwater Quality Handbooks, Construction Site Best Management Practices (BMPs) Manual, March 2003, and 

addenda. 
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Table 6 - BMPs at Construction sites less than 1 acre 

Minimum Set of BMPs for All Construction Sites CASQA Handbook Caltrans Handbook 

For Erosion Control   

Scheduling EC-1 SS-1 

Preservation of Existing Vegetation EC-2 SS-2 

Sediment Controls   

Silt Fence SE-1 SC-1 

Sand Bag Barrier SE-8 SC-8 

Stabilized Construction Site Entrance/Exit TC-1 TC-1 

Non-Storm Water Management   

Water Conservation Practices NS-1 NS-1 

Dewatering Operations (Groundwater dewatering 

only under NPDES Permit No. CAG994004).
1
 

NS-2 

 

NS-2 

Waste Management   

Material Delivery and Storage WM-1 WM-1 

Stockpile Management WM-3 WM-2 

Spill Prevention and Control WM-4 WM-4 

Solid Waste Management WM-5 WM-5 

Concrete Waste Management WM-8 WM-8 

Sanitary/ Septic Waste Management WM-9 WM-9 

 

 

2. BMP Implementation - Construction Sites One Acre but Less than 5 acres. 

(a) Each Permittee shall require the implementation of an effective combination 

of appropriate erosion and sediment control BMPs from Table 7 in addition 

to the ones identified in Table 6 to prevent erosion and sediment loss, and 

the discharge of construction wastes: 

 

Table 7 - BMPs at Construction sites 1 acre or greater but less than 5 acres 

BMPs CASQA Handbook Caltrans Handbook 

For Erosion Control   

Hydraulic Mulch EC-3 SS-3 

Hydroseeding EC-4 SS-4 

Soil Binders EC-5 SS-5 

Straw Mulch EC-6 SS-6 

Geotextiles and Mats EC-7 SS-7 

Wood Mulching EC-8 SS-8 

Sediment Controls   

Fiber Rolls SE-5 SC-5 

Gravel Bag Berm SE-6 SC-6 

Street Sweeping and/ or Vacuum SE-7 SC-7 

Storm Drain Inlet Protection SE-10 SC-10 

Additional Controls   

Wind Erosion Controls WE-1 WE-1 

                                                           

 
1
 Ponded storm water may be discharged at a concentration of Total Suspended Solids (TSS) of 100mg/L or less. 
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Stabilized Construction Entrance/ Exit TC-1 TC-1 

Stabilized Construction Roadway TC-2 TC-2 

Entrance/ Exit Tire Wash TC-3 TC-3 

Non-Storm Water Management   

Vehicle and Equipment Washing NS-8 NS-8 

Vehicle and Equipment Fueling NS-9 NS-9 

 

 

3. BMP Implementation - Construction Sites 5 acres and Greater 

(a) Each Permittee shall require the implementation of an effective combination of 

the following BMPs in Table 8 (BMPs at Construction sites 5 acres or greater) in 

addition to the ones identified in Table 6 (BMPs at Construction sites less than 1 

acre) and Table 7 (BMPs at Construction sites 1acre or greater but less than 5 

acres) at all construction sites 5 acres and greater to prevent erosion and sediment 

loss, and the discharge of construction wastes.  Erosion control BMPs shall be 

preferred to sediment control BMPs. 

 

Table 8 - BMPs at Construction sites 5 acres or greater 

BMPs CASQA Handbook Caltrans Handbook 

Sediment Controls   

Sediment Basin SE-2 SC-2 

Check Dam SE-4 SC-4 

Tracking Control BMPs   

Stabilized Construction Entrance/ Exit TR-1 TC-1 

Non-Storm Water Management   

Vehicle and Equipment Maintenance NS-10 NS-10 

Waste Management   

Material Delivery and Storage WM-1 WM-1 

Spill Prevention and Control WM-4 WM-4 

Concrete Waste Management WM-8 WM-8 

Sanitary/ Septic Waste Management WM-9 WM-9 

 

 

4. Enhanced Construction BMP Implementation. 

(a) Each Permittee shall implement, or require implementation of, enhanced practices 

that preclude impacts to water quality posed by all construction sites on hillsides 

as defined in this Order and construction sites that directly discharge to a 

waterbody listed on the CWA § 303 (d) list for siltation or sediment, or that occur 

within or directly adjacent to an Environmentally Sensitive Area (ESAs).  

Construction sites located on hillsides, adjacent to CWA 303(d) listed waters for 

siltation or sediment, and directly adjacent to ESAs are termed “High risk sites.” 

(b) Each Permittee shall require implementation of enhanced practices for high risk 

sites which shall include increased BMP inspection and maintenance 

requirements. 

(1) Each Permittee shall require that high risk sites shall be inspected by the 

project proponent’s Qualified SWPPP Developer or Qualified SWPPP 
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Practitioner or personnel or consultants who are Certified Professionals in 

Erosion and Sediment Control (CPESC) at the time of BMP installation, at 

least weekly during the wet season, and at least once each 24 hour period 

during a storm event that generates runoff from the site, to identify BMPs 

that need maintenance to operate effectively, that have failed or could fail to 

operate as intended.   

(2)    During the wet season, the area of disturbance shall be limited to the area 

that can be controlled with an effective combination of erosion and sediment 

control BMPs.  Enhanced sediment controls should be used in combination 

with erosion controls and should target portions of the site that cannot be 

effectively controlled by standard erosion controls described above.  

Effective sediment and erosion control BMPs proposed by the proponent 

shall include the BMPs listed in Table 9 below.  The project proponents are 

responsible to implement the BMPs below unless shown unnecessary.  The 

Permittee shall require that the project proponent retain records of the 

inspection and a determination and rationale of the BMPs selected to control 

runoff. 

 

Table 9 - Enhanced Construction BMP Implementation.                    

CONSTRUCTION SITE BMPs 

CASQA 

Handbook
 

Caltrans 

Handbook
 

Erosion Controls   

Scheduling EC-1 SS-1 

Preservation of Existing Vegetation EC-2 SS-2 

Hydraulic Mulch EC-3 SS-3 

Hydroseeding EC-4 SS-4 

Soil Binders EC-5 SS-5 

Straw Mulch EC-6 SS-6 

Geotextiles and Mats EC-7 SS-7 

Wood Mulching EC-8 SS-8 

Slope Drains EC-11 SS-11 

Sediment Controls   

Silt Fence SE-1 SC-1 

Fiber Rolls SE-5 SC-5 

Sediment Basin SE-2 SC-2 

Check Dam SE-4 SC-4 

Gravel Bag Berm SE-6 SC-6 

Street Sweeping and/or Vacuum SE-7 SC-7 

Sand Bag Barrier SE-8 SC-8 

Storm Drain Inlet Protection SE-10 SC-10 

Additional Controls   

Wind Erosion Controls WE-1 WE-1 

Stabilized Construction Entrance/Exit TC-1 TC-1 

Stabilized Construction Roadway TC-2 TC-2 

Entrance/Exit Tire Wash TC-3 TC-3 
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CONSTRUCTION SITE BMPs 

CASQA 

Handbook
 

Caltrans 

Handbook
 

Advanced Treatment Systems
1
   

Non-Storm Water Management   

Water Conservation Practices NS-1 NS-1 

Dewatering Operations (Groundwater dewatering 

only under NPDES Permit No. CAG994004).19
 NS-2 NS-2 

Vehicle and Equipment Washing NS-8 NS-8 

Vehicle and Equipment Fueling NS-9 NS-9 

Vehicle and Equipment Maintenance NS-10 NS-10 

Waste Management   

Material Delivery and Storage WM-1 WM-1 

Stockpile Management WM-3 WM-2 

Spill Prevention and Control WM-4 WM-4 

Solid Waste Management WM-5 WM-5 

Concrete Waste Management WM-8 WM-8 

Sanitary/Septic Waste Management WM-9 WM-9 

 

5. Local Agency Requirements 

(a) Each Permittee shall require for all construction sites 1 acre or greater, 

compliance with all conditions identified in the preceding subparts F.1 - F.4, and 

the following requirements:  

(1) Local Storm Water Pollution Prevention Plan (Local SWPPP), 

(A) Each Permittee shall require the preparation and submittal of a Local 

SWPPP, for the Permittee’s review and written approval prior to 

issuance of a grading or construction permit for construction or 

demolition projects. The Permittees’ approval signature shall be 

contained within the first pages of the Local SWPPP  

(i) The Permittee shall not approve any Local SWPPP unless it 

contains appropriate site-specific construction site BMPs, 

specific locations, and maintenance schedules. 

(ii) The Local SWPPP must include the rationale used for selecting 

or rejecting BMPs for various construction phases and weather 

conditions.  The project architect, or engineer of record, or 

authorized qualified designee, must sign a statement on the Local 

SWPPP to the effect: 

(I) “As the architect/ engineer of record, I have selected 

appropriate BMPs to effectively minimize the negative 

impacts of this project’s construction activities on storm 

water quality.  The project owner and contractor are aware 

that the selected BMPs must be installed, monitored, and 

maintained to ensure their effectiveness.  The BMPs not 

                                                           

 
1
 If appropriate given natural background stormwater runoff and receiving water quality conditions. 
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selected for implementation are redundant or deemed not 

applicable to the proposed construction activity.” 

(2) Certification Statement 

(A) Each Permittee shall require that each landowner or the landowner’s 

agent sign a statement on the Local SWPPP to the effect: 

(i) “I certify that this document and all attachments were prepared 

under my direction or supervision in accordance with a system 

designed to ensure that qualified personnel properly gather and 

evaluate the information submitted.  Based on my inquiry of the 

person or persons who manage the system or those persons 

directly responsible for gathering the information, to the best of 

my knowledge and belief, the information submitted is true, 

accurate, and complete.  I am aware that submitting false and/ or 

inaccurate information, failing to update the Local SWPPP to 

reflect current conditions, or failing to properly and/ or 

adequately implement the Local SWPPP may result in revocation 

of grading and/ or other permits or other sanctions provided by 

law.”   

(ii)      The Local SWPPP certification shall be signed by the property 

owner or owner’s representative/designee.  If the Local SWPPP 

or SWPPP is being prepared by the local agency then the 

appropriate authority of the local agency shall sign the document.   

 

6.   Roadway Paving or Repaving Operations (For Private or Public Projects) 

(a) Each Permittee shall require that for any project that includes roadbed or street 

paving, repaving, patching, digouts, or resurfacing roadbed surfaces, that the 

following BMPs be implemented for each project: 

(1)    Restrict paving and repaving activity to exclude periods of rainfall or   

predicted rainfall unless required by emergency conditions 

(2)    Install sand bags or gravel bags and filter fabric at all susceptible storm drain 

inlets and at manholes to prevent spills of paving products and tack coat 

(3)    Prevent the discharge of release agents including soybean oil, other oils, or 

diesel to the storm water drainage system or receiving waters. 

(4)    Minimize non storm water runoff from water use for the roller and for 

evaporative cooling of the asphalt 

(5)    Clean equipment over absorbent pads, drip pans, plastic sheeting or other 

material to capture all spillage and dispose of properly 

(6)    Collect liquid waste in a container, with a secure lid, for transport to a 

maintenance facility to be reused, recycled or disposed of properly 

(7)    Collect solid waste by vacuuming or sweeping and securing in an 

appropriate container for transport to a maintenance facility to be reused, 

recycled or disposed of properly 

(8)    Cover the “cold-mix” asphalt (i.e., pre-mixed aggregate and asphalt binder) 

with protective sheeting during a rainstorm 
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(9)    Cover loads with tarp before haul-off to a storage site, and do not overload 

trucks 

(10)  Minimize airborne dust by using water spray during grinding 

(11)  Avoid stockpiling soil, sand, sediment, asphalt material and asphalt 

grindings materials or rubble in or near storm water drainage system or 

receiving waters 

(12)  Protect stockpiles with a cover or sediment barriers during a rain 

 

7. Electronic Site Tracking System 

(a) Each Permittee shall use an electronic system to track grading permits, 

encroachment permits, demolition permits, building permits, or construction 

permits (and any other municipal authorization to move soil and/ or construct or 

destruct that involves land disturbance) issued by each Permittee.  To satisfy this 

requirement, the use of a database or GIS system is encouraged, but not required. 

 

8. Inspections 

(a) Each Permittee shall inspect all construction sites for the implementation of storm 

water quality controls a minimum of once during the wet season.  Concurrently, 

each Permittee shall ensure that: 

(1) The Local SWPPP is reviewed for compliance with local codes, ordinances, 

and permits. 

(2) A follow-up inspection takes place within two weeks for inspected sites that 

have not adequately implemented their Local SWPPP. 

(b) Each Permittee shall take additional enforcement actions to achieve compliance as 

specified in municipal codes, if compliance with municipal codes, ordinances, or 

permits has not been attained. 

(c) Each Permittee can refer sites to the Regional Water Board for joint enforcement 

actions for violation of municipal storm water ordinances and the Construction 

Activities Storm Water General Permit (CASGP), or Small Linear Underground/ 

Overhead Construction Projects General Permit (small LUPs), after conducting a 

minimum of 2 site inspections and issuing a minimum of 2 written notices to the 

operator regarding the violation (copied to the Regional Water Board).  In making 

such referrals, Permittees shall include, at a minimum, the following 

documentation: 

(1) Name of the site 

(2) WDID number 

(3) Site developer 

(4) Site owner 

(5) Records of communication with the site operator regarding the violation(s), 

which shall include at least an inspection report 

(6) Written notice of the violation copied to the Regional Water 

(d) Prior to approving and/ or signing off for occupancy and issuing the Certificate of 

Occupancy for all construction projects subject to post-construction controls, each 

Permittee shall inspect the constructed site design, source control and treatment 

control BMPs to verify that they have been constructed in compliance with all 
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specifications, plans, permits, ordinances, and this Order.  The initial/ acceptance 

BMP verification inspection does not constitute a maintenance and operation 

inspection, as required in the preceding subpart E.IV.2(c). 

 

9. State Conformity Requirements 

(a) Each Permittee shall ensure that no grading permit, encroachment permit, 

demolition permit, building permit, electrical permit, or construction permit       

(or any other municipal authorization to move soil and/ or construct or destruct 

that involves land disturbance) is issued for any project requiring coverage under 

the CASGP or Small LUP General Permit
1
 unless: 

(1) Proof of filing a Notice of Intent for coverage under a State NPDES permit 

is demonstrated). 

(2) Demonstration or Certification that a SWPPP has been prepared by the 

project developer.   

(3) Proof of Change of Information form (COI) and a copy of the modified 

SWPPP(s) at any time a transfer of ownership takes place for the entire 

development or portions of the common plan of development where 

construction activities are still on-going. 

 

10. Interagency Coordination 

(a) Referral of Violations:  

A Permittee may refer a violator of the municipal storm water ordinance and 

CWC § 13260 to the Regional Water Board provided that the Permittee has made 

a good faith effort at progressive enforcement consistent with the preceding 

subpart F.8(c).  At a minimum, the Permittee's good faith effort shall be 

documented with: 

(1) A minimum of 2 follow-up inspection reports (inspections completed within 

3 months). 

(2) A minimum of two warning letters or NOVs. 

(b) Referral of Non-filers under the CASGP or the Small LUP General Permit: 

Each Permittee shall refer non-filers (i.e., those projects which cannot 

demonstrate that they have a WDID number) under the CASGP or Small LUP 

General Permit, to the Regional Water Board, no later than 15 days after making a 

determination of failure to file.  In making such referrals, Permittees shall include, 

at a minimum, the following documentation: 

(1) Project location address 

(2) Project description 

(3) Developer or owners name with complete mailing address 

(4) Project size 

                                                           

 
1
 NPDES Permit No. CAS000005, Waste Discharge Requirements For Discharges of Storm Water Runoff 

Associated with Small Linear Underground/ Overhead Construction Projects (Small LUP General Permit) for any 

linear land disturbing activity or activities (cumulatively) that will cause one acre or more of land disturbance but 

not more than 5 acres. 
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(5) Records of communication with the developer or owner regarding filing 

requirements 

(c) Investigation of Complaints Regarding Facilities – Transmitted by the 

Regional Water Board Staff: 

(1) Each Permittee shall initiate, within one business day,
1
 an initial 

investigation of complaint(s) (other than non-storm water discharges) on the 

construction site(s) within its jurisdiction.   

(A) The initial investigation shall include, at a minimum, an inspection on 

the facility and its perimeter to confirm the complaint and to determine 

if the site operator is effectively complying with the municipal storm 

water/ urban runoff ordinances, and to oversee corrective action. 

(d) Support of Regional Water Board Enforcement Actions – As directed by the 

Regional Water Board Executive Officer: 

(1) Each Permittee shall support Regional Water Board enforcement actions by: 

(A) Assisting in identification of current owners, operators, and lessees of 

properties and sites. 

(B) Providing staff, when available, for joint inspections with Regional 

Water Board inspectors. 

(C) Appearing to testify as witnesses in Regional Water Board 

enforcement hearings. 

(D) Providing copies of inspection reports and other progressive 

enforcement documentation. 

 

 

G. Public Agency Activities Program 

 

I. Each Permittee shall implement a Public Agency Activities Program to minimize 

storm water pollution impacts from public agency activities.  Public Agency 

requirements consist of: 

i. Public Construction Activities Management. 

ii. Vehicle Maintenance/ Material Storage Facilities/ Corporation Yards 

Management/ Municipal Operations. 

iii. Vehicle and Equipment Wash Areas 

iv. Landscape and Recreational Facilities Management 

v. Storm Drain Operation and Management 

vi. Streets and Roads Maintenance 

vii. Public Industrial Activities Management 

viii. Emergency Procedures 

ix. Employee Training 

x. Infrastructure Maintenance 

 

                                                           

 
1
 Permittees may comply with the Permit by taking initial steps (such as logging, prioritizing, and tasking) to “initiate” the 

investigation within that one business day. However, the Regional Water Board would expect that the initial investigation, 

including a site visit, to occur within four business days. 
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1. Public Construction Activities Management 

(a) Each Permittee shall implement and comply with the Planning and Land 

Development Program requirements in part 4.E. of this Order at Permittee owned 

or operated public construction projects for project types identified in part 4.E of 

this Order. 

(b) Each Permittee shall implement and comply with the appropriate Development 

Construction Program requirements in part 4.F. of this Order at Permittee owned 

or operated construction projects as applicable. 

(c) For public projects including those under a Capital Improvement Project Plan that 

disturb less than one acre of soil the Permittees shall require the development and 

implementation of a Storm Water Pollution Control Plan.  The SWPCP shall 

include BMPs as identified in Table 6. 

2. Vehicle Maintenance/ Material Storage Facilities/ Corporation Yards Management/ 

Long Term Maintenance Programs 

(a) Each Permittee shall implement the activity specific BMPs
1
 listed in Table 10  

when such activities occur at Permittee owned/leased facilities and job sites 

including but not limited to vehicle/ equipment maintenance facilities, material 

storage facilities, and corporation yards, and at any area that includes the activities 

as described in the following Tables.  Additionally, for any activity or area 

described in the footnote below,
2
 each Permittee shall also implement the BMPs 

in the Caltrans Storm Water Quality Handbook Maintenance Staff Guide 

described as B-4 in Table 10 (BMPs at Vehicle Maintenance/ Material Storage 

Facilities/ Corporation Yards). 

 

Table 10 - BMPs at Vehicle Maintenance/ Material Storage Facilities/ Corporation Yards 
From the Caltrans Storm Water Quality Handbook Maintenance Staff Guide  Appendix B 

Activity Specific BMPs Page 

General BMPs B-4 

Flexible Pavement B-9 

Asphalt Cement Crack and Joint Grinding/ Sealing B-9  

Asphalt Paving  B-10 

Structural Pavement Failure (Digouts) Pavement Grinding and Paving  B-11 

Emergency Pothole Repairs  B-13 

Sealing Operations  B-14 

Rigid Pavement  B-15 

Portland Cement Crack and Joint Sealing  B-15 

Mudjacking and Drilling  B-16 

Concrete Slab and Spall Repair  B-17 

Slope/ Drains/ Vegetation  B-19 

Shoulder Grading  B-19 

Nonlandscaped Chemical Vegetation Control  B-21 

                                                           

 
1
 These BMPs are identified in Appendix B of the Caltrans Storm Water Quality Handbook Maintenance Staff 

Guide, May 2003, and its addenda.  Other BMPs may be substituted upon approval by the Executive Officer. 
2
 Scheduling and Planning; Spill Prevention and Control; Sanitary/ Septic Waste Management; Material Use; Safer 

Alternative Products; Vehicle/ Equipment Cleaning, Fueling, and Maintenance; Illicit Connections Detection, 

Reporting and Removal; Illegal Spill / Discharge Control and Maintenance Facility Housekeeping Practices. 
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Activity Specific BMPs Page 

Nonlandscaped Mechanical Vegetation Control/ Mowing  B-23 

Nonlandscaped Tree and Shrub Pruning, Brush Chipping, Tree and Shrub Removal  B-24 

Fence Repair  B-25 

Drainage Ditch and Channel Maintenance  B-26 

Drain and Culvert Maintenance  B-28 

Curb and Sidewalk Repair B-30 

Litter/ Debris/ Graffiti B-32 

Sweeping Operations B-32 

Litter and Debris Removal  B-33 

Emergency Response and Cleanup Practices  B-34 

Graffiti Removal  B-36 

Landscaping  B-37 

Chemical Vegetation Control  B-37 

Manual Vegetation Control B-39 

Landscaped Mechanical Vegetation Control/ Mowing B-40 

Landscaped Tree and Shrub Pruning, Brush Chipping, Tree and Shrub Removal B-41 

Irrigation Line Repairs B-42 

Irrigation (Watering), Potable and Nonpotable B-43 

Environmental B-44 

Storm Drain Stenciling B-44 

Roadside Slope Inspection B-45 

Roadside Stabilization B-46 

Storm Water Treatment Devices B-48 

Traction Sand Trap Devices B-49 

Public Facilities B-50 

Public Facilities B-50 

Bridges B-52 

Welding and Grinding B-52 

Sandblasting, Wet Blast with Sand Injection and Hydroblasting B-54 

Painting B-56 

Bridge Repairs B-57 

Other Structures B-59 

Pump Station Cleaning B-59 

Tube and Tunnel Maintenance and Repair B-61 

Tow Truck Operations B-63 

Toll Booth Lane Scrubbing Operations B-64 

Electrical B-65 

Sawcutting for Loop Installation B-65 

Traffic Guidance B-67 

Thermoplastic Striping and Marking B-67 

Paint Striping and Marking B-68 

Raised/ Recessed Pavement Marker Application and Removal B-70 

Sign Repair and Maintenance B-71 

Median Barrier and Guard Rail Repair B-73 

Emergency Vehicle Energy Attenuation Repair B-75 

Snow and Ice Control B-76 

Snow Removal B-76 

Ice Control B-77 

Storm Maintenance B-78 

Minor Slides and Slipouts Cleanup/ Repair B-78 

Management and Support B-80 
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Activity Specific BMPs Page 

Building and Grounds Maintenance B-80 

Storage of Hazardous Materials (Working Stock) B-82 

Material Storage Control (Hazardous Waste) B-84 

Outdoor Storage of Raw Materials B-85 

Vehicle and Equipment Fueling B-86 

Vehicle and Equipment Cleaning B-87 

Vehicle and Equipment Maintenance and Repair B-88 

Aboveground and Underground Tank Leak and Spill Control B-90 

 

 

3. Vehicle and Equipment Wash Areas 

(a) Each Permittee shall eliminate discharges of wash waters from vehicle and 

equipment washing no later than (365 days after Order adoption date) by 

implementing any of the following measures at existing facilities with vehicle or 

equipment wash areas: 

(1) Self-contain, and haul off for disposal 

(2) Equip with a clarifier 

(3) Equip with an alternative pre-treatment device; or 

(4) Plumb to the sanitary sewer 

(b) Each Permittee shall ensure that any municipal facilities constructed, redeveloped, 

or replaced has all vehicle and equipment wash areas plumbed to the sanitary 

sewer or be self contained and all wastewater/ washwater hauled for legal 

disposal. 

 

4. Landscape, Park, and Recreational Facilities Management 

(a) Integrated Pest Management (IPM) 

IPM is an ecosystem-based strategy that focuses on long-term prevention of pests 

or their damage through a combination of techniques such as biological control, 

habitat manipulation, modification of cultural practices, and use of resistant 

varieties. Each Permittee shall implement an IPM program within (365 days after 

Order adoption date) that includes the following: 

(1) Pesticides are used only if monitoring indicates they are needed according to 

established guidelines. 

(2) Treatments are made with the goal of removing only the target organism. 

(3) Pest controls are selected and applied in a manner that minimizes risks to 

human health, beneficial, non-target organisms, and the environment. 

(4) Its use of pesticides, including Organophosphates and Pyrethroids do not 

threaten water quality. 

(5) Partner with other agencies and organizations to encourage the use of IPM.    

(6) Adopt and verifiably implement policies, procedures, and/ or ordinances 

requiring the minimization of pesticide use and encouraging the use of IPM 

techniques (including beneficial insects) in the Permittees’ overall 

operations and on municipal property. 
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(7) Policies, procedures, and ordinances shall include commitments and 

timelines to reduce the use of pesticides that cause impairment of surface 

waters by implementing the following procedures: 

(A) Quantify pesticide use by its staff and hired contractors. 

(B) Prepare and annually update an inventory of pesticides used by all 

internal departments, divisions, and other operational units. 

(C) Demonstrate reductions in pesticide use. 

(b) Each Permittee shall implement the following requirements no later than  

(180 days after Order adoption date): 

(1) Use a standardized protocol for the routine and non-routine application of 

pesticides (including pre-emergents), and fertilizers. 

(2) Ensure no application of pesticides or fertilizers are applied to an area 

immediately prior to, during, or immediately after a rain event, or when 

water is flowing off the area. 

(3) Ensure that no banned or unregistered pesticides are stored or applied. 

(4) Ensure that all staff applying pesticides are certified in the appropriate 

category by the California Department of Pesticide Regulation, or are under 

the direct supervision of a pesticide applicator certified in the appropriate 

category. 

(5) Implement procedures to encourage the retention and planting of native 

vegetation to reduce water, pesticide and fertilizer needs; and 

(6) Store pesticides and fertilizers indoors or under cover on paved surfaces or 

use secondary containment. 

(A) Reduce the use, storage, and handling of hazardous materials to reduce 

the potential for spills. 

(B) Regularly inspect storage areas. 

(7) Comply with the provisions and the monitoring requirements for application 

of aquatic pesticides to surface waters (WQ Order No. 2004-0008-DWQ) 

(Vector Control) and Order No. 2004-0009-DWQ (Weed Control). 

 

5. Storm Drain Operation and Management 

(a) Catch Basin Cleaning 

(1) Each Permittee shall designate catch basin inlets within its jurisdiction as 

one of the following: 

Priority A: Catch basins that are designated as consistently generating the 

highest volumes of trash. 

Priority B: Catch basins that are designated as consistently generating 

moderate volumes of trash. 

Priority C: Catch basins that are designated as generating low volumes of 

trash. 

Within one year of Order adoption (insert date), Permittees shall submit a 

map or list of Catch Basins with their GPS coordinates and their 

designations. The map or list shall contain the rationale or data to support 

designations. 
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(2) Each Permittee shall inspect catch basins according to the following 

schedule: 

Priority A: A minimum of 3 times during the wet season and once during 

the dry season every year. 

Priority B: A minimum of once during the wet season and once during the 

dry season every year. 

Priority C: A minimum of once per year. 

Catch basins shall be cleaned as necessary on the basis of inspections.  

Permittees shall maintain inspection records for Regional Water Board 

review. 

(3) In addition to the preceding schedule, Permittees shall ensure that any catch 

basin that is determined to be at least 25% full of trash shall be cleaned out. 

 

(b) Trash Management at Public Events 

(1) Each Permittee shall require for any event in the public right of way or 

wherever it is foreseeable that substantial quantities of trash and litter may 

be generated, the following measures: 

(A) Proper management of trash and litter generated; and 

(B) Arrangement for temporary screens to be placed on catch basins; or 

(C) Provide clean out of catch basins, trash receptacles, and grounds in the 

event area within 24 hours subsequent to the event. 

(c) Trash Receptacles 

(1) Each Permittee shall install trash receptacles, or equivalent trash capturing 

devices in areas subject to high trash generation within its jurisdiction no 

later than one year after Order adoption date (insert date). 

(2) Each Permittee shall ensure that all trash receptacles are cleaned out and 

maintained as necessary to prevent trash overflow. 

(d) Catch Basin Labels 

(1) Each Permittee shall inspect the legibility of the catch basin stencil or label 

nearest each catch basin and inlet before the wet season begins. 

(2) Each Permittee shall record and re-stencil or re-label within 15 days of 

inspection, catch basins with illegible stencils. 

(e) Additional Trash Management Practices  

(1) Each Permittee shall install trash excluders, or equivalent devices on or in 

catch basins or outfalls to prevent the discharge of trash to the storm drain 

system or receiving water no later than two years after Order adoption date 

in areas defined as Priority A (subpart 5.(a)(1)) except in sites where the 

application of such BMP(s) alone will cause flooding. Lack of maintenance 

that causes flooding is not an acceptable exception to the requirement to 

install BMPs.  Alternatively the Permittee may implement alternative or 

enhanced BMPs beyond the provisions of this permit (such as but not 

limited to increased street sweeping, adding trash cans near trash generation 

sites, prompt enforcement of trash accumulation, increased trash collection 

on public property, increased litter prevention messages or trash nets within 

the MS4) that provide substantially equivalent removal of trash.  Permittees 
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shall demonstrate that BMPs, which substituted for trash excluders provide 

equivalent trash removal performance as excluders.  When outfall trash 

capture is provided, revision of the schedule for inspection and cleanout of 

catch basins in task 5.(a)(2) may be proposed by the Permittee for approval 

by the Executive Officer.   

(f) Storm Drain Maintenance 

(1) Each Permittee shall implement a program for Storm Drain Maintenance no 

later than 90 days after Order adoption (insert date) that includes the 

following: 

(A) Visual monitoring of Permittee-owned open channels and other 

drainage structures for debris at least annually. 

(B) Remove trash and debris from open channel storm drains a minimum 

of once per year before the wet season. 

(C) Eliminate the discharge of contaminants during MS4 maintenance and 

clean outs. 

(D) Quantify the amount of materials removed using techniques 

appropriate for quantifying solid waste and ensure the materials are 

properly disposed of. 

(g) Spill Response Plan  

(1) Each Permittee shall implement a response plan for spills to the MS4 within 

their respective jurisdiction.  The response Plan shall clearly identify 

agencies responsible and telephone numbers and e-mail address for contact 

and shall contain at a minimum the following: 

(A) Investigation of all complaints received within 24 hours of the incident 

report. 

(B) Response within 2 hours to spills for containment upon notification, 

except where such overflows occur on private property, in which case 

the response should be within 2 hours of gaining legal access to the 

property. 

(C) Notification to appropriate public health agencies and the Office of 

Emergency Services (OES).  

(h) Permittee Owned Treatment Control BMPs 

(1) Each Permittee shall implement an inspection and maintenance program for 

all Permittee owned treatment control BMPs, including post-construction 

treatment control BMPs. 

(2) Each Permittee shall ensure proper operation of all treatment control BMPs 

and maintain them as necessary for proper operation, including all post-

construction treatment control BMPs. 

(3) Any residual water produced by a treatment control BMP and not being 

internal to the BMP performance when being maintained shall be: 

(A) Hauled away and legally disposed of; or  

(B) Applied to the land without runoff; or  

(C) Discharged to the sanitary sewer system (with permits or 

authorization); or 
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(D) Treated or filtered to remove bacteria, sediments, nutrients, and meet 

the limitations set in Table 11 (Discharge Limitations for Dewatering 

Treatment BMPs) prior to discharge to the MS4. 

 

Table 11 - Discharge Limitations for Dewatering Treatment BMPs
1
  

Parameter Units Limitation 

Total Suspended Solids mg/L 100 

Turbidity NTU 50 

Oil and Grease mg/L 10 

 

 

6. Streets and Roads Maintenance 

(a) Maintenance 

(1) Each Permittee shall perform street sweeping of curbed streets in 

commercial areas and areas subject to high trash generation to control trash 

and debris at least two times per month. 

(b) Road Reconstruction 

(1) Each Permittee shall require that for any project that includes roadbed or 

street paving, repaving, patching, digouts, or resurfacing roadbed surfaces, 

that the following BMPs be implemented for each project. 

(A) Restrict paving and repaving activity to exclude periods of rainfall or 

predicted rainfall
2
 unless required by emergency conditions. 

(B) Install sand bags or gravel bags and filter fabric at all susceptible storm 

drain inlets and at manholes to prevent spills of paving products and tack 

coat; 

(C) Prevent the discharge of release agents including soybean oil, other oils, 

or diesel to the storm water drainage system or receiving waters. 

(D) Minimize non storm water runoff from water use for the roller and for 

evaporative cooling of the asphalt. 

(E) Clean equipment over absorbent pads, drip pans, plastic sheeting or 

other material to capture all spillage and dispose of properly. 

(F) Collect liquid waste in a container, with a secure lid, for transport to a 

maintenance facility to be reused, recycled or disposed of properly. 

(G) Collect solid waste by vacuuming or sweeping and securing in an 

appropriate container for transport to a maintenance facility to be reused, 

recycled or disposed of properly. 

(H) Cover the “cold-mix” asphalt (i.e., pre-mixed aggregate and asphalt 

binder) with protective sheeting during a rainstorm. 

(I) Cover loads with tarp before haul-off to a storage site, and do not 

overload trucks. 

(J) Minimize airborne dust by using water spray during grinding. 

                                                           

 
1
  Technology based effluent limits. 

2
 A probability of precipitation (POP) of 50% is required.  
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(K) Avoid stockpiling soil, sand, sediment, asphalt material and asphalt 

grindings materials or rubble in or near storm water drainage system or 

receiving waters.  

(L) Protect stockpiles with a cover or sediment barriers during a rain. 

 

7. Emergency Procedures 

(a) Each Permittee may conduct repairs of essential public service systems and 

infrastructure in emergency situations with a self-waiver of the provisions of this 

Order. 

(1) Where the self-waiver has been invoked, the Permittee shall submit to the 

Regional Water Board Executive Officer a statement of the occurrence of 

the emergency, an explanation of the circumstances, and the measures that 

were implemented to reduce the threat to water quality, no later than  

30 business days after the situation of emergency has passed. 

(2)    Minor repairs of essential public service systems and infrastructure in 

emergency situations (can be completed in less than one day) are not subject 

to the notification provisions.  Appropriate BMPs to reduce the threat to 

water quality shall be implemented. 

 

8. Municipal Employee and Municipal Contractor Training 

(a) Each Permittee shall, no later than one year after Order adoption (insert date) and 

annually thereafter before June 30, train all of their employees and contractors in 

targeted positions (whose interactions, jobs, and activities affect storm water 

quality) on the requirements of the overall storm water management program to: 

(1) Promote a clear understanding of the potential for activities to pollute storm 

water. 

(2) Identify opportunities to require, implement, and maintain appropriate 

BMPs in their line of work. 

(b) Each Permittee shall, no later than one year after Order adoption (insert date) and 

annually thereafter before June 30, train all of their employees and contractors 

who use or have the potential to use pesticides or fertilizers (whether or not they 

normally apply these as part of their work).  Training programs shall address: 

(1) The potential for pesticide-related surface water toxicity. 

(2) Proper use, handling, and disposal of pesticides. 

(3) Least toxic methods of pest prevention and control, including IPM. 

(4) Reduction of pesticide use. 

(c) Each Permittee shall, no later than one year after Order adoption (insert date) and 

annually thereafter before June 30, train all of their employees and contractors 

who are responsible for illicit connections and illicit/ illegal discharges.  Training 

programs shall address: 

(1) Identification 

(2) Investigation 

(3) Termination 

(4) Cleanup  

(5) Reporting of Incidents 
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(6) Documentation of Incidents 

 

 

H. Illicit Connections and Illicit Discharges Elimination Program 

 

I. Each Permittee shall implement an Illicit Connections and Illicit Discharges (IC/ IDs) 

program to eliminate IC/IDs to the storm drain system, and shall document, track, and 

report all such cases in accordance with the elements and performance measures 

specified in the following subsections. 

1. General 

(a) Implementation - Each Permittee shall implement an IC/ ID Program.  The IC/ ID 

procedures shall be documented and made available for public review. 

(b) Tracking - All Permittees shall, no later than May 7, 2012, map at a scale and in a 

format specified by the Principal Permittee all known connections to their storm 

drain system.  All Permittees shall map at a scale and in a format specified by the 

Principal Permittee incidents of illicit connections and discharges since January 

2009 on their baseline maps, and shall transmit this information to the Principal 

Permittee no later than May 7, 2012.  Permittees shall use this information to 

identify priority areas for further investigation and elimination of IC/ ID. 

 

2. Public Reporting  

(a) Permittees shall establish and maintain a phone hotline and internet site to receive 

all reports of IC/ ID complaints.  

(b) Permittees shall document the location of the reported IC/ ID and the actions 

undertaken in response to all IC/ ID complaints. 

 

3. Illicit Connections 

(a) Screening for Illicit Connections 

(1) Each Permittee shall submit to the Principal Permittee:  

(A) A map at a scale and in a format specified by the Principal Permittee  

showing the location and length of underground pipes 18 inches and 

greater in diameter, and channels within their permitted area and 

operated by the Permittee in accordance with the following schedule: 

(i) All channeled portions of the storm drain system no later than 90 

days after Order adoption date (insert date). 

(ii) All portions of the storm drain system consisting of storm drain 

pipes 36 inches in diameter or greater, no later than May 7, 2012.  

(iii) All portions of the storm drain system consisting of storm drain 

pipes 18 inches in diameter or greater, no later than May 7, 2014. 

(B) The status of suspected, confirmed, and terminated illicit connections. 

(2) Permittees shall conduct field screening of their storm drain systems in 

accordance with screening procedures described in the Illicit Discharge 

Detection and Elimination, A Guidance Manual for Program Development 
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and Technical Assessments (2004)
1
 or other equally effective alternative 

methods not listed in the manual.  Permittees shall conduct field screening 

of their storm drain system that has not been previously screened and 

reported to the Regional Water Board, for illicit connections in accordance 

with the following schedule: 

(A) All portions of the storm drain system consisting of storm drain pipes 

36 inches in diameter or greater, no later than May 7, 2012. 

(B) High priority areas identified during the mapping of illicit connections 

and discharges, no later than May 7, 2012. 

(C) All portions of storm drain systems 50 years or older in age, no later 

than May 7, 2012. 

(3) Each Permittee shall maintain a list containing all connections under 

investigation for possible illicit connection and their status. 

(b) Response to Illicit Connections 

(1) Investigation -  

Each Permittee, upon discovery or upon receiving a report of a suspected 

illicit connection, shall complete an investigation within 21 days, to 

determine the following: 

(A) Source of the connection.  

(B) Nature and volume of discharge through the connection.  

(C) Responsible party for the connection. 

(2) Termination -  

Each Permittee, upon confirmation of an illicit storm drain connection, shall 

ensure the following: 

(A) Termination of the connection within 180 days of completion of the 

investigation, using formal enforcement authority to eliminate the 

illicit connection. 

(3) Documentation -  

Each Permittee shall keep records of all illicit connection investigations and 

the formal enforcement taken to eliminate all illicit connections. 

 

4. Illicit Discharges 

(a) Investigation - 

Each Permittee shall investigate an illicit/ illegal discharge during or immediately 

following containment and cleanup activities, and shall take appropriate 

enforcement action to eliminate the illegal discharge. 

(b) Abatement and Cleanup - 

Each Permittee shall respond, within 1 business day of discovery or a report of a 

suspected illicit/ illegal discharge, with actions to abate, contain, and/or clean up 

all illegal discharges, including hazardous waste. 

(c) Documentation - 

                                                           

 
1
 Illicit Discharge Detection and Elimination, A Guidance Manual for Program Development and Technical 

Assessments. The Center for Watershed Protection, Pitt R., October 2004. Chapter 13, 13.1,13.2, 13.3, 13.4 
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Each Permittee shall maintain records of all illicit/ illegal discharge discoveries, 

reports of suspected illicit/ illegal discharges, their response to the illicit/ illegal 

discharges and suspected illicit/ illegal discharges, and the formal enforcement 

taken to eliminate all illicit/ illegal discharges. 

 

 

I. REPORTING PROGRAM 

 

1. The Principal Permittee in consultation with the Permittees and Regional Water 

Board staff shall convene an adhoc working group to develop an Electronic Reporting 

Program, the basis of which shall be the requirements in this Order.  The Committee 

shall no later than one year after Order adoption date (insert date) submit the 

electronic reporting form in each subsequent year. 

 

2. Each Permittee shall submit information required in the Reporting Program in a 

method as appropriate to the format approved by the Regional Water Board Executive 

Officer. 

 

3. The Principal Permittee shall submit by December 15
th

 of each year, an Annual 

Report to the Regional Water Board Executive Officer in the form one hard copy and 

three compact disk (CD) copies (or an electronic equivalent). 

 

4. The Annual Report shall document the status of the Municipal Storm Water Program, 

an integrated summary of the results of analyses from: 

(a) The monitoring program described under Part 1- Monitoring Report.  

(b) The requirements described under Part 2- Program Report. 

 

5. Plans shall be submitted to the Regional Water Board Executive Officer in the form 

of one hard copy and three compact disk (CD) copies (or an electronic equivalent). 

 

6. Study Reports shall be submitted to the Regional Water Board Executive Officer in 

the form of one hard copy and three compact disk (CD) copies (or an electronic 

equivalent). 

 

7. Progress Reports shall be submitted to the Regional Water Board Executive Officer in 

the form of one hard copy and three compact disk (CD) copies (or an electronic 

equivalent). 

 

 

PART 5 - TOTAL MAXIMUM DAILY LOAD PROVISIONS 

 

I. Part 5 of this Order incorporates provisions to assure that Ventura County MS4 Permittees 

comply with WLAs and other requirements of TMDLs covering impaired waters impacted 

by the Permittees’ discharges. 
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II. Each Permittee shall attain the storm water WLAs incorporated into this Order by 

implementing BMPs in accordance with the TMDL Technical Reports, Implementation 

Plans, or as identified as a result of TMDL special studies specified in the Basin Plan 

Amendment.  

 

III. The Permittees shall comply with the following Wasteload Allocations, consistent with the 

assumptions and requirements of the Wasteload Allocations documented in the 

Implementation Plans, including compliance schedules, associated with the State adoption 

and approval of the TMDL at compliance monitoring points established in each TMDL (40 

CFR 122.44(d)(1)(vii)(B). 

 

IV. TMDLs in effect and covered in this Order are the following: 

1. TMDL for Nutrients for Malibu Creek Watershed (Effective date: March 21, 2003) 

2. TMDL for Nitrogen Compounds and Related Effects in Calleguas Creek (Effective 

date: July 16, 2003) 

3. TMDL for Nitrogen Compounds for the Santa Clara River (Effective date: March 23, 

2004). 

4. TMDL for Chloride in Santa Clara River, Reach 3 (Effective date: June 18, 2003) 

5. TMDL for Chloride in Upper Santa Clara River (Effective date: May 4, 2005)  

6. TMDL for Toxicity, Chlorpyrifos and Diazinon in the Calleguas Creek, its 

Tributaries and Mugu Lagoon - (Effective date: March 24, 2006). 

7. TMDL for Organochlorine Pesticides, Polychlorinated Biphenyls, and Siltation in 

Calleguas Creek, its Tributaries and Mugu Lagoon (Effective date: March 24, 2006). 

8. TMDL for Bacteria in Malibu Creek and Lagoon (Effective date: January 24, 2006). 

9. TMDL for Metals and Selenium in the Calleguas Creek, its Tributaries and Mugu 

Lagoon (Effective date:  March 26, 2007) 

10. TMDL for Trash in Revolon Slough and Beardsley Wash (Effective date:  March 6, 

2008). 

11. TMDL for Boron, Chloride, Sulfate, and TDS in Calleguas Creek Watershed 

(Effective date: December  2, 2008) 

12. TMDL for Trash in the Ventura River Estuary (Effective date:  March 6, 2008). 

13. TMDL for Bacteria in Harbor Beaches of Ventura County (Effective date: September 

23, 2008).   

 

V. TMDL Interim WLAs incorporated into this Order due to compliance dates which exceed 

the term of this Order are the following: 

 

1. Final Wet Weather Bacteria WLAs for Malibu Creek and Lagoon – (Compliance 

date: January 24, 2016). 

2. Final Chloride WLAs for Upper Santa Clara River – (Compliance date: May 4, 2016) 

3. Final Organochlorine Pesticides, Polychlorinated Biphenyls, and Siltation WLAs for 

Calleguas Creek, its Tributaries and Mugu Lagoon – (Compliance date: March 24, 

2026). 

4. Final Metals and Selenium WLAs for Calleguas Creek, its Tributaries and Mugu 

Lagoon (Compliance date:  March 26, 2022) 

RB-AR6768



NPDES No. CAS004002                                                                           Order No. R4-2010-0108 

Ventura County Municipal Separate Storm Sewer System Permit 

 

 

July 8, 2010 – Final Pending Verification of Transcript 89 

 

5. Final Boron, Chloride, Sulfate, and TDS WLAs for Calleguas Creek watershed 

(Compliance date: December 2, 2023) 

 

VI. TMDL WLAs and Other TMDL Provisions Incorporated into this Order are as follows: 

 

1. TMDL for Nutrients for Malibu Creek Watershed 

 

(a) Summer Load Allocations 

  Nitrogen Phosphorus 

  (lbs/day) (lbs/day) 

- Runoff from developed areas 26  2.6 

- Golf Course Fertilization 37 6.6 

- Dry Weather Urban Runoff 52 4.6 

- Other 56 4.1 

 

(b) Winter concentration-based Load Allocations 

  Nitrogen (Nitrate-N + Nitrite-N) 

  (mg/L) 

- Runoff from Developed Areas 8 

- Golf Course Fertilization 8 

- Dry Weather Urban Runoff 8 

- Other 8 

 

(c) Compliance Monitoring: 

This TMDL was established and approved by U.S. EPA and did not include an 

implementation plan.     

(d) Actions and Special Studies required for Malibu Creek MS4 permittees 

(1) Extent of algal impairment. EPA recommends studies to investigate the 

current extent of impairment due to excessive algal growth in the creek by 

surveying algal biomass and species composition at multiple sites within the 

creek.  

(2) Limiting factor analysis. EPA recommends further study to assess whether 

total nitrogen or total phosphorus or other parameters such as flow and light limit 

algal growth in the Malibu Creek watershed.  

(3) Fate of nutrients in Malibu Lagoon. EPA recommends this special study to 

determine if the expected upstream reductions in nutrient loadings would result in 

desired improvements in water quality in the lagoon. 

 

2. TMDL for Nitrogen Compounds and Related Effects in Calleguas Creek Watershed 

 

The stormwater permitted discharges were considered minor sources of nitrogen to 

the Calleguas Creek.  Therefore, WLAs are not assigned to storm water permitted 

discharges.  The monitoring program of this TMDL includes data collection to 

quantify loadings and associated WLAs from these sources. 
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3. TMDL for Nitrogen Compounds in the Santa Clara River 

 

(a) Waste Load Allocations: 

(1) The Ventura County MS4 permittees discharging to the Santa Clara River 

(the cities of Fillmore and Santa Paula) (“Santa Clara MS4 permittees”) 

shall implement BMPs to achieve the following MS4 wasteload allocations 

applicable to River Reach 3: 

Ammonia nitrogen 30-day average  2.0 mg/L 

Ammonia nitrogen 1-hour average  4.2 mg/L 

Nitrate + Nitrite nitrogen 30-day average 8.1 mg/L 

(b) Compliance Monitoring: 

(1) Compliance with the WLAs is to be determined through receiving water 

monitoring conducted in accordance with the Santa Clara River Nitrogen 

TMDL Monitoring Program approved by the Executive Officer. 

(2) If any WLA is exceeded at a compliance monitoring site, permittees shall 

implement BMPs in accordance with the TMDL Technical Reports, 

Implementation Plans or as identified as a result of TMDL special studies 

identified in the Basin Plan Amendment.  Following these actions, Regional 

Water Board staff will evaluate the need for enforcement action. 

(c) Actions and Special Studies required of Santa Clara MS4 permittees: 

(1) Annual Progress Reports.  Santa Clara River MS4 permittees, either 

independently or in conjunction with other stakeholders, shall submit an 

annual progress report with respect to achievement of the WLAs. 

 

4. TMDL for Chloride in Santa Clara River, Reach 3 

 

(a)  Waste Load Allocation: 

MS4 permittees discharging to Santa Clara River, Reach 3 shall implement BMPs 

to achieve the following MS4 WLAs: 

Chloride (mg/L)  80 

(b) Compliance Monitoring:  This TMDL was established and approved by U.S. EPA 

and did not include an implementation plan.       

(c) Actions and Special Studies required of Santa Clara MS4 permittees: 

(1) Annual Progress Reports.  Santa Clara River MS4 permittees, either 

independently or in conjunction with other stakeholders, shall submit an 

annual progress report with respect to achievement of the WLAs. 

 

5. TMDL for Chloride in Upper Santa Clara River 

 

 (a) Waste Load Allocation: 

MS4 permittees discharging to Upper Santa Clara River shall implement BMPs to 

achieve the following WLAs 

Chloride (mg/L)  100 

(b) Compliance monitoring: 

RB-AR6770



NPDES No. CAS004002                                                                           Order No. R4-2010-0108 

Ventura County Municipal Separate Storm Sewer System Permit 

 

 

July 8, 2010 – Final Pending Verification of Transcript 91 

 

(1) Compliance with the WLAs is to be determined through receiving water 

monitoring conducted in accordance with the Santa Clara River Nitrogen 

TMDL Monitoring Program approved by the Executive Officer. 

(2) If any WLA is exceeded at a compliance monitoring site, permittees shall 

implement BMPs in accordance with the TMDL Technical Reports and 

Implementation Plans.  Following these actions, Regional Water Board staff 

will evaluate the need for enforcement action. 

(c) Actions and Special Studies required of Santa Clara MS4 permittees: 

(1) Annual Progress Reports.  Santa Clara River MS4 permittees, either 

independently or in conjunction with other stakeholders, shall submit an 

annual progress report with respect to achievement of the WLAs. 

 

6.  TMDL for Toxicity, Chlorpyrifos, and Diazinon in the Calleguas Creek, its 

Tributaries and Mugu Lagoon. 

 

(a) Waste Load Allocations: 

(1) MS4 permittees discharging to Calleguas Creek, its tributaries and Mugu 

Lagoon (Ventura County Watershed Protection District, County of Ventura 

and the cities of Camarillo, Moorpark, Oxnard, Simi Valley and Thousand 

Oaks) (“Calleguas MS4 permittees”) shall implement BMPs to achieve the 

following MS4 WLAs: 

Toxicity WLA   1.0 TUc 

Chlorpyrifos WLA  0.014 ug/L 

Diazinon WLA   0.10 ug/L 

(2) Pursuant to the TMDL, the final storm water WLAs for Toxicity, 

Chlorpyrifos and Diazinon, listed above, are receiving water concentrations 

measured in-stream at the base of each subwatershed within the Calleguas 

Creek watershed. 

(b) Compliance Monitoring: 

(1) Compliance with the WLAs is to be determined through the measurement of 

in-stream water quality at the base of each of the Calleguas Creek 

subwatersheds, in accordance with the Calleguas Creek Watershed TMDL 

Monitoring Program approved by the Executive Officer. 

(2) If any WLA is exceeded at a compliance monitoring site, permittees shall 

implement BMPs in accordance with the TMDL Technical Reports, 

Implementation Plans or as identified as a result of TMDL special studies 

identified in the Basin Plan Amendment.  Following these actions, Regional 

Water Board staff will evaluate the need for enforcement action. 

(3) If as a result of compliance monitoring and subsequent investigations it is 

determined that a Calleguas MS4 permittee is responsible for exceedance of 

the in-stream Toxicity WLA, that permittee shall initiate the TRE/TIE 

process as outlined in U.S. EPA’s “Understanding and Accounting for 

Method Variability in Whole Effluent Toxicity Applications Under the 

National Pollutant Discharge Elimination System Program” (2000) or the 
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approved Toxicity TMDL monitoring plan, and take appropriate action to 

eliminate the identified source of the toxicity.  

(c) Actions and Special Studies required of Calleguas MS4 permittees: 

(1) Special Study #1. Together with Calleguas POTW permittees, investigate 

the pesticides that will replace diazinon and chlorpyrifos in the urban 

environment, their potential impact on receiving waters and potential control 

measures.  Special Study #1 was completed by March 24, 2008. 

(2) Special Study #2.  Together with Calleguas Agricultural Dischargers, 

consider results of monitoring of sediment concentrations by source/land use 

type through the special study required in the Calleguas OC Pesticide, PCB 

and Siltation TMDL Implementation Plan. Complete within 6 months of 

completion of the OCs TMDL special study #1. 

(3) Pesticide Collection Program.  Together with Calleguas POTW permittees, 

develop and implement a collection program for diazinon and chlorpyrifos 

and an educational program.  Collection and education could occur through 

existing programs such as household hazardous waste collection events.  

The Pesticide Collection Program is to be implemented by March 24, 2009. 

(4) Special Study #3.  Together with Calleguas Agricultural Dischargers, 

consider the findings of transport rates developed through the OC Pesticide, 

PCB and Siltation TMDL Implementation Plan. Complete within 6 months 

of completion of the OCs TMDL special study #1. 

 

7. TMDL for Organochlorine (OC) Pesticides, Polychlorinated Biphenyls (PCBs) and 

Siltation in the Calleguas Creek, its Tributaries and Mugu Lagoon. 

(a) Waste Load Allocations: 

(1) MS4 permittees discharging to Calleguas Creek, its tributaries or Mugu 

Lagoon (Ventura County Watershed Protection District, County of Ventura 

and the cities of Camarillo, Moorpark, and Simi Valley) (“Calleguas MS4 

permittees”) shall implement BMPs to achieve the interim WLAs listed in 

Table 12. 

 

Table 12 - Interim Sediment Concentration WLAs (ng/g) 

Constituent Subwatershed 

 Mugu 

Lagoon 

Calleguas 

Creek 

Revolon 

Slough 

Arroyo 

Las Posas 

Arroyo 

Simi 

Conejo 

Creek 

Chlordane 25 17 48 3.3 3.3 3.4 

4,4-DDD 69 66 400 290 14.0 5.3 

4,4-DDE 300 470 1600 950 170 20 

4.4-DDT 39 110 690 670 25 2 

Dieldrin 19 3 5.7 1.1 1.1 3 

PCBs 180 3800 7600 25700 25700 3800 

Toxaphene 22900 260 790 230 230 260 

 

(2) Pursuant to the TMDL, the interim storm water WLAs for OC Pesticides, 

PCBs and Siltation, listed above, are annual average, sediment-based 
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concentrations measured in surface waters at the base of each subwatershed 

within the Calleguas Creek watershed. 

(b) Compliance Monitoring: 

(1) Compliance with the WLAs is to be determined through the measurement of 

in-stream water quality at the base of each of the Calleguas Creek 

subwatersheds, in accordance with the Calleguas Creek Watershed TMDL 

Monitoring Program approved by the Executive Officer. 

(2) If any WLA is exceeded at a compliance monitoring site, permittees shall 

implement BMPs in accordance with the TMDL Technical Reports, 

Implementation Plans or as identified as a result of TMDL special studies 

identified in the Basin Plan Amendment.  Following these actions, Regional 

Water Board staff will evaluate the need for enforcement action. 

(c) Actions and Special Studies required of Calleguas MS4 permittees: 

(1) Pesticide Collection Program.  Together with Calleguas POTW permittees, 

implement a collection program and source control measures pursuant to a 

work plan approved by the Executive Officer.  The Pesticide Collection 

Program is to be implemented by March 24, 2011.  

(2) Special Study #1. Together with Calleguas POTW permittees, Calleguas 

Agricultural Dischargers, and the Point Mugu Naval Base, submit a work 

plan to quantify sedimentation in the Calleguas Creek Watershed, evaluate 

management methods to control siltation and contaminated sediment 

transport to Calleguas Creek, identify appropriate BMPs to reduce sediment 

loadings and evaluate the effect of sediment on habitat preservation in Mugu 

Lagoon for approval by the Executive Officer.  This special study is also to 

evaluate the concentration of OC pesticides and PCBs in sediments from 

various sources/land use types.  Special Study #1 is to be completed by 

March 24, 2014.  

(3) Special Study #2.  Together with Calleguas Agricultural Dischargers, 

identify areas of high OC concentrations and evaluate the effects of 

watershed protection and land use practices on water quality.  Such practices 

include but are not limited to management of sediment reduction practices 

and structures, streambank stabilization, and other projects related to 

stormwater conveyance and flood control improvements in the Calleguas 

Creek watershed.  Special Study #2 is to be completed based on the 

schedule provided in the workplan, submitted in March, 2007  

(4) Special Study #3 – Together with Calleguas POTW permittees, Calleguas 

Agricultural Dischargers, and the Point Mugu Naval Base, evaluate natural 

attenuation rates and evaluate methods to accelerate organochlorine 

pesticide and polychlorinated biphenyl attenuation and examine the 

attainability of wasteload and load allocations in the Calleguas Creek 

Watershed.  Special Study #3 is to be completed by March 24, 2016. 

 

8. TMDL for Metals and Selenium in the Calleguas Creek, its Tributaries and Mugu 

Lagoon. 
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(a) Waste Load Allocations: 

(1) MS4 permittees discharging to Calleguas Creek, its tributaries or Mugu 

Lagoon (Ventura County Watershed Protection District, County of Ventura 

and the cities of Camarillo, Moorpark, Oxnard, Simi Valley and Thousand 

Oaks) (“Calleguas MS4 permittees”) shall implement BMPs to achieve the 

interim WLAs listed in Table 13 and Table 14. 

 

 Table 13 - Interim WLAs for Copper, Nickel and Selenium (ug/L) 

Calleguas and Conejo Creek (a) Revolon Slough 

 

Constituent 

Dry Daily 

Maximum 

(ug/L) 

Dry 

Monthly 

Average 

(ug/L) 

Daily 

Maximum 

(ug/L) 

Dry Daily 

Maximum 

(ug/L) 

Dry 

Monthly 

Average 

(ug/L 

Daily 

Maximum 

(ug/L) 

Copper 23 19 204 23 19 204 

Nickel 15 13 (a) 15 13 (a) 

Selenium (b) (b) (b) 14(c) 13(c) (a) 

 

(A) The current loads do not exceed the TMDL under wet conditions, 

interim limits are not required 

(B) Selenium allocations have not been developed for this reach as it is not 

on the 303(d) list 

(C) Attainment of interim limits will be evaluated in consideration of 

background loading data, if available 

(2) Pursuant to the TMDL, the interim storm water WLAs for copper, nickel, 

and selenium are receiving water concentrations measured in-stream at the 

base of Calleguas Creek and Revolon Slough and in Mugu Lagoon. 

 

                   Table 14 – Interim Mass-based WLAs for mercury 

Annual Cumulative 

Flow (million gallons 

per year) 

Calleguas 

Creek (lbs/yr) 

Revolon Slough 

(lbs/yr) 

0-15,000 3.3 1.7 

15,000-25,000 10.5 4 

Above 25,000 64.6 10.2 

 

(3) Pursuant to the TMDL, the interim storm water WLAs for mercury are 

suspended sediment loads measured in-stream at the base of Calleguas 

Creek and Revolon Slough and in Mugu Lagoon. 

(4) Determination of the applicable interim WLA will be determined by 

calculating the total annual flow (October 1-September 30) in the Calleguas 

Creek watershed as measured by the flow gage at CSUCI. 

(b) Compliance Monitoring: 

(1) Compliance with the WLAs is to be determined through the measurement of 

in-stream water quality and total suspended solids (TSS) at the base of 
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Calleguas Creek, Revolon Slough and in Mugu Lagoon, in accordance with 

the Calleguas Creek Watershed TMDL Monitoring Program approved by 

the Executive Officer. 

(2) If any WLA is exceeded at a compliance monitoring site, permittees shall 

implement BMPs in accordance with the TMDL Technical Reports, 

Implementation Plans or as identified as a result of TMDL special studies 

identified in the Basin Plan Amendment.  Following these actions, Regional 

Water Board staff will evaluate the need for enforcement action. 

(c) Actions and Special Studies required of Calleguas MS4 permittees: 

(1) Conduct a source control study, develop and submit an Urban Water Quality 

Management Program (UWQMP) for copper, mercury, nickel, and 

selenium.  Complete by March 26, 2009. 

(2) Implement the UWQMP within one year of approval by Executive Officer. 

(3) In cooperation with agricultural dischargers, evaluate the results of the OCs 

TMDL special study on sediment transport rates for applicability to the 

metals and selenium TMDL.  Complete within 6 months of completion of 

the OCs TMDL special study #1. 

(4) In cooperation with agricultural dischargers, include monitoring for copper, 

mercury, nickel and selenium in the OC pesticides TMDL special study – 

Monitoring of Sediment by Source and Land Use Type. The special study is 

to be completed by March 26, 2014. 

(5) Evaluate the results of the OC Pesticides TMDL Special Study – Effects of 

BMPs on Sediment and Siltation, to determine the impacts on metals and 

selenium.  Complete within 6 months of completion of the OC Pesticides 

special study #1. 

(6) Evaluate the effectiveness of BMPs implemented under the UWQMP in 

controlling metals and selenium discharges.  This is to be completed by 

March 26, 2013. 

(7) Re-evaluate agricultural and urban waste load allocations for copper, 

mercury, nickel and selenium based on the evaluation of BMP effectiveness.  

By March 26, 2012, urban dischargers will have a required 25% reduction in 

the difference between the loadings at the time of the TMDL preparation 

and the final WLAs effective in 2022. 

(8) In cooperation with POTW permittees and agricultural dischargers, conduct 

a study to identify selenium contaminated groundwater sources.  Special 

Study is to be completed within one year of the approval of the workplan. 

(9) In cooperation with agricultural dischargers, conduct a study to investigate 

metals “hot spots” and natural soils concentrations.  This special study is to 

be completed within 2 years of the approval of the workplan. 

 

9. TMDL for Bacteria in Malibu Creek and Lagoon 

(a) Waste Load Allocations: 

(1) MS4 permittees discharging to Malibu Creek or its tributaries (Ventura 

County Watershed Protection District, County of Ventura and the cities of 

Thousand Oaks and Simi Valley) (“Malibu MS4 permittees”) shall achieve 
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the WLAs identified in Resolution 2004-19.  These WLAs are expressed as 

the number of daily or weekly sample days that may exceed the single sample 

limits or 30-day geometric mean bacteria targets in Resolution 2004-19.   

 

Table 15 - Bacteria Targets 

Fresh Water Targets 
Parameters Unit 

Geometric Mean Single Sample 

E. coli mg 126/ 100 235/ 100 

Fecal coliform mg 200/ 100 400/ 100 

 

(2) The summer dry weather wasteload allocations are to be achieved no later 

than January 24, 2009. The winter dry weather wasteload allocations are to 

be achieved no later than January 24, 2012. 

(b) Compliance Monitoring: 

(1) Achievement of the WLAs is to be determined through receiving water 

monitoring conducted in accordance with the Malibu Creek and Lagoon 

Bacteria TMDL Compliance Monitoring Program approved by the 

Executive Officer. 

(2) If any WLA is exceeded at a compliance monitoring site, permittees shall 

implement BMPs in accordance with the TMDL Technical Reports, 

Implementation Plans or as identified as a result of TMDL special studies 

identified in the Basin Plan Amendment.  Following these actions, Regional 

Water Board staff will evaluate the need for enforcement action. 

(c) Actions and Special Studies required of Malibu MS4 permittees: 

(1) If TMDL compliance monitoring indicates that the Malibu MS4 permittees 

are causing or contributing to an exceedance of the WLAs in the receiving 

waters, the permittees shall conduct a source identification study and 

implement additional controls sufficient to achieve the WLAs in the 

receiving waters.   

 

10. TMDL for Trash in Revolon Slough and Beardsley Wash 

(a) Wasteload Allocations 

(1) MS4 permittees discharging to Revolon Slough and Beardsley Wash 

(Ventura County Watershed Protection District, County of Ventura and the 

cities of Camarillo and Oxnard) shall implement BMPs to achieve the 

WLAs of zero trash.   

(b) Compliance Monitoring 

(1) Responsible jurisdictions will develop a TMRP for Executive Officer 

approval that describes the methodologies that will be used to assess and 

monitor trash in Revolon Slough and Beardsley Wash and/or within 

responsible jurisdiction land areas.  The TMRP shall include a plan to 

establish the trash Baseline WLAs.    

(2) If any WLA is exceeded at a compliance monitoring site, permittees shall 

implement BMPs in accordance with the TMDL Technical Reports, 

Implementation Plans or as identified as a result of TMDL special studies 
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identified in the Basin Plan Amendment.  Following these actions, Regional 

Water Board staff will evaluate the need for enforcement action. 

(c) Actions and Special Studies required of Revolon Slough and Beardsley Wash 

MS4 permittees 

(1)    Per the adopted Basin Plan Amendment, compliance with the TMDL may 

be either through a progressive implementation schedule of full capture 

devices or implementation of other measures to attain the required trash 

reduction. 

 

11. TMDL for Trash in the Ventura River Estuary 

(a) Wasteload Allocations 

(1) MS4 permittees discharging to the Ventura River Estuary (Ventura County 

Watershed Protection District, County of Ventura and the City of Ventura) 

shall implement BMPs to achieve the WLAs of zero trash.   

(b) Compliance Monitoring 

(1) Responsible jurisdictions will develop a TMRP for Executive Officer 

approval that describes the methodologies that will be used to assess and 

monitor trash in the Ventura River Estuary and/or within responsible 

jurisdiction land areas.  The TMRP shall include a plan to establish the trash 

Baseline WLAs. 

(2) If any WLA is exceeded at a compliance monitoring site, permittees shall 

implement BMPs in accordance with the TMDL Technical Reports, 

Implementation Plans or as identified as a result of TMDL special studies 

identified in the Basin Plan Amendment.  Following these actions, Regional 

Water Board staff will evaluate the need for enforcement action. 

(c) Actions and Special Studies required of Revolon Slough and Beardsley Wash 

MS4 permittees 

(1)    Per the adopted Basin Plan Amendment, compliance with the TMDL may 

be either through a progressive implementation schedule of full capture 

devices or implementation of other measures to attain the required trash 

reduction. 

 

12. TMDL for Boron, Chloride, Sulfate and TDS in Calleguas Creek Watershed 

 

(a) Waste Load Allocation 

 

Table 16 - Interim Dry Weather WLAs for Permitted Stormwater Dischargers 

Constituent Interim Limit  

30-day average (mg/L) 

Boron Total 1.3 

Chloride Total 230 

Sulfate Total 1289 

TDS Total 1720 
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Table 17 - Final Dry Weather WLAs for Permitted Stormwater Dischargers 

Subwatershed Critical 

Condition 

Flow 

Rate 

(mgd) 

Chloride 

Allocation 

(lb/day) 

TDS 

Allocation 

(lb/day) 

Sulfate 

Allocation 

(lb/day) 

Boron 

Allocation 

(lb/day) 

Simi 1.39 1,738 9,849 2,897 12 

Las Posas 0.13 157 887 261 N/A 

Conejo 1.26 1,576 8,931 2,627 N/A 

Camarillo 0.06 72 406 119 N/A 

Pleasant Valley 

(Calleguas) 

0.12 150 850 250 N/A 

Pleasant Valley 

(Revolon) 

0.25 314 1,778 523 2 

 

(b) Compliance Monitoring  

(1) A monitoring plan will be submitted to the RWQCB for Executive Officer 

approval on June 2, 2009.  Monitoring will begin one year after Executive 

Officer approval of the monitoring plan to allow time for the installation of 

automated monitoring equipment. 

(2) Compliance with the WLAs is to be determined through the measurement of 

in-stream water quality at the base of each of the Calleguas Creek 

subwatersheds, in accordance with the Calleguas Creek Watershed TMDL 

Monitoring Program approved by the Executive Officer. 

(3) If any WLA is exceeded at a compliance monitoring site, permittees shall 

implement BMPs in accordance with the TMDL Technical Reports, 

Implementation Plans or as identified as a result of TMDL special studies 

identified in the Basin Plan Amendment.  Following these actions, Regional 

Water Board staff will evaluate the need for enforcement action. 

(c) Actions and Special Studies required of  Calleguas Creek Watershed  MS4 

permittees 

 

Responsible jurisdictions including MS4 permittees shall submit compliance 

monitoring plan to the Los Angeles Regional Water Board for Executive Officer 

approval on June 2, 2009.  Monitoring shall begin as outlined in the approved 

monitoring plan one year after approval of the work plan. 

 

Responsible jurisdictions including MS4 permittees shall demonstrate that 

implementation actions have reduced the boron, sulfate, TDS, and chloride 

imbalance by 20%, 40%, 70% by December 2 of 2011, 2015, and 2018 

respectively.  Stormwater dischargers shall achieve WLAs, which shall be 

expressed as NPDES mass-based limits specified in accordance with federal 

regulations and state policy on water quality control by December 2, 2023.   

 

13. TMDL for Bacteria in Harbor Beaches of Ventura County 
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(a) Waste Load Allocations 

(1)    MS4 permittees discharging to the Channel Islands Harbor Beaches (the 

County of Ventura, the Ventura County Watershed Protection District 

(VCWPD) and associated Municipal Separate Storm Sewer System (MS4) 

permittees in the Channel Islands Harbor subwatershed, and the City of 

Oxnard shall implement BMPs to achieve the interim WLAs listed in Table 

18. All WLAs for summer dry-weather single sample bacteria densities at 

the Harbor Beaches of Ventura County are zero (0) days of allowable 

exceedances; winter dry weather and wet weather final WLAs are listed in 

Table 19 below. 

 

The Basin Plan objectives that serve as the numeric targets for this 

TMDL are (single sample limits): 

a. Total coliform density shall not exceed 10,000/100 ml. 

b. Fecal coliform density shall not exceed 400/100 ml. 

c. Enterococcus density shall not exceed 104/100 ml. 

d. Total coliform density shall not exceed 1,000/100ml, 

     if the ratio of fecal-to-total coliform exceeds 0.1. 

Table 18 - Interim WLAs for Single Sample Exceedance Days 

Summer Dry Weather Winter Dry Weather Wet Weather 

Location Daily 

Sampling 

Weekly 

Sampling 

Daily 

Sampling 

Weekly 

Sampling 

Daily 

Sampling 

Weekly 

Sampling 

Kiddie Beach 54 8 23 4 32 5 

Hobie Beach 40 6 25 4 38 6 

 

Table19 - Final Allowable Exceedance Days by Location 

Summer Dry-weather Winter Dry-weather Wet-weather 

Location Daily 

Sampling 

Weekly 

Sampling 

Daily 

Sampling 

Weekly 

Sampling 

Daily 

Sampling 

Weekly 

Sampling 

Hobie Beach 0 0 3 1 17 3 

Kiddie Beach 0 0 3 1 17 3 

 

(2) Pursuant to the TMDL, the interim storm water WLAs for bacteria are from 

samples taken at existing monitoring sites in ankle to knee- high depths. 

(b) Compliance Monitoring 

(1) Compliance and monitoring for Harbor Beaches of Ventura 

County is based on existing monitoring protocols and locations. 

Monitoring shall continue at sampling locations (VCEHD 36000 

and VCEHD37000) and at the current weekly monitoring 

frequency, consistent with AB411 compliance monitoring. 

Monitoring shall be conducted on a year-round basis at the 

current monitoring locations including the summer months (i.e., 

April to October) and winter months (i.e., November to March). 

Bacteria sampling shall be conducted in ankle- to knee-high 

water, consistent with AB411. However, if additional monitoring 
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stations are added or if changes are made to the sampling 

frequencies or existing monitoring locations, then submittal of a 

monitoring plan is required for Executive Officer approval. 

(2) If any WLA is exceeded at a compliance monitoring site, permittees shall 

implement BMPs in accordance with the TMDL Technical Reports, 

Implementation Plans or as identified as a result of TMDL special studies 

identified in the Basin Plan Amendment.  Following these actions, Regional 

Water Board staff will evaluate the need for enforcement action. 

(c) Actions and Special Studies required of Harbor Beaches of Ventura County MS4 

permittees 

(1) Per the adopted Basin Plan Amendment, compliance with the TMDL may 

be either through structural and non-structural BMPs or implementation of 

other measures to attain the required source control. 

(2) Special studies are not required for implementation of the TMDL though 

conducting special studies is within the discretion of the responsible parties. 

 

 

PART 6 - DEFINITIONS 

 

The following are definitions for terms in this Order: 

 

Adverse Impact - means a detrimental effect upon water quality or beneficial uses caused by 

a discharge or loading of a pollutant or pollutants. 

 

Agriculture - means the science, art, and business of cultivating the soil, producing crops, and 

raising livestock. 

 

Antidegradation Policies - means policies which protect surface and ground waters from 

degradation, and federal policies, which protect high quality surface waters.  In particular, this 

policy protects waterbodies where existing quality is higher than that necessary for the protection 

of beneficial uses including the protection of fish and wildlife propagation and recreation on and 

in the water (Statement of Policy with Respect to Maintaining High Quality Water in California, 

State Board Resolution No. 68-16; 40 CRF 131.12). 

 

Applicable Standards and Limitations - means all State, interstate, and Federal standards 

and limitations to which a “discharge” or a related activity is subject under the CWA, including 

effluent limitations, water quality standards, standards of performance, toxic effluent 

standards or prohibitions, best management practices, and pretreatment standards under 

§ 301, § 302, § 303, § 304, § 306, § 307, § 308, § 403, and § 404 of CWA. 

 

Areas of Special Biological Significance (ASBS) - means all those areas of this state listed as 

ASBS, listed specifically within the California Ocean Plan or so designated by the State Board 

which, among other areas, includes the area from Mugu Lagoon to Latigo Point: Ocean water 

within a line originating from Laguna Point at 34° 5’ 40” north, 119° 6’30” west, thence 

southeasterly following the mean high tideline to a point at Latigo Point defined by the 
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intersection of the mean high tide line and a line extending due south of Benchmark 24; thence 

due south to a distance of 1000 feet offshore or to the 100 foot isobath, whichever distance is 

greater; thence northwesterly following the 100 foot isobath or maintaining a 1,000-foot 

distance from shore, whichever maintains the greater distance from shore, to a point lying due 

south of Laguna Point, thence due north to Laguna Point. 

 

Authorized Discharge - means any discharge that is authorized pursuant to an NPDES permit, 

waste discharge requirement, conditional waiver from waste discharge requirements, 

or meets the conditions set forth in this Order. 

 

Automotive Repair Shop - means a facility that is categorized in any one of the following 

Standard Industrial Classification (SIC) codes: 5013, 5014, 5541, 7532-7534, or 7536-7539. 

 

Automotive Service Facilities - means a facility that is categorized in any one of the following 

Standard Industrial Classification (SIC) and North American Industry Classification System 

(NAICS) codes.   For inspection purposes, Permittees need not inspect facilities with SIC codes 

5013, 5014, 5541, 5511, provided that these facilities have no outside activities or materials that 

may be exposed to storm water. 

 

SIC Code Corresponding NAICS Code 

5013 425120, 441310, 425110, & 423120 

5014 425120, 425110, 423130, & 441320 

5511 441110 

5541 447110, & 447190 

7532 811121 

7533 811112 

7534 326212, & 811198 

7536 811122 

7537 811113 

7538 811111 

7539 811198, & 811118 

 

Bacteria Total Maximum Daily Load (TMDL) Dry Weather - defined in the Bacteria 

TMDLs as those days with less than 0.1 inch of rainfall and those days occurring more than 3 

days after a rain. 

 

Bacteria Total Maximum Daily Load (TMDL) Wet Weather - defined in the Bacteria 

TMDLs as a day with 0.1 inch or more of rain and 3 days following the rain event. 

 

Basin Plan - means the Water Quality Control Plan, Los Angeles Region, Basin Plan for the 

Coastal Watersheds of Los Angeles and Ventura Counties, adopted by the Regional Water Board 

on June 13, 1994 and subsequent amendments. 

 

Beneficial Uses - means the existing or potential uses of receiving waters in the permit area 

as designated by the Regional Water Board in the Basin Plan. 
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Best Management Practices (BMPs) - means methods, measures, or practices designed and 

selected to reduce or eliminate the discharge of pollutants to surface waters from point and 

nonpoint source discharges including storm water. BMPs include structural and nonstructural 

controls, and operation and maintenance procedures, which can be applied before, during, 

and/or after pollution producing activities. 

 

California Environmental Quality Act (CEQA) - means a California statute that requires state 

and local agencies to identify significant environmental impacts of their actions and to avoid or 

mitigate those impacts, if feasible (Reference: California Public Resources Code § 21000 et seq.) 

 

Channel - means an open conduit either naturally or artificially created which periodically or 

continuously contains moving water, or which forms a connecting link between two waterbodies. 

 

Chronic Toxicity - means a measurement of a sublethal effect (e.g., reduced growth, 

reproduction) to experimental test organisms exposed to an effluent or ambient waters compared 

to that of the control organisms. 

Commercial Area(s) - means any geographic area of the Permittees’ jurisdiction that is not 

heavy industrial or residential. A commercial area includes, but is not limited to areas 

surrounding: commercial activity, hospitals, laboratories and other medical facilities, educational 

institutions, recreational facilities, plant nurseries, car wash facilities, mini-malls and other 

business complexes, shopping malls, hotels, office buildings, public warehouses and other light 

industrial complexes. 

 

Commercial Development - means any development on private land that is not heavy 

industrial or residential. The category includes, but is not limited to: hospitals, laboratories and 

other medical facilities, educational institutions, recreational facilities, plant nurseries, car wash 

facilities, mini-malls and other business complexes, shopping malls, hotels, office buildings, 

public warehouses and other light industrial complexes. 

 

Construction - Construction activity includes any construction or demolition activity, clearing, 

grading, grubbing, or excavation or any other activity that results in a land disturbance.  

Construction does not include emergency construction activities required to immediately protect 

public health and safety or routine maintenance activities required to maintain the integrity of 

structures by performing minor repair and restoration work, maintain original line and grade, 

hydraulic capacity, or original purpose of the facility.  See “Routine Maintenance” definition for 

further explanation. Where clearing, grading or excavating of underlying soil takes place during 

a repaving operation, State General Construction Permit coverage is required if more than one 

acre is disturbed or the activities are part of a larger plan.  

 

Construction Activities Storm Water General Permit (CASGP) - means the general NPDES 

permit adopted by the State Board, which authorizes the discharge of storm water from 

construction activities under certain conditions. 

 

Control - means to minimize, reduce, eliminate, or prohibit by technological, legal, contractual 

or other means, the discharge of pollutants from an activity or activities. 
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Critical Sources - means commercial facilities and businesses that have a potential to contribute 

pollutants to stormwater runoff if effective BMPs are not implemented. Attachment "D" 

specifies the commercial facilities and businesses that have been identified as Critical Sources. 

 

Dechlorinated/ Debrominated Swimming Pool Discharge - means any swimming pool 

discharge with a residual chlorine or bromine level of 0.1mg/L or less; and does not contain any 

detergents, wastes, algaecides, or cyanuric acid in excess of 50 ppm, or any other  chemicals 

including salts from pools commonly referred to as “salt water pools”.  The term does not 

include swimming pool filter backwash or swimming pool water containing bacteria. 

 

Development - means any construction, rehabilitation, redevelopment or reconstruction of any 

public or private residential project (whether single-family, multi-unit or planned unit 

development); industrial, commercial, retail and any other non-residential projects, including 

public agency projects; or mass grading for future construction. 

 

Directly Adjacent - means situated within 200 feet of the contiguous zone required for the 

continued maintenance, function, and structural stability of the environmentally sensitive area. 

 

Directly Discharging - means outflow from a drainage conveyance system that is composed 

entirely or predominately of flows from the subject, property, development, subdivision, or 

industrial facility and not commingled with the flows from adjacent lands. 

 

Discharge - means when used without qualification the “discharge of a pollutant.” 

 

Discharging Directly - means outflow from a drainage conveyance system that is composed 

entirely or predominantly of flows from the subject, property, development, subdivision, or 

industrial facility, and not commingled with the flows from adjacent lands. 

 

Discharge of a Pollutant - means any addition of any “pollutant” or combination of pollutants 

to “waters of the United States” from any “point source” or, any addition of any pollutant or 

combination of pollutants to the waters of the “contiguous zone” or the ocean from any point 

source other than a vessel or other floating craft, which is being used as a means of 

transportation. The term discharge includes additions of pollutants into waters of the United 

States from: surface runoff which is collected or channeled by man; discharges through pipes, 

sewers, or other conveyances owned by a State, municipality, or other person which do not lead 

to a treatment works; and discharges through pipes, sewers, or other conveyances, leading into 

privately owned treatment works. 

 

Disturbed Area - means any area that is altered as a result of land disturbance.  Examples 

include but are not limited to: clearing, grading, grubbing, stockpiling and/ or excavation, etc... 

 

Dry Day - means a non-wet day for Malibu Creek and Lagoon Bacteria TMDL WLA.  A wet 

day is defined as a day with a 0.1 inch or more of rain and 3 days following the rain event. 
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Effect Concentration (EC) - means a point estimate of the toxicant concentration that would 

cause an observable adverse effect (e.g., death, immobilization, or serious incapacitation) in a 

given percent of the test organisms, calculated from a continuous model (e.g., Probit Model).  

EC25 is a point estimate of the toxicant concentration that would cause an observable adverse 

effect in 25 percent of the test organisms. 

 

Effective Impervious Surface - means that portion of the surface area that is hydrologically 

connected via sheet flow over a hardened conveyance or impervious surface without any 

intervening medium to mitigate flow volume. 

 

Effluent limitation - means any restriction imposed by the Permitting Authority (PA) on 

quantities, discharge rates, concentrations, and/ or mass loadings of “pollutants” which are 

“discharged” from “point sources” into “waters of the United States,” the waters of the 

“contiguous zone,” or the ocean. 

 

Emergency - means a sudden, unexpected occurrence, involving a clear and imminent danger, 

demanding immediate action to prevent or mitigate loss of, or damage to, life, health, property, 

or essential public services.  "Emergency" includes such occurrences as fire, flood, earthquake, 

or other soil or geologic movements, as well as such occurrences as riot, accident, or sabotage. 

(Reference: California Public Resources Code § 21060.3. Emergency). 

 

End-of-Pipe - means the end of the major outfall as defined in 40 CFR 122.26 (b)(5) and 40 CFR 

122.26 (b)(6). 

 

Endpoint - means a biological measurement used to quantify the results obtained from analytical 

methods such as whole effluent toxicity testing [e.g., lethal concentration (LC50); inhibition 

concentration (IC25); and no observed effect concentration (NOEC)]. Such endpoints are 

quantitative measurements of the responses of test organisms (e.g., survival, growth, mobility, 

reproduction, and weight gain or loss) in response to exposure to a serial dilution of effluent. 

 

Environment - means the physical conditions, which exist within the area and which will be 

affected by a proposed project including land, air, water, minerals, flora, fauna, ambient noise, 

and objects of historical or aesthetic significance.  The area involved shall be the area in which 

significant effects would occur either directly or indirectly as a result of the project.  The 

"environment" includes both natural and man-made conditions. 

 

Environmentally Sensitive Area (ESA) - means an area “in which plant or animal life or their 

habitats are either rare or especially valuable because of their special nature or role in an 

ecosystem and which would be easily disturbed or degraded by human activities and 

developments” (Reference: California Public Resources Code § 30107.5).  ESAs will include 

Clean Water Act 303d Listed Water Bodies in all reaches that are unimproved, all California 

Coastal Commission’s Environmentally Sensitive Habitat Areas as delineated on maps in Local 

Coastal Plans and Regional Water Quality Control Board’s Basin Plan Rare, Threatened or 

Endangered Species (RARE) and Preservation of Biological Habitats (BIOL) designated 

waterbodies.  The California Department of Fish and Game’s Significant Natural Areas map will 
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be considered for inclusion as the department field verifies the designated locations.  Watershed 

restoration projects will be considered for inclusion as the department field verifies the 

designated locations. 

 

Erosivity Factor - The Erosivity Factor is a criterion that to assess the risk of erosion on 

disturbed land. It is described  in “Predicting soil erosion by water: A guide to conservation 

planning with the Revised Universal Soil Loss Equation (RUSLE), Agricultural Handbook 703, 

USDA-ARS, U.S. Government Printing Office, Washington, D.C., 1997 by Renard, K.C., G.R. 

Foster, G.A. Weesies, D.K. McCool, and D.C. Yoder.  

 

Federal Clean Water Act (CWA) - means (formerly referred to as the Federal Water Pollution 

Control Act or Federal Water Pollution Control Act Amendments of 1972) Public Law 92—500, 

as amended by Public Law 95—217, Public Law 95—576, Public Law 96—483 and            

Public Law 77—117, codified at 33 U.S.C. 1251 et seq. 
 

First Storm Event - means the first storm event of the wet season that produces at least 0.25 

inches of rain. 

 

Forest Land - means land at least 10 percent stocked with live trees, or land that had this 

minimum tree stocking in the past and is not currently developed for nonforest use.  The 

minimum area recognized is 1 acre. 

 

Groundwater Dewatering - means the active practice of removing standing water from soil 

excavations using a pump(s) or other means. 

 

Hillside - means property located in an area with known erosive soil conditions, where the 

development will result in grading on any slope that is 20% or greater or an area designated by 

the Municipality under a General Plan or ordinance as a "hillside area". 

 

Horse Stables - means a property where at least one horse is stabled at least part of the year. 

 

Hydromodification - means the alteration away from a natural state of stream flows or the beds 

or banks of rivers, streams, or creeks, including ephemeral washes, which results in 

hydrogeomorphic changes. 

 

Illegal Discharge - means any discharge to the municipal separate storm sewer (storm drain 

system) that is prohibited under local, state, or federal statutes, ordinances, codes, or regulations.  

The term illegal discharge includes all non-storm water discharges not composed entirely of 

storm water except discharges pursuant to an NPDES permit, discharges that are identified in 

part 1, “Discharge Prohibitions” of this order, or discharges authorized by the Regional Water 

Board Executive Officer. 

 

Illicit Connection - means any engineered conveyance that is connected to the storm drain 

system without a permit or municipal authorization.  It also means any engineered conveyance 
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through which discharges of pollutants to the separate storm drainage systems, which are not 

composed entirely of storm water or are not authorized by an NPDES permit, may occur. 

 

Illicit Discharge - means any discharge to a municipal separate storm sewer (storm drain 

system) that is prohibited under local, state, or federal statutes, ordinances, codes, or regulations. 

The term illicit discharge includes all non-storm water discharges not composed entirely of storm 

water except discharges pursuant to a NPDES permit (other than the NPDES permit for 

discharges from the municipal separate storm sewer) and discharges that are identified in part 1, 

“Discharge Prohibitions” of this order, or authorized by the Regional Water Board Executive 

Officer. 

 

Illicit Disposal - means any disposal, either intentionally or unintentionally, of material(s) or 

waste(s) that can pollute storm water. 

 

Industrial/ Commercial Facility - means any facility involved and/ or used in the production, 

manufacture, storage, transportation, distribution, exchange or sale of goods and/ or 

commodities, and any facility involved and/ or used in providing professional and non-

professional services. This category of facilities includes, but is not limited to, any facility 

defined by either the Standard Industrial Classifications (SIC) or the North American Industry 

Classification System (NAICS).  Facility ownership (federal, state, municipal, private) and profit 

motive of the facility are not factors in this definition. 

 

Industrial Activities Storm Water General Permit (IASGP) - means the general NPDES 

permit adopted by the State Board, which authorizes the discharge of storm water from certain 

industrial activities under certain conditions. 

 

Industrial Park - means a land development that is set aside for industrial development. 

Industrial parks are usually located close to transport facilities, especially where more than one 

transport modalities coincide: highways, railroads, airports, and navigable rivers. It includes 

office parks, which have offices and light industry. 

 

Inhibition Concentration (IC) - means a point estimate of the toxicant concentration that would 

cause a given percent reduction in a non-lethal biological measurement (e.g., reproduction or 

growth), calculated from a continuous model (i.e., Interpolation Method). IC25 is a point 

estimate of the toxic concentration that would cause a 25-percent reduction in a non-lethal 

biological measurement. 

 

Inspection - means entry and the conduct of an on-site review of a facility and its operations, at 

reasonable times, to determine compliance with specific municipal or other legal requirements. 

The steps involved in performing an inspection, include, but are not limited to: 

1.  Pre-inspection documentation research 

2.  Request for entry 

3.  Interview of facility personnel 

4.  Facility walk-through 

5.  Visual observation of the condition of facility premises 
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6.  Examination and copying of records as required 

7.  Sample collection (if necessary or required) 

8.  Exit conference (to discuss preliminary evaluation) 

9.  Report preparation, and if appropriate, recommendations for coming into compliance 

 

Integrated Pest Management (IPM) - means a sustainable approach to managing pests by 

combining biological, cultural, physical and chemical tools in a way that minimizes economic, 

health, and environmental risks. 

 

Large Municipal Separate Storm Sewer System (MS4) - means all MS4s that serve a 

population greater than 250,000 (1990 Census) as defined in 40 CFR 122.26 (b)(4).  The 

Regional Water Board designated Ventura County as a large MS4 in 1990, based on: (i) the U.S. 

Census Bureau 1990 population count of 669,016 thousand, and (ii) the interconnectivity of the 

MS4s in the incorporated and unincorporated areas within the County. 

 

Local SWPPP - means the Local Storm Water Pollution Prevention Plan (LSWPPP) required by 

the local agency for a project that disturbs one or more acres of land. Shall mean a plan 

identifying potential pollutant sources from a construction site and describing proposed design, 

placement and implementation of BMPs, to effectively prevent non-storm water discharges and 

reduce pollutants in storm water discharges to the storm drain system, during construction 

activities. Also referred as a Storm Water Pollution Control Plan (SWPCP). 

 

Low Impact Development (LID) – means a design strategy with the goal of maintaining or 

replicating the pre-development hydrologic regime through the use of design techniques to create 

a functionally equivalent hydrologic site design.  Hydrologic functions of storage, infiltration and 

ground water recharge, as well as the volume and frequency of discharges are maintained 

through the use of integrated and distributed micro-scale storm water retention and detention 

areas, reduction of impervious surfaces, and the lengthening of runoff flow paths and flow time.  

Other strategies include the preservation/protection of environmentally sensitive site features 

such as riparian buffers, wetlands, steep slopes, valuable (mature) trees, flood plains, woodlands, 

and highly permeable soils. 

 

Major Municipal Separate Storm Sewer Outfall (“or major outfall”) - means a major 

municipal separate storm sewer outfall that discharges from a single pipe with an inside diameter 

of 36 inches or more or its equivalent (discharge from a single conveyance other than circular 

pipe which is associated with a drainage area of more than 50 acres); or for municipal separate 

storm sewers that receive storm water from lands zoned for industrial activity (based on 

comprehensive zoning plans or the equivalent), an outfall that discharges from a single pipe with 

an inside diameter of 12 inches or more or from its equivalent (discharge from other than a 

circular pipe associated with a drainage area of 2 acres or more), as defined in                            

40 CFR 122.26 (b)(5). 

 

Major Outfall - means a major municipal separate storm sewer outfall, as defined in                

40 CFR 122.26 (b)(6). 
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Maximum Extent Practicable (MEP) – The technology-based permit requirement established 

by Congress in CWA section 402(p)(3)(B)(iii) that municipal dischargers of storm water must 

meet.  Technology-based requirements, including MEP, establish a level of pollutant control that 

is derived from available technology or other controls.  MEP requires municipal dischargers to 

perform at maximum level that is practicable.  Compliance with MEP may be achieved by 

emphasizing pollution prevention and source control BMPs in combination with structural and 

treatment methods where appropriate.  The MEP approach is an ever evolving and advancing 

concept, which considers technical and economic feasibility.   

 

Method Detection Limit (MDL) - means the minimum concentration of a substance that can 

be measured and reported with 99 percent confidence that the analyte concentration is greater 

than zero, as defined in 40 CFR 136, Appendix "G" of this Order.  

 

 

Minimum Level (ML) - means the concentration at which the entire analytical system must give 

a recognizable signal and acceptable calibration point.  The ML is the concentration in a sample 

that is equivalent to the concentration of the lowest calibration standard analyzed by a specific 

analytical procedure, assuming that all the method specified sample weights, volumes, and 

processing steps have been followed.  The ML value represents the lowest quantifiable 

concentration in a sample based on the proper application of all method-based analytical 

procedures and the absence of any matrix interferences.  Assuming that all method-specific 

analytical steps are followed, the ML value will also represent, after the appropriate application 

of method-specific factors, the lowest standard in the calibration curve for that specific analytical 

technique. 

 

Minimum Significant Difference (MSD) - means a measure of test sensitivity that establishes 

the minimum difference required between a control and a test treatment in order for that 

difference to be considered statistically significant. 

 

Municipal Separate Storm Sewer System (MS4) - means a conveyance or system of  

conveyances (including roads w/ drainage systems, municipal streets, catch basins, curbs, 

gutters, ditches, manmade channels, or storm drains), as defined in 40 CFR 122.26(b)(8): 

1.  Owned or operated by a State, city, town, borough, county, parish, district, association, or 

other public body (created by or pursuant to State law) including special districts under State 

law such as a sewer district, flood control district or drainage district, or similar entity, or an 

Indian tribe or an authorized Indian tribal organization, or a designated and approved 

management agency under § 208 of the Federal Clean Water Act (CWA) that discharges into 

waters of the United States 

2. Designed or used for collecting or conveying storm water 

3. Which is not a combined sewer 

4. Which is not part of a Publicly Owned Treatment Works (POTW), as defined in                   

40 CFR 122.2 

 

NAICS - means North American Industry Classification System. 
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National Pollutant Discharge Elimination System (NPDES) - means the national program 

for issuing, modifying, revoking and reissuing, terminating, monitoring and enforcing permits, 

and imposing and enforcing pretreatment requirements, under CWA § 307, 402, 318, and 405. 

 

Natural Drainage Systems - means unlined or unimproved (not engineered) creeks, streams, 

rivers or similar waterways. 

 

New Development - means land disturbing activities; structural development, including 

construction or installation of a building or structure, creation and replacement of impervious 

surfaces; and land subdivision. 

 

Non-Storm Water Discharge - means any discharge to a storm drain that is not composed 

entirely of storm water. 

 

No Observed Effect Concentration (NOEC) - means the highest tested concentration of an 

effluent or toxicant that causes no observable adverse effect on the test organisms (i.e., the 

highest concentration of toxicant at which the values for the observed responses are not 

statistically different from the controls). 

 

Nuisance - means anything that meets all of the following requirements: (1) is injurious to 

health, or is indecent or offensive to the senses, or an obstruction to the free use of property, so 

as to interfere with the comfortable enjoyment of life or property; (2) affects at the same time an 

entire community or neighborhood, or any considerable number of persons, although the extent 

of the annoyance or damage inflicted upon individuals may be unequal; (3) occurs during, or as 

a result of, the treatment or disposal of wastes. 

 

Nursery - means nursery operations that are generally classified under 4 broad NAICS 

classification sectors: (a) 111xxx - Crop Production – Agriculture; (b) 424xxx - Merchant 

Wholesalers, Nondurable Goods; (c) 44xxxx - Retail Trade; and (d) 454xxx - Non-store retailers. 

Retail nursery operations shall be covered by this Order. This Order does not cover wholesale 

nursery stock operations or agricultural nursery operations, unless such operations are not 

covered by another Regional Water Board Order. 

 

(1) Retail Nursery Operations - means Nursery, Garden Center, and Farm Supply 

Stores typically classified under NAICS Code 444220 and non-store retailers 

typically classified under NAICS Code 454xxx.  Retail nursery operations are 

primarily engaged in retailing nursery and garden products, such as trees, shrubs, 

plants, seeds, bulbs, floriculture products and sod, which are predominantly 

grown elsewhere.  These establishments may sell a limited amount of a product 

they grow themselves. 

 

Open Channel - means a storm drainage channel that is not a natural water course. 

 

Parking Lot - means land area or facility for the parking or storage of motor vehicles used for 

businesses, commerce, industry, or personal use.  
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Percent Minimum Significant Difference (PMSD) - means the minimum significant difference 

divided by the control mean, expressed as a percent (see minimum significant difference). 

 

Permit - means an authorization, license, or equivalent control document issued by U.S. EPA or 

an “approved State” to implement the requirements of 40 CFR Parts 122, 123, and 124.  

“Permit” includes an NPDES “general permit” (§ 122.28).  Permit does not include any permit, 

which has not yet been the subject of final agency action, such as a “draft permit” or a “proposed 

permit.” 

 

Permittee(s) - means co-permittee(s) and any agency named in this Order as being 

responsible for permit conditions within its jurisdiction, as defined by Federal Regulation.  

Permittees to this Order include the Ventura Water Protection District, Ventura County, and the 

cities of Camarillo, Fillmore, Moorpark, Ojai, Oxnard, Port Hueneme, San Buenaventura, Santa 

Paula, Simi Valley and Thousand Oaks. 

 

Point Source - means any discernible, confined and discrete conveyance, including but not 

limited to any pipe, ditch, channel, tunnel, conduit, well, discrete fissure, container, rolling stock, 

concentrated animal feeding operation, or vessel or other floating craft, from which pollutants 

are or may be discharged. This term does not include agricultural storm water discharges and 

return flows from irrigated agriculture. 

 

Point Zero - means in the context of the TMDLs, the point at which water from the storm drain 

or creek initially mixes with water.   

 

Pollutants - means those "pollutants" defined in CWA § 502(6) (33.U.S.C.§ 1362(6)), and 

incorporated by reference into California Water Code § 13373. 

 

Pollutants of Concern - means constituents that have exceeded Basin Plan Objectives, and 

CTR- Chronic or Acute Objectives during monitoring at Mass Emission, Receiving Water, and 

Land Use stations. 

 

Potable Water Sources - means the potable water system for the treatment, distribution, and 

provision of water for residential, commercial, industrial, or institutional use that meets all 

California safe drinking water regulatory standards for human consumption. 

 

Pre-Developed Condition - means native vegetation and soils that existed at a site prior to first 

development. The pre-developed condition may be assumed to be an area with the typical 

vegetation, soil, and storm water runoff characteristics of open space areas in coastal Southern 

California unless reasonable historic information is provided that the area was atypical. 

 

Priority Pollutants - means those constituents referred to in 40 CFR 401.15 and listed in the 

U.S. EPA NPDES Application Form 2C, pp. V-3 through V-9. 

 

Project - means all development, redevelopment, and land disturbing activities. The term is 
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not limited to "Project" as defined under CEQA (Reference: California Public Resources      

Code § 21065). 

 

Qualified SWPPP Developer or Qualified SWPPP Practitioner – refer to State of California 

General Construction Stormwater Permit for definition. 

 

Rare, Threatened, or Endangered Species (RARE) - means a beneficial use for waterbodies 

in the Los Angeles Region, as designated in the Basin Plan (Tables 2-1, 2-3, and 2-4), that 

supports habitats necessary, at least in part, for the survival and successful maintenance of plant 

or animal species established under state or federal law as rare, threatened, or endangered. 

 

Redevelopment - means land-disturbing activity that results in the creation, addition, or 

replacement of 5,000 square feet or more of impervious surface area on an already developed 

site. Redevelopment includes, but is not limited to: the expansion of a building footprint; 

addition or replacement of a structure; replacement of impervious surface area that is not part 

of a routine maintenance activity; and land disturbing activities related to structural or 

impervious surfaces. It does not include routine maintenance to maintain original line and 

grade, hydraulic capacity, or original purpose of facility, nor does it include emergency 

construction activities required to immediately protect public health and safety. 

 

Regional Administrator - means the Regional Administrator of the Regional Office of the 

U.S. EPA or the authorized representative of the Regional Administrator. 

 

Report of Waste Discharge (ROWD) - means an application for renewal of the NPDES Permit 

for Waste Discharge Requirements for Municipal Separate Storm Sewer Discharges Within the 

Ventura County Watershed Protection District, County of Ventura and the Incorporated Cities 

Therein. 

 

Restaurant - means a facility that sells prepared foods and drinks for consumption, including 

stationary lunch counters and refreshment stands selling prepared foods and drinks for 

immediate consumption (SIC Code 5812). 

 

Restoration - means the reestablishment of predisturbance aquatic functions and related 

physical, chemical and biological characteristics (Reference: National Research Council. 1992. 

Restoration of Aquatic Ecosystems: Science, Technology and Public Policy. National Academy 

Press, Washington, D.C.). 

 

Retail Gasoline Outlet (RGO) - means any facility engaged in selling gasoline and lubricating 

oils- SIC 5541 and NAICS 447110 & 447190. 

1. RGOs: 447190 Other Gasoline Stations:  

This industry comprises establishments known as gasoline stations (except those with 

convenience stores) primarily engaged in one of the following: (1) retailing automotive fuels 

(e.g., diesel fuel, gasohol, gasoline) or (2) retailing these fuels in combination with activities, 

such as providing repair services; selling automotive oils, replacement parts, and accessories; 

and/ or providing food services.  
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2.   RGOs: 447110 Gasoline Stations with Convenience Stores: 

Retailing automotive fuels in combination with a convenience store or food mart. 

 

Routine Maintenance – Routine maintenance projects include, but are not limited to projects 

conducted to: 

1. Maintain the original line and grade, hydraulic capacity, or original purpose of the facility. 

2. Perform as needed restoration work to preserve the original design grade, integrity and 

hydraulic capacity of flood control facilities. 

3. Includes road shoulder work, regrading dirt or gravel roadways and shoulders and 

performing ditch cleanouts. 

4. Update existing lines* and facilities to comply with applicable codes, standards, and 

regulations regardless if such projects result in increased capacity. 

5. Repair leaks 

Routine maintenance does not include construction of new** lines or facilities resulting from 

compliance with applicable codes, standards and regulations.   

*    Update existing lines includes replacing existing lines with new materials or pipes. 

**  New lines are those that are not associated with existing facilities and are not part of a project 

to update or replace existing lines. 

 

Screening - means using proactive methods to identify illicit connections through a 

continuously narrowing process. The methods may include: performing baseline monitoring of 

open channels, conducting special investigations using a prioritization approach, analyzing 

maintenance records for catch basin and storm drain cleaning and operation, and verifying all 

permitted connections into the storm drains. Special investigation techniques may include: dye 

testing, visual inspection, smoke testing, flow monitoring, infrared, aerial and thermal 

photography, and remote control camera operation. 

 

Sidewalk Rinsing - means only sidewalk rinsing using high pressure and low volume of water 

with no additives and at an average usage of 0.006 gallons per square foot of surface area to be 

rinsed.  Any waste generated from the activity must be collected and properly and legally 

disposed of.  It does not mean hosing of any sidewalk or street with a garden hose with a 

pressure nozzle. 

 

Site - means the land or water area where any “facility or activity” is physically located or 

conducted, including adjacent land used in connection with the facility or activity. 

 

Small Construction - means any soil disturbing activities less than 5 acres. 

 

Smart Growth - development in or near cities intended to lessen or reverse suburban sprawl, 

decrease the use of automobiles, and shorten daily travel. It uses compact building design to 

cluster together residential, shopping, and work areas and encourages walking and public 

transportation. Smart Growth is considered a stormwater BMP in the 2005 publication Using 

Smart Growth Techniques as Stormwater Best Management Practices, EPA 231-B-05-002. 

 

Source Control BMP - means any schedules of activities, prohibitions of practices, 
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maintenance procedures, managerial practices or operational practices that aim to prevent 

storm water pollution by reducing the potential for contamination at the source of pollution. 

 

Southern California Stormwater Monitoring Coalition (SMC) - means the Stormwater 

Monitoring Coalition, which is a collaborative research/ monitoring partnership of the Southern 

California Water Boards, Municipal Storm Water Agencies, and municipalities to develop the 

methodologies and assessment tools to more effectively understand urban storm water and    

non-storm water (anthropogenic) impacts to receiving waters and to conduct research/ 

monitoring through Subsequent Research Implementation Agreements. The first original 

cooperative agreement was entered into on February 8, 2001. 

 

Stream - means a body of flowing water; natural water course containing water at least part of 

the year.  In hydrology, it is generally applied to the water flowing in a natural channel as distinct 

from a canal (Reference: US Geological Survey). 

 

Strip Mall - means a commercial development that is a shopping center where the stores are 

arranged in a row, with a sidewalk in front. Strip malls are typically developed as a unit and have 

large parking lots in front.  They face major traffic arterials and tend to be self-contained with 

few pedestrian connections to surrounding neighborhoods.  It is also called a plaza. 

 

Storm Event Monitoring - means a rainfall event that produces more than 0.25 inch of 

precipitation and is separated from the previous storm event by at least 1 week of dry weather, 

for the purpose of monitoring. 

 

Storm Water - means storm water runoff, snow melt runoff, and surface runoff and drainage, as 

defined in 40 CFR 122.26(b)(13). 

 

Storm Water Discharge Associated with Industrial Activity - means industrial discharge, as 

defined in 40 CFR 122.26(b)(14). 

 

Storm Water Quality Management Program - means the Ventura Countywide Storm Water 

Quality Management Plan, which includes descriptions of programs, collectively developed by 

the Permittees in accordance with provisions of the NPDES Permit, to comply with applicable 

federal and state law, as the same is amended from time to time. 

 

Structural BMP - means any structural facility designed and constructed to mitigate the adverse 

impacts of storm water runoff pollution (e.g. canopy, structural enclosure). The category may 

include both Treatment Control BMPs and Source Control BMPs. 

 

Summer Dry Weather - means dry weather days occurring from April 1 through October 31 

of each year. 

 

t-Test (formally Student's t-test) - means a statistical analysis comparing two sets of replicate 

observations, in the case of WET, only two test concentrations (e.g., a control and 100% 

effluent). The purpose of this test is to determine if the means of the two sets of observations are 
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different [e.g., if the 100% effluent concentration differs from the control (i.e., the test pass or 

fails)]. 

 

Targeted Employees - means management and staff who perform or direct activities that 

directly or indirectly have an effect of storm water quality.  The employees generally are 

employed in the following areas: department of public works, engineering, sanitation, storm 

water maintenance, drainage and flood control, transportation, streets and roads, parks and 

recreation, public landscaping and corporation yards, planning or community development, code 

enforcement, building and safety, harbor or port departments, airports, or general services and 

fleet services. 

 

Total Maximum Daily Load (TMDL) - means the sum of the individual waste load allocations 

for point sources and load allocations for nonpoint sources and natural background. 

 

Toxicity Identification Evaluation (TIE) - means a set of procedures to identify the specific 

chemical(s) responsible for toxicity through a process of chemical/ physical manipulations of 

samples followed by toxicity tests.  These procedures are performed in 3 phases 

(Phase I- Toxicity Characterization Procedure, Phase II- Toxicity Identification Procedure, and 

Phase III- Toxicity Confirmation Procedure) using aquatic organism toxicity tests. 

 

Toxicity Reduction Evaluation (TRE) - means a study conducted in a step-wise process to 

identify the causative agents of effluent or ambient toxicity, isolate the sources of toxicity, 

evaluate the effectiveness of toxicity control options, and then confirm the reduction in toxicity. 

 

Toxicity Test - means a procedure using living organisms to determine whether a chemical or an 

effluent is toxic.  A toxicity test measures the degree of the effect of a specific chemical or 

effluent on exposed test organisms. 

 

Toxic Unit (TU) - means a measure of toxicity in an effluent as determined by the acute toxicity 

units (TUa) or chronic toxicity units (TUc) measured.  The larger the TU, the greater the toxicity. 

 

Toxic Unit - Chronic (TUc) - means 100 times the reciprocal of the effluent concentration that 

causes no observable effect on the test organisms in a chronic toxicity test (TUc = 100/NOEC or 

100/EC25) (see NOEC). 

 

Treatment - means the application of engineered systems that use physical, chemical, or 

biological processes to remove pollutants. Such processes include, but are not limited to, 

filtration, gravity settling, media absorption, biodegradation, biological uptake, chemical 

oxidation and UV radiation. 

 

Treatment Control BMP - means any engineered system designed to remove pollutants by 

simple gravity settling of particulate pollutants, filtration, biological uptake, media absorption or 

any other physical, biological, or chemical process. 
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Urbanization - means the process of changing of land use and land patterns from rural 

characteristics to urban (city-like) characteristics.  These changes include (i) the replacement of 

pervious surfaces with impervious surfaces such as rooftops and buildings, and impervious 

materials such as asphalt and concrete; and (ii) the conversion of rural land to house new 

residents, support new businesses, and facilitate vehicular traffic flow. 

 

U.S. EPA Phase I Facilities - means facilities in specified industrial categories that are required 

to obtain an NPDES permit for storm water discharges, as required by 40 CFR 122.26(c). 

These categories include: 

1. Facilities subject to storm water effluent limitation guidelines, new source performance 

standards, or toxic pollutant effluent standards (40 CFR N) 

2. Manufacturing facilities 

3. Oil and gas/ mining facilities 

4. Hazardous waste treatment, storage, or disposal facilities 

5. Landfills, land application sites, and open dumps 

6. Recycling facilities 

7. Steam electric power generating facilities 

8. Transportation facilities 

9. Sewage of wastewater treatment works 

10. Light manufacturing facilities 

 

Vehicle Maintenance/ Material Storage Facilities/ Corporation Yards - means any 

Permittee owned or operated facility or portion thereof that: 

1.  Conducts industrial activity, operates or stores equipment or materials, and provides 

services similar to Federal Phase I facilities; 

2.  Performs fleet vehicle service/ maintenance including repair, maintenance, washing, or 

fueling; 

3.  Performs maintenance and/ or repair of machinery/ equipment; or 

4.  Stores chemicals, raw materials, or waste materials. 

 

Waste Load Allocations (WLAs) - means a portion of a receiving water's Total Maximum 

Daily Pollutant Load (TMDL) that is allocated to one of its existing or future point sources of 

pollution (Reference: 40 CFR 130.2(h)).  

 

Water Quality Objectives - means water quality criteria contained in the Basin Plan, the 

California Ocean Plan, the National Toxics Rule, the California Toxics Rule, and other state or 

federally approved surface water quality plans.  Such plans are used by the Regional Water 

Board to regulate all discharges, including storm water discharges. 

 

Water Quality Standards - means the State Water Quality Standards, which are comprised of 

beneficial uses, water quality objectives and the State's Antidegradation Policy. 

 

Waters of the State - means any surface water or groundwater, including saline waters, within 

boundaries of the state (Reference: California Water Code § 13050). 
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Waters of the United States or Waters of the US - means: 

1.  All waters that are currently used, were used in the past, or may be susceptible to 

use in interstate or foreign commerce, including all waters which are subject to the 

ebb and flow of the tide; 

2.  All interstate waters, including interstate “wetlands”; 

3.  All other waters such as intrastate lakes, rivers, streams (including intermittent streams), 

mudflats, sandflats, “wetlands,” sloughs, prairie potholes, wet meadows, playa lakes, or 

natural ponds where the use, degradation, or destruction of which would affect or could 

affect interstate or foreign commerce including any such waters: 

a.  Which are or could be used by interstate or foreign travelers for recreational or other 

purposes 

b.  From which fish or shellfish are or could be taken and sold in interstate or 

foreign commerce; or 

c.  Which are used or could be used for industrial purposes by industries in 

interstate commerce 

4.  All impoundments of waters otherwise defined as waters of the United States under 

this definition; 

5.  Tributaries of waters identified in the preceding paragraph (1) through (4) of this definition; 

6.  The territorial sea; and 

7.  “Wetlands” adjacent to waters (other than waters that are themselves wetlands) 

identified in the preceding paragraph (1) through (6) of this definition.   

(Reference: 33 CFR 328) 

 

Watercourse - means any natural or artificial channel for passage of water, including the 

VCFCD jurisdictional channels included in the List of Channels within the Comprehensive Plan 

of the VCFCD, as approved by the Board of Supervisors of the VCFCD on October 4, 1993, and 

any amendments thereto. 

 

Watershed Management - means approach for water resources protection.  It is a strategy for 

integrating and managing resources, both human and fiscal that focuses on regulation of point 

sources, to a more regional approach that acknowledges environmental impacts from other 

activities. 

 

Watershed Management Areas (WMA) - means the geographically-defined watershed areas 

where the Regional Water Board will implement the watershed approach.  These generally 

involve a single large watershed within which exists smaller subwatersheds but in some cases 

may be an area that does not meet the strict hydrologic definition of a watershed e.g., several 

small Ventura coastal waterbodies in the region are grouped together into one WMA. 

 

Wet Season - means the calendar period beginning October 1 through April 15. 

 

Winter Dry Weather - means dry weather days occurring from November 1 - March 31 

of each year. 
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Whole Effluent Toxicity - means the aggregate toxic effect of an effluent measured directly by 

a toxicity test. 

 

 

PART 7 - STANDARD PROVISIONS 

 

A. General Requirements 

 

1. The Permittee shall comply with all provisions and requirements of this Order. 

 

2. Should the Permittee discover that it failed to submit any relevant facts or that it 

submitted incorrect information in a report it shall promptly submit the missing or 

correct information. 

 

3. The Permittee shall report all instances of non-compliance not otherwise reported at 

the time monitoring reports are submitted. 

 

4. This Order includes Attachment "I", the Reporting Program, which is a part of this 

Order and must be complied with.  

 

B. Regional Water Board Review 

 

1. The Regional Water Board may review any formal determinate or approval made by 

the Regional Water Board Executive Officer pursuant to the provisions of this Order.   

(a) Permittee(s) or a member of the public may request such review upon petition 

within 30 day of the effective date of the notification of such decision to the 

Permittee(s) and interested parties on file at the Regional Water Board. 

 

C. Public Review 

 

1. All documents submitted to the Regional Water Board in compliance with the terms 

and conditions of this Order shall be made available to members of the public 

pursuant to the Freedom of Information Act (5 U.S.C. § 552), as amended, and the 

Public Records Act (California Government Code § 6250 et seq.). 

 

2. All documents submitted to the Regional Water Board Executive Officer for approval 

shall be made available to the public for a 30-day period to allow for public comment. 

 

D. Duty to Comply [40 CFR 122.41(a)] 

 

1. Each Permittee must comply with all of the terms, requirements, and conditions of 

this Order.  Any violation of this order constitutes a violation of the Clean Water Act, 

its regulations and the California Water Code, and is grounds for enforcement action, 

Order termination, Order revocation and reissuance, denial of an application for 
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reissuance, or a combination thereof [40 CFR 122.41(a), Cal. Wat. Code § 13261, 

13263, 13265, 13268, 13300, 13301, 13304, 13340, 13350]. 

 

2. A copy of these waste discharge specifications shall be maintained by each Permittee 

so as to be available during normal business hours to Permittee employees and 

members of the public. 

 

3.  Any discharge of wastes at any point(s) other than specifically described in this Order 

is prohibited, and constitutes a violation of the Order. 

 

E. Duty to Mitigate  [40 CFR 122.41 (d)] 

 

1. Each Permittee shall take all reasonable steps to minimize or prevent any discharge 

that has a reasonable likelihood of adversely affecting human health or the 

environment. 

 

F. Inspection and Entry; Investigations; Responsibilities [40 CFR 122.41(i),        

Cal. Water Code § 13225 and § 13267] 

 

1. The Regional Water Board, U.S. EPA, and other authorized representatives shall be 

allowed: 

(a) Entry upon premises where a regulated facility is located or conducted, or where 

records are kept under conditions of this Order; 

(b) Access to copy any records, at reasonable times that are kept under the conditions 

of this Order; 

(c) To inspect at reasonable times any facility, equipment (including monitoring and 

control equipment), practices, or operations regulated or required under this 

Order; 

(d) To photograph, sample, and monitor at reasonable times for the purpose of 

assuring compliance with this Order, or as otherwise authorized by the CWA and 

the CAL. WATER CODE; 

(e) To review any water quality control plan or waste discharge requirements, or in 

connection with any action relating to any plan or requirement to investigate the 

quality of any waters of the state within its region; and, 

(f) To require as necessary any state or local agency to investigate and report on any 

technical factors involved in water quality control or to obtain and submit 

analyses of water. 

 

G. Proper Operation and Maintenance [40 CFR 122.41 (e), Cal. Water Code § 13263(f)] 

 

1. The Permittees shall at all times properly operate and maintain all facilities and 

systems of treatment (and related appurtenances) that are installed or used by the 

Permittees to achieve compliance with this Order.  Proper operation and maintenance 

includes:  

(a) Adequate laboratory controls; and  
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(b) Appropriate quality assurance procedures. 

 

2. This provision requires the operation of backup or auxiliary facilities or similar 

system that are installed by a Permittee only when necessary to achieve compliance 

with the conditions of this Order. 

 

H. Signatory Requirements [40 CFR 122.41(k) & 122.22] 

 

1. Except as otherwise provided in this Order, all applications, reports, or information 

submitted to the Regional Water Board shall be signed by the City Manager or 

Mayor, or authorized designee and certified as set forth in 40 CFR 122.22. 

  

I. Reopener and Modification [40 CFR 122.41(f) & 122.62] 

 

1. This Order may only be modified, revoked, or reissued, prior to the expiration date, 

by the Regional Water Board, in accordance with the procedural requirements of the 

Cal. Water Code and CCR Title 23 for the issuance of waste discharge requirements, 

40 CFR 122.62, and upon prior notice and hearing, to: 

(a) Address changed conditions identified in the required reports or other sources 

deemed significant by the Regional Water Board; 

(b) Incorporate applicable requirements or statewide water quality control plans 

adopted by the State Board or amendments to the Basin Plan, including TMDLs; 

(c) Comply with any applicable requirements, guidelines, and/ or regulations issued 

or approved pursuant to CWA § 402(p); and/ or, 

(d) Consider any other federal, or state laws or regulations that became effective after 

adoption of this Order. 

 

2. After notice and opportunity for a hearing, this Order may be terminated or modified 

for cause, including, but not limited to: 

(a) Violation of any term or condition contained in this Order;  

(b) Obtaining this Order by misrepresentation, or failure to disclose all relevant facts; 

or, 

(c) A change in any condition that requires either a temporary or permanent reduction 

or elimination of the authorized discharge. 

 

3. The filing of a request by the Principal Permittee or Permittees for a modification, 

revocation and re-issuance, or termination, or a notification of planned changes or 

anticipated noncompliance does not stay any condition of this Order. 

 

4. This Order may be modified to make corrections or allowances for changes in the 

permitted activity listed in this section, following the procedures at 40 CFR 122.63, if 

processed as a minor modification.  Minor modifications may only: 

(a) Correct typographical errors; or 

(b) Require more frequent monitoring or reporting by the Permittee. 
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J. Severability 

 

1. The provisions of this Order are severable; and if any provision of this Order or the 

application of any provision of this Order to any circumstance is held invalid, the 

application of such provision to other circumstances and the remainder of this Order 

shall not be affected. 

 

K. Duty to Provide Information [40 CFR 122.41(h)] 

 

1. The Permittees shall furnish, within a reasonable time, any information the Regional 

Water Board or U.S. EPA may request to determine whether cause exists for 

modifying, revoking and reissuing, or terminating this Order. 

 

2. The Permittees shall also furnish to the Regional Water Board, upon request, copies 

of records required to be kept by this Order. 

 

L. Twenty-Four Hour Reporting [40 CFR 122.41(l)(6)]
1 

 

 

1.  The Permittees shall report to the Regional Water Board any noncompliance that may 

endanger health or the environment.  Any information shall be provided orally within 

24 hours from the time any Permittee becomes aware of the circumstances.  A written 

submission shall also be provided within 5 days of the time the Permittee becomes 

aware of the circumstances.  The written submission shall contain a description of the 

noncompliance and its cause; the period of noncompliance, including exact dates and 

times and, if the noncompliance has not been corrected, the anticipated time it is 

expected to continue; and steps taken or planned to reduce, eliminate, and prevent 

reoccurrence of the noncompliance. 

 

2.  The Regional Water Board may waive the required written report on a case-by-case 

basis. 

 

M. Bypass [40 CFR 122.41(m)]
2
 

 

1. Bypass (the intentional diversion of waste streams from any portion of a treatment 

 facility) is prohibited.  The Regional Water Board may take enforcement action 

against Permittees for bypass unless: 

(a) Bypass was unavoidable to prevent loss of life, personal injury or severe property 

damage. (Severe property damage means substantial physical damage to property, 

                                                           

 
1
 This provision applies to incidents where effluent limitations (numerical or narrative) as provided in this Order or 

in the Ventura County SMP are exceeded, and which endanger public health or the environment. 
2
 This provision applies to the operation and maintenance of storm water controls and BMPs as provided in this

 

Order or in the Ventura County SMP. 
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damage to the treatment facilities that causes them to become inoperable, or 

substantial and permanent loss of natural resources that can reasonably be 

expected to occur in the absence of a bypass. Severe property damage does not 

mean economic loss caused by delays in production.); 

(b) There were no feasible alternatives to bypass, such as the use of auxiliary 

treatment facilities, retention of untreated waste, or maintenance during normal 

periods of equipment down time. This condition is not satisfied if adequate back-

up equipment should have been installed in the exercise of reasonable engineering 

judgment to prevent a bypass that could occur during normal periods of 

equipment downtime or preventive maintenance; 

(c) The Permittee submitted a notice at least ten days in advance of the need for a 

bypass to the Regional Water Board; or, 

(d) Permittees may allow a bypass to occur that does not cause effluent limitations to 

be exceeded, but only if it is for essential maintenance to assure efficient 

operation. In such a case, the above bypass conditions are not applicable.  The 

Permittee shall submit notice of an unanticipated bypass as required. 

 

N. Upset [40 CFR 122.41(n)]
1
 

 

1. Upset means an exceptional incident in which there is unintentional and temporary 

noncompliance with technology based permit effluent limitations because of factors 

beyond the reasonable control of the Permittee.  An upset does not include 

noncompliance to the extent caused by operational error, improperly designed 

treatment facilities, inadequate treatment facilities, lack of preventive maintenance, or 

careless or improper operation. 

2. A Permittee that wishes to establish the affirmative defense of an upset in an action 

brought for non compliance shall demonstrate, through properly  signed, 

contemporaneous operating logs, or other relevant evidence that: 

(a) An upset occurred and that the Permittee can identify the cause(s) of the upset; 

(b) The permitted facility was being properly operated by the time of the upset; 

(c) The Permittee submitted notice of the upset as required; and, 

(d) The Permittee complied with any remedial measures required. 

3. No determination made before an action for noncompliance, such as during 

administrative review of claims that non-compliance was caused by an upset, is final 

administrative action subject to judicial review. 

4. In any enforcement proceeding, the Permittee seeking to establish the occurrence of 

an upset has the burden of proof. 

 

O. Property Rights [40 CFR 122.41(g)] 

 

1. This Order does not convey any property rights of any sort, or any exclusive 

privilege. 

                                                           

 
1
 This provision applies to incidents where effluent limitations (numerical or narrative) as provided in this Order or 

in the Ventura County SMP are exceeded, and which endanger public health or the environment. 
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P. Enforcement 

 

1.  Violation of any of the provisions of the NPDES permit or any of the provisions of 

this Order may subject the violator to any of the penalties described herein, or any 

combination thereof, at the discretion of the prosecuting authority; except that only 

one kind of penalties may be applied for each kind of violation.  The CWA provides 

the following: 

(a) Criminal Penalties for: 

(1)  Negligent Violations [CWA § 309 (c)(1)(B)]: 

The CWA provides that any person who negligently violates permit 

conditions implementing CWA § 301, 302, 306, 307, 308, 318, or 405 is 

subject to a fine of not less than $2,500 nor more than $25,000 per day for 

each violation, or by imprisonment for not more than 1 year, or both. 

(2)  Knowing Violations [CWA § 309 (c)(2)(B)]: 

The CWA provides that any person who knowingly violates permit 

conditions implementing CWA § 301, 302, 306, 307, 308, 318, or 405 is 

subject to a fine of not less than $5,000 nor more than $50,000 per day of 

violation, or by  imprisonment for not more than 3 years, or both. 

(3)  Knowing Endangerment [CWA § 309 (c)(3)(A)]: 

The CWA provides that any person who knowingly violates permit 

conditions implementing CWA § 301, 302, 307, 308, 318, or 405 and who 

knows at that time that he is placing another person in imminent danger of 

death or serious bodily injury is subject to a fine of not more than $250,000, 

or by imprisonment for not more than 15 years, or both. 

(4)  False Statement [CWA § 309 (c)(4)]: 

The CWA provides that any person who knowingly makes any false 

material statement, representation, or certification in any application, record, 

report, plan, or other document filed or required to be maintained under the 

Act or who knowingly falsifies, tampers with, or renders inaccurate, any 

monitoring device or method required to be maintained under the Act, shall 

upon conviction, be punished by a fine of not more than $10,000 or by 

imprisonment for not more than two years, or by both.  If a conviction is for 

a violation committed after a first conviction of such person under this 

paragraph, punishment shall be by a fine of not more than $20,000 per day 

of violation, or by imprisonment of not more than four years, or by both. 

(b) Civil Penalties [[CWA § 309 (d)] 

The CWA provides that any person who violates a permit condition implementing  

CWA § 301, 302, 306, 307, 308, 318, or 405 is subject to a civil penalty not to 

exceed $27,500 per day for each violation. 
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2. Violation of any of the provisions of the NPDES permit or any of the provisions of this 

Order may subject the violator to any of the penalties described herein, or any 

combination thereof, at the discretion of the prosecuting authority; except that only one 

kind of penalties may be applied for each kind of violation.  The Cal. Water Code    

§13885 provides the following: 

(a) Any person who violates any of the following shall be liable civilly in accordance 

with this section: 

(1) Section 13375 or 13376. 

(2)  Any waste discharge requirements or dredged or fill material permit issued 

pursuant to this chapter or any water quality certification issued pursuant to 

Section 13160. 

(3)  Any requirements established pursuant to Section 13383. 

(4)  Any order or prohibition issued pursuant to Section 13243 or Article 1 

(commencing with Section 13300) of Chapter 5, if the activity subject to the 

order or prohibition is subject to regulation under this chapter. 

(5)  Any requirements of Section 301, 302, 306, 307, 308, 318, 401, or 405 of 

the Clean Water Act, as amended. 

(6)  Any requirement imposed in a pretreatment program approved pursuant to 

waste discharge requirements issued under Section 13377 or approved 

pursuant to a permit issued by the administrator. 

 

Q. Need to Halt or Reduce Activity not a Defense [40 CFR 122.41(c)] 

 

1. It shall not be a defense for a Permittee in an enforcement action that it would have 

been necessary to halt or reduce the permitted activity in order to maintain 

compliance with the conditions of this Order. 

 

R. Termination of Board Order 

 

1. Except for enforcement purposes, Regional Water Board Order No. 09-0057 is 

hereby terminated. 

 

S. Board Order Expiration Date 

 

1. This Order expires on (insert date 5 years after Order adoption date).  The Permittees 

must submit a Report of Waste Discharge (ROWD) and a proposed Storm Water 

Quality Management Program in accordance with CCR Title 23 as application for 

reissuance of waste discharge requirements no later than 180 days in advance of such 

date. 
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T. MS4 Annual Reporting Program  [40 CFR 122.42(c)] 

 

1. The Annual Program Reporting shall include the following information: 

(a) Municipal separate storm sewer systems. 

The operator of a large or medium municipal separate storm sewer system or a 

municipal separate storm sewer that has been designated by the Director under 40 

CFR 122.26(a)(1)(v) of this part must submit an annual report by the anniversary 

of the date of the issuance of the permit for such system. The report shall include:  

(1)  The status of implementing the components of the storm water management 

program that are established as permit conditions; 

(2)  Proposed changes to the storm water management programs that are 

established as permit condition.  Such proposed changes shall be consistent 

with 40 CFR 122.26(d)(2)(iii) of this part;  

(3)  Revisions, if necessary, to the assessment of controls and the fiscal analysis 

reported in the permit application under 40 CFR 122.26(d)(2)(iv) and 

(d)(2)(v) of this part; 

(4)  A summary of data, including monitoring data that is accumulated 

throughout the reporting year; 

(5)  Annual expenditures and budget for year following each annual report; 

(6)  A summary describing the number and nature of enforcement actions, 

inspections, and public education programs; and 

(7)  Identification of water quality improvements or degradation. 

 

 

 

 

I, Samuel Unger, Interim Executive Officer, do hereby certify that the foregoing is a full, true, 

and correct copy of an order adopted by the California Regional Water Quality Control Board,      

Los Angeles Region, on July 8, 2010. 

 

 

 

 

____________________________ 

Samuel Unger 

Interim Executive Officer 
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STATE OF CALIFORNIA 

 

CALIFORNIA REGIONAL WATER QUALITY CONTROL BOARD 

LOS ANGELES REGION 

 

ORDER 09-0057 

NPDES PERMIT NO. CAS004002 

WASTE DISCHARGE REQUIREMENTS  

FOR 

STORM WATER DISCHARGES FROM THE MUNICIPAL SEPARATE STORM 

SEWER SYSTEM WITHIN THE VENTURA COUNTY WATERSHED PROTECTION 

DISTRICT, COUNTY OF VENTURA AND THE INCORPORATED CITIES THEREIN 

 

 

FINDINGS 

 

The California Regional Water Quality Control Board, Los Angeles Region (hereinafter called 

Regional Water Board), finds that: 

 

A. Permit Parties and History 

 

1. Ventura County Watershed Protection District (Principal Permittee and Copermittee), 

County of Ventura, cities of Camarillo, Fillmore, Moorpark, Ojai, Oxnard, Port 

Hueneme, San Buenaventura (Ventura), Santa Paula, Simi Valley and Thousand 

Oaks (hereinafter referred to separately as Permittees) have joined together to form 

the Ventura Countywide Storm Water Quality Management Program to discharge 

wastes.  The Permittees discharge or contribute to discharges of storm water and non-

storm water from municipal separate storm sewer systems (MS4s), also called storm 

drain systems, into the Watershed Management Areas of Ventura River, Santa Clara 

River, Calleguas Creek, Malibu Creek and Miscellaneous Ventura Coastal all within 

Ventura County and Los Angeles County (see Attachment "A"). 

 

2. Prior to the issuance of this permit, storm water discharges from the Ventura County 

MS4 were covered under the countywide waste discharge requirements contained in 

Order No. 00-108, adopted by the Regional Water Board on July 27, 2000, which 

replaced Order No. 94-082, adopted by the Regional Water Board on August 22, 

1994.  Order No. 00-108 also served as a National Pollutant Discharge Elimination 

System (NPDES) permit for the discharge of municipal storm water. 

 

3. The Ventura County Board of Supervisors approved the concept of a countywide 

NPDES permit program and the use of the Flood Management District (presently the 

Watershed Protection District) benefit assessment authority to finance it on April 14, 

1992. On June 30, 1992, the Ventura County Board of Supervisors adopted a benefit 

assessment levy for storm water and flood management in the unincorporated areas of 

Ventura County and the cities within the County, to be used in part to finance the 
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implementation of a countywide NPDES municipal storm water permit program. The 

Ventura County MS4 Permittees have entered into an agreement with the Watershed 

Protection District to finance the activities related to the Ventura County MS4 Permit 

for shared and district wide expenses. The Permittees are also given the option to use 

the Benefit Assessment Program to finance their respective activities related to 

reducing the discharge of storm water pollutants under the MS4 Permit. 

 

4. The Regional Water Board may require a separate NPDES permit for any entity that 

discharges storm water into the watersheds of Ventura County.  Such an entity can be 

any State or Federal facility, special district or other public or private party. 

 

B. Nature of Discharge 

 

1. Storm water discharges consist of surface water runoff generated from various land 

uses in all the hydrologic drainage basins, which discharge into Waters of the State.  

The quality of these discharges varies and is affected by geology, land use, season, 

hydrology, and sequence and duration of hydrologic events.  Based on the Ventura 

Countywide Storm Water Monitoring Program's Water Quality Monitoring Reports 

which were required under Order No. 00-108, the dry weather and wet weather 

Pollutants of Concern (POC) in urban stormwater include an anion, bacteria, 

conventional pollutants, metals, a nutrient, organic compounds, and pesticides.  The 

POC are identified in Attachment "B" of this Order.  Many of the POC listed are 

causing impairments identified on the federal Clean Water Act (CWA) § 303(d) list 

of impaired waterbodies.   

 

The State Water Board submits a report (a list of water quality limited segments (§ 

303[d] list)) on the State's water quality to the U.S. EPA pursuant to § 305(b) of the 

1972 CWA, and Title 40, CFR 130.7, every 2 years.  The Report provides water quality 

information to the general public and serves as the basis for the U.S. EPA's National 

Water Quality Inventory Report to Congress.  Section 303(d) requires that all waters that 

are not attaining standards after the implementation of those controls required by 1977, 

shall be included on the list.  Title 40 CFR 130.7(b)(3) defines "water quality standard 

applicable to such waters" as "those water quality standards established under § 303 

of the Clean Water Act, including numeric criteria, narrative criteria, waterbody uses, 

and antidegradation requirements." 

 

2. Common pollutants in urban storm water and their respective sources are: bacteria 

from animal droppings and illegal discharges; Polycyclic Aromatic Hydrocarbons 

(PAHs) from the products of internal combustion engine operation and parking lot 

sealants wash off; nitrates from fertilizer application; pesticides from pest mitigating 

applications and from plant mitigating applications; bis (2-ethylhexyl) phthalate from 

the break down of plastic products; mercury from atmospheric fallout and improper 

disposal of mercury switches; lead from fuels, paints and automotive parts; copper 

from brake pad wear and roofing materials, zinc from tire wear and galvanized 
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sheeting and fencing; sediment from land disturbance and erosion; trash; and dioxins 

as products of combustion. 

 

3. In general, the pollutants that are found in municipal storm water runoff can harm 

human health and aquatic ecosystems.  In addition, the high volumes and high 

velocities of storm water discharged from MS4s into receiving waters can adversely 

impact aquatic ecosystems and stream habitat and cause stream bank erosion and 

physical modifications.  These changes are collectively termed hydromodification.  

Municipal point source discharges of runoff from urbanized areas remain a leading 

cause of impairment of surface waters in California. 

 

4. Ammonia as Nitrogen, and Nitrate plus Nitrite as Nitrogen are biostimulatory 

substances that can cause or contribute to eutrophic effects such as low dissolved 

oxygen and algae growth impairing warm freshwater and wildlife habitats.  Ammonia 

is highly toxic to fish and other aquatic life.  Excessive ammonia can cause aquatic 

life toxicity. 

 

5. Elevated bacterial indicator densities impair the water contact recreation (REC-1) 

beneficial use at beaches, creeks, estuaries, lagoons, and marinas.  Swimming in 

waters with elevated bacterial indicator densities has been associated with adverse 

health effects.  Specifically, local and national epidemiological studies indicate that 

there is a causal relationship between adverse health effects and recreational water 

quality, as measured by bacterial indicator densities (Pruss, 1998, Review of 

epidemiological studies on health effects from exposure to recreational waters, 

International Journal of Epidemiology; Haile et al., 1996, An epidemiological study 

of possible adverse health effects of swimming in Santa Monica Bay, Santa Monica 

Bay Restoration Project; and Haile et al., 1999, The health effects of swimming in 

ocean water contaminated by storm drain runoff, Epidemiology”).  Sources of 

elevated bacteria to marine and fresh waters may also include illegal discharges from 

improperly maintained standard septic systems, on-site wastewater treatment systems 

(OWTS) and illicit discharges from private drains. 

 

6. Pesticides are substances used to prevent, destroy, repel or mitigate pests such as 

insects, weeds, and microorganisms.  Their effects can be direct (e.g. fish die from 

exposure to a pesticide entering waterways, or birds do not reproduce after ingesting 

contaminated fish), or indirect (a hawk becomes sick from eating a mouse dying from 

pesticide poisoning).  Pesticide categories include: Organochlorine, 

Organophosphorus, Organophosphate, and Pyrethroid. 

 

7. Polychlorinated Biphenyls (PCBs) are a subset of the synthetic organic chemicals 

known as chlorinated hydrocarbons.  Concern over PCBs’ toxicity, persistence 

(chemical stability) in the environment and bioconcentration in aquatic organisms has 

led to prohibitions on PCBs. 
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8. Rising groundwater and swimming pool water have been found to be sources of 

pollutants such as salts (chloride).  Salts increase the salinity of otherwise freshwater 

systems and disrupt physiological processes.  The Regional Water Board has 

waterbodies listed on the CWA § 303(d) list for impairment due to salts and has 

adopted Basin Plan amendments to include Total Maximum Daily Loads (TMDLs) 

for salts.  This Order includes provisions to control the discharges from these 

activities in order to directly or indirectly reduce or eliminate the discharge of salts to 

fresh water systems where salts may impair water quality and beneficial uses. 

 

9. Trash and debris are pervasive pollutants which accumulate in streams, rivers, bays, 

and ocean beaches throughout Southern California.  They pose a serious threat to our 

oceans and coasts, navigation, biological resources, recreation, human health and 

safety, aesthetics, and economies. 

 

10. Municipal storm water (wet weather) and non-storm water (dry weather) discharges 

may contain pollutants that cause or threaten to cause an exceedance of the water 

quality standards, as outlined in the Los Angeles Region’s Basin Plan.  Wet weather 

and dry weather discharges from the MS4 are subject to conditions and requirements 

established in the Basin Plan for point source discharges.  Discharges from the MS4 

may not cause or contribute to exceedances of water quality standards. 

 

11. Biological communities act to integrate the effects of water quality conditions in a 

stream by responding with changes in their population abundances and species 

composition over time.  These populations are sensitive to multiple aspects of water 

and habitat quality, and provide expressions of ecological health easier to understand 

than the results of chemical and toxicity tests.  Biological assessments and criteria 

address the cumulative impacts of all stressors, especially habitat degradation, and 

chemical contamination, which result in a loss of biological diversity.  Biological 

information can help provide an ecologically based assessment of the status of a 

waterbody.  Bioassessment is a cost-effective tool and protocol for assessing the 

biological and physical habitat conditions of streams and rivers for evaluation of the 

overall health of a watershed.  The Principal Permittee consents to participate in the 

Southern California Storm Water Monitoring Coalition (SMC) Southern California 

Regional Bioassessment Monitoring Program. 

 

12. The increased volume, increased velocity, and discharge duration of storm water 

runoff from developed areas has the potential to accelerate downstream erosion and 

impair stream habitat in natural drainages.  Studies have demonstrated a direct 

correlation between the degree of imperviousness of an area and the degradation of its 

receiving waters (Managing Runoff to Protect Natural Streams: The Latest 

Development on Investigation and Management of Hydromodification in California; 

Stein, E. et al, December 2005; Effect of Increase in Peak Flows and Imperviousness 

on the Morphology of Southern California Streams; Coleman, D., April 2005).  

Significant declines in the biological integrity and physical habitat of streams and 

other receiving waters have been found to occur with as little as 3-10 percent 
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conversion from natural to impervious surfaces in a subwatershed.  Percentage 

impervious cover is a one indicator and predictor of potential water quality 

degradation expected from new development. 

 

13. Studies indicate that facilities with paved surfaces subject to frequent motor vehicular 

traffic (such as: strip malls, parking lots, commercial business parks, and fast food 

restaurants), or facilities that perform vehicle repair, maintenance, or fueling 

(automotive service facilities) are potential sources of POC in storm water (California 

Stormwater Quality Association, Stormwater Best Management Practice Handbook, 

Municipal, January 2003). 

 

14. Retail Gasoline Outlets (RGOs) are points of convergence for vehicular traffic and 

are similar to parking lots and urban roads.  Studies indicate that storm water 

discharges from RGOs have high concentrations of hydrocarbons and heavy metals 

(California Stormwater Quality Association, Stormwater Best Management Practice 

Handbook, Municipal, January 2003). 

 

15. The industries and businesses listed in this Order that are to be inspected by 

Permittees have the potential to discharge contaminated storm water into the MS4.  

This storm water is an environmental threat because it can adversely impact public 

health and safety, and the quality of receiving waters.  For example, pretreatment 

program compliance inspections and audits performed in the Los Angeles and 

Ventura Counties indicate that automotive service and food service facilities 

sometimes discharge polluted storm water to the MS4s.  The POC in such wash 

waters include oil and grease, toxic chemicals, and food waste.  Spills from clogged 

sanitary sewer lines have a high likelihood to reach the receiving waters via MS4s.  

Overall, the most common POC identified in storm water discharge to the MS4s are: 

(i) heavy metals, (ii) oil and grease/ PAHs, (iii) sediments, (iv) oxygen demanding 

substances, (v) litter/ trash/ debris, (vi) nutrients, (vii) other toxic materials, such as 

pesticides.  Municipal storm water monitoring data and industrial storm water 

monitoring data indicate that industrial and commercial sites continue to contribute 

significant quantities of pollutants in storm water runoff. 

 

16. Development and urbanization increase pollutant loads, volume, and discharge 

velocity.  First, natural vegetated pervious ground cover is converted to impervious 

surfaces (paved) such as highways, streets, rooftops and parking lots.  Natural 

vegetated soil can both absorb rainwater and remove pollutants providing an effective 

natural purification process.  In contrast, impervious surfaces (such as pavement and 

concrete) can neither absorb water nor remove pollutants, and thus the natural 

purification characteristics are lost.  Second, urban development creates new pollution 

sources as the increased density of human population brings proportionately higher 

levels of vehicle emissions, vehicle maintenance wastes, municipal sewage waste, 

pesticides, household hazardous wastes, pet wastes, trash, and other anthropogenic 

pollutants.  Development and urbanization especially threaten environmentally 

sensitive areas.  Such areas have a much lower capacity to withstand pollutant shocks 
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than might be acceptable in the general circumstance.  In essence, development that is 

ordinarily insignificant in its impact on the environment may become significant in a 

particularly sensitive environment.  These environmentally sensitive areas (ESAs) 

designated by the State in the Ventura County watershed are defined in Part 6 

(Definitions). 

 

17. The implementation of Low Impact Development (LID) techniques across the United 

States and Canada has demonstrated that the proper implementation of LID 

techniques not only results in water quality protection benefits and in a reduction of 

the cost of land development and construction but also bears other positive attributes 

that go beyond economic benefits such as enhanced property values, improved 

habitat, aesthetic amenities, and improved quality of life. Reducing Stormwater Costs 

through Low Impact Development (LID) Strategies and Practices, USEPA Doc No. 

EPA 841-F-07-006, December 2007.  Further, properly implemented LID techniques 

reduce the volume of runoff leaving a newly developed or re-developed area thereby 

lowering the peak rate of runoff, and thus minimizing the adverse affects of 

hydromodification on stream habitat.  A Review of Low Impact Development 

Policies: Removing Institutional Barriers to Adoption, Low Impact Development 

Center and State of California, State Water Resources Control Board, December 

2007.  The requirements of this Order facilitate the implementation of LID strategies 

to protect water quality, reduce runoff volume, and to benefit from these additional 

enhancements. 

 

18. The Regional Water Board adopted a Conditional Waiver of Waste Discharge 

Requirements for Discharges from Irrigated Lands (Order No. R4-2005-0080) on 

November 3, 2005.  The objective of the program is to monitor runoff from irrigated 

agriculture facilities in the coastal watersheds of Ventura and Los Angeles Counties.  

The Basin Plan, which designates beneficial uses and establishes water quality 

objectives for the Region, recognizes that agricultural activities can generate 

pollutants such as sediment, pesticides, and nutrients that upon discharge to receiving 

water can degrade water quality and impair beneficial uses.  A category identified by 

the Conditional Waiver as a source of pollutants is nursery operations.  This Order 

includes requirements for the municipal operator to confirm that nursery operators 

implement pollutant reduction and control measures with the objective of reducing 

pollutants in storm water runoff discharges. 

 

19. Staff finds there is a growing acceptance by stormwater professionals to integrate LID 

principles into stormwater management programs and MS4 permits.  However, there 

remains significant controversy regarding the appropriate requirements and metrics 

for LID.  At the heart of this controversy is a dispute regarding the feasibility and 

effectiveness of requiring a fixed volume of stormwater to be captured and retained 

on-site for infiltration, reuse, and evapotranspiration, as opposed to permitting a 

portion of the stormwater to be released off site after it is treated, when it is infeasible 

to retain the required stormwater on site due to site specific conditions.   
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Staff has reviewed extensive technical literature regarding this issue (e.g. R. Horner, 

Investigation of the Feasibility and Benefits of Low-Impact Site Design Practices 

(“LID”) for Ventura County (February 2007); E. Strecker, A. Poresky, D. Christsen, 

Memorandum: Rainwater Harvesting and Reuse Scenarios and Cost Consideration, 

(April, 2009)).  Staff finds that there is consensus in the technical community that site 

conditions and the type of development can limit the feasibility of retaining, 

infiltrating, and reusing stormwater at sites due to a variety of site specific conditions.  

Factors that affect the feasibility of a fixed volume capture standard include, but are 

not limited to: soils infiltration capacity, subsurface pollution, and locations in urban 

core centers.   

 

Regarding the effects of capturing a fixed stormwater volume on site, Staff finds the 

fixed volume approach may be ignoring basic hydrological principles that relate the 

feasible infiltration volume to the infiltration capacity of local soils.  Requirements to 

capture a fixed volume on site could disturb the natural water balance and lead to 

unintended engineering and hydrologic consequences. For example, a typical 

hydrological condition in Ventura County is one of successive storms during the 

winter which may exceed the stormwater capacity that can be retained on site. This 

may result in ponded water on-site with attendant health and safety risks, saturation of 

the near surface soils, and reduction of water resources in Regional waterbodies.  

These effects could damage site structures, increase groundwater pollution by forcing 

enhanced pollution spreading, or destroy aquatic habitat.  Staff finds these reasonably 

potential effects are not well evaluated scientifically. Finally, staff cannot find that a 

fixed retention volume versus a standard that attempts to release surface flows at a 

predevelopment level would result in a greater reduction of stormwater pollution.   

  

20. Research conducted on the contribution of aerial deposition of trace heavy metals in 

Los Angeles County watersheds indicates that dry indirect deposition may account 

for a significant load of pollutants into surface waters.  Similar patterns of aerial 

deposition likely occur in Ventura County.  Of the atmospherically deposited 

pollutants on the watersheds, ten to twenty percent may account for the total load for 

copper, zinc, nickel, lead, and chromium to the waterbodies.  Land reservoirs and 

sequestration may account for the remaining eighty to ninety percent of the 

atmospherically deposited pollutants on the watersheds.  Emissions of semi-volatile 

organics such as polycyclic aromatic hydrocarbons (PAHs) and pesticides and their 

subsequent deposition may contribute to the contamination of receiving waters but 

appear to be less significant.  The remaining percentage is stored in land reservoirs 

and eventually shows up in receiving waters. 

 

C. Permit Background 

 

1. The essential components of the Storm Water Management Program, as required by 

the Code of Federal Regulations (CFR) [40 CFR122.26(d)] are: 

(a) Adequate Legal Authority. 

(b) Fiscal Resources. 
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(c) Storm Water Quality Management Program (SMP) 

(1) Public Information and Participation Program 

(2) Industrial/ Commercial Facilities Program 

(3) Planning and Land Development Program 

(4) Development Construction Program 

(5) Public Agency Activities Program 

(6) Illicit Connection and Illicit Discharges Elimination Program 

(d) Reporting Program (Monitoring Report and Program Report) 

 

2. The Ventura County SMP, dated November 2001 (revision 2) identifies seven 

program areas, which are listed below and were previously approved under Board 

Order No. 00-108.  For purposes of consistency, they are titled as follows: 

(a) Ventura County SMP. 

(1) Program Management 

(2) Programs for Residents 

(3) Programs for Industrial/ Commercial Businesses 

(4) Programs for Planning and Land Development 

(5) Programs for Construction Sites 

(6) Programs for Public Agency Activities 

(7) Programs for Illicit Connections/ Illegal Discharges 

(b) For purposes of region-wide consistency, the program titles are revised and 

consolidated into the six areas listed in the preceding C.1(c).  All Permittee storm 

water documents submitted to the Regional Water Board are to follow the 

organization enumerated in C.1(c). 

 

3. The Permittees filed a Report of Waste Discharge (ROWD), dated January 26, 2005.  

The Permittees applied for renewal of their waste discharge requirements for a 5-year 

period, which serves as an NPDES permit to discharge wastes to surface waters. 

 

4. The Regional Water Board reviewed the ROWD and determined it to be partially 

complete under the reapplication policy for MS4s issued by the United States 

Environmental Protection Agency (U.S. EPA) (61 Fed. Reg. 41697).  The Regional 

Water Board has prepared this Order so that implementation of provisions contained 

in this Order by Permittees will meet the requirements of the federal NPDES 

regulations at 40 CFR122.26. 

 

5. The Permittees ROWD contained a proposed Storm Water Management Program and 

a Monitoring Program to be considered by the Regional Water Board for 

incorporation into an MS4 NPDES Permit as permit conditions and to demonstrate 

compliance with federal law.   

 

6. To-date, the monitoring program has consisted of mass emission, receiving water 

(tributaries), and land-use monitoring stations, toxicity testing, special studies for 

bioassessment of the Ventura River and hydrology, identification of ESAs, 

implementation of the Storm Water Quality Urban Impact Mitigation Plan 
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(SQUIMP), and has provided support for volunteer monitoring programs.  This Order 

requires a monitoring program consisting of mass emission, toxicity, TMDL storm 

water (wet weather) MS4 water quality-based effluent limits, TMDL non-storm water 

(dry weather) MS4 water quality-based effluent limits, Pyrethroid assessment study, 

continuation of the hydromodification study, low impact development study, and 

participation in the Southern California Regional Bioassessment Program and 

Southern California Bight Project (SCBP). 

 

7. The Principal Permittee is a member of the Southern California Coastal Water 

Research Project (SCCWRP) Commission.  The Principal Permittee also participates 

in the Regional Monitoring Programs and research partnerships, such as the Southern 

California Storm Water Monitoring Coalition (SMC) and the Bioassessment Working 

Group. 

 

D. Permit Coverage 
 

1. The area covered by this Order includes all areas within Ventura County boundaries 

and all areas within each co-permittee’s boundaries (see Figure 1) that drain into the 

MS4. 

 

2. The Permittees covered under this Order were designated on a system-wide basis 

under Phase I of the CWA § 402(p)(3)(B)(i).  The action of covering all Ventura 

County municipalities under a single MS4 permit on a system-wide basis was 

consistent with the provisions of  40 CFR122.26(a)(3)(iv), which states that one 

permit application may be submitted for all or a portion of all municipal separate 

storm sewers within adjacent or interconnected large or medium municipal separate 

storm sewer systems; and the Regional Water Board may issue one system-wide 

permit covering all, or a portion of all municipal separate storm sewers in adjacent or 

interconnected large or medium municipal separate storm sewer systems. 

 

3. Federal, State, Regional, or local entities within the Permittees' boundaries or in 

jurisdictions outside the Ventura County Watershed Protection District, and not 

currently named in this Order, may operate storm drain facilities and/ or discharge 

storm water to storm drains and receiving waters covered by this Order.  The 

Permittees may lack legal jurisdiction over these entities under State and Federal 

constitutions.  The Regional Water Board will coordinate with these entities to 

implement programs that are consistent with the requirements of this Order.  The 

Regional Board may consider such facilities for coverage under its NPDES 

permitting scheme pursuant to USEPA Phase II storm water regulations. 

Permittees have expressed their intention to work cooperatively to control the 

contribution of pollutants from one portion of the MS4 to another portion of the 

system.  Permittees shall make good faith efforts to control the contribution of 

pollutants to the MS4 from non-permittee dischargers such as Caltrans, the U.S. 

Department of Defense, and other state and federal facilities. 
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4. TMDLs are numerical calculations of the maximum amount of a pollutant that a 

waterbody can receive and still meet water quality standards, and an allocation of that 

amount to the pollutant's sources.  A TMDL is the sum of the allowable loads of a 

single pollutant from all contributing point sources (Waste Load Allocation (WLA)) 

and non-point sources (Load Allocation (LA)).  Discharges from the MS4s are 

considered point sources discharges, because the MS4 is a point source. 

 

5. This Order incorporates applicable WLAs that have been adopted by the Regional 

Water Board and have been approved by the Office of Administrative Law and the 

U.S. EPA.  The TMDL WLAs in the Order are expressed as water quality-based 

effluent limits in a manner consistent with the assumptions and requirements of the 

TMDL from which they are derived. 

 

6. The CWA and the California Water Code contain specific provisions on how 

wastewater discharges from point sources are to be permitted.  Stormwater discharges 

(both dry weather and wet weather) are considered point source discharges. 

 

7. Permittees should work cooperatively to control the contribution of pollutants from 

one portion of the MS4 to another portion of the system through inter-agency 

agreements or other formal arrangements. 

 

E. Federal, State and Regional Regulations 

 

1. The Water Quality Act of 1987 added § 402(p) to the CWA (33U.S.C. § 1251-1387).  

This section requires the U.S. EPA to establish regulations setting forth NPDES 

requirements for storm water discharges in 2 phases. 

(a) U.S. EPA Phase I storm water regulations were directed at MS4s serving a 

population of 100,000 or more, including interconnected systems and storm water 

discharges associated with industrial activities, including construction activities.  

The Phase 1 Final Rule was published on November 16, 1990 (55 Fed. Reg. 

47990). 

(b) U.S. EPA Phase II storm water regulations are directed at storm water discharges 

not covered in Phase I, including small MS4s (population of less than 100,000), 

small construction projects (less than 5 acres), municipal facilities with delayed 

coverage under the Intermodal Surface Transportation Efficiency Act of 1991, 

and other discharges for which the U.S. EPA Administrator or the State 

determines that the storm water discharge contributes to a violation of a water 

quality standard, or is a significant contributor of pollutants to waters of the U.S.  

The Phase II Final Rule was published on December 8, 1999 (64 Fed. Reg. 

68722). 

 

2. The U.S. EPA published an Interpretative Policy Memorandum on Reapplication 

Requirements for MS4 permits on August 9, 1996 (61 Fed. Reg. 41697).  This policy 

requires that MS4 reapplication for reissuance for a subsequent five-year permit term 
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contain certain basic information and information for proposed changes and 

improvements to the storm water management program and monitoring program. 

 

3. The U.S. EPA has entered into a Memorandum of Agreement (MOA) with the U.S. 

Fish and Wildlife Service, and the National Marine Fisheries Service for enhancing 

coordination regarding the protection of endangered and threatened species under 

section 7 of the Endangered Species Act, and the CWA's water quality standards and 

NPDES programs.  Among other actions, the MOA establishes a framework for 

coordination of actions by the U.S. EPA, the Services, and CWA delegated States on 

CWA permit issuance under § 402 of the CWA [66 Fed. Reg. 11202-11217]. 

 

4. The CWA allows the U.S. EPA to authorize states with an approved environmental 

regulatory program to administer the NPDES program in lieu of the U.S. EPA.  The 

State of California is a delegated State.  The Porter-Cologne Water Quality Control 

Act (California Water Code) authorizes the State Water Resources Control Board 

(State Water Board), through the Regional Water Boards, to regulate and control the 

discharge of wastes that could affect the quality of waters of the State, including 

waters of the United States, and tributaries thereto. 

 

5. Under CWA § 303(d) of the CWA, States are required to identify a list of impaired 

water-bodies and develop and implement TMDLs for these waterbodies  

(33 USC § 1313(d)(1)).  The most recent 303(d) list's U.S. EPA approval date was 

June 28, 2007.  The U.S. EPA entered into a consent decree with the Natural 

Resources Defense Council (NRDC), Heal the Bay, and the Santa Monica Baykeeper 

on March 22, 1999, under which the Regional Water Board must adopt all TMDLs 

for the Los Angeles Region within 13 years from that date.  This Order incorporates 

provisions incorporating approved WLAs for municipal storm water discharges and 

requires amending the SMP after subsequent pollutant loads have been allocated and 

approved. 

 

6. Collectively, the restrictions contained in the TMDL Provisions for Storm Water 

(Wet Weather) Discharges and Non-Storm Water (Dry Weather) Discharges of this 

Order on individual pollutants are no more stringent than required to implement the 

provisions of the TMDL, which have been adopted and approved in a manner that is 

consistent with the CWA.  Where a TMDL has been approved, NPDES permits must 

contain effluent limits and conditions consistent with the assumptions and 

requirements of the available WLAs in TMDLs (40 CFR122.44(d)(1)(vii)(B)). 

 

7. This Order does not constitute an unfunded local government mandate subject to 

subvention under Article XIIIB, Section (6) of the California Constitution for several 

reasons, including, but not limited to, the following.  This Order implements federally 

mandated requirements under CWA § 402, subdivision (p)(3)(B)(33 U.S.C.               

§ 1342(p)(3)(B))  This includes federal requirements to effectively prohibit non-storm 

water discharges, to reduce the discharge of pollutants to the maximum extent 

practicable, and to include such other provisions as the Administrator or the State 
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determines appropriate for the control of such pollutants.  Federal cases have held 

these provisions require the development of permits and permit provisions on a case-

by-case basis to satisfy federal requirements.  (Natural Resources Defense Council, 

Inc. v. U.S. E.P.A. (9th Cir. 1992) 966 F.2d 1292, 1308, fn. 17.)  The authority 

exercised under this Order is not reserved state authority under the Clean Water Act’s 

savings clause (cf. Burbank v. State Water Resources Control Bd. (2005) 35 Cal.4th 

613, 627-628 [relying on 33 U.S.C. § 1370, which allows a state to develop 

requirements which are not “less stringent” than federal requirements]), but instead, is 

part of a federal mandate to develop pollutant reduction requirements for municipal 

separate storm sewer systems.  To this extent, it is entirely federal authority that 

forms the legal basis to establish the permit provisions.  (See, City of Rancho 

Cucamonga v. Regional Water Quality Control Bd.-Santa Ana Region (2006) 135 

Cal.App.4th 1377, 1389; Building Industry Ass’n of San Diego County v. State Water 

Resources Control Bd. (2004) 124 Cal.App.4th 866, 882-883.) 

 

Likewise, the provisions of this Order to implement TMDLs are federal mandates.  

The CWA requires TMDLs to be developed for waterbodies that do not meet federal 

water quality standards (33 U.S.C. § 1313(d)).  Once the U.S. EPA or a state develops 

a TMDL, federal law requires that permits must contain effluent limitations consistent 

with the assumptions of any applicable wasteload allocation.                                    

(40 CFR 122.44(d)(1)(vii)(B)). 

 

Second, the local agency Permittees’ obligations under this Order are similar to, and 

in many respects less stringent than, the obligations of non-governmental dischargers 

who are issued NPDES permits for storm water discharges.  With a few inapplicable 

exceptions, the Clean Water Act regulates the discharge of pollutants from point 

sources (33 U.S.C. § 1342) and the Porter-Cologne regulates the discharge of waste 

(Wat. Code, § 13263), both without regard to the source of the pollutant or waste.  As 

a result, the “costs incurred by local agencies” to protect water quality reflect an 

overarching regulatory scheme that places similar requirements on governmental and 

nongovernmental dischargers.  (See County of Los Angeles v. State of California 

(1987) 43 Cal.3d 46, 57-58 [finding comprehensive workers compensation scheme 

did not create a cost for local agencies that was subject to state subvention].) 

 

The Clean Water Act and the Porter-Cologne Water Quality Control Act largely 

regulate storm water with an even hand, but to the extent there is any relaxation of 

this even-handed regulation, it is in favor of the local agencies.  Except for municipal 

separate storm sewer systems, the Clean Water Act requires point source dischargers, 

including discharges of storm water associated with industrial or construction 

activity, to comply strictly with water quality standards.  (33 U.S.C. § 1311(b)(1)(C), 

Defenders of Wildlife v. Browner (1999) 191 F.3d 1159, 1164-1165 [noting that 

industrial storm water discharges must strictly comply with water quality standards].)  

As discussed in prior State Water Resources Control Board decisions, in many 

respects this Order does not require strict compliance with water quality standards.  

(SWRCB Order No. WQ 2001-15, p. 7.)  The Order, therefore, regulates the 
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discharge of waste in municipal storm water more leniently than the discharge of 

waste from non-governmental sources.   

 

Third, the local agency Permittees have the authority to levy service charges, fees, or 

assessments sufficient to pay for compliance with this Order subject to certain voting 

requirements contained in the California Constitution. (See California Constitution 

XIII D, section 6, subdivision (c); see also Howard Jarvis Taxpayers Association v. 

City of Salinas (2002) 98 Cal. App. 4
th

 1351, 1358-1359.).  The fact sheet 

demonstrates that numerous activities contribute to the pollutant loading in the 

municipal separate storm sewer system.  Local agencies can levy service charges, 

fees, or assessments on these activities, independent of real property ownership.  (See, 

e.g., Apartment Ass’n of Los Angeles County, Inc. v. City of Los Angeles (2001) 24 

Cal.4th 830, 842 [upholding inspection fees associated with renting property].)  The 

ability of a local agency to defray the cost of a program without raising taxes 

indicates that a program does not entail a cost subject to subvention.  (County of 

Fresno v. State of California (1991) 53 Cal.3d 482, 487-488.) 

 

Fourth, the Permittees have requested permit coverage in lieu of compliance with the 

complete prohibition against the discharge of pollutants contained in federal Clean 

Water Act section 301, subdivision (a) (33 U.S.C. § 1311(a)) and in lieu of numeric 

restrictions on their discharges. (See finding C.5., supra.)  To the extent that the local 

agencies have voluntarily availed themselves of the permit, the program is not a state 

mandate.  (Accord County of San Diego v. State of California (1997) 15 Cal.4th 68, 

107-108.)  Likewise, where MS4 Permittees are regulated under a Best Management 

Practices (BMP) based storm water management program rather than end-of-pipe 

numeric limits, there exists no compulsion of a specific regulatory scheme that would 

violate the 10
th

 Amendment to the United States Constitution.  (See City of Abilene v. 

U.S. E.P.A. (5th Cir. 2003) 325 F.3d 657, 662-663 [noting that municipalities can 

choose between a management permit or a permit with numeric limits].)  The local 

agencies’ voluntary decision to file a report of waste discharge proposing a program-

based permit is a voluntary decision not subject to subvention. (See Environmental 

Defense Center v. USEPA (9th Cir. 2003) 344 F.3d 832, 845-848.) 

 

Fifth, the local agencies’ responsibility for preventing discharges of waste that can 

create conditions of pollution or nuisance from conveyances that are within their 

ownership or control under state law predates the enactment of Article XIIIB, Section 

(6) of the California Constitution. 

 

8. Under § 6217(g) of the Coastal Zone Act Reauthorization Amendments of 1990 

(CZARA), Coastal States with approved coastal zone management programs are 

required to address non-point pollution impacting or threatening coastal water quality.  

CZARA addresses five sources of non-point pollution: 1) agriculture; 2) silviculture; 

3) urban; 4) marinas; and 5) hydromodification.  This Waste Discharge Requirement 

addresses the management measures required for the urban category and the 

hydromodification category, with the exception of septic systems. 
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9. The Regional Water Board addresses septic systems through the administration of 

non-Chapter 15 regulatory programs and the implementation of Regional Water 

Board Order No.R4-2004-0146.  Septic systems are also addressed under State 

Assembly Bill (AB) 885 (2000).  The Regional Water Board will implement and 

enforce regulations issued by the State Board pursuant to AB 885.  Taken together, 

these State and Local agency requirements when imposed on septic system operators 

are expected to reduce the bacterial contamination of storm water from improperly 

maintained septic systems. 

 

10. The State Water Board has issued waste discharge requirements for discharges from 

utility vaults (CAG990002).  The Regional Water Board has issued waste discharge 

requirements for discharges from well heads and hydrostatic pipe testing 

(CAG674001).  These discharges to the MS4 shall be conducted under coverage of a 

separate NPDES permit specific to that activity. 

 

11. On May 18, 2000, the U.S. EPA established numeric criteria for priority toxic 

pollutants for the State of California (California Toxics Rule (CTR) 65 Fed. Reg. 

31682 (40 CFR131.38)) for the protection of human health and aquatic life.  These 

apply as ambient water quality criteria for inland surface waters, enclosed bays and 

estuaries.  

 

12. The State Water Board adopted a revised Water Quality Control Plan for Ocean 

Waters of California (Ocean Plan) in 2005.  The California Ocean Plan establishes 

water quality objectives for California’s ocean waters and provides the basis for 

regulation of wastes discharged into the State’s coastal waters.  It applies to point and 

nonpoint source discharges.  The Ocean Plan identifies the applicable beneficial uses 

of marine waters that include preservation and enhancement of designated Areas of 

Special Biological Significance (ASBS) (now called “State Water Quality Protection 

Areas”) and establishes a set of narrative and numerical water quality objectives 

designed to protect beneficial uses.  The SWRCB adopted the California Ocean Plan, 

and both the SWRCB and the six coastal Regional Water Quality Control Boards 

(RWQCBs) implement and interpret the California Ocean Plan. 

 

13. This Regional Water Board adopted a revised Water Quality Control Plan (Basin 

Plan) for the Los Angeles Region on June 13, 1994.  The Basin Plan specifies the 

beneficial uses of Ventura County waterbodies and their tributary streams, and 

contains both narrative and numerical water quality objectives for these receiving 

waters.  The following beneficial uses identified in the Basin Plan apply to all or 

portions of each watershed covered by this Order: 

(a) Municipal and domestic supply 

(b) Agricultural supply 

(c) Industrial service supply 

(d) Industrial process supply 

(e) Ground water recharge 

(f) Freshwater replenishment 
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(g) Navigation 

(h) Hydropower generation 

(i) Water contact recreation 

(j) Non-contact water recreation 

(k) Ocean commercial and sport fishing 

(l) Warm freshwater habitat 

(m) Cold freshwater habitat 

(n) Preservation of Areas of Special Biological Significance 

(o) Saline water habitat 

(p) Wildlife habitat 

(q) Preservation of rare and endangered species 

(r) Marine habitat 

(s) Fish migration 

(t) Fish spawning 

(u) Shellfish harvesting 

 

14. On March 22, 1999 the Consent Decree in Heal the Bay, Inc.; Santa Monica 

Baykeeper, Inc. v. Browner, Case No. 98-4825 SBA was approved.  Under 

Establishment of TMDLs- The parties understand that California has the initial 

opportunity pursuant to § 303(d) of the CWA to adopt and submit to U.S. EPA for 

approval TMDLs to be established under this Consent Decree.  TMDLs developed by 

Regional Water Boards are generally adopted through Basin Plan amendments.  Basin 

plan amendments adopted by the State Board pursuant to Water Code section 13246, 

and the regulatory portions must be approved by the Office of Administrative Law 

pursuant to Government Code section 11353(b).  TMDLs established pursuant to 

CWA section 303(d)(1) must be submitted to U.S. EPA for approval pursuant to 

section 303(d)(2), and incorporated into the state’s water quality management plan 

 

15. The Regional Water Board has adopted amendments to the Basin Plan, to incorporate 

TMDLs for the following: 

(a) The following TMDLs have been or will be incorporated into the Basin Plan 

within the term of the Order. 

(1) Santa Clara River - Nitrogen Compounds 

(A) Regional Water Board Resolution No. 2003-011 

(B) State Water Board Resolution No. 2003-0073 

(C) OAL file No. 04-0123-35  

(D) U.S. EPA approval date March 18, 2004 

(E) Final fee exemption date March 23, 2004 (effective date). 

(F) Compliance is 1 year after effective date (March 23, 2005) 

 

(2) Malibu Creek and Lagoon - Bacteria.  

(A) Regional Water Board Resolution No. 2004-019 

(B) State Water Board Resolution No. 2005-0072 

(C) OAL file No. 05-1018-03 S 

(D) U.S. EPA approval date January 10, 2006 
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(E) Final fee exemption date January 24, 2006 (effective date) 

(F) Compliance for Summer Dry is 3 years after effective date (January 

24, 2009) 

(G) Compliance for Winter Dry is 6 years after effective date (January 24, 

2012) 

(H) Compliance for Wet Weather is 10 years after effective date (January 

24, 2016), which is beyond the term of this Order 

 

(3) Toxicity, Chlorpyrifos and Diazinon in the Calleguas Creek, Its Tributaries 

and Mugu Lagoon. 

(A) Regional Water Board Resolution No. 2005-009  

(B) State Water Board Resolution No. 2005-0067 

(C) OAL file No. 05-1110-02 S 

(D) U.S. EPA approval date March 14, 2006 

(E) Final fee exemption date March 24, 2006 (effective date)  

(F) Compliance for Toxicity and Interim WLA is effective date (March 

24, 2006) 

(G) Compliance for Final WLA is 2 years after effective date (March 24, 

2008) 

 

(4) Organochlorine (OC) Pesticides, Polychlorinated Biphenyls (PCBs), and 

Siltation in Calleguas Creek, Its Tributaries and Mugu Lagoon. 

(A) Regional Water Board Resolution No. 2005-010 

(B) State Water Board Resolution No. 2005-0068 

(C) OAL file No. 05-1206-03 S 

(D) U.S. EPA approval date March 14, 2006 

(E) Final fee exemption date March 24, 2006 (effective date) 

(F) Compliance for Interim WLA is effective date (March 24, 2006) 

(G) Compliance for Final WLA is 20 years after effective date (March 24, 

2026), which is beyond the term of this Order 

 

(5) Calleguas Creek Watershed Metals  

(A) Regional Water Board Resolution No. 2006-012 

(B) State Water Board Resolution No. 2006-0078 

(C) OAL file No. 06-1222-015 S  

(D) U.S. EPA approval date March 26, 2007 

(E) Final fee exemption date March 27, 2007 (effective date) 

(F) Compliance for Interim WLA is effective date (March 27, 2007) 

(G) Compliance for Final WLA is Within 15 years after the effective date 

(March 27, 2022), which is beyond the term of this Order 

 

(6) Revolon Slough & Beardsley Wash Trash TMDL 

(A) Regional Water Board Resolution No. 2007-007 

(B) State Water Board Resolution No 2007-0076 

(C) OAL file No 2007-1227-05 S 
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(D) U.S. EPA approval date February 27, 2008 

(E) Final fee exemption date March 6, 2008 (effective date) 

(F) Compliance for Trash Monitoring & Reporting Plan Submittal is 6 

months from effective date (September 6, 2008) 

(G) Compliance for Final WLA is 8 years from effective date (March 6, 

2016) 

 

(7) Ventura River Estuary Trash TMDL 

(A) Regional Water Board Resolution No. 2007-008 

(B) State Water Board Resolution No 2007-0072 

(C) OAL file No 2007-1227-01 S 

(D) U.S. EPA approval date February 27, 2008 

(E) Final fee exemption date March 6, 2008 (effective date) 

(F) Compliance for Trash Monitoring & Reporting Plan Submittal is 6 

months from effective date (September 6, 2008) 

(G) Compliance for Final WLA is 8 years from effective date (March 6, 

2016) 

(8) Harbor Beaches of Ventura County Bacteria TMDL 

(A) Regional Water Board Resolution No. 2007-017 

(B) State Water Board Resolution No 2008-0072 

(C) OAL file No 2007-1023-01 S 

(D) U.S. EPA approval date December 18, 2008 

(E) Final fee exemption date January 17, 2009 (effective date) 

 

16. The Regional Water Board adopted and approved requirements for new development 

and significant redevelopment projects in Ventura County to control the discharge of 

storm water pollutants in post-construction storm water, on January 26, 2000, in 

Board Resolution No. R-00-02.  The Regional Water Board Executive Officer issued 

the approved Standard Urban Storm Water Mitigation Plans (SUSMPs) on March 8, 

2000 for Los Angles County and the Cities in Los Angeles County.  Since 2000, new 

development and redevelopment water quality criteria have been implemented by the 

Permittees to be consistent with SUSMP.  The State Board affirmed the Regional 

Water Board action and SUSMPs in State Board Order No. WQ 2000-11, issued on 

October 5, 2000. 

(a) A statewide policy memorandum (dated December 26, 2000), which interprets the 

Order to provide broad discretion to Regional Water Boards and identifies 

potential future areas for inclusion in SUSMPs and the types of evidence and 

findings necessary.  Such areas include ministerial projects, projects in 

environmentally sensitive areas, and water quality design criteria for Retail 

Gasoline Outlets (RGOs, see Part 6 for definition).  The Regional Water Board 

properly justified the extensions of SUSMPs and water quality criteria to 

ministerial projects, projects in environmentally sensitive areas, and RGOs, 

during the adoption of Regional Water Board Order 01-182.  The Regional Water 

Board’s action was upheld by the County of Los Angeles Superior Court (In Re: 
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County of Los Angeles v. State Water Resources Control Board (2006) 143 

Cal.App.4
th

 985). 

(b) The State Water Board's Chief Counsel interpreted the Order to encourage 

regional solutions and endorsed a mitigation fund or "bank" as alternatives for 

new development and significant redevelopment.  The Regional Water Board has 

included provisions for regional solutions and the establishment of a mitigation 

bank in this Order. 

 

17. The Regional Water Board supports Watershed Management planning to address 

water quality protection in the region.  The objective of the Watershed Management 

planning is to provide a comprehensive and integrated strategy towards water 

resource protection, enhancement, and restoration while balancing economic and 

environmental impacts within a hydrologically defined drainage basin or watershed.  

It emphasizes cooperative relationships between regulatory agencies, the regulated 

community, environmental groups, and other stakeholders in the watershed to achieve 

the greatest environmental improvements with available resources. 

 

18. To facilitate compliance with federal regulations, the State Water Board has issued 

the following 4 Statewide General NPDES Permits associated with storm water:  

(a) Industrial General Permit (IASGP- Industrial Activities Storm Water General 

Permit), NPDES No. CAS000001, issued on November 19, 1991, reissued on 

September 17, 1992 and April 17, 1997, currently under review for reissuance. 

(b) Construction General Permit (CASGP- Construction Activities Storm Water 

General Permit), NPDES No. CAS000002, issued on August 20, 1992, reissued 

August 19, 1999, currently under review for reissuance. 

(c) Small Linear Underground/ Overhead Construction Projects General Permit 

(small LUPs), NPDES No. CAS000005, issued on June 18, 2003. 

(d) Small MS4 Permit WQ Order No. 2003-0005-DWQ, NPDES No. CAS000004, 

adopted on April 30, 2003. 

 

19. Facilities discharging storm water associated with industrial activities, construction 

projects that disturb one or more acres of soil, or construction projects that disturb 

less than one acre but are part of a larger common plan of development or sale that in 

total disturbs 1 or more acres, and construction activities associated with small linear 

underground/ overhead projects that result in land disturbances greater than one acre, 

but less than five acres (small LUPs), are all required to obtain individual NPDES 

permits for storm water discharges, or be covered by the statewide General Permits 

by completing and filing a Notice of Intent (NOI) with the State Board.  The U.S. 

EPA guidance anticipates coordination of the state-administered programs for 

industrial and construction activities with the local agency program to reduce 

pollutants in storm water discharges to the MS4. 

 

20. State Water Board Resolution No. 68-16 contains the state Antidegradation Policy, 

titled “Statement of Policy with Respect to Maintaining High Quality Waters in 

California” (Resolution 68-16), which applies to all waters of the state, including 
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ground waters of the state, whose quality meets or exceeds (is better than) water 

quality objectives.  Resolution No. 68-16 is considered to incorporate the federal 

Antidegradation Policy (40 CFR131.12) where the federal policy applies, (State 

Water Board Order WQO 86-17).  Administrative policies that implement both, 

federal and state antidegradation policies acknowledge that an activity that results in a 

minor water quality lowering, even if incrementally small, can result in violation of 

Antidegradation Policies through cumulative effects, for example, when the waste is a 

cumulative, persistent, or bioaccumulative pollutant. 

(a) Federal Antidegradation Policy (40 CFR131.12) states that the State shall develop 

and adopt a statewide antidegradation policy and identify the methods for 

implementing such policy pursuant to this subpart.  The antidegradation policy 

and implementation methods shall, at a minimum, be consistent with the 

following: 

(1) Existing instream water uses and the level of water quality necessary to 

protect the existing uses shall be maintained and protected. 

(2) Where the quality of the waters exceed levels necessary to support 

propagation of fish, shellfish, and wildlife and recreation in and on the water, that 

quality shall be maintained and protected unless the State finds, after full 

satisfaction of the intergovernmental coordination and public participation 

provisions of the State’s continuing planning process, that allowing lower water 

quality is necessary to accommodate important economic or social development 

in the area in which the waters are located.  In allowing such degradation or lower 

water quality, the State shall assure water quality adequate to protect existing uses 

fully.  Further, the State shall assure that there shall be achieved the highest 

statutory and regulatory requirements for all new and existing point sources and 

all cost-effective and reasonable best management practices for nonpoint source 

control. 

(3) Where high quality waters constitute an outstanding National resource, such as 

waters of National and State parks and wildlife refuges and waters of exceptional 

recreational or ecological significance, that water quality shall be maintained and 

protected. 

(4) In those cases where potential water quality impairment associated with a 

thermal discharge is involved, the antidegradation policy and implementing 

method shall be consistent with section 316 of the Act. 

(b) State Water Board Resolution No. 68-16 establishes essentially a 2-step process 

for compliance with the policy. 

(1) Step 1- if a discharge will degrade high quality water, the discharge may be 

allowed if any change in water quality:  

(A) Will be consistent with maximum benefit to the people of the State. 

(B) Will not unreasonably affect present and anticipated beneficial use of 

such water. 

(C) Will not result in water quality less than that prescribed in state 

policies (e.g., water quality objectives in Water Quality Control Plans). 

(2) Step 2- any activities that result in discharges to high quality waters are 

required to: 
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(A) Meet waste discharge requirements that will result in the best 

practicable treatment or control of the discharge necessary to avoid a 

pollution or nuisance.  

(B) Maintain the highest water quality consistent with the maximum 

benefit to the people of the State.   

 

21. The State Water Board on June 17, 1999, adopted Order No. WQ 99-05, which 

specifies standard receiving water limitation language to be included in all municipal 

storm water permits issued by the State and Regional Water Boards. 

 

22. Cal. Water Code § 13263(a) requires that waste discharge requirements issued by 

Water Boards shall implement any relevant water quality control plans that have been 

adopted; shall take into consideration the beneficial uses to be protected and the water 

quality objectives reasonably required for that purpose; other waste discharges; and 

the need to prevent nuisance. 

 

23. Clean Water Act section 402(p)(3)(B)(iii) requires municipal separate storm sewer 

system (MS4) operators to control pollution in storm water to the “maximum extent 

practicable” (MEP).  The MEP requirement is analogous to a technology-based 

requirement in that it focuses upon the feasibility of pollutant reduction measures 

rather than achievement of water quality standards in the receiving waters to achieve 

improvements in the quality of the storm water that is discharged.  Compliance with 

the MEP requirement can range from implementation of structural and nonstructural 

best management practices to installation of end-of-pipe treatment systems.  MEP 

generally provides the MS4 operators the flexibility to determine what controls 

should be implemented through the development of a storm water management plan, 

subject to the Regional Board’s approval.    Nevertheless, MEP does not define the 

limits of pollution control measures that may be required of MS4 operators, and the 

requirement to implement controls that reduce pollutants to the MEP is not limited by 

the goal of attaining water quality standards.  In some circumstances, compliance 

with MEP may result in controls more stringent than applicable WQS, and in others, 

less stringent.  The Regional Board may use its discretion to impose other provisions 

beyond MEP, as it determines appropriate for the control of pollutants, including 

ensuring strict compliance with water quality standards.  (Defenders of Wildlife v. 

Browner (1999) 191 F.3d 1159, 1168.)  

 

24. The California Supreme Court has ruled that although Water Code section 13263 

requires the Water Boards to consider the factors set forth in Water Code section 

13241 when issuing an NPDES permit, the Water Boards may not consider the 

factors to justify imposing pollutant restrictions that are less stringent than the 

applicable federal regulations require (City of Burbank v. State Water Resources 

Control Bd. (2005) 35 Cal.4th 613).  However, when the pollutant restrictions in an 

NPDES are more stringent than federal law requires, Water Code section 13263 

requires that the Water Boards consider the factors described in section 13241 as they 

apply to those specific restrictions. 
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25. The City of Burbank case related to NPDES permits for publicly owned treatment 

works, not permits for municipal separate storm sewer systems (MS4s).  Among other 

requirements, federal law requires MS4 permits to include requirements to effectively 

prohibit non-storm water discharges into the storm sewers, in addition to requiring 

controls to reduce the discharge of pollutants to the maximum extent practicable.  

Therefore, a 13241 analysis is not required for permit requirements that implement 

the effective prohibition on the discharge of non-storm water into the MS4, or for 

practicable controls to reduce the discharge of pollutants to the maximum extent, as 

those requirements are mandated by federal law. 

 

26. The requirements in this Order may be more specific or detailed than those 

enumerated in federal regulations under 40 CFR122.26 or in U.S. EPA guidance. 

However, the requirements have been designed to be consistent with and within the 

federal statutory mandates described in CWA § 402(p)(3)(B)(ii) and (iii) and the 

related federal regulations.  Consistent with federal law, all of the conditions in this 

permit could have been included in a permit adopted by U.S. EPA in the absence of 

the in lieu authority of California to issue NPDES permits. 

   

27. The Board finds that all requirements in this order are practicable.  Moreover, while 

commenters have alleged that the permit requirements are “beyond MEP,” no 

commenter has presented evidence that demonstrates that any particular permit 

requirement is not actually practicable. 

 

28. Notwithstanding findings 23 through 27, the Regional Board has developed an 

economic analysis of the permit’s requirements, consistent with Water Code section 

13241.  That analysis is contained in the “Economic Considerations of the Proposed 

Storm Water (Wet Weather) and Non-Storm Water (Dry Weather) Discharges form 

the Municipal Separate Storm Sewer Systems within the Ventura County Watershed 

Protection District, County of Ventura and the Incorporated Cities Therein, June 2, 

2008, which is contained in the administrative record for this Order.  The Regional 

Board has considered all of the evidence that has been presented regarding the 13241 

factors in adopting this permit, both as contained in the economic analysis and as 

reflected in the fact sheet and comments (and responses thereto) submitted to the 

many drafts of this permit.  The Regional Board finds that the requirements in this 

Order are reasonably necessary to protect beneficial uses identified in the Basin Plan, 

and the economic information related to costs of compliance and other 13241 factors 

are not sufficient to justify failing to protect those beneficial uses.  Where 

appropriate, additional time to implement certain measures and achieve water quality 

objectives can be provided through the iterative storm water management plan 

process. 
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F. Implementation 

 

1. The California Environmental Quality Act (CEQA) (Cal. Pub. Resources Code § 

2100 et seq.) requires that public agencies consider the environmental impacts of the 

projects they approve for development.  CEQA applies to projects that are considered 

discretionary (a governmental agency can use its judgment in deciding whether and 

how to carry out or approve a project, § 15357) and does not apply to ministerial 

projects (the law requires a governmental agency to act on a project in a set way 

without allowing the agency to use its own judgment, § 15369).  A ministerial project 

may be made discretionary by adopting local ordinance provisions or imposing 

conditions to create decision-making discretion in approving the project.  In the 

alternative, Permittees may establish standards and objective criteria administratively 

for storm water mitigation for ministerial projects.  For water quality purposes 

regardless of whether a project is discretionary or ministerial, the Regional Water 

Board considers that all new development and significant redevelopment activity in 

specified categories, that receive approval or permits from a municipality, are subject 

to storm water mitigation requirements in a manner that is consistent with and 

complies with the provisions of CEQA. 

 

2. The objective of this Order is to ensure that discharges from the MS4 in Ventura 

County comply with water quality standards, including protecting the beneficial uses 

of receiving waters.  To meet this objective, the Order requires that Best Management 

Practices (BMPs) will be implemented to reduce the discharge of pollutants in storm 

water to the maximum extent practicable (MEP), and achieve water quality objectives 

and standards.  The U.S. EPA envisioned that municipal storm water programs would  

be implemented in an iterative manner and improved with each iteration by using 

information and experience gained during the previous permit term (Interpretative 

Policy Memorandum on Reapplication Requirements for MS4 permits - 61 Fed. Reg. 

41697).  Municipalities are required to evaluate what is effective and make 

improvements in order to protect beneficial uses of receiving waters.  This Order 

requires implementation of an effective combination of pollution control and 

pollution prevention measures, education, public outreach, planning, and 

implementation of source control BMPs and Structural and Treatment Control BMPs.  

The better–tailored BMPs combined with the performance objectives outlined in this 

Order have the purpose of attaining water quality objectives and standards (Interim 

Permitting Approach for Water Quality-Based Effluent Limitations in Storm Water 

Permits- 61 Fed. Reg. 43761).  Where WLAs have been adopted for storm water (wet 

weather) and non-storm water (dry weather) discharges from MS4s, this Order 

requires Permittees to implement controls to achieve the WLAs within the 

compliance schedule provided in the TMDLs. 

 

3. The implementation of measures set forth in this Order are reasonably expected to 

reduce the discharge of pollutants conveyed in storm water discharges into receiving 

waters, and to meet the TMDL WLAs for discharges from MS4s that have been 

adopted by the Regional Water Board. 
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4. The U.S. EPA has recommended that all future TMDLs and TMDL amendments be 

expressed as daily increments consistent with a federal court ruling (Friends of the 

Earth, Inc. v. EPA, et al. No. 05-5015 (D.C. Cir. 2006)).  However, this interpretation 

does not affect the discretionary authority of the Regional Water Board to express 

NPDES permit limits and conditions in non daily terms because there is no express or 

implied statutory limitation (CWA §502(11)) (Establishing TMDL “Daily Loads” in 

Light of the Decision by the U.S. Court of Appeals for the D.C. Circuit in Friends of 

the Earth, Inc. v. EPA, et al.  (April 2006) and Implications for NPDES Permits, U.S. 

EPA Office of Water, memorandum, Nov 15, 2006). This Order translates MS4 

TMDL WLAs adopted by the Regional Water Board into forms “consistent with the 

assumptions and requirements of the TMDL”.  

 

5. During the term of the Order, the Permittees shall implement all necessary control 

measures to reduce pollutant(s) which cause or continue to cause or contribute to 

water quality impairments, but for which TMDLs have not yet been developed or 

approved, to eliminate the water quality impairment(s).  Successful efforts to reverse 

the wet weather impairments during the permit term for such pollutants, may avoid 

the need for a WLA for wet weather or the need to develop a TMDL in the future. 

 

6. This Order promotes land development and redevelopment strategies that consider 

water quality and water management benefits associated with smart growth 

techniques.  Such measures may include hydromodification mitigation requirements, 

minimization of effective impervious area, integrated water resources planning, and 

low impact development guidelines. (Reference: Protecting Water Resources with 

Smart Growth, EPA 231-R- 04-002, U.S. EPA 2004; Using Smart Growth 

Techniques as Storm Water Best Management Practices, EPA 231-B-05-002, U.S. 

EPA 2005; Parking Spaces/Community Places: Finding the Balance through Smart 

Growth Solutions, EPA  231-K-06-001, U.S. EPA 2006; Protecting Water Resources 

with Higher-Density Development, EPA 231-R-06-001, U.S. EPA 2006.) 

 

7. The implementation of an effective Public Information and Participation Program is a 

critical component of a storm water management program.  While commercial and 

industrial facilities are traditionally subject to multiple environmental regulations and 

receive environmental protection guidance from multiple sources, the general public, 

in comparison, receives significantly less education in environmental protection.  An 

effective Public Information and Participation Program is required because: 

(a) Activities conducted by the public such as vehicle maintenance, improper 

household waste materials disposal, improper pet waste disposal and the improper 

application of fertilizers and pesticides have the potential to generate a significant 

amount of pollutants that could be discharged in storm water. 

(b) An increase in public knowledge of storm water regulations, proper storage and 

disposal of household wastes, proper disposal of pet wastes and appropriate home 

vehicle maintenance practices can lead to a significant reduction of pollutants 

discharged in storm water. 
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8. This Order also provides flexibility for Permittees to seek authorization from the 

Regional Water Board Executive Officer to substitute a BMP under this Order with 

an alternative BMP, if they can provide information and documentation on the 

effectiveness of the alternative, equal to or greater than the prescribed BMP in 

meeting the objectives of this Order. 

 

9. This Order contemplates that the Permittees are responsible for considering potential 

storm water impacts when making planning decisions in order to fulfill the 

Permittees' CWA requirement to reduce the discharge of pollutants in municipal 

storm water to the MEP and attain water quality objectives from new development 

and redevelopment activities.  However, the Permittees retain authority to make the 

final land-use decisions and retain full statutory authority for deciding what land uses 

are appropriate at specific locations within each Permittee's jurisdiction.  This Order 

and its requirements are not intended to restrict or control local land use decision-

making authority.  

 

10. The State Water Board amended the Policy for the Implementation of Toxics 

Standards In Inland Surface Waters, Enclosed Bays and Estuaries of California (State 

Implementation Policy – SIP) on February 24, 2005.  The SIP does not apply directly 

to the stormwater discharges.  However, this Order includes a Monitoring Program 

that incorporates Minimum Levels (MLs) established under the State Implementation 

Policy.  The MLs represent the lowest quantifiable concentration for priority toxic 

pollutants that is measurable with the use of proper method-based analytical 

procedures and factoring out matrix interference.  The SIP's MLs therefore represent 

the best available science for determining MLs and are appropriate for a storm water 

monitoring program.  The use of MLs allows the detection of toxic priority pollutants 

at concentrations of concern using recent advances in chemical analytical methods. 

 

11. The International Storm Water Best Management Practices (BMP) Database was 

established in 1996 as a cooperative initiative between the U.S. EPA and the 

American Society of Civil Engineers (ASCE) to provide scientifically sound 

information to improve the design, selection and performance of storm water BMPs.  

The BMP database includes standardized BMP monitoring and reporting protocols, a 

storm water BMP database, BMP performance evaluation protocols, and BMP 

monitoring guidance. The storm water BMP database is updated approximately semi-

annually to add new BMP studies and performance data. The International Storm 

Water Database is now maintained by the Water Environment Research Foundation 

(WERF). 

 

12. This Order is not intended to prohibit the inspection for or abatement of vectors by 

the State Department of Public Health or local vector agencies in accordance with CA 

Health and Safety Code, § 116110 et seq.  Certain Treatment Control BMPs if not 

properly designed, operated or maintained may create habitats for vectors (e.g. 

mosquitoes and rodents).  This Order contemplates that the Permittees will closely 

cooperate and collaborate with local vector control agencies and the State Department 
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of Public Health for the implementation, operation, and maintenance of Treatment 

Control BMPs in order to minimize the risk to public health from vector borne 

diseases.  

 

13. This Order contemplates that Permittees will ensure that implemented Treatment 

Control BMPs will not pose a safety or health hazard to the public.  This Order 

contemplates that Permittees will ensure that the maintenance of implemented 

Treatment Control BMPs will comply with all applicable health and safety 

regulations, such as, but not limited to requirements for worker entry into confined 

spaces under OSHA Safety and Training education, § 1926.21(b)(6)(i). 

 

14. This Order incorporates presumptive BMPs to reduce pollutants in storm water 

discharges from construction sites to the MEP.  The BMPs are identified in Table 6 

(BMPs at Construction sites less than 1 acre), Table 7 (BMPs at Construction Sites 1 

acre or greater but less than 5 acres), and Table 8 (BMPs at Construction sites 5 acres 

or greater).  These BMPs include erosion control, sediment control, and construction 

site waste management practices.  The BMPs listed in part 4.F of the Order were 

selected based on the Water Boards’ experience of regulating such sites since 1992, 

and are referenced in the California Stormwater Quality Association (CASQA) Storm 

Water Best Management Practice Handbook Construction (January 2003) and from 

the Stormwater Quality Handbooks, Project Planning and Design Guide, Stormwater 

Pollution Prevention Plan (SWPPP) and Water Pollution Control Plan (WPCP) 

Preparation Manual, Construction Site Best Management Practices (BMPs) 

Reference Manual, March 2007 (Caltrans Document Number                            

CTSW-RT-06-171.11-1) which serve as an industry standard for California.  The 

BMPs identified in the Tables are technically feasible, practicable, and cost-effective. 

Where an identified BMP may be impracticable on a particular site, this Order 

includes a provision to select and implement an alternative BMP, through the BMP 

substitution provisions in subpart 4.A.2. 

 

15. This Order incorporates presumptive BMPs to reduce pollutants in storm water 

discharges from commercial and industrial sites to the MEP.  The BMPs are 

identified in Table 2 (BMPs at Restaurants), Table 3 (BMPs at Automotive Service 

Facilities), Table 4 (BMPs at Retail Gasoline Outlets), and Table 5 (BMPs at 

Nurseries).  These BMPs include the implementation of good housekeeping practices 

designed to control pollutants at the source, promote the use of proper waste 

management practices, and implement control practices to keep pollutants away from 

any entrance to the storm drainage system.  The BMPs listed in part 4.D of the Order 

were selected based on the Water Boards’ experience of regulating such sites since 

1992 and referenced in the California Stormwater Quality Association (CASQA) 

Storm Water Best Management Practice Handbook Commercial/Industrial Activity 

(January 2003) and from the Caltrans Storm Water Quality Handbook Maintenance 

Staff Guide May 2003 (Caltrans Document Number CTSW-RT-02-057), which serve 

as an industry standard for California.  The BMPs identified in the Tables are 

technically feasible, practicable, and cost-effective. Where an identified BMP may be 
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impracticable, this Order includes a provision to select and implement an alternative 

BMP, through the BMP substitution provisions in subpart 4.A.2. 

 

16. This Order incorporates presumptive BMPs to reduce pollutants in storm water 

discharges from Public Agency Activities to the MEP.  The BMPs are identified in 

Table 10 (BMPs at Vehicle Maintenance/ Material Storage Facilities/ Corporation 

Yards).  These BMPs include the implementation of good housekeeping practices 

designed to control pollutants at the source, promote the use of proper waste 

management practices, implement control practices to keep pollutants away from any 

entrance to the storm drainage system and from being deposited or discharged 

directly into waters of the U.S.  The BMPs listed in part 4.G of the Order were 

selected based on the Water Boards’ experience of regulating such sites since 1990, 

and are referenced in the Caltrans Storm Water Quality Handbook Maintenance Staff 

Guide May 2003 (Caltrans Document Number CTSW-RT-02-057), which serves as a 

statewide standard for the California Department of Transportation (Caltrans).  The 

BMPs identified in the Table are technically feasible, practicable, and cost-effective, 

and are the standard of practice for Caltrans sites statewide. Where an identified BMP 

may be impracticable, this Order includes a provision to select and implement an 

alternative BMP, through the BMP substitution provisions in subpart 4.A.2. 

 

17. This Order incorporates BMPs to ensure that authorized Non-Storm Water 

Discharges are not a source of pollutants to the MS4, Table 1 (Required Conditions 

for Non-Storm Water Discharges).  The BMPs included are for the purpose of 

dechlorination and/or for prevention of erosion and sediment loss, or to reduce other 

harmful pollutants during the discharge of authorized non-storm water discharges to 

the MS4.  The BMPs listed in part 1.A of the Order were selected from the American 

Water Works Association AWWA Guidelines For The Development Of Your Best 

Management  Practices (BMP) Manual For Drinking Water System Releases 

Developed by the CA-NV AWWA Environmental Compliance Committee (2005) 

which serves as an industry standard for California, from the results of studies 

directed by the Los Angeles Water Board, - Evaluation of Non-Storm Water 

Discharges to California Storm Drains and Potential Policies for Effective 

Prohibition Methods, Final Report, University of California, Los Angeles, Contract 

No. 5-104-140-0 (1997), and Water Quality Concerns and Regulatory Controls for 

Non Storm Water Discharges to Storm Drains, Duke L.D. and M. Kihara, Journal of 

the American Water Resources Association, Vol. 34: 661-676, (1998), and from the 

Water Boards’ experience of controlling authorized non-storm discharges to the MS4 

since 1990.  The BMPs identified in the Table are technically feasible, practicable, 

and cost-effective. Where an identified BMP may be impracticable, this Order 

includes a provision to select and implement an alternative BMP, through the BMP 

substitution provisions in subpart 4.A.2. 
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18. In accordance with Federal regulations at 40 CFR 124.8, a Fact Sheet has been 

prepared to explain the principal facts and the significant factual, legal, 

methodological, policy, and economic matters considered in preparing the Order.  

This Fact Sheet has been made a part of the Administrative Record. 

 

19. The State Water Board adopted statewide General Waste Discharge Requirements for 

Sanitary Sewer Systems, (WQ Order No. 2006-0003) on May 2, 2006, to provide a 

consistent, statewide regulatory framework to address sanitary sewer overflows 

(“SSO Orders”).  The SSO Order establishes requirements for public agencies that 

own or operate sanitary sewer systems to develop and implement sewer system 

management plans and to report SSOs.  SSOs that enter MS4s have the potential to 

impair the recreational use of receiving waters, and to harm public health.  This Order 

establishes coordination, response, and notification requirements for MS4 Permittees 

when SSOs result in a discharge to the MS4 system. 

 

20. This Order takes into consideration the housing needs in the area under the 

Permittees’ jurisdiction by balancing the implementation of Smart Growth and Low 

Impact Development techniques with the protection of the water resources of the 

region.  Although not required, the Regional Water Board considered the need for 

housing and the appropriate techniques to allow for reasonable development while 

protecting the receiving waters from degradation. 

 

21. This Order may have an effect on costs required for compliance with the provisions 

contained herein.  Although not required, the Regional Water Board has considered 

costs in preparing this Order.  Though also not required, the Regional Water Board 

has also considered the factors set forth in Water Code section 13241. 

 

G. Public Notification 

 

1. The issuance of waste discharge requirements pursuant to California Water Code 

section 13370 et seq. is exempt from the California Environmental Quality Act in 

accordance with California Water Code section 13389.  County of Los Angeles et al., 

v. California Water Boards et al., (2006), 143 Cal.App.4
th

 985. 

 

2. The Regional Water Board has notified the Permittees, and interested agencies and 

persons of its intent to issue waste discharge requirements for this discharge, and has 

provided them with an opportunity to make statements and submit their comments. 

 

3. The Regional Water Board staff has conducted more than 35 meetings from  February 

9, 2007 through December 19, 2008, with Permittees, their representatives (Larry 

Walker and Associates, and Somach, Simmons & Dunn), and various stakeholders 

(Building Industry Association of Southern California/ Greater Los Angeles Ventura 

Chapter (BIAGLA/ VC), California State Dept. of Health Services, Calleguas Water 

District, California Stormwater Quality Association (CASQA), City of Downey, City 

of Los Angeles-EMD, Collation for Practical Regulation (CPR), Construction 
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Industry Coalition on Water Quality (CICWQ), County of Orange, Geosyntec 

Consultants, Golden State, Heal The Bay; Local Government commission, Los 

Angeles City; Los Angeles County Department of Public Works, Los Angeles 

County-SD, Los Angeles Department of Water & Power, Metropolitan Water 

District, Natural Resources Defense Council (NRDC), Richard Watson Association, 

San Bernardino Flood Control District, Santa Monica Bay Restoration Commission, 

Southern California Coastal Water Research Project, University of California Sea 

Grant, Ventura CoastKeeper).  On April 5, 2007 and September 20, 2007 the 

Regional Water Board conducted workshops to discuss drafts of the NPDES Order 

and received input from the Permittees and the public regarding proposed changes. 

 

4. This Order shall serve as a NPDES permit, pursuant to CWA § 402, and shall take 

effect 90 days from Order adoption date (August 5, 2009) provided the Regional 

Administrator of the U.S. EPA has no objections. 

 

5. Pursuant to Cal. Water Code § 13320, any aggrieved party may seek review of this 

Order by filing a petition with the State Board within 30 days of the date of adoption 

of the Order by the Regional Water Board.  A petition must be sent to: 

 

State Water Resources Control Board 

Office of the Chief Counsel 

P.O. Box 100 

Sacramento, CA  95812-0100 

 

6. This Order may be modified or alternatively revoked or reissued prior to its 

expiration date or any administrative extension thereto, in accordance with  

40 CFR122.41(f) and 122.62. 

 

 

IT IS HEREBY ORDERED that the Permittees, in order to meet the provisions contained in 

Division 7 of the Cal. Water Code and regulations adopted thereunder, and the provisions of the 

CWA and regulations adopted thereunder, shall comply with the following: 

 

 

PART 1 - DISCHARGE PROHIBITIONS 

 

A. Prohibitions - Non-Storm Water Discharges 

1.      The Permittees shall, within their respective jurisdictions, effectively prohibit non-

storm discharges into the MS4 and receiving waters, except where such discharges: 

(a) Originate from a State, Federal, or other source for which they are pre-empted 

from regulating by State or Federal law; or 

(b) Are covered by a separate individual or general NPDES permit, or conditional 

waiver for irrigated lands; or 

(c) Flows from fire fighting activities. 
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(d) Fall within one of the categories below, are not a source of pollutants that exceed 

water quality standards, and meet all conditions where specified by the Regional 

Water Board Executive Officer: 

(1)    Category A – Natural flows 

(A) Stream diversions authorized by the State Water Board 

(B) Natural springs and rising ground water 

(C) Uncontaminated ground water infiltration                                                 

[as defined by 40 CFR35.2005(20)]
1
 

(D) Flows from riparian habitats or wetlands  

(2)    Category B – Flows incidental to urban activities, providing conditions 

listed in table below:    

(A) Discharges from potable water sources
2
  

(B) Gravity flow from foundation, footing and crawl space drains. 

(C) Air conditioning condensate 

(D) Reclaimed and potable landscape irrigation runoff 

(E) Dechlorinated/ debrominated swimming pool discharges [see def. part 

6] 

(F) Non-commercial car washing by residents or non-profit organizations 

(G) Sidewalk rinsing  

(H) Pooled non-storm water from treatment BMPs
3
 

 

Table 1 – Required Conditions for Non-Storm Water Discharges 

Type of 

Discharges: 

Conditions under which allowed: Required conditions for 

discharge to occur: 

Stream diversions 

permitted by the 

State Board 

Authorization by the State Water Board Permittees shall comply with all 

conditions in the authorization. 

Natural springs and 

rising ground water 

1. Ground water dewatering requires a 

separate NPDES permit.  2. Segregate flow to 

prevent introduction of pollutants. 

Permittees shall comply with all 

conditions in the authorization. 

Uncontaminated 

ground water 

infiltration [as 

defined by 40 CFR 

35.2005(20)] 

NPDES permit for ground water dewatering is 

required within the Los Angeles Region 

including Ventura County 

Permittees shall comply with all 

conditions in the authorization. 

                                                           

 
1
 NPDES permit for ground water dewatering is required within the Los Angeles Region including Ventura County. 

2
 The term applies to low volume, incidental and infrequent releases that are innocuous from a water quality 

perspective. Those releases for dewatering or hydro-testing or flushing of water supply and distribution mains and 

incidental and infrequent releases from well heads shall be allowed with the implementation of appropriate BMPs 

until such time as a new General Permit is adopted that addresses those types of releases.  Discharges from 

hydrostatic pipe testing shall be subject to separate NPDES general permit coverage (CAG674001) and discharges 

from utility vaults shall be conducted under coverage of a separate NPDES permit specific to that activity. 
3 All storm water BMPs shall at a minimum be maintained at a frequency as specified by the manufacturer, and 

designed to drain within 72 hours of the end of a rain. Storm water treatment BMPs may be drained to the MS4 

under this Order if the discharge is not a source of pollutants.  Sediments shall be disposed of properly, in 

compliance with all applicable local, state, and federal policies, acts, laws, regulations, ordinances, and statutes. 
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Type of 

Discharges: 

Conditions under which allowed: Required conditions for 

discharge to occur: 

(Utility vault 

dewatering requires 

a separate NPDES 

permit.) 

Flows from riparian 

habitats or wetlands 

Provided that all necessary permits or 

authorizations are received prior to diverting 

the stream flow. 

Permittees shall comply with all 

conditions in the authorization. 

Discharges from 

potable water 

sources 

See Footnote #2. 

 

Provided discharges from water lines and 

potable water sources shall be dechlorinated, 

pH adjusted if necessary, reoxygenated, and 

volumetrically and velocity controlled to 

prevent resuspension of sediments. 

 

See Footnote #2. To be 

discharged, this type of water 

shall be dechlorinated using 

aeration and/ or sodium 

thiosulfate and/ or other 

appropriate means and/or be 

allowed to infiltrate to the 

ground. BMPs such as sand 

bags or gravel bags, or other 

appropriate means shall be 

utilized to prevent sediment 

transport. All sediments shall be 

collected and disposed of in a 

legal and appropriate manner. 

Drains for 

foundation, footing 

and crawl drains 

Dewatering requires a separate NPDES 

permit. 

 

Permittees shall comply with all 

conditions in the authorization. 

Air conditioning 

condensate 

Segregation of flow to prevent introduction of 

pollutants.  Percolation whenever possible. 

Permittees shall comply with all 

conditions in the authorization. 

Water from crawl 

space pumps 

Dewatering requires a separate NPDES permit 

within the Los Angeles Region including 

Ventura County 

Permittees shall comply with all 

conditions in the authorization. 

Reclaimed and 

potable landscape 

irrigation runoff 

Segregation of flow to prevent introduction of 

pollutants. 

Implement conservation 

programs to minimize this type 

of discharge by using less 

water.  

Dechlorinated/  

debrominated 

swimming pool 

discharges [see 

definition Part 6] 

Where the discharge is not excepted by the 

sanitary sewer operator.  Swimming pool 

discharges are to be dechlorinated, pH 

adjusted if necessary, aerated to remove 

chlorine if necessary, and volumetrically and 

velocity controlled to prevent resuspension of 

sediments. 

 

Cleaning waste water and filter back wash 

shall not be discharged to municipal separate 

storm sewers. 

 

No discharges are allowed containing salts in 

excess of Water Quality Standards. 

Pool water may be 

dechlorinated using time, 

aeration, and/ or sodium 

thiosulfate. 
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Type of 

Discharges: 

Conditions under which allowed: Required conditions for 

discharge to occur: 

 

Chlorine residual in discharge shall not 

exceed 0.1mg/L. 

Non-commercial 

car washing by 

residents or non-

profit organizations 

Preferably at a commercial carwash or 

designated area where wash water can 

percolate. Pumps or vacuums may be used to 

direct water to pervious areas. 

Permittees shall comply with all 

conditions in the authorization. 

Sidewalk rinsing This may be undertaken only if high pressure 

low volume is used as described in the 

glossary under “Sidewalk Rinsing”. 

 

Pooled storm water 

from treatment 

BMPs 

All storm water BMPs shall at a minimum be 

maintained at a frequency as specified by the 

manufacturer.  All storm water BMPs shall be 

designed to drain within 72 hours of the end 

of the rain event to avoid the breeding of 

vectors. Storm water treatment BMPs may be 

drained to the MS4 under this Order if the 

discharge is not a source of pollutants.  The 

discharge shall cease before the discharge has 

become a source of a pollutant(s), (bottom 

sediment included).  Sediments shall be 

disposed of properly, in compliance with all 

applicable local, state, and federal policies, 

acts, laws, regulations, ordinances, and 

statutes. 

 

 

2. If the Regional Water Board Executive Officer determines that any of the preceding 

categories of non-storm water discharges are a source of pollutants that exceed water 

quality standards, the Permittee(s) shall either:  

(a) Prohibit the discharge from entering the MS4; or 

(b) Authorize the discharge category and require implementation of appropriate or 

additional BMPs to ensure that the discharge will not be a source of pollutants; or 

(c) Require or obtain coverage under a separate RWQCB or SWRCB permit for 

discharge into the MS4. 

 

 

PART 2 – RECEIVING WATER LIMITATIONS 

 

1. Discharges from the MS4 that cause or contribute to a violation of water quality 

standards are prohibited. 

 

2. Discharges from the MS4 of storm water, or non-storm water, for which a Permittee 

is responsible, shall not cause or contribute to a condition of nuisance. 
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3. The Permittee shall comply with Receiving Water Limitations 1 and 2 through timely 

implementation of control measures and other actions to reduce pollutants in the 

storm water discharges in accordance with the requirements of this Order including 

any modifications.  The Permittees’ Program shall be designed to achieve compliance 

with Receiving Water Limitations 1 and 2.  If exceedance(s) of water quality 

objectives or water quality standards (collectively WQS) persist, notwithstanding 

implementation of this permit, the Permittees shall ensure compliance with Receiving 

Water Limitations 1 and 2 by complying with the following procedure: 

(a) Upon determination by either the Permittees or the Regional Water Board that 

discharges are causing or contributing to an exceedance of an applicable WQS, 

the Permittee(s) upstream of the point of discharge shall promptly notify and 

thereafter submit a report to the Regional Water Board Executive Officer that 

describes BMPs that are currently being implemented and additional BMPs that 

will be implemented to prevent or reduce any pollutants that are causing or 

contributing to the exceedance of WQSs. The report may be included with the 

Annual Report, unless the Regional Water Board Executive Officer directs an 

earlier submittal.  The Regional Water Board Executive Officer may require 

modifications to the report. 

(b) Submit any modifications to the report required by the Regional Water Board 

Executive Officer within 30 days of notification. 

(c) Within 30 days following approval of the Report described above by the Regional 

Water Board Executive Officer, the Permittees shall revise their Program and 

monitoring program to incorporate the approved modified BMPs that have been 

and will be implemented, the implementation schedule, and any additional 

monitoring required. 

(d) Implement the revised Program and monitoring program according to the 

approved schedule. 

 

4. Permittees shall annually report the effectiveness of BMPs in reducing exceedances 

of receiving water limitations.  The Regional Board Executive Officer may direct 

implementation of additional BMPs if there are continuing or recurring exceedances 

of the same receiving water limitation.   

 

 

PART 3 - STORM WATER QUALITY MANAGEMENT PROGRAM 

IMPLEMENTATION 

 

A. General Requirements 

 

1. Each Permittee shall, at a minimum, adopt and implement applicable terms of this 

Order within its jurisdictional boundary.  The Principal Permittee shall be responsible 

for program coordination as described in this Order as well as compliance with 

applicable portions of the permit within its jurisdiction.  This Order shall be 

implemented no later than August 5, 2009, unless a later date has been specified for a 
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particular provision in this Order and provided the Regional Administrator of the U.S. 

EPA has no objections. 

 

2. Each Permittee shall comply with the requirements of 40 CFR122.26(d)(2) and 

implement programs and control measures so as to reduce the discharges of pollutants 

in storm water to the MEP and achieve water quality standards. 

 

3. Each Permittee shall require that treatment control BMPs being implemented under 

the provisions of this Order shall be designed, at a minimum, to achieve the BMP 

performance criteria for storm water pollutants likely to be discharged as identified in 

Attachment “C”, for an 85th percentile 24-hour runoff event determined as the 

maximized capture storm water volume for the area using a 48 to 72-hour draw down 

time, from the formula recommended in Urban Runoff Quality Management, WEF 

Manual of Practice No. 23/ASCE Manual of Practice No. 87, (1998). Expected BMP 

pollutant removal performance for effluent quality was developed from the WERF-

ASCE/ U.S. EPA International BMP Database.  Permittees shall select Treatment 

BMPs based on the primary class of pollutants likely to be discharged from the 

site/facility (e.g. metals from an auto repair shop).  Permittees may develop guidance 

for appropriate Treatment BMPs for project type based on Attachment “C”.  For the 

treatment of pollutants causing impairments within the drainage of the impaired 

waterbody, permittees shall select BMPs from the top three performing BMP 

categories or alternative BMPs that are designed to meet or exceed the performance 

of the highest performing BMP for the pollutant causing impairment. 

 

4. Each Permittee shall implement programs and measures to comply with the TMDLs' 

WLAs for the MS4 as specified in Part 5.  

 

5. If TMDL requirements, including Implementation Plans and Reports, address 

substantially similar requirements as the MS4 permit, the Executive Officer may 

approve the applicable reports, plans, data or submittals under the applicable TMDL 

as fulfilling requirements under the MS4. 

 

B. Legal Authority 

 

1. Permittees shall possess the necessary legal authority to prohibit, including, but not 

limited to: 

(a) Illicit connections and illicit discharges, and to remove illicit connections. 

(b) The discharge of non-storm water to the MS4 from: 

(1) Washing or cleaning of gas stations, auto repair garages, or other types of 

automotive service facilities 

(2) Mobile auto washing, carpet cleaning, steam cleaning, sandblasting and 

other such mobile commercial and industrial operations 

(3) Areas where repair of machinery and equipment which are visibly leaking 

oil, fluid or antifreeze, is undertaken 
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(4) Storage areas for materials containing grease, oil, or other hazardous 

substances, and uncovered receptacles containing hazardous materials 

(5) Swimming pools
1
 that have a concentration greater than: 

(A) Chlorine/ bromine- 0.1mg/L 

(B) Chloride- 250mg/L 

(6) Swimming pool filter backwash 

(7) Decorative fountains and ponds 

(8) Industrial/ Commercial areas, including restaurant mats 

(9) Concrete truck cement, pumps, tools, and equipment washout 

(10) Spills, dumping, or disposal of materials other, such as: 

(A) Litter, landscape and construction debris, garbage, food, animal waste, 

fuel or chemical wastes, batteries, and any other materials which have 

the potential to adversely impact water quality; and  

(B) Any pesticide, fungicide or herbicide 

(11) Stationary and mobile pet grooming facilities 

(12) Trash container leachate 

 

2. The Permittees shall possess adequate legal authority to: 

(a) Control through interagency agreement, the contribution of pollutants from one 

portion of the MS4 to another portion of the MS4. 

(b) Require persons within their jurisdiction to comply with conditions in the 

Permittees' ordinances, permits, contracts, model programs, or orders (i.e. hold 

dischargers to its MS4 accountable for their contributions of pollutants and 

flows). 

(c) Utilize enforcement measures (e.g., stop work orders, notice of violations, fines, 

referral to City, County, and/ or District Attorneys, referral to strikeforces, etc.) 

by ordinances, permits, contracts, orders, administrative authority, and civil and 

criminal prosecution.
2
 

(d) Control pollutants, including potential contribution
3
 in discharges of storm water 

runoff associated with industrial activities, including construction activities to its 

MS4, and control the quality of storm water runoff from industrial sites, including 

construction sites. 

 

(e) Carry out all inspections, surveillance and monitoring procedures necessary to 

determine compliance and non-compliance with permit conditions including the 

prohibition on illicit discharges to the MS4. 

(f) Require the use of control measures to prevent or reduce the discharge of 

pollutants to achieve water quality objectives. 

(g) Require that Treatment Control BMPs be properly operated and maintained. 

 

                                                           

 
1
 MS4s discharging directly to the ocean are not subject to this prohibition.   

2
In the case of private responsible parties such as, HOAs, the Permittee must retain enforcement authority. 

3
 “Potential contributions” and “potential to discharge,” means adequate legal authority to prevent an actual 

discharge of pollutants to the municipal separate storm sewer system. 
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3. Each Permittee has adopted a Storm Water Quality Ordinance based upon a 

countywide model.  Each Permittee shall ensure, no later than May 7, 2011, that its 

Storm Water Quality Ordinance authorizes the Permittee to enforce all requirements 

of this Order. 

 

4. Each Permittee shall submit no later than two years after Order adoption date, a 

statement by its legal counsel that the Permittee has obtained and possesses all 

necessary legal authority to comply with this Order through adoption of ordinances 

and/ or municipal code modifications. 

 

C. Fiscal Resources 

 

1. The Permittees shall implement the activities required to comply with the provisions 

of this Order.
1
  Each Permittee shall: 

(a) Submit an Annual Budget Summary that shall include: 

(1) Budgets for the upcoming report year (estimated expenditure) for the 

following specific categories (estimated percentages and written 

explanations where necessary): 

(A) Program Management Activities. 

(i) Overall Administrative costs 

(B) Program Implementation Activities (permit related activities only).  

Provide figures breakdown of expenditures for the categories below: 

(i) Illicit connection/ illicit discharge program. 

(ii) Development planning and approval 

(iii) Construction program including inspection activities 

(iv) Industrial/ Commercial program including inspection activities 

(v) Public Agency Activities 

(I) Maintenance and inspection of Treatment Control BMPs 

(II) Municipal Street Sweeping  

(III) Municipal Drainage Maintenance including catch basin 

clean-outs  

(IV) Other costs associated with storm water management 

(describe) 

(vi) Public Information and Participation. 

(vii) Monitoring Program 

(viii) Miscellaneous Expenditures (describe) 

 

D. Modifications/ Revisions  

 

1. No later than two years after the Order adoption date, each Permittee shall modify its 

storm water management programs, protocols, practices, and municipal codes to 

make them consistent with the requirements herein.  

                                                           

 
1
 The sources of funding may be the general funds, and/or Benefit Assessment, plan review fees, permit fees, 

industrial/ commercial user fee, revenue bonds, grants or other similar funding mechanism. 
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E. Designation and Responsibilities of the Principal Permittee 

 

1. The Ventura County Watershed Protection District is hereby designated as the 

Principal Permittee.  The Principal Permittee shall: 

(a) Participate in the County Environmental Crimes Task Force 

(b) Coordinate and facilitate activities necessary to comply with the requirements of 

this Order, but the Principal Permittee is not responsible for ensuring compliance of 

any other individual Permittee 

(c) Coordinate permit activities among Permittees and act as liaison between the 

Permittees and the Regional Water Board on permitting issues 

(d) Provide technical and administrative support for committees that will be organized 

to implement this Order and its requirements 

(e) Evaluate, assess, and synthesize the results of the monitoring program and the 

effectiveness of the implementation of BMPs 

(f) Convene the Committee Meetings constituted pursuant to subpart 4.F.1., below, 

upon designation of representatives 

(g) Implement the Countywide Monitoring Program required under the Order and 

evaluate, assess and synthesize the results of the monitoring program 

(h) Provide personnel and fiscal resources for the collection, processing and submittal 

to the Regional Water Board of monitoring and annual reports, and summaries of 

other reports required under this Order 

 

F. Responsibilities of the Permittees 

 

1. Each Permittee is required to comply with the requirements of this Order applicable to 

discharges within its boundaries (see Findings- Permit Coverage D.1 and D.2).  

Permittees are not responsible for the implementation of the provisions applicable to 

the Principal Permittee or other Permittees.  Each Permittee shall: 

(a) Comply with the requirements of this Order and any modifications thereto 

(b) Coordinate among its internal departments and agencies, as necessary, to facilitate 

the implementation of the requirements of this Order applicable to such Permittees 

in an efficient and cost-effective manner 

(c) Participate in intra-agency coordination (e.g., Planning Department, Fire 

Department, Building and Safety, Code Enforcement, Public Health, Parks and 

Recreation, and others) necessary to successfully implement the provisions of this 

Order 

(d) Report, in addition to the Budget Summary, any supplemental dedicated budgets for 

the same categories 

(e) Participate in Committee Meetings, as necessary 
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PART 4 - SPECIAL PROVISIONS (BASELINE) 

 

A. General Requirements 

 

1. This Order and the provisions herein are intended to develop, achieve, and implement 

a timely, comprehensive, cost-effective storm water pollution control program to 

reduce the discharge of pollutants in storm water to the MEP and not cause or 

contribute to exceedances of water quality standards for the permitted areas in the 

County of Ventura.  

 

2. Best Management Practice Substitution 

(a) The Regional Water Board Executive Officer may approve any site-specific BMP 

substitution upon written request by a Permittee(s) and after public notice, if the 

Permittee can document that: 

(1) The proposed alternative BMP or program will meet or exceed the objective 

of the original BMP or program in the reduction of storm water pollutants. 

(2) The fiscal burden of the original BMP or program is greater than the 

proposed alternative and does not achieve a greater improvement in storm 

water quality. 

(3) The proposed alternative BMP or program will be implemented within a 

similar period of time. 

(4) BMP substitution will be in accordance with the public review provisions of 

the Order (Part 7.C.1 and Part 7.C.2). 

 

B. Watershed Initiative Participation 

 

1. The Principal Permittee shall participate in water quality meetings for watershed 

management and planning, including but not limited to the following: 

(a) Southern California Stormwater Monitoring Coalition (SMC) 

(b) Other Watershed planning groups as appropriate 

 

2. The Principal Permittee shall participate in the following regional water quality 

programs, and projects for watershed management and planning: 

(a) SMC Regional Monitoring Programs 

(1) Southern California Regional Bioassessment 

(A) Level of effort per watershed 

(i) Probabilistic sites per watershed 

(I) Ventura River - Six  

(II) Santa Clara River - Three 

(III) Calleguas Creek - Six 

(ii) Integrator sites per watershed 

(I) Ventura River - One 

(II) Santa Clara River - One 

(III) Calleguas Creek – One 

(iii)  Fixed bioassessment sites 
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(I)     The Permittees shall perform bioassessment at one fixed 

urban site in each major watershed. Site selection shall be 

determined by the results of the first year SMC results, as 

approved by the Executive Officer. 

(b) Southern California Bight Projects 

(1) Regional Monitoring Survey – 2008, and successive years. 

 

C. Public Information and Participation Program (PIPP) 

 

1. The Principal Permittee shall implement a Public Information and Participation 

Program (PIPP) that includes, but is not limited to, the requirements listed in this part.  

The Principal Permittee shall coordinate with Permittees to implement specific PIPP 

requirements.  The objectives of the PIPP are as follows: 

(a) To increase the knowledge of the target audience about the MS4, the adverse 

impacts of storm water pollution on receiving waters and potential solutions to 

mitigate the impacts 

(b) To change the waste disposal and storm water pollution generation behavior of 

target audiences by encouraging implementation of appropriate solutions 

(c) To involve and engage communities in Ventura County to participate in 

mitigating the impacts of storm water pollution 

 

2. Residential Program 

(a) "No Dumping" Message 

 Each Permittee shall label all storm drain inlets that they own with a legible “no 

dumping” message.  In addition, signs with prohibitive language discouraging 

illegal dumping shall be posted at designated public access points to creeks, other 

relevant waterbodies, and channels.  Signage and storm drain messages shall be 

legible and maintained. 

(b) Public Reporting 

 Each Permittee shall identify staff who will serve as the contact person(s) for 

reporting clogged catch basin inlets and illicit discharges/dumping, faded or 

missing catch basin labels, and general storm water management information. 

Permittees shall include this information, updated by July 1 of each year, in public 

information media such as the government pages of the telephone book, and 

internet web sites.  The Principal Permittee shall compile a list of the general 

public reporting contacts submitted by all Permittees and make this information 

available on the web site (http://www.vcstormwater.org/contact.htm) and upon 

request.  Each Permittee is responsible for providing current, updated information 

to the Principal Permittee. 

(c) Outreach and Education 

(1) Collaboratively, the Permittees shall implement the following activities: 

(A) Conduct a Storm Water pollution prevention advertising campaign. 

(B) Conduct Storm Water pollution prevention public service 

announcements. 
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(C) Distribute storm water pollution prevention public education materials 

within 365 days of the adoption of this Order (i.e. May 7, 2010) to:  

(i) Automotive parts stores 

(ii) Home improvement centers/ lumber yards/ hardware stores 

(iii) Pet shops/ feed stores 

(D) Public education materials shall include, but are not limited to 

information on the proper disposal, storage, and use of: 

(i) Vehicle waste fluids 

(ii) Household waste materials  

(iii) Construction waste materials  

(iv) Pesticides and fertilizers (including integrated pest management 

practices-IPM)  

(v) Green waste (including lawn clippings and leaves) 

(vi) Animal wastes 

(E) Work with existing local watershed groups or organize watershed 

Citizen Advisory Groups/ Committees to develop effective methods to 

educate the public about storm water pollution no later than  

May 7, 2010.   

(F) Organize events targeted to residents and population subgroups; and 

(G) Maintain the Countywide storm water website 

(www.vcstormwater.org), which shall include educational material 

listed in the preceding subpart C.2(c)(1)(D). 

(2) The Principal Permittee shall develop a strategy to educate ethnic 

communities through culturally effective methods.  Details of this strategy 

should be incorporated into the PIPP, and implemented, no later than  

May 7, 2010. 

(3) Each Permittee shall continue the existing outreach program to residents on 

the proper disposal of litter, green waste, pet waste, proper vehicle 

maintenance, lawn care and water conservation practices.   

(4) Each Permittee shall conduct educational activities within its jurisdiction 

and participate in countywide events. 

(5) The Permittees shall make a minimum of 5 million impressions per year to 

the general public related to storm water quality, with a minimum of 2.5 

million impressions via newspaper, local TV access, local radio and/ or 

internet access. 

(6) The Principal Permittee, in cooperation with the Permittees, shall provide 

schools within each School District in the County with materials, including, 

but not limited to, videos, live presentations, and other information 

necessary to educate a minimum of 50 percent of all school children (K-12) 

every 2 years on storm water pollution.  Alternatively, a Permittee may 

submit a plan to the Regional Water Board Executive Officer for 

consideration no later than August 5, 2009 (90 days after adoption of the 

Order), to provide outreach in lieu of the school curriculum.  Pursuant to 

Water Code section 13383.6, the Permittees, in lieu of providing educational 

materials/ funding to School Districts in the County, may opt to provide an 
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equivalent amount of funds or fraction thereof to the Environmental 

Education Account established within the State Treasury.  

(7) Each Permittee shall provide the contact information for their appropriate 

staff responsible for storm water public education activities to the Principal 

Permittee and contact information changes no later than 30 days after a 

change occurs. 

(8) The Permittees shall develop and implement a behavioral change assessment 

strategy no later than May 7, 2010, in order to determine whether the PIPP 

is demonstrably effective in changing the behavior of the public.  The 

strategy shall be developed based on current sociological data and studies. 

(d) Pollutant-Specific Outreach 

The Principal Permittee, in cooperation with the Permittees, shall coordinate to 

develop outreach programs that focus on metals, urban pesticides, bacteria and 

nutrients as the pollutants of concern no later than May 7, 2010.  Metals may be 

appropriately addressed through the Industrial/ Commercial Facilities Program 

(e.g. the distribution of educational materials on appropriate BMPs for metal 

fabrication and recycling facilities that have been identified as a potential source).  

Region-wide pollutants may be included in the Principal Permittee's mass media 

outreach program. 

 

3. Businesses Program 

(a) Corporate Outreach 

(1) The Permittees shall work with other regional or statewide agencies and, 

associations such as the California Storm Water Quality Association 

(CASQA), to develop and implement a Corporate Outreach program to 

educate and inform corporate franchise operators and/or local facility 

managers about storm water regulations and BMPs.  Once developed, the 

program shall target a minimum of four Retail Gasoline Outlets (RGO) 

franchisers and cover a minimum of 80% of RGO franchisees in the county, 

four retail automotive parts franchisers, two home improvement center 

franchisers and six restaurant franchisers.  Corporate outreach for all target 

facilities shall be conducted not less than twice during the term of this 

Order, with the first outreach contact to begin no later than two years after 

Order adoption date.  At a minimum, this program shall include: 

(A) Confer with franchise operators and/or local facility managers to 

explain storm water regulations. 

(B) Distribution and discussion of educational material regarding storm 

water pollution and BMPs, and provide managers with 

recommendations to facilitate employee and facility compliance with 

storm water regulations. 

(b) Business Assistance Program 

(1) The Permittees shall implement a Business Assistance Program to provide 

technical information to small businesses to facilitate their efforts to reduce 

the discharge of pollutants in storm water.  The Program shall include: 
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(A) On-site, telephone or e-mail consultation regarding the responsibilities 

of businesses to reduce the discharge of pollutants, procedural 

requirements, and available guidance documents. 

(B) Distribution of storm water pollution prevention education materials to 

operators of auto repair shops, car wash facilities (including mobile car 

detailing), mobile carpet cleaning services, commercial pesticide 

applicator services and restaurants. 

 

D. Industrial/ Commercial Facilities Program 

 

I.      Each Permittee shall require implementation of pollutant reduction and control 

measures, unless precluded by local ordinances, at industrial and commercial 

facilities, with the objective of reducing pollutants in storm water.  Except where 

specified otherwise in this Order, pollutant reduction and control measures may be 

used alone or in combination, and may include Treatment Control, Source Control 

BMPs, and operation and maintenance procedures, which may be applied before, 

during, and/ or after pollutant generating activities.  At a minimum, the Industrial/ 

Commercial Facilities Control Program shall include requirements to: 

(a) Track 

(b) Inspect 

(c) Ensure compliance with municipal ordinances at industrial and commercial 

facilities that are critical sources of pollutants in storm water 

1. Inventory of Critical Sources 

(a) Each Permittee shall maintain a watershed-based inventory or database of all 

facilities within its jurisdiction that are critical sources of storm water pollution.  

Critical Sources to be tracked are summarized below, and specified in  

Attachment "D": 

(1) Commercial Facilities 

(A) Restaurants 

(B) Automotive service facilities 

(C) RGOs and automotive dealerships 

(D) Nurseries and nursery centers 

(2) U.S. EPA Phase I, II Facilities 

(3) Other Federally-mandated Facilities [as specified in                                     

40 CFR122.26(d)(2)(iv)(C)] 

(A) Municipal landfills 

(B) Hazardous waste treatment, disposal, and recovery facilities 

(C) Facilities subject to SARA Title III (also known as the Emergency 

Planning and Community Right-to-Know Act (EPCRA)) 

(b) Each Permittee shall include the following minimum fields of information for 

each critical source industrial and commercial facility 

(1) Name of facility and name of owner/ operator. 

(2) Address of facility 

RB-AR6853



NPDES No. CAS004002                                                                                    Order No. 09-0057 

Ventura County Municipal Separate Storm Sewer System Permit 

 

 

May 7, 2009  

Final – Corrected January 13, 2010 - 42 of 120 - 

 

(3) Coverage under the IASGP or other individual or general NPDES 

permits or any applicable waiver issued by the Regional or State Board 

pertaining to runoff discharges. 

(4) A narrative description including Standard Industrial Classification 

(SIC) System/ North American Industry Classification System 

(NAICS) codes that best describe the industrial activities performed 

and principal products used at each facility and status of exposure to 

storm water. 

(c) The Regional Water Board recommends that Permittees include additional fields 

of information, such as material usage and/ or industrial output, and discrepancies 

between SIC System/ NAICS Code designations (as reported by facility 

operators) and identify the actual type of industrial activity that has the potential 

to pollute storm water.  In addition, the Regional Water Board recommends the 

use of an automated database system, such as a Geographical Information System 

(GIS) or Internet-based system. 

(d) Each Permittee shall update its inventory of critical sources at least annually.  The 

update may be accomplished through collection of new information obtained 

through field activities or through other readily available inter and intra-agency 

informational databases (e.g. business licenses, pretreatment permits, sanitary 

sewer hook-up permits, and similar information). 

 

2. Inspect Critical Sources 

(a) Commercial Facilities 

Permittee shall inspect all facilities identified in subpart 4.D.1. twice during the  

5-year term of the Order, provided that the first inspection occurs no later than 

May 7, 2011.  A minimum interval of 6 months between the first and the second 

mandatory compliance inspection is required.  In addition, each Permittee shall 

implement the activities outlined in the following subparts.  At each facility, 

inspectors shall verify that the operator is implementing the source control BMPs.  

The Permittees may require implementation of additional BMPs where storm 

water flows from the MS4 discharge to an environmentally sensitive area (ESA, 

see Part 6 for definition) or a CWA § 303(d) listed waterbody (see subpart 3(b) 

below).   
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(1) Restaurants- 

Level of inspections: Each Permittee shall inspect all restaurants within its 

jurisdiction to confirm that storm water BMPs are being effectively 

implemented in compliance with State law, County and municipal 

ordinances.  BMPs in Table 2 (BMPs at Restaurants) shall be implemented, 

unless the pollutant generating activity does not occur. 

 

 

Table 2 - BMPs at Restaurants  

Pollutant-Generating Activity BMP Narrative Description 2003 California Stormwater 

BMP Handbook 

Industrial and Commercial 

BMP Identification # 

Waste/ Hazardous Materials 

Storage, Handling and Disposal   

Implementation of effective 

storage, handling and disposal 

procedures for hazardous 

materials.   

By Municipality 

Unauthorized Non-Storm Water 

Discharges 

Effective elimination of non-storm 

water discharges. 

SC-10 

Accidental Spills/ Leaks Implementation of effective spills/ 

leaks prevention and response 

procedures. 

SC-11 

Outdoor Storage of Raw Materials  Implementation of effective source 

control practices and structural 

devices. 

SC-33 

Storage and Handling of Solid 

Waste 

Implementation of effective solid 

waste storage/ handling practices 

and appropriate control measures 

SC-34 

Parking/ Storage Area 

Maintenance 

Implementation of effective 

parking/ storage area designs and 

housekeeping/ maintenance 

practices  

SC-43 

 

Storm Water Conveyance System 

Maintenance  

Implementation of proper 

conveyance system operation and 

maintenance protocols. 

SC-44 
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(2) Automotive Service Facilities- 

Level of Inspection: Each Permittee shall confirm that BMPs are being 

effectively implemented at each facility within its jurisdiction, in 

compliance with County and municipal ordinances.  The inspections shall 

verify that BMPs in Table 3 (BMPs at Automotive Service Facilities) are 

being implemented, unless the pollutant generating activity does not occur. 

 

 

Table 3 - BMPs at Automotive Service Facilities 

Pollutant-Generating Activity BMP Narrative Description 2003 California Stormwater 

BMP Handbook 

Industrial and Commercial 

BMP Identification # 

Unauthorized Non-Storm Water 

Discharges 

Effective elimination of non-storm 

water discharges. 

SC-10 

Accidental Spills/ Leaks Implementation of effective spills/ 

leaks prevention and response 

procedures. 

SC-11 

Vehicle/ Equipment Fueling Implementation of effective fueling 

source control devices and 

practices. 

SC-20 

Vehicle/ Equipment Cleaning Implementation of effective 

equipment/ vehicle cleaning 

practices and appropriate wash 

water management practices 

SC-21 

Vehicle/ Equipment Repair Implementation of effective 

vehicle/ equipment repair practices 

and source control devices. 

SC-22 

Outdoor Liquid Storage Implementation of effective outdoor 

liquid storage source controls and 

practices. 

SC-31 

Outdoor Storage of Raw 

Materials  

Implementation of effective source 

control practices and structural 

devices. 

SC-33 

Storage and Handling of Solid 

Waste 

Implementation of effective solid 

waste storage/ handling practices 

and appropriate control measures 

SC-34 

Parking/ Storage Area 

Maintenance 

Implementation of effective 

parking/ storage area designs and 

housekeeping/ maintenance 

practices  

SC-43 

 

Storm Water Conveyance System 

Maintenance Practices 

Implementation of proper 

conveyance system operation and 

maintenance protocols. 

SC-44 
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(3) Retail Gasoline Outlets and Automotive Dealerships- 

Level of Inspections: Each Permittee shall confirm that BMPs are being 

effectively implemented at each facility within its jurisdiction, in 

compliance with County and municipal ordinances.  The inspections shall 

verify that BMPs in Table 4 (BMPs at Retail Gasoline Outlets) are being 

implemented, unless the pollutant generating activity does not occur. 

 

 

Table 4 - BMPs at Retail Gasoline Outlets 

Pollutant-Generating Activity BMP Narrative Description 2003 California Stormwater 

BMP Handbook 

Industrial and Commercial 

BMP Identification # 

Unauthorized Non-Storm Water 

Discharges 

Effective elimination of non-storm 

water discharges. 

SC-10 

Accidental Spills/ Leaks Implementation of effective spills/ 

leaks prevention and response 

procedures. 

SC-11 

Vehicle/ Equipment Fueling Implementation of effective 

fueling source control devices and 

practices. 

SC-20 

Vehicle/ Equipment Cleaning Implementation of effective wash 

water control devices.  

SC-21 

Outdoor Storage of Raw Materials  Implementation of effective source 

control practices and structural 

devices. 

SC-33 

Storage and Handling of Solid 

Waste 

Implementation of effective solid 

waste storage/ handling practices 

and appropriate control measures 

SC-34 

Building and Grounds 

Maintenance 

Implementation of effective 

facility maintenance practices. 

SC-41 

Parking/ Storage Area 

Maintenance 

Implementation of effective 

parking/ storage area designs and 

housekeeping/ maintenance 

practices  

SC-43 
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(4) Commercial Nurseries and Nursery Centers (Merchant Wholesalers, 

Nondurable Goods, and Retail Trade)- 

Level of Inspection: Each Permittee shall confirm that BMPs are being 

effectively implemented at each facility within its jurisdiction, in 

compliance with County and municipal ordinances.  The inspections shall 

verify that BMPs in Table 5 (BMPs at Nurseries) are being implemented, 

unless the pollutant generating activity does not occur. 

 

 

Table 5 - BMPs at Nurseries 

Pollutant-Generating Activity BMP Narrative Description 2003 California Stormwater 

BMP Handbook 

Industrial and Commercial 

BMP Identification # 

Unauthorized Non-Storm Water 

Discharges 

Effective elimination of non-storm 

water discharges. 

SC-10 

Outdoor Loading/ Unloading Implementation of effective 

outdoor loading/ unloading 

practices. 

SC-30 

Outdoor Liquid Storage Implementation of effective 

outdoor liquid storage source 

controls and practices. 

SC-31 

Outdoor Equipment Operations Implementation of effective 

outdoor equipment source control 

devices and practices. 

SC-32 

Outdoor Storage of Raw Materials  Implementation of effective source 

control practices and structural 

devices. 

SC-33 

Building and Grounds 

Maintenance 

Implementation of effective 

facility maintenance practices. 

SC-41 

 

(b) Industrial Facilities 

Each Permittee shall conduct compliance inspections as specified below. 

(1) Frequency of Inspection 

(A) Each Permittee shall perform an initial inspection at all industrial 

facilities identified by the U.S. EPA in 40 CFR122.26(c) no later than 

2 years after Order adoption date.  After the initial inspection, all 

facilities determined as having exposure of industrial activities to 

storm water are subject to a second mandatory compliance inspection.  

A minimum interval of 6 months between the first and the second 

compliance inspection is required. 

(B) Following the first mandatory compliance inspection, a Permittee shall 

perform a second mandatory compliance inspection yearly at a 

minimum of 20% of the facilities determined not to have exposure of 

industrial activities to storm water.  The purpose of this inspection is to 

verify the continuity of the no exposure status.  Facilities determined 
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as having exposure will be notified that they must obtain coverage 

under the IASGP.  A facility need not be inspected more than twice 

during the term of the Order unless subject to an enforcement action.  

A minimum interval of 6 months in between the first and the second 

compliance inspection is required. 

(C) Applicable to all facilities: A Permittee need not inspect facilities that 

have been inspected by the Regional Water Board within the previous 

24 month interval.  However, if the Regional Water Board performed 

only one inspection, the Permittee shall conduct the second required 

mandatory compliance inspection. 

(2) Level of Inspection:  Each Permittee shall confirm that each operator: 

(A) Has a current Waste Discharge Identification (WDID) number for 

facilities discharging storm water associated with industrial activity, 

and that a Storm Water Pollution Prevention Plan (SWPPP) is 

available on-site.  

(B) Is effectively implementing BMPs in compliance with County and 

municipal ordinances.  Facilities must implement the source control 

BMPs identified in subpart 4.D.2. and Appendix D, California 

Stormwater Industrial and Commercial BMP Handbook (2003); or  

(C) Has applied and has a current No Exposure Certification (and WDID 

number) for facilities subject to this requirement.  

 

3. Ensure Compliance of Critical Sources 

(a) BMP Implementation: Facilities must implement the source control BMPs 

identified in Part 4.D.2. and, as applicable, Appendix D, California Stormwater 

Industrial and Commercial BMP Handbook (2003).  In the event that a Permittee 

determines that a BMP is infeasible at any site, the Permittee shall require 

implementation of similar BMPs that will achieve the equivalent reduction of 

pollutants in the storm water discharges.  Likewise, for those BMPs that are not 

protective of water quality standards, Permittees may require additional site-

specific controls. 

(b) Environmentally Sensitive Areas (ESAs) and Impaired Waters:  For critical 

sources that discharge to MS4s that directly discharge to ESAs or to CWA           

§ 303(d) listed impaired waterbodies, the Permittees shall require operators to 

implement additional pollutant specific controls to reduce pollutants in storm 

water runoff that are causing or contributing to exceedances of water quality 

objectives.  A Regional Board approved TMDL Implementation Plan for the 

receiving water will substitute for this requirement. 

(c) Progressive Enforcement: Each Permittee shall implement a progressive 

enforcement policy to ensure that facilities are brought into compliance with all 

storm water requirements within a reasonable time period as specified below. 

(1) In the event that a Permittee determines, based on an inspection conducted, 

that an operator has failed to adequately implement all necessary BMPs, that 

Permittee shall take progressive enforcement actions which, at a minimum, 

RB-AR6859



NPDES No. CAS004002                                                                                    Order No. 09-0057 

Ventura County Municipal Separate Storm Sewer System Permit 

 

 

May 7, 2009  

Final – Corrected January 13, 2010 - 48 of 120 - 

 

shall include a follow-up inspection within 4 weeks from the date of the 

initial inspection. 

(2) In the event that a Permittee determines that an operator has failed to 

adequately implement BMPs after a follow-up inspection, that Permittee 

shall take enforcement action as established through authority in its 

municipal code and ordinances or through the judicial system. 

(3) Each Permittee shall maintain records and make them available on request to 

the Regional Water Board, including inspection reports, warning letters, 

notices of violations, and other enforcement records, demonstrating a good 

faith effort to bring facilities into compliance. 

 

4. Interagency Coordination 

(a) Referral of Violations of the Municipal Storm Water Ordinances and 

California Water Code § 13260:  A Permittee may refer a violation(s) of             

§ 13260 by Industrial and Commercial facilities to the Regional Water Board 

provided that under its municipal storm water ordinance the Permittee has made a 

good faith effort of progressive enforcement.  At a minimum, a Permittee’s good 

faith effort must be documented with: 

(1) Two follow-up inspections 

(2) Two warning letters or notices of violation 

(b) Referral of Violations of the Industrial Activities Storm Water General 

Permit  (IASGP), including Requirements to File a Notice of Intent or No 

Exposure Certification:  For those facilities in violation of the municipal storm 

water ordinance and subject to the IASGP, Permittees may escalate referral of 

such violations to the Regional Water Board (electronically on a quarterly basis to 

the Regional Water Board's Storm Water Site at 

MS4stormwaterrb4@waterboards.ca.gov) after one inspection and one written 

notice (copied to the Regional Water Board) to the operator regarding the 

violation.  In making such referrals, Permittees shall include, at a minimum, the 

following documentation: 

(1) Name of the facility 

(2) Operator of the facility 

(3) Owner of the facility 

(4) WDID Number (if applicable) 

(5) Industrial activity being conducted at the facility that is subject to the 

IASGP 

(6) Records of communication with the facility operator regarding the violation, 

which shall include at least an inspection report 

(7) The written notice of the violation copied to the Regional Water Board 
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(c) Investigation of Complaints Regarding Facilities – Transmitted by the 

Regional Water Board Staff:  Each Permittee shall initiate, within one business 

day,
1
 investigation of complaints (other than non-storm water discharges) to the 

MS4 from facilities within its jurisdiction. The initial investigation shall include, 

at a minimum, a limited inspection of the facility to confirm the complaint to 

determine if the facility is effectively complying with the municipal storm water 

urban runoff ordinances and, if necessary, to oversee corrective action. 

(d) Assistance of Regional Water Board Enforcement Actions:  As directed by the 

Regional Water Board Executive Officer, Permittees shall assist Regional Water 

Board enforcement actions by:  helping in identification of current owners, 

operators, and lessees of facilities; providing staff, when available, for joint 

inspections with Regional Water Board inspectors; appearing as witnesses in 

Regional Water Board enforcement hearings; and providing copies of inspection 

reports and other progressive enforcement documentation. 

(e) Participation in a Task Force:  The Permittees shall participate with the 

Regional Water Board, and other public agencies on an enforcement task force 

such as the Storm Water Task Force, to communicate concerns regarding special 

cases of storm water violations by industrial and commercial facilities and to 

develop a coordinated approach to enforcement action. 

 

E. Planning and Land Development Program 

 

I. Purpose 

 

1. The Permittees shall implement a Planning and Land Development Program pursuant 

to part 4.E. for all New Development and Redevelopment projects subject to this 

Order to: 

(a) Lessen the water quality impacts of development by using smart growth practices 

such as compact development, directing development towards existing communities 

via infill or redevelopment, safeguarding of environmentally sensitive areas, mixing 

of land uses (e.g., homes, offices, and shops), transit accessibility, and better 

pedestrian and bicycle amenities. 

(b) Minimize the adverse impacts from storm water runoff on the biological integrity of 

Natural Drainage Systems and the beneficial uses of waterbodies in accordance 

with requirements under CEQA (Cal. Pub. Resources Code § 21100).  

(c) Minimize the percentage of effective impervious surfaces on land developments 

to mimic predevelopment water balance through infiltration, evapotranspiration 

and reuse.  

(d) Minimize pollutant loadings from impervious surfaces such as roof-tops, parking 

lots, and roadways through the use of properly designed, technically appropriate 

                                                           

 
1
 Permittees may comply with the Permit by taking initial steps (such as logging, prioritizing, and tasking) to “initiate” the 

investigation within that one business day.   However, the Regional Water Board would expect that the initial investigation, 

including a site visit, to occur within four business days. 
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BMPs (including Source Control BMPs such as good housekeeping practices), 

Low Impact Development Strategies, and Treatment Control BMPs. 

(e) Properly select, design and maintain Treatment Control BMPs and 

Hydromodification Control BMPs to address pollutants that are likely to be 

generated, assure long-term function, and to avoid the breeding of vectors.
1
  

(f) Prioritize the selection of BMPs suites to remove storm water pollutants, reduce 

storm water runoff volume, and beneficially reuse storm water to support an 

integrated approach to protecting water quality and managing water resources in 

the following order of preference: 

(1) Infiltration BMPs 

(2) BMPs that store and reuse storm water runoff.  

(3) BMPs that incorporate vegetation to promote pollutant removal and runoff 

volume reduction and integrate multiple uses 

(4) BMPs which percolate runoff through engineered soil and allow it to 

discharge downstream slowly 

(5) Approved modular/ proprietary treatment control BMPs that are based on 

LID concepts and that meet pollution removal goals 

 

II. Applicability 

 

1. New Development Projects. 

(a) Development projects subject to Permittee conditioning and approval for the 

design and implementation of post-construction controls to mitigate storm water 

pollution, prior to completion of the project(s), are: 

(1) All development projects equal to 1 acre or greater of disturbed area and 

adding more than 10,000 square feet of impervious surface area 

(2) Industrial park 10,000 square feet or more of surface area 

(3) Commercial strip mall 10,000 square feet or more of impervious surface 

area 

(4) Retail gasoline outlet 5,000 square feet or more of surface area 

(5) Restaurant (SIC 5812) 5,000 square feet or more of surface area 

(6) Parking lot 5,000 square feet or more of impervious surface area, or with 25 

or more parking spaces 

(7) Streets, roads, highways, and freeway construction of 10,000 square feet or 

more of impervious surface area shall incorporate USEPA guidance 

regarding Managing Wet Weather with Green Infrastructure: Green Streets 

to the maximum extent practicable.    

(8) Automotive service facilities (SIC 5013, 5014, 5511, 5541, 7532-7534 and 

7536-7539) [5,000 square feet or more of surface area] 

(9) Redevelopment projects in subject categories that meet Redevelopment 

thresholds (identified in subpart E.II.2 below) 

                                                           

 
1
 Treatment BMPs when designed to drain within 72 hours of the end of rainfall minimize the potential for the 

breeding of vectors. 
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(10) Projects located in or directly adjacent to, or discharging directly to an 

Environmentally Sensitive Area (ESA), where the development will: 

(A) Discharge storm water runoff that is likely to impact a sensitive 

biological species or habitat; and   

(B) Create 2,500 square feet or more of impervious surface area 

(11) Single-family hillside homes.  To the extent that a Permittee may lawfully 

impose conditions, mitigation measures or other requirements on the 

development or construction of a single-family home in a hillside area as 

defined in the applicable Permittee’s Code and Ordinances, each Permittee 

shall require that during the construction of a single-family hillside home, 

the following measures to be implemented: 

(A) Conserve natural areas 

(B) Protect slopes and channels 

(C) Provide storm drain system stenciling and signage 

(D) Divert roof runoff to vegetated areas before discharge unless the 

diversion would result in slope instability 

(E) Direct surface flow to vegetated areas before discharge unless the 

diversion would result in slope instability 

 

2.  Redevelopment Projects 

(a) Redevelopment projects subject to Permittee conditioning and approval for the 

design and implementation of post-construction controls to mitigate storm water 

pollution, prior to completion of the project(s), are: 

(1) Land-disturbing activity that results in the creation or addition or 

replacement of 5,000 square feet or more of impervious surface area on an 

already developed site on development categories identified in subpart 

4.E.III.1. 

(2) Where Redevelopment results in an alteration to more than fifty percent of 

impervious surfaces of a previously existing development, and the existing 

development was not subject to post development storm water quality 

control requirements, the entire project must be mitigated. 

(3) Where Redevelopment results in an alteration to less than fifty percent of 

impervious surfaces of a previously existing development, and the existing 

development was not subject to post development storm water quality 

control requirements, only the alteration must be mitigated, and not the 

entire development. 

(b) Redevelopment does not include routine maintenance activities that are conducted 

to maintain original line and grade, hydraulic capacity, original purpose of facility 

or emergency redevelopment activity required to protect public health and safety.  

Impervious surface replacement, such as the reconstruction of parking lots and 

roadways which does not disturb additional area and maintains the original grade 

and alignment, is considered a routine maintenance activity.  Redevelopment does 

not include the repaving of existing roads to maintain original line and grade. 
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(c) Existing single-family dwelling and accessory structures are exempt from the 

Redevelopment requirements unless such projects create, add, or replace 10,000 

square feet of impervious surface area. 

 

3. Effective Date –The New Development and Redevelopment requirements contained 

in Section E of the Order shall begin 90 calendar days after Regional Board Executive 

Officer approval of the changes to the Technical Guidance Manual needed to comply 

with this permit. After that date all discretionary permit projects or project phases that 

have not been deemed complete for processing, or discretionary permit projects 

without vesting tentative maps that have not requested and received an extension of 

previously granted approvals must comply with the requirements in Section E.  

Projects that have been deemed complete prior to the update of the technical design 

manual are not subject to this section.  For Permittee’s projects the effective date shall 

be the date the governing body or their designee approves initiation of the project 

design. 

 

III. New Development/ Redevelopment Performance Criteria 

 

1. Integrated Water Quality/ Flow Reduction/Resources Management Criteria 

(a) Except as provided in subpart 4.E.III.1.(c) below, Permittees shall require all New 

Development and Redevelopment projects identified in subpart 4.E.II to control 

pollutants, pollutant loads, and runoff volume emanating from impervious surfaces 

through infiltration, storage for reuse, evapotranspiration, or bioretention/ 

biofiltration by reducing the percentage of Effective Impervious' Area (EIA) to 5 

percent or less of the total project area. 

(b) Impervious surfaces may be rendered "ineffective", and thus not count toward the 

5 percent EIA limitation, if the stormwater runoff from those surfaces is fully 

retained on-site for the design storm event specified in provision (c), below.  To 

satisfy the EIA limitation and low-impact development requirements, the 

permittees must require stormwater runoff to be infiltrated, reused, or 

evapotranspired on-site through a stormwater management technique allowed 

under the terms of this permit and implementing documents. 

(c) The permittees shall require all features constructed or otherwise utilized to render 

impervious surfaces "ineffective", as described in provision (b), above, to be 

properly sized to infiltrate, store for reuse, or evapotranspire, without any runoff at 

least the volume of water that results from: 

(1) The 85th percentile 24-hour runoff event determined as the maximized 

capture stormwater volume for the area using a 48 to 72-hour draw down 

time, from the formula recommended in Urban Runoff Quality Management, 

WEF Manual of Practice No. 23/ASCE Manual of Practice No. 87, (1998); 

(2) The volume of annual runoff based on unit basin storage water quality 

volume, to achieve 80 percent or more volume treatment by the method 

recommended in the Ventura County Technical Guidance Manual for Storm 

Water Quality Control Measures (July 2002 and its revisions); or 

(3) The volume of runoff produced from a 0.75 inch storm event. 
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(d) To address any impervious surfaces that may not be rendered "ineffective", 

surface discharge of stormwater runoff if any, that results from New Development 

and Redevelopment projects identified in subpart 4.E.II which have complied with 

subparts 4.E.III.1.(a)-(c), above, shall be mitigated in accordance with subpart 

4.E.III.4. 

 

2. Alternative Compliance for Technical Infeasibility 

 (a) To encourage smart growth and infill development of existing urban centers where 

on-site compliance with post-construction requirements may be technically 

infeasible, the permittees may allow projects that are unable to meet the Integrated 

Water Quality/Flow Reduction/Resources Management Criteria in subpart 

4.E.III.1, above, to comply with this permit through the alternative compliance 

measures described in subpart 4.E.III.2.(c), below. 

(b) To utilize alternative compliance measures, the project applicant must demonstrate 

that compliance with the applicable post-construction requirements would be 

technically infeasible by submitting a site-specific hydrologic and/or design analysis 

conducted and endorsed by a registered professional engineer, geologist, architect, 

and/or landscape architect. Technical infeasibility may result from conditions 

including the following: 

(1) Locations where seasonal high groundwater is within 5 feet of the surface 

(2) Locations within 100 feet of a groundwater well used for drinking water 

(3) Brownfield development sites or other locations where pollutant 

mobilization is a documented concern 

(4) Locations with potential geotechnical hazards 

(5) Smart growth and infill or redevelopment locations where the density 

and/ or nature of the project would create significant difficulty for 

compliance with the on-site volume retention requirement 

(6) Other site or implementation constraints identified in the LID Technical 

Guidance document required by subpart 4.E.IV.4. 

(c) Alternative Compliance Measures. When a permittee finds that a project applicant 

has demonstrated technical infeasibility, the permittee shall identify alternative 

compliance measures that the project will need to comply with as a substitute for 

the otherwise applicable post-construction requirements listed in subparts 

4.E.III.1.(a)-(c) of this permit.  The Ventura County Technical Guidance Manual 

shall be revised to identify the alternative compliance measures and shall include 

the following requirement: 

(1) Minimum on-site requirement. The project must reduce the percentage of 

Effective Impervious Area to no more than 30 percent of the total project 

area and treat all remaining runoff pursuant to the design and sizing 

requirements of subparts 4.E.III.1.(b)-(d). 

(2) Offsite mitigation volume. The difference in volume between the amount of 

stormwater infiltrated, reused, and/ or evapotranspired by the project on-site 

and the otherwise applicable requirements of subparts 4.E.III.1.(a)-(c) (the 

"offsite mitigation volume'), above, must be mitigated by the project 

applicant either by performing offsite mitigation that is approved by the 
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permittee or by providing sufficient funding for public or private offsite 

mitigation to achieve equivalent stormwater volume and pollutant load 

reduction through infiltration, reuse, and/ or evapotranspiration. 

(3)     Location of off site mitigation. Offsite mitigation projects must be located in 

the same sub-watershed (defined as draining to the same hydrologic area in 

the Basin Plan) as the new development or redevelopment project. A list of 

eligible public and private offsite mitigation projects available for funding 

shall be identified by the Permittees and provided to the project applicant. 

Off site mitigation projects include green streets projects, parking lot 

retrofits, other site specific LID BMPs, and regional BMPs. Project 

applicants seeking to utilize these alternative compliance provisions may 

propose other offsite mitigation projects, which the Permittees may approve 

if they meet the requirements of this subpart. 

(4) Timing and Reporting Requirements for Offsite Mitigation Projects. The 

Permittee(s) shall develop a schedule for the completion of offsite 

mitigation projects, including milestone dates to identify fund, design, and 

construct the projects. Offsite mitigation projects shall be completed as 

soon as possible, and at the latest, within 4 years of the certificate of 

occupancy for the first project that contributed funds toward the 

construction of the offsite mitigation project, unless a longer period is 

otherwise authorized by the Executive Officer. For public offsite mitigation 

projects, the permittees must provide in their annual reports a summary of 

total offsite mitigation funds raised to date and a description (including 

location, general design concept, volume of water expected to be retained, 

and total estimated budget) of all pending public offsite mitigation projects. 

Funding sufficient to address the offsite mitigation volume must be 

transferred to the permittee (for public offsite mitigation projects) or to an 

escrow account (for private offsite mitigation projects) within one year of the 

initiation of construction. 

(5) The project applicant must demonstrate that the EIA achieved on-site is as 

close to 5 percent EIA as technically feasible, given the site's constraints. 

(d)  Watershed equivalence. Regardless of the methods through which permittees allow 

project applicants to implement alternative compliance measures, the sub-watershed 

-wide (defined as draining to the same hydrologic area in the Basin Plan) result of 

all development must be at least the same level of water quality protection as would 

have been achieved if all projects utilizing these alternative compliance provisions 

had complied with subparts 4.E.III.1.(a)-(d) of the permit. The permittees shall 

provide in their annual report to the Regional Board a list of mitigation project 

descriptions and pollutant and flow reduction analyses (compiled from design 

specifications submitted by project applicants and approved by the permittee(s)) 

comparing the expected aggregate results of alternative compliance projects to the 

results that would otherwise have been achieved by meeting the 5 percent EIA 

requirement on-site. 
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3. Hydromodification (Flow/ Volume/ Duration) Control Criteria 

(a) Each Permittee shall require all New Development and Redevelopment projects 

identified in subpart 4.E.II to implement hydrologic control measures, to prevent 

accelerated downstream erosion and to protect stream habitat in natural drainage 

systems.  The purpose of the hydrologic controls is to minimize changes in post-

development hydrologic storm water runoff discharge rates, velocities, and 

duration.  This shall be achieved by maintaining the project’s pre-project storm 

water runoff flow rates and durations. 

(1) Description 

(A) Hydromodification control in natural drainage systems shall be 

achieved by maintaining the Erosion Potential (Ep) in streams at a 

value of 1, unless an alternative value can be shown to be protective of 

the natural drainage systems from erosion, incision, and sedimentation 

that can occur as a result of flow increases from impervious surfaces 

and damage stream habitat (see Attachment "E" - Determination of 

Erosion Potential) 

(B) Hydromodification control may include one, or a combination of     

on-site, regional subregional hydromodification control BMPs, LID 

strategies, or stream restoration measures, with preference given to 

LID strategies and hydromodification control BMPs.  Any in-stream 

restoration measure shall not adversely affect the beneficial uses of the 

natural drainage systems 

(C) Natural drainage systems, which include unlined or unimproved     

(not engineered) creeks, streams, rivers and their tributaries, are 

located in the following watersheds: 

(i) Ventura River 

(ii) Santa Clara River 

(iii) Calleguas Creek 

(iv) Malibu Creek 

(v) Miscellaneous Ventura Coastal 

(D) The Southern California Storm Water Monitoring Coalition (SMC) is 

developing a regional methodology to eliminate or mitigate the 

adverse impacts of hydromodification as a result of urbanization, 

including hydromodification assessment and management tools. 

(i) The SMC has identified the following objectives for the 

Hydromodification Control Study (HCS): 

(I) Establishment of a stream classification for Southern 

California streams 

(II) Development of a deterministic or predictive relationship 

between changes in watershed impervious cover and 

stream-bed/ stream bank enlargement 

(III) Development of a numeric model to predict stream-bed/ 

stream bank enlargement and evaluate the effectiveness of 

mitigation strategies 
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(E) The Permittees shall participate in the SMC HCS to develop: 

(i) A regional stream classification system 

(ii) A numerical model to predict the hydrological changes resulting 

from new development 

(iii) A numerical model to identify effective mitigation strategies 

(F) Until the completion of the SMC HCS, Permittees shall implement the 

Interim Hydromodification Control Criteria, described in subpart 

4.E.III.3(a)(3)(A) below, to control the potential adverse impacts of 

changes in hydrology that may result from new development and 

redevelopment projects identified in subpart 4.E.II 

(G) Existing single-family structures are exempt from the 

Hydromodification control requirements unless such projects disturb 

one acre or more of land or create, add, or replace 10,000 square feet 

or more of impervious surface area 

(2) Exemptions to Hydromodification Controls.  Permittees may exempt the 

following New Development and Redevelopment projects from 

implementation of Hydromodification controls where assessments of 

downstream channel conditions and proposed discharge hydrology indicate 

that adverse Hydromodification effects to present and future beneficial uses 

of Natural Drainage Systems are unlikely: 

(A) All projects that disturb less than one acre. 

(B) Projects that are replacement, maintenance or repair of a Permittee’s 

existing flood control facility, storm drain, or transportation network.               

(C) Redevelopment Projects in the Urban Core that do not increase the 

effective impervious area or decrease the infiltration capacity of 

pervious areas compared to the pre-project conditions.   

(D) Projects that have any increased discharge go directly or via a storm 

drain to a sump, lake, area under tidal influence, into a waterway that 

has a 100-year peak flow (Q100) of 25,000 cfs or more, or other 

receiving water that is not susceptible to Hydromodification impacts;  

(E) Projects that discharge directly or via a storm drain into concrete or 

improved (not natural) channels (e.g., rip rap, sackcrete, etc.), which, 

in turn, discharge into receiving water that is not susceptible to 

Hydromodification impacts (as in D above). 

(3) Interim Hydromodification Control Criteria 

(A) The Interim Hydromodification Control Criteria to protect natural 

drainage systems until Permittees complete Hydromodification 

Control Plans (HCPs), described in subpart 4.E.III.3(a)(4) below, are 

as follows: 

(i) Projects disturbing land area of less than fifty acres 

 will be subject to LID and/or source or treatment BMPs as 

addressed in this permit. The combined effects of LID and the 

treatment BMPs are considered adequate for Hydromodification 

control for projects that disturb less than 50 acres. 
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(ii) Projects disturbing land areas of fifty acres or greater 

Projects in this category shall develop and implement a 

Hydromodification Analysis Study (HAS) that demonstrates that 

post development conditions are expected to approximate the 

pre-project erosive effect of sediment transporting flows in 

receiving waters. The HAS must lead to the incorporation into 

the project design features intended to approximate, to the extent 

feasible, an Erosion Potential value of 1 or any alternative value 

that can be shown to be protective of the natural drainage 

systems from erosion, incision, and sedimentation that can occur 

as a result of flow increases from impervious surfaces and 

damage stream habitat in natural drainage systems, or 

(I) Alternatively, project proponents in this category may elect 

to develop, in partnership with Permittees, an equivalent 

implementation method based on flow duration control in 

the form of nomographs relating planned impervious area 

and local soil type (infiltration rates) to determine 

hydromodification control BMP volume and land area 

requirements for the proposed project. The nomographs 

shall be derived from continuous simulation modeling 

using Ventura County specific rain gauge records and soil 

types, and calibrated using data from a local undeveloped 

watershed with similar conditions; or 

(II) Alternatively, the Co-Permittees may revise the Ventura 

County Technical Guidance Manual for Stormwater 

Quality Control Measures to address projects that disturb 

more than 50 acres. 

(4) Final Criteria 

(A) The Permittees shall develop and implement watershed specific HCPs 

no later than 180 days after the completion of the SMC HCS. 

(i) The HCP shall identify: 

(I) Stream classifications 

(II) Flow rate and duration control methods 

(III) Sub-watershed mitigation strategies  

(IV) Stream restoration measures, which will maintain the 

stream and tributary Erosion Potential at 1 unless an 

alternative value can be shown to be protective of the 

natural drainage systems from erosion, incision, and 

sedimentation that can occur as a result of flow increases 

from impervious surfaces and damage stream habitat in 

natural drainage system tributaries 

(B) The HCP shall contain the following elements: 

(i) Hydromodification Management Standards 

(ii) Natural Drainage Areas and Hydromodification Management 

Control Areas 
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(iii) New Development and Redevelopment Projects subject to the 

HCP 

(iv) Description of authorized Hydromodification Management 

Control BMPs 

(v) Hydromodification Management Control BMP Design Criteria. 

(vi) For flow duration control methods, the range of flows to control 

for, and goodness of fit criteria  

(vii) Allowable low critical flow, Qc, which initiates sediment 

transport 

(viii) Description of the approved Hydromodification Model. 

(ix) Any alternate Hydromodification Management Model and 

Design 

(x) Stream Restoration Measures Design Criteria 

(xi) Monitoring and Effectiveness Assessment 

(xii) Record Keeping 

(C) The HCP shall be deemed in effect upon Executive Officer approval. 

 

4. Water Quality Mitigation Criteria 

(a) Each Permittee shall require all New Development and Redevelopment projects 

identified in subpart 4.E.II to implement post-construction storm water treatment 

BMPs and control measures to mitigate storm water pollution as follows: 

(1) Projects disturbing land areas less than 50 acres 

(A) Volumetric Treatment Control BMP 

(i) The 85th percentile 24-hour runoff event determined as the 

maximized capture storm water volume for the area using a 48 to 

72-hour draw down time, from the formula recommended in 

Urban Runoff Quality Management, WEF Manual of Practice 

No. 23/ASCE Manual of Practice No. 87, (1998); or 

(ii) The volume of annual runoff based on unit basin storage water 

quality volume, to achieve 80 percent or more volume treatment 

by the method recommended in the Ventura County Technical 

Guidance Manual for Storm Water Quality Control Measures 

(July 2002 and its revisions); or 

(iii) The volume of runoff produced from a 0.75 inch storm event, 

prior to its discharge to a storm water conveyance system;
1
  

and/ or 

(B) Flow Based Treatment Control BMP 

(i) The flow of runoff produced from a rain event equal to at least 

0.2 inches per hour intensity; or  

(ii) The flow of runoff produced from a rain event equal to at least 2 

times the 85th percentile hourly rainfall intensity as determined 

from local rainfall records; or  

                                                           

 
1
 This option is available only for construction projects that disturb land area less than 5 acres. 
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(iii) Eight percent of the 50-year storm design flow rate as 

determined from the method recommended in the Ventura 

County Technical Guidance Manual for Storm Water Quality 

Control Measures (July 2002 and its revisions) 

(2) Projects disturbing land area of 50 acres or greater 

(A) Eighty percent of the average runoff volume using an appropriate 

public domain continuous flow model (such as Storm Water 

Management Model (SWMM) or Hydrologic Engineering Center – 

Hydrologic Simulation Program – Fortran (HEC-HSPF), using the 

local rainfall record and relevant BMP Performance data. 

 

IV. Implementation 

 

1. Maintenance Agreement and Transfer 

(a) Prior to issuing approval for final occupancy each Permittee shall require that all 

new development and redevelopment projects subject to post-construction BMP 

requirements provide an operation and maintenance plan and verification of 

ongoing maintenance provisions for LID practices, Treatment Control BMPs, and 

Hydromodification Control BMPs including but not limited to: final map 

conditions, legal agreements, covenants, conditions or restrictions, CEQA 

mitigation requirements, conditional use permits, and/ or other legally binding 

maintenance agreements.  

(1) Verification at a minimum shall include the developer's signed statement 

accepting responsibility for maintenance until the responsibility is legally 

transferred; and either 

(A) A signed statement from the public entity assuming responsibility for 

BMP maintenance; or 

(B) Written conditions in the sales or lease agreement, which require the 

property owner or tenant to assume responsibility for BMP 

maintenance and conduct a maintenance inspection at least once a 

year; or 

(C) Written text in project covenants, conditions, and restrictions (CCRs) 

for residential properties assigning BMP maintenance responsibilities 

to the Home Owners Association (HOA); or 

(D) Any other legally enforceable agreement or mechanism that assigns 

responsibility for the maintenance of BMPs. 

(b) Each Permittee shall require all development projects subject to post-

construction BMP requirements to provide a plan for the operation and 

maintenance of all structural and treatment controls. The Operation and 

Maintenance plan shall follow the Technical Guidance Manual Appendix D 

“Maintenance Plan Guidance” (or subsequent guidance manual) for each BMP 

component. The plan shall be submitted for examination of relevance to 

keeping the BMPs in proper working order. Where BMPs are transferred to 

Permittee for ownership and maintenance, the plan shall also include all 

relevant costs for upkeep of BMPs in the transfer. Operation and Maintenance 
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plans for private BMPs shall be kept on-site for periodic review by Permittee 

inspectors. 

 

2. Tracking, Inspection, and Enforcement of Post-Construction BMPs 

(a) Each Permittee shall implement a tracking system and an inspection and 

enforcement program for new development and redevelopment post-construction 

storm water BMPs as set fort in part 4.E. no later than May 7, 2010. 

(1) Implement a GIS or other electronic system for tracking projects that have 

been conditioned for post-construction BMPs.  The electronic system, at a 

minimum, should contain the following information: 

(A) Municipal Project ID 

(B) State WDID No 

(C) Project Acreage 

(D) BMP Type and Description 

(E) BMP Location (coordinates) 

(F) Date of Acceptance 

(G) Date of Maintenance Agreement 

(H) Maintenance Records 

(I) Inspection Date and Summary 

(J) Corrective Action 

(K) Date Certificate of Occupancy Issued 

(L) Replacement or Repair Date 

(b) Inspect all development sites upon completion of construction and prior to the 

issuance of occupancy certificates to ensure proper installation of LID measures, 

structural BMPs, treatment control BMPs and Hydromodification control BMPs. 

The inspection may be combined with other inspections provided it is conducted 

by trained personnel. 

(c) Verify proper maintenance and operation of post-construction BMPs previously 

approved for new development and redevelopment and operated by the 

Permittees.  The post construction BMP maintenance inspection program shall 

incorporate the following elements: 

(1) Post-construction BMP Maintenance Inspection checklist. 

(2) Inspection at least once every 2 years, beginning May 7, 2010, of post-

construction BMPs to assess operation conditions with particular attention 

to: 

(3) Criteria and procedures for post construction Treatment Control and 

Hydromodification Control BMP repair, replacement, or re-vegetation. 

(d) For post construction BMPs operated and maintained by parties other than the 

Permitees the Permittees shall require annual reports by the other parties 

demonstrating proper maintenance and operations.   

(e) Undertake enforcement as appropriate based on the results of the inspection. 

 

3. Alternative Post Construction Storm Water Mitigation Programs 

(a) A Permittee or a coalition of Permittees may apply to the Regional Water Board 

for approval of a Redevelopment Project Area Master Plan (RPAMP) for 
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redevelopment projects within the Redevelopment Project Areas, in consideration 

of exceptional site constraints that inhibit site-by-site or project-by-project 

implementation of post-construction requirements. 

(b) Upon review and a determination by the Regional Water Board Executive Officer 

that the proposal is technically valid and appropriate, the Regional Water Board 

may consider for approval such a program if its implementation will: 

(1) Result in equivalent or superior reduction of storm water pollutant loads in 

comparison to individual projects regulated by this permit.   

(2) Satisfy, on a Redevelopment Project Area-wide basis, the hydromodification 

criteria of this section.   

(3) Reduce the percentage of Effective Impervious Area (EIA) to a target of 5 

percent or less of the Redevelopment Project Area, using properly sized 

storm water treatment/ collection features, as described in this Section. 

(4) Be fiscally sustainable and have secure funding; and   

(5) Be completed in four years of the adoption date of this permit.   

(c) The RPAMP should prioritize the implementation of LID storm water mitigation 

measures, as described in this section. 

(d) A Permittee or a coalition of Permittees may apply to the Regional Water Board 

for approval of a Redevelopment Project Area Master Plan (RPAMP) that takes 

into consideration the balancing of water quality protection with the needs for 

adequate housing, population growth, public transportation and management, land 

recycling, and urban revitalization. 

(e) For the RPAMP to be considered, a technical panel of the Local Government 

Commission or an equivalent state or regional planning agency must have 

reviewed and approved the proposed RPAMP, prior to its submittal to the 

Regional Water Board.  The Regional Water Board Executive Officer may then 

consider the RPAMP for approval, or elect to submit it to the Regional Water 

Board for consideration. 

(f) The RPAMP, on approval, may substitute in part or wholly for post-construction 

requirements. 

(g) Redevelopment Project Areas include the following: 

(1) City Center areas  

(2) Historic District areas  

(3) Brownfield areas 

(4) Infill Development areas 

(5) Urban Transit Villages 

(6) Any other redevelopment area so designated by the Regional Water Board 

(h) Nothing in these provisions shall be construed as to delay the implementation of 

post-construction control requirements, as approved in this Order. 

 

4. Developer Technical Guidance and Information 

(a) The Permittees shall update the Ventura County Technical Guidance Manual for 

Storm Water Quality Control Measures to include, at a minimum, the following: 

(1) Hydromodification Control criteria described in this Order, including 

numerical criteria. 
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(2) Expected BMP pollutant removal performance including effluent quality 

(ASCE/ U.S. EPA International BMP Database, CASQA New Development 

BMP Handbook, technical reports, local data on BMP performance, and the 

scientific literature appropriate for southern California geography and 

climate). 

(3) Selection of appropriate BMPs for storm water pollutants of concern. 

(4) Data on Observed Local Effectiveness and performance of implemented 

BMPs. 

(5) BMP Maintenance and Cost Considerations. 

(6) Guiding principles to facilitate integrated water resources planning and 

management in the selection of BMPs, including water conservation, 

groundwater recharge, public recreation, multipurpose parks, open space 

preservation, and redevelopment retrofits.  

(7) LID principles and specifications, including the objectives and 

specifications for integration of LID strategies in the areas of: 

(A) Site Assessment. 

(B)  Site Planning and Layout.  

(C) Vegetative Protection, Revegetation, and Maintenance.  

(D) Techniques to Minimize Land Disturbance.  

(E) Techniques to Implement LID Measures at Various Scales 

(F) Integrated Water Resources Management Practices.  

(G) LID Design and Flow Modeling Guidance.  

(H) Hydrologic Analysis.  

(I) LID Credits. 

(b) Permittees shall update the Technical Guidance Manual within 365 days of the 

adoption of this Order (May 7, 2010).  

(c) The Permittees shall facilitate implementation of LID by providing key industry, 

regulatory, and other stakeholders with information regarding LID objectives and 

specifications contained in the LID Technical Guidance Section through a training 

program.  The LID training program will include the following: 

(1) LID targeted sessions and materials for builders, design professionals, 

regulators, resource agencies, and stakeholders 

(2) A combination of awareness on national efforts and local experience gained 

through LID pilot projects and demonstration projects 

(3) Materials and data from LID pilot projects and demonstration projects 

including case studies 

(4) Guidance on how to integrate LID requirements into the local regulatory 

program(s) and requirements 

(5) Availability of the LID Technical Guidance regarding integration of LID 

measures at various project scales 

(6) Guidance on the relationship among LID strategies, Source Control BMPs, 

Treatment Control BMPs, and Hydromodification Control requirements 

(d) The Permittees shall submit revisions to the Ventura County Technical Guidance 

Manual to the Regional Board for Executive Officer approval. 
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5. Project Coordination 

(a) Each Permittee shall facilitate a process for effective approval of                     

post-construction storm water control measures.  The process shall include: 

(1) Detailed BMP review including BMP sizing calculations, BMP pollutant 

removal performance, and municipal approval; and 

(2) An established structure for communication and delineated authority 

between and among municipal departments that have jurisdiction over 

project review, plan approval, and project construction through memoranda 

of understanding (MOU) or an equivalent agreement. 

 

V. State Statute Conformity 

 

1. California Environmental Quality Act (CEQA) Document Update 

(a) Each Permittee shall incorporate into its CEQA process no later than  

November 7, 2009 those additional procedures necessary for considering potential 

storm water quality impacts and providing for appropriate mitigation when 

preparing and reviewing CEQA documents.  

(1) The procedures shall require consideration of the following: 

(A) Potential impact of project construction on storm water runoff. 

(B) Potential impact of project post-construction activity on storm water 

runoff. 

(C) Potential for discharge of storm water from areas from material 

storage, vehicle or equipment fueling, vehicle or equipment 

maintenance (including washing), waste handling, hazardous materials 

handling or storage, delivery areas or loading docks, or other outdoor 

work areas. 

(D) Potential for discharge of storm water to impair the beneficial uses of 

the receiving waters. 

(E) Potential for the discharge of storm water to cause significant harm on 

the biological integrity of the waterways and waterbodies. 

(F) Potential for significant changes in the flow velocity or volume of 

storm water runoff to cause harm to or impair the beneficial uses of 

natural drainage systems. 

(G) Potential for significant increases in erosion at the project site or 

surrounding areas. 

 

2. General Plan Update 

(a) Each Permittee shall amend, revise or update its General Plan to include 

watershed and storm water quality and quantity management considerations and 

policies when any of the following General Plan elements are updated or 

amended: 

(1) Land Use 

(2) Housing  

(3) Conservation 

(4) Open Space 
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(b) Each Permittee shall provide the Regional Water Board with the draft amendment 

or revision when a listed General Plan element or General Plan is noticed for 

comment in accordance with Cal. Govt. Code § 65350 et seq. 

 

F. Development Construction Program 

 

(I) Each Permittee shall implement a construction program that prevents illicit 

construction-related discharges of pollutants into the MS4, implements and maintains 

structural and non-structural BMPs to reduce pollutants in stormwater runoff from 

construction sites, reduces construction site discharges of pollutants from the MS4 to 

the MEP, and prevents construction site discharges from the MS4 from causing or 

contributing to a violation of water quality standards. 

 

1. BMP Implementation - Construction Sites Less Than One Acre 

(a) Each Permittee shall require the implementation of an effective combination of 

erosion and sediment control BMPs from Table 6 to prevent erosion and sediment 

loss, and the discharge of construction wastes.
1
   

 

Table 6 - BMPs at Construction sites less than 1 acre 

Minimum Set of BMPs for All Construction Sites CASQA Handbook Caltrans Handbook 

For Erosion Control   

Scheduling EC-1 SS-1 

Preservation of Existing Vegetation EC-2 SS-2 

Sediment Controls   

Silt Fence SE-1 SC-1 

Sand Bag Barrier SE-8 SC-8 

Stabilized Construction Site Entrance/Exit TC-1 TC-1 

Non-Storm Water Management   

Water Conservation Practices NS-1 NS-1 

Dewatering Operations (Groundwater dewatering 

only under NPDES Permit No. CAG994004).
2
 

NS-2 

 

NS-2 

Waste Management   

Material Delivery and Storage WM-1 WM-1 

Stockpile Management WM-3 WM-2 

Spill Prevention and Control WM-4 WM-4 

Solid Waste Management WM-5 WM-5 

Concrete Waste Management WM-8 WM-8 

Sanitary/ Septic Waste Management WM-9 WM-9 

 

 

 

                                                           

 
1
 The BMPs are taken from the California BMP Handbook, Construction, January 2003 and the Caltrans 

Stormwater Quality Handbooks, Construction Site Best Management Practices (BMPs) Manual, March 2003, and 

addenda. 
2
 Ponded storm water may be discharged at a concentration of Total Suspended Solids (TSS) of 100mg/L or less. 
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2. BMP Implementation - Construction Sites One Acre but Less than 5 acres. 

(a) Each Permittee shall require the implementation of an effective combination 

of appropriate erosion and sediment control BMPs from Table 7 in addition 

to the ones identified in Table 6 to prevent erosion and sediment loss, and 

the discharge of construction wastes: 

 

Table 7 - BMPs at Construction sites 1acre or greater but less than 5 acres 

BMPs CASQA Handbook Caltrans Handbook 

For Erosion Control   

Hydraulic Mulch EC-3 SS-3 

Hydroseeding EC-4 SS-4 

Soil Binders EC-5 SS-5 

Straw Mulch EC-6 SS-6 

Geotextiles and Mats EC-7 SS-7 

Wood Mulching EC-8 SS-8 

Sediment Controls   

Fiber Rolls SE-5 SC-5 

Gravel Bag Berm SE-6 SC-6 

Street Sweeping and/ or Vacuum SE-7 SC-7 

Storm Drain Inlet Protection SE-10 SC-10 

Additional Controls   

Wind Erosion Controls WE-1 WE-1 

Stabilized Construction Entrance/ Exit TC-1 TC-1 

Stabilized Construction Roadway TC-2 TC-2 

Entrance/ Exit Tire Wash TC-3 TC-3 

Non-Storm Water Management   

Vehicle and Equipment Washing NS-8 NS-8 

Vehicle and Equipment Fueling NS-9 NS-9 
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3. BMP Implementation - Construction Sites 5 acres and Greater 

(a) Each Permittee shall require the implementation of an effective combination of 

the following BMPs in Table 8 (BMPs at Construction sites 5 acres or greater) in 

addition to the ones identified in Table 6 (BMPs at Construction sites less than 1 

acre) and Table 7 (BMPs at Construction sites 1acre or greater but less than 5 

acres) at all construction sites 5 acres and greater to prevent erosion and sediment 

loss, and the discharge of construction wastes.  Erosion control BMPs shall be 

preferred to sediment control BMPs. 

 

Table 8 - BMPs at Construction sites 5 acres or greater 

BMPs CASQA Handbook Caltrans Handbook 

Sediment Controls   

Sediment Basin SE-2 SC-2 

Check Dam SE-4 SC-4 

Tracking Control BMPs   

Stabilized Construction Entrance/ Exit TR-1 TC-1 

Non-Storm Water Management   

Vehicle and Equipment Maintenance NS-10 NS-10 

Waste Management   

Material Delivery and Storage WM-1 WM-1 

Spill Prevention and Control WM-4 WM-4 

Concrete Waste Management WM-8 WM-8 

Sanitary/ Septic Waste Management WM-9 WM-9 

 

4. Enhanced Construction BMP Implementation. 

(a) Each Permittee shall implement, or require implementation of, enhanced practices 

that preclude impacts to water quality posed by all construction sites on hillsides 

as defined in this Order and construction sites that directly discharge to a 

waterbody listed on the CWA § 303 (d) list for siltation or sediment, or that occur 

within or directly adjacent to an Environmentally Sensitive Area (ESAs).  

Construction sites located on hillsides, adjacent to CWA 303(d) listed waters for 

siltation or sediment, and directly adjacent to ESAs are termed “High risk sites.” 

(b) Each Permittee shall require implementation of enhanced practices for high risk 

sites which shall include increased BMP inspection and maintenance 

requirements. 

(1) Each Permittee shall require that high risk sites shall be inspected by the 

project proponent’s Qualified SWPPP Developer or Qualified SWPPP 

Practitioner or personnel or consultants who are Certified Professionals in 

Erosion and Sediment Control (CPESC) at the time of BMP installation, at 

least weekly during the wet season, and at least once each 24 hour period 

during a storm event that generates runoff from the site, to identify BMPs 

that need maintenance to operate effectively, that have failed or could fail to 

operate as intended.   

(2)    During the wet season, the area of disturbance shall be limited to the area 

that can be controlled with an effective combination of erosion and sediment 

control BMPs.  Enhanced sediment controls should be used in combination 
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with erosion controls and should target portions of the site that cannot be 

effectively controlled by standard erosion controls described above.  

Effective sediment and erosion control BMPs proposed by the proponent 

shall include the BMPs listed in Table 9 below.  The project proponents are 

responsible to implement the BMPs below unless shown unnecessary.  The 

Permittee shall require that the project proponent retain records of the 

inspection and a determination and rationale of the BMPs selected to control 

runoff. 

 

Table 9 - Enhanced Construction BMP Implementation.                    

CONSTRUCTION SITE BMPs 

CASQA 

Handbook
 

Caltrans 

Handbook
 

Erosion Controls   

Scheduling EC-1 SS-1 

Preservation of Existing Vegetation EC-2 SS-2 

Hydraulic Mulch EC-3 SS-3 

Hydroseeding EC-4 SS-4 

Soil Binders EC-5 SS-5 

Straw Mulch EC-6 SS-6 

Geotextiles and Mats EC-7 SS-7 

Wood Mulching EC-8 SS-8 

Slope Drains EC-11 SS-11 

Sediment Controls   

Silt Fence SE-1 SC-1 

Fiber Rolls SE-5 SC-5 

Sediment Basin SE-2 SC-2 

Check Dam SE-4 SC-4 

Gravel Bag Berm SE-6 SC-6 

Street Sweeping and/or Vacuum SE-7 SC-7 

Sand Bag Barrier SE-8 SC-8 

Storm Drain Inlet Protection SE-10 SC-10 

Additional Controls   

Wind Erosion Controls WE-1 WE-1 

Stabilized Construction Entrance/Exit TC-1 TC-1 

Stabilized Construction Roadway TC-2 TC-2 

Entrance/Exit Tire Wash TC-3 TC-3 

Advanced Treatment Systems
1
   

Non-Storm Water Management   

Water Conservation Practices NS-1 NS-1 

Dewatering Operations (Groundwater dewatering 

only under NPDES Permit No. CAG994004).19
 NS-2 NS-2 

Vehicle and Equipment Washing NS-8 NS-8 

Vehicle and Equipment Fueling NS-9 NS-9 

                                                           

 
1
 If appropriate given natural background stormwater runoff and receiving water quality conditions. 
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CONSTRUCTION SITE BMPs 

CASQA 

Handbook
 

Caltrans 

Handbook
 

Vehicle and Equipment Maintenance NS-10 NS-10 

Waste Management   

Material Delivery and Storage WM-1 WM-1 

Stockpile Management WM-3 WM-2 

Spill Prevention and Control WM-4 WM-4 

Solid Waste Management WM-5 WM-5 

Concrete Waste Management WM-8 WM-8 

Sanitary/Septic Waste Management WM-9 WM-9 

 

5. Local Agency Requirements 

(a) Each Permittee shall require for all construction sites 1 acre or greater, 

compliance with all conditions identified in the preceding subparts F.1 - F.4, and 

the following requirements:  

(1) Local Storm Water Pollution Prevention Plan (Local SWPPP), 

(A) Each Permittee shall require the preparation and submittal of a Local 

SWPPP, for the Permittee’s review and written approval prior to 

issuance of a grading or construction permit for construction or 

demolition projects. The Permittees’ approval signature shall be 

contained within the first pages of the Local SWPPP  

(i) The Permittee shall not approve any Local SWPPP unless it 

contains appropriate site-specific construction site BMPs, 

specific locations, and maintenance schedules. 

(ii) The Local SWPPP must include the rationale used for selecting 

or rejecting BMPs for various construction phases and weather 

conditions.  The project architect, or engineer of record, or 

authorized qualified designee, must sign a statement on the Local 

SWPPP to the effect: 

(I) “As the architect/ engineer of record, I have selected 

appropriate BMPs to effectively minimize the negative 

impacts of this project’s construction activities on storm 

water quality.  The project owner and contractor are aware 

that the selected BMPs must be installed, monitored, and 

maintained to ensure their effectiveness.  The BMPs not 

selected for implementation are redundant or deemed not 

applicable to the proposed construction activity.” 

(2) Certification Statement 

(A) Each Permittee shall require that each landowner or the landowner’s 

agent sign a statement on the Local SWPPP to the effect: 

(i) “I certify that this document and all attachments were prepared 

under my direction or supervision in accordance with a system 

designed to ensure that qualified personnel properly gather and 

evaluate the information submitted.  Based on my inquiry of the 

person or persons who manage the system or those persons 

directly responsible for gathering the information, to the best of 
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my knowledge and belief, the information submitted is true, 

accurate, and complete.  I am aware that submitting false and/ or 

inaccurate information, failing to update the Local SWPPP to 

reflect current conditions, or failing to properly and/ or 

adequately implement the Local SWPPP may result in revocation 

of grading and/ or other permits or other sanctions provided by 

law.”   

(ii)      The Local SWPPP certification shall be signed by the property 

owner or owner’s representative/designee.  If the Local SWPPP 

or SWPPP is being prepared by the local agency then the 

appropriate authority of the local agency shall sign the document.   

 

6.   Roadway Paving or Repaving Operations (For Private or Public Projects) 

(a) Each Permittee shall require that for any project that includes roadbed or street 

paving, repaving, patching, digouts, or resurfacing roadbed surfaces, that the 

following BMPs be implemented for each project: 

(1)    Restrict paving and repaving activity to exclude periods of rainfall or   

predicted rainfall unless required by emergency conditions 

(2)    Install sand bags or gravel bags and filter fabric at all susceptible storm drain 

inlets and at manholes to prevent spills of paving products and tack coat 

(3)    Prevent the discharge of release agents including soybean oil, other oils, or 

diesel to the storm water drainage system or receiving waters. 

(4)    Minimize non storm water runoff from water use for the roller and for 

evaporative cooling of the asphalt 

(5)    Clean equipment over absorbent pads, drip pans, plastic sheeting or other 

material to capture all spillage and dispose of properly 

(6)    Collect liquid waste in a container, with a secure lid, for transport to a 

maintenance facility to be reused, recycled or disposed of properly 

(7)    Collect solid waste by vacuuming or sweeping and securing in an 

appropriate container for transport to a maintenance facility to be reused, 

recycled or disposed of properly 

 

(8)    Cover the “cold-mix” asphalt (i.e., pre-mixed aggregate and asphalt binder) 

with protective sheeting during a rainstorm 

(9)    Cover loads with tarp before haul-off to a storage site, and do not overload 

trucks 

(10)  Minimize airborne dust by using water spray during grinding 

(11)  Avoid stockpiling soil, sand, sediment, asphalt material and asphalt 

grindings materials or rubble in or near storm water drainage system or 

receiving waters 

(12)  Protect stockpiles with a cover or sediment barriers during a rain 

 

7. Electronic Site Tracking System 

(a) Each Permittee shall use an electronic system to track grading permits, 

encroachment permits, demolition permits, building permits, or construction 
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permits (and any other municipal authorization to move soil and/ or construct or 

destruct that involves land disturbance) issued by each Permittee.  To satisfy this 

requirement, the use of a database or GIS system is encouraged, but not required. 

 

8. Inspections 

(a) Each Permittee shall inspect all construction sites for the implementation of storm 

water quality controls a minimum of once during the wet season.  Concurrently, 

each Permittee shall ensure that: 

(1) The Local SWPPP is reviewed for compliance with local codes, ordinances, 

and permits. 

(2) A follow-up inspection takes place within two weeks for inspected sites that 

have not adequately implemented their Local SWPPP. 

(b) Each Permittee shall take additional enforcement actions to achieve compliance as 

specified in municipal codes, if compliance with municipal codes, ordinances, or 

permits has not been attained. 

(c) Each Permittee can refer sites to the Regional Water Board for joint enforcement 

actions for violation of municipal storm water ordinances and the Construction 

Activities Storm Water General Permit (CASGP), or Small Linear Underground/ 

Overhead Construction Projects General Permit (small LUPs), after conducting a 

minimum of 2 site inspections and issuing a minimum of 2 written notices to the 

operator regarding the violation (copied to the Regional Water Board).  In making 

such referrals, Permittees shall include, at a minimum, the following 

documentation: 

(1) Name of the site 

(2) WDID number 

(3) Site developer 

(4) Site owner 

(5) Records of communication with the site operator regarding the violation(s), 

which shall include at least an inspection report 

(6) Written notice of the violation copied to the Regional Water 

(d) Prior to approving and/ or signing off for occupancy and issuing the Certificate of 

Occupancy for all construction projects subject to post-construction controls, each 

Permittee shall inspect the constructed site design, source control and treatment 

control BMPs to verify that they have been constructed in compliance with all 

specifications, plans, permits, ordinances, and this Order.  The initial/ acceptance 

BMP verification inspection does not constitute a maintenance and operation 

inspection, as required in the preceding subpart E.IV.2(c). 

 

9. State Conformity Requirements 

(a) Each Permittee shall ensure that no grading permit, encroachment permit, 

demolition permit, building permit, electrical permit, or construction permit       

(or any other municipal authorization to move soil and/ or construct or destruct 
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that involves land disturbance) is issued for any project requiring coverage under 

the CASGP or Small LUP General Permit
1
 unless: 

(1) Proof of filing a Notice of Intent for coverage under a State NPDES permit 

is demonstrated). 

(2) Demonstration or Certification that a SWPPP has been prepared by the 

project developer.   

(3) Proof of Change of Information form (COI) and a copy of the modified 

SWPPP(s) at any time a transfer of ownership takes place for the entire 

development or portions of the common plan of development where 

construction activities are still on-going. 

 

10. Interagency Coordination 

(a) Referral of Violations:  

A Permittee may refer a violator of the municipal storm water ordinance and 

CWC § 13260 to the Regional Water Board provided that the Permittee has made 

a good faith effort at progressive enforcement consistent with the preceding 

subpart F.8(c).  At a minimum, the Permittee's good faith effort shall be 

documented with: 

(1) A minimum of 2 follow-up inspection reports (inspections completed within 

3 months). 

(2) A minimum of two warning letters or NOVs. 

(b) Referral of Non-filers under the CASGP or the Small LUP General Permit: 

Each Permittee shall refer non-filers (i.e., those projects which cannot 

demonstrate that they have a WDID number) under the CASGP or Small LUP 

General Permit, to the Regional Water Board, no later than 15 days after making a 

determination of failure to file.  In making such referrals, Permittees shall include, 

at a minimum, the following documentation: 

(1) Project location address 

(2) Project description 

(3) Developer or owners name with complete mailing address 

(4) Project size 

(5) Records of communication with the developer or owner regarding filing 

requirements 

(c) Investigation of Complaints Regarding Facilities – Transmitted by the 

Regional Water Board Staff: 

(1) Each Permittee shall initiate, within one business day,
2
 an initial 

investigation of complaint(s) (other than non-storm water discharges) on the 

construction site(s) within its jurisdiction.   

                                                           

 
1
 NPDES Permit No. CAS000005, Waste Discharge Requirements For Discharges of Storm Water Runoff 

Associated with Small Linear Underground/ Overhead Construction Projects (Small LUP General Permit) for any 

linear land disturbing activity or activities (cumulatively) that will cause one acre or more of land disturbance but 

not more than 5 acres. 
2
 Permittees may comply with the Permit by taking initial steps (such as logging, prioritizing, and tasking) to “initiate” the 

investigation within that one business day. However, the Regional Water Board would expect that the initial investigation, 

including a site visit, to occur within four business days. 
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(A) The initial investigation shall include, at a minimum, an inspection on 

the facility and its perimeter to confirm the complaint and to determine 

if the site operator is effectively complying with the municipal storm 

water/ urban runoff ordinances, and to oversee corrective action. 

(d) Support of Regional Water Board Enforcement Actions – As directed by the 

Regional Water Board Executive Officer: 

(1) Each Permittee shall support Regional Water Board enforcement actions by: 

(A) Assisting in identification of current owners, operators, and lessees of 

properties and sites. 

(B) Providing staff, when available, for joint inspections with Regional 

Water Board inspectors. 

(C) Appearing to testify as witnesses in Regional Water Board 

enforcement hearings. 

(D) Providing copies of inspection reports and other progressive 

enforcement documentation. 

 

G. Public Agency Activities Program 

 

I. Each Permittee shall implement a Public Agency Activities Program to minimize 

storm water pollution impacts from public agency activities.  Public Agency 

requirements consist of: 

i. Public Construction Activities Management. 

ii. Vehicle Maintenance/ Material Storage Facilities/ Corporation Yards 

Management/ Municipal Operations. 

iii. Vehicle and Equipment Wash Areas 

iv. Landscape and Recreational Facilities Management 

v. Storm Drain Operation and Management 

vi. Streets and Roads Maintenance 

vii. Public Industrial Activities Management 

viii. Emergency Procedures 

ix. Employee Training 

x. Infrastructure Maintenance 

 

1. Public Construction Activities Management 

(a) Each Permittee shall implement and comply with the Planning and Land 

Development Program requirements in part 4.E. of this Order at Permittee owned 

or operated public construction projects for project types identified in part 4.E of 

this Order. 

(b) Each Permittee shall implement and comply with the appropriate Development 

Construction Program requirements in part 4.F. of this Order at Permittee owned 

or operated construction projects as applicable. 

(c) For public projects including those under a Capital Improvement Project Plan that 

disturb less than one acre of soil the Permittees shall require the development and 

implementation of a Storm Water Pollution Control Plan.  The SWPCP shall 

include BMPs as identified in Table 6. 
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2. Vehicle Maintenance/ Material Storage Facilities/ Corporation Yards Management/ 

Long Term Maintenance Programs 

(a) Each Permittee shall implement the activity specific BMPs
1
 listed in Table 10  

when such activities occur at Permittee owned/leased facilities and job sites 

including but not limited to vehicle/ equipment maintenance facilities, material 

storage facilities, and corporation yards, and at any area that includes the activities 

as described in the following Tables.  Additionally, for any activity or area 

described in the footnote below,
2
 each Permittee shall also implement the BMPs 

in the Caltrans Storm Water Quality Handbook Maintenance Staff Guide 

described as B-4 in Table 10 (BMPs at Vehicle Maintenance/ Material Storage 

Facilities/ Corporation Yards). 

 

Table 10 - BMPs at Vehicle Maintenance/ Material Storage Facilities/ Corporation Yards 
From the Caltrans Storm Water Quality Handbook Maintenance Staff Guide  Appendix B 

Activity Specific BMPs Page 

General BMPs B-4 

Flexible Pavement B-9 

Asphalt Cement Crack and Joint Grinding/ Sealing B-9  

Asphalt Paving  B-10 

Structural Pavement Failure (Digouts) Pavement Grinding and Paving  B-11 

Emergency Pothole Repairs  B-13 

Sealing Operations  B-14 

Rigid Pavement  B-15 

Portland Cement Crack and Joint Sealing  B-15 

Mudjacking and Drilling  B-16 

Concrete Slab and Spall Repair  B-17 

Slope/ Drains/ Vegetation  B-19 

Shoulder Grading  B-19 

Nonlandscaped Chemical Vegetation Control  B-21 

Nonlandscaped Mechanical Vegetation Control/ Mowing  B-23 

Nonlandscaped Tree and Shrub Pruning, Brush Chipping, Tree and Shrub Removal  B-24 

Fence Repair  B-25 

Drainage Ditch and Channel Maintenance  B-26 

Drain and Culvert Maintenance  B-28 

Curb and Sidewalk Repair B-30 

Litter/ Debris/ Graffiti B-32 

Sweeping Operations B-32 

Litter and Debris Removal  B-33 

Emergency Response and Cleanup Practices  B-34 

Graffiti Removal  B-36 

Landscaping  B-37 

                                                           

 
1
 These BMPs are identified in Appendix B of the Caltrans Storm Water Quality Handbook Maintenance Staff 

Guide, May 2003, and its addenda.  Other BMPs may be substituted upon approval by the Executive Officer. 
2
 Scheduling and Planning; Spill Prevention and Control; Sanitary/ Septic Waste Management; Material Use; Safer 

Alternative Products; Vehicle/ Equipment Cleaning, Fueling, and Maintenance; Illicit Connections Detection, 

Reporting and Removal; Illegal Spill / Discharge Control and Maintenance Facility Housekeeping Practices. 
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Activity Specific BMPs Page 

Chemical Vegetation Control  B-37 

Manual Vegetation Control B-39 

Landscaped Mechanical Vegetation Control/ Mowing B-40 

Landscaped Tree and Shrub Pruning, Brush Chipping, Tree and Shrub Removal B-41 

Irrigation Line Repairs B-42 

Irrigation (Watering), Potable and Nonpotable B-43 

Environmental B-44 

Storm Drain Stenciling B-44 

Roadside Slope Inspection B-45 

Roadside Stabilization B-46 

Storm Water Treatment Devices B-48 

Traction Sand Trap Devices B-49 

Public Facilities B-50 

Public Facilities B-50 

Bridges B-52 

Welding and Grinding B-52 

Sandblasting, Wet Blast with Sand Injection and Hydroblasting B-54 

Painting B-56 

Bridge Repairs B-57 

Other Structures B-59 

Pump Station Cleaning B-59 

Tube and Tunnel Maintenance and Repair B-61 

Tow Truck Operations B-63 

Toll Booth Lane Scrubbing Operations B-64 

Electrical B-65 

Sawcutting for Loop Installation B-65 

Traffic Guidance B-67 

Thermoplastic Striping and Marking B-67 

Paint Striping and Marking B-68 

Raised/ Recessed Pavement Marker Application and Removal B-70 

Sign Repair and Maintenance B-71 

Median Barrier and Guard Rail Repair B-73 

Emergency Vehicle Energy Attenuation Repair B-75 

Snow and Ice Control B-76 

Snow Removal B-76 

Ice Control B-77 

Storm Maintenance B-78 

Minor Slides and Slipouts Cleanup/ Repair B-78 

Management and Support B-80 

Building and Grounds Maintenance B-80 

Storage of Hazardous Materials (Working Stock) B-82 

Material Storage Control (Hazardous Waste) B-84 

Outdoor Storage of Raw Materials B-85 

Vehicle and Equipment Fueling B-86 

Vehicle and Equipment Cleaning B-87 

Vehicle and Equipment Maintenance and Repair B-88 
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Activity Specific BMPs Page 

Aboveground and Underground Tank Leak and Spill Control B-90 

 

3. Vehicle and Equipment Wash Areas 

(a) Each Permittee shall eliminate discharges of wash waters from vehicle and 

equipment washing no later than May 7, 2010 by implementing any of the 

following measures at existing facilities with vehicle or equipment wash areas: 

(1) Self-contain, and haul off for disposal 

(2) Equip with a clarifier 

(3) Equip with an alternative pre-treatment device; or 

(4) Plumb to the sanitary sewer 

(b) Each Permittee shall ensure that any municipal facilities constructed, redeveloped, 

or replaced has all vehicle and equipment wash areas plumbed to the sanitary 

sewer or be self contained and all wastewater/ washwater hauled for legal 

disposal. 

 

4. Landscape, Park, and Recreational Facilities Management 

(a) Integrated Pest Management (IPM) 

IPM is an ecosystem-based strategy that focuses on long-term prevention of pests 

or their damage through a combination of techniques such as biological control, 

habitat manipulation, modification of cultural practices, and use of resistant 

varieties. Each Permittee shall implement an IPM program within 365 days of the 

adoption of this Order (May 7, 2010) that includes the following: 

(1) Pesticides are used only if monitoring indicates they are needed according to 

established guidelines. 

(2) Treatments are made with the goal of removing only the target organism. 

(3) Pest controls are selected and applied in a manner that minimizes risks to 

human health, beneficial, non-target organisms, and the environment. 

(4) Its use of pesticides, including Organophosphates and Pyrethroids do not 

threaten water quality. 

(5) Partner with other agencies and organizations to encourage the use of IPM.    

(6) Adopt and verifiably implement policies, procedures, and/ or ordinances 

requiring the minimization of pesticide use and encouraging the use of IPM 

techniques (including beneficial insects) in the Permittees’ overall 

operations and on municipal property. 

(7) Policies, procedures, and ordinances shall include commitments and 

timelines to reduce the use of pesticides that cause impairment of surface 

waters by implementing the following procedures: 

(A) Quantify pesticide use by its staff and hired contractors. 

(B) Prepare and annually update an inventory of pesticides used by all 

internal departments, divisions, and other operational units. 

(C) Demonstrate reductions in pesticide use. 

(b) Each Permittee shall implement the following requirements no later than  

November 3, 2009: 
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(1) Use a standardized protocol for the routine and non-routine application of 

pesticides (including pre-emergents), and fertilizers. 

(2) Ensure no application of pesticides or fertilizers are applied to an area 

immediately prior to, during, or immediately after a rain event, or when 

water is flowing off the area. 

(3) Ensure that no banned or unregistered pesticides are stored or applied. 

(4) Ensure that all staff applying pesticides are certified in the appropriate 

category by the California Department of Pesticide Regulation, or are under 

the direct supervision of a pesticide applicator certified in the appropriate 

category. 

(5) Implement procedures to encourage the retention and planting of native 

vegetation to reduce water, pesticide and fertilizer needs; and 

(6) Store pesticides and fertilizers indoors or under cover on paved surfaces or 

use secondary containment. 

(A) Reduce the use, storage, and handling of hazardous materials to reduce 

the potential for spills. 

(B) Regularly inspect storage areas. 

(7) Comply with the provisions and the monitoring requirements for application 

of aquatic pesticides to surface waters (WQ Order No. 2004-0008-DWQ) 

(Vector Control) and Order No. 2004-0009-DWQ (Weed Control). 

 

5. Storm Drain Operation and Management 

(a) Catch Basin Cleaning 

(1) Each Permittee shall designate catch basin inlets within its jurisdiction as 

one of the following: 

Priority A: Catch basins that are designated as consistently generating the 

highest volumes of trash. 

Priority B: Catch basins that are designated as consistently generating 

moderate volumes of trash. 

Priority C: Catch basins that are designated as generating low volumes of 

trash. 

Within one year of Order adoption (May 7, 2010), Permittees shall submit a 

map or list of Catch Basins with their GPS coordinates and their 

designations. The map or list shall contain the rationale or data to support 

designations. 

(2) Each Permittee shall inspect catch basins according to the following 

schedule: 

Priority A: A minimum of 3 times during the wet season and once during 

the dry season every year. 

Priority B: A minimum of once during the wet season and once during the 

dry season every year. 

Priority C: A minimum of once per year. 

Catch basins shall be cleaned as necessary on the basis of inspections.  

Permittees shall maintain inspection records for Regional Board review. 
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(3) In addition to the preceding schedule, Permittees shall ensure that any catch 

basin that is determined to be at least 25% full of trash shall be cleaned out. 

(b) Trash Management at Public Events 

(1) Each Permittee shall require for any event in the public right of way or 

wherever it is foreseeable that substantial quantities of trash and litter may 

be generated, the following measures: 

(A) Proper management of trash and litter generated; and 

(B) Arrangement for temporary screens to be placed on catch basins; or 

(C) Provide clean out of catch basins, trash receptacles, and grounds in the 

event area within 24 hours subsequent to the event. 

(c) Trash Receptacles 

(1) Each Permittee shall install trash receptacles, or equivalent trash capturing 

devices in areas subject to high trash generation within its jurisdiction no 

later than May 7, 2010. 

(2) Each Permittee shall ensure that all trash receptacles are cleaned out and 

maintained as necessary to prevent trash overflow. 

(d) Catch Basin Labels 

(1) Each Permittee shall inspect the legibility of the catch basin stencil or label 

nearest each catch basin and inlet before the wet season begins. 

(2) Each Permittee shall record and re-stencil or re-label within 15 days of 

inspection, catch basins with illegible stencils. 

(e) Additional Trash Management Practices  

(1) Each Permittee shall install trash excluders, or equivalent devices on or in 

catch basins or outfalls to prevent the discharge of trash to the storm drain 

system or receiving water no later than two years after Order adoption date 

in areas defined as Priority A (subpart 5(a)(1)) except in sites where the 

application of such BMP(s) alone will cause flooding. Lack of maintenance 

that causes flooding is not an acceptable exception to the requirement to 

install BMPs.  Alternatively the Permittee may implement alternative or 

enhanced BMPs beyond the provisions of this permit (such as but not 

limited to increased street sweeping, adding trash cans near trash generation 

sites, prompt enforcement of trash accumulation, increased trash collection 

on public property, increased litter prevention messages or trash nets within 

the MS4) that provide substantially equivalent removal of trash.  Permittees 

shall demonstrate that BMPs, which substituted for trash excluders provide 

equivalent trash removal performance as excluders.  When outfall trash 

capture is provided, revision of the schedule for inspection and cleanout of 

catch basins in task 5.(a)(2) may be proposed by the Permittee for approval 

by the Executive Officer.   

(f) Storm Drain Maintenance 

(1) Each Permittee shall implement a program for Storm Drain Maintenance no 

later than November 3, 2009 that includes the following: 

(A) Visual monitoring of Permittee-owned open channels and other 

drainage structures for debris at least annually. 
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(B) Remove trash and debris from open channel storm drains a minimum 

of once per year before the wet season. 

(C) Eliminate the discharge of contaminants during MS4 maintenance and 

clean outs. 

(D) Quantify the amount of materials removed using techniques 

appropriate for quantifying solid waste and ensure the materials are 

properly disposed of. 

(g) Spill Response Plan  

(1) Each Permittee shall implement a response plan for spills to the MS4 within 

their respective jurisdiction.  The response Plan shall clearly identify 

agencies responsible and telephone numbers and e-mail address for contact 

and shall contain at a minimum the following: 

(A) Investigation of all complaints received within 24 hours of the incident 

report. 

(B) Response within 2 hours to spills for containment upon notification, 

except where such overflows occur on private property, in which case 

the response should be within 2 hours of gaining legal access to the 

property. 

(C) Notification to appropriate public health agencies and the Office of 

Emergency Services (OES).  

(h) Permittee Owned Treatment Control BMPs 

(1) Each Permittee shall implement an inspection and maintenance program for 

all Permittee owned treatment control BMPs, including post-construction 

treatment control BMPs. 

(2) Each Permittee shall ensure proper operation of all treatment control BMPs 

and maintain them as necessary for proper operation, including all post-

construction treatment control BMPs. 

(3) Any residual water produced by a treatment control BMP and not being 

internal to the BMP performance when being maintained shall be: 

(A) Hauled away and legally disposed of; or  

(B) Applied to the land without runoff; or  

(C) Discharged to the sanitary sewer system (with permits or 

authorization); or 

(D) Treated or filtered to remove bacteria, sediments, nutrients, and meet 

the limitations set in Table 11 (Discharge Limitations for Dewatering 

Treatment BMPs) prior to discharge to the MS4. 

 

 

Table 11 - Discharge Limitations for Dewatering Treatment BMPs
1
  

Parameter Units Limitation 

Total Suspended Solids mg/L 100 

Turbidity NTU 50 

Oil and Grease mg/L 10 

                                                           

 
1
  Technology based effluent limits. 
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6. Streets and Roads Maintenance 

(a) Maintenance 

(1) Each Permittee shall perform street sweeping of curbed streets in 

commercial areas and areas subject to high trash generation to control trash 

and debris at least two times per month. 

(b) Road Reconstruction 

(1) Each Permittee shall require that for any project that includes roadbed or 

street paving, repaving, patching, digouts, or resurfacing roadbed surfaces, 

that the following BMPs be implemented for each project. 

(A) Restrict paving and repaving activity to exclude periods of rainfall or 

predicted rainfall
1
 unless required by emergency conditions. 

(B) Install sand bags or gravel bags and filter fabric at all susceptible storm 

drain inlets and at manholes to prevent spills of paving products and tack 

coat; 

(C) Prevent the discharge of release agents including soybean oil, other oils, 

or diesel to the storm water drainage system or receiving waters. 

(D) Minimize non storm water runoff from water use for the roller and for 

evaporative cooling of the asphalt. 

(E) Clean equipment over absorbent pads, drip pans, plastic sheeting or 

other material to capture all spillage and dispose of properly. 

(F) Collect liquid waste in a container, with a secure lid, for transport to a 

maintenance facility to be reused, recycled or disposed of properly. 

(G) Collect solid waste by vacuuming or sweeping and securing in an 

appropriate container for transport to a maintenance facility to be reused, 

recycled or disposed of properly. 

(H) Cover the “cold-mix” asphalt (i.e., pre-mixed aggregate and asphalt 

binder) with protective sheeting during a rainstorm. 

(I) Cover loads with tarp before haul-off to a storage site, and do not 

overload trucks. 

(J) Minimize airborne dust by using water spray during grinding. 

(K) Avoid stockpiling soil, sand, sediment, asphalt material and asphalt 

grindings materials or rubble in or near storm water drainage system or 

receiving waters.  

(L) Protect stockpiles with a cover or sediment barriers during a rain. 

 

7. Emergency Procedures 

(a) Each Permittee may conduct repairs of essential public service systems and 

infrastructure in emergency situations with a self-waiver of the provisions of this 

Order. 

(1) Where the self-waiver has been invoked, the Permittee shall submit to the 

Regional Water Board Executive Officer a statement of the occurrence of 

the emergency, an explanation of the circumstances, and the measures that 

were implemented to reduce the threat to water quality, no later than  

                                                           

 
1
 A probability of precipitation (POP) of 50% is required.  
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30 business days after the situation of emergency has passed. 

(2)    Minor repairs of essential public service systems and infrastructure in 

emergency situations (can be completed in less than one day) are not subject 

to the notification provisions.  Appropriate BMPs to reduce the threat to 

water quality shall be implemented. 

 

8. Municipal Employee and Municipal Contractor Training 

(a) Each Permittee shall, no later than May 7, 2010 and annually thereafter before 

June 30, train all of their employees and contractors in targeted positions (whose 

interactions, jobs, and activities affect storm water quality) on the requirements of 

the overall storm water management program to: 

(1) Promote a clear understanding of the potential for activities to pollute storm 

water. 

(2) Identify opportunities to require, implement, and maintain appropriate 

BMPs in their line of work. 

(b) Each Permittee shall, no later than May 7, 2010 and annually thereafter before 

June 30, train all of their employees and contractors who use or have the potential 

to use pesticides or fertilizers (whether or not they normally apply these as part of 

their work).  Training programs shall address: 

(1) The potential for pesticide-related surface water toxicity. 

(2) Proper use, handling, and disposal of pesticides. 

(3) Least toxic methods of pest prevention and control, including IPM. 

(4) Reduction of pesticide use. 

(c) Each Permittee shall, no later than May 7, 2010 and annually thereafter before 

June 30, train all of their employees and contractors who are responsible for illicit 

connections and illicit/ illegal discharges.  Training programs shall address: 

(1) Identification 

(2) Investigation 

(3) Termination 

(4) Cleanup  

(5) Reporting of Incidents 

(6) Documentation of Incidents 

 

H. Illicit Connections and Illicit Discharges Elimination Program 

 

I. Each Permittee shall implement an Illicit Connections and Illicit Discharges (IC/ IDs) 

program to eliminate IC/IDs to the storm drain system, and shall document, track, and 

report all such cases in accordance with the elements and performance measures 

specified in the following subsections. 

1. General 

(a) Implementation - Each Permittee shall implement an IC/ ID Program.  The IC/ ID 

procedures shall be documented and made available for public review. 

(b) Tracking - All Permittees shall, no later than May 7, 2012, map at a scale and in a 

format specified by the Principal Permittee all known connections to their storm 

drain system.  All Permittees shall map at a scale and in a format specified by the 
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Principal Permittee incidents of illicit connections and discharges since January 

2009 on their baseline maps, and shall transmit this information to the Principal 

Permittee no later than May 7, 2012.  Permittees shall use this information to 

identify priority areas for further investigation and elimination of IC/ ID. 

 

2. Public Reporting  

(a) Permittees shall establish and maintain a phone hotline and internet site to receive 

all reports of IC/ ID complaints.  

(b) Permittees shall document the location of the reported IC/ ID and the actions 

undertaken in response to all IC/ ID complaints. 

 

3. Illicit Connections 

(a) Screening for Illicit Connections 

(1) Each Permittee shall submit to the Principal Permittee:  

(A) A map at a scale and in a format specified by the Principal Permittee  

showing the location and length of underground pipes 18 inches and 

greater in diameter, and channels within their permitted area and 

operated by the Permittee in accordance with the following schedule: 

(i) All channeled portions of the storm drain system no later than 

May 7, 2010. 

(ii) All portions of the storm drain system consisting of storm drain 

pipes 36 inches in diameter or greater, no later than May 7, 2012. 

This provision is not meant to exclude Permittees from using 

equally effective alternative methods not listed in the manual. 

(iii) All portions of the storm drain system consisting of storm drain 

pipes 18 inches in diameter or greater, no later than May 7, 2014. 

(B) The status of suspected, confirmed, and terminated illicit connections. 

(2) Permittees shall conduct field screening of their storm drain systems in 

accordance with screening procedures described in the Illicit Discharge 

Detection and Elimination, A Guidance Manual for Program Development 

and Technical Assessments (2004)
1
.  Permittees shall conduct field 

screening of their storm drain system that has not been previously screened 

and reported to the Regional Board, for illicit connections in accordance 

with the following schedule: 

(A) All portions of the storm drain system consisting of storm drain pipes 

36 inches in diameter or greater, no later than May 7, 2012. 

(B) High priority areas identified during the mapping of illicit connections 

and discharges, no later than May 7, 2012. 

(C) All portions of storm drain systems 50 years or older in age, no later 

than May 7, 2012. 

(3) Each Permittee shall maintain a list containing all connections under 

investigation for possible illicit connection and their status. 

                                                           

 
1
 Illicit Discharge Detection and Elimination, A Guidance Manual for Program Development and Technical 

Assessments. The Center for Watershed Protection, Pitt R., October 2004. Chapter 13, 13.1,13.2, 13.3, 13.4 
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(b) Response to Illicit Connections 

(1) Investigation -  

Each Permittee, upon discovery or upon receiving a report of a suspected 

illicit connection, shall complete an investigation within 21 days, to 

determine the following: 

(A) Source of the connection.  

(B) Nature and volume of discharge through the connection.  

(C) Responsible party for the connection. 

(2) Termination -  

Each Permittee, upon confirmation of an illicit storm drain connection, shall 

ensure the following: 

(A) Termination of the connection within 180 days of completion of the 

investigation, using formal enforcement authority to eliminate the 

illicit connection. 

(3) Documentation -  

Each Permittee shall keep records of all illicit connection investigations and 

the formal enforcement taken to eliminate all illicit connections. 

 

4. Illicit Discharges 

(a) Investigation - 

Each Permittee shall investigate an illicit/ illegal discharge during or immediately 

following containment and cleanup activities, and shall take appropriate 

enforcement action to eliminate the illegal discharge. 

(b) Abatement and Cleanup - 

Each Permittee shall respond, within 1 business day of discovery or a report of a 

suspected illicit/ illegal discharge, with actions to abate, contain, and/or clean up 

all illegal discharges, including hazardous waste. 

(c) Documentation - 

Each Permittee shall maintain records of all illicit/ illegal discharge discoveries, 

reports of suspected illicit/ illegal discharges, their response to the illicit/ illegal 

discharges and suspected illicit/ illegal discharges, and the formal enforcement 

taken to eliminate all illicit/ illegal discharges. 

 

I. REPORTING PROGRAM 

 

1. The Principal Permittee in consultation with the Permittees and Regional Water 

Board staff shall convene an adhoc working group to develop an Electronic Reporting 

Program, the basis of which shall be the requirements in this Order.  The Committee 

shall no later than May 7, 2010 submit the electronic reporting form in each 

subsequent year. 

 

2. Each Permittee shall submit information required in the Reporting Program in a 

method as appropriate to the format approved by the Regional Water Board Executive 

Officer. 
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3. The Principal Permittee shall submit by December 15
th

 of each year, an Annual 

Report to the Regional Water Board Executive Officer in the form one hard copy and 

three compact disk (CD) copies (or an electronic equivalent). 

 

4. The Annual Report shall document the status of the Municipal Storm Water Program, 

an integrated summary of the results of analyses from: 

(a) The monitoring program described under Part 1- Monitoring Report.  

(b) The requirements described under Part 2- Program Report. 

 

5. Plans shall be submitted to the Regional Water Board Executive Officer in the form 

of one hard copy and three compact disk (CD) copies (or an electronic equivalent). 

 

6. Study Reports shall be submitted to the Regional Water Board Executive Officer in 

the form of one hard copy and three compact disk (CD) copies (or an electronic 

equivalent). 

 

7. Progress Reports shall be submitted to the Regional Water Board Executive Officer in 

the form of one hard copy and three compact disk (CD) copies (or an electronic 

equivalent). 

 

PART 5 - TOTAL MAXIMUM DAILY LOAD PROVISIONS 

 

I. Part 56 of this Order incorporates provisions to assure that Ventura County MS4 Permittees 

comply with WLAs and other requirements of TMDLs covering impaired waters impacted 

by the Permittees’ discharges. 

 

II. Each Permittee shall attain the storm water WLAs incorporated into this Order by 

implementing BMPs in accordance with the TMDL Technical Reports, Implementation 

Plans, or as identified as a result of TMDL special studies specified in the Basin Plan 

Amendment.  

 

III. The Permittees shall comply with the following Wasteload Allocations, consistent with the 

assumptions and requirements of the Wasteload Allocations documented in the 

Implementation Plans, including compliance schedules, associated with the State adoption 

and approval of the TMDL at compliance monitoring points established in each TMDL 

(40CFR122.44(d)(1)(vii)(B). 

 

IV. TMDLs in effect and covered in this Order are the following: 

1. TMDL for Nutrients for Malibu Creek Watershed (Effective date: March 21, 2003) 

2. TMDL for Nitrogen Compounds and Related Effects in Calleguas Creek (Effective 

date: July 16, 2003) 

3. TMDL for Nitrogen Compounds for the Santa Clara River (Effective date: March 23, 

2004). 

4. TMDL for Chloride in Santa Clara River, Reach 3 (Effective date: June 18, 2003) 

5. TMDL for Chloride in Upper Santa Clara River (Effective date: May 4, 2005)  
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6. TMDL for Toxicity, Chlorpyrifos and Diazinon in the Calleguas Creek, its 

Tributaries and Mugu Lagoon - (Effective date: March 24, 2006). 

7. TMDL for Organochlorine Pesticides, Polychlorinated Biphenyls, and Siltation in 

Calleguas Creek, its Tributaries and Mugu Lagoon (Effective date: March 24, 2006). 

8. TMDL for Bacteria in Malibu Creek and Lagoon (Effective date: January 24, 2006). 

9. TMDL for Metals and Selenium in the Calleguas Creek, its Tributaries and Mugu 

Lagoon (Effective date:  March 26, 2007) 

10. TMDL for Trash in Revolon Slough and Beardsley Wash (Effective date:  March 6, 

2008). 

11. TMDL for Boron, Chloride, Sulfate, and TDS in Calleguas Creek Watershed 

(Effective date: December  2, 2008) 

12. TMDL for Trash in the Ventura River Estuary (Effective date:  March 6, 2008). 

13. TMDL for Bacteria in Harbor Beaches of Ventura County (Effective date: September 

23, 2008).   

 

IV. TMDL Interim WLAs incorporated into this Order due to compliance dates which exceed 

the term of this Order are the following: 

 

1. Final Wet Weather Bacteria WLAs for Malibu Creek and Lagoon – (Compliance 

date: January 24, 2016). 

2. Final Chloride WLAs for Upper Santa Clara River – (Compliance date: May 4, 2016) 

3. Final Organochlorine Pesticides, Polychlorinated Biphenyls, and Siltation WLAs for 

Calleguas Creek, its Tributaries and Mugu Lagoon – (Compliance date: March 24, 

2026). 

4. Final Metals and Selenium WLAs for Calleguas Creek, its Tributaries and Mugu 

Lagoon (Compliance date:  March 26, 2022) 

5. Final Boron, Chloride, Sulfate, and TDS WLAs for Calleguas Creek watershed 

(Compliance date: December 2, 2023) 

 

V. TMDL WLAs and Other TMDL Provisions Incorporated into this Order are as follows: 

 

1. TMDL for Nutrients for Malibu Creek Watershed 

 

(a) Summer Load Allocations 

  Nitrogen Phosphorus 

  (lbs/day) (lbs/day) 

- Runoff from developed areas 26  2.6 

- Golf Course Fertilization 37 6.6 

- Dry Weather Urban Runoff 52 4.6 

- Other 56 4.1 

 

(b) Winter concentration-based Load Allocations 

  Nitrogen (Nitrate-N + Nitrite-N) 

  (mg/L) 

- Runoff from Developed Areas 8 
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- Golf Course Fertilization 8 

- Dry Weather Urban Runoff 8 

- Other 8 

 

(c) Compliance Monitoring: 

This TMDL was established and approved by U.S. EPA and did not include an 

implementation plan.     

(d) Actions and Special Studies required for Malibu Creek MS4 permittees 

(1) Extent of algal impairment. EPA recommends studies to investigate the 

current extent of impairment due to excessive algal growth in the creek by 

surveying algal biomass and species composition at multiple sites within the 

creek.  

(2) Limiting factor analysis. EPA recommends further study to assess whether 

total nitrogen or total phosphorus or other parameters such as flow and light limit 

algal growth in the Malibu Creek watershed.  

(3) Fate of nutrients in Malibu Lagoon. EPA recommends this special study to 

determine if the expected upstream reductions in nutrient loadings would result in 

desired improvements in water quality in the lagoon. 

 

2. TMDL for Nitrogen Compounds and Related Effects in Calleguas Creek Watershed 

 

The stormwater permitted discharges were considered minor sources of nitrogen to 

the Calleguas Creek.  Therefore, WLAs are not assigned to storm water permitted 

discharges.  The monitoring program of this TMDL includes data collection to 

quantify loadings and associated WLAs from these sources. 

 

3. TMDL for Nitrogen Compounds in the Santa Clara River 

 

(a) Waste Load Allocations: 

(1) The Ventura County MS4 permittees discharging to the Santa Clara River 

(the cities of Fillmore and Santa Paula) (“Santa Clara MS4 permittees”) 

shall implement BMPs to achieve the following MS4 wasteload allocations 

applicable to River Reach 3: 

Ammonia nitrogen 30-day average  2.0 mg/L 

Ammonia nitrogen 1-hour average  4.2 mg/L 

Nitrate + Nitrite nitrogen 30-day average 8.1 mg/L 

(b) Compliance Monitoring: 

(1) Compliance with the WLAs is to be determined through receiving water 

monitoring conducted in accordance with the Santa Clara River Nitrogen 

TMDL Monitoring Program approved by the Executive Officer. 

(2) If any WLA is exceeded at a compliance monitoring site, permittees shall 

implement BMPs in accordance with the TMDL Technical Reports, 

Implementation Plans or as identified as a result of TMDL special studies 

identified in the Basin Plan Amendment.  Following these actions, Regional 

Water Board staff will evaluate the need for enforcement action. 

RB-AR6897



NPDES No. CAS004002                                                                                    Order No. 09-0057 

Ventura County Municipal Separate Storm Sewer System Permit 

 

 

May 7, 2009  

Final – Corrected January 13, 2010 - 86 of 120 - 

 

(c) Actions and Special Studies required of Santa Clara MS4 permittees: 

(1) Annual Progress Reports.  Santa Clara River MS4 permittees, either 

independently or in conjunction with other stakeholders, shall submit an 

annual progress report with respect to achievement of the WLAs. 

 

4. TMDL for Chloride in Santa Clara River, Reach 3 

 

(a)  Waste Load Allocation: 

MS4 permittees discharging to Santa Clara River, Reach 3 shall implement BMPs 

to achieve the following MS4 WLAs: 

Chloride (mg/L)  80 

(b) Compliance Monitoring:  This TMDL was established and approved by U.S. EPA 

and did not include an implementation plan.       

(c) Actions and Special Studies required of Santa Clara MS4 permittees: 

(1) Annual Progress Reports.  Santa Clara River MS4 permittees, either 

independently or in conjunction with other stakeholders, shall submit an 

annual progress report with respect to achievement of the WLAs. 

 

5. TMDL for Chloride in Upper Santa Clara River 

 

 (a) Waste Load Allocation: 

MS4 permittees discharging to Upper Santa Clara River shall implement BMPs to 

achieve the following WLAs 

Chloride (mg/L)  100 

(b) Compliance monitoring: 

(1) Compliance with the WLAs is to be determined through receiving water 

monitoring conducted in accordance with the Santa Clara River Nitrogen 

TMDL Monitoring Program approved by the Executive Officer. 

(2) If any WLA is exceeded at a compliance monitoring site, permittees shall 

implement BMPs in accordance with the TMDL Technical Reports and 

Implementation Plans.  Following these actions, Regional Water Board staff 

will evaluate the need for enforcement action. 

(c) Actions and Special Studies required of Santa Clara MS4 permittees: 

(1) Annual Progress Reports.  Santa Clara River MS4 permittees, either 

independently or in conjunction with other stakeholders, shall submit an 

annual progress report with respect to achievement of the WLAs. 

 

6.  TMDL for Toxicity, Chlorpyrifos, and Diazinon in the Calleguas Creek, its 

Tributaries and Mugu Lagoon. 

 

(a) Waste Load Allocations: 

(1) MS4 permittees discharging to Calleguas Creek, its tributaries and Mugu 

Lagoon (Ventura County Watershed Protection District, County of Ventura 

and the cities of Camarillo, Moorpark, Oxnard, Simi Valley and Thousand 
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Oaks) (“Calleguas MS4 permittees”) shall implement BMPs to achieve the 

following MS4 WLAs: 

Toxicity WLA   1.0 TUc 

Chlorpyrifos WLA  0.014 ug/L 

Diazinon WLA   0.10 ug/L 

(2) Pursuant to the TMDL, the final storm water WLAs for Toxicity, 

Chlorpyrifos and Diazinon, listed above, are receiving water concentrations 

measured in-stream at the base of each subwatershed within the Calleguas 

Creek watershed. 

(b) Compliance Monitoring: 

(1) Compliance with the WLAs is to be determined through the measurement of 

in-stream water quality at the base of each of the Calleguas Creek 

subwatersheds, in accordance with the Calleguas Creek Watershed TMDL 

Monitoring Program approved by the Executive Officer. 

(2) If any WLA is exceeded at a compliance monitoring site, permittees shall 

implement BMPs in accordance with the TMDL Technical Reports, 

Implementation Plans or as identified as a result of TMDL special studies 

identified in the Basin Plan Amendment.  Following these actions, Regional 

Water Board staff will evaluate the need for enforcement action. 

(3) If as a result of compliance monitoring and subsequent investigations it is 

determined that a Calleguas MS4 permittee is responsible for exceedance of 

the in-stream Toxicity WLA, that permittee shall initiate the TRE/TIE 

process as outlined in U.S. EPA’s “Understanding and Accounting for 

Method Variability in Whole Effluent Toxicity Applications Under the 

National Pollutant Discharge Elimination System Program” (2000) or the 

approved Toxicity TMDL monitoring plan, and take appropriate action to 

eliminate the identified source of the toxicity.  

(c) Actions and Special Studies required of Calleguas MS4 permittees: 

(1) Special Study #1. Together with Calleguas POTW permittees, investigate 

the pesticides that will replace diazinon and chlorpyrifos in the urban 

environment, their potential impact on receiving waters and potential control 

measures.  Special Study #1 was completed by March 24, 2008. 

(2) Special Study #2.  Together with Calleguas Agricultural Dischargers, 

consider results of monitoring of sediment concentrations by source/land use 

type through the special study required in the Calleguas OC Pesticide, PCB 

and Siltation TMDL Implementation Plan. Complete within 6 months of 

completion of the OCs TMDL special study #1. 

(3) Pesticide Collection Program.  Together with Calleguas POTW permittees, 

develop and implement a collection program for diazinon and chlorpyrifos 

and an educational program.  Collection and education could occur through 

existing programs such as household hazardous waste collection events.  

The Pesticide Collection Program is to be implemented by March 24, 2009. 

(4) Special Study #3.  Together with Calleguas Agricultural Dischargers, 

consider the findings of transport rates developed through the OC Pesticide, 
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PCB and Siltation TMDL Implementation Plan. Complete within 6 months 

of completion of the OCs TMDL special study #1. 

 

7. TMDL for Organochlorine (OC) Pesticides, Polychlorinated Biphenyls (PCBs) and 

Siltation in the Calleguas Creek, its Tributaries and Mugu Lagoon. 

(a) Waste Load Allocations: 

(1) MS4 permittees discharging to Calleguas Creek, its tributaries or Mugu 

Lagoon (Ventura County Watershed Protection District, County of Ventura 

and the cities of Camarillo, Moorpark, and Simi Valley) (“Calleguas MS4 

permittees”) shall implement BMPs to achieve the interim WLAs listed in 

Table 12. 

 

Table 12 - Interim Sediment Concentration WLAs (ng/g) 

Constituent Subwatershed 

 Mugu 

Lagoon 

Calleguas 

Creek 

Revolon 

Slough 

Arroyo 

Las Posas 

Arroyo 

Simi 

Conejo 

Creek 

Chlordane 25 17 48 3.3 3.3 3.4 

4,4-DDD 69 66 400 290 140 5.3 

4,4-DDE 300 470 1600 950 170 20 

4.4-DDT 39 110 690 670 25 2 

Dieldrin 19 3 5.7 1.1 1.1 3 

PCBs 180 3800 7600 25700 25700 3800 

Toxaphene 22900 260 790 230 230 260 

 

(2) Pursuant to the TMDL, the interim storm water WLAs for OC Pesticides, 

PCBs and Siltation, listed above, are annual average, sediment-based 

concentrations measured in surface waters at the base of each subwatershed 

within the Calleguas Creek watershed. 

(b) Compliance Monitoring: 

(1) Compliance with the WLAs is to be determined through the measurement of 

in-stream water quality at the base of each of the Calleguas Creek 

subwatersheds, in accordance with the Calleguas Creek Watershed TMDL 

Monitoring Program approved by the Executive Officer. 

(2) If any WLA is exceeded at a compliance monitoring site, permittees shall 

implement BMPs in accordance with the TMDL Technical Reports, 

Implementation Plans or as identified as a result of TMDL special studies 

identified in the Basin Plan Amendment.  Following these actions, Regional 

Water Board staff will evaluate the need for enforcement action. 

(c) Actions and Special Studies required of Calleguas MS4 permittees: 

(1) Pesticide Collection Program.  Together with Calleguas POTW permittees, 

implement a collection program and source control measures pursuant to a 

work plan approved by the Executive Officer.  The Pesticide Collection 

Program is to be implemented by March 24, 2011.  

(2) Special Study #1. Together with Calleguas POTW permittees, Calleguas 

Agricultural Dischargers, and the Point Mugu Naval Base, submit a work 
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plan to quantify sedimentation in the Calleguas Creek Watershed, evaluate 

management methods to control siltation and contaminated sediment 

transport to Calleguas Creek, identify appropriate BMPs to reduce sediment 

loadings and evaluate the effect of sediment on habitat preservation in Mugu 

Lagoon for approval by the Executive Officer.  This special study is also to 

evaluate the concentration of OC pesticides and PCBs in sediments from 

various sources/land use types.  Special Study #1 is to be completed by 

March 24, 2014.  

(3) Special Study #2.  Together with Calleguas Agricultural Dischargers, 

identify areas of high OC concentrations and evaluate the effects of 

watershed protection and land use practices on water quality.  Such practices 

include but are not limited to management of sediment reduction practices 

and structures, streambank stabilization, and other projects related to 

stormwater conveyance and flood control improvements in the Calleguas 

Creek watershed.  Special Study #2 is to be completed based on the 

schedule provided in the workplan, submitted in March, 2007  

(4) Special Study #3 – Together with Calleguas POTW permittees, Calleguas 

Agricultural Dischargers, and the Point Mugu Naval Base, evaluate natural 

attenuation rates and evaluate methods to accelerate organochlorine 

pesticide and polychlorinated biphenyl attenuation and examine the 

attainability of wasteload and load allocations in the Calleguas Creek 

Watershed.  Special Study #3 is to be completed by March 24, 2016. 

 

8. TMDL for Metals and Selenium in the Calleguas Creek, its Tributaries and Mugu 

Lagoon. 

 

(a) Waste Load Allocations: 

(1) MS4 permittees discharging to Calleguas Creek, its tributaries or Mugu 

Lagoon (Ventura County Watershed Protection District, County of Ventura 

and the cities of Camarillo, Moorpark, Oxnard, Simi Valley and Thousand 

Oaks) (“Calleguas MS4 permittees”) shall implement BMPs to achieve the 

interim WLAs listed in Table 13 and Table 14. 

 

 Table 13 - Interim WLAs for Copper, Nickel and Selenium (ug/L) 

Calleguas and Conejo Creek (a) Revolon Slough 

 

Constituent 

Dry Daily 

Maximum 

(ug/L) 

Dry 

Monthly 

Average 

(ug/L) 

Daily 

Maximum 

(ug/L) 

Dry Daily 

Maximum 

(ug/L) 

Dry 

Monthly 

Average 

(ug/L 

Daily 

Maximum 

(ug/L) 

Copper 23 19 204 23 19 204 

Nickel 15 13 (a) 15 13 (a) 

Selenium (b) (b) (b) 14(c) 13(c) (a) 
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(A) The current loads do not exceed the TMDL under wet conditions, 

interim limits are not required 

(B) Selenium allocations have not been developed for this reach as it is not 

on the 303(d) list 

(C) Attainment of interim limits will be evaluated in consideration of 

background loading data, if available 

(2) Pursuant to the TMDL, the interim storm water WLAs for copper, nickel, 

and selenium are receiving water concentrations measured in-stream at the 

base of Calleguas Creek and Revolon Slough and in Mugu Lagoon. 

 

                   Table 14 - Mass-based WLAs for copper, nickel and selenium 

Annual Cumulative 

Flow (million gallons 

per year) 

Calleguas 

Creek (lbs/yr) 

Revolon Slough 

(lbs/yr) 

0-15,000 3.3 1.7 

15,000-25,000 10.5 4 

Above 25,000 64.6 10.2 

 

(3) Pursuant to the TMDL, the interim storm water WLAs for mercury are 

suspended sediment loads measured in-stream at the base of Calleguas 

Creek and Revolon Slough and in Mugu Lagoon. 

(4) Determination of the applicable interim WLA will be determined by 

calculating the total annual flow (October 1-September 30) in the Calleguas 

Creek watershed as measured by the flow gage at CSUCI. 

(b) Compliance Monitoring: 

(1) Compliance with the WLAs is to be determined through the measurement of 

in-stream water quality and total suspended solids (TSS) at the base of 

Calleguas Creek, Revolon Slough and in Mugu Lagoon, in accordance with 

the Calleguas Creek Watershed TMDL Monitoring Program approved by 

the Executive Officer. 

(2) If any WLA is exceeded at a compliance monitoring site, permittees shall 

implement BMPs in accordance with the TMDL Technical Reports, 

Implementation Plans or as identified as a result of TMDL special studies 

identified in the Basin Plan Amendment.  Following these actions, Regional 

Water Board staff will evaluate the need for enforcement action. 

(c) Actions and Special Studies required of Calleguas MS4 permittees: 

(1) Conduct a source control study, develop and submit an Urban Water Quality 

Management Program (UWQMP) for copper, mercury, nickel, and 

selenium.  Complete by March 26, 2009. 

(2) Implement the UWQMP within one year of approval by Executive Officer. 

(3) In cooperation with agricultural dischargers, evaluate the results of the OCs 

TMDL special study on sediment transport rates for applicability to the 

metals and selenium TMDL.  Complete within 6 months of completion of 

the OCs TMDL special study #1. 
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(4) In cooperation with agricultural dischargers, include monitoring for copper, 

mercury, nickel and selenium in the OC pesticides TMDL special study – 

Monitoring of Sediment by Source and Land Use Type. The special study is 

to be completed by March 26, 2014. 

(5) Evaluate the results of the OC Pesticides TMDL Special Study – Effects of 

BMPs on Sediment and Siltation, to determine the impacts on metals and 

selenium.  Complete within 6 months of completion of the OC Pesticides 

special study #1. 

(6) Evaluate the effectiveness of BMPs implemented under the UWQMP in 

controlling metals and selenium discharges.  This is to be completed by 

March 26, 2013. 

(7) Re-evaluate agricultural and urban waste load allocations for copper, 

mercury, nickel and selenium based on the evaluation of BMP effectiveness.  

By March 26, 2012, urban dischargers will have a required 25% reduction in 

the difference between the loadings at the time of the TMDL preparation 

and the final WLAs effective in 2022. 

(8) In cooperation with POTW permittees and agricultural dischargers, conduct 

a study to identify selenium contaminated groundwater sources.  Special 

Study is to be completed within one year of the approval of the workplan. 

(9) In cooperation with agricultural dischargers, conduct a study to investigate 

metals “hot spots” and natural soils concentrations.  This special study is to 

be completed within 2 years of the approval of the workplan. 

 

9. TMDL for Bacteria in Malibu Creek and Lagoon 

(a) Waste Load Allocations: 

(1) MS4 permittees discharging to Malibu Creek or its tributaries (Ventura 

County Watershed Protection District, County of Ventura and the cities of 

Thousand Oaks and Simi Valley) (“Malibu MS4 permittees”) shall achieve 

the WLAs identified in Resolution 2004-19.  These WLAs are expressed as 

the number of daily or weekly sample days that may exceed the single sample 

limits or 30-day geometric mean bacteria targets in Resolution 2004-19.   

 

Table 15 - Bacteria Targets 

Fresh Water Targets 
Parameters Unit 

Geometric Mean Single Sample 

E. coli mg 126/ 100 235/ 100 

Fecal coliform mg 200/ 100 400/ 100 

 

(2) The wasteload allocations are to be achieved no later than January 26, 2012. 

(b) Compliance Monitoring: 

(1) Achievement of the WLAs is to be determined through receiving water 

monitoring conducted in accordance with the Malibu Creek and Lagoon 

Bacteria TMDL Compliance Monitoring Program approved by the 

Executive Officer. 
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(2) If any WLA is exceeded at a compliance monitoring site, permittees shall 

implement BMPs in accordance with the TMDL Technical Reports, 

Implementation Plans or as identified as a result of TMDL special studies 

identified in the Basin Plan Amendment.  Following these actions, Regional 

Water Board staff will evaluate the need for enforcement action. 

(c) Actions and Special Studies required of Malibu MS4 permittees: 

(1) If TMDL compliance monitoring indicates that the Malibu MS4 permittees 

are causing or contributing to an exceedance of the WLAs in the receiving 

waters, the permittees shall conduct a source identification study and 

implement additional controls sufficient to achieve the WLAs in the 

receiving waters.   

 

10. TMDL for Trash in Revolon Slough and Beardsley Wash 

(a) Wasteload Allocations 

(1) MS4 permittees discharging to Revolon Slough and Beardsley Wash 

(Ventura County Watershed Protection District, County of Ventura and the 

cities of Camarillo and Oxnard) shall implement BMPs to achieve the 

WLAs of zero trash.   

(b) Compliance Monitoring 

(1) Responsible jurisdictions will develop a TMRP for Executive Officer 

approval that describes the methodologies that will be used to assess and 

monitor trash in Revolon Slough and Beardsley Wash and/or within 

responsible jurisdiction land areas.  The TMRP shall include a plan to 

establish the trash Baseline WLAs.    

(2) If any WLA is exceeded at a compliance monitoring site, permittees shall 

implement BMPs in accordance with the TMDL Technical Reports, 

Implementation Plans or as identified as a result of TMDL special studies 

identified in the Basin Plan Amendment.  Following these actions, Regional 

Water Board staff will evaluate the need for enforcement action. 

(c) Actions and Special Studies required of Revolon Slough and Beardsley Wash 

MS4 permittees 

(1)    Per the adopted Basin Plan Amendment, compliance with the TMDL may 

be either through a progressive implementation schedule of full capture 

devices or implementation of other measures to attain the required trash 

reduction. 

 

11. TMDL for Trash in the Ventura River Estuary 

(a) Wasteload Allocations 

(1) MS4 permittees discharging to the Ventura River Estuary (Ventura County 

Watershed Protection District, County of Ventura and the City of Ventura) 

shall implement BMPs to achieve the WLAs of zero trash.   

(b) Compliance Monitoring 

(1) Responsible jurisdictions will develop a TMRP for Executive Officer 

approval that describes the methodologies that will be used to assess and 

monitor trash in the Ventura River Estuary and/or within responsible 
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jurisdiction land areas.  The TMRP shall include a plan to establish the trash 

Baseline WLAs. 

(2) If any WLA is exceeded at a compliance monitoring site, permittees shall 

implement BMPs in accordance with the TMDL Technical Reports, 

Implementation Plans or as identified as a result of TMDL special studies 

identified in the Basin Plan Amendment.  Following these actions, Regional 

Water Board staff will evaluate the need for enforcement action. 

(c) Actions and Special Studies required of Revolon Slough and Beardsley Wash 

MS4 permittees 

(1)    Per the adopted Basin Plan Amendment, compliance with the TMDL may 

be either through a progressive implementation schedule of full capture 

devices or implementation of other measures to attain the required trash 

reduction. 

 

12. TMDL for Boron, Chloride, Sulfate and TDS in Calleguas Creek Watershed 

 

(a) Waste Load Allocation 

 

Table 16 - Interim Dry Weather WLAs for Permitted Stormwater Dischargers 

Constituent Interim Limit  

30-day average (mg/L) 

Boron Total 1.3 

Chloride Total 230 

Sulfate Total 1289 

TDS Total 1720 

 

 

Table 17 - Final Dry Weather WLAs for Permitted Stormwater Dischargers 

Subwatershed Critical 

Condition 

Flow 

Rate 

(mgd) 

Chloride 

Allocation 

(lb/day) 

TDS 

Allocation 

(lb/day) 

Sulfate 

Allocation 

(lb/day) 

Boron 

Allocation 

(lb/day) 

Simi 1.39 1,738 9,849 2,897 12 

Las Posas 0.13 157 887 261 N/A 

Conejo 1.26 1,576 8,931 2,627 N/A 

Camarillo 0.06 72 406 119 N/A 

Pleasant Valley 

(Calleguas) 

0.12 150 850 250 N/A 

Pleasant Valley 

(Revolon) 

0.25 314 1,778 523 2 

 

(b) Compliance Monitoring  

(1) A monitoring plan will be submitted to the RWQCB for Executive Officer 

approval on June 2, 2009.  Monitoring will begin one year after Executive 
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Officer approval of the monitoring plan to allow time for the installation of 

automated monitoring equipment. 

(2) Compliance with the WLAs is to be determined through the measurement of 

in-stream water quality at the base of each of the Calleguas Creek 

subwatersheds, in accordance with the Calleguas Creek Watershed TMDL 

Monitoring Program approved by the Executive Officer. 

(3) If any WLA is exceeded at a compliance monitoring site, permittees shall 

implement BMPs in accordance with the TMDL Technical Reports, 

Implementation Plans or as identified as a result of TMDL special studies 

identified in the Basin Plan Amendment.  Following these actions, Regional 

Water Board staff will evaluate the need for enforcement action. 

(c) Actions and Special Studies required of  Calleguas Creek Watershed  MS4 

permittees 

 

Responsible jurisdictions including MS4 permittees shall submit compliance 

monitoring plan to the Los Angeles Regional Board for Executive Officer 

approval on June 2, 2009.  Monitoring shall begin monitoring as outlined in the 

approved monitoring plan six months after approval of the work plan. 

 

Responsible jurisdictions including MS4 permittees shall demonstrate that 

implementation actions have reduced the boron, sulfate, TDS, and chloride 

imbalance by 20%, 40%, 70% by December 2 of 2011, 2015, and 2018 

respectively.  Stormwater dischargers shall achieve WLAs, which shall be 

expressed as NPDES mass-based limits specified in accordance with federal 

regulations and state policy on water quality control by December 2, 2023.   

 

13. TMDL for Bacteria in Harbor Beaches of Ventura County 

(a) Waste Load Allocations 

(1)    MS4 permittees discharging to the Channel Islands Harbor Beaches (the 

County of Ventura, the Ventura County Watershed Protection District 

(VCWPD) and associated Municipal Separate Storm Sewer System (MS4) 

permittees in the Channel Islands Harbor subwatershed, and the City of 

Oxnard shall implement BMPs to achieve the interim WLAs listed in Table 

18. All WLAs for summer dry-weather single sample bacteria densities at 

the Harbor Beaches of Ventura County are zero (0) days of allowable 

exceedances; winter dry weather and wet weather final WLAs are listed in 

Table 19 below. 

 

The Basin Plan objectives that serve as the numeric targets for this 

TMDL are (single sample limits): 

a. Total coliform density shall not exceed 10,000/100 ml. 

b. Fecal coliform density shall not exceed 400/100 ml. 

c. Enterococcus density shall not exceed 104/100 ml. 

d. Total coliform density shall not exceed 1,000/100ml, 

     if the ratio of fecal-to-total coliform exceeds 0.1. 
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Table 18 - Interim WLAs for Single Sample Exceedance Days 

Summer Dry Weather Winter Dry Weather Wet Weather 

Location Daily 

Sampling 

Weekly 

Sampling 

Daily 

Sampling 

Weekly 

Sampling 

Daily 

Sampling 

Weekly 

Sampling 

Kiddie 

Beach 

54 8 23 4 32 5 

Hobie 

Beach 

40 6 25 4 38 6 

 

Table19 - Final Allowable Exceedance Days by Location 

Summer Dry-weather Winter Dry-weather Wet-weather 

Location Daily 

Sampling 

Weekly 

Sampling 

Daily 

Sampling 

Weekly 

Sampling 

Daily 

Sampling 

Weekly 

Sampling 

Hobie 

Beach 

0 0 3 1 17 3 

Kiddie 

Beach 

0 0 3 1 17 3 

 

(2) Pursuant to the TMDL, the interim storm water WLAs for bacteria are from 

samples taken at existing monitoring sites in ankle to knee- high depths. 

(b) Compliance Monitoring 

(1) Compliance and monitoring for Harbor Beaches of Ventura 

County is based on existing monitoring protocols and locations. 

Monitoring shall continue at sampling locations (VCEHD 36000 

and VCEHD37000) and at the current weekly monitoring 

frequency, consistent with AB411 compliance monitoring. 

Monitoring shall be conducted on a year-round basis at the 

current monitoring locations including the summer months (i.e., 

April to October) and winter months (i.e., November to March). 

Bacteria sampling shall be conducted in ankle- to knee-high 

water, consistent with AB411. However, if additional monitoring 

stations are added or if changes are made to the sampling 

frequencies or existing monitoring locations, then submittal of a 

monitoring plan is required for Executive Officer approval. 

(2) If any WLA is exceeded at a compliance monitoring site, permittees shall 

implement BMPs in accordance with the TMDL Technical Reports, 

Implementation Plans or as identified as a result of TMDL special studies 

identified in the Basin Plan Amendment.  Following these actions, Regional 

Water Board staff will evaluate the need for enforcement action. 

(c) Actions and Special Studies required of Harbor Beaches of Ventura County MS4 

permittees 

(1) Per the adopted Basin Plan Amendment, compliance with the TMDL may 

be either through structural and non-structural BMPs or implementation of 

other measures to attain the required source control. 
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(2) Special studies are not required for implementation of the TMDL though 

conducting special studies is within the discretion of the responsible parties. 

 

 

PART 6 - DEFINITIONS 

 

The following are definitions for terms in this Order: 

 

Adverse Impact - means a detrimental effect upon water quality or beneficial uses caused by 

a discharge or loading of a pollutant or pollutants. 

 

Agriculture - means the science, art, and business of cultivating the soil, producing crops, and 

raising livestock. 

 

Antidegradation Policies - means policies which protect surface and ground waters from 

degradation, and federal policies, which protect high quality surface waters.  In particular, this 

policy protects waterbodies where existing quality is higher than that necessary for the protection 

of beneficial uses including the protection of fish and wildlife propagation and recreation on and 

in the water (Statement of Policy with Respect to Maintaining High Quality Water in California, 

State Board Resolution No. 68-16; 40 CRF 131.12). 

 

Applicable Standards and Limitations - means all State, interstate, and Federal standards 

and limitations to which a “discharge” or a related activity is subject under the CWA, including 

effluent limitations, water quality standards, standards of performance, toxic effluent 

standards or prohibitions, best management practices, and pretreatment standards under 

§ 301, § 302, § 303, § 304, § 306, § 307, § 308, § 403, and § 404 of CWA. 

Areas of Special Biological Significance (ASBS) - means all those areas of this state listed as 

ASBS, listed specifically within the California Ocean Plan or so designated by the State Board 

which, among other areas, includes the area from Mugu Lagoon to Latigo Point: Oceanwater 

within a line originating from Laguna Point at 34° 5’ 40” north, 119° 6’30” west, thence 

southeasterly following the mean high tideline to a point at Latigo Point defined by the 

intersection of the mean high tide line and a line extending due south of Benchmark 24; thence 

due south to a distance of 1000 feet offshore or to the 100 foot isobath, whichever distance is 

greater; thence northwesterly following the 100 foot isobath or maintaining a 1,000-foot 

distance from shore, whichever maintains the greater distance from shore, to a point lying due 

south of Laguna Point, thence due north to Laguna Point. 

 

Authorized Discharge - means any discharge that is authorized pursuant to an NPDES permit, 

waste discharge requirement, conditional waiver from waste discharge requirements, 

or meets the conditions set forth in this Order. 

 

Automotive Repair Shop - means a facility that is categorized in any one of the following 

Standard Industrial Classification (SIC) codes: 5013, 5014, 5541, 7532-7534, or 7536-7539. 
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Automotive Service Facilities - means a facility that is categorized in any one of the following 

Standard Industrial Classification (SIC) and North American Industry Classification System 

(NAICS) codes.   For inspection purposes, Permittees need not inspect facilities with SIC codes 

5013, 5014, 5541, 5511, provided that these facilities have no outside activities or materials that 

may be exposed to storm water. 

 

SIC Code Corresponding NAICS Code 

5013 425120, 441310, 425110, & 423120 

5014 425120, 425110, 423130, & 441320 

5511 441110 

5541 447110, & 447190 

7532 811121 

7533 811112 

7534 326212, & 811198 

7536 811122 

7537 811113 

7538 811111 

7539 811198, & 811118 

 

Bacteria Total Maximum Daily Load (TMDL) Dry Weather - defined in the Bacteria 

TMDLs as those days with less than 0.1 inch of rainfall and those days occurring more than 3 

days after a rain. 

 

Bacteria Total Maximum Daily Load (TMDL) Wet Weather - defined in the Bacteria 

TMDLs as a day with 0.1 inch or more of rain and 3 days following the rain event. 

 

Basin Plan - means the Water Quality Control Plan, Los Angeles Region, Basin Plan for the 

Coastal Watersheds of Los Angeles and Ventura Counties, adopted by the Regional Water Board 

on June 13, 1994 and subsequent amendments. 

 

Beneficial Uses - means the existing or potential uses of receiving waters in the permit area 

as designated by the Regional Water Board in the Basin Plan. 

 

Best Management Practices (BMPs) - means methods, measures, or practices designed and 

selected to reduce or eliminate the discharge of pollutants to surface waters from point and 

nonpoint source discharges including storm water. BMPs include structural and nonstructural 

controls, and operation and maintenance procedures, which can be applied before, during, 

and/or after pollution producing activities. 

 

California Environmental Quality Act (CEQA) - means a California statute that requires state 

and local agencies to identify significant environmental impacts of their actions and to avoid or 

mitigate those impacts, if feasible (Reference: California Public Resources Code § 21000 et seq.) 

 

Channel - means an open conduit either naturally or artificially created which periodically or 

continuously contains moving water, or which forms a connecting link between two waterbodies. 
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Chronic Toxicity - means a measurement of a sublethal effect (e.g., reduced growth, 

reproduction) to experimental test organisms exposed to an effluent or ambient waters compared 

to that of the control organisms. 

 

Commercial Area(s) - means any geographic area of the Permittees’ jurisdiction that is not 

heavy industrial or residential. A commercial area includes, but is not limited to areas 

surrounding: commercial activity, hospitals, laboratories and other medical facilities, educational 

institutions, recreational facilities, plant nurseries, car wash facilities, mini-malls and other 

business complexes, shopping malls, hotels, office buildings, public warehouses and other light 

industrial complexes. 

 

Commercial Development - means any development on private land that is not heavy 

industrial or residential. The category includes, but is not limited to: hospitals, laboratories and 

other medical facilities, educational institutions, recreational facilities, plant nurseries, car wash 

facilities, mini-malls and other business complexes, shopping malls, hotels, office buildings, 

public warehouses and other light industrial complexes. 

 

Construction - Construction activity includes any construction or demolition activity, clearing, 

grading, grubbing, or excavation or any other activity that results in a land disturbance.  

Construction does not include emergency construction activities required to immediately protect 

public health and safety or routine maintenance activities required to maintain the integrity of 

structures by performing minor repair and restoration work, maintain original line and grade, 

hydraulic capacity, or original purpose of the facility.  See “Routine Maintenance” definition for 

further explanation. Where clearing, grading or excavating of underlying soil takes place during 

a repaving operation, State General Construction Permit coverage is required if more than one 

acre is disturbed or the activities are part of a larger plan.  

 

Construction Activities Storm Water General Permit (CASGP) - means the general NPDES 

permit adopted by the State Board, which authorizes the discharge of storm water from 

construction activities under certain conditions. 

 

Control - means to minimize, reduce, eliminate, or prohibit by technological, legal, contractual 

or other means, the discharge of pollutants from an activity or activities. 

 

Critical Sources - means commercial facilities and businesses that have a potential to contribute 

pollutants to stormwater runoff if effective BMPs are not implemented. Attachment "D" 

specifies the commercial facilities and businesses that have been identified as Critical Sources. 

 

Dechlorinated/ Debrominated Swimming Pool Discharge - means any swimming pool 

discharge with a residual chlorine or bromine level of 0.1mg/L or less; and does not contain any 

detergents, wastes, algaecides, or cyanuric acid in excess of 50 ppm, or any other  chemicals 

including salts from pools commonly referred to as “salt water pools”.  The term does not 

include swimming pool filter backwash or swimming pool water containing bacteria. 
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Development - means any construction, rehabilitation, redevelopment or reconstruction of any 

public or private residential project (whether single-family, multi-unit or planned unit 

development); industrial, commercial, retail and any other non-residential projects, including 

public agency projects; or mass grading for future construction. 

 

Directly Adjacent - means situated within 200 feet of the contiguous zone required for the 

continued maintenance, function, and structural stability of the environmentally sensitive area. 

 

Directly Discharging - means outflow from a drainage conveyance system that is composed 

entirely or predominately of flows from the subject, property, development, subdivision, or 

industrial facility and not commingled with the flows from adjacent lands. 

 

Discharge - means when used without qualification the “discharge of a pollutant.” 

 

Discharging Directly - means outflow from a drainage conveyance system that is composed 

entirely or predominantly of flows from the subject, property, development, subdivision, or 

industrial facility, and not commingled with the flows from adjacent lands. 

 

Discharge of a Pollutant - means any addition of any “pollutant” or combination of pollutants 

to “waters of the United States” from any “point source” or, any addition of any pollutant or 

combination of pollutants to the waters of the “contiguous zone” or the ocean from any point 

source other than a vessel or other floating craft, which is being used as a means of 

transportation. The term discharge includes additions of pollutants into waters of the United 

States from: surface runoff which is collected or channeled by man; discharges through pipes, 

sewers, or other conveyances owned by a State, municipality, or other person which do not lead 

to a treatment works; and discharges through pipes, sewers, or other conveyances, leading into 

privately owned treatment works. 

 

Disturbed Area - means any area that is altered as a result of land disturbance.  Examples 

include but are not limited to: clearing, grading, grubbing, stockpiling and/ or excavation, etc... 

 

Dry Day - means a non-wet day for Malibu Creek and Lagoon Bacteria TMDL WLA.  A wet 

day is defined as a day with a 0.1 inch or more of rain and 3 days following the rain event. 

 

Effect Concentration (EC) - means a point estimate of the toxicant concentration that would 

cause an observable adverse effect (e.g., death, immobilization, or serious incapacitation) in a 

given percent of the test organisms, calculated from a continuous model (e.g., Probit Model).  

EC25 is a point estimate of the toxicant concentration that would cause an observable adverse 

effect in 25 percent of the test organisms. 

 

Effective Impervious Surface - means that portion of the surface area that is hydrologically 

connected via sheet flow over a hardened conveyance or impervious surface without any 

intervening medium to mitigate flow volume. 
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Effluent limitation - means any restriction imposed by the Permitting Authority (PA) on 

quantities, discharge rates, concentrations, and/ or mass loadings of “pollutants” which are 

“discharged” from “point sources” into “waters of the United States,” the waters of the 

“contiguous zone,” or the ocean. 

 

Emergency - means a sudden, unexpected occurrence, involving a clear and imminent danger, 

demanding immediate action to prevent or mitigate loss of, or damage to, life, health, property, 

or essential public services.  "Emergency" includes such occurrences as fire, flood, earthquake, 

or other soil or geologic movements, as well as such occurrences as riot, accident, or sabotage. 

(Reference: California Public Resources Code § 21060.3. Emergency). 

 

End-of-Pipe - means the end of the major outfall as defined in 40 CFR122.26 (b)(5) and 40 

CFR122.26 (b)(6). 

 

Endpoint - means a biological measurement used to quantify the results obtained from analytical 

methods such as whole effluent toxicity testing [e.g., lethal concentration (LC50); inhibition 

concentration (IC25); and no observed effect concentration (NOEC)]. Such endpoints are 

quantitative measurements of the responses of test organisms (e.g., survival, growth, mobility, 

reproduction, and weight gain or loss) in response to exposure to a serial dilution of effluent. 

 

Environment - means the physical conditions, which exist within the area and which will be 

affected by a proposed project including land, air, water, minerals, flora, fauna, ambient noise, 

and objects of historical or aesthetic significance.  The area involved shall be the area in which 

significant effects would occur either directly or indirectly as a result of the project.  The 

"environment" includes both natural and man-made conditions. 

 

Environmentally Sensitive Area (ESA) - means an area “in which plant or animal life or their 

habitats are either rare or especially valuable because of their special nature or role in an 

ecosystem and which would be easily disturbed or degraded by human activities and 

developments” (Reference: California Public Resources Code § 30107.5).  ESAs will include 

Clean Water Act 303d Listed Water Bodies in all reaches that are unimproved, all California 

Coastal Commission’s Environmentally Sensitive Habitat Areas as delineated on maps in Local 

Coastal Plans and Regional Water Quality Control Board’s Basin Plan Rare, Threatened or 

Endangered Species (RARE) and Preservation of Biological Habitats (BIOL) designated 

waterbodies.  The California Department of Fish and Game’s Significant Natural Areas map will 

be considered for inclusion as the department field verifies the designated locations.  Watershed 

restoration projects will be considered for inclusion as the department field verifies the 

designated locations. 

 

Erosivity Factor - The Erosivity Factor is a criterion that to assess the risk of erosion on 

disturbed land. It is described  in “Predicting soil erosion by water: A guide to conservation 

planning with the Revised Universal Soil Loss Equation (RUSLE), Agricultural Handbook 703, 

USDA-ARS, U.S. Government Printing Office, Washington, D.C., 1997 by Renard, K.C., G.R. 

Foster, G.A. Weesies, D.K. McCool, and D.C. Yoder.  
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Federal Clean Water Act (CWA) - means (formerly referred to as the Federal Water Pollution 

Control Act or Federal Water Pollution Control Act Amendments of 1972) Public Law 92—500, 

as amended by Public Law 95—217, Public Law 95—576, Public Law 96—483 and            

Public Law 77—117, codified at 33 U.S.C. 1251 et seq. 
 

First Storm Event - means the first storm event of the wet season that produces at least 0.25 

inches of rain. 

 

Forest Land - means land at least 10 percent stocked with live trees, or land that had this 

minimum tree stocking in the past and is not currently developed for nonforest use.  The 

minimum area recognized is 1 acre. 

 

Groundwater Dewatering - means the active practice of removing standing water from soil 

excavations using a pump(s) or other means. 

 

Hillside - means property located in an area with known erosive soil conditions, where the 

development will result in grading on any slope that is 20% or greater or an area designated by 

the Municipality under a General Plan or ordinance as a "hillside area". 

 

Horse Stables - means a property where at least one horse is stabled at least part of the year. 

 

Hydromodification - means the alteration away from a natural state of stream flows or the beds 

or banks of rivers, streams, or creeks, including ephemeral washes, which results in 

hydrogeomorphic changes. 

 

Illegal Discharge - means any discharge to the municipal separate storm sewer (storm drain 

system) that is prohibited under local, state, or federal statutes, ordinances, codes, or regulations.  

The term illegal discharge includes all non-storm water discharges not composed entirely of 

storm water except discharges pursuant to an NPDES permit, discharges that are identified in 

part 1, “Discharge Prohibitions” of this order, or discharges authorized by the Regional Water 

Board Executive Officer. 

 

Illicit Connection - means any engineered conveyance that is connected to the storm drain 

system without a permit or municipal authorization.  It also means any engineered conveyance 

through which discharges of pollutants to the separate storm drainage systems, which are not 

composed entirely of storm water or are not authorized by an NPDES permit, may occur. 

 

Illicit Discharge - means any discharge to a municipal separate storm sewer (storm drain 

system) that is prohibited under local, state, or federal statutes, ordinances, codes, or regulations. 

The term illicit discharge includes all non-storm water discharges not composed entirely of storm 

water except discharges pursuant to a NPDES permit (other than the NPDES permit for 

discharges from the municipal separate storm sewer) and discharges that are identified in part 1, 

“Discharge Prohibitions” of this order, or authorized by the Regional Water Board Executive 

Officer. 
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Illicit Disposal - means any disposal, either intentionally or unintentionally, of material(s) or 

waste(s) that can pollute storm water. 

 

Industrial/ Commercial Facility - means any facility involved and/ or used in the production, 

manufacture, storage, transportation, distribution, exchange or sale of goods and/ or 

commodities, and any facility involved and/ or used in providing professional and non-

professional services. This category of facilities includes, but is not limited to, any facility 

defined by either the Standard Industrial Classifications (SIC) or the North American Industry 

Classification System (NAICS).  Facility ownership (federal, state, municipal, private) and profit 

motive of the facility are not factors in this definition. 

 

Industrial Activities Storm Water General Permit (IASGP) - means the general NPDES 

permit adopted by the State Board, which authorizes the discharge of storm water from certain 

industrial activities under certain conditions. 

 

Industrial Park - means a land development that is set aside for industrial development. 

Industrial parks are usually located close to transport facilities, especially where more than one 

transport modalities coincide: highways, railroads, airports, and navigable rivers. It includes 

office parks, which have offices and light industry. 

 

Inhibition Concentration (IC) - means a point estimate of the toxicant concentration that would 

cause a given percent reduction in a non-lethal biological measurement (e.g., reproduction or 

growth), calculated from a continuous model (i.e., Interpolation Method). IC25 is a point 

estimate of the toxic concentration that would cause a 25-percent reduction in a non-lethal 

biological measurement. 

 

Inspection - means entry and the conduct of an on-site review of a facility and its operations, at 

reasonable times, to determine compliance with specific municipal or other legal requirements. 

The steps involved in performing an inspection, include, but are not limited to: 

1.  Pre-inspection documentation research 

2.  Request for entry 

3.  Interview of facility personnel 

4.  Facility walk-through 

5.  Visual observation of the condition of facility premises 

6.  Examination and copying of records as required 

7.  Sample collection (if necessary or required) 

8.  Exit conference (to discuss preliminary evaluation) 

9.  Report preparation, and if appropriate, recommendations for coming into compliance 

 

Integrated Pest Management (IPM) - means a sustainable approach to managing pests by 

combining biological, cultural, physical and chemical tools in a way that minimizes economic, 

health, and environmental risks. 
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Large Municipal Separate Storm Sewer System (MS4) - means all MS4s that serve a 

population greater than 250,000 (1990 Census) as defined in 40 CFR122.26 (b)(4).  The 

Regional Water Board designated Ventura County as a large MS4 in 1990, based on: (i) the U.S. 

Census Bureau 1990 population count of 669,016 thousand, and (ii) the interconnectivity of the 

MS4s in the incorporated and unincorporated areas within the County. 

 

Local SWPPP - means the Local Storm Water Pollution Prevention Plan (LSWPPP) required by 

the local agency for a project that disturbs one or more acres of land. Shall mean a plan 

identifying potential pollutant sources from a construction site and describing proposed design, 

placement and implementation of BMPs, to effectively prevent non-storm water discharges and 

reduce pollutants in storm water discharges to the storm drain system, during construction 

activities. Also referred as a Storm Water Pollution Control Plan (SWPCP). 

 

Low Impact Development (LID) – means a design strategy with the goal of maintaining or 

replicating the pre-development hydrologic regime through the use of design techniques to create 

a functionally equivalent hydrologic site design.  Hydrologic functions of storage, infiltration and 

ground water recharge, as well as the volume and frequency of discharges are maintained 

through the use of integrated and distributed micro-scale storm water retention and detention 

areas, reduction of impervious surfaces, and the lengthening of runoff flow paths and flow time.  

Other strategies include the preservation/protection of environmentally sensitive site features 

such as riparian buffers, wetlands, steep slopes, valuable (mature) trees, flood plains, woodlands, 

and highly permeable soils. 

 

Major Municipal Separate Storm Sewer Outfall (“or major outfall”) - means a major 

municipal separate storm sewer outfall that discharges from a single pipe with an inside diameter 

of 36 inches or more or its equivalent (discharge from a single conveyance other than circular 

pipe which is associated with a drainage area of more than 50 acres); or for municipal separate 

storm sewers that receive storm water from lands zoned for industrial activity (based on 

comprehensive zoning plans or the equivalent), an outfall that discharges from a single pipe with 

an inside diameter of 12 inches or more or from its equivalent (discharge from other than a 

circular pipe associated with a drainage area of 2 acres or more), as defined in                            

40 CFR122.26 (b)(5). 

 

Major Outfall - means a major municipal separate storm sewer outfall, as defined in                

40 CFR122.26 (b)(6). 

 

Maximum Extent Practicable (MEP) – The technology-based permit requirement established 

by Congress in CWA section 402(p)(3)(B)(iii) that municipal dischargers of storm water must 

meet.  Technology-based requirements, including MEP, establish a level of pollutant control that 

is derived from available technology or other controls.  MEP requires municipal dischargers to 

perform at maximum level that is practicable.  Compliance with MEP may be achieved by 

emphasizing pollution prevention and source control BMPs in combination with structural and 

treatment methods where appropriate.  The MEP approach is an ever evolving and advancing 

concept, which considers technical and economic feasibility.   
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Method Detection Limit (MDL) - means the minimum concentration of a substance that can 

be measured and reported with 99 percent confidence that the analyte concentration is greater 

than zero, as defined in 40 CFR136, Appendix "G" of this Order.  

 

Minimum Level (ML) - means the concentration at which the entire analytical system must give 

a recognizable signal and acceptable calibration point.  The ML is the concentration in a sample 

that is equivalent to the concentration of the lowest calibration standard analyzed by a specific 

analytical procedure, assuming that all the method specified sample weights, volumes, and 

processing steps have been followed.  The ML value represents the lowest quantifiable 

concentration in a sample based on the proper application of all method-based analytical 

procedures and the absence of any matrix interferences.  Assuming that all method-specific 

analytical steps are followed, the ML value will also represent, after the appropriate application 

of method-specific factors, the lowest standard in the calibration curve for that specific analytical 

technique. 

 

Minimum Significant Difference (MSD) - means a measure of test sensitivity that establishes 

the minimum difference required between a control and a test treatment in order for that 

difference to be considered statistically significant. 

 

Municipal Separate Storm Sewer System (MS4) - means a conveyance or system of  

conveyances (including roads w/ drainage systems, municipal streets, catch basins, curbs, 

gutters, ditches, manmade channels, or storm drains), as defined in 40 CFR122.26(b)(8): 

1.  Owned or operated by a State, city, town, borough, county, parish, district, association, or 

other public body (created by or pursuant to State law) including special districts under State 

law such as a sewer district, flood control district or drainage district, or similar entity, or an 

Indian tribe or an authorized Indian tribal organization, or a designated and approved 

management agency under § 208 of the Federal Clean Water Act (CWA) that discharges into 

waters of the United States 

2. Designed or used for collecting or conveying storm water 

3. Which is not a combined sewer 

4. Which is not part of a Publicly Owned Treatment Works (POTW), as defined in                   

40 CFR122.2 

 

NAICS - means North American Industry Classification System. 

 

National Pollutant Discharge Elimination System (NPDES) - means the national program 

for issuing, modifying, revoking and reissuing, terminating, monitoring and enforcing permits, 

and imposing and enforcing pretreatment requirements, under CWA § 307, 402, 318, and 405. 

 

Natural Drainage Systems - means unlined or unimproved (not engineered) creeks, streams, 

rivers or similar waterways. 

 

New Development - means land disturbing activities; structural development, including 

construction or installation of a building or structure, creation and replacement of impervious 

surfaces; and land subdivision. 
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Non-Storm Water Discharge - means any discharge to a storm drain that is not composed 

entirely of storm water. 

 

No Observed Effect Concentration (NOEC) - means the highest tested concentration of an 

effluent or toxicant that causes no observable adverse effect on the test organisms (i.e., the 

highest concentration of toxicant at which the values for the observed responses are not 

statistically different from the controls). 

 

Nuisance - means anything that meets all of the following requirements: (1) is injurious to 

health, or is indecent or offensive to the senses, or an obstruction to the free use of property, so 

as to interfere with the comfortable enjoyment of life or property; (2) affects at the same time an 

entire community or neighborhood, or any considerable number of persons, although the extent 

of the annoyance or damage inflicted upon individuals may be unequal; (3) occurs during, or as 

a result of, the treatment or disposal of wastes. 

 

Nursery - means NAICS classification to describe nursery operations and determine the type of 

operations covered under this Order and those covered under the Conditional Waiver of Waste 

Discharge Requirements for Discharges from Irrigated Lands (Conditional Waiver).   

1. There are 3 broad NAICS sectors available to classify nurseries:   

(1) 111xxx - Crop Production - Agriculture 

(a)    424xxx - Merchant Wholesalers, Nondurable Goods  

(b)    44xxxx - Retail Trade  

(1) Nursery (Agricultural Facilities - Crop Production) - means Nursery and 

Floriculture Production under NAICS Code 11142x.  These operations are subject 

to the Conditional Waiver.  This industry comprises establishments primarily 

engaged in (1) growing nursery and floriculture products (e.g., nursery stock, 

shrubbery, cut flowers, flower seeds, foliage plants, sod) under cover or in open 

fields and/ or (2) growing short rotation woody trees with a growing and 

harvesting cycle of 10 years or less for pulp or tree stock (e.g., cut Christmas 

trees, cottonwoods). 

(2)   Nursery (Commercial Facilities - Merchant Wholesalers, Nondurable Goods, 

and Retail Trade) - means industries Flower, Nursery Stock, and Florists' 

Supplies Merchant Wholesalers under NAICS Code 424930; and Nursery, Garden 

Center, and Farm Supply Stores under NAICS Code 444220.  This Order covers 

these types of operations.  The industry in NAICS Code 424930 comprises 

establishments primarily engaged in the merchant wholesale distribution of 

flowers, florists' supplies, and/ or nursery stock (except plant seeds and plant 

bulbs).  The industry in NAICS Code 444220 comprises establishments primarily 

engaged in retailing nursery and garden products, such as trees, shrubs, plants, 

seeds, bulbs, floriculture products and sod, which are predominantly grown 

elsewhere.  These establishments may sell a limited amount of a product they 

grow themselves. 

 

Open Channel - means a storm drainage channel that is not a natural water course. 
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Parking Lot - means land area or facility for the parking or storage of motor vehicles used for 

businesses, commerce, industry, or personal use.  

 

Percent Minimum Significant Difference (PMSD) - means the minimum significant difference 

divided by the control mean, expressed as a percent (see minimum significant difference). 

 

Permit - means an authorization, license, or equivalent control document issued by U.S. EPA or 

an “approved State” to implement the requirements of 40 CFR Parts 122, 123, and 124.  

“Permit” includes an NPDES “general permit” (§ 122.28).  Permit does not include any permit, 

which has not yet been the subject of final agency action, such as a “draft permit” or a “proposed 

permit.” 

 

Permittee(s) - means co-permittee(s) and any agency named in this Order as being 

responsible for permit conditions within its jurisdiction, as defined by Federal Regulation.  

Permittees to this Order include the Ventura Water Protection District, Ventura County, and the 

cities of Camarillo, Fillmore, Moorpark, Ojai, Oxnard, Port Hueneme, San Buenaventura, Santa 

Paula, Simi Valley and Thousand Oaks. 

 

Point Source - means any discernible, confined and discrete conveyance, including but not 

limited to any pipe, ditch, channel, tunnel, conduit, well, discrete fissure, container, rolling stock, 

concentrated animal feeding operation, or vessel or other floating craft, from which pollutants 

are or may be discharged. This term does not include agricultural storm water discharges and 

return flows from irrigated agriculture. 

 

Point Zero - means in the context of the TMDLs, the point at which water from the storm drain 

or creek initially mixes with water.   

 

Pollutants - means those "pollutants" defined in CWA § 502(6) (33.U.S.C.§ 1362(6)), and 

incorporated by reference into California Water Code § 13373. 

 

Pollutants of Concern - means constituents that have exceeded Basin Plan Objectives, and 

CTR- Chronic or Acute Objectives during monitoring at Mass Emission, Receiving Water, and 

Land Use stations. 

 

Potable Water Sources - means the potable water system for the treatment, distribution, and 

provision of water for residential, commercial, industrial, or institutional use that meets all 

California safe drinking water regulatory standards for human consumption. 

 

Pre-Developed Condition - means native vegetation and soils that existed at a site prior to first 

development. The pre-developed condition may be assumed to be an area with the typical 

vegetation, soil, and storm water runoff characteristics of open space areas in coastal Southern 

California unless reasonable historic information is provided that the area was atypical. 

 

Priority Pollutants - means those constituents referred to in 40 CFR401.15 and listed in the U.S. 

EPA NPDES Application Form 2C, pp. V-3 through V-9. 
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Project - means all development, redevelopment, and land disturbing activities. The term is 

not limited to "Project" as defined under CEQA (Reference: California Public Resources      

Code § 21065). 

 

Qualified SWPPP Developer or Qualified SWPPP Practitioner – refer to State of California 

General Construction Stormwater Permit for definition. 

 

Rare, Threatened, or Endangered Species (RARE) - means a beneficial use for waterbodies 

in the Los Angeles Region, as designated in the Basin Plan (Tables 2-1, 2-3, and 2-4), that 

supports habitats necessary, at least in part, for the survival and successful maintenance of plant 

or animal species established under state or federal law as rare, threatened, or endangered. 

 

Redevelopment - means land-disturbing activity that results in the creation, addition, or 

replacement of 5,000 square feet or more of impervious surface area on an already developed 

site. Redevelopment includes, but is not limited to: the expansion of a building footprint; 

addition or replacement of a structure; replacement of impervious surface area that is not part 

of a routine maintenance activity; and land disturbing activities related to structural or 

impervious surfaces. It does not include routine maintenance to maintain original line and 

grade, hydraulic capacity, or original purpose of facility, nor does it include emergency 

construction activities required to immediately protect public health and safety. 

 

Regional Administrator - means the Regional Administrator of the Regional Office of the 

U.S. EPA or the authorized representative of the Regional Administrator. 

 

Report of Waste Discharge (ROWD) - means an application for renewal of the NPDES Permit 

for Waste Discharge Requirements for Municipal Separate Storm Sewer Discharges Within the 

Ventura County Watershed Protection District, County of Ventura and the Incorporated Cities 

Therein. 

 

Restaurant - means a facility that sells prepared foods and drinks for consumption, including 

stationary lunch counters and refreshment stands selling prepared foods and drinks for 

immediate consumption (SIC Code 5812). 

 

Restoration - means the reestablishment of predisturbance aquatic functions and related 

physical, chemical and biological characteristics (Reference: National Research Council. 1992. 

Restoration of Aquatic Ecosystems: Science, Technology and Public Policy. National Academy 

Press, Washington, D.C.). 

 

Retail Gasoline Outlet (RGO) - means any facility engaged in selling gasoline and lubricating 

oils- SIC 5541 and NAICS 447110 & 447190. 

1. RGOs: 447190 Other Gasoline Stations:  

This industry comprises establishments known as gasoline stations (except those with 

convenience stores) primarily engaged in one of the following: (1) retailing automotive fuels 

(e.g., diesel fuel, gasohol, gasoline) or (2) retailing these fuels in combination with activities, 

RB-AR6919



NPDES No. CAS004002                                                                                    Order No. 09-0057 

Ventura County Municipal Separate Storm Sewer System Permit 

 

 

May 7, 2009  

Final – Corrected January 13, 2010 - 108 of 120 - 

 

such as providing repair services; selling automotive oils, replacement parts, and accessories; 

and/ or providing food services.  

2.   RGOs: 447110 Gasoline Stations with Convenience Stores: 

Retailing automotive fuels in combination with a convenience store or food mart. 

 

Routine Maintenance – Routine maintenance projects include, but are not limited to projects 

conducted to: 

1. Maintain the original line and grade, hydraulic capacity, or original purpose of the facility. 

2. Perform as needed restoration work to preserve the original design grade, integrity and 

hydraulic capacity of flood control facilities. 

3. Includes road shoulder work, regrading dirt or gravel roadways and shoulders and 

performing ditch cleanouts. 

4. Update existing lines* and facilities to comply with applicable codes, standards, and 

regulations regardless if such projects result in increased capacity. 

5. Repair leaks 

Routine maintenance does not include construction of new** lines or facilities resulting from 

compliance with applicable codes, standards and regulations.   

*    Update existing lines includes replacing existing lines with new materials or pipes. 

**  New lines are those that are not associated with existing facilities and are not part of a project 

to update or replace existing lines. 

 

Screening - means using proactive methods to identify illicit connections through a 

continuously narrowing process. The methods may include: performing baseline monitoring of 

open channels, conducting special investigations using a prioritization approach, analyzing 

maintenance records for catch basin and storm drain cleaning and operation, and verifying all 

permitted connections into the storm drains. Special investigation techniques may include: dye 

testing, visual inspection, smoke testing, flow monitoring, infrared, aerial and thermal 

photography, and remote control camera operation. 

 

Sidewalk Rinsing - means only sidewalk rinsing using high pressure and low volume of water 

with no additives and at an average usage of 0.006 gallons per square foot of surface area to be 

rinsed.  Any waste generated from the activity must be collected and properly and legally 

disposed of.  It does not mean hosing of any sidewalk or street with a garden hose with a 

pressure nozzle. 

 

Site - means the land or water area where any “facility or activity” is physically located or 

conducted, including adjacent land used in connection with the facility or activity. 

 

Small Construction - means any soil disturbing activities less than 5 acres. 

Smart Growth - development in or near cities intended to lessen or reverse suburban sprawl, 

decrease the use of automobiles, and shorten daily travel. It uses compact building design to 

cluster together residential, shopping, and work areas and encourages walking and public 

transportation. Smart Growth is considered a stormwater BMP in the 2005 publication Using 

Smart Growth Techniques as Stormwater Best Management Practices, EPA 231-B-05-002. 
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Source Control BMP - means any schedules of activities, prohibitions of practices, 

maintenance procedures, managerial practices or operational practices that aim to prevent 

storm water pollution by reducing the potential for contamination at the source of pollution. 

 

Southern California Stormwater Monitoring Coalition (SMC) - means the Stormwater 

Monitoring Coalition, which is a collaborative research/ monitoring partnership of the Southern 

California Water Boards, Municipal Storm Water Agencies, and municipalities to develop the 

methodologies and assessment tools to more effectively understand urban storm water and    

non-storm water (anthropogenic) impacts to receiving waters and to conduct research/ 

monitoring through Subsequent Research Implementation Agreements. The first original 

cooperative agreement was entered into on February 8, 2001. 

 

Stream - means a body of flowing water; natural water course containing water at least part of 

the year.  In hydrology, it is generally applied to the water flowing in a natural channel as distinct 

from a canal (Reference: US Geological Survey). 

 

Strip Mall - means a commercial development that is a shopping center where the stores are 

arranged in a row, with a sidewalk in front. Strip malls are typically developed as a unit and have 

large parking lots in front.  They face major traffic arterials and tend to be self-contained with 

few pedestrian connections to surrounding neighborhoods.  It is also called a plaza. 

 

Storm Event Monitoring - means a rainfall event that produces more than 0.25 inch of 

precipitation and is separated from the previous storm event by at least 1 week of dry weather, 

for the purpose of monitoring. 

 

Storm Water - means storm water runoff, snow melt runoff, and surface runoff and drainage, as 

defined in 40 CFR122.26(b)(13). 

 

Storm Water Discharge Associated with Industrial Activity - means industrial discharge, as 

defined in 40 CFR122.26(b)(14). 

 

Storm Water Quality Management Program - means the Ventura Countywide Storm Water 

Quality Management Plan, which includes descriptions of programs, collectively developed by 

the Permittees in accordance with provisions of the NPDES Permit, to comply with applicable 

federal and state law, as the same is amended from time to time. 

 

Structural BMP - means any structural facility designed and constructed to mitigate the adverse 

impacts of storm water runoff pollution (e.g. canopy, structural enclosure). The category may 

include both Treatment Control BMPs and Source Control BMPs. 

Summer Dry Weather - means dry weather days occurring from April 1 through October 31 

of each year. 

 

t-Test (formally Student's t-test) - means a statistical analysis comparing two sets of replicate 

observations, in the case of WET, only two test concentrations (e.g., a control and 100% 

effluent). The purpose of this test is to determine if the means of the two sets of observations are 
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different [e.g., if the 100% effluent concentration differs from the control (i.e., the test pass or 

fails)]. 

 

Targeted Employees - means management and staff who perform or direct activities that 

directly or indirectly have an effect of storm water quality.  The employees generally are 

employed in the following areas: department of public works, engineering, sanitation, storm 

water maintenance, drainage and flood control, transportation, streets and roads, parks and 

recreation, public landscaping and corporation yards, planning or community development, code 

enforcement, building and safety, harbor or port departments, airports, or general services and 

fleet services. 

 

Total Maximum Daily Load (TMDL) - means the sum of the individual waste load allocations 

for point sources and load allocations for nonpoint sources and natural background. 

 

Toxicity Identification Evaluation (TIE) - means a set of procedures to identify the specific 

chemical(s) responsible for toxicity through a process of chemical/ physical manipulations of 

samples followed by toxicity tests.  These procedures are performed in 3 phases 

(Phase I- Toxicity Characterization Procedure, Phase II- Toxicity Identification Procedure, and 

Phase III- Toxicity Confirmation Procedure) using aquatic organism toxicity tests. 

 

Toxicity Reduction Evaluation (TRE) - means a study conducted in a step-wise process to 

identify the causative agents of effluent or ambient toxicity, isolate the sources of toxicity, 

evaluate the effectiveness of toxicity control options, and then confirm the reduction in toxicity. 

 

Toxicity Test - means a procedure using living organisms to determine whether a chemical or an 

effluent is toxic.  A toxicity test measures the degree of the effect of a specific chemical or 

effluent on exposed test organisms. 

 

Toxic Unit (TU) - means a measure of toxicity in an effluent as determined by the acute toxicity 

units (TUa) or chronic toxicity units (TUc) measured.  The larger the TU, the greater the toxicity. 

 

Toxic Unit - Chronic (TUc) - means 100 times the reciprocal of the effluent concentration that 

causes no observable effect on the test organisms in a chronic toxicity test (TUc = 100/NOEC or 

100/EC25) (see NOEC). 

 

Treatment - means the application of engineered systems that use physical, chemical, or 

biological processes to remove pollutants. Such processes include, but are not limited to, 

filtration, gravity settling, media absorption, biodegradation, biological uptake, chemical 

oxidation and UV radiation. 

Treatment Control BMP - means any engineered system designed to remove pollutants by 

simple gravity settling of particulate pollutants, filtration, biological uptake, media absorption or 

any other physical, biological, or chemical process. 

 

Urbanization - means the process of changing of land use and land patterns from rural 

characteristics to urban (city-like) characteristics.  These changes include (i) the replacement of 
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pervious surfaces with impervious surfaces such as rooftops and buildings, and impervious 

materials such as asphalt and concrete; and (ii) the conversion of rural land to house new 

residents, support new businesses, and facilitate vehicular traffic flow. 

 

U.S. EPA Phase I Facilities - means facilities in specified industrial categories that are required 

to obtain an NPDES permit for storm water discharges, as required by 40 CFR122.26(c). 

These categories include: 

1. Facilities subject to storm water effluent limitation guidelines, new source performance 

standards, or toxic pollutant effluent standards (40 CFR N) 

2. Manufacturing facilities 

3. Oil and gas/ mining facilities 

4. Hazardous waste treatment, storage, or disposal facilities 

5. Landfills, land application sites, and open dumps 

6. Recycling facilities 

7. Steam electric power generating facilities 

8. Transportation facilities 

9. Sewage of wastewater treatment works 

10. Light manufacturing facilities 

 

Vehicle Maintenance/ Material Storage Facilities/ Corporation Yards - means any 

Permittee owned or operated facility or portion thereof that: 

1.  Conducts industrial activity, operates or stores equipment or materials, and provides 

services similar to Federal Phase I facilities; 

2.  Performs fleet vehicle service/ maintenance including repair, maintenance, washing, or 

fueling; 

3.  Performs maintenance and/ or repair of machinery/ equipment; or 

4.  Stores chemicals, raw materials, or waste materials. 

 

Waste Load Allocations (WLAs) - means a portion of a receiving water's Total Maximum 

Daily Pollutant Load (TMDL) that is allocated to one of its existing or future point sources of 

pollution (Reference: 40 CFR130.2(h)).  

 

Water Quality Objectives - means water quality criteria contained in the Basin Plan, the 

California Ocean Plan, the National Toxics Rule, the California Toxics Rule, and other state or 

federally approved surface water quality plans.  Such plans are used by the Regional Water 

Board to regulate all discharges, including storm water discharges. 

 

Water Quality Standards - means the State Water Quality Standards, which are comprised of 

beneficial uses, water quality objectives and the State's Antidegradation Policy. 

Waters of the State - means any surface water or groundwater, including saline waters, within 

boundaries of the state (Reference: California Water Code § 13050). 

 

Waters of the United States or Waters of the US - means: 

1.  All waters that are currently used, were used in the past, or may be susceptible to 

use in interstate or foreign commerce, including all waters which are subject to the 
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ebb and flow of the tide; 

2.  All interstate waters, including interstate “wetlands”; 

3.  All other waters such as intrastate lakes, rivers, streams (including intermittent streams), 

mudflats, sandflats, “wetlands,” sloughs, prairie potholes, wet meadows, playa lakes, or 

natural ponds where the use, degradation, or destruction of which would affect or could 

affect interstate or foreign commerce including any such waters: 

a.  Which are or could be used by interstate or foreign travelers for recreational or other 

purposes 

b.  From which fish or shellfish are or could be taken and sold in interstate or 

foreign commerce; or 

c.  Which are used or could be used for industrial purposes by industries in 

interstate commerce 

4.  All impoundments of waters otherwise defined as waters of the United States under 

this definition; 

5.  Tributaries of waters identified in the preceding paragraph (1) through (4) of this definition; 

6.  The territorial sea; and 

7.  “Wetlands” adjacent to waters (other than waters that are themselves wetlands) 

identified in the preceding paragraph (1) through (6) of this definition.   

(Reference: 33 CFR328) 

 

Watercourse - means any natural or artificial channel for passage of water, including the 

VCFCD jurisdictional channels included in the List of Channels within the Comprehensive Plan 

of the VCFCD, as approved by the Board of Supervisors of the VCFCD on October 4, 1993, and 

any amendments thereto. 

 

Watershed Management - means approach for water resources protection.  It is a strategy for 

integrating and managing resources, both human and fiscal that focuses on regulation of point 

sources, to a more regional approach that acknowledges environmental impacts from other 

activities. 

 

Watershed Management Areas (WMA) - means the geographically-defined watershed areas 

where the Regional Water Board will implement the watershed approach.  These generally 

involve a single large watershed within which exists smaller subwatersheds but in some cases 

may be an area that does not meet the strict hydrologic definition of a watershed e.g., several 

small Ventura coastal waterbodies in the region are grouped together into one WMA. 

 

Wet Season - means the calendar period beginning October 1 through April 15. 

 

 

Winter Dry Weather - means dry weather days occurring from November 1 - March 31 

of each year. 

 

Whole Effluent Toxicity - means the aggregate toxic effect of an effluent measured directly by 

a toxicity test. 
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PART 7 - STANDARD PROVISIONS 

 

A. General Requirements 

 

1. The Permittee shall comply with all provisions and requirements of this Order. 

 

2. Should the Permittee discover that it failed to submit any relevant facts or that it 

submitted incorrect information in a report it shall promptly submit the missing or 

correct information. 

 

3. The Permittee shall report all instances of non-compliance not otherwise reported at 

the time monitoring reports are submitted. 

 

4. This Order includes Attachment "H", the Reporting Program, which is a part of this 

Order and must be complied with.  

 

B. Regional Water Board Review 

 

1. The Regional Water Board may review any formal determinate or approval made by 

the Regional Water Board Executive Officer pursuant to the provisions of this Order.   

(a) Permittee(s) or a member of the public may request such review upon petition 

within 30 day of the effective date of the notification of such decision to the 

Permittee(s) and interested parties on file at the Regional Water Board. 

C. Public Review 

 

1. All documents submitted to the Regional Water Board in compliance with the terms 

and conditions of this Order shall be made available to members of the public 

pursuant to the Freedom of Information Act (5 U.S.C. § 552), as amended, and the 

Public Records Act (California Government Code § 6250 et seq.). 

 

2. All documents submitted to the Regional Water Board Executive Officer for approval 

shall be made available to the public for a 30-day period to allow for public comment. 

 

D. Duty to Comply [40 CFR122.41(a)] 

 

1. Each Permittee must comply with all of the terms, requirements, and conditions of 

this Order.  Any violation of this order constitutes a violation of the Clean Water Act, 

its regulations and the California Water Code, and is grounds for enforcement action, 

Order termination, Order revocation and reissuance, denial of an application for 

reissuance, or a combination thereof [40 CFR122.41(a), CAL. WATER CODE            

§ 13261, 13263, 13265, 13268, 13300, 13301, 13304, 13340, 13350]. 

 

2. A copy of these waste discharge specifications shall be maintained by each Permittee 

so as to be available during normal business hours to Permittee employees and 

members of the public. 
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3.  Any discharge of wastes at any point(s) other than specifically described in this Order 

is prohibited, and constitutes a violation of the Order. 

 

E. Duty to Mitigate  [40 CFR122.41 (d)] 

 

1. Each Permittee shall take all reasonable steps to minimize or prevent any discharge 

that has a reasonable likelihood of adversely affecting human health or the 

environment. 

 

F. Inspection and Entry; Investigations; Responsibilities [40 CFR122.41(i),        

Cal. Water Code § 13225 and § 13267] 

 

1. The Regional Water Board, U.S. EPA, and other authorized representatives shall be 

allowed: 

(a) Entry upon premises where a regulated facility is located or conducted, or where 

records are kept under conditions of this Order; 

(b) Access to copy any records, at reasonable times that are kept under the conditions 

of this Order; 

(c) To inspect at reasonable times any facility, equipment (including monitoring and 

control equipment), practices, or operations regulated or required under this 

Order; 

(d) To photograph, sample, and monitor at reasonable times for the purpose of 

assuring compliance with this Order, or as otherwise authorized by the CWA and 

the CAL. WATER CODE; 

(e) To review any water quality control plan or waste discharge requirements, or in 

connection with any action relating to any plan or requirement to investigate the 

quality of any waters of the state within its region; and, 

(f) To require as necessary any state or local agency to investigate and report on any 

technical factors involved in water quality control or to obtain and submit 

analyses of water. 

 

G. Proper Operation and Maintenance [40 CFR122.41 (e), Cal. Water Code § 13263(f)] 

 

1. The Permittees shall at all times properly operate and maintain all facilities and 

systems of treatment (and related appurtenances) that are installed or used by the 

Permittees to achieve compliance with this Order.  Proper operation and maintenance 

includes:  

(a) adequate laboratory controls; and  

(b) appropriate quality assurance procedures. 

 

2. This provision requires the operation of backup or auxiliary facilities or similar 

system that are installed by a Permittee only when necessary to achieve compliance 

with the conditions of this Order. 
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H. Signatory Requirements [40 CFR122.41(k) & 122.22] 

 

1. Except as otherwise provided in this Order, all applications, reports, or information 

submitted to the Regional Water Board shall be signed by the City Manager or 

Mayor, or authorized designee and certified as set forth in 40 CFR122.22. 

 

I. Reopener and Modification [40 CFR122.41(f) & 122.62] 

 

1. This Order may only be modified, revoked, or reissued, prior to the expiration date, 

by the Regional Water Board, in accordance with the procedural requirements of the 

CAL. WATER CODE and CCR Title 23 for the issuance of waste discharge 

requirements, 40 CFR122.62, and upon prior notice and hearing, to: 

(a) Address changed conditions identified in the required reports or other sources 

deemed significant by the Regional Water Board; 

(b) Incorporate applicable requirements or statewide water quality control plans 

adopted by the State Board or amendments to the Basin Plan, including TMDLs; 

(c) Comply with any applicable requirements, guidelines, and/ or regulations issued 

or approved pursuant to CWA § 402(p); and/ or, 

(d) Consider any other federal, or state laws or regulations that became effective after 

adoption of this Order. 

 

2. After notice and opportunity for a hearing, this Order may be terminated or modified 

for cause, including, but not limited to: 

(a) Violation of any term or condition contained in this Order;  

(b) Obtaining this Order by misrepresentation, or failure to disclose all relevant facts; 

or, 

(c) A change in any condition that requires either a temporary or permanent reduction 

or elimination of the authorized discharge. 

 

3. The filing of a request by the Principal Permittee or Permittees for a modification, 

revocation and re-issuance, or termination, or a notification of planned changes or 

anticipated noncompliance does not stay any condition of this Order. 

 

4. This Order may be modified to make corrections or allowances for changes in the 

permitted activity listed in this section, following the procedures at 40 CFR122.63, if 

processed as a minor modification.  Minor modifications may only: 

(a) Correct typographical errors; or 

(b) Require more frequent monitoring or reporting by the Permittee. 

 

J. Severability 

 

1. The provisions of this Order are severable; and if any provision of this Order or the 

application of any provision of this Order to any circumstance is held invalid, the 

application of such provision to other circumstances and the remainder of this Order 

shall not be affected. 
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K. Duty to Provide Information [40 CFR122.41(h)] 

 

1. The Permittees shall furnish, within a reasonable time, any information the Regional 

Water Board or U.S. EPA may request to determine whether cause exists for 

modifying, revoking and reissuing, or terminating this Order. 

 

2. The Permittees shall also furnish to the Regional Water Board, upon request, copies 

of records required to be kept by this Order. 

 

L. Twenty-Four Hour Reporting [40 CFR122.41(l)(6)]
1 

 

 

1.  The Permittees shall report to the Regional Water Board any noncompliance that may 

endanger health or the environment.  Any information shall be provided orally within 

24 hours from the time any Permittee becomes aware of the circumstances.  A written 

submission shall also be provided within 5 days of the time the Permittee becomes 

aware of the circumstances.  The written submission shall contain a description of the 

noncompliance and its cause; the period of noncompliance, including exact dates and 

times and, if the noncompliance has not been corrected, the anticipated time it is 

expected to continue; and steps taken or planned to reduce, eliminate, and prevent 

reoccurrence of the noncompliance. 

 

2.  The Regional Water Board may waive the required written report on a case-by-case 

basis. 

 

M. Bypass [40 CFR122.41(m)]
2
 

 

1. Bypass (the intentional diversion of waste streams from any portion of a treatment 

 facility) is prohibited.  The Regional Water Board may take enforcement action 

against Permittees for bypass unless: 

(a) Bypass was unavoidable to prevent loss of life, personal injury or severe property 

damage. (Severe property damage means substantial physical damage to property, 

damage to the treatment facilities that causes them to become inoperable, or 

substantial and permanent loss of natural resources that can reasonably be 

expected to occur in the absence of a bypass. Severe property damage does not 

mean economic loss caused by delays in production.); 

(b) There were no feasible alternatives to bypass, such as the use of auxiliary 

treatment facilities, retention of untreated waste, or maintenance during normal 

periods of equipment down time. This condition is not satisfied if adequate back-

up equipment should have been installed in the exercise of reasonable engineering 

                                                           

 
1
 This provision applies to incidents where effluent limitations (numerical or narrative) as provided in this Order or 

in the Ventura County SMP are exceeded, and which endanger public health or the environment. 
2
 This provision applies to the operation and maintenance of storm water controls and BMPs as provided in this

 

Order or in the Ventura County SMP. 
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judgment to prevent a bypass that could occur during normal periods of 

equipment downtime or preventive maintenance; 

(c) The Permittee submitted a notice at least ten days in advance of the need for a 

bypass to the Regional Water Board; or, 

(d) Permittees may allow a bypass to occur that does not cause effluent limitations to 

be exceeded, but only if it is for essential maintenance to assure efficient 

operation. In such a case, the above bypass conditions are not applicable.  The 

Permittee shall submit notice of an unanticipated bypass as required. 

 

N. Upset [40 CFR122.41(n)]
1
 

 

1. Upset means an exceptional incident in which there is unintentional and temporary 

noncompliance with technology based permit effluent limitations because of factors 

beyond the reasonable control of the Permittee.  An upset does not include 

noncompliance to the extent caused by operational error, improperly designed 

treatment facilities, inadequate treatment facilities, lack of preventive maintenance, or 

careless or improper operation. 

2. A Permittee that wishes to establish the affirmative defense of an upset in an action 

brought for non compliance shall demonstrate, through properly  signed, 

contemporaneous operating logs, or other relevant evidence that: 

(a) An upset occurred and that the Permittee can identify the cause(s) of the upset; 

(b) The permitted facility was being properly operated by the time of the upset; 

(c) The Permittee submitted notice of the upset as required; and, 

(d) The Permittee complied with any remedial measures required. 

3. No determination made before an action for noncompliance, such as during 

administrative review of claims that non-compliance was caused by an upset, is final 

administrative action subject to judicial review. 

4. In any enforcement proceeding, the Permittee seeking to establish the occurrence of 

an upset has the burden of proof. 

 

O. Property Rights [40 CFR122.41(g)] 

 

1. This Order does not convey any property rights of any sort, or any exclusive 

privilege. 

 

 

 

 

 

 

 

 

                                                           

 
1
 This provision applies to incidents where effluent limitations (numerical or narrative) as provided in this Order or 

in the Ventura County SMP are exceeded, and which endanger public health or the environment. 
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P. Enforcement 

 

1.  Violation of any of the provisions of the NPDES permit or any of the provisions of 

this Order may subject the violator to any of the penalties described herein, or any 

combination thereof, at the discretion of the prosecuting authority; except that only 

one kind of penalties may be applied for each kind of violation.  The CWA provides 

the following: 

(a) Criminal Penalties for: 

(1)  Negligent Violations [CWA 309 (c)(1)(B)]: 

The CWA provides that any person who negligently violates permit 

conditions implementing CWA § 301, 302, 306, 307, 308, 318, or 405 is 

subject to a fine of not less than $2,500 nor more than $25,000 per day for 

each violation, or by imprisonment for not more than 1 year, or both. 

(2)  Knowing Violations [CWA 309 (c)(2)(B)]: 

The CWA provides that any person who knowingly violates permit 

conditions implementing CWA § 301, 302, 306, 307, 308, 318, or 405 is 

subject to a fine of not less than $5,000 nor more than $50,000 per day of 

violation, or by  imprisonment for not more than 3 years, or both. 

(3)  Knowing Endangerment [CWA 309 (c)(3)(A)]: 

The CWA provides that any person who knowingly violates permit 

conditions implementing CWA § 301, 302, 307, 308, 318, or 405 and who 

knows at that time that he is placing another person in imminent danger of 

death or serious bodily injury is subject to a fine of not more than $250,000, 

or by imprisonment for not more than 15 years, or both. 

(4)  False Statement [CWA 309 (c)(4)]: 

The CWA provides that any person who knowingly makes any false 

material statement, representation, or certification in any application, record, 

report, plan, or other document filed or required to be maintained under the 

Act or who knowingly falsifies, tampers with, or renders inaccurate, any 

monitoring device or method required to be maintained under the Act, shall 

upon conviction, be punished by a fine of not more than $10,000 or by 

imprisonment for not more than two years, or by both.  If a conviction is for 

a violation committed after a first conviction of such person under this 

paragraph, punishment shall be by a fine of not more than $20,000 per day 

of violation, or by imprisonment of not more than four years, or by both. 

(b) Civil Penalties [[CWA 309 (d)] 

The CWA provides that any person who violates a permit condition implementing  

CWA § 301, 302, 306, 307, 308, 318, or 405 is subject to a civil penalty not to 

exceed $27,500 per day for each violation. 
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Attachment A to Resolution No. R2007-015 

Amendment to the Water Quality Control Plan – Los Angeles Region to incorporate the 
Ballona Creek Metals TMDL 

 
Adopted by the California Regional Water Quality Control Board, Los Angeles Region on September 6, 
2007. 
 
 

Amendments: 
 
Table of Contents 
Add: 
 
Chapter 7. Total Maximum Daily Loads (TMDLs) Summaries 

7-12 Ballona Creek Metals TMDL 
 
List of Figures, Tables and Inserts 
Add: 

Chapter 7. Total Maximum Daily Loads (TMDLs) 
Tables 
7-12 Ballona Creek Metals TMDL 

7-12.1. Ballona Creek Metals TMDL: Elements 
7-12.2. Ballona Creek Metals TMDL: Implementation Schedule 

 
 
Chapter 7. Total Maximum Daily Loads (TMDLs) Summaries, Section 7-12 (Ballona Creek Metals 
TMDL) 
Add: 
 
This TMDL was adopted by the Regional Water Quality Control Board on September 6, 2007. 
 
This TMDL was approved by: 
 
The State Water Resources Control Board on [insert date]. 
The Office of Administrative Law on [insert date]. 
The U.S. Environmental Protection Agency on [insert date]. 
 
The following tables include the elements of this TMDL. 
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Table 7-12.1. Ballona Creek Metals TMDL: Elements 
Element Key Findings and Regulatory Provisions 
Problem Statement Ballona Creek is on Clean Water Act Section 303(d) list of impaired 

waterbodies for dissolved copper, dissolved lead, total selenium, and 
dissolved zinc and Sepulveda Canyon Channel is 303(d) listed for lead. 
The metals subject to this TMDL are toxic pollutants, and the existing 
water quality objectives for the metals reflect national policy that the 
discharge of toxic pollutants in toxic amounts be prohibited.  When one 
of the metals subject to this TMDL is present at levels exceeding the 
existing numeric objectives, then the receiving water is toxic.  The 
following designated beneficial uses are impaired by these metals: 
water contact recreation (REC1); non-contact water recreation (REC2); 
warm freshwater habitat (WARM); estuarine habitat (EST); marine 
habitat (MAR); wildlife habitat (WILD); rare and threatened or 
endangered species (RARE); migration of aquatic organisms (MIGR); 
reproduction and early development of fish (SPWN); commercial and 
sport fishing (COMM); and shellfish harvesting (SHELL). 

TMDLs are developed for reaches on the 303(d) list and metal 
allocations are developed for tributaries that drain to impaired reaches.  
This TMDL address dry- and wet-weather discharges of copper, lead, 
selenium and zinc in Ballona Creek and Sepulveda Canyon Channel. 

Numeric Target  
(Interpretation of the narrative 
and numeric water quality 
objective, used to calculate the 
load allocations) 

Numeric water quality targets are based on the numeric water quality 
standards established for metals by the California Toxics Rule (CTR).  
The targets are expressed in terms of total recoverable metals. There are 
separate numeric targets for dry and wet weather because hardness 
values and flow conditions in Ballona Creek and Sepulveda Canyon 
Channel vary between dry and wet weather.  The dry-weather targets 
apply to days when the maximum daily flow in Ballona Creek is less 
than 40 cubic feet per second (cfs).  The wet-weather targets apply to 
days when the maximum daily flow in Ballona Creek is equal to or 
greater than 40 cfs. 

Dry Weather 

The dry-weather targets are based on the chronic CTR criteria.  The 
copper, lead and zinc targets are dependent on hardness to adjust for 
site-specific conditions and require conversion factors to convert 
between dissolved and total recoverable metals.  These targets are 
based on the 50th percentile hardness value of 300 mg/L and the CTR 
default conversion factors.  The conversion factor for lead is hardness 
dependent, which is also based on a hardness of 300 mg/L.  The dry-
weather target for selenium is independent of hardness and expressed as 
total recoverable metals. 

 Dry-weather numeric targets (µg total recoverable metals/L) 
 Dissolved Conversion Factor Total Recoverable  
Copper 23 0.96 24 
Lead 8.1 0.631 13 
Selenium   5 
Zinc 300 0.986 304 

 
2  
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Element Key Findings and Regulatory Provisions 
 
Wet Weather 

The wet-weather targets for copper, lead and zinc are based on the 
acute CTR criteria and the 50th percentile hardness value of 77 mg/L for 
storm water collected at Sawtelle Boulevard.  Conversion factors for 
copper and zinc are based on a regression of dissolved metal values to 
total metal values collected at Sawtelle.  The CTR default conversion 
factor based on a hardness value of 77 mg/L is used for lead.  The wet-
weather target for selenium is independent of hardness and expressed as 
total recoverable metals. 

 Wet-weather numeric targets (µg total recoverable metals/L) 
 Dissolved Conversion Factor Total Recoverable  
Copper 11 0.62 18 
Lead 49 0.829 59 
Selenium   5 
Zinc 94 0.79 119 

Source Analysis There are significant difference in the sources of copper, lead, selenium 
and zinc loadings during dry weather and wet weather.  During dry 
weather, most of the metals loadings are in the dissolved form.  Storm 
drains convey a large percentage of the metals loadings during dry 
weather because although their flows are typically low, concentrations 
of metals in urban runoff may be quite high.  During dry years, dry-
weather loadings account for 25-35% of the annual metals loadings.  
Additional sources of dry weather flow and metals loading include 
groundwater discharge and flows from other permitted NPDES 
discharges within the watershed. 

During wet weather, most of the metals loadings in Ballona Creek are 
in the particulate form and are associated with wet-weather storm water 
flows.  On an annual basis, storm water contributes about 91% of the 
copper loading and 92% of the lead loading to Ballona Creek.  Storm 
water flow is permitted through the municipal separate storm sewer 
system (MS4) permit issued to the County of Los Angeles, a separate 
Caltrans storm water permit, a general construction storm water permit, 
and a general industrial storm water permit. 

Non-point sources are not considered to be a significant source in this 
TMDL.  Direct atmospheric deposition of metals is insignificant 
relative to the annual dry-weather loading or the total annual loading.  
Indirect atmospheric deposition reflects the process by which metals 
deposited on the land surface may be washed off during storm events 
and delivered to Ballona Creek and its tributaries.  The loading of 
metals associated with indirect atmospheric deposition are accounted 
for in the estimates of the storm water loading. 
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Element Key Findings and Regulatory Provisions 
Loading Capacity TMDLs are developed for copper, lead, selenium and zinc for Ballona 

Creek and Sepulveda Canyon Channel. 

Dry Weather 

Dry-weather loading capacities for Ballona Creek and Sepulveda 
Canyon Channel are equal to the dry-weather numeric targets 
multiplied by the critical dry-weather flow for each waterbody.  Based 
on long-term flow records for Ballona Creek at Sawtelle the median 
dry-weather flow is 14 cfs.  The median dry-weather flow for 
Sepulveda Canyon Channel, based on measurements conducted in 
2003, is 6.3 cfs. 

Dry-weather loading capacity (grams total recoverable metals/day) 
 Copper Lead Selenium Zinc  
Ballona Creek 821 440 171 10,423 
Sepulveda Channel 371 199 77 4,712 
 
Wet Weather 

Wet-weather loading capacities are calculated by multiplying the daily 
storm volume by the wet-weather numeric target for each metal. 

 Wet-weather loading capacity (total recoverable metals) 
Metal Load Capacity  
Copper Daily storm volume  x  18 µg/L 
Lead Daily storm volume  x  59 µg/L 
Selenium Daily storm volume  x  5 µg/L 
Zinc Daily storm volume  x  119 µg/L 

Load Allocations (for nonpoint 
sources) 

Load allocations (LA) are assigned to non-point sources for Ballona 
Creek and Sepulveda Canyon Channel. 

Dry Weather 

Dry-weather load allocations for copper, lead and zinc are developed 
for direct atmospheric deposition.  The mass-based load allocations are 
equal to the ratio of the length of each segment over the total length 
multiplied by the estimates of direct atmospheric loading for Ballona 
Creek (3.5 g/day for copper, 2.3 g/day for lead, and 11.7 k/day for 
zinc). 

 Dry-weather direct air deposition LAs (total recoverable metals) 
 Copper (g/day) Lead (g/day) Zinc (g/day)  
Ballona Creek 2.0 1.4 6.8 
Sepulveda Channel 0.3 0.2 0.9 
 
Wet Weather 

Wet-weather load allocations for copper, lead, selenium and zinc are 
developed for direct atmospheric deposition.  The mass-based load 
allocations for direct atmospheric deposition are equal to the percent 
area of surface water (0.6%) multiplied by the total loading capacity. 

 
4  
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Element Key Findings and Regulatory Provisions 
 Wet-weather direct air deposition LAs (total recoverable metals) 

 Load Allocation (grams/day)  
Copper 1.05E-07  x  Daily storm volume (L) 
Lead 3.54E-07  x  Daily storm volume (L) 
Selenium 3.00E-08  x  Daily storm volume (L) 
Zinc 7.14E-07  x  Daily storm volume (L) 

Waste Load Allocations (for 
point sources) 

Waste load allocations (WLA) are assigned to point sources for Ballona 
Creek and Sepulveda Canyon Channel.  A grouped mass-based waste 
load allocation is developed for the storm water permittees (Los 
Angeles County MS4, Caltrans, General Construction and General 
Industrial) by subtracting the load allocation from the total loading 
capacity.  Concentration-based waste load allocations are developed for 
other point sources in the watershed. 

Dry Weather 

Dry-weather waste load allocation for storm water is equal to the dry-
weather critical flow multiplied by the dry-weather numeric target 
minus the load allocation for direct atmospheric deposition. 

Dry-weather Storm Water WLAs 
 (grams total recoverable metals/day) 
 Copper Lead Selenium Zinc  
Ballona Creek 818.9 438.6 171 10,416.2 
Sepulveda Channel 370.7 198.8 77 4,711.1 
 
A waste load allocation of zero is assigned to all general construction 
and industrial storm water permits during dry weather.  Therefore, the 
storm water waste load allocations are apportioned between the MS4 
permittees and Caltrans, based on an areal weighting approach. 

Dry-weather Storm Water WLAs Apportioned between 
 Storm Water Permits (grams total recoverable metals/day) 
 Copper Lead Selenium Zinc  
Ballona Creek 
 MS4 permittees 807.7 432.6 169 10,273.1 
 Caltrans 11.2 6.0 2 143.1 
Sepulveda Channel 
 MS4 Permittees 365.6 196.1 76 4646.4 
 Caltrans 5.1 2.7 1 64.7 
 
Concentration-based dry-weather waste load allocations are assigned to 
the minor NPDES permits and general non-storm water NPDES 
permits that discharge to Ballona Creek or its tributaries.  Any future 
minor NPDES permits or enrollees under a general non-storm water 
NPDES permit will also be subject to the concentration-based waste 
load allocations. 

 Dry-weather WLAs for other permits (total recoverable metals) 
 Copper (µg/L) Lead (µg/L) Selenium (µg/L) Zinc (µg/L) 
 24 13 5 304 
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Element Key Findings and Regulatory Provisions 
 
Wet Weather 

Wet-weather waste load allocation for storm water is equal to the total 
loading capacity minus the load allocation for direct atmospheric 
deposition.  Wet-weather waste load allocations for the grouped storm 
water permittees apply to all reaches and tributaries. 

 Wet-weather Storm Water WLAs (total recoverable metals) 
 Waste Load Allocation (grams/day)  
Copper 1.79E-05  x  Daily storm volume (L) 
Lead 5.87E-05  x  Daily storm volume (L) 
Selenium 4.97E-06  x  Daily storm volume (L) 
Zinc 1.18E-04  x  Daily storm volume (L) 
 
The storm water waste load allocations are apportioned between the 
MS4 permittees, Caltrans, the general construction and the general 
industrial storm water permits based on an areal weighting approach. 

Wet-weather Storm Water WLAs Apportioned 
 Between Storm Water Permits (total recoverable metals) 
 Waste Load Allocation (grams/day)  
Copper 
 MS4 Permittees 1.70E-05  x  Daily storm volume (L) 
 Caltrans 2.37E-07  x  Daily storm volume (L) 
 General Construction 4.94E-07  x  Daily storm volume (L) 
 General Industrial 1.24E-07  x  Daily storm volume (L) 
Lead 
 MS4 Permittees 5.58E-05  x  Daily storm volume (L) 
 Caltrans 7.78E-07  x  Daily storm volume (L) 
 General Construction 1.62E-06  x  Daily storm volume (L) 
 General Industrial 4.06E-07  x  Daily storm volume (L) 
Selenium 
 MS4 Permittees 4.73E-06  x  Daily storm volume (L) 
 Caltrans 6.59E-08  x  Daily storm volume (L) 
 General Construction 1.37E-07  x  Daily storm volume (L) 
 General Industrial 3.44E-08  x  Daily storm volume (L) 
Zinc 
 MS4 Permittees 1.13E-04  x  Daily storm volume (L) 
 Caltrans 1.57E-06  x  Daily storm volume (L) 
 General Construction 3.27E-06  x  Daily storm volume (L) 
 General Industrial 8.19E-07  x  Daily storm volume (L) 
 
 
Each storm water permittee enrolled under the general construction or 
industrial storm water permits will receive an individual waste load 
allocation on a per acre basis, based on the acreage of their facility. 
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Element Key Findings and Regulatory Provisions 
Individual per Acre WLAs for General Construction or 

 Industrial Storm Water Permittees (total recoverable metals) 
 Waste Load Allocation (grams/day/acre)  
Copper 2.20E-10  x  Daily storm volume (L) 
Lead 7.20E-10  x  Daily storm volume (L) 
Selenium 6.10E-11  x  Daily storm volume (L) 
Zinc 1.45E-09  x  Daily storm volume (L) 
 
Concentration-based wet-weather waste load allocations are assigned to 
the minor NPDES permits and general non-storm water NPDES 
permits that discharge to Ballona Creek or its tributaries.  Any future 
minor NPDES permits or enrollees under a general non-storm water 
NPDES permit will also be subject to the concentration-based waste 
load allocations. 

 Wet-weather WLAs for other permits (total recoverable metals) 
 Copper (µg/L) Lead (µg/L) Selenium (µg/L) Zinc (µg/L) 
 18 59 5 119 

Margin of Safety There is an implicit margin of safety through the use of conservative 
values for the conversion from total recoverable metals to the dissolved 
fraction during dry and wet weather.  In addition, the TMDL includes a 
margin of safety by evaluating dry-weather and wet-weather conditions 
separately and assigning allocations based on two disparate critical 
conditions. 

Implementation The regulatory mechanisms used to implement the TMDL will include 
the Los Angeles County Municipal Storm Water NPDES Permit 
(MS4), the State of California Department of Transportation (Caltrans) 
Storm Water Permit, minor NPDES permits, general NPDES permits, 
general industrial storm water NPDES permits, and general 
construction storm water NPDES permits. Nonpoint sources will be 
regulated through the authority contained in Sections 13263 and 13269 
of the Water Code, in conformance with the State Water Resources 
Control Board’s Nonpoint Source Implementation and Enforcement 
Policy (May 2004).  Each NPDES permit assigned a WLA shall be 
reopened or amended at re-issuance, in accordance with applicable 
laws, to incorporate the applicable WLAs as a permit requirement. 

The Regional Board shall reconsider this TMDL by January 11, 2011 
based on additional data obtained from special studies.  Table 7-12.2 
presents the implementation schedule for the responsible permittees. 

Minor NPDES Permits and General Non-Storm Water NPDES 
Permits: 

Permit writers may translate applicable waste load allocations into 
effluent limits for the minor and general NPDES permits by applying 
the effluent limitation procedures in Section 1.4 of the State Water 
Resources Control Board’s Policy for Implementation of Toxics 
Standards for Inland Surface Waters, Enclosed Bays, and Estuaries of 
California (2000) or other applicable engineering practices authorized 
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Element Key Findings and Regulatory Provisions 
under federal regulations.  Compliance schedules may be established in 
individual NPDES permits, allowing up to 5 years within a permit cycle 
to achieve compliance.  Compliance schedules may not be established 
in general NPDES permits.  A discharger that can not comply 
immediately with effluent limitations specified to meet waste load 
allocations will be required to apply for an individual permit, in order 
to, demonstrate the need for a compliance schedule. 

Permittees that hold individual NPDES permits and solely discharge 
storm water may be allowed (at Regional Board discretion) compliance 
schedules up to January 11, 2016 to achieve compliance with final 
WLAs. 

 

General Industrial Storm Water Permits: 

The Regional Board will develop a watershed specific general 
industrial storm water permit to incorporate waste load allocations.  

Dry-weather Implementation 

Non-storm water flows authorized by Order No. 97-03 DWQ, or any 
successor order, are exempt from the dry-weather waste load allocation 
equal to zero.  Instead, these authorized non-storm water flows shall 
meet the concentration-based waste load allocations assigned to the 
other NPDES Permits.  The dry-weather waste load allocation equal to 
zero applies to unauthorized non-storm water flows, which are 
prohibited by Order No. 97-03 DWQ. 

It is anticipated that the dry-weather waste load allocations will be 
implemented by requiring improved best management practices 
(BMPs) to eliminate the discharge of non-storm water flows. However, 
the permit writers must provide adequate justification and 
documentation to demonstrate that specified BMPs are expected to 
result in attainment of the numeric waste load allocations. 

Wet-weather Implementation 

The general industrial storm water permittees are allowed interim wet-
weather concentration-based waste load allocations based on 
benchmarks contained in EPA’s Storm Water Multi-sector General 
Permit for Industrial Activities.  The interim waste load allocations 
apply to all industry sectors until no later than January 11, 2016. 

Interim Wet-Weather WLAs for General Industrial Storm Water 
Permittees (total recoverable metals) 
 Copper (µg/L) Lead (µg/L) Selenium (µg/L) Zinc (µg/L) 
 63.6 81.6 238.5 117 
 
Until January 11, 2011, interim waste load allocations will not be 
interpreted as enforceable permit conditions. If monitoring 
demonstrates that interim waste load allocations are being exceeded, the 
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Element Key Findings and Regulatory Provisions 
permittee shall evaluate existing and potential BMPs, including 
structural BMPs, and implement any necessary BMP improvements.  It 
is anticipated that monitoring results and any necessary BMP 
improvements would occur as part of an annual reporting process.  
After January 11, 2011, interim waste load allocations shall be 
translated into enforceable permit conditions.  Compliance with permit 
conditions may be demonstrated through the installation, maintenance, 
and monitoring of Regional Board-approved BMPs.  If this method of 
compliance is chosen, permit writers must provide adequate 
justification and documentation to demonstrate that BMPs are expected 
to result in attainment of interim waste load allocations. 

The general industrial storm water permits shall achieve final wet-
weather waste load allocations no later than January 11, 2016, which 
shall be expressed as NPDES water quality-based effluent limitations.  
Effluent limitations may be expressed as permit conditions, such as the 
installation, maintenance, and monitoring of Regional Board-approved 
BMPs if adequate justification and documentation demonstrate that 
BMPs are expected to result in attainment of waste load allocations. 

General Construction Storm Water Permits: 

Waste load allocations will be incorporated into the State Board general 
permit upon renewal or into a watershed-specific general permit 
developed by the Regional Board. 

Dry-weather Implementation 

Non-storm water flows authorized by the General Permit for Storm 
Water Discharges Associated with Construction Activity (Water 
Quality Order No. 99-08 DWQ), or any successor order, are exempt 
from the dry-weather waste load allocation equal to zero as long as they 
comply with the provisions of sections C.3 and A.9 of the Order No. 
99-08 DWQ, which state that these authorized non-storm discharges 
shall be (1) infeasible to eliminate (2) comply with BMPs as described 
in the Storm Water Pollution Prevention Plan prepared by the 
permittee, and (3) not cause or contribute to a violation of water quality 
standards, or comparable provisions in any successor order. 
Unauthorized non-storm water flows are already prohibited by Order 
No. 99-08 DWQ. 

Wet-weather Implementation 

By January 11, 2013, the construction industry will submit the results 
of BMP effectiveness studies to determine BMPs that will achieve 
compliance with the final waste load allocations assigned to 
construction storm water permittees.  Regional Board staff will bring 
the recommended BMPs before the Regional Board for consideration 
by January 11, 2014. General construction storm water permittees will 
be considered in compliance with final waste load allocations if they 
implement these Regional Board approved BMPs.  All permittees must 
implement the approved BMPs by January 11, 2015.  If no 
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Element Key Findings and Regulatory Provisions 
effectiveness studies are conducted and no BMPs are approved by the 
Regional Board by January 11, 2014, each general construction storm 
water permit holder will be subject to site-specific BMPs and 
monitoring requirements to demonstrate compliance with final waste 
load allocations. 

MS4 and Caltrans Storm Water Permits: 

The County of Los Angeles, City of Los Angeles, Beverly Hills, Culver 
City, Inglewood, Santa Monica, and West Hollywood are jointly 
responsible for meeting the mass-based waste load allocations for the 
MS4 permittees.  Caltrans is responsible for meeting their mass-based 
waste load allocations, however, they may choose to work with the 
MS4 permittees.  The primary jurisdiction for the Ballona Creek 
watershed is the City of Los Angeles. 

Applicable CTR limits are being met most of the time during dry 
weather, with episodic exceedances.  Due to the expense of obtaining 
accurate flow measurements required for calculating loads, 
concentration-based permit limits may apply during dry weather.  These 
concentration-based limits would be equal to the dry-weather 
concentration-based waste load allocations assigned to the other 
NPDES permits. 

Each municipality and permittee will be required to meet the storm 
water waste load allocation at the designated TMDL effectiveness 
monitoring points.  A phased implementation approach, using a 
combination of non-structural and structural BMPs may be used to 
achieve compliance with the stormwater waste load allocations.  The 
administrative record and the fact sheets for the MS4 and Caltrans 
storm water permits must provide reasonable assurance that the BMPs 
selected will be sufficient to implement the waste load allocations. 

The implementation schedule for the MS4 and Caltrans permittees 
consists of a phased approach, with compliance to be achieved in 
prescribed percentages of the watershed, with total compliance to be 
achieved within 15 years. 

Seasonal Variations and 
Critical Conditions 

Seasonal variations are addressed by developing separate waste load 
allocations for dry weather and wet weather. 

Based on long-term flow records, dry-weather flows in Ballona Creek 
are estimated to be 14 cubic feet per second (cfs).  Since, this flow has 
been very consistent, 14 cfs is used to define the critical dry-weather 
flow for Ballona Creek at Sawtelle Boulevard (upstream of Sepulveda 
Canyon Channel).  There are no historic flow records to determine the 
average long-term flows for Sepulveda Canyon Channel.  Therefore, in 
the absence of historical records the 2003 dry-weather characterization 
study measurements are assumed reasonable estimates of flow for this 
channel.  The critical dry-weather flow for Sepulveda Canyon Channel 
is defined as the average flow of 6.3 cfs. 

Wet-weather allocations are developed using the load-duration curve 
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Element Key Findings and Regulatory Provisions 
concept.  The total wet-weather waste load allocation varies by storm, 
therefore, given this variability in storm water flows, no justification 
was found for selecting a particular sized storm as the critical condition. 

Monitoring Effective monitoring will be required to assess the condition of the 
Ballona Creek and to assess the on-going effectiveness of efforts by 
dischargers to reduce metals loading to Ballona Creek.  Special studies 
may also be appropriate to provide further information about new data, 
new or alternative sources, and revised scientific assumptions.  Below 
the Regional Board identifies the various goals of monitoring efforts 
and studies.  The programs, reports, and studies will be developed in 
response to subsequent orders issued by the Executive Officer. 

Ambient monitoring 

An ambient monitoring program is necessary to assess water quality 
throughout Ballona Creek and its tributaries and the progress being 
made to remove the metals impairments.   The MS4 and Caltrans storm 
water NPDES permittees are jointly responsible for implementing the 
ambient monitoring program.  The responsible agencies shall analyze 
samples for total recoverable metals and dissolved metals, including 
cadmium and silver, and hardness once a month at each monitoring 
location.  The reported detection limits shall be lower than the hardness 
adjusted CTR criteria to determine if water quality objectives are being 
met.  There are three ambient monitoring locations. 

 Ambient Monitoring Locations 
Waterbody Location  
Ballona Creek At Sawtelle Boulevard 
Sepulveda Channel Just Above the Confluence with Ballona Creek 
Ballona Creek At Inglewood Boulevard 

TMDL Effectiveness Monitoring 

The MS4 and Caltrans storm water NPDES permittees are jointly 
responsible for assessing the progress in reducing pollutant loads to 
achieve the TMDL.  The MS4 and Caltrans storm water NPDES 
permittees are required to submit for approval of the Executive Officer 
a coordinated monitoring plan that will demonstrate the effectiveness of 
the phased implementation schedule for this TMDL, which requires 
attainment of the applicable waste load allocations in prescribed 
percentages of the watershed over a 15-year period.  The monitoring 
locations specified for the ambient monitoring program may be used as 
the effectiveness monitoring locations. 

The MS4 and Caltrans storm water NPDES permittees will be found to 
be effectively meeting the dry-weather waste load allocations if the in-
stream pollutant concentrations or load at the first downstream 
monitoring location is equal to or less than the corresponding 
concentration- or load-based waste load allocation.  Alternatively, 
effectiveness of the TMDL may be assessed at the storm drain outlet 
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based on the concentration-based waste load allocation for the receiving 
water.  For storm drains that discharge to other storm drains, the waste 
load allocation will be based on the waste load allocation for the 
ultimate receiving water for that storm drain system. 

The MS4 and Caltrans storm water NPDES permittees will be found to 
be effectively meeting the wet-weather waste load allocations if the 
loading at the most downstream monitoring location is equal to or less 
then the wet-weather waste load allocation.  Compliance with 
individual general construction and industrial storm water permittees 
will be based on monitoring of discharges at the property boundary.  
Compliance may be assessed based on concentration and/or load 
allocations. 

The general storm water permits shall contain a model monitoring and 
reporting program to evaluate BMP effectiveness.  A permittee enrolled 
under the general permits shall have the choice of conducting individual 
monitoring based on the model program or participating in a group 
monitoring effort.  MS4 permittees are encouraged to take the lead in 
group monitoring efforts for industrial facilities under their jurisdiction 
because compliance with waste load allocations by these facilities will 
in many cases translate to reductions in metals loads to the MS4 
system. 

Special studies 

The implementation schedule, Table 7-12.2, allows time for special 
studies that may serve to refine the estimate of loading capacity, waste 
load and/or load allocations, and other studies that may serve to 
optimize implementation efforts.  The Regional Board will re-consider 
the TMDL by January 11, 2011 in light of the findings of these studies.  
Studies may include: 

• Refinement of hydrologic and water quality model 

• Additional source assessment 

• Refinement of potency factors correlation between total suspended 
solids and metals loadings during dry and wet weather 

• Correlation between short-term rainfall intensity and metals 
loadings for use in sizing in-line structural BMPs 

• Correlation between storm volume and total recoverable metals 
loading for use in sizing storm water retention facilities 

• Refined estimates of metals partitioning coefficients, conversion 
factors, and site-specific toxicity. 

• Evaluation of potential contribution of aerial deposition and sources 
of aerial deposition. 
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Table 7-12.2.  Ballona Creek Metals TMDL: Implementation Schedule 
Date Action 

January 11, 2006 Regional Board permit writers shall incorporate the waste load 
allocations into the NPDES permits.  Waste load allocations 
will be implemented through NPDES permit limits in 
accordance with the implementation schedule contained herein, 
at the time of permit issuance or re-issuance. 

January 11, 2010 Responsible jurisdictions and agencies shall provide to the 
Regional Board results of the special studies. 

January 11, 2011 The Regional Board shall reconsider this TMDL to re-evaluate 
the waste load allocations and the implementation schedule. 

 MINOR NPDES PERMITS AND GENERAL NON-STORM WATER NPDES PERMITS 

Upon permit issuance or 
renewal 

The non-storm water NPDES permittees shall achieve the waste 
load allocations, which shall be expressed as NPDES water 
quality-based effluent limitations specified in accordance with 
federal regulations and state policy on water quality control.  
Compliance schedules may allow up to five years in individual 
NPDES permits to meet permit requirements. Compliance 
schedules may not be established in general NPDES permits. 
Permittees that hold individual NPDES permits and solely 
discharge storm water may be allowed (at Regional Board 
discretion) compliance schedules up to January 11, 2016 to 
achieve compliance with final WLAs. 

GENERAL INDUSTRIAL STORM WATER PERMITS 

Upon permit issuance or 
renewal 

The general industrial storm water NPDES permittees shall 
achieve dry-weather waste load allocations, which shall be 
expressed as NPDES water quality-based effluent limitations 
specified in accordance with federal regulations and state policy 
on water quality control.  Effluent limitations may be expressed 
as permit conditions, such as the installation, maintenance, and 
monitoring of Regional Board-approved BMPs.  Permittees 
shall begin to install and test BMPs to meet the interim wet-
weather WLAs.  BMP effectiveness monitoring will be 
implemented to determine progress in achieving interim wet-
weather waste load allocations. 

January 11, 2011 The general industrial storm water NPDES permittees shall 
achieve the interim wet-weather waste load allocations, which 
shall be expressed as NPDES water quality-based effluent 
limitations specified in accordance with federal regulations and 
state policy on water quality control.  Effluent limitations may 
be expressed as permit conditions, such as the installation, 
maintenance, and monitoring of Regional Board-approved 
BMPs.  Permittees shall begin an iterative BMP process 
including BMP effectiveness monitoring to achieve compliance 
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Date Action 
with final wet-weather WLAs. 

January 11, 2016 The general industrial storm water NPDES permittees shall 
achieve the final wet-weather waste load allocations, which 
shall be expressed as NPDES water quality-based effluent 
limitations specified in accordance with federal regulations and 
state policy on water quality control.  Effluent limitations may 
be expressed as permit conditions, such as the installation, 
maintenance, and monitoring of Regional Board-approved 
BMPs. 

GENERAL CONSTRUCTION STORM WATER PERMITS 

Upon permit issuance, renewal, 
or re-opener 

Non-storm water flows not authorized by Order No. 99-08 
DWQ, or any successor order, shall achieve dry-weather waste 
load allocations of zero.  Waste load allocations shall be 
expressed as NPDES water quality-based effluent limitations 
specified in accordance with federal regulations and state 
policy on water quality control.  Effluent limitations may be 
expressed as permit conditions, such as the installation, 
maintenance, and monitoring of Regional Board-approved 
BMPs. 

January 11, 2013 The construction industry will submit the results of wet-
weather BMP effectiveness studies to the Regional Board for 
consideration.  In the event that no effectiveness studies are 
conducted and no BMPs are approved, permittees shall be 
subject to site-specific BMPs and monitoring to demonstrate 
BMP effectiveness. 

January 11, 2014 The Regional Board will consider results of the wet-weather 
BMP effectiveness studies and consider approval of BMPs. 

January 11, 2015 All general construction storm water permittees shall 
implement Regional Board-approved BMPs. 

MS4 AND CALTRANS STORM WATER PERMITS 

January 11, 2007 In response to an order issued by the Executive Officer, the 
MS4 and Caltrans storm water NPDES permittees must submit 
a coordinated monitoring plan, to be approved by the Executive 
Officer, which includes both ambient monitoring and TMDL 
effectiveness monitoring.  Once the coordinated monitoring 
plan is approved by the Executive Officer ambient monitoring 
shall commence within 6 months. 

January 11, 2010 (Draft 
Report) 

July 11, 2010 (Final Report) 

MS4 and Caltrans storm water NPDES permittees shall provide 
a written report to the Regional Board outlining the drainage 
areas to be address and how these areas will achieve 
compliance with the waste load allocations.  The report shall 
include implementation methods, an implementation schedule, 
proposed milestones, and any applicable revisions to the TMDL 
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Date Action 
effectiveness monitoring plan. 

January 11, 2012 The MS4 and Caltrans storm water NPDES permittees shall 
demonstrate that 50% of the total drainage area served by the 
MS4 system is effectively meeting the dry-weather waste load 
allocations and 25% of the total drainage area served by the 
MS4 system is effectively meeting the wet-weather waste load 
allocations. 

January 11, 2014 The MS4 and Caltrans storm water NPDES permittees shall 
demonstrate that 75% of the total drainage area served by the 
MS4 system is effectively meeting the dry-weather waste load 
allocations. 

January 11, 2016 The MS4 and Caltrans storm water NPDES permittees shall 
demonstrate that 100% of the total drainage area served by the 
MS4 system is effectively meeting the dry-weather waste load 
allocations and 50% of the total drainage area served by the 
MS4 system is effectively meeting the wet-weather waste load 
allocations. 

January 11, 2021 The MS4 and Caltrans storm water NPDES permittees shall 
demonstrate that 100% of the total drainage area served by the 
MS4 system is effectively meeting both the dry-weather and 
wet-weather waste load allocations. 
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I. Introduction – Legal Background 
 

 The California Regional Water Quality Control Board, Los Angeles Region (hereinafter 

referred to as the “Regional Board”) has developed this total maximum daily load (TMDL) 

designed to attain the water quality standards for trash in the Los Angeles River.  The TMDL 

has been prepared pursuant to state and federal requirements to preserve and enhance water 

quality in the Los Angeles Basin River Watershed. 
 

 The California Water Quality Control Plan, Los Angeles Region, also known as the 

Basin Plan, sets standards for surface waters and ground waters in the regions.  These 

standards are comprised of designated beneficial uses for surface and ground water, and 

numeric and narrative objectives necessary to support beneficial uses and the state’s 

antidegradation policy.  Such standards are mandated for all waterbodies within the state under 

the Porter-Cologne Water Quality Act. In addition, the Basin Plan describes implementation 

programs to protect all waters in the region.  The Basin Plan implements the Porter-Cologne 

Water Quality Act (also known as the “California Water Code”) and serves as the State Water 

Quality Control Plan applicable to the Los Angles River, as required pursuant to the federal 

Clean Water Act (CWA). 

 
 Section 305(b) of the CWA mandates biennial assessment of the nation’s water 

resources, and these water quality assessments are used to identify and list impaired waters.  

The resulting list is referred to as the 303(d) list.  The CWA also requires states to establish a 

priority ranking for impaired waters and to develop and implement TMDLs.  A TMDL 

specifies the maximum amount of a pollutant that a waterbody can receive and still meet water 

quality standards, and allocates pollutant loadings to point and non-point sources.   

 

 The United States Environmental Protection Agency (USEPA) has oversight authority 

for the 303(d) program and must approve or disapprove the state’s 303(d) lists and each 

specific TMDL.  USEPA is ultimately responsible for issuing a TMDL, if the state fails to do 

so in a timely manner.   

 

 As part of California’s 1996 and 1998 303(d) list submittals, the Regional Board 

identified the reaches of the Los Angeles River at the Sepulveda Flood Basin and downstream 

as being impaired due to trash. 

 

 A consent decree between the USEPA, the Santa Monica BayKeeper and Heal the Bay 

Inc., represented by the Natural Resources Defense Council (NRDC), was signed on March 22, 

1999. This consent decree requires that all TMDLs for the Los Angeles Region be adopted 

within 13 years. The consent decree also prescribed schedules for certain TMDLs.  According 

to this schedule, a Trash TMDL for the Los Angeles River watershed had to be approved 

before March 2001.   

 

 On September 19, 2001, the Regional Board adopted a Trash TMDL for the Los Angeles 

River Watershed. The TMDL was subsequently approved by the State Water Resources 

Control Board on February 19, 2002 and by the Office of Administrative Law on July 16, 

2002.  The United States Environmental Protection Agency approved the Los Angeles River 

Trash TMDL on August 1, 2002. 
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 The City of Los Angeles and the County of Los Angeles both filed petitions and 

complaints in Los Angeles Superior Court challenging the Los Angeles River Trash TMDL. 

Subsequent negotiations led to a settlement agreement, which became effective on September 

23, 2003. Twenty-two other cities
1
 (“Cities”) sued the Regional Board  and State Water 

Resources Control Board (State Water Board) to set aside the TMDL, on several grounds. The 

trial court entered an order deciding some claims in favor of the Los Angeles Water Board 

and State Water Board (collectively “California Water Boards”), and some in favor of the 

Cities.  Both sides appealed, and on January 26, 2006, the Court of Appeal decided every one 

of the Cities’ claims in favor of the California Water Boards, except with respect to CEQA 

compliance.  (City of Arcadia et al., Los Angeles Regional Water Quality Control Board et al. 
(2006) 135 Cal.App.4th 1392.)  The Cities filed a petition for review by the California 

Supreme Court, but on April 19, 2006, the Supreme Court declined to hear any of the Cities’ 

claims. 

 

The Appellate Court found that the California Water Boards did not adequately 

complete the environmental checklist, and that evidence of a “fair argument” of significant 

impacts existed such that the California Water Boards should have performed an EIR level of 

analysis through an EIR or its functional equivalent.  (135 Cal.App.4
th

 at 1420-26.)  The 

Court therefore affirmed a writ of mandate issued by the trial court, which orders the 

California Water Boards to set aside and not implement the TMDL, until it has been brought 

into compliance with California Environmental Quality Act (CEQA). 

 

On June 8, 2006 the Regional Board set aside the trash TMDL and resolution # 01-013 

which established it, pursuant to the writ of mandate and to sections 13240 and 13242 of the 

Water Code. Setting aside the TMDL was not deemed a repudiation of the settlement 

agreement entered into between the Los Angeles Regional Water Quality Control Board and 

the City of Los Angeles and the County of Los Angeles, which was executed on September 

24, 2003, and the Los Angeles Water Board expressed its continued intent to be bound by that 

agreement. The Regional Board also directed staff to revise the CEQA documentation as 

directed by the writ of mandate, and to prepare and submit for the Regional Board’s 

reconsideration, a TMDL for Trash in the Los Angeles River Watershed, consistent with the 

requirements of the writ.  Staff was also directed to incorporate into its proposed revised 

TMDL the changes agreed upon in the settlement with the City of Los Angeles, Los Angeles 

County and the Los Angeles County Flood Control District. 

 

This TMDL staff report and accompanying Basin Plan Amendment incorporate, the 

changes agreed upon in the settlement with the City of Los Angeles, Los Angeles County and 

the Los Angeles County Flood Control District. Additional revisions have been made to the 

TMDL to update the Implementation and Compliance schedules and include city-specific 

baseline waste load allocations derived from results of the baseline monitoring program 

                                                           
1  The cities include Arcadia, Baldwin Park, Bellflower, Cerritos, Commerce, Diamond Bar, Downey, Irwindale, 

Lawndale, Monrovia, Montebello, Monterey Park, Pico Rivera, Rosemead, San Gabriel, Santa Fe Springs, Sierra 

Madre, Signal Hill, South Pasadena, Vernon, West Covina, and Whittier.  They are members of a group that refers 

to itself as “The Coalition for Practical Regulation.” 

RB-AR6963



 

Revised Draft July 27, 2007                                                                        Los Angeles River Watershed Trash 

TMDL 

  3  

conducted by the Los Angeles County Department of Public Works (LACDPW).  In addition, 

the CEQA checklist has been revised as directed by the writ of mandate.  

 

  The Los Angeles River Trash TMDL is a Basin Plan Amendment and is therefore 

subject to the 2001 provision of the Public Resources Code Section 21083.9 that requires a  

CEQA Scoping to be conducted for Regional Projects. CEQA Scoping involves identifying a 

range of project/program related actions, alternatives, mitigation measures, and significant 

effects to be analyzed in an EIR or its functionally equivalent document. On June 28, 2006 a 

CEQA Scoping hearing was held to present and discuss the foreseeable potential environmental 

impacts of  compliance with the Los Angeles River Trash TMDL. A notice of the CEQA 

Scoping hearing was sent to interested parties including cities and/or counties with jurisdiction 

in or bordering the Los Angeles River watershed. Input from all stakeholders and interested 

parties was solicited for consideration in the development of the CEQA document 

 

 This Trash TMDL is based on existing, readily available information concerning the 

conditions in the Los Angeles River watershed and other watersheds in Southern California, as 

well as TMDLs previously developed by the State and USEPA.   

 

II. Definitions 
 

The definitions of terms as used in this TMDL are provided as follows: 

 

Baseline Waste Load Allocation. The Baseline Waste Load Allocation is the Waste Load 

Allocation assigned to a permittee before reductions are required.  The progressive reductions in 

the Waste Load Allocations will be based on a percentage of the Baseline Waste Load 

Allocation.  The Baseline Waste Load Allocation was calculated based on the annual average 

amount of trash discharged to the storm drain system from a representative sampling of land use 

areas, as determined during the Baseline Monitoring Program.   

 

Daily Generation Rate (DGR). The DGR is the average amount of litter deposited to land or 

surface water during a 24-hour period, as measured in a specified drainage area.  

 

Full Capture System. A full capture system is any single device or series of devices that traps 

all particles retained by a 5 mm mesh screen and has a design treatment capacity of not less 

than the peak flow rate Q resulting from a one-year, one-hour, storm in the subdrainage area.  

Rational equation is used to compute the peak flow rate: Q = C × I × A, where Q = design flow 

rate (cubic feet per second, cfs); C = runoff coefficient (dimensionless); I = design rainfall 

intensity (inches per hour, as determined per the rainfall isohyetal map in Figure A),
2
  and A= 

subdrainage area (acres). 

 

                                                           
2
 The isohyetal map may be updated annually by the Los Angeles County hydrologist to reflect additional rain data 

gathered during the previous year.  Annual updates published by the Los Angeles County Department of Public 

Works are prospectively incorporated by reference into this TMDL and accompanying Basin Plan amendment. 
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Monitoring Entity.  The Monitoring Entity is the permittee or one of multiple permittees 

and/or co-permittees that has been authorized by all the other affected permittees or co-

permittees to conduct baseline monitoring on their behalf.        

 

Permittee.  The term "permittee" refers to any permittee or co-permittee of a stormwater 

permit. 
 

Trash. In this document, we are defining “trash” as man-made litter, as defined in California 

Government Code Section 68055.1(g): 

 
“Litter means all improperly discarded waste material, including, but 

not limited to, convenience food, beverage, and other product packages 

or containers constructed of steel, aluminum, glass, paper, plastic, and 

other natural and synthetic materials, thrown or deposited on the lands 

and waters of the state, but not including the properly discarded waste 

of the primary processing of agriculture, mining, logging, sawmilling or 

manufacturing." 

 

 For purposes of this TMDL, we will consider trash to consist of litter and particles of 

litter, including cigarette butts.  These particles of litter are referred to as “gross pollutants” in 

European and Australian scientific literature.  This definition excludes sediments, and it also 

excludes oil and grease, and vegetation, except for yard waste that is illegally disposed of in 

the storm drain system.  Additional TMDLs for sediments
3
 and oil and grease may be required 

at a later date.  

 

  Urbanized Portion of the Watershed.  For the purposes of this TMDL, the urban portion 

of the watershed includes the sum total area of the incorporated cities and the unincorporated 

portion of Los Angeles County which are located on the Los Angeles River watershed.
4
  The 

estimated area of the “urbanized” portion of the watershed is   609 square miles
5
. The remainder 

of the watershed is made up of the Los Angeles National Forest and other open space. 

 

                                                           
3
 Sediments which may be addressed in a separate TMDL are natural particulate matters such as silt and sand.  

Sediments result from erosion and are deposited at the bottom of a stream.  Sediments do not refer to the 

decomposition of settleable litter into small particulate matters, which this TMDL is trying to prevent. 
4
 The Regional Board recognizes that some areas within the unincorporated sections of Los Angeles County are 

actually suburban or rural. 
5
 As determined by the Regional Board from GIS mapping. (Other minor differences in figures are due to 

rounding.) 
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Figure A: Isohyethal Map of Rainfall Intensities in Portions of Los Angeles County  

(LADPW, 2003). 
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III. Problem Statement 
 

The problem statement consists of a description of the watershed, beneficial uses, water 

quality objectives, and a description of the impairment to the watershed caused by trash. 

 

A. Description of the Watershed 
 

 The Los Angeles River flows 51 miles from the western end of the San Fernando Valley 

to the Queensway Bay and Pacific Ocean at Long Beach (see Figure B). The headwaters are at 

the confluence of Arroyo Calabasas and Bell Creek.  Arroyo Calabasas drains Woodland Hills, 

Calabasas, and Hidden Hills in the Santa Monica Mountains.  Bell Creek drains the Simi Hills 

and receives flows from Chatsworth Creek.  From the confluence of Arroyo Calabasas and 

Bell Creek, the Los Angeles River flows east through the southern portion of the San Fernando 

Valley, bends around the Hollywood Hills before it turns south onto the broad coastal plain of 

the Los Angeles Basin, eventually discharging into Queensway Bay and thence into San Pedro 

Bay West of Long Beach Harbor.  Together with its several major tributaries, notably the 

Tujunga Wash, Burbank Western Channel, Arroyo Seco, Rio Hondo, and Compton Creek, the 

Los Angeles River drains an area of about 834
6
 square miles.  Of this area, the incorporated 

cities and unincorporated portion of Los Angeles County comprise 599 square miles.  The 

remaining acreage consists of the Los Angeles National Forest and other uses. 

 

 In the San Fernando Valley, the river flows east for approximately 16 miles along the 

base of the Santa Monica Mountains. Most of the Los Angeles River channel was lined with 

concrete between 1935 and 1959 for flood control purposes
7
.  This reach is lined in concrete 

except for a section of the river with a soft bottom at the Sepulveda Flood Control Basin.  The 

Sepulveda Basin is a 2,150-acre open space, located upstream of the Sepulveda Dam.  It is 

designed to collect flood waters during major storms.  Because the area is periodically 

inundated, it remains in natural or semi-natural conditions and supports a variety of low-

intensity uses.  The US Army Corps of Engineers owns the entire basin and leases most of the 

area to the City of Los Angeles Department of Recreation and Parks, which has developed a 

multi-use recreational area that includes a golf course, playing fields, hiking trails, and bicycle 

paths.   

 

 The river is again lined in concrete for most of its course except for a seven-mile soft-

bottomed segment between the confluence of the Burbank/Western Channel near Riverside 

Drive and north of the Arroyo Seco confluence. Three miles of this segment border Griffith 

Park (encompassing 4,217 acres).  Four miles downstream, the river flows parallel to Elysian 

Park (585 acres in size).  The original Pueblo de Los Angeles was founded just east of the 

river “to take advantage of the river’s dependable supply of water.”
8
 Early this century, the 

progressive pumping of ground water, together with major diversions of water for irrigation 

and other uses throughout the watershed, contributed to a decreased flow in the River. From 

                                                           
6
 As determined by the Regional Board from GIS mapping. 

7
 Gumprecht, Blake  (1999) The Los Angeles River:  Its Life, Death, And Possible Rebirth, p. 206. 

8
 Los Angeles River Master Plan, June 1996, p. 211. 
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Willow Street all the way through the estuary, the river is soft bottomed with areas of riparian 

vegetation.  This unlined section is about three miles long.  Also part of the watershed are a 

number of lakes including Peck Road Park Lake, Echo Park Lake, and Lincoln Park Lake. 

Figure B. Waterbodies in the Los Angeles River Watershed. 

 
B. Beneficial Uses of the Watershed 
 

 A brief description of the beneficial uses most likely to be impaired due to trash in the Los 

Angeles River is provided in this section. 

 

 The upper reaches of the Los Angeles River include Sepulveda Basin, a soft-bottomed 

area that is designed as a flood control basin.  Designated beneficial uses for the upper reaches 

are Municipal and Domestic Supply (MUN) (although most reaches only have conditional 

MUN designations), Ground Water Recharge (GWR), Water Contact Recreation (REC1), Non-

Contact Water Recreation (REC2), Warm Freshwater Habitat (WARM), Wildlife Habitat 

(WILD), and Wetland Habitat (WET).  The arroyo chub is also found in the Sepulveda Basin 

area, and cannot survive on the flat surfaces on the concrete-lined portions of the Los Angeles 

River.  The thick growth of riparian plants in this area provides habitat for a variety of wildlife.  

Native oaks grow along stretches of Valleyheart Drive in Studio City and Sherman Oaks.  The 

river levees along this reach are accessible and neighborhood residents use them for walking 

and jogging.  

 

 Three native species of fish (the south coast minnow-sucker community) are found in 

Big Tujunga Creek from Big Tujunga Dam downstream to upper Hansen Dam.  These are the 

Santa Ana sucker (Catastomus santaanae), which is listed as a federally endangered species, 

the Santa Ana speckled dace (Rhinichthys osculus) and the arroyo chub (Gila orcutti), both of 
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which are State Species of Special Concern.  They thrive in the moderate to fast cool or cold 

flows in gravelly and rocky riffles (suckers and dace), alternating with slower pools (chubs)
9
. 

  

 Glendale Narrows, from Riverside Drive to Arroyo Seco (Figueroa Street), with the 

longest soft-bottomed segment (seven miles), supports many beneficial uses and is designated 

accordingly in the Basin Plan.  This portion of the Los Angeles River is designated as open space 

in the various community general plans.  Dense riparian vegetation provides habitat for wildlife 

including birds, ducks, frogs and turtles.  Several small pocket parks are found along this section 

of the River, many of which were designed by North East Trees (NET), sometimes in 

partnership with the Mountains Recreation and Conservation Authority (MRCA), such as a small 

park South and North of Los Feliz Boulevard sometimes referred to as the “Los Angeles 

RiverWalk”
10

 and Sunnynook park on the Atwater side, and Rattlesnake Park and Zanja Madre 

Park on the Silver Lake side.  Another example of a pocket park, designed by MRCA, is Knox 

Park
11

, at the end of Knox Avenue.  The riparian vegetation closely mimics the historical 

“willow sloughs” that once dotted the basin
12

.  The relatively lush environment in this reach 

attracts people who enjoy many forms of recreation including walking, jogging, horseback 

riding, bicycling, bird watching, photography and crayfishing.  There are several access points in 

this reach, including the pedestrian bridge over the Golden State Freeway from Griffith Park 

near Los Feliz Boulevard (Sunnynook Bridge).  This whole section is lined with a maintained 

bike path, and many bicyclists use the path, which is cooled in places by the riparian trees.  In 

addition, cut fences provide easy access for the many people who use this section of the river, 

including the homeless who have set up camp under some of the bridges within this reach or on 

the vacant land between Highway 5 and the fence to the river. 

 

 

Figure C. Fletcher Drive: Great Egret, October 26, 1999. 

                                                           
9
 Camm Swift, Emeritus Natural History Museum of Los Angeles County, California Academy of Sciences,  

May 20, 2000. 
10

 Nishith Dhandha, North East Trees, August 24, 2000. 
11

 Ibid. 
12

 Dan Cooper, Audubon Society, California Academy of Sciences, May 20, 2000. 
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 From Figueroa Street to Washington Boulevard, the river supports several beneficial 

uses, including the Downtown Channel, which is used by many for recreation and bathing, in 

particular by homeless people who seek shelter there.   

 

 The mid-cities reach (11½ miles from Washington Boulevard to Atlantic Avenue), has 

several beneficial uses.  The western levee is available for trail use from Atlantic Boulevard in 

Vernon to Firestone Boulevard in South Gate.  There is a county bike path on the eastern levee 

(the Lario Trail) and a county equestrian and hiking trail adjacent to the levee.  Continuous 

access to the Lario Trail is provided below each street bridge crossing.  Several parks have 

been developed adjacent to the river on the east side, some of which provide access to the river 

trail (Cudahy Park).  In Vernon, the channel invert is used for lunchtime soccer games, and 

people walk or jog on the river maintenance roads mostly during the week at lunchtime.  The 

utility easement in Bell is used partly for small, informal vegetable gardening.
13

  South of the 

confluence of the Los Angeles River and the Rio Hondo Channel in South Gate, increasing 

numbers of birds can be seen using the channel and adjacent lands.
14

 
 

The nine-mile reach from Atlantic Avenue to the ocean supports some of the most 

abundant bird life found on the Los Angeles River.  The parks, spreading grounds, utility 

easements and vacant land adjacent to the river provide roosting and feeding habitat.   Many 

species of birds also feed in the concrete channel, where algae grow in the warm, shallow 

water, and in the estuary South of Willow Street, including fish-eaters like waders (herons, 

egrets, occidental bitterns and rails), terns, osprey (a fish-eating hawk), pelicans and 

cormorants.  California Brown Pelican and California Least Tern are Federally Endangered 

Species.
15

  

 

The water in the estuary pools is deep and slow enough to support an abundant fish 

community as well.  In addition to gobies and tilapia (mostly Tilapia mozambica)
16

, which are 

very abundant in the Los Angeles River, especially South of Willow Street, many species of 

fish are found in the estuary of the Los Angeles River.  As an example, the following species 

have been found between the Ocean boulevard bridge and Queensway Bay bridge: California 

tonguefish, California halibut, specklefin midshipman, California lizardfish, diamond turbot, 

barcheek pipefish, and Pacific staghorn sculpin  (bottom feeders), as well as white croaker, 

queenfish, deepbody anchovy, white seaperch, slough anchovy, barred sand bass, shiner perch, 

California grunion, and striped mullet (midwater feeders, often associated with bottom 

environment).  This area also has harbored some pelagic fish, some of which will venture up an 

undetermined portion of the estuary: northern anchovy, Pacific sardine, Pacific pompano, 

Pacific barracuda, topsmelt, jacksmelt, white seabass, barred pipefish, giant kelpfish, and bay 

pipefish.
17

 

   

                                                           
13

 Los Angeles River Master Plan, p. 99. 
14

 At the confluence there is a ten-acre site (approx.) owned by the City of South Gate that contains an abandoned 

landfill which is vegetated with grasses, shrubs and trees (Los Angeles River Master Plan). 
15

 Dan Cooper, California Audubon Society, December 17, 1999. 
16

 Charles Mitchell, MBC Applied Environmental Sciences, December 19, 1999. 
17

 Marine Biological Baseline Study of Queensway Bay, Long Beach Harbor, MBC Applied Environmental 

Sciences, 1994. 
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  Santa Anita Canyon 

Creek 

405.33 E*   E  E E  E E   E E  E  E 

  Winter Creek 405.33 P*   I  I E  I    E     E 

  East Fork Santa Anita 

Canyon 

405.33 P*   E  E E  E E   E   E  E 

 Sawpit Wash 405.41 I   I  I I  I    E      

 Sawpit Canyon Creek 405.41 P*   I  I I  I    E E     

 Sawpit Dam and Reservoir 405.41 P*   I  P I  I    E      

  Monrovia Canyon Creek 405.41 I   I  I I  I    E     E 

Arroyo Seco downstream Devil's Gate R. (L)       405.15 P*     I I  P    P      

                    

Arroyo Seco downstream Devil's Gate R. (U)  405.31 P*     I I  P    P E     

 Devil's Gate Reservoir (L) 405.31 P*   I  I I  I    E      

 Devil's Gate Reservoir (U) 405.32 I*   I  I I  I    E      

Arroyo Seco upstream Devil's Gate R. 405.32 E E E E  E E  E E   E     E 

 Millard Canyon Creek 405.32 E* E E E  E E  E    E E    E 

 El Prieto Canyon Creek 405.32 I I I I  I I  I    E      

 Little Bear Canyon Creek 405.32 P*   I  I I  I I   E     E 

Verdugo Wash  405.24 P*   I  P I  P    P      

 Halls Canyon Channel 405.24 P* I I I  I I  I    E      

  Snover Canyon 405.32 I I I I  I I  I    E      

 Pickens Canyon 405.24 I*   I  I I  I    E      

 Shields Canyon 405.24 I I I I  I I  I    E      

 Dunsmore Canyon Creek 405.24 I I I I  I I  I    E      

Table 1. Beneficial Uses of Surface Waters of the Los Angeles River, continued. 
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Burbank Western Channel 405.21 P*     P I  P    P      

 La Tuna Canyon Creek 405.21 P*   I  I I  I    E      

Tujunga Wash  405.21 P*   I  P I  P P   P      

 Hansen Flood Control Basin & 

Lakes 

405.23 P*   E  E E  E E   E E     

  Lopez Canyon Creek 405.21 P*   I  I I  I    E      

  Little Tujunga Canyon 

Creek 

405.23 P*   I  I E  I I   E E     

  Kagel Canyon Creek 405.23 P*   I  I I  I    E      

 Big Tujunga Canyon Creek 405.23 P*   E  E E  E E   E E  E  E 

 Upper Big Tujunga Canyon Creek 405.23 P*   E  E E  I P   E     E 

  Haines Canyon Creek 405.23 P*   I  I I  I    E E     

  Vasquez Creek 405.23 P*   E  E E  P P   E     E 

  Clear Creek 405.23 P*   E  E E  E E   E     E 

  Big Tujunga Reservoir 405.23 P*   E  P E  E P   E   E   

  Mill Creek 405.23 P*   E  E E  E E   E     E 

 Pacoima Wash 405.21 P*   E  P E  E    E E     

 Pacoima Reservoir 405.22 P*   E  E E  E    E      

 Pacoima Canyon Creek 405.22 P*   E  E E  E E   E E  E  E 

 Stetson Canyon Creek 405.22 P*   I  P E  P    P      

 Wilson Canyon Creek 405.22 P*   I  E E  I    E      

 May Canyon Creek 405.22 P*   I  I E  I    E      

Sepulveda Flood Control Basin 405.21 P*   E  E E  E    E     E 

Bull Creek   405.21 P*   I  I I  I    E      

 Los Angeles Reservoir 405.21 E E E P  P E  E    E E     

 Lower Van Norman Reservoir 405.21 E* E E E  E E  E    E E     

 Solano Reservoir 405.21 E*     P   P    E      

Caballero Creek  405.21 P*   I  I I  I    E      

Aliso Canyon Wash and Creek 405.21 P*   I  I I  I    E      

 Limeklin Canyon Wash 405.21 P*   I  I I  I    E      

Table 1. Beneficial Uses of Surface Waters of the Los Angeles River, continued. 
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Table 1. Beneficial Uses of Surface Waters of the Los Angeles River, concluded. 

Surface 
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Browns Canyon Wash and Creek 405.21 P*   I  I I  I    E      

Arroyo Calabasas  405.21 P*     P I  P    P      

 McCoy Canyon Creek 405.21 P*   I  I I  I    E      

 Dry Canyon Creek 405.21 P*   I  I I  I    E      

Bell Creek   405.21 P*   I  I I  I    E      

 Chatsworth Reservoir  405.21 E E E   P E  E    E      

 Dayton Canyon Creek 405.21 P*   I  I I  I    E      

Echo Lake  405.15 P*     P E  P    E      

Lincoln Park Lake 405.15 P*     P E  P    E      
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C. Water Quality Objectives 
 

Water quality standards consist of a combination of beneficial uses, water quality 

objectives and the State’s Antidegradation Policy.  The Regional Board has determined that the 

narrative water quality objectives applicable to this TMDL are floating materials: “Waters shall 
not contain floating materials, including solids, liquids, foams, and scum, in concentrations that 
cause nuisance or adversely affect beneficial uses”

19
 and solid, suspended, or settleable 

materials: “Waters shall not contain suspended or settleable material in concentrations that 
cause nuisance or adversely affect beneficial uses.”

20
  The States’ Antidegradation Policy is 

formally referred to as the Statement of Policy with Respect to Maintaining High Quality Waters 
in California (State Board Resolution No. 68-16). 

 

D. Impairment of Beneficial Uses 
 

Existing beneficial uses impaired by trash in the Los Angeles River are contact recreation 

(REC 1) (contact sports: swimmers are spotted regularly in the Los Angeles River at Glendale 

Narrows and also at Willow Street in Long Beach) and non-contact recreation such as fishing 

(REC 2) (trash is aesthetically displeasing and deters recreational use and tourism); warm fresh 

water habitat (WARM); wildlife habitat (WILD); estuarine habitat (EST) and marine habitat 

(MAR); rare, threatened or endangered species (RARE); migration of aquatic organisms (MIGR) 

and spawning, reproduction and early development of fish (SPWN); Commercial and sport 

fishing (COMM); Wetland Habitat (WET), and Cold freshwater habitat (COLD).  These 

beneficial uses in the Los Angeles River are impaired by large accumulations of suspended and 

settled debris throughout the river system.  The problem is even more acute in Long Beach 

where debris flushed down from the upper reaches of the river collects.  Common items that 

have been observed by Regional Board staff include Styrofoam cups, Styrofoam food containers, 

glass and plastic bottles, toys, balls, motor oil containers, antifreeze containers, construction 

materials, plastic bags, and cans.  Heavier debris can be transported during storms as well.  

 

Reaches of the Los Angeles River that are impaired by trash, and listed on the 303(d) list 

for such, are Tujunga Wash (downstream Hansen Dam to Los Angeles River), Los Angeles 

River Reach 5 (within Sepulveda Basin), Los Angeles River Reach 4 (Sepulveda Dam to 

Riverside Dr.), Los Angeles River Reach 3 (Riverside Dr. to Figueroa St.), Los Angeles River 

Reach 2 (Figueroa St. to upstream Carson St.), Los Angeles River Reach 1 (upstream Carson 

St. to estuary), Burbank Western Channel, Verdugo Wash (Reaches 1 & 2), Arroyo Seco 

Reach 1 (downstream Devil's Gate Dam) & Reach 2 (W. Holly Ave. to Devil's Gate), and Rio 

Hondo Reach 1 (Santa Ana Fwy to Los Angeles River).  In addition, Peck Road Lake, Echo 

Park Lake and Lincoln Park Lake are listed as impaired for trash. 

 

 Trash in waterways causes significant water quality problems.  Small and large 

floatables can inhibit the growth of aquatic vegetation, decreasing spawning areas and habitats 

for fish and other living organisms.  Wildlife living in rivers and in riparian areas can be harmed 

by ingesting or becoming entangled in floating trash.  Except for large items such as shopping 

carts, settleables are not always obvious to the eye.  They include glass, cigarette butts, rubber, 

                                                           
19

 Water Quality Control Plan (“Basin Plan”), p. 3-9. 
20

 Ibid., pp. 3-16. 
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construction debris and more.  Settleables can be a problem for bottom feeders and can 

contribute to sediment contamination.  Some debris (e.g. diapers, medical and household waste, 

and chemicals) are a source of bacteria and toxic substances. Floating debris that is not trapped 

and removed will eventually end up on the beaches or in the open ocean, repelling visitors away 

from our beaches and degrading coastal waters.  
 

A major trash problem experienced in the Los Angeles River Watershed contributes to a 

broader phenomena that affects ocean waters, as small pieces of plastic called “nurdles” 

(defined as pre-production virgin material from plastic parts manufacturers, as well as post-

production discards that are occasionally recycled) float at various depths in the ocean and 

affect organisms at all levels of the food chain.  As sunlight and UV radiation render plastic 

brittle, wave energy pulverizes the brittle material, with a subsequent chain of nefarious effects 

on the various filter feeding organisms found near the ocean’s surface.  Studies in the North 

Pacific indicate that both large floating plastic and smaller fragments are increasing.  As a result 

of increased reports of resin pellet ingestion by aquatic wildlife and evidence that the ingested 

pellets are harming wildlife, the Interagency Task Force on Persistent Marine Debris (ITF) 

identified resin pellets, also know as plastic pellets, as a debris of special concern.
21

  When 

released into the environment, these pellets either may float on or near the water surface, may 

become suspended at mid-depths, or may sink to the bottom of a water body.  Whether a 

specific pellet floats or sinks depends on the type of polymer used to create the pellet, on 

additives used to modify the characteristics of the resin, and on the density of the receiving 

water. 

 

A 1999 study of Marine Debris in the Mid-Pacific Gyre in an attempt to assess the 

potential effects of ocean particles on filter feeding marine organisms, collected plankton 

samples at various locations throughout the gyre.  The results were stunning: the mass of plastic 

particles collected was six times higher than the mass of plankton (841 g/km2), although the 

number of planktonic organisms (1,837,342/km2) was five times the number of plastic pieces.  

The distribution of the sampling points allows one to assume that this number can be safely 

extrapolated to the breadth of the Mid-Pacific Gyre.  A remarkable finding was that the number 

of particles did not increase in successively smaller size classes as expected, indicating there 

may be non-selective removal by mucus web-feeding jellies and salp.  In this study, the most 

common type of identifiable particle, thin plastic film, accounted for 29% of the total.  Many 

birds will die from ingesting this non-nutritive plastic.
22

 

 

The prevention and removal of trash in the Los Angeles River ultimately will lead to 

improved water quality and protection of aquatic life and habitat, expansion of opportunities 

for public recreational access, enhancement of public interest in the rivers and public 

participation in restoration activities, and propagation of the vision of the river as a whole and 

enhancement of the quality of life of riparian residents. 

 
 
                                                           
21

 US Environmental Protection Agency (US EPA) (1992) Plastic Pellets in the Aquatic Environment: Sources 

and Recommendations. 
22

 Moore, C.J. et al.  Marine Debris in the North Pacific Gyre, 1999, with a Biomass Comparison of Neustonic 

Plastic and Plankton. (in preparation) 
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E. Extent of the Trash Problem in the Los Angeles River 

 

 Trash is a water quality problem throughout the Los Angeles River.  The Regional 

Board has determined that current levels of trash exceed the existing Water Quality Objectives 

necessary to protect the beneficial uses of the river. 

 

For many years, Los Angeles County and other cities have recognized that trash is a 

problem.23  The Los Angeles County Department of Public Works is reporting a "30% decrease 

in roadway trash on unincorporated County roads and a 50% decrease in trash entering 

catchbasins since adoption of the current National Pollutant Discharge Elimination System 

(NPDES) Permit".24  However, trash in the Los Angeles River continues to be a serious 

problem.  

 

Every city in the watershed agrees that the amount of trash found in the waterways is 

excessive, and that trash is found in all reaches of the river from Calabasas to Long Beach, and 

in all tributaries.  Although the Regional Board has not yet received the data that the Los 

Angeles County Department of Public Works used for its findings, Regional Board staff 

regularly observe trash in the waterways of this watershed.  Non-profit organizations such as 

Heal the Bay, Friends of the Los Angeles River (FoLAR) and others, organize volunteer clean-

ups periodically, and document the amount of trash that was removed on such days, but these 

data do not indicate how long the trash had been accumulating at that particular site, only the 

amount that was picked up by the volunteers on a given day.   

 

For example, at Coastal Clean-up Day in 1996, 26,300 lbs of trash were collected in Los 

Angeles County.  During the September 18, 1999, California Coastal Clean up organized by 

Heal the Bay, a total of 60,711 lbs of trash were collected.
25

   

 

At a clean-up organized during the Sacred Music Festival on Saturday, October 16, 

1999, between Los Feliz Boulevard and Fletcher Drive over a distance of slightly under 1.5 

miles, eleven shopping carts and six 40-gallon bags of trash were removed (see Figure D).  

However, this was not the total amount of trash on site, as Regional Board staff noticed more 

shopping carts and more trash on the same site the very next afternoon.
26

  Meanwhile, the 

purpose of volunteer clean-ups is to visibly clean the river and its banks, not to quantify debris.  

As a result, it is likely that some of the debris collected during those events are not recorded.  In 

                                                           
23

See comments from Los Angeles County, Agoura Hills, Artesia, Beverly Hills, Hermosa Beach, Hidden Hills, 

Carson, Diamond Bar, La Habra Heights, La Mirada, La Puente, Monrovia, Norwalk, Rancho Palos Verdes, 

Rolling Hills, San Fernando, San Marino, West Hollywood, Westlake Village, and the Executive Advisory 

Committee (Stormwater Program - Los Angeles County) on behalf of all the Los Angeles County cities, submitted 

in response to the first draft of this Trash TMDL for the Los Angeles River Watershed. 
24

Comment letter from County of Los Angeles, Department of Public Works, May 15, 2000, p. 1.  
25

 Alix Gerosa, Heal the Bay, November 22, 1999. 
26

 Trash observed by Regional Board staff on October 17, 1999, included mixed polystyrene waste (cups, plates 

and others), plastic bags, cement, sound boards, large clusters of cigarette butts, disposable plastic glass lids, 

aluminum wrappers, balloons, medications, plastic bottles, clothing, books, and aerosol paint cans. 
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addition, volunteers traditionally focus on larger, more visible debris to the exclusion of smaller 

debris which are commonly encountered, such as cigarette butts.   

 

 
Figure D. Trash waiting for pick-up at Los Feliz Boulevard after the Sunday, October 16, 1999 river clean-up. 

 

Several studies which attempted to quantify trash generated from discreet areas have 

been completed, but they concern relatively small areas, or relatively short periods, or both.  

The findings of some of these studies are discussed below. 

 

The City of Calabasas cleaned out the Continuous Deflective Separation (CDS) Unit 

they had installed in December of 1998, on September 28, 1999.  This CDS unit, located in 

Calabasas at the intersection of Las Virgenes Road and Agoura Road, collects trash from the 

runoff of a small storm drain, as well as part of the runoff from Calabasas Park Hills (Santa 

Monica Mountains), and eventually empties to Las Virgenes Creek.  It is assumed that this 

CDS unit prevented all trash from passing through.  The calculated area drained by this CDS 

Unit, as provided to the Regional Board by Los Angeles County Department of Public Works 

staff, amounts to 12.8 square miles.  The urbanized area was estimated by Regional Board staff 

to amount to 0.10 square miles of the total area.  The result of this clean-out, which represents 

approximately half of the 1998-1999 rainy season, was 2,000 gallons of sludgy water and a 64-

gallon bag about two-third full of plastic food wrappers.  It is assumed that part of the trash that 

accumulated in the CDS unit over roughly half of the rainy season had decomposed in the unit, 

hence the absence of paper products.  Given the CDS unit was cleaned out after slightly more 

than nine months of use, it was assumed that this 0.10 square mile urbanized area produced a 

volume of 64 gallons of trash over one year.  This datum will be used as the default value for 

the implementation plan.  Although other studies are informative, studies currently available to 

the Regional Board provide insufficient data and could not be applied directly to establishing 

trash generation rates. 

 

The City of Los Angeles conducted an Enhanced Catch Basin Cleaning Pilot Project in 

compliance with a consent decree between the United States Environmental Protection 

Agency, the State of California, and the City of Los Angeles.  The project goals were to 
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determine debris loading rates, characterize the debris, and find an optimal cleaning schedule 

through enhancing catch basin cleaning.  The project evaluated trash loading at two drainage 

basins:   

-The Hollywood Basin (1,366 acres and 793 catch basins) includes much of Hancock 

Park and is mostly residential with some commercial and open space, and no industrial land; 

-The Sawtelle Basin (2,267 acres and 502 catch basins) includes residential areas with 

some commercial, industrial and transportation-related uses, and some open space. 

 

The catch basins are inlet structures without a sump below the level of the outlet pipe to 

capture solids and trash washed down by the stormwater.
27

  These inlets also collect trash, 

grass clippings and animal wastes during dry weather.  Catch basins were cleaned 3-4 times 

from March 1992 to December 1994 and yielded approximately 0.79 yd
3
 (160 Gal) of debris 

per cleaning (Sawtelle – 1.04 yd
3
 (210 Gal) and Hollywood – 0.61 yd

3
 (123 Gal)), 

characterized as paper (26%), plastic wastes (10%), soil (33%), and yard trimmings (31%). 

 

The study also observed that the amount of plastic waste was less in residential areas and 

greater in non-residential areas, that paper waste was greater in commercial areas, and that soil 

and yard waste was greater in residential areas and open spaces.
28

 

 

Long Beach collects large amounts of trash at the mouth of the Los Angeles River, as 

much of the trash carried down the Los Angeles River ends up at the river’s mouth in Long 

Beach.  Debris tonnage at the mouth of the Los Angeles River is listed in Table 2. 

Table 2. Storm Debris Collection Summary for Long Beach: Debris is measured in Tonnage.
29

 

Storm Year First Quarter 

(July-Sept.) 

Second Quarter 

(Oct.-Dec.) 

Third Quarter 

(Jan.-March) 

Fourth Quarter 

(April-June) 

Total 

1994-95 436 509 3,576 702 5,224 

1995-96 504 344 3,100 645 4,593 

1996-97 350 2,361 601 681 3,993 

1997-98 647 3,650 4,016 977 9,290 

1998-99 565 720 532 1,274 3,091 

1999-00 781 176 1,664 1,223 3,844 

2000-01 757 581 2,625 474 4,437 

2001-02 424 739 288 407 1,858 

2002-03 430 752 2,564 884 4,630 

2003-04 299 779 607 951 2,636 

                                                           
27

 Such structures are usually termed catchments, but the term catch basin is used throughout Southern California.  

The absence of flow during dry weather allows trash to collect at the inlet.  (Phone conversation with Wing Tam, 

City of Los Angeles, November 10, 1999.) 
28

 This information and all of the above concerning the City of Los Angeles Enhanced Catch Basin Cleaning was 

found in: City of Los Angeles Department of Public Works, Bureau of Sanitation: Consent Decree Report, 

Enhanced Catch Basin Cleaning, April 1999.  (Unpublished report.) 
29

 City of Long Beach L.A. River Debris Summary (as of June 2006). 
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Storm Year First Quarter 

(July-Sept.) 

Second Quarter 

(Oct.-Dec.) 

Third Quarter 

(Jan.-March) 

Fourth Quarter 

(April-June) 

Total 

2004-05 273 4,390 6,176 1,416 12,255 

2005-06 561 495 862 670 2,591 

 

IV. Numeric Target 
 

The numeric target for this TMDL is 0 (zero) trash in the water.  The numeric target is 

derived from the narrative water quality objectives, including an implicit margin of safety.  

Although a substantial number of comments were received in response to the March 17, 2000 

Draft TMDL, no information was provided to justify any other number for the final TMDL 

target that would fully support the designated beneficial uses.  The numeric target was used to 

calculate the Waste Load Allocations as described in the Implementation Plan (see Section 

VIII.)  
 

V. Source Analysis 
 

The major source of trash in the river results from litter, which is intentionally or 

accidentally discarded in watershed drainage areas. Transport mechanisms include the following: 

 

1. Storm drains: trash is deposited throughout the watershed and is carried to the various 

reaches of the river and its tributaries during and after significant rainstorms through 

storm drains.  

 

2. Wind action: trash can also blow into the waterways directly. 

 

3. Direct disposal: direct dumping also occurs. 

 

Extensive research has not been done on trash generation or the precise relationship 

between rainfall and its deposition in waterways.  However, it has been found that the amount of 

gross pollutants entering the stormwater system is rainfall dependent but does not necessarily 

depend on the source (Walker and Wong, December 1999). The amount of trash which enters the 

stormwater system depends on the energy available to re-mobilize and transport deposited gross 

pollutants on street surfaces rather than on the amount of available gross pollutants deposited on 

street surfaces.  The exception to this finding of course would be in the event that there is zero 

gross pollutants deposited on the street surfaces or other drainages tributary to the storm drain. 

Where gross pollutants exist, a clear relationship between the gross pollutant load in the 

stormwater system and the magnitude of the storm event has been established.  The limiting 

mechanism affecting the transport of gross pollutants, in the majority of cases, appears to be re-

mobilization and transport processes (i.e., stormwater rates and velocities). 

 

Several studies conclude that urban runoff is the dominant source of trash. The large 

amounts of trash conveyed by urban storm water to the Los Angeles River is evidenced by the 

amount of as trash that accumulates at the base of storm drains.  The amount and type of trash 

that is washed into the storm drain system appears to be a function of the surrounding land use. 
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A number of studies (Walker and Wong, 1999, Allison, 1995), have shown that 

commercial land-use catchments generate more pollutants than residential land use catchments, 

and as much as three times the amount generated from light industrial land use catchment.  It is 

generally accepted that commercial land uses tend to contribute larger loads of gross pollutants 

per area compared to residential and mixed land-use areas.  This is in spite of daily street 

sweeping in the commercial sub-catchment compared to once every two weeks in residential and 

mixed land use areas. 

 

 

 

 

VI. Waste Load Allocations 
 

Storm drains have been identified as a major source of trash in the Los Angeles River.  

The strategy for meeting the water quality objective will focus on reducing the trash discharged 

via municipal storm drains.  

 

Waste Load Allocations are assigned to the Permittees and Co-permittees of the Los 

Angeles County Municipal Stormwater Permit (hereinafter referred to as Permittees) and 

Caltrans.  In addition, Waste Load Allocations may be issued to additional facilities in the 

future under Phase II of the US EPA Stormwater Permitting Program. Waste Load Allocations 

assigned under the MS4 permit and the Caltrans permit will be based on a phased reduction 

from the estimated current discharge (i.e., baseline) over a 9-year period until the final Waste 

Load Allocation (currently set at zero) is met. Permittees under the Phase II Stormwater 

Permitting Program will also be assigned a final WLSA of zero trash discharge. The baseline 

allocation for the MS4 Permittees and Co-permittees (referred to hereinafter as the 

"Permittees") is derived from data collected during the Baseline Monitoring Program.   

 

A.  Reconsideration and Refinement Provision 
 

The baseline Waste Load Allocations for the MS4 Permittees and Co-permittees have 

been modified from that assigned in the earlier trash TMDL.  The Regional Board will review 

and reconsider the final Waste Load Allocations once a reduction of 50% of the Baseline Waste 

Load Allocation has been achieved.  This means that the final Waste Load Allocation will be 

reviewed only after substantial reductions are achieved.  This reconsideration of the Waste Load 

Allocation will be based on the findings of future studies regarding the threshold levels needed 

for protecting beneficial uses.   

 

B. Default Baseline Waste Load Allocation 
 

The Default Baseline Waste Load Allocation for the municipal stormwater permittees, in 

the earlier version of the trash TMDL was equal to 640 gallons of uncompressed trash per 

square mile per year.  No differentiation was applied for different land uses in the Default 

Baseline Waste Load Allocation.   
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C. Refined Baseline Waste Load Allocations 
 

The municipal stormwater permittees opted to seek refinement of the Default Baseline 

Waste Load Allocation by implementing a "Baseline Monitoring Plan."  The goal of the 

Baseline Monitoring program was to derive a representative trash generation rate for various 

land uses from across the Los Angeles River watershed.  The Baseline Waste Load Allocation 

for any single city is the sum of the products of each land use area multiplied by the Waste 

Load Allocation for the land use area, as shown below: 

 

( )� •= uselandthisforsallocationuseslandbyareacityeachforLA  

 

The urban portion of the Los Angeles River watershed was divided into twelve types of 

land uses for every city and unincorporated area in the watershed.  Similar land use 

classifications already exist on the land use maps used by L.A. County Department of Public 

Works to assess the generation of certain pollutants by land use.
30

  The land use categories are: 

(1) high density residential
31

, (2) low density residential
32

, (3) commercial and services, (4) 

industrial, (5) public facilities
33

, (6) educational institutions
34

, (7) military installations, (8) 

transportation
35

, (9) mixed urban
36

, (10) open space and recreation
37

, (11) agriculture
38

, and (12) 

water
39

. Given that the minimum mapping resolution is 2.5 acres, a non-critical land use unit 

may not be mapped if it is less than 2.5 acres in size
40

.  

 

The appendix contains a table which shows the square mileage for each land use for 

each city and unincorporated areas in the watershed, and a list of maps showing land uses for 

each city.  Unincorporated areas include areas such as Altadena, East Compton, East Los 
                                                           
30

 The land use classification was developed by Aerial Information Systems as a modified Anderson Land Use 

Classification and originally included 104 categories.  The land use coverages were donated for GIS library use by 

Southern California Association of Governments (SCAG), and show land use for 1990 and for 1993.  The 

coverages were map-joined into a single coverage by Teale Data Center.  The Regional Board layers were 

aggregated from the TDC coverage into the land uses shown above. 
31

 High Density Residential includes High Density Single Family Residential and all Multi Family Residential, 

Mobile Homes, Trailer Parks and Rural Residential High Density. 
32

 Under 2 units per acre. 
33

 These include government centers, police and sheriff stations, fire stations, medical health care facilities, 

religious facilities large enough to be distinguished on an aerial photograph, libraries, museums, community 

centers, public auditoriums, observatories, live indoor and outdoor theaters, convention centers which were built 

prior to 1990, communication facilities, and utility facilities (electrical, solid waste, liquid waste, water storage and 

water transfer, natural gas and petroleum). 
34

 Preschools and daycare centers, elementary schools, high schools, colleges and universities, and trade schools, 

including police academies and fire fighting training schools. 
35

 Airports, railroads, freeways and major roads (that meet the minimum mapping resolution of 2.5 acres), park and 

ride lots, bus terminals and yards, truck terminals, harbor facilities, mixed transportation and mixed transportation 

and utility. 
36

 Mixed commercial, industrial and/or residential, and areas under construction or vacant in 1990. 
37

 Golf courses, local and regional parks and recreation, cemeteries, wildlife preserves and sanctuaries, botanical 

gardens, beach parks. 
38

 Orchards and vineyards, nurseries, animal intensive operations, horse ranches. 
39

 Open water bodies, open reservoirs larger than 5 acres, golf course ponds, lakes, estuaries, channels, detention 

ponds, percolation basins, flood control and debris dams. 
40

 Critical land uses were mapped regardless of resolution limits.  Critical land use units below 1 acre in size were 

mapped as 1-acre units. 
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Angeles, East Pasadena, East San Gabriel, Florence, La Crescenta, Mayflower Village, North El 

Monte, South San Gabriel, Walnut Park, Westmount and Willowbrook.  For cities that are only 

partially located in the watershed, the square mileage indicated is for the part of this city that is 

in the watershed only. 

 

Land uses that are not under municipal jurisdiction, such as military installations, will be 

dealt with through separate permits, and were thus not included in the calculation of the 

baseline Waste Load Allocations. 

 

Each permittee will be allowed 60% of their baseline Waste Load Allocation during the 

first year of implementation, and subsequent annual reductions of 10% of from the baseline 

will be required through every year of implementation. 

 

 

D. Baseline Waste Load Allocations for Caltrans 
 

A Litter Management Pilot Study (LMPS)
41

 was conducted to evaluate the effectiveness 

of several litter management practices in reducing litter that is discharged from Caltrans storm 

water conveyance systems.  The LMPS employed four field study sites, each of which was used 

to test a separate BMP.  Each site included three replicate testing pairs, consisting of one site 

designed to measure the amount of trash produced when treatment was applied, and one control 

with no treatment site.  The LMPS averages the data collected at the control outfalls in order to 

obtain the annual litter loads.  The average combined total loads for the three control outfalls at 

each site normalized by the total area of control catchments is presented in the following table, 

adapted from the LMPS report
42

: 
 

Table 3. Average Combined Total Loads for Control Outfalls at 3 Litter Management Pilot Study (LMPS) Sites. 

Site Weight lbs/sq mi Volume cu ft/sq mi 

1E 10584.00 1312.97 

1W 7479.36 971.73 

6 7479.36 881.34 

8 4374.72 404.51 

 

The baseline Waste Load Allocation for weight and volume load generation for freeways 

is arrived at by averaging weight and volume columns. (see Table 4.)   It is to be noted that 

control site 1E already had one BMP in place before testing of the other BMPs, as it was cleaned 

monthly through an “Adopt a Highway” program. 

 

 

                                                           
41

 California Department of Transportation District 7 Litter Management Pilot Study, June 2000.  This study 

defined litter in stormwater as “manufactured items that can be retained by ¼-inch mesh made from paper, plastic, 

cardboard, etc.”, and “that are not of natural origin (i.e. does not include sand, soil, gravel, vegetation, etc.)”  (p. 1-

2). 
42

 Ibid., Table 6-8. 
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Table 4. A Preliminary Baseline Waste Load Allocation for Weight and Volume for Freeways. 

Weight lbs/sq mi Volume cu ft/sq mi 

7479.36 892.64 

 

 

Average Annual Daily Traffic (AADT) for all control sites in the study ranged from 

216,000 to 238,000.
43

  Considering AADT on Los Angeles County freeways may be close to 

300,000 on some sections
44

, the chosen sites, although typical freeway outfalls, are not distributed 

throughout the whole AADT range.  As the purpose of the study was to assess the effectiveness of 

specific BMPs, not to assess a trash generation factor, sites were chosen with similar 

characteristics.   

 
E. Baseline Waste Load Allocations for Municipal Permittees 
 

Baseline Monitoring was conducted by the Los Angeles County Department of Public 

Works, as prescribed in the September 19, 2001 Los Angeles River Trash TMDL. The goal of 

the Baseline Monitoring Program was to collect representative data from across the watershed 

to refine the default Waste Load Allocations presented in the 2001 Los Angeles River Trash 

TMDL. Monitoring data was used to establish specific trash generation rates per land use. The 

land use categories that were monitored by the LACDPW baseline monitoring group (to 

determine land use based generation rates) were: 

 

� High density residential,  

� Low density residential, 

� Commercial and services,  

� Industrial, and 

� Open space and recreation. 

Public facilities-, Educational Institutions-, Mixed urban-, Agricultural-, and Water- land uses 

were exempt from monitoring.  

 

 In the analysis of the monitoring results provided by LACDPW, staff assumed the litter 

generation rate from public facilities and mixed urban landuse to be equivalent to that from the 

industrial land use. The transportation land use was equated with industrial land use, and 

agricultural land use was equated to open space. Water was assigned a litter generation rate of 

zero since it is not considered a generator of trash. The portion of the transportation land use 

that is under Caltrans’ jurisdiction will be covered under Caltrans’ permit.  Major boulevards 

that are currently under Caltrans’ jurisdiction, but are affected by trash generated on municipal 

sites, such as Santa Monica Boulevard, will be addressed by the cities concerned. 

 

  Military Installations were not included in the Waste Load Allocations of the cities that 

had this land use. Under EPA Phase II of the Storm Water Regulations, separate permits will be 

written for these facilities. While public educational institutions will also be covered under 

separate permits under Phase II, the analysis did not differentiate between public and private 

                                                           
43

 Ibid., Table 6-8.   
44

 Information on AADT on select freeways can be found on Caltrans’ website: http://www.caltrans.ca.gov/. 
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educational facilities under this landuse. Therefore, the cities have the option of providing 

information on the acreage of such land uses within their jurisdiction in order that contributions 

from these facilities be removed from their assigned baseline waste load allocations.  

 

The baseline Waste Load Allocations for the municipal permittees is presented on a city 

by city basis in Table 5. A more detailed breakdown along land uses is provided in Appendix II. 

The Waste Load allocations for the first year of compliance will be a 40% reduction in the 

baseline Waste Load Allocation. The subsequent annual Waste Load Allocations will be a 

progressive 10% reduction in the baseline Waste Load Allocations over a period of 6 years, and 

apply except in areas serviced by Full Capture Systems.  The values shown, in gallons, are in 

uncompressed volumes.  
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Table 5. Los Angeles River Trash TMDL Baseline Waste Load Allocations (gallons and lbs 

of trash) *Military Installations were not included in calculation of Baseline WLA 

City WLA (gals) WLA (Ibs) 

Alhambra 39903 68761 

Arcadia 50108 93036 

Bell* 16026 25337 

Bell Gardens 13500 23371 

Bradbury 4277 12160 

Burbank* 92590 170389 

Calabasas 22505 52230 

Carson 6832 10208 

Commerce 58733 85481 

Compton* 53191 86356 

Cudahy 5935 10061 

Downey 39063 68507 

Duarte 12210 23687 

El Monte 42208 68267 

Glendale* 140314 293498 

Hidden Hills 3663 10821 

Huntington Park 19159 30929 

Irwindale 12352 17911 

La Cañada Flintridge 33496 73747 

Long Beach* 87135 149759 

Los Angeles* 1374845 2572500 

Los Angeles County* 310223 651806 

Lynwood 28201 46467 

Maywood 6129 10549 

Monrovia 46687 100988 

Montebello 50369 83707 

Monterey Park 38899 70456 

Paramount 27452 44490 

Pasadena* 111998 207514 

Pico Rivera 13953 22549 

Rosemead 27305 47378 

San Fernando 13947 23077 

San Gabriel 20343 36437 

San Marino 14391 29147 

Santa Clarita 901 2326 

Sierra Madre 11611 25192 

Signal Hill 9434 14220 

Simi Valley 137 344 

South El Monte 15999 24319 

South Gate 43904 72333 

South Pasadena 14907 28357 

Temple City 17572 31819 

Vernon 47203 66814 

Caltrans 59421 66566 
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VII. Implementation and Compliance  
 

As required by the Clean Water Act, discharges of pollutants to surface waters from 

storm water are prohibited, unless the discharges are in compliance with a National Pollutant 

Discharge Elimination System (NPDES) Permit.  Discharge of trash to the Los Angeles River 

will be regulated via the Municipal NPDES Storm Water Permits and the Caltrans stormwater 

permit.  In addition, USEPA Phase II stormwater permits, general permits, and industrial 

permits may also be used to regulate discharges of trash to the river. 

 

In June 1990, the first Municipal NPDES Storm Water Permit was issued jointly to Los 

Angeles County and 84 cities as co-permittees.  A separate NPDES Storm Water Permit was 

issued to the City of Long Beach on June 30, 1999. Storm water municipal permits will be one 

of the implementation tools of this Trash TMDL, and will include the allocations as effluent 

limits or other permit requirements.  Thus, future storm water permits will be modified to 

incorporate the Waste Load Allocations and to address monitoring and implementation of this 

TMDL.  

 

The implementation and compliance schedule is designed to accommodate trash reduction 

efforts that have been conducted by several cities and the county throughout the Los Angeles 

River Watershed, in response to the previously adopted trash TMDL. The calculated baseline 

waste load allocations are derived from data collected during the 2002/03 and 2003/04 storm 

years. The initial compliance requirement of a 40% reduction from baseline trash levels assumes 

a 10% reduction per year in trash discharges from the end of the baseline monitoring period. 

Flexibility is provided by determining compliance based on a 2-year average in the second year 

and 3-year rolling averages in subsequent years until the numeric target of a zero discharge is 

attained. The purpose of the rolling averages is to account for fluctuations in trash discharge rates 

that may occur as a result of variations in annual rainfall patterns and/or littering and trash 

removal. This approach ensures that measurable reductions to the trash impairment will be 

achieved in a timely manner, while flexibility in implementation is provided for the responsible 

agencies 
�

 
 
 

A. Compliance Determination 
 

For those areas not covered by Full Capture Systems, compliance with the Waste Load 

Allocations will be calculated as follows: 

 

The first compliance date during the Implementation Phase will be September 30, 2007. 

Compliance will be evaluated based on the total load discharged to the river during the period 

October 1, 2007 through September 30, 2008.  The second compliance date will be based on the 

average annual load discharged to the river from October1 2007 through September 30, 2009. 

Compliance thereafter will be evaluated at the end of each successive storm season and will be 

based on a rolling three-year average (see Table 6).  This method will provide allowances for 

variability due to rainfall.  Exceedance of the allowable discharges will subject the permittee to 
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enforcement action.  A summary of the schedule for determining compliance with the Waste 

Load Allocations is presented in Table 6. 

 

The final waste load allocation will be considered complied with when the Executive Officer 

finds that devices or systems and/or institutional controls have removed effectively 100% of the 

trash from the storm drain system discharge to Los Angeles River or its listed tributaries. 
�
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Table 6. Los Angeles River Trash TMDL: Implementation Schedule.
45

  

(Required percent reductions based on initial baseline wasteload allocation of each city) 

Year Implementation Waste Load Allocation  Compliance Point 

1 

Sept 2008 

Implementation: Year 1 60% of Baseline Waste Load Allocations  for 

the Municipal permittees; and  Caltrans 

Compliance is 60% of the baseline load 

 

2 

Sept 2009 

Implementation: Year 2 50% of Baseline Waste Load Allocations  for 

the Municipal permittees; and  Caltrans 

Compliance is 55% of the baseline load 

calculated as a 2-year annual average 

 

3 

Sept 2010 

Implementation: Year 346    

 

40% of Baseline Waste Load Allocations  for 

the Municipal permittees; and  Caltrans 

Compliance is 50% of the baseline load 

calculated as a rolling 3-year annual average 

4 

Sept 2011 

Implementation: Year 4  

 

30% of Baseline Waste Load Allocations  for 

the Municipal permittees; and  Caltrans 

Compliance is 40% of the baseline load 

calculated as a rolling 3-year annual average 

5 

Sept 2012 

Implementation: Year 5  

 

20% of Baseline Waste Load Allocations  for 

the Municipal permittees; and  Caltrans 

Compliance is 30% of the baseline load 

calculated as a rolling 3-year annual average 

6 

Sept 2013 

Implementation: Year 6 

 

10% of Baseline Waste Load Allocations  for 

the Municipal permittees; and  Caltrans 

Compliance is 20% of the baseline load 

calculated as a rolling 3-year annual average 

7 

Sept 2014 

Implementation: Year 7 

 

0% of Baseline Waste Load Allocations  for the 

Municipal permittees; and  Caltrans 

Compliance is 10% of the baseline load 

calculated as a rolling 3-year annual average 

8 

Sept 2015 

Implementation: Year 8 0% of Baseline Waste Load Allocations  for the 

Municipal permittees; and  Caltrans 

Compliance is 3.3% of the baseline load 

calculated as a rolling 3-year annual average 

9 

Sept 2016 

Implementation: Year 9 0% of Baseline Waste Load Allocations  for the 

Municipal permittees; and  Caltrans 

Compliance is 0% of the baseline load 

calculated as a rolling 3-year annual average 
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 “Notwithstanding the zero trash target and the baseline waste load allocations shown in Table 5, a Permittee will 

be deemed in compliance with the Trash TMDL in areas served by a Full Capture System within the Los Angeles 

River Watershed.” 
46

 As specified in Section VI.A., the Regional Board will review and reconsider the final Waste Load Allocations 

once a reduction of 50% has been achieved and sustained in the watershed. 
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B. Compliance Strategies  
 

Permittees may employ a variety of strategies to meet the progressive reductions in their 

Waste Load Allocations.  These strategies may be broadly classified as either: 

 

� Full capture systems or 

� Partial capture control systems and/or 

� Institutional controls. 

 

A permittee could comply with the successive reduction in Waste Load Allocations by 

installing Full Capture Systems progressively throughout the watershed until all of the outlets to 

the Los Angeles River system are covered.  This approach may be best suited for open space 

areas, where low levels of trash may accumulate over large vegetated drainage areas.  However, 

in more urban settings, institutional controls including enforcement of litter laws and more 

frequent street sweeping may be preferred. 

 

It is to be noted that ordinances that prohibit litter are already in place in most cities.  

For example, the Los Angeles City Code of Regulations recognizes that trash becomes a 

pollutant in the storm drain system when exposed to storm water or any runoff and prohibits 

the disposal of trash on public land: 

 

No person shall throw, deposit, leave, cause or permit to be thrown, deposited, 

placed, or left, any refuse, rubbish, garbage, or other discarded or abandoned 

objects, articles, and accumulations, in or upon any street, gutter, alley, sidewalk, 

storm drain, inlet, catch basin, conduit or other drainage structures, business 

place, or upon any public or private lot of land in the City so that such materials, 

when exposed to storm water or any runoff, become a pollutant in the storm 

drain system.  (City Code of Regulations, §64.70.02.C.1(a).) 

 

Institutional controls provide several advantages over structural full capture systems.  

Foremost, institutional controls offer other societal benefits associated with reducing litter in 

our city streets, parks and other public areas. The capital investment required to implement 

institutional controls is generally less than for full capture systems.  However, the labor costs 

associated with institutional controls may be higher, and institutional controls may be more 

costly in the long-term. 

 

There have been a number of discussions as to how permittees may best implement the 

gradual reductions required by this Trash TMDL, and as to the types of devices or best 

management practices they should elect.  The permittees will be free to implement trash 

reduction in any manner that they choose. 

 

A discussion of the means for determining compliance for various implementation 

strategies is presented in the following subsections. 
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1. Full Capture Treatment Systems  
 

The amount of trash discharged to the river by an area serviced by a full-capture system 

will be considered to be in compliance with the final Waste Load Allocation for the drainage 

area, provided that the Full Capture Systems are adequately sized, maintained and maintenance 

records are available for inspection by the Regional Board.  Compliance with the final Waste 

Load Allocation will be assumed wherever Full Capture Systems are installed in the Los 

Angeles River Watershed.  The installation of a Full Capture System by a discharger does not 

establish any presumption that the system is adequately sized, and the Regional Board reserves 

the right to review sizing and other data in the future to validate that a system satisfies the 

criteria established in this TMDL for a Full Capture System.  

 
 

 
2. Partial Capture Treatment Systems and Institutional Controls 
 

Measuring the effectiveness of partial-capture systems and institutional controls is more 

complicated.  The discharge resulting from an area addressed by partial capture and/or 

institutional controls will be estimated using a mass balance approach, based on the daily 

generation rate (DGR) for the specific area. [Note: The DGR should not be confused with the 

trash generation rates obtained during baseline monitoring.  The baseline monitoring program is 

designed to obtain "typical" trash generation rates for a given land use.  Those values are then 

used to calculate a Permittee's baseline load allocation.  The DGR is the average amount of 

trash deposited within a specified drainage area over a 24-hour period.  The DGR will be used 

in a mass balance equation to estimate the amount of trash discharged during a rain event.] (See 

Example 1.) 

 

Annual re-calculation of the DGR will serve as a measure of the effectiveness of source 

reduction measures including public education, enforcement of litter laws, etc.  Source 

reduction measures will be accredited based on an annual recalculation of the DGR to allow for 

progressive improvement and/or to account for backsliding.   

 

The DGR will be determined from direct measurement of trash deposited in the drainage 

area during the month of July
47

, and re-calculated every year thereafter.  July was assumed to be 

a month characterized by high outdoor activity when trash is most likely to be deposited on the 

ground.  The recommended method for measuring trash during this time period is to close the 

catch basins in a manner that prevents trash from being swept into the catch basins and then to 

collect trash on the ground via street sweeping, manual pickup, or other comparable means. The 

DGR will be calculated as the total amount of trash collected during the month divided by 31 

(the number of days in the month).   

 

Accounting of DGR and trash removal via street sweeping, catch basin clean outs, etc. 

will be tracked in a central spreadsheet or database to facilitate the calculation of discharge for 
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 Provided no special events are schedule that may affect the representative nature of that month. 
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each rain event.  The spreadsheet and/or database will be available to the Regional Board for 

inspection during normal working hours.  The database/spreadsheet system will allow for the 

computation of calculated discharges and can be coordinated with enforcement.  This database 

will be developed by cities or groups of cities. 

 

The Executive Officer may approve alternative compliance monitoring programs other 

than those described above, upon finding that the program will provide a scientifically-based 

estimate of the amount of trash discharged from the storm drain system. 
 

 

 

 

3. Examples of Implementation Strategies 
 

Two example control strategies for municipal stormwater discharges are described in 

this section. 

 

Example 1. 

 

A permittee installs catch basin inserts and "dry weather trash door" devices of the type 

that maintains the catch basin shut during dry weather, and implements regular street sweeping.  

After each storm of 0.25 inch or greater, the catch basin inserts are emptied.  In this case, the 

DGR was calculated during the month of July as follows:
48

  

 
DGR  = (Volume of trash collected via street sweeping during the month of July / 31 days.)  

The stormwater discharge for a given rain event then would be calculated by multiplying 

the number of days since the last street sweeping by the DGR and subtracting the volume of 

trash recovered in the catch basin inserts. 

 
Stormwater Discharge = [(Days since last street sweeping) (DGR)] –  

  [Volume of trash recovered from catch basin inserts] 

Example 2. 
 

City X is comprised of three land use areas (Land Uses A, B, and C).  The city has 

adopted an implementation strategy using a combination of full capture structural and 

institutional controls.  As of year five, the city has installed full capture systems in Area A and 

institutional controls in Area B.  City X has not yet taken any action to control trash in Area C.  

The watershed-wide baseline Waste Load Allocation have been established at 100 lbs per 

square mile for Land Uses A and B, and at 200 lbs per square mile for landuse C.  The full 

capture system is assumed to meet the final Waste Load Allocation.  The city’s mass balance 

calculations show that 100 lbs of trash was discharged from Land Use Area B.  The discharge 

from Land Use Area C is assumed to be the base load allocation since no controls were 

implemented and the daily generation rate has not been established.  As shown in Figure E City 

X's discharge for the year was 1,100 lbs, and the 3-year rolling average discharge was less than 

                                                           
48

 In the event that trash generation rates differ between weekday and weekends, a distinction in the DGRs may be 

warranted.  
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the 5-Year Waste Load Allocation.  Therefore the city was found to be in compliance with its 

discharge loading unit. 

 

 

4. Potential Environmental Impact of Implementation Strategies 
 

An accompanying CEQA Checklist document analyses the potential negative 

environmental impacts of compliance with the trash TMDL based on the implementation 

strategies discussed above. The previous Los Angeles River Trash TMDL became effective in 

2002 and several municipalities have completed projects in which storm sewer catchment basins 

were retrofitted with inserts and vortex separation devices were installed within storm drain 

systems.  The most significant environmental impacts have proved to be construction activities 

associated with the installation of these devices, and maintenance activities.  Construction 

impacts from structural measures are similar to those of small scale public works projects that 

are sited in previously developed areas.  The major construction activities appear to be concrete 

and electrical work, and in some areas, earth work associated with structural improvements.  The 

environmental impacts and mitigation methods for these types of activities are well known.  The 

environmental impacts from maintenance of the structural measures are associated with 

removing and disposing trash collected from the structural devices.   

 

Regarding cumulative impacts, it is noted that both the construction and maintenance 

activities are in small, discrete, discontinuous areas over a short duration.  Consequently, 

cumulative impacts are not significantly exacerbated from the sum of individual project impacts.  

Project level environmental analysis, by municipalities and responsible agencies for 

implementation of structural methods, were conducted under notices of exemption.  Categorical 

exemptions were based on the nature of the projects including: 

 

-Minor alteration of existing public structures involving negligible expansion of an 

existing facility. 

-Modifications of existing storm drain system and addition of environmental protection 

devices in existing structures with negligible or no expansion of use. 

-Modifications to sewers constructed to alleviate a high potential or existing public health 

hazard.   

 

The analysis concludes that the implementation of this TMDL will result in improved 

water quality in the Los Angeles River Watershed, but may result in temporary or permanent 

localized significant adverse impacts to the environment. While specific projects employed to 

implement the TMDL may have significant impacts, these impacts are expected to be limited, 

short-term or may be mitigated through careful design and scheduling. Furthermore, to the extent 

the alternatives, mitigation measures, or both, are not deemed feasible by those agencies, the 

necessity of implementing the federally required TMDL and removing the trash impairment from 

the Los Angeles River the Watershed (an action required to achieve the express, national policy 

of the Clean Water Act) outweigh the unavoidable adverse environmental effects, as they will be 

minimal because project level planning, construction, and operation methods are available to 

mitigate foreseeable environmental impacts from implementing the TMDL as described in the 

CEQA checklist. 
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Figure E. Example 2, City X After Year 5. 

 

Land Use B: 

5 sq miles treated via 

institutional controls 

and partial capture 

 

Baseline Waste Load 

Allocation: 

100 lbs/sq mi/year 

Land Use A: 

10 sq miles treated by a 

full capture system 

 

Baseline Waste Load 

Allocation: 

100 lbs/sq mi/year  

Land Use C: 

5 sq miles - No 

treatment applied 

 

Baseline Waste Load 

Allocation: 

200 lbs/sq mi/year 

 

Baseline Waste Load Allocation for each land use in 

City X: 

A=(100 lbs/sq mi/yr) (10 sq mi)=1000 lbs 

B=(100 lbs/sq mi/yr) (5 sq mi)=500 lbs 

C=(200 lbs/sq mi/yr) (5 sq mi)=1000 lbs 

Total baseline Waste Load Allocation = 

2,500 lbs 

Year 5 Waste Load Allocation = 2,000 lbs*   

*An 80% reduction based on a 3-year rolling 

average. 

 

Previous Years' Discharge: 

Year 3 = 2,400 lbs 

Year 4 = 2,000 lbs 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Trash Discharge for Year 5: 

A=0 

B=100 lbs (Determined by mass balance) 

C=1,000 lbs (No reduction) 

Total Discharge (Year 5) = 1,100 lbs 

 

 

Three-Year Rolling Average Discharge 

Year 3 = 2,400 lbs 

Year 4 = 2,000 lbs 

Year 5 = 1,100 lbs 

3-year rolling average discharge = 1,833 lbs 

 

 

Compliance is achieved: Discharge (1,833 lbs) < 

Waste Load Allocation (2,000 lbs). 
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A summary of implementation strategies and compliance assurance methods is 

provided in Table 7. 

Table7.  Summary of Possible Trash Reduction Implementation Measures. 

Treatment Applied Measure of Effectiveness Compliance Determination 

Source Control:  

Public education, 

enforcement of litter laws, 

container redemption 

programs, etc. 

Daily Generation Rate:  

Amount of trash collected 

via street sweeping and or 

from catch basin inserts 

divided by the number of 

days provides a measure of 

source control measure 

effectiveness 

DGR used in mass balance 

calculation of discharge: 

Discharge = [DGR (x) Days 

since last street sweeping] (-) 

[Catch basin cleanouts] 

 

Partial Capture: 

(Catch basin inserts, trash 

excluder doors, etc.) 

 

Mass Balance:  

Discharge =  

[DGR (x) Days since last 

street sweeping] (-) [Catch 

basin cleanouts] 

______________________

OR 

 

Downstream Monitoring w/ 

Full Capture System 

 

Discharge based on mass 

balance calculation: 

Discharge =  

[DGR (x) Days since last 

street sweeping] (-) [Catch 

basin cleanouts] 

_______________________
OR 
 
Monitoring Results 

Full Capture System: 

Any single device or series 

of devices that traps all 

particles retained by a 5 mm 

mesh screen and has a design 

treatment capacity of not less 

than the peak flow rate Q 

resulting from a one-year, 

one-hour storm in a sub 

drainage area.  Rational 

equation is used to compute 

the peak flow rate: 

Q = C × I × A, where Q = 

design flow rate (cubic feet 

per second, cfs); C = runoff 

coefficient (dimensionless); I 

= design rainfall intensity 

(inches per hour, as 

determined per the rainfall 

isohyetal map in Figure A),
*
 

and A= subdrainage area 

(acres). 

 

Effectiveness verified by 

literature 

Final Waste Load Allocation 

Achieved: 

Provided system is 

adequately sized, maintained 

and maintenance records are 

available for Regional Board 

inspection 

* The isohyethal map may be updated annually by the Los Angeles County hydrologist to reflect additional rain data 

gathered during the previous year. Annual updates published by the Los Angeles County Department of Public 

Works are prospectively incorporated by reference into this TMDL and accompanying Basin Plan amendment. 

. 
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VIII. Cost Considerations 

 

The Porter-Cologne Section 13241(d), requires staff to "consider costs" associated 

with the establishment of water quality objectives.  The TMDL does not establish water 

quality objectives, but is merely a plan for achieving existing water quality objectives.  

Therefore cost considerations required in Section 13241 are not required for this TMDL.  

 

The purpose of this cost analysis is to provide the Regional Board with information 

concerning the potential cost of implementing this TMDL and to addresses concerns about costs 

that have been raised by stakeholders.  This section takes into account a reasonable range of 

economic factors in fulfillment of the applicable provisions of the California Environmental 

Quality Act (Public Resources Code Section 21159.) 

 

An evaluation of the costs of implementing this Trash TMDL amounts to evaluating the 

costs of preventing trash from getting from the storm drains to the river.  This brief report gives a 

summary overview of the costs associated with the most likely ways the permittees will achieve 

the required reduction in discharges to the storm drain system.  Such an analysis would be 

incomplete if it failed to consider the existing cost that presently is transferred to "innocent" 

downstream communities. Approximately 1,620 tons of litter are estimated to be discharged to 

the Los Angeles River annually, requiring costly removal measures.  In addition there is an 

unquantified cost to aquatic life within the River and the Ocean. 

 

The Regional Board has some information about various facets of the costs of preventing 

trash from getting into the storm drains.  However, exact information on infrastructure currently 

in place and current structural projects being undertaken is currently not available to the Board.  

Furthermore, lack of complete information on existing costs precludes a comparison between 

costs of compliance with existing costs.   

 

A. Cost of Trash Clean-Ups 
 

Cleaning up the river, its tributaries and the beaches is a costly endeavor.  The Los 

Angeles County Department of Public Works contracts out the cleaning of over 75,000 

catchments (catch basins) for a total cost of slightly over $1 million per year, billed to 42 

municipalities.  Each catch basin is cleaned once a year before the rainy season, except for 1,700 

priority catch basins that fill faster and have to be cleaned out more frequently. 

 

Over 4,000 tons of trash is collected from Los Angeles County beaches annually, at a 

cost of $3.6 million to Santa Monica Bay communities in fiscal year 1988-89 alone.  In 1994 

the annual cost to clean the 31 miles of beaches (19 beaches) along Los Angeles County was 

$4,157,388.  

 

Long Beach bears a large part of the financial burden for cleaning up trash from the Los 

Angeles River watershed, which is disproportionate to the amount actually produced by this 
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city.
49

  The costs of gathering and disposing of trash at the mouth of the Los Angeles River 

during the rainy season are listed on Table 8. 

Table 8.  Storm Debris Summary for Long Beach: Billings.
50

 

 First Quarter 

(July-Sept.) 

Second Quarter 

(Oct.-Dec.) 

Third Quarter 

(Jan.-March) 

Fourth Quarter 

(April-June) 

Total 

1995-96 $44,152
51

 $130,986 $224,023 $126,416 $525,577 

1996-97 $102,055 $187,344 $88,180 $122,416 $499,995 

1997-98 $158,612 $268,594 $282,988 $169,340 $879,534 

1998-99 $247,986 $198,147 $185,179 $246,950 $878,262 

 

 

B. Cost of Implementing Trash TMDL 
 

The cost of implementing this TMDL will range widely, depending on the method that 

the Permittees select to meet the Waste Load Allocations.  Arguably, enforcement of existing 

litter ordinances could be used to achieve the final Waste Load Allocations at minimal or no 

additional cost.  The most costly approach in the short-term is the installation of full capture 

systems on all discharges to the river.  However, in the long term this approach would result in 

lower labor costs and may be less expensive than some other approaches. 

 

Most of the information presented herein consists of catch basin inserts, structural vortex 

separation devices and end of pipe nets.  We are considering the costs associated with preventing 

the disposal of trash into the storm drain system over the whole watershed.  For all calculations, 

the urbanized portion of the Los Angeles River watershed is estimated to span an area of 599 

square miles
52

. 

 

Regardless of the method(s) used, costs associated with the gradual decrease of the 

amount of trash in the waterways, and the maintenance of the Los Angeles River and its 

tributaries free of trash include monitoring and implementation costs.  Any device chosen for 

monitoring trash or removing trash from storm drain, regardless of its installation costs, will also 

be associated with labor costs. 

 

We are looking at several methods separately, from retrofitting all the catch basins in the 

urbanized portion of the watershed, to using solely structural full capture methods.   

 

                                                           
49

 However, the cost to the City of Long Beach is offset somewhat by an annual reimbursement from Los Angeles 

County in the amount of $500,000.  (Written comment from The City of Los Angeles, June 23, 2000.) 
50

 Memorandum from Geoffrey Hall; City of Long Beach;  Parks and Recreation. 
51

 9/95 only. 
52

 Although the urbanized portion of the watershed is 609 square miles, about 10 square miles are covered with water. 
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1. Catch Basin Inserts 
 

At a cost of around $800 per insert, catch basin inserts are the least expensive structural 

treatment device in the short term.  However, because they are not a full capture method, they 

must be monitored frequently and must be used in conjunction with frequent street sweeping.  We 

assumed that approximately 150,000 catch basins would have to be retrofitted with inserts to 

cover   574 square miles of the watershed.  A summary of estimated costs for using catch basin 

inserts across the entire watershed is provided in Table 9. 

 

The analysis includes capital costs for catch basin improvements and increases to the annual 

operating costs for additional street sweeping that may be incurred to ensure that catch basins are 

kept free from debris.  It is assumed that the current annual street sweeping in the Los Angeles 

River watershed  is on a monthly basis and will be increased to twice per month to implement the 

trash TMDL.  Costs for street sweeping are estimated from a range of costs derived from a 

nationwide study of seven municipalities that are normalized to a “curb-mile” basis.  The low and 

high costs range from $12 to $60 per curb-mile with a median cost of $20 per curb-mile  

(SWRCB NPDES Stormwater Cost Survey (Cal State Sacramento), www.owp.csus.edu/research/ 

npdes/costsurvey.pdf) 

 

The curb-miles of the Los Angeles River watershed are estimated from the area of the developed 

portion of the Los Angeles River watershed.  Based on an estimated area of 589 square miles, and 

an assumption that streets are spaced an average of 300-feet apart, and there are two curbs per 

street, the estimated number of curb-miles is approximately 440,000.  On an annual basis, it is 

assumed that the streets are swept on a monthly basis to yield a total of 5,280,000 curb miles 

annually.  For TMDL implementation, it is assumed that street sweeping will be increased to 

semi-monthly.  It is assumed that the number of curb miles subject to increased street sweeping 

will increase on an annual basis of 10% as more catch basin improvements are installed.  Finally, 

the annual costs are normalized to an estimated 2 million households in the Los Angeles River 

watershed. 

 

Table 9. Costs of retrofitting the urban portion of the watershed with catch basin inserts. (amounts in millions) 

Number of years into the 

program 
1 2 3 4 5 6 7 8 9 10 11 12 

Capital costs (yearly) $12 $12 $12 $12 $12 $12 $12 $12 $12 $12 $00 $00 

Operation & Maintenance costs 

(yearly, cumulative) 

$5.1 $10.2 $15.4 $20.5 $25.6 $30.1 $35.9 $41.0 $46.2 $51.3 $51.3 $51.3 

Costs per year (servicing + 

capital costs) 

$17.1 $22.2 $27.4 $32.5 $37.6 $42.1 $47.9 $53 $58.2 $51.3 $51.3 $51.3 
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The total capital costs required for retrofitting the whole watershed would be $120 million, while 

the yearly maintenance costs after full implementation would be $51.3 million. 

 

2. Full Capture Vortex Separation Systems (VSS) 
 

Permanent structural devices can be used to trap gross pollutants for monitoring purposes 

as well as implementation. Among those “litter control devices” are structural vortex separation 

systems (VSS), floating debris traps, end-of-pipe nets and trash racks.  VSS units appear to be 

among the best alternatives to evaluate or remove the amount of trash generated throughout a 

particular drainage area. 

 

An ideal way to capture trash deposited into a storm drain system would be to install a 

VSS unit.  This device diverts the incoming flow of storm water and pollutants into a pollutant 

separation and containment chamber.  Solids within the separation chamber are kept in 

continuous motion, and are prevented from blocking the screen so that water can pass through 

the screen and flow downstream.  This is a permanent device that can be retrofitted for oil 

separation as well.  Studies have shown that VSS systems remove virtually all of the trash 

contained in the treated water.  The cost of installing a VSS is assumed to be high, so limited 

funds will place a cap on the number of units which can be installed during any single fiscal 

year. 

 

 

 

Table 10 shows estimated costs associated with retrofitting the watershed with low 

capacity vortex separation systems progressively over ten years. 

 
 

 

Table 10. Costs Associated with Low Capacity Vortex Gross Pollutant Separation Systems.  

(amounts in millions) 

Number of years 

into the program 
1 2 3 4 5 6 7 8 9 10 11 12 

Operations and 

Maintenance 

(yearly, cumulative) 

$14.8 $29.5 $44.3 $59.1 $73.9 $88.6 $103.4 118.2 

 

$132.9 $147.7 $147.7 $147.7 

Capital costs 

(yearly) 

$94.5 $94.5 $94.5 $94.5 $94.5 $94.5 $94.5 $94.5 $94.5 $94.5 $0.0 $0.0 

Annual costs per 

year (capital costs + 

Operation and 

Maintenance) 

$109.3 $124.1 $138.8 $153.6 $168.4 $183.2 $197.9 $212.7 $227.5 $242.2 $147.7 $147.7 

 

 

Similarly, Table 11 provides estimates of costs associated with the installation of large capacity 

VSS systems.  
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Table 11. Costs Associated with Large Capacity Vortex Gross Pollutant Separation Systems.  

(amounts in millions) 

Number of years 

into the program 
1 2 3 4 5 6 7 8 9 10 11 12 

Operations and 

Maintenance 

(yearly, cumulative) 

$0.7 $1.5 $2.2 $3.0 $3.7 $4.4 $5.2 $5.9 $6.6 $7.4 $7.4 $7.4 

Capital costs 

(yearly) 

$33.2 $33.2 $33.2 $33.2 $33.2 $33.2 $33.2 $33.2 $33.2 $33.2 $0.0 $0.0 

Annual costs per 

year (capital costs + 

Operation and 

Maintenance) 

$34.0 $34.7 $35.5 $36.2 $36.9 $37.7 $38.4 $39.1 $39.9 $40.6 $7.4 $7.4 

 

As shown in Table 12, outfitting a large drainage with a number of large VSS systems 

may be less costly than using a larger number of small VSS systems.  Maintenance costs 

decrease dramatically as the size of the system increases.  Topographical and geotechnical 

considerations also should come into play when choosing VSS systems or other structural 

systems or devices. 

 

 

Table 12.  Costs Associated with VSS. 

Capacity Acres (average) Number of devices needed on 

urban portion of watershed 

Capital costs Yearly costs for 

servicing all 

devices 

1 to 2 cfs 5 73,856 $945,356,800 $147,712,000 

6 to 8 cfs 30 12,309 $553,920,000 $24,618,000 

19 to 24 cfs 100 3,693 $332,352,000 $7,386,000 

 

For this table, we have assumed the cost of yearly servicing of a VSS unit to be $2000 per year. 

 

 
3. End of Pipe Nets 
 

“Release nets” are a relatively economical way to monitor trash loads from municipal 

drainage systems.  However, in general, they can only be used to monitor or intercept trash at the 

end of a pipe and are considered to be partial capture systems, as the nets are usually sized at a 

1/2" to 1" mesh.  These nets are attached to the end of pipe systems.  The nets remain in place on 

the end of the drains until water levels upstream of the net rise sufficiently to release a catch that 

holds the net in place.  The water level may rise from either the bag being too full to allow 

sufficient water to pass, or from a disturbance during very high flows.  When the nets release 

they are attached to the side of the pipe by a steel cable and as they are washed downstream (a 

yard or so) are tethered off so that no pollutants from within the bags are washed out. 
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Preliminary observations suggest that the nets rarely fill sufficiently to cause the bags to 

release. And therefore, if they are cleaned after a storm event, the entire quantity of material is 

captured and can be measured for monitoring purposes using two bags per trap.  This makes it 

easy to replace the full or partially full bag with an empty one, so that the first bag can be taken 

to a laboratory for analysis without manual handling of the material it contains.   

 

The nets are valid devices because of the ease of maintenance and also because the 

devices can be relocated after a set period at one location (provided the pipe diameters are the 

same).  With limited funding, installation could be spread over several land uses and lead to 

valuable monitoring results. 

 

Because the devices require attachment to the end of a pipe, this can severely reduce the 

number of locations within a drainage system that can be monitored.  In addition, these nets 

cannot be installed on very large channels (7 feet in diameter is the maximum), while the largest 

outlets into the Los Angeles River are 10 feet in diameter.  Thus costs shown in Table 13 are 

given per pipe, and no drainage coverage is given. 

 
 

 

Table 13.  Sample Costs for End of Pipe Nets. 

Pipe Size Release nets 

(cost estimates) 

End of 3 ft pipe $10,000 

End of 4 ft pipe $15,000 

End of 5 ft pipe $20,000 

In 3 ft pipe network $40,000 

In 4 ft pipe network $60,000 

In 5 ft pipe network $80,000 

 
 
 
 
 
 
4. Cost Comparison 
 

A comparison of costs between strategies based on catch basin inserts (CBIs), low 

capacity VSS, high capacity VSS systems, and enforcement of litter laws is presented in Table 14. 
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Table 14.  Cost Comparison (amounts in millions) 

 CBI only Low capacity  VSS 

Units 

Large capacity  

VSS Units 

Enforcement of 

Litter Laws
53

 

Cumulative capital 

costs over 10 years 

 

$120 $945 $332 <$1 

Cumulative 

maintenance and capital 

costs after 10 years 

$450 $1,758 $373 <$1 

Annual servicing costs 

after full 

implementation 

$51.3 $148 $7.4 <$1 

 

Costs to implement the Los Angeles River trash TMDL will depend on the BMPs selected by the 

permittees. 

 

5. Implementation Costs per Household 
 

In order to estimate the magnitude of fiscal impact that may be incurred to households in the Los Angeles 

River watershed, the estimated capital, operation and maintenance costs for implementation of the trash 

TMDL are normalized on an annual per household basis.  This analysis of household costs is based on the 

capital costs for catch basin improvements,  and annual operation and maintenance costs, estimated above.  

The analysis assumes that 50% of the costs of installing, operating and maintaining catch basins 

improvements will be incurred by households in the Los Angeles River watershed.  The remaining costs 

are estimated to be incurred by commercial, industrial, municipal and public agencies.  The  methodology 

for the household cost analysis is to normalize the estimated annual costs of TMDL compliance to the 

number of households in the Los Angeles River watershed.   
 

It is assumed that there are approximately 3.3 million households in Los Angeles County (SCAG 

-2000 Census Data) and 2 million households in the Los Angeles River watershed.  It is also 

assumed that household fees will fund approximately 50% of the trash TMDL costs.  Based on 

these assumptions, the costs for implementing the trash TMDL initially are on the order of $3.00 

per year per household and increases to approximately $14.55 per year per household.   

 

                                                           
53

 Revenues from fines assessed to offset increased law enforcement cost.  The cost of a database system used to 

calculate trash discharges estimated to be less than $250,000. 
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SQUARE MILEAGE ESTIMATED FOR EACH LAND USE FOR CITIES IN THE WATERSHED, AND FOR UNINCORPORATED AREAS, 

CONTINUED. 
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La Cañada Flintridge 2.94 2.03 0.18 0.15 0.23 0.17 0.00 0.25 0.00 2.16 0.06 0.04 0.37 8.58 
Long Beach 9.56 0.02 1.76 1.08 0.41 0.53 0.00 1.16 0.08 0.32 0.26 0.81 0.69 16.67 
Los Angeles 146.95 6.86 17.04 16.81 8.83 7.72 0.13 11.66 2.16 45.85 2.61 5.11 9.77 281.49 
Los Angeles County 24.75 2.20 2.35 4.39 1.39 1.01 0.02 1.88 0.18 25.59 0.76 0.66 2.99 68.16 
Lynwood 2.99 0.00 0.49 0.44 0.09 0.24 0.00 0.47 0.05 0.03 0.00 0.00 0.05 4.86 
Maywood 0.85 0.00 0.15 0.08 0.01 0.04 0.00 0.02 0.01 0.01 0.00 0.00 0.01 1.19 
Monrovia 3.26 0.30 0.57 0.56 0.11 0.16 0.00 0.16 0.03 4.94 0.00 0.08 0.16 10.34 
Montebello 3.86 0.00 0.71 1.68 0.40 0.33 0.00 0.31 0.01 0.22 0.12 0.21 0.51 8.37 
Monterey Park 4.63 0.00 0.64 0.22 0.52 0.28 0.00 0.20 0.03 0.81 0.14 0.01 0.18 7.67 
Paramount 1.89 0.00 0.44 0.99 0.08 0.22 0.00 0.24 0.04 0.06 0.17 0.14 0.08 4.35 
Pasadena 11.93 1.19 2.28 0.30 1.02 0.98 0.02 0.89 0.06 2.63 0.09 0.25 1.06 22.71 
Pico Rivera 1.17 0.02 0.21 0.54 0.02 0.06 0.00 0.12 0.02 0.01 0.02 0.89 0.04 3.13 
Rosemead 3.31 0.00 0.73 0.15 0.13 0.28 0.00 0.19 0.02 0.07 0.11 0.01 0.15 5.14 
San Fernando 1.43 0.00 0.42 0.30 0.06 0.08 0.00 0.03 0.01 0.01 0.00 0.03 0.04 2.42 
San Gabriel 2.86 0.01 0.54 0.09 0.09 0.14 0.00 0.05 0.02 0.02 0.07 0.00 0.23 4.12 
San Marino 2.21 0.87 0.07 0.00 0.12 0.11 0.00 0.08 0.00 0.01 0.00 0.00 0.30 3.77 
Santa Clarita 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.20 0.00 0.00 0.00 0.21 
Sierra Madre 1.71 0.06 0.05 0.01 0.05 0.06 0.00 0.00 0.00 0.93 0.01 0.06 0.04 3.00 
Signal Hill 0.19 0.00 0.18 0.55 0.02 0.03 0.00 0.05 0.04 0.04 0.00 0.00 0.04 1.14 
Simi Valley 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.03 
South El Monte 0.58 0.00 0.15 1.14 0.03 0.04 0.00 0.01 0.02 0.05 0.03 0.02 0.02 2.10 
South Gate 3.92 0.00 0.78 1.25 0.18 0.26 0.00 0.40 0.07 0.04 0.10 0.22 0.27 7.48 
South Pasadena 2.43 0.13 0.20 0.00 0.06 0.10 0.00 0.09 0.02 0.24 0.01 0.01 0.13 3.43 
Temple City 3.44 0.00 0.27 0.08 0.07 0.12 0.00 0.01 0.00 0.00 0.00 0.00 0.03 4.02 
Vernon 0.00 0.00 0.02 3.85 0.09 0.00 0.00 0.82 0.01 0.06 0.00 0.23 0.00 5.09 

Totals 291.54 18.09 40.62 46.86 17.58 16.39 0.22 24.52 3.28 113.46 5.01 10.52 21.02 598.95 
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            WASTE LOAD ALLOCATIONS FOR TRASH PER LAND USE IN EACH CITY (GALLONS OF UNCOMPRESSED VOLUME) - CONTINUED 
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La Canada Flintridge 10494 3943 1685 1502 2273 1565 0 2409 0 8027 210 0 1387 33496 

Long Beach 34085 36 16609 10563 4009 4973 0 11355 757 1207 964 0 2577 87135 

Los Angeles 523851 13302 161072 164951 86603 72974 0 114426 21170 170494 9692 0 36310 1374845 

Los Angeles County 88236 4265 22185 43081 13654 9511 0 18407 1799 95145 2840 0 11100 310223 

Lynwood 10671 0 4612 4347 859 2290 0 4587 529 118 0 0 187 28201 

Maywood 3023 0 1401 771 96 367 0 225 146 55 0 0 45 6129 

Monrovia 11624 577 5432 5526 1097 1522 0 1616 323 18375 13 0 584 46687 

Montebello 13743 0 6751 16486 3935 3121 0 3071 105 811 441 0 1905 50369 

Monterey Park 16521 4 6067 2157 5071 2609 0 1957 310 3011 511 0 680 38899 

Paramount 6729 0 4157 9705 832 2072 0 2397 392 239 631 0 297 27452 

Pasadena 42519 2315 21595 2929 9970 9281 0 8694 616 9783 339 0 3957 111998 

Pico Rivera 4154 48 1998 5317 224 596 0 1146 214 22 75 0 159 13953 

Rosemead 11814 0 6859 1442 1279 2673 0 1842 175 249 419 0 552 27305 

San Fernando 5093 9 3933 2979 598 796 0 289 57 54 0 0 140 13947 

San Gabriel 10178 14 5139 893 868 1327 0 530 183 79 262 0 870 20343 

San Marino 7863 1690 621 0 1205 1054 0 830 0 26 0 0 1101 14391 

Santa Clarita 0 0 0 0 12 0 0 158 0 731 0 0 0 901 

Sierra Madre 6112 121 500 132 523 529 0 5 39 3471 27 0 151 11611 

Signal Hill 679 0 1659 5379 207 313 0 513 407 136 0 0 140 9434 

Simi Valley 0 0 0 0 0 0 0 32 0 105 0 0 0 137 

South El Monte 2084 0 1410 11161 332 340 0 130 178 177 105 0 82 15999 

South Gate 13965 0 7367 12284 1724 2424 0 3941 693 147 363 0 997 43904 

South Pasadena 8670 254 1897 39 616 939 0 847 232 897 38 0 479 14907 

Temple City 12256 5 2595 770 639 1104 0 74 0 0 15 0 114 17572 

Vernon 12 0 145 37816 881 45 0 8004 63 234 3 0 0 47203 
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Appendix III 
CALCULATION OF LITTER GENERATION RATE PER LAND USE 

 

 

 

Land Use 
Drainage 

Area* Litter (gallons) 
LGR 

(gals/acre) 
LGR (gals/sq 

mi) 
  (acres) 2002-03* 2003-04* Average (gallons)     
Commenrcial 104.46 1591.92 1494.09 1543 14.77 9453 
High Density Single Family 
Residential 113.98 423.07 846.85 635 5.57 3565 
Industrial 119.88 2159.82 1517.7 1839 15.33 9811 
Low Density Single Family 
Residential 164.36 173 822.75 498 3.03 1939 
Open Space & Parks  128.89 509.55 988.15 749 5.81 3718 
Total 631.56 4857.36 5669.54 5263 8.33 5334 

 

 

Land Use 
Drainage 

Area* Litter (lbs) LGR (lbs/acre) LGR (lbs/sq mi) 
  (acres) 2002-03* 2003-04* Average (lbs)     
Commenrcial 104.46 1924.96 2697.04 2311 22.12 14157 
High Density Single Family 
Residential 113.98 480.20 1986.3 1233 10.82 6925 
Industrial 119.88 2586.60 2586.96 2587 21.58 13811 
Low Density Single Family 
Residential 164.36 124.08 2989.71 1557 9.47 6061 
Open Space & Parks  128.89 549.79 3723.72 2137 16.58 10611 
Total 631.56 5665.63 13983.73 9825 15.56 9956 

 
*Data provided by the Los Angeles County Department of Public Works - Baseline Monitoring Program 
 
LGR: Litter Generation Rate 
 

Baseline Waste Load Allocation per City = 
�

 Landuse Area X Litter Generation Rate 
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 07/13/06 

Amendment to the Water Quality Control Plan – Los Angeles Region to incorporate the 

San Gabriel River and Impaired Tributaries Metals and Selenium TMDL 

 
Adopted by the California Regional Water Quality Control Board, Los Angeles Region on July 13, 2006. 

 

 

Amendments: 

 

Table of Contents 

Add: 

 

Chapter 7. Total Maximum Daily Loads (TMDLs) Summaries 

7-20 San Gabriel River and Impaired Tributaries Metals and Selenium TMDL 

 

List of Figures, Tables and Inserts 
Add: 

Chapter 7. Total Maximum Daily Loads (TMDLs) 

Tables 

7-20  San Gabriel River and Impaired Tributaries Metals and Selenium TMDL 

7-20.1 San Gabriel River and Impaired Tributaries Metals and Selenium TMDL: Elements 

7-20.2 San Gabriel River and Impaired Tributaries Metals and Selenium TMDL: 

Implementation Schedule 

 

Chapter 7. Total Maximum Daily Loads (TMDLs) Summaries 

Add: 

 

7-20 San Gabriel River and Impaired Tributaries Metals and Selenium TMDL 

 

This TMDL was adopted by 

 

The Regional Water Quality Control Board on July 13, 2006. 

 

This TMDL was approved by: 

 

The State Water Resources Control Board on [Insert Date]. 

The Office of Administrative Law on [Insert Date]. 

The U.S. Environmental Protection Agency on [Insert Date]. 

 

 

The elements of the TMDL are presented in Table 7-20.1 and the Implementation Plan in Table 7-20.2 
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Table 7-20.1  San Gabriel River and Tributaries Metals and Selenium TMDL: Elements 

Element Key Findings and Regulatory Provisions 

Problem Statement Segments of the San Gabriel River and its tributaries are on the Clean 

Water Act section 303(d) list of impaired waterbodies for copper, lead, 

zinc, and selenium. The constituents subject to this TMDL are toxic 

pollutants, and the existing water quality objectives for these 

constituents reflect national policy that the discharge of toxic pollutants 

in toxic amounts be prohibited. When one of the constituents subject to 

this TMDL is present at levels exceeding the existing numeric 

objectives, then the receiving water is toxic. The beneficial uses 

impaired by metals and selenium in the San Gabriel River and its 

tributaries are those associated with aquatic life and water supply, 

including wildlife habitat, rare, threatened or endangered species, warm 

freshwater habitat, wetlands, and groundwater recharge. TMDLs are 

developed for reaches on the 303(d) list and for reaches where recent 

data indicate additional impairments. Addressing the impairing metals 

and selenium throughout the San Gabriel River watershed will ensure 

that they do not contribute to impairments elsewhere in the watershed. 

Metals and selenium allocations are therefore developed for upstream 

reaches and tributaries that drain to impaired reaches. 

These TMDLs address dry-weather impairments of copper in the 

Estuary and selenium in San Jose Creek Reach 1 and wet-weather 

impairments of lead in San Gabriel River Reach 2 and copper, lead, and 

zinc in Coyote Creek. 

Numeric Target  
(Interpretation of the numeric 
water quality objective, used to 
calculate the waste load 
allocations) 

Numeric targets for the TMDL are based on California Toxics Rule 

(CTR) criteria.  Separate numeric targets are developed for dry and wet 

weather. In San Gabriel River Reach 2, the delineation between dry and 

wet weather occurs when the maximum daily flow at USGS station 

11085000 is 260 cfs. In Coyote Creek, the delineation between dry and 

wet weather occurs when the maximum daily flow at Los Angeles 

County Department of Public Works (LACDPW) flow gauge station 

F354-R is 156 cfs. 

Dry-weather numeric targets are based on chronic CTR criteria and wet 

weather numeric targets are based on acute CTR criteria.  Saltwater 

targets are developed for the Estuary and freshwater targets are 

developed for all other reaches. Freshwater numeric targets (except 

selenium) are adjusted for reach specific hardness using median 

hardness values. CTR default conversion factors are used to convert 

dissolved CTR criteria for copper, lead, and zinc into numeric targets 

expressed in terms of total recoverable metals to address the potential 

for dissolution of particulate metals in the receiving water. Attainment 

of numeric targets expressed as total recoverable metals will ensure 

attainment of the dissolved CTR criteria. The CTR criterion for 

selenium is already expressed as total recoverable metals.  
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Element Key Findings and Regulatory Provisions 

Dry-weather Numeric Targets ( µµµµg/L total recoverable metals) 

 Copper Selenium 

San Jose Creek Reach 1 -- 5 

San Gabriel River Estuary 3.7 -- 

Wet-weather Numeric Targets ( µµµµg/L total recoverable metals) 

   Copper Lead Zinc 

San Gabriel Reach 2 -- 166 -- 

Coyote Creek  15 87 125 

Source Analysis There are significant differences in the sources of metals and selenium 

loading during dry and wet weather. Wet-weather flow is comprised 

mostly of storm water runoff and is the dominant source of annual 

metals loading to the river. This storm water flow is permitted through 

three municipal separate storm sewer system (MS4) permits, a separate 

Caltrans MS4 permit, a general construction storm water permit, and a 

general industrial storm water permit. (MS4, Caltrans, general 

industrial, and general construction permits are hereafter referred to as 

storm water permittees.) During dry weather, flows are significantly 

lower, with dry-weather urban runoff through storm drains, water 

reclamation plants (WRPs), power plants, and other point source 

discharges as major sources. The power plants are the dominant sources 

of flow and copper loading to the Estuary during dry weather.  

Nonpoint sources may include tributaries that drain the open space 

areas of the watershed. Direct atmospheric deposition of metals on the 

river is also a small source. Indirect atmospheric deposition on the land 

surface that is washed off during storms is a larger source and is 

accounted for in the estimates of the storm water loading. Once metals 

are deposited on land under the jurisdiction of a storm water permittee, 

they are within a permittee’s control and responsibility. The TMDL 

Implementation Plan includes special studies to address atmospheric 

deposition and open space sources. 

A portion of the San Gabriel River watershed (upper Coyote Creek) is 

located in Orange County and is under the jurisdiction of the Santa Ana 

Regional Water Quality Control Board. Sources in Orange County are 

assigned allocations in order to meet TMDLs.   
Loading Capacity Dry-weather TMDLs are assigned for selenium in San Jose Creek 

Reach 1 and copper in the Estuary. The dry-weather loading capacity 

for San Jose Creek Reach 1 is 0.232 kg/day, which is the product of the 

numeric target for selenium and the median non-WRP flow. In the 

Estuary, ocean water provides no assimilative capacity during the 

critical condition because it is displaced by the power plant flow. The 

concentration of copper in the Estuary is therefore a direct function of 

upstream and direct sources. 
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Element Key Findings and Regulatory Provisions 

Dry-weather allocations are assigned to sources in San Jose Creek 

Reaches 1 and 2 to meet the selenium TMDL in Reach 1. Dry-weather 

allocations are assigned to sources in the Estuary, San Gabriel River 

Reach 1, and Coyote Creek to meet the copper TMDL in the Estuary. 

Wet-weather TMDLs are assigned for lead in San Gabriel River Reach 

2 and copper, lead, and zinc in Coyote Creek. Wet-weather loading 

capacities are equal to daily storm volumes multiplied by the wet-

weather numeric target for each metal. 

Wet-weather Loading Capacities (kg/day total recoverable metals) 

                                   Copper                      Lead                        Zinc 

San Gabriel                                              Daily storm 

River Reach 2                --                          volume x                        --       

                                                                   166 µg/L         

Coyote Creek           Daily storm             Daily storm            Daily storm 

                                   volume x                 volume x                volume x 

                                    15 µg/L                    87 µg/L                 125 µg/L 
The daily storm volume is equal to the total daily flow either in San Gabriel River 

Reach 2 or Coyote Creek.  

Wet-weather allocations are assigned to all upstream reaches and 

tributaries of San Gabriel River Reach 2 and Coyote Creek. 

Load Allocations (for nonpoint 
sources) 

Dry Weather 

Dry-weather load allocations for direct atmospheric deposition of 

copper to the Estuary, Reach 1, and Coyote Creek are based on 

previous studies and allocated based on the amount of surface water in 

these subwatersheds. No value for direct deposition of selenium is 

available; therefore, a load allocation of zero is assigned to San Jose 

Creek Reach 1 and Reach 2.  

Dry-weather load allocations for open space are equal to the percent 

area of open space not served by storm drains multiplied by loading 

capacities. The amount of open space not served by storm drains in the 

San Jose Creek Reach 1 and Reach 2 subwatersheds (1.8%) is 

multiplied by the selenium loading capacity of 0.232 kg/day. All open 

space in the Estuary, Reach 1, and Coyote Creek subwatersheds is 

served by storm drains; thus, the load allocation for open space is zero.  

Dry-weather Load Allocations (kg/day total recoverable metals) 

                                    Copper         Copper        Selenium     Selenium 

                                   Direct Air   Open Space  Direct Air   Open Space 

San Jose Creek 

Reach 1 and 2                   --                 --                  0                0.0042   

San Gabriel Estuary     7.75x10
-4

          0                  --                  -- 

San Gabriel Reach 1    2.7x10
-3  

           0                  --                  -- 

Coyote Creek               2.0x10
-3  

           0                  --                  -- 
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Wet Weather 

Wet-weather load allocations for direct atmospheric deposition are 

equal to the percent area of surface water multiplied by the loading 

capacities. Approximately 0.4% of the watershed draining to San 

Gabriel River Reach 2 is comprised of water and approximately 0.2% 

of the watershed draining to Coyote Creek is comprised of water. 

Wet-weather open space load allocations are equal to the percent area 

of open space not served by storm drains multiplied by the loading 

capacities. Because all open space in the Coyote Creek subwatershed is 

served by storm drains, the load allocation for open space is zero. 

Approximately 48% of the San Gabriel River watershed that drains to 

Reach 2 is open space not served by storm drains. 

Wet-weather Load Allocations (kg/day total recoverable metals) 

                                      Direct Air          Open Space 

San Gabriel River Reach 2 and upstream reaches and tributaries 

Lead                                             Daily storm           Daily storm  

                                                      volume x               volume x  

                                                        0.6 µg/L                79 µg/L  

Coyote Creek and tributaries 

Copper                                          Daily storm           

                                                       volume x                      0 

                                                       0.03 µg/L                 

Lead                                              Daily storm                    

                                                       volume x                      0 

                                                       0.2 µg/L                           

Zinc                                              Daily storm                    

                                                       volume x                      0 

                                                       0. 3 µg/L                           

The daily storm volume is equal to the total daily flow either in San Gabriel River 

Reach 2 or Coyote Creek. 

Waste Load Allocations (for 
point sources) Dry Weather  

Non-storm water program point sources (including WRPs and power 

plants) that discharge to the Estuary, Reach 1, and Coyote Creek are 

assigned concentration-based waste load allocations (WLA). The 

WLAs for discharges to Reach 1 and Coyote Creek are based on 

freshwater criteria and upstream hardness values, resulting in copper 

allocations equal to 18 µg/L for Reach 1 and 20 µg/L for Coyote Creek. 

Direct discharges to the Estuary receive a WLA of 3.1 µg/L in order to 

meet the numeric target while accounting for the relative flow of the 

power plants and upstream sources. The Implementation Plan includes 

special studies to assess the effect of upstream discharges on water 

quality and beneficial uses in the Estuary.  
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The storm water permittees in Reach 1 receive the same concentration-

based WLA assigned to the non-storm water discharges because there is 

insufficient non-WRP flow to calculate a mass-based allocation in this 

reach. The storm water permittees in Coyote Creek receive a WLA 

equal to the concentration-based allocation multiplied by the median 

non-WRP flow, minus the load allocations for nonpoint sources. The 

storm water permittees that discharge directly to the Estuary have a 

concentration-based WLA equal to the Estuary numeric target. 

Dry-weather Copper WLAs for the Estuary, Reach 1, and 

Coyote Creek (total recoverable metals) 

                                    Non-Storm         Upstream           Storm 

                                 Water Program      Allowable          Water 

                                  Point Sources           Load            Permittees   

                                       (µg/L)                (kg/day)          (kg/day) 

Estuary 3.1*                 --                     -- 

San Gabriel Reach 1 18*                        --                     -- 

Coyote Creek  20               0.943               0.941 

*Also applies to storm water permittees in these reaches 

 

The WLAs for the non-storm water program point sources in San Jose 

Creek Reach 1 and Reach 2 (including WRPs) are equal to the numeric 

target for selenium. The storm water permittees receive a WLA equal to 

the loading capacity minus the load allocations for direct air and open 

space. 

Dry-weather Selenium WLAs for San Jose Creek Reach 1 and 

Reach 2 (total recoverable metals) 

                                   Non-Storm       Loading          Storm 

                                Water Program   Capacity         Water 

                                 Point Sources     (kg/day)       Permittees 

                                      (µg/L)                                 (kg/day) 

San Jose Creek  

Reach 1 and 2                   5                     0.232             0.228 

The dry-weather WLAs for storm water permittees are shared by the 

MS4 and Caltrans permittees because there is not enough data on the 

relative extent of MS4 and Caltrans areas. A zero WLA is assigned to 

the industrial and construction stormwater permits during dry weather. 

Non-storm water discharges are already prohibited or restricted by 

existing general permits.  

 

Wet Weather 

Non-storm water program point sources (including WRPs) are assigned 

concentration-based WLAs equal to wet-weather numeric targets. 
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Wet-weather Non-storm Water Program Point Source WLAs 

(total recoverable metals) 

                                               Copper             Lead                 Zinc 

San Gabriel River                                               

Reach 2 and upstream                --               166 µg/L                --       

reaches and tributaries 

Coyote Creek 

and tributaries                        15 µg/L            87 µg/L           125 µg/L 

 

The combined wet-weather WLAs for storm water permittees are equal 

to the loading capacities minus the load allocations for open space and 

direct air deposition. 

Wet-weather Storm Water Permittee WLAs 

(kg/day total recoverable metals) 

                                             Copper                    Lead                 Zinc 

San Gabriel River                                          Daily storm 

Reach 2 and upstream              --                     volume x                 -- 

reaches and tributaries                                     86.4 µg/L 

Coyote Creek                   Daily storm          Daily storm       Daily storm 

and tributaries                   volume x                volume x          volume x 

                                         14.9 µg/L              86.8 µg/L        124.7 µg/L 
The daily storm volume is equal to the total daily flow either in San Gabriel River 

Reach 2 or Coyote Creek. 

 

The combined storm water permittee WLAs are further allocated to the 

general industrial, general construction, MS4 and Caltrans permits 

based on their percent area of the developed portion of the watershed. 

The MS4 permittees and Caltrans share a WLA because there is not 

enough data on the relative extent of MS4 and Caltrans areas. 

Wet-weather MS4 and Caltrans Permittees WLAs 

(kg/day total recoverable metals) 

                                           Copper                  Lead                 Zinc 

San Gabriel River                                       Daily storm 

Reach 2 and upstream            --                   volume x                 -- 

reaches and tributaries                                  82 µg/L 

Coyote Creek                   Daily storm        Daily storm       Daily storm 

and tributaries                   volume x              volume x          volume x 

                                       13.7 µg/L            79.5 µg/L       114.2 µg/L 
For the MS4 and Caltrans permits, the daily storm volume is measured at TMDL 

effectiveness monitoring locations. The final TMDL effectiveness monitoring locations 

are the LACDPW storm water mass emission stations at Coyote Creek (S13) and San 

Gabriel River Reach 2 (S14). 
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Wet-weather General Industrial Permittees WLAs 

(kg/day total recoverable metals) 

                                          Copper                  Lead                 Zinc 

San Gabriel River                                       Daily storm 

Reach 2 and upstream            --                   volume x                 -- 

reaches and tributaries                                  3.6 µg/L 

Coyote Creek                   Daily storm        Daily storm       Daily storm 

and tributaries                   volume x              volume x          volume x 

                                      0.5 µg/L           3.0 µg/L              4.3 µg/L 

 

Wet-weather General Construction Permittees WLAs 

(kg/day total recoverable metals) 

                                           Copper                  Lead                 Zinc 

San Gabriel River                                       Daily storm 

Reach 2 and upstream            --                   volume x                 -- 

reaches and tributaries                                  1.24 µg/L 

Coyote Creek                   Daily storm        Daily storm       Daily storm 

and tributaries                   volume x             volume x           volume x 

                                            0.7 µg/L            4.3 µg/L              6.2 µg/L 

 

Each enrollee under the general industrial and construction storm water 

permits receives a WLA on a per acre basis.  

Wet-weather WLAs for Enrollees Under the General Construction 

or Industrial Permits (kg/day/acre total recoverable metals) 

                                          Copper                  Lead                 Zinc 

San Gabriel River                                       Daily storm 

Reach 2 and upstream            --                   volume x                 -- 

reaches and tributaries                                  0.56 µg/L 

Coyote Creek                   Daily storm        Daily storm       Daily storm 

and tributaries                   volume x             volume x           volume x 

                                           0.12 µg/L            0.70 µg/L          1.01 µg/L 

For the general industrial and construction storm water permits, the daily storm volume 

is measured at USGS station 11085000 for discharges to Reach 2 and above and at 

LACDPW flow gauge station F354-R for discharges to Coyote Creek. 

Margin of Safety A margin of safety accounts for any lack of knowledge concerning the 

relationship between pollutant loads and water quality. There is little 

uncertainty in the development of these TMDLs because they are 

simply equal to the numeric targets multiplied by the median flow or 

mean low tide in dry weather and the numeric targets multiplied by 

actual flow in wet-weather. The primary sources of uncertainty are 

related to assumptions made in developing numeric targets. The use of 

default conversion factors is an implicitly conservative assumption, 

which is applied to the margin of safety. Conversion factors are defined 

as the fraction of dissolved metals divided by the total metals 
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concentration. The default conversion factors overestimate the fraction 

of copper in the dissolved form. When the CTR criteria expressed as 

dissolved metals are divided by conversion factors to convert to obtain 

numeric targets expressed as total recoverable metals, the resulting dry- 

and wet-weather targets are underestimated. This underestimation is 

applied to the margin of safety.  

Implementation The regulatory mechanisms used to implement the TMDL will include 

the Los Angeles County MS4, the City of Long Beach MS4, The 

Orange County MS4 (under the jurisdiction of the Santa Ana Regional 

Water Quality Control Board) the Caltrans storm water permit, major 

NPDES permits, minor NPDES permits, general NPDES permits, 

general industrial storm water NPDES permits, and general 

construction storm water NPDES permits.  Nonpoint sources will be 

regulated through the authority contained in sections 13263 and 13269 

of the Water Code and in conformance with the State Water Resources 

Control Board’s Nonpoint Source Implementation and Enforcement 

Policy (May 2004) and the Conditional Waiver for Discharges from 

Irrigated Lands, adopted by the Los Angeles Regional Water Quality 

Control Board on November 3, 2005. Each NPDES permit assigned a 

WLA shall be reopened or amended at reissuance, in accordance with 

applicable laws, to incorporate effluent limitations that implement the 

applicable WLAs as permit requirements. 

The Regional Board shall reconsider this TMDL five years after its 

effective date based on additional data obtained from special studies. 

Table 7-20.2 presents the implementation schedule for the responsible 

permittees. 

WRPs, power plants, and other non-storm water program NPDES 

permits 

Permit writers may translate applicable WLAs into effluent limits for 

the major, minor and general NPDES permits by applying the effluent 

limitation procedures in Section 1.4 of the State Water Resources 

Control Board’s Policy for Implementation of Toxics Standards for 

Inland Surface Waters, Enclosed Bays, and Estuaries of California 

(2000) or other applicable engineering practices authorized under 

federal regulations. Wet-weather WLAs will not be used to determine 

monthly permit limits, but will only be used in the determination of a 

daily limit. For permits subject to both dry- and wet-weather WLAs, it 

is expected that permit writers would write a monthly limit based on the 

dry-weather WLA and two separate daily maximums based on the dry- 

and wet-weather WLAs.  

Compliance schedules may be established in individual NPDES 

permits, at Regional Board discretion, allowing up to 5 years within a 

permit cycle to achieve compliance. Compliance schedules may not be 

established in general NPDES permits. A discharger that cannot 

comply immediately with effluent limitations specified to implement 

WLAs will be required to apply for an individual permit in order to 

demonstrate the need for a compliance schedule. 
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Permittees that hold individual NPDES permits and solely discharge 

storm water may be allowed (at Regional Board discretion) compliance 

schedules up to 9 years from the effective date of the TMDL to achieve 

compliance with final WLAs. 

General industrial storm water permits 

WLAs will be incorporated into the State Board general permit upon 

renewal or into a watershed-specific general permit developed by the 

Regional Board. 

Dry-weather implementation 

Non-storm water flows authorized by NPDES Permit No. CAS000001, 

or any successor permit, are exempt from the dry-weather WLA equal 

to zero. Instead, these authorized non-storm water flows shall meet the 

reach-specific concentration-based WLAs assigned to the non-storm 

water permits. The zero dry-weather WLA applies to unauthorized non-

storm water flows, which are prohibited by Permit No. CAS000001. 

It is anticipated that the dry-weather WLAs will be implemented by 

requiring improved best management practices (BMPs) to eliminate the 

discharge of non-storm water flows. Permit writers must provide 

adequate justification and documentation to demonstrate that specified 

BMPs are expected to result in attainment of the numeric WLAs. 

Wet-weather implementation 

General industrial storm water permittees are allowed interim wet-

weather concentration-based WLAs for copper equal to 63.6 µg/L and 

lead equal to 480 µg/L as a monthly interim limit and 638 µg/L as a 

daily interim limit. The interim copper WLA is based on the copper 

benchmark contained in EPA’s Storm Water Multi-sector General 

Permit for Industrial Activities. The interim lead WLA is based on the 

95
th
 percentile of the total lead values for the monthly limit and the 99

th
 

percentile for the daily limit obtained from historical runoff data from 

the Puente Hills Landfill, operated by Los Angeles County Sanitation 

Districts, and enrolled under the existing general industrial permit. The 

interim WLAs apply to all industry sectors and apply for a period not to 

exceed nine years from the effective date of the TMDL. Interim WLAs 

are not required for zinc because EPA benchmarks for these metals are 

lower than the TMDL WLAs. Permittees are required to meet final zinc 

WLAs four years from the effective date of the TMDL. 

In the first four years from the effective date of the TMDL, interim 

copper and lead and final zinc WLAs will not be interpreted as 

enforceable permit conditions. The interim waste load allocations will 

not be included in any permits until the historical and recent storm 

water data from the Puente Hills landfill and industry wide data are 

evaluated by the Regional Board and the Regional Board reconsiders 

the interim waste load allocation as appropriate or in need of a revision 

to reflect BMP performance under varying storm conditions. The 
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interim waste load allocations will be reconsidered within one year of 

the effective date of the final 2006 303(d) list as described in the 

Implementation Schedule. If monitoring demonstrates that interim 

copper and lead and final zinc WLAs are being exceeded, the permittee 

shall evaluate existing and potential BMPs, including structural BMPs, 

and implement any necessary BMP improvements. It is anticipated that 

monitoring results and any necessary BMP improvements would occur 

as part of an annual reporting process. After four years from the 

effective date of the TMDL, interim copper and lead and final zinc 

WLAs shall be translated into enforceable permit conditions. 

Compliance with permit conditions may be demonstrated through the 

installation, maintenance, and monitoring of Regional Board-approved 

BMPs. If this method of compliance is chosen, permit writers must 

provide adequate justification and documentation to demonstrate that 

BMPs are expected to result in attainment of interim WLAs.  

The general industrial storm water permits shall achieve final copper 

and lead wet-weather WLAs no later than nine years from the effective 

date of the TMDL, which shall be expressed as NPDES water quality-

based effluent limitations. Effluent limitations may be expressed as 

permit conditions, such as the installation, maintenance, and monitoring 

of Regional Board-approved BMPs if adequate justification and 

documentation demonstrate that BMPs are expected to result in 

attainment of WLAs. 

General construction storm water permits 

WLAs will be incorporated into the State Board general permit upon 

renewal or into a watershed-specific general permit developed by the 

Regional Board. 

Dry-weather implementation 

Non-storm water flows authorized by the General Permit for Storm 

Water Discharges Associated with Construction Activity (NPDES 

Permit No. CAS000002), or any successor permit, are exempt from the 

dry-weather WLA equal to zero as long as they comply with the 

provisions of sections C.3.and A.9 of the Order No. 99-08 DWQ, which 

state that these authorized non-storm discharges shall be (1) infeasible 

to eliminate (2) comply with BMPs as described in the Storm Water 

Pollution Prevention Plan prepared by the permittee, and (3) not cause 

or contribute to a violation of water quality standards, or comparable 

provisions in any successor order. Unauthorized non-storm water flows 

are already prohibited by Permit No. CAS000002. 

Wet-weather implementation 

Within six years of the effective date of the TMDL, the construction 

industry will submit the results of BMP effectiveness studies to 

determine BMPs that will achieve compliance with the final WLAs 

assigned to construction storm water permittees. Regional Board staff 

will bring the recommended BMPs before the Regional Board for 
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consideration within seven years of the effective date of the TMDL. 

General construction storm water permittees will be considered in 

compliance with final WLAs if they implement these Regional Board 

approved BMPs. All permittees must implement the approved BMPs 

within eight years of the effective date of the TMDL. If no 

effectiveness studies are conducted and no BMPs are approved by the 

Regional Board within seven years of the effective date of the TMDL, 

each general construction storm water permit holder will be subject to 

site-specific BMPs and monitoring requirements to demonstrate 

compliance with final WLAs. 

MS4 and Caltrans permits 

The shared allocations apply to the Caltrans permit and all NPDES-

regulated municipal storm water discharges in the San Gabriel River 

watershed, including municipalities enrolled under the Los Angeles 

County MS4 permit, the City of Long Beach MS4 permit, and the 

Orange County MS4 permit. Permittes may incorporate into 

jurisdictional groups to better coordinate compliance and monitoring 

efforts upon approval by the Executive Officer. 

For the dry-weather condition, mass-based WLAs will be incorporated 

into these or other NPDES permits. Applicable CTR limits are being 

met most of the time during dry weather. Due to the expense of 

obtaining accurate flow measurements required for calculating loads, 

concentration-based permit limits equal to the dry-weather WLAs 

assigned to the WRPs, power plants, and other non-storm water 

program NPDES permits may apply to MS4 and Caltrans permittees 

during dry weather. For the wet-weather condition, mass-based WLAs 

will be incorporated into NPDES permits as mass-based permit limits. 

The implementation schedule for the MS4 and Caltrans storm water 

permits shall consist of a phased approach. Permittees shall demonstrate 

TMDL effectiveness in prescribed percentages of the watershed, with 

dry-weather TMDLs achieved within 10 years and wet-weather TMDLs 

achieved in 15 years. The implementation period may be extended, 

upon Regional Board approval if an integrated water resources 

approach is employed and permittees demonstrate the need for an 

extended schedule. 

Each municipality and permittee will be required to meet the WLAs 

shared by the MS4 and Caltrans permittees at the designated TMDL 

effectiveness monitoring points. A combination of non-structural and 

structural BMPs may be used to achieve compliance with the WLAs. 

The administrative record and the fact sheets for the MS4 and Caltrans 

permits must provide reasonable assurance that the BMPs selected will 

be sufficient to implement the WLAs. Reductions to be achieved by 

each BMP shall be documented and sufficient monitoring shall be put 

in place to verify that the desired reductions are achieved. The permits 

shall also provide a mechanism to make adjustments to the required 

BMPs as necessary to ensure their adequate performance. 
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Seasonal Variations and 
Critical Conditions 

Seasonal variations are addressed by developing separate TMDLs and 

allocations for dry weather and wet weather. 

For dry weather, the critical flow for San Jose Creek is established from 

the long-term flow records (1990-2005) generated by stream gages in 

the creek. The median dry-weather non-WRP flow is selected as the 

critical flow since most of the flow is from effluent, which results in a 

relatively stable dry-weather flow condition. The critical condition for 

the Estuary is equal to the volume of water in the Estuary at low tide, 

which is the condition when there is the least amount of assimilative 

capacity in the Estuary. 

Wet-weather loading capacities and allocations vary by storm. Given 

this variability in storm water flows, no justification was found for 

selecting a particular sized storm as the critical condition. 

Monitoring and Special 
Studies 

Monitoring is necessary to assess the condition of the San Gabriel River 

and its tributaries and to assess the on-going effectiveness of efforts by 

dischargers to reduce metals loading to the river. Special studies may 

provide additional data, new or alternative sources, and revised 

scientific assumptions. The monitoring programs, reports, and studies 

will be developed in response to subsequent orders issued by the 

Executive Officer. 

Ambient Monitoring 

An ambient monitoring program is necessary to assess water quality 

throughout the San Gabriel River and its tributaries. The MS4 and 

Caltrans NPDES permittees are jointly responsible for implementing 

the ambient monitoring program. The responsible agencies shall sample 

for total recoverable metals, dissolved metals, and hardness once per 

month at each proposed ambient monitoring location until at least year 

five when the TMDL is reconsidered. Detection limits shall be less than 

numeric targets. The ambient monitoring program shall contain 

monitoring in all reaches and major tributaries of the San Gabriel River, 

including but not limited to additional dry- and wet-weather monitoring 

in the San Gabriel River upper reaches and Walnut Creek, additional 

dry-weather monitoring in San Gabriel River Reach 2, and additional 

wet-weather monitoring in San Jose Creek, San Gabriel River Reach 1 

and the Estuary. In addition, sediment samples shall be collected semi-

annually in the Estuary and analyzed for sediment toxicity resulting 

from copper, lead, selenium, and zinc.  

TMDL Effectiveness Monitoring 

TMDL effectiveness monitoring requirements for implementation will 

be specified in NPDES permits for WRPs, power plants, and other non-

storm water NPDES permits. The permits should specify the 

monitoring necessary to determine if the WLAs are achieved. For the 

WRPs and power plants, daily and monthly effluent monitoring 

requirements will be developed to ensure compliance with WLAs.  

Receiving water monitoring requirements in the existing permits to 

assess impact of the WRPs and power plants will not change as a result 

of this TMDL. 
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The general industrial storm water permit shall contain a model 

monitoring and reporting program to evaluate BMP effectiveness. A 

permittee enrolled under the general industrial permit shall have the 

choice of conducting individual monitoring based on the model 

program or participating in a group monitoring effort. A group 

monitoring effort will not only assess individual compliance, but will 

assess the effectiveness of chosen BMPs to reduce pollutant loading on 

an industry-wide or permit category basis. MS4 permittees are 

encouraged to take the lead in group monitoring efforts for industrial 

and facilities within their jurisdiction because compliance with WLAs 

by these facilities will translate to reductions in metals loads to the MS4 

system. 

The MS4 and Caltrans storm water NPDES permittees are jointly 

responsible for assessing progress in reducing pollutant loads to achieve 

the dry- and wet-weather TMDLs. The permittees are required to 

submit for approval by the Executive Officer a coordinated monitoring 

plan that will demonstrate the effectiveness of the phased 

implementation schedule for this TMDL. Monitoring stations specified 

for the ambient monitoring program may also be used for TMDL 

effectiveness monitoring. Responsible parties are encouraged to 

coordinate with the San Gabriel River watershed-wide monitoring 

program, managed through the Southern California Coastal Water 

Research Project (SCCWRP) and the Los Angeles and San Gabriel 

Rivers Watershed Council, to avoid duplication and reduce costs.  

The storm water NPDES permittees will be found to be effectively 

meeting the dry-weather WLAs if the in-stream pollutant concentration 

or load at the first downstream effectiveness monitoring location is 

equal to or less than the corresponding concentration- or load-based 

WLA. Alternatively, effectiveness of the TMDL may be assessed at the 

storm drain outlet based on the numeric target for the receiving water. 

For storm drains that discharge to other storm drains, effectiveness will 

be based on the WLA for the ultimate receiving water for that storm 

drain system. The responsible agencies shall sample once per month 

during dry-weather conditions at each proposed TMDL effectiveness 

monitoring location. The final dry-weather monitoring stations shall be 

located in San Jose Creek Reach 1 and the Estuary. 

The storm water NPDES permittees will be found to be effectively 

meeting wet-weather WLAs if the load at the downstream monitoring 

location is equal to or less then the WLA. For practical purposes, this is 

when the event mean concentration for a flow-weighted composite is 

less than or equal to the numeric target. Responsible agencies shall 

sample at least one wet-weather event per month in any month where 

flow meets wet-weather conditions (260 cfs in San Gabriel River Reach 

2 and 156 cfs in Coyote Creek) and at least 4 wet-weather events total 

in a given storm season (November to March), unless there are fewer 

than 4 wet-weather events total, at each proposed TMDL effectiveness 

monitoring location. Final wet-weather TMDL effectiveness 

monitoring stations may be located at the existing Los Angeles County 
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MS4 mass emission sites in San Gabriel Reach 2 and Coyote Creek.  

Special Studies 

Additional monitoring and special studies may be needed to evaluate 

the uncertainties and the assumptions made in development of this 

TMDL. The results of special studies may be used to reevaluate WLAs 

when the TMDL is reconsidered. 

Required Studies: 

1. The San Jose Creek WRP, Los Coyotes WRP, Long Beach WRP, 

and the MS4 and Caltrans storm water permittees that discharge to 

San Gabriel River Reach 1 and Coyote Creek are jointly 

responsible for conducting a study to better understand the mixing 

of fresh and salt waters in the Estuary and to assess the effect of 

upstream freshwater discharges on water quality and aquatic life 

beneficial uses in the Estuary. The purpose of the study is to refine 

the assumptions made in establishing the copper waste load 

allocations for discharges to the Estuary and discharges to those 

reaches tributary to the Estuary. Results may lead to an adjustment 

of copper waste load allocations at the time the TMDL is 

reconsidered. Responsible agencies are encouraged to coordinate 

with the SCCWRP’s ongoing effort to model the Estuary’s 

hydrodynamic characteristics and the fate and transport of metals 

loading to the Estuary. 

 

Voluntary Studies: 

2. Special studies may be warranted to evaluate the numeric targets. 

Studies on background concentrations of total recoverable vs. 

dissolved metals concentrations, total suspended solids, and organic 

carbon will help with the refinement of metals conversion factors. 

3. Special studies are allowed to better characterize metals loading 

from open space and natural sources. Studies may also be 

developed to assess natural soils as a potential background source 

of selenium in San Jose Creek Reach 1.  

4. Studies should be considered to evaluate the potential contribution 

of atmospheric deposition to metals loading and sources of 

atmospheric deposition in the watershed. 

5. Special studies should be considered to refine some of the 

assumptions used in the modeling for the linkage analysis -  

specifically, source representation in dry-weather, the relationship 

between total recoverable and dissolved metals in storm water, the 

assumption that metals loading are closely associated with 

suspended sediments, the accuracy and robustness of the potency 

factors, the uncertainties in the understanding sediment washoff and 

transport, and the representation of reservoirs, spreading grounds, 

and other hydromodifications in the watershed.  
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6. Special studies should be considered to evaluate the effectiveness 

of various structural and non-structural BMPs in removing metals 

and meeting WLAs.  

7. A water effect ratio (WER) study may be warranted to calculate a 

site-specific copper objective for the Estuary. 
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Table 7-13.2  San Gabriel River and Impaired Tributaries Metals and Selenium TMDL: 

Implementation Schedule 

Date Action 

Effective date of TMDL Regional Board permit writers shall incorporate WLAs into NPDES 

permits. WLAs will be implemented through NPDES permit limits in 

accordance with the implementation schedule contained herein, at the 

time of permit issuance, renewal, or re-opener. 

Within 1 year of the effective 

date of the 2006 303(d) list. 

The Los Angeles Regional Board shall reconsider this TMDL to 

develop dry- and wet-weather numeric targets, WLAs and LAs for 

copper and zinc in San Gabriel River Reach 2 and selenium in Coyote 

Creek if impairments are maintained in these reaches on the final 2006 

303(d) list. The Regional Board shall also revise this TMDL to include 

dry-weather numeric targets for lead in San Gabriel River Reach 2 and 

copper, lead and zinc in Coyote Creek in addition to the wet-weather 

targets for these pollutant-waterbody combinations already assigned in 

this TMDL. 

4 years after effective date of 

the TMDL 

Responsible jurisdictions and agencies shall provide to the Los Angeles 

Regional Board results of the special studies.  

5 years after effective date of 

the TMDLs 

The Los Angeles Regional Board shall reconsider this TMDL to 

recalculate numeric targets using alternative hardness values, site 

specific translators, and/or water effect ratios based on the results of the 

ambient monitoring program. If necessary, the Regional Board shall add 

alternative targets based on sediment quality guidelines to protect 

benthic sediments in the Estuary. The Los Angeles Regional Board shall 

also reconsider this TMDL to re-evaluate the WLAs, LAs and the 

implementation schedule based on the results of special studies.  

NON-STORM WATER PROGRAM NPDES PERMITS (INCLUDING WRPS AND POWER 

PLANTS) 

Upon permit issuance, 

renewal, or re-opener 

The non-storm water program NPDES permits shall achieve WLAs, 

which shall be expressed as NPDES water quality-based effluent 

limitations specified in accordance with federal regulations and state 

policy on water quality control. Compliance schedules may allow up to 

4 years in individual NPDES permits to meet permit requirements. 

Compliance schedules may not be established in general NPDES 

permits. Permittees that hold individual NPDES permits and solely 

discharge storm water may be allowed (at Regional Board discretion) 

compliance schedules up to 9 years from the effective date of the TMDL 

to achieve compliance with final WLAs. 
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Date Action 

GENERAL INDUSTRIAL STORM WATER PERMITS 

Upon permit issuance, 

renewal, or re-opener 

The general industrial storm water permitees shall achieve dry-weather 

WLAs, which shall be expressed as NPDES water quality-based effluent 

limitations specified in accordance with federal regulations and state 

policy on water quality control. Effluent limitations may be expressed as 

permit conditions, such as the installation, maintenance, and monitoring 

of Regional Board-approved BMPs. Permittees shall begin to install and 

test BMPs to meet the interim copper wet-weather WLAs. BMP 

effectiveness monitoring will be implemented to determine progress in 

achieving interim copper wet-weather WLAs. 

4 years after effective date of 

the TMDLs 

The general industrial storm water permittees shall achieve interim 

copper and lead WLAs. Permittees shall begin an iterative BMP 

process, including BMP effectiveness monitoring to achieve compliance 

with final copper and lead WLAs. 

Permittees shall achieve final zinc wet-weather WLAs, which shall be 

expressed as NPDES water quality-based effluent limitations. Effluent 

limitations may be expressed as permit conditions, such as the 

installation, maintenance, and monitoring of Regional Board-approved 

BMPs. 

9 years after the effective 

date of TMDL 

The general industrial storm water NPDES permittees shall achieve final 

copper and lead wet-weather WLAs, which shall be expressed as 

NPDES water quality-based effluent limitations. Effluent limitations 

may be expressed as permit conditions, such as the installation, 

maintenance, and monitoring of Regional Board-approved BMPs.  

GENERAL CONSTRUCTION STORM WATER PERMITS 

Upon permit issuance, 

renewal, or re-opener 

Non-storm water flows not authorized by Order No. 99-08 DWQ, or any 

successor order, shall achieve dry-weather WLAs. WLAs shall be 

expressed as NPDES water quality-based effluent limitations specified 

in accordance with federal regulations and state policy on water quality 

control. Effluent limitations may be expressed as permit conditions, 

such as the installation, maintenance, and monitoring of Regional 

Board-approved BMPs. 

Six years from the effective 

date of the TMDL 

The construction industry will submit the results of wet-weather BMP 

effectiveness studies to the Los Angeles Regional Board for 

consideration. In the event that no effectiveness studies are conducted 

and no BMPs are approved, permittees shall be subject to site-specific 

BMPs and monitoring to demonstrate BMP effectiveness. 

Seven years from the 

effective date of the TMDL 

The Los Angeles Regional Board will consider results of the wet-

weather BMP effectiveness studies and consider approval of BMPs. 

Eight years from the effective 

date of the TMDL 

All general construction storm water permittees shall implement 

Regional Board-approved BMPs.  
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Date Action 

MS4 AND CALTRANS STORM WATER PERMITS 

12 months after the effective 

date of the TMDL 

 

In response to an order issued by the Executive Officer, MS4 and 

Caltrans storm water NPDES permittees shall submit a coordinated 

monitoring plan, to be approved by the Executive Officer, which 

includes both TMDL effectiveness monitoring and ambient monitoring. 

Ambient monitoring shall commence within six months of approval of 

the coordinated monitoring plan by the Executive Officer. The 

monitoring plan shall be made available for public review and comment 

prior to Executive Officer approval. 

4 years after effective date of 

TMDL (Draft Report) 

4 ½ years after effective date 

of TMDL (Final Report) 

MS4 and Caltrans storm water NPDES permittees shall provide a 

written report to the Regional Board outlining the drainage areas to be 

addressed and how these areas will achieve compliance with the WLAs. 

The report shall include implementation methods, an implementation 

schedule, proposed milestones, and any revisions to the TMDL 

effectiveness monitoring plan. 

6 years after effective date of 

the TMDL* 

The MS4 and Caltrans storm water NPDES permittees shall demonstrate 

that 50% of the total drainage area served by the storm drain system is 

effectively meeting the dry-weather WLAs and 25% of the total 

drainage area served by the storm drain system is effectively meeting 

the wet-weather WLAs. 

8 years after effective date of 

the TMDL* 

The MS4 and Caltrans storm water NPDES permittees shall demonstrate 

that 75% of the total drainage area served by the storm drain system is 

effectively meeting the dry-weather WLAs. 

10 years after effective date 

of the TMDL* 

The MS4 and Caltrans storm water NPDES permittees shall demonstrate 

that 100% of the total drainage area served by the storm drain system is 

effectively meeting the dry-weather WLAs and 50% of the total 

drainage area served by the storm drain system is effectively meeting 

the wet-weather WLAs. 

15 years after effective date 

of the TMDL* 

The MS4 and Caltrans storm water NPDES permittees shall demonstrate 

that 100% of the total drainage area served by the storm drain system is 

effectively meeting both the dry-weather and wet-weather WLAs and 

attaining water quality standards for copper, lead, selenium, and zinc. 

* Implementation schedule may be extended, upon Regional Board approval, if an integrated resources 

approach is employed and permittees demonstrate the need for an extended schedule. 
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1.  INTRODUCTION

Segments of the Los Angeles River and its tributaries (Figure 1) exceed water quality objectives

for a variety of metals.   These segments (i.e., reaches) of the Los Angeles River and tributaries

are included on the California 303(d) list of impaired waterbodies (LARWQCB, 1998a and

2002). The Clean Water Act requires a Total Maximum Daily Load (TMDL) be developed to

restore the impaired waterbodies, including the Los Angeles River, to their full beneficial uses.

Table 1-1 summarizes the stream reaches and tributaries of the Los Angeles River watershed

included on the California 303(d) list for metals.

Table 1-1.  Segments of the Los Angeles River and tributaries listed as impaired for metals  (LARWQCB,

1998a and 2002)

Listed Waterbody Segment Copper Cadmium Lead Zinc Aluminum Selenium

Aliso Canyon Wash X

Dry Canyon Creek N

McCoy Canyon Creek N

Monrovia Canyon Creek X

Los Angeles River Reach 4

(Sepulveda Dam to Riverside Dr.)
X

Tujunga Wash (from Hansen Dam to

Los Angeles River)
X

Burbank Western Channel X

Los Angeles River Reach 2

(from Figueroa St. to Carson St.)
X

Rio Hondo Reach 1 (from the Santa

Ana Fwy to Los Angeles River)
X X X

Compton Creek X X

Los Angeles River Reach 1

(from Carson St. to estuary)
N N X N N

X: listed as impaired in 1998 303(d) list and part of analytical unit 13.  N: New waterbody listing based on 2002

303(d) list, not part of analytical unit 13

TMDLs are developed for reaches on the 1998 and 2002 303(d) lists and for reaches where

recent data indicates impairments. Metals allocations are developed for upstream reaches and

tributaries that drain to impaired reaches. These TMDLs comply with 40 CFR 130.2 and 130.7,

Section 303(d) of the Clean Water Act and U.S. Environmental Protection Agency (EPA)

guidance for developing TMDLs in California (USEPA, 2000a).  This document summarizes the

information used by the EPA and the California Regional Water Quality Control Board, Los

Angeles Region (Regional Board) to develop TMDLs and allocations for metals.  The California

Water Code (Porter-Cologne Water Quality Control Act) requires that an implementation plan be

developed to achieve water quality objectives.  Figure 1 shows the waterbodies addressed in this

TMDL.
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1.1 Regulatory Background

Section 303(d) of the Clean Water Act (CWA) requires that each State “shall identify those

waters within its boundaries for which the effluent limitations are not stringent enough to

implement any water quality objective applicable to such waters.”  The CWA also requires states

to establish a priority ranking for waters on the 303(d) list of impaired waters and to establish

TMDLs for such waters.

The elements of a TMDL are described in 40 CFR 130.2 and 130.7 and Section 303(d) of the

CWA, as well as in the U.S. Environmental Protection Agency guidance (USEPA, 2000a).  A

TMDL is defined as the “sum of the individual waste load allocations for point sources and load

allocations for nonpoint sources and natural background” (40 CFR 130.2) such that the capacity

of the waterbody to assimilate pollutant loads (the loading capacity) is not exceeded.  A TMDL

is also required to account for seasonal variations and include a margin of safety to address

uncertainty in the analysis (USEPA, 2000a).

States must develop water quality management plans to implement the TMDL (40 CFR 130.6).

The EPA has oversight authority for the 303(d) program and is required to review and either

approve or disapprove the TMDLs submitted by states.  In California, the State Water Resources

Control Board (State Board) and the nine Regional Water Quality Control Boards are responsible

for preparing lists of impaired waterbodies under the 303(d) program and for preparing TMDLs,

both subject to EPA approval.  If EPA disapproves a TMDL submitted by a state, EPA is

required to establish a TMDL for that waterbody.  The Regional Boards also hold regulatory

authority for many of the instruments used to implement the TMDLs, such as the National

Pollutant Discharge Elimination System (NPDES) permits and state-specified Waste Discharge

Requirements (WDRs).

The Regional Board identified over 700 waterbody-pollutant combinations in the Los Angeles

Region requiring TMDLs (LARWCQB, 1996, 1998a).  These are referred to as “listed” or

“303(d) listed” waterbodies or waterbody segments.  A schedule for development of TMDLs in

the Los Angeles Region was established in a consent decree (Consent Decree) between USEPA

and several environmental groups approved on March 22, 1999 (Heal the Bay Inc., et al. v.

Browner, C 98-4825 SBA).  For the purpose of scheduling TMDL development, the decree

combined the more than 700 waterbody-pollutant combinations into 92 TMDL analytical units.

The 303(d) list was updated in 2002.  These updates and changes are not reflected in the Consent

Decree.

This TMDL addresses Analytical Unit (AU) #13 of the Consent Decree which consists of

segments of the Los Angeles River and tributaries with impairments by metals (cadmium,

copper, lead, selenium, and zinc).  Table 1-1 identifies the listed waterbodies by the metals

causing impairments.    The Consent Decree schedule requires that this TMDL be completed by

March 22, 2004.  If the Regional Board fails to develop the TMDL, EPA must promulgate the

TMDL by March 22, 2005. EPA and the consent decree plaintiffs recently agreed to extend the

completion deadline to December 22, 2005, in order to enable the State to complete its adoption

process and EPA to approve the State-adopted TMDLs for this water body. The 2002 303(d)
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listings approved in 2003 are not required to be addressed per the Consent Decree; however,

where appropriate, this TMDL addresses those listings as well.

This report presents the TMDLs for metals and summarizes the analyses performed by EPA and

the Regional Board to develop this TMDL.  This report does not address the metals TMDLs

required for four lakes in the Los Angeles River watershed as part of Analytical Unit #20.  These

four lakes (Lake Calabasas, Echo Lake, Lincoln Park Lake and Peck Road Lake) are not

hydrologically connected to the Los Angeles River or the listed tributaries.  The TMDLs for

these lakes are not scheduled in the Consent Decree but must be established by March 22, 2012.

This report does not address metals impairments for Los Angeles Harbor or San Pedro Bay

required under Analytical Units #75 and #78, respectively.  These TMDLs have not been

specifically scheduled in the Consent Decree, but are required to be completed by 2012.

The proposed TMDL for metals will be adopted as an amendment to the Regional Board’s Water
Quality Control Plan for the Los Angeles Region (Basin Plan). The Secretary of Resources has

certified the basin planning process as exempt from certain requirements of the California

Environmental Quality Act (CEQA), including preparation of an initial study, negative

declaration, and environmental impact report (California Code of Regulations, Title 14, Section

15251(g)).  The Basin Plan amendment and supporting documents, including this staff report and

the CEQA checklist are considered substitute documents to an initial study, negative declaration,

or environmental impact report. Regional Board staff held a CEQA Scoping meeting on April

23, 2004 in order to receive stakeholder input on the scope and content of the TMDL documents.

Regional Board Staff presented an overview of reasonably foreseeable means of compliance with

the TMDL in order to facilitate the scoping discussion and to identify possible impacts of the

TMDL implementation.

1.2 Environmental Setting

The Los Angeles River flows for 55 miles from the Santa Monica Mountains at the western end

of the San Fernando Valley to Queensway Bay located between the Port of Long Beach and the

City of Long Beach.  It drains a watershed with an area of 834 square miles. Approximately 44%

of the watershed area can be classified as forest or open space. These areas are primarily within

the headwaters of the Los Angeles River in the Santa Monica, Santa Susana, and San Gabriel

Mountains, including the Angeles National Forest, which comprises  approximately 200 square

miles of the watershed. Approximately 36% of the land use can be categorized as residential,

10% as industrial, 8% as commercial, and 3% as agriculture, water and other.  The more urban

uses are found in the lower portions of the watershed.

The natural hydrology of the Los Angeles River Watershed has been altered by channelization

and the construction of dams and flood control reservoirs.  The Los Angeles River and many of

its tributaries are lined with concrete for most or all of their lengths.  Soft-bottomed segments of

the Los Angeles River occur where groundwater upwelling prevented armoring of the river

bottom.  These areas typically support riparian habitat.

The mainstem of the Los Angeles River begins by definition at the confluence of Arroyo

Calabasas (which drains the northeastern portion of the Santa Monica Mountains) and Bell Creek
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(which drains the Simi Hills).  McCoy Canyon Creek and Dry Canyon Creek (listed for

selenium) are tributary to Arroyo Calabasas.  The river flows east from its origin along the

southern edge of the San Fernando Valley. The Los Angeles River also receives flow from

Browns Canyon, Aliso Canyon Wash (listed for selenium) and Bull Creek which drain the Santa

Susana Mountains.   The lower portions of Arroyo Calabasas and Bell Creek are channelized.

Browns Canyon, Aliso Creek and Bull Creek are completely channelized.

Reach 5 of the Los Angeles River runs through Sepulveda Basin. There are no listings for metals

in Reach 5 of the Los Angeles River. The Sepulveda Basin is a 2,150-acre open space designed

to collect floodwaters during major storms.  Because the area is periodically inundated, it

remains in natural or semi-natural conditions and supports a variety of low-intensity land uses.

The D.C. Tillman Wastewater Reclamation Plant (WRP), a publicly owned wastewater treatment

works (POTW) operated by the City of Los Angeles, discharges to Reach 5 indirectly via two

lakes in the Sepulveda Basin that are used for recreation and wildlife habitat.  The POTW has a

treatment design capacity of 80 million gallons per day (mgd) and contributes a substantial flow

to the Los Angeles River. Most of the POTW flow discharges directly to Reach 4 of the Los

Angeles River just below the Sepulveda Dam.

Reach 4 of the Los Angeles River runs from Sepulveda Dam to Riverside Drive.  This section of

the river is listed for lead.  Pacoima Wash and Tujunga Wash are the two main tributaries to this

reach. Both tributaries drain portions of the Angeles National Forest in the San Gabriel

Mountains. Pacoima Wash is channelized below Lopez Dam to the Los Angeles River. Tujunga

Wash (listed for copper) is channelized for the 10-mile reach below Hansen Dam.  Some of the

discharge from Hansen Dam is diverted to spreading grounds for groundwater recharge, but most

of the flow enters the channelized portion of the stream.

Reach 3 of the Los Angeles River, which runs from Riverside Drive to Figueroa Street, is not

listed for metals.  The two major tributaries to this reach are the Burbank Western Channel and

Verdugo which drain the Verdugo Mountains.  Both tributaries are channelized.  The Western

Channel receives flow from the Burbank Water Reclamation Plant, a POTW with a design

capacity of 9 mgd.  The Burbank Western Channel is listed for cadmium.

At the eastern end of the San Fernando Valley, the Los Angeles River turns south around the

Hollywood Hills and flows through Griffith Park and Elysian Park in an area known as the

Glendale Narrows.  This area is fed by natural springs during periods of high groundwater.  The

river is channelized and the sides are lined with concrete.  The river bottom in this area is unlined

because the water table is high and groundwater routinely discharges into the channel, in varying

volumes depending on the height of the water table.  The Los Angeles-Glendale Water

Reclamation Plant, operated by the City of Los Angeles, has a design capacity of 20 mgd and

discharges to the Los Angeles River in the Glendale Narrows.

Reach 2 of the Los Angeles River, which runs from Figueroa Street to Carson Street, is listed for

lead.  The first major tributary below the Glendale Narrows is the Arroyo Seco, which drains

areas of Pasadena and portions of the Angeles National Forest in the San Gabriel Mountains. In

wet periods, rising stream flows in the Los Angeles River above Arroyo Seco have been related

to the increase of rising groundwater.  There is up to 3,000 acre-feet of recharge from the Pollock

RB-AR7040



12

Well Field area that adds to the rising groundwater.  For the 2000-01 water year, the total rising

groundwater flow was estimated at 3,900 acre-feet (ULARA Watermaster Report, 2000-2001

Water Year, May 2002).

The next major tributary is the Rio Hondo. The Rio Hondo and its tributaries drain a large area in

the eastern portion of the watershed. Flow in the Rio Hondo is managed by the Los Angeles

County Department of Public Works (LACDPW).  At Whittier Narrows, flow from the Rio

Hondo can be diverted to the Rio Hondo Spreading Grounds.  During dry weather, virtually all

the water in the Rio Hondo goes to groundwater recharge, so little or no flow exits the spreading

grounds to Reach 1 of the Rio Hondo.  During storm events, Rio Hondo flow that is not used for

spreading, reaches the Los Angeles River.  This flow is comprised of both storm water and

treated wastewater effluent from the Whittier Narrows Water Reclamation Plant. Reach 1 of the

Rio Hondo is listed for copper, lead, and zinc.  Monrovia Canyon Creek is also listed for lead.

This creek, located in the foothills of the San Gabriel Mountains in the National Forest, is a

tributary to Sawpit Creek which runs into Peck Lake and ultimately to Rio Hondo Reach 2 above

the spreading grounds.

Reach 1 of the Los Angeles River, which runs from Carson Street to the estuary, was listed for

lead in 1998.  Listings for aluminum, copper, cadmium, and zinc were added in 2002 based on

exceedances of standards in storm water samples.  Compton Creek (listed for copper and

cadmium) is the last large tributary to the system before the river enters the estuary.  The creek is

channelized for most of its 8.5 mile length.

The tidal portion of the Los Angeles River begins at Willow Street and runs approximately three

miles before joining with Queensway Bay located between the Port of Long Beach and the City

of Long Beach.  In this reach, the channel has a soft bottom with concrete-lined sides.  Sandbars

accumulate in the portion of the river where tidal influence is limited.

During dry weather, most of the flow in the Los Angeles River is comprised of wastewater

effluent from the Tillman, Los Angeles-Glendale and Burbank treatment plants.  In the dry

season, POTW mean monthly discharges totaled 70% to 100% of the monthly average flow in

the river.  The median daily flow in the Los Angeles River is 94 mgd (145 cfs), based on flows

measured at the LACDPW Wardlow station over a 12-year period (October 1998 through

December 2000).  During wet weather, the river’s flow may increase by two to three orders of

magnitude due to storm water runoff.  Average daily flows greater than 322 mgd (501 cfs) were

observed 10% of the time.  In months with rain events, POTW monthly average discharges

together were less than 20% of the monthly average flow in the river.

The high flows in the wet season originate as storm runoff both from the areas of undeveloped

open space in the mountains of the tributaries’ headwaters and from the urban land uses in the

flat low-lying areas of the watershed.  Rainfall in the headwaters flows rapidly because the

watershed and stream channels for the most part are steep.  In the urban areas, about 5,000 miles

of storm drains in the watershed convey storm water flows and urban runoff to the Los Angeles

River. The watershed produces storm flow in the river with a sharply peaked hydrograph where

flow increases quite rapidly after the beginning of rain events in the watershed, and declines

rapidly after rainfall ceases.  The Los Angeles River metals TMDL therefore accounts for
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differences in both flow and the relative contributions of pollutant sources between wet and dry

periods.

1.3 Elements of a TMDL

Guidance from USEPA (2002a) identifies seven elements of a TMDL.  Sections 2 through 8 of

this document are organized such that each section describes one of the elements, with the

analysis and findings of this TMDL for that element.  The elements are:

• Section 2: Problem Identification.  This section reviews the metals data used to add the

waterbody to the 303(d) list, and summarizes existing conditions using that evidence

along with any new information acquired since the listing.  This element identifies those

reaches that fail to support all designated beneficial uses; the beneficial uses that are not

supported for each reach; the water quality objectives (WQOs) designed to protect those

beneficial uses; and, in summary, the evidence supporting the decision to list each reach,

such as the number and severity of exceedances observed.

• Section 3: Numeric Targets.  For this TMDL, the numeric targets are based upon the

WQOs described in the California Toxics Rule (CTR).

• Section 4: Source Assessment.  This section develops the estimate of current metals

loadings from point sources and non-point sources into the Los Angeles River.

• Section 5: Linkage Analysis.  This analysis shows how the sources of metals compounds

into the waterbody are linked to the observed conditions in the impaired waterbody.  The

linkage analysis addresses the critical conditions of stream flow, loading, and water

quality parameters.

• Section 6: TMDL and Pollutant Allocation.  This section identifies the total allowable

loads that can be discharged without causing water quality exceedances.  Each pollutant

source is allocated a quantitative load of metals that it can discharge without exceeding

the numeric targets.  Allocations are designed such that the waterbody will not exceed

numeric targets for any of the compounds or related effects.  Allocations are based on

critical conditions, so that the allocated pollutant loads may be expected to attain water

quality standards at all times.

• Section 7: Implementation.  This section describes the plans, regulatory tools, or other

mechanisms by which the waste load allocations and load allocations are to be achieved.

• Section 8:  Monitoring.  This TMDL includes a requirement for monitoring the

waterbody to ensure that the water quality standards are attained.  If the monitoring

results demonstrate the TMDL has not succeeded in removing the impairments, then

revised allocations will be developed.  It also describes special studies to address

uncertainties in assumptions made in the development of this TMDL and the process by

which new information may be used to refine the TMDL.  While the TMDL identifies the

goals for a monitoring program, the Executive Officer will issue subsequent orders to
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identify the specific requirements and the specific entities that will develop and

implement a monitoring program and submit technical reports.

2. PROBLEM IDENTIFICATION

This section provides an overview of water quality standards for the Los Angeles River and

reviews water quality data used in the 1998 water quality assessment, the 2002 303(d) listing and

any additional data which may be pertinent to the assessment of condition.

2.1 Water Quality Standards

California state water quality standards consist of the following elements: 1) beneficial uses; 2)

narrative and/or numeric water quality objectives; and 3) an antidegradation policy.  In

California, beneficial uses are defined by the Regional Water Quality Control Boards (Regional

Boards) in the Water Quality Control Plans (Basin Plans).  Numeric and narrative objectives are

specified in each region’s Basin Plan.  These are designed to be protective of the beneficial uses

in each waterbody in the region or State Water Quality Control Plans.

For certain toxic pollutants, the EPA has established numeric criteria that serve as water quality

standards for California’s inland surface waters.  (40 CFR 131.38.)  EPA established the numeric

criteria in the California Toxics Rule (CTR) at levels that reflect when toxic pollutants are

present in toxic amounts.  In other words, if a pollutant is present in a surface waterbody at a

level higher than a CTR criterion, then the surface waterbody is toxic.  The federal water quality

criteria established by the CTR are equivalent to state water quality objectives and they serve the

same purpose.  For the Los Angeles region, numeric objectives for toxics can be found in the

CTR (40 CFR 131.38).

2.1.1. Beneficial Uses.  The Basin Plan for the Los Angeles Region (1994) defines 14 beneficial

uses for the Los Angeles River. These uses are summarized in Table 2-1.  The Basin Plan  (1994)

identifies beneficial uses as existing (E), potential (P), or intermittent (I) uses.  Those uses that

are most likely to be impacted by metals loadings to the Los Angeles River are the beneficial

uses associated with aquatic life (i.e., wildlife habitat, warm freshwater water habitat, rare

threatened or endangered species, wetland habitat, and marine habitat) and water supply (i.e.,

groundwater recharge).

Existing use designations for warm freshwater, wildlife, wetland, and rare, threatened or

endangered species habitats (WARM, WILD, WET, and RARE) apply over much of the

mainstem and Compton Creek in the lower part of the watershed.  The WARM designation

applies as either an intermittent or potential use to the remaining listed tributaries.  The WILD

designation is for the protection of fish and wildlife.  This use applies to much of the mainstem

of the Los Angeles River, as an intermittent use in Rio Hondo, and as potential use in the

remainder of the tributaries.  Water quality objectives developed for the protection of fish and

wildlife are applicable to the reaches with the WARM, WILD, WET and RARE designations.
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Table 2-1.  Beneficial uses in listed reaches of the Los Angeles River (LARWQCB, 1994)

STREAM

REACH
MUN GWR REC1 REC2 WILD WARM SHELL RARE MIGR SPWN WET MAR IND PROC

Aliso Canyon

Wash
P* I I

1
I E I

Dry Canyon

Creek
P* I I

1
I E I

McCoy Canyon

Creek
P* I I I E I

Monrovia

Canyon Creek
I I I I E I E

Los Angeles

River (Reach 4)
P* E E E E E E P

Tujunga Wash P* I P
1

I P P

Burbank

Western

Channel

P* P
1

I P P

Los Angeles

River (Reach 2)
P* E E

1
E P E P

Rio Hondo

(Reach 1)
P* I P

1
E I P

Compton Creek P* E E
1

E E E E

Los Angeles

River (Reach 1)
P* E E

1
E E E P

1
E P P E P P

*Municipal designations marked with an asterisk are conditional.

E: Existing beneficial use,   P: Potential beneficial use, I: Intermittent beneficial use, 1: Use restricted by LACDPW

The municipal supply (MUN) use designation applies to several tributaries to the Los Angeles

River and all groundwater in the Los Angeles River watershed.  Other waterbodies within

Region 4 also have a conditional designation for MUN.  These waterbodies are indicated with an

asterisk in the Basin Plan. Conditional designations are not recognized under federal law and are

not water quality standards requiring TMDL development at this time.  (See Letter from Alexis

Strauss [USEPA] to Celeste Cantú [State Board], Feb. 15, 2002.)  The ground water recharge

(GWR) use designation applies to the Los Angeles River and its tributaries as either an existing

or intermittent beneficial use.

2.1.2 Water Quality Objectives (WQOs).  Narrative water quality objectives are specified by

the 1994 Regional Board Basin Plan.  The following narrative standards are most pertinent to the

metals TMDL:

Surface waters shall not contain concentrations of chemical constituents in
amounts that adversely affect any designated beneficial use.
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Toxic substances shall not be present at levels that will bioaccumulate in aquatic
life resources to levels which are harmful to aquatic life or human health.

All waters shall be maintained free of toxic substance in concentrations that are
toxic to, or that produce detrimental physiological responses in human, plant,
animal, or aquatic life.

The Regional Board’s narrative toxicity objective reflects and implements national policy set by

Congress.  The Clean Water Act states that, “it is the national policy that the discharge of toxic

pollutants in toxic amounts be prohibited.”  (33 U.S.C. 1251(a)(3).)  In 2000, EPA established

numeric water quality objectives for several pollutants addressed in this TMDL  in the CTR.

The listed pollutants covered by CTR objectives include selenium, cadmium, copper, lead, and

zinc (Table 2-2). The freshwater CTR values for cadmium, copper, lead, and zinc are based on

the dissolved fraction and are hardness dependent (USEPA 2000b). The freshwater CTR

standard for selenium is based on the total recoverable metals concentration.

EPA expressed the CTR criteria as concentrations.  Therefore, whenever a pollutant is present in

a surface waterbody at a concentration in excess of a CTR criterion, the surface waterbody is

toxic.  EPA did not differentiate between wet and dry weather conditions in establishing the

CTR.  The CTR criteria therefore apply at all times to inland surface waters.  This result is

reached on both legal and technical grounds.  Legally, the result is compelled because the CTR

establishes water quality criteria (i.e., objectives) to protect aquatic life in all of California’s

inland surface waters.  (See, 40 CFR 131.38(a), (c)(1), and (d)(1).)  There is no exception for wet

weather conditions in the CTR.  Moreover, aquatic life is also present in wet weather conditions.

The CTR is legally necessary to protect these uses in wet weather conditions.  It would be

illogical and illegal to conclude that the CTR does not apply in wet weather.

From a technical perspective, it would be equally inappropriate to find a wet weather exception

in the CTR.  Because the CTR criteria are expressed as concentrations, the volume of water is

irrelevant.  The concentration-based criteria essentially account for dilution in wet-weather

conditions.  In high-volume, wet-weather conditions, if the concentration of a toxic pollutant in a

water body exceeds the CTR criterion, the water body is toxic.

The CTR establishes short-term (acute) and long-term (chronic) aquatic life criteria for metals in

both freshwater and saltwater.  The acute criterion, defined in the CTR as the Criteria Maximum

Concentration, equals the highest concentration of a pollutant to which aquatic life can be

exposed for a short period of time without deleterious effects.  The chronic criterion, defined in

the CTR as the Criteria Continuous Concentration, equals the highest concentration of a pollutant

to which aquatic life can be exposed for an extended period of time (4 days) without deleterious

effects.

CTR freshwater aquatic life criteria for certain metals are expressed as a function of hardness

because hardness and/or water quality characteristics that are usually correlated with hardness

can impact the toxicity of some metals.  Hardness is used as a surrogate for a number of water

quality characteristics, which affect the toxicity of metals in a variety of ways.  Increasing

hardness generally has the effect of decreasing the toxicity of metals.  Water quality criteria to
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protect aquatic life may be calculated at different concentrations of hardness measured in

milligrams per liter (mg/L) as calcium carbonate (CaCO3).  The CTR lists freshwater aquatic life

criteria based on a hardness value of 100 mg/L and provides hardness dependent equations to

calculate the freshwater aquatic life metals criteria using site-specific hardness data.

Table 2-2.  Water quality objectives established in CTR.  Values in table are based on a hardness value of 100

mg/L as calcium carbonate. Metals values reported as µg/L.

Metal Freshwater Chronic Freshwater Acute

Cadmium (dissolved) 2.2 4.3

Copper (dissolved) 9 13

Lead (dissolved) 2.5 65

Selenium (total recoverable metals) 5 Reserved

Zinc (dissolved) 120 120

The formula for calculating the hardness-adjusted acute and chronic objectives for cadmium,

copper, lead, and zinc in the CTR take the form of the following equations:

CMC = WER * ACF * EXP[(ma)(ln(hardness)+ba] Equation (1)

CCC = WER * CCF * EXP[(mc)(ln(hardness)+bc] Equation (2)

Where:

CMC = Criteria maximum concentration

CCC = Criteria continuous concentration

WER = Water Effects Ratio (assumed to be 1)

ACF = Acute conversion factor (to convert from the total recoverable metals

concentration to the dissolved fraction)

CCF = Chronic conversion factor (to convert from the total recoverable metals

concentration to the dissolved fraction)

mA = slope factor for acute criteria

mC = slope factor for chronic criteria

bA = y intercept for acute criteria

bC = y intercept for chronic criteria

The CTR allows for the adjustment of criteria through the use of a water-effect ratio (WER) to

assure that the metals criteria are appropriate for the site-specific chemical conditions under

which they are applied.  A WER represents the correlation between metals that are measured and

metals that are biologically available and toxic.  A WER is a measure of the toxicity of a material

in site water divided by the toxicity of the same material in laboratory dilution water.  No site-

specific WER has been developed for the Los Angeles River.  Therefore, a WER default value of

1.0 is assumed.

The coefficients needed for the calculation of objectives are provided in the CTR for most metals

(Table 2-3).  The conversion factors for cadmium and lead are hardness-dependent.  The

following equations can be used to calculate the conversion factors based on site-specific

hardness data:

Cadmium ACF = 1.136672 - [(ln{hardness})(0.041838)] Equation (3)

Cadmium CCF = 1.101672 - [(ln{hardness})(0.041838)] Equation (4)
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Lead ACF = 1.46203 - [(ln{hardness})(0.145712)] Equation (5)

Lead CCF = 1.46203 - [(ln{hardness})(0.145712)] Equation (6)

Table 2-3.  Coefficients used in formulas for calculating CTR standards.

Metal ACF mA bA CCF mC bC

Cadmium 0.944* 1.128 -3.6867 0.909* 0.7852 -2.715

Copper 0.960 0.9422 -1.700 0.960 0.8545 -1.702

Lead 0.791* 1.2730 -1.460 0.791* 1.2730 -4.705

Zinc 0.978 0.8473 0.884 0.986 0.8473 0.884

* The ACF and CCF for cadmium and lead are hardness dependent.  Conversion factors in this table are based on a

hardness of 100 mg/L as CaCO3.

2.1.3 Antidegradation.  State Board Resolution 68-16, “Statement of Policy with Respect to

Maintaining High Quality Water” in California, known as the “ Antidegradation Policy,” protects

surface and ground waters from degradation.  Any actions that can adversely affect water quality

in all surface and ground waters must be consistent with the maximum benefit to the people of

the state, must not unreasonably affect present and anticipated beneficial use of such water, and

must not result in water quality less than that prescribed in water quality plans and policies.

Furthermore, any actions that can adversely affect surface waters are also subject to the federal

Antidegradation Policy (40 CFR 131.12).  The proposed TMDL will not degrade water quality,

and will in fact improve water quality as it is designed to achieve compliance with existing,

numeric water quality standards.

2.2 Water Quality Data Review

This review section summarizes water quality data used to develop this TMDL.  The summary

includes data considered by the Regional Board and EPA in developing the 1998 and the 2002

303(d) listings for metals and additional data submitted by the City of Los Angeles, the City of

Burbank and the County of Los Angeles.

The receiving water data collected by the City of Los Angeles and the City of Burbank as part of

NPDES monitoring requirements for D.C. Tillman WRP, the Los Angeles-Glendale WRP, and

the Burbank WRP were reviewed to evaluate dry-weather conditions. The City of Los Angeles

measures metals and hardness in receiving waters from several locations upstream and

downstream of its treatment plants (Figure 1) on a quarterly basis.  The data from the Tillman

and Glendale receiving water stations represent six locations sampled from February 1998 to

November 2002.  The City of Burbank samples water quality in the Burbank Western Channel

on a quarterly basis.  The data from the Burbank WRP represent four stations sampled from

November 1998 to December, 2003.  Data from these programs were compared to the hardness

adjusted dissolved criteria in the CTR using the hardness value for each sample.  As both

agencies analyze for concentrations of total recoverable metals, the comparison of their data to

the dissolved criteria provides a conservative assessment of water quality impairment.  These

NPDES monitoring programs provide water quality information for Reaches 3, 4 and 5 of the

Los Angeles River and the Burbank Western Channel, the results of which are summarized in

Tables 2-4 and 2-5.
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Table 2-4. Summary of dry-weather chronic metals criteria exceedances.  Values in table reflect number of

samples exceeding the chronic criteria over the total number of samples (Values below detection levels

counted as zero). Source: City of Los Angeles and City of Burbank WRP NPDES receiving water monitoring.

Metals by Reach LA River

 Reach 5

LA River

Reach 4

LA River

 Reach 3

Burbank Western

Channel

Cadmium 0/16 0/36 0/54 1/96

Copper 1/17 18/34 6/51 41/96

Lead 2/17 12/34 6/48 2/96

Zinc 0/17 0/34 0/51 1/96

Table 2-5. Summary of dry-weather acute metals criteria exceedances.  Values in table reflect number of

samples exceeding the acute criteria over the total number of samples (Values below detection levels counted

as zero). Source: City of Los Angeles and City of Burbank WRP NPDES receiving water monitoring.

Metals by Reach LA River

 Reach 5

LA River

Reach 4

LA River

 Reach 3

Burbank Western

Channel

Cadmium 0/16 0/34 0/42 0/96

Copper 0/18 4/36 0/51 10/96

Lead 0/17 0/34 0/48 0/96

Zinc 0/17 0/34 0/51 1/96

In January 2002, the City of Los Angeles began their Watershed Monitoring Program (WMP)

which involves the monthly collection of water quality data at eight stations along the Los

Angeles River (Figure 2).  In this program, water quality samples are analyzed for both total

recoverable and dissolved metals at eight stations along the entire length of the River.  The data

that were assessed were collected through May 2003, which included 17 samples collected at

each station.  These data provide information on spatial variability in water quality in all six

reaches of the Los Angeles River (Figures 3a-3d) and can be used in conjunction with median

hardness data (Table 3-1) to assess compliance with chronic CTR criteria. As with the POTW

receiving water data, concentrations of total recoverable metals are compared to the dissolved

criteria (adjusted using median hardness values) to provide a conservative assessment of water

quality impairment. The results of this comparison are summarized in Table 2-6.

Table 2-6. Summary of dry weather chronic metals criteria exceedances.  Values in table reflect number

ofsamples exceeding the criteria over the total number of samples. Median hardness values for each reach

(Table 3-1) were used to assess compliance with CTR criteria. Source: City of Los Angeles WMP.

Metals by Reach LA River

 Reach 5

LA River

Reach 4

LA River

 Reach 3

LA River

Reach 2

LA River

Reach 1

Hardness (mg/L as CaCO3) 400 246 278 268 282

Cadmium 0/17 0/17 0/34 0/34 0/17

Copper 2/17 4/17 4/34 5/34 2/17

Lead 0/17 6/17 6/34 5/34 3/17

Zinc 0/17 0/17 0/34 0/34 0/17

To assess wet-weather impairments, storm water data collected by LACDPW as part of the

NPDES municipal storm water permit monitoring requirements were evaluated.  The LACDPW

has been sampling approximately five storms per year at the Wardlow gage station since 1996.

LACDPW samples hardness and metals (both dissolved and total recoverable metals) from

composite storm water samples.  The results of these data are summarized in Table 2-7.
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Table 2-7. Summary of wet-weather acute and chronic metals criteria exceedances.  Values in table reflect

number of samples exceeding the criteria over the total number of samples (Values below detection levels

counted as zero). Source: NPDES MS4 Monitoring at LACDPW Wardlow station between 1996 and 2002.

Metal
Number >Detection

Level

Number > Chronic

Criteria

Number > Acute

Criteria

Cadmium (dissolved) 3/42 3/42 3/42

Copper (dissolved) 32/42 19/42 13/42

Lead (dissolved) 11/42 11/42 4/42

Selenium (total recoverable) 1/42 NA 0/42

Zinc (dissolved) 18/42 6/42 6/42

2.2.1. Summary of Results

Cadmium – The Burbank Western Channel is on the 1998 303(d) list for cadmium. In the 2002

303(d) list, a cadmium listing was added for Reach 1 of the Los Angeles River based on storm

water data. Cadmium was detected in only 1 of 96 samples in any of the NPDES receiving water

samples from Burbank Western Channel (Table 2-4). For a large number of samples, the

reported detection limits were greater than the chronic criteria.  However, the most recent data

have detection limits that are below the chronic criteria and contain no exceedances. Cadmium

was detected in 3 out of 42 storm water samples collected at Los Angeles River Reach 1 (Table

2-6).  All three samples exceeded both the chronic and acute criteria.  There were no

exceedances of cadmium in Reaches 3, 4, or 5 of Los Angeles River based on data collected by

the City of Los Angeles.

In summary, there is no evidence that cadmium is being exceeded in Burbank Western Channel

or any other reach during dry weather. There are occasional exceedances of the cadmium

standard in storm water samples. A wet-weather TMDL is required for cadmium in Reach 1.

Wet-weather allocations will be applied to all upstream reaches because discharges of cadmium

in upstream reaches may cause or contribute to an exceedance of water quality standards in

Reach 1.

Copper – The 1998 303(d) listings for copper are in Tujunga Wash, Rio Hondo (Reach 1), and

Compton Creek. In the 2002 303(d) list, a copper listing was added for Reach 1 of the Los

Angeles River based on storm water data.  Copper was detected in 32 out of 42 storm water

samples - 19 samples exceeded the chronic criteria and 13 samples exceeded the acute criteria. A

review of the City’s WMP data indicates a dry-weather impairment in Reach 1 as well. The

City’s WMP data indicates dry-weather impairments in Reaches 1, 2, 3, 4, and 5 of the river. The

data from the POTWs (Tables 2-4 and 2-5) indicate that there are dry-weather exceedances of

both the chronic and acute criteria in the Los Angeles River (Reaches 3, 4 and 5) and in the

Burbank Western Channel.

In summary, TMDLs are required for Tujunga, Rio Hondo, Compton, and LA Reach 1 to

address the 1998 and 2002 303(d) listings.  Data also indicate the need to develop TMDLs to

address impairments in Reaches 2, 3, 4 and 5 of the LA River and the Burbank Western Channel.

Lead – The lead listings are from the 1998 303(d) list and are for Monrovia Canyon Creek, Rio

Hondo (Reach 1), Compton Creek, and the Los Angeles River (Reaches 1, 2 and 4).  There are

no new data for Monrovia Canyon, Rio Hondo or Compton Creek.
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A review of the dry-weather data for the Los Angeles River indicates occasional exceedances of

the chronic standard in Los Angeles River (Reaches 3, 4, and 5) and Burbank Western Channel

(Tables 2-4 and 2-6).  The reported detection limits for lead in many of the samples from the

Burbank Western Channel were higher than the chronic standard, complicating the assessment

for 38 out of 96 of the samples.  High detection levels were not an issue in comparing reported

data with the acute standard (Table 2-5).  There were no exceedances of the acute standard in

samples from the Burbank Western Channel or Reaches 3, 4 or 5 of the Los Angeles River.

There were exceedances of both the acute and chronic standard in Reach 1 of the Los Angeles

River during storms (Table 2-6). Of the 11 samples with lead concentrations greater than the

detection limit, 11 samples exceeded the chronic criteria and 4 samples exceeded the acute

criteria.

In summary, TMDLs are required for Monrovia Canyon Creek, Rio Hondo (Reach 1), Compton

Creek, and LA River Reaches 1, 2 and 4 to address the 1998 303(d) listings.  Data also indicate

the need develop TMDLs to address impairments in Reaches 3 and 5 of the LA River.

Zinc – The Rio Hondo is listed for zinc on the 1998 303(d) list. There are no new data for the

Rio Hondo.  In 2002, a listing for dissolved zinc was added for Reach 1 of the Los Angeles

River, based on the LACDPW storm water data. There do appear to be some exceedances of the

zinc standard during storms (Table 2-6). Of the 18 samples with zinc concentrations greater than

the detection limit, 6 samples exceeded the chronic and acute criteria. There do not appear to be

any exceedances of the acute or chronic zinc criteria in Reaches 3, 4 and 5 of the Los Angeles

River (Tables 2-4 and 2-5). There was one incidence of elevated zinc in the Burbank Western

Channel.

With the possible exception of Rio Hondo, there are no dry-weather impairments associated with

zinc.  Zinc occasionally exceeds the acute criteria in storm water samples. A dry-weather TMDL

is required for zinc in the Rio Hondo (Reach 1). A wet-weather TMDL is required for LA River

Reach 1. Wet-weather allocations will be applied to all upstream reaches because discharges of

zinc in upstream reaches may cause or contribute to an exceedance of water quality standards in

Reach 1.

Aluminum – This is not part of analytical unit #13, but aluminum was added in 2002 based on

LACDPW storm water data.  The total recoverable metals values for aluminum were compared

to the maximum contaminant level (MCL) of 1 mg/L.  The MCL was exceeded in only 2 out of

26 storm water samples collected since the year 2000.  Although the MCL has been incorporated

into the Basin Plan to protect the MUN beneficial use, conditional designations are not

recognized under federal law and are not water quality standards requiring TMDL development

at this time.  (See Letter from Alexis Strauss [USEPA] to Celeste Cantú [State Board], Feb. 15,

2002.)   

Selenium – Aliso Canyon Wash was listed for selenium on the 1998 303(d) list.  In 2002, two

more tributaries (McCoy Canyon Creek and Dry Canyon Creek) were listed for selenium.  We

analyzed selenium data collected by the City of Calabasas on a monthly basis between July 2000

and July 2002 as part of a 319h grant provided by the Regional Board.  At the two stations in
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McCoy Canyon Creek, the CTR value of 5 µg/l was exceeded in 27 out of 29 samples.  The

maximum measured value was 44 µg/l.   The selenium values were lower at the two Dry Canyon

Creek stations.  At these stations, values greater than 5 µg/l were observed in 12 out of 54

samples.  We also assessed selenium data collected by the City of Los Angeles at eight stations

along the Los Angeles River in 2002 and 2003 as part of their Watershed Monitoring Program.

Selenium values greater than 5 µg/l were observed in 14 out of 136 samples.  All of these were

from the Los Angeles River Reach 6 (where 14 out of 17 exceeded the CTR value).  None of the

other samples from any of the downstream stations on the Los Angeles River exceeded the CTR

value.  The selenium issue seems to be confined to the upper reaches of the watershed and

tributaries draining to Reach 6.  Because there is little industrial activity in this area, we believe

that the selenium in the waterbody originates from natural sources such as marine shales

(EDAW, 2003). A concentration-based load allocation is therefore being assigned to Reach 6

and its tributaries. Separate studies are underway to evaluate whether selenium levels represent a

natural condition for this watershed.

Conclusions.  Our review of the data indicates that there are occasional exceedances of copper

and lead during dry-weather conditions in reaches1, 2, 3, 4, and 5 and some tributaries.  A single

exceedance for cadmium was identified in the Burbank Western Channel during dry weather.

There are also occasional exceedances of CTR criteria in storm water for copper, lead and to a

lesser extent for zinc and cadmium.  High selenium values were only observed at stations located

in the upper portion of the watershed, which we believe are associated with natural sources.

Finally, we find that a TMDL for aluminum is not warranted to protect a conditional use. Table

2-8 presents a summary of the data review used to determine which reaches and tributaries

require TMDLs.

Table 2-8.  Summary of recent data review. Values reflect percent excedances of CTR criteria by NPDES

receiving water data unless otherwise noted.

Listed Waterbody Segment (Dry)
Data

Source
Cadmium Copper Lead Zinc Aluminum Selenium

Aliso Canyon Wash
No new

data

Dry Canyon Creek 319h grant 93%

McCoy Canyon Creek 319h grant 22%

Los Angeles River Reach 6 319h grant 10%

Los Angeles River Reach 5
NPDES,

WMP
0% 6%, 12%

1
12% 0%

Los Angeles River Reach 4 (Sepulveda

Dam to Riverside Dr.)

NPDES,

WMP
0% 53%, 24%

1
35% 0%

Tujunga Wash (from Hansen Dam to

Los Angeles River)

No new

data

Burbank Western Channel NPDES 1% 4% 2%

Los Angeles River Reach 3
NPDES,

WMP
0% 12% 13%, 18%

1

Los Angeles River Reach 2 WMP 0% 15%
1

No new
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Listed Waterbody Segment (Dry)
Data

Source
Cadmium Copper Lead Zinc Aluminum Selenium

(from Figueroa St. to Carson St.) data

Monrovia Canyon Creek
No new

data

Rio Hondo Reach 1 (from the Santa

Ana Fwy to Los Angeles River)

No new

data

No new

data

No new

data

Compton Creek
No new

data

No new

data

Los Angeles River Reach 1

(from Carson St. to estuary)

WMP
0% 12%

1
18%

1
0%

Listed Waterbody Segment (Wet) Cadmium Copper Lead Zinc Aluminum Selenium

Los Angeles River Reach 1

(from Carson St. to estuary)

Storm

Water
7% 31% 10% 14% 8% 0%

1 – WMP samples compared to dissolved CTR criteria using median hardness values.

Dry-weather TMDLs will be developed for the following pollutant waterbody combinations:

• Copper for the Los Angeles River Reaches 1, 2, 3, 4, and 5, Burbank Western Channel,

Rio Hondo Reach 1, Compton Creek and Tujunga Wash. Allocations will be developed

for upstream reaches and tributaries to meet TMDLs in downstream reaches. No copper

allocation will be assigned to Monrovia Canyon creek because its flow does not reach the

mainstem of the river during dry weather.

• Lead for the Los Angeles River Reaches 1, 2, 3, 4, and 5, Burbank Western Channel, Rio

Hondo Reach 1, Compton Creek, and Monrovia Canyon Creek. Allocations will be

developed for upstream reaches and tributaries to meet TMDLs in downstream reaches.

• Zinc for Rio Hondo Reach 1.

• Selenium for Reach 6, Aliso Creek, Dry Canyon Creek and McCoy Canyon Creek.

Wet-weather TMDLs will be developed for cadmium, copper, lead and zinc for the Los Angeles

River Reach 1. Allocations will be developed for upstream reaches and tributaries that drain to

the river in order to meet the TMDL for Reach 1. Discharges to these upstream reaches cause or

contribute to exceedances of water quality standards in Reach1, and therefore, contribute to the

impairment in Reach.  Applying allocations to upstream reaches will also address impairments in

Reach 2, Compton Creek and Tujunga Wash.
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3.  NUMERIC TARGETS

Numeric targets for the TMDL have been calculated based on the numeric standards in the CTR.

The TMDL targets are expressed in terms of total recoverable to address the potential for

transformation between the total recoverable and the dissolved metals fraction.

Separate targets are developed for dry and wet weather because hardness values and flow

conditions in the Los Angeles River and tributaries vary between dry and wet weather.  In this

TMDL, dry-weather targets are based on the most limiting of the chronic or acute CTR criteria.

For copper and lead, these are the chronic criteria. For zinc, this is the acute criterion. Wet-

weather targets are developed for storm conditions based on acute criteria because it would be

inappropriate to apply criteria based on long-term exposure (4-days) to storms which are

generally short-term and episodic in nature.   Another reason for developing distinct targets for

dry and wet-weather conditions is to account for differences in hardness or fractionation between

dissolved and total recoverable metals, which may affect the numeric target. The wet-weather

storm condition is operationally defined when the maximum daily flow is equal to or greater than

500 cfs at the LA River Wardlow gage station.  The 500 cfs value represents the 90
th

 percentile

of average daily flow at that station (1998 – 2000).  The dry-weather targets apply to days when

the maximum daily flow in the River is less than 500 cfs.

3.1  Dry-Weather Targets

Dry-weather numeric targets are developed for copper and lead for all reaches of the Los

Angeles River and for tributaries feeding into the Los Angeles River.  Dry-weather targets are

also developed for lead in Monrovia Canyon Creek, Zinc in the Rio Hondo, and selenium for Los

Angeles River Reach 6 and its tributaries.

The dry-weather targets for copper, lead and zinc are dependent on hardness and metals

conversion factors.  Hardness data for Burbank Western Channel and Reaches 3, 4, and 5 of the

LA River were obtained from NPDES ambient monitoring data collected by the three POTWs in

the ambient water upstream and downstream of the plants.  Additional hardness data for the LA

River upstream and downstream of the Tillman and Glendale plants came from a special study to

develop site-specific conversion factors for copper (LWA, 2004).

Hardness values from 1988 to 1995 for Reaches 1 and 2 of the Los Angeles River and Compton

Creek, Monrovia Canyon Creek and Rio Hondo Reach 1 were obtained from LACDPW.  To

assess the comparability of these older data, we compared the historic hardness data associated

with Reaches 4 and 3 collected by LACDPW with the more recent data collected by the Tillman

and Glendale POTWs in these same reaches.  The results from the two data sets were extremely

close (within 10 mg/), suggesting that the older data from 1988 to 1995 are comparable to the

newer data and therefore appropriate for setting numeric targets.  Dry-weather hardness data are

presented in Table 3-1. Hardness values were not available for the Arroyo Seco, Verdugo Wash

or the Tujunga Wash.
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Table 3-1.  Summary of dry-weather reach-specific hardness data (mg/L as CaCO3) for Los Angeles River

and listed tributaries (Maximum hardness value correction is 400 mg/L).

River Reach
Number of

measurements

10
th

Percentile
Median

90
th

Percentile

LA River Reach 5. Above Tillman

(Station LAR-9)
40 608 702 832

LA River Reach 4.  Below Tillman

(Stations LAR-7 and LAR-8)
69 196 246 400

LA River Reach 3. Above Glendale

(Station LAG-7)
17 232 282 330

LA River Reach 3.  Below Glendale

(Stations LAG-4, and LAG-5)
69 242 278 322

Western Channel Above Burbank

(Station 1)
41 272 326 395

Western Channel Below Burbank

(Stations 1.5, 2 and 5)
61 197 229 275

LA River Reach 2 83 221 268 322

Rio Hondo Reach 1 74 111 141 199

LA River Reach 1 82 219 282 340

Compton Creek 65 148 225 296

Monrovia Canyon Creek 81 182 209 239

Dry-weather targets for copper and lead are based on chronic CTR criteria. The target for the

chronic criteria is based on the 50
th

 percentile of the hardness data for each reach.  This is

consistent with the procedures for choosing conversion factors specified by the Policy for

Implementation of Toxics Objectives for Inland Surface Waters, Enclosed Bays, and Estuaries,

or SIP, (SWRCB, 2000). Targets for Tujunga Wash, Verdugo Wash and Arroyo Seco are based

on hardness values in the Los Angeles River Reaches 4, 3 and 2, respectively.  Targets for Reach

6 and Bell Creek are based on hardness values for Reach 5.
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Table 3-2.  Dry-weather numeric targets for copper and lead (µg/l).  Reach-specific targets based on chronic

criteria and 50
th

 percentile hardness.  Conversion of dissolved to total recoverable based on default or site

specific conversion factors.

Los Angeles River
Dissolved

Copper

Conversion

factor

Total

recoverable

Copper

Dissolved

Lead

Conversion

factor

Total

recoverable

Lead

LA Reach 6 29 0.96 30 11 0.59 19

LA Reach 5 above Tillman 29 0.96 30 11 0.59 19

LA Reach 4 below Tillman 19 0.74 26 6.6 0.66 10

LA Reach 3 Above LAG

WRP
22 0.96 23 7.6 0.64 12

LA Reach 3 below LAG

WRP
21 0.80 26 7.5 0.64 12

LA Reach 2 21 0.96 22 7.3 0.65 11

LA Reach 1 22 0.96 23 7.6 0.64 12

Tributaries
Dissolved

Copper

Conversion

factor

Total

recoverable

Copper

Dissolved

Lead

Conversion

factor

Total

recoverable

Lead

Bell 29 0.96 30 11 0.59 19

Tujunga 19 0.96 20 6.6 0.66 10

Verdugo Wash 22 0.96 23 7.6 0.64 12

Burbank (above WRP) 25 0.96 26 9.1 0.67 14

Burbank (below WRP) 18 0.96 19 6.1 0.67 9.1

Arroyo Seco 21 0.96 22 7.3 0.65 11

Compton Creek 18 0.96 19 6.0 0.67 8.9

Rio Hondo Reach 1 12 0.96 13 3.7 0.74 5.0

Monrovia Canyon Creek 5.6 0.68 8.2

The City of Los Angeles proposed site specific copper conversion factors for the areas

downstream of the Tillman Plant (Reach 4) and the Glendale Plant (Reach 3) based on a study

performed by Larry Walker and Associates (LWA) (LWA, 2003).  For the area downstream of

the Tillman Plant, the proposed conversion factors for copper were 0.57 for chronic and 0.72 for

acute.  For the area downstream of the Glendale Plant, the proposed conversion factors were 0.77

for chronic and 0.84 for acute.  EPA and the Regional Board expressed concern about the use of
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these numbers given the lack of consistent relationships between total recoverable and dissolved

concentrations in the dataset.

Suspecting that relationship may be affected by total suspended solids, LWA used partition

coefficient modeling to account for variation due to total suspended solids. In this approach, the

conversion factor is the dissolved fraction (fd), calculated using a site a specific partition

coefficient (Kp) and total suspended solids. This is in accordance with EPA guidance for

calculating conversion factors (USEPA, 1996) and is allowed for in the SIP (SWRCB, 2000).

Using this approach LWA proposed using 0.74 as a chronic conversion factor and 0.92 as an

acute conversion factor for the area downstream of Tillman.  For the area downstream of

Glendale, they proposed conversion factors of 0.80 for chronic and 0.89 for acute.  Because the

revised values were determined according to EPA and SIP guidance, they will be used in this

TMDL for the areas of the River downstream of the Tillman and Glendale plants.

CTR default conversion factors for copper are used in the other reaches. CTR default values are

used for lead and zinc in all reaches. Application of these default values is applied to the margin

of safety for the TMDL. Evaluation of the City of Los Angeles WMP data shows that the default

conversion factor over estimates the fraction of metal in the dissolved form.

The City of Los Angeles is currently pursuing an alternative method for determining site-specific

copper water quality criteria based on the Biotic Ligand Model (BLM). This TMDL will include

a re-opener to allow for application of site specific-water quality criteria for copper if and when

these site-specific water quality criteria approved by U.S. EPA and the Regional Board.

The dry-weather target for zinc is based on acute CTR criterion, rather than chronic criterion,

because the acute criterion is more protective for zinc. The target for the acute criteria is based

on the 10
th

 percentile of the hardness data in the Rio Hondo (141 mg/L as CaCO3). The resulting

target is 131 µg/l total recoverable metals, calculated using the CTR default conversion factor of

0.978.

The dry-weather target for selenium in Reach 6 and its tributaries is 5 µg/l based on the CTR

criterion for total recoverable metals. The criterion is independent of hardness or conversion

factors.

3.2 Wet-Weather Targets

A wet-weather day is any day when the maxium daily flow measured at the Wardlow station is

equal to or greater than 500 cfs (the 90
th

 percentile of flow).  Wet-weather targets are defined for

cadmium, copper, lead and zinc based on hardness a value of 80 mg/l.  This represents the

median hardness value from 42 storm composite samples collected by LACDPW at Wardlow

Station between 1996 and 2002.

The data collected by LACDPW at Wardlow were also used in a regression analysis to evaluate

the relationship between dissolved and total recoverable metals in storm water (Table 3-3).  The

slope of the regression reflects the ratio of the dissolved to total recoverable concentration; the r-

squared value reflects the strength of the relationship.
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Table 3-3.  Relationship between dissolved and total recoverable metals in storm water data at Wardlow

Station (1996-2002) and CTR default conversion factors.

LADPW Storm water dataMetal

N Slope R
2

Acute Coversion Factors

(ACF)

Cadmium 3 - - 0.95*

Copper 33 0.65 0.69 0.960

Lead 13 0.82 0.98 0.824*

Zinc 20 0.61 0.61 0.978

* ACF for cadmium and lead are hardness dependent and were calculated based on the hardness at Wardlow (80

mg/L as Ca CO3)

These regressions suggest that the CTR default conversion factors generally overestimate the

dissolved portion of metals in storm water.  Data from literature confirm this and suggest that an

even greater portion of metals is associated with particulates in wet weather.  Young et al. 1980

estimated that the 90% of the cadmium, copper, lead, and zinc in storm water samples were

associated with the particle phase.  McPherson et al. 2004 found similar results in storm water

from nearby Ballona Creek.  In that study, 83% of the cadmium, 63% of the copper, and 86% of

the lead were associated with the particle phase.  Use of the CTR default values for wet-weather

would be overly conservative. The slopes of the regressions are therefore used as conversion

factors for copper, lead and zinc. The default CTR conversion factor is used for cadmium

because there is insufficient local data for a site-specific value (Table 3-4).

Table 3-4.  Wet-weather numeric targets.

Metal Wet-weather Target

Dissolved (µg/l)

Conversion Factor Wet-weather Target

Total Recoverable (µg/L)

Cadmium 3 0.95 3.1

Copper 11 0.65 17

Lead) 51 0.82 62

Zinc 97 0.61 159

Selenium NA NA 5
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4.  SOURCE ASSESSMENT

This section identifies the potential sources of metals to the Los Angeles River and tributaries.

The toxic pollutants can enter surface waters from both point and nonpoint sources.  In the

context of TMDLs, pollutant sources are either point sources or nonpoint sources.  Point sources

include discharges for which there are defined outfalls such as wastewater treatment plants,

industrial discharges and storm drain outlets.  These discharges are regulated by National

Pollution Discharge Elimination System (NPDES) permits (Table 4-1).  Nonpoint sources, by

definition, include pollutants that reach waters from a number of diffuse land uses and source

activities that are not regulated through NPDES permits.  An example of this would be the runoff

from the National Forest and State Parks.  While not subject to a NPDES permit, pollutant

loadings from these areas must be addressed in the TMDL.

4.1 Point Sources.

Table 4-1.  Summary of NPDES permits in Los Angeles River watershed. (SOURCE: LARWQCB).

Type of Permit No. of Permits

Publicly Owned Treatment Works 6

Municipal Storm water 3

Industrial Storm water 1307

Construction Storm water 204

Other Major NDPES Discharges 3

Minor NPDES Discharges 15

General NPDES Discharges

Construction Dewatering 35

Petroleum Fuel Cleanup Sites 7

VOCs Cleanup Sites 6

Hydrostatic Test Water 8

Non-Process Wastewater 9

Potable Water 25

Total 1628

4.1.1.  Publicly Owned Treatment Works (POTWs)

There are several POTWs that either discharge, or have the potential to discharge into the Los

Angeles River or listed tributaries.  The three largest POTWs (Donald C. Tillman Water

Reclamation Plant, Los Angeles-Glendale Water Reclamation Plant, and Burbank Water

Reclamation Plant) constitute the major sources in the watershed.

• Tillman is a tertiary treatment plant with a design capacity of 80 mgd. The Tillman plant

discharges approximately 53 mgd to the Los Angeles River. Most of the flow is

discharged directly into the Los Angeles River (Reach 4).  However, a portion of the flow

goes into a recreation lake, which then drains into Bull Creek and Hayvenhurst Channel

and back into the Los Angeles River (Reach 5).  Another portion of the flow goes to a

wildlife lake, which then drains into Haskell Channel and ultimately back into the Los

Angeles River (Reach 5).
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• The Los Angeles-Glendale POTW is a 20-mgd design capacity plant that discharges

approximately 13 mgd directly into the Reach 3 of the Los Angeles River in the Glendale

Narrows.  Approximately 4 mgd of the treated wastewater is used for irrigation and

industrial uses.

• Burbank has a design capacity of 9 mgd.  Approximately 4 mgd is discharged directly

into the Burbank Western Channel.  The City of Burbank and Caltrans reclaim a portion

of the effluent for irrigation (freeway landscapes, golf courses, parks etc.).  Treated water

from the plant is also used as cooling water for the Burbank Steam Power Plant.

• The Tapia Water Reclamation Facility (Tapia) is a 16-mgd plant that discharges into

Malibu Creek.  However, due to a discharge prohibition in Malibu Creek from April 15

to November 15, the permittee is allowed to discharge up to 1 mgd of wastewater to the

Los Angeles River.  However, this discharge is infrequent.  The permitted flow from the

Tapia is less than 2% of the mean flows from the major POTWs discharging to the Los

Angeles River.

• The Whittier Narrows Water Reclamation Plant discharges to the Rio Hondo above the

Whittier Narrows Dam, into spreading grounds where most of the effluent enters the

groundwater.  It has been estimated that less than 1% (0.1 mgd) of Whittier Narrows

WRP effluent remains in the channel downstream of the spreading grounds.

• The Los Angeles Zoo Wastewater Facility has a 1.8 million gallon retention basin, and

discharges into Reach 3 of the Los Angeles River near the Glendale Narrows only during

wet weather when the retention capacity is exceeded.

4.1.2. Storm water Permits

Storm water runoff in the Los Angeles River Watershed is regulated through a number of

permits.  There are the municipal separate sewer system (MS4) permits issued to the Los

Angeles County and the City of Long Beach.  There is the statewide storm water permit issued to

Caltrans.  As of the writing of this TMDL, there are 1,307 permits issued under the Statewide

Industrial Activities Storm Water General Permit and 204 permits issued under the Statewide

Construction Activities Strom Water General Permit.

MS4 Storm Water Permits

In 1990 USEPA developed rules establishing Phase I of the NPDES storm water program,

designed to prevent pollutants from being washed by storm water runoff into MS4s (or from

being discharged directly into the MS4s) and then discharged from the MS4s into local

waterbodies.  Phase I of the program required operators of medium and large MS4s (those

generally serving populations of 100,000 or more) to implement a storm water management

program as a means to control polluted discharges from the MS4s.  Approved storm water

management programs for medium and large MS4s are required to address a variety of water

quality-related issues, including roadway runoff management, municipally owned operations,
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and hazardous waste treatment.  Large and medium MS4 operators are required to develop and

implement Storm Water Management Plans that address, at a minimum, the following elements:

• Structural control maintenance

• Areas of significant development or redevelopment

• Roadway runoff management

• Flood control related to water quality issues

• Municipally owned operations such as landfills, and wastewater treatment plants

• Municipally owned hazardous waste treatment, storage, or disposal sites

• Application of pesticides, herbicides, and fertilizers

• Illicit discharge detection and elimination

• Regulation of sites classified as associated with industrial activity

• Construction site and post-construction site runoff control

• Public education and outreach

The County of Los Angeles Municipal Storm Water NPDES permit (MS4 Permit) was renewed
in December 2001 (Regional Board Order No. 01-182) and is on a five-year renewal cycle.
There are 85 co-permittees covered under this permit including 84 cities and the County of Los
Angeles. The City of Long Beach MS4 was renewed on June 30, 1999 and is renewed on a five-
year cycle.

Caltrans Storm Water Permit

Caltrans is regulated by a statewide storm water discharge permit that covers all municipal storm

water activities and construction activities (State Board Order No. 99-06-DWQ).  The Caltrans

storm water permit authorizes storm water discharges from Caltrans properties such as the state

highway system, park and ride facilities, and maintenance yards.

The storm water discharges from most of these Caltrans properties and facilities eventually end

up in either a city or county storm drain.  The metals loading specifically from Caltrans

properties have not been determined in the Los Angeles River watershed.  A conservative

estimate of the percentage of the Los Angeles River watershed covered by state highways is

1.3% (approximately 6,950 acres). This reflects the area of the Department’s Right-of-Way that

drains to Los Angeles River (Caltrans comment letter dated 8/26/04.)

General Storm Water Permits

Federal regulations for controlling pollutants in storm water discharges were issued by the

USEPA on November 16, 1990 (40 Code of Federal Regulations [CFR] Parts 122, 123, and

124).  The regulations require operators of specific categories of facilities where discharges of

storm water associated with industrial activity occur to obtain an NPDES permit and to

implement Best Available Technology Economically Achievable (BAT) to reduce or prevent

nonconventional and toxic pollutants, including metals, associated with industrial activity in

storm water discharges and authorized non-storm discharges. In addition, the regulations require

discharges of storm water to surface waters associated with construction activity including

clearing, grading, and excavation activities (except operations that result in disturbance of less
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than five acres) to obtain an NPDES permit and to implement BAT to reduce or eliminate storm

water pollution.  On December 8, 1999, federal regulations promulgated by USEPA (40CFR

Parts 122, 123, and 124) expanded the NPDES storm water program to include storm water

discharges from construction sites that resulted in land disturbances equal to or greater than one

acre but less then five acres.

On April 17, 1997, State Board issued a statewide general NPDES permit for Discharges of

Storm Water Associated with Industrial Activities Excluding Construction Activities Permit

(Order No. 97-03-DWQ).  This Order regulates storm water discharges and authorized non-storm

water discharges from ten specific categories of industrial facilities, including but not limited to

manufacturing facilities, oil and gas mining facilities, landfills, and transportation facilities. On

August 19, 1999, State Board issued a statewide general NPDES permit for Discharges of Storm

Water Runoff Associated with Construction Activities (Order No. 99-08-DQW).  All dischargers

covered under these general NPDES storm water permits are required to develop and implement

an effective Storm Water Pollution Prevention Plan (SWWPPP) and Monitoring Program.  The

SWPPP has two main objectives.  One, to identify and evaluate sources of pollutants associated

with industrial or construction activities that may affect the quality of storm water discharges.

Two, to identify and implement site-specific BMPs to reduce or prevent pollutants associated

with industrial activities in storm water discharges.

As of the writing of this TMDL, there are 1307 dischargers enrolled under the general industrial

storm water permit in the watershed, the largest numbers occur in the cities of Los Angeles,

Vernon, South Gate, Long Beach, Compton, and Commerce.  Metal plating, recycling and

manufacturing, transit, trucking and warehousing, and wholesale trade are a large component of

these facilities. There is a potential for metals loadings from these types of facilities, especially

metal plating, transit, and recycling facilities. Facilities enrolled under this permit are required to

sample runoff and report monitoring data twice annually.  A review of the available monitoring

data demonstrates that several industrial facilities are exceeding applicable CTR values and are

therefore a source of metals loadings to the Los Angeles River. This finding is supported by

Stenstrom et al. in their final report on the industrial storm water monitoring program under the

existing general permit. In the summary of existing data, the report found that although the data

collected by the monitoring program were highly variable, the mean values for copper, lead and

zinc were 1010, 2960, and 4960 µg/L, respectively (Stenstrom et al., 2005). During dry weather,

the potential contribution of metals loadings from industrial storm water is low. Under Order No.

97-03-DWQ, non-storm water discharges are authorized only when they do not contain

significant quantities of pollutants, where BMPs are in place to minimize contact with significant

materials and reduce flow, and when they are in compliance with Regional Board and local

agency requirements.

 
As of the writing of this TMDL, there are a total of 207 construction sites enrolled under the

construction storm water permit.  The larger sites are in the upper watershed (which includes the

San Fernando Valley) and the construction in this watershed is fairly evenly divided between

commercial and residential. Potential pollutants from construction sites include sediment, which

may contain metals as well as metals from construction materials and the heavy equipment used

on construction sites. During wet weather, runoff from construction sites has the potential to

contribute metals loadings to the river. In their final report to State Board, Raskin et al. found
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that building materials and construction waste exposed to storm water can leach metals and

contribute metals loadings to waterways (Raskin et al., 2004). During dry weather, the potential

contribution of metals loadings is low. Under Order No. 99-08-DWQ, discharges of non-storm

water are authorized only where they do not cause or contribute to a violation of any water

quality standard and are controlled through implementation of appropriate BMPs for elimination

or reduction of pollutants.

 

4.1.3. Other NPDES Permits

An individual NPDES permit is classified as either major or minor.  The discharges flows

associated with minor individual NPDES permits and general NPDES permits are typically less

than 1 million gallons per day (MGD).  Many of these are for episodic discharges rather than

continuous flows.

Major Individual NPDES Permits

There are three major NPDES facilities in addition to the POTWs. These permits include storm

water discharges and would therefore exert the greatest potential influence on metals loadings

during wet weather.

Pacific Terminals LLC Tank Farm has a permitted discharge of up to 4.32 mgd of hydrostatic

test water, fuel equipment wash water and storm water runoff to Compton Creek. This permit

contains effluent limits for metals, but since the permit was issued prior to the adoption of CTR,

there is the potential for the facilities to discharge metals in exceedance of the numeric targets.

This permit is scheduled for renewal in 2005.

The Boeing Company Santa Susana Field Lab discharges up to 160 mgd of storm water (based

on the 24-hour duration, 10 year return storm event) mixed with industrial wastewater to Bell

Creek via two discharge points. Discharges from these two points have a low potential to

contribute to metals loading because the permit contains CTR-based effluent limits, based on a

total hardness of 100 mg/l or other hardness values when applicable. However, storm water is

also discharged to Bell Creek through another discharge point, for which there are no effluent

limitations for metals. There is a potential for metals loadings from this point.  The permit

requires monitoring and the imposition of effluent limits if monitoring indicates reasonable

potential.

The Metropolitan Transit Authority has a permit to discharge treated wastewater from the

underground construction activities (site water, storm water, and groundwater generated from

dewatering activities) of the Eastside Light Rail Transit (ELRT) Project. Wastewater that is not

discharged to the municipal sanitary sewer will be discharged to the Los Angeles River through

sixteen outfalls. The maximum permitted cumulative discharge from the outfalls is 4.032 mgd.

There is a low potential for loadings from this discharge because the permit contains CTR-based

effluent limits and wastewater will be treated for metals.
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Minor Individual NPDES Permits

Minor permits cover miscellaneous wastes such as ground water dewatering, swimming pool

wastes, and ground water seepage. Some of these permits contain effluent limits for metals.

However, some of these permits were issued prior to the adoption of CTR and there is the

potential for these facilities to discharge metals in exceedance of the numeric targets in this

TMDL.  There are 15 minor NPDES permits in the Los Angeles River watershed.

Other General NPDES Permits

Pursuant to 40 CFR parts 122 and 123, the State Board and the Regional Boards have the

authority to issue general NPDES permits to regulate a category of point sources if the sources:

involve the same or substantially similar types of operations; discharge the same type of waste;

required the same type of effluent limitations; and require similar monitoring.  The Regional

Board has issued general NPDES permits for the following categories of discharges: construction

dewatering, non-process wastewater; petroleum fuel cleanup sites; volatile organic compounds

(VOCs) cleanup sites; potable water; and hydrostatic test water.

The general NPDES permit for Discharges of Groundwater from Construction and Project

Dewatering to Surface Waters (Order No. R4-2003-0111) covers wastewater discharges,

including but not limited to, treated or untreated groundwater generated from permanent or

temporary dewatering operations.  Currently, there are 29 dischargers enrolled under this Order

in the Los Angeles River watershed.  There are two dischargers with permits for the Discharge of

Treated Ground Water from Construction Dewatering (Order No. 97-043) and four dischargers

with permits for the Discharge of Untreated Ground Water from Construction Dewatering (Order

No. 97-045).  There are five discharges enrolled under general NPDES permit for Discharges of

Nonprocess Wastewater to Surface Waters (Order No. R4-2004-0058) which covers waste

discharges, including but not limited to, noncontact cooling water, boiler blowdown, air

conditioning condensate, water treatment plant filter backwash, filter backwash, swimming pool

drainage, and/or groundwater seepage. There are four dischargers enrolled under Order No. 98-

055 specifically for non-contact cooling water.

Discharges from construction dewatering and nonprocess wastewater have a low potential to

contribute to metals loadings.  In order to be eligible to be covered under this Order, a discharger

must perform an analysis using a representative sample of the groundwater or nonprocess

wastewater to be discharged. The sample is analyzed and the data compared to the water quality

screening criteria for metals, which are based on the CTR criteria.  The permit includes effluent

limitations for metals, which are based on the CTR.  For the hardness dependent metals, the

effluent limitations are based on site-specific hardness values.

The general NPDES permit for Treated Groundwater and Other Wastewaters from Investigation

and/or Cleanup of Petroleum Fuel-Contaminated Sites to Surface Waters (Order No. R4-2002-

0125) covers discharges, including but not limited to, treated groundwater and other wastewaters

from the investigation, dewatering, or cleanup of petroleum contamination arising from current

and former leaking underground storage tanks or similar petroleum contamination.  Currently,

there are seven dischargers enrolled under this Order in the Los Angeles River watershed.  There

RB-AR7063



35

are approximately six dischargers enrolled under the general NPDES permit for Discharges of

Treated Groundwater from Investigation and/or Cleanup of VOCs-Contaminated Sites to Surface

Waters (Order No. R4-2002-0107) which includes but is not limited to, treated groundwater and

other wastewaters from the investigation, cleanup, or construction dewatering of VOCs only (or

VOCs commingled with petroleum fuel hydrocarbons) contaminated groundwater.

Discharges from site cleanup operations have a low potential to contribute to metals loadings.  In

order to be eligible to be covered under these Orders, the discharger must demonstrate that a

representative sample of the contaminated groundwater to be treated and discharged does not

exceed the water quality screening criteria for metals, which are based on the CTR criteria. In

addition, the permit includes effluent limitations for lead.  The effluent limitations for lead are

based on the CTR default hardness value of 100 mg/L.

The general NPDES permit for Discharges of Groundwater from Potable Water Supply Wells to

Surface Waters (Order No. R4-2003-0108) covers discharges of groundwater from potable

supply wells generated during well purging, well rehabilitation and redevelopment, and well

drilling, construction and development.  Currently, there are 25 dischargers enrolled under this

Order in the Los Angeles River watershed.  The general NPDES permit for Discharges of Low

Threat Hydrostatic Test Water to Surface Waters (Order No. R4-2004-0109) covers waste

discharges from hydrostatic testing of pipes, tanks, and storage vessels using domestic/potable

water.  Currently, there are eight dischargers enrolled under this Order in the Los Angeles River

watershed.

Discharges of potable water from water supply wells and from hydrostatic testing have a low

potential to contribute metals loadings to the Los Angeles River or its tributaries, since these

pollutants are not expected to be in potable water.  In order to be eligible to be covered under this

Order, the discharger must demonstrate that concentrations are not greater than the maximum

contaminant levels (MCLs).  The MCLs are health protective drinking water standards adopted

by the California Department of Health Services.  The MCLs define the maximum permissible

level of a contaminant in water delivered to any user of a public drinking water supply system. In

general, the MCLs for the metals are greater than the numeric targets.

4.1.4. Summary of NPDES Permits

A summary of permit requirements and potential for significant contribution to water quality

impairments are presented in Table 4-2.
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 Table 4-2.  Source assessment summary.

Type of NPDES Permit Number

of

Permits

Screening

for

Pollutants

Permit Limits

for metals?

Potential for

significant

contribution

Publicly Owned Treatment Works 6 Yes Yes High

Municipal Storm water 3 Yes No High

Industrial Storm water 1307 Yes No High

Construction Storm water 204 Yes No High

Other Major NDPES Discharges 3 Yes Yes Medium

Minor NPDES Discharges 15 Yes varies Varies

Other General NPDES Discharges

Construction Dewatering 35 Yes Yes Low

Non-Process Wastewater 9 Yes Yes Low

Petroleum Fuel Cleanup Sites 7 Yes Lead only Low

VOCs Cleanup Sites 6 Yes Lead only Low

Hydrostatic Test Water 8 Yes Not CTR Low

Potable Water 25 Yes Not CTR Low

Total 1628 Low

4.2. Quantification of loads

4.2.1. Dry-Weather Loadings

During low flow periods the three major POTWs typically account for 70% to 100% of the total

volume of discharge in the river.  The remaining dry weather flow represents a combination of

tributary flows, groundwater discharge, flows from other permitted NPDES discharges within

the watershed (Table 4-4), and dry-weather urban runoff.

The total metals loads from the Tillman, Burbank and Glendale WRPs were estimated using

monthly flow and effluent concentration data provided as part of the annual self monitoring

reports (Table 4-3). On a daily basis these three POTWs contribute approximately 0.2 kg/d of

cadmium, 4.5 kg/d of copper, 0.5 kg/d of lead and 12.8 kg/d of zinc to the Los Angeles River.
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Table 4-3. Total annual metals loadings from three POTWs (kg/yr).

 Metal  Facility  1998  1999  2000  2001  2002  Ave

 Cadmium  Tillman  105  59  53  33  33  57

  Burbank2  7  4  14  13  1  8
  Glendale  19  16  15  16  16  16

  Total  131  79  82  62  50  81

 Copper  Tillman  1427  1292  1690  1574  1260  1449

  Burbank2  27  24  37  8  66  32

  Glendale  119  135  166  205  150  155

  Total  1573  1451  1893  1787  1476  1636

 Lead  Tillman  122  105  120  94  86  105

  Burbank2  46  26  64  95  3  47

  Glendale  29  30  32  24  24  28

  Total  197  161  216  213  113  180

 Zinc  Tillman  4134  2955  4398  3671  2994  3630

  Burbank2  157  138  238  353  207  219

  Glendale  1002  814  771  801  749  827

  Total  5293  3907  5407  4825  3950  4676

To assess the relative contributions of metals during dry weather, sampling was conducted in

September 2000 and July 2001.  The monitoring consisted of synoptic sampling of flow and

concentration from the three POTWs, the headwaters of the tributaries, and 49 storm drains on

September 11-12, 2000 (Ackerman et al., 2003).  This was followed up by another synoptic

survey in July 2001.  In this second survey, more focus was put on the storm drains, and the

number of storm drains sampled during this event was 84.  Table 4-4 provides the summary

results from these two surveys in terms of total mass for each metal and the relative contribution

from each major source.

Table 4-4.  Relative loading (%) of total recoverable metals by source to the Los Angeles River during dry-

weather conditions (Based on data from 2000 and 2001 Los Angeles River synoptic surveys).

Sources Cadmium Copper Lead Zinc

2000 2001 2000 2001 2000 2001 2000 2001

Tributaries 7% 6% 8% 5% 10% 6% 5% 3%

POTWs 59% 39% 69% 38% 55% 41% 81% 51%

Dry Weather Runoff 34% 55% 23% 57% 35% 53% 14% 46%

Total Mass (kg/d) 0.3 0.3 5.6 6.9 2.8 2.4 14.8 20.4

The POTWs contribute a fairly large percentage of the total dry-weather metals loadings.  The

concentrations of metals in the POTWs may be low, but loadings are high because the POTW

flows are large. The storm drains also contribute a large percentage of the loadings.  Storm drain

flows are typically low during dry weather, but concentrations of metals in urban runoff may be

quite high.  In calculating the dry-weather loadings estimates in Table 4-4, non-detects were

treated as ½ the detection limit.  Lead and to a lesser extent for cadmium were generally below
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detection limits on both sampling dates. We did not treat detection limits as zeros because these

metals have been frequently detected in POTW effluent monitoring data supplied by the

dischargers and in dry-weather urban runoff, as reported by LACDPW.

During dry weather, background concentrations may come from tributaries which drain the hills

of the Angeles National Forest and the open areas of the Santa Monica Mountains.  The flows

from these areas are relatively small during dry weather and much of it is captured behind dams.

The metals concentrations in flows from these areas are also likely to be low. The estimated

loadings from the tributaries were generally less than 10%.  This may be an overestimate, since

the sites for the tributary samples were not selected for the purpose of defining natural

background conditions.  Rather sites were selected to define conditions at the boundary of the

listed reaches and in many cases there are inputs from storm drains upstream of the listed

reaches.

4.2.2 Wet-Weather Loadings

Most of the annual metals loadings to the Los Angeles River are associated with wet weather

(Stein et al., 2003).  In addition to the MS4 and Caltrans storm water permits, there are more than

one thousand industrial facilities in the Los Angeles River watershed that are enrolled under the

statewide NPDES general storm water permit for industry (Table 4-1). However, the data

collected under the monitoring program for this permit are not of sufficient frequency or quality

to be used to estimate loadings (Duke et al., 1998).  Therefore, to assess total storm water

loadings we relied on the LACDPW storm water monitoring data from the mass emission station

at Wardlow (LACDPW, 2000).  Table 4-5 summarizes the aggregate seasonal loads from flow-

weighted composites of multiple storms sampled between 1996 and 2002.

Wet weather loadings can vary by an order of magnitude depending on the rainfall and size of

storms in a given year.  In a report to State Board, SCCWRP estimated the mass loadings for a

typical year (Stein et al., 2003). In this report, data are modeled from 30-year average rainfall,

land use runoff data, and land use distribution data. These values are generally consistent with

the average loadings calculated from the LACDPW mass emission stations (Table 4-5).

Table 4-5.  Seasonal storm water total recoverable metals loadings (kg/yr) to Los Angeles River watershed.

Data are from LACDPW and Stein et al., 2003.

LACDPW Cadmium Copper Lead Zinc

96/97 - 3,629 3,760 16,692

97/98 - 36,741 94,347 210,012

98/99 - 1,075 6,078

99/00 - 286 207 1,012

00/01 - 1,409 879 5,645

01/02 - 514 106 1022

Average - 7,276 19,860 40,077

SCCWRP Cadmium Copper Lead Zinc

Typical year 62 6,960 2,304 42,479

Average annual POTW loadings (Table 4-3) can be compared to the typical storm water loadings

(Table 4-5) to provide an indication of the relative contributions from these sources.  On an
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annual basis, storm water contributes about 40% of the cadmium loading, 80% of the copper

loading, 95% of the lead loading, and 90% of the zinc loading.

Atmospheric deposition is another potential source of metals to the watershed.  Deposition of

metals to the surface area of the Los Angeles River watershed may be substantial, on the order of

several thousand kilograms per year (Sabin et al., 2004). Direct atmospheric deposition during

dry weather was quantified by multiplying the surface area of the river times the rate of

atmospheric deposition.  These numbers (Table 4-6) are generally small because the actual

surface area of the river system is small.  Direct deposition of metals is insignificant relative to

either the annual dry-weather loadings or the total annual loadings.  Indirect atmospheric

deposition reflects the process by which metals deposited on the land surface may be washed off

during rain events and be delivered to the Los Angeles River and tributaries. Not all the metals

deposited on the land from the atmosphere are loaded to the river. Estimates of metals deposited

on land (Table 4-6) are much higher than estimates of loadings to the river (Table 4-5).  Sabin et

al. (2004) calculated the ratio of wet-weather water runoff to indirect atmospheric deposition as

19% for copper, 9% for lead, and 22% for zinc.  The loadings of metals associated with indirect

atmospheric deposition are accounted for in the estimates of the storm water loadings.

Table 4-6.  Estimates of dry weather direct and indirect deposition (kg/year). Source: Sabin et al., 2004.

Type of deposition Copper Lead Zinc

Indirect 16,000 12,000 80,000

Direct 3 2 10
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5.  LINKAGE ANALYSIS

Information on sources of pollutants provides one part of the TMDL equation.  To determine the

effects of these sources on water quality, it is also necessary to determine the assimilative

capacity of the receiving water. Variations between wet and dry weather can strongly affect the

delivery of metals to the Los Angeles River and the assimilative capacity of the river to

accommodate these loadings so that standards are met.  Given the differences in sources and

flows between dry and wet weather, two distinct approaches for the linkage analysis were taken.

This section describes the use of hydrodynamic and water quality models to assess the effects of

metals loadings in the Los Angeles River on water quality under both dry and wet weather

conditions.

5.1 Development of the Dry-Weather Model

The Environmental Fluid Dynamics Code 1-D (EFDC1D) was used to model the hydrodynamic

characteristics of the Los Angeles River and its tributaries (Table 5-1) during dry weather.

EFDC1D is a one dimensional variable cross-section model for flow and transport in surface

water systems. For simulation of the water quality within the Los Angeles River, the EFDC

model was linked to the Water Quality Analysis Simulation Program (WASP5). The details

associated with development of the dry-weather model are presented in Appendix I.

Table 5-1. Los Angeles River segments modeled for dry-weather linkage analysis.

Los Angeles River Mainstem Los Angeles River Tributaries

Reach 6:  above Sepulveda Flood Control Basin Bell Creek

Reach 5:  within Sepulveda Basin Tujunga Wash

Reach 4:  Sepulveda Dam to Riverside Dr Burbank Western Channel

Reach 3:  Riverside Dr to Figueroa St Verdugo Wash

Reach 2:  Figueroa St to Carson St Arroyo Seco

Reach 1:  Carson St to Estuary Rio Hondo River

Compton Creek

To support the model development a comprehensive set of in-stream hydrodynamic and water

quality data were collected in the late summer of 2000 (September 11-12) and summer of 2001

(July 29-30) as part of the synoptic surveys. These data were used as model input as well as for

comparison to model results during calibration and validation. Flow and water quality

measurements were used as model input to represent the tributary discharges and dry-weather

discharges from storm drains. In addition, instream flow and water quality measurements were

compared with model results during model calibration, validation and comparison.

5.1.1. Calibration and Validation of the Dry-Weather Model - Flow. The LA River

hydrodynamic model was calibrated for low-flow conditions measured on the dates of the first

intensive data collection (September 10 and 11, 2000) and then validated to the flow conditions

measured during the second monitoring effort (July 29-30, 2001).

There are four stream gages along the mainstem of the Los Angeles River (Figure 5).  The upper-

most station (designated F300-R) is in Reach 4 of the Los Angeles River below Tillman plant.

The lowest station is the Wardlow gage station (designated F319-R), which is below the
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confluence of all tributaries within the Los Angeles River and all simulated point sources.  The

variability in daily flow measured at these gages is high.  On September 11, 2000 the measured

flows ranged from 50 to 120 cfs at the upper most station to 135 to 200 cfs at the lowest station.

On July 29, 2001 the measured flow ranged from 50 and 75 cfs at the upper-most station and 170

to 200 cfs at the lowest station.  The long-term median flows (12-year) at Tujunga, Firestone and

Wardlow are 78 cfs, 124 cfs, and 145 cfs respectively.  The days selected for the calibration and

validation of the model are generally representative of the low-flow condition.  A comparison of

the measured flow on September 11 at these four stations to the modeled dry-weather flow is

presented in (Figure 6).

5.1.2. Comparison of Dry-Weather Model - Water Quality. Model results were compared to

observed data.  The first comparison of the dry-weather water quality model was performed

using field measurements collected on September 10, and 11, 2000 (Tables 5-2).  The second

comparison of the dry-weather water quality model was performed using field measurements

from July 29 and 30, 2001 (Tables 5-3).

Table 5-2.  Flow (cfs) and concentrations of total recoverable metals (µg/l) used in model comparison based

on samples collected on September 10 and 11, 2000.

POTWs Flows Cd
1

Cu Pb
2

Zn

Tillman POTW

     Direct Discharge 53.3 0.5 13 5 39

     Japanese Gardens 7.4 0.5 13 5 39

     Recreation Lake 27.0 0.5 13 5 39

     Wildlife Lake 9.1 0.5 13 5 39

Glendale POTW 14.4 0.5 5 5 30

Burbank POTW 14.3 0.5 18 5 52

Tributaries Flows Cd
1

Cu Pb
2

Zn

Bell Creek 4.3 0.5 15 5 5

Tujunga Wash 0.7 0.5 18 5 16

Burbank Western Channel 1.4 0.5 18 5 52

Verdugo Wash 2.8 0.5 14 19 41

Arroyo Seco 3.7 0.5 5 5 5

Compton Creek 3.1 0.5 5 5 11

1 – Detection limit for cadmium was 1 µg/L.  Non-detects were treated as ½ the detection limit.

2 - Detection limit for lead was 10µg/L.   Non-detects were treated as ½ the detection limit.
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Table 5-3.  Flows (cfs) and concentrations of total recoverable metals (µg/l) used in model comparison based

on samples collected on July 29 and 30, 2001.

POTWs Flows Cd
1

Cu Pb
2

Zn

Tillman POTW

     Direct Discharge 14.4 0.5 12.5 5 50.6

     Japanese Gardens 7.0 0.5 5 5 35.1

     Recreation Lake 27.0 0.5 14.7 5 67.2

     Wildlife Lake 8.8 0.5 5 5 35.1

Glendale POTW 14.3 0.5 20.1 5 43.1

Burbank POTW 8.1 0.5 16.2 5 69.7

Tributaries Flows Cd
1

Cu Pb
2

Zn

Bell Creek 2.7 0.5 6.9 5 5

Tujunga Wash 0.4 0.5 32.2 5 17.9

Burbank Western Channel 1.4 0.5 16.2 5 69.7

Verdugo Wash 2.2 0.5 17.9 5 25.3

Arroyo Seco 3.3 0.5 5 5 1.08

Rio Hondo 0.5 0.5 18.2 25.5 33.2

Compton Creek 1.8 0.5 9.2 5 24.9

1 – Detection limit for cadmium was 1 µg/L.  Non-detects were treated as ½ the detection limit.

2 - Detection limit for lead was 10 µg/L.   Non-detects were treated as ½ the detection limit.

The model performs well in predicting the average concentrations of these metals (Figure 7.).

These can be compared to the long-term averages as represented by the City of Los Angeles

Watershed monitoring program (Figures 3a – 3d).  On both days, the model indicated that

concentrations were below the CTR standards. This is consistent with our expectation, since the

POTWs that provide most of the dry-weather flows to the river are generally discharging effluent

that meets the water quality standards.  The model is not able to represent all the temporal and

spatial variability observed in the in-stream metals concentrations due to the inherent variability

and uncertainty associated with estimates of storm drain flow and concentrations.  The variability

in concentrations seen over time in the City’s data set suggests that episodic exceedances in

water quality are likely to be a result of irregular inputs from urban runoff rather than the more

stable POTW flow.  The model provides a reasonable assurance that we understand the

relationship between in-stream loads and targets.

5.2 Development of the Wet-Weather Model

Wet-weather sources are generally associated with wash-off of pollutant loads accumulated on

the land surface.  During a rainy period, these loads are delivered to the waterbody through

creeks and storm water collection systems. USEPA’s Loading Simulation Program in C++

(LSPC) was selected to simulate the hydrologic processes and pollutant loading from the Los

Angeles River watershed.  LSPC is a recoded C++ version of USEPA’s Hydrologic Simulation

Program-Fortran (HSPF).  The details associated with the development and validation of the wet-

weather model system are presented in Appendix II.

The Los Angeles River watershed area was divided into thirty-five smaller, discrete sub-

watersheds for modeling and analysis (Figure 8).   This subdivision was primarily based on the

stream and storm sewer networks and topographic variability.  Other factors such as the presence

of existing watershed boundaries, consistency of land use, and the locations of existing

monitoring stations were also considered in delineation.  Each delineated subwatershed was
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represented with a single stream reach from the National Hydrography Dataset (NHD) stream

network.  Information on the length, slope, mean depth and channel widths for each reach was

used to route flow and pollutants through the watershed.

Two sources of land use data were used in this modeling effort.  The primary source of data was

the Southern California Association of Governments (SCAG) 2000 land-use dataset that covers

Los Angeles County.  This data set was supplemented with land-use data from the 1993 USGS

Multi-Resolution Land Characteristic data to fill data gaps.  Land-use categories were grouped

into seven categories for modeling (Residential, Commercial, Industrial, Open, Agriculture,

Water, and Other).  Table 5-4 presents the land use distribution within the watershed for each of

the 35 sub-watersheds.

Hourly rainfall data were obtained from the National Climatic Data Center for 11 weather

stations located in and around the Los Angeles River watershed for October 1998 through

December 2001 (Figure 9).  The USDA’s STATSGO soils data base served as a starting point

for hydrologic parameters such as infiltration and groundwater flow parameters. This was

augmented with information from other modeling applications in the area (i.e., for Santa Monica

Bay, Ballona Creek, San Gabriel River).  These starting values were refined through the

calibration process.

Loading processes for metals (copper, lead, and zinc) for each land use were represented in

LSPC through their associations with sediment.  The accumulation and washoff of sediments

were modeled using the SDMNT module for pervious lands and the SOLIDS module for

impervious lands.  Sediments washed off by rain are delivered to the stream channel by overland

flow.  Processes such as transport, deposition and scour of sediments in the stream channels were

modeled using the SEDTRN module.

The model was then used to simulate the in-stream total suspended solids concentrations.  Metals

associated with these sediments were simulated using the LSPC water quality module.  The

relationships between sediment and metals (copper, lead and zinc) were parameterized as

potency factors developed by SCCWRP (Ackerman et al., 2004).  Potency factors were defined

for copper, lead and zinc for each of seven land-uses categories (agriculture, commercial,

industrial, residential, water, other, and open).

RB-AR7072



44

Table 5-4. Land use distribution in the watershed (square miles).

Watershed Residential Commercial Industrial Open Agriculture Water Other Total

1 8.55 0.87 0.52 7.44 0 0 0.32 17.69

2 7.91 0.91 0.28 5.17 0.08 0.04 0.44 14.83

3 4.49 0.60 1.55 15.75 0.20 0 0 22.59

4 4.53 1.23 0.87 5.96 0.40 0.04 0.08 13.12

5 9.86 1.91 2.86 6.52 0 0 0.32 21.47

6 8.67 1.39 0.60 1.67 0.08 0 0 12.41

7 8.11 1.15 3.38 8.23 0.24 0.28 0.12 21.51

8 10.94 1.91 0.44 3.34 0.24 0.12 0.36 17.34

9 17.93 3.58 2.78 4.89 0.48 0.16 0.04 29.86

10 0.76 0 0 33.00 0.04 0.20 0 34.00

11 7.04 1.67 1.67 6.88 0.48 0 0.08 17.81

12 7.59 1.59 1.19 0.76 0.16 0 0 11.29

13 4.10 0.36 2.19 120.09 0.12 0.08 0 126.9

14 0.56 0.04 0.24 20.32 0.28 0 0 21.43

15 3.14 0.4 2.62 3.74 0.16 0 0 10.06

16 6.68 1.03 0.95 0.28 0 0 0 8.95

17 5.49 1.59 1.95 0.52 0 0 0 9.54

18 0.95 0.04 0 0.08 0 0 0 1.07

19 9.42 1.55 5.49 12.21 0.12 0 0.20 28.99

20 6.64 1.67 1.59 2.98 0.08 0.04 0.08 13.08

21 9.86 1.35 0.76 13.04 0 0 0.08 25.09

22 2.58 0.28 0.72 4.49 0 0 0 8.07

23 17.5 2.15 2.15 28.39 0.08 0 0.04 50.30

24 10.66 2.07 3.82 7.67 0.08 0 0.28 24.57

25 16.62 6.76 17.5 4.49 0.08 0 0.24 45.69

26 0.00 0.04 0.04 10.42 0 0 0 10.50

27 9.15 1.55 2.74 15.35 0.56 0.32 0.12 29.78

28 16.06 2.86 1.47 12.29 0.36 0 0 33.04

29 10.74 2.58 1.19 0.99 0 0 0.04 15.55

30 18.37 4.29 2.11 1.99 0.32 0.04 0.12 27.24

31 6.16 1.67 2.35 2.58 0.40 0.20 0 13.36

32 10.30 3.10 5.05 2.27 0.64 0 0.04 21.39

33 23.34 6.16 9.3 1.03 0.08 0.04 0.16 40.12

34 14.04 3.86 3.66 1.63 0.24 0 0.12 23.54

35 6.12 1.87 2.51 1.39 0.04 0.20 0.08 12.21

Total Area 304.86 64.08 86.54 367.85 6.04 1.76 3.36 834.39

Percent of

Total Area
36.54% 7.68% 10.37% 44.08% 0.72% 0.21% 0.40% 834.39
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5.2.1. Calibration and Validation of the Wet-Weather Model – Flow.   Hydrology is the first

model component calibrated because estimation of metals loading relies heavily on flow

prediction.  The hydrology calibration involves a comparison of model results to in-stream flow

observations at selected locations.  Key considerations in the hydrology calibration included the

overall water balance, the high-flow/low-flow distribution, storm flows, and seasonal variation.

Calibration was focused on flow gages with data for the entire period of record, including a gage

in the upper portion of the watershed (Los Angeles River at Tujunga Avenue) and a gage in the

more urban area of the watershed (Rio Hondo above Stuart and Gray Road).  Validation was

performed using data from 6 other gages in the water shed (Table 5-5).   The validation

essentially confirmed the applicability of the hydrologic parameters derived during the

calibration process.

Table 5-5. Stream gage stations used for calibration and validation of flow data.

Gage Number Station description Use

F-45B-R Rio Hondo above Stuart and Gray Road Calibration

F-300-R Los Angeles River at Tujunga Avenue Calibration

F-285-R Burbank Western Stormdrain at Riverside Drive Validation

F-37B-R Compton Creek near Greenleaf Drive Validation

F252-R Verdugo Wash at Estelle Avenue Validation

F57C-R Los Angeles River above Arroyo Seco Validation

F34D-R Los Angeles River below Firestone Boulevard Validation

F319-R Los Angeles River below Wardlow Validation

Figure 10a depicts a time-series plot of modeled and observed daily flows at the bottom of the

watershed (Los Angeles River below Wardlow River Rd.).  A regression of average monthly

model-predicted and observed flows (Figure 10b) indicates a slight under-prediction of measured

flows.  This under-prediction is due mostly to events occurring in the winter of 1992-1993 and

1994-1995 (Figure 10a).  Flow volumes generated by the model were compared under different

flow regimes and seasonal periods (Table 5-6).  For higher flows (highest 10%), the model

performs well in predicting storm volumes with an error of –4%.  However, for lower flows

(lowest 50%) the model is less accurate in predicting flow volumes (–17%) due largely to the

inability of the model to simulate variability in point sources and dry-weather urban runoff.  A

review of the time-series plots also shows that the model is less accurate for low-flow conditions.

This is justification for a separate approach for expressing dry-weather allocations and

compliance assurance.  Hydrology calibration and validation results, including time series plots

and relative error tables, are presented for each gage in Appendix II.B.

Table 5-6.  Volumes (acre-feet) and relative error of modeled flows versus observed flow for the Los Angeles

River at Wardlow (10/1/1989 – 3/3/1998).

Flows Volumes Simulated Flow Observed Flow Error (%) Recommended

Criteria (%)

Total Stream Volume 394,911 431,200 -9 ±10

Highest 10% flows 307,787 320,578 -4 ±15

Lowest 50% flows 39,309 46,158 -17 ±10

Summer flow volume 20,205 24,797 -23 ±30

Fall flow volume 70,661 63,764 10 ±30

Winter flow volume 275,206 311,727 -13 ±30

Spring flow volume 28,840 30,912 -7 ±30
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Overall, during model calibration the model predicted storm volumes and storm peaks well.

Since the runoff and resulting streamflow are highly dependent on rainfall, occasional storms

were over-predicted or under-predicted depending on the spatial variability of the meteorological

and gage stations.  The validation results also showed a good fit between modeled and observed

values, thus confirming the applicability of the calibrated hydrologic parameters to the Los

Angeles River watershed.

5.2.2. Calibration and Validation of the Wet-Weather Model - Pollutant Loading.   Total

suspended solids (TSS) and the potency factors used to determine the relationships between

sediment and total recoverable metals were developed and calibrated by SCCWRP at specific

watersheds in the Los Angeles area.  These were validated for use in the Ballona Creek

watershed.  We did not re-calibrate these parameters for the Los Angeles River.  Use of these

parameters for the Los Angeles River was validated by comparing model output to in-stream

water quality measurements collected during storms.  In the validation process, we tested the

ability of the model to predict 1) the event mean concentration (EMC) at the watershed scale, 2)

the EMC at the sub-watershed scale and 3) changes in the instantaneous concentrations over the

course of a storm.

The EMCs predicted by the model at the bottom of the watershed were comparable to EMCs

calculated from flow-weighted composite measurements made by the LACDPW at the Wardlow

Station (1994-2001).  To evaluate the model performance at the sub-watershed scale, EMCs

were calculated for Verdugo Wash, Arroyo Seco, Los Angeles River above Arroyo Seco and Los

Angeles River at Wardlow based on storm water sampling that was conducted in 2001.  Two to

three storms were sampled at each of these subwatersheds.  TSS and metals concentrations were

measured numerous times (8 to 12) over the course of the individual storms.  There is quite a bit

of variability in the EMCs calculated from the monitoring data.  The predicted EMCs for TSS

were generally within the range of the calculated EMCs.  The predicted EMCs for copper, lead

and zinc were generally higher than the calculated EMCs.  The model was not able to adequately

represent the variability in concentrations within a storm at the sub-watershed scale.

We conclude that the wet-weather model performs better at the watershed level than at the sub-

watershed level.  The model provides reasonable estimates of storm water EMCs, but is not

refined enough to predict instantaneous storm water concentrations.  The EMCs for TSS were

comparable to estimates based on storm water composites.  The EMCs for copper, lead and zinc

tend to be higher than predicted from storm water composite samples.

5.3 Summary of Linkage Analysis

The dry-weather model is able to predict flow and concentration in the Los Angeles River.  The

wet-weather model predicts storm flow reasonably well.  Estimates of storm loadings predicted

by the wet-weather model tend to be higher than loadings estimated from monitoring data.

However, as described in Section 6.1 and 6.3, neither of the dry- or wet-models were used in

developing load capacity. The wet-weather model was only used to estimate the load allocation

for open space. Since the wet-weather model predicted loads are higher than measured loads, this

provides a conservative assessment of the contribution from open space, which can be applied to
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the margin of safety. While not used to develop load capacity, the models should prove useful in

evaluating management scenarios to help achieve load reductions in TMDL implementation.
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6.  Total Maximum Daily Loads

In this section, we develop the loading capacity and allocations for metals in the Los Angeles

River.  EPA regulations require that a TMDL include waste load allocations (WLAs), which

identify the portion of the loading capacity allocated to existing and future point sources (40

CFR 130.2(h)) and load allocations (LAs), which identify the portion of the loading capacity

allocated to nonpoint sources (40 CFR 130.2(g)). As discussed in previous sections, the flows,

sources of metals and the relative magnitude of inputs vary between dry-weather and wet-

weather periods. TMDLs are developed to address both dry- and wet-weather conditions.

6.1 Dry-Weather Loading Capacity and TMDLs

Dry-weather TMDLs are developed for the following pollutant waterbody combinations:

• Copper for the Los Angeles River Reaches 1, 2, 3, 4, and 5, Burbank Western Channel,

Compton Creek, Rio Hondo Reach 1 and Tujunga Wash. Allocations are developed for

upstream reaches and tributaries to meet TMDLs in downstream reaches. No copper

allocations are assigned to reaches above Rio Hondo Reach 1 because little or no flow

from these reaches enters Rio  Hondo Reach 1 during dry weather.

• Lead for the Los Angeles River Reaches 1, 2, 3, 4, and 5, Burbank Western Channel, Rio

Hondo Reach 1, and Compton Creek. Allocations are developed for upstream reaches and

tributaries to meet TMDLs in downstream reaches. Concentration-based allocations are

developed for lead in Monrovia Canyon Creek. Lead allocations are not assigned to other

non-impaired reaches above Rio Hondo Reach 1 because little or no flow from these

reaches enters Rio  Hondo Reach 1 during dry weather.

• Zinc for Rio Hondo Reach 1. Allocations are only developed for Rio Hondo Reach 1.

• Selenium for Reach 6, Aliso Creek, Dry Canyon Creek and McCoy Canyon Creek.

Concentration-based allocations are only developed for Reach 6 and its tributaries.

The dry-weather loading capacity for each reach is determined by multiplying the reach-specific

dry-weather target expressed as total recoverable metals (Table 3-2) by a critical flow assigned to

each reach.

Dry-weather flows in the Los Angeles River are influenced highly by the amount of effluent

discharge and by the presence of dams on the tributaries.  Critical flows for each reach were

established from the long-term flow records (1988-2000) generated by stream gages located

throughout the watershed (Figure 5). In general, the median flow measured at each gage was

selected as the critical flow. In areas where there were no flow records, an area-weighted

approach was used to assign flows.

Critical flows for Verdugo Wash, Rio Hondo and Compton Creek were obtained directly from

stream gages. The critical flow for Burbank-Western Channel was obtained directly from the

stream gage minus the median flow from Burbank WRP.  The stream gages for the Tujunga

Wash and Arroyo Seco are located at the dams for these tributaries. The critical flows for these

tributaries were thus calculated by multiplying the ratio of the area of their subwatersheds to the

area above their dams by the median flow measured at their gages. The critical flow for Bell
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Creek was calculated by multiplying the ratio of the Bell Creek subwatershed to the combined

area of the tributary watersheds by the combined median flow of the tributaries. The critical

flows for each reach of the river were obtained by multiplying the ratio of the area of the

subwatershed for each reach to the total watershed area by the total median storm drain and

tributary flow. The total median storm drain and tributary flow (34 cfs) is calculated by

subtracting the existing combined median flow of the three POTWs (111 cfs) from the existing

total median flow of the river as measured at Wardlow (145 cfs).

In reaches with POTW discharge, the critical flow is equal to the total median storm drain and

tributary flow plus the design capacity of the POTW that discharges to the reach. To account for

flow from Tillman, the design flow of 124 cfs was applied to Reach 4.  Similarly, a design flow

of 31 cfs was applied to Reach 3 to account for flows from the Glendale plant and a design flow

of 14 cfs was applied to the Burbank Western Channel to account for flows from the Burbank

plant.  Because these three major POTWs account for the majority of flow during dry weather,

dry-weather flow is relatively constant. The critical flow for the entire river is thus equal to the

design capacity of the three POTWs (169 cfs) plus the existing median flow from the storm

drains and tributaries (34 cfs). Critical dry-weather flows are presented in Table 6-1.

Table 6-1. Critical dry-weather flows used to set dry-weather loading capacity.

Los Angeles River

Area of

Subwatershed

(acres)

Median Non-POTW

Flow (cfs)

POTW design flow

(cfs)

Critical Flow (cfs)

LA River Reach 6 53,860 7.20 - 7.20

LA River Reach 5 5593 0.75 - 0.75

LA River Reach 4 38,380 5.13 124 129.13

LA River Reach 3 36,231 4.84 31 35.84

LA River Reach 2 28,893 3.86 - 3.86

LA River Reach 1 19,330 2.58 - 2.58

Tributaries

Bell Creek 11,357 0.79 - 0.79

Tujunga Wash 14,7448 0.15 - 0.15

Burbank-Western Channel 18,674 3.34 14 17.3

Verdugo Wash 16,117 3.30 - 3.3

Arroyo Seco 32,271 0.58 - 0.58

Rio Hondo Reach 1 96,425 0.50 - 0.50

Compton Creek 25,506 0.90 - 0.90

Total 530,086 34 169 203

The dry-weather loading capacity for each impaired reach based on these critical flows is

identified in Table 6-2. Loading capacities for impaired reaches include the critical flows for

upstream reaches. The dry-weather loading capacity for Reach 5 includes flows from Reach 6

and Bell Creek, the dry-weather loading capacity for Reach 3 includes flows from Verdugo

Wash, and the dry-weather loading capacity for Reach 2 includes flows from Arroyo Seco.

RB-AR7078



50

Table 6-2.  Dry-weather loading capacity (TMDL) for impaired reaches and tributaries of the Los Angeles

River (total recoverable metals)

Los Angeles River Critical Flow (cfs) Copper

(kg/day)

Lead

(kg/day)

Zinc

(kg/day)

LA River Reach 5 8.74 0.65 0.39

LA River Reach 4 129.13 8.1 3.2

LA River Reach 3 39.14  2.3 1.01

LA River Reach 2 4.44 0.16 0.084

LA River Reach 1 2.58 0.14 0.075

Tributaries Critical Flow (cfs) Copper Lead

Tujunga Wash 0.15 0.0070 0.0035

Burbank Western Channel  17.3  0.80 0.39

Rio Hondo Reach 1 0.50 0.015 0.0061 0.16

Compton Creek 0.90 0.041 0.020

Total 203 12.2 5.2 0.16

6.2 Dry-Weather Allocations

Allocations are assigned to point and nonpoint sources throughout the watershed in order to meet

the TMDLs for impaired reaches. Mass-based waste load allocations are developed for the three

POTWs (Tillman, Glendale, and Burbank) and mass-based load allocations are developed for

open space and direct atmospheric deposition. A grouped mass-based waste load allocation is

developed for storm water permitees (Los Angeles County MS4, Long Beach MS4, Caltrans,

General Industrial and General Construction) by subtracting the mass-based waste load and load

allocations from the total loading capacity according to the following equation:

TMDL = POTW + Direct Air Deposition + Open Space + Combined Storm Water Sources Equation (7)

Concentration-based waste load allocations are developed for other point sources in the

watershed. These other point sources have intermittent flow and calculation of mass-based waste

load allocations is not possible. These sources will have a minor impact on metals loading if they

are limited by concentration to the applicable CTR-based waste load allocations. In addition,

these sources can provide assimilative capacity equal to or greater than their loading, so their

mass-based contribution would roughly cancel out of equation 7.

6.2.1. Dry-weather waste load allocations for three POTWs.  Mass- and concentration-based

waste load allocations for Tillman, Los Angeles-Glendale and Burbank POTWs are developed

(Table 6-3) to meet the reach-specific dry-weather targets for copper and lead (Table 3-2).  For

Tillman, the in-stream targets are based on conditions in Reach 4 of the Los Angeles River

below the plant.  For Glendale, the in-stream targets are based on conditions in Reach 3 of the

Los Angeles River below the plant. For Burbank, the in-stream targets are based on conditions in

the Burbank Western Channel downstream of the plant.
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Table 6-3. Dry-weather waste load allocations for three POTWs (expressed as total recoverable metals)

Facility

Design Flow

(cfs)

WLA Copper Lead

Concentration-based 26 µg/L 10 µg/L
Tillman 124

Mass-based 7.8 kg/day 3.03 kg/day

Concentration-based 26 µg/L 12 µg/L
Glendale 31

Mass-based 2.0 kg/day 0.88 kg/day

Concentration-based 19 µg/L 9.1 µg/L
Burbank 14

Mass-based 0.64 kg/day 0.31 kg/day

Total 169 Mass-based 10 kg/day 4.2 kg/day

6.2.2. Dry-weather load allocations. Dry-weather nonpoint source mass-based load allocations

for copper and lead are developed for open space and direct atmospheric deposition to the river.

Most of the land area in the watershed is served by the storm drain system. The exception is the

area of the Angeles National Forest and the open areas of the Santa Susana Mountains.

Therefore, in equation 7, “open space” refers to opens space that discharges directly to the river

and not through the storm drain system. Once drainage from “open space” is collected by the

storm drain system it becomes a point source and is included with the storm water allocation.

The area not served by the storm drain is approximately 200 square miles
1
. Limited data are

available on flows from Aliso Canyon Wash, Browns Canyon and Bull Creek, which drain the

Santa Susana Mountains. Dry-weather flow from the Santa Susana Mountains is therefore not

included in the calculation of open space load allocations for copper and lead. Because their area

is small compared to the National Forest and because there is no evidence of copper or lead

impairments in Reach 6, it is reasonable to assume that the contribution from Santa Susana

Mountains to downstream impairments in Reaches 5,4, 3, 2 and 1 is negligible. Therefore, for the

purposes of calculating load allocations for copper and lead to address these impairments, open

space is limited to the Angeles National Forest. Tributaries of the Rio Hondo, including

Monrovia Canyon Creek, drain the Angeles Forest, but since their flows do not reach Rio Hondo

Reach 1 or the mainstem of the Los Angeles River during dry weather, they are not included in

the copper and lead load allocations. The two remaining major tributaries that drain the Angeles

Forest are the Tujunga Wash and Arroyo Seco. In order to calculate the copper and lead load

allocations for nonpoint sources in these tributaries, the median flow from the upper portion of

each tributary, based on LACDPW flow records (1988-2000) is multiplied by the numeric targets

(Table 3-2) for each reach. These load allocations are presented in Table 6-4.

Table 6.4. Dry-weather load allocations (total recoverable metals) for open space not served by the storm

drain system, based on tributaries that drain the Angeles National Forest.

Tributaries Open Space

Critical Flow (cfs)
Copper (kg/day) Lead (kg/day)

Tujunga Wash 0.12 0.0056 0.0028

Arroyo Seco 0.33 0.018 0.009

Total 0.45 0.023 0.012

                                                

1
 As determined by Regional Board staff through GIS mapping using City and County storm

drain layers and U.S. Census information on populated areas.

RB-AR7080



52

Load allocations for direct atmospheric deposition are based on the calculations by Sabin et al.,

as discussed Section 4 (Table 4-6), and allocated to each reach based on the length of each reach

and tributary (Table 6-5). The ratio of the length of each segment over the total length of all

segments is multiplied by the estimates of direct atmospheric loading (3 kg/year for copper, 2

kg/year for lead and 10 kg/year for zinc.) Segment lengths are presented in the dry-weather

model (Appendix I).

Table 6-5.  Dry-weather load allocations (total recoverable metals) for direct atmospheric deposition.

Los Angeles River Length of Reach

(miles)

Copper

(kg/day)

Lead

(kg/day)

Zinc

(kg/day)

LA River Reach 6 4.3 3.3x10
-4

2.2x10
-4

LA River Reach 5 4.7 3.6x10
-4

2.4x10
-4

LA River Reach 4 10.6 8.1x10
-4

5.4x10
-4

LA River Reach 3 7.9 6.04x10
-4

4.03x10
-4

LA River Reach 2 18.7 1.4 x10
-3

9.5x10
-4

LA River Reach 1 5.8 4.4x10
-4

2.96x10
-4

Tributaries Length of Reach

(miles)
Copper Lead

Bell Creek 3.9 2.98x10
-4

1.99x10
-4

Tujunga Wash 9.7 7.4x10
-4

4.9x10
-4

Verdugo Wash 6.2 4.7x10
-4

3.2x10
-4

Burbank Western Channel 9.3 7.1x10
-4

4.7x10
-4

Arroyo Seco 9.6 7.3x10
-4

4.9x10
-4

Rio Hondo Reach 1 8.3 6.4x10
-4

4.2x10
-4

0.0021

Compton Creek 8.5 6.5x10
-4

4.3x10
-4

Total 107.5 0.0082 0.0055 0.0021

A concentration-based load allocation equal to 5 µg/L for selenium is assigned to Reach 6 and its

tributaries. This load allocation is not assigned to a particular nonpoint source or group of

nonpoint sources because the sources of selenium are uncertain. Separate studies are underway to

evaluate whether selenium levels represent a natural condition for this watershed.

A concentration-based load allocation for lead equal to 8.2 µg/L (based on numeric targets in

table 3-2) is also developed for lead in Monrovia Canyon Creek. The Monrovia Canyon Creek

watershed is entirely open space, the majority of which is National Forest or State Park. This

load allocation is not assigned to a particular nonpoint source or group of nonpoint sources

because the sources of lead are uncertain. However, based on the open space land uses in this

sub-watershed, the sources are likely natural or background sources. Because there is no flow

information for Monrovia Canyon Creek, a concentration-based load allocation is developed. A

study by SCCWRP is currently underway to quantify natural contributions of pollutants during

wet and dry weather.

6.2.3 Dry-weather waste load allocations for storm water permittees.  A dry-weather mass-

based waste load allocation is developed for storm water permittees according to the following

equation:

Storm Water = TMDL – POTW – Open Space - Direct Air Deposition                             Equation (8)

More specifically, the waste load allocation for storm water is calculated by multiplying reach

specific critical flows attributable to storm drains (total critical flow minus median POTW flows
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minus median open space flows) by reach-specific numeric targets, then subtracting the

contribution from direct air deposition, according to the following equation:

Storm Water = target * (FlowCritical – Flowmedian POTW – Flowmedian Open) - Direct Air Deposition      Equation (9)

For accounting purposes, it is assumed that the Caltrans and general storm water permittees

discharge entirely to the MS4 system. This assumption has largely been borne out in out permit

review. A zero waste load allocation is assigned to all industrial and construction stormwater

permits during dry weather. Order Nos. 97-03 DWQ and 99-08 DWQ already prohibit non-storm

water discharges with few exceptions as discussed in Section 4.1.2.  The remaining waste load

allocation (Table 6-6) is shared by the MS4 permittees and Caltrans. It is not possible to divide

this allocation between the MS4 and Caltrans permittees because there is not enough data on the

relative reach-specific extent of MS4 and Caltrans areas.

Table 6-6. Dry-weather waste allocations for storm water permittees (expressed as total recoverable metals)

Los Angeles River Critical Flow

(cfs)

Copper

(kg/day)

Lead

(kg/day)

Zinc

(kg/day)

LA River Reach 6 7.20 0.53 0.33

LA River Reach 5 0.75 0.05 0.03

LA River Reach 4 5.13 0.32 0.12

LA River Reach 3 4.84 0.06 0.03

LA River Reach 2 3.86 0.13 0.07

LA River Reach 1 2.58 0.14 0.07

Tributaries Critical Flow Copper Lead Zinc

Bell Creek 0.79 0.06 0.04

Tujunga Wash 0.03 0.001 0.0002

Verdugo Wash 3.3 0.15 0.07

Burbank Western Channel 3.30 0.18 0.10

Arroyo Seco 0.25 0.01 0.01

Rio Hondo Reach 1 0.50 0.01 0.006 0.16

Compton Creek 0.90 0.04 0.02

Total 34 1.70 0.89 0.16

6.2.4. Dry-weather waste load allocations for other NPDES permits.

Concentration-based waste load allocations are developed for the minor and general (non-storm

water) NPDES dischargers that discharge to the reaches in Table 3-2. Concentration-based waste

load allocations are also assigned to the Tapia and Whittier Narrows WRPs, which have low

infrequent flows. The permitted flow from Tapia is less than 2% of the mean flow from Tillman

WRP, Burbank WRP and Glendale WRP. Concentration-based waste load allocations are also

assigned to the three major non-POTW permits. These permits are for intermittent discharges of

storm water runoff mixed with industrial wastewater and miscellaneous designated waste and it

is not possible to assign them a mass-based allocation. If waste load allocations were assigned to

intermittent discharges based on the maximum permitted daily flow, collectively their loads

combined with the POTW loads would exceed the TMDL for the river, leaving no allocation for

the storm water permittees. By providing concentration-based limits, we ensure that the loads

from intermittent discharges are associated with an increased assimilative capacity such that

water quality standards will be attained. Concentration-based waste load allocations are equal to

the dry-weather numeric targets, expressed as total recoverable metals, provided in Table 3-2.
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The Los Angeles Zoo wastewater facility discharges only in wet weather when capacity of the

retention basin is exceeded. It is assigned a dry-weather waste load allocation equal to zero.

6.3. Wet-Weather Loading Capacity (Load-Duration Curves) and TMDLs

During wet weather, the allowable load is a function of the volume of water in the river.  Given

the variability in wet-weather flows, the concept of a single critical flow is not justified.  Instead,

a load-duration curve approach is used to establish the wet-weather loading capacity.  In brief, a

load-duration curve is developed by multiplying the wet-weather flows by the in-stream numeric

target. The result is a curve which identifies the allowable load for a given flow. Table 6-7

presents the equations used to calculate the load duration curves. The wet-weather TMDLs for

metals are defined by these load-duration curves.  The wet-weather loading TMDLs apply for

days when the maximum flow at Wardlow equals or exceeds 500 cfs, which represents the 90
th

percentile flow.

Table 6-7.  Wet-weather loading capacity (TMDLs) for metals expressed in terms of total recoverable metal

Metal Load Duration Curve

Cadmium Daily storm volume x 3.1 µg/L

Copper Daily storm volume x 17 µg/L

Lead Daily storm volume  x 62 µg/L

Zinc Daily storm volume  x 159  µg/L

An example of a load duration curve is presented in Figure 11. This example is generated by

multiplying the wet-weather numeric target for copper by daily storm volumes generated by the

wet-weather model for a 12-year period. A daily flow of 500 cfs (daily storm volume = 1.2x10
9

liters) results in the loading capacities presented in Table 6-8. For practical purposes the wet-

weather loading capacity defined using the load-duration curve is equivalent to a storm water

event-mean concentration based on a flow weighted composite.

Table 6-8. Loading capacity based on a daily flow equal to 500 cfs.

Metal Loading Capacity (kg/day)

Cadmium 3.8

Copper 21

Lead 76

Zinc 194

6.4 Wet-Weather Allocations

Wet-weather allocations are assigned in the same way as dry-weather allocations (Equation 7),

except that there are no reach specific allocations. Wet-weather allocations apply to all reaches

and tributraies of the Los Angeles River. With the exception of the Tillman, Glendale, and

Burbank WRPs, wet-weather allocations are based on flows and hardness values for the

Wardlow station in Reach 1.
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6.4.1. Wet-weather waste load allocations for three POTWs. Wet-weather allocations are

based on dry-weather in-stream numeric targets because the POTWs exert the greatest influence

over in-stream water quality during dry weather, and collectively they contribute minimally to

the total wet-weather loading.  During wet weather, the concentration-based dry-weather waste

load allocations apply but the mass-based dry-weather allocations do not apply when influent

flows exceed the design capacity of the treatment plants. In addition to the waste load allocations

for copper and lead in dry weather, the POTWs are assigned reach-specific allocations for

cadmium and zinc based on dry-weather targets to meet the wet-weather TMDLs in Reach 1

(Table 6-9).

Table 6-9.  Wet-weather waste load allocations for three POTWs (expressed as total recoverable metals)

Facility

Design

Flow

(cfs)

WLA Cadmium Copper Lead Zinc

Concentration-based 4.7 µg/L 26 µg/L 10 µg/L 212 µg/L
Tillman 124

Mass-based 1.4 kg/day 7.8 kg/day 3.03 kg/day 64 kg/day

Concentration-based 5.3 µg/L 26 µg/L 12 µg/L 253 µg/L
Glendale 31

Mass-based 0.40 kg/day 2.0 kg/day 0.88 kg/day 19 kg/day

Concentration-based 4.5 µg/L 19 µg/L 9.1 µg/L 212 µg/L
Burbank 14

Mass-based 0.15 kg/day 0.64 kg/day 0.31 kg/day 7.3 kg/day

Total 169 Mass-based 1.95 kg/day 10 kg/day 4.2 kg/day 90 kg/day

6.4.2. Wet-weather load allocations.

.

Wet-weather Load Allocations for Open Space

As with the calculation of dry-weather allocations, wet-weather load allocations are only

assigned to open space that discharges directly to the river. In order to assign load allocations to

open space, the model-predicted percent contribution from open space is multiplied by the total

loading capacity, or TMDL. This product is then multiplied by the ratio of open space located

outside the storm drain system (see section 6.2.2) to the total open space area

(200 mi
2
/368mi

2
 = 0.54), according to the following equation:

Open Space = % Open Space Contribution * TMDL* 0.54 Equation (10)

Based on the wet-weather model (Appendix II) open space contributes 2.8% of the copper load,

0.7% of the lead load and 1.6% of the zinc load. The model tends to overestimate loads, which

provides a conservative assessment of the contribution from open space and can be applied to the

margin of safety. The wet-weather model does not estimate contributions from cadmium, but

there is little evidence to suggest undeveloped areas as a potential source of cadmium. The wet-

weather cadmium impairment could only be confirmed in Reach 1. There is no evidence of

impairment in Reaches 3, 4, 5, and 6, or tributaries where there is open space. Therefore, no load

allocation is developed for cadmium.
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Wet-weather Load Allocations for Direct Air Deposition

An estimate of direct atmospheric deposition is developed based on the percent area of surface

water, which is about 0.2% of the total watershed area (Table 5-4). The load allocation for

atmospheric deposition is calculated by multiplying this percentage by the total loading capacity,

according to the following equation:

Direct Air Deposition  =  0.002 * TMDL Equation (11)

The loadings associated with indirect deposition are included in the wet-weather storm water

waste load allocations.

As with the dry-weather condition, a concentration-based wet-weather WLA equal to 5 µg/L for

selenium has been assigned to Reach 6 and its tributaries.

6.4.3. Wet-weather waste load allocations for storm water permittees.  Wet-weather waste

load allocations are calculated by combining equations 8, 10, and 11, resulting in the following

equation:

Storm Water = (1– 0.002 - %Open Space Contribution*0.54)*TMDL–POTW Equation (12)

Wet-weather allocations for POTWs, open space, direct air deposition and storm water are

presented in Table 6-10.

Table 6.10. Wet-weather allocations for open space, direct air, POTWs and storm water.

Open Space

(kg/day)

Direct Air

(kg/day)

Burbank

WRP

(kg/day)

Tillman

WRP

(kg/day)

LAG

WRP

(kg/day)

Storm water permittees

(kg/day)

Cadmium 6.2x10
-12

 * daily

volume (L)

0.15 1.4 0.40 3.1x10
-9

*daily volume(L) – 1.95

Copper 2.6x10
-10

 * daily

volume (L)

3.4x10
-11

 * daily

volume (L)

0.64 7.8 1.99 1.7x10
-8

*daily volume (L) – 10.4

Lead 2.4x10
-10 

* daily

volume (L)

1.2x10
-10

 * daily

volume (L)

0.31 3.03 0.88 6.2x10
-8

*daily volume (L) – 4.2

Zinc 1.4x10
-9 

* daily

volume (L)

3.2x10
-10

 * daily

volume (L)

7.3 64 19 1.6x10
-7

*daily volume (L) – 90

 L = Liters

For example, a daily flow of 500 cfs (daily storm volume = 1.2x10
9
 liters) results in the

allocations presented in Table 6-11.
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Table 6-11. Wet-weather allocations based on a daily flow equal to 500 cfs.

Open Space

(kg/day)

Direct Air

(kg/day)

Burbank WRP

(kg/day)

Tillman WRP

(kg/day)

LAG WRP

(kg/day)

Storm water

permittees

(kg/day)

Cadmium 0.0074 0.15 1.4 0.4 1.8

Copper 0.31 0.041 0.64 7.8 1.9 10

Lead 0.29 0.14 0.31 3.03 0.88 71

Zinc 1.7 0.38 7.3 64 19 102

EPA allows allocations for NPDES-regulated municipal storm water discharges from multiple

point sources to be expressed as a single categorical waste load allocation when data and

information are insufficient to assign each source or outfall an individual allocation.  We

recognize that these municipal storm water allocations may be fairly rudimentary because of data

limitations and variability in the system. The combined storm water waste load allocation is

apportioned between the different storm water categories based on acreage. For the Los Angeles

River watershed, the total acreage for each category is:

• Combined stormwater permittees: 405,760 acres. This is equal to the total watershed area

minus the open space area not covered by storm drains.

• Caltrans: 6950 acres or 2% of the portion of the watershed served by storm drains. This is

an approximation that reflects the area of the Department’s Right-of-Way that drains to

Los Angeles River (Caltrans comment letter dated 8/26/04.)

• Industrial: 21,415 acres or 5% of the portion of the watershed served by storm drains.

Total acreage was obtained from State Board enrollment database.

• Construction: 7764 acres or 2% of the portion of the watershed served by storm drains.

Total acreage was obtained from State Board enrollment database.

• Remaining allocated to the MS4: 369,631 acres or 91% of the portion of the watershed

served by strom drains.

Based on these areas, the waste load allocations estimated for each permit type are presented in

Table 6-12.

Table 6.12. Wet-weather combined storm water allocations, apportioned based on percent of total urbanized

portion of watershed.

General

Industrial

permittees

(kg/day)

General

Construction

permittees

(kg/day)

Caltrans

(kg/day)

MS4 Permittees

(kg/day)

Combined storm water

permittees

(kg/day)

Cadmium 1.6E-10*daily

volume(L) – 0.11

5.9E-11*daily

volume(L) – 0.04

5.3E-11*daily

volume(L) – 0.03

2.8E-09*daily

volume(L) – 1.82

3.1E-09*daily volume(L) – 1.95

Copper 8.8E-10*daily

volume (L) – 0.5

3.2E-10*daily

volume (L) – 0.2

2.9E-10*daily

volume (L) – 0.2

1.5E-08*daily

volume (L) – 9.5

1.7E-08*daily volume (L) – 10

Lead 3.3E-09*daily

volume (L) – 0.22

1.2E-09*daily

volume (L) – 0.08

1.06E-09*daily

volume (L) – 0.07

5.6E-08*daily

volume (L) – 3.85

6.2E-08*daily volume (L) – 4.2

Zinc 8.3E-09*daily

volume (L) – 4.8

3.01E-09*daily

volume (L) – 4.8

2.7E-09*daily

volume (L) – 1.6

1.4E-07*daily

volume (L) – 83

1.6-07*daily volume (L) – 90
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For example, a daily flow of 500 cfs (daily storm volume = 1.2x10
9
 liters) results in the storm

water waste load allocations presented in Table 6-13.

Table 6-13. Wet-weather waste load allocations for storm water based on a daily flow of 500 cfs.

General Industrial

permittees (kg/day)

General

Construction

permittees

(kg/day)

Caltrans

(kg/day)

MS4 Permittees

(kg/day)

Combined storm

water permittees

(kg/day)

Cadmium 0.089 0.036 0.036 1.6 1.8

Copper 0.50 0.20 0.20 9.1 10

Lead 3.6 1.4 1.4 65 71

Zinc 5.08 2.03 2.03 93 102

Each storm water permittee under the general industrial and construction storm water permits

will receive an individual waste load allocations per acre based on the total acres of their facility.

This results in the same per acre allocation for the industrial and construction storm water

permittees (Table 6-14).

Table 6-14. Wet-weather waste load allocations for individual general construction or industrial storm water

permittees (kg/day/acre).

Metal
Individual General Construction or Industrial Permittee

(g/day/acre)

Cadmium 7.6 x10
-12 

* daily storm volume (L) – 4.8 x10
-6

Copper 4.2 x10
-11 

* daily storm volume (L) – 2.6 x10
-5

Lead 1.5 x10
-10 

* daily storm volume (L) -1.04 x10
-5

Zinc 3.9 x10
-10 

* daily storm volume (L) – 2.2 x10
-4

For example, a daily flow of 500 cfs (daily storm volume = 1.2x10
9
 liters) results in the general

construction and industrial storm water waste load allocations presented in Table 6-15.

Table 6-15. We-weather waste load allocations for individual general construction or industrial storm water

permittees (g/day/acre) based on a daily flow equal to 500 cfs.

Metal Individual General Construction Permittee (g/day/acre)

Cadmium 0.0044

Copper 0.026

Lead 0.18

Zinc 0.26

6.4.4. Wet-weather waste load allocations for other NPDES permits.  Concentration-based

WLAs are established for the minor and general NPDES permits (other than storm water
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permittees) that discharge to the Los Angeles River and its tributaries to ensure that these do not

contribute significant loadings to the system.  This was done because the flows are so variable

that a representative collective flow and loading cannot be calculated. Concentration-based waste

load allocations are also assigned to the Los Angeles Zoo wastewater facility and the Tapia and

Whittier Narrows WRPs, which have low infrequent flows. The zoo facility discharges only

during wet-weather and only when capacity of the 1.8 million-gallon retention basin is exceeded.

The permitted flow from Tapia is less than 2% of the mean flow from Tillman WRP, Burbank

WRP and Glendale WRP. It is estimated that less than 1% of the flow from Whittier Narrows

WRP leaves the spreading grounds and enters the Rio Hondo. Concentration-based allocations

are also assigned to the three non-POTW major NPDES permits because their discharges are a

mixture of intermittent storm water and wastewater. The concentration-based WLAs are based

on CTR targets adjusted for hardness and expressed as total recoverable metals. (Table 6-16.)

 Table 6-16. Concentration-based wet -weather waste load allocations (µg/L total recoverable metals).

Cadmium Copper Lead Zinc

3.1 17 62 159

6.5 Margin of Safety

The statute and regulations require that a TMDL include a margin of safety to account for any

lack of knowledge concerning the relationships between effluent limitations and water quality.

A margin of safety is appropriate for each TMDL because there is significant uncertainty in the

analysis of pollutant loads and effects on water quality.  There is an implicit margin of safety that

stems from the use of conservative values for the conversion total recoverable to the dissolved

fraction during the dry and wet periods. In addition, the TMDL includes a margin of safety by

evaluating wet-weather conditions separately from dry-weather conditions, which is in effect,

assigning allocations for two distinct critical conditions. Furthermore, the use of the wet-weather

model to calculate load allocations for open space can be applied to the margin of safety because

it tends to overestimate loads from open space, thus reducing the available waste load allocations

to the permitted discharges.

RB-AR7088



60

7.  IMPLEMENTATION

In this section, we describe the implementation procedures that will be used to provide

reasonable assurances that water quality standards will be met.  Further, the reasonably

foreseeable means of compliance with the TMDL are discussed.

Nonpoint sources will be regulated through the authority contained in sections 13263 and 13269

of the Water Code, in conformance with the State Water Resources Control Board’s Nonpoint

Source Implementation and Enforcement Policy (May 2004).

The mass- and concentration-based WLAs established for the three major POTWs in this TMDL

will be implemented through NPDES permit limits.  The renewal of the NPDES permits for the

three major POTWs is tentatively scheduled for July 2005.  The three POTWs will have permit

limits designed to meet the water quality targets established in this TMDL and maintain water

quality standards in the Los Angeles River.  These limits take into account the variability in the

effluent data and the frequency of monitoring.  During wet weather when the inflow to the

treatment plants exceeds the design capacity, the mass-based limit will not apply.

If a POTW determines that advanced treatment (necessitating long design and construction

timeframes) will be required to meet final waste load allocations, the Regional Board will

consider extending the implementation schedule to allow the POTW up to 10 years from the

effective date of the TMDL. POTWs that are unable to demonstrate compliance with final waste

load allocations must conduct source reduction audits within two years of the effective date of

the TMDL. POTWs that will be requesting the Regional Board to extend their implementation

schedule to allow for the installation of advanced treatment must prepare work plans, with time

schedules to allow for the installation of advanced treatment. The work plan must be submitted

within four years from the effective date of the TMDL. POTWs that require advanced treatment

to meet waste load allocations would be required to conduct a separate project level analysis of

potential environmental impacts associated with installation and operation of advanced treatment

(Public Resources Code 21159.2).

The concentration-based waste load allocations for minor NPDES discharges, NPDES

discharges covered under a general permit and major NPDES discharges excluding the Tillman,

LA-Glendale, and Burbank POTWs will be implemented through NPDES permit limits. Reach-

specific dry-weather waste load allocations are equal to the numeric targets in Table 3-2 and wet-

weather waste load allocations are described in Table 6-12. Permit writers for the non-storm

water permits may translate waste load allocations into effluent limits by applying the SIP

procedures or other applicable engineering practices authorized under federal regulations.

Compliance schedules may be established in individual NPDES permits, allowing up to 5 years

within a permit cycle to achieve compliance. Compliance schedules may not be established in

general NPDES permits. A discharger that could not comply immediately with effluent

limitations specified to implement waste load allocations would be required to apply for an

individual permit in order to demonstrate the need for a compliance schedule. Permittees that

hold individual NPDES permits and solely discharge storm water may be allowed (at Regional
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Board discretion) compliance schedules up to 10 years from the effective date of the TMDL to

achieve compliance with final WLAs.

Non-storm water flows authorized by Order No. 97-03 DWQ, or any successor order, are exempt

from the dry-weather waste load allocation equal to zero. Instead, these authorized non-storm

water flows shall meet the reach-specific concentration-based waste load allocations assigned to

the “other NPDES permits” in Table 3-2.  The dry-weather waste load allocation equal to zero

applies to unauthorized non-storm water flows, which are prohibited by Order No. 97-03 DWQ.

It is anticipated that the dry-weather waste load allocations will be implemented in future general

permits through the requirement of improved BMPs to eliminate the discharge of non-storm

water flows.

The wet-weather mass-based waste load allocations for the general industrial storm water

permittees (Table 6-15) will be incorporated into watershed specific general permits.

Concentration-based permit conditions may be set to achieve the mass-based waste load

allocations. These concentration-based conditions would be equal to the concentration-based

waste load allocations assigned to the other NPDES permits (Table 6-16). Compliance with

permit conditions may be demonstrated through the installation, maintenance, and monitoring of

Regional Board-approved BMPs. If this method of compliance is chosen, permit writers must

provide adequate justification and documentation to demonstrate that specified BMPs are

expected to result in attainment of the numeric waste load allocations.

General industrial storm water permittees are allowed interim concentration-based wet-weather

waste load allocations based on benchmarks contained in EPA’s Storm Water Multi-sector

General Permit for Industrial Activities. The interim waste load allocations apply to all industry

sectors and will apply for a period not to exceed ten years from the effective date of the TMDL.

Table 7-1. Interim wet- weather WLAs for general industrial storm water permittees, expressed as total

recoverable metals (µg/L)*:

Cadmium Copper Lead Zinc

15.9 63.6 81.6 117

*Based on USEPA benchmarks for industrial storm water sector

In the first five years from the effective date of the TMDL, interim wet-weather waste load

allocations will not be interpreted as enforceable permit conditions. If monitoring demonstrates

that interim waste load allocations are being exceeded, the permittee shall evaluate existing and

potential BMPs, including structural BMPs, and implement any necessary BMP improvements.

It is anticipated that monitoring results and any necessary BMP improvements would occur as

part of an annual reporting process. After five years from the effective date of the TMDL,

interim waste load allocations shall be translated into enforceable permit conditions. Compliance

with conditions may be demonstrated through the installation, maintenance, and monitoring of

Regional Board-approved BMPs. Permit writers must provide adequate justification and

documentation to demonstrate that specified BMPs are expected to result in attainment of waste

load allocations. In addition, permittees shall begin an iterative BMP process to meet final waste

load allocations. Permittees shall comply with final waste load allocations within 10 years from

the effective date of the TMDL, which shall be expressed as water quality based effluent
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limitations. Effluent limitations may be expressed as permit conditions. Compliance with

conditions may be demonstrated through the installation, maintenance, and monitoring of

Regional Board-approved BMPs. Permit writers must provide adequate justification and

documentation to demonstrate that specified BMPs are expected to result in attainment of waste

load allocations.

Waste load allocations for the general construction storm water permits will be incorporated into

the State Board general permit upon renewal or into a watershed-specific general permit

developed by the Regional Board. Non-storm water flows authorized by the General Permit for

Storm Water Discharges Associated with Construction Activity (Water Quality Order No. 99-08

DWQ), or any successor order,  are exempt from the dry-weather waste load allocation equal to

zero as long as they comply with the provisions of sections C.3.and A.9 of the Order No. 99-08

DWQ, which state that these authorized non-storm discharges shall be (1) infeasible to eliminate

(2) comply with BMPs as described in the Storm Water Pollution Prevention Plan prepared by

the permittee, and (3) not cause or contribute to a violation of water quality standards, or

comparable provisions in any successor order. Unauthorized non-storm water flows are already

prohibited by Order No. 99-08 DWQ.

Within seven years of the effective date of the TMDL, the construction industry will submit the

results of BMP effectiveness studies to determine BMPs that will achieve compliance with the

final waste load allocations assigned to construction storm water permittees. Regional Board

staff will bring the recommended BMPs before the Regional Board for consideration within

eight years of the effective date of the TMDL. General construction storm water permittees will

be considered in compliance with final waste load allocations if they implement these Regional

Board approved BMPs. All permittees must implement the approved BMPs within nine years of

the effective date of the TMDL. If no effectiveness studies are conducted and no BMPs are

approved by the Regional Board within eight years of the effective date of the TMDL, each

general construction storm water permit holder will be subject to site-specific BMPs and

monitoring requirements to demonstrate compliance with final waste load allocations.

A grouped dry-weather and wet-weather mass-based waste load allocation has been developed

for the two MS4 permits and the Caltrans permit (Tables 6-6 and 6-10).  EPA regulation allows

allocations for NPDES-regulated stormwater discharges from multiple point sources to be

expressed as a single categorical waste load allocation when the data and information are

insufficient to assign each source or outfall individual WLAs.  The grouped allocation will apply

to all NPDES-regulated municipal stormwater discharges in the Los Angeles watershed

including the Los Angeles County MS4 permit, the City of Long Beach MS4 permit, and the

Caltrans stormwater permit. The watershed is divided into six subwatersheds, with jurisdictional

groups assigned to each subwatershed, as presented in Table 7-2. Jurisdictional groups can be

reprganized or subdivided upon approval by the Executive Offcier.
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Table 7-2.  Los Angeles River and Tributaries Metals TMDL: Jurisdictional Groups

Jurisdictional

Group

Responsible Jurisdictions & Agencies Subwatershed(s)

1 Carson

County of Los Angeles

City of Los Angeles

Compton

Huntington Park

Long Beach

Lynwood

Signal Hill

Southgate

Vernon

Los Angeles River Reach 1

and Compton Creek

2 Alhambra

Altadena

Arcadia

Bell

Bell Gardens

Bellflower

Bradbury

Carson

Commerce

Compton

County of Los Angeles

Cudahy

Downey

Duarte

El Monte

Glendale

Glendale

Huntington Park

Irwindale

La Canada Flintridge

Lakewood

City of Los Angeles

Long Beach

Lynwood

Maywood

Monrovia

Montebello

Monterey Park

Paramount

Pasadena

Pico Rivera

Rosemead

San Gabriel

San Marino

Sierra Madre

South El Monte

South Pasadena

Southgate

Temple City

Vernon

Los Angeles River Reach 2,

Rio Hondo, Arroyo Seco, and

all contributing sub watersheds

3 City of Los Angeles

County of Los Angeles

Burbank

Glendale

La Canada Flintridge

Pasadena

Los Angeles River Reach 3,

Verdugo Wash, Burbank

Western Channel

4-5 Burbank

City of Los Angeles

County of Los Angeles

Glendale

San Fernando

Los Angeles River Reach 4,

Reach 5, Tujunga Wash, and

all contributing sub watersheds

6 Calabasas

City of Los Angeles

County of Los Angeles

Hidden Hills

Los Angeles River Reach 6,

Bell Creek, and all

contributing sub watersheds

EPA policy requires that the waste load allocations for stormwater be expressed in numeric form.

For the dry-weather condition, mass-based waste load allocations (Table 6-6) will be

incorporated into the permits of the NPDES-regulated municipal stormwater discharges. A

review of available water quality data suggests that applicable CTR limits are being met most of

the time during dry weather, with episodic exceedances. Due to the expense of obtaining

accurate flow measurements required for calculating loads, concentration-based permit limits

may apply during dry weather. These concentration-based limits would be equal to the dry-

weather reach-specific numeric targets (Table 3-2). Dry-weather waste load allocations apply to

each jurisdictional group based on the subwatershed(s) defining the group. For example, the dry-
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weather waste load allocations for Compton Creek and Reach 1 apply to responsible agencies

within Jurisdictional Group 1. For wet weather, the municipal stormwater waste load allocations

are presented in Table 6-10. These may be allocated to each jurisdictional group.

Each municipality and permittee will be responsible for the waste load allocations shared by their

jurisdictional group, and will not necessarily be given a specific allocation for the land uses

under their jurisdiction.  Therefore, the focus of compliance should be on developed areas where

the contribution of metals is highest and areas where activities occur that contribute significant

loading of metals (e.g., high-density residential, industrial areas and highways).  Flexibility will

be allowed in determining how to reduce metals as long as the waste load allocations are

achieved. The information provided in Table 7-3 should help MS4 and Caltrans stormwater

permittees identify areas of high pollutant loading and may be used to target BMPs. In this table,

many of the land use categories that share hydrologic or pollutant loading characteristics are

grouped into similar classifications. For example, transportation is grouped with the industrial

land use since the potency factors used in the wet-weather modeling (section 5.2) were very

similar.

Table 7-3. Land use contributions to total metal loads from surface runoff from the Los Angeles River

watershed. Based on wet-weather model predictions (Appendix II)

Land Use Copper Lead Zinc

Agriculture 0.5% 0.2% 0.5%

Commercial 13.4% 18.6% 18.2%

Industrial 11.2% 9.1% 19.9%

Mixed Urban 0.7% 0.3% 0.6%

Residential 71.5% 71.1% 59.3%

Open Space 2.8% 0.7% 1.6%

To achieve the necessary reductions to meet the waste load allocations, permittees will need to

balance short-term capital investments directed to addressing this and other TMDLs in the Los

Angeles River watershed with long-term planning activities for stormwater management in the

region as a whole.  It should be emphasized that the potential implementation strategies

discussed below may contribute to the implementation of other TMDLs for the Los Angeles

River watershed.  Likewise, implementation of other TMDLs in the Los Angeles River

watershed may contribute to the implementation of this TMDL. The Los Angeles River Trash

TMDL, effective date August 2, 2002, is now in its first year of implementation.  Compliance

with the Trash TMDL requires permittees to install either full capture systems, partial capture

systems and/or implement institutional controls.  At a minimum, the full capture systems must be

designed to treat the peak flow rate resulting from a one-year, one-hour storm.  A secondary

benefit of the trash removal systems also referred to as gross solids removal systems has been the

removal of sediments and other pollutants.

Figures 12 a-12c present the estimated load reductions needed to meet the grouped storm water

waste load allocations. In these figures, allowable loads are plotted against storm volume to

assist permittees in the design of BMPs to achieve the necessary load reductions.  As described

in section 5.2, The LSPC model was used to simulate storm volumes and associated loads over a

12-year period.  For these figures, the loading capacity is a green line, the model-predicted

historical loads below the loading capacity are shaded with blue and the model-predicted

historical loads above the loading capacity are shaded with red. Because the model tends to
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overestimate loads, actual reductions needed to meet the waste load allocations are likely less

than predicted by the load-duration curves. Wet-weather historical loadings for cadmium were

not modeled in this TMDL. A data review (section 2.2) provided little evidence of wet-weather

exceedances for cadmium and estimates of wet-weather loadings of cadmium (LACDPW, 2000

and  Ackerman and Schiff, 2003) were well below the allowable load.

7.1 Integrated Resources Plan

The Regional Board supports in concept an integrated water resources approach to improving

water quality during wet weather, such as the City of Los Angeles’ Integrated Plan for the

Wastewater Program (IPWP).  An integrated water resources approach takes a holistic view of

regional water resources management by integrating planning for future wastewater, stormwater,

recycled water, and potable water needs and systems, and focusing on beneficial re-use of

stormwater at multiple points throughout a watershed to preserve local groundwater resources

and reduce the need for imported water where feasible.  The City’s IPWP is intended to meet the

wastewater and water resource management needs for year 2020.

The Integrated Resources Plan (IRP) is Phase 2 of the IPWP.  The IRP is a City-wide strategy

developed by the City of Los Angeles and does not specifically focus on the Los Angeles River

watershed.  The goal of the plan is to increase the amount of wet weather urban runoff that can

be captured and beneficially used in Los Angeles.  However, it is not known what portion of this

runoff will be in the Los Angeles River Watershed.  Furthermore, capture and beneficial use of

the wet-weather urban runoff specified in the IRP may not achieve the waste load allocations in

this TMDL during very wet years.  The implementation strategy proposed below could be

designed to achieve the TMDL requirements, while remaining consistent with the goals of the

City’s IPWP and addressing any shortfall of the IRP in achieving implementation with this

TMDL.

One component of the IRP is a Runoff Management Plan, which could provide a framework for

implementing runoff management practices to meet the IRP goals and address protection of

public health and the environment.  The Runoff Management Plan as described in the IRP will

include consideration of structural Best Management Practices (BMPs) to achieve reduction of

pollutant loadings to receiving waters.  Urban runoff can be treated at strategic locations

throughout the watershed or subwatersheds.

7.2 Potential Implementation Strategies for MS4 and Caltrans Permits

The implementation strategy selected will need to address the different sources of metals loading

during dry and wet weather.  During dry weather, metals loading are predominately in the

dissolved phase.  During wet weather, the metals loading are predominately bound to sediment,

which are transported with storm runoff.  During rain events, partitioning between particulate

and dissolved metals often does not reach equilibrium.  Municipalities may employ a variety of

implementation strategies to meet the required WLAs such as non-structural and structural

BMPs, and/or diversion and treatment. Specific projects, which may have a significant

environmental impact, would be subject to an environmental review. The lead agency for
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subsequent projects would be obligated to mitigate any impacts they identify, for example by

mitigating potential flooding impacts by designing the BMPs with adequate margins of safety.

7.2.1 Non-structural BMPs.  The non-structural BMPs are based on the premise that specific

land uses or critical sources can be targeted to achieve the TMDL waste load allocations.  Non-

structural BMPs provide several advantages over structural BMPs.  Non-structural BMPs can

typically be implemented in a relatively short period of time.  The capital investment required to

implement non-structural BMPs is generally less than for structural BMPs.  However, the labor

costs associated with non-structural BMPs may be higher.  Therefore, in the long-term, the non-

structural BMPs may be more costly.  Examples of non-structural controls include more frequent

and appropriately timed storm drain catch basin cleanings, improved street cleaning by

upgrading to vacuum type sweepers and educating industries of good housekeeping practices.

Since dry-weather exceedances appear to be episodic, the permittees are encouraged to initially

concentrate on source reduction strategies including detection and elimination of illicit

discharges, reduction of dry-weather nuisance flows, and increased inspection of industrial

facilities.  In addition, improved enforcement of BMPs for construction sites and improved

detection and elimination of illicit connections to the storm drain system may result in significant

reductions in discharges of metal pollutants to the Los Angeles River.

A known source of copper loading is from brake pads. The use of alternative materials for brake

pads would help to reduce the discharge of copper in all watersheds. Staff acknowledges the

Brake Pad Partnership, a multistakeholder effort in the San Francisco Bay to understand and

address as necessary the impacts on surface water quality that may arise from break pad wear

debris.

7.2.2 Structural BMPs.  The structural BMPs are based on the premise that specific land uses,

critical sources, or specific periods of a storm event can be targeted to achieve the TMDL waste

load allocations.  Structural BMPs may include placement of stormwater treatment devices

specifically designed to reduce metals loading, such as infiltration trenches or filters, at critical

points in the stormwater conveyance system.  During storm events, when flow rates are high,

these types of filters may require surge control, such as an underground storage vault or

detention basin.  If these filters are placed in series with the gross solids removal systems being

installed to meet the Trash TMDL, then these filters will operate more efficiently and will

require less maintenance.

7.2.3 Diversion and Treatment.  The diversion and treatment strategy includes the installation

of facilities to provide capture and storage of dry and/or wet-weather runoff and diversion of the

stored runoff to a wastewater collection system for treatment. A small, dedicated runoff

treatment facility or alternative BMPs may be implemented to meet the TMDL requirements.

The volume of flow requiring storage and treatment would have to be estimated in order to size

the storage facilities, estimate diversion flow rates, and determine the collection system and

treatment capacities needed to accommodate these diverted flows. Wet-weather flows beyond the

capacities of these facilities will be bypassed.  However, a portion of these larger storm events

will still be captured and treated, thereby eliminating the metals loading of small storms and
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reducing those of larger storms.  Overflows from these systems could be routed through

structural BMPs designed to remove sediment for further reduction of metal loads.

To assist responsible jurisdictions and agencies in determining the optimal volume of flow to be

diverted, analyses were performed to assess relative improvements and benefits associated with

capture of storm volumes.  The capture of storm volumes reduces the associated metals loads,

and therefore reduces the likelihood of exceedances of loading capacities of the receiving waters.

These analyses were based primarily on conceptual assumptions and analyses of model results

for guidance in future planning.  To begin quantifying loading reductions, the results of the wet-

weather model were re-analyzed with respect to size of storm flow.  This was done by first

developing a relationship between rainfall and storm volume for storms greater than 0.1 inch

(Figure 13).  We then used the regression to assess the effect of storm capture to reduce the

associated metals loads, and therefore number of exceedances.  The model suggests that the

number of instances where model-predicted historical loads exceed the loading capacity can be

halved through the capture of a 0.5 inch storm.  These results are provided as guidance only and

are not meant to imply that structural means are either necessary or adequate to meet the load

reductions in this TMDL.  Indeed, we believe that BMPs that result in source reductions rather

than in-stream storm load reductions should be encouraged.

Additional studies that evaluate the effect of short duration rainfall intensity (i.e., one-year, one-

hour rainfall event) on the mobilization and transport of metals are encouraged and would be

useful in designing the flow through design capacity of in-line BMPs.

The administrative record and the fact sheets for the Los Angeles MS4 permit, the Long Beach

MS4 permit, and the Caltrans stormwater permit must provide reasonable assurance that the

BMPs selected will be sufficient to implement the waste load allocations in the TMDL.  We

expect that reductions to be achieved by each BMP will be documented and that sufficient

monitoring be put in place to verify that the desired reductions are achieved.  The permits should

also provide a mechanism to make adjustments to the required BMPs as necessary to ensure their

adequate performance.  If non-structural BMPs alone adequately implement the waste load

allocations then additional controls are not necessary.  Alternatively, if the non-structural BMPs

selected prove to be inadequate then structural BMPs or additional controls may be imposed.

7.3 Implementation Schedule

The implementation schedule for all permis is summarized in Table 7-4. For the MS4 and

Caltrans storm water permittees, the implementation schedule shall consist of a phased approach.

Each jurisdictional group shall achieve compliance in prescribed percentages of its

subwatershed, with total compliance to be achieved within 22 years. The dry-weather

compliance schedule is more accelerated because the dry-weather exceedances occur

infrequently and major structural BMPs are not anticipated.  The MS4 and Caltrans storm water

permittees are encouraged to work together to identify areas to be addressed first.

The Regional Board intends to reconsider this TMDL in five years after the effective date of the

TMDL to re-evaluate the waste load allocations based on the additional data obtained from

special studies. Until the TMDL is revised, the waste load allocations will remain as presented in
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this report. Revising the TMDL will not create a conflict, since full compliance with the dry-

weather WLAs and wet-weather WLAs are not required until 18 and 22-years after the effective

date, respectively.

Table 7-4.  Implementation Schedule.

Date Action

Effective date of TMDL Regional Board permit writers shall incorporate waste load allocations into

NPDES permits. Waste load allocations will be implemented through NPDES

permit limits in accordance with the implementation schedule contained herein,

at the time of permit issuance, renewal, or re-opener.

4 years after effective date of the

TMDL

Responsible jurisdictions and agencies shall provide to the Regional Board

results of the special studies. POTWs that will be requesting the Regional

Board to extend their implementation schedule to allow for the installation of

advanced treatment must submit work plans.

5 years after effective date of the

TMDLs

The Regional Board shall reconsider this TMDL to re-evaluate the waste load

allocations and the implementation schedule.

NON-STORM WATER NPDES PERMITS (INCLUDING POTWS, OTHER MAJOR, MINOR, AND

GENERAL PERMITS)

Upon permit issuance, renewal,

or re-opener

The non-storm water NPDES permits shall achieve waste load allocations,

which shall be expressed as NPDES water quality-based effluent limitations

specified in accordance with federal regulations and state policy on water

quality control. . Compliance schedules may allow up to 5 years in individual

NPDES permits to meet permit requirements. Compliance schedules may not

be established in general NPDES permits. If a POTW demonstrates that

advanced treatment will be required to meet final waste load allocations, the

Regional Board will consider extending the implementation schedule to allow

the POTW up to 10 years from the effective date of the TMDL to achieve

compliance with the final WLAs. Permittees that hold individual NPDES

permits and solely discharge storm water may be allowed (at Regional Board

discretion) compliance schedules up to 10 years from the effective date of the

TMDL to achieve compliance with final WLAs.

GENERAL INDUSTRIAL STORM WATER PERMITS

Upon permit issuance, renewal,

or re-opener

The general industrial storm water permitees shall achieve dry-weather waste

load allocations of zero, which shall be expressed as NPDES water quality-

based effluent limitations specified in accordance with federal regulations and

state policy on water quality control. Effluent limitations may be expressed as

permit conditions, such as the installation, maintenance, and monitoring of

Regional Board-approved BMPs. Permittees shall begin to install and test

BMPs to meet the interim wet-weather WLAs. BMP effectiveness monitoring

will be implemented to determine progress in achieving interim wet-weather

waste load allocations.
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Date Action

5 years after effective date of the

TMDLs

The general industrial storm water permittees shall achieve interim wet-weather

waste load allocations, which shall be expressed as NPDES water quality-based

effluent limitations. Effluent limitations may be expressed as permit conditions,

such as the installation, maintenance, and monitoring of Regional Board-

approved BMPs. Permittees shall beginan iterative BMP process including

BMP effectiveness monitoring to achieve compliance with final waste load

allocations.

10 years after the effective date

of TMDL

The general industrial storm water NPDES permittees shall achieve final wet-

weather waste load allocations, which shall be expressed as NPDES water

quality-based effluent limitations. Effluent limitations may be expressed as

permit conditions, such as the installation, maintenance, and monitoring of

Regional Board-approved BMPs.

GENERAL CONSTRUCTION STORM WATER PERMITS

Upon permit issuance, renewal,

or re-opener

Non-storm water flows not authorized by Order No. 99-08 DWQ, or any

successor order, shall achieve dry-weather waste load allocations of zero.

Waste load allocations shall be expressed as NPDES water quality-based

effluent limitations specified in accordance with federal regulations and state

policy on water quality control. Effluent limitations may be expressed as permit

conditions, such as the installation, maintenance, and monitoring of Regional

Board-approved BMPs.

Seven years from the effective

date of the TMDL

The construction industry will submit the results of wet-weather BMP

effectiveness studies to the Regional Board for consideration. In the event that

no effectiveness studies are conducted and no BMPs are approved, permittees

shall be subject to site-specific BMPs and monitoring to demonstrate BMP

effectiveness.

Eight years from the effective

date of the TMDL

The Regional Board will consider results of the wet-weather BMP effectiveness

studies and consider approval of BMPs no later than six years from the

effective date of the TMDL.

Nine years from the effective

date of the TMDL

All general construction storm water permittees shall implement Regional

Board-approved BMPs.

MS4 AND CALTRANS STORM WATER PERMITS

15 months after the effective

date of the TMDL

In response to an order issued by the Executive Officer, each jurisdictional

group must submit a coordinated monitoring plan, to be approved by the

Executive Officer, which includes both TMDL effectiveness monitoring and

ambient monitoring.  Once the coordinated monitoring plan is approved by the

Executive Officer, ambient monitoring shall commence.

48 months after effective date of

TMDL (Draft Report)

54 months after effective date of

TMDL (Final Report)

Each jurisdictional group shall provide a written report to the Regional Board

outlining how the subwatersheds will achieve compliance with the waste load

allocations.  The report shall include implementation methods, an

implementation schedule, proposed milestones, and any applicable revisions to

the TMDL effectiveness monitoring plan.
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Date Action

6 years after effective date of the

TMDL

Each jurisdictional group shall demonstrate that 50% of the group’s total

drainage area served by the storm drain system is effectively meeting the dry-

weather waste load allocations and 25% of the group’s total drainage area

served by the storm drain system is effectively meeting the wet-weather waste

load allocations.

14 years after effective date of

the TMDL

Each jurisdictional group shall demonstrate that 75% of the group’s total

drainage area served by the storm drain system is effectively meeting the dry-

weather WLAs.

18 years after effective date of

the TMDL

Each jurisdictional group shall demonstrate that 100% of the group’s total

drainage area served by the storm drain system is effectively meeting the dry-

weather WLAs and 50% of the group’s total drainage area served by the storm

drain system is effectively meeting the wet-weather WLAs.

22 years after effective date of

the TMDL

Each jurisdictional group shall demonstrate that 100% of the group’s total

drainage area served by the storm drain system is effectively meeting both the

dry-weather and wet-weather WLAs.

7.4 Cost Analysis

This section takes into account a reasonable range of economic factors in estimating potential

costs associated with this TMDL. This analysis, together with the other sections of this staff

report, CEQA checklist, response to comments, Basin Plan amendment and supporting

documents, were completed in fulfillment of the applicable provisions of the California

Environmental Quality Act (Public Resources Code Section 21159.)
2

This cost analysis focuses on compliance with the grouped waste load allocation by the MS4 and

Caltrans stormwater permittees in the urbanized portion of the watershed
3
. The BMPs and

potential compliance approaches analyzed here could apply to the general industrial and

construction storm water permittees as well. An evaluation of the costs of implementing this

TMDL amounts to evaluating the costs of preventing metals and sediment from entering storm

drains and/or reaching the river.  Most permittees would likely implement a combination of the

structural and non-structural BMPs to achieve compliance with their waste load allocations.  This

analysis considers a potential strategy combining structural and non-structural BMPs through a

phased implementation approach and estimates the costs for this strategy.  It will also be

                                                

2
 Because this TMDL implements existing water quality objectives (namely, the numeric CTR

criteria established by EPA), it does not “establish” water quality objectives and no further

analysis of the factors identified in Water Code section 13241 is required.  However, the staff

notes that its CEQA analysis provides the necessary information to properly “consider” the

factors specified in Water Code section 13241.  As a result, the section 13241 analysis would at

best be redundant.
3
 For the purposes of the cost analysis, the urbanized portion of the watershed is assumed to be

56% of the watershed or 467 square miles (Table 5-4).
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important to document reductions in metals loading already being achieved via BMPs currently

employed under the Trash TMDL.

In addition to achieving compliance with this TMDL, such a strategy could be used to achieve

compliance with the Los Angeles River Trash TMDL, now in its first year of implementation,
4

as well as the upcoming Los Angeles River Bacteria TMDL. Therefore, this cost analysis reflects

the potential costs of compliance with multiple TMDLs based on likely implementation

scenarios.

7.4.1 Cost estimate based on a phased implementation approach.  Under a phased

implementation approach, it is assumed that compliance with the grouped waste load allocation

could be achieved in 30% of the urbanized portion of the watershed through an integrated

resources plan. Costs of implementing an IRP are not estimated for the purposes of this analysis

because metals removal is not the primary goal of an IRP, which addresses multiple wastewater

and water resource management needs. Compliance in another 30% of the urbanized portion of

the watershed could be achieved through various iterations of non-structural BMPs. Compliance

with the remaining 40% of the urbanized portion of the watershed could be achieved through

structural BMPs. These percentages are approximately estimated based on the removal

efficiencies of various non-structural and structural BMPs, as discussed below.

The first step of a potential phased implementation approach would include the implementation

of non-structural BMPs by the permittees, such as increasing the frequency and efficiency of

street sweeping.  In their National Menu of Best Management Practices for Stormwater - Phase

II, U.S. EPA reports that conventional mechanical street sweepers can reduce non-point source

pollution by 5-30% (USEPA, 1999a.) The removal efficiencies of sediment for conventional

sweepers are dependent on the size of particles.  Conventional sweepers, including mechanical

broom sweepers and vacuum-assisted wet sweepers, have removal efficiencies of approximately

15 to 50% for particles less than 500 micrometers and up to approximately 65% for larger

particles (Walker and Wong, 1999).  U.S. EPA reports that vacuum-assisted dry street sweeping

can remove significantly more pollution, including fine sediment and metals, before they are

mobilized by rainwater.  U.S. EPA reports a 50 - 88 percent overall reduction in annual sediment

loading for residential areas by vacuum-assisted dry street sweepers.  Sutherland and Jelen

(1997) showed a total removal efficiency of 70% for fine particles and up to 96% for larger

particles by vacuum–assisted dry sweepers (also known as small-micron surface sweepers.)

Upgrading to vacuum-assisted dry sweeping would translate to a significant reduction of metals

in the particulate phase.

In their 1999 Preliminary Data Summary of Urban Stormwater Best Management Practices, U.S.

EPA estimated cost data for both standard mechanical and vacuum-assisted dry sweepers as

shown in Table 7-5.

                                                

4
 Pursuant to a court order, certain cities are presently exempted from compliance with the Los

Angeles River Trash TMDL.  The Los Angeles River Trash TMDL is also the subject of judicial

appeal.  Regardless of the outcome of the judicial challenge, there will be a trash TMDL for the

Los Angeles River, because a TMDL is compelled under the Heal the Bay consent decree.  As a

result, coordination among the TMDLs will remain a possibility.
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Table 7-5. Estimated costs for two types of street sweepers.

Sweeper Type
Life

(Years)

Purchase Price

($)

O&M Cost

($/curb mile)

Mechanical 5 75,000 30

Vacuum-assisted 8 150,000 15
Source: USEPA, 1999b

Table 7-5 illustrates that while the purchase price of vacuum-assisted dry sweepers is higher, the

operation and maintenance costs are lower than for standard sweepers.  Based on this

information, U.S. EPA determined the total annualized cost of operating street sweepers per curb

mile, for a variety of frequencies (in Table 7-6). In their estimates, U.S. EPA assumed that one

sweeper serves 8,160 curb miles during a year and assumed an annual interest rate of 8 percent

(USEPA, 1999b). According to Table 7-6, permittees would save money in the long-term by

switching to vacuum-assisted dry sweepers.

Table 7-6. Annualized sweeper costs, including purchase price and operation and maintenance costs ($/curb

mile/year).

Sweeper Type Sweeping Frequency

Weekly Bi-weekly Monthly Quarterly Twice per

year

Annually

Mechanical 1,680 840 388 129 65 32

Vacuum-

Assisted

946 473 218 73 36 18

Under a phased implementation approach, the permittees could monitor compliance using flow-

weighted composite sampling of runoff throughout representative storms to determine the

effectiveness of this first step of implementing non-structural BMPs. If monitoring showed non-

compliance, permittees could adapt their approach by increasing frequency of street sweeping or

incorporating other non-structural BMPs.

If compliance could still not be achieved through non-structural BMPs, permittees could

incorporate structural BMPs. Two potential structural BMPs were analyzed in this cost analysis:

1. Infiltration trenches

2. Sand filters

These approaches are specifically designed to treat urban runoff and to accommodate high-

density areas. They were chosen for this analysis because in addition to addressing metals

loadings to the river, they have the additional positive impact of addressing the effects of

development and increased impervious surfaces in the watershed. Both approaches can be

designed to capture and treat 0.5 to 1 inch of runoff. When flow exceeds the design capacity of

each device, untreated runoff is allowed to bypass the device and enter storm drains or the river.
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Both infiltration trenches and sand filters must be used in conjunction with some type of

pretreatment device such as a biofiltration strip or gross solids removal device to remove

sediment and trash in order to increase their efficiency and service life. This combination could

be used to achieve compliance with both the Los Angeles River Trash TMDL and the Metals

TMDL. The Trash TMDL provided a cost estimate of gross solids removal devices, including

structural vortex separation systems and end of pipe nets. This analysis provides an estimate of

the additional costs associated with installing sand filters or infiltration trenches.

In addition, both infiltration trenches and sand filters are efficient in removing bacteria and could

be used to achieve compliance with the upcoming bacteria TMDL. U.S. EPA reports that sand

filters have a 76% removal rate and infiltration trenches have a 90% removal rate for fecal

coliform. (U.S. EPA 1999c)

In this cost analysis, it was assumed that 20% of the watershed would be treated by infiltration

trenches and 20% of the watershed would be treated by sand filters.  Costs were estimated using

data provided by U.S. EPA (U.S. EPA, 1999a and 1999c) and the Federal Highway

Administration (FHWA, 2003). USEPA cost data were reported in 1997 dollars. FHWA costs

were reported in 1996 dollars for infiltration trenches and 1994 dollars for sand filters. Where

costs were reported as ranges, the highest reported cost was assumed. These costs were then

compared to costs determined by Caltrans in their BMP Retrofit Pilot Program (Caltrans, 2004).

Caltrans costs were reported in 1999 dollars. Analysis of costs based on EPA, FHWA estimates

and those reported by Caltrans, as well as estimations of sizing constraints are included in

Appendix III. An analysis of size constraints for each type of structural BMP considered is also

included in Appendix III, which could be used to estimate land acquisition costs. To estimate

land acquisition cots for individual projects in this cost analysis would be purely speculative.

Infiltration trenches.   Infiltration trenches store and slowly filter runoff through the bottom of

rock-filled trenches and then through the soil. Infiltration trenches can be designed to treat any

amount of runoff, but are ideal for treating small urban drainage areas less than five to ten acres.

Soils and topography are limiting factors in design and siting, as soils must have high percolation

rates and groundwater must be of adequate depth. Potential impacts to groundwater by

infiltration trenches could be avoided by proper design and siting. Infiltration trenches are

reported to achieve 75 to 90% suspended solids removal and 75-90% metals removal by U.S.

EPA and FHWA. In their BMP Retrofit Pilot Program, Caltrans assumed that constituent

removal was 100 percent for storm events less than the design storm, because all runoff would be

infiltrated.

Table 7-7 presents estimated costs for infiltration trenches designed to treat 0.5 inches of runoff

over a five-acre drainage area with a runoff coefficient equal to one. Staff determined that 11,955

devices, designed to treat five acres each, would be required to treat 20% of the urbanized

portion of the watershed.
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Table 7-7. Estimated costs for infiltration trenches.

Construction

Costs

($ million)

Maintenance

Costs

($ million/year)

Based on U.S. EPA estimate (1997 dollars) 544 109

Based on FHWA estimate (1996 dollars) 519 Not reported

Sand Filters.   Sand filters work by a combination of sedimentation and filtration. Runoff is

temporarily stored in a pretreatment chamber or sedimentation basin, then flows by gravity or is

pumped into a sand filter chamber. The filtered runoff is then discharged to a storm drain or

natural channel. As with infiltration trenches, The costs of two types of sand filters were

analyzed: 1) the Delaware sand filter, which is installed underground and suited to treat drainage

areas of approximately one acre and 2) the Austin sand filter, which is installed at-grade and

suited to larger drainage areas up to 50 acres. The underground sand filter is especially well

adapted for applications with limited land area and is independent of soil conditions and depth to

groundwater. However, both approaches must consider the imperviousness of the drainage areas

in their design.

U.S. EPA estimated a 70% removal of total suspended solids and 45% removal of lead and zinc

for both types of sand filters. FHWA reported high sediment, zinc and lead removal, but low

copper removal for Austin sand filters and high sediment and moderate to high metals removal

for Delaware sand filters. Caltrans reported a 50% reduction in total copper, a 7% reduction in

dissolved copper, an 87% reduction in total lead, a 40% reduction in dissolved lead, an 80%

reduction in total zinc and a 61% reduction in dissolved zinc by the Austin sand filters they

tested. Caltrans reported a 66% reduction in total copper, a 40% reduction in dissolved copper,

an 85% reduction in total lead, a 31% reduction in dissolved lead, a 92% reduction in total zinc

and a 94% reduction in dissolved zinc by the Delaware sand filter they tested.

U.S. EPA and FHWA reported costs per acre for 0.5 inches of runoff. Total costs were calculated

by multiplying the per-acre cost by the total acreage of the urbanized portion of the watershed

not addressed through an integrated resources plan or non-structural BMPs. Estimated costs are

presented in Table 7-8. There are significant economies of scale for Austin filters. U.S. EPA

reported that costs per acre decrease with increasing drainage area. FHWA reported two separate

costs based on drainage area served. Economies of scale are not a factor for Delaware filters, as

they are limited to drainage areas of about one acre.
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Table 7-8. Estimated costs for Austin and Delaware sand filters.

Austin Sand

Filter

Construction

Costs

($ million)

Austin Sand

Filter

Maintenance

Costs

($ million/year)

Delaware Sand

Filter

Construction

Costs

($ million)

Delaware Sand

Filter

Maintenance

Costs

($ million/year)

Based on U.S. EPA estimate

(1997 dollars)

553 28 329 16

Based on FHWA estimate

(1994 dollars)*

102 Not reported 418 Not reported

*FHWA cost estimate for Austin filters calculated assuming a drainage area greater than five acres. Total costs

would be $478 million for devices designed for a drainage area of less than two acres.

Based on the phased implementation approach, and some assumptions about the efficacy of each

stage of the approach, the cost analysis arrived at the total costs for compliance with the Metals

TMDL as shown in Table 7-9. The total costs do not include the cost savings associated with

switching to vacuum-assisted street sweepers. As stated previously, the costs associated with this

approach could be applied towards the cost of compliance with both the Metals TMDL and

Bacteria TMDL.

Table 7-9. Total estimated costs of phased implementation approach.

Total Construction

($ million)

Total Maintenance

($million/year)

Based on U.S. EPA estimate

(1997 dollars)

1426 153

Based on FHWA estimate

(1994/1996 dollars)

1039 Not reported

7.4.2 Comparison of costs estimates with Caltrans reported costs.   Estimated costs for

structural BMPs were compared to costs reported by Caltrans in their BMP Retrofit Pilot

Program (Caltrans, 2004). Caltrans sited five Austin sand filters and one Delaware sand filter as

part of their study. The five Austin sand filters served an average area of two acres and the

Delaware sand filter served an area of 0.7 acres. Caltrans sited two infiltration

trench/biofiltration strip combinations as part of their study. Each trench and biofiltration strip

used in combination served an area of 1.7 acres. Based on these drainage areas, the average

adjusted cost of the Austin sand filters in the Caltrans study was $156,600 per acre, the adjusted

cost of the Delaware filter was $310,455 per acre and the average adjusted cost of the infiltration

trench/biofiltration strips was $85,495 per acre. These costs are approximately an order of

magnitude greater than the costs determined using estimates provided by U.S. EPA and FHWA.

It should be noted that costs calculated using EPA and FHWA estimates were based on

infiltration trench and sand filter designs that would treat 0.5 inches of runoff, while the Caltrans

study costs were based on an infiltration trench design that would treat 1 inch of runoff and sand

filter designs that would treat 0.56 to 1 inches of runoff.  This could explain some of the

differences in costs.
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The differences in costs can also be explained by a third party review of the Caltrans study,

conducted by Holmes & Narver, Inc. and Glenrose Engineering (Caltrans, 2001.) The review

compared adjusted Caltrans costs with costs of implementing BMPs by other state transportation

agencies and public entities. The adjusted costs exclude costs associated with the unique pilot

program and ancillary costs such as improvements to access roads, landscaping or erosion

control, and non-BMP related facilities. For the comparison, all costs were adjusted for

differences in regional economies. The third party review determined that the median costs

reported by Caltrans were higher than the median costs reported by the other agencies for almost

every BMP considered, including sand filters and infiltration BMPs.  The review attributed the

higher Caltrans costs to the small scale and accelerated nature of the pilot program. The third

party review then gave recommendations for construction cost reductions based on input from

other state agencies. These included simplifying design and material components, combining

retrofit work with ongoing construction projects, changing methods used to select and work with

construction contractors, allowing for a longer planing horizon, constructing a larger number of

BMPs at once, and implementing BMPs over a larger drainage area.

7.4.3 Results of a Region-wide Cost study

In their report entitled “Alternative Approaches to Storm Water Quality Control, Prepared for the

Los Angeles Regional Water Quality Board,” Devinny et al. estimated the total costs for

compliance with Regional Board storm water quality regulations as ranging from $2.8 billion,

using entirely non-structural systems, to between $5.7 billion and $7.4 billion, using regional

treatment or infiltration systems. The report stated that final costs would likely fall somewhere

within this range. Table 7-10 presents the report’s estimated costs for the various types of

structural and non-structural systems that could be used to achieve compliance with municipal

storm water requirements throughout the Region.

Table 7-10  Estimated costs of structural and non-structural compliance measures for the entire Los Angeles

Region. (Source: Devinny et al.)

Compliance Approach Estimated Costs

Enforcement of litter ordinances $9 million/year

Public Education $5 million/year

Increased storm drain cleaning $27 million/year

Installation of catch basin screens, enforcing litter laws,

improving street cleaning

$600 million

Low –flow diversion $28 million

Improved street cleaning $7.5 million/year

On-site BMPs for individual facilities $240 million

Structural BMPs – 1
st
 estimation method $5.7 billion

Structural BMPs – 2
nd

 estimation method $4.0 billion

The Devinny et al. study calculates costs for the entire Los Angeles Region, which is 3,100

square miles, while the Los Angeles River watershed is 834 square miles. When compared on a
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per square mile basis, the costs estimated in section 7.4.2 are within the range calculated by

Devinny et al. Table 7-11 gives the estimated costs presented per square mile.

Table 7-11  Comparison of costs for storm water compliance on a per mile basis.

Construction Costs

($ million/square mile)

Based on U.S. EPA estimate 1.71

Based on FHWA estimate 1.25

Maximum cost calculated by Devinny et al. 0.90 – 2.39

The Devinny et al. study also estimated benefits associated with storm water compliance. It was

determined that the Region-wide benefits of a non-structural compliance program would equal

approximately $5.6 billion while the benefits of non-structural and regional measures would

equal approximately $18 billion. Region-wide estimated benefits included:

ν  Flood control savings due to increased pervious surfaces of about $400 million,

ν  Property value increase due to additional green space of about $5 billion,

ν  Additional groundwater supplies due to increased infiltration worth about $7.2 billion,

ν  Willingness to pay to avoid storm water pollution worth about $2.5 billion,

ν  Cleaner streets worth about $950 million,

ν  Improved beach tourism worth about $100 million (not applicable to Los Angeles River),

ν  Improved nutrient recycling and atmospheric maintenance in coastal zones worth about

$2 billion,

ν  Savings from reduction of sedimentation in Regional harbors equal to about $330

million, and

ν  Unquantifiable health benefits of reducing exposure to fine particles from streets.
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8. MONITORING

There are three objectives of monitoring associated with the TMDL.  The first is to collect data

(e.g., hardness, flow, and background concentrations) to evaluate the uncertainties and

assumptions made in development of the TMDL.  The second is to collect data to assess

compliance with the waste load allocations.  The third is to collect data to evaluate potential

management scenarios.  To achieve these objectives, a monitoring program will need to be

developed for the TMDL that consists of three components: (1) ambient monitoring, (2)

compliance assessment monitoring and (3) special studies.

The monitoring program and any required technical reports will be established pursuant to a

subsequent order issued by the Executive Officer.  As a planning document, the TMDL identifies

the type of information necessary to refine and to update the TMDL, and to assess the TMDL’s

effectiveness.  The Executive Officer will comply with any necessary legal requirements in

developing the monitoring program, requiring technical reports, and establishing special studies.

8.1 Ambient Monitoring

An ambient monitoring program is necessary to assess water quality throughout the Los Angeles

River and its tributaries.  The MS4 and caltrans NPDES permittees assigned waste load

allocations in each jurisdictional group are jointly responsible for implementing the ambient

monitoring program.  The responsible agencies shall sample for total recoverable metals,

dissolved metals, and hardness once per month at each ambient monitoring location until at least

year five when the TMDL is reconsidered.  There are eight proposed ambient monitoring points

on the Los Angeles River to reflect the reaches and the monitoring stations (Table 8-1).  These

stations correspond to the City of Los Angeles Watershed Monitoring Stations.  The City

currently samples for metals at these eight monitoring stations once per month.  In early 2004,

the City began sampling for hardness with the same frequency.  The City plans to extend and

modify their program to include metals sampling of the tributaries in the future.

Table 8-1.  Ambient monitoring points on the Los Angeles River.

Ambient Monitoring Points Corresponding Reaches

White Oak Avenue LA River 6, Aliso Creek, McCoy Creek, Bell Creek

Sepulveda Avenue LA River 5, Bull Creek

Tujunga Avenue LA River 4, Tujunga Wash

Colorado Avenue LA River 3, Burbank Western Channel, Verdugo Wash

Figueroa Street LA River 3, Arroyo Seco

Washington Boulevard LA River 2

Rosecrans Avenue LA River 2, Rio Hondo

Willow Street LA River 1, Compton Creek

8.2 TMDL Effectiveness Monitoring

TMDL effectiveness monitoring requirements for implementation will be specified in NPDES

permits for the Tillman, LA-Glendale, and Burbank POTWs.  The permits should specify the

monitoring necessary to determine if the expected load reductions are achieved.

For the Tillman, LA-Glendale, and Burbank POTWs, effluent monitoring requirements will be

developed to ensure compliance with the daily and monthly limits for metals.  Receiving water
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monitoring requirements in the existing permits to assess impact of the POTWs will not change

as a result of this TMDL.

The general industrial storm water permit shall contain a model monitoring and reporting

program to evaluate BMP effectiveness.  A permittee enrolled under the general industrial permit

shall have the choice of conducting individual monitoring based on the model program or

participating in a group monitoring effort. A group monitoring effort will not only assess

individual compliance, but will assess the effectiveness of chosen BMPs to reduce pollutant

loading on an industry-wide or permit category basis. MS4 permittees are encouraged to take the

lead in group monitoring efforts for industrial and construction facilities within their jurisdiction

because compliance with waste load allocations by these facilities will translate to reductions in

metals loads to the MS4 system.

The MS4 and Caltrans storm water NPDES permittees in each jurisdictional group are jointly

responsible for assessing progress in reducing pollutant loads to achieve the TMDL. Each

jurisdictional group is required to submit for approval by the Executive Officer a coordinated

monitoring plan that will demonstrate the effectiveness of the phased implementation schedule

for this TMDL which requires that the waste load allocations be met in prescribed percentages of

each subwatershed over a 22-year period. The monitoring locations specified for the ambient

monitoring program (Table 8-1) may be used as effectiveness monitoring locations.

The storm water NPDES permittees will be found to be effectively meeting the dry-weather

waste load allocations if the in-stream pollutant concentration or load at the first downstream

effectiveness monitoring location is equal to or less than the corresponding concentration- or

load-based waste load allocation.  Alternatively, effectiveness of the TMDL may be assessed at

the storm drain outlet based on the numeric target for the receiving water.  For storm drains that

discharge to other storm drains, effectiveness will be based on the waste load allocation for the

ultimate receiving water for that storm drain system.

The storm water NPDES permittees will be found to be effectively meeting wet-weather waste

load allocations if the loading at the downstream monitoring location is equal to or less then the

daily storm volume multiplied by the wet-weather numeric targets as defined in Table 6-12.  For

practical purposes, this is when the EMC is less than or equal to the numeric target.

8.3 Special Studies

Additional monitoring and special studies may be needed to evaluate the uncertainties and the

assumptions made in development of this TMDL.

1.  Flow measurements.  Better information is needed to define flow in the mainstem of the Los

Angeles River and the tributaries where there are no stream gages. The biggest uncertainties are

associated with low-flow in some of the listed tributaries.  Better information is also needed

about contributions of storm drains during low flow, where needed.

2.  Water quality measurements.  Information on background water quality will help refine the

targets.  Specifically, studies should be developed to provide a better assessment of background
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hardness values in areas where the data are old (lower reaches of Los Angeles River and Rio

Hondo) or non-existent (Tujunga, Verdugo Wash, Arroyo Seco).  Studies on background

concentrations of total suspended solids and organic carbon will help with the refinement of the

use of partition coefficients to define metals conversion factors.

3.  Effects studies.  Special studies may be warranted to evaluate the targets. Los Angeles County

Sanitation District and others are testing an approach to use the Biotic Ligand Model in the Los

Angeles Region.  Measurements of dissolved organic carbon, alkalinity, humic acid, and

alkali/alkaline metals would support this effort.

4.  Source studies.  There is a need for better characterization of the loadings from natural

sources to verify the assumptions that the loadings from natural sources for copper, lead and zinc

are generally low.  A study should also be developed to verify the assumption that selenium

concentrations observed in the upper reaches of the Los Angeles River are from natural

background sources.

5. Other special studies.  Special studies should also be considered to refine some of the

assumptions used in the modeling, specifically the relationship between total recoverable and

dissolved metals in storm water, the assumption that metals loadings are closely associated with

suspended sediments, the accuracy and robustness of the potency factors, and the uncertainties in

the understanding sediment washoff and transport. Studies should also be considered to evaluate

the potential contribution of aerial deposition to metals loadings and sources of aerial deposition.

6. POTWs that are unable to demonstrate compliance with final waste load allocations must

conduct source reduction audits within two years of the effective date of the TMDL.

7. POTWs that will be requesting the Regional Board to extend their implementation schedule

to allow for the installation of advanced treatment must prepare work plans with time schedules

to allow for the installation and operation of advanced treatment. The work plan must be

submitted within four years from the effective date of the TMDL.
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Figure 1.  Map of the Los Angeles River watershed and listed reaches.
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Figure 2.  Sampling stations in the Los Angeles River watershed.
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LA River Watershed Monitoring - Cadmium
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Flows at LA River at Wardlow (1988 to 2000)
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Figure 5.  Location of stream gages in the Los Angeles River watershed.
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Figure 6. Simulated vs. measured flow during 2000 low flow period.
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Figure 7. Comparison of the dry-weather water quality model results with observed data.
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LA River Metals Cadmium (2001)

0

0.5

1

1.5

2

2.5

0 10 20 30 40 50 60
River Mile

C
on

ce
nt

ra
tio

n 
(u

g/
l)

LA River Metals Copper (2001)

0

30

60

0 10 20 30 40 50 60
River Mile

C
on

ce
nt

ra
tio

n 
(u

g/
l)

LA River Metals Lead (2001)

0

10

20

30

40

50

0 10 20 30 40 50 60
River Mile

C
on

ce
nt

ra
tio

n 
(u

g/
l)

LA River Metals Zinc (2001)

0

50

100

150

200

0 10 20 30 40 50 60
River Mile

C
on

ce
nt

ra
tio

n 
(u

g/
l)

Simulated Concentration Minimum Maximum

RB-AR7122



94

Figure 8.  Los Angeles River sub-watershed delineation used in wet-weather model.
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Figure 9. Location of precipitation and meteorological stations used in wet-weather model.
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Figure 10a. Validation of wet-weather hydrography.  Comparison of daily flows.
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Figure 11.  Example Load Duration Curve
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Figure  12a. Load-duration curve for copper

Computed Load Indicators: Value Units

Total Storms Over 12-Year Period 249 none

Total Below Load Capacity Curve: 70,590 kg

Existing Condition (Red and Blue) 297,889 kg

Existing Load Below Load Capacity Curve (Blue): 69,706 kg

Existing Load Above Load Capacity Curve (Red): 228,183 kg

Estimated Load Reduction*: 76.6% none

* Model predictions tend to overestimate loadings. Actual reductions required to meet the waste

load allocations as defined by the load capacity curve may be less.
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Figure  12b.  Load-duration curve for lead

Computed Load Indicators: Value Units

Total Storms Over 12-Year Period none

Total Below Load Capacity Curve: 259,431 kg

Existing Condition (Red and Blue) 211,484 kg

Existing Load Below Load Capacity Curve (Blue): 153,686 kg

Existing Load Above Load Capacity Curve (Red): 57,797 kg

Estimated Load Reduction*: 27.3% none

* Model predictions tend to overestimate loadings. Actual reductions required to meet the waste

load allocations as defined by the load capacity curve may be less.
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Figure  12c.  Load-duration curve for zinc

Computed Load Indicators: Value Units

Total Storms Over 12-Year Period 249 none

Total Below Load Capacity Curve: 663,296 kg

Existing Condition (Red and Blue) 2,208,313 kg

Existing Load Below Load Capacity Curve (Blue): 643,105 kg

Existing Load Above Load Capacity Curve (Red): 1,565,209 kg

Estimated Load Reduction*: 70.9% none
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Figure  12d.  Load-duration curve for cadmium
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Figure  13.  Regression analysis of storm flows verses rainfall for the Los Angeles River (below Wardlow)
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Responsiveness Summary - Triennial Review
(to comments received before February 11,2005)

8. City ofAvalon - (Avalon) ..

9. WateReuse Association - (WateReuse) .....- .~.-
10. City ofBellflower - (Bellflower) ... 'J;

11. City ofFillmore - (Fillmore) /;~~~~

12. City ofLaVerne - (LaVerne)
13. City ofEI Monte - (EI Monte)
14. City ofParamount - (paramount)
15. City ofSigrial Hill- (Signal Hill)
16. City ofVernon - (Vernon)
17. Main San Gabriel Basin Watermaster-(Watermaster)
18. City of Carson-(Carson)
19. City ofGlendora-(Glendora)
20. City ofHuntington Park-(Huntington Park)
21. City ofLaPuente-(LaPuente)
22. City ofLomita-(Lomita)
23. Department ofParks and Recreation-(CDPR)
24.CityofSantaFeSprings-(SantaFeSpring~

25. City of Whittier-(Whittier)
26. Rutan & Tucker, LLP-(Rutan)
27. Construction Industry Coalition on Water Quality-(CICWQ)
28. Burhenn & Gest LLP-(Burhenn)
29. County of Los Angeles, Department ofPublic Works-(LACDPW)
30. County Sanitation Districts of Los Angeles County-(CSDLAC)
31. CSDLAC, CPR, BAC, WSPA, CICWQ (Coalition)
32. City ofOxnard-(Oxnard)
33. Western States Petroleum Association-(WSPA)
34. United States Environmental Protection Agency-(USEPA)

•------:"1.-,-------
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No. Author Date Comment ·;/'kesponse
8.1 Avalon 2/8/05 The City of Avalon requests that the Regional Board Neither the federal Clean Water Aetnor the state Porter-

consider devoting a portion of your planning resources of Col~erQuality Control Act makes a distipction
this Triennial Review towards completing a Stakeholder between water quality standards for wet weather and dry
Task Force to study the desirability of including flow weather. Under both laws, the Regional Board has a statutory
based water quality standards into the Basin Plan. .duty to protect designated beneficial uses under both wet and

dry weather conditions. Nevertheless, the Regional Board has
taken creative measures to implement water quality standards
during wet weather in a protective and reasonable manner
through TMDLs and implementation provisions for specific
objectives.

However, Regional Board staff is willing to consider the
formation ofa task force and, in fact, is already working with
similar coalitions on issu~s ofregional concern (e.g.
development ofammonia and copper site-specific objectives).

The Regional Board has previo~ly outlined in its "DRAFT
Strategy for Completing TMDLs 8I)d Attaining Water Quality
Standards" (December 2002) (Strategy) various levels of
potential stakeholder involvement.in the development of water
quality standards and TMDLs. These include increasingly
resource intensive levels of involvement, including (1) the
formation ofpolicy and technical advisory committees to
address specific issues ofconcern and (2) stakeholder-led
studies such as the one suggested by the City. The Regional
Board's ability to convene and participate in highly intensive
stakeholder processes may be limited due to staffing
constraints and the demands ofmultiple projects that are
underway at the same time. ., .

......,.

In summary, the Strategy states that for water quality standard
issues where there is a high level ofregional interest,' formal
policy or technical advisory committeesmay be formed to
provide opportunities for more intensive structured discussion

• Responsiveness snmA • Triennial Review
(to comments received before February 11,2005) •

February 18, 2005
, 2 of 66
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Responsiveness Summary - Triennial Review
(to comments received before February 11,2005) :,'.

C"0...-

t?
~
M

n

No. Author Date Comment Response I-
ei">

of WQS and/or TMDI::'deVelopment issues and approaches. cp
..,' ,,;.. ,.,r . '.,:-

,.

In s,?~~stances, a coalition ofstakeholders may take

~formal'responsibility for completing studies and plans
necessary to adopt WQS and/or TMDLs. These stakeholder-

~led WQS and/or TMDL projects represent the most resource ~
intensive stakeholder effort. Regional Board staffwould be
intensively involved in each of these efforts but the
stakeholder group would be responsible for project
management and timely completion ofproducts consistent
with the schedules identified in this strategy.

In order for the Regional Board to endorse and rely upon these
efforts to support timely completion ofWQS and/or TMDL
decisions, the Regional Board expects to enter into formal
agreements with the stakeholder group that confinn the
specific project approach, schedules, and commitments.
Specifically, these agreements must articulate technical
approaches, quality assurance procedures, peer review
procedures, stakeholder involvement approaches, and project
management details sufficient to ensure timely completion of
high quality products. This fonnal approach to endorsing WQS
and/or TMDL work by stakeholder groups is necessary in
order to ensure that (1) the work ofstakeholder groups is
useful in the final StatelEPA decisionS, (2) the groups have
greater certainty that their work will be used by the State and
EPA, and (3) where applicable, TMDL consent decree
schedules will be met.

All interested organizations should submit a formal statement
of intent to the Regional Board Executive Officer that
specifically describes the WQS andforTMDLs to be addressed
and identifies the proposed lead and participating entities that
will take responsibility for the work. After an evaluation by
Regional Board management, the Regional Board will

• •
February 18, 2005
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• Responsiveness snm.lr - Triennial Review
(to cC?mments received before February 11,2005) •
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No. Author Date Comment Response
determine whether ;hci'stud'y is an appropriate investment of
staff resources and whether sufficient staff resources are
avai~~versee the proposed work.

.•~#.,' . :J _'." ",'

8.2 Avalon 2/8/05 The Basin Plan will be updated include TMDLs to Neither the federal Clean Water Act nor the state Porter- '
implement bacteria, metals, sediments and toxics. Local Cologne Water Quality Control Act makes a distinction
governments are rightfully concerned that these existing between water quality standards for wet weather and dry
water quality standards, when applied to large storm weather. Under both laws, the Regional Board has a statutory
events, will lead to the expensive capture and treatment duty to protect designated beneficial uses under both wet and
of storm water. The current Basin Plan is silent on the dry weather conditions.
whether wet weather flows must meet the same standards
as dry weather flows and what methods local government Nevertheless, the Regional Board has taken creative measures
would employ to meet the existing Basin Plan's standard. to implement water quality standards during wet weather in a

protective and reasonable manner through TMDLs and
implementation provisions for specific objectives. During
TMDL development, the Regional Board evaluates the
application of water quality standards during dry weather
versus wet weather conditions. For example, in the Santa
Monica Bay Beaches Bacteria TMDL and other bacteria
TMDLs the Regional Board applies a reference system/anti-
degradation approach, which results in different requirements
with regard to the number of allowable exceedances of the
water quality objectives during wet versus dry weather
(allowing a greater number of exceedances during wet
weather). In the arena ofwater quality standards, the Regional
Board has specifically addressed the inherent danger of
recreating in engineered channels during wet weather events,
and has suspended the water contact recreation use and
associated bacteria objectives during these conditions.

...

Regarding methods to meet the existing Basin Plan standards,
the Basin Plan outlines a broad sUite ofregulatory tools that
the Regional Board emplqys to achieve water quality
standards. Furthermore, in the development ofTMDLs the
Board discusses potential means ofcompliance with the

February 18,2005
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Responsiveness Summary - Triennial Review
(to comments received before February 11,2005) ;",
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No. Author Date Comment Response ..
TMDL. However, thi'Porter Cologne Water Quality Control ~)

Act prohibits-the'1foard from prescribing methods of F
comp.I~1n the municipal stormwater pennit, the. Board
outlines'an iterative process for achieving instream water ~ 5
quality standards. This process entails the use ofBest c~
Management Practices (BMPs) that will be implemented to (
prevent or reduce pollutants that are causing or contributing to
exceedances ofwater quality standards. (See Order No. 01-
182, Part2)'" . .

8.3 Avalon 2/8/05 We recognize that the Regional Board has stated in the The Regional Board has stated in many· of its recent actions
past that it is not your intention to require expensive that it strongly supports an integrated approach to water
storm water treatment. However, the Regional Board has resour~e management,including compliance with TMDLs.
never studied water quality standards when literally Such an approach looks at a watershed holistically and .....

applied to storm water. It is probable that the Regional attempts to reap multiple benefits from implementation of
Board's good intentions will not be borne out during TMDLs. Wherever possible, the Board supports this type of
implementation of the actual standards. approach as opposed to an approach that relies upon end~f-

the-pipe structural solutions, such as large stormwater capture
and treatment facilities placed at the bottom of the watershed.
The Regional Board has provided ample time in the context of
TMDL implementation to evaluate and implement more
integrated solutions to water quality problems.

'".",

However, the Regional Board has a statutory duty to ensure
that water quality standards are achieved in the region's
waters. The Regional Board acknowl~ges that some treatment
of stormwater will be required in order'to achieve the national
goal so clearly articulated in the federal Clean Water Act of
restoring the biological, physical and chemical integrity of the
region's waters.

8.4 Avalon 2/8/05 The Stakeholder Wet Weather Task Force would develop See response to 8-1.
a Work Plan governing the study. The Work Plan would '~;r

recommend studies and activities that would support the
Regional Board in developing appropriate beneficial
uses, water quality standards and implementation

• •
February 18,2005
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• Responsiveness summl-Triennial Review
(to comments received before February 11, 2005) •

No. Author Date Comment .Response "
strategies to achieve appropriate water quality for large .:.,r .''''

storm events.
.... .,;,.,~

8.5 Avalon 2/8/05 We are proposing that the Regional Board consider Regjp~ard staffhas aclmowledged, and continues to
developing a "Flood Protection" beneficial use - since the ackiio~iedge that flo~d control is a reality that we need to
Basin Plan ignores the important role that the dams, factor into some of our decisions (e.g., the Board's adoption of
debris basins, retention areas, flood control channels and a suspension ofrecreational uses and associated bacteria
local storm drains play in protecting life and property. objectives in engineered channels during wet weather; the

Board's ongoing 401 certification ofroutine and emergency
operation and maintenance of flood control channels).
However, staffdoes not agree that "flood protection" is a
"beneficial use",ofour waters iti the same vein as other uses.
We do not use water for flood control purposes as we use
water for drinking and swinuning, and it does not fit into the
regulatory structure in this way. Even ifit were appropriate for
flood protection to be a "beneficial use", it would not remove
the requirements to protect other designated beneficial uses of
our waterbodies.

8.6 Avalon 2/8/05 We believe that this is a reasonable exercise of the See response to 8-1.
Board's discretion. Delaying this work by three
additional years will work against the development of
reasonable TMDLs under the Consent Decree deadlines.
We are prepared to work with the Board and devote
resources to this effort.

9.1 WateReuse 2/8/05 Our comments relate to Issue R-26, the development of Comment noted. No revision requested.
policies and/or standards that would maximize recycled
water use while protecting groundwater resources. (Staff
Report p.73.) While the WateReuse Association supports
this goal, we agree that this Issue should not be scheduled
for completion over the 2005 to 2007 timeframe.

9.2 WateReuse 2/8/05 In fact, we do not believe Issue R-26 should be The identification of an issue as a high priority does not
designated as a high priority for the Regional Board, assume that the Regional Board will take the lead role on an
given that the WateReuse Association has been working issue. There are a number ofstatewide issues included in the
actively for over a year with the State Water Resources 2004 Triennial Review that Regional Board staff regards as a
Control Board to develop guidance on these issues. high priority.

. February 18, 2005
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Responsiveness Summary - Triennial Review
(to comments received before February 11, 2005)
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No. Author Date Comment Response ~
~:,,' .. / P

Regional BOal'c!'St(ffexplaified in the staff report supporting r.-
, the ~.ppt":i'}lriennial Review that statewide issues were included ~

in ~e Region's T~ennial Review~ortwo.reasons. First, the ~
Regtonal Board wIshes to emphasIZe the Importance of these
statewide issues to the Los Angeles Region by their inclusion ~
in the Triennial Review. Second, Regional Board staff
contributes to various degrees to'these statewide efforts, which
requires the investment of limited staffresources. As a result,
it is important that these issues and the required staff resources
are included in the evaluation ofwhich Basin Planning issues
to address over the next three-year period.
Issue R-26 may have multiple facets - some ofwhich may be
best addressed at the statewide level. However, other facets of
this issue may include evaluation of site-specific objectives
based on local water quality conditions. These types of
projects are best handled at the regional level.

9.3 WateReuse 2/8/05 We believe it is critical that Regional Boards apply Staff agrees that in general existing laws and policies should
existing laws and policies in a consistent and reasonable be applied in a consistc:nt manner throughout the state unless
manner throughout the State. This is in keeping with the site specific conditions or other region~specific issues justify a
direction ofthe California Legislature, which has different approach.
directed the development of "uniform Criteria" to be .
applied to recycled water projects statewide.

9.4 WateReuse 2/8/05 The development of individual regional policies and See response to 9-2 and 9-3.
standards is not only inconsistent with that legislative
mandate, but such piecemeal efforts do not make the best
use of limited resources. While the staffestimates one-
half a person year to complete this work, we question

... '
whether new standards and policies with regulatory effect
can be developed and adopted with such a limited staff
effort.

10.1 Bellflower 2/9/05 Regional Board consider devoting a portion ofyour See response to comment 8.1.
planning resources of this Triennial Review towards
completing a Stakeholder Task Force to study the

• •
February 18, 2005
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No. Author Date Comment ,Response
desirability of including flow based water quality ;.,- .-'

standards into the Basin Plan. .' il7i.·"v

10.2 Bellflower 2/9/05 The Basin Plan will be updated to include TMDLs to SeeJ~~ to comment 8.2.
implement bacteria, metals, sediments and toxics. Local
governments are rightfully concerned that these existing
water quality standards, when applied to large storm
events, will lead to the expensive capture and treatment "r:

ofstorm water. The current Basin Plan is silent on the
whether wet weather flows must meet the same standards
as dry weather flows and what methods local government
would employ to meet the existing Basin Plan's standard.

10.3 Bellflower 2/9/05 We recognize that the Regional Board has stated in the See response to comment 8.3.
past that.it is not your intention to require expensive
storm water treatment. However, the Regional Board has
never studied water quality standards when literally
applied to storm water. It is probable that the Regional
Board's good intentions will not be borne out during
implementation of the actual standards.

10.4 Bellflower 2/9/05 The Stakeholder Wet Weather Task Force would develop See response to comment 8.4. ?}"
a Work Plan governing the study. The Work Plan would

"

recommend studies and activities that would support the
Regional Board in pevelQping appropriate beneficial "

uses, water quality standards and implementation
strategies to achieve appropriate water quality for large ,

storm events.
10.5 Bellflower 2/9/05 We are proposing that the Regional Board consider See response to comment 8.5.

developing a "Flood Protection" beneficial use- since the
Basin Plan ignores the important fole that the dams, ".,

debris basins, retention areas, flood control channels and
'.•..,

local storm drains olav iIi ofotecting life and property.
10.6 Bellflower 2/9/05 We believe that this is a reasonable exercise of the See response to comment 8.6.

Board's discretion. Delaying this work by three
additional years will workagainst the development of
reasonable TMDLs under the Consent Decree deadlines. "

February 18, 2005
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Responsiveness Summary - Triennial Review
(to comments received before February 11,2005) '.:,

0)
......

No. Author Date Comment Response ~
c...,

We are prepared to work with the Board and devote .:.-" ..,,- :::>

, resources to this effort. ~' ~I:'~"''''' rc
11.1 Fillmore 2/9/05 Regional Board consider devoting a portion ofyour Se~J~~ to comment 8.1',;i

~planning resources of this Triennial Review towards
completing a Stakeholder Task Force to study the i\ ..

~desirability of including flow based water quality ::c
standards into the Basin Plan.

11.2 Fillmore 2/9/05 The Basin Plan will be updated include TMDLs to See response to comment 8.2.
implement bacteria, metals, sediments and toxics. Local

'..
governments are rightfully concerned that these existing
water quality standards, when applied to large storm
events, will lead to the expensive capture and treatment
of storm water. The current Basin Plan is silent on the
whether wet weather flows must meet the same standards
as dry weather flows and what methods local government 0\
would employ to meet the existing Basin Plan's standard. I

~

11.3 Fillmore 2/9/05 We recognize that the Regional Board has stated in the See response to comment 8.3. M

past that it is not your intention to require expensive
storm water treatment. However, the Regional Board has
never studied water qualitY standards when literally
applied to storm water. It is probable that the Regional
Board's good intentions win not be borne out during
.implementation ofthe actual standards.

11.4 Fillmore 2/9/05 The Stakeholder Wet Weather Task Force would develop See response to comment 8.4.
a Work Plan governing the study. The Work Plan would !;:t
recommend studies and activities that would support the

"jRegional Board in developing appropriate beneficial , .

uses, water quality standards and implementation
strategies to achieve appropriate water quality for large
storm events.

11.5 Fillmore 2/9/05 We are proposing that the Regional Board consider See response to comment 8.S.
developing a "Flood Protection" beneficial use- since the
Basin Plan ignores the important role that the dams, ,
debris basins, retention areas, flood control channels and

• •
february 18, 2005
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No. Author .Date Comment .Response
local storm drains play in protecting life and property. >' j"

11.6 Fillmore 2/9/05 We believe that this is a reasonable exercise of the See response to''Comment 8.6.
Board's discretion. Delaying this work by three ._~~ ~,?!:~~r
additional years will work against the development of
reasonable TMDLs under the Consent Decree deadlines.
We are prepared to work with the Board and devote ..
resources to this effort.

12.1 La Verne 2/9/05 Regional Board consider devoting a portion of your See response to comment 8.1.
planning resources of this Triennial Review towards
completing a Stakeholder Task Force to study the
desirability of including flow based water quality
standards into the Basin Plan.

12.2 La Verne 2/9/05 The Basin Plan will be updated include TMDLs to See response to comment 8.2. ):~ .

implement bacteria, metals, sediments and toxics. Local ..,

governments are rightfully concerned that these existing
water quality standards, when applied to large storm
events, will lead to the expensive capture and treatment
of storm water. The current Basin Plan is silent on the
whether wet weather flows must meet the same standards
as dry weather flows and what methods local government
would employ to meet the existing Basin Plan's standard.

12.3 La Verne 2/9/05 We recognize that the Regional Board has stated in the See response to comment 8.3.
past that it is not your intention to require expensive
storm water treatment. However, the Regional Board has

., ,

never studied water quality standards when literally
applied to storm water. It is probable that the Regional

'.;':i...

Board's good intentions will not be borne out during ,.
implementation of the actual standards.

12.4 La Verne 2/9/05 The Stakeholder Wet Weather Task Force would develop See response to comment 8.4.
a Work Plan governing the study. The Work Plan would
recommend studies and activities that would support the
Regional Board in developing appropriate beneficial
uses, water quality standards and implementation
strategies to achieve appropriate water quality for large

February 18, 2005
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Responsiveness Summary R Triennial Review
(to comments received before February 11,2005)

......
N

No. Author Date Comment ResDonse ~

storm events. ,;.",. ,,' P
12.5 La Verne 2/9/05 We are proposing that the Regional Board consider See responset&:c6mment 8.5. ~

developing a "Flood Protection" beneficial use- since the /:;"':~{/~~~

~Basin Plan ignores the important role that the dams,
debris basins, retention areas, flood control channels and ~

local storm drains play in protecting life and property. ~
12.6 La Verne 2/9/05 We believe that this is a reasonable exercise of the See response to comment 8.6. ""

Board's discretion. Delaying this work by three
,)additional years will work against the development of

reasonable TMDLs under the Consent Decree deadlines. .,'
We are prepared to work with the Board and devote
resources to this effort.

13.1 El Monte 2/10105 Regional Board copsider devoting a portion ofyour See response to comment 8.1., "

planning resources of this Triennial Review towards
completing a Stakeholder Task Force to study the
desirability of including flow based water quality

~
standards into the Basin Plan. ~

13.2 EIMonte 2/10105 The Basin Plan will be updated include TMDLs to See response to comment 8.2.
I

"'It

implement bacteria, metals, sediments and toxics. Local
f"l.

governments are rightfully concerned that these existing
water quality standards, when applied to large storm ,":'

,~~revents, will lead to the expensive capture and treatment
of storm water. The current Basin Plan is silent on the ;:;:
whether wet weather flows must meet the same standards
as dry weather flows and what methods local government

.:.

would employ to meet the existing Basin Plan's standard.
13.3 ElMonte 2/10/05 We recognize that the Regional Board has stated in the See response to comment 8.3• ..

past that it is not your intention to require expensive
storm water treatment. However, the Regional Board has
never studied water quality standards when literally
applied to storm water. It is probable that the Regional
Board's good intentions will not be borne out during "

implementation ofthe actual standards.
13.4 EIMonte 2/10/05 The Stakeholder Wet Weather Task Force would develop See response to comment 8.4.

•
I i

• Lb
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a Work Plan governing the study. The Work Plan would ...,"" ,,""

recommend studies and activities that would support the :'hrj;,~ '.
Regional Board in developing appropriate beneficial ..,;~r:~"?:#~
uses, water quality standards and implementation
strategies to achieve appropriate water quality for large
storm events.

13.5 El Monte 2/10/05 We are proposing that the Regional Board consider See response to comment 8.5.
developing a "Flood Protection" beneficial use- since the
Basin Plan ignores the important role that the dams,
debris basins, retention areas, flood control channels and
local storm drains play in protecting life and property.

13.6 El Monte 2/10/05 We believe that this is a reasonable exercise of the See response to comment 8.6.
Board's discretion. Delaying this work by three
additional years will work against the development of
reasonable TMDLs under the Consent Decree deadlines.
We are prepared to work with the Board and devote M

~

resources to this effort. I
~

14.1 Paramount 2/9/05 Regional Board considerdevoting a portion of your See response to comment 8.1. M

planning resources of this Triennial Review towards
completing a Stakeholder Task Force to study the
desirability of including flow based water quality ',~

-,

standards into the Basin Plan.
14.2 Paramount 2/9/05 The Basin Plan will be updated include TMDLs to See response to comment 8.2.

' ,

implement bacteria, metals, sediments and toxics. Local
'.';"

,',

governments are rightfully concerned that these existing
water quality standards, when applied to large storm ., ' .

events, will lead to the expensive capture and treatment
of storm water. The current Basin Plan is silent on the
whether wet weather flows must meet the same standards ,-

as dry weather flows and what methods local government
would employ to meet the existing Basin Plan's standard.

14.3 Paramount 2/9/05 We recognize that the Regional Board has stated in the See response to comment 8.3.
"

past that it is not your intention to require expensive
storm water treatment. However, the Regional Board has

'\;,i','f' "February 18, 2005
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(to comments received before February 11,2005)

C0
N

INo. IAuthor IDate I Comment I ..Response E
never studied water quality standards when literally /.r , ;

applied to storm water. It is probable that the Regional ... .... ' ."".,'
Board's good intentions will not be borne out during"''''5~,"r
implementation of the actual standards.' .

14.4 ParamoWIt 2/9/05 The Stakeholder Wet Weather Task Force would develop ISee response to comment 8.4. . ~
a Work Plan governing the study. The Work Plan would ~

recommend studies and activities that would support the
Regional Board in developing appropriate beneficial
uses, water quality standards and implementation
strategies to achieve appropriate water quality for large
storm events.

14.5

14.6

ParamoWIt

Paramount

2/9/05

2/9/05

We are proposing that the Regional Board consider
developing a "Flood Protection" beneficial use- since the
Basin Plan ignores the important role that the dams,
debris basins, retention areas, flood control channels and
local storm drains play in protecting life and property.
We believe that this is a reasonable exercise of the
Board's discretion. Delaying this work by three
additional years will work against the development of
reasonable TMDLs WIder the Consent Decree deadlines.
We are prepared to work with the Board and devote
resources to this effort.

See response to comment 8.5.

See response to comment 8.6. .

~
~,
"'l:t
N

15.1 Signal Hill

•

2/9/05 Our January request focused on a review of two Porter
Cologne requirements, the creation of a "Flood
Protection" beneficial use and a request to expand the
"high flow exemptions" for flood control channels (see
January 27,2005 letter).

•

See response to 8-5.

Staff already evaluated the extension ofthe high flow
suspension ofthe REC-l use and associated bacteria
objectives to a broader array ofchannels and time periods
when developing the "Amendment to Suspend Recreational
Beneficial Uses in Engineered Channels during Unsafe Wet
Weather Conditions,"Final Resolution and Amendments (as
adopted on July 10, 2003). Staffdetermined that a suspension
was only appropriate WIder certain conditions. Using available
information, staff identified those water body segments that for
their entire length meet the definition ofan engineered flood

February 18,2005
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(to comments received before February 11, 2005) .
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No. Author Date Comment Response

control channel. En.,girteerea channels are defined as inland,
flowing surface~ter bodies with a box, V-shaped or
tra~~onfiguration that have.been lined on the sides'
andlor bottom with concrete.,

..
These engineered flood control channels are constructed to
reduce the incidence of flooding in urbanized areas by
conveying stormwater runoff to the ocean or other discharge
point as efficiently as possible. These modifications create life-
threatening "swiftwater" conditions during and immediately
following significant storm events. As a result, the REC-l and
REC-2 uses are not fully attainable during and immediately
following these storm events. These flashy conditions result in
intermittent dangerous flow vol\lIIles and velocities after rain
events that prevent the attainment ofthe use during and for 2 .
hours following a rain event of Va inch or greater. The Los
Angeles County Multi-Agency SWiftwater Rescue
Committee's protocols are supportive ofthe Board's
suspension in that the protocols require swiftwater rescue
teams to be on alert and require flood control agencies to lock
access gates to these channelsduriIlg these storm conditions.

As necessary data become available, staff intend to develop a
similar amendment for engineered channels in Ventura
County.

Because the Board has suspended the water contact recreation
use, which represents a fundamental goal of the Clean Water
Act for waterbodies, the Board has a statutory duty to re-
evaluate the attainability of the REt-I.and REC-2 uses in the
future. Furthermore, the Board remains committed to
supporting efforts to reclaim engineered channels as natural
watercourses and supporting the beneficial re-use of storm
water.

15.2 Signal Hill 2/9/05 This letter is sent in our continuing effort to assist the See responses to 8-1 and 8-2.

February 18, 2005
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Responsiveness Summary - Triennial Review
(to comments received before February 11,2005) .,.

LO
N

The Regional Board defined the time period for the REC-I
suspension to comport with the policy of Los Angeles County
to keep all access gates to flood control channels locked for a
minimum of 24 hours following the specified rain even
(Burke, J., 2003, personal communication).

Please provide information on what natural sources ofbacteriz
will be found in urbanized watersheds that would not be found
in natural settings.

Ifan appropriate reference system cannot be identified for a
waterbody, the Regional Board·has identified an alternative
approach known as the natural sources exclusion approach.
Under the natural sources exclusion approach, after all
anthropogenic sources ofbacteria have been controlled such
that they do not cause or contribute to an exceedance of the
single sample objectives and natural sources have been
identified and quantified, a certain ~uency ofexceedance·of
the single sample bacteria objectives shall be pennitted based
on the residual exceedance frequency in the specific water
body. The residual exceedance frequency shall define the
background level of exceedance due to natural sources.

No.

15.3

15.4

Author

Signal Hill

Signal Hill

Date

2/9/05

2/9/05

Comment
Board in understanding the major concern oflocal
government with the practical problems presented by
large storm events. We also wish to further narrow the
topics of concern, such that the Board will exercise
reasonable discretion and devote resources of this
Triennial Review to include wet weather standards in the
Basin Plan. The consideration of flow based water
quality standards is especially critical in light of the
requirements·ofthe Heal the Bay Consent Decree to
develop the remaining TMDLs during the next five years.
The Board previously granted a high-flow exemption
from the REC-l standards for up to 24 hours after major
flood events in restricted/engineered flood channels.
However, it can take weeks for the storm flows in the
channels to subside after major rainstorms.

It is doubtful that this "natural reference" approach will
work in heavily urbanized watersheds, since dry-weather
flows in urbanized watersheds will carry bacteria from
natural sources that won't be found in natural settings.
We believe that a more reasonable approach to setting
bacteria standards in our heavily urbanized watersheds
will be based on the methods and costs of
implementation, as well as the size of the rain event.

...1 ~ -,,7 ..,..,.r
/;.~.:~'5~~r

Response
.~:''' ,7

I")

b
~

l/")
..-:

I
~
N

• •
While costs of implementation are a consideration in adopting

February 18, 2005
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• Responsiveness 8nm.!, - Triennial Review
(to comments received before February 11, 2005) •
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No. Author Date Comment ReSDonse
water quality standards,tiremethods and cost of .
implementati9'B-at{not the basis for establishing water quality
stan~therwater quality standards are to be set in order
to protect beneficial uses of the water.

15.5 Signal Hill . 2/9/05 Whether capture and treatment of rain storms will be See responses to 8-2 and 8-3.
required in order to comply with current Basin Plan
bacteria standards and potential REC-l beneficial uses
must be studied in order to give certainty to local
government and businesses concerned about the costs of
storm water compliance.

15.6 Signal Hill 2/9/05 A number of impacted parties are proposing a "Wet See response to 8-1.
Weather Task Force" to work with the Board in studying
the need for flow based water quality standards. This
stakeholder group is proposing to study the costs for local
government and business compliance with the current
Basin Plan standards and objectives.

15.7 Signal Hill 2/9/05 We urge the Regional Board to devote resources in this See responses to 8-1 and 15-1.
Triennial Review to the Large Storm Exemption and
authorize staffto begin working with the Stakeholder 'C

~

Task Force. We believe that this is a reasonable exercise I
~

of the Board's discretion. Delaying this work for another ~

three years will work against the development of
reasonable TMDLs under the Consent Decree deadlines.

16.1 Vernon 2/9/05 Regional Board consider devoting a portion ofyour See response to comment 8.1.
planning resources of this Triennial Review towards
completing a Stakeholder Task Force to study the
desirability of including flow based water quality
standards into the Basin Plan.

16.2 Vernon 2/9/05 The Basin Plan will be updated include TMDLs to See response to comment 8.2.
..

implement bacteria, metals, sediments and toxics. Local
governments are rightfully concerned that these existing
water quality standards, when applied to large storm
events, will lead to the expensive capture and treatment
of storm water. The current Basin Plan is silent on the

February 18, 2005
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Responsiveness Summary - Triennial Review
(to comments received before February 11,2005)

l"
N

1"1

No. Author Date Comment Response::;
whether wet weather flows must meet the same standards y/ ,~ (;

as dry weather flows and what methods local government,-",'" I~
would employ to meet the existing Basin Plan's standard. .. ,.e;,.,,~ :t

16.3 Vernon 2/9/05 We recognize that the Regional Board has stated in the Sefresponse to comment 8.3. (:)
past that it is not your intention to require expensive (~
storm water treatment. However, the Regional Board has ~

never studied water quality stan4ards when literally
applied to storm water. It is probable that the Regional
Board's good intentions will not be borne out during ...
implementation of the actual standards.

16.4 Vernon 2/9/05 The Stakeholder Wet Weather Task Force would develop See response to comment 8.4.
a Work Plan governing the study. The Work Plan would
recommend studies and activities that would support the
Regional Board in developing appropriate beneficial
uses, water quality standards and implementation
strategies to achieve appropriate water quality for large
storm events. ~

16.5 Vernon . 2/9/05 We are proposing that the Regional Board consider See response to comment 8.5. ~

developing a "Flood Protection" beneficial use- since the :: - N

Basin Plan ignores the important role that the dams, Lr
debris basins, retention areas, flood control channels and r~~
local storm drains play in protecting life and property.

16.6 Vernon 2/9/05 We believe that this is a reasonable exercise of the See response to comment 8.6. ....
Board's discretion. Delaying this work by three ,", .
additional years will work against the development of .. '
reasonable TMDLs under the Consent Decree·deadlines.
We are prepared to work with the Board and devote

.resources to this effort.
17.1 Watermaster 2/9/05 Watermaster hereby requests to be placed on the Request noted. Please subscribe to the Basin Planning e-mail

mailing/distribution lists for each of the eight ongoing notification list available on the Regional Board's website to
projects and 11 high priority projects that will be receive copies ofpublic notices regarding these Basin
developed over the next three years. Planning issues. . '.

17.2 Watermaster 2/9/05 Watermaster requests the RWQCB to continue to devote Comment noted. Groundwater cleanup activities are a high
time and manpower to identify responsible parties and priority for the Regional Board; however, decisions regarding

• •
February 18,2005
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No. Author Date Comment -Response
require those parties to implement groundwater cleanup allocation of time amtres6urces to identify responsible parties
activities. in cases involvm{~oundwater 'cleanup are outside the scope

ofth",UAUft'"Plan Triennial Review.
17.3 Waterrnaster 2/9/05 Watermasterrequests the RWQCB to establish discharge The Basin Plan already contains reference to Title 22 drinking

limits under Item R-5 that are more closely aligned with water standards (maximum contaminant levels, or MCLs) and
California Department ofHealth Services drinking water applies those standards to surface and ground waters that are

- standards to avoid potential discharge exceedances. designated as existing or potential sources ofmunicipal and
domestic water supply (MUN). For chemical constituents that
do not have established MCLs (including emerging chemicals)
the Basin Plan contains a narrative objective that states that,
"surface waters shall not contain concentrations of chemical
constituents in amounts that adversely affect any designated
beneficial use" (Basin Plan, p. 3-8). In setting permit limits
and groundwater cleanup goals for unregulated chemicals, the
Regional Board uses the most current health rislc-based
thresholds to protect the municipal and domestic supply
(MUN)use. QC

18.1 Carson 2/10/05 Regional Board consider devoting a portion ofyour See response to comment 8.1.
~

I
~

planning resources of this Triennial Review towards ("'l

completing a Stakeholder Task Force to study the
desirability of including flow based water quality
standards into the Basin Plan.

18.2 Carson 2110/05 The Basin Plan will be updated include TMDLs to See response to comment 8.2.
implement bacteria, metals, sediments and toxics. Local
governments are rightfully concerned that these existing
water quality standards, when applied to large storm
events, will lead to the expensive capture and treatment
of storm water. The current Basin Plan is silent on the
whether wet weather flows must meet the same standards
as dry weather flows and what methods local government
would employ to meet the existinv; Basin Plan's standard.

18.3 Carson 2/10/05 We recognize that the Regional Board has stated in the See response to comment 8.3.
past that it is not your intention to require expensive
storm water treatment. However, the Recional Board has

February 18,2005
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Responsiveness Summary - Triennial Review
(to comments received before February 11,2005)
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No. Author Date Comment Response
never studied water quality standards when literally ;..-.<1" <p

- ~.:/' ~~applied to storm water. It is probable that the Regional "
;. 'J.

Board's good intentions will not be borne out during .f;r;;~ .' :.
~gimplementation of the actual standards.

18.4 Carson 2/10105 The Stakeholder Wet Weather Task Force would develop See response to comment 8.4. 1'1

a Work Plan governing the study. The Work Plan would ~~
recommend studies and activities that would support the
Regional Board in developing appropriate beneficial
uses, water quality standards and implementation
strategies to achieve appropriate water quality for large
storm events.

18.5 Carson 2/10105 We are proposing that the Regional Board consider See response to comment 8.5.
developing a "Flood Protection" beneficial use- since the
Basin Plan ignores the important role that the dams,
debris basins, retention areas, flood control channels and
local storm drains play in protecting life and property.

18.6 Carson 2/10/05 We believe that this is a reasonable exercise of the See response to comment 8.6.
Board's discretion. Delaying this work by three
additional years will work against the development of
reasonable TMDLs under the Consent Decree deadlines.
We are prepared to work with the Board and devote
resources to this effort.

19.1 Glendora 2/10105 Regional Board consider devoting a portion ofyour See response to comment 8.1.- .
planning resources of this Triennial Review towards
completing a Stakeholder Task Force to study the
desirability of including flow based water quality
standards. into the Basin Plan.

19.2 Glendora 2/10/05 The Basin Plan will be updated include TMDLs to See response to comment 8.2.
implement bacteria, metals, sediments and toxics. Local
governments are rightfully concerned that these existing
water quality standards, when applied to large storm :
events, will lead to the expensive capture and treatment
of storm water. The current Basin Plan is silent on the
whether wet weather flows must meet the same standards

• •
February 18,2005
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Responsiveness sumnl,.Triennial Review
(to comments received before February 11,2005)•

No. Author Date Comment 'Response
as dry weather flows and what methods local government ;.." ,,'

, ...,'. " '

would employ to meet the existing Basin Plan's standard. . ,~.

19.3 Glendora 2/10/05 We recognize that the Regional Board has stated in the SeeJ,e~ to comment 8.3.
past that it is not your intention to require expensive

.-:...........,

storm water treatment. However, the Regional Board has .

never studied water quality standards when literally
applied to storm water. It is probable that the Regional
Board's good intentions will not be borne out during
implementation of the actual standards.

19.4 Glendora 2110/05 The Stakeholder Wet Weather Task Force would develop See response to comment 8.4.
a Work Plan governing the study. The Work Plan would
recommend studies and activities that would support the
Regional Board in developing appropriate beneficial .;;

uses, water quality standards and implementation
strategies to achieve appropriate water quality for large
storm events. Q

19.5 Glendora 2/10/05 We are proposing that the Regional Board consider See response to comment 8.5. ~
devel"~ping a "Flood Protection" beneficial use- since the ~

~
Basin Plan ignores the important role that the dams, "

debris basins, retention areas, flood control channels and
local storm drains play in protecting life and property. c'

19.6 Glendora 2/10/05 We believe that this is a reasonable exercise of the See response to comment 8.6.
Board's discretion. Delaying this work by three
additional years will work against the development of
reasonable TMDLs under the Consent Decree deadlines.

~':' .

We are prepared to work with the Board and devote
resources to this effort.

20.1 Huntington Park' 2110/05 Regional Board consider devoting a portion ofyour See response to comment 8.1.
planning resources of this Triennial Review towards
completing a Stakeholder Task Force to study the
desirability of including flow based water quality
standards into the Basin Plan.

20.2 Huntington Park 2/10/05 The Basin Plan will be updated include TMDLs to See response to comment 8.2.
implement bacteria, metals, sediments and toxics. Local

February 18, 2005
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Responsiveness Summary - Triennial Review
(to comments received before February 11, 2005)
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'"No. Author Date Comment Response
governments are rightfully concerned that these existing .,,- ",'" cp

" ~.'/ ~~water quality standards, when applied to large storm ..'~ ~.

events, will lead to the expensive capture and treatment "f:~'5;"'iJif!"

l~of storm water. The current Basin Plan is silent on the
whet\ler wet weather flows must meet the same standards

-':
" l~as dry weather flows and what methods local government

would employ to meet the existing Basin Plan's standard.
II-

20.3 Huntington Park 2/10/05 We recognize that the Regional Board has stated in the See response to comment 8.3.,
past that it is not your intention to require expensive
storm water treatment. However, the Regional Board has '"

never studied water quality standards when literally'
applied to storm water. It is probable that the Regional
Board's good intentions will not be borne out during ",

implementation of the actual standards.
2004 Huntington Park 2/10/05 The Stakeholder Wet Weather Task Force would develop See response to comment 8.4.

""'I
a Work Plan governing the study. The Work Plan would

.-

~
recommend studies and activities that would support the ~

Regional Board in developing appropriate beneficial
~

uses, water quality standards and implementation
strategies to achieve appropriate water quality for large
storm events.

20.5 Huntington Park 2/10/05 We are proposing that the Regional Board consider See response to comment 8.5.
developing a "Flood Protection" beneficial use- since the
Basin Plan ignores the important role that the dams,
debris basins, retention areas, flood control channels and
local storm drains play in'protecting life and property.

20.6 Huntington Park 2/10/05 We believe that this is a reasonable exercise of the See response to comment 8.6.
Board's discretion. Delaying this work by three
additional years will work against the development of
reasonable lMDLs under the Consent Decree deadlines.
We are prepared to work with the Board and devote
resources to this effort.

21.1 LaPuente 2/10/05 Regional Board consider devoting a portion ofyour See response to comment 8.1.
planning resources of this Triennial Review towards

• • '..,

\
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(to comments received before February 11,2005)
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No. Author Date Comment Response c,
completing a Stakeholder Task Force to study the ,/,/ c

c
desirability of including flow based water quality '~"~" (• I/IJI

standards into the Basin Plan. ,""f~
" r

,
21.2 LaPuente 2110/05 The Basin Plan will be updated include TMDLs to See'response to comment 8.2.

~, c
c

implement bacteria, metals, sediments and toxics. Local '" c
governments are rightfully concerned that these existing C

<
water quality standards, when applied to large storm ~:

' ..
events, will lead to the expensive capture and treatment
of storm water. The current Basin Plan is silent on the ..
whether wet weather flows must meet the same standards
as dry weather flows and what methodS local government
would employ to meet the existing Basin Plan's standard.

21.3 LaPuente 2110/05 We recognize that the Regional Board has stated in the See response to commen~ 8.3.
past that it is not your intention to require expensive
storm water treatment. However, the Regional Board has
never studied water quality standards when literally
applied to storm water. It is probable that the Regional .. ;: M
Board's good intentions will not be borne out during

_e._. M
I

imolementation of the actual standards.
: ~

M
21.4 LaPuente 2/10/05 The Stakeholder Wet Weather Task Force would develop See response to comment 8.4.

a Work Plan governing the study. The Work Plan would
recommend studies and activities that would support the
Regional Board in developing appropriate beneficial
uses, water quality standards and implementation
strategies to achieve appropriate water quality for large
storm events.

21.5 LaPuente 2/10/05 We are proposing that the Regional Board consider See response to comment 8.5.
developing a "Flood Protection" beneficial use- since the .>

Basin Plan ignores the important role that the dams,
.,;~. .

debris basins, retention areas, flood control channels and
local storm drains play in protecting life and property.

21.6 LaPuente 2/10/05 We believe that this is a reasonable exercise of the See response to comment 8.6.
Board's discretion. Delaying this work by three
additional years will work against the development of

. February 18, 2005
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Responsiveness Summary * Triennial Review
(to comments received before February 11,2005)
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No. Author Date Comment .Response "
reasonable TMDLs under the Consent Decree deadlines. ;..- .' :'.'.. cp

"'_'~"J'("-'
~ '. ("Weare prepared to work with the Board and devote
-~. ; ,

F
resources to this effort. ..,~fl-r

22.1 City ofLomita 2/10/05 Regional Board consider devoting a portion of your See response to conunent 8.1.
~~planning' resources ·of this Triennial Review towards
I"

completing a Stakeholder Task Force to study the
desirability of including flow based water quality
standards into the Basin Plan.

22.2 City ofLomita 2/10/05 The Basin Plan will be updated include TMDLs to See response to conunent 8.2.'
implement bacteria, metals, sediments and toxics. Local -{
governments are rightfully concerned that these existing . ,:'

water quality standards, when applied to large storm
events, wi11lead to the expensive capture and treatment - i,

of s!orm water. The current Basin Plan is silent on the
whether wet weather flows must meet the same standards
as dry weather flows and what methods local government ~
would employ to meet the existing Basin Plan's standard. I

"l!t'
22.3 City of Lomita 2110/05 We recognize that the Regional Board has stated in the See response to conunent 8.3.

("\

past that it is not your intention to require expensive
storm water treatment. However, the Regional Board has
never studied water quality standards when literally
applied to storm water. It is probable that the Regional
Board's good intentions will not be borne out during
implementation of the actual standards.

22.4 City ofLomita 2/10/05 The Stakeholder Wet Weather Task Force would develop See response to conunent 8.4. ."
a Work Plan governing the study. The Work Plan would ,-

reconunend studies and activities that would support the
Regional Board in developing appropriate beneficial
uses, water quality standards and implementation
strategies to achieve appropriate water quality for large
storm events.

22.5 City of Lomita 2/10/05 We are proposing that the Regional Board consider See response to conunent 8.5.
developing a "Flood Protection" beneficial use- since the
Basin Plan ignores the important role that the dams,

• •
February 18, 2005.6

RB-AR7154



• Responsiveness sum.!r-Triennial Review
(to comments received before February 11,2005) •
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Date
('I')

No. Author Comment Response T"""

debris basins, retention areas, flood control channels and >" ....... ,.. 0
0

local storm drains play in protecting life and property. . ~1'/ P::' <N.

22.6 City of Lomita 2110/05 We believe that this isa reasonable exercise of the SeeJ~ to comment 8.6. ..

~
Board's discretion. Delaying this work by three

.-:,",' ,". -'.~

additional years will.work against'the development of
reasonable TMDLs under the Consent Decree deadlines.
We are prepared to work with the Board and devote
resources to this effort.

23.1 CDPR 2/11/05 CDPR hereby requests that this priority be changed to McGrath Lake is identified in the Basin Plan as having an
"high", and that staffresources be allocated to conduct a existing water contact recreation (REC-1) beneficial use
Use Attainability Analysis (UAA) to address the removal (Basin Plan, p. 2-6, Table 2-1). An existing use is one that has
of the unlimited REC-1 beneficial use at McGrath Lake. been present at some time since November 28,1975, or for

which the water quality Was sufficiently good to support the
use at some time since November 28, 1975 (see Advance
Notice ofProposed Rulemaking, 40 CFR Part 131 Water
Quality Standards Regulation; Proposed Rule,
Federal Register: July 7, 1998, Volume 63, Number 129, Pag, ~

N36741-36806). I
~
N

The Code of Federal Regulations clearly states that an existing
use may not be removed unless a use requiring more stringent
criteria is added (see 40 CFR 131.10(g». As a result, it is not
possible to remove the existing water contact recreation (REC-
1) designation from McGrath Lake,;\

. ·~~rr.:

However, the Regional Board has adopted an alternative
approach to removing the recreational use to address situations
such as that ofMcGrath Lake. Specifically, the Regional
Board has incorporated implementation provisions for the
bacteria objectives set to protect the REC-I use into the Basin
Plan. These implementation provisions recognize th,at there are
natural sources ofbacteria, which may Cause or contribute to,
exceedances ofthe single sample objectives for bacterial
indicators set to protect the REC-l use. They also

February 18, 2005
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(to comments received before February 11,2005)
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INo. [Author .IDate I Comment . I Response E
acknowledge that it iiiiot1lie intent oithe Regional Board to
require treatmerit'fu. diversion ofnatural water bodies or to
requir~ent ofnatural sources ofbacteria from
und~veloped areas. Such requirements, if imposed by the
Regional Board, could adversely affect valuable aquatic life
and wildlife beneficial uses supported by natural water bodies
in the Region. '

• •

Under the reference systemlantidegradation implementation
procedure, a certain frequency ofexceedance of the single
sample objectives above shall be pennitted on the basis of the
observed exceedance frequency in the selected reference
system or the targeted water boQ.y, whichever is less. The
reference systemlanti-degradation approach ensures that
bacteriological water quality is at least as good as that of a
reference system and that no degradation ofexisting
bacteriological water quality is Permitted where existing
bacteriological water quality.is better than that ofthe selected
reference system. :"

""~,

"':".

Under the natural sources exclusion implementation
procedure, after all anthropogenic sources ofbacteria have
been controlled such that they do not cause or contribute to an
exceedance ofthe single sample objectives and natural sources
have been identified and quantified, a certain frequency of
exceedance of the single sample objectives shall be permitted
based on the residual exceedance frequency in the specific
water body. The residual exceedance frequency shall define
the background level of exceedance 4ue to natural sources.
The 'natural sources exclusion" approach may be used if an
appropriate reference system cannot be identified due to
unique characteristics of the target water body.

The appropriateness of these approaches and the specific
exceedance frequencies to beoermitted under each will be
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• Responsiveness snmt - Triennial Review
(to comments received'before February 11,2005) •

No. Auth()r Date Comment Response
evaluated within the cOntext ofTMDL development for a
specific watethn(fy, at which time the Regional Board may
sel~,~ these approaches, ifappropriate.

These implementation procedures may only be implemented
within the context of a TMDL addressing municipal storm
water, including the municipal storm water requirements of the
Statewide Pernritfor Storm Water Discharges from the State
of California Department ofT~sportation (Caltrans), and
non-point sources discharges. See Resolution 2002~022 and
attachments.

During the future development ofa TMDL,the Regional
Board may elect to apply the reference systemlantidegradation
approach or the natural sources exclusion approach given the
importance ofpreserving the wildlife habitat supported by the
lake. Because amechanism for addressing this issue is
available through the TMDL process, Regional Board staff
does not recommend a change in the priority for "evaluate
individual beneficial uses designation reauests" (R-3).

23.2 CDPR 2/11/05 Unlimited REC-l use is incompatible with the other The implementation provisions for the bacteria objectives,
designated beneficial uses (wildlife, wetlands, rare and contained in the Basin Plan, recognize that there are natural
endangered species) and with CDPR policies and sources ofbacteria, which may cause or contribute to
procedures governing the management and protection of exceedances of the single sample objectives for bacterial
those natural resources; indicators set to protect the REC-l use. They also

acknowledge that it is not the intent ofthe Regional Board to
require treatment or diversion ofnatural water bodies or to
require treatment ofnatural sources ofbacteria from
undeveloped areas. The Regional Board understands that such
requirements, if imposed, could adversely affect valuable

'. aquatic life and wildlife beneficial uses supported by water
bodies such as McGrath Lake.. J~'~,. .

Given the availability of these implementation provisions
through the TMDL process, Regional Board staff does not
agree that the REC-l use is incoJIll)atible with the other

February 18, 2005
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No. Author Date Comment .' ResDonse ,

habitat-related beneficialuses ofMcGrath Lake. <:)

23.3 CDPR 2/11/05 A Use attainability Analysis (UAA) will show that See response-to'23-1. ~
unlimited REC-l water quality goals do not reflect

:..~;~.~!~~~ ~n: :, .
existing or potential uses at McGrath Lake and are ~~'. therefore inappropriate;

23.4 CDPR 2/11/05 The preparation ofa TMDL for Fecal Bacteria at See response to 23-1. The existing REC-l use assigned to
McGrath Lake will be unnecessary if the unlimited ,REC- McGrath Lake reflects the presence ofwater contact recreation
1 water quality goal is later removed. at some time since November 28, 1975, or sufficiently good

water quality to support water contact recreation.

Furthermore, the Basin Plan contains implementation
provisions that may be applied during TMDL development,
which provide a reasonable and balanced approach to
environmental protection where~bitat and recreational uses
co-exist. ::~...

23.5 CDPR 2/11/05 CDPR is the state agency charged with lead See response to 23-2. ~r;·.responsibility for managing land use and natural
resources at McGrath State Beach, which includes ~f~'.;

McGrath Lake. .".

23.6 CDPR 2111/05 A buffer zone shall be established around the state- See response to 23-1 and 23-2.....
owned portion of the lake in which no facilities shall be
permitted except for interpretive trails and observation
pints. These facilities shall be carefully sited so that
visitor activities will not diminish use of the area by
wildlife.

23.7 CDPR 2/11/05 The General Plan also specifies the beach/ocean as the McGrath Beach is also designated with an existing water
appropriate environment for water-oriented recreation, contact recreation use in the Basin Plan. In 2003, the Regional
including swimming, fishing, surfing and beachcombing. Board developed a TMDL for McGrath Beach to address
The.se activities are considered "high intensity" uses, as impairment of water .quality due to bacteria. See Cleanup and
shown on the Allowable Use Intensity Map. Abatement Order No. R4-2003..o065.

23.8 CDPR 2/11/05 Resources management Plan update (2003) document McGrath Lak~ is designated with the "Rare, Threatened or
rare and endangered (listed) species use of the lake area. Endangered Species" (RARE) beneficial use (Basin Plan, p. 2-
Among the listed species in the McGrath Lake area are: 6, Table 2-1).
California least tern, Western snowY plover, California

• •
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~i, •
No. Author Date Comment Response

brown pelican and the Silvery legless lizard. The ;...-' ,,'
.~,-,~

General Plan, thus, clearly establishes water contact • "'I,

recreation as incompatible with natural resources ~..:::.:-: I,':'?f.?f!~
protection at McGrath Lake.

23.9 CDPR 2/11/05 We believe that a Use Attainability Analysis (VAA) for See response to 23-1.
Rec-l at McGrath Lake will conclude that the unlimited
REC-l water quality objectives do not accurately reflect )

the existing and potential uses and should be changed.
23.10 CDPR 2/11/05 The designation of the REC-l beneficial use at McGrath See response to 23-1. Furthermore~ existing uses are identified

Lake is based on historic, not existing, use of the lake for as such based on meeting either oftWo criteria: 1) the use has
sail boat races, etc. These water recreation activities last been present at some time since November 28, 1975 and 2)
took place in the 1940's and 1950's, when the lake was water quality has been sufficiently good to support such use at
larger and deeper that it is today, was held in private some time since November 28,1975 (see Advance Notice of
ownership, and had an open shoreline that was accessible Proposed Rulemaking, 40 CFR Part 131.Water Quality
to the public by car. Since that time, the inflow of Standards Regulation; ProposedRule~ Federal Register: July 7,
sediments has reduced the open water area and lake 1998, Volume 63, Number 129, Page 36741-36806).
depth, resulting in a shoreline ringed by wetland {.:..
(bulrush, arroyo willow, and saltgrass communities).

23.11 CDPR 2/11/05 A TMDL for Fecal Bacteria is currently pending for See response to 23-1.
QO
N

McGrath Lake based on the REC-l beneficial use
I
~

designation. Ifa UAA concludes that REC-l water N

quality goals are not appropriate for this water body, this
TMDL will be unnecessary. We believe that Water
Board resources should be directed to the preparation ofa
UAA before any staffresources are expended on the
TMDL.

23.12 CDPR 2/11/05 In conclusion, as the state's land manager for McGrath See response to 23-1.
Lake, I hereby request that the Water Board reconsider
the priority and resources assigned to review Basin Plan
beneficial uses during this Triennial Review period, and ::~,l':: .

allocated sufficient resources to conduct a Use :~.:, ".

Attainability Analysis of the REC-l beneficial use at
McGrath Lake.

24.1 Santa Fe Springs 2/10/05 Regional Board consider devoting a portion ofyour See response to comment 8.1.

February 18,2005
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No.' Author Date Comment Response cb
planning resources of this Triennial Review towards ..;.... .#' .~

.,~ ~,7"",k' ('"
completing a Stakeholder Task Force to study the ~

desirability ofincluding flow based water quality ..~.~:~,.~~~~tr
~ ". '."

standards into the Basin Plan. ~g

24.2 Santa Fe Springs 2/10/05 The Basin Plan will be updated include TMDLs to See response to comment 8.2~
I"

(~
implement bacteria, metals, sediments and toxics. Local r'-
governments are rightfully concerned that these existing
water quality standards, when applied to large storm
events, will lead to the expensive capture and treatment
of storm water. The current Basin Plan is silent on the
whether wet weather flows must meet the same standards
as dry weather flows and what methods local government ';".

would employ to meet the existing Basin Plan's standard. "

24.3 Santa Fe Springs 2/10/05 We recognize that the Regional Board has stated in the See response to comment 8.3.. ,{~" ..
past that it is not your intention to require expensive .,

storm water treatment. However, the Regional Board has a-.
M

never studied water quality standards when literally I
~

applied to storm water. It is probable that the Regional ("l

Board's good intentions will not be borne out during
implementation of the actual standards.

24.4 Santa Fe Springs 2/10/05 The Stakeholder Wet Weather Task Force would develop See response to comment 8.4. :

a Work Plan governing the study. The Work Plan would ".
recommend studies and activities that would support the .~
Regional Board in developing appropriate beneficial .....
uses, water quality standards and implementation " ..;.:'
strategies to achieve appropriate water quality for large

.. :~

storm events.
.-.;

24.5 Santa Fe Springs 2/10/05 We are proposing that the Regional Board consider See response to comment 8.5.
developing a "Flood Protection" beneficial use- since the
Basin Plan ignores the important role that the dams,
debris basins, retention areas, flood control channels and
local storm drains play in protecting life and property.

24.6 Santa Fe Springs 2/10/05 We believe that this is a reasonable exercise of the See response to comment 8.6.
Board's discretion. Delaying this work by three

• •--------,J ,.-,--- " I
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additional years will work against the development of '.

~
..-

reasonable TMDLs under the Consent Decree deadlines. . ~~::;j,"~

We are prepared to work with the Board and devote
,-:f.:J~~""

~resources to this effort.
25.1 Whittier 2/10/05 Regional Board consider devoting a portion ofyour See response to comment 8.1.

~planning resources of this Triennial Review towards
completing a Stakeholder Task Force to study the
desirability of including flow based water quality
standards into the Basin Plan.

25.2 Whittier 2/10/05 The Basin Plan will be updated include TMDLs to _ See response to comment 8.2.
implement bacteria, metals, sediments and toxics. Local
governments are rightfully concerned that these existing
water quality standards, when applied to,large storm
events, will lead to the expensive capture and treatment
of storm water. The current Basin Plan is silent on the
.whether wet weather flows must meet the same standards '"

as dry weather flows and what methods local government =>
('f')

would employ to meet the existing Basin Plan's standard. I
'''It

25.3 Whittier 2110/05 We recognize that the Regional Board has stated in the See response to comment 8.3. M

past that it is not your intention to require expensive
storm water treatment. However, the Regional Board has
never studied water quality standards when literally
applied to storm water. It is probable that the Regional
Board's good intentions will not be borne out during

~fimplementation of the actual standards.
25.4 Whittier 2/10/05 The Stakeholder Wet Weather Task Force would develop See response to comment 8.4. '!;} ,

a Work Plan governing the study. The Work Plan would
recommend studies and activities that would support the :~.:: ::-

Regional Board in developing appropriate beneficial
uses, water quality standards and implementation
strategies to achieve appropriate water quality for large
storm events.

25.5 Whittier 2/10/05 We are proposing that the Regional Board consider See response to comment 8.5.
developing a "Flood Protection" beneficial use- since the

February 18, 2005
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Basin Plan ignores the important role that the dams, .."... ,,,," c

debris basins, retention areas, flood control channels and .: ~,;"'''p' J
local stonn drains play in protecting life and property; .. ".e;~..~:r ...

25.6 Whittier 2/10/05 We believe that this is a reasonable exercise of the See response to conurtent 8.6. ':

?~Board's discretion. Delaying this work by three
~~additional years will work against the development of

reasonable TMDLs under the Consent Decree deadlines.
We are prepared to work with the Board and devote
resources to this effort.

26.1 Rutan 2/11/05 Both the federal and State Law, moreover, require that As explained elsewhere, the triennial review process is an
such plans be periodically reviewed, as revised as important component of the on-going standards revision
necessary. (Water Code § 13240, CWA § 303(c)(1).) process. However, nothing in the law requires a
The current basin plan has not been comprehensively comprehensive update of the Basin Plan. For a more detailed
updated since 1994. Instead, the Regional Board has explanation, see response to comment 28.1.
relied upon a ''patchwork'' of amendments, which bear no
relationship to the whole document; none ofwhich have The commenter's reference to a ''patchwork'' of amendments
addressed the defects in the Basin Plan addressed in this ignores the fact that most Basin Plan amendments in recent
Comment Letter. Accordingly, a comprehensive update years have occurred as a result of information solicited during
of the Basin Plan, pursuant to the 2004 Triennial Review, the triennial review process. For example, numerous
is required at this time. dischargers requested a compliance schedule policy in the

Basin Plan to afford additional flexibility in implementing
standards. This appeared on a prior triennial review, and the
Regional Board adopted a compliance schedule amendment to
the Basin Plan within the lastthree years. The process is not a
patchwork of amendments, but the culminatio~ of the triennial
review process.

Further, the consent decree does not constitute a regulatory
change that would warrant a comprehensive Basin Plan
update. The consent decree is not a regulatory change. Absent
the consent decree, the Clean Water Act already compels the
development of1MDLs. Where appropriate, the Regional
Board has been able to accommodate water quality standards
actions either prior to or as part ofa total maximum daily load

• •
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No. Author Date Comment Response
(e.g., updated bacterii'S1:atKIards preceded the Santa Monica
Bay Bacteria TM'f1L, high flow suspensions of the REC-l use
acco~or preceded bacteria TMDLs, chloride standard
chaHges'are being considered in the Upper Santa Clara River
Chloride TMDL).

26.2 Rutan 2/11105 Moreover, comprehensive revisions to the Basin Plan are The commenter advances four theories as to why the Basin
necessary because the current Basin Plan is flawed in at Plan needs comprehensive revision. Staffdiscusses below
least the following four respects: 1) the Regional Board why each theory is either incorrect or misdirected to the
failed to adequately consider "economics" in connection triennial review process. (See Respons~ to Conunents 26.3-
with urban runoff when it adopted the Basin Plan in 26.21.) Moreover, as detailed in Response to Conunent 26.1
1975, or during any revision of the Basin Plan since that and 28.1, there is no statutory duty to coniprehensively update
time, 2) the Regional Board failed to adequately consider the Basin Plan. As informa~onis developed about substantive
the impacts of the Basin Plan on the need for housing deficiencies with specific standards (whether the standard is (i)
within the region when it adopted the Basin Plan in 1975, under-protective or (i,i) can be revised and is over-protective),
or during any revision since that time; 3) the Basin Plan the specific standards actions will be considered and
improperly developed various water quality objective incorporated into a triennial review workplan.
based on mere "potential" beneficial uses for waterbodies
(contrary to both federal and State Law) and these In passing, staff observes that the commenter repeatedly
"potential" use designations remain in the Basin Plan overstates the dependence ofTMDLs on narrative water
today; and 4) the Basin Plan was not developed based on quality objectives. While some TMDLs implement existing
attaining the highest water quality which is "reasonable," narrative water quality objectives, most involve the derivation
and "based on water quality conditions that could ofwaste load allocations to implement existing numeric water
reasonably be achieved." quality objectives. Fot example, the metals TMDL

implements the California Toxics Rule-a federal, numeric
water quality standard pr.omulgatedby U.S. EPA.

26.3 Rutan 2/11105 The Regional Board Must Remedy Prior Failures to The commenter advances four theories as to why the Basin
Consider "Economics" As To Urban Runoff With This Plan needs comprehensive revision. The first, second, and
Basin Plan Review. Pursuant to the express requirements fourth theories the commenter advances involve procedural'
ofWater Code Section 13241, the Board is required to objections to the manner in which certain factors (economics,
consider "Economic considerations" when it adopts or housing, and reasonableness) were Qonsidered at the time the
amends water quality objectives. Similarly, Water Code Regional Board established objectives. Initially, staff notes
Section 13000 provides as follows: The Legislature that the time to bring proced~lchallenges to objectives
further finds and declares that activities and factors would have been when the Regional B()afd adopted the
which may affect the auality of the waters of the state objectives and the State Board, Office ofAdministrative Law

,February 18, 2005
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""'"No. Author Date Comment
shall be regulated to attain the highest water quality
which is reasonable, considering all demands being
made and to be made on those waters and the total
values involvl:'d, beneficial and detrimental, economic
and social, tangible and intangible. (Emph. Added.)

Response j:;
and U.S. EPA approvedtlWobjectives. That was when the
procedural objeeflt)ns could appropriately have been evaluated
and gbaJ~ed in court.'
···;:··'·~f.

Importantly, the commenter's procedural objections do not
bear on the federal requirement to review water quality
standards under Clean Water Act section 303(c) or the federal
regulations at 40 C.F.R. section 131.20. The process of
adopting the standard is not a part ofthe water q\.Jality standard
or a part of the Basin Plan. As a result, any alleged procedural
defects-which the Regional Board staffdisagree with-are
not within the scope of the triennial review. The objectives are
in effect and are federal water quality standards.

.:....

26.4 I Rutan

•
2/11/05 I Moreover, federal law requires an economic analysis

•

,. . .'~. ,

The staff does agree that economic.considerations and housing
(along with the other factors identified in Water Code section
13241) are to be addressed when establishing a water quality
objective or amending an existing Water quality objective. The
Porter-Cologne Act requires certain "[t]actors to be considered
by a regional board in establishing water quality objectives."
(Wat. Code, § 13241, emphasis added.) The objectives
referenced were established long ago. The plain language of
the Porter-Cologne Act only requires consideration of
economics, housing, and other factors when establishing the
water quality objectives in the first instance. Moreover, the
Water Code does not contemplate a continual reassessment of
those considerations, which is what thecommenter desires.
The section 13241 considerations do not become a part of the
Basin Plan and hence are not part ofregular review.

.~::':,:

For the foregoing reasons and as discussed with more
specificity in Response to Comments 26.4-26.8, the
commenter's objection is legally incorrect and beyond the
scope of the triennial review. .
The authority relied upon by thecommenter overstates the role

February 18,2005
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when Basin Plan are adopted or amended. The of economics at thefi::aetallevel. The commenter's citation to

~regulations to the CWA require that economic factors be 40 C.F.R. sectiof(130.6(c), in particular, is misleading. First,
~

considered in developing water quality management the r~section does not involve the establishment of

~
"~.'.':'.:-.!

plans (40CFR § 130.6(c) Federal law also mandates that water quality standards. Second, the water quality
implementation measures necessary to carry out the plan, management plan described in section 130.6(c) is broader than
including financial and economic, social and just the Basin Plan, and also includes several program
environmental impacts, all be considered. Specifically, elements addressed by the State Board (e.g., the State Board's
40 CFR § 130.6( c)(3) requires that the State include in Non-Point Source Policy) and other third parties (e.g., 208
its Water Quality Management Plan "the identification of Plans that were established by the Southern California
anticipated mWlicipal and industrial waste treatment Association ofGovernments (SCAG) and others). Third, the
works, including facilities for treatment of storm water- Basin Plan explicitly addresses and identifies various programs
induced combined sewer overflows, along with programs for management and waste water treatment facilities as
to provide necessaryfinancial arrangements for such required by the subparagraphs cited by the commenter. Fourth,
works ...... all of the citations to 40 C.F.R. section 130.6(c)(4)(iii), (5), (6)

(discussing economic and fiscal analysis and financing
schedules) involve the implementation ofnon-point source
management and control through the areawide planning
process of section 208(b)(2) of the·Clean Water Act. (33
U.S.C. § 1288(b)(2).) The areawide planning obligations of
section 208 have largely been abandoned by U.S. EPA and
subsumed by other Clean Water Act programs, but many of
the identified financial arrangements, analysis, and scheduling
obligations were the responsibility ofthe local areawide
planning agency (i.e., SCAG) when the 208 plans were
originally developed.

See generally Response to Comment 26.3 for the reasons that
the comment is outside the scope ofthe triennial review.

26.5 Rutan 2/11/05 Federal law further provides that "[e]conomic, See Responses to· Comments 26..3-26.4.
institutional, and technical factors shall be considered in
a continuing process of identifying control needs and
evaluating and modifying the BMPs as necessary to
achieve water quality goals." (40 CFR § 130.6(c)(4).) In
identifying BMPs for urban storm water control to
achieve water Quality goals, a "fiscal analysis" ofthe

February 18, 2005
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26.6

Author

Rutan

Date

2/11/05

Responsiveness Summary - Triennial Review
(to comments received before February 11,2005)

Comment
necessary capital, operational and maintenance
expenditures is required (40 CFR &130.6(c)(4)(G).)
The regulations also require the identification of agencies
necessary to carry out the plan along with their
"financial capabilities," and a "financing schedule and
the consideration of the economics, social and
environmental impacts" ofany proposed amendments to
the Water Quality Management Plan (40 CFR §
130.6(c)(4)(G).)

.-~.:"'/

Respome
>- ,/

L()
~

~

~

;
26.7 Rutan

•

2/11105 Despite the clear requirement that "economics" be
considered in the development of the Basin Plan, neither
at the time the Basin Plan was originally adopted, nor at
any time the Basin Plan has since been revised did the
Regional Board fully and properly consider the
"economic" impacts of applYing water quality objectives
to non.,.point sources, or to storm water and urban and
rural runoff. In fact, even though the Regional Board
previously specifically aclmowledged the need to
subsequently analyze the economic (and other) impacts
from storm water and urban runoff, no such economic
evaluation has occurred.

•

With respect to the commenter's particular objection that the
prior consideration ofeconomics did not. consider the
economics associated with regulating municipal storm water
discharges as a point source discharge, even if true, the
comment would not require a comprehensive reconsideration
of the Basin Plan's objectives. As noted in Response to
Comment 26.3, section 13241 considerations only apply when
establishing objectives. But even then, those considerations
are subject to the overarching federal requirement that water
quality standards be established that (1) designate beneficial
uses and (2) identify the criteria to protect the uses. (40 C.F.R.
§ 131.3(i).) "Water quality standards are to protect the public
health or welfare, enhance the quality ofwater and serve the
purposes ofthe [Clean Water] Act. (Ibid.) As a minimum
requirement, water quality criteria, (i.e., objectives) must be
"sufficient to protect the designated uses." (40 C.F.R.
§ 131.6(c).) Water Code section13241 specifically addresses
,"water quality objectives," which are equivalent to the criteria
component offederal water quality standards.

Even if there are new sources or new regulatory schemes
established, the water quality standards are the goals to which
those programs must be tailored. (40 C.F.R. § 130.3.) A
central scheme of the Clean Water Act is to establish the level
ofwater Quality necessary to motect beneficial uses and to

February 18, 2005
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~ implement the goalJai'id pOlicies expressed by Congress.

(See, e.g., 40C:F1<.. § 130.3 & 33 U.S.C. § 1313.) The criteria
or~~ity objectives necessary to protect an established,
designated use do not change because a new c;:lass of
discharges has been regulated. In fact, what the commenter
advocates turns the entire Clean Water Act on its head. The
objectives must still be consistent with the federal law
requirement to protect the uses, enhance the quality of water,
and "serve the purposes of the [Clean Water] Act." (40 C.F.R.
§ 130.3.) The fact that municipal stonn water is now regulated
as a point source does not change the criteria or water quality
objectives necessary to protect desimated USes.

26-8 Rutan 2/11/05 Although the Board has previously, informally, and in a The commenter's economic contentions are noted, but they are
cursory fashion, rejected the extensive economic analyses beyond the scope of this triennial review. As the commenter is
set forth in these studies, in light of the continuing aware, the Regional Board has perfonned its own economic
development ofTMDLs for the Region, combined with analysis ofthe costs. The numbers are orders ofmagnitude
the Receiving Water Limitation language prohibiting less. Further, the costs detailed by the commenter assume a
exceedances of water quality standards and objectives in worst-case scenario and assume advanced treatment for ~ll

the existing Los Angeles County Municipal (NPDES storm water discharges. At this point in time, the Regional·
pennit, these studies must be formally and fully Board and the municipal stonn water permit still follow the
evaluated, and the economic impacts discussed therein BMP-based approach advocated by the State Board and U.S.
considered in the course of the Board's 2004 Triennial EPA. This has been reaffirmed on numerous occasions. In
Review of the Basin Plan. Further, this requested addition, the Brown & Caldwell Study has been disavowed by
consideration of these studies and the evolving Cal-Trans, the agency that requested the report.
circumstances of the economic impacts of applying these
water quality objectives to urban runoff should then be It should be noted that assuming full compliance with the
reflected in modifications to the Basin Plan, in California Toxics Rule drives the most extravagant costs
accordance with the requirements ofthe State and federal assumptions. The California Toxics Rule is a federal water
law. quality standard promulgated byU.S. EPA and it applies to all

inland surface waters within the region. (40 C.F.R.
§ 131.38(d)(2)(ii).) While the California Toxics Rule is a
numeric translation of the narrative toxicity objective in the
Basin Plan, it is important to recall that such an objective is
necessary. Water quality standards must "serve the purposes
of the [Clean Water] Act." (40 C.F.R. § 131.2(i). The Clean

February 18,2005
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Water Act unequiyociUly'States: "It is the national policy that ~

the discharge-of(6xic pollutants in toxic amounts be F
prow~ (33 U.S.C. § 1251(a)(3).) The narrative toxicity ~

obJective and the California T-oxics Rule reflect this
congressional policy. As a result;the extravagant costs al1eged~
by the commenter's studies are not associated with specific <

designations or objectives in the Basin Plan.

26.9 Rutan 2/11/05 The Regional Board Must Remedy Its Prior Failures to For the same reasons noted in Responses to Comments 26.3,
Consider The Need For Developing Housing Within The 26.7, and 26.8, the commenter's procedural objections as to
Region When Establishing Water Quality Objectives For the Regional Board's past consideration ofhousing is beyond
Urban Runoff. the scope of the triennial review. Again, the staffdisputes the

contention that the Regional Board inadequately considered
housing when previously establishing objectives. Moreover,
the two studies proffered in support of the housing impacts
associated with the Los Angeles River Metals TMDL are
essentially directed at the impacts of the California Toxies
Rule-a federal water quality standard promulgated by U.S.

IEPA.

!~~. -"
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Responsiveness suma-Triennial Review
(to comments received before February II, 2005)•

No. Author Date Comment Response
26.10 Rutan 2/11/05 The Regional Board Must Correct The Basin Plan's The broad objectiontc{deSignation of"potential" uses does not

Defect OfEstablishing Water Ouality Objectives Based warrant a compie'ffensive update to the Basin Plan; however,
On Potential Beneficial Uses, Rather Than Actual Or as see~oblems are identified that satisfY criteria for
Probable Further Beneficial Uses. remoVing potential uses, then the Regional Board may
ThUSl water quality standards must be based on the "uses consider revisions to the water quality standards. Like ~he first
to be rpade" or waterbodies, given the "past, present and two theories, this objection is more ofa procedural challenge
probable future beneficial uses" ofsuch waterbodies. than a substantive challenge. Basin plans for all nine of
Moreover, the Regional Board is required to be California's regions designate at least two categories of uses:
reasonable" in establishing beneficial uses and setting existing and potential. In the Central Coast, Lahontan, and
water quality objectives. (See Water Code §§ 13000, Santa Ana regions the beneficia:l use tables do not distinguish
13241.) between existing and potential uses, and the presence of a use

means that it is either existing or potential.
00

The "potential" designation is shorthand for waters where ~
there is not sufficient evidence ofan existing use, and ~

M
embraces the federal concept of"uses to be made of' (40
C.F.R. § 130.3) and the state requirement to protect "probable
future beneficial uses" (Wat. Code, § 13241(a». Waters with
a "potential" use were previously designated and that potential
use designation was made taking into account the federal
regulations and Water Code section 13241. This is reflected,
in part, by the commenter's reference to Basin Plan, page 2-1,
describing some of the aspects ofpotential uses. The
"potential" label is merely the Regional Board's (in fact all

- water boards) nomenclature and~ is nothing wrong with
using the "potential" designation.

The fact that the Regional Board's-Basin Plan distinguishes
between existing and potential uses is a valuable distinction for
dischargers. Existing uses (which are most the use
designations in the Basin Plan) can never be removed. (40
C.F.R. § 131.1O(h)(1).) In contrast, the potential use
designationsmay be removed in certain circumstances if use
attainability analyses are conducted. (40 C.F,R. § 131.IO(g).)
This recently happened with certain recreational uses in
concrete channels during high-flow COf1$~ ~~~ year-
round in parts ofBallona Creek. 38 of66
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(to comments received before February 11,2005)
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No. Author Date Comment ResDonse C
26.11 Rutan 2/11105 The Basin Plan identifies "existing" and "potential" See Response to Comment 26.10. '-

beneficial uses, along with "intermittent" beneficial uses. - ",-/ ~..".~".

(Basin Plan section 2-1.) Yet, a Basin Plan that relies on
...~;< ~f:f+~r ~"potential beneficial uses," rather than the present or ...

;

probable future beneficial uses to establish water quality
~objectives contravenes the Porter-Cologne Act and the

Clean Water Act.
26.12 Rutan 2/11105 The problem is not merely one of semantics. Under the See Responses to Comment 26.10.: As explained there, the

Basin Plan "potential" beneficial uses can be designated "potential" designation is shorthand for waters where there is
for waterbodies for anyone of five reasons, including: I) not sufficient evidence of an existing use, and embraces the
implementation of the State Board's policy entitled federal concept of"uses to be made of' (40 C.F.R. § 130.3)
"Sources ofDrinking Water Policy", 2) plans to put the and the state requirement to protect "probable future beneficir'
water to such future use; 3) "potential to put the water to uses" (Wat. Code, § 13241(a». Moreover, the list identified
such future use", 4) designation ofa use by the Regional from Basin Plan page 2-1 is not an exhaustive list, but only
Board as a regional water quality goal, or 5) public desire identifies some of the factors included in the process of
to put the water to such future use. (Basin Plan, Section designating "potential" uses. The individual designations are
2, p.l.) Thus, the Board's definition of "potential" use evaluated for compliance with the Clean Water Act and Porter-
goes far beyond a "probable future use." For example, Cologne Act at the time the designations are made. As
the mere fact that there is public "desire" to put a additional evidence is received, potential uses inay be revisited
waterbody, does not mean such use can be reasonably to determine whether the designated use still conforms to the
achieved in the foreseeable future or that it is a probable staDdards of the Clean Water Act and the Porter-Cologne Act.
future use. This, such "potential" uses are not "probable"
future uses.

26.13 Rutan 2111105 Moreover, the designation of "potential" beneficial uses, As noted in Responses to Comments 26.10-26.12, as
instead of "probable future beneficial uses" or "uses to be information is developed about substantive deficiencies with
made," as required by law, has led to numerous improper specific, potential use designations, the specific standards
beneficial use designations in the Basin Plan. For actions will be considered and incorporated into a triennial
example, the Basin Plan currently lists "REC-I" as a review workplan. The commenter's only specific comment
potential beneficial use for various concrete-channelized concerns certain potential REC-l designations associated with
waterbodies, waters which are often intermittent and certain concrete-lined channels. These channels are already
which are off-limits to the .public, including the subject to a limited de-designation during times of high-flow
Alhambra Wash, the Arcadia Wash, and the Santa Anita conditions. This was the result ofa prior Regional Board
Wash. (A REC-l designation means that a waterbody is triennial review workplan.
used for recreational activities involving body contact

Q\

~
~
M

• --------,("1'1--
•

February 18, 2005

~6

RB-AR7170



• Responsiveness snrna - Triennial Review
(to comments received before February 11,2005)

.,~:

··11""l,:~<l~"
',~: .

~1';. •
o
L!)
C").....
o
o
0::
I
.q
o
o
N
0::«

No. Author Date Comment Response
with water, e.g. swimming or wading.) Such uses are ;,." .,""-

entirely unsuitable for concrete-channelized waterbodies, .' ~JT~'''Y

and as shown by news accounts every stonn season, ...p.:,~1[~ ~~':

allowing such a use may be extremely dangerous or even
deadly: Thus, it is improper to designate a REC-l use for .:./,"

a concrete-channelized waterbody where there is no
'.

evidence of an actual legal or probable future REC-l use.
(See State Board Order WQO 2005-0004, Exh. J.)

26.14 Rutan 2/11105 Thus, for example, although it is "possible" that some As noted above, these issues are subject to on-going review as
currently concrete-channelizedwaterbodies could evidence is received. The process for removing the uses is the .
someday be used for some type ofREC-1 activities, such structured scientific analysis under 40 C.F.R. section
activities are certainly not ''probable future beneficial 130.10(g). Staff disagrees with the statement that the
uses" ofsuch waterbodies. It is, thus, inherently designations are. inherently unreasonable.
"unreasonable" to designate concrete-lined stonn
channels which are closed to the public because of safety See also Responses to Comments 26.10, 26.12, and 26.13.
concerns as potential REC-1 waterbodies. Thus, it was, e:
and is, improper for the Board to consider such ,.
''potential'' uses in setting water quality standards for ~

these waterbodies, and this defect in the Basin Plan
N

should be considered and corrected as a part of the 2004
Triennial Review.

26.15 Rutan 2/11/05 Moreover, as the Board has recently began to develop See Response to Comment 26.1, indicating that where
and issue TMDLs for water bodies throughout the appropriate the Regional Board has incorporated standard
Region, it is particularly important that the use actions into TMDL implementation plans or had the standards
designations in the Basin Plan to be corrected; otherwise action precede the TMDL adoption.
improper use designations in the Basin Plan will lead to
unreasonable numeric limits and excessive
implementation measures being imposed through
inappropriate TMDLs.

26.16 Rutan 2/11/05 The Board's designation of "potential" uses in the Basin See Responses to Comments 26.10, 26.12, 26.13, 26.14, and
Plan, instead of actual and probable future uses, is 26.15.
improper. Improperly designated uses will lead to
improper water quality objectives and standards, and

February 18, 2005
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unreasonable and Wlachievable TMDLs. The Board .. ;.,.~ .~r

.. : . C

mu~t.thus act to correct this problem by re-designating . 7'-'Y
~•. ;t~,

beneficial uses based on "past, present, and probable ...:~;:~f:;+~tr" ~future" beneficial uses, or the "uses to be mad" rather -

~than mere "potential" uses, in the course of the 2004
Triennial Review.

',:'"
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26.17 Rutan 2/11/05 The Regional Board Must Establish Water Quality The commenter's find'thcf<>ry is that the previously established ~
Objectives That Can Reasonably Be Achieved. objectives are'86~how unreasonable in contravention of a (
Despite this clear mandate to adopt water quality "reas~ess" standard in the Porter-Cologne Act. As r
objectives that can "reasonably" be achieved, the Basin

..f!':·, .. :'··,I.'i<-'''' . ""

preViously noted in Responses to Comments 26.2 and 26.3, c
Plan is rife with unreasonable and unachievable this is essentially a procedural objection to prior standards
objectives. Not only has the Board acted improperly in actions and it is beyond the scope ofthe triennial review.
failing to adequately consider economics and housing Whether a previous Regional Board "establish[ed] such water
when it adopted the Basin Plan, and in setting beneficial quality objectives in water quality control plans as in its

,uses, it has further adopted "unreasonable" water quality judgment • •• ensure the reasonable protection ofbenefiCial
objectives and requirements. uses...." (Wat. Code, § -13241, emphasis added) is not within

the scope of the triennial review. That is a procedural
consideration of a prior Regional Board.

'\-.

Further, as previously noted the water quality objectives are
the criteria component of federal water quality standards. As ~

result, they must be established at levels "sufficient to protect
the designated uses." (40 C.F.R. § P1.6(c).) In other words,
there may be occasions when the federal requirement that
criteria be "sufficient to protect designated uses" trumps the
"reasonable protection ofbeneficial uses." However, there is
no evidence that the objectives are unreasonable.

Similarly, in the coastal marine environmept (to which
everything in the Los Angeles ~asin,drains), the Legislature
has established a more specific and stringent policy directive.
In Water Code section 13142.5, subdivision (a), the
Legislature identified a critical need to treatdischarges in the
coastal zone that affect "wetlands, 'estuaries, and other
biologically sensitive sites," "areas important for water contact
sports," "areas that produce shellfish for human consumption,"
and "ocean areas subject to massive waste discharge" and
"where feasible, to restore past beneficial uses of the receiving
waters." In discussing this reqUirement, the Legislature stated
a variety of factors to be considered, but explicitly excluded
"convenience ofthe discharger:' (Wat. Code, § 13142.5(a).)
As a result, prior regional boards w0u¥\~f8~8d§>
consider this specific legislative directt:e ill o~ ~ltg the
broader "reasonable protection ofbeneficial uses."

!
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26.18 Rutan 2/11105 These objectives are unreasonable on their face, in that To the extent the conlinenfer idC?Iltifies specific objectives as g

they impose absolute standards, without regard for unreasonable;·tfi~ommenter makes Wlsupported assertions
whether or not they can be reasonably achieved. that~e plain language ofthe objectives. The two '"

objectiVes cited by the commenter are the narrative objectives ~
concerning floating materials and solid, suspended, or ~
settleable materials. (Basin Plan, pp. 3-9, 3-16.) The <
commenter asserts that the objectives are facially unreasonably
because they impose absolute standards. This statement is
incorrect. Both objectives require that floating materials and
solid, suspended, or settleable materials not be present "in
concentrations that cause nuisance or adversely affect
beneficial uses." (Ibid.) This clause is very important because
it establishes two conditions Wlder which the materials may
not be present: frrst, if the material is at a concentration that
causes nuisance, and second, if the ma~rial is at a ff')
concentration that adversely affects beneficial uses. ,.

"o:t'

Neither narrative objective establishes an absolute and neitht;~
N

is unreasonable. The frrst concentration threshold is to prevent
nuisance. Importantly, the Water Code does not allow the
discharge ofwaste to create an~ce, and the prevention of
nuisance is not limited by any reasonableness requirement in
the Porter-Cologne Act. (See, e;g~. Wat. Code, §§ 13050(h)-
(i), 13225(a), 13263(a), and 13241.) Moreover, the defmition
ofnuisance means that certain factors would need to be
evaluated before a determination ofnuisance could be made.
(See. Wat. Code, § 13050(m).) This evaluation would identify
the "concentration that causes nuisance." The second
concentration threshold is that the materials must not
"adversely affect beneficial uses." Again, this is not an
absolute, but requires a determination of"adverse" effects.
That means the concentration would need to be assessed and it
is not a rigid, absolute as characterized by the commenter. In
fact, the language "adversely affects beneficial uses" can be
viewed as a reflection ofthe reasonableness language in

• •
February 18, 2005
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No. Author Date Comment Response
section 13241. Neither objective is facially unreasonable as
claimed by theifOifunenter. .

A:"f':~:-X'~

26.19 Rutan 2/11/02 For example, the Board has interpreted these narrative The commenter notes that the two narrative objectives have
050. objectives to require the unreasonable and in effect, been interpreted in two different trash TMDLs to mean zero·

impossible, numeric water quality objective of "zero" trash. (In fact, there are three trash TMDLs in the region.
trash in the Los Angeles River and Ballona Creek. (See where the wasteload allocation and load allocations have been
Trash TMDL, Ecbs. "F" p. 16.) established at zero trash.) While it is beyond the scope of the

trieIinial review, the characterizations in the comment bear
correction.. First, the trash TMDLs involved the specific
interpretation of the narrative water quality objective into a
numeric waste load allocation for a specific pollutant. This is
required by section 303(d) of the Clean \vater and U.S. EPA's
regulations. (33 U.S.C. §.1313(d), 40 C.F.R. § 130.2.)
Second, this interpretation was performed in the context of an
unusual pollutant that does not assimilate like many other
pollutants. Third, this interPretation was performed in the
specific context.ofbeneficial uses that contain an aesthetic
component, and hence a policy determination by the Regional
Board. Fourth, the comment incorrectly characterizes the
numeric waste load allocation as a "water quality objective,"
which it is not. Instead, it is a waste load allocation, which is
not a water quality standard. (Compare 40 C.F:R. §§ 130.3
and 131.3(i) with 130.2(h).)

26.20 Rutan 2/11/02 The Regional Board similarly tentatively interpreted the The final objection based on a pmported "reasonableness"
050. Basin Plan to require unreasonable numeric water quality failing has to do with the Los Angeles Rivers Metals TMDL,

objectives when it sought to include in a Proposed Metals which has not yet been approved by the Regional Board. First,
TMDL for the Los Angeles River that the numeric targets the comment is beyond the scope.ofthe triennial review
for the TMDL be based upon those targets set forth in the because it does not address items within the Basin Plan that are'
California Toxics Rule ("CTR") promulgated by the EPA subject to review. Second, the commenter repeats the
in 2000. (Proposed Metals TMDL, Exh. "E," P. 26) The incorrect statement that TMDLs establish water quality

·Pel>ruary 18,2005
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Basin Plan is unreasonable in this regard because both objectives. In~ tli'ey dO not as explained a~ove.. Third: the ~
EPA and the State of California have indicated the CTR metals TMDL be based on the federal Cahfornla TOXICS
was not intended to be applied to the regulation of storm Rule.~hed by U.S. EPA beeause that California Toxics §
water discharges. Rtilfest~blishes the w!lter quality standard for priority (-

pollutants (including the subject metals) in inland surface 0
waters in California. (40 C.F.R. § 131.38(a).) <

Fourth, the eommenter conflates the California Toxies Rule,
with a separate policy used by the State Board to implement
the California Toxies Rule. The State Implementation Policy
(SIP) for the California Toxies Rule provides procedures,
including equations, for applying the California Toxics Rule to
certain discharges. The State Board has said that those
procedures (i.e., the SIP) do. not apply to stonn water
discharges. However, the CalifomiaToxics Rule, as a water
quality standard, is applicable to all wand surface waters and
hence all discharges to inland surface waters. When another
representative of the Coalition for Practical Regulation raised
the commenter's point at a recent State Board hearing, the
State Board rejected the commenter's contention as "illogical."
(State Board Hearing on Revisions to the SIP, Item 3 (Feb. 24,
2005.) The State Board noted that water quality standards
apply regardless of the source ofthe discharge.

Similarly, in support ofthe metalsTMDLs, the U.S. EPA has
rejected the commenter's contention. In fact, the U.S. EPA
quote offered by the commenter is inapposite. That quote
simply says when establishing the. numeric eriteria in the
California Toxics Rule that's aIHJ.S. EPA was doing:
establishing the criteria. A broader issue ofhow the criteria
would be translated into permit requirements for storm water
discharges was "beyond the scope ofthe rule." The quote
does not support, nor does U.S. EPA believe that the
California Toxics Rule is not an applicable water quality
standard for determining wasteload allocations for municipal

1II..,.
~
N
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stonn water discharges. ,.... p.' ~,,,y

~
• ~J •

.,""'~
27.1 CICWQ 2111105 We believe that it is imperative that the Board revise its See'responses to 8-5 and 26.10.

~proposed 2004 Triennial Review Priorities List to review ?,,~.'

the region's water quality standards, particularly as they
apply to stormwater, to determine the feasibility of
creating a new beneficial use category (and associated
water quality objectives) for flood protection (and to
address its relationship to other designated uses already
included in the Basin Plan), and to explore the feasibility
of alternative approaches to protection of so-called
"potential" beneficial uses.

27.2 CICWQ 2/11105 County to be the 4U1 least affordable county nationwide in Comment noted.
the third quarter of 2004- the latest period for which data
are available. The organization blames "excessive \,C)

regulation" for much of the lack ofaffordability. Yet, the'
,.
~

Triennial Review fails to even mention or consider this M

fact.
27.3 CICWQ 2/11105 We believe that it is imperative that the Board revise its Comment noted. See response to 8-2.

2004 Triennial Review Priorities List to address the
applicability of water quality objectives to stonn flows
and other critical flow conditions and resolve conflicts
between various basin planning provisions. This is
critical due to the housing affordability crisis and job loss
potential of the continual reliance on outdated and
inappropriate water quality standards.

27.4 CICWQ 2/1.1/05 These considerations are important enough to us that we Thank you; offer noted. Seere~ to 8-1.
are willing to support the fonnation of a Stakeholder ..:,;~~., :

Task Force as outlined in the Coalition Letter dated
February 11,2005. We look forward to working with
you on this process.

28.1 Burhenn 2/11105 The proposed 2004 Triennial Review Basin Plan review The triennial review workplan and the process for developing
does not meet the legal requirements for a Triennial the workplan complies with all applicable legal requirements.

February 18, 2005
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No. Author Date Comment Response ~
h

RevIew. The hearing noticed for March 3, 2005, and the Staffand the Board develoPed the workplan after numerous C>

"triennial review" being considered at that hearing do not public workshOri~'~d the Board will consider approving the ~...
meet the requirements imposed by Section 303c. The worIsP~public hearing. The public workshops have

~public notice for the workshop held on January 27, 2005 soliciteclinformation about particular water quality standards
and for the March 3 hearing states that the hearing is to that are appropriate for revision. The process satisfies the r:"set priorities for r~vising and updating the Region's requirements of Clean Water Act section 303(c) (33 U.S.C. :c
Water quality standards ... over the next three years." § 1313), the Porter-Cologne Act (Wat Code, § 13240), the
Although, the County and the Flood Control District hav:e federal regulations (40 C.P.R. § 131.20(a», and the State
no objection to the Regional Board setting priorities for Board's Continuing Planning Process as submitted to U.S.
work to be performed over the next three years, the EPA (SWRCB, Report in Support ofU.S. Environmental
setting of the priorities is not the same as reviewing the Protection Agency Review·ofCalifornia's Continuing
standards themselves. Planning Process, (May 2001» .• :'.

."'.~;.'

The commenter overstates the requirements of the Clean
Water Act and the Porter-Cologne Act Section 303(c) of the
Clean Water Act requires that the "State shall from time to
time (but at least once each three year period beginning with
October 18, 1972) hold public hearings for the purposes of
reviewing applicable water quality ~dards and, as
appropriate, modifying and adopting standards." Section
13240 of the Porter-Cologne Act requires more simply "[Basin
plans] shall be periodically review and may be revised."
Neither of these sections requires a comprehensive update of
all water quality standards each~ years. Instead, the
standards are to be review at a public hearing. The Regional
Board conducts this review by receiving public input and
developing a plan for updating the Basin Plan to incorporate or
to refme standards as appropriate. Most of this year's
workplan addresses refmemei:lts to existing water quality
standards to facilitate discharger compliance and to reflect new
advances in water quality science.

U.S. EPA generally regards the triennial review process as a
process for continually improving water quality-rather than
as the commenter construes it a ptocess for removing

• •
February 18, 2005

. 47of66•

RB-AR7178



• Responsiveness sum.-Triennial Review
(to comments received before February 11, 2005) •

co
L()

y
~

No. Author Date Comment _ResDoDse ~

prote~tions. Th~pt[cab1e federal regulations (re~lations
~not cIted by the' ommenter) demonstrate that the pnmary
I-

focl..*-c~triennia1review is to ensure that waterbodies not

~desIgnated fishable/swinimable are constantly "re-examined"
to determine whether the uses are now attainable. (40 C.F.R.
§ 131.20(a).) If the uses are now attainable, then the water ~qualitystandards must be updated to reflect this condition.
(Ibid.) This view has been acknowledged by the United States
Court ofAppeal for the D.C. Circuit: ''Triennial reviews
consist ofpublic hearings in which current water quality
standards are examined to assure that they 'protect the public
health or welfare, enhance the quality ofwater and serve the
purposes' ofthe Act. 33 U.S.C. § 1313(c)(2)(A)." (American
Paper Institute, Inc. v. U.S. E.P.A. '(D.C. Cir. 1993) 996 F.2d
346, 349.) Also, for those water bodies that may be under-
protected, the regulation requires st,ltes to conduct a more
probing "re-examination" rather than the general "review" of
water quality standards.

As suggested by U.S. EPA regulations (40 C.F.R.
§ 131.20(a», the State has incorporated its procedures "for
identifying and reviewing water bodies for review" into the
state's Continuing Planning ProceSs. The State Board submits
the Continuing Planning Process to U.S. EPA in accordance
with section 303(e) of the Clean Water Act and U.S. EPA than
approves the Continuing Planning Process if the process
conforms to the Clean Water Act. (33 U.S.C. § 1313(e).) In
its Continuing Planning Process docum~ts, the State Board
has indicated that '!The public is given notice of the trieQIlial
review, and a public hearing is held by1he State or Regional
Board where the Board proposes a list ofpriority water quality
issues to be addressed during the next three years. After
considering input by members ofthe public and others, the
Board adopts a priority list of issues and a workplan detailing
the resources that will be allocated and the expected time

. February 18, 2005
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h

schedule for compl~tiri:g tIle actions·specified on the priority P
list. Trienniah'iVfew results are transmitted by the State ~

I-
Boar,Q..~~~PA." (SWRCB, Report in Support ofU.S.

l~Envrrotimental Protection Agency's Review of California's
Continuing Planning Process (May 2001), p. 33-34.) This
process has been acceptable to U~S. EPA. (See, e.g., 65 Fed. ~Reg. 31682,31684 (May 18,2009).) This is the process the
Regional Board has followfjd. ~~l

.tH"
/i''''

In sum, the process the Regional Board has followed for
reviewing the water quality standards, receiving information at
public workshops, and establishing a priority workplan for the
next three years is the process contemplated by the State Board
in the Continuing Planning Process and approved by U.S.
EPA. U.S. EPA's comments in the administrative record for
this triennial review also demonstrate their belief that it
satisfies the requirements of section 303(c) of the Clean Water
Act. The Regional Board's triennial review process satisfies
the Clean Water Act and the Porter-Cologne Act.

28.2 Burhenn 2/11105 Accordingly, the County and Flood Control District As set forth in Response to Comment 28.1, the procedures
requests that the Regional Board comply with Section comply with applicable law. The commenter is free to submit
303c, and in accordance with that section holda public evidence it believes relevant to the triennial review process.
hearing for the purpose of reviewing applicable water Neither the Clean Water Act, its implementing regulations, nor
quality standards themselves and, as appropriate, its implementing authority, anticipate that the standards would
modifying and adopting standards. The specific actually be revised at the triennial review public hearing.
standards, including beneficial uses and water quality
objectives, that the County· and the Flood Control District
request be considered at this hearing are set forth in
SeC?tion II of these comments. If the Regional Board is ;,

not p~epared to review, modify and adopt standards at the ',.~'..

March 3 hearing, then. the County and the Flood Control
District request that the hearing be continued to a date at
which the Regional Board will do so. Alternatively, the
County and Flood Control District request that the

• •
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28.3

28.4

Author

Burhenn

Burhenn

Date

2/11/05

2/11/05

Comment
Regional Board recognize that the March 3 hearing does
not constitute the triennial review required by Clean
Water Act Section 303, and the Regional Board schedule
a hearing for such a review.
The Regional Board is requested to review the water
quality objectives for bacteria and modify them to take
into consideration natural conditions that cause or
contribute bacteria, to determine what are the proper
indicator bacteria, and to determine the levels that should
be set.
The Regional Board is requested to review the water
quality objectives for bacteria and modify them to take
into consideration natural conditions that cause or
contribute bacteria, to determine what are the proper
indictor bacteria, and to determine the levels that should
be set.

Response
;.,." ..~

.. "",,'
"~ ~':'?/:!/tf!1U"

See response to 29.7.

Duplicate of Comment 28.3 above....
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28.5

28.6

Burhenn

Burhenn

2/11/05

2/11/05

The Regional Board is requested review and modify the
WARM and COLD beneficial uses designated for
engineered flood protection channels in which there is
insuffil;:ient flow to support those uses. These channels
and these designations are set forth on the excerpt from
the Basin Plan attached hereto, including but not limited
to those channels whose WARM or COLD beneficial
uses are designated only as "potential" or intermittent."

The County and the Flood Control District support the
inclusion of Priority S-5 (development ofnumeric or
narrative objectives for sediment quality and sediment
toxicity) on the proposed priorities list. Sediment
management is an important consideration in maintaining
flood protection in the County. The County and the
Flood Control District request, howeyer, that this be

Staffdisagrees with the commenter'sconclusion that flow is
insufficient in the channels to support aquatic life uses. In
general the beneficial use definitions for aquatic life state,
"uses ofwater that support ecosystems, including but not
limited to preservation or enhan.cement of aquatic habitats,
vegetation, fish or wildlife, including invertebrates." Even
intermittent flow may be adequate in many cases to support
aquatic habitat. Staff is undertaking a project to evaluate the
possibility of creating tiered aquatic life uses that may account
for some of the physical limitations on the type of conununity
that may inhabit a engineered channel (see 0-1).
Comment noted. Staffproposes to address.S-5 during this
Triennial Review cycle.
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reviewed now, and not deferred to a later date. .:.-* ....- '-

'"'
28.7 Burhenn 2/11/05 The County and Flood Control District request that these See Responses'toComments 28.1 and 28.2. As previously ~

beneficial use designations and water quality objectives not~oits the commenter seeks could not be :~
be reviewed at the triennial review hearing. The ac()~'ii1piished at a triennial ~evie~ he~g. Fir~t, existing usesc
beneficial uses and the associated standards fonn the (whIch are most the use desIgnations.m the BaSIn Plan) can c
foundation for adopting Total Maximum Daily Loads never be removed. (40 C.F.R: § 131.10(h)(1).) Some of the <

("TMDLs"). If the beneficial use or water quality actions sought by the commenter iinplicated existing uses.
objective is erroneous, however, then the TMDL itself Second, even for designated uses that are not existing uses, the
will be erroneous. Correct and accurate beneficial use Regional Board and stake holders would first need to complete
designations and water quality objectives must be the structured scientific review ofa use attainability analysis
established before a TMDL is adopted. before the action could be taken. (40 C.F.R. § 131.10(g).)

28.8 Burhenn 2111/05 Accordingly, the County and the Flood Control District See Response to Comments 28.1, 28.2, 26.1, and 26.15.
request review ofthese beneficial use designations and ...

~

water quality objectives now, prior to adoption of the
·r:;·TMDLs which will be based on them. If the Regional >; ;

Board is not going to review the requested beneficial uses
and objectives at this time, then the County and the Flood ;;;,

~

Control District reserve the right to seek review of those l/)
I

uses and objectives before adoption of a TMDL based on ~
M

those uses and objectives. Ifno review of the requested
uses and objectives occurs either at this triennial review
hearing or before adoption of a TMDL, then the County
and Flood Control District reserve the right to challenge
the TMDL as being improperly adopted because there
has been no review in compliance with Clean Water Act
Section 303(c).

28.9 Burhenn 2/11/05 Reservation ofRights to seek further review and Comment noted. The Triennial Review is conducted every
- modification ofbeneficial use designations and Water three years, providing regular opportunities for stakeholders to

Quality Objectives. request further review ofwater Quality standards.
28.10 Burhenn 2/11/05 Nothing in this letter shall be construed to be a waiver of Comment noted.

the prior comments made by the County and the Flood
Control District with respect to the proposed priorities
that the Regional Board is considering. The County and
the Flood Control District reiterate and incorporate by

• • "
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No. Author Date Comment Response
reference their prior comments on those issues. ;;'-' ,,/

29.1 LACDPW 2/11/05 We believe that it is imperative that the Board review the See responses t6"S'-5 and 27-1.
region's water quality standards, particularly as they ~,~.~ ,--;:?trtu"
apply to stormwater, to determine the feasibility of
creating a new beneficial use category (and associated
water quality objectives) for flood protection, and to
explore the feasibility of alternative approaches to
protection of ''potential'' beneficial uses.

29.2 LACDPW 2/11/05 To facilitate the Board's consideration of these key See response to 8-1.
issues, Public Works and other local stormwater

.'

management agencies propose the formation ofa
Stakeholder Task Force with a mission as outlined below.
We are committed to working collaboratively with the
Regional Board and other stakeholders who have an
interest in the process detailed here.

29.3 LACDPW 2/11/05 As we have communicated to you on previous occasions, See response to 26.3. N
II)

we are concerned that the water quality objectives in the I
.} "'Il:t'

Basin Plan were adopted without adequate consideration N

of these factors and that the Basin Plan does not contain .'
the required programs of implementation (Section 13241
& 13242). Nor were the Basin Plan's beneficial uses
designated with due consideration of these factors.

29.4 LACDPW 2/11/05 Most importantly, the Basin Plan's water quality See responses to 8-2 and 8-3.
objectives are now being applied to stormwater, contrary
to the board's intention when those objectives were
adopted. Additionally, other objectives are being applied
during critical low flow conditions in a manner that is
contrary to the Board's intention when those objectives

-.'

were adopted. .-::-.

29.5 LACDPW 2/11/05 We believe that compliance with these objectives will be Water quality standards are in place to protect the region's
technically very difficult for storm water permittees, waters. Environmental protection is clearly a public priority in
particularly during high flow periods, as well as very the Los Angeles Region.
costly, diverting resources away from other important
public and social priorities. We do acknowledge that technolo2Y to control stormwater andJ
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improve stormwater ciUalitY is still in the developmental stages C
in some cases:-m'the municipal stormwater permit, the Board ~
outl~~~~rative process for achieving instream water '"
qualItY' standards. This process entajls the use ofBest ~ ~
Management Practices (BMPs) that will ,be implemented to c' ~

prevent or reduce pollutants that are causing or contributing to ~
exceedances ofwater quality standards. (See Order No. 01-
182, Part 2)

29.6 LACDPW 2/11105 We are concerned that even with these refinements in See also response to 15-4. Staffdisagrees that the bacteria
approach, the cost ofcomplying with bacteria objectives objectives do not have sufficient implementation measures.
has never been properly analyzed, and a program of The Basin Plan identifies the regulatory tools that will be used
implementation is not included within the Basin Plan as to implement objectives and generally provides
required under Water Code Section 13242. We are also implementation measures. The suspension of REC·l uses in

.concerned that the reference watershed approach may not certain engineered channels during periods ofhigh flow arid
be workable for the highly urbanized watersheds. the bacteria TMDLs provide further imPlementation measures.

29.7 LACDPW 2/11105 Finally, there are a number ofoutstanding scientific The US EPA does not distinguish between human and
issues related to the use of indictor bacteria as surrogates nonhuman sources ofbacteria based on the conclusion that
for human health risk. For example, there are many there are health risks associated With both. Furthermore, the
natural sources of indictor bacteria in the environment Region's bacteria objectives are based on (1) the most recent
and current methods do not allow us to accurately recommendations ofEPA regarding the most appropriate
distinguish bacteria from human and nonhuman sources; bacteria objectives to protect public health and (2) a landmark·
regrowth in the environment occurs, as does an increase local epidemiological study in Santa Monica Bay that
in bacteria concentrations due to sediment resuspension examined the health risks ofswimming in the Bay and
during storm events; and bacteria may not be· a suitable demonstrated a positive correlation between health risks and
indictor ofhuman health risk. the same bacterial indicators that the Regional Board relies

upon to protect the recreational beneficial use.
i.·'

The Regional Boa,rd is providing funding and staff time to
conduct further research into the best indicators ofhuman
health risk. The Board will continue to reevaluate our
objectives through the Triennial Review process as science
evolves.

29.8 LACDPW 2/11/05 Similarly, we recognize that the Basin Plan will be As the commenter notes, Regional Board staff is already
amended to include TMDLs and implementation plans working with stakeholders to develop site-specific objectives

• •
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for water quality objectives for metals, and we are for copper for a nU1!lber olwaterb()dies in the region. The
concerned that the costs and technical burden to comply Board is open·t<i8fuer proposals for metals site-specific
will be unreasonable for the very high flow volumes that obje~~elopment if there is interest on the part of
can occur during wet-weather events. We, therefore, stakeholders. See response to 8-1, .
propose that this stakeholder process reexamine the water
quality standards associated with metals, which would be
consistent with the Regional Board's intention to
incorporate the site specific objectives for copper that are
currently under development (see Triennial Review
Priority 0-3)

29.9 LACDPW 2/11105 Additionally, consistent with statements made by the Staff identified the applicability of the CTR and SIP to
EPA with respect to the applicability of CTR-based stormwater discharges as a high priority. These issues will be
permit limits to storm flows, we believe strongly that the addressed in upcoming metals TMDLs. The CTR applies to
stakeholder process proposed would provide a valid and instream water quality and when ms1ream flows are primarily
appropriate means for addressing the implementation of comprised of stormwater discharges, it is clear that these
CTR criteria to storm flows via the metals TMDL. discharges will have to be controlled to achieve instream water

quality objectives. The SIP does not apply to stormwater
discharges. However, through the TMDL implementation
plans, we will discuss how permits will be written to meet
instream CTR criteria using other available guidance and
regulatory tools. Because the metals TMDLs will be adopted
as Basin Plan amendments with ample opportunity for public
comment, this issue will be addressed through the TMDL
process within the next three years.';'

" ,

29.10 LACDPW '2/11/05 Again, the stakeholder process proposed here would See response to 8-1. .-

. provide a means for addressing the myriad issues related
to sediment management within the Region, including
issues related to sediment quality and/or toxicity,
sediment quantity and transport, and conflicts between
sediment management and the beneficial uses specified
in the Basin Plan.

29.11 LACDPW 2/11105 The stakeholder process, if applied to mineral quality See response to 8-1.
objectives, would provide a means for determining the

:r February 18,2005
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No. Author Date Comment ._ ResP()Dse C
frequency, duration, and magnitude components of these .;.," .. .r --. ,.,,' ~water quality objectives. This process could also be used ..'" '1.

to develop a program of implementation for mineral .f: ;?~iif!" §quality objectives.
29.12 LACDPW 2/11105 First, currently used beneficial use categories are not See response to 8-5.

.~sufficiently refined to differentiate between different
types ofwater bodies (e.g. concrete-lined versus natural
bottom) and different types ofconditions. Thus, there is .....

no beneficial use category or water body designation for J.'.
flood protection, even though many of the region's ~}'
channels have been engineered for just this purpose.

29.13 LACDPW 2/11105 Additionally, the somewhat generic categories do not Although it poses a challenge to capture and treat variable
recognize the different conditions that prevail in arid and storm flows, the Regional Board has a statutory duty to
semi-arid regions, where the dry season typically can last implement regulations that will protect the designated
for 8-10 months, and rains often come in extreme beneficial uses of the region's waters, including downstream
episodic events that can cause extremely high flows. coastal lagoons, estuaries, beaches, bays and harbors.

Board staff is currently working with EPA on a study to
evaluate the application oftiered aquatic life useS, which
would if applied in the Los Angeles Region further refine the
description ofaquatic life beneficial uses of our waterbodies
by taking into consideration inherent physical conditions that
determine in part the type ofaquatic community in the
waterbody.

29.14 LACDPW 2/11105 Finally, implementation ofwater quality objectives for See responses to 8-1 and 27-1.
"potential" beneficial uses (as opposed to existing
beneficial uses) is clearly contrary to the Regional
Board's intent when potential uses were initially assigned
to the Region's water bodies, and implementation of
water quality objectives for several water bodies ,
currently designated with potential beneficial uses will :!} .

require significant and potentially unreasonable
'< .

tk.
expenditures ofpublic resources.

30.1 CSDLAC 2111105 Instead of conducting the requisite triennial water quality . See response to 28.1.
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standards review mandated by the clean Water Act, the ,;'. .,..,.",- , .

"

Los Angeles Regional Board has transfonned this review ~,.,". ".
into a priority setting process. While priority setting is an .,ry~

, '

important task for any agency, we believe that this
.~p:,-'J_,,:·,

priority setting process does not comply With the triennial
review requirements of the Clean Water Act. Section
303©(1) of the Clean Water Act (CWA) expressly
requires the State water pollution control agency (in
California, the State Board and Regional Boards) to, at
least every three years, hold public hearings "for the
purpose of reviewing applicable water quality standards
and, as appropriate, modifying and adopting standards.

30.2 CSDLAC 2/11/05 To facilitate the Board's consideration ofa number of See response to 8.1.
key issues, we propose the formation of a Stakeholder
Task Force, as outlined in a separate letter dated Furthennore, Regional Board staffhas already been
February 11,2005 from the Districts and several other participating in such a stakeholder task force spearheaded by
entities, which is incorporated herein by reference. The the Coalition for Environmental Protection, Restoration and
Districts are committed to working collaboratively with Development (CEPRD). The task force includes the County
the Regional Board and other stakeholders who have an Sanitation Districts of Los Angeles County among many
interest in water quality standards in the Los Angeles others. As the Regional Board understands the mission of this
region, and are willing to consider contributing resources group, it is to identify Basin Planning projects or specific
to support this process. TMDL-related projects that are ofcommon interest to

stakeholders and then to initiate stakeholder-led studies to
gather the requisite data to support a future Basin Plan
amendment or TMDL.

,;

Regional Board staffhas also beenwor~g with individual
stakeholders or smaller groups of stakeholders who are
interested in undertaking specific projects, namely site-specific
objective studies, for waterbodies to which they discharge (e.g.
ammonia site-specific objective study, copper site-specific
obiective study). '

30.3 CSDLAC 2/11/05 We believe that one of the most important priorities that Regional Board staffhas within resource constraints tried to
has overlooked is to include an item to allow staff to accommodate Basin Planning needs as they arise during the
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respond to the need for modifications to standards in development ~f ~thedJ'asifiPlan amendme~ts or TMDL~. As (~
specific locations that might arise during the triennial an example, dUfm{the last three years the Issue of updatmg .l~
review period. Often is it difficult to anticipate the exact the r5:<~~eshwater ammonia objectives spawned several ~
priority issues that may arise within the region; such as other projects including adoption ofsaltwater ammonia (
interest in refining water quality standards through the objectives for inland waters suCh as enclosed bays, estuaries \ ...
development of site-specific water quality objectives. and harbors; evaluation ofearly life stages of fish; and [~
Sometimes interest in projects such as these arises development of site-specific objectives for certain
through pennit compliance issues, and cannot always be waterbodies. Furthermore, though not foreseen as a priority in
anticipated in advance. the 2001 Triennial Review, staffhas committed time to other

site-specific objective studies for copper, which will facilitate
development and implementation ofmetals TMDLs.

30.4 CSDLAC 2/11105 The Districts also would like to take this opportunity to Comment noted. Regional Board staffintends to bring the item
urge the Regional Board to compete work on Issue 0-6, to the Board in May 2005.
Ammonia Site Specific Objectives, as soon as possible,
since there is an impending deadline under the Santa
Clara River Nutrient TMDL for its completion this

\:~:,spring, and all of the technical work on this project has
been completed for well over a year.

"·'c

30.5 CSDLAC 2/11105 The District support the Regional Board's initiative in Comment noted. Tiered aquatic life uses are intended to
conducting the Tiered Aquatic Life Use Pilot Project. address some of the inherent physical constraints that may
We would note that it will be important for the RWQCB limit the type 'of aquatic life inhabiting a particular waterbody.
to carefully consider the characterization ofreference After evaluating the applicability oftiered aquatic life uses in
conditions in this region's mostly highly-modified urban the region, staff will consider the lower San Gabriel River
streams, since it clearly is not appropriate to compare among other waterbodies in the region as a potential case
them to natural streams uninfluenced by human activity. example.
We also would like to propose that staffconsider using
the lower San Gabriel River watershed as the case ..

.. " ..
example for the Los Angeles region, due to the fact that

.:' .:

may of its characteristics are similar to other watersheds
and the fact that ther~ is a lot ofwater quality and some
bioassessment data already available for this watershed.

30.6 CSDLAC 2/11105 The Districts would like to suggest that the range of Comment noted. Staffhas revised the description to note that
proposed actions that might occur as a result of the consumption rates may be higher or lower than those used in
ongoing fish consumption study currently underway is the development of the national criteria. These different

• •
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broader than that which is stated. It is quite possible that consumption rates coUldenlier increase or decrease the
the study will also fmd areas where fishing effort and/or ~bjectives set te-:ptotect human consumption of organisms.
consumption is "de minimus," and/or where fishing is .f"':";;~
solely tor artificially stocked fish, which may have
different implications from a water quality standards
point of view.

30.7 CSDLAC 2/11/05 As noted here, this issue really is a statewide issue, and it This issue is important for .consistency among statewide and
is therefore most appropriate for the SWRCB to take the regional plans as the nomenclature for some of these areas is
lead on this. We recommend that this issue be made a being revised. For example, areas previously known as Areas
low priority, in recognition of the fact that the water of Special Biological Significance (ASBSs) are now called
quality objectives associated with protection of aquatic Surface Water Quality Protection Areas (SWQPAs).
life uses are not refined enough to be revised for these Furthermore, the California Department ofFish and Game is
types ofprotected areas, and in any case, EPA considers changing its nomenclature for marine protected areas. For the
~e aquatic life water quality criteria for toxic pollutants sake of clarity and consistency it is important to revise the
(such as those in the California Toxics Rule) to be definition of the "Preservation ofBiological Habitats"
protective of all aquatic life-related beneficial uses. beneficial use to reflect these statewide chan2es.

30.8 CSDLAC 2/11/05 We strongly recommend that this issue be made a high While this issue was identified as a medium priority, another
priority, and be examined through a stakeholder process. issue may address this at least iIi part. Specifically, Regional
We believe that there is flexibility in water quality Board participation in a workgroup on effluent dominated
standards that could potentially resolve a lot of waterbodies (S-8) was identified as a high priority. There are
contentious issues if some uses designated as "potential" two general approaches to protecting effluent dominated
uses were re-examined and perhaps a different approach waterbodies, while providing some regulatory flexibility where
to implementation was employed. possible. The first is to evaluate how beneficial uses are

applied and protected in these waterbodies, while the second is
to evaluate how water quality objectives set to protect the
beneficial uses are applied. Potential uses such as mWlicipal
and domestic supply are one area. ofevaluation being
considered by the workgroup.

30.9 CSDLAC 2/11/05 The Districts believe that the issue ofboth how and Comment noted. Issue 04 is identified as an ongoing project
where Basin Plan mineral objectives should be to be addressed over the next three ~ears.

implemented is an extremely important issue for various :','!,.~

stakeholders in both the Calleguas Creek and Santa Clara ~;'.

River watersheds. N particular, the Upper Santa Clara ":" ~'."

River watershed is in the midst ofTMDL activities
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related to chloride, and these issues ofhow and where ;..' J' "-

Basin Plan mineral objectives should be implemented ~ .. ,.,:.}:,"" j;.:. g
will have a great" bearing on final waste load allocations ,..::o:,,:,?),y

~~for chloride.
30.10 CSDLAC 2/11105 We recommend that Basin Planning Issue R·5: Staff disagrees that this should be taken off the list for this

~~Guidelines for Interpreting Narrative Objectives be taken Triennial Review cycle. This issue bas two parts: 1)
off the list for this Triennial Review inasmuch as developing a policy for interpreting narrative objectives and 2)
characterizing and evaluating the impacts of emerging revising existing riarrative objectives or developing new
chemicals is premature at this stage. In general, there is narrative objectives. Emerging chemicals are listed as just one
insufficient data available for these chemicals upon example of a new narrative objective.
which to baseregulatory decisions. Better analytical A policy for translating narrative objectives into numeric
methods, occurrence data, treatment data, and health and targets in TMDLS or effluent limits· in permits would ensure a
ecological effects data are needed. consistent approach to applying the narrative objectives in the

Basin Plan and would provide the regulated community with
greater certainty regarding regulatory requirements to meet
narrative obiectives.

30.11 CSDLAC 2/11/05 As a closing comment, we are concerned about the All with the adoption of any water quality standards or
development of a policy that would allow the use of implementation procedures, the Regional Board would follow
criteria and guidelines developed and/or published by all applicable laws.
other agencies and organizations in establishing TMDL
targets or permit limits without an assessment of the
factors in Water Code Section 13241 that are required for
establishing water quality objectives.

30.12 CSDLAC 2/11/05 The Districts believe it is not necessary for the Regional Comment noted. While it is true that this issue can be
Board to expend efforts on a Basin Plan amendment to addressed on a case-by.case basis dwing TMDL development
address hardness*averaging period. Instead, this could be or permit issuance, staffbelieves that an amendment that
addressed by the Regional Board during the permitting outlines a general approach for selecting these values, while
process. This ensures that the permit writer, which is including site*specific and discharge-specific considerations,
familiar with the effluent discharge and receiving water would be valuable to ensure consistency in approach
characteristics and monitoring locations, is able to throughout the region.
effectively evaluate the existing data to establish effluent
limitations that are "fully protective ofaquatic life but
not unnecessarily stringent" as stated in the issue
description page 39 of the staff report. Furthermore, the
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issue description on page 39 acknowledges the ;..- /"~

complexity associated with temporal and spatial
~ ~ ..,.. ~/,

variability of hardness data as well as sample size and ..;~: ''7::-<:,7;<-
indicates that these factors must be examined on a case-

';,,'

bv-case basis.
30.13 CSDLAC 2/11105 If the Regional Board proceeds with this item, we request Comment noted. See response to 30.12.

that it consider specific site conditions in the receiving
waters in the Los Angeles region and the factors that may
affect receiving water hardness variability (i.e., effluent
dominated water bodies and groundwater recharge
spreaojng operations, etc.,) and considers the evalliation
ofappropriate hardness data averaging periods rather
than defaulting to a minimum value that is then used to
calculate water quality criteria. =\Cl

30.14 CSDLAC 2111/05 The Amendment to the Water Quality Control Plan for See response to 30.12. I
""S'

the Los Angeles Region to Update the Ammonia ~

Objectives for Inland surface waters adopted on April 25,
2002 includes implementation provisions that do not ..

specify what pH and temperature to use to calculate the
applicable objectives and permit limits. The Districts
believe that this can also be addressed by the Regional
Board during the permitting process as conditions may
have to be evaluated on a case by case basis by a
Regional Board permit writer familiar with discharge
conditions. If the Regional Board pursues this issue, we
request that the Regional Board evaluate the potential
variability of receiving water pH and temperature due to
dismal and seasonal variations as well as impacts ;.;";" ,

associated with urban runoffand effluent dominated
water bodies.

30.15 CSDLAC 2/11105 The District request that rather than calculating an Comment noted. Staffwill consider this request during the
effluent limit based on receiving water pH and development of an amendment addressing this issue.
temperature, the Regional Board consider the comparison
of the ammonia receiving water grab sample with the

.' . February 18, 2005
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objective determinedusing the receiving water pH and .;.,-- ....",... cD

temperature measured at that location and at the same "
.. ·I':·~·/· ~"

time, the effluent ammonia concentration can be .;:;":?~~
,

compared to the effluent pH and temperature to establish g
if the plant is operating normally and consistently. This c\i

approach is technically sound and ensures that the , ~~
appropriate ammonia water quality objective is used to
determine compliance.

30.16 CSDLAC 2/11/05 The Districts are aware that much work is underway with Staff agrees that it may not be possible to develop numeric
respect to bioassessment and the development of biocriteria within the next three years; however, staff will
biocriteria.. However, it is unclear whether the science continue to participate in regional and statewide efforts to lay
underpinnings are really available at this time to support the groundwork for ultimately adopting biocriteria for the
the development and implementation of either narrative region's waters.
or numeric biocriteria during the next three years. Through the Surface Water Ambient Monitoring Program,
Therefore, while we support the staffs involvement in discharger self~monitoring and citizen monitoring, there is a
this area, we believe that it is pr.emature to identify a great deal ofbioassessment data being gathered for the
proposed action of adoption of new criteria. region's waters. These data are being used to develop regional

indices ofbiological integrity, which may be refined to be used
as numeric biocriteria.
Given the tremendous work under way in the field of
bioassessment, staff disagrees that it is premature to develop a
narrative objective for biological integrity using some of the
principles ofbiological and habitat assessment.

30.17 CSDLAC 2/11/05 The Regional Board has proposed to evaluate whether Staff agrees that any Regional Board effort should consider
the Board should adopt secondary MCLs as numeric proposed actions by DHS to update the secondary MCL. Staff
water quality objectives, and has assigned this issue a identified this issue as a medium priority and is not
medium priority. We recommend that this project be recommending action on the issue in this Triennial Review
taken off the list for this Triennial Review inasmuch as cycle. Therefore, there will be most likely be sufficient time
the California Department of Health Services (DHS) is in for DHS to review and revise the secondary MCL before the
the early stages of revising the secondary MCLs, and it Regional Board would take up this effort.
would be advisable for the DHS process to be completed .'-,

before the Regional Board dedicates staff resources to ,-.
this effort.

30.18 CSDLAC 2/11/05 While we suppOrt the Regional Board's goal of See responses to 9.2, 9.3 and 9.4.
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protecting groundwater while addressing the need to .;....~ ,,~

: J:;promote water recycling, we do not recommend that the " ~r-l""Y

Regional Board proceed with this project on its own as _~p.lf!:.r
proposed given that the State Water Resources Control " -,

Board (State Board) is currently working with the nine ,L
Regional Boards and the California Section of the "

WateReuse Association on developing guidance on these
same issues.

31.1 Coalition 2/11105 To facilitate the Board's consideration of these key See response to 8·1. . ,

issues,' we propose the formation of a Stakeholder Task ". I.

Force with a mission as outlined below. We are
committed to working collaboratively with the Regional
Board and other stakeholders who have an interest in the M

process detailed here, and are willing to consider ~
~

contributing resources to support this process as we ~.<" . M

understand the resource constraints facing the Regional ~'
Board, especially in its Basin Planning program.

31.2 Coalition 2/11105 We recQgnize and appreciate that the Regional Board See responses to 29.6 and 26.3.
adopted during the last triennial review period a Basin
Plan Amendment suspending REC-l uses in certain Los
Angeles County engineered channels during and
following storm events ofa specific size. We also "'.
appreciate the Regional Board's attempt to exclude t':
natural sources from the. scope ofbacteria TMDLs :,'~

implemented within the Region thus far by using a [:r.
"reference watershed" approach. However, we are

\;concerned that even with these refinements in approach, :>
the cost of complying with bacteria objectives has never .i

been properly analyzed, and a program of
implementation is not included within the Basin Plan as
required under Water Code Section 13242.

31.3 Coalition 2/11105 We are also concerned that the reference watershed See responses to 154 and 29·7.
approach may not be workable for the highly urbanized
watersheds within our reJrion. Finally, there are a
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number of outstanding. scientific issues related to the use ;;"... ~.~ 0

.. ,.:"'~ ('"of indicator bacteria as surrogates for human health risk. F
For example, there are many natural sources of indicator ..;,::~,,?;~r ,

.-c· gbacteria in the environment and current methods do not
allow us to accurately distinguish bacteria from human .1:: .

(\I
('"

and ~on-human sources; regrowth in the environment > .:::
occurs, as does an increase in bacteria concentrations due ;~:;~ c

to s~diment resuspension during storm events; and
bacteria may not be a suitable indicator ofhuman health .'
risk.

31.4 Coalition 2/11105 We therefore propose that this stakeholder process re- See responses to 27-1, 29-8, and 29-9.
examine the water quality standards associated with
metals, which would be consistent with the Regional
Board's intention to incorporate the site specific

~objectives (SSOs) for copper that are currently under
development (see Triennial Review Priority 0-3). "I:t

N
Additionally, consistent with statements made by EPA
with respect to the applicability ofCTR-based permit :.. ,,~. .'

limits to identify alternative approaches to protecting
these "potential" beneficial uses via the stakeholder
process.

32.1 Oxnard 2/9/05 Ifwetland mapping were added to this list, the City's Staffhas added "defme and delineate wetlands based on
concerns about application of REC-l standards to existing information" to Issue R-I.
Oonond Wetlands would be addressed.

32.2 Oxnard 2/9/05 If the Los Angeles Regional Board Basin Plan is in See response to 32-1.
agreement with the EPA guidance, then the complex
structure that we think of as the Ormond Wetlands is a
combination ofsurface' waterbodies (e.g., Oxnard
Industrial Drain, Bubbling Springs, and J Street Drain),
estuaries and enclosed bays, wetlands, and uplands, and
should be mapped out in the Basin Plan for clarity.

33.1 WSPA 2/11105 WSPA has prepared this short letter that outlines issues . Comment noted.
of particular importance during this Triennial Review.
We also note that the issues and subjects that discuss

•
( '\ ~ '1
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~

received some support from the board at your Hearing .:./ .~

~last year- and have also met with receptivity with the .. "T"'"
t-

Staff. Unfortunately, it appears that the work level /;'tl:?~

~
required to accomplish these tasks did not fall within the
2.8 person year (pY) available. Hence our advocacy is
that the topics below be somehow included within the
Regional Board workplan-either by substitution or by
combining closely related projects that Staff is
supporting.

33.2 WSPA 2111105 Natural Sources Exclusion (0.2 PY) Staff correctly Though Regional Board staffranked this issue as a medium
summarized the issue (p.48 R-13) as there is a need to priority, staff is committed to participating on the technical
broaden the "natural sources exclusion" permitted in advisory committee that is overseeing the technical studies
bacterial TMDLs to other naturally occurring necessary to support a future Basin Plan amendment.
constituents, e.g. arsenic and selenium, based on results However, due to the time needed to complete the technical

~of the natural loadings study funded by USEPA. As was studies, staff does not believe that a Basin Plan amendment ';>
indicated in the summary, in some cases, "constituents can be completed during this Triennial Review cycle; ~

may be naturally elevated above the water quality therefore, the issue was ranked as a medium priority.. N

objective and may exceed the objective more frequently
that allowed by the water quality standard." Thus, in

'.

these instances, whether due to natUral condition or
deposition, it may be appropriate to allow exceedances of

.:;:.

an objective similar to that found in a reference system.
Staff correctly point out that understanding background
conditions is an important aspect to developing TMDLS.

33.3 WSPA 2/11/05 Application of Objectives to Peak Storm Flows (r.50-0.5 Regional Board staffranked as a medium priority the
illWSPA encourages the Regional Board to development ofa policy for addressing peak storm flows and
incorp~rate a study ofrunoff from large storm events and whether objectives should apply to infrequent and/or
"whether all beneficial uses and water quality objectives substantial storm flows. How~ver. ifthis is a high priority for
should apply to infrequent and/or substantial stakeholders, a coalition of stakeholders may wish to request
stormflows." that the Board support and oversee stakeholder-led studies to

address this issue. See responses to 8-1 and 8-2.
33.4 WSPA 2/11105 Guidance on TMDL Incorporation into Permits (P.70-.25 Regional Board staffranked as a medium priority an

rn A critical need that the Staff was unable to include amendment to develop guidance on incorporation ofTMDL
was a project designed to give guidance. on TMDL requirements into permits. This was ranked as a medium
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incorporation into pennit conditions. This project is priority because the Regidiial Board addresses this issue ~D

critically important because it affects virtually all permit through each,i1tdffidual TMDL implementation plan. The I-

~olders. A,s the Re,?ew indicate~, TMDLs are not sel,f- Re~j-?~~ard will c~ntinueto p~9vide this guidance in this ~
ImplementlOg meamng that permIt holders need help 10 manner. ",-:':\' ?)
detennining how to comply and in what manner. . ~

34.1 USEPA 1/26/05 Over the past several years we have worked closely with Staff agrees. Issues R-I. R-S. R-8, and R-9 are all identified as ~;:

your staff on TMDL development and NPDES pennitting high priorities to be addressed over the next three years.
issues and believe that several proposed items in
particular are critical to advancing the water quality
standards program in the Los Angeles Region: the
development ofpolicies for interpreting narrative '.
objectives (r-5) and the selection of proper input values
for determining hardness- and temperature and pH- 5' In
dependent Basin Plan objectives (R-8 and R-9); t';:, 'f
clariflc'ation related to the application of the tributary rule ~;t ~
(R-Zl); and updates to Basin Plan maps CR-I).

34.2 USEPA 1/26/05 We believe that the recently initiated tiered aquatic life Staff agrees. Issue 0~1 is identified as an ongoing project, in
uses pilot project (0-1) will provide critical information which staff will continue to invest time over the next three
related to biocriteria development in semi-arid urban years. ,;
coastal streams with the potential to serve as a model in
this evolving area of EPA's water quality program.

34.3 USEPA 1/26/05 We also appreciate this Regional Board's continued Comment noted.
commitment to substantive oversight of efforts to
develop site specific objectives for waters of theLA,
Region (0-6, 0-3 and 0-2). . "

34.4 USEPA 1/26/05 Finally, we support your ongoing commitment to adopt Commentnoted.,'
scheduled TMDLs for Ballona and Calleguas Creeks, the -
San Gabriel River. Santa Monica Bay, Marina Del Rey
and Los Angeles/Long Beach Harbors and Estuaries (R-
19).

34.5 USEPA 1/26/05 High Priority Statewide Issues: We strongly support Comment noted. Staffrecommends addressing all of these
Regional Board staffs ongoing participation in several issues (0-7, S-4, S-6. and S-8) over the next three years.
issues related to the development and implementation of
important statewide water quality standards for

•
I I
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California. These include efforts to adopt total chlorine .>' ....

. ~~Ti."·'
l

residual objectives and implementation procedures for
wastewater discharges (0-7); to develop protective r:;":..':~~~""'"
nutrient and biocriteria -both important EPA priorities ;~~ .

(84 and 8-6); and to develop a policy related to effluent f'dominated waterbodies (8-8).
34.6 USEPA 1/26/05 Related to chronic toxicity, we fully support your staffs Conunent noted.

ongoing contribution and participation in efforts to
develop statewide policy for implementing narrative ..
chronic toxicity objectives in basin plans (S-7); this issue
is crucial for advancing water quality protection in the
absence ofnumerical chemical-specific objectives and
for limiting emerging pollutants toxic to aquatic life. In \C

. ~~\' \C
the absence of such policy, Regional Board staffs efforts I

:'~, .
~

related to toxicity control implementation in NPDES :";', M

permits are exemplary.
'~( "

34.7 U8EPA 1/26/05 Other High Priority Issues: During your deliberation on Issues R-II and R-22 are identified as high priorities. Staffhas
these priorities, should resources become available or determined that R-22 will most likely be addressed through the
priorities be revisited, we encourage the Regional Board TMDL process as the metals TMDLs are considered by the
to pursue the following basin planning issues: the Board. As suggested by ErPA, Issue R-ll may be addressed as
evaluation of dissolved oxygen objectives (R-II), part of the statewide effort on nutrientcriteria (84), in which
inasmuch is it relates to the development ofnutrient Regional Board staff is an active participant. Issue R-13 was
criteria; minor clarifications describing the relation of identified as a medium priority because it is unlikely that the.
California Toxics Rule criteria, the State Implementation necessary data to develop a Basin Plan amendment will be
Policy, and stormwater discharges (R-22); and efforts to available within the next three years. However, the Regional
address naturally occurring constituents identified as Board is currently funding along with the EPA research on
causing water quality problems (e.g., selenium) (R-13). naturally occurring constituents identified as causing water

quality problems and is committed to participating in the
technical committee that is overseeing this research and data
collection.
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STATE OF CALIFORNIA 

 
CALIFORNIA REGIONAL WATER QUALITY CONTROL BOARD 

LOS ANGELES REGION 
 

ORDER NO. 01-182  
NPDES PERMIT NO. CAS004001 

WASTE DISCHARGE REQUIREMENTS 
FOR 

MUNICIPAL STORM WATER AND URBAN RUNOFF DISCHARGES WITHIN THE 
COUNTY OF LOS ANGELES, AND THE INCORPORATED CITIES THEREIN,  

EXCEPT THE CITY OF LONG BEACH  
 
The California Regional Water Quality Control Board, Los Angeles Region (hereinafter referred 
to as the Regional Board) finds: 

A. Existing Permit  

 
The Los Angeles County Flood Control District, the County of Los Angeles, and 
84 incorporated cities within the Los Angeles County Flood Control District (see 
Attachment A, List of Permittees), hereinafter referred to separately as 
Permittees and jointly as the Discharger, discharge or contribute to discharges of 
storm water and urban runoff from municipal separate storm sewer systems 
(MS4s), also called storm drain systems. The discharges flow to water courses 
within the Los Angeles County Flood Control District and into receiving waters of 
the Los Angeles Region.  These discharges are covered under countywide 
waste discharge requirements contained in Order No. 96-054 adopted by this 
Regional Board on July 15, 1996, which replaced Order No. 90-079 adopted by 
this Regional Board on June 18, 1990.  Order No. 96-054 also serves as a 
National Pollutant Discharge Elimination System (NPDES) permit for the 
discharge of municipal storm water.  
 

B. Nature of Discharges and Sources of Pollutant 

1. Storm water discharges consist of surface runoff generated from various 
land uses in all the hydrologic drainage basins that discharge into water 
bodies of the State.  The quality of these discharges varies considerably 
and is affected by the hydrology, geology, land use, season, and 
sequence and duration of hydrologic events. The primary constituents of 
concern currently identified by the Los Angeles County Flood Control 
District Integrated Receiving Water Impacts Report (1994-2000) are 
cyanide, indicator bacteria, total dissolved solids, turbidity, total 
suspended solids, nutrients, total aluminum, dissolved cadmium, copper, 
lead, total mercury, nickel, zinc, bis(2-ethylhexyl)phthalate, polycyclic 
aromatic hydrocarbons (PAHs), diazinon, and chlorpyrifos. 

2. Certain pollutants present in storm water and/or urban runoff may be 
derived from extraneous sources that Permittees have no or limited 
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jurisdiction over.  Examples of such pollutants and their respective 
sources are: PAHs which are products of internal combustion engine 
operation, nitrates, bis (2-ethylhexyl) phthalate and mercury from 
atmospheric deposition, lead from fuels, copper from brake pad wear, 
zinc from tire wear, dioxins as products of combustion, and natural-
occurring minerals from local geology.  However, the implementation of 
the measures set forth in this Order is intended to reduce the entry of 
these pollutants into storm water and their discharge to receiving waters.  

3. Water quality assessments conducted by the Regional Board identified 
impairment, or threatened impairment, of beneficial uses of water bodies 
in the Los Angeles Region.  The causes of impairments include pollutants 
of concern identified in municipal storm water discharges by the County 
of Los Angeles in the Integrated Receiving Water Impacts Report (1994-
2000). Pollutants in storm water can have damaging effects on both 
human health and aquatic ecosystems. 

4. The Los Angeles County Grand Jury, September 2000, completed an 
investigation into the health risks of swimming near beaches in Los 
Angeles County and made several recommendations to reduce public 
health risks (Final Report, Grand Jury, Los Angeles County, 1999-2000). 
The Grand Jury recommended that the Regional Board consider among 
other actions, (i) a focus on setting contaminant limits rather than 
programmatic evaluations, (ii) audit of MS4 Permittee programs; and (iii) 
clarifying enforcement responsibilities between the State and local 
governments. 

5. Studies and research conducted by other Regional agencies, academic 
institutions, and universities have also identified storm water and urban 
runoff as significant sources of pollutants to surface waters in Southern 
California. See, e.g., [Surface Runoff to the Southern California Bight, 
Southern California Coastal Water Research Project, (1992); Impacts of 
Urban Runoff on Santa Monica Bay and Surrounding Ocean Waters 
(Gersberg, R.M., 1995); State of the Bay 1998, Santa Monica Bay 
Restoration Project; Storm Water Impact, In, Southern California 
Environmental Report Card 1999, Institute of the Environment, University 
of California, Los Angeles (Stenstrom, M.S., 1999); Distribution of 
Anthropogenic and Natural Debris on the Mainland Shelf of Southern 
California Bight, Shelly L. Moore and M. James Allen (1999); The Health 
Effects of Swimming in Ocean Water Contaminated by Storm Drain 
Runoff, Haile, R.W. et al. (1999); Huntington Beach Closure 
Investigation: Technical Review (University of Southern California, 2000); 
A Regional Survey of the Microbiological Water Quality Along the 
Shoreline of the Southern California Bight, Rachel T. Noble et al. (2001); 
Integrated Receiving Water Impacts Report (1994-2000), County of Los 
Angeles (2001)].  

6. Development and urbanization increase pollutant load, volume, and 
discharge velocity. First, natural vegetated pervious ground cover is 
converted to impervious surfaces such as paved highways, streets, 
rooftops and parking lots. Natural vegetated soil can both absorb 
rainwater and remove pollutants providing an effective natural purification 
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process. In contrast, pavement and concrete can neither absorb water 
nor remove pollutants, and thus the natural purification characteristics are 
lost.  Second, urban development creates new pollution sources as the 
increased density of human population brings proportionately higher 
levels of vehicle emissions, vehicle maintenance wastes, municipal 
sewage waste, pesticides, household hazardous wastes, pet wastes, 
trash, and other anthropogenic pollutants. Development and urbanization 
especially threaten environmentally sensitive areas. Such areas have a 
much lower capacity to withstand pollutant shocks than might be 
acceptable in the general circumstance. In essence, development that is 
ordinarily insignificant in its impact on the environment may in a particular 
sensitive environment become significant. These environmentally 
sensitive areas designated by the State and/or the County of Los Angeles 
include Areas of Special Biological Significance (ASBS), water bodies 
designated as supporting a RARE beneficial use, Significant Natural 
Areas (SNAs), and Significant Ecological Areas (SEAs).   

7. The increased volume, increased velocity, and discharge duration of 
storm water runoff from developed areas has the potential to greatly 
accelerate downstream erosion and impair stream habitat in natural 
drainages.  Studies have demonstrated a direct correlation between the 
degree of imperviousness of an area and the degradation of its receiving 
waters. Significant declines in the biological integrity and physical habitat 
of streams and other receiving waters have been found to occur with as 
little as 10 percent conversion from natural to impervious surfaces.  
Percentage impervious cover is a reliable indicator and predictor of 
potential water quality degradation expected from new development. 
(Impervious Cover as An Urban Stream Indicator and a Watershed 
Management Tool, Schueler, T. and R. Claytor, In, Effects of Water 
Development and Management on Aquatic Ecosystems (1995), ASCE, 
New York; Leopold, L. B., (1973), River Channel Change with Time: An 
Example, Geological Society of America Bulletin, v. 84, p. 1845-1860; 
Hammer, T. R., (1972), Stream Channel Enlargement Due to 
Urbanization: Water Resources Research, v. 8, p. 1530-1540; Booth, D. 
B., (1991), Urbanization and the Natural Drainage System--Impacts, 
Solutions and Prognoses: The Northwest Environmental Journal, v. 7, p. 
93-118; Klein, R. D., (1979), Urbanization and Stream Quality 
Impairment: Water Resources Bulletin, v. 15, p. 948-963; May, C. W., 
Horner, R. R., Karr, J. R., Mar, B. W., and Welch, E. B., (1997), Effects of 
Urbanization on Small Streams in the Puget Sound Lowland Ecoregion: 
Watershed Protection Techniques, v. 2, p. 483-494; Morisawa, M. and 
LaFlure, E. Hydraulic Geometry, Stream Equilibrium and Urbanization In 
Rhodes, D. P. and Williams, G. P. Adjustments to the Fluvial System  
p.333-350. (1979); Dubuque, Iowa, Kendall/Hunt. Tenth Annual 
Geomorphology Symposia Series; and The Importance of 
Imperviousness: Watershed Protection Techniques, 1(3), Schueler, T. 
(1994).)  

8. The County of Los Angeles has identified as the seven highest priority 
industrial and commercial critical source types, (i) wholesale trade (scrap 
recycling, auto dismantling); (ii) automotive repair/parking; (iii) fabricated 
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metal products; (iv) motor freight; (v) chemical and allied products; (vi) 
automotive dealers/gas stations; (vii) primary metal products (Critical 
Source Selection and Monitoring Report, Los Angeles County 
Department of Public Works -Sept 1996). Monitoring conducted by Los 
Angeles County and the Regional Board demonstrates that the priority 
industrial sectors and auto repair facilities (one of the commercial 
sectors) on the list, contribute significant concentrations of heavy metals 
to storm water (Los Angeles County 1999-2000 Storm Water Monitoring 
Report, Los Angeles County Department of Public Works -July 2000; 
Compliance Assessment of the Auto Dismantling Industry; Evaluation of 
the California General Industrial Storm Water Permit, H. Chang, (2001), 
70 pp., California Regional Water Quality Control Board, Los Angeles 
Region). 

9. The discharge of washwaters and contaminated storm water from 
industries and businesses specified in this Order for inspection by 
Permittees is an environmental threat and can also adversely impact 
public health and safety.  For example, a review of industrial waste/ 
pretreatment records performed in 1995 in the County of Los Angeles on 
illicit discharges indicates that automotive service facilities and food 
service facilities sometimes discharge polluted washwaters to the MS4. 
The pollutants of concern in such washwaters include food waste, oil and 
grease, and toxic chemicals. Other storm water/industrial waste programs 
in California have reported similar observations. Illicit discharges from 
automotive service facilities and food service facilities have been 
identified elsewhere as a major cause of widespread contamination and 
water quality problems (Washtenaw County Statutory Drainage Board - 
1987 Huron River Pollution Abatement Program). 

10. Studies indicate that facilities with paved surfaces subject to frequent 
motor vehicular traffic (such as parking lots and fast food restaurants), or 
facilities that perform vehicle repair, maintenance, or fueling (automotive 
service facilities) are potential sources of pollutants of concern in storm 
water.  [References:  Pitt et al., Urban Storm Water Toxic Pollutants: 
Assessment, Sources, and Treatability, Water Environment Res., 67, 260 
(1995); Results of Retail Gas Outlet and Commercial Parking Lot Storm 
Water Runoff Study, Western States Petroleum Association and 
American Petroleum Institute, (1994); Action Plan Demonstration Project, 
Demonstration of Gasoline Fueling Station Best Management Practices, 
Final Report, County of Sacramento (1993); Source Characterization, R. 
Pitt, In Innovative Urban Wet-Weather Flow Management Systems 
(2000) Technomic Press, Field, R et al. editors;  Characteristics of 
Parking Lot Runoff Produced by Simulated Rainfall, , L.L. Tiefenthaler et 
al. Technical Report 343, Southern California Coastal Water Research 
Project (2001).] 

11. Retail Gasoline Outlets (RGOs) are points of convergence for vehicular 
traffic and are similar to parking lots and urban roads. Studies indicate 
that storm water discharges from RGOs have high concentrations of 
hydrocarbons and heavy metals. [The Quality of Trapped Sediments and 
Poor Water within Oil Grit Separators in Suburban MD, Schueler T. and 
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Shepp D. (1992), and Concentrations of Selected Constituents in Runoff 
from Impervious Surfaces in Four Urban Catchments of Different 
Landuse, Ranabal, F.I., and T.J. Gizzard (1995), In Proceedings of the 
Fourth Biennial Stormwater Research Conference, Florida, pp-42-52]. 
Pilot studies indicate that treatment control best management practices 
installed at retail gasoline stations are effective in removing pollutants, 
reasonable in capital cost, easy to operate, and do not present safety risks 
[Rouge River National Wet Weather Demonstration Project, Task Product 
Memorandum – Evaluation of On-line Media Filters RPO-NPS-TPM59.00, 
Wayne County, MI, March 1999]. The Regional Board and the San Diego 
Regional Board have jointly prepared a Technical Report on the 
applicability of new development BMP design criteria for retail gasoline 
outlets, (Retail Gasoline Outlets: New Development Design Standards for 
Mitigation of Storm Water Impacts, (June 2001)).  Retail Gasoline Outlets 
in Western U.S. States (such as Washington and Oregon) are already 
subject to numerical BMP design criteria, as well in other U.S. States.  

C. Permit Background 

1. The essential components of the Storm Water Management Program, as 
established by federal regulations [40 CFR 122.26(d)] are: (i) Adequate 
Legal Authority, (ii) Fiscal Resources, (iii) Storm Water Quality 
Management Program (SQMP) - (Public Information and Participation 
Program, Industrial/Commercial Facilities Program, Development Planning 
Program, Development Construction Program, Public Agency Activities 
Program, Illicit Connection and Illicit Discharges Elimination Program), and 
(iv) Monitoring and Reporting Program. 

2. The Permittees have filed a Report of Waste Discharge (ROWD), dated 
February 1, 2001, and applied for renewal of their waste discharge 
requirements that serves as an NPDES permit to discharge wastes to 
surface waters.  The ROWD includes a proposed SQMP and a 
Monitoring Program. The proposed SQMP contains programs previously 
approved under Board Order No. 96-054 in the following areas: 

 
  Public Information and Participation 
  Development Planning 

Development Construction 
  Public Agency Activities  

Illicit Connection/Illicit Discharge Elimination Program 
 

 These programs are revised pursuant to the provisions of this Order after 
adoption. 

3. The County of Los Angeles has previously conducted source 
identification and pollutant characterization consistent with 40 CFR 
122.26(d)(1)(ii) and (iii) under its storm water Monitoring Program.  The 
Monitoring Program submitted with the ROWD proposes to advance the 
assessment of receiving water impacts, identification of sources of 
pollution, evaluation of Best Management Practices (BMPs), and 
measurement of long term trends in mass emissions. 
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4. The Regional Board has reviewed the ROWD and has determined it to be 
complete under the reapplication policy of MS4s issued by the U.S. 
Environmental Protection Agency (USEPA) (61 Fed. Reg. 41697).  The 
Regional Board finds that the Permittees’ proposed SQMP, incorporating 
the additional and/or revised provisions contained in this Order would 
meet the minimum requirements of federal regulations.   

5. The City of Los Angeles has conducted shoreline and nearshore water 
quality monitoring off the Santa Monica Bay since the 1950s under the 
monitoring program for the Hyperion Waste Water Treatment Plant 
(NPDES No. CA0109991).  The monitoring results indicate that effluent 
from Hyperion's 5-Mile Outfall does not impinge the shoreline, and that 
elevated bacterial counts are associated with runoff from storm drains 
and discharges from piers.  In 1994, the Regional Board approved the 
relocation of Hyperion's shoreline stations to implement a bay-wide, 
regional shoreline-monitoring program associated with storm drain 
outfalls in the Santa Monica Bay.  The City of Los Angeles requested that 
the shoreline-monitoring requirement be incorporated in this Order.  The 
shoreline pathogen monitoring requirements are outlined in the 
Monitoring Program for this Order. 

D. Permit Coverage 

1. The requirements in this Order cover all areas within the boundaries of 
the Permittee municipalities (see Attachment A) over which they have 
regulatory jurisdiction as well as unincorporated areas in Los Angeles 
County within the jurisdiction of the Regional Board. The Permittees 
serve a population of about 9.5 million [Reference: 2000 Census of 
Population and Housing, Bureau of the Census, U.S. Department of 
Commerce (2001)] in an area of approximately 3,100 square miles.  

2. Federal, state, regional or local entities within the Permittees' boundaries 
or in jurisdictions outside the Los Angeles County Flood Control District, 
and not currently named in this Order, may operate storm drain facilities 
and/or discharge storm water to storm drains and watercourses covered 
by this Order.  The Permittees may lack legal jurisdiction over these 
entities under state and federal constitutions. The Regional Board will 
coordinate with these entities to implement programs that are consistent 
with the requirements of this Order. The Regional Board will consider 
such facilities for coverage in 2003 under its NPDES permitting scheme 
pursuant to USEPA Phase II storm water regulations. 

3. Sources of discharges into receiving waters in the County of Los Angeles 
but in jurisdictions outside its boundary include the following: 

 
About 34 square miles of unincorporated area in Ventura County, which 

drain into Malibu Creek and then to Santa Monica Bay,  
 

About 9 square miles of the City of Thousand Oaks, which also drain into 
Malibu Creek and then to Santa Monica Bay, and 
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About 86 square miles of area in Orange County, which drain into Coyote 
Creek and then into the San Gabriel River. 

 
 The Regional Board will ensure that storm water management programs 

for the areas in Ventura County and the City of Thousand Oaks that drain 
into Santa Monica Bay are consistent with the requirements of this Order.  
The Regional Board will coordinate with the Santa Ana Regional Board so 
that storm water management programs for the areas in Orange County 
that drain into Coyote Creek are consistent with the requirements of this 
Order.   

4. This permit is intended to develop, achieve, and implement a timely, 
comprehensive, cost-effective storm water pollution control program to 
reduce the discharge of pollutants in storm water to the Maximum Extent 
Practicable (MEP) from the permitted areas in the County of Los Angeles 
to the waters of the U.S. subject to the Permittees' jurisdiction.  

5. Permittees have expressed their intention to work cooperatively to control 
the contribution of pollutants from one portion of the MS4 to another 
portion of the system.  Permittees may control the contribution of 
pollutants to the MS4 from non-permittee dischargers such as Caltrans, 
the U.S. Department of Defense, and other state and federal facilities, 
through interagency agreements.  

E. Federal, State, and Regional Regulations 

1. The Water Quality Act of 1987 added Section 402(p) to the federal Clean 
Water Act (CWA) (33 U.S.C. § 1251-1387).  This section requires the 
USEPA to establish regulations setting forth NPDES requirements for 
storm water discharges in two phases.   

 
• The USEPA Phase I storm water regulations were directed at MS4s 

serving a population of 100,000 or more, including interconnected 
systems and storm water discharges associated with industrial 
activities, including construction activities. The Phase I Final Rule was 
published on November 16, 1990 (55 Fed. Reg. 47990).  

 
• The USEPA Phase II storm water regulations are directed at storm 

water discharges not covered in Phase I, including small MS4s 
(serving a population of less than 100,000), small construction 
projects (one to five acres), municipal facilities with delayed coverage 
under the Intermodal Surface Transportation Efficiency Act of 1991, 
and other discharges for which the USEPA Administrator or the State 
determines that the storm water discharge contributes to a violation of 
a water quality standard, or is a significant contributor of pollutants to 
waters of the United States. The Phase II Final Rule was published 
on December 8, 1999 (64 Fed. Reg. 68722).  

2. The USEPA published an ‘Interim Permitting Approach for Water Quality-
Based Effluent Limitations in Storm Water Permits’ on August 26, 1996 
(61 Fed. Reg.  43761).  This policy discusses the appropriate kinds of 
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water quality-based effluent limitations to be included in NPDES storm 
water permits to provide for the attainment of water quality standards. 

3. The USEPA published an ‘Interpretative Policy Memorandum on 
Reapplication Requirements’ for MS4 permits on August 9, 1996 (61 Fed. 
Reg. 41697).  This policy requires that MS4 reapplication for reissuance 
for a subsequent five-year permit term contain certain basic information 
and information for proposed changes and improvements to the storm 
water management program and monitoring program. 

4. The USEPA has entered into a Memorandum of Agreement (MOA) with 
the U.S. Fish and Wildlife Service and the National Marine Fisheries 
Service for enhancing coordination regarding the protection of 
endangered and threatened species under Section 7 of the Endangered 
Species Act and the CWA’s Water Quality Standards and NPDES 
programs.  Among other actions, the MOA establishes a framework for 
coordination of actions by the USEPA, the Services, and CWA delegated 
States on CWA permit issuance under Section 402 of the CWA [66 Fed. 
Reg. 11202 – 11217]. 

5. USEPA regulations at 40 CFR 122.26(d)(2)(iv)(A) and 40 CFR 
122.26(d)(2)(iv)(C) require that MS4 permittees implement a program to 
monitor and control pollutants in discharges to the municipal system from 
industrial and commercial facilities that contribute a substantial pollutant 
load to the MS4.  The regulations require that permittees establish 
priorities and procedures for inspection of industrial facilities and priority 
commercial establishments.  This permit, consistent with the USEPA 
policy, incorporates a cooperative partnership, including the specifications 
of minimum expectations, between the Regional Board and the 
Permittees for the inspection of industrial facilities and priority commercial 
establishments to control pollutants in storm water discharges (58 Fed. 
Reg. 61157).  

6. Section 402 (p) of the CWA (33 U.S.C. § 1342(p) provides that MS4 
permits must “require controls to reduce the discharge of pollutants to the 
maximum extent practicable, including management practices, control 
techniques and system, design engineering method and such other 
provisions as the [EPA] Administrator or the State determines appropriate 
for the control of such pollutants.”  The State Water Resources Control 
Board’s (State Board) Office of Chief Counsel (OCC) has issued a 
memorandum interpreting the meaning of MEP to include technical 
feasibility, cost, and benefit derived with the burden being on the 
municipality to demonstrate compliance with MEP by showing that a BMP 
is not technically feasible in the locality or that BMPs costs would exceed 
any benefit to be derived (dated February 11, 1993). 

7. The CWA authorizes the USEPA to permit a state to serve as the 
NPDES permitting authority in lieu of the USEPA.  The State of California 
has in-lieu authority for an NPDES program.  The Porter-Cologne Water 
Quality Control Act authorizes the State Board, through the Regional 
Boards, to regulate and control the discharge of pollutants into waters of 
the State. The State Board entered into a MOA with the USEPA, on 
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September 22, 1989, to administer the NPDES Program governing 
discharges to waters of the U.S. 

8. Section 303(d) of the CWA requires that the State identify a list of 
impaired water-bodies and develop and implement Total Maximum Daily 
Loads (TMDLs) for these waterbodies (33 U.S.C. §1313(d)(1)).  A TMDL 
specifies the maximum amount of a pollutant that a water-body can 
receive, still meet applicable water quality standards and protect 
beneficial uses.  The USEPA entered into a consent decree with the 
Natural Resources Defense Council (NRDC), Heal the Bay, and the 
Santa Monica BayKeeper on March 22, 1999, under which the Regional 
Board must adopt all TMDLs for the Los Angeles Region within 13 years 
from that date. This permit incorporates a provision to implement and 
enforce approved load allocations for municipal storm water discharges 
and requires amending the SQMP after pollutants loads have been 
allocated and approved. 

9. Section 6217(g) of the Coastal Zone Act Reauthorization Amendments of 
1990 (CZARA) requires coastal states with approved coastal zone 
management programs to address non-point pollution impacting or 
threatening coastal water quality.  CZARA (16 U.S.C. § 1451-1465) 
amends the Coastal Zone Management Act of 1972, to address five 
sources of non-point pollution: agriculture, silviculture, urban, marinas, 
and hydromodification.  This NPDES permit addresses the management 
measures required for the urban category, with the exception of septic 
systems.  The Regional Board addresses septic systems through the 
administration of other programs. 

10. On May 18, 2000, the USEPA established numeric criteria for priority 
toxic pollutants for the State of California (California Toxics Rule (CTR)) 
65 Fed. Reg. 31682 (40 CFR 131.38), for the protection of human health 
and aquatic life. These apply as ambient water quality criteria for inland 
surface waters, enclosed bays, and estuaries. The State Board adopted 
the Policy for Implementation of Toxics Standards for Inland Surface 
Waters, Enclosed Bays, and Estuaries of California (SIP) – 2000, on 
March 2, 2000, for implementation of the CTR (State Board Resolution 
No. 2000-15 as amended by Board Resolution No. 2000-030). This policy 
requires that discharges comply with TMDL-derived load allocations as 
soon as possible but no later than 20 years from the effective date of the 
policy.  

11. The State Board adopted a revised Water Quality Control Plan for Ocean 
Waters of California (Ocean Plan) on July 23, 1997.  The Ocean Plan 
contains water quality objectives which apply to all discharges to the 
coastal waters of California. 

12. The State Board in In Re: California Department of Transportation (State 
Board Order WQ 2001-08), determined that the discharge of storm water 
to ASBS is subject to the prohibition in the Ocean Plan against the 
discharge of wastes to an ASBS. 
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13. The Regional Board adopted an updated Water Quality Control Plan 
(Basin Plan) for the Los Angeles Region on June 13, 1994, 'Water 
Quality Control Plan, Los Angeles Region: Basin Plan for the Coastal 
Watersheds of Los Angeles and Ventura Counties, (1994).' The Basin 
Plan designates beneficial uses of receiving waters and specifies both 
narrative and numerical water quality objectives for the receiving waters 
in Los Angeles County. 

14. The Regional Board on September 19, 2001, adopted amendments to 
the Basin Plan, to incorporate TMDLs for trash in the Los Angeles River 
Watershed (Resolution No. R01-013) and Ballona Creek Watershed 
(Resolution No. R01-014). The amendments were subsequently 
approved by the State Board, the Office of Administrative Law, and the 
United States Environmental Protection Agency.  Twenty-two cities

1
 

(“Cities”) sued the Regional Board and State Board to set aside the Los 
Angeles River Trash TMDL. The trial court entered an order deciding 
some claims in favor of the Water Boards and some in favor of the Cities.  
Both sides appealed, and on January 26, 2006, the Court of Appeal 
decided every one of the Cities’ claims in favor of the Water Boards, 
except with respect to California Environmental Quality Act (CEQA) 
compliance (City of Arcadia et al. v. Los Angeles Regional Water Quality 
Control Board et al. (2006) 135 Cal.App.4th 1392). The Court therefore 
declared the Los Angeles River Trash TMDL void, and issued a writ of 
mandate that ordered the Water Boards to set aside and not implement 
the TMDL, until it had been brought into compliance with CEQA. As a 
result of the appellate court’s decision, in 2006, the Regional Board set 
aside its 2001 action incorporating the TMDL into the Basin Plan 
(Resolution R06-013) (City of Arcadia et al. v. Los Angeles Regional 
Water Quality Control Board et al. (2006) 135 Cal.App.4

th
 1392). After 

conducting the required CEQA analysis, the Regional Board readopted 
the Los Angeles River Watershed Trash TMDL on August 9, 2007 
(Resolution No. R07-012). This TMDL was subsequently approved by the 
State Board (Resolution No. 2008-0024), the Office of Administrative Law 
(File No. 2008-0519-02 S), and the United States Environmental 
Protection Agency, and became effective on September 23, 2008.  The 
Water Boards filed their final return to the writ of mandate on August 6, 
2008, and on August 26, 2008, the superior court entered an order 
discharging the writ, and dismissing the case, thus concluding the legal 
challenges to the Trash TMDL. 

15. The Regional Board on April 13, 1998, approved BMPs for sidewalk 
rinsing to minimize the discharge of wash waters to the storm drain 
system (Resolution No. 98-08). By the same resolution, the Regional 
Board prohibited the discharge of municipal street wash waters to the 
storm drain system.  

                                                
1
  The cities include Arcadia, Baldwin Park, Bellflower, Cerritos, Commerce, Diamond Bar, 

Downey, Irwindale, Lawndale, Monrovia, Montebello, Monterey Park, Pico Rivera, Rosemead, 
San Gabriel, Santa Fe Springs, Sierra Madre, Signal Hill, South Pasadena, Vernon, West 
Covina, and Whittier.   
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16. The Regional Board on April 13, 1998, approved recommended BMPs for 
industrial/commercial facilities (Resolution No. 98-08).   

17. The Regional Board on April 22, 1999, approved a list of BMPs for use in 
development planning and development construction (Resolution No. 99-
03) 

18. The Regional Board adopted and approved requirements for new 
development and significant redevelopment projects in Los Angeles County 
to control the discharge of storm water pollutants in post-construction storm 
water, on January 26, 2000, in Board Resolution No. R-00-02.  The 
Regional Board Executive Officer issued the approved Standard Urban 
Storm Water Mitigation Plans (SUSMPs) on March 8, 2000. The State 
Board in large part affirmed the Regional Board action and SUSMPs in 
State Board Order No. WQ 2000-11 issued on October 5, 2000.   

• The State Board’s Chief Counsel has issued a statewide policy 
memorandum (dated December 26, 2000), which interprets the Order 
to provide broad discretion to Regional Boards and identifies potential 
future areas for inclusion in SUSMPs and the types of evidence and 
findings necessary.  Such areas include ministerial projects, projects in 
environmentally sensitive areas, and water quality design criteria for 
RGOs. 

• The State Board’s Chief Counsel interprets the Order to encourage 
regional solutions and endorses a mitigation fund or “bank” that may 
be funded by developers who obtain waivers from the numerical 
design standards for new development and significant 
redevelopment. 
 

19. 40 CFR 131.10(a) prohibits states from designating waste transport or 
waste assimilation as a use for any water of the U.S.  Authorizing the 
construction of a storm water/ urban runoff treatment facility in a 
jurisdictional water body would be tantamount to accepting waste 
assimilation as an appropriate use for that water body.  Furthermore, the 
construction and operation of a pollution control facility in a water body 
can impact the physical, chemical, and biological integrity as well as the 
beneficial uses of the water body.  Therefore, storm water treatment 
and/or mitigation in accordance with SUSMPs and any other 
requirements of this Order must occur prior to the discharge of storm 
water into a water of the U.S. 

20. The Regional Board supports a Watershed Management Approach to 
address water quality protection in the region.  The objective of the 
Watershed Management Approach should be to provide a 
comprehensive and integrated strategy towards water resource 
protection, enhancement, and restoration while balancing economic and 
environmental impacts within a hydrologically defined drainage basin or 
watershed.  It emphasizes cooperative relationships between regulatory 
agencies, the regulated community, environmental groups, and other 
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stakeholders in the watershed to achieve the greatest environmental 
improvements with available resources. 

21. To promote a watershed management approach, the County of Los 
Angeles is divided into six Watershed Management Areas (WMAs) as 
follows: 

 
Malibu Creek and Rural Santa Monica Bay WMA 
Ballona Creek and Urban Santa Monica Bay WMA 
Los Angeles River WMA 
San Gabriel River WMA 
Dominguez Channel/Los Angeles Harbor WMA, and 
Santa Clara River WMA 

 
Attachment A shows the list of Permittees under each WMA and some 
Permittees have expressed an intent to form sub-watershed groups within 
the WMA to promote regional solutions for the mitigation of storm water 
discharge pollution. 

22. To facilitate compliance with federal regulations, the State Board has 
issued two statewide general NPDES permits for storm water discharges: 
one for storm water from industrial sites [NPDES No. CAS000001, 
General Industrial Activity Storm Water Permit (GIASP)] and the other for 
storm water from construction sites [NPDES No. CAS000002, General 
Construction Activity Storm Water Permit (GCASP)].  The GCASP was 
reissued on August 19, 1999.  The GIASP was reissued on April 17, 
1997.  Facilities discharging storm water associated with industrial 
activities and construction projects with a disturbed area of five acres or 
more are required to obtain individual NPDES permits for storm water 
discharges, or to be covered by a statewide general permit by completing 
and filing a Notice of Intent (NOI) with the State Board.  The USEPA 
guidance anticipates coordination of the state-administered programs for 
industrial and construction activities with the local agency program to 
reduce pollutants in storm water discharges to the MS4. 

The Regional Board is the enforcement authority in the Los Angeles 
Region for the two statewide general permits regulating discharges from 
industrial facilities and construction sites, and all NPDES storm water and 
non-storm water permits issued by the Regional Board.  These industrial 
and construction sites and discharges are also regulated under local laws 
and regulations. 

23. The State Board, on October 28, 1968, adopted Resolution No. 68-16, 
which established an anti-degradation policy for the State and Regional 
Boards.  This policy restricts the degradation of surface waters and 
protects waterbodies where existing water quality is higher than is 
necessary for the protection of beneficial uses. 

24. The State Board, on June 17, 1999, adopted Order No. WQ 99-05, 
which, in a precedential decision, identifies acceptable receiving water 
limitations language to be included in municipal storm water permits 
issued by the State and Regional Boards.  The receiving water limitations 
included herein are consistent with the State Board Order, USEPA Policy, 
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and the U.S. Appellate court decision in, Defenders of Wildlife v. Browner 
(9

th
. Cir, 1999).  The State Board OCC has determined that the federal 

court decision did not conflict with State Board Order No. WQ 99-05 
(memorandum dated October 14, 1999) 

25. California Water Code (CWC) § 13263(a) requires that waste discharge 
requirements issued by the Regional Board shall implement any relevant 
water quality control plans that have been adopted; shall take into 
consideration the beneficial uses to be protected and the water quality 
objectives reasonably required for that purpose; other waste discharges; 
the need to prevent nuisance; and provisions of CWC § 13241.  The 
Regional Board has considered the requirements of § 13263 and § 
13241, and applicable plans, policies, rules, and regulations in developing 
these waste discharge requirements. 

26. CWC § 13370 et seq. requires that waste discharge requirements issued 
by the Regional Boards be consistent with provisions of the federal CWA 
and its amendments. 

27. On March 12, 2001, the U.S. Court of Appeals ruled that it is necessary 
to obtain a NPDES permit for application of aquatic pesticides to 
waterways. (Headwaters, Inc. vs. Talent Irrigation District, 243 F.3d. 526 
(9

th
 Cir., 2001)) This decision is controlling in California for nonagricultural 

applications of pesticides to waterways.  The State Board adopted a 
general NPDES permit (Order No. 2001-12-DWQ) on July 19, 2001, for 
public entities that discharge pollutants to waters of the U.S. associated 
with the application of aquatic pesticides for resource or pest 
management.  Public entities that conduct such activities must seek 
coverage under the general permit. 

 
The Marina Del Rey Harbor Mothers’ Beach and Back Basins Bacteria TMDL 

 

28. [Intentionally left blank]  

 

29. The Regional Board adopted the Marina del Rey Harbor Mothers’ Beach 
and Back Basins Bacteria TMDL (hereinafter “MDR Bacteria TMDL”) on 
August 7, 2003. The TMDL was subsequently approved by the SWRCB, 
the OAL, and the USEPA and became effective on March 18, 2004. 

 

30. Tables 7-5.1, 7-5.2, and 7-5.3 of the Basin Plan set forth the pertinent 
provisions of the MDR Bacteria TMDL.  

 

31. [Intentionally left blank] 

 

32. [Intentionally left blank] 
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33. On March 14, 2007, Marina del Rey watershed responsible agencies 
submitted to the Regional Board the results of a non-point source study 
conducted over a one year period between July 2005 and July 2006, 
which was required under the terms of the MDR TMDL.  The study was 
designed to determine the relative bacterial loading to the harbor from 
sources including but not limited to storm drains, boats, birds, and other 
non-point sources.  The study has not yet been peer reviewed, and is 
currently under review by Regional Board staff. 

 

34. On January 8, 2007, as required by the MDR Bacterial TMDL, Marina del 
Rey watershed responsible agencies submitted to the Regional Board an 
implementation plan describing the strategy by which they intend to 
comply with the MDR Bacterial TMDL.  This implementation plan was 
developed through a process that included both Regional Board staff and 
representatives from Heal the Bay and Santa Monica Baykeeper. 

 

35. The Regional Board acknowledges the County’s timely submittals of 
reports required by the TMDL and implementation measures initiated 
thus far towards meeting water quality standards for bacteria in Marina 
del Rey.  As a result of the adoption of the MDR Bacterial TMDL in 2003, 
the County has funded or received grants to initiate the following 
activities: 

 
• Marina Beach Water Quality Improvement Project, Phase I and 

Phase II through a CBI grant; 
• Mothers’ Beach and Back Basins Bacterial TMDL Non-point Source 

Study; 
• Marina del Rey Harbor Mothers Beach and Back Basins Report of 

Small Drain Identification; 
• Marina del Rey Vessel Discharge Report; 
• Marina del Rey Harbor Mothers’ Beach and Back Basins Bacterial 

TMDL Coordinated Monitoring Plan; and 
• Three low-flow diversion projects, which were partially funded by a 

grant, two of which have been completed. 
 

In addition to participation in the above studies, the County and other 
Marina del Rey watershed responsible agencies continue to implement 
BMPs proposed in the January 8, 2007, Implementation Plan. 
 

36. [Intentionally left blank]
2
   

 

37. [Intentionally left blank] 

 
a) [Intentionally left blank] 

                                                
2
 [Intentionally left blank] 
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b) [Intentionally left blank]  

 
c) [Intentionally left blank] 
 
d) [Intentionally left blank] 
 

38. [Intentionally left blank] 

 

39. [Intentionally left blank] 

 
Findings Related to the Incorporation of the Los Angeles River Watershed Trash TMDL 
 

40.  The Regional Board adopted the Los Angeles River Trash Total 
Maximum Daily Load (TMDL) on August 9, 2007 as an amendment to the 
region’s Water Quality Control Plan (Basin Plan) to address water quality 
impairments due to trash in the Los Angeles River Watershed that were 
identified in 1998 on the State’s Clean Water Act Section 303(d) List. 
This TMDL was subsequently approved by the State Board, the Office of 
Administrative Law (OAL), and the USEPA, and it became effective on 
September 23, 2008. 

 
41.  By its adoption of the Trash TMDL, the Regional Board determined that 

trash discharged to the Los Angeles River and its tributaries discourages 
recreational activity, degrades aquatic habitat, threatens wildlife through 
ingestion and entanglement, and also poses risks to human health. 
Existing beneficial uses impaired by trash in the Los Angeles River are 
contact recreation (REC-1) and non-contact recreation (REC-2); warm 
fresh water habitat (WARM); wildlife habitat (WILD); estuarine habitat 
(EST) and marine habitat (MAR); rare, threatened or endangered species 
(RARE); migration of aquatic organisms (MIGR) and spawning, 
reproduction and early development of fish (SPWN); commercial and 
sport fishing (COMM); wetland habitat (WET); and cold freshwater habitat 
(COLD).   

 
 42.  The Los Angeles River Watershed Trash TMDL identifies discharges 

from the municipal separate storm sewer system as the principal source 
of trash to the Los Angeles River and its tributaries. As such, WLAs were 
assigned to MS4 Permittees that discharge to the MS4 in the watershed. 
The WLAs are expressed as progressively decreasing allowable amounts 
of trash discharges from jurisdictional areas within the watershed. The 
Trash TMDL requires MS4 Permittees to make annual reductions of their 
discharges of trash to the Los Angeles River Watershed over a 9-year 
period, until the numeric target of zero trash discharged from the MS4 is 
achieved for the 2013-2014 storm year.  The Basin Plan assigns MS4 
Permittees within the Los Angeles River Watershed baseline Waste Load 
Allocations from which annual reductions are to be made. (See Basin 
Plan, Table 7-2.2.)  The Basin Plan also specifies interim and final Waste 
Load Allocations as decreasing percentages of the Table 7-2.2 baseline 

RB-AR7240



NPDES CAS004001 - 16 - Order No. 01-182 

Amended by Orders R4-2006-0074, R4-2007-0042, and R4-2009-0130, and further amended 
pursuant to L.A. Superior Court Case No. BS122724 

WLAs, and specifies the corresponding “Compliance Points”. (See Basin 
Plan, Table 7-2.3.)   

 
43.  The Los Angeles River Watershed Trash TMDL specifies that the WLAs 

shall be implemented through MS4 permits. Federal regulations require 
that NPDES permits be consistent with the assumptions and 
requirements of any available waste load allocation. (40 CFR 
122.44(d)(1)(vii)(B).) State law requires both that the Regional Board 
implement its Basin Plan when adopting waste discharge requirements 
(WDRs) and that NPDES permits apply “any more stringent effluent 
standards or limitations necessary to implement water quality control 
plans…” (Wat. Code §§ 13263, 13377).   

 
44.  The Ninth Circuit Court of Appeals in Defenders of Wildlife v. Browner 

ruled that the Clean Water Act grants the permitting agency discretion 
either to require “strict compliance” with water quality standards through 
the imposition of numeric effluent limitations, or to employ an iterative 
approach toward compliance with water quality standards, by requiring 
improved BMPs over time (Defenders of Wildlife v. Browner (9

th
 Cir. 

1999) 191 F.3d 1159). In a precedential decision, the State Board 
acknowledged that the holding in Browner allows the issuance of MS4 
permits that limit their provisions to BMPs that control pollutants to the 
MEP, and which do not require compliance with water quality standards. 
However, the Water Boards have declined to adopt that approach in light 
of the impacts of discharges from MS4s on waters throughout the State 
and Los Angeles region (see Order WQ 2001-15 and Part 2 of the LA 
County MS4 Permit). The State Board concluded and the Regional Board 
agrees that “where urban runoff is causing or contributing to 
exceedances of water quality standards, it is appropriate to require 
improvements to BMPs that address those exceedances” (Order WQ 
2001-15, p. 8).  

 
45.  In a recent decision, the State Board also concluded that incorporation of 

the provisions of TMDLs into MS4 permits requires extra consideration.  
Specifically, the State Board held:  “TMDLs, which take significant 
resources to develop and finalize, are devised with specific 
implementation plans and compliance dates designed to bring impaired 
waters into compliance with water quality standards.  It is our intent that 
federally mandated TMDLs be given substantive effect.  Doing so can 
improve the efficacy of California’s NPDES storm water permits.”  The 
State Board stated that TMDLs should not be an “academic exercise”, 
and indicated that in some instances when implementing TMDLs, 
numeric effluent limitations may be an appropriate means of controlling 
pollutants in storm water, provided the Regional Board’s determination is 
adequately supported in the permit findings (Order WQ 2009-0008).  The 
following paragraphs support the Regional Board’s determination to 
implement the Trash TMDL with numeric effluent limitations. 

 
46.  The Trash TMDL specified a specific formula for calculating and 

allocating annual reductions in trash discharges from each jurisdiction.  
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The formula results in specified annual amounts of trash that may be 
discharged from each jurisdiction into the receiving waters.  Translation 
of the compliance points described in the TMDL into jurisdiction-specific 
load reductions from the baseline levels, as specified in the TMDL, 
logically results in the articulation of an annual limit on the amount of a 
pollutant that may be discharged.  The specification of allowable annual 
trash discharge amounts meets the definition of an “effluent limitation”, as 
that term is defined in subdivision (c) of section 13385.1 of the California 
Water Code.  Specifically, the trash discharge limitations constitute a 
“numeric restriction … on the quantity [or] discharge rate … of a pollutant 
or pollutants that may be discharged from an authorized location.”  While 
there may be other ways to incorporate the compliance points from the 
TMDL into permit conditions, the Regional Board is not aware of any 
other mechanisms that would result in actual compliance with the 
requirements of the TMDL as it was intended.    

 
47.  The process to establish the Trash TMDL was exceedingly lengthy, 

heavily litigated and scrutinized, and contained extensive analysis.  The 
essence of this TMDL has been twice adopted by the Regional Board, 
and approved by the State Board, OAL, and the US EPA, and has been 
subject to considerable judicial review. Therefore, the assumptions 
underlying this TMDL have been thoroughly vetted by staff, stakeholders, 
other agencies, and the courts over a significant period of time. 

 
48.  In its resolution establishing the Trash TMDL, the Regional Board already 

determined that the implementation schedule was reasonable and 
feasible, and noted that the MS4 Permittees had notice of the trash 
impairment since at least 1998 (with its listing on the 1998 303(d) list) and 
had been required to attain water quality standards for trash in the 
receiving waters since this order was first adopted in December of 2001.  
(See e.g., Resolution R07-012, finding 14.)  The Court of Appeal affirmed 
the Regional Board’s determination that the final waste load allocations 
were attainable and not inordinately expensive.  (Cities of Arcadia, 135 
Cal.App.4

th
 at 1413 and 1427-1430.) Full capture systems, partial capture 

devices, and institutional controls are presently available to feasibly and 
practicably attain the interim and final effluent limitations, and it is 
anticipated that this order will precipitate additional innovations in control 
strategies and technologies, just as the adoption of the Trash TMDL 
resulted in the proffering and certification of seven full capture systems.   

 
49.  The Trash TMDL and this order include provisions that allow Permittees 

to be deemed in compliance with their effluent limitations through the 
installation of certain best management practices (certified full capture 
systems).  Any Permittee that is deemed in compliance through the use 
of certified full capture systems would not be in violation of the effluent 
limitations even if some trash is discharged in excess of the annual 
limitations.   

 
50.  The Trash TMDL includes provisions requiring its reconsideration after a 

trash reduction of 50% has been achieved and sustained in the 
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watershed, which provides an opportunity to reexamine some of the 
assumptions of the TMDL after tangible and meaningful progress has 
been made in the watershed. (See Basin Plan, Table 7-2.3, fn. 2.) Should 
this reconsideration result in a modification to the final waste load 
allocations, the permit will be reopened pursuant to Part 6., paragraph 
I.1.b, to ensure the effluent limitations contained in Tables 1a and 1b of 
Appendix 7-1 are consistent with the assumptions and requirements of 
any revised waste load allocations.  (40 CFR § 122.44(d)(1)(vii)(B).) 

 
51.  Depending upon the compliance strategy selected by each Permittee, 

compliance with the effluent limitations set forth in Appendix 7-1 may 
require a demonstration that the Permittee is in strict compliance with 
water quality standards.  It remains the Permittee’s choice, however, to 
comply via certified full capture systems (which do not require a 
demonstration of strict compliance with water quality standards), or partial 
capture devices and/or institutional controls.   

 
52.  Section 402(p)(3)(B)(iii) of the Clean Water Act, requires MS4 Permittees 

to reduce the pollutants in their storm water discharges to the “maximum 
extent practicable” (MEP).  As set forth herein, “practicable” options 
presently exist to achieve compliance with the effluent limitations. Since 
the effluent limitations can be practicably achieved, their imposition is 
within the federally mandated MEP standard, and no analysis 
contemplated by City of Burbank v. SWRCB (2005) 35 Cal.4th 613 
pursuant to Water Code section 13241 is necessary to support these 
effluent limitations. 

   
53.  In its discretion, the Regional Board may administratively impose civil 

liability of up to $10,000 for “each day in which the violation [of waste 
discharge requirements] occurs.”  (Wat. C. § 13385, subd (c).)  Not every 
storm event may result in trash discharges. The Los Angeles River Trash 
TMDL adopted by the Regional Board states that improperly deposited 
trash is mobilized during storm events of greater than 0.25 inches of 
precipitation.  Therefore, violations of the effluent limitations are limited to 
the days of a storm event of greater than 0.25 inches.  Once a Permittee 
has violated the annual effluent limitation, any subsequent discharges of 
trash during any day of a storm event of greater than 0.25 inches during 
the same storm year constitutes an additional “day in which the violation 
[of the effluent limitation] occurs”.  

 
54. Unlike subdivision (c) of Water Code section 13385 where violations of 

effluent limitations are assessed on a per day basis, the mandatory 
minimum penalties subdivisions (Wat. Code § 13385, subd. (h) and (i)) 
require the Regional Board to assess mandatory minimum penalties for 
“each violation” of an effluent limitation. The effluent limitations in 
Appendix 7-1 are expressed as annual limitations.  Therefore, there can 
be no more than one violation of each interim or final effluent limitation 
per year.  Trash is considered a Group I pollutant, as specified in 
Appendix A to section 123.45 of Title 40 of the Code of Federal 
Regulations. Therefore, each annual violation of an effluent limitation in 
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Appendix 7-1 by forty percent or more would be considered a “serious 
violation” under subdivision (h). With respect to the final effluent limitation 
of zero trash, any detectable discharge of trash necessarily is a serious 
violation, in accordance with the State Board’s Enforcement Policy. 
Violations of the effluent limitations in Appendix 7-1 would not constitute 
“chronic” violations that would give rise to mandatory liability under 
subdivision (i) because four or more violations of the effluent limitations 
subject to a mandatory penalty cannot occur in a period of six 
consecutive months.  

 
55.  Therefore, the modifications to the Order include effluent limitations in a 

manner consistent with the assumptions and requirements of the WLAs 
from which they are derived as well as an allowance to comply with these 
effluent limitations [i.e. WLAs] through proper installation and 
maintenance of certified full capture systems. 

 
56.  Modifications consistent with the assumptions and requirements of the 

TMDL are therefore included in Parts 4 (Special Provisions) and 5 
(Definitions) of this Order. Part 7 (Total Maximum Daily Load Provisions) 
is added to this Order and incorporates provisions to assure that Los 
Angeles County MS4 Permittees achieve the Waste Load Allocations 
(WLAs) and comply with other requirements of Total Maximum Daily 
Loads (TMDLs) covering impaired waters impacted by the Permittees’ 
discharges. These modifications are made pursuant to 40 CFR sections 
122.41(f), 122.44.(d)(1)(vii)(B), and 122.62, and Part 6.I.1 of this Order. 
Tables 7-2.1, 7-2.2, and 7-2.3 of the Basin Plan set forth the pertinent 
provisions of the Los Angeles River Watershed Trash TMDL. The interim 
and final effluent limitations consistent with the assumptions and 
requirements of the waste load allocations, and related provisions 
required of Permittees within the watershed are provided in Part 7 of this 
Order.   

 
57.  Permittees identified as responsible agencies in the Trash TMDL may 

achieve compliance with interim and final effluent limitations through 
progressive installation of BMPs meeting the definition of “full capture” 
throughout their jurisdictions’ drainage areas. Alternatively, Permittees 
may install “partial capture” devices and/or implement institutional 
controls to meet their respective interim and final effluent limitations. 
Where partial capture devices are utilized as the sole trash control 
measure, the degree of compliance may be demonstrated based upon 
performance data specific to the jurisdictional area. However, compliance 
with the final effluent limitation cannot be achieved through the exclusive 
use of partial capture devices. Where a combination of partial capture 
devices and institutional controls are used, compliance shall be 
determined based on the approximation of jurisdiction-specific trash 
discharges.   

 
58.  The Executive Officer will develop a standard reporting form, consistent 

with these provisions, which shall be used by Permittees to report 
compliance with the effluent limitations on an annual basis.  
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60.  Pursuant to federal regulations at 40 CFR sections 124.8 and 125.56, a 

Fact Sheet was prepared to provide the basis for incorporating the Los 
Angeles River Watershed Trash TMDL into this Order. This Fact Sheet is 
hereby incorporated by reference into these findings. 

 

F. Implementation 

1. The California Environmental Quality Act (CEQA) (Cal. Pub. Resources 
Code § 21000 et seq.) requires that public agencies consider the 
environmental impacts of the projects they approve for development.  
CEQA applies to projects that are considered discretionary and does not 
apply to ministerial projects, which involve the use of established 
standards or objective measurements.  A ministerial project may be made 
discretionary by adopting local ordinance provisions or imposing 
conditions to create decision-making discretion in approving the project.  
In the alternative, Permittees may establish standards and objective 
criteria administratively for storm water mitigation for ministerial projects. 
For water quality purposes, the Regional Board considers that all new 
development and significant redevelopment activity in specified 
categories, that receive approval or permits from a municipality, are 
subject to storm water mitigation requirements. 

2. The objective of this Order is to protect the beneficial uses of receiving 
waters in Los Angeles County.  To meet this objective, this Order 
requires that the SQMP specify BMPs that will be implemented to reduce 
the discharge of pollutants in storm water to the maximum extent 
practicable. Further, Permittees are to assure that storm water 
discharges from the MS4 shall neither cause nor contribute to the 
exceedance of water quality standards and objectives nor create 
conditions of nuisance in the receiving waters, and that the discharge of 
non-storm water to the MS4 has been effectively prohibited. 

3. The SQMP required in this Order builds upon the programs established in 
Order Nos. 90-079, and 96-054, consists of the components 
recommended in the USEPA guidance manual, and was developed with 
the cooperation of representatives from the regulated community and 
environmental groups.   The SQMP includes provisions that promote 
customized initiatives, both on a countywide and watershed basis, in 
developing and implementing cost-effective measures to minimize 
discharge of pollutants to the receiving water.  The various components 
of the SQMP, taken as a whole rather than individually, are expected to 
reduce pollutants in storm water and urban runoff to the maximum extent 
practicable.  Provisions of the SQMP are fully enforceable under 
provisions of this Order. 

4. The emphasis of the SQMP is pollution prevention through education, 
public outreach, planning, and implementation as source control BMPs 
first and then Structural and Treatment Control BMPs next.  Successful 
implementation of the provisions of the SQMP will require cooperation 
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and coordination of all public agencies in each Permittee’s organization, 
among Permittees, and with the regulated community. 

5. The implementation of a Public Information and Participation Program is 
a critical component of a storm water management program. An informed 
and knowledgeable community is critical to the success of a storm water 
management program since it helps insure the following: (i) greater 
support for the program as the public gains a greater understanding of 
the reasons why it is necessary and important, and (ii) greater 
compliance with the program as the public becomes aware of the 
personal responsibilities expected of them and others in the community, 
including the individual actions they can take to protect or improve the 
quality of area waters. 

6. This Order includes a Monitoring Program that incorporates Minimum 
Levels (MLs) established under the SIP.  The SIP’s MLs represent the 
lowest quantifiable concentration for priority toxic pollutants that is 
measurable with the use of proper method-based analytical procedures 
and factoring out matrix interference. The SIP’s MLs therefore represent 
the best available science for determining MLs and are appropriate for a 
storm water monitoring program.  The use of MLs allows the detection of 
toxic priority pollutants at concentrations of concern using recent 
advances in chemical analytical methods. 

7. This Order provides flexibility for Permittees to petition the Regional 
Board Executive Officer to substitute a BMP under the SQMP with an 
alternative BMP, if they can provide information and documentation on 
the effectiveness of the alternative, equal to or greater than the 
prescribed BMP in meeting the objectives of this Order. 

8. This Order contemplates that the Permittees are responsible for 
considering potential storm water impacts when making planning 
decisions in order to fulfill the Permittees’ CWA requirement to reduce the 
discharge of pollutants in municipal storm water to the MEP from new 
development and redevelopment activities. However, the Permittees 
retain authority to make the final land-use decisions and retain full 
statutory authority for deciding what land uses are appropriate at specific 
locations within each Permittee’s jurisdiction.   This Order and its 
requirements are not intended to restrict or control local land use 
decision-making authority. 

9. This Order is not intended to prohibit the inspection for or abatement of 
vectors by the State Department of Health Services or local vector 
agencies in accordance with Cal. Health and Safety Code § 2270 et seq. 
and §116110 et seq.  Certain Treatment Control BMPs if not properly 
designed, operated or maintained may create habitats for vectors (e.g. 
mosquito and rodents).  This Order contemplates that the Permittees will 
closely cooperate and collaborate with local vector control agencies and 
the State Department of Health Services for the implementation, 
operation, and maintenance of Treatment Control BMPs in order to 
minimize the risk to public health from vector borne diseases. 
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G. Public Process 

1. The Regional Board has notified the Permittees and interested agencies 
and persons of its intent to issue waste discharge requirements for this 
discharge, and has provided them with an opportunity to submit their 
written view and recommendations. 

2. The Regional Board, in a public hearing, heard and considered all 
comments pertaining to the discharge and to the tentative requirements. 

3. The Regional Board has conducted public workshops to discuss drafts of 
the permit.  On April 24, 2001, Regional Board staff conducted a 
workshop outlining the reasoning behind the changes proposed for the 
new permit and received input from the Permittees and the public 
regarding those proposed changes. On July 26, 2001, a second public 
workshop was held at a special Regional Board meeting. The Permittees 
and the public had another opportunity to express their opinions 
regarding the proposed changes to the permit in front of the Regional 
Board members. A significant number of working meetings with the 
Permittees and other interested parties have occurred throughout the 
period from the submittal of the ROWD and completion of the tentative 
draft, in an attempt to incorporate and address all the comments 
presented. 

4. The Los Angeles County Flood Control District, the County of Los 
Angeles and the other municipalities are co-permittees as defined in 40 
CFR 122.26 (b)(1). Los Angeles County Flood Control District will 
coordinate with the other municipalities and facilitate program 
implementation. Each Permittee is responsible only for a discharge for 
which it is the operator. 

5. This Order shall serve as a NPDES Permit, pursuant to CWA § 402, or 
amendments thereto, and shall take effect 50 days from Order adoption 
provided the Regional Administrator of the USEPA has no objections. 

6. The action to adopt an NPDES permit is exempt from the provisions of 
Chapter 3 of CEQA (Cal. Pub. Resources Code § 21100 et seq.), in 
accordance with CWC § 13389. 

7. Pursuant to CWC §13320, any aggrieved party may seek review of this 
Order by filing a petition with the State Board.  A petition must be sent to:  
State Water Resources Control Board, P.O. Box 100, Sacramento, 
California, 95812, within 30 days of adoption of the Order by the Regional 
Board. 

8. This Order may be modified or alternatively revoked or reissued prior to 
its expiration date, in accordance with the procedural requirements of the 
NPDES program, and the CWC for the issuance of waste discharge 
requirements. 

 
IT IS HEREBY ORDERED that the Los Angeles County Flood Control District, Los Angeles 
County, and the Cities of Agoura Hills, Alhambra, Arcadia, Artesia, Azusa, Baldwin Park, Bell, 
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Bellflower, Bell Gardens, Beverly Hills, Bradbury, Burbank, Calabasas, Carson, Cerritos, 
Claremont, Commerce, Compton, Covina, Cudahy, Culver City, Diamond Bar, Downey, Duarte, El 
Monte, El Segundo, Gardena, Glendale, Glendora, Hawaiian Gardens, Hawthorne, Hermosa 
Beach, Hidden Hills, Huntington Park, Industry, Inglewood, Irwindale, La Cañada Flintridge, La 
Habra Heights, Lakewood, La Mirada, La Puente, La Verne, Lawndale, Lomita, Los Angeles, 
Lynwood, Malibu, Manhattan Beach, Maywood, Monrovia, Montebello, Monterey Park, Norwalk, 
Palos Verdes Estates, Paramount, Pasadena, Pico Rivera, Pomona, Rancho Palos Verdes, 
Redondo Beach, Rolling Hills, Rolling Hills Estates, Rosemead, San Dimas, San Fernando, San 
Gabriel, San Marino, Santa Clarita, Santa Fe Springs, Santa Monica, Sierra Madre, Signal Hill, 
South El Monte, South Gate, South Pasadena, Temple City, Torrance, Vernon, Walnut, West 
Covina, West Hollywood, Westlake Village, and Whittier, in order to meet the provisions contained 
in Division 7 of the CWC and regulations adopted thereunder, and the provisions of the CWA, as 
amended, and regulations and guidelines adopted thereunder, shall comply with the following: 

Part 1. DISCHARGE PROHIBITIONS 

 
Part 1. A. The Permittees shall effectively prohibit non-storm water discharges into the 

MS4 and watercourses, except where such discharges: 
 

1. Are covered by a separate individual or general NPDES permit for non-storm 
water discharges; or 

 
2. Fall within one of the categories below, and meet all conditions when 

specified by the Regional Board Executive Officer: 
 
a) Category A - Natural flow: 
 

(1) Natural springs and rising ground water; 
 
(2) Flows from riparian habitats or wetlands; 
 
(3) Stream diversions, permitted by the State Board; and 
 
(4) Uncontaminated ground water infiltration [as defined by 40 CFR 

35.2005(20)]. 
 

b) Category B - Flows from emergency fire fighting activity. 
 

c) Category C - Flows incidental to urban activities: 
 

(1) Reclaimed and potable landscape irrigation runoff; 
 
(2) Potable drinking water supply and distribution system releases 

(consistent with American Water Works Association guidelines for 
dechlorination and suspended solids reduction practices); 

 
(3) Drains for foundations, footings, and crawl spaces; 
 
(4) Air conditioning condensate; 
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(5) Dechlorinated/debrominated swimming pool discharges; 
 
(6) Dewatering of lakes and decorative fountains; 

 
(7) Non-commercial car washing by residents or by non-profit 

organizations; and 
 
(8) Sidewalk rinsing. 

 
The Regional Board Executive Officer may add or remove categories of non-
storm water discharges above. Furthermore, in the event that any of the above 
categories of non-storm water discharges are determined to be a source of 
pollutants by the Regional Board Executive Officer, the discharge will no longer 
be exempt from this prohibition unless the Permittee implements conditions 
approved by the Regional Board Executive Officer to ensure that the discharge is 
not a source of pollutants. Notwithstanding the above, the Regional Board 
Executive Officer may impose additional prohibitions of non-storm water 
discharges in consideration of antidegradation policies and TMDLs. 

 
Part 1. B. [Intentionally left blank]

3,4
 

 

Part 2. RECEIVING WATER LIMITATIONS 

 
1. Discharges from the MS4 that cause or contribute to the violation of Water 

Quality Standards or water quality objectives are prohibited. 
 

2. Discharges from the MS4 of storm water, or non-storm water, for which a 
Permittee is responsible for, shall not cause or contribute to a condition of 
nuisance. 

 
3. The Permittees shall comply with Part 2.1. and 2.2. through timely 

implementation of control measures and other actions to reduce pollutants in the 
discharges in accordance with the SQMP and its components and other 
requirements of this Order including any modifications. The SQMP and its 
components shall be designed to achieve compliance with receiving water 
limitations. If exceedances of Water Quality Objectives or Water Quality 
Standards (collectively, Water Quality Standards) persist, notwithstanding 
implementation of the SQMP and its components and other requirements of this 
permit, the Permittee shall assure compliance with discharge prohibitions and 
receiving water limitations by complying with the following procedure: 

 
a) Upon a determination by either the Permittee or the Regional Board that 

discharges are causing or contributing to an exceedance of an applicable 
Water Quality Standard, the Permittee shall promptly notify and thereafter 
submit a Receiving Water Limitations (RWL) Compliance Report (as 

                                                
3
 [Intentionally left blank]  

 
4
 [Intentionally left blank]
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described in the Program Reporting Requirements, Section I of the 
Monitoring and Reporting Program) to the Regional Board that describes 
BMPs that are currently being implemented and additional BMPs that will 
be implemented to prevent or reduce any pollutants that are causing or 
contributing to the exceedances of Water Quality Standards. This RWL 
Compliance Report may be incorporated in the annual Storm Water 
Report and Assessment unless the Regional Board directs an earlier 
submittal. The RWL Compliance Report shall include an implementation 
schedule. The Regional Board may require modifications to the RWL 
Compliance Report. 

 
b) Submit any modifications to the RWL Compliance Report required by the 

Regional Board within 30 days of notification. 
 

c) Within 30 days following the approval of the RWL Compliance Report, 
the Permittee shall revise the SQMP and its components and monitoring 
program to incorporate the approved modified BMPs that have been and 
will be implemented, an implementation schedule, and any additional 
monitoring required. 

 
d) Implement the revised SQMP and its components and monitoring 

program according to the approved schedule. 
 

4. So long as the Permittee has complied with the procedures set forth above and 
is implementing the revised SQMP and its components, the Permittee does not 
have to repeat the same procedure for continuing or recurring exceedances of 
the same receiving water limitations unless directed by the Regional Board to 
develop additional BMPs. 

 
5. [Intentionally left blank]

5
  

 
6. During Summer Dry Weather there shall be no discharges of bacteria from MS4s 

into Marina del Rey Harbor Basins D, E, or F, including Mothers’ Beach that 
cause or contribute to exceedances of the applicable bacteria objectives.  The 
applicable bacteria objectives include both the single sample and geometric 
mean bacteria objectives set to protect the Water Contact Recreation (REC-1) 
beneficial use, as set forth in the Basin Plan.

6
 

                                                
5
 [Intentionally left blank] 

 
6
 Samples collected for determining compliance with the receiving water limitations of Part 2.6 shall be processed in 

accordance with the sampling procedures and analytical methodology set forth in the Marina del Rey Harbor 
Mothers’ Beach and Back Basins Bacterial TMDL Coordinated Shoreline Monitoring Plan dated April 13, 2007 and 
the Monitoring and Reporting Program CI 6948. 
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Part 3. STORM WATER QUALITY MANAGEMENT PROGRAM (SQMP) 
IMPLEMENTATION  

A. General Requirements 

1. Each Permittee shall, at a minimum, implement the SQMP. The SQMP is 
an enforceable element of this Order.  The SQMP shall be implemented 
no later than February 1, 2002, unless a later date has been specified for 
a particular provision in this Order. 

2. The SQMP shall, at a minimum, comply with the applicable storm water 
program requirements of 40 CFR 122.26(d)(2).  The SQMP and its 
components shall be implemented so as to reduce the discharges of 
pollutants in storm water to the MEP.  

3. Each Permittee shall implement additional controls, where necessary, to 
reduce the discharges of pollutants in storm water to the MEP.  

4. Permittees that modify the countywide SQMP (i.e., implement additional 
controls, implement different controls than described in the countywide 
SQMP, or determine that certain BMPs in the countywide SQMP are not 
applicable in the area under its jurisdiction), shall develop a local SQMP, 
no later than August 1, 2002.  The local SQMP shall be customized to 
reflect the conditions in the area under the Permittee's jurisdiction and 
shall specify activities being implemented under the appropriate elements 
described in the countywide SQMP. 

B. Best Management Practice Implementation 

 
The Permittees shall implement or require the implementation of the most 
effective combination of BMPs for storm water/urban runoff pollution control.  
When implemented, BMPs are intended to result in the reduction of pollutants in 
storm water to the MEP.  

C. Revision of the Storm Water Quality Management Program  

 
The Permittees shall revise the SQMP, at the direction of the Regional Board 
Executive Officer, to incorporate program implementation amendments so as to 
comply with regional, watershed specific requirements, and/or waste load 
allocations developed and approved pursuant to the process for the designation 
and implementation of Total Maximum Daily Loads (TMDLs) for impaired water 
bodies. 

D. Designation and Responsibilities of the Principal Permittee 

The Los Angeles County Flood Control District is hereby designated as the 
Principal Permittee. As such, the Principal Permittee shall: 

1. Coordinate and facilitate activities necessary to comply with the 
requirements of this Order, but is not responsible for ensuring compliance 
of any individual Permittee; 
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2. Coordinate permit activities among Permittees and act as liaison between 
Permittees and the Regional Board on permitting issues; 

3. Provide personnel and fiscal resources for the necessary updates of the 
SQMP and its components; 

4. Provide technical and administrative support for committees that will be 
organized to implement the SQMP and its components; 

5. Convene the Watershed Management Committees (WMCs) constituted 
pursuant to Part F, below, upon designation of representatives; 

6. Implement the Countywide Monitoring Program required under this Order 
and evaluate, assess and synthesize the results of the monitoring 
program; 

7. Provide personnel and fiscal resources for the collection, processing and 
submittal to the Regional Board of annual reports and summaries of other 
reports required under the SQMP; and 

8. Comply with the "Responsibilities of the Permittees" in Part 3.E., below. 

E. Responsibilities of the Permittees 

Each Permittee is required to comply with the requirements of this Order 
applicable to discharges within its boundaries (see Findings D.1, D.2. and D.3.) 
and not for the implementation of the provisions applicable to the Principal 
Permittee or other Permittees. Each Permittee shall, within its geographic 
jurisdiction: 

1. Comply with the requirements of the SQMP and any modifications 
thereto; 

2. Coordinate among its internal departments and agencies, as appropriate, 
to facilitate the implementation of the requirements of the SQMP 
applicable to such Permittee in an efficient and cost-effective manner; 

3. Designate a technically knowledgeable representative to the appropriate 
WMC; 

4. Participate in intra-agency coordination (e.g. Fire Department, Building 
and Safety, Code Enforcement, Public Health, etc.) necessary to 
successfully implement the provisions of this Order and the SQMP. 

5. Prepare an annual Budget Summary of expenditures applied to the storm 
water management program.  This summary shall identify the storm 
water budget for the following year, using estimated percentages and 
written explanations where necessary, for the specific categories noted 
below: 

a) Program management 

• Administrative costs 

b) Program Implementation 
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Where information is available, provide an estimated percent  
breakdown of expenditures for the categories below: 
• Illicit connection/illicit discharge 
• Development planning 
• Development construction 
• Construction inspection activities 
• Industrial/Commercial inspection activities  
• Public Agency Activities 

• Maintenance of Structural BMPs and Treatment Control 
BMPs 

• Municipal Street Sweeping 
• Catch basin clean-up 
• Trash collection 
• Capital costs 

c) Public Information and Participation 

d) Monitoring Program 

e) Miscellaneous Expenditures 

6. Each Permittee, in addition to the Budget Summary, shall report any 
supplemental dedicated budgets for the same categories. 

F. Watershed Management Committees (WMCs) 

1. Each WMC shall be comprised of a voting representative from each 
Permittee in the WMA. 

2. The WMC’s chair and secretary shall be chosen by the WMC upon Order 
adoption and on an annual basis, thereafter.  In the absence of volunteer 
Permittee(s) for the positions, the Principal Permittee shall assume those 
roles until the WMC chooses members of the committee for the positions. 

3. Each WMC shall: 

a) Facilitate cooperation and exchange of information among 
Permittees; 

b) Establish additional goals and objectives and associated 
deadlines for the WMA, as the program implementation 
progresses; 

c) Prioritize pollution control efforts based on beneficial use 
impairment(s), watershed characteristics and analysis of results 
from studies and the monitoring program; 

d) Develop and/or update and monitor the adequate implementation, 
on an annual basis, of the tasks identified for the WMA; 

e) Assess the effectiveness of, prepare revisions for, and 
recommend appropriate changes to the SQMP and its 
components; 
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f) Continue to prioritize the Industrial/Commercial critical sources for 
investigation, outreach and follow-up; and 

g) Meet four times per year and, as necessary. 

G. Legal Authority 

1. Permittees shall possess the necessary legal authority to prohibit 
non-storm water discharges to the storm drain system, including, but not 
limited to: 

a) Illicit discharges and illicit connections and require removal of illicit 
connections; 

b) The discharge of wash waters to the MS4 from the cleaning of 
gas stations, auto repair garages, or other types of automotive 
service facilities; 

c) The discharge of runoff to the MS4 from mobile auto washing, 
steam cleaning, mobile carpet cleaning, and other such mobile 
commercial and industrial operations; 

d) The discharge of runoff to the MS4 from areas where repair of 
machinery and equipment which are visibly leaking oil, fluid or 
antifreeze, is undertaken; 

e) The discharge of runoff to the MS4 from storage areas of 
materials containing grease, oil, or other hazardous substances, 
and uncovered receptacles containing hazardous materials; 

f) The discharge of chlorinated/ brominated swimming pool water 
and filter backwash to the MS4; 

g) The discharge of runoff from the washing of toxic materials from 
paved or unpaved areas to the MS4; 

h) Washing impervious surfaces in industrial/commercial areas that 
results in a discharge of runoff to the MS4; 

i) The discharge of concrete or cement laden wash water from 
concrete trucks, pumps, tools, and equipment to the MS4; and 

j) Dumping or disposal of materials into the MS4 other than storm 
water, such as: 

(1) Litter, landscape debris and construction debris; 

(2) Any state or federally banned or unregistered pesticides; 

(3) Food and food processing wastes; and 

(4) Fuel and chemical wastes, animal wastes, garbage, 
batteries, and other materials that have potential adverse 
impacts on water quality. 
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2. The Permittees shall possess adequate legal authority to: 

a) Require persons within their jurisdiction to comply with conditions 
in Permittees' ordinances, permits, contracts, model programs, or 
orders (i.e. hold dischargers to its MS4 accountable for their 
contributions of pollutants and flows);  

b) Utilize enforcement mechanisms to require compliance with 
Permittees ordinances, permits, contracts, or orders; 

c) Control pollutants, including potential contribution, in discharges 
of storm water runoff associated with industrial activities (including 
construction activities) to its MS4 and control the quality of storm 
water runoff from industrial sites (including construction sites). 
This requirement applies to Source Control, and Treatment 
Control BMPs;  

d) Carry out all inspection, surveillance and monitoring procedures 
necessary to determine compliance and non-compliance with 
permit conditions, including the prohibition of illicit discharges to 
the MS4. Permittees must possess authority to enter, sample, 
inspect, review and copy records, and require regular reports from 
industrial facilities (including construction sites) discharging 
polluted or with the potential to discharge polluted storm water 
runoff into its MS4; 

e) Require the use of BMPs to prevent or reduce the discharge of 
pollutants to MS4s to MEP; and 

f) Require that Treatment Control BMPs be properly operated and 
maintained to prevent the breeding of vectors. 

3. Each Permittee shall, no later than November 1, 2002, amend and adopt 
(if necessary), a Permittee-specific storm water and urban runoff 
ordinance to enforce all requirements of this permit. 

4. Each Permittee shall submit no later than December 2, 2002, a new or 
updated statement by its legal counsel that the Permittee has obtained all 
necessary legal authority to comply with this Order through adoption of 
ordinances and/or municipal code modifications.  

Part 4. SPECIAL PROVISIONS 

Maximum Extent Practicable Standard 

 
This permit, and the provisions herein, are intended to develop, achieve, and implement 
a timely, comprehensive, cost-effective storm water pollution control program to reduce 
the discharge of pollutants in storm water to the MEP from the permitted areas in the 
County of Los Angeles to the waters of the State. 
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A. General Requirements 

1. Best Management Practice Substitution 

 
The Regional Board Executive Officer may approve any site-specific BMP 
substitution upon petition by a Permittee(s), if the Permittee can 
document that: 

a) The proposed alternative BMP or program will meet or exceed the 
objective of the original BMP or program in the reduction of storm 
water pollutants; or 

b) The fiscal burden of the original BMP or program is substantially 
greater than the proposed alternative and does not achieve a 
substantially greater improvement in storm water quality; and,  

c) The proposed alternative BMP or program will be implemented 
within a similar period of time. 

B. Public Information and Participation Program (PIPP) 

The Principal Permittee shall implement a Public Information and Participation 
Program (PIPP) that includes, but is not limited to, the requirements listed in this 
section.  The Principal Permittee shall be responsible for developing and 
implementing the Public Education Program, as described in the SQMP, and 
shall coordinate with Permittees to implement specific requirements.   

The objectives of the PIPP are as follows: 

• To measurably increase the knowledge of the target audiences regarding 
the MS4, the impacts of storm water pollution on receiving waters, and 
potential solutions to mitigate the problems caused; 

• To measurably change the waste disposal and runoff pollution generation 
behavior of target audiences by encouraging implementation of 
appropriate solutions; and 

• To involve and engage socio-economic groups and ethnic communities in 
Los Angeles County to participate in mitigating the impacts of storm 
water pollution. 

The Principal Permittee shall convene an advisory committee to provide input 
and assistance in meeting the goals and objectives of the public education 
campaign.  The advisory committee shall be consulted during the process of 
developing the PIPP campaign, and shall provide comments and advice during 
the process of preparing a Request For Proposals for a storm water public 
education contractor.  The committee may participate as a part of a working 
group that evaluates contractor proposals and other tasks as appropriate.  The 
committee shall be comprised of representatives of the environmental 
community, Permittee cities, Regional Board staff, and experts in the fields of 
public education and marketing.  The Principal Permittee shall ensure that the 
committee meets at least once a year. 
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1. Residential Program 

a) "No Dumping" Message 

Each Permittee shall mark all storm drain inlets that they own with 
a legible “no dumping” message. In addition, signs with prohibitive 
language discouraging illegal dumping must be posted at 
designated public access points to creeks, other relevant water 
bodies, and channels no later than February 2, 2004.  Signage 
and storm drain messages shall be legible and maintained as 
necessary during the term of the permit. 

b) Countywide Hotline 

The 888-CLEAN-LA hotline will serve as the general public 
reporting contact for reporting clogged catch basin inlets and illicit 
discharges/dumping, faded or lack of catch basin stencils, and 
general storm water management information.  Each Permittee 
may establish its own hotline if preferred.  Permittees shall include 
this information, updated when necessary, in public information, 
and the government pages of the telephone book, as they are 
developed or published.  The Principal Permittee shall compile a 
list of the general public reporting contacts from all Permittees 
and make this information available on the web site 
(888CleanLA.com) and upon request.  Permittees shall provide 
the Principal Permittee with their reporting contacts no later than 
March 1, 2002.  Permittees are responsible for providing current, 
updated information to the Principal Permittee. 

c) Outreach and Education 

(1) The Principal Permittee shall continue to implement the 
following activities that were components of the first five-
year PIPP: 

(i) Advertising; 

(ii) Media relations; 

(iii) Public service announcements; 

(iv) "How To" instructional material distributed in a 
targeted and activity-related manner; 

(v) Corporate, community association, environmental 
organization and entertainment industry tie-ins; and 

(vi) Events targeted to specific activities and population 
subgroups. 

(2) The Principal Permittee shall develop a strategy to 
educate ethnic communities and businesses through 
culturally effective methods.  Details of this strategy should 
be incorporated into the Public Education Program, and 
implemented, no later than February 3, 2003. 
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(3) The Principal Permittee shall enhance the existing 
outreach efforts to residents and businesses related to the 
proper disposal of cigarette butts.    

(4) Each Permittee shall conduct educational activities within 
its jurisdiction and participate in countywide events.  

(5) The Principal Permittee shall organize Public Outreach 
Strategy meetings for Permittees on a quarterly basis, 
beginning no later than May 1, 2002.  The Principal 
Permittee shall provide guidance for Permittees to 
augment the countywide outreach and education program.  
Permittees shall coordinate regional and local outreach 
and education to reduce duplication of efforts.  Permittees 
are encouraged to include other interested parties in the 
outreach strategy to strengthen and coordinate 
educational efforts. 

(6) The Principal Permittee shall ensure that a minimum of 35 
million impressions per year are made on the general 
public about storm water quality via print, local TV access, 
local radio, or other appropriate media. 

(7) The Principal Permittee, in cooperation with the 
Permittees, shall provide schools within each School 
District in the County with materials, including, but not 
limited to, videos, live presentations, and other information 
necessary to educate a minimum of 50 percent of all 
school children (K-12) every 2 years on storm water 
pollution.   

(8) Permittees shall provide the contact information for their 
appropriate staff responsible for storm water public 
education activities to the Principal Permittee no later than 
April 1, 2002, and changes to contact information no later 
than 30 days after a change occurs.   

(9) The Principal Permittee shall develop a strategy to 
measure the effectiveness of in-school educational 
programs.  The protocol shall include assessment of 
students' knowledge of storm water pollution problems and 
solutions before and after educational efforts are 
conducted.  The protocol shall be developed and 
submitted to the Regional Board Executive Officer for 
approval no later than May 1, 2002.  It shall be 
implemented upon approval. 

(10) In order to ensure that the PIPP is demonstrably effective 
in changing the behavior of the public, the Principal 
Permittee shall develop a behavioral change assessment 
strategy no later than May 1, 2002.  The strategy shall be 
developed based on sociological data and studies (such 
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as the County Segmentation Study).  The Principal 
Permittee shall submit the assessment strategy to the 
Regional Board Executive Office for approval. It shall be 
implemented on approval.   

d) Pollutant-Specific Outreach 

The Principal Permittee, in cooperation with Permittees, shall 
coordinate to develop outreach programs that focus on the 
watershed-specific pollutants listed in Table 1 no later than 
February 3, 2003.  Metals may be appropriately addressed 
through the Industrial/Commercial Facilities Program  (e.g. 
distribute education materials on appropriate BMPs for metal 
waste management to facilities that have been identified as a 
potential source, such as metal fabricating facilities).  Region-wide 
pollutants may be included in the Principal Permittee's mass 
media outreach efforts. 

 

Table 1. 

Watershed Target Pollutants for Outreach  

Ballona Creek Trash, Indicator Bacteria, Metals, PAHs 
Malibu Creek Trash, Nutrients (Nitrogen), Indicator 

Bacteria, Sediments 
Los Angeles River Trash, Nutrients (Nitrogen), Indicator 

Bacteria, Metals, Pesticides, PAHs 
San Gabriel River Trash, Nutrients (Nitrogen), Indicator 

Bacteria, Metals 
Santa Clara River Nutrients (Nitrogen), Coliform 
Dominguez 
Channel 

Trash, Indicator Bacteria, PAHs 

 
Each Permittee shall make outreach materials available to the 
general public and target audiences, such as schools, community 
groups, contractors and developers, and at appropriate public 
counters and events.   Outreach material shall include information 
on pollutants, sources of concern, and source abatement 
measures. 

2. Businesses Program 

a) Corporate Outreach 

The Principal Permittee shall develop and implement a Corporate 
Outreach program to educate and inform corporate managers 
about storm water regulations.   The program shall target RGOs 
and restaurant chains.  At a minimum, this program shall include: 

(1) Conferring with corporate management to explain storm 
water regulations; 

(2) Distribution and discussion of educational material 
regarding storm water pollution and BMPs, and provide 
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managers with suggestions to facilitate employee 
compliance with storm water regulations. 

Corporate Outreach for all RGOs and restaurant chain 
corporations shall be conducted not less than twice during the 
permit term, with the first outreach contact to begin no later than 
February 3, 2003. 

b) Business Assistance Program 

The Principal Permittee and Permittees may implement a 
Business Assistance Program to provide technical resource 
assistance to small businesses to advise them on BMPs 
implementation to reduce the discharge of pollutants in storm 
water runoff. Programs may include: 

(1) On-site technical assistance or consultation via telephone 
to identify and implement storm water pollution prevention 
methods and best management practices; and 

(2) Making available, distributing, and discussing of applicable 
BMP and educational materials. 

C. Industrial/Commercial Facilities Control Program  

 
Each Permittee shall require implementation of pollutant reduction and control 
measures at industrial and commercial facilities, with the objective of reducing 
pollutants in storm water runoff.  Except as specified in other sections of this 
Order, pollutant reduction and control measures can be used alone or in 
combination, and can include Structural and Source Control BMPs, and 
operation and maintenance procedures, which can be applied before, during, 
and/or after pollution generating activities.  At a minimum, the 
Industrial/Commercial Facilities Control Program shall include requirements to:  
(1) track, (2) inspect, and (3) ensure compliance at industrial and commercial 
facilities that are critical sources of pollutants in storm water. 

 

1. Track Critical Sources 

a) Each Permittee shall maintain a watershed-based inventory or 
database of all facilities within its jurisdiction that are critical 
sources of storm water pollution.  Critical sources to be tracked 
are summarized below, and also specified in Attachment B: 

(1) Commercial Facilities 

• restaurants; 
• automotive service facilities; and 
• RGOs and automotive dealerships. 

(2) USEPA Phase I Facilities (Tier 1 and 2) 

(3) Other Federally-mandated Facilities [as specified in 40 
CFR 122.26(d)(2)(iv)(C)] 
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• municipal landfills; 
• hazardous waste treatment, disposal, and recovery 

facilities; and 
• facilities subject to SARA Title III (also known as 

EPCRA). 

b) Each Permittee shall include the following minimum fields of 
information for each industrial and commercial facility: 

• name of facility and name of owner/operator;  
• address;  
• coverage under the GIASP or other individual or general 

NPDES permits; and 
• a narrative description including SIC codes that best reflects 

the industrial activities at and principal products of each 
facility.  

 
The Regional Board encourages Permittees to add other fields of 
information, such as material usage and/or industrial output, and 
discrepancies between SIC Code designations (as reported by 
facility operators) and the actual type of industrial activity has the 
potential to pollute storm water.  In addition, the Regional Board 
recommends use of an automated database system, such as a 
Geographical Information System (GIS) or Internet-based system; 
however, this is not required.   

c) Each Permittee shall update its inventory of critical sources at 
least annually.  The update may be accomplished through 
collection of new information obtained through field activities or 
through other readily available intra-agency informational 
databases (e.g. business licenses, pretreatment permits, sanitary 
sewer hook-up permits).  

2. Inspect Critical Sources 

 
Each Permittee shall inspect all facilities in the categories and at a level 
and frequency as specified in the following subsections. 

a) Commercial Facilities 

(1) Restaurants 

 
Frequency of Inspections:  Twice during the 5-year term of 
the Order, provided that the first inspection occurs no later 
than August 1, 2004, and that there is a minimum interval 
of one year in between the first compliance inspection and 
the second compliance inspection. 

 
Level of inspections:  Each Permittee, in cooperation with 
its appropriate department (such as health or public 
works), shall inspect all restaurants within its jurisdiction to 
confirm that storm water BMPs are being effectively 
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implemented in compliance with State law, County and 
municipal ordinances, Regional Board Resolution 98-08, 
and the SQMP.  At each restaurant, inspectors shall verify 
that the restaurant operator: 

 
• has received educational materials on storm water 

pollution prevention practices; 
• does not pour oil and grease or oil and grease residue 

onto a parking lot, street or adjacent catch basin; 
• keeps the trash bin area clean and trash bin lids 

closed, and does not fill trash bins with washout water 
or any other liquid; 

• does not allow illicit discharges, such as discharge of 
washwater from floormats, floors, porches, parking 
lots, alleys, sidewalks and street areas (in the 
immediate vicinity of the establishment), filters or 
garbage/trash containers; 

• removes food waste, rubbish or other materials from 
parking lot areas in a sanitary manner that does not 
create a nuisance or discharge to the storm drain. 

 

(2) Automotive Service Facilities 

 
Frequency of Inspections:  Twice during the 5-year term of 
the Order, provided that the first inspection occurs no later 
than August 1, 2004, and that there is a minimum interval 
of one year in between the first compliance inspection and 
the second compliance inspection.  

 
Level of inspections:  Each Permittee shall inspect all 
automotive service facilities within its jurisdiction to confirm 
that storm water BMPs are effectively implemented in 
compliance with County and municipal ordinances, 
Regional Board Resolution 98-08, and the SQMP.  At each 
automotive service facility, inspectors shall verify that each 
operator: 

 
• maintains the facility area so that it is clean and dry 

and without evidence of excessive staining; 
• implements housekeeping BMPs to prevent spills and 

leaks; 
• properly discharges wastewaters to a sanitary sewer 

and/or contains wastewaters for transfer to a legal 
point of disposal; 

• is aware of the prohibition on discharge of non-storm 
water to the storm drain; 

• properly manages raw and waste materials including 
proper disposal of hazardous waste; 
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• protects outdoor work and storage areas to prevent 
contact of pollutants with rainfall and runoff; 

• labels, inspects, and routinely cleans storm drain inlets 
that are located on the facility’s property; and 

• trains employees to implement storm water pollution 
prevention practices. 

 

(3) Retail Gasoline Outlets and Automotive Dealerships 

 
Frequency of Inspection:  Twice during the 5-year term of 
the Order, provided that the first inspection occurs no later 
than August 1, 2004, and that there is a minimum interval 
of one year in between the first compliance inspection and 
the second compliance inspection. 

 
Level of Inspection:  Each Permittee shall confirm that 
BMPs are being effectively implemented at each RGO and 
automotive dealership within its jurisdiction, in compliance 
with the SQMP, Regional Board Resolution 98-08, and the 
Stormwater Quality Task Force Best Management Practice 
Guide for RGOs.  At each RGO and automotive 
dealership, inspectors shall verify that each operator: 

 
• routinely sweeps fuel-dispensing areas for removal of 

litter and debris, and keeps rags and absorbents ready 
for use in case of leaks and spills;  

• is aware that washdown of facility area to the storm 
drain is prohibited; 

• is aware of design flaws (such as grading that doesn’t 
prevent run-on, or inadequate roof covers and berms), 
and that equivalent BMPs are implemented; 

• inspects and cleans storm drain inlets and catch basins 
within each facility’s boundaries no later than October 
1

st
 of each year; 

• posts signs close to fuel dispensers, which warn 
vehicle owners/operators against “topping off” of 
vehicle fuel tanks and installation of automatic shutoff 
fuel dispensing nozzles; 

• routinely checks outdoor waste receptacle and 
air/water supply areas, cleans leaks and drips, and 
ensures that only watertight waste receptacles are 
used and that lids are closed; and 

• trains employees to properly manage hazardous 
materials and wastes as well as to implement other 
storm water pollution prevention practices. 
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b) Phase I Facilities   

Permittees need not inspect facilities that have been inspected by 
the Regional Board within the past 24 months.  For the remaining 
Phase I facilities that the Regional Board has not inspected, each 
Permittee shall conduct compliance inspections as specified 
below. 

 
Frequency of Inspection 
 

Facilities in Tier 1 Categories:  Twice during the 5-year 
term of the Order, provided that the first inspection occurs 
no later than August 1, 2004, and that there is a minimum 
interval of one year in between the first compliance 
inspection and the second compliance inspection. 

 
Facilities in Tier 2 Categories:  Twice during the 5-year 
term of the permit, provided that the first inspection occurs 
no later than August 1, 2004.  Permittees need not 
perform additional inspections at those facilities 
determined to have no risk of exposure of industrial activity 
to storm water.  For those facilities that do have exposure 
of industrial activities to storm water, a Permittee may 
reduce the frequency of additional compliance inspections 
to once every 5 years, provided that the Permittee inspects 
at least 20% of the facilities in Tier 2 each year. 

 
Level of Inspection:  Each Permittee shall confirm that each 
operator: 
  
• has a current Waste Discharge Identification (WDID) number 

for facilities discharging storm water associated with industrial 
activity, and that a Storm Water Pollution Prevention Plan is 
available on-site, and  

• is effectively implementing BMPs in compliance with County 
and municipal ordinances, Regional Board Resolution 98-08, 
and the SQMP. 

 

c) Other Federally-mandated Facilities 

 
Frequency of Inspection:  Twice during the 5-year term of the 
Order, provided that the first inspection occurs no later than 
August 1, 2004, and that there is a minimum interval of one year 
in between the first compliance inspection and the second 
compliance inspection. 

 
Level of Inspection:  Each Permittee shall confirm that each 
operator:  
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• has a current Waste Discharge Identification (WDID) number 
for facilities discharging storm water associated with industrial 
activity, and that a Storm Water Pollution Prevention Plan is 
available on-site, and  

• is effectively implementing BMPs in compliance with County 
and municipal ordinances, Regional Board Resolution 98-08, 
and the SQMP. 

 

3. Ensure Compliance of Critical Sources 

 

a) BMP Implementation:  In the event that a Permittee determines 
that a BMP specified by the SQMP or Regional Board Resolution  
98-08 is infeasible at any site, that Permittee shall require 
implementation of other BMPs that will achieve the equivalent 
reduction of pollutants in the storm water discharges.  Likewise, 
for those BMPs that are not adequate to achieve water quality 
objectives, Permittees may require additional site-specific 
controls, such as Treatment Control BMPs. 

 

b) Environmentally Sensitive Areas and Impaired Waters:  For 
critical sources that are in ESAs or that are tributary to CWA § 
303(d) impaired water bodies, Permittees shall consider requiring 
operators to implement additional controls to reduce pollutants in 
storm water runoff that are causing or contributing to the 
exceedences of Water Quality Objectives. 

 

c) Progressive Enforcement:  Each Permittee shall implement a 
progressive enforcement policy to ensure that facilities are 
brought into compliance with all storm water requirements within a 
reasonable time period as specified below. 

(1) In the event that a Permittee determines, based on an 
inspection conducted above, that an operator has failed to 
adequately implement all necessary BMPs, that Permittee 
shall take progressive enforcement action which, at a 
minimum, shall include a follow-up inspection within 4 
weeks from the date of the initial inspection.   

(2) In the event that a Permittee determines that an operator 
has failed to adequately implement BMPs after a follow-up 
inspection, that Permittee shall take further enforcement 
action as established through authority in its municipal 
code and ordinances or through the judicial system. 

(3) Each Permittee shall maintain records, including 
inspection reports, warning letters, notices of violations, 
and other enforcement records, demonstrating a good 
faith effort to bring facilities into compliance. 
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d) Interagency Coordination 

(1) Referral of Violations of the SQMP, Regional Board 
Resolution 98-08, and Municipal Storm Water 
Ordinances:  A Permittee may refer a violation(s) to the 
Regional Board provided that that Permittee has made a 
good faith effort of progressive enforcement.  At a 
minimum, a Permittee’s good faith effort must include 
documentation of: 

• Two follow-up inspections, and 
• Two warning letters or notices of violation. 

 

(2) Referral of Violations of the GIASP, including 
Requirements to File a Notice of Intent:  For those 
facilities in violation of the GIASP, Permittees may 
escalate referral of such violations to the Regional Board 
after one inspection and one written notice to the operator 
regarding the violation.  In making such referrals, 
Permittees shall include, at a minimum, the following 
documentation: 

• Name of the facility; 
• Operator of the facility; 
• Owner of the facility; 
• Industrial activity being conducted at the facility that is 

subject to the GIASP; and 
• Records of communication with the facility operator 

regarding the violation, which shall include at least an 
inspection report and one written notice of the violation.  

 
Permittees shall, at a minimum, make such referrals on a 
quarterly basis. 

 

(3) Investigation of Complaints Regarding Facilities – 
Transmitted by the Regional Board Staff:  Each 
Permittee shall initiate, within one business day, 
investigation of complaints (other than non-storm water 
discharges) regarding facilities within its jurisdiction.  The 
initial investigation shall include, at a minimum, a limited 
inspection of the facility to confirm the complaint to 
determine if the facility is effectively complying with the 
SQMP and municipal storm water/urban runoff ordinances, 
and to oversee corrective action. 

(4) Support of Regional Board Enforcement Actions:  As 
directed by the Regional Board Executive Officer, 
Permittees shall support Regional Board enforcement 
actions by:  assisting in identification of current owners, 
operators, and lessees of facilities; providing staff, when 
available, for joint inspections with Regional Board 
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inspectors; appearing as witnesses in Regional Board 
enforcement hearings; and providing copies of inspection 
reports and other progressive enforcement documentation. 

(5) Participation in a Task Force:  The Permittees, Regional 
Board, and other stakeholders may form a Storm Water 
Task Force, the purpose of which is to communicate 
concerns regarding special cases of storm water violations 
by industrial and commercial facilities and to develop a 
coordinated approach to enforcement action. 

 

D. Development Planning Program 

The Permittees shall implement a development-planning program that will 
require all Planning Priority development and Redevelopment projects to: 

• Minimize impacts from storm water and urban runoff on the biological 
integrity of Natural Drainage Systems and water bodies in accordance with 
requirements under CEQA  (Cal. Pub. Resources Code § 21100), CWC § 
13369, CWA § 319, CWA § 402(p), CWA § 404, CZARA § 6217(g), ESA § 7, 
and local government ordinances ; 

• Maximize the percentage of pervious surfaces to allow  percolation of storm 
water into the ground; 

• Minimize the quantity of storm water directed to impervious surfaces and the 
MS4; 

• Minimize pollution emanating from parking lots through the use of 
appropriate Treatment Control BMPs and good housekeeping practices; 

• Properly design and maintain Treatment Control BMPs in a manner that does 
not promote the breeding of vectors; and 

• Provide for appropriate permanent measures to reduce storm water pollutant 
loads in storm water from the development site. 

1. Peak Flow Control 

 
The Permittees shall control post-development peak storm water runoff 
discharge rates, velocities, and duration (peak flow control) in Natural 
Drainage Systems (i.e., mimic pre-development hydrology) to prevent 
accelerated stream erosion and to protect stream habitat. Natural 
Drainage Systems are located in the following areas: 
 

a) Malibu Creek; 

b) Topanga Canyon Creek; 

c) Upper Los Angeles River; 

d) Upper San Gabriel River; 
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e) Santa Clara River; and  

f) Los Angeles County Coastal streams (see Basin Plan Table 2-1). 

 
The Principal Permittee in consultation with Permittees shall develop 
numerical criteria for peak flow control, based on the results of the Peak 
Discharge Impact Study (see Monitoring Program Section II.I). 

 
Each Permittee shall, no later than February 1, 2005, implement numerical 
criteria for peak flow control. 

 
A Permittee or group of Permittees may substitute for the countywide peak 
flow control criteria with a Hydromodification Control Plan (HCP), on 
approval by the Regional Board, in the following circumstances:  

(1) Stream or watershed-specific conditions indicate the need 
for a different peak flow control criteria, and the alternative 
numerical criteria is developed through the application of 
hydrologic modeling and supporting field observations; or 

(2) A watershed-wide plan has been developed for 
implementation of control measures to reduce erosion and 
stabilize drainage systems on a watershed basis. 

2. Standard Urban Storm Water Mitigation Plans (SUSMPs) 

a) Each Permittee shall amend codes and ordinances not later than 
August 1, 2002 to give legal effect to SUSMP changes contained 
in this Order.  Changes to SUSMP requirements shall take effect 
not later than September 2, 2002. 

b) Each Permittee shall require that a single-family hillside home: 

(1) Conserve natural areas; 

(2) Protect slopes and channels; 

(3) Provide storm drain system stenciling and signage; 

(4) Divert roof runoff to vegetated areas before discharge 
unless the diversion would result in slope instability; and 

(5) Direct surface flow to vegetated areas before discharge 
unless the diversion would result in slope instability.  

c) Each Permittee shall require that a SUSMP as approved by the 
Regional Board in Board Resolution No. R 00-02 be implemented 
for the following categories of developments: 

(1) Ten or more unit homes (includes single family homes, 
multifamily homes, condominiums, and apartments); 

(2) A 100,000 or more square feet of impervious surface area 
industrial/ commercial development; 
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(3) Automotive service facilities (SIC 5013, 5014, 5541, 7532-
7534, and 7536-7539); 

(4) Retail gasoline outlets; 

(5) Restaurants (SIC 5812); 

(6) Parking lots 5,000 square feet or more of surface area or 
with 25 or more parking spaces; and 

(7) Redevelopment projects in subject categories that meet 
Redevelopment thresholds. 

d) Each Permittee shall submit an ESA Delineation Map for its 
jurisdictional boundary, based on the Regional Board’s ESA 
Definition, no later than June 3, 2002, for approval by the 
Regional Board Executive Officer in consultation with the 
California Department of Fish and Game, and the California 
Coastal Commission. 

e) Each Permittee shall require the implementation of SUSMP 
provisions no later than September 2, 2002, for all projects 
located in or directly adjacent to or discharging directly to an ESA, 
where the development will: 

(1) Discharge storm water and urban runoff that is likely to 
impact a sensitive biological species or habitat; and  

(2) Create 2,500 square feet or more of impervious surface 
area.  

3. Numerical Design Criteria 

 
The Permittees shall require that post-construction Treatment Control 
BMPs incorporate, at a minimum, either a volumetric or flow based 
treatment control design standard, or both, as identified below to mitigate 
(infiltrate, filter or treat) storm water runoff: 

a) Volumetric Treatment Control BMP 

(1) The 85
th
 percentile 24-hour runoff event determined as the 

maximized capture storm water volume for the area, from 
the formula recommended in Urban Runoff Quality 
Management, WEF Manual of Practice No. 23/ ASCE 
Manual of Practice No. 87, (1998); or 

(2) The volume of annual runoff  based on unit basin storage 
water quality volume, to achieve 80 percent or more 
volume treatment by the method recommended in 
California Stormwater Best Management Practices 
Handbook – Industrial/ Commercial, (1993); or 
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(3) The volume of runoff produced from a 0.75 inch  storm 
event, prior to its discharge to a storm water conveyance 
system; or 

(4) The volume of runoff produced from a historical-record 
based reference 24-hour rainfall criterion for “treatment” 
(0.75 inch average for the Los Angeles County area) that 
achieves approximately the same reduction in pollutant 
loads achieved by the 85

th
 percentile 24-hour runoff event. 

b) Flow Based Treatment Control BMP  

(1) The flow of runoff produced from a rain event equal to at 
least 0.2 inches per hour intensity; or 

(2) The flow of runoff produced from a rain event equal to at 
least two times the 85

th
 percentile hourly rainfall intensity 

for Los Angeles County; or 

(3) The flow of runoff produced from a rain event that will 
result in treatment of the same portion of runoff as treated 
using volumetric standards above. 

4. Applicability of Numerical Design Criteria 

 
The Permittees shall require the following categories of Planning Priority 
Projects to design and implement post-construction treatment controls to 
mitigate storm water pollution:  

a) Single-family hillside residential developments of one acre or 
more of surface area; 

b) Housing developments (includes single family homes, multifamily 
homes, condominiums, and apartments) of ten units or more; 

c) A 100,000 square feet or more impervious surface area industrial/ 
commercial development; 

d) Automotive service facilities (SIC 5013, 5014, 5541, 7532-7534 
and 7536-7539) [5,000 square feet or more of surface area]; 

e) Retail gasoline outlets [5,000 square feet or more of impervious 
surface area and with projected Average Daily Traffic (ADT) of 
100 or more vehicles].  Subsurface Treatment Control BMPs 
which may endanger public safety (i.e., create an explosive 
environment) are considered not appropriate; 

f) Restaurants (SIC 5812) [5,000 square feet or more of surface 
area]; 

g) Parking lots 5,000 square feet or more of surface area or with 25 
or more parking spaces; 
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h) Projects located in, adjacent to or discharging directly to an ESA  
that meet threshold conditions identified above in 2.e; and 

i) Redevelopment projects in subject categories that meet 
Redevelopment thresholds. 

5. Not later than March 10, 2003, each Permittee shall require the 
implementation of SUSMP and post-construction control requirements for 
the industrial/commercial development category to projects that disturb 
one acre or more of surface area.  

6. Site Specific Mitigation  

 
Each Permittee shall, no later than September 2, 2002, require the 
implementation of a site-specific plan to mitigate post-development storm 
water for new development and redevelopment not requiring a SUSMP 
but which may potentially have adverse impacts on post-development 
storm water quality, where one or more of the following project 
characteristics exist: 

a) Vehicle or equipment fueling areas; 

b) Vehicle or equipment maintenance areas, including washing    
and repair; 

c) Commercial or industrial waste handling or storage; 

d) Outdoor handling or storage of hazardous materials; 

e) Outdoor manufacturing areas; 

f) Outdoor food handling or processing; 

g) Outdoor animal care, confinement, or slaughter; or 

h) Outdoor horticulture activities. 

7. Redevelopment Projects 

 
The Permittees shall apply the SUSMP, or site specific requirements 
including post-construction storm water mitigation to all Planning Priority 
Projects that undergo significant Redevelopment in their respective 
categories.   

a) Significant Redevelopment means land-disturbing activity that 
results in the creation or addition or replacement of 5,000 square 
feet or more of impervious surface area on an already developed 
site.   

Where Redevelopment results in an alteration to more than fifty 
percent of impervious surfaces of a previously existing 
development, and the existing development was not subject to 
post development storm water quality control requirements, the 
entire project must be mitigated.  Where Redevelopment results 
in an alteration to less than fifty percent of impervious surfaces of 

RB-AR7271



NPDES CAS004001 - 47 - Order No. 01-182 

Amended by Orders R4-2006-0074, R4-2007-0042, and R4-2009-0130, and further amended 
pursuant to L.A. Superior Court Case No. BS122724 

a previously existing development, and the existing development 
was not subject to post development storm water quality control 
requirements, only the alteration must be mitigated, and not the 
entire development.  

b) Redevelopment does not include routine maintenance activities 
that are conducted to maintain original line and grade, hydraulic 
capacity, original purpose of facility or emergency redevelopment 
activity required to protect public health and safety. 

c) Existing single family structures are exempt from the 
Redevelopment requirements. 

8. Maintenance Agreement and Transfer 

 
Each Permittee shall require that all developments subject to SUSMP and 
site specific plan requirements provide verification of maintenance 
provisions for Structural and Treatment Control BMPs, including but not 
limited to legal agreements, covenants, CEQA mitigation requirements, and 
or conditional use permits.  Verification at a minimum shall include: 

a) The developer's signed statement accepting responsibility for 
maintenance until the responsibility is legally transferred; and 
either 

b) A signed statement from the public entity assuming responsibility 
for Structural or Treatment Control BMP maintenance and that it 
meets all local agency design standards; or 

c) Written conditions in the sales or lease agreement, which requires 
the recipient to assume responsibility for maintenance and 
conduct a maintenance inspection at least once a year; or 

d) Written text in project conditions, covenants and restrictions 
(CCRs) for residential properties assigning maintenance 
responsibilities to the Home Owners Association for maintenance 
of the Structural and Treatment Control BMPs; or 

e) Any other legally enforceable agreement that assigns 
responsibility for the maintenance of post-construction Structural 
or Treatment Control BMPs. 

 

9. Regional Storm Water Mitigation Program 

 
A Permittee or Permittee group may apply to the Regional Board for 
approval of a regional or sub-regional storm water mitigation program to 
substitute in part or wholly SUSMP requirements.  Upon review and a 
determination by the Regional Board Executive Officer that the proposal 
is technically valid and appropriate, the Regional Board may consider for 
approval such a program if its implementation will:    

a) Result in equivalent or improved storm water quality;   
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b) Protect stream habitat;   

c) Promote cooperative problem solving by diverse interests;  

d) Be fiscally sustainable and has secure funding; and 

e) Be completed in five years including the construction and start-up 
of treatment facilities. 

Nothing in this provision shall be construed as to delay the 
implementation of SUSMP requirements, as approved in this Order. 

10. Mitigation Funding 

 
The Permittees may propose a management framework, for endorsement 
by the Regional Board Executive Officer, to support regional or sub-
regional solutions to storm water pollution, where any of the following 
situations occur: 

a) A waiver for impracticability is granted;  

b) Legislative funds become available; 

c) Off-site mitigation is required because of loss of environmental 
habitat; or 

d) An approved watershed management plan or a regional storm 
water mitigation plan exists that incorporates an equivalent or 
improved strategy for storm water mitigation.  

11. California Environmental Quality Act (CEQA) Document Update 

 
Each Permittee shall incorporate into its CEQA process, with immediate 
effect, procedures for considering potential storm water quality impacts and 
providing for appropriate mitigation when preparing and reviewing CEQA 
documents.   The procedures shall require consideration of the following: 

a) Potential impact of project construction on storm water runoff; 

b) Potential impact of project post-construction activity on storm 
water runoff; 

c) Potential for discharge of storm water from areas from material 
storage, vehicle or equipment fueling, vehicle or equipment 
maintenance (including washing), waste handling, hazardous 
materials handling or storage, delivery areas or loading docks, or 
other outdoor work areas; 

d) Potential for discharge of storm water to impair the beneficial uses 
of the receiving waters or areas that provide water quality benefit; 

e) Potential for the discharge of storm water to cause significant 
harm on the biological integrity of the waterways and water 
bodies; 
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f) Potential for significant changes in the flow velocity or volume of 
storm water runoff that can cause environmental harm; and 

g) Potential for significant increases in erosion of the project site or 
surrounding areas. 

12. General Plan Update 

a) Each Permittee shall amend, revise or update its General Plan to 
include watershed and storm water quality and quantity 
management considerations and policies when any of the 
following General Plan elements are updated or amended: (i) 
Land Use, (ii) Housing, (iii) Conservation, and (iv) Open Space. 

b) Each Permittee shall provide the Regional Board with the draft 
amendment or revision when a listed General Plan element or the 
General Plan is noticed for comment in accordance with Cal. 
Govt. Code § 65350 et seq. 

13. Targeted Employee Training 

 
Each Permittee shall train its employees in targeted positions (whose jobs 
or activities are engaged in development planning) regarding the 
development planning requirements on an annual basis beginning no later 
than August 1, 2002, and more frequently if necessary. For Permittees with 
a population of 250,000 or more (2000 U.S. Census), training shall be 
completed no later than February 3, 2003. 

14. Developer Technical Guidance and Information 

a) Each Permittee shall develop and make available to the developer 
community SUSMP (development planning) guidelines 
immediately.  

b) The Principal Permittee in partnership with Permittees shall issue 
no later than February 2, 2004, a technical manual for the siting 
and design of BMPs for the development community in Los 
Angeles County.  The technical manual may be adapted from the 
revised California Storm Water Quality Task Force Best 
Management Practices Handbooks scheduled for publication in 
September 2002.  The technical manual shall at a minimum 
include: 

(1) Treatment Control BMPs based on flow-based and 
volumetric water quality design criteria for the purposes of 
countywide consistency;  

(2) Peak Flow Control criteria to control  peak discharge rates, 
velocities and duration; 

(3) Expected pollutant removal performance ranges obtained 
from national databases, technical reports and the 
scientific literature; 
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(4) Maintenance considerations; and 

(5) Cost considerations. 

E. Development Construction Program 

1. Each Permittee shall implement a program to control runoff from 
construction activity at all construction sites within its jurisdiction. The 
program shall ensure the following minimum requirements are effectively 
implemented at all construction sites: 

a) Sediments generated on the project site shall be retained using 
adequate Treatment Control or Structural BMPs; 

b) Construction-related materials, wastes, spills, or residues shall be 
retained at the  project site to avoid discharge to streets, drainage 
facilities, receiving waters, or adjacent properties by wind or 
runoff; 

c) Non-storm water runoff from equipment and vehicle washing and 
any other activity shall be contained at the project site; and 

d) Erosion from slopes and channels shall be controlled by 
implementing an effective combination of BMPs (as approved in 
Regional Board Resolution No. 99-03), such as the limiting of 
grading scheduled during the wet season; inspecting graded 
areas during rain events; planting and maintenance of vegetation 
on slopes; and covering erosion susceptible slopes. 

2. For construction sites one acre and greater, each Permittee shall comply 
with all conditions in section E.1. above and shall: 

a) Require the preparation and submittal of a Local Storm Water 
Pollution Prevention Plan (Local SWPPP), for approval prior to 
issuance of a grading permit for construction projects. 

The Local SWPPP shall include appropriate construction site 
BMPs and maintenance schedules.  (A Local SWPPP may 
substitute for the State SWPPP if the Local SWPPP is at least as 
inclusive in controls and BMPs as the State SWPPP).  The Local 
SWPPP must include the rationale used for selecting or rejecting 
BMPs.  The project architect, or engineer of record, or authorized 
qualified designee, must sign a statement on the Local SWPPP to 
the effect: 

 
“As the architect/engineer of record, I have selected appropriate 
BMPs to effectively minimize the negative impacts of this project’s 
construction activities on storm water quality.  The project owner 
and contractor are aware that the selected BMPs must be 
installed, monitored, and maintained to ensure their effectiveness.  
The BMPs not selected for implementation are redundant or 
deemed not applicable to the proposed construction activity.” 
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The landowner or the landowner’s agent shall sign a statement to the 
effect: 

“I certify that this document and all attachments were prepared 
under my direction or supervision in accordance with a system 
designed to assure that qualified personnel properly gather and 
evaluate the information submitted.  Based on my inquiry of the 
person or persons who manage the system or those persons 
directly responsible for gathering the information, to the best of my 
knowledge and belief, the information submitted is true, accurate, 
and complete.  I am aware that submitting false and/or inaccurate 
information, failing to update the Local SWPPP to reflect current 
conditions, or failing to properly and/or adequately implement the 
Local SWPPP may result in revocation of grading and/or other 
permits or other sanctions provided by law.” 
 
The Local SWPPP certification shall be signed by the landowner as 
follows, for a corporation: by a responsible corporate officer which 
means (a) a president, secretary, treasurer, or vice president of the 
corporation in charge of a principal business function, or any other 
person who performs similar policy or decision-making functions for 
the corporation, or (b) the manager of the construction activity if 
authority to sign documents has been assigned or delegated to the 
manager in accordance with corporate procedures; for a 
partnership or sole proprietorship: by a general partner or the 
proprietor; or for a municipality or other public agency: by an 
elected official, a ranking management official (e.g., County 
Administrative Officer, City Manager, Director of Public Works, City 
Engineer, District Manager), or the manager of the construction 
activity if authority to sign Local SWPPPs has been assigned or 
delegated to the manager in accordance with established agency 
policy.  

b) Inspect all construction sites for storm water quality requirements 
during routine inspections a minimum of once during the wet 
season.  The Local SWPPP shall be reviewed for compliance with 
local codes, ordinances, and permits.  For inspected sites that 
have not adequately implemented their Local SWPPP, a follow-up 
inspection to ensure compliance will take place within 2 weeks.  If 
compliance has not been attained, the Permittee will take 
additional actions to achieve compliance (as specified in municipal 
codes). If compliance has not been achieved, and the site is also 
covered under a statewide general construction storm water 
permit, each Permittee shall enforce their local ordinance 
requirements, and if non-compliance continues the Regional 
Board shall be notified for further joint enforcement actions. 

c) Require, no later than March 10, 2003, prior to issuing a grading 
permit for all projects less than five acres requiring coverage 
under a statewide general construction storm water permit, proof 
of a Waste Discharger Identification (WDID) Number for filing a 
Notice of Intent (NOI) for permit coverage and a certification that a 
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SWPPP has been prepared by the project developer. A Local 
SWPPP may substitute for the State SWPPP if the Local SWPPP 
is at least as inclusive in controls and BMPs as the State SWPPP. 

3. For sites five acres and greater, each Permittee shall comply with all 
conditions in Sections E.1. and E.2. and shall: 

a) Require, prior to issuing a grading permit for all projects requiring 
coverage under the state general permit, proof of a Waste 
Discharger Identification (WDID) Number for filing a Notice of 
Intent (NOI) for coverage under the GCASP and a certification 
that a SWPPP has been prepared by the project developer. A 
Local SWPPP may substitute for the State SWPPP if the Local 
SWPPP is at least as inclusive in controls and BMPs as the State 
SWPPP. 

b) Require proof of an NOI and a copy of the SWPPP at any time a 
transfer of ownership takes place for the entire development or 
portions of the common plan of development where construction 
activities are still on-going. 

c) Use an effective system to track grading permits issued by each 
Permittee. To satisfy this requirement, the use of a database or 
GIS system is encouraged, but not required. 

4. GCASP Violation Referrals 

a) Referral of Violations of the SQMP, Regional Board Resolution 
98-08, and municipal storm water ordinances: 

A Permittee may refer a violation(s) to the Regional Board 
provided that the Permittee has made a good faith effort of 
progressive enforcement.  At a minimum, a Permittee's good faith 
effort must include documentation of: 
• Two follow-up inspections within 3 months, and 
• Two warning letters or notices of violation. 

b) Referral of Violations of GCASP Filing Requirements: 

For those projects subject to the GCASP, Permittees shall refer 
non-filers (i.e., those projects which cannot demonstrate that they 
have a WDID number) to the Regional Board, within 15 days of 
making a determination.  In making such referrals, Permittees 
shall include, at a minimum, the following documentation: 
• Project location; 
• Developer; 
• Estimated project size; and 
• Records of communication with the developer regarding filing 

requirements. 

5. Each Permittee shall train employees in targeted positions (whose jobs or 
activities are engaged in construction activities including construction 
inspection staff) regarding the requirements of the storm water 
management program no later than August 1, 2002, and annually 
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thereafter. For Permittees with a population of 250,000 or more (2000 
U.S. Census), initial training shall be completed no later than February 3, 
2003. Each Permittee shall maintain a list of trained employees. 

F. Public Agency Activities Program 

 
Each Permittee shall implement a Public Agency program to minimize storm 
water pollution impacts from public agency activities.  Public Agency 
requirements consist of: 
 

•••• Sewage Systems Maintenance, Overflow, and Spill Prevention 

•••• Public Construction Activities Management 
•••• Vehicle Maintenance/Material Storage Facilities/Corporation 

Yards Management 
•••• Landscape and Recreational Facilities Management 
•••• Storm Drain Operation and Management 
•••• Streets and Roads Maintenance 

•••• Parking Facilities Management 
• Public Industrial Activities Management 
• Emergency Procedures 
• Treatment Feasibility Study 

1. Sewage System  Maintenance, Overflow, and Spill Prevention 

a) Each Permittee shall implement a response plan for overflows of 
the sanitary sewer system within their respective jurisdiction, 
which shall consist at a minimum of the following: 

(1) Investigation of any complaints received; 

(2) Upon notification, immediate response to overflows for 
containment; and 

(3) Notification to appropriate sewer and public health 
agencies when a sewer overflows to the MS4. 

b) In addition to 1.a.1, 1.a.2, and 1.a.3 above, for those Permittees, 
which own and/or operate a sanitary sewer system, the Permittee 
shall also implement the following requirements: 

(1) Procedures to prevent sewage spills or leaks from sewage 
facilities from entering the MS4; and 

(2) Identify, repair, and remediate sanitary sewer blockages, 
exfiltration, overflow, and wet weather overflows from 
sanitary sewers to the MS4. 
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2. Public Construction Activities Management 

a) Each Permittee shall implement the Development Planning 
Program requirements (Permit Part 4.D) at public construction 
projects. 

b) Each Permittee shall implement the Development Construction 
Program requirements (Permit Part 4.E) at Permittee owned 
construction sites. 

c) Each Permittee shall obtain coverage under the GCASP for public 
construction sites 5 acres or greater (or part of a larger area of 
development) except that a municipality under 100,000 in 
population (1990 U.S. Census) need not obtain coverage under a 
separate permit until March 10, 2003. 

d) Each Permittee, no later than March 10, 2003, shall obtain 
coverage under a statewide general construction storm water 
permit for public construction sites for projects between one and 
five acres. 

3. Vehicle Maintenance/Material Storage Facilities/Corporation Yards 
Management 

a) Each Permittee, consistent with the SQMP, shall implement 
SWPPPs for public vehicle maintenance facilities, material 
storage facilities, and corporation yards which have the potential 
to discharge pollutants into storm water.   

b) Each Permittee shall implement BMPs to minimize pollutant 
discharges in storm water including but not be limited to: 

(1) Good housekeeping practices; 

(2) Material storage control; 

(3) Vehicle leaks and spill control; and 

(4) Illicit discharge control. 

 

c) Each Permittee shall implement the following measures to prevent 
the discharge of pollutants to the MS4: 

(1) For existing facilities, that are not already plumbed to the 
sanitary sewer, all vehicle and equipment wash areas 
(except for fire stations) shall either be: 

(i) Self-contained; 

(ii) Equipped with a clarifier; 

(iii) Equipped with an alternative pre-treatment device; 
or 
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(iv) Plumbed to the sanitary sewer. 

(2) For new facilities, or during redevelopment of existing 
facilities (including fire stations), all vehicle and equipment 
wash areas shall be plumbed to the sanitary sewer and be 
equipped with a pre-treatment device in accordance with 
requirements of the sewer agency. 

4. Landscape and Recreational Facilities Management 

Each Permittee shall implement the following requirements:  

a) A standardized protocol for the routine and non-routine application 
of pesticides, herbicides (including pre-emergents), and fertilizers; 

b) Consistency with State Board’s guidelines and monitoring 
requirements for application of aquatic pesticides to surface 
waters (WQ Order No. 2001-12 DWQ); 

c) Ensure no application of pesticides or fertilizers immediately 
before, during, or immediately after a rain event or when water is 
flowing off the area to be applied; 

d) Ensure that no banned or unregistered pesticides are stored or 
applied; 

e) Ensure that staff applying pesticides are certified by the California 
Department of Food and Agriculture, or are under the direct 
supervision of a certified pesticide applicator; 

f) Implement procedures to encourage retention and planting of 
native vegetation and to reduce water, fertilizer, and pesticide 
needs; 

g) Store fertilizers and pesticides indoors or under cover on paved 
surfaces or use secondary containment; 

h) Reduce the use, storage, and handling of hazardous materials to 
reduce the potential for spills; and 

i) Regularly inspect storage areas. 

5. Storm Drain Operation and Management 

a) Each Permittee shall designate catch basin inlets within its 
jurisdiction as one of the following: 

Priority A: Catch basins that are designated as 
consistently generating the highest volumes  
of trash and/or debris.   

Priority B: Catch basins that are designated as 
consistently generating moderate volumes  
of trash and/or debris. 
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Priority C: Catch basins that are designated as 
generating low volumes of trash and/or 
debris.  

b) Permittees subject to a trash TMDL (Ballona Creek WMA) shall 
continue to implement the requirements listed below until trash 
TMDL implementation measures are adopted.  Thereafter, the 
subject Permittees shall implement programs in conformance with 
the TMDL implementation schedule, which shall include an 
effective combination of measures such as street sweeping, catch 
basin cleaning, installation of treatment devices and trash 
receptacles, or other BMPs.  Default requirements include: 

(1) Inspection and cleaning of catch basins between May 1 
and September 30 of each year; 

(2) Additional cleaning of any catch basin that is at least 40% 
full of trash and/or debris; 

(3) Record keeping of catch basins cleaned; and 

(4) Recording of the overall quantity of catch basin waste 
collected. 

If the implementation phase for the Los Angeles River and 
Ballona Creek Trash TMDLs has not begun by October 2003, 
subject Permittees shall implement the requirements described 
below in subsection 5(c), until such time programs in conformance 
with the subject Trash TMDLs are being implemented.  

Permittees subject to the Los Angeles River Watershed Trash 
TMDL shall implement the requirements set forth in Part 7. Total 
Maximum Daily Load Provisions, subsection 1 “TMDL for Trash in 
the Los Angeles River Watershed”. 

 

c) Permittees not subject to a trash TMDL shall: 

(1) Clean catch basins according to the following schedule: 

 
Priority A: A minimum of three times during the wet 

season and once during the dry season 
every year. 

Priority B: A minimum of once during the wet season 
and once during the dry season every year. 

Priority C: A minimum of once per year. 

In addition to the schedule above, between February 1, 
2002 and July 1, 2003, Permittees shall ensure that any 
catch basin that is at least 40% full of trash and/or debris 
shall be cleaned out.  After July 1, 2003, Permittees shall 
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ensure that any catch basin that is at least 25% full of 
trash and debris shall be cleaned out. 

(2) For any special event that can be reasonably expected to 
generate substantial quantities of trash and litter, include 
provisions that require for the proper management of trash 
and litter generated, as a condition of the special use 
permit issued for that event.  At a minimum, the 
municipality who issues the permit for the special event 
shall arrange for either temporary screens to be placed on 
catch basins or for catch basins in that area to be cleaned 
out subsequent to the event and prior to any rain event. 

(3) Place trash receptacles at all transit stops within its 
jurisdiction that have shelters no later than August 1, 2002, 
and at all other transit stops within its jurisdiction no later 
than February 3, 2003.  All trash receptacles shall be 
maintained as necessary.  

d) Each Permittee shall inspect the legibility of the catch basin stencil 
or label nearest the inlet.  Catch basins with illegible stencils shall 
be recorded and re-stenciled or re-labeled within 180 days of 
inspection. 

e) Each Permittee shall implement BMPs for Storm Drain 
Maintenance that include: 

(1) A program to visually monitor Permittee-owned open 
channels and other drainage structures for debris at least 
annually and identify and prioritize problem areas of illicit 
discharge for regular inspection; 

(2) A review of current maintenance activities to assure that 
appropriate storm water BMPs are being utilized to protect 
water quality; 

(3) Removal of trash and debris from open channel storm 
drains shall occur a minimum of once per year before the 
storm season; 

(4) Minimize the discharge of contaminants during MS4 
maintenance and clean outs; and 

(5) Proper disposal of material removed. 

6. Streets and Roads Maintenance 

a) Each Permittee shall designate streets and/or street segments 
within its jurisdiction as one of the following: 

Priority A: Streets and/or street segments that are designated 
as consistently generating the highest volumes of 
trash and/or debris.  
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Priority B: Streets and/or street segments that are designated 
as consistently generating moderate volumes of 
trash and/or debris.  

Priority C: Streets and/or street segments that are designated 
as generating low volumes of trash and/or debris.  

b) Each Permittee shall perform street sweeping of curbed streets 
according to the following schedule: 

Priority A: These streets and/or street segments shall be 
swept at least two times per month. 

Priority B: Each Permittee shall ensure that each street and/or 
street segments is swept at least once per month. 

Priority C: These streets and/or street segments shall be 
swept as necessary but in no case less than once 
per year. 

c) Each Permittee shall require that: 

(1) Sawcutting wastes be recovered and disposed of properly 
and that in no case shall waste be left on a roadway or 
allowed to enter the storm drain; 

(2) Concrete and other street and road maintenance materials 
and wastes shall be managed to prevent discharge to the 
MS4; and 

(3) The washout of concrete trucks and chutes shall only 
occur in designated areas and never discharged to storm 
drains, open ditches, streets, or catch basins. 

d) Each Permittee shall, no later than August 1, 2002, train their 
employees in targeted positions (whose interactions, jobs, and 
activities affect storm water quality) regarding the requirements of 
the storm water management program to: 

(1) Promote a clear understanding of the potential for 
maintenance activities to pollute storm water; and 

(2) Identify and select appropriate BMPs. 

 
For Permittees with a population of 250,000 or more (2000 U.S. 
Census) training shall be completed no later than February 1, 
2003. 

 

7. Parking Facilities Management 

 
Permittee-owned parking lots exposed to storm water shall be kept clear 
of debris and excessive oil buildup and cleaned no less than 2 times per 
month and/or inspected no less than 2 times per month to determine if 
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cleaning is necessary.  In no case shall a Permittee-owned parking lot be 
cleaned less than once a month. 

 

8. Public Industrial Activities Management 

 
Each Permittee shall, for any municipal activity considered a discharge of 
storm water associated with industrial activity, obtain separate coverage 
under the GIASP except that a municipality under 100,000 in population 
(1990 U.S. Census) need not file the Notice Of Intent to be covered by 
said permit until March 10, 2003 (with the exception of power plants, 
airports, and uncontrolled sanitary landfills). 

 

9. Emergency Procedures 

Each Permittee shall repair essential public services and infrastructure in 
a manner to minimize environmental damage in emergency situations 
such as: earthquakes; fires; floods; landslides; or windstorms.  BMPs 
shall be implemented to the extent that measures do not compromise 
public health and safety.  After initial emergency response or emergency 
repair activities have been completed, each Permittee shall implement 
BMPs and programs as required under this Order. 

10. Treatment Feasibility Study  

 
The Permittees in cooperation with the County Sanitation Districts of Los 
Angeles County shall conduct a study to investigate the possible 
diversion of dry weather discharges or the use of alternative Treatment 
Control BMPs to treat flows from their jurisdiction which may impact 
public health and safety and/or the environment.  The Permittees shall 
collectively review their individual prioritized lists and create a watershed 
based priority list of drains for potential diversion or treatment and submit  
the priority listing  to the Regional Board Executive Officer, no later than 
July 1, 2003.  
 

G. Illicit Connections and Illicit Discharges Elimination Program 

 
Permittees shall eliminate all illicit connections and illicit discharges to the storm 
drain system, and shall document, track, and report all such cases in accordance 
with the elements and performance measures specified in the following 
subsections. 
 

1. General 

a) Implementation:  Each Permittee must develop an Implementation 
Program which specifies how each Permittee is implementing 
revisions to the IC/ID Program of the SQMP.  This Implementation 
Program must be documented, and available for review and 
approval by the Regional Board Executive Officer, upon request. 
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b) Tracking:  All Permittees shall, no later than February 3, 2003, 
develop and maintain a  listing of all permitted connections to their 
storm drain system. All Permittees shall map at a scale and in a 
format specified by the Principal Permittee all illicit connections 
and discharges on their baseline maps, and shall transmit this 
information to the Principal Permittee. No later than February 3, 
2003, the Principal Permittee shall use this information as well as 
results of baseline and priority screening for illicit connections (as 
set forth in subsection 2 below) to start an annual evaluation of 
patterns and trends of illicit connections and illicit discharges, with 
the objectives of identifying priority areas for elimination of illicit 
connections and illicit discharges.  

c) Training:  All Permittees shall train all targeted employees who are 
responsible for identification, investigation, termination, cleanup, 
and reporting of illicit connections and discharges.  For Permittees 
with a population of less than 250,000 (2000 U.S. Census), 
training shall be completed no later than August 1, 2002.  For 
Permittees with a population of 250,000 or more (2000 U.S. 
Census), training shall be completed no later than February 3, 
2003.  Furthermore, all Permittees shall conduct refresher training 
on an annual basis thereafter. 

2. Illicit Connections  

a) Screening for Illicit Connections 

(1) Field Screening:  All Permittees shall field Screen the 
storm drain system for illicit connections in accordance 
with the following schedule: 

(i) Open channels: No later than February 3, 2003; 

(ii) Underground pipes in priority areas:  No later than 
February 1, 2005; and  

(iii) Underground pipes with a diameter of 36 inches or 
greater:  No later than December 12, 2006. 

Permittees shall report, to the Principal Permittee, on the 
location and length of open channels or underground pipes 
that have been Screened vis a vis the entire storm drain 
network, and on the status of suspected, confirmed, and 
terminated illicit connections. Permittees shall maintain a 
list containing all permitted connections and the status of 
connections under investigation for possible illicit 
connection.  

(2) Permit Screening: No later than December 12, 2006, 
Permittees shall complete a review of all permitted 
connections to the storm drain system, to confirm 
compliance with Part 1 (Discharge Prohibition). 
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b) Response to Illicit Connections 

(1) Investigation:  Upon discovery or upon receiving a report 
of a suspected illicit connection, Permittees shall initiate an 
investigation within 21 days, to determine the source of the 
connection, the nature and volume of discharge through 
the connection, and the responsible party for the 
connection. 

(2) Termination:  Upon confirmation of the illicit nature of a 
storm drain connection, Permittees shall ensure 
termination of the connection within 180 days, using 
enforcement authority as needed. 

3. Illicit Discharges 

a) Abatement and Cleanup: Permittees shall respond, within one 
business day of discovery or a report of a suspected illicit 
discharge, with activities to abate, contain, and clean up all illicit 
discharges, including hazardous substances. 

b) Investigation:  Permittees shall investigate illicit discharges as 
soon as practicable (during or immediately following containment 
and cleanup activities), and shall take enforcement action as 
appropriate. 

Part 5. DEFINITIONS 

 
The following are definitions for terms applicable to this Order: 
 
"Adverse Impact" means a detrimental effect upon water quality or beneficial uses caused by 
a discharge or loading of a pollutant or pollutants.   
 
"Anti-degradation policies"  means the Statement of Policy with Respect to Maintaining High 
Quality Water in California (State Board Resolution No. 68-16) which protects surface and 
ground waters from degradation.  In particular, this policy protects waterbodies where existing 
quality is higher than that necessary for the protection of beneficial uses including the protection 
of fish and wildlife propagation and recreation on and in the water. 
 
"Applicable Standards and Limitations"  means all State, interstate, and federal standards 
and limitations to which a “discharge” or a related activity is subject under the CWA, including 
“effluent limitations, "water quality standards, standards of performance, toxic effluent 
standards or prohibitions,  “best management practices,” and pretreatment standards under 
sections 301, 302, 303, 304, 306, 307, 308, 403 and 404 of CWA.  
 
“Areas of Special Biological Significance (ASBS)” means all those areas of this state as 
ASBS, listed specifically within the California Ocean Plan or so designated by the State Board 
which, among other areas, includes the area from Mugu Lagoon to Latigo Point: Oceanwater 
within a line originating from Laguna Point at 34° 5’ 40” north, 119° 6’30” west, thence 
southeasterly following  the mean high tideline to a point at Latigo Point defined by the 
intersection of the meanhigh tide line and a line extending due south of Benchmark 24; thence 
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due south to a distance of 1000 feet offshore or to the 100 foot isobath, whichever distance is 
greater; thence northwesterly following the 100 foot isobath or maintaining a 1,000-foot 
distance from shore, whichever maintains the greater distance from shore, to a point lying due 
south of Laguna Point, thence due north to Laguna Point. 
 
"Authorized Discharge" means any discharge that is authorized pursuant to an NPDES permit 
or meets the conditions set forth in this Order. 
 
“Automotive Service Facilities” means a facility that is categorized in any one of the following 
Standard Industrial Classification (SIC) codes: 5013, 5014, 5541, 5511, 7532-7534, or 7536-
7539.  For inspection purposes, Permittees need not inspect facilities with SIC codes 5013, 
5014, 5541, 5511, provided that these facilities have no outside activities or materials that may 
be exposed to storm water. 
 
“Baseline Waste Load Allocation” means the Waste Load Allocation assigned to a Permittee 
before reductions are required. The progressive reductions in the Waste Load Allocations are 
based on a percentage of the Baseline Waste Load Allocation. The Baseline Waste Load 
Allocation for each jurisdiction was calculated based on the annual average amount of trash 
discharged to the storm drain system from a representative sampling of land use areas, as 
determined during the Baseline Monitoring Program.  The Baseline Waste Load Allocations are 
incorporated into the Basin Plan at Table 7-2.2.   
 
"Basin Plan" means the Water Quality Control Plan, Los Angeles Region, Basin Plan for the 
Coastal Watersheds of Los Angeles and Ventura Counties, adopted by the Regional Board on 
June 13, 1994 and subsequent amendments. 
 
"Beneficial Uses" means the existing or potential uses of receiving waters in the permit area 
as designated by the Regional Board in the Basin Plan. 
 
"Best Management Practices (BMPs)" means methods, measures, or practices designed and 
selected to reduce or eliminate the discharge of pollutants to surface waters from point and 
nonpoint source discharges including storm water.  BMPs include structural and nonstructural 
controls, and operation and maintenance procedures, which can be applied before, during, 
and/or after pollution producing activities. 
 
"Commercial Development" means any development on private land that is not heavy 
industrial or residential.  The category includes, but is not limited to: hospitals, laboratories and 
other medical facilities, educational institutions, recreational facilities, plant nurseries, car wash 
facilities, mini-malls and other business complexes, shopping malls, hotels, office buildings, 
public warehouses and other light industrial complexes. 
 
"Construction" means constructing, clearing, grading, or excavation that results in soil 
disturbance. Construction includes structure teardown.  It does not include routine maintenance 
to maintain original line and grade, hydraulic capacity, or original purpose of facility; emergency 
construction activities required to immediately protect public health and safety; interior 
remodeling with no outside exposure of construction material or construction waste to storm 
water; mechanical permit work; or sign permit work. 
 
"Control" means to minimize, reduce, eliminate, or prohibit by technological, legal, contractual 
or other means, the discharge of pollutants from an activity or activities. 
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“Daily Generation Rate (DGR)” means the estimated amount of trash deposited within a 
representative drainage area during a 24-hour period, derived from the amount of trash 
collected from streets and catch basins in the area over a 30-day period.  
 
"Dechlorinated/Debrominated Swimming Pool Discharge" means swimming pool 
discharges which have no measurable chlorine or bromine and do not contain any detergents, 
wastes, or additional chemicals not typically found in swimming pool water.  The term does not 
include swimming pool filter backwash. 
 
“Development” means any construction, rehabilitation, redevelopment or reconstruction of any 
public or private residential project (whether single-family, multi-unit or planned unit 
development); industrial, commercial, retail and other non-residential projects, including public 
agency projects; or mass grading for future construction.  It does not include routine 
maintenance to maintain original line and grade, hydraulic capacity, or original purpose of 
facility, nor does it include emergency construction activities required to immediately protect 
public health and safety. 
 
“Directly Adjacent” means situated within 200 feet of the contiguous zone required for the 
continued maintenance, function, and structural stability of the environmentally sensitive area. 
 
“Director” means the Director of a municipality and Person(s) designated by and under the 
Director’s instruction and supervision. 
 
“Discharge” means when used without qualification the “discharge of a pollutant.” 
 
“Discharging Directly” means outflow from a drainage conveyance system that is composed 
entirely or predominantly of flows from the subject, property, development, subdivision, or 
industrial facility, and not commingled with the flows from adjacent lands. 
 
“Discharge of a Pollutant” means: any addition of any “pollutant” or combination of pollutants 
to “waters of the United States” from any “point source” or, any addition of any pollutant or 
combination of pollutants to the waters of the “contiguous zone” or the ocean from any point 
source other than a vessel or other floating craft which is being used as a means of 
transportation. The term discharge includes additions of pollutants into waters of the United 
States from: surface runoff which is collected or channeled by man; discharges through pipes, 
sewers, or other conveyances owned by a State, municipality, or other person which do not 
lead to a treatment works; and discharges through pipes, sewers, or other conveyances, 
leading into privately owned treatment works.  
 
"Disturbed Area" means an area that is altered as a result of clearing, grading, and/or 
excavation. 
 
“Environmentally Sensitive Areas (ESAs)” means an area in which plant or animal life or 
their habitats are either rare or especially valuable because of their special nature or role in an 
ecosystem and which would be easily disturbed or degraded by human activities and 
developments (California Public Resources Code § 30107.5).  Areas subject to storm water 
mitigation requirements are: areas designated as Significant Ecological Areas by the County of 
Los Angeles (Los Angeles County Significant Areas Study, Los Angeles County Department of 
Regional Planning (1976) and amendments); an area designated as a Significant Natural Area 
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by the California Department of Fish and Game’s Significant Natural Areas Program, provided 
that area has been field verified by the Department of Fish and Game; an area listed in the 
Basin Plan as supporting the "Rare, Threatened, or Endangered Species (RARE)" beneficial 
use; and an area identified by a Permittee as environmentally sensitive. 
 
“Full Capture System” means any single device or series of devices, certified by the 
Executive Officer, that traps all particles retained by a 5 mm mesh screen and has a design 
treatment capacity of not less than the peak flow rate Q resulting from a one-year, one-hour 
storm in the sub-drainage area.  The Rational Equation is used to compute the peak flow rate:  

Q = C × I × A, 
Where:  
Q = design flow rate (cubic feet per second, cfs);  
C = runoff coefficient (dimensionless);  
I = design rainfall intensity (inches per hour, as determined per the Los Angeles County rainfall 
isohyetal maps relevant to the Los Angeles River watershed),

7
 and 

A = sub-drainage area (acres). 
 
"General Construction Activities Storm Water Permit (GCASP)" means the general NPDES 
permit adopted by the State Board which authorizes the discharge of storm water from 
construction activities under certain conditions. 
 
"General Industrial Activities Storm Water Permit (GIASP)" means the general NPDES 
permit adopted by the State Board which authorizes the discharge of storm water from certain 
industrial activities under certain conditions.  

 
“Hillside” means property located in an area with known erosive soil conditions, where the 
development contemplates grading on any natural slope that is 25% or greater and where 
grading contemplates cut or fill slopes. 
 
“Illicit Connection”  means any man-made conveyance that is connected to the storm drain 
system without a permit, excluding roof drains and other similar type connections.  Examples 
include channels, pipelines, conduits, inlets, or outlets that are connected directly to the storm 
drain system. 
 
 “Illicit Discharge” means any discharge to the storm drain system that is prohibited under local, 
state, or federal statutes, ordinances, codes, or regulations. The term illicit discharge includes all 
non storm-water discharges except discharges pursuant to an NPDES permit, discharges that are 
identified in Part 1, “Discharge Prohibitions” of this order, and discharges authorized by the 
Regional Board Executive Officer. 
 
"Illicit Disposal" means any disposal, either intentionally or unintentionally, of material(s) or 
waste(s) that can pollute storm water. 
 

                                                
7
 The isohyetal map may be updated annually by the Los Angeles County hydrologist to reflect 

additional rain data gathered during the previous year.  Annual updates published by the Los 
Angeles County Department of Public Works are prospectively incorporated by reference into 
this Order. 

RB-AR7289



NPDES CAS004001 - 65 - Order No. 01-182 

Amended by Orders R4-2006-0074, R4-2007-0042, and R4-2009-0130, and further amended 
pursuant to L.A. Superior Court Case No. BS122724 

"Industrial/Commercial Facility" means any facility involved and/or used in the production, 
manufacture, storage, transportation, distribution, exchange or sale of goods and/or commodities, 
and any facility involved and/or used in providing professional and non-professional services.  This 
category of facilities includes, but is not limited to, any facility defined by the Standard Industrial 
Classifications (SIC).  Facility ownership (federal, state, municipal, private) and profit motive of the 
facility are not factors in this definition. 
 
“Infiltration” means the downward entry of water into the surface of the soil. 
 
"Inspection" means entry and the conduct of an on-site review of a facility and its operations, 
at reasonable times, to determine compliance with specific municipal or other legal 
requirements.  The steps involved in performing an inspection, include, but are not limited to: 

1. Pre-inspection documentation research.; 

2. Request for entry; 

3. Interview of facility personnel; 

4. Facility walk-through. 

5. Visual observation of the condition of facility premises; 

6. Examination and copying of records as required; 

7. Sample collection (if necessary or required); 

8. Exit conference (to discuss preliminary evaluation); and, 

9. Report preparation, and if appropriate, recommendations for coming into 
compliance. 

In the case of restaurants, a Permittee may conduct an inspection from the curbside, provided 
that such "curbside" inspection provides the Permittee with adequate information to determine 
an operator's compliance with BMPs that must be implemented per requirements of this Order, 
Regional Board Resolution 98-08, County and municipal ordinances, and the SQMP. 
 
“Institutional Controls” means programmatic trash control measures that do not require 
construction or structural modifications to the MS4. Examples include street sweeping, public 
education, and clean out of catch basins that discharge to storm drains.  
 
"Large Municipal Separate Storm Sewer System (MS4)" means all MS4s that serve a 
population greater than 250,000 (1990 Census) as defined in 40 CFR 122.26 (b)(4).  The 
Regional Board designated Los Angeles County as a large MS4 in 1990, based on: (i) the U.S. 
Census Bureau 1990 population count of 8.9 million, and (ii) the interconnectivity of the MS4s in 
the incorporated and unincorporated areas within the County. 
 
"Local SWPPP" means the Storm Water Pollution Prevention Plan required by the local 
agency for a project that disturbs one or more acres of land.  
 
"Maximum Extent Practicable (MEP)" means the standard for implementation of storm water 
management programs to reduce pollutants in storm water.  CWA § 402(p)(3)(B)(iii) requires 
that municipal permits "shall require controls to reduce the discharge of pollutants to the 
maximum extent practicable, including management practices, control techniques and system, 
design and engineering methods, and such other provisions as the Administrator or the State 
determines appropriate for the control of such pollutants.  See also State Board Order WQ 
2000-11 at page 20. 
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"Method Detection Limit (MDL)" means the minimum concentration of a substance that can 
be measured and reported with 99 percent confidence that the analyte concentration is greater 
than zero, as defined in 40 CFR 136, Appendix B. 
 
"Minimum Level (ML)" means the concentration at which the entire analytical system must 
give a recognizable signal and acceptable calibration point.  The ML is the concentration in a 
sample that is equivalent to the concentration of the lowest calibration standard analyzed by a 
specific analytical procedure, assuming that all the method specified sample weights, volumes, 
and processing steps have been followed. 
 
“Municipal Separate Storm Sewer System (MS4)” means a conveyance or system of 
conveyances (including roads with drainage systems, municipal streets, alleys, catch basins, 
curbs, gutters, ditches, manmade channels, or storm drains) owned by a State, city, county, 
town or other public body, that is designed or used for collecting or conveying storm water, 
which is not a combined sewer, and which is not part of a publicly owned treatment works, and 
which discharges to Waters of the United States. 
 
“National Pollutant Discharge Elimination System (NPDES)” means the national program 
for issuing, modifying, revoking and reissuing, terminating, monitoring and enforcing permits, 
and imposing and enforcing pretreatment requirements, under CWA §307, 402, 318, and 405.  
The term includes an “approved program.”  
 
"Natural Drainage Systems" means unlined or unimproved (not engineered) creeks, streams, 
rivers or similar waterways. 
 
“New Development” means land disturbing activities; structural development, including 
construction or installation of a building or structure, creation of impervious surfaces; and land 
subdivision. 
 
“Non-Storm Water Discharge” means any discharge to a storm drain that is not composed 
entirely of storm water. 
 
"Nuisance" means anything that meets all of the following requirements: (1) is injurious to 
health, or is indecent or offensive to the senses, or an obstruction to the free use of property, so 
as to interfere with the comfortable enjoyment of life or property; (2) affects at the same time an 
entire community or neighborhood, or any considerable number of persons, although the extent 
of the annoyance or damage inflicted upon individuals may be unequal.; (3) occurs during, or as 
a result of, the treatment or disposal of wastes.  
 
“Parking Lot” means land area or facility for the parking or storage of motor vehicles used for 
businesses, commerce, industry, or personal use, with a lot size of 5,000 square feet or more of 
surface area, or with 25 or more parking spaces. 

 
“Partial Capture Device” means any structural trash control device that has not been certified 
by the Executive Officer as meeting the “full capture” performance requirements.  
 
"Permittee(s)" means Co-Permittees and any agency named in this Order as being 
responsible for permit conditions within its jurisdiction.  Permittees to this Order include the Los 
Angeles County Flood Control District, Los Angeles County, and the cities of Agoura Hills, 
Alhambra, Arcadia, Artesia, Azusa, Baldwin Park, Bellflower, Bell Gardens, Beverly Hills, 
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Bradbury, Burbank, Calabasas, Carson, Cerritos, Claremont, Commerce, Compton, Covina, 
Cudahy, Culver City, Diamond Bar, Downey, Duarte, El Monte, El Segundo, Gardena, 
Glendale, Glendora, Hawaiian Gardens, Hawthorne, Hermosa Beach, Hidden Hills, Huntington 
Park, Industry, Inglewood, Irwindale, La Canada Flintridge, La Habra Heights, Lakewood, La 
Mirada, La Puente, La Verne, Lawndale, Lomita, Los Angeles, Lynwood, Malibu, Manhattan 
Beach, Maywood, Monrovia, Montebello, Monterey Park, Norwalk, Palos Verdes Estates, 
Paramount, Pasadena, Pico Rivera, Pomona, Rancho Palos Verdes, Redondo Beach, Rolling 
Hills, Rolling Hills Estates, Rosemead, San Dimas, San Fernando, San Gabriel, San Marino, 
Santa Clarita, Santa Fe Springs, Santa Monica, Sierra Madre, Signal Hill, South El Monte, 
South Gate, South Pasadena, Temple City, Torrance, Vernon, Walnut, West Covina, West 
Hollywood, Westlake Village, and Whittier. 
 
“Planning Priority Projects” means those projects that are required to incorporate appropriate 
storm water mitigation measures into the design plan for their respective project.  These types 
of projects include: 

1. Ten or more unit homes (includes single family homes, multifamily 
homes, condominiums, and apartments) 

2. A 100,000 or more square feet of impervious surface area industrial/ 
commercial development (1 ac starting March 2003) 

3. Automotive service facilities (SIC 5013, 5014, 5541, 7532-7534, and 
7536-7539) 

4. Retail gasoline outlets 

5. Restaurants (SIC 5812) 

6. Parking lots 5,000 square feet or more of surface area or with 25 or more 
parking spaces 

7. Redevelopment projects in subject categories that meet Redevelopment 
thresholds 

8. Projects located in or directly adjacent to or discharging directly to an 
ESA, which meet thresholds; and 

9. Those projects that require the implementation of a site-specific plan to 
mitigate post-development storm water for new development not 
requiring a SUSMP but which may potentially have adverse impacts on 
post-development storm water quality, where the following project 
characteristics exist: 

a) Vehicle or equipment fueling areas; 

b) Vehicle or equipment maintenance areas, including washing and 
repair; 

c) Commercial or industrial waste handling or storage; 

d) Outdoor handling or storage of hazardous materials; 

e) Outdoor manufacturing areas; 

f) Outdoor food handling or processing; 

g) Outdoor animal care, confinement, or slaughter; or 

h) Outdoor horticulture activities. 
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"Pollutants" means those "pollutants" defined in CWA §502(6) (33.U.S.C.§1362(6)), and 
incorporated by reference into California Water Code §13373.   
 
"Potable Water Distribution Systems Releases" means sources of flows from drinking water 
storage, supply and distribution systems including flows from system failures, pressure 
releases, system maintenance,  distribution line testing, fire hydrant flow testing; and flushing 
and dewatering of pipes, reservoirs, vaults, and minor non-invasive well maintenance activities 
not involving chemical addition(s).  It does not include wastewater discharges from activities 
that occur at wellheads, such as well construction, well development (i.e., aquifer pumping 
tests, well purging, etc.), or major well maintenance. 
 
"Project" means all development, redevelopment, and land disturbing activities.  The term is 
not limited to "Project" as defined under CEQA (Pub. Resources Code §21065). 
 
“Rain Event” means any rain event greater than 0.1 inch in 24 hours except where specifically 
stated otherwise. 
 
"Rare, Threatened, or Endangered Species (RARE)" means a beneficial use for waterbodies 
in the Los Angeles Region, as designated in the Basin Plan (Table 2-1), that supports habitats 
necessary, at least in part, for the survival and successful maintenance of plant or animal 
species established under state or federal law as rare, threatened, or endangered. 
 
"Receiving Waters" means all surface water bodies in the Los Angeles Region  that are 
identified in the Basin Plan. 

 
“Redevelopment” means land-disturbing activity that results in the creation, addition, or 
replacement of 5,000 square feet or more of impervious surface area on an already developed 
site.  Redevelopment includes, but is not limited to: the expansion of a building footprint; 
addition or replacement of a structure; replacement of impervious surface area that is not part 
of a routine maintenance activity; and land disturbing activities related to structural or 
impervious surfaces.  It does not include routine maintenance to maintain original line and 
grade, hydraulic capacity, or original purpose of facility, nor does it include emergency 
construction activities required to immediately protect public health and safety. 
  
“Regional Administrator” means the Regional Administrator of the Regional Office of the 
USEPA  or the authorized representative of the Regional Administrator. 
 
“Restaurant” means a facility that sells prepared foods and drinks for consumption, including 
stationary lunch counters and refreshment stands selling prepared foods and drinks for 
immediate consumption (SIC Code 5812). 
 
"Retail Gasoline Outlet" means any facility engaged in selling gasoline and lubricating oils. 
 
"Runoff" means any runoff including storm water and dry weather flows from a drainage area 
that reaches a receiving water body or subsurface.  During dry weather it is typically comprised 
of base flow either contaminated with pollutants or uncontaminated, and nuisance flows. 
 
"Screening" means using proactive methods to identify illicit connections through a 
continuously narrowing process.  The methods may include: performing baseline monitoring of 
open channels, conducting special investigations using a prioritization approach, analyzing 
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maintenance records for catch basin and storm drain cleaning and operation, and verifying all 
permitted connections into the storm drains.  Special investigation techniques may include: dye 
testing, visual inspection, smoke testing, flow monitoring, infrared, aerial and thermal 
photography, and remote control camera operation.  

 
“Sidewalk Rinsing” means pressure washing of paved pedestrian walkways with average 
water usage of 0.006 gallons per square foot, with no cleaning agents, and properly disposing 
of all debris collected, as authorized under Regional Board Resolution No. 98-08. 
 
"Significant Ecological Area (SEA)" means an area that is determined to possess an example 
of biotic resources that cumulatively represent biological diversity, for the purposes of protecting 
biotic diversity, as part of the Los Angeles County General Plan.

8
  

Areas are designated as SEAs, if they possess one or more of the following criteria: 
 

1. The habitat of rare, endangered, and threatened plant and animal species. 
2. Biotic communities, vegetative associations, and habitat of plant and animal 

species that are either one of a kind, or are restricted in distribution on a regional 
basis. 

3. Biotic communities, vegetative associations, and habitat of plant and animal 
species that are either one of a kind or are restricted in distribution in Los 
Angeles County. 

4. Habitat that at some point in the life cycle of a species or group of species, 
serves as a concentrated breeding, feeding, resting, migrating grounds and is 
limited in availability either regionally or within Los Angeles County. 

5. Biotic resources that are of scientific interest because they are either an extreme 
in physical/geographical limitations, or represent an unusual variation in a 
population or community. 

6. Areas important as game species habitat or as fisheries. 
7. Areas that would provide for the preservation of relatively undisturbed examples 

of natural biotic communities in Los Angeles County. 
8. Special areas.

9
 

 
"Significant Natural Area (SNA)" means an area defined by the California Department of Fish 
and Game (DFG), Significant Natural Areas Program, as an area that contains an important 
example of California's biological diversity. The most current SNA maps, reports, and 
descriptions can be downloaded from the DFG website at 
ftp://maphost.dfg.ca.gov/outgoing/whdab/sna/. These areas are identified using the following 
biological criteria only, irrespective of any administrative or jurisdictional considerations: 
 

1. Areas supporting extremely rare species or habitats. 
2. Areas supporting associations or concentrations of rare species or habitats. 
3. Areas exhibiting the best examples of rare species and habitats in the state. 

                                                
8 The 61 existing SEAs represent the findings of a study that was completed in 1976 by England and Nelson, Environmental 
Consultants, as amended through the adoption of a revised Los Angeles County General Plan in 1980.  The results of an update 
study to evaluate existing SEAs within unincorporated Los Angeles County is currently being proposed to the Los Angeles County 
Planning Commission (Los Angeles County Significant Ecological Area Update Study 2000, Background Report, PCR Services 
Corporation).   The Update Study 2000, which contains existing and proposed SEA boundaries, can be downloaded from the Los 
Angeles County Department of Planning website at http://planning.co.la.ca.us/drp_revw.html#SEA 

 
9 These criteria from the 1976 study have been modified in the Update Study 2000.  
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“Site” means the land or water area where any “facility or activity” is physically located or 
conducted, including adjacent land used in connection with the facility or activity. 
 
“Source Control BMP” means any schedules of activities, prohibitions of practices, 
maintenance procedures, managerial practices or operational practices that aim to prevent 
storm water pollution by reducing the potential for contamination at the source of pollution. 
 
“SQMP” means the Los Angeles Countywide Stormwater Quality Management Program.   
 
“State Storm Water Pollution Prevention Plan (State SWPPP)” means a plan, as required 
by a State General Permit, identifying potential pollutant sources and describing the design, 
placement and implementation of BMPs, to effectively prevent non-stormwater Discharges and 
reduce Pollutants in Stormwater Discharges during activities covered by the General Permit. 
 
“Storm Water” means storm water runoff, snow melt runoff, and surface runoff and drainage. 
 
“Storm Water Discharge Associated with Industrial Activity” means industrial discharge as 
defined in 40 CFR 122.26(b)(14)  
 
“Stormwater Quality Management Program” means the Los Angeles Countywide 
Stormwater Quality Management Program, which includes descriptions of programs, collectively 
developed by the Permittees in accordance with provisions of the NPDES Permit, to comply 
with applicable federal and state law, as the same is amended from time to time. 
 
“Structural BMP” means any structural facility designed and constructed to mitigate the 
adverse impacts of storm water and urban runoff pollution (e.g. canopy, structural enclosure).  
The category may include both Treatment Control BMPs and Source Control BMPs. 
 
"SUSMP" means the Los Angeles Countywide Standard Urban Stormwater Mitigation Plan.  
The SUSMP shall address conditions and requirements of new development. 
 
“Total Maximum Daily Load (TMDL)” means the sum of the individual waste load allocations 
for point sources and load allocations for nonpoint sources and natural background. 
 
"Toxicity Identification Evaluation (TIE)" means a set of procedures to identify the specific 
chemical(s) responsible for toxicity.  These procedures are performed in three phases 
(characterization, identification, and confirmation) using aquatic organism toxicity tests. 
 
"Toxicity Reduction Evaluation (TRE)" means a study conducted in a step-wise process to 
identify the causative agents of effluent or ambient toxicity, isolate the sources of toxicity, 
evaluate the effectiveness of toxicity control options, and then confirm the reduction in toxicity. 
 
“Treatment” means the application of engineered systems that use physical, chemical, or 
biological processes to remove pollutants.  Such processes include, but are not limited to, 
filtration, gravity settling, media absorption, biodegradation, biological uptake, chemical 
oxidation and UV radiation. 
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“Treatment Control BMP” means any engineered system designed to remove pollutants by 
simple gravity settling of particulate pollutants, filtration, biological uptake, media absorption or 
any other physical, biological, or chemical process. 
 
"USEPA Phase I Facilities" means facilities in specified industrial categories that are required 
to obtain an NPDES permit for storm water discharges, as required by 40 CFR 122.26(c).  
These categories include: 
 
i. facilities subject to storm water effluent limitation guidelines, new source performance 

standards, or toxic pollutant effluent standards (40 CFR N) 
ii. manufacturing facilities 
iii. oil and gas/mining facilities 
iv. hazardous waste treatment, storage, or disposal facilities 
v. landfills, land application sites, and open dumps 
vi. recycling facilities 
vii. steam electric power generating facilities 
viii. transportation facilities 
ix. sewage of wastewater treatment works 
x. light manufacturing facilities 
 
"Vehicle Maintenance/Material Storage Facilities/Corporation Yards"  means any 
Permittee owned or operated facility or portion thereof that: 
 

i. Conducts industrial activity, operates equipment, handles materials, and provides 
services similar to Federal Phase I facilities; 

ii. Performs fleet vehicle service/maintenance on ten or more vehicles per day 
including repair, maintenance, washing, and fueling; 

iii. Performs maintenance and/or repair of heavy industrial machinery/equipment ; and 
iv. Stores chemicals, raw materials, or waste materials in quantities that require a 

hazardous materials business plan or a Spill Prevention, Control , and Counter-
measures (SPCC) plan. 

 
“Water Quality Standards and Water Quality Objectives” means water quality criteria 
contained in the Basin Plan, the California Ocean Plan, the National Toxics Rule, the California 
Toxics Rule, and other state or federally approved surface water quality plans.  Such plans are 
used by the Regional Board to regulate all discharges, including storm water discharges. 
 
“Waters of the State” means any surface water or groundwater, including saline waters, within 
boundaries of the state.  
 
“Waters of the United States" or "Waters of the U.S.” means: 

 
a. All waters that are currently used, were used in the past, or may be susceptible to 

use in interstate or foreign commerce, including all waters which are subject to the 
ebb and flow of the tide; 

b. All interstate waters, including interstate “wetlands”; 
c. All other waters such as intrastate lakes, rivers, streams (including intermittent 

streams), mudflats, sandflats, “wetlands,” sloughs, prairie potholes, wet meadows, 
playa lakes, or natural ponds the use, degradation, or destruction of which would 
affect or could affect interstate or foreign commerce including any such waters: 
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1. Which are or could be used by interstate or foreign travelers for 

recreational or other purposes; 
2. From which fish or shellfish are or could be taken and sold in interstate or 

foreign commerce; or 
3. Which are used or could be used for industrial purposes by industries in 

interstate commerce; 
d. All impoundments of waters otherwise defined as waters of the United States under 

this definition; 
e. Tributaries of waters identified in paragraphs (a) through (d) of this definition; 
f. The territorial sea; and 
g. “Wetlands” adjacent to waters (other than waters that are themselves wetlands) 

identified in paragraph (a) through (f) of this definition. 
 

Waste treatment systems, including treatment ponds or lagoons designed to meet the 
requirements of CWA (other than cooling ponds as defined in 40 CFR 423.22(m), which 
also meet the criteria of this definition) are not waters of the United States.  This 
exclusion applies only to man-made bodies of water, which neither were originally 
created in waters of the United States (such as disposal area in wetlands) nor resulted 
from the impoundment of waters of the United States.  Waters of the United States do 
not include prior converted cropland.  Notwithstanding the determination of an area’s 
status as prior converted cropland by any other federal agency, for the purposes of the 
CWA, the final authority regarding CWA jurisdiction remains with USEPA. 
 

“Wet Season” means the calendar period beginning October 1 through April 15. 

Part 6. STANDARD PROVISIONS 

A. Standard Requirements 

1. Each Permittee shall comply with all provisions and requirements of this 
permit. 

2. Should a Permittee discover a failure to submit any relevant facts or that 
it submitted incorrect information in a report, it shall promptly submit the 
missing or correct information. 

3. Each Permittee shall report all instances of non-compliance not otherwise 
reported at the time monitoring reports are submitted. 

4. This Order includes the attached Monitoring and Reporting Program, and 
SUSMP(Regional Board Resolution No. R00-02), which are a part of the 
permit and must be complied with in the same manner as with the rest of 
the requirements in the permit. 

B. Regional Board Review 

Any formal determination or approval made by the Regional Board Executive 
Officer pursuant to the provisions of this Order may be reviewed by the Regional 
Board. A Permittee(s) or a member of the public may request such review upon 
petition within 30 days of the effective date of the notification of such decision to 
the Permittee(s) and interested parties on file at the Regional Board. 
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C. Public Review 

1. All documents submitted to the Regional Board in compliance with the 
terms and conditions of this Order shall be made available to members of 
the public pursuant to the Freedom of Information Act (5 U.S.C. § 552 (as 
amended) and the Public Records Act (Cal. Government Code  § 6250 et 
seq.). 

2. All documents submitted to the Regional Board Executive Officer for 
approval shall be made available to the public for a 30-day period to allow 
for public comment. 

D. Duty to Comply  

1. Each Permittee must comply with all of the terms, requirements, and 
conditions of this Order. Any violation of this order constitutes a violation 
of the Clean Water Act, its regulations and the California Water Code, 
and is grounds for enforcement action, Order termination, Order 
revocation and reissuance, denial of an application for reissuance; or a 
combination thereof [40 CFR 122.41(a), CWC § 13261, 13263, 13265, 
13268, 13300, 13301, 13304, 13340, 13350]. 

2. A copy of these waste discharge specifications shall be maintained by 
each Permittee so as to be available during normal business hours to 
Permittee employees and members of the public. 

3. Any discharge of wastes at any point(s) other than specifically described 
in this Order is prohibited, and constitutes a violation of the Order. 

E. Duty to Mitigate [40 CFR 122.41 (d)] 

Each Permittee shall take all reasonable steps to minimize or prevent any 
discharge that has a reasonable likelihood of adversely affecting human health or 
the environment. 

F. Inspection and Entry [40 CFR 122.41(i), CWC § 13267] 

 
The Regional Board, USEPA, and other authorized representatives shall be 
allowed: 

 

1. Entry upon premises where a regulated facility is located or conducted, or 
where records are kept under conditions of this Order; 

2. Access to copy any records, at reasonable times, that are kept under the 
conditions of this Order; 

3. To inspect at reasonable times any facility, equipment (including 
monitoring and control equipment), practices, or operations regulated or 
required under this Order; and, 
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4. To photograph, sample, and monitor at reasonable times for the purpose 
of assuring compliance with this Order, or as otherwise authorized by the 
CWA and the CWC.  

G. Proper Operation and Maintenance [40 CFR 122.41 (e), CWC § 13263(f)] 

The Permittees shall at all times properly operate and maintain all facilities and 
systems of treatment  (and related appurtenances) that are installed or used by the 
Permittees to achieve compliance with this Order. Proper operation and 
maintenance includes adequate laboratory controls and appropriate quality 
assurance procedures.  This provision requires the operation of backup or auxiliary 
facilities or similar system that are installed by a Permittee only when necessary to 
achieve compliance with the conditions of this Order. 

H. Signatory Requirements [40 CFR 122.41(k) & 122.22] 

 
Except as otherwise provided in this Order, all applications, reports, or 
information submitted to the Regional Board shall be signed by the Director of 
Public Works, City Engineer, or authorized designee and certified as set forth in 
40 CFR 122.22. 

I. Reopener and Modification [40 CFR 122.41(f) & 122.62] 

1. This Order may only be modified, revoked, or reissued, prior to the 
expiration date, by the Regional Board, in accordance with the procedural 
requirements of the CWC and CCR Title 23 for the issuance of waste 
discharge requirements, 40 CFR 122.62, and upon prior notice and 
hearing, to: 

a) Address changed conditions identified in the required reports or 
other sources deemed significant by the Regional Board; 

b) Incorporate applicable requirements or statewide water quality 
control plans adopted by the State Board or amendments to the 
Basin Plan;  

c) Comply with any applicable requirements, guidelines, and/or 
regulations issued or approved pursuant to CWA Section 402(p); 
and/or, 

d) Consider any other federal, or state laws or regulations that 
became effective after adoption of this Order. 

2. After notice and opportunity for a hearing, this Order may be terminated 
or modified for cause, including, but not limited to: 

a) Violation of any term or condition contained in this Order; 

b) Obtaining this Order by misrepresentation, or failure to disclose all 
relevant facts; or, 

c) A change in any condition that requires either a temporary or 
permanent reduction or elimination of the authorized discharge. 
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3. The filing of a request by the Principal Permittee or Permittees for a 
modification, revocation and re-issuance, or termination, or a notification 
of planned changes or anticipated noncompliance does not stay any 
condition of this Order. 

4. This Order may be modified to make corrections or allowances for 
changes in the permitted activity listed in this section, following the 
procedures at 40 CFR 122.63, if processed as a minor modification. 
Minor modifications may only: 

a) Correct typographical errors, or 

b) Require more frequent monitoring or reporting by the Permittee. 

J. Severability  

 
The provisions of this permit are severable; and if any provision of this permit or 
the application of any provision of this permit to any circumstance is held invalid, 
the application of such provision to other circumstances and the remainder of this 
permit shall not be affected. 

K. Duty to Provide Information [40 CFR 122.41(h)] 

 
The Permittees shall furnish, within a reasonable time, any information the 
Regional Board or USEPA may request to determine whether cause exists for 
modifying, revoking and reissuing, or terminating this Order. The Permittees shall 
also furnish to the Regional Board, upon request, copies of records required to be 
kept by this Order. 

L. Twenty-four Hour Reporting [40 CFR 122.41(l)(6)]
10

  

1. The Permittees shall report to the Regional Board any noncompliance 
that may endanger health or the environment.  Any information shall be 
provided orally within 24 hours from the time any Permittee becomes 
aware of the circumstances. A written submission shall also be provided 
within five days of the time the Permittee becomes aware of the 
circumstances.  The written submission shall contain a description of the 
noncompliance and its cause; the period of noncompliance, including 
exact dates and times and, if the noncompliance has not been corrected, 
the anticipated time it is expected to continue; and steps taken or planned 
to reduce, eliminate, and prevent reoccurrence of the noncompliance. 

2. The Regional Board may waive the required written report on a case-by-
case basis. 

M. Bypass [40 CFR 122.41(m)]
11

 

                                                
10

 This provision applies to incidents where effluent limitations (numerical or narrative) as provided in this Order or in 
the Los Angeles County SQMP are exceeded, and which endanger public health or the environment. 
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Bypass (the intentional diversion of waste streams from any portion of a treatment 
facility) is prohibited.  The Regional Board may take enforcement action against 
Permittees for bypass unless: 

1. Bypass was unavoidable to prevent loss of life, personal injury or severe 
property damage.  (Severe property damage means substantial physical 
damage to property, damage to the treatment facilities that causes them 
to become inoperable, or substantial and permanent loss of natural 
resources that can reasonably be expected to occur in the absence of a 
bypass.  Severe property damage does not mean economic loss caused 
by delays in production.); 

2. There were no feasible alternatives to bypass, such as the use of 
auxiliary treatment facilities, retention of untreated waste, or maintenance 
during normal periods of equipment down time.  This condition is not 
satisfied if adequate back-up equipment should have been installed in the 
exercise of reasonable engineering judgment to prevent a bypass that 
could occur during normal periods of equipment downtime or preventive 
maintenance;   

3. The Permittee submitted a notice at least ten days in advance of the 
need for a bypass to the Regional Board; or, 

4. Permittees may allow a bypass to occur that does not cause effluent 
limitations to be exceeded, but only if it is for essential maintenance to 
assure efficient operation. In such a case, the above bypass conditions 
are not applicable. The Permittee shall submit notice of an unanticipated 
bypass as required. 

N. Upset [40 CFR 122.41(n)]
12

 

 
Upset means an exceptional incident in which there is unintentional and 
temporary noncompliance with technology based permit effluent limitations 
because of factors beyond the reasonable control of the permittee. An upset 
does not include noncompliance to the extent caused by operational error, 
improperly designed treatment facilities, inadequate treatment facilities, lack of 
preventive maintenance, or careless or improper operation. 

1. A Permittee that wishes to establish the affirmative defense of an upset in 
an action brought for non compliance shall demonstrate, through properly 
signed, contemporaneous operating logs, or other relevant evidence that: 

a) An upset occurred and that the Permittee can identify the 
cause(s) of the upset; 

b) The permitted facility was being properly operated by the time of 
the upset; 

                                                                                                                                                       
11

 This provision applies to the operation and maintenance of storm water controls and BMPs as provided in this 
Order or in the SQMP. 
12

 Supra. See footnote number 3. 
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c) The Permittee submitted notice of the upset as required; and, 

d) The Permittee complied with any remedial measures required. 

2. No determination made before an action for noncompliance, such as 
during administrative review of claims that non-compliance was caused 
by an upset, is final administrative action subject to judicial review. 

3. In any enforcement proceeding, the Permittee seeking to establish the 
occurrence of an upset has the burden of proof. 

O. Property Rights [40 CFR 122.41(g)] 

 
This Order does not convey any property rights of any sort, or any exclusive 
privilege. 
 

P. Enforcement  

 

1. Violation of any of the provisions of the NPDES permit or any of the 
provisions of this Order may subject the violator to any of the penalties 
described herein, or any combination thereof, at the discretion of the 
prosecuting authority; except that only one kind of penalties may be 
applied for each kind of violation. The CWA provides the following: 

a) Criminal Penalties for: 

(1) Negligent Violations: 

The CWA provides that any person who negligently violates 
permit  conditions implementing § 301, 302, 306, 307, 308, 
318, or 405 is subject to a fine of not less than $2,500 nor 
more than $25,000 per day for each violation, or by 
imprisonment for not more than 1 year, or both. 

(2) Knowing Violations: 

The CWA provides that any person who knowingly violates 
permit conditions implementing § 301, 302, 306, 307, 308, 
318, or 405 is subject to a fine of not less than $5,000 nor 
more than $50,000 per day of violation, or by imprisonment 
for not more than 3 years, or both. 

(3) Knowing Endangerment: 

The CWA provides that any person who knowingly violates 
permit conditions implementing § 301, 302, 307, 308, 318, 
or 405 and who knows at that time that he is placing another 
person in imminent danger of death or serious bodily injury 
is subject to a fine of not more than $250,000, or by 
imprisonment for not more than 15 years, or both. 

(4)  False Statement: 
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The CWA provides that any person who knowingly makes 
any false material statement, representation, or certification 
in any application, record, report, plan, or other document 
filed or required to be maintained under the Act or who 
knowingly falsifies, tampers with, or renders inaccurate, any 
monitoring device or method required to be maintained 
under the Act, shall upon conviction, be punished by a fine 
of not more than $10,000 or by imprisonment for not more 
than two years, or by both.  If a conviction is for a violation 
committed after a first conviction of such person under this 
paragraph, punishment shall be by a fine of not more than 
$20,000 per day of violation, or by imprisonment of not more 
than four years, or by both.  (See CWA § 309(c)(4)) 

b) Civil Penalties   

The CWA provides that any person who violates a permit condition 
implementing § 301, 302, 306, 307, 308, 318, or 405 is subject to a 
civil penalty not to exceed $27,500 per day for each violation. 

2. The CWC provides that any person who violates a waste discharge 
requirement provision of the CWC is subject to civil penalties of up to 
$5,000 per day, $10,000 per day, or $25,000 per day of violation; or when 
the violation involves the discharge of pollutants, is subject to civil 
penalties of up to $10 per gallon per day or $25 per gallon per day of 
violation; or some combination thereof, depending on the violation or 
combination of violations. 

 

Q. Need to Halt or Reduce Activity not a Defense [40 CFR 122.41(c)] 

It shall not be a defense for a Permittee in an enforcement action that it would 
have been necessary to halt or reduce the permitted activity in order to maintain 
compliance with the conditions of this Order. 

R. Rescission 

 
Regional Board Order No. 96-054 is hereby rescinded. 

S. Expiration 

 
This Order expires on December 12, 2006. The Permittees must submit a Report 
of Waste Discharges and a proposed Storm Water Quality Management 
Program in accordance with CCR Title 23 as application for reissuance of waste 
discharge requirements no later than June 12, 2006. 
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Part 7. TOTAL MAXIMUM DAILY LOAD PROVISIONS 

 
The provisions of this Part implement and are consistent with the assumptions and 
requirements of Waste Load Allocations from TMDLs for which some or all of the Permittees in 
this Order are responsible.   
 

1. TMDL for Trash in the Los Angeles River Watershed 
A. Waste Load Allocations:  Each Permittee identified in Appendix 7-1 shall comply 

with the interim and final effluent limitations set forth in Appendix 7-1 hereto.
13

   
B. Compliance: 

(1) Permittees may comply with the effluent limitations using any lawful means.  
Such compliance options are broadly classified as full capture, partial 
capture, or institutional controls, as described below, and any combination 
of these may be employed to achieve compliance: 

(a) Full Capture Systems:  
1) The Basin Plan authorizes the Executive Officer to certify 

full capture systems, which are systems that meet the 
operating and performance requirements as described in 
this Order, and the procedures identified in “Procedures 
and Requirements for Certification of a Best Management 
Practice for Trash Control as a Full Capture System.” (See 
Appendix 7-2.)

14
 

2) Permittees are authorized to comply with their effluent 
limitations through certified full capture systems provided 
the requirements of paragraph 3), immediately below, and 
any conditions in the certification, continue to be met. 

3) Permittees may comply with their effluent limitations 
through progressive installation of full capture systems 
throughout their jurisdiction until all areas draining to the 
Los Angeles River system are addressed. For purposes of 
this Permit, attainment of the effluent limitations shall be 
conclusively presumed for any drainage area to the Los 
Angeles River (or its tributaries)

15
 where certified full 

capture systems treat all drainage from the area, provided 
that the full capture systems are adequately sized and 
maintained, and that maintenance records are up-to-date 
and available for inspection by the Regional Board.   

i. A Permittee relying entirely on full capture systems 
shall be deemed in compliance with its final effluent 
limitation if it demonstrates that all drainage areas 

                                                
13

 The interim and final effluent limitations set forth in Appendix 7-1 are equivalent to the Compliance 
Points identified in Table 7-2.3 of the Basin Plan. 
14

 The Regional Board currently recognizes eight full capture systems. These are: Vortex Separation 
Systems (VSS) and seven other Executive Officer certified full capture systems, including specific types or 
designs of trash nets; two gross solids removal devices (GSRDs); catch basin brush inserts and mesh 
screens; vertical and horizontal trash capture screen inserts; and a connector pipe screen device.  
15

 Tributaries to the Los Angeles River include, but are not limited to, Pacoima Wash, Tujunga Wash, 
Burbank Western Channel, Verdugo Wash, Arroyo Seco, Rio Hondo, and Compton Creek. 
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under its jurisdiction are serviced by appropriate 
certified full capture systems as described in 
paragraph (a)(3).  

ii. A Permittee relying entirely on full capture systems 
shall be deemed in compliance with its interim 
effluent limitations: 

1. By demonstrating that full capture systems 
treat the percentage of drainage areas in 
the watershed that corresponds to the 
required trash abatement.   

2. Alternatively, a Permittee may propose a 
schedule for jurisdiction-wide installation of 
full capture systems, targeting first the 
areas of greatest trash generation ( based 
upon the information on drainage area and 
litter generation rates by land use provided 
in Appendices I and III of the Los Angeles 
River Trash TMDL Staff Report) for the 
Executive Officer’s approval.  The Executive 
Officer shall not approve any such schedule 
that does not result in timely compliance 
with the final effluent limitations. A 
Permittee shall be deemed in compliance 
with its interim effluent limitations provided it 
is fully in compliance with any such 
approved schedule.  

 
(b) Partial Capture Devices and Institutional Controls:  Permittees 

may comply with their interim and final effluent limitations through 
the installation of partial capture devices and the application of 
institutional controls.

16
  

1) Trash discharges from areas serviced solely by partial 
capture devices may be estimated based on demonstrated 
performance of the device(s) in the jurisdictional area.

17
  

That is, trash reduction is equivalent to the partial capture 
devices’ trash removal efficiency multiplied by the 
percentage of drainage area serviced by the devices. 

2) Except as provided in subdivision 3), below, trash 
discharges from areas addressed by institutional controls 
and/or partial capture devices (where site-specific 
performance data is not available) shall be calculated 
using a mass balance approach, based on the daily 
generation rate (DGR) for a representative area.

18
 The 

DGR shall be determined from direct measurement of 

                                                
16

 While interim effluent limitations may be complied with using partial capture devices, compliance with 
final effluent limitations cannot be achieved with the exclusive use of partial capture devices. 
17

 Performance shall be demonstrated under different conditions (e.g. low to high trash loading). 
18

 The area should be representative of the land uses within the jurisdiction and shall be approved by the 
Executive Officer prior to the 30-day collection period. 
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trash deposited in the drainage area during any thirty-day 
period between June 22

nd
 and September 22

nd
 exclusive of 

rain events
19

, and shall be re-calculated every year 
thereafter. The DGR shall be calculated as the total 
amount of trash collected during this period divided by 30 
(the length of the collection period).  

 
DGR = (Amount of trash collected during a 30-day 
collection period

20
) / (30 days) 

 
The DGR for the applicable area of the jurisdiction shall be 
extrapolated from that of the representative drainage area. 
A mass balance equation shall be used to estimate the 
amount of trash discharged during a storm event.

21
 The 

Storm Event Trash Discharge for a given rain event in a 
Permittee’s drainage area shall be calculated by 
multiplying the number of days since the last street 
sweeping by the DGR and subtracting the amount of any 
trash recovered in the catch basins.

22
 For each day of a 

storm event that generates precipitation greater than 0.25 
inches, the Permittee shall calculate a Storm Event Trash 
Discharge. 

 
Storm Event Trash Discharge = [(Days since last 
street sweeping*DGR)] – [Amount of trash 
recovered from catch basins]

23
 

 
The sum of the Storm Event Trash Discharges for the 
storm year shall be the Permittee’s calculated annual trash 
discharge. 
 
Total Storm Year Trash Discharge = ∑Storm Event 
Trash Discharges from Drainage Area 

 
3) The Executive Officer may approve alternative compliance 

monitoring approaches for calculating total storm year 
trash discharge, upon finding that the program will provide 
a scientifically-based estimate of the amount of trash 
discharged from the MS4. 

 
(c) Combined Compliance Approaches:  

                                                
19

 Provided no special events are scheduled that may affect the representative nature of that collection 
period. 
20

 Between June 22
nd

 and September 22
nd

 
21

 Amount of trash shall refer to the uncompressed volume (in gallons) or drip-dry weight (in pounds) of 
trash collected. 
22

 Any negative values shall be considered to represent a zero discharge.  
23

 When more than one storm event occurs prior to the next street sweeping the discharge shall be 
calculated from the date of the last assessment. 
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Permittees may comply with their interim and final effluent 
limitations through a combination of full capture systems, partial 
capture devices, and institutional controls. Permittees relying on a 
combination of approaches shall demonstrate compliance with the 
interim and final effluent limitations as specified in (a)(3) in areas 
where full capture systems are installed and as specified in (b)(2) 
in areas where partial capture devices and institutional controls 
are applied. 

(2) Permittees that are not in compliance with the applicable interim 
and/or final effluent limitations as identified in Appendix 7-1 shall be in 
violation of this permit.      
(a) Permittees relying on partial capture devices and/or institutional 

controls that have violated their interim or final effluent limitations 
as identified in Appendix 7-1 shall be presumed to have violated 
the applicable limitation for each day of each storm event that 
generated precipitation greater than 0.25 inches during the 
applicable storm year, except those storm days on which they 
establish that their cumulative Storm Event Trash Discharges 
have not exceeded the applicable effluent limitation.  

(b) For Permittees relying on full capture systems who have failed to 
demonstrate that the full capture systems for any drainage area 
are adequately sized and maintained, and that maintenance 
records are up-to-date and available for inspection by the 
Regional Board, and that they are in compliance with any 
conditions of their certification, shall be presumed to have 
discharged trash in an amount that corresponds to the percentage 
of the baseline waste load allocation represented by the drainage 
area in question.   

1) A Permittee may overcome this presumption by 
demonstrating (using any of the methods authorized in this 
Part 7.1.B(1)(b)) that the actual or calculated discharge for 
that drainage area is in compliance with the applicable 
interim or final effluent limitations as specified in Appendix 
7-1.  

(3) Each Permittee shall be held liable for violations of the Effluent 
Limitations assigned to its jurisdiction in Appendix 7-1.  Any Permittee 
whose compliance strategy includes full or partial capture devices and 
who chooses to install a full or partial capture device in the MS4 
physical infrastructure of another public entity is responsible for 
obtaining all necessary permits to do so.  If a Permittee believes it is 
unable to obtain the permits needed to install a full capture or partial 
capture device within another Permittee’s MS4 physical infrastructure, 
either Permittee may request the Executive Officer to hold a 
conference with the Permittees. Nothing in this Order shall affect the 
right of that public entity or a Permittee to seek indemnity or other 
recourse from the other as they deem appropriate.  Nothing in this 
subsection shall be construed as relieving a Permittee of any liability 
that the Permittee would otherwise have under this Order. 

C. Monitoring and Reporting Requirements (pursuant to Water Code section 
13383) 
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(1) Within 60 days of adoption of Part 7, Section 1 (Los Angeles River Trash 
TMDL) and on October 31, 2010 and every year thereafter, each Permittee 
identified in Appendix 7-1 shall submit a TMDL Compliance Report detailing 
compliance with the interim and final effluent limitations. Reporting shall 
include the information specified below. The report shall be submitted on a 
reporting form to be specified by the Executive Officer. The report shall be 
signed under penalty of perjury by the Director of Public Works or other 
agency head (or their delegee) that is responsible for ensuring compliance 
with this permit.  Permittees shall be charged with and shall demonstrate 
compliance with the relevant effluent limitations beginning with their 
October 31, 2010 TMDL Compliance Report.   

(a) Reporting Compliance based on Full Capture Systems: 
Permittees identified in Appendix 7-1 shall provide information on 
the number and location of full capture installations, the sizing of 
each full capture installation, the drainage areas addressed by 
these installations, and compliance with the applicable interim or 
final effluent limitation, in their TMDL Compliance Report. The 
Regional Board will periodically audit sizing, performance, and 
other data to validate that a system satisfies the criteria 
established for a full capture system and any conditions 
established by the Executive Officer in the certification.  

(b) Reporting Compliance based on Partial Capture Systems and/or 
Institutional Controls:  

(1) Using Performance Data Specific to the Jurisdictional Area: 
Permittees identified in Appendix 7-1 shall provide (i) site-
specific performance data for the applicable device(s), (ii) 
information on the number and location of such installations, and 
the drainage areas addressed by these installations, and (iii) 
calculated compliance with the applicable effluent limitations, in 
their TMDL Compliance Report. 

(2) Using Direct Measurement of Trash Discharge: Permittees 
identified in Appendix 7-1 shall provide an accounting of DGR 
and trash removal via street sweeping, catch basin clean outs, 
etc., in a database to facilitate the calculation of discharge for 
each rain event. The database shall be maintained and provided 
to the Regional Board for inspection upon request. Permittees 
identified in Appendix 7-1 shall provide the annual DGR, 
calculated storm year discharge, and compliance with the 
applicable effluent limitation, in their TMDL Compliance Report. 

(c) Reporting Compliance based on Combined Compliance 
Approaches: 
Permittees identified in Appendix 7-1 shall provide the information 
specified in subsection (a) for areas where full capture systems 
are installed and that specified in subsection (b)(1) or (b)(2), as 
appropriate, for areas where partial capture devices and 
institutional controls are applied. Permittees shall also provide 
information on compliance with the applicable effluent limitation 
based on the combined compliance approaches, in their TMDL 
Compliance Report  
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FINDINGS A: BASIS FOR THE ORDER 

 
The California Regional Water Quality Control Board, San Diego Region (hereinafter 
San Diego Water Board), finds that: 
 
 
A. BASIS FOR THE ORDER 
 
1. This Order is based on the federal Clean Water Act (CWA), the Porter-Cologne 

Water Quality Control Act (Division 7 of the Water Code, commencing with Section 
13000), applicable State and federal regulations, all applicable provisions of 
statewide Water Quality Control Plans and Policies adopted by the State Water 
Resources Control Board (State Water Board), the Water Quality Control Plan for 
the San Diego Basin adopted by the San Diego Water Board (Basin Plan), the 
California Toxics Rule, and the California Toxics Rule Implementation Plan. 
 

2. This Order reissues National Pollutant Discharge Elimination System (NPDES) 
Permit No. CAS0108766, which was first adopted by the San Diego Water Board on 
July 16, 1990 (Order No. 90-38), and then reissued on May 13, 1998 (Order No. 98-
02).  On May 26, 1998, the United States Environmental Protection Agency 
(USEPA), Region IX, objected to Order No. 98-02 due to concerns regarding 
Receiving Water Limitations (RWL) language.  The USEPA concluded that the RWL 
language in the permit did not comply with the CWA and its implementing 
regulations.  On April 27, 1999, the USEPA reissued the MS4 permit, which the San 
Diego Water Board adopted as Addendum No. 1 to Order No. 98-02 on November 
8, 2000.  On July 14, 2004, the San Diego Water Board adopted the third term MS4 
permit, Order No. R9-2004-001.  On January 15, 2009, the Riverside County Flood 
Control and Water Conservation District (RCFCD), as the Principal Copermittee, 
submitted a Report of Waste Discharge (ROWD) for reissuance of the municipal 
separate storm sewer system (MS4) Permit. 
 

3. This Order is consistent with the following precedential Orders adopted by the State 
Water Board addressing MS4 NPDES Permits:  Order 99-05, Order WQ-2000-11, 
Order WQ 2001-15, and Order WQO 2002-0014.1 

                                            
1 In July 2010, the court in Los Angeles County v. State Water Resources Control Board remanded the 
Los Angeles Water Board’s MS4 permit underlying Order WQ 2009-0008 for procedural reasons 
occurring during the permit adoption process.  The court did not evaluate or rule upon the substantive 
findings and reasoning set forth in Order WQ 2009-0008.  The State Water Board rescinded and voided 
Order WQ 2009-0008 to comply with the court’s order.  While the San Diego Water Board may no longer 
cite Order WQ 2009-0008, the San Diego Water Board has independently considered whether the 
requirement to eliminate non-storm water discharges is subject to the MEP standard.  The San Diego 
Water Board concludes that the MEP standard does not apply to non-storm water discharges for the 
same reasons expressed by the State Water Board. 
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4. The Fact Sheet / Technical Report for the Order No. R9-2010-0016, NPDES No. 

CAS0108766, Waste Discharge Requirements for Discharges from the MS4s 
Draining the County of Riverside, the Incorporated Cities of Riverside County, and 
the Riverside County Flood Control and Water Conservation District within the San 
Diego Region, includes cited regulatory and legal references and additional 
explanatory information and data in support of the requirements of this Order.  This 
information, including any supplements thereto, is hereby incorporated by reference 
into these findings. 
 

 
B. REGULATED PARTIES 
 
Each of the persons in Table 1 below, hereinafter called Copermittees or dischargers, 
owns or operates an MS4, through which it discharges into waters of the United States 
(U.S.) within the San Diego Region.  These MS4s fall into one or more of the following 
categories: (1) a medium or large MS4 that services a population of greater than 
100,000 or 250,000 respectively; or (2) a small MS4 that is “interrelated” to a medium or 
large MS4; or (3) an MS4 that contributes to a violation of a water quality standard; or 
(4) an MS4 which is a significant contributor of pollutants to waters of the U.S. 

 
Table 1.  Municipal Copermittees 
1. City of Murrieta 4. County of Riverside 
2. City of Temecula 
3. City of Wildomar 

5. Riverside County Flood Control 
and Water Conservation District 

 
The Cities of Murrieta, Menifee and Wildomar also discharge into the waters of the U.S. 
in the California Regional Water Quality Control Board, Santa Ana Region (Santa Ana 
Water Board), so are located partially within both the San Diego and Santa Ana Water 
Board boundaries.  Water Code (WC) section 13228 provides a way to streamline the 
regulation of entities whose jurisdictions straddle the border of two or more Regions.  
WC section 13228 is implemented in this Order to ease the regulatory burden on Storm 
Water Agencies and Municipalities that lie in both the San Diego Water Board and the 
adjacent Santa Ana Water Board’s jurisdiction.  As allowed by California Water Code 
(CWC) §13228, the Cities of Murietta, Menifee, and Wildomar submitted written 
requests to be regulated for MS4 purposes under a permit adopted by only one Water 
Board.  As authorized by CWC §13228 and pursuant to written agreements dated 
September 28, 2010 between the San Diego Water Board and the Santa Ana Water 
Board, the Cities of Murrieta and Wildomar are wholly regulated by the San Diego 
Water Board under this Order, including those portions of the Cities jurisdiction not 
within the San Diego Water Board’s region.  Similarly, the City of Menifee is wholly 
regulated by the Santa Ana Water Board under Order No. R8-2010-0033, including 
those portions of the City of Menifee within the San Diego Water Board’s region.  
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C. DISCHARGE CHARACTERISTICS 
 
1. Discharges from the MS4 contain waste, as defined in the CWC, and pollutants that 

adversely affect the quality of the waters of the State.  The discharge from an MS4 is 
a “discharge of pollutants from a point source” into waters of the U.S. as defined in 
the CWA. 
 

2. MS4 storm water and non-storm water discharges are likely to contain pollutants that 
cause or threaten to cause a violation of water quality standards, as outlined in the 
Basin Plan.  Storm water and non-storm water discharges from the MS4 are subject 
to the conditions and requirements established in the Basin Plan for point source 
discharges. 
 

3. The most common categories of pollutants in runoff include total suspended solids, 
sediment, pathogens (e.g., bacteria, viruses, protozoa), heavy metals (e.g., copper, 
lead, zinc and cadmium), petroleum products and polynuclear aromatic 
hydrocarbons, synthetic organics (e.g., pesticides, herbicides, and PCBs), nutrients 
(e.g., nitrogen and phosphorus fertilizers), oxygen-demanding substances (decaying 
vegetation, animal waste), detergents, and trash. 
 

4. The discharge of pollutants and/or increased flows from MS4s may cause or 
threaten to cause the concentration of pollutants to exceed applicable receiving 
water quality objectives and/or impair or threaten to impair designated beneficial 
uses resulting in a condition of pollution (i.e., unreasonable impairment of water 
quality for designated beneficial uses), contamination, or nuisance. 
 

5. Pollutants in runoff can threaten and adversely affect human health.  Human 
illnesses have been clearly linked to recreating near storm drains flowing to 
receiving waters.  Also, runoff pollutants in receiving waters can bioaccumulate in 
the tissues of invertebrates and fish, which may be eventually consumed by 
humans. 
 

6. Runoff discharges from MS4s often contain pollutants that cause toxicity to aquatic 
organisms (i.e., adverse responses of organisms to chemicals or physical agents 
ranging from mortality to physiological responses such as impaired reproduction or 
growth anomalies).  Toxic pollutants impact the overall quality of aquatic systems 
and beneficial uses of receiving waters. 
 

7. The Copermittees discharge runoff into lakes, drinking water reservoirs, rivers, 
streams, creeks, bays, estuaries, coastal lagoons, the Pacific Ocean, and tributaries 
thereto within one of the eleven hydrologic units (Santa Margarita Hydrologic Unit) 
comprising the San Diego Region as shown in Table 2.  Some of the receiving water 
bodies have been designated as impaired by the San Diego Water Board in 2009 
pursuant to CWA section 303(d).  
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Table 2. Common Watersheds and CWA Section 303(d) Impaired Waters  

in the San Diego Region. 
Hydrologic Area 

(HA) or Hydrologic 
Subarea (HSA) of 

the Santa Margarita 
Hydrologic Unit 

Major Receiving Water Bodies 303(d) Pollutant(s)/Stressor or 
Water Quality Effect2 

DeLuz Creek HSA 
(902.21) De Luz Creek Iron, Manganese, Nitrogen, Sulfates 

Murrieta HSA 
(902.32) 

Long Canyon Creek (tributary to 
Murrieta Creek) 

Chlorpyrifos, E. Coli, Fecal Coliform, 
Iron, Manganese 

Wolf HSA  
(902.52) Murrieta Creek Chlorpyrifos, Copper, Iron, 

Manganese, Nitrogen, Toxicity 

Pauba HSA  
(902.51) Redhawk Channel 

Chlorpyrifos, Copper, Diazinon,  
E. Coli, Fecal Coliform, Iron, 
Manganese, Nitrogen, Phosphorus, 
Total Dissolved Solids 

Gavilan HSA 
(902.22) Sandia Creek Iron, Sulfates 

Gertrudis HSA 
(902.42) Santa Gertrudis Creek Chlorpyrifos, Copper, E. Coli,  

Fecal Coliform, Iron, Phosphorous 

Lower Ysidora HSA 
(902.11) Santa Margarita Lagoon Eutrophic 

Lower Ysidora HSA 
(902.11) Santa Margarita River (Lower) Enterococcus, Fecal Coliform, 

Phosphorus, Total Nitrogen as N 

Gavilan HSA 
(902.22) Santa Margarita River (Upper) Toxicity 

Pauba HSA  
(902.51) Temecula Creek Chlorpyrifos, Copper, Phosphorus, 

Total Dissolved Solids, Toxicity 

French HSA  
(902.33) 

Warm Springs Creek  
(Riverside County) 

Chlorpyrifos, E. Coli, Fecal Coliform, 
Iron, Manganese, Phosphorus,  
Total Nitrogen as N 

 
 

                                            
2 The listed 303(d) pollutant(s) do not necessarily reflect impairment of the entire corresponding WMA or 
all corresponding major surface water bodies.  The specific impaired portions of each WMA are listed in 
the State Water Resources Control Board’s 2008 Section 303(d) List of Water Quality Limited Segments. 
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8. Trash is a persistent pollutant that can enter receiving waters from the MS4, 
accumulate, and be transported downstream into receiving waters over time.  Trash 
poses a serious threat to the beneficial uses of the receiving waters, including, but 
not limited to, human health, rare and endangered species, navigation and human 
recreation.  
 

9. The Copermittees’ water quality monitoring data submitted to date documents 
persistent violations of Basin Plan water quality objectives for various runoff-related 
pollutants (indicator bacteria, dissolved solids, turbidity, metals, pesticides, etc.) at 
various watershed monitoring stations.   Persistent toxicity has also been observed 
at some watershed monitoring stations.  In addition, bioassessment data indicate 
that the majority of the monitored receiving waters have Poor to Very Poor Index of 
Biotic Integrity ratings.  In sum, the above findings indicate that runoff discharges are 
causing or contributing to water quality impairments, and are a leading cause of 
such impairments in Riverside County.   
 

10. When natural vegetated pervious ground cover is converted to impervious surfaces 
such as paved highways, streets, rooftops, and parking lots, the natural absorption 
and infiltration abilities of the land are lost.  Therefore, runoff leaving a developed 
area is significantly greater in runoff volume, velocity, and peak flow rate than pre-
development runoff from the same area.  Runoff durations can also increase as a 
result of flood control and other efforts to control peak flow rates.  Increased volume, 
velocity, rate, and duration of runoff, and decreased natural clean sediment loads, 
greatly accelerate the erosion of downstream natural channels.  Significant declines 
in the biological integrity and physical habitat of streams and other receiving waters 
have been found to occur with as little as a 3-5 percent conversion from natural to 
impervious surfaces.  The increased runoff characteristics from new development 
must be controlled to protect against increased erosion of channel beds and banks, 
sediment pollutant generation, or other impacts to beneficial uses and stream habitat 
due to increased erosive force.  
 

11. Development creates new pollution sources as human population density increases 
and brings with it proportionately higher levels of car emissions, car maintenance 
wastes, municipal sewage, pesticides, household hazardous wastes, pet wastes, 
trash, etc. which can either be washed or directly dumped into the MS4.  As a result, 
the runoff leaving the developed urban area is significantly greater in pollutant load 
than the pre-development runoff from the same area.   These increased pollutant 
loads must be controlled to protect downstream receiving water quality. 
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12. Development and urbanization especially threaten environmentally sensitive areas 

(ESAs), such as water bodies designated as supporting a RARE beneficial use 
(supporting rare, threatened or endangered species) and CWA 303(d)-impaired 
water bodies.  Such areas have a much lower capacity to withstand pollutant loads 
than other, more sensitive areas.  In essence, development that is ordinarily 
insignificant in its impact on the environment may become significant in a particularly 
sensitive environment.  Therefore, additional controls to reduce storm water 
pollutants from new and existing development may be necessary for areas adjacent 
to or discharging directly to an ESA. 
 

13. Although dependent on several factors, the risks typically associated with properly 
managed infiltration of runoff (especially from residential land use areas) are not 
significant.  The risks associated with infiltration can be managed by many 
techniques, including (1) designing landscape drainage features that promote 
infiltration of runoff, but do not “inject” runoff (injection bypasses the natural 
processes of filtering and transformation that occur in the soil); (2) taking reasonable 
steps to prevent the illegal disposal of wastes;  (3) protecting footings and 
foundations; (4) ensuring that each drainage feature is adequately maintained in 
perpetuity; and (5) pretreatment. 
 

14. Non-storm water (dry weather) discharge from the MS4 is not considered a storm 
water (wet weather) discharge and therefore is not subject to regulation under the 
Maximum Extent Practicable (MEP) standard from CWA 402(p)(3)(B)(iii), which is 
explicitly for “Municipal … Stormwater Discharges (emphasis added)” from the MS4.  
Rather, non-storm water discharges into the storm sewers, per CWA 402(p)(3)(B)(ii), 
are to be effectively prohibited.  Such dry weather non-storm water discharges have 
been shown to contribute significant levels of pollutants and flow in arid, developed 
Southern California watersheds and are to be effectively prohibited under the CWA. 
 

15. Non-storm water discharges to the MS4 granted an influent exception [i.e., which are 
exempt from the effective prohibition requirement set forth in CWA section 
402(p)(3)(B)(ii)] under 40 CFR 122.26 are included within this Order.  Any exempted 
discharges identified by Copermittees as a source of pollutants are subsequently 
required to be addressed (emphasis added) as illicit discharges through prohibition 
and incorporation into existing IC/ID programs.  Furthermore, the USEPA 
contemplates that permitting agencies such as the San Diego Water Board may also 
identify exempted discharges as a source of pollutants required to be addressed as 
illicit discharges (See Vol. 55 Fed. Reg. 48037).  The San Diego Water Board and the 
Copermittees have identified landscape irrigation, irrigation water and lawn water, 
previously exempted discharges, as a source of pollutants and conveyance of 
pollutants to waters of the U.S.
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D. RUNOFF MANAGEMENT PROGRAMS 
 
1. General 
 

a. This Order specifies requirements necessary for the Copermittees to reduce the 
discharge of pollutants in storm water to the MEP.  However, since MEP is a 
dynamic performance standard, which evolves over time as runoff management 
knowledge increases, the Copermittees’ runoff management programs must 
continually be assessed and modified to incorporate improved programs, control 
measures, best management practices (BMPs), etc. in order to achieve the 
evolving MEP standard.  Absent evidence to the contrary, this continual 
assessment, revision, and improvement of runoff management program 
implementation is expected to ultimately achieve compliance with water quality 
standards in the Region. 
 

b. The Copermittees have generally been implementing the jurisdictional runoff 
management programs (JRMPs) required pursuant to Order No. R9-2004-001 
since July 14, 2005.   Prior to that, the Copermittees were regulated by Order No. 
98-02, since May 13, 1998.  MS4 discharges, however, continue to cause or 
contribute to violations of water quality standards as evidenced by the 
Copermittees’ monitoring results. 
 

c. This Order contains new or modified requirements that are necessary to improve 
Copermittees’ efforts to reduce the discharge of pollutants in storm water runoff 
to the MEP and achieve water quality standards.  Some of the new or modified 
requirements, such as the revised Watershed Water Quality Workplan 
(Watershed Workplan) section, are designed to specifically address high priority 
water quality problems.  Other requirements, such as for unpaved roads, are a 
result of San Diego Water Board’s identification of water quality problems 
through investigations and complaints during the previous permit period.  Other 
new or modified requirements address program deficiencies that have been 
noted during audits, report reviews, and other San Diego Water Board 
compliance assessment activities.  Additional changes in the monitoring program 
provide consistency with the Code of Federal Regulations, USEPA guidance, 
State Water Board guidance, and the Southern California Monitoring Coalition 
recommendations.   

 
d. Updated individual Storm Water Management Plans (Individual SWMP or 

JRMP), and Watershed Stormwater Management Plans (watershed SWMPs or 
Watershed Workplans), which, together with references in the DAMP, describe 
the Copermittees’ runoff management programs in their entirety, are needed to 
guide the Copermittees’ runoff management efforts and aid the Copermittees in 
tracking runoff management program implementation.  Hereinafter, the individual 
SWMP is referred to as the JRMPs and the Watershed SWMP is referred to as 
the Watershed Workplan.  It is practicable for the Copermittees to update the 
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JRMPs and Watershed Workplans within the timeframe specified in this Order, 
since significant efforts to develop these programs have already occurred.   
 

e. Pollutants can be effectively reduced in storm water runoff by the application of a 
combination of pollution prevention, source control, and treatment control BMPs.  
Pollution prevention is the reduction or elimination of pollutant generation at its 
source and is the best “first line of defense.”  Source control BMPs (both 
structural and non-structural) minimize the contact between pollutants and flows 
(e.g., rerouting run-on around pollutant sources or keeping pollutants on-site and 
out of receiving waters).  Treatment control BMPs remove pollutants that have 
been mobilized by wet-weather or dry-weather flows. 
 

f. Runoff needs to be addressed during the three major phases of urban 
development (planning, construction, and use) in order to reduce the discharge 
of pollutants from storm water to the MEP, effectively prohibit non-storm water 
discharges and protect receiving waters.  Development which is not guided by 
water quality planning policies and principles can unnecessarily result in 
increased pollutant load discharges, flow rates, and flow durations which can 
negatively impact receiving water beneficial uses.  Construction sites without 
adequate BMP implementation result in sediment runoff rates which greatly 
exceed natural erosion rates of undisturbed lands, causing siltation and 
impairment of receiving waters.  Existing development generates substantial 
pollutant loads which are discharged in runoff to receiving waters. 
 

g. Annual reporting requirements included in this Order are necessary to meet 
federal requirements and to evaluate the effectiveness and compliance of the 
Copermittees’ programs. 
 

h. This Order establishes Storm Water Action Levels (SALs) for selected pollutants 
based on USEPA Rain Zone 6 (arid southwest) Phase I MS4 monitoring data for 
pollutants in storm water. The SALs were computed as the 90th percentile of the 
data set, utilizing the statistical based population approach, one of three 
approaches recommended by the State Water Board’s Storm Water Panel in its 
report, ‘The Feasibility of Numerical Effluent Limits Applicable to Discharges of 
Storm Water Associated with Municipal, Industrial and Construction Activities 
(June 2006).  SALs are identified in Section D of this Order.  Copermittees must 
implement a timely, comprehensive, cost-effective storm water pollution control 
program to reduce the discharge of pollutants in storm water from the permitted 
areas so as not to exceed the SALs. Exceedance of SALs may indicate 
inadequacy of programmatic measures and BMPs required in this Order.  
 

2. Development Planning 
 
a. The Standard Storm Water Mitigation Plan (SSMP) requirements contained in 

this Order are consistent with Order WQ-2000-11 adopted by the State Water 
Board on October 5, 2000.  In the precedential order, the State Water Board 
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found that the design standards, which essentially require that runoff generated 
by 85 percent of storm events from specific development categories be infiltrated 
or treated, reflect the MEP standard.  The order also found that the SSMP 
requirements are appropriately applied to the majority of the Priority 
Development Project categories that are also contained in Section F.1 of this 
Order.  The State Water Board also gave California Regional Water Quality 
Control Boards (Regional Water Boards) the needed discretion to include 
additional categories and locations, such as retail gasoline outlets (RGOs), in 
SSMPs.   
 

b. Controlling runoff pollution by using a combination of onsite source control and 
site design BMPs augmented with treatment control BMPs before the runoff 
enters the MS4 is important for the following reasons:  (1) Many end-of-pipe 
BMPs (such as diversion to the sanitary sewer) are typically ineffective during 
significant storm events.  (2) Whereas, onsite source control BMPs can be 
applied during all runoff conditions  end-of-pipe BMPs are often incapable of 
capturing and treating the wide range of pollutants which can be generated on a 
sub-watershed scale; (3) End-of-pipe BMPs are more effective when used as 
polishing BMPs, rather than the sole BMP to be implemented; (4) End-of-pipe 
BMPs do not protect the quality or beneficial uses of receiving waters between 
the pollutant source and the BMP; and (5) Offsite end-of-pipe BMPs do not aid in 
the effort to educate the public regarding sources of pollution and their 
prevention.  
 

c. Use of Low-Impact Development (LID) site design BMPs at new development, 
redevelopment and retrofit projects can be an effective means for minimizing the 
impact of storm water runoff discharges from the development projects on 
receiving waters.  LID is a site design strategy with a goal of maintaining or 
replicating the pre-development hydrologic regime through the use of design 
techniques.  LID site design BMPs help preserve and restore the natural 
hydrologic cycle of the site, allowing for filtration and infiltration which can greatly 
reduce the volume, peak flow rate, velocity, and pollutant loads of storm water 
runoff.  Current runoff management, knowledge, practices and technology have 
resulted in the use of LID BMPs as an acceptable means of meeting the storm 
water MEP standard.  
 

d. RGOs are significant sources of pollutants in storm water runoff.  RGOs are 
points of convergence for motor vehicles for automotive related services such as 
repair, refueling, tire inflation, and radiator fill-up and consequently produce 
significantly higher loadings of hydrocarbons and trace metals (including copper 
and zinc) than other developed areas. 

 
e. Industrial sites are significant sources of pollutants in runoff.  Pollutant 

concentrations and loads in runoff from industrial sites are similar or exceed 
pollutant concentrations and loads in runoff from other land uses, such as 
commercial or residential land uses.  As with other land uses, LID site design, 
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source control, and treatment control BMPs are needed at industrial sites in order 
to meet the MEP standard.  These BMPs are necessary where the industrial site 
is larger than 10,000 square feet.  The 10,000 square feet threshold is 
appropriate, since it is consistent with requirements in other Phase I NPDES 
storm water regulations throughout California. 
 

f. If not properly designed or maintained, certain BMPs implemented or required by 
municipalities for runoff management may create a habitat for vectors (e.g. 
mosquitoes and rodents).  Proper BMP design and maintenance to avoid 
standing water, however, can prevent the creation of vector habitat.  Nuisances 
and public health impacts resulting from vector breeding can be prevented with 
close collaboration and cooperative effort between municipalities, local vector 
control agencies, and the California Department of Public Health during the 
development and implementation of runoff management programs. 
 

g. The increased volume, velocity, frequency and discharge duration of storm water 
runoff from developed areas has the potential to greatly accelerate downstream 
erosion, impair stream habitat in natural drainages, and negatively impact 
beneficial uses.  Development and urbanization increase pollutant loads in storm 
water runoff and the volume of storm water runoff.  Impervious surfaces can 
neither absorb water nor remove pollutants and thus lose the purification and 
infiltration provided by natural vegetated soil.  Hydromodification measures for 
discharges to hardened channels are needed for the future restoration of the 
hardened channels to their natural state, thereby restoring the chemical, 
physical, and biological integrity and beneficial uses of local receiving waters. 
 

3. Construction and Existing Development 
 
a. In accordance with federal NPDES regulations and to ensure the most effective 

oversight of industrial and construction site discharges, discharges of runoff from 
industrial and construction sites are subject to dual (State and local) storm water 
regulation.  Under this dual system, each Copermittee is responsible for 
enforcing its local permits, plans, and ordinances, and the San Diego Water 
Board is responsible for enforcing the General Construction Activities Storm 
Water Permit, State Water Board Order 2009-0009-DWQ, NPDES No. 
CAS000002 (General Construction Permit) and the General Industrial Activities 
Storm Water Permit, State Water Board Order 97-03 DWQ, NPDES No. 
CAS000001 (General Industrial Permit) and any reissuance of these permits.  
NPDES municipal regulations require that municipalities develop and implement 
measures to address runoff from industrial and construction activities.  Those 
measures may include the implementation of other BMPs in addition to those 
BMPs that are required under the statewide general permits for activities subject 
to both State and local regulation. 
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b. Identification of sources of pollutants in runoff (such as municipal areas and 

activities, industrial and commercial sites/sources, construction sites, and 
residential areas), development and implementation of BMPs to address those 
sources, and updating ordinances and approval processes are necessary for the 
Copermittees to ensure that discharges of pollutants from its MS4 in storm water 
are reduced to the MEP and that non-storm water discharges are not occurring.  
Inspections and other compliance verification methods are needed to ensure 
minimum BMPs are implemented.  Inspections are especially important at areas 
that are at high risk for pollutant discharges. 
 

c. Historic and current development makes use of natural drainage patterns and 
features as conveyances for runoff.  Urban streams used in this manner are part 
of the municipalities’ MS4s regardless of whether they are natural, 
anthropogenic, or partially modified features.  In these cases, the urban stream is 
both an MS4 and receiving water. 
 

d. As operators of the MS4s, the Copermittees cannot passively receive and 
discharge pollutants from third parties.  By providing free and open access to an 
MS4 that conveys discharges to waters of the U.S., the operator essentially 
accepts responsibility for discharges into the MS4 that it does not prohibit or 
otherwise control.  These discharges may cause or contribute to a condition of 
contamination or a violation of water quality standards. 
 

e. Waste and pollutants which are deposited and accumulate in MS4 drainage 
structures will be discharged from these structures to waters of the U.S. unless 
they are removed.  These discharges may cause or contribute to, or threaten to 
cause or contribute to, a condition of pollution in receiving waters.  For this 
reason, pollutant discharges from storm water into MS4s must be reduced using 
a combination of management measures, including source control and an 
effective MS4 maintenance program implemented by each Copermittee.
 

f. Enforcement of local runoff related ordinances, permits, and plans is an essential 
component of every runoff management program and is specifically required in 
the federal storm water regulations and this Order.  Each Copermittee is 
individually responsible for adoption and enforcement of ordinances and/or 
policies, implementation of identified control measures/BMPs needed to prevent 
or reduce pollutants in storm water runoff, and for the allocation of funds for the 
capital, operation and maintenance, administrative, and enforcement 
expenditures necessary to implement and enforce such control measures/BMPs 
under its jurisdiction. Education is an important aspect of every effective runoff 
management program and the basis for changes in behavior at a societal level.  
Education of municipal planning, inspection, and maintenance department staffs 
is especially critical to ensure that in-house staffs understand how their activities 
impact water quality, how to accomplish their jobs while protecting water quality, 
and understand their specific roles and responsibilities for compliance with this 
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Order.  Public education, designed to target various urban land users and other 
audiences, is also essential to inform the public of how individual actions affect 
receiving water quality and how adverse effects can be minimized. 

 
g. Public participation during the development of runoff management programs is 

necessary to ensure that all stakeholder interests and a variety of creative 
solutions are considered.  
 

h. Retrofitting existing development with storm water treatment controls, including 
LID, is necessary to address storm water discharges from existing development 
that may cause or contribute to a condition of pollution or a violation of water 
quality standards.  Although SSMP BMPs are required for redevelopment, the 
current rate of redevelopment will not address water quality problems in a timely 
manner.  Cooperation with private landowners is necessary to effectively identify, 
implement and maintain retrofit projects for the preservation, restoration, and 
enhancement of water quality.  

 
4. Watershed Runoff Management 

 
a. Since runoff within a watershed can flow from and through multiple land uses and 

political jurisdictions, watershed-based runoff management can greatly enhance 
the protection of receiving waters.  Such management provides a means to focus 
on the most important water quality problems in each watershed.  By focusing on 
the most important water quality problems, watershed efforts can maximize 
protection of beneficial use in an efficient manner.  Effective watershed-based 
runoff management actively reduces pollutant discharges and abates pollutant 
sources causing or contributing to watershed water quality problems.  
Watershed-based runoff management that does not actively reduce pollutant 
discharges and abate pollutant sources causing or contributing to watershed 
water quality problems can necessitate implementation of the iterative process 
outlined in section A.3 of this Order.  Watershed management of runoff does not 
require Copermittees to expend resources outside of their jurisdictions.  In some 
cases, however, this added flexibility provides more, and possibly more effective, 
alternatives for minimizing waste discharges.  Watershed management requires 
the Copermittees within a watershed to develop a watershed-based management 
strategy, which can then be implemented on a jurisdictional basis. 
 

b. Some runoff issues, such as general education and training, can be effectively 
addressed on a regional basis.  Regional approaches to runoff management can 
improve program consistency and promote sharing of resources, which can 
result in implementation of more efficient programs.
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c. It is important for the Copermittees to coordinate their water quality protection 
and land use planning activities to achieve the greatest protection of receiving 
water bodies.  Copermittee coordination with other watershed stakeholders, 
especially the State of California Department of Transportation, the U.S. federal 
government, sovereign American Indian tribes, and water and sewer districts, is 
also important. 
 

 
E. STATUTE AND REGULATORY CONSIDERATIONS 
 
1. The RWL language specified in this Order is consistent with language recommended 

by the USEPA and established in State Water Board Order WQ-99-05, Own Motion 
Review of the Petition of Environmental Health Coalition to Review Waste Discharge 
Requirements Order No. 96-03, NPDES Permit No. CAS0108740, adopted by the 
State Water Board on June 17, 1999.  The RWL language in this Order requires 
compliance with water quality standards, which for storm water discharges is to be 
achieved through an iterative approach requiring the implementation of improved 
and better-tailored BMPs over time.  Compliance with receiving water limits based 
on applicable water quality standards is necessary to ensure that MS4 discharges 
will not cause or contribute to violations of water quality standards and the creation 
of conditions of pollution, contamination, or nuisance. 
 

2. The Basin Plan, identifies the following existing and potential beneficial uses for 
surface waters in Riverside County:  Municipal and Domestic Supply (MUN), 
Agricultural Supply (AGR), Industrial Process Supply (PROC), Hydropower 
Generation (POW), Industrial Service Supply (IND), Ground Water Recharge 
(GWR), Contact Water Recreation (REC1), Non-contact Water Recreation (REC2),  
Warm Freshwater Habitat (WARM), Cold Freshwater Habitat (COLD), Wildlife 
Habitat (WILD), Rare, Threatened, or Endangered Species (RARE), Spawning, 
Reproduction and/or Early Development (SPWN) and Preservation of Biological 
Habitats of Special Significance (BIOL). 
 

3. This Order is in conformance with State Water Board Resolution No. 68-16, 
Statement of Policy with Respect to Maintaining High Quality Waters in California, 
and the federal Antidegradation Policy described in 40 CFR 131.12. 
 

4. Section 6217(g) of the Coastal Zone Act Reauthorization Amendments of 1990 
(CZARA) requires coastal states with approved coastal zone management programs 
to address non-point pollution impacting or threatening coastal water quality.  
CZARA addresses five sources of non-point pollution: agriculture, silviculture, urban, 
marinas, and hydromodification.  This NPDES permit addresses the management 
measures required for the urban category, with the exception of septic systems.  The 
adoption and implementation of this NPDES permit relieves the Copermittee from 
developing a non-point source plan, for the urban category, under CZARA.  The San 
Diego Water Board addresses septic systems through the administration of other 
programs. 
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5. Section 303(d)(1)(A) of the CWA requires that “Each state shall identify those waters 

within its boundaries for which the effluent limitations…are not stringent enough to 
implement any water quality standard (WQS) applicable to such waters.”  The CWA 
also requires states to establish a priority ranking of impaired water bodies known as 
Water Quality Limited Segments and to establish Total Maximum Daily Loads 
(TMDLs) for such waters.  This priority list of impaired water bodies is called the 
Section 303(d) List.  The 2006 Section 303(d) List was approved by the State Water 
Board on October 25, 2006.  On June 28, 2007, the 2006 303(d) List for California 
was given final approval by the USEPA.  The 303(d) List was recently updated, and 
on December 16, 2009, the 2008 303(d) List was approved by the San Diego Water 
Board.  The 2008 303(d) List for the San Diego Region was approved by the State 
Water Board on August 4, 2010.  The 2008 303(d) List is awaiting USEPA approval. 
 

6. This Order does not constitute an unfunded local government mandate subject to 
subvention under Article XIIIB, Section (6) of the California Constitution for several 
reasons, including, but not limited to, the following.  First, this Order implements 
federally mandated requirements under CWA §402.  (33 U.S.C. § 1342(p)(3)(B).)  
Second, the local agency Copermittees’ obligations under this Order are similar to, 
and in many respects less stringent than, the obligations of non-governmental and 
new dischargers who are issued NPDES permits for storm water and non-storm 
water discharges.  Third, the local agency Copermittees have the authority to levy 
service charges, fees, or assessments sufficient to pay for compliance with this 
Order.  Fourth, the Copermittees have requested permit coverage in lieu of 
compliance with the complete prohibition against the discharge of pollutants 
contained in CWA §301, subdivision (a) (33 U.S.C. § 1311(a)) and in lieu of numeric 
restrictions on their MS4 discharges (i.e. effluent limitations).  Fifth, the local 
agencies’ responsibility for preventing discharges of waste that can create conditions 
of pollution or nuisance from conveyances that are within their ownership or control 
under State law predates the enactment of Article XIIIB, Section (6) of the California 
Constitution.  Likewise, the provisions of this Order to implement TMDLs are federal 
mandates.  The CWA requires TMDLs to be developed for water bodies that do not 
meet federal water quality standards.  (33 U.S.C. sec. 1313(d).)  Once the USEPA 
or a state develops a TMDL, federal law requires that permits must contain effluent 
limitations consistent with the assumptions of any applicable wasteload allocation. 
(40 C.F.R. sec. 122.44(d)(1)(vii)(B).)  
 

7. Runoff treatment and/or mitigation must occur prior to the discharge of runoff into 
receiving waters.  Treatment BMPs must not be constructed in waters of the U.S. or 
State unless the runoff flows are sufficiently pretreated to protect the values and 
functions of the water body. Federal regulations at 40 CFR 131.10(a) state that in no 
case shall a state adopt waste transport or waste assimilation as a designated use 
for any waters of the U.S.  Authorizing the construction of an runoff treatment facility 
within a water of the U.S., or using the water body itself as a treatment system or for 
conveyance to a treatment system, would be tantamount to accepting waste 
assimilation as an appropriate use for that water body.  Furthermore, the 
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construction, operation, and maintenance of a pollution control facility in a water 
body can negatively impact the physical, chemical, and biological integrity, as well 
as the beneficial uses, of the water body.  Without federal authorization (e.g., 
pursuant to CWA § 404), waters of the U.S. may not be converted into, or used as, 
waste treatment or conveyance facilities.  Similarly, waste discharge requirements 
pursuant to CWC §13260 are required for the conversion or use of waters of the 
State as waste treatment or conveyance facilities.  Diversion from waters of the 
U.S./State to treatment facilities and subsequent return to waters of the U.S. is 
allowable, provided that the effluent complies with applicable NPDES requirements. 
 

8. The issuance of waste discharge requirements and an NPDES permit for the 
discharge of runoff from MS4s to waters of the U.S. is exempt from the requirement 
for preparation of environmental documents under the California Environmental 
Quality Act (CEQA) (Public Resources Code, Division 13, Chapter 3, section 21000 
et seq.) in accordance with the CWC section 13389. 
 

9. Storm water discharges from developed and developing areas in Riverside County 
are significant sources of certain pollutants that cause, may be causing, threatening 
to cause or contributing to water quality impairment in the waters of Riverside 
County.  Furthermore, as delineated in the CWA section 303(d) list in Table 2, the 
San Diego Water Board has found that there is a reasonable potential that municipal 
storm water and non-storm water discharges from MS4s cause or may cause or 
contribute to an excursion above water quality standards for the following pollutants: 
Indicator Bacteria (including Fecal Coliform and E. Coli), Copper, Manganese, Iron, 
Chlorpyrifos, Diazinon, Sulfates, Phosphorous, Nitrogen, Total Dissolved Solids 
(TDS), and Toxicity.  In accordance with CWA section 303(d), the San Diego Water 
Board is required to establish TMDLs for these pollutants to these waters to 
eliminate impairment and attain water quality standards.  Therefore, certain early 
pollutant control actions and further pollutant impact assessments by the 
Copermittees are warranted and required pursuant to this Order. 
 

10. This Order requires each Copermittee to effectively prohibit all types of unauthorized 
discharges of non-storm water into its MS4.  However, historically pollutants have 
been identified as present in dry weather non-storm water discharges from the MS4s 
through 303(d) listings, monitoring conducted by the Copermittees under Order No. 
R9-2004-0001, and there are others expected to be present in dry weather non-
storm water discharges because of the nature of these discharges.  This Order 
includes action levels for pollutants in non-storm water, dry weather discharges from 
the MS4.  The non-storm water action levels are designed to ensure that the Order’s 
requirement to effectively prohibit all types of unauthorized discharges of non-storm 
water into the MS4 is being complied with.  Non-storm water action levels in the 
Order are based upon numeric or narrative water quality objectives and criteria as 
defined in the Basin Plan, the State Water Board’s Water Quality Control Plan for 
Ocean Waters of California (Ocean Plan), and the State Policy for Implementation of 
Toxics Standards for Inland Surface Waters, Enclosed Bays, and Estuaries of 
California (State Implementation Policy or SIP).  An exceedance of an action level 

RB-AR7329



Order No. R9-2010-0016 Page 16 of 88 November 10, 2010 

FINDINGS E: STATUTE AND REGULATORY CONSIDERATIONS 

requires specified responsive action by the Copermittees.  This Order describes 
what actions the Copermittees must take when an exceedance of an action level is 
observed.  Exceedances of non-storm water action levels do not alone constitute a 
violation of this Order but could indicate non-compliance with the requirement to 
effectively prohibit all types of unauthorized non-storm water discharges into the 
MS4 or other prohibitions established in this Order.  Failure to undertake required 
source investigation and elimination action following an exceedance of a non-storm 
water action level (NAL or action level) is a violation of this Order.  The San Diego 
Water Board recognizes that use of action levels will not necessarily result in 
detection of all unauthorized sources of non-storm water discharges because there 
may be some discharges in which pollutants do not exceed established action 
levels.  However, establishing NALs at levels appropriate to protect water quality 
standards is expected to lead to the identification of significant sources of pollutants 
in dry weather non-storm water discharges. 
 

11.  In addition to federal regulations cited in the Fact Sheet / Technical Report for the 
Order No. R9-2010-0016, monitoring and reporting required under Order No. R9-
2010-0016 is required pursuant to authority under CWC section 13383. 
 

12. With this Order, the San Diego Water Board has completed the re-issuance of the 
fourth iteration of the Phase I MS4 NPDES Permits for the Copermittees in the 
portions of San Diego County, Orange County, and Riverside County within the San 
Diego Region.  The NPDES Permit requirements issued to the Copermittees in each 
county have substantially the same core requirements such as discharge 
prohibitions, receiving water limitations, jurisdictional components, and monitoring.  
In addition, the Copermittees cooperate regionally to develop monitoring with the 
Southern California Stormwater Monitoring Coalition and to develop program 
effectiveness with the California Stormwater Quality Association.  Regional 
programs could improve the Copermittees’ compliance with other permit 
components such as development of the Hydromodification Management Plans and 
Retrofitting Existing Development with more consistent implementation and cost 
sharing. Re-issuing the NPDES Permit requirements within five years for three 
counties under three different permits requires the San Diego Water Board to 
expend significant time and resources for issuance of the permits through three 
separate public proceedings, thereby greatly reducing the time and resources 
available to oversee compliance. Multiple permits also create confusion for 
determining compliance among regulated entities, especially the land development 
community. The San Diego Water Board recognizes that issuing a single MS4 
permit for all Phase I entities in the San Diego Region will provide consistent 
implementation, improve communication among agencies within watersheds 
crossing multiple jurisdictions, and minimize staff resources spent with each permit 
renewal.  The San Diego Water Board plans to develop a single regional MS4 
permit prior to the expiration of this Order that will transfer the Copermittees' 
enrollment to the regional permit upon expiration of this Order.   
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F. PUBLIC PROCESS 
 
1. The San Diego Water Board has notified the Copermittees, all known interested 

parties, and the public of its intent to consider adoption of an Order prescribing 
waste discharge requirements that would serve to renew an NPDES permit for the 
existing MS4 discharges of pollutants in waters of the U.S. 
 

2. The San Diego Water Board has held a public hearing on November 10, 2010 and 
heard and considered all comments pertaining to the terms and conditions of this 
Order. 
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IT IS HEREBY ORDERED that the Copermittees, in order to meet the provisions 
contained in Division 7 of the CWC and regulations adopted thereunder, and the 
provisions of the CWA and regulations adopted thereunder, must each comply with the 
following: 
 
 
A. PROHIBITIONS AND RECEIVING WATER LIMITATIONS 
 
1. Discharges into and from MS4s in a manner causing, or threatening to cause, a 

condition of pollution, contamination, or nuisance (as defined in CWC section 
13050), in receiving waters of the state are prohibited.3 
 

2. Storm water discharges from MS4s containing pollutants which have not been 
reduced to the MEP are prohibited.3 
 

3. Discharges from MS4s that cause or contribute to the violation of water quality 
standards (designated beneficial uses, water quality objectives developed to protect 
beneficial uses, and the State policy with respect to maintaining high quality waters) 
are prohibited. 
 
a. Each Copermittee must comply with section A.3 and section A.4 as it applies to 

Prohibition 5 in Attachment A of this Order through timely implementation of 
control measures and other actions to reduce pollutants in storm water 
discharges in accordance with this Order, including any modifications.  If 
exceedance(s) of water quality standards persist notwithstanding implementation 
of this Order, the Copermittee must assure compliance with section A.3 and 
section A.4 as it applies to Prohibition 5 in Attachment A of this Order by 
complying with the following procedure: 
 
(1) Upon a determination by either the Copermittee or the San Diego Water 

Board that storm water MS4 discharges are causing or contributing to an 
exceedance of an applicable water quality standard, the Copermittee must 
notify the San Diego Water Board within 30 days and thereafter submit a 
report to the San Diego Water Board that describes best management 
practices (BMPs) that are currently being implemented and additional BMPs 
that will be implemented to prevent or reduce any pollutants that are causing 
or contributing to the exceedance of water quality standards.  The report may 
be incorporated in the Annual Report unless the San Diego Water Board4 
directs an earlier submittal.  The report must include an implementation 

                                            
3 This prohibition does not apply to MS4 discharges which receive subsequent treatment to reduce 
pollutants in storm water discharges to the MEP prior to entering receiving waters (e.g., low flow 
diversions to the sanitary sewer).  Runoff treatment and/or mitigation must occur prior to the discharge of 
runoff into receiving waters per finding E.7.   
4 The San Diego Water Board by prior resolution has delegated all matters that may legally be delegated 
to its Executive Officer to act on its behalf pursuant to CWC §13223.  Therefore, the Executive Officer is 
authorized to act on the San Diego Water Board’s behalf on any matter within this Order unless such 
delegation is unlawful under CWC §13223 or this Order explicitly states otherwise. 
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schedule.  The San Diego Water Board may require modifications to the 
report  
 

(2) Submit any modifications to the report required by the San Diego Water 
Board within 30 days of notification; 
 

(3) Within 30 days following acceptance of the report described above by the San 
Diego Water Board, the Copermittee must revise its JRMP and monitoring 
program to incorporate the approved modified BMPs that have been and will 
be implemented, the implementation schedule, and any additional monitoring 
required; and 
 

(4) Implement the revised JRMP and monitoring program in accordance with the 
approved schedule. 
 

b. The Copermittee must repeat the procedure set forth above to comply with the 
receiving water limitations for continuing or recurring exceedances of the same 
water quality standard(s) following implementation of scheduled actions unless 
directed to do otherwise by the San Diego Water Board’s Executive Officer. 
 

c. Nothing in section A.3 prevents the San Diego Water Board from enforcing any 
provision of this Order while the Copermittee prepares and implements the above 
report. 
 

4. In addition to the above prohibitions, discharges from MS4s are subject to all Basin 
Plan prohibitions cited in Attachment A to this Order. 

 
 
B. NON-STORM WATER DISCHARGES 
 
1. Each Copermittee must effectively prohibit all types of non-storm water discharges 

into its MS4 unless such discharges are either authorized by a separate NPDES 
permit; or not prohibited in accordance with sections B.2 and B.3 below. 
 

2. The following categories of non-storm water discharges are not prohibited unless a 
Copermittee or the San Diego Water Board identifies the discharge category as a 
source of pollutants to waters of the U.S.  Where the Copermittee(s) have identified 
a category as a source of pollutants, the category must be addressed as an illicit 
discharge and prohibited through ordinance, order or similar means.  The San Diego 
Water Board may identify categories of discharge that either require prohibition, or 
other controls for non-anthropogenic sources.  For a discharge category determined 
to be a source of pollutants, the Copermittee, under direction of the San Diego 
Water Board, must either prohibit the discharge category or develop and implement 
appropriate control measures for non-anthropogenic sources to prevent the 
discharge of pollutants to the MS4 and report to the San Diego Water Board 
pursuant to Section K.1 and K.3 of this Order.  The discharge categories are: 
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a. Diverted stream flows; 
b. Rising ground waters; 
c. Uncontaminated ground water infiltration [as defined at 40 CFR 35.2005(20)] to 

MS4s; 
d. Uncontaminated pumped ground water5; 
e. Foundation drains5; 
f. Springs; 
g. Water from crawl space pumps5; 
h. Footing drains5; 
i. Air conditioning condensation;  
j. Flows from riparian habitats and wetlands;  
k. Water line flushing6,7; 
l. Discharges from potable water sources not subject to NPDES Permit No. 

CAG679001, other than water main breaks; 
m. Individual residential car washing; and 
n. Dechlorinated swimming pool discharges8. 

 
3. Emergency fire fighting flows (i.e., flows necessary for the protection of life or 

property) do not require BMPs and need not be prohibited. 
 
a. As part of the JRMP, each Copermittee must develop and implement a program 

to address pollutants from non-emergency fire fighting flows (i.e., flows from 
controlled or practice blazes and maintenance activities) identified as significant 
sources of pollutants to waters of the U.S. 

 
b. Building fire suppression system maintenance discharges (e.g. sprinkler line 

flushing) contain waste.  Therefore, such discharges are to be prohibited by the 
Copermittees as illicit discharges through ordinance, order, or similar means. 
 

4. Each Copermittee must examine all dry weather effluent analytical monitoring results 
collected in accordance with section F.4 of this Order and Receiving Waters and 
MS4 Discharge Monitoring and Reporting Program No. R9-2010-0016 to identify 
water quality problems which may be the result of any non-prohibited discharge 
category(ies) identified above in section B.2.  Follow-up investigations must be 
conducted to identify and control, pursuant to section B.2, any non-prohibited 
discharge category(ies) listed above.  

                                            
5 Requires enrollment under Order R9-2008-002.  Discharges into the MS4 require authorization from the 
owner and operator of the MS4 system. 
6 This exemption does not include fire suppression sprinkler system maintenance and testing discharges.  
Those discharges may be regulated under Section B.3. 
7 Requires enrollment under Order R9-2002-0020. 
8 Excluding saline swimming pool discharges. 
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C. NON-STORM WATER DRY WEATHER ACTION LEVELS  
 
1. Each Copermittee, beginning no later than July 1, 2012, must implement the non-

storm water dry weather action level (NAL) monitoring as described in Attachment E 
of this Order. 
 

2. In response to an exceedance of an NAL, the Copermittee(s) having jurisdiction 
must investigate and seek to identify the source of the exceedance in a timely 
manner.  However, if any Copermittee identifies a number of NAL exceedances  that 
prevents it from adequately conducting source investigations at all sites in a timely 
manner, then that Copermittee may submit a prioritization plan and timeline that 
identifies the timeframe and planned actions to investigate and report its findings on 
all of the exceedances.  Depending on the source of the pollutant exceedance,  the  
Copermittee(s) having jurisdiction must take action as follows: 
 
a. If the Copermittee identifies the source of the exceedance as natural (non-

anthropogenically influenced) in origin and in conveyance into the MS4; then the 
Copermittee must report its findings and documentation of its source 
investigation to the San Diego Water Board in its Annual Report. 
 

b. If the Copermittee identifies the source of the exceedance as an illicit discharge 
or connection, then the Copermittee must eliminate the discharge to its MS4 
pursuant to Section F.4.f and report the findings, including any enforcement 
action(s) taken, and documentation of the source investigation to the San Diego 
Water Board in the Annual Report.  If the Copermittee is unable to eliminate the 
source of discharge prior to the Annual Report submittal, then the Copermittee 
must submit, as part of its Annual Report, its plan and timeframe to eliminate the 
source of the exceedance.  Those dischargers seeking to continue such a 
discharge must become subject to a separate NPDES permit prior to continuing 
any such discharge. 
 

c. If the Copermittee identifies the source of the exceedance as an exempted 
category of non-storm water discharge, then the Copermittees must determine if 
this is an isolated circumstance or if the category of discharges must be 
addressed through the prevention or prohibition of that category of discharge as 
an illicit discharge.  The Copermittee must submit its findings including a 
description of the steps taken to address the discharge and the category of 
discharge, to the San Diego Water Board for review in its Annual Report.  Such 
description must include relevant updates to or new ordinances, orders, or other 
legal means of addressing the category of discharge, and the anticipated 
schedule for doing so.  The Copermittees must also submit a summary of its 
findings with the Report of Waste Discharge. 
 

d. If the Copermittee identifies the source of the exceedance as a non-storm water 
discharge in violation or potential violation of an existing separate NPDES permit 
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(e.g. the groundwater dewatering permit), then the Copermittee must report, 
within three business days, the findings to the San Diego Water Board including 
all pertinent information regarding the discharger and discharge characteristics. 
 

e. If the Copermittee is unable to identify the source of the exceedance after taking 
and documenting reasonable steps to do so, then the Copermittee must perform 
additional focused sampling.  If the results of the additional sampling indicate a 
recurring exceedance of NALs with an unidentified source, then the Copermittee 
must update its programs within a year to address the common contributing 
sources that may be causing such an exceedance.  The Copermittee’s annual 
report must include these updates to its programs including, where applicable, 
updates to their watershed workplans (Section G.2), retrofitting consideration 
(Section F.3.d) and program effectiveness work plans (Section J.4). 
 

f. The Copermittees, or any interested party, may evaluate existing NALs and 
propose revised NALs for future Board consideration. 
 

3. NALs can help provide an assessment of the effectiveness of the prohibition of non-
storm water discharges and of the appropriateness of exempted non-storm water 
discharges.  An exceedance of an NAL does not alone constitute a violation of the 
provisions of this Order.  An exceedance of an NAL may indicate a lack of 
compliance with the requirement that Copermittees effectively prohibit all types of 
unauthorized non-storm water discharges into the MS4 or other prohibitions set forth 
in Sections A and B of this Order.  Failure to timely implement required actions 
specified in this Order following an exceedance of an NAL constitutes a violation of 
this Order.  Neither  the absence of exceedances of NALs nor compliance with 
required actions following observed exceedances, excuses any non-compliance with 
the requirement to effectively prohibit all types of unauthorized non-storm water 
discharges into the MS4s or any non-compliance with the prohibitions in Sections A 
and B of this Order.    During any annual reporting period in which one or more 
exceedances of NALs have been documented the Copermittee must report in 
response to Section C.2 above, a description of whether and how the observed 
exceedances did or did not result in a discharge from the MS4 that caused, or 
threatened to cause or contribute to a condition of pollution, contamination, or 
nuisance in the receiving waters. 
 

4. Monitoring of effluent will occur at the end-of-pipe prior to discharge into the 
receiving waters, with a focus on Major Outfalls, as defined in 40 CFR 122.26(B 5-6) 
and Attachment E of this Order.  The Copermittees must develop their monitoring 
plans to sample a representative percentage of major outfalls and identified stations 
within each hydrologic subarea.  At a minimum, outfalls that exceed any NALs once 
during any year must be monitored in the subsequent year.  Any station that does 
not exceed an NAL, or only has exceedances that are identified as natural in origin 
and conveyance into the MS4 pursuant to Section C.2.a, for 3 successive years may 
be replaced with a different station. 
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5. Each Copermittee must monitor for the non-storm water dry weather action levels, 
which are incorporated into this Order as follows: 
 
Action levels for discharges to inland surface waters:   

 
Table 3.a: General Constituents 

Parameter Units AMAL MDAL 
Instantaneous 

Maximum Basis 

Fecal Coliform 
MPN/ 
100 ml 

200A 
400B -  

BPO 

Enterococci 
MPN/ 
100 ml 33 - 61C 

BPO 

Turbidity NTU - 20  BPO 
pH Units Within limit of 6.5 to 8.5 at all times BPO 

Dissolved Oxygen mg/L 
Not less than 5.0 in WARM waters and not 
less than 6.0 in COLD waters 

 
BPO 

Total Nitrogen mg/L - 1.0 See MDAL BPO 
Total Phosphorus mg/L - 0.1 See MDAL BPO 
Methylene Blue Active 
Substances mg/L - 0.5 See MDAL 

 
BPO 

Iron mg/L - 0.3 See MDAL BPO 
Manganese mg/L - 0.05 See MDAL BPO 

A – Based on a minimum of not less than five samples for any 30-day period 
B – No more than 10 percent of total samples may exceed 400 per 100 ml during any 30 day period 
C – This Value has been set to Basin Plan Criteria for Designated Beach Areas 
BPO – Basin Plan Objective 
MDAL – Maximum Daily Action Level 
AMAL – Average Monthly Action Level 
 
 
Table 3.b: Priority Pollutants 

Freshwater (CTR) 

Parameter Units MDAL AMAL 
Cadmium ug/L ** ** 
Copper ug/L * * 
Chromium III ug/L ** ** 
Chromium VI (hexavalent) ug/L 16 8.1 
Lead ug/L * * 
Nickel ug/L ** ** 
Silver ug/L * * 
Zinc ug/L * * 

CTR – California Toxic Rule 
*- Action Levels developed on a case-by-case basis (see below) 
**- Action Levels developed on a case-by-case basis (see below), but calculated criteria are not to exceed Maximum 
Contaminant  Levels under the California Code of Regulations9 

                                            
9 California Code of Regulations, Title 22, Division 4, Chapter 15, Article 4, Section 64431. 
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The NALs for Cadmium, Copper, Chromium (III), Lead, Nickel, Silver and Zinc will 
be developed on a case-by-case basis because the freshwater criteria are based on 
site-specific water quality data (receiving water hardness).  For these priority 
pollutants, the following equations (40 CFR 131.38.b.2) will be required: 
 
Cadmium (Total Recoverable)  = exp(0.7852[ln(hardness)] -2.715) 
Chromium III (Total Recoverable) = exp(0.8190[ln(hardness)] + .6848) 
Copper (Total Recoverable)  = exp(0.8545[ln(hardness)] - 1.702) 
Lead (Total Recoverable)  = exp(1.273[ln(hardness)] - 4.705) 
Nickel (Total Recoverable)  = exp(.8460[ln(hardness)] + 0.0584) 
Silver (Total Recoverable)  = exp(1.72[ln(hardness)] - 6.52) 
Zinc (Total Recoverable)  = exp(0.8473[ln(hardness)] + 0.884) 

 
 
D. STORM WATER ACTION LEVELS 
 
1. The Copermittees must implement the Wet Weather MS4 Discharge Monitoring as 

described in Attachment E of this Order, and beginning three years after the Order 
adoption date, the Copermittees must annually evaluate their data compared to the 
Stormwater Action Levels (SALs).  At each monitoring station, a running average of 
twenty percent or greater of exceedances of any discharge of storm water from the 
MS4 to waters of the U.S. that exceed the SALs for each of the pollutants listed in 
Table 4 (below) requires the Copermittee(s) having jurisdiction to affirmatively 
augment and implement all necessary storm water controls and measures to reduce 
the discharge of the associated class of pollutants(s) to the MEP.  The Copermittees 
must utilize the exceedance information when adjusting and executing annual work 
plans, as required by this Order.  Copermittees must take the magnitude, frequency, 
and number of constituents exceeding the SAL(s), in addition to receiving water 
quality data and other information, into consideration when prioritizing and reacting 
to SAL exceedances in an iterative manner.  Failure to appropriately consider and 
react to SAL exceedances in an iterative manner creates a presumption that the 
Copermittee(s) have not reduced pollutants in storm water discharges to the MEP. 
 
Table 4.  Storm Water Action Levels 

Pollutant Action Level 
Turbidity (NTU) 126 
Nitrate & Nitrite total (mg/L) 2.6 
P total (mg/L) 1.46 
Cd total (μg/L) 3.0 
Cu total (μg/L) 127 
Pb total (μg/L) 250 
Zn total (μg/L) 976 
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2. The end-of-pipe assessment points for the determination of SAL compliance are 

major outfalls, as defined in 40 CFR 122.26(b)(5) and (b)(6) and Attachment E of 
this Order.  The Copermittees must develop their monitoring plans to sample a 
representative percentage of the major outfalls within each hydrologic subarea.  At a 
minimum, outfalls that exceed SALs must be monitored in the subsequent year.  Any 
station that does not exceed an SAL for 3 successive years may be replaced with a 
different station.  SAL samples must be 24 hour time-weighted composites. 
 

3. The absence of SAL exceedances does not relieve the Copermittees from 
implementing all other required elements of this Order. 
 

4. This Order does not regulate natural sources and conveyances into the MS4 of 
constituents listed in Table 5.  To be relieved of the requirements to take action as 
described in D.1 above, the Copermittee must demonstrate that the likely and 
expected cause of the SAL exceedance is not anthropogenic in nature.  This 
demonstration does not need to be repeated for subsequent exceedances of the 
same SAL at the same monitoring station. 
 

5. The SALs will be reviewed and updated at the end of every permit cycle.  The data 
collected pursuant to D.2 above and Attachment E can be used to create SALs 
based upon local data.  The purpose of establishing the SALs is that through the 
iterative and MEP process, outfall storm water discharges will meet all applicable 
water quality standards. 
 

 
E. LEGAL AUTHORITY 
 
1. Each Copermittee must establish, maintain, and enforce adequate legal authority 

within its jurisdiction to control pollutant discharges into and from its MS4 through 
ordinance, statute, permit, contract or similar means.  Nothing herein shall authorize 
a Copermittee or other discharger regulated under the terms of this order to divert, 
store or otherwise impound water if such action is reasonably anticipated to harm 
downstream water rights holders in the exercise of their water rights.  This legal 
authority must, at a minimum, authorize the Copermittee to: 
 
a. Control the contribution of pollutants in discharges of runoff associated with 

industrial and construction activity to its MS4 and control the quality of runoff from 
industrial and construction sites.  This requirement applies both to industrial and 
construction sites which have coverage under the statewide general industrial or 
construction storm water permits, as well as to those sites which do not. Grading 
ordinances must be updated and enforced as necessary to comply with this 
Order; 

b. Prohibit all identified illicit discharges not otherwise allowed pursuant to section 
B.2;  

c. Prohibit and eliminate illicit connections to the MS4; 
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d. Control the discharge of spills, dumping, or disposal of materials other than storm 
water to its MS4; 

e. Require compliance with conditions in Copermittee ordinances, permits, 
contracts or orders (i.e., hold dischargers to its MS4 accountable for their 
contributions of pollutants and flows); 

f. Utilize enforcement mechanisms to require compliance with Copermittee storm 
water ordinances, permits, contracts, or orders; 

g. Control the contribution of pollutants from one portion of the shared MS4 to 
another portion of the MS4 through interagency agreements among 
Copermittees;  

h. Control of the contribution of pollutants from one portion of the shared MS4 to 
another portion of the MS4 through interagency agreements with other owners of 
the MS4 such as the State of California Department of Transportation, the U.S. 
federal government, or sovereign Native American Tribes is encouraged; 

i. Carry out all inspections, surveillance, and monitoring necessary to determine 
compliance and noncompliance with local ordinances and permits and with this 
Order, including the prohibition on illicit discharges to the MS4.  This means the 
Copermittee must have authority to enter, monitor, inspect, take measurements, 
review and copy records, and require regular reports from industrial facilities 
discharging into its MS4, including construction sites;  

j. Require the use of BMPs to prevent or reduce the discharge of pollutants into 
MS4s from storm water to the MEP; and 

k. Require documentation on the effectiveness of BMPs implemented to reduce the 
discharge of storm water pollutants to the MS4 to the MEP. 
 

2. Each Copermittee must submit on or before June 30, 2012, a statement certified by 
its chief legal counsel that the Copermittee has taken the necessary steps to obtain 
and maintain full legal authority within its jurisdiction to implement and enforce each 
of the requirements contained in 40 CFR 122.26(d)(2)(i)(A-F) and this Order.  These 
statements must include: 
 
a. Citation of runoff related ordinances and the reasons they are enforceable; 
b. Identification of the local administrative and legal procedures available to 

mandate compliance with runoff related ordinances and therefore with the 
conditions of this Order, and a statement as to whether enforcement actions can 
be completed administratively or whether they must be commenced and 
completed in the judicial system; and 

c. A brief description of how runoff related ordinances are adopted and the process 
by which they may be challenged. 
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F. JURISDICTIONAL RUNOFF MANAGEMENT PROGRAM (JRMP) 
 
Each Copermittee must implement all requirements of section F of this Order no later 
than July 1, 2012, unless otherwise specified.   Upon adoption of this Order and until an 
updated JRMP is developed and implemented or July 1, 2012, whichever occurs first, 
each Copermittee must at a minimum implement its JRMP document, as the document 
was developed and amended to comply with the requirements of Order No. R9-2004-
001. 
 
Each Copermittee must develop and implement an updated JRMP for its jurisdiction no 
later than July 1, 2012.  Each updated JRMP must meet the requirements of section F 
of this Order, reduce the discharge of storm water pollutants from the MS4 to the MEP, 
effectively prohibit non-storm water discharges, and prevent runoff discharges from the 
MS4 from causing or contributing to a violation of water quality standards.  In addition, 
each Copermittee’s JRMP must identify all departments and positions within its 
jurisdiction that conduct runoff related activities, and their roles and responsibilities 
under this Order.  This identification must include an up to date organizational chart 
specifying these departments and key personnel.  
 
 
1. DEVELOPMENT PLANNING COMPONENT 

 
Each Copermittee must implement a program which meets the requirements of this 
section and (1) reduces Development Project discharges of storm water pollutants 
from the MS4 to the MEP; (2) prevents Development Project discharges from the 
MS4 from causing or contributing to a violation of water quality standards; (3) 
prevents illicit discharges into the MS4; and (4) manages increases in runoff 
discharge rates and durations from Development Projects that are likely to cause 
increased erosion of stream beds and banks, silt pollutant generation, or other 
impacts to beneficial uses and stream habitat due to increased erosive force. 
 
a. GENERAL PLAN 

 
Each Copermittee must revise as needed its General Plan or equivalent plan 
(e.g., Comprehensive, Master, or Community Plan) to include water quality and 
watershed protection principles and policies that direct land-use decisions and 
require implementation of consistent water quality protection measures for all 
development, redevelopment, and retrofit projects.  Examples of water quality 
and watershed protection principles and policies to be considered include the 
following: 
 
(1) Minimize the amount of impervious surfaces and directly connected 

impervious surfaces in areas of new development and redevelopment and 
where feasible slow runoff and maximize on-site infiltration of runoff. 
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(2) Implement pollution prevention methods supplemented by pollutant source 
controls and treatment BMPs. Use small collection strategies located at, or as 
close as possible to, the source (i.e., the point where water initially meets the 
ground) to minimize the transport of urban runoff and pollutants offsite and 
into an MS4. 
 

(3) Preserve, and where possible, create, or restore areas that provide important 
water quality benefits, such as riparian corridors, wetlands, and buffer zones. 
Encourage land acquisition of such areas. 
 

(4) Limit disturbances of natural water bodies and natural drainage systems 
caused by development including roads, highways, and bridges. 
 

(5) Prior to making land use decisions, utilize methods available to estimate 
increases in pollutant loads and flows resulting from projected future 
development. Require incorporation of BMPs to mitigate the projected 
increases in pollutant loads and flows. 
 

(6) Avoid development of areas that are particularly susceptible to erosion and 
sediment loss; or establish development guidance that identifies these areas 
and protects them from erosion and sediment loss. 
 

(7) Reduce pollutants associated with vehicles and increasing traffic resulting 
from development. 
 

(8) Post-development runoff from a site must not contain pollutant loads that 
cause or contribute to an exceedance of receiving water quality objectives 
and which have not been reduced to the MEP. 

 
b. ENVIRONMENTAL REVIEW PROCESS 

 
Each Copermittee must revise as needed its current environmental review 
processes to accurately evaluate water quality impacts and cumulative impacts 
and identify appropriate measures to avoid, minimize, and mitigate those impacts 
for all Development Projects. 

 

c. APPROVAL PROCESS CRITERIA AND REQUIREMENTS FOR ALL DEVELOPMENT 
PROJECTS 
 
For all proposed Development Projects, each Copermittee, during the planning 
process, and prior to project approval and issuance of local permits, must 
prescribe the necessary requirements so that Development Project discharges of 
storm water pollutants from the MS4 will be reduced to the MEP, will not cause or 
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contribute to a violation of water quality standards, and will comply with the 
Copermittee’s ordinances, permits, plans, and requirements, and with this Order.   
 
Performance Criteria:  Discharges from each approved development project must 
be subject to the following management measures: 
 
(1) Source control BMPs that reduce storm water pollutants of concern in runoff; 

prevent illicit discharges into the MS4; prevent irrigation runoff; storm drain 
system stenciling or signage; properly design outdoor material storage areas; 
properly design outdoor work areas; and properly design trash storage areas. 
 

(2) The following LID BMPs listed below must be implemented at all 
Development Projects where applicable and feasible. 
 
(a) Conserve natural areas, including existing trees, other vegetation, and 

soils; 
(b) Construct streets, sidewalks, or parking lot aisles to the minimum widths 

necessary, provided that public safety is not compromised; 
(c) Minimize the impervious footprint of the project; 
(d) Minimize soil compaction to landscaped areas; 
(e) Minimize disturbances to natural drainages (e.g., natural swales, 

topographic depressions, etc.); and 
(f) Disconnect impervious surfaces through distributed pervious areas. 

 
(3) Buffer zones for natural water bodies, where technically feasible.  Where 

buffer zones are technically infeasible, require project proponent to implement 
other buffers such as trees, access restrictions, etc. 
 

(4) Other measures necessary so that grading or other construction activities 
meet the provisions specified in section F.2 of this Order. 
 

(5) Submittal of documentation of a mechanism under which ongoing long-term 
maintenance of all structural post-construction BMPs will be conducted. 
 

(6) Infiltration and Groundwater Protection 
 
To protect groundwater quality, each Copermittee must apply restrictions to 
the use of treatment control BMPs that are designed to primarily function as 
large, centralized infiltration devices (such as large infiltration trenches and 
infiltration basins).  Such restrictions must be designed so that the use of 
such infiltration treatment control BMPs does not cause or contribute to an 
exceedance of groundwater quality objectives.  At a minimum, each treatment 
control BMP designed to primarily function as a centralized infiltration device 
must meet the restrictions below, unless the Development Project 
demonstrates to the Copermittee that a restriction is not necessary to protect 
groundwater quality.  The Copermittees may collectively or individually 
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develop alternative restrictions on the use of treatment control BMPs which 
are designed to primarily function as centralized infiltration devices.  
Alternative restrictions developed by the Copermittees can partially or wholly 
replace the restrictions listed below.  The restrictions do not apply to small 
infiltration systems dispersed throughout a development project. 
 
(a) Runoff must undergo pretreatment such as sedimentation or filtration prior 

to infiltration; 
 

(b) All dry weather flows containing significant pollutant loads must be 
diverted from infiltration devices and treated through other BMPs; 
 

(c) Pollution prevention and source control BMPs must be implemented at a 
level appropriate to protect groundwater quality at sites where infiltration 
treatment control BMPs are to be used; 
 

(d) Infiltration treatment control BMPs must be adequately maintained so that 
they remove storm water pollutants to the MEP; 
 

(e) The vertical distance from the base of any infiltration treatment control 
BMP to the seasonal high groundwater mark must be at least 10 feet.  
Where groundwater basins do not support beneficial uses, this vertical 
distance criteria may be reduced, provided groundwater quality is 
maintained; 
 

(f) The soil through which infiltration is to occur must have physical and 
chemical characteristics (such as appropriate cation exchange capacity, 
organic content, clay content, and infiltration rate) which are adequate for 
proper infiltration durations and treatment of runoff for the protection of 
groundwater beneficial uses;   
 

(g) Infiltration treatment control BMPs must not be used for areas of industrial 
or light industrial activity; and other high threat to water quality land uses 
and activities as designated by each Copermittee unless first treated or 
filtered to remove pollutants prior to infiltration; and  
 

(h) Infiltration treatment control BMPs must be located a minimum of 100 feet 
horizontally from any water supply wells. 
 

(7) Where feasible, landscaping with native or low water species shall be 
preferred in areas that drain to the MS4 or to waters of the U.S. 
 

(8) Rain water harvesting and water reuse, where feasible, must be encouraged 
as part of the site design and construction to reduce pollutants in storm water 
discharges to the MEP.
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d. STANDARD STORM WATER MITIGATION PLANS (SSMPS) – APPROVAL PROCESS 

CRITERIA AND REQUIREMENTS FOR PRIORITY DEVELOPMENT PROJECTS 
 
On or before June 30, 2012, the Copermittees must submit an updated SSMP, to 
the San Diego Water Board’s Executive Officer for a 30 day public review and 
comment period.  The San Diego Water Board’s Executive Officer has the 
discretion to determine whether to hold a public hearing or to limit public input to 
written comments.  Within 180 days of determination that the SSMP is in 
compliance with this Order’s provisions, each Copermittee must amend its local 
ordinances consistent with the updated SSMP, and begin implementing the 
updated SSMP.  Any updated local ordinances must be submitted to the San 
Diego Water Board with the Annual Report.  The SSMP must meet the 
requirements of section F.1.d of this Order to (1) reduce Priority Development 
Project discharges of storm water pollutants from the MS4 to the MEP, and (2) 
prevent Priority Development Project runoff discharges from the MS4 from 
causing or contributing to a violation of water quality standards.10  
 
(1) Definition of Priority Development Project: 

 
Priority Development Projects are:  
 
(a) All new Development Projects that fall under the project categories or 

locations listed in section F.1.d.(2), and  
 

(b) Those redevelopment projects that create, add, or replace at least 5,000 
square feet of impervious surfaces on an already developed site and the 
existing development and/or the redevelopment project falls under the 
project categories or locations listed in section F.1.d.(2).  Where 
redevelopment results in an increase of less than fifty percent of the 
impervious surfaces of a previously existing development, and the existing 
development was not subject to SSMP requirements, the numeric sizing 
criteria discussed in section F.1.d.(6) applies only to the addition or 
replacement, and not to the entire development.  Where redevelopment 

                                            
10 Updated SSMP and hydromodification requirements must apply to all priority projects or phases of 
priority projects which have not yet begun grading or construction activities at the time any updated 
SSMP or hydromodification requirement commences. If lawful prior approval of a project exists, whereby 
application of an updated SSMP or hydromodification requirement to the project is illegal, the updated 
SSMP or hydromodification requirement need not apply to the project. Updated Development Planning 
requirements set forth in Sections F.1. (a) through (h) of this Order must apply to all projects or phases of 
projects, unless, at the time any updated Development Planning requirement commences, the projects or 
project phases meet any one of the following conditions: (i) the project or phase has begun grading or 
construction activities; or (ii) a Copermittee determines that lawful prior approval rights for a project or 
project phase exist, whereby application of the Updated Development Planning requirement to the project 
is legally infeasible.  Where feasible, the Permittees must utilize the SSMP and hydromodification update 
periods to ensure that projects undergoing approval processes include application of the updated SSMP 
and hydromodification requirements in its plans. 
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results in an increase of more than fifty percent of the impervious surfaces 
of a previously existing development, the numeric sizing criteria applies to 
the entire development.   

 
(c) One acre threshold:  In addition to the Priority Development Project 

Categories identified in section F.1.d.(2), Priority Development Projects 
must also include all other post-construction pollutant-generating new 
Development Projects that result in the disturbance of one acre or more of 
land by July 1, 2012.11  
 

(2) Priority Development Project Categories 
 
Where a new Development Project feature, such as a parking lot, falls into a 
Priority Development Project Category, the entire project footprint is subject to 
SSMP requirements. 
 
(a) New development projects that create 10,000 square feet or more of 

impervious surfaces (collectively over the entire project site) including 
commercial, industrial, residential, mixed-use, and public projects.  This 
category includes development projects on public or private land which fall 
under the planning and building authority of the Copermittees. 
 

(b) Automotive repair shops.  This category is defined as a facility that is 
categorized in any one of the following Standard Industrial Classification 
(SIC) codes:  5013, 5014, 5541, 7532-7534, or 7536-7539. 
 

(c) Restaurants. This category is defined as a facility that sells prepared foods 
and drinks for consumption, including stationary lunch counters and 
refreshment stands selling prepared foods and drinks for immediate 
consumption (SIC code 5812), where the land area for development is 
greater than 5,000 square feet.  Restaurants where land development is 
less than 5,000 square feet must meet all SSMP requirements except for 
structural treatment BMP and numeric sizing criteria requirement F.1.d.(6) 
and hydromodification requirement F.1.h. 
 

(d) All hillside development greater than 5,000 square feet.  This category is 
defined as any development which creates 5,000 square feet of 
impervious surface which is located in an area with known erosive soil 
conditions, where the development will grade on any natural slope that is 
twenty-five percent or greater. 
 

(e) Environmentally Sensitive Areas (ESAs).  All development located within, 
or directly adjacent to, or discharging directly to an ESA (where 

                                            
11 Pollutant generating Development Projects are those projects that generate pollutants at levels greater 
than natural background levels. 
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discharges from the development or redevelopment will enter receiving 
waters within the ESA), which either creates 2,500 square feet of 
impervious surface on a proposed project site or increases the area of 
imperviousness of a proposed project site to 10 percent or more of its 
naturally occurring condition.  “Directly adjacent” means situated within 
200 feet of the ESA.  “Discharging directly to” means outflow from a 
drainage conveyance system that is composed entirely of flows from the 
subject development or redevelopment site, and not commingled with 
flows from adjacent lands. 
 

(f) Impervious parking lots 5,000 square feet or more and potentially exposed 
to runoff.  Parking lot is defined as a land area or facility for the temporary 
parking or storage of motor vehicles used personally, for business, or for 
commerce. 
 

(g) Street, roads, highways, and freeways.  This category includes any paved 
impervious surface that is 5,000 square feet or greater used for the 
transportation of automobiles, trucks, motorcycles, and other vehicles.  To 
the extent that the Copermittees develop revised standard roadway design 
and post-construction BMP guidance that comply with the provisions of 
Section F.1 of the Order, then public works projects that implement the 
revised standard roadway sections do not have to develop a project 
specific SSMP.  The standard roadway design and post-construction BMP 
guidance must be submitted with the Copermittee’s updated SSMP. 
 

(h) Retail Gasoline Outlets (RGOs).  This category includes RGOs that meet 
the following criteria: (a) 5,000 square feet or more or (b) a projected 
Average Daily Traffic (ADT) of 100 or more vehicles per day. 
 

(3) Pollutants of Concern 
 
As part of its local SSMP, each Copermittee must implement an updated 
procedure for identifying pollutants of concern for each Priority Development 
Project.  The procedure must address, at a minimum: (1) Receiving water 
quality (including pollutants for which receiving waters are listed as impaired 
under CWA section 303(d)); (2) Land-use type of the Development Project 
and pollutants associated with that land use type; and (3) Pollutants expected 
to be present on site. 
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(4) Low Impact Development BMP Requirements 
 
Each Copermittee must require each Priority Development Project to 
implement LID BMPs which will collectively minimize directly connected 
impervious areas, limit loss of existing infiltration capacity, and protect areas 
that provide important water quality benefits necessary to maintain riparian 
and aquatic biota, and/or are particularly susceptible to erosion and sediment 
loss. 
 
(a) The Copermittees must take the following measures to ensure that LID 

BMPs are implemented at Priority Development Projects:  
 
(i) Each Copermittee must require LID BMPs or make a finding of 

technical infeasibility for each Priority Development Project in 
accordance with the LID waiver program in Section F.1.d.(7); 

(ii) Each Copermittee must incorporate formalized consideration, such 
as thorough checklists, ordinances, and/or other means, of LID 
BMPs into the plan review process for Priority Development 
Projects; and 

(iii) On or before July 1, 2012, each Copermittee must review its local 
codes, policies, and ordinances and identify barriers therein to 
implementation of LID BMPs. Following the identification of these 
barriers to LID implementation, where feasible, the Copermittee 
must take, by the end of the permit cycle, appropriate actions to 
remove such barriers.  The Copermittees must include this review 
with the updated JRMP. 
 

(b) The following LID BMPs must be implemented at each Priority 
Development Project: 
 
(i) Maintain or restore natural storage reservoirs and drainage 

corridors (including depressions, areas of permeable soils, swales, 
and ephemeral and intermittent streams) to the extent feasible12. 

(ii) Projects with landscaped or other pervious areas must, where 
feasible, properly design and construct the pervious areas to 
effectively receive and infiltrate, retain and/or treat runoff from 
impervious areas, prior to discharge to the MS4.  Soil compaction 
for these areas must be minimized.  The amount of the impervious 
areas that are to drain to pervious areas must be based upon the 
total size, soil conditions, slope, and other pertinent factors. 

(iii) Projects with low traffic areas and appropriate soil conditions must 
be constructed with permeable surfaces. 

                                            
12 Priority Development Projects proposing to dredge or fill materials in waters of the U.S. must obtain a 
CWA Section 401 Water Quality Certification. Priority Development Projects proposing to dredge or fill 
waters of the State must obtain Waste Discharge Requirements. 
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(c) LID BMPs sizing criteria: 

 
(i) LID BMPs must be sized and designed to ensure onsite retention 

without runoff, of the volume of runoff produced from a 24-hour 85th 
percentile storm event13 (“design capture volume”); 

(ii) If onsite retention14 LID BMPs are technically infeasible per section 
F.1.d.(7)(b), other LID BMPs may treat any volume that is not 
retained onsite provided that the total volume of the other LID 
BMPs, including pore spaces and pre-filter detention volume, are 
sized to hold at least 0.75 times the portion of the design capture 
volume that is not retained onsite.  The LID BMPs must be 
designed for an appropriate surface loading rate to prevent erosion, 
scour and channeling within the BMP.  
 

(d) If it is shown to be technically infeasible per Section F.1.d.(7)(b) to retain 
and/or treat the remaining volume up to and including the design capture 
volume using LID BMPs, then the project must implement conventional 
treatment control BMPs in accordance with Section F.1.d.(6) below and 
must participate in the LID waiver program in Section F.1.d.(7). 
 

(e) All LID BMPs must be designed and implemented with measures to avoid 
the creation of nuisance or pollution associated with vectors, such as 
mosquitoes, rodents, and flies. 
 

(5) Source Control BMP Requirements 
 
Each Copermittee must require each Priority Development Project to 
implement applicable source control BMPs.  The source control BMPs to be 
required must: 
 
(a) Prevent illicit discharges into the MS4; 
(b) Minimize storm water pollutants of concern in runoff; 
(c) Eliminate irrigation runoff; 

                                            
13 This volume is not a single volume to be applied to all of Riverside County.  The size of the 85th 
percentile storm event is different for various parts of the County.  The Copermittees are encouraged to 
calculate the 85th percentile storm event for each of its jurisdictions using local rain data pertinent to its 
particular jurisdiction (0.6 inch standard is a rough average for the County and should only be used where 
appropriate rain data is not available).  In addition, isopluvial maps may be used to extrapolate rainfall 
data to areas where insufficient data exists in order to determine the volume of the local 85th percentile 
storm event in such areas.  Where the Copermittees will use isopluvial maps to determine the 85th 
percentile storm event in areas lacking rain data, the Copermittees must describe their method for using 
isopluvial maps in its SSMPs. 
14 Infiltration LID BMPs are the preferred method for onsite retention, but does not preclude the use and 
implementation of all other retention LID BMPs (e.g. evapotranspiration, evaporation, and/or harvest), 
where technically feasible, prior to considering biofiltration LID BMPs for treatment of the design capture 
volume that is not otherwise retained onsite. 
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(d) Include storm drain system stenciling or signage; 
(e) Include properly designed outdoor material storage areas; 
(f) Include properly designed outdoor work areas; 
(g) Include properly designed trash storage areas; and 
(h) Include water quality protection requirements applicable to individual 

priority project categories. 
 

(6) Treatment Control BMP Requirements 
 
Each Copermittee must require each Priority Development Project that meets 
the Copermittee’s technical infeasibility criteria in Section F.1.d(7) below, to 
implement conventional treatment control BMPs to treat the portion of the 
“design capture volume” that was not treated by LID BMPs per Section 
F.1.d(4) above.  Conventional treatment control BMPs must meet the 
following requirements: 
 
(a) All treatment control BMPs for a single Priority Development Project must 

collectively be sized to comply with the following numeric sizing criteria: 
 
(i) Volume-based treatment control BMPs must be designed to 

mitigate (infiltrate, filter, or treat) the remaining portion of the design 
capture volume that was not retained and/or treated with LID 
BMPs; or  
 

(ii) Flow-based treatment control BMPs must be designed to mitigate 
(filter, or treat) either: a) the maximum flow rate of runoff produced 
from a rainfall intensity of 0.2 inch of rainfall per hour, for each hour 
of a storm event; or b) the maximum flow rate of runoff produced by 
the 85th percentile hourly rainfall intensity (for each hour of a storm 
event), as determined from the local historical rainfall record, 
multiplied by a factor of two. 
 

(b) All treatment control BMPs for Priority Development Projects must, at a 
minimum: 
 
(i) Be ranked with high or medium pollutant removal efficiency for the 

project’s most significant pollutants of concern, as the pollutant 
removal efficiencies are identified in the Copermittees’ SSMP.  
Treatment control BMPs with a low removal efficiency ranking must 
only be approved by a Copermittee when a feasibility analysis has 
been conducted which exhibits that implementation of treatment 
control BMPs with high or medium removal efficiency rankings are 
infeasible for a Priority Development Project or portion of a Priority 
Development Project. 

(ii) Be correctly sized and designed so as to remove storm water 
pollutants to the MEP. 
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(c) Target removal of pollutants of concern from runoff. 

 
(d) Be implemented close to pollutant sources, and prior to discharging into 

waters of the U.S. 
 

(e) Include proof of a mechanism under which ongoing long-term 
maintenance will be conducted to ensure proper maintenance for the life 
of the project.  The mechanisms may be provided by the project proponent 
or Copermittee. 
 

(f) Be designed and implemented with measures to avoid the creation of 
nuisance or pollution associated with vectors, such as mosquitoes, 
rodents, and flies. 
 

(7) Low Impact Development (LID) BMP Waiver Program 
 
The Copermittees must develop, collectively or individually, a LID waiver 
program for incorporation into the SSMP, which would allow a Priority 
Development Project to substitute implementation of all or a portion of 
required LID BMPs in Section F.1.d(4) with implementation of treatment 
control BMPs and either 1) on-site mitigation, 2) an off-site mitigation project, 
and/or 3) other mitigation developed by the Copermittees.  The Copermittees 
must submit the LID waiver program as part of their updated SSMP.  At a 
minimum, the program must meet the requirements below: 
 
(a) Prior to implementation, the LID waiver program must clearly exhibit that it 

will not allow Priority Development Projects to result in a net impact (after 
consideration of any mitigation) from pollutant loadings over and above 
the impact caused by projects meeting the onsite LID retention 
requirements; 
 

(b) For each Priority Development Project participating, the Copermittee must 
find  that it is technically infeasible to implement LID BMPs that comply 
with the requirements of Section F.1.(d)(4).  The Copermittee(s) must 
develop criteria to determine the technical feasibility of implementing LID 
BMPs .  Each Priority Development Project participating must demonstrate 
that LID BMPs were implemented as much as feasible given the site’s 
unique conditions.  Technical infeasibility may result from conditions 
including, but not limited to: 
 
(i) Locations that cannot meet the infiltration and groundwater 

protection requirements in section F.1.c.(6) for large, centralized 
infiltration BMPs.  Where infiltration is technically infeasible, the 
project must still examine the feasibility of other onsite LID BMPs; 

(ii) Insufficient demand for storm water reuse; 
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(iii) Smart growth and infill or redevelopment locations where the 
density and/or nature of the project would create significant 
difficulty for compliance with the LID BMP requirements; and 

(iv) Other site, geologic, soil, or implementation constraints identified in 
the Copermittees updated SSMP document. 
 

(c) Each Priority Development Project that participates in the LID waiver 
program must mitigate for the pollutant loads expected to be discharged 
due to not implementing the LID retention BMPs in section F.1.d.(4).  The 
pollutant loading must be estimated for each project participating in the 
LID waiver program.  The estimated impacts from not implementing the 
required LID retention BMPs in section F.1.d.(4) must be fully mitigated.  
Mitigation projects must be implemented within the same hydrologic unit 
as the Priority Development Project.  Mitigation projects outside of the 
hydrologic subarea but within the same hydrologic unit may be approved 
provided that the project proponent demonstrates that mitigation projects 
within the same hydrologic subarea are infeasible and that the mitigation 
project will address similar beneficial use impacts as expected from the 
Priority Development Projects pollutant load.  Onsite mitigation may 
include increasing the conventional treatment sizing factors to achieve 
pollutant load removal equal to or greater than the pollutant load removal 
expected from implementing onsite retention of the design capture 
volume.  Offsite mitigation projects may include green streets projects, 
existing development retrofit projects, retrofit incentive programs, regional 
BMPs and/or riparian restoration projects.  Project applicants seeking to 
utilize these alternative compliance provisions may propose other offsite 
mitigation projects, which the Copermittees may approve if they meet the 
requirements of this subpart. 
 

(d) A Copermittee may choose to implement additional mitigation programs 
(e.g., pollutant credit system, mitigation fund) as part of the LID waiver 
program provided that the mitigation program clearly exhibits that it will not 
allow Priority Development Projects to result in a net impact from pollutant 
loadings over and above the impact caused by projects meeting LID 
requirements.  Any additional mitigation programs that a Copermittee 
chooses to implement must be submitted to the San Diego Water Board 
Executive Officer for review and acceptance prior to implementation. 
 

(8) LID and Treatment Control BMP Standards 
 
(a) As part of the SSMP, each Copermittee must develop and require Priority 

Development Projects to implement siting, design, and maintenance 
criteria for each LID and treatment control BMP listed in the SSMP to 
determine feasibility and applicability and so that implemented LID and 
treatment control BMPs are constructed correctly and are effective at 
pollutant removal, runoff control, and vector minimization.  Development of 
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BMP design worksheets which can be used by project proponents is 
encouraged.     
 

(b) LID and treatment control BMPs implemented at any Priority Development 
Projects must mitigate (treat through infiltration, settling, filtration or other 
unit processes) the required volume or flow of runoff from all developed 
portions of the project, including landscaped areas. 
 

(c) All LID and treatment control BMPs must be located so as to remove 
pollutants from runoff prior to its discharge to any receiving waters.  
Multiple Priority Development Projects may use shared post-construction 
BMPs as long as construction of any shared BMP is completed prior to the 
use or occupation of any Priority Development Project from which the 
BMP will receive runoff.  Post construction BMPs must not be constructed 
within a waters of the U.S. or waters of the State. 
 

(9) Implementation Process 
 
(a) As part of its local SSMP, each Copermittee must implement a process to 

verify compliance with SSMP requirements.  The process must identify at 
what point in the planning process Priority Development Projects will be 
required to meet SSMP requirements and at a minimum, the Priority 
Development Project must implement the required post-construction 
BMPs prior to occupancy and/or the intended use of any portion of that 
project.  The process must also include identification of the roles and 
responsibilities of various municipal departments in implementing the 
SSMP requirements, as well as any other measures necessary for the 
implementation of SSMP requirements. 
 

(b) Each Copermittee must establish a mechanism not only to track post-
construction BMPs, but also to ensure that appropriate easements and 
ownerships are properly recorded in public records and the information is 
conveyed to all appropriate parties when there is a change in project or 
site ownership. 
 

(10) Post-construction BMP Review 
 
(a) The Copermittees must review and update the BMPs that are listed in 

their SSMP as options for treatment control.  At a minimum, the update 
must include removal of obsolete or ineffective BMPs and addition of LID 
BMPs that can be used for treatment, such as bioretention cells, 
bioretention swales, etc.  The update must also add appropriate LID BMPs 
to any tables or discussions in the local SSMPs addressing pollutant 
removal efficiencies of treatment control BMPs.  In addition, the update 
must include review and revision where necessary of treatment control 
BMP pollutant removal efficiencies.   
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F.1e. BMP CONSTRUCTION VERIFICATION 
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(b) The update must incorporate findings from BMP effectiveness studies 

conducted by the Copermittees for projects funded wholly or in part by the 
State Water Board or Regional Water Boards.   
 

(c) Each Copermittee must implement a mechanism for annually 
incorporating findings from local treatment BMP effectiveness studies 
(e.g., ones conducted by, or on-behalf of, public agencies in Riverside 
County) into SSMP project reviews and permitting. 
 

e. BMP CONSTRUCTION VERIFICATION 
 
Prior to occupancy and/or intended use of any portion of the Priority 
Development Project subject to SSMP requirements, each Copermittee must 
inspect the constructed site design, source control, and treatment control BMPs 
applicable to the constructed portion of the project to verify that they have been 
constructed and are operating in compliance with all specifications, plans, 
permits, ordinances, and this Order.   
 

f. BMP MAINTENANCE TRACKING 
 
(1) Inventory of SSMP projects:  Each Copermittee must develop and maintain a 

watershed-based database to track and inventory all projects constructed 
within their jurisdiction, that have a final approved SSMP (SSMP projects), 
and its structural post-construction BMPs implemented therein since July, 
2005.  LID BMPs implemented on a lot by lot basis at single family residential 
houses, such as rain barrels, are not required to be tracked or inventoried.  At 
a minimum, the database must include information on BMP type(s), location, 
watershed, date of construction, party responsible for maintenance, dates and 
findings of maintenance verifications, and corrective actions, including 
whether the site was referred to the local vector control agency or 
department. 
 

(2) Each Copermittee must verify that approved post-construction BMPs are 
operating effectively and have been adequately maintained by implementing 
the following measures: 
 
(a) The designation of high priority SSMP Projects must consider  the 

following: 
 
(i) BMP size,  
(ii) Recommended maintenance frequency,  
(iii) Likelihood of operational and maintenance issues,  
(iv) Location,  
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(v) Receiving water quality, 
(vi) Compliance record, 
(vii) Land use, and 
(viii) Other pertinent factors; 

 
At a minimum, high priority projects include those projects that generate 
pollutants (prior to treatment) within the tributary area of and within the 
same hydrologic subarea as a 303(d) listed waterbody impaired for that 
pollutant; or those projects generating pollutants within the tributary area 
for and within the same hydrologic subarea as an observed action level 
exceedance of that pollutant. 
 

(b) Beginning on July 1, 2012, each Copermittee must verify that the required 
structural post-construction BMPs on the inventoried SSMP projects have 
been implemented, are maintained, and are operating effectively through 
inspections, self-certifications, surveys, or other equally effective 
approaches with the following conditions: 
 
(i) The implementation, operation, and maintenance of all (100 

percent) approved and inventoried final project public and private 
SSMPs (a.k.a. WQMPs) must be verified every five years; 

(ii) All (100 percent) projects with BMPs that are high priority must be 
inspected by the Copermittee annually prior to each rainy season; 

(iii) All (100 percent) Copermittee projects with BMPs must be 
inspected by the Copermittee annually; 

(iv) At the discretion of the Copermittee, its inspections may be 
coordinated with the facility inspections implemented pursuant to 
section F.3. of this Order; 

(v) For verifications performed through a means other than direct 
Copermittee inspection, adequate documentation must be 
submitted to the Copermittee to provide assurance that the required 
maintenance has been completed; 

(vi) Appropriate follow-up measures (including re-inspections, 
enforcement, maintenance, etc.) must be conducted to ensure the 
treatment BMPs continue to reduce storm water pollutants as 
originally designed; and 

(vii) Inspections must note observations of vector conditions, such as 
mosquitoes.  Where conditions are identified as contributing to 
mosquito production, the Copermittee must notify its local vector 
control agency. 
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g. ENFORCEMENT OF DEVELOPMENT SITES 

 
Each Copermittee must enforce its storm water ordinance for all development 
projects as necessary to maintain compliance with this Order.  Copermittee 
ordinances or other regulatory mechanisms must include appropriate sanctions 
to achieve compliance.  Sanctions must include the following tools or their 
equivalent:  Non-monetary penalties, fines, bonding requirements, liens, and/or 
permit or occupancy denials for non-compliance. 
 

h. HYDROMODIFICATION – LIMITATIONS ON INCREASES OF RUNOFF DISCHARGE RATES 
AND DURATIONS15 
 
Each Copermittee shall collaborate with the other Copermittees to develop and 
implement a Hydromodification Management Plan (HMP) to manage increases in 
runoff discharge rates and durations from all Priority Development Projects. 
The HMP must be incorporated into the SSMP and implemented by each 
Copermittee so that estimated post-project runoff discharge rates and durations 
must not exceed pre-development discharge rates and durations.  Where the 
proposed project is located on an already developed site, the pre-project 
discharge rate and duration must be that of the pre-developed, naturally 
occurring condition.  The draft HMP must be submitted to the San Diego Water 
Board on or before June 30, 2013.  The HMP will be made available for public 
review and comment and the San Diego Water Board Executive Officer will 
determine whether to hold a public hearing before the full San Diego Water 
Board or whether public input will be through written comments to the Executive 
Officer only. 
 
(1) The HMP must:  

 
(a) Identify a method for assessing susceptibility and geomorphic stability of 

channel segments which receive runoff discharges from Priority 
Development Projects.  A performance standard must be established that 
ensures that the geomorphic stability within the channel will not be 
compromised as a result of receiving runoff discharges from Priority 
Development Projects.

                                            
15 Updated SSMP and hydromodification requirements must apply to all Priority Development Projects or 
phases of Priority Development Projects which have not yet begun grading or construction activities at the 
time any updated SSMP or hydromodification requirement commences.  If a Copermittee determines that 
lawful prior approval of a project exists, whereby application of an updated SSMP or hydromodification 
requirement to the project is legally infeasible, the updated SSMP or hydromodification requirement need 
not apply to the project.  The Copermittees must utilize the SSMP and hydromodification update periods 
to ensure that projects undergoing approval processes include application of the updated SSMP and 
hydromodification requirements in its plans. 
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(b) Identify a range of runoff flows16 based on continuous simulation of the 

entire rainfall record (or other analytical method proposed by the 
Copermittees and deemed acceptable by the San Diego Water Board) for 
which Priority Development Project post-project runoff flow rates and 
durations must not exceed pre-development (naturally occurring) runoff 
flow rates and durations by more than 10 percent, where the increased 
flow rates and durations will result in increased potential for erosion or 
other significant adverse impacts to beneficial uses.  The lower boundary 
of the range of runoff flows identified must correspond with the critical 
channel flow that produces the critical shear stress that initiates channel 
bed movement or that erodes the toe of channel banks.  The identified 
range of runoff flows may be different for specific watersheds, channels, or 
channel reaches.  In the case of an artificially hardened (concrete lined, rip 
rap, etc.) channel, the lower boundary of the range of runoff flows 
identified must correspond with the critical channel flow that produces the 
critical shear stress that initiates channel bed movement or that erodes the 
toe of channel banks of a comparable natural channel (i.e. non-hardened, 
pre-development). 
 

(c) Identify a method to assess and compensate for the loss of sediment 
supply to streams due to development.  A performance and/or design 
standard must be created and required to be met by Priority Development 
Projects to ensure that the loss of sediment supply due to development 
does not cause or contribute to increased erosion within channel 
segments downstream of Priority Development Project discharge points. 
 

(d) Designate and require Priority Development Projects to implement control 
measures so that (1) post-project runoff flow rates and durations do not 
exceed pre-development (naturally occurring) runoff flow rates and 
durations by more than 10 percent for the range of runoff flows identified 
under section F.1.h.(1)(b), where the increased flow rates and durations 
will result in increased potential for erosion or other significant adverse 
impacts to beneficial uses; (2) post-project runoff flow rates and durations 
do not result in channel conditions which do not meet the channel 
standard developed under section F.1.h.(1)(a) for channel segments 
downstream of Priority Development Project discharge points; and (3) the 
design of the project and/or control measures compensate for the loss of 
sediment supply due to development. 
 
 
 

                                            
16 The identified range of run off flows to be controlled should be expressed in terms of peak flow rates of 
rainfall events, such as “10% of the pre-development 2-year runoff event up to the pre-development 10-
year runoff event.” 
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(e) Include a protocol to evaluate potential hydrograph change impacts to 
downstream watercourses from Priority Development Projects to meet the 
range of runoff flows identified under Section F.1.h.(1)(b). 

 
(f) Include other performance criteria (numeric or otherwise) for Priority 

Development Projects as necessary to prevent runoff from the projects 
from increasing and/or continuing unnatural rates of erosion of channel 
beds and banks, silt pollutants generation, or other impacts to beneficial 
uses and stream habitat due to increased erosive force. 
 

(g) Include a review of pertinent literature. 
 

(h) Identify areas within the Santa Margarita Hydrologic Unit for potential 
opportunities to restore or rehabilitate stream channels with historic 
hydromodification of receiving waters that are tributary to documented low 
or very low Index of Biotic Integrity (IBI) scores.  
 

(i) Include a description of how the Copermittees will incorporate the HMP 
requirements into their local approval processes. 
 

(j) Include criteria on selection and design of management practices and 
measures (such as detention, retention, and infiltration) to control flow 
rates and durations and address potential hydromodification impacts. 
 

(k) Include technical information, including references, supporting any 
standards and criteria proposed. 
 

(l) Include a description of inspections and maintenance to be conducted for 
management practices and measures to control flow rates and durations 
and address potential hydromodification impacts. 
 

(m)Include a description of monitoring and other program evaluations to be 
conducted to assess the effectiveness of implementation of the HMP.  
Monitoring and other program evaluations must include an evaluation of 
changes to physical (e.g., cross-section, slope, discharge rate, vegetation, 
pervious/impervious area) and biological (e.g., habitat quality, benthic flora 
and fauna, IBI scores) conditions of receiving water channels as areas 
with Priority Development Projects are constructed (i.e. pre- and post-
project), as appropriate. 

 
(n) Include mechanisms for assessing and addressing cumulative impacts of 

Priority Development Projects within a watershed on channel morphology. 
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(2) In addition to the control measures that must be implemented by Priority 
Development Projects per section F.1.h.(1)(d), the HMP must include a suite 
of management measures that can be used on Priority Development Projects 
to mitigate hydromodification impacts, protect and restore downstream 
beneficial uses and prevent or further prevent adverse physical changes to 
downstream channels.  The measures must be based on a prioritized 
consideration of the following elements in this order: 
 
(a) Site design control measures; 
(b) On-site management measures;  
(c) Regional control measures located upstream of receiving waters; and 
(d) In-stream management and control measures. 
 
Where stream channels are adjacent to, or are to be modified as part of a 
Priority Development Project, management measures must include buffer 
zones and setbacks.  The suite of management measures must also include 
stream restoration as a viable option to achieve the channel standard in 
section F.1.h.(1)(a).  In-stream controls used as management measures to 
protect and restore downstream beneficial uses and for preventing or 
minimizing further adverse physical changes must not include the use of non-
naturally occurring hardscape materials such as concrete, riprap, gabions, 
etc. to reinforce stream channels. 
 

(3) As part of the HMP, the Copermittees may develop a waiver program that 
allows a redevelopment Priority Development Project, as defined in Section 
F.1.d.(1)(b), to implement offsite mitigation measures. A waiver may be 
granted if onsite management and control measures are technically infeasible 
to fully achieve post-project runoff flow rates and durations that do not exceed 
the pre-development (naturally occurring) runoff flow rates and durations.  
Redevelopment projects that are granted a waiver under the program must 
not have post-project runoff flow rates and durations that exceed the pre-
project runoff flow rates and durations.  The estimated incremental 
hydromodification impacts from not achieving the pre-development (naturally 
occurring) runoff flow rates and durations for the project site must be fully 
mitigated.  The offsite mitigation must be within the same stream channel 
system to which the project discharges.  Mitigation projects not within the 
same stream channel system but within the same hydrologic unit may be 
approved provided that the project proponent demonstrates that mitigation 
within the same stream channel is infeasible and that the mitigation project 
will address similar impacts as expected from the project. 
 

(4) Each individual Copermittee has the discretion to not require Section F.1.h. at 
Priority Development Projects where the project: 
 

(a) Discharges storm water runoff into underground storm drains discharging 
directly to water storage reservoirs and lakes; 

RB-AR7359



Order No. R9-2010-0016 Page 46 of 88 November 10, 2010 

 
DIRECTIVES F: JURISDICTIONAL RUNOFF MANAGEMENT PROGRAM 

F.1 DEVELOPMENT COMPONENT 
F.1.h. HYDROMODIFICATION 

(b) Discharges storm water runoff into conveyance channels whose bed and 
bank are concrete lined all the way from the point of discharge to water 
storage reservoirs and lakes; or  

(c) Discharges storm water runoff into other areas identified in the HMP as 
acceptable to not need to meet the requirements of Section F.1.h by the 
San Diego Water Board Executive Officer. 

 
(5) HMP Reporting and Implementation 

 
(a) On or before June 30, 2013, the Copermittees must submit to the San 

Diego Water Board a draft HMP that has been reviewed by the public, 
including the identification of the appropriate limiting range of flow rates 
per section F.1.h.(1)(b). 
 

(b) Within 180 days of receiving San Diego Water Board comments on the 
draft HMP, the Copermittees must submit a final HMP that addressed the 
San Diego Water Board’s comments. 
 

(c) Within 90 days of receiving a determination of adequacy from the San 
Diego Water Board, each Copermittee must incorporate and implement 
the HMP for all Priority Development Projects. 
 

(d) Prior to acceptance of the HMP by the San Diego Water Board, the early 
implementation measures likely to be included in the HMP must be 
encouraged by the Copermittees. 
 

(6) Interim Hydromodification Criteria 
 
Immediately following adoption of this Order and until the final HMP required 
by this Order has been determined by the San Diego Water Board to be 
adequate, each Copermittee must ensure that all Priority Development 
Projects are implementing the hydromodification (aka Hydrologic Condition of 
Concern) requirements found in Section 4.4 of the 2006 Riverside County 
WQMP (updated in 2009) unless one of the following conditions in lieu of 
those specified in the WQMP are met:  
 
(a) Runoff from the Priority Development Project discharges (1) directly to a 

conveyance channel or storm drain that is concrete lined all the way from 
the point of discharge to the ocean, bay, lagoon, water storage reservoir 
or lake; and (2)  the discharge is in full compliance with Copermittee 
requirements for connections and discharges to the MS4 (including both 
quality and quantity requirements); and (3) the discharge will not cause 
increased upstream or downstream erosion or adversely impact 
downstream habitat; and (4) the discharge is authorized by the 
Copermittee.
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F.1.i. UNPAVED ROADS DEVELOPMENT 

(b) The Priority Development Project disturbs less than one acre.  The 
Copermittee has the discretion to require a project specific WQMP to 
address hydrologic condition concerns on projects less than one acre on a 
case by case basis.  The disturbed area calculation should include all 
disturbances associated with larger common plans of development. 
 

(c) The runoff flow rate, volume, velocity, and duration for the post-
development condition of the Priority Development Project do not exceed 
the pre-development (i.e. naturally occurring) condition for the 2-year, 24-
hour and 10-year, 24-hour rainfall events.  This condition must be 
substantiated by hydrologic modeling acceptable to the Copermittee. 
 

Once a final HMP is determined to be adequate and is required to be 
implemented, compliance with the final HMP is required by this Order and 
compliance with the 2004 WQMP (updated in 2009) or the in-lieu interim 
hydromodification criteria set forth above no longer satisfies the requirements 
of this Order. 
 

(7) No part of section F.1.h eliminates the Copermittees’ responsibilities for 
implementing the Low Impact Development requirements under section 
F.1.d.(4).  
 

i. UNPAVED ROADS DEVELOPMENT 
 
The Copermittees must develop, where they do not already exist, and implement 
or require implementation of erosion and sediment control BMPs after 
construction of new unpaved roads.  At a minimum, the BMPs must include the 
following, or alternative BMPs that are equally effective: 
 
(1) Practices to minimize road related erosion and sediment transport;  
(2) Grading of unpaved roads to slope outward where consistent with road 

engineering safety standards; 
(3) Installation of water bars as appropriate; and 
(4) Unpaved roads and culvert designs that do not impact creek functions and 

where applicable, that maintain migratory fish passage. 
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2. CONSTRUCTION COMPONENT 
 
Each Copermittee must implement a construction program which meets the 
requirements of this section, prevents illicit discharges into the MS4, implements and 
maintains structural and non-structural BMPs to reduce pollutants in storm water 
runoff from construction sites to the MS4, reduces construction site discharges of 
storm water pollutants from the MS4 to the MEP, and prevents construction site 
discharges from the MS4 from causing or contributing to a violation of water quality 
standards. 

 
a. ORDINANCE UPDATE 

 
By July 1, 2012, each Copermittee must review and update its grading 
ordinances and other ordinances as necessary to achieve full compliance with 
this Order, including requirements for the implementation of all designated BMPs 
and other measures. 
 

b. SOURCE IDENTIFICATION 
 
Each Copermittee must maintain an updated watershed-based inventory of all 
construction sites within its jurisdiction.  The use of an automated database 
system, such as Geographical Information Systems (GIS) is strongly 
encouraged. 

 
c. SITE PLANNING AND PROJECT APPROVAL PROCESS 

 
Each Copermittee must incorporate consideration of potential water quality 
impacts prior to approval and issuance of construction and grading permits. 
 
(1) Each construction and grading permit must require proposed construction 

sites to implement designated BMPs and other measures so that illicit 
discharges into the MS4 are prevented, storm water pollutants discharged 
from the site will be reduced to the MEP, and construction discharges from 
the MS4 are prevented from causing or contributing to a violation of water 
quality standards. 
 

(2) Prior to permit issuance, the project proponent’s runoff management plan (or 
equivalent construction BMP plan) must be required to comply, and reviewed 
to verify compliance with the local grading ordinance, other applicable local 
ordinances, and this Order. 
 

(3) Prior to permit issuance, each Copermittee must verify that project 
proponents subject to California’s statewide General NPDES Permit for Storm 
Water Discharges Associated With Construction Activities, (hereinafter 
General Construction Permit), have existing coverage under the General 
Construction Permit. 

RB-AR7362



Order No. R9-2010-0016 Page 49 of 88 November 10, 2010 

 
DIRECTIVES F: JURISDICTIONAL RUNOFF MANAGEMENT PROGRAM 

F.2. CONSTRUCTION 

 
d. BMP IMPLEMENTATION 

 
(1) Designate BMPs:  Each Copermittee must designate a minimum set of BMPs 

and other measures to be implemented at all construction sites.  The 
designated minimum set of BMPs must include: 
 
(a) Management Measures: 

 
(i) Pollution prevention, where appropriate; 
(ii) Development and implementation of a runoff management plan; 
(iii) Minimization of areas that are cleared and graded to only the 

portion of the site that is necessary for construction; 
(iv) Minimization of exposure time of disturbed soil areas; 
(v) Minimization of grading during the rainy season and correlation of 

grading with seasonal dry weather periods to the extent feasible; 
(vi) Limitation of grading to a maximum disturbed area as determined 

by each Copermittee before either temporary or permanent erosion 
controls are implemented to prevent storm water pollution. The 
Copermittee has the option of temporarily increasing the size of 
disturbed soil areas by a set amount beyond the maximum, if the 
individual site is in compliance with applicable storm water 
regulations and the site has adequate control practices 
implemented to prevent storm water pollution; 

(vii) Temporary stabilization and reseeding of disturbed soil areas as 
rapidly as feasible; 

(viii) Wind erosion controls; 
(ix) Tracking controls; 
(x) Non-stormwater management measures to prevent illicit discharges 

and control storm water pollution sources; 
(xi) Waste management measures; 
(xii) Preservation of natural hydrologic features where feasible; 
(xiii) Preservation of riparian buffers and corridors where feasible; 
(xiv) Evaluation and maintenance of all BMPs, until removed; and 
(xv) Retention, reduction, and proper management of all storm water 

pollutant discharges on site to the MEP standard. 
 

(b) Erosion and Sediment Controls: 
 
(i) Erosion prevention. Erosion prevention is to be used as the most 

important measure for keeping sediment on site during 
construction; 

(ii) Sediment controls. Sediment controls are to be used as a 
supplement to erosion prevention for keeping sediment on-site 
during construction; 
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(iii) Slope stabilization must be used on all active slopes during rain 
events regardless of the season and on all inactive slopes during 
the rainy season and during rain events in the dry season;  

(iv) Permanent revegetation or landscaping as early as feasible; and 
(v) Erosion and sediment controls must be required during the 

construction of unpaved roads. 
 

(2) Each Copermittee must implement, or require implementation of, enhanced17 
measures to address the threat to water quality posed by all construction sites 
tributary to CWA section 303(d) water body segments impaired for sediment 
or turbidity.  Each Copermittee must also implement, or require 
implementation of, enhanced, measures for construction sites within, or 
adjacent to, or discharging directly to receiving waters within environmentally 
sensitive areas (as defined in Attachment C of this Order). 
 

(3) Active/Passive Sediment Treatment (AST):  Each Copermittee must require 
implementation of  AST for sediment at construction sites (or portions thereof) 
that are determined by the Copermittee to be an exceptional threat to water 
quality.  In evaluating the threat to water quality, the following factors must be 
considered by the Copermittee: 
 
(a) Soil erosion potential or soil type; 
(b) The site’s slopes; 
(c) Project size and type; 
(d) Sensitivity of receiving water bodies; 
(e) Proximity to receiving water bodies; 
(f) Non-storm water discharges; 
(g) Ineffectiveness of other BMPs;  
(h) Proximity and sensitivity of aquatic threatened and endangered species of 

concern; 
(i) Known effects of AST chemicals; and 
(j) Any other relevant factors. 

 
(4) Implement BMPs:  Each Copermittee must implement, or require the 

implementation of, the designated minimum BMPs and any additional 
measures necessary to comply with this Order at each construction site within 
its jurisdiction year round.  BMP implementation requirements, however, can 
vary based on wet and dry seasons.  Dry season BMP implementation must 
plan for and address unseasonal rain events that may occur during the dry 
season (May 1 through September 30). 
 
 
 

                                            
17 Enhanced BMPs are control actions specifically targeted to the pollutant or condition of concern and of 
higher quality and effectiveness than the minimum control measures otherwise required.  Enhanced in 
this Order means better, not simply more, BMPs. 
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e. INSPECTION OF CONSTRUCTION SITES 
 
Each Copermittee must conduct construction site inspections for compliance with 
its ordinances (grading, storm water, etc.), permits (construction, grading, etc.), 
and this Order.  Priorities for inspecting sites must consider the nature and size 
of the construction activity, topography, and the characteristics of soils and 
receiving water quality. 
 
(1) During the rainy season, each Copermittee must inspect at least every two 

weeks, all construction sites within its jurisdiction meeting any of the following 
criteria: 
 
(a) All sites 30 acres or more in size with rough grading or with active, 

unstabilized slopes occurring during the rainy season; 
 

(b) All sites one acre or more, and within the same hydrologic subarea and 
tributary to a CWA section 303(d) water body segment impaired for 
sediment; or within, directly adjacent to, or discharging directly to a 
receiving water within an ESA; and 
 

(c) Other sites determined by the Copermittees or the San Diego Water 
Board as a significant threat to water quality.  In evaluating threat to water 
quality, the following factors must be considered: (1) soil erosion potential; 
(2) site slope; (3) project size and type; (4) sensitivity of receiving water 
bodies; (5) proximity to receiving water bodies; (6) non-storm water 
discharges; (7) known past record of non-compliance by the operators of 
the construction site; and (8) any other relevant factors. 
 

(2) During the rainy season, each Copermittee must inspect at least monthly, all 
construction sites with one acre or more of soil disturbance not meeting the 
criteria specified above in section F.2.e.(1).   
 

(3) During the rainy season, each Copermittee must inspect construction sites 
less than one acre in size as needed to ensure compliance with its 
ordinances and this Order.   
 

(4) Each Copermittee must inspect all construction sites as needed during the 
dry season.  Sites meeting the criteria in section F.2.e.(1) must be inspected 
at least once in August or September each year. 
 

(5)  Re-inspections:  Based upon site inspection findings, each Copermittee must 
implement all follow-up actions (i.e., re-inspection, enforcement) necessary to 
comply with this Order.  Reinspection frequencies must be determined by 
each Copermittee based upon the severity of deficiencies, the nature of the 
construction activity, and the characteristics of soils and receiving water 
quality. 
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(6) Inspections of construction sites must include, but not be limited to: 
 
(a) Check for coverage under the General Construction Permit (Notice of 

Intent (NOI) and/or Waste Discharge Identification No.) during initial 
inspections; 

(b) Assessment of compliance with Copermittee ordinances and permits 
related to runoff, including the implementation and maintenance of 
designated minimum BMPs; 

(c) Assessment of BMP effectiveness; 
(d) Visual observations for non-storm water discharges, potential illicit 

connections, and potential discharge of pollutants in storm water runoff;  
(e) Review of site monitoring data results, if the site monitors its runoff 
(f) Education and outreach on storm water pollution prevention, as needed; 

and 
(g) Creation of a written or electronic inspection report. 

 
(7) The Copermittees must track the number of inspections for each inventoried 

construction site throughout the reporting period to verify that each site is 
inspected at the minimum frequencies required.  
 

f. ENFORCEMENT OF CONSTRUCTION SITES 
 
(1) Each Copermittee must develop and implement an escalating enforcement 

process that achieves prompt corrective actions at construction sites for 
violations of the Copermittee’s water quality protection permits, requirements, 
and ordinances.  This enforcement process must include authorizing the 
Copermittee’s construction site inspectors to take immediate enforcement 
actions when appropriate and necessary.  The enforcement process must 
include appropriate sanctions such as stop work orders, non-monetary 
penalties, fines, bonding requirements, and/or permit denials for non-
compliance.  
 

(2) Each Copermittee must be able to respond to construction complaints 
received from third-parties and to ensure the San Diego Water Board that 
corrective actions have been implemented, if warranted. 
 

g. REPORTING OF NON-COMPLIANT SITES   
 
(1) In addition to the notification requirements in Attachment B, each Copermittee 

must notify the San Diego Water Board when the Copermittee issues high 
level enforcement  (as defined in the Copermittee’s JRMP) to a construction 
site that poses a significant threat to water quality in its jurisdiction as a result 
of violations of its storm water ordinances. 
 

(2) Each Copermittee must annually notify the San Diego Water Board, prior to 
the commencement of the rainy season, of all construction sites with alleged 
violations that pose a significant threat to water quality.  Information may be 
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provided as part of the JRMP annual report if submitted prior to the rainy 
season.  Information provided must include, but not be limited to, the 
following: 
 
(a) WDID number if enrolled under the General Construction Permit 
(b) Site Location, including address 
(c) Current violations or suspected violations 
 
 

3. EXISTING DEVELOPMENT COMPONENT 
 
a. MUNICIPAL 

 
Each Copermittee must implement a municipal program for the Copermittee’s 
areas and activities that meets the requirements of this section, prevents illicit 
discharges into the MS4, reduces municipal discharges of storm water pollutants 
from the MS4 to the MEP, and prevents municipal discharges from the MS4 from 
causing or contributing to a violation of water quality standards. 
 
(1) Source Identification / Inventory 

 
Each Copermittee must maintain an updated watershed-based inventory of all 
its municipal areas and those activities that have the potential to generate 
pollutants.  The inventory must include the name, address (if applicable), and 
a description of the area/activity; which pollutants are potentially generated by 
the area/activity; whether the area/activity is adjacent to an ESA; and 
identification of whether the area/activity is tributary to and within the same 
hydrologic subarea as a CWA section 303(d) water body segment and 
generates pollutants for which the water body segment is impaired.  Linear 
facilities, such as roads, streets, and highways, do not need to be individually 
inventoried.  The use of an automated database system, such as 
Geographical Information Systems (GIS) is highly recommended. 
 

(2) General BMP Implementation 
 
(a) Pollution Prevention:  Each Copermittee must implement pollution 

prevention methods in its municipal program and must require their use by 
appropriate departments, personnel, and contractors. 
 

(b) Designate Minimum BMPs:  Each Copermittee must designate a minimum 
set of BMPs for all municipal areas and those activities that have the 
potential to generate pollutants.  The designated minimum BMPs for 
municipal areas and activities must be area or activity specific as 
appropriate. 
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(c) Each Copermittee must designate BMPs for special events that are 
expected to generate significant trash and litter.  Controls to consider must 
include: 
 
(i) Temporary screens on catch basins and storm drain inlets; 
(ii) Temporary fencing to prevent windblown trash from entering 

adjacent water bodies and MS4 channels; 
(iii) Proper management of trash and litter; 
(iv) Catch basin cleaning following the special event and prior to an 

anticipated rain event; 
(v) Street sweeping of roads, streets, highways and parking facilities 

following the special event; and 
(vi) Other equivalent controls. 

 
(d) Designate BMPs for ESAs and 303(d) Impairments:  Each Copermittee 

must designate enhanced measures for its municipal areas and activities 
tributary to and within the same hydrologic subarea as CWA section 
303(d) impaired water body segments when an area or those activities 
have the potential to generate pollutants for which the water body 
segment is impaired.   Each Copermittee must also designate additional 
controls for its municipal areas and activities within or directly adjacent to 
or discharging directly to receiving waters within environmentally sensitive 
areas (as defined in Attachment C of this Order). 

 
(e) Implement BMPs:  Each Copermittee must implement, or require the 

implementation of, the designated minimum and enhanced BMPs and any 
additional measures necessary based on its inventory to comply with this 
Order for each of its municipal area and those activities that have the 
potential to discharge pollution. 
 

(3) BMP Implementation for Management of Pesticides, Herbicides, and 
Fertilizers 
 
Each Copermittee must implement BMPs to reduce the contribution of storm 
water pollutants to the MEP associated with the application, storage, and 
disposal of pesticides, herbicides and fertilizers from its municipal areas and 
activities to MS4s and receiving waters.  Such BMPs must include, at a 
minimum:  

 
(a) Educational activities, permits, certifications and other measures for 

municipal applicators and distributors;  
(b) Integrated Pest Management (IPM) measures that rely on non-chemical 

solutions;  
(c) The use of native vegetation;  
(d) Schedules for irrigation and chemical application; and  
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(e) The collection and proper disposal of unused pesticides, herbicides, and 
fertilizers. 
 

(4) BMP implementation for Flood Control Structures 
 
(a) Each Copermittee must implement procedures to assure that flood 

management projects assess the impacts on the water quality of receiving 
water bodies. 
 
 

(b) Each Copermittee must include water quality protection measures, where 
feasible, when retrofitting existing flood control structural devices.   
 

(c) Each Copermittee must evaluate its existing flood control structures as 
part of ongoing routine maintenance, identify structures causing or 
contributing to a condition of pollution, implement measures to reduce or 
eliminate the structure’s effect on pollution, and evaluate the feasibility of 
retrofitting the structural flood control device.  The inventory and 
evaluation must be completed by and submitted to the San Diego Water 
Board in each JRMP Annual Report.  
 

(5) BMP Implementation for Sweeping of Municipal Areas 
 
Where municipal area sweeping is implemented as an MS4 BMP for 
municipal roads, streets, highways, and parking facilities, each Copermittee 
must design and implement the program based on the following criteria:   
 
(a) Roads, streets, highways, and parking facilities identified as consistently 

generating the highest volumes of trash and/or debris must be swept at 
least two times per month. 
 

(b) Roads, streets, highways, and parking facilities identified as consistently 
generating moderate volumes of trash and/or debris must be swept at 
least monthly. 
 

(c) Roads, streets, highways, and parking facilities identified as generating 
low volumes of trash and/or debris must be swept as necessary, but no 
less than once per year. 
 

(6) Operation and Maintenance of Municipal Separate Storm Sewer System 
(MS4) and Treatment Controls 
 
(a) Treatment Controls:  Each Copermittee must implement a schedule of 

inspection and maintenance activities to verify proper operation of all its 
municipal structural treatment controls designed to reduce storm water 
pollutant discharges to or from its MS4s and related drainage structures. 
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(b) MS4 and Facilities:  Each Copermittee must implement a schedule of 

maintenance activities for its MS4 and facilities (including but not limited to 
catch basins, storm drain inlets, detention basins, etc).  The maintenance 
activities must, at a minimum, include: 
 
(i) Inspection and removal of accumulated waste at least once a year 

between May 1 and September 30 of each year for all MS4 
facilities; 

(ii) Additional facilities cleaning as necessary between October 1 and 
April 30 of each year;   

(iii) Following two years of inspections, any MS4 facility that requires 
inspection and cleaning less than annually may be inspected as 
needed, but not less than every other year; 

(iv) Open channels and basins must be cleaned of observed 
anthropogenic litter in a timely manner; 

(v) Maintenance activities within open channels must not adversely 
impact beneficial uses; 

(vi) Record keeping of the maintenance and cleaning activities 
including the overall quantity of waste removed; 

(vii) Proper disposal of waste removed pursuant to applicable laws; and 
(viii) Measures to eliminate waste discharges during MS4 maintenance 

and cleaning activities. 
 

(7) Infiltration From Sanitary Sewer to MS4/Provide Preventive Maintenance 
 
(a) Each Copermittee must implement controls and measures to prevent and 

eliminate infiltration of seepage from sanitary sewers to MS4s through 
thorough, routine preventive maintenance of the MS4.  Each Copermittee 
that operates both a municipal sanitary sewer system and a MS4 must 
implement controls and measures to prevent and eliminate infiltration of 
seepage from the sanitary sewers to the MS4s that must include overall 
sanitary sewer and MS4 surveys and thorough, routine preventive 
maintenance of both. 
 

(b) Each Copermittee must implement controls to limit infiltration of seepage 
from sanitary sewers to municipal separate storm sewer systems where 
necessary.  Such controls must include: 
 
(i) Adequate plan checking for construction and new development;  
(ii) Incident response training for its municipal employees that identify 

sanitary sewer spills; 
(iii) Code enforcement inspections; 
(iv) MS4 maintenance and inspections;  
(v) Interagency coordination with sewer agencies; and 
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(vi) Proper education of its municipal staff and contractors conducting 
field operations on the MS4 or its municipal sanitary sewer (if 
applicable). 
 

(8) Inspection of Municipal Areas and Activities 
 
(a) At a minimum, each Copermittee must inspect the following high priority 

municipal areas and activities annually: 
 
(i) Roads, Streets, Highways, and Parking Facilities; 
(ii) Flood Management Projects and Flood Control Devices not 

otherwise inspected per Section F.3.a.(6)(b); 
(iii) Areas and activities tributary to and within the same hydrologic 

subarea as a CWA section 303(d) impaired water body segment, 
where an area or activity generates pollutants for which the water 
body segment is impaired;   

(iv) Areas and activities within or adjacent to or discharging directly to 
receiving waters within environmentally sensitive areas (as defined 
in Attachment C of this Order);  

(v) Municipal Facilities: 
[a] Active or closed municipal landfills; 
[b] Publicly owned treatment works (including water and 

wastewater treatment plants) and sanitary sewage collection 
systems; 

[c] Solid waste transfer facilities; 
[d] Land application sites; 
[e] Corporate yards including maintenance and storage yards for 

materials, waste, equipment and vehicles; and 
[f] Household hazardous waste collection facilities. 

(vi) Municipal airfields; 
(vii) Parks and recreation facilities; 
(viii) Special event venues following special events (festivals, sporting 

events, etc.); 
(ix) Power washing activities; and 
(x) Other municipal areas and activities that the Copermittee 

determines may contribute a significant pollutant load to the MS4. 
 

(b) Other municipal areas and activities must be inspected as needed and in 
response to water quality data, valid public complaints, and findings from 
municipal or contract staff. 
 

(c) Based upon site inspection findings, each Copermittee must implement all 
follow-up actions necessary to comply with this Order. 
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(9) Enforcement of Municipal Areas and Activities 
 
Each Copermittee must enforce its storm water ordinance for all its municipal 
areas and activities as necessary to maintain compliance with this Order. 

 
(10)  Copermittee Maintained Unpaved Roads Maintenance 

 
(a) The Copermittees must develop, where they do not already exist, and 

implement or require implementation of BMPs for erosion and sediment 
control measures during their maintenance activities on Copermittee 
maintained unpaved roads, particularly in or adjacent to receiving waters. 
 

(b) The Copermittees must develop and implement or require implementation 
of appropriate BMPs to minimize impacts on streams and wetlands during 
their unpaved road maintenance activities. 
 

(c) The Copermittees must maintain as necessary their unpaved roads 
adjacent to streams and riparian habitat to reduce erosion and sediment 
transport; 

 
(d) Re-grading of unpaved roads during maintenance must be sloped outward 

where consistent with road engineering safety standards or alternative 
equally effective BMPs must be implemented to minimize erosion and 
sedimentation from unpaved roads; and 
 

(e) Through their maintenance of unpaved roads, the Copermittees must 
examine the feasibility of replacing existing culverts or design of new 
culverts or bridge crossings to reduce erosion and maintain natural stream 
geomorphology.

 
 

b. COMMERCIAL / INDUSTRIAL 
 
Each Copermittee must implement a commercial / industrial program that meets 
the requirements of this section, prevents illicit discharges into the MS4, reduces 
commercial / industrial discharges of storm water pollutants from the MS4 to the 
MEP, and prevents commercial / industrial discharges from the MS4 from 
causing or contributing to a violation of water quality standards. 
 
(1) Source Identification 

 
(a) Each Copermittee must maintain an updated watershed-based inventory 

of all industrial and commercial sites/sources within its jurisdiction 
(regardless of ownership) that could contribute a significant pollutant load 
to the MS4.  The inventory must include the following minimum 
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information for each industrial and commercial site/source: name; 
address; pollutants potentially generated by the site/source; and 
identification of whether the site/source is tributary to a CWA §303(d) 
water body segment and generates pollutants for which the water body 
segment is impaired; and a narrative description including SIC codes 
which best reflects the principal products or services provided by each 
facility.   
 
At a minimum, the following sites/sources must be included in the 
inventory: 
 
(i) Commercial Sites/Sources: 

 
[a] Automobile repair, maintenance, fueling, or cleaning; 
[b] Airplane repair, maintenance, fueling, or cleaning; 
[c] Boat repair, maintenance, fueling, or cleaning; 
[d] Equipment repair, maintenance, fueling, or cleaning; 
[e] Automobile and other vehicle body repair or painting; 
[f] Mobile automobile or other vehicle washing; 
[g] Automobile (or other vehicle) parking lots and storage 

facilities; 
[h] Retail or wholesale fueling; 
[i] Pest control services; 
[j] Eating or drinking establishments, including such retail 

establishments with food markets; 
[k] Mobile carpet, drape or furniture cleaning; 
[l] Cement mixing or cutting;  
[m] Masonry; 
[n] Painting and coating; 
[o] Botanical or zoological gardens and exhibits; 
[p] Landscaping; 
[q] Nurseries and greenhouses; 
[r] Golf courses, parks and other recreational areas/facilities; 
[s] Cemeteries; 
[t] Pool and fountain cleaning; 
[u] Marinas;  
[v] Portable sanitary services; 
[w] Building material retailers and storage; 
[x] Animal boarding facilities and kennels; 
[y] Mobile pet services;  
[z] Power washing services;  
[aa] Plumbing services; and 
[bb] Other sites and sources with a history of un-authorized 

discharges to the MS4. 
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(ii) Industrial Sites/Sources: 

 
[a] Industrial Facilities, as defined at 40 CFR § 122.26(b)(14), 

including those subject to the General Industrial Permit or 
other individual NPDES permit;  

[b] Operating and closed landfills; 
[c] Facilities subject to SARA Title III; and 
[d] Hazardous waste treatment, disposal, storage and recovery 

facilities. 
 

(iii) ESAs and 303(d) Listed Waterbodies: All other commercial or 
industrial sites/sources tributary to and within the same hydrologic 
subarea as a CWA Section 303(d) impaired water body segment, 
where the site/source generates pollutants for which the water body 
segment is impaired.   All other commercial or industrial 
sites/sources within or directly adjacent to or discharging directly to 
receiving waters within environmentally sensitive areas (as defined 
in Attachment C of this Order) or that generate pollutants tributary 
to and within the same hydrologic subarea as an observed 
exceedance of an action level. 
 

(iv) All other commercial or industrial sites/sources that the Copermittee 
determines may contribute a significant pollutant load to the MS4. 

 
(2) General BMP Implementation 

 
(a) Pollution Prevention:  Each Copermittee must require the use of pollution 

prevention methods by the inventoried industrial and commercial 
sites/sources. 
 

(b) Designate / Update Minimum BMPs:  Each Copermittee must designate a 
minimum set of BMPs for all inventoried industrial and commercial 
sites/sources.  Where BMPs have already been designated, each 
Copermittee must review and update its existing BMPs for adequacy no 
later than with the submittal of the JRMP.  Copermittees may continue to 
regularly review and update their designated BMPs for adequacy and 
subsequently submit any updates in their Annual Report. The designated 
minimum BMPs must be specific to facility types and pollutant-generating 
activities, as appropriate.   
 

(c) Designate Enhanced BMPs for ESAs and 303(d) Impairments:  Each 
Copermittee must designate enhanced measures for inventoried industrial 
and commercial sites/sources tributary to and within the same hydrologic 
subarea as CWA section 303(d) impaired water body segments (where a 
site/source generates pollutants for which the water body segment is 
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impaired).  Each Copermittee must also designate additional controls for 
industrial and commercial sites/sources within or directly adjacent to or 
discharging directly to coastal lagoons, the ocean, or other receiving 
waters within environmentally sensitive areas (as defined in Attachment C 
of this Order).  Copermittees may continue to regularly review and update 
their designated enhanced BMPs for adequacy and subsequently submit 
any updates in their next Annual Report. 
 

(d) Implement BMPs:  Each Copermittee must implement, or require the 
implementation of, the designated minimum and enhanced BMPs and any 
additional measures necessary based on inspections, incident responses, 
and water quality data to comply with this Order at each industrial and 
commercial site/source within its jurisdiction.   
 

(3) Mobile Businesses Program 
 
(a) Each Copermittee must develop and implement a program to reduce the 

discharge of storm water pollutants from mobile businesses to the MEP 
and to prohibit non-storm water discharges pursuant to Section B of this 
Order.  Each Copermittee must keep as part of its commercial source 
inventory a listing of mobile businesses known to operate within its 
jurisdiction that conduct services listed above in section F.3.b.(1)(a).  The 
program must include: 
 
(i) Development and implementation of minimum standards and BMPs 

to be required for each of the various types of mobile businesses; 
(ii) Development and implementation of an enforcement strategy which 

specifically addresses the unique characteristics of mobile 
businesses; 

 
 

(iii) Notification of those mobile businesses known to operate within the 
Copermittee’s jurisdiction of the minimum standards and BMP 
requirements; 

(iv) Development and implementation of an outreach and education 
strategy; and 

(v) Inspection of mobile businesses as needed to implement the 
program. 
 

(b) If they choose to, the Copermittees may cooperate in developing and 
implementing their programs for mobile businesses, including sharing of 
mobile business inventories, BMP requirements, enforcement action 
information, and education. 
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(4) Inspection of Industrial and Commercial Sites/Sources 
 
Each Copermittee must conduct industrial and commercial site inspections for 
compliance with its ordinances, permits, and this Order.  Mobile businesses 
must be inspected as needed pursuant to section F.3.b.(3).   
 
(a) Inspection Procedures: Inspections must include but not be limited to: 

 
(i) Review of BMP implementation plans not including SSMPs 

required pursuant to section F.1.d, if the site uses or is required to 
use such a plan;  

(ii) Review of facility monitoring data, if the site monitors its runoff;  
(iii) Check for coverage under the General Industrial Permit (Notice of 

Intent (NOI) and/or Waste Discharge Identification Number), if 
applicable; 

(iv) Assessment of compliance with Copermittee ordinances and 
Copermittee issued permits related to runoff; 

(v) Assessment of the  implementation, maintenance and effectiveness 
of the designated minimum and/or enhanced BMPs; 

(vi) Visual observations for non-storm water discharges, potential illicit 
connections, and potential discharge of pollutants in storm water 
runoff; and 

(vii) Education and training on storm water pollution prevention, as 
conditions warrant. 

 
(b) Frequencies:  At a minimum all sites determined to pose a high threat to 

water quality must be inspected each year.  All inventoried sites must be 
inspected at least once during a five year period.  In evaluating threat to 
water quality, each Copermittee must consider, at a minimum, the 
following: 
 
(i) Type of activity (SIC code); 
(ii) Materials used at the facility; 
(iii) Wastes generated; 
(iv) Pollutant discharge potential, including whether the facility 

generates a pollutant that exceeds an action level; 
(v) Non-storm water discharges; 
(vi) Size of facility; 
(vii) Proximity to receiving water bodies; 
(viii) Sensitivity of receiving water bodies; 
(ix) Whether the facility is subject to the General Industrial Permit or an 

individual NPDES permit; 
(x) Whether the facility has filed a No Exposure Certification/Notice of 

Non-Applicability; 
(xi) Facility design; 
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(xii) Total area of the site, portion of the site where industrial or 
commercial activities occur, and area of the site exposed to rainfall 
and runoff;  

(xiii) The facility’s compliance history; and 
(xiv) Any other relevant factors. 

 
(c) Third-Party Certifications:  Each Copermittee may propose to develop and 

implement a third party certification program subject to San Diego Water 
Board Executive Officer acceptance.  This program would verify industrial 
and commercial site/source compliance with  the Copermittees’ 
ordinances, permits, and this Order.  To the extent that third party  
certifications are conducted to fulfill the requirements of Section F.3.b.(4) 
above, the Copermittee retains responsibility for compliance with this 
Order and will be responsible for conducting and documenting quality 
assurance and quality control of the third-party certifications.   

 
The Copermittee’s proposed third party certification program must include 
the following: 
 
(i) A description of the procedures and measures for quality assurance 

and quality control; 
(ii) A listing of sites/sources that may and may not participate in the 

program; 
(iii) The representative percentage of certifications that would qualify to 

satisfy the inspection requirements in section F.3.b(4)(c) above; 
(iv) Photo documentation of potential storm water violations identified 

during the third party inspection;  
(v) Reporting to the Copermittee of identified significant potential 

violations, including imminent or observed illegal discharges, within 
24 hours of the third party inspection; 

(vi) Reporting to the Copermittee of all findings within one week of the 
inspection being conducted; and 

(vii) Copermittee follow-up and/or enforcement actions for identified 
potential storm water violations within two business days of the 
potential violation report receipt. 
 

(d) Based upon site inspection findings, each Copermittee must implement all 
follow-up actions and enforcement necessary to comply with this Order. 
 

(e) To the extent that the San Diego Water Board has conducted an 
inspection of an industrial site during a particular year, the requirement for 
the responsible Copermittee to inspect this facility during the same year is 
deemed satisfied. 
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(f) The Copermittees must track the number of inspections for the inventoried 
industrial and commercial sites/sources throughout the reporting period to 
verify that the sites/sources are inspected at the minimum frequencies 
listed in this Order. 
 

(5) Enforcement of Industrial and Commercial Sites/Sources 
 

Each Copermittee must enforce its storm water ordinance for all industrial and 
commercial sites/sources as necessary to maintain compliance with this 
Order. Copermittee ordinances or other regulatory mechanisms must include 
appropriate sanctions to achieve compliance.  Sanctions must include the 
following tools or their equivalent:  Non-monetary penalties, fines, bonding 
requirements, liens and/or permit denials for non-compliance. 

 
(6) Reporting of Non-Compliant Sites 
 

Each Copermittee must annually notify the San Diego Water Board, prior to 
the commencement of the wet season, of any unresolved high level 
enforcement action (as defined in the Copermittees’ JRMP) that poses a 
significant threat to water quality in its jurisdiction as a result of violations of 
their storm water ordinances. 

 
 

c. RESIDENTIAL 
 
Each Copermittee must implement a residential program that meets the 
requirements of this section, prevents illicit discharges into the MS4, reduces 
residential discharges of storm water pollutants from the MS4 to the MEP, and 
prevents residential discharges from the MS4 from causing or contributing to a 
violation of water quality standards. 

 
(1) Threat to Water Quality Prioritization  

 
Each Copermittee must identify residential areas and activities that pose a 
high threat to water quality.  At a minimum, these must include: 
 
(a) Automobile repair, maintenance, washing, and parking; 
(b) Home and garden care activities and product use (pesticides, herbicides, 

and fertilizers); 
(c) Disposal of trash, pet waste, green waste, and household hazardous 

waste (e.g., paints, cleaning products); 
(d) Any other residential source that the Copermittee determines may 

contribute a significant pollutant load to the MS4;  
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(e) Any residential areas tributary to and within the same hydrologic subarea 
as a CWA section 303(d) impaired water body, where the residence  
generates pollutants for which the water body is impaired; and 

(f) Any residential areas within or directly adjacent to or discharging directly 
to receiving waters within an environmentally sensitive area (as defined in 
Attachment C of this Order) 
 

(2) BMP Implementation  
 
(a) Pollution Prevention:  Each Copermittee must actively encourage the use 

of pollution prevention methods by residents.  
 

(b) Designate BMPs:  Each Copermittee must designate minimum BMPs for 
high-threat-to-water quality residential areas and activities.  The 
designated minimum BMPs for high-threat-to-water quality residential 
areas and activities must be area or activity specific.  
 

(c) Hazardous Waste BMPs:  Each Copermittee must facilitate the proper 
management and disposal of used oil, toxic materials, and other 
household hazardous wastes.  Such facilitation must include educational 
activities, public information activities, and establishment of collection sites 
operated individually and/or jointly by the Copermittee(s) or a private 
entity.  Curbside collection of household hazardous wastes is encouraged. 
 

(d) Implement BMPs:  Each Copermittee must implement, or require 
implementation of, the designated minimum BMPs and any additional 
measures necessary to comply with Sections A and B of this Order. 
 

(e) Each Copermittee must implement, or require implementation of, BMPs 
for residential areas and activities that have not been designated a high 
threat to water quality, as necessary. 
 

(3) Enforcement of Residential Areas and Activities  
 
Each Copermittee must enforce its storm water ordinance for all residential 
areas and activities as necessary to maintain compliance with this Order. 
 

(4) Common Interest Areas (CIA) / Home Owner Association (HOA) Areas, and 
Mobile Home Parks 
 
Each Copermittee must ensure that effective measures exist and are 
implemented or required to be implemented to ensure that runoff within and 
from common interest developments, including areas managed by 
associations and mobile home parks, and meets the objectives of this section 
and Order.
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(a) BMP Implementation:  Each Copermittee must implement or require 

implementation of management measures based on a review of pertinent 
factors, including: 
 
(i) Maintenance duties and procedures typically used by CIA/HOA 

maintenance associations within its jurisdiction; 
(ii) Whether streets and storm drains are publicly or privately owned 

within the CIA/HOA or mobile home park; 
(iii) Whether the CIA/HOA area or mobile home park has been 

identified as a high priority residential area based on an evaluation 
of the site potential to generate pollutants contributing to a 303(d) 
listed waterbody or an observed action level exceedance; and 

(iv) Other activities conducted or authorized by the HOA that may pose 
a significant risk to inland receiving waters. 
 

(b) Legal Authority and Enforcement:   By July 1, 2012, each Copermittee 
must review, and if necessary update, its Municipal Code to verify that 
they have the legal authority to implement and enforce its ordinances 
within CIA/HOA areas and mobile home parks.   

 
 

d. RETROFITTING EXISTING DEVELOPMENT  
 
Each Copermittee must develop and implement a retrofitting program that meets 
the requirements of this section.  The goals of the existing development 
retrofitting program are to address the impacts of existing development through 
retrofit projects that reduce impacts from hydromodification, promote LID, support 
riparian and aquatic habitat restoration, reduce the discharges of storm water 
pollutants from the MS4 to the MEP, and prevent discharges from the MS4 from 
causing or contributing to a violation of water quality standards.  Where feasible, 
at the discretion of the Copermittee, the existing development retrofitting program 
may be coordinated with flood control projects and other infrastructure 
improvement programs. 
 
(1) The Copermittee(s) must identify and inventory existing areas of development 

(i.e. municipal, industrial, commercial, residential) as candidates for 
retrofitting.  Potential retrofitting candidates must include but are not limited 
to: 
 
(a) Areas of development that generate pollutants of concern to a TMDL or an 

ESA; 
(b) Receiving waters that are channelized or otherwise hardened; 
(c) Areas of development tributary to receiving waters that are channelized or 

otherwise hardened; 
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(d) Areas of development tributary to receiving waters that are significantly 
eroded; and 

(e) Areas of development tributary to an ASBS or SWQPA. 
 

(2) Each Copermittee must evaluate and rank the inventoried areas of existing 
developments to prioritize retrofitting.  Criteria for evaluation must include but 
is not limited to: 
 
(a) Feasibility; 
(b) Cost effectiveness; 
(c) Pollutant removal effectiveness, including reducing pollutants exceeding 

action level; 
(d) Tributary area potentially treated; 
(e) Maintenance requirements; 
(f) Landowner cooperation; 
(g) Neighborhood acceptance;  
(h) Aesthetic qualities;  
(i) Efficacy at addressing concern; and 
(j) Potential improvements on public health and safety. 

 
(3) Each Copermittee must consider the results of the evaluation in prioritizing 

work plans for the following year in accordance with Sections G.1 and J.  
Highly feasible projects expected to benefit water quality should be given a 
high priority to implement source control and treatment control BMPs.  Where 
feasible, the retrofit projects may be designed in accordance with the SSMP 
requirements within sections F.1.d.(3) through F.1.d.(8) and the 
Hydromodification requirements in Section F.1.h. 
 

(4) The Copermittees must cooperate with private landowners to encourage site 
specific retrofitting projects.  The Copermittee must consider the following 
practices in cooperating and encouraging private landowners to retrofit their 
existing development: 
 
(a) Demonstration retrofit projects; 
(b) Retrofits on public land and easements that treat runoff from private 

developments; 
(c) Education and outreach; 
(d) Subsidies for retrofit projects; 
(e) Requiring retrofit projects as enforcement, mitigation or ordinance 

compliance;  
(f) Public and private partnerships; and 
(g) Fees for existing discharges to the MS4 and reduction of fees for retrofit 

implementation. 
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(5) The known completed retrofit BMPs must be tracked in accordance with 

Section F.1.f.  Retrofit BMPs on publicly owned properties must be inspected 
per section F.1.f .  Privately owned retrofit BMPs must be inspected as 
needed. 
 

(6) Where constraints on retrofitting preclude effective BMP deployment on 
existing developments at locations critical to protect receiving waters (as 
identified in section F.3.d.(1)), a Copermittee may propose a regional 
mitigation project to improve water quality.  Such regional projects may 
include but are not limited to: 
 
(a) Regional water quality treatment BMPs; 
(b) Urban creek or wetlands restoration and preservation; 
(c) Daylighting and restoring underground creeks; 
(d) Localized rainfall storage and reuse to the extent such projects are fully 

protective of downstream water rights;  
(e) Hydromodification project; and 
(f) Removal of invasive plant species. 

 
(7) A retrofit project or regional mitigation project may qualify as a Watershed 

Water Quality Activity provided it meets the requirements in section G. 
Watershed Workplan. 

 
 
4.  ILLICIT DISCHARGE DETECTION AND ELIMINATION 

 
Each Copermittee must implement a program that meets the requirements of this 
section to actively detect and eliminate illicit discharges and disposal into the MS4.  
The program must address all types of illicit discharges and connections excluding 
those non-storm water discharges not prohibited by the Copermittee in accordance 
with section B of this Order. 
 
a. PREVENT AND DETECT ILLICIT DISCHARGES AND CONNECTIONS 

 
Each Copermittee must implement measures to prevent and detect illicit 
discharges to the MS4.   
 
(1) Legal Authority:  Each Copermittee must retain legal authority to prevent and 

eliminate illicit discharges and connections to the MS4. 
 

(2) Inspections:  Each Copermittee must include use of appropriate Copermittee 
personnel and contractors to assist in identifying illicit discharges and 
connections during their daily activities.   
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(a) Visual inspections for illegal discharges and connections must be 
conducted during routine maintenance of all MS4 facilities. 
 

(b) Copermittee staff and contractors conducting non-MS4 field operations 
must be trained to report suspected illegal discharges and connections to 
proper Copermittee staff. 
 

b. MAINTAIN MS4 MAP 
 
Each Copermittee must maintain an updated map of its entire MS4 and the 
corresponding drainage areas within its jurisdiction.  The use of GIS is strongly 
encouraged.  The MS4 map must include all segments of the storm sewer 
system owned, operated, and maintained by the Copermittee, as well as all 
known locations of inlets that discharge and/or collect runoff into the 
Copermittee’s MS4, all known locations of connections with other MS4s (e.g. 
Caltrans), and all known locations of all the outfalls that discharge runoff from the 
Copermittee’s MS4.  The accuracy of the MS4 map must be confirmed during dry 
weather field screening and analytical monitoring and must be updated at least 
annually.  The MS4 map including any GIS layers must be submitted with the 
updated JRMP.
 

c. FACILITATE PUBLIC REPORTING OF ILLICIT DISCHARGES AND CONNECTIONS - PUBLIC 
HOTLINE 
 
Each Copermittee must promote, publicize and facilitate public reporting of illicit 
discharges or water quality impacts associated with discharges into or from 
MS4s.  Each Copermittee must facilitate public reporting through development 
and operation of a public hotline.  Public hotlines can be Copermittee-specific or 
shared by Copermittees.  All storm water hotlines must be capable of receiving 
reports in both English and Spanish 24 hours per day and seven days per week.  
All reported incidents, and how each was resolved, must be summarized in each 
Copermittee’s Annual Report. 
 

d. DRY WEATHER FIELD SCREENING AND ANALYTICAL MONITORING 
 
Each Copermittee must conduct dry weather field screening and analytical 
monitoring of MS4 outfalls and other portions of its MS4 within its jurisdiction to 
detect illicit discharges and connections in accordance with Receiving Waters 
and MS4 Discharge Monitoring and Reporting Program No. R9-2010-0016 in 
Attachment E of this Order. 
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e. INVESTIGATION / INSPECTION AND FOLLOW-UP 
 
Each Copermittee must implement procedures to investigate and inspect 
portions of its MS4 that, based on the results of field screening, analytical 
monitoring, or other appropriate information, indicate a reasonable potential of 
containing illicit discharges, illicit connections, or other sources of pollutants in 
non-storm water.   
 
(1) Develop response criteria for data:  Each Copermittee must develop, update, 

and use numeric criteria action levels (or other actions level criteria where 
appropriate) to determine when follow-up investigations will be performed in 
response to water quality monitoring.  The criteria must include required non-
storm water action levels (see Section C) and a consideration of 303(d)-listed 
waterbodies and environmentally sensitive areas (ESAs) as defined in 
Attachment C. 
 

(2) Respond to data:  Each Copermittee must investigate portions of the MS4 for 
which water quality data or conditions indicates a potential illegal discharge or 
connection.  
 
(a) Obvious illicit discharges (i.e. color, odor, or significant exceedances of 

action levels) must be investigated immediately.   
 

(b) Field screen data: Within two business days of receiving dry weather field 
screening results that exceed action levels, the Copermittee(s) having 
jurisdiction must either initiate an investigation to identify the source of the 
discharge or document the rationale for why the discharge does not pose 
a threat to water quality and does not need further investigation.  This 
documentation must be included in the Annual Report.   
 

(c) Analytical data:  Within five business days of receiving analytical 
laboratory results that exceed action levels, the Copermittee(s) having 
jurisdiction must either initiate an investigation to identify the source of the 
discharge or document the rationale for why the discharge does not pose 
a threat to water quality and does not need further investigation.  This 
documentation must be included in the Annual Report.   
 

(3) Respond to notifications:  Each Copermittee must respond to and resolve 
each reported incident (e.g., public hotline, staff notification, etc.) made to the 
Copermittee in a timely manner.  Criteria may be developed to assess the 
validity of, and prioritize the response to, each report. 
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f. ELIMINATION OF ILLICIT DISCHARGES AND CONNECTIONS  
 
Each Copermittee must take immediate action to initiate steps necessary to 
eliminate all detected illicit discharges, illicit discharge sources, and illicit 
connections after detection within its jurisdiction.  Elimination measures may 
include an escalating series of enforcement actions for those illicit discharges 
that are not a serious threat to public health or the environment. Illicit discharges 
that pose a serious threat to the public’s health or the environment must be 
eliminated immediately. 
 

g. ENFORCE ORDINANCES 
 
Each Copermittee must implement and enforce its ordinances, orders, or other 
legal authority to prevent illicit discharges and connections to its MS4 and to 
eliminate detected illicit discharges and connections to its MS4.   
 

h. PREVENT AND RESPOND TO SEWAGE SPILLS (INCLUDING FROM PRIVATE LATERALS 
AND FAILING SEPTIC SYSTEMS) AND OTHER SPILLS  
 
Each Copermittee must implement management measures and procedures 
(including a notification mechanism) to prevent, respond to, contain and clean up 
all sewage (see below) and other spills that may discharge into its MS4 from any 
source (including private laterals and failing septic systems).  Copermittees must 
coordinate with spill response teams to prevent entry of spills into the MS4 and 
contamination of surface water, ground water and soil.  Each Copermittee must 
coordinate spill prevention, containment and response activities throughout all 
appropriate Copermittee departments, programs and agencies so that maximum 
water quality protection is available at all times.  
 

 
5. PUBLIC PARTICIPATION COMPONENT  

 
Each Copermittee must incorporate a mechanism for public participation in the 
updating, development, and implementation of the JRMP. 
 

 
6. EDUCATION COMPONENT 

 
Each Copermittee must implement education programs to (1) measurably increase 
the knowledge regarding MS4s, impacts of runoff on receiving waters, and potential 
BMP solutions for the target audience; and (2) to measurably change the behavior of 
target communities and thereby reduce pollutants in storm water discharges and 
eliminate prohibited non-storm water discharges to MS4s and the environment.  At a 
minimum, the education programs must meet the requirements of this section and 
address the following target communities: 
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 Copermittee Departments and Personnel 
 New Development / Redevelopment Project Applicants, Developers, 

Contractors, Property Owners, and other Responsible Parties 
 Construction Site Owners and Operators 
 Commercial Owners and Operators 
 Industrial Owners and Operators 
 Residential Community and General Public 

 
a. GENERAL REQUIREMENTS 

 
(1) At a minimum, the Copermittee education programs must educate each target 

community on the following topics, as appropriate to the target community’s 
potential storm water and non-storm water discharges to the MS4: 
 
(a) Applicable water quality laws, regulations, permits, and requirements; 
(b) Best management practices; 
(c) General runoff concepts; 
(d) Existing water quality, including local water quality conditions, impaired 

waterbodies and environmentally sensitive areas; and 
(e) Other topics, as determined by the Copermittee(s), such as public 

reporting mechanisms, water conservation, low-impact development 
techniques, and public health and vector issues associated with runoff. 
 

(2) Each Copermittee must implement educational activities, public information 
activities, and other appropriate activities to facilitate the proper management 
and disposal of used oil and toxic materials. 
 

b. SPECIFIC REQUIREMENTS 
 
(1) Copermittee Departments and Personnel  

 
(a) Each Copermittee must implement an education program so its staff and 

contractors (and Planning Boards and Elected Officials, if applicable) 
responsible for implementing the requirements of this Order have an 
understanding of the following topics as applicable to their responsibilities: 
 
(i) Applicable water quality laws and regulations; 
(ii) The potential effects and impacts that Copermittee departments 

and personnel activities related to their job duties can have on 
water quality); 

(iii) Plan review policies and procedures to verify consistent application; 
(iv) Methods of minimizing impacts to receiving water quality resulting 

from development, construction, and other potential pollutant 
generating activities; 
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(v) Proper implementation of erosion and sediment control, source 
control, treatment control, and other BMPs to minimize the impacts 
to receiving water quality resulting from development, construction, 
and other potential pollutant generating activities; 

(vi) Applicable recordkeeping and tracking mechanisms; and 
(vii) Inspection and enforcement procedures, BMP implementation, and 

review of monitoring data. 
 

(b) Each Copermittee must train its staff responsible for oversight and 
conducting storm water compliance inspections and enforcement of 
construction activities (e.g. construction, building, code enforcement, 
grading review staffs, inspectors, and other responsible construction staff) 
annually prior to the rainy season. 
 

(c) Each Copermittee must train its staff responsible for conducting storm 
water compliance inspections and enforcement of industrial and 
commercial facilities at least once a year.   
 

(2) New Development / Redevelopment and Construction Sites 
 
As early in the planning and development process as possible and all through 
the permitting and construction process, each Copermittee must notify parties 
responsible for the project about the importance of educating all construction 
workers in the field about storm water issues and BMPs, in addition to the 
topics under Section F.6.a.(1). 
 

(3) Commercial and Industrial  Sites / Sources 
 
At least once during the five-year period of this Order, each Copermittee must 
notify the owner/operator of each of its inventoried commercial and industrial 
site/source of the BMP requirements applicable to the site/source. 
 

(4) Residential and General Public  
 
Each Copermittee shall collaboratively conduct or participate in development 
and implementation of a program to educate residential and general public 
target communities.  The Copermittee residential and general public 
education programs must address potential pollutant generating activities 
(e.g., car washing, mobile operations, yard maintenance) and pollutant 
generating products (e.g., pesticides, fertilizers, household chemicals).  The 
target audiences of the residential and general public education programs 
must include underserved target audiences (e.g., disadvantaged 
communities), residents and managers of CIA/HOA areas, and owners and 
residents of mobile home parks. 
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G. WATERSHED WATER QUALITY WORKPLAN 
 
Each Copermittee must collaborate with other Copermittees to develop and implement 
a Watershed Water Quality Workplan (Watershed Workplan) to identify, prioritize, 
address, and mitigate the highest priority water quality issues/pollutants in the Upper 
Santa Margarita Watershed. 
 
 
1. Watershed Workplan Components 

 
The work plan must, at a minimum: 
 
a. Characterize the receiving water quality in the watershed.  Characterization must 

include assessment and analysis of regularly collected water quality data, 
reports, monitoring and analysis generated in accordance with the requirements 
of the Receiving Waters Monitoring and Reporting Program, as well as applicable 
information available from other public and private organizations.  This 
characterization must include an updated watershed map. 
 

b. Identify and prioritize water quality problem(s) in terms of constituents by 
location, in the watershed’s receiving waters.  In identifying water quality 
problem(s), the Copermittees must, at a minimum, give consideration to TMDLs, 
receiving waters listed on the CWA section 303(d) list, waters with persistent 
violations of water quality standards, toxicity, or other impacts to beneficial uses, 
and other pertinent conditions. 
 

c. Identify the likely sources, pollutant discharges and/or other factors causing the 
highest water quality problem(s) within the watershed.  Efforts to determine such 
sources must include, but not be limited to: use of information from the 
construction, industrial/commercial, municipal, and residential source 
identification programs required within the JRMP of this Order; water quality 
monitoring data collected as part of the Receiving Water Monitoring and 
Reporting Program required by this Order, and additional focused water quality 
monitoring to identify specific sources within the watershed. 
 

d. Develop a watershed BMP implementation strategy to attain receiving water 
quality objectives in the identified highest priority water quality problem(s) and 
locations.  The BMP implementation strategy must include a schedule for 
implementation of the BMPs to abate specific receiving water quality problems 
and a list of criteria to be used to evaluate BMP effectiveness.  Identified 
watershed water quality problems may be the result of jurisdictional discharges 
that will need to be addressed with BMPs applied in a specific jurisdiction in order 
to generate a benefit to the watershed.  This implementation strategy must 
include a map of any implemented and/or proposed BMPs. 
 

e. Develop a strategy to monitor improvements in receiving water quality directly 
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resulting from implementation of the BMPs described in the Watershed 
Workplan.  The monitoring strategy must review the necessary data to report on 
the measured pollutant reduction that results from proper BMP implementation.  
Monitoring must, at a minimum, be conducted in the receiving water to 
demonstrate reduction in pollutant concentrations and progression towards 
attainment of receiving water quality objectives. 
 

f. Establish a schedule for development and implementation of the Watershed 
strategy outlined in the Workplan.  The schedule must, at a minimum, include 
forecasted dates of planned actions to address Provisions E.2(a) through E.2(e) 
and dates for watershed review meetings through the remaining portion of this 
Permit cycle.  Annual watershed workplan review meetings must be open to the 
public and appropriately publically noticed such that interested parties may come 
and provide comments on the watershed program. 
 

2. Watershed Workplan Implementation 
 
Watershed Copermittee’s must implement the Watershed Workplan within 90 days 
of submittal unless otherwise directed by the San Diego Water Board.  
 

3. Copermittee Collaboration 
 
Watershed Copermittees must collaborate to develop and implement the accepted 
Watershed Workplan.  Watershed Copermittee collaboration must include frequent 
regularly scheduled meetings.  The Copermittees must pursue efforts to obtain any 
interagency agreements, or other coordination efforts, with non-Copermittee owners 
of the MS4 (such as Caltrans, Native American tribes, and school districts) to control 
the contribution of pollutants from one portion of the shared MS4 to another portion 
of the shared MS4.  The Copermittees must, as appropriate, participate in watershed 
management efforts to address water quality issues within the entire Santa 
Margarita Watershed (such as the County of San Diego and U.S. Marine Corps 
Camp Pendleton). 
 

4. Public Participation 
 
Watershed Copermittees must implement a watershed-specific public participation 
mechanism within each watershed.  A required component of the watershed-specific 
public participation mechanism must be a minimum 30-day public review of and 
opportunity to comment on the Watershed Workplan prior to submittal to the San 
Diego Water Board.  The Workplan must include a description of the public 
participation mechanisms to be used and identification of the persons or entities 
anticipated to be involved during the development and implementation of the 
Watershed Workplan. 
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5. Watershed Workplan Review and Updates 
 
Watershed Copermittees must review and update the Watershed Workplan annually 
to identify needed changes to the prioritized water quality problem(s) listed in the 
workplan.  All updates to the Watershed Workplan must be presented during an 
Annual Watershed Review Meeting.  Annual Watershed Review Meetings must 
occur once every calendar year and be conducted by the Watershed Copermittees. 
Annual Watershed Review Meetings must be open to the public and adequately 
noticed.  Individual Watershed Copermittees must also review and modify their 
jurisdictional programs and JRMP Annual Reports, as necessary, so that they are 
consistent with the updated Watershed Workplan.   
 

6. Pyrethroid Toxicity Reduction Evaluation 
 
The Watershed Copermittees must incorporate the pyrethroid pollutant reduction 
program18 into the Watershed Workplan.  The pyrethroid pollutant reduction program 
must include the following elements: 
 
a. Pursue state and federal regulatory change; 
b. Implement a set of source controls targeted specifically at urban pyrethroid use; 
c. Through the annual reporting process, monitor the implementation of those 

controls, assess effectiveness, and identify sources or areas where additional 
effort is needed; 

d. Implement additional controls as needed; and 
e. Continue to monitor implementation, as well as conditions within the target 

receiving waters, assess effectiveness, and re-evaluate control programs. 
 
 

H. FISCAL ANALYSIS 
 
1. Secure Resources:  Each Copermittee must exercise its full authority to secure the 

resources necessary to meet all requirements of this Order.   
 

2. Annual Analysis:  Each Copermittee must conduct an annual fiscal analysis of the 
necessary capital and operation and maintenance expenditures necessary to 
accomplish the activities of the programs required by this Order.  The analysis must 
include estimated expenditures for the current reporting period, the preceding 
period, and the next reporting period.  
 
a. Each analysis must include a description of the source of funds that are 

proposed to meet the necessary expenditures. 
b. Each analysis must include a narrative description of circumstances resulting in a 

25 percent or greater annual change for any budget line items. 

                                            
18 The pyrethroid pollutant reduction program is described in the “Riverside County – Santa Margarita 
Region Pyrethroid Source Identification Toxicity Reduction Evaluation, Final Phase II Report”, January 
2009 by MACTEC. 
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3. Annual Reporting:  Each Copermittee must submit its annual fiscal analysis with the 
annual JRMP report. 
 

 
I. TOTAL MAXIMUM DAILY LOADS 
 
1. The waste load allocations (WLAs) of fully approved and adopted TMDLs are 

incorporated as Water Quality Based Effluent Limitations on a pollutant by pollutant, 
watershed by watershed basis.  Early TMDL requirements, including monitoring, 
may be required and inserted into this Order pursuant to Finding E.10. 
 

2. The Cities of Wildomar and Murrieta must comply with the requirements and WLAs 
assigned to the discharges from their MS4s contributing to the Lake 
Elsinore/Canyon Lake (San Jacinto Watershed) Nutrient TMDLs as specified in 
Section VI.D.2 of the Santa Ana Water Board’s Order R8-2010-0033, including 
relevant sections of the fact sheet and findings, and subsequent revisions thereto.   
 

 
J. PROGRAM EFFECTIVENESS ASSESSMENT AND REPORTING 
 
Beginning with the Annual Report due in 2013, each Copermittee must annually assess 
and report upon the effectiveness of its JRMP and Watershed Workplan implementation 
to (1) reduce the discharge of storm water pollutants from its MS4 to the MEP; (2) 
prohibit non-stormwater discharges; and (3) prevent runoff discharges from the MS4 
from causing or contributing to a violation of water quality standards. 
 
 
1. Program Effectiveness Assessments 

 
a. IDENTIFY EFFECTIVENESS ASSESSMENTS 

 
With the JRMP and Watershed Workplan submittal, each Copermittee must 
establish assessment measures or methods for each of the six outcome levels 
described by CASQA19, using data from each JRMP program component, the 
MRP, and the Watershed Workplan. 
 
(1) Assessment interval:  For each established assessment measure or method, 

an assessment interval must be established as appropriate to the measure or 
method. 
 

(2) Projected Timeframe:  For each established assessment measure or method, 
each Copermittee must identify the projected timeframe within which the 
associated outcome level can adequately assess change.   

                                            
19 Effectiveness assessment outcome levels as defined by CASQA are defined in Attachment C of this 
Order.  See “Municipal Stormwater Program Effectiveness Assessment Guidance” (CASQA, May 2007) 
for guidance for assessing program activities at the various outcome levels. 
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b. PERFORM ASSESSMENTS 

 
(1) Annually:  Each year, the Copermittee must perform each applicable 

assessment based on the associated assessment interval, and determine 
whether the desired outcome has been met. 
 

(2) With the submittal of the Report of Waste Discharge, the Copermittees must 
determine whether their program implementation is resulting in the protection 
and/or improvement of water quality through an Integrated Assessment. 
 

2. Respond to Assessments 
 
a. Where the assessments indicate that the desired outcome level has not been 

achieved at the end of the projected timeframe, the Copermittee must review its 
applicable activities and BMPs to identify any modifications and improvements 
needed to maximize effectiveness, as necessary to comply with this Order.  If the 
Copermittee determines that the existing activities/BMPs are adequate, or that 
the projected timeframe should be extended, justification and an updated 
timeframe for attainment of the outcome level must be provided in the Annual 
Report. 
 

b. Each Copermittee must develop and implement a work plan and schedule to 
address any program modifications and improvements in response to the 
findings of its assessment.  The work plan and schedule must be provided and 
updated with the applicable Annual Report. The work plan must include, at a 
minimum, the following: 
 
(1) The problems and priorities identified during the assessment; 
(2) A list of priority pollutants and known or suspected sources; 
(3) A brief description of the strategy employed to reduce, eliminate or mitigate 

the negative impacts; 
(4) A description and schedule for new and/or modified BMPs.  The schedule is 

to include dates for significant milestones; 
(5) A description of how the selected activities will address an identified high 

priority problem.  This will include a description of the expected effectiveness 
and benefits of the new and/or modified BMPs; 

(6) A description of implementation effectiveness metrics; 
(7) A description of how efficacy results will be used to modify priorities and 

implementation; and 
(8) A review of past activities implemented, progress in meeting water quality 

standards, and planned program adjustments. 
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3. Assessment and Response Reporting 
 
Each Copermittee must include a summary of its effectiveness assessments within 
each Annual Report.  Beginning with the FY 2012-2013 Annual Report, the Program 
Effectiveness reporting must include: 
 
a. The results of each of the effectiveness assessments performed pursuant to 

J.1.b, including the demonstrated CASQA effectiveness level(s); 
 

b. Responses to effectiveness assessments: A description of any program 
modifications planned in accordance with section J.2, including the work plan and 
identified schedule for implementation.  The description must include the basis 
for determining that each modified activity and/or BMP represents an 
improvement expected to result in improved water quality; and 
 

c. A description of any steps to be implemented to improve the Copermittee’s ability 
to assess program effectiveness. 
 

 
K. REPORTING 
 
The Copermittees may propose alternate reporting criteria and schedules, as part of 
their updated JRMP, for the Executive Officer’s acceptance.   
 
1. Runoff Management Plans 

 
a. JURISDICTIONAL RUNOFF MANAGEMENT PLANS 

 
(1) The written account of the overall program to be conducted by each 

Copermittee to meet the jurisdictional requirements of section F of this Order 
is referred to as the Jurisdictional Runoff Management Plan (JRMP).  Each 
Copermittee must revise and update its existing JRMP so that it describes all 
activities the Copermittee will undertake to implement the requirements of this 
Order.  Each Copermittee must submit its updated and revised JRMP to the 
San Diego Water Board no later than June 30, 2012.  
 

(2) At a minimum, each Copermittee’s JRMP must be updated and revised to 
demonstrate compliance with each applicable section of this Order. 
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b. WATERSHED WORKPLANS 

 
Copermittees must update and revise the Watershed Workplan to describe any 
changes in water quality problems or priorities, and any necessary change to 
actions Copermittees will take to implement jurisdictional or watershed BMPs to 
address those identified.  The Copermittees must assemble and submit the 
Watershed Workplan to the San Diego Water Board no later than June 30, 2012, 
and must implement the Workplan within 90 days unless otherwise directed by 
the San Diego Water Board. 
 

2. Other Required Reports and Plans 
 
a. SSMP UPDATES 

 
(1) Copermittees must submit their updated SSMP in accordance with the 

applicable requirements of section F.1 with the JRMP by June 30, 2012. 
 

(2) Within 180 days of determination that the SSMP is in compliance with this 
Order’s provisions, each Copermittee must amend its ordinances consistent 
with the SSMP and implement the updated SSMP.  Any amended or new 
ordinances must be submitted to the San Diego Water Board the applicable 
Annual Report.   

 
b. HMP 

 
(1) By June 30, 2013, the Copermittees must submit to the San Diego Water 

Board Executive Officer a draft HMP that has been reviewed by the public, 
including identification of the appropriate limiting range of flow rates in 
accordance with the applicable requirements of section F.1.h. 
 

(2) Within 180 of receiving San Diego Water Board comments on the draft HMP, 
the Copermittees must submit a final HMP that addressed the San Diego 
Water Board’s comments. 
 

(3) Within 90 days of receiving a finding of adequacy from the Executive Officer 
each Copermittee must incorporate and implement the HMP for all Priority 
Development Projects. 
 

(4) Prior to acceptance of the HMP by the San Diego Water Board, the early 
implementation measures likely to be included in the HMP shall be 
encouraged by the Copermittees. 
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c. REPORT OF WASTE DISCHARGE 
 
The Copermittees must submit to the San Diego Water Board, no later than 180 
days in advance of the expiration date of this Order, a Report of Waste 
Discharge (ROWD) as an application for issuance of new waste discharge 
requirements.  The fourth annual report for this Order may supplement the 
ROWD, provided the ROWD contains the minimum information below. 
 
At a minimum, the ROWD must include the following:  (1) Proposed changes to 
the Copermittees’ runoff management programs; (2) Proposed changes to 
monitoring programs; (3) Justification for proposed changes; (4) Name and 
mailing addresses of the Copermittees; (5) Names and titles of primary contacts 
of the Copermittees; (6) Any other information necessary for the reissuance of 
this Order and (7) Any other information required by federal regulations for permit 
reapplications. 
 

3. Annual Reports 
 
JURISDICTIONAL RUNOFF MANAGEMENT PROGRAM (JRMP) ANNUAL REPORTS 

 
a. Each Copermittee must generate individual JRMP Annual Reports that cover 

implementation of its jurisdictional activities during the past annual reporting 
period.  Each Annual Report must verify and document compliance with this 
Order as directed in this section.  Each Copermittee must retain records in 
accordance with the Standard Provisions in Attachment B of this Order, available 
for review, that document compliance with each requirement of this Order.  The 
reporting period for these annual reports must be the previous fiscal year.   

 
b. Each Copermittee must submit its JRMP Annual Reports to the San Diego Water 

Board by October 31of each year, beginning on October 31, 2013.  
 

c. Each JRMP Annual Report must contain, at a minimum, the following 
information, as applicable to the Copermittee: 

 
(1) Information required to be reported annually in Section H (Fiscal Analysis) of 

this Order; 
(2) Information required to be reported annually in Section J (Program 

Effectiveness) of this Order;  
(3) The completed Reporting Checklist found in Attachment D; and 
(4) Information for each program component as described in the following Table 

5: 
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Table 5.  Annual Reporting Requirements 
Program 

Component Reporting Requirement 

1. All updated relevant sections of the General Plan and 
environmental review process and a description of any planned 
updates within the next annual reporting period, if applicable; 

2. All revisions to the SSMP, including where applicable: 
(a) Identification and summary of where the SSMP fails to meet 

the requirements of this Order; 
(b) Updated procedures for identifying pollutants of concern for 

each Priority Development Project; 
(c) Updated treatment BMP ranking matrix; 
(d) Updated site design and treatment control BMP design 

standards; 
3. Number of Priority Development Projects reviewed and 

approved during the reporting period.  Brief description of BMPs 
required at approved Priority Development Projects.  Verification 
that site design, source control, and treatment BMPs were 
required on all applicable Priority Development Projects; 

4. Name and location of all Priority Development Projects that were 
granted a waiver from implementing LID BMPs pursuant to 
section F.1.d.(4) during the reporting period; 

New Development 

5. Updated watershed-based BMP maintenance tracking database 
of approved treatment control BMPs and treatment control BMP 
maintenance within its jurisdiction, including updates to the list of 
high-priority Priority Development Projects; and verification that 
the requirements of this Order were met during the reporting 
period; 
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Table 5.  Annual Reporting Requirements (Cont’d) 

Program 
Component Reporting Requirement 

6. Name and brief description of all approved Priority Development 
Projects required to implement hydrologic control measures in 
compliance with section F.1.h  including a brief description of the 
management measures planned to protect downstream 
beneficial uses and prevent adverse physical changes to 
downstream stream channels; 

New Development 
(Cont’d) 

7. Number and description of all enforcement activities applicable 
to the new development and redevelopment component and a 
summary of the effectiveness of those activities. 

1. All updated relevant ordinances and description of planned 
ordinance updates within the next annual reporting period, if 
applicable; 

2. A description of any changes to procedures used for identifying 
priorities for inspecting sites and enforcing control measures that 
consider the nature of the construction activity, topography, and 
the characteristics of soils and receiving water quality; 

3. Any changes to the designated minimum and enhanced BMPs; 

Construction 

4. Summary of the inspection program, including the following 
information: 

(a) Total number and date of inspections conducted at each 
facility; 

(b) Number, date, and types of enforcement actions by facility; 
(c) Brief description of each high-level enforcement actions at 

construction sites including the effectiveness of the 
enforcement.  

Supporting paper (or electronic) files must be maintained by the 
Copermittees and made available upon San Diego Water Board 
request.  Supporting files must include a record of inspection dates, 
the results of each inspection, photographs (if any), and a summary 
of any enforcement actions taken. 
1. Updated source inventory; 
2. All changes to the designated municipal BMPs; 
3. Descriptions of any changes to procedures to assure that flood 

management projects assess the impacts on the water quality of 
receiving water bodies; 

Municipal 

4. Summary and assessment of BMP retrofits implemented at flood 
control structures, including: 
(a) List of projects retrofitted; 
(b) List and description of structures evaluated for retrofitting; 
(c) List of structures still needing to be evaluated and the 

schedule for evaluation; 
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Table 5.  Annual Reporting Requirements (Cont’d) 

Program 
Component Reporting Requirement 

5. Summary of the municipal structural treatment control operations 
and maintenance activities, including: 
(a) Number of inspections and types of facilities; 
(b) Summary of findings; 

6. Summary of the MS4 and MS4 facilities operations and 
maintenance activities, including: 
(a) Number and types of facilities maintained; 
(b) Amount of material removed; 
(c) List of facilities planned for bi-annual inspections and the 

justification; 
7. Summary of the municipal areas/programs inspection activities, 

including: 
(a) Number and date of inspections conducted at each facility; 
(b) The BMP violations identified during the inspection by facility;
(c) Number, date and types of enforcement actions by facility;  
(d) Summary of inspection findings and follow-up activities for 

each facility; 
8. Description of activities implemented to address sewage 

infiltration into the MS4; 

Municipal (Cont’d) 

9. Description of BMPs and their implementation for unpaved roads 
construction and maintenance. 

1. Updated inventory of commercial / industrial sources; 
2. Summary of the inspection program, including the following 

information: 
(a) Number and date of inspections conducted at each facility or 

mobile business; 
(b) The BMP violations identified during the inspection by facility;
(c) Number, date, and types of enforcement actions by facility or 

mobile business;  
(d) Brief description of each high-level enforcement actions at 

commercial/industrial sites including the effectiveness of the 
enforcement and follow-up activities for each facility; 

3. All changes to designated minimum and enhanced BMPs; 

Commercial / 
Industrial 

4. A list of industrial sites, including each name, address, and SIC 
code, that the Copermittee suspects may require coverage 
under the General Industrial Permit, but has not submitted an 
NOI. 
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Table 5.  Annual Reporting Requirements (Cont’d) 

Program 
Component Reporting Requirement 

1. All updated minimum BMPs required for residential areas and 
activities; 

2. Quantification and summary of applicable runoff and storm water 
enforcement actions within residential areas and activities; 

Residential 

3. Description of efforts to manage runoff and storm water pollution 
in common interest areas and mobile home parks. 

1. Updated inventory and prioritization of existing developments 
identified as candidates for retrofitting; 

2. Description of efforts to retrofit existing developments during the 
reporting year; 

3. Description of efforts taken to encourage private landowners to 
retrofit existing development; 

4. A list of all retrofit projects that have been implemented, 
including site location, a description of the retrofit project, 
pollutants expected to be treated, and the tributary acreage of 
runoff that will be treated; 

5. Any proposed retrofit or regional mitigation projects and 
timelines for future implementation; 

Retrofitting Existing 
Development 

6. Any proposed changes to the Copermittee’s overall retrofitting 
program. 

1. Any changes to the legal authority to implement Illicit Discharge 
Detection and Elimination activities; 

2. Any Changes to the established investigation procedures; 
3. Any changes to public reporting mechanisms, including phone 

numbers and web pages; 
4. Summaries of illicit discharges (including spills and water quality 

data events)  and how each significant case was resolved; 
5. A description of instances when field screening and analytical 

data exceeded action levels, including those instances for which 
no investigation was conducted; 

Illicit Discharge 
Detection and 
Elimination 

6. A description of follow-up and enforcement actions taken in 
response to investigations of illicit discharges and a description 
of the outcome of the investigation/enforcement actions. 

Workplans Updated workplans including priorities, strategy, implementation 
schedule and effectiveness evaluation. 

 
d. Each JRMP Annual Report must also include the following information regarding 

non-storm water discharges (see Section B.2. of this Order): 
 

(1) Identification of non-storm water discharge categories identified as a source 
of pollutants to waters of the U.S; 

(2) A description of any updates to ordinances, orders, or similar means to 
prohibit non-storm water discharge categories identified under section B.2 
above ; 

(3) Identification of any control measures to be required and implemented for 

RB-AR7399



Order No. R9-2010-0016 Page 86 of 88 November 10, 2010 

DIRECTIVES K: REPORTING 
DIRECTIVES L: MODIFICATION OF PROGRAMS 

 

non-storm water discharge categories identified as needing controls by the 
San Diego Water Board; and 

 
(4) A description of a program to address pollutants from non-emergency fire 

fighting flows identified by the Copermittee to be significant sources of 
pollutants. 

 
4. Interim Reporting Requirements 

 
For the reporting periods, prior to submittal of the JRMP, each JRMP Annual Report 
must be submitted in accordance with the requirements and deadlines described in 
Order No. 2004-001.   
 

5. Universal Reporting Requirements 
 
All submittals must include an executive summary, introduction, conclusion, 
recommendations, and signed certified statement.  Each Copermittee must submit a 
signed certified statement covering its responsibilities for each applicable submittal.  
The Principal Copermittee must submit a signed certified statement covering its 
responsibilities for each applicable submittal and the sections of the submittals for 
which it is responsible. 

 
 
L. MODIFICATION OF PROGRAMS 
 

Modifications of JRMPs and/or Watershed Workplan may be initiated by the 
Executive Officer of the San Diego Water Board or by the Copermittees.  Requests 
by Copermittees must be made to the Executive Officer, and must be submitted 
during the annual review process.  Requests for modifications should be 
incorporated, as appropriate, into the Annual Reports or other deliverables required 
or allowed under this Order. 

 
1. Minor modifications to JRMPs, and/or Watershed Workplan, may be accepted by the 

Executive Officer where the Executive Officer finds the proposed modification 
complies with all discharge prohibitions, receiving water limitations, and other 
requirements of this Order. 
 

2. Proposed modifications that are not minor require amendment of this Order in 
accordance with this Order’s rules, policies, and procedures. 
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M. PRINCIPAL COPERMITTEE RESPONSIBILITIES 
 
Within 180 days of adoption of this Order, the Copermittees must designate the 
Principal Copermittee and notify the San Diego Water Board of the name of the 
Principal Copermittee.  The Principal Copermittee must, at a minimum: 
 
1. Serve as liaison between the Copermittees and the San Diego Water Board on 

general permit issues, and when necessary and appropriate, represent the 
Copermittees before the San Diego Water Board. 
 

2. Coordinate permit activities among the Copermittees and facilitate collaboration on 
the development and implementation of programs required under this Order.  
 

3. Coordinate the submittal of the documents and reports as required by section K of 
this Order and Receiving Waters and MS4 Discharge Monitoring and Reporting 
Program No. R9-2010-0016 in Attachment E of this Order. 
 

 
N. RECEIVING WATERS AND MS4 DISCHARGE MONITORING AND REPORTING 

PROGRAM 
 
Pursuant to CWC section 13267, the Copermittees must comply with all the 
requirements contained in Receiving Waters and MS4 Discharge Monitoring and 
Reporting Program (MRP) No. R9-2010-0016 in Attachment E of this Order. 
 
 
O. STANDARD PROVISIONS, REPORTING REQUIREMENTS, AND 

NOTIFICATIONS  
 
1. Each Copermittee must comply with Standard Provisions, Reporting Requirements, 

and Notifications contained in Attachment B of this Order.  This includes 24 hour/5 
day reporting requirements for any instance of non-compliance with this Order as 
described in section 5.e of Attachment B. 
 

2. All plans, reports and subsequent amendments submitted in compliance with this 
Order must be implemented immediately (or as otherwise specified).  All submittals 
by Copermittees must be adequate to implement the requirements of this Order. 
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P.  ADDITIONAL PROVISIONS 
 

The Executive Officer shall meet with Camp Pendleton and other stakeholders at six 
(6) month intervals to identify and investigate water quality impacts, flow impacts, 
and impacts to water rights that may derive from the implementation of Low Impact 
Development BMPs required by Order R9-2010-0016 as they are developed by the 
storm water Copermittees.  Any key issues or amendments to the Order that derive 
from those analyses and discussions will be promptly brought to the San Diego 
Water Board for their consideration. 

 
I, David W. Gibson, Executive Officer, do hereby certify the foregoing is a full, true, and 
correct copy of an Order adopted by the California Regional Water Quality Control 
Board, San Diego Region, on November 10, 2010. 
 
 
 
         
  David W. Gibson 
  Executive Officer 
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To request copies of the Orange County Municipal Storm Water Permit, please contact Ben Neill, Water 
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FINDINGS A: BASIS FOR THE ORDER 
FINDINGS B: REGULATED PARTIES 

The California Regional Water Quality Control Board, San Diego Region (hereinafter 
Regional Board), finds that: 
 
 
A.  BASIS FOR THE ORDER 
 
1. This Order is based on the federal Clean Water Act (CWA), the Porter-Cologne 

Water Quality Control Act (Division 7 of the Water Code, commencing with Section 
13000), applicable State and federal regulations, all applicable provisions of 
statewide Water Quality Control Plans and Policies adopted by the State Water 
Resources Control Board (State Board), the Water Quality Control Plan for the San 
Diego Basin adopted by the Regional Board, the California Toxics Rule, and the 
California Toxics Rule Implementation Plan. 
 

2. This Order reissues National Pollutant Discharge Elimination System (NPDES) 
Permit No. CAS0108740, which was first adopted by the Regional Board on  
July 16, 1990 (Order No. 90-38), and then reissued on August 8, 1996 (Order  
No. 96-03) and February 13, 2002 (Order No. R9-2002-01).  On August 21, 2006, in 
accordance with Order No. R9-2002-01, the County of Orange, as the Principal 
Copermittee, submitted a Report of Waste Discharge (ROWD) for reissuance of the 
municipal separate storm sewer system (MS4) Permit. 

 
3. This Order is consistent with the following precedential Orders adopted by the State 

Water Resources Control Board (State Board) addressing MS4 NPDES Permits:  
Order 99-05, Order WQ-2000-11, Order WQ 2001-15, Order WQO 2002-0014, and 
Order WQ-2009-0008 (SWRCB/OCC FILE A-1780). 

 
4. The Fact Sheet / Technical Report for the Order No. R9-2009-0002, NPDES No. 

CAS0108740, Waste Discharge Requirements for Discharges of Runoff from the 
Municipal Separate Storm Sewer Systems (MS4s) Draining the Watersheds of the 
County of Orange, the Incorporated Cities of Orange County, and the Orange 
County Flood Control District Within the San Diego Region includes cited regulatory 
and legal references and additional explanatory information and data in support of 
the requirements of this Permit.  This information, including any supplements 
thereto, and any response to comments on the Tentative Orders, is hereby 
incorporated by reference into these findings. 

 
 
B.  REGULATED PARTIES 
 
1. Each of the persons in Table 1 below, hereinafter called Copermittees or 

dischargers, owns or operates an MS4, through which it discharges runoff into 
waters of the United States within the San Diego Region.  These MS4s fall into one 
or more of the following categories: (1) a medium or large MS4 that services a 
population of greater than 100,000 or 250,000 respectively; or (2) a small MS4 that 
is “interrelated” to a medium or large MS4; or (3) an MS4 which contributes to a 
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violation of a water quality standard; or (4) an MS4 which is a significant contributor 
of pollutants to waters of the United States (waters of the U.S). 
 

Table 1. Municipal Copermittees 
1. City of Aliso Viejo 8.    City of Mission Viejo 
2. City of Dana Point 9.    City of Rancho Santa Margarita 
3. City of Laguna Beach 10.  City of San Clemente 
4. City of Laguna Hills 11.  City of San Juan Capistrano 
5. City of Laguna Niguel 12.  County of Orange 
6. City of Laguna Woods 
7. City of Lake Forest 

13.  Orange County Flood Control 
District 

 
 
C.  DISCHARGE CHARACTERISTICS 
 
1. Runoff discharged from an MS4 contains waste, as defined in the California Water 

Code (CWC), and pollutants that adversely affect the quality of the waters of the 
State.  The discharge of runoff from an MS4 is a “discharge of pollutants from a point 
source” into waters of the U.S. as defined in the CWA. 
 

2. MS4 storm water and non-storm water discharges are likely to contain pollutants that 
cause or threaten to cause a violation of water quality standards, as outlined in the 
Regional Board’s Water Quality Control Plan for the San Diego Basin (Basin Plan).  
Storm water and non-storm water discharges from the MS4 are subject to the 
conditions and requirements established in the San Diego Basin Plan for point 
source discharges. These surface water quality standards must be complied with at 
all times, irrespective of the source and manner of discharge. 
 

3. The most common categories of pollutants in runoff include total suspended solids, 
sediment, pathogens (e.g., bacteria, viruses, protozoa); heavy metals (e.g., copper, 
lead, zinc and cadmium); petroleum products and polynuclear aromatic 
hydrocarbons; synthetic organics (e.g., pesticides, herbicides, and PCBs); nutrients 
(e.g., nitrogen and phosphorus fertilizers); oxygen-demanding substances (decaying 
vegetation, animal waste); detergents; and trash.   
 

4. The discharge of pollutants and/or increased flows from MS4s may cause or 
threaten to cause the concentration of pollutants to exceed applicable receiving 
water quality objectives and/or impair or threaten to impair designated beneficial 
uses resulting in a condition of pollution (i.e., unreasonable impairment of water 
quality for designated beneficial uses), contamination, or nuisance. 
 

5. Pollutants in runoff can threaten and adversely affect human health.  Human 
illnesses have been clearly linked to recreating near storm drains flowing to coastal 
waters.  Also, runoff pollutants in receiving waters can bioaccumulate in the tissues 
of invertebrates and fish, which may be eventually consumed by humans. 
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6. Runoff discharges from MS4s often contain pollutants that cause toxicity to aquatic 
organisms (i.e., adverse responses of organisms to chemicals or physical agents 
ranging from mortality to physiological responses such as impaired reproduction or 
growth anomalies).  Toxic pollutants impact the overall quality of aquatic systems 
and beneficial uses of receiving waters. 
 

7. The Copermittees discharge runoff into lakes, drinking water reservoirs, rivers, 
streams, creeks, bays, estuaries, coastal lagoons, the Pacific Ocean, and tributaries 
thereto within one of the eleven hydrologic units (San Juan Hydrologic Unit) 
comprising the San Diego Region as shown in Tables 2a and 2b.  Some of the 
receiving water bodies have been designated as impaired by the Regional Board 
and the United States Environmental Protection Agency (USEPA) in 2006 pursuant 
to CWA section 303(d).  Also shown in the Tables are the watershed management 
areas (WMAs) as defined in the Regional Board report, Watershed Management 
Approach, January 2002. 

 
 
Table 2a.  Common Watersheds and CWA Section 303(d) Impaired Waters 
 
Regional 
Board 
Watershed 
Management 
Area (WMA) 

Hydrologic Area 
(HA) or Hydrologic 
Subarea (HSA) of 
the San Juan 
Hydrologic Unit 

Major Receiving Water 
Bodies 

303(d) 
Pollutant(s)/stressor or 
Water Quality Effect1 

Laguna Coastal 
Streams 

Laguna HA, 
excluding Aliso HSA 
and Dana Point HSA 

Laguna Canyon Creek, 
Pacific Ocean 

Bacterial indicators 
Sediment toxicity 

Aliso Creek  Aliso HSA Aliso Creek, English 
Canyon, Pacific Ocean 

Toxicity 
Phosphorus 
Bacterial indicators 
Benzo[b]fluoranthene 
Dieldrin 
Sediment Toxicity 

Dana Point 
Coastal 
Streams 

Dana Point HSA Dana Point Harbor, Salt 
Creek, Pacific Ocean 

Bacterial indicators 

San Juan 
Creek 

Mission Viejo HA San Juan Creek, Trabuco 
Creek, Oso Creek, 
Canada Gobernadora, 
Bell Canyon, Verdugo 
Canyon, Pacific Ocean 

Bacterial indicators 
DDE 
Chloride 
Sulfates 
Total dissolved solids 

                                            
1 The listed 303(d) pollutant(s) do not necessarily reflect impairment of the entire corresponding 
WMA or all corresponding major surface water bodies.  The specific impaired portions of each 
WMA are listed in the State Water Resources Control Board’s 2006 Section 303(d) List of Water 
Quality Limited Segments. 
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Table 2a.  Common Watersheds and CWA Section 303(d) Impaired Waters 
 
Regional 
Board 
Watershed 
Management 
Area (WMA) 

Hydrologic Area 
(HA) or Hydrologic 
Subarea (HSA) of 
the San Juan 
Hydrologic Unit 

Major Receiving Water 
Bodies 

303(d) 
Pollutant(s)/stressor or 
Water Quality Effect1 

San Clemente 
Coastal 
Streams 

San Clemente HA Prima Deshecha, 
Segunda Deshecha, 
Pacific Ocean 

Bacterial indicators 
Phosphorus 
Turbidity 

San Mateo 
Creek 

San Mateo HA San Mateo Creek, 
Christianitos Creek, 
Pacific Ocean 

 

 
 
 
Table 2b.  Common Watersheds and Municipalities 

Municipality 
Laguna 
Coastal 
Streams 

Aliso Creek Dana Point 
Coastal 
Streams 

San Juan 
Creek 

San 
Clemente 
Coastal 
Streams 

San Mateo 
Creek 

Aliso Viejo       
Dana Point       
Laguna Beach       
Laguna Hills *       
Laguna Niguel       
Laguna Woods *       
Lake Forest *       
Mission Viejo       
Rancho Santa 
Margarita 

      

San Clemente       
San Juan 
Capistrano 

      

County of 
Orange * 

      

Orange County 
Flood Control 
District * 

      

* Municipality also includes areas within watersheds of the Santa Ana Regional Board that are outside the 
scope of this Order 
 
8. Trash is a persistent pollutant which can enter receiving waters from the MS4 

resulting in accumulation and transport in receiving waters over time.  Trash poses a 
serious threat to the Beneficial Uses of the receiving waters, including, but not 
limited to, human health, rare and endangered species, navigation and human 
recreation.  

 
9. The Copermittees’ water quality monitoring data submitted to date documents 

persistent violations of Basin Plan water quality objectives for various runoff-related 
pollutants (fecal coliform bacteria, total suspended solids, turbidity, metals, etc.) at 
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various watershed monitoring stations.   Persistent toxicity has also been observed 
at some watershed monitoring stations.  In addition, bioassessment data indicates 
that the majority of urbanized receiving waters have Poor to Very Poor Index of 
Biotic Integrity ratings.  In sum, the above findings indicate that runoff discharges are 
causing or contributing to water quality impairments, and are a leading cause of 
such impairments in Orange County.   
 

10. When natural vegetated pervious ground cover is converted to impervious surfaces 
such as paved highways, streets, rooftops, and parking lots, the natural absorption 
and infiltration abilities of the land are lost.  Therefore, runoff leaving a developed 
area is significantly greater in runoff volume, velocity, and peak flow rate than pre-
development runoff from the same area.  Runoff durations can also increase as a 
result of flood control and other efforts to control peak flow rates.  Increased volume, 
velocity, rate, and duration of runoff, and decreased natural clean sediment loads, 
greatly accelerate the erosion of downstream natural channels.  Significant declines 
in the biological integrity and physical habitat of streams and other receiving waters 
have been found to occur with as little as a 3-5 percent conversion from natural to 
impervious surfaces.  The increased runoff characteristics from new development 
must be controlled to protect against increased erosion of channel beds and banks, 
sediment pollutant generation, or other impacts to beneficial uses and stream habitat 
due to increased erosive force.     
 

11. Development creates new pollution sources as human population density increases 
and brings with it proportionately higher levels of car emissions, car maintenance 
wastes, municipal sewage, pesticides, household hazardous wastes, pet wastes, 
trash, etc. which can either be washed or directly dumped into the MS4.  As a result, 
the runoff leaving the developed urban area is significantly greater in pollutant load 
than the pre-development runoff from the same area.   These increased pollutant 
loads must be controlled to protect downstream receiving water quality. 
 

12. Development and urbanization especially threaten environmentally sensitive areas 
(ESAs), such as water bodies designated as supporting a RARE beneficial use 
(supporting rare, threatened or endangered species) and CWA 303(d)-impaired 
water bodies.  Such areas have a much lower capacity to withstand pollutant shocks 
than might be acceptable in other areas.  In essence, development that is ordinarily 
insignificant in its impact on the environment may become significant in a particularly 
sensitive environment.  Therefore, additional control to reduce storm water pollutants 
from new and existing development may be necessary for areas adjacent to or 
discharging directly to an ESA.

 
13. Although dependent on several factors, the risks typically associated with properly 

managed infiltration of runoff (especially from residential land use areas) are not 
significant.  The risks associated with infiltration can be managed by many 
techniques, including (1) designing landscape drainage features that promote 
infiltration of runoff, but do not “inject” runoff (injection bypasses the natural 
processes of filtering and transformation that occur in the soil); (2) taking reasonable 
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steps to prevent the illegal disposal of wastes;  (3) protecting footings and 
foundations; (4) ensuring that each drainage feature is adequately maintained in 
perpetuity; and (5) pretreatment. 

 
14. Non-storm water (dry weather) discharge from the MS4 is not considered a storm 

water (wet weather) discharge and therefore is not subject to regulation under the 
Maximum Extent Practicable (MEP) standard from CWA 402(p)(3)(B)(iii), which is 
explicitly for “Municipal … Stormwater Discharges (emphasis added)” from the MS4.  
Non-storm water discharges, per CWA 402(p)(3)(B)(ii), are to be effectively prohibited.  
Such dry weather non-storm water discharges have been shown to contribute 
significant levels of pollutants and flow in arid, developed Southern California 
watersheds and are to be effectively prohibited under the Clean Water Act. 

 
15. Non-storm water discharges to the MS4 granted an influent exception [i.e., which are 

exempt from the effective prohibition requirement set forth in CWA section 
402(p)(3)(B)(ii)] under 40 CFR 122. 26 are included within this Order.  Any exempted 
discharges identified by Copermittees as a source of pollutants are subsequently 
required to be addressed (emphasis added) as illicit discharges through prohibition 
and incorporation into existing IC/ID programs.  The Copermittees have identified 
landscape irrigation, irrigation water and lawn water, previously exempted 
discharges, as a source of pollutants and conveyance of pollutants to waters of the 
United States. 

 
 
D.  RUNOFF MANAGEMENT PROGRAMS 
 
1. General 
 

a. This Order specifies requirements necessary for the Copermittees to reduce the 
discharge of pollutants in storm water runoff to the maximum extent practicable 
(MEP).  However, since MEP is a dynamic performance standard, which evolves 
over time as runoff management knowledge increases, the Copermittees’ runoff 
management programs must continually be assessed and modified to 
incorporate improved programs, control measures, best management practices 
(BMPs), etc. in order to achieve the evolving MEP standard.  Absent evidence to 
the contrary, this continual assessment, revision, and improvement of runoff 
management program implementation is expected to ultimately achieve 
compliance with water quality standards in the Region. 
 

b. The Copermittees have generally been implementing the jurisdictional runoff 
management programs required pursuant to Order No. 2002-01 since February 
13, 2003.   Prior to that, the Copermittees were regulated by Order No. 96-03 
since August 8, 1996.  Runoff discharges, however, continue to cause or 
contribute to violations of water quality standards as evidenced by the 
Copermittees monitoring results. 
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c. This Order contains new or modified requirements that are necessary to improve 
Copermittees’ efforts to reduce the discharge of pollutants in storm water runoff 
to the MEP and achieve water quality standards.  Some of the new or modified 
requirements, such as the revised Watershed Runoff Management Program 
section, are designed to specifically address high priority water quality problems.  
Other new or modified requirements address program deficiencies that have 
been noted during audits, report reviews, and other Regional Board compliance 
assessment activities. 
 

d. Updated Jurisdictional Runoff Management Plans (JRMPs) and Watershed 
Runoff Management Plans (WRMPs), which describe the Copermittees’ runoff 
management programs in their entirety, are needed to guide the Copermittees’ 
runoff management efforts and aid the Copermittees in tracking runoff 
management program implementation.  It is practicable for the Copermittees to 
update the JRMPs and WRMPs within one year, since significant efforts to 
develop these programs have already occurred.   

 
e. Pollutants can be effectively reduced in storm water runoff by the application of a 

combination of pollution prevention, source control, and treatment control BMPs.  
Pollution prevention is the reduction or elimination of pollutant generation at its 
source and is the best “first line of defense.”  Source control BMPs (both 
structural and non-structural) minimize the contact between pollutants and flows 
(e.g., rerouting run-on around pollutant sources or keeping pollutants on-site and 
out of receiving waters).  Treatment control BMPs remove pollutants that have 
been mobilized by wet-weather or dry-weather flows.   
 

f. Runoff needs to be addressed during the three major phases of urban 
development (planning, construction, and use) in order to reduce the discharge 
of pollutants from storm water to the MEP, effectively prohibit non-storm water 
discharges and protect receiving waters.  Development which is not guided by 
water quality planning policies and principles can unnecessarily result in 
increased pollutant load discharges, flow rates, and flow durations which can 
negatively impact receiving water beneficial uses.  Construction sites without 
adequate BMP implementation result in sediment runoff rates which greatly 
exceed natural erosion rates of undisturbed lands, causing siltation and 
impairment of receiving waters.  Existing development generates substantial 
pollutant loads which are discharged in runoff to receiving waters. 
 

g. Annual reporting requirements included in this Order are necessary to meet 
federal requirements and to evaluate the effectiveness and compliance of the 
Copermittees’ programs.

 
h. This Order establishes Storm Water Action Levels (SALs) for selected pollutants 

based on USEPA Rain Zone 6 (arid southwest) Phase I MS4 monitoring data for 
pollutants in storm water. The SALs were computed as the 90th percentile of the 
data set, utilizing the statistical based population approach, one of three 
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approaches recommended by the California Water Board’s Storm Water Panel in 
its report, ‘The Feasibility of Numerical Effluent Limits Applicable to Discharges of 
Storm Water Associated with Municipal, Industrial and Construction Activities 
(June 2006).  SALs are identified in Section D of this Order.  Copermittees shall 
implement a timely, comprehensive, cost-effective storm water pollution control 
program to reduce the discharge of pollutants in storm water from the permitted 
areas so as not to exceed the SALs. Exceedance of SALs may indicate 
inadequacy of programmatic measures and BMPs required in this Order.    

 
2. Development Planning 

 
a. The Standard Storm Water Mitigation Plan (SSMP) requirements contained in 

this Order are consistent with Order WQ-2000-11 adopted by the State Water 
Resources Control Board (State Board) on October 5, 2000.  In the precedential 
order, the State Board found that the design standards, which essentially require 
that runoff generated by 85 percent of storm events from specific development 
categories be infiltrated or treated, reflect the MEP standard.  The order also 
found that the SSMP requirements are appropriately applied to the majority of the 
Priority Development Project categories contained in Section D.1 of this Order.  
The State Board also gave Regional Water Quality Control Boards the needed 
discretion to include additional categories and locations, such as retail gasoline 
outlets (RGOs), in SSMPs.   
 

b. Controlling runoff pollution by using a combination of onsite source control and 
site design BMPs augmented with treatment control BMPs before the runoff 
enters the MS4 is important for the following reasons:  (1) Many end-of-pipe 
BMPs (such as diversion to the sanitary sewer) are typically ineffective during 
significant storm events.  Whereas, onsite source control BMPs can be applied 
during all runoff conditions; (2) End-of-pipe BMPs are often incapable of 
capturing and treating the wide range of pollutants which can be generated on a 
sub-watershed scale; (3) End-of-pipe BMPs are more effective when used as 
polishing BMPs, rather than the sole BMP to be implemented; (4) End-of-pipe 
BMPs do not protect the quality or beneficial uses of receiving waters between 
the pollutant source and the BMP; and (5) Offsite end-of-pipe BMPs do not aid in 
the effort to educate the public regarding sources of pollution and their 
prevention.  
 

c. Use of Low-Impact Development (LID) site design BMPs at new development, 
redevelopment and retrofit projects can be an effective means for minimizing the 
impact of storm water runoff discharges from the development projects on 
receiving waters.  LID is a site design strategy with a goal of maintaining or 
replicating the pre-development hydrologic regime through the use of design 
techniques.  LID site design BMPs help preserve and restore the natural 
hydrologic cycle of the site, allowing for filtration and infiltration which can greatly 
reduce the volume, peak flow rate, velocity, and pollutant loads of storm water 
runoff.  Current runoff management, knowledge, practices and technology have 
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resulted in the use of LID BMPs as an acceptable means of meeting the storm 
water MEP standard.  
  

d. Retail Gasoline Outlets (RGOs) are significant sources of pollutants in storm 
water runoff.  RGOs are points of convergence for motor vehicles for automotive 
related services such as repair, refueling, tire inflation, and radiator fill-up and 
consequently produce significantly higher loadings of hydrocarbons and trace 
metals (including copper and zinc) than other developed areas.   

 
e. Industrial sites are significant sources of pollutants in runoff.  Pollutant 

concentrations and loads in runoff from industrial sites are similar or exceed 
pollutant concentrations and loads in runoff from other land uses, such as 
commercial or residential land uses.  As with other land uses, LID site design, 
source control, and treatment control BMPs are needed at industrial sites in order 
to meet the MEP standard.  These BMPs are necessary where the industrial site 
is larger than 10,000 square feet.  The 10,000 square feet threshold is 
appropriate, since it is consistent with requirements in other Phase I NPDES 
storm water regulations throughout California. 
 

f. If not properly designed or maintained, certain BMPs implemented or required by 
municipalities for runoff management may create a habitat for vectors (e.g. 
mosquitoes and rodents).  Proper BMP design and maintenance to avoid 
standing water, however, can prevent the creation of vector habitat.  Nuisances 
and public health impacts resulting from vector breeding can be prevented with 
close collaboration and cooperative effort between municipalities, the Orange 
County Vector Control District, and the California Department of Public Health 
during the development and implementation of runoff management programs. 
 

g. The increased volume, velocity, frequency and discharge duration of storm water 
runoff from developed areas has the potential to greatly accelerate downstream 
erosion, impair stream habitat in natural drainages, and negatively impact 
beneficial uses.  Development and urbanization increase pollutant loads in storm 
water runoff and the volume of storm water runoff.  Impervious surfaces can 
neither absorb water nor remove pollutants and thus lose the purification and 
infiltration provided by natural vegetated soil.  Hydromodification measures for 
discharges to hardened channels are needed for the future restoration of the 
hardened channels to their natural state, thereby restoring the chemical, 
physical, and biological integrity and Beneficial Uses of local receiving waters. 

 
3. Construction and Existing Development 

 
a. In accordance with federal NPDES regulations and to ensure the most effective 

oversight of industrial and construction site discharges, discharges of runoff from 
industrial and construction sites are subject to dual (State and local) storm water 
regulation.  Under this dual system, each Copermittee is responsible for 
enforcing its local permits, plans, and ordinances, and the Regional Board is 
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responsible for enforcing the General Construction Activities Storm Water Permit, 
State Board Order 99-08 DWQ, NPDES No. CAS000002 (General Construction 
Permit) and the General Industrial Activities Storm Water Permit, State Board 
Order 97-03 DWQ, NPDES No. CAS000001 (General Industrial Permit) and any 
reissuance of these permits.  NPDES municipal regulations require that 
municipalities develop and implement measures to address runoff from industrial 
and construction activities.  Those measures may require the implementation of 
additional BMPs than are required under the statewide general permits for 
activities subject to both State and local regulation.     
 

b. Identification of sources of pollutants in runoff (such as municipal areas and 
activities, industrial and commercial sites/sources, construction sites, and 
residential areas), development and implementation of BMPs to address those 
sources, and updating ordinances and approval processes are necessary for the 
Copermittees to ensure that discharges of pollutants from its MS4 in storm water 
are reduced to the MEP and that non-storm water discharges are not occurring.  
Inspections and other compliance verification methods are needed to ensure 
minimum BMPs are implemented.  Inspections are especially important at high 
risk areas for pollutant discharges. 
 

c. Historic and current development makes use of natural drainage patterns and 
features as conveyances for runoff.  Urban streams used in this manner are part 
of the municipalities MS4 regardless of whether they are natural, anthropogenic, 
or partially modified features.  In these cases, the urban stream is both an MS4 
and receiving water.   
 

d. As operators of the MS4s, the Copermittees cannot passively receive and 
discharge pollutants from third parties.  By providing free and open access to an 
MS4 that conveys discharges to waters of the U.S., the operator essentially 
accepts responsibility for discharges into the MS4 that it does not prohibit or 
control.  These discharges may cause or contribute to a condition of 
contamination or a violation of water quality standards. 
 

e. Waste and pollutants which are deposited and accumulate in MS4 drainage 
structures will be discharged from these structures to waters of the U.S. unless 
they are removed.  These discharges may cause or contribute to, or threaten to 
cause or contribute to, a condition of pollution in receiving waters.  For this 
reason, pollutant discharges from storm water into MS4s must be reduced using 
a combination of management measures, including source control, and an 
effective MS4 maintenance program must be implemented by each Copermittee. 

 
f. Enforcement of local runoff related ordinances, permits, and plans is an essential 

component of every runoff management program and is specifically required in 
the federal storm water regulations and this Order.  Each Copermittee is 
individually responsible for adoption and enforcement of ordinances and/or 
policies, implementation of identified control measures/BMPs needed to prevent 
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or reduce pollutants in storm water runoff, and for the allocation of funds for the 
capital, operation and maintenance, administrative, and enforcement 
expenditures necessary to implement and enforce such control measures/BMPs 
under its jurisdiction. Education is an important aspect of every effective runoff 
management program and the basis for changes in behavior at a societal level.  
Education of municipal planning, inspection, and maintenance department staffs 
is especially critical to ensure that in-house staffs understand how their activities 
impact water quality, how to accomplish their jobs while protecting water quality, 
and their specific roles and responsibilities for compliance with this Order.  Public 
education, designed to target various urban land users and other audiences, is 
also essential to inform the public of how individual actions affect receiving water 
quality and how adverse effects can be minimized. 
 

g. Public participation during the development of runoff management programs is 
necessary to ensure that all stakeholder interests and a variety of creative 
solutions are considered.  
 

h. Retrofitting existing development with storm water treatment controls, including 
LID, is necessary to address storm water discharges from existing development 
that may cause or contribute to a condition of pollution or a violation of water 
quality standards.  Although SSMP BMPs are required for redevelopment, the 
current rate of redevelopment will not address water quality problems in a timely 
manner.  Cooperation with private landowners is necessary to effectively identify, 
implement and maintain retrofit projects for the preservation, restoration, and 
enhancement of water quality.  

 
4. Watershed Runoff Management 

 
a. Since runoff within a watershed can flow from and through multiple land uses and 

political jurisdictions, watershed-based runoff management can greatly enhance 
the protection of receiving waters.  Such management provides a means to focus 
on the most important water quality problems in each watershed.  By focusing on 
the most important water quality problems, watershed efforts can maximize 
protection of beneficial use in an efficient manner.  Effective watershed-based 
runoff management actively reduces pollutant discharges and abates pollutant 
sources causing or contributing to watershed water quality problems.  
Watershed-based runoff management that does not actively reduce pollutant 
discharges and abate pollutant sources causing or contributing to watershed 
water quality problems can necessitate implementation of the iterative process 
outlined in section A.3 of the Tentative Order.  Watershed management of runoff 
does not require Copermittees to expend resources outside of their jurisdictions.  
Watershed management requires the Copermittees within a watershed to 
develop a watershed-based management strategy, which can then be 
implemented on a jurisdictional basis.
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b. Some runoff issues, such as general education and training, can be effectively 

addressed on a regional basis.  Regional approaches to runoff management can 
improve program consistency and promote sharing of resources, which can 
result in implementation of more efficient programs. 
 

c. It is important for the Copermittees to coordinate their water quality protection 
and land use planning activities to achieve the greatest protection of receiving 
water bodies.  Copermittee coordination with other watershed stakeholders, 
especially the State of California Department of Transportation, the United States 
Department of Defense, and water and sewer districts, is also important. 

 
 
E.  STATUTE AND REGULATORY CONSIDERATIONS 
 
1. The Receiving Water Limitations (RWL) language specified in this Order is 

consistent with language recommended by the USEPA and established in State 
Board Water Quality Order 99-05, Own Motion Review of the Petition of 
Environmental Health Coalition to Review Waste Discharge Requirements Order No. 
96-03, NPDES Permit No. CAS0108740, adopted by the State Board on June 17, 
1999.  The RWL in this Order require compliance with water quality standards, which 
for storm water discharges is to be achieved through an iterative approach requiring 
the implementation of improved and better-tailored BMPs over time.  Compliance 
with receiving water limits based on applicable water quality standards is necessary 
to ensure that MS4 discharges will not cause or contribute to violations of water 
quality standards and the creation of conditions of pollution. 
 

2. The Water Quality Control Plan for the San Diego Basin (Basin Plan), identifies the 
following beneficial uses for surface waters in Orange County:  Municipal and 
Domestic Supply (MUN)2, Agricultural Supply (AGR), Industrial Process Supply 
(PROC), Industrial Service Supply (IND), Ground Water Recharge (GWR), Contact 
Water Recreation (REC1), Non-contact Water Recreation (REC2), Warm 
Freshwater Habitat (WARM), Cold Freshwater Habitat (COLD), Wildlife Habitat 
(WILD), Rare, Threatened, or Endangered Species (RARE), Freshwater 
Replenishment (FRSH), Hydropower Generation (POW), and Preservation of 
Biological Habitats of Special Significance (BIOL).  The following additional 
beneficial uses are identified for coastal waters of Orange County:  Navigation 
(NAV), Commercial and Sport Fishing (COMM), Estuarine Habitat (EST), Marine 
Habitat (MAR), Aquaculture (AQUA), Migration of Aquatic Organisms (MIGR), 
Spawning, Reproduction, and/or Early Development (SPWN), and Shellfish 
Harvesting (SHELL). 
 

3. This Order is in conformance with State Board Resolution No. 68-16, Statement of 
Policy with Respect to Maintaining High Quality Waters in California, and the federal 
Antidegradation Policy described in 40 CFR 131.12. 

                                            
2 Subject to exceptions under the “Sources of Drinking Waters” Policy (Resolution No. 89-33) 
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4. Section 6217(g) of the Coastal Zone Act Reauthorization Amendments of 1990 

(CZARA) requires coastal states with approved coastal zone management programs 
to address non-point pollution impacting or threatening coastal water quality.  
CZARA addresses five sources of non-point pollution: agriculture, silviculture, urban, 
marinas, and hydromodification.  This NPDES permit addresses the management 
measures required for the urban category, with the exception of septic systems.  The 
adoption and implementation of this NPDES permit relieves the Copermittee from 
developing a non-point source plan, for the urban category, under CZARA.  The 
Regional Board addresses septic systems through the administration of other 
programs. 

 
5. Section 303(d)(1)(A) of the CWA requires that “Each state must identify those waters 

within its boundaries for which the effluent limitations…are not stringent enough to 
implement any water quality standard (WQS) applicable to such waters.”  The CWA 
also requires states to establish a priority ranking of impaired water bodies known as 
Water Quality Limited Segments and to establish Total Maximum Daily Loads 
(TMDLs) for such waters.  This priority list of impaired water bodies is called the 
Section 303(d) List.  The current Section 303(d) List was approved by the State 
Board on October 25, 2006.  On June 28, 2007 the 2006 303(d) list for California 
was given final approval by the United States Environmental Protection Agency 
(USEPA).   

 
6. This Order does not constitute an unfunded local government mandate subject to 

subvention under Article XIIIB, Section (6) of the California Constitution for several 
reasons, including, but not limited to, the following.  First, this Order implements 
federally mandated requirements under federal Clean Water Act section 402.  (33 
U.S.C. § 1342(p)(3)(B).)  Second, the local agency Copermittees’ obligations under 
this Order are similar to, and in many respects less stringent than, the obligations of 
non-governmental and new dischargers who are issued NPDES permits for storm 
water and non-storm water discharges.  Third, the local agency Copermittees have 
the authority to levy service charges, fees, or assessments sufficient to pay for 
compliance with this Order.  Fourth, the Copermittees have requested permit 
coverage in lieu of compliance with the complete prohibition against the discharge of 
pollutants contained in federal Clean Water Act section 301, subdivision (a) (33 
U.S.C. § 1311(a)) and in lieu of numeric restrictions on their storm water discharges.  
Fifth, the local agencies’ responsibility for preventing discharges of waste that can 
create conditions of pollution or nuisance from conveyances that are within their 
ownership or control under State law predates the enactment of Article XIIIB, 
Section (6) of the California Constitution.  Likewise, the provisions of this Order to 
implement total maximum daily loads (TMDLs) are federal mandates.  The federal 
Clean Water Act requires TMDLs to be developed for water bodies that do not meet 
federal water quality standards.  (33 U.S.C. sec. 1313(d).)  Once the U.S. 
Environmental Protection Agency or a state develops a TMDL, federal law requires 
that permits must contain effluent limitations consistent with the assumptions of any 
applicable wasteload allocation. (40 C.F.R. sec. 122.44(d)(1)(vii)(B).)  
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7. Runoff treatment and/or mitigation must occur prior to the discharge of runoff into 

receiving waters.  Treatment BMPs must not be constructed in waters of the U.S. or 
State unless the runoff flows are sufficiently pretreated to protect the values and 
functions of the water body. Federal regulations at 40 CFR 131.10(a) state that in no 
case shall a state adopt waste transport or waste assimilation as a designated use 
for any waters of the U.S.  Authorizing the construction of an runoff treatment facility 
within a water of the U.S., or using the water body itself as a treatment system or for 
conveyance to a treatment system, would be tantamount to accepting waste 
assimilation as an appropriate use for that water body.  Furthermore, the 
construction, operation, and maintenance of a pollution control facility in a water 
body can negatively impact the physical, chemical, and biological integrity, as well 
as the beneficial uses, of the water body.  Without federal authorization (e.g., 
pursuant to Clean Water Act Section 404), waters of the U.S. may not be converted 
into, or used as, waste treatment or conveyance facilities.  Similarly, waste 
discharge requirements pursuant to California Water Code Section 13260 are 
required for the conversion or use of waters of the State as waste treatment or 
conveyance facilities.  Diversion from waters of the U.S./State to treatment facilities 
and subsequent return to waters of the U.S. is allowable, provided that the effluent 
complies with applicable NPDES requirements. 
 

8. The issuance of waste discharge requirements and an NPDES permit for the 
discharge of runoff from MS4s to waters of the U.S. is exempt from the requirement 
for preparation of environmental documents under the California Environmental 
Quality Act (CEQA) (Public Resources Code, Division 13, Chapter 3, section 21000 
et seq.) in accordance with the CWC section 13389. 
 

9. Multiple water bodies in Orange County have been identified as impaired and placed 
on the 303(d) list.  In 2004, Bacteria Impaired Waters TMDL Project II included six 
bacteria impaired shorelines in Dana Point Harbor and San Diego Bay: Baby Beach 
in Dana Point Harbor and Shelter Island Shoreline Park, B Street, G Street Pier, 
Tidelands Park, and Chula Vista Marina in San Diego Bay. Since then, only Baby 
Beach in Dana Point Harbor and Shelter Island Shoreline Park in San Diego Bay 
can be confirmed as still impaired by indicator bacteria.  On June 11, 2008 the 
Regional Board adopted a Basin Plan amendment to incorporate Bacteria Impaired 
Waters TMDL Project II for San Diego Bay and Dana Point Harbor Shorelines.  On 
June 16, 2009, the State Board approved the Basin Plan amendment.  This action 
meets requirements of section 303(d) of the Clean Water Act (CWA). The Basin 
Plan amendment process is authorized under section 13240 of the Water Code.  
The State’s Office of Administrative Law (OAL) approved the TMDLs on September 
15, 2009.  The effective date of the TMDLs is the date of OAL approval.  USEPA 
approved the TMDLs on October 26, 2009. 

 
10. Storm water discharges from developed and developing areas in Orange County are 

significant sources of certain pollutants that cause, may be causing, threatening to 
cause or contributing to water quality impairment in the waters of Orange County.  
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Furthermore, as delineated in the CWA section 303(d) list in Table 3, the Regional 
Board has found that there is a reasonable potential that municipal storm water and 
non-storm water discharges from MS4s cause or may cause or contribute to an 
excursion above water quality standards for the following pollutants: Indicator 
Bacteria, Phosphorous, Toxicity and Turbidity.  In accordance with CWA section 
303(d), the Regional Board is required to establish Total Maximum Daily Loads 
(TMDLs) for these pollutants to these waters to eliminate impairment and attain 
water quality standards.  Therefore, certain early pollutant control actions and further 
pollutant impact assessments by the Copermittees are warranted and required 
pursuant to this Order. 

 
Table 3. 2006 Section 303(d) Listed Waterbodies in So. Orange County 

Waterbody Pollutant 
Aliso Creek Indicator Bacteria, 

Phosphorus, 
Toxicity 

Aliso Creek Mouth Indicator Bacteria 
Dana Point Harbor Indicator Bacteria 
English Canyon Creek Benzo[b]fluoranthene,

Dieldrin, 
Sediment Toxicity 

Laguna Canyon Channel Sediment Toxicity 
Oso Creek (at Mission Viejo Golf Course) Chloride, 

Sulfates, 
Total Dissolved Solids

Pacific Ocean Shoreline, Aliso HSA Indicator Bacteria 
Pacific Ocean Shoreline, Dana Point HSA Indicator Bacteria 
Pacific Ocean Shoreline, Laguna Beach HSA Indicator Bacteria 
Pacific Ocean Shoreline, Lower San Juan HSA Indicator Bacteria 
Pacific Ocean Shoreline, San Clemente HA Indicator Bacteria 
Pacific Ocean Shoreline, San Joaquin Hills HSA Indicator Bacteria 
Prima Deshecha Creek Phosphorus, 

Turbidity 
San Juan Creek DDE, 

Indicator Bacteria 
San Juan Creek (mouth) Indicator Bacteria 
Segunda Deshecha Creek Phosphorus, 

Turbidity 
 
11. This Order incorporates only those MS4 Waste Load Allocations (WLAs) developed 

in TMDLs that have been adopted by the Regional Water Board and have been 
approved by the State Board, Office of Administrative Law and U.S. EPA.  Approved 
TMDL WLAs are to be addressed using water quality-based effluent limitations 
(WQBELs) calculated as numeric limitations (either in the receiving waters and/or at 
the point of MS4 discharge) and/or as BMPs.  In most cases, the numeric limitation 
must be achieved to ensure the adequacy of the BMP program.  Waste load 
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allocations for storm water and non-storm water discharges have been included 
within this Order only if the TMDL has received all necessary approvals.  This Order 
establishes WQBELs and conditions consistent with the requirements and 
assumptions of the WLAs in the TMDLs as required by 40 CFR 122.44(d)(1)(vii)(B). 

 
A TMDL is the total amount of a particular pollutant that a water body can receive 
and still meet Water Quality Standards (WQSs), which are comprised of Water 
Quality Objectives (WQOs), Beneficial Uses and the States Policy on Maintaining 
High Quality Waters3.  The WQOs serve as the primary basis for protecting the 
associated Beneficial Use.  The Numeric Target of a TMDL interprets and applies 
the numeric and/or narrative WQOs of the WQSs as the basis for the WLAs.   
This Order addresses TMDLs through Water Quality Based Effluent Limitations 
(WQBELs) that must be consistent with the assumptions and requirements of the 
WLA4.  Federal guidance5 states that when adequate information exists, storm water 
permits are to incorporate numeric water quality based effluent limitations.  In most 
cases, the numeric target(s) of a TMDL are a component of the WQBELs.  When the 
numeric target is based on one or more numeric WQOs, the numeric WQOs and 
underlying assumptions and requirements will be used in the WQBELs as numeric 
effluent limitations by the end of the TMDL compliance schedule, unless additional 
information is required.  When the numeric target interprets one or more narrative 
WQOs, the numeric target may assess the efficacy and progress of the BMPs in 
meeting the WLAs and restoring the Beneficial Uses by the end of the TMDL 
compliance schedule.   
 
This Order fulfills a component of the TMDL Implementation Plan adopted by this 
Regional Board on June 11, 2008 for indicator bacteria in Baby Beach by 
establishing WQBELs expressed as both BMPs to achieve the WLAs and as 
numeric limitations6 for the City of Dana Point and the County of Orange. The 
establishment of WQBELs expressed as BMPs should be sufficient to achieve the 
WLA specified in the TMDL.  The Waste Load Allocations (WLAs) and Numeric 
Targets are the necessary metrics to ensure that the BMPs achieve appropriate 
concentrations of bacterial indicators in the receiving waters. 

                                            
3 State Water Resources Control Board, Resolution No. 68-16 
4 40 CFR 122.44(d)(1)(vii)(B) 
5 USEPA, Interim Permitting Approach for Water Quality-Based Effluent Limitations in Storm Water 
Permits, 61 FR 43761, August 26, 1996 
6 The Waste Load Allocations are defined in Resolution No. R9-2008-0027, A Resolution to Adopt an 
Amendment to the Water Quality Control Plan for the San Diego Basin (9) to Incorporate Total Maximum 
Daily Loads for Indicator Bacteria, Baby Beach in Dana Point Harbor and Shelter Island Shoreline Park in 
San Diego Bay. 

RB-AR7423



R9-2009-0002 Page 17 of 91 December 16, 2009 

FINDINGS F: PUBLIC PROCESS 

 
12. This Order requires each Copermittee to effectively prohibit all types of unauthorized 

discharges of non-storm water into its MS4.  However, historically pollutants have 
been identified as present in dry weather non-storm water discharges from the MS4s 
through 303(d) listings, monitoring conducted by the Copermittees under Order No. 
R9-2002-0001, and there are others expected to be present in dry weather non-
storm water discharges because of the nature of these discharges.  This Order 
includes action levels for pollutants in non-storm water, dry weather, discharges from 
the MS4 designed to ensure that the requirement to effectively prohibit all types of 
unauthorized discharges of non-storm water in the MS4 is being complied with.  
Action levels in the Order are based upon numeric or narrative water quality 
objectives and criteria as defined in the Basin Plan, the Water Quality Control Plan 
for Ocean Waters of California (Ocean Plan), and the State Policy for 
Implementation of Toxics Standards for Inland Surface Waters, Enclosed Bays, and 
Estuaries of California (State Implementation Policy or SIP).  An exceedance of an 
action level requires specified responsive action by the Copermittees.  This Order 
describes what actions the Copermittees must take when an exceedance of an 
action level is observed.  Exceedances of non-storm water action levels do not alone 
constitute a violation of this Order but could indicate non-compliance with the 
requirement to effectively prohibit all types of unauthorized non-storm water 
discharges into the MS4 or other prohibitions established in this Order.  Failure to 
undertake required source investigation and elimination action following an 
exceedance of 2a non-storm water action level (NAL or action level) is a violation of 
this Order.  The Regional Board recognizes that use of action levels will not 
necessarily result in detection of all unauthorized sources of non-storm water 
discharges because there may be some discharges in which pollutants do not 
exceed established action levels.  However, establishing NALs at levels appropriate 
to protect water quality standards is expected to lead to the identification of 
significant sources of pollutants in dry weather non-storm water discharges. 

 
13.  In addition to federal regulations cited in the Fact Sheet / Technical Report for the 

Order NO. R9-2009-0002, monitoring and reporting required under Order No. R9-
2009-0002 is required pursuant to authority under CWC section 13383. 
 
 

F.  PUBLIC PROCESS 
 
1. The Regional Board has notified the Copermittees, all known interested parties, and 

the public of its intent to consider adoption of an Order prescribing waste discharge 
requirements that would serve to renew an NPDES permit for the existing discharge 
of runoff. 
 

2. The Regional Board has held public hearings on April 11, 2007, February 13, 2008, 
July 1, 2009, and November 18, 2009 and heard and considered all comments 
pertaining to the terms and conditions of this Order.
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IT IS HEREBY ORDERED that the Copermittees, in order to meet the provisions 
contained in Division 7 of the California Water Code (CWC) and regulations adopted 
thereunder, and the provisions of the Clean Water Act (CWA) and regulations adopted 
thereunder, must each comply with the following: 
 
 
A. PROHIBITIONS AND RECEIVING WATER LIMITATIONS 
 
1. Discharges into and from municipal separate storm sewer systems (MS4s) in a 

manner causing, or threatening to cause, a condition of pollution, contamination, or 
nuisance (as defined in CWC section 13050), in waters of the state are prohibited. 
 

2. Storm water discharges from MS4s containing pollutants which have not been 
reduced to the maximum extent practicable (MEP) are prohibited.7 
 

3. Discharges from MS4s that cause or contribute to the violation of water quality 
standards (designated beneficial uses, water quality objectives developed to protect 
beneficial uses, and the State policy with respect to maintaining high quality waters) 
are prohibited. 
 
a. Each Copermittee must comply with section A.3 and section A.4 as it applies to 

Prohibition 5 in Attachment A of this Order through timely implementation of 
control measures and other actions to reduce pollutants in storm water 
discharges in accordance with this Order, including any modifications.  If 
exceedance(s) of water quality standards persist notwithstanding implementation 
of this Order, the Copermittee must assure compliance with section A.3 and 
section A.4 as it applies to Prohibition 5 in Attachment A of this Order by 
complying with the following procedure: 
 
(1) Upon a determination by either the Copermittee or the Regional Board that 

storm water MS4 discharges are causing or contributing to an exceedance 
of an applicable water quality standard, the Copermittee must notify the 
Regional Board within 30 days and thereafter submit a report to the Regional 
Board that describes best management practices (BMPs) that are currently 
being implemented and additional BMPs that will be implemented to prevent 
or reduce any pollutants that are causing or contributing to the exceedance 
of water quality standards.  The report may be incorporated in the Annual 
Report unless the Regional Board directs an earlier submittal.  The report 
must include an implementation schedule.  The Regional Board may require 
modifications to the report;

                                            
7 This prohibition does not apply to MS4 discharges which receive subsequent treatment to reduce 
pollutants to the MEP prior to entering receiving waters (e.g., low flow diversions to the sanitary sewer). 
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(2) Submit any modifications to the report required by the Regional Board within 
30 days of notification; 

  
(3) Within 30 days following approval of the report described above by the 

Regional Board, the Copermittee must revise its Jurisdictional Runoff 
Management Program and monitoring program to incorporate the approved 
modified BMPs that have been and will be implemented, the implementation 
schedule, and any additional monitoring required; and 
 

(4) Implement the revised Jurisdictional Runoff Management Program and 
monitoring program in accordance with the approved schedule. 
 

b. The Copermittee must repeat the procedure set forth above to comply with the 
receiving water limitations for continuing or recurring exceedances of the same 
water quality standard(s) unless directed to do otherwise by the Regional Board 
Executive Officer. 
 

c. Nothing in section A.3 must prevent the Regional Board from enforcing any 
provision of this Order while the Copermittee prepares and implements the above 
report. 
 

4. In addition to the above prohibitions, discharges from MS4s are subject to all Basin 
Plan prohibitions cited in Attachment A to this Order. 
 

 
B. NON-STORM WATER DISCHARGES 
 
1. Each Copermittee must effectively prohibit all types of non-storm water discharges 

into its MS4 unless such discharges are either authorized by a separate National 
Pollutant Discharge Elimination System (NPDES) permit; or not prohibited in 
accordance with sections B.2 and B.3 below. 

 
2. The following categories of non-storm water discharges are not prohibited unless a 

Copermittee or the Regional Board identifies the discharge category as a source of 
pollutants to waters of the U.S.  Where the Copermittee(s) have identified a category 
as a source of pollutants, the category shall be addressed as an illicit discharge and 
prohibited through ordinance, order or similar means.  The Regional Board may 
identify categories of discharge that either requires prohibition or other controls.  For 
such a discharge category, the Copermittee, under direction of the Regional Board, 
must either prohibit the discharge category or develop and implement appropriate 
control measures to prevent the discharge of pollutants to the MS4 and report to the 
Regional Board pursuant to Section K.1 and K.3 of this Order. 

 
a. Diverted stream flows; 
b. Rising ground waters; 
c. Uncontaminated ground water infiltration [as defined at 40 CFR 35.2005(20)] to 
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MS4s; 
d. Uncontaminated pumped ground water8; 
e. Foundation drains8; 
f. Springs; 
g. Water from crawl space pumps8; 
h. Footing drains8; 
i. Air conditioning condensation;  
j. Flows from riparian habitats and wetlands;  
k. Water line flushing9,10; 
l. Discharges from potable water sources not subject to NPDES Permit No. 

CAG679001, other than water main breaks; 
m. Individual residential car washing; and 
n. Dechlorinated swimming pool discharges11. 

 
3. Emergency fire fighting flows (i.e., flows necessary for the protection of life or 

property) do not require BMPs and need not be prohibited.  As part of the 
Jurisdictional Runoff Management Plan (JRMP), each Copermittee must develop 
and implement a program to address pollutants from non-emergency fire fighting 
flows (i.e., flows from controlled or practice blazes and maintenance activities) 
identified by the Copermittee to be significant sources of pollutants to waters of the 
United States. 

 
a. Building fire suppression system maintenance discharges (e.g. sprinkler line 

flushing) contain waste.  Therefore, such discharges are to be prohibited by the 
Copermittees as illicit discharges through ordinance, order, or similar means. 

 
4. Each Copermittee must examine all dry weather effluent analytical monitoring results 

collected in accordance with section F.4 of this Order and Receiving Waters and 
MS4 Discharge Monitoring and Reporting Program No. R9-2009-0002 to identify 
water quality problems which may be the result of any non-prohibited discharge 
category(ies) identified above in section B.2.  Follow-up investigations must be 
conducted as necessary to identify and control, pursuant to section B.2, any non-
prohibited discharge category(ies) listed above.  

 

                                            
8 Requires enrollment under Order R9-2008-002.  Discharges into the MS4 require authorization from the 
owner and operator of the MS4 system. 
9 This exemption does not include fire suppression sprinkler system maintenance and testing discharges.  
Those discharges may be regulated under Section B.3. 
10 Requires enrollment under Order R9-2002-0020. 
11 Including saline swimming pool discharges directly to a saline water body. 
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C. NON-STORM WATER DRY WEATHER ACTION LEVELS  
   

1. Each Copermittee, beginning no later than May 1, 2011, shall implement the non-
storm water dry weather action level (NAL) monitoring as described in Attachment E 
of this Order. 
 

2. In response to an exceedance of an NAL, each Copermittee must investigate and 
identify the source of the exceedance in a timely manner.  However, if any 
Copermittee identifies exceedances of NALs that prevent them from adequately 
conducting source investigations in a timely manner, then the Copermittees may 
submit a prioritization plan and timeline that identifies the timeframe and planned 
actions to investigate and report their findings on all of the exceedances.  Following 
the source investigation and identification, the Copermittees must submit an action 
report dependant on the source of the pollutant exceedance as follows: 

 
a. If the Copermittee identifies the source of the exceedance as natural (non-

anthropogenically influenced) in origin and in conveyance into the MS4; then the 
Copermittee shall report their findings and documentation of their source 
investigation to the Regional Board within fourteen days of the source 
identification. 

  
b. If the Copermittee identifies the source of the exceedance as an illicit discharge 

or connection, then the Copermittees must eliminate the discharge to their MS4 
and report the findings, including any enforcement action(s) taken, and 
documentation of the source investigation to the Regional Board within fourteen 
days of the source identification.  If the Copermittee is unable to eliminate the 
source of discharge within fourteen days, then the Copermittee must submit, as 
part of their action report, their plan and timeframe to eliminate the source of the 
exceedance.  Those dischargers seeking to continue such a discharge must 
become subject to a separate NPDES permit prior to continuing any such 
discharge. 

  
c. If the Copermittee identifies the source of the exceedance as an exempted 

category of non-storm water discharge, then the Copermittees must determine if 
this is an isolated circumstance or if the category of discharges must be 
addressed through the prevention or prohibition of that category of discharge as 
an illicit discharge.  The Copermittee must submit their findings in including a 
description of the steps taken to address the discharge and the category of 
discharge, to the Regional Board for review with the next subsequent annual 
report.  Such description shall include relevant updates to or new ordinances, 
orders, or other legal means of addressing the category of discharge.  The 
Copermittees must also submit a summary of their findings with the Report of 
Waste Discharge. 

  
d. If the Copermittee identifies the source of the exceedance as a non-storm water 

discharge in violation or potential violation of an existing separate NPDES permit 
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(e.g. the groundwater dewatering permit), then the Copermittee must report, 
within three business days, the findings to the Regional Board including all 
pertinent information regarding the discharger and discharge characteristics. 

  
e. If the Copermittee is unable to identify the source of the exceedance after taking 

and documenting reasonable steps to do so, then the Copermittee must identify 
the pollutant as a high priority pollutant of concern in the tributary subwatershed, 
perform additional focused sampling and update their programs within a year to 
reflect this priority.  The Copermittee’s annual report shall include these updates 
to their programs including, where applicable, updates to their watershed 
workplans (Section G.2), retrofitting consideration (Section F.3.d) and program 
effectiveness work plans (Section J.4). 

  
f. The Copermittees or any interested party, may evaluate existing NALs and 

propose revised NALs for future Board consideration. 
  
3. An exceedance of an NAL does not alone constitute a violation of the provisions of 

this Order, but an exceedance of an NAL may indicate lack of compliance with the 
requirement that Copermittees effectively prohibit all types of unauthorized non-
storm water discharges into the MS4 or other prohibitions set forth in Sections A and 
B of this Order.  Failure to timely implement required actions specified in this Order 
following an exceedance of an NAL constitutes a violation of this Order.  However, 
neither compliance with NALs nor compliance with required actions following 
observed exceedances, excuses any non-compliance with the requirement to 
effectively prohibit all types of unauthorized non-storm water discharges into the 
MS4s or any non-compliance with the prohibitions in Sections A and B of this Order.  
NALs provide an assessment of the effectiveness of the prohibition of non-storm 
water discharges and of the appropriateness of exempted non-storm water 
discharges.  During any annual reporting period in which one or more exceedances 
of NALs have been documented the Copermittee must submit with their next 
scheduled annual report, a report describing whether and how the observed 
exceedances did or did not result in a discharge form the MS4 that caused, or 
threatened to cause or contribute to a condition of pollution, contamination, or 
nuisance in the receiving waters. 
 

4. Monitoring of effluent will occur at the end-of-pipe prior to discharge into the 
receiving waters, with a focus on Major Outfalls, as defined in 40 CFR 122.26(B 5-6) 
and Attachment E of this Order.  The Copermittees must develop their monitoring 
plans to sample a representative percentage of major outfalls and identified stations 
within each hydrologic subarea.  At a minimum, outfalls that exceed any NALs once 
during any year must be monitored in the subsequent year.  Any station that does 
not exceed an NAL for 3 years may be replaced with a different station. 
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5. Each Copermittee shall monitor for the non-storm water dry weather action levels, 
which are incorporated into this Order as follows: 

 
a.   Action levels for discharges to inland surface waters:   

 
Table 4.a.1: General Constituents 

Parameter Units AMAL MDAL 
Instantaneous 

Maximum 

 
 

Basis 

Fecal Coliform 
MPN/ 
100 ml 

200A 
400B -  

BPO 

Enterococci 
MPN/ 
100 ml 33 - 104C 

BPO/OP 

Turbidity NTU - 20  BPO 
pH Units Within limit of 6.5 to 8.5 at all times BPO 

Dissolved Oxygen mg/L 
Not less than 5.0 in WARM waters and not 
less than 6.0 in COLD waters 

 
BPO 

Total Nitrogen mg/L - 1.0 See MDEL BPO 
Total Phosphorus mg/L - 0.1 See MDEL BPO 
Methylene Blue Active 
Substances mg/L - 0.5 See MDEL 

 
BPO 

A – Based on a minimum of not less than five samples for any 30-day period 
B – No more than 10 percent of total samples may exceed 400 per 100 ml during any 30 day period 
C – This Value has been set to Ocean Plan Criteria for Designated Beach Areas 
BPO – Basin Plan Objective   OP – Ocean Plan 
MDAL – Maximum Daily Action Level  AMAL – Average Monthly Action Level 
 
 
Table 4.a.2: Priority Pollutants 

Freshwater (CTR) Saltwater (CTR) 

Parameter Units 
 

MDAL AMAL MDAL AMAL 
Cadmium ug/L * * 16 8 
Copper ug/L * * 5.8 2.9 
Chromium III ug/L * * - - 
Chromium VI (hexavalent) ug/L 16 8.1 83 41 
Lead ug/L * * 14 2.9 
Nickel ug/L * * 14 6.8 
Silver ug/L * * 2.2 1.1 
Zinc ug/L * * 95 47 
CTR – California Toxic Rule 
* - Action Levels developed on a case-by-case basis (see below) 
 

The NALs for Cadmium, Copper, Chromium (III), Lead, Nickel, Silver and Zinc will 
be developed on a case-by-case basis because the freshwater criteria are based on 
site-specific water quality data (receiving water hardness).  For these priority 
pollutants, the following equations (40 CFR 131.38.b.2) will be required: 
 
Cadmium (Total Recoverable)  = exp(0.7852[ln(hardness)] -2.715) 
Chromium III (Total Recoverable)  = exp(0.8190[ln(hardness)] + .6848) 
Copper (Total Recoverable)  = exp(0.8545[ln(hardness)] - 1.702) 
Lead (Total Recoverable)  = exp(1.273[ln(hardness)] - 4.705) 
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Nickel (Total Recoverable)  = exp(.8460[ln(hardness)] + 0.0584) 
Silver (Total Recoverable)  = exp(1.72[ln(hardness)] - 6.52) 
Zinc (Total Recoverable)  = exp(0.8473[ln(hardness)] + 0.884) 

 
b.   Action levels for discharges to bays, harbors and lagoons/estuaries: 

 
Table 4.b: General Constituents 

Parameter Units AMAL MDAL 
Instantaneous 

Maximum 

 
 

Basis 
Total Coliform MPN/100 ml 1,000 - 10,000 BPO 
Fecal Coliform MPN/100 ml 200A ,400B -  BPO 
Enterococci MPN/100 ml 35 - 104C BPO 

Turbidity NTU 75 - 225 OP 
pH Units Within limit of 6.0 to 9.0 at all times OP 
Priority Pollutants ug/L See limitations in Table 4.a.2  
A – Based on a minimum of not less than five samples for any 30-day period 
B – No more than 10 percent of total samples may exceed 400 per 100 ml during any 30 day period 
C – Designated Beach Areas 
OP – California Ocean Plan 2005  BPO – Basin Plan Objective 
MDAL – Maximum Daily Action Level  AMAL – Average Monthly Action Level 
 

c.   Action levels for discharges to the surf zone:  
 

Table 4.c: General Constituents  

Parameter Units AMAL MDAL 
Instantaneous 

Maximum 

 
 

Basis 

Total Coliform MPN/100 ml 1,000 - 
10,000 
1,000A 

  
OP 

Fecal Coliform MPN/100 ml 200B - 400 OP 
Enterococci MPN/100 ml 35 - 104C OP 

A – Total coliform density shall not exceed 1,000 per 100 ml when the ratio of fecal/total coliform exceeds 0.1 
B – During any 30 day period 
C – Designated Beach Areas 
OP – California Ocean Plan 2005 
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D. STORM WATER ACTION LEVELS 
 

1. Beginning Year 3 after Order adoption date, a running average of twenty percent or 
greater of exceedances of any discharge of storm water from the MS4 to waters of 
the United States that exceed the Storm Water Action Levels (SALs) for the 
pollutants listed in Table 5 (below) will require each Copermittee to affirmatively 
augment and implement all necessary storm water controls and measures to reduce 
the discharge of the associated class of pollutants(s) to the MEP standard.  The 
Copermittees must utilize the exceedance information when adjusting and executing 
annual work plans, as required by this Order.  Copermittees shall take the 
magnitude, frequency, and number of constituents exceeding the SAL(s), in addition 
to receiving water quality data and other information, into consideration when 
reacting to SAL exceedances in an iterative manner.  Failure to appropriately 
consider and react to SAL exceedances in an iterative manner creates a 
presumption that the Copermittee(s) have not complied with the MEP standard. 
  
Table 5. Storm Water Action Levels 

Pollutant Action Level 
Turbidity (NTU) 126 
Nitrate & Nitrite total (mg/L) 2.6 
P total (mg/L) 1.46 
Cd total (μg/L) 3.0 
Cu total (μg/L) 127 
Pb total (μg/L) 250 
Ni total (μg/L) 54 
Zn total (μg/L) 976 

 
2. The end-of-pipe assessment points for the determination of SAL compliance are all 

major outfalls, as defined in 40 CFR 122.26(b)(5) and (b)(6).  The Copermittees 
must develop their monitoring plans to sample a representative percent of the major 
outfalls within each hydrologic subarea.  At a minimum, outfalls that exceed SALs 
must be monitored in the subsequent year.  Any station that does not exceed an 
SAL for 3 years may be replaced with a different station.  SAL samples must be 24 
hour time weighted composites. 
 

3. The absence of SAL exceedances does not relieve the Copermittees from 
implementing all other required elements of this Permit. 

 
4. This Permit does not regulate natural sources and conveyances of constituents 

listed in Table 5.  To be relieved of the requirements to prioritize pollutant/watershed 
combinations for BMP updates and to continue monitoring a station, the Copermittee 
must demonstrate that the likely and expected cause of the SAL exceedance is not 
anthropogenic in nature. 

 
5. The SALs will be reviewed and updated at the end of every permit cycle.  The data 

collected pursuant to D.2 above can be used to create SALs based upon local data.  
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It is the goal of the SALs, through the iterative and MEP process, to have outfall 
storm water discharges meet all applicable water quality standards. 

 
 
E. LEGAL AUTHORITY 
 
1. Each Copermittee must establish, maintain, and enforce adequate legal authority to 

control pollutant discharges into and from its MS4 through ordinance, statute, permit, 
contract or similar means.  Nothing herein shall authorize a Co-Permittee or other 
discharger regulated under the terms of this order to divert, store or otherwise 
impound water if such action is reasonably anticipated to harm downstream water 
right holders in the exercise of their water rights.  This legal authority must, at a 
minimum, authorize the Copermittee to: 

 
a. Control the contribution of pollutants in discharges of runoff associated with 

industrial and construction activity to its MS4 and control the quality of runoff from 
industrial and construction sites.  This requirement applies both to industrial and 
construction sites which have coverage under the statewide general industrial or 
construction storm water permits, as well as to those sites which do not. Grading 
ordinances must be updated and enforced as necessary to comply with this 
Order; 

b. Prohibit all identified illicit discharges not otherwise allowed pursuant to section 
B.2;  

c. Prohibit and eliminate illicit connections to the MS4; 
d. Control the discharge of spills, dumping, or disposal of materials other than storm 

water to its MS4; 
e. Require compliance with conditions in Copermittee ordinances, permits, 

contracts or orders (i.e., hold dischargers to its MS4 accountable for their 
contributions of pollutants and flows); 

f. Utilize enforcement mechanisms to require compliance with Copermittee storm 
water ordinances, permits, contracts, or orders; 

g. Control the contribution of pollutants from one portion of the shared MS4 to 
another portion of the MS4 through interagency agreements among 
Copermittees. Control of the contribution of pollutants from one portion of the 
shared MS4 to another portion of the MS4 through interagency agreements with 
other owners of the MS4 such as the State of California Department of 
Transportation, the United States Department of Defense, or Native American 
Tribes is encouraged; 

h. Carry out all inspections, surveillance, and monitoring necessary to determine 
compliance and noncompliance with local ordinances and permits and with this 
Order, including the prohibition on illicit discharges to the MS4.  This means the 
Copermittee must have authority to enter, monitor, inspect, take measurements, 
review and copy records, and require regular reports from industrial facilities 
discharging into its MS4, including construction sites;  

i. Require the use of BMPs to prevent or reduce the discharge of pollutants into 
MS4s from storm water to the MEP; and 
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j. Require documentation on the effectiveness of BMPs implemented to reduce the 
discharge of storm water pollutants to the MS4 to the MEP. 
 

2. Each Copermittee must submit within 365 days of adoption of this Order, a 
statement certified by its chief legal counsel that the Copermittee has taken the 
necessary steps to obtain and maintain full legal authority to implement and enforce 
each of the requirements contained in 40 CFR 122.26(d)(2)(i)(A-F) and this Order 
except for the updated requirements for low impact development and 
hydromodification in section F.1.  Each Copermittee must submit as part of its 
updated SSMP, a statement certified by its chief legal counsel that the Copermittee 
has taken the necessary steps to obtain and maintain full legal authority to 
implement and enforce the low impact development and hydromodification 
requirements in section F.1.  These statements must include: 

 
a. Identification of all departments within the jurisdiction that conduct runoff related 

activities, and their roles and responsibilities under this Order.  Include an up to 
date organizational chart specifying these departments and key personnel.  

b. Citation of runoff related ordinances and the reasons they are enforceable; 
c. Identification of the local administrative and legal procedures available to 

mandate compliance with runoff related ordinances and therefore with the 
conditions of this Order; 

d. A description of how runoff related ordinances are implemented and appealed; 
and 

e. Description of whether the municipality can issue administrative orders and 
injunctions or if it must go through the court system for enforcement actions. 
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F. JURISDICTIONAL RUNOFF MANAGEMENT PROGRAM (JRMP) 
 
Each Copermittee must implement all requirements of section F of this Order no later 
than 365 days after adoption of the Order, unless otherwise specified in this Order.  
Prior to 365 days after adoption of the Order, each Copermittee must at a minimum 
implement its Jurisdictional RMP document, as the document was developed and 
amended to comply with the requirements of Order No. R9-2002-001. 
Each Copermittee must develop and implement an updated JRMP for its jurisdiction.  
Each updated JRMP must meet the requirements of section F of this Order, reduce the 
discharge of storm water pollutants from the MS4 to the MEP, and prevent runoff 
discharges from the MS4 from causing or contributing to a violation of water quality 
standards. 
 
1. DEVELOPMENT PLANNING COMPONENT 
 

Each Copermittee must implement a program which meets the requirements of this 
section and (1) reduces Development Project discharges of storm water pollutants 
from the MS4 to the MEP; (2) prevents Development Project discharges from the 
MS4 from causing or contributing to a violation of water quality standards; (3) 
prevents illicit discharges into the MS4; and (4) manages increases in runoff 
discharge rates and durations from Development Projects that are likely to cause 
increased erosion of stream beds and banks, silt pollutant generation, or other 
impacts to beneficial uses and stream habitat due to increased erosive force.   
 
a. GENERAL PLAN 

 
Each Copermittee must revise as needed its General Plan or equivalent plan 
(e.g., Comprehensive, Master, or Community Plan) for the purpose of providing 
effective water quality and watershed protection principles and policies that direct 
land-use decisions and require implementation of consistent water quality 
protection measures for all development and redevelopment projects. 
 

b. ENVIRONMENTAL REVIEW PROCESS 
 
Each Copermittee must revise as needed its current environmental review 
processes to accurately evaluate water quality impacts and cumulative impacts 
and identify appropriate measures to avoid, minimize and mitigate those impacts 
for all Development Projects. 
 

c. APPROVAL PROCESS CRITERIA AND REQUIREMENTS FOR ALL DEVELOPMENT 
PROJECTS 
 
For all proposed Development Projects, each Copermittee during the planning 
process, and prior to project approval and issuance of local permits, must 
prescribe the necessary requirements so that Development Project discharges of 
storm water pollutants from the MS4 will be reduced to the MEP, will not cause or 
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contribute to a violation of water quality standards, and will comply with 
Copermittee’s ordinances, permits, plans, and requirements, and with this Order.   
Performance Criteria:  Discharges from each approved development project must 
be subject to the following management measures: 
 
(1) Source control BMPs that reduce storm water pollutants of concern in runoff, 

including prevention of illicit discharges into the MS4; prevention of irrigation 
runoff; storm drain system stenciling or signage; properly designed outdoor 
material storage areas; properly designed outdoor work areas; and properly 
designed trash storage areas; 

 
(2) The following LID BMPs listed below shall be implemented at all 

Development Projects where applicable and feasible. 
 

(a) Conserve natural areas, including existing trees, other vegetation, and 
soils. 

(b) Construct streets, sidewalks, or parking lot aisles to the minimum widths 
necessary, provided that public safety is not compromised.  

(c) Minimize the impervious footprint of the project.  
(d) Minimize soil compaction to landscaped areas. 
(e) Minimize disturbances to natural drainages (e.g., natural swales, 

topographic depressions, etc.) 
(f) Disconnect impervious surfaces through distributed pervious areas. 

 
(3) Buffer zones for natural water bodies, where feasible.  Where buffer zones 

are infeasible, require project proponent to implement other buffers such as 
trees, access restrictions, etc; 

 
(4) Measures necessary so that grading or other construction activities meet the 

provisions specified in section F.2 of this Order; and  
 
(5) Submittal of proof of a mechanism under which ongoing long-term 

maintenance of all structural post-construction BMPs will be conducted. 
 

(6) Infiltration and Groundwater Protection 
 

To protect groundwater quality, each Copermittee must apply restrictions to 
the use of treatment control BMPs that are designed to primarily function as 
centralized infiltration devices (such as large infiltration trenches and 
infiltration basins).  Such restrictions must be designed so that the use of 
such infiltration treatment control BMPs must not cause or contribute to an 
exceedance of groundwater quality objectives.  At a minimum, each treatment 
control BMP designed to primarily function as a centralized infiltration device 
must meet the restrictions below, unless it is demonstrated that a restriction is 
not necessary to protect groundwater quality.  The Copermittees may 
collectively or individually develop alternative restrictions on the use of 
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treatment control BMPs which are designed to primarily function as 
centralized infiltration devices.  Alternative restrictions developed by the 
Copermittees can partially or wholly replace the restrictions listed below.  The 
restrictions are not intended to be applied to small infiltration systems 
dispersed throughout a development project. 
 
(a) Runoff must undergo pretreatment such as sedimentation or filtration prior 

to infiltration; 
 
(b) All dry weather flows containing significant pollutant loads must be 

diverted from infiltration devices and treated through other BMPs; 
 
(c) Pollution prevention and source control BMPs must be implemented at a 

level appropriate to protect groundwater quality at sites where infiltration 
treatment control BMPs are to be used; 

 
(d) Infiltration treatment control BMPs must be adequately maintained so that 

they remove storm water pollutants to the MEP; 
 
(e) The vertical distance from the base of any infiltration treatment control 

BMP to the seasonal high groundwater mark must be at least 10 feet.  
Where groundwater basins do not support beneficial uses, this vertical 
distance criteria may be reduced, provided groundwater quality is 
maintained; 

 
(f) The soil through which infiltration is to occur must have physical and 

chemical characteristics (such as appropriate cation exchange capacity, 
organic content, clay content, and infiltration rate) which are adequate for 
proper infiltration durations and treatment of runoff for the protection of 
groundwater beneficial uses;   

 
(g) Infiltration treatment control BMPs must not be used for areas of industrial 

or light industrial activity; areas subject to high vehicular traffic (25,000 or 
greater average daily traffic on main roadway or 15,000 or more average 
daily traffic on any intersecting roadway); automotive repair shops; car 
washes; fleet storage areas (bus, truck, etc.); nurseries; and other high 
threat to water quality land uses and activities as designated by each 
Copermittee unless first treated or filtered to remove pollutants prior to 
infiltration and a comprehensive site-specific evaluation has been 
conducted; and  

 
(h) Infiltration treatment control BMPs must be located a minimum of 100 feet 

horizontally from any water supply wells. 
 

(7) Where feasible, landscaping with native or low water species shall be 
preferred in areas that drain to the MS4 or to waters of the United States. 
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d. STANDARD STORM WATER MITIGATION PLANS (SSMPS) – APPROVAL PROCESS 

CRITERIA AND REQUIREMENTS FOR PRIORITY DEVELOPMENT PROJECTS 
 
Within two years of adoption of this Order, the Copermittees must submit an 
updated model SSMP, to the Regional Board’s Executive Officer for a 30 day 
public review and comment period.  The Regional Board’s Executive Officer has 
the discretion to determine the necessity of a public hearing.  Within 180 days of 
determination that the Model SSMP is in compliance with this Permit’s 
provisions, each Copermittee must update their own local SSMP, and amended 
ordinances consistent with the model SSMP, and shall submit both (local SSMP 
and amended ordinances) to the Regional Board.  The model SSMP must meet 
the requirements of section F.1.d of this Order to (1) reduce Priority Development 
Project discharges of storm water pollutants from the MS4 to the MEP, and (2) 
prevent Priority Development Project runoff discharges from the MS4 from 
causing or contributing to a violation of water quality standards.12     
 
(1) Definition of Priority Development Project (PDP): 

 
Priority Development Projects are:  
 
(a) All new Development Projects that fall under the project categories or 

locations listed in section F.1.d.(2), and  
 
(b) Those redevelopment projects that create, add, or replace at least 5,000 

square feet of impervious surfaces on an already developed site and the 
existing development and/or the redevelopment project falls under the 
project categories or locations listed in section F.1.d.(2).  Where 
redevelopment results in an increase of less than fifty percent of the 
impervious surfaces of a previously existing development, and the existing 
development was not subject to SSMP requirements, the numeric sizing 
criteria discussed in section F.1.d.(6) applies only to the addition or 
replacement, and not to the entire development.  Where redevelopment 
results in an increase of more than fifty percent of the impervious surfaces 
of a previously existing development, the numeric sizing criteria applies to 

                                            
12 Updated SSMP and hydromodification requirements must apply to all priority projects or phases of 
priority projects which have not yet begun grading or construction activities at the time any updated 
SSMP or hydromodification requirement commences. If lawful prior approval of a project exists, whereby 
application of an updated SSMP or hydromodification requirement to the project is illegal, the updated 
SSMP or hydromodification requirement need not apply to the project. Updated Development Planning 
requirements set forth in Sections F.1. (a) through (h) of this Order must apply to all projects or phases of 
projects, unless, at the time any updated Development Planning requirement commences, the projects or 
project phases meet any one of the following conditions: (i) the project or phase has begun grading or 
construction activities; or (ii) a Copermittee determines that lawful prior approval rights for a project or 
project phase exist, whereby application of the Updated Development Planning requirement to the project 
is legally infeasible.  Where feasible, the Permittees must utilize the SSMP and hydromodification update 
periods to ensure that projects undergoing approval processes include application of the updated SSMP 
and hydromodification requirements in their plans. 
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the entire development.   
 
(c) One acre threshold:  In addition to the Priority Development Project 

Categories identified in section F.1.d.(2), Priority Development Projects 
must also include all other pollutant-generating Development Projects that 
result in the disturbance of one acre or more of land within three years of 
adoption of this Order.13  As an alternative to this one-acre threshold, the 
Copermittees may collectively identify a different threshold, provided the 
Copermittees’ threshold is at least as inclusive of Development Projects 
as the one-acre threshold.   

 
(2) Priority Development Project Categories 

 
Where a new Development Project feature, such as a parking lot, falls into a 
Priority Development Project Category, the entire project footprint is subject to 
SSMP requirements. 
 
(a) New development projects that create 10,000 square feet or more of 

impervious surfaces (collectively over the entire project site) including 
commercial, industrial, residential, mixed-use, and public projects.  This 
category includes development projects on public or private land which fall 
under the planning and building authority of the Copermittees. 

 
(b) Automotive repair shops.  This category is defined as a facility that is 

categorized in any one of the following Standard Industrial Classification 
(SIC) codes:  5013, 5014, 5541, 7532-7534, or 7536-7539. 

 
(c) Restaurants. This category is defined as a facility that sells prepared foods 

and drinks for consumption, including stationary lunch counters and 
refreshment stands selling prepared foods and drinks for immediate 
consumption (SIC code 5812), where the land area for development is 
greater than 5,000 square feet.  Restaurants where land development is 
less than 5,000 square feet must meet all SSMP requirements except for 
structural treatment BMP and numeric sizing criteria requirement F.1.d.(6) 
and hydromodification requirement F.1.h. 

 
(d) All hillside development greater than 5,000 square feet.  This category is 

defined as any development which creates 5,000 square feet of 
impervious surface which is located in an area with known erosive soil 
conditions, where the development will grade on any natural slope that is 
twenty-five percent or greater. 

 
(e) Environmentally Sensitive Areas (ESAs).  All development located within 

or directly adjacent to or discharging directly to an ESA (where discharges 
                                            
13 Pollutant generating Development Projects are those projects that generate pollutants at levels greater 
than natural background levels. 
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from the development or redevelopment will enter receiving waters within 
the ESA), which either creates 2,500 square feet of impervious surface on 
a proposed project site or increases the area of imperviousness of a 
proposed project site to 10 percent or more of its naturally occurring 
condition.  “Directly adjacent” means situated within 200 feet of the ESA.  
“Discharging directly to” means outflow from a drainage conveyance 
system that is composed entirely of flows from the subject development or 
redevelopment site, and not commingled with flows from adjacent lands.   

 
(f) Parking lots 5,000 square feet or more or with 15 or more parking spaces 

and potentially exposed to runoff.  Parking lot is defined as a land area or 
facility for the temporary parking or storage of motor vehicles used 
personally, for business, or for commerce. 

 
(g) Street, roads, highways, and freeways.  This category includes any paved 

surface that is 5,000 square feet or greater used for the transportation of 
automobiles, trucks, motorcycles, and other vehicles. 

 
(h) Retail Gasoline Outlets (RGOs).  This category includes RGOs that meet 

the following criteria: (a) 5,000 square feet or more or (b) a projected 
Average Daily Traffic (ADT) of 100 or more vehicles per day. 
 

(3) Pollutants of Concern 
 

As part of its local SSMP, each Copermittee must implement an updated 
procedure for identifying pollutants of concern for each Priority Development 
Project.  The procedure must address, at a minimum: (1) Receiving water 
quality (including pollutants for which receiving waters are listed as impaired 
under CWA section 303(d)); (2) Land-use type of the Development Project 
and pollutants associated with that land use type; and (3) Pollutants expected 
to be present on site. 
 

(4) Low Impact Development BMP Requirements 
 

Each Copermittee must require each Priority Development Project to 
implement LID BMPs which will collectively minimize directly connected 
impervious areas, limit loss of existing infiltration capacity, and protect areas 
that provide important water quality benefits necessary to maintain riparian 
and aquatic biota, and/or are particularly susceptible to erosion and sediment 
loss. 
 
(a) The following LID BMPs must be implemented:  
 

(i) Each Copermittee must require LID BMPs or make a finding of 
infeasibility for each Priority Development Project in accordance 
with the LID waiver program in Section F.1.d.(8); 
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(ii) Each Copermittee must incorporate formalized consideration, such 
as thorough checklists, ordinances, and/or other means, of LID 
BMPs into the plan review process for Priority Development 
Projects; 

(iii) The review of each Priority Development Project must include an 
assessment of potential collection of storm water for on-site or off-
site reuse opportunities; 

(iv) The review of each Priority Development Project must include an 
assessment of techniques to infiltrate, filter, store, evaporate, or 
retain runoff close to the source of runoff; and 

(v) Within 2 years after adoption of this Order, each Copermittee must 
review its local codes, policies, and ordinances and identify barriers 
therein to implementation of LID BMPs. Following the identification 
of these barriers to LID implementation, where feasible, the 
Copermittee must take, by the end of the permit cycle, appropriate 
actions to remove such barriers. 

 
(b) The following LID BMPs must be implemented at all Priority Development 

Projects where technically feasible as required below: 
 

(i) Maintain or restore natural storage reservoirs and drainage 
corridors (including depressions, areas of permeable soils, 
swales, and ephemeral and intermittent streams. 

(ii) Projects with landscaped or other pervious areas must, where 
feasible, drain runoff from impervious areas (rooftops, parking 
lots, sidewalks, walkways, patios, etc) into pervious areas prior to 
discharge to the MS4. The amount of runoff from impervious 
areas that is to drain to pervious areas shall not exceed the total 
capacity of the project’s pervious areas to infiltrate or treat runoff, 
taking into consideration the pervious areas’ geologic and soil 
conditions, slope, and other pertinent factors. 

(iii) Projects with landscaped or other pervious areas must, where 
feasible, properly design and construct the pervious areas to 
effectively receive and infiltrate or treat runoff from impervious 
areas, prior to discharge to the MS4.  Soil compaction for these 
areas shall be minimized.  The amount of the impervious areas 
that are to drain to pervious areas must be based upon the total 
size, soil conditions, slope, and other pertinent factors. 

(iv) Projects with low traffic areas and appropriate soil conditions 
must construct walkways, trails, overflow parking lots, alleys, or 
other low-traffic areas with permeable surfaces, such as pervious 
concrete, porous asphalt, unit pavers, and granular materials. 

 
(c) To protect ground water resources any infiltration LID BMPs must comply 

with Section F.1.(c)(6). 
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(d) LID BMPs sizing criteria: 
 

(i) LID BMPs shall be sized and designed to ensure onsite retention 
without runoff, of the volume of runoff produced from a 24-hour 85th 
percentile storm event, as determined from the County of Orange’s 
85th Percentile Precipitation Map14 (“design capture volume”); 

(ii) If onsite retention LID BMPs are technically infeasible per section 
F.1.d.(7)(b), LID biofiltration BMPs may treat any volume that is not 
retained onsite by the LID BMPs.  The LID biofiltration BMPs must 
be designed for an appropriate surface loading rate to prevent 
erosion, scour and channeling within the BMP.  Due to the flow 
through design of biofiltration BMPs, the total volume of the BMP, 
including pore spaces and prefilter detention volume, must be sized 
to hold at least 0.75 times the design storm volume that is not 
retained onsite by LID retention BMPs; 

(iii) If it is shown to be technically infeasible to treat the remaining 
volume up to and including the design capture volume using LID 
BMPs (retention or biofiltration), the project must implement 
conventional treatment control BMPs in accordance with Section 
F.1.d.(6) below and must participate in the LID waiver program in 
Section F.1.d.(7). 

 
(e)  All LID BMPs shall be designed and implemented with measures to 

avoid the creation of nuisance or pollution associated with vectors, such 
as mosquitoes, rodents, and flies. 

 
(5) Source Control BMP Requirements 

 
Each Copermittee must require each Priority Development Project to 
implement source control BMPs.  The source control BMPs to be required 
must: 
 
(a) Prevent illicit discharges into the MS4; 
(b) Minimize storm water pollutants of concern in runoff; 
(c) Eliminate irrigation runoff; 
(d) Include storm drain system stenciling or signage; 
(e) Include properly designed outdoor material storage areas; 
(f) Include properly designed outdoor work areas; 
(g) Include properly designed trash storage areas;  
(h) Include water quality requirements applicable to individual priority project 

categories. 
 

                                            
14 The isopluvial map is available from the County of Orange.  The map can also be found as Figure A-1 
Exhibit 7.II in the Model WQMP (September 2003), page 5 of 57 at 
http://www.ocwatersheds.com/documents/2003_DAMP_Exhibit_7_II_Model_WQMP_Attachments.pdf 
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(6) Treatment Control BMP Requirements15 
 

Each Copermittee must require each Priority Development Project to 
implement treatment control BMPs that meet the following requirements: 

 
(a) All treatment control BMPs for a single Priority Development Project must 

collectively be sized to comply with the following numeric sizing criteria: 
 
(i) Volume-based treatment control BMPs must be designed to 

mitigate (infiltrate, filter, or treat) the volume of runoff produced from 
a 24-hour 85th percentile storm event, as determined from the 
County of Orange’s 85th Percentile Precipitation Isopluvial Map16; or  
 

(ii) Flow-based treatment control BMPs must be designed to mitigate 
(infiltrate, filter, or treat) either: a) the maximum flow rate of runoff 
produced from a rainfall intensity of 0.2 inch of rainfall per hour, for 
each hour of a storm event; or b) the maximum flow rate of runoff 
produced by the 85th percentile hourly rainfall intensity (for each 
hour of a storm event), as determined from the local historical 
rainfall record, multiplied by a factor of two. 
 

(b) Treatment control BMPs for all Priority Development Projects must 
mitigate (treat through infiltration, settling, filtration or other unit processes) 
the required volume or flow of runoff from all developed portions of the 
project, including landscaped areas. 
 

(c) All treatment control BMPs must be located so as to remove pollutants 
from runoff prior to its discharge to any waters of the U.S.  Multiple Priority 
Development Projects may use shared treatment control BMPs as long as 
construction of any shared treatment control BMP is completed prior to the 
use or occupation of any Priority Development Project from which the 
treatment control BMP will receive runoff. 
 

(d) All treatment control BMPs for Priority Development Projects must, at a 
minimum: 
 
(i) Be ranked with high or medium pollutant removal efficiency for the 

project’s most significant pollutants of concern, as the pollutant 
removal efficiencies are identified in the Copermittees’ Model 

                                            
15 This section only applies to those PDPs not implementing LID capable of meeting the design storm 
criteria for the entire site and meeting technical infeasibility eligibility.  Low-Impact Development (LID) and 
other site design BMPs that are correctly designed to effectively remove pollutants from runoff are 
considered treatment control BMPs. 
16 The isopluvial map is available from the County of Orange.  The map can also be found as Figure A-1 
Exhibit 7.II in the Model WQMP (September 2003), page 105 of 157 at 
http://www.ocwatersheds.com/StormWater/PDFs/2003_DAMP/2003_DAMP_Section_7_New_Developme
nt_Significant_Redevelopment.pdf. 
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SSMP.  Treatment control BMPs with a low removal efficiency 
ranking must only be approved by a Copermittee when a feasibility 
analysis has been conducted which exhibits that implementation of 
treatment control BMPs with high or medium removal efficiency 
rankings are infeasible for a Priority Development Project or portion 
of a Priority Development Project. 

(ii) Be correctly sized and designed so as to remove storm water 
pollutants to the MEP. 

 
(e) Target removal of pollutants of concern from runoff. 
 
(f) Be implemented close to pollutant sources, and prior to discharging into 

waters of the U.S. 
 
(g) Not be constructed within a waters of the U.S. or waters of the State. 
 
(h) Include proof of a mechanism under which ongoing long-term 

maintenance will be conducted to ensure proper maintenance for the life 
of the project.  The mechanisms may be provided by the project proponent 
or Copermittee. 

 
(i) Be designed and implemented with measures to avoid the creation of 

nuisance or pollution associated with vectors, such as mosquitoes, 
rodents, and flies. 

 
 

(7) Low Impact Development (LID) BMP Waiver Program 
 

The Copermittees must develop, collectively or individually, a LID waiver 
program for incorporation into local SSMPs, which would allow a Priority 
Development Project to substitute implementation of all or a portion of 
required LID BMPs in section F.1.d(4) with implementation of treatment 
control BMPs and a mitigation project, payment into an in-lieu funding 
program, and/or watershed equivalent BMP(s) consistent with Section 
F.1.d.(11).  The Copermittees shall submit the LID waiver program as part of 
their updated model SSMP.  At a minimum, the program must meet the 
requirements below: 

 
(a) Prior to implementation, the LID waiver program must clearly exhibit that it 

will not allow PDPs to result in a net impact (after consideration of any 
mitigation and in-lieu payments) from pollutant loadings over and above 
the impact caused by projects meeting LID requirements; 

 
(b) For each PDP participating, a technical feasibility analysis must be 

included demonstrating that it is technically infeasible to implement LID 
BMPs that comply with the requirements of Section F.1.(d)(4).  The 
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Copermittee(s) must develop criteria for the technical feasibility analysis 
including a cost benefit analysis, examination of LID BMPs considered 
and alternatives chosen.  Each PDP participating must demonstrate that 
LID BMPs were implemented as much as feasible given the site’s unique 
conditions.  Analysis must be made of the pollutant loading for each 
project participating in the LID substitution program.  The estimated 
impacts from not implementing the required LID BMPs in section F.1.d.(4) 
must be fully mitigated.  Technical infeasibility may result from conditions 
including, but not limited to: 

 
(i) Locations that cannot meet the infiltration and groundwater 

protection requirements in section F.1.c.(6).  Where infiltration is 
technically infeasible, the project must still examine the feasibility of 
other onsite retention LID BMPs; 

(ii) Smart growth and infill or redevelopment locations where the 
density and/or nature of the project would create significant 
difficulty for compliance with the onsite volume retention 
requirements; and 

(iii) Other site, geologic, soil or implementation constraints identified in 
the Copermittees updated local SSMP document. 

 
(c) The LID waiver program must include mechanisms to verify that each 

Priority Development Project participating in the program is in compliance 
with all applicable SSMP requirements; 

 
(d) The LID waiver program must develop and implement a review process 

verifying that the BMPs to be implemented meet the designated design 
criteria.  The review process must also verify that each Priority 
Development Project participating in the program is in compliance with all 
applicable SSMP requirements. 

 
(e) The LID waiver program must include performance standards for 

treatment control BMPs specified in compliance with section F.1.(d)(6). 
 
(f) Each PDP that participates in the LID waiver program must mitigate for 

the pollutant loads expected to be discharged due to not implementing the 
LID BMPs in section F.1.d.(4).  Mitigation projects must be implemented 
within the same hydrologic subarea as the PDP.  Mitigation projects 
outside of the hydrologic subarea but within the same hydrologic unit may 
be approved provided that the project proponent demonstrates that 
mitigation projects within the same hydrologic subarea are infeasible and 
that the mitigation project will address similar beneficial use impacts as 
expected from the PDPs pollutant load types and amount.  Offsite 
mitigation projects may include green streets projects, existing 
development retrofit projects, retrofit incentive programs, regional BMPs 
and stream restoration.  Project applicants seeking to utilize these 
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alternative compliance provisions may propose other offsite mitigation 
projects, which the Copermittees may approve if they meet the 
requirements of this subpart. 

 
(g) A Copermittee may choose to implement a pollutant credit system as part 

of the LID waiver program provided that such a credit system clearly 
exhibits that it will not allow PDPs to result in a net impact from pollutant 
loadings over and above the impact caused by projects meeting LID 
requirements.  Any credit system that a Copermittee chooses to 
implement must be submitted to the Executive Officer for review and 
approval as part of the waiver program. 

 
(h) The LID waiver program shall include a storm water mitigation fund 

developed by the Copermittee(s) to be used for water quality improvement 
projects which may serve in lieu of the PDP’s required mitigation in section 
F.1.d.(8)(e).  The LID waiver program’s storm water mitigation fund shall, 
at a minimum, identify; 

 
(i) The entity or entities that will manage the storm water mitigation 

fund (i.e., assume full responsibility); 
(ii) The range and types of acceptable projects for which storm water 

mitigation funds may be expended; 
(iii) The entity or entities that will assume full responsibility for each 

water quality improvement project, including its successful 
completion; and 

(iv) How the dollar amount of storm water mitigation fund contributions 
will be determined.  In-lieu payments must be proportional to the 
additional pollutant load discharged by not fully implementing LID. 

 
(i) Each Copermittee must notify the Regional Board in their annual report of 

each PDP choosing to participate in the LID waiver program.  The annual 
report must include the following information: 

 
(i) Name of the developer of the participating PDP; 
(ii) Site location; 
(iii) Reason for LID waiver including technical feasibility analysis; 
(iv) Description of BMPs implemented; 
(v) Total amount deposited, if any, into the storm water mitigation fund 

described in section F.1.d.(8)(f); 
(vi) Water quality improvement project(s) proposed to be funded; and 
(vii) Timeframe for implementation of water quality improvement 

projects. 
 

(8) Site Design and Treatment Control BMP Design Standards 
 

As part of its local SSMP, each Copermittee must develop and require Priority 
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Development Projects to implement sitting, design, and maintenance criteria 
for each site design and treatment control BMP listed in its local SSMP to 
determine feasibility and applicability and so that implemented site design and 
treatment control BMPs are constructed correctly and are effective at 
pollutant removal, runoff control, and vector minimization.  LID techniques, 
such as soil amendments, must be incorporated into the criteria for 
appropriate treatment control BMPs.  Development of BMP design 
worksheets which can be used by project proponents is encouraged.     

 
(9) Implementation Process 

 
As part of its local SSMP, each Copermittee must implement a process to 
verify compliance with SSMP requirements.  The process must identify at 
what point in the planning process Priority Development Projects will be 
required to meet SSMP requirements and at a minimum, the Priority 
Development Project must implement the required post-construction BMPs 
prior to occupancy and/or the intended use of any portion of that project.  The 
process must also include identification of the roles and responsibilities of 
various municipal departments in implementing the SSMP requirements, as 
well as any other measures necessary for the implementation of SSMP 
requirements. 

 
(10) Treatment BMP Review 

 
(a) The Copermittees must review and update the BMPs that are listed in 

their local SSMPs as options for treatment control during the third year of 
implementation of this Order.  At a minimum, the update must include 
removal of obsolete or ineffective BMPs and addition of LID BMPs that 
can be used for treatment, such as bioretention cells, bioretention swales, 
etc.  The update must also add appropriate LID BMPs to any tables or 
discussions in the local SSMPs addressing pollutant removal efficiencies 
of treatment control BMPs.  In addition, the update must include review 
and revision where necessary of treatment control BMP pollutant removal 
efficiencies.   

 
(b) The update must incorporate findings from BMP effectiveness studies 

conducted by the Copermittees for projects funded wholly or in part by the 
State Board or Regional Board.   

 
(c) Each Copermittee must implement a mechanism for annually 

incorporating findings from local treatment BMP effectiveness studies 
(e.g., ones conducted by, or on-behalf of, public agencies in Orange 
County) into SSMP project reviews and permitting 

 
(11) Where a development project, greater than 100 acres in total project size 

or smaller than 100 acres in size yet part of a larger common plan of 
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development that is over 100 acres, has been prepared using watershed 
and/or sub-watershed based water quality, hydrologic, and fluvial 
geomorphologic planning principles that implement regional LID BMPs in 
accordance with the sizing and location criteria of this Order and acceptable 
to the Regional Board, such standards shall govern review of projects with 
respect to Section F.1 of this Order and shall be deemed to satisfy this 
Order’s requirements for LID site design, buffer zone, infiltration and 
groundwater protection standards, source control, treatment control, and 
hydromodification control standards.  Regional BMPs must clearly exhibit 
that they will not result in a net impact from pollutant loadings over and 
above the impact caused by capture and retention of the design storm.  
Regional BMPs may be used provided that the BMPs capture and retain the 
volume of runoff produced from the 24-hour 85th percentile storm event as 
defined in section F.1.d.(6)(a)(i) and that such controls are located upstream 
of receiving waters.  Any volume that is not retained by the LID BMPs, up to 
the design capture volume, must be treated using LID biofiltration.  Where 
regional LID implementation has been shown to be technically infeasible 
(per section F.1.d.7.b) any volume up to and including the design capture 
volume, not retained by LID BMPs, nor treated by LID biofiltration, must be 
treated using conventional treatment control BMPs in accordance with 
Section F.1.d.(6) and participation in the LID waiver program in Section 
F.1.d.(7). 

 
e. BMP CONSTRUCTION VERIFICATION 

 
Prior to occupancy and/or intended use of any portion of the Priority 
Development Project subject to SSMP requirements, each Copermittee must 
inspect the constructed site design, source control, and treatment control BMPs 
to verify that they have been constructed and are operating in compliance with all 
specifications, plans, permits, ordinances, and this Order.   
 

f. BMP MAINTENANCE TRACKING 
 
(1) Each Copermittee must develop and maintain a watershed-based database 

to track and inventory all approved post-construction BMPs and BMP 
maintenance within its jurisdiction since July 2001.  LID BMPs implemented 
on a lot by lot basis at a single family residential home, such as rainbarrels, 
are not required to be tracked or inventoried.  At a minimum, the database 
must include information on BMP type, location, watershed, date of 
construction, party responsible for maintenance, maintenance certifications 
or verifications, inspections, inspection findings, and corrective actions, 
including whether the site was referred to the Vector Control District. 

 
(2) Each Copermittee must establish a mechanism not only to track post-

construction BMPs, but also to ensure that appropriate easements and 
ownerships are properly recorded in public records and the information is 
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conveyed to all appropriate parties when there is a change in project or site 
ownership. 
 

(3) Each Copermittee must verify that approved post-construction BMPs are 
operating effectively and have been adequately maintained by implementing 
the following measures: 
 

(a) An annual inventory of all approved BMPs within the Copermittee’s 
jurisdiction.  LID BMPs implemented on a lot by lot basis at a single family 
residential home, such as rainbarrels, are not required to be tracked or 
inventoried.  The inventory must also include all BMPs approved for 
Priority Development Projects since July 2001; 

 
(b) The designation of high priority BMPs.  High-priority designation must 

include consideration of BMP size, recommended maintenance frequency, 
likelihood of operational and maintenance issues, location, receiving water 
quality, and other pertinent factors; 

 
(c) Verify implementation, operation, and maintenance of BMPs by 

inspection, self-certification, surveys, or other equally effective approaches 
with the following conditions: 

 
(i) The implementation, operation, and maintenance of at least 90 percent 

of approved and inventoried final project public and private SSMPs 
(a.k.a. WQMPs) must be verified annually.  All post-construction BMPs 
shall be verified within every four year period; 

(ii) Operation and maintenance verifications must be required prior to 
each rainy season; 

(iii) All (100 percent) projects with BMPs that are high priority must be 
inspected by the Copermittee annually prior to each rainy season; 

(iv) All (100 percent) public agency projects with BMPs must be inspected 
by the Copermittee annually; 

(v) At least 50 percent of projects with drainage insert treatment control 
BMPs must be inspected by the Copermittee annually; 

(vi) Appropriate follow-up measures (including re-inspections, 
enforcement, maintenance, etc.) must be conducted to ensure the 
treatment BMPs continue to reduce storm water pollutants as originally 
designed;  

(vii) All inspections must verify effective operation and maintenance of the 
treatment control BMPs, as well as compliance with all ordinances, 
permits, and this Order; and 

 
(viii) Inspections must note observations of vector conditions, such as 

mosquitoes.  Where conditions are identified as contributing to 
mosquito production, the Copermittee must notify the Orange County 
Vector Control District. 
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g. ENFORCEMENT OF DEVELOPMENT SITES 

 
Each Copermittee must enforce its storm water ordinance for all Development 
Projects and at all development sites as necessary to maintain compliance with 
this Order.  Copermittee ordinances or other regulatory mechanisms must 
include appropriate sanctions to achieve compliance.  Sanctions must include the 
following or their equivalent:  Non-monetary penalties, fines, bonding 
requirements, and/or permit or occupancy denials for non-compliance. 

 
h. HYDROMODIFICATION – LIMITATIONS ON INCREASES OF RUNOFF DISCHARGE RATES 

AND DURATIONS17 
 
Each Copermittee shall collaborate with the other Copermittees to develop and 
implement a Hydromodification Management Plan (HMP) to manage increases in 
runoff discharge rates and durations from all Priority Development Projects. 
The HMP shall be incorporated into the local SSMP and implemented by each 
Copermittee so that estimated post-project runoff discharge rates and durations 
shall not exceed pre-development discharge rates and durations.  Where the 
proposed project is located on an already developed site, the pre-project 
discharge rate and duration shall be that of the pre-developed, naturally 
occurring condition.  The HMP shall be submitted to the Executive Officer within 
2 years of permit adoption.  The HMP will be made available for public review 
and comment and the Executive Officer will determine the need for a public 
hearing. 
 
(1) The HMP must:  

 
(a) Identify a method for assessing susceptibility of channel segments which 

receive runoff discharges from Priority Development Projects.  The 
geomorphic stability within the channel shall be assessed.  A performance 
standard shall be created that ensures that the geomorphic stability within 
the channel not be compromised as a result of receiving runoff discharges 
from Priority Development Projects. 

 
(b) Utilize continuous simulation of the entire rainfall record (or other 

analytical method proposed by the Copermittees and deemed acceptable 

                                            
17 Updated SSMP and hydromodification requirements shall apply to all priority projects or phases of 
priority projects which have not yet begun grading or construction activities at the time any updates SSMP 
or hydromodification requirement commences.  If a Copermittee determines that lawful prior approval of a 
project exists, whereby application of an updated SSMP or hydromodification requirement to the project is 
legally infeasible, the updated SSMP or hydromodification requirement need not apply to the project.  The 
Copermittees shall utilize the SSMP and hydromodification update periods to ensure that projects 
undergoing approval processes include application of the updated SSMP and hydromodification 
requirements in their plans. 
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by the Regional Board) to identify a range of runoff flows18 for which 
priority Development Project post-project runoff flow rates and durations 
shall not exceed pre-development (naturally occurring) runoff flow rates 
and durations by more than 10 percent, where the increased flow rates 
and durations will result in increased potential for erosion or other 
significant adverse impacts to beneficial uses.  In addition, the identified 
range of runoff flow rates and durations must compensate for the loss of 
sediment supply due to the development.  The lower boundary of the 
range of runoff flows identified shall correspond with the critical channel 
flow that produces the critical shear stress that initiates channel bed 
movement or that erodes the toe of channel banks.  The identified range 
of runoff flows may be different for specific watersheds, channels, or 
channel reaches.  In the case of an artificially hardened (concrete lined, rip 
rap, etc.) channel, the lower boundary of the range of runoff flows 
identified shall correspond with the critical channel flow that produces the 
critical shear stress that initiates channel bed movement or that erodes the 
toe of channel banks of a comparable soft-bottomed channel. 

 
(c) Require Priority Development Projects to implement hydrologic control 

measures so that Priority Development Projects’ post-project runoff flow 
rates and durations (1) do not exceed pre-project (naturally occurring) 
runoff flow rates and durations by more than 10 percent for the range of 
runoff flows identified under section F.1.h.(1)(b), where the increased flow 
rates and durations will result in increased potential for erosion or other 
significant adverse impacts to beneficial uses; (2) do not result in channel 
conditions which do not meet the channel standard developed under 
section F.1.h.(1)(a) for channel segments downstream of Priority 
Development Project discharge points; and (3) compensate for the loss of 
sediment supply due to development. 

 
(d) Include other performance criteria (numeric or otherwise) for Priority 

Development Projects as necessary to prevent runoff from the projects 
from increasing and/or continuing unnatural rates of erosion of channel 
beds and banks, silt pollutants generation, or other impacts to beneficial 
uses and stream habitat due to increased erosive force. 

 
(e) Include a review of pertinent literature. 
 
(f) Identify areas within the San Juan Hydrologic Unit where historic 

hydromodification has resulted in a negative impact to benthic 
macroinvertebrate and benthic periphyton by identifying areas with low or 
very low Index of Biotic Integrity (IBI) scores. 

 

                                            
18 The identified range of runoff flows to be controlled should be expressed in terms of peak flow rates of 
rainfall events, such as “10% of the pre-development 2-year runoff event up to the pre-project 10-year 
runoff event.” 
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(g) Include a protocol to evaluate potential hydrograph change impacts to 
downstream watercourses from Priority Development Projects.  This 
protocol must include the use of the IBI score as a metric for assessing 
impacts and improvements to downstream watercourses. 

 
(h) Include a description of how the Copermittees will incorporate the HMP 

requirements into their local approval processes. 
 
(i) Include criteria on selection and design of management practices and 

measures (such as detention, retention, and infiltration) to control flow 
rates and durations and address potential hydromodification impacts. 

 
(j) Include technical information supporting any standards and criteria 

proposed. 
 
(k) Include a description of inspections and maintenance to be conducted for 

management practices and measures to control flow rates and durations 
and address potential hydromodification impacts. 

 
(l) Include a description of pre- and post-project monitoring and other 

program evaluation, including IBI score, to be conducted to assess the 
effectiveness of implementation of the HMP. 

 
(m)Include mechanisms for assessing and addressing cumulative impacts 

within a watershed on channel morphology. 
 
(n) Include information on evaluation of channel form and condition, including 

slope, discharge, vegetation, underlying geology, and other information, 
as appropriate. 

 
(2) In addition to the hydrologic control measures that must be implemented per 

section F.1.h.(1)(c), the HMP must include a suite of management measures 
to be used on Priority Development Projects to protect and restore 
downstream beneficial uses and prevent or further prevent adverse physical 
changes to downstream channels.  The measures must be based on a 
prioritized consideration of the following elements in this order: 

 
(a) Hydrologic control measures; 
(b) On-site management controls;  
(c) Regional controls located upstream of receiving waters; and 
(d) In-stream controls. 

 
Where stream channels are adjacent to, or are to be modified as part of a 
Priority Development Project, management measures must include buffer 
zones and setbacks.  Under no circumstances will in-stream controls include 
the use of non-naturally occurring hardscape materials such as concrete, 
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riprap, gabions, etc.  The suite of management measures shall also include 
stream restoration as a viable option to achieve the channel standard in 
section F.1.h.(1)(a). 
 

(3) Each individual Copermittee has the discretion to not require Section F.1.h. 
at Priority Development Projects where the project: 
 

(a) Discharges storm water runoff into underground storm drains discharging 
directly to bays or the ocean; or 

(b) Discharges storm water runoff into conveyance channels whose bed and 
bank are concrete lined all the way from the point of discharge to ocean 
waters, enclosed bays, estuaries, or water storage reservoirs and lakes.  

 
(4) HMP Reporting and Implementation 

 
(a) Within 2 years of adoption of the Order, the Copermittees shall submit to 

the Regional Board a draft HMP that has been reviewed by the public, 
including the analysis that identifies the appropriate limiting range of flow 
rates per section F.1.h.(1)(b). 

 
(b) Within 180 days of receiving Regional Board comments on the draft 

HMP, the Copermittees shall submit a final HMP that addressed the 
Regional Board’s comments. 

 
(c) Within 90 days of receiving a finding of adequacy from the Executive 

Officer, each Copermittee shall incorporate and implement the HMP for 
all Priority Development Projects. 

 
(d) Prior to approval of the HMP by the Regional Board, the early 

implementation measures likely to be included in the HMP shall be 
encouraged by the Copermittees. 

 
(5) Interim Hydromodification Criteria 
  

Within one year of adoption of this Order, each Copermittee must ensure 
that all Priority Development Projects are implementing the following criteria 
by comparing the pre-development (naturally occurring) and post-project 
flow rates and durations using a continuous simulation hydrologic model 
such as US EPA’s Hydrograph Simulation Program-Fortran (HSPF): 
 
(a) For flow rates from 10 percent of the 2-year storm event to the 5 year 

storm event, the post-project peak flows shall not exceed pre-
development (naturally occurring) peak flows. 

 
(b) For flow rates from the 5 year storm event to the 10 year storm event the 

post-project peak flows may exceed pre-development (naturally 
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occurring) flows by up to 10 percent for a 1-year frequency interval.   
 
The interim hydromodification criteria do not apply to Priority Development 
Projects where the project discharges (1) storm water runoff into 
underground storm drains discharging directly to bays or the ocean, or (2) 
storm water runoff into conveyance channels whose bed and bank are 
concrete lined all the way from the point of discharge to ocean waters, 
enclosed bays, estuaries, or water storage reservoirs and lakes.  

 
Within one year of adoption of this Order, each Copermittee must submit a 
signed, certification statement to the Regional Board verifying 
implementation of the interim hydromodification criteria. 
 

(6) No part of section F.1.h shall alleviate the Copermittees responsibilities for 
implementing Low Impact Development BMPs as required under section 
F.1.d.(4).  

 
i. TRAINING AND EDUCATION 
 

(1) Municipal Departments and Personnel Education 
 

Municipal Development Planning:  Each Copermittee must implement an 
education program so that its planning and development review staffs and 
contractors (and Planning Boards and Elected Officials, if applicable) have an 
understanding of:  
 
(a) Federal, State, and local water quality laws and regulations applicable to 

Development Projects;  
 
(b) The connection between land use decisions and short and long-term 

water quality impacts (i.e., impacts from land development and 
urbanization); and  

 
(c) Methods of minimizing impacts to receiving water quality resulting from 

development, including:  
 

(i) Storm water management plan development and review; 
(ii) Local sensitive water bodies, including 303(d)-impairments and ESAs; 
(iii) Methods to control downstream erosion impacts; 
(iv) Identification of pollutants of concern; 
(v) Site design BMP techniques; 
(vi) Source control BMPs;  
(vii) Selection of the most effective treatment control BMPs for the 

pollutants of concern; and 
(viii) Public heath concerns related to storm water management 

infrastructure. 
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(2) Project Applicants, Developers, Contractors, Property Owners, and other 

Responsible Parties 
 
(a) Each Copermittee must implement a New Development / Redevelopment 

education program using all media as appropriate to:  
 

(i) Measurably increase the knowledge of the target communities 
regarding MS4s, impacts of runoff on receiving waters, and potential 
BMP solutions for the target audience; and  

(ii) To measurably change the behavior of target communities and thereby 
reduce pollutant releases to MS4s and the environment. 

 
(b) Each Copermittee must educate each target community on the following 

topics where appropriate: 
 

(i) The importance of educating all construction workers in the field about 
storm water issues and BMPs though formal or informal training; 

(ii) Federal, State, and local water quality laws and regulations applicable 
to new development and redevelopment activities;  

(iii) Site design, source control, pollution prevention, and treatment BMPs;  
(iv) General runoff concepts; and 
(v) Other topics of local importance, including local water quality 

conditions, impaired waterbodies and environmentally sensitive areas. 
 
 
2. CONSTRUCTION COMPONENT 
 

Each Copermittee must implement a construction program which meets the 
requirements of this section, prevents illicit discharges into the MS4, implements and 
maintains structural and non-structural BMPs to reduce pollutants in storm water 
runoff from construction sites to the MS4, reduces construction site discharges of 
storm water pollutants from the MS4 to the MEP, and prevents construction site 
discharges from the MS4 from causing or contributing to a violation of water quality 
standards. 
 
a. ORDINANCE UPDATE 

 
Within 365 days of adoption of this Order, each Copermittee must review and 
update its grading ordinances and other ordinances as necessary to achieve full 
compliance with this Order, including requirements for the implementation of all 
designated BMPs and other measures. 
 
 

b. SOURCE IDENTIFICATION 
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Each Copermittee must maintain an updated watershed based inventory of all 
construction sites within its jurisdiction.  The use of an automated database 
system, such as Geographical Information Systems (GIS) is required. 
 

c. SITE PLANNING AND PROJECT APPROVAL PROCESS 
 
Each Copermittee must incorporate consideration of potential water quality 
impacts prior to approval and issuance of construction and grading permits. 
 
(1) Each construction and grading permit must require proposed construction 

sites to implement designated BMPs and other measures so that illicit 
discharges into the MS4 are prevented and storm water pollutants 
discharged from the site will be reduced to the maximum extent practicable 
and will not cause or contribute to a violation of water quality standards. 

 
(2) Prior to permit issuance, the project proponent’s runoff management plan (or 

equivalent construction BMP plan) must be required to comply, and 
reviewed to verify compliance, with the local grading ordinance, other 
applicable local ordinances, and this Order. 

 
(3) Prior to permit issuance, each Copermittee must verify that project 

proponents subject to California’s statewide General NPDES Permit for 
Storm Water Discharges Associated With Construction Activities, 
(hereinafter General Construction Permit), have existing coverage under the 
General Construction Permit. 

 
d. BMP IMPLEMENTATION 

 
(1) Designate BMPs:  Each Copermittee must designate a minimum set of 

BMPs and other measures to be implemented at all construction sites.  The 
designated minimum set of BMPs must include: 

 
(a) Management Measures: 

 
(i) Pollution prevention, where appropriate; 
(ii) Development and implementation of a site-specific runoff 

management plan; 
(iii) Minimization of areas that are cleared and graded to only the 

portion of the site that is necessary for construction; 
(iv) Minimization of exposure time of disturbed soil areas; 
(v) Minimization of grading during the wet season and correlation of 

grading with seasonal dry weather periods to the extent feasible; 
(vi) Limitation of grading to a maximum disturbed area as determined 

by each Copermittee before either temporary or permanent erosion 
controls are implemented to prevent storm water pollution. The 
Copermittee has the option of temporarily increasing the size of 
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disturbed soil areas by a set amount beyond the maximum, if the 
individual site is in compliance with applicable storm water 
regulations and the site has adequate control practices 
implemented to prevent storm water pollution; 

(vii) Temporary stabilization and reseeding of disturbed soil areas as 
rapidly as feasible; 

(viii) Wind erosion controls; 
(ix) Tracking controls; 
(x) Non-stormwater management measures to prevent illicit discharges 

and control storm water pollution sources; 
(xi) Waste management measures; 
(xii) Preservation of natural hydrologic features where feasible; 
(xiii) Preservation of riparian buffers and corridors where feasible; 
(xiv) Evaluation and maintenance of all BMPs, until removed; and 
(xv) Retention, reduction, and proper management of all storm water 

pollutant discharges on site to the MEP standard. 
 

(b) Erosion and Sediment Controls: 
 

(i) Erosion prevention. Erosion prevention is to be used as the most 
important measure for keeping sediment on site during 
construction; 

(ii) Sediment controls. Sediment controls are to be used as a 
supplement to erosion prevention for keeping sediment on-site 
during construction; 

(iii) Slope stabilization must be used on all active slopes during rain 
events regardless of the season and on all inactive slopes during 
the rainy season and during rain events in the dry season; and 

(iv) Permanent revegetation or landscaping as early as feasible. 
 

(c) Designate enhanced BMPs19 for 303(d) impairments and ESAs:  Each 
Copermittee must implement, or require implementation of, enhanced 
measures to address the exceptional threat to water quality posed by all 
construction sites tributary to CWA section 303(d) water body segments 
impaired for sediment or turbidity.  Each Copermittee must also 
implement, or require implementation of, enhanced, site-specific 
measures for construction sites within or adjacent to or discharging 
directly to coastal lagoons, the ocean, or other receiving waters within 
environmentally sensitive areas (as defined in Attachment C of this Order). 

 
 

(i) Active Sediment Treatment (AST):  Each Copermittee must require 
implementation of advanced treatment for sediment at construction 

                                            
19 Enhanced BMPs are control actions specifically targeted to the pollutant or condition of concern and of 
higher quality and effectiveness than the minimum control measures otherwise required.  Enhanced in 
this Order means better, not simply more, BMPs. 
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sites (or portions thereof) that are determined by the Copermittee to 
be an exceptional threat to water quality.  In evaluating the threat to 
water quality, the following factors must be considered by the 
Copermittee:  

[a] Soil erosion potential or soil type; 
[b] The site’s slopes; 
[c] Project size and type; 
[d] Sensitivity of receiving water bodies; 
[e] Proximity to receiving water bodies; 
[f] Non-storm water discharges; 
[g] Ineffectiveness of other BMPs;  
[h] Proximity and sensitivity of aquatic threatened and endangered 

species of concern; 
[i] Known effects of AST chemicals; and 
[j] Any other relevant factors. 

 
(d) Implement BMPs:  Each Copermittee must implement, or require the 

implementation of, the designated minimum BMPs and any additional 
measures necessary to comply with this Order at each construction site 
within its jurisdiction year round.  BMP implementation requirements, 
however, can vary based on wet and dry seasons.  Dry season BMP 
implementation must plan for and address unseasonal rain events that 
may occur during the dry season (May 1 through September 30). 

 
e. INSPECTION OF CONSTRUCTION SITES 

 
Each Copermittee must conduct construction site inspections for compliance with 
its ordinances (grading, storm water, etc.), permits (construction, grading, etc.), 
and this Order.  Priorities for inspecting sites must consider the nature and size 
of the construction activity, topography, and the characteristics of soils and 
receiving water quality. 
 
(1) During the wet season, each Copermittee must inspect at least biweekly 

(every two weeks), all construction sites within its jurisdiction meeting any of 
the following criteria:  
 

(a) All sites 30 acres or more in size with rough grading or active slopes 
occurring during the wet season;  

 
(b) All sites one acre or more, and tributary to a CWA section 303(d) water 

body segment impaired for sediment or within or directly adjacent to, or 
discharging directly to, the ocean or a receiving water within an ESA; and 

 
(c) Other sites determined by the Copermittees or the Regional Board as a 

significant threat to water quality.  In evaluating threat to water quality, the 
following factors must be considered: (1) soil erosion potential; (2) site 
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slope; (3) project size and type; (4) sensitivity of receiving water bodies; 
(5) proximity to receiving water bodies; (6) non-storm water discharges; 
(7) past record of non-compliance by the operators of the construction 
site; and (8) any other relevant factors. 
 

(2) During the wet season, each Copermittee must inspect at least monthly, all 
construction sites with one acre or more of soil disturbance not meeting the 
criteria specified above in section F.2.e.(1).   
 

(3) During the wet season, each Copermittee must inspect construction sites 
less than one acre in size as needed to ensure compliance with its 
ordinances and this Order.   
 

(4) Each Copermittee must inspect all construction sites as needed during the 
dry season.  Sites meeting the criteria in section F.2.e.(1) must be inspected 
at least once in August or September each year. 
 

(5) Re-inspections:  Based upon site inspection findings, each Copermittee 
must implement all follow-up actions (i.e., re-inspection, enforcement) 
necessary to comply with this Order.  Reinspection frequencies must be 
determined by each Copermittee based upon the severity of deficiencies, the 
nature of the construction activity, and the characteristics of soils and 
receiving water quality. 
 

(6) Inspections of construction sites must include, but not be limited to: 
 

(a) Check for coverage under the General Construction Permit (Notice of 
Intent (NOI) and/or Waste Discharge Identification No.) during initial 
inspections; 

(b) Assessment of compliance with Copermittee ordinances and permits 
related to runoff, including the implementation and maintenance of 
designated minimum BMPs; 

(c) Assessment of BMP effectiveness; 
(d) Visual observations for non-storm water discharges, potential illicit 

connections, and potential discharge of pollutants in storm water runoff;  
(e) Education and outreach on storm water pollution prevention, as needed; 

and 
(f) Creation of a written or electronic inspection report. 

 
(7) The Copermittees must track the number of inspections for each inventoried 

construction site throughout the reporting period to verify that each site is 
inspected at the minimum frequencies required.     

 
f. ENFORCEMENT OF CONSTRUCTION SITES 

 
(1) Each Copermittee must develop and implement an escalating enforcement 
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process that achieves prompt corrective actions at construction sites for 
violations of the Copermittee’s water quality protection permit requirements 
and ordinances.  This enforcement process must include authorizing the 
Copermittee’s construction site inspectors to take immediate enforcement 
actions when appropriate and necessary.  The enforcement process must 
include appropriate sanctions such as stop work orders, non-monetary 
penalties, fines, bonding requirements, and/or permit denials for non-
compliance.   

 
(2) Each Copermittee must be able to respond to complaints received from 

third-parties and to ensure the Regional Board that corrective actions have 
been implemented. 

 
g. REPORTING OF NON-COMPLIANT SITES   
 

(1) In addition to the notification requirements in Attachment B, each 
Copermittee must notify the Regional Board when the Copermittee issues a 
stop work order or other high level enforcement to a construction site in its 
jurisdiction as a result of storm water violations. 

 
(2) Each Copermittee shall annually notify the Regional Board, prior to the 

commencement of the wet season, of all construction sites with alleged 
violations.  Information may be provided as part of the JRMP annual report if 
submitted prior to the rainy season.  Information provided shall include, but 
not be limited to, the following: 
 

(a) WDID number if enrolled under the General Construction Permit 
(b) Site Location, including address 
(c) Current violations or suspected violations 

 
h. TRAINING AND EDUCATION 

 
(1) Municipal Staff and Contractors:  Requirements for municipal staff and 

contractors are described in the Municipal Component section of this Order.   
 
(2) Construction Site Owner / Operator Responsibilities: 

 
As early in the planning and development process as possible and all through 
the permitting and construction process, each Copermittee must implement a 
program to educate project applicants, developers, contractors, property 
owners, and other responsible parties.  The education program must provide 
an understanding of the topics listed below, as appropriate for the audience 
being educated.   
 
(a) The importance of educating all construction workers in the field about 

storm water issues and BMPs though formal or informal training; 
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(b) Federal, State, and local water quality laws and regulations applicable to 
construction and grading activities;  

(c) Site design, source control, pollution prevention, and treatment BMPs;  
(d) General runoff concepts; and 
(e) Other topics of local importance, including local water quality conditions, 

impaired waterbodies and environmentally sensitive areas. 
 

 
3. EXISTING DEVELOPMENT COMPONENT 
 

a. MUNICIPAL 
 

Each Copermittee must implement a municipal program which meets the 
requirements of this section, prevents illicit discharges into the MS4, reduces 
municipal discharges of storm water pollutants from the MS4 to the MEP, and 
prevents municipal discharges from the MS4 from causing or contributing to a 
violation of water quality standards. 
 
(1) Source Identification / Inventory 

 
Each Copermittee must maintain an updated watershed-based inventory of 
municipal areas and activities.  The inventory must include the name, address 
(if applicable), and a description of the area/activity; which pollutants are 
potentially generated by the area/activity; whether the area/activity is adjacent 
to an ESA; and identification of whether the area/activity is tributary to a CWA 
section 303(d) water body segment and generates pollutants for which the 
water body segment is impaired.  The use of an automated database system, 
such as Geographical Information Systems (GIS) is required when applicable. 
 

(2) General BMP Implementation 
 

(a) Pollution Prevention:  Each Copermittee must implement pollution 
prevention methods in its municipal program and must require their use by 
appropriate municipal departments, personnel, and contractors, where 
appropriate. 
 

(b) Designate Minimum BMPs:  Each Copermittee must designate a minimum 
set of BMPs for all municipal areas and activities.  The designated 
minimum BMPs for municipal areas and activities must be area or activity 
specific as appropriate.  BMPs must be designated for special events that 
are expected to generate significant trash and litter. 
 

(c) Designate BMPs for ESAs and 303(d) Impairments:  Each Copermittee 
must designate enhanced measures for municipal areas and activities 
tributary to CWA section 303(d) impaired water body segments when an 
area or activity generates pollutants for which the water body segment is 
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impaired.   Each Copermittee must also designate additional controls for 
municipal areas and activities within or directly adjacent to or discharging 
directly to coastal lagoons, the ocean, or other receiving waters within 
environmentally sensitive areas (as defined in Attachment C of this Order).    

 
(d) Implement BMPs:  Each Copermittee must implement, or require the 

implementation of, the designated minimum and enhanced BMPs and any 
additional measures necessary based on its inventory to comply with this 
Order for each municipal area or activity within its jurisdiction.     

 
(3) BMP Implementation for Management of Pesticides, Herbicides, and 

Fertilizers 
 

Each Copermittee must implement BMPs to reduce the contribution of storm 
water pollutants associated with the application, storage, and disposal of 
pesticides, herbicides and fertilizers from municipal areas and activities to 
MS4s and receiving waters.  Such BMPs must include, at a minimum:  
 
(a) Educational activities, permits, certifications and other measures for 

municipal applicators and distributors;  
(b) Integrated Pest Management (IPM) measures that rely on non-chemical 

solutions;  
(c) The use of native vegetation;  
(d) Schedules for irrigation and chemical application; and  
(e) The collection and proper disposal of unused pesticides, herbicides, and 

fertilizers. 
 
(4) BMP implementation for Flood Control Structures 

 
(a) Each Copermittee must implement procedures to assure that flood 

management projects assess the impacts on the water quality of receiving 
water bodies. 

(b) Each Copermittee must include water quality protection measures, where 
feasible, when retrofitting existing flood control structural devices.   

(c) Each Copermittee must evaluate its existing flood control devices, identify 
devices causing or contributing to a condition of pollution, identify 
measures to reduce or eliminate the structure’s effect on pollution, and 
evaluate the feasibility of retrofitting the structural flood control device.  
The inventory and evaluation must be completed by and submitted to the 
Regional Board in the 2nd year JRMP Annual Report.  

 
(5) BMP Implementation for Sweeping of Municipal Areas 

 
Where municipal area sweeping is implemented as an MS4 BMP for 
municipal roads, streets, highways, and parking facilities, each Copermittee 
must design and implement the program based on the following criteria:   

RB-AR7462



R9-2009-0002 Page 56 of 91 December 16, 2009 

DIRECTIVE F.3: JRMP EXISTING DEVELOPMENT COMPONENT 

 
(a) Optimize pickup of trash and debris based on land uses, trash collection 

schedules, seasonal factors (e.g., special events, tourism, etc.) and 
inspections of municipal areas/activities. 
 

(6) Operation and Maintenance of Municipal Separate Storm Sewer System 
(MS4) and Structural Controls 
 

(a) Treatment Controls:  Each Copermittee must implement a schedule of 
inspection and maintenance activities to verify proper operation of all 
municipal structural treatment controls designed to reduce storm water 
pollutant discharges to or from its MS4s and related drainage structures. 

 
(b) MS4 and Facilities:  Each Copermittee must implement a schedule of 

maintenance activities for the MS4 and MS4 facilities (catch basins, storm 
drain inlets, open channels, etc).  The maintenance activities must, at a 
minimum, include: 
 

(i) Inspection and removal of accumulated waste at least once a year 
between May 1 and September 30 of each year for all MS4 facilities; 

(ii) Additional cleaning as necessary between October 1 and April 30 of 
each year for facilities that receive or collect high volumes of trash and 
debris;   

(iii) Following two years of inspections, any MS4 facility that requires 
inspection and cleaning less than annually may be inspected as 
needed, but not less that every other year; 

(iv) Open channels must be cleaned of observed anthropogenic litter in a 
timely manner;   

(v) Record keeping of the maintenance and cleaning activities including 
the overall quantity of waste removed; 

(vi) Proper disposal of waste removed pursuant to applicable laws; and 
(vii) Measures to eliminate waste discharges during MS4 maintenance and 

cleaning activities. 
 

(7) Infiltration From Sanitary Sewer to MS4/Provide Preventive Maintenance of 
Both 

 
(a) Each Copermittee must implement controls and measures to prevent and 

eliminate infiltration of seepage from municipal sanitary sewers to MS4s 
through thorough, routine preventive maintenance of the MS4.  Each 
Copermittee that operates both a municipal sanitary sewer system and a 
MS4 must implement controls and measures to prevent and eliminate 
infiltration of seepage from the municipal sanitary sewers to the MS4s that 
must include overall sanitary sewer and MS4 surveys and thorough, 
routine preventive maintenance of both. 
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(b) Each Copermittee must implement controls to limit infiltration of seepage 
from municipal sanitary sewers to municipal separate storm sewer 
systems where necessary.  Such controls must include: 

 
(i) Adequate plan checking for construction and new development,  
(ii) Incident response training for municipal employees that identify 

sanitary sewer spills; 
(iii) Code enforcement inspections; 
(iv) MS4 maintenance and inspections;  
(v) Interagency coordination with sewer agencies; and 
(vi) Proper education of municipal staff and contractors conducting field 

operations on the MS4 or municipal sanitary sewer (if applicable). 
 

(8) Inspection of Municipal Areas and Activities 
 

(a) At a minimum, each Copermittee must inspect the following high priority 
municipal areas and activities annually: 

 
(i) Roads, Streets, Highways, and Parking Facilities; 
(ii) Flood Management Projects and Flood Control Devices; 
(iii) Areas and activities tributary to a CWA section 303(d) impaired water 

body segment, where an area or activity generates pollutants for which 
the water body segment is impaired.   

(iv) Areas and activities within or adjacent to or discharging directly to 
coastal lagoons, the ocean, or other receiving waters within 
environmentally sensitive areas (as defined in Attachment C of this 
Order);  

(v) Municipal Facilities: 
[a] Active or closed municipal landfills; 
[b] Publicly owned treatment works (including water and wastewater 

treatment plants) and sanitary sewage collection systems; 
[c] Solid waste transfer facilities; 
[d] Land application sites; 
[e] Corporate yards including maintenance and storage yards for 

materials, waste, equipment and vehicles; and 
[f] Household hazardous waste collection facilities. 

(vi) Municipal airfields; 
(vii) Parks and recreation facilities; 
(viii) Special event venues following special events (festivals, sporting 

events, etc.); 
(ix) Power washing; and 
(x) Other municipal areas and activities that the Copermittee determines 

may contribute a significant pollutant load to the MS4. 
 
(b) Other municipal areas and activities must be inspected as needed and in 

response to water quality data, valid public complaints, and findings from 
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municipal or contract staff. 
 
(c) Based upon site inspection findings, each Copermittee must implement all 

follow-up actions necessary to comply with this Order. 
 

(9) Enforcement of Municipal Areas and Activities 
 

Each Copermittee must enforce its storm water ordinance for all municipal 
areas and activities as necessary to maintain compliance with this Order. 
 

(10) Training and Education  
 

Each Copermittee must ensure that all municipal personnel and contractors 
that have responsibilities for selecting, implementing, and evaluating BMPs 
for municipal areas and activities are adequately trained and educated to 
perform such tasks. 
 
(a) Municipal Departments and Personnel Education 
 

(i) Municipal Construction Activities:  Each Copermittee must implement 
an education program that includes annual training prior to the rainy 
season so that its construction, building, code enforcement, and 
grading review staffs, inspectors, and other responsible construction 
staff have, at a minimum, an understanding of the following topics, as 
appropriate for the target audience: 

 
[a] Federal, State, and local water quality laws and regulations 

applicable to construction and grading activities; 
[b] The connection between construction activities and water quality 

impacts (i.e., impacts from land development and urbanization and 
impacts from construction material such as sediment); 

[c] Proper implementation of erosion and sediment control and other 
BMPs to minimize the impacts to receiving water quality resulting 
from construction activities; 

[d] The Copermittee’s inspection, plan review, and enforcement 
policies and procedures to verify consistent application; 

[e] Current advancements in BMP technologies; 
[f] SSMP Requirements including treatment options, site design, 

source control, and applicable tracking mechanisms; and 
[g] Other topics of local importance, including local water quality 

conditions, impaired water bodies, environmentally sensitive areas, 
and public health and disease vector issues associated with runoff. 
 

(ii) Municipal Industrial/Commercial Activities:  Each Copermittee must 
train staff responsible for conducting storm water compliance 
inspections and enforcement of industrial and commercial facilities at 
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least once a year.  Training must cover inspection and enforcement 
procedures, BMP implementation, and review of monitoring data 

 
 

(iii) Municipal Other Activities:  Each Copermittee must implement an 
education program so that municipal personnel and contractors 
performing activities which generate pollutants have an understanding 
of the activity specific BMPs for each activity to be performed. 

 
b. COMMERCIAL / INDUSTRIAL 

 
Each Copermittee must implement a commercial / industrial program that meets 
the requirements of this section, prevents illicit discharges into the MS4, reduces 
commercial / industrial discharges of storm water pollutants from the MS4 to the 
MEP, and prevents commercial / industrial discharges from the MS4 from 
causing or contributing to a violation of water quality standards. 
 
(1) Source Identification 

 
(a) Each Copermittee must maintain an updated watershed-based inventory 

of all industrial and commercial sites/sources within its jurisdiction 
(regardless of ownership) that could contribute a significant pollutant load 
to the MS4.  The inventory must include the following minimum 
information for each industrial and commercial site/source: name; 
address; pollutants potentially generated by the site/source; and 
identification of whether the site/source is tributary to a Clean Water Act 
section 303(d) water body segment and generates pollutants for which the 
water body segment is impaired; and a narrative description including SIC 
codes which best reflects the principal products or services provided by 
each facility.   

 
At a minimum, the following sites/sources must be included in the 
inventory: 
 

(i) Commercial Sites/Sources: 
 
[a] Automobile repair, maintenance, fueling, or cleaning; 
[b] Airplane repair, maintenance, fueling, or cleaning; 
[c] Boat repair, maintenance, fueling, or cleaning; 
[d] Equipment repair, maintenance, fueling, or cleaning; 
[e] Automobile and other vehicle body repair or painting; 
[f] Mobile automobile or other vehicle washing; 
[g] Automobile (or other vehicle) parking lots and storage facilities; 
[h] Retail or wholesale fueling; 
[i] Pest control services; 
[j] Eating or drinking establishments, including food markets; 
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[k] Mobile carpet, drape or furniture cleaning; 
[l] Cement mixing or cutting;  
[m] Masonry; 
[n] Painting and coating; 
[o] Botanical or zoological gardens and exhibits; 
[p] Landscaping; 
[q] Nurseries and greenhouses; 
[r] Golf courses, parks and other recreational areas/facilities; 
[s] Cemeteries; 
[t] Pool and fountain cleaning; 
[u] Marinas;  
[v] Portable sanitary services; 
[w] Building material retailers and storage; 
[x] Animal facilities; 
[y] Mobile pet services;  
[z] Power washing services; and 
[aa] Other sites and sources with a history of un-authorized discharges 

to the MS4. 
 

(ii) Industrial Sites/Sources: 
 
[a] Industrial Facilities, as defined at 40 CFR § 122.26(b)(14), including 

those subject to the General Industrial Permit or other individual 
NPDES permit;  

[b] Operating and closed landfills; 
[c] Facilities subject to SARA Title III; and 
[d] Hazardous waste treatment, disposal, storage and recovery 

facilities. 
 

(iii) ESAs and 303(d) Listed Waterbodies: All other commercial or 
industrial sites/sources tributary to a CWA Section 303(d) impaired 
water body segment, where the site/source generates pollutants for 
which the water body segment is impaired.   All other commercial or 
industrial sites/sources within or directly adjacent to or discharging 
directly to coastal lagoons, the ocean, or other receiving waters within 
environmentally sensitive areas (as defined in Attachment C of this 
Order). 

 
(iv) All other commercial or industrial sites/sources that the Copermittee 

determines may contribute a significant pollutant load to the MS4. 
 

(2) General BMP Implementation 
 

(a) Pollution Prevention:  Each Copermittee must require the use of pollution 
prevention methods by industrial and commercial sites/sources. 
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(b) Designate / Update Minimum BMPs:  Each Copermittee must designate a 
minimum set of BMPs for all industrial and commercial sites/sources.  
Where BMPs have already been designated, each Copermittee must 
review its existing BMPs for adequacy. The designated minimum BMPs 
must be specific to facility types and pollutant-generating activities, as 
appropriate.   
 

(c) Designate Enhanced BMPs for ESAs and 303(d) Impairments:  Each 
Copermittee must designate enhanced measures for industrial and 
commercial sites/sources tributary to CWA section 303(d) impaired water 
body segments (where a site/source generates pollutants for which the 
water body segment is impaired).  Each Copermittee must also designate 
additional controls for industrial and commercial sites/sources within or 
directly adjacent to or discharging directly to coastal lagoons, the ocean, 
or other receiving waters within environmentally sensitive areas (as 
defined in Attachment C of this Order). 
 

(d) Implement BMPs:  Each Copermittee must implement, or require the 
implementation of, the designated minimum and enhanced BMPs and any 
additional measures necessary based on inspections, incident responses, 
and water quality data to comply with this Order at each industrial and 
commercial site/source within its jurisdiction.   

 
(3) BMP Implementation for Mobile Businesses 

 
(a) Each Copermittee must develop and implement a program to reduce the 

discharge of storm water pollutants from mobile businesses to the MEP 
and to prohibit non-storm water discharges pursuant to Section B of this 
Order.  Each Copermittee must keep as part of their commercial source 
inventory a listing of mobile businesses known to operate within its 
jurisdiction.  The program must include: 
 

(i) Development and implementation of minimum standards and BMPs to 
be required for each of the various types of mobile businesses; 

(ii) Development and implementation of an enforcement strategy which 
specifically addresses the unique characteristics of mobile businesses; 

(iii) Notification of those mobile businesses known to operate within the 
Copermittee’s jurisdiction of the minimum standards and BMP 
requirements and local ordinances; 

(iv) Development and implementation of an outreach and education 
strategy; and 

(v) Inspection of mobile businesses as needed to implement the program. 
 

(b) If they choose to, the Copermittees may cooperate in developing and 
implementing their programs for mobile businesses, including sharing of 
mobile business inventories, BMP requirements, enforcement action 
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information, and education. 
 

 
(4) Inspection of Industrial and Commercial Sites/Sources 

 
Each Copermittee must conduct industrial and commercial site inspections for 
compliance with its ordinances, permits, and this Order.   
 
(a) Inspection Procedures: Inspections must include but not be limited to: 

 
(i) Review of BMP implementation plans, if the site uses or is required to 

use such a plan;  
 

(ii) Review of facility monitoring data, if the site monitors its runoff;  
 

(iii) Check for coverage under the General Industrial Permit (Notice of 
Intent (NOI) and/or Waste Discharge Identification Number), if 
applicable; 
 

(iv) Assessment of compliance with Copermittee ordinances and permits 
related to runoff; 
 

(v) Assessment of BMP implementation, maintenance and effectiveness; 
 
(vi) Visual observations for non-storm water discharges, potential illicit 

connections, and potential discharge of pollutants in storm water 
runoff; and 
 

(vii) Education and training on storm water pollution prevention, as 
conditions warrant. 

 
(b) Each Copermittee shall annually notify the Regional Board, prior to the 

commencement of the wet season, of all Industrial Sites and Industrial 
Facilities subject to the General Industrial Permit or other individual 
NPDES permit with alleged violations.  Information may be provided as 
part of the JRMP annual report if submitted prior to the rainy season.  
Information provided shall include, but not be limited to, the following: 
 

(i) WDID number if enrolled under the General Industrial Permit; 
(ii) Site Location, including address; 
(iii) Current violations or suspected violations; and 
(iv) Past Violation history. 

 
(c) Frequencies:  At a minimum, 20 percent of the sites inventoried as 

required in section F.3.b.(1) above (excluding mobile sources and food 
facilities) must be inspected each year.  Mobile businesses must be 
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inspected pursuant to the enforcement strategy developed pursuant to 
section F.3.b.(3).  Other inspection frequencies must be based upon 
findings of the Copermittee’s existing program and the following factors: 
 

(i) Type of activity (SIC code); 
(ii) Materials used at the facility; 
(iii) Wastes generated; 
(iv) Pollutant discharge potential; 
(v) Non-storm water discharges; 
(vi) Size of facility; 
(vii) Proximity to receiving water bodies; 
(viii) Sensitivity of receiving water bodies; 
(ix) Whether the facility is subject to the General Industrial Permit or an 

individual NPDES permit; 
(x) Whether the facility has filed a No Exposure Certification/Notice of 

Non-Applicability; 
(xi) Facility design; 
(xii) Total area of the site, area of the site where industrial or commercial 

activities occur, and area of the site exposed to rainfall and runoff;  
(xiii) The facility’s compliance history; and 
(xiv) Any other relevant factors. 

 
(d) Food Facilities:  Each food facility must be inspected annually for 

compliance with the Copermittee’s water quality ordinances and this 
Order.  Each inspection of a food facility must, at a minimum, address the 
following concerns: 

 
(i) Trash storage and disposal; 
(ii) Grease storage and disposal; 
(iii) Washwater discharges to the MS4 (e.g., from floor mats, driveways, 

sidewalks, etc.); 
(iv) Identification of outdoor sewer and MS4 connections; and 
(v) Education of property managers when grease and/or trash facilities are 

shared by multiple facilities. 
 

(e) Third-Party Inspections:  Each Copermittee may develop and implement a 
third party inspection program for verifying industrial and commercial 
site/source compliance with its ordinances, permits, and this Order.  To 
the extent that third party inspections are conducted to fulfill the 
requirements of this Order, the Copermittee will be responsible for 
conducting and documenting quality assurance and quality control of the 
third-party inspections.   

 
(i) Each inspection conducted by a third-party must, at a minimum, result 

in the following: 
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[a] Photo documentation of potential storm water violations identified 
during the third party inspection;  

[b] Reporting to the Copermittee of identified significant potential 
violations, including imminent or observed illegal discharges, within 
24 hours of the third party inspection; 

[c] Reporting to the Copermittee of all inspection findings within one 
week of the inspection being conducted; and 

[d] Copermittee follow-up and/or enforcement actions for identified 
potential storm water violations within two business days of the 
inspection or potential violation report receipt. 
 

(f) Based upon site inspection findings, each Copermittee must implement all 
follow-up actions and enforcement necessary to comply with this Order. 
 

(g) To the extent that the Regional Board has conducted an inspection of an 
industrial site during a particular year, the requirement for the responsible 
Copermittee to inspect this facility during the same year will be satisfied. 
 

(h) The Copermittees must track the number of inspections for the inventoried 
industrial and commercial sites/sources throughout the reporting period to 
verify that the sites/sources are inspected at the minimum frequencies 
listed in this Order. 
 

(5) Enforcement of Industrial and Commercial Sites/Sources 
 

Each Copermittee must enforce its storm water ordinance for all industrial and 
commercial sites/sources as necessary to maintain compliance with this 
Order. Copermittee ordinances or other regulatory mechanisms must include 
appropriate sanctions to achieve compliance.  Sanctions must include the 
following or their equivalent:  Non-monetary penalties, fines, bonding 
requirements, and/or permit denials for non-compliance. 
 

(6) Training and Education for Owners and Operators of Commercial and 
Industrial Activities  

 
(a) Each Copermittee must implement an education program using all media 

as appropriate to (1) measurably increase the knowledge of owners and 
operators of commercial and industrial activities regarding MS4s, impacts 
of runoff on receiving waters, and potential BMP solutions for the target 
audience; and (2) to measurably change the behavior of target 
communities and thereby reduce storm water pollutant releases and 
eliminate prohibited non-storm water discharges to MS4s and the 
environment.  At a minimum, the education program must meet the 
requirements of this section and address the following issues: 

 
(i) Laws, regulations, permits, & requirements; 
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(ii) Best management practices; 
(iii) General runoff concepts; and 
 
(iv) Other topics, including public reporting mechanisms, water 

conservation, low-impact development techniques. 
 

(b) BMP Notification:  At least twice during the five-year period of this Order, 
each Copermittee must notify the owner/operator of each inventoried 
industrial and commercial site/source of the BMP requirements applicable 
to the site/source.   

 
c. RESIDENTIAL 

 
Each Copermittee must implement a residential program which meets the 
requirements of this section, prevents illicit discharges into the MS4, reduces 
residential discharges of storm water pollutants from the MS4 to the MEP, and 
prevents residential discharges from the MS4 from causing or contributing to a 
violation of water quality standards. 
 
(1) Threat to Water Quality Prioritization  

 
Each Copermittee must identify residential areas and activities that pose a 
high threat to water quality.  At a minimum, these must include:   
 
(a) Automobile repair, maintenance, washing, and parking; 
(b) Home and garden care activities and product use (pesticides, herbicides, 

and fertilizers); 
(c) Disposal of trash, pet waste, green waste, and household hazardous 

waste (e.g., paints, cleaning products); 
(d) Any other residential source that the Copermittee determines may 

contribute a significant pollutant load to the MS4;  
(e) Any residential areas tributary to a CWA section 303(d) impaired water 

body, where the residence generates pollutants for which the water body 
is impaired; and 

(f) Any residential areas within or directly adjacent to or discharging directly 
to a coastal lagoon, the ocean, or other receiving waters within an 
environmentally sensitive area (as defined in Attachment C of this Order). 

 
(2) BMP Implementation  

 
(a) Pollution Prevention:  Each Copermittee must actively encourage the use 

of pollution prevention methods by residents.  
 
(b) Designate BMPs:  Each Copermittee must designate minimum BMPs for 

high-threat-to-water quality residential areas and activities.  The 
designated minimum BMPs for high-threat-to-water quality residential 
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areas and activities must be area or activity specific.  
 
(c) Hazardous Waste BMPs:  Each Copermittee must facilitate the proper 

management and disposal of used oil, toxic materials, and other 
household hazardous wastes.  Such facilitation must include educational 
activities, public information activities, and establishment of collection sites 
operated by the Copermittee or a private entity.  Curbside collection of 
household hazardous wastes is encouraged. 

 
(d) Implement BMPs:  Each Copermittee must implement, or require 

implementation of, the designated minimum BMPs and any additional 
measures necessary to comply with Sections A and B of this Order. 
 

(e) Each Copermittee must implement, or require implementation of, BMPs 
for residential areas and activities that have not been designated a high 
threat to water quality, as necessary. 
 

(3) Enforcement of Residential Areas and Activities  
 

Each Copermittee must enforce its storm water ordinance for all residential 
areas and activities as necessary to maintain compliance with this Order. 
 

(4) Evaluation of Oversight of Residential Areas and Activities 
 

Each Copermittee must annually review the effectiveness of efforts to reduce 
residential discharges of storm water pollutants from the MS4 and eliminate 
illicit residential discharges into the MS4.  The evaluation must consider 
findings from monitoring data, municipal employee comments, inspections, 
complaints, and other appropriate sources.  
 

(5) Common Interest Areas (CIA) / Home Owner Association (HOA) Areas 
 
Each Copermittee must implement measures specifically to ensure that runoff 
within common interest developments, including areas managed by 
associations, meets the objectives of this section and Order. 
 
(a) BMP Implementation:  Each Copermittee must implement management 

measures based on a review of pertinent factors, including: 
 

(i) Current maintenance duties and procedures used by CIA/HOA 
maintenance associations within its jurisdiction; 

(ii) Whether streets and storm drains are publicly or privately owned within 
the CIA/HOA; 

(iii) Whether the CIA/HOA area has been identified as a high priority 
residential area; 

(iv) Proximity to 303(d)-listed waterbodies, the ocean, environmentally 
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sensitive areas; 
(v) Evaluation of water quality monitoring data; 
(vi) Evaluation of existing illegal discharge/illicit connection activities; 
(vii) Other activities conducted or authorized by the HOA that may pose a 

significant risk to inland or coastal receiving waters. 
 
(b) Legal Authority and Enforcement:   Within one year of adoption of this 

Order, each Copermittee must review its Municipal Code to determine the 
most appropriate method to implement and enforce runoff management 
measures within CIA/HOA areas.   

 
(6) Residential Education Program 

 
(a) Each Copermittee must implement a Residential Education Program using 

all media as appropriate to (1) measurably increase the knowledge 
regarding MS4s, impacts of runoff on receiving waters, and potential BMP 
solutions for the target audience; and (2) to measurably change the 
behavior of target communities and thereby reduce storm water and 
eliminate prohibited non-storm water pollutant releases to MS4s and the 
environment.   

 
(b) Copermittee educational programs must emphasize underserved target 

audiences, residents and managers of CIA/HOA areas, high-risk 
behaviors, and “allowable” behaviors and discharges.  At a minimum, the 
education program must meet the requirements of this section and 
address the following issues: 

 
(i) Laws, regulations, permits, and requirements; 
(ii) Best management practices; 
(iii) General runoff concepts;  
(iv) Existing water quality, including local water quality conditions, impaired 

waterbodies and environmentally sensitive areas; and 
(v) Other topics, including public reporting mechanisms, water 

conservation, low-impact development techniques, and public health 
and disease vector issues associated with runoff. 

 
d. Retrofitting Existing Development  

 
Each Copermittee must develop and implement a retrofitting program which 
meets the requirements of this section.  The goals of the existing development 
retrofitting program are to reduce impacts from hydromodification, promote LID, 
support riparian and aquatic habitat restoration, reduce the discharges of storm 
water pollutants from the MS4 to the MEP, and prevent discharges from the MS4 
from causing or contributing to a violation of water quality standards.  Where 
feasible, at the discretion of the Copermittee, the existing development retrofitting 
program may be coordinated with flood control projects and infrastructure 
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improvement programs. 
 
(1) Source Identification 
 

The Copermittee must identify and inventory existing developments (i.e. 
municipal, industrial, commercial, residential) as candidates for retrofitting.  
Potential retrofitting candidates must include but are not limited to: 
 
(a) Development that contributes pollutants of concern to a TMDL or a ESA; 
(b) Receiving waters channelized or otherwise hardened; 
(c) Development tributary to receiving waters that are channelized or 

otherwise hardened; 
(d) Developments tributary to receiving waters that are significantly eroded; 
(e) Developments tributary to an ASBS or SWQPA; and 
(f) Development that causes hydraulic constriction. 

 
(2) Each Copermittee shall evaluate and rank the inventoried existing 

developments to prioritize retrofitting.  Criteria for evaluation must include but 
is not limited to: 

 
(a) Feasibility; 
(b) Cost effectiveness; 
(c) Pollutant removal effectiveness; 
(d) Impervious area potentially treated; 
(e) Maintenance requirements; 
(f) Landowner cooperation; 
(g) Neighborhood acceptance;  
(h) Aesthetic qualities; and 
(i) Efficacy at addressing concern. 

  
(3) Each Copermittee must consider the results of the evaluation in prioritizing 

work plans for the following year.  Highly feasible projects expected to benefit 
water quality should be given a high priority to implement source control and 
treatment control BMPs.  Where feasible, the retrofit projects should be 
designed in accordance with the SSMP requirements within sections 
F.1.d.(3) through F.1.d.(8).  In addition, the Copermittee shall encourage 
retrofit projects to implement where feasible the Hydromodification 
requirements in Section F.1.h. 

 
(4) When requiring retrofitting on existing development, the Copermittees will 

cooperate with private landowners to encourage retrofitting projects.  The 
Copermittee may consider the following practices in cooperating and 
encouraging private landowners to retrofit their existing development: 

 
(a) Demonstration retrofit projects; 
(b) Retrofits on public land and easements; 
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(c) Education and outreach; 
(d) Subsidies for retrofit projects; 
(e) Requiring retrofit projects as mitigation or ordinance compliance;  
(f) Public and private partnerships; and 
(g) Fees for existing discharges to the MS4. 

 
(5) The completed retrofit BMPs shall be tracked and inspected in accordance 

with section F.1.f. 
 
(6) Where constraints on retrofitting preclude effective BMP deployment on 

existing developments at locations critical to protect receiving waters, a 
Copermittee may propose a regional mitigation project to improve water 
quality.  Such regional projects may include but are not limited to: 

 
(a) Regional water quality treatment BMPs; 
(b) Urban creek or wetlands restoration and preservation; 
(c) Daylighting and restoring underground creeks; 
(d) Localized rainfall storage and reuse to the extent such projects are fully 

protective of downstream water rights;  
(e) Hydromodification project; and 
(f) Removal of invasive plant species. 

 
(7) A retrofit project or regional mitigation project may qualify as a Watershed 

Water Quality Activity provided it meets the requirements in section G. 
Watershed Runoff Management Program. 

 
 

4. ILLICIT DISCHARGE DETECTION AND ELIMINATION 
 
Each Copermittee must implement a program which meets the requirements of this 
section to actively detect and eliminate illicit discharges and disposal into the MS4.  The 
program must address all types of illicit discharges and connections excluding those 
non-storm water discharges not prohibited by the Copermittee in accordance with 
section B of this Order. 
 

a. PREVENT AND DETECT ILLICIT DISCHARGES AND CONNECTIONS 
 

Each Copermittee must implement measures to prevent and detect illicit discharges 
to the MS4.   
 

(1) Legal Authority:  Each Copermittee must retain legal authority to prevent and 
eliminate illicit discharges and connections to the MS4. 

 
(2) Inspections:  Each Copermittee must include use of appropriate municipal 

personnel and contractors to assist in identifying illicit discharges and 
connections during their daily activities.   
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(a) Inspections for illegal discharges and connections must be conducted 

during routine maintenance of all MS4 facilities. 
 
(b) Municipal staff and contractors conducting non-MS4 field operations must 

be trained to report suspected illegal discharges and connections to 
proper municipal staff. 

 
b. MAINTAIN MS4 MAP 

 
Each Copermittee must maintain an updated map of its entire MS4 and the 
corresponding drainage areas within its jurisdiction.  The use of GIS is required.  The 
accuracy of the MS4 map must be confirmed during dry weather field screening and 
analytical monitoring and must be updated at least annually.  The GIS layers of the 
MS4 map must be submitted with the updated Jurisdictional Runoff Management 
Plan within 365 days after adoption of this Order. 
 
c. FACILITATE PUBLIC REPORTING OF ILLICIT DISCHARGES AND CONNECTIONS - PUBLIC 

HOTLINE 
 

Each Copermittee must promote, publicize and facilitate public reporting of illicit 
discharges or water quality impacts associated with discharges into or from MS4s.  
Each Copermittee must facilitate public reporting through development and 
operation of a public hotline.  Public hotlines can be Copermittee-specific or shared 
by Copermittees.  All storm water hotlines must be capable of receiving reports in 
both English and Spanish 24 hours per day and seven days per week.   
 
d. DRY WEATHER FIELD SCREENING AND ANALYTICAL MONITORING 

 
Each Copermittee must conduct dry weather field screening and analytical 
monitoring of MS4 outfalls and other portions of its MS4 within its jurisdiction to 
detect illicit discharges and connections in accordance with Receiving Waters and 
MS4 Discharge Monitoring and Reporting Program No. R9-2009-0002 in Attachment 
E of this Order.  
 
e. INVESTIGATION / INSPECTION AND FOLLOW-UP 

 
Each Copermittee must implement procedures to investigate and inspect portions of 
the MS4 that, based on the results of field screening, analytical monitoring, or other 
appropriate information, indicate a reasonable potential of containing illicit 
discharges, illicit connections, or other sources of pollutants in non-storm water.   
 

(1) Develop response criteria for data:  Each Copermittee must develop, update, 
and use numeric criteria action levels (or other actions level criteria where 
appropriate) to determine when follow-up investigations will be performed in 
response to water quality monitoring.  The criteria must include required 
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non-storm water action levels (see Section C) and a consideration of 303(d)-
listed waterbodies and environmentally sensitive areas (ESAs) as defined in 
Attachment C. 

 
(2) Respond to data:  Each Copermittee must investigate portions of the MS4 

for which water quality data or conditions indicates a potential illegal 
discharge or connection.  

 
(a) Obvious illicit discharges (i.e. color, odor, or significant exceedances of 

action levels) must be investigated immediately.   
 
(b) Field screen data: Within two business days of receiving dry weather field 

screening results that exceed action levels, the Copermittees must either 
initiate an investigation to identify the source of the discharge or document 
the rationale for why the discharge does not pose a threat to water quality 
and does not need further investigation.  This documentation shall be 
included in the Annual Report.   

 
(c) Analytical data:  Within five business days of receiving analytical 

laboratory results that exceed action levels, the Copermittees must either 
initiate an investigation to identify the source of the discharge or document 
the rationale for why the discharge does not pose a threat to water quality 
and does not need further investigation.  This documentation shall be 
included in the Annual Report.   

 
(3) Respond to notifications:  Each Copermittee must respond to and resolve 

each reported incident (e.g., public hotline, staff notification, etc.) in a timely 
manner.  Criteria may be developed to assess the validity of, and prioritize 
the response to, each report. 

 
f. ELIMINATION OF ILLICIT DISCHARGES AND CONNECTIONS  

 
Each Copermittee must take immediate action to initiate steps necessary to 
eliminate all detected illicit discharges, illicit discharge sources, and illicit 
connections after detection.  Elimination measures may include an escalating 
series of enforcement actions for those illicit discharges that are not a serious 
threat to public health or the environment. Illicit discharges that pose a serious 
threat to the public’s health or the environment must be eliminated immediately. 

 
g. ENFORCE ORDINANCES 

 
Each Copermittee must implement and enforce its ordinances, orders, or other 
legal authority to prevent illicit discharges and connections to its MS4 and to 
eliminate detected illicit discharges and connections to it’s MS4.   
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h. PREVENT AND RESPOND TO SEWAGE SPILLS (INCLUDING FROM PRIVATE LATERALS 
AND FAILING SEPTIC SYSTEMS) AND OTHER SPILLS  

 
(1) Each Copermittee must implement management measures and procedures 

to prevent, respond to, contain and clean up all sewage (see below) and 
other spills that may discharge into its MS4 from any source (including 
private laterals and failing septic systems).  Copermittees must coordinate 
with spill response teams to prevent entry of spills into the MS4 and 
contamination of surface water, ground water and soil.  Each Copermittee 
must coordinate spill prevention, containment and response activities 
throughout all appropriate departments, programs and agencies so that 
maximum water quality protection is available at all times.  

 
(2) Each Copermittee must develop and implement a mechanism whereby it is 

notified of all sewage spills from private laterals and failing septic systems 
into its MS4.  Each Copermittee must implement management measures 
and procedures to prevent, respond to, and coordinate a response to contain 
and clean up sewage from any such notification.  

 
i. EDUCATION AND TRAINING 

 
Each Copermittee must implement educational activities, public information 
activities, and other appropriate activities to facilitate the proper management 
and disposal of used oil and toxic materials. 
 
 

5. PUBLIC PARTICIPATION COMPONENT 
 

Each Copermittee must incorporate a mechanism for public participation in the 
updating, development, and implementation of the Jurisdictional Runoff 
Management Program. 
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G. WATERSHED RUNOFF MANAGEMENT PROGRAM 
 
1. Lead Watershed Copermittee Identification 
 
Watershed Copermittees shall identify the Lead Watershed Copermittee for their 
Watershed Management Area (WMA).  The Lead Watershed Copermittees shall serve 
as liaisons between the Permittees and Regional Board, where appropriate.    
 
2. Watershed Water Quality Workplan (Watershed Workplan) 
 
The Watershed Workplan shall describe the Permittees’ development and 
implementation of a collective watershed strategy to assess and prioritize the water 
quality problems within the watershed’s receiving waters, identify and model sources of 
the highest priority water quality problem(s), develop a watershed-wide BMP 
implementation strategy to abate highest priority water quality problems, and a 
monitoring strategy to evaluate BMP effectiveness and changing water quality 
prioritization in the WMA.   
 
The work plan shall, at a minimum: 
 

a. Characterize the receiving water quality in the WMA.  Characterization shall 
include use of regularly collected water quality data, reports, monitoring and 
analysis generated in accordance with the requirements of the Receiving Waters 
Monitoring and Reporting Program, as well as applicable information available 
from other public and private organizations. 

 
b. Identify the highest priority water quality problem(s), in terms of constituents by 

location, in the WMA’s receiving waters.  Identified water quality problem(s) shall, 
at a minimum, give consideration to; TMDLs, receiving waters listed on the CWA 
section 303(d) list, waters with persistent violations of water quality standards, 
toxicity, or impacts to beneficial uses, and other pertinent conditions. 
  

c. Identify the sources of the highest water quality problem(s) within the WMA.  
Efforts to determine such sources shall include, but not be limited to: use of 
information from the construction, industrial/commercial, municipal, and 
residential source identification programs required within the Jurisdictional Runoff 
Program (JRMP) of this Order; specific actions to model pollutant transport to 
receiving waters for the sake of identifying the source(s) point(s) of origin;  water 
quality monitoring data collected as part of the Receiving Water Monitoring and 
Reporting Program required by this Order, and additional focused water quality 
monitoring to identify specific sources within the watershed. 

 
d. Develop a watershed BMP implementation strategy to attain receiving water 

quality objectives in the identified highest priority water quality problem(s).  The 
BMP implementation strategy shall include a schedule for implementation of the 
BMP projects to abate specific receiving water quality problems.  BMPs not 
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contributing to measured pollutant reductions or improvements to water quality 
must be removed and replaced with alternative BMPs.  Identified watershed 
water quality problems may be the result of jurisdictional discharges that will 
need to be addressed with BMPs applied in a specific jurisdiction in order to 
generate a benefit to the watershed. 

 
e. Develop a strategy to model and monitor improvements in receiving water quality 

directly resulting from implementation of the BMPs described in the Watershed 
Workplan.  The modeling and monitoring strategy shall generate the necessary 
data to report on the measured pollutant reduction that results from proper BMP 
implementation.  Monitoring shall, at a minimum, be conducted in the receiving 
water to demonstrate reduction in pollutant concentrations and progression 
towards attainment of receiving water quality objectives. 

 
f. Establish a schedule for development and implementation of the Watershed 

strategy outlined in the Workplan.  The schedule shall, at a minimum, include 
forecasted dates of planned actions to address Provisions E.2(a) through E.2(e) 
and dates for watershed review meetings through the remaining portion of this 
Permit cycle.  Annual watershed workplan review meetings must be open to the 
public and appropriately publically noticed such that interested parties may come 
and provide comments on the watershed program. 

  
3. Watershed Workplan Implementation – Watershed Copermittee’s shall begin 

implementing the Watershed Workplan within 60-days of acceptance by the 
Regional Board Executive Officer.  If within 30 days of submittal, the Regional Board 
has not taken an action, the Workplan shall be deemed acceptable. 

 
4. Copermittee Collaboration – Watershed Copermittees shall collaborate to develop 

and implement the Watershed Workplan.  Watershed Copermittee collaboration 
shall include frequent regularly scheduled meetings. 

 
5. Public Participation – Watershed Copermittees shall implement a watershed-

specific public participation mechanism within each watershed.  A required 
component of the watershed-specific public participation shall be a minimum 30-day 
public review of the Watershed Workplan prior to submittal for acceptance by the 
Regional Board Execuive Officer.  Opportunity for the public to review and comment 
on the Watershed Workplan must occur before the workplan is implemented. 

 
6. Watershed Workplan Review and Updates – Watershed Copermittees shall 

review and update the Watershed Workplan annually to identify needed changes to 
the prioritized water quality problem(s) listed in the workplan.  All updates to the 
Watershed Workplan shall be presented during an Annual Watershed Review 
Meeting.  Annual Watershed Review Meetings shall occur once every calendar year 
and be conducted by the Watershed Copermittees. Annual Watershed Review 
Meetings shall be open to the public and adequately noticed.  Individual Watershed 
Copermittees shall also review and modify their jurisdictional programs and JRMP 
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Annual Reports, as necessary, so that they are consistent with the updated 
Watershed Workplan. 

 
7. Aliso Creek Watershed Runoff Management Plan (WRMP) Provisions 
 

The following provisions apply to the Aliso Creek WRMP.  Requirements in this 
subsection must supersede requirements prescribed by the Regional Board on 
October 18, 2005.20  

 
a. Each Copermittee within the Aliso Creek Watershed must implement the 

monitoring and reporting program described in Aliso Creek 13325 Directive, 
Revised Monitoring Program Design – Integration with NPDES Program, 
December 2004 (Revised Aliso Creek Program).    

 
b. Each Copermittee must provide annual reports by March 1 of each year 

beginning in 2011 for the preceding annual period of January through 
December.  The annual reports must contain the following information: 
 

(1)  Water quality data and assessment from the Revised Aliso Creek 
Program.   Each municipality must implement the monitoring and 
reporting program described in the Revised Aliso Creek Program.  All 
information submitted in the report must conform to a SWAMP-
Compatible Quality Assurance Project Plan21.  The report must contain 
an assessment of compliance with applicable water quality standards 
for each monitoring station.  The report must include data in tabular 
and graphical form, and electronic data must be submitted to the 
Regional Board. 

 
(2) Program Assessment.  A description and assessment of each 

municipality’s program implemented within the high-priority storm drain 
locations (as identified Revised Aliso Creek Program) to reduce 
discharges of indicator fecal bacteria/pathogens.  Monitoring alone is 
not sufficient to assess progress of the municipal programs.  
Municipalities must demonstrate each year that their programs are 
effective and resulting in a reduction of bacteria sources. 

 
(i) For structural and nonstructural management practices 

implemented, the assessment must contain a description of the 

                                            
20 On October 12, 2005, the Regional Board accepted proposed changes to the bacteria monitoring 
program that had been conducted since spring 2001 pursuant to an Investigative Order from the Regional 
Board’s executive officer.  The October 18, 2005, letter from the Regional Board’s executive officer 
revised the Investigative Order and instituted the new monitoring and reporting requirements.  
21 The State Water Resource Control Board (State Board) has prepared an electronic template for Quality 
Assurance Project Plans (QAPP) to assist in QAPP development, to provide a common format that will 
allow for review to be expedited, and to provide information on Surface Water Ambient Monitoring 
(SWAMP) consistency.  Additional information and the template are available on-line at 
http://www.waterboards.ca.gov/swamp/qapp.html. 
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practice, capital and maintenance costs, expectations for 
effectiveness, date implemented, and any observed results. 

 
(ii) For structural and nonstructural management practices evaluated, 

the assessment must contain a description of the practice(s), 
conclusions from the evaluation, and whether and when the 
practice is planned for implementation by the municipality or group 
of municipalities. 

 
(3) Status Reports.  Updates on high-priority storm drain areas.  Status 

reports must be provided by each municipality that discuss the causes 
of impairment and subsequent management activities implemented 
within the reporting period in the high priority areas and the planned 
activities for the next reporting period. 

 
(4) Certification Statement.  The technical reports submitted to the 

Regional Board must include the following certification statement 
signed by either the principal executive officer, ranking elected official, 
or duly authorized representative of that person: 

 
I certify under penalty of law that this document and all attachments were 
prepared under my direction or supervision in accordance with a system 
designed to assure that qualified personnel properly gather and evaluate 
the information submitted.  Based on my inquiry of the person(s) directly 
responsible for gathering the information, the information is, to the best of 
my knowledge and belief, true, accurate, and complete.  I am aware that 
there are significant penalties for submitting false information, including 
the possibility of fine and imprisonment for knowing violations. 
 

c. The annual reports must be submitted until the Regional Board determines 
they are no longer warranted.  If requested by a municipality, the monitoring 
program may be modified or reduced by the Regional Board.  The monitoring 
program and annual reporting may be modified in response to adopted 
TMDLs and additional Clean Water Act 303(d) listings for impairment.  

 
d. Municipalities must continue meeting on a quarterly basis to discuss efforts to 

reduce bacteria in the Aliso Creek watershed.  
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H. FISCAL ANALYSIS 
 
1. Secure Resources:  Each Copermittee must secure the resources necessary to 

meet all requirements of this Order.   
 
2. Annual Analysis:  Each Copermittee must conduct an annual fiscal analysis of the 

necessary capital and operation and maintenance expenditures necessary to 
accomplish the activities of the programs required by this Order.  The analysis must 
include estimated expenditures for the reporting period, the preceding period, and 
the next reporting period.  
 
a. Each analysis must include a description of the source of funds that are 

proposed to meet the necessary expenditures, including legal restrictions on the 
use of such funds. 

b. Each analysis must include a narrative description of circumstances resulting in a 
25 percent or greater annual change for any budget line items. 

 
3. Annual Reporting:  Each Copermittee must submit its annual fiscal analysis with the 

annual JRMP report.
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I. TOTAL MAXIMUM DAILY LOADS  
 

The waste load allocations (WLAs) of fully approved and adopted TMDLs are 
incorporated as Water Quality Based Effluent Limitations on a pollutant by pollutant, 
watershed by watershed basis.  Early TMDL requirements, including monitoring, 
may be required and inserted into this Order pursuant to Finding E.10 
 

1.  Baby Beach Bacterial Indicator TMDL Water Quality Based Effluent Limitations 
 

a. The Copermittees in the Baby Beach watershed shall implement BMPs capable 
of achieving the interim and final Bacterial Indicator Waste Load Allocations 
(WLAs) in discharges to Baby Beach as described in Table 6. 

 
Table 6: TMDL Waste Load Reduction Milestones 

Action Date 
3 years after effective date for dry weather Meet 50% wasteload reductions 
7 years after effective date for wet weather 
5 years after effective date for dry weather Meet 100% wasteload reductions 
10 years after effective date for wet weather 

 
b. The Copermittees shall conduct necessary monitoring, as described in 

Attachment A to Resolution No. R9-2008-0027, and submit annual progress 
reports as part of their yearly reports. 

c. The following WLAs (Table 7) are to be met in Baby Beach receiving water by 
the end of the year 2019 for wet weather and 2014 for dry weather: 

 
Table 7: Final Bacterial Indicator Waste Load Allocations for Baby Beach 

Waste Load Allocation  
 
Bacterial Indicator 

Dry Weather 
(Billion MPN / Day)

Wet Weather 
(Billion MPN / 30 Days)

Total Coliform 0.86 3,254 
Fecal Coliform 0.17 112 
Enterococcus 0.03 114 
MPN: Most Probable Number 
 

d. The Copermittees must meet the following Numeric Targets (Table 8) in Baby 
Beach receiving waters in order to meet the underlying assumptions of the 
TMDL.  The Numeric Targets are to be met once 100 percent of the WLA 
reductions have been achieved (see Table 7 above). 

 
Table 8: Final Bacterial Indicator Numeric Targets for Baby Beach 
 
Bacterial Indicator 

30-day geo mean 
(MPN / 100mL) 

Single Sample Max 
(MPN / 100mL) 

 Dry Weather only Dry and Wet Weather 
Total Coliform 1,000 10,000 
Fecal Coliform 200 400 
Enterococcus 35 104 
MPN: Most Probable Number 
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J. PROGRAM EFFECTIVENESS ASSESSMENT AND REPORTING 
 
1. Jurisdictional Program Effectiveness Assessments 

 
a. OBJECTIVES OF EFFECTIVENESS ASSESSMENTS 

 
Beginning with the Annual Report due in 2011, each Copermittee must annually 
assess the effectiveness of its Jurisdictional Runoff Management Program 
(JRMP) implementation at meeting the following objectives: 
 
(1) Objective for 303(d) Waterbodies: Reduce storm water pollutant loadings. 

 
(a) Each Copermittee must establish annual assessment measures or 

methods specifically for reducing discharges of storm water pollutants 
from its MS4 into each downstream 303(d)-listed water body for which that 
waterbody is impaired.  Assessment measures must be developed for 
each of the six outcome levels described by CASQA.22 

(b) Each Copermittee must annually conduct each established assessment 
measure or method and evaluate the outcome.  Each outcome must then 
be used to assess the effectiveness of implemented management 
measures toward reducing MS4 discharges of the specific pollutants 
causing or contributing to conditions of impairment.  

(c) The assessment measures must target both water quality outcomes and 
the results of municipal enforcement activities. 

 
(2) Objective for Environmentally-Sensitive Areas: Prevent storm water MS4 

discharges from causing or contributing to conditions of pollution, nuisance, 
or contamination. 

 
(a) Each Copermittee must establish annual measures or methods 

specifically for assessing the effectiveness of its management measures 
for protecting downstream ESAs from adverse effects caused by 
discharges from its MS4.  Assessment measures must be developed for 
each of the six outcome levels described by CASQA. 

(b) Each Copermittee must annually implement each established assessment 
measure or method and evaluate the outcome.  Each outcome must be 
used to assess the effectiveness of implemented management measures 
toward reducing MS4 discharges of the specific pollutants causing or 
contributing to conditions of impairment.  

(c) The assessment measures must target both water quality outcomes and 
the results of municipal enforcement activities. 

 
(3) Objectives for major program component outcomes: Determined by Each 

                                            
22 Effectiveness assessment outcome levels as defined by CASQA are defined in Attachment C of this 
Order.  See “Municipal Stormwater Program Effectiveness Assessment Guidance” (CASQA, May 2007) 
for guidance for assessing program activities at the various outcome levels. 
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Copermittee. 
 
(a) Each Copermittee must annually develop objectives for each program 

component in Section F and the overall JRMP.  The objectives must be 
established as appropriate in response to program implementation and 
evaluation of water quality and management practices. 

(b) Assessment approaches for program implementation must include a mix 
of specific activities, general program components, and water quality data. 

(c) The assessment measures must target both water quality outcomes and 
the results of municipal enforcement activities. 

 
(4) Objectives for actions taken to protect receiving water limitations in 

accordance with this Order. 
 
(a) Each Copermittee must develop and implement an effectiveness 

assessment strategy for each measure conducted in response to a 
determination to implement the “iterative” approach to prevent or reduce 
any storm water pollutants that are causing or contributing to the 
exceedance of water quality standards as outlined in this Order 

 
b. ASSESSMENT REVIEW 

 
(1) Based on the results of the effectiveness assessments, each Copermittee 

must annually review its jurisdictional activities and BMPs to identify 
modifications and improvements needed to maximize JRMP effectiveness, as 
necessary to achieve compliance with this Order.   

 
(2) Each Copermittee must develop and annually conduct an Integrated 

Assessment23 of each effectiveness assessment objective above (Section 
J.1.a) and the overall JRMP using a combination of outcomes as appropriate 
to the objectives.24 

 
2. Program Modifications 

 
a. Each Copermittee must develop and implement a plan and schedule to address 

program modifications and improvements identified during annual effectiveness 
assessments. 

 
b. Jurisdictional activities/BMPs that are ineffective or less effective than other 

comparable jurisdictional activities/BMPs must be replaced or improved upon by 
implementation of more effective jurisdictional activities/BMPs.  Where 
monitoring data exhibits persistent water quality problems that are caused or 

                                            
23 Integrated assessment is defined in Attachment C.  It is the process of evaluating whether program 
implementation is resulting in the protection or improvement of water quality.  Integrated assessment 
combines assessments of program implementation and water quality. 
24 Not all program components need be addressed at each of the six outcome levels. 
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contributed to by MS4 discharges, jurisdictional activities or BMPs applicable to 
the water quality problems must be modified and improved to correct the water 
quality problems. 

 
3. Effectiveness Assessment and Program Response Reporting 
 

a. Each Copermittee must include a description and summary of its annual and 
long-term effectiveness assessments within each Annual Report.  Beginning with 
the Annual Report due in 2011, the Program Effectiveness reporting must 
include: 
 
(1) 303(d) waterbodies:  A description and results of the annual assessment 

measures or methods specifically for reducing discharges of storm water 
pollutants from its MS4 into each 303(d)-listed waterbody; 

(2) ESAs:  A description and results of the annual assessment measures or 
methods specifically for managing discharges of pollutants from its MS4 into 
each downstream ESA; 

(3) Other Program Components:  A description of the objectives and 
corresponding assessment measures and results used to evaluate the 
effectiveness of each general program component.  The results must include 
findings from both program implementation and water quality assessment 
where applicable; 

(4) Receiving water protection:  A description and results of the annual 
assessment measures or methods employed specifically for actions taken to 
protect receiving water limitations in accordance with Section A.3 of this 
Order; 

(5) A description of the steps taken to use dry-weather and wet-weather 
monitoring data to assess the effectiveness of the programs for 303(d) 
impairments, ESAs, and general program components;  

(6) A description of activities conducted in response to investigations of illicit 
discharge and illicit connection activities, including how each investigation 
was resolved and the pollutant(s) involved; 

(7) Responses to effectiveness assessments:  A description of each program 
modification, made in response to the results of effectiveness assessments 
conducted pursuant to Section J.1.a, and the basis for determining (pursuant 
to Section J.2.b.) that each modified activity and/or BMP represents an 
improvement with respect to reducing the discharge of storm water pollutants 
from the MS4. 

(8) A description of the steps that will be taken to improve the Copermittee’s 
ability to assess program effectiveness using measurable targeted outcomes, 
assessment measures, assessment methods, and outcome levels 1-6. 
Include a time schedule for when improvement will occur; and 

 
(9) A description of the steps that will be taken to identify aspects of the 

Copermittee’s Jurisdictional Runoff Management Program that will be 
changed based on the results of the effectiveness assessment.   
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4. Work Plan 
 
Each Copermittee must develop a work plan to address their high priority water quality 
problems in an iterative manner over the life of the permit.  The goal of the work plan is 
to demonstrate a responsive and adaptive approach for the judicious and effective use 
of available resources to attack the highest priority problems.  The work plan shall 
include, at a minimum, the following: 
 

a. The problems and priorities identified during the assessment; 
b. A list of priority pollutants and known or suspected sources; 
c. A brief description of the strategy employed to reduce, eliminate or mitigate the 

negative impacts; 
d. A description and schedule for new and/or modified BMPs.  The schedule is to 

include dates for significant milestones; 
e. A description of how the selected activities will address an identified high priority 

problem.  This will include a description of the expected effectiveness and 
benefits of the new and/or modified BMPs; 

f. A description of implementation effectiveness metrics; 
g. A description of how efficacy results will be used to modify priorities and 

implementation; and 
h. A review of past activities implemented, progress in meeting water quality 

standards, and planned program adjustments. 
 
The Copermittee shall submit the work plan to the Regional Board within 365 days of 
adoption of the Order.  Annual updates are also required and shall be included with the 
annual JRMP report.  The Regional Board will assess the work plan for compliance with 
the specific and overall requirements of the Order.  To increase effectiveness and 
efficiencies, Copermittees may combine their implementation efforts and work plans 
within a hydrologic area or sub area.  Each Copermittee, however, maintains individual 
responsibility for developing and implementing an acceptable work plan. 
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K. REPORTING 
The Copermittees may propose alternate reporting criteria and schedules, as part of 
their updated JRMP, for the Executive Officer’s acceptance.  The Copermittees shall 
submit the updated JRMP within 365 days after adoption of this Order. 

 
1. Runoff Management Plans 

 
a. JURISDICTIONAL RUNOFF MANAGEMENT PLANS 

 
(1) Copermittees: The written account of the overall program to be conducted by 

each Copermittee to meet the jurisdictional requirements of section F of this 
Order is referred to as the Jurisdictional Runoff Management Plan (JRMP).  
Each Copermittee must revise and update its existing JRMP so that it 
describes all activities the Copermittee will undertake to implement the 
requirements of this Order.  Each Copermittee must submit its updated and 
revised JRMP to the Regional Board 365 days after adoption of this Order.  

 
(2) At a minimum, each Copermittee’s JRMP must be updated and revised to 

demonstrate compliance with each applicable section of this Order. 
 
b. WATERSHED WORKPLANS 

 
(1) Copermittees:  The written account of the program conducted by each 

watershed group of Copermittees is referred to as the Watershed Workplan.  
Copermittees within each watershed shall be responsible for updating and 
revising each Watershed Workplan.  Each Watershed Workplan shall be 
updated and revised to describe any changes in water quality problems or 
priorities in the WMAs, and any necessary change to actions Copermittees 
will take to implement jurisdictional or watershed BMPs to address those 
identified. 

 
(2) Lead Watershed Copermittee:  Each Lead Watershed Permittee shall be 

responsible for coordinating the production of the Watershed Workplan, as 
well as coordinating Annual Watershed Review Meetings and public 
participation/public noticing in accordance with the requirements of this Order.  
The Lead Watershed Permittee shall submit the Watershed Workplan to the 
Principal. 

 
(3) Principal Copermittee:  The Principal Permittee shall assemble and submit 

the Watershed Workplan to the Regional Board no later than 365 days after 
adoption of this Order, and shall be prepared to implement the workplan 
within 60 days of the Regional Board Executive Officer deeming the workplan 
acceptable. 
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(4) Each Watershed Workplan shall, at a minimum, include:   
 
(a) Identification of the Lead Watershed Permittee for the watershed. 
(b) An updated watershed map. 
(c) Identification and description of all applicable water quality data, reports, 

analyses, and other information to be used to assess receiving water 
quality. 

(d) Assessment and analysis of the watershed’s water quality data, reports, 
analyses, and other information, used during identification and 
prioritization of the watershed’s water quality problems. 

(e) A prioritized list of water quality problems within the WMA including 
rationale explaining the method/logic used to determine prioritization.  

(f) Identification of the likely sources, pollutant discharges, and/or other 
factors causing the high priority water quality problems within the WMA. 

(g) A description of the strategy to be used to guide Copermittee 
implementation of BMPs either jurisdictionally or on a watershed-wide 
basis to abate the highest water quality problems 

(h) A list of criteria used to evaluate BMP effectiveness and how it was 
applied. 

(i) A GIS map of BMPs implemented and BMPs scheduled for 
implementation.   

(j) A description of the public participation mechanisms to be used and the 
parties anticipated to be involved during the development and 
implementation of the Watershed Workplan. 

(k) A description of Copermittee collaboration to accomplish development of 
the Watershed Workplan, including a schedule for Watershed meetings. 

(l) A description of how TMDLs and 303(d)-listed water bodies were 
considered during prioritization of watershed water quality problems   

(m)A description of the strategy to model and monitor improvement in 
receiving water quality directly resulting from implementation of the BMPs 
described in the Watershed Workplan.   

(n) A scheduled annual Watershed Workplan Review Meeting once every 
calendar year.  This meeting shall be open to the public.  

 
2. Other Required Reports and Plans 

 
a. SSMP UPDATES 

 
(1) Copermittees must submit their updated model SSMP in accordance with the 

applicable requirements of section F.1 with the JRMP two years after 
adoption of this Order. 

(2) Within 180 days of determination that the Model SSMP is in compliance with 
this Permit’s provisions, each Copermittee must update their own local 
SSMP, and amended ordinances consistent with the model SSMP, and shall 
submit both (local SSMP and amended ordinances) to the Regional Board.   

(3) For SSMP-related requirements of Section F.1 with subsequent 
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implementation due dates, updated SSMPs must be submitted with the JRMP 
annual report covering the applicable reporting period. 

 
b. REPORT OF WASTE DISCHARGE 
 

The Principal Copermittee must submit to the Regional Board, no later than 210 
days in advance of the expiration date of this Order, a Report of Waste 
Discharge (ROWD) as an application for issuance of new waste discharge 
requirements.   The fourth annual report for this Order may serve as the ROWD, 
provided it contains the minimum information below. 
 
At a minimum, the ROWD must include the following:  (1) Proposed changes to 
the Copermittees’ runoff management programs; (2) Proposed changes to 
monitoring programs; (3) Justification for proposed changes; (4) Name and 
mailing addresses of the Copermittees; (5) Names and titles of primary contacts 
of the Copermittees; and (6) Any other information necessary for the reissuance 
of this Order. 
 

3. Annual Reports 
 
a. JURISDICTIONAL RUNOFF MANAGEMENT PROGRAM (JRMP) ANNUAL REPORTS 
 

(1) Copermittees:  Each Copermittee must generate individual JRMP Annual 
Reports which cover implementation of its jurisdictional activities during the 
past annual reporting period.  Each Annual Report must verify and document 
compliance with this Order as directed in this section.  Each Copermittee 
must retain records through 2015, available for review, that document 
compliance with each requirement of this Order.  Each Copermittee must 
submit to the Principal Copermittee its individual JRMP Annual Report by the 
date specified by the Principal Copermittee.  The reporting period for these 
annual reports must be the previous fiscal year.  For example, the report 
submitted September 30, 2010 must cover the reporting period July 1, 2009 
to June 30, 2010. 

 
(2) Principal Copermittee: The Principal Copermittee is responsible for collecting 

and assembling each Copermittee’s individual JRMP Annual Report. The 
Principal Copermittee must submit Unified JRMP Annual Reports to the 
Regional Board by September 30 of each year, beginning on  
September 30, 2011.  The Unified JRMP Annual Report must contain the 13 
individual JRMP Annual Reports.   

 
(3) Each JRMP Annual Report must contain, at a minimum, the following 

information: 
 

(a) Information required to be reported annually in Section H (Fiscal Analysis) 
of this Order; 

RB-AR7492



R9-2009-0002 Page 86 of 91 December 16, 2009 

DIRECTIVE K: REPORTING 

(b) Information required to be reported annually in Section J (Program 
Effectiveness) of this Order;  

(c) The completed Reporting Checklist found in Attachment D, and 
(d) Information for each program component by watershed as described in the 

following Table 9: 
 
Table 9.  Annual Reporting Requirements 

Program 
Component 

Reporting Requirement 

1. Updated relevant sections of the General Plan and 
environmental review process and a description of planned 
updates within the next annual reporting period, if applicable 
2. Revisions to the local SSMP, including where applicable: 

(a) Identification and summary of where the SSMP fails to 
meet the requirements of this Order; 
(b) Updated procedures for identifying pollutants of concern 
for each Priority Development Project; 
(c) Updated treatment BMP ranking matrix; and 
(d) Updated site design and treatment control BMP design 
standards; 

3. Verification that site design, source control, and treatment 
BMPs were required on all applicable Priority Development 
Projects; 
4. Description of the application of LID and site design BMPs in 
the planning and approval process; 
5. Description of projects subject to the local waiver provision for 
numeric sizing of treatment control BMP requirements; 
6. Description and summary of the LID site design BMP 
substitution program, if applicable; 
7. Description and summary of the process to verify compliance 
with SSMP requirements; 
8. Updates to the BMPs that are listed in the local SSMP as 
options for treatment control; 
9. Description of the treatment control maintenance tracking 
process and verification that the requirements of this Order were 
met during the reporting period; 

(a) Updated watershed-based database of approved 
treatment control BMPs and treatment control BMP 
maintenance within its jurisdiction, including updates to the list 
of high-priority treatment BMPs; 

10.  Description of the process for identifying and evaluating 
hydrologic conditions of concern and requiring a suite of 
management measures within all Priority Development Projects to 
protect downstream beneficial uses and prevent adverse physical 
changes to downstream stream channels; 

New Development 

11. Description of enforcement activities applicable to the new 
development and redevelopment component and a summary of 
the effectiveness of those activities; 
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Program 
Component 

Reporting Requirement 

1. Updated relevant ordinances and description of planned 
ordinance updates within the next annual reporting period, if 
applicable; 
2. A description of procedures used for identifying priorities for 
inspecting sites and enforcing control measures which consider 
the nature of the construction activity, topography, and the 
characteristics of soils and receiving water quality; 
3. Designated minimum and enhanced BMPs; 

Construction 

4. Summary of the inspection program, including the following 
information: 

(a) Number and date of inspections conducted at each facility, 
including the facility address; 
(b) Number of facilities lacking adequate BMPs; 
(c) The BMP violations identified during the inspection by 
facility; 
(d) Number, date, and types of enforcement actions by facility; 

       (e) Narrative description of inspection findings and follow-up 
           activities for each facility; 
1. Updated source inventory; 
2. Changes to the designated municipal BMPs; 
3. Descriptions of procedures to assure that flood management 
projects assess the impacts on the water quality of receiving water 
bodies; 
4. Summary and assessment of BMPs implemented at retrofitted 
flood control structures, including: 

(a) List of projects with BMP retrofits; and 
(b) List and description of structures retrofitted without BMPs; 

5. Description and assessment of the municipal structural 
treatment control operations and maintenance activities, including: 

(a) Number of inspections and types of facilities; and 
(b) Summary of findings; 

6. Description of the municipal areas/facilities operations and 
maintenance activities, including: 

(a) Number and types of facilities maintained; 
(b) Amount of material removed and how that material was 
disposed; and 
(c) List of facilities planned for bi-annual inspections and the 
justification; 

Municipal 

7. Description of the municipal areas/programs inspection 
activities, including: 

(a) Number and date of inspections conducted at each facility; 
(b) Number of facilities lacking adequate BMPs; 
(c) The BMP violations identified during the inspection by 
facility; 
(d) Number, date and types of enforcement actions by facility;  
(e) Narrative description of inspection findings and follow-up 
activities for each facility; 
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Program 
Component 

Reporting Requirement 

8. Description of activities implemented to address sewage 
infiltration into the MS4; 
1. Annual inventory of commercial / industrial sources; 
2. Summary of the inspection program, including the following 
information: 

(a) Number and date of inspections conducted at each facility 
including the facility address; 
(b) Number of facilities lacking adequate BMPs; 
(c) The BMP violations identified during the inspection by 
facility; 
(d) Number, date, and types of enforcement actions by facility; 
(e) Narrative description of inspection findings and follow-up 
activities for each facility; 

3. Changes to designated minimum and enhanced BMPs; 

Commercial / 
Industrial 

4. A list of industrial sites, including each name, address, and SIC 
code, that the Copermittee suspects may require coverage under 
the General Industrial Permit, but has not submitted an NOI; 

Residential 1. Updated minimum BMPs required for residential areas and 
activities; 

 2. Quantification and summary of applicable runoff and storm 
water enforcement actions within residential areas and activities; 

 3. Description of efforts to manage runoff and storm water 
pollution in common interest areas; 
1. Changes to the legal authority to implement Illicit Discharge 
Detection and Elimination activities; 
2. Changes to the established investigation procedures; 
3. Public reporting mechanisms, including phone numbers and 
web pages; 
4. All data and assessments from the Dry Weather Effluent 
Analytical Monitoring activities; 
5. Response criteria developed for water quality data and 
notifications; 
6. Summaries of illicit discharges (including spills and water quality 
data events)  and how each significant case was resolved; 
7. A description of instances when field screening and analytical 
data exceeded action levels, but for which no investigation was 
conducted; 
8. A description of enforcement actions taken in response to 
investigations of illicit discharges and a description of the 
effectiveness of those enforcement measures; 

Illicit Discharge 
Detection and 
Elimination 

9. A description of controls to prevent infiltration of seepage from 
municipal sanitary sewers to municipal separate storm sewer 
systems; 

Work Plan Priorities, strategy, implementation schedule and effectiveness 
evaluation; 

 
(4) Each JRMP Annual Report must also include the following information 
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regarding non-storm water discharges (see Section B.2. of this Order): 
 

(a) Identification of non-storm water discharge categories identified as a source 
of pollutants to waters of the U.S; 

(b) A description of ordinances, orders, or similar means to prohibit non-storm 
water discharge categories identified under section B.2 above ; 

(c) Identification of any control measures to be required and implemented for 
non-storm water discharge categories identified as needing said controls by 
the Regional Board; and 

(d) A description of a program to address pollutants from non-emergency fire 
fighting flows identified by the Copermittee to be significant sources of 
pollutants. 

 
4. Interim Reporting Requirements 

 
For the July 2009-June 2010 reporting period, the Jurisdictional RMP must be 
submitted on January 31, 2011.  Each Jurisdictional RMP Annual Report submitted 
for this reporting period must, at a minimum, include comprehensive descriptions of 
all activities conducted to fully implement the Copermittees’ Jurisdictional RMP 
documents, as those documents were developed to comply with the requirements of 
Order No. 2002-01.  The Principal Copermittee must submit these documents in a 
unified manner, consistent with the unified reporting requirements of Order No. 
2002-01.   
 

5. Universal Reporting Requirements 
 

All submittals must include an executive summary, introduction, conclusion, 
recommendations, and signed certified statement.  Each Copermittee must submit a 
signed certified statement covering its responsibilities for each applicable submittal.  
The Principal Copermittee must submit a signed certified statement covering its 
responsibilities for each applicable submittal and the sections of the submittals for 
which it is responsible. 

 

RB-AR7496



R9-2009-0002 Page 90 of 91 December 16, 2009 

DIRECTIVE L: MODIFICATION OF PROGRAMS 
DIRECTIVE M: PRINCIPLE COPERMITTEE RESPONSIBILITIES 

DIRECTIVE N: MONITORING AND REPORTING PROGRAM 

L. MODIFICATION OF PROGRAMS 
 

Modifications of Jurisdictional Runoff Management Programs and/or Watershed 
Runoff Management Programs may be initiated by the Executive Officer of the 
Regional Board or by the Copermittees.  Requests by Copermittees must be made 
to the Executive Officer, and must be submitted during the annual review process.  
Requests for modifications should be incorporated, as appropriate, into the Annual 
Reports or other deliverables required or allowed under this Order. 
 

1. Minor Modifications:  Minor modifications to Jurisdictional Runoff Management 
Programs, and/or Watershed Runoff Management Programs, may be accepted by 
the Executive Officer where the Executive Officer finds the proposed modification 
complies with all discharge prohibitions, receiving water limitations, and other 
requirements of this Order. 

 
2. Modifications Requiring an Amendment to this Order: Proposed modifications that 

are not minor require amendment of this Order in accordance with this Order’s rules, 
policies, and procedures. 

 
 
M. PRINCIPAL COPERMITTEE RESPONSIBILITIES 
 
Within 180 days of adoption of this Order, the Copermittees must designate the 
Principal Copermittee and notify the Regional Board of the name of the Principal 
Copermittee.  The Principal Copermittee must, at a minimum: 
 
1. Serve as liaison between the Copermittees and the Regional Board on general 

permit issues, and when necessary and appropriate, represent the Copermittees 
before the Regional Board. 

2. Coordinate permit activities among the Copermittees and facilitate collaboration on 
the development and implementation of programs required under this Order. 

3. Integrate individual Copermittee documents and reports into single unified 
documents and reports for submittal to the Regional Board as required under this 
Order.  

4. Produce and submit documents and reports as required by section K of this Order 
and Receiving Waters and MS4 Discharge Monitoring and Reporting Program No. 
R9-2009-0002 in Attachment E of this Order. 

 
 
N. RECEIVING WATERS AND MS4 DISCHARGE MONITORING AND REPORTING 

PROGRAM 
 
Pursuant to CWC section 13267, the Copermittees must comply with all the 
requirements contained in Receiving Waters and MS4 Discharge Monitoring and 
Reporting Program No. R9-2009-0002 in Attachment E of this Order.
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ABSTRACT 

The Green Build-out Model is a planning tool that quantifies the cumulative 
stormwater management benefits of trees and green roofs for different coverage 
assumptions across the District of Columbia. It calculates potential reductions in 
stormwater runoff within the municipal separate storm sewer system (MS4) and the 
combined sewer system (CSS) that contribute to water quality impairment in the 
Nation’s capital.  

The Green Build-out Model adds the “green component” to the existing hydrologic 
and hydraulic model of the District (Mike Urban) used by the DC Water and Sewer 
Authority to support development of the Long Term Control Plan for the CSS. The 
MS4 areas were added to the model so that all of the municipal sewer systems were 
included in one planning tool.  

The Green Build-out Model integrates GIS land cover data and hydrologic processes 
using rainfall storage and coverage areas for trees and green roofs. Interception 
storage amounts for trees were based on USDA Forest Service research and modeling 
that relates storage depth to the Leaf Area Index. The storage amounts for green roofs 
were based on literature values.   

Two planning scenarios were evaluated with the Green Build-out Model and 
compared to existing or baseline conditions. An “intensive greening” scenario or the 
“Green Build-out” scenario considered putting trees and green roofs wherever it was 
physically possible. A “moderate greening” scenario looked at putting trees and green 
roofs where it was more practical and reasonable to do so. A separate tree box 
scenario was evaluated to estimate the stormwater management benefits associated 
with increasing the existing tree box dimensions in the downtown area where most 
sidewalks are at least 20 feet in width.   

Scenarios were evaluated with a continuous simulation hydrologic and hydraulic 
model under average annual rainfall conditions (1990) and for a 6 hour (1 inch) 
design storm. Reductions in runoff volume and discharge frequency were determined 
by sewershed for both the CSS and MS4 areas and for the Anacostia, Potomac, and 
Rock Creek watersheds within the District. 

An estimate of pollutant load reductions achieved with green roofs was developed by 
considering the difference in pollutant loading from a conventional roof and that of a 
green roof.  Finally, annual operational savings for DC WASA from reduced 
pumping and treatment costs as a result of stormwater flow reductions were estimated 
at $.01 (one cent) per gallon. 

Key findings show: 
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• Reductions in stormwater runoff volume of up to 7% across the city, with up 
to 27% reductions in individual sewersheds under the most intensive greening 
scenario. 

• Reductions in untreated discharges in the CSS area are 6% for the moderate 
greening scenario and over 22% for the intensive greening scenario. 

• For an average year, the intensive greening scenario prevents over 1.2 billion 
gallons of stormwater from entering the sewer systems, resulting in a 
reduction of over 1 billion gallons in direct untreated discharges to the 
District’s rivers, and a 6.7% reduction in cumulative CSO frequencies (74 
individual CSO discharges). 

• For an average year, the moderate greening scenario prevents over 311 million 
gallons of stormwater from entering the sewer systems, resulting in a 
reduction of 282 million gallons in direct untreated discharges to the District’s 
rivers, and a 1.5% reduction in cumulative CSO frequencies (16 individual 
CSO discharges). 

• With the intensive greening scenario, installing 55 million square feet of green 
roofs in the CSS area would reduce CSO discharges by 435 million gallons or 
19% each year. 

• With the intensive greening scenario, an increase in tree canopy across the 
District from 35 to 57% would reduce stormwater and CSO discharges by 193 
million gallons each year.  

• Larger tree boxes could reduce stormwater runoff by 23 million gallons each 
year in the downtown area. 

• Green roofs have the potential to keep thousands of pounds of nutrients, 
metals, and other pollutants out of area waterways. 

• WASA could potentially realize between $1.4 and $5.1 million per year in 
annual operational savings in the CSS area due to reduced pumping and 
treatment costs.  

The Green Build-out model provides an innovative and powerful planning tool for 
stormwater management in the District of Columbia. The grant findings provide 
information by sewershed and watershed to target investments in trees, green roofs, 
and larger tree boxes to yield the greatest return of stormwater benefits city-wide. The 
research also provides general hydrological relationships and modeling 
methodologies that are transferable to other municipalities.   

These findings show that trees, green roofs, and large tree boxes provide substantial 
overall reductions in stormwater runoff and untreated discharges in sewer systems 
District-wide. The greatest opportunity for significant stormwater management 
benefits from trees, green roofs, and large tree boxes is at the sewershed level in the 
CSS area where reductions in discharge volume for all sewersheds averaged greater 
than 22%.   
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Trees, green roofs, and large tree boxes provide limited reduction in CSO 
frequencies. However, they do provide significant reductions in stormwater runoff 
volumes that could have implications for the detailed design of tunnels within the 
LTCP. Other LID solutions should be considered together when evaluating 
stormwater management benefits and the capacity to manage large storm events. 

Trees and green roofs provide stormwater controls in urban areas where options and 
space are limited and show particular promise in the MS4 area where subsequent 
reductions in pollutant loadings could provide the District an option to make progress 
toward meeting TMDL requirements for its impaired waters.  

In addition to stormwater management benefits, implementation of increased tree 
cover, green roof coverage, and larger tree boxes would also provide improvements in 
air quality, public health, social capital, and economic development, and reductions in 
carbon, UV radiation, and the urban heat island effect for the same investment. 
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INTRODUCTION 

This report presents the research findings from the EPA Water Quality Cooperative 
Agreement grant entitled “The Green Build-out Model”. It builds upon research 
presented by Casey Trees and LimnoTech at the Greening Rooftops for Sustainable 
Communities Conference, in Washington, DC, in 200411. This grant project 
represents a public-private partnership between Casey Trees and LimnoTech. Casey 
Trees is a non-profit organization whose mission is to restore, enhance, and protect 
tree cover in the nation’s capital. LimnoTech is an environmental engineering firm 
that specializes in water quality assessments, watershed modeling, and NPDES 
permitting. LimnoTech was part of an engineering team led by Greeley and Hansen 
Engineers that built the hydrologic and hydraulic Mike Urban model for the DC 
Water and Sewer Authority (WASA) used in the Long Term Control Plan (LTCP) for 
the Combined Sewer System (CSS).  

The primary goal of the grant was to quantify the contribution that trees and green 
roofs could make toward reducing stormwater runoff volumes and discharge 
frequencies in the District of Columbia so that these solutions could be considered in 
stormwater management strategies. A secondary goal of the grant was to identify 
policy recommendations to facilitate implementation of trees and green roofs as 
stormwater controls if the findings were significant. 

The Green Build-out Model added the “green component” to the DC WASA Mike 
Urban Model. Previous research quantified the benefits of trees and/ or green roofs 
using hydrologic models. The Green Build-out Model is unique because in addition to 
quantifying the reduction in stormwater runoff volumes, the benefits of trees and 
green roofs are further quantified by using the hydraulic model to estimate the effects 
of these reductions in stormwater runoff volumes on the District’s combined and 
separate storm sewer systems. With this approach, the effects of discharges on 
receiving waters, pumping stations, and the wastewater treatment plant can be better 
understood at both a District-wide and sewershed level to target and leverage 
investments in stormwater infrastructure. 

The research considered the stormwater benefits from trees and green roofs, two 
techniques that have the opportunity to cover large areas of the District and reduce 
runoff by intercepting rain where it falls. Tree canopy and green roof cover were 
treated as a land cover change, using the stormwater storage per unit area to 
incorporate them into the Mike Urban model. Other LID techniques, such as rain 
gardens, rain barrels, swales and other techniques that are designed to capture and 
treat runoff already generated, were not evaluated. 

Model outputs focused on reductions in stormwater runoff volume and discharge 
frequencies because the primary sources of pollution in the Anacostia, Potomac, and 
Rock Creek watersheds are combined sewer overflows and stormwater runoff.  
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Grant resources were primarily directed at developing the Green Build-out Model. 
The scope of works also included creating an Advisory Team to participate in all 
aspects of the grant, and communications tools to transfer the findings to other 
jurisdictions. As a result of recommendations from the Advisory Team, a simplified 
analysis of pollutant load reductions from reduced stormwater volumes for green 
roofs, and an estimate of operational savings from reduced stormwater volumes in the 
CSS were conducted. A comprehensive cost/benefit analysis was beyond the scope of 
works for this grant but recommended for future study. Grant deliverables in addition 
to this report include: 

• Advisory Team Policy Recommendations 

• Model Results Display Tool to easily find and analyze the model findings 

• Green Build-out Mini-model for policy-makers to test different model 
assumptions  

This report is organized to provide background on the combined sewer system (CSS), 
municipal separate storm sewer system (MS4), and stormwater issues in the District. 
A discussion of the relationships investigated, the methods and assumptions that 
governed the research, findings and conclusions are also provided in the main body of 
the report. Four appendices provide additional information on:  

• Appendix A – Detailed Model Findings  

• Appendix B – Documentation of Methodology for Green Build-out Model  

• Appendix C – Tree Cover Data Inputs  

• Appendix D – Advisory Team Policy Recommendations 

This report, the Green Build-out Model Results Display Tool, and the Green Build-
out Mini-model are available online (after May 1, 2007) at: www.caseytrees.org.
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1. BACKGROUND 

Water infrastructure is aging in many cities in the United States. Capacity issues due 
to growth increase the stress on pipes, pumps, and treatment facilities. In addition, the 
requirements of the Clean Water Act are becoming more stringent. Municipalities and 
wastewater utilities are increasingly asked to do more with less.  

Nearly all of the waters in the District including the Anacostia and Potomac rivers 
and Rock Creek are listed as impaired by the EPA for a number of reasons. The chief 
sources of pollution are combined sewer overflows and stormwater discharges. As 
shown in Figure 1, approximately one-third of the District is served by the CSS and 
two-thirds by MS4. Both systems operate under permits administered by EPA. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1:  Map of the CSS and MS4 Areas in Washington, DC 

 

In the CSS, WASA developed a comprehensive long-term control plan (LTCP) in 
2002 with a projected twenty year implementation schedule13. The cost of 
implementing this plan is currently estimated to be $2.1 billion. During development 
of the LTCP it was concluded that compliance with the provisions of the Clean Water 
Act, EPA’s CSO Regulations, and the Total Maximum Daily Load (TMDL) allocated 
to combined sewer overflows (CSOs) would require consistently meeting numerical 
limits, and that meeting these requirements could only be accomplished with 
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traditional engineering solutions. Consequently, the main CSO control within the 
LTCP was the proposed construction of three tunnels to intercept combined sewage, 
and provide necessary storage until it can be treated and discharged to receiving 
waters.  

WASA allocated $3 million to incorporate LID projects at its own facilities under the 
LTCP. WASA has expressed interest in reexamining the proposed tunnel projects, 
particularly the Rock Creek Tunnel, during facility planning depending on the extent 
of LID practices, their performance, and their acceptability to regulatory agencies.  

In the MS4 area, the District government is responsible for developing and 
implementing a stormwater management program designed to prevent harmful 
pollutants from being washed by stormwater runoff into the storm sewer system (or 
from being dumped directly into the storm sewer system) and discharged into local 
waterbodies. The District expects that additional stormwater control will be necessary 
as EPA develops TMDL requirements to address water quality impairment. The 
District government is seeking to avoid a similar, if not greater, investment in 
underground storage tunnels. 

In both the CSS and MS4 areas, costs are high for pipes and tunnels and space is 
limited for traditional stormwater controls such as detention and retention ponds, 
infiltration controls, grassed swales, and rain gardens. Both green roofs and trees 
decrease the volume of runoff, reduce peak rates of runoff, and improve water 
quality. To date, these benefits have not been evaluated nor sufficiently quantified on 
a cumulative, sewershed and city-wide basis to integrate trees and green roofs into the 
District’s permitting requirements for EPA.  

As part of the master planning process, jurisdictions often create a build-out scenario 
to determine how future development will look if current plans and policies are 
carried out to the maximum extent. The process is helpful for evaluating various 
policies and growth scenarios. In a similar manner, the Green Build-out Model for the 
District quantifies the cumulative contribution that trees and green roofs could 
potentially make toward reducing stormwater runoff and CSOs under different 
coverage scenarios. It is a tool to balance gray and green infrastructure, to minimize 
capital investment and maximize environmental benefits.  

Although the Green Build-out Model is customized for the District’s existing 
infrastructure, the assumptions and methods can be applied to model infrastructure in 
other cities.  
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2.RELATIONSHIPS INVESTIGATED 

Figure 2:  Illustration of a 20 year vision for the District of Columbia if shade trees   
lined every street and covered all parking lots, and every time a roof 
needed to be replaced, it would be replaced with a green roof 

 
Stormwater and CSO discharges are frequent in the District of Columbia. Eighty-five 
percent of all rain events are less than one inch (Figure 3) and it only takes on average 
on-half inch and often as little as a tenth of an inch of rainfall or less to trigger a 
discharge in some sewersheds. Research shows that the leaves of trees are like cups 
and can hold up to one-tenth of an inch of rainwater (see canopy storage in Table 1), 
and that an extensive green roof with three to four inches of soil media will store one 
inch of rain on average (Figure 4, Table 2). The research therefore asked the question, 
“How many green roofs and trees are needed to make a difference to stormwater 
management in the District?”  It investigated the relationships between tree cover, 
green roof cover, larger tree boxes, and key hydrologic and hydraulic variables 
including stormwater and CSO volume, flow rate, and frequency. In addition, 
reductions in pollutant loads as a result of reduced stormwater volumes were 
estimated, and operational savings from reduced pumping and treatment of 
stormwater volumes within the CSS were estimated.  

It was expected that trees and green roofs on their own would not solve all of the 
stormwater problems that the District or other municipalities face or replace the need 
for storage tunnels. However, it was expected that they could make a significant 
environmental and economic contribution that is not being recognized and therefore 
not consistently implemented in policy, planning, permitting, and development.  
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Figure 3:  Rainfall depth in Washington, DC for an average year 
  (Data Source: Washington National Airport) 

Table 1:  Tree Canopy Stormwater Storage 

Source Leaf Storage 
Canopy 
Storage 
(inches)

Notes 

Forest cover (light) = 3.5 mm 0.138 Applies factor for seasonality Agricultural Runoff 
Manual, 1978 Forest cover (heavy) = 5.0 mm 0.197  

0.2mm 0.008 E. viminalis 

0.5mm 0.020 E. maculata 

0.3mm 0.012 E. dives 

0.6mm 0.024 Acacia Longifolia 

0.3mm 0.012 E. mannifera subsp. Maculosa 

1.0mm 0.039 Pinus radiata 

0.4mm 0.016 E. cinerea 

Aston, 1979 

0.8mm 0.031 E. pauciflora 

Blyth, 2002 0.2mm*LAI 0.027 Assume LAI = 3.49 

1.7mm (eucalyptus) 0.067 References found in Ramirez, 2000 
Crockford and 
Richardson, 1990 2mm (pine) 0.079   

Keim, 2006 (0.10-0.46)*LAI 0.038 Assume LAI = 3.49, mean interception =0.28 

Link et al, 2004 3.0-4.1mm 0.140 References found in Keim, 2006 

0.94mm 0.037 Cypress wetlands 
Liu, 1998 

0.43mm 0.017 Slash pine uplands 
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Wang, 2006 0.2mm*LAI 0.027 Used in UFORE model 

9.79mm 0.385 "Public tree" interception, one event 

14.3mm 0.563 Summer interception for one event Xiao, 2002 

1.19mm 0.047 
Winter interception for one event, deciduous 
sweetgum 

Xiao, 2000 2.5-2.9mm 0.106   

Zinke, 1967 0.25-9.14mm (mean = 1.3) 0.051 References found in Ramirez, 2000 

 
 

 
Figure 4:  Green Roof Media Depth vs. Storage Amount 

 
 

 

Source Leaf Storage 
Canopy 
Storage 
(inches)

Notes 

1.4mm 0.055 Young Douglas-fir forest 
Pypker, 2005 

3.32mm 0.131 Old-growth Douglas-fir forest 

Schellekens, 1999 1.15mm 0.045 Used in his model 
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Table 2:  Green Roof Stormwater Storage 

Source Title 
Media 
Depth 

(Inches) 

Stormwater 
Storage 
(Inches) 

Notes 

Berndtsson 2006 
 The Influence of Extensive 
Vegetated Roofs on Runoff Water 
Quality 

1.18 0.39 Max capacity 

Bengtsson 2005 

“Peak Flows from the Sedum-moss 
Roof” OR “Hydrological Function of 
a Thin Extensive Green Roof in 
Southern Sweden”  

1.18 0.35 Dry conditions 

Berghage, 
Beattie, et. al. 
2004 

Green roof media characteristics: 
The basics 3.00 1.20 

From Portland green roof 
conference 

Berghage, 
Beattie, et al 

Stormwater Runoff from Green 
Roofs  

3.50 1.00   

4.00 0.79 Biocycle 
February 2006 

  
6.00 1.11 

  

  

3.00 0.26 Average wet conditions DeNardo, J.C. 
2005 

Stormwater Mitigation and Surface 
Temperature Reduction by Green 
Roofs 3.00 1.18 Dry conditions 

3.00 1.00 Federal 
Technology Alert 

Green Roofs 
DOE/EE-0298; 
www.eere.energy.gov/femp 4.00 1.00 

  

  

Green Grid 
Roofs 

Manufacturer's data 
4.00 0.95 

  

Green Roof 
Blocks 

Manufacturer's data 
4.00 1.60 Calculated 0.9615 inches 

retention, using their 
parameters 

Jarrett, Hunt, et. 
al. 2006 

Annual and Individual Storm Green 
Roof Stormwater Response Model 

4.00 1.57 
 

Lipton 2004 
Ecoroofs – A More Sustainable 
Infrastructure  

4.00 0.75 
Average conditions 

Liu and Minor 
2005 

“Performance Evaluation of 
Extensive Green Roof” 

3.00 0.59 Average value for green roof of 
3 to 4 inches, from Washington 
green roof conference 

3.00 0.60 Average conditions, from 
Washington green roof 
conference 

Moran, Hunt, et. 
al. 2005 

“Hydrologic and Water Quality 
Performance from Greenroofs in 
Goldsboro and Raleigh, North 
Carolina” 

4.00 0.75 Sloped roof (7%) 

Moran, Hunt, and 
Jennings 2004 

“A North Carolina Field Study to 
Evaluate Greenroof Runoff 
Quantity, Runoff quality, and Plant 
Growth” 

2.00 0.60 
From Portland green roof 
conference 
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Source Title 
Media 
Depth 

(Inches) 

Stormwater 
Storage 
(Inches) 

Notes 

4.00 0.51 

Moran 2003 

“A North Carolina Field Study to 
Evaluate Greenroof Runoff 
Quantity, Runoff quality, and Plant 
Growth” 

4.00 0.59 
 

Roofscapes 2002   3.25 1.00  

1.57 0.28 Theoretical depths 

2.17 0.39 Theoretical depths Van Woert 2005 
Green Roof Stormwater Retension 
Effects of Roof Surface, Slope, and 
Media Depth 

2.95 0.55 Theoretical depths 

1.57 0.24 Min of range 

1.57 0.39 Average of range 

1.57 0.47 Max of range 

Villarreal and 
Bengtsson 2004; 
Villarreal, 
Semadeni-Davis, 
et. al. 2004 

“Response of a Sedum Green-roof 
to Individual Rain Events” and 
“Inner City Stormwater Control 
Using a Combination of Best 
Management Practics” 

1.57 0.59 Max, dry conditions 
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3. METHODS AND ASSUMPTIONS 

The methods and assumptions upon which the Green Build-out Model is based are 
described in this section and accompanied by figures and tables for key findings.  

An Advisory Team of key stakeholders from EPA, WASA, the District of Columbia 
Government, NRDC, and Non-Governmental Organizations was formed to review 
and comment throughout the research process in a series of four half-day workshops 
and on-going communications.  

3.1 MIKE URBAN MODEL 

As background, WASA’s Mike Urban hydrologic and hydraulic model served as the 
platform to integrate GIS information about the sewer systems and green 
infrastructure. The Mike Urban model has been peer reviewed and successfully 
applied by WASA in the development of an EPA-approved LTCP for the CSS.  

The Mike Urban model builds from the basic run-off equation: 

Runoff = Precipitation – potential evapotranspiration – infiltration – storage  

Storage amounts for trees and green roofs were added to the model: 

Storage = Interception storage * coverage area  

Interception storage amounts were derived from literature and assumptions for the 
coverage areas were determined by the research team. Both of these inputs are 
described further in later sections of this paper. 

The Mike Urban model differentiates hydrological processes between pervious and 
impervious land cover, which was determined using 2005 planimetric data from the 
District of Columbia Office of the Chief Technology Officer (OCTO)12 (Figure 5). 
Coverage areas for trees and green roofs were determined by making assumptions for 
each land cover type using this planimetric data. Figures 6, 7, and 8 characterize 
typical rainfall patterns in the District. 

The version of Mike Urban that is used to evaluate greening scenarios is referred to as 
the Green Build-out Model. It was applied for an average rainfall period using hourly 
precipitation recorded at Reagan National Airport for 1990. Over fifty years of 
rainfall data were analyzed to select 1990 as an average year. This was the same year 
used by WASA in development of the LTCP. Potential evapotranspiration rates 
applicable for the District are published by the Virginia Climatology Office (Figure 
8). Infiltration rates apply to pervious areas and were based on soil types found in the 
District. 
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Figure 5:  District of Columbia Land Cover Types (Source: 2005 DC GIS) 

 
 

 

 

 

 

 

 
 
 
 
 

Figure 6:  Average monthly rainfall depth in Washington, DC 
      (Data source: Washington National Airport) 
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Figure 7:  Annual Rainfall Depth in Washington, DC, from 1949-1998 
              (Data source: Washington National Airport) 

 

 

 

 

 

 

 

 

Figure 8:  Potential evapotranspiration by month in Washington, DC for an                  
average year (Data source: Virginia Climatology Office) 
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Additional detail on application of the Green Build-out Model is presented in the 
following sub-sections. Full documentation on Mike Urban and development of the 
Green Build-out Model is contained in Appendix B. 

3.2 SCENARIO CONCEPTS 

Two scenarios were used to determine tree and green roof cover. An “intensive 
greening scenario” or “Green Build-out scenario” considered putting trees and green 
roofs wherever it was physically possible. A “moderate greening scenario” looked at 
putting trees and green roofs where it was practical and reasonable to do so  

Existing tree and green roof cover is implicitly part of the current Mike Urban model 
because the model has been calibrated to actual flow data. Therefore, the stormwater 
management benefits from trees and green roofs that were added in the Green Build-
out Model represent incremental benefits resulting from the difference between the 
existing tree or green roof coverage and the proposed coverage scenario.  

The greening scenarios were evaluated with the Green Build-out Model and 
compared to existing or baseline conditions. Stormwater and outfall 
volume/frequency analysis were performed for the CSS and MS4 areas in the 
Anacostia, Potomac, and Rock Creek watersheds. The results were compared to the 
existing condition in the District determined from earlier applications of Mike Urban 
in the LTCP.  

3.3 TREE STORAGE 

Trees slow and capture rainwater in a number of ways. For the purposes of this 
research, only interception storage, the amount of rainwater that trees intercept and 
hold in their leaves, is considered. Stem flow, or the amount of rainwater stored on 
branches and the trunk, is not considered thereby making the assumptions 
conservative. 

The amount of interception storage provided by trees depends on the storage amount 
and coverage area. Interception storage was determined using an approach used by 
the USDA Forest Service in its Urban Forest Effects (UFORE) Hydro Model41  
whereby: 

1. LAI = “Leaf Area Index”, which is a measurement of the one-sided 
green leaf area per unit ground area in broadleaf canopies and 
depends on tree species, canopy size, and condition 

2. LAI = 4.10, which was the average LAI for all live DC Street Trees 
from the 2002 DC Street Tree Inventory7. 

3.  Incremental depth = 0.0078 inches, the depth applied across LAI41  

4. Interception Storage = LAI * incremental depth = 0.032 inches 
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The UFORE Hydro methodology was selected over other methodologies or 
interception storage values in the literature for three reasons:   

1. Provided interception storage amounts that fit with the Mike Urban Model 
input units,  

2. Could use field data collected in the District of Columbia so it was more 
accurate than interception storage amounts found in the literature from species in 
other climate zones with different health, conditions, and species mix, and  

3. Used storage amounts that were in range of other literature values and fairly 
conservative (See Table 1). 

In 2002, Casey Trees conducted a detailed GIS-based inventory of the District’s 
130,000 street trees. In 2004, Casey Trees worked with the USDA Forest Service to 
survey 200 sample plots to run a UFORE analysis for the District36. Both the DC 
UFORE and DC 2002 Street Tree Inventory found LAIs ranging in value from 0-15 
depending on tree species, canopy size, and condition. The average LAI for all 
District trees found in the DC UFORE Inventory was 3.49. The average LAI for all 
live trees in the 2002 Street Tree Inventory was 4.10. The LAI in the Street Tree 
Inventory was chosen as a model input because hypothetical tree cover added for the 
coverage scenarios in this research would be more like street trees in form, species 
type, and condition than the weed or woodland trees, which were factored into the DC 
UFORE Inventory sampling and its LAI determination. 

The 2002 Street Tree Inventory found that over 99% of street trees in the District are 
deciduous. The 2004 DC UFORE Inventory estimated that over 95% of trees in the 
District are deciduous. It was agreed to assume for the Mike Urban model that all 
incremental tree cover added to the tree coverage scenarios in this research would be 
deciduous. The Mike Urban model adjusted for seasonality by considering 
stormwater management benefits only during the leaf-on season. It was agreed to 
assume that the leaf-on period in the District was from April 1 through October 31. 
The model assumptions did not account for interception storage derived from a tree’s 
branches and trunk during the leaf-on or leaf-off season and was therefore a 
conservative estimate of total interception storage.  

3.4 TREE COVER AREA 

Existing tree cover was determined by classifying July 2006 IKONOS satellite 
imagery classified for land cover (1m) including tree canopy12. The tree canopy data 
was overlaid with the District’s planimetric data to determine existing tree cover by 
impervious and pervious land cover types for the Mike Urban model such that: 

Tree Cover Area = Proposed Tree Cover – Existing Tree Cover 

Assumptions for proposed tree cover for both the moderate greening and intensive 
greening scenarios were determined for each land cover type by a variety of methods. 
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These assumptions were agreed upon with the Advisory Group and other District 
agency representatives. The assumptions are summarized in Table 3.  

Table 3:  Percentage Tree Cover Assumptions by Land Cover Type 

The methods for determining the tree cover assumptions for each land cover type 
were: 

Impervious Land Cover Types (42% total land cover area) 

Streetscape  (18% land cover area) 
• Planimetric data for roads, sidewalks, and intersections were combined to represent 

the streetscape with tree cover assumed to be provided by street trees. In the 
District, street trees are generally planted 40 feet apart with the design objective to 
grow to a 20-foot crown radius so that all canopies are touching.  

• If all street tree spaces from the DC 2002 Street Tree Inventory were planted and 
grown out to be 20 feet in crown radius, tree cover over the streetscape would equal 
35%. As the existing tree cover over the streetscape was determined to be 22%, the 
intensive greening scenario was then chosen to be 35%.  

• For the moderate greening scenario, all street tree spaces were filled and all street 
trees were grown out to be 15 feet in crown radius. A 15 foot crown radius was 
considered to be a practical and reasonable average given the existing age 
distribution of the urban forest, the limited size and condition of tree boxes, the 
high amount of redevelopment in the District, and that one-third of the District’s 
street trees are under wires, which has resulted in planting of smaller species to 
accommodate overhead utilities. If all street tree spaces were planted and the trees 
grown out to 15 foot radius, the resultant tree cover over the streetscape would be 
25%.  

Parking Lots  (5% land cover area) 

Land Cover Type Existing Tree 
Cover 

Moderate Tree 
Cover Scenario 

Intensive Tree 
Cover Scenario 

Impervious    

Streetscape (roads, sidewalks, 
intersections) 

22% 25% 35% 

Parking lots 7% 30% 50% 

Paved drives 23% 50% 80% 

Alleys 26% 35% 50% 

Median islands, traffic islands, , 
other 

23% 30% 40% 

Pervious    

Includes parks, open space, 
recreational areas, golf courses, 
soccer fields, cemeteries, front and 
back yards, school yards, etc 

53% 57% 80% 

Total Tree Cover 35% 40% 57% 
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• Several parking lot ordinances from other jurisdictions in the United States require 
up to 50% tree coverage37, 42. These precedents were used to establish the intensive 
greening scenario.  

• To determine the moderate greening scenario assumption, four representative 
parking lot types were chosen from aerial images of the District12 and through a 
design session with the Office of Planning33, it was determined that it would be 
reasonable and practical to achieve 40% tree coverage. To be conservative and to 
account for age distribution and the stressful growing conditions for trees in 
parking lots, a 30% coverage area was modeled for stormwater management 
benefits. 

Paved Drives  (2% land cover area) 
• A sampling of aerial images12 of paved drives from different neighborhoods 

throughout the District showed that many of the paved drives had approximately 
80% tree cover because of their proximity to yards trees and adjacent street trees. 
This demonstrated the physical possibility and 80% coverage was modeled for the 
intensive greening scenario.  

• For the moderate greening scenario, 50% coverage was chosen and considered 
reasonable since shade trees could be planted on many properties to overhang 
driveways.  

Alleys  (2% land cover area) 
• A sampling of aerial images12 from different neighborhoods throughout the District 

showed that existing tree cover over alleys resulted from trees growing in back 
yards and that neighborhood alleys had varying amounts of adjacent open space 
depending on existing structures, such as driveways or garages. Many alleys had 
over 50% coverage so this was considered the intensive greening scenario 
assumption.  

• The moderate greening scenario was chosen in between the existing and intensive 
greening coverages and was determined to be 35%.  

Median islands, traffic islands, other  (<1% land cover area) 
• A sampling of aerial images showed that while many of these spaces were paved 

and/or unsuitable for planting, many of the islands were not paved and large 
enough to support trees. Many of the median islands and traffic islands had 
approximately 40% tree cover so this was chosen for the intensive greening 
scenario. 

• The moderate greening scenario was selected to be between the existing coverage 
and intensive greening scenario. 

Building footprint area (15% land cover area) 
• Assume no tree cover on top of buildings 

Pervious Land Cover Types (58% total land cover area) 
• Existing tree cover over pervious areas was 35%. As GIS data was unavailable to 

differentiate types of pervious land cover areas, it was assumed that the intensive 
greening scenario would be 80% of pervious cover rather than 100% of pervious 
cover to account for golf courses, playing fields, the National Mall and other 
existing open spaces that would lose their functionality if trees were added.  

• The moderate greening scenario was determined after the other land cover 
assumptions were determined by solving for pervious tree cover to achieve 40% 
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tree cover overall for the District. This objective was considered reasonable given 
that American Forests recommends 40 percent tree cover in urban areas and 
Baltimore, MD and Leesburg, VA have set an urban tree canopy goal of 40%, and 
Annapolis, MD and Columbia, MD have set urban tree canopy goals of 50%24. 

These tree cover assumptions were then spatially assigned to each corresponding 
sewershed and land cover type in the Mike Urban model to calculate the storage 
amount for trees. Full documentation of tree cover data inputs and their use in this 
analysis is contained in Appendix C. 

3.5 GREEN ROOF STORAGE 

The amount of storage provided by green roofs depends on the type of green roof, 
coverage area, and the building size. 

Type of green roof 

All green roofs were modeled to be extensive green roofs with three to four inches of 
growth media. Extensive green roofs were assumed District-wide for several reasons:   

1. Literature review: the most consistent storage amounts in the literature 
reviewed were for extensive green roofs with media depths of 3-4 inches (See 
Figure 3). 

2. Purpose as a Stormwater best management practice (BMP): extensive 
green roofs with 3-4 inches of growth media, as differentiated from intensive 
type green roofs, are typically specified when the green roof is primarily used 
as a stormwater BMP6, 9, 27, 34. 

3. Design Consistency: there is less of a range of storage options for a 3-4 inch 
extensive green roof than an intensive green roof where storage amounts and 
percent coverage vary greatly depending on the design.  

4. Opportunity: in general, the greatest opportunity for wide-scale installations 
of green roofs in the District is for commercial and municipal buildings which 
can support the weight of extensive green roofs without additional structural 
investments to the building. For buildings with less load bearing capacity, there 
is a greater opportunity for retrofitting roofs with 3-4 inch extensive green 
roofs than for 6 inch or more intensive type green roofs.  

5. Costs: the greatest opportunity for wide-scale installations of green roofs is for 
3-4 inch extensive green roofs because their cost per square foot and 
maintenance requirements are less than green roofs with greater media depths. 

6. Market trends: 71% of all green roofs installed in North America in 2004 and 
2005, were extensive green roofs17. 

7. Conservatism: modeling for 3-4 inch extensive green roofs provides the most 
conservative assumption for stormwater management benefits. 
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Existing 
Rooftop 

Green roof 
(75% of Existing Rooftop) 

Storage amounts 
Storage amounts found in peer-reviewed literature were summarized in Table 2 and 
plotted as shown in Figure 3. Storage amounts varied greatly depending on whether 
the growth media was dry or saturated and whether the roof was flat or sloped. 
Several studies showed storage amounts of one inch for a green roof with 3-4 inches 
of soil media4, 5, 10, 20, 27, 35. This included the research from Penn State University and 
Roofscapes whose field studies most approximated the climate in the District. 
Therefore, storage was assumed to be one inch for three to four inch extensive green 
roofs.  

3.6 GREEN ROOF COVERAGE AREA 

Building coverage 

It was assumed that the rooftop area was equal to the building footprint area and that 
25% of the rooftop area was needed to provide space for HVAC, access, and 
maintenance. A review of extensive green roof demonstration projects in the District 
and extensive green roof installations in other cities also showed that in general, the 
maximum rooftop coverage for extensive green roofs was 75% of the building 
footprint. Therefore, it was assumed for the Mike Urban model that 75% of the 
building footprint area would be available for greening. This area was considered the 
“green roof-ready” area (Figure 9) for model calculations.  

 

 

 

 

 

 

Figure 9:  Green Roof-Ready Area 

Building sizes  

Building sizes were analyzed to assess the opportunity for green roof coverage. As 
shown in Figure 10, over 60% of the total number of buildings in the District have a 
footprint less than 1,000 square foot (sf.) and a small percentage of buildings have a 
footprint greater than 5,000 sf. As the District requires stormwater management 
controls for projects with site disturbances greater than 5,000 sf., a 5,000 sf. building 
footprint served as a meaningful point for analysis. Further GIS analysis of building 
footprint sizes showed that: 

• 41% of all building footprint area in the District is greater than 5,000 sf. consisting 
of commercial, multi-family residential, municipal, or federal land uses 
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• 59% of all building footprint area in the District is less than 5,000 sf. consisting of 
residential and small commercial land uses 

• 53% of the building footprint area in the CSS area consists of building footprint 
areas less than 5,000 sf. 

• 64% of the building footprint area in the MS4 area consists of building footprint 
areas less than 5,000 sf. 

 

Figure 10:  District of Columbia Distribution of Building Footprint Area 
                              (Source: D.C. Office of the Chief Technology Officer (OCTO), 

DC GIS 2005) 
Green roof coverage scenarios 

Assuming that only 75% of the roof could be covered with a green roof because of 
HVAC, maintenance, and access requirements, and that there were no structural or 
historic preservation issues, the most green roof coverage possible in the District 
would be 75% of the building footprint area or approximately 195 million sf. 

Assumptions for the intensive greening and moderate greening coverage scenarios 
were made for each roof size or building type and attempted to consider structural, 
historic, or other issues that would impact the opportunity for a green roof. These 
coverage assumptions are summarized in Table 4.
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Table 4:  Green Roof Assumptions 

 
Roof 
Size 

 
Total Roof 

Area, 
square feet 

(sf) 

 
Green 
Roof- 

Ready Area 
(= 75% of 
roof area) 

 
Number of 
Buildings 

 
Type of 
Building 

 
Implementation 
Considerations 

 
Intensive 

Greening % 
 

 
Intensive 
Greening 

Green Roof- 
Ready Area, 

sf 

 
Moderate 

Greening % 
(20% of 

Intensive 
Scenario) 

Moderate 
Greening 

Green Roof 
Area, sf 

 

 
<1,000 ft 

 
57,423,950 

 
43,067,963 

 
98,748 

Most small 
rowhomes, 
garages, 

sheds 

These homes may choose 
to implement less 

expensive/ easier LID such 
as rain barrels. Homes may 

also be historical and/or 
less structurally capable of 

supporting a green roof. 
Many owners to target. 

 
10% 

 

 
4,306,796 

 
2% 

 
861,359 

 
1,000ft - 
2,000ft 

 
62,224,642 

 
46,666,982 

 
46,126 

Larger 
rowhomes 

Generally flat roofs, but 
potential structural issues. 

Many owners to target. 

30% 
 
 

 
14,000,544 

6% 
 
 

 
2,800,109 

 
2,000ft - 
5,000ft 

 
33,295,571 

 
24,971,678 

 
11,447 

Single family 
homes, large 

rowhomes 

Many of these buildings are 
single family homes, which 

may have sloped roofs, 
structural issues. 

50% 
 
 
 

 
12,485,839 

 
10% 

 
 
 

 
2,497,168 

 
>5,000ft 

 
106,469,278 

 
79,851,959 

 
5,509 

Large 
commercial, 
institutional 

or 
government 

buildings 

Generally no structural 
issues. There may be some 
historical issues and sloped 

roofs. 

 
90% 

 
71,866,763 

 
18% 

 
14,373,353 

 
Total 

 
259,413,441 

 
194,560,081 

 
161,830 

 
- 

 
- 

53% of 
Green roof 
ready area 

(or 40% total 
building 

area) 

 
102,659,943 

20% of Green 
roof 

ready area 
(or 10.5% of 

total 
building area) 

 

 
20,531,989 
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For the intensive greening scenario, it was assumed that it would be physically 
possible to put a 3-4 inch green roof on 90% of all buildings over 5,000 sf. In lieu of 
GIS data to identify the many historic or protected buildings in the District, a 10% 
allowance was made for such buildings where it may not be possible to install a green 
roof in the near future. 

Buildings less than 5,000 sf were further categorized by building size. Intensive 
greening coverage assumptions were estimated for each building size in lieu of GIS 
data identifying structural capacity, roof slope, and historic preservation status.  

The assumptions for the moderate greening scenario were derived by setting an 
overall coverage objective of 20% or 20 million sf in 20 years for the District. This 
objective had been determined practical and reasonable in the “Green Roof Vision for 
Washington, DC” presented at the 2004 Greening Rooftops for Sustainable 
Communities Conference, and was based on precedents set in Germany and Chicago. 
Several cities in Germany are estimated to have up to 27% green roof coverage. As of 
2006, Chicago is estimated to have over 3 million sf of green roof18 since its green 
roof demonstration project was built on City Hall in 2000. The 20% coverage 
objective for the District of Columbia is still considered practical and feasible today 
given the accelerated growth and development of the green roof market17 and 
increased interest in green roofs as solutions for stormwater management.  

Proposed development was not considered in the model as GIS data was not available 
and most development in the District is typically redevelopment of existing sites and 
structures.  

Existing green roof coverage 

The green roof area in the District is estimated to be less than 300,000 sf, based on 
the 2006 Green Roofs for Healthy Cities industry survey17. Given approximately 260 
million sf of building footprint area in the District, the existing green roof coverage is 
less than 0.1%. Therefore, for the purposes of the Mike Urban model the existing 
green roof coverage was considered zero. 

Other 
Tree Box scenario 

Average tree box size in downtown DC is 4 x 9 ft on streetscapes where sidewalks 
average twenty feet in width. A Tree Box scenario was evaluated to estimate the 
stormwater management benefits of increasing existing tree box dimensions to 6 x 20 
feet in the downtown core, given District sidewalk widths in that area. Stormwater 
management benefits were derived from the change in land cover from impervious to 
pervious. The methodology did not consider the increase in stormwater benefits from 
improved health, condition, and size of the tree as a result of increased soil volumes. 
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Pollutant load reductions from stormwater flow reductions 

A detailed examination of pollutant load reductions was beyond the scope of this 
study, but an exploratory literature review was conducted in order to associate 
pollutant reductions with the stormwater runoff reductions achieved through green 
roofs. 

Studies have shown that properly designed and planted green roofs can be highly 
effective at filtering pollutants; achieving reductions of up to 95% for metals, 80% for 
nitrate, and 68% for phosphate17, 46. Green roofs also reduce pollutant loads by 
replacing conventional roofing materials, which have been shown to be substantial 
contributors of hydrocarbons and metals to roof runoff through leaching14, 31, 32, 35.  

For the purposes of this analysis, an estimate of pollutant load reductions achieved 
with green roofs was calculated by evaluating the difference in pollutant loading from 
a conventional roof and that of a green roof. The geometric mean of a range of 
published concentrations for runoff from a conventional roof was used to establish 
the baseline pollutant loads. Additional published values of green roof filter 
efficiency were also used in the analysis. Using these values and runoff volumes 
calculated with the Green Build-out Model, reductions in pollutant loads were 
determined for the water stored in the green roof media and the water filtered through 
it.  

Given that this analysis takes into account the reductions from green roofs only, this 
method represents a conservative estimate of the expected pollutant load reductions 
from the modeled scenarios. Additional reductions would be expected from the 
reduced entrainment of surface pollutants and stream channel erosion due to the 
attenuation of runoff velocities associated with additional tree cover and increased 
tree box sizes.  

Operational savings from stormwater flow reductions 

Operational savings for WASA corresponds to reductions in stormwater volumes 
entering the CSS. Once the tunnels are fully operational, operational savings would 
be realized by the reduction in stormwater volume that would need to be intercepted 
by the tunnel system and pumped to Blue Plains Waste Water Treatment Plant for 
treatment. Utility costs for pumping (electricity) and treatment costs including costs 
associated with biosolids disposal, treatment chemicals, and supplies were assumed to 
decrease proportionally for every gallon avoided.  

An exploratory evaluation of literature values was undertaken to evaluate operational 
costs associated with pumping and treatment of wastewater25, 26. The majority of costs 
fell between the range of $0.001 to 0.01 (one cent) per gallon of wastewater. The 
value of one cent per gallon was used as it appeared to be representative of current 
costs. Reductions in the volume of stormwater prevented from entering the CSS on an 
average annual basis were multiplied by this unit cost in order to estimate operational 
savings. 
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4. FINDINGS 
Two scenarios were used to determine tree and green roof cover. The “intensive 
greening” or “Green Build-out” scenario considered putting trees and green roofs 
wherever it was physically possible. The “moderate greening” scenario looked at 
putting trees and green roofs where it was more practical and reasonable to do so.  

Scenarios were evaluated with the Green Build-out Model and compared to existing 
or baseline conditions. Stormwater and outfall volume and CSO frequency analysis 
were determined for the CSS and MS4 areas in the Anacostia, Potomac, and Rock 
Creek watersheds. 

All findings are available at www.caseytrees.org in the Build-out Model Results 
Display Tool. Key findings are presented below. Associated tables and figures not 
included in the text are located in Appendix A. 

4.1 GENERAL HYDROLOGIC RELATIONSHIPS  

Hydrologic relationships between tree and green roof cover and stormwater volume 
reductions were observed and developed as unit area reduction factors. These factors 
can be used for quick planning calculations for un-modeled scenarios in the 
Washington, DC area, or for other urban areas with approximately 40 inches of rain 
per year and similar climate conditions and rainfall distribution patterns. These 
factors are summarized in Table 5. 

Table 5: Unit Area Reduction Factors for General Hydrologic Relationships 
Between Stormwater Volume Reductions and Tree and Green Roof Cover 

Peak shaving is an important goal in urban stormwater management. Peak shaving 
refers to reducing the magnitude and velocity of peak flow rates. It is well understood 

Type of Greening 

Stormwater runoff 
volume reduction over 

an average year 
MG/Acre 

Acres required to 
achieve a one MG 

reduction in stormwater 
over an average year 

Acres/MG 

Green roofs 0.39 2.56 

Trees over impervious areas 0.11 9.0 

Trees over pervious areas  
(NRCS Soil Type D) 

0.022 45.2 

Trees over pervious areas  
(NRCS Soil Type C) 

0.0027 362 

Trees over pervious areas  
(NRCS Soil Type A & B) 

0.00008 12,500 
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that higher peak flows are more erosive and produce more stream channel erosion, 
and that reducing peak flow rates protects the stream channel and banks from erosion.  

Eighty-five percent of all rainfall events in the District of Columbia are less than one 
inch (Figure 3). The ability of trees and green roofs to reduce peak flow rates 
associated with a design storm of one inch of rainfall over six hours was tested with 
the Green Build-out Model. Findings varied from sewershed to sewershed depending 
on the opportunities for tree planting and green roofs. The results presented in Figure 
11 show the reductions in peak flow rate in an individual sewershed with high 
amounts of impervious surfaces and high opportunity to add trees and green roofs.  

        

 
Hydrograph - (6-hr 1" storm) 

Subsewer:  SW-ANA27  

0.0 

0.5 

1.0 

1.5 

2.0 

2.5 

3.0 

3.5 

4.0 

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0

Time (hrs since start of storm) 

R
u
n
o

ff
 r

a
te

 (
M

G
D

) 

Baseline Conditions 

Green Roofs Only 
Trees Only

Green Roofs and Trees 

 

     Figure 11:  Sample Sewershed Hydrograph (6-hour (1 inch), design storm) (Anacostia        
Watershed, MS4 area)  

4.2  HYDROLOGIC AND HYDRAULIC FINDINGS BY GREEN  
INFRASTRUCTURE TYPE 

Additional relationships among the extent of tree and green roof cover, tree box sizes, 
and stormwater volume reductions were observed. These observations were made for 
the combination of all modeled green infrastructure types and for each green 
infrastructure type individually, District-wide, and for each sewer system. These key 
findings are presented below. 
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Trees, Green Roofs, and Tree Boxes Combined 

District-wide findings 

The District-wide reduction in CSO and stormwater discharges associated with each 
greening scenario is presented in Figure 12. Other observations are as follows: 
• For an average year, the intensive greening scenario prevented over 1.2 billion gallons of 

stormwater from entering the sewer system resulting in a reduction of 10% or over one 
billion gallons in untreated discharge to the District’s rivers, and a 6.7% reduction in 
cumulative CSO frequency (74 individual CSO discharges).  

• For an average year, the moderate greening scenario prevented over 311 million gallons 
of stormwater from entering the sewer system resulting in a reduction of 2.6% or 282 
million gallons in untreated discharges to the District’s rivers, and a 1.5% reduction in 
cumulative CSO frequency (16 individual CSO discharges). 

• For a 1 inch, 6 hour design storm, stormwater and CSO discharges were reduced by 19% 
District-wide and 32% in the CSS under the intensive greening scenario. 

• Sewersheds in the District with the greatest opportunity to add trees and green roofs are 
concentrated in the downtown core, and Watts Branch and Piney Branch watersheds. 
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Figure 12:  District-wide Reduction in CSO and Stormwater Discharge to All Waterbodies 
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CSS and MS4 Findings  
• The reductions in stormwater discharge from the CSS and MS4 areas associated with the 

greening scenarios are presented in Figures 13 and 14. Other observations are as follows: 
• Reductions in untreated discharges in the CSS area are 6% for the moderate greening 

scenario and over 22% for the intensive greening scenario.  
• 94 of the 751 total (CSS and MS4) sewersheds (12.5%) experience stormwater runoff 

reductions greater than 10% for the intensive greening scenario, with 8 sewersheds 
showing reductions between 20% and 27%. 

• 60 of 295 sewersheds (20%) in the CSS area experience stormwater runoff reductions 
greater than 10% for the intensive greening scenario. 

• With the moderate greening scenario, installing 11 million square feet of green roofs in 
the CSS area would reduce CSO discharges by 95 million gallons or 4.2% each year.  

• With the intensive greening scenario, installing 55 million square feet of green roofs in 
the CSS area would reduce CSO discharges by 435 million gallons or 19% each year.  
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Figure 13:  Reduction in CSO Discharge from the CSS 
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Figure 14:  Reduction in Stormwater Discharge from the MS4 Area 

Operational Savings from Pumping and Treatment in the CSS 
• Using a unit cost of one cent per gallon, it was estimated that WASA would realize 

between $1.4 and $5.1 million per year in operational savings in the CSS area under the 
moderate greening and intensive greening scenarios, respectively.  

Pollutant Load Reductions from Green Roofs 

Green roofs and increased tree cover were estimated to keep thousands of pounds of 
nutrients, metals, and other pollutants out of area waterways for the intensive 
greening scenario. Estimated load reductions are summarized in Table 6.  
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 Table 6:  Estimation of Pollutant Load Reduction from Green Roofs to Area Receiving      
Waters 

 

Intensive Greening Scenario 
Pollutant Pounds 

Reduced/Year Percent Reduction 

Total Solids 530,000 N/A 

Total Suspended Solids 77,000 0.8% 

Total Dissolved Solids 210,000 N/A 

Biochemical oxygen 
demand (BOD) 

34,000 1.5% 

Total phosphorous 340 0.6% 

Total phosphates 180 0.9% 

Total Kjeldahl nitrogen 
(TKN) 

11,000 4.6% 

Ammonia 3,400 4.1% 

Phenols 12,000 N/A 

Copper 120 2.3% 

Lead 180 1.8% 

Zinc 3,100 16.1% 

Trees Alone 
• Stormwater management benefits from incremental tree cover come primarily from trees 

over impervious surfaces, in particular parking lots and streets. Benefits are fairly evenly 
distributed across the Anacostia, Rock Creek, and Potomac watersheds (Figure A2).  

• For every incremental percentage point increase in tree cover over impervious surfaces in 
the District, there is a corresponding reduction in stormwater runoff District-wide in an 
average year of approximately 11 million gallons. 

• With the moderate greening scenario, the 1000-acre increase in tree cover in the District 
(an increase in total canopy cover from 35 to 40%) would reduce stormwater and CSO 
discharges by 73 million gallons District-wide each year under average year conditions.  

• With the intensive greening scenario, the 4,300 acre increase in tree cover in the District 
(an increase in total canopy cover from 35 to 57%) would reduce stormwater and CSO 
discharges by 193 million gallons District-wide each year under average year conditions. 

Green Roofs Alone  
• Stormwater management benefits from additional green roof cover are realized primarily 

in parts of the city with the greatest building sizes and densities. The highest reductions 
in untreated discharges are located in the CSS area with overall reductions in untreated 
discharges of 19%. Within the CSS, the Potomac watershed realizes the greatest 
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reductions in untreated discharges at 24.8%, followed by the Rock Creek at 22.3%, and 
the Anacostia at 16.6%.  

• For every incremental percentage point increase in green roof area in the District, there is 
a corresponding reduction in stormwater runoff District-wide in an average year of 
approximately 17 million gallons. 

• With the moderate greening scenario, installing 20 million square feet of green roofs 
would reduce stormwater and CSO discharges by 184 million gallons District-wide each 
year under average year conditions.  

• With the intensive greening scenario, installing 100 million square feet of green roofs 
would reduce stormwater and CSO discharges by 882 million gallons District-wide each 
year under average year conditions.  

Tree Boxes Alone 
• For an average year, increasing the existing size of the tree boxes in the downtown area 

to 6x20 ft could reduce 23 million gallons of stormwater runoff each year. This results 
from the replacement of the existing impervious area with pervious area and does not 
consider the added stormwater benefit that larger tree boxes enable trees to grow larger. 

• For a 6 hr. (1 inch) Design Storm, increasing the existing size of the tree boxes in the 
downtown area to 6 x 20 ft. could reduce 5 million gallons of stormwater runoff each 
year. 
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5.  CONCLUSIONS 
The Green Build-out model provides an innovative and powerful planning tool for 
stormwater management in the District of Columbia. The research also provides general 
hydrological relationships and modeling methodologies that are transferable to other 
municipalities.  

The District of Columbia Government, WASA, EPA, NRDC, and key stakeholders agree 
that the research findings demonstrate the efficacy of tree cover and green roofs as 
stormwater BMPs on a citywide and sewershed scale for the District, and that trees and 
green roofs should be a complementary component of any solution to the long-term 
management of stormwater in the District. The research findings are being used as a basis 
to evaluate planning, design, regulatory, and incentive policies and practices in the 
District.  

The following conclusions can also be made from the research findings:   

• Significant Stormwater Management Benefits Provided District-wide 
Trees, green roofs, and large tree boxes provide substantial overall reductions in 
stormwater runoff and untreated discharges in both sewer systems District-wide. Their 
cumulative storage capacity manages small rain events which account for the majority 
of rain events in the District.  

• Targeted strategies by individual sewershed yield greatest results   
The greatest opportunity for significant stormwater management benefits from trees, 
green roofs, and large tree boxes is at the sewershed level in the CSS area where 
reductions for all sewersheds averaged greater than 22%. Some sewersheds have greater 
potential for stormwater benefits and more opportunities for implementation of green 
roofs, tree planting, and tree box enlargement than others based on amount of 
impervious land cover and building size and density. The grant findings provide 
information by sewershed and watershed to target investments in trees, green roofs, and 
larger tree boxes to yield the greatest return in stormwater benefits city-wide.  

• Need for Combined Approaches with other LID solutions 
• In and of themselves, trees, green roofs, and larger tree boxes make significant reductions in 

stormwater runoff across the District by providing rainfall interception storage. Other LID 
solutions, such as rain gardens and vegetated swales, provide stormwater reductions with 
design interventions, and practices, such as street sweeping, provide water quality 
improvements. All green infrastructure options should be considered together when 
evaluating stormwater management benefits and the capacity to manage large storm events.  
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• Tunnels still needed in the CSS with only trees, green roofs, and larger tree boxes 
Trees, green roofs, and large tree boxes provide limited reduction in CSO frequencies. 
Their cumulative storage capacity alone will not replace the need for storage tunnels in 
the CSS, which are designed to manage infrequent, but large rain events to meet 
regulatory requirements. However, they do provide significant reductions in stormwater 
runoff volumes that could have implications for the detailed design of the LTCP. WASA 
is interested in reexamining proposed tunnel projects, particularly the Rock Creek 
Tunnel, during facility planning depending on the extent of these practices, their 
performance, and their acceptability to regulatory agencies.  

• Extent for wide scale implementation across the District 
Trees and green roofs address different and complementary areas of the urban 
landscape. At this time, trees are not easily planted on top of buildings and green roofs 
do not cover streetscapes and parking lots. Between these two solutions, there is the 
potential to provide effective coverage over all impervious land cover types in the 
District, demonstrating the opportunity and extent to make large scale changes across 
the city.   

• MS4 Opportunities with TMDLs  
Trees and green roofs provide stormwater controls in urban areas where options and 
space are limited. Such controls through reductions to stormwater peak flow, velocity, 
and stream bank erosion show particular promise in the MS4 area where subsequent 
reductions in pollutant loadings could provide the District an option to make progress 
toward meeting TMDL requirements for its impaired waters.  

• Operational savings in CSS  
Potential reductions in stormwater runoff within the CSS could lead to substantial 
annual savings in operational costs associated with storing, pumping and treating 
combined sewage. 

In addition to stormwater management benefits, for the same investment, 
implementation of increased tree cover, green roof coverage, and larger tree boxes 
would also provide improvements in air quality, public health, social capital, and 
economic development, and reductions in carbon, UV radiation, and the urban heat 
island effect.  

5.1  AREAS FOR FURTHER STUDY 

Combined sewer overflows and stormwater discharges are the chief sources of pollution 
in the Anacostia, Potomac, and Rock Creek waters in the District of Columbia. This 
study conservatively quantifies the potential stormwater benefits of trees, green roofs, 
and larger tree boxes for the District. The findings of this study are sufficient to advance 
watershed planning to include trees and green roofs as a significant component of 
stormwater management. Further areas of study to develop these planning efforts 
include: 
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• Application of the Mike Urban model for the LTCP with Green Build-out Model findings and 
consideration of the results in the detailed design of the tunnels 

• Installation of a pilot program to demonstrate the intensive greening scenario in sensitive and 
targeted sewersheds in both the CSS and MS4 areas, and monitor its results   

• Investigation of performance and maintenance standards for trees and green roofs to meet the 
modeled assumptions 

• Development of a GIS database to monitor progress and track installations towards tree and 
green roof coverage objectives across the District 

• Expansion of the Green Build-out Model to include other LID practices, including vegetated 
solutions and use of pervious or permeable pavement and rain gardens 

• Development of implementation tools for site scale design and development review  
• Development of comprehensive cost/benefit information to identify implementation options 
• Development of incentives to promote trees, green roofs, and other LID practices in targeted 

areas 
• Evaluation of other benefits of trees and green roofs, such as reduction in urban heat island 

effect, removal of greenhouse gases, energy savings, and air quality improvements, and 
evaluation of strategies to achieve multiple resource objectives and integrated resource 
management across municipal and regional functions 

5.2 POLICY RECOMMENDATIONS 

Policy recommendations resulting from this research were developed by Casey Trees, 
LimnoTech, and the Advisory Team to facilitate implementation of trees, green roofs, and 
larger tree boxes as stormwater controls. These recommendations are contained in Appendix 
D. 
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Figure A1:  Sewershed comparison of Moderate Greening and Intensive Greening Scenarios for percent reductions in stormwater 
runoff for all green infrastructure (trees, greenroofs, and tree boxes) 
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Figure A2: Sewershed comparison of Moderate Greening and Intensive Greening Scenarios for percent reductions in stormwater 
runoff from tree cover  
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Figure A3: Sewershed comparison of Moderate Greening and Intensive Greening Scenarios for percent reductions in stormwater 
runoff from greenroof cover 
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Figure A4: Percent reductions in stormwater runoff in Downtown Character Area for tree 
box scenario (increasing tree box size from 3 x 5ft to 6 x 20ft)
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Figure A5: Reduction in CSO and Stormwater Discharge to the Anacostia River 
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Figure A6: Reduction in CSO and Stormwater Discharge to the Potomac River 
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Figure A7: Reduction in CSO and Stormwater Discharge to Rock Creek 
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Table A1: Summary of Intensive Greening Scenario Results (Average Year) 

AVERAGE YEAR WET WEATHER POINT UNTREATED DISCHARGES 

Scenario: BASELINE TREEBOX TREES GREEN 
ROOFS 

ALL GREEN 
INFRASTRUCTURE 

Year: AVG (1990) AVG (1990) AVG (1990) AVG (1990) AVG (1990) 

Model: C3 C3 C3 C3 C3 

Units: MG 
MG            

(% reduction) 
MG 

(% reduction) 
MG             

(% reduction) 
MG 

(% reduction) 

Combined Sewer 
System 

          

Anacostia CSOs 
 

1,608 

1,586          
(1.3% 

reduction) 

1,570 
(2.4% 

reduction) 

1,341           
(16.6% 

reduction) 
1,282               

(20.3% reduction) 

Potomac CSOs 
 

628 

624            
(0.5% 

reduction) 

613 
(2.4% 

reduction) 

472             
(24.8% 

reduction) 
453                

(27.7% reduction) 

Rock Creek CSOs 
 

56 

56             
(0.0% 

reduction) 

55 
 (1.9% 

reduction) 

43              
(22.3% 

reduction) 
42                 

 (24.2% reduction) 

Total 
 

2,291 

2,266         
(1.1% 

reduction) 

2,237 
(2.4% 

reduction) 

1,856           
(19.0% 

reduction) 
1,777               

(22.4% reduction) 

Storm Sewer System           

Anacostia Storm 
 

3,719 

3,719          
(0.0% 

reduction) 

3,652 
(1.8% 

reduction) 

3,545           
(4.7% 

reduction) 
3,478               

(6.5% reduction) 

Potomac Storm 
 

3,177 

3,177          
(0.0% 

reduction) 

3,128 
(1.5% 

reduction) 

3,000           
(5.6% 

reduction) 
2,952               

(7.1% reduction) 

Rock Creek Storm 
 

1,860 

1,860          
(0.0% 

reduction) 

1,836 
(1.3% 

reduction) 

1,768           
(5.0% 

reduction) 
1,744               

(6.2% reduction) 

Total 
 

8,755 

8,755          
(0.0% 

reduction) 

8,617           
(1.6% 

reduction) 

8,313           
(5.1% 

reduction) 
8,174               

(6.6% reduction) 

Entire System           

Anacostia 
 

5,327 

5,305          
(0.4% 

reduction) 

5,221 
(2.0% 

reduction) 

4,886           
(8.3% 

reduction) 
4,760               

(10.6% reduction) 

Potomac 
 

3,804 

3,801          
(0.1% 

reduction) 

3,741 
(1.7% 

reduction) 

3,472           
(8.7% 

reduction) 
3,405               

(10.5% reduction) 

Rock Creek 
 

1,915 

1,915          
(0.0% 

reduction) 

1,891 
(1.3% 

reduction) 

1,811           
(5.5% 

reduction) 
1,787               

(6.7% reduction) 

Total 
 

11,046 

11,022         
(0.2% 

reduction) 

10,853          
(1.7% 

reduction) 

10,169          
(8.0% 

reduction) 
9,951               

(10.0% reduction) 
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AVERAGE YEAR WET WEATHER                                                                     
CUMULATIVE POINT DISCHARGE FREQUENCIES 

Scenario: BASELINE TREEBOX TREES GREEN 
ROOFS 

ALL GREEN 
INFRASTRUCTURE 

Year: AVG (1990) AVG (1990) AVG (1990) AVG (1990) AVG (1990) 

Model: C3 C3 C3 C3 C3 

Units: 
 

No. 
No.            

(% reduction) 
No.             

(% reduction) 
No.             

(% reduction) 
No.               

(% reduction) 

Combined Sewer 
System           

Anacostia CSOs 592 
590            

(0.3% 
reduction) 

585             
(1.2% 

reduction) 

547             
(7.6% 

reduction) 
547                

 (7.6% reduction) 

Potomac CSOs 391 
391            

(0.0% 
reduction) 

388             
(0.8% 

reduction) 

368             
(5.9% 

reduction) 
368                

(5.9% reduction) 

Rock Creek CSOs 119 
119            

(0.0% 
reduction) 

119             
(0.0% 

reduction) 

113             
(5.0% 

reduction) 
113                

(5.0% reduction) 

Total 1,102 
1,100          
(0.2% 

reduction) 

1,092           
(0.9% 

reduction) 

1,028           
(6.7% 

reduction) 
1,028               

(6.7% reduction) 
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Table A2:  Summary of Intensive Greening Scenario Results (Design Storm) 
 

6HR (1") DESIGN STORM WET WEATHER  
POINT UNTREATED DISCHARGES 

Scenario: BASELINE TREEBOX TREES GREEN 
ROOFS 

ALL GREEN 
INFRASTRUCTURE

Year: 6HR (1") 6HR (1") 6HR (1") 6HR (1") 6HR (1") 

Model: C3 C3 C3 C3 C3 

Units: 
 MG MG            

(% reduction) 
MG             

(% reduction) 
MG             

(% reduction) 
MG 

(% reduction) 

Combined Sewer 
System           

Anacostia CSOs 68 
63             

(7.5% 
reduction) 

58              
(14.5% 

reduction) 

58              
(14.2% 

reduction) 
43                 

(36.3% reduction) 

Potomac CSOs 35 
35             

(0.4% 
reduction) 

34              
(0.7% 

reduction) 

26              
(24.1% 

reduction) 
26                

(25.2% reduction) 

Rock Creek CSOs 4 
4              

(0.0% 
reduction) 

4               
(1.8% 

reduction) 

3               
(24.9% 

reduction) 
3                  

(26.7% reduction) 

Total 106 
101            

(4.9% 
reduction) 

96             
(9.5% 

reduction) 

87              
(17.8% 

reduction) 
72                 

(32.3% reduction) 

Storm Sewer System           

Anacostia Storm 96 
96             

(0.0% 
reduction) 

96              
 (0.8% 

reduction) 

86              
(11.3% 

reduction) 
85                 

(12.1% reduction) 

Potomac Storm 85 
85             

(0.0% 
reduction) 

84              
(0.8% 

reduction) 

74              
(13.1% 

reduction) 
73                 

(13.9% reduction) 

Rock Creek Storm 43 
43            

(0.0% 
reduction) 

43              
(0.6% 

reduction) 

37              
(13.6% 

reduction) 
37                 

 (14.3% reduction) 

Total 224 
224            

(0.0% 
reduction) 

222             
(0.8% 

reduction) 

196             
(12.4% 

reduction) 
194                

(13.2% reduction) 

Entire System           

Anacostia 164 
159            

(3.1% 
reduction) 

153             
(6.5% 

reduction) 

144             
(12.5% 

reduction) 
128                

(22.0% reduction) 

Potomac 119 
119            

(0.1% 
reduction) 

118             
(0.8% 

reduction) 

100             
(16.3% 

reduction) 
99                 

(17.1% reduction) 

Rock Creek 47 
47             

(0.0% 
reduction) 

46 (0.7% 
reduction) 

40              
(14.6% 

reduction) 
40                 

(15.3% reduction) 

Total 330 
325            

(1.6% 
reduction) 

318             
(3.6% 

reduction) 

284             
(14.1% 

reduction) 
266                

(19.3% reduction) 
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6HR (1") DESIGN STORM WET WEATHER                                                             

POINT DISCHARGE FREQUENCIES 

Scenario: BASELINE TREEBOX TREES GREEN 
ROOFS 

ALL GREEN 
INFRASTRUCTURE

Year: 6HR (1") 6HR (1") 6HR (1") 6HR (1") 6HR (1") 

Model: C3 C3 C3 C3 C3 

Units: 
No. No.            

(% reduction) 
No.             

(% reduction) 
No.             

(% reduction) 
No.                

(% reduction) 

Combined Sewer 
System           

Anacostia CSOs 14 
14             

(0.0% 
reduction) 

14              
(0.0% 

reduction) 

14              
(0.0% 

reduction) 
14                 

(0.0% reduction) 

Potomac CSOs 8 
8              

(0.0% 
reduction) 

8               
(0.0% 

reduction) 

8               
(0.0% 

reduction) 
8                  

(0.0% reduction) 

Rock Creek CSOs 6 
6              

(0.0% 
reduction) 

6               
(0.0% 

reduction) 

4               
(33.3% 

reduction) 
4                  

(33.3% reduction) 

Total 28 
28             

(0.0% 
reduction) 

28              
(0.0% 

reduction) 

26              
(7.1% 

reduction) 
26                 

(7.1% reduction) 
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Table A3:  Summary of Moderate Greening Scenario Results (Average Year) 
 

AVERAGE YEAR WET WEATHER                                                                     
POINT UNTREATED DISCHARGES 

Scenario: BASELINE TREEBOX TREES GREEN 
ROOFS 

ALL GREEN 
INFRASTRUCTURE

Year: AVG (1990) AVG (1990) AVG (1990) AVG (1990) AVG (1990) 

Model: C3 C3 C3 C3 C3 

Units: MG 
MG            

(% reduction) 
MG             

(% reduction) 
MG             

(% reduction) 
MG                

(% reduction) 

Combined Sewer 
System 

 
        

Anacostia CSOs 1,608 
1,586          
(1.3% 

reduction) 

1,594           
(0.8% 

reduction) 

1,548           
(3.7% 

reduction) 
1,513              

(5.9% reduction) 

Potomac CSOs 628 
624            

(0.5% 
reduction) 

621             
(1.1% 

reduction) 

595             
(5.2% 

reduction) 
585                

(6.8% reduction) 

Rock Creek CSOs 56 
56             

(0.0% 
reduction) 

55              
(0.6% 

reduction) 

53              
(4.6% 

reduction) 
53                 

(5.3% reduction) 

Total 2,291 
2,266          
(1.1% 

reduction) 

2,270           
(0.9% 

reduction) 

2,196           
(4.2% 

reduction) 
2,150               

(6.1% reduction) 

Storm Sewer System          

Anacostia Storm 3,719 
3,719          
(0.0% 

reduction) 

3,694           
(0.7% 

reduction) 

3,684           
(0.9% 

reduction) 
3,659               

(1.6% reduction) 

Potomac Storm 3,177 
3,177          
(0.0% 

reduction) 

3,158           
(0.6% 

reduction) 

3,141           
(1.1% 

reduction) 
3,122               

(1.7% reduction) 

Rock Creek Storm 1,860 
1,860         
(0.0% 

reduction) 

1,852           
(0.4% 

reduction) 

1,841           
(1.0% 

reduction) 
1,833               

(1.4% reduction) 

Total 8,755 
8,755          
(0.0% 

reduction) 

8,703           
(0.6% 

reduction) 

8,667           
(1.0% 

reduction) 
8,614               

(1.6% reduction) 

Entire System          

Anacostia 5,327 
5,305          
(0.4% 

reduction) 

5,288           
(0.7% 

reduction) 

5,232           
(1.8% 

reduction) 
5,172               

(2.9% reduction) 

Potomac 3,804 
3,801          
(0.1% 

reduction) 

3,778           
(0.7% 

reduction) 

3,736           
(1.8% 

reduction) 
3,706               

(2.6% reduction) 

Rock Creek 1,915 
1,915          
(0.0% 

reduction) 

1,907          
(0.4% 

reduction) 

1,894           
(1.1% 

reduction) 
1,886               

(1.5% reduction) 

Total 11,046 
11,022         
(0.2% 

reduction) 

10,973          
(0.7% 

reduction) 

10,862          
(1.7% 

reduction) 
10,764             

(2.6% reduction) 
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AVERAGE YEAR WET WEATHER                                                                     

CUMULATIVE POINT DISCHARGE FREQUENCIES 

Scenario: BASELINE TREEBOX TREES GREEN 
ROOFS 

ALL GREEN 
INFRASTRUCTURE

Year: AVG (1990) AVG (1990) AVG (1990) AVG (1990) AVG (1990) 

Model: C3 C3 C3 C3 C3 

Units: No. 
No.            

(% reduction) 
No.             

(% reduction) 
No.             

(% reduction) 
No.                

(% reduction) 

Combined Sewer 
System 

     

Anacostia CSOs 592 
590            

(0.3% 
reduction) 

592             
(0.0% 

reduction) 

583             
(1.5% 

reduction) 

583 
(1.5% reduction) 

Potomac CSOs 391 
391            

(0.0% 
reduction) 

389             
(0.5% 

reduction) 

385             
(1.5% 

reduction) 

385 
(1.5% reduction) 

Rock Creek CSOs 119 
119            

(0.0% 
reduction) 

119             
(0.0% 

reduction) 

118             
(0.8% 

reduction) 

118 
(0.8% reduction) 

Total 1,102 
1,100          
(0.2% 

reduction) 

1,100           
(0.2% 

reduction) 

1,086           
(1.5% 

reduction) 

1,086               
(1.5% reduction) 
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Table A4:  Summary of Moderate Greening Scenario Results (Design Storm) 
 

1YR, 6HR (1") DESIGN STORM WET WEATHER                                                                                    
POINT UNTREATED DISCHARGES 

Scenario: BASELINE TREEBOX TREES GREEN ROOFS ALL GREEN 
INFRASTRUCTURE

Year: 6HR (1") 6HR (1") 6HR (1") 6HR (1") 6HR (1") 

Model: C3 C3 C3 C3 C3 

Units: 
 MG MG            

(% reduction) 
MG 

(% reduction) 
MG 

(% reduction) 
MG 

(% reduction) 

Combined Sewer System           

Anacostia CSOs 68 
63             

(7.5% reduction)
67              

(0.4% reduction) 
60              

(10.6% reduction) 
55               

(18.5% reduction) 

Potomac CSOs 35 
35             

(0.4% reduction)
35              

(0.2% reduction) 
33              

(5.2% reduction) 
33               

(5.8% reduction) 

Rock Creek CSOs 4 
4              

(0.0% reduction)
4               

(0.5% reduction) 
4               

(5.1% reduction) 
4                

(5.6% reduction) 

Total 106 
101            

(4.9% reduction)
106             

(0.3% reduction) 
97              

(8.6% reduction) 
92               

(13.9% reduction) 

Storm Sewer System   
        

Anacostia Storm 96 
96             

(0.0% reduction)
96              

(0.2% reduction) 
94              

(2.3% reduction) 
94               

(2.5% reduction) 

Potomac Storm 85 
85             

(0.0% reduction)
84              

(0.2% reduction) 
82              

(2.6% reduction) 
82               

(2.9% reduction) 

Rock Creek Storm 43 
43             

(0.0% reduction)
43              

(0.2% reduction) 
42              

(2.7% reduction) 
42               

(2.9% reduction) 

Total 224 
224            

(0.0% reduction)
223 

(0.2% reduction) 
218 

(2.5% reduction) 
218 

(2.7% reduction) 

Entire System   
        

Anacostia 164 
159            

(3.1% reduction)
164 

(0.3% reduction) 
155 

(5.7% reduction) 
14 

(9.1% reduction) 

Potomac 119 
119            

(0.1% reduction)
119 

(0.2% reduction) 
115 

(3.4% reduction) 
115 

(3.7% reduction) 

Rock Creek 47 
47             

(0.0% reduction)
47              

(0.2% reduction) 
45              

(2.9% reduction) 
45               

(3.1% reduction) 

Total 330 
325            

(1.6% reduction)
329 

(0.3% reduction) 
316 

(4.5% reduction) 
309 

(6.3% reduction) 

      
6HR (1") DESIGN STORM WET WEATHER                                                                                         

POINT DISCHARGE FREQUENCIES 

Scenario: BASELINE TREEBOX TREES GREENROOFS ALL GREEN 
INFRASTRUCTURE

Year: 6HR (1") 6HR (1") 6HR (1") 6HR (1") 6HR (1") 

Model: C3 C3 C3 C3 C3 

Units: 
No. No.            

(% reduction) 
No.             

(% reduction) 
No.             

(% reduction) 
No.              

(% reduction) 

Combined Sewer System           

Anacostia CSOs 14 
14             

(0.0% reduction)
14 

(0.0% reduction) 
14 

(0.0% reduction) 
14 

(0.0% reduction) 

Potomac CSOs 8 
8 

(0.0% reduction)
8 

(0.0% reduction) 
8 

(0.0% reduction) 
8 

(0.0% reduction) 

Rock Creek CSOs 6 
6 

(0.0% reduction)
6 

(0.0% reduction) 
5 

(16.7% reduction) 
5 

(16.7% reduction) 

Total 28 
28             

(0.0% reduction)
28 

(0.0% reduction) 
27 

(3.6% reduction) 
27 

(3.6% reduction) 
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Table A5:  Summary of Moderate and Intensive Greening Scenario Results for Trees 
                        (Average Year) 

AVERAGE YEAR WET WEATHER                                                        
POINT UNTREATED DISCHARGES 

Scenario: BASELINE MODERATE GREENING 
SCENARIO 

INTENSIVE GREENING 
SCENARIO 

Year: AVG (1990) AVG (1990) AVG (1990) 

Model: C3 C3 C3 

Units:  MG 
MG 

(% reduction) 
MG 

(% reduction) 

Combined Sewer System       

Anacostia CSOs 1,608 
1,594 

(0.8% reduction) 
1,570 

(2.4% reduction) 

Potomac CSOs 628 
621 

(1.1% reduction) 
613 

(2.4% reduction) 

Rock Creek CSOs 56 
55                     

(0.6% reduction) 
55                     

(1.9% reduction) 

Total 2,291 
2,270 

(0.9% reduction) 
2,237 

(2.4% reduction) 

Storm Sewer System   
    

Anacostia Storm 3,719 
3,694 

(0.7% reduction) 
3,652 

(1.8% reduction) 

Potomac Storm 3,177 
3,158 

(0.6% reduction) 
3,128 

(1.5% reduction) 

Rock Creek Storm 1,860 
1,852 

(0.4% reduction) 
1,836 

(1.3% reduction) 

Total 8,755 
8,703 

(0.6% reduction) 
8,617 

(1.6% reduction) 

Entire System   
    

Anacostia 5,327 
5,288 

(0.7% reduction) 
5,221 

(2.0% reduction) 

Potomac 3,804 
3,778 

(0.7% reduction) 
3,741 

(1.7% reduction) 

Rock Creek 1,915 
1,907 

(0.4% reduction) 
1,891 

(1.3% reduction) 

Total 11,046 
10,973                  

(0.7% reduction) 
10,853 

(1.7% reduction) 

AVERAGE YEAR WET WEATHER  
CUMULATIVE POINT DISCHARGE FREQUENCIES 

Scenario: BASELINE MODERATE GREENING 
SCENARIO 

INTENSIVE GREENING 
SCENARIO 

Year: AVG (1990) AVG (1990) AVG (1990) 

Model: C3 C3 C3 

Units: No. 
No.                    

(% reduction) 
No.                     

(% reduction) 

Combined Sewer System       

Anacostia CSOs 592 
592 

(0.0% reduction) 
585 

(1.2% reduction) 

Potomac CSOs 391 
389 

(0.5% reduction) 
388 

(0.8% reduction) 

Rock Creek CSOs 119 
119 

(0.0% reduction) 
119 

(0.0% reduction) 

Total 1,102 
1,100 

(0.2% reduction) 
1,092 

(0.9% reduction) 
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Table A6:  Summary of Moderate and Intensive Greening Scenario Results for Green 
                        Roofs (Average Year) 

AVERAGE YEAR WET WEATHER POINT UNTREATED DISCHARGES 

Scenario: BASELINE MODERATE GREENING 
SCENARIO 

INTENSIVE GREENING 
SCENARIO 

Year: AVG (1990) AVG (1990) AVG (1990) 

Model: C3 C3 C3 

Units: 
 MG MG 

(% reduction) 
MG 

(% reduction) 

Combined Sewer 
System       

Anacostia CSOs 1,608 
1,548 

(3.7% reduction) 
1,341 

(16.6% reduction) 

Potomac CSOs 628 
595 

(5.2% reduction) 
472 

(24.8% reduction) 

Rock Creek CSOs 56 
53 

(4.6% reduction) 
43                      

(22.3% reduction) 

Total 2,291 
2,196 

(4.2% reduction) 
1,856 

(19.0% reduction) 

Storm Sewer System       

Anacostia Storm 3,719 
3,684 

(0.9% reduction) 
3,545 

(4.7% reduction) 

Potomac Storm 3,177 
3,140 

(1.1% reduction) 
2,996 

(5.7% reduction) 

Rock Creek Storm 1,860 
1,841 

(1.0% reduction) 
1,768 

(5.0% reduction) 

Total 8,755 
8,666 

(1.0% reduction) 
8,308 

(5.1% reduction) 

Entire System       

Anacostia 5,327 
5,232 

(1.8% reduction) 
4,886 

(8.3% reduction) 

Potomac 3,804 3,735 
(1.8% reduction) 

3,467 
(8.9% reduction) 

Rock Creek 1,915 
1,894 

(1.1% reduction) 
1,811 

(5.5% reduction) 

Total 11,046 
10,862 

(1.7% reduction) 
10,164 

(8.0% reduction) 

AVERAGE YEAR WET WEATHER  
CUMULATIVE POINT DISCHARGE FREQUENCIES 

Scenario: BASELINE MODERATE GREENING 
SCENARIO 

INTENSIVE GREENING 
SCENARIO 

Year: AVG (1990) AVG (1990) AVG (1990) 

Model: C3 C3 C3 

Units: 
No. No.                     

(% reduction) 
No.                     

(% reduction) 

Combined Sewer 
System       

Anacostia CSOs 592 
583 

(1.5% reduction) 
547 

(7.6% reduction) 

Potomac CSOs 391 
385 

(1.5% reduction) 
368 

(5.9% reduction) 

Rock Creek CSOs 119 
118 

(0.8% reduction) 
113 

(5.0% reduction) 

Total 1,102 
1,086 

(1.5% reduction) 
1,028 

(6.7% reduction) 
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Table A7:  Summary of Treebox Scenario Results 
AVERAGE YEAR WET WEATHER 

POINT UNTREATED DISCHARGES 
Scenario: BASELINE TREEBOX 

Year: AVG (1990) AVG (1990) 

Model: C3 C3 

Units:  MG MG 

Percent 
Reduction 

Combined Sewer System       

Anacostia CSOs 1,608 1,586 1.32% 

Potomac CSOs 628 624 0.52% 

Rock Creek CSOs 56 56 0.02% 

Total 2,291 2,266 1.07% 

DCA
1
 1,441 1,418 1.57% 

AVERAGE YEAR WET WEATHER 
CUMULATIVE POINT DISCHARGE FREQUENCIES 

Scenario: BASELINE TREEBOX 

Year: AVG (1990) AVG (1990) 

Model: C3 C3 

Units: No. No. 

Percent 
Reduction 

Combined Sewer System       

Anacostia CSOs 592 590 0.34% 

Potomac CSOs 391 391 0.00% 

Rock Creek CSOs 119 119 0.00% 

Total 1,102 1,100 0.18% 

DCA
1
 205 203 0.98% 

1YR,6HR (1") DESIGN STORM WET WEATHER 
POINT UNTREATED DISCHARGES 

Scenario: BASELINE TREEBOX 

Year: 1YR,6HR (1") 1YR,6HR (1") 

Model: C3 C3 

Units:  MG MG 

Percent 
Reduction 

Combined Sewer System       

Anacostia CSOs 68 63 7.55% 

Potomac CSOs 35 35 0.36% 

Rock Creek CSOs 4 4 0.00% 

Total 106 101 4.92% 

DCA
1
 63 58 8.27% 

6HR (1") DESIGN STORM WET WEATHER  CUMULATIVE POINT DISCHARGE 
FREQUENCIES 

Scenario: BASELINE TREEBOX 

Year: 1YR,6HR (1") 1YR,6HR (1") 

Model: C3 C3 

Units:  MG MG 

Percent 
Reduction 

Combined Sewer System       

Anacostia CSOs 14 14 0.00% 

Potomac CSOs 8 8 0.00% 

Rock Creek CSOs 6 6 0.00% 

Total 28 28 0.00% 

DCA
1
 6 6 0.00% 

1. the downtown character area includes CSO 10,12,19,20,22,34, and 35 
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Table A8:  Runoff Volumes for the CSS and MS4 AREA, MG 

 
GREENROOFS - AVERAGE YEAR 

Sewershed 
Baseline 
Runoff 

Moderate 
Greening 
Scenario 
Runoff 
(MG) 

Moderate 
Greening 
Scenario 
Runoff 
Volume 

Reduction 
(MG) 

Moderate 
Greening 
Scenario 
Runoff  

Reduction 
(%) 

Intensive 
Greening 
Scenario 
Runoff 
(MG) 

Intensive 
Greening 
Scenario 
Runoff 
Volume 

Reduction 
(MG) 

Intensive 
Greening 
Scenario 
Runoff  

Reduction 
(%) 

Total CSS 7,668 7,569 99 1.3% 7,182 486 6.3%

Anacostia CSS 4,219 4,168 51 1.2% 3,971 248 5.9%

Potomac CSS 1,013 994 18 1.8% 922 91 9.0%

Rock Creek CSS 2,437 2,406 30 1.2% 2,289 148 6.1%

Total MS4 8,755 8,667 88 1.0% 8,313 442 5.0%

Anacostia MS4 3,719 3,684 35 0.9% 3,545 174 4.7%

Potomac MS4 3,177 3,141 36 1.1% 3,000 177 5.6%

Rock Creek MS4 1,860 1,841 19 1.0% 1,768 92 4.9%

TOTAL 16,423 16,236 187 1.1% 15,495 928 5.7%

        

TREES - AVERAGE YEAR       

Sewershed 
Baseline 
Runoff 

Moderate 
Greening 
Scenario 
Runoff 
(MG) 

Moderate 
Greening 
Scenario 
Runoff 
Volume 

Reduction 
(MG) 

Moderate 
Greening 
Scenario 
Runoff  

Reduction 
(%) 

Intensive 
Greening 
Scenario 
Runoff 
(MG) 

Intensive 
Greening 
Scenario 
Runoff 
Volume 

Reduction 
(MG) 

Intensive 
Greening 
Scenario 
Runoff  

Reduction 
(%) 

Total CSS 7,668 7,613 55 0.7% 7,537 131 1.7%

Anacostia CSS 4,219 4,186 33 0.8% 4,142 76 1.8%

Potomac CSS 1,013 1,006 7 0.7% 997 15 1.5%

Rock Creek CSS 2,437 2,421 16 0.6% 2,397 40 1.6%

Total MS4 8,755 8,703 52 0.6% 8,617 138 1.6%

Anacostia MS4 3,719 3,694 25 0.7% 3,652 67 1.8%

Potomac MS4 3,177 3,158 19 0.6% 3,128 49 1.5%

Rock Creek MS4 1,860 1,852 8 0.4% 1,836 24 1.3%

TOTAL 16,423 16,316 107 0.7% 16,154 269 1.6%
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ALL Green Infrastructure(including tree boxes) - AVERAGE YEAR   

Sewershed 
Baseline 
Runoff 

Moderate 
Greening 
Scenario 
Runoff 
(MG) 

Moderate 
Greening 
Scenario 
Runoff 
Volume 

Reduction 
(MG) 

Moderate 
Greening 
Scenario 
Runoff  

Reduction 
(%) 

Intensive 
Greening 
Scenario 
Runoff 
(MG) 

Intensive 
Greening 
Scenario 
Runoff 
Volume 

Reduction 
(MG) 

Intensive 
Greening 
Scenario 
Runoff  

Reduction 
(%) 

Total CSS 7,668 7,498 170 2.2% 7,034 634 8.3%

Anacostia CSS 4,219 4,129 90 2.1% 3,888 330 7.8%

Potomac CSS 1,013 983 30 3.0% 902 111 11.0%

Rock Creek CSS 2,437 2,386 51 2.1% 2,244 193 7.9%

Total MS4 8,755 8,615 140 1.6% 8,174 581 6.6%

Anacostia MS4 3,719 3,659 60 1.6% 3,478 241 6.5%

Potomac MS4 3,177 3,122 54 1.7% 2,951 225 7.1%

Rock Creek MS4 1,860 1,833 26 1.4% 1,744 115 6.2%

TOTAL 16,423 16,112 311 1.9% 15,208 1,216 7.4%
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1. INTRODUCTION 
This Appendix documents the modeling methodology for the EPA Water Quality 
Cooperative Agreement grant entitled “The Green Build-out Model.”  The Green Build-out 
Model is used to quantify the cumulative stormwater management benefits related to 
increases in “green infrastructure” in Washington, DC (the District), namely tree cover and 
green roofs. This research represents a public-private partnership between Casey Trees, a 
non-profit organization whose mission is to restore, enhance, and protect tree cover in our 
nation’s capital, and LimnoTech, an environmental engineering firm that built the 
hydrologic and hydraulic sewer model for the District of Columbia Water and Sewer 
Authority (WASA) and applied it for development of the Long-Term Control Plan (LTCP) 
for WASA’s Combined Sewer System (CSS).  

In addition to documenting modeling methodology, a secondary goal of this Appendix is to 
demonstrate to interested parties how to set up a similar green infrastructure model for their 
own communities. While the model inputs described in this report are specific to the 
District, the modeling approach, assumptions, and methods are universal and can be used to 
model infrastructure in other cities. This Appendix also describes the development of the 
Mini-model, a simplified version of the Green Build-out Model, that uses simplified unit-
area stormwater reduction values to assess the value of adding trees and green roofs in the 
District. Again, the Mini-model is also specific to the District, but its methodology can be 
extended for application in other cities or municipalities.  

2.  MODEL BACKGROUND 

Since the inception of the District’s sewer system in the late 1800s, it has repeatedly been 
the subject of study, design, and construction to expand service to a growing, spreading 
population and to improve public health and water quality for the metropolitan Washington 
area. To assist with the development of the LTCP in the late 1990s, WASA developed a 
complex hydrologic and hydraulic model of the CSS. This model is in use today and 
continues to be refined as more and better data on the system become available. 

The sewer system model has undergone two sets of calibration rounds, once for the 
development of the LTCP in 2000, and once in 2005-2006 after more metering data 
became available. A third round of calibration is expected to occur in 2007, which will 
include new metered data along the Anacostia River as well as improved geographic 
information system (GIS) layers to define the surface hydrology.  

The sewer system model has not only been used for the development of the LTCP, but also 
for numerous other projects such as investigation of localized flooding problems, 
Intermunicipal Agreement negotiations, evaluation of improvements at pump stations and 
at the Blue Plains Wastewater Treatment Plant, and for examination of emergency 
operations. The hydrologic and hydraulic (H&H) modeling conducted for the Green Build-
out Model builds upon the existing sewer system model for the District. The model 
scenario that represents the existing sewer system (Scenario C3) assumes that upgrades 
have been made at the major pump stations and control structures, but that the storage 
tunnels and other elements of the LTCP are not yet in place.  
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Figure B1: Screenshots of the Mike Urban
Runoff Input Files

The sewer system model is an application of Mike Urban, a proprietary modeling platform 
supported by the Danish Hydraulic Institute (DHI). This software package uses DHI’s 
MOUSE software for the hydrologic and hydraulic modeling, and integrates it with a GIS 
platform for improved visual functionality. Mike Urban has been peer reviewed and 
successfully applied by WASA in the development of the EPA-approved LTCP for the 
CSS. The Mike Urban software was chosen because it accommodates a high degree of 
detail in characterizing the sewer system, including: 

1. Real-time control features, which enable characterization of the network’s 
dynamically-controlled inflatable dams and pump stations    

2. Dry weather flow time series at each sewershed in the combined sewer system 
3. Wet weather simulation of each sewershed in the combined sewer system using 

detailed hydrologic inputs that are unique to each sewershed 
4. Boundary time series for flow entering the District from other jurisdictions, with 

wet-weather adjustment factors 
5. Sanitary sewershed wastewater inputs, reflecting demographic and user-specific 

data, with wet-weather infiltration and inflow inputs 
6. Tide-level time series at system outfalls 

The modeling of the green infrastructure is a two-step process. First, the storm runoff is 
determined based on the local hydrology. Second, the calculated storm runoff is routed 
through the sewer system to determine the impact of the green infrastructure on CSO 
overflows. Both these processes are described below. 

3. RUNOFF MODEL INPUTS 

The surface runoff computations are calculated in 
Mike Urban using the kinematic wave equation, a 
commonly used method for simulation of urban 
hydrology. This method assumes that runoff 
behaves like flow in an open channel. The 
sewershed inputs (Figure B1) for the kinematic 
wave equation include:  

• Area 
• Slope 
• Length 
• Surface type 

o Impervious Steep 
o Impervious Flat 
o Pervious Small 
o Pervious Medium 
o Pervious Large 

• Storage 
• Infiltration (Horton parameters) 
• Roughness (Manning coefficient) 
• Evapotranspiration 
• Rainfall 

 
Each of these inputs is described in the following 
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Figure B2: Depiction of all Sewersheds 

sections.  
 
The runoff volume is controlled by the amount of precipitation, the size and characteristics 
of the sewershed, and various hydrological loss mechanisms. Calculation of runoff is 
represented by the following equation: 
 

Runoff = Precipitation – Evapotranspiration – Infiltration – Storage  
 

The shape of the runoff hydrograph is controlled by the length, slope and roughness of the 
sewershed surface.  

3.1 AREA 
The area of each sewershed is a critical factor in determining the runoff volume. For the 
purpose of this study, there are two defined areas that convey runoff: the existing 
sewershed area and the green infrastructure area (i.e., the area covered by new green roofs 
and trees). 

3.1.1  Existing Sewershed Area  

The sewer service area within the District covers 33,720 acres, of which 12,470 acres are in 
the CSS area and 21,250 acres are in the municipal separate storm sewer system (MS4) 
area. The CSS generally serves the central, older portion of the District. Approximately 
66% of this area drains to the lower Anacostia River, with the remainder draining to Rock 
Creek and the Potomac River. There are 60 outfalls listed in WASA’s National Pollutant 
Discharge Elimination System (NPDES) permit, including 17 along the Anacostia River, 

14 along the Potomac River, and 29 along 
Rock Creek. The MS4 area serves the 
newer, outlying portions of the District and 
is characterized by a separate sewer system 
for the sanitary and storm flows. There are 
619 storm sewer outfalls in the MS4 area, 
including 234 along the Anacostia River, 
195 along the Potomac River, and 190 
along Rock Creek. 

 
Because the sewered area in the District is 
so large, it was divided into sewersheds, 
small entities with specific drainage area 
and flow characteristics. Areas with 
complex hydrology and hydraulics have 
more detailed sewershed delineations than 
areas that are hydrologically homogenous 
and hydraulically simple. This allows for a 
comprehensive representation of the sewer 
system, without unnecessarily slowing 
down the hydrologic and hydraulic 
computations in Mike Urban with too 
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much detail. There are 295 sewersheds in the CSS area, with a median area of 22 acres. 
The MS4 area was divided into 456 sewersheds, with a median area of 11 acres.  
All of the sewersheds that were modeled in Mike Urban are presented in Figure B2. The 
contributing area of each was determined using GIS. These sewersheds were calibrated 
against flow meter data during the development of the sewer system model for the LTCP. 

3.1.2 Green Infrastructure Area 
The area of the green infrastructure varies depending on the scenario that was evaluated 
(intensive vs. moderate greening). Note that the Green Build-out Model calculates 
stormwater management benefits related to incremental increases in green infrastructure. It 
does not explicitly calculate the benefits of existing green infrastructure. The existing tree 
and green roof cover is implicitly part of the current Mike Urban model because the model 
has been calibrated to existing land use conditions. Therefore, the stormwater management 
benefits associated with the tree and green roof areas added to the model as part of this 
research were the incremental benefits resulting from the difference between the existing 
tree or green roof coverage and the proposed coverage scenario. The amount of area that is 
assigned to the added green infrastructure is explained in more detail in Section 3.6 of the 
main report.  

3.2 SLOPE 
The slope of a sewershed affects the shape of the hydrograph and the peak flow rate, and it 
is determined using United States Geologic Survey topographic maps. The topography of 
the city varies from the very flat and low areas around the tidal basin and the National 
Mall, to the very steep and hilly terrain along the upper reaches of Rock Creek Park and 
Oxon Run. A map of the topography within the District is presented in Figure B3.  
 
The slope of each sewershed was calculated as follows: 

sewershedoflengthaverage
elevationlowestelevationhighestslope −=  

 
The existing slopes range from over 40% in the hilly portions of the northwest MS4 area to 
less than 0.1% in the very flat areas of the Northeast Boundary (NEB) CSS area. The 
median slope is slightly more than 3%. To simulate the green infrastructure, it was assumed 
that all green roofs would have an essentially flat roof (slope = 1%) and that areas with 
trees were assumed to have the same slope as the local topography.  
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Figure B4: DC Land Cover

Figure B3: Topography of Washington, DC

 

3.3 SEWERSHED LENGTH 
Sewershed length also affects the shape 
and timing of the hydrograph and the 
peak flow rate. The length of each 
sewershed was measured in GIS by 
tracing the average overland flow path. It 
varies from less than 60 feet long to over 
11,000 feet long. This is a calibration 
parameter and the lengths were adjusted 
as appropriate to obtain the best possible 
matches with the meter flow data. 

3.4 SURFACE TYPE 
The Mike Urban model differentiates 
hydrological processes between pervious 
and impervious land cover. Land cover in 
the District varies from the very 
impervious commercial and institutional 
“downtown” area, to the moderately 
pervious residential areas on the fringes 
of the city. This type of data is readily 
available from the 2005 planimetric data 

released by the District’s Office of the Chief Technology Officer (OCTO). A graph of the 
different pervious and impervious areas in the city is presented in Figure B4. 
 
Mike Urban allows five different surface type 
categories for each sewershed, including flat 
impervious, steep impervious, small pervious, 
medium pervious, and high pervious. These 
different surface type subcategories allow the 
user to provide specific details that are unique to 
each sewershed. It is up to the user to decide how 
to correlate land cover to the five surface type 
categories. For the existing conditions, the 
impervious area was calculated by summing the 
building, sidewalk and road area. The distinction 
between the flat and steep impervious areas was 
made individually for each sewershed as shown 
in Table B1. Note that most building rooftops in 
the District are flat, which is why a large 
percentage of impervious roof cover is assigned 
to the flat impervious category. 
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Table B1: Determination of Flat and Steep Impervious Area 

 
Condition Steep Impervious Area Flat Impervious Area 

If sewershed slope  > 8% 100% of all roads + sidewalks 

25% of all buildings 

0% of all roads + sidewalks 

75% of all buildings 

If sewershed slope  < 8% 0% of all roads + sidewalks 

25% of all buildings 

100% of all roads + sidewalks 

75% of all buildings 

 
The distinction between small, medium, and large pervious areas was made individually for 
each sewershed based on the four major hydrologic soil groups (HSG) as defined by the 
Natural Resource Conservation Service. 
 
In addition to specifying the area within a sewershed, the user also specifies different 
storage and infiltration values for each of the five surface type categories. The storage and 
infiltration values are explained in further detail in Sections 3.5 and 3.6 respectively.  
 
Trees are assigned to each of the five surface types categories depending on the location of 
the tree (i.e., a street tree will be assigned to the impervious category, whereas a parkland 
tree will be assigned to the pervious category). Green roofs always fall into the flat 
impervious category because we are assuming that only flat roofs will have green roofs.  

3.5 STORAGE 
Storage defines the rain depth necessary before runoff begins. This parameter is determined 
through the calibration process. There are two types of storage parameters in Mike Urban: 
wetting losses and storage losses. The wetting loss is typically the smaller value and refers 
to the depth of rain necessary to wet the surface of a catchment. Mike Urban allows a 
wetting value for all five surface types. The storage loss is typically the larger value and 
accounts for the losses associated with the depressions typically found on the surface of 
impervious and pervious catchments. Mike Urban allows storage losses for all surface 
types except steep impervious, where it is assumed that the slope of the surface is too high 
for any significant accumulation to occur. For the purposes of this study, there are three 
types of storages:  
 

1. Average catchment storage  
2. Tree storage  
3. Green roof storage 

3.5.1 Average Catchment Storage 
Calibration of the sewer system model for the District showed that, on average, flat 
impervious areas store approximately 0.085 inches of rain and pervious areas store 0.115 
inches of rain (Table B2). This storage accounts for the depressions typically found on the 
surface of impervious and pervious catchments.  

 

RB-AR7574



The Green Build-out Model: Quantifying the Stormwater Management Benefits of Trees and Green Roofs in Washington, DC 
 

CaseyTrees and LimnoTech B-7

Table B2: Wetting and Storage Values Used in Mike Urban 

 
 Steep 

Impervious 
Flat 

Impervious 
Small 

Pervious 
Medium 
Pervious 

Large 
Pervious 

Wetting, Inches 0.015 0.015 0.015 0.015 0.015 

Storage, Inches - 0.070 0.100 0.100 0.100 

 

3.5.2 Tree Storage 
The amount of interception storage provided by trees was determined using the same 
methodology used by the USDA Forest Service in its Urban Forest Effects (UFORE) 
Hydro Model whereby: 
 

Storage = LAI * 0.0078 inches = 0.032 inches 
 
The “Leaf Area Index” or LAI is a measurement of the one-sided green leaf area per unit 
ground area in broadleaf canopies and depends on tree species, canopy size, and condition. 
The average LAI found by the Casey Trees 2002 Street Tree Inventory was 4.10. The 
reasons for choosing the UFORE Hydro methodology is explained in the main body of the 
report. The Mike Urban model accounted for the effects of seasonality by considering 
storage benefits only during the leaf-on season (April 1 through October 31). The model 
also assumes that storage is provided from leaves only, and does not account for 
interception storage derived from a tree’s branches and trunk. 

3.5.3 Green Roof Storage 
The amount of storage provided by green roofs depends on the depth of the green roof 
media. The model assumes that all green roofs are extensive with three to four inches of 
growth media. The reasons for assuming extensive green roofs District-wide are listed in 
the main body of the report. 

Storage amounts found in peer reviewed literature varied greatly depending on whether the 
growth media was dry or saturated and whether the roof was flat or sloped (see Figure 4 
and Table 2 in the main report). Several studies found storage amounts of one inch for a 
green roof with 3-4 inches of soil media. This included the research from Penn State 
University and Roofscapes whose field studies most closely approximated the climate in 
the District. Therefore, for the purposes of this study, storage was assumed to be one inch 
for an extensive green roof.  

3.6 INFILTRATION 
Infiltration plays a significant role in absorbing rainfall over pervious areas and in 
mitigating runoff volumes. The infiltration rates depend on the type of soil present. 
Because of the heavy urbanization of the city, many of the soils are very compacted and 
consist of fill that are not native to the area. These soils typically have little infiltration 
capacity. In contrast, parts of the city that consist of peaty and aerated soils such as those 
often find in forested parkland have a high infiltration capacity. A map of the hydrologic 
soil groups found in the District is shown in Figure B5. HSG A is a soil type with a high 
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Figure B5: Hydrologic Soil Groups in   
Washington, DC 

infiltration rate, whereas HSG D soils have a 
very low infiltration rate. The hydrologic soil 
groups were related to the three pervious 
categories that are allowed in Mike Urban, as 
follows: 
 

• Small pervious (low permeability) = 
100% HSG D + 30% of undefined 
soils 

• Medium pervious (medium 
permeability) = 100% HSG C + 70% 
of undefined soils 

• Large pervious (high permeability) = 
100% of HSG A and 100% of HSG 
B 

 
Infiltration losses are calculated using 
Horton’s equation, a standard process that 
defines infiltration according to the saturation 
of the soils. Horton’s equation uses four 
parameters to calculate the infiltration 
capacity of a certain area:  
 

1. Start Infiltration (in/hr): the fastest rate of infiltration, which occurs when the soils 
are unsaturated. 

2. End Infiltration (in/hr): the slowest rate of infiltration, which occurs when the soils 
are saturated. 

3. Horton’s Exponent (1/sec): determines how quickly the infiltration rate decreases 
when the soils move from an unsaturated to a saturated condition during wet 
weather conditions. 

4. Inverse Horton Exponent (1/sec): determines how quickly the infiltration rate 
recovers after rainfall stops (i.e. the drying period), when the soils move from a 
saturated to an unsaturated condition. 

The infiltration parameter values for the existing conditions were determined during the 
model calibration process and are shown in Table B3 below. 

 
Table B3: Infiltration Parameters Used in Mike Urban 

 Small Pervious Medium Pervious Large Pervious 

Maximum Infiltration (in/hr) 0.752 2.246 3.749 

Minimum Infiltration (in/hr) 0.050 0.150 0.300 

Horton’s Exponent (1/sec) 1.67 x 10
-3

 1.25 x 10
-3

 8.30 x 10
-4

 

Inverse Horton’s Exponent (1/sec) 3.29 x 10
-5

 2.78 x 10
-5

 6.93 x 10
-5
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Figure B6: Evapotranspiration Rates for 
Washington, DC

The infiltration rates do not affect the parameterization of green infrastructure; infiltration 
rates remain the same regardless of whether or not a tree or green roof is present. While it 
could be argued that trees improve the infiltration of the underlying soils by providing 
aeration through its roots, such a complex phenomena would be difficult to model and was 
not included in this study. It was also assumed that green roofs do not have infiltration 
rates, since the growth media is contained by an impervious membrane and therefore acts 
more like a storage container than typical pervious areas. This also means that the rate of 
precipitation is never constrained by the theoretical infiltration rate of the green roof media. 

3.7 ROUGHNESS  
The roughness of a catchment is a function of the land cover and is also a calibration 
parameter. It is used in the hydraulic routing of the runoff, using Manning’s formula:   

 

ASR
n

Q h
2
1

3
2486.1= , where      

Q = Flow (cfs) 
n = Manning roughness coefficient) 
Rh = hydraulic radius (ft) 
S = slope (ft/ft) 
A = area (ft2) 

The Manning roughness coefficient impacts peak flow rates, and care must be taken to 
choose an appropriate value. Mike Urban allows a different roughness value for each of the 
five surface type categories, but only two were used. One represents the impervious cover 
while the other represents the pervious cover. The impervious Manning coefficient affects 
the peaking of flow from the impervious areas in a catchment. The pervious Manning 
coefficient affects the peaking of flow from the pervious areas in a catchment.  
 
The calibration efforts resulted in the selection of an impervious roughness value of 0.016 
and a pervious roughness value of 0.15. These fall within the range of published values for 
impervious and pervious cover. Roughness values for the green infrastructure areas are 
very similar. Trees over impervious cover have a roughness of 0.016 and trees over 
pervious cover have a roughness of 0.15. Green roofs always have a roughness value of 
0.15.  

3.8 EVAPOTRANSPIRATION 
Evapotranspiration is a very important 
hydrologic element that is distinctly seasonal in 
the District. Evapotranspiration refers to water 
losses to the atmosphere from the combined 
effect of evaporation and plant transpiration. 
Evapotranspiration replenishes the wetting and 
storage capacity of the catchment after the end of 
a rainfall event. Evapotranspiration rates 
applicable for the District as shown in Figure B6 
are published by the Virginia Climatology 
Office.  
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3.9 RAINFALL 
Rainfall data is critical to simulate the runoff response of each sewershed and the green 
infrastructure. Official rainfall and other meteorological records for the District are 
observed at Reagan National Airport (National Airport) by the National Weather Service, 
and recorded by the National Climate Data Center. National Airport is located on the 
Virginia (western) bank of the Potomac River, approximately 3 miles south of the White 
House, and adjacent to the confluence of the Potomac and Anacostia Rivers. Continuous 
records of hourly and daily rainfall amounts extend back from the present to 1949. Based 
on this period of record, the year 1990 was selected as the year that best represents system-
wide annual average rainfall conditions in the District. This was the same year used by 
WASA in the LTCP. The statistics for 1990 are presented in Table B4. The average year 
rainfall data was used as input to Mike Urban as hourly inputs. 

Table 4: Rainfall Statistics for Washington, DC 

Statistic 1990 Long-Term Average1 

Annual Rainfall (inches) 40.84 38.95 

No. Events > 0.05 inches
2
 74 74 

Average Storm Duration (hours) 9.6 9.9 

Average Maximum Intensity (in/hr) 0.15 0.15 

Maximum intensity (in/hr) 1.25 1.30 

Notes: 
1. Ronald Reagan National Airport hourly data, 1949-1998 
2. Individual events separated by a minimum of 6 hours with no rain. A threshold of 0.05” was selected since 

rainfall less than this produces minimal, if any, runoff. 
 
It is interesting to note that 85% of the rain events during the average year are less than 1-
inch in depth (Figure B7). This is of particular importance because a basic extensive green 
roof can typically store 1-inch of precipitation.  
 

In a separate analysis, the runoff response of the sewersheds to a 1-year, 6-hour design 
storm was also modeled. This design storm corresponds to 1 inch of rain. Design storms 
are theoretical storms with a given duration, frequency, distribution, and rainfall depth that 
are typical for the area of interest. The design storm rainfall distribution, also known as a 
design hyetograph, is obtained from intensity-duration- frequency (IDF) curves for the 
location of interest. IDF curves are typically provided by municipal, state or federal 
government agencies, but are usually only applicable for areas smaller than the District. 
Therefore, the design hyetograph for this study was calculated from an analysis of 
historical rainfall records for the District. More information on the development of this 
design storm can be found in WASA’s LTCP. The distribution of this rain event is shown 
in Figure B8. 
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Figure B7: Rainfall Depth as Percentile of Average Rainfall 
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Figure B9: The Hydraulic Network in        
Mike Urban 

4. HYDRAULIC MODEL INPUTS 
The results of the runoff model are routed through 
the sewer system described in Mike Urban in a 
process called hydraulic routing. Each sewershed 
is connected to the sewer system through a node 
(i.e. a manhole or catch basin) at its nearest 
location (Figure B9). Once the modeled runoff has 
entered the sewer system, it combines with the dry 
weather flow inputs (entered as a time series for 
each sewershed), and travels downstream to the 
nearest storm outfall (in the MS4 area) or to a 
CSO outfall or the Blue Plains Waste Water 
Treatment Plant (in the CSS area). Flow in the 
CSS area passes through and over various flow 
control structures, pump stations, and inflatable 
dams. There are more than 100 such diversion or 
regulator structures in the CSS area. This system 
of diversion structures provides storage capacity 
for some of the wet weather contribution and 
diverts excess flow into one or more of the 60 
NPDES-permitted CSO outfalls in the District. 
While not every single pipe of the sewer system is 
included in Mike Urban, all key items such as the interceptors, large trunk sewers, flow 
structures, outfalls, pump stations, and treatment facility are included. The representation 
allows for sufficient detail to accurately represent the sewer system, without unnecessarily 
slowing down model computation time with excess detail. The model inputs for each of 
these structures include information such as the length, slope, material, geometry, and other 
important hydraulic information. Refer to WASA’s CSS LTCP and its technical appendices 
for more detailed information on the sewer system.  

5.  MODEL SCENARIOS 
Model scenarios were developed to analyze the stormwater management benefits of green 
infrastructure. These scenarios were compared against the “Baseline” condition, which 
represents the calibrated, existing conditions for the city. Two green infrastructure 
scenarios were analyzed in this study with the Green Build-out Model. The first is referred 
to as the moderate greening scenario. The second is the intensive greening scenario. The 
moderate greening scenario looked at putting trees and green roofs where it was practical 
and reasonable to do so. The intensive greening scenario considered putting trees and green 
roofs wherever it was physically possible. As discussed in Section 3.1.2 only the 
incremental increase in green infrastructure was modeled. Scenarios were run for an 
average year (1990) wet weather continuous simulation, and a 1-year, 6-hour (1”) design 
storm. The tree and green roof area cover was determined by applying a standard 
methodology across the city, explained in the following sections. 
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5.1  TREE COVER ASSUMPTIONS 
Existing tree cover was determined by classifying July 2006 IKONOS satellite imagery 
classified for land cover (1m) including tree canopy. The tree canopy data was overlaid 
with the District’s planimetric data to determine existing tree cover by impervious and 
pervious land cover types for the Mike Urban model. Assumptions for proposed increases 
in tree cover for both the moderate greening and intensive greening scenarios were 
determined for each land cover type by a variety of methods, which are described below. 
These assumptions were discussed at length with the Advisory Team and other District 
government agency representatives. 

The methods for determining the tree cover assumptions listed in Table B5 are explained in 
the main body of the report. The tree cover assumptions were spatially assigned to either 
the pervious or impervious land cover type in the Mike Urban model, and assigned the 
runoff parameters for trees. 

Table B5:  Percentage Tree Cover Assumptions by Land Cover Type 

 

5.2  GREEN ROOF COVER ASSUMPTIONS 
Based on a Green Roofs for Healthy Cities survey, the area of existing green roofs in the 
District is less than 300,000 square feet, which is less than 0.1% of the total building 
footprint in the city. Therefore, for the purposes of the Mike Urban model the existing 
green roof coverage was considered to be zero. An analysis of building sizes was 
completed to determine the opportunity for green roof coverage, using GIS data that is 
readily available from OCTO. Details on this analysis can be found in the main body of the 
report.  
 

Land Cover Type Existing 

Coverage 

Moderate 
Greening 
Scenario 

Intensive 
Greening 
Scenario 

Impervious Tree Cover    

Roads, sidewalks, intersections 22% 25% 35% 

Parking lots 7% 30% 50% 

Paved drives 23% 50% 80% 

Alleys 26% 35% 50% 

Median islands, traffic islands, hidden medians, other 23% 30% 40% 

Pervious Tree Cover    

Includes parks, open space, cemeteries, yards, etc 53% 57% 80% 

Total Tree Cover 35% 40% 57% 
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Existing Rooftop

Green roof 
(75% of Existing Rooftop) 

Figure B10: Green roof-Ready Area 

It was assumed that the rooftop area was equal to the 
building footprint area and that 25% of the rooftop 
area was needed to provide space for HVAC, access, 
and maintenance. Therefore, it was assumed for the 
Mike Urban model that 75% of the building 
footprint area would be available for the application 
of green roofs. This area was considered the “green 
roof-ready” area (Figure B10) for model 
calculations.  
 
Assumptions for the moderate greening and 
intensive greening scenarios were made for each 
roof size or building type while considering 
structural, historic, and other issues that would 
impact the opportunity for a green roof. These 
coverage assumptions are summarized in Table B6. 
More details on the rationale behind these assumptions can be found in the main body of 
the report. Proposed development was not considered in the model as GIS data was not 
available and most new development in the District is typically redevelopment of existing 
structures.  

Table B6: Green roof Cover Assumptions 

5.3  TREE BOX ASSUMPTIONS 
A Tree Box scenario was also calculated to estimate the stormwater management benefits 
of increasing the minimum tree box dimensions from 3 x 5 feet to 6 x 20 feet in the 
downtown core where sidewalks average 20 feet in width. The Casey Trees Advisory 
Group agreed that a 6 x 20 foot tree box was reasonable in the downtown core, given 
District sidewalk widths on most streets there. Stormwater management benefits were 
derived from the change in land cover from impervious to pervious. The methodology did 

Roof Type Total Roof Area 
(square feet) 

Moderate Greening 
Scenario Green roof Area 

Intensive Greening  
Scenario Green roof 

Area 

< 1,000sf 57,423,950 20% of build-out area or 2% x 
75% of roofs (861,359 sf) 

10% x 75% of roofs   
(4,306,796 sf) 

1,000sf – 2,000sf 62,224,642 20% of build-out area or 6%  
x 75% of roofs (2,800,109 sf) 

30%  x 75% of roofs  
(14,000,544 sf) 

2,000sf – 5,000sf 33,295,571 20% of build-out area or 10%  
x 75% of roofs (2,497,168 sf) 

50% x 75% of roofs 
(12,485,839 sf) 

> 5,000sf 106,469,278 20% of build-out area or 18%  
x 75% of roofs (14,373,353 

sf) 

90% x 75% of roofs 
(71,866,763 sf) 

TOTAL 259,413,441 ~20% of build-out area or 
10.5%  x 75% of roofs 

(20,531,989 sf) 

53% x 75% of roofs 
(102,659,943 sf) 
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not consider the improved health, condition, and size of the tree as a result of increased soil 
volumes.  

6. INTEGRATION OF GREEN INFRASTRUCTURE IN MIKE URBAN 
This section explains how the inputs for the green infrastructure were handled in Mike 
Urban. A schematic of an example sewershed prior to adding any green infrastructure is 
shown in Figure B11. This sewershed has runoff parameters associated with the baseline 
conditions.  
  
To add green infrastructure to the model, the green infrastructure area is separated from the 
baseline sewershed area since each area is governed by a different set of parameter values. 
This is accomplished in Mike Urban by splitting the sewershed into two “subsheds.” Using 
green roofs as an example, this is illustrated in Figure B12. The green roofs, outlined in 
blue, is represented in the first “subshed” with the area and hydrologic parameters of green 
roofs, while the second subshed has the area and hydrologic parameters of the existing 
sewershed without the footprint occupied by the green roofs. After running the model, the 
calculated runoff from these two subsheds is summed to get the total runoff from this 
sewershed with the green infrastructure. 

 
 

Hydrologic Parameters  
Name Area 1 
Area 100 acres 
Slope 5% 
Length 1000 ft 
Imp. Flat 60% 
Imp. Steep 10% 
Per. Small 10% 
Per. Medium 10% 
Per. Large 10% 
Imp. Wetting 0.015 
Imp. Storage 0.070 
Per. Wetting 0.015 
Per. Storage 0.100 
Infiltration Std values 
Imp. Roughness 0.016 
Per. Roughness 0.15 
Evapotranspiration Std values 

Figure B11: Example “Baseline” Sewershed with its Hydrologic Parameters 
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The runoff from the two subsheds is routed through the same node in the hydraulic system, 
to determine the effect of the green infrastructure on the combined sewer and storm 
outfalls. Even though the example shown in Figure B12 is for green roofs, the same 
approach applies for adding trees as well. 

The approach for modeling increases in tree box size is slightly different. That analysis  
assumes that a portion of the impervious cover (sidewalk) will be converted to pervious 
cover (soil) by increasing the size of the tree box. As a result, a portion of the impervious 
cover reassigned to the pervious cover, and the total area remains the same. All other 
hydrologic inputs stay the same.  

7. RESULTS 
As mentioned earlier, the modeling of the green infrastructure is a two-step process. First, 
the storm runoff is determined based on the local hydrology. Second, the calculated storm 
runoff is routed through the sewer system to determine the impact of the green 
infrastructure on CSO overflows. The hydrologic computations to determine the storm 
runoff are run using a 5-minute time step, which allows for good resolution of the flow 
hydrographs. The hydraulic computations to determine the sewer system response is run 
using a 5-second time step, which is necessary in order for the model to run without 
computational errors. The hydraulic results are averaged on an hourly basis in order to keep 
the results file within a reasonable size limit. 
 
The results of the Green Build-out Model scenarios are explained in detail in the main body 
of the report and in Appendix A – Detailed Model Findings. The results are presented both 

Hydrologic Parameters 

Name 
Area 1, no green 

roofs 
Green roofs 

Area 90 acres 10 acres 

Slope 5% 1% 

Length 1000 ft 1000 ft 

Imp. Flat 55.6% 100% 

Imp. Steep 11.1% N/A 

Per. Small 11.1% N/A 

Per. Medium 11.1% N/A 

Per. Large 11.1% N/A 

Imp. Wetting 0.015 inch 0.015 inch 

Imp. Storage 0.070 inch 1.0 inch 

Per. Wetting 0.015 inch N/A 

Per. Storage  0.100 inch N/A 

Infiltration Std values N/A 

Imp. 
Roughness 

0.016 0.15 

Per. 
Roughness 

0.15 N/A 

Figure B12: Example Sewershed with Green Roofs Added 
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in terms of runoff volume and the CSO outfall volumes and frequencies. The runoff results 
were used to create the Mini-model, as explained in the next section.  

8. THE MINI-MODEL 
While the Green Build-out Model in Mike Urban is extremely capable in terms of 
modeling runoff and sewer responses to green infrastructure, it is also very complex and 
time-consuming to set up and run various scenarios (typically one week to set up, run, and 
extract results). The Advisory Group requested that the modeling team create a user-
friendly modeling tool that would be quicker to use and apply. The user-friendly tool, 
nicknamed the Mini-model, allows the user to make changes to the green infrastructure 
coverage and immediately determine the impacts on the stormwater volume. The intended 
use of the Mini-model is for planning purposes. It provides a screneing tool for city 
planners and others to assess the relative impact of adding green infrastructure in specific 
areas of the District. The Mini-model is not intended to replace the Green Build-out Model. 
 
The Mini-model uses unit-area reduction factors to determine the reduction in runoff from 
implementing green infrastructure. A hypothetical 100-acre area sewershed that consisted 
entirely of flat impervious land cover was used to develop the unit-area reduction factors 
(UARFs) for green roofs. This hypothetical area had all of the hydrological parameters 
assigned for flat impervious land cover (the baseline condition). Using the Green Build-out 
Model, it was tested and runoff volume was calculated under average rainfall year 
conditions. The next step was to assume that this same 100-acre area was converted into 
green roofs, with all of the same assumptions and hydrological parameters that are assigned 
to green roofs in the Green Build-out Model. This area was also tested under the average 
rainfall year conditions and the runoff volume calculated. The UARF is subsequently 
calculated as follows: 
 

)(100
)/()/()//(

acres
YRMGRunofftureInfrastrucGreenYRMGRunoffBaselineacreYRMGUARFgreenroof

−=   

 
This same methodology is applied for trees over impervious and small/medium/large 
pervious cover. The UARFs were then tested in each sewershed for each scenario, 
compared with the Green Build-out Model results, and adjusted as necessary to obtain the 
best possible match between the Green Build-out Model and the Mini-model. The median 
difference between the results generated by the models on a sewershed level is less than 
0.002 million gallon per year (MGY). However, note that in some sewersheds, the 
difference between the Green Build-out Model and the Mini-model can be as much as 1.4 
MGY. Because there is a certain degree of variability in the results produced by the Mini-
model, users are forewarned that results from the Mini-model are appropriate for screening 
scenarios at the planing level. It is not meant to replace the detailed model results that are 
provided by the Green Build-out Model.  
 
The final UARFs that are used in the Mini-model are shown in Table B7. 
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Table B7: Unit Area Reduction Factors Used with the Mini-Model 

 
Type of Greening UARF (MG/YR/Acre) 

Green roofs 0.39400 

Trees over impervious cover 0.11117 

Trees over small pervious cover 0.02210 

Trees over medium pervious cover 0.00276 

Trees over large pervious cover 0.00008 
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TREE COVER DATA INPUTS 
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after May 1, 2007 at: www.caseytrees.org. 
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1. INTRODUCTION 

The Green Build-out Model adds the ‘green component’ to the rainfall storage amounts for 
trees and green roofs to the Mike Urban model according to the following relationship..  
 
Storage = Interception storage * Coverage area 
 
This appendix documents the analysis process for determining the tree canopy data inputs 
for the “Green Build Out Model” and considers two coverage scenarios. The methods are 
based on available data for the District of Columbia and transferable to other municipalities 
interested in understanding existing canopy conditions and opportunities to add tree cover. 

2. BACKGROUND 

Three related analyses needed to be performed to generate the inputs for the tree cover 
model assumptions: precise spatial representation of the existing canopy by land cover type 
and sewershed; and the two opportunity scenarios for the moderate and intensive greening 
assumptions. The data generated for the existing tree cover canopy of the District is the key 
base data. Joined with the land cover type and sewershed data, these data sets complete the 
baseline and the assumption scenarios.  
 
For this type of large area land cover and vegetation analysis the most reliable and practical 
data source is satellite imagery. To generate the tree cover data set we were able to obtain 
high resolution IKONOS satellite imagery taken for the DC area in July 2006 through 
GeoEye. The scenes were then classified for land cover particularly tree canopy at a one-
meter resolution.  
 
The District of Columbia’s Office of the Chief Technology Officer, DCGIS, has an 
extensive publicly available data set digitized ‘leaf off’ from aerial photos (April, 2005). 
This data is FGDC compliant and readily available on the District of Columbia’s website. 
This data was used to establish the boundaries needed to divide the city into the specific 
areas of interest for the existing canopy analysis and the opportunity scenarios. The 
sewershed layer was compiled by the Water and Sewer Authority (WASA) of DC. The 
layers extracted for these methods are: impervious surface, buildings and sewershed 
boundaries.  
 
The DCGIS layers provide a reliable data set for establishing the assumptions for a 
majority of the land cover (impervious surface) types. However, for the streetscape 
opportunity scenarios we were able to use the Casey Trees street tree space inventory data 
layer (2002). This data set spatially represents 130,000 street tree spaces in DC including 
the size and condition of the tree in the box. This layer created a more detailed 
measurement for the street scape (roads, sidewalk and intersection) assumptions. 
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3. METHODS 

The methods use geographic information system analysis to generate the data sets needed 
as inputs to the Green Build out/Mike Urban model. The fundamental data set in this 
analysis is the existing tree canopy layer for the District. This layer is analyzed to generate 
existing tree cover by land cover type (impervious surface) and by sewershed. The 
assumptions (Table C1) for proposed increases in tree cover for both the moderate greening 
and intensive greening scenarios were also determined by each land cover type and 
sewershed.  
 
A relationship is made between existing canopy and the outfall percentage from each 
sewershed demonstrating the impact of ‘greening’. The assumptions are made for 
interception rates by drawing a comparison from existing canopy and increasing canopy. 
The methodology for calculating existing and increasing tree cover to build these 
assumptions is primarily described in this section. The methods for generating the road, 
sidewalk and intersections assumptions are described here where the assumptions for the 
other land cover types are described in the body of the paper.  

Table 1:  Percentage Tree Cover Assumptions by Land Cover Type 

3.1 DATA SOURCES AND DATA PREPARATION  
 
Data sets needed for existing canopy and opportunity analysis: 

• Existing tree canopy 
• Boundaries for surface land cover type and sewersheds 

Data sets needed for assumption analysis: 
• Existing tree canopy 

Land Cover Type Existing 
Coverage 

Moderate 
Greening 
Scenario 

Intensive 
Greening 
Scenario 

Impervious Tree Cover    
Roads, sidewalks, intersections 22% 25% 35% 
Parking lots 7% 30% 50% 
Paved drives 23% 50% 80% 
Alleys 26% 35% 50% 
Median islands, traffic islands, hidden medians, 
other 23% 30% 40% 

Pervious Tree Cover    
Includes parks, open space, cemeteries, yards, 
etc. 53% 57% 80% 

Total Tree Cover 35% 40% 57% 

RB-AR7589



The Green Build-out Model: Quantifying the Stormwater Management Benefits of Trees and Green Roofs in Washington, DC 
 

CaseyTrees and LimnoTech C-3

• Boundaries for surface land cover type and street tree spaces 

3.1.1 Land Cover/Tree Canopy Base Data 
IKONOS satellite imagery taken of the District of Columbia in July 2006 was used to 
classify the land cover in one meter resolution by the Spatial Analysis Lab at the University 
of Vermont/US Forest Service. Figure C1 illustrates the classification process: the satellite 
image on the top half and the bottom showing the color bands depicting the vegetation vs. 
the impervious areas. Land cover is classified as ‘canopy’ to the edge of the tree crown’s 
dripline meaning from a ‘bird’s eye’ view some pervious and/or impervious surface will be 
classified as ‘canopy’. “Canopy” was extracted and used as the ‘existing canopy’ data set. 
‘No Data’ was also extracted to identify where an alternative method was needed for 
determining existing canopy. 
 
The land cover was classified into five (5) class 
types (Table C2):  

• Open Land: Scattered small vegetation, 
grass, bare earth 

• Canopy: Existing tree canopy 
• Impervious Surface: (i.e.) Buildings, 

Sidewalks, Roads, Artificial turf 
• Water 
• No Data: Cloud Cover* 

Table C2: IKONOS Land Cover Classes 
Citywide 

CODE Existing Land Cover 2006  Square Meters Total 

1000 Open Land 27,807,457 

2000 Canopy (~34%) 55,807,105 

3000 Impervious 70,336,770 

4000 Water 15,342,741 

5000 No Data (Cloud) (~4.5%) 7,239,821 

  TOTAL 176,533,894 

3.1.2 Existing Canopy Cover where satellite imagery was unavailable 
Clouds covered 4.5% of the District in the IKONOS images inhibiting the use this imagery 
for existing tree canopy. In this instance to show the existing canopy cover we used the 
Casey Trees 2002 street tree inventory. The street tree inventory is an inventory of street 
tree spaces with an attribute of existing trees or empty box as well as size of the tree crown. 
The crown radius field was used to determine the existing canopy of the street tree in these 
areas. The layer was converted to the same projection as the IKONOS and DCGIS base 
layers. 

Figure C1: Image taken by IKONOS 
                    Satellite, Washington, DC 
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3.1.3 Land Surface Cover Type (i.e. Impervious Surface) and Sewershed 
Base Data  

DCGIS impervious surface and boundary data sets (2005) were used to define the surface 
boundaries for the impervious or pervious base layer analysis. Using ESRI ArcGIS Spatial 
Analyst software, this vector data set was converted to raster in the same projection and 
one meter cell size as the IKONOS imagery to ensure a precise overlay. Each impervious 
field of interest was reclassified and given a unique CODE. Table C3 displays the results. 

Table C3: DCGIS-OCTO Land Cover Surface Type Data Classes   

CODE Impervious Surface ReClassified (Grouped) Square Meters Total 

10000 Road and Hidden Road 17,455,450

20000 Sidewalk and Hidden Sidewalk 8,509,836

30000 Median and Traffic Island and Hidden Median 603,874

40000 Paved Drive 3,267,858

50000 Parking Lot  8,545,049

60000 Building and Parking Garage 24,221,620

70000 Alley 2,952,640

80000 Intersection 2,648,948

  TOTAL 68,205,275

 

3.2  DETERMINE THE DISTRICT’S EXISTING TREE CANOPY FOR LAND 
COVER TYPE AND SEWERSHED 

Using the ‘canopy’ data set extracted for the district illustrated in Table 3.1, further 
analysis was performed to generate: 

• the area (m2) of existing canopy in each land cover type (i.e Roads, sidewalks Table 3.2) 
• the area (m2) of existing canopy in each land cover type by sewershed. 

3.2.1 Determine Area of Existing Canopy in each Impervious Surface Class 
• The key analysis was performed using ESRI ArcGIS Spatial Analyst cell statistics and 

raster calculator functions. With each raster cell size equal to one square meter the sum of 
the canopy CODE (Table C2) and the Impervious Surface CODE (Table C3) produced a 
formula for the area in square meters that canopy extended over that surface (Table C4). 

RB-AR7591



The Green Build-out Model: Quantifying the Stormwater Management Benefits of Trees and Green Roofs in Washington, DC 
 

CaseyTrees and LimnoTech C-5

3.2.2 Determine Area of Existing Canopy over each Impervious Surface  
Category by sewershed (CSO and CSS) 

The existing canopy was determined for each sewershed. A relationship between existing 
tree canopy can be made from the data available on outfall to each sewershed. Over 700 
sewersheds are in the District stormwater system. Each CSS (456) and CSO (316) were 
also given a unique three digit CODE. Using the same methods of the 12m cell size, the 
SUM of each CODE results in tree canopy and surface (m2) in each sewershed (Table C4). 
See example below: 

Table C4: Example Canopy Calculations 

CODE Square Meters 
12032 1673.0 

12033 2495.0 

12034 430.0 

12326 1991.0 

12327 561.0 

52188 168.0 

52189 7.0 

52190 585.0 

82190 270.0 

Example 

CODE 12032 inferred from chart at left: Roads (10000) with overhanging canopy (2000) 
in CSO 032 equals 1673 square meters  

CODE 52186: Parking Lots (50000) with overhanging canopy (2000) in CSS 188 totaled 
168 square meters  

CODE 82190: Intersections (80000) with overhanging canopy (2000) in CSO 190 total 
270 square meters 

The final CODE(s) was the formula used as inputs to the Mike Urban Model for existing 
tree canopy over each land cover type in each CSO and CSS in the District.  

Figure C2: IKONOS Land Cover Figure C3: Rasterized Street Scape 
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3.3  DETERMINE STREET TREE CANOPY OPPORTUNITY FOR LAND COVER  
TYPES FOR THE TWO ASSUMPTION SCENARIOS: MODERATE AND 
INTENSIVE 

Assumptions for the ‘moderate’ and ‘intensive’ greening scenarios for tree canopy were 
generated for each impervious surface cover class (Table 1). The extensive street tree data 
available of 130,000 street trees spaces provided a more accurate representation of the 
street scape for opportunity over roads, sidewalks and intersections therefore these three 
land cover surface types were analyzed using a different methodology than the other land 
cover surface types. The methods for the assumptions scenarios for roads, sidewalks and 
intersections are described here. The other land cover types are described in the body of the 
report.  
 
The assumptions scenarios are based on the percentage of available land cover area not 
currently occupied by existing tree canopy or the tree canopy ‘opportunity’. The easiest 
way to find the opportunity is to create a layer with maximum tree canopy coverage and 
then subtract the existing canopy. The existing tree canopy has already been determined for 
the first stage analysis described above.  
 
Determine maximum street tree canopy 

With the knowledge that the District plants street trees an average distance of 40 feet apart, 
the maximum ideal tree canopy would have a 20ft radius where the dripline’s are touching. 
To generate this layer of maximum street tree canopy, we used a 20 foot buffer on the 
Casey Trees street tree point file creating the polygon layer used for analysis (Figure 4). 
The polygon layer was converted to raster and given a CODE and calculated for square 
meter area (Figure 5).  
 
Methods for ‘moderate’ and ‘intensive’ scenario assumptions 

The maximum street tree canopy numbers were totaled individually for roads, sidewalks 
and intersections (Table C4) and then within each sewershed. Using the same ArcGIS 
Spatial Analysis tools the existing canopy generated in previous analysis (Section 3.2) was 
subtracted from the maximum canopy. The result was the ‘intensive’ opportunity 
assumption.  
 

The ‘moderate’ case scenario used the same 
methodology using a 15ft crown radius. An ideal 
canopy would have a graduated age class of trees 
where not all of the trees were at a maximum 
(20ft radius) or minimum at the same time. An 
illustration of the overlay for the ‘moderate’ case 
scenario analysis in ArcGIS is in Figure C4. 

 
Figure C4: ‘Moderate’ streetscape scenario 
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Table C4: The Maximum street tree canopy opportunity by land cover type 

CODE Build Out Scenario Square Meters Total

6000 Build Out over Pervious 5,715,465

7000 Build Out over Road 5,764,744

8000 Build Out over Intersection 2,422,222

9000 Build Out over Sidewalk 2,877,128

150000 BuildOut 15 Ft Scenario + above codes   

Xxx The last three numbers are the unique CODE for sewershed. 

Street tree canopy data point file with a 20ft buffer (Figure C5) is overlaid onto the 
streetscape layer (Figure C6) to create the maximum opportunity for tree cover over the 
roads, sidewalks and intersection land cover types (Figure C7).  

Figure 5: Street Tree Build Out Figure 6: Impervious Surface Overlay 

Figure 7: Build Out of Land Cover Type (see Table C4) 
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4. DISCUSSION 

The tree canopy analysis for this report is an innovative method to understanding the extent 
of tree canopy in Washington, DC. It is easily applied to this model for environmental 
management highlighting the District’s storm water issues. Tree canopy is a vital and 
dynamic component to each city and should be considered in every environmental and 
economic agenda. This appendix provides a simple methodology to do that.
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An Advisory Team of key stakeholders from EPA, WASA, the District of Columbia 
Government, and Non-Governmental Organizations was formed to review and comment 
throughout the research and development of the Green Build-out Model and grant process.  
Based on the findings of the research, the Advisory Team recommended the following 
policy recommendations:  
 
Overall 

• Establish stormwater and sewer fees that are related to the runoff generated by a 
site.  In conjunction with these fees, develop and implement a credit or other 
incentive program for sites using tree cover, green roofs, and other onsite 
stormwater management designs and technologies. 

• Explore programs to calculate the effective perviousness of a site and establish 
effective perviousness minimums for development and redevelopment 

• Create a GIS database system and protocols to monitor and measure performance 
toward increasing green roof and tree cover 

• Provide leadership for implementation of intensive greening strategies on District 
government properties, facilities, and streetscapes  

• Restructure public space permit process to emphasize reduction of impervious 
surfaces and continuous street tree canopy. 

Green Roofs 

• Determine and adopt District-wide green roof coverage objectives, develop a 
strategy to achieve those objectives with both the public and private sector, and 
provide incentives to build green roofs.  Establish an office in the City charged and 
resourced with implementing the strategy and monitoring performance. 

• Establish performance minimums for green roofs subject to incentives that would 
set requirements for stormwater retention and pollutant removal 

Trees 

• Determine and adopt District-wide urban tree canopy goals, and develop and 
implement an urban forestry management plan as specified in the Comprehensive 
Plan to attain these tree canopy goals. 

• Establish, adopt, and enforce tree canopy requirements for parking lots, site 
development, and site redevelopment 

• Increase the minimum tree box size in downtown DC and along streets with wide 
sidewalks    

• Attain and maintain full street tree stocking (130,000 trees) through a rigorous 
program of monitoring, maintenance and replanting.  Use large canopy trees in 
street tree locations whenever possible 
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Cover photograph Ellicott City, Maryland 2003.
Courtesy Anne Kitchell, Center for Watershed Protection.
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 Foreword

Foreword

We are extremely pleased to launch the first

edition of a new series called Watershed
Protection Research Monographs. Each

monograph will synthesize emerging research

within a major topical area in the practice of

watershed protection. The series of periodic

monographs will replace our journal

Watershed Protection Techniques, which

lapsed in 2002. We hope this new format will

provide watershed managers with the science

and perspectives they need to better protect and

restore their local watersheds.

This monograph was written to respond to

many inquiries from watershed managers and

policy makers seeking to understand the

scientific basis behind the relationship between

impervious cover and the health of aquatic

ecosystems. It reviews more than 225 research

studies that have explored the impact of

impervious cover and other indicators of

urbanization on aquatic systems. This report

comprehensively reviews the available scien-

tific data on how urbanization influences

hydrologic, physical, water quality, and

biological indicators of aquatic health, as of

late 2002.

Our intention was to organize the available

scientific data in a manner that was accessible

to watershed leaders, policy-makers and

agency staff.  In addition, the research itself,

which spans dozens of different academic

departments and disciplines, was conducted in

many different eco-regions, climatic zones,

and stream types. In order to communicate

across such a wide audience, we have resorted

to some simplifications, avoided some impor-

tant particulars, refrained from some jargon,

and tried, wherever possible, to use consistent

terminology. Thus, the interpretations and

conclusions contained in this document are

ours alone, and our readers are encouraged to

consult the original sources when in doubt.

We would also like to note that the Center for

Watershed Protection and the University of

Alabama are currently developing a major

national database on stormwater quality.  The

database will contain nearly 4,000 station-

storm events collected by municipalities as part

of the U.S. EPA’s National Pollutant Discharge

Elimination System (NPDES) Phase I Storm-

water Permit Program. We anticipate releasing

a data report in late 2003 that will provide a

much needed update of stormwater event mean

concentrations (EMCs).

As of this writing, many research efforts are

underway that will further test and refine these

relationships (most notably, the U.S. Geologi-

cal Survey gradients initiative, but also many

other local, state and academic efforts). We

hope that this report provides a useful sum-

mary of the existing science, suggests some

directions for new research, and stimulates

greater discussion of this important topic in

watershed management. We also feel it is time

for a major conference or symposium, where

this diverse community can join together to

discuss methods, findings and the important

policy implications of their research.
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 Chapter 1: Introduction

Chapter 1: Introduction

This research monograph comprehensively

reviews the available scientific data on the

impacts of urbanization on small streams and

receiving waters. These impacts are generally

classified according to one of four broad

categories: changes in hydrologic, physical,

water quality or biological indicators. More

than 225 research studies have documented the

adverse impact of urbanization on one or more

of these key indicators. In general, most

research has focused on smaller watersheds,

with drainage areas ranging from a few hun-

dred acres up to ten square miles.

Streams vs. Downstream
Receiving Waters

Urban watershed research has traditionally

pursued two core themes. One theme has

evaluated the direct impact of urbanization on

small streams, whereas the second theme has

explored the more indirect impact of urbaniza-

tion on downstream receiving waters, such as

rivers, lakes, reservoirs, estuaries and coastal

areas. This report is organized to profile recent

research progress in both thematic areas and to

discuss the implications each poses for urban

watershed managers.

When evaluating the direct impact of urbaniza-

tion on streams, researchers have emphasized

hydrologic, physical and biological indicators

to define urban stream quality. In recent years,

impervious cover (IC) has emerged as a key

paradigm to explain and sometimes predict

how severely these stream quality indicators

change in response to different levels of

watershed development. The Center for

Watershed Protection has integrated these

research findings into a general watershed

planning model, known as the impervious

cover model (ICM). The ICM predicts that

most stream quality indicators decline when

watershed IC exceeds 10%, with severe

degradation expected beyond 25% IC. In the

first part of this review, we critically analyze

the scientific basis for the ICM and explore

some of its more interesting technical implica-

tions.

While many researchers have monitored the

quality of stormwater runoff from small

watersheds, few have directly linked these

pollutants to specific water quality problems

within streams (e.g., toxicity, biofouling,

eutrophication). Instead, the prevailing view is

that stormwater pollutants are a downstream

export. That is, they primarily influence

downstream receiving water quality. There-

fore, researchers have focused on how to

estimate stormwater pollutant loads and then

determine the water quality response of the

rivers, lakes and estuaries that receive them.

To be sure, there is an increasing recognition

that runoff volume can influence physical and

biological indicators within some receiving

waters, but only a handful of studies have

explored this area. In the second part of this

review, we review the impacts of urbanization

on downstream receiving waters, primarily

from the standpoint of stormwater quality. We

also evaluate whether the ICM can be extended

to predict water quality in rivers, lakes and

estuaries.

This chapter is organized as follows:

1.1 A Review of Recent Urban Stream

Research and the ICM

1.2 Impacts of Urbanization on Downstream

Receiving Waters

1.3 Implications of the ICM for Watershed

Managers

RB-AR7613
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1.1  A Review of Recent Urban
Stream Research and the ICM

In 1994, the Center published “The Importance

of Imperviousness,” which outlined the scien-

tific evidence for the relationship between IC

and stream quality. At that time, about two

dozen research studies documented a reason-

ably strong relationship between watershed IC

and various indicators of stream quality. The

research findings were subsequently integrated

into the ICM (Schueler, 1994a and CWP,

1998). A brief summary of the basic assump-

tions of the ICM can be found in Figure 1. The

ICM has had a major influence in watershed

planning, stream classification and land use

regulation in many communities. The ICM is a

deceptively simple model that raises extremely

complex and profound policy implications for

watershed managers.

The ICM has been widely applied in many

urban watershed settings for the purposes of

small watershed planning, stream classifica-

tion, and supporting restrictive development

regulations and watershed zoning. As such, the

ICM has stimulated intense debate among the

planning, engineering and scientific communi-

ties. This debate is likely to soon spill over into

the realm of politics and the courtroom, given

its potential implications for local land use and

environmental regulation. It is no wonder that

the specter of scientific uncertainty is fre-

quently invoked in the ICM debate, given the

land use policy issues at stake. In this light, it

is helpful to review the current strength of the

evidence for and against the ICM.

The ICM is based on the following assump-

tions and caveats:

• Applies only to 1st, 2nd and 3rd order

streams.

• Requires accurate estimates of percent IC,

which is defined as the total amount of

impervious cover over a subwatershed

area.

• Predicts potential rather than actual stream

quality. It can and should be expected that

some streams will depart from the predic-

tions of the model. For example, monitor-

ing indicators may reveal poor water

quality in a stream classified as “sensitive”

or a surprisingly high biological diversity

Watershed Impervious Cover

St
re

a
m

 Q
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y

Figure 1: Impervious Cover Model
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score in a “non-supporting” one. Conse-

quently, while IC can be used to initially

diagnose stream quality, supplemental

field monitoring is recommended to

actually confirm it.

• Does not predict the precise score of an

individual stream quality indicator but

rather predicts the average behavior of a

group of indicators over a range of IC.

Extreme care should be exercised if the

ICM is used to predict the fate of indi-

vidual species (e.g., trout, salmon, mus-

sels).

• “Thresholds” defined as 10 and 25% IC are

not sharp “breakpoints,” but instead reflect

the expected transition of a composite of

individual indicators in that range of IC.

Thus, it is virtually impossible to distin-

guish real differences in stream quality

indicators within a few percentage points

of watershed IC (e.g., 9.9 vs. 10.1%).

• Should only be applied within the

ecoregions where it has been tested,

including the mid-Atlantic, Northeast,

Southeast, Upper Midwest, and Pacific

Northwest.

• Has not yet been validated for non-stream

conditions (e.g., lakes, reservoirs, aquifers

and estuaries).

• Does not currently predict the impact of

watershed treatment.

In this section, we review available stream

research to answer four questions about the

ICM:

1. Does recent stream research still support

the basic ICM?

2. What, if any, modifications need to be

made to the ICM?

3. To what extent can watershed practices

shift the predictions of the ICM?

4. What additional research is needed to test

the ICM?

1.1.1 Strength of the Evidence
for the ICM

Many researchers have investigated the IC/

stream quality relationship in recent years. The

Center recently undertook a comprehensive

analysis of the literature to assess the scientific

basis for the ICM. As of the end of 2002, we

discovered more than 225 research studies that

measured 26 different urban stream indicators

within many regions of North America. We

classified the research studies into three basic

groups.

The first and most important group consists of

studies that directly test the IC/stream quality

indicator relationship by monitoring a large

population of small watersheds. The second

and largest group encompasses secondary

studies that indirectly support the ICM by

showing significant differences in stream

quality indicators between urban and non-

urban watersheds. The third and last group of

studies includes widely accepted engineering

models that explicitly use IC to directly predict

stream quality indicators. Examples include

engineering models that predict peak discharge

or stormwater pollutant loads as a direct

function of IC. In most cases, these relation-

ships were derived from prior empirical

research.

Table 1 provides a condensed summary of

recent urban stream research, which shows the

impressive growth in our understanding of

urban streams and the watershed factors that

influence them. A negative relationship

between watershed development and nearly all

of the 26 stream quality indicators has been

established over many regions and scientific

disciplines. About 50 primary studies have

tested the IC/stream quality indicator relation-

ship, with the largest number looking at

biological indicators of stream health, such as

the diversity of aquatic insects or fish. Another

150 or so secondary studies provide evidence

that stream quality indicators are significantly

different between urban and non-urban water-

sheds, which lends at least indirect support for

the ICM and suggests that additional research

to directly test the IC/stream quality indicator
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Table 1: The Strength of Evidence: 
A Review of the Current Research on Urban Stream Indicators

Stream Quality Indicator # IC UN EM RV Notes

Increased Runoff Volume 2 Y Y Y N extensive national data

Increased Peak Discharge 7 Y Y Y Y type of drainage system key

Increased Frequency of Bankfull Flow 2 ? Y N N hard to measure

Diminished Baseflow 8 ? Y N Y inconclusive data

Stream Channel Enlargement 8 Y Y N Y stream type important 

Increased Channel Modification 4 Y Y N ? stream enclosure

Loss of Riparian Continuity 4 Y Y N ? can be affected by buffer

Reduced Large Woody Debris 4 Y Y N ? Pacific NW studies

Decline in Stream Habitat Quality 11 Y Y N ?

Changes in Pool Riffle/Structure 4 Y Y N ?

Reduced Channel Sinuosity 1 ? Y N ? straighter channels

Decline in Streambed Quality 2 Y Y N ? embeddedness

Increased Stream Temperature 5 Y Y N ? buffers and ponds also a factor

Increased Road Crossings 3 ? Y N ? create fish barriers

Increased Nutrient Load 30+ ? Y Y N higher stormwater EMCs

Increased Sediment Load 30+ ? Y N Y higher EMCs in arid regions

Increased Metals & Hydrocarbons 20+ ? Y Y N related to traffic/VMT 

Increased Pesticide Levels 7 ? Y N Y may be related to turf cover 

Increased Chloride Levels 5 ? Y N Y related to road density 

Violations of Bacteria Standards 9 Y Y N Y indirect association

Decline in Aquatic Insect Diversity 33 Y Y N N IBI and EPT

Decline in Fish Diversity 19 Y Y N N regional IBI differences

Loss of Coldwater Fish Species 6 Y Y N N trout and salmon

Reduced Fish Spawning 3 Y Y N ?

Decline in Wetland Plant Diversity 2 N Y N ? water level fluctuation

Decline in Amphibian Community 5 Y Y N ? few studies

#: total number of all studies that evaluated the indicator for urban watersheds
IC: does balance of studies indicate a progressive change in the indicator as IC increases? Answers: Yes, No or No data
(?)
UN: If the answer to IC is no, does the balance of the studies show a change in the indicator from non-urban to urban
watersheds? Yes or No 
EM Is the IC/stream quality indicator relationship implicitly assumed within the framework of widely accepted engineering
models? Yes, No or No models yet exist (?) 
RV: If the relationship has been tested in more than one eco-region, does it generally show major differences between
ecoregions? Answers: Yes, No, or insufficient data (?) 

Table 1: The Strength of Evidence:
A Review of the Current Research on Urban Stream Indicators
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relationship is warranted. In some cases, the

IC/stream quality indicator relationship is

considered so strongly established by historical

research that it has been directly incorporated

into accepted engineering models. This has

been particularly true for hydrological and

water quality indicators.

1.1.2 Reinterpretation of the ICM

Although the balance of recent stream research

generally supports the ICM, it also offers

several important insights for interpreting and

applying the ICM, which are discussed next.

Statistical Variability
Scatter is a common characteristic of most IC/

stream quality indicator relationships. In most

cases, the overall trend for the indicator is

down, but considerable variation exists along

the trend line. Often, linear regression equa-

tions between IC and individual stream quality

indicators produce relatively modest correla-

tion coefficients (reported r2 of 0.3 to 0.7 are

often considered quite strong).

Figure 2 shows typical examples of the IC/

stream quality indicator relationship that

illustrate the pattern of statistical variability.

Variation is always encountered when dealing

with urban stream data (particularly so for

biological indicators), but several patterns exist

that have important implications for watershed

managers.

d. Biological Condition vs. Total Watershed IC (Booth, 2000)

 Figure 2: Typical Scatter Found in IC/Stream Quality Indicator Research

a. Fish IBI vs. IC in Fairfax, VA (Fairfax County, 2001) b. CPSS vs. IC in Montgomery County, MD (MNCPPC, 2000)

c. Large Woody Debris vs. IC (Booth et al., 1997)
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The first pattern to note is that the greatest

scatter in stream quality indicator scores is

frequently seen in the range of one to 10% IC.

These streams, which are classified as “sensi-

tive” according to the ICM, often exhibit low,

moderate or high stream quality indicator

scores, as shown in Figure 2. The key interpre-

tation is that sensitive streams have the poten-

tial to attain high stream quality indicator

scores, but may not always realize this poten-

tial.

Quite simply, the influence of IC in the one to

10% range is relatively weak compared to

other potential watershed factors, such as

percent forest cover, riparian continuity,

historical land use, soils, agriculture, acid mine

drainage or a host of other stressors. Conse-

quently, watershed managers should never rely

on IC alone to classify and manage streams in

watersheds with less than 10% IC. Rather, they

should evaluate a range of supplemental

watershed variables to measure or predict

actual stream quality within these lightly

developed watersheds.

The second important pattern is that variability

in stream quality indicator data is usually

dampened when IC exceeds 10%, which

presumably reflects the stronger influence of

stormwater runoff on stream quality indicators.

In particular, the chance that a stream quality

indicator will attain a high quality score is

sharply diminished at higher IC levels. This

trend becomes pronounced within the 10 to

25% IC range and almost inevitable when

watershed IC exceeds 25%. Once again, this

pattern suggests that IC is a more robust and

reliable indicator of overall stream quality

beyond the 10% IC threshold.

Other Watershed Variables and the ICM
Several other watershed variables can poten-

tially be included in the ICM. They include

forest cover, riparian forest continuity and turf

cover.

Forest cover (FC) is clearly the main rival to

IC as a useful predictor of stream quality in

urban watersheds, at least for humid regions of

North America. In some regions, FC is simply

the reciprocal of IC. For example, Horner and

May (1999) have demonstrated a strong

interrelationship between IC and FC for

subwatersheds in the Puget Sound region

(Figure 3). In other regions, however, “pre-

Figure 3: Relationship of IC and FC in Puget Sound Subwatersheds
(Horner and May, 1999)
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development” land use represents a complex

mosaic of crop land, pasture and forest.

Therefore, an inverse relationship between FC

and IC may not be universal for subwatersheds

that have witnessed many cycles of deforesta-

tion and cultivation.

It should come as little surprise that the

progressive loss of FC has been linked to

declining stream quality indicators, given that

forested watersheds are often routinely used to

define natural reference conditions for streams

(Booth, 2000 and Horner et al., 2001). Mature

forest is considered to be the main benchmark

for defining pre-development hydrology within

a subwatershed, as well. Consequently, FC is

perhaps the most powerful indicator to predict

the quality of streams within the “sensitive”

category (zero to 10% IC).

To use an extreme example, one would expect

that stream quality indicators would respond

quite differently in a subwatershed that had

90% FC compared to one that had 90% crop

cover. Indeed, Booth (1991) suggests that

stream quality can only be maintained when IC

is limited to less than 10% and at least 65% FC

is retained within a subwatershed. The key

management implication then is that stream

health is best managed by simultaneously

minimizing the creation of IC and maximizing

the preservation of native FC.

FC has also been shown to be useful in predict-

ing the quality of terrestrial variables in a

subwatershed. For example, the Mid-Atlantic

Integrated Assessment (USEPA, 2000) has

documented that watershed FC can reliably

predict the diversity of bird, reptile and am-

phibian communities in the mid-Atlantic

region.  Moreover, the emerging discipline of

landscape ecology provides watershed manag-

ers with a strong scientific foundation for

deciding where FC should be conserved in a

watershed. Conservation plans that protect and

connect large forest fragments have been

shown to be effective in conserving terrestrial

species.

Riparian forest continuity has also shown

considerable promise in predicting at least

some indicators of stream quality for urban

watersheds. Researchers have yet to come up

with a standard definition of riparian continu-

ity, but it is usually defined as the proportion

of the perennial stream network in a

subwatershed that has a fixed width of mature

streamside forest. A series of studies indicates

that aquatic insect and fish diversity are

associated with high levels of riparian continu-

ity (Horner et al., 2001; May et al., 1997;

MNCPPC, 2000; Roth et al., 1998). On the

other hand, not much evidence has been

presented to support the notion that riparian

continuity has a strong influence on hydrology

or water quality indicators.

One watershed variable that received little

attention is the fraction of watershed area

maintained in turf cover (TC). Grass often

comprises the largest fraction of land area

within low-density residential development

and could play a significant role in streams that

fall within the “impacted” category (10 to 25%

IC). Although lawns are pervious, they have

sharply different properties than the forests and

farmlands they replace (i.e., irrigation, com-

pacted soils, greater runoff, and much higher

input of fertilizers and pesticides, etc.). It is

interesting to speculate whether the combined

area of IC and TC might provide better predic-

tions about stream health than IC area alone,

particularly within impacted subwatersheds.

Several other watershed variables might have

at least supplemental value in predicting

stream quality. They include the presence of

extensive wetlands and/or beaverdam com-

plexes in a subwatershed; the dominant form

of drainage present in the watershed (tile

drains, ditches, swales, curb and gutters, storm

drain pipes); the average age of development;

and the proximity of sewer lines to the stream.

As far as we could discover, none of these

variables has been systematically tested in a

controlled population of small watersheds. We

have observed that these factors could be

important in our field investigations and often

measure them to provide greater insight into

subwatershed behavior.

Lastly, several watershed variables that are

closely related to IC have been proposed to

predict stream quality. These include popula-
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tion, percent urban land, housing density, road

density and other indices of watershed devel-

opment. As might be expected, they generally

track the same trend as IC, but each has some

significant technical limitations and/or difficul-

ties in actual planning applications (Brown,

2000).

Individual vs. Multiple Indicators
The ICM does not predict the precise score of

individual stream quality indicators, but rather

predicts the average behavior of a group of

indicators over a range of IC. Extreme care

should be exercised if the ICM is used to

predict the fate of individual indicators and/or

species. This is particularly true for sensitive

aquatic species, such as trout, salmon, and

freshwater mussels. When researchers have

examined the relationship between IC and

individual species, they have often discovered

lower thresholds for harm. For example,

Boward et al. (1999) found that brook trout

were not found in subwatersheds that had more

than 4% IC in Maryland, whereas Horner and

May (1999) asserted an 8% threshold for

sustaining salmon in Puget Sound streams.

The key point is that if watershed managers

want to maintain an individual species, they

should be very cautious about adopting the

10% IC threshold. The essential habitat

requirements for many sensitive or endangered

species are probably determined by the most
sensitive stream quality indicators, rather than

the average behavior of all stream quality

indicators.

Direct Causality vs. Association
A strong relationship between IC and declining

stream quality indicators does not always mean

that the IC is directly responsible for the

decline. In some cases, however, causality can

be demonstrated. For example, increased

stormwater runoff volumes are directly caused

by the percentage of IC in a subwatershed,

although other factors such as conveyance,

slope and soils may play a role.

In other cases, the link is much more indirect.

For these indicators, IC is merely an index of

the cumulative amount of watershed develop-

ment, and more IC simply means that a greater

number of known or unknown pollutant

sources or stressors are present. In yet other

cases, a causal link appears likely but has not

yet been scientifically demonstrated. A good

example is the more than 50 studies that have

explored how fish or aquatic insect diversity

changes in response to IC. While the majority

of these studies consistently shows a very

strong negative association between IC and

biodiversity, they do not really establish which

stressor or combination of stressors contributes

most to the decline. The widely accepted

theory is that IC changes stream hydrology,

which degrades stream habitat, and in turn

leads to reduced stream biodiversity.

Regional Differences
Currently, the ICM has been largely confirmed

within the following regions of North America:

the mid-Atlantic, the Northeast, the Southeast,

the upper Midwest and the Pacific Northwest.

Limited testing in Northern California, the

lower Midwest and Central Texas generally

agrees with the ICM. The ICM has not been

tested in Florida, the Rocky Mountain West,

and the Southwest. For a number of reasons, it

is not certain if the ICM accurately predicts

biological indicators in arid and semiarid

climates (Maxted, 1999).

Measuring Impervious Cover
Most researchers have relied on total impervi-

ous cover as the basic unit to measure IC at the

subwatershed level. The case has repeatedly

been made that effective impervious cover is

probably a superior metric (e.g., only counting

IC that is hydraulically connected to the

drainage system). Notwithstanding, most

researchers have continued to measure total IC

because it is generally quicker and does not

require extensive (and often subjective)

engineering judgement as to whether it is

connected or not. Researchers have used a

wide variety of techniques to estimate

subwatershed IC, including satellite imagery,

analysis of aerial photographs, and derivation

from GIS land use layers. Table 2 presents

some standard land use/IC relationships that

were developed for suburban regions of the

Chesapeake Bay.
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Three points are worth noting. First, it is fair to

say that most researchers have spent more

quality control effort on their stream quality

indicator measurements than on their

subwatershed IC estimates. At the current time,

no standard protocol exists to estimate

subwatershed IC, although Cappiella and

Brown (2001) presented a useful method. At

best, the different methods used to measure IC

make it difficult to compare results from

different studies, and at worst, it can introduce

an error term of perhaps +/- 10% from the true

value within an individual subwatershed.

Second, it is important to keep in mind that IC

is not constant over time; indeed, major

changes in subwatershed IC have been ob-

served within as few as two years. Conse-

quently, it is sound practice to obtain

subwatershed IC estimates from the most

recent possible mapping data, to ensure that it

coincides with stream quality indicator mea-

surements. Lastly, it is important to keep in

mind that most suburban and even rural zoning

categories exceed 10% IC (see Table 2).

Therefore, from a management standpoint,

planners should try to project future IC, in

order to determine the future stream classifica-

tion for individual subwatersheds.

1.1.3 Influence of Watershed
Treatment Practices on the ICM

The most hotly debated question about the

ICM is whether widespread application of

watershed practices such as stream buffers or

stormwater management can mitigate the

impact of IC, thereby allowing greater devel-

opment density for a given watershed. At this

point in time, there are fewer than 10 studies

that directly bear on this critical question.

Before these are reviewed, it is instructive to

look at the difficult technical and scientific

issues involved in detecting the effect of

watershed treatment, given its enormous

implications for land use control and watershed

management.

The first tough issue is how to detect the effect

of watershed treatment, given the inherent

scatter seen in the IC/stream quality indicator

relationship. Figure 4 illustrates the “double

scatter” problem, based on three different

urban stream research studies in Delaware,

Maryland and Washington. A quick inspection

of the three plots shows how intrinsically hard

it is to distinguish the watershed treatment

effect. As can be seen, stream quality indica-

tors in subwatersheds with treatment tend to

Land Use 
Category

Sample
Number

(N)

Mean
IC (SE)

Land Use
Category

Sample
Number

(N)

Mean
IC (SE)

Agriculture 8 1.9 – 0.3 Institutional 30 34.4 – 3.45

Open Urban Land 11 8.6 – 1.64 Light 20 53.4 – 2.8

2 Acre Lot Residential 12 10.6 – 0.65 Commercia 23 72.2 – 2.0

1 Acre Lot Residential 23 14.3 – 0.53 Churches 8 39.9 – 7.8 1

1/2 Acre Lot Residential 20 21.2 – 0.78 Schools 13 30.3 – 4.8

1/4 Acre Lot Residential 23 27.8 – 0.60 Municipals 9 35.4 – 6.3

1/8 Acre Lot Residential 10 32.6 – 1.6 Golf 4 5.0 – 1.7

Townhome Residential 20 40.9 – 1.39 Cemeteries 3 8.3 – 3.5

Multifamily Residential 18 44.4 – 2.0 Parks 4 12.5 – 0.7

Table 2: Land Use/IC Relationships for
Suburban Areas of the Chesapeake Bay

(Cappiella and Brown, 2001)
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overplot those in subwatersheds that lack

treatment. While subtle statistical differences

may be detected, they are not visibly evident.

This suggests that the impact of watershed

treatment would need to be extremely dramatic

to be detected, given the inherent statistical

variability seen in small watersheds (particu-

larly so within the five to 25% IC range where

scatter is considerable).

In an ideal world, a watershed study design

would look at a controlled population of small

urban watersheds that were developed with and

without watershed practices to detect the

impact of “treatment.” In the real world,

however, it is impossible to strictly control

subwatershed variables. Quite simply, no two

subwatersheds are ever alike. Each differs

slightly with respect to drainage area, IC,

forest cover, riparian continuity, historical land

use, and percent watershed treatment. Re-

searchers must also confront other real world

issues when designing their watershed treat-

ment experiments.

For example, researchers must carefully

choose which indicator or group of indicators

will be used to define stream health. IC has a

negative influence on 26 stream quality

indicators, yet nearly all of the watershed

treatment research so far has focused on just a

few biological indicators (e.g., aquatic insect

or fish diversity) to define stream health. It is

conceivable that watershed treatment might

have no effect on biological indicators, yet

have a positive influence on hydrology, habitat

or water quality indicators. At this point, few

of these indicators have been systematically

 a. Horner and May, 1999

c. Maxted and Shaver, 1997

Figure 4: The Double Scatter Problem: Difficulties in Detecting the
Effect of Watershed Treatment

b. MNCPPC, 2000

a. b.

c.
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tested in the field. It is extremely doubtful that

any watershed practice can simultaneously

improve or mitigate all 26 stream quality

indicators, so researchers must carefully

interpret the outcomes of their watershed

treatment experiments.

The second issue involves how to quantify

watershed treatment. In reality, watershed

treatment collectively refers to dozens of

practices that are installed at individual devel-

opment sites in the many years or even decades

it takes to fully “build out” a subwatershed.
Several researchers have discovered that

watershed practices are seldom installed

consistently across an entire subwatershed. In

some cases, less than a third of the IC in a

subwatershed was actually treated by any

practice, because development occurred prior

to regulations; recent projects were exempted,

waived or grandfathered; or practices were

inadequately constructed or maintained

(Horner and May, 1999 and MNCPPC, 2000).

Even when good coverage is achieved in a

watershed, such as the 65 to 90% reported in

studies of stormwater ponds (Jones et al.,
1996; Maxted, 1999; Maxted and Shaver,

1997), it is still quite difficult to quantify the

actual quality of treatment. Often, each

subwatershed contains its own unique mix of

stormwater practices installed over several

decades, designed under diverse design crite-

ria, and utilizing widely different stormwater

technologies. Given these inconsistencies,

researchers will need to develop standard

protocols to define the extent and quality of

watershed treatment.

Effect of Stormwater Ponds
With this in mind, the effect of stormwater

ponds and stream buffers can be discussed.

The effect of larger stormwater ponds in

mitigating the impacts of IC in small water-

sheds has received the most scrutiny to date.

This is not surprising, since larger ponds often

control a large fraction of their contributing

subwatershed area (e.g. 100 to 1,000 acres) and

are located on the stream itself, therefore

lending themselves to easier monitoring. Three

studies have evaluated the impact of large

stormwater ponds on downstream aquatic

insect communities (Jones et al., 1996; Maxted

and Shaver, 1997; Stribling et al., 2001). Each

of these studies was conducted in small

headwater subwatersheds in the mid-Atlantic

Region, and none was able to detect major

differences in aquatic insect diversity in

streams with or without stormwater ponds.

Four additional studies statistically evaluated

the stormwater treatment effect in larger

populations of small watersheds with varying

degrees of IC (Horner and May, 1999; Horner

et al., 2001; Maxted, 1999; MNCPPC, 2000).

These studies generally sampled larger water-

sheds that had many stormwater practices but

not necessarily complete watershed coverage.

In general, these studies detected a small but

positive effect of stormwater treatment relative

to aquatic insect diversity. This positive effect

was typically seen only in the range of five to

20% IC and was generally undetected beyond

about 30% IC. Although each author was

hesitant about interpreting his results, all

generally agreed that perhaps as much as 5%

IC could be added to a subwatershed while

maintaining aquatic insect diversity, given

effective stormwater treatment. Forest reten-

tion and stream buffers were found to be very

important, as well. Horner et al. (2001) re-

ported a somewhat stronger IC threshold for

various species of salmon in Puget Sound

streams.

Some might conclude from these initial

findings that stormwater ponds have little or no

value in maintaining biological diversity in

small streams. However, such a conclusion

may be premature for several reasons. First,

the generation of stormwater ponds that was

tested was not explicitly designed to protect

stream habitat or to prevent downstream

channel erosion, which would presumably

promote aquatic diversity. Several states have

recently changed their stormwater criteria to

require extended detention for the express

purpose of preventing downstream channel

erosion, and these new criteria may exert a

stronger influence on aquatic diversity. In-

stead, their basic design objective was to

maximize pollutant removal, which they did

reasonably well.
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The second point to stress is that streams with

larger stormwater ponds should be considered

“regulated streams” (Ward and Stanford,

1979), which have a significantly altered

aquatic insect community downstream of the

ponds. For example, Galli (1988) has reported

that on-stream wet stormwater ponds shift the

trophic structure of the aquatic insect commu-

nity. The insect community above the pond

was dominated by shredders, while the insect

community below the pond was dominated by

scrapers, filterers and collectors. Of particular

note, several pollution-sensitive species were

eliminated below the pond. Galli reported that

changes in stream temperatures, carbon supply

and substrate fouling were responsible for the

downstream shift in the aquatic insect commu-

nity. Thus, while it is clear that large stormwa-

ter ponds can be expected to have a negative

effect on aquatic insect diversity, they could

still exert positive influence on other stream

quality indicators.

Effect of Stream Buffers
A handful of studies have evaluated biological

indicator scores for urban streams that have

extensive  forest buffers, compared to streams

where they were mostly or completely absent

(Horner and May, 1999; Horner et al., 2001;

May et al., 1997; MNCPPC, 2000; Roth et al.,
1998; Steedman, 1988). Biological indicators

included various indices of aquatic insect, fish

and salmon diversity. Each study sampled a

large population of small subwatersheds over a

range of IC and derived a quantitative measure

to express the continuity, width and forest

cover of the riparian buffer network within

each subwatershed. Riparian forests were

hypothesized to have a positive influence on

stream biodiversity, given the direct ways they

contribute to stream habitat (e.g., shading,

woody debris, leaf litter, bank stability, and

organic carbon supply).

All five studies detected a small to moderate

positive effect when forested stream buffers

were present (frequently defined as at least

two-thirds of the stream network with at least

100 feet of stream side forest). The greatest

effect was reported by Horner and May (1999)

and Horner et al. (2001) for salmon streams in

the Puget Sound ecoregion. If excellent

riparian habitats were preserved, they generally

reported that fish diversity could be maintained

up to 15% IC, and good aquatic insect diversity

could be maintained with as much as 30% IC.

Steedman (1988) reported a somewhat smaller

effect for Ontario streams. MNCPPC (2000),

May et al. (1997), and Roth et al. (1998) could

not find a statistically significant relationship

between riparian quality and urban stream

quality indicators but did report that most

outliers (defined as higher IC subwatersheds

with unusually high biological indicator

scores) were generally associated with exten-

sive stream side forest.

1.1.4 Recommendations for
Further ICM Research

At this point, we recommend three research

directions to improve the utility of the ICM for

watershed managers. The first direction is to

expand basic research on the relationship

between IC and stream quality indicators that

have received little scrutiny. In particular,

more work is needed to define the relationship

between IC and hydrological and physical

indicators such as the following:

• Physical loss or alteration of the stream

network

• Stream habitat measures

• Riparian continuity

• Baseflow conditions during dry weather

In addition, more watershed research is needed

in ecoregions and physiographic areas where

the ICM has not yet been widely tested. Key

areas include Florida, arid and semiarid

climates, karst areas and mountainous regions.

The basic multiple subwatershed monitoring

protocol set forth by Schueler (1994a) can be

used to investigate IC/stream quality relation-

ships, although it would be wise to measure a

wider suite of subwatershed variables beyond

IC (e.g., forest cover, turf cover, and riparian

continuity).

The second research direction is to more

clearly define the impact of watershed treat-

ment on stream quality indicators. Based on
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the insurmountable problems encountered in

controlling variation at the subwatershed level,

it may be necessary to abandon the multiple

watershed or paired watershed sampling

approaches that have been used to date.

Instead, longitudinal monitoring studies within

individual subwatersheds may be a more

powerful tool to detect the effect of watershed

treatment. These studies could track changes in

stream quality indicators in individual

subwatersheds over the entire development

cycle: pre-development land use, clearing,

construction, build out, and post construction.

In most cases, longitudinal studies would take

five to 10 years to complete, but they would

allow watershed managers to measure and

control the inherent variability at the

subwatershed level and provide a “before and

after” test of watershed treatment. Of course, a

large population of test subwatersheds would

be needed to satisfactorily answer the water-

shed treatment question.

The third research direction is to monitor

more non-supporting streams, in order to

provide a stronger technical foundation for

crafting more realistic urban stream standards

and to see how they respond to various water-

shed restoration treatments. As a general rule,

most researchers have been more interested in

the behavior of sensitive and impacted streams.

The non-supporting stream category spans a

wide range of IC, yet we do not really under-

stand how stream quality indicators behave

over the entire 25 to 100% IC range.

For example, it would be helpful to establish

the IC level at the upper end of the range

where streams are essentially transformed into

an artificial conveyance system (i.e., become

pipes or artificial channels). It would also be

interesting to sample more streams near the

lower end of the non-supporting category (25

to 35% IC) to detect whether stream quality

indicators respond to past watershed treatment

or current watershed restoration efforts. For

practical reasons, the multiple subwatershed

sampling approach is still recommended to

characterize indicators in non-supporting

streams. However, researchers will need to

screen a large number of non-supporting

subwatersheds in order to identify a few

subwatersheds that are adequate for subsequent

sampling (i.e., to control for area, IC, develop-

ment age, percent watershed treatment, type of

conveyance systems, etc.).
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1.2 Impacts of Urbanization on
Downstream Receiving Waters

In this section, we review the impacts of

urbanization on downstream receiving waters,

primarily from the standpoint of impacts

caused by poor stormwater quality. We begin

by looking at the relationship between IC and

stormwater pollutant loadings. Next, we

discuss the sensitivity of selected downstream

receiving waters to stormwater pollutant loads.

Lastly, we examine the effect of watershed

treatment in reducing stormwater pollutant

loads.

1.2.1 Relationship Between
Impervious Cover and
Stormwater Quality

Urban stormwater runoff contains a wide range

of pollutants that can degrade downstream

water quality (Table 3). Several generalizations

can be supported by the majority of research

conducted to date. First, the unit area pollutant

load delivered by stormwater runoff to receiv-

ing waters increases in direct proportion to

watershed IC. This is not altogether surprising,

since pollutant load is the product of the

average pollutant concentration and stormwa-

ter runoff volume. Given that runoff volume

increases in direct proportion to IC, pollutant

loads must automatically increase when IC

increases, as long the average pollutant con-

centration stays the same (or increases). This

relationship is a central assumption in most

simple and complex pollutant loading models

(Bicknell et al., 1993; Donigian and Huber,

1991; Haith et al., 1992; Novotny and Chester,

1981;  NVPDC, 1987; Pitt and Voorhees,

1989).

The second generalization is that stormwater

pollutant concentrations are generally similar

Pollutants in Urban
Stormwater

WQ Impacts To: Higher
Unit

Load?

Load a 
function
of IC?

Other Factors 
Important in 

LoadingR L E A W

Suspended Sediment Y Y Y N Y Y [ag] Y channel erosion 

Total Nitrogen N N Y Y N Y [ag] Y septic systems

Total Phosphorus Y Y N N Y Y [ag] Y tree canopy

Metals Y Y Y ? N Y Y vehicles

Hydrocarbons Y Y Y Y Y Y ? related to VMTs and
hotspots

Bacteria/Pathogens Y Y Y N Y Y Y many sources

Organic Carbon N ? ? ? Y Y Y

MTBE N N N Y Y Y ? roadway, VMTs

Pesticides ? ? ? ? Y Y ? turf/landscaping 

Chloride ? Y N Y Y Y ? road density

Trash/Debris Y Y Y N ? Y Y curb and gutters

 Major Water Quality Impacts Reported for:
 R = River, L = Lake, E = Estuary, A = Aquifer, W = Surface Water Supply
 Higher Unit Area Load? Yes (compared to all land uses) [ag]: with exception of cropland  
 Load a function of IC? Yes, increases proportionally with IC

Pollutants in Urban
Stormwater

WQ Impacts To: Higher
Unit

Load?

Load a 
function
of IC?

Other Factors 
Important in 

LoadingR L E A W

Suspended Sediment Y Y Y N Y Y [ag] Y channel erosion 

Total Nitrogen N N Y Y N Y [ag] Y septic systems

Total Phosphorus Y Y N N Y Y [ag] Y tree canopy

Metals Y Y Y ? N Y Y vehicles

Hydrocarbons Y Y Y Y Y Y ? related to VMTs and
hotspots

Bacteria/Pathogens Y Y Y N Y Y Y many sources

Organic Carbon N ? ? ? Y Y Y

MTBE N N N Y Y Y ? roadway, VMTs

Pesticides ? ? ? ? Y Y ? turf/landscaping 

Chloride ? Y N Y Y Y ? road density

Trash/Debris Y Y Y N ? Y Y curb and gutters

 Major Water Quality Impacts Reported for:
 R = River, L = Lake, E = Estuary, A = Aquifer, W = Surface Water Supply
 Higher Unit Area Load? Yes (compared to all land uses) [ag]: with exception of cropland  
 Load a function of IC? Yes, increases proportionally with IC

Table 3:  Summary of Urban Stormwater Pollutant Loads
on Quality of Receiving Waters
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at the catchment level, regardless of the mix of

IC types monitored (e.g., residential, commer-

cial, industrial or highway runoff). Several

hundred studies have examined stormwater

pollutant concentrations from small urban

catchments and have generally found that the

variation within a catchment is as great as the

variation between catchments. Runoff concen-

trations tend to be log-normally distributed,

and therefore the long term “average” concen-

tration is best expressed by a median value. It

should be kept in mind that researchers have

discovered sharp differences in pollutant

concentrations for smaller, individual compo-

nents of IC (e.g., rooftops, parking lots, streets,

driveways and the like). Since most urban

catchments are composed of many kinds of IC,

this mosaic quality tempers the variability in

long term pollutant concentrations at the

catchment or subwatershed scale.

The third generalization is that median concen-

trations of pollutants in urban runoff are

usually higher than in stormwater runoff from

most other non-urban land uses. Consequently,

the unit area nonpoint pollutant load generated

by urban land normally exceeds that of nearly

all watershed land uses that it replaces (forest,

pasture, cropland, open space — see Table 3).

One important exception is cropland, which

often produces high unit area sediment and

nutrient loads in many regions of the country.

In these watersheds, conversion of intensively

managed crops to low density residential

development may actually result in a slightly

decreased sediment or nutrient load. On the

other hand, more intensive land development

(30% IC or more) will tend to equal or exceed

cropland loadings.

The last generalization is that the effect of IC

on stormwater pollutant loadings tends to be

weakest for subwatersheds in the one to 10%

IC range. Numerous studies have suggested

that other watershed and regional factors may

have a stronger influence, such as the underly-

ing geology, the amount of carbonate rock in

the watershed, physiographic region, local soil

types, and most important, the relative fraction

of forest and crop cover in the subwatershed

(Herlihy et al., 1998 and Liu et al., 2000). The

limited influence of IC on pollutant loads is

generally consistent with the finding for

hydrologic, habitat and biological indicators

over this narrow range of IC. Once again,

watershed managers are advised to track other

watershed indicators in the sensitive stream

category, such as forest or crop cover.

1.2.2 Water Quality Response to
Stormwater Pollution

As noted in the previous section, most ICM

research has been done on streams, which are

directly influenced by increased stormwater.

Many managers have wondered whether the

ICM also applies to downstream receiving

waters, such as lakes, water supply reservoirs

and small estuaries. In general, the exact water

quality response of downstream receiving

waters to increased nonpoint source pollutant

loads depends on many factors, including the

specific pollutant, the existing loading gener-

ated by the converted land use, and the geom-

etry and hydraulics of the receiving water.

Table 3 indicates the sensitivity of rivers,

lakes, estuaries, aquifers and water supply

reservoirs to various stormwater pollutants.

Lakes and the ICM
The water column and sediments of urban

lakes are impacted by many stormwater

pollutants, including sediment, nutrients,

bacteria, metals, hydrocarbons, chlorides, and

trash/debris. Of these pollutants, limnologists

have always regarded phosphorus as the

primary lake management concern, given that

more than 80% of urban lakes experience

symptoms of eutrophication (CWP, 2001a).

In general, phosphorus export steadily in-

creases as IC is added to a lake watershed,

although the precise amount of IC that triggers

eutrophication problems is unique to each

urban lake. With a little effort, it is possible to

calculate the specific IC threshold for an

individual lake, given its internal geometry, the

size of its contributing watershed, current in-

lake phosphorus concentration, degree of

watershed treatment, and the desired water

quality goals for the lake (CWP, 2001a). As a

general rule, most lakes are extremely sensitive
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to increases in phosphorus loads caused by

watershed IC. Exceptions include lakes that are

unusually deep and/or have very small drain-

age area/lake area ratios. In most lakes, how-

ever, even a small amount of watershed

development will result in an upward shift in

trophic status (CWP, 2001a).

Reservoirs and the ICM
While surface water supply reservoirs respond

to stormwater pollutant loads in the same

general manner as lakes, they are subject to

stricter standards because of their uses for

drinking water. In particular, water supply

reservoirs are particularly sensitive to in-

creased turbidity, pathogens, total organic

carbon, chlorides, metals, pesticides and

hydrocarbon loads, in addition to phosphorus

(Kitchell, 2001). While some pollutants can be

removed or reduced through expanded filtering

and treatment at drinking water intakes, the

most reliable approach is to protect the source

waters through watershed protection and

treatment.

Consequently, we often recommend that the

ICM be used as a “threat index” for most

drinking water supplies. Quite simply, if

current or future development is expected to

exceed 10% IC in the contributing watershed,

we recommend that a very aggressive water-

shed protection strategy be implemented

(Kitchell, 2001). In addition, we contend that

drinking water quality cannot be sustained

once watershed IC exceeds 25% and have yet

to find an actual watershed where a drinking

water utility has been maintained under these

conditions.

Small Tidal Estuaries and Coves and the ICM
The aquatic resources of small tidal estuaries,

creeks, and coves are often highly impacted by

watershed development and associated activi-

ties, such as boating/marinas, wastewater

discharge, septic systems, alterations in

freshwater flow and wetland degradation and

loss. Given the unique impacts of eutrophica-

tion on the marine system and stringent water

quality standards for shellfish harvesting, the

stormwater pollutants of greatest concern in

the estuarine water column are nitrogen and

fecal coliform bacteria. Metals and hydrocar-

bons in stormwater runoff can also contami-

nate bottom sediments, which can prove toxic

to local biota (Fortner et al., 1996; Fulton et
al., 1996; Kucklick et al., 1997; Lerberg et al.,
2000; Sanger et al., 1999; Vernberg et al.,
1992).

While numerous studies have demonstrated

that physical, hydrologic, water quality and

biological indicators differ in urban and non-

urban coastal watersheds, only a handful of

studies have used  watershed IC as an indicator

of estuarine health. These studies show signifi-

cant correlations with IC, although degradation

thresholds may not necessarily adhere to the

ICM due to tidal dilution and dispersion. Given

the limited research, it is not fully clear if the

ICM can be applied to coastal systems without

modification.

Atmospheric deposition is considered a

primary source of nitrogen loading to estuarine

watersheds. Consequently, nitrogen loads in

urban stormwater are often directly linked to

IC. Total nitrogen loads have also been linked

to groundwater input, especially from subsur-

face discharges from septic systems, which are

common in low density coastal development

(Swann, 2001; Valiela et al., 1997; Vernberg et
al., 1996a). Nitrogen is generally considered to

be the limiting nutrient in estuarine systems,

and increased loading has been shown to

increase algal and phytoplankton biomass and

cause shifts in the phytoplankton community

and food web structure that may increase the

potential for phytoplankton blooms and fish

kills (Bowen and Valiela, 2001; Evgenidou et
al., 1997; Livingston, 1996).

Increased nitrogen loads have been linked to

declining seagrass communities, finfish

populations, zooplankton reproduction, inver-

tebrate species richness, and shellfish popula-

tions (Bowen and Valiela, 2001; Rutkowski et
al., 1999; Short and Wyllie-Echeverria, 1996;

Valiela and Costa, 1988). Multiple studies

have shown significant increases in nitrogen

loading as watershed land use becomes more

urban (Valiela et al., 1997; Vernberg et al.
1996a; Wahl et al., 1997). While a few studies
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link nitrogen loads with building and popula-

tion density, no study was found that used IC

as an indicator of estuarine nitrogen loading.

The second key water quality concern in small

estuaries is high fecal coliform levels in

stormwater runoff, which can lead to the

closure of shellfish beds and swimming

beaches. Waterfowl and other wildlife have

also been shown to contribute to fecal coliform

loading (Wieskel et al., 1996). Recent research

has shown that fecal coliform standards are

routinely violated during storm events at very

low levels of IC in coastal watersheds (Mallin

et al., 2001; Vernberg et al., 1996b; Schueler,

1999). Maiolo and Tschetter (1981) found a

significant correlation between human popula-

tion and closed shellfish acreage in North

Carolina, and Duda and Cromartie (1982)

found greater fecal coliform densities when

septic tank density and IC increased, with an

approximate threshold at 10% watershed IC.

Recently, Mallin et al. (2000) studied five

small North Carolina estuaries of different land

uses and showed that fecal coliform levels

were significantly correlated with watershed

population, developed land and IC. Percent IC

was the most statistically significant indicator

and could explain 95% of the variability in

fecal coliform concentrations. They also found

that shellfish bed closures were possible in

watersheds with less than 10% IC, common in

watersheds above 10% IC, and almost certain

in watersheds above 20% IC. While higher

fecal coliform levels were observed in devel-

oped watersheds, salinity, flushing and proxim-

ity to pollution sources often resulted in higher

concentrations at upstream locations and at

high tides (Mallin et al., 1999). While these

studies support the ICM, more research is

needed to prove the reliability of the ICM in

predicting shellfish bed closures based on IC.

Several studies have also investigated the

impacts of urbanization on estuarine fish,

macrobenthos and shellfish communities.

Increased PAH accumulation in oysters,

negative effects of growth in juvenile sheeps-

head minnows, reduced molting efficiency in

copepods, and reduced numbers of grass

shrimp have all been reported for urban

estuaries as compared to forested estuaries

(Fulton et al., 1996). Holland et al. (1997)

reported that the greatest abundance of penaid

shrimp and mummichogs was observed in tidal

creeks with forested watersheds compared to

those with urban cover. Porter et al. (1997)

found lower grass shrimp abundance in small

tidal creeks adjacent to commercial and urban

development, as compared to non-urban

watersheds.

Lerberg et al. (2000) studied small tidal creeks

and found that highly urban watersheds (50%

IC) had the lowest benthic diversity and

abundance as compared to suburban and

forested creeks, and benthic communities were

numerically dominated by tolerant oligocha-

etes and polychaetes. Suburban watersheds (15

to 35% IC) also showed signs of degradation

and had some pollution tolerant macrobenthos,

though not as markedly as urban creeks.

Percent abundance of pollution-indicative

species showed a marked decline at 30% IC,

and the abundance of pollution-sensitive

species also significantly correlated with IC

(Lerberg et al., 2000). Holland et al. (1997)

reported that the variety and food availability

for juvenile fish species was impacted at 15 to

20% IC.

Lastly, a limited amount of research has

focused on the direct impact of stormwater

runoff on salinity and hypoxia in small tidal

creeks. Blood and Smith (1996) compared

urban and forested watersheds and found

higher salinities in urban watersheds due to the

increased number of impoundments. Fluctua-

tions in salinity have been shown to affect

shellfish and other aquatic populations (see

Vernberg, 1996b). When urban and forested

watersheds were compared, Lerberg et al.
(2000) reported that higher salinity fluctuations

occurred most often in developed watersheds;

significant correlations with salinity range and

IC were also determined. Lerberg et al. (2000)

also found that the most severe and frequent

hypoxia occurred in impacted salt marsh

creeks and that dissolved oxygen dynamics in

tidal creeks were comparable to dead-end

canals common in residential marina-style
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Practice N TSS TP OP TN NOx Cu Zn Oil/
Grease11 Bacteria

Dry Ponds 9 47 19 N/R 25 3.5 26 26 3 44

Wet Ponds 43 80 51 65 33 43 57 66 78 70
Wetlands 36 76 49 48 30 67 40 44 85 78
Filtering Practices2 18 86 59 57 38 -14 49 88 84 37
Water Quality
Swales

9 81 34 1.0 84 31 51 71 62 -25

Ditches3 9 31 -16 N/R -9.0 24 14 0 N/R 0
Infiltration 6 95 80 85 51 82 N/R N/R N/R N/R
1: Represents data for Oil and Grease and PAH
2: Excludes vertical sand filters
3: Refers to open channel practices not designed for water quality
N/R = Not Reported

coastal developments. Suburban watersheds

(15 to 35% IC) exhibited signs of degradation

and had some pollution-tolerant macrobenthic

species, though not to the extent of urban

watersheds (50% IC).

In summary, recent research suggests that

indicators of coastal watershed health are

linked to IC. However, more research is

needed to clarify the relationship between IC

and estuarine indicators in small tidal estuaries

and high salinity creeks.

1.2.3 Effect of Watershed Treatment
on Stormwater Quality

Over the past two decades, many communities

have invested in watershed protection prac-

tices, such as stormwater treatment practices

(STPs), stream buffers, and better site design,

in order to reduce pollutant loads to receiving

waters. In this section, we review the effect of

watershed treatment on the quality of stormwa-

ter runoff.

Effect of Stormwater Treatment Practices
We cannot directly answer the question as to

whether or not stormwater treatment practices

can significantly reduce water quality impacts

at the watershed level, simply because no

controlled monitoring studies have yet been

conducted at this scale. Instead, we must rely

on more indirect research that has tracked the

change in mass or concentration of pollutants

as they travel through individual stormwater

treatment practices. Thankfully, we have an

abundance of these performance studies, with

nearly 140 monitoring studies evaluating a

diverse range of STPs, including ponds,

wetlands, filters, and swales (Winer, 2000).

These studies have generally shown that

stormwater practices have at least a moderate

ability to remove many pollutants in urban

stormwater. Table 4 provides average removal

efficiency rates for a range of practices and

stormwater pollutants, and Table 5 profiles the

mean storm outflow concentrations for various

practices. As can be seen, some groups of

practices perform better than others in remov-

ing certain stormwater pollutants. Conse-

quently, managers need to carefully choose

which practices to apply to solve the primary

water quality problems within their water-

sheds.

It is also important to keep in mind that site-

based removal rates cannot be extrapolated to

the watershed level without significant adjust-

ment. Individual site practices are never

implemented perfectly or consistently across a

watershed. At least three discount factors need

to be considered: bypassed load, treatability

and loss of performance over time. For a

review on how these discounts are derived,

consult Schueler and Caraco (2001). Even

under the most optimistic watershed imple-

mentation scenarios, overall pollutant reduc-

Table 4: The Effectiveness of Stormwater Treatment Practices in Removing
Pollutants - Percent Removal Rate (Winer, 2000)
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tions by STPs may need to be discounted by at

least 30% to account for partial watershed

treatment.

Even with discounting, however, it is evident

that STPs can achieve enough pollutant

reduction to mimic rural background loads for

many pollutants, as long as the watershed IC

does not exceed 30 to 35%. This capability is

illustrated in Figure 5, which shows phospho-

rus load as a function of IC, with and without

stormwater treatment.

Effect of Stream Buffers/Riparian Areas
Forested stream buffers are thought to have

very limited capability to remove stormwater

pollutants, although virtually no systematic

monitoring data exists to test this hypothesis.

The major reason cited for their limited

removal capacity is that stormwater generated

from upland IC has usually concentrated

before it reaches the forest buffer and therefore

crosses the buffer in a channel, ditch or storm

drain pipe. Consequently, the opportunity to

filter runoff is lost in many forest buffers in

urban watersheds.

Effect of Better Site Design
Better site design (BSD) is a term for

nonstructural practices that minimize IC,

conserve natural areas and distribute stormwa-

ter treatment across individual development

sites. BSD is also known by many other

names, including conservation development,

low-impact development, green infrastructure,

and sustainable urban drainage systems. While

Practice N TSS TP OP TN NOx Cu11 Zn11

Dry Ponds2 3 28 0.18 N/R 0.86 N/R 9.0 98
Wet Ponds 25 17 0.11 0.03 1.3 0.26 5.0 30

 Wetlands 19 22 0.20 0.07 1.7 0.36 7.0 31
Filtering Practices3 8 11 0.10 0.07 1.1 0.55 9.7 21

Water Quality Swales 7 14 0.19 0.09 1.1 0.35 10 53
Ditches4 3 29 0.31 N/R 2.4 0.72 18 32

1. Units for Zn and Cu are micrograms per liter (Fg/l)
2. Data available for Dry Extended Detention Ponds only
3. Excludes vertical sand filters
4. Refers to open channel practices not designed for water quality
N/R = Not Reported

Table 5: Median Effluent Concentrations from
 Stormwater Treatment Practices (mg/l) (Winer, 2000)

Figure 5: Estimated Phosphorus Load as a Function of Impervious Cover, Discounted
Stormwater Treatment and Better Site Design (Schueler and Caraco, 2001)

Impervious Cover (%)
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some maintain that BSD is an alternative to

traditional STPs, most consider it to be an

important complement to reduce pollutant

loads.

While BSD has become popular in recent

years, only one controlled research study has

evaluated its potential performance, and this is

not yet complete (i.e. Jordan Cove, CT).

Indirect estimates of the potential value of

BSD to reduce pollutant discharges have been

inferred from modeling and redesign analyses

(Zielinski, 2000). A typical example is pro-

vided in Figure 5, which shows the presumed

impact of BSD in reducing phosphorus load-

ings. As is apparent, BSD appears to be a very

effective strategy in the one to 25% IC range,

but its benefits diminish beyond that point.
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1.3 Implications of the ICM
for Watershed Managers

One of the major policy implications of the

ICM is that in the absence of watershed

treatment, it predicts negative stream impacts

at an extremely low intensity of watershed

development. To put this in perspective,

consider that a watershed zoned for two-acre

lot residential development will generally

exceed 10% IC, and therefore shift from a

sensitive to an impacted stream classification

(Cappiella and Brown, 2001). Thus, if a

community wants to protect an important water

resource or a highly regarded species (such as

trout, salmon or an endangered freshwater

mussel), the ICM suggests that there is a

maximum limit to growth that is not only quite

low, but is usually well below the current

zoning for many suburban or even rural

watersheds. Consequently, the ICM suggests

the unpleasant prospect that massive down-

zoning, with all of the associated political and

legal carnage involving property rights and

economic development, may be required to

maintain stream quality.

It is not surprising, then, that the ICM debate

has quickly shifted to the issue of whether or

not watershed treatment practices can provide

adequate mitigation for IC. How much relief

can be expected from stream buffers, stormwa-

ter ponds, and other watershed practices, which

might allow greater development density

within a given watershed? Only a limited

amount of research has addressed this question,

and the early results are not reassuring (re-

viewed in section 1.1.3). At this early stage,

researchers are still having trouble detecting

the impact of watershed treatment, much less

defining it. As noted earlier, both watershed

research techniques and practice implementa-

tion need to be greatly improved if we ever

expect to get a scientifically defensible answer

to this crucial question. Until then, managers

should be extremely cautious in setting high

expectations for how much watershed treat-

ment can mitigate IC.

1.3.1 Management of
Non-Supporting Streams

Most researchers acknowledge that streams

with more than 25% IC in their watersheds

cannot support their designated uses or attain

water quality standards and are severely

degraded from a physical and biological

standpoint. As a consequence, many of these

streams are listed for non-attainment under the

Clean Water Act and are subject to Total

Maximum Daily Load (TMDL) regulations.

Communities that have streams within this

regulatory class must prepare implementation

plans that demonstrate that water quality

standards can ultimately be met.

While some communities have started to

restore or rehabilitate these streams in recent

years, their efforts have yielded only modest

improvements in water quality and biological

indicators. In particular, no community has yet

demonstrated that they can achieve water

quality standards in an urban watershed that

exceeds 25% IC. Many communities are

deeply concerned that non-supporting streams

may never achieve water quality standards,

despite massive investments in watershed

restoration. The ICM suggests that water

quality standards may need to be sharply

revised for streams with more than 25% IC, if

they are ever to come into attainment. While

states have authority to create more achievable

standards for non-supporting streams within

the regulatory framework of the Clean Water

Act (Swietlik, 2001), no state has yet exercised

this authority. At this time, we are not aware of

any water quality standards that are based on

the ICM or similar urban stream classification

techniques.

Two political perceptions largely explain why

states are so reticent about revising water

quality standards. The first is a concern that

they will run afoul of anti-degradation provi-

sions within the Clean Water Act or be accused

of “backsliding” by the environmental commu-

nity. The second concern relates to the demo-

graphics of watershed organizations across the

country. According to recent surveys, slightly

more than half of all watershed organizations
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represent moderately to highly developed

watersheds (CWP, 2001a). These urban

watershed organizations often have a keen

interest in keeping the existing regulatory

structure intact, since it is perceived to be the

only lever to motivate municipalities to

implement restoration efforts in non-support-

ing streams.

However, revised water quality standards are

urgently needed to support smart growth

efforts. A key premise of smart growth is that

it is more desirable to locate new development

within a non-supporting subwatershed rather

than a sensitive or impacted one (i.e., concen-

trating density and IC within an existing

subwatershed helps prevent sprawl from

encroaching on a less developed one). Yet

while smart growth is desirable on a regional

basis, it will usually contribute to already

serious problems in non-supporting water-

sheds, which makes it even more difficult to

meet water quality standards.

This creates a tough choice for regulators: if

they adopt stringent development criteria for

non-supporting watersheds, their added costs

can quickly become a powerful barrier to

desired redevelopment. If, on the other hand,

they relax or waive environmental criteria,

they contribute to the further degradation of

the watershed. To address this problem, the

Center has developed a “smart watersheds”

program to ensure that any localized degrada-

tion caused by development within a non-

supporting subwatershed is more than compen-

sated for by improvements in stream quality

achieved through municipal restoration efforts

(CWP, in press). Specifically, the smart

watersheds program includes 17 public sector

programs to treat stormwater runoff, restore

urban stream corridors and reduce pollution

discharges in highly urban watersheds. It is

hoped that communities that adopt and imple-

ment smart watershed programs will be given

greater flexibility to meet state and federal

water quality regulations and standards within

non-supporting watersheds.

1.3.2 Use of the ICM for Urban
Stream Classification

The ICM has proven to be a useful tool for

classifying and managing the large inventory

of streams that most communities possess. It is

not unusual for a typical county to have several

thousand miles of headwater streams within its

political boundaries, and the ICM provides a

unified framework to identify and manage

these subwatersheds. In our watershed practice,

we use the ICM to make an initial diagnosis

rather than a final determination for stream

classification. Where possible, we conduct

rapid stream and subwatershed assessments as

a final check for an individual stream classifi-

cation, particularly if it borders between the

sensitive and impacted category. As noted

earlier, the statistical variation in the IC/stream

quality indicator makes it difficult to distin-

guish between a stream with 9% versus 11%

IC. Some of the key criteria we use to make a

final stream classification are provided in

Table 6.

1.3.3 Role of the ICM in Small
Watershed Planning

The ICM has also proven to be an extremely

important tool for watershed planning, since it
can rapidly project how streams will change in

response to future land use. We routinely

estimate existing and future IC in our water-

shed planning practice and find that it is an

excellent indicator of change for

subwatersheds in the zero to 30% IC range. In

particular, the ICM often forces watershed

planners to directly confront land use planning

and land conservation issues early in the

planning process.

On the other hand, we often find that the ICM

has limited planning value when

subwatersheds exceed 30% IC for two practi-

cal reasons. First, the ICM does not differenti-

ate stream conditions within this very large

span of IC (i.e., there is no difference in the

stream quality prediction for a subwatershed

that has 39.6% IC versus one that has 58.4%

IC). Second, the key management question for

non-supporting watersheds is whether or not
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they are potentially restorable. More detailed

analysis and field investigations are needed to

determine, in each subwatershed, the answer to

this question. While a knowledge of IC is often

used in these feasibility assessments, it is but

one of many factors that needs to be consid-

ered.

Lastly, we have come to recognize several

practical factors when applying the ICM for

small watershed planning. These include

thoughtful delineation of subwatershed bound-

aries, the proper accounting of a direct drain-

age area in larger watersheds, and the critical

need for the most recent IC data. More guid-

ance on these factors can be found in Zielinski

(2001).

Stream Criteria

Reported  presence of  rare,  threatened or  endangered  species  in the  aquatic
community (e.g., freshwater mussels, fish, crayfish or amphibians)
Confirmed spawning of cold-water fish species (e.g., trout)
Fair/good, good, or good to excellent macro invertebrate scores
More than 65% of EPT species present in macro-invertebrate surveys 
No barriers impede movement of fish between the subwatershed and downstream
receiving waters
Stream channels  show  little  evidence  of  ditching,  enclosure,  tile  drainage  or
channelization
Water quality monitoring indicates no standards violations during dry weather 
Stream and flood plain remain connected and regularly interact
Stream drains to a downstream surface water supply
Stream channels are generally stable, as determined by the Rosgen level analysis
Stream habitat scores are rated at least fair to good

Subwatershed Criteria 

Contains terrestrial species that are documented as rare, threatened and endangered
Wetlands,  flood  plains  and/or  beaver  complexes  make up more than  10% of
subwatershed area
Inventoried conservation areas comprise more than 10% of subwatershed area
More than 50% of the riparian forest  corridor has forest cover and is either publicly
owned or regulated 
Large contiguous forest tracts remain in the subwatershed (more than 40% in forest
cover)
Significant fraction of subwatershed is in public ownership and management
Subwatershed connected to the watershed through a wide corridor
Farming,  ranching  and  livestock  operations  in  the  subwatershed  utilize  best
management practices
Prior development in the subwatershed has utilized stormwater treatment practices

Impervious cover is not a perfect indicator of

existing stream quality. A number of stream

and subwatershed criteria should be evaluated

in the field before a final classification deci-

sion is made, particularly when the stream is

on the borderline between two classifications.

We routinely look at the stream and

subwatershed criteria to decide whether a

borderline stream should be classified as

sensitive or impacted. Table 6 reviews these

additional criteria.

Table 6: Additional Considerations for Urban Stream Classification
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1.4  Summary

The remainder of this report presents greater

detail on the individual research studies that

bear on the ICM. Chapter 2 profiles research

on hydrologic indicators in urban streams,

while Chapter 3 summarizes the status of

current research on the impact of urbanization

on physical habitat indicators. Chapter 4

presents a comprehensive review of the impact

of urbanization on ten major stormwater

pollutants. Finally, Chapter 5 reviews the

growing body of research on the link between

IC and biological indicators within urban

streams and wetlands.
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Chapter 2: Hydrologic Impacts of
Impervious Cover

The natural hydrology of streams is fundamen-

tally changed by increased watershed develop-

ment. This chapter reviews the impacts of

watershed development on selected indicators

of stream hydrology.

This chapter is organized as follows:

2.1 Introduction

2.2 Increased Runoff Volume

2.3 Increased Peak Discharge Rates

2.4 Increased Bankfull Flow

2.5 Decreased Baseflow

2.6 Conclusions

2.1 Introduction

Fundamental changes in urban stream hydrol-

ogy occur as a result of three changes in the

urban landscape that accompany land develop-

ment. First, large areas of the watershed are

paved, rendering them impervious. Second,

soils are compacted during construction, which

significantly reduces their infiltration capabili-

ties. Lastly, urban stormwater drainage sys-

tems are installed that increase the efficiency

with which runoff is delivered to the stream

(i.e., curbs and gutters, and storm drain pipes).

Consequently, a greater fraction of annual

rainfall is converted to surface runoff, runoff

occurs more quickly, and peak flows become

larger. Additionally, dry weather flow in

streams may actually decrease because less

groundwater recharge is available. Figure 6

illustrates the change in hydrology due to

increased urban runoff as compared to pre-

development conditions.

Research has demonstrated that the effect of

watershed urbanization on peak discharge is

more marked for smaller storm events. In

particular, the bankfull, or channel forming

flow, is increased in magnitude, frequency and

duration. Increased bankfull flows have strong

ramifications for sediment transport and

channel enlargement. All of these changes in

the natural water balance have impacts on the

physical structure of streams, and ultimately

affect water quality and biological diversity.

Figure 6: Altered Hydrograph in Response to Urbanization
(Schueler, 1987)
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The relationship between watershed IC and

stream hydrology is widely accepted, and has

been incorporated into many hydrologic

engineering models over the past three de-

cades. Several articles provide a good sum-

mary of these (Bicknell et al., 1993; Hirsch et
al., 1990; HEC, 1977; Huber and Dickinson,

1988; McCuen and Moglen, 1988; Overton and

Meadows, 1976; Pitt and Voorhees, 1989;

Schueler, 1987; USDA, 1992;  1986).

The primary impacts of watershed develop-

ment on stream hydrology are as follows:

• Increased runoff volume

• Increased peak discharge rates

• Increased magnitude, frequency, and

duration of bankfull flows

• Diminished baseflow

RB-AR7638



 Impacts of Impervious Cover on Aquatic Systems 27

 Chapter 2: Hydrologic Impacts of Impervious Cover

2.2  Increased Runoff Volume

Impervious cover and other urban land use

alterations, such as soil compaction and storm

drain construction, alter infiltration rates and

increase runoff velocities and the efficiency

with which water is delivered to streams. This

decrease in infiltration and basin lag time can

significantly increase runoff volumes. Table 7

reviews research on the impact of IC on runoff

volume in urban streams. Schueler (1987)

demonstrated that runoff values are directly

related to subwatershed IC (Figure 7). Runoff

data was derived from 44 small catchment

areas across the country for EPA’s Nationwide

Urban Runoff Program.

Table 8 illustrates the difference in runoff

volume between a meadow and a parking lot,

as compiled from engineering models. The

parking lot produces more than 15 times more

runoff than a meadow for the same storm

event.

Urban soils are also profoundly modified

during the construction process. The compac-

tion of urban soils and the removal of topsoil

can decrease the infiltration capacity, causing

increases in runoff volumes (Schueler, 2000).

Bulk density is often used to measure soil

compaction, and Table 9 illustrates how bulk

density increases in many urban land uses.

Figure 7: Runoff Coefficient vs. IC  (Schueler, 1987)

Note: 44 small urban catchments monitored during the national NURP study
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Reference Key Finding Location

Increased Runoff Volume

Schueler,
1987

Runoff coefficients  were found to be strongly correlated with IC at 44 sites
nationwide. U.S.

Neller, 1988
Urban watershed produced more than seven times as much runoff as a
similar rural watershed. Average time to produce runoff was reduced by 63%
in urban watersheds compared to rural watersheds.

Australia

Increased Peak Discharge

Hollis, 1975

Review of data from several studies showed that floods with a return period
of a year or longer are not affected by a 5% watershed IC; small floods may
be increased  10 times by urbanization; flood with a return period of 100
years may be doubled in size by a 30% watershed IC.

N/A

Leopold, 
1968

Data from seven nationwide studies showed that 20% IC can cause the
mean annual flood to double. U.S.

Neller, 1988
Average peak discharge from urban watersheds was 3.5 times higher than
peak runoff from rural watersheds. Australia

Doll et al.,
2000

Peak discharge was greater for 18 urban streams versus 11 rural Piedmont
streams. NC

Sauer et al.,
1983

Estimates of flood discharge for various recurrence intervals showed that less
than 50% watershed IC can result in a doubling of the 2-year, 10-year, and
100-year floods.

U.S.

Leopold,
1994

Watershed development over a 29-year period caused the peak discharge
of the 10-year storm to more than double. MD

Kibler et al.,
1981

Rainfall/runoff model for two watersheds showed that an increase in IC
caused a significant increase in mean annual flood.

PA

Konrad and
Booth, 2002

Evaluated streamflow data at 11 streams and found that the fraction of
annual mean discharges was exceeded and maximum annual
instantaneous discharges were related to watershed development and
road density for moderately and highly developed watersheds.

WA

Table 7: Research Review of Increased Runoff Volume and Peak
Discharge in Urban Streams

RB-AR7640



 Impacts of Impervious Cover on Aquatic Systems 29

 Chapter 2: Hydrologic Impacts of Impervious Cover

Hydrologic or Water Quality Parameter Parking Lot Meadow

Runoff Coefficient 0.95 0.06

Time of Concentration (minutes) 4.8 14.4

Peak Discharge, two-year, 24-hour storm (cfs) 4.3 0.4

Peak Discharge Rate, 100-year storm (cfs) 12.6 3.1

Runoff Volume from one-inch storm (cu. ft) 3,450 218

Runoff Velocity @ two-year storm (ft/sec) 8 1.8

Key Assumptions: 

2-yr, 24-hr storm = 3.1 in; 100-yr storm = 8.9 in.
Parking Lot: 100% imperviousness; 3% slope; 200ft flow length; hydraulic radius =.03; concrete channel;
suburban Washington C  values
Meadow: 1% impervious; 3% slope; 200 ft flow length; good vegetative condition; B soils; earthen
channel 
Source: Schueler, 1994a

Table 8: Hydrologic Differences Between a Parking Lot and a Meadow
(Schueler, 1994a)

Undisturbed Soil
Type or Urban

Condition 

Surface Bulk
Density

(grams/cubic
centimeter)

Urban Condition 
Surface Bulk Density

(grams/cubic
centimeter)

Peat 0.2 to 0.3 Urban Lawns 1.5 to 1.9

Compost 1.0
Crushed Rock
Parking Lot 

1.5 to 1.9

Sandy Soils 1.1 to 1.3 Urban Fill Soils 1.8 to 2.0

Silty Sands 1.4 Athletic Fields 1.8 to 2.0

Silt 1.3 to 1.4 Rights-of-Way and
Building Pads (85%) 

1.5 to 1.8

Silt Loams 1.2 to 1.5
Rights-of-Way and
Building Pads (95%)

1.6 to 2.1

Organic Silts/Clays 1.0 to 1.2 
Concrete

Pavement 2.2

Glacial Till 1.6 to 2.0 Rock 2.65

Table 9: Comparison of Bulk Density for Undisturbed Soils and
Common Urban Conditions (Schueler, 2000)
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2.3  Increased Peak
Discharge Rate

Watershed development has a strong influence

on the magnitude and frequency of flooding in

urban streams. Peak discharge rates are often

used to define flooding risk. Doll et al. (2000)

compared 18 urban streams with 11 rural

streams in the North Carolina Piedmont and

found that unit area peak discharge was always

greater in urban streams (Figure 8). Data from

Seneca Creek, Maryland also suggest a similar

increase in peak discharge. The watershed

experienced significant growth during the

1950s and 1960s. Comparison of pre- and post-

development gage records suggests that the

peak 10-year flow event more than doubled

over that time (Leopold, 1994).

Hollis (1975) reviewed numerous studies on

the effects of urbanization on floods of differ-

ent recurrence intervals and found that the

effect of urbanization diminishes when flood

recurrence gets longer (i.e., 50 and 100 years).

Figure 9 shows the effect on flood magnitude

in urban watersheds with 30% IC, and shows

the one-year peak discharge rate increasing by

a factor of 10, compared to an undeveloped

watershed. In contrast, floods with a 100-year

recurrence interval only double in size under

the same watershed conditions.

Sauer et al. (1983) evaluated the magnitude of

flooding in urban watersheds throughout the

United States. An equation was developed for

estimating discharge for floods of two-year,

10-year, and 100-year recurrence intervals. The

equations used IC to account for increased

runoff volume and a basin development factor

to account for sewers, curbs and gutters,

channel improvements and drainage develop-

ment. Sauer noted that IC is not the dominant

factor in determining peak discharge rates for

extreme floods because these storm events

saturate the soils of undeveloped watersheds

and produce high peak discharge rates. Sauer

found that watersheds with 50% IC can in-

crease peak discharge for the two-year flood by

a factor of four, the 10-year flood by a factor of

three, and the 100-year flood by a factor of 2.5,

depending on the basin development factor

(Figure 10).

Figure 8: Peak Discharge for Urban and Rural Streams in North Carolina
 (Doll et al., 2000)

RB-AR7642



 Impacts of Impervious Cover on Aquatic Systems 31

 Chapter 2: Hydrologic Impacts of Impervious Cover

2.4 Increased Bankfull Flow

Urbanization also increases the frequency and

duration of peak discharge associated with

smaller flood events (i.e., one- to two-year

return storms). In terms of stream channel

morphology, these more frequent bankfull

flows are actually much more important than

large flood events in forming the channel. In

fact, Hollis (1975) demonstrated that urbaniza-

tion increased the frequency and magnitude of

bankfull flow events to a greater degree than

the larger flood events.

Figure 10: Relationship of Urban/Rural 100-Year Peak Flow Ratio to Basin
Development Factor and IC  (Sauer et al., 1983)

Figure 9: Effect on Flood Magnitudes of 30% Basin IC (Hollis, 1975)

An example of the increase in bankfull flow in

arid regions is presented by the U.S. Geologi-

cal Survey (1996), which compared the peak

discharge rate from two-year storm events

before and after watersheds urbanized in Parris

Valley, California. Over an approximately 20-

year period, watershed IC increased by 13.5%,

which caused the two-year peak flow to more

than double. Table 10 reviews other research

studies on the relationship between watershed

IC and bankfull flows in urban streams.
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Leopold (1968) evaluated data from seven

nationwide studies and extrapolated this data to

illustrate the increase in bankfull flows due to

urbanization. Figure 11 summarizes the

relationship between bankfull flows over a

range of watershed IC. For example, water-

sheds that have 20% IC increase the number of

flows equal to or greater than bankfull flow by

a factor of two. Leopold (1994) also observed a

dramatic increase in the frequency of the

bankfull event in Watts Branch, an urban

subwatershed in Rockville, Maryland. This

watershed experienced significant urban

development during the 1950s and 1960s.

Leopold compared gage records and found that

the bankfull storm event frequency increased

from two to seven times per year from 1958 to

1987.

More recent data on bankfull flow frequency

was reported for the Rouge River near Detroit,

Michigan by Fongers and Fulcher (2001). They

noted that channel-forming flow (1200 cfs)

was exceeded more frequently as urbanization

increased in the watershed and had become

three times more frequent between 1930 and

1990 (Figure 12).

McCuen and Moglen (1988) have documented

the increase in duration of bankfull flows in

response to urbanization using hydrology

models. MacRae (1996), monitored a stream in

Markham, Ontario downstream of a stormwa-

ter pond and found that the hours of

Reference Key Finding Location

Booth and
Reinelt, 1993

Using a simulation model  and hydrologic data from four watersheds, it
was estimated that more than 10% watershed IC may cause discharge
from the two-year storm under current  conditions to equal  or exceed
discharge from the 10-year storm under forested conditions.

WA

Fongers and
Fulcher, 2001

Bankfull flow of 1200 cfs was exceeded more frequently over time with
urbanization, and exceedence was three times as frequent from 1930s to
1990s.

MI

USGS,
1996

Over a 20-year period, IC increased 13.5%, and the two-year peak flow
more than doubled in a semi-arid watershed.

CA

Henshaw and
Booth,
2000

Two of three watersheds in the Puget Sound lowlands showed increasing
flashiness over 50 years with urbanization.

WA

Leopold, 1968
Using  hydrologic  data  from  a  nine-year  period  for  North  Branch
Brandywine Creek, it was estimated that for a 50% IC watershed, bankfull
frequency would be increased fourfold.

PA

Leopold,
1994

Bankfull  frequency increased two to seven times after urbanization in
Watts Branch. 

MD

MacRae,
1996

For a site downstream of a stormwater pond in Markham, Ontario hours
of  exceedence of  bankfull  flows  increased  by  4.2  times  after  the
watershed urbanized (34% IC)

Ontario

Figure 11: Increase in Bankfull Flows Due to
Urbanization (Leopold, 1968)

Table 10: Research Review of Increased Bankfull Discharge in Urban Streams
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Figure 12: Increase in Number of Exceedences of Bankfull Flow Over Time
With Urbanization in the Rouge River, MT (Fongers and Fulcher, 2001)

exceedence of bankfull flows increased by a

factor of 4.2 once watershed IC exceeded 30%.

Modeling for seven streams also downstream

of stormwater ponds in Surrey, British Colum-

bia also indicated an increase in bankfull

flooding in response to watershed development

(MacRae, 1996).

Watershed IC also increases the “flashiness” of

stream hydrographs. Flashiness is defined here

Figure 13: Percent of Gage Reading Above Mean Annual Flow for Puget Sound
Lowland Streams (Henshaw and Booth, 2000)

as the percent of daily flows each year that

exceeds the mean annual flow. Henshaw and

Booth (2000) evaluated seven urbanized

watersheds in the Puget Sound lowland

streams and tracked changes in flashiness over

50 years (Figure 13). The most urbanized

watersheds experienced flashy discharges.

Henshaw and Booth concluded that increased

runoff in urban watersheds leads to higher but

shorter-duration peak discharges.

River Rouge - Number of Exceedances of 1200 cfs

Decade
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Reference Key Finding Location
Finkenbine et al.,

2000
Summer base flow was uniformly low in 11 streams when IC
reached 40% or greater.

Vancouver

Klein, 1979 Baseflow decreased as IC increased in Piedmont streams. MD

Saravanapavan, 
2002

Percentage of baseflow decreased linearly as IC increased for 13
subwatersheds of Shawsheen River watershed. MA

Simmons and
Reynolds, 1982

Dry weather flow dropped 20 to 85% after development in
several urban watersheds on Long Island.

NY

Spinello and
Simmons, 1992

Baseflow in two Long Island streams went dry as a result of
urbanization. NY

Konrad and Booth,
2002

No discernable trend over many decades in the annual seven
day low flow discharge for 11 Washington streams.

WA

Wang et al., 2001
Stream baseflow was negatively correlated with watershed IC in
47 small streams, with an apparent breakpoint at 8 to 12% IC.

WI

Evett et al., 1994 No clear relationship between dry weather flow and urban and
rural streams in 21 larger watersheds.

NC

2.5 Decreased Baseflow

As IC increases in a watershed, less groundwa-

ter infiltration is expected, which can poten-

tially decrease stream flow during dry periods,

(i.e. baseflow). Several East Coast studies

provide support for a decrease in baseflow as a

result of watershed development. Table 11

reviews eight research studies on baseflow in

urban streams.

Klein (1979) measured baseflow in 27 small

watersheds in the Maryland Piedmont and

reported an inverse relationship between IC

and baseflow (Figure 14). Spinello and

Simmons (1992) demonstrated that baseflow in

two urban Long Island streams declined

seasonally as a result of urbanization (Figure

15). Saravanapavan (2002) also found that

percentage of baseflow decreased in direct

proportion to percent IC for 13 subwatersheds

of the Shawsheen River watershed in Massa-

chusetts (Figure 16).

Table 11: Research Review of Decreased Baseflow in Urban Streams

Figure 14: Relationship Between
Baseflow and Watershed IC in the
Streams on Maryland Piedmont

(Klein, 1979)
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Figure 15: Baseflow Response to Urbanization in Long Island Streams
(Spinello and Simmons, 1992)

Figure 16: Relationship Between Percentage Baseflow and Percent IC in
Massachusetts Streams  (Saravanapan, 2002)

RB-AR7647



36                Impacts of Impervious Cover on Aquatic Systems

Chapter 2: Hydrologic Impacts of Impervious Cover

Finkebine et al. (2000) monitored summer

baseflow in 11 streams near Vancouver, British

Columbia and found that stream base flow was

uniformly low due to decreased groundwater

recharge in watersheds with more than 40% IC

(Figure 17). Baseflow velocity also consis-

tently decreased when IC increased (Figure

18). The study cautioned that other factors can

affect stream baseflow, such as watershed

geology and age of development.

Other studies, however, have not been able to

establish a relationship between IC and declin-

ing baseflow. For example, a study in North

Carolina could not conclusively determine that

urbanization reduced baseflow in larger urban

and suburban watersheds in that area (Evett et

al., 1994). In some cases, stream baseflow is

supported by deeper aquifers or originate in

areas outside the surface watershed boundary.

In others, baseflow is augmented by leaking

sewers, water pipes and irrigation return flows.

This appears to be particularly true in arid and

semi-arid areas, where baseflow can actually

increase in response to greater IC (Hollis,

1975). For instance, Crippen and Waananen

(1969) found that Sharon Creek near San

Francisco changed from an ephemeral stream

into a perennial stream after urban develop-

ment. Increased infiltration from lawn watering

and return flow from sewage treatment plants

are two common sources of augmented

baseflows in these regions (Caraco, 2000a).

Figure 18: Effect of Watershed IC on Summer
Stream Velocity in Vancouver Streams (Finkerbine et al., 2000)

Figure 17: Effect of IC on Summer Baseflow
in Vancouver Streams (Finkerbine et al., 2000)
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2.6 Conclusions

The changes in hydrology indicators caused by

watershed urbanization include increased

runoff volume; increased peak discharge;

increased magnitude, frequency and duration

of bankfull flows; flashier/less predictable

flows; and decreased baseflow. Many studies

support the direct relationship between IC and

these indicators. However, at low levels of

watershed IC, site-specific factors such as

slope, soils, types of conveyance systems, age

of development, and watershed dimensions

often play a stronger role in determining a

watershed’s hydrologic response.

Overall, the following conclusions can be

drawn from the relationship between watershed

IC and hydrology indicators:

• Strong evidence exists for the direct

relationship between watershed IC and

increased stormwater runoff volume and

peak discharge. These relationships are

considered so strong that they have been

incorporated into widely accepted engi-

neering models.

• The relationship between IC and bankfull

flow frequency has not been extensively

documented, although abundant data exists

for differences between urban and non-

urban watersheds.

• The relationship between IC and declining

stream flow is more ambiguous and

appears to vary regionally in response to

climate and geologic factors, as well as

water and sewer infrastructure.

The changes in hydrology indicators caused by

watershed urbanization directly influence

physical and habitat characteristics of streams.

The next chapter reviews how urban streams

physically respond to the major changes to

their hydrology.
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Chapter 3: Physical Impacts of
Impervious Cover

A growing body of scientific literature docu-

ments the physical changes that occur in

streams undergoing watershed urbanization.

This chapter discusses the impact of watershed

development on various measures of physical

habitat in urban stream channels and is orga-

nized as follows:

3.1 Difficulty in Measuring Habitat

3.2 Changes in Channel Geometry

3.3 Effect on Composite Indexes of

Stream Habitat

3.4 Effect on Individual Elements of

Stream Habitat

3.5 Increased Stream Warming

3.6 Alteration of Stream Channel Network

3.7 Conclusion

This chapter reviews the available evidence on

stream habitat. We begin by looking at geo-

morphological research that has examined how

the geometry of streams changes in response to

altered urban hydrology. The typical response

is an enlargement of the cross-sectional area of

the stream channel through a process of

channel incision, widening, or a combination

of both. This process triggers an increase in

bank and/or bed erosion that increases sedi-

ment transport from the stream, possibly for

several decades or more.

Next, we examine the handful of studies that

have evaluated the relationship between

watershed development and composite indica-

tors of stream habitat (such as the habitat

Rapid Bioassessment Protocol, or RBP). In the

fourth section, we examine the dozen studies

that have evaluated how individual habitat

elements respond to watershed development.

These studies show a consistent picture.

Generally, streams with low levels of IC have

stable banks, contain considerable large woody

debris (LWD) and possess complex habitat

structure. As watershed IC increases, however,

urban streambanks become increasingly

unstable, streams lose LWD, and they develop

a more simple and uniform habitat structure.

This is typified by reduced pool depths, loss of

pool and riffle sequences, reduced channel

roughness and less channel sinuosity.

Water temperature is often regarded as a key

habitat element, and the fifth section describes

the stream warming effect observed in urban

streams in six studies. The last section looks at

the effect of watershed development on the

stream channel network as a whole, in regard

to headwater stream loss and the creation of

fish barriers.
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3.1 Difficulty in Measuring
Habitat

The physical transformation of urban streams

is perhaps the most conspicuous impact of

watershed development. These dramatic

physical changes are easily documented in

sequences of stream photos with progressively

greater watershed IC (see Figure 19). Indeed,

the network of headwater stream channels

generally disappears when watershed IC

exceeds 60% (CWP).

3.1.1 The Habitat Problem

It is interesting to note that while the physical

impacts of urbanization on streams are widely

accepted, they have rarely been documented by

the research community. As a consequence, no

predictive models exist to quantify how

physical indicators of stream habitat will

decline in response to watershed IC, despite

the fact that most would agree that some kind

of decline is expected (see Table 12).

Figure 19: Urban Stream Channels with Progressively Greater IC

10% IC 28% IC

31% IC 40% IC

53% IC 55% IC
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The main reason for this gap is that “habitat” is

extremely hard to define, and even more

difficult to measure in the field. Most indices

of physical habitat involve a visual and qualita-

tive assessment of 10 or more individual

habitat elements that are perceived by fishery

and stream biologists to contribute to quality

stream habitat. Since these indices include

many different habitat elements, each of which

is given equal weight, they have not been very

useful in discriminating watershed effects

(Wang et al., 2001).

Researchers have had greater success in

relating individual habitat elements to water-

shed conditions, such as large woody debris

(LWD), embeddedness, or bank stability. Even

so, direct testing has been limited, partly

because individual habitat elements are hard to

measure and are notoriously variable in both

space and time. Consider bank stability for a

moment. It would be quite surprising to see a

highly urban stream that did not have unstable

banks. Yet, the hard question is exactly how

would bank instability be quantitatively

measured? Where would it be measured — at a

point, a cross-section, along a reach, on the left

bank or the right?

Geomorphologists stress that no two stream

reaches are exactly alike, due to differences in

gradient, bed material, sediment transport,

hydrology, watershed history and many other

factors. Consequently, it is difficult to make

controlled comparisons among different

streams. Indeed, geomorphic theory stresses

that individual stream reaches respond in a

highly dynamic way to changes in watershed

hydrology and sediment transport, and can take

several decades to fully adjust to a new equi-

librium.

Returning to our example of defining bank

stability, how might our measure of bank

instability change over time as its watershed

gradually urbanizes, is built out, and possibly

reaches a new equilibrium over several de-

cades? It is not very surprising that the effect

of watershed development on stream habitat is

widely observed, yet rarely measured.

Specific Impacts

Sediment transport modified
Channel enlargement
Channel incision
Stream embeddedness
Loss of large woody debris
Changes in pool/riffle structure
Loss of riparian cover
Reduced channel sinuosity
Warmer in-stream temperatures 
Loss of cold water species and
diversity
Channel hardening
Fish blockages
Loss of 1st and 2nd order streams
through storm drain enclosure

Table 12: Physical Impacts of
Urbanization on Streams
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3.2 Changes in Stream
Geometry

As noted in the last chapter, urbanization

causes an increase in the frequency and

duration of bankfull and sub-bankfull flow

events in streams. These flow events perform

more “effective work” on the stream channel,

as defined by Leopold (1994). The net effect is

that an urban stream channel is exposed to

more shear stress above the critical threshold

needed to move bank and bed sediments

(Figure 20). This usually triggers a cycle of

active bank erosion and greater sediment

transport in urban streams. As a consequence,

the stream channel adjusts by expanding its

cross-sectional area, in order to effectively

accommodate greater flows and sediment

supply. The stream channel can expand by

incision, widening, or both. Incision refers to

stream down-cutting through the streambed,

whereas widening refers to lateral erosion of

the stream bank and its flood plain (Allen and

Narramore, 1985; Booth, 1990; Morisawa and

LaFlure, 1979).

3.2.1 Channel Enlargement

A handful of research studies have specifically

examined the relationship between watershed

development and stream channel enlargement

(Table 13). These studies indicate that stream

cross-sectional areas can enlarge by as much as

two to eight times in response to urbanization,

although the process is complex and may take

several decades to complete (Pizzuto et al.,
2000; Caraco, 2000b; Hammer, 1972). An

example of channel enlargement is provided in

Figure 21, which shows how a stream cross-

section in Watts Branch near Rockville,

Maryland has expanded in response to nearly

five decades of urbanization (i.e., watershed IC

increased from two to 27%).

Figure 20: Increased Shear Stress from a Hydrograph
(MacRae and Rowney, 1992)
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Reference Key Finding Location

% IC used as Indicator

Caraco, 
2000b

Reported enlargement in ratios of 1.5 to 2.2 for 10 stream reaches
in Watts Branch and computed ultimate enlargement ratios of 2.0 MD

MacCrae
and De

Andrea, 1999

Introduced the concept of ultimate channel enlargement based
on watershed IC and channel characteristics.

Ontario,
TX

Morse, 2001 Demonstrated increased erosion rates with increases in IC
(channels were generally of the same geomorphic type).

ME

Urbanization Used as Indicator

Allen and
Narramore, 

1985
Enlargement ratios in two urban streams ranged from 1.7 to 2.4. TX

Bledsoe, 2001
Reported that channel response to urbanization depends on
other factors in addition to watershed IC including geology,
vegetation, sediment and flow regimes.  

N/A

Booth and
Henshaw, 

2001

Evaluated channel cross section erosion rates and determined
that these rates vary based on additional factors including the
underlying geology, age of development and gradient. 

WA

 Hammer, 
1972 Enlargement ratios ranged from 0.7 to 3.8 in urban watersheds. PA

Neller, 1989
Enlargement ratios in small urban catchments ranged from two to
7.19, the higher enlargement ratios were primarily from incision
occurring in small channels.

Australia

Pizzuto et al., 
2000

Evaluated channel characteristics of paired urban and rural
streams and demonstrated median bankfull cross sectional
increase of 180%. Median values for channel sinuosity were 8%
lower in urban streams; Mannings N values were found to be 10%
lower in urban streams. 

PA

Hession et al.,
in press

Bankfull widths for urban streams were significantly wider than
non-urban streams in 26 paired streams. Forested reaches were
consistently wider than non-forested reaches in urban streams.

MD, DE,
PA

Dartiguenave
et al., 1997

Bank erosion accounted for up to 75% of the sediment transport
in urban watersheds. TX

Trimble, 1997
Demonstrated channel enlargement over time in an urbanizing
San Diego Creek; Bank erosion accounted for over 66% of the
sediment transport.

CA

Table 13:  Research Review of Channel Enlargement and Sediment
Transport in Urban Streams
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Some geomorphologists suggest that urban

stream channels will reach an “ultimate

enlargement” relative to pre-developed chan-

nels (MacRae and DeAndrea, 1999) and that

this can be predicted based on watershed IC,

age of development, and the resistance of the

channel bed and banks. A relationship between

ultimate stream channel enlargement and

watershed IC has been developed for alluvial

streams in Texas, Vermont and Maryland

(Figure 22). Other geomorphologists such as

Bledsoe (2001) and Booth and Henshaw

(2001) contend that channel response to

urbanization is more complex, and also de-

pends on geology, grade control, stream

gradient and other factors.

Channel incision is often limited by grade

control caused by bedrock, cobbles, armored

substrates, bridges, culverts and pipelines.

These features can impede the downward

erosion of the stream channel and thereby limit

the incision process. Stream incision can

become severe in streams that have softer

substrates such as sand, gravel and clay

(Booth, 1990). For example, Allen and

Narramore (1985) showed that channel en-

largement in chalk channels was 12 to 67%

greater than in shale channels near Dallas,

Texas. They attributed the differences to the

softer substrate, greater velocities and higher

shear stress in the chalk channels.

Neller (1989) and Booth and Henshaw (2001)

also report that incised urban stream channels

possess cross-sectional areas that are larger

than would be predicted based on watershed

area or discharge alone. This is due to the fact

that larger floods are often contained within

the stream channel rather than the floodplain.

Thus, incised channels often result in greater

erosion and geomorphic change. In general,

stream conditions that can foster incision

include erodible substrates, moderate to high

stream gradients, and an absence of grade

control features.

Channel widening occurs more frequently

when streams have grade control and the

stream has cut into its bank, thereby expanding

its cross-sectional area. Urban stream channels

often have artificial grade controls caused by

frequent culverts and road crossings. These

grade controls often cause localized sediment

deposition that can reduce the capacity of

culverts and bridge crossings to pass flood

waters.
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Figure 21: Stream Channel Enlargement in Watts Branch, MD 1950-2000  (Caraco, 2000b)
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The loss of flood plain and riparian vegetation

has been strongly associated with watershed

urbanization (May et al., 1997). A few studies

have shown that the loss of riparian trees can

result in increased erosion and channel migra-

tion rates (Beeson and Doyle, 1995 and

Allmendinger et al., 1999). For example,

Beeson and Doyle (1995) found that meander

bends with vegetation were five times less

likely to experience significant erosion from a

major flood than non-vegetated meander

bends.Hession et al. (in press) observed that

forested reaches consistently had greater

bankfull widths than non-forested reaches in a

series of urban streams in Pennsylvania,

Maryland and Delaware.

3.2.2 Effect of Channel Enlargement
on Sediment Yield

Regardless of whether a stream incises,

widens, or does both, it will greatly increase

sediment transport from the watershed due to

erosion. Urban stream research conducted in

California and Texas suggests that 60 to 75%

of the sediment yield of urban watersheds can

be derived from channel erosion (Trimble,

1997 and Dartingunave et al., 1997) This can

be compared to estimates for rural streams

where channel erosion accounts for only five to

20% of the annual sediment yield (Collins et
al., 1997 and Walling and Woodward, 1995).

Some geomorphologists speculate that urban

stream channels will ultimately adjust to their

post-development flow regime and sediment

supply. Finkenbine et al. (2000) observed these

conditions in Vancouver streams, where study

streams eventually stabilized two decades after

the watersheds were fully developed. In older

urban streams, reduced sediment transport can

be expected when urbanization has been

completed. At this point, headwater stream

channels are replaced by storm drains and

pipes, which can transport less sediment. The

lack of available sediment may cause down-

stream channel erosion, due to the diminished

sediment supply found in the stream.

Figure 22: Ultimate Channel Enlargement in MD, UT and TX Alluvial Streams
(MacRae and DeAndrea, 1999 and CWP, 2001b)
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3.3  Effect on Composite
Measures of Stream Habitat

Composite measures of stream habitat refer to

assessments such as EPA’s Habitat Rapid

Bioassessment Protocol (RBP) that combine

multiple habitat elements into a single score or

index (Barbour et al., 1999). For example, the

RBP requires visual assessment of 10 stream

habitat elements, including embeddedness,

epifaunal substrate quality, velocity/depth

regime, sediment deposition, channel flow

status, riffle frequency, bank stabilization,

streambank vegetation and riparian vegetation

width. Each habitat element is qualitatively

scored on a 20 point scale, and each element is

weighted equally to derive a composite score

for the stream reach.

To date, several studies have found a relation-

ship between declining composite habitat

indicator scores and increasing watershed IC in

different eco-regions of the United States. A

typical pattern in the composite habitat scores

is provided for headwater streams in Maine

(Morse, 2001; Figure 23). This general finding

has been reported in the mid-Atlantic, North-

east and the Northwest (Black and Veatch,

1994; Booth and Jackson, 1997; Hicks and

Larson, 1997; Maxted and Shaver, 1997;

Morse, 2001; Stranko and Rodney, 2001).

However, other researchers have found a much

weaker relationship between composite habitat

scores and watershed IC. Wang and his col-

leagues (2001) found that composite habitat

scores were not correlated with watershed IC

in Wisconsin streams, although it was corre-

lated with individual habitat elements, such as

streambank erosion. They noted that many

agricultural and rural streams had fair to poor

composite habitat scores, due to poor riparian

management and sediment deposition. The

same basic conclusion was also reported for

streams of the Maryland Piedmont (MNCPPC,

2000).

Figure 23: Relationship Between Habitat Quality and IC in Maine Streams (Morse, 2001)
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3.4  Effect on Individual
Elements of Stream Habitat

Roughly a dozen studies have examined the

effect of watershed development on the

degradation of individual stream habitat

features such as bank stability, embeddedness,

riffle/pool quality, and loss of LWD (Table

14). Much of this data has been acquired from

the Pacific Northwest, where the importance of

such habitat for migrating salmon has been a

persistent management concern.

3.4.1 Bank Erosion and
Bank Stability

It is somewhat surprising that we could only

find one study that related bank stability or

bank erosion to watershed IC. Conducted by

Booth (1991) in the streams of the Puget

Sound lowlands, the study reported that stream

banks were consistently rated as stable in

watersheds with less than 10% IC, but became

progressively more unstable above this thresh-

old. Dozens of stream assessments have found

high rates of bank erosion in urban streams, but

none, to our knowledge, has systematically

related the prevalence or severity of bank

erosion to watershed IC. As noted earlier, this

may reflect the lack of a universally recog-

nized method to measure comparative bank

erosion in the field.

3.4.2 Embeddedness

Embeddedness is a term that describes the

extent to which the rock surfaces found on the

stream bottom are filled in with sand, silts and

clay. In a healthy stream, the interstitial pores

between cobbles, rock and gravel generally

lack fine sediments, and are an active habitat

zone and detrital processing area. The in-

creased sediment transport in urban streams

can rapidly fill up these pores in a process

known as embedding. Normally,

embeddedness is visually measured in riffle

zones of streams. Riffles tend to be an impor-

tant habitat for aquatic insects and fish (such as

darters and sculpins). Clean stream substrates

are also critical to trout and salmon egg

incubation and embryo development. May et
al. (1997) demonstrated that the percent of fine

sediment particles in riffles generally increased

with watershed IC (Figure 24). However,

Finkenbine et al. (2000) reported that

embeddedness eventually decreased slightly

after watershed land use and sediment trans-

port had stabilized for 20 years.

Figure 24: Fine Material Sediment Deposition as a Function of IC in Pacific
Northwest Streams (Horner et al., 1997)
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Reference Key Finding Location

% IC Used as Indicator

Black & Veatch,
1994

Habitat scores were ranked as poor  in five subwatersheds that had
greater than 30% IC.

MD

Booth and
Jackson, 1997

Increase in degraded habitat conditions with increases in watershed IC. WA

Hicks and Larson, 
1997

Reported a reduction in composite stream habitat indices with increasing
watershed IC. 

MA

May et al., 1997
Composite stream habitat declined most rapidly during the initial phase of
the watershed urbanization, when percent IC exceeded the 5-10% range.

WA

Stranko and
Rodney, 2001

Composite index of stream habitat declined with increasing watershed IC
in coastal plain streams. MD

Wang et al., 2001
Composite stream habitat scores were not correlated with watershed IC in
47 small watersheds, although channel erosion was. Non-urban watersheds
were highly agricultural and often lacked riparian forest buffers.

WI

MNCPPC, 2000
Reported that stream habitat scores were not correlated with IC in
suburban watersheds. MD

Morse, 2001 Composite habitat values tended to decline with increases in watershed
IC.

ME

Booth, 1991
Channel stability and fish habitat quality declined rapidly after 10%
watershed IC.

WA

Booth et al., 1997 Decreased LWD with increased IC. PNW

Finkenbine et al.,
2000

LWD was scarce in streams with greater than 20% IC in Vancouver. B.C.

Horner & May, 1999
When IC levels were >5%, average LWD densities fell below 300
pieces/kilometer. 

PNW

Horner et al., 1997
Interstitial spaces in streambed sediments begin to fill with increasing
watershed IC. PNW

Urbanization Used as Indicator

Dunne and
Leopold, 1978

Natural channels replaced by storm drains and pipes; increased erosion
rates observed downstream. MD

May et al., 1997 Forested riparian corridor width declines with increased watershed IC. PNW

MWCOG, 1992 Fish blockages caused by bridges and culverts noted in urban watersheds. D.C.

Pizzuto et al., 2000
Urban streams had reduced pool depth, roughness, and sinuosity,
compared to rural streams; Pools were 31% shallower in urban streams
compared to non-urban ones.

PA

Richey, 1982 Altered pool/riffle sequence observed in urban streams. WA

Scott et al., 1986 Loss of habitat diversity noted in urban watersheds. PNW

Spence et al., 1996 Large woody debris is important for habitat diversity and anadromous fish. PNW

Table 14: Research Review of Changes in Urban Stream Habitat
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3.4.3 Large Woody Debris (LWD)

LWD is a habitat element that describes the

approximate volume of large woody material

(< four inches in  diameter) found in contact

with the stream. The presence and stability of

LWD is an important habitat parameter in

streams. LWD can form dams and pools, trap

sediment and detritus, stabilize stream chan-

nels, dissipate flow energy, and promote

habitat complexity (Booth et al., 1997). LWD

creates a variety of pool features (plunge,

lateral, scour and backwater); short riffles;

undercut banks; side channels; and a range of

water depths (Spence et al., 1996). Urban

streams tend to have a low supply of LWD, as

increased stormwater flows transport LWD and

clears riparian areas. Horner et al. (1997)

presents evidence from Pacific Northwest

streams that LWD decreases in response to

increasing watershed IC (Figure 25).

3.4.4 Changes in Other Individual
Stream Parameters

One of the notable changes in urban stream

habitat is a decrease in pool depth and a

general simplification of habitat features such

as pools, riffles and runs. For example, Richey

(1982) and Scott et al. (1986) reported an

increase in the prevalence of glides and a

corresponding altered riffle/pool sequence due

to urbanization. Pizzuto et al. (2000) reported a

median 31% decrease in pool depth in urban

streams when compared to forested streams.

Pizzuto et al. also reported a modest decrease

in channel sinuosity and channel roughness in

the same urban streams in Pennsylvania.

Several individual stream habitat parameters

appear to have received no attention in urban

stream research to date. These parameters

include riparian shading, wetted perimeter,

various measures of velocity/depth regimes,

riffle frequency, and sediment deposition in

pools. More systematic monitoring of these

individual stream habitat parameters may be

warranted.

Figure 25: LWD as a Function of IC in Puget Sound Streams (Horner et al., 1997)
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Reference Key Finding Location

%IC Used as Indicator

Galli, 1990
Increase  in  stream  temperatures  of  five  to  12  degrees
Fahrenheit in urban watersheds; stream warming linked to IC. MD

Urbanization Used as Indicator

Johnson, 1995
Up to 10 degrees Fahrenheit increases in stream temperatures
after summer storm events in an urban area MN

LeBlanc et al., 1997 Calibrated a model predicting stream temperature increase
as a result of urbanization

Ontario

MCDEP, 2000
Monitoring effect of urbanization and stormwater ponds on
stream temperatures revealed stream warming associated
with urbanization and stormwater ponds

MD

Paul et al., 2001
Daily mean stream temperatures  in summer increased with
urban land use GA

3.5 Increased Stream Warming

IC directly influences our local weather in

urban areas. This effect is obvious to anyone

walking across a parking lot on a hot summer

day, when temperatures often reach a scorch-

ing 110 to 120 degrees F. Parking lots and

other hard surfaces tend to absorb solar energy

and release it slowly. Furthermore, they lack

the normal cooling properties of trees and

vegetation, which act as natural air condition-

ers. Finally, urban areas release excess heat as

a result of the combustion of fossil fuels for

heating, cooling and transportation. As a result,

highly urban areas tend to be much warmer

than their rural counterparts and are known as

urban heat islands. Researchers have found that

summer temperatures tend to be six to eight

degrees F warmer in the summer and two to

four degrees F warmer during the winter

months.

Water temperature in headwater streams is

strongly influenced by local air temperatures.

Summer temperatures in urban streams have

been shown to increase by as much as five to

12 degrees F in response to watershed develop-

ment (Table 15). Increased water temperatures

can preclude temperature-sensitive species

from being able to survive in urban streams.

Figure 26 shows the stream warming phenom-

enon in small headwater streams in the Mary-

land Piedmont.

Galli (1990) reported that stream temperatures

throughout the summer increased in urban

watersheds. He monitored five headwater

streams in the Maryland Piedmont with

different levels of IC. Each urban stream had

mean temperatures that were consistently

warmer than a forested reference stream, and

stream warming appeared to be a direct

function of watershed IC. Other factors, such

as lack of riparian cover and the presence of

ponds, were also demonstrated to amplify

stream warming, but the primary contributing

factor appeared to be watershed IC.

Johnson (1995) studied how stormwater

influenced an urban trout stream in Minnesota

and reported up to a 10 degree F increase in

stream water temperatures after summer storm

events. Paul et al. (2001) evaluated stream

temperatures for 30 subwatersheds to the

Etowah River in Georgia, which ranged from

five to 61% urban land. They found a correla-

tion between summer daily mean water tem-

peratures and the percentage of urban land in a

subwatershed.

Table 15:  Research Review of Thermal Impacts in Urban Streams
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Discharges from stormwater ponds can also

contribute to stream warming in urban water-

sheds. Three studies highlight the temperature

increase that can result from stormwater ponds.

A study in Ontario found that baseflow tem-

peratures below wet stormwater ponds in-

creased by nine to 18 degrees F in the summer

(SWAMP, 2000a, b). Oberts (1997) also

 Figure 26: Stream Temperature Increase in Response to IC in Maryland
Piedmont Streams (Galli, 1990)

measured change in the baseflow temperature

as it flowed through a wetland/wet pond

system in Minnesota. He concluded that the

temperature had increased by an average of

nine degrees F during the summer months.

Galli (1988) also observed a mean increase of

two to 10 degrees F in four stormwater ponds

located in Maryland.
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3.6 Alteration of Stream
Channel Networks

Urban stream channels are often severely

altered by man. Channels are lined with rip rap

or concrete, natural channels are straightened,

and first order and ephemeral streams are

enclosed in storm drain pipes. From an engi-

neering standpoint, these modifications rapidly

convey flood waters downstream and locally

stabilize stream banks. Cumulatively, however,

these modifications can have a dramatic effect

on the length and habitat quality of headwater

stream networks.

3.6.1 Channel Modification

Over time, watershed development can alter or

eliminate a significant percentage of the

perennial stream network. In general, the loss

of stream network becomes quite extensive

when watershed IC exceeds 50%. This loss is

striking when pre- and post-development

stream networks are compared (Figure 27).

The first panel illustrates the loss of stream

network over time in a highly urban Northern

Virginia watershed; the second panel shows

how the drainage network of Rock Creek has

changed in response to watershed develop-

ment.

Figure 27: a. Drainage Network of Rock Creek, D.C. (Dunne and Leopold, 1978) and
b. Drainage Network of Four Mile Run, VA Before and After Urbanization (NVRC, 2001)
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b.

1913 1964

1917 1998
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In a national study of 269 gaged urban water-

sheds, Sauer et al. (1983) observed that

channelization and channel hardening were

important watershed variables that control

peak discharge rates. The channel modifica-

tions increase the efficiency with which runoff

is transported through the stream channel,

increasing critical shear stress velocities and

causing downstream channel erosion.

Figure 28: Fish Migration Barriers in the Anacostia Watershed of D.C. and MD
 (MWCOG, 1992)

3.6.2 Barriers to Fish Migration

Infrastructure such as bridges, dams, pipelines

and culverts can create partial or total barriers

to fish migration and impair the ability of fish

to move freely in a watershed. Blockages can

have localized effects on small streams where

non-migratory fish species can be prevented

from re-colonizing upstream areas after acutely

toxic events. The upstream movement of

anadromous fish species such as shad, herring,

salmon and steelhead can also be blocked by

these barriers. Figure 28 depicts the prevalence

of fish barriers in the Anacostia Watershed

(MWCOG, 1992).
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3.7 Conclusion

Watershed development and the associated

increase in IC have been found to significantly

degrade the physical habitat of urban streams.

In alluvial streams, the effects of channel

enlargement and sediment transport can be

severe at relatively low levels of IC (10 to

20%). However, the exact response of any

stream is also contingent upon a combination

of other physical factors such as geology,

vegetation, gradient, the age of development,

sediment supply, the use and design of storm-

water treatment practices, and the extent of

riparian buffers (Bledsoe, 2001).

Despite the uncertainty introduced by these

factors, the limited geomorphic research to

date suggests that physical habitat quality is

almost always degraded by higher levels of

watershed IC. Even in bedrock-controlled

channels, where sediment transport and

channel enlargement may not be as dramatic,

researchers have noted changes in stream

habitat features, such as embeddedness, loss of

LWD, and stream warming.

Overall, the following conclusions can be

made about the influence of watershed devel-

opment on the physical habitat of urban

streams:

• The major changes in physical habitat in

urban streams are caused by the increased

frequency and duration of bankfull and

sub-bankfull discharges, and the attendant

changes in sediment supply and transport.

As a consequence, many urban streams

experience significant channel enlarge-

ment. Generally, channel enlargement is

most evident in alluvial streams.

• Typical habitat changes observed in urban

streams include increased embeddedness,

reduced supply of LWD, and simplifica-

tion of stream habitat features such as

pools, riffles and runs, as well as reduced

channel sinuosity.

• Stream warming is often directly linked to

watershed development, although more

systematic subwatershed sampling is

needed to precisely predict the extent of

warming.

• Channel straightening, hardening and

enclosure and the creation of fish barriers

are all associated with watershed develop-

ment. More systematic research is needed

to establish whether these variables can be

predicted based on watershed IC.

• In general, stream habitat diminishes at

about 10% watershed IC, and becomes

severely degraded beyond 25% watershed

IC.

While our understanding of the relationship

between stream habitat features and watershed

development has improved in recent years, the

topic deserves greater research in three areas.

First, more systematic monitoring of compos-

ite habitat variables needs to be conducted

across the full range of watershed IC. In

particular, research is needed to define the

approximate degree of watershed IC where

urban streams are transformed into urban

drainage systems.

Second, additional research is needed to

explore the relationship between watershed IC

and individual and measurable stream habitat

parameters, such as bank erosion, channel

sinuosity, pool depth and wetted perimeter.

Lastly, more research is needed to determine if

watershed treatment such as stormwater

practices and stream buffers can mitigate the

impacts of watershed IC on stream habitat.

Together, these three research efforts could

provide a technical foundation to develop a

more predictive model of how watershed

development influences stream habitat.
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Chapter 4: Water Quality Impacts of
Impervious Cover

This chapter presents information on pollutant

concentrations found in urban stormwater

runoff based on a national and regional data

assessment for nine categories of pollutants.

Included is a description of the Simple

Method, which can be used to estimate pollut-

ant loads based on the amount of IC found in a

catchment or subwatershed.  This chapter also

addresses specific water quality impacts of

stormwater pollutants and explores research on

the sources and source areas of stormwater

pollutants.

This chapter is organized as follows:

4.1 Introduction

4.2 Summary of National and Regional

Stormwater Pollutant Concentration

Data

4.3 Relationship Between Pollutant Loads

and IC: The Simple Method

4.4 Sediment

4.5 Nutrients

4.6 Trace Metals

4.7 Hydrocarbons (PAH and Oil and

Grease)

4.8 Bacteria and Pathogens

4.9 Organic Carbon

4.10 MTBE

4.11 Pesticides

4.12 Deicers

4.13 Conclusion

4.1 Introduction

Streams are usually the first aquatic system to

receive stormwater runoff, and their water

quality can be compromised by the pollutants

it contains. Stormwater runoff typically

contains dozens of pollutants that are detect-

able at some concentration, however small.

Simply put, any pollutant deposited or derived

from an activity on land will likely end up in

stormwater runoff, although certain pollutants

are consistently more likely to cause water

quality problems in receiving waters. Pollut-

ants that are frequently found in stormwater

runoff can be grouped into nine broad catego-

ries: sediment, nutrients, metals, hydrocarbons,

bacteria and pathogens, organic carbon,

MTBE, pesticides, and deicers.

The impact that stormwater pollutants exert on

water quality depends on many factors, includ-

ing concentration, annual pollutant load, and

category of pollutant. Based on nationally

reported concentration data, there is consider-

able variation in stormwater pollutant concen-

trations. This variation has been at least

partially attributed to regional differences,

including rainfall and snowmelt. The volume

and regularity of rainfall, the length of snow

accumulation, and the rate of snowmelt can all

influence stormwater pollutant concentrations.

The annual pollutant load can have long-term

effects on stream water quality, and is particu-

larly important information for stormwater

managers to have when dealing with non-point

source pollution control. The Simple Method is

a model developed to estimate the pollutant

load for chemical pollutants, assuming that the

annual pollutant load is a function of IC. It is

an effective method for determining annual

sediment, nutrient, and trace metal loads. It

cannot always be applied to other stormwater

pollutants, since they are not always correlated

with IC.

The direct water quality impact of stormwater

pollutants also depends on the type of pollut-

ant, as different pollutants impact streams

differently. For example, sediments affect

stream habitat and aquatic biodiversity;

nutrients cause eutrophication; metals, hydro-

carbons, deicers, and MTBE can be toxic to

aquatic life; and organic carbon can lower

dissolved oxygen levels.

The impact stormwater pollutants have on
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water quality can also directly influence human

uses and activities. Perhaps the pollutants of

greatest concern are those with associated

public health impacts, such as bacteria and

pathogens. These pollutants can affect the

availability of clean drinking water and limit

consumptive recreational activities, such as

swimming or fishing. In extreme situations,

these pollutants can even limit contact recre-

ational activities such as boating and wading.

It should be noted that although there is much

research available on the effects of urbaniza-

tion on water quality, the majority has not been

focused on the impact on streams, but on the

response of lakes, reservoirs, rivers and

estuaries. It is also important to note that not

all pollutants are equally represented in moni-

toring conducted to date. While we possess

excellent monitoring data for sediment,

nutrients and trace metals, we have relatively

little monitoring data for pesticides, hydrocar-

bons, organic carbon, deicers, and MTBE.

4.2 Summary of National and
Regional Stormwater Pollutant
Concentration Data

4.2.1 National Data

National mean concentrations of typical

stormwater pollutants are presented in Table

16. National stormwater data are compiled

from the Nationwide Urban Runoff Program

(NURP), with additional data obtained from

the U.S.Geological Survey (USGS), as well as

initial stormwater monitoring conducted for

EPA’s National Pollutant Discharge Elimina-

tion System (NPDES) Phase I stormwater

program.

In most cases, stormwater pollutant data is

reported as an event mean concentration

(EMC), which represents the average concen-

tration of the pollutant during an entire storm-

water runoff event.

When evaluating stormwater EMC data, it is

important to keep in mind that regional EMCs

can differ sharply from the reported national

pollutant EMCs. Differences in EMCs between

regions are often attributed to the variation in

the amount and frequency of rainfall and

snowmelt.

4.2.2 Regional Differences
Due to Rainfall

The frequency of rainfall is important, since it

influences the accumulation of pollutants on IC

that are subsequently available for wash-off

during storm events. The USGS developed a

national stormwater database encompassing

1,123 storms in 20 metropolitan areas and used

it as the primary data source to define regional

differences in stormwater EMCs. Driver

(1988) performed regression analysis to

determine which factors had the greatest

influence on stormwater EMCs and determined

that annual rainfall depth was the best overall

predictor. Driver grouped together stormwater

EMCs based on the depth of average annual

rainfall, and Table 17 depicts the regional

rainfall groupings and general trends for each

RB-AR7668



 Impacts of Impervious Cover on Aquatic Systems 57

 Chapter 4: Water Quality Impacts of Impervious Cover

Pollutant Source 
EMCs

Number of Events
Mean Median

Sediments (mg/l)

TSS (1) 78.4 54.5 3047

Nutrients (mg/l)
Total P (1) 0.32 0.26 3094

Soluble P (1) 0.13 0.10 1091

Total N (1) 2.39 2.00 2016 

TKN (1) 1.73 1.47 2693

Nitrite & Nitrate (1) 0.66 0.53 2016

Metals (Fg/l)
Copper (1) 13.4 11.1 1657

Lead (1) 67.5 50.7 2713

Zinc (1) 162 129 2234

Cadmium (1) 0.7 N/R 150

Chromium (4) 4 7 164

Hydrocarbons (mg/l)
PAH (5) 3.5 N/R N/R

Oil and Grease (6) 3 N/R N/R

Bacteria and Pathogens (colonies/ 100ml)
Fecal Coliform (7) 15,038 N/R 34

Fecal
Streptococci  (7) 35,351 N/R 17

Organic Carbon (mg/l)
TOC (11) 17 15.2 19 studies

BOD (1) 14.1 11.5 1035

COD (1) 52.8 44.7 2639

MTBE (Fg/l)

MTBE (8) N/R 1.6 592

Pesticides (Fg/l)

Diazinon
(10) N/R 0.025 326

(2) N/R 0.55 76

Chlorpyrifos (10) N/R N/R 327

Atrazine (10) N/R 0.023 327

Prometon (10) N/R 0.031 327

Simazine (10) N/R 0.039 327

Chloride (mg/l)
Chloride  (9) N/R 397 282
Sources: (1) Smullen and Cave, 1998; (2) Brush et al., 1995; (3) Baird et al., 1996; (4) Bannerman et al., 1996; (5)

Rabanal and Grizzard, 1995; (6) Crunkilton et al., 1996; (7) Schueler, 1999; (8) Delzer, 1996; (9) Environment
Canada, 2001; (10) USEPA, 1998; (11) CWP, 2001a       N/R - Not Reported

Pollutant Source 
EMCs

Number of Events
Mean Median

Sediments (mg/l)

TSS (1) 78.4 54.5 3047

Nutrients (mg/l)
Total P (1) 0.32 0.26 3094

Soluble P (1) 0.13 0.10 1091

Total N (1) 2.39 2.00 2016 

TKN (1) 1.73 1.47 2693

Nitrite & Nitrate (1) 0.66 0.53 2016

Metals (Fg/l)
Copper (1) 13.4 11.1 1657

Lead (1) 67.5 50.7 2713

Zinc (1) 162 129 2234

Cadmium (1) 0.7 N/R 150

Chromium (4) 4 7 164

Hydrocarbons (mg/l)
PAH (5) 3.5 N/R N/R

Oil and Grease (6) 3 N/R N/R

Bacteria and Pathogens (colonies/ 100ml)
Fecal Coliform (7) 15,038 N/R 34

Fecal
Streptococci  (7) 35,351 N/R 17

Organic Carbon (mg/l)
TOC (11) 17 15.2 19 studies

BOD (1) 14.1 11.5 1035

COD (1) 52.8 44.7 2639

MTBE (Fg/l)

MTBE (8) N/R 1.6 592

Pesticides (Fg/l)

Diazinon
(10) N/R 0.025 326

(2) N/R 0.55 76

Chlorpyrifos (10) N/R N/R 327

Atrazine (10) N/R 0.023 327

Prometon (10) N/R 0.031 327

Simazine (10) N/R 0.039 327

Chloride (mg/l)
Chloride  (9) N/R 397 282
Sources: (1) Smullen and Cave, 1998; (2) Brush et al., 1995; (3) Baird et al., 1996; (4) Bannerman et al., 1996; (5)

Rabanal and Grizzard, 1995; (6) Crunkilton et al., 1996; (7) Schueler, 1999; (8) Delzer, 1996; (9) Environment
Canada, 2001; (10) USEPA, 1998; (11) CWP, 2001a       N/R - Not Reported

MTBE (Fg/l)

592

Table 16:  National EMCs for Stormwater Pollutants

region. Table 18 illustrates the distribution of

stormwater EMCs for a range of rainfall

regions from 13 local studies, based on other

monitoring studies. In general, stormwater

EMCs for nutrients, suspended sediment and

metals tend to be higher in arid and semi-arid
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regions and tend to decrease slightly when

annual rainfall increases (Table 19).

It is also hypothesized that a greater amount of

sediment is eroded from pervious surfaces in

arid or semi-arid regions than in humid regions

due to the sparsity of protective vegetative

cover. Table 19 shows that the highest concen-

trations of total suspended solids were re-

corded in regions with least rainfall. In addi-

tion, the chronic toxicity standards for several

metals are most frequently exceeded during

low rainfall regions (Table 20).

4.2.3 Cold Region Snowmelt Data

In colder regions, snowmelt can have a signifi-

cant impact on pollutant concentrations. Snow

accumulation in winter coincides with pollut-

ant build-up; therefore, greater concentrations

of pollutants are measured during snowmelt

events. Sources of snowpack pollution in urban

areas include wet and dry atmospheric deposi-

tion, traffic emissions, urban litter, deteriorated

infrastructure, and deicing chemicals and

abrasives (WERF, 1999).

Oberts et al. (1989) measured snowmelt

pollutants in Minnesota streams and found that

as much as 50% of annual sediment, nutrient,

hydrocarbon and metal loads could be attrib-

uted to snowmelt runoff during late winter and

early spring. This trend probably applies to any

region where snow cover persists through

much of the winter. Pollutants accumulate in

the snowpack and then contribute high concen-

trations during snowmelt runoff. Oberts (1994)

Region Annual Rainfall States Monitored Concentration Data 

Region I: 
Low Rainfall

<20 inches  AK, CA, CO, NM,
UT  

Highest mean and median values for
Total N, Total P, TSS and COD

Region II: 
Moderate
Rainfall

20  40 inches
HA, IL, MI, MN, MI,

NY, TX, OR, OH,
WA, WI

Higher mean and median values
than Region III for TSS, dissolved
phosphorus and cadmium

Region III: 
High Rainfall

>40 inches 
FL, MD, MA, NC,

NH, NY, TX, TN, AR

Lower values for many parameters
likely due to the frequency of storms
and the lack of build up in pollutants

Table 17: Regional Groupings by Annual Rainfall Amount
 (Driver, 1988)

described four types of snowmelt runoff events

and the resulting pollutant characteristics

(Table 21).

A typical hydrograph for winter and early

spring snow melts in a northern cold climate is

portrayed in Figure 29. The importance of

snowpack melt on peak runoff during March

1989 can clearly be seen for an urban water-

shed located in St. Paul, Minnesota.

Major source areas for snowmelt pollutants

include snow dumps and roadside snowpacks.

Pollutant concentrations in snow dumps can be

as much as five times greater than typical

stormwater pollutant concentrations (Environ-

ment Canada, 2001). Snow dumps and packs

accumulate pollutants over the winter months

and can release them during a few rain or snow

melt events in the early spring. High levels of

chloride, lead, phosphorus, biochemical

oxygen demand, and total suspended solids

have been reported in snow pack runoff ( La

Barre et al, 1973; Oliver et al., 1974; Pierstorff

and Bishop, 1980; Scott and Wylie, 1980; Van

Loon, 1972).

Atmospheric deposition can add pollutants to

snow piles and snowpacks. Deposited pollut-

ants include trace metals, nutrients and par-

ticles that are primarily generated by fossil fuel

combustion and industrial emissions (Boom

and Marsalek, 1988; Horkeby and Malmqvist,

1977; Malmqvist, 1978; Novotny and Chester,

1981; Schrimpff and Herrman, 1979).
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Region Total N (median) Total P (median) TSS (mean)

Region I: Low Rainfall 4 0.45 320

Region II: Moderate Rainfall 2.3 0.31 250

Region III: High Rainfall 2.15 0.31 120

Table 19:  Mean and Median Nutrient and Sediment Stormwater Concentrations for
Residential Land Use Based on Rainfall Regions (Driver, 1988)

Region I - Low Rainfall Region II - Moderate
Rainfall

Region III - High Rainfall Snow
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Reference (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (11) (12)

Annual
Rainfall
(in.)

N/A 7.1" 10" 11" 15" 28" 32" 32" 41" 43" 51" 52" N/R

Number of
Events

3000 40 36 15 35 32 12  N/R 107 21 81 N/R 49

Pollutant

TSS 78.4 227 330 116 242 663 159 190 67 98 258 43 112

Total N 2.39 3.26 4.55 4.13 4.06 2.70 1.87 2.35 N/R 2.37 2.52 1.74 4.30

Total P 0.32 0.41 0.7 0.75 0.65 0.78 0.29 0.32 0.33 0.32 0.33 0.38 0.70

Soluble P 0.13 0.17 0.4 0.47 N/R N/R 0.04 0.24 N/R 0.21 0.14 0.23 0.18

Copper 14 47 25 34 60 40 22 16 18 15 32 1.4 N/R

Lead 68 72 44 46 250 330 49 38 12.5 60 28 8.5 100

Zinc 162 204 180 342 350 540 111 190 143 190 148 55 N/R

BOD 14.1 109 21 89 N/R 112 15.4 14 14.4 88 14 11 N/R

COD 52.8 239 105 261 227 106 66 98 N/R 38 73 64 112

Sources: Adapted from Caraco, 2000a:  (1) Smullen and Cave, 1998; (2) Lopes et al.; 1995; (3) Schiff, 1996; (4) Kjelstrom, 1995
(computed); (5) DRCOG, 1983, (6) Brush et al., 1995; (7) Steuer et al., 1997; (8) Barrett et al., 1995; (9) Barr, 1997;  (10) Evaldi et al., 1992; (11)

Thomas and McClelland, 1995; (12) Oberts, 1994   N/R = Not Reported; N/A = Not Applicable 

Table 18:  Stormwater Pollutant Event Mean Concentration for Different U.S. Regions
(Units: mg/l, except for metals which are in FFFFFg/l)
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Cadmium Copper Lead Zinc

EPA Standards 10 Fg/l 12 Fg/l 32 Fg/l 47 Fg/l

Percent Exceedance of EPA Standards

Region I: Low Rainfall 1.5% 89% 97% 97%

Region II: Moderate Rainfall 0 78% 89% 85%

Region III: High Rainfall 0 75% 91% 84%

Table 20: EPA 1986 Water Quality Standards and Percentage of Metal
Concentrations Exceeding Water Quality Standards by Rainfall Region (Driver, 1988)

Snowmelt
Stage

Duration
/Frequency

Runoff
Volume Pollutant Characteristics

Pavement 
Short, but many
times in winter

Low
Acidic, high concentrations of soluble
pollutants; Chloride, nitrate, lead;
total load is minimal

Roadside Moderate Moderate Moderate concentrations of both
soluble and particulate pollutants

Pervious Area
Gradual, often
most at end of

season
High 

Dilute concentrations of soluble
pollutants; moderate to high
concentrations of particulate
pollutants depending on flow

Rain-on-Snow Short Extreme

High concentrations of particulate
pollutants; moderate to high
concentrations of soluble pollutants;
high total load

Table 21: Runoff and Pollutant Characteristics of Snowmelt Stages (Oberts, 1994)

Figure 29:  Snowmelt Runoff Hydrograph for Minneapolis Stream (Oberts, 1994)
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4.3 Relationship Between
Pollutant Loads and IC:
The Simple Method

Urban stormwater runoff contains a wide range

of pollutants that can degrade downstream

water quality.  The majority of stormwater

monitoring research conducted to date supports

several generalizations. First, the unit area

pollutant load delivered to receiving waters by

stormwater runoff increases in direct propor-

tion to watershed IC. This is not altogether

surprising, since pollutant load is the product

of the average pollutant concentration and

stormwater runoff volume. Given that runoff

volume increases in direct proportion to IC,

pollutant loads must automatically increase

when IC increases, as long the average pollut-

ant concentration stays the same (or increases).

This relationship is a central assumption in

most simple and complex pollutant loading

models (Bicknell et al., 1993; Donigian and

Huber, 1991; Haith et al., 1992; Novotny and

Chester, 1981;  NVPDC, 1987; Pitt and

Voorhees, 1989).

Recognizing the relationship between IC and

pollutant loads, Schueler (1987) developed the

“Simple Method” to quickly and easily esti-

mate stormwater pollutant loads for small

urban watersheds (see Figure 30). Estimates of

pollutant loads are important to watershed

managers as they grapple with costly decisions

on non-point source control. The Simple

Method is empirical in nature and utilizes the

extensive regional and national database

(Driscoll, 1983; MWCOG, 1983; USEPA,

1983). Figure 30 provides the basic equations

to estimate pollutant loads using the Simple

Figure 30: The Simple Method - Basic Equations

The Simple Method estimates pollutant loads as the product of annual runoff volume
and pollutant EMC, as:

(1) L = 0.226 * R * C * A
Where: L = Annual load (lbs), and:

R = Annual runoff (inches)
C = Pollutant concentration in stormwater, EMC (mg/l)
A = Area (acres)
0.226 = Unit conversion factor

For bacteria, the equation is slightly different, to account for the differences in units. The
modified equation for bacteria is:

(2)  L = 1.03 *10-3 * R * C * A
Where: L = Annual load (Billion Colonies), and:

R = Annual runoff (inches)
C = Bacteria concentration (#/100 ml)
A = Area (acres)
1.03 * 10-3 = Unit conversion factor

Annual Runoff

The Simple Method calculates the depth of annual runoff as a product of annual runoff
volume and a runoff coefficient (Rv). Runoff volume is calculated as:

(3)  R = P * Pj * Rv
Where: R = Annual runoff (inches), and:

P = Annual rainfall (inches)
Pj = Fraction of annual rainfall events that produce runoff (usually 0.9)
Rv = Runoff coefficient

In the Simple Method, the runoff coefficient is calculated based on IC in the
subwatershed. The following equation represents the best fit line for the data set (N=47,
R2=0.71).

(4)  Rv=0.05+0.9Ia
Where: Rv = runoff coefficient, and:

Ia = Impervious fraction
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Method. It assumes that loads of stormwater

pollutants are a direct function of watershed

IC, as IC is the key independent variable in the

equation.

The technique requires a modest amount of

information, including the subwatershed

drainage area, IC, stormwater runoff pollutant

EMCs, and annual precipitation. With the

Simple Method, the investigator can either

divide up land use into specific areas (i.e.

residential, commercial, industrial, and road-

way) and calculate annual pollutant loads for

each land use, or utilize a generic urban land

use. Stormwater pollutant EMC data can be

derived from the many summary tables of

local, regional, or national monitoring efforts

provided in this chapter (e.g., Tables 16, 18,

22, 28, 30, 35, 36, 40, and 44). The model also

requires different IC values for separate land

uses within a subwatershed. Representative IC

data from Cappiella and Brown (2001) were

provided in Table 2 (Chapter 1).

Additionally, the Simple Method should not be

used to estimate annual pollutant loads of

deicers, hydrocarbons and MTBE, because

they have not been found to be correlated with

IC. These pollutants have been linked to other

indicators. Chlorides, hydrocarbons and MTBE

are often associated with road density and

vehicle miles traveled (VMT). Pesticides are

associated with turf area, and traffic patterns

and “hotspots” have been noted as potential

indicators for hydrocarbons and MTBE.

Limitations of the Simple Method
The Simple Method should provide reasonable

estimates of changes in pollutant export

resulting from urban development. However,

several caveats should be kept in mind when

applying this method.

The Simple Method is most appropriate for

assessing and comparing the relative

stormflow pollutant load changes from differ-

ent land uses and stormwater treatment sce-

narios. The Simple Method provides estimates

of storm pollutant export that are probably

close to the “true” but unknown value for a

development site, catchment, or subwatershed.

However, it is very important not to over-

emphasize the precision of the load estimate

obtained. For example, it would be inappropri-

ate to use the Simple Method to evaluate

relatively similar development scenarios (e.g.,

34.3% versus 36.9% IC). The Simple Method

provides a general planning estimate of likely

storm pollutant export from areas at the scale

of a development site, catchment or

subwatershed. More sophisticated modeling is

needed to analyze larger and more complex

watersheds.

In addition, the Simple Method only estimates

pollutant loads generated during storm events.

It does not consider pollutants associated with

baseflow during dry weather. Typically,

baseflow is negligible or non-existent at the

scale of a single development site and can be

safely neglected. However, catchments and

subwatersheds do generate significant

baseflow volume. Pollutant loads in baseflow

are generally low and can seldom be distin-

guished from natural background levels

(NVPDC, 1979).

Consequently, baseflow pollutant loads

normally constitute only a small fraction of the

total pollutant load delivered from an urban

area. Nevertheless, it is important to remember

that the load estimates refer only to storm

event derived loads and should not be confused

with the total pollutant load from an area. This

is particularly important when the development

density of an area is low. For example, in a low

density residential subwatershed (IC < 5%), as

much as 75% of the annual runoff volume

could occur as baseflow. In such a case, annual

baseflow load may be equivalent to the annual

stormflow load.
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4.4  Sediment

Sediment is an important and ubiquitous

pollutant in urban stormwater runoff. Sediment

can be measured in three distinct ways: Total

Suspended Solids (TSS), Total Dissolved

Solids (TDS) and turbidity. TSS is a measure

of the total mass suspended sediment particles

in water. The measurement of TSS in urban

stormwater helps to estimate sediment load

transported to local and downstream receiving

waters. Table 22 summarizes stormwater

EMCs for total suspended solids, as reported

by Barrett et al. (1995), Smullen and Cave

(1998), and USEPA (1983). TDS is a measure

of the dissolved solids and minerals present in

stormwater runoff and is used as a primary

indication of the purity of drinking water.

Since few stormwater monitoring efforts have

focused on TDS, they are not reported in this

document. Turbidity is a measure of how

suspended solids present in water reduce the

ability of light to penetrate the water column.

Turbidity can exert impacts on aquatic biota,

such as the ability of submerged aquatic

vegetation to receive light and the ability of

fish and aquatic insects to use their gills (Table

23).

4.4.1 Concentrations

TSS concentrations in stormwater across the

country are well documented. Table 18 reviews

mean TSS EMCs from 13 communities across

the country and reveals a wide range of re-

corded concentrations. The lowest concentra-

tion of 43 mg/l was reported in Florida, while

TSS reached 663 mg/l in Dallas, Texas.

Variation in sediment concentrations has been

attributed to regional rainfall differences

(Driver, 1988); construction site runoff

(Leopold, 1968); and bank erosion

(Dartiguenave et al., 1997). National values are

provided in Table 22.

Turbidity levels are not as frequently reported

in national and regional monitoring summaries.

Barrett and Malina (1998) monitored turbidity

at two sites in Austin, Texas and reported a

mean turbidity of 53 NTU over 34 storm

events (Table 22).

4.4.2 Impacts of Sediment on
Streams

The impacts of sediment on aquatic biota are

well documented and can be divided into

impacts caused by suspended sediment and

those caused by deposited sediments (Tables

23 and 24).

In general, high levels of TSS and/or turbidity

can affect stream habitat and cause sedimenta-

tion in downstream receiving waters. Depos-

ited sediment can cover benthic organisms

such as aquatic insects and freshwater  mus-

sels. Other problems associated with high

sediments loads include stream warming by

reflecting radiant energy due to increased

turbidity (Kundell and Rasmussen, 1995),

decreased flow capacity (Leopold, 1973), and

increasing overbank flows (Barrett and Malina,

1998). Sediments also transport other pollut-

ants which bind to sediment particles. Signifi-

cant levels of pollutants can be transported by

sediment during stormwater runoff events,

Pollutant 
EMCs Number

of Events
Source

Mean Median

TSS (mg/l)
78.4 54.5 3047 Smullen and Cave, 1998

174 113 2000 USEPA, 1983

Turbidity (NTU) 53 N/R 423 Barrett and Malina, 1998

 N/R = Not Reported

Pollutant 
EMCs Number

of Events
Source

Mean Median

TSS (mg/l)
78.4 54.5 3047 Smullen and Cave, 1998

174 113 2000 USEPA, 1983

Turbidity (NTU) 53 N/R 423 Barrett and Malina, 1998

 N/R = Not Reported

Table 22: EMCs for Total Suspended Solids and Turbidity
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including trace metals, hydrocarbons and

nutrients (Crunkilton et al., 1996;

Dartiguenave et al., 1997; Gavin and Moore,

1982; Novotny and Chester, 1989; Schueler

1994b).

4.4.3 Sources and Source Areas
of Sediment

Sediment sources in urban watersheds include

stream bank erosion; erosion from exposed

soils, such as from construction sites; and

washoff from impervious areas (Table 25).

As noted in this chapter, streambank erosion is

generally considered to be the primary source

of sediment to urban streams. Recent studies

by Dartiguenave et al. (1997) and Trimble

(1997) determined that streambank erosion

contributes the majority of the annual sediment

budget of urban streams. Trimble (1997)

directly measured stream cross sections,

sediment aggradation and suspended sediment

loads and determined that two-thirds of the

annual sediment budget of a San Diego,

California watershed was supplied by

streambank erosion. Dartiguenave et al. (1997)

developed a GIS based model in Austin, Texas

to determine the effects of stream bank erosion

on the annual sediment budget. They compared

modeled sediment loads from the watershed

with the actual  sediment loads measured at

USGS gaging stations and concluded that more

than 75% of the sediment load came from

streambank erosion. Dartiguenave et al. (1997)

reported that sediment load per unit area

increases with increasing IC (Figure 31).

1.  Physical smothering of benthic aquatic insect community
2.  Reduced survival rates for fish eggs
3.  Destruction of fish spawning areas and eggs
4.  Embeddedness of stream bottom reduced fish and macroinvertebrate habitat value
5.  Loss of trout habitat when fine sediments are deposited in spawning or riffle-runs
6.  Sensitive or threatened darters and dace may be eliminated from fish community
7.  Increase in sediment oxygen demand can deplete dissolved oxygen in streams
8.  Significant contributing factor in the alarming decline of freshwater mussels
9.  Reduced channel capacity, exacerbating downstream bank erosion and flooding
10.  Reduced flood transport capacity under bridges and through culverts
11.  Deposits diminish scenic and recreational values of waterways

  Abrades and damages fish gills, increasing risk of infection and disease

  Scouring of periphyton from stream (plants attached to rocks)

  Loss of sensitive or threatened fish species when turbidity exceeds 25 NTU
  Shifts in fish community toward more sediment-tolerant species

  Decline in sunfish, bass, chub and catfish when month turbidity exceeds 100 NTU
  Reduces sight distance for trout, with reduction in feeding efficiency

  Reduces light penetration causing reduction in plankton and aquatic plant growth

  Adversely impacts aquatic insects, which are the base of the food chain
  Slightly increases the stream temperature in the summer

  Suspended sediments can be a major carrier of nutrients and metals
  Reduces anglers  chances of catching fish 

Table 23:  Summary of Impacts of Suspended Sediment on the
Aquatic Environment (Schueler and Holland, 2000)

Table 24: Summary of Impacts of Deposited Sediments on the Aquatic Environment
(Schueler and Holland, 2000)
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Sediment loads are also produced by washoff

of sediment particles from impervious areas

and their subsequent transport in stormwater

runoff sediment. Source areas include parking

lots, streets, rooftops, driveways and lawns.

Streets and parking lots build up dirt and grime

from the wearing of the street surface, exhaust

particulates, “blown on” soil and organic

matter, and atmospheric deposition. Lawn

runoff primarily contains soil and organic

matter. Urban source areas that produce the

highest TSS concentrations include streets,

parking lots and lawns (Table 26).

Parking lots and streets are not only respon-

sible for high concentrations of sediment but

also high runoff volumes. The SLAMM source

loading model (Pitt and Voorhees, 1989) looks

at runoff volume and concentrations of pollut-

ants from different urban land uses and pre-

dicts stream loading. When used in the Wis-

consin and Michigan subwatersheds, it demon-

strated that parking lots and streets were

responsible for over 70% of the TSS delivered

to the stream. (Steuer  et al., 1997;

Waschbusch et al., 2000).

Figure 31: TSS from Bank Erosion vs. IC in Texas Streams  (Daringuenave et al., 1997)

Sources Loading Source

Bank Erosion
75% of stream sediment budget Dartinguenave et al., 1997

66% of stream sediment budget Trimble, 1997

Overland Flow- Lawns

397 mg/l (geometric mean) Bannerman et al., 1993

 262 mg/l Steuer et al., 1997

11.5% (estimated; 2 sites) Waschbusch et al., 2000

Construction Sites 200 to 1200 mg/l Table 27

Washoff from Impervious
Surfaces

78 mg/l (mean) Table 16

Sources Loading Source

Bank Erosion
75% of stream sediment budget Dartinguenave et al., 1997

66% of stream sediment budget Trimble, 1997

Overland Flow- Lawns

397 mg/l (geometric mean) Bannerman et al., 1993

 262 mg/l Steuer et al., 1997

11.5% (estimated; 2 sites) Waschbusch et al., 2000

Construction Sites 200 to 1200 mg/l Table 27

Washoff from Impervious
Surfaces

78 mg/l (mean) Table 16

Table 25: Sources and Loading of Suspended Solids Sediment in Urban Areas
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The third major source of sediment loads is

erosion from construction sites. Several studies

have reported extremely high TSS concentra-

tions in construction site runoff, and these

findings are summarized in Table 27. TSS

concentrations from uncontrolled construction

Source
Mean Inflow TSS
Concentration

(mg/l)

Mean Outflow TSS 
Concentration 

(mg/l) 
Location

Uncontrolled Sites

Horner et al., 1990 7,363 281 PNW

Schueler and Lugbill,1990 3,646 501 MD

York and Herb, 1978 4,200 N/R MD

Islam et al., 1988 2,950 N/R OH

Controlled Sites

Schueler and Lugbill, 1990 466 212 MD

Simulated Sediment Concentrations

Jarrett, 1996 9,700 800 PA

Sturm and Kirby, 1991 1,500-4,500 200-1,000 GA

Barfield and Clar, 1985 1,000-5,000 200-1,200 MD

Dartiguenave et al., 1997 N/R 600 TX

N/R = Not Reported

sites can be more than 150 times greater than

those from undeveloped land (Leopold, 1968)

and can be reduced if erosion and sediment

control practices are applied to construction

sites.

Source Area Suspended Solids (mg/l)

Source (1) (2) (3)

Commercial Parking Lot 110 58 51

High Traffic Street 226 232 65

Medium Traffic Street 305 326 51

Low Traffic Street 175 662 68

Commercial Rooftop 24 15 18

Residential Rooftop 36 27 15

Residential Driveway 157 173 N/R

Residential Lawn 262 397 59

Sources: (1) Steuer et al., 1997; (2) Bannerman et al., 1993; (3) Waschbusch et al., 2000; N/R = Not
Reported

Table 26: Source Area Geometric Mean Concentrations for Suspended Solids in Urban Areas

Table 27: Mean TSS Inflow and Outflow at Uncontrolled, Controlled and
Simulated Construction Sites
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4.5 Nutrients

Nitrogen and phosphorus are essential nutrients

for aquatic systems. However, when they

appear in excess concentrations, they can exert

a negative impact on receiving waters. Nutrient

concentrations are reported in several ways.

Nitrogen is often reported as nitrate (NO
3
) and

nitrite (NO
2
), which are inorganic forms of

nitrogen; total nitrogen (Total N), which is the

sum of nitrate, nitrite, organic nitrogen and

ammonia; and total Kjeldhal nitrogen (TKN),

which is organic nitrogen plus ammonia.

Phosphates are frequently reported as soluble

phosphorus, which is the dissolved and reac-

tive form of phosphorus that is available for

uptake by plants and animals. Total phospho-

rus (Total P) is also measured, which includes

both organic and inorganic forms of phospho-

rus. Organic phosphorus is derived from living

plants and animals, while inorganic phosphate

is comprised of phosphate ions that are often

bound to sediments.

4.5.1 Concentrations

Many studies have indicated that nutrient

concentrations are linked to land use type, with

urban and agricultural watersheds producing

the highest nutrient loads (Chessman et al.
1992; Paul et al., 2001; USGS, 2001b and

Wernick et al.,1998). Typical nitrogen and

phosphorus EMC data in urban stormwater

runoff are summarized in Table 28.

Some indication of the typical concentrations

of nitrate and phosphorus in stormwater runoff

are evident in Figures 32 and 33. These graphs

profile average EMCs in stormwater runoff

recorded at 37 residential catchments across

the U.S. The average nitrate EMC is remark-

ably consistent among residential neighbor-

hoods, with most clustered around the mean of

0.6 mg/l and a range of 0.25 to 1.4 mg/l. The

concentration of phosphorus during storms is

also very consistent with a mean of 0.30 mg/l

and a rather tight range of 0.1 to 0.66 mg/l

(Schueler, 1995).

The amount of annual rainfall can also influ-

ence the magnitude of nutrient concentrations

in stormwater runoff. For example, both

Caraco (2000a) and Driver (1988) reported that

the highest nutrient EMCs were found in

stormwater from arid or semi-arid regions.

Pollutant 
EMCs (mg/l) Number of

Events
Source

Mean Median

Total P
0.315 0.259 3094 Smullen and Cave, 1998

0.337 0.266 1902 USEPA, 1983

Soluble P
0.129 0.103 1091 Smullen and Cave, 1998

0.1 0.078 767 USEPA, 1983

Total N
2.39 2.00 2016 Smullen and Cave, 1998

2.51 2.08 1234 USEPA, 1983

TKN
1.73 1.47 2693 Smullen and Cave, 1998

1.67 1.41 1601 USEPA, 1983

Nitrite &
Nitrate 

0.658 0.533 2016 Smullen and Cave, 1998

0.837 0.666 1234 USEPA, 1983

Pollutant 
EMCs (mg/l) Number of

Events
Source

Mean Median

Total P
0.315 0.259 3094 Smullen and Cave, 1998

0.337 0.266 1902 USEPA, 1983

Soluble P
0.129 0.103 1091 Smullen and Cave, 1998

0.1 0.078 767 USEPA, 1983

Total N
2.39 2.00 2016 Smullen and Cave, 1998

2.51 2.08 1234 USEPA, 1983

TKN
1.73 1.47 2693 Smullen and Cave, 1998

1.67 1.41 1601 USEPA, 1983

Nitrite &
Nitrate 

0.658 0.533 2016 Smullen and Cave, 1998

0.837 0.666 1234 USEPA, 1983

Table 28: EMCs of Phosphorus and Nitrogen Urban Stormwater Pollutants
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4.5.2 Impacts of Nutrients
on Streams

Much research on the impact of nutrient loads

has been focused on lakes, reservoirs and

estuaries, which can experience eutrophication.

Nitrogen and phosphorus can contribute to

algae growth and eutrophic conditions, de-

pending on which nutrient limits growth

(USEPA, 1998). Dissolved oxygen is also

affected by eutrophication. When algae or

aquatic plants that are stimulated by excess

nutrients die off, they are broken down by

bacteria, which depletes the oxygen in the

water. Relatively few studies have specifically

explored the impact of nutrient enrichment on

urban streams. Chessman et al. (1992) studied

the limiting nutrients for periphyton growth in

a variety of streams and noted that the severity

of eutrophication was related to low flow

conditions. Higher flow rates in streams may

cycle nutrients faster than in slow flow rates,

thus diminishing the extent of stream eutrophi-

cation.

Figure 32: Nitrate-Nitrogen Concentration in Stormwater Runoff at 37
Sites Nationally (Schueler, 1999)

Figure 33: Total Phosphorus Concentration in Stormwater at 37
Sites Nationally (Schueler, 1999)
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4.5.3 Sources and Source
Areas of Nutrients

Phosphorus is normally transported in surface

water attached to sediment particles or in

soluble forms. Nitrogen is normally trans-

ported by surface water runoff in urban water-

sheds. Sources for nitrogen and phosphorus in

urban stormwater include fertilizer, pet waste,

organic matter (such as leaves and detritus),

and stream bank erosion. Another significant

source of nutrients is atmospheric deposition.

Fossil fuel combustion by automobiles, power

plants and industry can supply nutrients in both

wet fall and dry fall. The Metropolitan Wash-

ington Council of Governments (MWCOG,

1983) estimated total annual atmospheric

deposition rates of 17 lbs/ac for nitrogen and

0.7 lbs/ac for phosphorus in the Washington,

D.C. metro area.

Research from the upper Midwest suggests

“hot spot” sources can exist for both nitrogen

and phosphorus in urban watersheds. Lawns, in

particular, contribute greater concentrations of

Total N, Total P and dissolved phosphorus than

other urban source areas. Indeed, source

research suggests that nutrient concentrations

in lawn runoff can be as much as four times

greater than other urban sources such as

streets, rooftops or driveways (Bannerman et
al., 1993; Steuer et al., 1997 and Waschbusch

et al., 2000) (Table 29). This finding is signifi-

cant, since lawns can comprise more than 50%

of the total area in suburban watersheds. Lawn

care, however, has seldom been directly linked

to elevated nutrient concentrations during

storms. A very recent lakeshore study noted

that phosphorus concentrations were higher in

fertilized lawns compared to unfertilized

lawns, but no significant difference was noted

for nitrogen (Garn, 2002).

Wash-off of deposited nutrients from IC is

thought to be a major source of nitrogen and

phosphorus during storms (MWCOG, 1983).

While the concentration of nitrogen and

phosphorus from parking lots and streets is

lower than lawns, the volume of runoff is

significantly higher. In two studies using the

SLAMM source loading model (Pitt and

Voorhees, 1989), parking lots and streets were

responsible for over 30% of the nitrogen and

were second behind lawns in their contribu-

tions to the phosphorus load (Steuer et al.,
1997; Waschbusch et al., 2000).

Source Area Total N (mg/l) Total P (mg/l)

Source (1) (1) (2) (3)

Commercial Parking Lot 1.94 0.20 N/R 0.10

High Traffic Street 2.95 0.31 0.47 0.18

Med. Traffic Street 1.62 0.23 1.07 0.22

Low Traffic Street 1.17 0.14 1.31 0.40

Commercial Rooftop 2.09 0.09 0.20 0.13

Residential Rooftop 1.46 0.06 0.15 0.07

Residential Driveway 2.10 0.35 1.16 N/R

Residential Lawn 9.70 2.33 2.67 0.79

Basin Outlet 1.87 0.29 0.66 N/R

(1) Steuer et al., 1997; (2) Bannerman et al., 1993; (3) Waschbusch et al., 2000; N/R= Not Reported

Table 29: Source Area Monitoring Data for Total Nitrogen
and Total Phosphorous in Urban Areas
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Streambank erosion also appears to be a major

source of nitrogen and phosphorus in urban

streams. Both nitrogen and phosphorus are

often attached to eroded bank sediment, as

indicated in a recent study by Dartiguenave et
al. (1997) in Austin, Texas. They showed that

channel erosion contributed nearly 50% of the

Total P load shown for subwatersheds with IC

levels between 10 and 60 % (Figure 34). These

findings suggest that prevention or reduction of

downstream channel erosion may be an

important nutrient reduction strategy for urban

watersheds.

Snowmelt runoff generally has higher nutrient

EMCs, compared to stormwater runoff. Oberts

(1994) found that TKN and nitrate EMCs were

much higher in snowmelt at all sites. The same

pattern has also been observed for phosphorus

EMCs during snowmelt and stormwater runoff.

Zapf-Gilje et al. (1986) found that the first

20% of snowmelt events contained 65% of the

phosphorus and 90% of the nitrogen load.

Ayers et al. (1985) reported that a higher

percentage of the annual nitrate, TKN and

phosphorus load was derived from snowmelt

runoff compared to stormwater runoff in an

urban Minnesota watershed, which presumably

reflects the accumulation of nutrients in the

snowpack during the winter.

Figure 34: Total Phosphorus from Bank Erosion as a Function of IC in Texas Streams
(Dartiguenave et al., 1997)
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Metal Detection
Frequency(1)(1)

EMCs
(Fg/l)

Number
of

Events
 Source

Mean Median

Zinc 94%
162 129 2234 Smullen and Cave, 1998

176 140 1281 USEPA, 1983 

Copper 91%
13.5 11.1 1657 Smullen and Cave, 1998

66.6 54.8 849 USEPA, 1983

Lead 94%
67.5 50.7 2713 Smullen and Cave, 1998

175( 2) 131 (2) 1579 USEPA, 1983

Cadmium 48%

0.7 N/R 150 USEPA, 1983

0.5 N/R 100 USEPA, 1993

N/R
0.75 R
0.96 C
2.1 I

30 Baird et al., 1996

3 I
1U

N/R 9 Doerfer and Urbonas, 1993

Chromium 58%

4 N/R 32 Baird et al., 1996

N/R
2.1 R
10 C
7 I

30 Baird et al., 1996

N/R 7 164 Bannerman et al., 1993   

N/R = Not Reported; R- Residential, C- Commercial, I- Industrial; (1) as reprinted in USEPA, 1983; (2) Lead levels have
declined over time with the introduction of unleaded gasoline

Metal Detection
Frequency(1)(1)

EMCs
(Fg/l)

Number
of

Events
 Source

Mean Median
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162 129 2234 Smullen and Cave, 1998

176 140 1281 USEPA, 1983 

Copper 91%
13.5 11.1 1657 Smullen and Cave, 1998

66.6 54.8 849 USEPA, 1983

Lead 94%
67.5 50.7 2713 Smullen and Cave, 1998

175( 2) 131 (2) 1579 USEPA, 1983

Cadmium 48%
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0.5 N/R 100 USEPA, 1993

N/R
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2.1 I

30 Baird et al., 1996

3 I
1U

N/R 9 Doerfer and Urbonas, 1993

Chromium 58%

4 N/R 32 Baird et al., 1996

N/R
2.1 R
10 C
7 I

30 Baird et al., 1996

N/R 7 164 Bannerman et al., 1993   

N/R = Not Reported; R- Residential, C- Commercial, I- Industrial; (1) as reprinted in USEPA, 1983; (2) Lead levels have
declined over time with the introduction of unleaded gasoline

4.6  Trace Metals

Many trace metals can be found at potentially

harmful concentrations in urban stormwater.

Certain metals, such as zinc, copper, lead,

cadmium and chromium, are consistently

present at concentrations that may be of

concern. These metals primarily result from

the use of motor vehicles, weathering of metals

and paints, burning of fossil fuels and atmo-

spheric deposition.

Metals are routinely reported as the total

recoverable form or the dissolved form. The

dissolved form refers to the amount of metal

dissolved in the water, which excludes metals

attached to suspended particles that cannot

pass through a 0.45 micron filter. Total recov-

erable refers to the concentration of an unfil-

tered sample that is treated with hot dilute

mineral acid. In general, the toxicity of metals

is related more to the dissolved form than the

recoverable form.

4.6.1 Concentrations

Stormwater EMCs for zinc, copper, lead,

cadmium and chromium vary regionally and

are reviewed in Table 30. Regional differences

in trace metal concentrations and water quality

standard exceedence appears to be related to

climate. In general, drier regions often have a

Table 30: EMCs and Detection Frequency for Metals in Urban Stormwater
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higher risk of exceeding trace metal concentra-

tion standards.

Crunkilton et al. (1996) measured recoverable

and dissolved metals concentrations in Lincoln

Creek, Wisconsin and found higher EMCs

during storm events compared to baseflow

periods (Table 31). They also found that total

recoverable metal concentrations were almost

always higher than the dissolved concentration

(which is the more available form).

4.6.2 Impacts of Trace Metals
on Streams

Although a great deal is known about the

concentration of metals in urban stormwater,

much less is known about their possible

toxicity on aquatic biota. The primary concern

related to the presence of trace metals in

streams is their potential toxicity to aquatic

organisms. High concentrations can lead to

bioaccumulation of metals in plants and

animals, possible chronic or acute toxicity, and

contamination of sediments, which can affect

bottom dwelling organisms (Masterson and

Bannerman, 1994). Generally, trace metal

concentrations found in urban stormwater are

not high enough to cause acute toxicity (Field

and Pitt, 1990). The cumulative accumulation

of trace metal concentrations in bottom sedi-

ments and animal tissues are of greater con-

cern. Some evidence exists for trace metal

accumulation in bottom sediments of receiving

waters and for bioaccumulation in aquatic

species (Bay and Brown, 2000 and Livingston,

1996).

Relatively few studies have examined the

chronic toxicity issue. Crunkilton et al. (1996)

found that concentrations of lead, zinc and

copper exceeded EPA’s Chronic Toxicity

Criteria more than 75% of the time in

stormflow in stormwater samples for Lincoln

Creek in Wisconsin. When exposed to storm

and base flows in Lincoln Creek, Ceriodaphnia
dubia, a common invertebrate test species,

demonstrated significant mortality in extended

flow-through tests. Around 30% mortality was

recorded after seven days of exposure and 70%

mortality was recorded after 14 days.

Crunkilton et al. (1996) also found that signifi-

cant mortality in bullhead minnows occurred in

only 14% of the tests by the end of 14 days,

but mortality increased to 100% during expo-

sures of 17 to 61 days (see Table 32). In a

related study in the same watershed, Masterson

and Bannerman (1994) determined that cray-

fish in Lincoln Creek had elevated levels of

lead, cadmium, chromium and copper when

compared to crayfish from a reference stream.

The Lincoln Creek research provides limited

evidence that prolonged exposure to trace

metals in urban streams may result in signifi-

cant toxicity.

Most toxicity research conducted on urban

stormwater has tested for acute toxicity over a

short period of time (two to seven days).

Shorter term whole effluent toxicity protocols

are generally limited to seven days (Crunkilton

et al., 1996). Research by Ellis (1986) reported

delayed toxicity in urban streams. Field and

Pitt (1990) demonstrated that pollutants

deposited to the stream during storm events

Total Recoverable Dissolved

Metal (Fg/l) Storm Flow Baseflow Storm Flow Baseflow

Lead 35 3 1.7 1.2

Zinc 133 22 13 8

Copper 23 7 5 4

Cadmium 0.6 0.1 0.1 0.1

Table 31: Average Total Recoverable and Dissolved Metals for 13 Stormwater Flows
and Nine Baseflow Samples from Lincoln Creek in 1994 (Crunkilton et al., 1996)
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may take upwards of 10 to 14 days to exert

influence. The research suggests that longer

term in-situ and flow-through monitoring are

needed to definitively answer the question

whether metal levels in stormwater can be

chronically toxic.

An additional concern is that trace metals co-

occur with other pollutants found in urban

stormwater, and it is not clear whether they

interact to increase or decrease potential

toxicity. Hall and Anderson (1988) investi-

gated the toxicity and chemical composition of

urban stormwater runoff in British Columbia

and found that the interaction of pollutants

changed the toxicity of some metals. In labora-

tory analysis with Daphnia pulex, an aquatic

invertebrate, they found that the toxicity of

iron was low and that its presence reduced the

toxicity of other metals. On the other hand, the

presence of lead increased the toxicity of

copper and zinc.

Interaction with sediment also influences the

impact of metals. Often, over half of the trace

metals are attached to sediment (MWCOG,

1983). This effectively removes the metals

from the water column and reduces the avail-

ability for biological uptake and subsequent

bioaccumulation (Gavin and Moore, 1982 and

OWML, 1983). However, metals accumulated

in bottom sediment can then be resuspended

during storms (Heaney and Huber, 1978). It is

important to note that the toxic effect of metals

can be altered when found in conjunction with

other substances. For instance, the presence of

chlorides can increase the toxicity of some

metals. Both metals and chlorides are common

pollutants in snowpacks (see section 4.2 for

more snow melt information).

4.6.3 Sources and Source Areas of
Trace Metals

Research conducted in the Santa Clara Valley

of California suggests that cars can be the

dominant loading source for many metals of

concern, such as cadmium, chromium, copper,

lead, mercury and zinc (EOA, Inc., 2001).

Other sources are also important and include

atmospheric deposition, rooftops and runoff

from industrial and residential sites.

The sources and source areas for zinc, copper,

lead, chromium and cadmium are listed in

Table 33. Source areas for trace metals in the

urban environment include streets, parking

lots, snowpacks and rooftops. Copper is often

found in higher concentrations on urban

streets, because some vehicles have brake pads

that contain copper. For example, the Santa

Clara  study estimated that 50% of the total

copper load was due to brake pad wear (Wood-

ward-Clyde, 1992). Sources of lead include

atmospheric deposition and diesel fuel emis-

sions, which frequently occur along rooftops

Species Effect 
Percent of Tests with Significant (p<0.05) Toxic Effects as

Compared to Controls According to Exposure

48 hours 96 hours 7 days 14 days 17-61
days

D. magna Mortality 0 N/R 36% 93% N/R

Reduced
Reproduction 0 N/R 36% 93% N/R

P. promelas Mortality N/R 0 0 14% 100%

Reduced
Biomass

N/R N/R 60% 75% N/R

N/R = Not Reported

Table 32: Percentage of In-situ Flow-through Toxicity Tests Using Daphnia magna and
Pimephales promelas with Significant Toxic Effects from Lincoln Creek (Crunkilton et al., 1996)
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and streets. Zinc in urban environments is a

result of the wear of automobile tires (esti-

mated 60% in the Santa Clara study), paints,

and weathering of galvanized gutters and

downspouts. Source area concentrations of

trace metals are presented in Table 34. In

general, trace metal concentrations vary

Source Area Dissolved
Zinc

Total
Zinc

Dissolved
Copper

Total
Copper Dissolved Lead Total Lead

Source (1) (2) (1) (2) (2) (1) (3) (1) (3) (2)

Commercial
Parking Lot

64 178 10.7 9 15 N/R N/R 40 N/R 22

High Traffic
Street

73 508 11.2 18 46 2.1 1.7 37 25 50

Medium Traffic
Street

44 339 7.3 24 56 1.5 1.9 29 46 55

Low Traffic Street 24 220 7.5 9 24 1.5 .5 21 10 33

Commercial
Rooftop

263 330 17.8 6 9 20 N/R 48 N/R 9

Residential
Rooftop

188 149 6.6 10 15 4.4 N/R 25 N/R 21

Residential
Driveway 27 107 11.8 9 17 2.3 N/R 52 N/R 17

Residential Lawn N/R 59 N/R 13 13 N/R N/R N/R N/R N/R

Basin Outlet 23 203 7.0 5 16 2.4 N/R 49 N/R 32

Sources: (1) Steuer et al., 1997; (2) Bannerman et al., 1993; (3) Waschbusch, 2000; N/R = Not Reported

Table 34:  Metal Source Area Concentrations in the Urban Landscape (FFFFFg/l)

considerably, but the relative rank among

source areas remains relatively constant. For

example, a source loading model developed for

an urban watershed in Michigan estimated that

parking lots, driveways and residential streets

were the primary source areas for zinc, copper

and cadmium loads (Steuer et al., 1997).

Metal Sources Source Area Hotspots

Zinc tires, fuel  combustion, galvanized pipes,  roofs and
gutters, road salts *estimate of 60% from tires

parking lots, commercial and
industrial rooftops, and streets

Copper auto brake linings, pipes and fittings, algacides, and
electroplating *estimate of 50% from brake pad wear

parking lots, commercial roofs
and streets

Lead diesel fuel, paints and stains parking lots, rooftops, and streets 

Cadmium component of motor oil and corrodes from alloys and
plated surfaces

parking lots, rooftops, and streets

Chromium found in exterior paints and corrodes from alloys and
plated surfaces

most frequently found in industrial
and commercial runoff

Sources: Bannerman et al., 1993; Barr, 1997; Steuer et al., 1997; Good, 1993; Woodward - Clyde, 1992

Table 33: Metal Sources and Source Area “Hotspots” in Urban Areas
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4.7 Hydrocarbons:
PAH, Oil and Grease

Hydrocarbons are petroleum-based substances

and are found frequently in urban stormwater.

The term “hydrocarbons” is used to refer to

measurements of oil and grease and polycy-

clic-aromatic hydrocarbons (PAH). Certain

components of hydrocarbons, such as pyrene

and benzo[b]fluoranthene, are carcinogens and

may be toxic to biota (Menzie-Cura , 1995).

Hydrocarbons normally travel attached to

sediment or organic carbon. Like many pollut-

ants, hydrocarbons accumulate in bottom

sediments of receiving waters, such as urban

lakes and estuaries. Relatively few studies have

directly researched the impact of hydrocarbons

on streams.

4.7.1 Concentrations

Table 35 summarizes reported EMCs of PAH

and oil and grease derived from storm event

monitoring at three different areas of the U.S.

The limited research on oil and grease concen-

trations in urban runoff indicated that the

highest concentrations were consistently found

in commercial areas, while the lowest were

found in residential areas.

4.7.2 Impacts of Hydrocarbons
on Streams

The primary concern of PAH and oil and

grease on streams is their potential

bioaccumulation and toxicity in aquatic

organisms. Bioaccumulation in crayfish, clams

and fish has been reported by Masterson and

Bannerman (1994); Moring and Rose (1997);

and Velinsky and Cummins (1994).

Hydrocarbon
Indicator

EMC Number
of Events

Source Location
Mean

PAH 
(Fg/l)

3.2* 12 Menzie-Cura, 1995  MA

7.1 19 Menzie-Cura, 1995 MA

13.4 N/R Crunkilton et al., 1996  WI

Oil and
Grease 
(mg/l)

 1.7 R**
 9 C
3 I

30 Baird et al., 1996
TX

3 N/R  USEPA, 1983 U.S.

5.4* 8 Menzie-Cura, 1995 MA

3.5 10 Menzie-Cura, 1995 MA

3.89 R
13.13 C
7.10 I

N/R Silverman et al., 1988 CA  

2.35 R
5.63 C
4.86 I

107 Barr, 1997  MD

N/R = Not Reported; R = Residential, C = Commercial, I = Industrial; * = geometric mean, ** = median

Hydrocarbon
Indicator

EMC Number
of Events

Source Location
Mean

PAH 
(Fg/l)

3.2* 12 Menzie-Cura, 1995  MA

7.1 19 Menzie-Cura, 1995 MA

13.4 N/R Crunkilton et al., 1996  WI

Oil and
Grease 
(mg/l)

 1.7 R**
 9 C
3 I

30 Baird et al., 1996
TX

3 N/R  USEPA, 1983 U.S.

5.4* 8 Menzie-Cura, 1995 MA

3.5 10 Menzie-Cura, 1995 MA

3.89 R
13.13 C
7.10 I

N/R Silverman et al., 1988 CA  

2.35 R
5.63 C
4.86 I

107 Barr, 1997  MD

N/R = Not Reported; R = Residential, C = Commercial, I = Industrial; * = geometric mean, ** = median

Table 35: Hydrocarbon EMCs in Urban Areas
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Moring and Rose (1997) also showed that not

all PAH compounds accumulate equally in

urban streams. They detected 24 different PAH

compounds in semi-permeable membrane

devices (SPMDs), but only three PAH com-

pounds were detected in freshwater clam

tissue. In addition, PAH levels in the SPMDs

were significantly higher than those reported in

the clams.

While acute PAH toxicity has been reported at

extremely high concentrations (Ireland et al.,
1996), delayed toxicity has also been found

(Ellis, 1986). Crayfish from Lincoln Creek had

a PAH concentration of 360 Fg/kg, much

higher than the concentration thought to be

carcinogenic (Masterson and Bannerman,

1994). By comparison, crayfish in a non-urban

stream had undetectable PAH levels. Toxic

effects from PAH compounds may be limited

since many are attached to sediment and may

be less available, with further reduction

occurring through photodegradation (Ireland et
al., 1996).

The metabolic effect of PAH compounds on

aquatic life is unclear. Crunkilton et al. (1996)

found potential metabolic costs to organisms,

but Masterson and Bannerman (1994) and

MacCoy and Black (1998) did not. The long-

term effect of PAH compounds in sediments of

receiving waters remains a question for further

study.

4.7.3 Sources and Source
Areas of Hydrocarbons

In most residential stormwater runoff, hydro-

carbon concentrations are generally less than

5mg/l, but the concentrations can increase to

five to 10 mg/l within some commercial,

industrial and highway areas (See Table 35).

Specific “hotspots” for hydrocarbons include

gas stations, commuter parking lots, conve-

nience stores, residential parking areas and

streets (Schueler and Shepp, 1993). These

authors evaluated hydrocarbon concentrations

within oil and grease separators in the Wash-

ington Metropolitan area and determined that

gas stations had significantly higher concentra-

tions of hydrocarbons and trace metals, as

compared to other urban source areas. Source

area research in an urban catchment in Michi-

gan showed that commercial parking lots

contributed 64% of the total hydrocarbon load

(Steuer et al., 1997).  In addition, highways

were found to be a significant contributor of

hydrocarbons by Lopes and Dionne (1998).
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4.8  Bacteria and Pathogens

Bacteria are single celled organisms that are

too small to see with the naked eye. Of particu-

lar interest are coliform bacteria, typically

found within the digestive system of warm-

blooded animals. The coliform family of

bacteria includes fecal coliform, fecal strepto-

cocci and Escherichia coli, which are consis-

tently found in urban stormwater runoff. Their

presence confirms the existence of sewage or

animal wastes in the water and indicates that

other harmful bacteria, viruses or protozoans

may be present, as well. Coliform bacteria are

indicators of potential public health risks and

not actual causes of disease.

A pathogen is a microbe that is actually known

to cause disease under the right conditions.

Two of the most common waterborne patho-

gens in the U.S. are the protozoans

Cryptosporidium parvum and Giardia lambia.

Cryptosporidium is a waterborne intestinal

parasite that infects cattle and domestic

animals and can be transmitted to humans,

causing life-threatening problems in people

with impaired immune systems (Xiao et al.,
2001). Giardia can cause intestinal problems in

humans and animals when ingested (Bagley et
al., 1998). To infect new hosts, protozoans

create hard casings known as oocysts

(Cryptosporidium) or cysts (Giardia) that are

shed in feces and travel through surface waters

in search of a new host.

4.8.1 Concentrations

Concentrations of fecal coliform bacteria in

urban stormwater typically exceed the 200

MPN/100 ml threshold set for human contact

recreation (USGS, 2001b). Bacteria concentra-

tions also tend to be highly variable from storm

to storm. For example, a national summary of

fecal coliform bacteria in stormwater runoff is

shown in Figure 35 and Table 36. The variabil-

ity in fecal coliform ranges from 10 to 500,000

MPN/100ml with a mean of 15,038 MPN/

100ml (Schueler, 1999). Another national

database of more than 1,600 stormwater events

computed a mean concentration of 20,000

Figure 35: Fecal Coliform Levels in Urban Stormwater ( Schueler, 1999)

Fecal Coliform Levels in Urban Stormwater:
A National Review

Stormwater runoff levels from 34 small catchments in
13 monitoring studies conducted:

AL, AZ, ID, KY, MD, NC, NH, NY, SD, TN, TX, WA, WI
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MPN/100ml for fecal coliform (Pitt, 1998).

Fecal streptococci concentrations for 17 urban

sites across the country had a mean of 35,351

MPN/100ml (Schueler, 1999).

Young and Thackston (1999) showed that

bacteria concentrations at four sites in metro

Nashville were directly related to watershed

IC. Increasing IC reflects the cumulative

increase in potential bacteria sources in the

urban landscape, such as failing septic systems,

sewage overflows, dogs, and inappropriate

discharges. Other studies show that concentra-

tions of bacteria are typically higher in urban

areas than rural areas (USGS, 1999a), but they

are not always directly related to IC. For

example, Hydroqual (1996) found that concen-

trations of fecal coliform in seven

subwatersheds of the Kensico watershed in

New York were generally higher for more

developed basins, but fecal coliform concentra-

tions did not directly increase with IC in the

developed basins (Figure 36).

There is some evidence that higher concentra-

tions of coliform are found in arid or semi-arid

watersheds. Monitoring data from semi-arid

regions in Austin, San Antonio, and Corpus

Christi, Texas averaged 61,000, 37,500 and

40,500 MPN/100ml, respectively (Baird et
al.,1996 and Chang et al. 1990). Schiff (1996),

in a report of Southern California NPDES

monitoring, found that median concentrations

of fecal coliform in San Diego were 50,000

MPN/100ml and averaged 130,000 MPN/

100ml in Los Angeles. In all of these arid and

semi-arid regions, concentrations were signifi-

cantly higher than the national average of

15,000 to 20,000 MPN/100ml.

Bacteria Type

EMCs
(MPN/100ml) Number of

Events
Source Location

Mean

Fecal Coliform

15,038 34 Schueler, 1999 U.S.

20,000 1600 Pitt, 1998 U.S.

7,653 27
Thomas and McClelland,

1995 GA

20,000 R*
 6900 C 
 9700 I

30* Baird et al., 1996 TX

77,970 21 watersheds Chang et al., 1990 TX

4,500 189 Varner, 1995 WA

23,500 3
Young and Thackston, 

1999 TN

Fecal Strep

35,351 17 Schueler, 1999 U.S.

28,864 R 27 Thomas and McClelland,
1995

GA

56,000 R *
18,000 C 
 6,100 I 

30* Baird et al., 1996 TX

N/R = Not Reported, R = Residential Area, C = Commercial Area, I = Industrial Area, * = Median

Bacteria Type

EMCs
(MPN/100ml) Number of

Events
Source Location

Mean

Fecal Coliform

15,038 34 Schueler, 1999 U.S.

20,000 1600 Pitt, 1998 U.S.

7,653 27
Thomas and McClelland,

1995 GA

20,000 R*
 6900 C 
 9700 I

30* Baird et al., 1996 TX

77,970 21 watersheds Chang et al., 1990 TX

4,500 189 Varner, 1995 WA

23,500 3
Young and Thackston, 

1999 TN

Fecal Strep

35,351 17 Schueler, 1999 U.S.

28,864 R 27 Thomas and McClelland,
1995

GA

56,000 R *
18,000 C 
 6,100 I 

30* Baird et al., 1996 TX

N/R = Not Reported, R = Residential Area, C = Commercial Area, I = Industrial Area, * = Median

Table 36: Bacteria EMCs in Urban Areas
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Concentrations of Cryptosporidium and

Giardia in urban stormwater are shown in

Table 37. States et al. (1997) found high

concentrations of Cryptosporidium and Giar-
dia in storm samples from a combined sewer in

Pittsburgh (geometric mean 2,013 oocysts/

100ml and 28,881 cysts/100ml). There is

evidence that urban stormwater runoff may

have higher concentrations of Cryptosporidium
and Giardia than other surface waters, as

reported in Table 38 (Stern, 1996). Both

pathogens were detected in about 50% of urban

stormwater samples, suggesting some concern

for drinking water supplies.

4.8.2 Impacts of Bacteria and
Pathogens on Streams

Fecal coliform bacteria indicate the potential

for harmful bacteria, viruses, or protozoans and

are used by health authorities to determine

public health risks. These standards were

established to protect human health based on

exposures to water during recreation and

drinking. Bacteria standards for various water

uses are presented in Table 39 and are all

easily exceeded by typical urban stormwater

concentrations. In fact, over 80,000 miles of

streams and rivers are currently in non-attain-

Pathogens Units 
EMCs Number

of Events
Source

Mean Median

Cryptosporidium oocysts 37.2 3.9 78 Stern, 1996

oocysts/100ml 2013 N/R N/R States et al., 1997

Giardia cysts 41.0 6.4 78 Stern, 1996

cysts/100ml 28,881 N/R N/R States et al., 1997

N/R= Not reported

Pathogens Units 
EMCs Number

of Events
Source

Mean Median

Cryptosporidium oocysts 37.2 3.9 78 Stern, 1996

oocysts/100ml 2013 N/R N/R States et al., 1997

Giardia cysts 41.0 6.4 78 Stern, 1996

cysts/100ml 28,881 N/R N/R States et al., 1997

N/R= Not reported

Table 37: Cryptosporidium and Giardia EMCs

Figure 36: Relationship Between IC and Fecal Coliform Concentrations in
New York Streams (Hydroqual, 1996)
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ment status because of high fecal coliform

levels (USEPA, 1998).

4.8.3 Sources and Source Areas of
Bacteria and Pathogens

Sources of coliform bacteria include waste

from humans and wildlife, including livestock

and pets. Essentially, any warm-blooded

species that is present in significant numbers in

a watershed is a potential culprit. Source

identification studies, using methods such as

DNA fingerprinting, have put the blame on

species such as rats in urban areas, ducks and

geese in stormwater ponds, livestock from

hobby farms, dogs and even raccoons

(Blankenship, 1996; Lim and Olivieri, 1982;

Pitt, 1998; Samadpour and Checkowitz, 1998).

Transport of bacteria takes place through direct

surface runoff, direct inputs to receiving

waters, or indirect secondary sources. Source

areas in the urban environment for direct

runoff include lawns and turf, driveways,

parking lots and streets. For example, dogs

have high concentrations of fecal coliform in

their feces and have a tendency to defecate in

close proximity to IC (Schueler, 1999).

Weiskel et al. (1996) found that direct inputs

of fecal coliform from waterfowl can be very

Source Water
Sampled 

Number of
Sources/

Number of
Samples

Percent Detection

Total
Giardia

Confirmed
Giardia

Total
Cryptosporidium 

Confirmed
Cryptosporidium

Wastewater
Effluent 8/147 41.5% 12.9% 15.7% 5.4%

Urban
Subwatershed 

5/78 41.0% 6.4% 37.2% 3.9%

Agricultural
Subwatershed 5/56 30.4% 3.6% 32.1% 3.6%

Undisturbed
Subwatershed 

5/73 26.0% 0.0% 9.6% 1.4%

Source Water
Sampled 

Number of
Sources/

Number of
Samples

Percent Detection

Total
Giardia

Confirmed
Giardia

Total
Cryptosporidium 

Confirmed
Cryptosporidium

Wastewater
Effluent 8/147 41.5% 12.9% 15.7% 5.4%

Urban
Subwatershed 

5/78 41.0% 6.4% 37.2% 3.9%

Agricultural
Subwatershed 5/56 30.4% 3.6% 32.1% 3.6%

Undisturbed
Subwatershed 

5/73 26.0% 0.0% 9.6% 1.4%

Water Use Microbial Indicator Typical Water Standard

Water Contact Recreation Fecal Coliform <200 MPN per 100ml

Drinking Water Supply Fecal Coliform <20 MPN per 100ml

Shellfish Harvesting Fecal Coliform <14 MPN/ 100ml

Treated Drinking Water Total Coliform
No more than 1% coliform positive

samples per month

Freshwater Swimming E.Coli <126 MPN per 100ml

Important Note: Individual state standards may employ different sampling methods, indicators, averaging periods,
averaging methods, instantaneous maximums and seasonal limits. MPN = most probable number. Higher or lower
limits may be prescribed for different water use classes. 

Table 39: Typical Coliform Standards for Different Water Uses (USEPA, 1998)

Table 38: Percent Detection of Giardia cysts and Cryptosporidium oocysts in
Subwatersheds and Wastewater Treatment Plant Effluent in the

New York City Water Supply Watersheds (Stern, 1996)
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important; these inputs accounted for as much

as 67% of the annual coliform load to Butter-

milk Bay, Massachusetts.

Indirect sources of bacteria include leaking

septic systems, illicit discharges, sanitary

sewer overflows (SSOs), and combined sewer

overflows (CSOs). These sources have the

potential to deliver high coliform concentra-

tions to urban streams. In fact, extremely high

bacteria concentrations are usually associated

with wastewater discharges. CSOs and SSOs

occur when the flow into the sewer exceeds the

capacity of the sewer lines to drain them. CSOs

result from stormwater flow in the lines, and

SSOs are a result of infiltration problems or

blockages in the lines.

Illicit connections from businesses and homes

to the storm drainage system can discharge

sewage or washwater into receiving waters.

Illicit discharges can often be identified by

baseflow sampling of storm sewer systems.

Leaking septic systems are estimated to

comprise between 10 and 40% of the systems,

and individual inspections are the best way to

determine failing systems (Schueler, 1999).

There is also evidence that coliform bacteria

can survive and reproduce in stream sediments

and storm sewers (Schueler, 1999). During a

storm event, they often become resuspended

and add to the in-stream bacteria load. Source

area studies reported that end of pipe concen-

trations were an order of magnitude higher

than any source area on the land surface;

therefore, it is likely that the storm sewer

system itself acts as a source of fecal coliform

(Bannerman et al., 1993 and Steuer et al.,
1997). Resuspension of fecal coliform from

fine stream sediments during storm events has

been reported in New Mexico (NMSWQB,

1999). The sediments in-stream and in the

storm sewer system  may be significant

contributors to the fecal coliform load.

Sources of Cryptosporidium and Giardia
include human sewage and animal feces.

Cryptosporidium is commonly found in cattle,

dogs and geese. Graczyk et al. (1998) found

that migrating Canada geese were a vector for

Cryptosporidium and Giardia, which has

implications for water quality in urban ponds

that support large populations of geese.
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4.9 Organic Carbon

Total organic carbon (TOC) is often used as an

indicator of the amount of organic matter in a

water sample. Typically, the more organic

matter present in water, the more oxygen

consumed, since oxygen is used by bacteria in

the decomposition process. Adequate levels of

dissolved oxygen in streams and receiving

waters are important because they are critical

to maintain aquatic life. Organic carbon is

routinely found in urban stormwater, and high

concentrations can result in an increase in

Biochemical Oxygen Demand (BOD) and

Chemical Oxygen Demand (COD). BOD and

COD are measures of the oxygen demand

caused by the decay of organic matter.

4.9.1 Concentrations

Urban stormwater has a significant ability to

exert a high oxygen demand on a stream or

receiving water, even two to three weeks after

an individual storm event (Field and Pitt,

1990). Average concentrations of TOC, BOD

and COD in urban stormwater are presented in

Table 40. Mean concentrations of TOC, BOD

and COD during storm events in nationwide

studies were 17 mg/l, 14.1 mg/l and 52.8 mg/l,

respectively (Kitchell, 2001 and Smullen and

Cave,1998).

4.9.2 Impacts of Organic
Carbon on Streams

TOC is primarily a concern for aquatic life

because of its link to oxygen demand in

streams, rivers, lakes and estuaries. The initial

effect of increased concentrations of TOC,

BOD or COD in stormwater runoff may be a

depression in oxygen levels, which may persist

for many days after a storm, as deposited

organic matter gradually decomposes (Field

and Pitt, 1990).

TOC is also a concern for drinking water

quality. Organic carbon reacts with chlorine

during the drinking water disinfection process

and forms trihalomethanes and other disinfec-

tion by-products, which can be a serious

drinking water quality problem (Water, 1999).

TOC concentrations greater than 2 mg/l in

treated water and 4 mg/l in source water can

result in unacceptably high levels of disinfec-

tion byproducts and must be treated to reduce

TOC or remove the disinfection byproducts

(USEPA, 1998). TOC can also be a carrier for

other pollutants, such as trace metals, hydro-

carbons and nutrients.

4.9.3 Sources and Source Areas of
Total Organic Carbon

The primary sources of TOC in urban areas

appear to be decaying leaves and other organic

matter, sediment and combustion by-products.

Source areas include curbs, storm drains,

streets and stream channels. Dartiguenave et
al. (1997) determined that about half of the

annual TOC load in urban watersheds of

Austin, TX was derived from the eroding

streambanks.

Organic Carbon Source
EMCs (mg/l) Number of

Events
Source

Mean Median

Total Organic Carbon (TOC)
32.0 N/R 423 Barrett and Malina, 1998

17 15.2 19 studies Kitchell, 2001

Biological Oxygen Demand (BOD)
14.1 11.5 1035 Smullen and Cave, 1998

10.4 8.4 474 USEPA, 1983

Chemical Oxygen Demand (COD)
52.8 44.7 2639 Smullen and Cave, 1998

66.1 55 1538 USEPA, 1983

N/R = Not Reported

Organic Carbon Source
EMCs (mg/l) Number of

Events
Source

Mean Median

Total Organic Carbon (TOC)
32.0 N/R 423 Barrett and Malina, 1998

17 15.2 19 studies Kitchell, 2001

Biological Oxygen Demand (BOD)
14.1 11.5 1035 Smullen and Cave, 1998

10.4 8.4 474 USEPA, 1983

Chemical Oxygen Demand (COD)
52.8 44.7 2639 Smullen and Cave, 1998

66.1 55 1538 USEPA, 1983

N/R = Not Reported

Table 40: EMCs for Organic Carbon in Urban Areas
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4.10 MTBE

Methyl tertiary butyl-ether (MTBE) is a

volatile organic compound (VOC) that is

added to gasoline to increase oxygen levels,

which helps gas burn cleaner (called an

oxygenate). MTBE has been used as a perfor-

mance fuel additive since the 1970s. In 1990,

the use of oxygenates was mandated by federal

law and concentrations of MTBE in gasoline

increased. Today, MTBE is primarily used in

large metropolitan areas that experience air

pollution problems. Since 1990, MTBE has

been detected at increasing levels in both

surface water and groundwater and is one of

the most frequently detected VOCs in urban

watersheds (USGS, 2001a). EPA has declared

MTBE to be a potential human carcinogen at

high doses. In March 2000, a decision was

made by EPA to follow California’s lead to

significantly reduce or eliminate the use of

MTBE in gasoline.

4.10.1 Concentrations

MTBE is highly soluble in water and therefore

not easily removed once it enters surface or

ground water. Delzer (1999) detected the

presence of MTBE in 27% of the shallow wells

monitored in eight urban areas across the

country (Figure 37). Detection frequency was

significantly higher in New England and

Denver, as shown in Table 41. In a second

study conducted in 16 metropolitan areas,

Delzer (1999) found that 83% of MTBE

detections occurred between October and

March, the time when MTBE is primarily used

as a fuel additive. The median MTBE concen-

tration was 1.5 ppb, well below EPA’s draft

advisory level of 20 ppb (Delzer, 1996).

4.10.2 Impacts of MTBE on Streams

The primary concerns regarding MTBE are

that it is a known carcinogen to small mam-

mals, a suspected human carcinogen at higher

Figure 37: MTBE Concentrations in Surface Water from Eight Cities (Delzer, 1996)

Location Detection
Frequency

Source Year

211 shallow wells in
eight urban areas

27% Delzer 1999

Surface water
samples in 16
metro areas

7% Delzer 1996

Table 41: MTBE Detection Frequency
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doses and may possibly be toxic to aquatic life

in small streams (Delzer, 1996). MTBE can

also cause taste and odor problems in drinking

water at fairly low concentrations. EPA issued

a Drinking Water Advisory in 1997 that

indicated that MTBE concentrations less than

20 ppb should not cause taste and odor prob-

lems for drinking water. However, the Asso-

ciation of California Water Agencies reports

that some consumers can detect MTBE at

levels as low as 2.5 ppb (ACWA, 2000).

Because MTBE is frequently found in ground-

water wells, it is thought to be a potential

threat to drinking water (Delzer, 1999). For

example, Santa Monica, California reportedly

lost half of its groundwater drinking water

supply due to MTBE contamination (Bay and

Brown, 2000). MTBE has also been detected in

human blood, especially in people frequently

exposed to gasoline, such as gas station

attendants (Squillace et al., 1995).

4.10.3  Sources and Source
Areas of MTBE

Since MTBE is a gasoline additive, its poten-

tial sources include any area that produces,

transports, stores, or dispenses gasoline,

particularly areas that are vulnerable to leaks

and spills. Leaking underground storage tanks

are usually associated with the highest MTBE

concentrations in groundwater wells (Delzer,

1999). Vehicle emissions are also an important

source of MTBE. Elevated levels are fre-

quently observed along road corridors and

drainage ditches. Once emitted, MTBE can

travel in stormwater runoff or groundwater.

Main source areas include heavily used multi-

lane highways. Gas stations may also be a

hotspot source area for MTBE contamination.

Another potential source of MTBE is water-

craft, since two cycle engines can discharge as

much as 20 to 30% of their fuel through the

exhaust (Boughton and Lico, 1998). MTBE

concentrations are clearly associated with

increased use of gas engines, and there is

concern that MTBE is an increasing compo-

nent of atmospheric deposition (Boughton and

Lico, 1998 and UC Davis, 1998).
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4.11 Pesticides

Pesticides are used in the urban environment to

control weeds, insects and other organisms that

are considered pests. EPA estimates that nearly

70 million pounds of active pesticide ingredi-

ents are applied to urban lawns each year as

herbicides or insecticides. Herbicides are used

on urban lawns to target annual and perennial

broadleaf weeds, while insecticides are used to

control insects. Many types of pesticides are

available for use in urban areas. Immerman

and Drummond (1985) report that 338 differ-

ent active ingredients are applied to lawns and

gardens nationally. Each pesticide varies in

mobility, persistence and potential aquatic

impact. At high levels, many pesticides have

been found to have adverse effects on ecologi-

cal and human health. Several recent research

studies by the USGS have shown that insecti-

cides are detected with the greatest frequency

in urban streams, and that pesticide detection

frequency increases in proportion to the

percentage of urban land in a watershed

(Ferrari et al., 1997; USGS, 1998, 1999a-b,

2001b). A national assessment by the USGS

Pollutant Detection
Frequency

Median
Concentration (Fg/l)

Number of
Samples 

Source

Insecticides

Diazinon

75% 0.025 326 USGS, 1998b

92% 0.55 76 Brush et al., 1995

17% 0.002
1795

 Ferrari et al., 1997

Chlorpyrifos
41% Non Detect 327 USGS, 1998b

14% 0.004 1218 Brush et al., 1995

Carbaryl 46% Non Detect 327 USGS, 1998b

22% 0.003 1128  Ferrari et al., 1997

Herbicides

Atrazine
86% 0.023 327 USGS, 1998b

72% 0.099 2076  Ferrari et al., 1997

Prometon
84% 0.031 327 USGS, 1998b

56% 0.029 1531  Ferrari et al., 1997

Simazine
88% 0.039 327 USGS, 1998b

17% 0.046 1995  Ferrari et al., 1997

2,4 -D 67% 1.1 11 Dindorf, 1992

17% 0.035 786  Ferrari et al., 1997

Dicamba 22% 1.8 4 Dindorf, 1992

MCPP 56% 1.8 10 Dindorf, 1992

MCPA 28% 1.0 5 Dindorf, 1992

Pollutant Detection
Frequency

Median
Concentration (Fg/l)

Number of
Samples 

Source

Insecticides

Diazinon

75% 0.025 326 USGS, 1998b

92% 0.55 76 Brush et al., 1995

17% 0.002
1795

 Ferrari et al., 1997

Chlorpyrifos
41% Non Detect 327 USGS, 1998b

14% 0.004 1218 Brush et al., 1995

Carbaryl 46% Non Detect 327 USGS, 1998b

22% 0.003 1128  Ferrari et al., 1997

Herbicides

Atrazine
86% 0.023 327 USGS, 1998b

72% 0.099 2076  Ferrari et al., 1997

Prometon
84% 0.031 327 USGS, 1998b

56% 0.029 1531  Ferrari et al., 1997

Simazine
88% 0.039 327 USGS, 1998b

17% 0.046 1995  Ferrari et al., 1997

2,4 -D 67% 1.1 11 Dindorf, 1992

17% 0.035 786  Ferrari et al., 1997

Dicamba 22% 1.8 4 Dindorf, 1992

MCPP 56% 1.8 10 Dindorf, 1992

MCPA 28% 1.0 5 Dindorf, 1992

Table 42: Median Concentrations and Detection Frequency of Herbicides and
Insecticides in Urban Streams
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(2001a) also indicates that insecticides are

usually detected at higher concentrations in

urban streams than in agricultural streams.

4.11.1 Concentrations

Median concentrations and detection frequency

for common pesticides are shown in Table 42.

Herbicides that are frequently detected in

urban streams include atrazine; simazine;

prometon; 2,4-D; dicamba; MCPP; and

MCPA. Insecticides are also frequently en-

countered in urban streams,  including

diazinon, chlorpyrifos, malathion, and car-

baryl. A USGS (1996) study monitored 16

sites in Gills Creek in Columbia, South Caro-

lina over four days. This study reported that

pesticide detection frequency increased as

percent urban land increased.

Wotzka et al. (1994) monitored herbicide

levels in an urban stream in Minneapolis,

Minnesota during more than 40 storms. They

found herbicides, such as 2,4-D; dicamba;

MCPP; and MCPA in 85% of storm runoff

events sampled. Total herbicide EMCs ranged

from less than one to 70 µg/l. Ferrari et al.
(1997) analyzed 463 streams in the mid-

Atlantic region for the presence of 127 pesti-

cide compounds. At least one pesticide was

detected at more than 90% of the streams

sampled.

Diazinon is one of the most commonly de-

tected insecticides in urban stormwater runoff

and dry weather flow. Diazinon was detected

in 75% of National  Water Quality Assessment

(NAWQA) samples, 92% of stormflow

samples from Texas, and 100% of urban

stormflow samples in King County, Washing-

ton (Brush et al., 1995 and USGS, 1999b).

Diazinon is most frequently measured at

concentrations greater than freshwater aquatic

life criteria in urban stormwater (USGS,

1999a). USGS reports that diazinon concentra-

tions were generally higher during urban

stormflow (Ferrari et al., 1997).

4.11.2 Impacts of Pesticides
on Streams

Many pesticides are known or suspected

carcinogens and can be toxic to humans and

aquatic species. However, many of the known

health effects require exposure to higher

concentrations than typically found in the

environment, while the health effects of

chronic exposure to low levels are generally

unknown (Ferrari et al., 1997).

Studies that document the toxicity of insecti-

cides and herbicides in urban stormwater have

been focused largely on diazinon. Diazinon is

responsible for the majority of acute toxicity in

stormwater in Alameda County, California and

King County, Washington (S.R. Hansen &

Associates, 1995). Concentrations of diazinon

in King County stormwater frequently exceed

the freshwater aquatic life criteria (Figure 38).

Similarly, research on Sacramento, California

streams revealed acute toxicity for diazinon in

100% of stormwater samples using

Ceriodaphnia as the test organism (Connor,

1995). Diazinon has a half-life of 42 days and

is very soluble in water, which may explain its

detection frequency and persistence in urban

stormwater. Diazinon is also reported to attach

fairly readily to organic carbon; consequently,

it is likely re-suspended during storm events.

Insecticide concentrations exceeding acute and

chronic toxicity thresholds for test organisms

such as Ceriodaphnia have frequently been

found in urban stormwater in New York,

Texas, California, and Washington (Scanlin

and Feng, 1997; Brush et al., 1995; USGS,

1999b). The possibility exists that pesticides

could have impacts on larger bodies of water,

but there is a paucity of data on the subject at

this time.
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4.11.3 Sources and Source
Areas of Pesticides

Sources for pesticides in urban areas include

applications by homeowners, landscaping

contractors and road maintenance crews.

Source areas for pesticides in urban areas

include lawns in residential areas; managed

turf, such as golf courses, parks, and ball

fields; and rights-of-way in nonresidential

areas. Storage areas, which are subject to spills

and leaks, can also be a source area. A study in

San Francisco was able to trace high diazinon

concentrations in some streams back to just a

few households which had applied the

pesticide at high levels (Scanlin and Feng,

1997). Two herbicides, simazine and atra-

zine, were detected in over 60% of samples

in King County, WA stormwater but were

not identified as being sold in retail stores. It

is likely these herbicides are applied to

nonresidential areas such as rights-of-way,

parks and recreational areas (USGS, 1999b).

Because pesticides are typically applied to

turf, IC is not a direct indicator for pesticide

concentrations, although they can drift onto

paved surfaces and end up in stormwater

runoff.

Figure 38: Concentrations of Pesticides in Stormwater in King County, WA
(S.R. Hansen & Associates, 1995 and USGS, 1999b)
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4.12 Deicers

Deicers are substances used to melt snow and

ice to keep roads and walking areas safe. The

most commonly used deicer is sodium chlo-

ride, although it may also be blended with

calcium chloride or magnesium chloride. Other

less frequently used deicers include urea and

glycol, which are primarily used at airports to

deice planes. Table 43 summarizes the compo-

sition, use and water quality effects of common

deicers.

Chlorides are frequently found in snowmelt

and stormwater runoff in most regions that

experience snow and ice in the winter months

(Oberts, 1994 and Sherman, 1998). Figure 39

shows that the application of deicer salts has

increased since 1940 from 200,000 tons to 10

to 20 million tons per year in recent years (Salt

Institute, 2001). Several U.S. and Canadian

studies indicate severe inputs of road salts on

water quality and aquatic life (Environment

Canada, 2001 and Novotny et al., 1999).

Figure 39: U.S. Highway Salt Usage Data (Salt Institute, 2001)

Deicer Description Use Water Quality Effect

Chlorides 

Chloride based
deicer usually

combined with Na,
Ca or Mg 

Road Deicer and
Residential Use

Cl complexes can release heavy
metals, affect soil permeability,
impacts to drinking water, potential
toxic effects to small streams

Urea Nitrogen-based
fertilizer product

Used as
alternative to

glycol

Increased nitrogen in water and
potential toxicity to organisms 

Ethylene
Glycol

Petroleum based
organic compounds,
similar to antifreeze

Used at airports
for deicing planes

Toxicity effects, high BOD and COD,
hazardous air pollutant 

Ta Table 43:  Use and Water Quality Effect of Snowmelt Deicers
(Ohrel, 1995;  Sills and Blakeslee, 1992)
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Form of
Runoff

EMCs (mg/l) Number of
Events

Sources Location
Mean

Snowmelt

116* 49  Oberts, 1994 MN

2119 N/R  Sherman, 1998 Ontario

1267 R
474 U

N/R Novotny et al., 1999 NY

1612 N/R
Masterson and Bannerman,

1994 WI

397 282 Environment Canada, 2001
Ontario,
Canada

Non-
winter
Storm
Event

42 61 Brush et al., 1995 TX

45 N/R Sherman, 1998 Ontario

40.5 N/R
Masterson and Bannerman,

1994 WI

N/R = Not Reported, R = residential, U = urban, * = Median

Form of
Runoff

EMCs (mg/l) Number of
Events

Sources Location
Mean

Snowmelt

116* 49  Oberts, 1994 MN

2119 N/R  Sherman, 1998 Ontario

1267 R
474 U

N/R Novotny et al., 1999 NY

1612 N/R
Masterson and Bannerman,

1994 WI

397 282 Environment Canada, 2001
Ontario,
Canada

Non-
winter
Storm
Event

42 61 Brush et al., 1995 TX

45 N/R Sherman, 1998 Ontario

40.5 N/R
Masterson and Bannerman,

1994 WI

N/R = Not Reported, R = residential, U = urban, * = Median

4.12.1 Concentrations

Chloride concentrations in snowmelt runoff

depend on the amount applied and the dilution

in the receiving waters. Data for snowmelt and

stormwater runoff from several studies are

presented in Table 44. For example, chloride

concentrations in Lincoln Creek in Wisconsin

were 1,612 mg/l in winter snowmelt runoff, as

compared to 40 mg/l in non-winter runoff

(Novotny et al., 1999 and Masterson and

Bannerman, 1994). Chloride concentrations in

the range of 2,000 to 5,000 mg/l have been

reported for Canadian streams (Environment

Canada, 2001). Novotny et al. (1999) moni-

tored chloride concentrations in snowmelt near

Syracuse, New York and found that residential

watersheds had  higher chloride concentrations

than rural watersheds.

Concentrations of glycol in stormwater runoff

are also highly variable and depend on the

amount of deicer used, the presence of a

recovery system, and the nature of the precipi-

tation event. Corsi et al. (2001) monitored

streams receiving stormwater runoff from a

Wisconsin airport. They found concentrations

of propylene glycol as high as 39,000 mg/l at

airport outfall sites during deicing operations

and concentrations of up to 960 mg/l during

low-flow sampling at an airport outfall site.

4.12.2 Impacts of Deicers
on Streams

Chloride levels can harm aquatic and terrestrial

life and contaminate groundwater and drinking

water supplies (Ohrel, 1995). Generally,

chloride becomes toxic to many organisms

when it reaches concentrations of 500 to1,000

mg/l (Environment Canada, 2001). These

concentrations are common in small streams in

snow regions, at least for short periods of time.

Many plant species are relatively intolerant to

high salt levels in wetland swales and roadside

corridors. Fish are also negatively affected by

high chloride concentrations, with sensitivity

as low as 600 mg/l for some species (Scott and

Wylie, 1980).

Table 45 compares the maximum chloride

concentrations for various water uses in eight

states (USEPA, 1988). Snowmelt chloride

concentrations typically exceed these levels.

Table 44: EMCs for Chloride in Snowmelt and Stormwater Runoff in Urban Areas in
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Chloride is a concern in surface drinking water

systems because it can interfere with some of

the treatment processes and can cause taste

problems at concentrations as low as 250 mg/l.

Chloride is also extremely difficult to remove

once it enters the water.

Glycol-based deicers have been shown to be

highly toxic at relatively low concentrations in

streams receiving airport runoff. These deicers

contain many proprietary agents, which may

increase their toxicity and also make it very

difficult to set standards for their use (Hartwell

et al., 1995). Corsi et al. (2001) observed acute

toxicity of Ceriodaphnia dubia, Pimephelas
promelax, Hyalela azteca, and Chironimus
tentans in Wisconsin streams that experienced

propylene glycol concentrations of 5,000 mg/l

or more. Chronic toxicity was observed for

Ceriodaphnia dubia and Pimephelas promelax
at propylene glycol concentrations of 1,500

mg/l in the same study. In addition, glycol

exerts an extremely high BOD on receiving

waters, which can quickly reduce or eliminate

dissolved oxygen. Glycol can also be toxic to

small animals that are attracted by its sweet

taste (Novotny et al., 1999).

As with many urban pollutants, the effects of

chloride can be diluted in larger waterbodies.

In general, small streams are more likely to

experience chloride effects, compared to

rivers, which have a greater dilution ability.

4.12.3 Sources and Source
Areas of Deicers

The main sources for deicers in urban water-

sheds include highway maintenance crews,

airport deicing operations, and homeowner

applications. Direct road application is the

largest source of chloride, by far. Source areas

include roads, parking lots, sidewalks, storm

drains, airport runways, and snow collection

areas. Because deicers are applied to paved

surfaces, the primary means of transport to

streams is through stormwater and meltwater

runoff. Therefore, concentrations of deicer

compounds are typically associated with

factors such as road density or traffic patterns.

State Limiting Concentration (mg/l) Beneficial Use

CO 250* Drinking water

IL
500 General water supply

250 Drinking water

IN 500 Drinking water

MA 250 Class A waters

MN
250 Drinking water

500 Class A fishing and recreation

OH 250 Drinking water

SD
250 Drinking water

100 Fish propagation

VA 250 Drinking water

* Monthly average

State Limiting Concentration (mg/l) Beneficial Use

CO 250* Drinking water

IL
500 General water supply

250 Drinking water

IN 500 Drinking water

MA 250 Class A waters

MN
250 Drinking water

500 Class A fishing and recreation

OH 250 Drinking water

SD
250 Drinking water

100 Fish propagation

VA 250 Drinking water

* Monthly average

Table 45: Summary of State Standards for Salinity of Receiving Waters (USEPA, 1988)
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4.13 Conclusion

IC collects and accumulates pollutants depos-

ited from the atmosphere, leaked from ve-

hicles, or derived from other sources. The

pollutants build up over time but are washed

off quickly during storms and are often effi-

ciently delivered to downstream waters. This

can create water quality problems for down-

stream rivers, lakes and estuaries.

As a result of local and national monitoring

efforts, we now have a much better under-

standing of the nature and impacts of stormwa-

ter pollution. The typical sample of urban

stormwater is characterized by high levels of

many common pollutants such as sediment,

nutrients, metals, organic carbon, hydrocar-

bons, pesticides, and fecal coliform bacteria.

Other pollutants that have more recently

become a concern in urban areas include

MTBE, deicers, and the pathogens

Cryptosporidium and Giardia. Concentrations

of most stormwater pollutants can be charac-

terized, over the long run, by event mean storm

concentrations. Monitoring techniques have

also allowed researchers to identify source

areas for pollutants in the urban environment,

including stormwater hotspots, which generate

higher pollutant loads than normal develop-

ment.

In general, most monitoring data shows that

mean pollutant storm concentrations are higher

in urban watersheds than in non-urban ones.

For many urban pollutants, EMCs can be used

to predict stormwater pollutant loads for urban

watersheds, using IC as the key predictive

variable. While a direct relationship between

IC and pollutant concentrations does not

usually exist, IC directly influences the volume

of stormwater and hence, the total load. A few

exceptions are worth noting. MTBE, deicers,

and PAH appear to be related more to traffic or

road density than IC. Additionally, MTBE and

PAH concentrations may be greater at hotspot

source areas, which are not always widely or

uniformly distributed across a watershed.

Pesticides, bacteria and pathogens are often

associated with turf areas rather than IC.

Bacteria and pathogen sources also include

direct inputs from wildlife and inappropriate

sewage discharges that are not uniformly

distributed across a watershed and are not

directly related to IC.

Further research into the relationship between

stormwater pollutant loads and other watershed

indicators may be helpful. For example, it

would be interesting to see if turf cover is a

good indicator of stream quality for impacted

streams. Other important watershed indicators

worth studying are the influence of watershed

treatment practices, such as stormwater

practices and stream buffers.

The direct effects of stormwater pollutants on

aquatic systems appears to be a function of the

size of the receiving water and the initial health

of the aquatic community. For example, a

small urban stream receiving high stormwater

pollutant concentrations would be more likely

to experience impacts than a large river, which

is diluted by other land uses. Likewise, organ-

isms in sensitive streams should be more

susceptible to stormwater pollutants than

pollution-tolerant organisms found in non-

supporting streams.

Overall, the following conclusions can be

made:

• Sediment, nutrient and trace metal loads in

stormwater runoff can be predicted as a

function of IC, although concentrations are

not tightly correlated with watershed IC.

• Violations of bacteria standards are

indirectly associated with watershed IC.

• It is not clear whether loads of hydrocar-

bons, pesticides or chlorides can be

predicted on the basis of IC at the small

watershed level.

• More research needs to be conducted to

evaluate the usefulness of other watershed

indicators to predict stormwater pollutant

loads. For example, traffic, road density or

hotspots may be useful in predicting

MTBE, deicer and hydrocarbon loads.

Also, watershed turf cover may be useful

in predicting pesticide and bacterial loads.
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• Most research on pollutants in stormwater

runoff has been conducted at the small

watershed level. Additional research is

needed to evaluate the impact of watershed

treatment, such as stormwater and buffer

practices to determine the degree to which

these may change stormwater concentra-

tions or loads.

• Regional differences are evident for many

stormwater pollutants, and these appear to

be  caused by either differences in rainfall

frequency or snowmelt.
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Chapter 5: Biological Impacts of
Impervious Cover

This chapter reviews research on the impact of

urbanization on the aquatic community,

focusing on aquatic insects, fish, amphibians,

freshwater mussels, and freshwater wetlands.

Specifically, the relationship between the

health of the aquatic community and the

amount of watershed IC is analyzed within the

context of the Impervious Cover Model (ICM).

The chapter is organized as follows:

5.1 Introduction

5.2 Indicators and General Trends

5.3 Effects on Aquatic Insect1  Diversity

5.4 Effects on Fish Diversity

5.5 Effects on Amphibian Diversity

5.6 Effects on Wetland Diversity

5.7 Effects  on Freshwater Mussel

Diversity

5.8 Conclusion

5.1 Introduction

A number of studies, crossing different

ecoregions and utilizing various techniques,

have examined the link between watershed

urbanization and its impact on stream and

wetland biodiversity. These studies reveal that

a relatively small amount of urbanization has a

negative effect on aquatic diversity, and that as

watersheds become highly urban, aquatic

diversity becomes extremely degraded. As

documented in prior chapters, hydrologic,

physical, and water quality changes caused by

watershed urbanization all stress the aquatic

community and collectively diminish the

quality and quantity of available habitat. As a

result, these stressors generally cause a decline

in biological diversity, a change in trophic

structure, and a shift towards more pollution-

tolerant organisms.

Many different habitat conditions are critical

for supporting diverse aquatic ecosystems. For

example, streambed substrates are vulnerable

to deposition of fine sediments, which affects

spawning, egg incubation and fry-rearing.

Many aquatic insect species shelter in the large

pore spaces among cobbles and boulders,

particularly within riffles. When fine sediment

fills these pore spaces, it reduces the quality

and quantity of available habitat. The aquatic

insect community is typically the base of the

food chain in streams, helps break down

organic matter and serves as a food source for

juvenile fish.

Large woody debris (LWD) plays a critical

role in the habitat of many aquatic insects and

fish. For example, Bisson et al. (1988) contend

that no other structural component is more

important to salmon habitat than LWD,

especially in the case of juvenile coho salmon.

Loss of LWD due to the removal of stream

side vegetation can significantly hinder the

survival of more sensitive aquatic species.

Since LWD creates different habitat types, its

quality and quantity have been linked to

salmonid rearing habitat and the ability of

multiple fish species to coexist in streams.

The number of stream crossings (e.g., roads,

sewers and pipelines) has been reported to

increase directly in proportion to IC (May et
al., 1997). Such crossings can become partial

or total barriers to upstream fish migration,

particularly if the stream bed downcuts below

the fixed elevation of a culvert or pipeline.

Fish barriers can prevent migration and

recolonization of aquatic life in many urban

streams.

Urbanization can also increase pollutant levels

and stream temperatures. In particular, trace

metals and pesticides often bind to sediment

particles and may enter the food chain, particu-

larly by  aquatic insects that collect and filter

particles. While in-stream data is rare, some

data are available for ponds. A study of trace

1Throughout this chapter, the term “aquatic insects” is used rather than the more cumbersome but technically correct
“benthic macroinvertebrates.”
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Stream Change Effects on Organisms

Increased flow
volumes/ Channel
forming storms

Alterations in habitat complexity
Changes in availability of food organisms, related to timing of
emergence and recovery after disturbance
Reduced prey diversity
Scour-related mortality
Long-term depletion of LWD
Accelerated streambank erosion

Decreased base flows
Crowding and increased competition for foraging sites
Increased vulnerability to predation
Increased fine sediment deposition

Increase in sediment
transport 

Reduced survival of eggs and alevins, loss of habitat due to
deposition
Siltation of pool areas, reduced macroinvertebrate
reproduction

Loss of pools and riffles Shift in the balance of species due to habitat change
Loss of deep water cover and feeding areas

Changes in substrate
composition

Reduced survival of eggs
Loss of inter-gravel fry refugial spaces
Reduced aquatic insect production

Loss of LWD

Loss of cover from predators and high flows
Reduced sediment and organic matter storage
Reduced pool formation and organic substrate for aquatic
insects

Increase in
temperature

Changes in migration patterns
Increased metabolic activity, increased disease and parasite
susceptibility
 Increased mortality of sensitive fish

Creation of fish
blockages

Loss of spawning habitat for adults
Inability to reach overwintering sites
Loss of summer rearing habitat,
Increased vulnerability to predation

Loss of vegetative
rooting systems 

Decreased channel stability
Loss of undercut banks
Reduced streambank integrity 

Channel straightening
or hardening

Increased stream scour
Loss of habitat complexity 

Reduction in water
quality

Reduced survival of eggs and alevins
Acute and chronic toxicity to juveniles and adult fish
Increased physiological stress

Increase in turbidity
Reduced survival of eggs
Reduced plant productivity
Physiological stress on aquatic organisms

Algae blooms
Oxygen depletion due to algal blooms, increased
eutrophication rate of standing waters

metal bioaccumulation of three fish species

found in central Florida stormwater ponds

discovered that trace metal levels were signifi-

cantly higher in urban ponds than in non-urban

control ponds, often by a factor of five to 10

(Campbell, 1995; see also Karouna-Renier,

1995). Although typical stormwater pollutants

are rarely acutely toxic to fish, the cumulative

effects of sublethal pollutant exposure may

influence the stream community (Chapter 4).

Table 46 summarizes some of the numerous

changes to streams caused by urbanization that

have the potential to alter aquatic biodiversity.

For a comprehensive review of the impacts of

urbanization on stream habitat and

biodiversity, the reader should consult Wood

and Armitage (1997) and Hart and Finelli

(1999).

Table 46: Review of Stressors to Urban Streams and Effects on Aquatic Life
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5.2 Indicators and
General Trends

Stream indicators are used to gauge aquatic

health in particular watersheds. The two main

categories of stream indicators are biotic and

development indices. Biotic indices use

stream diversity as the benchmark for aquatic

health and use measures, such as species

abundance, taxa richness, EPT Index, native

species, presence of pollution-tolerant species,

dominance, functional feeding group compari-

sons, or proportion with disease or anomalies.

Development indices evaluate the relationship

between the degree of watershed urbanization

and scores for the biotic indices. Common

development indices include watershed IC,

housing density, population density, and

percent urban land use.

5.2.1 Biological Indicators

Biotic indices are frequently used to measure

the health of the aquatic insect or fish commu-

nity in urban streams. Because many aquatic

insects have limited migration patterns or a

sessile mode of life, they are particularly well-

suited to assess stream impacts over time.

Aquatic insects integrate the effects of short-

term environmental variations, as most species

have a complex but short life cycle of a year or

less. Sensitive life stages respond quickly to

environmental stressors, but the overall

community responds more slowly. Aquatic

insect communities are comprised of a broad

range of species, trophic levels and pollution

tolerances, thus providing strong information

for interpreting cumulative effects. Unlike fish,

aquatic insects are abundant in most small, first

and second order streams. Individuals are

relatively easy to identify to family level, and

many “intolerant” taxa can be identified to

lower taxonomic levels with ease.

Fish are good stream indicators over longer

time periods and broad habitat conditions

because they are relatively long-lived and

mobile. Fish communities generally include a

range of species that represents a variety of

trophic levels (omnivores, herbivores, insecti-

vores, planktivores, and piscivores). Fish tend

to integrate the effects of lower trophic levels;

thus, their community structure reflects the

prevailing food sources and habitat conditions.

Fish are relatively easy to collect and identify

to the species level. Most specimens can be

sorted and identified in the field by experi-

enced fisheries scientists and subsequently

released unharmed.

A review of the literature indicates that a wide

variety of metrics are used to measure the

aquatic insect and fish community. Community

indices, such as the Index of Biotic Integrity

(IBI) for fish and the Benthic Index of Biotic

Integrity (B-IBI) for the aquatic insect commu-

nity are a weighted combination of various

metrics that typically characterize the commu-

nity from “excellent” to “poor.” Common

metrics of aquatic community are often based

on a composite of measures, such as species

richness, abundance, tolerance, trophic status,

and native status. Combined indices (C-IBI)

measure both fish and aquatic insect metrics

and a variety of physical habitat conditions to

classify streams. Table 47 lists several com-

mon metrics used in stream assessments. It

should be clearly noted that community and

combined indices rely on different measure-

ments and cannot be directly compared. For a

comprehensive review of aquatic community

indicators, see Barbour et al.(1999).

5.2.2 Watershed Development
Indices

Watershed IC, housing density, population

density, and percent urban land have all been

used as indices of the degree of watershed

development. In addition, reverse indicators

such as percent forest cover and riparian

continuity have also been used. The majority

of studies so far have used IC to explore the

relationship between urbanization and aquatic

diversity. Percent urban land has been the

second most frequently used indicator to

describe the impact of watershed development.

Table 48 compares the four watershed devel-

opment indices and the thresholds where

significant impacts to aquatic life are typically

observed.
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Measurement Applied to: Definition of Measurement

Abundance Fish, Aquatic Insects
Total number of individuals in a sample; sometimes modified to exclude
tolerant species.

 Taxa Richness Fish, Aquatic Insects
Total number of unique taxa identified in a sample. Typically, an
increase in taxa diversity indicates better water and habitat quality. 

EPT Index Aquatic Insects

Taxa belonging to the following three groups: Ephemeroptera (mayflies),
Plecoptera (stoneflies), Trichoptera (caddisflies). Typically, species in
these orders are considered to be pollution-intolerant taxa and are
generally the first to disappear with stream quality degradation. 

Native Status Fish Native vs. non-native taxa in the community.

Specific Habitat
Fish

Riffle benthic insectivorous individuals. Total number of benthic
insectivores. Often these types of individuals, such as darters, sculpins,
and dace are found in high velocity riffles and runs and are sensitive to
physical habitat degradation.  

Minnow species Total number of minnow species present. Often used as
an indicator of pool habitat quality.  Includes all species present in the
family Cyprinidae, such as daces, minnows, shiners, stonerollers, and
chubs. 

Tolerant Species Fish, Aquatic Insects

The total number of species sensitive to and the number tolerant of
degraded conditions. Typically, intolerant species decline with
decreasing water quality and stream habitat.  A common high pollution-
tolerant species that is frequently used is Chironomids.

Dominance Fish, Aquatic Insects
The proportion of individuals at each station from the single most
abundant taxa at that particular station. Typically, a community
dominated by a single taxa may be indicative of stream degradation.

Functional
Feeding Group
Comparisons

Fish

Omnivores/ Generalists: The proportion of  individuals characterized as
omnivores or generalists to the total number of individuals. Typically,
there is a shift away from specialized feeding towards more
opportunistic feeders under degraded conditions as  food sources
become unreliable.

Insectivores: The proportion of individuals characterized as insectivores
to the total number of individuals. Typically, the abundance of
insectivores decreases relative to increasing stream degradation.

Aquatic Insects

Others: The proportion of individuals characterized as shredders,
scrapers, or filter feeders to the total number of individuals.  Typically,
changes in the proportion of functional feeders characterized as
shredders can be reflective of contaminated leaf matter. In addition, an
overabundance of scrapers over filterers can be indicative of increased
benthic algae.

 Disease/
Anomalies Fish

Proportion of individuals with signs of disease or abnormalities. This  is
ascertained through gross external examination for abnormalities during
the field identification process. Typically, this metric assumes that
incidence of disease and deformities increases with increasing stream
degradation.

* This table is not meant to provide a comprehensive listing of metrics used for diversity indices; it is intended to provide
examples of types of measures used in biological stream assessments (see Barbour et al., 1999).

Measurement Applied to: Definition of Measurement

Abundance Fish, Aquatic Insects
Total number of individuals in a sample; sometimes modified to exclude
tolerant species.

 Taxa Richness Fish, Aquatic Insects
Total number of unique taxa identified in a sample. Typically, an
increase in taxa diversity indicates better water and habitat quality. 

EPT Index Aquatic Insects

Taxa belonging to the following three groups: Ephemeroptera (mayflies),
Plecoptera (stoneflies), Trichoptera (caddisflies). Typically, species in
these orders are considered to be pollution-intolerant taxa and are
generally the first to disappear with stream quality degradation. 

Native Status Fish Native vs. non-native taxa in the community.

Specific Habitat
Fish

Riffle benthic insectivorous individuals. Total number of benthic
insectivores. Often these types of individuals, such as darters, sculpins,
and dace are found in high velocity riffles and runs and are sensitive to
physical habitat degradation.  

Minnow species Total number of minnow species present. Often used as
an indicator of pool habitat quality.  Includes all species present in the
family Cyprinidae, such as daces, minnows, shiners, stonerollers, and
chubs. 

Tolerant Species Fish, Aquatic Insects

The total number of species sensitive to and the number tolerant of
degraded conditions. Typically, intolerant species decline with
decreasing water quality and stream habitat.  A common high pollution-
tolerant species that is frequently used is Chironomids.

Dominance Fish, Aquatic Insects
The proportion of individuals at each station from the single most
abundant taxa at that particular station. Typically, a community
dominated by a single taxa may be indicative of stream degradation.

Functional
Feeding Group
Comparisons

Fish

Omnivores/ Generalists: The proportion of  individuals characterized as
omnivores or generalists to the total number of individuals. Typically,
there is a shift away from specialized feeding towards more
opportunistic feeders under degraded conditions as  food sources
become unreliable.

Insectivores: The proportion of individuals characterized as insectivores
to the total number of individuals. Typically, the abundance of
insectivores decreases relative to increasing stream degradation.

Aquatic Insects

Others: The proportion of individuals characterized as shredders,
scrapers, or filter feeders to the total number of individuals.  Typically,
changes in the proportion of functional feeders characterized as
shredders can be reflective of contaminated leaf matter. In addition, an
overabundance of scrapers over filterers can be indicative of increased
benthic algae.

 Disease/
Anomalies Fish

Proportion of individuals with signs of disease or abnormalities. This  is
ascertained through gross external examination for abnormalities during
the field identification process. Typically, this metric assumes that
incidence of disease and deformities increases with increasing stream
degradation.

* This table is not meant to provide a comprehensive listing of metrics used for diversity indices; it is intended to provide
examples of types of measures used in biological stream assessments (see Barbour et al., 1999).

Table 47: Examples of Biodiversity Metrics Used to Assess Aquatic Communities
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5.2.3 General Trends

Most  research suggests that a decline in both

species abundance and diversity begins at or

around 10% watershed IC (Schueler, 1994a).

However, considerable variations in aquatic

diversity are frequently observed from five to

20% IC, due to historical alterations, the

effectiveness of watershed management,

prevailing riparian conditions, co-occurrence

of stressors, and natural biological variation

(see Chapter 1).

Figures 40 through 42 display the negative

relationship commonly seen between biotic

indices and various measures of watershed

development. For example, stream research in

the Maryland Piedmont indicated that IC was

the best predictor of stream condition, based on

a combined fish and aquatic insect IBI

(MNCPPC, 2000). In general, streams with

less than 6% watershed IC were in “excellent”

condition, whereas streams in “good” condi-

tion had less than 12% IC, and streams in

“fair” condition had less than 20%. Figure 40

shows the general boundaries and typical

variation seen in MNCPPC stream research.

Figure 41 illustrates that B-IBI scores and

Coho Salmon/Cutthroat Trout Ratio are a

function of IC for 31 streams in Puget Sound,

Washington. The interesting finding was that

“good” to “excellent” B-IBI scores (greater

than 25) were reported in watersheds that had

less than 10% IC, with eight notable outliers.

These outliers had greater IC (25 to 35%) but

similar B-IBI scores. These outliers are unique

in that they had a large upstream wetland and/

or a large, intact riparian corridor upstream

(i.e. >70% of stream corridor had buffer width

>100 feet).

Figure 42 depicts the same negative relation-

ship between watershed urbanization and fish-

IBI scores but uses population density as the

primary metric of development (Dreher, 1997).

The six-county study area included the Chi-

cago metro area and outlying rural watersheds.

Significant declines in fish-IBI scores were

noted when population density exceeded 1.5

persons per acre.

The actual level of watershed development at

which an individual aquatic species begins to

decline depends on several variables, but may

be lower than that indicated by the ICM. Some

researchers have detected impacts for indi-

vidual aquatic species at watershed IC levels as

low as 5%. Other research has suggested that

the presence of certain stressors, such as

sewage treatment plant discharges (Yoder and

Miltner, 2000) or construction sites (Reice,

2000) may alter the ICM and lower the level of

IC at which biodiversity impacts become

evident.
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Land Use
Indicator

 Level at which
Significant Impact

Observed

Typical Value for
Low Density

Residential Use
Comments

% IC 10-20% 10%
Most accurate; highest level of effort
and cost

Housing
Density

>1 unit/acre 1 unit/acre

Low accuracy in areas of substantial
commercial or industrial
development; less accurate at small
scales

Population
Density

1.5 to 8+
people/acre 2.5 people/acre

Low accuracy in areas of substantial
commercial or industrial
development; less accurate at small
scales

% Urban
Land Use

33% (variable) 10-100%
Does not measure intensity of
development; moderately accurate
at larger watershed scales

Road Density 5 miles/square mile 2 miles/square mile
Appears to be a potentially useful
indicator

Figure 40: Combined Fish and Benthic IBI vs. IC in Maryland Piedmont Streams
(MNCPPC, 2000)

Table 48: Alternate Land Use Indicators and Significant Impact Levels
(Brown, 2000;  Konrad and Booth, 2002)
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Figure 41: Relationship Between B-IBI, Coho/Cutthroat Ratios, and
Watershed IC in Puget Sound Streams (Horner et al., 1997)

Figure 42: Index for Biological Integrity as a Function of Population Density in Illinois
(Dreher, 1997)
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5.3 Effects on Aquatic
Insect Diversity

The diversity, richness and abundance of the

aquatic insect community is frequently used to

indicate urban stream quality. Aquatic insects

are a useful indicator because they form the

base of the stream food chain in most regions

of the country. For this reason, declines or

changes in aquatic insect diversity are often an

early signal of biological impact due to water-

shed development. The aquatic insect commu-

nity typically responds to increasing develop-

ment by losing species diversity and richness

and shifting to more pollution-tolerant species.

More than 30 studies illustrate how IC and

urbanization affect the aquatic insect commu-

nity. These are summarized in Tables 49 and

50.

5.3.1 Findings Based on IC
Indicators

Klein (1979) was one of the first researchers to

note that aquatic insect diversity drops sharply

in streams where watershed IC exceeded 10 to

15%. While “good” to “fair” diversity was

noted in all headwater streams with less than

10% IC, nearly all streams with 12% or more

watershed IC recorded “poor” diversity. Other

studies have confirmed this general relation-

ship between IC and the decline of aquatic

insect species diversity. Their relationships

have been an integral part in the development

of the ICM. The sharp drop in aquatic insect

diversity at or around 12 to 15% IC was also

observed in streams in the coastal plain and

Piedmont of Delaware (Maxted and Shaver,

1997).

Impacts at development thresholds lower than

10% IC have also been observed by Booth

(2000), Davis (2001), Horner et al. (1997) and

Morse (2001). There seems to be a general

recognition that the high levels of variability

observed below 10% IC indicate that other

factors, such as riparian condition, effluent

discharges, and pollution legacy may be better

indicators of aquatic insect diversity (Horner

and May, 1999; Kennen, 1999; Steedman,

1988; Yoder et al., 1999).

The exact point at which aquatic insect diver-

sity shifts from fair to poor is not known with

absolute precision, but it is clear that few, if

any, urban streams can support diverse aquatic

insect communities with more than 25% IC.

Indeed, several researchers failed to find

aquatic insect communities with good or

excellent diversity in any highly urban stream

(Table 52). Indeed, MNCPPC (2000) reported

that all streams with more than 20% watershed

IC were rated as “poor.”

Several good examples of the relationship

between IC and B-IBI scores are shown in

Figures 43 through 45. Figure 43 depicts the

general trend line in aquatic insect diversity as

IC increased at 138 stream sites in Northern

Virginia (Fairfax County, 2001). The survey

study concluded that stream degradation

occurred at low levels of IC, and that older

developments lacking more efficient site

design and stormwater controls tended to have

particularly degraded streams. Figures 44 and

45 show similar trends in the relationship

between IC and aquatic insect B-IBI scores in

Maryland and Washington streams. In particu-

lar, note the variability in B-IBI scores ob-

served below 10% IC in both research studies.

Often, shift in the aquatic insect community

from pollution-sensitive species to pollution-

tolerant species occurs at relatively low IC

levels (<10%). This shift is often tracked using

the EPT metric, which evaluates sensitive

species found in the urban stream community

in the orders of Ephemeroptera (mayflies),

Plecoptera (stoneflies), and Trichoptera
(caddisflies). EPT species frequently disappear

in urban streams and are replaced by more

pollution-tolerant organisms, such as chirono-

mids, tubificid worms, amphipods and snails.

In undisturbed streams, aquatic insects employ

specialized feeding strategies, such as shred-

ding leaf litter, filtering or collecting organic

matter that flows by, or preying on other

insects. These feeding guilds are greatly

reduced in urban streams and are replaced by

grazers, collectors and deposit feeders. Maxted

and Shaver (1997) found that 90% of sensitive
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Index Key Finding (s) Source Location

Community
Index

Three years stream sampling across the state at 1000 sites found that when IC was
>15%, stream health was never rated good  based on a C-IBI.

Boward et al.,
1999 MD

Community
Index

Insect community and habitat scores were all ranked as poor  in five
subwatersheds that were greater than 30% IC.

Black and
Veatch, 1994

MD

Community
Index

Puget sound study finds that some degradation of aquatic invertebrate diversity
can occur at any level of human disturbance (at least as measured by IC). 65% of
watershed forest cover usually indicates a healthy aquatic insect community.

Booth, 2000 WA

Community
Index

In a Puget Sound study, the steepest decline of B-IBI was observed after 6% IC. 
There was a steady decline, with approximately 50% reduction in B-IBI at 45% IC.

Horner et al.,
1997

WA

Community
Index

B-IBI decreases with increasing urbanization in study involving 209 sites, with a sharp
decline at 10% IC.  Riparian condition helps mitigate effects.

Steedman, 
1988 Ontario

Community
Index 

Wetlands, forest cover and riparian integrity act to mitigate the impact of IC on
aquatic insect communities. 

Horner et al.,
2001

WA, MD,
TX

Community
Index B-IBI declines for aquatic insect with increasing IC at more than 200 streams. Fairfax Co., 

2001  VA

Community
Index

Two-year stream study of eight Piedmont watersheds reported B-IBI scores declined
sharply at an IC threshold of 15-30%. 

Meyer and
Couch,2000

GA

Community
Index

Montgomery County study; subwatersheds with <12% IC generally had streams in
good to excellent condition based on a combined fish and aquatic insect IBI. 
Watersheds with >20% IC had streams in poor  condition.

MNCPPC, 
2000

MD

Community
Index

Study of 1st, 2nd, and 3rd order streams in the Patapsco River Basin showed negative
relationship between B-IBI and IC.

Dail et al., 
1998

MD

Community
Index

While no specific threshold was observed, impacts were seen at even low levels of
IC. B-IBI values declined with increasing IC, with high scores observed only in
reaches with <5% IC or intact riparian zones or upstream wetlands. 

Horner and
May, 1999 WA

Community
Index

The C-IBI also decreased by 50% at 10-15% IC. These trends were particularly strong
at low-density urban sites (0-30% IC).

Maxted and
Shaver, 1997

DE

Diversity
In both coastal plain and Piedmont streams, a sharp decline in aquatic insect
diversity was found around 10-15% IC.

Shaver et al., 
1995 DE

Diversity In a comparison of Anacostia subwatersheds, there was significant decline in the
diversity of aquatic insects at 10% IC. 

MWCOG, 
1992

DC

Diversity In several dozen Piedmont headwater streams, aquatic diversity declined
significantly beyond 10-12% IC. Klein, 1979 MD

EPT Value In a 10 stream study with watershed IC ranging from three to 30%, a significant
decline in EPT values was reported as IC increased (r2 = 0.76). 

Davis, 2001 MO

Sensitive
Species

In a study of 38 wadeable, non-tidal streams in the urban Piedmont, 90% of sensitive
organisms were eliminated from the benthic community after watershed IC reaches
10-15%. 

Maxted and
Shaver, 1997

DE

Species
Abundance
EPT values

For streams draining 20 catchments across the state, an abrupt decline in species
abundance and EPT taxa was observed at approximately 6% IC.

Morse, 2001 ME

Table 49:  Recent Research Examining the Relationship Between IC and Aquatic Insect Diversity in Streams
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Biotic Key Finding (s) Source Location

Percent Urban Land use

Community
Index

Study of  700 streams in 5 major drainage basins found that the amount of urban
land and total flow of municipal effluent were the most significant factors in
predicting severe impairment of the aquatic insect community. Amount of
forested land in drainage area was inversely related to impairment severity.

Kennen, 1999 NJ

Community
Index

All 40 urban sites sampled had fair  to very poor  B-IBI scores, compared to
undeveloped reference sites. Yoder, 1991 OH

Community
Index

A negative correlation between B-IBI and urban land use was noted. Community
characteristics show similar patterns between agricultural and forested areas the
most severe degradation being in urban and suburban areas. 

Meyer and
Couch, 2000

GA

EPT Value,
Diversity,
Community
Index

A comparison of three stream types found urban streams had lowest diversity and
richness.  Urban streams had substantially lower EPT scores (22% vs 5% as number of
all taxa, 65% vs 10% as percent abundance) and IBI scores in the poor  range.

Crawford and
Lenat, 1989

NC

Sensitive
Species

Urbanization associated with decline in sensitive taxa, such as mayflies, caddisflies
and amphipods while showing increases in oligochaetes.

Pitt and
Bozeman, 1982 CA

Sensitive
Species

Dramatic changes in aquatic insect community were observed in most urbanizing
stream sections. Changes include an abundance of pollution-tolerant aquatic
insect species in urban streams.

Kemp and
Spotila, 1997

PA

Diversity As watershed development levels increased, the aquatic insect diversity declined.
Richards et al., 

1993 MN

Diversity Significant negative relationship between number of aquatic insect species and
degree of urbanization in 21 Atlanta streams.

Benke et al.,
1981

GA

Diversity Drop in insect taxa from 13 to 4 was noted in urban streams. Garie and
McIntosh, 1986 NJ

Diversity Aquatic insect taxa were found to be more abundant in non-urban reaches than
in urban reaches of the watershed.

Pitt and
Bozeman, 1982

CA

Diversity A study of five urban streams found that as watershed land use shifted from rural to
urban, aquatic insect diversity decreased.

Masterson and
Bannerman, 

1994
WI

Other Land Use Indicators

Community
Index

Most degraded streams were found in developed areas, particularly older
developments lacking newer and more efficient stormwater controls.

Fairfax Co., 
2001  VA

Diversity Urban streams had sharply lower aquatic insect diversity with human population
above four persons/acre in northern VA.

Jones and
Clark, 1987

VA

EPT Value

Monitoring of four construction sites in three varying regulatory settings found that
EPT richness was related to enforcement of erosion and sediment controls. The
pattern demonstrated that EPT richness was negatively affected as one moved
from upstream to at the site, except for one site.

Reice, 2000 NC

Sensitive
Species

In a Seattle study, aquatic insect community shifted to chironomid, oligochaetes
and amphipod species that are pollution-tolerant and have simple feeding guild.

Pedersen and
Perkins,1986

WA

Table 50:  Recent Research Examining the Relationship of Other Indices of Watershed
Development on Aquatic Insect Diversity in Streams
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species (based on EPT richness, % EPT

abundance, and Hilsenhoff Biotic Index) were

eliminated from the aquatic insect community

when IC exceeded 10 to 15% in contributing

watersheds of Delaware streams (Figure 46). In

a recent study of 30 Maine watersheds, Morse

(2001) found that reference streams with less

than 5% watershed IC had significantly more

EPT taxa than more urban streams. He also

observed no significant differences in EPT

Index values among streams with six to 27%

watershed IC (Figure 47).

Figure 45: IC and B-IBI at Stream Sites in the
Patapsco River Basin, MD

(Dail et al., 1998)

Figure 43: Trend Line Indicating Decline in
Benthic IBI as IC Increases in Northern VA

Streams (Fairfax County, 2001)

Figure 44: Relationship Between IC and B-IBI
Scores in Aquatic Insects in Streams of the

Puget Sound Lowlands (Booth, 2000)

 Figure 46: IC vs. Aquatic Insect Sensitivity -
EPT Scores in Delaware Streams

(Maxted and Shaver, 1997)
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5.3.2 Findings Based on Other
Development Indicators

Development indices, such as percent urban

land use, population density, and forest and

riparian cover have also been correlated with

changes in aquatic insect communities in urban

streams. Declines in benthic IBI scores have

frequently been observed in proportion to the

percent urban land use in small watersheds

(Garie and McIntosh, 1986; Kemp and Spotila,

1997; Kennen, 1999; Masterson and

Bannerman, 1994; Richards et al., 1993;

USEPA, 1982).

A study in Washington state compared a

heavily urbanized stream to a stream with

limited watershed development and found that

the diversity of the aquatic insect community

declined from 13 taxa in reference streams to

five taxa in more urbanized streams (Pedersen

and Perkins, 1986). The aquatic insect taxa that

were lost were poorly suited to handle  the

variable erosional and depositional conditions

found in urban streams. Similarly, a compari-

son of three North Carolina streams with

different watershed land uses concluded the

urban watershed had the least taxa and lowest

EPT scores and greatest proportion of pollu-

tion-tolerant species (Crawford and Lenat,

1989).

Jones and Clark (1987) monitored 22 streams

in Northern Virginia and concluded that

aquatic insect diversity diminished markedly

once watershed population density exceeded

four or more people per acre. The population

density roughly translates to ½ - 1 acre lot

residential use, or about 10 to 20 % IC. Kennen

(1999) evaluated 700 New Jersey streams and

concluded that the percentage of watershed

forest was positively correlated with aquatic

insect density. Meyer and Couch (2000)

reported a similar cover relationship between

aquatic insect diversity and watershed and

riparian forest cover for streams in the Atlanta,

GA region. A study in the Puget Sound region

found that aquatic insect diversity declined in

streams once forest cover fell below 65%

(Booth, 2000).

Figure 47: Average and Spring EPT Index Values vs.% IC in 20 Small Watersheds
in Maine (Morse, 2001)
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5.4  Effects on Fish Diversity

Fish communities are also excellent environ-

mental indicators of stream health. In general,

an increase in watershed IC produces the same

kind of impact on fish diversity as it does for

aquatic insects. The reduction in fish diversity

is typified by a reduction in total species, loss

of sensitive species, a shift toward more

pollution-tolerant species, and decreased

survival of eggs and larvae. More than 30

studies have examined the relationship be-

tween watershed development and fish diver-

sity; they are summarized in Tables 51 and 52.

About half of the research studies used IC as

the major index of watershed development,

while the remainder used other indices, such as

percent urban land use, population density,

housing density, and forest cover.

5.4.1 Findings Based on
IC Indicators

Recent stream research shows a consistent,

negative relationship between watershed

development and various measures of fish

diversity, such as diversity metrics, species

loss and structural changes.

Typically, a notable decline in fish diversity

occurs around 10 to 15% watershed IC

(Boward et al., 1999; Galli, 1994; Klein, 1979;

Limburg and Schmidt, 1990; MNCPPC, 2000;

MWCOG, 1992; Steward, 1983). A somewhat

higher threshold was observed by Meyer and

Couch (2000) for Atlanta streams with 15 to

30% IC; lower thresholds have also been

observed (Horner et al., 1997 and May et al.,
1997). A typical relationship between water-

shed IC and fish diversity is portrayed in

Figure 48, which shows data from streams in

the Patapsco River Basin in Maryland (Dail et
al., 1998). Once again, note the variability in

fish-IBI scores observed below 10% IC.

Wang et al. (1997) evaluated 47 Wisconsin

streams and found an apparent threshold

around 10% IC. Fish-IBI scores were “good”

to “excellent” below this threshold, but were

consistently rated as “fair” to “poor.” Addi-

tionally, Wang documented that the total

number of fish species drops sharply when IC

increases (Figure 49). Often, researchers also

reported that increases in IC were strongly

correlated with several fish metrics, such as

increases in non-native and pollution-tolerant

species in streams in Santa Clara, California

(EOA, Inc., 2001).

Figure 48: Fish-IBI vs. Watershed IC for Streams in the Patapsco River Basin, MD
(Dail et al., 1998)
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Biotic Key Finding (s) Source Location

Abundance Brown trout abundance and recruitment declined sharply at 10-15% IC. Galli, 1994 MD

 Salmonids Seattle study showed marked reduction in coho salmon populations noted at 10-15%
IC at nine streams.

Steward, 
1983 WA

Anadromous Fish
Eggs

Resident and anadromous fish eggs and larvae declined in 16 subwatersheds
draining to the Hudson River with >10% IC area.

Limburg and
Schmidt,

1990
NY

Community
Index

1st, 2nd, and 3rd order streams in the Patapsco River Basin showed negative
relationship between IBI and IC.

Dail et al., 
1998 MD

Community
Index

Fish IBI and habitat scores were all ranked as poor  in five subwatersheds that were
greater than 30% IC.

Black and
Veatch,1994 MD

Community
Index

In the Potomac subregion, subwatersheds with < 12% IC generally had streams in
good  to excellent  condition based on a combined fish and aquatic insect IBI. 

Watersheds with >20% IC had streams in poor  condition.

MNCPPC,
2000 MD

Community
Index

In a two-year study of Piedmont streams draining eight watersheds representing
various land uses in Chattahochee River Basin, fish community quality dropped
sharply at an IC threshold of 15-30%.   

Meyer and
Couch, 

2000
GA

Diversity
Of 23 headwater stream stations, all draining <10% IC areas, rated as good  to
fair;  all with >12% were rated as poor.  Fish diversity declined sharply with

increasing IC between 10-12%.  

Schueler
and Galli,

1992
MD

Diversity, 
Sensitive Species

Comparison of 4 similar subwatersheds in Piedmont streams, there was significant
decline in the diversity of fish at 10% IC.  Sensitive species (trout and sculpin) were lost
at 10-12%. 

MWCOG, 
1992 MD

Diversity,
Community
Index

In a comparison of watershed land use and fish community data for 47 streams
between the 1970s and 1990s, a strong negative correlation was found between
number species and IBI scores with effective connected IC.  A threshold of 10% IC
was observed with community quality highly variable below 10% but consistently low
above 10% IC. 

Wang et al.,
1997 WI

Diversity In several dozen Piedmont headwater streams fish diversity declined significantly in
areas beyond 10-12% IC. Klein, 1979 MD

Diversity ,
Abundance,
Non-native
Species

IC strongly associated with several fisheries species and individual-level metrics,
including number of pollution-tolerant species, diseased individuals, native and non-
native species and total species present

EOA, Inc., 
2001 CA

Juvenile Salmon
Ratios

In Puget Sound study, the steepest decline of biological functioning was observed
after six percent IC.  There was a steady decline, with  approximately 50% reduction
in initial biotic integrity at 45% IC area.

Horner et
al., 1997 WA

Juvenile Salmon
Ratio

Physical and biological stream indicators declined most rapidly during the initial
phase of the urbanization process as total IC area exceeded the five to 10% range.

May et al., 
1997 WA

Salmonoid Negative effects of urbanization (IC) with the defacto loss of non-structural BMPs
(wetland forest cover and riparian integrity) on salmon ratios

Horner et
al., 2001 WA, MD, TX

Salmonoid,
Sensitive Species

While no specific threshold was observed (impacts seen at even low levels of IC),
Coho/cutthroat salmon ratios >2:1 were found when IC was < 5%.  Ratios fell below
one at IC levels below 20 %.

Horner and
May, 1999 WA

Sensitive species,
Salmonid

Three years stream sampling across the state (approximately 1000 sites), MBSS found
that when IC was >15%, stream health was never rated good  based on CBI, and
pollution sensitive brook trout were never found in streams with >2% IC.

Boward et
al., 1999 MD

Sensitive
Species,
Salmonids

Seattle study observed shift from less tolerant coho salmon to more tolerant cutthroat
trout population between 10 and 15% IC at nine sites.

Luchetti and
Feurstenburg

1993
WA

Table 51:  Recent Research Examining the Relationship Between Watershed IC and the Fish Community
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Sensitive fish are defined as species that

strongly depend on clean and stable bottom

substrates for feeding and/or spawning. Sensi-

tive fish often show a precipitous decline in

urban streams. The loss of sensitive fish

species and a shift in community structure

towards more pollution-tolerant species is

confirmed by multiple studies. Figure 50

shows the results of a comparison of four

similar subwatersheds in the Maryland Pied-

mont that were sampled for the number of fish

species present (MWCOG, 1992). As the level

of watershed IC increased, the number of fish

species collected dropped. Two sensitive

species, including sculpin, were lost when IC

increased from 10 to 12%, and four more

species were lost when IC reached 25%.

Significantly, only two species remained in the

fish community at 55% watershed IC.

Salmonid fish species (trout and salmon) and

anadromous fish species appear to be particu-

larly impacted by watershed IC. In a study in

the Pacific Northwest, sensitive coho salmon

were seldom found in watersheds above 10 or

15% IC (Luchetti and Feurstenburg, 1993 and

Steward, 1983). Key stressors in urban

streams, such as higher peak flows, lower dry

weather flows, and reduction in habitat com-

plexity (e.g. fewer pools, LWD, and hiding

places) are believed to change salmon species

composition, favoring cutthroat trout popula-

tions over the natural coho populations

(WDFW, 1997).

A series of studies from the Puget Sound

reported changes in the coho/cutthroat ratios of

juvenile salmon as watershed IC increased

(Figure 51). Horner et al. (1999) found Coho/

Cutthroat ratios greater than 2:1 in watersheds

with less than 5 % IC. Ratios fell below 1:1

when IC exceeded 20%. Similar results were

reported by May et al. (1997). In the mid-

Atlantic region, native trout have stringent

temperature and habitat requirements and are

seldom present in watersheds where IC ex-

ceeds 15% (Schueler, 1994a). Declines in trout

spawning success are evident above 10% IC.

In a study of over 1,000 Maryland streams,

Boward et al. (1999) found that sensitive brook

trout were never found in streams that had more

than 4% IC in their contributing watersheds.

Figure 49: Fish-IBI and Number of Species vs. % IC in
Wisconsin Streams (Wang et al., 1997)

Figure 50: IC and Effects on Fish Species Diversity in Four
Maryland Subwatersheds (MWCOG, 1992)

Imperviousness (%)

Fish Diversity
Anacostia River Basin
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Biotic Key Finding (s) Source Location

Urbanization

Community
Index

All 40 urban sites sampled had fair  to very poor  IBI scores, compared to
undeveloped reference sites.

Yoder, 1991 OH

Community
Index

Negative correlations between biotic community and riparian conditions and
forested areas were found. Similar levels of fish degradation were found
between suburban and agricultural; urban areas were the most severe.  

Meyer and
Couch,  2000 GA

Community
Index

Residential urban land use caused significant decrease in fish-IBI scores at 33%. 
In more urbanized Cuyahoga, a significant drop in IBI scores occurred around
8% urban land use in the watershed. When watersheds smaller than 100mi2 were
analyzed separately, the level of urban land associated with a significant drop
in IBI scores occurred at around 15%. Above one du/ac, most sites failed to
attain biocriteria regardless of degree of urbanization.

Yoder et al.,
1999

OH

Community
Index,
Abundance

As watershed development increased to about 10%, fish communities simplified
to more habitat and trophic generalists and fish abundance and species
richness declined. IBI scores for the urbanized stream fell from the good  to
fair  category.

Weaver, 1991 VA

Diversity A study of five urban streams found that as land use shifted from rural to urban,
fish diversity decreased.

Masterson
and

Bannerman, 
1994

WI

Diversity,
Community
Index

A comparison of three stream types found urban streams had lowest diversity
and richness. Urban streams had IBI scores in the poor  range.

Crawford
and Lenat,

1989
NC

Salmon
Spawning,
Flooding
Frequency

In comparing three streams over a 25-year period (two urbanizing and one
remaining forested), increases in flooding frequencies and decreased trends in
salmon spawning were observed in the two urbanizing streams, while no
changes in flooding or spawning were seen in the forested system.

Moscript and
Montgomery, 

1997
WA

Sensitive
Species 

Observed dramatic changes in fish communities in most urbanizing stream
sections, such as absence of brown trout and abundance of pollution-tolerant
species in urban reaches.  

Kemp and
Spotila,1997

PA

Sensitive
Species,
Diversity

Decline in sensitive species diversity and composition and changes in trophic
structure from specialized feeders to generalists was seen in an urbanizing
watershed from 1958 to 1990.  Low intensity development was found to affect
warm water stream fish communities similarly as  more intense development.

Weaver and
Garman,

1994
VA

Warm Water
Habitat
Biocriteria

25-30% urban land use defined as the upper threshold where attainment of
warm water habitat biocriterion is effectively lost. Non-attainment also may
occur at lower thresholds given the co-occurrence of stressors, such as pollution
legacy, WTPs and CSOs. 

Yoder and
Miltner, 2000 OH

Community
Index, Habitat

The amount of urban land use upstream of sample sites had a strong negative
relationship with biotic integrity, and there appeared to be a threshold between
10 and 20% urban land use where IBI scores declined dramatically. Watersheds
above 20% urban land invariably had scores less than 30 ( poor  to very
poor ). Habitat scores were not tightly correlated with degraded fish community
attributes.

Wang et al., 
1997

WI

Community
Index

A study in the Patapsco Basin found significant correlation of fish IBI scores with
percent urbanized land over all scales (catchment, riparian area, and local
area).

Roth et al., 
1998  MD

Table 52: Recent Research Examining Urbanization and Freshwater Fish Community Indicators
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Biotic Key Finding (s) Source Location

Urbanization

Sensitive
Species

Evaluated effects of runoff in both urban and non-urban streams; found that
native species dominated the non-urban portion of the watershed but
accounted for only seven percent of species found in the urban portions of the
watershed.  

Pitt, 1982 CA

Other Land Use Indicators

Community
Index, Habitat

Atlanta study found that as watershed population density increased, there was
a negative impact on urban fish and habitat. Urban stream IBI scores were
inversely related to watershed population density, and once density exceeded
four persons/acre, urban streams were consistently rated as very poor.

Couch et al., 
1997 GA

Community
Index

In an Atlanta stream study, modified IBI scores declined once watershed
population density exceeds four persons/acre in 21 urban watersheds

DeVivo et al.,
1997

GA

Community
Index

In a six-county study (including Chicago, its suburbs and outlying
rural/agricultural areas), streams showed a strong correlation between
population density and fish community assessments such that as population
density increased, community assessment scores went from the better  -
good  range to fair  - poor.  Significant impacts seen at 1.5 people/acre. 

Dreher, 1997 IL

Community
Index

 Similarly, negative correlations between biotic community and riparian
conditions and forested areas were also found. Similar levels of fish degradation
were found between suburban and agricultural; urban areas were the most
severe. 

Meyer and
Couch, 2000

GA

Community
Index

Amount of forested land in basin directly related to IBI scores for fish community
condition.

Roth et al., 
1996

MD

Salmonid,
Sensitive
Species

Species community changes from natural coho salmon to cutthroat trout
population with increases in peak flow, lower low flow, and reductions in stream
complexity.

WDFW, 1997 WA

Table 52 (continued): Recent Research Examining Urbanization and Freshwater Fish Community Indicators

Figure 51: Coho Salmon/Cutthroat Trout Ratio for Puget Sound Streams (Horner et al., 1997)
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Many fish species have poor spawning success

in urban streams and poor survival of fish eggs

and fry. Fish barriers, low intragravel dissolved

oxygen, sediment deposition and scour are all

factors that can diminish the ability of fish

species to successfully reproduce. For ex-

ample, Limburg and Schmidt (1990) discov-

ered that the density of anadromous fish eggs

and larvae declined sharply in subwatersheds

with more than 10% IC.

5.4.2 Findings Based on Other
Development Indicators

Urban land use has frequently been used as a

development indicator to evaluate the impact

on fish diversity. Streams in urban watersheds

typically had lower fish species diversity and

richness than streams located in less developed

watersheds. Declines in fish diversity as a

function of urban land cover have been docu-

mented in numerous studies (Crawford and

Lenat, 1989; Masterson and Bannerman, 1994;

Roth et al., 1998; Yoder, 1991, and Yoder et
al., 1999). USEPA (1982) found that native

fish species dominated the fish community of

non-urban streams, but accounted for only 7%

of the fish community found in urban streams.

Kemp and Spotila (1997) evaluated streams in

Pennsylvania and noted the loss of sensitive

species (e.g. brown trout) and the increase of

pollution-tolerant species, such as sunfish and

creek chub (Figure 52).

Wang et al. (1997) cited percentage of urban

land in Wisconsin watersheds as a strong

negative factor influencing fish-IBI scores in

streams and observed strong declines in IBI

scores with 10 to 20% urban land use. Weaver

and Garman (1994) compared the historical

changes in the warm-water fish community of

a Virginia stream that had undergone signifi-

cant urbanization and found that many of the

sensitive species present in 1958 were either

absent or had dropped sharply in abundance

when the watershed was sampled in 1990.

Overall abundance had dropped from 2,056

fish collected in 1958 to 417 in 1990. In

addition, the 1990 study showed that 67% of

the catch was bluegill and common shiner, two

species that are habitat and trophic “general-

ists.” This shift in community to more habitat

and trophic generalists was observed at 10%

urban land use (Weaver, 1991).

Yoder et al. (1999) evaluated a series of

streams in Ohio and reported a strong decrease

in warm-water fish community scores around

33% residential urban land use. In the more

urbanized Cuyahoga streams, sharp drops in

Figure 52: Mean Proportion of Fish Taxa in Urban and Non-Urban Streams, Valley
Forge Watershed, PA (Kemp and Spotila, 1997)
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fish-IBI scores occurred around 8% urban land

use, primarily due to certain stressors which

functioned to lower the non-attainment thresh-

old. When watersheds smaller than 100mi2

were analyzed separately, the percentage of

urban land use associated with a sharp drop in

fish-IBI scores was around 15%. In a later

study, Yoder and Miltner (2000) described an

upper threshold for quality warm-water fish

habitat at 25 to 30% urban land use.

Watershed population and housing density

have also been used as indicators of the health

of the fish community. In a study of 21 urban

watersheds in Atlanta, DeVivo et al. (1997)

observed a shift in mean fish-IBI scores from

“good to fair” to “very poor” when watershed

population density exceeded four people/acre

(Figure 53). A study of Midwest streams in

metropolitan Illinois also found a negative

relationship between increase in population

density and fish communities, with significant

impacts detected at population densities of 1.5

people or greater per acre (Dreher, 1997). In

the Columbus and Cuyahoga watersheds in

Ohio, Yoder et al. (1999) concluded that most

streams failed to attain fish biocriteria above

one dwelling unit/acre.

Figure 53: Relationship Between Watershed Population Density and Stream
IBI Scores in Georgia Streams (DeVivo et al., 1997)
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5.5  Effects on
Amphibian Diversity

Amphibians spend portions of their life cycle

in aquatic systems and are frequently found

within riparian, wetland or littoral areas.

Relatively little research has been conducted to

directly quantify the effects of watershed

development on amphibian diversity. Intu-

itively, it would appear that the same stressors

that affect fish and aquatic insects would also

affect amphibian species, along with riparian

wetland alteration. We located four research

studies on the impacts of watershed urbaniza-

tion on amphibian populations; only one was

related to streams (Boward et al., 1999), while

others were related to wetlands (Table 53).

A primary factor influencing amphibian

diversity appears to be water level fluctuations

(WLF) in urban wetlands that occur as a result

of increased stormwater discharges. Chin

(1996) hypothesized that increased WLF and

other hydrologic factors affected the abun-

dance of egg clutches and available amphibian

breeding habitat, thereby ultimately influenc-

ing amphibian richness. Increased WLF can

limit reproductive success by eliminating

mating habitat and the emergent vegetation to

which amphibians attach their eggs.

Taylor (1993) examined the effect of water-

shed development on 19 freshwater wetlands

in King County, WA and concluded that the

additional stormwater contributed to greater

annual WLF. When annual WLF exceeded

about eight inches, the richness of both the

wetland plant and amphibian communities

dropped sharply. Large increases in WLF were

consistently observed in freshwater wetlands

when IC in upstream watersheds exceeded 10

to 15%. Further research on streams and

wetlands in the Pacific northwest by Horner et
al. (1997) demonstrated the correlation be-

tween watershed IC and diversity of amphibian

species. Figure 54 illustrates the relationship

between amphibian species abundance and

watershed IC, as documented in the study.
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Indicator Key Finding(s) Reference Year Location

% IC

Reptile and Amphibian
Abundance

In a three-year stream sampling across the state
(approximately 1000 sites), MBSS found only
hardy pollution-tolerant reptiles and amphibians
in stream corridors with >25% IC drainage area. 

Boward et al.,
1999

MD

Amphibian Density
Mean annual water fluctuation inversely
correlated to amphibian density in urban
wetlands. Declines noted beyond 10% IC.

Taylor, 1993 WA

Other Studies

Species Richness

In 30 wetlands, species richness of reptiles and
amphibians was significantly related to density of
paved roads on lands within a two kilometer
radius.

Findlay and
Houlahan,1997

Ontario

Species Richness

Decline in amphibian species richness as wetland
WLF increased. While more of a continuous
decline rather than a threshold, WLF = 22
centimeters may represent a tolerance boundary
for amphibian community.

Horner et al., 
1997

WA

Amphibian Density
Mean annual water fluctuation inversely
correlated to amphibian density in urban
wetlands. 

Taylor, 1993 WA

Table 53: Recent Research on the Relationship Between Percent Watershed
Urbanization and the Amphibian Community

Figure 54: Amphibian Species Richness as a Function of Watershed IC in
Puget Sound Lowland Wetlands (Horner et al., 1997)
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5.6  Effects on
Wetland Diversity

We found a limited number of studies that

evaluated the impact of watershed urbanization

on wetland plant diversity (Table 54). Two

studies used IC as an index of watershed

development and observed reduced wetland

plant diversity around or below 10% IC (Hicks

and Larson, 1997 and Taylor, 1993). WLF and

road density were also used as indicators

(Findlay and Houlahan, 1997; Horner et al.,
1997; Taylor, 1993).

Horner et al. (1997) reported a decline in plant

species richness in emergent and scrub-shrub

wetland zones of the Puget Sound region as

WLF increased.  They cautioned that species

numbers showed a continuous decline rather

than a threshold value; however, it was indi-

cated that WLF as small as 10 inches can

represent a tolerance boundary for wetland

plant communities. Horner further stated that

in 90% of the cases where WLF exceeded 10

inches, watershed IC exceeded 21%.

Watershed
Indicator Key Finding(s) Reference Location

Biotic

% IC

Insect
Community 

Significant declines in various indicators of
wetland aquatic macro-invertebrate
community health were observed as IC
increased to 8-9%.

Hicks and
Larson, 1997

CT

WLF, Water
Quality

There is a significant increase in WLF,
conductivity, fecal coliform bacteria, and
total phosphorus in urban wetland as IC
exceeds 3.5%.

Taylor et al., 
1995 WA

Plant Density Declines in urban wetland plant density
noted in areas beyond 10% IC.

Taylor, 1993 WA

Other Watershed Indicators

Plant Density
Mean annual water fluctuation inversely
correlated to plant density in urban wetlands. Taylor, 1993 WA

Plant Species
Richness

Decline in plant species richness in emergent
and scrub-shrub wetland zones as WLF
increased. While more of a continuous
decline, rather than a threshold, WLF=22
centimeters may represent a tolerance
boundary for the community

Horner et al., 
1997

WA

Plant Species
Richness

In 30 wetlands, species richness was
significantly related to density of paved roads
within a two kilometer radius of the wetland.
Model predicted that a road density of
2kilometers per hectare in paved road within
1000 meters of wetland will lead to a 13%
decrease in wetland plant species richness.

Findlay and
Houlahan,1997 Ontario

Watershed
Indicator Key Finding(s) Reference Location

Biotic

% IC

Insect
Community 

Significant declines in various indicators of
wetland aquatic macro-invertebrate
community health were observed as IC
increased to 8-9%.

Hicks and
Larson, 1997

CT

WLF, Water
Quality

There is a significant increase in WLF,
conductivity, fecal coliform bacteria, and
total phosphorus in urban wetland as IC
exceeds 3.5%.

Taylor et al., 
1995 WA

Plant Density Declines in urban wetland plant density
noted in areas beyond 10% IC.

Taylor, 1993 WA

Other Watershed Indicators

Plant Density
Mean annual water fluctuation inversely
correlated to plant density in urban wetlands. Taylor, 1993 WA

Plant Species
Richness

Decline in plant species richness in emergent
and scrub-shrub wetland zones as WLF
increased. While more of a continuous
decline, rather than a threshold, WLF=22
centimeters may represent a tolerance
boundary for the community

Horner et al., 
1997

WA

Plant Species
Richness

In 30 wetlands, species richness was
significantly related to density of paved roads
within a two kilometer radius of the wetland.
Model predicted that a road density of
2kilometers per hectare in paved road within
1000 meters of wetland will lead to a 13%
decrease in wetland plant species richness.

Findlay and
Houlahan,1997 Ontario

Table 54: Recent Research Examining the Relationship Between Watershed
Development and Urban Wetlands
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5.7 Effects on Freshwater
Mussel Diversity

Freshwater mussels are excellent indicators of

stream quality since they are filter-feeders and

essentially immobile. The percentage of

imperiled mussel species in freshwater

ecoregions is high (Williams et al., 1993). Of

the 297 native mussel species in the United

States, 72% are considered endangered,

threatened, or of special concern, including 21

mussel species that are presumed to be extinct.

Seventy mussel species (24%) are considered

to have stable populations, although many of

these have declined in abundance and distribu-

tion. Modification of aquatic habitats and

sedimentation are the primary reasons cited for

the decline of freshwater mussels (Williams et
al., 1993).

Freshwater mussels are very susceptible to

smothering by sediment deposition. Conse-

quently, increases in watershed development

and sediment loading are suspected to be a

factor leading to reduced mussel diversity. At

sublethal levels, silt interferes with feeding and

metabolism of mussels in general (Aldridge et
al., 1987). Major sources of mortality and loss

of diversity in mussels include impoundment

of rivers and streams, and eutrophication

(Bauer, 1988). Changes in fish diversity and

abundance due to dams and impoundments can

also influence the availability of mussel hosts

(Williams et al., 1992).

Freshwater mussels are particularly sensitive to

heavy metals and pesticides (Keller and Zam,

1991). Although the effects of metals and

pesticides vary from one species to another,

sub-lethal levels of PCBs, DDT, Malathion,

Rotenone and other compounds are generally

known to inhibit respiratory efficiency and

accumulate in tissues (Watters, 1996). Mussels

are more sensitive to pesticides than many

other animals tested and often act as “first-

alerts” to toxicity long before they are seen in

other organisms.

We were unable to find any empirical studies

relating impacts of IC on the freshwater mussel

communities of streams.
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5.8 Conclusion

The scientific record is quite strong with

respect to the impact of watershed urbanization

on the integrity and diversity of aquatic

communities. We reviewed 35 studies that

indicated that increased watershed develop-

ment led to declines in aquatic insect diversity

and about 30 studies showing a similar impact

on fish diversity. The scientific literature

generally shows that aquatic insect and fresh-

water fish diversity declines at fairly low levels

of IC (10 to 15%), urban land use (33%),

population density (1.5 to eight people/acre)

and housing density (>1 du/ac). Many studies

also suggest that sensitive elements of the

aquatic community are affected at even lower

levels of IC. Other impacts include loss of

sensitive species and reduced abundance and

spawning success. Research supports the ICM,

although additional research is needed to

establish the upper threshold at which water-

shed development aquatic biodiversity can be

restored.

One area where more research is needed

involves determining how regional and cli-

matic variations affect aquatic diversity in the

ICM. Generally, it appears that the 10% IC

threshold applies to streams in the East Coast

and Midwest, with Pacific Northwest streams

showing impacts at a slightly higher level. For

streams in the arid and semi-arid Southwest, it

is unclear what, if any, IC threshold exists

given the naturally stressful conditions for

these intermittent and ephemeral streams

(Maxted, 1999). Southwestern streams are

characterized by seasonal bursts of short but

intense rainfall and tend to have aquatic

communities that are trophically simple and

relatively low in species richness (Poff and

Ward, 1989).

Overall, the following conclusions can be

drawn:

• IC is the most commonly used index to

assess the impacts of watershed urbaniza-

tion on aquatic insect and fish diversity.

Percent urban land use is also a common

index.

• The ICM may not be sensitive enough to

predict biological diversity in watersheds

with low IC. For example, below 10%

watershed IC, other watershed variables

such as riparian continuity, natural forest

cover, cropland, ditching and acid rain may

be better for predicting stream health.

• More research needs to be done to deter-

mine the maximum level of watershed

development at which stream diversity can

be restored or maintained. Additionally,

the capacity of stormwater treatment

practices and stream buffers to mitigate

high levels of watershed IC warrants more

systematic research.

• More research is needed to test the ICM on

amphibian and freshwater mussel diver-

sity.

RB-AR7728



 Impacts of Impervious Cover on Aquatic Systems 117

 References

References

Aldridge, D., B. Payne and A. Miller. 1987.

“The Effects of Intermittent Exposure to

Suspended Solids and Turbulence on

Three Species of Freshwater Mussels.”

Environmental Pollution 45:17-28.

Allen, P. and R. Narramore. 1985. “Bedrock

Controls on Stream Channel Enlarement

with Urbanization, North Central Texas.”

American Water Resource Association
21(6).

Allmendinger, N.L., J.E. Pizzuto, T.E. Johnson

and W.C. Hession. 1999. “Why Channels

with ‘Grassy’ Riparian Vegetation Are

Narrower than Channels with Forested

Riparian Vegetation.” Eos (Transactions,
American Geophysical Union), v. 80, Fall

Meeting Supplement, Abstract H32D-10.

Association of California Water Agencies

(ACWA).  2000. Website. http://

www.acwanet.com/news_info/testimony/

tsca5-00.doc

Ayers, M., R. Brown and G. Oberts. 1985.

Runoff and Chemical Loading in Small
Watersheds in the Twin Cities Metropoli-
tan Area, Minnesota. U.S. Geological

Survey Water Resources Investigations

Report 85-4122.

Bagley, S., M. Aver, D. Stern and M. Babiera.

1998. “Sources and Fate of Giardia Cysts

and Cryptosporidium Oocysts in Surface

Waters.” Journal of Lake and Reservoir
Management 14(2-3): 379-392.

Baird, C., T. Dybala, M. Jennings and

D.Ockerman. 1996. Characterization of
Nonpoint Sources and Loadings to Corpus
Christi National Estuary Program Study
Area. Corpus Christi Bay National Estuary

Program. City of Corpus Christi, TX.

Bannerman, R., A. Legg and S. Greb. 1996.

Quality of Wisconsin Stormwater 1989-
1994. U.S. Geological Survey. Reston,

VA.Open File Report 96-458.

Bannerman, R., D. Owens, R. Dodds and N.

Hornewer. 1993.  “Sources of Pollutants in

Wisconsin Stormwater.” Water Science
and Technology  28(3-5): 241-259.

Barbour, M., J. Gerritsen, B. Snyder and J.

Stribling. 1999. Rapid Bioassessment
Protocols for Use in Streams and Wade-
able Rivers: Periphyton, Benthic
Macroinvertebrates and Fish. 2nd Edition.

EPA 841-B-99-002. U.S. EPA Office of

Water. Washington, D.C.

Barfield, B. and M. Clar. 1985. Development of
New Design Criteria for Sediment Traps
and Basins.  Prepared for the Maryland

Resource Administration. Annapolis, MD.

Barr, R. 1997. Maryland NPDES Phase I
Monitoring Data. Maryland Department of

the Environment. Baltimore, MD.

Barrett, M. and J. Malina. 1998.  Comparison
of Filtration Systems and Vegetated
Controls for Stormwater Treatment. 3rd

International Conference on Diffuse

Pollution. Scottish Environment Protection

Agency, Edinburg Scotland.

Barrett, M., R. Zuber, E. Collins and J. Malina.

1995. A Review and Evaluation of Litera-
ture Pertaining to the Quantity and Con-
trol of Pollution from Highway Runoff and
Construction. CRWR Online Report 95-5.

Bauer, G. 1988. “Threats to the Freshwater

Pearl Mussel Margaritifera margaritifera
L. in Central Europe.” Biological Conser-
vation 45: 239-253.

RB-AR7729



118                Impacts of Impervious Cover on Aquatic Systems

References

Bay, S. and J. Brown. 2000. Assessment of
MTBE Discharge Impacts on California
Marine Water Quality. State Water Re-

sources Control Board.  Southern Califor-

nia Coastal Water Research Project.

Westminster, California.

 Beeson, C. and P. Doyle. 1995. “Comparison

of Bank Erosion at Vegetated and Non-

vegetated Bends.” Water Resources
Bulletin 31(6).

Benke, A., E. Willeke, F. Parrish and D. Stites.

1981. Effects of Urbanization on Stream
Ecosystems. Office of Water Research and

Technology. US Department of the Inte-

rior. Completion Report Project No. A-

055-GA.

Bicknell, B., J. Imhoff, J. Kittle, A. Donigian

and R. Johanson. 1993. Hydrologic Simu-
lation Program-Fortran-HSPF. Users

Manual for Release 10.0. EPA 600/3-84-

066. Environmental Research Laboratory,

U.S. EPA, Athens, GA.

Bisson, P., K. Sullivan, and J. Nielsen. 1988.

“Channel Hydraulics, Habitat Use, and

Body      Form of Juvenile Coho Salmon,

Steelhead, and Cutthroat Trout in

Streams.”  Transactions of the American
Fisheries Society 117:262-273.

Black and Veatch. 1994.  Longwell Branch
Restoration-Feasibility Study Vol. 1.

Carroll County, MD Office of Environ-

mental Services.

Blankenship, K. 1996. “Masked Bandit Uncov-

ered in Water Quality Theft.” Bay Journal
6(6).

Bledsoe, B. 2001. “Relationships of Stream

Response to Hydrologic Changes.” Linking
Stormwater BMP Designs and Perfor-
mance to Receiving Water Impacts Mitiga-
tion Proceedings. Snowmass, CO.

Blood, E. and P. Smith. 1996. “Water Quality

in Two High-Salinity Estuaries: Effects of

Watershed Alteration.” Sustainable
Development in the Southeastern Coastal
Zone. F.J. Vernberg, W.B. Vernberg and T.

Siewicki (eds.). Belle W. Baruch Library

in Marine Science, No. 20. University of

South Carolina Press, Columbia, SC.

Boom, A. and J. Marsalek. 1988. “Accumula-

tion of Polycyclic Aromatic Hydrocarbons.

(PAHs) in an Urban Snowpack.” Science
of the Total Environment 74:148.

Booth, D. 2000. “Forest Cover, Impervious

Surface Area, and the Mitigation of

Urbanization Impacts in King County,

WA.”  Prepared for King County Water

and Land Resource Division. University of

Washington.

Booth, D. 1991. “Urbanization and the Natural

Drainage System-Impacts, Solutions and

Prognoses.” Northwest Environmental
Journal 7(1): 93-118.

Booth, D. 1990. “Stream Channel Incision

Following Drainage Basin Urbanization.”

Water Resources Bulletin 26(3): 407-417.

Booth, D. and P. Henshaw. 2001. “Rates of

Channel Erosion in Small Urban Streams.”

Water Science and Application 2:17-38.

Booth, D. and C. Jackson. 1997.  “Urbaniza-

tion of Aquatic Systems: Degradation

Thresholds, Stormwater Detection and the

Limits of Mitigation.” Journal AWRA
33(5): 1077- 1089.

Booth, D. and L. Reinelt. 1993. Consequences
of Urbanization on Aquatic Systems -
Measured Effects, Degradation Thresh-
olds, and Corrective Strategies. Watershed

‘93 Proceedings. Alexandria, Virginia.

RB-AR7730



 Impacts of Impervious Cover on Aquatic Systems 119

 References

Booth, D., D.  Montgomery and J. Bethel.

1997. “Large Woody Debris in the Urban

Streams of the Pacific Northwest.” Effects
of Watershed Development and Manage-
ment on Aquatic Ecosystems. Roesner,

L.A. Editor. Proceedings of the ASCE

Conference. Snowbird, Utah.

Boughton, C. and M. Lico. 1998. Volatile
Organic Compounds in Lake Tahoe,
Nevada and California. United States

Geological Survey. Fact Sheet FS-055-98.

Boward, D., P. Kazyak, S. Stranko, M. Hurd

and T. Prochaska.  1999.  From the Moun-
tains to the Sea: The State of Maryland’s
Freshwater Streams. EPA 903-R-99-023.

Maryland Deparment of Natural Re-

sources. Annapolis, MD.

Bowen, J. and I. Valiela. 2001. “ The Ecologi-

cal Effects of Urbanization of Coastal

Watersheds: Historical Increases in

Nitrogen Loads and Eutrophication of

Waquiot Bay Estuaries.” Canadian Jour-
nal of Fisheries and Aquatic Sciences
58(8):1489-1500.

Brown, K. 2000. “Housing Density and Urban

Land Use as Stream Quality Indicators.”

Watershed Protection Techniques 3(3):

735-739.

Brown, W. 2000. “A Study of Paired

Catchments Within Peavine Creek, Geor-

gia.” Watershed Protection Techniques
3(2):681-684.

Brush, S., M. Jennings, J. Young and H.

McCreath. 1995.  NPDES Monitoring –

Dallas – Ft. Worth, Texas Area. In Storm-
water NPDES Related Monitoring Needs.
Proceedings of an Engineering Foundation

Conference. Edited by Harry Torno. New

York, NY.

Campbell, K.R. 1995. “Concentrations of

Heavy Metals associated with Urban

Runoff in Fish Living in Stormwater

Ponds.” Archives of Environmental Con-
tamination and Toxicology 27:352-356.

Cappiella, K. and K. Brown. 2001. Impervious
Cover and Land Use in the Chesapeake
Bay Watershed. Center for Watershed

Protection. Ellicott City, MD.

Caraco, D. 2000a. “Stormwater Strategies for

Arid and Semi-arid Watersheds.” Water-
shed  Protection Techniques  3(3):695-706.

Caraco, D. 2000b. “The Dynamics of Urban

Stream Channel Enlargement.” Watershed
Protection Techniques  3(3):729-734.

Center for Watershed Protection (CWP). In
press. Smart Watersheds: Integrating
Local Programs to Achieve Measurable
Progress in Urban Watershed Restoration.

Ellicott City, MD.

CWP. 2001a. “Managing Phosphorus Inputs

Into Lakes.” Watershed Protection Tech-
niques 3(4): 769-796.

CWP. 2001b. Watts Branch Watershed Study
and Management Plan. Prepared for City

of Rockville, Maryland. Ellicott City, MD.

CWP. 1998. Rapid Watershed Planning
Manual. Ellicott City, MD.

Chang G., J. Parrish and C. Souer. 1990. The
First Flush of Runoff and its Effect on
Control Structure Design. Environmental

Resource Management Division - Depart-

ment of Environmental and Conservation

Services. Austin, TX.

Chessman, B., P. Hutton and J. Burch. 1992.

“Limiting Nutrients for Periphyton Growth

in Sub-alpine Forest, Agricultural and

Urban Streams.” Freshwater Biology 28:

349-361.

Chin, N. 1996. Watershed Urbanization Effects
on Palustrine Wetlands: A Study of the
Hydrologic, Vegetative, and Amphibian
Community Response Over Eight Years.
M.S. Thesis. Department of Civil Engi-

neering. University of Washington.

RB-AR7731



120                Impacts of Impervious Cover on Aquatic Systems

References

Collins, A, D. Walling and G. Leeks. 1997.

“Source Type Ascription for Fluvial

Suspended Sediment Based on a Quantita-

tive Composite Fingerprinting Technique.”

Catena 29:1-27.

Connor, V. 1995. Pesticide Toxicity in Storm-
water Runoff. Technical Memorandum.

California Regional Water Quality Control

Board, Central Valley Region. Sacramento,

California.

Corsi, S., D. Hall and S. Geis. 2001. “Aircraft

and Runway Deicers at General Mitchell

International Airport, Milwaukee, Wiscon-

sin, USA. 2. Toxicity of Aircraft and

Runway Deicers.” Environmental Toxicol-
ogy and Chemistry 20(7):1483-1490.

Couch, C. et al. 1997. “Fish Dynamics in

Urban Streams Near Atlanta, Georgia.”

Technical Note 94. Watershed Protection
Techniques. 2(4): 511-514.

Crawford, J.  and D. Lenat. 1989.  Effects of
Land Use on Water Quality and the Biota
of Three Streams in the Piedmont Province
of North Carolina.  United States Geologi-

cal Service.Raleigh, NC. Water Resources

Investigations Report 89-4007.

Crippen and Waananen. 1969. Hydrologic
Effects of Suburban Development Near
Palo Alto, California. Open file report.

U.S. Geologic Survey, Menlo Park,

Califronia.

Crunkilton, R., J. Kleist, J. Ramcheck, W.

DeVita and D. Villeneuve. 1996. “Assess-

ment of the Response of Aquatic Organ-

isms to Long-term In Situ Exposures of

Urban Runoff.”  Effects of Watershed
Development and Management on Aquatic
Ecosystems. Roesner, L.A. Editor. Pro-

ceedings of the ASCE Conference.  Snow-

bird, Utah.

Dail, H., P. Kazyak, D. Boward and S. Stranko.

1998.  Patapsco River Basin: Environmen-
tal Assessment of Stream Conditions.

Maryland Department of Natural Re-

sources. Chesapeake Bay and Watershed

Programs CBP-MANTA-EA-98-4.

Dartiguenave, C.,  I. ECLille and D.

Maidment. 1997. Water Quality Master
Planning for Austin, TX. CRWR Online

Report 97-6.

Davis, J. 2001. Personal communication.

Department of Rural Sociology, University

of Missouri, Columbia, MO.

Delzer, G.C. 1999. National Water-Quality
Assessment Program: Quality of Methyl
Tert-Butyl Ether (MTBE) Data for
Ground-water Samples Collected During
1993-95. United States Geological Survey

Fact Sheet. FS-101-99.

Delzer, G.C. 1996. Occurrence of the Gasoline
Oxygenate MTBE and BTEX Compounds
in Urban Stormwater in the United States,
1991-95. Untied States Geological Survey

Water-Resources Investigation Report.

WRIR 96-4145.

Denver Regional Council of Governments

(DRCOG). 1983. Urban Runoff Quality in
the Denver  Region. Denver, CO.

DeVivo, J., C. Couch and B. Freeman. 1997.

Use of Preliminary Index of Biotic Integ-
rity in Urban Streams Around Atlanta,
Georgia. Georgia Water Resources Con-

ference. Atlanta, Georgia.

Dindorf, C. 1992. Toxic and Hazardous
Substances in Urban Runoff. Hennepin

Conservation District. Minnetonka, MN.

Doerfer, J. and B. Urbonas. 1993. Stormwater
Quality Characterization in the Denver
Metropolitan Area.  Denver NPDES.

Denver, CO.

RB-AR7732



 Impacts of Impervious Cover on Aquatic Systems 121

 References

Doll, B., D. Wise-Frederick, C. Buckner, S.

Wilkerson, W. Harman and R. Smith.

2000. “Hydraulic Geometry Relationships

for Urban Streams Throughout the Pied-

mont of North Carolina.” Source unknown.

Donigian, A and W. Huber. 1991. Modeling of
Nonpoint Source Water Quality in Urban
and Non-urban Areas. EPA/600/3-91/-39.

U.S. EPA. Washington, D.C.

Dreher, D. 1997. “Watershed Urbanization

Impacts on Stream Quality Indicators in

Northeastern Illinois.” Assessing the
Cumulative Impacts of Watershed Devel-
opment on Aquatic Ecosystems and Water
Quality. D. Murray and R.  Kirshner (ed.).

Northeastern Illinois Planning Commis-

sion. Chicago, IL.

Driscoll, E. 1983. Rainfall/ Runoff Relation-
ships from the NURP Runoff Database.

Stormwater and Quality Models Users

Group Meeting. Montreal, Quebec.1983.

Driver, N. 1988. National Summary and
Regression Models of Storm-Runoff Loads
and Volumes in Urban Watersheds in the
United States. Thesis. Colorado School of

Mines. Golden, Colorado.

Duda, A.M. and K.D. Cromartie.  1982.

“Coastal Pollution from Septic Tank

Drainfields.”  Journal of the Environmen-
tal Engineering Division ASCE. 108:1265-

1279.

Dunne, T. and L. Leopold. 1978.  Water in
Environmental Planning. W. Freeman and

Company, New York, NY.

Ellis, J. 1986. “Pollutional Aspects of Urban

Runoff.” In Urban Runoff Pollution. (eds.)

H. Torno, J. Marsalek and M. Desbordes.

Springer-Verlag, Berlin.

Environment Canada. 2001. Priority Sub-
stances List Assessment Reports. Road

Salt. Ministry of Environment. Toronto,

Canada.

EOA, Inc. 2001. Stormwater Environmental
Indicators. Pilot Demonstration Project.

Final Report. Water Environment Research

Foundation. Santa Clara Urban Runoff

Pollution Prevention Project. Santa Clara,

CA.

Evaldi, R., R. Burns and B. Moore. 1992.

Stormwater Data for Jefferson County,
Kentucky, 1991-1992. U.S. Geological

Survey. Open File Report 92-638.

Evett, J., M. Love and J. Gordon. 1994. Effects
of Urbanization and Land Use Changes on
Low Stream Flow. North Carolina Water

Resources Research Institute. Report No.

284.

Evgenidou, A., A. Konkle, A. D’Ambrosio, A.

Corcoran, J. Bowen, E. Brown, D.

Corcoran, C. Dearholt, S. Fern, A. Lamb,

J. Michalowski, I. Ruegg and J. Cebrian.

1997. “Effects of Increased Nitrogen

Loading on the Abundance of Diatoms and

Dinoflagellates in Estuarine Phytoplank-

tonic Communities.” The Biological
Bulletin 197(2):292.

Fairfax County Department of Public Works

and Environmental Services (Fairfax Co).

2001. Fairfax County Stream Protection
Strategy Baseline Study. Stormwater

Management Branch, Stormwater Planning

Division, Fairfax County, VA.

Ferrari, M., S. Altor, J. Blomquist and J.

Dysart. 1997. Pesticides in the Surface
Water of the Mid-Atlantic Region. United

States Geological Survey. Water-Re-

sources Investigations Report 97-4280.

Field, R. and R. Pitt. 1990. “Urban Storm-

induced Discharge Impacts: US Environ-

mental Protection Agency Research

Program Review.” Water Science Technol-
ogy (22): 10-11.

Findlay, C. and J. Houlahan. 1997.  “Anthropo-

genic Correlates of Species Richness in

Southeastern Ontario Wetlands.” Conser-
vation Biology 11(4):1000-1009.

RB-AR7733



122                Impacts of Impervious Cover on Aquatic Systems

References

Finkenbine, J., J. Atwater and D. Mavinic.

2000. “Stream Health After Urbanization.”

Journal of the American Water Resources
Association 36(5): 1149-1160.

Fongers, D.and J. Fulcher. 2001. Hydrologic
Impacts Due to Development: The Need
for Adequate Runoff Detention and Stream
Protection. Michigan Department of

Environmental Quality.

Fortner, A.R., M. Sanders and S.W. Lemire.

1996. “Polynuclear Aromatic Hydrocarbon

and Trace Metal Burdens in Sediment and

the Oyster, Crassostrea virginica Gmelin,

from Two High-Salinity Estuaries in South

Carolina.” In Sustainable Development in
the Southeastern Coastal Zone. F.J.

Vernberg, W.B. Vernberg and T. Siewicki

(eds.). Belle W. Baruch Library in Marine

Science, No. 20. University of South

Carolina Press, Columbia, SC.

Fulton, M., G. Chandler and G. Scott. 1996.

“Urbanization Effects on the Fauna of a

Southeastern U.S.A. Bar-Built Estuary.” In

Sustainable Development in the Southeast-
ern Coastal Zone. F.J. Vernberg, W.B.

Vernberg and T. Siewicki (eds.). Belle W.

Baruch Library in Marine Science, No. 20.

University of South Carolina Press,

Columbia, SC.

Galli, F. 1988. A Limnological Study of an
Urban Stormwater Management Pond and
Stream Ecosystem. M.S. Thesis. George

Mason University.

Galli, J. 1994.  Personal communication.

Department of Environmental Programs.

Metropolitan Washington Council of

Governments. Washington, DC.

Galli, J. 1990. Thermal Impacts Associated
with Urbanization and Stormwater Man-
agement Best Management Practices.

Metropolitan Washington Council of

Governments. Maryland Department of

Environment. Washington, D.C.

Garie, H. and A. McIntosh. 1986. “Distribution

of Benthic Macroinvertebrates in Streams

Exposed to Urban Runoff.” Water Re-
sources Bulletin 22:447-458.

Garn, H. 2002. Effects of Lawn Fertilizer on
Nutrient Concentrations in Runoff from
Lakeshore Lawns, Lauderdale Lakes,
Wisconsin. USGS Water-Resources

Investigation Report 02-4130.

Gavin, D. V. and R.K. Moore. 1982. Toxicants
in Urban Runoff. Prepared for the U.S.

Environmental Protection Agency’s

Nationwide Urban Runoff Program.

Seattle, WA.

Good, J. 1993. “Roof Runoff as a Diffuse

Source of Metals and Aquatic Toxicology

in Stormwater.” Waterscience Technology
28(3-5):317-322.

Graczyk, T. K., R. Fayer, J. M Trout, E. J.

Lewis, C. A. Farley, I. Sulaiman and A.A.

Lal. 1998. “Giardia sp. Cysts and Infec-

tious Cryptosporidium parvum Oocysts in

the Feces of Migratory Canada geese

(Branta canadensis).” Applied and Envi-
ronmental Microbiology 64(7):2736-2738.

Haith, D., R. Mandel and R. Wu. 1992.

GWLF-Generalized Watershed Loading

Functions. Version 2.0 Users Manual.

Cornell University. Agricultural Engineer-

ing Department.

Hall, K. and B. Anderson. 1988. “The Toxicity

and Chemical Composition of Urban

Stormwater Runoff.” Canadian Journal of
Civil Engineering 15:98-106.

Hammer, T. 1972. “Stream Channel Enlarge-

ment Due to Urbanization.” Water Re-
sources Research 8(6): 1530-1540.

Hart, D. and C. Finelli. 1999. “Physical-

Biological Coupling in Streams: the

Pervasive Effects of Flow on Benthic

Organisms.”  Annu. Rev. Ecol. Syst.
30:363-95.

RB-AR7734



 Impacts of Impervious Cover on Aquatic Systems 123

 References

Hartwell S., D. Jordahl, J. Evans and E. May.

1995. “Toxicity of Aircraft De-icer and

Anti-icer Solutions to Aquatic Organisms.”

Environmental Toxicology and Chemistry
14:1375-1386.

Heaney, J. and W. Huber. 1978. Nationwide
Assessment of Receiving Water Impacts
from Urban Storm Water Pollution. United

States Environmental Protection Agency.

Cincinnati, OH.

Herlihy, A, J. Stoddard and C. Johnson. 1998.

“The Relationship Between Stream Chem-

istry and Watershed Land Cover in the

Mid-Atlantic Region, U.S.” Water, Air and
Soil Pollution 105: 377-386.

Henshaw, P. and D. Booth, 2000. “Natural

Restabilization of Stream Channels in

Urban Watersheds.” Journal of the Ameri-
can Water Resources Association
36(6):1219-1236.

Hession, W., J. Pizzuto, T. Johnson and R.

Horowitz. In press. Influence of Bank
Vegetation on Channel Morphology in
Rural and Urban Watersheds.

Hicks, A. and J. Larson. 1997. The Impact of
Urban Stormwater Runoff on Freshwater
Wetlands and the Role of Aquatic Inverte-
brate Bioassessment. The Environment

Institute, University of Massachusetts.

Amherst, MA.

Hirsch, R., J. Walker, J. Day and R. Kallio.

1990. “The Influence of Man on Hydro-

logic Systems.” Surface Water Hydrology
O-1:329-347.

Hollis, F. 1975.  “The Effects of Urbanization

on Floods of Different Recurrence Inter-

vals.”  Water Resources Research 11:431-

435.

Holland, F., G. Riekerk, S. Lerberg, L.

Zimmerman, D. Sanger, G. Scott, M.

Fulton, B. Thompson, J. Daugomah, J.

DeVane, K. Beck and A. Diaz. 1997.  The
Tidal Creek Project Summary Report.
Marine Resources Research Institute, SC

Department of Natural Resources.

Horkeby, B. and P. Malmqvist. 1977.

Microsubstances in Urban Snow Water.

IAHS-AISH. Publication 123:252-264.

Horner, R. and C. May.  1999.  “Regional

Study Supports Natural Land Cover

Protection as Leading Best Management

Practice for Maintaining Stream Ecologi-

cal Integrity.” In: Comprehensive Storm-
water & Aquatic Ecosystem Management
Conference Papers. First South Pacific

Conference, February 22-26, New Zealand.

Vol 1. p. 233-247.

Horner, R., D. Booth, A. Azous and C. May.

1997. “Watershed Determinants of Ecosys-

tem Functioning.”  In Roesner, L.A.

Editor. Effects of Watershed Development
and Management on Aquatic Ecosystems.

Proceedings of the ASCE Conference.

Snowbird, Utah. 1996.

Horner, R., J. Guerdy and M. Kortenhoff.

1990. Improving the Cost Effectiveness of
Highway Construction Site Erosion and
Pollution Control. Washington State

Transportation Center and the Federal

Highway Administration. Seattle, WA.

Horner, R., C. May, E. Livingston and J.

Maxted. 1999. “Impervious Cover,

Aquatic Community Health, and Stormwa-

ter BMPs: Is There a Relationship?” In
Proceedings of The Sixth Biennial Storm-
water Research and Watershed Manage-
ment Conference. Sept 14-17. 1999.

Tampa Florida. Soutwest Florida Water

Management District. Available on-line:

http://www.stormwater-resources.com/

proceedings_of_the_sixth_biennia.htm

RB-AR7735



124                Impacts of Impervious Cover on Aquatic Systems

References

Horner, R., C. May, E. Livingston, D. Blaha,

M. Scoggins, J. Tims and J. Maxted. 2001.

“Structural and Non-structural BMPs for

Protecting Streams.” in Linking Stormwa-
ter BMP Designs and Performance to
Receiving Water Impact Mitigation. B.

Urbonas (editor). Proceedings of an

Engineering Research Foundation Confer-

ence. Smowmass, CO. American Society

of Civil Engineers (TRS). pp. 60-77.

Huber, W. and R. Dickinson. 1988. Storm
Water Management Model (SWMM).
Version 4. Users Manaul. EPA/600/3-88/

001a). US EPA. Athens, GA.

Hydrologic Engineering Center (HEC). 1977.

Storage, Treatment, Overflow and Runoff
Model (STORM). Users Manual. General-

ized Computer Program. 7233-S8-L7520.

Hydroqual, Inc. 1996. Design Criteria Report:
Kensico Watershed Stormwater Best
Management Facilities: Appendix C.
Report prepared for City of New York.

Department of Environmental Protection.

Immerman, F. and D. Drummon. 1985. Na-
tional Urban Pesticide Applications
Survey. Research Triangle Institute.

Publication No. 2764/08-01F.

Ireland, D., G. Burton, Jr. and G. Hess. 1996.

“In Situ Toxicity Evaluations of Turbidity

and Photoinduction of Polycyclic Aromatic

Hydrocarbons.” Environmental Toxicology
and Chemistry 15(4): 574-581.

Islam, M., D. Tuphron and H. Urata-Halcomb.

1988. Current Performance of Sediment
Basins and Sediment Yield Measurement in
Unincorporated Hamilton County, OH.
Hamilton County Soil and Water Conser-

vation District.

Jarrett, A. 1996. Sediment Basin Evaluation
and Design Improvements. Pennsylvania

State University.  Prepared for Orange

County Board of Commissioners.

Johnson, K. 1995. Urban Storm Water Impacts
on a Coldwater Resource. Presentation to

the Society of Environmental Toxicology

and Chemistry (SETAC) Second World

Congress. Vancouver, B.C., Canada..

Jones, R., A. Via-Norton and D. Morgan. 1996.

“Bioassessment of the BMP Effectiveness

in Mitigating Stormwater Impacts on

Aquatic Biota.” In Roesner, L.A. Editor.

Effects of Watershed Development and
Management on Aquatic Ecosystems.
Proceedings of the ASCE Conference.

Snowbird, Utah.

Jones, R. and C. Clark. 1987. “Impact of

Watershed Urbanization on Stream Insect

Communities.” Water Resources Bulletin
15(4).

Karouna-Renier, N. 1995. An Assessment of
Contaminant Toxicity to Aquatic Macro-
Invertebrates in Urban Stormwater Treat-
ment Ponds. M.S. Thesis. University of

Maryland. College Park, MD.

Keller, A. and S. Zam. 1991. “The Acute

Toxicity of Selected Metals to the Fresh-

water Mussel, Anodonta imbecillis.”

Environmental Toxicology and Chemistry
10: 539-546.

Kemp, S. and J. Spotila. 1997. “Effects of

Urbanization on Brown Trout Salmo trutta,

Other Fishes and Macroinvertebrates in

Valley Creek, Valley Forge, PA.” Ameri-
can Midl. Nat. 138:55-68.

Kennen, J. 1999. “Relation of

Macroinvertebrate Community Impairment

to Catchment Characteristics in New

Jersey Streams.” Journal of the American
Water Resources Association  35(4):939-

955.

Kibler, D., D. Froelich and G. Aron. 1981.

“Analyzing Urbanization Impacts on

Pennsylvania Flood Peaks.” Water Re-
sources Bulletin 17(2):270-274.

RB-AR7736



 Impacts of Impervious Cover on Aquatic Systems 125

 References

Kitchell, A. 2001. “Managing for a Pure Water

Supply.” Watershed Protection Techniques
3(4): 797-812.

Kjelstrom, L. 1995. Data for Adjusted Re-
gional Regression Models of Volume and
Quality of Urban Stormwater Runoff in
Boise and Garden City, Idaho, 1993-94.

United States Geological Survey. Water

Resources Investigations Report 95-4228.

Klein, R. 1979. “Urbanization and Stream

Quality Impairment.” Water Resources
Bulletin 15(4):948-963.

Konrad, C. and D. Booth. 2002. Hydrologic
Trends Associated with Urban Develop-
ment for Selected Streams in the Puget
Sound Basin - Western Washington. USGS

Water Resources Investigation Report 02-

4040.

Kucklick, J.K., S. Silversten, M. Sanders and

G.I. Scott. 1997. “Factors Influencing

Polycyclic Aromatic Hydrocarbon Distri-

butions in South Carolina Estuarine

Sediments.” Journal of Experimental
Marine Biology and Ecology 213:13-30.

Kundell, J. and T. Rasmussen. 1995. Recom-
mendations of the Georgia Board of
Regent’s Scientific Panel on Evaluating
the Erosion Measurement Standard
Defined by the Georgia Erosion and
Sedimentation Act. Proceedings of the

1995 Georgia Water Resources Confer-

ence. Athens, Georgia.

La Barre, N., J. Milne and B. Oliver. 1973.

“Lead Contamination of Snow.” Water
Research 7:1,215-1,218.

LeBlanc, R., R. Brown and J. FitzGibbon.

1997. “Modeling the Effects of Land Use

Change on the Water Temperature in

Unregulated Urban Streams.” Journal of
Environmental Management 49: 445-469.

Leopold, L. 1994. A View of the River. Harvard

University Press, Cambridge, MA.

Leopold, L. 1973. “River Change with Time:

An Example.” Geological Society of
America Bulletin 84: 1845-1860.

Leopold, L. 1968. Hydrology for Urban land
Use Planning - A Guidebook on the
Hydrologic Effects of Urban Land Use.
Washington, D.C. Geological Survey

Circular 554.

Lerberg, S., F. Holland and D. Sanger. 2000.

“Responses of Tidal Creek Macrobenthic

Communities to the Effects of Watershed

Development.” Estuaries 23(6):838-853.

Lim, S. and V. Olivieri. 1982. Sources of
Microorganisms in Urban Runoff. Johns

Hopkins School of Public Health and

Hygiene. Jones Falls Urban Runoff

Project. Baltimore, MD.

Limburg, K. and R. Schmidt. 1990. “Patterns

of Fish Spawning in Hudson River Tribu-

taries-Response to an Urban Gradient?”

Ecology 71(4): 1231-1245.

Liu, Z., D. Weller, D. Correll and T. Jordan.

2000. “Effects of Land Cover and Geology

on Stream Chemistry in Watersheds of

Chesapeake Bay.” Journal of American
Water Resources Association 36(6): 1349-

1365.

Livingston, R. 1996. “Eutrophication in

Estuaries and Coastal Systems: Relation-

ship of Physical Alterations, Salinity

Stratification, and Hypoxia.” In Sustain-
able Development in the Southeastern
Coastal Zone. F.J. Vernberg, W.B.

Vernberg and T. Siewicki (eds.). Belle W.

Baruch Library in Marine Science, No. 20.

University of South Carolina Press,

Columbia, SC.

Lopes, T. and S. Dionne. 1998.  A Review of
Semi-Volatile and Volatile Organic
Compounds in Highway Runoff and Urban
Stormwater. USGS Open file report 98-

409.

RB-AR7737



126                Impacts of Impervious Cover on Aquatic Systems

References

Lopes, T., K. Fossum, J. Phillips and J.

Marical. 1995. Statistical Summary of
Selected Physical, Chemical, and Micro-
bial Contaminants and Estimates of
Constituent Loads in Urban Stormwater in
Maricopa County, Arizona. USGS Water

Resources Investigations Report 94-4240.

Luchetti, G. and R. Feurstenburg. 1993.

Relative Fish Use in Urban and Non-urban
Streams Proceedings. Conference on Wild

Salmon. Vancouver, British Columbia.

MacCoy, D. and R. Black. 1998. Organic
Compounds and Trace Elements in Fresh-
water  Streambed Sediment and Fish from
the Puget Sound Basin. USGS Fact Sheet

105-98.

MacRae, C. 1996. “Experience From Morpho-

logical Research on Canadian Streams: Is

Control of the Two-year Frequency Runoff

Event the Best Basis for Stream Channel

Protection?”  In Roesner, L.A. Editor.

Effects of Watershed Development and
Management on Aquatic Ecosystems.
Proceedings of the ASCE Conference.

Snowbird, Utah.

MacRae, C. and M. DeAndrea. 1999. Assess-
ing the Impact of Urbanization on Channel
Morphology. 2nd International Conference

on Natural Channel Systems. Niagra Falls,

OT.

MacRae, C. and A. Rowney. 1992. The Role of
Moderate Flow Events and Bank Structure
in the Determination of Channel Response
to Urbanization. 45th Annual Conference.

Resolving Conflicts and Uncertainty in

Water Management. Proceeding of the

Canadian Water Resources Association,

Kingston, Ontario.

Maiolo, J. and P. Tschetter. 1981. “Relating

Population Growth to Shellfish Bed

Closures: a Case Study from North Caro-

lina.” Coastal Zone Management Journal
9(1).

Mallin, M., E. Esham, K. Williams and J.

Nearhoof. 1999. “Tidal Stage Variability

of Fecal Coliform and Chlorophyll a
Concentrations in Coastal Creeks.” Marine
Pollution Bulletin 38 (5):414-422.

Mallin, M., K. Williams, E. Esham and R.

Lowe. 2000. “Effect of Human Develop-

ment on Bacteriological Water Quality in

Coastal Watersheds.” Ecological Applica-
tions 10(4) 1047-1056.

Mallin, M., S. Ensign, M. McIver, G. Swank

and P. Fowler. 2001. “Demographic,

Landscape and Metrologic Factors Con-

trolling the Microbial Pollution of Coastal

Waters.” Hydrobiologia 460:185-193.

Malmqvist, P. 1978. “Atmospheric Fallout and

Street Cleaning- Effects on Urban Snow

Water and Snow.” Progress in Water
Technology 10(5/6):495-505.

Maryland-National Capital Park and Planning

Commission (MNCPPC). 2000. Stream
Condition Cumulative Impact Models For
the Potomac Subregion. Prepared for the

Maryland-  National Park and Planning

Commission, Silver Spring, MD.

Masterson, J. and R. Bannerman. 1994. Impact
of Stormwater Runoff on Urban Streams in
Milwaukee County, Wisconsin. Wisconsin

Department of Natural Resources. Madi-

son, WI.

Maxted, J. 1999. “The Effectiveness of Reten-

tion Basins to Protect Downstream Aquatic

Life in Three Regions of the United

States.” In Conference Proceedings.

Volume one. Comprehensive Stormwater
and Aquatic Ecosystem Management. First

South Pacific Conference. 22-26 February,

1999. Auckland Regional Council.

Auckland, New Zealand pp. 215- 222.

RB-AR7738



 Impacts of Impervious Cover on Aquatic Systems 127

 References

Maxted, J. and E. Shaver. 1997. “The Use of

Retention Basins to Mitigate Stormwater

Impacts on Aquatic Life.” In Roesner, L.A.

Editor. Effects of Watershed Development
and Management on Aquatic Ecosystems.
Proceedings of the ASCE Conference.

Snowbird, Utah.

May, C., R. Horner, J. Karr, B. Mar and E.

Welch. 1997. “Effects of Urbanization on

Small Streams in the Puget Sound Low-

land Ecoregion.” Watershed Protection
Techniques 2(4): 483-494.

McCuen R. and G. Moglen. 1988.

“Multicriterion Stormwater Management

Methods.” Journal of Water Resources
Planning and Management 4 (114).

Menzie-Cura & Associates. 1995. Measure-
ments and Loadings of Polycyclic Aro-
matic Hydrocarbons (PAH) in Stormwater,
Combined Sewer Overflows, Rivers, and
Publically Owned Treatment Works
(POTWs) Discharging to Massachusetts
Bays. Report to the Massachusetts Bay

Program, August 1995, MBP-95-06.

Metropolitan Washington Council of Govern-

ments (MWCOG). 1992. Watershed
Restoration Sourcebook. Department of

Environmental Programs. MWCOG,

Washington, DC.

MWCOG. 1983. Urban runoff in Washington
Metropolitan Area- Final Report. Wash-

ington. D.C Area Urban Runoff Program.

Prepared for USEPA. WRPB.

Meyer, J. and C. Couch. 2000. Influences of
Watershed Land Use on Stream Ecosystem
Structure and Function. NCERQA Grant

Final Report.

Montgomery County Department of Environ-

mental Protection (MCDEP). 2000. Special
Protection Area Report.

Morisawa, M. and E. LaFlure. 1979. Hydraulic
Geometry, Stream Equalization and
Urbanization. Proceedings of the Tenth

Annual Geomorphology Symposia Series:

Adjustments of the Fluvial System.

Binghamton, New York.

Moring, J. and D. Rose. 1997. “Occurrence and

Concentrations of Polycyclic Aromatic

Hydrocarbon in Semipermeable Membrane

Devices and Clams in Three Urban

Streams of the Dallas-Fort Worth Metro-

politan Area, Texas.” Chemosphere 34(3):

551-566.

Morse, C. 2001. The Response of First and
Second Order Streams to Urban Land-use
in Maine, USA. Masters Thesis, The

University of Maine, Orono, ME.

Moscript, A. and D. Montgomery. 1997.

“Urbanization, Flood Frequency, and

Salmon Abundance in Puget Lowland

Streams.” Journal of the American Water
Resources Association. 33:1289-1297.

Neller, R. 1989. “Induced Channel Enlarge-

ment in Small Urban Catchments,

Armidale, New South Wales.” Environ-
mental Geology and Water Sciences 14(3):

167-171.

Neller, R. 1988. “A Comparison of Channel

Erosion in Small Urban and Rural

Catchments, Armidale, New South

Wales.” Earth Surface Processes and
Landforms 13:1-7.

New Mexico Surface Water Quality Bureau

(NMSWQB). 1999. Total Maximum Daily
Load for Fecal Coliform on Canadian
River Basin Six Mile, Cieneguilla and
Moreno Creeks (Cimarron).

Northern Virginia Planning District Commis-

sion (NVPDC). 1987. BMP Handbook for
the Occoquan Watershed. Annandale, VA.

NVPDC. 1979. Guidebook for Evaluating
Urban Nonpoint Source Strategies. Pre-

pared for the Metropolitan Washington

Council of Governments.

RB-AR7739



128                Impacts of Impervious Cover on Aquatic Systems

References

Northern Virginia Regional Commission

(NVRC). 2001. The Effect of Urbanization
on the Natural Drainage Network in the
Four Mile Run Watershed.

Novotny, V. and G. Chester. 1989. “Delivery

of Sediment and Pollutants from Nonpoint

Sources: a Water Quality Perspective.”

Journal of Soil and Water Conservation
44:568-576.

Novotny, V. and G. Chester. 1981. Handbook
of Nonpoint Pollution: Sources and
Management. Van Nostrand Reinhold

Company. NY.

Novotny, V., D. W. Smith, D. A. Kuemmel, J.

Mastriano and A. Bartosova. 1999. Urban
and Highway Snowmelt: Minimizing the
Impact on Receiving Water. Water Envi-

ronment Research Foundation. Alexandria,

VA.

Obert, G. 1999. “Return to Lake McCarrons:

Does the Performance of Wetlands Hold

up Over Time?” Watershed Protection
Techniques 3(1):597-600.

Oberts, G. 1994. “Influence of Snowmelt

Dynamics on Stormwater Runoff Quality.”

Watershed Protection Techniques 1(2):55-

61.

Oberts, G., P. Wotzka and J. Hartsoe.1989. The
Water Quality Performance of Select
Urban Runoff Treatment Systems. Metro-

politan Council, St. Paul, MN. Publ. No.

590-89-062a.

Occoquan Watershed Monitoring Lab

(OWML). 1983. Washington Area NURP
Report VPISU: Final Report. Metropolitan

Washington Council of Governments.

Manassas, VA.

Ohrel, R. 1995. “Rating Deicer Agents – Road

Salts Stand Firm.” Watershed Protection
Techniques 1(4):217-220.

Oliver, G., P. Milene and N. La Barre. 1974.

“Chloride and Lead in Urban Snow.”

Journal Water Pollution Control Federa-
tion 46(4):766-771.

Overton, D. and M. Meadows. 1976. Storm
Water Modeling. Academic Press. New

York, NY.

Paul, M., D. Leigh and C. Lo. 2001. Urbaniza-
tion in the Etowwah River Basin: Effects
on Stream Temperature and Chemistry.
Proceedings of the 2001 Georgia Water

Resources Conference. University of

Georgia, Athens, GA.

Pedersen, E. and M. Perkins. 1986. “The Use

of Benthic Invertebrate Data for Evaluat-

ing Impacts of Urban Runoff.”

Hydrobiologia 139: 13-22.

Pierstorff, B. and P. Bishop. 1980. “ Water

Pollution From Snow Removal Opera-

tion.” Journal of Environmental Engineer-
ing Division 106 (EE2):377-388.

Pitt, R. 1998. “Epidemiology and Stormwater

Managment.” In Stormwater Quality
Management. CRC/Lewis publishers. New

York, NY.

Pitt, R. and M. Bozeman. 1982. “Sources of

Urban Runoff Pollution and Its Effects on

an Urban Creek.” EPA-600/52-82-090.

U.S. Environmental Protection Agency.

Cincinnati, OH.

Pitt, R. and J. Voorhees. 1989. Source Load
and Management Model (SLAMM) – An
Urban Nonpoint Source Water Quality
Model. Wisconsin Department of Natural

Resources, v. I-III, PUBL-WR-218-89.

Pizzuto, J., W. Hession and M. McBride. 2000.

“Comparing Gravel-Bed Rivers in Paired

Urban and Rural Catchments of Southeast-

ern Pennsylvannia.” Geology 28(1):79-82.

RB-AR7740



 Impacts of Impervious Cover on Aquatic Systems 129

 References

Poff, N. and J. Ward. 1989. “Implications of

Stream Flow Variability and Predictability

for Lotic Community Structure: A Re-

gional Analysis of Streamflow Patterns.”

Canadian Journal of Fisheries and Aquatic
Science 46:1805-1818.

Porter, D.E., D. Edwards, G. Scott, B. Jones

and S. Street. 1997. “Assessing the Im-

pacts of Anthropogenic and Physiographic

Influences on Grass Shrimp in Localized

Salt Marsh Estuaries: a Multi-Disciplinary

Approach.” Aquatic Botany 58:289-306.

Rabanal, F. and T. Grizzard. 1995.“Concentra-

tions of Selected Constituents in Runoff

from Impervious Surfaces in Urban

Catchments of Different Land Use.” In
Proceedings of the 4th Biennial Conference
on Stormwater Research. Oct 18-

20.Clearwater, Florida. Southwest Florida

Water Management District. pp. 42-52.

Reice, S. 2000. “Regulating Sedimentation and

Erosion Control into Streams: What Really

Works and Why?” In Proceedings of the
National Conference on Tools for Urban
Water Resource Management & Protec-
tion. Published by the US Environmental

Protection Agency, Office of Research and

Development, Washington, D.C.

Richards, C., L. Johnson and G. Host. 1993.

Landscape Influence on Habitat, Water
Chemistry, and Macroinvertebrate Assem-
blages in Midwestern Stream Ecosystems.

Center for Water and the Environment.

Natural Resources Research Institute

(NRRI) Technical Report TR-93-109.

Richey, J. 1982. Effects of Urbanization on a
Lowland Stream in Urban Washington.
PhD Dissertation. University of Washing-

ton.

Roth, N., M. Southerland, D. Stebel and A.

Brindley. 1998. Landscape Model of
Cumulative Impacts: Phase I Report.
Maryland Department of Natural Re-

sources.

Roth, N., J. David and D. Erickson. 1996.

“Landscape Influences on Stream Biotic

Integrity Assessed at Multiple Spatial

Scales.” Landscape Ecology 11(3):141-

156.

Rutkowski, C., W. Burnett, R. Iverson and J.

Chanton. 1999. “The Effect of Groundwa-

ter Seepage on Nutrient Delivery and

Seagrass Distribution in the Northeastern

Gulf of Mexico.” Estuaries 22(4):1033-

1040.

S.R. Hanson and Associates. 1995. Final
Report: Identification and Control of
Toxicity in Stormwater Discharges to
Urban Creeks. Prepared for Alameda

County Urban Runoff Clean Water Pro-

gram.

Samadpour, M. and N. Checkowitz. 1998.

“Little Soos Creek Microbial Source

Tracking.” Washington Water Resource.
(Spring) University of Washington Urban

Water Resources Center.

Salt Institute. 2001. Data on U.S. Salt Sales.

Available on-line: www.saltinstitute.org

Sanger, D., F. Holland and G. Scott. 1999.

“Tidal Creek and Salt Marsh Sediment in

South Carolina Coastal Estuaries: I.

Distribution of Trace Metals.” Archive of
Environmental Contamination and Toxi-
cology (37):445-457.

Saravanapavan, T. 2002. Personal communica-

tion.

Sauer, V., T. Stricker and K. Wilson. 1983.

Flood Characteristics of Urban Water-
sheds in the United States. US Geological

Survey Water Supply Paper 2207.

Scanlin, J. and A. Feng. 1997. Characteriza-
tion of the Presence and Sources of
Diazinon in the Castro Valley Creek
Watershed. Alameda Countywide Clean

Water Program and Alameda County

Flood Control and Water Conservation

District, Oakland, CA.

RB-AR7741



130                Impacts of Impervious Cover on Aquatic Systems

References

Schiff, K. 1996. Review of Existing Stormwater
Monitoring Programs for Estimating
Bight-Wide Mass Emissions from Urban
Runoff.

Schrimpff, E. and R. Herrman. 1979. “Re-

gional Patterns of Contaminants (PAH,

Pesticides and Trace metals) in Snow of

Northeast Bavaria and their Relationship to

Human Influence and Orogeographic

Effects.” Water, Air and Soil Pollution
11:481-497.

Schueler, T. 2001. “The Environmental Impact

of Stormwater Ponds.”  The Practice of
Watershed Protection. T. Schueler and H.

Holland (Eds). Center for Watershed

Protection. Ellicott City, MD.

Schueler, T. 2000.  “The Compaction of Urban

Soils.”  Watershed Protection Techniques
3(3):661-665.

Schueler, T. 1999.  “Microbes and Urban

Watersheds.”  Watershed Protection
Techniques  3(1): 551-596.

Schueler, T. 1994a.  “The Importance of

Imperviousness.”  Watershed Protection
Techniques  2(4): 100-111.

Schueler, T. 1994b. “Pollutant Dynamics of

Pond Muck.” Watershed Protection
Techniques 1(2).

 Schueler, T. 1987. Controlling Urban Runoff:
a Practical Manual for Planning and
Designing Urban Best Management
Practices. Metropolitan Washington

Council of Governments. Washington,

D.C.

Schueler, T. and D. Caraco. 2001. “The

Prospects for Low Impact Land Develop-

ment at the Watershed Level.” In Linking
Stormwater BMP Designs and Perfor-
mance to Receiving Water Impacts Mitiga-
tion. United Engineering Foundation.

Snowmass, CO.

Schueler, T. and  J. Galli. 1992. “Environmen-

tal Impacts of Stormwater Ponds.” Water-
shed Restoration Sourcebook. Anacostia

Restoration Team Metropolitan Washing-

ton Council Government. Washington D.C.

Schueler, T. and H. Holland. 2000. The Prac-
tice of Watershed Protection- Techniques
for Protecting Our Nations, Streams,
Rivers, Lakes and Estuaries. Center for

Watershed Protection. Ellicott City, MD.

Schueler, T. and J. Lugbill. 1990. Performance
of Current Sediment Control Measures at
Maryland Construction Sites. Metropolitan

Washington Council of Governments

(MWCOG).

Schueler, T. and D. Shepp. 1993. The Quantity
of Trapped Sediments in Pool Water
Within Oil Grit Separators in Suburban
MD. Metropolitan Washington Council of

Governments (MWCOG).

Scott, J., C. Steward and Q. Stober. 1986.

“Effects of Urban Development on Fish

Population Dynamics in Kelsey Creek,

Washington.” Transactions of the Ameri-
can Fisheries Society. 115:555-567.

Scott, W. and N. Wylie. 1980. “The Environ-

mental Effects of Snow Dumping: A

Literature Review.” Journal of Environ-
mental Management 10:219-240.

Shaver, E., J. Maxted, G. Curtis and D. Carter.

1995. “Watershed Protection Using an

Integrated Approach.” In B. Urbonas and

L. Roesner Editors. Stormwater NPDES-
related Monitoring Needs.  Proceedings of

an Engineering Foundation Conference.

Crested Butte, CO.

Sherman, K. 1998. Severn Sound Urban
Stormwater Pollution Control Planning
Report. Ontario, Canada.

Short, F. and S. Wyllie-Echeverria. 1996.

“Natural and Human-Induced Disturbance

of Seagrasses.” Environmental Conserva-
tion 23(1): 17-27.

RB-AR7742



 Impacts of Impervious Cover on Aquatic Systems 131

 References

Sills, R. and P. Blakeslee. 1992. “Chapter 11:

The Environmental Impact of Deicers in

Airport Stormwater Runoff.” Chemical
Deicers and the Environment. Lewis

Publishers. Ann Arbor, MI.

Silverman, G., M. Stenstrom and S. Fam.

1988. “Land Use Considerations in Reduc-

ing Oil and Grease in Urban Stormwater

Runoff.” Journal of Environmental Sys-
tems 18(1): 31-46.

Simmons, D and R. Reynolds. 1982. “Effects

of Urbanization on Baseflow of Selected

South-Shore Streams, Long Island, NY.”

Water Resources Bulletin 18(5): 797-805.

Smullen, J. and K. Cave. 1998. Updating the
U.S. Nationwide Urban Runoff Quality
Database. 3rd International Conference on

Diffuse Pollution. Scottish Environment

Protection Agency, Edinburg Scotland.

1998.

Spence, B., G. Lomnicky, R. Hughes and R.

Novitzki. 1996. An Ecosystem Approach to
Salmonid Conservation. TR-401-96-6057.

ManTech Environmental Research Ser-

vices Corporation, Corvallis, OR. (Avail-

able on the NMFS-NWR website:

Spinello, A.G. and D.L. Simmons. 1992.

Baseflow of 10 South Shore Streams, Long
Island, New York 1976-85 and the Effects
of Urbanization on Baseflow and Flow
Duration. USGS. Water Resources Investi-

gation Report 90-4205.

Squillace, P., D. Pope and C.V. Price. 1995.

Occurrence of the Gasoline Additive
MTBE in Shallow Groundwater in Urban
and Agricultural Areas. USGS Fact Sheet

114-95.

States, S., K. Stadterman, L. Ammon, P.

Vogel, J. Baldizar, D. Wright, L. Conley

and J. Sykora. 1997. “Protozoa in River

Water: Sources, Occurrence and Treat-

ment” Journal of the American Water
Works Association 89(9):74-83.

Steedman, R. J. 1988. “Modification and

Assessment of an Index of Biotic Integrity

to Quantify Stream Quality in Southern

Ontario.” Canadian Journal of Fisheries
and Aquatic Sciences 45:492-501.

Stern, D. 1996. “Initial Investigation of the

Sources and Sinks of Cryptosporidium and

Giardia Within the Watersheds of the New

York City Water Supply System.” In

McDonnel et al. Editors. New York City
Water Supply Studies. Proceedings of an

American Water Resources Association

Symposium. Herndon, VA.

Steuer, J., W. Selbig, N. Hornewer and Jeffrey

Prey. 1997. Sources of Contamination in
an Urban Basin in Marquette, Michigan
and an Analysis of Concentrations, Loads,
and Data Quality. U.S. Geological Survey,

Water-Resources Investigations Report 97-

4242.

Steward, C. 1983. Salmonoid Populations in
an Urban Environment—Kelsey Creek.,
Washington. Masters Thesis. University of

Washington.

Stormwater Assessment Monitoring Perfor-

mance (SWAMP). 2000a. Performance
Assessment of a Highway Stormwater
Quality Retention Pond - Rouge River,
Toronto, Ontario. SWAMP Program.

Ontario Ministry of the Environment.

Toronto and Region Conservation Author-

ity. Toronto, Canada.

SWAMP. 2000b. Performance Assessment of a
Stormwater Retrofit Pond - Harding Park,
Richmond Hill, Ontario. SWAMP Pro-

gram. Ontario Ministry of the Environ-

ment. Town of Richmond Hill. Toronto

and Region Conservation Authority.

Toronto, Canada.

Stranko, S. and W. Rodney. 2001. Habitat
Quality and Biological Integrity Assess-
ment of Freshwater Streams in the Saint
Mary’s River Watershed. Maryland

Department of Natural Resources. CBWP-

MANTA-EA-01-2.

RB-AR7743



132                Impacts of Impervious Cover on Aquatic Systems

References

Stribling, J., E. Leppo, J. Cummins, J. Galli, S.

Meigs, L. Coffman and M.Cheng. 2001.

“Relating Instream Biological Conditions

to BMP Activities in Streams and Water-

sheds.” In Linking Stormwater BMP
Designs and Performance to Receiving
Water Impacts Mitigation. United Engi-

neering Foundation. Snowmass, CO.

Sturm, T. and R. Kirby. 1991. Sediment
Reduction in Urban Stormwater Runoff
from Construction Sites. Georgia Institute

of Technology. Atlanta, GA.

Swann, C. 2001. “The Influence of Septic

Systems at the Watershed Level.” Water-
shed Protection Techniques 3(4):821-834.

Swietlik, W. 2001. “Urban Aquatic Life Uses -

a Regulatory Perspective.” In Linking
Stormwater BMP Designs and Perfor-
mance to Receiving Water Impacts Mitiga-
tion. United Engineering Foundation.

Snowmass, CO.

Taylor, B.L. 1993. The Influences of Wetland
and Watershed Morphological Character-
istics and Relationships to Wetland Veg-
etation Communities. Master’s Thesis.

Dept. of Civil Engineering. University of

Washington, Seattle, WA.

Taylor, B., K. Ludwa and R. Horner. 1995.

Third Puget Sound Research Meeting
Urbanization Effects on Wetland Hydrol-
ogy and Water Quality. Proceedings of the

Puget Sound Water Quality Authority

Meeting. Olympia, WA.

Thomas, P. and S. McClelland. 1995. “NPDES

Monitoring - Atlanta, Georgia Region.” In
Stormwater NPDES Related Monitoring
Needs. Proceedings of an Engineering

Foundation Conference. Edited by Harry

Torno. New York, NY.

Trimble, S. 1997. “Contribution of Stream

Channel Erosion to Sediment Yield from

an Urbanizing Watershed.” Science 278:

1442-1444.

U.S. Department of Agriculture (USDA).

1992. Computer Program for Project
Formulation-Hydrology (TR-20). Hydrol-

ogy Unit. Natural Resources Conservation

Service. Washington, D.C.

USDA. 1986. Urban Hydrology for Small
Watersheds. Technical Release 55. (TR-

55). Soil Conservation Service Engineer-

ing Division. Washington, D.C.

United States Environmental Protection

Agency (USEPA). 2000. Mid-Atlantic

Integrated Assessment (MAIA) Project
Summary: Birds Indicate Ecological
Condition of the Mid-Atlantic Highlands.

U.S.EPA, Office of Research and Develop-

ment, Washington, DC.

USEPA. 1998. The Quality of Our Nation’s
Waters: 1996. U.S.EPA, Office of Water,

Washington, DC. EPA-841-S-97-001.

USEPA. 1993. Guidance Specifying Manage-
ment Measures for Sources of Non-point
Pollution in Coastal Waters. U.S.EPA,

Office of Water, Washington, DC. 840-B-

92-002.

USEPA. 1988. Dissolved Solids. Water Quality
Standards Criteria Summaries: A Compi-
lation of State/Federal Criteria. Office of

Water, Regulations, and Standards, Wash-

ington, DC.

USEPA. 1983. Results of the Nationwide
Urban Runoff Project: Final Report.
U.S.EPA, Office of Water, Washington,

DC.

USEPA. 1982. Sources of Urban Runoff
Pollution and Its Effects on an Urban
Creek. U.S.EPA, Washington, DC. -600/

S2-82-090.

United States Geological Survey (USGS).

2001a. Selected Findings and Current
Perspectives on Urban and Agricultural
Water Quality. National Water-Quality

Assessment Program. USGS Fact Sheet.

FS-047-01.

RB-AR7744



 Impacts of Impervious Cover on Aquatic Systems 133

 References

USGS. 2001b. The Quality of Our Nation’s
Waters: Nutrients and Pesticides. USGS.

FS-047-01.

USGS. 1999a.  Pesticides and Bacteria in an
Urban Stream - Gills Creek, Columbia,
South Carolina. USGS. Fact Sheet FS-131-

98.

USGS. 1999b. Pesticides Detected in Urban
Streams During Rainstorms and Relations
to Retail Sales of Pesticides in King
County, Washington. USGS. Fact Sheet

097-99.

USGS. 1998. Pesticides in Surface Waters of
the Santee River Basin and Coastal
Drainages, North and South Carolina.

USGS Fact Sheet. FS-007-98.

USGS. 1996. Effects of Increased Urbanizaton
from 1970s to 1990s on Storm Runoff
Characteristics in Perris Valley, Califor-
nia. USGS Water Resources Investigations

Report 95-4273.

University of California at Davis (UC Davis).

1998. UC Report: MTBE Fact Sheet.
Available online: http://tsrtp.ucdavis.edu/

mtberpt

Valiela, I., J. McClelland, J. Hauxwell, P.

Behr, D. Hersh and K. Foreman. 1997.

“Macroalgal Blooms in Shallow Estuaries:

Controls and Ecophysiological and Eco-

system Consequences.” Limonology and
Oceanography 42(5, part 2): 1105-1118.

Valiela, I. and J. Costa. 1988. “Eutrophication

of Buttermilk Bay, a Cape Cod

Embaymnet: Concentrations of Nutrients

and Watershed Nutrient Budgets.” Envi-
ronmental Management 12(4):539-553.

Van Loon, J. 1972. “The Snow Removal

Controversy.” Water Pollution Control
110:16-20.

Varner, 1995. Characterization and Source
Control of Urban Stormwater Quality. City

of Bellevue Utilities Department. City of

Bellevue, Washington.

Velinsky, D. and J.Cummins. 1994. Distribu-
tion of Chemical Contaminants in Wild
Fish Species in the Washington, D.C. Area.

Interstate Commission on the Potomac

River Basin, ICPRB., Rockville, MD.

Report No. 94-1.

Vernberg, W., G. Scott, S. Stroizer, J. Bemiss

and J. Daugomah. 1996a. “The Effects of

Coastal Development on Watershed

Hydrography and Transport of Organic

Carbon.” In Sustainable Development in
the Southeastern Coastal Zone. F.J.

Vernberg, W.B. Vernberg and T. Siewicki

(eds.). Belle W. Baruch Library in Marine

Science, No. 20. University of South

Carolina Press, Columbia, SC.

Vernberg, F., W. Vernberg and T. Siewicki.

1996b. Sustainable Development in the
Southeastern Coastal Zone. Editors. Belle

W. Baruch Library in Marine Science. No.

20. University of South Carolina Press.

Columbia, SC.

Vernberg, F.J., W.B. Vernberg, E. Blood, A.

Fortner, M. Fulton, H. McKellar, W.

Michener, G. Scott, T. Siewicki and K. El-

Figi. 1992. “Impact of Urbanization on

High-Salinity Estuaries in the Southeastern

United States.” Netherlands Journal of Sea
Research 30:239-248.

Walling, D. and J.Woodward. 1995.  “Tracing

Sources of Suspended Sediment in River

Basins: A Case Study of the River Culm,

Devon, UK.” Marine and Freshwater
Research  46: 324-336.

Wahl, M., H. McKellar and T. Williams. 1997.

“Patterns of Nutirent Loading in Forested

and Urbanized Coastal Streams.” Journal
of Experimental Marine Biology and
Ecology 213:111-131.

Wang, L., J. Lyons, P. Kanehl and R.

Bannerman. 2001. “Impacts of Urbaniza-

tion on Stream Habitat and Fish Across

Multiple Spatial Scales.” Environmental
Management. 28(2):255-266.

RB-AR7745



134                Impacts of Impervious Cover on Aquatic Systems

References

Wang, L., J. Lyons, P. Kanehl and R. Gatti.

1997. “Influences of Watershed Land Use

on Habitat Quality and Biotic Integrity in

Wisconsin Streams.” Fisheries 22(6): 6-11.

Ward, J. and J. Stanford. 1979. The Ecology of
Regulated Streams. Plenum Press. New

York, NY.

Waschbusch R., W. Selbig and R. Bannerman.

2000. “Sources of Phosphorus in Stormwa-

ter and Street Dirt from Two Urban

Residential Basins in Madison, Wisconsin,

1994-1995.” In: National Conference on
Tools for Urban Water Resource Manage-
ment and Protection. US EPA February

2000: pp. 15-55.

Washington Department of Fish and Wildlife

(WDFW). 1997. Final Environmental
Impact Statement for the Wild Salmonid
Policy. Olympia, Washington.

Water Environment Research Foundation

(WERF). 1999. Chapter 4: Accumulation

of Pollutants in Snowpack. Urban and
Highway Snowmelt: Minimizing the Impact
on Receiving Water. Alexandria, VA.

Water, B. 1999. Ambient Water Quality
Guidelines for Organic Carbon. Water

Mangement Branch Environment and

Resource Management. Ministry of

Environment, Lands and Parks.

Watters, G. 1996. Reasons for Mussel Decline
and Threats to Continued Existence.
Academy of Natural Sciences, Philadel-

phia. Available at http://coa.acnatsci.org/

conchnet/uniowhat.html

Weaver, L. 1991. Low-Intensity Watershed
Alteration Effects on Fish Assemblage
Structure and Function in a Virginia
Piedmont Stream. Masters Thesis. Virginia

Commonwealth University. VA.

Weaver, L. and G. Garman. 1994. “Urbaniza-

tion of a Watershed and Historical

Changes in Stream Fish Assemblage.”

Transactions of the American Fisheries
Society 123: 162-172.

Weiskel, P., B. Howes and G.. Heufelder.

1996. “Coliform Contamination of a

Coastal Embayment: Sources and Trans-

port Pathways.” Environmental Science
and Technology 30:1871-1881.

Wernick, B.G., K.E. Cook, and H. Schreier.

1998. “Land Use and Streamwater Nitrate-

N Dynamics in an Urban-rural Fringe

Watershed.” Journal of the American
Water Resources Association 34(3): 639-

650.

Williams, J., S. Fuller and R. Grace. 1992.

“Effects of Impoundment on Freshwater

Mussels (Mollusca: Bivalvia: Unionidae)

in the Main Channel of the Black Warrior

and Tombigbee Rivers in Western Ala-

bama.” Bulletin of the Alabama Museum of
Natural History 13: 1-10.

Williams, J., M. Warren, Jr., K. Cummings,

J.Harris and R. Neves. 1993. “Conserva-

tion Status of Freshwater Mussels of the

United States and Canada.” Fisheries
18(9): 6-22.

Winer, R. 2000. National Pollutant Removal
Performance Database for Stormwater
Treatment Practices, 2nd Edition. Center

for Watershed Protection. Ellicott City,

MD.

Wotzka, P., J. Lee, P. Capel and M. Lin.1994.

Pesticide Concentrations and Fluxes in an
Urban Watershed. Proceedings AWRA

1994 National Symposium on Water

Quality.

Wood, P. and P. Armitage. 1997. “Biological

Effects of Fine Sediment in the Lotic

Environment.”  Environmental Manage-
ment 21(2):203-217.

Woodward-Clyde Consultants. 1992. Source
Identification and Control Report. Pre-

pared for the Santa Clara Valley Nonpoint

Source Control Program. Oakland, Califor-

nia.

RB-AR7746



 Impacts of Impervious Cover on Aquatic Systems 135

 References

Xiao, L., A. Singh, J. Limor, T. Graczyk, S.

Gradus and A. Lal. 2001. “Molecular

Characterization of Cryptosporidium

Oocysts in Samples of Raw Surface Water

and Wastewater.” Applied and Environ-
mental Microbiology 67(3):1097-1101.

Yoder, C. 1991. “The Integrated Biosurvey As

a Tool for Evaluation of Aquatic Life Use

Attainment and Impairment in Ohio

Surface Waters.” In Biological Criteria:
Research and Regulation, Proceedings of a

Symposium, 12-13 December 1990,

Arlington, VA, U.S. EPA, Office of Water,

Washington, DC, EPA-440/5-91-005:110.

Yoder, C. and R. Miltner. 2000. “Using

Biological Criteria to Assess and Classify

Urban Streams and Develop Improved

Landscape Indicators.” In Proceedings of
the National Conference on Tools for
Urban Water Resource Management &
Protection: Published by the US Environ-

mental Protection Agency, Office of

Research and Development, Washington,

DC.

Yoder, C., R. Miltner and D.White. 1999.

“Assessing the Status of Aquatic Life

Dsignated Uses in urban and Suburban

Watersheds.” In Everson et al. Editors.

National Conference on Retrofit Opportu-
nities for Water Resource Protection in
Urban Environments, Chicago, IL. EPA/

625/R-99/002.

York, T. H. and W. J. Herb. 1978. ”Effects of

Urbanization and Streamflow on Sediment

Transport in the Rock Creek and Anacostia

River Basins. Montgomery County, MD

1972-1974.” USGS Professional Paper
1003.

Young, K. and E. Thackston. 1999. “Housing

Density and Bacterial Loading in Urban

Streams.” Journal of Environmental
Engineering December:1177-1180.

Zapf-Gilje, R., S. Russell and D. Mavinic.

1986. “Concentration of Impurities During

Melting Snow Made From Secondary

Sewage Effluent.” Waterscience Technol-
ogy 18:151-156.

Zielinski, J. 2001. Watershed Vulnerability
Analysis. Prepared for Wake County (NC).

Center for Watershed Protection. Ellicott

City, MD.

Zielinski, J. 2000. “The Benefits of Better Site

Design in Residential Subdivision and

Commercial Development.” Watershed
Protection Techniques 3(2): 633-656.

RB-AR7747



136                Impacts of Impervious Cover on Aquatic Systems

References
RB-AR7748



 Impacts of Impervious Cover on Aquatic Systems 137

 Glossary

Glossary

1st order stream: The smallest perennial stream. A stream that carries water throughout the

year and does not have permanently flowing tributaries.

2nd order stream: Stream formed by the confluence of two 1st order streams.

3rd order stream: Stream formed by the confluence of two 2nd order streams.

Acute toxicity: Designates exposure to a dangerous substance or chemical with sufficient

dosage to precipitate a severe reaction, such as death.

Alluvial:  Pertaining to processes or materials associated with transportation or deposition by

running water.

Anadromous: Organisms that spawn in freshwater streams but live most of their lives in the

ocean.

Annual Pollutant Load: The total mass of a pollutant delivered to a receiving water body in a

year.

Bankfull: The condition where streamflow just fills a stream channel up to the top of the bank

and at a point where the water begins to overflow onto a floodplain.

Baseflow: Stream discharge derived from ground water that supports flow in dry weather.

Bedload: Material that moves along the stream bottom surface, as opposed to suspended

particles.

Benthic Community: Community of organisms living in or on bottom substrates in aquatic

habitats, such as streams.

Biological Indicators: A living organism that denotes the presence of a specific environmen-

tal condition.

Biological Oxygen Demand (BOD): An indirect measure of the concentration of biologi-

cally degradable material present in organic wastes. It usually reflects the amount of

oxygen consumed in five days by bacterial processes breaking down organic waste.

Carcinogen: A cancer-causing substance or agent.

Catchment: The smallest watershed management unit. Defined as the area of a development

site to its first intersection with a stream, usually as a pipe or open channel outfall.

Chemical Oxygen Demand (COD): A chemical measure of the amount of organic sub-

stances in water or wastewater. Non-biodegradable and slowly degrading compounds that

are not detected by BOD are included.

Chronic Toxicity: Showing effects only over a long period of time.

Combined Sewer Overflow (CSO): Excess flow (combined wastewater and stormwater

runoff) discharged to a receiving water body from a combined sewer network when the

capacity of the sewer network and/or treatment plant is exceeded, typically during storm

events.
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Combined Indices (C-IBI or CSPS): Combined indices that use both fish and aquatic insect

metrics and a variety of specific habitat scores to classify streams.

Cryptosporidium parvum: A parasite often found in the intestines of livestock which con-

taminates water when animal feces interacts with a water source.

Deicer: A compound, such as ethylene glycol, used to melt or prevent the formation of ice.

Dissolved Metals: The amount of trace metals dissolved in water.

Dissolved Phosphorus: The amount of phosphorus dissolved in water.

Diversity: A numerical expression of the evenness and distribution of organisms.

Ecoregion: A continuous geographic area over which the climate is uniform to permit the

development of similar ecosystems on sites with similar geophysical properties.

Embeddedness: Packing of pebbles or cobbles with fine-grained silts and clays.

EPT Index: A count of the number of families of each of the three generally pollution-sensitive

orders:  Ephemeroptera (mayflies), Plecoptera (stoneflies), and Trichoptera (caddisflies).

Escherichia coli (E. coli): A bacteria that inhabits the intestinal tract of humans and other

warm-blooded animals. Although it poses no threat to human health, its presence in

drinking water does indicate the presence of other, more dangerous bacteria.

Eutrophication: The process of over-enrichment of water bodies by nutrients, often typified by

the presence of algal blooms.

Fecal coliform: Applied to E. coli and similar bacteria that are found in the intestinal tract of

humans and animals. Coliform bacteria are commonly used as indicators of the presence

of pathogenic organisms. Their presence in water indicates fecal pollution and potential

contamination by pathogens.

Fecal streptococci: Bacteria found in the intestine of warm-blooded animals. Their presence

in water is considered to verify fecal pollution.

Fish Blockages: Infrastructures associated with urbanization, such as bridges, dams, and

culverts, that affect the ability of fish to move freely upstream and downstream in

watersheds. Can prevent re-colonization of resident fish and block the migration of

anadromous fish.

Flashiness: Percent of flows exceeding the mean flow for the year. A flashy hydrograph would

have larger, shorter-duration hydrograph peaks.

Geomorphic: The general characteristic of a land surface and the changes that take place in the

evolution of land forms.

Giardia lamblia: A flagellate protozoan that causes severe gastrointestinal illness when it

contaminates drinking water.

Herbicide: Chemicals developed to control or eradicate plants.

Hotspot: Area where land use or activities generate highly contaminated runoff, with concentra-

tions of pollutants in excess of those typically found in stormwater.

Hydrograph: A graph showing variation in stage (depth) or discharge of a stream of water over

a period of time.

Illicit discharge: Any discharge to a municipal separate storm sewer system that is not com-

posed entirely of storm water, except for discharges allowed under an NPDES permit.
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Impervious Cover: Any surface in the urban landscape that cannot effectively absorb or

infiltrate rainfall.

Impervious Cover Model (ICM): A general watershed planning model that uses percent

watershed impervious cover to predict various stream quality indicators. It predicts

expected stream quality declines when watershed IC exceeds 10% and severe degrada-

tion beyond 25% IC.

Incision: Stream down-cuts and the channel expands in the vertical direction.

Index of Biological Integrity (IBI): Tool for assessing the effects of runoff on the quality of

the aquatic ecosystem by comparing the condition of multiple groups of organisms or

taxa against the levels expected in a healthy stream.

Infiltration: The downward movement of water from the surface to the subsoil. The infiltration

capacity is expressed in terms of inches per hour.

Insecticide: Chemicals developed to control or eradicate insects.

Large Woody Debris (LWD): Fundamental to stream habitat structure. Can form dams and

pools; trap sediment and detritus; provide stabilization to stream channels; dissipate  flow

energy and promote habitat complexity.

Mannings N: A commonly used roughness coefficient; actor in velocity and discharge formulas

representing the effect of channel roughness on energy losses in flowing water.

Methyl Tertiary-Butyl Ether: An oxygenate and gasoline additive used to improve the effi-

ciency of combustion engines in order to enhance air quality and meet air pollution

standards. MTBE has been found to mix and move more easily in water than many other

fuel components, thereby making it harder to control, particularly once it has entered

surface or ground waters.

Microbe: Short for microorganism. Small organisms that can be seen only with the aid of a

microscope. Most frequently used to refer to bacteria. Microbes are important in the

degradation and decomposition of organic materials.

Nitrate: A chemical compound having the formula
 
NO

3
.  Excess nitrate in surface waters can

lead to excessive growth of aquatic plants.

Organic Matter: Plant and animal residues, or substances made by living organisms. All are

based upon carbon compounds.

Organic Nitrogen: Nitrogen that is bound to carbon-containing compounds. This form of

nitrogen must be subjected to mineralization or decomposition before it can be used by

the plant community.

Overbank Flow: Water flow over the top of the bankfull channel and onto the floodplain.

Oxygenate: To treat, combine, or infuse with oxygen.

Peak Discharge: The maximum instantaneous rate of flow during a storm, usually in reference

to a specific design storm event.

Pesticides: Any chemical agent used to control specific organisms, for example, insecticides,

herbicides, fungicides and rodenticides.

Piedmont: Any plain, zone or feature located at the foot of a mountain. In the United States, the

Piedmont (region) is a plateau extending from New Jersey to Alabama and lying east of

the Appalachian Mountains.
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Pool: A stream feature where there is a region of deeper, slow-moving water with fine bottom

materials. Pools are the slowest and least turbulent of the riffle/run/pool category.

Protozoan: Any of a group of single-celled organisms.

Rapid Bioassessment Protocols (RBP): An integrated assessment, comparing habitat, water

quality and biological measures with empirically defined reference conditions.

Receiving Waters: Rivers, lakes, oceans, or other bodies of water that receive water from

another source.

Riffle: Shallow rocky banks in streams where water flows over and around rocks disturbing the

water surface; often associated with whitewater. Riffles often support diverse biological

communities due to their habitat niches and increased oxygen levels created by the water

disturbance. Riffles are the most swift and turbulent in the riffle/run/pool category.

Roughness: A measurement of the resistance that streambed materials, vegetation, and other

physical components contribute to the flow of water in the stream channel and flood-

plain. It is commonly measured as the Manning’s roughness coefficient (Manning’s N).

Run: Stream feature characterized by water flow that is moderately swift flow, yet not particu-

larly turbulent. Runs are considered intermediate in the riffle/run/pool category.

Runoff Coefficient: A value derived from a site impervious cover value that is applied to a

given rainfall volume to yield a corresponding runoff volume.

Salmonid: Belonging to the family Salmonidae, which includes trout and salmon.

Sanitary Sewer Overflow (SSO): Excess flow of wastewater (sewage) discharged to a

receiving water body when the capacity of the sewer network and/or treatment plant is

exceeded, typically during storm events.

Semi-arid: Characterized by a small amount of annual precipitation, generally between 10 and

20 inches.

Simple Method: Technique used to estimate pollutant loads based on the amount of IC found

in a catchment or subwatershed.

 Sinuosity: A measure of channel curvature, usually quantified as the ratio of the length of the

channel to the length of a straight line along the valley axis. It is, in essence, a ratio of the

stream’s actual running length to its down-gradient length.

Soluble Phosphorus: The amount of phosphorus available for uptake by plants and animals.

Stormwater: The water produced as a result of a storm.

Subwatershed: A smaller geographic section of a larger watershed unit with a drainage area of

between two to 15 square miles and whose boundaries include all the land area draining

to a point where two 2nd order streams combine to form a 3rd order stream.

Total Dissolved Solids (TDS): A measure of the amount of material dissolved in water (mostly

inorganic salts).

Total Kjeldhal Nitrogen (TKN): The total concentration of nitrogen in a sample present as

ammonia or bound in organic compounds.

Total Recoverable Metals: The amount of a metal that is in solution after a representative

suspended sediment sample has been digested by a method (usually using a dilute acid

solution) that results in dissolution of only readily soluble substances).
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Total Maximum Daily Load (TMDL):  The maximum quantity of a particular water pollutant

that can be discharged into a body of water without violating a water quality standard.

Total Nitrogen (Total N): A measure of the total amount of nitrate, nitrite and ammonia

concentrations in a body of water.

Total Organic Carbon (TOC): A measure of the amount of organic material suspended or

dissolved in water.

Total Phosphorous (Total P): A measure of the concentration of phosphorus contained in a

body of water.

Total Suspended Solids (TSS): The total amount of particulate matter suspended in the water

column.

Trophic Level: The position of an organism in a food chain or food pyramid.

Turbidity: A measure of the reduced transparency of water due to suspended material which

carries water quality and aesthetic implications. Applied to waters containing suspended

matter that interferes with the passage of light through the water or in which visual depth

is restricted.

Volatile Organic Compounds (VOC): Chemical compounds which are easily transported

into air and water. Most are industrial chemicals and solvents. Due to their low water

solubility they are commonly found in soil and water.
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ENVIRONMENTAL DAMAGES IN COURT: THE AMERICAN TRADER CASE1 

 
 David J. Chapman 
 W. Michael Hanemann 
 
1. INTRODUCTION 
 

On February 7, 1990 the steam tanker American Trader spilled 416,598 gallons of crude oil 
approximately one and one-half miles off the coast of Huntington Beach, California. Almost eight 
years later, a ten-week trial in an Orange County state court came to an end on December 8, 1997 
with a verdict for the plaintiffs in the amount of $18 million—the first jury verdict for natural 
resource damages ever delivered in the United States.2 Economics, and economists, played a central 
role in the trial, occupying four weeks of the trial testimony. This paper describes the economic 
issues that were raised in the case and explains how they were treated, viewed from the plaintiffs’ 
perspective. Because the American Trader case went to trial, unlike almost every other suit for 
natural resource damages including the one following the Exxon Valdez oil spill, the arguments of 
both sides and the analyses of their expert witnesses have been fully aired in public, making it 
possible to discuss this case in some detail.3  4  
  
 “The polluter pays” principle is meaningful only if one can establish satisfactorily how much 
that should be. That was the main focus of the American Trader trial.5 This case illustrates some of 
the issues that can arise in the course of implementing the liability approach to pollution control. 
More generally, it illustrates the issues that can arise when one applies economic analysis in 
litigation. There was no disagreement in this case regarding the appropriate economic methodology; 
all of the argument was about the empirical implementation of economic methodology. 
Consequently, issues relating to data collection, analysis and interpretation were at the heart of trial. 
This is a perspective which is sometimes lacking in the theoretical literature on the liability approach 
to pollution control. 

                                                           
1This is a revised and substantially expanded version of Chapman, Hanemann, and Ruud (1998).  We are grateful to  
the State of California=s attorneys, Sylvia Cano Hale, Deputy Attorney General, and Michael Leslie, Mary  
Newcombe and David Pettit of Caldwell, Leslie, Newcombe and Pettit, for their assistance in providing information;  
it was a pleasure to work with them throughout the course of this litigation. 
2People of the State of California ex rel. Department of Fish and Game, et al. v. BP America, Inc., et al., Orange  
County Superior Court Case Number 64 63 39; the authors were testifying experts for the plaintiffs. 
3Dunford (1999) and Kolstad and Deacon  (2000) discuss this same case from a defendant=s perspective. Some other  
natural resource damage cases have been discussed in Mead and Sorenson (1970), Brown et al. (1983), Kopp and  
Smith (1990), and Ward and Duffield (1992). 
4In the case of the Exxon Valdez oil spill, the state and federal governments negotiated a settlement with Exxon in  
1991 before they had completed their natural resource damage assessments. The cases that did go to trial involved  
claims by commercial fishermen for private economic losses. Cases by Alaskan natives for loss of subsistence use of  
fish and wildlife were settled just prior to trial; the court refused to allow other private claims for economic loss and  
for loss of recreational use and enjoyment (Duffield, 1997).      
5ATTRANSCO, the sole defendant in the 1997 trial, had already accepted responsibility for the spill. The other  
issues being tried were the amount of oil (the State is allowed to impose a civil liability not to exceed $20 per gallon  
spilled) and whether or not the defendant was negligent because its employees had not taken sufficient steps to avert  
the accident, which would expose ATTRANSCO to claims from the other defendants who had already settled. 
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 The American Trader was carrying approximately 23,100,000 gallons of oil on the afternoon 
of February 7th, 1990 when it approached the offshore sea berth of the Golden West refinery in 
Huntington Beach. The oil came from Alaska, had been shipped to Los Angeles where it was 
transferred to a smaller tanker, and was being taken for final delivery to the Golden West refinery. 
The captain was relatively unfamiliar with the refinery, there was a low tide, and as the ship 
attempted the difficult maneuver into the offshore mooring, which involves using its anchors as pivot 
points, it hit and punctured the hull and the front right storage tank with its own anchor.6 The crew 
members had left valves open connecting this tank to two adjacent storage tanks, and their contents 
also flowed into the ocean. 

 
Offshore winds kept the oil at sea for several days, but then it came ashore. Approximately 14 

miles of beaches were closed for a period of up to 34 days from Alamitos Bay in Los Angeles 
County to Crystal Cove State Beach in Orange County. The affected beaches were reopened in stages 
as the cleanup progressed, with the last beaches re-opening on March 14. To protect fragile wetland 
areas, Newport Harbor, Huntington Harbor, Alamitos Bay and the mouth of the Santa Ana River 
were boomed off to prevent oil from entering the harbors. In addition, a large portion of the 
Huntington Flats fishing area, off the coast of Huntington Beach, was closed to boating and fishing 
for about two weeks.    
  

On February 8, the State of California contacted Hanemann and asked him to conduct an 
economic analysis of the natural resource damages caused by the spill.7 On February 9, Chapman, 
who had been born and raised in the Los Angeles area and was then a graduate student in the 
Department of Agricultural & Resource Economics at UC Berkeley, went down to Huntington beach 
to start collecting data. By the time of trial, the State’s economic team had grown to include Paul 
Ruud8, Roger Tourangeau9, Stanley Presser10 and Michael Ward11. Pierre Du Vair, staff economist in 
the Office of Oil Spill Prevention and Response (OSPR) of the California Department of Fish and 
Game (DFG) served as that agency’s project manager for the economic component of the damage 
assessment. 

 
This paper is organized as follows. The next section provides an overview of the case and the 

events preceding the trial. The economic research performed for the State can be divided into two 
phases. The first phase of the research was performed with the expectation of a negotiated 
settlement; this work is described in Section 3. The defendants’ responses to it are described in 
Section 4. The second phase of our work began when it became apparent that the case would go to 
trial; this work is described in Section 5.  

                                                           
6Testimony revealed that the ship=s pilot thought he was in 56 feet of water, when he was actually in 50 feet. 
7Also on February 8, ATTRANSCO signed a contract with RTI to conduct an economic damage assessment. 
8Paul Ruud is a Professor in the Department of Economics at the University of California, Berkeley. 
9At the time of the assessment, Roger Tourangeau was a survey research expert at the National Opinion Research  
Center;  he  has since joined the University of Michigan=s Survey Research Center where he is a Senior Scientist. 
10Stanley Presser is Director of the Survey Research Center and Professor of Sociology at the University of  
Maryland, College Park.  
11Michael Ward is an Assistant Professor in the Department of Agricultural and Resource Economics at the  
University of California, Berkeley.
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The trial is described in Section 6. Section 7 offers some concluding observations about presenting 
economic analysis in court. 

 
2. OVERVIEW OF THE CASE 
 

At the time of the spill, there existed various state and federal statutes allowing for natural 
resource trustees to make damage claims for injury to, loss of, or loss of use of, natural resources.   
The main federal statutes were the Comprehensive Environmental Response, Compensation and 
Liability Act of 1980 (CERCLA), the Federal Water Pollution Control Act (Clean Water Act), and 
the Trans-Alaska Pipeline Authorization Act (TAPAA).  The Oil Pollution Act of 1990 (OPA), 
written in part as a response to the EXXON VALDEZ oil spill, was not signed into law until August 
of 1990.  For the State of California, the primary authorizing statute at the time of the spill was 
section 294 of the Harbors and Navigation Code.  Subsequent to the spill, the State of California 
enacted the Lempert-Keane Act, which is now the primary oil spill legislation in the state.  

 
Under all of these statutes, a damage claim consists of three components: the cost of projects 

to restore injured natural resources, compensation for the loss of services from the affected resources 
during the period when they are injured, and the cost of conducting the damage assessment. The 
work done by the authors focused on the second category: the value of lost recreational use. This was 
the focus of the economic portion of the trial.  
 

The State=s strategy was determined early in the assessment process through discussion 
between the NRDA team and the Trustees -- the California Departments of Fish & Game and Parks 
& Recreation, the State Coastal Conservancy, the Regional Water Quality Control Board, the State 
Lands Commission, NOAA, and the U.S. Department of the Interior.  It was decided to separate the 
assessment of injuries to biological resources12 from the lost recreational use. Also, to keep the costs 
down, it was decided to use the benefits transfer approach to obtain an estimate of recreation use 
damages.  
 

As with many other natural resource damage cases, multiple responsible parties were 
involved in the American Trader case. The tanker was owned and operated by ATTRANSCO, and 
was under charter to British Petroleum Shipping Company.  BP Oil Supply Company was the title 
owner of the oil cargo, and Golden West Refining was the owner and operator of the sea berth.   
Since the oil came from Alaska, another entity involved as a defendant in a separate legal proceeding 
in federal court was the Trans-Alaska Pipeline Liability Fund, created by Congress to provide 
compensation for any losses sustained as a result of a spill of oil from the Trans-Alaska Pipeline 
system (TAPS). 
   
 The initial presumption was that the case would be settled through negotiation, without going 
to trial. This had happened with previous natural resource damage suits brought by the State of 

                                                           
12After the spill, 595 oiled birds were recovered dead or died at cleaning centers, including 79 brown pelicans, an  
endangered species. Allowing for unobserved bird injuries and deaths, it is estimated that a total of  5,390 birds were  
oiled, of which 2,544 died. In addition there was some death of finfish and shoreline organisms, but no marine  
mammal deaths. 
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California. For example, litigation following an oil spill in San Francisco Bay in March 1988 at the 
Shell Oil refinery at Martinez had been settled within less than a year.13 Trials are expensive and 
fraught with uncertainty. As one of the attorneys said to us, Ayou only go to trial when there is a 
breakdown in rationality.@ 

 
Negotiations with the various parties commenced very soon after the spill. At the same time, 

work proceeded on a preliminary damage assessment. The first settlement was with British 
Petroleum in 1993; BP agreed to pay a total $3,894,247 for bird restoration, fish hatchery projects, 
coastal pollution mitigation projects, agency revenue losses and response costs. In 1994, faced with a 
lack of progress in negotiations with the other parties, it was decided to revise and expand the 
damage assessment, and Paul Ruud was added to the State=s economic team. Ruud and Hanemann 
produced written expert reports in December 1994. At about this time, following a presentation by 
the State=s team to the TAPS economic consultants, a  $3 million settlement was reached with the 
TAPS Fund to be applied towards clean-up costs and loss of use damages.  
 

This left Golden West and ATTRANSCO as the remaining defendants. Golden West’s 
economic experts were Professors Robert Deacon and Charles Kolstad from the Economics 
Department at UC. Santa Barbara, and they issued a written review of the State=s economic analysis 
in March 1995.14 ATTRANSCO=s economic experts were Triangle Economic Research (TER) B 
economists formerly employed by the Research Triangle Institute (RTI)Cled by Dr. Richard 
Dunford. TER brought in Professor Walter Thurman from the Department of Agricultural and 
Resource Economics at North Carolina State University to review and rebut Paul Ruud=s analysis; 
TER and Thurman issued written reports in May 1995.15  
 

By the end of 1995, it appeared likely that, while there would be a settlement with Golden 
West, ATTRANSCO would not settle. In January 1996, therefore, the State began preparing for a 
trial on the economic issues. The settlement with Golden West was finalized in July 1996, in the 
amount of $4.15 million; this left ATTRANSCO as the only defendant in the case.16 The sole 
remaining claims at the trial were the Trustee=s claims for lost recreational use and civil liabilities 
under the California Water Code. In preparation for the trial, Hanemann, Ruud, and Thurman issued 
supplementary written reports, and depositions of economic experts were held in September, 
November, and December 1996. Another round of depositions was held in August 1997, and 
Hanemann issued a final expert report. Overall, between 1996 and 1997, there were more than 
twenty days of deposition and a filing cabinet=s worth of documents exchanged among the parties. 
The trial commenced on September 30, 1997 and ended with the jury=s verdict on December 8, 1997. 

 
At the trial, losses to six recreational activities were presented: (1) general beach use, (2) 

surfing, (3) private boating, (4) party/charter boat fishing, (5) whale watching, and (6) excursions to 
Catalina Island off the coast of Los Angeles. From discussions with local officials and user groups, 

                                                           
13For an account of this case, see Hanemann (1992). 
14Their analysis was subsequently described in  Kolstad and Deacon (2000). 
15Their analysis was subsequently described in Dunford (1999). 
16Before the trial, ATTRANSCO offered to settle for $2.5 million; the State asked for $5.5 million, and the  
negotiations were inconclusive. 
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we knew that other recreational activities occur in the area and were likely to have been affected by 
the spill, including wildlife viewing, running, rollerblading, hiking, and bicycling. But, lack of 
readily available data led to a decision to exclude those activities from the State=s claim. Also, there 
was no claim for losses of non-use value associated with the spill.  

 
This paper focuses on our assessment of the impacts on general beach recreation and surfing, 

which constituted the bulk of the State=s recreation claim. The economic issues that arose in that 
analysis are the subject of the sections that follow. 
 
3. THE FIRST ROUND OF ECONOMIC ANALYSIS 
 

The beaches affected by the spill provide a high quality recreational experience to users from 
many parts of the Southern California Basin. For the population of Orange County and the southern 
part of Los Angeles County these are the beaches and harbors of choice.  Other beaches in Santa 
Monica Bay would generally be considered too far to drive to. In addition, many of the affected 
beaches are excellent surfing locations --in fact, Huntington Beach is known as "Surf City" and is 
enshrined in popular culture as the center of the Southern California beach lifestyle. While only a 
fraction of the population engages in surfing, this adds an aura of glamour, which many visitors find 
attractive.  Besides surfing, many of the beaches in the area affected by the spill offer a wider and 
more attractive mix of recreational opportunities than some of the beaches in Santa Monica Bay.  
Beaches in Santa Monica Bay tend to offer open expanses of sand but few other facilities.  By 
contrast, at the beaches affected by the spill, in addition to large expanses of sand, there are 
boardwalks, piers, shops, and other attractions for visitors and tourists, combined with excellent 
access and ample parking. 
 

The use of the affected beaches is highly seasonal B it climbs as the weather grows warmer 
and summer arrives, and falls as winter approaches. But, even in the winter, there is still a 
considerable attendance. At the time of the spill, for example, Newport Beach, the largest of the 
affected beaches, had an average daily attendance of about 5,000 persons/day in January, 10,000 in 
February, 15,000 in March, 22,000 in April and May, 40,000 in June, 65,000 in July and August, 
22,000 in September, and 5,000 in October, November and December. The spill kept parts of 
Newport Beach closed from February 8 through March 9. Had it occurred during the summer, the 
loss of beach recreation would have been tremendous. 

 
From the beginning, the State decided to rely primarily on existing data. Because of lack of 

time and personnel (there were only two of us, working part-time, with only one of us on the scene in 
Orange County), because of the limited budget, and because of the expectation of a negotiated 
settlement, it was decided not to attempt any large-scale collection of original data such as a travel 
cost survey.17The other factor that entered into this decision was our knowledge that there existed 

                                                           
17The National Marine Fishery Service (NMFS) had just decided in January 1990 to discontinue its bi-monthly  
telephone survey of households in coastal counties along the West Coast to measure participation in saltwater  
fishing. The State agreed to fund one more wave of this survey, covering January-February 1990, with a slightly  
expanded questionnaire that covered saltwater boating as well as fishing. However, the NMFS survey did not contain 
valuation questions. 
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unusually extensive data on daily attendance at most of the affected beaches covering a period of 
years prior to the spill. We decided to rely on these data to develop an estimate of the lost beach 
recreation attributable to the spill, and to use benefits transfer for an estimate of the lost consumers’ 
surplus per trip. 
  

With refinements, this remained our strategy from the initial assessment after the spill up to 
the trial. In implementing it, we had to deal with six major issues: compiling and verifying the 
attendance data; developing a statistical model to forecast attendance in the absence of the spill; 
adjusting for attendance recorded at beaches while they were closed; dealing with the issue of 
substitution to other beaches that remained open; allowing for the possible impact on attendance 
after re-opening; and selecting an estimate of consumers’ surplus from the literature. 
 
Compiling Attendance Data 

 
The attendance data was the backbone of our analysis. At each of the main affected beaches, 

the lifeguards make a serious effort to record daily attendance. In our experience, these data are more 
extensive than what one usually finds in most other parts of the United Sates, including in Northern 
California.  However, since they are collected for administrative and management purposes, 
including scheduling lifeguard staffing and budgetary planning, they are estimates and not a 
scientific census of beach attendance.  

 
Different procedures are used at different beaches. Three of the affected beaches Bolsa Chica, 

Huntington State, and Crystal Cove -- are state beaches run by the California Department of Parks & 
Recreation. These beaches have paid parking lots at the beach and are designed so that people 
coming to the beach are funneled through a small number of checkpoints. Typically, there are 3 or 4 
pedestrian and vehicle entrances, roughly one per mile of beach length. During the winter, however, 
all but one of these entrances is usually closed to vehicle traffic. The remaining entrance is manned 
during most of the daylight hours for the purpose of collecting the entrance fee.18 However, vehicles 
on official business do not have to pay the entrance fee. All vehicles entering the park, whether or 
not they pay the fee are counted, and these counts form the basis for the official estimate of daily 
beach attendance. Two conversion factors are used in this calculation: an estimate of the number of 
people per vehicle, and an estimate of the ratio of Awalk-on@ beach users to users entering in a 
vehicle. These factors are based on observations by the lifeguards, and are periodically revised. They 
can vary seasonally and, sometimes, from one month to another; they also can vary across beaches. 
Typically, the DPR lifeguards might use 3.5 or 4 persons per paid vehicle, and a ratio of 1:1 for 
walk-ons versus drive-ins. There are also separate calculations for organized groups and, at Bolsa 
Chica, for overnight parking by campers.  

 
The other two main affected beaches are operated by the cities of Huntington Beach and 

Newport Beach. The Huntington Beach lifeguards base their estimate of beach attendance on 
monitored parking at two parking lots by the beach, extrapolated to cover other, unmonitored, city-
operated parking, and then adjusted by a factor to account for night-time beach attendance and 

                                                           
18At the time of the spill, this was $4 per vehicle or $50 for an annual pass. 
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daytime beach attendance at two more distant parts of the beach. At Newport Beach, the reports are 
based on estimates of attendance by the lifeguards at various points along the beach, updated several 
times during the day; these estimates generally are rounded numbers (e.g., 1,000, 2,500, 25,000).  

 
In addition to the affected beaches, we also collected daily attendance data for Laguna Beach, 

a beach four miles south of Crystal Cove that remained open throughout the spill. This beach is 
operated by the City of Laguna Beach, and the lifeguards there make estimates of attendance in a 
manner similar to Newport Beach.19 
 

In addition to compiling the data, we made a concerted effort to understand how they were 
collected. This was rather like peeling the layers off an onion. At the state beaches, it turned out that 
there are several levels of reporting. First, the lifeguards at the parking booth keep a 
contemporaneous handwritten record of receipts and a count of free vehicles. Then, every few days, 
they fill out a typed Report of Collections form, detailing receipts from paid vehicles. The 
information on daily paying and free vehicles is also entered on a handwritten Monthly Visitor 
Attendance Report, which has a row for each day of the month and columns for the number of 
paying and free vehicles and campers. At the end of the month, this form is forwarded to DPR 
Headquarters in Sacramento, where the data is keypunched to generate a computerized version of the 
Monthly Visitor Attendance Report. It is the monthly total attendance figures that appear in publicly 
available reports issued by DPR. To get at the daily data, we obtained photocopies of the handwritten 
Monthly Visitor Attendance Reports from the local DPR office. In 1990, what was available of these 
forms went back to around 1985. The appropriate multipliers for that month were not usually listed 
in the form and, while the forms contained the elements that go into the calculation of total daily 
attendance, the total itself was usually not filled in. The computer-generated version of the Monthly 
Visitor Attendance Reports at DPR headquarters does contain the multipliers and the calculated total 
daily attendance, but we did not learn of the existence of microfiche copies of these reports in DPR 
headquarters until August 1994. For our analysis prior to that time, we had been compelled to figure 
out for ourselves the calculations that were supposed to be performed, keypunch all the raw data, 
program the calculations, and then compare the results with the published monthly attendance data. 
When there were occasional discrepancies, we had to try to guess the cause; sometimes, for example, 
this was due to data being entered in the wrong column on the handwritten form. Once we obtained 
the microfiches of the computer-generated forms, we switched to using the daily attendance totals 
recorded in those forms as the official DPR estimate of attendance. 

 
 

                                                           
19It was not possible to obtain data on daily attendance at other beaches near the spill area. The next two beaches  
south of Laguna Beach, Aliso Creek Beach and Salt Creek Beach, are both operated by the Orange County  
Recreation Department which reports attendance on a monthly but not a daily basis. At Doheny State Beach, daily  
attendance data might have been available but we thought this would not be useful because the main parking lot at  
Doheny was closed for repair at the time of the spill, which significantly affected recorded attendance. The two  
closest beaches to the north of Bolsa Chica are Sunset Beach and Surfside Beach; both are small beaches and no  
attendance records are kept for them. Part of Seal Beach was closed for two days following the spill. The lifeguards  
at Seal Breach had kept a record of daily attendance from 1985 through 1987, but had discontinued this from 1988  
onwards. The next beaches to the north are in Los Angeles County, starting with Belmont Shores; there were  
monthly but not daily attendance data for the beaches in Los Angeles County. 
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Because of the pronounced difference between winter and summer beach attendance, we 
decided at a very early stage to focus our efforts on modeling daily attendance at the affected beaches 
during winter months only --  we felt that it would only confound the analysis if we were to combine 
summer with winter months.  This also reduced the amount of data that we would need to collect. 
Beach attendance generally begins to pick up around the Easter break at local schools. We therefore 
decided to focus on daily attendance during the period December - March. To have a comparable 
data set for all beaches, we started our analysis with the winter of 1986 (December 1985 - March 
1986). Our data set eventually covered 8 winters, four months per winter, from 1986 through 1993.20 
 
Modeling Attendance 
 

Paul Ruud estimated a vector-autoregressive model consisting of separate equations for daily 
attendance at each of the 6 beaches for which we had collected data (Ruud, 1994).21 The explanatory 
variables included rain at the beaches, maximum and minimum daily temperature inland, dummy 
variables for holidays and weekends, annual dummies, linear and nonlinear time trends within the 
winter season, and lagged values of attendance of the beach in question and at neighboring beaches. 
The lagged variables captured the empirical fact that high attendance at a beach one day is usually 
followed by high attendance there on the next day; but, because of some substitution among beaches, 
high attendance at one beach might be followed by low attendance the next day at a neighboring 
beach. Because of the clear presence of heteroscedasticity, the model was formulated as an 
exponential regression equation with an additive normal error, fitted by nonlinear least squares. This 
allowed the explanatory variables to influence the variance as well as the mean of the logarithm of 
daily attendance. The model fitted the data well and closely tracked fluctuations in attendance on 
both normal weather days and unusually cold or wet days.  

 
The fitted model was used to predict the daily attendance that would have occurred during the 

period February 8 - March 31, 1990 in the absence of an oil spill at each of the beaches that were 
closed. This prediction is summarized in the first two rows of Table 1, in the column labeled 
APredicted Attendance.@22 
 
Adjustments to Attendance Recorded During the Closure Period 

 
The loss of beach recreation was taken to be the difference between the number of beach 

recreation trips that would have occurred at a site from February 8, 1990 onward, as predicted by 
our model, and the number of beach recreation trips that did occur there.  

 
                                                           
20When estimating his model, Ruud did not use the data from February 7 through March 31, 1990. 
21 These are the five beaches closed due to the spill B Bolsa Chica, Huntington and Crystal Cove State Beaches, and  
the city beaches of Huntington Beach and Newport Beach B together with Laguna Beach. 
22In Table 1, the Aclosure period@ refers to the dates when the beaches were partially or completely closed. At  
Newport Beach, the first part of the beach re-opened on February 19 and 20, other parts re-opened on February 28,  
and the remainder re-opened on March 10. At Huntington City Beach, part re-opened on March 1, and the remainder  
on March 14. Part of Bolsa Chica and Huntington State Beaches re-opened on March 2 and March 3, the remainder  
re-opening on March 14. AOutside the closure period@ refers to any days during the period February 8 - March 31,  
1990 when the particular beach was fully open. 
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Determining the latter was non-trivial, however, because even when the beaches were closed, 
some cars were parked in places that lifeguards normally counted, and these were counted in the 
usual manner regardless of whether or not the occupants were engaged in anything resembling 
normal beach recreation. The lifeguards continued to count in the usual manner when beaches 
partially re-opened, with cleanup operations continuing in closed-off portions of the beach. From 
what lifeguards subsequently told us, it was evident that some of the people being counted were 
working on the spill or were coming as onlookers to view the cleanup. Vehicles recorded as free 
vehicles at the state beaches included volunteers coming to work on bird rescue, people delivering 
supplies for bird rescue and oil spill cleanup, and state and local agency personnel working on spill 
response and cleanup. At Huntington State Beach, for example, 12,858 free vehicles were recorded 
in March 1990, compared to an average of 2,062 free vehicles in March of 1986, 1987, 1988, 1989 
and 1991. We assumed that people associated with the unusual increase in free vehicles were not 
engaged in beach recreation. There was also an unusually large number of paid vehicles using annual 
passes. From our conversations with lifeguards, we believe that some of these were volunteers 
coming to work on bird rescue and others were locals coming to the parking area to check things out, 
but not necessarily to engage in beach recreation.23 At Huntington State, annual passes accounted for 
65% of paid vehicles in March 1990, compared to 22% in February 1990 before the spill, and 25% in 
March 1991.24 We assumed that the excess over 25% of paid vehicles represented people not 
engaged in beach recreation. We made similar adjustments at Bolsa Chica for excess free vehicles 
and paid vehicles using annual passes.  

 
At Newport Beach, a different adjustment was required. Unlike state beaches where public 

access is restricted to three or four entry points, there is public access to the city beaches from 
anywhere along the boardwalk running parallel to the beach. In their attendance estimates, the 
lifeguards at Newport Beach aim to record the number of people they are responsible for guarding 
and protecting, not just beach recreation per se; therefore, they count anybody in the general vicinity 
of the beach. Normally these are people engaged in beach recreation; during the spill, this also 
included cleanup workers, local officials, members of the press, and onlookers standing around the 
boardwalk watching the cleanup. Hence the Newport Beach attendance data after February 7 include 
many people who were not engaged in beach recreation, but there was no way of telling how many 
from the data itself. We knew what fraction of the beach was open each day, and we decided to use 
this fraction multiplied by our prediction of what beach recreation would have been in the absence of 
the spill as our estimate of the beach recreation that did occur during the period of beach closure.25 

 
Our modifications of the officially recorded attendance are reflected in the first two rows of 

Table 1 in the column labeled AAdjusted Attendance.@ The lifeguards reviewed these estimates and 
concurred with them. We felt that, while they were based on rough judgment and were not precise 
estimates, they reflected the best information available to us. 

                                                           
23A story in the Los Angeles Times on March 3, 1990 noted the Athrongs of curiosity-seekers who flocked to the area  
to see the effects of the spill.@ 
24This breakdown comes from the Report of Collection forms; these forms were no longer available for the years  
prior to 1990. 
25Even when the whole beach was roped off, there was access to a small portion immediately adjacent to the  
boardwalk, representing about 5% of the beach area. 
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Substitution 
 
An issue to which we paid particular attention was the possibility of substitution that could 

offset the loss of recreation at the beaches affected by the oil spill. This could take the form of spatial 
substitution, whereby trips were diverted from beaches that were closed to other beaches in the Los 
Angeles area, or temporal substitution, whereby trips lost at the time of the spill were merely 
postponed to a later date. However, after carefully examining the available information, we reached 
the conclusion that there was probably no overall substitution, in the sense of a net increase in 
aggregate attendance either at other beaches outside the spill area or at the spill area beaches after 
they re-opened. 

 
This conclusion was based on several pieces of evidence. If there had been any substantial 

spatial substitution, Laguna Beach was an obvious candidate since it was the closest unaffected 
beach to the south. However, the data there showed an overall decline in visitation of approximately 
23% compared to what we predicted in the absence of an oil spill. We also found no evidence of an 
increase in attendance when we looked at other beaches further south, including Aliso Creek Beach, 
Salt Creek Beach and Doheny State Beach. Similarly, when we looked at four beaches to the north of 
the spill areas in Santa Monica Bay --Redondo, Hermosa, Manhattan and Dockweiler Beaches -- and 
compared monthly attendance at these beaches in February and March 1990 with attendance in 
February and March of 1988 and 1989, we found that, if anything, there was a decrease in 1990.  
This was consistent with something we had been told by lifeguards at one of these beaches, namely 
that they had received phone calls at the time of the spill from people asking whether it was safe to 
go to these beaches because of the oil spill. There certainly may have been spatial substitution by 
some people who used beaches closed due to the spill. But, it was apparent that the oil spill had cast 
a pall on beach recreation through the entire region. Extra visitation of the beaches that remained 
open by people substituting away from the closed beaches could have been more than offset by a 
reduction in visitation by people who normally used these other beaches but were staying away 
because of concerns fueled by the extensive media coverage of the spill. 

 
With regard to temporal substitution, the data do show a net increase in visitation at two 

beaches, Bolsa Chica State Beach and Huntington State Beach after they had re-opened (March 14-
31, 1990).26 At the other three beaches, however, while there were unusually large crowds on the 
weekend after the re-opening, attendance after that was depressed through the end of the month 
compared to what our model predicted in the absence of a spill. This was consistent with the 
lifeguards= impression that the initial turnout after re-opening represented widespread curiosity about 
what the beaches were like, but then lingering concerns kept some people away. Even including the 
unusually large attendance immediately following re-opening, there was an overall reduction in 
aggregate visitation at the five beaches combined between re-opening and March 31, 1990. We 
suspected that attendance at some of the affected beaches remained depressed into April, but we 
were not in a position to measure this since Ruud=s model was not designed to predict beach 

                                                           
26 At both of these beaches we adjusted the attendance reported after re-opening to correct for an excess number of  
free vehicles but we did not correct for an excess number of paid vehicles with annual passes. Some of the latter  
were coming just to see what the beach looked like after re-opening rather than to engage in beach recreation, but we  
included them in the total of beach users anyway. 
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attendance in April. 
 
Estimated Loss of Beach Recreation 

 
Using the assumptions described above, our estimate of lost beach recreation in the oil spill 

area during the period of beach closure amounted to 454,281 lost trips. Overall, we estimated a net 
loss of 278,986 trips outside the beach closure period through March 31, 1990. While we believed 
there might have been some net loss of beach recreation in April, we could not measure this and did 
not include it in our estimate. 
 

In addition, we believed that this estimate of lost beach recreation omitted some loss to surfing 
recreation that was not being captured in the official reports of beach attendance. Surfers often go to 
the beach very early in the morning, and they generally try to avoid paid parking. On both grounds, 
they are likely to be undercounted when reported beach attendance is based on counts of cars using 
paid parking lots. By interviewing surfers, surf shop operators and lifeguards, we developed 
estimates of the number of surfers per weekday and weekend day at various surfing locations in the 
affected area who might be excluded from the official reports of beach attendance. Applying this to 
the beach closure period (but not the period after re-opening), we estimated an additional loss of 
about 30,485 surfing trips, producing an estimated total loss of 763,752 beach recreation trips, as 
indicated in the top panel of Table 1. 
 

Unit Values 
 
To convert this estimated loss of recreation into a monetary value, we reviewed the existing 

literature to find an appropriate unit value of beach recreation. When performing this analysis in 
1994, we were aware of only a few travel cost studies that provided estimates of consumers’ surplus 
for beach recreation. Of the studies listed in Table 2, we were aware at the time of Binkley and 
Hanemann (1978), Meta Systems (1985), Bockstael, McConnell and Strand (1988), McConnell 
(1977), and McConnell (1992). However, those studies all valued beach recreation in the Northeast, 
which we felt was likely to be different from beach recreation in Orange County because Aboth the 
economic and social situation are different. Orange County offers high quality beaches close to B 
even immediately adjacent to - where people live. In the Boston area, there are beaches in Boston 
Harbor which are located close to where people live, but these are decidedly not high quality 
beaches. The high quality beaches tend to be quite distant, around Cape Cod. In economic terms, the 
price associated with high quality beach recreation is very different in Orange County than Boston. 
Partly because of this, and partly because of the climate, beaches play a different role in social life in 
the two regions. There are good reasons why the phrase @beach boy@ is associated with California 
rather than Massachusetts@ (Hanemann, 1994). 

 
Aside from the Northeast beach studies, we were aware of two travel cost studies on beach 

recreation, one for California by Dornbusch (1987) and the other for Florida by Bell and Leeworthy 
(1986). Both were well known and often cited in the literature.27 Although the study by Dornbusch 
                                                           
27In a natural resource damage assessment for another Southern California oil spill, at Avila Beach in 1992, Dunford  
had used the corresponding regional value of beach recreation from  Dornbusch  (1987) amounting to $12.08 per trip  
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would seem an excellent candidate for a benefits transfer exercise since it provides estimates of the 
consumers’ surplus associated with water-dependent and water-enhanced recreation at beaches along 
the entire California coast, including Orange County, we felt that it had a serious flaw which 
rendered it unreliable. The Dornbusch model was estimated from survey data on beach trips by 
California residents. Although this was not widely appreciated at the time, the survey only asked 
respondents how many beach trips they took; it did not ask where they went. Analysts in DPR 
subsequently used a gravity model to allocate the trips among alternative destinations, and these 
Ahome-made@ origin-destination data were then provided to Dornbusch to analyze, as though these 
were real observations on destination choice behavior. We felt this was, at best, a circular exercise. 

 
No such problems were apparent in the study by Bell and Leeworthy (1986), based on a 

statewide survey of Florida residents in March 1984 covering their beach use during the previous 12 
months. Bell and Leeworthy estimated a demand function for days at Florida beaches, from which 
they derived an estimate of consumer=s surplus of $10.23 per person-day, in 1984 dollars.28  We felt 
that beach recreation plays a similar role in people=s lives in Southern California as in Florida. The 
average household income of the respondents to the Florida residents survey in 1984 was $26,871, 
compared to a median income of about $37,600 in Orange County in 1985; if anything, this should 
make Bell and Leeworthy=s figure a conservative estimate of the consumers’ surplus for beach 
recreation in Orange County. We used the Consumer Price Index for urban consumers in the Los 
Angeles-Anaheim-Riverside area to convert their estimate to February 1990 dollars, the time of the 
spill, which raised it to $13.19 per trip.  

 
While surfing is a specialized recreation activity which would generally be considered to have a 

higher unit value than general beach recreation B see, for example, Walsh et al. (1998) B we knew of 
no valuation study that dealt specifically with surfing. We decided to use a unit value of $16.95 per 
surfing trip. This corresponded to the entrance fee at an inland water park in Southern California; the 
amount was suggested to us by an official of the Surfrider Foundation, who thought most surfers 
experienced a consumers’ surplus at least equal to this, and it represented a premium of about 30% 
over our estimate of the unit value of general beach recreation.29 

 
Our resulting estimate of the value of the lost beach and surfing trips totaled $10,188,500, in 

1990 dollars, as indicated in Table 3. 
 
Besides beach recreation and surfing, our 1994 analysis covered private boating and 

party/charter boating for sport fishing, whale watching, and excursions to Catalina Island. Combined, 
these amounted to about 31,000 trips.30 Using benefits transfer estimates of consumers’ surplus for 
boating and sport fishing, we estimated a total loss of $1,231,609 for these categories of recreation. 
                                                                                                                                                                                           
in March 1993 dollars (Dunford, Banzhaf and Mathews, 1993). 
 
28Bell and Leeworthy also collected data on recreation by non-residents at Florida beaches, from which they  
estimated a non-resident demand function and calculated consumers’ surplus for a non-resident trip. We had no data 
which would allow us to break down lost beach recreation by residents versus non-residents of  Southern California. 
29In his Avila Beach analysis, Dunford had used a premium of 20% to value nude beach use, viewed as a specialized  
activity, and he had valued windsurfing at $16.91 in March 1993 dollars. 
30These boating and fishing trips were lost when booms to keep the oil out blocked harbor entrances. 
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Thus, the total estimate in our 1994 report for lost recreation use value amounted to $11,420,108, as 
indicated in the top panel of Table 3. 
 
4. THE RESPONSE FROM THE DEFENDANTS 

 
In response to our 1994 reports, economists for two of the defendants produced reports 

critiquing our analysis -- Professors Deacon and Kolstad wrote a report in March 1995 on behalf of 
the Golden West refinery, and Professor Thurman and Dr. Dunford wrote reports in May 1995 on 
behalf of ATTRANSCO.31 These reports covered fairly similar ground, disputing both our estimate 
of lost recreation trips and the consumers’ surplus estimates we used for benefits transfer. 

 
Disputing the Estimate of Lost Beach Use 

 
With respect to the estimate of the number of beach trips lost as a result of the oil spill, the 

defendants raised five issues. First, there were criticisms of our data: the lifeguards= reports of beach 
attendance seemed unreliable. The defendants questioned both the methods by which attendance was 
estimated and the specific conversion factors used for passengers per vehicle, and walk-ons as a 
proportion of drive-ins.32 Professors Deacon and Kolstad indicated that they intended to conduct 
overflights of beaches to verify the lifeguards= reports of attendance. 
 

Second, the defendants criticized the adjustments we made to reported attendance during the 
period when beaches were partially re-opened and cleanup was still proceeding. Without offering any 
estimates of their own, they asserted that our adjustments lacked foundation. Moreover, Dr. Dunford 
argued that the oil spill and cleanup activities provided a positive consumers’ surplus to 
“rubberneckers” which should be counted as an offset to some of the lost consumers’ surplus from 
beach recreation.33 He also proposed two other adjustments. First, he noted that some beach 
recreation in Southern California was by foreigners and/or illegal immigrants. On legal grounds, 
ATTRANSCO=s attorney held that this should not be counted in a damage assessment; Dunford felt 
we should have made an effort to estimate this beach use and omit it from our calculation of lost 
recreation. Second, he took the position that Achildren should be excluded from estimates of foregone 
user days when calculating natural resource damages@ on the grounds that they Ado not understand 
the concepts of prices and income constraints.@ 

 
Third, the defendants challenged our conclusion that there was no net substitution of recreation 

to beaches elsewhere in the region. They found our lack of evidence for an increase in attendance at 
Laguna Beach and at beaches in Santa Monica Bay unpersuasive. On theoretical grounds they felt 
that substitution must have occurred since there were many other beaches in Orange County and Los 
Angeles County that remained open during the spill and could have been used as substitutes Agiven 
                                                           
31Deacon and Kolstad (1995); Thurman (1995); Dunford et al. (1995). 
32Dunford et al. (1995) made no reference to the fact that RTI had interviewed the very same lifeguards and collected  
the same attendance data from them in 1990 and 1991. Instead, the report professed to be baffled by the lifeguards=  
data and to have no independent knowledge of this beyond what was contained in our 1994 report. 
33To implement this, he assumed that the consumer= surplus from rubbernecking lay between one-third and one-half  
of the consumers’ surplus from beach recreation. See Dunford et al. (1997) for an elaboration of his arguments and 
Randall (1997) for an opposite view. 
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southern Californians= well-known penchant for driving long-distances to work and recreate.@34 
Beyond the general argument, however, they presented no specific empirical evidence that 
significant substitution had occurred. 

 
Fourth, they took the position that there could be no loss of recreation once the affected 

beaches had fully re-opened; their estimate of loss was confined to the closure period.35 
 
Fifth, Professor Thurman and Dr. Dunford criticized Ruud=s (1994) econometric model of 

beach attendance. They suggested that different weather variables should have been used, such as 
temperature at the beach as opposed to temperature inland. They claimed that the weather during the 
closure period in 1990 was unusually cold and “Ruud=s model does not produce predictions that are 
consistent with the low temperatures.” They also objected to his use of lagged dependent variables 
because actual lagged attendance could not be known when forecasting attendance during the spill 
period, and the use of a prediction of lagged attendance would lead to a compounding of the errors in 
attendance predictions. Using our data on attendance, which we had turned over along with the 
expert reports in 1994, Thurman (1995) estimated his own model of attendance at the 5 beaches 
affected by the spill, and he obtained a much lower prediction of what attendance would have been 
during the closure period in the absence of a spill B 297,992 trips in aggregate, as compared to 
Ruud=s prediction of 530,265 trips for the same beaches during the same period.  

 
Thurman’s model differed from Ruud=s in three main ways: he used different temperature 

variables and made minor changes to some of the other variables; he omitted the lagged dependent 
variables; and he adopted a different stochastic specification. Ruud (1994) had conducted a 
preliminary analysis using a log-linear model of the form 

 
(1)     ln(y)   =   ; ����� �� 
 
in which the natural logarithm of beach attendance, y, was explained by a linear function of 
exogenous explanatory variables DQG�ODJJHG�GHSHQGHQW�YDULDEOHV�SOXV�D�QRUPDO�UDQGRP�HUURU�WHUP�� ��
with zero mean. After estimating a system of equations like (1), Ruud had performed diagnostic tests 
for first-order autocorrelation and heteroscedasticity in the residuals. The score test statistics 
unambiguously indicated the absence of autocorrelation, but gave a strong indication of 
heteroscedasticity. To deal with the heteroscedasticity, Ruud adopted an alternative specification 
with an additive error 
 
(2)    y   =   exp(; ������ �� 
                                                           
34Dunford et al. (1995). In our experience, this exaggerates the ease of getting around  Los Angeles and ignores the  
fact that  during most hours of the day there is significant congestion on both the Pacific Coast Highway and the  
inland freeways which most visitors of the beaches closed by the spill would have had to use to reach beaches south  
of Laguna Beach or to the north in Santa Monica Bay We checked this out by driving the routes that beach users  
would take and timing the trips  (Hanemann Exhibit 909). 
35In 1991, RTI had estimated preliminary models of attendance for the five affected beaches using monthly  
attendance data from the lifeguards= reports covering the period January 1981 through December 1990. The RTI  
models showed a loss of 145,518 beach trips in February and March 1990, without any adjustment to reported  
attendance during the closure period, and an additional loss of 288,613 trips in April 1990. 
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whHUH� �LV�D�QRUPDO�HUURU�ZLWK�]HUR�PHDQ��ZKLFK�KH�HVWLPDWHG�E\�QRQOLQHDU�OHDVW�VTXDUHV��7KLV�ZDV�
the model that he used for predicting beach attendance. Thurman (1995) first estimated an ordinary 
least squares model like (1), omitting the lagged dependent variables and making changes to the 
temperature variables and some other variables. Observing evidence of autocorrelation and 
heteroscedasticity in the residuals, he then estimated a generalized least squares (GLS) version of (1) 
incorporating an autocorrelated anG�KHWHURVFHGDVWLF� HUURU� VWUXFWXUH� IRU� ��7R� HVWLPDWH�SUHGLFWHG�
attendance, Thurman used the anti-log of the predicted dependent variable in (1), namely exp (Xb), 
where b was his GLS estimator of . This, of course, generates an estimate of the median of y, which, 
for the lognormal distribution, is lower than the mean. This oversight accounted for some of the 
difference in attendance predictions; it was subsequently corrected in Thurman (1996), produced at 
his deposition.36 However, we believe that most of the difference in attendance predictions is due to 
Thurman=s use of specification (1) instead of (2), combined with the omission of the lagged 
dependent variables. 
 

Our own view was that vector autoregression model is a standard procedure for making 
forecasts in economics and business, and is entirely appropriate for forecasting beach attendance. We 
felt that Ruud=s inclusion of lagged variables accurately captured the complex pattern of 
autocorrelation that one observes in daily beach attendance. Ruud=s goal was to find the best 
prediction of daily attendance. He used weather variables and other exogenous variables that he 
found produced the best fit.37 On inspecting the day-to-day predictions, we found no indication that 
Ruud=s model performed poorly on unusually cold days.38 We noted that Professor Thurman=s model 
without the lagged dependent variables did not fit the data as well as Ruud=s model based on adjusted 
R2 statistics. At his deposition, Professor Thurman testified that he had not investigated whether his 
model fitted the data as well as Ruud=s, and he had not performed a non-nested specification test of 
(1) versus (2) that had been suggested to him by a peer reviewer for TER.39  
 
 
 

                                                           
36 The error was noted in Hanemann (1996). Adjusting the predicted median of y to obtain the predicted mean is  
non-trivial. Goldberger (1968) and Bradu and Mundlak (1970) discuss some of the complexities involved in the  
homoscedastic case. Thurman did not provide enough details of his GLS estimation for us to tell whether he had  
fully adjusted for the predicted mean in his GLS model. 
37 The lifeguards confirmed that, in their experience, the temperature inland usually had more impact on beach  
attendance than the temperature at the beach. They had also said this to RTI staff in February 1991 (Trial transcript,  
p 4506). 
38To convey the impression that the spill period was unusually cold, Dunford used a graph, reproduced as Figure 1 in  
Dunford (1999), which showed that 1990 had the lowest average maximum daily temperature over the period  
February 8 - March 9 of any year between 1986 and 1993. But the conclusion did not hold if one used other time  
periods such as the month of February or the month of March. In February 1990 there had been 6 days with a  
maximum daily temperature of 60o F. But, in February 1993 there had been 5 days when the maximum daily  
temperature ranged from 58 to 61o F and in February 1992, there had been 6 days when the maximum daily  
temperature ranged from 58 to 61o F. In 1989 there had been 8 days when the maximum daily temperature ranged  
from 52 to 59o F. 
39Thurman deposition 11/7/96, pp. 32, 106; 11/8/96, pp 159, 175. The reviewer was Professor Matthew Holt, his  
colleague in the Department of Agricultural and Resource Economics at North Carolina State University. 
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Disputing the Estimate of Consumer=s Surplus 
 
The defendants also criticized the estimates of consumers’ surplus that we used to value the 

recreational losses. In the case of beach recreation, they both criticized various aspects of Bell and 
Leeworthy=s (1986) study and also proposed alternative studies that yielded considerably lower 
estimates of consumers’ surplus. 

 
With regard to Bell and Leeworthy, they objected that this survey involved the recall of beach 

trips over the preceding year, which was likely to be unreliable, and they criticized the specification 
of the price variable, the poor fit of the demand equation, the absence of attributes of individual 
beaches as factors influencing demand, and the sensitivity of the estimates of consumers’ surplus to 
functional form. In addition, Dunford et al. (1995) claimed that the Bell and Leeworthy study 
violated the necessary criterion of similarity for a benefits transfer exercise because Athe beaches in 
the Bell and Leeworthy study are not similar to the injured beaches@ and Athere are substantial 
differences ... with respect to racial composition, gender, age and household income@ between Bell 
and Leeworthy=s respondents and the users of the injured beaches.40 While we were aware of the 
shortcomings of the Bell and Leeworthy study, the study had been widely cited in the literature, and 
it was not obvious to us in which direction its potential shortcomings would affect the estimate of 
consumers’ surplus. 

 
The defendants also made the point that Bell and Leeworthy were valuing beach recreation 

during the summer while the oil spill occurred in the winter when, they claimed, beach recreation 
should have a lower value. They cited a contingent valuation (CV) survey of beach users by 
McConnell (1977) which found that beach users gave a lower value for beach recreation on days 
when the temperature was lower: Afor example, reported values when temperatures are 65oF were 
less than half of values when temperatures were 75oF.@ But, McConnell=s study was conducted 
during ten days in August 1974 at Rhode Island beaches, and we felt it shed no light on the 
difference between summer and winter beach recreation in Los Angeles or Florida.41 It seemed 
entirely possible to us that, in Los Angeles, the average consumers’ surplus for those people who go 
to the beach during the winter could be at least as high as the average consumers’ surplus for those 
who go to the beach in the summer.  
 

Another argument offered against our analysis was that the loss of beach trips during February 
and March amounted to only about 8% of the total number of trips to these beaches over the year as a 
whole. Therefore, it was claimed that there should only be a small marginal loss of consumers’ 
surplus. This argument was emphasized by Randy Moss and Dr. Bruce Owen of Economists, Inc., 

                                                           
40Dunford et al. (1995). In support of this assertion, they compared Bell and Leeworthy=s respondents with the  
respondents to a NOAA survey of beach users in Los Angeles County, to be mentioned further below. The NOAA  
respondents were richer (46% had an income over $40,000, versus 20% for Bell and Leeworthy), younger (mean age  
of 33.4, versus 43.5 for Bell and Leeworthy), more masculine (57% male, versus 50% for Bell and Leeworthy), and  
less white (79% white, versus 92% for Bell and Leeworthy). We felt that, if anything, these demographics implied a  
higher beach value in Los Angeles than Florida, and we were unconvinced that Bell and Leeworthy=s Florida study  
was too different from Los Angeles to be considered for use in a benefits transfer. 
41In Florida, the summer, though the hottest time of the year, is not the high season for beach use; the winter is the  
high season. 
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consultants to the TAPS fund, who applied it to the Bell and Leeworthy data and measured the 
consumers’ surplus loss per trip associated with the least valuable 8% of beach trips, which they 
calculated at around $1 per trip as opposed to the average consumers’ surplus of $13.19 per trip. We 
disagreed because we felt that, in the circumstances of the beach closure, it was the average 
consumers’ surplus per trip and not the marginal consumers’ surplus per trip that was relevant. While 
the marginal consumers’ surplus per trip would be appropriate if the authorities had used prices to 
allocate the reduction in beach use, the actual circumstances created by the oil spill were more akin 
to non-price rationing where it was agreed in the literature on peak load pricing that the average 
consumers’ surplus was the relevant measure of the welfare loss due to outages.42  
 

The defendants also criticized us for not using other sources of information on the consumers’ 
surplus from beach recreation, most especially surveys of beach users in Los Angeles and San Diego 
counties conducted in the summers of 1989 and 1990 by Dr. Vernon R. Leeworthy, the co-author of 
Bell and Leeworthy (1986) and now on the staff on NOAA=s Strategic Assessment Branch. These 
surveys were part of a larger multi-year intergovernmental cooperative research project to develop 
estimates of the economic value of recreational activities on the public lands known as Public Area 
Recreation Visitors Survey (PARVS).43  The questionnaire contained a large number of travel cost 
type questions for beach goers interviewed on site. Dr. Leeworthy and his colleagues had estimated a 
variety of travel cost models to these data. Using what they considered their most conservative 
judgments with respect to price definition and specification of functional form, and truncating 
consumers’ surplus at the highest observed price in the data, they obtained the following estimates of 
average consumers’ surplus per trip (in 1990 dollars) for beaches in Southern California: $8.16 at 
Cabrillo-Long Beach, $18.36 at Santa Monica, $26.20 at Pismo State Beach, $51.94 at Leo Carillo 
State Beach, located at the northern end of Los Angeles County, $57.31 at San Onofre State Beach in 
San Diego County, and $60.79 at beaches in San Diego.44  
 

At the end of the survey, after all the travel cost questions, there was a closed-ended contingent 
valuation (CV) question: ASuppose the agency that manages this site started charging a daily 
admission fee of $X per person. The money from the admission fee will be used to maintain the site 
in the present condition, but there would be no improvements. Would you continue to use this site?@ 
The daily admission fee was one of 10 randomly assigned amounts between $1 and $75. Most of 
those who responded said Ano.@ Leeworthy, Schruefer and Wiley (1990, 1991) tabulated these 
                                                           
42With this type of outage, everybody=s consumption is shut down, both those with high consumers’ surplus and those  
with low consumers’ surplus. The error of using marginal consumers’ surplus in these circumstances was first  
pointed out by Seneca (1970) and Visscher (1973). 
43When we wrote our 1994 report we were aware that Dr. Leeworthy had conducted surveys of beach users in  
Southern California, but we had not seen any results of the surveys or any of Leeworthy=s analysis. The data are  
summarized in Leeworthy, Schruefer and Wiley (1990, 1991). Leeworthy=s first report on his analysis of PARVS  
data, using data from a 1988 survey at Island Beach State Park in New Jersey in the summer of 1988, was published  
in Leeworthy and Wiley (1991).  
44The results for Cabrillo-Long Beach, Santa Monica and Leo Carillo are reported in Leeworthy and Wiley (1993);  
the other three results were in a personal communication, Leeworthy (1995). All of these results are based on single- 
site models. Leeworthy (1995) wrote that he also estimated a pooled cross-section model for the Southern California  
Region. AThe data were weighted by total site visitation when pooling across sites. A count data model, using the  
Poisson regression (both truncated and untruncated models) was estimated. Results here on a per person per day  
basis for the consumers’ surplus were $44.52 for the untruncated model, and $23.58 for the truncated model.@ 
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responses, but did not analyze them further for an estimate of willingness to pay (WTP) because they 
felt that the payment vehicle was flawed. These were public beaches, which people already supported 
through their tax dollars. Leeworthy felt that beach users might have resented the notion of paying a 
charge just to walk onto the beach (which is virtually unheard of in California) as opposed to paying 
a fee for some specific service such as parking; and they might have especially resented the notion 
that the revenues would not be used to improve the beach in any way.  
 

 The defendants rejected the travel cost component of the PARVS survey, but they embraced 
the CV data with enthusiasm. Dunford et al. (1995) obtained the PARVS data from Leeworthy and 
fitted a WTP model to the CV responses. They obtained estimates for the mean WTP per trip of 
$2.17 for Cabrillo-Long Beach, $2.33 for Santa Monica, and $3.38 for all California sites combined. 
Based on this, they decided to use $2.30/trip as their best estimate of the value per trip for the lost 
beach recreation.  

  
Several aspects of their analysis struck us as questionable including the fact that they analyzed 

the CV responses without any reference to the respondent=s actual travel cost, they selected the two 
least valued Southern California beaches to represent the beaches affected by the oil spill,45 and their 
welfare calculation implied that beach users= WTP to go to the beach is negative in the left tail of the 
distribution.46 Beyond this, there were two fundamental reasons why we considered the PARVS CV 
data unsuited to the purpose for which Dunford et al. were using them. The first is Aprotest zeroes@ B 
i.e., respondents who say Ano@ to a CV survey not because the item is not worth that much to them 
but rather because they feel that they should not have to pay for it in the manner proposed. In our 
view, the form of the payment vehicle made this likely. There was data from the PARVS survey 
itself to substantiate this concern.47 At the end of the on-site interview, respondents were asked to 
supply a mailing address so that they could be sent a short questionnaire covering additional 
information on their expenses during the trip. The closed-ended CV question was repeated in this 
mail survey. In the mail survey, but not the on-site survey, there was also a follow-up question for 
people who answered Ano@ asking them to check the reason for their response. We subsequently 
examined the mail survey responses for the Southern California beaches and concluded that a 

                                                           
45 These are Cabrillo-Long Beach, where there is a heavily urban setting unlike that at the beaches affected by the  
spill, and Santa Monica Beach. In February 1991, RTI staff had been told by lifeguards there that ALong Beach is too  
filthy to swim in usually@ and had concluded that it Amay not be a good control beach.@ Dr. Dunford assumed that  
Santa Monica referred to Santa Monica City Beach, which is fairly comparable to the affected beaches in several  
respects other than surfing  -- the surfing is much better at the Orange County beaches. However, we researched this  
and found out from Dr. Leeworthy that Santa Monica referred to certain other beaches in Santa Monica Bay –  
Dockweiler, Manhattan, Hermosa and Redondo Beaches -- which are less attractive and have less convenient parking  
than either Santa Monica City Beach or the Orange County beaches. 
46In a subsequent paper for an academic conference, Dr. Dunford modified his analysis to assume that WTP for  
beach recreation is non-negative; this raised his estimate of mean WTP per trip for all California beaches combined  
to $4.74 (Dunford and Fowler, 1996). 
47Other evidence of public opposition to this payment vehicle in Southern California comes from an incident in  
March 1992 when the Santa Barbara County Board of Supervisors permitted the Nature Conservancy to introduce an  
entrance fee to walk onto Guadalupe Beach. There was a public uproar because, in the words of an outraged citizen,  
Aa free beach is a God-given and American right.@ Under intense pressure, the Supervisors rescinded their approval  
of the entrance fee in June 1992 (Santa Maria Times 4/14/92, 11/12/92). Twenty years earlier, in 1972, California  
voters had approved a proposition guaranteeing the public right of access to the shoreline. 
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minimum of one third of the negative responses to these CV question were likely to be protest zeroes 
because the respondent either checked AI do not believe fees should be charged@ or gave another 
reason such as Athey shouldn=t charge pedestrians@ or Ataxes should be used to maintain and improve 
the facility.@ The proportion of protest zeroes among the responses to the on-site survey is likely to 
have been higher because the protest zeroes are more likely than others to have been non-respondents 
to the mail survey.48 
  
 Second, even with protest zeroes properly accounted for, we do not believe that the PARVS 
CV can provide an estimate of use value applicable to the loss of beach recreation caused by the 
American Trader oil spill. The CV question values a single beach taken by itself, with no change or 
interruption in the availability of any other beach in the area.49 However, the essence of what 
happened in February and March 1990 is that multiple beaches were closed simultaneously -- almost 
all beach recreation in that part of Orange County was effectively shut down for a period of time. If 
the beaches in that area are substitutes for one another, Carson, Flores and Hanemann (1998) show 
that the loss of consumers’ surplus from the closure of one beach is raised by the simultaneous 
closure of another substitute beach. Even if there were no other problems the PARVS CV questions 
would not capture this, leading to an underestimate of the welfare loss per trip during the closure 
period. 
 

With respect to the PARVS travel cost data, Dunford et al. had nothing to say about this data 
and did not mention the estimates of consumers’ surplus that Leeworthy and Wiley=s (1993) derived 
from it.50 Deacon and Kolstad (1995) did mention the PARVS travel cost data but they rejected it as 
unreliable, and focused instead on the CV results.51 Unlike Dunford et al. (1995), Deacon and 
Kolstad (1995) went to some lengths to review the literature on valuation of beach recreation, as 
indicated in Table 2. They identified a number of relatively obscure studies including Silberman and 
Klock (1988), and Curtis and Shows (1982, 1984), which used an open-ended CV to value beach 
recreation. Their citations from the valuation literature were distinctly weighted towards CV. In 
addition to not citing the analysis of PARVS travel cost data by Leeworthy and Wiley (1991, 1993), 
they cited Hanemann and Binkley=s analysis of the CV data collected in the 1974 Boston area beach 
recreation survey, but not the analysis by Hanemann (1978) or Meta Systems (1985) of the travel 
cost data collected in that survey. On the basis of the studies they had cited, they concluded that Athe 

                                                           
48There was only a 23% response rate for the mail surveys at the Southern California beaches, and 11% of these  
respondents did not answer the CV question. 
49The mail survey responses confirm that this is how respondents interpreted the question. 
50We found their position curious. They expressed the opinion that Athe random utility model (RUM) approach, a  
sophisticated variation of the travel cost method, provides better use-value estimates than any other non-market  
valuation method. ..  It is ideally suited for measuring recreation use damages resulting from oil spills.@ Absent such  
data in the PARVS survey, for unexplained reasons they preferred what they called @a high-quality CV study@ over  
the travel cost data that was collected in the PARVS survey. Ironically, in 1990 RTI had collected data suitable for  
estimating a RUM model at beaches affected by the spill, but Dunford et al. never made any reference to it and never  
used it to estimate a RUM model. 
51They objected that the PARVS travel cost data included not just local residents but also respondents who were  
from out of state and even abroad, which made the price variable unreliable. They did not address the fact that the  
same respondents were also in the CV data. In fact, the travel cost model selected by Leeworthy and Wiley (1993) 
excluded outliers, which is likely to have eliminated many non-residents. 
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value of a winter beach day in California ... is likely to be in the under-$5 per day range.@52 
 
5. PREPARATION FOR THE TRIAL 
 

During 1996 and 1997, as prospects for a settlement with ATTRANSCO faded, we prepared 
for trial. Our work proceeded in four phases. The first phase was conducting a beach count survey in 
February and March 1996 to investigate the accuracy of the lifeguards= reports of attendance during 
that time of year at the beaches affected by the spill; the findings were reported in Hanemann (1996). 
This was followed by preparation for the depositions of Chapman, Ruud, Thurman, Hanemann and 
Dunford in September, November and December, 1996. Subsequently there was a legal fight over 
documents which Dr. Dunford had brought to his deposition but were withheld by ATTRANSCO=s 
attorney. This ended in February 1997 when the court ordered that the documents be turned over to 
us. The third phase was conducting a boating and surfing survey in Orange County in February and 
March 1997, whose findings were reported in Hanemann (1997a). The fourth phase was preparation 
for the depositions of Hanemann and Dunford in August 1997, including the production of a final 
report on our conclusions, Hanemann (1997b). This work had three main goals: to improve our 
estimate of the number of beach trips lost due to the spill; to break out surfing from general beach 
recreation; and to refine our estimates of unit value for surfing and general beach recreation.53 As we 
obtained information and data from Dr. Dunford through the deposition process, we modified and 
refined our analysis.  

 
Verifying the lifeguards= reports of attendance in a reliable and systematic manner through 

some form of survey had long been on our minds. But, we estimated that to do this right would cost 
$50,000 or more. As long as the Trustees thought that the case would settle, they were reluctant to 
authorize spending on that scale. Now that a trial seemed imminent, they allowed us to go ahead, 
with the full understanding that they would have to live with whatever we found. 

 
An important factor in their decision was information they received that Professors Deacon and 

Kolstad had conducted an aerial survey of some of the affected beaches in February and March, 
1995. When they compared the results with the lifeguard reports of attendance for those days, 
Deacon and Kolstad concluded that the lifeguard reports significantly overstate actual attendance.54 
 

Overflights are a relatively inexpensive way to measure beach attendance at a particular point 
in time -- one photographs the beach from a low-flying plane, and then counts all the people in the 
photograph. By itself, however, this is not conclusive. One doesn=t know the number of people on the 
beach the rest of the day, and one doesn=t know whether the people seen on the beach on different 
overflights are the same or different -- it depends on beach visit duration. To deal with this Deacon 
and Kolstad had stationed interviewers at the beach on the day of the overflights who stopped people 
and asked them when they had arrived at the beach that day and when they expected to leave. From 

                                                           
52Their recent paper, Kolstad and Deacon  (2000) reviews the same literature and, as indicated in Table 2, now drops  
several of these studies “due to limitations with the data or methodology used,”  but does not add any new ones.  
They conclude by recommending a value for saltwater beach recreation in the range of  $1-4 (1990 dollars). 
53A fourth goal was to refine our estimate of boating trips lost due to the spill. 
54They have described the survey and their findings in Kolstad and Deacon  (2000). 
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the survey responses, Deacon and Kolstad produced an estimate of mean visit duration. The 
overflights were conducted at 11 am, 1:30 pm and 4 pm on two week days and three weekend days. 
At Huntington City Beach on Friday February 17, 1995, for example, 345 people were counted on 
the beach from the aerial photographs at 11 am, 700 people at 1:30 pm, and 555 people at 4 pm. 
Deacon and Kolstad estimated the mean visit duration at 1.91 hours that day. They assumed that 
there were no people on the beach before 6 am, and that instantaneous attendance then rose linearly 
from zero to 345 at 11 am; for instantaneous beach attendance between 11 am and 4 pm they 
extrapolated between the three aerial counts. To extrapolate after 4 pm, Deacon and Kolstad used an 
estimate of the number of people on the beach at 6 pm developed by the interviewers on the ground. 
They summed their estimates of instantaneous attendance from 6 am to 6 pm, and then divided this 
total by the estimate of mean visit duration to obtain their estimate of the total number of visits to the 
beach. Their estimate for Huntington City Beach on February 17 was 2,676; this was well below half 
the total attendance reported by the Huntington City Beach lifeguards that day, which was 6,242. At 
Newport Beach, the discrepancy between their estimate of attendance and the life-guards= report was 
even greater. 
 

However, their estimate depends on some assumptions which are open to question: there is 
nobody on the beach before 6 am or after 6 pm (both of which were are inconsistent with data from 
the on-site interviews), attendance grows linearly from 6 am to 11 am (the evidence is that there is an 
initial pulse of early morning surfers and beach-goers), and the estimate of mean visit duration.55 
Moreover, when converting from aggregate instantaneous visitation to the number of separate visits, 
they assumed that one over the mean of visit duration is a good estimate of the expectation of the 
reciprocal of visit duration, which is incorrect: for a positive random variable x, 1/E {x} is not a good 
estimate of E{1/x}.56 The failure to allow for this may have reduced their attendance estimate by 40 - 
60%, given the distribution of trip durations in their survey. When all these factors are considered, 
the conclusion regarding the accuracy of the lifeguards= reports of attendance was less clear-cut. 
 

The best way to resolve this, in our view, was a careful, ground-based count of beach 
attendance using observers on the beach to count people as they arrived. We conducted this beach 
count survey at the beaches affected by the spill on randomly selected days during the period from 
February 10 to March 17, 1996.57 To implement the count, we hired interviewers from a local survey 
company to serve as enumerators, we selected sampling locations, we trained the enumerators, and 
we designed a sampling plan that provided coverage of the beaches for 12 hours per day, with each 
team of enumerators working half-an-hour on and half-an-hour off from 6:30 am to 6:30 pm.58 In all, 

                                                           
55While they were careful to correct for the over sampling of longer trips, they made no adjustment for the  
uncertainty when somebody who arrived at the beach at, say, 1 pm and is interviewed at 1:45 pm says he is going to  
stay at the beach until 10 pm. 
56The relevance of this for the estimation of beach attendance from aerial photographs is pointed out by Tourangeau  
and Ruser (1999). 
57The lifeguards informed us that there had been no changes since 1990 in the patterns of beach attendance, or their  
methods of reporting attendance, which would render it inappropriate for us to develop a correction factor for  
estimates of beach attendance in 1990 based a comparison between their reports of attendance and our more  
comprehensive count of beach use in 1996. 
58For our attendance estimate, we doubled the half-hour counts. The sampling design is described in Tourangeau  
(1996). 
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there were 57 individual beach count days, randomly assigned over the 5-week survey period, with 
over sampling of weekend days and Fridays relative to the other weekdays.59 To deal with beach 
users who leave the beach during their visit and then return, we designed a separate repeat visitor 
survey. This was conducted by a separate interviewer on two week days and two weekend days at 
each beach. The interviewer sampled every tenth person entering the beach and asked them AIs this 
the first time that you have come onto the sand at a beach today?” If the answer was “no,” the 
interviewer asked “Where did you come onto the sand at a beach earlier today?” 60 The results were 
used to adjust the attendance estimates from the main beach count survey.61 

 
When we compared the results of our counts with the lifeguards= reports of attendance for those 

same days we found that, on any given day, there usually was some discrepancy, but the discrepancy 
could be in either direction: some days, the lifeguards reported a larger attendance than we had 
counted, and some days a smaller attendance. On Saturday March 9, for example, the lifeguards at 
Newport Beach reported an attendance of 45,000 while our count from the beach survey was 19,699. 
However, on Saturday February 24, the lifeguards at Newport reported an attendance of 22,000 while 
we counted 22,767, and on Saturday February 10 the lifeguards at Newport reported an attendance of 
3,500 while we counted 10,958. At the state beaches, while we observed fewer people per vehicle 
than the conversion factors used by lifeguards, we also observed a higher ratio of walk-ons to drive-
ins than they assumed. Extrapolating from the survey days to the entire 5-week survey period, the 
attendance reported by the lifeguards at the three state beaches combined understated our count of 
beach attendance by 4.2%, while the attendance reported by the lifeguards at the two city beaches 
combined overstated our count of beach attendance by 13.3%.62 For all five beaches combined, the 
attendance reported by the lifeguards over the 5-week period exceeded our count of attendance by 
just 9.4%. 

 
The comparison revealed a distinct pattern in the reporting errors. The lifeguards cover 

attendance for only part of the day, and they tend to miss out on early morning and late afternoon 
attendance. On the other hand, while their estimates are fairly accurate for normal attendance, they 
tend to overstate attendance when large crowds show up.63 The result is a tendency to understate 

                                                           
59The survey schedule at the city beaches called for 6 weekend survey days, 3 Fridays, and once each for the other  
days of the week, for a total of 13 survey days per beach. There was a similar schedule at the two main state beaches,  
involving 12 survey days at Bolsa Chica and 11 survey days at Huntington State; at Crystal Cove, which is much  
smaller than the other two state beaches, we had 8 survey days. On two survey days there was no official report of  
attendance because parking booths at state beaches were not being manned on those days. This left 55 survey days  
for making the comparison between our counts and the official reports of beach attendance. 
60This is the wording used at city beaches. At the state beaches, the wording was modified to fit the different logistics  
of entry to state beaches. 
61Another special survey was the count verification survey, in which two interviewers made independent counts of  
the number of people entering a specific segment of beach during a particular time slot. Afterwards, the two counts  
were compared to see if they matched. In 20 such tests there was never any disagreement in counting cars, but there  
was a minor disagreement in counting people in 4 of the 20 tests. For all tests combined, the overall accuracy rate for 
counting beach attendance was 98.9%. 
62Note that our count was deliberately conservative since, to simplify the sampling design, we excluded people using  
piers or the boardwalk at the city beaches, but not stepping on the sand.  The lifeguards did count these people, and  
some of them would undoubtedly have lost recreation because of the spill 
63Two factors may account for the this tendency.  First, the number of people per vehicle may decline when there is a  
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attendance on days with low attendance and overstate it on days with high attendance. If one plots 
our count of daily attendance (on the vertical axis) against the lifeguards= report of daily attendance 
(on the horizontal axis), the shape of the graph looks something like a logarithmic function for both 
the city and the state beaches. We ran logarithmic, exponential, and Gomperz regressions of our 
counts versus the lifeguards= reports and found that the exponential model -- similar to (2) above -- 
fitted the data best. We could not reject the hypothesis that the regression equations are the same 
across the city and state beaches, and therefore used a single equation for all beaches pooled.64 We 
used the pooled exponential regression equation to correct both the predictions of beach attendance 
in the absence of a spill during the period February 8 - March 31, 1990 from Ruud=s model, and also 
our estimates of the beach recreation that did occur during this period.65 Our revised estimate of lost 
beach use during this period was about 618,000 trips, as shown in the second panel of Table 1. 
 

Following the reports on the 1996 beach count survey, the next major event was the depositions 
in September, November and December, 1996. From our perspective, an important aspect of the 
depositions was the opportunity it afforded us to see for the first time the information that had been 
collected by RTI/TER. Since Dr. Dunford=s public position had been that he was unfamiliar with the 
 lifeguards= attendance data and had no estimate of his own for the loss of recreation, we were 
interested to learn that, in 1990 and 1991,  RTI had contacted the same lifeguards and had collected 
the same data from them as we did, and had used this to estimate a similar model of beach 
attendance. We were also interested in an extensive collection of clippings from the Orange County 
Register that Dr. Dunford turned over. In particular, we noted a story about some surfers going to 
other sites because their usual sites were closed as a result of the spill; we had not seen a story to this 
effect in the Los Angeles Times, which we had monitored on-line for the duration of the spill.66   
 

We therefore decided to make an attempt to collect some more information about the effect of 
the spill on surfers, and to break surfing out from general beach recreation. To accomplish the latter, 
we conducted a second beach count survey in February and March 1997, designed to collect 
information on the proportion of surfers using each beach. We employed  the same methodology as 
in our 1996 survey but on a smaller scale, involving only 22 individual beach survey days spread 
over the four main beaches, excluding Crystal Cove. At each beach, we counted the number of 

                                                                                                                                                                                           
large turnout.  Second, it is known from the literature on the sociology of crowds that, when there is a large crowd,  
while a greater fraction of the meeting space is filled, the average density of people per square foot may be lower  
with a larger crowd;  the variation in density can cause visual estimates made from ground level to overstate the size  
of large crowds (McPhail et al. 1997). 
64Hanemann (1996). We found that the day of the week and the weather had no effect on the reporting error once one  
controls for actual attendance. 
65In the course of conducting the beach count survey, we collected the lifeguards reports of daily attendance for all  
the days in February and March 1996. Paul Ruud compared these actual reported attendances with his predictions of  
attendance for each day at each beach, using his model from Ruud (1994). He found that the 1996 data were  
substantially consistent with his original model, except that the original model somewhat under predicted 1996  
attendance at Bolsa Chica and Huntington City Beaches. He therefore saw no reason to modify his model in the light  
of the 1996 data (Ruud, 1996). Thus, the change in Aadjusted attendance@ and Apredicted attendance@ numbers in the  
first and second panels of  Table 1 is due not to any change in Ruud=s model  but solely to the correction we made  
based on the 1996 survey to adjust actual and predicted lifeguards= reports of daily attendance to the counts that we  
would have observed if we had conducted a beach count survey. 
66The Orange County Register was not available online, and we had not seen its full coverage of the spill. 
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surfers and non-surfers entering the beach. We found that the proportion of beach trips accounted for 
by surfers was 9.9% at Newport beach, 13.9% at Huntington City Beach, 14.9% at Bolsa Chica, and 
17.5% at Huntington State Beach (Hanemann, 1997a).  
 

We also collected the official reports of beach attendance for the survey days, and compared 
them with our counts. We obtained the same results as in 1996 -- extrapolating to the full 5-week 
period of the survey, in aggregate the official reports exceeded our counts by about 9.4%, and the 
same regression equation was consistent with both years= data. We saw no reason, therefore, to revise 
our estimate of 618,000 lost beach trips between February 8 and March 31, 1990, but we now 
subdivided these into lost surfing trips and lost general beach recreation trips using the proportions of 
surfers from the 1997 beach count survey.67 
 

To prepare for the 1997 beach count survey we conducted two focus groups with surfers, in the 
course of which we asked if anyone remembered the 1990 oil spill and how had they been affected.68 
Everyone who was an active surfer and lived in the area in 1990 remembered the spill and had been 
affected by it. On weekends, they had been able to go to other locations outside the spill area but, on 
weekdays, they could not manage the extra time needed to travel outside the area and they generally 
gave up their surfing.69 Overall, for this group, about 50% of their surfing trips were lost, and 50% 
were made to substitute sites outside the spill area. We therefore decided to assume that only half of 
the surfing trips lost at beaches affected by the spill between February 8 and March 31, 1990 were 
ultimately lost, and the other half were offset by trips made to other, substitute sites. 
 

With regard to general beach recreation, however, we still found no evidence of spatial 
substitution by the general public; the information available indicated no net increase, or perhaps a 
net decrease, in attendance at beaches outside the spill area during February and March, 1990. 
Therefore, we saw no reason to revise our assumption of no net substitution for non-surfing trips lost 
at the affected beaches between February 8 and March 31, 1990. 
  

In addition to refining our estimate of lost beach and surfing recreation, we also worked to 
improve our estimate of lost consumers’ surplus per trip. We had two new pieces of information 

                                                           
67For Crystal Cove, we assumed that surfers were 9.9% of total beach users. 
68A separate component of the 1997 survey dealt with counts of boating activity at harbors affected by the oil spill. In  
preparing for these counts, we planned to conduct two focus groups of boaters, one dealing with people who  
launched their boats from public boat ramps in these harbors. That focus group turned into a natural experiment on  
the value of boating. We had recruited 14 users of boat launches who had agreed to attend a focus group in Irvine at  
1 p.m. on Sunday February 2, 1997 in return for a payment of $50. That morning, however, eleven people phoned in  
to say that they would not be coming because it was such a nice day for boating. In the end, only one person out of  
the 14 recruited showed up. We inferred that the median value of boating to these people exceeded $50/trip. In  
Hanemann (1994) we had used a value of $34/trip for boating based on studies of boating in the Sacramento Delta  
and at Sierra reservoirs by Spectrum Economics (1991) and Mannesto (1989). 
69One of the beaches in the area, Seal Beach, a surfing beach, was open for most of the spill period. However, the  
surfers in the focus group considered it an unattractive substitute due to its relatively small size and wave congestion,  
combined with extreme territoriality by the regular surfers there; it also had a reputation for poor water quality due to  
storm water runoff. Most of the surfers in the focus group said that on weekends during the spill they went south to  
surf at San Clemente or at San Onofre Beach in San Diego County. This is highly consistent with the responses by 
the surfers whom RTI interviewed when the beaches re-opened in March 1990 (see below). 
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since completing our 1994 report. First, we had received a copy of the Department of Interior=s (DOI) 
revised Type A Natural Resource Damage Assessment Model for Coastal and Marine Environments, 
which included a value for beach recreation (French et al., 1996, Section 10.3.3). The DOI report 
contained a literature review that selected seven studies for consideration, as indicated in Table 2. 
The report used the average value from these studies -- about $11.00 in February 1990 dollars -- as 
Arepresentative of the available empirical results of the value of a day at the beach. ... This average 
net value represents a best estimate for the baseline value of a general beach recreational 
opportunity.@ 

 
Second, once we knew of the availability of the PARVS data for Southern California beaches 

we obtained a copy and conducted our own statistical analysis of the travel cost data. To be 
conservative, we restricted our analysis to one-day beach trips by residents of Southern California. In 
order to avoid sensitivity to functional form, we estimated the recreation demand functions non-
parametrically using a kernel estimator.70 In our estimation, we corrected for the sampling bias that is 
associated with an intercept survey by weighting the data proportionally to the inverse of the number 
of beach trips.71 Non-parametric estimation is necessarily limited to the range of prices covered in 
the data; with a sample of beach users, therefore, it provides no information on the part of the 
demand function in the vicinity of the cut-off price, which determines the upper corner of the 
Marshallian triangle. To handle this, we made a conservative assumption about the cutoff price based 
on an assessment of the spatial extent of the market for each site, and then calculated the upper part 
of the Marshallian triangle using a linear interpolation to the upper end of the non-parametrically 
estimated demand function. We tried several treatments including using log price instead of price 
and travel cost at 13 versus 21 cents per mile (the latter was the cost reported by respondents in the 
PARVS surveys). We focused on Cabrillo Beach and Long Beach (broken down separately) and, 
Santa Monica and San Diego Beaches, both separately and pooled. We estimated the predicted 
consumers’ surplus per trip at approximately $35-40 for Long Beach and San Diego, and $20-25 for 
Cabrillo, Santa Monica and all four beaches pooled. 
 

We believed that the beaches affected by the American Trader oil spill are better than an 
average beach in the U.S. Therefore, we considered that the consumers’ surplus associated with the 
use of these beaches was some amount higher than DOI=s estimate of $11 for a generic beach trip. 
Our own nonparametric analysis of the PARVS travel cost data supported Leeworthy=s parametric 
estimate of $23/trip for Southern California beaches pooled. Based on this our final conclusion was 
that a reasonable range for the consumers’ surplus from general beach recreation at the beaches 
affected by the spill would be $11-23/trip, in 1990 dollars. Our specific point estimate, intended to be 
conservative, was $15/trip.  
 

We believed that a different value should be used for surfing, since it is a more specialized 
activity that requires a higher degree of skill, knowledge and appreciation, and draws a very loyal 

                                                           
70The nonparametric analysis was conducted by Michael Ward. He chose the narrowest bandwidth that was  
consistent with a monotone downward sloping demand function for each site. 
71Chapman, Hanemann and Ward (1998) prove that this also corrects for the truncation bias associated with  
sampling limited to beach users. The over sampling of more frequent beach users had not been taken into account by 
Leeworthy and Wiley (1993) or, indeed, by Dunford et al. (1995) when they analyzed the CV data. 
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following. Based on the travel cost literature, we believed that the consumers’ surplus for surfing in 
Orange County was likely to be at least 25% higher than the consumers’ surplus for general beach 
recreation, and we therefore used a value of $18.75/trip in 1990 dollars for surfing trips lost. 
 

As noted above, we assumed that half of the affected surfing trips were offset by substitution to 
beaches outside the area. This still entailed some loss of consumers’ surplus, due to the increased 
cost of travel. For a surfer who lived in Huntington Beach and went instead to San Clemente, there 
would be an extra 74 miles of round-trip travel and an extra 90 minutes of travel time. For one who 
lived in Anaheim, the second most common city of origin for visitors to Huntington Beach, and went 
to San Clemente instead, there would be an extra 38 miles in round-trip travel and an extra 38 
minutes in travel time. To reflect this cost, we used $12/trip as our estimate of the average loss of 
consumers’ surplus for surfing trips diverted to substitute sites. 
 

At Dr. Dunford=s deposition in December 1996, ATTRANSCO=s attorney withheld some of the 
documents that he had brought along to comply with a document production request. In February 
1997, the Court directed that these be turned over. Among them were a number of documents 
containing portions that had been redacted. In May, the Court directed ATTRANSCO to turn over 
unredacted versions of the documents. Among the documents we then obtained were various 
materials relating to a survey that RTI had conducted at the affected beaches in Orange County 
immediately after the beaches re-opened, comprising on-site interviews with about 560 beach users 
during March and April, 1990. The interviewer asked about the travel time, distance and mode of 
transportation for the current trip, what activities they engaged in and how long they had been there, 
and then continued, “Now I=d like to ask several questions about your use of beaches earlier this year. 
About how many trips to the beach did you make in February? Which beaches did you visit? Would 
you also describe your typical recreational activity and the approximate number of hours you stayed 
on a typical visit?” The same questions were then asked for beach trips in January. At the end, the 
interviewer asked about the respondent=s education, occupation, race and income. The survey was 
designed to collect information Athat will allow us to estimate the value which surfers and other users 
give to a trip to the beach@ (Morton et al., 1991).  It was apparent, however, that RTI subsequently 
did not perform this analysis. We decided to try to obtain the data with a view to doing this. Since the 
documents we had received did not include the data from the survey or the sampling plan, we asked 
the State=s attorneys to press ATTRANSCO further. This resulted in the production, in June, of 35 
floppy diskettes that ATTRANSCO=s attorney had inadvertently overlooked. These contained about 
700 electronic files which RTI staffers took with them when they moved to TER in October 1994. 
There was no documentation for the contents of these files. On searching through them, we found no 
master copy of the survey data, no codebook, and no account of the sampling design or the sample  
weights.72 73 In the absence of this information, we were unable to proceed with using the RTI survey 
data to estimate a travel cost model.74 75 
                                                           
72There were multiple files with the same name but different contents, including 7 separate files containing what  
appeared to be the survey data but with differing numbers of observations and of variables, and no explanation for  
the differences. There was a similar experience in the State of Montana=s suit for natural resource damages in the  
Upper Clark Fork Basin, where RTI had conducted a travel cost survey for the defendants in 1992-93. With the  
Montana survey, too, TER turned over a huge mass of files in 1995 lacking documentation, including multiple files  
with the same name but different contents, and without a master copy of the survey data or a codebook. 
73The State=s attorneys filed a request for the original questionnaires from the survey. It was then learned that, when  
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Nevertheless, we did find some information from the survey that was of interest. After the 
travel cost questions, the interviewer asked ADo you think the condition of the beach is better, worse, 
or about the same as it was before the spill?@ These questions had been added at the insistence of BP, 
which was co-funding the survey along with ATTRANSCO. The responses were perhaps not what 
the survey=s sponsors had wished to hear, and we suspect that this is why the survey had been placed, 
as it were, in a deep freeze. Even eight weeks after the beaches had re-opened, 50% of the 
respondents at Huntington City and Bolsa Chica State Beach, and 43% at Newport Beach, felt that 
the condition of the beach was worse than before the spill.76 When asked in what way, 56% of 
respondents cited oil or tar balls, 54% cited appearance or odor, and 26% cited lower quality 
recreation.77 It was also noteworthy that 37.5% of the beach users intercepted in the survey reported 
that they were engaged in surfing, since this was far more than the 10-18% of beach users we had 
observed to be surfers in our 1997 beach count survey.78 The unusually high proportion of surfers 
would be consistent with the hypothesis that non-surfers were tending to stay away from the beaches 
after they re-opened while surfers, being more avid, went back as soon as possible. It would explain 
the overall lack of spatial and temporal substitution that we were finding. It would also imply that 
there had been some loss of beach recreation in April as well as March 1990.79 

                                                                                                                                                                                           
Dr. Dunford moved from RTI to TER in October 1994, he left these and other materials relating to the survey behind  
at RTI. Following its usual policy for materials from inactive cases, RTI waited for a period and then destroyed  
them, probably towards the end of 1996. When the Court learnt of this, it sanctioned ATTRANSCO for the  
destruction of evidence. 
74When asked at his deposition on 12/10/96 AHave you or any members of your team ever done any beach surveys in  
connection with any aspect of the American Trader incident?” Dr Dunford answered ANo.@ On 12/13/96, he was  
again asked Aand you have not performed any original studies, correct?@ and he answered AI have not....I was not  
asked by my client to do such a study@ (Dunford depositions, pp. 35-36, 538).  Sara Hudson, a co-author of the 1991  
report on the RTI survey, was working on the case for Dr. Dunford at the time of these depositions. Dr. Dunford  
subsequently testified that he had reviewed the report on the survey when taking over as manager of the case. He did  
not mention the survey at his deposition because, “I did not rely on any of this survey information for my opinion  
and my report.”  He told ATTRANSCO=s attorney A I did not feel that any of that information was relevant and met  
the terms of the request for document production. And therefore, I don=t think that I need to produce these. And he  
said, well, if that=s the way you feel, that=s fine.”  (Dunford deposition 7/23/97, pp. 30-31). Dr. Dunford said that he  
felt that the attendance estimates from the survey were Anot all reliable and accurate estimates@ and AI dismissed [the  
survey] from the very beginning when I started working on the case@ (Trial transcript, pp. 4594, 4597). In Dunford  
(1999) he elaborated that Atwo of the main oiled beaches were excluded from the sample frame. Furthermore, too  
few interviews were completed at some of the included beaches to produce statistically meaningful results. Thus, the  
chance that the RTI survey would yield reliable results was very low.@ It should be noted that one of the designers of  
the RTI survey was Ronaldo Iachan, a sampling statistician and expert on recreational surveys (Iachan and Kemp,  
1995). The report he co-authored, Morton et al. (1991), expresses a different view from Dunford=s with regard to the  
meaningfulness of the survey results. The sample sizes -- 151 interviews at Huntington City Beach, 116 at Newport  
Beach, and 119 at Salt Creek beach -- would not usually be considered too small to be reliable for a travel cost study,  
especially since the respondents may each have taken several trips to various beaches over the two months covered  
by the survey. 
75The 1990 RTI survey had also included a boat count at harbors and launch ramps affected by the oil spill, similar to  
the boating count survey we conducted in 1997. However, the boat count data had not been used by Dr. Dunford,  
and none of it appeared to have survived. 
76When Sunset, Surfside and Seal Beaches are included, the overall percentage of respondents over the 8 weeks of  
the RTI survey stating that the beach was in a worse condition than before the spill was 37%. 
77Morton et al. (1991) Figures 6-1, 7-1 and 7-2. 
78Morton et al. (1991) Figures 4-2. 
79In fact, the RTI report on the survey gives an estimate of the total attendance at Huntington City and Newport  
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In the light of this new information, we decided to add a component to our estimate of beach 

recreation loss that would account for the reduction in consumers’ surplus that we believe occurred 
when people went to the beach but found that the quality of their recreational experience was 
impaired due to the abnormal circumstances created by the spill. This diminution of utility enjoyment 
applied to people who used the affected beaches in February, March and April 1990, both while the 
clean-up was still progressing and immediately after re-opening. We felt that a rough but reasonable 
estimate for the loss of utility when recreation was occurring under adverse conditions was 20% of 
the consumers’ surplus for a normal general beach recreation trip, or $3/trip in 1990 dollars. We 
applied this loss to all the beach and surfing trips that did occur at the affected beaches between 
February 8 and March 31, 1990; we also applied it to 37% of approximately one million beach and 
surfing trips that were made to these beaches in April 1990.80 
 

As indicated in Table 3, our overall estimate for the value of lost beach recreation, including 
both surfing and general beach recreation was $11,420,619 in 1990 dollars. In addition, we estimated 
the loss of boating recreation at $762,420 in 1990 dollars.81 These two losses, totaling $12,183,039 
were what the State presented to the jury at trial. At the trial, we also testified that, if the loss were 
adjusted by the increase in the Consumer Price Index between the time of the spill and the time of 
the trial, this would raise the damage estimate to about  $14.5 million. 
 
6. THE TRIAL 
 

The argumentation in the economic portion of the trial focused largely on the concept of 
consumers’ surplus, the quality of the lifeguards= data and the estimates of the number of beach trips 
lost as a result of the spill, and the value that should be applied to these trips.  
 

The objectives of the State=s attorneys in this phase of the trial were: (1) to demonstrate to the 
jury the painstaking nature of our efforts to collect the best possible information about beach-related 
recreation in Orange County and the effect on this of the oil spill; and (2) to demystify for the jury 
the economic concept of consumers’ surplus and make it a matter of commonsense to them that they 
should award damages to the State for the publics’ loss of the use and enjoyment of public beaches. 
They were successful in both objectives. Part of their success was due to a skillful strategy for 
managing the exposition of the State=s case. The case rested on a mass of tedious detail conjoined 
with potentially impenetrable economic and statistical argumentation. To render this both transparent 
and credible, without overloading the jury, they presented the State=s case in successive iterations, 

                                                                                                                                                                                           
Beaches during April 1990 and compares this with the lifeguards= attendance data for the same period in 1986-1989,  
suggesting a loss of several hundred thousand trips in April 1990 (Morton et al., 1991, Figures 3-1, 3-2 and 3-3). In  
the absence of the survey data and information on the sampling plan and the survey weights, we were not in a  
position to verify this figure. 
80Apart from the diminution in utility, we did not assume any actual loss of beach trips in April 1990. 
81Party/charter boat sport fishing trips lost were valued at $83/trip in 1990 dollars, using the value from Walsh et al.  
(1988) for all saltwater fishing modes combined. This was slightly more conservative than the value of $87.12 /trip  
from a Southern California fishing study by Jones and Stokes (1989), which had been used in Hanemann (1994).  
Private boating trips were valued at $40/trip, a figure we considered conservative in the light of our experience with 
the canceled focus group mentioned in footnote 68. 
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through the successive testimony of Chapman, Ruud and Hanemann. Each gave a more detailed 
explanation of the State=s approach, building on what had been said before and paving the way for 
what would be said next. While formally entering documents into evidence, the attorneys took 
Chapman through all the data that we had assembled, filling a large box with papers and reports. 
AThat boxA became something of a running gag during our direct examinations; at the same time, it 
was a tangible symbol of our research-oriented approach to analyzing the effects of the spill. 
 

As the judge stated in his directions to the jury, the plaintiffs were entitled to receive Adamages 
for the loss of use and enjoyment of public beaches and other public resources or facilities.@82 What 
was at issue was the measurement of this loss of use and enjoyment. The State=s attorney argued that 
these were real economic damages, they could be measured, and the appropriate measure was the 
loss of consumers’ surplus from beach recreation, which was a well-known and accepted concept in 
economics. While Dr. Dunford was on record as agreeing with those statements, ATTRANSCO=s 
attorney challenged them vigorously. This is the very first trial for consumer surplus in the United 
States,” he told the jury.83 He employed three main lines of attack. First, he argued that consumers’ 
surplus was “totally speculative,” and not something real: AIf you intended to go to the store and buy 
a pair of dockers and you=ve budgeted $80 ... and if you find those dockers for $40, you have made a 
consumers’ surplus of $40. Now, whether that is real money is for you [the jury] to determine.@84 
Moreover, he argued, there was no direct evidence that anybody had a consumers’ surplus of $15 for 
beach recreation. “Did you interview anybody and ask them what their consumers’ surplus would be 
for a day at the beach?” he then asked Hanemann. Second, he argued that there could not have been 
any real loss of consumers’ surplus when the beaches were closed because A618,000 people didn=t sit 
home, drinking their beer and crying they couldn=t go to the beach.  They did something else. They 
went to the mall.”85  Thirdly, he objected that the value we were using was an average, which made it 
unreliable. AProfessor Hanemann also says that a babe in arms suffers the same loss of consumers’ 
surplus as the parents. You simply will have to judge whether that kind of mathematical calculation 
is credible.@86 He also challenged the use of an average on legal grounds because Awe do not have a 
plaintiff, we have an average man, and there is no legal authority for awarding average damages to an 
average man.@87 The judge called this Aan interesting issue@ but rejected the argument.88 
 

A second issue that was much debated was the matter of spatial substitution. ATTRANSCO=s 
attorney raised this as a legal matter of the plaintiff=s obligation to mitigate damages: AA person who 
                                                           
82Trial transcript, pp. 5458-9. 
83Trial transcript, pp. 5458-9. He also tried to introduce a form of guilt by association, asking Hanemann: AYou=ve  
told us about the theory of consumer surplus and you referred to Alfred Marshall. The theory of surplus value itself  
was invented by Karl Marx, wasn=t it?...Did [Marshall] borrow the theory of surplus value from Karl Marx?@ (Trial 
transcript, pp. 3123-4). 
84Trial transcript, p. 547. 
85Trial transcript, pp. 5344-45. On cross-examination, our response was Athe consumers’ surplus builds in an  
assumption that you will be doing something else with your time and your money, just not this activity@ (trial  
transcript p. 3174). 
86Trial transcript, p. 553. Our response in cross-examination was that this was an average over the different people  
using the beach and the different trips they took there. Consequently, Aif the babe in arms did engage in beach  
recreation .. I=d apply the average to the babe in arms@ (transcript, p. 3140). 
87Trial transcript, pp. 3994, 4016-4019. 
88Trial transcript, p. 4020. 
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has been damaged by the wrongful act of another is bound to exercise reasonable care and diligence 
to avoid loss and minimize damages and may not recover for damages that could have been 
prevented by reasonable efforts ... The issue we have here is substitution, and substitution is 
mitigation. If someone does not go to the beach, but could go to the beach, there=s been a failure to 
mitigate.@ The judge called this “an interesting concept,” but rejected it.89  Dr. Dunford raised the 
issue of substitution as a matter of economics, and argued that substitution was very likely to have 
occurred because, in Orange County alone, there were many very good substitutes for the closed 
beaches. On cross-examination, however, he conceded that he did not have Aa factual analysis or any 
sort of attendance analysis to support that [conclusion about substitution].90 He also argued that an 
absence of substitution must mean that the consumers’ surplus from beach recreation was lower than 
the incremental cost of going to a substitute site, thereby supporting his estimate of a low consumers’ 
surplus from beach recreation.91 92 

 
With regard to the amount of recreation, Dr. Dunford=s estimate was a loss of 264,000 beach 

recreation trips during the beach closure period.93 He decided to Astay with@ the figure of $2.30 per 
trip to value them, resulting in an estimate of a total recreational loss amounting to $607,200, as 
shown in Tables 1 and 3.94 

 
 The new element in Dr. Dunford=s testimony dealt with an analysis by his staff of the PARVS 
travel cost data -- as opposed to the CV data -- for Southern California beaches. Dr. Dunford testified 
that his staff had recently analyzed our data set on one-day recreation trips by Southern California 
residents;95 using OLS, Poisson regression and quantile regression and specific parametric functional 
forms (a different functional form with each estimation method), they had come up with estimates of 
consumers’ surplus of about $5 per trip, compared to our estimates of $20-40 per trip. These 
conclusions were delivered with no advance notice to the State=s attorneys and with no details of the 

                                                           
89Trial transcript, pp. 5117, 5120. 
90Trial transcript, p. 4498. 
91Trial transcript, pp. 4187-9. Dunford used Seal Beach and Doheny Beach as substitute sites in calculating the cost  
of diverted trips, and he assumed that the diverted trips largely avoided travel along Pacific Coast Highway. These  
assumptions, which we found implausible, made his estimate of the extra cost of diverted trips about half of ours.  
92Hanemann pointed to some empirical evidence that we felt refuted this inference. On September 4, 1990 the  
parking charge at Bolsa Chica and Huntington State Beaches had been raised from $4 to $6. There was no change at  
that time in the parking fees at other beaches in the area. If beach users= mean WTP was only $2.30, as Dunford 
argued, the $2 increase would have greatly reduced the number of visits to the two state beaches. However, the  
attendance at these beaches showed no evidence of any reduction due to the increase. 
93 This was based on a prediction by Thurman (1996) of 340,000 trips during the closure period in the absence of an  
oil spill, using Ruud=s non-linear specification (2) but with the lagged dependent variables omitted. For the number  
of recreation trips that did take place during the closure period, Dr. Dunford used the figure of 76,000 from  
Hanemann (1994). He did not use the higher figure from Hanemann=s Exhibit 937, which would have been more  
favorable to his client, because of concerns he had with our 1996 beach count survey: AI felt it had flaws in it such  
that you could not get an accurate or reliable estimate of the actual number of people on the beach@(trial transcript, p.  
4171). He did not elaborate on what these flaws were. 
94He explained this as follows: AIf this spill closed all the beaches in California for a year, I would say $2.30 is too  
low. But, in fact, this spill closed a few beaches for a few weeks in the winter, and I don=t think that $2.30 is  
particularly low@ (trial transcript, p. 4219). 
95This analysis was conducted after Dr. Dunford=s final deposition in August. He said then that between December 
and then his staff had worked mainly on re-analyzing Bell and Leeworthy=s (1986) Florida travel cost data. 
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estimation. Without these details, we could not exactly replicate the TER analysis. However, we 
believe that most of the difference between their estimates and ours are due to three factors: (1) TER 
staff used a different functional form with each estimation method, and we believe that some 
selection bias was taking place; (2) our estimate was based on averaging the predicted consumers’ 
per trip for each individual in the data set, while their estimate was based on the ratio of average 
predicted total consumers’ surplus for each individual in the data set divided by the average predicted 
total number of trips per individual; (3) similarly, to account for multiple people in a party, we 
calculated the average of predicted consumers’ surplus per person-trip, while they divided the 
average of total consumers’ surplus by the average number of household trips and the average 
number of people per party. In both cases, we believe they had fallen into the error of estimating the 
mean of a ratio by taking the ratio of the means. 

 
One of the more memorable experiences in life is to sit in the witness box before a jury, and 

have the other side=s attorney confront you with an embarrassing error in your data. Hanemann had 
the pleasure of this experience during his cross-examination when ATTRANSCO=s attorney 
confronted him with errors in 5 of the handwritten State Beach Monthly Visitor Attendance Reports. 
The total attendance data had been wrongly entered in the paid vehicle counts column and 
erroneously multiplied by the conversion factors that applied to paid vehicles; the effect was an 
eightfold error in each day=s reported attendance during these particular months.96 We had actually 
noticed and corrected this and other errors when we keypunched the data ourselves, prior to August 
1994. Unfortunately, it had not been noticed when the data were keypunched at the Sacramento 
headquarters of DPR, and we had not noticed DP&R=s oversight when we used the microfiche 
versions of the Monthly Visitor Attendance Reports that we obtained from DP&R headquarters. This 
was certainly an error, for which Hanemann took full responsibility. ATTRANSCO=s lawyer 
hammered away at the fact that this could affect our entire analysis. Hanemann pointed out that it 
involved only 5 out of 160 months of beach data used in our statistical model, and would probably 
have only a small effect.  

 
Following Hanemann=s testimony, we immediately corrected the keypunch errors, together with 

some other minor errors that we found when re-checking the data. Paul Ruud re-estimated his 
models with the corrected data and produced new predictions of beach attendance during the period 
February 8 - March 31, 1990. We then revised our estimates of lost surfing and general beach 
recreation. We found that the net effect of the correction to the data was to increase the estimated 
loss of beach recreation by about 1%. The data errors had occurred during December and January, 
not the spill months of February and March (which partly explains why we had not detected them). 
Correcting the data errors had the effect of lowering predicted attendance in December and January, 
and raising it in February and March. The errors involved two State Beaches; but, because our 
statistical model included lagged attendance at neighboring beaches with generally negative 
coefficients, prediction errors tended to be self-canceling in the aggregate. Over prediction of 
attendance at one beach tended to induce a lower prediction of attendance at the neighboring 
beaches, and conversely. The overall effect was to minimize the bias that had been caused created by 
the data errors.  

                                                           
96The error was detected by ATTRANSCO=s attorney on the eve of trial. 
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After some deliberation, the State=s attorneys decided not to present this as rebuttal testimony at 

the end of the trial. While we deferred to the attorneys= judgment, it was a painful decision for us. 
They felt that, when the defense rested its case, the jury would be eager to wrap up the trial and 
would resent the days of additional testimony and cross-examination it could take to put on this 
evidence. They were also confident that there already was enough evidence in the record to show the 
jury what little difference the data errors made to our estimate of beach recreation loss. In addition, 
both Dr. Dunford and Professor Thurman had testified that they could not say whether the errors in 
the data would affect the amount of predicted attendance one way or the other.97 
 

The jury deliberated for two and a half days before returning a verdict awarding the Trustees 
recreation damages in the amount of $12,753,071 plus a civil liability of $5,311,624.50 under the 
California Water Code, for a total of  $18,064,695.98 The next day, the Los Angeles Times quoted 
some jurors as saying that the jury had reached this figure by applying a 10% reduction to our 
estimate of lost beach recreation, to allow for the keypunch errors in our data; as an added caution, 
they had gone back to the Bell and Leeworthy (1986) estimate of $13.19 for consumers’ surplus per 
beach trip, and then updated this to 1997 dollars. Essentially, they gave the State most of what it had 
asked for.99 

 
Following the verdict, the judge awarded the Trustees an additional $4.37 million dollars in 

costs, expert fees, and attorney’s fees. ATTRANSCO filed a motion for a new trial, which the judge 
denied. ATTRANSCO next filed an appeal of the verdict. Some months later, ATTRANSCO 
brought in a new attorney. On August 31, 1999 ATTRANSCO and the State agreed to a settlement in 
which ATTRANSCO paid to the plaintiffs a total of $16 million and the plaintiffs released 
ATTRANSCO from any and all claims. With that, the case was finally closed. 

 
7. SOME LESSONS 
 

The American Trader case illustrates several issues that can arise in the course of implementing 
the liability approach to the control of pollution which are sometimes overlooked in the 
environmental economics literature. 

 
Unlike, say, the Microsoft case, this case did not involve a disagreement about economic 

theory. Here the experts on both sides agreed that consumers’ surplus is the theoretically correct 
measure of the loss and that both the travel cost method and CV can be used to measure this. 
However, there was substantial divergence on the economic facts of the case. At trial, the plaintiff, 
the victim of the pollution, argued that there had been a loss of at least 618,000 trips, and probably a 
couple of hundred thousand more. The defendant, the polluter, argued that there had been a loss of at 
most 264,000 recreational trips, and up to one hundred thousand less. The victim argued that the lost 

                                                           
97Trial transcript p. 4081.  
98California Law Business listed this as the tenth largest jury award in California in 1997 (3/23/98). The jury also  
found that ATTRANSCO had been negligent. 
99After the trial, the judge complimented the attorneys on both sides for what he had found Aa very pleasant and  
enjoyable trial. .. It was very well prepared, very professionally presented.@ (Trial transcript, pp. 5472-3). 
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trips should be valued at $15 per trip, and possibly as much as $23. The polluter argued that the lost 
trips should be valued at no more than $2.30 per trip, and probably some amount less. On both sides, 
these were sincerely held views, not just strategic positions adopted for purposes of bargaining. Nor 
were these differences peculiar to the trial. Except for the fact that we had additional information in 
1997, our position at the trial was similar to what we had advised the State when it began settlement 
negotiations in 1991. And, while TER adopted a different position on several aspects of the benefits 
transfer in this case than in other cases in which it was engaged during the same period, we felt this 
was at the behest of its client, ATTRANSCO=s attorney, whose position at the trial was similar to 
what it had been throughout settlement negotiations. The two parties saw basic facts regarding the 
damages very differently. This is not always recognized in economic models of bargaining and 
pollution control. 

 
It is sometimes claimed that the benefits transfer approach provides a convenient solution when 

the requisite data are lacking. But, in this case there was considerable disagreement over basic issues 
such as whether or not beaches in Florida are Asubstantially dissimilar@ from beaches in Southern 
California. If this benefits transfer is problematical, how much more so others! It is striking that, 
although both parties initially decided to use benefits transfer, as the trial approached they each felt 
compelled to undertake original research to re-analyze the data and re-estimate the models used in 
the benefits transfer studies -- both the Florida data from Bell and Leeworthy (1986), which was re-
analyzed by TER, and the PARVS data, which both we and TER re-analyzed. 
 

The case also illustrates how alternative analyses of data can produce quite different results. An 
example is the alternative models of daily beach attendance estimated by Ruud and Thurman; using 
exactly the same data, one model predicts an attendance of 530,00 trips and the other an attendance 
of around 300,000 trips. Some of the difference can be explained by professional judgments of 
statistical issues of the sort most economists are used to. However, we also believe that the daily 
attendance data we collected are genuinely difficult to model as time series. In the winter, beach 
attendance can switch very suddenly from many days of very low turnout to a bonanza day when 
crowds show up at the beach. The effects of changes in temperature may be quite non-linear, and 
there are also complex lag effects. Most consumer demand analysis in economics deals with 
monthly, quarterly or annual data; disaggregation to daily or weekly data can pose challenges which 
have not been widely experienced. 
 

One might think that this case was just about using economic valuation in the courts. But, we 
would argue it was about something more general, namely using economic analysis in the courts. A 
significant part of the argumentation was about measuring the quantity of a commodity -- how many 
trips do people take to the beach in February? This is hardly different than measuring the 
consumption of any other commodity at a micro level, such as how many eggs are consumed in 
Orange County in February; anybody who has attempted it will know how difficult the measurement 
can be. Moreover, in our view the other main issue at stake in the trial -- what is the consumers’ 
surplus per trip to the beach? -- is not substantially different than measuring other economic 
parameters such as the price elasticity of demand for eggs. Both measurements rely on models, and 
involve judgments about matters of model specification and estimation, that are inevitably open to 
dispute. 
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Looking back, it is striking to us how much of the case revolved around surveys and issues of 

data collection. Dunford et al. (1995) and Deacon and Kolstad (1995) criticized the PARVS and 
Florida survey data in Leeworthy and Wiley (1993) and Bell and Leeworthy (1986) because these 
involved the recall of trips over a 12-month period. Dr. Dunford criticized the 1990 RTI survey as 
being unreliable. And we criticized the PARVS CV survey for the poor design of the payment 
scenario. Moreover, the quality of the lifeguards= attendance data was a central issue from the very 
beginning, prompting Deacon and Kolstad to conduct an aerial survey of beaches in 1995 and RTI 
and us to conduct our ground-level beach count surveys in 1990 and 1996/97, respectively. In an 
adversarial setting one acquires an even greater respect for data than is common when writing papers 
for academic journals. A noteworthy example is this case is the errors in the Monthly Visitor 
Attendance Reports. We described these forms in mind-numbing detail at the beginning of this 
chapter. In the end, keypunch errors in five of those forms may have cost the State 10% of its claim, 
about $1.4 million, according to the account in the Los Angeles Times; under other circumstances, 
we believe the loss could have been significantly larger.  
 

We draw two final conclusions from our experience in this case. First, details matter!  Second, 
although the case was played out in an entirely non-academic setting, we found that it required a 
distinctly research-oriented approach in order to be credible with the judge and the jury. Issues of 
data collection and analysis played a central role in the four weeks of trial testimony, and these were 
as challenging as any academic research we have conducted. 
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Table 1    ESTIMATES OF THE LOSS OF BEACH RECREATION TRIPS 
 
 
 RECORDED 

ATTENDANCE 
ADJUSTED 

ATTENDANCE 
PREDICTED  

ATTENDANCE 
ESTIMATED 

LOSS 
     
            

 PLAINTIFF’S ANALYSIS* 
 

  

    HANEMANN (1994) 
 

DURING THE CLOSURE PERIOD 
 
OUTSIDE THE CLOSURE PERIOD 
 
ADDITIONAL SURFING LOSS 
 
TOTAL BEACH LOSS 
 
 
 

225,915 
 
683,033 

75,984 
 

629,537 

530,265 
 

908,523 

454,281 
 

278,986 
 

30,485 
 

763,752 

    TRIAL ESTIMATE* 
 

DURING THE CLOSURE PERIOD 
 
OUTSIDE THE CLOSURE PERIOD 
 
TOTAL BEACH LOSS 
 
 

 119,135 
 

575,347 

565,154 
 

748,213 

446,019 
 

172,866 
 

618,885 

     
 DEFENDANT’S ANALYSIS 

 
    DUNFORD et al (1995) 

 
DURING THE CLOSURE PERIOD 
 
OUTSIDE THE CLOSURE PERIOD 
 
ADJUSTMENT FOR CHILDREN 
ADJUSTMENT FOR FOREIGNERS 
 
TOTAL BEACH LOSS 

225,915 116,622 297,992 181,370 
 

0 
 

-19,946 
-2,744 

 
158,680 

 
    TRIAL ESTIMATE ** 

 
DURING THE CLOSURE PERIOD 
 
OUTSIDE THE CLOSURE PERIOD 
 
TOTAL BEACH LOSS 

226,000 76,000 340,000 264,000 
 

0 
 

264,000 
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TABLE 2: UNIT VALUES FOR GENERAL BEACH RECREATION 
    BY WHOM THE STUDY IS CITED 
     
   PER TRIP Hanemann Dunford Deacon & DOI Hanemann Kolstad & 

STUDY BEACH 
AREA 

METHOD VALUE (1994) et al. (1995) Kolstad French et al. (1997b) Deacon 

   ($ 1990)   (1995) (1996)  (2000) 
          
          
          
          
Bell & Leeworthy (1986) Florida TC $13.19 X  X X X X 
Bell & Leeworthy (1986) Florida CV $1.63   X   X 
Brinkley & Hanemann (1978) Boston CV $4.88   X   X 
Bockstael, McConnell & Strand (1988) Maryland TC $1.53-12.55   X   X 
Curtis & Shows (1982) Florida CV $3.00   X X X  
Curtis & Shows (1984) Florida CV $5.73   X X X  
Dornsbusch (1987) So. California TC $9.94-10.58   X X X  
Leeworthy & Wiley (1991) New Jersey TC $21.05    X X  
Leeworthy, Schruefer and Wiley (1991) San Diego CV $1.00  X X    
Leeworthy (1995) San Diego TC $60.79     X  
Leeworthy, Schruefer and Wiley (1990) San Onofre CV $4.33  X X    
Leeworthy (1995) San Onofre TC $57.31     X  
Leeworthy, Schruefer and Wiley (1990) Cabrillo-Long 

Beach 
CV $1.95-2.17  X X    

Leeworthy & Wiley (1993) Cabrillo-Long 
Beach 

TC $8.16     X  

Leeworthy, Schruefer and Wiley (1990) Santa Monica CV $1.15-2.33  X X    
Leeworthy & Wiley (1993) Santa Monica TC $18.36     X  
Leeworthy, Schruefer and Wiley (1990) Leo Carillo CV $5.38  X X    
Leeworthy & Wiley (1993) Leo Carillo TC $51.94     X  
Leeworthy (1995) Pismo Beach TC $26.20     X  
McConnell (1977) Rhode Island CV $0.95-4.30   X   X 
McConnell (1992) Massachusett

s 
TC $0.70-1.14   X   X 

Meta Systems (1985) Boston TC $13.60    X   
Moncur (1975) Hawaii TC $1.07-4.18   X   X 
Silberman and Klock (1988) New Jersey CV $4.25   X    
Tyrrell (1982) Rhode Island TC & CV $12.82    X   
US Army Corps of Engineers (1981) Florida TC $2.47   X    
US Army Corps of Engineers (1993) Florida TC $2.17   X    
          
RECOMMENDED UNIT VALUE ($1990)    $13.19 $2.30 <$5.00 $11.00 $15.00 $1.00-4.00 
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TABLE 3: ESTIMATES OF THE OVERALL RECREATION LOSS 
 
   

NO. OF 
TRIPS 

 
PER TRIP 

LOSS 
(1990 $) 

 
TOTAL 
LOSS 

(1990 $) 
 
 
 

 PLAINTIFF’S ANALYSIS 

   

        
     
   HANEMANN (1994) 

(A) LOSS DURING BEACH CLOSURE PERIOD  
General beach recreation trips lost 
Surfing trips lost 
Private boating trips lost 
Sport fishing trips lost 
Whale watching and excursion trips lost 

(B) OUTSIDE CLOSURE PERIOD 
General beach recreation trips lost 

 

 
454,280 

30,485 
22,074 

1,860 
7,090 

 
278,986 

 
$13.19 
$16.95 
$34.00 
$87.12 
$45.00 

 
$13.19 

 
$5,991,953 

$516,721 
$750,516 
$162,043 
$319,050 

 
$3,679,825 

  TOTAL LOSS    $11,420,108 
      
      

          HANEMANN (1997b) 
      

(A) LOSS DURING BEACH CLOSURE PERIOD 
General beach recreation trips lost 
Surfing trips lost 
Surfing trips diverted to substitute sites 
General beach recreation and surfing trips under adverse conditions 
Private boating trips lost 
Sport fishing trips lost 
Whale watching and excursion trips diverted 

(B) NET LOSS AFTER RE-OPENING, IN MARCH 
General beach recreation trips lost 
Surfing trips lost 
Surfing trips diverted to substitute sites 
General beach recreation and surfing trips under adverse conditions 

(C) NET LOSS IN APRIL 
General beach recreation and surfing trips under adverse conditions 

 
389,580 

28,290 
28,148 

119,135 
13,074 

1,860 
7,090 

 
147,064 

12,901 
12,901 

212,878 
 

370,000 

 
$15.00 
$18.75 
$12.00 

$3.00 
$40.00 
$83.00 
$12.00 

 
$15.00 
$18.75 
$12.00 

$3.00 
 

$3.00 

 
$5,843,700 

$530,438 
$337,776 
$357,405 
$522,960 
$154,380 

$85,080 
 

$2,205,960 
$241,894 
$154,812 
$638,635 

 
$1,110,000 

 
 
  TOTAL LOSS 
   
 

 
 
 

 
 
 

 
 

$12,183,040 

 DEFENDANT’S ANALYSIS    
                DUNFORD et al. (1995) 
      
         LOSS DURING BEACH CLOSURE PERIOD 
 General beach recreation trips  
 Credit for rubbernecker trips 

  
158,680 
109,164 

 
$2.30 
$0.95 

 
$365,403 

($103,257) 
      
  TOTAL LOSS    $262,146 
      
                 

             DUNFORD EXHIBIT 2224 
 

         LOSS DURING BEACH CLOSURE PERIOD 
 General beach recreation trips lost 

  
264,000 

 
$2.30 

 
$607,200 

   
  TOTAL LOSS 

    
$607,200 
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I. INTRODUCTION 

The Cities of Arcadia, Bellflower, Cerritos, Claremont, Commerce, 

Covina, Diamond Bar, Downey, Gardenia, Hawaiian Gardens, Irwindale, 

Lawndale, Paramount, Pico Rivera, Rosemead, Santa Fe Springs, Signal 

Hill, South Pasadena, Vernon, Walnut, West Covina, and Whittier 

(hereafter collectively referred to as "the Cities"), the Building Industry 

Legal Defense Foundation ("BILD"), and the Construction Industry 

Coalition on Water Quality ("CICWQ"), appeal from the judgment of the 

Los Angeles County Superior Court denying Appellants' Petition for Writ 

of Mandate, and dismissing Appellants' Complaint for declaratory relief.' 

Respondent California Regional Water Quality Control Board, Los 

Angeles Region ("Respondent" or "Regional Board") proceeded without 

jurisdiction and abused its discretion when it issued Order No. 01-182, 

National Pollution Discharge Elimination System ("NPDES") Permit 

No. CAS004001, Waste Discharge Requirements For Municipal Storm 

Water and Urban Runoff Discharges Within the County of Los Angeles, 

and the Incorporated Cities Therein, Except The City of Long Beach 

(hereafter the "Permit" or "Order"). The Order was issued as a set of 

waste discharge requirements ("WDRs") purportedly under the California 

The Cities, BILD and CICWQ are hereafter collectively referred to as 
"Appellants" or "Petitioners." Appellants submit this oversized brief in 
accordance with the November 4, 2005 Order of this Court granting 
Appellants' application to file an oversized opening brief of up to 28,000 
words. 
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Porter-Cologne Act ("PCA") - Water Code 3 13000~ et seq., and as an 

NPDES Permit purportedly under the Federal Clean Water Act (the 

"CWA" or the "Act" - 33 U.S.C. 8 1251 et seq.). 

The trial court erred in denying the requested Petition for Writ of 

Mandate and in refusing to issue a declaratory judgment, as it failed to 

follow the requirements of State law, and particularly the PCA and the 

California Environmental Quality Act ("CEQA" - Public Resources Code 

["PRC"] 8 21000 et seq.), in many cases finding that such State laws stand 

as an "obstacle" to the accomplishment of the full purpose of the Clean 

Water Act's national goal that the discharge of pollutants into the 

navigable waters be eliminated by 1985, and/or by finding State law was 

"inconsistent" with the CWA, or did not otherwise apply, and therefore 

need not be followed (Phase I1 Statement of Decision ["SOD-II"],) 37 

Appellants' Appendix ["AA"] 9770-74, 9776.) 

The trial court erred in refusing to issue a writ of mandate, and to 

grant a declaratory judgment in the Petitioners' favor, for the following 

reasons: 

(1) The Respondent Regional Board was not and is not a State 

All section references herein are to the California Water Code, unless 
otherwise specified. 

The SOD-I1 is located at 37 AA 9751-9795. The Phase I SOD ("SOD- 
I") is located at 37 AA 9730-9749. Hereafter, all citations to the SODS 
are to the AA citations only. 
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agency with Statewide jurisdiction over a class of activities and 

discharges, and thus, was without jurisdiction to issue the subject Permit 

(18 AA 4686-4757) or any future NPDES permit, without review and 

approval by the State Water Resources Control Board ("State Board"). 

(40 CFR 5 5 123.l(g)(l) & 123.22(b).) 

(2) Part 2 of the Permit, which strictly prohibits discharges from 

the municipal separate storm sewer system ("MS4") that cause or 

contribute to a violation of a water quality standard or water quality 

objective, cannot be "reasonably achieved" (5 13241(c)), and the Permit 

terms were not "reasonably required" (5 13263(a)) and will not "attain the 

highest water quality which is "reasonable" (5 13000). 

(3) Part 2 of the Permit, which strictly prohibits discharges from 

the MS4 that cause or contribute to a violation of a water quality standard 

or objective, and Part 3.C of the Permit, which allows for the 

incorporation of total maximum daily loads ("TMDLs"), were adopted 

without consideration of the "economic" impacts, as required by State law 

($5 13241(d) and 13000), despite the fact that the record shows 

compliance will cost over $53 billion to comply with. (R 6089.) 

(4) Part 2 of the Permit, which strictly prohibits discharges from 

the MS4 that cause or contribute to a violation of a water quality standard 

or objective, and Part 4.D of the Permit, which requires Standard Urban 

Stormwater Mitigation Plans ("SUSMPs") for residential and certain other 
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development and redevelopment projects, were not adopted considering 

the "need for developing housing within the region." ($8 13241(e) & 

13000.) 

(5) The Monitoring and Reporting Program required by 

Part 6.A.4 and the Appendix to the Permit (30 AA 07835-54), were 

adopted contrary to the requirements of sections 13267(b) and 13225(c), 

as Respondent failed to conduct the costlbenefit analysis required by State 

law. 

(6) Respondent ignored section 13360(a), which prohibits the 

issuance of WDRs or other orders which specify the "design" or the 

"particular manner in which compliance may be had," and instead: 

(i) mandated very specific "Numeric Design Criteria" on the Cities to be 

used in designing post-construction treatment controls (18 AA 4723-24); 

and (ii) mandated the placement and maintenance of trash receptacles at 

all transit stops for a number of municipalities (1 8 A4 4736). 

(7) Respondent acted contrary to law by admittedly failing to 

comply with Chapters 1 and 2.6 of CEQA, and by failing to conduct the 

environmental review required by CEQA before adopting the Permit. 

(See tj 13389; see also 23 CCR tj 3733.) 

(8) Respondent acted outside of its jurisdiction and abused its 

discretion by adopting Permit terms that directly conflict with State law 

requirements, specifically CEQA, without any authority to do so, and in 
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violation of the separation of powers clause under the California 

Constitution. 

(9) Respondent acted outside of its jurisdiction and abused its 

discretion by seeking to modify the General Plan requirements of State 

law, again in violation of the separation of power clause and without 

authority to do so. 

(10) Part 2 of the Permit, which strictly prohibits all discharges 

which cause or contribute to an exceedance of a water quality standard or 

objective, exceeds the maximum extent practicable standard under the 

CWA (33 U.S.C. Ij 1342(p)(3)(B)(iii)), and is impossible to comply with. 

(11) Respondent acted without jurisdiction and abused its 

discretion when adopting those portions of Parts 3 and 4 of the Permit, 

which require the reduction of pollutants "in" or "to" the MS4, rather than 

"from" the MS4. (33 U.S.C. Ij 1342(p)(3)(B).) 

(12) Respondent acted without jurisdiction and abused its 

discretion when it adopted Parts 4.C and 4.E of the Permit, which require 

cities to conduct inspections of commercial and industrial facilities, and to 

inspect and otherwise regulate construction sites over one acre. 

(13) Respondent acted without jurisdiction and abused its 

discretion by unlawfully imposing arbitrary and unreasonable regulations 

on all construction activities within the Cities pursuant to Part 4.E of the 

Permit. 
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(14) Respondent issued an adjudicative decision, i.e., the subject 

Order, based on evidence and documents never presented at any public 

hearing to the Board members, and failed to follow the formal hearing 

requirements under State law, thus resulting in the Respondent denying 

Appellants a fair hearing.4 

11. SUMMARY OF ARGUMENT 

A. The Trial Court Erred In Finding Respondent Acted 
Within Its Authority And Not Contrary To The Federal 
Clean Water Act And Governing Regulations 

The federal Clean Water Act (the "CWA" or the "Act") (33 U.S.C. 

$ 125 1 et seq.), adopted in 1972, regulates the quality of the "navigable 

waters of the United States." (33 U.S.C. $5  1251(a), 1362(7).) To 

improve water quality, the Act "focuses on two possible sources of 

pollution: point sources and nonpoint sources." (Sun Francisco 

BayKeeper v. Whitman (9th Cir. 2002) 297 F.3d 877, 880.) The CWA 

targets point sources through technological controls that limit pollutant 

As permitted by this Court's Order dated November 4, 2005, 
consolidating this appeal with three other related appeals, Appellants 
herein incorporate by this reference the arguments and points and 
authorities set forth in the opening briefs of Appellants the County of Los 
Angeles, et al., the Cities of Monrovia, et al., and the City of Industry, et 
al., except, however, Appellants herein do not incorporate those portions 
of such briefs asserting or in any way implying that the Respondent 
herein, or any "regionaZ" board, has authority to issue an NPDES Permit, 
since, under the CWA, only a State agency with "Statewide jurisdiction 
over a class of activities or discharges," has the authority to issue an 
NPDES Permit. (40 CFR $5 123.l(g) & 123.22(b).) 
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discharges to water bodies through the NPDES permit program. (Id.; 33 

U.S.C. $5 13 1 1(a), 1362(12).) 

Under the CWA, NPDES permits are issued either by the U.S. 

Environmental Protection Agency ("EPA") or, after EPA approval, by a 

state agency with statewide jurisdiction over a class of activities or 

discharges. (40 CFR $9 123.l(g)(l) & 123.22(b) [providing that only a 

State agency with statewide jurisdiction has the authority to issue an 

NPDES permit, and if more than one State agency seeks authority to issue 

NPDES permits, each State agency must separate claim approval].) 

Recognizing that municipal discharges differ from industrial 

discharges, Congress created a separate statutory scheme in 1987 to 

address discharges from municipal storm sewer systems ("MS4s"). The 

1987 amendments to the Act expressly distinguish between industrial 

storm water discharges and municipal discharges. (See 33 U.S.C. 

§ 1342(~)(3)(A) & (B)J 

As to industrial discharges, Congress required that such discharges 

strictly comply with all water quality standards, i.e., that: "Permits for 

discharges associated with industrial activity shall meet all applicable 

provisions of this section and section 131 1 of this title." (33 U.S.C. 

tj 1342(p)(3)(A).) Section 13 1 1 of the Act requires that dischargers 

comply with technological requirements, to meet "any more stringent 

limitations, including those necessary to meet water quality 
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standards . . ." (33 U.S.C. 5 13 1 l(b)(l)(C); also see Defenders of 

Wildlife v. Browner ("Browner") (9th Cir. 1999) 19 1 F.3d 1 159, 1 164-65 

(emphasis added).) 

Municipal storm water discharges, are regulated differently than 

industrial discharges. For municipal discharges, Congress provided as 

follows: 

"Permits for discharges from municipal storm 
sewers - 

(i) may be issued on a system- or 
jurisdiction-wide basis; 

(ii) shall include a requirement to 
effectively prohibit non-stormwater discharges 
into the storm sewers; and 

(iii) shall require controls to reduce the 
discharge of pollutants to the maximum 
extent practicable, including management 
practices, control techniques and system, 
design and engineering methods, and such 
other provisions as the Administrator or the 
State determines appropriate for the control of 
such pollutants." (Emphasis added.) 

In fact, Congress chose to treat municipal storm water discharges in 

a very similar manner to the way it treated discharges from nonpoint 

sources, i.e., both are to be governed by the "maximum extent practicable" 

standard. (See 33 U.S.C. 5 1329(a)(l)(C).) Thus, although the CWA 

requires industrial discharges to strictly comply with water quality 

standards, the Act specifically does not require that municipalities strictly 

comply with such standards: "Congress expressly required industrial 
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storm water discharges to comply with the requirements of 33 U.S.C. 

section 13 11 . . . . Congress chose not to include a similar provision for 

municipal storm sewer discharges." (Id. at 1 165.) (Browner, supra, 19 1 

F.3d 1 159, 11 65.) 

Accordingly, nothing in the CWA requires that municipalities 

strictly comply with state water quality standards. Thus, any attempt by 

the State to require a municipality to strictly comply with state water 

quality standards is a requirement that goes beyond the mandates of 

federal law. (City of Burbank v. State Whter Resources Control Board 

(''Burbank'? (2005) 35 Cal.4th 613, 627 ["Thus, in this case, whether the 

Los Angeles Regional Board should have complied with sections 13263 

and 13241 of California's Porter-Cologne Act by taking into account 

'economic considerations,' such as the costs the permit holder will incur 

to comply with the numeric pollutant restrictions set out in the permits 

depends on whether those restrictions meet or exceed the requirements of 

the federal Clean Water Act."].) As the Respondent here has clearly 

required that the Cities strictly comply with state water quality standards, 

and because the CWA only requires cities to comply with such standards 

to the "MEP" standard, Respondent was required to comply with the State 

law requirements under the PCA (discussed below), including the need to 

comply with the "reasonableness" standard, when it adopted the subject 

Perrni t. 
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In Building Industry Association of San Diego County v. State 

Water Resources Control Board ("BIA") (2004) 124 Cal.App.4th 866, the 

Fourth District Court of Appeal considered the validity of language 

similar to that in Part 2 of the subject Permit (prohibiting discharges 

which exceed water quality standards or objectives), and characterized the 

issue as follows: "On appeal, Building Industry's main contention is that 

the regulatory permit violates federal law because it allows the Water 

Boards to impose municipal storm sewer control measures more stringent 

than a federal standard known as 'maximum extent practicable'." (Id. 

at 871.) 

The regulations to the CWA set forth the parameters for the 

issuance of industrial and municipal NPDES permits, and impose separate 

and distinct requirements for each. The regulations impose permit 

requirements on industrial facilities (defined to include construction sites 

in excess of five acres [40 CFR 5 122.26(b)(14)(x)]), as well as small 

construction activities, i.e., construction sites in excess of one acre 

(40 CFR 5 122.26(c), 40 CFR 122.26(b)(15)(i)). 

Municipal NPDES permits are largely governed by specific 

requirements set forth in subsection 122.26(d) of the regulations, as well 

as by the general permit requirements under subsections 122.26(a) & (b). 

Among other things, subsection 122.26(a) describes the effort cities are to 

undertake to reduce the discharge of pollutants "from" their MS4s. (See, 

RB-AR7819



e.g., 40 CFR 5 2226(a)( l ) ( i ) ,  (a)(3) and (a)(3)(v); also see 

5 122.26(d).) 

The regulations define the "Adequate legal authority" cities are to 

maintain, including authority to carry out "inspections" of certain 

industrial facilities which are "contributing a substantial pollutant loading 

to the municipal storm sewer system." (See 40 CFR 122.26(2)(d)(iv)(c).) 

Subsection 122.26(d) also describes the "Proposed Management Program" 

cities are to adopt to control discharges "from" municipal storm drains, 

which receive discharges from areas of "new development or significant 

redevelopment." (40 CFR 122.26(2)(d)(iv)(A)(2).) 

In this case, the trial court failed to follow federal law, and wrongly 

found that the CWA authorized Respondent: ( I)  to issue an NPDES 

Permit, even though the Regional Board was and is not a "State" agency 

with statewide jurisdiction; (2) to impose requirements on the Cities that 

exceed the MEP standard, without a "safe harbor," and that are impossible 

to comply with; (3) to reduce pollutants "in" or "to" the MS4, rather than 

"from" the MS4; (4) to regulate and inspect industrial and commercial 

facilities and construction sites, including those that are directly regulated 

by, and to be inspected by, the State (40 CFR 5 122.26(c)); and ( 5 )  to 

impose arbitrary and unreasonable regulations on all construction sites, 

such as requiring the control of all "sediments" on site, as well as all 

construction-related materials (wrongly defined by the trial court to 
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include sediments) and to require a local Storm Water Prevention Plan 

Program, even though such a plan is already required by the State under 

its Statewide General Construction permit. (23 AA at 61 52-63.) 

B. The Trial Court Erred In Finding Respondent Acted 
Consistent With State Law 

"[Slhortly after Congress enacted the Clean Water Act in 1972, the 

California Legislature added Chapter 5.5 to the Porter-Cologne Act, for 

the purpose of adopting the necessary federal requirements to ensure it 

would obtain EPA approval to issue NPDES permits." (Burbank, supra, 

(2005) 35 Cal.4th 613, 631.) 

Chapter 5.5 is "to be construed to ensure consistency with the 

requirements for state programs implementing the Federal Water Pollution 

Control Act," but to "apply only to actions required under the Federal 

Water Pollution Control Act and acts amendatory thereof or 

supplementary thereto." (8 13372(a); emphasis added). As explained by 

the California Supreme Court, "[tlo comport with the principles of federal 

supremacy, California law cannot authorize this state's regional boards to 

allow the discharge of pollutants into the navigable waters of the United 

States in concentrations that would exceed the mandates of federal law." 

(Burbank, supra, 35 Cal.4th 613, 627-28; emphasis added.) 

Under the PCA, the waters of the State are to "be regulated to 

attain the highest water quality which is reasonable, considering all 
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demands being made and to be made on those waters and the total values 

involved, beneficial and detrimental, economic and social, tangible and 

intangible." (5 13000.) To further this objective, the PCA establishes 

nine regional boards to prepare water quality plans (known as "basin 

plans") and to issue "waste discharge requirements" or WDRs 

( 5  13263(a)). In issuing WDRs, a regional board is to take into 

consideration "the water quality objectives reasonably required," and 

"the provisions of Section 13241 ." (Id.) "Section 13263 directs regional 

boards, when issuing waste water discharge permits, to take into account 

various factors including those set out in section 13241." (Burbank, 

supra, 35 Cal.4th 613, 625.) 

Section 13241 requires the establishment of water quality 

objectives to ensure "the reasonable protection of beneficial uses," while 

recognizing that "it may be possible for the quality of water to be changed 

to some degree without unreasonably affecting beneficial uses." Section 

13241 further requires the consideration of a series of enumerated factors: 

"[Flactors to be considered by a regional board in establishing water 

quality objectives shall include, but not necessarily be limited to, all of the 

following: "(c) Water quality conditions that could reasonably be 

achieved through the coordinated control of all factors which affect water 

quality in the area," "(d) Economic considerations," "(e) The need for 
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developing housing within the region." (5 13241 & 5 13241(c)-(e); 

emphasis added.) 

In short, the PCA imposes a series of "reasonableness" standards 

on a regional board when issuing WDRs, and hrther conditions the 

issuance of WDRs on the consideration of "economics" and the "need for 

developing housing within the region," among other factors. As 

referenced above, such State law requirements must be complied with 

unless there is a contradictory federal requirement, i.e., "section 13263 

cannot authorize what federal law forbids." (See Burbank, supra, 35 

Cal.4th 613, 626.) 

As interpreted by the trial court, Part 2 of the Permit specifically 

requires strict compliance with "Water Quality Standards and objectives": 

"The Regional Board Acted within its authority when it included Parts 2.1 

and 2.2 in the Permit without a 'safe harbor,' whether or not compliance 

therewith requires efforts that exceed the MEP standard;" and "As noted, 

even if the Permit did exceed the MEP standard, the Regional Board was 

within its authority in requiring more stringent standards." (37 AA 9736.) 

As such, the Regional Board was required to comply with the 

"reasonableness standards" under State law, and to consider "economics" 

under sections 13000 and 13241(d) of the PCA and PRC section 2 1 159(c) 

of CEQA. 
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Since Federal law plainly does not require municipal dischargers to 

strictly comply with water quality standards, State law requiring 

"reasonably required" WDRs, based on water quality conditions that 

"could reasonably be achieved," must be adhered to, along with the State 

law compelling Respondent to consider "economic considerations" and 

the "need for developing housing within the region." ($ 13241(c),(d), & 

(el.) 

Similarly, PRC section 21 159 requires that a regional board 

conduct an "economic" analysis before any performance standard or 

treatment requirement is imposed. (PRC $ 2 1 159(c).) PRC section 2 1 159 

provides that the environmental analysis under CEQA is to "take into 

account a reasonable range of environmental, economic, technical factors, 

population in geographic areas, and specific sites." (Id.) 

In addition, the PCA specifically conditions the imposition of any 

monitoring, investigation or reporting requirements on cities and counties, 

on a regional board first conducting a cost-benefit analysis. Respondent 

may require technical or monitoring program reports only where it has 

first determined that the burden, including the costs of such reports, bears 

a '"easonable relationship to the need for the report and the benefits to 

be obtained from the reports" and where the regional board provides "the 

person with a written explanation with regard to the need for the 

RB-AR7824



reports," and identifies "the evidence that supports requiring the person 

to provide the reports." ($ l3267(b); emphasis added.) 

Similarly, where a regional or state board requires a local agency to 

"investigate and report on any technical factors involved in water quality 

control or to obtain and submit analyses of water; the burden, including 

costs, of such reports shall bear a reasonable relationship to the need 

for the report and the benefits to be obtained therefrom." ($5 13225(c) 

and 13 165; emphasis added.) 

The trial court wrongly found these costhenefit requirements did 

not apply to Respondent, instead finding "[alpplying Water Code sections 

13225 and 13267 would stand, in the words of Silkwood as 'an obstacle to 

the accomplishment of the true purposes and objectives of [the federal 

law]."') (37 AA 9770.) Yet, the trial court provided no support for its 

finding and cited to no federal law which "forbids" such a costhenefit 

analysis. (Burbank, supra, 35 Cal.4th 613, 626.) 

The PCA also prohibits a regional or state board from specifying 

"the design, location, type of construction or particular manner on which 

compliance may be had" within any order or WDR. ( 5  13360.) In this 

case, the trial court erred in finding section 13360 contradicted federal 

law. (37 AA 09776, "The Court finds that specific programs required 

under the Clean Water Act must take precedence over any statutes within 

the Water Code.") The trial court erred when it refused to find the 
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Respondent violated section 13360 by imposing a "Numeric Design 

Criteria" as a part of the Permit's SUSMP requirements (18 AA 4723-24), 

and by requiring many cities to install and maintain trash receptacles at all 

transit stops. (1 8 AA 4736.) 

The trial court also wrongly excused the Regional Board from 

complying with other California laws. Under PRC section 2 1006, the 

Legislature found and declared that "this division is an integral part of any 

public agency's decision making process, including, but not limited to, the 

issuance ofpermits, licenses, certificates . . . ." (Emphasis added.) Under 

section 13389, Respondent was only exempt from complying with 

"Chapter 3" of CEQA, "prior to adoption of any waste discharge 

requirement [WDR]." Section 13389 does not exempt the Board from 

complying with other parts of CEQA, and further applies only to WDRs 

that are "required under the Federal Pollution Control Act." (9 13372(a).) 

Thus, here, Respondent was required to have complied with other parts of 

CEQA, namely Chapters 1 and 2.6, before issuing the Permit. State 

regulations also provide that the exemption is limited and does not apply 

to the general policy requirements of CEQA. (23 CCR 5 3733.) The trial 

court incorrectly found Respondent was exempt from complying with "all 

aspects of CEQA." (37 AA 9739.) 

Finally, because CEQA already imposes a specific environmental 

review process on the Cities to evaluate "projects," and where appropriate, 
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mitigate potentially significant adverse impacts on the environment, a 

regional board is without authority to impose requirements that conflict 

with these legislative requirements. (See Knudsen Crearnev Co. v. Brock 

("Knudsen v. Brock") (1 95 1) 37 Cal.2d 485, 492.) Respondent's 

mandated SUSMP program conflicts with CEQA's environmental review 

process, and thus Respondent exceeded its authority in imposing such 

requirements and further violated the separation of powers clause under 

the California Constitution (Cal. Const. Art. 4, $ 1). (Id.) For similar 

reasons, the trial court incorrectly found the Respondent had jurisdiction 

to force the Cities to amend their General Plans. 

For example, CEQA provides developers, such as BILD and 

CICWQ members, the ability to propose various mitigation measures or 

feasible alternatives to mitigate a potentially significant adverse impact 

from a project, rather than being limited to a single mitigation measure, 

i.e., a SUSMP, to address "project" impacts on surface water quality. 

(PRC $ 21002.) CEQA further allows a lead agency to approve a project 

with significant adverse impacts where the "public agency finds that 

specific overriding economic, legal, social, technological or other benefits 

of the project outweigh the significant effects on the environment." (PRC 

$ 21 081(b).) Respondent acted in excess of its jurisdiction when it 

adopted Permit terms that compelled BILD and CICWQ members, and 

the Cities, to adhere to a different set of procedures than those set out in 
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CEQA, and when it negated the rights of BILD and CICWQ members to 

utilize alternative storm water mitigation measures when developing 

property throughout the County. 

In short, under State law, the trial court wrongly found that the 

Regional Board: (1) need not comply with the "reasonableness" standards 

under sections 13000, 13263, 1324 1 ; (2) need not consider "economics," 

under sections 13000 and 13241, or PRC section 2 1 159(c); (3) need not 

consider the "need for the development of housing within the region" 

under sections 13241(e) and 13000; (4) need not conduct a codbenefit 

analysis, as required under sections l3267(b) and l3225(c), before 

imposing monitoring and reporting requirements on the Cities; (5) need 

not comply with section 13360, which prohibits "design" requirements or 

particular manners of compliance, when imposing the "Numeric Design 

Criteria" requirements and other requirements under the Permit; (6) need 

not comply with Chapter 1 and 2.6 of CEQA before issuing WDRs or an 

NPDES permit; and (7) did not act in excess of its jurisdiction and violate 

the separation of powers provisions under the California Constitution 

when it adopted Permit terms that conflict with CEQA and the General 

Plan requirements under State law. 

In addition, Respondents violated Petitioners' rights to a fair 

hearing and to due process of law by failing to follow formal hearing 

requirements when adopting the Permit, and by issuing a decision based 
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on evidence and documents never presented to the Board members at any 

public hearing. 

111. STATEMENT OF THE CASE 

Appellants herein filed a petition for writ of mandate and complaint 

for declaratory relief on January 17, 2003. On April 4, 2003, Intervenors, 

the Natural Resources Defense Council, the Santa Monica Baykeeper, and 

Heal the Bay (hereafter collectively "Intervenors") filed a complaint in 

intervention. 

On August 14, 2003, the court denied the collective Petitioners' 

Motion to Strike and Augment the Administrative Record, which sought 

to strike a significant portion of the record on the grounds it had never 

been presented to the Respondent Board in the course of any public 

hearing, nor been referenced or relied upon by the Board in issuing the 

subject Order. 

On September 3, 2003, the Respondent/Intervenors filed a 

demurrer and motion to strike portions of the Complaint. On December 5, 

2003, the court granted Respondents' demurrer to each of the Petitioners' 

declaratory relief claims. (13 AA 03295.) The court also granted a 

motion to strike the Petitioners' contentions that Respondent was without 

authority to issue an NPDES permit. (13 AA 03287-88.) Likewise, the 

court struck references to a University of Southern California study, 

entitled "An Economic Impact Evaluation of Proposed Storm Water 
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Treatment for Los Angeles County," dated November 2002 ("USC 

Study"), which study analyzed the potential costs of strictly complying 

with water quality standards, as required under Part 2, and the TMDLs 

under Part 3.C of the Permit, on the basis that such evidence was not 

admissible since the court was striking the declaratory relief claims. (13 

AA 03292.) 

Petitioners filed a First Amended Complaint on December 19, 

2003. On February 19, 2004, the court again granted the 

Respondent/Intervenors' demurrer to the declaratory relief claims, on the 

grounds declaratory relief cannot be used to review administrative 

decisions. (1 7 AA 04334.) 

The trial on the writ of mandate was bifurcated into two phases, 

Phase 1 and Phase 2. The Phase 1 portion of the trial was held on May 19 

and 20, 2004. At the beginning of the trial, the court issued tentative 

rulings on several issues, including a tentative to grant "Petitioners' 

request that Section 2 of the Permit be set aside to the extent it exceeds the 

maximum extent practicable standard." ( 3 Reporter's Transcript ("RT") 

7.) At the conclusion of the Phase I trial, the court granted all requests for 

judicial notice filed in support of the Phase I papers, taking judicial notice 

of, among other evidence, a Memorandum with attached Questions and 

Answers, dated January 30, 2002, from the then Chair of the Respondent 
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Board, Francine Diamond (the "Diamond Memorandum" - 18 AA 4759- 

After the Phase I trial, the court conducted several hearings related 

to Petitioners' objections to the court's proposed SOD-I. A major focus 

of these hearings (August 6, 2004, October 1, 2004, and December 10, 

2004), was Petitioners' request that the court include specific language in 

its SOD-I, consistent with oral statements made by the court, confirming 

the Permittees would be considered in compliance with Parts 2.1 and 2.2 

of the Permit, so long as they were complying in good faith with Parts 2.3 

and 2.4 of the Permit. ( 5 RT 936-39; 7 RT 2131-33; 8 RT 2781-89.) In 

spite of these statements of the trial court during the hearings on the issue, 

the court ultimately refused to make such a finding (8 RT 2788-89), and 

instead came to the opposite conclusion: 

In sum, the Regional Board acted within its 
authority when it included Parts 2.1 and 2.2 
in the Permit without a "safe harbor" and 
whether or not compliance therewith 
requires efforts that exceed the ''MEP'' 
standard. (37 AA 9736, emphasis added.) 

The trial court also "reject[ed] Petitioners' assertion that . . . MEP 

is a substantive upper limit on requirements that can be imposed to meet 

water quality standards," holding that Respondent "was within its 

authority in requiring more stringent standards." (Id; emphasis added.) 

The court's finding was consistent with Respondent's position at trial. 
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(See Respondent's Phase I Brief; 19 AA 4962 ["These restrictions are 

absolute and unconditioned. . ."I.) The court further held that Part 2 of 

the Permit was not impossible to comply with. (37 AA 9734-36.) 

Moreover, the court held that the "issuance of the subject Permit 

was exempt from all aspects of CEQA," and that the Regional Board acted 

within its authority in requiring Permittees to amend their CEQA review 

processes and general plans. (37 AA 9738-39, 9741-42.) Finally, the 

court found that the Regional Board did not violate the CWA by 

regulating discharges "into" the MS4, as opposed to regulating discharges 

"from" the MS4. (37 AA 9745-46.) 

Following the Phase I hearing, on June 8, 2004, Petitioners filed a 

Motion to Amend their Complaint to include a new Seventh Cause of 

Action for Declaratory Relief on the issues of the MEP standard, the 

"reasonableness" standard under the Porter-Cologne Act, and the 

interpretation of Part 2 of the Permit. (23 AA 6049.) Petitioners refiled 

their motion on August 31, 2004, adding a request that the court grant 

declaratory relief as to several ambiguous Permit terms challenged during 

the Phase 11 portion of the trial. (30 AA 7676.) On October 1, 2004, the 

court denied the motion on the ground that it was "not the appropriate 

procedural vehicle to get a declaratory relief action before the court," i.e., 

the court did not believe a declaratory relief claim could be combined with 
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a writ of mandate claim in the same complaint. (33 AA 8692-8693; 7 RT 

21 71:26-28.) 

The Phase 2 trial occurred on August 10-12, 2004. At its 

conclusion, the court denied Petitioners' request for a writ of mandate on 

all counts. (37 AA 09659.) The SOD-I1 was issued on March 24, 2005. 

(37 AA 9751-9795.) Among the trial court's determinations were its 

holdings that the "Porter-Cologne Act . . . did not require the Regional 

Board to consider economics" or "the need for housing in adopting the 

Permit." (37 AA at 9771, 9774.) The court also found the Permit's 

inspection requirements were reasonable (37 AA 6767), and that the 

costbenefit requirements under the PCA ( 5  13267 and 13225), as well as 

the PCA's prohibition on imposing a particular design standard or manner 

of compliance (8 13360), were "obstacles" to federal law. (37 AA 9770, 

9776.) 

Likewise, the court upheld the SUSMP and Development 

Construction Programs. (37 AA 9779, 9787-91.) Finally, after 

conducting additional hearings, as noted below, the court determined 

Respondent substantially complied with administrative hearing and due 

process requirements. (37 AA 9795.) 

The court also held, without discussing their elements, that the 

doctrines of estoppel, waiver, and/or laches, barred the municipal 

Petitioners from challenging certain aspects of the Permit, including the 
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Permit's Monitoring and Reporting Program (challenged based on the 

lack of a costbenefit analysis), and various arguments concerning the 

propriety of the SUSMP requirements. (37 AA 9769, 9770, 9776, 9779; 

also see 37 AA 9741, 9745, where the court concluded estoppel, waiver, 

and laches barred Petitioners' challenges to Respondent's attempt to 

modify CEQA and the General Plan requirements of State law.)' 

On March 25, 2005, a final judgment was entered denying 

Petitioners' request for a writ of mandate on all issues. (37 AA 09682.) 

The court subsequently denied Petitioners' Motions for a New Trial and to 

Set Aside and Vacate the Judgment. (41 AA 10808.) 

Accordingly, Appellants herein appeal from the judgment, 

including the denial of their Motion to Strike and Augment the 

Administrative Record, the granting of the demurrers to Petitioners' 

declaratory relief claims, the striking of references to the USC Study, the 

denial of Petitioners' Motion to Amend the Complaint, and the denial of 

AS discussed below, the court consistently misapplied the doctrines of 
estoppel, waiver, and laches, and failed to issue any findings showing 
Respondent had met its burden on these defenses. As Petitioners 
repeatedly challenged the very provisions of the Permit prior to and 
during the hearing on the adoption of the Permit, the trial court erred in 
finding Petitioners had waived or were estopped from making their 
challenges to such provisions, or that the doctrine of laches applied. 
(County of Sonoma v. Rex (1991) 231 Cal.App.3d 1289, 1295 ; First Nat'l 
Bank v. Maxwell (1899) 123 Cal. 360, 368; In re Marriage of Powers 
(1990) 2 18 Cal.App.3d 626,642.) 
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Petitioners' Motions for a New Trial and to Set Aside and Vacate the 

Judgment. 

IV. STANDARD OF REVIEW 

A. Issues Of Law Are To Be Reviewed "De Novo" 

In reviewing questions of law, "trial and appellate courts perform 

essentially the same function" and the review on appeal is de novo. 

(Shape11 Industries, Inc. v. Governing Board (1 99 1) 1 Cal.App.4th 2 18, 

233; Rosenblit v. Superior Court (1991) 231 Cal.App.3d 1434, 1443.) 

Thus, it is up to the appellate court to "independently determine the proper 

interpretation" of applicable laws. (Clemente v. Amundson (1998) 60 

Cal.App.4th 1094, 1 102 [on a question of law, the Court is "not bound by 

evidence on the question presented below or by the lower court's 

interpretation"] .) 

The majority of the issues raised in this appeal involve pure 

questions of law. For example, whether Respondent has authority under 

the CWA to issue an NPDES Permit, or whether the "reasonableness" 

standard provided for under the PCA, or the MEP standard set forth in the 

CWA, constitute substantive upper limits on the requirements in WDRs or 

in municipal NPDES permits, are pure questions of law. (See BIA, supra, 

124 Cal.App.4th 866, 881, where the Court held, on the issue of whether 

the MEP standard was to be applied to municipalities, that: "This 

argument - concerning the proper scope of a regulatory agency's authority 
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-presents apurely legal issue, and is not dependent on the court's factual 

findings regarding the practicality of the specific regulatory controls 

identified in the Permit." [Emphasis added.].) 

Similarly, whether Respondent was required to consider "economic 

considerations" or the "need for developing housing within the region" 

when issuing the Permit, whether a codbenefit analysis should have been 

conducted, and whether the Permit violates the section 13360 prohibition 

on specifying "the design" or a "particular manner of compliance," are all 

legal questions involving whether various provisions of the PCA apply. 

(See Sara M. v. Superior Court (2005) 36 Cal.4th 998, 101 1 ["Ultimately, 

the interpretation of a statute is a legal question for the courts to decide"].) 

Likewise, the issue of CEQA compliance, i.e., whether Respondent 

was required to have complied with Chapters 1 and 2.6 of CEQA, or was 

exempt from "all aspects of CEQA" (as found by the trial court), are pure 

questions of law. Similarly, whether Respondent may impose 

requirements that conflict with the CEQA review process adopted by the 

California Legislature, is a pure question of law, subject to "de novo" 

review. (Id.) Further, procedural issues, i.e., whether Respondent denied 

the Appellants a fair hearing, and whether Respondent failed to conduct a 

proper hearing on the adoption of the Permit, are "question[s] of law to be 

decided on appeal." (Rosenblit v. Superior Court, supra, 23 1 Cal.App.3d 

1434, 1443.) 
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B. Factual Determinations Must Be Supported By The 
Weight Of The Evidence 

This appeal also challenges the determination by the trial court that 

certain findings of the Regional Board were supported by the weight of 

the evidence. The Petition below was brought pursuant to section 

13330(d), which provides that the provisions of CCP section 1094.5 are to 

govern such petitions. For petitions brought under section 13330, the trial 

court is to "exercise its independent judgment on the evidence." 

( 5  13320(d).) 

Thus, on issues of fact based on the evidence below, the trial court 

was to have exercised its "independent judgment" and to have based its 

decision on the weight of the evidence. (HA, supra, 124 Cal.App.4th 

866, 879.) In reviewing the trial court determinations on appeal in this 

regard, an appellant court is to apply a substantial evidence test. (Fukuda 

v. City of Angels (1999) 20 Cal.4th 805, 824.) "Substantial" evidence is 

not "synonymous with 'any' evidence," but requires evidence "of 

ponderable legal significance." (Kuhn v. Department of General Services 

(1994) 22 Cal.App.4th 1627, 1633.) "It must be reasonable, . . . credible, 

and of solid value." (Id; Ofsevit v. Trustees of California State University 

& Colleges (1978) 21 Cal.3d 763, 773 n.9.) "A decision supported by a 

mere scintilla of evidence need not be affirmed on review." (Bowman v. 

Board of Pension Commissioners (1984) 155 Cal.App.3d 937, 944 [the 
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Court of Appeal "was not created . . . merely to echo the determinations of 

the trial court"].) 

"The ultimate determination is whether a reasonable trier of fact 

could have found for the respondent based on the whole record." (Kuhn, 

V. THE LOWER COURT ERRED IN FAILING TO ISSUE A 
WRIT OF MANDATE INVALIDATING THE PERMIT 

A. Respondent Violated Petitioners' Rights To A Fair 
Hearing And Due Process Of Law 

For the reasons set forth in the brief submitted by the Monrovia et 

al. Appellants, the trial court erred in not finding Respondent denied the 

Petitioners a fair hearing and due process of law in its adoption of the 

subject Order. Appellants herein incorporate the Monrovia, et a1 

Appellants' brief on this significant issue and, based on such briefing, 

assert the trial court erred in not issuing the writ of mandate invalidating 

the subject Order. 

B. Respondent Lacked Jurisdiction To Issue the NPDES 
Permit 

Under the CWA, NPDES Permits may only be issued by EPA, or, 

under specific conditions, by a state agency with statewide jurisdiction 

over a class of activities or discharges. (40 CFR 123.l(g)(l) and 

123.22(b).) In California, pursuant to section 13 160, the State Board is 

the agency designated to exercise the powers delegated to the State under 
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the CWA, including the right and obligation to administer the NPDES 

 he  he State Board is designated as the State water pollution 

control agency for all purposes stated in the Federal Water Pollution 

Control Act . . . ." [§ 131601.) California's NPDES Program is thus 

required to be administered by the State Board, pursuant to the CWA and 

section 13 160, and pursuant to a Memorandum Of Understanding between 

the EPA and the California State Water Resources Control Board, which 

became effective September 22, 1989. (R 66263-663 16.) 

Federal regulations promulgated by EPA under the CWA allow for 

NPDES authority to be shared by two or more state agencies, but only 

where each agency has "Statewide jurisdiction over a class of activities 

or discharges. " (40 CFR 9 5 123.1 (g)(l).) 

NPDES authority may be shared by two or 
more State agencies but each agency must 
have Statewide jurisdiction over a class of 
activities or discharges. When more than one 
agency is responsible for issuing permits, 
each agency must make a submission 
meeting the requirements of 5 123.21 before 
EPA will begin formal review. (40 CFR 
§ 1234g)( l )J  

40 CFR section 123.21 further requires any state, seeking to 

administer a program under Part 123 of the regulations, to first make a 

See also section 13000, requiring "a state-wide program for the 
control of the quality of all waters of the State," which program is to be 
administered regionally, but within a framework of state-wide 
coordination and state policy. (8 13000; emphasis added.) 
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submission required by section 123.22 of the regulations. (40 CFR 

5 123.2 1 (a)(2).) 40 CFR section 123.22(b) then requires, as a part of the 

submission to be made by the State: 

A description (including organization charts) 
of the organization of the State agency or 
agencies which will have responsibilities for 
administering the program, including the 
information listed below. If more than one 
agency is responsible for administration of 
a program, each agency must have 
Statewide jurisdiction over a class of 
activities. (40 CFR fj l23.22(b); emphasis 
added.) 

Finally, under 40 CFR section 123.1 (f), any state program 

approved by EPA "shall at all times be conducted in accordance with the 

requirements of this part [Part 1231." (40 CFR 5 123.1 (f).) 

Accordingly, the federal regulations are clear that if more than one 

"State" agency is responsible "for issuing permits," (1) "each agency 

must make a submission meeting the requirements" of the regulations, 

and (2) "each agency must have Statewide jurisdiction over a class of 

activities or discharges." (40 CFR 5 123.l)(g)(l); emphasis added.) 

Respondent Regional Board, by definition, is not a state agency 

with 'Statewide jurisdiction " over a class of activities or discharges. 

Under section 13201 (a), "there is a regional board for each of the regions 

described in section 13200." Section 13225 then limits the authority of 

each regional board to its own region ["each regional board, with respect 
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to its region, shall . . . ."I.) Thus, the PCA shows the Respondent was not 

and is not a State agency with state-wide jurisdiction over a "class of 

activities or discharges." As such, it did not have the authority to issue the 

subject NPDES Permit. 

Here, there is no dispute Respondent never made a submission to 

EPA to issue NPDES Permits; nor, in fact, could Respondent have made 

such a submission, as it is only a "regional" agency with "regional" 

jurisdiction. Yet, under the federal regulations, for more than one agency 

within the state to issue NPDES permits, each agency mustfirst make a 

submission meeting the requirements of the federal regulations. (40 

CFR Cj 123.l(g)(l).) 

Furthermore, it is well established that an agency has no discretion 

to promulgate a regulation or adopt an order that is inconsistent with its 

governing statute. (Environmental Protection Info. Ctr. v. Dept. of 

Forestry & Fire Protection (1996) 43 Cal.App.4th 101 1, 1022; 

Agricultural Labor Rel. Bd. v. Sup. Ct. (1976) 16 Cal.3d 392, 419; see 

also Physicians & Surgeons Laboratories, Inc. v. Department of Health 

Services (1992) 6 Cal.App.4th 968.) Accordingly, without the formal 

approval and issuance of the subject Permit by the State Board, the 

"Regional Board" had no authority to issue the subject Permit or any 

future NPDES permits. 
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The practice of this Respondent (and other regional boards) of 

issuing municipal NPDES Permits, without the State Board reviewing and 

issuing such permits, has resulted in inconsistency and confusion in the 

municipal NPDES permit process throughout California, as varying 

municipal NPDES permits, with differing terms, have been adopted by 

different regional agencies, resulting in a patchwork of municipal storm 

water requirements. These differing municipal NPDES permits 

throughout the State lack continuity and consistency, and have led to 

multiple lawsuits challenging similar but varying terms. (See, e.g., BIA, 

supra, 124 Cal.App.4th 866 [upholding an NPDES Permit issued by the 

San Diego Regional Board containing similar but different permit terms 

from the subject Permit]; and City of Rancho Cucarnonga v. California 

Regional Wh-ter Quality Board, Santa Ana Region, (Cal. Court of Appeal, 

Fourth Appellate Dist., January 26, 2006) 2006 DJDAR 1126, [another 

challenge to a municipal NPDES Permit involving similar terms, and 

issued by yet a third regional board].17 

Inconsistent permit terms, multiple lawsuits, and confusion for 

overlapping jurisdictions, are all problems which illustrate the policy 

reasons for the federal requirements discussed above, and which 

demonstrate why a regional board should not be permitted to issue an 

In addition, differing NPDES permits may create problems for 
municipalities who straddle regional board jurisdictional lines, as storm 
water runoff obviously knows no jurisdictional boundaries. 
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NPDES permit without specific regulatory direction and approval from 

the State Board (such as has occurred with the issuance of various general 

permits for industrial and construction activities [see 18 AA 4698, Permit 

Finding E.221). 

Despite the fact that there is no credible argument Respondent had 

independent authority under the CWA to issue the subject NPDES Permit, 

the trial court wrongly struck Appellants' allegations on this issue. (14 

AA 3739-48.) In the SOD-I, the trial court explained the basis for its 

decision: 

"[Tlhe Court disagrees with the Arcadia 
Petitioners that the Regional Board cannot act 
on behalf of the State Board. The Porter- 
Cologne Act sections 13001 and 13225 
clearly authorize a regional board to act on 
behalf of the State Board. 

Porter-Cologne Act section 13240 allows for 
the adoption of plans by the Regional Board, 
which clearly gives the Regional Board 
authority to act in this instance . . . . 9 9  

(37 AA 9'743-44, emphasis added.) 

However, a review of sections 13001 and 13225 shows these 

sections do not authorize a regional board to act on behalf of the State 

Board. Section 13001 says nothing about authorizing a regional board to 

"act on behalf of the State Board," and instead provides that "the state 

board and regional boards in exercising any power granted in this division 
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shall conform to and implement the policies of this chapter and shall, at all 

times, coordinate their respective activities so as to achieve a unified and 

effective water quality control program in this state." (9 1300 1 .) 

Further, section 13225 unambiguously allows a regional board only 

to act "with respect to its region," and contains no language authorizing a 

regional board to sit on behalf of the State Board. (3 13225.) 

Similarly, the trial court's reliance upon section 13240 is 

misplaced, as it ignores the plain language of section 13245, which 

provides that: "a water quality control plan, or revision thereof adopted 

by a regional board, should not become effective unless and until it is 

approved by the state board." (3 13245; emphasis added.) Thus, similar 

to the issuance of an NPDES permit, when it comes to adopting water 

quality control plans, a regional board plainly does not have the authority 

to adopt such a plan, but only to develop it, with the plans not becoming 

effective "unless and until it is approved by the state board." 

Finally, omitted from the court's analysis is any discussion of the 

federal regulations, and the specific language in the regulations which 

authorizes the issuance of an NPDES permit only by a State agency with 

"Statewide jurisdiction over a class of activities or discharges. " (40 CFR 

123. ( g ) ( ) . )  As Respondent is not such an agency, and given the 

subject Permit was not issued through, or even reviewed by the State 

Board, the subject NPDES Permit is the result of a flawed and illegal 
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process, and one that is directly contrary to the express provisions of the 

Act. Respondent was without jurisdiction when it adopted the subject 

Permit. 

C. Respondent Exceeded Its Authority And Acted Contrary 
To The Porter-Cologne Act 

1. The Permit is Arbitrary and Contrary to Law, as It 
Seeks to Achieve Water Quality Conditions that 
"Could Not Be Reasonably Achieved" and Allows 
for the Imposition of "Unreasonable" Controls. 

In Part 2.1 of the Permit, Respondent expressly prohibits all 

discharges from the MS4 "that cause or contribute to the violation of 

water quality standards or water quality objectives," irrespective of 

whether such standards or objectives are "reasonably achievable," or 

whether the BMPs to be imposed to obtain such standards are to be 

"reasonably required." (18 AA 4704.) Part 3.C of the Permit then 

authorizes the Respondent to implement TMDLs through the Permit, 

which TMDLs are to be designed to achieve water quality standards. (18 

Second, Part 2.4 of the Permit allows for the imposition of 

"additional BMPs" by the Regional Board, again at the unfettered 

discretion of the Respondent, without any "reasonableness" limitation 

imposed on the additional BMPs that may be required. (1 8 AA 4705.) 

By definition, a "total maximum daily load" "shall be established at a 
level necessary to implement the applicable water quality 
standards . . . ." (33 U.S.C. f j  13 l3(d)(l)(C); emphasis added.) 
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Third, Part 3.C includes a strict compliance standard requiring the 

Cities to revise their Storm Water Quality Management Program "to 

incorporate program implementing amendments so as to comply with . . . 

waste load allocations developed and approved pursuant to the process for 

the designation and implementation of total maximum daily loads 

(TMDLs) for impaired water bodies." (18 AA 4705-06.) Thus, Part 3.C' 

through strict compliance with state water quality standards under Part 2, 

authorizes Respondent to require strict compliance with numeric limits as 

set forth in the incorporated TMDLs. 

In each of these three instances, the Permit's terms "impose 

standards stricter than [the federal] 'maximum extent practicable' 

standard." (BIA, supra, 124 Cal.App.4th 866, 885.) And, in fact, over 

repeated objections from the Petitioners, the trial court specifically 

interpreted Part 2 of the Permit as allowing Respondent to require strict 

compliance with state water quality standards, i.e., more stringent 

standards than those required under federal law, where it found that: "In 

sum, the Regional Board acted within its authority when it included 

Parts 2.1 and 2.2 in the Permit without a 'safe harbor,' whether or not 

compliance therewith requires efforts that exceed the 'MEP' standard." 

(37 AA 9736; emphasis added.) The trial court further expressly 

recognized that these requirements were "more stringent standards" than 

the CWA's "MEP Standard." (Id; emphasis added.) Yet, the trial court 
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failed to recognize that because the CWA does not "mandate" or "require" 

municipalities to strictly comply with water quality standards, the 

Respondent was compelled to comply with the "reasonableness" standards 

under the PCA when adopting the subject Permit. 

Under PCA section 13263(a), which is the authorizing section for 

the issuance of "waste discharge requirements," WDRs may only be 

imposed where Respondent has taken "into consideration the beneficial 

uses to be protected, the water quality objectives reasonably required for 

thatpurpose, other waste discharges, the need to prevent nuisance and the 

provisions of section 13241." ( 5  13263(a); emphasis added.) Thus, 

section 13263 conditions the issuance of all WDRs on "reasonably 

required" water quality objectives. 

Section 13241, moreover, contains a series of references to the 

need to adopt requirements that are "reasonable" or that "could 

reasonably be achieved," where it provides, in relevant part, as follows: 

Each regional board shall establish such 
water quality objectives in water quality 
control plans as in its judgment will ensure the 
reasonable protection of beneficial uses in 
prevention of nuisance; however, it is 
recognized that it maybe possible for the 
quality of water to be changed to some degree 
without unreasonably affecting beneficial 
uses. Factors to be considered by a regional 
board in establishing water quality objectives 
shall include, but not necessarily be limited to, 
all of the following: 
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(c) Water quality conditions that could 
reasonably be achieved through the 
coordinated control of all factors which affect 
water quality in the area. 

(5 1324.1 ; emphasis added.) 

This requirement that WDRs be imposed only for water quality 

conditions "that could reasonably be achieved" or as needed to ensure the 

"reasonable" protection of beneficial uses, are entirely consistent with the 

general purposes of the Porter-Cologne Act: 

The legislature further finds and declares that 
activities and factors which may affect the 
quality of the waters of the state shall be 
regulated to attain the highest water quality 
which is reasonable, considering all demands 
being made and to be made on those waters 
and the total values involve beneficial and 
detrimental, economic and social, tangible 
and intangible. 

(4 13000, emph. added.) 

With sections 13263, 13241, and 13000, the Legislature has made 

the standard of "reasonableness" a fundamental part of the State's Water 

Quality Policy. Moreover, since the Subject Permit was expressly issued 

pursuant to State law, including section 13241, Respondent was required 

to comply with the PCA when issuing the Order. 
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In Finding E.25 of the Permit, the Regional Board admitted it was 

issuing WDRs under section 13263, and admitted the provisions of 

Cj 13263 and Cj 1324 1, including the reasonableness standard, applied: 

California Water Code (CWC) 9 13263(a) 
requires that waste discharge requirements 
issued by the Regional Board shall implement 
any relevant water quality control plans that 
have been adopted; shall take into 
consideration the beneficial uses to be 
protected and the water quality objectives 
reasonably required for that purpose; other 
waste discharges; the need to prevent 
nuisance; and the provisions of CWC 
5 13241. The Regional Board has considered 
the requirements of 5 13263 and § 13241 . . . 
in developing these waste discharge 
requirements. (1 8 AA 4699; emphasis added.) 

In Burbank, supra, 35 Cal.4th 613, the Supreme Court held that: 

"Section 13263 directs regional boards, when issuing wastewater 

discharge permits, to take into account various factors including those 

set out in section 13241." (Id. at 625; emphasis added.) The only 

exception to this requirement is where the State law requirements conflict 

with those mandated by federal law. (Id. at 626-27.) Yet, as explained 

below, because federal law does not require municipalities to strictly 

comply with water quality standards, there is no conflict with State law in 

this case, and as such, State law was required to have been complied with. 

In United States v. State Water Resources Control Board ("U.S. v. 

State Board") (1986) 182 Cal.App.3d 82, the State Board issued revised 
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water quality standards for salinity control and for the protection of fish 

and wildlife because of changed circumstances which revealed new 

information about the adverse affects of salinity on the Sacramento-San 

Joaquin Delta ("Delta"). (Id. at 11 5.) The State approved these standards 

with the understanding it would impose more stringent salinity controls in 

the future. In invalidating the revised salinity standards, the Court in U.S. 

v. State Board consistently recognized the importance of complying with 

the policies set forth under section 13000 and the factors listed under 

section 13241. It emphasized the section 13241 need for an anaIysis of 

"economics," as well as the importance of establishing water quality 

objectives which are "reasonable" and adopting "reasonable standards 

consistent with overall State-wide interests." 

In formulating a water quality control plan, the 
Board is invested with wide authority "to 
attain the highest water quality which is 
reasonable, considering all demands being 
rnade and to be rnade on those waters and the 
total values involved, beneficial and 
detrimental, economic and social, tangible 
and intangible." (8 13000.) In hlfilling its 
statutory imperative, the Board is required to 
"establish such water quality objectives . . . as 
in its judgment will ensure the reasonable 
protection of beneficial uses . . ." (5 13241), 
a conceptual classification far-reaching in 
scope. (Id. at 109- 1 10, emphasis added.) 

The Board's obligation is to attain the highest 
reasonable water quality "considering all 
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demands being made and to be made on those 
waters and the total values involved, 
beneficial and detrimental, economic and 
social, tangible and intangible." (5 13000, 
italics added.) (Id. at 116, emphasis in 
original .) 

In performing its dual role, including 
development of water quality objectives, the 
Board is directed to consider not only the 
availability of unappropriated water ($ 174) 
but also all competing demands for water in 
determining what is a reasonable level of 
water quality protection (5 13000). In 
addition, the Board must consider . . . 
"[wlater quality conditions that could 
reasonably be achieved through the 
coordinated control of all factors which affect 
water quality in the area." (Id. at 11 8, italics in 
original; bold face added.) 

(US.  v. State Board, supra, 1 82 Cal.App.3d 82.) 

In this case, Respondent failed to consider the policies under 

section 13000, and particularly the need to adopt WDRs to obtain the 

highest water quality which is "reasonable," failed to consider the "water 

quality objectives reasonably required" as set forth under section 

13263(a), and failed to consider the "reasonableness" requirements under 

section 13241, which expressly require the adoption of objectives which 

will ensure the "reasonable" protection of beneficiary uses based on 

"water quality conditions that could reasonably be achieved." (5 13241 

and 13241(c).) 
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The CWA reserves to the state significant aspects of water quality 

policy (33 U.S.C. 8 1251(b)), and it specifically grants the state authority 

to 'enforce any effluent limit' that is not 'less stringent' than the federal 

standard." (Id. at 627.) In fact, in Burbank v. State Board, the court held 

that the Clean Water Act "does not prescribe or restrict the factors that a 

state may consider when exercising this reserved authority . . . . " (Id; 

emphasis added.) In this case, federal law, at best, gives the State the 

"discretion" to require strict compliance with water quality standards. 

(See BIA, supra, 124 Cal.App.4th 866, 883.) 

In BIA, the court addressed the issue of whether a "regulatory 

permit violates federal law because it allows the Water Boards to impose 

municipal storm sewer control measures more stringent than a federal 

standard known as 'maximum extent practicable."' (Id. at 87 1 .) The 

court found that regional boards have "discretion" under the CWA to go 

beyond "MEP" in imposing "appropriate" water pollution controls in a 

municipal NPDES permit, finding "Congress intended the CWA "to 

provide the regulatory agency with authority to impose standards stricter 

than a 'maximum extent practicable' standard." (Id at 884-885.) Yet, the 

BIA court never addressed whether the permit at issue in that case (which 

similarly required strict compliance with water quality standards) violated 

State law standards, e.g., the "reasonableness" standard, as compliance 

with State law was not at issue. (Id. at 879 ["In its appeal, Building 
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Industry does not reassert its claim that the permit violates state 

law. . .'y.) 

In the Ninth Circuit's decision in Browner, supra, 191 F.3d 1159, 

the court held that the CWA does not require municipal dischargers to 

comply strictly with water quality standards: "Congress did not require 

municipal storm-sewer dischargers to comply strictly with 33 U.S.C. 

13 1 1 ( ( 1  )(C).' (Id. at 1 1 65.) There, a group of environmental 

organizations challenged EPAys decision to issue an NPDES Permit for 

five municipalities' storm sewers, without requiring said Cities to strictly 

comply with numeric limitations to ensure compliance with water-quality 

standards. (Id. at 11 61 .) Instead, EPA required that the Cities of Tempe, 

Tucson, Mesa, and Phoenix, and Pima County, Arizona, comply with a 

series of "best management practices" which included a number of 

structural environmental controls, such as storm-water retention basins 

and infiltration ponds. 

The Cities in Browner, however, were not required to strictly 

comply with the state adopted water quality standards. (Id.) Instead, EPA 

determined that the "best management practices" included in the permits 

were sufficient to ensure compliance with the state water quality 

standards, even though they did not require compliance with numeric 

limitations. (Id. at 1 16 1 .) 
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Several environmental organizations sued to force the cities to 

strictly comply with water quality standards, and the Ninth Circuit found 

the environmental organizations were arguing for an interpretation of 

section 33 U.S.C. Cj 1342(p)(3)(B)(iii) that would render the language of 

the Act "superfluous," a result the Court found was to be avoided so as to 

give affect to all provisions enacted by Congress. (Id. at 1165.) Instead, 

the Browner Court found the "statute unambiguously demonstrates that 

Congress did not require municipal storm-sewer dischargers to strictly 

comply with 33 U.S.C. Cj 131 l(b)(l)(C)," i.e., the provision of the CWA 

that requires industrial dischargers to strictly comply with water quality 

standards. (Id. at 1165.) The court further recognized that Congress 

chose to require municipalities to "reduce the discharge of pollutants to 

the maximum extent practicable." (Id. at 1 165.)"~ 

The BIA and Browner holdings that the CWA does not require 

municipalities to strictly comply with water quality standards, and further 

that the EPAIState only "had the discretion" to require cities to strictly 

The Browner court also addressed the intervenor cities' contention 
therein that "the EPA may not, under the CWA, require strict compliance 
with State water-quality standards, through numeric limits or otherwise." 
(Id. at 1166.) The Ninth Circuit disagreed that EPA may not require strict 
compliance with water quality standards, finding that section 
1342(p)(3)(B)(iii) of the Act "gives the EPA the discretion to determine 
what pollution controls are appropriate," and thus that "EPA has the 
authority to determine that ensuring strict compliance with state water- 
quality standards is necessary to control pollutants." (Id at 66; emphasis 
added.) However, as the court in BIA recognized, this part of the Browner 
decision was "dicta." (124 Cal.App.4th 866, 886.) 
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comply with "state water quality standards," confirms that Parts 2 and 3.C 

of the Permit, which require municipalities to strictly comply with water 

quality standards, including strict compliance with water quality standards 

via TMDLs, are an attempt by Respondent to "impose municipal storm 

sewer control measures more stringent than a federal standard known as 

'maximum extent practicable."' (See BIA, supra, 124 Cal.App.4th 866, 

871.) 

In light of the trial court's interpretation of the Permit that it 

requires compliance with State water quality standards "without a safe 

harbor" whether or not compliance "required efforts that exceed the MEP 

standard," and authorizing Respondent to impose "more stringent 

standards" than MEP, the trial court erred when it upheld the Permit, 

without first requiring the Respondent comply with the "reasonableness" 

standards under State law. ( 5  13263, 13241 and 13000.) 

2 .  Respondent Failed to Consider the Economic Impacts 
of Parts 2 and 3.C of the Permit 

The trial court additionally erred in finding that Respondent was 

not required to consider "economics" when adopting the Permit, "because 

the Board considered economics at an earlier stage in setting water quality 

objectives in the Los Angeles Basin Plan," and that "[tlhis Court is under 

the impression that when the Regional Board adopted the Basin Plan, it 

took economic considerations into account." (37 AA 9771.) 
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The trial court also erred when it found: "although the Regional 

Board was not required to consider economics in its adoption of the 

permit, as opposed to the Basin Plan, there are numerous findings and 

documents in the administrative record that show that there were 

economic considerations." (37 AA 9772.) Yet, the court failed to cite to 

any evidence in the record to show Respondent properly considered the 

"economic" impacts of strictly complying with water quality standards. 

And, in fact, the evidence in the record directly refutes the contention that 

a legitimate consideration of the economic impacts of Parts 2 and 3.C was 

ever conducted by Respondent, when it adopted the Permit. (See 

discussion infra and R7592, R7937-39 [where the Respondent arbitrarily 

rejected the Caltrans study and other evidence showing that the 

compliance costs with Parts 2 and 3.C of the Permit would "exceed $50 

billion," and instead erroneously relied upon a projection based upon the 

cost of compliance with the 1996 Permit, a permit which contained no 

provision requiring strict compliance with water quality standards].) 

Initially, it cannot be over-emphasized that the trial court made its 

determination that Respondent need not consider "economics" when 

issuing the Permit, because the "Court [was] under the impression that 

when the Regional Board adopted the Basin Plan, it took economic 

consideration into account." (37 AA 09771; emphasis added.) Yet, there 

are no citations to evidence to support this finding, and in fact there is no 
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evidence anywhere in the record which shows Respondent ever 

considered "economics" vis-a-vis storm water and urban runoff, when the 

Basin Plan was adopted. Moreover, the issue of the validity of the Basin 

Plan was not litigated in the underlying action. 

Second, it is clear from recent authority (Burbank, supra, 35 

Cal.4th 613) and from the plain language of Water Code sections 13241 

and 13000, that regardless whether Respondent had properly considered 

the "economic" impacts of requiring storm water dischargers to strictly 

comply with water quality standards when the Basin Plan was adopted, 

that the "economic" impacts on the discharger from this Permit were still 

required to have been considered at the time of Permit adoption. (Id. at 

869, "The plain language of sections 13263 and 13241 indicates the 

Legislature's intent. . . that a regional board consider the cost of 

compliance when setting efJlent limitations in a wastewater discharge 

permit. " (emphasis added) Also see, City of Arcadia et al. v. State Water 

Resources Control Board (Arcadia v. State Board") (Cal. Court of 

Appeal, Fourth Appellate Dist., January 26, 2006) 2006 DJDAR1145, 

where the court noted that the Supreme Court in Burbank "concluded that 

in applying Water Code section 13241, the Legislature intended 'that a 

regional board consider the cost of compliance [with numeric pollutant 

restrictions] when setting effluent limitations in a waste water discharge 

permit."' Id. at 11 50; emphasis in original.) 
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Third, the evidence in the record that was before both the trial court 

and Respondent on the issue of the "economic" impacts from Parts 2 and 

3.C, showed significant adverse economic consequences from having to 

comply with such provisions. It also showed that Respondent, rather than 

considering this evidence, rejected it out-of-hand." In particular, in both 

its Responses to Comments and during the adoption hearing, Respondent 

arbitrarily rejected the various Caltrans studies and other evidence 

showing that the cost to comply with Parts 2 and 3.C. of the Permit could 

"exceed $50 billion." (R 7592 & 7537-38.) 

The Cities presented Respondent with detailed economic studies 

(collectively, the "Cost Studies") showing that the cost of the 

10 Justice Brown, in her concurring opinion in Burbank, supra, 35 
Cal.4th 613, 632, commented on the constant gamesmanship this 
Respondent engaged in when it came to considering economics, observing 
as follows: 

For example, as the trial court found, the Board did not 
consider costs of compliance when it initially established its 
basin plan, and hence the water quality standards. The Board 
thus failed to abide by the statutory requirement set forth 
in Water Code section 13241 in establishing its basin plan. 
Moreover, the Cities claim that the initial narrative standards 
were so vague as to make a serious economic analysis 
impracticable. Because the Board does not allow the Cities 
to raise their economic factors in the permit approval 
stage, they are effectively precluded from doing so. As a 
result, the Board appears to be playing a game of 
"gotcha" by allowing the Cities to raise economic 
considerations when it is not practical, but precluding 
them when they have the ability to do so." (Emphasis 
added.] 
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implementation of Parts 2 and 3.C of the Permit could exceedfifty billion 

dollars over the next 20 years. (See R6070-R6133 "Financial and 

Economic Impacts of Storm Water Treatment Los Angeles County 

NPDES Permit Area" presented to California Department of 

Transportation Environmental Program, Report I.D. #CTSWRT-98-72, 

November, 1998, by Stanley R. Hoffman Associates ("Caltrans Study") at 

R6089, concluding meeting storm water objectives would require capital 

costs of $53.6 billion; "Southern California Association of Governments 

Staff Report to Energy and Environment Committee dated August 23, 

2001 (Subject: Regional Solutions for Managing Stormwater Pollution) 

(the "SCAG Report") at R6069, concluding that "[sltudies conducted to 

estimate the cost of removing pollutants from Los Angeles County storm 

water indicate that capital plant alone needed for this mission will cost 

more than $50 billion"; "COST OF STORM WATER TREATMENT FOR THE 

Los ANGELES NPDES PERMIT AREA," June, 1998, by Brown & Caldwell, 

prepared for the California Department of Transportation (R6 134-6 1 89) at 

R6 146-47, giving "conservatively low" estimates of the costs of treating 

Los Angeles Area stormwater of $33-73 billion in capital costs, depending 

upon the level of treatment, along with an additional $68-$199 million per 

year in operating and maintenance costs; and "COST OF STORM WATER 

TREATMENT FOR CALIFORNIA URBANIZED AREAS," October, 1998, 

prepared for California Department of Transportation, by Brown & 
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Caldwell (R6194-6448) at R6226, concluding that "Statewide stormwater 

collection and treatment costs range from $70.5 billion for Level 1 to 

$1 13.7 billion for Level 3. Annual operations and maintenance costs 

range from $145.2 million/year for Level 1 to $423.9 million/year for 

Level 3 ."I ' 
Rather than considering this evidence, Respondent dismissed it out- 

of-hand, claiming instead that Permittees had submitted budgets (based on 

the 1996 Permit, which did not contain the disputed Parts 2 and 3.C 

language) showing that the cost would be only about $145 million to 

comply: "Permittees self-reported budget for implementation of the 

Permit requirements for 2001 -2002 is about $145 million, a fraction of the 

projected costs claimed in the $50 billion." (R 7592.) 

A similar contention was made by Respondent at the December 13 

hearing before the Regional Board, in response to the question, "Well, 

$145 million is a far cry from $50 billion. Do you have any explanation 

for that discrepancy?" (R 7937.) The response by Board staff was that it 

' Likewise, the USC Study concluded that a number of treatment plants 
would need to be constructed to strictly comply with the water quality 
standards, and that the cost of such plants could reach as high as $283.9 
billion over the next 20 years. (AA 00057.) Although the study was not 
prepared until November 2002, after the Respondent approved the subject 
Permit, and thus was not available at the time the Permit was adopted, it is 
relevant evidence in connection with Petitioners' declaratory relief claims 
on the importance of the Respondent considering economics when 
imposing such requirements on municipalities in future permits. The 
subject Permit is scheduled to expire on December 12,2006. (Permit 70.) 
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believed the $50 billion figure was inflated because "$6 billion of that is 

in land acquisition costs. And here they are assuming 14,000 acres at a 

cost of $435.00 per acre." (R 7937-38.) Board staff further responded 

that: "Now, another example of why we think the costs may be inflated, 

Permittees estimate their storm water costs under the existing Permit are 

almost $150 million a year." (R 7938, emphasis added.) 

Thus, rather than considering the evidence of the excessive costs of 

strictly complying with water quality standards under Parts 2 and 3.C of 

the Permit, instead the Board arbitrarily rejected these estimates, and 

relied upon estimates based on compliance with a 1996 Permit that did not 

contain the objectionable water quality standards language. (See R 

28670-71 [I996 Permit].) 

The Porter-Cologne Act requires that "economics" be considered in 

issuing WDRs such as the subject Permit. (See § 13000 and 13241(d).) 

Section 13000 provides, in relevant part, as follows: 

The Legislature further finds and declares that 
activities and factors which may affect the 
quality of the waters of the state shall be 
regulated to attain the highest water quality 
which is reasonable, considering all demands 
being made and to be made on those waters 
and the total values involved, beneficial and 
detrimental, economic and social, tangible and 
intangible. (Emph. added.) 

The Legislature further determined in section 13000: 
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. . . that factors of precipitation, topography, 
population, recreation, agriculture, industry 
and economic development vary from region 
to region within the state; and that the 
statewide program for water quality control 
can be most effectively administered 
regionally, within a framework of statewide 
coordination and policy. (Emph. added.) 

In addition, as discussed above, section 13263, which governs the 

issuance of waste discharge requirements, mandates that "the provisions 

of Section 13241" be "take[n] into consideration" before the State issues a 

discharge permit. (Cj 13263(a).) Section 13241, in turn, requires each 

regional board to consider a series of factors, including "Economic 

considerations. " (Cj 1 3 24 1 (d) (ernph. added) .) 

Even the Respondent, in finding E.25 of the Permit, admitted that 

"California Water Code (CWC) Cj 13263(a) requires that waste discharge 

requirements issued by the Regional Board.. . shall take into 

consideration the . . . provisions of CWC Cj 13241." (1 8 AA 4699.)" 

'* 1n addition, under PRC section 21 159, an "economic" analysis was 
required under CEQA, as Respondent was requiring compliance with 
"performance standards" i.e. strict compliance with water quality 
standards, and effectively imposing "treatment" requirements upon the 
Permitees. (PRC Cj 2 1 159(c).) PRC section 2 1 159 provides that the 
environmental analysis under CEQA is to "take into account a reasonable 
range of environmental, economic, and technical factors, population in 
geographic areas, in specific sites." (Id.) Part 2 of the Permit is 
specifically requiring compliance with "water quality standards" and as 
such, in addition to the need to consider economics under sections 13000 
and 13241(d), Respondent was required to have conducted an economic 
analysis under CEQA. (PRC Cj 2 1 1 59(c).) 
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The requirements under State law to consider "economics" before 

issuing an NPDES permit are further entirely consistent with the 

requirements of federal law. Under the federal regulations, a "fiscal 

analysis" of the necessary capital operation and maintenance expenditures 

necessary to comply with certain Permit programs is required, including 

an analysis of the source of the funds needed to meet the necessary 

expenditures and including an analysis of the legal restrictions on the use 

of the funds. (40 CFR 122.26(d)(2)(vi).) The regulation provides as 

follows: 

(vi) Fiscal analysis. For each fiscal year to be 
covered by the permit, a fiscal analysis of the 
necessary capital and operation and 
maintenance expenditures necessary to 
accomplish the activities of the programs 
under paragraph (d)(2)(iii) and (iv) of this 
section [the "Source Identification" provisions 
of the regulations and "proposed management 
program" requirements]. Such analysis shall 
include a description of the source of fimds 
that are proposed to meet the necessary 
expenditures, including legal restrictions on 
the use of such funds. (40 CFR 
5 122.26(d)(2)(vi).) 

As held by the California Supreme Court in Burbank, under the 

CWA, "each state is free to enforce its own water quality laws so long as 

its effluent limitations are not 'less stringent' than those set out in the 

Clean Water Act." (Id. at 613, 620.) The Burbank Court recognized and 

quoted the PCA, specifically including section 13000, and noted the need 
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to consider all demands being made on the waters, including "economic 

and social, tangible and intangible" (Id. at 619). More importantly, the 

Burbank court found that: 

The plain language of Sections 13263 and 
13241 indicates the Legislature's intent in 
1969, when these statutes were enacted, that 
a Regional Board consider the costs of 
compliance when setting effluent limits in a 
wastewater discharge permit. (Id. at 625; 
emphasis added.) 

The only qualification the Burbank court found in this regard is that 

"Section 13263 cannot authorize what federal law forbids, it cannot 

authorize a regional board, when issuing a waste discharge permit, to use 

compliance costs to justify pollutant restrictions that did not comply with 

federal clean water standards." (Id. at 626; emphasis added.) 

Clearly, there is nothing in federal law that prohibits the state from 

considering "economics" when requiring strict compliance with water 

quality standards, and, in fact, federal law provides for the opposite, i.e., it 

requires a "fiscal analysis" of certain programs to be imposed upon 

municipalities." Moreover, as held by the courts in Browner and BIA, 

because federal law does not require municipalities to strictly comply with 

state water quality standards, and instead only requires compliance with 

the MEP standard, the subject Permit imposes requirements that are 

"stricter" than required under federal law. 
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Accordingly, by the plain language of sections 13000, 13263 and 

13241(d), PRC section 21 159, as well as controlling precedent and 

Respondent's own admission with finding E.25, Respondent was required 

to have considered the "economic" impacts of Parts 2 and 3.C. at the time 

it adopted the subject Permit. The trial court's finding to the contrary was 

in error and a writ of mandate should have issued.13 

Moreover, it is manifest that to "consider.. . economic 

considerations" means to do far more than to arbitrarily reject the only 

evidence submitted which addressed the cost of compliance with the 

Permit. State Board policy directives on the topic of "costs" in the context 

of storm water pollution controls demonstrate that costs must considered 

in light of the effectiveness of the mandated pollution controls: 

To achieve the MEP standard, municipalities 
must employ whatever Best Management 
Practices (BMPs) are technically feasible 
(i.e., are likely to be effective) and are not 
cost prohibitive. . . . In selecting BMPs to 
achieve the MEP standard, the following 
factors may be useful to consider: 

l 3  Further, as the trial court determined the "State Board has followed the 
practice" that no consideration of section 13241 factors is required, and 
given that the disputed Permit is a five-year permit, scheduled to expire on 
December 12, 2006, and to be renewed each five-year interval thereafter, 
a declaratory judgment should have been granted, interpreting the PCA, 
and providing for a declaratory judgment forcing the Respondent to 
consider "economics" before issuing hture WDRs and NPDES permits. 
(See Proposed Second Amendment Complaint, AA 06046.) 
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d. Cost: Will the cost of implementing the 
BMP have a reasonable relationship to the 
pollution control benefits to be achieved." 

e. Technical Feasibility: Is the BMP 
technically feasible considering soils, 
geography, water resources, etc." (R73 175- 
R73176, February 11, 1993 Memo entitled 
"Definition of Maximum Extent Practicable," 
Elizabeth Jennings, Senior Staff Counsel, 
State Water Resources Control Board.) 

The consideration of "economics," thus, means first identifying 

technically feasible Best Management Practices ("BMPs") and then 

determining both the costs and the effectiveness of such BMPs. In this 

case, as to Part 2 and 3.C, the record contains no evidence where the 

Respondent evaluated the BMPs necessary to strictly comply with water 

quality standards and TMDLs, and their technical feasibility. Nor is there 

any evidence Respondent considered the "costs" of these BMPs or their 

benefits. The costs to be considered must have a "reasonable relationship 

to the pollution control benefits to be achieved." (Jennings Memo, 

l 4  In Arcadia v. State Board, supra, 2006 DJDAR 1145, 11 52.) the 
Court found that it was unclear exactly what type of "economic 
considerations" were necessary to satisfy section 13241, but held that a 
detailed analysis and "discussion of compliance costs" was adequate. (Id. 
at 1 150- 1 15 1 .) While Appellants disagree that such a discussion, by 
itself, is enough to satisfy section 13241, still, here, Respondent provided 
no "discussion of compliance costs" to comply with Parts 2 and 3.C of the 
Permit. 
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The record before the trial court was completely void of any 

evidence Respondent conducted any analysis of the "economic" impacts 

of strictly complying with water quality standards or implementing 

TMDLs. In fact, the evidence shows Respondent rehsed to conduct the 

necessary analysis, or even to acknowledge the BMPs that would likely be 

needed to comply with Parts 2 and 3.C. (R 7592,7537-38) 

Further, in its Fact SheetlStaff Report for the Permit, the Board 

recognized that: "Because storm water runoff rates can vary from storm 

to storm, the statistical probabilities of rainfall or runoff events become 

economically significant and are central to the control of pollutants 

through cost effective BMPs." "Financing the MS4 program offers a 

considerable challenge for municipalities." (R 8073-74, emphasis added.) 

By recognizing the economically significant costs involved in addressing 

storm water runoff, and the considerable challenge for municipalities to 

comply with the Permit terms, but simultaneously refusing to conduct any 

kind of cost analysis on the economic impacts of complying with Part 2 

and 3.C, the Respondent abused its discretion, and acted arbitrarily and 

capriciously. 

Respondent's only finding regarding its compliance with the 

requirement that it consider "economics" in adopting the Permit was its 

boilerplate statement that "[tlhe Regional Board has considered the 

requirements of 9 13263 and 5 13241 . . . in developing these waste 
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discharge requirements." (18 AA 4699.) Such a finding is a clear 

admission that "economic" impacts should have been considered, but is 

wholly deficient as a finding to meet the requirement of the statute, as it is 

boilerplate, and without any supporting evidence. (American Funeral 

Concepts-American Cremation Society v. Board of Funeral Directors & 

Embalmers ( "American Funeral ") (1 982) 136 Cal.App.3d 303, 309, "To 

pass muster findings must reveal the lines of factual and legal conclusions 

upon which the board relies.") 

"The absence of specific findings prevents [the Court] from 

fulfilling [its] duty under Code of Civil Procedure section 1094.5 to 

conduct a meaningful judicial review of the challenged administrative 

decisions." (Glendale Memorial Hospital & Health Center v. State Dept. 

of Mental Health ("Glendale Memorial") (200 1) 9 1 Cal.App.4th 129, 140 

[conclusory findings require remand to agency].) Moreover, 

Respondent's unsupported finding in no way acts "to bridge the analytic 

gap between the raw evidence and ultimate decision or order." (Topanga 

Assn. for Scenic Community v. County of Los Angeles ("Topanga") (1 974) 

11 Cal.3d 506, 5 15.) 

A writ should have been issued in this regard, as the "economic" 

impacts of Parts 2 and 3.C were never considered, as required by law. 
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3. Respondent Was Required to Consider the Need for 
Developing Housinp Within the Region 

As it did with respect to the application of section 13241 on the 

issue of "economics," the trial court found that, with respect to the need to 

consider "housing" in the region, "[tlhe Court disagrees that the statute 

applies to the Regional Board's actions in adopting the permit." (37 AA 

9773, Phase I1 SOD 23.) The trial court's decision again flies directly in 

the face of the Burbank decision, where there the Court held that, "Section 

13263 directs regional boards, when issuing wastewater discharge 

permits, to take into account various factors including those set out in 

Section 13241." (35 Cal.4th 613, 625.) As the trial court's decision is 

directly contrary to controlling precedent, the court erred in concluding 

Respondent need not comply with the requirements of State law. 

Also, as it did with the issue of "economics," the trial court went on 

to find that although Respondent was not required to consider the need for 

"housing" when adopting the Permit, there was "evidence in the record 

that shows the issue of housing was considered." (37 AA 9774, Phase I1 

SOD 24.) Yet, the evidence it cites to is largely evidence submitted by the 

Petitioners, evidence Respondent refused to even consider. 

Under existing State law, "[tlhe availability of housing is of vital 

statewide importance" and is "a priority of the highest order." 

(Government Code tj 65580(a); emph. added.) Of particular concern is 

RB-AR7869



the "provision of housing affordable to low- and moderate-income 

households," and the Legislature has stressed that "Local and state 

governments have a responsibility to use the powers vested in them to 

facilitate the improvement and development of housing to make adequate 

provision for the housing needs of all economic segments of the 

community" (Govt. Code 5 65580(c),(d); emph. added.) Undoubtedly, in 

part for this reason, the PCA requires that Respondent consider the 

impacts of its WDRs on regional housing needs before adopting discharge 

requirements. (5 1324 1 (e).) Section 13241 (e) provides that "factors to be 

considered by a regional board in establishing water quality objectives 

shall include, but not necessarily be limited to . . . (e) m e  need for 

developing housing within the region." (5 1324 1 (e), emph. added.) 

There can be no real dispute that Parts 2 and 4 of the Permit will 

have significant impacts on the development of housing in the Los 

Angeles region. First, the SUSMP provisions contained in the 

"Development Planning Program" in Part 4.D of the Permit (1 8 AA 4722- 

4725) impose new s t o m  water runoff controls on a broad range of 

commercial, residential and industrial development projects. The 

SUSMP requirements specifically apply to "the following categories of 

developments: "(1) Ten or more unit homes (includes single family 

homes, mult~amily homes, condominiums, and apartments)," and 

"(7) Redevelopment projects in the subject categories that meet 

RB-AR7870



Redevelopment thresholds." (1 8 AA 4723 .) (Redevelopment is defined, 

in relevant part, as i.e., "land-disturbing activity that results in the 

creation, addition, or replacement of 5,000 square feet or more of 

impervious surface area on an already developed site." 18 AA 4746.) 

The Permit additionally imposes specific "Numerical Design 

Criteria" and "post-construction Treatment Control BMPs" to mitigate 

storm water pollution on "b) Housing developments (includes single 

family homes, multz~amily homes, condominiums, and apartments) of 

ten units or more." (1 8 AA 4724, emph. added.) 

Beyond directly regulating housing developments, the Permit 

indirectly impacts housing availability and housing costs by imposing 

extensive new controls on construction sites. For example, the Permit 

provides that the Permittees may require that construction sites retain all 

sediment runoff, and may limit grading activities to particular seasonal 

periods, i.e., no grading during the wet season. (1 8 AA 4729.) 

Moreover, the Permit impacts housing by placing specific 

restrictions on maintenance and transferability. Owners of all residential 

developments subject to the SUSMP, in addition to implementing site- 

specific development controls, must also enter into maintenance and 

transfer agreements, which, among other things, impose written 

conditions on sales and leases, and require covenants and 

restrictions("CCRs") on title to residential properties. (1 8 AA 4726.) 
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Also, the treatment control BMPs needed to comply with Parts 2 

and 3.C will require a significant amount of land ($6.1 billion worth, as 

estimated in the Caltrans Report, R6091), which will plainly have an 

impact on the availability of land for housing and the cost of land and 

housing within the region. 

Furthermore, the record is replete with evidence regarding the 

potential impact of the various Permit provisions on housing availability 

and costs in the Los Angeles Region. 

Less than one half of the Los Angeles families 
earning a medium income can afford a medium priced 
home today. This is 20 percent below national levels. . . . 
At any given night here in the southland, 100,000 people 
do not have a place to sleep at  night that they call home. 
50 percent of those are children and 50 percent of those 
are children under the age of five. 

. . . The regulations that were proposed and 
adopted by the L.A. Board do not take into account any 
variation in housing type. Ten units of single-family 
detached housing are treated the same as ten units of 
rnulti-family condominiums. This is a one-size-fits-all 
[edict] which shows no sensitivity to affordable and 
(inaudible) housing. 

Worse, the proposed regulation hits in-fill hardest 
where land is scarce and expensive. Most in-fill projects 
are site-constrained. Site-specific volumetric controls 
could become a major expense for these projects. 
According to the Department of Housing and 
Redevelopment's recently issued report, Raising the 
Roof, most of the state has enough land capacity to 
accommodate housing needs, except Los Angeles. Let me 
repeat that. Except Los Angeles County. (Testimony of 
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Dee Zinke, Executive Officer for the Building, Industry 
Association for the Greater Los Angeles and Ventura 
Counties; R73 8 1 1 - 13 .) 

[Tlhere are two areas that concern me as someone 
trying to provide housing for people in California. 

One is the requirement that post-development 
run-off shall not exceed the predevelopment run-off on 
property, and the other is the requirement on housing of 
ten units or more, whether they're multi-family or not. 
This makes it very difficult to do in-fill housing, which is 
what's mandated by most of our comprehensive plans 
and smart growth concepts to reuse brown fields to 
provide in-fill housing and to increase density within 
cities. I t  makes it very difficult to take a one-acre parcel 
that's in a downtown area and put ten units on it. It's 
almost impossible to reach that prerun-off stage from a 
technical point of view as a builder. (Lynn Jacobs, 
President of Ventura Affordable Homes; R73745.) 

In addition to this testimony, letters submitted to Respondent stress 

the lack of adequate available housing in the Region and the Permit's 

impact on housing: 

Regulations such as this Proposed Permit can 
have a detrimental affect on our members' ability to 
provide more affordable urban, infill homeownership 
opportunities. California has 9 of the nation's 10 least 
affordable housing markets, including 7 of the top 7. A 
kindergarten teacher in Downtown Los Angeles needs 
over $78,096 in additional income to afford the median- 
priced home. Yet, we are under-producing housing. Last 
year marked the 10th consecutive year of housing 
production at  roughly 50 percent of demand. (R2037.) 

I t  is not clear why residential development is even 
included as a priority development category when the 
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water quality data collected to date has not shown 
residential land use to be of a high concern. 
Furthermore, even if residential development is included 
as a priority development, there is no reason why it 
should have a lower threshold (lo+ homes) than 
commercial/industrial development (100,000 square feet) 
when the water quality data shows that commercial and 
industrial land use is of much higher concern than 
residential land use. Also, the inclusion of residential 
development in the SUSMP, is helping to prevent "smart 
growth" by creating a disincentive to high density, infill 
development that is needed to responsibly increase 
housing supply and affordability in urban, job rich areas 
of Los Angeles. (W042.) 

Despite this and other evidence showing that that the Permit places 

significant new and costly burdens on the development and 

redevelopment of housing within the Region, Respondent made no 

specific finding that it had considered the impact of the Permit on the 

"need for developing housing within the region." (5 13241(e).) 

Rather, as with economics, Respondent's only finding regarding its 

compliance with the requirement that it consider the "need for housing 

within the region" was its boilerplate statement that "[tlhe regional Board 

has considered the requirements of $ 13263 and 5 1324 1 . . . in developing 

these waste discharge requirements." (1 8 AA 4699.) While this finding is 

a clear admission that "housing impacts" should have been considered, it 

is wholly insufficient as a finding, as it is boilerplate, does not even refer 

to housing, and is without supporting evidence. (American Funeral, 
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supra, 136 Cal.App.3d 303, 309; Glendale Memorial, supra, 91 

Cal.App.4th 129, 140; Topanga, supra, 1 1 Cal.3d 506, 5 15.) 

The Regional Board's failure to a make an adequate finding, 

supported by evidence, that it properly considered the "need for housing 

within the region" as required by section 13241 was an abuse of 

discretion, and the trial court should have issued a writ of mandate 

invalidating the Permit for this reason. (Hadley v. City of Ontario (1976) 

43 Cal.App.3d 121, 129.) 

4. Respondent Failed to Perform a Cost-Benefit 
Analysis Before Imposinp Monitoring and report in^ 
Obligations under the Permit 

State law mandates that Respondent conduct a cost-benefit analysis 

before imposing monitoring and reporting obligations through waste 

discharge requirements (9 13267(b)), or before imposing, on local 

agencies, an obligation to investigate and report on technical factors 

involved in water quality control or to obtain and submit analyses of 

water. ($8 13225(c) and 13165.) 

In this case, the trial court wrongly concluded that the costhenefit 

requirements under State law did not apply, finding that federal authority 

mandates a monitoring and reporting program, but does not require an 

additional costhenefit analysis in imposing such requirements. (37 AA 

9769.) Yet, the trial court pointed to nothing in federal law which 

"forbids" a state from imposing a monitoring program that has benefits 
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that are reasonably related to its costs. (Burbank, supra, 35 Cal.4th 613, 

626.) The trial court erred in failing to issue a writ of mandate, as 

Respondent was required to comply with Water Code sections 13267(b) 

and 13225(c) in imposing the monitoring and reporting requirements 

under the subject NPDES Permit. 

The trial court also erred when finding that "for those Petitioners 

who were part of the joint ROWD submission, the doctrines of estoppel 

and waiver apply" (37 AA 9769), and in dismissing the Petitioners 

declaratory relief claim in this regard with respect to future WDRs and 

NPDES Permits. (See discussion infra.) 

Finally, the trial court wrongly found that even if the Respondent 

"was required to consider the costs and benefits of the Permit, there is 

substantial evidence in the record of this consideration." (37 AA 9770.) 

In fact, there is no evidence in the record to support a finding that a 

costbenefit analysis was ever conducted. To the contrary, the evidence 

shows Respondent explicitly rejected Petitioners' assertion that it was 

required to perform such an analysis. (R7950.) 

Section 13267, entitled "Investigation of Water Quality; Report; 

Inspection of Facilities," provides, in part, as follows: 

(b)(l) In conducting an investigation specified in 
subdivision (a), the regional board may require that any 
person who has discharged . . . furnish, under penalty of 
perjury, technical or monitoring program reports which 
the regional board requires. The burden, including 
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costs, of these reports shall bear a reasonable 
relationship to the need for the report and the benefits to 
be obtained from the reports. In requiring those reports, 
the regional board shall provide the person with a written 
explanation with regard to the need for the reports, and 
shall identify the evidence that supports requiring that 
person to provide the reports. (Emph. added.) 

Here, as the Respondent imposed "waste discharge requirements" 

on the Cities requiring monitoring and technical reporting, a costbenefit 

analysis was required, along with a "written explanation with regard to 

the need for the reports" and the evidence that supports requiring the 

reports. (5 l3267(b)(l).) 

Similarly, section 13225 required Respondent to conduct a 

costbenefit analysis, as the Permit required the Cities, i.e. "local 

agencies," to investigate and report on technical factors involved with 

water quality. Section 13225(c) provides that each regional board, with 

respect to its region, shall: 

(c) Require as necessary any state or local agency 
to investigate and report on any technical factors involved in 
water quality control or to obtain and submit analyses of 
water; provided that the burden, including costs, of such 
reports shall bear a reasonable relationship to the need 
for the report and the benefits to be obtained therefrom. 
(Emph. added.)I5 

l 5  See also 5 13165, imposing this same requirement on the State Board 
when it requires a "local agency" to "investigate and report on any 
technical factors involved in water quality control". Section 13 165 
confirms the legislature's intent for both the State and Regional Boards to 
conduct a costbenefit analysis before imposing monitoring and reporting 
obligations on municipalities. 
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Thus, both sections 13267 and 13225(c) imposed a clear statutory 

duty on Respondent to conduct a costlbenefit assessment before imposing 

and monitoring and reporting program upon the Cities. 

The Permit's monitoring and reporting requirements are extensive. 

(30 AA 7835-7854.) Part 6.A.4 of the Pennit requires the Permittees to 

comply with the "Monitoring and Reporting Program," (attached to the 

Permit at pages T-1 through T-20) "in the same manner as with the rest of 

the requirements in the permit." (18 AA 4751.) Section 1 of the 

Monitoring and Reporting Program, entitled "Program Reporting 

Requirements" requires: 

Each Permittee shall submit an Individual Annual 
Report to the Principal Permittee, by the date determined by 
the Principal Permittee, to be included in the Unified Annual 
Report. . . . Specific requirements that must be addressed in 
Annual Reports are listed below. (30 AA 7836.) 

Section B of the Monitoring and Reporting Program sets forth a 

detailed description of what is to be included in the Individual Annual 

Reports. There is no indication, however, anywhere in the Permit or in 

the administrative record, that a costlbenefit analysis, as required by 

sections 13225(c) and 13267(b), was ever conducted, to consider the costs 

versus the benefits of the Individual Annual Reports. Nor is there any 

evidence Respondent prepared the requisite "written explanation" of the 

need for the reports or identified the evidence that supports requiring the 

reports. ( 5  13267(b).) 
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Additionally, the " Trash Monitoring" section of the Monitoring 

and Reporting Program required by the Permit, provides: 

1. The Principle Permittee and Permittees in Los 
Angeles River and Ballona Creek WMAs (listed in Permit 
Attachment A) shall develop and implement a trash 
monitoring program for the Los Angeles River and 
Ballona Creek Watersheds no later than October 15, 
2002. The monitoring program and schedule shall be 
consistent with and pursuant to CWC 5 13267 "Request for 
Trash Monitoring," issued by the Regional Board on 
December 2 1,200 1. For the first two years of monitoring, 
either of the following formats for monitoring plans may be 
used: 

2. Permittees shall report data in a single unit of 
measure that is reproducible and measures the amount of 
trash, irrespective of water content, (e.g., compacted volume 
based on a standardized compaction rate, or dry weight). 
Permittees rnust select the unit, but all Permittees rnust use 
the same unit of measure. 

3. Following the first two years of data collection, 
Permittees shall conduct compliance monitoring, which 
involves calculating trash loading as a running three-year 
average (estimated total load discharge from 2003-2006, 
divided by three). (30 AA 7846-47; emphasis added). 

The Permit's express terms thus require substantial and detailed 

reporting and monitoring of trash for those Permittees that are within the 

Los Angeles River and Ballona Creek WMAs, yet, there is no evidence 

Respondent ever analyzed the relationship between the costs and benefits 

of the trash monitoring and technical reporting requirements mandated by 

the Permit. To the contrary, the evidence shows Respondent did not 

conduct a codbenefit analysis, as they repeatedly asserted no such 
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costlbenefit analysis was necessary. (See, e.g., R7950, "We are, in fact, 

not legally required to do a costlbeneft analysis.") Moreover, the only 

evidence before the Regional Board on the monitoring and reporting 

mandates in the Permit, pointed to defects in the monitoring and reporting 

program, and the lack of any benefit of these requirements. 

Mr. Alvarez: . . .The last issue I would like to 
address is the monitoring requirement section. 
Monitoring requirements of the permit will 
not collect the information that will assist 
you or us in determining the effectiveness of 
the storm water permit. 

These are costly data collection efforts that 
should be replaced with better targeted 
monitoring programs. This section also 
imposes monitoring programs to the 
Permittees which parallel those required to 
track the TMDL and to avoid duplication of 
effort and reasonable expenditures. We 
suggest such language be removed. (R4212- 
13, Testimony of Desi Alvarez, Director of 
Public Works, City of Downey.) 

In addition, none of the "evidence" cited by the trial court supports 

the contention that any kind of codbenefit analysis was conducted. In 

fact, the majority of the documents cited to support the court's finding do 

not even mention the costs of the program, let alone demonstrate 

Respondent conducted a cost-benefit analysis of the challenged programs, 

as required under the PCA. For example, the trial court cited R1291, 

R1541, R1988, R1999, R2776, R2882, and R6611 as evidence 
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"documenting Regional Board meetings." (37 AA 9770.) But an 

examination of these documents (which consist of meeting agendas) 

reveals that not one of these meetings was devoted to discussing the 

program's costs and benefits. (See R1291, R1541, R1988, R1998, R2776, 

R2882, R6611.) Likewise, the pages of the Fact Sheet cited to by the trial 

court do not contain a single word about costs. (R8078, R8080.) 

Moreover, there is no evidence that the "written explanation with 

regard to the need for these reports" was ever provided to the Cities. 

( 5  13267(b)(l).) Instead, Respondent explicitly rejected the concept of 

conducting a costbenefit analysis. (R7950, "We are, in fact, not legally 

required to do a cost benefit analysis.") 

Further evidence of the Respondent's refusal to conduct a 

costbenefit analysis, is the lack of a single finding that such an analysis 

was conducted. It is well-settled that the lack of required findings in 

support of an administrative action is a prejudicial abuse of discretion, 

requiring issuance of a writ of mandate. (See, e.g., Topanga, supra, 11 

Cal.3d 506, 5 14- 17 [agency must make findings supporting administrative 

action]; FairJield v. Superior Court of Solano County (1975) 14 Cal.3d 

768, 779 [same]; Usher v. County of Monterey (1998) 65 Cal.App.4th 

210, 220) [failure to make findings requires reversal and remand to 

agency]; Respers v. University of Cal. Retirement System (1985) 171 
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Cal.App.3d 864, 873; Eureka Teachers Assn. v. Board of Education 

(1988) 199 Cal.App.3d 353,368 [same].) 

Finally, the trial court rejected the need for a costhenefit analysis, 

by finding that "for those Petitioners who were part of a joint ROWD 

submission, the doctrines of estoppel and waiver applied." (37 AA 9769.) 

The trial court made this determination in spite of repeated and clear 

objections to the Permit, prior to its adoption, that a codbenefit analysis 

was required. (See, e.g., R2130, R4760, and R6533.) 

Furthermore, the trial court made this determination in spite of the 

fact that the ROWD submission referenced by the Court was prepared and 

submitted by the County of Los Angeles, not the Cities. (Rl-2.) 

Although the ROWD was submitted by the County on behalf of all of the 

cities in the Permit, the document was not prepared or signed by the 

Cities. (Id.) In addition, neither BILD nor CICWQ were parties to the 

ROWD submission, and thus, there can be no argument that these 

Petitioners are somehow estopped or that they waived their right to assert 

that the Respondent failed to conduct a costhenefit analysis, as required 

by law.I6 

The trial court also failed to make a finding that any of the 

elements of estoppel or waiver have been met, or even what such elements 

l 6  This fact was recognized by the trial court, as it found that estoppel 
and waiver applied only "for those Petitioners who were part of a joint 
ROWD submission." (AA 9747.) 
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were, much less explain why it was necessary to invoke estoppel against 

public agencies, to "avoid grave injustice." (37 AA 9769.) "In general, 

the four requisite elements for application of the doctrine of equitable 

estoppel are: (1) the party to be estopped must be apprised of the facts; (2) 

he must intend that his conduct shall be acted upon, or must so act that the 

party asserting the estoppel had a right to believe it was so intended; (3) 

the other party must be ignorant of the true state of facts; and (4) he 

must rely upon the conduct to his injury." (County of Sonoma, supra, 

231 Cal.App.3d 1289, 1295.) Further, estoppel will only be applied 

against a governmental body "in unusual instances when necessary to 

avoid grave injustice and when the result will not defeat a strong public 

policy." (Hughes v. Board of Architectural Examiners (1 998) 17 Cal.4th 

763,793.) 

Here, the Regional Board cannot invoke the doctrine of estoppel 

against Petitioners both because 1) the Regional Board was not "ignorant 

of the true state of facts (i.e., the Petitioners' true positions with regard to 

the monitoring and reporting requirements), and 2) the Regional Board 

did not rely on the submission of the ROWD "to its detriment." (County 

of Sonoma, supra, 231 Cal.App.3d 1289, 1295.) If there was any 

confusion about Petitioners' endorsement of the terms of the ROWD, it 

was made clear to Respondent on numerous occasions, before the 

adoption of the Permit, both through oral objections made by Petitioners 
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and through written comments submitted on their behalf. (See e.g. 

R4212-13, July 26, 2001 Testimony of Desi Alvarez; R2130, May 15, 

2001 Comments/Objections to Draft Permit; R4760, August 6, 2001 

Comments/Objections to Draft Perrnit; and R6533, November 13, 2001 

Comments/Objections.) 

Thus, the Regional Board cannot claim it relied on a belief that 

Petitioners' supported the monitoring and reporting program when it 

adopted the Permit, much less show that it relied on such belief "to its 

injury." (County of Sonoma, supra, 23 1 Cal.App.3d 1289, 1295.) 

Similarly the trial court's finding that "waiver appl[ies]" here is 

baseless. Waiver requires "a clear, unequivocal, and decisive act" by the 

waiving party demonstrating an "intentional relinquishment of a known 

right." (First Nat'l Bank, supra, 123 Cal. 360, 368; A. J. Industries, Inc. v. 

Ver Halen (1977) 75 Cal.App.3d 751, 759.) As discussed above, 

Appellants not only did not intentionally relinquish their right to challenge 

the monitoring and reporting program, they exercised it at every 

opportunity, objecting on numerous occasions before the adoption of the 

Permit, that a costhenefit analysis was required. Thus, Appellants clearly 

did not waive their right to make such an objection. (A. J. Industries, Inc. 

v. Ver Halen, supra, 75 Cal.App. 3d, 75 1, 759.) 

The trial court erred in refusing to issue the writ of mandate on the 

ground that Respondents failed to conduct a codbenefit analysis as 
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compelled by State law, and in refusing to provide declaratory relief in 

this regard to interpret State law and bind future actions of the 

Respondent. 

5. Numerous Pennit Terms Violate Water Code Section 
13360 

Section 13360 prohibits a regional board from specifying the 

"design" or the "particular manner" by which a permittee must comply 

with WDRs or other orders of the regional or State Board. In this case, 

the trial court found again that State law need not be complied with, 

finding this prohibition was "inconsistent" with federal law. (37 AA 

9776.) 

On the one hand, the trial court wrongly found that "specific 

programs required under the Clean Water Act must take precedence over 

any statute within the Water Code," and that section 13360 would create 

an "inconsistency" with federal requirements, and thus that "federal 

requirements must take precedence over Water Code section 13360." (37 

AA 9776.) On the other hand, the trial court expressly recognized that 

EPA regulations "should not set forth the specific requirements for 

permits because individual MS4 pennit writers will determine the 

requirements adequate for their specific situations." (37 AA 97'75.) 

Of course, both analyses cannot be correct, i.e. if the federal 

requirements do not set forth the specific requirements for an individual 
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MS4 Permit, then there are no "specific requirements" under the CWA 

which take precedence "over any statute within the Water Code." (Id. at 

25 & 26.) Clearly here, federal law does not "forbid" the State from 

prohibiting a particular manner of compliance under section 13360, and 

Respondent was required to have complied with section 13360. (Burbank, 

supra, 35 ~ a l . 4 ' ~  613, 626.) 

Section 13360(a) provides as follows: 

No waste discharge requirement or other 
order of a regional board or the state board 
or decree of a court issued under this division 
shall specify the design, location, type of 
construction, or particular manner in 
which compliance may be had with that 
requirement, order, or decree, and the 
persons so ordered shall be permitted to 
comply with the order in any lawful manner. 
( 5  l336O(a), emph. added) 

"Section 13360 says that the Water Board may not prescribe the 

manner in which compliance may be achieved with the discharge 

standard. That is to say, the Water Board may identzfj the disease and 

command that it be cured but not dictate the cure." (Tahoe-Sierra 

Preservation Council v. State Water Resources Control Board ("Tahoe- 

Sierra") (1989) 21 0 Cal.App.3d 1421, 1438, emph. added; see also 16 Op. 

Cal. Atty. Gen. 200, 2001 (195 1) ["a regional board may prescribe only 

the end result to be attained . . .It may not control the manner of 

achieving this result."] 
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The purpose of the statute is thus to allow regulated parties to 

determine the most cost effective and efficient means of compliance based 

on their individual circumstances. (Id.) (Tahoe-Sierra, supra, 2 10 

Cal.App.3d at 1438 "Section 13360 is a shield against unwarranted 

interference with the ingenuity of the parties subject to a waste discharge 

requirement. . . It preserves the freedom of persons who are subject to a 

discharge standard to elect between available strategies to comply with 

that standard."; (Tahoe-Sierra, supra, 2 10 Cal.App.3d 142 1, 1438; 

emphasis added.) Therefore, a provision in a set of WDRs, such as the 

Permit in issue, that improperly dictates the method of compliance is 

invalid. 

In the Matter of Petitions of the Cities of San Jose and Santa Clara, 

State Board Order No. WQ 80-6 (23 AA 6185), the State Board applied 

section 13360 to strike an overly prescriptive provision in an NPDES 

permit because it improperly directed the 'hanner of compliance" and 

intruded on matters of "local politics." (23 AA 61 86.) 

The State Board further found that: 

Water Code Section 13360 states that the 
Regional Board may not specify the manner in 
which a discharger must comply with the 
requirements, except under certain 
circumstances which are not present in this 
case. . . . The discharge in this case is 
governed by an NPDES permit issued 
pursuant to the Clean Water Act (33 U.S.C. 
466 et seq.) and the Water Code. We know 
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of no federal regulation which might 
supersede the terms of the Water Code and 
empower the Regional Board to require that a 
particular entity operate a facility subject to an 
NPDES permit. (Id. at "6-7; 23 AA 61 86.) 

(Also see State Board Order No. WQ 83-3, where the State Board struck 

down four of fourteen BMPs imposed by a Regional Board upon the 

United States Forest Service, that went "beyond the Regional Board's 

authority to limit discharges by requiring the USFS to comply with 

detailed prescriptions [which] clearly speciflied] the manner of 

compliance." 23 AA 61 89.) 

The Permit in issue contains a number of provisions where 

Respondent improperly sought to dictate the cure, i.e., the specific manner 

of compliance. For purposes of this appeal, however, Petitioners 

challenge only two of these violations: (1) those provisions under Part 4.D 

which impose a particular "Numeric Design Criteria" on the Permittees, as 

the means of complying with the SUSMP requirements under the Permit 

(18 AA 4723-24); and (2) Part 4.F.5, which compels certain Cities to 

"place trash receptacles at all transit stops within [their] jurisdiction," and 

to thereafter maintain such trash receptacles (1 8 AA 4736). 

First, Part 4.D.3, entitled "Numeric Design Criteria," imposes a 

series of specific design criteria for a "Volumetric Treatment Control 

BMP," as well as specific design criteria for a "Flow Based Treatment 

Control BMP." (18 AA 4723-24.) Under Part 4.D.4 entitled 
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"Applicability of Numeric Design Criteria, " the Permit then compels the 

Permittees to require builders and developers "to design and implement" 

only those post-construction treatment controls which meet the specified 

"Numeric Design Criteria." (1 8 AA 4724.) 

Volumetric Treatment Control BMPs are to be designed to 

infiltrate, filter or treat stormwater runoff to address either "the 85'" 

percentile 24-hour runoff event determined as the maximized capture 

stormwater volume for the area," or the "volume of annual runoff based 

on unit basin storage water quality volume to achieve 80 percent or more 

volume treatment," or the "the volume of runoff produced from a 0.75 

inch storm event, prior to its discharge to a stormwater conveyance 

system," or finally, the "volume of runoff produced from a historical- 

record based referenced 24-hour rainfall criterion for "treatment (0.75 

inch average for the Los Angeles County area) that achieves 

approximately the same reduction in pollutant loads achieved by the 85" 

percentile 24-hour runoff event." (1 8 AA 4723-24.) 

Similarly, any Flow Based Treatment Control BMP must meet 

specific design criteria, i.e., to address "the flow of runoff produced from 

a rain event equal to at least 0.2 inches per hour intensity;" or "the flow of 

runoff produced from a rain event equal to at least two times the 85th 

percentile hourly rainfall intensity for Los Angeles County" or "the flow 
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of runoff . . . treated using the volumetric standards above." (18 AA 

4724.) 

In all cases, the specific "Numeric Design Criteria" imposed for 

either a "Volumetric Treatment Control Board," or a "Flow Based 

Treatment Control BMP," are required as a post-construction treatment 

control for each of the Planning Priority Projects described in the Permit 

in Part 4.D.4. Accordingly, Respondent has imposed a waste discharge 

requirement specifying the "design, location, type of construction or 

particular manner in which compliance may be had" by requiring 

compliance with "Numeric Design Criteria." ( 5  13360.) Moreover, 

nothing under federal law requires such specificity. The trial court erred 

in failing to find that the very specific Numeric Design Criteria imposed 

upon the Permittees was not contrary to section 13360. 

A second violation of section 13360 exists in Part 4.FS.c.3, where 

Respondent compelled those Permittees that are not subject to a trash 

TMDL, to "place trash receptacles at all transit stops within [their] 

jurisdiction," and required that all such trash receptacles be "maintained as 

necessary." (18 AA 4'736.) Again, nothing under federal law requires 

such specificity, and Respondent has not only identified the disease of 

trash, but has specifically dictated the cure, i.e., placing and maintaining 

trash receptacles "at all transit stops." 
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A writ of mandate should have issued, and the trial court erred in 

finding that section 13360 was preempted by federal law. 

D. Respondent Admittedly Failed to Comply with CEQA 
when Issuing the Subject Permit 

In the proceeding below, the trial court wrongly concluded that 

"the issuance of the subject permit was exempt from all aspects of 

CEQA." (37 AA 9739.) In doing so, the court ignored the plain language 

of section 13389, and its limited application as an exemption only from 

Chapter 3 of CEQA. The court also improperly found that complying 

with the policy requirements in Chapters 1 and 2.6 of CEQA would render 

the exemption illusory, finding that the adoption of the Permit in 

accordance with CEQA would somehow be inconsistent with federal law. 

(37 AA 9740.) Yet, nothing in federal law in anyway prevented 

Respondent from complying with its statutory obligations under CEQA, 

and its failure to assess the potentially significant adverse environmental 

impacts created by the subject Permit was an abuse of discretion. 

CEQA requires all levels of California government to identify and 

analyze the effects of projects on the environment, and to minimize 

potential adverse effects through feasible mitigation measures or the 

selection of feasible alternatives. (Sierra Club v. State Bd. of Forestry 

("Sierra Club ") (1994) 7 Cal.4th 1215, 1233.) CEQA contains a 

"substantive mandate" that public agencies refrain from approving 

RB-AR7891



projects with significant environmental effects if "there are feasible 

alternatives or mitigation measures available which would substantially 

lessen" or avoid those effects. (Mountain Lion Foundation v. Fish & 

Game Corn. ("Mountain Lion ") (1997) 16 Cal.4th 105, 134; also see 

Arcadia v. State Board, supra, 2006 DJDAR 1145, 1 152.) 

Section 13389 provides that "[nleither the state board nor the 

regional boards shall be required to comply with the provisions of 

Chapter 3 (commencing with Section 2 1 100) of Division 13 of the Public 

Resources Code (Chapter 3 of CEQA) prior to the adoption of any waste 

discharge requirement." By its own express terms, this exemption only 

exempts a regional board from complying with Chapter 3 of CEQA, i.e., 

from preparing a formal Environmental Impact Report prior to adopting 

WDRs. Moreover, the State Board's own regulations specify that 

section 13389 "does not apply to the policy provisions of Chapter 1 of 

CEQA." (23 CCR 5 3733 (emph. added).) 

State Board decisions further confirm that section 13389 is a 

limited exemption. For example, in In the Matter of the Petition of Robert 

and Federick Kirtlan, State Board Order No. WQ75-8, (1 8 AA 4782)' the 

State Board found the Regional Board was subject to the policy provisions 

of CEQA in spite of section 13389, and, that it was required to have 

complied with Chapters I and 2.6 of CEQA. (1 8 AA 4784.) Similarly, 

in In the Matter of the Petition of the Sierra Club, San Diego Chapter, 
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State Board Order No. WQ84-7 (18 AA 4792), the Board concluded that 

"Section 13389 does not exempt Regional Boards from the policy 

provisions of CEQA (PRC $21000 - 21100)." (1 8 AA 4797.) 

In addition, in the Permit itself, Respondent recognizes it is not 

exempt from all parts of CEQA, as it specifically provides that its terms 

are exempt from "Chapter 3 of CEQA." (See 18 AA 4702, Permit 

Finding G(6).) 

Thus, it is clear that the exemption under section 13389 is limited, 

and that Respondent was not exempt from complying with "all aspects of 

CEQA" when adopting the Permit. (See also Sierra Club, supra, 7 

Cal.4th 12 1 5 ,  1233 [project proponent had substantive obligation to 

identify and mitigate the significant impacts of the proposed project, 

despite exemption from Chapters 3 and 4 of CEQA]; Environmental 

Protection Info. Ctr., Inc. v. Johnson (1985) 170 Cal.App.3d 604, 624-25 

[cumulative environmental impacts for a timber harvest plan had to be 

evaluated despite a partial exemption from Chapters 3 and 4 of CEQA].) 

As the primary purpose of CEQA is to afford the fullest possible 

protection to the environment within the reasonable scope of the statutory 

language (see No Oil, Inc. v. Los Angeles (1 974) 13 Cal.3d 68, 83), the 

Legislature established a "substantive mandate" requiring that all public 

agencies consider the environmental consequences of a proposed project, 

including permitting actions, and to explore feasible alternatives and 
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mitigation measures prior to the approval of any such project. (PRC 

2 1002; also see Mountain Lion, supra, 16 Cal.4th 105, 134.) 

In addition, under section 13372(a), section 13389 (a part of 

Chapter 5.5 of the PCA) "only applies to actions required under the 

Federal Water Pollution Control Act. . . ." (Water Code 5 13372(a).) 

Therefore, section 13389 exempts Respondent from compliance with 

Chapter 3 of CEQA only to the extent its actions are "required" by the 

CWA. ($5 13372(a) and 13389.) As discussed at length above, the CWA 

does not "require" that the Cities strictly comply with state water quality 

standards, or to impose specific "Numeric Design Criteria" on Appellants. 

As a result, at a minimum, Respondent was required to have performed an 

environmental analysis of the adverse impacts to the environment from 

requiring compliance with Parts 2,3.C and 4.D of the Permit. 

In Arcadia v. State Board, supra, 2006 DJDAR 1145, the Fourth 

District Court of Appeal invalidated a Trash TMDL for the Los Angeles 

River, on the grounds the Respondent State and Regional Boards' CEQA 

documentation was "inadequate," finding that a tiered "EIR," or 

"functional equivalent" was required. (Id. at 1154.) The Arcadia Court 

discussed the impacts that may result from the construction of certain 

pollution control devices the TMDL required to be installed - devices not 

dissimilar from the post construction SUSMP devices to be installed under 

the subject Permit - and found that: 
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The Trash TMDL estimates the cost of 
installing low capacity VSS [vortex separation 
systems] units would be $945 million and the 
cost of installing large capacity VSS units 
would be $332 million. 

The checklist and the Trash TMDL, however, 
ignore the temporary impacts of the 
construction of these pollution controls, which 
logically may result in soils disruptions and 
displacements, an increase in noise levels and 
changes in traffic circulation . . . The checklist 
and the Trash TMDL also ignore the effects of 
increased street sweeping on air quality, and 
possible impacts caused by maintenance of 
catch basin inserts, VSS units and other 
compliance methods.) (Id.) 

In the present case, the Trash TMDL (which is specifically 

referenced in the subject Permit, 18 AA 4697, is one of the TMDLs to be 

incorporated into the Permit pursuant to Part 3.C, and is thus one of the 

water quality standards which must be strictly complied with under Part 2 

of the permit.17 

l 7  Finding E. 8 of the Permit provides, in part, as follows: 

"A TMDL specifies the maximum amount of a 
pollutant that a water-body can receive can receive, 
still meet applicable water quality standards and 
protect beneficial uses . . . . This permit incorporates 
a provision to implement and enforce approved load 
allocations for municipal storm water discharges and 
requires amending the SQMP after pollutants loads 
have been allocated and approved." (Emphasis 
added.) 
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The cost of installing pollution control devices as needed to strictly 

comply with water standards, is estimated in the Caltrans study as more 

than $50 billion. (R 6089.) The installation of these treatment systems 

and units throughout the County, will obviously have potentially 

significant adverse impacts on the environment, as will the installation of 

the treatment control devices to meet the SUSMP requirements. (See 

Arcadia v. State Board, supra, 2006 DJ DAR 1 145, 1 154.) 

In Committee for a Progressive Gilroy v. State Water Resources 

Control Bd. (1 98 1) 192 Cal.App.3d 847, the plaintiff brought suit arguing 

respondents had failed to comply with CEQA in establishing WDRs for 

the operation of a municipal sewage treatment facility. The Court 

sustained the trial court's denial of the writ of mandate on the grounds that 

CEQA had been complied with. However, in response to the City's 

argument that section 13389 exempted the project from CEQA 

compliance, the Court rejected the argument and held: 

The flaw in this argument, as plaintiff 
correctly notes, is that both the cities and the 
Pacific Water court ignore the limitation 
placed upon this exemption by Water Code 
section 133 72. This section provides that 
the "provisions of this chapter [which 
includes section 133891 shall apply only to 
actions required under the Federal Water 
Pollution Control Act, as amended." The 
challenged orders here were issued under the 
exclusive authority of the Porter-Cologne Act 
and were not required by the Federal Water 
Pollution Control Act. The cities do not 
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contend otherwise. By terms of the statutes 
read as a whole, the exemption under Water 
Code section 13389 simply does not apply in 
this case, a point conceded by the boards. (Id. 
at 862 [italics in original, bold face added].) 

Finally, there is no evidence Respondent made any attempt to 

comply with any aspect of CEQA whatsoever. In fact, Respondent asserts 

the opposite, that it did not need to comply with CEQA. (R68813, 

Response to Comments 32 & 34, "[tlhe requirements under an NPDES 

permit are exempt from review under CEQA." (R688 13).) 

The trial court clearly erred in holding that "the issuance of the 

subject permit was exempt from all aspects of CEQA." (Phase I SOD, p. 

E. Respondent Exceeded Its Authority By Adopting Permit 
Terms that are Contrary to and Conflict with the 
Requirements of CEQA 

Respondent not only violated CEQA by failing to conduct an 

environmental review of the potential impacts created by the project, i.e., 

the adoption of the subject NPDES Permit, it also adopted Permit terms 

which directly conflict with the existing requirements of CEQA. In doing 

so, it adopted a Permit which infringed on the rights provided to BILD, 

CICWQ and the Cities, under CEQA. That is, Respondent, an agency that 

is a part of the executive branch of government, adopted a "permit" that 

conflicts with the CEQA process the Cities are required to follow in 

processing development projects. The Permit expressly limits the rights 
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of developers, such as BILD and CICWQ members, to have their projects 

reviewed and approved as provided for under CEQA. In short, 

Respondent has sought to change the environmental review process 

adopted by the California Legislature. 

The trial court improperly ignored the obvious conflicts between 

CEQA and the process imposed by the Permit, finding that the Legislature 

intended CEQA to be "an environmental review process, not the only 

one." (37 AA 9741 [emphasis in original].) But the process set forth in 

the Permit is not a separate environmental process that merely parallels 

CEQA. Rather, the Permit attempts to co-opt the CEQA process for its 

own purposes, and imposes terms which are inconsistent with those of 

CEQA. 

The California Constitution clearly mandates a separation of 

powers between the legislative, executive, and judicial branches of State 

government in Article 3, 8 3: 

"the powers of state government are 
legislative, executive, and judicial. Persons 
charged with the exercise of one power may 
not exercise either of the others except as 
permitted by this Constitution." 

In turn, Article 4, 5 1 of the Constitution vests all legislative power 

of the State in the California Legislature, except to the extent the "people 

reserve to themselves the powers of initiative and referendum." (Cal. 

Const. Art. 4, 8 1 .) Thus, only the Legislature may "declare a policy and 
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fix the primary standard." (Knudsen Creamery Co. of California v. Brock 

(1% 1) 37 Cal.2d 485, 492.) The Legislature may appoint an "authorized 

administrative or ministerial officer [to] 'fill up the details' by prescribing 

administrative rules and regulations," but that officer 'may not 'vary or 

enlarge the terms or conditions of the legislative enactment"' or "'compel 

that to be done which lies without the scope of the statute."' (Id. at 493.) 

CEQA establishes a clear procedure to be followed to "control 

environmental pollution" (PRC 5 2 1 000(f)) and to establish 'ffeasible 

mitigation measures" or 'ffeasible alternatives" to projects affecting the 

environment. (PRC 5 21002.) The term "feasible" is defined to mean 

"capable of being accomplished in a successful manner within a 

reasonable period of time, taking into account economic, environmental, 

social, and technological factors." (PRC 5 2 106 1.1 (emph. added).) 

CEQA expressly allows a local agency to consider these and other 

factors, including factors that may override the potential adverse impacts 

on the environment, thus permitting the approval of even those projects 

with unmitigated environmental impacts. (See PRC 5 2 108 1 (b)), [Agency 

may approve projects, even where significant effects from the project will 

go unmitigated, where the Agency "finds that specific overriding 

economic, legal, social, technological, or other benefits of the project 

outweigh the significant effects on the environment."].) 
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The Legislature has thus dictated the procedure local agencies are 

to follow in conducting an environmental review of development 

"projects," and in imposing mitigation measures on such "projects," and 

the Respondent was without jurisdiction to modify this procedure.'8 

In addition, the Legislature has identified, through statute and 

regulation, various statutory and categorical exemptions to CEQA. For 

example, CEQA applies only to "discretionary" projects. "Ministerial" 

projects are expressly exempt from CEQA's application, i. e., public 

agencies have no authority to review ministerial projects for purposes of 

imposing additional mitigation measures beyond those already included in 

the codified standard. (See Pub. Res. Code Cj 21080(b)(l).) The 

exemption of all "ministerial" projects from the application of CEQA 

(and thus from review for purposes of imposing additional mitigation 

measures under CEQA) is significant in connection with the Permit, as the 

Permit seeks to impose mitigation measures on all ~ ro jec t s , "  whether 

l 8  Respondent, as a regional water quality control board, is a body of 
limited jurisdiction having no general jurisdiction and only "such power 
as has been conferred on it by the Constitution or by statute." (Brooks v. 
State Personnel Bd. (1990) 222 Cal.App.3d 1068, 1074; see also, Weber 
v. Board of Retirement (1998) 62 Cal.App.4th 1440, 1446.) The 
Respondent's authority is thus confined to "water quality" control as 
expressly limited by sections 13225 and 13263. (See, e.g., 48 Op. 
Cal.Atty.Gen. 85, 88 (1966) [finding that where the Board has acted 
beyond its conferred powers, its actions are void].) 

RB-AR7900



"discretionary" or "mini~terial."'~ 

Parts 4.0.4 and 4.D.7 of the Permit provide: 

4. Applicability of Numeric Design 
Criteria. 

The Permittees shall require the following 
categories of Planning Priority Projects to 
design and implement post-construction 
treatment control to mitigate storm water 
pollution: . . .. 

a) Single-family hillside residential 
developments of one acre or more surface 
area; 

b) Housing developments (includes 
single family homes, multifamily homes, 
condominiums and apartments) of ten units or 
more; 

c) A 100,000 square feet or more 
impervious surface area industrial/commercial 
development; 

d) Automotive service facilities . . . 
[5,000 square feet or more of surface area]; 

e) Retail gasoline outlets [5,000 
square feet or more of impervious surface 
area . . .I; 

f) Restaurants (SIC 5812) [5,000 
square feet or more of surface area]; 

l 9  Moreover, the Permit requires SUSMPs for numerous other "projects" 
which are categorically exempt from CEQA. (See, e.g., 14 CCR 15302 
[related to replacement or reconstruction of existing structures or 
facilities]; see also 14 CCR 15303, 14 CCR 15304, 14 CCR 153 11; and 
other exemptions under 14 CCR 1 53 1 5 .) 
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g) Parking lots 5,000 square feet or 
more of surface area or with 25 or more 
parking spaces; 

h) Projects located in, adjacent to 
or discharging directly to an ESA that meet 
threshold conditions identified above in 2.e; 
and 

i) Redevelopment projects in 
subject categories that meet Redevelopment 
thresholds. (1 8 AA 4724-4725.) 

7. Redevelopment Projects 

The Permitee shall apply the SUSMP, or 
site-specific requirements including post- 
construction storm water mitigation to all 
Planning Priority Projects that undergo 
significant Redevelopment in their respective 
categories. (1 8 AA 4725 (emph. added).) 

For each of the eight specified residential, commercial and 

industrial development projects, a "SUSMP," i.e., an environmental 

mitigation measure, is being imposed, without Respondent first 

conducting an initial study, as required by the Guidelines to CEQA (14 

CCR 5 15063) to determine the potentially significant adverse impacts of 

an individual project, and without the Respondent allowing project 

applicants the flexibility to propose other mitigation measures to address 

any potentially significant adverse impacts on storm water from such 

project (PRC 21002), or allowing BILD or CICWQ members, for 

example, to develop their own set of feasible alternatives. (Id.) 
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The Permit thus directly conflicts with the CEQA process, by 

imposing project applicants, such as BILD and CICWQ members, a 

specific storm water mitigation measure, i.e., the Numeric Design Criteria 

for SUSMPs, to the exclusion of other alternative mitigation measures for 

storm water or feasible project alternatives. (18 AA 4723-25.) Likewise, 

the Permit requires that this specific SUSMP mitigation measure be 

imposed even fo r  many "projects" that would otherwise be exempt from 

CEQA, for example, because the Permittees approval of them is 

"ministerial" in nature. 20 

Clearly, Respondent is attempting to change the process mandated 

by the California Legislature, and in so doing, ignores vested rights. In 

particular, requiring Appellants BILD and CICWQ to design and 

construct the particular Numeric Design SUSMP Criteria, without 

allowing them to develop other alternative mitigation measures, or 

feasible alternatives, as permitted by CEQA, contradicts their rights under 

CEQA. Similarly, prohibiting a City from approving a project that does 

not contain a SUSMP, even with a finding of overriding considerations, 

20 In Permit Finding F(1), on page 13, Respondent recognizes that CEQA 
requires public agencies to consider the environmental impacts of projects 
that they approve for development, and that CEQA exempts "ministerial 
projects" from its application, and makes the following faulty unsupported 
finding: "A ministerial project may be made discretionary by adopting 
local ordinance provisions or imposing conditions to create decision- 
making discretion in approving the project. In the alternative, Permittees 
may establish standards and objective criteria administratively for 
stormwater mitigation for ministerial projects." (1 8 AA 4700.) 
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eviscerates the authority provided to Cities under CEQA to approve 

projects even with unmitigated storm water impacts on the environment. 

(PRC 9 21081(b).) 

With the adoption of CEQA, the State Legislature has "occupied 

the field" on the process to follow in imposing environmental mitigation 

measures on development projects. Thus, any action by a regional board 

to adopt provisions which contradict CEQA is an abuse of discretion. 

(See, e.g., Leslie v. Superior Court, (1999) 73 Cal.App.4th 1042, 1052 

["By enacting the Uniform Statewide Building law and mandating that 

local government adopt the UBC and the CBSC, the Legislature has 

shown its intent to preempt local governments from legislating on the 

subject, except as narrowly permitted under Health and Safety Code 

Section 17958.5."1.)~' The trial court erred in failing to issue a writ of 

mandate on this ground. 

The trial court also improperly held that the doctrines of estoppel, 

laches and waiver prevented the Petitioners from challenging the 

SUSMPs. (37 AA 9779, 9741.) Yet, those Appellants who are most 

2 1 Further evidence of Respondent's attempt to regulate in an area where 
it has no authority to do so, and where the State Legislature has already 
"occupied the field," is the area of Environmentally Sensitive Areas, 
("ESAs"). (Permit Part 4.D.4(h), 18 AA 4727.) ESAs and development 
therein is already expressly subject to significant regulation under other 
state and federal laws. (See California Coastal Act, PRC 5 13000 et seq., 
and 9 30000 et seq.; California Endangered Species Act, Fish and Game 
Code 5 2050 et seq.; CEQA, PRC 5 21000 et seq.; and the Federal 
Endangered Species Act of 1973, 16 U.S.C. 5 153 1 et seq.) 
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impacted by having to comply with the SUSMP provisions in the Permit, 

i.e. BILD and CICWQ (whose members will have to design, install and 

maintain the SUSMPs required by Part 4.D), were not a part of the 

ROWD process, and obviously cannot be barred by estoppel, laches or 

waiver from challenging the SUSMP provisions. In fact, even the trial 

court recognized this reality, holding that such doctrines were applicable 

only to "those Petitioners who were part of the joint ROWD submission. 

Moreover, the trial court clearly erred in concluding (without 

making a single finding regarding the existence of any element of 

estoppel, laches or waiver) that even the municipal Petitioners' claims 

were barred by the 1996 ROWD submission. Pursuant to the PCA, 

Petitioners have a right to challenge any new action or failure to act by a 

regional board. ( $ 5  13320, 13330.) Under section l333O(b): 

Any party aggrieved by a final decision or order of 
a regional board for which the state board denies 
review may obtain review of the decision or order 
of the regional board in the superior court by filing 
in the court a petition for writ of mandate not later 
than 30 days from the date on which the state 
board denies review. (4 1 333O(b).) 

Thus, Petitioners cannot be barred from challenging a provision in 

the 2001 Permit, simply because they did not challenge an earlier order or 

permit of the Respondent, which has long since expired. To the contrary, 

"any party aggrieved by a final decision or order of a regional board" has 
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a statutory right to challenge such decision, whether or not it is consistent 

or inconsistent with any prior order or decision that may have been issued. 

(Id.) Further, a review of the 1996 Permit shows that in fact the SUSMP 

provisions were not even a part of the 1996 Permit [R 28657-287261, but 

were adopted after the 1996 Permit by a separate determination of 

Respondent, which Permit and requirements have both since expired. 

Furthermore, none of the elements of estoppel, waiver, or laches 

are met in this case. The Petitioners objected to the SUSMP and CEQA 

review provisions in the Permit on numerous occasions before the 

adoption of the Permit. (May 15, 2001 Comments/Objections to Draft 

Permit, R2 124-29, R2 136-37; August 6, 2001 Comments/Objections, 

R4746-57; November 13, 2001 Comments/Objections, R6523-32.) 

Therefore, the Petitioners cannot be estopped from challenging such 

provisions because the Regional Board was clearly not "ignorant of the 

true state of facts (i.e., the Petitioners' true positions with regard to such 

provisions), and thus could not possibly have relied on any proposed 

permit terms from the ROWD "to its injury." (See County of Sonoma, 

supra, 231 Cal.App.3d 1289, 1295.) Further, again, the ROWD was 

prepared and submitted by the County, not the Appellants herein. (Rl-2.) 

Likewise, since Appellants objected to the SUSMP provisions on 

numerous occasions before the Permit was adopted, they clearly did not 

"intentional[ly] relinquish[]" their right to challenge the SUSMP such 
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provisions, and waiver does not apply. (First Nat'l Bank, supra, 123 Cal. 

360, 368.) Nor did Appellants have the right to waive the requirements of 

CEQA, which was enacted not to protect Appellants' interests, but to 

protect the interest of the public in protecting the environment. (Civil 

Code 5 3513; Covino v. Governing Board (1977) 76 Cal. App. 3d 3 14, 

322 ["a law established for a public reason cannot be waived or 

circumvented by a private act or agreement"] .) 

Similarly, laches clearly does not apply here. "The elements of 

laches are (1) the failure to assert a right, (2) for some appreciable period 

so as to amount to unreasonable delay, (3) which results in prejudice to 

the adverse party." (In re Marriage of Powers (1990) 218 Cal.App.3d 

626, 642.) Here there was no delay, let alone "unreasonable delay" by the 

Appellants. As discussed above, Petitioners asserted their objections to 

the SUSMP provisions, and specifically the proposed permit terns that 

required permittees to amend their CEQA review processes at every 

opportunity, before the adoption of the Permit. (See R2124-29; R2136- 

37; R4746-4757; R6523-6532.) Further, there has been no defense raised 

by Respondent that these Appellants did not file their Complaint within 

the 30 days provided by statute. (5 l333O(b).) 

Thus, the trial court erred in finding that estoppel, waiver, and 

laches applied to this case, and in finding Respondent did not abuse its 
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discretion when it acted outside of its jurisdiction in adopting Permit 

terms that directly conflict with CEQA. 

F. Respondent Exceeded Its Authority When It Sought To 
Modify The Permittees' General Plan Process. 

Under Part 4.D.12 of the Permit, entitled "General Plan Update," 

Respondent has required that the Cities amend, revise or update certain 

elements of their General Plans. (18 AA 4728.) In so doing, Respondent 

has gone beyond simply "filling in the details" and instead has 

impermissibly attempted to amend state law governing General Plans, 

infringing on the cities' sovereignty and in violation of the separation of 

powers doctrine. (See Govt. Code $ 5  65300, 65300.9; Yost v. Thomas 

Appellants herein incorporate, in its entirety, the City of Industry et 

a1 Appellants' brief on this significant issue, and submit the trial court 

erred in not issuing a writ of mandate on this ground. 

G. Respondent Exceeded Its Authority and Acted 
Arbitrarily In Adopting Permit Terms that are Contrary 
to the Federal Clean Water Act 

1. The Permit is Arbitrary, Capricious, and in Violation 
of Law, as it Requires Controls that Go Beyond the 
CWA and MEP Standard and Is Irnpossible to 
Comply With 

As discussed above in connection with the discussion of the 

violations of State law, the trial court erroneously found in the SOD-I that 

"the Regional Board acted within its authority when it included Parts 2.1 
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and 2.2 in the Perrnit without a 'safe harbor,' whether or not compliance 

therewith requires effluents that exceed the 'MEP' standard." (37 AA 

9736.) This issue "concerning the proper scope of a regulatory agency's 

authority - presents a purely legal issue, and is not dependent on the 

court's factual findings regarding the practicality of a specific regulatory 

controls identified in the Permit." ( H A ,  supra, 124 Cal.App.4th 866, 

881.) 

Although the BIA Court concluded in that case that Congress 

intended the CWA to provide the Regional Board with the authority "to 

impose standards stricter than a 'maximum extent practicable' standard, 

this Court is not bound by the decisions of a different appellate district, 

and there are no decisions on this issue by the Second District Court of 

Appeal or the California Supreme Court. For the reasons set forth below, 

and as described in the County of Los Angeles's Brief, the trial court erred 

in holding that the Respondent had the authority to impose compliance 

with state water quality standards without a "safe harbor" and whether or 

not compliance therewith "requires efforts that exceed the 'MEP' 

standard." (37 AA 9736.) 

Recognizing that municipal storrnwater is different than other 

discharges, and that municipal permittees are different from other NPDES 

permittees, Congress specifically created a separate statutory scheme to 

govern municipal stormwater discharges, which statute explicitly 
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distinguishes between industrial stormwater discharges and municipal 

discharges. With regard to municipal discharges, the plain language of the 

CWA sets the MEP standard as the upper limit on the requirements that a 

MS4 permit may contain. (33 U.S.C. 8 1342(p)(3)(B)(iii) ["Permits for 

discharges from municipal storm sewers . . . shall require controls to 

reduce the discharge of pollutants to the maximum extent practicable"]; 

Browner, 19 1 F.3d at 1 165 ["Congress expressly required industrial 

stormwater dischargers to comply with the requirements of 33 U.S.C. 8 

131 1 . . . Congress chose not to include a similar provision for 

municipal storm-sewer discharges.") 

There is a good reason Congress chose not to impose as stringent 

of standards upon municipalities as on industrial dischargers - 

municipalities neither cause, nor control, stormwater runoff. Therefore, it 

is not reasonable to interpret federal law as permitting the State and/or 

EPA to impose permit terms on municipalities that are not limited by the 

upper MEP standard, e.g., terms that require strict compliance with State 

Water Quality Standards. For this reason, the trial court erred in failing to 

find that the MEP standard is the upper substantive limit on the State 

when imposing NPDES Permit terms on municipalities, and in refusing to 

invalidate Parts 2 and 3.C of the Permit, which require strict compliance 

with water quality standards. 
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Moreover, it is impossible for Permittees to strictly comply with 

Part 2 of the Permit; they would be in violation of Parts 2.1 and 2.2 of the 

Permit from its effective date, because some of the waterways considered 

part of the MS4 system (such as the Los Angeles River and Ballona 

Creek), have already been designated by the Regional Board as "impaired 

water bodies" under CWA Section 303(d), i.e. as water bodies which have 

not achieved compliance with water quality standards. (See 33 U.S.C. 

§ 1313(d)(l)(A). 

Parts 2.1 and 2.2 thus effectively impose a zero discharge 

requirement with regard to all pollutants that would contribute to an 

exceedance of a water quality standard in such water bodies. Since the 

Permittees have no choice but to discharge stormwater into such water 

bodies, and cannot reasonably reduce the pollutants in such discharges to 

zero, it is impossible for them to strictly comply with Parts 2.1 and 2.2. 

The Court must presume that in enacting the CWA Congress did not 

intend to require permittees to achieve the impossible. (See Hughey v. 

JMS Development Corp. (1 lth Cir. 1996) 78 F.3d 1523, 1529-30.) Thus, 

the trial court erred in refusing to issue a writ invalidating Part 2 and 3.C 

of the Permit, and in refusing to issue declaratory relief in this regard. 

Appellants herein incorporate the County et al. Appellants' brief on 

the above issues involving the MEP standard and impossibility. 
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2. Respondent Acted Contrary to Law As It Sought To 
Regulate Discharges "In" or "To" the Municipal 
Storm Sewer System, Without Authority to Do So. 

Under Section 1342(p) of the Act, entitled "Municipal and 

industrial discharges," the general rule is that the EPA Administrator, or 

an approved State program, "shall not require a permit under this Section 

for discharges composed entirely of storm water7' except in certain 

settings, such as here, where the discharge is 'Ifrom " a large or medium 

municipal separate storm sewer system ("MS4") serving a population of 

250,000 or more (large system) or 100,000 or more (medium system). (33 

7J.S.C. 8 1342(p)(l) and (2)(C); 40 CFR 8 122.26(b)(4) and (7).) 

Likewise, CWA Section 1342(p)(3)(B), entitled "Municipal 

discharge," requires municipalities to obtain permits for stormwater "for 

discharges from municipal storm sewers." Section 1342(p)(3)(B) of the 

CWA provides that: 

(B) Municipal Discharge 

Permits for discharges from municipal storm 
sewers - 

(i) may be issued on a system - or 
jurisdiction-wide basis; 

(ii) shall include a requirement to 
effectively prohibit non-stormwater 
discharges into the storm sewers; and 

(iii) shall require controls to reduce 
the discharge of pollutants to the maximum 

RB-AR7912



extent practicable . . . . (33 U.S.C. 
tj l342(p)(3)(b); emphasis added.) 

Further, language throughout the CWA's implementing regulations 

reinforces the fact that MS4 Permits are to be permits to reduce the 

discharge of pollutants "jrom" the MS4. For example, 40 CFR section 

122.26(a)(3) provides: "Permits must be obtained for all discharges from 

large municipal separate storm source systems." (emph. added). 40 CFR 

section 122.26(d), which concerns the application requirements for large 

and medium discharges, provides that such applications must be filed by 

"the operator of a discharge from a large municipal separate storm 

9 )  separate storm sewer or medium municipal separate storm sewer. . . . 

(Emphasis added.) (See also 40 CFR tjtj  122.26(d)(l)(v), 122.26(d)(2)(iv)(A); 

122.26(d)(2)(iv)(A)(l-3 & 6) ,  all imposing requirements on Cities to reduce the 

discharge of pollutants "jirom" the MS4. 

These regulations and language in section 1342(p)(3)(B) of the Act 

are consistent with the overall purpose of the NPDES permit program - to 

prohibit the discharge of pollutants from a '"point source" into navigable 

waters of the United states:' except under an NPDES permit. (See 

Browner, supra, 191 F.3d 1159, 1163 [citing tj 1342(a)(l)]. As noted in 

that case, EPA initially treated 

22 Obviously, municipal storm 
United States." 

storm water discharges as 

sewers are not "navigable 

being exempt 

waters of the 
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from the requirements of the CWA, until the decision in Natural 

Resources Defense Inc. v. C o d e  (D.C. Cir. 1977) 568 F.2d 1369, which 

held that EPA did not have the authority "to exempt categories of point 

sources from the permit requirements of 9 402 [33 U.S.C 13421." 

Thereafter, in 1987, with the Water Quality Act Amendments to 

the CWA, Congress amended the Act to include the provisions described 

above, i.e., exempting discharges of storm water frorn the permit 

requirements of the Act for a period of time, except in regards to 

discharges from a municipal separate storm sewer system. (Browner, 

supra, 19 1 F. 3d 1 159, 1 163 .)" Nowhere in the CWA or its regulations is 

there any authority provided to the EPA Administrator or to a state, to 

require "municipalities" to reduce the discharge of pollutants "in" or "to" 

23 The State Board itself previously determined, in Order No. WQ 2001- 
15, that the Regional Board had no authority to regulate discharges "into" 
the MS4, reasoning: 

The Clean Water Act defines "discharge of a 
pollutant" as an "addition" of a pollutant to waters of 
the United States from a point source. (Clean Water 
Act section 502(12).) Section 402(p)(3(B) authorizes 
the issuance of permits for discharges "from municipal 
storm sewers." We find that the permit language is 
overly broad because it applies the MEP standard not 
only to discharges "frorn" MS4s, but also to 
discharges "into" MS4s. It is certainly true that in 
most instances it is more practical and effective to 
prevent and control pollution at its source. . . . 
Nonetheless, the specific language in this prohibition 
too broadly restricts all discharges "into" an MS4, and 
does not allow flexibility to use regional solutions . . . 
(1 8 AA 4809-10.) 
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the MS4. The Permit thus unlawfblly attempts to require the Cities to 

implement measures to reduce pollutants discharged "in" or "to" the MS4 

system. 

First, under Parts 3.A.2, 3.A.3 and 3.B, Respondent requires 

Permittees to "reduce the discharge of pollutants in storm water to the 

MEP," and to implement "BMPs" intended to result in the reduction of 

pollutants "in storm water to the MEP." (18 AA 4705.) Similarly, in 

3.G.2.e, the Permit requires that the Permittees "[rlequire the use of BMPs 

to prevent or reduce the discharge of pollutants to MS4s to MEP." (1 8 AA 

4709.) And the first paragraph of Part 4 of the Permit, entitled 

"Maximum Extent Standard," provides that the Permit is "intended to 

develop, achieve, and implement a tirnely, comprehensive, cost-effective 

storm water pollution control program to reduce the discharge of 

pollutants in storm water to the MEP from the permitted areas in the 

County of Los Angeles to the waters the State." (18 AA 4710; emphasis 

added.) 

Finally, under Part 4 .0  entitled "Development Planning Program," 

the Permit requires the Permittees to control the discharge of pollutants 

from various development redevelopment projects that result in discharges 

"in " storm water, by requiring Permittees all Planning Priority 

Development and RedeveIopment projects to "[plrovide for appropriate 
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permanent measures to reduce storm water pollutant loads in storm water 

from the development site."(l8 AA 472 1, emphasis added.) 

Although the CWA only authorizes permits to "reduce" the 

discharge of storm water pollutants "from" an MS4, the trial court 

erroneously held that the Respondent had the authority to require the 

reduction of storm water pollutants "in" or "to" the MS4 (37 AA 9745- 

9746), thus imposing the responsibility upon the Cities to reduce the 

discharge of pollutants running off of private property "in" or "to" their 

storm drain systems. 

The trial court seemingly failed to focus on the issue of the 

Respondent's authority to regulate such discharges, but instead appeared 

to focus on whether or not reducing such discharges "in" or "to" the MS4 

made sense in the court's view. For example, the trial court found that 

preventing discharges into the MS4 "probably is the cheapest method" of 

preventing discharges from the MS4 (37 AA 9745), that the 

"administrative record contains an admission by Petitioners that 'the most 

effective way of dealing with stormwater runoff is to deal with it at the 

source before it becomes a problem"' (37 AA 9745), and that "by 

regulating discharges into the storm drain system, Petitioners have the 

opportunity to try to deal with it at the source of the contamination." (37 

AA 9746.) 
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In doing so, the trial court failed to recognize the fact that it is not 

the Cities who generate the pollutants in issue, and that the Cities have 

little, if any, control to reduce the discharge of pollutants before they enter 

the MS4. Further, whether or not the best way to reduce pollutants 

"from" the MS4, is to reduce this discharge "in" or "to" the MS4, is for 

Congress, not the trial court, to decide. 

Moreover, in finding the Regional Board had authority to regulate 

discharges "in" or "to" the MS4, the trial court inappropriately relied on 

portions of the CWA and regulations which have no relevance to the 

issue. For example, Section 1342(p)(3)(B)(ii) of the CWA, which 

provides that Permits for discharges from municipal storm sewers "shall 

include a requirement to effectively prohibit =-storm water discharges 

into the storm sewer," has nothing to do with whether the Regional Board 

can require the reduction of pollutants from stormwater discharges. (See 

33 U.S.C. 5 1342(p)(3)(B)(ii).) In fact, as clarified by the regulations, this 

section does not require the Permittees to implement a program to 

themselves reduce or eliminate stormwater discharges, but only requires 

that the Permittees regulate other dischargers, i.e., that they "prohibit 

through ordinance, order or similar means, illicit discharges to the 

municipal separate s tom sewer." (See 40 CFR 5 122.26(d)(2)(i)(B).) 

The trial court thus erred in refusing to issue the writ of mandate on 

this issue. 
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3. The Permit's Requirements for Permittees to 
Regulate Industrial Facilities and Construction Sites 
Are Arbitrary and Contrary to Law, and Respondent 
Exceeded its Jurisdiction 

a. The Permit's Industrial and Commercial 
Facilities Inspection Requirements are 
Arbitrary, Capricious, and Contrary to Law 

Parts 4.C.2.a7 4.C.2.b7 4.E.2.b7 and 4.E.3 of the Permit require 

Permittees to inspect various commercial and industrial facilities, and 

construction sites. (1 8 AA 47 16- 1 8, 4730-3 1 .) These requirements go 

well beyond the type of inspection programs the federal regulations 

require of municipalities in inspecting for illicit non-storm water 

discharges. (See 40 CFR $ 122.26(d)(2)(iv).) Further, the Permit 

wrongly attempts to shift these inspection responsibilities, which the State 

Board has specifically delegated to the Regional Board, onto the 

Permittees. (See General Industrial Activities and General Construction 

Activities Permits, 23 AA 6077-6143 and 6144-84.) Thus, the trial court 

erred in failing to issue a writ of mandate ordering the Regional Board to 

set aside Parts 4.C.2.a7 4.C.2.b7 4.E.2.b7 and 4.E.3 of the Permit. 

Appellants herein incorporate in its entirety the County of Los Angeles et 

a1 Appellants' brief on these issues. 
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b. The Permit's Development Construction 
Program Is Arbitrary, Capricious, and in 
Violation of Law 

Part 4.E.1 of the Permit requires each Permittee to "implement a 

program to control runoff from construction sites within its jurisdiction" 

which, among other things, ensures the following minimum requirements: 

"a) Sediments shall be retained" using adequate treatment control or 

Structural BMPs;" and "b) Construction-related materials, wastes, spills, 

or residues shall be retained at the project site to avoid discharge to 

streets, drainage facilities, receiving waters, or adjacent properties by 

wind or runoff." (18 AA 4729, Permit Part 4.E.l(a)-(b).) Read literally, 

Part 4.E.1 reads as an absolute prohibition on the discharge of sediment 

and other "construction-related materials," presumably including sand, 

gravel, and other natural materials, from any construction site in the 

Permittees' jurisdictions. Moreover, the trial court's ruling against the 

Petitioners on this issue reinforces this interpretation. (37 AA 9790- 

9791 .) "Sediment from construction is a major source of pollution in the 

storm sewer systems. . . . [Part 4.E.11 is clear and not ambiguous . . . 

'construction related materials' does include sand, gravel or other natural 

 material^."^^ 

24 The Court also found that the language of Part 4.E was similar to that 
contained in the Permittees' ROWD and thus that certain petitioners were 
estopped or had waived their rights in this regard. (AA 9768-69, SOD-I1 
at 40-41.) Yet, because those Appellants who are most effected by Part 
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This prohibition, which appears to be a backhanded way of 

adopting a TMDL for sediment for all construction sites throughout the 

entire region (without regard for the requirements for adopting TMDLs 

under State and federal law), is overly broad, and is vague and arbitrary in 

that there is no evidence in the record to demonstrate that such a draconian 

standard of "zero" is necessary, practicable or feasible. Moreover, an 

apparent prohibition on the discharge of any sediment makes no 

allowance for naturally occurring baseline discharges from construction 

sites. 

Obviously, natural undisturbed open space will cause a certain 

amount of sediment to be discharged to receiving waters under natural 

conditions. To require that construction sites discharge less sediment than 

undeveloped land, is patently arbitrary and unreasonable. And since it is 

impracticable to eliminate the discharge of all sediment and similar 

materials from constructions sites, the Permit's prohibition could have the 

effect of forcing a complete halt of all construction throughout the 

Permittees' jurisdictions. Such is not a "reasonable" requirement 

( 5  13263(a)), and is not designed to achieve a "water quality conditions 

4.E, i.e. BILD and CICWQ were not parties to the ROWD, that finding 
should have no effect on this Court's analysis of the issue. Moreover, for 
the same reasons discussed above in connection with the various other 
issues, the doctrines of estoppel and waive simply do not apply here, and 
the trial court made no findings showing that the Respondent has met its 
burden on any of these assertions. 
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that could reasonably be achieved." (Ij 13241(c).) Nor is it possible, or 

consistent with the MEP standard. (33 U.S.C. 5 1342(p)(3)(B)(iii).) 

Moreover, genera1 operations at a construction facility are already 

subject to significant regulations pursuant to the General Construction 

Activities permit. (23 AA 6144-84.) Although the General Permit 

requires construction sites to implement "sediment control BMPs," it does 

not impose an absolute prohibition on the discharge of sediment and other 

construction-related materials (defined by the trial court to include 

"sediment"). (See 23 AA 6159-61.) An absolute prohibition on such 

discharges is thus contrary to the State's own General Construction 

Permit, and is arbitrary. As there is no evidence in the record to support 

any findings in this regard, and as there are no findings in the Permit to 

support such terms, Respondent has abused its discretion. 

Furthermore, the Permit requires that Permittees impose upon the 

regulated community, for all construction sites of one acre and greater, a 

requirement to develop a Local Storm Water Pollution Prevent Plan 

("Local SVVPPP"), which is to be submitted prior to the issuance of a 

grading permit. The Local SWPPP is required to be at least as inclusive 

of the BMPs set forth in the State SWPPP, and must include additional 

provisions for selecting or rejecting BMPs, along with a statement signed 

by the project's architect or engineer of record or authorized designee that 
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the selected BMPs are effectively minimizing the negative impacts of the 

project's construction activities on storm water quality. (1 8 AA 4729-30.) 

This Local SWPPP requirement is entirely unnecessary and 

arbitrary, because SWPPPs are already required to be developed and 

implemented for construction sites under the General Construction Permit. 

(23 AA 6147.) Thus, the only plausible reason to include such a provision 

in the subject Permit, would have been to transfer the responsibility to 

regulate construction sites (as set forth in the General Construction 

Permit) from the Respondent, on to the Permittees. Such a transfer of 

responsibility is not authorized or supported anywhere under State or 

federal law, and the Respondent has acted outside of its authority and 

abused its discretion in imposing such a requirement on the Permittees, 

and ultimately on BILD and CICWQ members. 

The Local SWPPP requirement is unfair to the building industry (in 

this case, Appellants BILD and CICWQ) because it unnecessarily subjects 

them to double regulation-they must prepare and submits SWPPPs to 

both the Regional Board and to the municipalities for the same 

construction sites, and be subjected to dual inspection fees and redundant 

regulations. The trial court erred in failing to issue a writ of mandate on 

this issue. 
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4. The Permit's "Peak Flow Control" Requirements 
Improperly Attempt to Regulate the Volume, Rather 
than the Quality of Water. 

Part 4.D. 1 of the Permit, imposes the following requirements: 

The Permittees shall control post-development 
peak storm water runoff discharge rates, 
velocities, and duration (peak flow control) 
in Natural Drainage Systems (i.e. mimic pre- 
development hydrology) to prevent 
accelerated stream erosion and to protect 
stream habitat. (18 AA 4721-22, emphasis 
added.) 

Through these "peak flow control'' requirements, Respondent has 

attempted to regulate the flow of water without regard to pollutant loads, 

if any, as opposed to regulating the discharge of pollutants into or within 

that water. The trial court made no specific finding on this issue, but 

instead found that the SUSMP provisions under Part 4.D of the Pemit 

were not contrary to law. (37 AA 9779-86.) 

The State's authority under the CWA's Municipal program is 

specifically limited to controls on "pollutants" discharged from MS4s. As 

the CWA states, MS4 permits are to include "controls to reduce the 

discharge ofpollutants . . . and such other provisions . . . appropriate for 

the control of such pollutants." (33 U.S.C. $ 1342(p)(3)(B)(iii); emph. 

added.) The CWA defines "pollutant" as follows: 

[Dlredged spoil, solid waste, incinerator 
residue, sewage, garbage, sewage sludge, 
munitions, chemical wastes, biological 
materials, radioactive materials, heat, wrecked 
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or discarded equipment, rock, sand, cellar dirt 
and industrial, municipal, and agricultural 
waste discharged into water. (33 U.S.C. 
9 1362(6).) 

Thus, the statutory definition of "pollutant" in the CWA simply does not 

include the flow of water itself, no matter its "rate, velocity or duration." 

Moreover, cases interpreting the CWA have not expanded on this 

statutory definition of pollutants. For example, in National Wildlife Fed 'n 

v. Gorsuch (D.C. Cir. 1982) 693 F.2d 156, the National Wildlife 

Federation argued that discharges from dams amounted to a "discharge of 

a pollutant" necessitating a NPDES permit. The Federation claimed that 

adverse water quality changes including low dissolved oxygen, cold and 

supersaturation constituted pollutants within the meaning of 33 U.S.C. 

5 1362(6). The Court rejected this argument and held that discharges of 

water from dams did not constitute discharges of pollutants within the 

meaning of the CWA and thus did not require an NPDES permit. (Id. at 

171-72; see also United States Ex Rel. Tennessee Valley Authority v. 

Tennessee Water Quality Control Board (6th Cir. 1983) 717 F.2d 992, 

999.) 

Plainly, the flow of water without a pollutant load itself is not a 

"pollutant." Accordingly, Respondent's attempt to regulate "peak flows" 

is arbitrary, capricious and unauthorized, as the CWA authorizes NPDES 

pennits to regulate only the discharge of "pollutants." 
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The trial court erred in failing to issue the writ of mandate and in 

failing to find that the Respondent exceeded its jurisdiction in issuing an 

NPDES Permit that seeks to regulate the "quantity" as opposed to 

"quality" of water. 

VI. THE TRIAL COURT ERRED IN REFUSING TO GRANT 
PETITIONERS' REQUEST FOR DECLARATORY RELIEF 

The Petitioners' First Amended Complaint included four separate 

causes of action seeking declaratory relief under Code of Civil Procedure 

5 1060. Specifically, Petitioners sought declaratory relief on: (1) whether 

the permittees were required to go beyond the MEP standard to comply 

with Part 2 of the Permit; (2) whether Part 2 of the Permit included a "safe 

harbor", i.e. whether permittees would be deemed to be in compliance 

with the Permit so long as they were acting in good faith in implementing 

I3MPs to correct exceedences of water quality standards and conditions of 

nuisance; (3) whether those portions of Part 4(D) of the Permit that 

require Permittees to modify their general plans and CEQA review 

processes are contrary to law; and 4) whether the Respondent was 

required to consider "economics" and the Permit's impact on the need for 

"housing" within the Los Angeles region; and 5) whether Respondent was 

required to perform a costlbenefit analysis for the monitoring and 

reporting program prior to adopting the Permit. (14 AA 3563-3575, First 

Amended Petition, Second-Fifth Causes of Action.) 
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The trial court granted Respondent's demurrer to all four of these 

causes of action, based upon its finding that "declaratory relief [generally] 

cannot be used to review an administrative decision" and that Petitioners' 

requests for declaratory relief did not fall within any of the "exceptions" 

set forth under Cal. for Native Salmon, etc. Ass'n v. Dept. of Forestry 

("Native Salmon"), (1990) 221 Cal.App.3d 1419. (13 AA 3262.) 

On similar grounds, the Court denied Petitioners' Motion to 

Amend their Complaint to Conform to Proof, filed to permit Petitioners to 

file a Second Amended Complaint, to include a new Seventh Cause of 

Action for Declaratory Relief on the issues of the MEP standard, the 

"reasonableness" standard under the PCA, and the interpretation of Part 2 

of the Permit. (Notice of Ruling re Trial on Issue 14 and Petitioners' 

Motions to Amend, 33 AA 8693; 7 RT 2171 :26-28.) 

Declaratory relief was clearly appropriate in this case, and the trial 

court erred both in granting Respondent's demurrer and in denying 

Petitioners' motion to amend.25 Numerous cases support Petitioners' 

position that declaratory relief was appropriate under the circumstances. 

In Walker v. County of Los Angeles (1961) 55 Cal.2d 626, the Court 

25 Petitioners' Motion to Amend to Conform to Proof should have been 
granted in accordance with the "policy of great liberality" that California 
courts are to apply in allowing amendments to pleadings "at any stage of 
the proceeding." (Berman v. Bromberg (1997) 56 Cal.App.4th 936, 945.) 
This policy applies to amendments to conform to proof. (Union Bank v. 
Wendland (1976) 54 Cal.App.3d 393,400.) 
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expressly found that the interpretation of ordinances and statutes were 

appropriate matters for declaratory relief. There, the California Supreme 

Court found that declaratory relief was appropriate for the very purpose of 

interpreting a particular section of the County's charter, even though it 

also found that mandamus was a "proper remedy to compel a city council 

or city civil service board to perform its mandatory duties prescribed by 

the charter." (Id. at 639.) The Walker Court held as follows: 

Declaratory relief must be granted when the 
facts justifying that course are sufficiently 
alleged (citation omitted); its 'purpose . . . is 
to liquidate uncertainties and controversies 
which might result in future litigation, 
[citation omitted.] This is not an attempt to 
interfere with a discretionary act of the board 
in the legislative process [citation omitted] but 
to obtain a clarification of the charter 
provision, section 47, regulating the board and 
the performance of its prescribed duty. The 
interpretation of ordinances and statutes 
are proper matters for declaratory relief. 
[citation omitted] Petitioners are not looking 
to the court to control the board's legislative 
discretion but to determine the meaning of 
charter section 47 and its effect on the 
prescribed legislative process.' (Id. at 636-37; 
emphasis added.) 

Similarly, in Native Salmon, supra, 221 Cal.App.3d 1419, the case 

referenced by the trial court when it granted Respondent's demurrer to the 

declaratory relief claims, the court found that although a specific decision 

of an administrative agency can usually only be reviewed by a petition for 

administrative mandamus, there are several exceptions to this rule, 
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including where issues of "great public interest" are at stake, or where 

declaratory relief may be necessary to "avoid multiple actions." (Id. at 

1430; see also Bess v. Park ("Bess") (1955) 132 Cal.App.2d 49, 52 [the 

"purpose of a declaratory judgment is to serve some practical end in 

quieting or stabilizing an uncertain dispute or jural relation [and to] 

liquidate doubts with respect to uncertainties or controversies which might 

otherwise result in subsequent litigation"].) 

In the present case, the existing Permit is scheduled to expire on 

December 12, 2006. (18 AA 4757.) The issues upon which Petitioners 

have sought declaratory relief involve interpretations of both State and 

federal law, and State Board policy, and are issues that, if not finally 

resolved, will continue to create significant disputes "of great public 

interest" over future NPDES permits, resulting in 'multiple actions." For 

example, whether the State is limited by the "reasonableness" standard set 

forth under State law, and may only impose "reasonable" requirements to 

achieve water quality conditions "that could reasonably be achieved," are 

issues that will continue to arise in permit after permit, unless a 

determination is made on whether the PCA's "reasonableness" standards 

apply in the municipal NPDES Permit permitting context. 

Similarly, whether the State must consider "econornics" and 

impacts on "housing within the region," when issuing an NPDES Permit, 

or must perform a "cost/benefit" analysis when imposing monitoring and 
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reporting obligations on municipalities, are issues that will continue to 

arise at the expiration of each 5 year NPDES permit. Finally, whether the 

State has the authority to impose requirements that exceed the MEP 

standard is a question of statutory interpretation that will continue to arise, 

unless a determination is made by the Court that resolves the issue and 

binds the future actions and practices of the State in issuing such Permits. 

The trial court erred in refusing to grant declaratory relief in the 

Petitioners' favor on each of the above issues, as declaratory relief was 

and is necessary to "avoid multiple actions" and to "serve some practical 

end in quieting or stabilizing an uncertain dispute or jural relation." 

(Native Salmon, supra, 221 Cal.App.3d 1419, 1430; Bess, supra, 132 

Cal.App.2d 49, 52.) 
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VII. CONCLUSION 

The trial court erred in refusing to issue a writ of mandate 

invalidating the WDRs and NPDES Permit adopted by the Respondent 

Board on December 13, 2001, and in rehsing to grant declaratory relief 

resolving the various disputes over the interpretations and application of 

State and federal law, and the propriety of the State's policies and 

practices, in the Appellants' favor. 
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f:\atty\muni\laws\barry\Urban Runoff Ordinance Revision (II) July 13, 2010 Council Meeting                  
City Council Meeting July 13, 2010                                                 Santa Monica, California

ORDINANCE NUMBER (CCS)      

(City Council Series)

AN ORDINANCE OF THE CITY COUNCIL OF THE CITY OF SANTA MONICA AMENDING SANTA MONICA MUNICIPAL CODE CHAPTER
7.10 TO UPDATE AND CLARIFY THE URBAN RUNOFF POLLUTION ORDINANCE

WHEREAS, the City has a long and abiding commitment to the protection of our beaches and ocean resources and to the protection

of the health and safety of the millions of residents and visitors who enjoy the Santa Monica beaches and ocean front each year; and

WHEREAS, the City is authorized pursuant to Article XI, §5 and §7 of the State Constitution to exercise the police power of the State

by adopting regulations to promote health, safety, and general welfare; and

WHEREAS, the City is authorized under the California Water Code to adopt and enforce regulations imposing conditions, restrictions,

and limitations with respect to any activity which might degrade the quality of waters of the State; and

WHEREAS, the City's watershed management program consists of operation and maintenance of the City-owned stormwater system;

compliance with Federal, State, and local regulations including inspections, monitoring, and enforcement; implementation of the Santa

Monica Bay Restoration Plan and the Watershed Management Plan; and capital improvement projects to reduce and treat polluted runoff;

and

WHEREAS, the City operates and maintains 20 miles of storm drains, 824 catch basin and other major infrastructure; and

WHEREAS, the City is responsible for the quality of the runoff and for all water quality permitting and compliance related to stormdrain

discharges into the ocean or other water channels such as Ballona Creek; and

WHEREAS, urbanization has led to increased impervious surface areas that results in increased runoff and the transport of pollutants

to downstream receiving waters and less percolation to groundwater aquifers; and

WHEREAS, State and Federal agencies have implemented stringent regulatory standards for broad categories of water pollutants

and continue to enhance these requirements; and

WHEREAS, these regulatory standards include mandatory City compliance with Total Maximum Daily Load (TMDLs); and

WHEREAS, the TMDL standards for which the City is responsible are those related to Santa Monica Bay and Ballona Creek; and

WHEREAS, the TMDL standards apply to both dry weather and wet weather periods and cover a number of contaminants including

bacteria, trash, toxics, metals, pesticides and herbicides, and oil and grease; and

WHEREAS, these standards are in addition to the National Pollution Discharge Elimination System (NPDES) permit requirements for

all municipalities with Los Angeles County which have been in place since 1995; and

WHEREAS, in a dynamic regulatory environment that continues to be developed by the Regional Board, established TMDLs are

continuously revisited and updated, new TMDLs continue to be established, and the City's compliance responsibilities continue to change

over time; and

WHEREAS, the City has established a multi-faceted approach to stormwater and runoff treatment and management; and

WHEREAS, in August 1992, the City adopted the Santa Monica Urban Runoff Pollution Control Ordinance to reduce detrimental water

quality impacts from urban runoff on the Bay by requiring a runoff reduction of 20 percent for all new development, implementing pollution

control standards for construction sites, and setting good housekeeping requirements for existing parcels; and

WHEREAS, in July 1995, the City created a Stormwater Enterprise Fund and adopted a stormwater parcel fee to cover capital and

operational costs associated with the storm drainage system and the management and administration thereof; and
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WHEREAS, in November 2000, in response to new Regional Board requirements, the City revised the Urban Runoff Ordinance to

establish an urban runoff retention or treatment standard of the volume of runoff produced from a 0.75 inch storm event; and

WHEREAS, in July 2006, the City approved a Santa Monica Watershed Management Plan which is designed to reduce urban runoff

pollution, reduce urban flooding, increase water reuse and conservation, increase recreational opportunities and open space and increase

wildlife and marine habitat; and

WHEREAS, the urban runoff management and pollution prevention activities of the Plan will assist the City in complying with NPDES

permit requirements and meeting the goals of the Clean Water Act and new requirements promulgated by the Regional Board relating to

TMDLs. 

WHEREAS, in November 2006, the Santa Monica voters approved the Clean Beaches and Ocean Parcel Tax (Measure V) to raise

revenues to implement the City's Watershed Management Plan; and

WHEREAS, on January 26, 2010, the City Council adopted the Measure V FY 2010-11 through FY 2014-15 Five Year Plan which

includes green streets, park retrofits where storm water is harvested and used for irrigation purposes, parkway/sidewalk biofilters, catch

basin inserts, curb extensions, rebate programs for the installation of rain barrels, cisterns, and for downspout redirection, regional project

contributions, and the use of permeable surface construction in the public right of way; and

WHEREAS, the City can mitigate the negative impacts of development and urbanization by implementing new development/re-

development performance criteria, known as Low Impact Development which is widely recognized as an appropriate approach to watershed

management; and 

  WHEREAS, the Measure V funds are not sufficient to meet all the water quality standards that the City is required to comply with, but

are used to address urban runoff pollution generated from public and private lands, in conjunction with all funds generated by the City's

Stormwater Enterprise Fund; and

WHEREAS, the proposed revisions to the City's Urban Runoff Ordinance incorporate necessary changes based on the City's

extensive experience in implementing the Ordinance, the objectives of the City's Watershed Management Plan,  and on Regional Board

requirements that are expected to become part of the new NPDES permit,  

 

NOW, THEREFORE, THE CITY COUNCIL OF THE CITY OF SANTA MONICA DOES HEREBY ORDAIN AS FOLL OWS:

SECTION 1.  Chapter 7.10 of the Santa Monica Municipal Code is hereby amended as follows:

CHAPTER 7.10  URBAN RUNOFF POLLUTION

 
7.10.0107.10.010 FindingsFindings.

The City Council finds and declares:
(a)       The City’s storm and surface water drainage system is planned, designed and operated to handle storm water runoff

flows from public and private properties. In order to function effectively, this system requires all private connections to it to be

properly constructed, maintained and operated.

(ab)     Urban runoff flows from individual properties onto the streets and alleys, then through storm drains to the

beaches. It is therefore in the public interest to ensure that both public and private drainage systems are properly maintained, in

order to facilitate the proper functioning of the City’s storm and surface water drainage system, and to prevent pollutants from

entering the Santa Monica Bay.

(bc)     The number of beach closures and postings in the state due to ocean pollution have continued to increaseat

unacceptable levels, especially in Southern California, while beach closures have declined in other parts of the nation. Urban

runoff is the single largest source of this ocean pollution, and consequently, is the number onea substantial threat in the State to

public health and water quality.

(cd)     The City is a co-permittee under the Los Angeles County National Pollutant Discharge Elimination System
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(NPDES) Municipal Permit and as such is obligated to implement a Standard Urban Storm Water Mitigation Plan (“SUSMP”)

or  and equivalent, post-construction Best Management Practices (“BMPs”) procedures and Total Maximum Daily Loads

(TMDLs) to prevent and controlreduce the entry of pollutants into the City storm drain system and to reduce the overall amount

of urban runoff entering Santa Monica Bay and Ballona Creek.

(e)       In order to better control the quantity and quality of urban runoff pollution, a program requiring existing properties

to adopt “good housekeeping” practices is essential.

(df)      IIn order to reduce runoff contamination pollution and runoff volume from private and publicly- owned properties

that will be newly developed, substantially rehabilitated or redeveloped in the futureplanned for development, a program is

required to ensureensuring that new developments/re-developments or construction projects incorporate design elements, such

as post-construction BMPs, construction BMPs, and Low Impact Development strategies, which facilitate such control is

required and that existing properties adopt good housekeeping practices. 

(e)       Southern California experiences cycles of drought, which can lead to dramatic water shortages.  The current

state-wide declaration of drought is a signal to local governments to promote sustainable uses of non-traditional, non-potable

local water supplies, such as rain water and storm water, in place of more valuable potable water, which is often imported from

distant watersheds at great environmental costs.

(f)        To promote sustainable solutions for urban runoff pollution and the use of local non-potable water supplies, the

City strongly encourages the use of dry weather runoff, rain water and storm water harvested by post-construction BMPs which

collect and store runoff for non-potable onsite uses.

(g)       IIt is in the best interest of the City to establish guidelines and procedures for control of the quality and quantity of

urban runoff from construction sites  within the City.
 
7.10.020 Purpose.
The purpose of this Chapter is to permanently modify the behavioral and structural causes of urban runoff pollution. The

objectives of this Chapter include the reduction  by reducingof both runoff volume and runoff contamination pollution from

existing residential and non-residential properties and from future parcel developments. Theis goal is to Chapter has two main

goals. First, it aims to ensure that project siteparcels maximize on-site storage and use, percolation, or evapotranspiration of

runoff through a hierarchy of post-construction BMP strategies, called Low Impact Development. Second, this Chapter aims to

ensure that rain water is directed or contained so as not to become polluted by passage through contaminating material.
 
7.10.030 Definitions.
The following words and phrases shall have the following meanings when used in this Chapter:

(a)        Accessory Building.  A detached building on the same parcel as the principal building, regardless of its

distance from the principal building, which is incidental and subordinate to the principal building in terms of size and use.

(ba)     Area Susceptible to Runoff. Any non-permeable surface directly exposed to precipitation or in the path of

runoff which leads directly to neighboring properties or to the public right-of-way.

(cb)     Best Management Practices (“BMPs”). Non-structural strategies and structural devices, whether temporary

and permanent, Ppractices principally applicable to construction site and new developments that reduce the toxicity pollution

contained in, and the volume of, water which runs into storm drains, treatment facilities and the Santa Monica Bay. These BMPs

include but are not limited to good housekeeping requirements (GHR), post-construction BMPs, full capture trash

BMPs, source control BMPs, structural BMPs,  and treatment control BMPs.  The Los Angeles Regional Water Quality

Board (“Regional Board”) an approved  list of BMPs and a list of technical resources and reference materials. Any BMP not

specifically approved by the Regional Board may be used if they have been recommended in one of the listed technical

resources and reference materials. The City shall maintain updated copies of these lists and shall provide them upon request. 

(d)       Environmentally Sensitive Area (ESA).  Area designated by the Regional Board requiring special protection
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because of its landscape, wildlife or historical value.

(e)       Full Capture Trash BMP.  A structural device or series of devices installed to remove all particles larger than 5

mm and having a design treatment capacity of not less than the peak flow rate resulting from a one-year, one-hour storm.  Such

a system is considered a post- construction BMP and treatment control BMP. 

(fc)      Good Housekeeping Requirements (“GHR”). Urban runoff pollution control practices applicable to

existing all properties, which have been demonstrated to significantly reduce and control urban runoff pollution that runs into

storm drains, treatment facilities and the Santa Monica Bay, such as source and treatment control BMPs.

(g)       Green Transportation Infrastructure.  Streets, roads and alleys that have post-construction BMPs to

harvest runoff for storage and onsite use, including green streets and green alleys.

(h)       Hardscape.  Any impermeable surface exposed to precipitation or runoff.

(i)         Hierarchy of BMPs.  A list of acceptable post-construction BMP categories that identifies and ranks the

most sustainable to least sustainable strategies to reduce urban runoff pollution in compliance with this ordinance. 

(j)         Low Impact Development (LID).  LID is a comprehensive stormwater management, land planning and

engineering design approach which utilizes BMPs with a goal of conservation and the use of onsite natural features to maintain

and enhance the pre-development hydrologic regime of urban and developing watersheds, including individual parcels.

 

(k)        Municipal Separate Storm Sewer System (MS4).  An MS4 is a municipal piping system that conveys dry

weather runoff or storm water from individual parcels and public right-of-ways to storm drains, treatment facilities and the Santa

Monica Bay.

 

(l)         National Pollutant Discharge Elimination System (NPDES).  A system implemented and enforced by a

permit issued by the U.S. Environmental Protection Agency, State Water Resources Control Board, or the California Regional

Water Quality Control Board pursuant to the Clean Water Act that authorizes discharges to waters of the United States and

requires the reduction of pollutants in the discharge.

(md)    New Development/Re-development. For purposes of this Chapter, nNew dDevelopment/Re-development

shall constitute any of the following if the construction project(s) is proposed at any time over a single 36-month period:

(1)       Any construction project on a vacant site parcelor on a site where fifty percent or more of the square footage of

the structures is removed prior to construction.

(2)       Any construction project where an existing building or structure has been damaged, or is in need of repairs, or the

owner desires to make repairs, alterations, or rehabilitation in an amount exceeding fifty percent of the replacement cost of the

building or structure. For purposes of this subsection, the City’s Building Officer shall determine the replacement cost of the

building or structure and may use the most current building valuation table published by the International Conference of Building

Officials. The Building Officer shall also determine the fair market value of any necessary repairs and may calculate the fair

market value of repairs based on three responsible bids from properly licensed contractors.

(23)     Any construction project that (a) results in improvements to fifty percent or greater of the square footage of a

building, or (ac) creates or adds fifty percent or more of the square footage of a structure more of impervious surfaces,, or (b) is

a substantial remodel, (c) creates, adds or replaces fifty percent or more of the exterior footprint of a structure on a parcel, or

. (db) creates, or adds, or replaces at least twenty-five five thousand hundred square feet of impervious surfaces.,  or.

(3)       Any construction project that involves a separate new structure with an exterior footprint of 400 square feet or

more, including an accessory building, on one parcel with existing structures.

(48)     Any construction project located in or directly adjacent to, or discharging directly to, an Environmentally Sensitive

Area.
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(4)       Any a construction project undertaken by the City where the runoff controls required by this Chapter are feasible

and economical, as determined by the Director of the Department of Environmental and Public Works Management, but which

would not otherwise constitute Nnew Ddevelopment or Re-development as defined by subdivisions (1), (2) or (3) of this

subsection (d).          

 

(n)       Post-Construction BMP.  A permanent, structural BMP that remains on a parcel after the completion of a new

development/re-development project to comply with urban runoff mitigation requirements.

(o)       Principal Building.  The building containing the primary or predominant use of any site.

(p)       Project Mitigation Volume.  One hundred percent of the runoff produced by a storm event falling on all

impermeable surfaces of a parcel unless the new development/redevelopment project adds or replaces less than 50% of

the principal building on the parcel, if any, and the new development/redevelopment project’s square footage is less than 50%

of all existing structures on the parcel in which case the project mitigation volume shall be one hundred percent of the runoff

produced by a storm event falling on the impermeable surfaces of the structure(s) within the scope of the new

development/redevelopment project and its/their proportional parking areas.

 

(q)       Rainwater Harvesting.  The process of collecting, treating, storing and using rain water from onsite or offsite

impermeable areas for non-potable uses.

(re)      Source Control BMP.  Non-structural activities, practices, and procedures that are designed to prevent urban

runoff pollution.

(s)        Standard Urban Storm Water Mitigation Plan (SUSMP).   Plans developed by the Los Angeles County that

designate post-construction BMPs that must be used in the nine specified categories of development projects to comply

with the regional NPDES permit.

 

(tf)       Storm Event. 0.75 inches of rainfall within a consecutive twenty-four24 -hour period that is separated from the

previous storm event by at least seventy-two hours of dry weather, unless a more stringent standard is mandated by federal,

state, or local law.

(u)       Storm Water.  Rain water that has become runoff on a property and flows off the property and enters the MS4.

(vg)     Structural BMP. Any temporary or permanent structural facility designed and constructed to mitigate the adverse

impacts of storm water and urban runoff pollution (e.g. canopy, structural enclosure). The category may include both Source

Control and Treatment Control BMPs.

(w)       Substantial Remodel.  A structure shall be deemed to have been substantially remodeled or demolished if at

least fifty percent of exterior walls have been removed or relocated for any duration of time.

In determining whether a project is a substantial remodel, a wall shall be deemed to be demolished if the structural

supporting members (columns, two-by-fours, or other such elements) of the wall have been removed or are no longer attached

to the foundation. The roof structure must also be retained unless the roof line is being modified or additional floors are being

added, in which case the roof structure may be removed.

(x)        Total Maximum Daily Load (TMDL).  A calculation that establishes the maximum amount of an impairing

substance or stressor (e.g. pollutant) that a water body can receive and assimilate, and still safely meet Water Quality

Standards, defined by the federal Clean Water Act.

(yh)                 Treatment Control BMP. Any engineered system designed to remove pollutants by simple gravity settling

of particulate pollutants, filtration, biological uptake, media adsorption or any other physical, biological or chemical process,

such as structural BMPs.
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(z)                    Unit Cost.  Monetary amount established by a resolution of the City Council based on the average cost

per gallon of runoff for the City to construct post-construction BMPs on City properties during a five (5) year period prior to

the adoption of the resolution. This cost shall be an equivalent option under the hierarchy of BMPs.

(aai)                Urban Runoff.  Surface water flowing off of a parcel and into the MS4.

(bb)                 Urban Runoff Pollution.  Water and sSuspended or dissolved contaminantmaterials within urban

runoff including but not limited to sediments, heavy metals, organic chemicals, nutrients, oil and grease, trash and bacteria

flowing through deposited on surfaces and washed by storms or other sources of flowing water, through the MS4 flood control

system to a storm drain, treatment facility and the Santa Monica Bay.the ocean. Research studies have shown that urban runoff

contributes many pollutants to receiving waters. Contamination includes bacteria and viruses, solid waste, and toxics such as

heavy metals and petroleum-based compounds.

 

(ccj)                 Urban Runoff Mitigation Plan.  A plan that shall be submitted and approved in connection with any

project that is subject to 7.10.050. new development.

(dd)     Urban Runoff Reduction Fee.   A fee paid to the City by the applicant pursuant to Section 7.10.050 (q) in lieu

of constructing a post-construction BMP to comply with this Chapter.

 
7.10.040         Good housekeeping requirements for reduction of urban runoff applicable to all properties.

            The following good housekeeping requirements shall be adhered to by all persons within the City and shall apply

to all properties, public and private.

(a)       Collection, Storage and Minimization of Runoff.

(1)       Water used for irrigation purposes shall not be allowed to run off of a siteparcel.

(2)       Washing down paved areas shall be prohibited unless necessary for health or safety purposes,  not in violation of

any other provision of this Code, and only performed through high pressure washing. If pressure washing down paved areas is

authorized pursuant to this subdivision (2), BMP measures shall first be implemented to remove solids, such as litter and

debris, sediments, and any visible liquid hydrocarbons and other chemicals before the washing begins. and hydrocarbons and

other organic chemicals, Water used for pressure washing must be collected and disposed of into the sanitary sewer only or

directed to permeable landscaped areas.

(3)       The uncovered outdoor storage of unsealed containers of building materials and lawn and automotive care

products containing substances that may contribute pollutants to the storm water conveyance system is prohibited.

(4)       Commercial tenants, multi-family building managers and industrial owners shall on a weekly basis inspect trash

receptacles, and refuse and recycling storage areas, and other areas that may collect debris or attract animals on a weekly

basis for loose garbage and liquid waste residue and shall not allow such garbage and residue to accumulate or enter the

storm drain system. Trash receptacles shall have solid covers and shall be closed at all times other than during trash disposal

to prevent the entry of rain and animals, and the exit of wind-blown litter. Trash receptacles shall be maintained without broken

covers and leaks.

(5)       Swimming pools, hot tubs, and spas, fountains and water features shall be drained to permeable surfaces and/or

to the sanitary sewer, and the water shall not be allowed to flow along the ground surface off the site and into the public right-of-

way.

(b)       Maintenance of Equipment.

(1)       Objects, such as vehicle motor parts containing grease, oil or other hazardous substances, and unsealed

receptacles containing hazardous materials, shall not be stored in areas susceptible to precipitation or runoff.

(2)       Any machine which is to be repaired or maintained in an uncovered outdoor area shall be placed on a pad of
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absorbent material to contain leaks, spills or small discharges.

(3)       Machinery and equipment, including motor vehicles, which that are leaking significant amounts of oil or fluids must

be repaired immediately.  Any leaks shall not be allowed to leave the property or enter the MS4.

(c)        Removal of Debris and Residue.

(1)       All motor vehicle parking lots susceptible to precipitation or runoff shall be swept, at minimum, on a monthly basis

to remove debris. Lots with more than ten parking spaces and all public parking facilities shall be vacuum swept, at minimum,

on a quarterly basis. However, lots are not required to be vacuum swept for one month following a day when precipitation of

one-half inch or more occurs.

(2)       Fuel and chemical residue or other types of potentially harmful material, such as animal waste, garbage or

batteries, which is located in an area susceptible to precipitation or runoff, shall be removed immediately and disposed of

properly. Household hazardous waste may be disposed of at the City’s household hazardous waste collection facility or at any

other appropriate disposal site and shall not be placed in a trash container.

(3)       Intentional disposal of any trash, litter, animal waste, debris or hazardous material of any type into the public right-

of-way (storm drain conveyance system) or a storm drain or catch basin is prohibited. Section 5.20.040 of this Code prohibits

discharge of other types of pollutants into the storm drain.
(d)       Prohibition on Use of Pesticides and Fungicides Banned from Manufacture.
Use of any pesticide, herbicide or fungicide, the manufacture of which has been either voluntarily discontinued or

prohibited by the Environmental Protection Agency, is prohibited. A list of these prohibited substances shall be maintained and

made available to the public by the Environmental Programs Division (EPD).
 
7.10.050           Urban runoff reduction requirements for new development/or re-development.
The following urban runoff reduction requirements shall apply to all persons submitting applications for Nnew

Ddevelopment/Re-development within the City.  

(a)       At the time of submittal of an application for a new development/re-development project, an applicant shall be

required to submit an Urban Runoff Mitigation Plan to the Department of Environmental and Public Works ManagementPublic

Works.

(b)       The Urban Runoff Mitigation Plan shall demonstrate that an applicant will either store and use for non-potable

purposes, infiltrate, or evapotranspire the Project Mitigation Volume through incorporation of design element specified in

subsection (c) of this Section, or alternatively, pay an Urban Runoff Reduction Fee in accordance with subsection (q) of this

Section unless payment of such a fee is precluded by subsection (s) of this Section. An applicant may satisfy this requirement

off-site in accordance with the City's Urban Runoff Off-Site Treatment Guidelines only if  the applicant demonstrates that on-site

treatment is technically infeasible because the project is located: 

(1)  where seasonal high groundwater is within 10 feet of surface grade;

(2)  within 100 feet of a groundwater well used for drinking water;

(3)  at a Brownfield Development site or other location where pollutant mobilization is a documented concern;

(4)  within potential geotechnical hazards; or

(5)  on a site with impermeable soil type as indicated in applicable soils and geotechnical reports.

An applicant shall only be authorized to treat and release when the applicant demonstrates that the City is required by

State or federal law to authorize a treat and release BMP.  In developing an Urban Runoff Mitigation Plan, an applicant shall

,infiltrate, or treat projected runoff for the new development by an amount equal to or greater than the volume of runoff produced

from a storm event through incorporation of design elements that address one or more of the goals set forth below in

subdivisions (1), (2), and (3) of this subsection. 

 (cd)  The design elements utilized by an applicant may, but are not required to, include the following those provided on

the list below so long as the Project Mitigation Volume is treated by an authorized BMPrequired projected runoff infiltration or
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treatment is achieved:

(1)       Direct runoff to rainwater or stormwater harvesting systems (rain barrels and cisterns) for non-potable uses.

(21)     Maximize Use permeable areas with Low Impact Development strategies to allow passive rainwater harvesting

for more percolation of runoff into the ground through such means as:

(Ai)      BiofiltersBioretention;

(Bii)     Green strips, including parkways and medians.  The use of landscaped BMPs to mitigate runoff from

impermeable areas must include the appropriate storage volume for the required mitigation volume, in addition to precipitation

volumes falling on these surfaces.;

(Ciii)    Swales;.

(D)       Landscapes.  The use of landscapes to mitigate runoff from impermeable areas must include the appropriate

storage volume for the required mitigation volume, in addition to precipitation volumes falling on these surfaces; or

(E)       Permeable paving materials, such as but not limited to pervious concrete and porous asphalt, permeable

concrete and plastic modular and interlocking paving materials, and equivalent materials.  The use of this BMP to mitigate

runoff from impermeable areas must include the appropriate storage volume for this required mitigation volume, in addition to

precipitation volumes falling on these surfaces.

The use of permeable materials in lieu of or to replace hardscapes will increase the amount of runoff seepage into the

ground.

(32)     Maximize the amount ofDirect runoff directed tto permeable areas and/or maximize stormwater storage for reuse

or infiltration by such means as through Low Impact Development strategies.  The use of permeable areas to mitigate runoff

from impermeable areas must include the appropriate storage volume for this required mitigation volume, in addition to

precipitation volumes falling on these surfaces:

(Ai)      Orienting roof runoff and direct downspouts towards permeable surfaces, infiltration pits (drywells), Ffrench

drains, or other structural BMPs rather than directly to driveways, parking lots or other non-permeable surfaces so that runoff will

penetrate into the ground instead of flowing off-site to the MS(4).

(Bii)     Gradeing the siteparcel to divert flow to permeable areas.

(Ciii)    Useing cisterns, retention structures or terrain (green or eco) rooftops to harveststore precipitation or runoff for

reuse.

(Div)    Removeing or designing curbs, and berms to allow or the like so as to avoid isolation of permeable or

landscaped areas runoff from impermeable surfaces (e.g. parking lots) to drain to permeable or landscaped areas.

(E)       Directing downspouts to permeable areas instead of to the MS4.

(F)       For structures without roof gutters and downspouts, all runoff must fall onto or drain directly or indirectly to

permeable areas having proper grading and storage volume for the required mitigation volume, and pose no threat to structural

integrity or adjacent structures.

(G)       Surface parking lots with no sub-surface structures shall have runoff directed to permeable, storage or infiltrating

areas, including sunken planters and/or with non-continuous curbs.  Where surface BMPs mitigate runoff from impermeable

areas, they must include the appropriate storage volume for this required mitigation volume, in addition to precipitation volumes

falling on these surfaces.

(43)     Remove pollutants through installation of treatment control BMPs.

(d4)     For purposes of compliance with this Section, excluding any impermeable deck areas, the surface area of pools,

hot tubs, and spas, fountains and water features shall be considered 100% impermeable surfaces, if these water features

discharge to the sanitary sewer.

(e5)     The Urban Runoff Mitigation Plan must also include the applicant’s plan for the maintenance of all BMP’s
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requiring ongoing maintenance.

(f6)      All Urban Runoff Mitigation Plans must include the applicant’s signed statement accepting responsibility for all

structural and treatment control BMP maintenance. The transfer of property subject to an Urban Runoff Mitigation Plan must

include as a written condition to the transfer that the transferee assumes full responsibility for maintenance of any structural,

and/or source or treatment control BMPs as set forth in subsection (p) of this Section.

(gc)     In addition to  Tthe design elements standards required in subsection (c), the following design strategies

established in this subsection (gc) shall be required for all new development/re-development except single- family residences:

(11)     Urban runoff shall not be allowed to come into contact with the following areas:

(Ai)      Loading and unloading dock areas;

(Bii)     Vehicle Rrepair and maintenance bays;

(Ciii)    Vehicle and equipment wash areas; and

(Div)    Fueling areas.

(22)     Where new development/ re-development will include outdoor areas for the storage of material that may

contribute pollutants to the storm water conveyance system, these materials must be:

(Ai)      Placed in an enclosure such as, but not limited to, a cabinet, shed, or similar structure that prevents contact with

runoff or spillage to the storm water conveyance system; or

(Bii)     Protected by secondary containment structures such as berms, dikes, or curbs.

(3)       The outdoor storage area for materials subject to subdivision (2) of this subsection (g)Section must be:

(Ai)      Paved and sufficiently impervious to contain leaks and spills.;

(Bii)     Covered with a roof or awning to minimize collection of storm water within the secondary containment area.

(4)       In addition to the requirements of section 9.04.10.02.150, Tthe area where a trash receptacle or receptacles are

located for use as a repository for solid wastes must meet the following Structural or Treatment Control BMP requirements:

(Ai)      Drainage from adjoining roofs and pavement must be diverted away from the trash storage areas;.

(Bii)     The area must be covered with roof or awning (to prevent rain from entering the area and sewer or storm drain

conveyance system), screened or walled to prevent off-site transport of trash, and must be connected to the sanitary sewer. 

This requirement shall also apply to projects that add or alter a refuse or recycling storage area; and.

(Ciii)    Trash bins must have solid covers and be covered at all times except while being emptied.

(h)         The City shall maintain a list of locations where certain types of BMPs may not be appropriate due to existing

hydro-geological conditions and/or sub-surface contamination. 

 (i)          Any municipal street, road and alley re-construction project of $500,000.00 or more of construction costs,

excluding repaving projects of existing roads, shall implement post-construction BMPs for green transportation infrastructure.

(jd)      Any construction project adding down spouts, gutters and subsurface pipes directing storm water to the curb face

shall have a fFrench drain system of perforated pipe and gravel unless site-specific circumstances endanger public safety so

as to prohibit its use as determined by the Director of the Department of Environmental and Public Works ManagementPublic

Works. These requirements of this subsection (d) shall apply even if the project does not constitute new development/re-

development as defined by this Chapter.

(k)        Any additional requirements imposed by the current NPDES permit and/or TMDL.

(le)      The City’s will evaluateevaluation of each Urban Runoff Mitigation Plan willto ascertain if the proposed plan meets

the standards set forth in subsection (b) of this Section. Each plan will be evaluated on its own merits according to the particular

characteristics of the project and the siteparcel to be developed.

(mf)     The Director of the Department of Environmental and Public Works ManagementPublic Works or his or her

designee shall approve or disapprove the plan. If the plan is disapproved, the reasons for disapproval shall be given in writing
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to the developer. Any plan disapproved by the Director of Environmental and Public Works ManagementDepartment of Public

Works or his or her designee must be revised by the developer and resubmitted for further review and approval. No building

permit shall be issued until an Urban Runoff Mitigation Plan has been approved by the Department of Environmental and Public

Works ManagementPublic Works.

(ig)      A waiver from subsection (b) of this Section may be issued by the Director of the Department of Environmental

and Public Works Management or his or her designee if the petitioner shows impracticability of implementing these

requirements. Recognized circumstances demonstrating impracticability include: (i) extreme limitations of space for

treatmenttreatment; (ii) unfavorable or unstable soil conditions at a site to attempt infiltration; and (iii) risk of groundwater

contamination because a known unconfined aquifer lies beneath the land surface or an existing or potential underground

source of drinking water is less than ten feet from the soil surface. Any other justification for impracticability must be separately

petitioned by the City and submitted to the Regional Board for consideration.

(pjh)    If a waiver is granted for impracticability, the petitioner will be required to transfer the savings in cost, as

determined by the Director of the Department of Environmental and Public Works Management,  to a City stormwater

mitigation fund to be used to promote regional or alternative solutions for urban runoff pollution in the storm watershed, which

may be operated by a public agency or a non-profit entity.

(ni)      Compliance with an approved Urban Runoff Mitigation Plan shall be a condition of any required planning

approval. No building permit shall be issued until an Urban Runoff Mitigation Plan has been approved by the Department of

Public Works.

(o)       The property owner or designated management entity shall be responsible for annual maintenance of its BMP,

which will include an inspection of appropriate BMP components.

(p)       The owner or the selling agent of any real property that has a post-construction BMP(s) installed pursuant to the

requirements of this Chapter shall, in any real property transaction, provide the buyer of the real property with notice informing

the buyer of the post-construction BMP(s), including its location, maintenance requirements, and any other relevant information

necessary for the buyer to properly maintain the BMPs. The owner or the selling agent shall provide the notice to the buyer as

soon as practicable before transfer of title. The buyer shall execute a receipt therefore as furnished by the City and said receipt

shall be delivered to the City's Office of Sustainability and the Environment as evidence of compliance with the provisions of

this Chapter.   The buyer shall acknowledge that the buyer assumes full responsibility for maintenance of any and all post-

construction BMPs.  If any disclosure required to be made by this subsection (p) of this Section is delivered after the execution

of an offer to purchase, the buyer shall have three days after delivery in person or five days after delivery by deposit in the mail

to terminate his or her offer by delivery of a written notice of termination to the owner or selling agent. Any person who violates

the provisions of this Chapter shall be subject to the penalties and remedies specified in Chapter 1.08.  In addition, a buyer

who does not receive the notice required by this subsection (p) may bring a civil action for damages.  

 

(q)       Except as provided in subsection (s) of this Section, an applicant may pay an Urban Runoff Reduction Fee in

accordance with the following formula:

Project Mitigation Volume (cubic feet)   X 7.49 (gallons/cubic foot)   X   Unit Cost (dollars/gallon)

(r)        For purposes of this Section, the Unit Cost shall be established by resolution of the City Council based on the

average cost/gallon of water for the City to construct post-construction BMPs on City properties during a five (5) year period

prior to the adoption of the resolution.  Commencing on July 1, 2011 and on July 1st of each fiscal year thereafter, the Urban

Runoff Reduction Fee shall be adjusted based on changes in constructions costs. The Urban Runoff Reduction Fee shall be

used exclusively to construct Low Impact Development post-construction BMPs designed to achieve at least the same level of

water quality protection as if all of the runoff was retained on site and to implement the strategies of the 5-Year Low Impact
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Development Plan in support of the City's Watershed Management Plan.

(s)        An applicant shall not be authorized to pay an Urban Runoff Reduction Fee for the nine specified land use

categories found in the SUSMP, but instead must install Low Impact Development post-construction BMP's unless the applicant

demonstrates to the Director of the Department of Public Works or his or her designee the infeasibility of implementing these

requirements.  Recognized circumstances demonstrating infeasibility include: (i) extreme limitations of space for treatment; (ii)

unfavorable or unstable soil conditions at a site to attempt infiltration; and (iii) risk of groundwater contamination because a

known unconfined aquifer lies beneath the land surface or an existing or potential underground source of drinking water is less

than ten feet from the soil surface. Any other justification for impracticability must be approved by the Regional Board.

(t)         An applicant and any successor in interest shall comply with the Urban Runoff Mitigation Plan, including

installation of any required BMP and its maintenance.

(u)         Any structural or treatment control BMP used for runoff mitigation must include a full capture trash system.

(v)        The City shall maintain a list of authorized Post-construction BMPs, a list of manufacturers and products, and

resources and reference technical materials, which may be updated periodically by the Office of Sustainability and the

Environment. Post-construction BMPs not found in these lists may be authorized by the City if the applicant submits treatment

results demonstrating treatment effectiveness which is equal to or better than the treatment effectiveness of products on the City

lists. 
 

7.10.060 Urban runoff requirements for construction siteparcels.

The following Best Management Practices, which address the problem of urban runoff pollution, shall apply to all

construction siteparcels in the City. These requirements shall apply at the commencement of demolition of an existing structure

and/or commencement of construction and until receipt issuance of a certificate of occupancy.

(a)       A copy of any Storm Water Pollution Prevention Plan (SWPPP) required to be submitted to the Regional Board

shall be submitted to the City at the same time.

(b)       Polluted runoff (including runoff containing sediments and/or construction wastes) from a construction siteparcels

shall not leave the siteparcel.  No wash water from any type of cement and concrete machinery or concrete mix truck shall be

allowed to leave the construction parcel.  Any washing of equipment in the right-of-way must be contained and properly

disposed.

(c)        Any sediments or other materials that are tracked off the siteparcel by vehicles and equipment shall be removed

the same day as they are tracked off the siteparcel. Where determined to be necessary by the Director of the Department of

Environmental and Public Works ManagementPublic Works or his or her designated representative, a temporary sediment

control BMPbarrier shall be installed.

(d)       For any painting removal, paint preparation, or sandblasting activities that will result in particles entering the air or

landing on the ground, BMP steps shall be implemented to prevent or minimize to the maximum extent practicable such particle

releases into the environment.

(e)       Plastic covering shall be utilized to prevent erosion of an otherwise unprotected area, e.g. exposed or open to

elements,, along with runoff treatment control BMPsdevices to intercept and safely convey the runoff to the MS4.

(f)        No washing of construction or other vehicles shall be allowed adjacent to a construction siteparcel. No polluted

runoff from washing vehicles on a construction siteparcel shall be allowed to leave the siteparcel.

 

(g)       Erosion dDrainage controls shall be utilized depending on the extent of proposed grading and topography of the

siteparcel to prevent runoff, including but not limited to the following:

(1)       Detention ponds, sediment ponds, or infiltration pits;
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(2)       Dikes, filter berms or ditches; or

(3)       Down drains, chutes or flumes.
 
7.10.070 Enforcement and penalties.
            (a)       The Director of the Department of Environmental and Public Works Management, or his or her designee,

is authorized to enforce Sections 7.10.040, 7.10.050 and 7.10.060 as follows:

            (1)       For the first failure to comply with any provision of Sections 7.10.040, 7.10.050 and 7.10.060, the

Department of Environmental and Public Works Management shall issue to the affected person a written notice that includes

the following information:

            (i)         A statement specifying the violation committed;

            (ii)        A specified time period within which the affected person must correct the failure or file a written notice

disputing the notice of failure to comply;

            (iii)       A statement of the penalty for continued noncompliance.

            (2)       For each subsequent failure to comply with any provision of Sections 7.10.040, 7.10.050 and 7.10.060

following written notice pursuant to this Section, the Director of the Department of Environmental and Public Works

Management may levy a penalty not to exceed five hundred dollars. Any statement informing a violator of a citation shall include

a notice setting forth the hearing rights provided in subsection (a)(3) below.

            (3)       Any person assessed a penalty pursuant to subsection (a)(2) may dispute the penalty by requesting a

hearing on a form provided by the City within the time and manner set forth in Section 6.16.030, provided that no hearing

request shall be deemed timely filed and no hearing shall be held unless, within the time period to request a hearing, the person

deposits with the City Treasurer money in the amount of any unpaid penalty due under this Section. If as a result of the hearing it

is determined that the penalty was wrongly assessed, the City shall refund any money deposited to the person. The decision of

the Hearing Examiner shall be final except for judicial review and shall not be appealable to the City Council.

            (4)       It shall not be a defense to the assessment of any penalty or to any other civil enforcement action provided

for under this Section for a person to assert that any violation of Sections 7.10.040, 7.10.050 and 7.10.060 was caused by the

actions of a person other than the person assessed except if the violation was caused by the criminal or negligent action of a

person who was not an agent, servant, employee or family member of the person.

            (5)       Any penalty collected hereunder shall be deposited in the City’s Stormwater Fund to be used as

reimbursement for the Department of Environmental and Public Works Management’s costs and expenses of administration

and enforcement of this Chapter.

            (b)       Any violation of this Chapter shall constitute an infraction punishable by a fine of five hundred dollars. Each

day that a violation occurs shall constitute a separate offense.

            (c)        A violation of any provision of this Chapter is declared to be a public nuisance and may be abated

pursuant to Santa Monica Municipal Code Chapter 8.96 or by means of a civil action.

            (d)       The City may enforce the provisions of this Chapter by means of a civil action. The burden of proof in such

cases shall be preponderance of the evidence.

            (e)       Any person who commits an act, proposes to commit an act, or engages in any pattern and practice which

violates this Chapter may be enjoined therefrom by any court of competent jurisdiction.

            (f)        The penalties and remedies established by this Chapter are not exclusive, and nothing in this Chapter

shall preclude any person from seeking any other remedies, penalties or procedures provided by law. (Added by Ord. No.

1992CCS § 1 (part), adopted 11/28/00)

 (a)   Criminal Penalty. Any person who is convicted of violating this Chapter shall be guilty of a misdemeanor and upon

conviction shall be punished by a fine of not greater than five hundred dollars or by imprisonment in the County Jail for not more
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than six months, or by both such fine and imprisonment.

(b)   Civil Action. Any person, including the C ity, may enforce the provisions of this Chapter by means of a civil action.

(c)   Any person who violates any provision of this Chapter shall be subject to administrative fines and administrative

penalties pursuant to Chapter 1.09 and Chapter 1.10 of this Code.

(d)   Other Penalties. Any person who violates or aids or incites another person to violate the provisions of this Chapter

is liable for each and every such offense for the actual damages suffered by any aggrieved party, for statutory damages in the

sum of five hundred dollars per occurrence, and for such attorney’s fees and costs as may be determined by the court in

addition thereto. The court may also award punitive damages in a proper case as defined by Civil Code Section 3294. The

burden of proof for purposes of punitive damages shall be clear and convincing evidence.

(e)  Injunction. Any person who commits an act, proposes to commit an act, or engages in any pattern and practice which

violates this Chapter may be enjoined there from by any court of competent jurisdiction. Such an injunction may compel an

employer to reinstate an employee, furnish back pay or forward pay, furnish lost benefits, or take any other action necessary to

make an aggrieved employee whole. An action for injunction under this Chapter may be brought by any aggrieved person, by

the City Attorney, or by any person or entity who will fairly and adequately represent the interest of the protected class.

(f)   Nonexclusive Remedies and Penalties. The remedies provided in this Chapter are not exclusive, and nothing in this

Chapter shall preclude any person from seeking any other remedies, penalties or procedures provided by law.
 
7.10.080 Citywide urban runoff pollution prevention education program.

            The Department of Environmental and Public Works Management, along with other City departments, shall

conduct an informational program to educate the public about the dangers of urban runoff pollution and the means of preventing

such pollution. The program shall educate residents and business persons who operate within the City about the contents of

this Chapter.
 
7.10.0890 Additional best management practices requirements.
If a determination is made by the Director of the Department of Environmental and Public Works ManagementPublic

Works that the public health and safety may be compromised through the release of contaminants or pollutants from a

construction siteparcel or an existing parcel or as a result of new development/re-development, the Director or his or her

designee shall have the authority to require additional BMPs besides those already required by this Chapter and/or by an

Urban Runoff Mitigation Plan. 

SECTION 2.  The Council finds that the adoption of these ordinances is exempt from the provisions of the California

Environmental Quality Act pursuant to CEQA Guidelines Section 15061(b)(3).

SECTION 3.  Any provision of the Santa Monica Municipal Code or appendices thereto inconsistent with the provisions of this

Ordinance, to the extent of such inconsistencies and no further, is hereby repealed or modified to that extent necessary to effect the

provisions of this Ordinance.

SECTION 4.  If any section, subsection, sentence, clause, or phrase of this Ordinance is for any reason held to be invalid or

unconstitutional by a decision of any court of competent jurisdiction, such decision shall not affect the validity of the remaining portions of this

Ordinance.  The City Council hereby declares that it would have passed this Ordinance and each and every section, subsection, sentence,

clause, or phrase not declared invalid or unconstitutional without regard to whether any portion of the ordinance would be subsequently

declared invalid or unconstitutional.

SECTION 5.  The Mayor shall sign and the City Clerk shall attest to the passage of this Ordinance.  The City Clerk shall cause the

same to be published once in the official newspaper within 15 days after its adoption.   This Ordinance shall become effective 30 days from

its adoption.
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APPROVED AS TO FORM:
 
 
_________________________
MARSHA JONES MOUTRIE
City Attorney 
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181899ORDINANCE NO. _

An ordinance amending Sections 64.70.01 and 64.72 of Article 4.4 of Chapter VI
of the Los Angeles Municipal Code to expand the applicability of the existing Standard
Urban Stormwater Mitigation Plan (SUSMP) requirements by imposing rainwater Low
Impact Development (LID) strategies on projects that require building permits; and
amending Section 64.72.05 of Article 1 of Chapter IX of the Los Angeles Municipal
Code to collect fees to recover Bureau of Sanitation costs of administering the
provisions of this Ordinance.

WHEREAS, the City of Los Angeles is authorized by Article XI, §5 and §7 of the
State Constitution to exercise the police power of the State by adopting regulations to
promote public health, public safety and general prosperity;

WHEREAS, the City of Los Angeles has authority under the California Water
Code to adopt and enforce ordinances imposing conditions, restrictions and limitations
with respect to any activity that might degrade the quality of waters of the State;

WHEREAS, the City of Los Angeles has applied an integrated approach to
incorporate wastewater, stormwater and runoff, and recycled water management into a
single strategy through its Integrated Resources Plan;

WHEREAS, the City of Los Angeles is committed to a stormwater management
program that protects water quality and water supply by employing watershed-based
approaches that balance environmental and economic considerations;

WHEREAS, the purpose of this Ordinance includes, but is not limited to,
rainwater harvesting and stormwater runoff management, water conservation, and
recycled water reuse and gray water use, which are all key elements of the City of Los
Angeles "Water Supply Action Plan" and are essential to ensuring responsible and
sustainable development;

WHEREAS, urbanization has led to increased impervious surface areas resulting
in increased water runoff and less percolation to groundwater aquifers causing the
transport of pollutants to downstream receiving waters;

WHEREAS, the City of Los Angeles needs to take a new approach to managing
rainwater and urban runoff while mitigating the negative impacts of development and
urbanization;

WHEREAS, the City of Los Angeles' Los Angeles River Revitalization Plan has
identified reduction in peak stormwater runoff in the Los Angeles River as necessary to
implement many of the Los Angeles River revitalization projects;

WHEREAS, LID is widely recognized as a sensible approach to managing the
quantity and quality of stormwater runoff by setting standards and practices to maintain
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or restore the natural hydrologic character of a development site, reduce off-site runoff,
improve water quality, and provide groundwater recharge; and

WHEREAS, it is the intent of the City of Los Angeles to expand the applicability
of the existing Standard Urban Stormwater Mitigation Plan requirements by providing
stormwater and rainwater LID strategies for all projects that require building permits.

NOW THEREFORE,

THE PEOPLE OF THE CITY OF LOS ANGELES
DO ORDAIN AS FOLLOWS:

Section 1. Section 64.70.01 of Article 4.4 of Chapter VI of the Los Angeles
Municipal Code is amended in its entirety to read as follows:

SEC. 64.70.01. DEFINITIONS AND ABBREVIATIONS.

A. Definitions. For the purpose of this Article, the following words and
phrases are defined and shall be construed as set out here, unless it is apparent from
the context that they have a different meaning:

1. "Basin Plan" means a Water Quality Control Plan adopted by the
California Regional Water Quality Control Board for a specific watershed or
designated area.

2. "Best Management Practice (BMP)" means activities, practices,
facilities, and/or procedures that when implemented will reduce or prevent
pollutants in discharges.

3. "Board" means the Board of Public Works of the City of Los
Angeles or its duly authorized representative.

4. "Bureau" means the Bureau of Sanitation of the City of Los
Angeles or its duly authorized representative.

5. "City" means the City of Los Angeles or its duly authorized
representatives.

6. "Clean Water Act (CWA)" means the Federal Water Pollution
Control Act enacted in 1972, by Public Law 92-500, and amended by the Water
Quality Act of 1987. The Clean Water Act prohibits the discharge of pollutants to
Waters of the United States unless the discharge is in accordance with an
NPDES permit.
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7. "Commercial Activity" means any public or private activity
involved in the storage, transportation, distribution, exchange or sale of goods
and/or commodities or providing professional and/or non-professional services.

8. "Construction Activity" means clearing, grading, or excavating
that results in soil disturbance. Construction activity does not include routine
maintenance to maintain original line and grade, hydraulic capacity, or the
original purpose of the facility, nor does it include emergency construction
activities required to immediately protect public health and/or safety.

9. "Control" means to minimize, reduce or eliminate by technological,
legal, contractual or other means, the discharge of pollutants from an activity or
activities.

10. "Development" means the construction, rehabilitation,
redevelopment or reconstruction of any public or private residential project
(whether single-family, multi-unit or planned unit development); industrial,
commercial, retail and any other non-residential projects, including public agency
projects; or mass grading for future construction.

11. "Development Best Management Practices Handbook" means
such handbook, as may be amended from time to time, adopted by the Board of
Public Works.

12. "Director" means the Director of the Bureau of Sanitation of the
Department of Public Works of the City of Los Angeles or the duly authorized
representatives designated to administer, implement and enforce the provisions
of this Article.

13. "Discharge" means any release, spill, leak, pump, flow, escape,
dumping, or disposal of any liquid, semi-solid or solid substance.

14. "Environmentally Sensitive Areas (ESAs)" means an area in
which plant or animal life or their habitats are either rare or especially valuable
because of their special nature or role in an ecosystem and which would be
easily disturbed or degraded by human activities and developments (See
California Public Resources Code § 30107.5). ESAs include, but are not limited
to, areas designated as Significant Ecological Areas by the County of Los
Angeles (Los Angeles County Significant Areas Study, Los Angeles County
Department of Regional Planning (1976) and amendments); areas designated as
Significant Natural Areas by the California Department of Fish and Game's
Significant Natural Areas Program and field verified by the Department of Fish
and Game; and areas listed in the Basin Plan as supporting the "Rare,
Threatened, or Endangered Species (RARE)" beneficial use.
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15. "Hazardous Material(s)" means any material(s) defined as
hazardous by Division 20, Chapter 6.95 of the California Health and Safety Code.

16. "Illicit Connection" means any man-made conveyance that is
connected directly to the storm drain system, excluding roof-drains, and any
other similar connection that serves as a pathway for any illicit discharge.

17. "Illicit Discharge" means any discharge to the storm drain system
that is prohibited under local, state or federal statutes, ordinances, codes or
regulations. Illicit discharges include all non-stormwater discharges except
discharges pursuant to an NPDES permit or discharges that are exempted or
conditionally exempted by the NPDES permit or granted as a special waiver or
exemption by the Regional Board.

18. "Impervious Surface" means any man-made or modified surface
that prevents or significantly reduces the entry of water into the underlying soil,
resulting in runoff from the surface in greater quantities and/or at an increased
rate, when compared to natural conditions prior to development. Examples of
places that commonly exhibit impervious surfaces include parking lots,
driveways, roadways, storage areas, and rooftops. The imperviousness of these
areas commonly results from paving, compacted gravel, compacted earth, and
oiled earth.

19. "Industrial Activity" means any public or private activity that is
associated with any of the 11 categories of activities defined in 40 CFR
122.26(b)(14) and required to obtain a NPDES permit.

20. "Industrial/Commercial Facility" means any facility involved
and/or used in either the production, manufacture, storage, transportation,
distribution, exchange or sale of goods and/or commodities, and any facility
involved and/or used in providing professional and non-professional services.
This category of facility includes, but is not limited to, any facility defined by the
Standard Industrial Classifications (SIC). Facility ownership (federal, state,
municipal, private) and profit motive of the facility are not factors in this Definition.

21. "UO" means Low Impact Development.

22. "Maximum Extent Practicable (MEP)" means the standard for
implementation of stormwater management programs to reduce pollutants in
stormwater. MEP refers to stormwater management programs taken as a
whole. It is the maximum extent possible taking into account equitable
considerations and competing facts, including but not limited to, the gravity of the
problem, public health risk, societal concern, environmental benefits, pollutant
removal effectiveness, regulatory compliance, public acceptance, ability to
implement, cost, and technical feasibility. Section 402(p) of the Clean Water Act
requires that municipal permits shall require controls to reduce the discharge of
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pollutants to the maximum extent practicable, including management practices,
control techniques and systems, design and engineering methods, and other
provisions as the Administrator or the State determines appropriate for the
control of these pollutants.

23. "National Pollutant Discharge Elimination System (NPDES)"
means a permit issued by the U.S. EPA, State Water Resources Control Board,
or the California Regional Water Quality Control Board pursuant to the Clean
Water Act that authorizes discharges to Waters of the United States and requires
the reduction of pollutants in the discharge.

24. "Non-Stormwater Discharge" means any discharge to a municipal
storm drain system that is not composed entirely of stormwater.

25. "Person" means any individual, partnership, co-partnership, firm,
company, corporation, association, joint stock company, trust, estate,
governmental entity or any other legal entity, or their legal representatives,
agents or assigns. The masculine gender shall include the feminine and the
singular shall include the plural where indicated by the context.

26. "Pollutant" means any "pollutant" defined in Section 502(6) of the
Federal Clean Water Act or incorporated into the California Water Code Sec.
13373. Pollutants may include, but are not limited to the following:

(a) Commercial and industrial waste (such as fuels,
solvents, detergents, plastic pellets, hazardous substances, fertilizers,
pesticides, slag, ash, and sludge);

(b) Metals (such as cadmium, lead, zinc, copper, silver, nickel,
chromium, and non- metals such as phosphorus and arsenic);

(c) Petroleum hydrocarbons (such as fuels, lubricants,
surfactants, waste oils, solvents, coolants, and grease);

(d) Excessive eroded soil, sediment, and particulate materials in
amounts that may adversely affect the beneficial use of the receiving
waters, flora or fauna of the State;

(e) Animal wastes (such as discharge from confinement facilities,
kennels, pens, recreational facilities, stables, and show facilities); and

(f) Substances having characteristics such as pH less than 6 or
greater than 9, or unusual coloration or turbidity, or excessive levels of
fecal coliform, or fecal streptococcus, or enterococcus.
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27. "Receiving Waters" means all surface water bodies within Los
Angeles County that are identified by the Regional Board in a Basin Plan.

28. "Redevelopment" means land-disturbing activity that results in the
creation, addition, or replacement of 500 square feet or more of impervious
surface area on an already developed Site. Redevelopment includes, but is not
limited to: the expansion of a building footprint; addition or replacement of a
structure; replacement of impervious surface area that is not part of routine
maintenance activity; and land disturbing activity related to structural or
impervious surfaces. It does not include routine maintenance to maintain original
line and grade, hydraulic capacity, or original purpose of facility, nor does it
include emergency construction activities required to immediately protect public
health and safety.

29. "Regional Board" means the Califomia Regional Water Quality
Control Board, Los Angeles Region.

30. "Rules and Regulations" shall mean Rules and Regulations
adopted by the Board of Public Works Governing Pollution Control of Discharges
into the Storm Drain System.

31. "Site" means land or water area where any "facility or activity" is
physically located or conducted, including adjacent land used in connection with
the facility or activity.

32. "Storm Drain System" means any facilities or any part of those
facilities, including streets, gutters, conduits, natural or artificial drains, channels
and watercourses that are used for the purpose of collecting, storing, transporting
or disposing of stormwater and are located within the City of Los Angeles.

33. "Storm Water or Stormwater" means water that originates from
atmospheric moisture (rainfall or snow melt) and that falls onto land, water, or
other surfaces. Without any change in its meaning, this term may be spelled or
written as one word or two separate words.

34. "Stormwater Pollution Prevention Plan (SWPPP)" means a plan
required by and for which contents are specified in the State of California
General Permit for Storm Water Discharges Associated with Industrial Activities
or for Stormwater Discharges Associated with Construction Activities.

35. "Stormwater Runoff" means that part of precipitation (rainfall or
snowmelt) which travels across a surface to the storm drain system or receiving
waters.

36. "Toxic Materials" For purposes of compliance with the Los
Angeles County Municipal Stormwater Permit, the term "toxic materials" means
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any material(s) or combination of materials that directly or indirectly cause either
acute or chronic toxicity in the water column.

37. "Untreated" means non stormwater runoff, wastewater or wash
waters that have not been subjected to any applicable Treatment Control, Best
Management Practices or are not in compliance with conditions of a separate or
general NPDES permit.

38. "Urban Runoff' means surface water flow produced by storm and
non-storm events. Non-storm events include flow from residential, commercial or
industrial activities involving the use of potable and non-potable water.

Sec. 2. Section 64.72 of Article 4.4 of Chapter VI is amended to read as follows:

SEC. 64.72. STORMWATER POLLUTION CONTROL MEASURES FOR
DEVELOPMENT PLANNING AND CONSTRUCTION ACTIVITIES

(A) Objective. The provisions of this Section contain requirements for
construction activities and facility operations of Development and Redevelopment
projects to comply with the requirements of the Standard Urban Stormwater Mitigation
Plan, integrate LID practices and standards for stormwater pollution mitigation, and
maximize open, green and pervious space on all Developments and Redevelopments
consistent with the City's landscape ordinance and other related requirements in the
Development Best Management Practices Handbook. LID shall be inclusive of SUSMP
requirements.

(8) Scope. This Section contains requirements for stormwater pollution
control measures in Development and Redevelopment projects and authorizes the
Board to further define and adopt stormwater pollution control measures, develop LID
principles and requirements, including but not limited to the objectives and
specifications for integration of LID strategies, collect Best Management Practices
compliance plan check fees, grant waivers from the requirements of the Standard Urban
Stormwater Mitigation Plan, collect funds for projects that are granted waivers, conduct
inspections, cite violators for infractions, and impose fines. Except as otherwise
provided herein, the Board shall administer, implement and enforce the provisions of
this Section.

(C) LID Requirements. All Developments and Redevelopments shall comply
with the following:

1. Development or Redevelopment Involving four or Fewer Units
Intended for Residential Use.

a. Development or Redevelopment less than one acre shall
implement LID BMP alternatives identified in the Development Best
Management Practices Handbook; and
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b. Development or Redevelopment one acre or greater shall
comply with the standards and requirements of this Article and with the
Development Best Management Practices Handbook.

2. Development or Redevelopment Involving Nonresidential Use or
five or More Units Intended for Residential Use.

a. Development or Redevelopment resulting in an alteration of at
least fifty percent (50%) or more of the impervious surfaces on an existing
developed Site, the entire Site must comply with the standards and
requirements of this Article and with the Development Best Management
Practices Handbook; and

b. Development or Redevelopment resulting in an alteration of
less than fifty percent (50%) of the impervious surfaces of an existing
developed Site, only such incremental Development shall comply with the
standards and requirements of this Article and with the Development Best
Management Practices Handbook.

3. A Development or Redevelopment of any size that would create
2,500 square feet or more of impervious surface area and is located partly or
wholly within an ESA shall comply with the standards and requirements of this
Article and with the Development Best Management Practices Handbook.

4. The Site for every Development or Redevelopment shall be
designed to manage and capture stormwater runoff, to the maximum extent
feasible, in priority order: infiltration, evapotranspiration, capture and use, treated
through high removal efficiency biofiltration/biotreatment system of all of the
runoff on site. High removal efficiency biofiltration/biotreatment systems shall
comply with the standards and requirements of the Development Best
Management Practices Handbook. A LID Plan shall be prepared to comply with
the following:

a. Stormwater runoff will be infiltrated, evapotranspired, captured
and used, treated through high removal efficiency Best Management
Practices, onsite, through stormwater management techniques that
comply with the provisions of the Development Best Management
Practices Handbook. To the maximum extent feasible, onsite stormwater
management techniques must be properly sized, at a minimum, to
infiltrate, evapotranspire, store for use, treat through high removal
efficiency biofiltration/biotreatment system, without any storm water runoff
leaving the Site for at least the volume of water produced by the quality
design storm event that results from:

(i) The 85th percentile 24-hour runoff event determined as
the maximized capture stormwater volume for the area using a 48
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to 72-hour draw down time, from the formula recommended in
Urban Runoff Quality Management, WEF Manual of Practice No.
23/ASCE Manual of Practice No. 87, (1998); or

(ii) The volume of annual runoff based on unit basin storage
water quality volume, to achieve 80 percent or more volume
treatment by the method recommended in the California
Stormwater Best Management Practices Handbook -
Industrial/Commercial, (2003); or

(iii) The volume of runoff produced from a 0.75 inch storm
event.

For purposes of compliance with the LID requirements, and without
changing the priority order of design preferences identified in this Section, all
runoff from the water quality design storm event, as identified in Paragraph (a) of
this Subdivision, that has been treated through an onsite high removal efficiency
biofiltration/biotreatment system shall be deemed to have achieved 100%
infiltration regardless of the runoff leaving the Site from an onsite high removal
efficiency biofiltration/biotreatment system, and thus any runoff volume shall not
be subject to the offsite mitigation requirement of this Article.

b. Pollutants shall be prevented from leaving the Site for a water
quality design storm event as defined in Paragraph (a) of this Subdivision
unless it has been treated through an onsite high removal efficiency
biofiltration/biotreatment system.

c. Hydromodification impacts shall be minimized to natural
drainage systems as defined in the MS4 Permit.

5. When, as determined by the Director, the onsite LID requirements
are technically infeasible, partially or fully, as defined in the Development Best
Management Handbook, the infeasibility shall be demonstrated in the submitted
LID Plan, shall be consistent with other City requirements, and shall be reviewed
in consultation with the Department of Building and Safety. The technical
infeasibility may result from conditions that may include, but are not limited to:

a. Locations where seasonal high groundwater is within ten feet
of surface grade;

b. Locations within 100 feet of a groundwater well used for
drinking water;

c. Brownfield Development sites or other locations where
pollutant mobilization is a documented concern;
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d. Locations with potential geotechnical hazards;

e. Locations with impermeable soil type as indicated in
applicable soils and geotechnical reports; and

f. Other site or implementation constraints identified in the
Development Best Management Practices Handbook.

6. If partial or complete onsite compliance of any type is technically
infeasible, the project Site and LID Plan shall be required to comply with all
applicable Standard Urban Stormwater Mitigation Plan (SUSMP) requirements in
order to maximize onsite compliance. For the remaining runoff that cannot
feasibly be managed onsite, the project shall implement offsite mitigation on
public and/or private land within the same sub-watershed out of the following five
sub-watersheds: Upper Los Angeles River, Lower Los Angeles River, Ballona
Creek, Santa Monica Bay, and Dominguez Channel. This shall include
construction and perpetual maintenance of projects that will achieve at least the
same level of runoff retention, infiltration and/or use, and water quality. All City
Departments will assist the developer, when and where feasible, in the design,
permitting and implementation of LID BMP projects within the public right of way,
with a preference for utilizing the public right of way immediately adjacent to the
subject development.

7. A Multi-Phased Project may comply with the standards and
requirements of this Section for all of its phases by: (a) designing a system
acceptable to the Bureau of Sanitation to satisfy these standards and
requirements for the entire Site during the first phase, and (b) implementing
these standards and requirements for each phase of Development or
Redevelopment of the Site during the first phase or prior to commencement of
construction of a later phase, to the extent necessary to treat the stormwater
from such later phase. For purposes of this Section, "Multi-Phased Project" shall
mean any Development or Redevelopment implemented over more than one
phase and the Site of a Multi-Phased Project shall include any land and water
area designed and used to store, treat or manage stormwater runoff in
connection with the Development or Redevelopment, including any tracts, lots, or
parcels of real property, whether Developed or not, associated with, functionally
connected to, or under common ownership or control with such Development or
Redevelopment.

8. The Director shall prepare, maintain, and update, as deemed
necessary and appropriate, the Development Best Management Practices
Handbook to set LID standards and practices and standards for stormwater
pollution mitigation, including urban and stormwater runoff quantity and quality
control development principles and technologies for achieving the LID standards.
The Development Best Management Practices Handbook shall also include
technical feasibility and implementation parameters, alternative compliance for
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technical infeasibility, as well as other rules, requirements and procedures as the
Director deems necessary for implementing the provisions of this Section of the
Los Angeles Municipal Code. The Board of Public Works shall adopt the
Development Best Management Practices Handbook no later than 90 days after
the adoption of this Ordinance by the City Council and the Mayor.

9. The Director of the Bureau of Sanitation shall develop as deemed
necessary and appropriate, in cooperation with other City departments and
stakeholders, informational bulletins, training manuals and educational materials
to assist in the implementation of the LID requirements.

10. The applicant can appeal the Director's determination of
compliance with the provisions of this Article to the Board of Public Works within
30 days of the date of the determination.

11. Any Development or Redevelopment that is exempted from LID
requirements under section 0 has the option to voluntarily opt in and incorporate
into the project the LID requirements set forth herein. In such case, the Best
Management Practices plan check fee associated with the project shall be
waived and all LID related plan check processes shall be expedited.

12. Any Development or Redevelopment exempted from this
Ordinance under section 0 shall comply with all applicable SUSMP
requirements.

(D) Exceptions to LID Requirements. The provisions of this Section do not
apply to any of the following:

1. A Development or Redevelopment that only creates, adds or
replaces less than 500 square feet of impervious area;

2. A Development or Redevelopment involving only emergency
construction activity required to immediately protect public health and safety;

3. Infrastructure projects within the public right-of-way;

4. A Development or Redevelopment involving only activity related to
gas, water, cable, or electricity services on private property;

5. A Development or Redevelopment involving only re-striping of
permitted parking lots;

6. A project involving only exterior movie or television production sets,
or facades on an existing developed site.
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(E) Other Agencies of the City of Los Angeles. All City of Los Angeles
departments, offices, entities and agencies, shall establish administrative procedures
necessary to implement the provisions of this Article on their Development and
Redevelopment projects and report their activities annually to the Board of Public
Works.

Sec. 3. Section 64.72.05 of Article 4.4 of Chapter VI of the Los Angeles
Municipal Code is amended to read:

SEC. 64.72.05. LID PLAN CHECK FEES.

(A) Before review and approval of a set of plans and specifications for
checking, the applicant shall pay a Best Management Practices plan check fee.

(6) The fee schedule for providing Best Management Practices plan check
services for LID Implementation Plan, Standard Urban Stormwater Mitigation Plan
(SUSMP), or Site Specific Mitigation Plan (SSMP) is as follows:

DEVELOPMENT CATEGORY FEES

Development or Redevelopment less than 500 square feet Exempt

Residential, 4 Units or Less:

For Development or Redevelopment greater than or equal to 500 $20 / Projectsquare feet and less than 2,500 square feet

For Development or Redevelopment greater than or equal to 2,500 $200 / Projectsquare feet

Development or Redevelopment of any size that would create
2,500 square feet or more of impervious surface area and is $700 / Project
located partly or wholly within an ESA*

Nonresidential Use or 5 or More Units Intended for Residential Use:

For Redevelopment that results in an alteration of less than fifty
(50) percent of the impervious surfaces of an existing developed $800 / Project
Site

For new Development or where Redevelopment that results in an
alteration of at least fifty (50) percent or more of the impervious $1 ,000 / Project
surfaces of an existing developed Site

* ..
Projects located In, adjacent to, or discharging directly to a desiqnated Environmentally Sensitive Area

(ESA)

(C) At the discretion of the Bureau of Sanitation, a large scale project may be
categorized as a Special Project and billed on actual cost incurred by the City.
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(0) Off-hour Plan Check Fee. An applicant may apply to have the Bureau of
Sanitation provide plan check services at other than normal working hours. If the
Bureau approves an expedited application, the applicant must pay to the Bureau, in
addition to the fees identified in Subsection B of this Section, an additional fifty percent
of the fees owed.

(E) All entities, including City Departments and other public agencies, are
required to pay the fees identified in Subsection B of this Section.

(F) All monies collected pursuant to the provisions of this Section shall be
placed and deposited into the Stormwater Pollution Abatement Fund, under a separate
account for each sub-watershed, established by Section 64.51.11 of this Code.

Sec. 4. The provisions of this Ordinance shall be operative 180 days after the
effective date of the Ordinance, except that the provisions shall not apply to any of the
following:

1. Any Development or Redevelopment for which the Department of
Building and Safety accepted a permit application before the effective date of this
Ordinance, and for which the permit applicant paid, before the effective date of
this Ordinance, to the Department of Building and Safety all fees required by the
Department to process the permit application; or

2. Any Development or Redevelopment for which a required
entitlement application was filed with the Department of City Planning, and for
which Department review of the application, with the exception of CEQA review,
was deemed complete by the Department before the operative date of this
Ordinance.

Sec. 5. If any provision of this Ordinance is found to be unconstitutional or
otherwise invalid by any court of competent jurisdiction, such invalidity shall not affect
the validity or enforceability of the remaining provisions of this Ordinance, and the
provisions of this Ordinance are declared to be severable.
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Sec. 6. The City Clerk shall certify to the passage of this ordinance and have it
published in accordance with Council policy, either in a daily newspaper circulated
in the City of Los Angeles or by posting for ten days in three public places in the City of
Los Angeles: one copy on the bulletin board located at the Main Street entrance to the
Los Angeles City Hall; one copy on the bulletin board located at the Main Street
entrance to the Los Angeles City Hall East; and one copy on the bulletin board located
at the Temple Street entrance to the Los Angeles County Hall of Records.

I hereby certify that this ordinance was passed by the Council of the City of
Los Angeles, at its meeting of SE:p ~i.7lfJn

," '-:

d OCT 117 2011Approve _

Mayor

Approved as to Form and Legality:

CARMEN A. TRUTANICH, City Attorney

BY~N1C~VfH2~'l;if)
Deputy City Attorney

Date dft S; d,t?/I

File No. 0::\- \O~L\

M:IGENERAL COUNSEL DIVISIONIJOHN CARVALHOIORDINANCESIUDIUD Ordinance 7-21-11 (1).doc
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NPDES No. CAS 004001  Order No. 01-182 
 Los Angeles County Municipal Storm Water Permit (Order 01-182) 
 Individual Annual Report Form 

Attachment U-4 
 
This form summarizes the requirements in Order No. 01-182.  Each Permittee must complete 
this form in its entirety, except for those requirements applicable only to the Principal Permittee.  
Only report activities that were performed during the previous fiscal year.  Upon completion, this 
form shall be submitted to the Principal Permittee, by the date specified by the Principal 
Permittee, for inclusion in the unified Annual Storm Water Program Report.  Attachments should 
be included where necessary to provide sufficient information on program implementation. 
 
The goals of this Report are to: 1) concisely document implementation of the Storm Water 
Quality Management Program (SQMP) during the past fiscal year; 2) evaluate program results 
for continuous improvement; 3) to determine compliance with Order 01-182; and 4) to share this 
information with other Permittees, municipal decision makers, and the public.  
 
 
 
 
 
 
 
 
 
 

! YOU MUST FILL OUT ALL THE INFORMATION REQUESTED 
Do not leave any of the sections blank. 

 
N/A 

If the question does not apply to your municipality, please 
indicate N/A in the space provided and provide a brief 
explanation 

 
U 

If the information requested is currently unavailable, please 
indicate U in the space provided and give a brief explanation. 

This Report Form consists of the following sections: 
 
SECTION PAGE 
I. Program Management 2-4 
II. Receiving Water Limitations 5 
III. SQMP Implementation 5-7 
IV. Special Provisions 8 
IV.A. Public Information and Participation Program   8-14 
IV.B. Industrial/Commercial Facilities Program 15-17 
IV.C. Development Planning Program 18-21 
IV.D. Development Construction Program 22-23 
IV.E. Public Agency Activities Program 24-33 
IV.F. IC/ID Elimination Program 34-37 
V. Monitoring 38 
VI. Assessment of Program Effectiveness 38 
VII. Certification 39 
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NPDES No. CAS 004001  Order No. 01-182 
 Los Angeles County Municipal Storm Water Permit (Order 01-182) 
 Individual Annual Report Form 

Attachment U-4 
Reporting Year 2009- 2010 

I. Program Management 
 

A. Permittee Name: 
City of Malibu 

   

B. Permittee Program Supervisor: 
Jennifer Voccola 

Title:  Senior Environmental Programs Coordinator 
Address:  23815 Stuart Ranch Rd. 
City:  Malibu Zip Code: 90265 
Phone:  (310) 456-2489 Fax:  (310) 456-3356 

C. In the space below, briefly describe how the storm water program is 
coordinated within your agency's departments and divisions.  Include a 
description of any problems with coordination between departments.  To 
facilitate this, complete the Table 1. 

09-10 MBU I C- Storm Water Program Coordination  
 
 

 
TABLE 1 - Program Management 

 
 Storm Water 

Management Activity 
Division/Department # of Individuals 

Responsible for 
Implementing 

1.  Outreach & Education Public Works 2 
2.  Industrial/Commercial Inspections Public Works Department (PW) 2 
3.  Construction Permits/Inspections PW, and Environmental & 

Community Development  
(ECD)/Building Safety Division 

5 

4.  IC/ID Inspections PW 3 
5.  Street sweeping PW 1 
6.  Catch Basin Cleaning PW 1 
7.  Spill Response PW and ECD/Building Safety 

Division 
5 

8.  Development Planning 
(project/SUSMP review and 
approval) 

PW, and ECD/Planning 
Division/Building Safety 
Division 

3 

9.  Trash Collection PW 1 
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NPDES No. CAS 004001  Order No. 01-182 
 Los Angeles County Municipal Storm Water Permit (Order 01-182) 
 Individual Annual Report Form 

Attachment U-4 
D. Staff and Training 

 Attach a summary of staff training over the last fiscal year.  This shall include the 
staff name, department, type of training, and date of training.  

 09-10 MBU I D- Staff Training 
E. Budget Summary   
 1. Does your municipality have a storm water utility? Yes  No  

If no, describe the funding source(s) used to implement the requirements of 
Order No. 01-182. 
General Fund, Solid Waste fees collected as part of AB 939 programs 
implementation, and state and federal grant funds. 

2. Are the existing financial resources sufficient to 
accomplish all required activities? 

Yes  No  

3. Complete Table 2 to the extent that accurate information is available 
(indicate U in the spaces where the information is unavailable), and report 
any supplemental dedicated budgets for the same categories on the lines 
below the table. *See Attachment 09-10 MBU E.3- Budget Summary 

4. List any additional state/federally funded projects related to storm water. 
Additional Projects that have received State Funding 
Broad Beach Road Bioinfiltration Project- ASBS Prop 84 Project (State funding frozen in 
08-09 will be available for upcoming year) 
Wildlife Road Treatment and Focused Outreach Project- ASBS Prop 84 Project (State 
funding frozen in 08-09 will be available for upcoming year)-  
Trancas Canyon Park- Prop 40 & Prop 12 (Block Grants) (dog park and detention basin 
elements) 
 
Federally Funded Projects 
Paradise Cove Storm Water Treatment Facility- American Recovery & Reinvestment Act 
of 2009 (ARRA) (initially funded by State Prop 40 Clean Beaches Initiative Program) 
 

 

 3

RB-AR7966



NPDES No. CAS 004001  Order No. 01-182 
 Los Angeles County Municipal Storm Water Permit (Order 01-182) 
 Individual Annual Report Form 

Attachment U-4 
 
 

TABLE 2 
Table 2 details have been included in a separate attachment called 09-10 MBU E.3- Budget Summary 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Program Element Expenditures in Fiscal 
Year 2009-2010 

Estimated Amount 
Needed to implement 

Order 01-182 
1. Program management 

a. Administrative costs 
b. Capital costs 

  

2. Public Information and Participation
a. Public Outreach/Education 
b. Employee Training 
c. Corporate Outreach 
d. Business Assistance  

  

3.  Industrial/Commercial inspection/       
     site visit activities  

  

4.  Development Planning   
5. Development Construction 

a.   Construction inspections 
  

6. Public Agency Activities 
a. Maintenance of structural and 

treatment control BMPs 
b. Municipal street sweeping 
c. Catch basin cleaning 
d. Trash collection/recycling  
e. Capital costs 
f. Other 

  

7.  IC/ID Program 
a. Operations and Maintenance 
b. Capitol Costs 

  

8.  Monitoring   
9.  Other   
10. TOTAL   

 
List any supplemental dedicated budgets for the above categories:  
* Attachment 09-10 MBU E.3- Budget Summary 

 
List any activities that have been contracted out to consultants/other agencies: 
* Attachment 09-10 MBU E.3- Budget Summary 
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NPDES No. CAS 004001  Order No. 01-182 
 Los Angeles County Municipal Storm Water Permit (Order 01-182) 
 Individual Annual Report Form 

Attachment U-4 

II. Receiving Water Limitations (Part 2) 

A. Are you aware, or have you been notified, of any 
discharges from your MS4 that cause or contribute to 
a condition of nuisance or to the violation of any 
applicable water quality standards? Yes  No  

B. Has the Regional Board notified you that discharges 
from your MS4 are causing or contributing to an 
exceedance of water quality standards? Yes  No  

C. If you answered Yes to either of the above questions, you must attach a 
Receiving Water Limitations (RWL) Compliance Report.  The Report must 
include the following: * See 09-10 MBU II C- RWL Status Report 

1. A description of the pollutants that are in exceedance and an 
analysis of possible sources; 

2. A plan to comply with the RWL (Permit, Part 2); 

3. Changes to the SQMP to eliminate water quality exceedances; 

4. Enhanced monitoring to demonstrate compliance; and  

5. Results of implementation. 

III. SQMP Implementation (Part 3) 

A. Has your agency implemented the SQMP and any 
additional controls necessary to reduce the discharges 
of pollutants in storm water to the maximum extent 
practicable? Yes  No  

B. If your agency has implemented additional or different 
controls than described in the countywide SQMP, has 
your agency developed a local SQMP that reflects the 
conditions in its jurisdiction and specifies activities 
being implemented under the appropriate elements 
described in the countywide SQMP? 

 
 
 

Yes  

 
 
 

No  

C. Describe the status of developing a local SQMP in the box below. 
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NPDES No. CAS 004001  Order No. 01-182 
 Los Angeles County Municipal Storm Water Permit (Order 01-182) 
 Individual Annual Report Form 

Attachment U-4 
 The City has been implementing the Countywide SQMP since adoption of this permit. The 

City found the SQMP to be applicable in meeting permit requirements.  Since other governing 
documents that the City implements are more stringent (such as the Local Coastal Program 
(LCP)) and complement the relevant model programs in the SQMP and in the interest of 
keeping consistent with regional partners, the City has not developed a local SQMP. 
However, through local efforts and coordinated work with the Watershed Management 
Committee (WMC), the City has engaged in programmatic enhancements to implement new 
programs and projects that will reduce/treat urban runoff. Since this permit and SQWP were  
adopted nearly 10 years ago, the City will be reviewing the existing model programs in the 
SQMP and determining whether any revisions are necessary to keep the SQMP current.  This 
review should coincide with adoption of a new NPDES Permit.     
*See Attachment 09-10 MBU III- SQMP 

D. If applicable, describe an additional BMP, in addition to those in the 
countywide SQMP, that your city has implemented to reduce pollutants in 
storm water to the maximum extent practicable.   

 *See Attachment 09-10 MBU III- SQMP and 09-10 MBU II C- RWL Status Report for 
additional BMPs being implemented. 

E. Watershed Management Committees (WMCs) 

1. Which WMC are you in?  Malibu Creek and Other Rural Watersheds 

2. Who is your designated representative to the WMC? Jennifer 
Voccola 

3. How many WMC meetings did you participate in last year? 12 face-
to-face meetings 
The Malibu Creek and Other Rural Watersheds WMC meets monthly and 
includes Total Maximum Daily Loads (TMDL) issues and items.  

4. Describe specific improvements to your storm water management 
program as a result of WMC meetings. 

  Improvements due to participation in WMC meetings continue to 
include: 1) Increased coordination regarding TMDL issues; 2) Shared 
education and outreach opportunities; and 3) better understanding of 
water quality issues and regulations, and having the opportunity to 
share resources and responsibilities; 4) Continuation of the added 
“Brown Bag” meeting introduces stormwater industry vendors to the 
group for potential regional BMPs, pilot projects, and other 
collaborative ideas. 
 
The Cities use the WMC to share resources for local public education 
and outreach activities. The Cities also use the WMC to implement 
supplemental plans for water quality protection/improvement. 

5. Attach any comments or suggestions regarding your WMC.  

None  

F. Storm Water Ordinance 
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NPDES No. CAS 004001  Order No. 01-182 
 Los Angeles County Municipal Storm Water Permit (Order 01-182) 
 Individual Annual Report Form 

Attachment U-4 

1. Have you adopted a storm water and urban 
runoff ordinance to enforce all requirements of 
Order 01-182? Yes  No  

     If not, describe the status of adopting such an ordinance. 
  N/A 

2. If yes, have you already submitted a copy of 
the ordinance to the Regional Board? Yes  No  

      If not, please attach a copy to this Report. 

3. Were any amendments made to your storm 
water ordinance during the last fiscal year? Yes  No  

      If yes, attach a copy of amendments to this Report. 
                           N/A 

G. Discharge Prohibitions 

1. List any non-storm water discharges you feel should be further 
regulated: 

  Controls should be put in place to require BMPs and notifications from 
utility companies (like water retailers/wholesalers, or power company 
vaults) when they discharge water that may enter an agency’s MS4.   
 

2. List any non-storm water discharges you feel should be exempt, and 
provide an explanation for each: 

  None 
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NPDES No. CAS 004001  Order No. 01-182 
 Los Angeles County Municipal Storm Water Permit (Order 01-182) 
 Individual Annual Report Form 

Attachment U-4 
 

IV. Special Provisions (Part 4) 
 

A. Public Information and Participation (Part 4.B) 
In addition to answering the following questions, attach a summary of all storm       
water education activities that your agency conducted or participated in last year. 
*See Attachments 09-10 MBU IV A- Events and 09-10 MBU IV A- Outreach 

1. No Dumping Message 

a) How many storm drain inlets does your agency own?  224 
 

b) How many storm drain inlets were marked with a no dumping 
message in the last fiscal year?  33 updated stencils 

c) What is the total number of storm drain inlets that are legibly 
marked with a no dumping message?  319* 

                     *The City will update the stencil if it is needed, regardless of if the city owns it or not; 
therefore, the number is higher than those specified in 1.a and 1.b. 

 

If this number is less than the number in question 1.b, describe 
why all inlets have not been marked, the process used to 
implement this requirement, and the expected completion date. 

  * See the following attachments for more information regarding the 
“No Dumping Message” program:   
Attachment 09-10 MBU IV- Special Provisions 
Attachment 09-10 MBU IV E5- Storm Drain O&M  

d) How many public access points to creeks, channels, and other 
water bodies within your jurisdiction have been posted with no 
dumping signage in the past year? 0 
Describe your agency's status of implementing this requirement 
by the date required in Order No. 01-182. 

 Complete. There are no public access points in the City’s 
jurisdiction requiring signage. There are proposed projects to 
increase signage at trailheads, and the City will cooperate with other 
jurisdictions on such projects as opportunities arise. 
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NPDES No. CAS 004001  Order No. 01-182 
 Los Angeles County Municipal Storm Water Permit (Order 01-182) 
 Individual Annual Report Form 

Attachment U-4 

2. Reporting Hotline 

a) Has your agency established its own hotline for 
reporting and for general storm water 
management information? 

                                                          *See Attachment 09-10 MBU IV- Special Provisions Yes  No  

b) If so, what is the number?      N/A 

c) Is this information listed in the government 
pages of the telephone book? Yes  No  

d) If no, is your agency coordinated with the 
countywide hotline? Yes  No  

e) Do you keep record of the number of calls 
received and how they were responded to? Yes  No  

f) How many calls were received in the last fiscal year? 1 
                                          The City received one call from the County Hotline this reporting year that 
was for an address outside of the City limit (in either City of LA or unincorporated LA County). 
                                            See Attachment 09-10 MBU ID data for reports received by the City.          

g) Describe the process used to respond to hotline calls. 
  The City responds and follows up on the phone call within 24 hours 

of receiving the referral from the County or a call directly to the City. 

h) Have you provided the Principal Permittee with 
your current reporting contact information? Yes  No  

i) Have you compiled a list of the general public 
reporting contacts for all Permittees and posted 
it on the www.888CleanLA.com web site 
(Principal Permittee only)?  N/A Yes  No  

   If not, when is this scheduled to occur? N/A       

3. Outreach and Education 

a) Describe the strategy developed to provide outreach and bilingual 
materials to target ethnic communities.  Include an explanation of 
why each community was chosen as a target, how program 
effectiveness will be determined, and status of implementation.  
(Principal Permittee only) 

 N/A  
Principal Permittee only 
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NPDES No. CAS 004001  Order No. 01-182 
 Los Angeles County Municipal Storm Water Permit (Order 01-182) 
 Individual Annual Report Form 

Attachment U-4 

b) Did the Principal Permittee organize quarterly 
Public Outreach Strategy meetings that you 
were aware of? Yes  No  
 How many Public Outreach Strategy meetings did your agency 
participate in last year? 4 

  Explain why your agency did not attend any or all of the organized 
meetings. 

 N/A  
The City of Malibu attended all of the organized meetings as a 
representative for the Malibu Creek and Other Rural Watersheds 
WMC.  See Attachment 09-10 MBU IV- Special Provisions for more 
information. 

 
Identify specific improvements to your storm water education 
program as a result of these meetings: 

 These meetings alert permittees to the available resources, collateral 
materials, and workshops the County offers.  The City hosted the 
successful Smart Gardening Workshop again this year including a 
new advanced course in addition to the beginner class.  City staff 
supported the County’s “Brag About Your Bag” campaign which 
educated the public about the impact of single-use carryout bags, 
encouraged recycling, and increased awareness of Malibu’s Plastic 
Bag Ban.  Also, the City invited managers of local businesses to 
attend the County’s Restaurant BMP Workshop in May 2010. 

 
List suggestions to increase the usefulness of quarterly meetings: 

 Webcast option- Since the County’s implementation of the webcast/ 
teleconference meeting, commute time and transportation costs 
have decreased.  It is a great convenience, and also allows for 
greater participation of more WMC members.  Sound quality is an 
issue, especially when attendees ask the presenter questions.  It 
would be helpful to those attending via webcast to receive electronic 
versions of Power Point presentations by email in advance or by the 
start of the meeting. 

 
If quarterly Public Outreach Strategy meetings were not 
organized, explain why not and when this requirement will be 
implemented (Principal Permittee only). 

 N/A  
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NPDES No. CAS 004001  Order No. 01-182 
 Los Angeles County Municipal Storm Water Permit (Order 01-182) 
 Individual Annual Report Form 

Attachment U-4 

c) Approximately how many impressions were made last year on the 
general public about storm water quality via print, local TV, local 
radio, or other media?  > 250,000 impressions due to City of 
Malibu efforts only. See Attachment 09-10 MBU IV A- Outreach 
for more details on impressions. 

d) Describe efforts your agency made to educate local schools on 
storm water pollution.   

  
The County is the lead agency for education at the local schools.  
However, as a result of the Public Outreach Strategy Meetings, 
Malibu staff has become aware of additional opportunities to teach 
school age children about water quality, including programs offered 
by West Basin Municipal Water District and Tree People.  The City 
did direct outreach to local schools to encourage participation in 
available programs. The City partnered with a local elementary 
school to host a site for California Coastal Cleanup Day.  On the 
county-wide Day Without A Bag, an educational event focused on 
plastic bag debris, the Girl Scouts and the “Green Teens” of the Boys 
and Girls Club were invited to host a site.  The opportunity to work 
with the City’s Youth Commission was discussed and is proposed as 
a future effort. 
 

e) Did you provide all schools within each school 
district in Los Angeles County with materials 
necessary to educate a minimum of 50 percent 
of all school children (K-12) every 2 years on 
storm water pollution (Principal Permittee only)? Yes  No  

   If not, explain why. 
 N/A 

Principal Permittee only 

f) Describe the strategy developed to measure the effectiveness of 
in-school educational programs, including assessing students' 
knowledge of storm water pollution problems and solutions before 
and after educational efforts (Principal Permittee only). 

 N/A 
Principal Permittee only 

For Permit Years 2-6, attach an assessment of the effectiveness 
of in-school storm water education programs. N/A 

g) What is the behavioral change target that was developed based 
on sociological data and other studies (Principal Permittee only)? 

 N/A 
Principal Permittee only 
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NPDES No. CAS 004001  Order No. 01-182 
 Los Angeles County Municipal Storm Water Permit (Order 01-182) 
 Individual Annual Report Form 

Attachment U-4 
If no target has been developed, explain why and describe the 
status of developing a target.   

 N/A 
Principal Permittee only 

What is the status of meeting the target by the end of Year 6?   
 N/A 

Principal Permittee only 
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NPDES No. CAS 004001  Order No. 01-182 
 Los Angeles County Municipal Storm Water Permit (Order 01-182) 
 Individual Annual Report Form 

Attachment U-4 

4. Pollutant-Specific Outreach 

a) Attach a description of each watershed-specific outreach program 
that your agency developed (Principal Permittee only).  All 
pollutants listed in Table 1 (Section B.1.d.) must be included. 

b) Did your agency cooperate with the Principal 
Permittee to develop specific outreach 
programs to target pollutants in your area? Yes  No  

*This has been handled mostly on a local level with the 
WMC and Malibu Creek Watershed Council, of which staff 
from Principal Permittee is a part.  There has been no 
outreach developed with the Principal Permittee for specific 
pollutants this year. However, the Principal Permittee has 
provided some collateral materials that are distributed 
throughout Malibu and other rural watersheds. 

c) Did your agency help distribute pollutant-
specific materials in your city? 

 
 
 
 
 
 
 
 
Yes  

 
 
 
 
 
 
 
 
No  

d) Describe how your agency has made outreach material available 
to the general public, schools, community groups, contractors and 
developers, etc… 
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 Informational materials are available in the City Hall reception lobby, 

and downstairs by the public counter.  The City also makes 
informational materials available at Bluffs Park and the Charmlee 
Park Nature Center.  The City sends its Quarterly Parks and 
Recreation Newsletter to all residents.  The newsletter includes 
environmental education articles and tips on BMPs.  The “Malibu 
Life” City newsletter focuses on local projects, programs, and issues; 
it continues to revolve around environmental topics and is available 
on the City website.  This newsletter is also sent to all Malibu 
residents.  One issue was produced this year.  In 2008, a weekly 
electronic newsletter was created to keep subscribed residents up to 
date with City issues including environmental programs, events, 
workshops, and other relevant calendar items. 
 
The City also has information posted on its website including 
resources for contractors/applicants such as downloadable 
documents for Storm Water Pollution Prevention Plans.  All 
brochures on environmental topics have been posted on the City 
website.  Malibu’s website also provides links to other sources of 
information on improving water quality. 
 
In addition, materials are provided to residents and/or contractors 
during inspections (commercial and construction) and responses to 
illicit discharges.  Materials are also provided upon request or during 
targeted outreach efforts.    
 
The City regularly participates in community events and provides 
informational materials at those events.  * Attachment 09-10 MBU IV 
A- Events gives examples of some of the events the City hosted or 
participated in this past year. 
 

5. Businesses Program 

a) Briefly describe the Corporate Outreach Program that has been 
developed to target gas stations and restaurant chains (Principal 
Permittee only).  

  N/A 
Principal Permittee only 
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b) How many corporate managers did your agency (Principal 
Permittee only) reach last year? N/A       

c) What is the total number of corporations to be reached through 
this program (Principal Permittee only)? N/A       

d) Is your agency meeting the requirement of 
reaching all gas station and restaurant 
corporations once every two years (Principal 
Permittee only)?   N/A  Yes  No  
If not, describe measures that will be taken to fully implement this 
requirement. 

 N/A 
Principal Permittee only 

e) Has your agency developed and/or 
implemented a Business Assistance Program?  Yes  No  
If so, briefly describe your agency's program, including the number 
of businesses assisted, the type of assistance, and an 
assessment of the program's effectiveness. 
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 The Clean Water Program was developed in response to the Permit 

requirement for industrial/commercial inspections.  The City opts to 
take a proactive approach and invites local businesses to partner in 
efforts to protect and clean up receiving waters.  
 
Malibu has been proactive and now inspects targeted commercial 
facilities annually. Follow-up inspections are conducted as needed.  
Inspections include overall environmental education and inspection 
for compliance with NPDES requirements, recycling and pollution 
prevention measures, and compliance with the City’s Expanded 
Polystyrene Packaging Ban and Plastic Bag Ban.  All commercial 
property owners and managers have been contacted with 
educational materials about these bans.  The enhanced restaurant 
inspections started in the 2007-2008 reporting year and continue to 
improve communications with businesses.   In the 2008-2009 
reporting year, the City of Malibu officially partnered with the Santa 
Monica Bay Restoration Commission and the Cities of Santa Monica, 
Redondo Beach, Manhattan Beach, Hermosa Beach, Torrance, 
Rancho Palos Verdes, and Caltrans in implementing the Clean Bay 
Restaurant Certification Program, which recognizes restaurants that 
exceed local stormwater regulations to reduce water pollution.  This 
program has shown a consistent certification rate of over 60% of all 
restaurants during the past 2 years.  See attachment 09-10 MBU IV 
A- Outreach for details.   
 
The City partners with the Chamber of Commerce to educate the 
local businesses and the community on several aspects of 
sustainability.  City staff meets monthly with the Environmental 
Committee which consists of Chamber Members.  This year the 
group cooperated with the City in promoting the Clean Bay 
Restaurant Certification Program.  Also, the Environmental 
Committee organized a tour of sustainable homes in Malibu as well 
as an Expo to introduce “green” vendors and builders to residents. 
 
44 restaurant and food service related facilities were inspected this 
past year.  All were the beneficiary of outreach efforts.  Best 
Management Practices (BMP) educational materials were provided 
in English and Spanish for proper clean up techniques and fats, oil 
and grease management. 
 
While staff has not formally assessed the effectiveness of this 
program, we recognize that the inspections and outreach have had 
positive results in the community.  
 

6. Did you encourage local radio stations and 
newspapers to use public service announcements? Yes  No  
How many media outlets were contacted?  3 
Which newspapers or radio stations ran them? 

 16

RB-AR7979



NPDES No. CAS 004001  Order No. 01-182 
 Los Angeles County Municipal Storm Water Permit (Order 01-182) 
 Individual Annual Report Form 

Attachment U-4 
 Malibu Surfside News, The Malibu Times, and the City Cable station on 

Charter Communications.  The City cable station runs available public 
service announcements (PSA).  The local newspapers run advertisements 
and community calendar items for the City.  The City’s Public Relations firm 
also began providing press releases to all of the major media outlets, thus 
increasing media exposure of the City’s efforts, including water quality 
related capital improvements. There are no local radio stations and radio is 
not the most effective form of communication in Malibu due to the lack of 
signal in the canyon terrain. 

 
Who was the audience? 

 General community 

7. Did you supplement the County's media purchase by 
funding additional media buys? Yes  No  
Estimated dollar value/in-kind contribution: $1,700 
Type of media purchased: * 
Frequency of the buys: 
*See Attachment 09-10 MBU IV A- Outreach for 
these details 

* 

Did another agency help with the purchase? 
The City paid for its own contribution reported above.  
It is presumed that other areas agencies contribute to 
the County’s total media purchase as well; however the 
City has no verified information to report. Yes  No  

8. Did you work with local business, the County, or other 
Permittees to place non-traditional advertising? Yes  No  
If so, describe the type of advertising. 
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 The City has a television monitor near the public counter where City 

information and Outreach materials run during all hours that the facility is 
open.  The City also continues to attract more subscribers for the weekly 
electronic newsletter that includes environmental calendar items, event 
reminders, and meeting notices. 
 
Outreach to pet owners through local veterinarians, equestrian clubs, and 
pet stores was accomplished this year.  City equestrian brochures and 
County collateral materials such as canine tip cards and pet waste disposal 
bags were provided to facility managers and owners for distribution.  
Messages relating to storm water issues and impacts of animals on water 
quality were transmitted to residents with the help of these businesses.  This 
non-traditional outreach may help to get the message out to a broader range 
of individuals. 
 
The County Public Relations group provides many forms of traditional and 
non-traditional advertising such as billboards, news stories, press releases, 
and trash can wraps.  They are also working with corporations.  While some 
details are included in Attachment 09-10 MBU IV A- Outreach, it is expected 
that the Principal Permittee will report on those efforts.   
 

9. Did you establish local community partnerships to 
distribute educational storm water pollution prevention 
material? Yes  No  
Describe the materials that were distributed: 

 Brochures- Various water quality tip cards, BMPs, construction related 
issues, water conservation, etc. 
 
Guide to Living Lightly in Our Watersheds- guide book 

Who were the key partners? Parks and Recreation, Malibu Equestrian 
Club, Surfrider Foundation, Malibu Surfing 
Association, Malibu Water Conservation 
Partnership, HOAs, Commercial Property 
Managers, Malibu Chamber of Commerce, 
Pepperdine University’s Center for 
Sustainability  

Who was the audience (businesses, schools, etc.)? 
 General residential community & local businesses 

10. Did you participate in or publicize workshops or 
community events to discuss storm water pollution? Yes  No  
How many events did you attend? 8 

*See Attachments 09-10 MBU IV A- Events and 09-10 MBU IV A- Outreach  
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11. Does your agency have a website that provides storm 
water pollution prevention information? Yes  No  
If so, what is the address? www.ci.malibu.ca.us  

Information is located in the 
Environmental Programs Section of the 
Public Works Department 

12. Has awareness increased in your community regarding 
storm water pollution? Yes  No  
Do you feel that behaviors have changed? Yes  No  
Explain the basis for your answers.   Include a description of any 
evaluation methods that are used to determine the effectiveness of your 
agency's outreach. 

 *See Attachment 09-10 MBU IV-Special Provisions for more information. 
 
The evaluation method is based on interactions with the public. These 
interactions indicate that there has been an increase in public awareness.  It 
is also based on the fact that the community has begun communicating as 
active stewards more frequently with the City Staff about issues, and 
reporting concerns as they arise.  

13. How would you modify the storm water public education program to 
improve it on the City or County level? 

 Suggestions for improving the public outreach program include increasing 
the frequency and distribution area for PSAs and media campaigns, 
improving the distribution area of stormwater education materials to 
commercial and residential sites, placement of “You are entering Malibu 
Creek Watershed area” signs at entry points of the watershed, and 
sponsoring “Hot Topic” discussions at joint City Council/HOA Presidents 
meetings.  More relevant educational materials should be prepared including 
fact sheets on specific water related topics.  Many public education efforts 
are directed towards the more urbanized areas and less focus is made on 
the suburban and rural areas.  This may be because focusing on a denser 
area gives a greater “bang for the buck,” however, more rural areas would 
benefit from increased outreach as well.  
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B. Industrial/Commercial Facilities Program 

1. Critical Source Inventory Database 
Did you (individually or jointly) update the Database for Critical Sources Inventory? Yes   No  
Comments/Explanation/Conclusion: See  Attachment 09-10 MBU IV B- Industrial Commercial 
 

 

2. Inspection Program 
Provide the reporting data as suggested in the following tables. 

Category Initial Number of Facilities at the 
start of cycle proposed for 
inspection by categories (after the 
initial year, the updated number 
based on the new data) 

Number of facilities 
inspected in the current 
reporting year 

% Completed at the time of this 
report for present cycle (from the 
initial value, and from the 
updated value after first cycle) 

Total number since permit 
adoption 
 

Restaurants 44 44 100% N/A 
RGO 5 1 .2% 10 
Automotive  4 0 0% 8  
Masonry 1 0 0% 1  
 
Comments/Explanation/Conclusion: 
 

Reporting Year 2009-2010 is reported here. *See Attachment 
09-10 MBU IV B- Industrial Commercial for further explanation. 

 

3. BMPs Implementation 
Provide the reporting data as suggested in the following table. *See Attachment 09-10 MBU IV B- Industrial Commercial 

Category Number 
of 
facilities 
inspecte
d by 
category 
in this 
reporting 
year 

Number of 
facilities 
identified as 
adequately 
implementing 
BMPs as 
specified in this 
reporting year 

% adequately 
implementing 
out of total in 
this reporting 
year 

Number of  
facilities 
required to 
implement 
or upgrade 
in this 
reporting 
year 

Number of 
facilities 
inspected by 
category in 
this reporting 
cycle 

Number of 
facilities 
identified as 
adequately 
implementing 
BMPs as 
specified in this 
reporting cycle 

% adequately 
implementing 
out of total in 
this reporting 
cycle 

Number of  
facilities 
required to 
implement 
or upgrade 
in this 
reporting 
cycle 

Total Number 
during  this 
permit 
adequately 
implementing 

Total Number 
during  this 
permit required 
to implement or 
upgrade 

Restaurants 44 44 84% 7 0 N/A N/A N/A N/A N/A 
RGO 1 0 0% 1 0 N/A N/A N/A N/A N/A 
Automotive  0 0 N/A N/A 0 N/A N/A N/A N/A N/A  
Masonry 0 0 N/A N/A 0 N/A N/A N/A N/A N/A 

 
Comments/Explanation/Conclusion: Reporting Year 2009-2010 is reported here.  *See Attachment 09-10 MBU IV B- Industrial Commercial 

for further explanation.  
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4. Enforcement Activities 
Provide the reporting data as suggested in the following tables. 
 

Enforcement 
Actions by 
categories (e.g. 
Warning letter, 
NOV, referral to 
D.A., etc.) 

Number of facilities 
issued enforcement 
actions in the current 
reporting year 

Number of 
facilities issued 
enforcement 
actions in the 
current reporting 
cycle 

Number of 
facilities 
(re)inspected due 
to enforcement 
actions in current 
reporting year 

Number of facilities 
(re)inspected due 
to enforcement 
actions in current 
reporting cycle 

Number of 
facilities 
brought into 
compliance in 
the current 
reporting year 

Number of 
facilities brought 
into compliance in 
current reporting 
cycle 

Total number of 
enforcement actions 
since permit 
adoption (by 
category) 

Restaurant 7 N/A 7 N/A 7 N/A N/A 
Gas Station/ 
Mini-Mart 1 1 0 N/A 1 N/A N/A 

 
 

Facilities by category Number of Warning letters Number of NOVs Number of Referral  Number of Other 
Restaurants All warnings = NOV 2 0 0 
Gas Station/ Mini-
Mart 

All warnings = NOV 1 0  

Comments/Explanation/Conclusion: The City considers anything needing a warning or correction to be warranted a Notice of 
Violation. *See Attachment 09-10 MBU IV B- Industrial Commercial 

 
 

5. Program Implementation Effectiveness Assessment 
 

Please give a brief assessment of the implementation of the program in removing pollutants from the storm water discharges. 
Please provide an explanation. Suggested improvements or adjustments based on the knowledge gained through this 
reporting period’s activities must be reflected in a change in the SQMP, if warranted.  
 
Highly Effective                            Somewhat Effective                                Non-effective  
 

Comments/Explanation/Conclusion: See  Attachment 09-10 MBU IV B- Industrial Commercial  
 
 

6. You must also submit a quarterly electronic submittal of your Industrial/Commercial Facilities Program activities.  
                                    Attachment 09-10 MBU IV B- Industrial Commercial
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C. Development Planning Program (Part 4.D) 

1. Does your agency have a process to minimize 
impacts from storm water and urban runoff on the 
biological integrity of natural drainage systems 
and water bodies in accordance with requirements 
under CEQA, Section 404 of the CWA, local 
ordinances, and other legal authorities? Yes    No  
Attach examples showing how storm water quality impacts were 
addressed in environmental documents for projects over the past 
year. 
See Attachment 09-10 MBU IV C1- Planning docs 

2. Does your agency have procedures to include the following 
requirements in all priority development and redevelopment projects: 

a) Maximize the percentage of permeable 
surfaces to allow more percolation of storm 
water into the ground? Yes    No  

b) Minimize the quantity of storm water 
directed to impermeable surfaces and the 
MS4? Yes    No  

c) Minimize pollution emanating from parking 
lots through the use of appropriate 
treatment control BMPs and good 
housekeeping practices? Yes    No  

d) Provide for appropriate permanent 
measures to reduce storm water pollutant 
loads from the development site? Yes    No  

3. List the types and numbers of BMPs that your agency required for 
priority projects to meet the requirements described above. 

 *Attachment 09-10 MBU IV C 3 & 8-Development Planning Review 
 

 
 
 

4. Describe the status of the development or implementation of peak 
flow controls in Natural Drainage Systems.   

 The City has implemented the SUSMP requirement for developers to 
demonstrate no increase in peak flows where there is potential for 
downstream erosion. Increases to peak flows due to development were 
mitigated by requiring on-site detention facilities and infiltration where 
feasible. In addition, the required Peak Flow Control Feasibility Study is 
being coordinated through LA County (Principal Permittee). The City will 
provide appropriate support to the County as requested. 
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5. Has your agency amended codes and/or 
ordinances to give legal effect to the SUSMP 
changes required in the Permit? 

 
 
Yes    No  

6. Describe the process your agency uses to include SUSMP design 
standards in new development and redevelopment project 
approvals. 

 
All development and re-development in the City is subject to review through the 
Development Planning process.  During this process, projects are reviewed for 
compliance with standards found in the City’s Local Coastal Plan (“LCP”) (including 
the Local Implementation Plan and Land Use Plan), the State Water Resources 
Control Board Orders, the California Environmental Quality Act (CEQA), the City 
Municipal Code, local requirements as a result of the City’s coverage under a 
municipal NPDES permit, and local wastewater treatment requirements.  Projects 
requiring issuance of a Coastal Development Permit (CDP) are subject to review 
and approval of Planning Commission.  Projects that do not pose a threat or 
potential impacts to coastal resources may be subject to either Administrative 
Planning Review (APR) or issuance of other “over the counter” permits.  Upon 
submittal, a development project is reviewed by applicable City Departments and 
agencies for compliance with all of the standards and regulations mentioned above, 
which may include review by the Planning Division and the City Biologist, Public 
Works Department, the City Geologist, the Coastal Engineer and Environmental 
Health Administrator and the Los Angeles County Fire Department.  During the 
Public Works review, the Department determines whether the project will need to 
meet SUSMP requirements. During this “Planning” review, the Departments 
generate proposed conditions of approval which are then attached to the Planning 
permit approved by the Planning Commission or administratively Planning 
Manager, depending on the specifics of the project.   
 
Conditions of approval attached to the Planning permit by the Public Works 
Department include those required for compliance with requirements of the NPDES 
Permit and Standard Urban Stormwater Management Plan (SUSMP), locally 
referred to as a Water Quality Mitigation Plan (WQMP). After approval of the 
Planning permit, detailed construction plans are submitted to the Environmental and 
Building Safety Division for building plan check, in preparation for issuance of 
grading and building permits.  Any development project submitted for plan check 
that includes any grading or new construction is referred to the plan check engineer 
in Public Works.  The applicant is directed to the online BMP handbook for 
assistance.  They are also required to have an approved drainage and erosion 
control plan. 
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7. How many of each of the following projects did your agency review 
and condition to meet SUSMP requirements last year? 

a) Residential 41 

b) Commercial 2 

c) Industrial 0 

d) Automotive Service Facilities 0 

e) Retail Gasoline Outlets 1 

f) Restaurants 0 

g) Parking Lots 0 

h) Projects located in or directly adjacent to or 
discharging directly to an environmentally 
sensitive area 21 

i) Total number of permits issued to priority 
projects  

This number is partly based on the number of projects that submitted Water 
Quality Mitigation Plans that were required to record them with a covenant to 
the LA County Recorder’s Office.  Recordation is one of the last steps in the 
review process and signifies that a project may be nearing construction.  
*See Attachment 09-10 MBU IV C 3 8- Development Planning Review for 
more information. 
 

3 
 
 
 
 

8. What is the percentage of total development projects 
that were conditioned to meet SUSMP requirements?    17% 

9. How has your agency prepared to reduce the SUSMP threshold for 
industrial/commercial facilities to 1 acre from 100,000 square feet in 
2003? 

 Our ordinance was amended to reflect this threshold.  Most of our 
development/redevelopment is single family residential, and primarily 
remodels as we have very little commercial development.  Every project is 
considered individually and SUSMP compliance is required where 
applicable. 
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10. After 2003, how many additional projects per year will 
require/did require implementation of SUSMP 
requirements as a result of the lower threshold? unknown 

11. Does your agency participate in an approved 
regional or sub-regional storm water mitigation 
program to substitute in part or wholly SUSMP 
requirements for new development? Yes    No 

12. Has your agency modified its planning procedures 
for preparing and reviewing CEQA documents to 
consider potential storm water quality impacts and 
provide for appropriate mitigation? Yes    No 
 
If no, provide an explanation and an expected date of completion. 

 N/A   

13. Did your agency update any of the following General Plan elements 
in the past year? 

a) Land Use Yes    No  

b) Housing Yes    No  

c) Conservation Yes    No  

d) Open Space Yes    No  
If yes, please describe how watershed and storm water quality and 
quantity management considerations were included.  

 On September 22, 2008, the City entered into an agreement with a consultant for 
the preparation of a General Plan Housing Element Update.   Staff is in the process 
of compiling data; no changes have been made in the General Plan regarding this 
element.   

On July 13, 2009, the General Plan Land Use Element was amended with 
Resolution No. 09-43.   

* See Attachment 09-10 MBU IV C 3 8- Development Planning Review for more 
information. 
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14. How many targeted staff were trained last year? 34 

15. How many targeted staff are trained annually? 34 

16. What percentage of total staff are trained annually?    54% 

17. Has your agency developed and made available 
development planning guidelines? Yes    No 

18. If no, what is the expected date that guidelines will 
be developed and available to developers? N/A       

19. What is the status of completion of the technical manual for siting 
and design of BMPs for the development community? 

 LA County, as Principal Permittee, developed a planning tool for BMP 
prioritization that is available to all permittees online at 
http://dpw.lacounty.gov/wmd/bmpmethod/overview.shtm  
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D. Development Construction Program 

1. Describe your agency's program to control runoff from construction 
activity at all construction sites within its jurisdiction. 

  
During building plan check, project construction plans are referred to the City’s plan check 
engineer and staff for review.  The project is reviewed for compliance with drainage, grading, and 
general planning regulations, such as CEQA and LCP requirements.  The Public Works plan 
check engineer enforces SUSMP and State and local Storm Water Pollution Prevention Plan 
(SWPPP) requirements and places Public Works Standard Conditions on the project as 
applicable.  The plan check engineer also reviews and approves the WQMP for the SUSMP 
requirement. After the WQMP is approved, the property owner records a covenant with Los 
Angeles County Clerk/Recorder’s Office that details the features that are designed into the 
project to mitigate effects of storm water runoff from the property as well as requiring at a 
minimum annual inspections and maintenance of any proposed structural BMP device(s). The 
applicant must return the recorded copy of the covenant and WQMP to the City.  Prior to 
issuance of building and grading permits, the Permit Services Division of the Environmental and 
Community Development (ECD) Department requires final approval from each reviewing City 
Department that the final project complies with all conditions of approval from the Planning 
permit. Once all SUSMP, SWPPP and applicable pre-construction conditions of approval and 
requirements are met, building and/or grading permits may be issued. 
 
The Environmental and Building Safety Division is also responsible for oversight of project 
construction and inspections of the development.  All construction sites are first inspected by 
Building and Safety Inspectors.  If construction activities are not compliant despite enforcement 
efforts, the project is referred to Code Enforcement and/or the Public Works Department for 
assistance with further enforcement.  Additionally, all sites are specifically inspected during the 
wet weather season to ensure that BMPs are being properly implemented.  Prior to issuance of 
Certificates of Occupancy, projects must be inspected by the Planning Division and City Biologist 
for compliance with all Planning conditions, including landscaping and habitat restoration, as 
applicable, and by Public Works to ensure that the required WQMP BMPs are 
installed/implemented and operational.  
 
The Development Construction Inspection Program is implemented by both the Environmental 
and Community Development (ECD) Department and the Public Works Department.  Public 
Works is directly responsible for management of the construction program requirements as they 
relate to water quality, and inspection of construction sites for compliance is delegated to 
Environmental and Building Safety.  The City of Malibu has an aggressive campaign covering 
sediment and pollutant discharge during grading and building phases of construction. The City 
holds a pre-grading meeting for all projects wherein sediment and pollutant control measures are 
discussed. Grading within the City is limited to single lot development. The area of disturbance is 
limited due to strict development constraints in both the LCP and the Municipal Code. At the pre-
grading meeting with the contractor, Deputy Building Official, and Environmental & Building 
Safety inspector, the parties review the SWPPP and the City requires that appropriate mitigation 
measures are implemented at each phase of construction. Staff stresses to all contractors that 
the job site will be shut down until the required measures are in place if the contractor fails to 
comply. The project SWPPP is reviewed with the general contractor when building construction 
activities commence and staff again stresses to the contractor that the job site will be shut down 
for failure to comply.  The City also has educational materials including a training video (which 
may be viewed at City Hall) available to the public.  
 
*See Attachment 09-10 MBU IV D-Dev Construction for elaborated information. 
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2. Does your agency require the preparation, submittal, and 
implementation of a Local Storm Water Pollution Prevention Plan 
(Local SWPPP) prior to the issuance of a grading permit for all sites 
that meet one or all of the following criteria? 

a) Will result in soil disturbance of one acre 
or greater Yes    No  

b) Is within, directly adjacent to, or is 
discharging directly to an 
environmentally sensitive area Yes    No  

c) Is located in a hillside area Yes    No  

3. Attach one example of a local SWPPP  
                                           *Attachment 09-10 MBU IV D3- SWPPP 

4. Describe the process your agency uses to require proof of filing a 
Notice of Intent for coverage under the State General Construction 
Activity Storm Water permit and a certification that a SWPPP has 
been prepared prior to issuing a grading permit?   

 During the preliminary plan check (concept review), the applicant is notified 
when an NOI is required.  Plans are not approved until a proof of Waste 
Discharge Identification number (WDID) from the State has been submitted.  
The WDID is required to be displayed on the plans.  Applicants also must 
have plan check approval prior to receiving a grading permit. 

5. How many building/grading permits were issued to sites 
requiring Local SWPPPs last year? 233 
*See Attachment 09-10 MBU IV D-Dev Construction 

6. How many building/grading permits were issued to sites 
requiring coverage under the General Construction 
Activities Storm Water Permit last year? 

25 
 

*See Attachment 09-10 MBU IV D-Dev Construction 

7. How many building/grading permits were issued to 
construction site less than one acre in size last year? 

                                           *See Attachment 09-10 MBU IV D-Dev Construction 91 

8. How many construction sites were inspected during the 
last wet season?   

                                           *See Attachment 09-10 MBU IV D-Dev Construction       

9. Complete the table below. *This table contains Public 
Works Inspector’s construction violations inspections. 
*See Attachment 09-10 MBU IV D-Dev Construction. 

  
 

Type of Violation # of 
Violations 

% of Total 
Inspections 

# of  
Follow-up 

Inspections 

# of 
Enforcement 

Actions 
Off-site discharge of sediment 0 0 0 0 
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Off-site discharge of other pollutants 1 0.1 1 0 

No or inadequate SWPPP N/A N/A N/A N/A 
Inadequate BMP/SWPPP 
implementation 

5 0.8 5 0 

 
 

10. Describe the process for taking enforcement actions against 
construction site violations, including the types of actions that are 
taken. 

 Violations are addressed immediately by City staff.  The City follows a 
strict policy that all violations and problems, even minor ones, will receive 
an Initial Notice of Violation/Warning, and corrective actions are required 
with a strict deadline for compliance. In rainy weather, violations have to 
be mitigated within 24 hours.  During non-critical times, they are given up 
to 72 hours to mitigate.  The site is re-inspected to verify compliance.  If 
issues are more serious or corrective actions have not been completed, a 
stop work order may be issued until compliance can be verified.  The City 
also has the right to take civil actions, use administrative enforcement 
powers to issue a “cease and desist” order, or impose penalties for 
violations. 
 
Inspectors and Code Enforcement officers utilize the “Stop Work Order” 
and a civil penalty enforcement procedure for violations of inter alia, the 
Stormwater Management and Discharge Ordinance (M.M.C. Chapter 
13.04).  The ordinances authorize staff to issue administrative citations 
and impose civil penalties for certain Municipal Code violations (M.M.C 
Chapter 1.10). 

 

11. Describe the system that your agency uses to track the issuance 
of grading permits. 

 Our Building and Safety Department keeps a log and a database for all of 
their activities, including grading permit issuance.  A monthly report is 
generated showing all permits issued.  The Public Works Department 
plans to eventually link Public Works and BSD information to the 
database, which will make it easier to track permit information.    
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E. Public Agency Activities (Part 4.F) 

 

1. Sewage System Maintenance, Overflow, and Spill Prevention 
(only applicable to agencies that own and/or operate a sanitary 
sewer system) 

Questions E.1. a. through g. are not applicable.  The City of Malibu does not own or 
operate a sanitary sewer system.  
 

a) Has your agency developed and 
implemented a response plan for 
sanitary sewer overflows that includes 
the requirements in Order 01-182? Yes    No  

b) How many sanitary sewer overflows 
occurred within your jurisdiction?       

c) How many did your agency respond to?       

d) Did your agency investigate all 
complaints received? Yes    No  

e) How many complaints were received?       

f) Upon notification, did your agency 
immediately respond to overflows by 
containment? Yes    No  

g) Did your agency notify appropriate 
sewer and public health agencies 
when a sewer overflowed to the MS4? Yes    No  

h) Did your agency implement a program 
to prevent sewage spills or leaks from 
sewage facilities from entering the 
MS4? Yes    No  

 If so, describe the program: 
  See Attachment 09-10 MBU F- IC ID Program 

i) Did your agency implement a program 
to identify, repair, and remediate 
sanitary sewer blockages, exfiltration, 
overflow, and wet weather overflows 
from sanitary sewers to the MS4? Yes    No  
If so, describe the program:   

  N/A – the City of Malibu does not own or operate a sanitary sewer 
system.   
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2. Public Construction Activities Management 

a) What percentage of public 
construction sites 5 acres or greater in 
size did your agency obtain coverage 
under the State of California General 
Construction Activities Storm Water 
Discharge Permit?          100         % 

b) Give an explanation for any sites greater than 5 acres 
that were not covered: 

   

c) What is the total number of active public 
construction sites? 4 
How many were 5 acres or greater in size? 2 

d) (After March, 2003) Did your agency 
obtain coverage under the State of 
California General Construction 
Activities Storm Water Discharge 
Permit coverage for public 
construction sites for sites one acre or 
greater? Yes    No  

3. Vehicle Maintenance/Material Storage Facilities/Corporation 
Yards Management 

a) Did your agency implement pollution 
prevention plans for each public 
vehicle maintenance facility, material 
storage facility, and corporation yard? Yes    No  

  The City does not own or operate any public vehicle maintenance 
facility, material storage facility, or corporate yard.  However, the 
City’s maintenance contractor has implemented a pollution 
prevention plan.  The contractor is responsible to ensure that the 
necessary BMPs are implemented, in accordance with their 
“Certification for No Exposure”, and the City performs occasional 
inspections of this site.  No inspections were conducted at this site 
by the City this past year.   

 32

RB-AR7995



NPDES No. CAS 004001  Order No. 01-182 
 Los Angeles County Municipal Storm Water Permit (Order 01-182) 
 Individual Annual Report Form 

Attachment U-4 

b) Briefly describe how your agency implements the 
following, and any additional, BMPs to minimize pollutant 
discharges in storm water: 

(1) Good housekeeping practices 

(2) Material storage control 

(3) Vehicle leaks and spill control 

(4) Illicit discharge control 
  1) Good Housekeeping: trash and debris are removed as 

needed.    

2) Material Storage Control: materials are stored in compatible 
containers with lids and secondary containment (tarps, 
pallets, sand bags etc. depending on material stored).  
There are also a covered storage area and some roll-off 
containers for storage. 

3) Vehicle leaks and spills:  no vehicles are maintained onsite.  
Contractor’s parked vehicles are on top of containment 
consisting of visqueen sheeting, sandbags, dikes and/or drip 
pans. 

4) Illicit Discharge Control: silt fences and sandbags are used 
at the contractor’s corporate yard and applicable job sites. A 
spill control kit is available at all times. 

 

c) Are all Permittee owned and/or 
operated vehicle/equipment wash 
areas self-contained, covered, 
equipped with a clarifier, and properly 
connected to the sanitary sewer? N/A Yes    No  
If not, what is the status of implementing this 
requirement? 

   
N/A, The City does not own or operate any vehicle/equipment wash 
areas. However, on a weekly basis, a mobile detailer cleans 
vehicles using a containment mat and hauls away the material for 
proper disposal.  The service provider’s operations are regularly 
observed for compliance. 
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d) How many Permittee owned and/or 
operated vehicle/equipment wash 
areas are scheduled to be 
redeveloped to include the BMPs 
listed above?              N/A  0 

4. Landscape and Recreational Facilities Management 

a) Has your agency developed a 
standardized protocol for the routine 
and non-routine application of 
pesticides, herbicides (including pre-
emergents), and fertilizers? Yes    No  
Briefly describe this protocol: 

   
Fertilizer is only applied during dry weather (if needed at all), to 
eliminate the possibility of contaminated runoff.  Organic fertilizers 
are used at Bluffs Park and applied by the city's maintenance 
contractor. Regular fertilizer is used on the school campus turf play 
areas and all school applications are performed by city staff. Soil 
samples are taken annually to determine fertilization needs for all 
locations.  The Parks & Recreation Department uses a mulching 
lawnmower and therefore “grasscycles” adding nutrients back into 
the soil for improved turf growth.  City staff does not handle, store 
or apply any pesticides. As needed a responsible maintenance 
contractor may apply a limited range of pest control but is required 
to give notification in advance to the Park Supervisor for approval. 
Irrigation is monitored by a satellite-based irrigation central 
computer program.  Cycle-and-soak run times are programmed to 
prevent water waste and runoff.  
 

b) How does your agency ensure that there is no application 
of pesticides or fertilizers immediately before, during, or 
immediately after a rain event or when water is flowing off 
the area to be applied? 

   
City staff does not apply pesticides.  The Park Supervisor requires 
the maintenance contractor to inform of intentions prior to 
any applications. This allows the park supervisor to approve and 
control all applications. Season, target and non-target 
pests, weather data and forecasts are observed and considered 
prior to and during all applications. Irrigation programs are adjusted 
accordingly. 
  
Irrigation is operated by a satellite-based irrigation central computer 
program, and is programmed using cycle-and-soak run times to 
prevent water waste or runoff. 
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c) Are any banned pesticides, herbicides, 
fungicides, or rodenticides stored or 
applied in your agency's jurisdiction 
that you know of? Yes    No  
If so, list them: 

  N/A 

d) What percentage of your agency's staff that 
apply pesticides are certified by the 
California Department of Food and 
Agriculture, or are under the direct 
supervision of a certified pesticide 
applicator?  0 

e) Describe procedures your agency has implemented to 
encourage retention and planting of native vegetation and 
to reduce water, fertilizer, and pesticide needs: 

  All vegetation in Malibu’s parks is native with the exception of grass 
on the ball fields at Bluffs Park and Trancas Park.  Fertilizer is only 
applied in dry-weather.  Watering is timed, monitored with root zone 
and evaporative sensors and the system is automated to prevent 
excess water that would lead to runoff.  Limited pesticides are used 
and only by a responsible maintenance contractor.  City staff does 
not handle, store, or apply pesticides.  All public infrastructure 
improvements use only native species for re-vegetation.  
Furthermore, as defined in the City’s Municipal Code and Local 
Coastal Plan, there are requirements regarding landscaping, water 
conservation, reducing native plant removal, and planting native 
vegetation in new/re-development.  All landscape plans are 
reviewed by the City’s contract Biologist for adherence to applicable 
laws.  The City also hosted a “Smart Gardening” workshop this year 
and has educational material available at City Hall and Bluffs Park 
about preferable gardening and landscaping practices.  This 
material is also available at events. 
 

5. Storm Drain Operation and Management 

a) Did your agency designate catch basin 
inlets within its jurisdiction as Priority 
A; Priority B; and Priority C? Yes    No  

b) How many of each designation exist in your jurisdiction? 
  Priority A: 0 
  Priority B: 23 
  Priority C: 350 

 35

RB-AR7998



NPDES No. CAS 004001  Order No. 01-182 
 Los Angeles County Municipal Storm Water Permit (Order 01-182) 
 Individual Annual Report Form 

Attachment U-4 

c) Is your city subject to a trash TMDL? Yes   No   

d) If yes, describe the activities and/or implementation 
measures that your agency conducted pursuant to the 
TMDL and any other trash reduction efforts that occurred.  
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The Malibu Creek Trash TDML went into effect on July 7, 2009.   The 
City and other stakeholders developed a Trash Monitoring and 
Reporting Plan (TMRP) which is currently being reviewed by the 
Regional Water Quality Control Board.  The City will implement the 
TMRP after the approval process is complete. 
 
Even before adoption of the TMDL, the City has taken efforts to 
reduce trash and debris that may enter the City’s storm drain system 
through the installation of treatment devices (Stormceptor unit at 
Malibu Lagoon and 2 CDS units as part of the Civic Center treatment 
facility for filtration and disinfection); these devices are cleaned on a 
quarterly basis. The City also installed one “Trashguard” in an inlet on 
Cross Creek Road as a pilot program to determine how well they 
capture debris.  Monthly and bi-monthly street sweeping has been 
scheduled.   Public education efforts have been increased through the 
City’s weekly electronic newsletter and advertisements in local 
newspapers. 
 
Other litter abatement efforts include passing ordinances to ban 
activities that contribute to litter and marine debris.  The City has 
banned smoking on City beaches, expanded polystyrene food 
packaging, and the distribution of plastic shopping bags for food 
related businesses and retail stores. 
 
Throughout the year, but especially during the summer beach season, 
beach visitors have been known to leave trash along the Pacific Coast 
Highway (PCH).  While Caltrans is ultimately responsible for PCH, 
Malibu continues to work with the agency to correct this problem by 
sharing a contract for street sweeping and promoting education and 
clean up programs such as Adopt-a-Highway.  The City currently 
maintains six (6) dual trash/recycle bins for the Zuma Beach area 
along PCH as well as trash receptacles at bus stops on PCH.  The 
City also places additional receptacles when the budget allows. 
 
The City does not experience much trash on any of its residential 
streets.  The majority of the City streets have no curb and gutter, so 
trash does not accumulate in inlets.  Commercial areas and some 
canyon roads where curbs exist generate minute amounts of trash.  
These are our designated priority B catch basins.  Most of the material 
that is removed from catch basins is debris and dirt due to natural 
erosion on steep hillsides in undeveloped areas of the canyons, and 
vegetation.  The maintenance crew supervisor reported that green 
waste was the majority of material removed from the catch basins to 
prevent blockages.  This type of organic material accumulates in the 
drainage system unless regularly removed, as it grows rapidly in the 
Southern California climate, 
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e) How many times were all Priority A basins 
cleaned last year?  N/A 0 

f) How many times were all Priority B basins 
cleaned last year? 1 

g) How many times were all Priority C basins 
cleaned last year? 1 

h) How much total waste was collected in tons 
from catch basin clean-outs last year? 
100.75 cu yds of mixed debris 

16 
 

i) Attach a record of all catch basins in your jurisdiction.  
This shall identify each basin as City or County owned, 
and Priority A, B, or C.  For all basins that are owned and 
operated by your agency, include dates that each was 
cleaned out over the past year.                         
Attachment 09-10 MBU IV E5- Storm Drain OM 

j) Did your agency place and maintain 
trash receptacles at all transit stops 
within its jurisdiction. 

The City also places and maintains receptacles at most transit stops 
along PCH in the Caltrans right of way which is not the City’s 
jurisdiction.  

 
 
Yes    No  

k) How many new trash receptacles were installed last 
year? 0 

 

l) Did your agency place special conditions for events that 
generated substantial quantities of trash and litter 
including provisions that: 

(1) Provide for the proper 
management of trash and litter 
generated from the event? Yes    No  

(2) Arrange for temporary screens 
to be placed on catch basins? 

Many special events in Malibu take place on the beach and are 
therefore subject to LA County Beaches and Harbors Special 
Events Permit requirements.  For Temporary Use Permits (issued 
for events) the City requires all event sponsors to pick up all trash 
and litter during and after the event.  The City also requires event 
coordinators to report amounts of recyclables and litter from events 
with 1,000 or more attendees. Yes    No  

(3) Or for catch basins in that area 
to be cleaned out subsequent 
to the event and prior to any 
rain? Yes    No  
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m) Did your agency inspect the legibility 
of the catch basin stencil or labels? Yes    No  
What percentage of stencils were legible? 85% 

n) Were illegible stencils recorded and 
re-stenciled or re-labeled within 180 
days of inspection? Yes    No  

o) Did your agency visually monitor 
Permittee-owned open channel storm 
drains and other drainage structures 
for debris at least annually and identify 
and prioritize problem areas of illicit 
discharge for regular inspection? Yes    No  
Is the prioritization attached?  
None identified Yes    No  

p) Did your agency review its 
maintenance activities to assure that 
appropriate storm water BMPs are 
being utilized to protect water quality? Yes    No  
What changes have been made? 

   
No changes have been made.  BMP utilization is adequate and any 
necessary maintenance and improvements are on-going as 
identified.  Education and training are available and completed as 
needed by the contractor.   
 

q) Did your agency remove trash and 
debris from open channel storm drains 
a minimum of once per year before the 
storm season? Yes    No  

r) How did your agency minimize the discharge of 
contaminants during MS4 maintenance and clean outs? 

  The cleaning is conducted manually.  There is no flushing 
performed.  The maintenance crew is also proactive and regularly 
cleans pieces of trash from the right of way when it is observed 
during other maintenance activities. 
 
Also, the City does not own any typical, cement lined, open channel 
storm drains.  Any open channels are more like naturalized 
drainages or swales. 

s) Where is removed material disposed of? 
  The material is disposed of in a certified landfill.  Most of the 

material removed from the storm drains is green waste that, if not 
regularly removed, grows and thrives in the Southern California 
climate.  
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6. Streets and Roads Maintenance 

a) Did your agency designate streets and/or street 
segments within its jurisdiction as one of the following: 

(1) Priority A – streets and/or 
street segments that are 
designated as consistently 
generating the highest volumes 
of trash and/or litter? N/A 
There are no streets or 
segments designated as 
consistently generating highest 
volumes of trash. Yes    No  

(2) Priority B - streets and/or street 
segments that are designated 
as consistently generating 
moderate volumes of trash 
and/or litter? PCH  Yes    No  

(3) Priority C – streets and/or 
street segments that are 
designated as generating low 
volumes of trash and/or litter? Yes    No  

b) Did your agency perform all street sweeping in 
compliance with the permit and according to the following 
schedule: 

(1) Priority A – These streets 
and/or street segments shall be 
swept at least two times per 
month? N/A Yes    No  

(2) Priority B - Each Permittee 
shall ensure that each streets 
and/or street segments is 
cleaned at least once per 
month? Yes    No  

(3) Priority C – These streets 
and/or street segments shall be 
cleaned as necessary but in no 
case less than once per year? 

All City streets are swept monthly regardless of designation.  PCH is 
swept twice monthly. 
 
 
 

Yes    No  
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c) Did your agency require that saw 
cutting wastes be recovered and 
disposed of properly and that in no 
case shall waste be left on a roadway 
or allowed to enter the storm drain? Yes    No  

d) Did your agency require that concrete 
and other street and road 
maintenance materials and wastes be 
managed to prevent pollutant 
discharges? Yes    No  

e) Did your agency require that the 
washout of concrete trucks and chutes 
only occur in designated areas and 
never into storm drains, open ditches, 
streets, or catch basins leading to the 
storm drain system? Yes    No  

f) Did your agency train its employees in targeted positions 
(whose interactions, jobs, and activities affect storm water 
quality) regarding the requirements of the storm water 
management program to: 

(1) Promote a clear understanding 
of the potential for 
maintenance activities to 
pollute storm water? and Yes    No  

(2) Identify and select appropriate 
BMPs? Yes    No  

7. Parking Facilities Management 

a) Did your agency ensure that 
Permittee-owned parking lots be kept 
clear of debris and excessive oil 
buildup and cleaned no less than 2 
times per month and/or inspected no 
less than 2 times per month to 
determine if cleaning is necessary. 

Parks and Recreation maintains the parking lot at Bluff’s Park as 
part of its regular ongoing facilities maintenance. Yes    No  

b) Were any Permittee-owned parking 
lots cleaned less than once a month? Yes    No  
How many? 0 
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8. Public Industrial Activities Management 

a) Did your agency, for all municipal 
activity considered an industrial 
activity under USEPA Phase I storm 
water regulations, obtain separate 
coverage under the State of California 
General Industrial Activities Storm 
Water Discharge Permit no later than 
December 31, 2001? 

N/A, the City has no municipal activities considered industrial. 

Yes    No  
 
 

b) Does your agency serve a population 
of less than 100,000 people? Yes    No  

9. Emergency Procedures 

a) In case of real emergencies, did your 
agency repair essential public services 
and infrastructure in a manner to 
minimize environmental damage? Yes    No  

b) Were BMPs implemented to the extent 
that measures did not compromise 
public health and safety? Yes    No  

10. Feasibility Study 

a) Did your agency cooperate with the 
County Sanitation Districts of Los 
Angeles County to prepare a study 
which investigates the possible 
diversion of dry weather flows or the 
use of alternative treatment control 
BMPs? Yes    No  

b) Did your agency review its individual 
prioritized list and create a watershed 
based priority list of drains for potential 
diversion and submit a listing of 
priority diversions to the Regional 
Board Executive Officer? Yes    No  
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F. Illicit Connections and Illicit Discharges (IC/ID) Elimination Program (Part 
4.G) 

1. Attach a copy of your agency's IC/ID Elimination Implementation 
Program (Part 4.G.1.a.). Attachment 09-10 F MBU- IC ID Program

2. Attach a map of your storm drain system showing all permitted 
connections (if available), and the locations of all illicit connections 
and discharges that occurred last year (Part 4.G.1.b).  If your 
agency has not completed this requirement, describe the status of 
the development of a baseline map, including an expected 
completion date. 

 Attachment 09-10 MBU F- IC ID Data. 
 
The City has not integrated its own storm sewer base map with illicit 
discharge/connection reporting at this time, but provides the data 
annually to the principal permittee/LA County to compile for their baseline 
map transmitting deadline.   
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3. Describe your enforcement procedures for eliminating illicit 
discharges and terminating illicit connections. 

 In response to public or internal reports/complaints, potential illicit 
discharges and illicit connections are investigated by the Public Works 
Inspector, Code Enforcement Officer, maintenance staff, Senior 
Environmental Programs Coordinator or available qualified staff.  
Enforcement is incident specific.  In general, a report is investigated, a 
warning/violation notice or letter requiring corrective actions is either 
provided onsite or mailed, and a follow-up inspection is scheduled.   
 
Illicit dischargers are notified to cease this activity in person (if caught in 
the act), and/or in writing, and provided educational material relative to 
the nature of the discharge. Further enforcement actions are pursued if 
necessary.  If the discharge persists, a second written notice would be 
given explaining the legal action that will be taken if the discharge does 
not cease. After second notice, the City would take legal action to abate, 
enjoin or otherwise compel the cessation of the illicit discharge.  
 
Illicit connections investigations would be handled similarly to illicit 
discharges initially. The tenant and/or property owner is directed to 
immediately cease the illicit discharge and stop the use of all plumbing 
fixtures that are, or may be, connected to the drain until the fixtures are 
connected in a permitted manner.  The source and type of discharge is 
investigated and determined.  The discharger is responsible for the 
cleanup and disinfection of the affected drains and areas, and also for the 
cleanup of any future discharges.  If suspected to be a graywater 
discharge, the City requires an inspection of the Onsite Wastewater 
Treatment System (OWTS) performed by a City of Malibu registered 
OWTS inspector, a licensed Civil Engineer, or a registered Health 
Inspector. The inspection must be documented on the City of Malibu 
Official Inspection Form (see Attachment 09-10 MBU F- IC ID Program).  
The inspector must also provide a separate report on the illicit graywater 
discharge, and identify how the flows from this graywater source will be 
reconnected to the existing OWTS.  Prior to commencement of the 
required work, a permit issued by the City must first be obtained. 
 
When compliance has been verified, the discharger is notified depending 
on the issue.  The City continued work this year on improving reporting 
and response through better inter-Departmental coordination, training, 
and awareness for relevant staff, and improved documentation and has 
observed significant improvement in these areas.  
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4. Describe your record keeping system to document all illicit 
connections and discharges. 

  

All reports/complaints are documented on a designated form for each event 
and it is assigned to staff.  The issue is investigated and subsequent follow-
up activities are documented.  When compliance is verified or a referral to 
another agency is made, the City’s case is closed, and all related 
documentation is submitted to the Senior Environmental Programs 
Coordinator for review.  The information is then put into an excel spreadsheet 
log (*See Attachment 09-10 MBU IC ID Data).   

5. What is the total length of open channel that your 
agency owns and operates? The City does not own 
any typical, cement lined, open channel storm drains.  
Any open channels are more like naturalized 
drainages or swales. 

75 ft. 
approx. 
(swale) 

6. What length was screened last year for illicit 
connections? 75 ft 

7. What is the total length of closed storm drain that your 
agency owns and operates? 21,755 ft 

8. What length was screened last year for illicit 
connections?  0 

9. Describe the method used to screen your storm drains. 
 Our maintenance workers generally screen for unknown discharges and 

suspicious pipes during the annual culvert cleanings.  There was some 
screening in the Civic Center area (commercial hub of the City) in 2003.  
The City has not yet outlined a plan to implement a full formal screening 
program of closed storm drains.  

 

10. Provide the reporting data for illicit connections as suggested in the 
following table (you may submit a spreadsheet from your database that 
contains the information).  

 

Year Total # 
reported/ 
identified 

Total # 
investigated 

# that 
conveyed 
exempt 
discharges 
or NPDES 
permitted 

# that 
conveyed 
illicit 
discharges 
that were 
terminated 

# that 
were 
removed 

# that 
resulted in 
enforcement 
action 

# that 
resulted 
in other 
actions 

01/02 0 0 0 0 0 0 0 
02/03 0 0 0 0 0 0 0 
03/04 0 0 0 0 0 0 0 
04/05 0 0 0 0 0 0 0 

05/06 0 0 0 0 0 0 0 
06/07 0 0 0 0 0 0 0 
07/08 3 3 0 1 1 1 2 
08/09 2 2 0 2 2 2 0 
09/10 1 1 0 1 1 1 0 
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11. Explain any other actions that occurred in the last year. 
There are two active Code Enforcement cases open for illicit discharges of graywater on the beach. 

12. What is the average time it takes your agency to initiate an 
illicit connection investigation after it is reported? 1 day 

a) Were all identified connections terminated 
within 180 days?  Yes    No  

b) If not, explain why. 
  

 

13. Provide the reporting data for illicit discharges as suggested in the 
following table (you may submit a spreadsheet from your database that 
contains this information). 

 
Year Total # 

reported  
Total # that 
were 
discontinued/ 
cleaned up 
voluntarily 
through 
enforcement 
and the source 
was identified 

# that were 
cleaned up 
but the 
source could 
not be 
identified 

# that 
resulted in 
no evidence 
of discharge 

# that were 
determined to 
be 
conditionally 
exempt 

# that were 
exempt or in 
compliance 
and the source 
identified 

# that 
resulted in 
enforcement 
action 

01/02 6 5 0 1 0 0 0 
02/03 9 7 0 2 0 0 0 
03/04 5 3 2 0 0 0 0 
04/05 9 6 0 3 0 0 1 
05/06 25 11 0 13 1 1 11 
06/07 11 5 1 5 0 0 7 
07/08 41 22 3 6 5 3 20 
08/09 36 21 5 4 0 5 28 
09/10 36 16 0 13 3 1 18 

 

14. What is the average response time after an illicit discharge is 
reported? 

Within the 
hour/same 
day 

a) Did any response times exceed 72 hours? Yes    No  

b) If yes, explain why. 
 If the reporting party reported the incident after the fact (months 

later) or left a message on voicemail when City Hall is closed 
over the weekend, a response time could exceed 72 hours. 
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15. Describe your agency's spill response procedures. 
  

The general response for all spills is to investigate, notify the offender, 
verify that proper cleanup has occurred, and then follow-up with the 
responsible individuals and necessary reporting to agencies (i.e. by 
phone, letter, or email).  We have improved internal communication in 
regard to spill response, documentation and reporting to the necessary 
agencies. 
 
Attachment 09-10 MBU F- IC ID Program 
 

16. What would you do differently to improve your agency's IC/ID Elimination 
Program? 

 Increasing resources would help to improve the City’s IC/ID Elimination 
Program. The City continues to look for ways to fund additional 
maintenance, screening, enforcement and education programs.  In the 
meantime, we continue to rely on the public and staff observations in the 
field to let us know of any discharges or illicit connections and we will 
continue to respond as quickly as possible.  We focus efforts on 
educating the public on the importance of personal stewardship of the 
environment, and the importance of preventing pollution through BMPs.  
We also have made contact information more accessible and have 
streamlined our reporting and response procedures. 
 
Communication and more consistent reporting of incidents should 
always be improved between agencies and occasionally between City 
departments. 
 
The City would increase staff (for enforcement and education since you 
can’t have one without the other), increase the City’s enforcement 
presence, improve public education/outreach, and upgrade the reporting 
documentation and incident database. 
 

17. Attach a list of all permitted connections to your storm sewer system. 
Attachment 09-10 MBU IV F. 17- permitted connections 
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V. Monitoring 
Briefly describe any storm water monitoring activities that are not required by 
Order No. 01-182 that your municipality conducted, participated in, or received 
funding to conduct in the past fiscal year.  These activities should correspond 
with the dollar amount you listed in Table 2. 
 
Attachment 09-10 MBU V-Monitoring 

 

VI. Assessment of Program Effectiveness 

A. Attach a summary of the effectiveness of your storm water management 
program.  This summary should include, at a minimum, the following: 

1. An assessment of your agency's compliance with permit requirements, 
based on your responses to the questions in this form; 

2. Descriptions of any evaluation methods that your agency uses to 
determine the effectiveness of your storm water management program; 

3. A summary of the strengths and weaknesses of your agency's storm 
water management program; 

4. A list of specific program highlights and accomplishments; 

5. A description of water quality improvements or degradation in your 
watershed over the past fiscal year; 

6. Interagency coordination between cities to improve the storm water 
management program; 

7. Future plans to improve your agency's storm water management 
program; and 

8. Suggestions to improve the effectiveness of your program or the County 
model programs. 

B. On a scale of 1 to 10 (10 being full implementation of requirements by their 
deadlines), rate your municipality's level of compliance with Order No. 01-182. 

C. List any suggestions your agency has for improving program reporting and 
assessment. 

 
 
*Attachment 09-10 MBU VI Assessment 
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Preface

Philadelphia Stormwater Management Guidance Manual 
Version 2.0
The following list summarizes the signifi cant changes introduced with Version 2.0 of the Philadelphia 
Stormwater Management Guidance Manual.  Please note, this is not a complete list of all changes.

Earth Disturbance:  Section 2.1: Earth Disturbance has been added to provide more information on 
how to calculate the limits of earth disturbance.

Applicability:  Section 2.2: Determining Applicability has been expanded to discuss the applicability 
of Conceptual Reviews, Erosion and Sediment Control, Watershed Specifi c Requirements, the 
Philadelphia Water Department (PWD) Stormwater Management Regulations, and Public Health and 
Safety Rates.

Conceptual Review:  All projects that generate an earth disturbance of 5,000 square feet or more 
must submit an ERSA worksheet to PWD for conceptual review.  Refer to Section 3: Site Planning 
for more information.

Green Project Review:  Projects that are able to disconnect 95% or more of the post construction 
Directly Connected Impervious Area (DCIA) may be eligible for a 5-day project review time.  Refer to 
Section 4.2.1: Green Project Review for more information.

Tree Credits:  New trees must now be planted within 10 feet of ground level DCIA to be eligible for the 
100 square foot tree credit.  Refer to Section 4.2.4: Maximize Tree Canopy over Impervious Cover.

Water Quality:  When infi ltration is not feasible all or a portion of the water quality volume must be 
routed through PWD-approved stormwater management practices that provide volume reduction, fl ow 
attenuation and water quality treatment. Refer to Section 4.3.1: Estimate Level of Control Needed 
for more information.

Erosion and Sediment Pollution (E & S) Control:  Section 5.1: Erosion and Sediment Pollution 
Control Plan has been added to provide more information on the requirements for E &S Control.

Rational Method:  The use of the Rational Method will no longer be accepted for runoff estimation.  
Refer to Section 5.3.2: Runoff Estimation for more information.

Predevelopment Condition:  The predevelopment condition for runoff calculation is defi ned as the 
dominant land use for the previous ten (10) years.  Refer to Section 5.3.2: Runoff Estimation for more 
information. 

Flood Control:  For the purposes of Flood Control calculations, all nonforested, pervious area 
and 20% of existing impervious area must be considered meadow.  Refer to Section 5.3.2: Runoff 
Estimation for more information. 

Sections 6, 7, and 8:  Previous Section 6.1, 6.2. and 6.3 have been converted into Section 6: 
Utilizing Existing Site Features, Section 7: Stormwater Management Practice Design Guidelines, and 
Section 8: Landscape Guidance.

Waiver Request Forms:  Standard waiver request forms for release from the infi ltration requirement 
and the 3-inch minimum orifi ce size are available in Appendix F.4: Special Circumstances and Waiver 
Requests.

Worksheets:  Worksheets 2 and 3 have been updated and are now Worksheet 2: Directly Connected 
Impervious Area, Worksheet 3A: Water Quality, Channel Protection, and Worksheet 3B: Flood Control.  
Refer to Appendix E: Worksheets and Checklists for more information.
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1.1 Background
1.1.1 Stormwater Ordinance and Regulations

Existing Policy

Chapter 14-1600 of Philadelphia’s Code, houses the stormwater legislation for the City.  See 
the following Code sections:

§14-1603.1. Stormwater Management Controls

§14-1603.2. Environmental Controls for the Wissahickon Watershed

§14-1606. Flood Plain Controls

The Philadelphia Water Department (PWD) Stormwater Management Regulations 
(Stormwater Regulations) have been developed as per the Philadelphia Code, Chapter 14-
1603.1.6.c.1

Overview of the Stormwater Regulations

There are three major elements to the Stormwater Regulations: Water Quality, Channel 
Protection, and Flood Control requirements.

Water Quality Requirement

The Water Quality requirement stipulates management of the fi rst one inch of runoff from 
all Directly Connected Impervious Areas (DCIA) within the limits of earth disturbance.  The 
Water Quality requirement is established to: (1) recharge the groundwater table and increase 
stream base fl ows; (2) restore more natural site hydrology; (3) reduce pollution in runoff; and 
(4) reduce combined sewer overfl ows (CSO) from the City’s combined sewer systems.  The 
requirement is similar to water quality requirements in surrounding states and in other major 
cities.

1) The requirement must be met by infi ltrating the water quality volume unless infi ltration 
is determined to be infeasible (due to contamination, high groundwater table, shallow bed 
rock, poor infi ltration rates, etc.) or where it can be demonstrated that infi ltration would cause 
property or environmental damage.
 
2) A waiver from the infi ltration requirement must be submitted and approved if infi ltration 
is not feasible. Waivers are available in Appendix F.4: Special Circumstances and Waiver 
Requests. When infi ltration is not feasible for all or a portion of the water quality volume, the 
remaining portion must be treated by a PWD-approved stormwater management practice 
(SMP).  Treatment and release requirements differ for separate and combined sewer areas, 
but all areas must route a minimum of 20% of the water quality volume through a PWD-
approved SMP that provides volume reduction. 

Separate sewer areas:  The water quality volume must be routed through a SMP that 
provides volume reduction, fl ow attenuation, and water quality treatment. 

Combined sewer areas:  Runoff from a minimum of 20% of the DCIA must be routed 
through a PWD-approved volume reducing SMP.  The release rate for the water quality 
volume must not exceed 0.24 cfs per acre of DCIA, and the volume must be detained 
in the SMP for no less than 24 hours and no more than 72 hours. 
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Channel Protection Requirement

The Channel Protection requirement is a slow release of the 1-year, 24-hour storm event 
detained from DCIA.  The Channel Protection requirement is established to: (1) protect 
quality of stream channels and banks, fi sh habitat, and man-made infrastructure from the 
infl uences of high stream velocity erosive forces and (2) reduce the quantity, frequency and 
duration of CSOs.

The requirement applies equally to rivers and streams, and also to sites discharging to 
drainage ditches, natural or man-made ponds, and sewers if those systems ultimately 
discharge to receiving waters.  However, the Channel Protection requirement does not apply 
to redevelopment which is under one acre or discharges to the Delaware River and the 
Schuylkill River main channels.

Philadelphia’s Channel Protection requirement is modeled after those adopted in many other 
cities and states, including Atlanta, Baltimore, Boston, Detroit, Minneapolis, Portland, Seattle, 
Washington D.C., Maryland, New Jersey, and New York. 

Channel Protection requirement:  Detain and release runoff from DCIA at a maximum 
rate of 0.24 cfs per acre in no less than 24 hours and no more than 72 hours.  

Reducing DCIA within the limints of earth disturbance by 20% between the predevelopment 
and post-development condition EXEMPTS redevelopment projects from the Channel 
Protection requirement.

The Water Quality and Channel Protection requirements are not additive.  Management of 
the Water Quality requirement may reduce the storage volume required to meet the Channel 
Protection requirement.  It might also be possible to meet both requirements in the same 
SMP or in a train of linked SMPs. 
  
Flood Control Requirement

The Flood Control requirement is established to:  (1) reduce or prevent the occurrence of 
fl ooding in areas downstream of the development site, as may be caused by inadequate 
sewer capacity or stream bank overfl ow and (2) to reduce the frequency, duration and 
quantity of overfl ows in combined sewer sheds.  

The Flood Control requirement is based upon ongoing watershed wide Pennsylvania 
Stormwater Management Act (Act 167) planning studies determining fl ood management 
districts for controlling peak rates of runoff.  In general, a development project is required to 
meet peak rates of runoff post-development equal to pre-development conditions.  As Act 167 
planning programs are completed for Philadelphia’s watersheds, new Flood Control Districts 
will be listed in the Manual which will more accurately refl ect the level of fl ood protection 
needed in localized settings.

In Flood Management District C, development sites which can discharge directly to the 
Delaware River or Schuylkill River main channels without the use of City infrastructure may 
do so without control of proposed conditions peak rate of runoff.  When adequate capacity in 
the downstream system does not exist and will not be provided through improvements, the 
proposed conditions peak rate of runoff must be controlled to the pre-development conditions 
peak rate as required in District A provisions for the specifi ed design storm.    
  
Reducing DCIA within the limits of earth disturbance by 20% between the predevelopment 
and post-development condition EXEMPTS redevelopment projects from the Flood Control 
requirement.
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1.1.2 The Changing Regulatory Environment

Stormwater runoff from almost all the developed areas of the City, whether served by separate 
stormwater sewers or combined sewers, is causing impairment to the aquatic and riparian habitats 
of streams and rivers in Philadelphia.  These water bodies are suffering from streambank and 
channel erosion resulting in the exposure of sewer infrastructure and decreased stream basefl ow 
due to reduced groundwater recharge. The streams do not support healthy aquatic communities, 
do not meet uses designated by the State, do not serve as amenities to the community, and 
occasionally causes property damage due to fl ooding. In addition, stormwater is an important 
source of pollution to the drinking water intakes on the Schuylkill and Delaware Rivers. 

These problems are not unique to Philadelphia. Stormwater Regulations are changing around the 
country to address these and similar problems. In general, these newer approaches to stormwater 
management require controls to improve the quality of stormwater prior to discharge, to reduce 
the effects of stormwater caused erosion and siltation, and measures to increase groundwater 
recharge. The Stormwater Regulations in Philadelphia ensures that Philadelphia has an up-to-
date and effective stormwater program that meets the state and federal requirements and can be 
coordinated with the changing Regulations occurring in upstream municipalities.        
  
The Stormwater Regulations were developed to meet a number of environmental, economic, social 
and regulatory goals for the City:

Quality of Life – Along the Riverfront and in the Neighborhoods

The quality of life for people living and working in Philadelphia depends on both a healthy economy 
and a healthy environment.  Philadelphia sits at the confl uence of the Schuylkill and Delaware 
Rivers and has an extensive park system that conserves most land along its smaller creeks in a 
natural condition.  This creates an opportunity for improved recreational and economic activities 
along the waterfronts and stream corridors.  Philadelphia is making a substantial public investment 
in parks, greenways (links between neighborhoods and water corridors), and access to water-
based activities over the coming decades to identify itself as a New River City.  Effective stormwater 
management is necessary to make these riverfront and stream corridor areas safe and inviting.  

Flooding

Historically, Philadelphia’s stormwater management requirements have focused on avoidance 
of fl ooding caused by increases in impervious coverage.  These measures have been generally 
effective and will be continued.  However, some problem areas have been identifi ed in existing 
developed areas through the Act 167 program.  As Act 167 planning studies continue for 
Philadelphia’s watersheds new Flood Control Districts will be determined that more accurately 
refl ect the level of fl ood protection needed in localized settings.  The Stormwater Regulations will 
ensure that, over time, fl ooding frequency and severity will decrease as areas are redeveloped 
according to the stormwater requirements.

Impaired Water Bodies and TMDLs

The Commonwealth of Pennsylvania designates uses that streams and rivers are required to 
support.  These uses generally include water supply, recreation and fi sh consumption, and support 
of healthy aquatic communities.  Currently, every river and stream in the City is listed as impaired, 
or not attaining its designated uses.  Urban runoff, storm sewers, and CSOs are listed as sources 
of impairment for most Philadelphia streams. Some water bodies are listed as impaired by specifi c 
pollutants.  For these, the State ultimately requires TMDL (Total Maximum Daily Load) to be set 
and attained.  A TMDL is the maximum load of a specifi c pollutant that can be discharged by all 
sources and still allow the stream to meet water quality standards. The Stormwater Regulations are 
designed to signifi cantly reduce the pollution associated with stormwater and CSOs, and will be a 
signifi cant part of the measures used to attain TMDLs.
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NPDES Stormwater Permits and Regulations

Storm sewers discharging to surface waters in Philadelphia are regulated under NPDES (National 
Pollution Discharge Elimination System).  Measures required under NPDES stormwater permits 
include stormwater management during construction and stormwater management on the 
developed site after construction. The Stormwater Regulations keep Philadelphia in compliance 
with requirements in its stormwater permit.

Pennsylvania Stormwater Management Act 

The Pennsylvania Stormwater Management Act (Act 167) is administered by Pennsylvania 
Department of Environmental Protection (PADEP) and is designed to address the management of 
stormwater runoff resulting from development.  Act 167 addresses both water quantity and quality, 
but it is most focused on quantity and fl ooding issues.  Philadelphia collaborated with Delaware, 
Montgomery, and Chester Counties to produce an Act 167 Plan for the Darby-Cobbs Creek in 
2004.  Ultimately, plans will be produced for Tookany/Tacony-Frankford Creek, Pennypack Creek, 
Poquessing Creek, and Wissahickon Creek.  Due to overlapping requirements of the NPDES 
and Act 167 programs, PADEP encourages municipalities to develop stormwater management 
programs that meet the requirements of both concurrently. The Stormwater Regulations bring 
Philadelphia into compliance and ensure that the entire region has similar stormwater management 
controls in place.

NPDES Combined Sewer Permits and Regulations

Approximately 40% of Philadelphia’s land area is served by sewers that carry sanitary sewage and 
stormwater in a single pipe.  During dry weather, all this fl ow is treated at water pollution control 
plants before discharge to receiving waters.  During wet weather, total fl ow exceeds the capacity of 
the sewer system and a portion of the fl ow is discharged untreated to receiving waters (combined 
sewer overfl ow).

Stormwater management is an integral part of Philadelphia’s approach to CSO management.  
United States Environmental Protection Agency’s (USEPA) CSO Control Policy, published in 1994, 
promotes effective stormwater management on a watershed basis.  The most effective SMPs 
increase infi ltration and evaporation at the site level and reduce the amount of wet weather fl ow in 
the sewer system.  Other SMPs detain stormwater and release it to the sewer system at a slower 
rate, taking advantage of sewer system capacity over a longer period of time.  These techniques 
are most effective during small storms.  Techniques designed to limit streambank erosion and fl ood 
damage during large storms work equally well in areas of combined sewers and separate storm 
sewers. The Stormwater Regulations will, over time, signifi cantly decrease the number of CSOs 
and are necessary if Philadelphia is to comply with federal and state CSO policy.

Drinking Water Source Protection

The Delaware River and Schuylkill River are sources of drinking water for Philadelphia residents.  
The intakes on these rivers are also infl uenced by the water quality found in the Wissahickon, 
Pennypack, and Poquessing Creeks.  Protection of source water is critical to citizen health 
and future economic development in Philadelphia.  One of the many critical links between the 
Stormwater Regulations and the protection of Philadelphia’s drinking water sources is USEPA’s 
Surface Water Treatment Rule (SWTR) to address microbial and virus contamination. The 
SWTR requires that a surface water system have suffi cient treatment to reduce source water 
concentrations of Giardia lamblia cysts and viruses by at least 99.9 percent (3 log) and 99.99 
percent (4 log), respectively.  A watershed control program that includes reduction in stormwater 
related pollutant loads will be an important aspect of meeting these microbial and virus reduction 
requirements.
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Improving the Development Process in Philadelphia 

Clarifi cation of stormwater management requirements and simplifi cation of the development process 
can benefi t both the environment and the economy.  Efforts to redevelop vacant and abandoned 
lands provide opportunities to integrate better stormwater management with economic development. 
The Stormwater Regulations are designed to create standards consistent with industry practice, 
to provide checklists and manuals so that developers know exactly what is required, and to apply 
known, objective standards to all new development or redevelopment applications.

1.2 Organization
This Manual is intended to guide the developer in meeting the requirements of the Stormwater 
Regulations. Currently some practices and design methods in this manual are considered standards 
while others are simply recommendations. It is likely that with future revisions some elements 
will become more prescriptive while others become less prescriptive. Please be aware that these 
changes might occur and that the most up-to-date version can always be found at the Philadelphia 
Stormwater website www.PhillyRiverInfo.org. 

The Manual is laid out to guide the developer through the entire site design process, beginning 
with initial site design considerations, through the Post-Construction Stormwater Management 
Plan (PCSMP) submittal elements, and ultimately PWD prerequisite approval on Building Permit 
approval.  Tools are provided to assist in completion and submittal of a PCSMP consistent with the 
intent of PWD.  They include fl owcharts to guide the developer through each section, worksheets 
to assist with calculations, and checklists to ensure the PCSMP is complete.  These tools work 
together to address stormwater management on the development site from concept to completion.

Each section of the Manual has been arranged with a specifi c purpose in mind:  

· Section 1 provides an overview of how and why stormwater management is a critical part 
of holistic site planning in Philadelphia.  

· Section 2 discusses the applicability of the Stormwater Regulations.  

· Section 3 covers preliminary site planning considerations and conceptual review. 

· Section 4 steps through an integrated site design process once the initial site layout is 
determined. This section describes approaches for using Nonstructural and Structural 
Controls to manage stormwater. 

· Section 5 explains all of the elements necessary for completing and submitting the 
PCSMP for the development project.  

· Section 6 presents methods for integrating stormwater management into site design for 
both non-structural and structural SMPs applicable to urban development in Philadelphia.

· Section 7 presents technical design guidance for managing stormwater and 
specifi cations for structural SMPs.

· Section 8 provides landscape guidance for non-structural and structural SMPs and lists 
recommended native plant species as well as prohibited invasive species.
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1.3 How to Use this Manual
The following fl ow chart depicts how the manual can be used to work through the development 
review process.

Checklists and Worksheets are provided electronically on 
www.PhillyRiverInfo.org/PWDDevelopmentReview to assist the developer in meeting the 
requirements of the Stormwater Regulations.

Submit Existing Resource Site Analysis 
(ERSA), meet with 

Development Services Committee
(PWD, Philadelphia City Planning Commis-

sion, Licenses & Inspections, Streets)

(Section 3)

Determine applicability

(Section 2)

Finalize Site Plan while protecting existing 
site features and reducing impervious cover

(Sections 4.1 & 4.2)

Use a systems approach to design 
appropriate SMPs to manage remaining 

stormwater

(Sections 4.3 & 4.4, 6, 7, 8 and Appendices)

Complete checklists and worksheets and 
submit complete PCSMP for review

(Section 5)

Figure 1.1: Using the Manual
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2.0 Introduction
All projects that generate earth disturbance of 5,000 square feet or more must have their Building 
Permit application signed by the Philadelphia Water Department (PWD) before it will be issued.  The 
requirements that must be met to obtain PWD’s  signature depend on the project size and location.  The 
requirements include six main components.  In general terms these are the Water Quality, Channel 
Protection, Flood Control, Non-structural Project Control, Erosion and Sediment Pollution Control, and the 
Post-Construction Stormwater Management Plan requirements.

Table 2.1: Primary Components of Requirements

Stormwater Requirements Technical Details

Water Quality:  Management of the fi rst 
one inch of runoff from Directly Connected 
Impervious Areas (DCIA) within the limits of 
earth disturbance.  

Section 4.3.1: Estimate Level of Control Needed
Channel Protection:  Management of the 
1-year, 24-hour, NRCS Type II storm event 
such that the peak rate of discharge does not 
exceed 0.24 cfs/acre.

Flood Control:  Attenuation of runoff from larger 
storm events required depending upon project 
location within the City.  

Non-structural Project Control:  Use of 
practical alternatives to surface discharges 
of stormwater, creation of impervious 
surfaces and protection of Waters of the 
Commonwealth.  

Section 4.1: Protect and Utilize Existing Site 
Features

Section 4.2: Reduce Impervious Cover to be 
Managed

Erosion and Sediment Pollution Control         
(E & S):  Plan must be prepared in 
accordance with Pennsylvania Department of 
Environmental Protection (PADEP) guidelines.

Section 5.1: Erosion and Sediment Pollution 
Control Plan

Post-Construction Stormwater Management 
Plan (PCSMP):  Submittal to PWD 
demonstrating compliance with the PWD 
Stormwater Management Regulations 
(Stormwater Regulations).

Section 5.2: Components of the Post-
Construction Stormwater Management Plan

Note: Some redevelopment projects may be exempt from the Channel Protection and Flood Control requirements.
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2.1 Earth Disturbance
It is important for the applicant to properly assess the limits of earth disturbance associated with the 
construction project in order to determine applicable requirements and the level of review and approval 
required.  A project may have multiple boundaries, each of which has significance when determining  
applicability during the development process.  For example, the parcel boundary, earth disturbance, 
and area that must be managed for stormwater may all be different.  The trigger for determining the 
Stormwater Regulations apply to a project is the area of earth that is disturbed as part of the project.  
However, some areas with the limits of earth disturbance do not require stormwater management.  In the 
discussion that follows descriptions of earth disturbance boundaries provide guidance on determining the 
area that is subject to the Stormwater Regulations.

What is earth disturbance:

Earth disturbance is defined as any human activity which moves or changes the surface of land, 
including, but not limited to, clearing and grubbing, grading, excavation, embankments, land 
development, agricultural plowing or tilling, timber harvesting activities, road maintenance activities, 
mineral extraction, moving, depositing, stockpiling or storing of soil, rock or earth materials.  All 
earth disturbance activities must be included on all E & S Plans. 
• Land Development

• Utility Connections (Including work in public rights-of-way: sidewalks and roads)

• Private Roads

• Rock Construction Entrances

• Stockpiles

• Temporary Stockpiles

• Construction Vehicle Paths

• Grading

• Excavation

• Clearing and Grubbing

• Embankments
 
What is not earth disturbance:

• Interior renovations

• Restriping or milling and repaving of paved areas, parking lots, walkways, etc., as long as the 
subbase is not exposed during the milling process.

What earth disturbance area does not have to manage stormwater?

• Replacement of public sidewalks

• Replacement of existing public roads when stormwater runoff characteristic are not significantly   
    affected
•  Temporary Stockpiles on existing impervious surfaces as long as all necessary E & S pollution 

control measures are implemented.

What earth disturbance area in the public right-of-way does have to manage stormwater?

• New public streets that are determined by City Streets Department, Philadelphia City Planning 
Commission (PCPC) and PWD to not conform to the grid

• New private streets and private sidewalks

Revised: April 29, 2011

RB-AR8035



2. Applicability and Approval

Philadelphia Stormwater Manual v2.0 2 - 3

When in doubt be conservative:
• Projects that are close to 15,000 square feet of earth disturbance are required to provide a 

Pennsylvania P.E. stamped and sealed E & S Plan clearly delineating the limits of disturbance 
before PWD will confirm that Stormwater Management requirements are not applicable to the 
project.  Should a site inspection reveal that more than 15,000 square feet have been disturbed 
the site will be issued an immediate Stop Work Order and will be subject to the Stormwater 
Regulations.

• Should a site inspection reveal that more than 1 acre of earth disturbance the site will be issued 
an immediate Stop Work Order and be required to apply for a PADEP NPDES (National Pollutant 
Discharge Elimination System) permit.  The Stop Work Order will not be lifted until the applicant 
receives an approved NPDES Permit.

• Please contact PWD Stormwater Plan Review should you need additional clarification regarding 
what is and is not an earth disturbance activity.

2.2 Determining Applicability
The review components for both Stormwater Management and Erosion and Sediment Control depend on 
the limits of earth disturbance associated with the project as well as the watershed in which the project is 
located. Table 2.1 summarizes the requirements that each site must meet.  Additional information on each  
the requirements is provided below.

If during the course of construction additional area is disturbed which changes the applicable 
requirements, construction will have to cease until new plans are prepared and approved by all 
relevant regulatory agencies.

Revised: April 29, 2011
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2.2.1  Conceptual Review 

All projects with that generate an earth disturbance of 5,000 square feet or more must submit 
an Existing Resources and Site Analysis (ERSA) worksheet to PWD for conceptual review.  See 
Section 3: Site Planning for more information.

2.2.2 Erosion and Sediment Control

The Owner is responsible for ensuring that their active construction site is not creating violations 
of 25 Pa. Code Chapters 92 and/or 102 and the Clean Streams Law, the act of June 22, 1937, 
P.L. 1987, 35 P.S. §691.1 et seq.  Depending on the limit of earth disturbance associated with a 
project there are specifi c preparation, review, and approval requirements.  All E & S Plans must be 
prepared in accordance with PADEP guidelines as laid out in the following Manual:

PADEP, Bureau of Watershed Management.  April 15, 2000.  Erosion and Sediment Pollution 
Control Program Manual.  Document 363-2134-008.

   
It is important for the applicant to properly assess the limits of earth disturbance associated with the 
construction project in order to determine the level of review and approval required.  Once the limits 
of earth disturbance have been accurately determined the applicant will follow one of the four E & S 
review paths listed below:
 

A. Less than 5,000 square feet (not located in the Wissahickon Watershed*)

• E & S Plan is not mandatory.
• Owner must implement E & S Best Management Practices in accordance with the 

PADEP Erosion and Sediment Pollutant Control Program Manual (2000).  

B. More than 5,000 square feet, less than 15,000 square feet**

• E & S Plan must be prepared, implemented, and kept on site at all times during 
construction.

• The E & S Plan, which complies with the PADEP Erosion and Sediment Pollutant Control 
Program Manual (2000), must be maintained and submitted to PWD, but does not need 
to be approved.

• If the site is not subject to the Stormwater Regulations, then submit E & S Plans as an 
attachment to the ERSA online application at 

 www.PhillyRiverInfo.org/PWDDevelopmentReview.

C. More than 15,000 square feet, less than 1 acre (43,560 square feet)**
• E & S Plan must be prepared, approved, implemented and kept on site at all times 

during construction.
• The E & S Plan must be reviewed and approved by PWD before earth disturbance can 

begin.
• Project is subject to Stormwater Regulations and requires a full PCSMP submittal.
• A copy of the approved E & S Plan must be forwarded to the PWD E & S Unit.
• Notify the PWD E & S Unit of any pre-construction meetings, and notify the PWD E & S 

Unit three days prior to commencement of construction activities.

D. More than 1 acre (43,560 square feet)

• E & S Plan must be prepared, approved, implemented and kept on site at all times 
during construction.

• A NPDES permit application must be submitted to PADEP.  Proof of issuance of the 
NPDES permit must be provided to PWD before PWD will sign the applicant’s Building 
Permit application.  A Building Permit must be issued prior to commencement of any 
earth disturbance.
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• Project is subject to Stormwater Regulations and requires a full PCSMP submittal.
• A copy of the approved E & S Plan must be forwarded to the PWD E & S Unit.
• Notify the PWD E & S Unit of any pre-construction meetings, and notify the PWD E & S 

Unit three days prior to commencement of construction activities.

*Projects located in the Wissahickon Watershed may be subject to additional requirements 
which will be assessed as part of the project review performed by PCPC staff.

**If during the course of construction additional area is disturbed which changes the 
applicable requirements, construction will have to cease until new plans are prepared and 
approved by all relevant regulatory agencies.

2.2.3 Watershed Specifi c Requirements

The Stormwater Regulations apply to all projects that generate an earth disturbance of 15,000 
square feet or more.  However, watershed based Regulations can supersede the Stormwater 
Regulations.  Projects will be required to meet the more stringent of the two requirements.  There 
are currently two watersheds in Philadelphia that have specifi c Regulations which affect the 
applicability of the Stormwater Regulations.  Additional watershed Regulations may be created. 
For updated information on watershed specifi c Regulations go to www.PhillyRiverInfo.org/
PWDDevelopmentReview.

Darby-Cobbs Creek Watershed

Projects located in the Darby-Cobbs Creek Watershed are subject to the Darby and Cobbs 
Creeks Watershed Act 167 Stormwater Management Plan. Because of this, all projects of 
over 5,000 square feet of earth disturbance located in the Darby-Cobbs Creek Watershed 
are subject to the Stormwater Regulations as described below in Section 2.2.4: Stormwater 
Management Requirements.

Wissahickon Watershed

Projects located in Wissahickon Watershed are subject to §14-1603.2 Environmental Controls 
for the Wissahickon Watershed of the Philadelphia Code.  The requirements that must be met 
depend on the location of the project within the watershed, the impervious cover proposed by 
the project, and the amount of earth disturbance associated with the project.  Contact PCPC 
for more information on the requirements of a specifi c site.

2.2.4 Stormwater Management Requirements

The following steps and fl ow charts assist in determining applicability and exemption possibilities for 
a development project.

Step 1:  Does my proposed project result in earth disturbance of 15,000 sq ft or more (5,000 sq ft or 
more in the Darby-Cobbs Creek Watershed)?

Yes.  Continue to Step 2 and comply with PADEP (E & S) Controls.

No.  Is my proposed project located in the Wissahickon Watershed?

 Yes. Contact PCPC for instructions.
 
 No. See Appendix K: Voluntary Small Sites Checklist and comply with PADEP
 E & S Controls for earth disturbances.
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Step 2: Is my development project new development or redevelopment?

Development encompasses both new development and redevelopment and includes the entire 
development, even when the development is performed in stages.  The project will fi t into one of the 
following two categories:

Redevelopment:
Any development on a site 

that requires demolition or removal 
of existing structures or impervious 
surfaces and replacement with new 
impervious surfaces. This includes 

development on a site from which existing 
structures or impervious surfaces were 

removed on or after January 1, 
1970.

Comply with all components of 
Stormwater Regulations

Proceed to Step 3

New Development:

Any development site where all structures 
or impervious surfaces were removed on or 
before January 1, 1970 is considered new 

development. 

↓↓

↓↓

Step 3: Which components of the Stormwater Regulations are required for my development 
project?

Table 2.3: Required Components of the Stormwater Regulations

Requirement New Development Redevelopment

Water Quality Comply Comply

Channel Protection Comply May be Exempt (see step 4)

Flood Control Comply May be Exempt (see step 5)

Nonstructural Site Design Comply Comply

New Development projects must comply with all components of the Stormwater Regulations.
 
Redevelopment projects must comply with Nonstructural Project Design, and Water Quality 
requirements.  Exemptions and alternative criteria for Channel Protection and Flood Control 
requirements may be applicable to your project as detailed in the following fl ow chart.
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Step 4: Do I have to comply with the Channel Protection requirement?

Project is EXEMPT from 
Channel Protection requirement

Reduce DCIA within the limits of earth disturbance by at 
least 20%, based on a comparison of predevelopment* to post-

development conditions. 

< 1 acre of earth disturbance on the 
site?

Redevelopment Projects ≥ 15,000 sq ft (5,000 sq ft in Darby-
Cobbs Creek Watershed) of earth disturbance.

Project is EXEMPT from 
Channel Protection requirement

NONOYESYES

* For the purposes of calculating reduction in DCIA from the predevelopment to post-development 
condition, the predevelopment condition DCIA is determined by the dominant land use for the ten 
(10) years preceding the planned project.

Project must COMPLY with 
Channel Protection requirement

Project is EXEMPT from 
Channel Protection requirement

↓↓

↓↓

Project is located in the Delaware or Schuylkill 
Watershed and drains to the main channel.

↓↓ YESYES

NONO
↓↓

↓↓

↓↓

NONO
↓↓ YESYES
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Step 5: Do I have to comply with the Flood Control requirement?

*For the purposes of calculating reduction in DCIA from the predevelopment to post-development 
condition, the predevelopment condition DCIA is determined by the dominant land use for the ten 
(10) years preceding the planned project.

Step 6: What happens next?

After determining which Stormwater Regulations apply to your project site, refer to Section 3: 
Site Planning, Section 4: Integrated Site Design, and Section 5: Post Construction Stormwater 
Management Plans for guidance, directions, and requirements before submitting a PCSMP to PWD 
for approval.

2.2.5 Public Health and Safety Rates

Sites located in areas where known fl ooding has occurred are required to comply with a maximum 
release rate (cfs/acre) for the 1-10 year storms.  This rate is determined by PWD based on 
analysis of available capacity for the project within the sewershed.  If a public health and safety 
(PHS) release rate is required for your site, it will be noted during the Conceptual Review process.  
Applicants should contact PWD when they start technical design for their project, to obtain a 
calculated PHS rate.  Note, this PHS release rate applies to the entire site, not just DCIA. 

Project is EXEMPT from 
Flood Control requirement

Reduce DCIA within the limits of earth disturbance by at 
least 20%, based on a comparison of predevelopment* to post-

development conditions. 

Redevelopment Projects ≥ 15,000 sq ft (5,000 sq ft in Darby-Cobbs 
Creek Watershed) earth disturbance.

NONOYESYES

Project must COMPLY with 
Flood Control requirement

↓↓

↓↓

↓↓
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2.3 The Development Review Process
Stormwater management is one part of the PWD approval process and is only one step in the overall 
development review process.  When a developer has a conceptual idea for a project in Philadelphia, the 
fi rst step is to conduct an Initial Plan Review with the PCPC.  After guidance from PCPC, the developer 
prepares the ERSA Worksheet,  ERSA Map, site photographs, and a Conceptual Site Plan and submit to 
PWD (See Section 3: Site Planning).  These must be submitted prior to scheduling a PWD Development 
Review Meeting. Staff from PWD will provide a Conceptual Review of these materials and, if needed, 
meet with the developer and their engineers to discuss the Conceptual Site Plan in terms of water and 
sewer connections, and stormwater management.  This meeting is designed to give PWD and developers 
an opportunity early in the design process to address any potential problem areas and maximize the site’s 
potential. 

Upon completion of the PWD Conceptual Review, PWD Staff will send an electronic version followed 
by a paper copy of the signed and stamped Checklist A: PWD Conceptual Review to the developer.  
The developer will then complete their Site Plan based on comments received during the Development 
Review Meeting.  A signed and stamped copy of Checklist A: PWD Conceptual Review is one of the 
required components of a complete Zoning Application.  

PWD approval is a required prerequisite on the City’s Building Permit application. Before a Building 
Permit can be issued by the City of Philadelphia, full PWD approval for Water, Sewer, Erosion 
and Sediment Control, and Stormwater Management must be obtained.  In order to obtain 
Stormwater Management approval, the developer must submit a complete PCSMP as described in this 
Manual (See Section 5: Post Construction Stormwater Management Plans). In addition, if more than one 
(1) acre of earth disturbance will take place on the site, a PADEP issued NPDES Permit must also be 
obtained before PWD will sign a Building Permit Application. 
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3 Site Planning
3.0 Introduction

3.1 Site Inventory - Existing Resources and Site Analysis 

3.2 Philadelphia Water Department Conceptual Review

3.3 Site Plan Preparation 
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3.0 Introduction
Philadelphia Water Department (PWD) requires a conceptual review for all projects which are subject 
to the PWD Stormwater Management Regulations, the Darby and Cobbs Creek Watershed Act 167 
Stormwater Management Plan, or Philadelphia Code §14.1603.2 Environmental Controls for the 
Wissahickon Watershed.  In addition, projects which involve a site larger than 5,000 sq ft may be required 
by Licenses and Inspections (L & I) to obtain PWD approval for zoning purposes.  The Conceptual Site 
Plan review is designed to assist developers and their engineers in developing a Site Plan that minimizes 
impacts and stormwater management costs and identifi es water and sewer infrastructure constraints and 
opportunities. This is done early in the development process before signifi cant resources have been spent 
on fi nal design of the project.  This section describes the required submittal items and the review process 
that must take place during the initial phase of development. 

3.1 Site Inventory - Existing Resources and Site Analysis
The developer’s fi rst task is to assess features and conditions at the site before design begins.  It is 
during this initial step that the developer is required to complete the Existing Resources and Site 
Analysis (ERSA) Worksheet.  Not only does the worksheet assist in site planning, but it is a required 
submittal for PWD Development Review and included as part of the Post-Construction Stormwater 
Management Plan (PCSMP) submittal. 

The ERSA map or Existing Conditions Plan is intended to help the developer to identify existing features, 
soil, vegetation, structures (if any), and existing drainage pathways.  PWD will discuss opportunities 
to protect these features and their potential use for more effective post-construction stormwater 
management.  Opportunities identifi ed during the site analysis may help to minimize impacts and 
stormwater management costs.  

For the most recent checklists and worksheets as well as an example Conceptual Site Plan, please 
refer to www.PhillyRiverInfo.org/PWDDevelopmentReview. Once the existing conditions are analyzed, 
a Conceptual Site Plan is prepared and the applicant should submit an ERSA submittal.  The ERSA 
Submittal must include the following:

√ ERSA Worksheet (Worksheet 1),

√ ERSA Map,

√ Conceptual Site Plan showing proposed conditions, and   

√ Site Photographs (one from each face of the parcel). 

All of the above items should be submitted online at www.PhillyRiverInfo.org/PWDDevelopmentReview.  
PWD will review the ERSA submittal for content and format requirements (see ERSA checklist). 

3.2 Philadelphia Water Department Conceptual Review 
   
Upon receipt of the ERSA Submittal (described above), PWD representatives review the submittal and if 
needed, schedule a meeting with the developer and their engineers to discuss the Conceptual Site Plan 
in terms of water and sewer connections and availability and stormwater management.  Sometimes a 
meeting with PWD Staff is the most effi cient manner in which to address complex site constraints.  PWD 
will schedule a meeting if requested by the applicant or deemed necessary by PWD Staff.  The following 
may take place at the meeting:
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• Based on the ERSA, the developer will discuss existing features, soil, vegetation, structures 
(if any), and existing drainage pathways.  PWD will discuss opportunities to protect 
these features and their potential use for more effective post-construction stormwater         
management.

• PWD and the applicant will discuss potential issues related to water, sewer, and stormwater 
design as well as any other PWD concerns associated with the project.

• The developer along with PWD will review the Conceptual Site Plan and discuss ways to    
minimize impacts and stormwater management cost.  

• PWD will provide guidance to developers and assist them with questions regarding the 
PCSMP Process.  This early consultation will contribute to a more effective and economic 
PCSMP for both the developer and PWD. 

Upon completion of the PWD review of the ERSA submittal, PWD Staff will send an electronic copy and 
hard copy of the following to the applicant: 

• Completed Checklist A: PWD Conceptual Review with detailed recommendations for the 
Site Plan and 

• Stamped and signed copy of the Conceptual Site Plan approved for Zoning purposes.

PWD routinely copies the Philadelphia City Planning Commission (PCPC) Staff on the electronic copy of 
Checklist A and the Conceptual Site Plan to help better coordinate plan reviews. A copy of this checklist is 
provided at www.PhillyRiverInfo.org/PWDDevelopmentReview for reference.  

3.3 Site Plan Preparation
Based on the recommendations from PWD, PCPC, and Streets Department, the developer will prepare 
and submit their complete Zoning Permit Application.  As the developer moves forward with Site Plans 
and Building Plans, they should refer to Section 4.1: Protect and Utilize Existing Site Features and 
Section 4.2: Reduce Impervious Cover to be Managed to maximize the effi ciency of their Site Plan.
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4.0 Introduction
A recommended site design procedure for comprehensive stormwater management is set forth in 
this section.  The site design procedure is based on the Pennsylvania Department of Environmental 
Protection (PADEP) recommendations, with minor modifi cations adapted to conditions in Philadelphia.  
This procedure includes nonstructural controls that reduce the quantity of stormwater to be managed and 
structural controls that meet the Water Quality, Channel Protection, and Flood Control requirements of the 
Philadelphia Water Department (PWD) Stormwater Management Regulations (Stormwater Regulations).  
The integrated site design procedure can be summarized in three steps:

Nonstructural Project Design

  1.  Protect and Utilize Existing Site Features                                                                        
 2.  Reduce Impervious Cover to be Managed

Structural Project Design

3.  Manage Remaining Stormwater using a Systems Approach to Stormwater Management    
Practice (SMP) Design 

These steps are implemented initially in sequence and then in an iterative approach leading to formulation 
of a comprehensive Post Construction Stormwater Management Plan (PCSMP).  The intent of the 
planning process is to promote development of stormwater management solutions that protect receiving 
waters in a cost effective manner.  By introducing stormwater management in the initial stages of site 
planning, it can be integrated effectively into the site design process.

4.1 Protect and Utilize Existing Site Features

4.1.1 Protect Sensitive/Special Value Features

In order to minimize stormwater impacts, land development should avoid encroachment on areas 
with important natural stormwater functional values (such as fl oodplains, wetlands, and riparian 
areas) and on areas that are especially sensitive to stormwater impacts (such as steep slopes).  
These features may not be widespread in the urban environment, but where they do exist they 
should be identifi ed and steps should be taken to minimize impacts.  On larger sites, existing 
drainage pathways should be identifi ed and utilized whenever possible in the post-development 
condition.

The Existing Resources and Site Analysis (ERSA) worksheet guides the designer through this 
stage of the design process.  Detailed design guidance is available in the following sections, 
taken directly from the Pennsylvania Stormwater Best Management Practices (BMP) Manual (PA 
SBMPM):

  • PA SBMPM BMP 5.4.1: Protect Sensitive and Special Value Features

  • PA SBMPM BMP 5.4.2: Protect/Conserve/Enhance Riparian Areas

• PA SBMPM BMP 5.4.3: Protect/Utilize Natural Flow Pathways in Overall Stormwater   
  Planning and Design
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4.1.2 Cluster and Concentrate

Clustering development in a smaller area can reduce disturbance, reduce maintenance, increase 
open space, and retain the urban character of the City.  These principles apply on urban sites where 
large areas are being redeveloped.  Detailed design guidance is available in the following section, 
taken directly from the PA SBMPM:

• PA SBMPM BMP 5.5.1: Cluster Uses at Each Site; Build on the Smallest Area Possible

4.1.3 Minimize Impacts of Disturbance

Site design can minimize re-grading, vegetation removal, and soil compaction.  Areas left as open 
space following disturbance can be re-vegetated with native species where practical.  Detailed 
design guidance is available in the following sections, taken directly from the Pennsylvania 
Stormwater Management Manual:

• PA SBMPM BMP 5.6.1: Minimize Total Disturbed Area – Grading

• PA SBMPM BMP 5.6.2: Minimize Soil Compaction in Disturbed Areas

• PA SBMPM BMP 5.6.3: Re-Vegetate and Re-Forest Disturbed Areas, Using Native Species

4.2 Reduce Impervious Cover to be Managed

Reduction of impervious cover will reduce runoff from the site and will thereby reduce the structural 
stormwater management requirements for the development project. Impervious cover can be effectively 
removed by limiting the amount of actual impervious surfaces or by reducing the impervious area that 
is directly connected to the stormwater conveyance system. The directly connected impervious area 
(DCIA) Worksheet (Worksheet 2), guides the designer through this stage of the design process.

 

4.2.1 Green Project Review

PWD offers a Green Project Review for redevelopment projects that are able to disconnect 95% 
or more of the impervious area in the post construction condition.  When performing a Green 
Project Review, PWD is committed to providing review of the stormwater management component 
within 5 business days of receipt of a complete project submittal.  A Green Project Review may not 
necessarily include review of additional elements outside stormwater management such as Private 
Cost or Act 537 review.  To be eligible for a Green Project Review a project must meet the following 
criteria:

• Project is redevelopment;

• 95% or more of the post construction impervious area is disconnected;

• Project may not adversely impact or further exacerbate rates and quality of runoff 
contributing to public infrastructure; and

• Public Health and Safety issues may preclude a project from a Green Project Review.

The submittee MUST identify their project as eligible for a Green Project Review in the letter of 
transmittal sent with the technical submittal.  PWD may not be able to provide review comments 
within 5 business days without this notifi cation.  For more information or to determine if a project is 
eligible for a Green Project Review please contact PWD.    
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4.2.2 Minimize Area of Impervious Cover

In many cases, alternative confi gurations for streets and parking lots can provide the same function 
as traditional designs with reduced impervious area.  Minimizing the area of pavement and rooftops 
will reduce the size and cost of SMPs that must be constructed.  Detailed guidelines, examples, and 
additional references are discussed in Section 6: Integrated Site Design.

• Section 6.1: Street Design

• Section 6.2: Parking Lot Design

4.2.3 Disconnect Impervious Cover

Impervious area is considered either connected or disconnected depending on where stormwater 
runoff is discharged.  When stormwater runoff from an impervious area fl ows directly to a 
stormwater management facility it is considered DCIA. However, some impervious cover can 
be disconnected by directing the fl ow over a pervious area which allows for infi ltration, fi ltration, 
and increased time of concentration.  When this is done correctly, the area may be considered 
Disconnected Impervious Cover (DIC).  Depending on the confi guration, all or a portion of the 
DIC may be deducted from total impervious cover.  Minimizing DCIA will reduce the size and 
cost of SMPs that must be constructed.  When performing calculations for applicability and runoff 
estimation, DIC should be considered as follows:

• DIC may be treated as pervious when determining stormwater control requirements and 
whether a redevelopment site has met the 20% reduction in impervious surface.

• DIC need not be managed for Water Quality or Channel Protection. 

• If the site is required to provide fl ood control appropriate Curve Number (CN) values must 
be utilized.  

The following sections describe situations in which impervious area can be considered partially or 
fully disconnected.  

Rooftop Disconnection

An adjustment to DCIA is permitted when the downspout is disconnected and then directed 
to a pervious area which allows for infi ltration, fi ltration, and increased time of concentration.  
PWD will support the applicant in their request to obtain relevant necessary plumbing 
Code variances for approved rooftop disconnections DIC may be treated as pervious when 
determining whether a redevelopment site has met the 20% reduction in impervious surface. 
DIC need not be managed for Water Quality or Channel Protection.  Appropriate CN values 
must be utilized when performing Flood Control calculations.

A rooftop is considered to be completely or partially disconnected if it meets the  
requirements below:

• The contributing area of rooftop to each disconnected discharge is 500 square feet or 
less, and

• The soil is not designated as a hydrologic soil group “D” or equivalent, and

• The overland fl ow path has a positive slope of 5% or less.
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For designs that meet these requirements, the portion of the roof that may be considered 
disconnected depends on the length of the overland path as designated in Table 4.1.

Table 4.1: Partial Rooftop Disconnection

Length of Pervious Flow Path* Roof Area Treated as Disconnected

(ft) (% of contributing roof area)

0 - 14 0

15 - 29 20

30 - 44 40

45 - 59 60

60 - 74 80

75 or more 100

* Flow path cannot include impervious surfaces and must be at least 
15 feet from any ground level impervious surfaces.

For example, consider a 1,000 square foot roof with two roof leaders each draining an area 
of 500 square feet. Both roof leaders discharge to a lawn.  The lawn has type B soils and 
a slope of 3%.  The distance from the downspout discharge point to the street is 65 feet.  
Therefore, based on Table 4.1,  80% of the roof area may be considered disconnected 
and treated as pervious cover when calculating stormwater management requirements.  
Disconnecting the roof leaders will signifi cantly reduce the size and cost of stormwater 
management facilities at this site.

Total Roof Area: (Area 1 + Area 2): 1000 ft²
Disconnected Roof Area: (0.8) x (Total Roof Area): 800 ft²
Remaining DCIA: (Total Roof Area - Disconnected Roof Area): 200 ft²

65 ft

Area 1: 500 ft2

Area 2: 500 ft2

Roof Leaders

Figure 4.1: Rooftop disconnection
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Pavement Disconnection

An adjustment to DCIA is permitted when pavement runoff is directed to a pervious area 
which allows for infi ltration, fi ltration, and increases the time of concentration.  This method is 
generally applicable to small or narrow pavement structures such as driveways and narrow 
pathways through otherwise pervious areas (e.g., a bike path through a park).  For structures 
that meet the requirements, all of the DIC may be deducted from the total impervious cover.  
DIC may be treated as pervious when determining whether a redevelopment site has met 
the 20% reduction in impervious surface.  DIC need not be managed for Water Quality or 
Channel Protection.  Appropriate CN values must be utilized when performing Flood Control 
calculations.  The following sections describe situations in which impervious area can be 
considered partially or fully disconnected.  

Pavement is disconnected if it meets the requirements below:

• The contributing fl ow path over impervious cover is no more than 75 feet, and

• The length of overland fl ow over pervious areas is greater than or equal to the 
contributing length, and

• The soil is not designated as a hydrologic soil group “D” or equivalent, and

• The slope of the contributing impervious area is 5% or less, and

• The slope of the overland fl ow path is 5% or less.

• If discharge is concentrated at one or more discrete points, no more than 1,000 
square feet may discharge to any one point.  In addition, a gravel strip or other 
spreading device is required for concentrated discharges.  For non-concentrated 
discharges along the entire edge of pavement, this requirement is waived; however, 
there must be provisions for the establishment of vegetation along the pavement edge 
and temporary stabilization of the area until vegetation becomes established.

4.2.4 Maximize Tree Canopy over Impervious Cover

A reduction in DCIA is permitted when new or existing tree canopy from approved species list 
extends over or is in close proximity to the impervious cover.  Under these circumstances, a portion 
of impervious cover may be treated as disconnected. DIC need not be managed for Water Quality 
or Channel Protection.  Appropriate CN values must be utilized when performing Flood Control 
calculations.

The DCIA reduction is calculated for new trees as follows:

• The tree species must be chosen from the approved list (see Section 8: Landscape 
Guidance).

• New trees planted must be planted within 10 feet of ground level DCIA within the limits of 
earth disturbance.

• New deciduous trees must be at least 2-inch caliper and new evergreen trees must be at 
least 6 feet tall to be eligible for the reduction.
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• A 100 square foot DCIA reduction is permitted for each new tree.  This credit may only be 
applied to the impervious area adjacent to the tree.

• The maximum reduction permitted, for both new and existing trees is 25% of ground level 
impervious area within the limits of earth disturbance, unless the width of the impervious 
area is less than 10 feet.  Up to 100% of narrow impervious areas (i.e. sidewalks and paths) 
may be disconnected through the application of tree credits.

The DCIA reduction is calculated for existing trees as follows:

• The tree species must be on the approved list (see Section 8: Landscape Guidance).

• Existing trees whose canopies are within 20 feet of ground level DCIA within the limits of 
earth disturbance.

• Existing trees must be at least 4-inch caliper to be eligible for the reduction.

•  A DCIA reduction equal to one-half the canopy area is permitted.  This credit may only be 
applied to the DCIA adjacent to the tree.

• The maximum reduction permitted, for both new and existing trees is 25% of ground level 
impervious area within the limits of earth disturbance, unless the width of the impervious 
area is less than 10 feet.  Up to 100% of narrow impervious areas (i.e. sidewalks and paths) 
may be disconnected through the application of tree credits.

Refer to www.PhillyRiverInfo.org/PWDDevelopmentReview for the most recent checklists and 
worksheets, specifi cally Worksheet 2: Directly Connected Impervious Area for guidance on using 
the tree adjustment calculations.

4.2.5 Install Green Roofs to Reduce Directly Connected Impervious 
Area

A reduction in DCIA is permitted when a green roof is installed on a proposed building.  The design, 
construction, and maintenance Plan must meet the minimum requirements specifi ed in Section 
7: SMP Design Guidelines.  To encourage this emerging technology, the entire area of the green 
roof area may be considered DIC.  However, since a green roof is not a zero discharge system, the 
remaining site design must safely convey roof runoff to the approved point of discharge.  DIC need 
not be managed for Water Quality or Channel Protection.  Appropriate CN values must be utilized 
when performing Flood Control calculations.

4.2.6 Install Porous Pavement to Reduce Directly Connected 
Impervious Area

A reduction in DCIA is permitted when a porous pavement system is installed on the site such that it 
does not create any areas of concentrated infi ltration.  Porous pavement systems, including porous 
asphalt; porous concrete; porous/permeable pavers; and other PWD-approved porous structural 
surfaces can be considered to be DIC if they receive direct rainfall only and are underlain by a 
crushed stone infi ltration bed that is at least 8 inches deep.  Porous/permeable pavers must also 
meet minimum standards for fl ow-through rate or void percentage.  If an underdrain is proposed, 
the porous pavement will only be considered DIC if the fi rst inch of runoff can be stored below the 
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lowest overfl ow from the underdrain system.  Porous asphalt systems must meet the minimum 
requirements detailed in Section 7.13: Porous Pavement.  Infi ltration testing is not required for 
disconnected porous pavement areas; however, it is recommended to ensure timely drainage of 
the stone base.  DIC need not be managed for Water Quality or Channel Protection.  Appropriate 
CN values must be utilized when performing Flood Control calculations.

In most cases, if the porous surface receives runoff (overland or piped directly into the subsurface 
storage bed) from adjacent conventional pavement surfaces, roof, or other impervious surfaces, 
the porous pavement/infi ltration bed system will be considered a structural SMP and the porous 
surface will be considered DCIA.  Those areas considered structural SMPs will require infi ltration 
testing.  In some cases, where a small amount of run-on cannot be avoided, it may still be possible 
to consider the porous pavement disconnected. Such allowances will be considered on a case-by-
case basis by PWD.  

4.3 Manage Remaining Stormwater 
Worksheets 3A and 3B: Stormwater Control Sizing guide the designer through the stage of the design 
process that manages remaining stormwater after utilizing existing site features and reducing impervious 
cover. Refer to www.PhillyRiverInfo.org/PWDDevelopmentReview for the most recent checklists and 
worksheets.

4.3.1 Estimate Level of Control Needed
 
After determining which stormwater management requirements are applicable to the site, the 
Design Professional then determines the magnitude of those requirements.  All requirements must 
be met concurrently.  The Design Professional may choose to meet multiple requirements using a 
single facility or multiple facilities.

Water Quality Requirement

The required water quality volume is calculated from the following formula:

WQv= ( )*( )P
12 I Eqn: 405.1

Where: 
WQv= Water Quality Volume (cubic feet)
P = 1.0 inch
I = DCIA within the limits of earth disturbance (square feet)

To meet the Water Quality requirement, SMPs must be designed to collect and treat the fi rst 
inch of runoff from all DCIA. It is not acceptable to treat an equivalent volume collected from 
only a portion of the DCIA.

The water quality volume must be infi ltrated except in cases where the Design Professional 
determines that infi ltration is infeasible on the site. Infi ltration systems must provide adequate 
static storage for the entire water quality volume; see design guidelines in Section 7: SMP 
Design Guidelines for information on calculation of static storage. Please note, all infi ltration 
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practices must be located a minimum of 10 feet from all building foundations.  Infi ltration 
systems must also be a minimum of 10 feet from property lines not adjacent to open public 
streets unless a deed restriction is put in place extending at least 10 feet from the perimeter 
of the infi ltrating system.

To determine whether or not infi ltration is feasible, the Design Professional must perform the 
following three procedures: 

Appendix A: Hotspot Investigation Procedure

Appendix B: Soil Infi ltration Testing Procedure

Appendix C: Geotechnical Investigation (Subsurface Stability) Procedure

The intent of the Water Quality requirement is to protect Philadelphia’s rivers and streams 
from polluted runoff associated with rain events.  Runoff from the fi rst inch of rainfall 
accounts for the majority of the annual rainfall volume, and typically carries the majority of 
the pollutants.  Runoff from impervious surfaces is generally more polluted than runoff from 
pervious surfaces because of the associated uses. Because the Water Quality requirement is 
designed to make sure that this fi rst inch of water is infi ltrated or treated before it leaves the 
site, the water quality volume must be collected as the fi rst inch of runoff from all DCIA. 

Infi ltration provides groundwater recharge needed to restore more natural (historical) dry 
weather fl ows in creeks while reducing high stream fl ows and velocities during small storms. 
However, some sites may not be able to infi ltrate all of the water quality volume safely and 
may request a waiver from infi ltration.  Waivers are available in Appendix F.4: Special 
Circumstances and Waiver Requests and online at 
www.PhillyRiverInfo.org/PWDDevelopmentReview.  In cases where a waiver is requested 
for all or a portion of the infi ltration component of the Water Quality requirement, the Design 
Professional is required to supply the following documentation:

• summary of testing as outlined in Appendices A, B, and C, 

• a complete infi ltration waiver request cover letter and worksheet detailing the reasons  
 that infi ltration is not feasible, and 

• supporting evidence why a site should be released from the infi ltration requirement.  

If it is determined that infi ltration of all or part of the water quality volume is not feasible, 
remaining water quality volume must be treated and released. Treatment and release 
requirements differ for separate and combined sewer areas, but all areas must route a 
minimum of 20% of the water quality volume through a PWD-approved SMP that provides 
volume reduction (See Table 4.3)

Separate Sewer Areas:  The water quality volume must be routed through a SMP 
that provides volume reduction, fl ow attenuation, and water quality treatment. PWD-
approved practices include: underdrained fi lters, underdrained bioretention, swales 
with check dams, ponds and wet basins, and constructed wetlands (see Table 4.3 for a 
complete list).

Combined Sewer Areas:  Runoff from a minimum of 20% of the DCIA must be routed 
through a PWD-approved volume reducing SMP (see Table 4.3 for a complete list). The 
release rate for the water quality volume must not exceed 0.24 cfs per acre DCIA*, and 
the volume must be detained in the SMP for no less than 24 hours and no more than 72 
hours.  

*If a SMP will be emptied by a pumping system the average rate must not exceed 0.12 
cfs per acre DCIA.
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Channel Protection Requirement

SMPs must be designed to detain the runoff from all DCIA within the limits of earth 
disturbance from a one-year, 24-hour NRCS (Natural Resources Conservation Service) Type 
II design storm in the proposed site condition such that the runoff takes a minimum of 24 
hours and a maximum of 72 hours to drain from the facility. Discharge of water may begin at 
the beginning of the storm.

Channel Protection requirement:  Detain and release runoff from DCIA at a maximum rate of 
0.24 cfs per acre of DCIA in no less than 24 hours and no more than 72 hours.

However, the Channel Protection requirement does not apply to redevelopment which is 
under one acre or discharging to the Delaware River and the Schuylkill River main channels.
 
Reducing DCIA within the limits of earth disturbance by 20% between the predevelopment 
and post-development condition EXEMPTS redevelopment projects from the Channel 
Protection requirement.

The effects of infi ltration may be accounted for when performing Channel Protection 
calculations.  Infi ltrating more than the water quality volume is allowed; the Design 
Professional must determine the best management option based on site-specifi c conditions.

Flood Control Requirement and Management Districts

Table 4.2 lists the required level of fl ood control based on location (Management District) 
within the City.  Refer to Appendix D.2: Management Districts to determine which 
Management District requirements apply to a given site.  Peak runoff in the proposed 
condition (left column) must be no greater than peak runoff in the pre-development condition 
(right column) using the stated design storms.  For a given district, the fi ve criteria must be 
met concurrently.  Peak rate reduction provided by facilities that meet the Water Quality and 
Channel Protection requirements may be considered in sizing calculations for peak rate 
controls.

If a project is located near or across a Management District border it is strongly 
recommended that the Developer contact PWD to confi rm the Management District 
requirements that apply to the project.  In most cases, a project that is located in multiple 
management districts will be required to meet the requirements of the management district 
that covers the majority of the disturbed area. 

In Flood Management District C, development sites which can discharge directly to the 
Delaware River main channel or Schuylkill River major tributary without the use of City 
infrastructure may do so without control of proposed conditions peak rate of runoff.  When 
adequate capacity in the downstream system does not exist and will not be provided through 
improvements, the proposed conditions peak rate of runoff must be controlled to the pre-
development conditions peak rate as required in District A provisions for the specifi ed design 
storm. Refer to Appendix F.5: PWD Review Policies.

Reducing DCIA within the limits of earth disturbance by 20% between the predevelopment 
and post-development condition EXEMPTS redevelopment projects from the Flood Control 
requirement.
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4.3.2 Design Stormwater Management Practices Using a Systems  
Approach

The intent of this section is to propose a systems approach as an organizing principle in SMP 
design.  The designer fi rst defi nes the level of control needed and then designs a system to provide 
that level of control.

SMP Selection and Design Process   

The following is a general procedure for choosing and designing SMPs on a site.

•  Determine whether infi ltration is feasible according to Appendix B: Soil Infi ltration Testing 
Procedures.

•  Identify space constraints, and adjust site design as much as possible to provide open 
space for stormwater management.

•  Where infi ltration is feasible, vegetated techniques are preferred.  When infi ltration is not 
feasible other volume reducing techniques should be used (see Table 4.3).

•  Determine pretreatment requirements for the selected SMP.

•  Determine release rate requirements.  Design of orifi ces and underdrains to meet the 
release rate requirements for small structures on small sites will be the most challenging. 

Table 4.2: Peak Runoff Rates for Management Districts

District
NRCS Type II 24-hour Design  
Storm applied to Proposed 

Condition

NRCS Type II 24 –hour  
Design Storm applied to Pre-

Development Condition
A 2 - year 1 - year
A 5 - year 5 - year
A 10 - year 10 - year
A 25 - year 25 - year
A 100 - year 100 - year

B-1 2 - year 1 - year
B-1 10 - year 5 - year
B-1 25 - year 10 - year
B-1 50 - year 25 - year
B-1 100 - year 100 - year

B-2 2 - year 1 - year
B-2 5 - year 2 - year
B-2 25 - year 5 - year
B-2 50 - year 10 - year
B-2 100 - year 100 - year

C* Conditional Direct Discharge District
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On sites where infi ltration is not feasible some or all (20% in combined sewer areas, 100% in 
separate sewer areas) of the DCIA must be routed to an approved volume reducing stormwater 
management practice. Table 4.3 below presents the SMPs that PWD currently accepts as reducing 
stormwater volume. Each SMP has design guidelines detailed in Section 7.  Alternate volume 
reducing practices may be proposed and will be reviewed on a case-by-case basis.  A waiver from 
the accepted volume reducing practices must be submitted and approved. See Section F.4: Special 
Circumstances and Waiver Requests or www.PhillyRiverInfo.org/PWDDevelopmentReview for the 
required forms.

Table 4.3: Acceptable Volume Reducing Stormwater Management Practices

Infi ltration and 
Groundwater Recharge

Volume Reduction 
without Infi ltration

Landscaped-Intermittently Wet   
Section 6.3    Planter Boxes Yes Yes
Section 7.4    Filters Yes No
Section 7.5    Bioinfi ltration/Bioretention Yes Yes (U)
Section 7.7    Berms and Retentive Grading Yes No

Section 7.8    Swales Yes Yes (U)
Landscaped-Usually Wet   
Section 7.9    Constructed Wetlands  No Yes
Section 7.10  Ponds & Wet Basins  No Yes
Subsurface   
Section 7.12  Subsurface Infi ltration Yes No
Section 7.13  Porous Pavement Yes No
Rooftops
Section 7.1    Green Roofs No Yes
Capture & Reuse
Section 7.2    Rain Barrels and Cisterns No Yes
U =      Underdrained Systems

SMP Functions and Confi gurations

SMPs are systems that use physical, chemical, and biological processes to provide the level of 
stormwater control required.  This level of control typically includes a required storage volume, 
a volume to be infi ltrated, and an acceptable release rate.  These requirements are met through 
the fi ve principle hydraulic functions of SMPs: storage, infi ltration, evapotranspiration, controlled 
release, and overfl ow or bypass fl ow.  Figure 4.2 illustrates a variety of design elements available 
to provide these functions.  Depending on the confi guration, physical, chemical, and biological 
processes lead to removal of pollutants during these processes.

By combining design components in a variety of ways, the designer can identify alternative systems 
that achieve a given function.  Figure 4.3 illustrates several different designs that are capable of 
meeting the Water Quality and Channel Protection requirements.
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Precipitation
Evaporation / Transpiration

• Standing Water
• Soil/Porous Medium

• Plants

 STORAGE
• Berm or Surface Depression

• Pore Space in Stone, Porous Medium, Growing Medium
• Perforated Pipes

• Ponding behind Check Dams
• Tanks, Cisterns, Rain Barrels

• Proprietary Technologies
• Swales (Larger Sites)

Overfl ow
Bypass

(no water quality treatment)

Runoff 
and associated 

non-point source pollutants

Pretreatment
if needed

↓↓

↓↓ ↓↓↓↓

↓↓

Infi ltration Controlled Release
• Riser
• Orifi ce

• Proprietary Technologies
• Porous Media

• Underdrain

Depending on system,
may receive water 
quality treatment

↓↓

↓↓↓↓

Figure 4.2:  
Systems approach to SMP design

large storm

small storm

Runoff Riser

Infiltration

Overflow

Slow Release

ParkingLot

Site: 1 acre parking lot
Objective: Meet Water Quality and Channel Protection requirements
Note: These diagrams are intended to depict general design concepts.  Please refer      

to Section 7 for detailed design requirements.

Alternative 1: Traditional detention / infi ltration basin

Figure 4.3: Alternative designs for storing runoff

ParkingLot
Porous Pavement

Infiltration

Gravel Sub-BaseStone

Alternative 2: Porous pavement with deep sub-base 
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Storage  A traditional detention/infi ltration basin (alternative 1, Figure 4.3) provides storage 
entirely through surface ponding.  Subsurface stone storage beds (alternatives 2 and 3) 
provide storage in stone pore spaces.  A bioretention system (alternative 4) provides a 
combination of surface ponding and storage in soil pores.  Bioretention combined with 
a subsurface stone bed (alternative 5) provides storage in a combination of surface 
ponding, storage in soil pores, and storage in stone pores.  A swale (alternative 6) can 
provide storage through surface ponding behind check dams, while also functioning as a 
conveyance system during larger events.

Alternative 3: Traditional pavement with perimeter drains and subsurface infi ltration

Parking Lot
Traditional Pavement

Filter Strip

Gravel Sub-Base

Drain

Infiltration

Stone

Infiltration

Traditional
Pavement

Alternative 4: Bioretention only

RunoffParkingLot Large Storms
Small Storms

Alternative 6: Swale (large site option)

Infiltration

Traditional Pavement/
Shallow Sub-Base

Drain

Alternative 5: Bioretention and subsurface storage

Figure 4.3: Alternative designs for storing runoff (continued)
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4. Integrated Site Design

Infi ltration  All six alternatives allow stored water to infi ltrate into the underlying soil.  Surface 
vegetation (alternatives 1, 4, 5, and 6) helps prolong design life because growth of plant roots 
helps to keep the soil pore structure open over time.  This effect is greatest with vegetation 
that has a deeper root structure (e.g., trees, shrubs, and native herbaceous species rather 
than turf grass). Traditional structures such as detention basins and swales can be designed 
with either type of vegetation.  Using such attractive landscaping practices improves quality of 
life in the urban landscape.

Slow Release  Stored water is either infi ltrated or released at a slow rate to a sewer or 
receiving stream.  The subsurface storage and bioretention designs (alternatives 2-5) are 
designed to infi ltrate the entire design storm.  These designs have a relatively large ratio of 
infi ltration area to drainage area; they provide diffuse infi ltration and do not require design 
or maintenance of a slow release structure. The traditional infi ltration basin (alternative 1) 
provides more concentrated infi ltration; depending on site conditions, the designer may 
choose to infi ltrate a portion of runoff and release the remainder slowly through a riser 
structure.  This structure may require design and maintenance measures to avoid clogging.  
Finally, the swale (alternative 6) infi ltrates the portion of runoff that pools behind check dams.  
The designer in this case ensures that detention behind check dams and peak attenuation in 
the fl owing swale combine to meet any release rate requirement by the time fl ow reaches the 
end of the swale.  The swale does not store the entire design storm through ponding at any 
one time, but it is functionally equivalent to the other designs when resulting fl ows leave the 
property.

Evaporation and Transpiration  Evaporation and transpiration are minor SMP functions 
when measured over the course of one storm, but they are signifi cant when measured 
over time.  Surface systems will provide the greatest evaporation and transpiration benefi t, 
particularly if they are vegetated.  Some water that infi ltrates the surface will evaporate.  For 
this reason, vegetated systems provide both water quality and volume reduction.

Controlled Overfl ow or Bypass Flow  Although not shown for all the examples, all designs 
must have a mechanism for water to overfl ow or bypass the system unimpeded during events 
larger than the design event.  For alternatives 1 through 5, a riser or other overfl ow structure 
can be incorporated in the design.  For alternative 6, the fl ow capacity of the swale itself acts 
as a bypass mechanism.

Water Quality Treatment  All six design alternatives provide some water quality benefi t 
by slowing water down and allowing settling of suspended solids.  A portion of pollutants in 
stormwater (e.g., nutrients, metals, and/or organics) is associated with this solid fraction.  
Systems combining soil, water, and plants (alternatives 4 and 5) provide the most treatment.  
The level of treatment provided by the traditional detention basin (alternative 1) and swale 
(alternative 6) depends on confi guration and vegetation type. 

Infi ltration reduces the pollutant load reaching surface water and should not endanger 
groundwater if the soil layer is suffi ciently thick.  Vegetated fi lter strips in alternative 3 remove 
solids through settling and fi ltration.  In alternative 5, a small bioretention basin provides 
pretreatment for a subsurface stone system.  Both pretreatment methods will prolong the life 
of the subsurface stone bed.  The choice between alternatives 3 and 5 is one of designer 
preference and cost, not one of function.

In areas with combined sewers, two factors contribute to receiving water quality.  First, any 
water that is infi ltrated does not reach a combined sewer, does not contribute to combined 
sewer overfl ows (CSO), and will not contribute to receiving water pollution.  Second, 
detention and slow release reduces peak fl ow in the combined sewer during wet weather 
events, reducing the frequency and magnitude of overfl ows.  Water quality improvement in 
combined sewered areas is more a matter of managing the quantity and timing of runoff, 
rather than reducing pollutant concentrations in that runoff.
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4. Integrated Site Design

Space Constraints  Traditional basins (alternative 1) and swales (alternative 6) can be 
implemented on larger sites.  On smaller sites, bioretention is an attractive solution due to the 
benefi ts of vegetation, including appearance, design life, and water quality.  However, surface 
vegetation does require space to install.  A designer might choose to combine bioretention 
with a subsurface stone bed (alternative 5) to save space, or to use a subsurface stone bed 
(alternative 2 or 3) alone if all available space is needed for parking.

4.4 Consider Operations and Maintenance in Design
An Operations and Maintenance (O & M) Plan is required to be submitted with the PCSMP.  Decisions 
made in the design phase can affect operations and maintenance and can extend the design life of 
stormwater facilities.  Key factors to consider are ownership, access, maintenance tasks and frequency.  
The Operations and Maintenance Plan worksheet found at
www.PhillyRiverInfo.org/PWDDevelopmentReview provides a simple format.

4.4.1 Designing to Minimize Maintenance

Consider the following design features to minimize maintenance and maximize design life:

• Maximize use of pretreatment systems, particularly for infi ltration systems.  Reducing 
velocities and pollutant loads entering SMPs will extend their design lives. (See Section 7 
for appropriate pretreatment design.)

• For infi ltration, choose surface vegetated SMPs with deeper-rooted vegetation (trees, 
shrubs, and native herbaceous species) whenever possible.  Root growth helps to keep the 
soil’s pore structure open and maximizes the life of infi ltration SMPs.  Routine landscaping 
tasks are the primary maintenance required.

• On smaller sites, choose SMPs that do not require slow-release control structures.  These 
structures can clog and require periodic inspection and maintenance.  

4.4.2 Provide Access

Vehicle access from a public right-of-way can help to minimize the diffi culty of maintenance.  A 
15-foot wide vehicle access path leading from a public right-of-way to all stormwater controls is 
strongly recommended.

4.4.3 Post-Construction Ownership

The owner of the land where the SMP is located is responsible for performing long term 
maintenance.  In the case of a single property owner, that owner is responsible for maintenance.  
In cases of common ownership, a homeowners’ or condominium association may assume 
responsibility for maintenance.  Considering the type of ownership and owner preference can help 
the designer choose between smaller, distributed SMPs and a single centralized SMP.
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4. Integrated Site Design

4.4.4 Maintenance Tasks and Schedule

Maintenance tasks and frequencies are specifi c to each type of SMP.  Maintenance guidance 
is provided in Section 7: SMP Design Guidelines for each SMP.  A Maintenance Plan must be 
completed, signed and fi led with the Recorder of Deeds to comply with the requirements of the 
Stormwater Regulations.  

RB-AR8065



Philadelphia Stormwater Manual v2.0

5 Post Construction Stormwater
   Management Plans

5.0 Introduction

5.1 Erosion and Sediment Pollution Control Plan

5.2 Components of the Post Construction Stormwater Management 
Plan

5.2.1 The Standard Submittal Format
5.2.2 Proof of Application for Applicable Permits
5.2.3 Documentation of Special Circumstances

5.3 Acceptable Methods for Calculations

5.3.1 Design Storms
5.3.2 Runoff Estimation
5.3.3 Storage Volume Estimation
5.3.4 Flow Routing
5.3.5 Storm Sewer Design

5.4 Post Construction Stormwater Management Plan Submittal 
Process

5.4.1 Project Screening
5.4.2 Technical Review Process
5.4.3 Inspections

RB-AR8066



Philadelphia Stormwater Manual v2.0

T h i s  P a g e  I n t e n t i o n a l l y  L e f t  B l a n k

RB-AR8067



5. Post Construction Stormwater Management Plans

5 - 1Philadelphia Stormwater Manual v2.0

5.0 Introduction
This section is provided to guide developers through the necessary submittals required for stormwater 
management in Philadelphia. Section 5.1 describes requirements for the Erosion and Sediment 
Pollution Control (E & S) Plan.  Section 5.2 describes the required components of the Post Construction 
Stormwater Management Plan (PCSMP). Acceptable calculation methods for determining sizing and 
appropriate stormwater management practices (SMPs) are contained in Section 5.3. Section 5.4 
describes the PCSMP submittal process.

5.1 Erosion and Sediment Pollution Control Plan
The Owner is responsible for ensuring that their active construction site is not creating violations of 25 Pa. 
Code Chapters 92 and/or 102 and the Clean Streams Law, the act of June 22, 1937, P.L. 1987, 35 P.S. 
§691.1 et seq.  Depending on the limit of earth disturbance associated with a project there are specifi c 
preparation, review, and approval requirements.  All E & S Plans must be prepared in accordance with 
Pennsylvania Department of Environmental Protection (PADEP) guidelines as laid out in the following 
Manual:

PADEP, Bureau of Watershed Management, April 15 2000.  Erosion and Sediment Pollutant Control 
Program Manual.  Document 363-2134-008.

It is important for the applicant to properly assess the limits of earth disturbance associated with 
the construction project in order to determine the level of review and approval required.  Submittal 
requirements for E & S Plans are located in Section 2.2: Determining Applicability.  Once the limits of 
earth disturbance have been accurately determined the applicant will follow one of the four E & S review 
paths listed below:

Earth Disturbance Categories:

A. Less than 5,000 square feet (not located in the Wissahickon Watershed*)
• E & S Plan is not mandatory.
• Owner must implement E & S best management practices (BMPs) in accordance with the most 

recent version of PADEP Erosion and Sediment Pollutant Control Program Manual (2000). 

B. More than 5,000 square feet, less than 15,000 square feet**
• E & S Plan must be prepared, implemented, and kept on site available for inspection at all times.
• The E & S Plan which complies with the PADEP Erosion and Sediment Pollutant Control Program 

Manual (2000) must be maintained on submitted to the Philadelphia Water Department (PWD), 
but does not need to be approved. 

• If the site is not subject to the PWD Stormwater Management Regulations (Stormwater 
Regulations), then submit E & S Plans as an attachment to the Existing Resources and Site 
Analysis (ERSA) online application at www.PhillyRiverInfo.org/PWDDevelopmentReview.

C. More than 15,000 square feet, less than 1 acre (43,560 square feet)**
• E & S Plan must be prepared, approved, implemented and kept on site available for inspection at 

all times.
• The E & S Plan must be reviewed and approved by PWD before PWD will sign the applicant’s 

Building Permit Application.  A Building Permit must be issued prior to commencement of any 
earth disturbance.

• Project is subject to the Stormwater Regulations and requires a full PCSMP submittal.  E & S 
Plans are a component of the full PCSMP.  These must be submitted together to:

Projects Control
Philadelphia Water Department
1101 Market St, 2nd Floor
Philadelphia, PA 19107
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 The submittal must include a transmittal letter indicating necessary project information and the 
level of review required as well as all information to be reviewed.

• A copy of the approved plans must be forwarded to the PWD E & S Unit.
• Notify the PWD E & S Unit of any pre-construction meetings, and notify the PWD E & S Unit 

three days prior to commencement of earth disturbance.

D. More than 1 acre (43,560 square feet)
• E & S Plan must be prepared, approved, implemented and kept on site at all times.
• A NPDES Permit application must be submitted to PADEP.  Proof of issuance of the NPDES 

Permit must be provided to PWD before PWD will sign the applicant’s Building Permit Application.  
A Building Permit must be issued prior to commencement of any earth disturbance.

• Project is subject to Stormwater Regulations and requires a full PCSMP submittal.  E & S Plans 
are a component of the full PCSMP.  These must be submitted together to:

Projects Control
Philadelphia Water Department
1101 Market St, 2nd Floor
Philadelphia, PA 19107

The submittal must include a transmittal letter indicating necessary project information and the 
level of review required as well as all information to be reviewed.

• A copy of the approved E & S Plan must be forwarded to the PWD E & S Unit.
• Notify the PWD E & S Unit of any pre-construction meetings, and notify the PWD E & S Unit 

three days prior to commencement of earth disturbance.

*Projects located in the Wissahickon Watershed may be subject to additional requirements which 
will be assessed as part of the project review performed by Philadelphia City Planning staff.  

**If during the course of construction additional area is disturbed which changes the applicable 
requirements, construction will have to cease until new plans are prepared and approved by all 
relevant regulatory agencies. 

Inspections

E & S inspections occur on both a scheduled and complaint driven basis.  The E & S inspectors 
expect that the E & S controls contained within the prepared or approved E & S Plan (depending 
on the limits of disturbance) are implemented and maintained on site at all times.  The E & S 
Inspectors are authorized to access a site and inspect the effectiveness of E & S BMPs.  E & S 
Inspectors will advise the Owner or responsible party(s) of E & S control problems found during 
the inspection and what must be done to correct the violations.  This may include implementing 
additional E & S BMPs not shown on the approved plans.  Should a project site be disturbing earth 
without the appropriate approvals or ineffective E & S control BMPs,a Stop Work Order will be 
issued.  

For a more detailed discussion of E & S issues please refer to Fact Sheet #7: Understanding 
Erosion and Sedimentation Control requirements in Philadelphia located on 
www.PhillyRiverInfo.org/PWDDevelopmentReview 
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5.2 Components of the Post Construction Stormwater 
Management Plan
The PCSMP must contain the elements found in the Checklist B: The Standard Submittal Format.  If any 
of these are missing from a submitted plans, the plan will be returned to the developer for completion prior 
to review. All items should be submitted together to:

Projects Control
Philadelphia Water Department
1101 Market St, 2nd Floor
Philadelphia, PA 19107

5.2.1 The Standard Submittal Format

Checklist B: The Standard Submittal Format contains an easy to use checklist to determine 
completion of the PCSMP. It is provided to assist the developer in ensuring that all necessary 
elements of the PCSMP are complete.   Refer to www.PhillyRiverInfo.org/PWDDevelopmentReview 
for the most recent checklists and worksheets. This process has been designed to make submittal 
of the PCSMP easier for both developers and reviewers.  

5.2.2 Proof of Application for Applicable Permits

Other state and federal permits may be required for development on a given site.  PWD approval 
of a PCSMP is contingent upon approval by other regulatory agencies. Other permits that may be 
required include but are not limited to:

• NPDES (National Pollutant Discharge Elimination System) Phase II Permit for Construction 

Activities

• Pennsylvania Code and Charter Chapter 105: Water Obstruction and Encroachment 

General and Joint Permits

This list is not exhaustive nor does it imply that all of these permits are required. It is the 
responsibility of the developer to determine which permits are required by other regulatory 
agencies.  Appendix F.3: Local Permitting requirements and Appendix F.4: Federal and State 
Permitting requirements provide resources to assist in determining which permits may apply. 

Proof of the issuance of all applicable permits MUST be provided to obtain PWD sign off on any 
Building Permit.  However, at the time of submittal of a PCSMP, the applicant must demonstrate 
that they have applied for all relevant permits. A photocopy of permit applications will serve as proof 
of application.   If for some reason approval is denied or revoked by another regulatory agency, it is 
the developer’s responsibility to notify PWD and other City agencies and rectify the situation before 
the project can proceed any further.

5.2.3 Documentation of Special Circumstances

The City recognizes that on-site stormwater management may not be feasible in part or in 
full for some development projects.  Under these circumstances PWD requires that technical 
documentation demonstrating the site constraints be submitted to and reviewed by PWD.  
Alternatives to on-site stormwater management are accepted at the sole discretion of PWD.  
Complete details of documentation, stormwater management alternatives and contact information 
are provided in Appendix F.4: Special Circumstances and Waiver Requests. 
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5.3 Acceptable Methods for Calculations
The worksheets are intended to standardize and summarize the results of design calculations.  The 
designer must also attach relevant data, fi eld testing results, assumptions, hand calculations, and 
computer program results.  This section summarizes calculation methods that are considered acceptable 
by PWD.  Other methods will be considered on a case-by-case basis.

5.3.1 Design Storms

Sizing requirements for the Stormwater Regulations have been developed using long-term 
computer simulations.  These requirements have been translated to single event design conditions 
that yield roughly equivalent results.

Design Rainfall Totals

The rainfall depths of design storms shown in Table 5.1 are taken from the Pennsylvania 
Department of Transportation Field Manual (1986).  These totals indicate the largest depth 
one can expect over the specifi ed interval in the specifi ed return period. These design 
precipitation depths are similar to those found in other standard references such as National 
Oceanic and Atmospheric Administration (NOAA) Technical Publication 40 or the NOAA Atlas 
14; however, Design Professionals must use the values provided in Table 5.1 for their design 
calculations.

Table 5.1:  Design Precipitation Depths (in)
 Return Period
Duration 1 yr 2 yr 5 yr 10 yr 25 yr 50 yr 100 yr
5 min 0.33 0.38 0.45 0.50 0.56 0.63 0.68
15 min 0.64 0.75 0.90 1.00 1.15 1.35 1.50
1 hr 1.10 1.35 1.61 1.85 2.15 2.60 2.98
2 hrs 1.34 1.66 2.00 2.34 2.70 3.26 3.76
3 hrs 1.50 1.86 2.28 2.67 3.09 3.69 4.29
6 hrs 1.86 2.28 2.82 3.36 3.90 4.62 5.40
12 hrs 2.28 2.76 3.48 4.20 4.92 5.76 6.72
24 hrs 2.64 3.36 4.32 5.28 6.24 7.20 8.40

Design Rainfall Distribution

For the Channel Protection and Flood Control calculations, the design rainfall depth must 
be distributed in a NRCS (National Resources Conservation Service) Type II dimensionless 
rainfall distribution.  The Type II distribution was selected not because it represents a typical 
event but because it includes periods of low-intensity and high-intensity rainfall; design using 
this distribution results in a facility that can manage a variety of event types, particularly high 
intensity storms.
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Table 5.2: Tabulated NRCS 24-Hour Type II Distribution
Time Dimensionless Rainfall
(hr) Cumulative Incremental
0.00 0.000 0.000
2.00 0.022 0.022
4.00 0.048 0.026
6.00 0.080 0.032
7.00 0.098 0.018
8.00 0.120 0.022
8.50 0.133 0.013
9.00 0.147 0.014
9.50 0.163 0.016
9.75 0.172 0.009
10.00 0.181 0.009
10.50 0.204 0.023
11.00 0.235 0.031
11.50 0.283 0.048
11.75 0.357 0.074
12.00 0.663 0.306
12.50 0.735 0.072
13.00 0.772 0.037
13.50 0.799 0.027
14.00 0.820 0.021
16.00 0.880 0.060
20.00 0.952 0.072
24.00 1.000 0.048

 Storm Return Periods for Large Events and Flow Bypass

At a minimum, safe conveyance of the 10-year, 24-hour design storm must be provided to  
and from SMPs to comply with the requirements of §14.1603.1.6.C.4. Additionally, the fl ow 
that is leaving the system must meet the requirements of the Stormwater Regulations.  Many 
SMPs will be designed to manage smaller storms.  A designer might choose to allow runoff 
from larger storms to bypass or quickly pass through a storage element.    

5.3.2 Runoff Estimation

A number of mathematical models are available to estimate stormwater runoff from a given storm.  
For sites that are dominated by impervious cover, most methods will yield similar results.  For sites 
with signifi cant pervious cover contributing fl ows to SMPs, infi ltration loss models provide more 
realistic results than the empirical, statistically based methods.  However, a thorough understanding 
of soil behavior is necessary to generate realistic runoff estimates.

The empirical methods can be implemented by computer programs.  Examples of computer 
programs available in the public domain are listed in Table 5.3.  In addition, a wide range of 
proprietary programs are available.  Designers are strongly urged to consider the assumptions 
and mathematical models underlying these programs when choosing an appropriate tool to aid in 
design.
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Table 5.3:  Acceptable Calculation Methods for Runoff Estimation

Type Mathematical 
Model

Impervious 
Cover

Experience 
Modeling Soil 

Properties

Hand/Spreadsheet 
Calculations

Example 
Computer 
Programs

Empirical 
Methods

NRCS Curve 
Number method Any Moderate-

High Yes (smaller sites)
NRCS, TR-55,   
TR-20, HEC-

HMS

Infi ltration 
Loss 
Models

Constant Loss Any Moderate-
High Yes (smaller sites) HEC-HMS

Green-Ampt Any High No EPA SWMM, 
HEC-HMS

Horton Any High No EPA SWMM

Rational Method

The rational method may not be used for SMP design, outlet control design, or detention 
routing. It may be used for storm sewer capacity design as described in Section 5.3.5: Storm 
Sewer Design.

NRCS Curve Number (Soil Complex) Method

The NRCS Curve Number Method is widely used to produce estimates of runoff for both 
pervious and impervious cover.  It empirically accounts for the fact that soils become 
saturated and gradually yield more runoff during the course of a storm.  For a detailed 
description of the Curve Number Method, see Urban Hydrology for Small Watersheds (NRCS 
Technical Release 55).

Care should be taken to select appropriate curve number (CN) values since this calculation 
method is very sensitive to changes in these values. In order to obtain conservative results, 
use separate calculations for pervious and impervious area.  The resulting fl ows can be 
routed if necessary and then added.  See Table 5.4 for PWD approved CN values for each 
Hydrologic Soil Group.

Infi ltration Loss Models

Infi ltration loss models estimate runoff quantity by subtracting depression storage and 
infi ltration losses from rainfall.  These models are based on the physics of soil behavior and 
provide more precise results than empirical models.  Used by an experienced modeler with 
ample soil data, these models produce more realistic estimates than empirical models on 
sites where a signifi cant portion of runoff is generated by pervious cover.  Results depend 
most strongly on soil properties.
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Table 5.4:  PWD Accepted Curve Number Values

Cover Description Curve Number for 
Hydrologic Soil Group

Cover Type Hydrologic Condition A B C D Ub

Lawns, parks, golf courses, etc...
Poor (grass cover < 50%) 68 79 86 89 79
Fair (grass cover 50% to 75%) 49 69 79 84 69
Good (grass cover > 75%) 39 61 74 80 61

Meadow 30 58 71 78 58
Athletic Fields 68 79 86 89 79
Porous Turf 70 70 79 84 69
Brush (brush-weed-grass mixture with brush the major element)

Poor 57 73 82 86 73
Fair 43 65 76 82 65
Good 32 58 72 79 58

Woods-grass combination (orchard or tree farm)
Poor 57 73 82 86 73
Fair 43 65 76 82 65
Good 32 58 72 79 58

Woods
Poor 45 66 77 83 66
Fair 36 60 73 79 60
Good 30 55 70 77 55

Paved parking lots, roofs, driveways. streets, etc. 98 98 98 98 98
Gravel 76 85 89 91 89
Dirt 72 82 87 89 87
Porous Pavement 70 70 74 80 70
Permeable Pavers 70 70 79 84 70
Pour-in-Place Rubber 70 70 74 80 70
Green Roof* 86 86 86 86 86

* Existing rainfall runoff models are limited in their ability to predict runoff from green roofs since this 
process is dominated by percolations through a thin veneer of soil and is not surface runoff. Green roof 
research studies have back-calculated a range of CN values for various storms and roof media types/
thicknesses.  CN values different from that listed in the table may be permitted if appropriate citations 
are provided with the stormwater report.
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Determining the Predevelopment Conditions for Runoff Calculations

The predevelopment condition for any project is determined by the dominant land use for the 
previous ten (10) years preceding the planned project.  If a redevelopment project is able to reduce 
the DCIA within the limits of earth disturbance by 20% between the predevelopment and post-
development conditions, is it exempt from the Channel Protection and Flood Control requirements.  

When performing Flood Control calculations, PWD requires the following land use designations for 
all development and redevelopment in City of Philadelphia:

1) Redevelopment sites in the predevelopment condition:
• All nonforested, pervious areas must be considered meadow (good condition) for the 

predevelopment runoff calculations. 
• In addition to any other pervious area, twenty percent (20%) of the existing impervious 

cover on site, when present, must be considered meadow (good condition) for the 
predevelopment runoff calculations.

2) New Development sites in the predevelopment condition:
• All nonforested, pervious areas must be considered meadow (good condition) for the 

predevelopment runoff calculations. 

5.3.3 Storage Volume Estimation

Surface storage:  A rough estimate of surface storage can be obtained by averaging the surface 
area and bottom area of a basin and multiplying by the average depth.  For irregular shapes, 
volume can be estimated by fi nding the area inside each contour, multiplying each area by the 
contour interval, and adding the results.  

Stone Storage: Storage in stone pores is equal to the volume of the crushed stone bed times the 
porosity.  A design porosity of 40% can be assumed for the stone if specifi cations for the crushed 
stone meet those provided in Section 7: SMP Design Guidelines.

Porous Media Storage: Storage available in porous media is equal to the initial moisture defi cit, 
the portion of total porosity that is not already occupied by moisture.  This portion varies at the 
beginning of every storm; acceptable design values are 30% for sand and 20% for growing soil.

Active Storage:  Not all physical space in a given SMP is active.  The maximum elevation that 
should be considered as active storage is the overfl ow elevation.  In tanks draining by gravity 
whose bottoms do not infi ltrate, any volume below the invert of the orifi ce or control structure is not 
considered active storage.

5.3.4 Flow Routing

Sheet Flow and Shallow Concentrated Flow

Sheet fl ow consists of shallow fl ow spread out over a plane.  Eventually, this fl ow will 
generally concentrate into a deeper, narrower stream. There is debate over how prevalent 
sheet fl ow is in the natural environment.  However, it provides a reasonable mathematical 
basis for predicting travel time and infi ltration losses over short distances. Urban Hydrology 
for Small Watersheds (TR-55) provides a sheet fl ow equation based on Manning’s kinematic 
solution.  Tables of roughness values for sheet fl ow are available in Urban Hydrology for 
Small Watersheds and in Table 5.5 shown below.  There is debate over the appropriate length 
of sheet fl ow; however, PWD will only accept sheet fl ow for the fi rst 150 feet.  After sheet fl ow, 
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overland fl ow is considered shallow concentrated fl ow.  Shallow concentrated fl ow will be 
considered as fl owing over paved or unpaved surface for the purpose of estimating velocity.
Another method for routing overland fl ow is the kinematic wave solution, obtained by coupling 
the momentum and continuity equations with simplifying assumptions, may be solved in 
a computer program using numerical methods.  A computer program also allows practical 
calculations at a much smaller time step than hand or spreadsheet calculations.

Channel Flow

Channel fl ow equations may be used to estimate fl ows in free-fl owing gutters and swales.  
Manning’s equation is suffi cient for these estimates on many sites.  Tables of roughness 
values are available in Civil Engineering Reference Manual (CERM) Appendix 19.A.  For 
channels with signifi cant backwater, culverts which may fl ow under pressure, or other 
complex features, the St. Venant equations may be needed.  These equations represent the 
complete solution of the momentum and continuity equations in one dimension.  They require 
a computer program to solve.

For reference, the post development time of concentration will be less than or equal to the 
predevelopment time of concentration values unless the site is specifi cally altered to increase 
this path.

Table 5.5: Roughness Coeffi cients (Manning’s n) for sheet fl ow
Surface Description n 1

Roof tops 0.011
Concrete 0.013
Asphalt 0.015
Bare Soil 0.018
Sparse Vegetation 2 0.1
Grass:
                  Short grass prairie  0.15
                  Dense grasses 3 0.24
Range (natural) 0.13
Woods: 4

                  Light underbrush 0.40
                  Dense underbrush 0.80
1 The n values are a composite of information compiled by Engman (1986) and Akan (1985).
2  Areas where vegetation is spotty and consists of less than 50% vegetative cover.
3 Species such as weeping lovegrass, bluegrass, buffalo grass, blue grama grass, and native grass mixtures.
4  Consider cover to a height of 0.1 ft. This is the part of the plant cover that will obstruct sheet fl ow.

Storage Routing

For small storage elements where travel time within the element is insignifi cant, simple 
mass balance routing may be performed in a spreadsheet.  At each time step, the change in 
storage volume is the difference between infl ows and outfl ows.  Infl ows and outfl ows are a 
function of design and soil properties.

For larger or more complex structures, where the shape and size of the element have a 
signifi cant effect on outfl ows, the Modifi ed Puls (also called storage-indication) method 
provides more accurate routing.  
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Table 5.6: Summary of Recommended Methods for Flow Routing

Type Mathematical Model Appropriate For…
Hand/

Spreadsheet 
Calculations

Example Computer 
Programs

Overland 
Flow
 
 

simplifi ed Manning 
kinematic solution

sheet fl ow path up to 
150 feet Yes TR-55, TR-20

shallow concentrated / 
NRCS empirical curve

overland fl ow longer 
than 150 feet Yes TR-55, TR-20

kinematic wave larger or more 
complex sites No EPA SWMM, 

HEC-HMS

Channel 
Flow
 

Manning equation uniform fl ow without 
backwater Yes TR-55, TR-20, EPA 

SWMM, HEC-HMS

St. Venant equations channels with 
storage, backwater No EPA SWMM, 

HEC-RAS

Storage 
Routing
 
 

simple mass balance small storage 
elements Yes USACE STORM

Modifi ed Puls / storage-
indication

large or irregularly-
shaped elements Yes TR-55, TR-20, 

HEC-HMS

5.3.5 Storm Sewer Design

The storm sewer must be designed to safely convey the 10-year storm without surcharging 
inlets.  If Flood Control is required, runoff from larger storms must be safely conveyed off the 
site, either through overland fl ow or a storm sewer.  Please note, runoff may not be conveyed 
to a neighboring property.

Rational method may be utilized when designing storm sewers.  Recommended assumptions 
to obtain conservative results using the rational method include:  

• Choose appropriate runoff coeffi cients based on the Engineer’s best judgment of land 
use type (e.g., see CERM Appendix 20.A).

• For pervious areas with rational coeffi cients less than 0.2, use a coeffi cient of 0.2.

For a table of rational method coeffi cients, see CERM Appendix 20.A.

5.4 Post Construction Stormwater Management Plan 
Submittal Process

Because the PWD Approval Signature and Stamp on Building Permits will only be issued upon 
approval of Water, Sewer and Stormwater, it is strongly recommended that developers submit 
Water, Sewer and PCSMP materials at the same time. All  items should be submitted together to:

Projects Control
Philadelphia Water Department
1101 Market St, 2nd Floor
Philadelphia, PA 19107

The PCSMP submittal must include a transmittal letter indicating necessary project information and the 
level of review required as well as all information to be reviewed.
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5.4.1 Project Screening

Only a complete PCSMP will be accepted for review.  When a new project is received it undergoes 
a screening process to make sure it includes all the components necessary to complete a review.  
If any portion is found to be missing or incomplete the developer will be notifi ed by email.  Any 
additional information that is required should be mailed to PWD Projects Control.  If necessary, 
incomplete PCSMP submittals will be returned to the developer for completion.  When a project 
is screened incomplete no additional review of the project will be done until the required materials 
have been received. Once a project submittal is found to be complete the developer will be notifi ed 
and the project will be moved into technical review.

Refer to www.PhillyRiverInfo.org/PWDDevelopmentReview for the most recent checklists and 
worksheets. Checklist B: The Standard Submittal Format is provided to guide the developer and 
help them ensure that their application is complete prior to submittal.  

5.4.2 Technical Review Process

Once a project submittal has been screened and determined to be complete, it will be put in line 
for technical review.  Projects are generally reviewed in the order in which they were received.  
Because of this, review times depend heavily on the number of projects under review at the time of 
the submittal. 

During the technical review, PWD will examine the submittal to determine if all applicable 
requirements are being met. Should any defi ciencies be identifi ed, PWD will email a letter of review 
comments to the developer.  Additional information or revised materials required based on the 
comments should be submitted to:

Projects Control
Philadelphia Water Department
1101 Market St, 2nd Floor
Philadelphia, PA 19107

Technical review of the submittal will not continue until a new submittal addressing the comments 
is received. This submittal should include all required revisions and new material as well as an 
explanation of how each review comment was addressed. PWD will review the comment responses  
and new and revised material for compliance with all applicable requirements. Should any 
defi ciencies are identifi ed PWD will update the review letter and email the developer. Please note 
that additional comments may be added to the review comments based on changes to the plans 
and calculations. This process continues until all review comments are addressed.

The developer can infl uence the amount of time their review will take in several ways.  If the 
developer chooses to use development practices that allow disconnection of 95% or more of the 
post construction directly connected impervious area (DCIA) most projects will be eligible for a 
Green Project Review. PWD is committed to performing Green Project Reviews within 5 business 
days.  For more information see Section 4.2: Reduce Impervious Cover to be Managed.  The 
developer may also infl uence the length of the review time by being responsive when review 
comments are issued.  Reviews often take less time when a project is resubmitted in a short 
amount of time because reviewer is less likely to be involved in other projects and will be more 
familiar with the original comments.

Once all of the review comments have been addressed PWD will email the developer an approval 
letter.  The developer must bring this approval letter and proof of issuance of any additional 
required permits to PWD when acquiring signature on Building Permit applications.
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5.4.3 Inspections

During any stage of work, if the City or its designee determines that the permanent SMPs and/or 
stormwater management facilities are not being installed in accordance with the permitted PCSMP, 
the City shall revoke any existing permits or other approvals and issue a “Stop Work Order.”  Work 
will be suspended until the installation is corrected according to the original PCSMP or a revised 
PCSMP is submitted, a permit granted, and the defi ciencies are corrected. 

Prior to the fi nal inspection, all SMPs and/or stormwater management facilities as-built drawings 
must be submitted to PWD.  The fi nal inspection shall be conducted by the City or its designee 
to confi rm compliance with the permitted PCSMP prior to the issuance of any Certifi cate of 
Occupancy. The City or its designee may inspect any phase of the installation of the permanent 
SMPs and/or stormwater management facilities as deemed appropriate by PWD. 
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6 Utilizing Existing Site Features

6.0 Introduction

6.1 Street Design

6.2 Parking Lot Design

6.3 Planter Boxes

6.4 Special Detention Areas (see Pennsylvania Stormwater BMP Manual)

6.5 Disconnecting Impervious Cover
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6.0 Introduction
This manual emphasizes an integrated site design approach to stormwater management.  By considering 
stormwater management in conjunction with site uses and functions from the assessment phase through 
fi nal design, it is possible to develop a site plan that meets the Philadelphia Water Department (PWD) 
Stormwater Management Regulations (Stormwater Regulations) and other site objectives concurrently.

The following sections present examples from Pennsylvania and across the nation that integrate 
stormwater management approaches into both original and retrofi t site designs. In this way, 
comprehensive stormwater management can be integrated effectively and economically into the site 
design process.  

The following set of sections illustrates concepts and benefi ts provided through the application of holistic 
stormwater management approaches.

6.0
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6.1 Street 
design 

provides an opportunity to distribute 
stormwater management practices (SMPs) 
and integrate them with neighborhood  
aesthetics.  Street location, width, and design 
can reduce the volume of stormwater runoff 
leaving the streets.  Utilizing vegetated 
areas along a street for water quality 
treatment and detention can also reduce 
the costs of development by creating less 

Sidewalk planter managing street runoff

6.1

st
re

et
 d

es
ig

n
Table 6.1: Philadelphia’s City Codes for Street Widths

(§14-2104.) - Minimum street right-of-way and cartway widths shall conform to the 
Physical Development Plan of the City and where not shown thereon shall conform to the 
following:

primary residential street 64 feet in width, right-of-way 88 feet in width

secondary residential street 34 feet in width, right-of-way 54 feet in width

tertiary residential street 26 feet in width, right-of-way 50 feet in width

marginal access street
26 feet in width, right-of-way might vary with 
conditions but in no case shall be less than 36 feet

(§11-407.) - Minimum street width shall conform to the provisions of (§ 14-2104.)  A street 
which does not conform to (§ 14-2104(5)) may be accepted and placed upon the City Plan 
if it was physically or legally opened or built upon:

prior to April 2, 1906 must be at least 40 feet in width;

prior to April 8, 1890 must be at least 30 feet in width;

need for underground stormwater infrastructure.  Other benefi ts of low-impact street design 
include slowed traffi c in residential areas, enhanced visual appearance, and improved water 
quality.

Low-impact street design can be diffi cult to accomplish within the City of Philadelphia. Design 
of public streets is highly regulated and structural SMPs are typically not permitted within the 
public right-of-way.  The current residential street width requirements from the Philadelphia 
City Code are shown below.  However, the City is working to develop a green street design 
that can be implemented throughout Philadelphia.  There are also opportunities for low-
impact design elements to be applied on private streets and drives such as those within a 
condominium.  This section includes several examples of street design that can serve as a 
model for development in Philadelphia.

Note:
SMP Design and combinations are not limited to the examples shown within this text.  Successful 
stormwater management plans will combine appropriate materials and designs specifi c to each 
site.
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Civil Engineering Reference Manual
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Green Streets Project: Portland, Oregon

The City of Portland “Green Streets Project” on NE 
Siskiyou Street incorporates landscaped curb extensions 
or bumpouts designed to capture stormwater. 

project overview
The neighborhood is served by combined sewers that carry both sewage 
from homes and stormwater runoff from streets. When it rains, combined 
sewer pipes fi ll to capacity and overfl ow to the Willamette River.

Portland’s Bureau of Environmental Services built two landscaped curb 
extensions in the parking zone on each side of Siskiyou Street just above 
the storm drain inlets. Stormwater slows when it enters the landscaped 
areas, water infi ltrates into the ground, and vegetation help fi lter pollutants. 
The Northeast Siskiyou Green Street Project is Portland’s fi rst residential, 
on-street stormwater management project. It is a sustainable approach that 
mimics natural conditions while improving water quality and neighborhood 
aesthetics. 

Private developments within the City of Philadelphia may not currently use 
area within the public right-of-way to meet their stormwater management 
requirements.  However, this design may be modifi ed for on-site treatment 
or applied to private roads such as those within a condominium. 

design elements
• Dense, low growing plant material in a bioinfi ltration bed for stormwater 

capture, fi ltration, and recharge to local soils.

• Curb openings to allow stormwater runoff into the planted area.

• Check dams to increase retention times to promote infi ltration and 
uptake by native plantings.

NE Siskiyou after 
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NE Siskiyou during 
construction

Diverse plants make the 
curb extension pleasing 
while absorbing runoff.

NE Siskiyou before

Figure 6.1: Traffi c calming device on secondary street 
that also provides stormwater management
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project overview
As the Street Edge Alternatives Project gathered more data and information concerning the damage 
runoff causes, they began exploring new approaches to manage stormwater. These natural drainage 
systems meet multiple goals and help manage fl ooding in neighborhoods. At the same time, they 
improve the appearance and function of the street right-of-way. Two years of monitoring shows that 
SEA Streets reduce the volume of stormwater runoff by 99% for a two-year storm event, and help 
the city meet Local, State, and Federal Environmental Regulations.

example:
Street Edge Alternatives (SEA) Seattle, Washington

Curbless roads allows stormwater 
to runoff to the streets

Bioretention swale between 
sidewalk and paved road
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Figure 6.2: Secondary street with bioretention basins

design elementsdesign elements

• Curbless roads provide 
traffi c calming and 
soft-edged, aesthetic 
environments. 

• Bioretention swales mimic 
the natural landscape 
and provide drainage and 
absorption of pollutants.

• Infi ltration in bioretention 
swales can be used to meet 
Water Quality requirements 
for contributing Directly 
Connected Impervious Area 
(DCIA).

The City of Seattle’s Pilot Street Edge Alternative Project 
(SEA Streets) provides drainage that mimics the natural 
landscape prior to development more closely than 
traditional systems. 

RB-AR8086



6 - 6

P
hi

la
de

lp
hi

a 
S

to
rm

w
at

er
 M

an
ua

l v
2.

0
6.1

st
re

et
 d

es
ig

n

Though cul-de-sacs and ‘dead ends’ are not encouraged in urban 
street design, they do exist within urban areas.  In Philadelphia, 
dead end streets are prohibited, except as short stubs to permit 
future street extension into adjoining tracts, or when designed as 
a cul-de-sac.  (§14-2104. Subdivision Design Standards.)  Where 
cul-de-sacs are unavoidable, they can be designed with central 
islands that reduce impervious area and to allow for infi ltration of 
stormwater runoff.  

design overview
Careful cul-de-sac design can greatly reduce total impervious area 
and can create a stormwater management facility. Philadelphia 
Code stipulates, “Cul-de-sacs, permanently designed as such 
shall have at the closed end a turn-around containing a right-of-
way having an outside radius of not less than 50 feet, which shall 
be paved to a radius of 40 feet.” (§14-2104)

 Figure 6.3: Cul-de-sac 
with bioretention

cul-de-sac 
design

 Figure 6.4: Cross-section view of a bioretention cul-de-sac. The island of the cul-de-sacs 
accepts stormwater from surrounding pavement

A cul-de-sac can be designed to meet these standards and still provide stormwater management.  
An island can be designed in the center of a cul-de-sac that provides a suffi cient travel lane, but 
reduces impervious area and manages stormwater from the street and adjacent properties.  The 
entire street should be graded to the central island to the extent that surrounding topography allows.  
The island would be designed like a bioretention facility and runoff can enter the island through curb 
openings or a curbless design.
  

design elements
• Bioretention islands capture stormwater runoff.

• Flow controls direct stormwater from street and adjacent properties into the island.
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 Medians that are retrofi tted to provide stormwater control are effective 
elements of traffi c calming and stormwater management while enhancing 
the visual quality of the streetscape. There are different ways to help 
prevent stormwater runoff pollution from reaching Philadelphia’s rivers.  
Bioinfi ltration swales and concave designs are just a few examples of 
effective stormwater control.  These provide for an attractive and healthier 
appearance of the city, but still deliver the necessary benefi ts to our 
natural resources. 

design overview
Median strips can be graded concave and incorporate vegetated SMPs 
(see Section 7.5: Bioretention and Section 7.8: Swales). Water draining 
into these SMPs can be treated for water quality through infi ltration or an 
underdrained system may be installed to allow water to be treated and 
slowly released depending on soil conditions. 

design elements

vegetated medians
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Vegetated swale in 
street median

Bioretention incorporated 
in highway median
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•   Bioinfi ltration swales for runoff control on both sides of traffi c.

•   Planted native vegetation to enhance appearance and provide capture and fi ltration

•   Curb openings or curbless design to allow controlled stormwater infl ow

Note:
Designs and combinations are not limited to the examples shown within this text.  Successful 
stormwater management plans will combine appropriate materials and designs specifi c to each site.

Figure 6.5: Cross-section view of secondary street with bioretention basins
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6.2 Parking lot 
design

6.2

pa
rk

in
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n
design overview
Sheet fl ow from the parking lot is directed toward shallow bioretention gardens.  The runoff is then 
temporarily detained and infi ltrated into the subsurface.  Bioretention gardens can replace the need 
for other conventional stormwater management techniques.  Distributed bioretention gardens offer 
the greatest benefi t.  Sites can benefi t from bioretention gardens placed along the edges of the site 
as well as in islands and medians.  

Traditional stormwater infrastructure can be reduced, and parking lot aesthetics are also greatly 
improved.  The use of large trees help improve the air quality and provide shading for the cars in 
the parking lot.

design elements
• Bioretention garden with acceptable vegetation (refer to Section 7.5: Bioinfi ltration/Bioretention 

and Section 8: Landscape Guidance)

• Curb openings with fl ow controls, such as fl ow spreaders and energy dissipaters (refer to Section 
7.15: Inlet and Outlet Controls).

Glencoe Elementary School Parking Lot (825 SE 51st)

 bioretention
garden

The requirements of the 
Stormwater Regulations, including 
non-structural project design, can 
be met in many cases by rethinking 
parking lot design.  Effective use 
of the minimum parking space 
and aisle dimensions as permitted 
in the City’s Zoning Code allows 
the number of parking spaces to 
remain the same, while reducing 
impervious surface, providing 
stormwater management, and 
adding valuable green space to a 
parking lot.  C
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OMSI, 2001 (1945 SE Water Ave.)
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pavement
design overview
The use of porous or permeable  
pavement creates a parking lot that 
distributes stormwater evenly into a 
subsurface infi ltration bed.  These 
systems can be designed to infi ltrate 
even the large storms.  Seasonal 
maintenance is required for most porous 
pavement systems to ensure continued 
function.

design elements
• Porous pavement combined with 

subsurface infi ltration (refer to Section 
7.13: Porous Pavement).

• Documentation of fl ow through rate 
or void percentage must be provided 
when using permeable pavers
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Multnomah Arts Center Eco-Stone parking lot

grass 
paving
design overview
Void spaces found in grass paving techniques offer 
area infi ltration while maintaining parking support.  
Replacement of conventional pavement with grass 
paving systems can reduce urban heat effects.

design elements
•  Reinforced grid system (refer to Section 7.13: Porous 

Pavement)

Onion Flats grass paving parking lot
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6.3 
Planter 
boxes  reduce 
impervious cover by retaining stormwater 
runoff rather than allowing it to directly 
drain into nearby sewers.  There are 
two main types of planter boxes: Flow-
through and Contained. Planter boxes 
can play an important role in the city by 
minimizing stormwater runoff, reducing 
water pollution, and creating a greener and 
healthier look.  Planter boxes can be used 
on sidewalks, plazas, rooftops and other 
otherwise impervious areas.  They can 
also be constructed alongside buildings, 
provided proper waterproofi ng measures 
are used to protect foundations. 

fl ow-
through

6.3
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es

The fl ow-through planter box is designed with an impervious bottom or is placed on an impervious 
surface.  Water quality treatment, attenuation of fl ow, and some volume reduction is achieved as the 
water fi lters through the soil.  Flow control is obtained by storing the water in a reservoir above the 
soil.  This type of planter can be used adjacent to a building if lined properly. 

The planters should be designed 
to retain and slowly release 
water.  Vegetation includes 
rushes, reeds, sedges, irises, 
dogwoods, and other acceptable 
shrubs, trees, and forbs/grasses.  
Planters should be designed to 
receive less than 15,000 square-
feet of impervious area runoff. 

Broad Street planter box
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Flow-through planter box 

RB-AR8092



6 - 12

P
hi

la
de

lp
hi

a 
S

to
rm

w
at

er
 M

an
ua

l v
2.

0

Suggested structural elements of planters 
include stone, concrete, brick, or pressure-
treated wood.  Certain treated wood 
should be avoided if it leaches toxic 
chemicals that can contaminate any 
fi ltered stormwater.  The fl ow-through 
planter is completely contained and is not 
designed to drain directly into the ground.  
Irrigation is optional and used to maintain 
plant viability and reservoir height.  
Pipes can also be designed to transport 
water to an approved disposal point.  
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contained
Contained planter boxes reduce impervious 
area by retaining rainwater which slows 
stormwater runoff from draining into 
sewers.  Contained planters are used for 
planting trees, shrubs, and ground cover.  
The planter is either prefabricated or 
permanently constructed and has a variety 
of shapes and sizes.  Planters are placed on 
impervious surfaces like sidewalks, plazas, 
and rooftops. Contained planters may drain 
onto impervious surfaces through their base 
or by an overfl ow structure. 

Plants should be hardy and self-sustaining 
with little need for fertilizers or pesticides. 
Irrigation is optional though plant viability 
should be maintained.  Trees are highly 
encouraged because of the natural canopy 
they will provide and the reduction of urban 
heat. The structural elements of the planters 
should be stone, concrete, brick, wood, or 
any other suitable material. Treated wood 
should be avoided if it leaches any toxic 
chemicals.

Figure 6.6: Flow-through planter box

Broad Street planter box

RB-AR8093
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Information on Special Detention Areas
can be found in the 

Pennsylvania Stormwater BMP Manual
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6.5 Disconnecting 
impervious
cover 

minimize area of
impervious cover

will reduce runoff from the site and therefore can reduce the structural stormwater management requirements 
for the development project.  Impervious cover can be disconnected by directing the fl ow over a pervious 
area which allows for infi ltration, fi ltration, and increased time of concentration.  When this is done correctly, 
the area may be considered Disconnected Impervious Cover (DIC).  Depending on the site confi guration, 
all or a portion of impervious cover can be effectively removed by limiting the amount of actual impervious 
surfaces or by reducing the impervious area that is directly connected to the stormwater conveyance 
system.  The DCIA Worksheet guides the designer through this stage of the design process.

In many cases, alternative confi gurations for streets and parking lots can provide the same function as 
traditional designs with reduced area.  Minimizing the area of pavement and rooftops will reduce the size 
and cost of SMPs that must be constructed.  See the Parking Lot Design, Section 6.2 for more information 
and ideas on how to minimize the impervious area. 

6.5
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disconnect
impervious cover
Rooftop Disconnection
An adjustment to DCIA is permitted when the downspout is disconnected and then directed to a pervious area 
which allow for infi ltration, fi ltration, and increased time of concentration.  PWD will support the applicant in 
their request to obtain relevant necessary Plumbing Code variances for approved rooftop disconnections.

• DIC may be treated as pervious when determining whether a redevelopment site has met the 20% 
reduction in impervious surface. 

• DIC need not be managed for Water Quality.  However, for Flood Control and Channel Protection, 
appropriate Curve Number (CN) values must be utilized when calculating management for these 
requirements.

 A rooftop is considered to be completely or partially disconnected if it meets the requirements below:

• The contributing area of rooftop to each disconnected discharge is 500 square feet or less, 
• The soil is not designated as a hydrologic soil group “D” or equivalent, and
• The overland fl ow path has a positive slope of 5% or less.

RB-AR8096
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For designs that meet these requirements, the portion of the roof that may be considered DIC depends 
on the length of the overland path as designated in the following table.

Table 6.2: Partial Rooftop Disconnection
Length of Pervious Flow 

Path*
Roof Area Treated as 

Disconnected
(ft) (% of contributing roof area)

0 - 14 0
15 - 29 20
30 - 44 40
45 - 59 60
60 - 74 80

75 or more 100
* Flow path cannot include impervious surfaces and must be at least 15 
feet from any impervious surfaces.

For example, consider a 1,000 square foot roof with two roof leaders each draining an area of 500 
square feet. Both roof leaders discharge to a lawn.  The lawn has type B soils and a slope of 3%.  The 
distance from the downspout discharge point to the street is 65 feet.  Therefore, based on Table 4.1,  
80% of the roof area may be considered DIC and treated as pervious cover when calculating stormwater 
management requirements.  Disconnecting the roof leaders will signifi cantly reduce the size and cost of 
stormwater management facilities at this site.

6.5
di

sc
on

ne
ct

in
g

65 ft

Area 1: 500 ft2

Area 2: 500 ft2

Roof Leaders

Total Roof Area: (Area 1 + Area 2): 1000 ft²
Disconnected Roof Area: (0.8) x (Total Roof Area): 800 ft²
Remaining DCIA: (Total Roof Area - Disconnected Roof Area): 200 ft²

Figure 6.7: Rooftop disconnection

RB-AR8097
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Pennsylvania Stormwater BMP Manual

Note: 
Filter strips are recommended only as a viable stormwater management pretreatment option.  Filter strips 
are recommend for use as pretreatment for many intensive structural SMPs.

maximize tree 
canopy over
impervious cover
A reduction in DCIA is permitted when new or existing tree canopy from the approved species list extends 
over or is in close proximity to the impervious cover.  Under these circumstances, a portion of impervious 
cover under tree canopy may be treated as DIC and deducted from total impervious cover.  DIC is considered 
pervious when calculating stormwater control requirements. 

6.5

di
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gPavement Disconnection

An adjustment to DCIA is permitted when pavement runoff is directed to a pervious area which allows 
for infi ltration, fi ltration, and increase the time of concentration.  This method is generally applicable to 
small or narrow pavement structures such as driveways and narrow pathways through otherwise pervious 
areas (e.g., a bike path through a park).  For structures that meet the requirements, all of the DIC may be 
deducted from the total impervious cover.  DIC may be treated as pervious when determining whether a 
redevelopment site has met the 20% reduction in impervious surface.  DIC need not be managed for Water 
Quality.  If the site does not successfully reduce impervious cover by 20%, then appropriate CN values 
must be utilized when calculating Flood Control and Channel Protection.  Pavement is disconnected if it 
meets the requirements below:

• The contributing fl ow path over impervious cover is no more than 75 feet, 
• The length of overland fl ow is greater than or equal to the contributing length, 
• The soil is not designated as a hydrologic soil group “D” or equivalent, 
• The slope of the contributing impervious area is 5% or less, and
• The slope of the overland fl ow path is 5% or less.

If discharge is concentrated at one or more 
discrete points, no more than 1,000 square feet 
may discharge to any one point.  In addition, 
a gravel strip or other spreading device is 
required for concentrated discharges.  For 
non-concentrated discharges along the entire 
edge of pavement, this requirement is waived; 
however, there must be provisions for the 
establishment of vegetation along the pavement 
edge and temporary stabilization of the area 
until vegetation becomes established. 

Figure 6.8: Gravel fi lter strip

RB-AR8098
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6.5
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g For a new tree to be eligible for the reduction:

• The tree species must be chosen from the approved list provided by the PWD Offi ce of 
Watersheds. 

• Trees must be planted within 10 feet of ground level DCIA within the limits of earth disturbance.
• New deciduous trees must be at least 2-inch caliper and new evergreen trees must be at least 6 

feet tall to be eligible for the reduction.
• A 100 sq. ft DCIA reduction is permitted for each new tree.  This credit may only be applied to the 

impervious area directly adjacent to the tree.
• The maximum reduction permitted, including existing trees is 25% of ground level impervious 

area within the limits of earth disturbance.

Install Green Roofs to Minimize DCIA

A reduction in DCIA is permitted when a green roof is installed on a proposed building.  The design, 
construction, and maintenance Plan must meet the minimum requirements specifi ed in Section 
7: SMP Design Guidelines.  To encourage this emerging technology, the entire area of the green 
roof area may be considered DIC.  However, since a green roof is not a zero discharge system, the 
remaining site design must safely convey roof runoff to the approved point of discharge.  DIC need not 
be managed for Water Quality or Channel Protection.  Appropriate CN values must be utilized when 
performing Flood Control calculations.

Install Porous Pavement to Reduce DCIA

A reduction in DCIA is permitted when a porous pavement system is installed on the site such that it 
does not create any areas of concentrated infi ltration.  Porous pavement systems, including porous 
asphalt; porous concrete; porous/permeable pavers; and other PWD-approved porous structural 
surfaces can be considered to be DIC if they receive direct rainfall only and are underlain by a 
crushed stone infi ltration bed that is at least 8 inches deep.  Porous/permeable pavers must also meet 
minimum standards for fl ow-through rate or void percentage.  If an underdrain is proposed, the porous 
pavement will only be considered DIC if the fi rst inch of runoff can be stored below the lowest overfl ow 
from the underdrain system.  Porous asphalt systems must meet the minimum requirements detailed in 
Section 7.13: Porous Pavement.  Infi ltration testing is not required for disconnected porous pavement 
areas; however, it is recommended to ensure timely drainage of the stone base.  DIC need not be 
managed for Water Quality or Channel Protection.  Appropriate CN values must be utilized when 
performing Flood Control calculations.

In most cases, if the porous surface receives runoff (overland or piped directly into the subsurface 
storage bed) from adjacent conventional pavement surfaces, roof, or other impervious surfaces, the 
porous pavement/infi ltration bed system will be considered a structural SMP and the porous surface 
will be considered DCIA.  Those areas considered structural SMPs will require infi ltration testing.  In 
some cases, where a small amount of run-on cannot be avoided, it may still be possible to consider the 
porous pavement disconnected. Such allowances will be considered on a case-by-case basis by PWD.  

RB-AR8099
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7 Stormwater Management Practice Design 
Guidelines

7.1 Green Roofs

7.2 Rain Barrels and Cisterns

7.3 Filter Strips

7.4 Filters

7.5 Bioinfi ltration / Bioretention

7.6 Detention Basins

7.7 Berms and Retentive Grading

7.8 Swales

7.9 Constructed Wetlands (see PA Stormwater BMP Manual)

7.10 Ponds & Wet Basins (see PA Stormwater BMP Manual)

7.11 Subsurface Vaults

7.12 Subsurface Infi ltration

7.13 Porous Pavement

7.14 Pre-fabricated and Proprietary Designs (see PA Stormwater BMP 
Manual)

7.15 Inlet and Outlet Controls
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 (vegetated roof/eco roof/roof garden) 
consist of a layer of vegetation that 
completely covers an otherwise 
conventional fl at or pitched roof. 
The hydrologic response of a green 
roof bears closer resemblance to a 
lawn or meadow than impervious 
surface. The green roof system 
is composed of multiple layers 
including waterproofi ng, a drainage 
layer, engineered planting media, 
and specially selected plants. Vegetated roof covers can be optimized to achieve water quantity and quality 
benefi ts.  Through the appropriate selection of materials, vegetated covers can provide rainfall retention 
and detention functions.

7.1 
Green 
roofs

key elements :
• Extensive green roofs with engineered media at least 3 inches in depth can be 

considered pervious in stormwater design calculations.

• Vegetated roof covers intended to achieve water quality benefi ts should maintain a 
soluble nitrogen level of 4ppm.

• Internal drainage, including provisions to cover and protect deck drains or scuppers, 
must anticipate the need to manage large rainfall events without inundating the cover.

• Provide urban green space and aesthetically pleasing views.

• Act as heat sink to reduce heating and cooling costs.

• Can extend roof life by two to three times.

• Improve air quality by fi ltering dust particles.

acceptable forms of pre-treatment
N/A

potential applications
Residential Subdivision:
Commercial:
Ultra Urban:
Industrial:
Retrofi t:
Highway Road:

Case by case
Yes
Yes
Yes
Yes
No

stormwater regulations 
Water Quality:

Infi ltration:
Volume Reduction:

(no infi ltration)
Channel Protection:
Flood Control:

No
Yes

Not included in DCIA
Low
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Green Roofs in the Urban Landscape
Unlike conventional roofi ng, green roofs promote retention, slow release, and evapotranspiration of 
precipitation.  This stormwater management technique is very effective in reducing the volume and 
velocity of stormwater runoff from roofs. 

Green roofs can be installed on many types of roofs, from small slanting roofs to large commercial fl at 
roofs. Green roofs are an ideal option for new buildings that are taking long term cost savings and energy 
conservation into consideration. Many existing buildings can also be retrofi tted with green roofs. 

Although green roofs are more expensive 
than conventional roofs up front, they 
provide long term benefi ts and cost savings. 
The vegetated cover assembly should be 
compatible with and designed to protect 
the underlying waterproofi ng materials.  By 
protecting the waterproofi ng from mechanical 
damage, shielding it from UV radiation, and 
buffering temperature extremes, the service 
life of the roof can be extended by two to 
three times.  Green roofs also may also 
reduce energy costs by acting as a heat 
sink.  The roof slowly absorbs energy from 
the sun during the day and releases it as 
the air cools, thereby reducing heating and 
cooling costs.  The benefi ts will be greatest 
during the summer months, especially for 
low buildings.  Green roofs also reduce 
the urban heat island effect by providing 
evaporative cooling and can improve air 
quality by fi ltering dust particles.

Components of a Green Roof
There are two basic types of green roofs.  An extensive green roof system is a thin (usually less than 6 
inches), lighter weight system planted predominantly with drought-tolerant succulent plants and grasses. 
An intensive green roof is a deeper, heavier system designed to sustain more complex landscapes.  A 
green roof system, extensive or intensive, is often comprised of the same components:

• Plant material

• Growing medium

• Filter fabric

• Drainage layer

• Waterproof membrane/root barrier

• Roof structure

Plant Material
The plant material chosen for green roofs is designed to take up much of the water that falls on the roof 
during a storm event.  Plant selection is very important to the sustainability of the roof.  About 50% of 
the vegetation on an extensive green roof should be Sedums. Plant material also collects dust, creates 
oxygen, releases moisture, and provides evaporative cooling.
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 Example of a green roof at the Heinz 57 Center Pittsburgh, PA
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 Rooftop after greenroof installation
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 Ponding of water on standard rooftop
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Growing Medium
The growing medium is a critical element 
of stormwater storage and detention on a 
green roof, and provides a buffer between 
the roof structure and vegetation for root 
development.  Storage is provided by a 
green roof primarily through water held in 
tension in the growing medium pores.  The 
growing medium in an extensive green roof 
should be a lightweight mineral material 
with a minimum of organic material and 
should stand up to freeze/thaw cycles.

Filter Fabric
An engineered fi lter fabric prevents 
fi ne soil particles from passing into the 
drainage layer of the green roof system.  

Drainage Layer
The drainage layer may be either a 
lightweight granular medium or a synthetic 
layer that underlays and promotes free 
drainage of the planting medium.  In some 
assemblages, synthetic drainage layers 
may also incorporate depressions that 
can intercept and retain small quantities 
of runoff.

Waterproof Membrane/Root Barrier
To maintain structural integrity of the roof, a waterproof material is laid above the roof structure.  Some 
waterproofi ng materials are inherently root resistant, whereas others require an additional root barrier.

Roof Structure
The load capacity of a roof structure must be taken into account when considering the installation of a green 
roof.  Extensive green roofs typically weigh between 15 and 30 lbs per square foot and are compatible with 
wood or steel decks. Intensive green roofs weigh more than 36 lbs per square foot and typically require 
concrete supporting decks.

 Figure 7.1: Cross-section view of roof garden
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Recommended Design Procedure
• Investigate the feasibility of the installation of a green roof.  A Structural Engineer should verify 

that the roof will support the weight of the green roof system.  It is important to consider the wet 
weight of the roof in the design calculations.

• Determine the portion of roof that will have a green roof. 

• Extensive green roofs that have an engineered media at least 3 inches thick are permitted a DCIA 
reduction equal to the entire area of the green roof. 

• The green roof is considered pervious area when determining whether a redevelopment project 
has reduced DCIA by 20%.

• The area of the green roof is not included in the calculation of the Water Quality Volume, because 
it is not considered DCIA.

• The area of the green roof is not included in the calculation of the Channel Protection Volume, 
because it is not considered DCIA.

• The green roof area can be considered pervious open space in good condition with moderate 
soils when determining post-development fl ow rates for the Flood Control requirement.

• Although green roofs are not considered as impervious surfaces when determining applicability of 
stormwater management requirements, they are not zero discharge systems. The roof drainage 
system and the remainder of the site drainage system must safely convey roof runoff to the storm 
sewer, combined sewer, or receiving water.

• Green roofs with a media thickness less than 3 inches can only be considered pervious if the 
designer can demonstrate that the initial abstraction of the green roof will be 0.5 inches or 
greater.

• Develop Planting Plan based on the thickness of the planting media.

• Complete construction plans and specifi cations.

Materials
Presently, the most complete established standards for green roof construction are those developed 
in Germany by the Forschungsgesellschaft Landschaftsentwicklung Landschaftsbau (FLL).  The FLL 
standards and guidelines include industry standard tests for the weight, moisture, nutrient content, and 
grain-size distribution of growing media.  These guidelines are available in English translation directly 
from FLL.  Laboratories in the United States are now offering a full range of FLL tests for green roof 
materials.  Among them is the Agricultural Analytical Services Laboratory (AASL) at Pennsylvania State 
University.  AASL can also conduct tests of waterproofi ng membranes for root penetration resistance 
using FLL protocol.  Currently there is an American Standard Testing Methods (ASTM) task group that is 
developing comprehensive American standards for green roof installation. As of June 2007, the following 
ASTM standards have been developed;

         • E2396    Standard Testing Method for Saturated Water Permeability of Granular Drainage               
  Media [Falling-Head Method] for Green Roof Systems   

• E2397    Standard Practice for Determination of Dead Loads and Live Loads Associated with  
  Green Roof Systems 

• E2398    Standard Test Method for Water Capture and Media Retention of Geocomposite Drain     
  Layers for Green Roof Systems

7.1
gr

ee
n 

ro
of

s
RB-AR8105



7 - 5

P
hi

la
de

lp
hi

a 
S

to
rm

w
at

er
 M

an
ua

l v
2.

0

• E2399    Standard Test Method for Maximum Media Density for Dead Load Analysis* 
• E2400    Standard Guide for Selection, Installation, and Maintenance of Plants for Green Roof   

  Systems

*Method E2399 includes tests to measure moisture retention potential and saturated water permeability 
of media, total porosity, and air content of media.

Materials for green roofs will vary somewhat depending on the media thickness, intended uses, and desired 
appearance.  The specifi cations provided below focus on those for a 3 inch extensive green roof system;
  

Plant Material
• Green roof plantings should be able to withstand heat, cold, and high winds. After establishment, 

the plants should be self-sustaining and tolerant of drought conditions.  

• For extensive green roofs, about half of the plants should be varieties of Sedums. To ensure 
diversity and viability, at least four different species of sedum should be used. For an extensive 
green roof, the remainder of the plants should be herbs, meadow grasses, or meadow fl owers, 
depending on the desired appearance.

• The only Sedum known to be invasive and which should be avoided is Sedum sarmentosum, also 
known as star sedum, gold moss, stringy stonecrop, or graveyard moss.

• Green roofs should include a signifi cant percentage of evergreen plants to minimize erosion in 
winter months.

• When fully established, the selected plantings should thoroughly cover the growing medium.  

Growing Medium
• Green roof growing medium should be a lightweight mineral material with a minimum of organic 
material and should meet the following standards:

• Moisture content at maximum water holding capacity (ASTM E2399 or FLL):  ≥ 35% 
• porosity at maximum water holding capacity (ASTM E2399 or FLL):  ≥ 6%
• Total organic matter (MSA) 3-8%
• pH (MSA) 6.5-8.0
• Soluble salts (DPTA saturated media extraction) ≤ 6 mmhos/cm
• Water permeability (ASTM E2399 or FLL) ≥ 0.5 in/min
• Grain-size distribution, as recommended by FLL

• The nutrients shall be initially incorporated in the formulation of a suitable mix for the support of 
the specifi ed plant materials.

Filter Fabric
• Filter or separation fabric shall allow root penetration, but prevent the growth medium from passing 
through into the drainage layer.  The fabric should be a non-woven polypropylene geotextile.

Drainage Layer
• A drainage layer is required to promote aerated conditions in the planting medium and to convey 

excess runoff during large rainfall events.  The drainage layer must prevent ponding of runoff into 
the planting medium during the 10-minute maximum rainfall rate associated with the one-year 
storm.

•  For vegetated roof cover assemblies with  thicknesses of less than 5 inches synthetic drainage 
layers may be used in lieu of granular drainage layers.
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• For vegetated cover assemblies with an overall 
thickness of 5 inches, or greater, the drainage lay 
shall meet the following specifi cations:

• Abrasion resistance (ASTM-C131-96):  ≤ 25% 
loss

• Soundness (ASTM-C88):  ≤ 5% loss
• Porosity (ASTM-C29):  ≥ 25%
• Percent of particles passing 1/2-inch sieve 

(ASTM-C136) ≥ 75%
•The minimum thickness of the granular layer 

shall be 2 inches.  The granular layer may 
be installed in conjunction with a synthetic 
reservoir sheet.

Waterproof Membrane/Root Barrier
• PVC, EPDM, and thermal polyolefi n (TPO) 

are inherently root resistant; other common 
waterproofi ng materials might require a root barrier 
between waterproofi ng and vegetative cover.

• Avoid using herbicides to prevent root penetration 
of waterproofi ng.

 Membrane installation
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Irrigation System
• Extensive systems can be designed so that they do not require irrigation. 

• When using an irrigation system for an intensive system, opt for a subsurface drip irrigation system 
rather than a surface drip or spray irrigation system. 

Roof Structure
• Both new and retrofi t roof systems should have structural stability inspected by Structural 

Engineer.

Construction Guidelines
• Apply waterproof membrane and inspect for any irregularities that would interfere with its elemental 
function within the green roof system.  Testing of the layer can display product fl aws. 

• Install irrigation system, if included in design.

• Install drainage layer, taking care to protect the waterproof membrane from damage.  

• Test the drainage and irrigation systems (if used).

• Install the fi lter fabric or separation layer over entire drainage layer.

• Install growing medium component as specifi ed.

• Establish vegetation
• Green roofs can be effectively established by broadcasting fresh Sedum cuttings during April-

May and September-October.  Depending on seasonal conditions, temporary irrigation may be 
required in the fi rst couple of months after planting.

• Plugs of Sedum and many perennial plants can be installed anytime between April and November.  
Depending on the time of installation, temporary irrigation may be required.
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• Perennials can be seeded, except during summer months.

• A biodegradable or photodegradable wind barrier or hydromulch is required to prevent erosion during 
the establishment period.  It generally takes about two growing seasons for full establishment.

• All drains and scupper should be covered and protected by an enclosure, typically a square or round 
chamber with a locking lid.  These chambers are designed to prevent clogging of the drains by debris.

Note:
Design of Green roofi ng is not limited to the examples shown within this text.  Successful stormwater 
management plans will combine appropriate materials and designs specifi c to each site.
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 Fencing academy roof in Philadelphia, PA
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Maintenance Guidelines
All facility components, including plant material, growing medium, fi lter fabric, drainage layer, waterproof 
membranes, and roof structure should be inspected for proper operations, integrity of the waterproofi ng, 
and structural stability throughout the life of the green roof.

Table 7.1: Green Roof Maintenance Guidelines
Activity Schedule

• Roof drains should be cleared when soil substrate, vegetation, 
debris or other materials clog the drain inlet.  Sources of 
sediment and debris may be identifi ed and corrected.

• Plant material should be maintained to provide 90% plant 
cover.  Weeding should be manual with no herbicides or 
pesticides used. Weeds should be removed regularly.

• Irrigation can be accomplished either through hand watering 
or automatic sprinkler systems if necessary during the 
establishment period.

As needed

• Growing medium should be inspected for evidence of erosion 
from wind or water.  If erosion channels are evident, they can 
be stabilized with additional growth medium similar to the 
original material.

Quarterly

• Inspect drain inlet pipe and containment system.

• Test growing medium for soluble nitrogen content.  Fertilize as 
needed.

Annually

• Maintain a record of all inspections and maintenance activity. Ongoing

• Fertilization should be minimized.  Fertilization should be applied according to soil test in order to maintain 
soluble nitrogen (nitrate and ammonium ion) levels between 1 and 4 ppm. The best source of nutrients 
for fertilization is mature compost.

• During the plant establishment period, maintenance staff should conduct 3-4 visits per year to conduct 
basic weeding, fertilization, and in-fi ll planting. Thereafter, only two annual visits for inspection and light 
weeding should be required (irrigated assemblies will require more intensive maintenance).

• Spill prevention measures from mechanical systems located on roofs should be exercised when handling 
substances that can contaminate stormwater.
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7.2 Rain
barrels cisterns, 
and tanks are structures designed to intercept 
and store runoff from rooftops.  Rain barrels 
are used on a small scale while cisterns and 
tanks may be larger.  These systems may be 
above or below ground, and they may drain 
by gravity or be pumped.  Stored water may 
be slowly released to a pervious area or used 
for irrigation.  These techniques only serve 
an effective stormwater control function if 
the stored water is emptied between most 
storms, freeing up storage volume for the 
next storm.

key elements :
• Storage devices designed to capture a portion of small, frequent storm events.

• Storage techniques may include rain barrels, underground concrete or 
prefabricated tanks, above ground vertical storage tanks, or other systems.

• Systems must provide for overfl ow or bypass of large storm events.

• Placement of storage elements higher than areas where water will be reused 
may reduce or eliminate pumping needs.

• For effective stormwater control, water must be used or discharged before the 
next storm event.

• Most effective when designed to meet a specifi c water need for reuse.

acceptable forms of pre-treatment
 •  Screens

potential applications
Residential Subdivision:
Commercial:
Ultra Urban:
Industrial:
Retrofi t:
Highway Road:

Yes
Yes
Yes
Yes
Yes
No

stormwater regulations
Water Quality:

Infi ltration:
Volume Reduction:

(no infi ltration)
Channel Protection:
Flood Control:

No
Yes

Low
Low
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Rain Barrels, Cisterns, and 
Tanks in the Urban Landscape
Rain barrels, cisterns, and other tanks are storage 
devices meant to promote detention of small volumes of 
stormwater runoff.  Collectively, these systems can be 
effective at preventing large volumes of stormwater from 
entering the sewer system.  Rain barrels, cisterns, and 
vertical storage are suitable where there is a use and 
need for the stored water or where there is a pervious 
area to which water can be slowly released between 

Rain Barrels on Individual Homes
The most common use of rain barrels is connection of one 
roof leader (downspout) to a single barrel on a residential 
property.  Stored water can provide irrigation for a garden 
or can be released slowly to a lawn.  Barrels can either be 
purchased or can be built by the homeowner.  They are ideal 
for gardeners and concerned citizens who want to manage 
stormwater without a large initial investment.  They are also 
an easy retrofi t.

Irrigation system connected to rain barrel. 
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Figure 7.2:  Subsurface Storage and reuse   
is possible using a cistern
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storms.  Single-family residences and high-density commercial areas can incorporate these systems 
into the stormwater management plan.  The design of these systems is fl exible, because there are many 
ways to capture and reuse stormwater.  The application and use of rain barrels, cisterns, or other tank 
storage systems are not limited to the examples provided below.
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An example of a large surface tank

Large Surface Tanks
Surface tanks may be 
larger than rain barrels but 
serve the same function.  
They can be integrated 
into commercial sites or 
homes where a signifi cant 
water need exists.  They 
may drain by gravity or be 
pumped.

Subsurface Storage and Water Reuse
Subsurface systems can be larger and more elaborate than 
rain barrels.  These systems are typically pumped and may 
be used to supply water to sprinkler systems.  Because the 
cisterns are below the surface, they do not interfere with 
the landscape.  These systems have higher initial costs 
than rain barrels and are appropriate for commercial and 
institutional sites.
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Landscapes

Architectural designs have incorporated water 
storage into site design. Features such as water 
fountains and ponds capture stormwater from design 
storms to provide water sources for these landscape 
features. The photographs below show the water 
features created at the Oregon Convention Center, 
which capture roof runoff and integrate it into the 
landscape design. 

Oregon Convention Center rainfall water features
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Oregon Convention Center rainfall water features

Figure 7.3: Rain water reuse
Texas Guide to Rainwater Harvesting

M
ay

or
 / 

R
ee

d

Reusing Stormwater for Indoor Use 
Roof runoff can be captured and stored for reuse in washing machines, and for showering purposes if 
properly fi ltered, treated, and tested. Roof runoff used in toilets does not need to meet portable water 
standards. A rain barrel or cistern can be directly connected to the plumbing of a residential or commercial 
site; however, plumbing for non-potable rainwater reuse should be separate from potable plumbing.  With 
more extensive treatment, rainwater may be used for drinking purposes.  For more information on reusing 
rainwater for potable purposes refer to the Texas Guide to Rainwater Harvesting. 
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Cisterns, and Tanks 

Rain barrels, cisterns, and tanks all require the following 
basic components: 

• a roof leader or other means of conveying roof runoff to 
the storage element,

• a screen to prevent debris and mosquitoes from  
entering,

• a storage element,
• a slow release mechanism or pump, a reuse opportunity, 

or infi ltration area, and 
• an overfl ow mechanism to bypass larger storms.

Roof Leader
The gutter and roof leader system collects rooftop runoff 
and conveys it to the rain barrel, cistern, or other storage 
element.  In most cases conventional roof leaders and 
downspouts can be used for this purpose.

Screen
A screen keeps leaves and other debris from entering and 
clogging the storage element.  A screen also prevents 
mosquitoes from breeding in the rain barrel.  A screen is 
typically placed at the end of the roof leader, before fl ow 
enters the rain barrel.  A leaf strainer may also be placed 
where the gutter connects to the roof leader.  

Storage Element
The storage element is the barrel, cistern, or tank itself.  
Rain barrels are typically made of plastic.  Underground 
cisterns may be poured concrete or prefabricated plastic 
tanks similar to septic tanks.  Proprietary products that store 
water in a variety of structures are also available.  Some of 
these are designed to bear the weight of vehicles.  With 
the addition of an impervious liner, many of the designs 
discussed in the section Subsurface Infi ltration (such 
as gravel beds) can be modifi ed to serve as subsurface 
storage elements.  Tanks larger than rain barrels may be 
used above or below ground. 

Slow Release Mechanism or Pump
For the storage element to serve its stormwater control 
function, it must be completely drained between most wet 
weather events.  Rain barrels are typically drained in one of 
two ways.  A gardener may use the barrel to fi ll a watering 
can; however, this must be done on a regular basis and 
completely drain the storage element to provide effective 
stormwater management.  Another solution is to use a 
soaker hose to slowly release stored water to a garden or 
infi ltration area.  Larger surface tanks may drain by gravity 
or may be pumped.

Figure 7.4: Components of a rain barrel
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Subsurface systems and systems where stormwater 
is reused for needs other than irrigation are typically 
pumped.  To perform effective stormwater control, 
the rate of use must be suffi cient to empty the 
storage between most storms.

Reuse Opportunity or Infi ltration Area
For rain barrels, cisterns, and other tanks to provide 
effective stormwater management, an opportunity 
for reuse or infi ltration of the stormwater must exist.  
This opportunity might be provided by a garden or 
landscaped area that needs to be watered, or an 
opportunity to reuse stormwater for non-potable 
uses.  Water stored for emergency purposes, such 
as fi re protection is not a suitable reuse opportunity, 
because the storage volume will not be emptied 
between each storm.

Overfl ow Mechanism
The storage capacity of rain barrels, cisterns, and 
other tanks will be exceeded in large storms.  In rain 
barrels, a fl exible hose is provided at an elevation 
near the top of the barrel.  The diameter of the hose 
is at least equal in size to the roof leader to allow 
runoff to fl ow unimpeded during large events.  The 
overfl ow from cisterns and larger tanks can occur 
through a hose, weir, pipe, or other mechanism.

The discharge from the overfl ow is directed to 
the same place fl ow from the roof leader would 
be directed if there were no rain barrel, cistern, or 
storage tank.  

Pennsylvania Stormwater BMP Manual

Pennsylvania Stormwater BMP Manual

Figure 7.5: Diagram of a rain barrel and irrigation hose watering a garden

Rosa Mannion
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Recommended Design Procedure
• Determine the Water Quality, Channel Protection, and Flood Control requirements on the site.  See 

Section 4.3: Manage Remaining Stormwater.  Small sites that are installing rain barrels voluntarily 
may skip this step.

• Identify opportunities and areas where water can be reused for irrigation, released to an infi ltration 
area, or meet indoor use needs.  Estimate the rate at which water can be reused.  If the process of 
reuse is proposed to meet the Water Quality requirement, the water quality volume must be use in 
the fi rst 72 hours after the storm event. For irrigation or garden use, determine the water needs of 
the plants; an assumption of 1 inch per week over the soil area may be used for approximate results.  
Identify potential infi ltration areas where water may be discharged to at a slow rate. For toilet use, 
calculate volume based on number of fl ushes per day times 1.6 gallons per fl ush (new toilet). If a small 
rain barrel is discharging to a lawn through a soaker hose, detailed calculations are not necessary.

• Create a Conceptual Site Plan for the entire site, and determine what portion of the sizing requirements 
will be met by rain barrels, cisterns, or storage tanks (see Section 4.0: Site Design). Consider more 
than one tank if additional storage is required, making sure that there is suffi cient demand for the water.  
For small sites installing rain barrels voluntarily, skip this step.

Table 7.2: Suggested Storage Design Values for Rain Barrels
Rain Barrel 50 – 135 gallons

Cistern 500 – 7,000 gallons
Larger Above Ground Tank 3,000 – 12,000 gallons
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Figure 7.6: Underground cistern design schematic Cahill Associates
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Rain Barrels

• Identify roof leaders where rain 
barrels can be installed.

• Decide whether to purchase 
commercial rain barrels or 

 construct rain barrels.  If 
 constructing a rain barrel, follow 

one of the references listed at the 
end of this section.

• Choose between a faucet and a 
soaker hose.  Position the outlet 
as low on the barrel as the design 
will allow to maximize storage 
volume.  It is recommended that 
the design allow retention of 1 
to 2 inches at the bottom of the 
barrel to help trap sediment and 
provide stability.  

• Consider placing the barrel on 
cinder blocks to increase head at 
ground level.

• It is easiest to install soaker hoses on the ground surface.  The hoses can then be easily reconfi gured and 
moved whenever necessary.  However, underground soaker hoses provide greater irrigation benefi ts for 
gardens, because the water does not evaporate.  If buried, soaker hoses should be placed 2-4 inches 
under soil or 1-2 inches under mulch.  Soaker hoses that are buried too deep can be diffi cult to monitor 
and are more prone to damage from root growth. 

• If emptying the barrel manually, develop a plan so that it is completely emptied on average every 72 
hours or less.  This is necessary so that the entire storage capacity is available at the beginning of most 
storms.

• Position the overfl ow hose to discharge larger storms.  The overfl ow should be discharged to a pervious 
area if possible.  However, roof leaders might need to be connected to a storm sewer or gutter to prevent 
fl ooding or property damage in some cases.

Cisterns (Subsurface or Surface)

• Identify which roof leaders can drain to the cistern, 
and the area of roof draining to each leader.

• Estimate the storage needed.  A rough estimate may 
be obtained by performing a weekly water balance 
of rainfall and water reuse.  The table below lists 
average monthly rainfall amounts at the Philadelphia 
International Airport.  Estimate the difference on a 
weekly basis between rainfall depth and water depth 
needed.  Multiply this defi cit by the roof drainage area 
to obtain an estimate of the cistern volume needed.  
The Design Professional may choose to do a more 
rigorous analysis using a long-term daily or hourly 
rainfall record, or using a dryer than average year. P
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Table 7.3: Average Monthly Rainfall at the Philadelphia International Airport

Average
Precipitation

Average Temperature Potential
EvaporationHigh Low

Month (in) (oF) (oF) (in/month)
January 3.3 39.2 24.4 2.1*
February 2.9 42.1 26.1 2.1*
March 3.6 50.9 33.1 2.1
April 3.4 63 42.6 4.5
May 3.5 73.2 52.9 5.4
June 3.6 81.9 61.7 6.3
July 4.1 86.4 67.5 6.6
August 4.3 84.6 66.2 5.7
September 3.4 77.4 58.6 4.2
October 2.8 66.6 46.9 2.7
November 3.0 55 37.6 2.1
December 3.3 43.5 28.6 2.1*

• Determine the pumping requirements or design a gravity system to meet water reuse requirements.  
The cistern must drain within 72 hours to maximize available storage at the beginning of each storm.  
A detailed discussion of pumping and outlet hydraulics is beyond the scope of this manual.

• Complete construction plans and specifi cations.

Materials and Construction Guidelines
Rain Barrels

• Rain barrels are commonly pre-fabricated 
structures constructed with plastic, wood or 
steel.

• The container should be made of a opaque 
material to prevent algae growth in the stored 
water.

• Debris screen to keep leaves and other debris 
from entering and clogging the storage element.

• For a detailed list of materials and methods 
used to construct a rain barrel at home, see the 
references at the end of this section.

Cisterns

• Cisterns may be constructed of fi berglass, 
concrete, plastic, brick, or other materials.

• For a detailed discussion of cistern materials and 
construction, see one of the references at the 
end of this section.

Figure 7.7:  Runoff cistern
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Maintenance Guidelines
As with other stormwater management practices (SMPs), these stormwater storage systems require regular 
maintenance to ensure a prolonged life.  The following table suggests maintenance activities to perform on 
rain barrels, cisterns, or vertical storage.

Table 7.4: Rain Barrels & Cisterns Maintenance Guidelines
Activity Schedule

• Occasional cleaning may be necessary to remove debris, such as 
leaves, coming off the drainage area. As needed

• Flush cisterns to remove sediment.

• Brush the inside surfaces and thoroughly disinfect.

• To avoid structural damage, the rain barrel should be drained prior to 
freezing weather.

Annually

•       Maintain records of all inspections and maintenance activity. Ongoing

Note:
Design of rain barrels and cisterns is not limited to the examples shown within this text.  Successful 
stormwater management plans will combine appropriate materials and designs specifi c to each site.

Do-it yourself Rain Barrels: 
Low Impact Development Center. 2005. Website: http://www.lid-stormwater.net/index.html (February 14, 
2005). 

Maryland Environmental Design Program. “Build a Simple Rain Barrel.” 
http://www.dnr.state.md.us/ed/rainbarrel.html. (April 27, 2005).

South River Federation. August 2002.  “How to Build and Install a Rain Barrel.” University of Wisconsin. 
Website: http://www.cwp.org/Community_Watersheds/brochure.pdf. (April 27, 2005).

Tookany/Tacony-Frankford Watershed Partnership. “Rain Barrel Implementation Assistance Resource 
Center.” Website: http://www.phillywater.org/Tacony-Frankford/Rain%20Barrel%20Project%20Web/Rain_
Barrel_Project.html.

Whatcom County Master Composter Recycler Program. “Make you own rain barrel.” Washington State 
University..  Website:  http://whatcom.wsu.edu/ag/compost/rainbarrel.html. (April 19, 2005).

Commercially Available Rain Barrels:
Aaron’s Rain Barrels and More.  2005. Irrigations Systems.  Website: 
http://www.ne-design.net/rain-barrel-irrigation.html.  (March 11, 2005).

Composters.com. April 16, 2005. Rainbarrels Website: http://www.composters.com/docs/rainbarrels.html. 
(April 19, 2005).

Stormwater Manager’s Resource Center.  April 19, 2005. “Pollution Prevention Fact Sheet: Rain Barrels.”  
http://www.stormwatercenter.net/Pollution_Prevention_Factsheets/rain_barrels.html. (April 27, 2005).
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key elements :
•  Filters strips are only considered a viable pretreatment option for other SMPs.

•  Sheet fl ow across the vegetated fi lter strip is mandatory for proper fi lter strip function.
.
•  Filter strip length is a function of slope, vegetation type, soil type, drainage area, and 

desired amount of pretreatment.

•  Level spreading devices are recommended to provide uniform sheet fl ow conditions at 
the interface of the fi lter strip and the adjacent land cover.

•  The longest fl ow path to a fi lter strip, without the installation of energy dissipaters and/
or fl ow spreaders, is 75 feet for impervious ground covers and 150 feet for pervious 
ground covers.

• Filter strip slope should never exceed 8%. Slopes less than 5% are generally 
preferred.

•  Maximum contributing drainage area is less than 5 acres, and should also never 
exceed a drainage area to fi lter strip area ratio of 6:1.

•  Maximum contributing drainage area slope is generally less than 5%, unless energy 
dissipation and/or fl ow spreaders are provided.

•  Construction of fi lter strips shall entail as little disturbance to existing vegetation at the 
site as possible.

acceptable forms of pre-treatment
N/A

7.3 Filter 
strips 
are densely vegetated lands that treat sheet fl ow 
stormwater from adjacent pervious and impervious 
areas. They function by slowing runoff, trapping 
sediment and pollutants, and in some cases 
infi ltrating a portion of the runoff into the ground. Filter 
strips are a sensible and cost-effective stormwater 
management pretreatment option applicable to a 
variety of development sites including roads and 
highways. 

potential applications
Residential Subdivision:
Commercial:
Ultra Urban:
Industrial:
Retrofi t:
Highway Road:
*if designed without an underdrain

Yes
Yes*
Limited*
Limited*
Yes
Yes

stormwater regulations
Water Quality:

Infi ltration:
Volume Reduction:

(no infi ltration)
Channel Protection:
Flood Control:

No
No

N/A
N/A
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Filter Strips in the Urban Landscape
Filter strips are effective at slowing runoff velocities, removing pollutant loads, and promoting infi ltration 
of runoff produced by both impervious and pervious areas.

Filter strips are suitable for many types of development projects. Filter strips can be used as pretreatment 
facilities for other SMPs in residential, commercial, and light industrial development; roads and highways; 
and parking lots. 

Filter strips are recommended for use as a pretreatment component of other SMPs including but not 
limited to: bioretention, constructed wetlands, detention, fi lters, ponds/wet basins, porous pavement, 
and vegetated swales. The use of a properly maintained 
fi lter strip extends the life of the associated SMPs 
and decreases its hydraulic residence time.  It also 
increases the amount of time before these structures 
need maintenance.
  

Components of a Filter Strip 
System
Inlet Control
Filter strips are typically combined with a level spreader 
or fl ow control device. A fl ow control device functions to 
lessen the fl ow energy of stormwater prior to entering 
the fi lter strip area. Concentrated fl ow rates can have an 
erosive effect that can damage the fi lter strip, rendering 
the strip ineffective. Curb openings combined with a 
gravel level spreader are a common type of fl ow control. 
See Section 7.15: Inlet and Outlet Controls for more 
information. Slotted or depressed curbs installed at 
the edge of the impervious area should ensure a well-
distributed fl ow to the fi lter strip. These slotted openings 
should be spaced along the length of the curb.

Vegetation  
The vegetation for fi lter strips may be comprised of 
turf grasses, meadow grasses, shrubs, and native 
vegetation.  It can include trees or indigenous areas of 
woods and vegetation. Vegetation adds aesthetic value 
as well as water quality benefi ts. The use of indigenous 
vegetated areas that have surface features that disperse 
runoff is encouraged, as the use of these areas will also 
reduce overall site disturbance and soil compaction. 
The use of turf grasses will increase the required length 
of the fi lter strip compared to other vegetation options.  

Retentive Grading
Filter strip effectiveness may be enhanced by installing 
retentive grading perpendicular to the fl ow path. A 
pervious berm allows for a greater reduction in both 
runoff velocity and volume, thus improving pollutant 
removal capabilities by providing a temporary (very 
shallow) ponded area. The berm should be constructed 
according to the design provided in Section 7.7: Berms 
and Retentive Grading.

Filter strip providing pretreatment from a parking 
lot to a bioretention system at Villanova University

 Figure 7.8: Filter strip in forested area P
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Figure 7.9: Filter strip with gravel trench level 
spreader

P
en

ns
yl

va
ni

a 
S

to
rm

w
at

er
 B

M
P

 M
an

ua
l

 Figure 7.10: Filter strip with curb opening 
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Check Dams
Filter strips with slopes that exceed 6% should implement 
check dams to encourage ponding and prevent scour 
and erosion of the fi lter strip area. More information on 
check dams is available in Section 7.15: Inlet and Outlet 
Controls.

Recommended Design 
Procedure

• Determine the Water Quality, Channel Protection, and 
Flood Control requirements for the site.  See Section 4.3: 
Manage Remaining.

 

Check dams
*Note channel storage capacity created by check 
dams. Notched center allows safe overfl ow without 
scour around sides. 
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• Create a Conceptual Site Plan for the entire site and determine what portion of the sizing requirements 
fi lter strips will accommodate (for pretreatment purposes). See Section 4.0: Integrated Site Design.

• Investigate the feasibility of infi ltration according to soil and vegetative conditions in the area proposed for 
the fi lter strip. If infi ltration is feasible, determine the of saturated vertical infi ltration rate. See Appendix B: 
Soil Infi ltration Testing Procedures.

• Examine size and slope of the drainage area. The maximum contributing drainage area to a fi lter strip area 
shall never exceed 5 acres, and should also never exceed a drainage area to fi lter strip area ratio of 6:1.

• If the slope of the fi lter strip parallel to the proposed fl ow path is ≥ 5%, energy dissipater and/or fl ow 
spreaders must be installed.  

• Design an inlet control to meet energy dissipation requirements. See Section 7.15: Inlet and Outlet 
Controls.  

• A fl ow spreader which stretches the entire length (perpendicular to fl ow path) of the contributing 
drainage area should be designed to limit fl ow velocity to prevent erosion and to spread the fl ow 
equally across the fi lter strip.  If necessary, a bypass should be installed to prevent excessive, 
damaging fl ows.

• Create a conceptual design for the pretreatment fi lter strip.

Table 7.5: Suggested Starting Design Values for Filter Strip Length

Strip Length Perpendicular to Flow Path Largest feasible on site

Strip Length Parallel to Flow Path 4* - 150 feet 

* The minimum pretreatment fi lter strip value is based on the length of the receiving fl ow path. The graph 
below shows how the minimum length requirement changes as both fl ow path and fi lter strip slope change. 

• Determine the longest fl ow path length for the contributing drainage area.

• For contributing drainage areas with fl ow paths < 30 feet use the following graph to help determine 
the fi lter strip length parallel to the fl ow path.
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  • For fi lter strips with contributing fl ow paths > 30 feet, use the suggested fl ow characteristics for 
maximum velocity and depth as design restrictions.  When choosing an initial fi lter strip length, the 
suggested minimum starting design value is 10 feet.

Table 7.6: Suggested Maximum Velocities and Water Depths for Filter Strip Area

Maximum Velocity (ft/s) 1.0, Less than 0.5 preferred

Maximum Water Depth (in.) 1.0, Less than 0.5 preferred 

The values for both maximum Velocity and Water depth were taken from the US DOT Stormwater 
Best Management Practices (BMPs)in an Ultra-Urban Setting: Selection and Monitoring and the 
Seattle BMP Manual. 

• Adjust fi lter strip design characteristics to provide desired amount of pretreatment.

• When considering retentive grading, use the infi ltration area and the saturated vertical infi ltration rate 
of the native soil to estimate how long the surface ponding will take to drain. The maximum drain down 
time for the ponded volume is 72 hours, but a drain down time of 24 – 48 hours is recommended. If 
ponded water does not drain in the time allowed, adjust water surface depth, soil depth, and/or surface 
area. Adjust the design until the volume and drainage time constraints are met.

• All retentive grading techniques should encourage soil stabilization and erosion control with vegetative 
growth. See Section 7.7: Berms and Retentive Grading.

• Choose plants and trees appropriate and compatible with the site conditions. See Section 8: Landscape 
Guidance.

• Filter strips may not be used in high use areas unless precautions are taken to minimize disturbance 
(i.e. signage, placement of sidewalks or paths to minimize disturbance of the fi lter strip). 

• Determine fi nal contours of the fi lter strip.

• Complete construction plans and specifi cations.

Figure 7.11:  Suggested Design Specifi cations for Narrow Pretreatment Filter Strips with Flow Paths < 30 feet 
Note:  The fi lter strip length requirements refl ected in the above graph are scaled from dimensions of a grassy vegetative swale 
for the same slope and fl ow conditions mention in the table above. 
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Materials
• Recommendations for plant materials and soils can be found in Section 8: Landscape Guidance.

Construction Guidelines
• Areas for fi lter strips shall be clearly marked before any site work begins to avoid soil disturbance and 

compaction during construction.

• In areas where soil is compacted, tilling to depths of 12-18 inches is necessary. A minimum of 
6 inches of top soil must be added into the tilled soil column, and small trees and shrubs with 
capabilities for deep root penetrations should be introduced to maximize the soil infi ltrative capacity. 
See Section 8: Landscape Guidance, for more specifi cation on soil types and preferred plantings.

• Provide erosion and sedimentation control protection on the site such that construction runoff is directed 
away from the proposed fi lter strip location.

• Complete site elevation and retentive grading, if proposed. Stabilize the soil disturbed within the limit of 
earth disturbance.

• Install energy dissipaters and fl ow spreaders. Refer to Section 7.15: Inlet and Outlet Controls for more 
detailed construction information.

• The slope (parallel to the fl ow path) of the top of the fi lter strip, after the fl ow spreading device, 
should be very small (less than 1 %) and gradually increase to designed value to protect from 
erosion and undermining of the control devise. 

• Construct inlet protection as specifi ed in the design.

• Seed and plant vegetation (plants, shrubs, and trees) as indicated on the plans and specifi cations listed 
in Section 8: Landscape Guidance.

• Once site vegetation is stabilized, remove erosion and sediment control protection.
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All areas of the fi lter strip should be inspected after signifi cant storm events for ponding that exceeds 
maximum depth and duration guidelines. Corrective measures should be taken when excessive ponding 
occurs.

Table 7.7: Filter Strips Maintenance Guidelines

Activity Schedule

•       Mowing and/or trimming of vegetation (not applicable to all fi lter strips). Filter 
strips that need mowing are to be cut to a height no less than 4 inches. Greater 
than 5 inches is preferred.

As needed

•       Inspect all vegetated strip components expected to receive and/or trap debris     
and sediment for clogging and excessive debris and sediment accumulation; 
remove sediment during dry periods.

Quarterly

•       Vegetated areas should be inspected for erosion, scour, and unwanted growth. 
This should be removed with minimum disruption to the planting soil bed and 
remaining vegetation.

•       Inspect all level spreading devices for trapped sediment and fl ow spreading 
abilities. Remove sediment and correct grading and fl ow channels during dry 
periods.

Biannually

•       Maintain records of all inspections and maintenance activity. Ongoing

• When correcting grading of a fl ow spreading device, use proper erosion and sediment control precautions 
in the concentrated area of disturbance to ensure protection of the remaining portion of the fi lter.

• Disturbance to fi lter strips should be minimal during maintenance. At no time should any vehicle be 
driven on the fi lter strip. In addition, foot traffi c should be kept to a minimum.  

• If the fi lter strip is of the type that needs mowing (i.e., turf grass and possibly other native grasses), 
the lightest possible mowing equipment (i.e., push mowers, not riding mowers) should be used. The 
fi lter strip should be mowed perpendicular to the fl ow path (however not exactly the same path every 
mowing) to prevent any erosion and scour due to channeling of fl ow in the maintenance depressions.

• When establishing or restoring vegetation, biweekly inspections of vegetation health should be 
performed during the fi rst growing season or until the vegetation is established. For more information 
on vegetative maintenance, refer to Section 8: Landscape Guidance. 

• Bi-weekly inspections of erosion control and fl ow spreading devices should be performed until soil 
settlement and vegetative establishment has occurred. 

Note: 
Design of fi lter strips are not limited to the examples shown within this text. Successful stormwater 
management plans will combine appropriate materials and designs specifi c to each site.  
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key elements:
• Acceptable technique on sites where vegetated systems are impractical.

• Surface ponding that drains down in no more than 72 hours.

• Filter medium (typically sand, peat, or a mixture) removes pollutants and provides 
some travel time.

• Underdrain allowed on sites where infi ltration is infeasible, or where a fi lter is used in 
combination with other practices.

• Flow splitter or positive overfl ow bypasses large storms.

• Maintenance required to maintain capacity of system.

7.4 
Filters 

are structures or excavated areas 
containing a layer of sand, compost, 
organic material, peat, or other fi lter 
media.  They reduce pollutant levels in 
stormwater runoff by fi ltering sediments, 
metals, hydrocarbons, and other 
pollutants.  Filtered stormwater may 
be infi ltrated or released to a sewer or 
receiving water.  Depending on design, 
the fi lter media may provide signifi cant 
detention time or may be combined with 
an outlet control.
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acceptable forms of pre-treatment
• Filter strips
• Appropriate prefabricated and proprietary designs
• Swales
• Sediment forebays
• Bioretention
• Planter boxes

potential applications
Residential Subdivision:
Commercial:
Ultra Urban:
Industrial:
Retrofi t:
Highway Road:

Limited
Yes
Yes
Yes
Yes
Yes

stormwater regulations
Water Quality:

Infi ltration:
Volume Reduction:

(no infi ltration)
Channel Protection:
Flood Control:

Yes
No

Low/Medium
Low/Medium
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 Figure 7.12: Filter with infi ltration
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Filters may be visible from the surface, for example in photograph below, or completely subsurface as 
shown in Figure 7.16.  They may be designed as a single large chamber (often with a smaller chamber 
for pretreatment) or as a long, narrow trench at the perimeter of a parking lot (Figure 7.15).

Components of a Stormwater Filter System
Stormwater fi lters can be designed 
to infi ltrate all or some of the fl ow.  
Components of stormwater fi lter 
system include:

• Excavation or container
• Pretreatment
• Flow entrance/inlet
• Surface storage (ponding area)
• Filter media
• Underdrain, if required
• Positive overfl ow

Stormwater Filters in the 
Urban Landscape
Stormwater fi lters are suitable for sites without 
suffi cient surface area available for vegetated 
bioretention basins.  Filters are designed to 
either infi ltrate or to treat and convey runoff to a 
disposal point.  The only difference between a 
fi lter and a bioretention basin, as defi ned in this 
manual, is surface vegetation.  Vegetated basins 
often include a fi ltering layer that may be designed 
according to the guidelines in this section. Filters 
are recommended as a viable SMP for use in:

• Parking lots
• Roadways and Highways
• Light Industrial sites
• Marina areas
• Transportation facilities
• Fast food and shopping areas
• Waste Transfer Stations
• Urban Streetscapes

 Figure 7.13:  Sand fi lter with underdrain. 
Underdrains and liners should only be 
used when infi ltration is not possible or 
prohibited.
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Excavation or Container
The fi lter media may be contained in a simple trench lined with a geotextile, or it may be contained in a 
more structural facility such as concrete.  In either case, the container may be designed either to allow 
infi ltration or to collect fl ow in an underdrain system.
 
Flow Entrance/Inlet
Flow may be introduced to a fi lter through any of the controls discussed in Section 7.15: Inlet and Outlet 
Controls.  If stormwater does not enter as sheet fl ow, a fl ow spreader is required.
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Surface Storage (ponding area)
The fi lter allows water to pond during intense storms 
as water fl ows slowly through the fi lter media.

Filter Media
Stormwater fl ows onto fi lter media where sediments 
and other pollutants are separated from the stormwater.  
Filter materials such as sand, peat, granular activated 
carbon (GAC), leaf compost, pea gravel and others are 
used for water quality treatment.  Coarser materials 
allow faster transmission, but fi ner media fi lters 
particles of a smaller size.  Sand has been found to be 
a good balance between these two criteria (Urbonas, 
1999), but different types of media remove different 
pollutants. While sand is a reliable material to remove 
TSS, (Debusk and Langston, 1997) peat removes 
slightly more TP, Cu, Cd, and Ni than sand.  Depending 
on the characteristics of the stormwater runoff, a 
combination of these fi lter materials will provide the best 
quality results.  In addition to determining the degree 
of fi ltration, media particle size determines travel time 
in the fi lter and plays a role in meeting release rate 
requirements.
 
Underdrain (if required)
Infi ltration is required where feasible unless the fi lter is 
combined with another facility that provides infi ltration.  
Filters that do not infi ltrate collect water through an 
underdrain system.

                Left to right: Granular leaf 
compost, perlite and granular 
activated carbon (GAC)

Stormwater Management, Inc.

Vegetated peat fi lter in Carlisle, PA
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 Figure 7.14:  Surface sand fi lter Adapted from City of Boise
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Filters must be designed to allow overfl ow or bypass 
of larger storm volumes.  Flow splitters, diversion 
chambers, or proprietary devices can be used to 
divert a portion of fl ow to a fi lter in an off-line design.  
A design that is considered on-line allows water to 
fl ow across the surface of the fi lter before being 
discharged over a weir or other control.

Recommended Design Procedures
• Determine the Water Quality, Channel Protection, and Flood Control requirements for the site.  See 

Section 4.3: Manage Remaining Stormwater.

• Create a Conceptual Site Plan for the entire site and determine what portion of the stormwater control 
requirements the fi lters will meet.  See Section 4.0: Integrated Site Design.

• Investigate the feasibility of infi ltration in the area proposed for the stormwater fi lter.  If infi ltration is 
feasible, determine the saturated vertical infi ltrate rate.  See Appendix B: Soil Infi ltration Testing 
Procedures.  Design proceeds differently depending on the feasibility of infi ltration.

• Create a conceptual design for the stormwater fi lter.  

 Figure 7.15: Typical schematic of perimeter fi lter design. Note fi lters can be 
designed to infi ltrate or to treat and convey via an outlet pipe.

Adapted from New Jersey Stormwater Best Management Practices Manual

Perimeter fi lter inspection
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 Figure 7.16:  Large subsurface fi lter.  Note this system can also be designed to infi ltrate 
directly into the soil or to connect to another infi ltration BMP.
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Af  =  (V x d) / [k x t (h + d)] 
Af  =  Surface area of fi lter (square feet) 
V  =  Volume to be managed (cubic feet) 
d  =  Depth of fi lter media (feet)
t  =  Drawdown time (days)  
h  =  Head (average in feet) 
k  =  Saturated hydraulic conductivity (feet/day) 
k Design values: sand = 3.5 feet/day; peat = 2.5 feet/day; leaf compost = 8.7 feet/day

• For fi lters designed for infi ltration, estimate the total storage volume and adjust area and/or depths as 
needed to provide required storage.

Table 7.8: Suggested Starting Design Values for Ponding and Media Depths

Average Ponding Depth 3 – 6 inches

Filter Media Depth 18 – 30 inches

• Using stormwater fi lter area and the saturated vertical infi ltration rate of the fi lter media, estimate the 
drainage time for ponded surface water.  The saturated vertical infi ltration rate may be based on the 
estimated saturated hydraulic conductivity of the proposed fi lter materials.  The maximum drain down time 
for the entire storage volume is 72 hours, but a surface drain down time of 24-48 hours is recommended.  
If storage does not drain in the time allowed, adjust pretreatment depth, fi lter media depth, and surface 
area.  Adjust the design until the volume and drainage time constraints are met.

• Consider an underdrain only under one of the following conditions:

• in areas with separate storm sewers or direct discharge to receiving waters where infi ltration is 
infeasible (See Appendix B: Soil Infi ltration Testing Procedures) and the fi lter system is needed 
only to provide water quality treatment; 

• in areas with combined sewers where suffi cient detention or travel time can be designed into the 
system to meet release rate requirements; or 

• in combination with other SMPs where the system as a whole meets storage and release criteria.

• Design underdrains to minimize the chances of clogging.  Pea gravel fi lters can be used for this purpose.  
Pea gravel fi lters should include at least 3 inches of gravel under the pipe and 6 inches above the 
pipe.

• In areas where infi ltration is infeasible due to a hotspot or unstable fi ll that threatens an existing structure, 
specify an impervious liner.

• Check that any release rate requirements (including release through any underdrain) are met by 
the system as designed.  For fi lters with underdrains, release rate is a function of travel time.  See 
Section 5.3: Acceptable Calculation Methods, for a discussion of travel time calculations in porous 
media.  

• Design a pretreatment facility.

• Design an inlet control for the fi lter media chamber to meet energy dissipation requirements.  See 
Section 7.15: Inlet and Outlet Controls.

• Design a bypass or overfl ow control for larger storms.
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• Design any structural components required.

• Complete construction plans and specifi cations.

Materials
Stone Storage (if used)

• Stone used to provide additional storage shall be uniformly-graded, crushed, washed stone meeting 
the specifi cations of AASHTO No. 3 or AASHTO No. 5. 

• Stone shall be separated from fi lter medium by a non-woven fi lter fabric or a pea gravel fi lter.

Filter Media
• Peat shall have ash content <15%, pH range 3.3-5.2, loose bulk density range 0.12-0.14 g/cc.

• Sand shall be clean, medium to fi ne sand, and have organic material meeting specifi cations of 
AASHTO M-6 (0.02” – 0.04”) or ASTM-C-33.

• Prefabricated fi lter media shall meet fi lter design and water quality specifi cations.

Piping
• Pipe shall have continuous perforations, smooth interior, and minimum diameter of 6 inches.  High-

density polyethylene (HDPE) pipe shall meet specifi cations of AASHTO M252, Type S or AASHTO 
M294, Type S.

 Construction Guidelines
• Areas for stormwater fi lters shall be clearly marked before any site work begins to avoid soil disturbance 
and compaction during construction.  

• Permanent fi lters should not be installed until site is stabilized.  Excessive sediment generated during 
construction can clog fi lter and prevent its function prior to post-construction benefi ts.

• Structures such as inlet boxes, reinforced concrete boxes, inlet controls, and outlet structures should 
be constructed in accordance with manufacturer’s guidelines or Engineer’s guidance.

• Excavated fi lters or structural fi lters that infi ltrate should be excavated in such a manner as to avoid 
compaction of the sub-base.  Structures should be set on a layer of clean, lightly compacted gravel 
specifi ed as AASHTO No. 57. 

• A layer of permeable non-woven geotextile should underlie infi ltration fi lters.

• Place underlying gravel/stone in minimum 6 inch lifts and lightly compact.  Place underdrain pipes in 
gravel during placement (if applicable).

• Wrap and secure non-woven geotextile to prevent gravel/stone from clogging with sediments. 
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For fi lters located entirely underground, unobstructed access for must be provided over the entire sand 
fi lter, including inlet and outlet pipe structures, by either doors or removable panels.  Ladder access is 
required for vault heights greater than 4 feet.

Table 7.9: Filter Maintenance Guidelines

Activity Schedule

• Rake fi lter media surface for the removal of trash and 
debris from control openings.

• Repair of leaks from the sedimentation chamber or 
deterioration of structural components.

As needed

• Inspect fi lter for standing water (fi lter drainage is not 
optimal) and discoloration (organics or debris have 
clogged fi lter surface).

Quarterly

• Removal of the top few inches of fi lter media and 
cultivation of the surface when fi lter bed is clogged.

• Clean out accumulated sediment from fi lter bed chamber.

• Clean out accumulated sediment from sedimentation 
chamber.

Annually

• Maintain records of all inspections and maintenance 
activity.

Ongoing

In areas where the potential exists for the discharge and accumulation of toxic pollutants (such as 
metals), fi lter media removed from fi lters must be handled and disposed of in accordance with all State 
and Federal Regulations.

Winter concerns
Pennsylvania’s low temperature dips below freezing for about four months out of every year, and surface 
fi ltration may not take place as well in the winter.  Peat and compost may hold water, freeze, and become 
impervious on the surface.  Design options that allow direct sub-surface discharge into the fi lter media 
during cold weather may help overcome this condition.

Note:
Design of stormwater fi lters are not limited to the examples shown within this text.  Successful stormwater 
management plans will combine appropriate materials and designs specifi c to each site.

RB-AR8133



7 - 33

P
hi

la
de

lp
hi

a 
S

to
rm

w
at

er
 M

an
ua

l v
2.

0

key elements:
• Preferred stormwater management design that replicates natural hydrologic        

processes.

• Flexible in size and confi guration; can be used for a wide variety of applications.

• Water Quality volume that drains down in no more than 72 hours.

• Modifi ed soil that provides temporary stormwater storage and enhances plant growth.

• Native plantings that provide evapotranspiration of stormwater, remove pollutants, and 
enhance the landscape.

• Positive overfl ow limits inundation depth.

• Maintenance of vegetation is required.

acceptable forms of pre-treatment
 •  Energy dissipation to prevent erosion

and scour of SMP

potential applications
Residential Subdivision:
Commercial:
Ultra Urban:
Industrial:
Retrofi t:
Highway Road:

Yes
Yes
Yes
Yes
Yes
Yes

stormwater regulations
Water Quality:

Infi ltration:
Volume Reduction:

(no infi ltration)
Channel Protection:
Flood Control:
*if designed without an underdrain

Yes
Yes

Medium
Low/Medium

systems use surface storage, vegetation, 
a select growing medium, fl ow controls, 
and other components to meet 
stormwater management goals.  These 
systems may be referred to by a variety 
of names such as bioinfi ltration areas, 
biofi lters, rain gardens, or recharge 
gardens.  On a small scale, these 
systems may be contained inside planter 
boxes.  This section will refer to all these 
systems as bioretention.
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 Figure 7.17:  Profi le of fl ow-through planter box

Bioretention in the Urban Landscape
Bioretention systems are shallow, vegetated 
depressions used to promote absorption and infi ltration 
of stormwater runoff.  This management practice is 
very effective at removing pollutants and reducing 
runoff volume.  Stormwater fl ows into the bioretention 
area, ponds on the surface, infi ltrates into the soil bed, 
and is used by plants and trees in the system.

Bioretention areas are suitable for many types and 
sizes of development, from single-family residential 
to high-density commercial projects.  Bioretention 
areas are generally capable of managing stormwater 
from areas of up to about 1 acre, but they can also 
be integrated throughout a site to manage larger 
areas.  Flexible and easy to incorporate in landscaped 
areas, bioretention facilities are ideal for placement in 
roadway median strips and parking lot islands.  They 
can also provide water quality treatment from pervious 
areas, such as golf courses.  

In highly urbanized watersheds, bioretention is often 
one of the few retrofi t options that can be cost-
effectively employed by modifying existing landscaped 
areas, converting islands or under-used parking 
areas, or integrating into the resurfacing of a parking 
lot.  Applications of bioretention systems in urban 
environments include planter boxes, residential on-
lot landscaping, parking lots, roadways, and industrial 
and commercial applications, which can capture both 
site and roof runoff.  The application of bioretention 
systems is not limited to this list; however, examples 
for each of these alternatives are provided below. 

Planter Boxes
A fl ow-through the planter box is designed with an 
impervious bottom or is placed on an impervious 
surface.  Pollutant reduction is achieved as the water 
fi lters through the soil.  Flow control is obtained by 
storing the water in a reservoir above the soil and 
detaining it as it fl ows through the soil.  This planter 
can be used adjacent to a building if the box is properly 
lined.

Residential On-lot
Landscaped garden areas can be designed with 
bioretention systems to create decorative features, 
habitat, and stormwater treatment at a residential 
site.  The design can be as simple as incorporating 
a planting bed into the lowest point on a site. It is 
recommended that downspouts be directed into these 
systems after appropriate pre-treatment.

highlights:
 • Can store and treat runoff.

 • Can be used for infi ltration or to 
meet the Water Quality requirements 
where infi ltration is not feasible.

 • Use vegetation to fi lter and transpire.

 • Contribute to better air quality, water 
quality and help reduce urban heat 
island impacts. 

 • Can improve property value through 
attractive landscaping.
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Tree Wells
Bioretention principles can be incorporated into a tree well design to create mini-treatment areas throughout 
a site.  Care should be taken to ensure that the ponding area depth is appropriate to the tree size and 
species.

Parking Lots
Parking lots are an ideal location for bioretention systems.  Bioretention can be incorporated as an island, 
median, or along the perimeter of the parking area.  Bioretention areas can enhance the aesthetics of a 

Parking lot recharge garden 
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parking lot while managing stormwater 
from the site. Site grading must not 
result in erosive velocities. 

Roads and Highways
Linear bioretention basins can be 
constructed alongside roads or 
highways, in roadway medians, or 
in bump-outs that double as traffi c 
calming devices.  The system will 
manage runoff from the street and 
help to control automotive pollutants. 
The systems can also help to control 
roadway fl ooding.

Commercial/Industrial/Institutional
At commercial, industrial, and 
institutional sites, areas for stormwater 
management and green space 
are  often limited.  At these sites, 
bioretention systems serve the multiple 
purposes of stormwater management 
and landscaping.  Bioretention areas 
can be used to manage runoff from 
impervious site areas such as parking 
lots, sidewalks, and rooftops.
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Figure 7.18:  Tree Pit Bioretention

RB-AR8136



7 - 36

P
hi

la
de

lp
hi

a 
S

to
rm

w
at

er
 M

an
ua

l v
2.

0

 Figure 7.19:  Example of a bioretention system                       
       with varied plant materials

Components of a Bioretention System
Bioretention systems can be designed to infi ltrate all or some of the fl ow that they treat.  The primary 
components of a bioretention system are: 

• Pretreatment if the site will generate high sediment loads
• Flow entrance/inlet
• Surface storage (ponding area)
• Organic layer or mulch
• Planting soil and fi lter media
• Native plantings
• Sand bed or stone fi lter and underdrain, if required
• Stone storage for additional storage, if needed
• Positive overfl ow

Flow Entrance / Inlet
It is recommended that runoff is conveyed to a 
curbless bioretention area via sheet fl ow over 
a grass or gravel fi lter strip. This is not always 
possible due to site constraints or space limitations. 
On sites where curb removal is not an option or 
where fl ow is concentrated by the time it reaches 
the bioretention area, curb openings coupled with 
energy dissipaters provide an alternative runoff 
inlet. 

Roof leaders that fl ow into bioretention areas also 
require energy dissipaters to prevent erosion in 
the bed.  Refer to Section 7.15: Inlet and Outlet 
Controls for details about energy dissipaters.

 Flow enters the bioretention system via 
a curb opening inlet that is protected 
with an energy dissipater (stones). 
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Pretreatment
Pretreatment is not required for all bioretention systems because the soil-plant system provides treatment.  
However, pretreatment is recommended for bioretention systems on sites that generate high sediment 
loads.  Additional pretreatment may prolong the life of the system by reducing sediment and other pollutant 
loads.  
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Surface Storage (Ponding Area)
Surface storage provides temporary storage of stormwater runoff before infi ltration, evaporation, and uptake 
can occur within the bioretention system. Ponding time provides water quality benefi ts by allowing larger 
debris and sediment to settle out of the water.  Recommended ponding design depths are provided in 
order to reduce hydraulic loading of underlying soils, minimize facility drainage time, and prevent standing 
water.

Planting Soil and Filter Media
The planting soil acts as a fi lter between the surface storage and the native soil.  The prepared planting soil 
provides additional storage while the water infi ltrates into the native soil. Storage area is a function of both 
soil depth and bioretention surface area. The planting soil also provides a medium suitable for plant growth. 
(see Section 8: Landscape Guidance for planting soil specifi cations.)

Native Plantings
The plant material in a bioretention system removes nutrients and stormwater pollutants through vegetative 
uptake, removes water through evapotranspiration, and creates pathways for infi ltration through root 
development and plant growth.  A varied plant community is recommended to avoid susceptibility to insect 
and disease infestation and to ensure viability. A mixture of groundcover, grasses, shrubs, and trees is 
recommended to create a microclimate that can ameliorate urban stresses as well as discourage weed 
growth and reduce maintenance.  Section 8: Landscape Guidance contains information on native plant and 
tree selection and landscape design. Do not use invasive species listed in Section 8.

Organic layer or mulch 
The organic layer or mulch provides a medium for biological growth, decomposition of organic material, 
adsorption, and binding of heavy metals. The mulch layer can also serve as a sponge that absorbs water 
during storms and retains water for plant growth during dry periods. 

Sand bed or stone fi lter and Underdrain (if necessary)
An underdrain is a perforated pipe that collects water at the bottom of the system and conveys it quickly 
to the system outlet.  Underdrains eliminate most infi ltration because they provide a preferential pathway 
for fl ow.  A sand layer or gravel fi lter should surround the underdrain to fi lter sediment and facilitate fl ow to 
the underdrain.  If a sand layer is used, the underdrain should be surrounded by a non-woven fi lter fabric 
to prevent clogging.

Stone Storage (if necessary)
A stone storage layer can be included to provide higher void space storage if needed in addition to the 
surface and soil storage. 

Positive Overfl ows
A positive overfl ow must be provided 
at the maximum ponding depth. 
When runoff exceeds system storage 
capacity, the excess fl ow leaves the 
system through the positive overfl ow. 
If additional stormwater controls are 
required on the site, the overfl ow can 
connect to a system that will provide 
channel protection or peak rate 
control. If no additional stormwater 
controls are required, the overfl ow 
can be connected to storm sewer, 
combined sewer, or receiving water, 
as appropriate for the site. Types of 
overfl ow structures are discussed 
in Section 7.15: Inlet and Outlet 
Controls.

Surface inlet 
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Recommended Design Procedures
Design of bioretention systems is somewhat fl exible. The area, depth, and shape of the system can be 
varied to accommodate site conditions and constraints. The following design procedures are general 
guidelines that designers can follow.

• Determine the Water Quality, Channel Protection, and Flood Control requirements for the site. See 
Section 4.3: Manage Remaining Stormwater.

• Create a Conceptual Site Plan for the entire site and determine what portion of the stormwater 
management requirements bioretention will meet and what the drainage area will be.  See Section 4.0: 
Integrated Site Design.

• Investigate the feasibility of infi ltration in the area proposed for bioretention.  If infi ltration is not feasible, 
consider an underdrained bioretention system or an alternate location for the bioretention area. If 
infi ltration is feasible, determine the saturated vertical infi ltration rate.  See Appendix B: Soil Infi ltration 
Testing Procedures.

• Create a conceptual design for the bioretention basin.

Table 7.10: Suggested Starting Design Values for Areas and Depths

Area (surface area and infi ltration area) Largest feasible on site

Typical Ponding Depth* 6-12 inches

Soil Depth 2 – 3 feet

       * Note pond depth may not exceed 2 feet

    
• Estimate the total storage volume and adjust area and/or depths as needed to provide required 

storage.

• Estimate how long the surface ponding and soil storage will take to drain based on the infi ltration area 
and the saturated vertical infi ltration rate of the native soil.   The maximum drain down time for the entire 
storage volume (surface, planting soil, and gravel if used) is 72 hours, but a surface drain down time 
of 24 – 48 hours is recommended.  If storage does not drain in the time allowed, adjust surface depth, 
soil depth, and/or surface area.  Adjust the design until the volume, drainage time, and site constraints 
are met.

• Consider an underdrain only under one of the following conditions:

• In areas with separate storm sewers or direct discharge to receiving waters where infi ltration is 
infeasible (See Appendix B: Soil Infi ltration Testing Procedures) and the bioretention system is 
being designed to provide only water quality treatment; 

• In areas with combined sewers where suffi cient detention or travel time can be designed into the 
system to meet release rate requirements; or 

• In combination with other SMPs where the system as a whole meets storage and release rate 
criteria.

• If soil depth is a minimum of 3 feet.

• Design underdrains to minimize clogging. Pea gravel fi lters can be used for this purpose. Pea gravel 
fi lters should include at least 3 inches of gravel under the pipe and 6 inches above the pipe.

• In areas where infi ltration is infeasible due to a hotspot or unstable fi ll that threatens an existing structure, 
specify an impervious liner.
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• Check that any release rate requirements (including release through any underdrain) are met by the 
system as designed. See Section 7.15: Inlet and Outlet Controls.

• Choose plants, trees, and either mulch or seeding appropriate to the site. (See Section 8)

• Choose a soil mix and depth appropriate for plant growth.  Soil depth shall be the larger of what is needed 
for storage or healthy plant growth.

Table 7.11: Suggested Minimum Soil Depths for Plant Growth

Soil Depth for Herbaceous Species 24 inches

Soil Depth for Woody Species 4 inches deeper than largest root ball

• Design an inlet control to meet energy dissipation requirements and provide pretreatment if required.  See 
Section 7.15: Inlet and Outlet Controls.

• Design a positive overfl ow for large storms.

• Given the design area and average depths, determine the fi nal contours of the basin. 

Table 7.12:  Suggested Maximum Ponding Depths and Side Slopes*

Maximum Ponding Depth 2 feet

Side Slopes 3 horizontal to 1 vertical recommended; 2:1 maximum

*These decisions affect safety and appearance rather than stormwater function; acceptable dimensions are ultimately a 
decision to be made jointly by the Engineer and Owner.

• Complete construction plans and specifi cations.

Materials
Planting Soil
• See Section 8: Landscape Guidance for soil specifi cations

Mulch
• Organic mulch shall be aged, double-shredded hardwood bark mulch or composted leaf mulch. 

• Mulch shall be free of weeds.

• Organic mulch shall be placed on bioretention surface to a depth of 2-3 inches.

Plants
• It is critical that plant materials are appropriate for soil, hydrologic, light, and other site conditions. 

Select bioretention plants from the list of native species in Section 8: Landscape Guidance. Take 
ponding depth, drain down time, sunlight, salt tolerance, and other conditions into consideration when 
selecting plants from this list.  Although plants will be subject to ponding, they may also be subject to 
drought especially in areas that get a lot of sunlight or are in otherwise highly impervious areas.

Storage Stone (if used)
• Stone used to provide additional storage shall be uniformly-graded, crushed, washed stone meeting 

the specifi cations of AASHTO No. 3 or AASHTO No. 5. 

• Stone shall be separated from soil medium by a non-woven fi lter fabric or a pea gravel fi lter.
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Construction Guidelines
•  Areas for bioretention shall be clearly marked before any site work begins to avoid soil disturbance and 

compaction during construction.

• Provide erosion and sedimentation control protection on the site such that construction runoff is    
directed away from the proposed bioretention location.  Proposed bioretention areas may only be used 
as sediment traps during construction if at least two feet of soil are removed and replaced. 

•  Complete site elevation grading and stabilize the soil disturbed within the limits of disturbance.  Do not 
fi nalize bioretention excavation and construction until the drainage area is fully stabilized.

• Excavate bioretention area to proposed invert depth and manually scarify the existing soil surfaces. 
Do not compact in-situ soils.  Heavy equipment shall not be used within the bioretention basin.  All 
equipment shall be kept out of the excavated area to the maximum extent possible.

•  If using an underdrain and/or a gravel storage bed, place fi lter fabric or pea gravel fi lter, then place the 
rock, and set the underdrain according to the plans.

• If an underdrain and/or gravel storage are not used, rototill 2-3 inches of sand into the base of the 
facility, then rototill 3-4 inches of planting soil into the sandy subgrade to create a gradation zone.

•  Backfi ll the excavated area as soon as the subgrade preparation is complete to avoid accumulation of 
debris.  Place bioretention soil in 12-18 inches lifts and tamp lightly.  Slight overfi lling might be necessary 
to account for settlement.  Presoak soil at least one day prior to fi nal grading and landscaping to allow 
for settlement.

•  After allowing for settlement, complete fi nal grading within about 2 inches of the proposed design 
elevations, leaving space for top dressing of mulch or mulch/compost blend.

•  Seed and plant vegetation as indicated on the plans and specifi cations.

•  Place mulch and hand grade to fi nal elevations.

•  Install bioretention energy dissipaters as specifi ed on the plans (if applicable).

•  Water vegetation at the end of each day for two weeks after planting is completed.

•  Water vegetation regularly during fi rst year to ensure successful establishment.

Landscape maintenance of a bioretention basin

G
eo

rg
ia

 S
to

rm
w

at
er

 M
an

ag
em

en
t M

an
ua

l

7.5
bi

oi
nfi

 lt
ra

tio
n/

bi
or

et
en

tio
n

RB-AR8141



7 - 41

P
hi

la
de

lp
hi

a 
S

to
rm

w
at

er
 M

an
ua

l v
2.

0

C
ity

 o
f P

or
tla

nd
, O

R

Glencoe Elementary’s newly planted bioretention garden

Maintenance Guidelines
Properly designed and installed bioretention systems require little maintenance.  During periods of extended 
drought, bioretention systems may require watering approximately every 10 days.

Table 7.13: Bioinfi ltration/Bioretention Maintenance Guidelines

Activity Schedule

• Water vegetation at the end of each day for two 
weeks after planting is completed.

• Water vegetation regularly to ensure successful 
establishment.

First year after 
installation

• Remulch void areas.

• Treat diseased trees and shrubs.

• Keep overfl ow free and clear of leaves.

As needed

• Inspect soil and repair eroded areas.

• Remove litter and debris.

• Clear leaves and debris from overfl ow.

Monthly

• Inspect trees and shrubs to evaluate health, 
replace if necessary.

•    Inspect underdrain cleanout.

•    Verify drained out time of system.

Biannually

• Add additional mulch.

• Inspect for sediment buildup, erosion, vegetative 
conditions, etc.

Annually

• Maintain records of all inspections and 
maintenance activity.

Ongoing

Note: Design of bioretention systems are not limited to the examples shown within this text.  Successful 
stormwater management plans will combine appropriate materials and designs specifi c to each site.
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7.6 Detention 

key elements :
• Detention basins should completely drain in 72 hours.

• Most basins are designed to provide Channel Protection and Flood Control only.  

• A sediment forebay helps decrease maintenance and prolong design life of the 
basin.

• Vegetation stabilizes the soil in the basin.

• Outlet structure design is critical and determines how the basin meets stormwater 
control requirements.

acceptable forms of pre-treatment
 •  Sediment forebays
 •  Filter strips
 •  Vegetated swales

potential applications
Residential Subdivision:
Commercial:
Ultra Urban:
Industrial:
Retrofi t:
Highway Road:

Limited
Yes
Yes
Yes
Yes
Limited

stormwater regulations
Water Quality:

Infi ltration:
Volume Reduction:

(no infi ltration)
Channel Protection:
Flood Control:

No
No

High
High
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Basins are 
constructed to provide temporary storage of 
runoff and function hydraulically to attenuate 
stormwater runoff peaks.  Detention basins 
provide temporary storage on the surface or 
subsurface either by impoundment of a natural 
depression of excavation of soil.  Traditional 
detention basins function primarily to provide 
water quantity control.  The designer should 
note that detention basins can also be 
confi gured to provide water quality treatment.  
These designs are referred to as dry extended 
detention basins.  More information on dry 
extended detention basins can be found in the 
Pennsylvania Stormwater BMP Manual.
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 Sediment forebay 
 Pennsylvania Stormwater BMP Manual

Detention Basins in the Urban Landscape
Detention basins are suitable for large developments and high-density commercial projects.  They require 
substantial open space; however, they can often be designed for use between storm events, creating an 
open space available for recreational purposes.

Components of a Detention Basin
Detention basins are typically comprised of the following components:

• Sediment forebay
• Vegetation
• Micropool
• Outfl ow structure

Sediment Forebay
Supplementing a dry pond design with a 
sediment forebay is required to increase the 
treatment effi ciency.  The sediment forebay 
improves pollutant reduction by trapping larger 
particles near the inlet of the pond.  The forebay 
should include a permanent pool to minimize 
the potential for scour and re-suspension.  A 
sediment forebay will enhance the removal 
rates of particulates, decrease the velocity 
of incoming runoff, and reduce the potential 
for control structure failure due to clogging.  
Sediment forebays should be designed for ease 
of maintenance.  Forebays must be accessible 
to heavy machinery. Those constructed with 
a bottom made or concrete or other solid 
materials make sediment removal easier and 
more accessible by heavy machinery.  

Vegetation
Surface vegetation in the basin provides erosion 
control and sediment entrapment.  Side slopes, 
berms, and basin surface should be planted 
with appropriate native species.  Appropriate 
species can be found in Section 8: Landscape 
Guidance.

Micropool at the Outlet (Optional)
Applying a micropool design to a detention basin 
can maximize water quality performance.  The 
micropool is typically shallow and permanently 
inundated.  Its function is to concentrate fi ner 
sediment and reduce re-suspension.  The 
micropool is normally planted with wetland 
vegetation species such as cattails.

Outfl ow Structure
The outlet structure determines the performance 
of the basin.  By installing a multi-stage riser, 
the basin can be designed to meet both Water 
Quality and Flood Control requirements.

Athletic fi eld to be used as a detention basin
 Pennsylvania Stormwater BMP Manual

7.6
de

te
nt

io
n 

ba
si

ns
RB-AR8145



7 - 45

P
hi

la
de

lp
hi

a 
S

to
rm

w
at

er
 M

an
ua

l v
2.

0

A gate valve or orifi ce plate should regulate the drawdown time.  In general, the outfl ow structure should 
have a trash rack or other acceptable means of preventing clogging at the entrance to the structure.  See 
Section 7.15: Inlet and Outlet Controls for more information.  

Existing
Vegetation Retained

Maximum Elevation
of Safety Storm

Safety Bench

Aquatic
Bench

Barrel

Outfall

Flood Control

Overbank Flood Control
Channel Protection

Water Quality

Sediment
Forebay

Inflow

Plan View

Section

Embankment

Micropool

Forebay

Inflow
Stable
Outfall

Emergency
Spillway

Maintenance Access to Micropool

Emergency
Spillway

Maximum Elevation
of ED Pool

Hood

Rip-Rap Pilot Channel

Anti-Seep Collar or
Filter Diaphragm

 Figure 7.20: Extended detention basin schematic
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• Determine the stormwater management requirements for the site. See Section 4.3: Manage 
Remaining Stormwater.

•  Create a Conceptual Site Plan for the entire site and determine what portion of the control requirements 
the detention basin will meet. 

• Consider a dry extended detention basin to provide water quality treatment if infi ltration is 
infeasible on the site.  

• Detention basins may not be built on steep slopes. Slopes may not be signifi cantly altered 
or modifi ed to reduce the steepness of the existing slope.  See Section 4.0: Integrated Site 
Design.

• Extended detention basins shall not be constructed within jurisdictional waters, including 
wetlands.

• Create a conceptual design for the basin.  Estimate required basin size according to an approved 
calculation method in Section 5.3: Acceptable Methods for Calculations.

Table 7.14: Starting Design Parameters for Detention Basins

Detention time for water quality volume 24-hour minimum

Water depth 10 feet (Maximum)

Width 10 feet (Minimum)

Shape

• To maximize length of stormwater fl ow 
pathways.

• To minimize short-circuited inlet-outlet systems.

Length to width ratio
2:1 (Minimum - recommended to maximize 
sedimentation)

•   Design an outlet structure (or multiple structures) that provides the level of control required.  (A multi-
stage outlet structure will be required in most cases.)  

• Energy dissipaters are to be placed at the end of the primary outlet to prevent erosion. 

• If the basin discharges to a channel with dry weather fl ow care shall be taken to minimize tree 
clearing along the downstream channel, and to reestablish a forested riparian zone between the 
outlet and natural channel.

• The hydraulic design of all outlet structures must consider any signifi cant tailwater effects of 
downstream waterways.

• The primary and low fl ow outlet shall be protected from clogging by an external trash rack.

• On sites that have the potential for accidental spills, the outfl ow structure should be fi tted with 
a valve so that discharge from the basin can be halted.  This same valve also can be used to 
regulate the rate of discharge from the basin.

• The detention basin must provide an emergency overfl ow capable of passing the 100-year design 
storm.  This spillway may not direct emergency fl ows toward neighboring properties.
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•  Determine the fi nal contours of the basin.  

Table 7.15: Contour Design Parameters for Detention Basins

Lowest basin elevation 2 feet above seasonal high water table (Minimum)

Basin shape Irregularly shaped to appear more natural

Low fl ow channels 

Only use where there is a concern for severe ponding due to 
native soils

Always vegetate with a maximum slope of 3% to encourage 
sedimentation

Consider other SMPs such as wet ponds, constructed 
wetlands or bioretention

Vegetated embankments

Less than or equal to 3 feet in height (Recommended)

15 feet in height (Maximum)*

Maximum slope 3:1 (Horizontal to vertical)

Basin freeboard Minimum 1 foot above the 100-yr design storm

*15 feet or higher or that which will impound more that 50 acre-feet of runoff during high-water condition will be regulated 
as dams by PADEP.  Consult chapter 105 on the Pennsylvania State Code.

•  Design an inlet control and a sediment forebay.  The sediment forebay volume may be considered to meet 
a portion of the water quality volume.

Table 7.16: Inlet Control and Sediment Forebay

Forebay length 10 feet (Minimum)

Storage Designed to trap sediment over a period of 2 to 10 years

•  Verify that the basin meets all control requirements concurrently as designed.

•  Choose appropriate vegetation using the guidelines in Section 8: Landscape Guidance.  Fertilizers and 
pesticides shall not be used.

•  Complete construction plans and specifi cations.
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Basin Soil
• A minimum of 6 inches of planting soil is recommended.  Soil shall be a high-quality topsoil with 

a loam or sandy loam texture.

• Clay cores may be necessary in basins designed to withstand excessive pressures and seepage 
forces.

Plants
• It is critical that plant materials are appropriate for soil, hydrologic, light, and other site conditions.  

Select plants from the list of native species in Section 8: Landscape Guidance.

• Trees and shrubs shall be freshly dug and grown in accordance with good nursery practice.

• Perennials, grass-like plants, and groundcover plants shall be healthy, well-rooted specimens.

• Plantings shall be designed to minimize the need for mowing, pruning, and irrigation.

Construction Guidelines
• Install all temporary erosion and sedimentation controls.  The area immediately adjacent to the basin 

must be stabilized in accordance with the Pennsylvania Department of Environmental Protection 
(PADEP) Erosion and Sediment Pollution Control Program Manual (2000 or latest edition) prior to 
basin construction.

• Prepare site for excavation and/or embankment construction.

• All existing vegetation should remain if feasible and shall only be removed if necessary for 
construction.

• Care should be taken to prevent compaction of the basin bottom.

• If excavation is required, clear the area to be excavated of all vegetation.  Remove all tree roots, 
rocks, and boulders only in excavation area.

• Excavate bottom of basin to desired elevation (if necessary).

• Install surrounding embankments and inlet and outlet control structures.

• Grade subsoil in bottom of basin, taking care to prevent compaction.  Compact surrounding 
embankment areas and around inlet and outlet structures.

• Apply and grade planting soil.

• Apply geotextile and other erosion-control measures.

• Seed, plant, and mulch according to Planting Plan.
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Maintenance Guidelines
• Maintenance is required for the proper operation of detention basins.  Plans for detention basins should 

identify owners, parties responsible for maintenance, and an inspection and maintenance schedule for 
extended storage detention basins.

Table 7.17: Detention Basin Maintenance Guidelines

Activity Schedule

• Remove trash and debris.

• Remove invasive plants.

• Grassed areas require periodic prudent fertilizing, 
dethatching and soil conditioning.

• Trees, shrubs, and other vegetative cover will 
require periodic maintenance such as fertilizing, 
pruning, and pest control. 

• Mow / trim detention basin vegetation.

As needed

• Sediment should be removed from the basin.
As needed 

(at least once every 5 to 25 years)*

• Inspect outlet control structure for clogging.
Quarterly and 

after every storm greater than 1 inch

• Inspect detention basin for potential problems 
including:  subsidence, erosion, cracking or 
tree growth on the embankment; damage to the 
emergency spillway; sediment accumulation around 
the outlet; inadequacy of the inlet/outlet channel 
erosion control measures; changes in the condition 
of the pilot channel; and erosion within the basin 
and banks.

Annually

• Maintain records of all inspections and maintenance 
activity.

Ongoing

* The frequency of sediment removal depends on site conditions such as soil type and maintenance of site stabilization which 
infl uence the sediment load on the basin.

• In most cases, no specifi c limitations have been placed on disposal of sediments removed from 
detention basins.  Studies to date indicate that pond sediments are likely to meet toxicity limits and 
can be safely landfi lled.  On-site sediment disposal is always preferable as long as the sediments are 
deposited away from the shoreline to prevent their re-entry into the pond and away from recreation areas 
where people could inhale resulting dust.  Sediment disposal should be included in the Operations and 
Maintenance (O & M) Plan and will be evaluated on a site by site basis.

• Sediments should be tested for toxicants in compliance with current disposal requirements if land uses 
in the drainage area include commercial or industrial zones, or if visual or olfactory indications of pollution 
are noticed.
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7.7 Berms and retentive grading techniques use a site’s 
topography to manage stormwater and avoid erosion.  They may function alone in grassy areas or 
may be incorporated into the design of other stormwater control facilities such as bioretention and 
constructed wetlands. They are landscaped features placed parallel to existing contours that direct 
runoff while promoting retention and infi ltration of stormwater.

key elements :

• High quality topsoil in outer layer of berm that provides growing medium for 

plants (minimum 4 inches).

• Inner layer of berm constructed of a stable fi ll material.

• Established vegetation to prevent erosion and improve appearance.

• An overfl ow weir or runoff bypass mechanism.

acceptable forms of pre-treatment
N/A

potential applications
Residential Subdivision:
Commercial:
Ultra Urban:
Industrial:
Retrofi t:
Highway Road:

Yes
Yes
Limited
Yes
Yes
Yes

stormwater regulations
Water Quality:

Infi ltration:
Volume Reduction:

(no infi ltration)
Channel Protection:
Flood Control:

Yes
No

N/A
N/A
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Figure 7.21: Berm cross-section
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 Figure 7.22:  Example of retentive grading used to 
create a small bioretention basin which can be 
vegetated to various extents

Prince George’s County, MD

Retention and Increased Capacity for other Facilities
A berm placed on the downslope side of a bioretention basin or other facility built on a mild 
slope can help retain stormwater in that facility and increase its capacity without additional 
excavation.

Retention and Infi ltration in a Shallow Depression
A shallow depression can be created behind a berm to provide an infi ltration area without the 
need for a more complex stormwater facility.

Flow Diversion
A berm can be placed across a slope to divert water to a nearby channel or facility.

Berms in Series
A series of small berms and depressions can be placed along a slope to provide infi ltration and 
detention while stabilizing the slope.

Figure 7.23: Woodland infi ltration berms in series

Berms and Retentive Grading 
Techniques in the Urban Landscape

Berms are applicable in many urban settings 
such as parking, commercial and light 
industrial facilities, roads and highways, 
residential developments, and vacant lots. 
Berms and shallow depressions are well 
suited for both small and large projects. It 
can be an inexpensive method of reusing soil 
on site to manage stormwater. 

Pretreatment for other Facilities
A berm and small depression can act as a 
sediment forebay before stormwater enters 
a bioretention basin, subsurface infi ltration 
facility, or other facility.
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 Figure 7.24: Ideal substrate components of a berm  Pennsylvania Stormwater BMP Manual

fi ll

top soil

clay (optional)

Components of Berms and Retentive Grading Techniques
Berms and retentive grading systems are designed to convey and infi ltrate all of the stormwater they receive 
in small storms.  These systems often include the following components:

• Topsoil
• Fill
• Vegetation
• Weir or Bypass Mechanism

The sediment forebay at Villanova University uses a rock and soil 
berm as pretreatment for their constructed wetland 

T
ra

ve
r

Topsoil
The outer portion of the berm consists of high quality topsoil to provide a barrier to fl ow and act as a 
growing medium for plants.  A berm may consist entirely of high quality topsoil.  To reduce cost, only the 
top 4 to 8 inches needs to consist of high quality topsoil, with well-drained soil making up the remainder 
of the berm. 

Fill
A berm may consist entirely of high quality topsoil.  However, cost may be reduced by constructing the 
inner portion of the berm of a stable fi ll material.  In many cases, soil may be reused from elsewhere 
on the site.

Vegetation
Vegetation stabilizes and prevents erosion of the soil layer.  Native trees and grasses are encouraged 
for aesthetic reasons and because of their deeper root systems, but turf is acceptable.

Weir or Bypass Mechanism
The berm may not be able to retain all fl ow during large events.  An overfl ow weir may be designed to 
allow fl ow to overtop the berm without causing erosion.  In other cases, the contours of the site may 
allow excess fl ow to bypass around the end of the berm.

7.7

be
rm

s 
&

 g
ra

di
ng

RB-AR8154



7 - 54

P
hi

la
de

lp
hi

a 
S

to
rm

w
at

er
 M

an
ua

l v
2.

0
7.7

be
rm

s 
&

 g
ra

di
ng

undesirable 

     recommended 

Figure 7.25: Recommended berm shape

 Recommended Design Procedure
• Determine the Water Quality, Channel Protection, and Flood Control requirements on the site.  
See Section 4.3: Manage Remaining Stormwater.

• Create a Conceptual Site Plan for the entire site, and determine what portion of the sizing 
requirements berms and retentive grading will help meet.  Determine the general location of these 
features and the role they will play on the site.  See Section 4.0: Integrated Site Design.

• Create a conceptual design for the berm (or berms), including height of berm and depth of 
depression.

Table 7.18: Starting Design Values for Berm Areas and Depths

Area (surface area and 
infi ltration area)

Largest feasible on site (Minimum of 1 square 
foot of infi ltration area for every 5 square feet of 

contributing DCIA recommended.)

Average Ponding Depth 6 – 12 inches

Berm Height 6 – 24 inches

• For a berm-depression system intended to promote infi ltration, investigate the feasibility 
of infi ltration in the proposed location.  See Appendix A: Hotspot Investigation Procedures, 
Appendix B: Soil Infi ltration Testing Guidelines, and Appendix C: Geotechnical Investigation 
Procedures for more guidance on requirements.  Infi ltration testing must be within 25 feet of the 
infi ltration footprint.  

• Estimate runoff reaching the system during the design storm and the maximum water level 
reached at the berm.  

• Using infi ltration area and the saturated vertical infi ltration rate of the native soil, estimate how 
long the surface ponding will take to drain.  The maximum drain down time for the entire storage 
volume is 72 hours, but the Engineer may choose a shorter time based on site conditions and 
Owner preference.  A surface drain down time of 24 – 48 hours is recommended.  If storage does 
not drain in the time allowed, adjust berm height and depression depth.  Adjust the design until 
the volume and drainage time constraints are met.

• Design an overfl ow or bypass mechanism for large storms.  

• Consider maintenance activities  when choosing berm materials and shape. Figure 7.25 illustrates 
the recommended shape.

• If a berm is to be mowed, the slope should not exceed a 
4:1 ratio (horizontal to vertical) in order to avoid “scalping” 
by mower blades. If trees are to be planted on berms, the 
slope should not exceed a 5:1 to 7:1 ratio. Other herbaceous 
plants, which do not require mowing, can tolerate slopes 
of 3:1, though this may promote increased runoff rate and 
erosive conditions. Berm side slopes should never exceed 
a 2:1 ratio.
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• To minimize cost, check the volume of cut and fi ll material.  Berm height and depression depth 
may be adjusted to more closely balance the two.

• Choose vegetation as recommended in Section 8: Landscape Guidance.

Materials

Soil
• Satisfactory soil materials are defi ned as those complying with ASTM D2487 soil classifi cation 

groups GW, GP, GM, SM, SW, and SP.

• Unsatisfactory soil materials are defi ned as those complying with ASTM D2487 soil classifi cation 
groups GC, SC, ML, MH, CL, CH, OL, OH, and PT.

• Topsoil stripped and stockpiled on the site should be used for fi ne grading.  Topsoil is defi ned 
as the top layer of earth on the site, which produces heavy growths of crops, grass or other 
vegetation.

• Soils excavated from on-site may be used for berm construction provided they are deemed 
satisfactory as per the above recommendations or by a soil scientist.

Vegetation
• It is critical that plant materials are appropriate for soil, hydrologic, light, and other site conditions. 
Native trees and grasses are strongly recommended but turf grass is acceptable.  Select native 
plants from the list in Section 8: Landscape Guidance. Take ponding depth, drain down time, 
sunlight, and other conditions into consideration when selecting plants from this list. Although 
plants will be subject to ponding, they may also be subject to drought.  

• Trees and shrubs shall be freshly dug and grown in accordance with good nursery practice.

• Perennials, grass-like plants, and groundcover plants shall be healthy, well-rooted specimens.

• Plantings shall be designed to minimize the need for mowing, pruning, and irrigation.

• A native grass/wildfl ower seed mix can be used as an alternative to groundcover planting. Seed 
mix shall be free of weed seeds.

Construction Guidelines
• Areas for infi ltration berms shall be clearly marked before any site work begins to avoid soil 

disturbance and compaction during construction.

• Provide erosion and sedimentation control protection on the site such that construction runoff is 
directly away from the proposed infi ltration berm location. 

• Complete site elevation grading and stabilize the soil disturbed within the limit of disturbance. Do 
not fi nalize berm excavation and construction until the drainage area is fully stabilized.

• Manually scarify the existing soil surfaces of the proposed infi ltration berm locations. Do not 
compact in-situ soils.  Heavy equipment shall not be used within the berm area.

• Backfi ll the excavated area as soon as the subgrade preparation is complete to avoid accumulation 
of debris. Place berm soil in 8 inch lifts and compact after each lift is added according to design 
specifi cation.  Grade berm area as fi ll is added.
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• Protect the surface ponding area at the base of the berm from compaction.  If compaction occurs 
scarify soil to a depth of at least 8 inches.

• After allowing for settlement, complete fi nal grading within 2 inches of proposed design elevations.  
The crest and base of the berm should be level along the contour.

• Seed and plant vegetation as indicated on the plans and specifi cations.

• Place mulch to prevent erosion and protect establishing vegetation and manually grade to fi nal 
elevations.

• Water vegetation at the end of each day for two weeks after planting is completed.

Maintenance Guidelines
Infi ltration berms have low to moderate maintenance requirements, depending on the design.

Table 7.19: Berm & Grading Maintenance Guidelines

Activity Schedule

• Remove trash and debris.

• Remove invasive plants.

• If desired, mow grass to maintain 2 – 4 inch height.

As needed

• Inspect soil for erosion and repair eroded areas. Monthly

•   Maintain records of all inspections and maintenance 
activity.

Ongoing

Note:
Design of berms and grading techniques are not limited to the examples shown within this text.  
Successful stormwater management plans will combine appropriate materials and designs specifi c to 
each site.  Berms may be used within larger basins (e.g., wetlands, wet ponds) to lengthen fl ow paths; 
these applications are discussed in Section 7: SMP Design Guidance for each type of basin.
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 7.8 Swales
A swale is an open channel vegetated with a combination of grasses and other herbaceous plants, shrubs, 
and trees.  A traditional swale reduces peak fl ow at the discharge point by increasing travel time and friction 
along the fl ow path.  A swale provides some infi ltration and water quality treatment; these functions can 
be enhanced by adding check dams periodically along its length.  Swales planted with turf grass provide 
some of these functions but turf grass is not as effective as deeper-rooted vegetation at decreasing peaks, 
allowing infi ltration, and decreasing erosion.  A swale can be more aesthetically pleasing than a concrete or 
rock-lined drainage system and is generally less expensive to construct.

key elements :
• Open channel design that balances storage, treatment, and infi ltration with peak fl ow 

conveyance needs

• Check dams often used to increase storage, dissipate energy, and control erosion

•  Native vegetation increases friction and stabilizes soil

• Designed to fi t into many types of landscapes in an aesthetically pleasing manner

acceptable forms of pre-treatment
Filter strips (Optional)
Sediment Forebay (Optional)

potential applications
Residential Subdivision:
Commercial:
Ultra Urban:
Industrial:
Retrofi t:
Highway Road:

Yes
Yes
No
Limited
Yes
Yes

stormwater regulations
Water Quality:

Infi ltration:
Volume Reduction:

(no infi ltration)
Channel Protection:
Flood Control:

Yes
Yes

Medium
Medium
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Swales in the Urban Landscape
Swales are landscaped channels that convey stormwater and reduce peak fl ows by increasing travel 
time and friction.  Depending on design, they can effectively reduce runoff volume and improve water 
quality.  Check dams increase these functions by providing ponding areas where settling and infi ltration 
can occur.  As the number of check dams increases, a swale may resemble a series of bioinfi ltration/
bioretention basins while still being designed to convey peak fl ows.  The fi rst ponding area may be 
designed as a sediment forebay and function as a pretreatment practice for the remainder of the swale 
or other stormwater management facilities.

Swales are applicable in many urban 
settings such as parking, commercial 
and light industrial facilities, roads 
and highways, and residential 
developments.  For instance, a 
swale is a practical replacement for 
roadway median strips and parking 
lot curb and gutter.  

Commercial, Light Industrial, and 
Institutional Sites
These facilities often have landscaped 
or grassed areas that can also 
function as drainage pathways and 
infi ltration areas.   

Roads and Highways
Swales can be installed in some 
median strips and shoulders.  In some 
cases, these systems may replace 
costly curb and gutter systems.  

Residential Development
With approved property agreements, 
swales can be constructed parallel 
to the sidewalks and streets.  
Alternatively they can collect 
stormwater from multiple properties 
and convey it to a shared facility.  

7.8
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Curbless driveway drains to stone and vegetated swales

Curb opening to grass swale in residential development
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Components of a Swale
Swale systems often include the following components:

• Inlet Control                                                      • Check dams
• Pretreatment (Optional)                                    • Stone (Optional)
• Excavated Channel                                          • Underdrain (Limited Application)
• Soil                                                                    • Vegetation
• Outlet Control

Inlet Control
Runoff can enter the swale through a curb opening, pipe, weir, or other design.  Runoff may fl ow off a 
curbless parking lot or road and down a swale slope in a diffuse manner.

Pretreatment (Optional)
Pretreatment is optional but can extend the life of the design.  Vegetated or stone fi lter strips are options for 
pretreatment.  A sediment forebay may be constructed at the swale inlet, or the fi rst swale segment and a 
check dam may be designed as a sediment forebay.

Excavated Channel
The channel itself provides the storage volume and conveyance capacity of the swale.  Swale design 
balances needs for infi ltration and treatment during small storms with needs for conveyance during large 
storms.

Soil
The soil provides a growing medium for plants and allows for infi ltration. Growing medium may consist of 
amended native soils or imported soil.

7.8
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Check Dams
It is recommended that swale designs 
include check dams.  Ponding behind check 
dams provides storage, increases infi ltration, 
increases travel time, reduces peaks, and 
helps prevent erosion by dissipating energy.

Stone
A crushed stone layer may be added beneath 
the soil to increase storage and promote 
infi ltration.  Stone will perform this function 
most effectively when placed in ponded 
areas.  

Underdrain
In some cases, an underdrain and piping 
system may be designed to prevent prolonged 
ponding of stormwater or to collect and 
convey water to another facility such as an 
infi ltration trench. Underdrained systems may 
be appropriate in locations where conditions 
are not ideal for infi ltration.

Outlet Control
A swale may have an outlet control to convey 
water to a sewer or receiving water.

River rock swale with structural check dams that 
manages runoff from sloped street
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• Determine the Water Quality, Channel Protection, and Flood Control requirements on the site. See 

Section 4.3: Manage Remaining Stormwater.

• Create a Conceptual Site Plan for the entire site, and determine what portion of the requirements 
the vegetated swale will meet.  Consider the site’s natural topography in siting the swale; if possible, 
locate the swale along contours and natural drainage pathways with slopes of 2-3%.  See Section 4.0: 
Integrated Site Design.

• Investigate the feasibility of infi ltration according to conditions in the area proposed for the vegetated 
swale.  If infi ltration is feasible, determine the saturated vertical infi ltration rate.  See Appendix B: Soil 
Infi ltration Testing Procedures.

• Create a conceptual design for the vegetated swale.

Table 7.20: Suggested Swale Starting Design Values

Bottom Width 2-8 feet

Side Slopes 3-4 horizontal to one vertical recommended; 2:1 maximum•

Check Dams Evenly spaced, 6-12 inches high••

•Swales may be trapezoidal or parabolic in shape.  Recommended widths and slopes in this table may be used as a 
general guide for parabolic channels

••Check dams are recommended for most applications to improve infi ltration and water quality.  They are strongly 
recommended for swales in which fl ow in combination with soil, slope, and vegetation may result in erosive conditions

Vegetated swales at Swarthmore University
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• Consider an underdrain only under one of the following conditions:

• in areas with separate storm sewers or direct discharge to receiving waters where infi ltration is 
infeasible (See Appendices B: Soil Infi ltration Testing Procedures) and the vegetated swale is needed 
only to provide water quality treatment; 

• in areas with combined sewers where suffi cient detention or travel time can be designed into the 
system to meet release rate requirements; or 

• in combination with other SMPs where the system as a whole meets storage and release criteria.

• Estimate the portion of Infi ltration, Water Quality, Channel Protection, and Flood Control requirements met 
by the design. See Section 4.3: Manage Remaining Stormwater for guidance on these calculations.

• Using infi ltration area and the saturated vertical infi ltration rate of the native soil, estimate how long 
storage behind check dams will take to drain.  The maximum drain down time for the entire storage 
volume is 72 hours, but the Engineer may choose a shorter time based on site conditions and Owner 
preference. A surface drain down time of 24 – 48 hours is recommended. If storage does not drain in the 
time allowed, adjust channel shape, number of check dams, or check dam height.  Adjust the design so 
that performance and drainage time constraints are met concurrently.

• Check the peak fl ow capacity of the swale. It is recommended that the swale convey the 10-year, 24-hour 
design storm with 6 inches of freeboard, an average ponding depth of 12 inches or less, and a maximum 
ponding depth of 18 inches or less. Flow over check dams may be estimated using a weir equation.  For 
rock weirs that allow fl ow through the weir, an equation is suggested in Section 7.15: Inlet and Outlet 
Controls. Ultimately, the level of service provided on the site during large events is a joint decision of the 
Engineer and Owner based on safety, appearance, and potential property damage.

• Choose soil mix and swale vegetation.  A minimum of 6 inches of prepared soil is recommended for the 
channel bottom and slopes.  

• Check resistance of the swale to erosion.  It is recommended that the swale convey the 2-year, 24-hour 
design storm without erosion.  The PADEP Erosion and Sediment Pollution Control Program Manual 
(2000 or latest edition) is recommended as a reference for these calculations.  Adjust soil mix, vegetation, 
and temporary or permanent stabilization measures as needed.

• Design inlet controls, outlet controls, and pretreatment if desired.

• Check that the design meets all requirements concurrently, and adjust design as needed.

• Complete construction plans and specifi cations.

Materials 
Soil
• Swale soil shall have a sandy loam, loamy sand, or loam texture per USDA textural triangle.

Vegetation
• It is critical that plant materials are appropriate for soil, hydrologic, light, and other site conditions.  

Select plants from the list of native species in species in Section 8: Landscape Guidance. Take ponding 
depth, drain down time, sunlight, salt tolerance, and other conditions into consideration when selecting 
plants from this list.  Turf grass is generally not recommended but may be acceptable provided the 
designer can show it meets all requirements.

Check Dams
• Check dams can be constructed from natural wood, concrete, stone, boulders, earth, or other 

materials.
• If a stone check-dam is designed to be overtopped, appropriate selection of aggregate will ensure 
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stability during fl ooding events. In general, one stone size for a dam is recommended for ease of 
construction. However, two or more stone sizes may be used, provided a larger stone (e.g. R-4) is 
placed on the downstream side, since fl ows are concentrated at the exit channel of the weir. Several 
feet of smaller stone (e.g. AASHTO #57) can then be placed on the upstream side. Smaller stone 
may also be more appropriate at the base of the dam for constructability purposes.

Storage Stone
• Stone used to provide additional storage shall be uniformly-graded, crushed, washed stone meeting 

the specifi cations of AASHTO No. 3 or AASHTO No. 5.

• Stone shall be separated from soil medium by a non-woven geotextile or a pea gravel fi lter.

Non-Woven Geotextile
• Geotextile shall consist of needled non-woven polypropylene fi bers and meet the following 

properties: 

• Grab Tensile Strength (ASTM-D4632) ≥ 120 lbs 
• Mullen Burst Strength (ASTM-D3786) ≥ 225 psi 
• Flow Rate (ASTM-D4491) ≥ 95 gal/min/ft2 
• UV Resistance after 500 hrs (ASTM-D4355) ≥ 70% 
• Heat-set or heat-calendared fabrics are not permitted 

Pipe
• Pipe used for an underdrain shall be continuously perforated and have a smooth interior with a 

minimum inside diameter of 4-inches.  High-density polyethylene (HDPE) pipe shall meet the 
specifi cations of AASHTO M252, Type S or AASHTO M294, Type S. 

Construction Guidelines

• Begin vegetated swale construction only when the up gradient site has been suffi ciently stabilized and 
temporary erosion and sediment control measures are in place. Vegetated swales should be constructed 
and stabilized very early in the construction schedule, preferably before mass earthwork and paving 
increase the rate and volume of runoff. (Erosion and sediment control methods shall adhere to the 
PADEP Erosion and Sediment Pollution Control Program Manual, March 2000 or latest edition).

• Rough grade the vegetated swale. Equipment shall avoid excessive compaction and/or land disturbance. 
Excavating equipment should operate from the side of the swale and never on the bottom. If excavation 
leads to substantial compaction of the subgrade (where an infi ltration trench is not proposed), 18 
inches shall be removed and replaced with a blend of topsoil and sand to promote infi ltration and 
biological growth. At the very least, topsoil shall be rototilled into the subgrade in order to penetrate 
the compacted zone and promote aeration and the formation of macropores. Following this, the area 
should be disked prior to fi nal grading of topsoil.

• Construct check dams, if required.

• Fine grade the vegetated swale. Accurate grading is crucial for swales. Even the smallest non-
conformities may compromise fl ow conditions.

• Seed and vegetate according to fi nal planting list. Seeding with an annual turf grass is recommended 
to provide temporary stabilization. Plant the swale at a time of the year when successful establishment 
without irrigation is most likely. However, temporary irrigation may be needed in periods of little rain or 
drought. Vegetation should be established as soon as possible to prevent erosion and scour.
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• Concurrent with the previous step, stabilize freshly seeded swales with appropriate temporary or 
permanent soil stabilization methods, such as erosion control matting or blankets. If runoff velocities 
are high, consider sodding the swale or diverting runoff until vegetation is fully established. Erosion and 
sediment control methods shall adhere to the PADEP’s Erosion and Sediment Pollution Control Program 
Manual, March 2000 or latest edition.

• Once the swale is suffi ciently stabilized, remove temporary erosion and sediment controls. It is very 
important that the swale be stabilized before receiving stormwater fl ow.

Maintenance Guidelines
The following schedule of inspection and maintenance activities is recommended:

Table 7.21: Swale Maintenance Guidelines

Activity Schedule

• Remulch void areas.

• Treat or replace diseased trees and shrubs.

• Keep overfl ow free and clear of leaves.

As needed

• Inspect soil and repair eroded areas.

• Remove litter and debris.

• Clear leaves and debris from overfl ow.

Monthly

• Inspect trees and shrubs to evaluate health. Biannually

• Add additional mulch.

• Inspect for sediment buildup, erosion, vegetative 
conditions, etc.

Annually

• Maintain records of all inspections and 
maintenance activity.

Ongoing
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7.9 Constructed Wetlands 
can be found in the 

Pennsylvania Stormwater BMP Manual  
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7.10 Ponds and Wet Basins
can be found in the 

Pennsylvania Stormwater BMP Manual
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7.11 
Subsurface 
vaults are underground structures designed 
primarily to reduce peak stormwater fl ows, although in some cases they 
may allow infi ltration. They are usually constructed of either concrete or 
corrugated metal pipe (CMP) and must account for the potential loading 
from vehicles. Pretreatment structures can be used at the inlet to treat 
stormwater runoff and remove debris. A permanent pool can also be 
incorporated to dissipate energy and improve the settling of particulate 
stormwater pollutants. Dry systems are primarily used for volume control 
or in combination with pretreatment, whereas wet systems include a 
permanent pool and provide water quality treatment. 

key elements :
• Effective for urban areas with limited space for SMPs.

• More effective in areas of combined sewer than in areas of separate sewers.

• Provides peak rate control.

• Pretreatment may be included to remove sediment and pollutants associated with sediment.

• Traffi c loading capabilities.

• Maintenance required periodically to remove sediment and debris.

acceptable forms of pre-treatment
• Sediment chamber
• Sediment forebay
• Appropriate prefabricated and proprietary designs

potential applications
Residential Subdivision:
Commercial:
Ultra Urban:
Industrial:
Retrofi t:
Highway Road:

Limited
Yes
Yes
Yes
Yes
Yes

stormwater regulations
Water Quality:

Infi ltration:
Volume Reduction:

(no infi ltration)
Channel Protection:
Flood Control:

No
No

Medium / High
Medium / High
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Subsurface Vaults in the Urban Landscape
Subsurface vault systems are suitable for projects where space is limited and other stormwater 
management systems are not feasible. Subsurface vaults may be used for commercial, industrial, or 
roadway projects. The presence of a subsurface vault in most cases does not alter the intended land use 
at the surface. The subsurface vault must meet structural requirements for overburden support and traffi c 
loading to be applicable in urban settings.  Some applications of subsurface vaults are provided; however, 
examples are not limited to this list.  

Components of a Subsurface Vault
Subsurface vault systems contain a combination of the following components:

Inlet Control
The inlet control of a subsurface vault should be connected to the stormwater catchment area.  The 
subsurface vault should be sized according to the area entering into the system.  Parking lots, roadways, 
and large rooftop areas are typically the drainage areas contributing to the subsurface vault system. The 
inlet control may include a fl ow splitter to regulate the rate and volume of water entering the vault.

Pretreatment 
Pretreatment can include a forebay/grit chamber, sand fi lter, or water quality inlet. It may also include 
features to trap fl oatables and an oil/water separator. A baffl e inserted within the subsurface vault 
separates the entire volume into two chambers.  A sedimentation chamber is created using a baffl e wall. 
Storage volume present in a pretreatment structure may be considered part of the total storage volume 
required.

Storage Structure
Storage often provided by a concrete structure, a large pipe, or a group of pipes. 

Infi ltration Feature
Infi ltration is typically not a major function of a subsurface vault; however, some designs may allow it.  The 
designer must consider soil conditions and maximize the ratio of infi ltration area to drainage area.  For 
more information on subsurface infi ltration design see Section 7.12: Subsurface Infi ltration.

Permanent Pool
A permanent pool of water may be incorporated to dissipate energy and improve the settling of particulate 
pollutants. When a permanent pool is incorporated in a design, the design may be referred to as a 
“wet vault”. This design provides a benefi t similar to that of a surface wet pond, with the exception of 
evaporation and functions improved by vegetation.

Slow Release Structure
The slow release structure regulates the rate of outfl ow for storms up to the design capacity. The storage 
volume and slow release together allow a subsurface vault to meet channel protection and peak release 
rate criteria.

Overfl ow Structure
An overfl ow structure allows storms in excess of the design storm to pass through the structure without 
being detained or receiving treatment.  An overfl ow structure at the outlet, a fl ow splitter at the inlet, or a 
combination may be used to safely convey large storms.

Access Feature
This feature is used for maintenance and inspection purposes and most commonly consists of a panel 
leading to the storage area.  
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Recommended Design Procedure
• Determine the water quality/recharge, stream bank protection, and peak rate control requirements on the 

site.  See Section 4.3: Manage Remaining Stormwater.

• Create a Conceptual Site Plan for the entire site, and determine what portion of the sizing requirements 
the subsurface vault will meet.  See Section 4.0: Integrated Site Design.

Metropolitan Environmental Council 
 Figure 7.26: Schematic of a subsurface wet vault 
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lts • Create a conceptual design for the subsurface vault, including enough volume to meet storage 

requirements. 

• Estimate the total storage volume and adjust facility sizing as needed to provide required storage.  Any 
permanent pool areas should not be included in the storage volume estimation.

• Decide whether to include pretreatment, a permanent pool, or a combination.  This decision may be 
based on which option is more cost-effective; frequency and ease of maintenance desired by the 
Owner; land use and expected stormwater constituents.  

• Choose and design pretreatment as appropriate.  The pretreatment volume is part of the total volume.  
By maximizing the fl owpath and stabilizing the fl ow rate from inlet to outlet, residence time and 
treatment effectiveness are increased. A baffl e oil/water separator can be used to treat incoming fl ow 
from industrial sites or parking lots. In this case, the subsurface vault should include a baffl e to create 
two chambers within structure.  If a baffl e is used, the following design is recommended:

• The baffl e should extend from a minimum of 1 foot above the design water surface to a minimum 
of 1 foot below the invert elevation of the inlet pipe.

• The lowest point of the baffl e should be a minimum of 2 feet from the bottom of the vault, and 
greater if feasible.

• Permanent pool sizing follows the same procedure explained in the BMP 6.14: Wet Ponds / Retention 
Basin of the Pennsylvania Stormwater BMP Manual (PA SBMPM). A minimum depth of 3 feet is 
recommended to minimize disturbance of sediment. The shape of the permanent pool should be 
designed to promote adequate mixing as follows:

• Maximize the fl owpath between inlet and outlet, including the vertical path, to enhance treatment 
by increasing residence time.

• The ratio of fl owpath length to width from the inlet to the outlet should be at least 3:1. 
• All inlets should enter the fi rst cell. If there are multiple inlets, the length-to-width ratio should be 

based on the average fl owpath length for all inlets. 
• Refer to the references for additional shape recommendations.

• Decide whether to design for infi ltration.  The procedure followed is similar to that in Section 7.12: 
Subsurface Infi ltration.

• Design a slow release structure.  If a gate valve is used, it should be close to the bottom of the vault 
but above the sediment storage level. A check valve or other backfl ow prevention device is often 
incorporated. Check that any release rate requirements are met by the system as designed.  See 
Section 7.15: Inlet and Outlet Controls. 

• Design a positive overfl ow or bypass system for large storms. The outlet structure and design head 
should provide adequate fl ow to avoid overtopping the vault. See Section 7.15: Inlet and Outlet 
Controls.

• Design a maintenance access door or grate to connect to ground level. A grated access panel is 
ideal for air fl ow. A minimum of 50 square feet of grate is recommended for permanent pool designs. 
For vaults in which the surface area is larger than 1250 square feet, 4 percent of the top should be 
grated. 

• Complete construction plans and specifi cations.  At a minimum, plans should include plan view, cross-
sections, and inlet and outlet details.
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Maintenance Guidelines
The systems must be designed so that the vault can have easy access for inspection and maintenance.  
Vault maintenance procedures must meet OSHA confi ned space entry requirements, which include clearly 
marking entrances to confi ned space areas. This may be accomplished by hanging a removable sign in the 
access riser(s), just under the access lid.

Table 7.22: Subsurface Vaults Maintenance Guidelines

Activity Schedule
•   Removal of sediment and debris from subsurface 

vault sedimentation chamber when the sediment 
zone is full.  Sediments should be tested for 
toxicants in compliance with current disposal 
requirements if land uses in the catchment 
include commercial or industrial zones, or if 
indications of pollution are noticed.

As needed

•   Inspection of subsurface vault and control 
structures.

•     Floating debris and accumulated petroleum 
products should be removed.

Quarterly

• Maintain records of all inspections and 
maintenance activity.

Ongoing

Note:
The designs of subsurface vaults are not limited to the examples shown within this text.  Successful 
stormwater management plans will combine appropriate materials and designs specifi c to each site.

K
its

ap

Ejector truck used for maintenance of subsurface vaults
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7.12 
Subsurface
infi ltration
systems are designed to provide temporarily below grade 
storage infi ltration of stormwater as it infi ltrates into the 
ground.  Dry wells, infi ltration trenches and beds are a few 
examples of these types of systems.  

key elements :
• Infi ltration testing is required for this SMP.  

• Reduce volume of runoff from a drainage area by promoting infi ltration though uncompacted 
subgrade.

• Flexible design can be sited beneath lawns, parking areas, and recreational areas.

• Maintain minimum distance from building foundation (typically 10 feet down-gradient).

• Open-graded aggregate or other approved material provides storage.

• System must be designed to drain down in less than 72 hours.

• Greater than 2 feet from any limiting zone such as groundwater or bedrock.

• Pre-treatment is required.

• Positive overfl ow required for large storms.

• Areas of soil contamination or areas of unstable soils should be avoided.

potential applications
Residential Subdivision:
Commercial:
Ultra Urban:
Industrial:
Retrofi t:
Highway Road:

Yes
Yes
Yes
Yes
Yes
Yes

stormwater regulations
Water Quality:

Infi ltration:
Volume Reduction:

(no infi ltration)
Channel Protection:
Flood Control:

Yes
No

Low/Medium
Low/Medium

C
ity

 o
f P

or
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nd
, O

R

acceptable forms of pre-treatment
• Filter
• Bioretention
• Filter strips
• Appropriate prefabricated and proprietary design
• Sumped inlets with traps
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Subsurface Infi ltration in the Urban Landscape
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 Figure 7.27:  Direct connection of a roof into a subsurface 
     infi ltration bed

                 Subsurface infi ltration beds were installed at 
the Penn-Alexander School in Philadelphia
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 Subsurface infi ltration occurs beneath this   
 picnic area

Subsurface infi ltration systems are typically stone-
fi lled beds or trenches beneath landscaped  or paved 
surfaces.  Stormwater fl ows into the subsurface 
infi ltration system collects within the aggregate void 
space, and slowly infi ltrates into surrounding soils.

Subsurface infi ltration is a versatile management 
practice suitable for many different types of land 
uses.  Both high-density development and individual 
residences can implement subsurface infi ltration 
systems for stormwater control.  Their fl exibility 
also makes them an option for a stormwater retrofi t.  
Several example uses for subsurface infi ltration are 
provided below.  

Parking Lots and Roadways
Stormwater inlets in parking lots or streets can be 
directly connected to subsurface infi ltration systems.  
Sumped or trapped inlets prevent sediment and 
debris from migrating into the infi ltration bed.  The 
inlets can be connected to subsurface infi ltration 
systems located underneath landscaped areas, 
recreation areas, or under the impervious surfaces 
themselves.  

Lawns and Recreational Areas
Open green spaces can collect, store, and infi ltrate 
runoff from impervious surfaces.  

Direct Connection of Rooftops
Downspouts can be connected to subsurface 
infi ltration beds at both residential and commercial 
sites.  Small subsurface infi ltration areas that 
manage roof runoff from residential roofs or that 
are distributed around a larger building to manage 
runoff from smaller sections of roof are often called 
dry wells.  Although roofs do not often generate high 
sediment loads, sumped cleanouts should be located 
between the roof and the infi ltration area.  The roof 
leader connects to perforated piping when it reaches 
the subsurface infi ltration area. 
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 Figure 7.28: Intermediate sump box and dry well

Components of a Subsurface Infi ltration System
There are many variations of subsurface infi ltration systems, but they are often comprised of these 
components: • Infl ow/Pretreatment

• Storage
• Observation well
• Infi ltration/Outfl ow

Infl ow/Pretreatment
Subsurface infi ltration systems are capable of intercepting stormwater infl ow from many sources, including 
rooftops, parking lots, roads, sidewalks, and driveways.  It is important to prevent coarse sediments and 
debris from entering subsurface infi ltration systems, because they could contribute to clogging and failure 
of the system.  The following are acceptable forms of pretreatment.

•  Roof leader sump, or an intermediate sump box

•  Roof gutter guard (may required additional sump unit depending on structure design).

•  Filter Strips, see Section 7.3

•  Vegetated Swales, See Section 7.8

Storage
The storage component of a subsurface infi ltration area is typically 
provided by a stone fi lled, level-bottomed bed or trench.  The void 
spaces between the stones stores stormwater until it can percolate into 
surrounding soils.

Alternative subsurface storage products may also be used to provide 
temporary storage.  These include a variety of proprietary, interlocking 
plastic units with much greater storage capacity than stone fi ll (up to 
96% void space).  Perforated pipe in a stone bed can also increase the 
effective void space of the system.  The higher void ratio requires a 
smaller footprint and can allow more fl exibility in an urban environment, 
but proper analysis should be completed to ensure that the in-situ soils 
will adequately drain with the additional loading and that loading ratio 
and effective head maximums are not exceeded.
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Prefabricated storage
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An observation well should be located at the center of the trench to monitor water drainage from the 
system.  In a subsurface infi ltration system, the water level is the primary means of measuring infi ltration 
rates and drain-down times.  A lockable above ground cap is recommended.  Adequate inspection and 
maintenance access to the observation well should be provided.  Observation wells not only provide 
necessary access to the system, but they also provide a means through which pumping of stored runoff 
can be accomplished in a failed system.  

Infi ltration/Outfl ow
Outfl ow occurs via infi ltration through subsurface soil surrounding the infi ltration storage area. A bypass 
system should be implemented for all infi ltration systems to convey high fl ows around the system to 
downstream drainage systems.  Depending on the level of stormwater management required at the site, 
overfl ows can connect to an approved discharge point or other SMPs.

Recommended Design Procedure
• Determine the Water Quality, Channel Protection, and Flood 

Control requirements on the site. See Section 4.3: Manage 
Remaining Stormwater.

• Must be greater than 10 feet down-gradient and 100 feet 
up-gradient.

• Create a Conceptual Site Plan for the entire site and determine 
what portion of the sizing requirements subsurface infi ltration 
will meet.  See Section 4: Integrated Site Design.

• Investigate the feasibility of infi ltration in the area proposed for a subsurface infi ltration system.  See 
Appendix A: Hotspot Investigation Procedures, Appendix B: Soil Infi ltration Testing Guidelines, and 
Appendix C: Geotechnical Investigation Procedures for more guidance on requirements.  Infi ltration 
testing must be within 25 feet of the infi ltration footprint.  

• Create a conceptual design for the subsurface infi ltration system.

Table 7.23: Starting Design Values for Subsurface Infi ltration Areas and Depths

Area (surface area and infi ltration area)
Largest feasible in moderately sloped areas of the site 
(Minimum of 1 square foot of infi ltration area for every 

5 square feet of contributing DCIA recommended.)

Maximum Storage Depth
2 feet of effective head. (2 cubic feet of storage 

volume per square foot of infi ltration area.)

Minimum distance above limiting zone 2 feet

Maximum drain down time 72 hours

• Estimate the total storage volume and adjust area and/or depths as needed to provide required storage. 
Open-graded aggregate sub-base may be assumed to have 40% void space for storage.

• Using infi ltration area and the saturated vertical infi ltration rate of the native soil, estimate how long the 
surface ponding and soil storage will take to drain.  The maximum drain down time for the entire storage 
volume is 72 hours, but the Engineer may choose a shorter time based on site conditions and Owner 
preference.  If storage does not drain in the time allowed, adjust the depth and/or surface area.  Adjust 
the design until the volume and drainage time constraints are met.  

Infi ltration testing
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• Design a positive overfl ow or bypass system for larger design storms.  All systems must design overfl ow 
structures and pipes to convey at least the 10-year storm.

• Include acceptable form(s) of pretreatment into design.

• Observation well to be designed with 4 inch diameter perforated plastic pipe, and placed at the invert of 
infl ation bed with a lockable above-ground cap.

 
• Complete construction plans and specifi cations.

Materials
Storage Stone

• Stone used for subsurface storage shall be uniformly-graded, crushed, washed stone meeting the 
specifi cations of AASHTO No. 3.

• Stone shall be separated from soil by a non-woven geotextile fi lter fabric or a pea gravel fi lter.

Non-Woven Geotextile
• Geotextile shall consist of needled non-woven polypropylene fi bers and meet the following 

properties: 

• Grab Tensile Strength (ASTM-D4632) ≥ 120 lbs 
• Mullen Burst Strength (ASTM-D3786) ≥ 225 psi 
• Flow Rate (ASTM-D4491) ≥ 95 gal/min/ft2 
• UV Resistance after 500 hrs (ASTM-D4355) ≥ 70% 
• Heat-set or heat-calendared fabrics are not permitted 

Pipe
• Pipe used within the subsurface system shall be continuously perforated and have a smooth 

interior with a minimum inside diameter of 4-inches.  High-density polyethylene (HDPE) pipe shall 
meet the specifi cations of AASHTO M252, Type S or AASHTO M294, Type S. 

• Any pipe materials outside the SMP are to meet City Plumbing Code Standards.
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• Areas for proposed subsurface infi ltration systems shall be clearly marked before any site work begins to 
avoid soil disturbance and compaction during construction.  If areas are compacted during construction 
additional infi ltration testing may be required.

• Provide erosion and sedimentation control protection on the site such that construction runoff is directed 
away from the proposed subsurface infi ltration system.  

• If the infi ltration area is being used as a sediment basin during construction the bottom elevation of the 
sediment basin must be a minimum of 2 feet above the infi ltration bed invert elevation.

• Complete site elevation grading and stabilize the soil disturbed within the limit of disturbance.  Do not 
fi nalize the subsurface infi ltration system’s excavation and construction until the drainage area is fully 
stabilized.

• Excavate subsurface infi ltration area to proposed invert depth and manually grade and scarify the 
existing soil surface. The bottom of the infi ltration bed shall be at a level grade. 

• Existing subgrade shall NOT be compacted or subject to excessive construction equipment prior to 
placement of geotextile and stone bed. If it is essential that equipment be used in the excavated area, 
all equipment must be approved by the Engineer. Use of equipment with narrow tracks or tires, rubber 
tires with large lugs, or high pressure tires will cause excessive compaction and shall not be used.  
Should the subgrade be compacted during construction additional testing of soil infi ltration rates and 
system redesign may be required.

• Place geotextile and recharge bed aggregate immediately after approval of subgrade preparation to 
prevent accumulation of debris or sediment. Prevent runoff and sediment from entering the storage bed 
during the placement of the geotextile and aggregate bed.

• Place geotextile in accordance with manufacturer’s standards and recommendations. Adjacent strips 
of fi lter fabric shall overlap a minimum of 16 inches. Fabric shall be secured at least 4 feet outside of 
bed. 

• Install aggregate course in lifts of 6-8 inches. Lightly compact each layer with equipment, keeping 
equipment movement over storage bed subgrades to a minimum. Install aggregate to grades indicated 
on the drawings.

• Complete surface grading above subsurface infi ltration system, using suitable equipment to avoid 
excess compaction.
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Maintenance Guidelines
As with all infi ltration practices, subsurface infi ltration systems require regular and effective maintenance 
to ensure prolonged functioning.  The following table describes minimum maintenance requirements for 
subsurface infi ltration systems.

Table 7.24: Subsurface Infi ltration Maintenance Guidelines
Activity Schedule

• Regularly clean out gutters and catch basins to reduce 
sediment load to infi ltration system. Clean intermediate 
sump boxes, replace fi lters, and otherwise clean 
pretreatment areas in directly connected systems. 

As needed

• Inspect and clean as needed all components of and 
connections to subsurface infi ltration systems.

• Evaluate the drain-down time of the subsurface 
infi ltration system to ensure the drain-down time of 24-
72 hours. 

Biannually

• Maintain records of all inspections and maintenance 
activity.

Ongoing

Note:
Design of subsurface infi ltration systems are not limited to the examples shown within this text.  Successful 
stormwater management plans will combine appropriate materials and designs specifi c to each site.
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7.13 Porous

key elements :
• Pervious structural surface with high infi ltration rate.

• Porous surface and stone sub-base suitable for design traffi c loads. Can be used on 
most travel surfaces with slopes less than 5%.

• Uncompacted, level sub-grade allows infi ltration of stormwater.

• Open-graded aggregate sub-base provides storage.

• Additional storage and control structures can be incorporated to meet channel 
   protection and fl ood control.

• Positive overfl ow prevents system fl ooding.

acceptable forms of pre-treatment
• Maintenance

potential applications
Residential Subdivision:
Commercial:
Ultra Urban:
Industrial:
Retrofi t:
Highway Road:

Yes
Yes
Yes
Yes
Yes
Limited

stormwater regulations
Water Quality:

Infi ltration:
Volume Reduction:

(no infi ltration)
Channel Protection:
Flood Control:

Yes
No

Low/Medium
Low/Medium 
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provides the structural support of conventional 
pavement, but allows stormwater to drain directly 
through the surface into the underlying base 
and soils, thereby reducing stormwater runoff.  
There are porous varieties of asphalt, concrete, 
and interlocking pavers. Porous pavements are 
designed with an open graded subbase that 
allows water to pass through to the native soil and 
provides temporary storage 
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Porous Pavement in the Urban Landscape
Porous pavement systems are used to promote infi ltration of stormwater runoff.  This technique is 
very effective in removing pollutants and reducing the volume of stormwater entering a sewer system.  
During a rain event, stormwater fl ows through the porous surface, drains into the crushed stone subbase 
beneath the pavement, and remains stored until stormwater can infi ltrate into the soil. Porous asphalt and 
concrete mixes are similar to their impervious counterparts, but do not include the fi ner grade particles. 
Interlocking pavers have openings that are fi lled with stone to create a porous surface.
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 Porous asphalt playground at the Penn-
Alexander Partnership
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Porous pavement at Pennsylvania State 
University, Berks Campus
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Porous pavement parking lot in Radnor Township

Porous pavement systems are suitable for any type 
of development.  They are especially well suited for 
parking lots, walkways, sidewalks, basketball courts, and 
playgrounds. Proper training of maintenance staff will help 
to prolong the life of the system.  

Alternate for Paved Surfaces 
Almost any surface that is traditionally paved with 
an impervious surface can be converted to a porous 
pavement system. Porous surfaces are particularly useful 
in high density areas where there is limited space for other 
stormwater management systems.  Porous pavement can 
be used for parking lots, basketball courts, playgrounds, 
and plazas.  Interlocking porous pavers can be used to 
provide an interesting aesthetic alternative to traditional 
paving.  Porous pavement can be designed to meet the 
loading requirements for most parking lots and travel 
surfaces. However, for lots or loading areas that receive 
a high volume of heavy traffi c, porous pavement can be 
used for parking stalls and conventional asphalt for travel 
lanes if the impervious surfaces are graded toward the 
porous surfaces. 

Direct connection of roof leaders and/or inlets
The subbase storage of porous pavement systems can 
be designed with extra capacity, and roof leaders and 
inlets from adjacent impervious areas can be tied into the 
subbase to capture additional runoff.  These beds can 
be sized to accommodate runoff from rooftops via direct 
connection or to supplement other SMPs.  Pretreatment 
may be necessary to prevent particulate materials from 
these surfaces from clogging the subbase of the porous 
pavement system. If roof leaders or inlets are connected 
into the bed, the porous asphalt cannot be considered 
disconnected and a positive overfl ow must be provided.

Direction of Impervious Runoff to Porous Pavement
Adjacent impervious surfaces can be graded so that 
the fl ow from the impervious area fl ows over the porous 
pavement and into the subbase storage below if suffi cient 
capacity is created. If impervious runoff is directed onto 
porous pavement, it cannot be considered disconnected 
and a positive overfl ow must be provided. 
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Components of a Porous Pavement System
Different porous surfaces are used for porous pavement systems, but all rely on the same primary 
components:

 • Infl ow/Surfacing
 • Storage
 • Infi ltration/Outfl ow  

Infl ow/Surfacing
There are many different types of structural surfaces that allow water to 
fl ow through void spaces in the surface. Any of these alternatives serve as 
a form of conveyance and fi ltration for the storage bed below. Several of 
the most commonly used porous structural surfaces are described below, 
but this does not represent an exhaustive list of the porous surfaces 
appropriate for stormwater management applications.

Porous concrete 
Porous concrete was developed by the Florida Concrete Association 
and has seen the most widespread application in Florida and other 
southern areas.  Like porous asphalt, porous concrete is produced by 
substantially reducing the number of fi nes in the mix in order to establish 
voids for drainage. Porous concrete has a coarser appearance than its 
conventional counterpart. 

Porous asphalt 
Porous asphalt pavement was fi rst developed in the 1970s and 
consists of standard bituminous asphalt in which the fi nes have been 
screened and reduced, allowing water to pass through very small 
voids.  Recent research in open-graded mixes for highway application 
has led to additional improvements in porous asphalt through the use 
of additives and binders.  Porous asphalt is very similar in appearance 
to conventional, impervious asphalt.

Permeable pavers 
Permeable pavers are interlocking units (often concrete) with openings 
that can be fi lled with a pervious material such as gravel.  These units 
are often very attractive and are especially well suited to plazas, patios, 
small parking areas, etc.  There are also plastic grids that can be fi lled 
with gravel to create a fully gravel surface that is not as susceptible 
to rutting and compaction as traditional gravel lots. Gravel used in 
interlocking concrete pavers or plastic grid systems must be well-
graded to ensure permeability.  

Reinforced turf 
Reinforced turf consists of interlocking structural units with openings 
that can be fi lled with soil for the growth of turf grass and are suitable 
for traffi c loads and parking.  They are often used in overfl ow or event 
parking. Reinforced turf grids are made of concrete or plastic and are 
underlain by a stone and/or a sand drainage system for stormwater 
management.  While both plastic and concrete units perform well for 
stormwater management and traffi c needs, plastic units may provide 
better turf establishment and longevity, largely because the plastic will 
not absorb water and diminish soil moisture conditions.Rag Flats in Philadelphia, where 

grass pavers fi lter stormwater 
before it fl ows into subsurface 
storage and infi ltrates
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Percolation of water through 
porous concrete at Villanova 
University
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Storage
In addition to distributing mechanical loads, coarse aggregate laid beneath porous surfaces is designed 
to store stormwater prior to infi ltration into soils.  The aggregate is wrapped in a non-woven geotextile to 
prevent migration of soil into the storage bed and resultant clogging.  The storage bed also has a choker 
course of smaller aggregate to separate the storage bed from the surface course. The storage bed can 
be designed to manage runoff from areas other than the porous surface above it, or can be designed with 
additional storage and control structures that meet the Channel Protection requirements and/or meet the 
Flood Control requirements. 

Positive Overfl ow
Positive overfl ow must be provided for porous pavement systems that manage runoff from additional 
impervious surfaces.  Positive overfl ow conveys runoff from larger storms out of the system and prevents 
fl ooding.  A perforated pipe system can convey water from the storage bed to an outfl ow structure. 
The storage bed and outfl ow structure can be designed to control the Channel Protection and/or Flood 
Control requirement.  Inlets can be used to provide positive overfl ow if additional rate control is not 
necessary.  More information about large underground storage systems can be found in Section 7.12: 
Subsurface Infi ltration.

Recommended Design Procedure
Design of porous pavement systems is somewhat fl exible. The area and shape are dependent on the site 
design and selection of the surface material is dependent on intended site uses and desired appearance. 
The depth of the stone base can be adjusted depending on the management objectives, total drainage 
area, traffi c load, and soil characteristics. The following design procedures are general guidelines that 
designers can follow.

• Determine the Water Quality, Channel Protection, and Flood Control requirements on the site.  See 
Section 4.3: Manage Remaining Stormwater.

• Create a Conceptual Site Plan for the entire site and determine what portion of the sizing requirements 
porous pavement will meet.  See Section 4.0: Integrated Site Design.

• Investigate the feasibility of infi ltration in the area proposed for a porous pavement.  See Appendix A: 
Hotspot Investigation Procedures, Appendix B: Soil Infi ltration Testing Guidelines, and Appendix C: 
Geotechnical Investigation Procedures for more guidance on requirements.  Infi ltration testing must be 
within 25 feet of the infi ltration footprint..

• Create a conceptual design for the porous pavement system.

Table 7.25: Suggested Starting Porous Pavement Design Values
Area (surface area and infi ltration area) Largest feasible on site

Choker/Aggregate Bed Depth 8 - 36 inches

• Estimate the total storage volume and adjust area and/or depths as needed to provide required storage. 
Assume a void ratio of approximately 40% for AASHTO No 3 stone.

• Design system with a level bottom; use a terraced system on slopes.

• Using infi ltration area and the saturated vertical infi ltration rate of the native soil, estimate how long the 
surface ponding and soil storage will take to drain.  The maximum drain down time for the entire storage 
volume is 72 hours, but the Engineer may choose a shorter time based on site conditions and Owner 
preference.  If storage does not drain in the time allowed, adjust aggregate depth and/or surface area.  
Adjust the design until the volume and drainage time constraints are met.
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• Consider an underdrain only under one of the following conditions:

• in areas with combined sewers where suffi cient detention or travel time can be designed into the 
system to meet release rate requirements; or 

• in combination with other SMPs where the system as a whole meets storage and release criteria.
• in systems that manage runoff from surrounding impervious areas.

• Design distribution and overfl ow piping to minimize chance of clogging.  

• Check that any release rate requirements (including release through any underdrain) are met by the 
system as designed.  See Section 7.15: Inlet and Outlet Controls.

• Complete construction plans and specifi cations.

Materials

Subsurface Storage Beds

• All aggregates within infi ltration beds shall meet the following:

1. Maximum wash loss of 0.5%
2. Minimum Durability Index of 35
3. Maximum abrasion of 10% for 100 revolutions and maximum of 50% for 500 revolutions.

• Choker course aggregate shall meet the specifi cations of AASHTO No. 57.

Table 7.26: Required Choker Course Gradation
U.S. Standard Sieve Size Percent Passing

1 ½” (37.5 mm) 100
1” (25 mm) 95 – 100
½” (19 mm) 25 – 60
4 (4.75 mm) 0 – 10
8 (2.36 mm) 0 – 5

• Storage stone should meet the specifi cations of AASHTO No. 3.  Additional storage materials are 
further discussed in Section 7.12: Subsurface Infi ltration.

Table 7.27: Required Stone Storage Gradation
U.S. Standard Sieve Size Percent Passing

2 ½ “ (63 mm) 100
2” (50 mm) 90 – 100

1 ½” (37.5 mm) 35 – 70
1” (25 mm) 0 – 15

½” (12.5 mm) 0 – 5

Porous Bituminous Asphalt

• Bituminous surface shall be laid with a bituminous mix of 5.75% to 6% by weight dry aggregate.  In 
accordance with ASTM D6390, drain down of the binder shall be no greater than 0.3%. Aggregate 
grain in the asphalt shall be a minimum 90% crushed material and have the following gradation.
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Table 7.28: Porous Bitumainous Aggregate Gradation
U.S. Standard Sieve Size Percent Passing

½ (12.5 mm) 100
3/8 (9.5 mm) 92 - 98
4 (4.75 mm) 34 – 40
8 (2.36 mm) 14 – 20
16 (1.18 mm) 7 – 13
30 (0.60 mm) 0 - 4

200 (0.075 mm) 0 - 2

• Neat asphalt binder modifi ed with an elastomeric polymer to produce a binder meeting the 
requirements of PG 76-22 as specifi ed in AASHTO MP-1.  The elastomer polymer shall be 
styrene-butadiene-styrene (SBS), or approved equal, applied at a rate of 3% by weight of the 
total binder.

• Hydrated lime should be added at a dosage rate of 1% by weight of the total dry aggregate 
to mixes containing granite.  Hydrated lime shall meet the requirements of ASTM C 977.  The 
additive must be able to prevent the separation of the asphalt binder from the aggregate and 
achieve a required tensile strength ratio (TSR) of at least 80% on the asphalt mix when tested in 
accordance with AASHTO T 283.  The asphaltic mix shall be tested for its resistance to stripping 
by water in accordance with ASTM D-1664.  If the estimated coating area is not above 95 percent, 
anti-stripping agents shall be added to the asphalt.

• The asphaltic mix shall be tested for its resistance to stripping by water in accordance with ASTM 
D-3625. If the estimated coating area is not above 95 percent, anti-stripping agents shall be 
added to the asphalt.

Porous Concrete

• Portland Cement Type I or II conforming to ASTM C 150 or Portland Cement Type IP or IS 
conforming to ASTM C 595:

• No. 8 coarse aggregate (3/8 to No. 16) per ASTM C 33 or No. 89 coarse aggregate (3/8 to no. 
50) per ASTM D 448.  

• An aggregate/cement ratio range of 4:1 to 4.5:1 and a water/cement ratio range of 0.34 to 
0.40 should produce pervious pavement of satisfactory properties in regard to permeability, load 
carrying capacity, and durability characteristics.

Paver and Grid Systems

• Paver and grid systems shall conform to manufacturer specifi cations.

• A minimum fl ow through rate of 5 in/hr or a void percentage of no less than 10%.

Non-Woven Geotextile

• Geotextile shall consist of needled non-woven polypropylene fi bers and meet the following 
properties: 

• Grab Tensile Strength (ASTM-D4632) ≥ 120 lbs 
• Mullen Burst Strength (ASTM-D3786) ≥ 225 psi 
• Flow Rate (ASTM-D4491) ≥ 95 gal/min/ft2 
• UV Resistance after 500 hrs (ASTM-D4355) ≥ 70% 
• Heat-set or heat-calendared fabrics are not permitted 
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Pipe

• Distribution pipe within bed shall be continuously perforated and have a smooth interior with a 
minimum inside diameter of 4-inches.  High-density polyethylene (HDPE) pipe shall meet the 
specifi cations of AASHTO M252, Type S or AASHTO M294, Type S.

Construction Guidelines
The construction guidelines for the installation of the subsurface infi ltration beds are applicable to all porous 

pavement systems. Guidelines are also provided specifi cally for porous asphalt.

• Areas for porous pavement systems shall be clearly marked before any site work begins to avoid soil 
disturbance and compaction during construction.

• Excavate porous pavement subsurface area to proposed depth.  Where erosion of subgrade has caused 
accumulation of fi ne materials and/or surface ponding, this material shall be removed with light equipment 
and the underlying soils scarifi ed to a minimum depth of 6 inches with a York rake or equivalent and light 
tractor.

• Existing subgrade shall NOT be compacted or subject to excessive construction equipment prior to 
placement of geotextile and stone bed.  If it is essential that equipment be used in the excavated area, all 
equipment must be approved by the Engineer. Use of equipment with narrow tracks or tires, rubber tires 
with large lugs, or high pressure tires will cause excessive compaction and shall not be used.

• Bring subgrade of stone infi ltration bed to line, grade, and elevations indicated in the Drawings.  Fill and 
lightly regrade any areas damaged by erosion, ponding, or traffi c compaction before placing the stone.  
The bottom of the infi ltration bed shall be at a level grade.

• Place geotextile and recharge bed aggregate immediately after approval of subgrade preparation to 
prevent accumulation of debris or sediment. Prevent runoff and sediment from entering the storage bed 
during the placement of the geotextile and aggregate bed.

• Place geotextile in accordance with manufacturer’s standards and recommendations.  Adjacent strips of 
fi lter fabric shall overlap a minimum of 16 inches.  Fabric shall be secured at least 4 feet outside of bed.  
This edge strip should remain in place until all bare soils contiguous to beds are stabilized and vegetated.  
As the site is fully stabilized, excess geotextile can be cut back to the edge of the bed. 

• Install aggregate course in lifts of 6-8 inches.  Compact each layer with equipment, keeping equipment 
movement over storage bed subgrades to a minimum.  Install aggregate to grades indicated on the 
drawings.

Guidelines for Installation of Porous Asphalt

• Install and compact choker course aggregate evenly over surface of stone bed.  Choker base 
course shall be suffi cient to allow for even placement of asphalt, but no thicker than 1-inch in 
depth.

• Appropriate vehicles with smooth, clean dump beds shall be used to transport the asphalt mix to 
the site.  Control cooling of asphalt by covering mix.  Porous asphalt mix shall not be stored for 
more than 90 minutes before placement.  
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• The porous bituminous surface course shall be 
laid in one lift directly over the storage bed and 
stone base course and compacted to a 2½-inch 
fi nished thickness.

• Compaction of the surface course shall take 
place when the surface is cool enough to resist 
a 10-ton roller. One or two passes is all that is 
required for proper compaction. More rolling 
could cause a reduction in the surface porosity 
and permeability, which is unacceptable

• After rolling asphalt, no vehicular traffi c is 
permitted on the surface until cooling and 
hardening has taken place (minimum 48 
hours).  

• After hardening, test pavement surface by 
applying clean water at a rate of at least 5 gpm 
over surface.  The water applied to the surface 
should infi ltrate without creating puddles or 
runoff.

• Do not use the porous pavement area for 
equipment or materials storage; no soil shall be 
deposited on porous pavement surfaces.
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Aggregate is placed in the infi ltration bed
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Unexcavated earthen berms between terraced bottoms

Maintenance Guidelines
As with most SMPs, porous pavement systems require regular maintenance to extend their life.  The 
following table displays maintenance recommendations for porous pavement systems. 

Table 7.29: Porous Pavement Maintenance Guidelines
Activity Schedule

• Mow grass in paver or grid systems that have been planted with grass. As needed

• Vacuum porous asphalt or concrete surface with commercial cleaning 
unit (pavement washing systems and compressed air units are not 
recommended). 

• Clean out inlet structures within or draining to the subsurface bedding 
beneath porous surface

Biannually

• Maintain records of all inspections and maintenance activity. Ongoing

Sediment Control
Superfi cial dirt does not necessarily clog the voids in porous surfaces.  However, dirt that is ground in 
repeatedly by tires can lead to clogging.  Therefore, trucks or other heavy vehicles should be prevented 
from tracking or spilling dirt onto the pavement.  Furthermore, all construction or hazardous materials 
carriers should be prohibited from entering a porous pavement lot. 
Winter Maintenance
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Winter maintenance for a porous parking lot may be necessary, but is usually less intensive than that 
required for a standard asphalt lot.  By its very nature, a porous pavement system with subsurface aggregate 
bed has better snow and ice melting characteristics than standard pavement.  Once snow and ice melt, they 
fl ow through the porous pavement rather than refreezing. Therefore, ice and light snow accumulation are 
generally not as problematic.  However, snow will accumulate during heavier storms.  Abrasives such as 
sand or cinders shall not be applied on or adjacent to the porous pavement.  Snow plowing is acceptable, 
provided it is done carefully (i.e. by setting the blade about one inch higher than usual).  Salt is acceptable 
for use as a deicer on the porous pavement, though non-toxic, organic deicers, applied either as blended, 
magnesium chloride-based liquid products or as pretreated salt, are preferable. Any deicing materials 
should be used in moderation.

Repairs
Potholes are not common; though settling might occur if a soft spot in the subgrade is not removed during 
construction. Damaged areas that are smaller than 50 square feet can be patched with a porous or standard 
asphalt mix, depending on the location within the porous area. In many cases the loss of porous surface 
will be insignifi cant. If an area greater than 50 square feet is in need of repair, approval of patch type must 
be sought from either the engineer or owner.  Porous pavement must never be seal coated under any 
circumstances.  Any required repair of drainage structures should be done promptly to ensure continued 
proper functioning of the system.

Note:
Design of porous pavement systems are not limited to the examples shown within this text.  Successful 
stormwater management plans will combine appropriate materials and designs specifi c to each site.
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7.14 Prefabricated and Proprietary Designs 
can be found in the 

Pennsylvania Stormwater BMP Manual
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7.15 Inlet
&Outlet
Controls 
are the structures or landscape features that 
manage the fl ow into and out of a stormwater 
management facility.  Flow splitters, level spreaders, 
curb openings, energy dissipaters, traditional 
inlets, and curbless design are all examples and 
elements of inlet controls.  Outlet controls regulate 
the release of stormwater from a management 
facility.  Examples of outlet controls include risers 
and orifi ces, underdrains, permeable weirs, 
positive overfl ows, and impervious liners.  Outlet 
control structures limit fl ow to meet release rate 
requirements and bypass larger fl ows to prevent 
re-suspension of sediment, hydraulic overload, or 
erosion of management practices. 

key elements :
•  Inlet Controls: Flow splitters divert a portion of the storm hydrograph to a 

management facility, while allowing the remainder of the fl ow to bypass the facility.

•  Inlet Controls: Curbless roads, streets, and parking lots allow stormwater to sheet 
fl ow into a SMP.

•  Inlet Controls: Curb openings allow water to fl ow through a curb that would otherwise 
block the fl ow.

•  Inlet Controls: Level spreaders spread out concentrated fl ow and release it as low-
velocity, non-erosive diffuse fl ow.

•  Inlet Controls: Large-scale energy dissipaters slow down and spread fl ow from 
culverts and steeper slopes.

•  Outlet Controls: Risers and orifi ces release ponded water at a reduced rate.

•  Outlet Controls: Positive overfl ows allow stormwater to safely fl ow out of an SMP.

•  Outlet Controls: Underdrains collect water that has fi ltered through a porous medium 
and convey it to an outlet.

•  Outlet Controls: Impervious liners prevent water from infi ltrating the soil where 
infi ltration is not desirable.

•  Outlet Controls: Permeable weirs allow water to fl ow slowly through smaller 
openings and more quickly over the top of the weir.
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Inlet Controls

Flow Splitter

Flow splitting devices are used to direct a fraction of runoff into a stormwater management facility, 
while bypassing excess fl ows from larger events around the facility into a bypass pipe or channel.  
The bypass typically connects to another stormwater management facility or to the receiving drainage 
system, depending on the design and management requirements. This type of inlet control can also 
serve as the positive overfl ow for the SMP.

Flow splitters can be constructed by installing diversion weirs in stormwater control structures such as 
inlets and manholes.  On a larger scale, they can be constructed using concrete baffl es in manholes. 
Example designs for larger-scale fl ow splitters are shown in Figures 7.30 and 7.31.  Smaller-scale 
designs operate using a similar concept. 

Design Criteria
There are two basic components involved in the design of fl ow splitters: the elevation of the 
bypass weir, which is based on the maximum ponding elevation in the SMP, and capacity of 
the pipe to and from the SMP, which controls the maximum fl ow the SMP can receive and 
discharge.

Bypass Elevation:  
The elevation of the bypass baffl e or 
weir dictates the maximum elevation 
of the water in the SMP.  The bypass 
elevation can be selected by setting it 
equal to the design storage elevation in 
the SMP.  Flow will only start to bypass 
the SMP once it exceeds the design 
storage level of the SMP.  The water 
level in the SMP may exceed the design 
level for large infrequent storms that 
utilize the bypass, so the SMP should 
provide adequate freeboard to prevent 
overfl ow.   

Pipe Capacity:  
The capacity of the infl uent and effl uent 
pipes can also limit fl ow into and out 
of the SMP.  Controlling fl ows in this 
fashion can help to minimize erosion 
and scour in the SMP and at the outlet 
structure.  At a minimum, all pipes must 
convey the peak runoff from the 10-year, 
24-hour rainfall with an NRCS (Natural 
Resources Conservation Service) Type 
II distribution without surcharging (as 
specifi ed within §14.1603.1 Stormwater 
controls, of the Philadelphia Code).  
Adequate bypass capacity should 
be provided for conveyance of larger 
storms. O
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 Figure 7.29:  Flow splitting device
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 Figure 7.30: Schematic of a fl ow splitter (1 of 2)

King County Department of Natural Resources
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 Figure 7.31: Schematic of a fl ow splitter (2 of 2)

King County Department of Natural Resources
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Curbless Design

Curbless designs allow stormwater to fl ow directly from the impervious source to the SMP. This 
type of design discourages concentration of fl ow and reduces the energy of stormwater entering a 
management facility.  Curbless designs are often used with bioretention islands or roadside swales.  

Curb Openings
Curb openings provide an alternative inlet control when 
a curbless design is not possible.   Bioretention and 
landscaped islands in curbed parking lots or roadways 
often use curb openings as inlet controls.  

If fl ow is to be introduced through curb openings, the 
pavement edge should be slightly higher than the elevation 
of the vegetated areas.  Curb openings should be at least 
12 -18 inches wide to prevent clogging (CA Stormwater 
Manual).  Small rock or stone should be used at the inlet 
of the curb openings to provide erosion protection.  

Level Spreaders
Level spreaders are inlet controls that are designed to uniformly distribute concentrated fl ow over a 
large area.  There are many types of level spreaders that can be selected based on the peak rate of 
infl ow, the duration of use, and the site conditions.  Level spreaders help reduce concentrated fl ow, 
thereby reducing erosion and increasing the design life of many stormwater facilities.

All level spreader designs follow the same principles:

• Concentrated fl ow enters the spreader at a single point such as a pipe, swale, or curb opening.
• The fl ow is slowed and energy is dissipated.
• The fl ow is distributed throughout a long linear shallow trench or behind a low berm.
• Water then fl ows over the berm or edge of trench uniformly along the entire length.

The following considerations are important when designing and constructing level spreaders:

•  It is critical that the edge over which fl ow is distributed is exactly level.  If there are small variations 
in height on the downstream lip small rivulets will form.  Experience suggests that variations of more 
than 0.25 inches can cause water to re-concentrate and potentially cause erosion downstream of 
the level spreader.  The site selected for the installation of a level spreader must be nearly level 
before construction.  Changes in ground elevation greater than 4 inches across the entire length of 
the level spreader can begin to make level construction diffi cult.

Curbless street design in Seattle, WA.
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Flow enters the bioretention system 
via a curb opening inlet

Curb openings in a parking lot allow 
fl ow to enter a bioretention island

Prince George’s County, MD City of Portland, OR

Curb openings allow fl ow to enter 
the bioretention system in the choker

City of Portland, OR
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such as soil, wood, and other organic matter might accumulate immediately downstream of the 
level spreader. This effectively blocks water as it fl ows out of the level spreader, forcing it to re-
concentrate.

•  The downstream side of the level spreader should be fully stabilized before the level spreader is 
installed. If a level spreader is installed above a disturbed area without suffi cient vegetative cover 
or other ground cover such as mulch or construction matting, erosion rills will quickly form. Even 
sheet fl ow can cause signifi cant downstream erosion on disturbed areas.

• Do not construct level spreaders in newly deposited fi ll. Undisturbed earth is much more resistant 
to erosion than fi ll. Erosion is even likely to occur over a well-established young stand of grass 
planted on fi ll. 

•  Level spreaders should not be considered to be sediment removal facilities. Signifi cant sediment 
deposition in the spreader can render it ineffective.

Types of Level Spreaders
Rock lined Channel
Rock-lined channels function as level 
spreaders when the lower (downslope) 
lip of the channel is level.  The channel 
must be dug along an elevation contour, 
which helps make the downstream lip 
level.  Rock-lined channel depths and 
widths are typically about 6-12 inches.  
The depth of the channel depends on the 
fl ow.  Rock-lined channels do not serve 
as detention devices. 

Concrete Troughs and Half Pipes
Concrete troughs 4-12 inches deep can be used as level spreaders.  Half sections of pipe can 
also be used for the same function.  The depths of the trough or pipe will depend on the fl ow. 
Concrete troughs are a more expensive level spreader alternative; however, they are easy to 
maintain and have a longer design life. If sediment or debris accumulates in the trough or pipe, it 
can be easily removed.  Concrete level spreaders have design lives of up to 20 years while other 
level spreader designs may be able to effectively function for a period of 5-10 years. Accordingly, 
long term maintenance and replacement costs should be lower if installed properly.

Treated Lumber
Treated lumber is not recommended as a level spreading device dues to issues with deformation 
and decomposition.

Level Spreader System Confi guration
A typical level spreader system consists of pre-treatment (e.g., a forebay), principal treatment 
(e.g., a level spreader with grassed buffer), and emergency treatment (e.g., a reinforced grassy 
swale downslope of spreader). A stilling area such as a forebay is particularly useful upstream 
of a level spreader, because fl ow energy should be dissipated before the fl ow enters a level 
spreader.  The forebay will periodically fi ll with sediment, which must be removed. A detailed 
design example for a level spreader, by Hunt, et al. from North Carolina State University, can be 
found at the following website: www.bae.ncsu.edu/cont_ed/main/handouts.html (Current June 
17, 2007)

 Figure 7.32: Cross-section of rock-lined channel
NC DOT Worksheet
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Energy Dissipaters
Energy dissipaters are large-scale engineered devices such as rip-rap aprons or concrete baffl es 
designed to reduce the velocity, energy, and turbulence of the fl ow.  These structures can be employed 
when highly erosive velocities are encountered at the end of culverts or at the bottom of steep slopes 
where aesthetics are not a concern.  A standard reference for design of these structures is U.S. Army 
Corps of Engineers, Hydraulic Engineering Center Circular 14 (HEC-14). 

Riprap Aprons
Riprap aprons are commonly used for energy dissipation, due to their relatively low cost and ease 
of installation. A fl at riprap apron can be used to prevent erosion at the transition from a pipe or box 
culvert outlet to a natural channel. Riprap aprons will provide adequate protection if there is suffi cient 
length and fl are to dissipate energy by expanding the fl ow.

Riprap Basins
A riprap outlet basin is a pre-shaped scour hole lined with riprap that functions as an energy 
dissipater.  

Baffl ed Outlets
A baffl ed outlet is a boxlike structure with a vertical hanging baffl e and an end sill, as shown in Figure 
7.36. Energy is dissipated primarily through the impact of the water striking the baffl e and through 
the resulting turbulence.

Inlets and Catch Basins
Traditional inlets and catch basins may be used as an infl ow device for stormwater facilities where 
curb and gutter design is desired or required.  The disadvantage of traditional inlets is that the inverts 
of the outlet pipes are relatively deep, and excavation of stormwater facilities may need to be deeper 
than with curb openings or a curbless design.  A standard reference for designing traditional drainage 
systems is U.S. Army Corps of Engineers, Hydraulic Engineering Center Circular 22 (HEC-22).  Any 
inlet or catch basin that connects to a SMP must have at least a one (1) foot sump.  

 Figure 7.33: Filter strip with gravel trench level spreader.
Pennsylvania Stormwater BMP Manual
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 Figure 7.34: Riprap apron 

M
an

ua
l f

or
 S

ed
im

en
t a

nd
 E

ro
si

on
 C

on
tr

ol
 in

 G
eo

rg
ia

, 1
99

5

RB-AR8203



7 - 103

P
hi

la
de

lp
hi

a 
S

to
rm

w
at

er
 M

an
ua

l v
2.

0

7.15

in
le

t &
 o

ut
le

t c
on

tr
ol

s
 Figure 7.35: Details of riprap outlet basin

H
E

C
-1

4,
 1

98
3

RB-AR8204



7 - 104

P
hi

la
de

lp
hi

a 
S

to
rm

w
at

er
 M

an
ua

l v
2.

0
7.15

in
le

t &
 o

ut
le

t c
on

tr
ol

s

Maintenance Concerns for Inlet Controls

Table 7.30: Inlet Maintenance Guidelines
Activity Schedule

• Inlet control devices should be inspected after several storms to 
ensure that they are functioning properly and that there are no erosion 
problems developing.

• Source of sediment contamination should be identifi ed and controlled 
when native soil is exposed or erosion channels are present.

As needed

• Inspected for sediment and debris buildup. Sediment buildup 
exceeding 2 inches in depth or that begins to constrict the fl ow path 
should be removed.

• Clean out leaves, trash, debris, etc.

Biannually

• Maintain records of all inspections and maintenance activity. Ongoing

 Figure 7.36: Schematic of a baffl ed outlet U.S. Dept. of the Interior
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Outlet Controls
Risers and Orifi ces
An orifi ce is a circular or rectangular opening of a prescribed shape and size that allows a controlled 
rate of outfl ow when the orifi ce is submerged. When it is not submerged, the opening acts as a weir. 
The fl ow rate depends on the height of the water above the opening and the size and edge treatment 
of the orifi ce.  A riser is a vertical structure with one or more orifi ces that provide the controlled release 
in combination.  A standard reference for discharge through a submerged orifi ce is Brater and King’s 
Handbook of Hydraulics (1996).

Control structures may consist of several orifi ces and weirs at different elevations to meet stormwater 
management requirements.  Multiple orifi ces may be necessary to meet the channel protection and 
fl ood protection performance requirements for a detention system. Orifi ces may be located at the 
same elevation if necessary to meet performance requirements.

Flow through multiple orifi ces, such as the perforated plate shown in Figure 7.37, can be computed 
by summing the fl ow through individual orifi ces. For multiple orifi ces of the same size and under the 
infl uence of the same effective head, the total fl ow can be determined by multiplying the discharge 
for a single orifi ce by the number of openings.  

Design of a control structure with multiple orifi ces is an iterative process.  An orifi ce is designed 
and positioned to meet each control requirement independently (e.g., channel protection and fl ood 
control).  Calculations are then performed on the two orifi ces together, and the design is adjusted 
to meet all requirements concurrently without oversizing the basin.  The Outlet Structures section of 
the Georgia Stormwater Management Manual at www.georgiastormwater.com/ (current August 12, 
2005) is recommended for detailed instructions on design of multi-stage outlet structures.

 Figure 7.37: Orifi ce defi nitions and perforated riser
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Small orifi ces are sometimes needed when a stormwater management systems must meet low fl ow 
rate requirements.  Control structures with small orifi ces must meet the following requirements:

• The orifi ce diameter should always be greater than the thickness of the orifi ce plate.

• The minimum recommended diameter for an orifi ce is 3 inches.  A waiver must be submitted for use 
of an orifi ce smaller than 3 inches in diameter. The required waiver form can be found in Appendix 
F.4: Special Circumstances and Waiver Requests or downloaded at 

 www.PhillyRiverInfo.org/PWDDevelopmentReview. 

• Protection from clogging is required for any orifi ce smaller than 3 inches in diameter.

Protection from Clogging
Small orifi ces used for slow release applications can be susceptible to clogging, which prevents 
the structural control from performing its function and potentially causing adverse impacts.  Design 
measures can be taken to prevent clogging.  These measures are most effective when used in 
combination with periodic inspection and maintenance.  These measures are summarized below; the 
Design Professional is encouraged to consult the original sources for more information.

Since sediment will tend to accumulate around the lowest stage outlet, the inside of the outlet 
structure for a dry basin should be depressed below the ground level to minimize clogging due to 
sedimentation.  Depressing the outlet bottom to a depth below the ground surface at least equal to 
the diameter of the outlet is recommended. 

The Georgia Stormwater Management Manual recommends the following measures: 

• The use of a reverse slope pipe attached to a riser for a stormwater pond or wetland with a 
permanent pool. The inlet is submerged 1 foot below the elevation of the permanent pool to 
prevent fl oatables from clogging the pipe and to avoid discharging warmer water at the surface 
of the pond. See Figure 7.38 for an example.

• The use of a hooded outlet for a stormwater pond or wetland with a permanent pool. See Figure 
7.39 for an example.

• Internal orifi ce protection through the use of an over-perforated vertical stand pipe with ½-inch 
orifi ces or slots that are protected by wire cloth and a stone fi ltering jacket. See Figure 7.40 for 
an example.

• Use of trash racks on larger outlets. See Figure 7.41 for an example.

 Figure 7.38: Reverse slope pipe outlet
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 Figure 7.40:  Internal control for orifi ce protection G
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 Figure 7.41: Trash racks
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 Figure 7.39: Hooded outlet orifi ce protection
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A positive overfl ow permits stormwater to fl ow out of the SMP 
when the water level reaches a maximum design elevation 
in a subsurface feature or a maximum ponding depth in a 
surface feature. Flow through the positive overfl ow can either 
connect to another SMP or an approved point of discharge. 
A multi-stage outlet control may include a number of orifi ces 
for controlled fl ow and a positive overfl ow to quickly pass 
fl ow during extreme events.  Overfl ow structures should be 
sized to safely convey larger storms from the SMP. If fl ow 
reaches the SMP via a fl ow splitter, this structure can provide 
the positive overfl ow. 

Surface inlet for overfl ows in a 
bioretention system.
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Underdrains 
Underdrains are conduits, such as perforated pipes and/or gravel fi lled trenches that intercept, collect, 
and convey stormwater that has percolated through soil, a suitable aggregate, and/or geotextile.  
Perforated underdrains are an outlet control because they collect water and convey it to a system 
outlet.  Underdrains may be used in combination with other techniques such as layering of porous 
media to regulate outfl ow.  They can also be connected to an outlet structure that then controls the 
ponding elevation or release rate through weirs or orifi ces. Design of underdrains must meet the 
follow criteria:

• A  permeable fi lter fabric is placed between the gravel layer and surrounding soil to prevent sediment 
contamination.  

• Clean out access must be provided for all underdrain systems. 

• Underdrain pipes are spaced a maximum of 10 feet on center.  

Impervious Liners
Impervious liners are considered an outlet control because they prevent water from infi ltrating and 
thus crossing a system boundary.  Impervious liners may be selected from the following four types: 
compacted till liners, clay liners, geomembrane liners, and concrete liners.

The Stormwater Management Manual for Western Washington is recommended for more information 
on choosing and designing impervious liners.

 Figure 7.42: Sand fi lter with underdrain implemented Georgia BMP Manual
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 Figure 7.43: Typical permeable weir section

Klein, 1997

Permeable Weirs
Permeable weirs are typically constructed from treated lumber stacked with spaces between each 
timber to provide long, narrow openings that slowly pass stormwater.  They have the appearance of a 
wooden fence.  Under low fl ow conditions, water ponds behind the permeable weir and slowly seeps 
through the openings between the timbers, functioning like a dry extended storage pond.  Under high 
fl ow conditions, water fl ows both over and through the weir. 

Permeable weirs are generally used in wetland areas or constructed water quality treatment ponds.  
They promote sedimentation by slowing fl ow velocities as water ponds behind the weir.  They also 
provide a means of spreading runoff as it is discharged, helping to decrease concentrated fl ow and 
reduce velocities as the water travels downstream.  

Permeable weirs are most often used in large drainage areas as regional SMPs.  The permeable weir 
concept could be applied to smaller sites, where the permeable weir would act as a wooden check 
dam, placed in a ditch or swale. 
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Maintenance Concerns for Outlet Controls

Table 7.31: Outlet Maintenance Guidelines
Activity Schedule

• Outlet control devices should be inspected after several storms to 
ensure that they are functioning properly and that there are no erosion 
problems developing

• Source of sediment contamination should be identifi ed and controlled 
when native soil is exposed or erosion channels are present.

As needed

• Inspected for sediment and debris buildup. Sediment buildup 
exceeding 2 inches in depth or that begins to constrict the fl ow path 
should be removed.

• Clean out leaves, trash, debris, etc.

Biannually 
(Quarterly for small 

orifi ce designs)

• Maintain records of all inspections and maintenance activity. Ongoing

Note:
Design of inlet and outlet controls are not limited to the examples shown within this text.  Successful 
stormwater management plans will combine appropriate materials and designs specifi c to each site.

  Sediments should be tested for toxicants in compliance with current disposal requirements if land uses 
in the drainage area include commercial or industrial zones, or if visual or olfactory indications of pollution 
are noticed.
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8. Landscape Guidance

8.0 Introduction
Landscaping is a critical element to improve both the function and appearance of stormwater management 
practices (SMPs).  Integrated stormwater landscapes can provide many benefi ts such as construction cost 
savings, reduced maintenance, aesthetic enhancement, and the improved long-term functionality.  A well-
designed and established landscape will also prevent post-construction soil erosion.  Additionally, these 
approaches can help mitigate urban heat island effects, improve air quality, and reduce atmospheric carbon 
levels. 

Vegetated stormwater management systems are a preferred practice.  SMPs can be integrated within 
planned landscape areas, with minor modifi cations to conventional landscape design.  It is essential that 
impervious surfaces be graded toward the vegetated areas that are used as SMPs and that these SMPs 
are depressed to allow for fl ow and/or surface ponding.  Guidance for the design of inlets to vegetated 
SMPs can be found in Section 7.15: Inlet and Outlet Controls.  Since these design approaches are still new 
to many construction contractors it is advisable to clearly show these details in cross section and plan view 
drawings.  Additional guidance can be found in Section 4.0: Integrated Site Design as well as in Section 
7: SMP Design Guidelines of this Manual. 

This section provides landscaping criteria and plant selection guidance for effective SMPs and is organized 
as follows: Section 8.1: Planting Guidance contains general guidance that should be considered when 
landscaping any SMP.  Section 8.2: SMP Specifi c Landscaping Requirements includes specifi c planting 
and site preparation information for selected SMPs.  Section 8.3: Native and Recommended Non-invasive 
Plants lists appropriate plants for use in SMPs in this region.  Key information useful for the selection of plant 
material for stormwater landscaping is presented, including National Wetland Indicator Status, preferred 
hydrologic zones, and aesthetic considerations.  Finally, Section 8.4: Prohibited Non-native Invasive Plants 
lists prohibited invasive plants.

8.1 Planting Recommendations / Guidelines
General guidance for all SMP plantings:

Plant selection and arrangement

• Existing native and non-invasive vegetation should be preserved where possible.

• Noxious weeds and invasive species shall not be specifi ed or used. 

• Plant stream and water buffers with trees, shrubs, ornamental grasses, and herbaceous materials 
where possible, to stabilize banks and provide shade.  This will help to reduce thermal warming, 
reduce erosion, increase roughness and protect habitat.

• Avoid plantings that will require routine or intensive chemical applications (i.e. turf area).  Use low 
maintenance ground cover as an alternative to turf.

• Stressors (e.g. wind, exposure, exposure to deicing salt, salt tolerance, insects, drought and inundation 
tolerance, and disease), micro-climates, and sunlight conditions should also be considered when 
laying out the planting plan.

• Aesthetics and visual characteristics should be a prime consideration.  Plant form, texture, color, 
bloom time and fragrance are important to the overall feel of the site.  Plants can be used to enhance 
and frame desirable views or screen undesirable views.  Care should be taken to not block views at 
entrances, exits, or along diffi cult road curves. 

• Trees and shrubs should be placed in a manner that restricts pedestrian access to steep pools or 
slopes without blocking maintenance access. 
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• Existing and proposed utilities must be identifi ed and considered.

Maintenance considerations

• The designer should carefully consider the long-term vegetation management strategy for the SMP, 
keeping in mind the maintenance legacy for the future owners.  The SMP maintenance agreement 
must include requirements to ensure vegetation cover in perpetuity. 

• Provide signage to help educate the public about SMPs and to designate limits of mowing (wildfl ower 
areas, meadows, etc.).

Embankments, spillways, dams, and orifi ces

• Planting of trees, shrubs, and/or any type of woody vegetation is not allowed on structural 
embankments.

• All emergency spillways should be stabilized with plant material that can withstand strong fl ows. 
Root material should be fi brous and substantial but lack a taproot.

• Trees or shrubs known to have long taproots should not be planted within the vicinity of an earthen 
dam or subsurface drainage facilities.

• Plant trees and shrubs at least 25 feet away from a principal spillway structures.

• Plant trees and shrubs at least 15 feet away from the toe of slope of a dam. 

Soils 

SMP soils should provide adequate infi ltration rates and be suitable for healthy tree and 
vegetation growth.  Soil analysis shall be conducted within the SMP area to determine 
appropriate levels and types of soil amendments.

If topsoil exists on site and is stockpiled for re-use, appropriate erosion control measures as 
required by the Pennsylvania Department of Environmental Protection (PADEP) Erosion and 
Sediment Pollution Control Manual, shall be used.  Soil analysis tests shall be performed on 
stockpiled soil if it will be used within the SMP area.  See Section 7 for SMP specifi c soil 
requirements.

Site Selection, Preparation and Grading 

When selecting a location for the SMP, take into consideration the physical variables of the 
site and the effects they will have on the SMP.  Some variables to consider include amount of 
sunlight received and solar orientation, wind speed and direction, temperature gain and surface 
character.  For example: sites facing northeast receive morning sun and tend to be cooler and 
wetter than those facing southwest; runoff from asphalt will be hotter than that from concrete; 
etc.  Combinations of these variables create different micro-climates and should be taken into 
account when placing the SMP and selecting plants. 

Unwanted vegetation in the SMP area shall be removed during site preparation with equipment 
appropriate for the type of material encountered and site conditions.  It is recommended that 
the maximum amount of pre-existing native vegetation be retained and protected. 

No material storage or heavy equipment is allowed within the SMP area after site clearing and 
grading has been completed, except to excavate and grade as needed to build the SMP.  No 
compaction of infi ltration areas should occur during this excavation. 
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After the SMP area is cleared and graded, any necessary soil amendments should be added and 
tilled into the existing soil to the depth specifi ed for each SMP.  No tilling shall occur within the 
drip line of existing trees.  After tilling is complete, no other construction traffi c shall be allowed 
in the area, except for planting and related work.  Where topsoil is needed, (for example swales 
and dry detention basins) it should be spread to a depth of 4-8 inches and lightly compacted to 
minimum thickness of 4 inches.  This provides organic matter and important nutrients for the 
plant material.  The use of topsoil allows vegetation to become established faster and roots to 
penetrate deeper.  This ensures quicker and more complete stabilization, making it less likely 
that the plants will wash out during a heavy storm.

Mulch 

The mulch layer helps maintain soil moisture and avoid surface sealing which reduces 
permeability.  Mulch helps prevent erosion, and provides a micro-environment suitable for soil 
biota at the mulch/soil interface.  It also serves as a pretreatment layer, trapping the fi ner 
sediments which remain suspended after the primary pretreatment.  Approved mulching 
materials include organic materials such as compost, bark mulch, leaves, as well as small 
river gravel, pumice, or other inert materials.  Grass clippings should not be used as mulch. 
For ground cover plantings, the mulch shall be applied to cover all soil between plants.  Care 
should be exercised to use the appropriate amount of mulch – any more than 3-4 inches can 
negatively impact growing conditions and cause excessive nutrients to leach into the SMP. 
Mulch shall be weed-free.  Manure mulching and high-fertilizer hydroseeding are prohibited in 
a SMP area during and after construction. 

Irrigation 
Newly installed plant material requires water in order to recover from the shock of being 
transplanted.  Be sure that some source of water is provided during establishment of the SMP, 
especially during dry periods.  This will reduce plant loss and provide the new plant materials 
with a chance to establish root growth.

Permanent irrigation systems are allowed, but designers are encouraged to minimize the need 
for permanent irrigation.  Innovative methods for watering vegetation are encouraged, such as 
the use of cisterns and air conditioning condensate. 

SMP Screening 
SMP elements such as chain link fences, concrete bulkheads, outfalls, rip-rap, gabions, large 
steel grates, steep side slopes, manhole covers/vault lids, berm embankments planted only 
with grasses, exposed pipe, banks, retaining walls greater than 2 feet high, and access roads 
are generally not aesthetically pleasing.   When these elements face public right-of-way or 
other private property,  The Philadelphia Water Department (PWD) recommends that they be 
screened with plant materials.  Designers are strongly encouraged to integrate aesthetically 
pleasing landscape design with SMPs.

Pollution Prevention 

Stormwater pollution prevention practices related to landscaping can be categorized into two 
broad categories: Toxic Substance Use Reduction and Pollutant Source Reduction.

Toxic Substance Use Reduction 
Projects shall be designed to minimize the need for toxic or potentially polluting materials 
such as herbicides, pesticides, fertilizers, or petroleum based fuels within the SMP area 
before, during, and after construction.  Use of these materials creates the risk of spills, 
misuse, and future draining or leaching of pollutants into facilities or the surrounding 
area.  
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Pollutant Source Reduction 
Materials that could leach pollutants or pose a hazard to people and wildlife shall not 
be used as components of a SMP.  Some examples of these materials are chemically 
treated railroad ties and lumber and galvanized metals.  Many alternatives to these 
materials are available. 

SMP Establishment and Maintenance 

Establishment procedures should include: control of invasive weeds, prevention of damage from 
animals and vandals, use of erosion control mats and fabrics in channels, temporary diversion 
of fl ows from seeded areas until stabilized, mulching, re-staking, watering, and mesh or tube 
protection replacement, to the extent needed to ensure plant survival.  To ensure landscape 
plant survival and overall stormwater facility functional success, the design and construction 
documents must include elements that help achieve these results.  Construction specifi cations 
and details need to include staking, irrigation schedule, soil amendments, plant protection, over 
planting, and potentially mycorrhizal inoculation. 

Table 8.1: Planting Specifi cations

Specifi cation Element Elements 

Sequence of Construction
Describe site preparation activities, soil amendments, etc.; address 
erosion and sediment control procedures; specify step-by-step 
procedure for plant installation through site clean-up. 

Contractor’s 
Responsibilities

Specify the contractors responsibilities, such as watering, care of 
plant material during transport, timeliness of installation, repairs 
due to vandalism, etc. 

Planting Schedule and 
Specifi cations

Specify the materials to be installed, the type of materials (e.g., B&B, 
bare root, containerized); time of year of installations, sequence of 
installation of types of plants; fertilization, stabilization seeding, if 
required; watering and general care. 

Maintenance

Specify inspection periods; mulching frequency (annual mulching 
is most common); removal and replacement of dead and diseased 
vegetation; treatment of diseased trees; watering amount and 
schedule after initial installation (once per day for 14 days is 
common); repair and replacement of staking and wires. 

Warranty
All systems should contain a 2 year warranty.  Specifi cations should 
contain the warranty period, the required survival rate, and expected 
condition of plant species at the end of the warranty period. 

8.2 Facility Specifi c Landscaping Guidance
The planting recommendations shown under this section are based on research, local experience and/
or standard landscape industry methods for design and construction.  It is critical that selected plant 
materials are appropriate for soil, hydrologic, and other site conditions.  SMPs shall use appropriate 
native and recommended non-invasive species from the Recommended Plant Lists in Table 8.2.
The design for plantings shall minimize the need for herbicides, fertilizers, pesticides, or soil 
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amendments at any time before, during, and after construction and on a long-term basis.  Plantings 
should be designed to minimize the need for mowing, pruning, and irrigation.  Grass or wildfl ower 
seed shall be applied at the rates specifi ed by the suppliers.  If plant establishment cannot be achieved 
with seeding by the time of substantial completion of the SMP portion of the project, the contractor 
shall plant the area with wildfl ower sod, plugs, container plants, or some other means to complete the 
specifi ed plantings and protect against erosion.

Green Roof Landscaping Requirements

Plantings used on green roofs shall be self-sustaining, with little to no need for fertilizers or 
pesticides.  Shrubs, herbs, succulents, and/or grasses shall be used to cover most of the 
green roof.  See Section 7.1: Green Roofs for more specifi c information on green roof 
requirements.

Planter Box Landscaping Requirements

The following quantities per 100 square feet of planter box area are suggested:

• 4 - Large shrubs/small trees 3-gallon containers or equivalent. 
• 6 - Shrubs/large grass-like plants 1-gallon containers or equivalent
• Ground cover plants: 1 per 12 inches on center, triangular spacing.  Minimum container: 

4-inch pot.  Spacing may vary according to plant type.

Note: Container planting requires that plants be supplied with nutrients that they would otherwise 
receive from being part of an ecosystem.  Since they are cut off from these processes they 
must be cared for accordingly. 

Note: Tree planting is not required in planters, but is encouraged where practical.  Tree planting 
is also encouraged near planters.

Infi ltration and Filter System Recommendations

Infi ltration and fi lter systems either take advantage of existing permeable soils or create a 
permeable medium such as sand for water quality and groundwater recharge volume.  In some 
instances where permeability is high, these facilities may be used for the Channel Protection 
requirement as well.  The most common systems include infi ltration trenches, infi ltration basins, 
sand fi lters, and organic fi lters.  When properly planted, vegetation will thrive and enhance the 

Figure 8.1: Cross-section of root zone. Shown at far left is the shallow 
root system of Kentucky bluegrass, a frequently used turf 
grass. The preferred herbaceous species have much deeper 
roots, which aid in stormwater infi ltration.Ill
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functioning of these systems.  For example, pre-treatment buffers will trap sediment that is 
often bound with phosphorous and metals.  Vegetation planted in the SMP will aid in nutrient 
uptake and water storage.  Additionally, plant roots will create macropores for stormwater to 
permeate soil for groundwater recharge (see Figure 8.1).  Finally, successful plantings provide 
aesthetic value and wildlife habitat, making these facilities more desirable to the public.

Design Constraints:  
Along with the guidelines listed at the start of this section, the following should be adhered to:

• Determine areas that will be saturated with water and water table depth so that 
appropriate plants may be selected (hydrology will be similar to bioretention facilities, 
see Figure 8.2 and associated tables for planting material guidance). 

• Plants shall be located so that access is possible for structure maintenance.

Vegetated Swale Landscaping Requirements 

The following quantities per 200 square feet of swale area are suggested:

• 1 Evergreen or Deciduous tree: 
- Evergreen trees: Minimum height: 6 feet. 
- Deciduous trees: Minimum caliper: 1 ½ inches at 6 inches above base.
- Multi-stem trees: Minimum root ball diameter: 20 inches

• Grass: Seed or sod is required to completely cover the swale bottom and side slopes. 
• (Shrubs are optional) 

Vegetation or ground cover within the swale should be suitable for expected velocities.  For the 
swale fl ow path, approved native grass mixes are preferable.  The applicant shall have plants 
established at the time of SMP completion (at least 3 months after seeding).  No runoff should 
be allowed to fl ow in the swale until grass is established.  Native wildfl owers, grasses, and 
ground covers are preferred to turf and lawn areas.  These type of landscape can be designed 
to require mowing only once or twice annually.  

Vegetated Infi ltration Basin and Dry Detention Pond Landscaping
Requirements 

Vegetation increases evapotranspiration, helps improve infi ltration functions, protects from rain 
and wind erosion and enhances aesthetic conditions.  The following quantities per 300 square 
feet of basin area are suggested:

• 1 Evergreen or Deciduous tree: 
- Evergreen trees: Minimum height: 6 feet. 
- Deciduous trees: Minimum caliper: 1 ½ inches at 6 inches above base.
- Multi-stem trees: Minimum root ball diameter: 20 inches

• 4 Large shrubs/small trees 3-gallon containers or equivalent.
• 6 Shrubs/large grass-like plants 1-gallon containers or equivalent
• Ground cover plants: 1 per 12 inches on center, triangular spacing, for the ground cover 

planting area only, unless seed or sod is specifi ed.  Minimum container: 4-inch pot. At 
least 50 percent of the SMP shall be planted with grasses or grass-like plants. 

Native wildfl owers, grasses, and ground covers are preferred to turf and lawn areas. 
These type of landscape can be designed to require mowing only once or twice annually.  

Appropriate plants should be selected based on ponding depth and drain-down time in the 
basin.  Infi ltration systems will be dry much of the time and should be vegetated with drought 
tolerant species especially if they will not be irrigated.
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Bioretention Landscaping Requirements 

Planting Soil Bed Characteristics 
The characteristics of the soil for the bioretention system are perhaps as important as the 
facility location, size, and treatment volume.  The soil must be permeable enough to allow 
runoff to fi lter through the media, while having characteristics suitable to promote and sustain 
a robust vegetative cover crop.  In addition, much of the nutrient pollutant uptake (nitrogen and 
phosphorus) is accomplished through adsorption and microbial activity within the soil profi le. 
Therefore, the soils must balance soil chemistry and physical properties to support biotic 
communities above and below ground.  Planting soil should meet the following specifi cations:

• Clay content: less than 5%
• Sand content: 50 – 60%
• Leaf compost or aged leaf mulch: 20 – 30%
• High quality topsoil: 20 – 30%
• Bioretention soil can be created by amending existing soil.  Depending on the quality of the 

soil, combine 20-30% native soil with 20-30% compost and 50% sand.
• Have a permeability of at least 1.0 feet per day (0.5 inches per hour). 
• Be free of stones, stumps, roots, or other woody material over 1 inch in diameter.  It should 

also be free of brush or seeds from noxious weeds.  Placement of the planting soil should 
be in lifts of 12-18 inches, loosely compacted (tamped lightly with a dozer or backhoe 
bucket). 

Planting Plan Guidance 

• Trees and shrubs shall be freshly dug and grown in accordance with good nursery practice.

• Perennials, grass-like plants, and ground-cover plants shall be healthy, well-rooted    
specimens.

• Plantings shall be designed to minimize the need for mowing, pruning, and irrigation.

The following quantities per 100 square feet of bioretention area are suggested:
 

• 1 large tree per 100 square feet of bioretention area
• 2-4 small trees or shrubs per 100 square feet of bioretention area
• 6 ferns or grass-like plants per 100 square feet of bioretention area (1-gallon containers)
• Groundcover plantings and wildfl ower plugs on 12 inch centers with triangular spacing.
• A native grass/wildfl ower seed mix can be used as an alternative to groundcover planting. 

Seed mix shall be free of weed seeds.

Plant material selection should be based on the goal of simulating a terrestrial forested 
community of native species.  Bioretention simulates an ecosystem consisting of an upland-
oriented community dominated by trees, but having a distinct community, or sub-canopy, of 
understory trees, shrubs and herbaceous materials.  The intent is to establish a diverse, dense 
plant cover to treat stormwater runoff and withstand urban stresses from insect and disease 
infestations, drought, temperature, wind, and exposure. 

The proper selection and installation of plant materials is key to a successful system.  There are 
essentially three zones within a bioretention system (Figure 8.2).  The lowest elevation supports 
plant species adapted to standing and fl uctuating water levels.  The middle elevation supports 
a slightly drier group of plants, but still tolerates fl uctuating water levels.  The outer edge is 
the highest elevation and generally supports plants adapted to dryer conditions.  However, 
plants in all the zones should be drought tolerant.  Plants should also have high salt tolerance 
if bioretention area receives runoff from ground level impervious surfaces.
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Lowest Zone (Hydrologic zones 2-4): 
Plant species adapted to standing and fl uctuating water levels.  Frequently used native 
plants include*:

asters (Aster spp.) winterberry (Ilex verticillata)
goldenrods (Solidago spp.) arrowwood (Viburnum dentatum)
bergamot (Monarda fi stulosa) sweet pepperbush (Clethra alnifolia)
blue-fl ag iris (Iris versicolor) bayberry (Myrica pensylvanica)
sedges (Carex spp.) buttonbush (Cephalanthus occidentalis)
ironweed (Vernonia noveboracensis) swamp azalea (Rhododendron viscosum)
blue vervain (Verbena hastata) elderberry (Sambucus canadensis)
joe-pye weed (Eupatorium spp.) green ash (Fraxinus pennsylvanica)
swamp milkweed (Asclepias incarnata) river birch (Betula nigra)
switchgrass (Panicum virgatum) sweetgum (Liquidambar styracifl ua)
shrub dogwoods (Cornus spp.) northern white cedar (Juniperus virginiana)
swamp rose (Rosa palustris) red maple (Acer rubrum)

* Refer to the plant list for a complete listing

Middle Zone (Hydrologic zones 4-5):  
This zone is slightly drier than the lowest zone, but plants should still tolerate fl uctuating 
water levels.  Some commonly planted native species include*: 
 

black snakeroot (Cimicifuga racemosa) spicebush (Lindera benzoin)
switchgrass (Panicum virgatum) hackberry (Celtis occidentalis)
spotted joe-pye weed (Eupatorium maculatum) willow oak (Quercus phellos)
cutleaf conefl ower (Rudabeckia lacinata) winterberry (Ilex verticillata)
frosted hawthorn (Crataegus pruinosa) slippery elm (Ulmus rubra)
marginal wood fern (Dryopteris marginalis) viburnums (Viburnum spp.)
ironwood (Carpinus caroliniana) witch-hazel (Hamamelis virginiana)
serviceberry (Amelanchier canadensis) steeplebush (Spiraea tomentosa)
obedient plant (Physostegia virginiana) blueberry (Vaccinium spp.)

* Refer to the plant list for a complete listing

Figure 8.2:  Hydrologic zones of a bioretention basin
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Outer Zone (Hydrologic zones 5-6):  
Generally supports plants adapted to drier conditions.  Examples of commonly planted 
native species include*: 
     

many grasses & wildfl owers juniper (Juniperus communis)
basswood (Tilia americana) sweet-fern (Comptonia peregrina)
white oak (Quercus alba) eastern red cedar (Juniperus virginiana)
scarlet oak (Quercus coccinea) smooth serviceberry (Amelanchier laevis)
black oak (Quercus velutina) american holly (Ilex opaca)
american beech (Fagus grandifolia) sassafras (Sassafras albidum)
black chokeberry (Aronia melanocarpa) white pine (Pinus strobus)

* Refer to the plant list for a complete listing

Constructed Wetlands and Wet Ponds Landscaping Requirements

Refer to the Pennsylvania Stormwater Management Best Management Practices Manual for 
additional guidance regarding constructed wetlands and wet ponds.

Filter Strip Landscaping Requirements

It is critical that plant materials are appropriate for soil, hydrologic, light, and other site conditions.  
Select vegetation from the list of native species found in this section (Table 8.2).  Take soil 
infi ltration capacities, sunlight, pollution tolerances, root structure, and other considerations 
into account when selecting plants from this list.

Filter strips should be planted with meadow grasses, shrubs, and native vegetation (including 
trees) from the list provided in Section 8.3: Native and Recommended Non-invasive Plants.  

For the fi lter strip, approved native grass mixes are preferable.  Seed shall be applied at the 
rates specifi ed by the supplier.  The applicant shall have plants established at the time of SMP 
completion (at least 3 months after seeding).  No runoff shall be allowed to fl ow across the fi lter 
strip until the vegetation is established.  Trees and shrubs may be allowed in the fl ow path if the 
fi lter strip exceeds the minimum length and widths specifi ed. 

Filter strips often make a convenient area for snow storage.  Therefore, fi lter strip vegetation 
should be salt-tolerant, and the maintenance schedule should involve removal of sand build-up 
at the toes of the slope.  If the fi lter strip cannot provide pretreatment in the winter due to snow 
storage or vegetation choice, other pretreatment should be provided.

Vegetation cover should be maintained at 85 percent.  If vegetation is damaged, the damaged 
areas should be reestablished in accordance with the original specifi cations or according to a 
new design approved by the Water Department.  In all design cases where vegetation is to be 
established, the planting regime should be as dense as the soil conditions can sustain.  This 
is especially true at the top portions of the fi lter strip where the highest sheet fl ow velocities 
are found.  Soils that can sustain higher quantities and qualities of vegetation may need to 
be added to insure thick vegetative densities needed for sustainable fi lter strip performance.  
All vegetation defi ciencies should be addressed without the use of fertilizers and pesticides if 
possible.  
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8.3 Native and Recommended Non-invasive Plants
Native plant species are recommended over exotic foreign species because they are well adapted to 
local climate conditions.  This will result in less replacement and maintenance, while supporting the 
local ecology. 

The pages at the end of this section present a list of herbaceous, tree and shrub plants native to 
Philadelphia and Pennsylvania and suitable for planting in stormwater management facilities (Table 
8.2).  The list is intended as a guide for general planting purposes and planning considerations. 
Knowledgeable landscape designers and nursery suppliers may provide additional information for 
considering specifi c conditions for successful plant establishment and accounting for the variable 
nature of stormwater hydrology.  Because individual plants often have unique growing requirements 
diffi cult to convey in a general listing, it will be necessary to research specifi c information on the plant 
species proposed in order to ensure successful plant establishment. 

Table 8.2 lists native and recommended plants, trees, shrubs, and grasses and is organized by 
Type and  Latin name.  Additional information given for each species includes: Common name, 
National Wetland Indicator Status, hydrologic zone, inundation tolerance, drought tolerance, salt 
tolerance, mature canopy spread, mature height, light requirements, nativity, commercial availability, 
and notes to provide guidance for application and selection.  For example, some trees are well suited 
to landscaped areas that will receive stormwater runoff, while others may not tolerate the additional 
moisture. 

Figure 8.4:  Containerized tree and shrub planting diagram

Figure 8.3:  Balled & Burlapped (B&B) tree and shrub planting diagram
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Hydrologic Zones 

For planting within a SMP, it is necessary to determine what hydrologic zones will be created. 
Hydrologic zones describe the degree to which an area is inundated by water (see Figure 8.2 
for an example of hydrologic zones in a bioretention basin).  Plants have differing tolerances to 
inundation and as an aid to landscape designers, these tolerance levels have been divided into 
six zones and corresponding plant species have been identifi ed.  In Table 8.2 each plant species 
has a corresponding hydrologic zone provided to indicate the most suitable planting location for 
successful establishment.  While the most common zones for planting are listed in parenthesis, 
the listing of additional zones indicates that a plant may survive over a broad range of hydrologic 
conditions.  Just as plants may, on occasion, be found outside of their hardiness zone, they may 
also be found outside of their hydrologic zone.   Additionally, hydrologic conditions in a SMP 
may fl uctuate in unpredictable ways; thus the use of plants capable of tolerating wide varieties 
of hydrologic conditions greatly increases a successful planting.  Conversely, plants suited for 
specifi c hydrologic conditions may perish when hydrologic conditions fl uctuate, thus exposing 
the soil and increasing the chance for erosion.

Wetland Indicator Status

The Wetland Indicator Status (from Region 1, Reed, 1988) has been included to show “the 
estimated probability of a species occurring in wetlands versus non-wetlands” (Reed, 1988). 
Reed defi nes the indicator categories as follows:

• Obligate wetland (OBL): Plants, which nearly always (more than 99% of the time) occur 
in wetlands under natural conditions.

• Facultative Wetland (FACW): Plants, which usually occur in wetlands (from 67 to 99% 
of the time), but occasionally found in non wetlands.

• Facultative (FAC): Plants, which are equally likely to occur in wetlands and non wetlands 
and are found in wetlands from 34 to 66% of the time.

• Facultative Upland (FACU): Plants, which usually occur in non wetlands (from 67 to 
99% of the time), but occasionally found in wetlands.

• Upland (UPL): Plants, which almost always (more than 99% of the time) under natural 
conditions occur in non wetlands.

• A given indicator status shown with a “+” or a “-” means that the species is more (+) or 
less (-) often found in wetlands than other plants with the same indicator status without 
the “+” or “-” designation.

Inundation Tolerance

Since the Wetland Indicator Status alone does not provide an indication of the depth or duration 
of fl ooding that a plant will tolerate, the “Inundation tolerance” column is designed to provide 
further guidance.  If a plant is capable of withstanding permanent saturation, the depth of this 
saturation is listed (for example, “saturated” indicates the soil can be moist at all times, “sat, 
0-6”“ indicates that the species can survive in constantly moist soil conditions with up to 6” of 
standing water).  Conversely, a plant may only tolerate seasonal inundation – such as after a 
storm event – or may not tolerate inundation at all.  This type of plant would be well suited for 
an SMP that is expected to drain quickly or in the drier zones of the SMP.  

Drought Tolerance (N=none; L=low; M=medium; H=high) 

The drought tolerance column is meant to provide a way for SMP designers to select appropriate 
native plants that can survive in hot summer conditions, with a minimum of irrigation.  Drought 
tolerance is defi ned as the relative tolerance of the plant to drought conditions compared to 
other plants in the same region (USDA, 2005).
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Salt Tolerance (N=none; L=low; M=medium; H=high; U=unknown)

This column ranks the relative tolerance of a species to salt content in the soil.  If U (unknown) 
is displayed, no research was found for that particular species.

Mature Canopy Spread 

This column gives the SMP designer a rough estimate of the diameter (or spread) of a tree 
species’ branching when it has matured.  This information indicates what the light conditions 
will be like beneath the tree for understory plantings; how much space should be left open 
between the tree planting pit and any vertical structures, such as buildings; how far apart the 
trees should be planted; and it gives an idea, along with the mature height of the species, of the 
tree’s growth habit.  The mature canopy spread also provides a rough idea for how much leaf 
surface area will be available to intercept stormwater before it reaches the ground. 

Mature Height

This column provides the approximate mature height of plant species in optimal growing 
conditions.  This height may be reduced dramatically in the urban environment where light, 
space, and other factors may not be as readily available as in a forest or fi eld setting.  However, 
by providing as much space as possible for a plant to grow and by choosing appropriate 
species for a planting area, improved – if not optimal - growing conditions can be achieved. 
For example, a tree planted in a sidewalk pit measuring 4 feet x 4 feet may only reach half its 
mature height, while a tree planted in a 4 foot wide “trough” style planting bed will grow taller 
and live longer, because it will have greater access to air and water.

Light Requirement

The light requirements for each species are listed as ranges between full shade and full sun.  
At the bottom of the range – full shade – plants thrive in conditions where they receive fi ltered, 
or dappled, light for the entire day (such as under an oak tree).  In the middle of the range are 
plants that grow best in part shade, where they are in full shade for 2-3 hours during midday.   
Plants that require full sun should be sited so that they receive 5 or more hours of direct sun 
during the growing season.  Some plants requiring full sun may still do well in a part shade 
environment, depending on the quality and duration of the light the plants receive when they 
are not in the shade.

Nativity

A native plant is an indigenous species that occurred in the region prior to settlement by the 
Europeans.  In this column, each species is located within a range of nativity to Philadelphia.   
Plants known to have existed in Philadelphia County are native to Philadelphia, while a 
wider geographic range lists plants native to the state, but not necessarily to the county.  The 
widest geographic range lists a few species native to the United States, but not necessarily 
to Pennsylvania.  The plants listed that are not specifi cally native to Philadelphia are included 
because of their demonstrated success within SMPs.

Commercial Availability (C=container; P=plug; S=seed)

Wildfl ower and grass species often come in a form known as a plug.  These are often grown 
and sold in trays of 50 of the same species.  They are essentially very small container plants, 
with a root/soil mass about an inch wide and 2-4 inches long.  Most species available in plug 
form are also sold as seed.  Often, a combination of plugs and seed will be used to establish a 
SMP quickly and provide immediate visual interest and stabilization.
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Container-grown plants include trees, shrubs, wildfl owers, ferns, grasses, and sedges.  This is 
an excellent alternative to the far more expensive balled-and–burlapped (B&B) form of trees 
and shrubs, although the size of the tree is almost always smaller.  Nurseries often provide a 
few container sizes for each species.  

Notes

PWD has included the recommendations for street trees in the notes section of the native plant 
list and recommended non-invasive plants, trees, shrubs, and grasses list to assist designers 
in selection of vegetation most appropriate for the harsh conditions which are often associated 
in close proximity to streets.  It is likely that most these areas will be hot in summer months until 
the trees become established. 
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Type

Latin Name

Common Name

National Wetland Indicator *

Hydrologic zone **

Inundation tolerance

Drought tolerance(N=none; L=low; M=medium; 
H=high)           

Salt tolerance (N=none; L=low; M=medium; H=high; 
U=unknown)   

Mature canopy spread

Mature height

Light requirement

Nativity

Commercial availability (C=container; P=plug; 
S=seed
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8. Landscape Guidance
Type

Latin Name

Common Name

National Wetland Indicator *

Hydrologic zone **

Inundation tolerance

Drought tolerance(N=none; L=low; M=medium; 
H=high)           

Salt tolerance (N=none; L=low; M=medium; H=high; 
U=unknown)   

Mature canopy spread

Mature height

Light requirement

Nativity

Commercial availability (C=container; P=plug; 
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8. Landscape Guidance

8 - 16 Philadelphia Stormwater Manual v2.0

Type

Latin Name

Common Name

National Wetland Indicator *

Hydrologic zone **

Inundation tolerance

Drought tolerance(N=none; L=low; M=medium; 
H=high)           

Salt tolerance (N=none; L=low; M=medium; H=high; 
U=unknown)   

Mature canopy spread

Mature height

Light requirement

Nativity

Commercial availability (C=container; P=plug; 
S=seed
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8. Landscape Guidance
Type

Latin Name

Common Name

National Wetland Indicator *

Hydrologic zone **

Inundation tolerance

Drought tolerance(N=none; L=low; M=medium; 
H=high)           

Salt tolerance (N=none; L=low; M=medium; H=high; 
U=unknown)   

Mature canopy spread

Mature height

Light requirement

Nativity

Commercial availability (C=container; P=plug; 
S=seed
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8.4 Prohibited Non-native and Invasive Plants
Invasive non-native plants reproduce rapidly, degrade and take over natural ecosystems and 
have few, if any natural controls to keep them in check.  Brought in to new areas by people 
for a specifi c purpose or by accident these species have characteristics that allow them to 
grow out of control and usually favor disturbed sites like areas of new construction.  Under 
no circumstance should they be planted in a SMP.  Because of appealing characteristics, 
some of these plants are available for sale and care should be taken not to purchase them.  
Additionally, the ability to identify and remove them before they can establish themselves is 
important as they almost always invade due to their gregarious reproductive strategies.  They 
can be especially hard to get rid of once they take hold.  Table 3 lists common invaders for the 
Mid-Atlantic region.

Table 8.3: Common Invasive Species of the Mid-Atlantic Region
Type Latin Name Common Name Availability
forb Hemerocallis fulva Common daylily commercially available
forb Alliaria petiolata Garlic mustard
forb Polygonum cuspidatum Japanese knotweed
forb Ranunculs fi caria Lesser celadine
forb Lythrum salicaria Purple loosetrife
forb Cirsium arvense Canada thistle
forb Lespedeza cuneata Chinese lespedeza
forb Heracleum mantegazzianum Giant hogweed
forb Murdannia keisak Marsh dewfl ower
forb Centaurea biebersteinii Spotted knapweed
grass Bambusa, Phyllostachys, Pseudosassa Bamboo commercially available
grass Microstegium vimineum Japanese stiltgrass
grass Miscanthus sinensis Chinese silvergrass
grass-like Phragmites australis Common reed
grass-like Arundo donax Giant reed- wild cane
shrub Berberis thunbergii Japanese barberry commercially available
shrub Ligustrum spp. Privets commercially available
shrub Euonymus alata Winged burning bush commercially available
shrub Buddleja davidii Butterfl y bush commercially available
shrub Spiraea japonica Japanese spiraea - 

Japanese meadowsweet commercially available
shrub Elaeagnus umbellata Autumn  olive
shrub Lonicera spp. Bush honeysuckles commercially available
shrub Rosa multifl ora Mulitfl ora rose
shrub Rubus phoenicolasius Wineberry
shrub Rhodotypos scandens Jetbead
Tree Pyrus calleryana ‘Bradford’ Bradford pear commercially available
Tree Acer platanoides Norway maple commercially available
Tree Quercus acutissima Sawtooth oak commercially available
Tree Paulownia tomentosa Princess tree
Tree Ailanthus altissima Tree of Heaven
Tree Albizia julibrissin Silk tree - mimosa tree commercially available
Tree Broussonetia papyrifera Paper mulberry
Tree Morus alba White mulberry
Vine Hedera helix English Ivy commercially available
Vine Wisteria sinensis, W. fl oribunda Wisteria, exotic commercially available
Vine Eunonymus fortunei Creeping euonymus commercially available
Vine Lonicera japonica Japanese honeysuckle commercially available
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8. Landscape Guidance

Table 8.3: Common Invasive Species of the Mid-Atlantic Region (continued)
Type Latin Name Common Name Availability
Vine Vinca minor Periwinkle commercially available
Vine Pueraria montana v. lobata Kudzu
Vine Polygonum perfoliatum Mile-a-minute
Vine Celastrus orbiculatus Oriental bittersweet
Vine Ampelopsis brevipedunculata Porcelain berry commercially available
Vine Akebia quinata Five-leaved akebia
Vine Cynanchum louiseae Louis’ swallowwort
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Appendix A: Hotspot Investigation Procedures
A.1 Justifi cation

This policy is intended to encourage infi ltration on most sites while addressing potential 
contamination of groundwater and surface water caused by infi ltration on sites with contaminated 
soils.  

A.2 Required Steps

Step 1:  Determine the prior land use at the site to be developed, and review any data on soil 
or groundwater quality.

• For larger development sites, a formal Phase I site assessment is often required 
by the lender in order to determine if any environmental hazard exists on the site.  A 
determination of prior land use is part of this assessment.

• On sites where a formal Phase I is not conducted, methods to determine prior land 
use may include a title search, aerial photographs, soil surveys, topographic maps, city 
and state regulatory databases, and a review of state and local records.

Step 2:  Determine the potential for contamination based on available data and prior land 
use. 

• The following land uses are considered to have a potential for contaminated soil 
which may adversely affect the quality of groundwater discharging to surface water.  
Infi ltration is prohibited on these site unless the applicant can show that there is no 
potential for contaminant migration due to infi ltration.

• Sites designated as CERCLA (Superfund) sites
• Auto recycler facilities and junk yards
• Commercial laundry and dry cleaning 
• Commercial nurseries 
• Vehicle fueling stations, service and maintenance areas
• Toxic chemical manufacturing and storage
• Petroleum storage and refi ning
• Public works storage areas
• Airports and deicing facilities, railroads and rail yards, marinas and ports
• Heavy manufacturing and power generation
• Metal production, plating and engraving operations
• Landfi lls and hazardous waste material disposal
• Sites on subsurface material such as fl y ash known to contain mobile heavy 
metals and toxins

Step 3:  For sites that do not qualify as hotspots, proceed with design of infi ltration facilities 
including pre-treatment.  For hotspots, proceed with design of water quality treatment 
facilities. For sites not identifi ed as a hot spot under Step 2, an infi ltration waiver can be 
requested if suffi cient proof of soil contamination is provided based on soil sampling results. 
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Appendix B: Soil Infi ltration Testing Procedures
B.1 Justifi cation

This policy is intended to provide standard methods for use in determining the infi ltration rate of 
liquid into soils. 

B.2 Required Steps

Designers are required to use the soil infi ltration testing procedures described by American 
Standard Testing Methods (ASTM) in their “Standard Test Method for Infi ltration Rate of Soils 
in Field Using Double-Ring Infi ltrometer” or as set forth by the Pennsylvania Stormwater Best 
Management Practices Manual. 

B.3 Summary of Acceptable Soil Infi ltration Testing

The purpose of Appendix B is to provide potential fi eld infi ltration testing methods to be utilized for 
the design of infi ltration facilities.  In an effort to maintain congruency between the Pennsylvania 
Department of Environmental Protection (PADEP) and the Philadelphia Water Department (PWD) 
regarding stormwater/infi ltration practices, Appendix C: Site Evaluation and Soil Testing of the 
Pennsylvania Stormwater Management Manual has been attached and is incorporated into this 
document.

There are a variety of fi eld tests available to determine the design fi eld infi ltration rate at a given 
site.  This Appendix outlines the procedures to perform two methods of infi ltration:  Double-Ring 
Infi ltrometers and Percolation Tests.  

A double-ring infi ltrometer test estimates the vertical movement of water through the bottom of the 
test area, while a percolation test allows water movement through both the bottom and sides of 
the test area.  As such, double-ring infi ltrometer tests are considered to more accurately model the 
potential infi ltration capacity of a soil.  However, it is understood that for a large site with multiple 
test locations, double-ring infi ltrometer tests can be cost prohibitive.  

Key points for the two methods are summarized below. 

Double-Ring Infi ltrometer

• Double-Ring infi ltrometer testing methodology is provided in ASTM D 3385. 

• Two concentric metal rings are driven into the ground and fi lled with water.  The outer ring 
helps to reduce lateral movement of water in the soil while the inner ring is used to calculate 
an infi ltration rate. 

• Test holes must be presoaked immediately prior to testing.  The presoaking procedure is 
intended to simulate saturated conditions in the environment and to minimize the infl uence 
of unsaturated fl ow.

•  The test must be performed for at least 6 hours or a length of time adequate for the 
infi ltration rate to stabilize.  

• It is strongly advised that a double-ring infi ltration test be performed instead of a percolation 
test for proposed infi ltration basins.
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Percolation Tests

• Percolation test methodology is based on the criteria written in Chapter 73 of the 
Pennsylvania Code.  The procedure is also included in the Pennsylvania Stormwater 
Manual included with this Appendix.

  
• A percolation test allows water movement through both the bottom and sides of the test 

area.  Percolation tests are generally utilized in areas where both horizontal and vertical 
infi ltration is expected.

•  Percolation tests carried out betwen June 1 and December 31 should use a 24 hour 
presoaking before the testing.

• All test holes should be presoaked immediately prior to testing.  The presoaking procedure 
is intended to simulate saturated conditions in the environment and to minimize the 
infl uence of unsaturated fl ow.

• The test infi ltration rate from a percolation test is obtained by dividing the percolation rate 
by the appropriate reduction factor. This calculation is explained in detail in the following 
section.

Generally, a minimum of two tests should be performed per infi ltration area.  At least one test 
should be conducted at the proposed bottom elevation of an infi ltration BMP.  More tests may be 
warranted if the results for the fi rst two tests are substantially different.  The highest infi ltration rate 
from the test results should be discarded when more than two are employed for design purposes.  
The geometric mean should be used to determine the average rate following multiple tests.

The presence of massive rock in relatively close proximity to the point of infi ltration may result 
in lateral, as opposed to vertical infi ltration if the rock is not suffi ciently jointed and/or fi ssured to 
infi ltrate.  This can potentially result in water migrating and then reappearing at topographic low 
areas.  Therefore, if rock is present within 5 feet of the proposed base of the infi ltration basin, the 
designer must provide adequate information to document that the water is infi ltrating vertically and 
not traveling laterally along the top of rock surface.

Other testing procedures may be used if site conditions make double-ring infi ltrometer and 
percolations tests infeasible. In such cases, a waiver requesting approval of an alternate testing 
procedure must be submitted. It is recommended that this waiver be submitted before the testing 
is performed. Refer to http://www.PhillyRiverInfo.org/PWDDevelopmentReview for the most recent 
waiver forms.
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Protocol 1 
Site Evaluation and Soil Infiltration Testing 

 
 
A.   Purpose of this Protocol 
 
The purpose of the Site Evaluation and Soil Infiltration Testing Protocol is to describe evaluation 
and field testing procedures to: 
 

a. Determine if Infiltration BMPs are suitable at a site, and at what locations. 
b. Obtain the required data for infiltration BMP design.   

 
B. When to Conduct Testing 

  
Designers are encouraged to conduct the Soil Evaluation and Investigation early in the site 
planning and design process.  The Site Development process outlined in Chapters 4 and 5 of 
this Manual describe a process for site development and BMPs.  Soil Evaluation and 
Investigation should be conducted early in the preliminary design of the project so that 
information developed in the testing process can be incorporated into the design.  Adjustments 
to the design can be made as necessary.  It is recommended that Soil Evaluation and 
Investigation be conducted following the development of an early Preliminary Plan. The 
Designer should possess a preliminary understanding of potential BMP locations prior to testing.  
Prescreening test may be carried out in advance to site potential BMP locations.  
 
C.  Who Should Conduct Testing 
 
Qualified professionals who can substantiate by qualifications/experience their ability carry out 
the evaluation should conduct test pit soil evaluations.  A professional, experienced in observing 
and evaluating soils conditions is necessary to ascertain conditions that might affect BMP 
performance, which can not be thoroughly assessed with the testing procedures. Such 
professionals must conduct these evaluations in risk areas, or areas indicated in the guidance 
as non-preferred locations for testing or BMP implementation.   
 
D. Importance of Stormwater BMP Areas  
 
Sites are often defined as unsuitable for Infiltration BMPs and soil based BMPs due to proposed 
grade changes (excessive cut or fill) or lack of suitable areas.  Many sites will be constrained 
and unsuitable for infiltration BMPs.  However, if suitable areas exist, these areas should be 
identified early in the design process and should not be subject to a building program that 
precludes infiltration BMPs.   An exemption should not be provided for “full build-outs” where 
suitable soils otherwise exist for infiltration.  
 
E.  Safety 
 
As with all field work and testing, attention should be given to all applicable OSHA regulations 
and local guidelines related to earthwork and excavation.  Digging and excavation should never 
be conducted without adequate notification through the Pennsylvania One Call system (PA 
OneCall 1-800-242-1776 or www.paonecall.org).  Excavations should never be left unsecured 
and unmarked, and all applicable authorities should be notified prior to any work.  
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INFILTRATION TESTING: A MULTI-STEP PROCESS 
 
Infiltration Testing is a four-step process to obtain the necessary data for the design of the 
stormwater management plan.  The four steps include: 
 

1. Background Evaluation 
• Based on available published and site specific data 
• Includes consideration of proposed development plan 
• Used to identify potential BMP locations and testing locations 
• Prior to field work (desktop) 
• On-site screening test 

2. Test Pit (Deep Hole) Observation  
• Includes Multiple Testing Locations 
• Provides an understanding of sub-surface conditions 
• Identifies limiting conditions 

3. Infiltration Testing 
• Must be conducted on-site 
• Different testing methods available    
• Alternate methods for - additional-Screening and Verification testing 

4. Design Considerations 
• Determination of a suitable infiltration rate for design calculations 
• Consideration of BMP drawdown 
• Consideration of peak rate attenuation 

  
Step 1. Background Evaluation 
 

Prior to performing testing and developing a detailed site plan, existing conditions at the site 
should be inventoried and mapped including, but not limited to:    
 

Existing mapped individual soils and USDA Hydrologic Soil Group classifications. • 
• 

• 

• 
• 
• 

• 

• 
• 

• 

Existing geology, including the location of any dikes, faults, fracture traces, solution 
cavities, landslide prone strata, or other features of note. 

Existing streams (perennial and intermittent, including intermittent swales), water bodies, 
wetlands, hydric soils, floodplains, alluvial soils, stream classifications, headwaters and 
1st order streams. 

Existing topography, slope, and drainage patterns. 

Existing and previous land uses. 

Other natural or man-made features or conditions that may impact design, such as past 
uses of site, existing nearby structures (buildings, walls), etc. 

 
A sketch plan or preliminary layout plan for development should be evaluated, including: 
 

• The preliminary grading plan and areas of cut and fill. 

The location and water surface elevation of all existing and location of proposed water 
supply sources and wells. 

The location of all existing and proposed on-site wastewater systems. 

The location of other features of note such as utility right-of-ways, water and sewer lines, 
etc. 

Existing data such as structural borings, drillings, and geophysical testing. 
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The proposed location of development features (buildings, roads, utilities, walls, etc.). • 
In Step 1, the Designer should determine the potential location of infiltration BMPs.  The 
approximate location of these BMPs should be located on the proposed development 
plan and should serve as the basis for the location and number of tests to be performed 
on-site. 

 
Important:  If the proposed development program is located on areas that may otherwise be 
suitable for BMP location, or if the proposed grading plan is such that potential BMP locations 
are eliminated, the Designer is strongly encouraged to revisit the proposed layout and grading 
plan and adjust the development plan as necessary.  Full build-out of areas suitable for 
infiltration BMPs should not preclude the use of BMPs for volume reduction and groundwater 
recharge.  

 
Step 2. Test Pits (Deep Holes) 
 
A Test Pit (Deep Hole) allows visual observation of the soil horizons and overall soil conditions 
both horizontally and vertically in that portion of the site.  An extensive number of Test Pit 
observations can be made across a site at a relatively low cost and in a short time period.  The 
use of soil borings as a substitute for Test Pits strongly is discouraged, as visual observation is 
narrowly limited in a soil boring and the soil horizons cannot be observed in-situ, but must be 
observed from the extracted borings.   Borings and other procedures, however, might be 
suitable for initial screening to develop a preliminary plan for testing, or verification testing. 
 
A Test Pit consists of a backhoe-excavated trench, 2-1/2 to 3 feet wide, to a depth of between 
72 inches and 90 inches, or until bedrock or fully saturated conditions are encountered.  The 
trench should be benched at a depth of 2-3 feet for access and/or infiltration testing.   

 
At each Test Pit, the following conditions shall be noted and described.  Depth measurements 
should be described as depth below the ground surface: 

 Soil Horizons (upper and lower boundary) 

 Soil Texture and Color for each horizon 

 Color Patterns (mottling) and observed depth 

 Depth to Water Table 

 Depth to Bedrock 

 Observance of Pores or Roots (size, depth) 

 Estimated Type and Percent Coarse Fragments 

 Hardpan or Limiting Layers 

 Strike and dip of horizons (especially lateral direction of flow at limiting layers) 
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 Additional comments or observations 

The Sample Soil Log Form at the end of this protocol may be used for documentation of each 
Test Pit.  
 
At the Designer's discretion, soil samples may be collected at various horizons for additional 
analysis.   Following testing, the test pits should be refilled with the original soil and the surface 
replaced with the original topsoil.  A Test Pit should never be accessed if soil conditions are 
unsuitable for safe entry, or if site constraints preclude entry.  OSHA regulations should always 
be observed.   
 
It is important that the Test Pit provide information related to conditions at the bottom of the 
proposed Infiltration BMP.  If the BMP depth will be greater than 90 inches below existing grade, 
deeper excavation will be required.   However, such depths are discouraged, especially in Karst 
topography.  Except for surface discharge BMPs (filter strips, etc.) the designer is cautioned 
regarding the proposal of systems that are significantly lower than the existing topography.  The 
suitability for infiltration may decrease, and risk factors are likely to increase.  Locations that are 
not preferred for testing and subsurface infiltration BMPs include swales, the toe of slopes for 
most sites, and soil mantels of less than three feet in Karst topography.    
 
The designer and contractors should reducing grading and earthwork as needed to reduce site 
disturbance and compaction so that a greater opportunity exists for testing and stormwater 
management.  
 
The number of Test Pits varies depending on site conditions and the proposed development 
plan.  General guidelines are as follows: 
 

• For single-family residential subdivisions with on-lot BMPs, one test pit per lot is 
recommended, preferably within 25 feet of the proposed BMP area.  Verification 
testing should take place when BMPs are sited at greater distances.   

• For multi-family and high density residential developments, one test pit per BMP area 
or acre is recommended. 

• For large infiltration areas (basins, commercial, institutional, industrial, and other 
proposed land uses), multiple test pits should be evenly distributed at the rate of four 
(4) to six (6) tests per acre of BMP area. 

 
The recommendations above are guidelines.  Additional tests should be conducted if local 
conditions indicate significant variability in soil types, geology, water table levels, bedrock, 
topography, etc.  Similarly, uniform site conditions may indicate that fewer test pits are required.  
Excessive testing and disturbance of the site prior to construction is not recommended. 
 
 
Step 3. Infiltration Tests/Permeability Tests 
 
A variety of field tests exist for determining the infiltration capacity of a soil.  Laboratory tests are  
strongly discouraged, as a homogeneous laboratory sample does not represent field conditions.  
Infiltration tests should be conducted in the field.  Tests should not be conducted in the rain or 
within 24 hours of significant rainfall events (>0.5 inches), or when the temperature is below 
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freezing.  However, the preferred testing is between January and June, the wet season.  This is 
the period when infiltration is likely to be diminished by saturated conditions.  Percolation tests 
carried out between June 1 and December 31 should use a 24 hour presoaking before the 
testing.  This procedure is not required for Infiltrometer testing, or permeometer testing 
 
At least one test should be conducted at the proposed bottom elevation of an infiltration BMP, 
and a minimum of two tests per Test Pit is recommended.  More tests may be warranted if the 
results for first two tests are substantially different.  The highest rate (inches/hour) for test 
results should be discarded when more than two are employed for design purposes.  The 
geometric mean should be used to determine the average rate following multiple tests. 
 
Based on observed field conditions, the Designer may elect to modify the proposed bottom 
elevation of a BMP.  Personnel conducting Infiltration Tests should be prepared to adjust test 
locations and depths depending upon observed conditions.   
 
Methodologies discussed in this protocol include: 
 

• Double-ring Infiltrometer tests. 

• Percolation tests (such as for on-site wastewater systems and described in Pa Code 
Chapter 73). 

 
There are differences between the two methods. A Double-ring Infiltrometer test estimates the 
vertical movement of water through the bottom of the test area. The outer ring helps to reduce 
the lateral movement of water in the soil.   A percolation test allows water movement through 
both the bottom and sides of the test area.   For this reason, the measured rate of water level 
drop in a percolation test must be adjusted to represent the discharge that is occurring on both 
the bottom and sides of the percolation test hole.  
 
For infiltration basins, it is strongly advised that an Infiltration Test be carried out with an 
infiltrometer (not percolation test) to determine the saturated hydraulic conductivity rate.  This 
precaution is taken to account for the fact that only the surface of the basin functions to infiltrate, 
as measured by the test.  Alternatively, permeability test procedures that yield a saturated 
hydraulic conductivity rate can be used (see formulas developed by Elrick and Reynolds (1992), 
or others for computation of hydraulic conductivity and saturated hydraulic conductivity).   
 
Other testing methodologies and standards that are available but not discussed in detail in this 
protocol include (but are not limited to): 

 

• Constant head double-ring infiltrometer 

• Testing as described in the Maryland Stormwater Manual Appendix  D.1 using 5-inch 
diameter casing. 

• ASTM 2003 Volume 4.08, Soil and Rock (I): Designation D 3385-03, Standard Test 
Method for Infiltration Rate of Soils in Field Using a Double-Ring Infiltrometer.  

• ASTM 2002 Volume 4.09, Soil and Rock (II): Designation D 5093-90, Standard Test 
Method for Field Measurement of Infiltration Rate Using a Double-Ring Infiltrometer with 
a Sealed-Inner Ring. 

• Guelph Permeameter 

• Constant Head Permeameter (Amoozemeter) 
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a. Methodology for Double-Ring Infiltrometer Field Test 

 
A Double-ring Infiltrometer consists of two concentric metal rings.  The rings are driven 
into the ground and filled with water.  The outer ring helps to prevent divergent flow.  The 
drop in water level or volume in the inner ring is used to calculate an infiltration rate. The 
infiltration rate is determined as the amount of water per surface area and time unit that 
penetrates the soils.  The diameter of the inner ring should be approximately 50% to 
70% of the diameter of the outer ring, with a minimum inner ring size of 4-inches, 
preferably much larger. (Bouwer, 1986).   Double-ring infiltrometer testing equipment that 
is designed specifically for that purpose may be purchased.  However, field testing for 
stormwater BMP design may also be conducted with readily available materials. 
 
Equipment for Double-Ring Infiltrometer Test: 
 

 Two concentric cylinder rings 6-inches or greater in height. Inner ring diameter 
equal to 50% - 70% of outer ring diameter (i.e., an 8-inch ring and a 12-inch ring).  
Material typically available at a hardware store may be acceptable.  

 Water supply 

 Stopwatch or timer 

 Ruler or metal measuring tape 

 Flat wooden board for driving cylinders uniformly into soil 

 Rubber mallet  

 Log sheets for recording data 
 
 
Procedure for Double-Ring Infiltrometer Test 

 Prepare level testing area.  

 Place outer ring in place; place flat board on ring and drive ring into soil to a 
minimum depth of two inches. 

 Place inner ring in center of outer ring; place flat board on ring and drive ring into 
soil a minimum of two inches. The bottom rim of both rings should be at the same 
level. 

 The test area should be presoaked immediately prior to testing.  Fill both rings with 
water to water level indicator mark or rim at 30 minute intervals for 1 hour.  The 
minimum water depth should be 4-inches.  The drop in the water level during the 
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last 30 minutes of the presoaking period should be applied to the following 
standard to determine the time interval between readings: 

 
 If water level drop is 2-inches or more, use 10-minute measurement intervals.   
 If water level drop is less than 2-inches, use 30-minute measurement intervals. 

 Obtain a reading of the drop in water level in the center ring at appropriate time 
intervals.  After each reading, refill both rings to water level indicator mark or rim.  
Measurement to the water level in the center ring shall be made from a fixed 
reference point and shall continue at the interval determined until a minimum of 
eight readings are completed or until a stabilized rate of drop is obtained, 
whichever occurs first. A stabilized rate of drop means a difference of 1/4 inch or 
less of drop between the highest and lowest readings of four consecutive readings. 

 The drop that occurs in the center ring during the final period or the average 
stabilized rate, expressed as inches per hour, shall represent the infiltration rate for 
that test location.  

 
 

b. Methodology for Percolation Test 

 
Equipment for Percolation Test: 
 

 Post hole digger or auger  

 Water supply 

 Stopwatch or timer 

 Ruler or metal measuring tape 

 Log sheets for recording data  

 Knife blade or sharp-pointed instrument (for soil scarification) 

 Course sand or fine gravel 

 Object for fixed-reference point during measurement (nail, toothpick, etc.) 
 
Procedure for Percolation Test 
 
This percolation test methodology is based largely on the Pennsylvania Department of 
Environmental Protection (PADEP) criteria for on-site sewage investigation of soils (as 
described in Chapter 73 of the Pennsylvania Code).   This should include the 24 hour presoak 
procedure between June 1 and December 31. The presoak is done primarily to simulate 
saturated conditions in the environment (generally Spring) and to minimize the influence of 
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unsaturated flow.   If a presoak procedure is not employed between June1 and December 31, 
than the rate reduction formula described by Elrick and Reynolds (1992), or Fritton, et.,al. 
(1986) is recommended to account for the influence of unsaturated conditions in the test. 
 
Prepare level testing area. 

 Prepare hole having a uniform diameter of 6 to 10 inches and a depth of 8 to 12-
inches.  The bottom and sides of the hole should be scarified with a knife blade or 
sharp-pointed instrument to completely remove any smeared soil surfaces and to 
provide a natural soil interface into which water may percolate. Loose material 
should be removed from the hole.  

 (Optional) two inches of coarse sand or fine gravel may be placed in the bottom of 
the hole to protect the soil from scouring and clogging of the pores. 

 Test holes should be presoaked immediately prior to testing.  Water should be 
placed in the hole to a minimum depth of 6 inches over the bottom and readjusted 
every 30 minutes for 1 hour.  

 The drop in the water level during the last 30 minutes of the final presoaking period 
should be applied to the following standard to determine the time interval between 
readings for each percolation hole: 

  
 If water remains in the hole, the interval for readings during the percolation 

test should be 30 minutes.  
 If no water remains in the hole, the interval for readings during the percolation 

test may be reduced to 10 minutes.  

 After the final presoaking period, water in the hole should again be adjusted to a 
minimum depth of 6-inches and readjusted when necessary after each reading.  A 
nail or marker should be placed at a fixed reference point to indicate the water refill 
level.  The water level depth and hole diameter should be recorded. 

 Measurement to the water level in the individual percolation holes should be made 
from a fixed reference point and should continue at the interval determined from 
the previous step for each individual percolation hole until a minimum of eight 
readings are completed or until a stabilized rate of drop is obtained, whichever 
occurs first. A stabilized rate of drop means a difference of 1/4 inch or less of drop 
between the highest and lowest readings of four consecutive readings.  

 The drop that occurs in the percolation hole during the final period, expressed as 
inches per hour, shall represent the percolation rate for that test location.   

 The average measured rate must be adjusted to account for the discharge of 
water from both the sides and bottom of the hole and to develop a representative 
infiltration rate.  The average/final percolation rate should be adjusted for each 
percolation test according to the following formula: 

 
Infiltration Rate = (Percolation Rate) / (Reduction Factor) 

363-0300-002 / December 30, 2006 Page 8 of 21

RB-AR8254



Pennsylvania Stormwater Best Management Practices Manual                      Appendix C 

 
 

Rf
d d
DIA= +−2 1 1∆Where the Reduction Factor is given by**:   

 
With: 

d1  =  Initial Water Depth (in.) 

∆d =  Average/Final Water Level Drop (in.) 
DIA  =  Diameter of the Percolation Hole (in.) 

 
 
The Percolation Rate is simply divided by the Reduction Factor as calculated above or 
shown in the table below to yield the representative Infiltration Rate.  In most cases, the 
Reduction Factor varies from about 2 to 4 depending on the percolation hole dimensions 
and water level drop – wider and shallower tests have lower Reduction Factors because 
proportionately less water exfiltrates through the sides.  For design purposes additional 
safety factors are employed (see Protocol 2, Infiltration Systems Design and 
Construction Guidelines) 
 
 
** The area Reduction Factor accounts for the exfiltration occurring through the sides of 
percolation hole.  It assumes that the percolation rate is affected by the depth of water in 
the hole and that the percolating surface of the hole is in uniform soil.  If there are 
significant problems with either of these assumptions then other adjustments may be 
necessary. 
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Table 1.  Sample Percolation Rate Adjustments  

       

tep 4. Design Considerations beginning with Protocol 2 – Infiltration System 

 

DDITIONAL POSSIBLE  TESTING  - BULK DENSITY, OTHERS 

ther testing methods are acceptable to assess a soil’s suitability for infiltration  for early 
nts 

s 

ernate tests or investigations can be used for verification.  For instance, if the BMPs are not 
 

onals with 

Perc. Hole 

Diameter, DIA (in.)

Initial Water 

Depth, d1 (in.)

Ave./Final Water 

Level Drop, ∆d (in.)

Reduction 

Factor, Rf

0.1 3.0

0.5 2.9

2.5 2.6

0.1 3.7

0.5 3.6

2.5 3.3

0.1 4.3

0.5 4.3

2.5 3.9

0.1 2.5

0.5 2.4

2.5 2.2

0.1 3.0

0.5 2.9

2.5 2.7

0.1 3.5

0.5 3.4

2.5 3.2

0.1 2.2

0.5 2.2

2.5 2.0

0.1 2.6

0.5 2.6

2.5 2.4

0.1 3.0

0.5 3.0

2.5 2.8

10

6

8

10

8

6

8

10

6

8

10

6

 
S

Design and Construction Guidelines 

 
A
 
O
screening and occasionally for verification.  They can be especially helpful where consulta
wish to cull out the better soils. Percolation testing can also be performed without presoaking a
a pre-screening procedure.   
   
Alt
located precisely over the test locations, alternate testing or investigations can be used to verify
that the soils are the same as the soils that yielded the earlier test results.  However, 
consultants should document these verification test results or investigations.  Professi
substantiated qualifications should carry out verification procedures.  
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Bulk Density Tests measure the level of compaction of a soil, which is an indicator of a soils’ 
ability to absorb rainfall.   Developed and urbanized sites often have very high bulk densities 
and therefore possess limited ability to absorb rainfall (and have high rates of stormwater 
runoff).  Vegetative and soil improvement programs can improve, (i.e. lower), the soil bulk 
density and improve the site’s ability to absorb rainfall and reduce runoff.     

Macropores occur primarily in the upper soil horizons and are formed by plant roots (both living 
and decaying), soil fauna such as insects, the weathering processes caused by the movement 
of water, the freeze-thaw cycle, soil shrinkage due to desiccation of clays, chemical processes, 
and other mechanisms.  These macropores provide an important mechanism for infiltration prior 
to development, extending vertically and horizontally for considerable distances.  It is the intent 
of good engineering and design practice to maintain these macropores in the installation of 
Infiltration BMPs as much as possible.  Bulk Density Tests can help determine the relative 
compaction of soils before and after site disturbance and/or restoration and should be used at 
the discretion of the designer/reviewer. 

Various procedures are available to conduct bulk density tests.  The density measurements 
should be carried out in conjunction with a soil texture analysis.  Sandy soils infiltrate well, but 
tend to have a somewhat higher bulk density than finer soils.  Experienced personnel can do the 
texture analysis manually on site.  
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 Protocol 2 
Infiltration Systems Design and Construction Guidelines 
 
 
Role of Infiltration BMPs 
The phrase “infiltration BMPs” describes a wide range of stormwater management practices aimed at infiltrating 
some fraction of stormwater runoff from developed surfaces into the soil horizon and eventually into deeper 
groundwater.  In this manual the major infiltration strategies are grouped into four categories or types, based on 
construction and performance similarities:  

 

• Surface Infiltration Basins 

• Subsurface Infiltration Beds 

• Bioretention Areas/Rain Gardens 

• Other BMPs that support infiltration (vegetated filter/buffer strips, level spreaders, and 
vegetated swales) 

 
Infiltration BMPs are one of the most beneficial approaches to stormwater management for a 
variety of reasons including: 
 

• Reduction of the peak rate of runoff 

• Reduction of the volume of runoff  

• Removal of a significant portion of the particulate-associated pollutants and some 
portion of the solute pollutants. 

• Recharge of groundwater and maintenance of stream baseflow.   
 
Infiltration BMPs attempt to replicate the natural hydrologic regime.  During periods of rainfall, 
infiltration BMPs reduce the volume of runoff and help to mitigate potential flooding events.  
During periods of reduced rainfall, this recharged water serves to provide baseflow to streams 
and maintain in-stream water quality.  Qualitatively, infiltration BMPs are known to remove 
nonpoint source pollutants from runoff through a complex mix of physical, chemical, and 
biological removal processes.  Infiltration promotes maintenance of the natural temperature 
regimes of stream systems (cooler in summer, warmer in winter), which can be critical to the 
aquatic ecology.  Because of the ability of infiltration BMPs to reduce the volume of runoff, there 
is also a corresponding reduction in erosive “bankfull” conditions and downstream erosion and 
channel morphology changes. 
 
Infiltration BMPs are designed to infiltrate some portion of runoff during every runoff event.  
During small storm events, a large percentage of the runoff may infiltrate, whereas during large 
storm events, the volume that infiltrates may only be a small portion of the total runoff.  
However, because most of the rainfall in Pennsylvania occurs in small (less than 1-inch) 
rainfalls, the annual benefits of an infiltration system may be significant. 
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Purpose of Protocol 2: Infiltration Systems Guidelines 
The purpose of this protocol is to provide the designer with specific guidelines for the successful 
construction and long-term performance of Infiltration BMPs.  These guidelines fall into three 
categories: 
 

1. Site conditions and constraints 
2. Design considerations 
3. Construction requirements 
 

All of these guidelines are important, and successful infiltration is dependent on careful 
consideration of site conditions, careful design, and careful construction.  
  

1. SITE CONDITIONS and CONSTRAINTS 
  

a) It is desirable to maintain a 2-foot clearance above regularly occurring seasonally 
high water table. This reduces the likelihood that temporary groundwater mounding will 
affect the system, and allows sufficient distance of water movement through the soil to 
allow adequate pollutant removal.  Some minor exceptions for very shallow systems and 
on grade systems, filter strips, buffers, etc. 

 
b) Maintain a minimum depth to bedrock of 2-feet to assure adequate pollutant 

removal. In special circumstances, filter media may be employed to remove pollutants if 
adequate soil mantle does not exist. 

 
c) It is desired that soils underlying infiltration devices should have infiltration rates 

between 0.1 and 10 inches per hour, which in most development programs should 
result in reasonably sized infiltration systems.  Where soil permeability is extremely low, 
infiltration may still be possible but the surface area required could be large, and other 
volume reduction methods may be warranted. Undisturbed Hydrologic Soil Groups B 
and C often fall within this range and cover most of the state.  Soils with rates in excess 
of 6.0 inches per hour may require an additional soil buffer (such as an organic layer 
over the bed bottom) if the Cation Exchange Capacity (CEC) is less than 5 and pollutant 
loading is expected to be significant.  In carbonate soils, excessively rapid drainage may 
increase the risk of sinkhole formation, and some compaction or additional soil may be 
appropriate. 

 
d) Infiltration BMPs should be sited so that any risk to groundwater quality is 

minimized, at least 50 feet from individual water supply wells, and 100 feet from 
community or municipal water supply wells.  Horizontal separation distances or buffers 
may also be appropriate from Special Geologic Features, such as fractures traces and 
faults, depending on water supply sources.  

 
e) Infiltration BMPs should be sited so that they present no threat to sub-surface 

structures, at least 10 feet down gradient or 100 feet up gradient from building 
basement foundations, and 50 feet from septic system drain fields unless specific 
circumstances allow for reduced separation distances.   

 
In general, soils of Hydrologic Soil Group D will not be suitable for infiltration.  Similarly, areas of 
floodplains and areas of close proximity to wetlands and streams will generally not be suitable 
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for infiltration (due to high water table and/or low permeability).  In developing areas that were 
previously used for agricultural purposes, the designer should consider the past patterns of land 
use.  Areas that were suitable for cultivation will likely be suitable for some level of infiltration.  
Areas that were left out of cultivation often indicate locations that are too wet or too rocky, and 
will likely not be suitable for infiltration. 
 

2. DESIGN CONSIDERATIONS 
 

a) Do Not Infiltrate in Compacted Fill.  Infiltration in native soil without prior fill or 
disturbance is preferred but not always possible. Areas that have experienced historic 
disturbance or fill are suitable for infiltration provided sufficient time has elapsed and the 
Soil Testing indicates the infiltration is feasible.  In disturbed areas it may be necessary 
to infiltrate at a depth that is beneath soils that have previously been compacted by 
construction methods or long periods of mowing, often 18-inches.    

 
b) A Level Infiltration Area  (1% or less slope) is preferred. Bed bottoms should always 

be graded into the existing soil mantle, with terracing as required to construct flat 
structures.  Sloped bottoms tend to pool and concentrate water in small areas, reducing 
the overall rate of infiltration and longevity of the BMP.  Infiltration areas should be flat, 
nearly so, or on contour. 

 
c) The soil mantle should be preserved to the maximum extent possible, and 

excavation should be minimized.  Those soils that do not need to be disturbed for the 
building program should be left undisturbed.   Macropores can provide a significant 
mechanism for water movement in infiltration systems, and the extent of macropores 
often decreases with depth.  Maximizing the soil mantle also increases the pollutant 
removal capacity and reduces concerns about groundwater mounding.  Therefore, 
excessive excavation for the construction of infiltration systems is strongly discouraged. 

 
d) Isolate “hot spot areas”.  Site plans that include ‘hot spots’ need to be considered.  

‘Hot spots’ are most often associated with some industrial uses and high traffic – 
gasoline stations, vehicle maintenance areas, and high intensity commercial uses (fast 
food restaurants, convenience stores, etc.).  These “hot spots” are defined in Section 
3.3, Stormwater Standards for Special Areas.  Infiltration may occur in areas of hot spots 
provided pretreatment is suitable to address concerns.  Pretreatment requirements need 
to be analyzed, especially for ‘hot spots’ and areas that produce high sediment loading.  
Pretreatment devices that operate effectively in conjunction with infiltration include grass 
swales, vegetated filter strips, settling chambers, oil/grit separators, constructed 
wetlands, sediment sumps, and water quality inserts.  The pollutants of greatest 
concern, site by site, should guide selection of pretreatment depending upon the nature 
and extent of the land development under consideration.  Selection of pretreatment 
techniques will vary depending upon whether the pollutants are of a particulate 
(sediment, phosphorus, metals, etc.) versus soluble (nitrogen and others) nature.  Types 
of pretreatment (i.e., filters) should be matched with the nature of the pollutants expected 
to be generated. 

 
e) The Loading Ratio of impervious area to bed bottom area must be considered.  

One of the more common reasons for infiltration system failure is the design of a system 
that attempts to infiltrate a substantial volume of water in a very small area.  Infiltration 
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systems work best when the water is “spread out”.  The Loading Ratio describes the 
ratio of imperious drainage area to infiltration area, or the ratio of total drainage area to 
infiltration area.  In general, the following Loading Ratio guidelines are recommended: 

• Maximum Impervious Loading Ratio of 5:1 relating impervious drainage area to 
infiltration area. 

• A Maximum Total Loading Ratio of 8:1 relating total drainage area to infiltration 
area. 

• Maximum Impervious Loading Ratio of 3:1 relating impervious drainage area to 
infiltration area for Karst areas. 

 
f) The Hydraulic Head or Depth of Water should be limited. The total effective depth of 

water should generally not be greater than two feet to avoid excessive pressure and 
potential sealing of the bed bottom.  Typically the water depth is limited by the Loading 
Ratio and Drawdown Time and is not an issue.   

 
g) Drawdown Time must be considered.  In general, infiltration BMPs should be 

designed so that they completely empty within the time period specified in Chapter 3. 
 
h) All infiltration BMPs should be designed with a positive overflow that discharges 

excess volume in a non-erosive manner, and allows for controlled discharge during 
extreme rainfall events or frozen bed conditions.   Infiltration BMPs should never be 
closed systems dependent entirely upon infiltration in all situations. 

 
i) Geotextiles should be incorporated into the design as necessary in certain 

infiltration BMPs.  Infiltration BMPs that are subject to soil movement and deposition 
must be constructed with suitably well-draining non-woven geotextiles to prevent to 
movement of fines and sediment into the infiltration system.  The designer is encouraged 
to err on the side of caution and use geotextiles as necessary at the soil/BMP interface. 

 
j) Avoid severe slopes (>20%), and toes of slopes, where possible.  Specific on-site 

investigations  by experienced personnel need to be made to determined acceptability of 
each case.  

 
 

3. CONSTRUCTION REQUIREMENTS 
 

a) Do not compact soil infiltration beds during construction.  Prohibit all heavy 
equipment from the infiltration area and minimize all other traffic.  Equipment should be 
limited to vehicles that will cause the least compaction, such as tracked vehicles. 

 
b) Protect the infiltration area from sediment until the surrounding site is completely 

stabilized.  Methods to prevent sediment from washing into BMPs should be clearly 
shown on plans.  Where geo-textile is used as a bed bottom liner, this should be 
extended several feet beyond the bed and folded over the edge to protect from sediment 
wash into the bed during construction, and then trimmed.  Runoff from construction 
areas should never be allowed to drain to infiltration BMPs.  This can usually be 
accomplished by diversion berms and immediate vegetative stabilization. The infiltration 
area may be used as a temporary sediment trap or basin during earlier stages of 
construction.  However, if an infiltration area is also to be utilized as a temporary 

363-0300-002 / December 30, 2006 Page 16 of 21

RB-AR8262



Pennsylvania Stormwater Best Management Practices Manual                      Appendix C 

sediment basin, excavation should be limited to within 1 foot of the final bottom invert of 
the infiltration BMP to prevent clogging and compacting the soil horizon, and final grade 
removed when the contributing site is fully stabilized. All infiltration BMPs should be 
finalized at the end of the construction process, when upstream soil areas have a dense 
vegetative cover. 

 
c) Provide thorough construction oversight.  Long-term performance of infiltration 

BMPs is dependent on the care taken during construction.  Plans and specifications 
must be followed precisely.  The designer is encouraged to meet with the contractor to 
review the plans and construction sequence prior to construction, and to inspect the 
construction at regular intervals and prior to final acceptance of the BMP.    

 
d) Provide Quality Control of Materials.  As with all BMPs, the final product is only as 

good as the materials and workmanship that went into it.  The designer is encouraged to 
review and approve materials and workmanship, especially as related to aggregates, 
geotextiles, soil and topsoil, and vegetative materials. 

 
 
BMP Effectiveness 
Infiltration BMPs produce excellent pollutant removal effectiveness because of the combination 
of a variety of natural functions occurring within the soil mantle, complemented by existing 
vegetation (where this vegetation is preserved).  Soil functions include physical filtering, 
chemical interactions (e.g., ion exchange, adsorption), as well as a variety of forms of biological 
processing, conversion, and uptake.  The inclusion of native vegetation for filter strips, rain 
gardens, and some vegetated infiltration basins, reinforces the work of the soil by reducing 
velocity and erosive forces, soil anchoring, and further uptake of nonpoint source pollutants.  In  
some cases the more difficult-to-remove soluble nitrates can be reduced as well.  It should be 
noted that infiltration BMPs tend to be excellent for removal of many pollutants, especially those 
that are in particulate form; however, there are limitations to the removal of highly solubilized 
pollutants, such as nitrate, which can be transmitted through the soil.   
 
In addition to the removal of chemical pollutants, infiltration can address thermal pollution.  
Maintaining natural temperatures in stream systems is recognized as an issue of increasing 
importance for protection of overall stream ecology.  Detention facilities tend to discharge 
heated runoff flows.  The return of runoff to the groundwater through use of infiltration BMPs 
guarantees that these waters will be returned at natural groundwater temperatures, 
considerably cooler than ambient air in summer and warmer in winter, so that seasonal extreme 
fluctuations in stream water temperature are minimized.  Fish, macroinvertebrates, and a variety 
of other biota will benefit as the result. 
 
Although precise data on pollutant removal efficiencies is somewhat limited, infiltration BMPs 
have been shown to have excellent efficiencies for a wide range of pollutants.  In fact, recent 
EPA guidance has suggested that infiltration BMPs can be considered 100 percent effective at 
removing pollutants from surface water for the fraction of water that infiltrates (EPA, 1999a).  
Other more conservative removals are reported in a variety of other sources.  Estimated 
removals for all BMPs are contained in Section 9. 
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Fate of Infiltrated Contaminants 
The protection of groundwater quality is of utmost importance in any PA watershed.  The 
potential to contaminate groundwater by infiltrating stormwater in properly designed and 
constructed BMPs with proper pretreatment is low, if come common sense rules are followed, 
as discussed above.  Numerous studies have shown that stormwater infiltration BMPs have a 
minor risk of contaminating either groundwater or soil.  Perhaps the most comprehensive 
research was conducted by the U.S. Environmental Protection Agency, summarized in 
“Potential Groundwater Contamination from Intentional and Nonintentional Stormwater 
Infiltration” (Pitt et al., 1994).  The publication presents a summary table that identifies the 
potential of pollutants to contaminate groundwater as either low, low/moderate, moderate, or 
high.  Of the 25 physical pollutants listed, only one has a “high” potential (chloride), and only two 
have even “moderate” potential (fluoranthene and pyrene) for polluting groundwater through the 
use of shallow infiltration systems with some sediment pretreatment.  While chloride can be 
found in significant quantities due to winter salting, relatively high concentrations are generally 
safe for both humans and aquatic biota (in fact, chloride is not even included in U.S. EPA’s 
primary drinking water standards and the secondary standard concentration is given as 250 
mg/L at http://www.epa.gov/safewater/mcl.html#mcls).  Pentachlorophenol, cadmium, zinc, 
chromium, lead, and all the pesticides listed are classified as having a “low” contamination 
potential.  Even nitrate which is soluble and mobile (discussed further below) is only given a 
“low/moderate” potential.   
 
Legret et al. (1999) simulated the long term effects of heavy metals in infiltrating stormwater and 
concluded that the “long-term pollution risks for both soil and groundwater are low,” and “metals 
are generally well retained in the upper layers of the soil (0-20 cm) [0-8 inches]…” Barraud et al. 
(1999) studied a thirty year-old infiltration BMP and found that both metal and hydrocarbon 
concentrations in the soil under the infiltration device decreased rapidly with depth “to a low 
level after a few decimeters down [3 decimeters = 1 foot]…” A study concerning the infiltration of 
highway runoff (Dierkes and Geiger, 1999) found that polycyclic aromatic hydrocarbons (PAH) 
were effectively removed in the upper 4 inches of the soil and that runoff that had passed 
through 14 inches of soil met drinking water standards for cadmium, zinc, and copper.  This 
extremely high pollutant removal and retention capacity of soils is the result of a multitude of 
natural processes including physical filtering, ion exchange, adsorption, biological processing, 
conversion, and uptake. 
 
Several studies have also found that porous pavement and stone-filled subsurface infiltration 
beds can significantly reduce the pollutant concentrations (especially hydrocarbons and heavy 
metals) of stormwater runoff before it even reaches the underlying soil due to adsorption, 
filtering, sedimentation, and bio-degradation by a diverse microbial community in the pavement 
and infiltration beds (Legret and Colandini, 1999; Balades et al., 1995; Swisher, 2002; Newman 
et al., 2002; and Pratt et al., 1999).  
 
Common Causes of Infiltration BMP “Failures” 
The concept of failure is simple – a design no longer provides the benefit or performance 
anticipated.  With respect to stormwater infiltration BMPs, the term requires some qualification, 
since the net result of “failure” may be a reduction in the volume of runoff anticipated or the 
discharge of stormwater with excessive levels of some pollutants.  Where the system includes 
built structures, such as porous pavements, failure may include loss of structural integrity for the 
wearing surface, whereas the infiltration function may continue uncompromised.  For infiltration 
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systems with vegetated surfaces, such as play fields or rain gardens, failure may include the 
inability to support surface vegetation, caused by too much or too little water.   
 
 
The primary causes of reduced performance appear to be: 

a) Poor construction techniques, especially soil compaction/smearing, which results in 
significantly reduced infiltration rates. 

b) A lack of site soil stabilization prior to the BMP receiving runoff, which greatly increases 
the potential for sediment clogging from contiguous land surfaces. 

c) Inadequate pretreatment, especially of sediment-laden runoff, which can cause a 
gradual reduction of infiltration rates. 

d) Lack of proper maintenance (erosion repair, re-vegetation, removal of detritus, catch 
basin cleaning, vacuuming of pervious pavement, etc.), which can reduce the longevity 
of infiltration BMPs. 

e) Inadequate design 
 
Infiltration systems should always be designed such that failure of the infiltration component 
does not completely eliminate the peak rate attenuation capability of the BMP.  Because 
infiltration BMPs are designed to infiltrate small, frequent storms, the loss or reduction of this 
capability may not significantly impact the storage and peak rate mitigation of the BMP during 
extreme events. 
 
Consideration of Infiltration Rate in Design and Modeling Application  
 
For the purposes of site suitability, areas with tested soil infiltration rates as low as 0.1 inches 
per hour may be used for infiltration BMPs.  However, in the design of these BMPs and the 
sizing of the BMP, the designer should incorporate a safety factor.  Safety factors between 1 (no 
adjustment) and 10 have commonly been used in the design of stormwater infiltration systems, 
with a factor of two being recommended for most cases.     
 
The minimum safety for design purposes that may used for any type of tests is two (2).  For 
percolation tests this safety factor is only applicable for soils more coarse than a loam.  It should 
be applied after (in addition to) using the reduction formula outlined in Protocol 1, Site 
Evaluation and Soil Infiltration Testing. 
 
For Percolation tests in loams and finer soils (silty loam, clay loams, silty clay loams, sandy clay 
loams, clays) a minimum design safety factor of three (3)  is recommended after using the 
reduction formula in Protocol 1, Site Evaluation and Soil Infiltration Testing.  This higher factor is 
to account for the unwanted capillary suction force that can occur from unsaturated conditions 
during percolation testing.  
 
Therefore, a percolation rate of 0.5 inches per hour (after reduction formula) should generally 
be considered as a rate of 0.25 inches per hour when designing an infiltration BMP for a sandy 
loam.  The same rate for a loam would yield a design rate of 0.17 inches/hour.  
 
For other test procedures a safety factor of 3 should also be considered for problem or less 
preferred locations, basins, swales, toe of slopes, loadings greater than 5:1 (drainage area to 
infiltration area) where saturated hydraulic conductivity rate (Ksat) was not determined (A raw 
infiltration rate was used. The Ksat rate will normally be less than the infiltration rate.) 
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As discussed in Section 9 of this Manual, infiltration systems can be modeled similarly to traditional 
detention basins.  The marked difference with modeling infiltration systems is the inclusion of the 
infiltration rate, which can be considered as another outlet.  For modeling purposes, it is convenient to 
develop infiltration rates that vary (based on the infiltration area provided as the system fills with 
runoff) for inclusion in the Stage-Storage-Discharge table.   
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Appendix C: Procedures for Determining Effects of 
Infi ltration on Subsurface Stability in Areas of Historic Fill

C.1 Justifi cation

This policy is intended to address three potential problems involving stormwater control on sites 
built on structural fi ll.

1. Some fi ll material such as fl y ash may contain mobile metals and toxins.  This issue is 
addressed in the hotspot policy.

2. Concentrated infi ltration can lead to extensive erosion and subsidence in fi ll containing 
very fi ne material, such as ash.  Diffuse infi ltration may still be possible under these 
conditions.

3. Minor subsidence under concentrated infi ltration facilities may threaten structures that are 
very close to those facilities.  Minor subsidence of the infi ltration facility itself is not suffi cient 
reason to avoid infi ltration.  In no case shall new structures included as part of the site 
development be considered cause for avoiding the use of an infi ltration system.

C.2 Required Steps

Step 1:  Complete a conceptual site design, including drainage area and estimated area of 
the proposed infi ltration facility.

Step 2:  Determine whether the site is in an area of historic fi ll.

• The Design Professional is responsible to rule out or detect the presence of historic 
fi ll.  This investigation may rely on historic maps, records of previous construction, 
local knowledge, or test pits conducted at the site.  If no historic fi ll is present, steps 3 
through 7 are not necessary.

Step 3:  If the site is in an area of historic fi ll, conduct an investigation to determine the type 
and condition of fi ll.

• The site investigation should conduct test pits or test borings to confi rm the depth 
and nature of the fi ll at the site.  The explorations should extend through any organic 
materials at the site, into the naturally deposited inorganic materials below the site.  
An assessment of permeability of each of the onsite stratums should be made by 
direct fi eld testing, laboratory testing of samples collected during the investigation or 
correlation with grain size or other physical properties of representative samples of 
each stratum.  At least one exploration, test boring or test pit should be conducted for 
every 2500 sq. feet of infi ltration area planned at the site.  Based on this information, 
the lateral extent of the zone of infl uence of the infi ltration system should be 
determined.

• As part of the site investigation, the potential for drain lines, rubble fi ll, former building 
foundations or other man-made features which could facilitate the migration of fi ne 
material from the site should be evaluated from historic maps, records of previous 
construction, local knowledge or test pits conducted at the site. 

Step 4:  If the site is in an area of historic fi ll, rate existing structures based on susceptibility 
to subsidence.  

• The foundation bearing condition of adjacent structures, utilities and other surface 
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features should be assessed.  The depth of basement levels and anticipated foundation 
bearing soils should be determined.  In particular, structures, utilities or other surface 
features which are suspected of bearing on historic fi ll soils must be identifi ed.

• Low susceptibility are structures showing no signs of distress bearing on or in the 
naturally deposited inorganic strata below the fi ll and organic material or on prepared 
engineered fi ll after the removal of the historic fi ll and organic soils

• Moderate susceptibility are structures showing no signs of distress bearing on 
inorganic historic fi ll which are less than 10 feet in depth and contains little to no ash 
which was place directly over the naturally deposited inorganic stratums.

• High susceptibility are structures which either currently show signs of distress, are 
underlain by more than 10 feet of historic fi ll or historic fi ll containing signifi cant amounts 
of ash or underlain by organic material. Any structure  founded  within  the zone of 
infl uence as defi ned by a 1 vertical to 2 horizontal slope of an unfi lled drain lines, rubble 
fi ll, former building foundations or other man-made features which could facilitate the 
migration of fi ne material from the site should be considered as a high susceptibility site.

Step 5:  If the site is in an area of historic fi ll, determine feasibility of infi ltration for the 
proposed design.

• Infi ltrate for all cases where the adjacent structures of concern are outside of the zone 
of infl uence of the fl uctuating water level caused by the infi ltration system or where the 
support of the structures is rated as low susceptibility within the zone of infl uence.

• Strongly consider infi ltration in areas affecting structures which can tolerate moderate 
subsidence where support of the structures is rated as moderate susceptibility within 
the zone of infl uence.

• Do not infi ltrate in areas affecting structures in areas of high susceptibility within 
the zone of infl uence of the infi ltration system unless special engineering evaluations 
indicate that the structures can tolerate the anticipated subsidence.

Step 6:  If infi ltration threatens existing structures, attempt to adjust the site design to remove 
any concerns.

• Determine whether the site can be redesigned to move infi ltration facilities farther from 
structures.

• Determine whether the site can be redesigned to reduce the ratio of drainage area 
to infi ltration area.  Diffuse infi ltration occurs when the infi ltration area is equal in size 
to the impervious drainage area (for example, a gravel bed underlying the entire area 
of a parking facility).  In this case, the infi ltration facility will have no more effect on 
subsurface stability than if the site were completely pervious.

• As part of the submittal requesting a wavier from using an infi ltration system on site, 
the Design Professional must evaluate the use of underpinning or other support of 
structures within the zone of infl uence illustrating that the cost of providing support 
below the depth of the fi ll and organic soils is prohibitive.  In addition to evaluation of 
alternate locations of the infi ltration system, the Design Professional will review the 
feasibility of using cut off barriers to limit the zone of infl uence adjacent to susceptible 
structure.

• In no case shall new facilities included as part of the site development be considered 
cause for avoiding the use of an infi ltration system.  All new structures and facilities 
shall be designed to tolerate the anticipated subsidence or be adequately founded on 
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non-susceptible engineered fi ll or on foundations extending though the historic fi ll and 
any organic soils.

Step 7:  If, after completing steps 1 through 6, the Design Professional determines that there 
is no safe design for infi ltration at the site, the Design Professional will proceed to design 
of water quality facilities.  In this case, the Design Professional must provide suffi cient data 
and calculations along with the Stormwater Management Control Plan to demonstrate that 
infi ltration is infeasible.
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Non-Contributing Area

Seperate Sewer Service Areas

Storm Sewers Only

Collection System

RB-AR8308



GODFREY AVE

Tacony Creek

Frankford Creek

Sandy Run

BU
ST

LE
TO

N AV
E

ERIE AVE

RI
SI

NG
 S

UN
 A

VE

TA
BO

R 
RD

COTTMAN AVE

RICHMOND ST

KENSINGTON AVE

B 
ST

CA
ST

OR 
AV

E

FR
O

N
T 

ST

ORTHODOX ST

ROBBINS ST
W

HI
TA

KE
R 

AV
E

BR
ID

G
E ST

LEVICK ST

O
X

FO
R

D
 AV

E

SE
C

O
N

D
 S

T

COM
LY ST

M
AR

G
AR

ET ST

ARROTT ST

HUNTING PARK

SU
M

M
ER

DA
LE

 A
VE

LEFEVRE ST

FR
AN

KF
ORD

 A
VE

CEN
TR

AL
 AV

E

ROOSEVELT BLVD

ROOSEVELT BLVD

ALLEGHENY AVE

ADAM
S AVE

ADAM
S AVE

Frankford Creek

D 
e l

 a
 w

 a
 r 

e  
R 

i v
 e 

r

N 
JP A

0 1 20.5
Miles

£¤13

£¤1

§̈¦95
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Appendices

Philadelphia Stormwater Manual v2.0

 E
 Worksheets and Checklists

 Refer to http://www.PhillyRiverInfo.org/PWDDevelopmentReview
for the most recent Checklists and Worksheets
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Appendices

Philadelphia Stormwater Manual v2.0

F
 Regulatory Guidance

F.1 The Philadelphia Stormwater Management Regulations
F.2 Local Permitting Requirements

F.3 Federal and State Permitting Requirements
F.4 Special Circumstances and Waiver Requests

F.5 PWD Review Policies
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600.0 STORMWATER 
MANAGEMENT  

The Water Department, as authorized by 
Section 14-1603.1 of the Philadelphia 
Code, requires the following 
specifications for stormwater detention 
and retention systems as of January 1, 
2006.  

600.1 Definitions 
For the purposes of these Regulations, 
the following words and phrases shall 
mean and be interpreted pursuant to the 
below definitions. Whenever any of 
these words appear in these Regulations 
in the singular or plural form, the 
opposite shall also hold as applicable. 
 
(a) Buffer: The area of land immediately 
adjacent to any surface water body 
measured perpendicular to and 
horizontally from the top-of-bank on 
both sides of a stream that must remain 
or be restored to native plants, trees, and 
shrubs. 

(b) Design Professional: A licensed 
professional engineer registered in the 
Commonwealth of Pennsylvania. 

(c) Design Storm: The magnitude and 
temporal distribution of precipitation 
from a storm event defined by 
probability of occurrence (e.g., five-year 
storm) and duration (e.g., 24-hours), 
used in the design and evaluation of 
stormwater management systems. 

(d)  Developer: Any landowner, agent of 
such landowner, or tenant with the 
permission of such landowner, who 
makes or causes to be made a 
subdivision of land or land development 
project prior to issuance of the 
Certificate of Occupancy. 

 
(e) Development:  Any human-induced 
change to improved or unimproved real 
estate, whether public or private, 
including but not limited to land 
development, construction, installation, 
or expansion of a building or other 
structure, land division, street 
construction, and site alteration such as 
embankments, dredging, grubbing, 
grading, paving, parking or storage 
facilities, excavation, filling, stockpiling, 
or clearing. As used in these 
Regulations, development encompasses 
both new development and 
redevelopment. It includes the entire 
development site, even when the project 
is performed in stages. 

(f) Development Site: The specific tract 
of land where any Earth Disturbance 
activities are planned, conducted, or 
maintained. 

(g) Diffused Drainage Discharge: 
Drainage discharge not confined to a 
single point location or channel, such as 
sheet flow or shallow concentrated flow. 

(h) Directly Connected Impervious Area 
(DCIA): An impervious or impermeable 
surface, which is directly connected to 
the drainage system as defined in the  
Manual. 

(i) Earth Disturbance: Any human 
activity which moves or changes the 
surface of land, including, but not 
limited to, clearing and grubbing, 
grading, excavation, embankments, land 
development, agricultural plowing or 
tilling, timber harvesting activities, road 
maintenance activities, mineral 
extraction, and the moving, depositing, 
stockpiling, or storing of soil, rock or 
earth materials.  
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(j) Erosion and Sediment Control Plan: 
A plan for a project site that identifies 
stormwater detention and retention 
structures that will minimize accelerated 
erosion and sedimentation during the 
construction phase. 

(k) Groundwater Recharge: The 
replenishment of existing natural 
underground water supplies without 
degrading groundwater quality. 

(l) Management District: Sub-area 
delineations that determine peak rate 
attenuation requirements, as defined in 
the Manual. Sites located in more than 
one management district shall conform 
to the requirements of the district into 
which the site discharges. 

(m)   Manual: The most recent version of 
the Philadelphia Stormwater 
Management Guidance Manual.  

(n) New Development: Any 
development project that does not meet 
the definition of redevelopment as 
defined in these Regulations or any 
development project at a site where 
structures or impervious surfaces were 
removed before January 1, 1970. 

(o) Post Construction Stormwater 
Management Plan (PCSMP): A 
complete stormwater management plan 
as described in these regulations and in 
the Manual.  

(p)  Predevelopment Condition: For new 
development, the predevelopment 
condition shall be the existing condition 
of the site, and for redevelopment, 
predevelopment shall be defined 
according to the procedures found in the 
Manual. 

 

(q) Redevelopment: Any development 
on a site that requires demolition or 
removal of existing structures or 
impervious surfaces and replacement 
with new impervious surfaces. This 
includes replacement of impervious 
surfaces that have been removed on or 
after January 1, 1970, with new 
impervious surfaces. Maintenance 
activities such as top-layer grinding and 
re-paving are not considered 
redevelopment. Interior remodeling 
projects are also not considered 
redevelopment.  

(r) Stormwater Management Practice 
(SMP): Any man-made structure that is 
designed or constructed to convey, store, 
or otherwise control stormwater runoff 
quality, rate, or quantity. Typical SMPs 
include, but are not limited to, detention 
and retention basins, swales, storm 
sewers, pipes, and infiltration structures.  

(s) Stormwater Pretreatment: 
Techniques employed to remove 
pollutants before they enter the SMP, 
limited to techniques defined and listed 
as pretreatment in the Manual. 

600.2 Regulated Activities  
(a) Regulated activities under these 
Regulations include any development, 
including new development and 
redevelopment, that results in an area of 
earth disturbance greater than or equal to 
15,000 square feet. The area of Earth 
Disturbance during the construction 
phase determines requirements for both 
the erosion and sediment controls and 
the post-construction stormwater 
management.  
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(b) The applicability of these 
Regulations is summarized in the Table 
of Applicable Stormwater Regulations in 
Philadelphia.  

(c) These Regulations shall apply to the 
entire development site even if 
development on that site is to take place 
in phases.  

(d) Existing SMPs may be used on sites 
where development occurs as long as 
they meet all of the requirements of 
these Regulations. 

600.3 Exemptions  
(a) General Exemptions 

The following cases are exempt from the 
specified requirements of these 
Regulations. 

(1) Development, including new 
development and redevelopment, that 
results in an area of Earth Disturbance 
less than fifteen thousand (15,000) 
square feet is exempt from all 
requirements of these Regulations; 

(2) Redevelopment that results in 
an area of Earth Disturbance greater than 
or equal to fifteen thousand (15,000) 
square feet, but less than one (1) acre, is 
exempt from the requirements of Section 
600.5(b), Channel Protection 
Requirement. 

(3) Redevelopment that results in 
an area of Earth Disturbance greater than 
or equal to one (1) acre and reduces the 
predevelopment DCIA on the site by at 
least twenty percent (20%) is exempt 
from the Channel Protection and Flood 
Control Requirements of this 
Regulation. 

 

(b) Exemption Responsibilities 

An exemption shall not relieve the 
Developer from implementing such 
measures as are necessary to protect 
public health and safety. 

(c) Emergency Exemption  

Emergency maintenance work 
performed for the protection of public 
health and safety is exempt from the 
requirements of these Regulations. A 
written description of the scope and 
extent of any emergency work 
performed shall be submitted to the 
Water Department within two (2) 
calendar days of the commencement of 
the activity. If the Water Department 
finds that the work is not an emergency, 
then the work shall cease immediately 
and the requirements of these 
Regulations shall be addressed as 
applicable. 

(d) Special Circumstances 

If conditions exist that prevent the 
reasonable implementation of water 
quality and /or quantity control 
practices on site, upon written request 
by the owner, the Philadelphia Water 
Department may at its sole discretion 
accept off-site stormwater 
management practices, retrofitting, 
stream restorations, or other practices 
that provide water quality and /or 
quantity control equal or greater than 
onsite practices for the volume which 
the owner has demonstrated to be 
infeasible to manage and treat on site.  

 

 

 

RB-AR8322



 

 

Table of Applicable Stormwater Regulations in Philadelphia 

    Earth Disturbance Associated with Development 

    0-15,000 sq. ft. 15,000 sq. ft.-1 
acre > 1 acre 

New 
Development N/A** Yes Yes Section 600.5(a)  

Water Quality 
Requirement Redevelopment N/A** Yes Yes 

New 
Development N/A** Yes Yes Section 600.5(b) 

Channel Protection 
Requirement Redevelopment N/A** Exempt Yes (Alternate 

Criteria) 
New 
Development N/A** Yes Yes  Section 600.5(c)   

Flood Control  
Requirement Redevelopment N/A** Yes (Alternate 

Criteria) 
Yes (Alternate 

Criteria) 
New 
Development N/A** Yes Yes Section 600.6 

Nonstructural Project 
Design Requirement Redevelopment N/A** Yes Yes 

New 
Development N/A** Yes Yes Section 600.8 

Post-Construction 
Stormwater 
Management Plan 
Requirement Redevelopment N/A** Yes Yes 
 

Yes (Alternate Criteria) – requirements of section may be waived depending on post-development site conditions (See 
Sections 600.3(a)(3), 600.5(b) and 600.5(c) for further details). 
N/A - Not Applicable, development project is not subject to requirements of indicated Regulations section. Voluntary 
controls are encouraged.  
Exempt – Development project is not subject to requirements of indicated Regulations section. 
**–  If the proposed development results in stormwater discharge that exceeds stormwater system capacity, causes a 
combined sewer overflow, or degrades receiving waters, the design specifications presented in these Regulations may 
be applied to proposed development activities as warranted to protect public health, safety, or property.  
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600.4 Erosion and Sediment Control 
during Earth Disturbance 

(a) All Earth Disturbance must comply 
with the Erosion and Sediment Control 
requirements of the Pennsylvania 
Department of Environmental Protection 
(PADEP) as specified in 25 Pa. Code § 
102.4(b).   

(b) No Earth Disturbance greater than or 
equal to fifteen thousand (15,000) square 
feet and less than 1 acre shall commence 
until the Water Department approves an 
Erosion and Sediment Control Plan 
conforming to the regulations of the 
PADEP.  

600.5 Post-Construction Stormwater 
Management Criteria 
(a) Water Quality Requirement:  The 
Water Quality Requirement is designed 
to recharge the groundwater table and to 
provide water quality treatment for 
stormwater runoff.   

(1) The following formula shall be 
used to determine the water quality 
volume, (WQv), in cubic feet of storage 
for the development site. 

( )IPWQv *
12

⎟
⎠
⎞

⎜
⎝
⎛=  Eqn: 600.1 

 

Where: 
WQv = Water Quality Volume (cubic 

feet) 
P = 1.0 inch 
I = DCIA within the limits of earth 

disturbance (square feet) 

(2) Groundwater Recharge 
Requirement: In order to preserve or 
restore a more natural water balance on 

new development and redevelopment 
sites, the water quality volume shall be 
infiltrated on site. A list of acceptable 
practices for infiltration is provided in 
the Manual. 

 (A) The infiltration volume shall 
be equal to one (1.0) inch of rainfall over 
all DCIA within the limits of Earth 
Disturbance. 

             (B) The Design Professional is 
required to follow the Hotspot 
Investigation, Subsurface Stability, and 
Suitability of Infiltration procedures in 
the Manual to determine whether the 
proposed infiltration on the 
Development Site is appropriate.   

             (C) If soil investigation reports 
demonstrate that the soil is unsuitable for 
infiltration, the Design Professional shall 
be responsible for providing written 
documentation to the Water Department 
showing that the required volume cannot 
physically be infiltrated within the 
required time period. 

(3) Water Quality Treatment 
Requirement. 

  (A) Where it has been 
demonstrated, in accordance with 
section 600.5(a)(2) of these Regulations, 
that a portion or all of the water quality 
volume cannot be infiltrated on site, the 
water quality volume which cannot be 
infiltrated on site must be treated for 
water quality.  

(B) Water quality treatment is 
attained differently in separate sewer 
areas than in combined sewer areas. 
Separate sewer areas achieve water 
quality treatment through approved 
stormwater management practices.  
Combined sewer areas achieve water 
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quality treatment by detaining and 
releasing stormwater at a specified 
maximum rate as stated in the Manual.  

(b) Channel Protection Requirement: 
The Channel Protection Requirement is 
designed to minimize accelerated 
channel erosion resulting from 
stormwater runoff from Development 
Sites. 

(1) To meet the Channel Protection 
Requirement, SMPs shall retain or detain 
the runoff from all DCIA within the 
limits of Earth Disturbance from a one-
year, 24-hour Natural Resources 
Conservation Service (NRCS) Type II 
design storm in the proposed site 
condition such that the runoff takes a 
minimum of 24 hours and a maximum of 
72 hours to drain from the facility. 

(2) Redevelopment sites with less 
than one (1) acre of Earth Disturbance or 
redevelopment sites that demonstrate a 
twenty percent (20%) reduction in DCIA 
from predevelopment conditions as 
described in the Manual are exempt from 
this requirement. 

(3) The infiltration and water quality 
volumes may be incorporated into the 
channel protection portion of the design 
provided the design meets all 
requirements concurrently. 

(4) Design criteria and a list of SMPs 
for channel protection are included in the 
Manual.   

(c) Flood Control Requirement 

(1) To prevent flooding caused by 
extreme events, the City of Philadelphia 
is divided into Management Districts 
that require different levels of 
stormwater attenuation depending on 

their location. Design Professionals shall 
determine the appropriate Management 
District for the development site using 
the maps provided in the Manual. 

(A) The Table of Peak Runoff 
Rates for Management Districts lists the 
attenuation requirements for each 
Management District. 

(B) Sites located in more than 
one Management District shall conform 
to the requirements of the district where 
the discharge point is located. 

(2) Redevelopment sites that can 
demonstrate a twenty percent (20%) 
reduction in DCIA from predevelopment 
conditions as described in the Manual 
are exempt from this requirement. 

(3) Predevelopment Conditions for 
Redevelopment are specified in the 
Manual.  
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Table of Peak Runoff Rates for Management Districts 
 Column A Column B 

District NRCS Type II 24-hour Design Storm 
applied to Proposed Condition 

NRCS Type II 24 –hour  Design Storm 
applied to Predevelopment Condition 

A 2 – year 1 - year 
A 5 – year 5 - year 
A 10 – year 10 - year 
A 25 – year 25 - year 
A 100-year 100-year 
   

B-1 2 – year 1- year 
B-1 10 – year 5 - year 
B-1 25 – year 10 - year 
B-1 50- year 25- year 
B-1 100-year 100-year 
   
B-2 2 – year 1- year 
B-2 5 – year 2 - year 
B-2 25 – year 5 - year 
B-2 50- year 10- year 
B-2 100 – year 100 - year 
   
C* Conditional Direct Discharge District 

SMPs shall be designed such that peak rates from Column B are less than or equal to Peak Rates 
from Column A.  

*  In District C, development sites that can discharge directly to the Delaware River main 
channel or Tidal Schuylkill River major tributary without use of City infrastructure may do so 
without control of proposed conditions peak rate of runoff. When adequate capacity in the 
downstream system does not exist and will not be provided through improvements, the proposed 
conditions peak rate of runoff must be controlled to the Predevelopment Conditions peak rate as 
required in District A provisions for the specified Design Storms.  

The Predevelopment Condition for new development is the existing condition. For 
redevelopment purposes, the Predevelopment Condition is determined according to the 
procedures found in the Manual. 
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600.6 Nonstructural Project Design 
and Sequencing to Minimize 
Stormwater Impacts  
(a) A Developer is required to find 
practicable alternatives to the surface 
discharge of stormwater, the creation of 
impervious surfaces, and the degradation 
of Waters of the Commonwealth.  

(b) All development shall include the 
following steps in sequence to comply 
with water quality requirements of 
§14.1603.1 of the Philadelphia Code. 
The goal of the sequence is to minimize 
the increases in stormwater runoff and 
impacts to water quality resulting from 
the proposed regulated activity.  

(1) Prepare an Existing Resource 
and Site Analysis (ERSA) map and 
worksheet, showing environmentally 
sensitive areas including, but not limited 
to: steep slopes, ponds, lakes, streams, 
suspected wetlands, hydric soils, vernal 
pools, land development, any existing 
recharge areas, and any other 
requirements of the worksheet available 
in the Manual; 

(2) establish a Buffer by 
preserving or restoring native plants, 
trees, and shrubs to the area of land 
immediately adjacent to any surface 
water body.  

 (A) The Buffer shall be a 
minimum of ten (10) feet on both sides 
of the stream, measured perpendicular to 
and horizontally from the top-of-bank. 

 (B) In the Wissahickon 
Watershed, there shall be no new 
impervious ground cover constructed or 
erected within 200 feet of the bank of a 
surface water body or within 50 feet of 
the centerline of a swale. 

(3) prepare a draft project layout 
avoiding the sensitive areas identified in 
ERSA;  

(4) evaluate nonstructural 
stormwater management alternatives as 
described in the Manual; 

(5) minimize Earth Disturbance 
during the construction phase; 

(6) use site design techniques 
described in the Manual to minimize the 
impervious surfaces within the limits of 
Earth Disturbance; 

(7) use techniques in the Manual to 
minimize DCIA within the limits of 
Earth Disturbance; 

(8) design appropriate detention 
and retention structures according to the 
Manual; 

(A) meet Water Quality 
Requirement and provide for Stormwater 
Pretreatment prior to infiltration or water 
quality treatment in accordance with the 
Manual 

(B) meet Channel Protection 
Requirement in accordance with Section 
600.5(b) of these Regulations; 

(C) meet Flood Control 
Requirement for the appropriate 
Management District in accordance with 
Section 600.5(c) of these Regulations; 
and 

(9) adjust the site design as needed 
to meet all requirements of the 
Regulations concurrently. 
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600.7 Requirements for the Design of 
SMPs 

(a) General Requirements  

(1) In order to provide for the 
protection of public health and safety 
and to more effectively manage 
stormwater in Philadelphia, all SMPs 
shall meet the requirements of these 
Regulations.   

(2) The existing points of 
concentrated drainage that discharge 
onto adjacent land shall not be altered in 
any manner that could cause property 
damage without written permission of 
the owner of the adjacent land. 

(3) The design of all SMPs shall 
incorporate sound engineering principles 
and practices as detailed in the Manual. 
The Water Department reserves the right 
to disapprove any design that would 
result in the creation or continuation of a 
stormwater problem area. 

(4) All stormwater runoff in excess 
of any volume infiltrated on site must be 
routed through a dedicated stormwater 
pipe and conveyed up to the approved 
connection or point of discharge. 

(5) When the Development Site is 
located within a combined sewer area 
and adjacent to a receiving water body, 
stormwater shall be discharged directly 
to receiving waters after requirements of 
these Regulations and any applicable 
state or federal requirements are met. 

(6) Areas of existing diffused 
drainage discharge shall be subject to 
any applicable discharge criteria in the 
general direction of existing discharge, 
whether proposed to be concentrated or 
maintained as diffused drainage areas, 
except as otherwise provided by these 

Regulations. If diffused drainage 
discharge is proposed to be concentrated 
and discharged onto adjacent land, the 
Developer must document that adequate 
downstream conveyance facilities exist 
to safely transport the concentrated 
discharge, or otherwise prove that no 
erosion, sedimentation, flooding or other 
impacts will result from the concentrated 
discharge.  

(7) All SMPs shall incorporate 
maximum ponding and/or draw down 
requirements consistent with the 
Manual. 

(8) Calculation Methodology: 
Acceptable calculation methods for the 
design of SMPs are provided in the 
Manual. 

600.8. PCSMP Requirements  

(a) General Requirements  

For any activities regulated by these 
Regulations and the Philadelphia Code 
Section §14.1603.1: 
 
 (1) No zoning permit may be 
applied for until the Water Department 
has approved a conceptual site plan. 
 
 (2) No Earth Disturbance may 
commence or Zoning Permit be issued 
until the Water Department has 
approved a PCSMP. 

(b) Preliminary Approval 

In order to obtain preliminary approval 
from the Water Department, the owner 
must complete the ERSA worksheet and 
map and Site Plan Review Meeting with 
the City as described in the Manual.  
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(c) PCSMP Approval  

(1) The PCSMP shall include a 
general description of the project, project 
sequence, calculations, maps and plans 
as described in Section 600.6(b) of these 
Regulations. A list of required contents 
of the PCSMP is located in the Manual.   

(2) For any activities that require 
one or more state or federal permits, 
proof of application for said permit(s) or 
approvals shall be part of the plan. 

(3) All PCSMP materials shall be 
submitted to the Water Department in a 
format that is clear, concise, legible, 
neat, and well organized; otherwise, the 
PCSMP shall not be accepted for review 
and shall be returned to the Developer 
for revision. 

600.9 Permit Requirements by Other 
Government Entities  

(a) Other government entities may 
require permits for certain regulated 
Earth Disturbance activities.  

(b) Requirements for these permits must 
be met prior to commencement of Earth 
Disturbance.   

600.10 Inspections  

(a) The Water Department or its 
designee may inspect any phase of the 
installation of the SMPs.    

(b) During any stage of the work, if the 
Water Department or its designee 
determines that the SMPs are not being 
installed in accordance with the 
approved PCSMP, the Water 
Department shall issue a “Stop Work 
Order” until a revised PCSMP is 
submitted and approved and the 
deficiencies are corrected.  

(c) As-built drawings for all SMPs must 
be submitted to the Water Department 
prior to final inspection.  

(d) A final inspection of all SMPs shall 
be conducted by the Water Department 
or its designee to confirm compliance 
with the approved PCSMP prior to the 
issuance of any Certificate of 
Occupancy.  

600.11 Responsibilities for Operations 
and Maintenance of SMPs  

(a) No regulated Earth Disturbance 
activities shall commence until the 
Water Department has approved a 
PCSMP and SMP Operations and 
Maintenance Plan (O & M Plan), 
prepared in accordance with the 
requirements set forth in the Manual, 
which describes how the post-
construction SMPs will be properly 
operated and maintained.   

(b) The O & M Plan must include a 
signed agreement between the owner 
and the City to maintain the SMPs in 
accordance with the O & M Plan. 

(c) There shall be no alteration or 
removal of any SMP required by an 
approved PCSMP and O & M Plan, and 
the owner must not allow the property to 
remain in a condition which does not 
conform to an approved PCSMP and O 
& M Plan. 

(d) The Water Department reserves the 
right to accept or reject the operations 
and maintenance responsibility for any 
or all of the stormwater controls and 
SMPs. 
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600.12 Stormwater Management 
Easements 

(a) Stormwater management easements 
or right-of-ways are required for all 
areas used for off-site SMPs or 
stormwater conveyance, unless a waiver 
is granted by the Water Department. 

(b) Stormwater management easements 
shall be provided by the owner if 
necessary for access for inspections and 
maintenance, or for the preservation of 
stormwater runoff conveyance, 
infiltration, detention areas and/or other 
stormwater controls and SMPs, by 
persons other than the property owner.  

(c) The stormwater management 
easement and its purpose shall be 
specified when recorded in accordance 
with section 600.13 of these 
Regulations. 

600.13 Recording of O& M Plans  

(a) The owner of any land upon which 
SMPs will be placed, constructed or 
implemented as described in the PCSMP 
and Operation and Maintenance Plan (O 
& M Plan), shall record the following 
documents with the Philadelphia 
Department of Records, within fifteen 
(15) calendar days of approval of the 
PCSMP by the Water Department: 

(1) The O & M Plan, or a summary 
thereof, and 

(2) Operations and Maintenance 
Agreements as included as part of the 
PCSMP submitted under Section 600.8 
and Easements under Section 600.12 of 
these Regulations.  

(b) The Water Department may suspend 
or revoke any approvals granted for the 
project site upon discovery of the failure 

of the owner to comply with these 
Regulations.  

600.14. Prohibited Discharges 
(a) No person shall allow, or cause to 
allow, stormwater discharges into the 
City’s separate storm sewer system 
which are not composed entirely of 
stormwater. 

(b) In the event that the Water 
Department determines that any 
discharge to a storm sewer is not 
composed entirely of stormwater, the 
Water Department will notify the 
responsible person to immediately cease 
the discharge. 

(c) Nothing in this Section shall affect a 
discharger’s responsibilities under state 
law.  

600.15 Prohibited Connections  

(a) The following connections are 
prohibited, except as provided in Section 
600.14(a)(1) of these Regulations. 

(1) Any drain or conveyance, 
whether on the surface or subsurface, 
which allows any non-stormwater 
discharge including sewage, 
groundwater, process wastewater, and 
wash water, to enter the separate storm 
sewer system. 

(2) Any connections to the storm 
drain system from indoor drains and 
sinks.  

(3) Any drain or conveyance 
connected from a commercial or 
industrial land use to the separate storm 
sewer system that has not been 
documented in plans, maps, or 
equivalent records, and approved by the 
City.  
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________________________________ 
Bernard Brunwasser 
Water Commissioner 
 
 
 
Approved as to Form, 
Romulo L. Diaz, Jr., City Solicitor  
 
 
 
Per:_____________________________ 
      Keith J. Jones 
      Deputy City Solicitor 
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F. 2. Local Permitting Requirements
In order to disturb earth in the City of Philadelphia, developers may be required to obtain permits and/
or approvals from various City agencies and departments. The list below is provided for convenience, 
however, this list is only current as of June 2007. and it is subject to change. Developers should consult 
with the Department of Licenses and Inspections for the most up to date guidance on permit requirements 
in the City of Philadelphia. 

* Licenses and Inspections (http://www.phila.gov/LI) 

* Zoning Permit

* Building Permit

* City Planning Commission (http://www.philaplanning.org/) 

* Plat Approval

* Philadelphia Water Department  (http://www.phila.gov/water) 

* Act 537

* Sewer

* Water

* Stormwater

* Groundwater Discharge Permit 

       * Industrial Waste

* Fairmount Park (http://www.phila.gov/fairpark/) 

* Streets Department (http://www.phila.gov/streets) 

* Fire Commissioner (http://www.phila.gov/fi re/) 

* Historical Commission (http://www.phila.gov/historical/) 
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F. 3 State and Federal Permitting Requirements
In addition to City Permits and approvals as described in F3, land development may be subject to state 
and federal regulations. Each project is likely to have slightly different requirements. This Manual contains 
information that was valid as of June 2007 which is subject to change. Developers should consult with 
the appropriate regulatory agency to determine applicable plan and/or permitting requirements for 
development or earth disturbance activities. Some common requirements include: 

• Pennsylvania Department of Transportation (PENN DOT): Highway Occupancy Permit 

• Pennsylvania Department of Environmental Protection (PADEP): Construction Erosion and 

Sedimentation Control Plan 

• Pennsylvania Department of Environmental Protection (PADEP): West Nile Virus Control Plan and 

Guidance Documents

• National Pollutant Discharge Elimination System (NPDES): General PAG-2 or Individual Permit for 
Stormwater Discharges Associated with Construction Activities 

• PADEP and US Army Corps of Engineers (USACE) Joint Permit: Pennsylvania Water Obstruction 
and Encroachment Permit and a USACE Section 404 Permit

• PADEP Bureau of Waterways Engineering, Division of Dam Safety: Dam Permit

• PADEP Bureau of Watershed Management: General Permit BDWM-GP-4 Intake and Outfall 
Structures

For information on Pennsylvania Department of Environmental Protection (PADEP) requirements see the 
PADEP Guide to Permits for Land Development and/or contact the:

PADEP 
Southeast Regional Offi ce
2 East Main Street,
Norristown, PA 19401. 
http://www.dep.state.pa.us/ 

For further information on Federal Regulations:

• Clean Water Act (http://www.epa.gov/region5/water/cwa.htm)  

• United States Environmental Protection Agency (USEPA) Region 3 

USEPA Region 3
1650 Arch Street (3PM52)
Philadelphia, PA 19103-2029
(http://www.epa.gov/reg3wapd/programs.htm)

• National Pollutant Discharges Elimination System (NPDES) (http://cfpub.epa.gov/npdes/)

• Pennsylvania Department of Environmental Protection

PADEP
Bureau of Water Supply and Wastewater Management 
Permits Section 
PO Box 2063 
Rachel Carson State Offi ce Building 
Harrisburg, PA  17105-2063

• Army Corps of Engineers 

USACE
Wanamaker Building, Rm 600
100 Penn Square East
Philadelphia, PA 19107-3390
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F.4. Special Circumstances and Waiver Requests
 

F.4.1 Special Circumstances
The Philadelphia Stormwater Management Regulations state: 

600.3 (d) If conditions exist that prevent the reasonable implementation of water quality 
and quantity control practices on site, upon written request by the Owner, the Offi ce of 
Watersheds of the Philadelphia Water Department, may at its sole discretion accept off-
site SMPs, retrofi tting, stream restorations, or other practices that provide water quality and 
quantity control equal or greater than onsite practices for the volume that the Owner has 
demonstrated to be infeasible to treat on site. 

The Philadelphia Water Department (PWD) recognizes that there may be circumstances on a 
proposed site that make it impractical to implement on-site stormwater management practices to the 
standards specifi ed in this manual. Applicants who ask to have their projects considered for special 
circumstances must demonstrate the extent to which onsite Stormwater Management Practices 
(SMPs) are infeasible.

PWD will review a complete Post Construction Stormwater Management Plan (PCSMP) to 
determine if special circumstances warrant treatment of a portion or all of the stormwater from a 
site.  The PWD may at its sole discretion accept:

• off-site SMPs, 

• retrofi tting, 

• stream restorations, or

• other practices 

that provide water quality control equal or greater than onsite practices for the volume that the 
Owner has demonstrated to be infeasible to treat on site. The developer shall account for the 
management of all stormwater runoff from the site unless they can demonstrate that it is infeasible 
to do so.  The developer shall provide stormwater management to the maximum extent practicable, 
as approved by PWD, in all cases before any off-site facilities or practices as noted above will be 
allowed. Date
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F.4.2 Waiver Request Process
Infi ltration Waiver Requests

A waiver from the infi ltration requirement must be requested at any site where infi ltrilration is 
infeasible.  To request a waiver form the infi ltration requirement send the following form letter, a 
complete infi ltration waiver request worksheet and stamed and signed geotechnical report for the 
project area to:

Projects Control
Philadelphia Water Department
1101 Market Street, 2nd Floor
Philadelphia, PA 19107

It is strongly recommended that all waiver requests be submitted before the PCSMP is submitted 
as the site design may be signifi cantly affected.  A copy of the waiver request approval should 
be submitted with the PCSMP.  Please note that all waivers may be revoked should information 
become available which contradicts the original request. Electronic versions of all waiver request 
form letters and worksheets  can be downloaded from 
www.PhillyRiverInfo.org/PWDDevelopmentReview.

Small Orifi ce Waiver Request

A waiver from the 3-inch minimum orifi ce design must be requested when use of a smaller orifi ce is 
being proposed.  To request a waiver form the 3-inch minimum, send the following form letter and a 
complete small orifi ce request worksheet to:

Projects Control
Philadelphia Water Department
1101 Market Street, 2nd Floor
Philadelphia, PA 19107

It is strongly recommended that all waiver requests be submitted before the PCSMP is submitted 
as the site design may be signifi cantly affected.  A copy of the waiver request approval should 
be submitted with the PCSMP.  Please note that all waivers may be revoked should information 
become available which contradicts the original request. Electronic versions of all waiver request 
form letters and worksheets  can be downloaded from 
www.PhillyRiverInfo.org/PWDDevelopmentReview.
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Abbreviations & Acronyms
CERM  Civil Engineering Reference Manual

CSO   Combined Sewer Overfl ow

DCIA   Directly Connected Impervious Area

DIC  Disconnected Impervious Cover

PADEP   Pennsylvania Department of Environmental Protection

E & S   Erosion and Sediment

ERSA  Existing Resource and Site Analysis

HSG  Hydrologic Soil Group

L & I  Department of Licenses & Inspections

MS4   Municipal Separate Storm Sewer System

NPDES  National Pollutant Discharge Elimination System

NOAA   National Oceanic and Atmospheric Administration

NRCS  National Resources Conservation Service

O & M  Operations and Maintenance

PASMM  Pennsylvania Stormwater Management Manual

PA SBMPM Pennsylvania Stormwater BMP Manual

PCPC  Philadelphia City Planning Commission

PCSMP   Post-Construction Stormwater Management Plan

PWD   Philadelphia Water Department

SMP   Stormwater Management Practice

SWTR   Surface Water Treatment Rule

USDA   United States Department of Agriculture

USEPA   United States Environmental Protection Agency

ZBA  Zoning Board of Adjustments
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Glossary Terms
Buffer: The area of land immediately adjacent to any surface water body measured perpendicular to 
and horizontally from the top-of-bank on both sides of a stream that must remain or be restored to native 
plants, trees, and shrubs.

Design Professional: A licensed professional engineer registered in the Commonwealth of Pennsylvania.

Design Storm: The magnitude and temporal distribution of precipitation from a storm event measured 
in probability of occurrence (e.g., fi ve-year storm) and duration (e.g., 24 hours), used in the design and 
evaluation of stormwater management systems.

Developer: Any landowner, agent of such landowner, or tenant with the permission of such landowner, 
who makes or causes to be made a subdivision of land or land development project prior to issuance of 
the Certifi cate of Occupancy.

Development:  Any human-induced change to improved or unimproved real estate, whether public or 
private, including but not limited to land development, construction, installation, or expansion of a building 
or other structure, land division, street construction, and site alteration such as embankments, dredging, 
grubbing, grading, paving, parking or storage facilities, excavation, fi lling, stockpiling, or clearing. As used 
in these Regulations, development encompasses both new development and redevelopment. It includes 
the entire development site, even when the project is performed in stages.

Development Site: The specifi c tract of land where any earth disturbance activities are planned, 
conducted, or maintained.

Diffused Drainage Discharge: Drainage discharge not confi ned to a single point location or channel, 
such as sheet fl ow or shallow concentrated fl ow.

Directly Connected Impervious Area (DCIA):  An impervious or impermeable surface, which is directly 
connected to the drainage system as defi ned in the Philadelphia Stormwater Management Guidance 
Manual.

Earth Disturbance: Any human activity which moves or changes the surface of land, including, but not 
limited to, clearing and grubbing, grading, excavation, embankments, land development, agricultural 
plowing or tilling, timber harvesting activities, road maintenance activities, mineral extraction, and the 
moving, depositing, stockpiling, or storing of soil, rock or earth materials. 

Existing Conditions: Physical conditions on the site including land use, impervious surface, topography, 
vegetation, soils, and hydrology that exist on the site on the date the owner starts the development 
process. 

Erosion and Sediment Control Plan: A plan for a project site that identifi es stormwater detention and 
retention structures that will minimize accelerated erosion and sedimentation during the construction 
phase.

Groundwater Recharge: The replenishment of existing natural underground water supplies without 
degrading groundwater quality.

Hotspots: Areas where land use or activities have contaminated the soil underlying the site such that 
infi ltration of stormwater would likely cause groundwater contamination through leaching of the soil.

Impervious Surface: A surface that prevents the infi ltration of water into the ground. Examples of 
impervious surface include roofs, streets, sidewalks, and parking or driveway areas that are covered with 
impervious paving materials such as asphalt or concrete. 
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Management District: Sub-area delineations that determine peak rate attenuation requirements, 
as defi ned in the Manual. Sites located in more than one management district shall conform to the 
requirements of the district into which the site discharges

Manual: The 2005 or most recent edition of the Philadelphia Stormwater Management Guidance Manual. 
A comprehensive technical stormwater management reference for use in the City of Philadelphia.

New Development: Any development project that does not meet the defi nition of redevelopment as 
defi ned in these Regulations or any development project at a site where structures or impervious surfaces 
were removed before January 1, 1970.

Owner: Any person, landowner, developer, or tenant with the permission of such landowner who holds 
legal title to a property subsequent to issuance of the Certifi cate of Occupancy. 

Post Construction Stormwater Management Plan (PCSMP): A complete stormwater management plan 
as described in these regulations and in the Manual. 

Predevelopment Condition: for the purpose of new development, the predevelopment condition shall be 
the existing condition of the site. For redevelopment, predevelopment shall be defi ned according to the 
procedures found in the Manual.

Redevelopment: Any development on a site that requires demolition or removal of existing structures 
or impervious surfaces and replacement with new impervious surfaces. This includes replacement of 
impervious surfaces that have been removed on or after January 1, 1970 with new impervious surfaces. 
Maintenance activities such as top-layer grinding and re-paving are not considered redevelopment. 
Interior remodeling projects are also not considered redevelopment. 

Stormwater Management Practice (SMP): Any man-made structure that is designed or constructed to 
convey, store, or otherwise control stormwater runoff quality, rate, or quantity. Typical SMPs include, but 
are not limited to, detention and retention basins, swales, storm sewers, pipes, and infi ltration structures. 

Stormwater Pretreatment: Techniques employed in SMPs to remove pollutants before they enter the 
structure, limited to techniques defi ned and listed as pretreatment in the Manual.
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Systems Approach to Stormwater Management

Y N
Has an inventory of existing site vegetation been performed?

If yes, was this inventory a factor in the site layout and design?
Have inventories of existing site soils and slopes been performed?

If yes, were these inventories factors in the sites layout and design?
Does the site design utilize any of the following nonstructural SMPs?

Preservation of native ground cover.
Installation of vegetative buffers.

Was minimization of earth disturbance part of the design process?
Was soil compaction minimized during the design process?
Did the design include a soil erosion and sedimentation plan?

In the areas of earth disturbance was vegetation reestablished?

Y N
Were the roof leaders disconnected?

If yes please specify which of the following SMPs were used.
Green Roofs.
Dry wells.
Rain Barrels.
Cistern.
Vegetative Filter.
Rain Garden.
Bioretention Islands.
Planters.
Other (Please Specify):__________________________________

Were ground level impervious surfaces disconnected?
If yes please specify which of the following SMPs were used.

Grading Techniques.
Porous Pavement.
Vegetative Filters.

Step 1:  Protect and Utilize Existing Site Features  (refer to Section 4.1 Protect and Utilize 
Existing Site Features)

Step 2:  Reduce Impervious Cover to be Managed  (refer to Section 4.2 Reduce Impervious 
Cover to be Managed)

Preservation of stormwater sensitive and natural features (i.e. Riparian zone, 
flood plains, wetlands, steep slopes, etc.).

Voluntary Small Sites Checklist

Note: Sites smaller than 15,000 sq. ft are not subject to the Philadelphia Water Department 
Stormwater Management Regulations.  However voluntary adherence to these regulations is 
strongly encouraged, since these regulations were adopted to promote a cleaner, healthier, and 
a more aesthetically pleasing environment for all to enjoy.

In the design process was impervious areas clustered and concentrated in 
specific areas?
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Subsurface Storage and Infiltration Techniques.
Swales.
Bioretention,
Other (Please Specify):__________________________________

Were trees used as a stormwater management practices?

Were new tree planted?

Y N
Were structural SMPs used to capture and treat stormwater runoff?
If yes please list below.

Were pretreatment systems installed for each structural SMP?

Note:  Refer to Section 6 Detailed Stormwater Control Design Guideline of the Philadelphia 
Stormwater Management Manual for specific guidance on each SMP Described above.

Step 3:  Management of Remaining Stormwater  (refer to Section 4.3 Management of 
Remaining Stormwater) 

If yes and the tree are inside the specified area, Please answer the following 
questions

Was operation and maintenance taken into account during the structural SMP 
design process?

Was the canopy from existing tree coverage used to determine stormwater 
benefit?

Note: trees must be within 20 ft of directly connected impervious area inside 
the earth disturbance boundary in order to be counted toward Stormwater 
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A Homeowner’s Guide to 
Stormwater Management

You can make  
a difference!

Learn what you can do on your 
property and in your community to 
improve the health of your watershed.

Prepared by: Office of Watersheds
Philadelphia Water Department 
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Disclaimer
The information contained in this guide is being offered by the City of 
Philadelphia (City) through its Water Department (PWD) for the use 
of residents of the City. Please note that the stormwater management 
projects or Best Management Practices (BMPs) in this guide are 
voluntary projects recommended strictly for homeowners. They are 
not designed for professionals required to comply with the City’s 
Stormwater Regulations. 
If you plan to install any of the following structural projects on 
your property in the City, please notify PWD via its e-mail address 
(WaterShedsPWD@phila.gov): Rain Barrels, Rain Gardens, or 
Dry Wells. PWD would like to register your project with the City’s 
Department of Licenses & Inspections (L&I). Also, PWD encourages 
you to take photographs of your project and to send them to PWD via 
the above e-mail address 
If you experience problems with any water or sewer piping on your 
property, you should contact a registered plumber.
While every attempt has been made to furnish the latest and most 
up-to-date information in this guide, updates, revisions, modification 
deletions, and additions may have taken place after the production and 
distribution of this guide.
The user of this guide is not relieved of their duty to obtain any 
revisions or updates. PWD is not liable for the use of information in 
this guide that results in additional costs due to changes that occurred 
after the production of this guide.
This guide is provided to you on an “AS IS” and “WITH ALL FAULTS” 
basis. You acknowledge that you assume the entire risk of loss in using 
this guide and the information provided herein, including without 
limitation any loss incurred by any End User. You further acknowledge 
that this guide is complex and may contain some nonconformities, 
defects and/or errors. PWD does not warrant that this guide will meet 
your needs or expectations, or that all nonconformities can or will 
be corrected. PWD assumes no risk, liability or responsibility for the 
accuracy of this guide. 
NO WARRANTY: CITY MAKES AND YOU RECEIVE NO WARRANTY, WHETHER 
EXPRESS OR IMPLIED, AND ALL WARRANTIES OF MERCHANTABILITY AND 
FITNESS FOR ANY PARTICULAR PURPOSE ARE EXPRESSLY EXCLUDED. NO 
ORAL OR WRITTEN ADVICE OR INFORMATION PROVIDED BY CITY OR 
ANY OF ITS AGENTS OR EMPLOYEES SHALL CREATE A WARRANTY OR IN 
ANY WAY INCREASE THE SCOPE OF THIS PARAGRAPH, AND YOU ARE NOT 
ENTITLED TO RELY ON ANY SUCH ADVICE OR INFORMATION.

LIMITATION OF LIABILITY: IN NO EVENT SHALL CITY BE LIABLE FOR ANY 
DAMAGES, CLAIM OR LOSS INCURRED BY YOU (INCLUDING, WITHOUT 
LIMITATION, COMPENSATORY, INCIDENTAL, INDIRECT, SPECIAL, 
CONSEQUENTIAL OR EXEMPLARY DAMAGES, LOST PROFITS, LOST SALES 
OR BUSINESS, EXPENDITURES, INVESTMENTS OR COMMITMENTS IN 
CONNECTION WITH ANY BUSINESS, LOSS OF ANY GOODWILL, OR DAMAGES 
RESULTING FROM USE OF THIS GUIDE, IRRESPECTIVE OF WHETHER 
CITY HAS BEEN INFORMED OF, KNEW OF, OR SHOULD HAVE KNOWN 
OF THE LIKELIHOOD OF SUCH DAMAGES). THIS LIMITATION APPLIES 
TO ALL CAUSES OF ACTION IN THE AGGREGATE, INCLUDING WITHOUT 
LIMITATION, BREACH OF CONTRACT, BREACH OF WARRANTY, NEGLIGENCE, 
STRICT LIABILITY, MISREPRESENTATION AND ALL OTHER TORTS. IF CITY’S 
LIMITATION OF LIABILITY SHALL FOR ANY REASON WHATSOEVER BE HELD 
UNENFORCEABLE OR INAPPLICABLE, YOU AGREE THAT CITY’S LIABILITY 
SHALL NOT EXCEED $100.00

The Office of Watersheds would 
like to thank the following 
organizations and partners for 
their assistance and for the use 
of their materials in this guide:

Center for Watershed 
Protection 

Fairmount Park Commission 

Montgomery County 
Conservation District

NAM Planning & Design, LLC 

National Oceanic & 
Atmospheric Administration 
(NOAA) 

Pennsylvania Department of 
Environmental Protection (DEP) 

Pennsylvania Horticultural 
Society 

Philadelphia Department of 
Streets 

South River Federation 

TreeVitalize 

University of Wisconsin —
Extension 

Washington State Puget Sound 
Action Team 

Wisconsin Department of 
Natural Resources 

Wissahickon Valley Watershed 
Association 
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�   Philadelphia Water Department

The Office of Watersheds of the Philadelphia Water 
Department has a vision for Philadelphia—“Clean 
Water—Green City.” We want to unite the City with 

its water environment, creating a green legacy for future 
generations while incorporating a balance between ecology, 
economics and equity. 
In order to achieve the goal of “Clean Water-Green City,” 
we must work together with our partners, local residents, 
homeowner associations and municipalities on managing 
stormwater in a manner that will restore our watersheds. 
We can all play a part in taking an active role in converting 
our streams, creeks and surrounding green spaces into 
healthy systems that local residents, along with native fish 
and wildlife, can use as amenities, sanctuaries and habitats. 
As a homeowner, your part can be as simple as maintaining 
your car properly or building a rain garden on your lawn. 
This guide provides you with the steps and actions you can 
take to improve stormwater management on your property 
or in your community. These stormwater management 
projects will not only help protect our invaluable drinking 
water sources, but they will help green the city, restore our 
waterways and improve quality of life for all residents. 
For more information, please visit www.PhillyRiverInfo.org 
or e-mail WaterShedsPWD@phila.gov. 

Introduction
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Vehicle Maintenance

By maintaining your car properly you can prevent oil 
leaks, heavy metals and toxic materials from traveling 
from your car onto the street. Rain washes oil and other 

hazardous chemicals from the street into the nearest storm 
drain, ultimately draining into the Delaware and Schuylkill 
Rivers, the source of drinking water for many. Just imagine the 
number of cars in our region and the amount of oil that finds 
its way into our local waterways! It has been estimated that 
each year over 180 million gallons of used oil is disposed of 
improperly (Alameda CCWP, 1992), and that a single quart of 
oil can pollute 250,000 gallons of drinking water (NDRC, 1994). 
Please follow proper automotive maintenance.

Maintaining your Vehicle
• Maintain your car and always recycle used motor oil. 
• Check your car or truck for drips and oil leaks regularly and 

fix them promptly. Keep your vehicle tuned to reduce oil use.
• Use ground cloths or drip pans under your vehicle if you 

have leaks or if you are doing engine work. Clean up spills 
immediately and properly dispose of clean up materials.

• Collect all used oil in containers with tight-fitting lids. Old 
plastic jugs are excellent for this purpose.

• Recycle used motor oil. Many auto supply stores, car care 
centers, and gas stations will accept used oil. Do not pour 
liquid waste down floor drains, sinks or storm drains. 

• Do not mix waste oil with gasoline, solvents, or other engine 
fluids. This contaminates the oil which may be reused, 
increases the volume of the waste, and may form a more 
hazardous chemical. 

• Never dump motor oil, antifreeze, transmission fluid or other 
engine fluids into road gutters, down the storm drain or catch 
basin, onto the ground, or into a ditch.

• Many communities have hazardous waste collection days 
where used oil can be brought in for proper disposal. Find out 
about your program. Recycling just one gallon of used oil can 
generate enough electricity to run the average household for 
almost 24 hours.

• Try to use drain mats to cover drains in case of a spill.
• Store cracked batteries in leak proof secondary containers.
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When fertilizing lawns and using other common 
chemicals, such as pesticides and herbicides, 
remember you’re not just spraying the lawn. When 

it rains, the rain washes the fertilizers, pesticides and herbicides 
along the curb and into storm drains, which ultimately carry 
runoff into the Schuylkill and Delaware Rivers, our drinking 
water source. In addition to degrading the water quality of our 
streams and rivers, pesticides can kill critters in the stream and 
fertilizers can cause algal blooms, which rob our waterways of 
oxygen that fish need to survive. If you have to use fertilizers, 
pesticides, and herbicides, carefully read all labels and apply 
these products sparingly.
Many homeowners are unaware of the actual nutrient needs 
of their lawns. According to surveys conducted by the Center 
for Watershed Protection, over 50% of lawn owners fertilize 
their lawns, yet only 10 to 20% of lawn owners take the trouble 
to perform soil tests to determine whether fertilization is even 
needed (CWP, 1999). Organic lawn care practices (no chemical 
pesticides and fertilizers) can also be a wise environmental choice 
and will save you money. Conduct a soil test on your lawn and 
follow the below practices to reduce the need to fertilize on your 
lawn and garden. 

Caring for your Lawn and Garden
• Use fertilizers sparingly. Lawns and many plants do not need 

as much fertilizer or need it as often as you might think. Test 
your soil to be sure! 

• Consider using organic fertilizers; they release nutrients more 
slowly. 

• Never fertilize before a rain storm (the pollutants are picked 
up by stormwater during rain events).

• Keep fertilizer off of paved surfaces—off of sidewalks, 
driveways, etc. If granular fertilizer gets onto paved surfaces, 
collect it for later use or sweep it onto the lawn.

• Use commercially available compost or make your own using 
garden waste. Mixing compost with your soil means your 
plants will need less chemical fertilizer and puts your waste to 
good use. Another alternative is to use commercial compost, 
called Earthmate, which is available for free through PWD. 
Call 215-685-4065 or visit the website to learn more about 
Earthmate: www.phila.gov/water/brc/brchow2get.html

• Let your grass clippings lay! Don’t bag the grass. Use a 
mulching lawn mower to cut one-third of the blade length 
each week and naturally fertilize your lawn in the process. 

Lawn & Garden Care
RB-AR8377
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Lawn & Garden Care

• Wash your spreader equipment on a pervious (penetrable) 
vegetated area, like the lawn, to allow for the natural 
absorption of excess fertilizer. 

• Never apply fertilizer to frozen ground or dormant lawns.
• Maintain a buffer strip of unmowed natural vegetation 

bordering waterways and ponds to trap excess fertilizers and 
sediment from lawns/gardens.

• Grow an organic garden (no pesticides or fertilizers). Call the 
Organic Landscape Alliance at 1-866-820-0279 or visit www.
organiclandscape.org.

RB-AR8378
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Pet Waste 

When animal waste is left on the ground, rainwater or 
melting snow washes the pet waste into our storm 
drains or directly into our local creeks. The disease-

causing bacteria found in pet waste eventually flows from our 
local waterways into the Delaware and Schuylkill Rivers, our 
drinking water source. In addition to contaminating waterways 
with disease-carrying bacteria, animal waste acts like a fertilizer 
in the water, just as it does on land. This promotes excessive 
aquatic plant growth that can choke waterways and promote 
algae blooms, robbing the water of vital oxygen. 

Scooping Up the Poop
• Bag it! When going for dog walks, take a shopping bag or 

sandwich bag. When doggy makes a deposit, turn the baggie 
inside out over your hand and use it as a glove to pick up the 
waste. 

• Flush the pet waste down the toilet because then it is treated 
at a sewage treatment plant. 

• If flushing down the toilet is not a viable option, put the pet 
waste in the trash, but never put waste into storm drains.

• Encourage your neighbors to provide pet waste stations for 
collection and disposal of waste. Check to see if the parks in 
your neighborhood have them. 

• Dig a small trench in your yard where your pets tend to 
defecate and toss the waste in the trench, cover with a layer of 
leaves, grass clippings, and dirt.

• Dispose waste in disposal units called Doggy Loos where they 
are installed into the ground. Decomposition occurs within 
the unit.

• At the park, set up a pooch patch which has a pole 
surrounded by a light scattering of sand around it. Dog 
owners can introduce their dog to the pole upon entry to the 
park. Dogs will then return to the patch to defecate and then 
you can place the pet waste in special bins for disposal.
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Vehicle Washing

Car washing is a common routine for residents and a 
popular way for organizations, such as scout troops, 
schools, and sports teams to raise funds. However, 

most of the time, cars are washed in driveways and parking 
lots which allow wash water (dirty water) to finds its way to the 
nearest storm drain, ultimately draining into our drinking water 
sources, the Delaware and Schuylkill Rivers. The wash water 
often contains pollutants, such as oils and grease, phosphates 
(from the soap), and heavy metals—all of which are unhealthy 
for people and fish.

Washing Your Car Properly
• The best action is to take your vehicle to a commercial car 

wash, especially if you plan to clean the engine or the bottom 
of the car. Most car washes reuse water several times before 
sending it for treatment at a sewage treatment plant. 

If you still want to wash your car at home...
• Wash your car on gravel, grass or another permeable surface, 

so the ground can filter the water naturally. 
• Use soap sparingly. Try to use non-phosphate detergents. 

Phosphates are nutrients that can cause problems for nearby 
waterways.

• Use a hose that is high pressure, low volume. Use a hose with 
a nozzle that automatically turns off when left unattended or 
one that has a pistol grip or trigger nozzle to save water. Wash 
one section of the car at a time and rinse it quickly.

• When you’re done, empty your bucket of soapy water down 
the sink, not the street.

• Block off the storm drain during charity car wash events or 
use an insert with a vacuum pump to catch wash water and 
empty it into the sink, not the street. 

RB-AR8380
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Trees are not only a beautiful addition to the landscape, 
but they also provide invaluable benefits to cities. They 
reduce heat by cooling and shading homes during the 

hot summer months, decreasing the amount of energy required 
to cool a home and its related electric bills. Mature trees can 
actually cut summer cooling costs by 40% and tree-lined blocks 
can even decrease local temperatures. Trees naturally clean the 
air of pollutants and create a neighborhood noise buffer. Trees 
also improve stormwater management, reducing the amount 
of polluted stormwater that normally would go directly into 
storm drains. Tree roots also allow rainwater to filter back 
into the soil, recharging the often thirsty water table. A 2005 
study by the University of Pennsylvania found that trees can 
increase property values. Planting a tree within 50 feet of a 
house can increase its sale price by 10 to 15%. Some studies 
even indicate that the mere presence of trees can create stronger 
neighborhood ties and reduce crime. 

Planting a Tree
Before getting started, you may be interested in participating 
in the TreeVitalize rebate program where you may be eligible 
to receive up to a $25 rebate on the purchase of a tree. Whether 
you are planting a tree in your yard or hiring a contractor to 
plant a street tree, you may qualify. For more information, visit 
www.treevitalize.net and www.pennsylvaniahorticulturalsociety.
org/phlgreen/tree-pledge.html. 
Also, the Pennsylvania Horticultural Society’s Tree Tenders 
Program offers a basic training course designed to teach general 
tree-care skills to organized community groups and individuals 
in Philadelphia. If you are interested in the course or a free copy 
of the Tree Tenders Handbook or Mini-Guide to Tree Planting, 
visit www.pennsylvaniahorticulturalsociety.org/phlgreen/
treetenders.
1. Now, if you are ready to get started with your tree planting, 

select a site appropriate for your tree. 
2. Dig the hole at least 11⁄2 to 2 times the width of the root ball 

(container) to be installed, and no deeper than the height of 
the root ball so that the root flare (the top of the root mass) 
is flush with the existing ground. The planting pit should be 
dug so the walls of the pit are angled like a bowl or sloping 
outward in heavy soils. 

3. Break up the walls of the pit after digging, so that fine roots 
can penetrate the soil. The soil that you dig out of the hole 
is what you will use to backfill around the root ball. Soil 
amendments are not recommended when planting a tree; 
therefore, no compost, moss, or shredded pine bark should be 
added to the backfill.

Tree Planting

If you have any tree planting 
questions and need to ask an 
expert, go to www.pennsylv
aniahorticulturalsociety.org/
garden/ask_gardener
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4. Remove all debris from the pit and gently tightly pack the 
loose soil in the bottom of the pit by hand. 

5. Cut and remove the rope and burlap from around the trunk 
and check for root flare. Remove all nails. Drop the burlap 
down to the bottom of the hole. 

6. Do not handle the plant by the branches, leaves or stem. Place 
the plant straight in the center of the planting pit, carrying 
the plant by the root ball. Never carry a plant by the trunk or 
branches. 

7. After the tree is in the pit, carefully cut and remove the top 
third of the wire basket and as much burlap as possible using 
the least amount of disturbance.

8. Backfill planting pit with existing soil and pack it in there 
tightly to fill all voids and air pockets. Do not over compact 
soil. Make sure plant remains straight during backfilling/
packing procedure.

9.  The top of the root mass (root flare) of the tree should be 
flush with the final grade. Do not cover stem with soil. If 
your tree has soil over the trunk flare (where the trunk cures 
outward into the root system), it is essential to plant the trunk 
flare above soil. Remove the soil from the root ball if the flare 
is buried by it. 

10. Water plant thoroughly and slowly, immediately after 
planting to saturate backfill. For the first year after planting, 
water the tree with 15 gallons per week. Use your index 
finger to check the soil moisture under the mulch. If the 
soil is cool to the touch, do not water. If it is warm and dry, 
then water. A layer of mulch (i.e. shredded bark, compost) 
should be placed around the tree, at a depth between 3 to 4 
inches and with a radius of approximately 2 to 4 inches from 
the tree stem. Do not rest the mulch directly against the 
tree stem. The mulch makes it easier to water the tree and 
reduces weed competition.

11. Remove all tags, labels, strings and wire form the plant 
material. 

Many homeowners ask how a newly planted tree can affect the 
sewer, water lines, sidewalk and/or building’s foundation? If you 
choose the correct tree, site, and planting conditions, your tree 
shouldn’t interfere with your sewer, waterline, etc. Most tree 
roots grow in the soil’s top 12 inches and spread well beyond the 
tree’s canopy in search of water and nutrients. They don’t “attack” 
underground mains, unless these are already damaged, providing 
entrances for developing roots. An adequate and generous tree 
pit, or long, narrow continuous “tree lawn” will provide the best 
conditions for establishing and maintaining a “well behaved” 
tree with the environment needed to survive in the city.

Tree Planting

You can also volunteer to 
plant trees elsewhere in 
the city—along creeks and 
streams in Fairmount Park 
and at local schools. The 
more trees in Philadelphia, 
the healthier we will be! 
Contact Fairmount Park, 
Greater Philadelphia Cares 
and UC Green to learn how 
you can volunteer to plant 
trees.

RB-AR8382
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Recommended Street Tree List for Philadelphia

Small Trees—Under 30 feet

Acer buergeranum—Trident Maple
Acer campestre—Hedge Maple
Acer ginnala—Amur Maple
Acer tataricum—Tartarian Maple
Crataegus crus-galli ‘Inermis’—
Thornless Hawthorn, tree form
Crataegus laevigata ‘Superba’ 
—Crimson Cloud Hawthorn tree 
form
Crataegus phaenopyrum—
Washington Hawthorn, tree form
Crataegus viridis—Winter King 
Hawthorne
Prunus triloba—Flowering Plum
Malus (selected varieties)—
Crabapple
Syringa reticulata—Japanese Tree 
Lilac
Medium Trees 30– 46 feet

Aesculus x carnea ‘Briotii’—Ruby 
Red Horsechestnut
Cercidiphyllum japonica—Katsura 
tree
Cladrastis lutea—Yellowwood
Crataegus lavallei—Lavalle 
Hawthorn
Koelreuteria paniculata—Golden 
Rain Tree
Malus (selected varieties)—
Crabapple
Ostrya virginiana—Hop Hornbeam
Phellodendron amurense—Amur 
Cork Tree
Prunus x yedoensis—Yoshino 
Cherry
Ulmus parvifolia—Chinese Elm 
Quercus acutissima—Sawtooth Oak

Large Trees Over 47 feet

Acer rubrum (selected cultivars)—
Red Maple
Celtis occidentalis—Hackberry
Corylus colurna—Turkish Filbert
Fraxinus pennsylvanica ‘Patmore’—
Patmore Green Ash
Gleditsia triacanthos (selected 
cultivars)—Honey Locust, a) Halka, 
b) Moraine, c) Shademaster
Ginkgo biloba (male selections 
only)—Ginkgo
Liquidambar styraciflua—
Sweetgum
Quercus rubra—Red Oak
Quercus macrocarpa—Bur Oak
Quercus palustris—Pin Oak
Sophora japonica—Japanese Pagoda 
Tree
Tilia cordata—Little Leaf Linden
Zelkova serrata (selected cultivars)—
Japanese Zelkova—a) Green Vase, 
b) Village Green
Columnar Trees for Narrow 
Streets

Acer rubrum ‘Armstrong’—
Armstrong Columnar Red Maple
Carpinus betulus fastigiata—
Pyramidal European Hornbeam
Ginkgo biloba ‘Princeton Sentry’—
Princeton Sentry Ginkgo Grafted 
Male Variety
Prunus sargentii ‘Columnaris’—
Columnar Sargent Cherry
Quercus robur ‘Rose Hill’—Rose 
Hill English Oak

The Fairmount Park Commission recommends the below list of 
approved trees which will thrive in an urban setting, have a good 
track record, and won’t interfere with overhead wires in Philadelphia. 

Tree Planting

Street Trees 
If you do not have a yard, 
but you would like to have a 
tree in front of your property 
 —on your sidewalk—you have 
several options in Philadelphia.

You can get a tree for free 
and installed at no cost by 
Fairmount Park, however, this 
may involve being placed on a 
waiting list

You or a group from your 
neighborhood can sign up 
for a Tree Tenders program 
through the Pennsylvania 
Horticultural Society, where 
you can get trained to care 
for your tree, learn how to 
organize a tree planting 
project and receive free tree 
care tools in exchange for your 
participation.

Lastly, you can hire a 
contractor approved by 
Fairmount Park to plant a 
tree in front of your house. 
However, the contractor you 
hire must apply for a Street Tree 
Permit from Fairmount Park 
before any work can be done. 
The private planting could cost 
you up to $500 (not including 
the price of the tree).

Talk to your neighbors and find 
out if there is a neighborhood 
organization or Tree Tenders 
group organizing a street tree 
planting project. Some local 
groups that do tree plantings, 
include The South of South 
Neighborhood Organization, 
UC Green and Citizens Alliance. 
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Backyard Stream 

Establish a streamside (riparian) buffer—a vegetated 
area along the edge of the stream that protects it from 
pollution and erosion. This buffer zone absorbs pollutants 

and nutrients that would otherwise end up running directly into 
the stream. Plant material slows runoff and filters out pollutants 
and sediments. Well-planted streamside buffers are also a great 
low-cost way to control erosion. While plants slow runoff, filter 
pollutants, and help control erosion, trees cast shade on the 
stream, cooling the water, reducing algae growth and improving 
fish habitat. A buffer with trees and shrubs also becomes a home 
to birds, butterflies and other creatures. Trees and plants that 
grow in the buffer play a critical role in keeping streams healthy.

Caring for Your Stream 
• Begin with a “no mow” or “no graze” zone along your stream 

banks. Make your buffer as wide as possible.
• Plant trees and shrubs in your buffer zone. They provide 

many long-lasting benefits and can be quite inexpensive to 
establish and maintain.

• Using shrubs will give your buffer a quick start; many reach 
full size in just a few years.

• Set your mower blades at least three inches high. Taller grass 
slows runoff, resists drought and needs less fertilizer

• Use hay bales or a special silt fence to prevent soil from 
washing off your site and into the stream while establishing 
your stream buffer.

• Cover piles of soil with tarps to protect them from rain.
• Use good farm practices by not cultivating the soil and 

planting winter cover crops to conserve soil.
• Contact your local DEP office or county conservation district 

if you see soil runoff in the stream from a nearby construction 
site.

• Limit your overall use of pesticides and herbicides, and use 
extreme caution when using them near streams.

• Keep grazing and other farm animals out of and away from 
the stream. Contact your county conservation district or the 
U.S. Fish and Wildlife Service to find out about farm fencing 
programs.

• Compost yard waste. Don’t bag lawn trimmings or throw 
them into the stream; leave them in place for effective 
recycling of nutrients.

• Store firewood, trash and other materials well away from 
streams.

RB-AR8384
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As snow piles up in the winter, we oftentimes turn to 
salt to melt snow and ice. Salt, however, causes adverse 
environmental impacts, especially on our streams and 

rivers, our drinking water source in Philadelphia. Excess salt 
can saturate and destroy a soil’s natural structure and result in 
more erosion to our waterways. High concentrations of salt 
can damage and kill vegetation. Salt poses the greatest danger 
to fresh water ecosystems and fish. Studies in New York have 
shown that as salt concentrations increase in a stream, bio-
diversity decreases. Excess salt can seep into groundwater and 
stormwater runoff. Effective ice control can help prevent excess 
salt runoff to our waterways. 

De-icing in the Winter 
There are many alternatives to salt including potassium 
chloride, calcium chloride and magnesium chloride, corn 
processing byproducts, and calcium magnesium acetate (CMA). 
Most can be found in your local hardware stores under various 
trade names, so check the labels for chemical content. While 
these alternatives can be spread in a dry form or sprayed as 
a liquid, their best use occurs when they are used with salt. 
They tend to increase the efficiency of salt thereby reducing 
the amount that needs to be applied. When over-applied, all 
chloride compounds can be harmful to the environment. Non-
chloride corn byproducts recycled from mills and breweries 
have been shown to be effective de-icers as well. While they are 
often advertised as organic or natural, they can have extremely 
high phosphorus content, a major water pollutant. Numerous 
studies have shown calcium magnesium acetate (CMA) to be 
the most environmentally benign de-icer. Many northern states 
use CMA on roads in sensitive areas (wetlands, endangered 
species’ habitat, drinking water supply, etc.). A couple of 
disadvantages with CMA however, is that it does not work 
well below 25° Fahrenheit and it is the most expensive de-icer. 
Because all de-icers can be harmful to the environment when 
applied in excess, the best strategy is to reduce the use of these 
chemicals as much as possible.

• The first line of defense should simply be to shovel sidewalks 
and pathways to keep them clear and to prevent ice from 
forming. Also, consider that salt and de-icers are not effective 
when more than 3 inches of snow have accumulated.

• Consider the temperature. Salt and calcium magnesium 
acetate (CMA) have a much slower effect on melting snow 
and ice at temperatures below 25° Fahrenheit.

Winter De-icing
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• Track winter weather and only use salt and de-icers when a 
storm is about to come through. If a winter storm does not 
occur, sweep up any unused material, store, and reuse for the 
next big storm.

• Apply de-icing products discriminately, focusing on high-
use areas and slopes where traction is critical. Apply the least 
amount necessary to get the job done. This will save money in 
product costs and will also help minimize property damage to 
paved surfaces, vehicles, and vegetation.

• Reduce salt and other chemicals by adding sand for traction. 
• Become familiar with various de-icing products and wetting 

agents such as magnesium chloride and calcium chloride, 
which can improve the effectiveness of salt and reduce the 
amount needed.

• If you observe ongoing issues of ineffective ice management 
or examples of poor application, such as excess piles of road 
salt left to disperse, share your concerns with the property 
manager of your residence or business, or with the City of 
Philadelphia Streets Department. The Streets Department 
Hotline is 215-686-5560 and their website is www.phila.gov/
streets.

• Plant native vegetation that is salt tolerant in stormwater 
drainage swales and ponds that may receive salt-laden runoff. 
Not only will these native species have a greater chance for 
survival, but they will continue to act as an effective buffer for 
our local waterways.

• Store salt and other products on an impervious 
(impenetrable) surface, such as a basement floor, to prevent 
ground contamination. Also store products in a dry, covered 
area to prevent stormwater runoff.

Winter De-icing
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Planters reduce impervious cover (impenetrable surfaces, 
such as concrete sidewalks, parking lots, etc.) by retaining 
stormwater runoff rather than allowing it to directly 

drain into nearby sewers and creeks. Planters offer “green space” 
in tightly confined urban areas by providing a soil/plant mixture 
suitable for stormwater capture and treatment. They can be used 
on sidewalks, parking areas, back yards, rooftops and other 
impervious areas.

Contained Planters
Contained planters are used for planting trees, shrubs, and 
ground cover. The planter is either prefabricated or permanently 
constructed and has a variety of shapes and sizes. Planters may 
range from large concrete planters to potted plants arranged on 
an impervious surface like the roof garden shown in the bottom 
photos to left. Planters can be placed on impervious surfaces 
like sidewalks, back yards, rooftops, or along the perimeter 
of a building in order to catch stormwater runoff from the 
roof. Contained planters may drain onto impervious surfaces 
through holes in their base or by an overflow structure so the 
plants do not drown during larger rain events.
Plants should be hardy and self-sustaining native species with 
little need for fertilizers or pesticides. Planters can be made of 
stone, concrete, brick, wood, or any other suitable material. 
However, treated wood should be avoided if it leaches any toxic 
chemicals.
Planters can be permanently fixed in place or easily moved 
around to enable you to change the look of the planter garden 
that you have created. Numerous manufactured pots and 
planters are available at your local hardware or landscaping 
store. You can create a “do-it-yourself ” planter or use 
recycled items to create planters. Homemade planters may be 
constructed by stacking and fastening wood beams or laying 
and mortaring stones. There are many websites with detailed 
instructions to help with this type of project, such as www.
taunton.com, www.hgtv.com, www.diynetwork.com.*

Creating a Contained Planter 
• Purchase planters at the local hardware or landscaping store, 

if you are not building your own planter box.
• Drill holes in the bottom of the planter if they are not already 

there.
• Fill the planter with soil and leave a 12 inch area from the soil 

to the top of the planter.
• Choose native drought and saturation tolerant plants and 

trees to plant in the planter.
• Occasionally turn or till the soil to improve infiltration.

Planters (Container Gardens)

*These are just a few of the websites PWD 
came across during our research. These 
particular companies are not endorsed by 
PWD, nor can PWD verify any information  
on these companies.
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A rain barrel collects and stores stormwater runoff 
from rooftops. By detaining (temporarily holding) 
the stormwater runoff during a rain event, you can 

help add capacity to the city’s sewer system and reduce sewer 
overflows to our creeks and rivers, our drinking water source. 
Also, the collected rain water can be reused for irrigation to 
water lawns, gardens, window boxes or street trees.
Rain barrels can be purchased on-line or they can be built. If 
you would like to purchase a rain barrel on-line, view the list of 
retailers we came across in our research.* 
Whether you buy or build a rain barrel, the most important 
thing to remember is that they are only effective at stormwater 
management when the stored water is emptied in between 
storms, making room in the barrel for the next storm. 

Building a Rain Barrel 
• Rain barrels help lower water costs when the stored water is 

recycled for lawn irrigation, for example. 
• Rain barrels help reduce water pollution by reducing 

stormwater runoff, which oftentimes picks up pollutants in 
its path, such as oil, grease and animal waste, and transports 
these pollutants to the nearest creek, river or stormdrain. 

• Storing rainwater for garden and lawn use helps recharge 
groundwater naturally. 

Materials Needed for Building a Rain Barrel 

Rain Barrels 

• One 55 gallon drum
• One 5 foot section vinyl 

garden hose 
• One 4 foot diameter 

atrium grate (basket used 
in garden ponds and pool 
skimmers)

• One 1⁄2 inch PVC male 
adapter

• One 3/4 inch x 1⁄2 inch PVC 
male adapter

• One 5 foot section of drain 
hose, drain line, or sump 
pump line (11/4 inch)

• One 11/4 inch female 
barbed fitting and 

• One 11/4 inch male 
threaded coupling

• One vinyl gutter elbow
• Drill (or a hole saw)
• Router, jig saw or coping 

saw
• Measuring tape
Optional:
• Waterproof sealant 

(silicone caulk, PVC glue)
• Teflon tape
• Fiberglass window screen 

material or mosquito 
netting

• Cinder blocks or wooden 
crate

Please read the Disclaimer 
on the inside cover, if you 
are interested in installing 
this project.
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Instructions for Building a Rain Barrel 
Step 1. Cut Holes in Rain Barrel: 
• Cut lower drain hole: Measure about 1 inch above the bottom 

of the barrel (55 gallon drum) where the barrel side begins to 
rise toward the top. Using a 3/4 inch bit (or hole saw), drill a 
hole through the barrel.

• Cut upper drain hole: Mark the upper drain hole according to 
where you want the overflow to be in the upper region of the 
barrel and in relationship to the lower drain. Use a 15/8 inch 
hole saw to cut out the overflow hole.

• Cut top hole for atrium grate (filter): Using the atrium grate as 
a template for size, mark a circle at the center of the top of the 
drum (locating the rainwater inlet in the center of the barrel 
lets you pivot the barrel without moving the downspout). 
Drill a 1⁄2 inch hole inside of the marked circle. Use a router, 
jigsaw or coping saw to cut until the hole is large enough to 
accommodate the atrium grate, which filters out large debris. 
Don’t make the hole too big—you want the rim of the atrium 
grate to fit securely on the top of the barrel without falling in.

• Cut notch to hold hose: Using a 1⁄2 inch bit or hole saw, cut out 
a notch at the top of the barrel rim (aligned so that it is above 
the lower drain hole). The notch should be large enough so 
that the end of the hose with the adapter will firmly snap into 
place. 

Step 2. Set Up Barrel and Modify Downspout:
• Set up barrel: Since water will only flow from the garden hose 

when the hose is below the barrel, place the barrel on high 
ground or up on cinder blocks or a sturdy wooden crate 
underneath your downspout, making sure the barrel is level.

• Modify your downspout: Cut your existing downspout using 
a saw so that the downspout’s end can be placed over the top 
of your rain barrel. Use a vinyl downspout elbow that fits the 
size of your downspout (usually 3 inch or 4 inch) to aim the 
stormwater into the rain barrel or just simply place the barrel 
right under the downspout. 

Step 3. Assemble Parts:
• Attach garden hose to lower drain hole: Screw in the 1⁄2 inch 

PVC male adapter to the lower drain hole. The hard PVC 
threads cut matching grooves into the soft plastic of the 
barrel. Unscrew the 1⁄2 inch PVC male adapter from the hole. 
Wrap threads tightly with teflon tape (optional). Coat the 
threads of the coupler with waterproof sealant (optional). 
Screw the coated adapter back into the hole and let it sit 
and dry for 24 hours (optional). Attach 5 foot garden hose 
to the PVC male adapter. Attach the 3/4 inch x 1⁄2 inch PVC 

Rain Barrels 

*Rain Barrel Distributors 
Clean Air Gardening 
Composters.com 
Day's Garden 
ENVIRO ENERGY International Inc. 
Gardener's Supply Company 
GARDENWARe 
Green Culture 
Green Venture 
Jerry Baker 
Lee Valley Tools 
Midwest Internet Sales 
New England Rain Barrel and Composter 
Company 
RainCatcher 4000 
Plow&Hearth 
Rain King 
Rainsaver USA 
Real Goods 
Riversides 
The Rain King 
Spruce Creek Rainsaver 
The Rain Pail 
Urban Garden Center 
This is not a comprehensive list of rain barrel 
distributors or suppliers.  This is a list of rain barrel 
distributors that PWD came across during our 
rain barrel research. The particular companies are 
not endorsed by PWD, nor can PWD verify any 
information on these companies. 
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Garden Hose

Spigot

Downspout

Atrium Gate

Drain Hose
(overflow)

Raised Base 

 

male adapter to the other end of the hose (this can be readily 
adapted to fit a standard garden hose).

• Attach drain hose (overflow hose) to upper drain hole: Put 
the 11/4 inch male threaded coupling inside the barrel with 
the threads through the hole. From the outside, screw the 
11/4 inch female barbed fitting onto the threaded coupling. 
Use silicone on the threads (optional). Attach 5 foot section 
of drain hose to upper fitting and connect it to where the 
original downspout was connected (sewer riser) in order to 
transport the overflow into the sewer. 

 The overflow must be conveyed safely away from your 
property and your neighbor’s property. If your downspout 
was not originally connected to the sewer, place a splash pad 
on the ground under the overflow hose to direct the flow 
away from the foundation of your home. 

• Place atrium grate and screen in top hole: Using 
PVC glue, secure a piece of fine mesh window 
screen inside or outside of the atrium grate to 
filter out debris and control mosquitoes. Place the 
atrium grate into the hole (basket down).

• Position the downspout: Position the end of your 
downspout so it drains onto the atrium grate on 
the rain barrel.

Rain Barrels 

Don’t forget to empty 
your rain barrel after 
the storm! 
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Rain Gardens

A rain garden uses native plants and landscaping to soak 
up rain water (stormwater) that flows from downspouts 
or simply flows over land during a rain event. The 

center of the rain garden holds several inches of water, allowing 
the stormwater to slowly seep into the ground instead of flow 
directly from your roof, yard or driveway into the nearest storm 
drain, creek or river.

Creating a Rain Garden 
• A rain garden allows 30% more water to seep into the ground 

than a conventional lawn (South River Federation & Center 
for Watershed Protection, 2002). This increase helps replenish 
the groundwater supply (important during a drought!), and 
also helps hold back stormwater from contributing to the storm-
water and sewage overflows into nearby creeks and rivers. 

• A rain garden reduces the amount of water pollution 
that would otherwise eventually reach the streams and 
rivers through stormwater runoff. Scientific studies have 
demonstrated that the first inch of rainfall is responsible for 
the bulk of the pollutants in stormwater runoff. A rain garden 
is designed to temporarily hold this one-inch of rainfall and 
slowly filter out many of the common pollutants in the water, 
such as oil, grease, and animal waste, that would otherwise 
flow into the waterways via the nearest stormdrain or 
stormwater runoff. 

• The native plants used in rain gardens require less water and 
less fertilizer than conventional lawns. They also require less 
maintenance and provide habitat for birds and other wildlife.

Instructions
Before starting this project, please conduct an Infiltration Test 
(pages 26–27 ) to determine if your soil conditions are adequate 
for a rain garden. 
Step 1. Size and Locate your Rain Garden: 
• First, measure the footprint of your house by getting the 

area (length x width) of your house and then determine how 
much of your rooftop area drains to the downspout you are 
disconnecting to your garden (for gutters with a downspout at 

Materials 
• Plants for the garden 

(see plant list)
• Hose, rope or string
• Level
• Shovel or spade
• Measuring tape
• Humus or other soil 

amendments (optional)
• Downspout extension (also 

optional). 

Downspout

Gutter

House Roof

30 ft.

30 ft.

10 ft.

7 ft.

7 ft.

 Roof area
drainage to 
downspout

 Rain
Garden

If the area of the house is 30 ft. x 30 ft. and 
1/4 of this area drains to one downspout:
15 ft. x 15 ft. = 225 ft.2

20% of 225 ft.2 = 45 ft.2

30% of 225 ft.2 = 67.5 ft.2

The rain garden area should be between 
45 and 67.5 square feet, depending on soil 
type (use 20% for sandier soils).

Sizing Example

Please read the Disclaimer 
on the inside cover, if you 
are interested in installing 
this project.
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each end, assume that half the water goes to each downspout). 
Refer to the sizing example for guidance. Be sure you measure 
the house footprint only, but include the area of any driveway 
or patio areas that will drain to the rain garden (do not take 
the roof slope into account). The surface area of your rain 
garden should be between 20% and 30% of the roof area that 
will drain into the rain garden. 

• Locate the garden at least 10 feet away from your house and 
your neighbor’s house (to prevent water leakage), and create 
the garden in the lowest point of this section of your lawn, 
maintaining a minimum 1% slope from the house down 
to the rain garden. If your yard drain is also located in this 
section of the lawn, you can build the rain garden around the 
drain. The bottom of the rain garden would be a few inches 
lower than the drain and the overflow would actually be in 
the middle of the rain garden. 

• If you build the rain garden around your yard drain, when 
it fills up with water, the water that overflows from the 
garden will be conveyed safely to the yard drain. If you are 
not building around the yard drain, it is imperative that the 
overflow is safely conveyed to a drain nearby to prevent it 
from flowing into your neighbor’s property.  
Make sure the drain is in a suitable location in relation to 
the rain garden in order to effectively manage the garden’s 
overflow. 

• When finding the right spot for your rain garden, keep in 
mind that you will want to create a shallow ditch or swale 
that carries the stormwater runoff from the disconnected 
downspout to the rain garden. The swale will help slow the 
runoff before it reaches the rain garden.

• Finally, lay out the boundary of the garden with a rope.
Step 2. Dig the Rain Garden:
• To enable the rain garden to hold several inches of water 

during a storm, you’ll have to dig a hole 3 to 4 inches deep 
across the entire surface of the rain garden. If the soil lacks 
organic material, you can improve it by digging the hole 5 to 
6 inches deep, and adding 2 to 3 inches of humus or other 
organic material. Make sure the bottom is level, but gently 
slopes from the bottom to the ground level around the edges. 
If the drop at the edge is too steep, you might get some 
erosion around the edges. 

Rain Gardens

 Minimum 10 ft. 
distance to house

Berm
6 in.

Level grade
Organic Material 2–3 in.

Garden Cross Section
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• Next, test how the garden will hold water during a storm by 
letting water flow into the rain garden from a hose placed 
at the downspout. Based on this test, make any necessary 
adjustments (e.g., create a berm on the lower side of the 
garden using the diggings—the soil that was excavated).

Step 3. Add Plants to the Rain Garden:
• Choose native plants that won’t require much watering, but 

make sure they can withstand wet soils for up to 24 hours. 
(Refer to the list of native plants below.)

• Also, take into account how much sun your garden receives. 
It’s often helpful to draw out a planting plan before you start, 
and mark planting areas within the garden with string. After 
planting, weeding may be required until the plants become 
established. You may also need to periodically prune some 
of the plants to let others grow. In the winter, leave dead or 
dormant plants standing and cut back in the spring. 

• Your garden may need a bit more maintenance than a lawn in 
the beginning, but in the long run it will be easier to care for 
and provide many added benefits! 

Native Plants Recommended by Fairmount Park for Rain Gardens
Perennials
Bee-balm—Monarda didyma
Black-eyed Susan—Rudbeckia hirta
Blazing star—Liatris spicata
Blue flag iris—Iris versicolor
Boneset—Eupatorium perfoliatum
Butterfly weed—Asclepias tuberosa
Cardinal flower—Lobelia cardinalis
Early goldenrod—Solidago bicolor
Golden alexander—Zizia aurea
Joe-pye weed—Eupatorium 
purpureum
New England aster—Aster novae-
angliae
New York ironweed—Veronia 
novaborescensis
Obedient plant—Physostegia 
virginiana
Ox-eye—Heliopsis helianthoides
Solomon’s seal—Polygonatum 
biflorum
White snakeroot—Eupatorium 
rugosum

Grasses and Grass-like plants
Big bluestem—Andropogon 
gerardii
Bottle brush grass—Elymus hystrix
Canada wild rye—Elymus 
canadensis
Path rush—Juncus tenuis
Purple-top—Tridens flavus
Soft rush—Juncus effusus
Switch-grass—Panicum virgatum
Virginia wild rye—Elymus 
virginicus

Ferns
Christmas fern—Polystichum 
acrostichoides
Hay-scented fern—Dennstaedtia 
punctilobula
Rattlesnake fern—Botrychium 
virginianum
Sensitive fern—Onoclea sensibilis

Shrubs
Gray dogwood—Cornus racemosa
Highbush blueberry—Vaccinium 
corymbosm
Mountain laurel—Kalmia latifolia*
Ninebark—Physocarpus opulifolius
Pasture rose—Rosa carolina
Red osier dogwood—Cornus 
sericea
Spicebush—Lindera benzoin
Sweet pepperbush—Clethra 
alnifolia

*Pennsylvania’s state flower
When purchasing plants, pay close 
attention to the scientific names 
to ensure the correct species are 
selected. 

Rain Gardens
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Wildflower meadows present excellent opportunities 
for stormwater management, promoting ground-
water infiltration, water quality treatment, and even 

flood control. Also, when using native plants in a meadow you 
are not only providing an aesthetically pleasing landscape, but 
preserving native species and biodiversity, and creating habitat 
for wildlife. Meadows allow you to spend less time mowing, 
less time applying fertilizers and lawn chemicals, and less 
time watering in the summer months. This low maintenance 
structure helps protect our nearby local streams from pollutants 
and other chemicals, in addition to flooding conditions, thereby 
helping to protect the Delaware and Schuylkill Rivers, the 
source of our drinking water in Philadelphia.

Creating a Wildflower Meadow
Step 1. Site Selection: First, you need to choose a suitable 
location, preferably an open sunny site that gets at least six 
hours of sun every day. It should have good air movement. This 
helps keep diseases down, and the movement caused by wind 
will make plants sturdier, and stems stronger. The site should 
have few weeds. An already cultivated site such as a field or 
garden plot is ideal. A lawn can work too. The hardest is an 
overgrown garden bed, or old field full of aggressive weeds and 
grasses. A site next to such an area to transform is also difficult, 
due to weed seeds blowing in. A site next to a formal landscape 
may also be a hard sell. In such formal areas, an informal 
transition area may be necessary. 
Step 2. Plant Selection: Plant selection is important for long 
bloom, as noted already, but more importantly for species that 
will last under your conditions. Soil type is not as important 
as whether the site is dry or moist. A dry site is best. The key 
is to have a diversity of species, as found in nature, with a 
mix of graminoides (grasses and grass-like plants) and forbs 
(flowering meadow wildflowers). If you don’t create your own 
mixture, buy a good quality seed mix from a reputable supplier. 
When it comes to these seeds, you truly get what you pay for. 
Inexpensive mixes often contain mainly annuals which are gone 
after the first year, contain non-native species, seeds that have 
poor germination, potential weedy species, or just a lot of seed 
debris. Another consideration under species selection, whether 
you buy a mix or make your own mixture, is whether you 
want a short term (1 to 5 years) or longer term meadow. In the 
former you may have more annuals for color up front, but keep 
in mind that they may be out competed with weeds after a few 
years. A long term meadow may have mainly perennials which 
may take several years to begin a good display, but will last and 
out compete many weeds. 

Wildflower Meadow
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Step 3. Site Preparation: This is the step often overlooked, yet 
the key to success or failure. Since these wildflowers are usually 
less competitive than weeds, the site should contain no weeds or 
weed seeds. Unless the site has been cultivated already, with few 
to no weeds, there are several methods you may use. 
You may smother vegetation with black plastic for a whole 
growing season. You may also smother existing growth with 
thick layers of leaves, grass clippings, or newspapers. Another 
method is to plant a summer buckwheat crop, cut and tilled in 
before going to seed, followed by fall planting of winter wheat, 
cut and tilled in late winter. You may need to repeat this a 
second season. Or you may repeat deep soil tillage every three 
weeks for a full growing season. If it’s a lawn with no weeds, 
remove the sod using a sod-cutter that can be rented from 
equipment rental firms. Many use a systemic herbicide, but 
avoid those that are residual (last in the soil). 
Step 4. Sowing or Planting: You may sow in spring or early 
summer, which favors grasses over the forbs. Keep the spring-
sown meadow watered as you would a newly seeded lawn, often 
for a month or two. Sowing in early fall favors the forbs, as some 
grass seeds rot then. Since many seeds will either not germinate 
until the following spring, or germinate and not grow until then, 
you should also use annual rye as a winter cover crop with fall 
sowings. Avoid sowing in mid to late summer when there may 
be droughts or seeds drying out before germinating. For sowing, 
aim for about 80 seeds per square foot. In several years this will 
result in one or two plants in this space. Of this number per 
square foot, for spring sowing use about 60 forb and 20 grass 
seeds. This is about 9 lbs. and 3 lbs. per acre. For fall sowing, use 
a higher proportion of grass seeds. 
For small areas (for instance under 1000 square feet), consider 
using already-germinated small plants you can buy in trays 
as “plugs.” These are more costly than seeds, but will establish 
more quickly. You can find these at specialty suppliers, either 
local, mail-order, or online. 
Step 5. Post-planting management: In the first two years, seeds 
of annual and biennial weeds still in the soil or blown in will 
grow faster than your perennial wildflowers. Don’t allow such 
weeds the first year to get above one foot tall before cutting back 
to four to six inches high. The wildflowers will, for the most 
part, remain short and below this height. The second year, cut 
back to about one foot high since plants will be larger. A weed 
or string trimmer works well for this. Don’t pull weeds, as this may 
also disturb wildflower seedlings. Don’t use herbicides as these 
may drift, killing large patches of both weeds and wildflowers!
In the third and future years, mow it close to the ground. This 
should be done in late fall or early spring, removing the debris 
from mowing. This exposes the soil to the rapid warmth from 
the sun in spring, encouraging your wildflowers over cool-
season weeds. Learn your wildflowers, and over the years you 
can selectively weed out any weeds or woody plant seedlings. 

Wildflower  
Meadow

The number of plants of any 
one type will depend on 
how you will be viewing the 
meadow. If seeing it from 
a distance, you’ll want to 
use larger numbers of each 
plant type, and place them in 
sweeping masses. If creating 
a small area, or one viewed 
at close range, you may have 
few of any one type plant, 
and have them all mixed. 
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Dry wells are small, excavated pits, filled with stone or 
gravel that temporarily stores stormwater runoff until 
it infiltrates (soaks) into the surrounding soil. The 

stormwater can come straight off of the roof of your house 
via a downspout that either indirectly or directly connects to 
the dry well. It can travel indirectly to the dry well through a 
grassy swale or it can travel directly into the well through a 
pipe. This design guide describes how you can disconnect your 
downspout to a swale and dry well that is sized based on the 
included sizing table (noted below). Dry wells help protect our 
rivers and streams in combined and separate sewered areas. 
They help add capacity to Philadelphia’s sewer system during 
heavy rainfalls by helping prevent the stormwater runoff from 
reaching the system and instead allowing the runoff to soak 
into the surrounding soil. In separate sewered areas, the impact 
of stormwater runoff on neighborhood streams, is reduced. 
By infiltrating the stormwater runoff on land, the combined 
(sewage and stormwater) sewer overflows into the Delaware and 
Schuylkill Rivers are reduced, thereby decreasing pollution in 
our streams, lessening flooding impacts and improving water 
quality in our rivers, our drinking water source. Dry wells also 
recharge groundwater through infiltration, which leads to more 
flow in streams during dry weather (when it is not raining) and 
less streambank erosion during wet weather (when it is raining).

Building a Dry Well
Site Preparation
• Conduct an Infiltration Test (see pages 24–25) to determine if 

your soil conditions are suitable for a dry well. 
• Make sure buried electrical, telephone, and TV cables and gas 

piping are not going to be a problem in the area that you will 
be digging your dry well. If you don’t know where they are 
located, call PA One Call at 1-800-242-1776 at least three days 
before you dig.

• Install leaf guards to prevent leaves and other plant material 
from entering the downspout and clogging the dry well.

• Determine the size of the well. Read through the Dry Well 
Sizing section of this fact sheet. 

• Determine the volume of crushed stone you will need.  
Volume of Stone = Dry Well Area x 11⁄2 feet 
For example: 33 square feet x 11⁄2 feet = 49.5 cubic feet of 
stone.

Dry Well

Materials
• Measuring tape
• Shovel
• Saw
• Wheelbarrow
• Vinyl downspout elbow 

to fit your downspout 
(typically 3 in. or 4 in.) 

• Landscape non-woven 
geotextile fabric 

- Make sure the fabric is porous 
enough to allow water to pass 
through it. 

• Crushed stone
- Use stone that is approximately 

1–11⁄2 in. diameter.
- Wash the stone to make sure 

that it is clean. You can use a 
sieve to remove fine material 
if the stone seems to have a lot 
of small particles.

- It is important that the stone 
is washed (no dust or particles) 
and that the stone is uniformly 
the same size. 

- The stone does not have to 
be very large; it just has to be 
roughly of a similar size to 
get the maximum amount of 
void space in the stone while 
maintaining the structure of 
the well. 

Please read the Disclaimer 
on the inside cover, if you 
are interested in installing 
this project.
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Dry Well Sizing
• Refer to the sizing table. Decide what size storm you would 

like to store and infiltrate in your dry well. Find the closest 
number in Column A. About one-third of storms in the 
Philadelphia area are 0.25 inches or less, 60% are 0.5 inches or 
less, and 85% are 1.0 inch or less.

• Estimate the roof area draining to the dry well (length [ft.] 
x width [ft.] = area in square feet). Find the closest value in 
Column B for the storm depth you have chosen. At this point, 
you have narrowed your choice down to just one line of the 
table.

• Find the area required for your dry well in Column D. When 
you multiply your dry well length and width, the resulting 
number (area) needs to be at least as great as the number in 
Column D. Columns E and F show examples of lengths and 
widths that will work.

• Determine whether your yard and budget will allow you to 
build a dry well of this size with a safe overflow. If not, choose 
a smaller storm and repeat the steps. Storing a larger storm 
provides a greater benefit, but also requires more space and 
costs more. Storing even the smallest storm in the table will 
provide benefits. 

• The dry well should have a safe overflow, such as an 
overflow to your yard drain. In larger storms, your dry well 
will fill up, and you need to make sure that the overflow 
doesn’t damage your property or your neighbors’ properties. 
Keep in mind that the yard drain has to be slightly downhill 
from the dry well. 

• The dry well should be at least 10 feet from your house and 
any other buildings that are level with yours. It should be at 
least 25 feet from buildings that are downhill from the dry 
well.

Dry Well

Example
Storm Depth =  
0.5 inches (Lines 4-6, Column A)

Roof Area =  
250 square feet (Line 5, Column B)

Dry Well Area =  
19 square feet (Line 5, Column D)

Possible Dimensions: 
7 feet long by 3 feet wide =  
21 square feet  
(Line 5, Columns E and F)

4 feet long by 5 feet wide =  
20 square feet

6 feet long by 3.5 feet wide =  
21 square feet

A 
Storm Depth 

(in.)

Dry Well Dimensions

B 
Roof 
Area 

Draining 
to Dry 
Well 

(sq. ft.)

C

Depth 
(ft.)

D

Area 
(sq. ft.)

E

Example 
Length  

(ft.)

F

Example 
Width 

 (ft.)

1 0.25 100 1.5 3.8 2 3

2 0.25 250 1.5 9.4 4 3

3 0.25 500 1.5 19 7 3

4 0.5 100 1.5 7.5 3 3

5 0.5 250 1.5 19 7 3

6 0.5 500 1.5 38 13 3

7 1.0 100 1.5 15.1 6 3

8 1.0 250 1.5 38 13 3

9 1.0 500 1.5 75 26 3
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Step 1. Modify your downspout. Cut your existing downspout 
close to the ground using a saw so that a vinyl downspout elbow 
can fit over the disconnected downspout (usually 3 or 4 inches). 
The elbow should aim the stormwater runoff into the swale 
Step 2. Dig a swale—a small channel or ditch starting from 
the point below the disconnected downspout to the dry well 
location. The swale should be just a few inches deep and wide. 
The swale should slope downward from the downspout to the 
dry well. The runoff draining from the disconnected downspout 
through the swale should drain readily toward the dry well.
Step 3. After preparing the site and determining the size of your 
well, shape the well, using the Dry Well Sizing Table. 
Step 4. Line the well with landscape fabric (non-woven geo-
textile fabric or filter cloth). Make sure it is porous enough to 
allow water to pass through it. Also, excess fabric should be 
folded over the edges of the well. The fabric prevents surrounding 
soil from getting into the system and clogging it up.
Step 5. Fill the well with the crushed stone. You can either a) 
fill the well with stones all of the way to the top until flush with 
the surrounding soil, b) fill the well with stones just a few inches 
from the top of the well, add a layer of geotextile fabric and 
backfill over the well with soil to plant in it (make sure the layer 
of fabric is between the stone and soil), or c) fill the well with 
stones just a few inches from the top of the well, add a layer of 
geotextile fabric, add a plastic grid on top and river rocks, as 
shown in the photograph. Just make sure that you don’t mound 
the stone or soil, or water will not be able to flow into your dry 
well.
Step 6. Seed and mulch the swale so the water traveling from 
your downspout to the dry well doesn’t cause erosion.
Post-Construction Maintenance
• Homeowners should make sure they clean their gutters on 

a regular basis. This will help to prevent the system from 
clogging.

• Dry wells should be inspected at least four times annually as 
well as after large storm events.

Dry Well

Vinyl Downspout Elbow

Landscape
Fabric

Crushed
Stone

Downspout

Swale

Downward Slope
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An infiltration test will help you determine if the soil on 
your property is suitable for certain types of stormwater 
management measures, such as a dry well or rain 

garden. An infiltration test measures how quickly water can 
soak in and flow through the soil. It is important to know how 
your soil infiltrates water before building a dry well, rain garden 
or any other stormwater management structure. 

Materials
•  6 inch diameter 

ring 
•  Hand sledge and 

wood block
•  Plastic wrap
•  500 mL plastic 

bottle or 
graduated cylinder

•  Water
•  Stopwatch or timer
•  Pen and paper 

Step 1. Drive Ring into Soil:
• Clear the sampling area of surface residue, etc. If the site is 

covered with vegetation, trim it as close to the soil surface as 
possible.

• Using the hand sledge and block of wood, 
drive the 6 inch diameter ring, beveled edge 
down, to a depth of three inches (see Figure 1).

• If the soil contains rock fragments, and the 
ring cannot be inserted to the depth, gently 
push the ring into the soil until it hits a rock 
fragment. 

Step 2. Firm Soil:
• With the 6 inch diameter ring in place, use 

your finger to gently firm the soil surface 
only around the inside edges of the ring to 
prevent extra seepage. Minimize disturbance 
to the rest of the soil surface inside the ring.

Step 3. Line Ring with Plastic Wrap: 
• Line the soil surface inside the ring with a 

sheet of plastic wrap to completely cover 
the soil and ring as shown in Figure 2. This 
procedure prevents disturbance to the soil 
surface when adding water.

Infiltration Test

Figure 1  
Using the hand sledge and block of 
wood, drive the 6 inch diameter ring, 
beveled edge down, to a depth of 
three inches.

Figure 2
Pour the 444 mL of water (1 inch of water) into the ring 
lined with plastic wrap.

500 ML Bottle

Plastic Wrap

Distilled Water

6 inch diameter ring

3 inches 
above soil surface

3 inches 
into the soil

6 inch diameter ring

It is important that 
water infiltrate well  
even during saturated 
conditions. Conduct 
your infiltration test 
after a rain storm.
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Step 4. Add Water:
• Fill the plastic bottle or graduated 

cylinder to the 444 mL (1 inch) 
mark with water. Pour the 444 mL 
of water (1 inch of water) into the 
ring lined with plastic wrap as 
shown in Figure 2.

Step 5. Remove Wrap and Record 
Time:
• Remove the plastic wrap by gently 

pulling it out, leaving the water 
in the ring (Figure 3). Note the 
time. Record the amount of time 
(in minutes) it takes for the 1 inch 
of water to infiltrate the soil. Stop 
timing when the surface is just 
glistening. If the soil surface is

 uneven inside the ring, count the time until half of the 
surface is exposed and just glistening. Record the time.

Step 6. Repeat Infiltration Test:
• In the same ring, perform Steps 3, 4, & 5 with a second 

inch of water. Record the number of minutes elapsed 
for the second infiltration measurement. Repeat the 
test (Steps 3, 4, & 5) a few more times. All of the tests 
should be conducted consecutively. If the test continues 
to yield the same results, you will have a good idea of 
the saturated infiltration rate. If the soil infiltrates the 
water under 1 hour, your soil is ready for a dry well, rain 
garden or any of the other structural projects in this 
manual. 

Figure 3
Remove the plastic wrap by gently pulling it out, leaving the 
water in the ring.

Plastic Wrap

6 inch diameter ring

Infiltration Test
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City of Portland 
Summary of Cost Benefit Evaluation of Ecoroofs Report 
November 2008 
 
 
In 2005, the Portland City Council embraced a holistic approach to watershed 
health in adopting the Portland Watershed Management Plan.  The Plan 
established goals and objectives for enhancing and protecting watershed health.  
Sustainable stormwater management is a primary means to improve watershed 
health.   
 
In 2008, City Council reaffirmed this commitment by approving funding for the 
Grey to Green strategy.  Grey to Green integrates green infrastructure with 
traditional grey, or piped, infrastructure for optimum cost effectiveness and 
performance.  The Grey to Green strategy accelerates ecoroof and green street 
construction, tree planting, public land acquisition, invasive plant removal and 
native plant restoration, and the replacement of culverts that restrict fish 
passage. 
 
Portland is a leader in using low impact development techniques when managing 
stormwater, principally emphasizing at the source vegetated management 
strategies.  The development and promotion of ecoroofs have been embraced as 
one strategy providing a wide variety of watershed and human health benefits.   
 
Ecoroofs are expected to be an important part of Portland’s urban strategy as the 
city grows and density increases in the decades to come.  Although green roof 
technology is not new, (many cultures have used green roofs in some form for 
centuries), quantifying their costs and benefits will help us understand the role 
they have in the Pacific Northwest.   
 
Vegetated roof systems can address a number of urban challenges by providing 
a variety of benefits.  As quantified in the Cost Benefit Evaluation of Ecoroofs, 
public benefits include: 
 

o Reduced public costs to manage stormwater  
o Avoided public stormwater infrastructure needs and O&M costs 
o Reduced carbon emissions  
o Improved air quality 
o Increased habitat areas 

 
Benefits provided to private interests include: 

o Reduced stormwater fees 
o Reduced private infrastructure and O&M costs 
o Reduced energy demand and costs 
o Increased roof longevity 
o Increased Floor Area Ratio density bonus potential 
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Highlights of the findings of the Cost Benefit Evaluation of Ecoroofs are: 
 

Private 
• Over the 40 year life of the ecoroof, the net benefit to the private 

property owner is $404,000. (in 2008 dollars) 
The ecoroof benefit (cost savings) is calculated from onetime and ongoing 
reduction in stormwater management fees, avoided stormwater 
management facility costs, reduced cooling and heating costs, avoided 
roof replacement costs, and reduced HVAC equipment sizing costs. 

o In the near term, the costs for initial ecoroof installation outweigh 
the benefits.  (This shifts at the 20 year mark) 

o At year 5, the net cost/benefit is negative $129,000. 
o The private energy savings for cooling and heating reductions are 

calculated to be around $7,500 over five years and about $43,500 
over 40 years.  Ecoroofs insulate buildings thereby increasing 
building energy efficiency and reducing energy demand. 

 
Public 
• There is an immediate and long term benefit to the public.  At year 

five, the benefit is $101,660, and at year 40 the benefit is $191,421. 
The ecoroof benefit is generated from reduced stormwater management 
system improvements and O & M costs, carbon reduction, improved air 
quality, and habitat creation.   

o A one-time reduction of $60,700 accrues due to the reduced need 
for improvements to the stormwater system. 

o A 40,000 SF ecoroof could reduce particulates by approximately 
1,600 pounds per year, yielding a $3,024 cost benefit annually.  
This benefit continues over the life of the ecoroof, and provides a 
benefit at year five of $15,500, and benefit of $104,600 at year 40. 
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1 INTRODUCTION 

1.1 EVALUATION PURPOSE 
The use of ecoroofs provides significant benefits to cities and the buildings on which they are placed. 
From stormwater management to the reduction in building energy demand, and habitat creation to urban 
heat island reduction, simply constructed ecoroofs are a multi-benefit best management practice (BMP) 
cost-effective over the useful life of the roof that cities should implement to enhance urban sustainability.  

The City of Portland Bureau of Environmental Services (BES) began investigating the benefits of 
ecoroofs in 1996 and has found that they work very well for stormwater management. In 1999, BES 
included ecoroofs in the City’s stormwater management manual as a preferred BMP for reducing 
stormwater runoff. In 2001, since Portland City Council passed an ordinance that changed the zoning 
code to allow ecoroofs as a Floor Area Ratio (FAR) Bonus, more than 260,000 SF of ecoroof has earned 
the FAR. In 2005, City Council adopted a resolution that requires all city owned buildings to be roofed or 
re-roofed with ecoroofs where practical. To date, eight city buildings have ecoroofs totaling 30,000 SF. 
Portland currently has more than 1,000,000 SF of ecoroofs and roof gardens and this number is ever 
growing as many new projects are known to be in design.  

The purpose of this evaluation is to further document the costs and benefits of ecoroofs to increase 
widespread application within the City of Portland. Not only would increased implementation of ecoroofs 
in Portland greatly benefit the City’s watersheds and stormwater systems, their use would further increase 
the city’s livability while reducing the City’s environmental footprint.  

Furthermore, there has been an assumption that direct costs for an ecoroof must provide a direct and equal 
payback to the building owner. Because of the numerous non-monetary quantifiable benefits associated 
with ecoroofs this assumption is difficult to prove. However, the more we understand about ecoroofs the 
more we can relate them to other objectives. As such, the costs and benefits can be maximized.  

1.2 COSTS AND BENEFITS ASSOCIATED WITH ECOROOFS 
Understanding the entirety of the costs and benefits associated with ecoroofs is complex. Ecoroofs are 
generally known for the stormwater management benefits they provide by reducing stormwater quantity 
and improving water quality. These benefits also provide infrastructure benefits and watershed benefits by 
reducing combined sewer overflows, minimizing basement flooding, protecting threatened species and 
restoring watershed health. Moreover, ecoroofs are known to reduce building energy demand and carbon 
emissions, improve air quality, and reduce the urban heat island effect. They also provide enhanced 
amenity value and habitat in urban areas typically void of natural lands.  

The provision of these benefits by ecoroofs may produce significant costs savings to buildings and cities. 
Although ecoroofs generally cost more, based on current building pro-forma standards, than a 
conventional roof to construct, they provide considerable long-term benefits and costs savings. 

Table 1, on the next page, identifies a broad list of benefits as well as costs associated with ecoroof use. 
Based on City of Portland interests, combined with the quality of the literature reviewed, this evaluation 
focused on a high priority number of costs and benefits – which are shown in bold in Table 1. 

It should be noted that ecoroofs are not risk free. Like conventional roofs, risks associated with ecoroofs 
may emerge from waterproofing, durability, materials, construction quality and warranties for example. 
As an evolving practice in the building industry, risks should be minimized over time.  

Cost Benefit Evaluation of Ecoroofs  1 
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Table 1 – Costs and Benefits Associated with Ecoroofs 
(Only items in bold were addressed within this evaluation) 

Topic Area Benefits Costs 
Stormwater Management   
 Infrastructure (Public)  
 Reduced Stormwater Quantity  
 Avoided Stormwater Infrastructure  
 Reduced Basement Flooding  
 Reduced System Management Costs  
 Reduced Stream Mitigation 

Improvements 
 

 Watershed (Public)  
 Reduced Stream Degradation  
 Improved Natural Hydrology  
 Improved Stormwater Quality  
 Developer & Owner (Private)  
 Reduced Stormwater Fees  
 Reduced Infrastructure Costs  
Energy   
 Developer & Owner (Private)  
 Reduced Energy Demand  
 Reduced HVAC Equipment Size  
 Reduced Energy Costs  
Climate   
 Watershed (Public)  
 Reduced Urban Heat Island  
 Reduced Carbon Emissions  
 Improved Air Quality  
 Enhanced Carbon Sequestration  
Habitat   
 Watershed (Public)  
 Enhanced Habitat  
Amenity Value   
 Developer & Owner (Private)  
 Enhanced Aesthetics  
 Greater Open Space  
 Increased Property Value  
Building Development   
 Developer & Owner (Private) Developer & Owner (Private) 

 Reduced Building Insulation Increased Roof Construction Cost 
 Improved Acoustical Insulation Increased Roof O&M Costs 
 Reduced Roof Reflectivity  
 Improved Roof Durability  
 Increased FAR  
 Expedited Permitting  
 Reduced SDCs  
 Reduced Permit Fees  
 Reduced O&M  
 LEED Credits  
 Infrastructure (Public)  
 Increased Tax Revenue  
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1.2.1 Accrual of Costs and Benefits 
An important aspect to understanding costs and benefits is who accrues the cost and/or benefit. As noted 
in Table 1, costs and benefits have been organized to identify who accrues the cost or the benefit. 
Moreover, costs and benefits accrue to the entities shown in Table 2. 

Table 2 – Who Accrues Costs and Benefits from Ecoroofs? 

Public Private 
Watershed Owner 

Infrastructure Developer 

From the private sector for example, building developers pay one time construction costs. Building 
owners or tenants pay O&M costs; receive stormwater fees but also fee discounts. On the public side, 
infrastructure benefits from reduced stormwater loads and the watershed receives benefits from improved 
habitat and carbon reductions. For each criterion, we specify to whom a cost or benefit accrues. Costs and 
benefits associated with ecoroof use also have a temporal aspect. Some are just one time benefits while 
others accrue annually and over the long-term. 

1.3 LITERATURE REVIEW OVERVIEW 
A literature review was performed based on the costs and benefits identified in Table 1. Over 70 articles 
and reports were reviewed – several of which were specific to the City of Portland – of which 
approximately 50 included relevant information for this evaluation. A bibliography of literature utilized 
for this evaluation is provided in Section 4 – References. 

1.4 CERTAINTY OF INFORMATION 
In spite of the fact that a large body of literature exists on ecoroofs, U.S. markets associated with 
designing, supplying, constructing, and maintaining both the structural and vegetative components of an 
ecoroof are in their infancy. For example, no uniform design standards exist for ecoroofs as they do for 
conventional roofs. As such, many of the ecoroofs described in the studies reviewed have different design 
attributes – which makes it difficult to compare benefits and costs. Most such studies indicate the 
preliminary nature of their findings and suggest further study on a range of topics.  

Invariably, this range of topics includes more study of the roof’s potential costs and benefits. Many 
reports describe costs and benefits qualitatively or without documentation. Furthermore, limited 
information exists on Portland-specific performance, costs or benefits.  

1.5 EVALUATION ASSUMPTIONS 

1.5.1 City of Portland Focus 
Where our interpretation of the literature review allowed, we described and quantified a performance, cost 
or benefit of an ecoroof specific to Portland, Oregon. When quantitative information was not available, 
we summarized the relevant qualitative information. Given that our analysis focuses on an ecoroof 
specific to Portland conditions, our results may not be applicable to other geographic areas. 

Cost Benefit Evaluation of Ecoroofs  3 
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1.5.2 Building Scale and Scalability of Findings 
For illustrative purposes, we describe the costs and benefits for a new five-story commercial building with 
a 40,000 square-foot roof in downtown Portland. A 40,000 square-foot building footprint was also 
utilized because that is the area of a typical 200-ft by 200-ft Portland block. As such, the findings from 
this evaluation may be utilized for determining a general approximation of the benefits and costs 
associated with ecoroof implementation on a multi-block basis.   

1.5.3 Roof Description 
The literature on ecoroofs describes “intensive” and “extensive” green roofs. Intensive green roofs have a 
thick growth medium and can support a wide variety of plant species including trees and large shrubs. As 
the name implies, an intensive green roof requires significant structural support and intensive 
maintenance. Intensive green roofs are also known as roof gardens. Extensive green roofs have a thinner 
and lightweight growing medium that supports a simpler palette of plant materials. Extensive green roofs 
are also known as ecoroofs, which is the preferred term in Portland. 

For the purposes of this study, the team and BES defined a “basic” ecoroof that is appropriate for 
Portland’s climate. This includes a moisture mat, protection board, a 5-inch growing medium and gravel 
drainage, a simple irrigation system and a plant palette composed of sedums, grasses and wildflowers.  

1.5.4 Units of Measure 
Because the evaluation draws from a broad source of literature, units of measure were often different. As 
part of this evaluation, units were normalized to account for these differences in measure and variability 
in the literature. Where necessary, assumptions were made to convert values of different units. 
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2 STORMWATER MANAGEMENT AND INFRASTRUCTURE 
The City of Portland has invested hundreds of millions of dollars to manage stormwater and stormwater-
related issues including reducing combined sewer overflows, minimizing basement flooding, protecting 
endangered species and restoring watershed health. Much of these expenditures fund efforts that manage 
stormwater volumes, reduce the magnitude and extend the duration of peak flows, and improve water 
quality.  

2.1 PHYSICAL BENEFITS 

2.1.1 Stormwater Quantity 
The City of Portland has evaluated a number of stormwater BMPs and found that ecoroofs are 
highly effective at reducing stormwater volume and peak flow through detention and retention.1 
Table 3 shows a summary of stormwater quantity benefits of ecoroofs compared to conventional roofs. 

Table 3 – Summary of Stormwater Quantity Benefits 
(40,000 SF Conventional Roof vs. 40,000 SF Ecoroof) 

Roof Type Runoff Quantity 
Volume2 (gal/year):  
Conventional Roof 877,000 

Ecoroof 406,000 
Annual Volume Reduction 471,000 

Peak Flow (cfs):  
Conventional Roof 0.88 

Ecoroof 0.03 
Peak Flow Reduction 0.85 

2.1.1.1 Volume Reduction 

Monitoring performed by the City of Portland on the Hamilton Building ecoroof has shown an annual 
stormwater volume reduction of 56%.3 Because the Hamilton ecoroof is very similar to the ecoroof 
described in this evaluation and the monitoring program was the most comprehensive, 56% will be 
assumed for an annual stormwater volume reduction.  

Table 4 – Stormwater Volume Reduction 

Source Volume Reduction 
(annual) 

Literature Range 50% - 100% 
Portland Specific Range 26% - 86% 

Annual Stormwater Volume 
Reduction (%) 56% 

Table 4 shows that an annual volume reduction of 56% is consistent with other values found in Portland-
specific evaluations as well as values of the reviewed literature. Portland-specific data – based on 
monitoring from five buildings in Portland – has shown a range of stormwater volume reduction between 
                                                 
1 City of Portland, 2006, Appendix H. 
2 Volume calculations based on Portland’s average annual rainfall of 37-inches and a runoff percentage from a 
conventional roof of 95% and 44% for an ecoroof. 
3 Kurtz, p. 17. 
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26% and 86%.4 The Stormwater Marketplace Feasibility Evaluation found annual stormwater reductions 
between 25% and 75%. Results of studies outside Portland found annual stormwater volume reductions 
between 50% and 100%. For example, monitoring conducted on ecoroofs in Chicago found that the 
ecoroofs, on average, reduce annual stormwater volume by 50%.5 A report from New York State found 
that ecoroofs reduce stormwater volumes by 80% while a North Carolina study found that ecoroofs 
reduce volumes by 32% and 100%. 6,7 

It should be noted that a number of sources, including Kurtz, Hutchinson, Mentens, Monterusso, 
Jennings, and Liu, performing research in Portland, Michigan, North Carolina, Ontario, and Germany 
commented that ecoroof design, climatic and seasonal conditions and the moisture content of the growing 
medium can significantly impact an ecoroofs’ ability to reduce stormwater volume. For example, while 
Kurtz found that an ecoroof reduces annual stormwater volumes by an average of 56%, in summer 
months (May-October) the ecoroof reduced volume by 86% and in winter months (November-April) it 
reduces volumes by 47%.8  

Based on the stormwater volume reduction benefit identified above, placing an ecoroof over 100% of a 
40,000 square-foot roof in Portland would greatly reduce annual stormwater volumes. Table 3 shows a 
comparison of the annual stormwater volume generation between a conventional roof and an ecoroof.  
Based on Portland’s average annual rainfall of 37-inches, a 40,000 SF conventional roof in Portland 
would generate approximately 877,000 gallons of stormwater annually. An ecoroof, with the same area, 
would generate approximately 406,000 gallons of stormwater annually. Therefore, the annual stormwater 
reduction created by a 40,000 SF ecoroof would be approximately 471,000 gallons – a 56% reduction.    

2.1.1.2 Peak Flow Reduction 

Monitoring performed by the City of Portland on the Hamilton Building ecoroof has shown a peak flow 
reduction of 96%.9 As noted previously, the Hamilton ecoroof is similar to the ecoroof described in this 
evaluation and the monitoring program was the most comprehensive, therefore a 96% will be assumed for 
a peak flow reduction.  

Table 5 – Stormwater Peak Flow Reduction 

Source Peak Flow Reduction 
Literature Range 74% - 85% 

Portland-Specific Range 30% - 96% 
Peak Flow Reduction 96% 

Table 5 shows that 96% is consistent with other values found in Portland-specific evaluations as well as 
values of the reviewed literature. Portland’s BMP Effectiveness Evaluation found that ecoroofs reduce 
peak flow by 30% to 96%, or by an average of 60%.10 External of Portland, studies in Chicago, 
Vancouver, BC, Michigan and North Carolina, noted that ecoroofs are effective in reducing peak 
flows.11,12,13 Only a few external studies sought to quantify peak flow reduction. A study in New York 
                                                 
4 Buildings include: City of Portland Building, Multnomah County Building, Hamilton Apartments Building, Metro 
Regional Government Building, and a Portland State University Building. 
5 Prairie Ecosystems, no date, p. 6. 
6 Tillinger, et al. 2006 p. 31. 
7 Jennings, et al. 2003 in Banting, 2005, p. 18. 
8 Kurtz, p. 17. 
9 Kurtz, p. 17. 
10 City of Portland, 2006, Appendix K 
11 Graham and Kim, 2003, p. 7. 
12 Jennings et al, 2003, and Rowe et al, 2003 in Banting et al, 2005, p. 18 
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found that ecoroofs could reduce peak flow by approximately 74%14 while a North Carolina study found a 
peak flow reduction of 85%.15  

Based on the peak flow reduction benefit identified above, placing an ecoroof over 100% of a 40,000 
square-foot roof in Portland would greatly reduce peak flows. Table 3 shows a comparison of the peak 
flow generation between a conventional roof and an ecoroof for a Portland specific 25-year event (3.9 
inches over 24 hours) based on Santa Barbara Urban Hydrograph methodology. For a 25-year event, a 
40,000 SF conventional roof would generate a peak flow of 0.88 cfs. An ecoroof, with the same 40,000 
SF area, would generate a peak flow of 0.03 cfs, reducing peak flow from a conventional roof by 0.85 cfs 
– a 96% reduction.   

2.2 ECONOMIC BENEFITS 
Reducing the quantity of stormwater entering public stormwater systems through the use of ecoroofs not 
only benefits stormwater system performance but also creates considerable economic benefits for both 
public and private sectors. Table 6 shows both public and private benefits. 

Table 6 – Summary of Economic Benefits Related to Stormwater Mangement 
(40,000 SF Ecoroof) 

Benefit Value 
Public Benefits  

Avoided Public Stormwater System Improvements $60,700 
Avoided Public Stormwater System O&M (annual) $0 

Private Benefits  
Avoided Private Stormwater System Improvements $69,000 

Avoided Private Stormwater User Fee (annual) $1,330 

2.2.1 Public Benefits 

2.2.1.1 Avoided Public Stormwater System Improvements 

Reducing the quantity of stormwater entering Portland’s stormwater system would save the City money. 
For areas served by combined sewer, it currently costs the City $2.71/SF in infrastructure costs to manage 
stormwater generated from impervious area.16 As such, the City has a one-time expenditure of 
approximately $108,400 to manage stormwater generated from a 40,000 SF conventional roof. Since an 
ecoroof retains 56% of the total volume of stormwater runoff, the avoided cost to the City of not 
managing this amount of stormwater would be a one-time cost savings of $60,700 from a 40,000 SF 
ecoroof.17 

                                                                                                                                                             
13 Prairie Ecosystems, no date, p. 6. 
14 Tillinger, et al., 2006, p. 33. 
15 Moran, et al., 2004, p. 1. 
16 Dan Vizzini, Bureau of Environmental Services, City of Portland, 2008. 
17 $108,400 * 0.56 = $60,700. 

RB-AR8417



City of Portland BES Sustainable Stormwater Ecoroof Evaluation 
 

Cost Benefit Evaluation of Ecoroofs  8 

2.2.1.2 Avoided Public Stormwater System O&M 

Reducing the quantity of stormwater entering Portland’s stormwater systems would also reduce annual 
O&M costs, such as operations, maintenance, administration, education, and monitoring. Currently, 
Portland spends $0.095 per SF of impervious area annually ($95/1000 SF) to manage stormwater 
generated from public and private sources. 18 For a 40,000 SF conventional roof, this would be $3,800 in 
O&M costs. Table 4 shows that the ecoroof reduces the volume of stormwater runoff by 56%. The City 
estimates, however, that this volume reduction results in only a 35% reduction in associated O&M costs.19 
Thus, reductions in stormwater volume from the 40,000 SF ecoroof would save the city approximately 
$1,330 in annual O&M costs.20 Under the City’s Clean River Rewards program, however, the City passes 
this benefit along to the building’s owner or tenant in reduced stormwater fees. Assuming that a private 
owner of the building would apply for the stormwater management fee discount (see section 2.2.2.2 
below), then the City’s O&M savings of $1,330 would go to the private owner or tenant, and is not 
counted here. 

2.2.2 Private Benefits 

2.2.2.1 Avoided Private Stormwater Improvements 

Although there are not Portland-specific examples, a number of studies outside of Portland support the 
claim that using ecoroofs reduces the size of private stormwater management facilities. According to a 
two-year study of ecoroofs in Seattle, the use of ecoroofs allowed developers to reduce the size of other 
stormwater management facilities thereby offsetting the cost of the ecoroof by 30% to 60%.21 This is 
supported by the qualitative finding by the City of Waterloo which estimated that the use of ecoroofs 
reduced the cost of other stormwater facilities.22 Assuming a conservative cost offset of 30% from the 
Seattle study above, the cost of a 40,000 SF ecoroof would be offset by $69,000 for a $230,000 ecoroof 
(see Table 11 for ecoroof cost). This would be a one-time benefit accrued by the building developer. 

2.2.2.2 Reduced Private Stormwater Fee (private owner benefit) 

For a commercial building in Portland, a monthly stormwater fee of $7.91/1,000 SF of impervious area is 
assessed to support the City’s stormwater system (this equals an annual stormwater fee of approximately 
$95/1,000 SF). Portland provides a stormwater fee discount for properties that reduce effective 
impervious area – thus reducing quantity of stormwater entering the public stormwater system. Of the 
$7.91, only $2.77 (35%) is eligible for a fee discount as the remaining $5.14 is still needed by the City for 
management of stormwater generated from public right-of-way impervious area. For a 40,000 square-foot 
conventional roof, the monthly stormwater fee would be $316.40. A conventional roof does not qualify 
for the City’s stormwater discount because the roof actually causes the stormwater runoff that the City 
manages. Installation of a 40,000 SF ecoroof would earn the full 35% discount and this monthly discount 
which would accrue to the building owner or tenant – $110.74 per month or approximately $1,330 
annually.  

                                                 
18 City of Portland, 2008. 
19 This is due to the fact that runoff originating from private property, such as roofs, is relatively cleaner and less 
expensive to manage than runoff originating from public property, such as streets, where runoff is dirtier, flashier, 
hotter, and generally more expensive to manage. Personal communication with D. Vizzini, October 23, 2008. 
20 $3,800 * 0.35 = $1,330. 
21 Post, 2007, p. 1. 
22 City of Waterloo, 2004, p. 22.  
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3 ENERGY 
Ecoroofs provide energy benefits for buildings by reducing building energy demand. The insulative 
properties of an ecoroof reduce energy demand for both heating and cooling. This reduced energy demand 
also reduces building energy costs. 

3.1 PHYSICAL BENEFITS 
Table 7 summarizes the performance benefits of ecoroofs regarding energy demand reduction. 

Table 7 – Summary of Energy Demand Reduction Benefits 
(Conventional Roof vs. 40,000 SF Ecoroof) 

Source Energy Reduction 
(annual) 

Cooling:  
Conventional Roof -- 

Ecoroof -- 
Cooling Reduction 6800 kWh 

Heating:  
Conventional Roof -- 

Ecoroof -- 
Heating Reduction 800 therms 

3.1.1 Reduced Energy Demand 
Ecoroofs provide insulation to buildings thereby increasing building energy efficiency. However, only a 
small number of studies have focused on quantifying this benefit. A recent study by Quantec modeled the 
heating and cooling benefits of ecoroof use in Portland. The study found that an ecoroof reduced energy 
demand by 12% with an annual cooling savings was 0.17 kWh/SF for electricity and heating savings of 
0.02 therms/SF for natural gas.23 Table 8 shows these benefits.24 

Table 8 – Annual Energy Demand Reduction from Ecoroofs 

Source Energy Reduction  
(per SF/year) 

Total Energy  
(heating & cooling): 

 

Literature Range 5% - 15%  
Portland-Specific Range 12% 

Total Energy Demand Reduction 12% 
Cooling (electricity):  

Literature Range -- 
Portland-Specific Range 0.17 – 0.63 kWh 

Cooling Demand Reduction 0.17 kWh 
Heating (natural gas):  

Literature Range -- 
Portland-Specific Range 0.02 therms 

Heating Demand Reduction 0.02 therms 

                                                 
23 Lee, et al, 2007, p. 6, 9. 
24 It should be noted that this Portland study was based on a single-story 17,500 SF building. 
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Studies outside of Portland, while only focusing on reduced cooling demand, found similar results 
regarding reduction in total energy demand for buildings – 5%-15% .25 26 Moreover, in a local Portland 
study, ecoroofs were effective in reducing annual cooling and heating by 0.63 kWh/SF and 0.02 
therms/SF respectively. 27 As a result, the demand reduction values shown in Table 10 are consistent with 
local and national findings.28 

3.2 ECONOMIC BENEFITS 
Table 9 below shows the economic benefits of ecoroof use for public and private entities. 

Table 9 – Summary of Economic Benefits Related to Energy 
(40,000 SF Ecoroof) 

Benefit Value 
Private Benefits  

Reduced Energy Demand (annual) $1,480 

3.2.1 Private Benefits 

3.2.1.1 Reduced Building Energy Costs 

The cost savings associated with the energy demand reduction benefits established above are shown in 
Table 10. Cooling savings are based on an electricity cost of $0.10/kWh and heating savings are based on 
a natural gas cost of $1.00/therms. 29 

Table 10 – Reduced Heating and Cooling Costs Associated with Ecoroof Use 
(40,000 SF Ecoroof) 

Type Value 
(annual) 

Reduced Energy Costs:  
Reduced Cooling Costs (annual) $680 
Reduced Heating Costs (annual) $800 
Annual Energy Cost Reduction $1,480 

Related to energy demand reduction, the annual economic benefit of utilizing an ecoroof would be 
$1,480. This savings would be accrued annually by the building owner or tenant. 

                                                 
25 Dawson, 2002, p. 2. 
26 Acks, 2006, p. 44. 
27 Lee, 2004, p. 7. 
28 Lee, et al, 2007 p. 6-9 noted that energy reduction associated with an ecoroof depends on the size of the roof 
versus the number of floors in the building. For example, an ecoroof of the same size on a five-story building will 
generate the same amount of energy savings as one on a one-story building. Conversely, the reduction in total 
energy consumed by a building is inversely proportional to the number of floors in the building. The fewer the 
number of floors in the building, the greater percentage of total energy savings will result from ecoroof use. 
29 Lee, et al, 2007, p. 6, 9. Note, as energy prices continue their expected increase in the future, these cost savings 
will also increase. 
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4 CLIMATE  
Although small, an individual ecoroof provides a number of benefits associated with slowing climate 
change. Ecoroofs help reduce the urban heat island effect which in-turn reduces the amount of energy 
needed to cool a building – and reduce the carbon emissions associated with energy generation. In 
addition, ecoroofs also provide an air quality benefit by reducing concentrations of particulate matter. 
These results take on added significance given current concerns over global climate change.  

4.1 PHYSICAL BENEFIT 
Table 11 shows a summary of performance benefits related to climate for ecoroof use. 

Table 11 – Summary of Climate Benefits 
(Conventional Roof vs. 40,000 SF Ecoroof) 

Source Quantity 
(annual) 

Avoided Carbon Emissions:  
Conventional Roof -- 

Ecoroof -- 
Avoided Carbon Emissions 5 tons 

Improved Urban Heat Island:  
Conventional Roof -- 

Ecoroof -- 
Improved Urban Heat Island 0.0025 F 

Improved Air Quality 
 – (particulates): 

 

Conventional Roof -- 
Ecoroof -- 

Particulates Reduction 1,600 lbs 

4.1.1 Avoided Carbon Emissions 
Energy generation through traditional sources such as coal and natural gas creates carbon emissions. As 
such, the reduction of energy demand from ecoroof use would also reduce carbon emissions – assuming 
the energy supplied to the building was from traditional sources. 

Table 12 – Annual Carbon Reduction 

Source Carbon Reduction 
(per SF/year) 

Literature Range -- 
Portland-Specific Range 0.000125 

Avoided Carbon Emissions 5 tons 
 
Based on an energy generation mix of a local provider, a 6,800 kWh/year energy reduction provided by 
an ecoroof would also reduce carbon emissions by approximately 5 tons of CO2 per year.30  

                                                 
30 Carbon reduction value is based on the carbon emissions associated with energy generation assumed in the Lloyd 
Crossing Sustainable Design and Development Strategies, 2004. 
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4.1.2 Reduced Urban Heat Island Effect 
Ecoroofs reduce the impact of the urban heat island effect by reducing building surface temperatures. The 
Central Eastside Industrial District (CEID) Ecoroof Study of Portland found that ecoroofs reduce peak 
summer temperatures by 0.0025 degrees F per acre. 

Table 13 – Annual Urban Heat Island Effect Improvements 

Source Temp. Reduction 
(per Acre/year) 

Literature Range -- 
Portland-Specific Range 0.002 - 0.003 F 

Improved Urban Heat Island 0.0025 F 

The CEID study estimated that if ecoroofs are installed on every building within the 300 block 
CEID area, peak summer temperatures would be reduced by approximately 0.5-0.9 degrees F. 
Moreover, a cooling effect is generated that would benefit adjacent neighborhoods. Overall, the 
CEID ecoroof strategy would reduce the urban heat island by 1%. Other studies describe this 
same phenomenon but did not quantify the affect on urban heat island effect. For example, 
temperature monitoring on a summer day from the ecoroof on Chicago’s City Hall has shown 
high temperatures between 91 to 119 degrees F while readings from an adjacent black-tar roof 
recorded a high of 169 degrees F.31 

4.1.3 Improved Air Quality 
Ecoroofs have been found to improve air quality by filtering the air that moves across them trapping 
particulate matter. Two researchers working independently on separate ecoroofs calculated that each 
square foot of ecoroof filters approximately 0.04 pound of dust and particulate matter out of the air.32  

Table 14 – Annual Air Quality Improvements (particulates) 

Source Value (per SF/Year) 
Literature Range 0.04 lbs 

Portland-Specific Range -- 
Particulate Reduction 0.04 lbs 

For a 40,000 SF ecoroof, annual particulate reduction would be approximately 1,600 lbs/year. 

                                                 
31 The City of Chicago, no date, p. 1. 
32 Peck and Callagan, 1999, p. 19; The Harvard Green Campus Initiative (no date), p.4; Acks, 2003, in Banting et al., 
2005, p. 30. 
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4.2 ECONOMIC BENEFITS 
Table 15 summarizes the economic benefits accrued by both public and private entities regarding ecoroof 
use and climate. 

Table 15 – Summary Economic Benefits Related Climate 
(40,000 SF Ecoroof) 

Benefit Value 
Public Benefits  

Avoided Carbon Emissions (annual) $29 
Improved Urban Heat Island Effect (annual) -- 

Improved Air Quality (annual) $3,024 

4.2.1 Public Benefit 

4.2.1.1 Avoided Carbon Emission Costs 

Current estimates place a value of avoided carbon emission at $5.75 per ton of CO2.33 The value of 
carbon reduction associated with our example roof is $29 per year.34 This benefit would accrue to the 
general population. 

                                                

4.2.1.2 Avoided Urban Heat Island Costs 

Beyond the reduction of carbon emissions associated with energy generation, additional 
economic benefits associated with urban heat island have not been established based on the 
literature reviewed for this evaluation. 
 
4.2.1.3 Avoided Air Quality Costs 

A survey of studies that estimated the economic value of reduced concentrations of air pollutants 
calculated the economic value of reduced particulate matter at $1.89 per pound, based on avoided health-
care costs.35 Multiplying these amounts for our example 40,000 SF ecoroof yields clean-air values of 
$3,024 for reduced particulate matter.36 

 
33 Chicago Climate Exchange, www.chicagoclimatex.com/market/data/daily.jsf. Prices as of March 27, 2008 for a 
metric ton of CO2. 
34 Five tons of CO2/year * $5.75/ton = $28.75/year. 
35 Matthews and Lave, 2000, p. 1392. Reported values converted to 2007 dollars using the Consumer Price Index. 
36 A reduction of 1,600 pounds/year of particulate matter * $1.89/pound = $3,024/year of avoided health-care costs. 
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5 HABITAT 
5.1 PHYSICAL BENEFITS 

Table 16 summarizes the performance benefits of ecoroofs regarding habitat creation. 

Table 16 – Summary of Habitat Benefits 
(Conventional Roof vs. 40,000 SF Ecoroof) 

Source Habitat Created 
Conventional Roof 0 

Ecoroof 40,000 SF 
Habitat Creation Benefit 40,000 SF 

5.1.1 Habitat Creation 
Ecoroofs can provide islands of protected habitats for some species in an otherwise highly-developed 
urban environment where rooftops are almost void of any life. Ecoroofs can provide stepping-stone or 
island habitats. Stepping-stone habitat provides resting, feeding or nesting habitats for birds and insects, 
and new habitat for bird-, insect-, or air-borne seeds. In urban areas, ecoroofs can provide elevated 
ecosystems that offer protection from ground-level predators, traffic noise and other human 
disturbances.37  

Studies in England and Switzerland indicate that the potential for habitat for insects is promising. One 
survey of ecoroofs in Switzerland found 12,500 individual spiders. Another roof found 79 beetle species 
and 40 spider species. 38 In London, two roofs of 180 square meters had 3,000 individual spiders with 59 
species represented. Researchers are currently collecting data on other species, such as butterflies and 
grasshoppers. 39 Designers in Germany are experimenting with the creation of specific habitat types on 
green roofs. Several buildings in Germany have created wetlands on their green roofs, including a 
constructed treatment wetland on the roof of a John Deere factory.40 

Research on the habitat value of ecoroofs is just emerging, with initial findings coming from Europe. 
Research specific to Portland was not found, although anecdotal sightings of dragonflies, damselflies, and 
birds confirm that ecoroofs can provide habitat in Portland.41 More recently, researchers have been 
exploring the ecoroof potential for ground-nesting bird habitat. In Portland, naturalists have discussed the 
possibility of creating night hawk habitat through the integration of gravel with the ecoroof. 

5.2 ECONOMIC BENEFITS 
Table 17 – Summary of Economic Benefits Related to Habitat 

(40,000 SF Ecoroof) 

Benefit Value 
Public Benefits  
Habitat Creation $25,300 

                                                 
37 Prairie Ecosystems, no date, p. 8. 
38 Brenneisen, no date, no number. 
39 Gedge and Kadas, 2005, p. 
40 Earth Pledge, 2005, p. 28, 88, 90, 100 
41 Tom Liptan, Bureau of Environmental Services, City of Portland 
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5.2.1 Public Benefits 

5.2.1.1 Habitat Creation 

Although the literature reviewed did not quantify the potential habitat values of ecoroofs, the promise of 
increased habitat values in urban environments makes it an important issue for further study. To the 
extent that an ecoroof provides habitat of comparable type and quality to that protected or restored by the 
City of Portland, such a roof can represent an avoided-cost benefit to the City. That is, the City gains 
habitat above-and-beyond the amount it would have had, without additional expenditures to restore or 
maintain the habitat.  

Assuming one acre of upland habitat creation in Portland costs approximately $275,000 ($250,000 to 
purchase and $25,000 to restore), and accounting for the area difference between the ecoroof (40,000 SF) 
and an acre (43,560 SF), the ecoroof of habitat represents an avoided cost of constructing habitat of 
$253,000.42 43 It should be noted that an ecoroof would not provide the same level of benefits of a fully 
restored acre of land and therefore a 1:1 value avoidance transfer would not be appropriate. As such, it 
will be assumed that 10% of the avoided cost will be associated with an ecoroof – or $25,300. This would 
be a one-time benefit to the City. 

                                                 
42 40,000 SF/43,560 SF = 0.92 * $275,000 = $253,000. 
43 The purchase price for one-acre of Portland for habitat creation between 2004-2007 was approximately $185,000; 
however, recent purchase prices have averaged approximately $320,000 per acre. For this evaluation, an average 
purchase price of $250,000 will be assumed. Eli Callison, Bureau of Environmental Services, City of Portland, 2008  
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6 AMENITY VALUE 
6.1 PHYSICAL BENEFITS 

6.1.1 Amenity Value 
An ecoroof can potentially provide two types of amenity values. Building occupants, if they have access 
to the roof, may derive amenity value from visiting the ecoroof similar to value they associate with 
visiting parks or other passive recreation locations. In this case, an ecoroof is a unique resource given its 
height, urban setting and the associated views. Studies show that occupants of buildings surrounding a 
building with an ecoroof may also derive amenity values associated with viewing the roof. An ecoroof 
can also enhance the view of a well-designed building or help disguise a poorly designed roof or rooftop 
equipment. Ecoroofs can also help buildings blend into the surrounding area. For example, the ecoroof on 
Vancouver, BC’s public library was designed to provide a visual amenity for occupants of surrounding 
office buildings.44 

6.2 ECONOMIC BENEFITS 
Table 18 – Summary of Economic Benefits Related to Amenity Value 

(40,000 SF Ecoroof) 

Benefit Value 
Private Benefits  

Annual Amenity Value -- 

6.2.1 Private Benefits 

6.2.1.1 Increased Amenity Value 

Limited information was found to quantify amenity value. A survey of tenants of buildings in Toronto 
topped with ecoroofs found that building residents “greatly value” having access to the green roof, and 
that the green roofs improved the buildings’ aesthetic values.45 A study in Vancouver, BC stated that rates 
at a local hotel for rooms adjacent to a 2,100 SF ecoroof herb garden were $80 more per night than 
comparable rooms at a local hotel.46 The City of Waterloo estimated the value of an ecoroof as 
comparable to creating parkland, and assigned it a value of $0.14/ SF. 47  

These data illustrate that an ecoroof can provide amenity values. However, given the available data on 
this variable we could not calculate an amenity value for an ecoroof in Portland with an acceptable degree 
of certainty. 

                                                 
44 Peck and Callaghan, 1999, p. 31. 
45 Banting et al., 2005, p. 24, 27. 
46 Paladino & Co., 2004, p. 10; The Cascadia Chapter of the US Green Building Council and the Canada Green 
Building Council, no date, p. 2.  
47City of Waterloo, 2005, p. 22.  

RB-AR8426



City of Portland BES Sustainable Stormwater Ecoroof Evaluation 
 

Cost Benefit Evaluation of Ecoroofs  17 

7 BUILDING DEVELOPMENT 
There are a number of building associated costs and benefits attributed to ecoroofs. Costs include 
construction costs and annual O&M. Benefits may include density bonuses, increased roof longevity and 
reduced HVAC equipment sizing.  

7.1 PHYSICAL COSTS 
Although ecoroofs do cost more than conventional roofs to construct, it appears that most ecoroofs may 
be excessively designed and that a simple ecoroof would provide similar benefits at a reduced 
construction cost.  

Table 19 – Roof Cost Comparison 
(Conventional Roof vs. 40,000 SF Ecoroof) 

Source Cost 
Construction Cost:  
Conventional Roof $400,000 

Ecoroof $630,000 
Increased Construction Cost $230,000 

Annual O&M:  
Conventional Roof $400 

Ecoroof $1,000 
Increased O&M Cost $600 

7.1.1 Ecoroof Construction Cost 
Ecoroofs vary greatly in cost. Costs are dependent on a number of factors such as the height from street-
level that roof materials must be transported, the type and thickness of the growth medium, the number 
and type of plants, if the plantings require an irrigation system, and if the roof is new construction or 
retrofitting an existing roof.48 For the purposes this evaluation, a simple ecoroof that represents the bare 
minimum components that will function effectively in Portland’s climate and yield the range of benefits 
was assumed. Table 20 shows the ecoroof’s components and associated costs.  

Table 20 – Ecoroof Construction Cost Estimate49 
(40,000 SF) 

Element Cost 
(per SF) 

Moisture Mat $0.50 
Protection Board $0.25 

5-inch Growing Medium (with gravel 
drainage) 

$2.00 

Plantings (sedums and grasses) $2.00 
Irrigation System $0.50 

Plant Establishment (labor cost) $0.50 
Total Cost of Ecoroof Components $5.75 

                                                 
48 Banting, et al., 2005, pp. 28-29; Livingroofs.org and Ecologyconsultancy, No date, pp. 24-25. 
49 Source: Tom Liptan, City of Portland BES, 2007. 
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It should be noted that the costs shown in Table 23 represent the costs of constructing only the “green” 
portions of the ecoroof and should be considered as additional costs to those of a conventional roof – as 
such, waterproofing, flashing and other elements associated with conventional roof construction have not 
been included. Moreover, the simple ecoroof described above contains growth medium and plants 
specific for Portland’s climate and no drainage mat or other unnecessary structural material. 

Assuming a conventional roof construction cost of $10.00/SF ($400,000 for a 40,000 SF roof), total 
ecoroof cost would be approximately $15.75/SF ($630,000 for a 40,000 SF roof). This additional cost 
appears on the low side of the cost estimates from the literature reviewed where costs were found from 
$10 - $25/SF or more per square foot.50 We note however, that this ecoroof was designed specifically for 
Portland’s climate and uses a basic design that includes minimum inputs such as growth medium and 
plants. The literature does report lower construction costs. For example, the 500,000 SF ecoroof installed 
on the Ford Motor Company’s River Rough Plant cost an average of $4.00/SF.51  

Table 21 – Summary of Increased Roof Construction Cost  
(40,000SF) 

Source Cost 
(per SF) 

Literature Range $4-$25 
Portland-Specific Range $3.50 - $8.00 

Assumed Construction Cost $5.75 
 

7.1.2 Ecoroof Operations and Maintenance 
Similar to conventional roofs, ecoroofs require regular maintenance to preserve performance. Ecoroof 
O&M typically includes visual inspections once or twice a year, repair, removing weeds, irrigation if 
required, and plant maintenance. O&M for simple ecoroof is estimated to cost approximately $0.025/SF 
annually or $1,000 annually for a 40,000 SF ecoroof. O&M for an equally sized conventional roof would 
cost approximately $0.01/SF or $400 annually.52 The literature describes a wide range of O&M costs for 
ecoroofs which reflects the diversity of practices in the US and Europe. O&M costs reported in these 
studies range from $0.06/SF to $1.25/SF annually. 53 O&M reported for a Portland ecoroof was 
approximately $0.025/SF. This cost is less than that reported in the literature because the ecoroof is 
specifically designed to be low maintenance and contains Portland-appropriate plants. 

Table 22 – Annual Ecoroof O&M Cost 

Source O&M Cost 
Literature Range $0.06 - $1.25/SF  

Portland-Specific Range $0.025/SF 
Assumed Annual O&M $0.025/SF 

7.2 PHYSICAL BENEFITS 
A number of building-specific physical benefits may be received through the use of ecoroofs. Specific to 
Portland, these include increased roof longevity and reduced HVAC equipment size. Table 23 shows a 
summary of performance benefits. 
                                                 
50 Acks, 2006, p. 43. 
51 Greenroofs.com, no date, p. 3-4. 
52 Tom Liptan, Bureau of Environmental Services, City of Portland, 2007. 
53 Acks, 2006, p. 44. 
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Table 23 – Summary of Climate Benefits 
(Conventional Roof vs. 40,000 SF Ecoroof) 

Source Benefit 
Roof Longevity:  

Conventional Roof 20 years 
Ecoroof 40 years 

Increased Roof Longevity 20 years 
HVAC Equipment Sizing:  

Conventional Roof -- 
Ecoroof -- 

Reduced HVAC Size 7% 

7.2.1 Roof Longevity 
The growth medium and plantings of an ecoroof help protect the roof’s waterproof membrane from ultra-
violet radiation, extreme temperature fluctuations and damage from use or maintenance. This protection 
may extend the life of the roof by two to three times that of a conventional roof.54 This analysis assumes 
that a conventional roof has a life expectancy of 20-years, and an ecoroof has a life expectancy of 40-
years.55 Forty-years is consistent with international findings where researchers expect that ecoroofs will 
keep 50 years or more. For example, old ecoroofs in Berlin demonstrate a life span of more than 90 years 
before important repairs or replacement may be required.56 

7.2.2 HVAC Equipment Sizing 
Because ecoroofs provide additional insulation, heating and cooling a building may require less energy. 
Depending on the size of the building relative to the square footage of the ecoroof, (the fewer the number 
of floors in the building the more pronounced will be the impact) the building may be able to operate with 
a smaller HVAC system, thus saving the building owner money. Furthermore, by lowering the ambient 
air temperature on the roof, ecoroofs can help pre-cool the air that is taken in by HVAC systems, thus 
lowering the cooling demand and related expenses.57 Although HVAC equipment size was not estimated 
in this evaluation, a one building study by The Farnsworth Group calculated that by using an ecoroof the 
capacity of the building’s cooling system was reduced by 7%.58  

7.3 ECONOMIC BENEFITS 
Table 24 – Summary of Economic Benefits Related to Building Development 

(40,000 SF Ecoroof) 

Benefit Value 
Private Benefits  
Roof Longevity $600,000 

HVAC Equipment Sizing $21,000 

                                                 
54 Peck and Callaghan, 1999, p. 30; Saiz et al., 2005, p. 4315; Paladino, 2004, p. 3, 5; Porsche and Kohler, 2003, p. 
462; Wong, et al., 2003, p. 501; Acks, 2006, p. 44. 
55 Tom Liptan, Bureau of Environmental Services, City of Portland. 
56 Porsche and Kohler, 2003, p. 462. 
57 Peck and Callaghan, 1999, p. 23. 
58 Farnsworth Group, no date, p. 1. HVAC cooling reduction based on a one-floor building. 
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7.3.1 Private Benefits 

7.3.1.1 Roof Longevity 

Assuming that a conventional roof has a life span of 20-years, it would need to be replaced or 
significantly repaired once over the period of an ecoroof’s expected life (40 years). The cost of re-roofing 
over existing membranes is at least $15/SF. Not needing to replace or significantly improve the 
conventional roof twice would provide an avoided cost of $600,000.59 

7.3.1.2 HVAC Equipment Sizing 

No information specific to Portland was found to quantify this economic benefit. A California study 
found that lower cooling demands can allow downsizing of air conditioning in buildings, providing an 
additional savings of about $0.10 per square foot in capital costs.60 HVAC installation costs for a 
conventional building have been estimated at $15/SF which would total $3-million for a 5 story building 
with 40,000 SF per floor.61 Assuming half the HVAC cost is associated with cooling and a per floor 
HVAC cost of $600,000, per floor cooling costs would total approximately $300,000. The use of an 
ecoroof would reduce HVAC cooling equipment size for one floor by 7% generating a $21,000 savings.62 

7.4 DENSITY BONUS 
Constructing a building in Portland with an ecoroof may qualify the development for a density bonus that 
allows exceeding the permitted cap that would otherwise apply to the building’s maximum square 
footage. The density bonus, known as a floor-area-ratio (FAR), for ecoroofs in Portland varies between 
one additional square foot of development per square foot of ecoroof, a 1:1 ratio, to a 3:1 ratio, or three 
feet of additional development per square foot of ecoroof. To date in Portland, developers have taken 
advantage of the ecoroof FAR by constructing approximately 260,000 SF of ecoroofs, which permitted an 
additional 600,000 SF of developable area–roughly a 2:1 ratio. Portland allows other types of FAR 
bonuses and not all developments that qualify for the ecoroof FAR bonus take advantage of it.63 For this 
reason the economic benefits attributed to the ecoroof FAR bonus are not included in the summary of 
calculated costs and benefits reported in Table 25.  

For illustrative purposes however, what might the benefits be to a developer and the City should the 
ecoroof FAR bonus be utilitized? Assuming a 2:1 density bonus applied to a 40,000 SF ecoroof will allow 
for 80,000 SF of additional building area and a condo building in Portland sells for $450/SF, a 
developer’s revenue for the building would increase by $36 million.64 The City would also benefit through 
increased property taxes on the additional building area – assuming that the additional building area 
would not have been built elsewhere in the City or without the density bonus. The additional tax revenue 
to the City would be approximately $378,000 – assuming the assessed value of the additional building 
area is $18 million, or half the market value, and it is taxed at a tax rate of $21/$1,000 of assessed value.  

                                                 
59 This analysis assumes that the conventional roof would be replaced in year 20 of our analysis. Accounting for 
inflation of construction costs during this time, and discounting the future construction costs back to 2008 dollars, 
the costs savings of future replacement in 2008 dollars is $561,718. See the “Roof Longevity” calculation in the 
tables in the Appendix for the details of this calculation. 
60 Kats, et al., 2003, p. 79. 
61 Tom Liptan, Bureau of Environmental Services, City of Portland. 
62 This underestimates the total cost savings because it excludes savings associated with reduced heating capacity of 
the HVAC system. 
63 For example, constructing a mixed-use development may qualify the project for a FAR of 9:1. 
64 This illustrative analysis assumes that the increased supply of FAR-related buildable area has no impact on the 
market value of condo developments in Portland. Profit per SF is the preferred measure of economic benefit, 
however, profit data are unavailable at this time. 
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8 SUMMARY OF ECOROOF COSTS AND BENEFITS 
The cost and benefit findings reported in the preceding tables have been summarized in Table 25. Table 
25 also includes total costs and benefits at five years after development and at forty years, the expected 
useful life of the ecoroof. See the Appendix for details of the calculations of future costs and benefits, and 
the associated inflation and discount factors. All dollar amounts in Table 25 are in year 2008 dollars. 

At five years, the calculated costs of the ecoroof exceed benefits by about $15,000. However, the benefits 
estimated may be conservative because data constraints prevented calculating economic benefits 
associated with peak flow reduction, amenity value, carbon sequestration and improved heat island effect. 
By forty years after development, the calculated economic benefits exceed costs by approximately 
$700,000. In both the five-year and forty-year time period, the public benefit of the ecoroof is positive. 

The costs and benefits identified in this evaluation clearly show that investment in ecoroof construction 
generates, in the long run (40-year), significant benefits both to developers and building owners as well as 
to the public stormwater system and the environment. However, from a short-term (5-year) perspective – 
one typically associated with developers – benefits accrued by a developer for ecoroof construction would 
only account for approximately half the cost of the ecoroof. Benefits do not appear to exceed costs until 
year 20 when an avoided cost of conventional roof replacement would be accrued. This finding likely 
accounts for the limited implementation of ecoroofs in Portland and beyond. It should be noted that over 
that same short-term period, benefits accrued to Portland’s stormwater system and environment are 
positive. As such, Portland may want to evaluate ecoroof incentive options for developers to further 
animate ecoroof implementation in the city.  
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Table 25 – Summary of Ecoroof Costs and Benefits  

Focus Area Costs Benefits Summary 

 one-time annual one-time annual 
5 year 

(in 2008$s) 
40 year 

(in 2008 $s) 
Private Costs and Benefits       
Stormwater Management       

volume reduction    $1,330 $6,822 $45,866 
peak flow reduction1    -- -- -- 

Energy       
cooling demand reduction    $680 $3,424 $19,983 
heating demand reduction    $800 $4,028 $23,509 

Amenity Value       
amenity value1    -- -- -- 

Building       
ecoroof construction cost ($230,000)    ($230,000) ($230,000) 
avoided stormwater facility cost   $69,000  $69,000 $69,000 
increased ecoroof O&M cost  ($600)   ($3,077) ($20,677) 
roof longevity (over a 40 year period)   $600,000  -- $474,951 
HVAC equipment sizing   $21,000  $21,000 $21,000 

Total Private Costs and Benefits ($230,000) ($600) $690,000 $2,810 ($128,803) $403,632 

Public Costs and Benefits       
Stormwater Management       

reduced system improvements   $60,700  $60,700 $60,700 
Climate       

carbon reduction    $29 $145 $845 
carbon sequestration1    -- -- -- 
improved urban heat island1    -- -- -- 
improved air quality    $3,024 $15,515 $104,576 

Habitat       
habitat creation   $25,300  $25,300 $25,300 

Total Public Costs and Benefits $0 $0 $86,000 $3,053 $101,660 $191,421 

Total Costs and Benefits     ($27,143) $595,053 

 
1 The economic literature reports that an ecoroof can provide these economic benefits, however, data are unavailable 
at this time that would allow calculating a dollar amount for these benefits for an ecoroof in Portland.
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Reduced Stormwater User Fee (Volume Reduction)

Year
Discount 

Year

Inflation 

Rate1

Value in 

Future Dollars

Discount 

Rate2

Discount 

Factor

Value in 

2008 Dollars

2008 0 2.94% $1,330.00 0.00% 1.00 $1,330.00
2009 1 2.94% $1,369.16 1.33% 0.99 $1,351.18
2010 2 2.94% $1,409.46 1.59% 0.97 $1,365.69
2011 3 2.94% $1,450.96 1.71% 0.95 $1,379.00
2012 4 2.94% $1,493.67 1.71% 0.93 $1,395.73
2013 5 2.94% $1,537.65 2.36% 0.89 $1,368.38
2014 6 2.94% $1,582.92 2.36% 0.87 $1,376.18
2015 7 2.94% $1,629.52 2.78% 0.83 $1,344.93
2016 8 2.94% $1,677.49 2.78% 0.80 $1,347.07
2017 9 2.94% $1,726.88 2.78% 0.78 $1,349.22
2018 10 2.94% $1,777.71 3.34% 0.72 $1,279.90
2019 11 2.94% $1,830.05 3.34% 0.70 $1,275.00
2020 12 2.94% $1,883.93 3.34% 0.67 $1,270.11
2021 13 2.94% $1,939.39 3.34% 0.65 $1,265.25
2022 14 2.94% $1,996.49 3.34% 0.63 $1,260.40
2023 15 2.94% $2,055.26 3.34% 0.61 $1,255.57
2024 16 2.94% $2,115.77 3.34% 0.59 $1,250.76
2025 17 2.94% $2,178.06 3.34% 0.57 $1,245.96
2026 18 2.94% $2,242.18 3.34% 0.55 $1,241.19
2027 19 2.94% $2,308.19 3.34% 0.54 $1,236.43
2028 20 2.94% $2,376.14 4.15% 0.44 $1,053.63
2029 21 2.94% $2,446.10 4.15% 0.43 $1,041.43
2030 22 2.94% $2,518.11 4.15% 0.41 $1,029.37
2031 23 2.94% $2,592.24 4.15% 0.39 $1,017.45
2032 24 2.94% $2,668.56 4.15% 0.38 $1,005.67
2033 25 2.94% $2,747.12 4.15% 0.36 $994.02
2034 26 2.94% $2,828.00 4.15% 0.35 $982.51
2035 27 2.94% $2,911.25 4.15% 0.33 $971.13
2036 28 2.94% $2,996.96 4.15% 0.32 $959.89
2037 29 2.94% $3,085.19 4.15% 0.31 $948.77
2038 30 2.94% $3,176.02 4.17% 0.29 $932.40
2039 31 2.94% $3,269.52 4.17% 0.28 $921.43
2040 32 2.94% $3,365.77 4.17% 0.27 $910.58
2041 33 2.94% $3,464.86 4.17% 0.26 $899.87
2042 34 2.94% $3,566.87 4.17% 0.25 $889.28
2043 35 2.94% $3,671.88 4.17% 0.24 $878.81
2044 36 2.94% $3,779.98 4.17% 0.23 $868.47
2045 37 2.94% $3,891.26 4.17% 0.22 $858.25
2046 38 2.94% $4,005.82 4.17% 0.21 $848.14
2047 39 2.94% $4,123.75 4.17% 0.20 $838.16
2048 40 2.94% $4,245.15 4.17% 0.20 $828.30

5yr Total $6,821.60

40yr Total $45,865.50

1 Source: Average annual percent increase in Maintenance Repair & 
Construction prices between 1987 and 2007. United States 
Department of Labor, Bureau of Labor Statistics. 2007. Producer Price 
Index Industry Data.

2 Source: Daily Treasury Yield Curve Rates for 1yr, 2yr, 3yr, 5yr, 7yr, 
10yr, 20yr, and 30yr times to maturity, as of March 20, 2008.
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Cooling Demand Reduction Heating Demand Reduction

Year
Discount 

Year

Inflation 

Rate1

Value in 

Future Dollars

Discount 

Rate2

Discount 

Factor

Value in 

2008 Dollars

Inflation 

Rate1

Value in 

Future Dollars

Discount 

Rate2

Discount 

Factor

Value in 

2008 Dollars

2008 0 2.00% $680.00 0.00% 1.00 $680.00 2.00% $800.00 0.00% 1.00 $800.00
2009 1 2.00% $693.60 1.33% 0.99 $684.50 2.00% $816.00 1.33% 0.99 $805.29
2010 2 2.00% $707.47 1.59% 0.97 $685.50 2.00% $832.32 1.59% 0.97 $806.47
2011 3 2.00% $721.62 1.71% 0.95 $685.83 2.00% $848.97 1.71% 0.95 $806.86
2012 4 2.00% $736.05 1.71% 0.93 $687.79 2.00% $865.95 1.71% 0.93 $809.16
2013 5 2.00% $750.77 2.36% 0.89 $668.13 2.00% $883.26 2.36% 0.89 $786.03
2014 6 2.00% $765.79 2.36% 0.87 $665.78 2.00% $900.93 2.36% 0.87 $783.27
2015 7 2.00% $781.11 2.78% 0.83 $644.69 2.00% $918.95 2.78% 0.83 $758.46
2016 8 2.00% $796.73 2.78% 0.80 $639.80 2.00% $937.33 2.78% 0.80 $752.70
2017 9 2.00% $812.66 2.78% 0.78 $634.94 2.00% $956.07 2.78% 0.78 $746.99
2018 10 2.00% $828.92 3.34% 0.72 $596.80 2.00% $975.20 3.34% 0.72 $702.11
2019 11 2.00% $845.49 3.34% 0.70 $589.06 2.00% $994.70 3.34% 0.70 $693.01
2020 12 2.00% $862.40 3.34% 0.67 $581.42 2.00% $1,014.59 3.34% 0.67 $684.02
2021 13 2.00% $879.65 3.34% 0.65 $573.88 2.00% $1,034.89 3.34% 0.65 $675.15
2022 14 2.00% $897.25 3.34% 0.63 $566.44 2.00% $1,055.58 3.34% 0.63 $666.40
2023 15 2.00% $915.19 3.34% 0.61 $559.09 2.00% $1,076.69 3.34% 0.61 $657.76
2024 16 2.00% $933.49 3.34% 0.59 $551.84 2.00% $1,098.23 3.34% 0.59 $649.23
2025 17 2.00% $952.16 3.34% 0.57 $544.69 2.00% $1,120.19 3.34% 0.57 $640.81
2026 18 2.00% $971.21 3.34% 0.55 $537.63 2.00% $1,142.60 3.34% 0.55 $632.50
2027 19 2.00% $990.63 3.34% 0.54 $530.65 2.00% $1,165.45 3.34% 0.54 $624.30
2028 20 2.00% $1,010.44 4.15% 0.44 $448.05 2.00% $1,188.76 4.15% 0.44 $527.12
2029 21 2.00% $1,030.65 4.15% 0.43 $438.80 2.00% $1,212.53 4.15% 0.43 $516.24
2030 22 2.00% $1,051.27 4.15% 0.41 $429.74 2.00% $1,236.78 4.15% 0.41 $505.58
2031 23 2.00% $1,072.29 4.15% 0.39 $420.87 2.00% $1,261.52 4.15% 0.39 $495.14
2032 24 2.00% $1,093.74 4.15% 0.38 $412.18 2.00% $1,286.75 4.15% 0.38 $484.92
2033 25 2.00% $1,115.61 4.15% 0.36 $403.67 2.00% $1,312.48 4.15% 0.36 $474.91
2034 26 2.00% $1,137.92 4.15% 0.35 $395.34 2.00% $1,338.73 4.15% 0.35 $465.11
2035 27 2.00% $1,160.68 4.15% 0.33 $387.18 2.00% $1,365.51 4.15% 0.33 $455.51
2036 28 2.00% $1,183.90 4.15% 0.32 $379.19 2.00% $1,392.82 4.15% 0.32 $446.10
2037 29 2.00% $1,207.57 4.15% 0.31 $371.36 2.00% $1,420.68 4.15% 0.31 $436.89
2038 30 2.00% $1,231.73 4.17% 0.29 $361.60 2.00% $1,449.09 4.17% 0.29 $425.42
2039 31 2.00% $1,256.36 4.17% 0.28 $354.07 2.00% $1,478.07 4.17% 0.28 $416.56
2040 32 2.00% $1,281.49 4.17% 0.27 $346.70 2.00% $1,507.63 4.17% 0.27 $407.88
2041 33 2.00% $1,307.12 4.17% 0.26 $339.47 2.00% $1,537.79 4.17% 0.26 $399.38
2042 34 2.00% $1,333.26 4.17% 0.25 $332.40 2.00% $1,568.54 4.17% 0.25 $391.06
2043 35 2.00% $1,359.92 4.17% 0.24 $325.48 2.00% $1,599.91 4.17% 0.24 $382.92
2044 36 2.00% $1,387.12 4.17% 0.23 $318.70 2.00% $1,631.91 4.17% 0.23 $374.94
2045 37 2.00% $1,414.87 4.17% 0.22 $312.06 2.00% $1,664.55 4.17% 0.22 $367.13
2046 38 2.00% $1,443.16 4.17% 0.21 $305.56 2.00% $1,697.84 4.17% 0.21 $359.48
2047 39 2.00% $1,472.03 4.17% 0.20 $299.19 2.00% $1,731.80 4.17% 0.20 $351.99
2048 40 2.00% $1,501.47 4.17% 0.20 $292.96 2.00% $1,766.43 4.17% 0.20 $344.66

5yr Total $3,423.62 5yr Total $4,027.79

40yr Total $19,983.03 40yr Total $23,509.45

2 Source: Daily Treasury Yield Curve Rates for 1yr, 2yr, 3yr, 5yr, 7yr, 
10yr, 20yr, and 30yr times to maturity, as of March 20, 2008.

2 Source: Daily Treasury Yield Curve Rates for 1yr, 2yr, 3yr, 5yr, 7yr, 
10yr, 20yr, and 30yr times to maturity, as of March 20, 2008.

1 Source: Forecasted national average annual increase in electricity 
prices for electricity delivered to commercial customers through 
2030. From the U.S. Department of Energy, Energy Information 
Administration's Annual Energy Outlook for 2007.

1 Source: Forecasted national average annual increase in natural gas 
prices for fuel delivered to commercial customers through 2030. 
From the U.S. Department of Energy, Energy Information 
Administration's Annual Energy Outlook for 2007.
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Climate ECONorthwest

Carbon Reduction Avoided Air Quality Costs

Year
Discount 

Year

Inflation 

Rate
1

Value in 

Future Dollars

Discount 

Rate
2

Discount 

Factor

Value in 

2008 Dollars

Inflation 

Rate
1

Value in 

Future Dollars

Discount 

Rate
2

Discount 

Factor

Value in 

2008 Dollars

2008 0 2.00% $28.75 0.00% 1.00 $28.75 2.96% $3,024.00 0.00% 1.00 $3,024.00
2009 1 2.00% $29.33 1.33% 0.99 $28.94 2.96% $3,113.51 1.33% 0.99 $3,072.64
2010 2 2.00% $29.91 1.59% 0.97 $28.98 2.96% $3,205.67 1.59% 0.97 $3,106.11
2011 3 2.00% $30.51 1.71% 0.95 $29.00 2.96% $3,300.56 1.71% 0.95 $3,136.87
2012 4 2.00% $31.12 1.71% 0.93 $29.08 2.96% $3,398.25 1.71% 0.93 $3,175.42
2013 5 2.00% $31.74 2.36% 0.89 $28.25 2.96% $3,498.84 2.36% 0.89 $3,113.67
2014 6 2.00% $32.38 2.36% 0.87 $28.15 2.96% $3,602.41 2.36% 0.87 $3,131.92
2015 7 2.00% $33.02 2.78% 0.83 $27.26 2.96% $3,709.04 2.78% 0.83 $3,061.27
2016 8 2.00% $33.69 2.78% 0.80 $27.05 2.96% $3,818.83 2.78% 0.80 $3,066.63
2017 9 2.00% $34.36 2.78% 0.78 $26.84 2.96% $3,931.86 2.78% 0.78 $3,072.00
2018 10 2.00% $35.05 3.34% 0.72 $25.23 2.96% $4,048.25 3.34% 0.72 $2,914.62
2019 11 2.00% $35.75 3.34% 0.70 $24.91 2.96% $4,168.08 3.34% 0.70 $2,903.91
2020 12 2.00% $36.46 3.34% 0.67 $24.58 2.96% $4,291.45 3.34% 0.67 $2,893.23
2021 13 2.00% $37.19 3.34% 0.65 $24.26 2.96% $4,418.48 3.34% 0.65 $2,882.59
2022 14 2.00% $37.94 3.34% 0.63 $23.95 2.96% $4,549.27 3.34% 0.63 $2,871.99
2023 15 2.00% $38.69 3.34% 0.61 $23.64 2.96% $4,683.92 3.34% 0.61 $2,861.43
2024 16 2.00% $39.47 3.34% 0.59 $23.33 2.96% $4,822.57 3.34% 0.59 $2,850.91
2025 17 2.00% $40.26 3.34% 0.57 $23.03 2.96% $4,965.32 3.34% 0.57 $2,840.42
2026 18 2.00% $41.06 3.34% 0.55 $22.73 2.96% $5,112.29 3.34% 0.55 $2,829.98
2027 19 2.00% $41.88 3.34% 0.54 $22.44 2.96% $5,263.61 3.34% 0.54 $2,819.57
2028 20 2.00% $42.72 4.15% 0.44 $18.94 2.96% $5,419.42 4.15% 0.44 $2,403.07
2029 21 2.00% $43.58 4.15% 0.43 $18.55 2.96% $5,579.83 4.15% 0.43 $2,375.62
2030 22 2.00% $44.45 4.15% 0.41 $18.17 2.96% $5,744.99 4.15% 0.41 $2,348.47
2031 23 2.00% $45.34 4.15% 0.39 $17.79 2.96% $5,915.05 4.15% 0.39 $2,321.64
2032 24 2.00% $46.24 4.15% 0.38 $17.43 2.96% $6,090.13 4.15% 0.38 $2,295.11
2033 25 2.00% $47.17 4.15% 0.36 $17.07 2.96% $6,270.40 4.15% 0.36 $2,268.89
2034 26 2.00% $48.11 4.15% 0.35 $16.71 2.96% $6,456.00 4.15% 0.35 $2,242.97
2035 27 2.00% $49.07 4.15% 0.33 $16.37 2.96% $6,647.10 4.15% 0.33 $2,217.34
2036 28 2.00% $50.05 4.15% 0.32 $16.03 2.96% $6,843.85 4.15% 0.32 $2,192.00
2037 29 2.00% $51.06 4.15% 0.31 $15.70 2.96% $7,046.43 4.15% 0.31 $2,166.96
2038 30 2.00% $52.08 4.17% 0.29 $15.29 2.96% $7,255.01 4.17% 0.29 $2,129.89
2039 31 2.00% $53.12 4.17% 0.28 $14.97 2.96% $7,469.75 4.17% 0.28 $2,105.15
2040 32 2.00% $54.18 4.17% 0.27 $14.66 2.96% $7,690.86 4.17% 0.27 $2,080.70
2041 33 2.00% $55.26 4.17% 0.26 $14.35 2.96% $7,918.51 4.17% 0.26 $2,056.53
2042 34 2.00% $56.37 4.17% 0.25 $14.05 2.96% $8,152.90 4.17% 0.25 $2,032.64
2043 35 2.00% $57.50 4.17% 0.24 $13.76 2.96% $8,394.22 4.17% 0.24 $2,009.03
2044 36 2.00% $58.65 4.17% 0.23 $13.47 2.96% $8,642.69 4.17% 0.23 $1,985.70
2045 37 2.00% $59.82 4.17% 0.22 $13.19 2.96% $8,898.52 4.17% 0.22 $1,962.63
2046 38 2.00% $61.02 4.17% 0.21 $12.92 2.96% $9,161.91 4.17% 0.21 $1,939.84
2047 39 2.00% $62.24 4.17% 0.20 $12.65 2.96% $9,433.10 4.17% 0.20 $1,917.30
2048 40 2.00% $63.48 4.17% 0.20 $12.39 2.96% $9,712.32 4.17% 0.20 $1,895.03

5yr Total $144.75 5yr Total $15,515.05

40yr Total $844.87 40yr Total $104,575.71

2 Source: Daily Treasury Yield Curve Rates for 1yr, 2yr, 3yr, 5yr, 7yr, 
10yr, 20yr, and 30yr times to maturity, as of March 20, 2008.

2 Source: Daily Treasury Yield Curve Rates for 1yr, 2yr, 3yr, 5yr, 7yr, 
10yr, 20yr, and 30yr times to maturity, as of March 20, 2008.

1 Source: Forecasted national average annual increase in electricity 
prices for electricity delivered to commercial customers through 
2030. From the U.S. Department of Energy, Energy Information 
Administration's Annual Energy Outlook for 2007.

1 Source: Average annual percent increase in prices for general 
medical and surgical hospitals between 1993 and 2007. United States 
Department of Labor, Bureau of Labor Statistics. 2007. Producer Price 
Index Industry Data.
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Building ECONorthwest

Increased Ecoroof Operations and Maintenance Cost Roof Longevity (Over a 40-Year Period)

Year
Discount 

Year

Inflation 

Rate1

Value in 

Future Dollars

Discount 

Rate2

Discount 

Factor

Value in 

2008 Dollars

Inflation 

Rate1

Value in 

Future Dollars

Discount 

Rate2

Discount 

Factor

Value in 

2008 Dollars

2008 0 2.94% $600.00 0.00% 1.00 $600.00 2.94% $600,000.00 0.00% 1.00
2009 1 2.94% $617.64 1.33% 0.99 $609.53 2.94% $617,640.00 1.33% 0.99
2010 2 2.94% $635.80 1.59% 0.97 $616.05 2.94% $635,798.62 1.59% 0.97
2011 3 2.94% $654.49 1.71% 0.95 $622.03 2.94% $654,491.10 1.71% 0.95
2012 4 2.94% $673.73 1.71% 0.93 $629.55 2.94% $673,733.13 1.71% 0.93
2013 5 2.94% $693.54 2.36% 0.89 $617.19 2.94% $693,540.89 2.36% 0.89
2014 6 2.94% $713.93 2.36% 0.87 $620.69 2.94% $713,930.99 2.36% 0.87
2015 7 2.94% $734.92 2.78% 0.83 $606.57 2.94% $734,920.56 2.78% 0.83
2016 8 2.94% $756.53 2.78% 0.80 $607.51 2.94% $756,527.23 2.78% 0.80
2017 9 2.94% $778.77 2.78% 0.78 $608.46 2.94% $778,769.13 2.78% 0.78
2018 10 2.94% $801.66 3.34% 0.72 $577.18 2.94% $801,664.94 3.34% 0.72
2019 11 2.94% $825.23 3.34% 0.70 $574.94 2.94% $825,233.89 3.34% 0.70
2020 12 2.94% $849.50 3.34% 0.67 $572.72 2.94% $849,495.76 3.34% 0.67
2021 13 2.94% $874.47 3.34% 0.65 $570.50 2.94% $874,470.94 3.34% 0.65
2022 14 2.94% $900.18 3.34% 0.63 $568.29 2.94% $900,180.38 3.34% 0.63
2023 15 2.94% $926.65 3.34% 0.61 $566.09 2.94% $926,645.69 3.34% 0.61
2024 16 2.94% $953.89 3.34% 0.59 $563.90 2.94% $953,889.07 3.34% 0.59
2025 17 2.94% $981.93 3.34% 0.57 $561.72 2.94% $981,933.41 3.34% 0.57
2026 18 2.94% $1,010.80 3.34% 0.55 $559.54 2.94% $1,010,802.25 3.34% 0.55
2027 19 2.94% $1,040.52 3.34% 0.54 $557.38 2.94% $1,040,519.84 3.34% 0.54
2028 20 2.94% $1,071.11 4.15% 0.44 $474.95 2.94% $1,071,111.12 4.15% 0.44 $474,951.26
2029 21 2.94% $1,102.60 4.15% 0.43 $469.43
2030 22 2.94% $1,135.02 4.15% 0.41 $463.98
2031 23 2.94% $1,168.39 4.15% 0.39 $458.59
2032 24 2.94% $1,202.74 4.15% 0.38 $453.26
2033 25 2.94% $1,238.10 4.15% 0.36 $448.00
2034 26 2.94% $1,274.50 4.15% 0.35 $442.79
2035 27 2.94% $1,311.97 4.15% 0.33 $437.65
2036 28 2.94% $1,350.54 4.15% 0.32 $432.56
2037 29 2.94% $1,390.25 4.15% 0.31 $427.54
2038 30 2.94% $1,431.12 4.17% 0.29 $420.14
2039 31 2.94% $1,473.20 4.17% 0.28 $415.18
2040 32 2.94% $1,516.51 4.17% 0.27 $410.28
2041 33 2.94% $1,561.09 4.17% 0.26 $405.43
2042 34 2.94% $1,606.99 4.17% 0.25 $400.65
2043 35 2.94% $1,654.23 4.17% 0.24 $395.92
2044 36 2.94% $1,702.87 4.17% 0.23 $391.24
2045 37 2.94% $1,752.93 4.17% 0.22 $386.62
2046 38 2.94% $1,804.47 4.17% 0.21 $382.06
2047 39 2.94% $1,857.52 4.17% 0.20 $377.55
2048 40 2.94% $1,912.13 4.17% 0.20 $373.09

5yr Total $3,077.17 5yr Total NA

40yr Total $20,676.75 40yr Total $474,951.26

2 Source: Daily Treasury Yield Curve Rates for 1yr, 2yr, 3yr, 5yr, 7yr, 
10yr, 20yr, and 30yr times to maturity, as of March 20, 2008.

2 Source: Daily Treasury Yield Curve Rates for 1yr, 2yr, 3yr, 5yr, 7yr, 
10yr, 20yr, and 30yr times to maturity, as of March 20, 2008.

1 Source: Average annual percent increase in Maintenance Repair & 
Construction prices between 1987 and 2007. United States 
Department of Labor, Bureau of Labor Statistics. 2007. Producer Price 
Index Industry Data.

1 Source: Average annual percent increase in Maintenance Repair & 
Construction prices between 1987 and 2007. United States 
Department of Labor, Bureau of Labor Statistics. 2007. Producer Price 
Index Industry Data.
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‘CELEBRATING OUR JOURNEY’  
San Gabriel’s first float in 40 years unveiled at luncheon 

 
 

 
 
More than 150 members of the public were on hand last Wednesday for the unveiling of San Gabriel’s 
Centennial Float, the city’s first Tournament of Roses Parade® entry in 40 years.   
 
Titled “Celebrating Our Journey”, the float depicts a vibrant harvest celebration.  The elegant Spanish-style 
architecture of San Gabriel’s Grapevine arbor frames the design while oxen draw a cart overflowing with grapes to 
the winepress.  Baskets patterned after Tongva designs cradle lush arrangements of produce and flowers.  The 
surrounding landscape blooms with fanciful flowering trees, citrus and agave while thousands of roses in sunset 
hues carpet the float’s base.  
 
Colorful folk dancers will perform alongside.  While honoring San Gabriel’s rich history, the design also reflects on 
how the city has grown and will continue to grow in the years ahead.  San Gabriel’s centennial Rose Parade® float 
was designed by Charles Meier and will be built by Paradiso Parade Floats.  To donate to the float project, visit 
the Donations page on our Centennial website by clicking here: www.sangabrielcity.com/donations. 
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TOP STORIES 
 

New publication package launches this week 
 

FIRST OF TWO REDESIGNED PRODUCTS DELIVERED TO RESIDENTS 
 

The first component in San Gabriel’s brand new, fully redesigned 
publications package launched last week with the first new publication to 
be released, the Guide.   
 

New Grapevine Guide features bold graphics, colorful design 
The new magazine, which replaces the old newsprint Recreation Guide, 
features bold, four-color cover throughout, coated stock, and an 
increased focus on San Gabriel’s outstanding array of recreation, leisure, 
arts and entertainment pursuits.    
 
In addition to an increased array of recreation offerings – including a new 
summer day camp and swim offerings – the first issue includes colorful 
profiles of upcoming Mission Playhouse events that will entertain and 
please all members of the family. 
 

New Grapevine newsletter kicks off with dramatic design 
Within the next 60 days our second new publication, a fully redesigned 
Grapevine newsletter, will make its debut.  We are pleased to report that 
the first new Grapevine sold out its allotment of banner ad spaces within 
three days of announcing their availability.   
 
The new Grapevine will accept local advertising as part of plan to expand 
both its size and publication schedule over the next several years, with 
the ultimate plan expanding the newsletter to include pages covering 
local schools, medical center affairs, and Chamber of Commerce news. 
 
One advertiser is already seeking a longer term arrangement to 
guarantee placement.  We think you’ll like the new look and feel of our 
publications!  
 
Both publications will deliver to every household and business address in 
the City, with an estimated readership of more than 40,000.  For more 
information on the new publications, contact Administration at 
626.308.2805.  
 

  Advertise in the new Grapevine and Grapevine Guide!  
Contact Simpson Advertising at (562) 949-9780 or 
Debbie@Simpsonadvertisinginc.com. 
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EYE ON SAN GABRIEL 
 

News from San Gabriel City Hall 
 

REGIONAL AFFAIRS 
 

Five years in making, Countywide stormwater tax 
measure moves to Board of Supervisors for action 
 

The county Board of Supervisors is expected to vote next month on a proposal to 
tax homeowners about $54 per parcel to raise funds to treat polluted storm water 
before it reaches local lakes and beaches.  
 
If the supervisors decide to move forward with the Water Quality Funding Initiative 
at their June 6 meeting, it must be approved by a majority of voters.  Voting would 
take place in a 45-day mail-in ballot election between March and May 2013, 
according to county documents.  
 
The proposal, in the works for five years, would raise as much as $273 million to 
clean the San Gabriel and Los Angeles rivers by assessing property by parcel size 

and the amount of impervious area on the property, according to the proposal.  The more impervious area that 
water cannot easily penetrate - such as blacktop - the higher the assessment.  
 

For full details, see: http://www.pasadenastarnews.com/ci_20683788/new-
property-tax-storm-water-treatment-horizon?IADID=Search-
www.pasadenastarnews.com-www.pasadenastarnews.com 

 
 

AQMD sets 10th annual lawn mower exchange program 
 

The South Coast Air Quality Management District last week 
announced its 10th annual lawnmower exchange program.  This 
program offers residents the opportunity to improve air quality and 
save money by replacing gasoline mowers with deeply discounted 
zero-emission battery electric models.  Residents can trade a working 
gasoline lawn mower for a new, zero emission battery-electric model 
at a substantial discount.  This year, 4,000 electric mowers will be 

available for only $100 - $280, depending on which of six models a consumer chooses. 
 
The program usually sells out each year.  Residents are encouraged to sign up early so they don’t miss out.  Since 
the annual program began in 2003, residents have exchanged 43,438 mowers.  Pre-registration is required.  To 
pre-register, residents can visit www.aqmd.gov or call 888.425.6247.  Registration is on a first-come, first-serve 
basis.  For full details of this program, see the press release attached to this newsletter. 
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COMMUNITY DEVELOPMENT 
 

San Gabriel’s Airstream dealer featured ABC-7 news 
 

San Gabriel’s new Airstream dealership continues to garner attention from the 
region’s media.  In the most recent example, ABC-7 television aired a segment on 
Sunday, May 27. 
 
This report does a great job of hitting many of Airstream’s best qualities in his 
segment, the celebrity cache, the quality of the units, modern interiors and overall 
desirability of the brand.  This is another great hit for Airstream and Airstream Los 
Angeles.  Come visit the dealership at Las Tunas and Burton Drive and find out more! 

 
Click here for video: http://abclocal.go.com/kabc/story?section=news/car_tips&id=8678818 

 

PARKS & RECREATION 
 

Former Mayor Baldwin feted at Recognition Day 
 

The 47th Annual Older American Recognition Day was held Wednesday at the Dorothy 
Chandler Pavilion at the Music Center.  This year’s event was hosted by the Los Angeles 
County Board of Supervisors, Los Angeles County Commission for Older Adults and the 
Los Angeles County Community & Senior Services.  The event honored Older Americans 
from Districts 1, 2, 3, and 5, which included San Gabriel’s 2012 Older American Award 
recipient, Former Mayor and Council Member Harry Baldwin.   
 
Harry, along with other honorees present, was honored for his dedication and leadership 
in serving the San Gabriel community.  San Gabriel is grateful for his tremendous 
dedication in serving others in our community!   

 
Harry will serve as the Grand Marshal for our upcoming Kid’s Day & 4th of July Parade.  For more information, 
please contact Recreation Coordinator Theresa Johnson in the Parks and Recreation Department at 626.308.2875 
or tjohnson@sgch.org. 
 

POLICE 
 

Planned DUI Checkpoint this weekend 
 
San Gabriel Police Department Traffic Unit will be conducting a DUI/Drivers License 
Checkpoint on Friday, June 1, 2012 at an undisclosed location within the city limits between 
the hours of 7:00 p.m. through 3:00 a.m. on June 2, 2012.   
 
DUI checkpoints are a proven enforcement tool effective in reducing the number of persons 
killed and injured in alcohol involved crashes.  Research indicates crashes involving alcohol 
drop by an average of 20 percent when well-publicized checkpoints are conducted often 
enough.  To learn more contact Sgt. Rene Hernandez at 626.308.2860 or rh090@sgpd.com. 
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MISSION PLAYHOUSE 
 

San Gabriel Parks and Recreation Dance Show 2012 
 

The Mission Playhouse will be filled with local talent as youth and adults who 
participate in classes and programs offered by the San Gabriel Parks and Recreation 
Department will perform well-practiced dance numbers, routines, and twirls at the 
biennial Dance Show, Walk of Fame.  Instructors and students have been working 
tirelessly over the last six months to put on a brilliantly choreographed show for 
their parents, friends and the San Gabriel community.  Don't miss this beautiful 
showcase of local talent! 
 
For more information, visit www.sangabrielcity.com or call 626.308.2875. 
 

San Gabriel Parks and Recreation Department presents 
Walk of Fame Dance Show 

SUN, JUNE 3, 1:30PM 
 
 

 

BRIEFLY NOTED 
 

 The San Gabriel Firefighters’ Association will be holding a Charity Golf Tournament on Monday, July 9, 2012 
at the San Gabriel Country Club located at 350 East Hermosa Drive.  To register for golf and dinner, 
advertisements, sponsorships, donation opportunities, or any other information regarding this event, see the 
flyer attached to this newsletter or contact Chris Fetner at 626.716.7026, or email sgfa2197@yahoo.com.  

 Metro and Caltrans study team is evaluating options to improve mobility and relieve congestion within the 
SR-710 study area.  An open house is scheduled in Pasadena on Wednesday, May 30, 2012 from 6 – 8 pm at 
the Rose Bowl Stadium/Visitors Locker Room, 1001 Rose Bowl Drive, Pasadena.  You can park in Lot F, enter 
through Gate A.  Come anytime during the forum, this is not a public hearing so there is no formal 
presentation.   

 
 

COUNCIL CALENDAR 
 

 Tuesday, June 5, 2012 – 7:30 p.m. City Council Meeting, City Hall, Council Chambers 
 Tuesday, June 12, 2012 – 5:00 p.m. Budget Study Session, City Hall, Conference Room A 
 Tuesday, June 19, 2012 – 7:30 p.m. City Council Meeting, City Hall, Council Chambers 
 Tuesday, July 3, 2012 – Cancelled due to lack of business items 
 Tuesday, July 17, 2012 – 7:30 p.m. City Council Meeting, City Hall, Council Chambers 
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COMING UP: AT THE COMMISSIONS 
 
 Monday, June 4, 2012 – 7:00 p.m. Parks and Recreation Commission, City Hall, Council Chambers 
 Monday, June 11, 2012 – 6:30 p.m. Planning Commission, City Hall, Council Chambers.  Agenda items 

tentatively scheduled for this meeting include: 
 Public Hearing:  709 Santa Ynez - Variance for garage location  
 Energy-Efficiency Chapter of Climate Action Plan 
 Goals and Objectives for Comprehensive Development Code Update 
 Certification of Capital Improvement Program 
 1-year update on SRO Housing  
 Update on Fairview Design Guidelines  
 Update on Southern California Assn. of Governments Grant (Greening the Code) 

 
 Monday, June 25, 2012 – 7:00 p.m. Design Review Commission, City Hall, Conference Room A 
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Who are we? 
The Los Angeles Permit Group is a consortium of 62 municipalities (see attached list) that was formed to ensure Los Angeles’ 
stormwater  is managed  properly,  both  for  flood  control  and water  quality  protection.    The Group’s  genesis was  in  2007 
starting with  the  Los  Angeles  Stormwater  Quality  Partnership, when  8  cities  representing  areas  throughout  Los  Angeles 
County decided to partner to find opportunities to collaborate with other municipalities and the Los Angeles Regional Water 
Quality Control Board.   This partnership expanded  in 2011 to form the LA Permit Group.   Since then, the LA Permit Group’s 
participation has grown  to  its  current 62 voting agencies; each voting agency will be a permittee under  the new National 
Pollutant Discharge Elimination System (NPDES) Permit.  Several other stakeholders participate  in or provide input to the LA 
Permit Group, including other municipalities, environmental organizations, elected officials and water agencies.   
 
Why was the LA Permit Group formed? 
Municipalities  in  Los  Angeles  County must,  as  required  under  the  federal  Clean Water  Act,  obtain  a  National  Pollutant 
Discharge Elimination System Permit  (NPDES Permit)  for urban  runoff  from  the municipality’s drainage system. The NPDES 
Permit is issued by the Los Angeles Regional Water Quality Control Board and identifies conditions and requirements that the 
municipalities must  comply with  in  order  to  protect  the  area’s water  resources  (including  beaches,  lakes  and  streams).  
Meeting these permit requirements has proved to be a daunting task for municipalities, both from a technical and a financial 
standpoint. The LA Permit Group was formed, therefore, to accomplish several important objectives, including: 
• Promoting constructive collaboration and problem‐solving between the regulated community (municipalities) and the 

Los Angeles Regional Water Quality Control Board (LARWQCB) 
• Assisting  in development of a new NPDES Permit  that  is  capable of  integrating  the protection of water quality with 

other watershed objectives in a cost‐effective and science‐based manner 
• Focusing  limited  municipal  resources  on  implementation  of  water  quality  protection  activities  that  are  efficient, 

effective and sustainable  
 

What are the challenges to achieving these objectives? 
Ubiquitous  Sources  and  Cost‐Prohibitive  Traditional  Solutions:  The  Clean Water  Act  requires  that  storm  drain  system 
owners/operators obtain a NPDES Permit as  these  systems  can discharge  to waters of  the United States.   Under a NPDES 
Permit, it is the municipality’s responsibility to control pollution so that it does not degrade the quality of these waters. This is 
challenging for municipalities because pollutants come from millions of sources, including residents, businesses, automobiles 
and virtually all human activities in an urban area.  Controlling these sources is a massive undertaking that requires significant 
financial commitment of limited public funds that is currently well beyond the ability of most municipalities to support.  
 
Complex Ecology: While the goal to protect a water body's ecological health may be determined by regulation, it is often not 
known what  it will  take  to  achieve  the  goal.   Despite  years  of  study,  experimentation  and  pilot  projects,  it  is  clear  that 
additional studies, monitoring and data analyses may be necessary to find the right combination of programs and practices 
that can achieve water quality goals.  In some cases, the solution to pollutant reduction is source control or the identification 
of  a  legacy  pollutant.  Even more  challenging  is  trying  to  find  the most  cost‐effective  solutions.  An  integrated  iterative 
approach is needed to provide the data and studies necessary to identify the right combination to achieve the water quality 
goals.    In  addition  to  efforts  implemented  by municipalities,  coordination with  non‐profits,  community  groups  and  other 
regulatory agencies will be required to develop and implement the work necessary to meet the water quality goals.  
 
Best Solutions May Not Be  in Permittees' Control: There are many examples of effective and  cost‐efficient  solutions  that 
involve preventing water quality pollution in the first place, rather than trying to remove or treat the pollution after it enters 
the stormwater system. Recently passed  legislation, which will eliminate most of the copper contained  in automobile brake 
pads, will  singlehandedly do more, and at  significantly  less  cost,  to meet water quality  standards  for  copper  than massive 
amounts  of  treatment  systems.  However,  these  superior  solutions  are  often  not within  the  control  of municipalities  to 
implement, requiring legislation or action by other entities. 
 

LA PERMIT GROUP
For more information please contact: 

LA Permit Group Chair, Heather M. Maloney 
626.932.5577 or hmaloney@ci.monrovia.ca.us 
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Stormwater Cannot Be Managed for a Single Objective:  When the stormdrain system was built, it was constructed with the 
purpose of flood prevention.   However, the unintended consequence of this system  is that  it carries pollutants to waters of 
the United States.  In some cases, the solutions that are best for water quality are also effective for flood control, but in other 
cases, they compete.   Furthermore,  in drought‐prone southern California, stormwater  is also being closely  looked at  for  its 
water  supply  potential.      Add  to  this,  the  habitat  and  recreational  opportunities  that  can  be  created  or  impacted  by 
stormwater, and it is easy to see how challenging it is to manage these various objectives.  
 
New Permit Will Be Significantly More Complex: Under the current permit, there are only two Total Maximum Daily Loads 
(TMDLs) which must be met.   TMDLs are  the maximum amount of pollutants  the water body can handle  in  relation  to  its 
dependent ecosystem and the designated beneficial uses (e.g. recreational, commercial fishing, wildlife habitat, etc.)  TMDLs 
are  established  for  water  bodies  that  are  designated  as  impaired  for  the  particular  pollutant,  as  documented  in  the 
LARWQCB’s  Basin  Plan.    Under  the  new  Permit  being  developed,  the  number  of  TMDLs  that must  be  complied with  is 
expected to increase to 32 ‐ many of these have multiple pollutants associated with them (see attached list)!  This means that 
managing and monitoring stormwater will require new approaches and strategies for the new Permit to be feasible.    It also 
means that the LARWQCB and the permittees need to engage in constructive dialogue about practical and economical ways to 
achieve the desired water quality results. 
 
The LA Permit Group's Commitment 
For  these and many other  reasons,  regulating stormwater quality  is difficult  for both  the LARWQCB and  the municipalities 
subject to  its permitting. Water quality  is also of great concern to many other stakeholders who are  involved  in stormwater 
Permit development,  including nature  conservancies, environmental groups, businesses,  residents and  the elected officials 
who must  figure out how to  fund stormwater compliance programs while still providing vital  local services. Based on these 
challenges, the LA Permit Group has committed itself to the following: 

• We will organize ourselves so that our proposed solutions and approaches are clear, focused and well thought out 
• We will advocate use of the best science available to guide the expenditure of public funds for the most cost‐effective 

water quality results 
• We will work constructively with the LARWQCB  and any other willing stakeholders to develop the best NPDES Permit 

possible 
 

The LA Permit Group believes strongly that by organizing the NPDES permittees into a cohesive group, that a better Permit will 
be  the  result. The  LARWQCB benefits by  receiving  coherent  and  consistent  input  that has been  thoroughly  vetted by  the 
permittees. The region and  its residents benefit by focusing  limited public funds on achieving the best water quality results 
possible. The environment benefits by focusing on developing a permit based on the best science and best practices available. 
 
How is the LA Permit Group organized?  
The LA Permit Group has established technical working 
groups to address the key areas  listed below.   Each of 
the  Technical  sub‐committees  provides 
recommendations to the LA Permit Group.  The role of 
the Negotiating  Committee  (which  includes members 
from all major watersheds in the Los Angeles region) is 
to  coordinate  discussions  among  permittees,  the 
LARWQCB,  and  other  stakeholders  and  to  represent 
the Group’s consensus. 
 

• Development Programs — addresses development planning (new and redevelopment), grading and construction site 
practices and post‐construction stormwater run‐off water quality standards.   

• Total  Maximum  Daily  Loads  (TMDLs)  —  addresses  how  the  Total  Maximum  Daily  Load  requirements  will  be 
incorporated  into  the NPDES  Permit.  The  TMDL  group  is  developing  recommendations  to  advocate  cost‐effective 
TMDL implementation strategies with reasonable compliance schedules. 

• Monitoring  —  addresses  the  various  monitoring  programs  in  the  Permit  and  TMDLs.  The  Monitoring  group  is 
analyzing  the  Permit  and  TMDL  compliance  activities,  as  well  as  other  NPDES  Permits  throughout  the  State  of 
California, and recommended an integrated, watershed based monitoring program.  

• Reporting —  addresses  the  reporting  format  in order  to  streamline and  reduce  administrative  time  compiling  the 
Annual Report and TMDL compliance reports. In addition, the Reporting Group  is responsible for analyzing the non‐
stormwater discharges, minimum control measures and economics of the Permit.  

RB-AR8448



 

 

 

 

 

 
 
 

 
Voting Agencies 

 
Agoura Hills 
Alhambra 
Arcadia 
Artesia 
Azusa 
Baldwin Park 
Bell 
Bell Gardens 
Bellflower 
Beverly Hills 
Bradbury 
Burbank 
Calabasas 
Carson 
Claremont 
Commerce 
Covina 
Culver City 
Diamond Bar 
Duarte 
El Monte 
Gardena 
Glendale 
Glendora 
Hawthorne 
Hermosa Beach 
Hidden Hills 
Huntington Park 
Industry 
Inglewood 
La Verne 

 

Lakewood 
Lawndale  
Los Angeles 
Lynnwood 
Malibu 
Manhattan Beach 
Monrovia 
Montebello 
Monterey Park 
Paramount 
Pasadena 
Pico Rivera 
Pomona 
Redondo Beach 
Rolling Hills 
Rolling Hills Estates 
Rosemead 
San Dimas 
San Gabriel 
San Marino 
Santa Clarita 
Santa Fe Springs 
Santa Monica 
Sierra Madre 
South El Monte 
South Gate 
Torrance 
Vernon 
West Covina 
West Hollywood 
Westlake Village 

LA PERMIT GROUP
For more information please contact: 

LA Permit Group Chair, Heather M. Maloney 
626.932.5577 or hmaloney@ci.monrovia.ca.us 
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LA County MS4 Permit – List of TMDLs by Watershed Management Area 
 

Staff Working Proposal – 4/23/12 1 

TOTAL MAXIMUM DAILY LOADS (TMDL) BY WATERSHED MANAGEMENT AREA (WMA) 
 
 
A. Santa Clara River Watershed Management Area 

1. Santa Clara River Nitrogen Compounds TMDL 
2. Upper Santa Clara River Chloride TMDL 
3. Lake Elizabeth, Munz Lake, and Lake Hughes Trash TMDL (Lake Elizabeth only) 
4. Santa Clara River Estuary and Reaches 3, 5, 6, and 7 Indicator Bacteria TMDL 

 
B. Santa Monica Bay Watershed Management Area 

1. Santa Monica Bay Beaches Bacteria TMDL 
2. Santa Monica Bay Nearshore and Offshore Debris TMDL 
3. Santa Monica Bay TMDL for DDTs and PCBs (USEPA established) 

 
4. Malibu Creek Subwatershed 

a. Malibu Creek and Lagoon Bacteria TMDL 
b. Malibu Creek Watershed Trash TMDL 
c. Malibu Creek Watershed Nutrients TMDL (USEPA established) 

 
5. Ballona Creek Subwatershed 

a. Ballona Creek Trash TMDL 
b. Ballona Creek Estuary Toxic Pollutants TMDL 
c. Ballona Creek, Ballona Estuary and Sepulveda Channel Bacteria TMDL 
d. Ballona Creek Metals TMDL 
e. Ballona Creek Wetlands TMDL for Sediment and Invasive Exotic Vegetation (USEPA 

established) 
 

6. Marina del Rey Subwatershed 
a. Marina del Rey Harbor Mothers’ Beach and Back Basins Bacteria TMDL 
b. Marina del Rey Harbor Toxic Pollutants TMDL 

 
C. Dominguez Channel and Greater Harbors Waters Watershed Management Area 

1. Los Angeles Harbor Bacteria TMDL (Inner Cabrillo Beach and Main Ship Channel) 
2. Machado Lake Trash TMDL 
3. Machado Lake Nutrient TMDL 
4. Machado Lake Pesticides and PCBs TMDL 
5. Dominguez Channel and Greater Los Angeles and Long Beach Harbor Waters Toxic 

Pollutants TMDL 
 
D. Los Angeles River Watershed Management Area 

1. Los Angeles River Watershed Trash TMDL 
2. Los Angeles River Nitrogen Compounds and Related Effects TMDL 
3. Los Angeles River and Tributaries Metals TMDL 
4. Los Angeles River Watershed Bacteria TMDL 
5. Long Beach City Beaches and Los Angeles River Estuary Bacteria TMDL (USEPA 

established) 
6. Los Angeles Area Lakes TMDLs1 (USEPA established for Lake Calabasas, Echo Park 

Lake, and Peck Road Park Lake) 
 

                                                
1
 Los Angeles Area Lakes TMDL includes multiple watershed management areas. 
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LA County MS4 Permit – List of TMDLs by Watershed Management Area 
 

Staff Working Proposal – 4/23/12 2 

E. San Gabriel River Watershed Management Area 
1. San Gabriel River and Impaired Tributaries Metals and Selenium TMDL (USEPA 

established) 
2. Legg Lake Trash TMDL 
3. Los Angeles Area Lakes TMDLs1 (USEPA established for Legg Lake and Puddingstone 

Reservoir) 
 
F. Los Cerritos Channel and Alamitos Bay Watershed Management Area 

1. Los Cerritos Channel Metals TMDL (USEPA established) 
2. Colorado Lagoon OC Pesticides, PCBs, Sediment Toxicity, PAHs, and Metals TMDL 

 
G. Middle Santa Ana River Watershed Management Area (Santa Ana Region TMDL) 

1. Middle Santa Ana River Watershed Bacteria Indicator TMDL 

                                                
1
 Los Angeles Area Lakes TMDL includes multiple watershed management areas. 
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FOR IMMEDIATE RELEASE                        CONTACT:  Sam Atwood at AQMD 
May 17, 2012          Tues-Fri, 7 a.m.-5:30 p.m.: (909) 396-3456 

            After hours and weekends:  (909) 720-9056 
 
 

 
AQMD’S 10th ANNUAL LAWN MOWER EXCHANGE PROGRAM 

KICKS OFF THIS WEEKEND 
 

Hundreds of Residents Already Registered for Six Events 
 

 
The South Coast Air Quality Management District will host the first of six lawn mower 

exchange events this weekend, offering residents the opportunity to improve air quality and 
save money by replacing gasoline mowers with deeply discounted zero-emission battery electric 
models. 

 
The program usually sells out each year.  Residents are encouraged to sign up early so 

they don’t miss out. Since the annual program began in 2003, residents have exchanged 43,438 
mowers. 

 “The popularity of this program has been phenomenal,” said William A. Burke, Ed.D., 
AQMD’s Governing Board Chairman. “While saving hundreds of dollars on zero-pollution 
mowers, residents also helped eliminate tons of pollution from Southland skies.”    

The popular program allows residents to trade a working gasoline lawn mower for a 
new, zero-emission battery-electric model at a substantial discount.  This year 4,000 electric 
mowers will be available for only $100 to $280, depending on which of six models a consumer 
chooses. 

In 2003 – the first year of the program - residents waited in long lines to participate in 
the program.  Since then residents have pre-registered for an exchange event and time that fits 
their schedule. Residents enjoy drive-through convenience at the exchange events and typically 
drive off with their new mower in less than 15 minutes.    

Pre-registration is required.  To pre-register, residents can visit www.aqmd.gov and 
click on the lawn mower exchange banner or call 1-888-425-6247.  Registration is on a first-
come, first-served basis.  Telephone registration is also available in English and Spanish. 

South Coast 
Air Quality Management District 
21865 Copley Drive, Diamond Bar, CA  91765 
http://www.aqmd.gov 
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Page 2 of 3 Registration Open for AQMD’s Lawn Mower Exchange Program May 17, 2012  

AQMD will host six events across the Southland on Saturdays between May 19 and July 
14.  Residents living within AQMD’s four-county jurisdiction must show proof of residency 
and can register for any event regardless of where they reside in the region. 

This year, residents have six models to choose from: 

• Black & Decker CM 1836 (36-volt, 18-inch cutting width) $100 (retail price:  $379) 
• Black & Decker CM 1936 (36-volt, 19-inch cutting width) $180 (retail price: $429) 
• Black & Decker SPCM 1936 (36-volt, 19-inch cutting width, self propelled) $250  

(retail price:  $479)  
• Black & Decker CM 1936 ZF2 (36-volt, 19-inch cutting width, extra battery, fast 

charger) $280  (retail price: $549) 
• GreenStation N-1(24-volt, 20-inch cutting width) $150 (retail price: $430)  
• GreenStation N-2 (24-volt, 20-inch cutting width, self-propelled) $220 

 (retail price: $470) 

Residents must be at least 18 years old to participate in the program. Gas-powered 
mowers must be in working order and only one mower per household can be exchanged. Cash, 
check or major credit cards are accepted for payment. 

Exchanging a mower is easy and convenient and participants never have to leave their 
car. Upon arrival, workers will remove the old gas mower from the vehicle and drain it of 
hazardous fluids prior to its destruction at a metal recycling facility.  After payment is made, 
attendants will place the new, boxed mower in the customer’s vehicle.  To view a video on the 
exchange process, visit www.aqmd.gov. 

Beginning June 9, free Go Green! Lawn and Garden Expos will be held during the 
exchange events.  The Expos will showcase eco-friendly lawn-care equipment and related green 
products and services available that save energy, conserve water and help the public maintain 
the garden they want.  The expos are open to the public and no pre-registration is required.  
Participation in a lawn mower exchange event is not required to attend the Expos. 

When the program ends this summer, AQMD will have scrapped more than 47,000 
highly polluting gasoline mowers, removing almost 98 tons of smog-forming volatile organic 
compound emissions from the Southland’s air. 

This year’s program is sponsored by the AQMD, in cooperation with Southern 
California Edison and the Los Angeles Department of Water and Power.  This year’s program is 
funded through the state’s Carl Moyer Program designed to reduce engine emissions from 
vehicles and equipment, and AQMD’s Air Quality Investment Program (AQIP), which is 
financed by Southland companies that pay a fee in lieu of offering rideshare incentives as 
required by AQMD’s Rule 2202.   
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Page 3 of 3 Registration Open for AQMD’s Lawn Mower Exchange Program May 17, 2012  

All events will take place on Saturdays starting at 8 a.m. and ending at noon.  

Date City 

May 19 Indio 

June 9 Pasadena 

June 16 Rancho Cucamonga 

June 23 Long Beach 

June 30 Anaheim 

July 14 Riverside 

 

AQMD is the air pollution control agency for Orange County and major portions of Los 
Angeles, San Bernardino and Riverside counties. 

-#- 
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Registration Begins May 2 at 8 am
Mow Down Air Pollution

2012 Electric Lawn Mower Exchange Program
For details or to make a reservation visit www.aqmd.gov and click on lawnmower web banner or call 

1-(888) 425-6247.  Reservations by phone are only available Tuesday - Friday from 8am to 5pm.

Pay Only 

$180
Black&Decker 19” 

cutting width
36v

$249 savings

Pay Only 

$100
Black&Decker 18” 

cutting width
36v

$279 savings

Pay Only 

$250
Black&Decker 19” 

cutting width
self-propelled
$229 savings

Pay Only 

$280
Black&Decker 19”

cutting width with
1 extra battery &

fast charger
$269 savings

Pay Only 

$150
Greenstation 20” 

cutting width
24v

$280 savings

Pay Only 

$220
Greenstation 20” 

cutting width
self-propelled 24v

$250 savings

Residents living within AQMD’s 4-county jurisdiction* are eligible to turn in their old, but still operable, gas lawn mower and purchase a cordless,
rechargeable, electric lawn mower at a greatly reduced price. Six models will be available for you to choose from when you register. 

You Must:
• Pre-register - Starts May 2 at 8 a.m.
•	 Turn	in	operable	gas	mower
•	 Show	proof	of	residency	in	
	 South	Coast	AQMD	jurisdiction*
•	 Pay	$100	to	$280  depending on model selected
•	 Cash,	check	or	major	credit	card	accepted
Any	warranties	on	the	electric	mower	are	limited	to	those	provided	by	the	
manufacturers.	Links	to	the	manufacturers	are	available	below.

Greenstation
www.thegreenstationproducts.com/scaqmd

Black&Decker 
www.blackanddecker.com/mowerevent/AQMD

Program Sponsored by	South	Coast	Air	Quality	Management	
District	and	the	California	Air	Resources	Board	in	cooperation	
with	Southern	California	Edison	and	Los	Angeles	Department	
of	Water	and	Power.
Supporting Organizations:	Anaheim	Public	Utilities,	County	
of	Riverside	EDA,		Indio	Fairgrounds,	The	Epicenter,	UC	Riverside	
and	Veteran’s	Memorial	Stadium.
Host Cities:	Anaheim,	Indio,	Long	Beach,	Pasadena,	Rancho	
Cucamonga	and	Riverside.
*The AQMD’s jurisdiction includes all of Orange County, and the urban 
portions of Los Angeles County (excluding the Antelope Valley), Riverside 
County and San Bernardino County.

South Coast AQMD is	hosting	a	Go Green! Lawn and Garden Expo	in	conjunction	with	the	
Lawnmower	Exchange	events.	These	Expos	will	showcase	eco-friendly	lawn-care	equipment	
and	related	green	products	and	services	that	save	energy,	conserve	water	and	allow	you	to	
maintain	the	garden	you	desire.	Don’t miss out!  Free and open to the public! 

Cleaning	the	air	that	we	breathe...TM

Indio
May 19

Pasadena
June	9	

Rancho	
Cucamonga
June	16

Long	Beach
June	23

Anaheim
June	30

Riverside
July	14

Six Events Scheduled
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Registro Empiesa el 2 de mayo a las 8 am
2012 Intercambio de 

Cortacéspedes Eléctricos
Parta detalles o hacer una reservación: www.aqmd.gov o llame sin costo al 1-(888) 425-6247  

Reservaciones por telefono solamente disponibles de martes a viernes 8am - 5pm.

Personas que viven dentro de la jurisdicción* del Distrito de Administración de la Calidad del Aire de la Costa Sur (AQMD, por sus siglas en 
inglés) son eligibles para este programa. Entrege su cortacésped de gasolina operable y compre un nuevo cortacésped inalámbrico electrico 
por un precio reducido. Seis modelos de cortacésped electrico son disponsibles para escojer cuando se registra. Los modelos y precios son:

USTED DEBE
• Preregistrarse-Empieza el 2 de mayo, a las 8 a.m.
•	 Entregar	un	cortacésped	de	gasolina	operable	
•	Demonstrar	la	prueba	de	domicilio	dentro	
	 del	area*	del	AQMD	
•	 Pagar	$100 a $280  dependiendo en su selección de cortacésped
•	 Se	aceptará	dinero	en	efectivo,	cheque	o	tarjetas	
	 de	crédito	mayores
Cualquier	garantía	sobre	el	cortacésped	eléctrico	es	limitada	con	aquellos	
estipulados	por	el	fabricante.
Pagina web de Greenstation:    
www.thegreenstationproducts.com/scaqmd
Pagina web de Black&Decker: 
www.blackanddecker.com/mowerevent/AQMD

Programa patrocinado por el	AQMD,	California	Air	Resources	
Board	en	cooperacion	con	Southern	California	Edison	y	Los	
Angeles	Department	of	Water	and	Power.

Organizaciones apoyando este programa: Anaheim	Public	
Utilities,	County	of	Riverside	EDA,		Indio	Fairgrounds,The
Epicenter,	UC	Riverside,	Veteran’s	Memorial	Stadium	y	las	
ciudades	de	Anaheim,	Indio,	Long	Beach,	Pasadena,	Rancho	
Cucamonga	y	Riverside.

* La area del AQMD incluye todo el condado de Orange, el 
condado de Los Angeles (menos el valle de Antelope) y las 
porciones mayores de los condados de San Bernardino y Riverside.

Limpiando	el	aire	que	respirámos...TM

Indio
19 de mayo

Pasadena
9	de	junio	

Rancho	
Cucamonga
16	de	junio	

Long	Beach
23	de	junio

 

Anaheim
30	de	junio

Riverside
14	de	julio

Pague sólo 

$180
Black&Decker 19” 
diámetro de corte

36v
Ahorre $249

Pague sólo 

$100
Black&Decker 18” 
diámetro de corte

36v
Ahorre $279

Pague sólo

$250
Black&Decker 19” 
diámetro de corte
autopropulsado

36v
Ahorre $229

Pague sólo

$150
Greenstation 20” 
diámetro de corte

24v
Ahorre $280

Pague sólo 

$220
Greenstation 20” 
diámetro de corte

autopropulsado  24v
Ahorre $250

Seis Eventos Programados

South Coast AQMD	está	patrocinando	una	Exposición en Jardinería “Ir Verde” junto	con	los	even-
tos	de	intercambios	de	las	Cortacésped.		Estas	Exposiciones	mostraran	equipo	para	cuidado	de	jardinería	
ecológico	y	productos	y	servicios	ecológicos	relacionados	que	le	ahorran	energía,	conservan	agua	y	le	
permitirán	mantener	el	jardín	deseado.		No se lo pierda. Es gratis y estará abierto al público.

Pague sólo 

$280
Black&Decker 19”

diámetro de corte  36v
incluye bateria adicional y
“carga rapida” para bateria

Ahorre $269
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Car Tips 
 

 

Airstreams, silver trailers, make a comeback 
Sunday, May 27, 2012 

TAGS: 

auto news, car tips, dave kunz 

 

 
 
 

 
Dave Kunz  
More: Bio, Facebook, Car Tips, News Team 

LOS ANGELES (KABC) -- It appears the "silver bullet" trailers are making a comeback. 

In the kick-off weekend for summer fun, when it's not unusual to see travel trailers heading out for fun 
around Southern California, you might notice the distinctive silver trailers, the Airstreams, which have 
been around since the 1930s. 

While the exteriors haven't changed much over the years, the insides are thoroughly modern. 

RB-AR8457
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They also have a "cool factor" that's made them popular on movie sets. Hollywood loves them. According 
to Bob Wheeler, Airstream president, that list includes Matthew McConaughey, Sandra Bullock and Sean 
Penn. 

A lot of non-celebrities think they're pretty cool, too. At the grand opening of Southern California's first 
dedicated Airstream dealership at 1212 East Las Tunas Dr. in San Gabriel, aficionados came from far 
and wide, many with great memories. 

"It's an attention-getter," said Mike Anderson, an Airstream fan. "I remember one guy almost broke his 
neck he was looking at us so longingly." 

The Airstreams may still have that retro look from back in the day, but they've been adapted to modern 
times. They carry energy-efficient appliances, LED lighting and they're all pre-wired for optional rooftop 
solar panels. Yet, the details remain classic: stylized exterior lights, retro chic. 

But then there's the price - very modern. A little 16 footer can be your starter Airstream for around 
$40,000, and they go up from there. The biggest ones fully loaded can top six figures. 

While Airstreams are pricey compared to other trailers, they're not necessarily a bad value, say those who 
have looked closely. 

"The quality, these things last forever," said Barry Ganci, an Airstream shopper at the San Gabriel 
dealership. "We've looked at resale values for these, and they keep a high resale value." 

When you see one of these silver bullets, as they're affectionately known, going down the road, give the 
owner a friendly wave. Even if it's not a movie star, it's probably just someone who loves having the most 
distinctive travel trailer out there. 

(Copyright ©2012 KABC-TV/DT. All Rights Reserved.) 
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SAN GABRIEL POLICE DEPARTMENT 
625 South Del Mar Avenue 

San Gabriel, California 91776 
NEWS RELEASE 

 
FOR IMMEDIATE RELEASE:      CONTACT:  Sgt. Rene Hernandez 
May 30, 2012        626-308-2860 rh090@sgpd.com
         

 
DUI/Drivers License checkpoint Planned this Weekend 

 
 
San Gabriel, CA – San Gabriel Police Department Traffic Unit will be conducting a DUI/Drivers License Checkpoint 
on Friday, June 1, 2012 at an undisclosed location within the city limits between the hours of  7:00 p.m. and 3:00 a.m. 
 DUI checkpoints are a proven enforcement tool effective in reducing the number of persons killed and injured in 
alcohol involved crashes. Research shows that crashes involving alcohol drop by an average of 20 percent when well-
publicized checkpoints are conducted often enough. 
 
Officers will be contacting drivers passing through the checkpoint for signs of alcohol and/or drug impairment.  
Officers will also check for proper licensing and will strive to delay motorists only momentarily. Drivers caught 
driving impaired can expect jail, license suspension, and insurance increases, as well as fines, fees, DUI classes, other 
expenses that can exceed $10,000. 
 
“Over the course of the past three years, DUI collisions have claimed countless lives and resulted in injury crashes 
harming many of our friends and neighbors,” said Police Chief David A. Lawton.  
 
According to the National Highway Traffic Safety Administration (NHTSA), checkpoints have provided the most 
effective documented results of any of the DUI enforcement strategies, while also yielding considerable cost savings of 
$6 for every $1 spent.  Checkpoints are placed in locations that have the greatest opportunity for achieving drunk and 
drugged driving deterrence and provide the greatest safety for officers and the public. 
 
“Deaths from drunk and drug-impaired driving are going down in California,” said Christopher J. Murphy, Director of 
the California Office of Traffic Safety (OTS).  “But that still means that hundreds of our friends, family and co-
workers are killed each year, along with tens of thousands who are seriously injured. We must all continue to work 
together to bring an end to these tragedies.  If you see a Drunk Driver – Call 9-1-1.”  
 
Funding for this checkpoint is provided to San Gabriel Police Department by a grant from the California Office of 
Traffic Safety, through the National Highway Traffic Safety Administration, targeting those who still don’t heed the 
message to designate a sober driver.  
 
 
MEDIA NOTES: To schedule an interview regarding the San Gabriel Police Traffic Safety Operations, please contact 
Sergeant Rene Hernandez at (626) 308-2860 or via email at rh090@sgpd.com.  To schedule an interview regarding 
impaired driving efforts and programs in California please contact Chris Cochran, California Office of Traffic Safety 
at (916) 509-3063 or via email at chris.cochran@ots.ca.gov.  

 
 

#  #  #  # 
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San Gabriel Firefighter’s Association 
Charity Golf Tournament 
The	  San	  Gabriel	  Country	  Club	  

350	  East	  Hermosa	  Drive	  
San	  Gabriel,	  CA	  91775	  

Sign-‐in	  begins	  at	  10:30	  AM	  

July	  9,	  2012	  
	  	  	  	  12PM	  Shotgun	  Start	  -‐	  

$175 All Play Package Includes:  
                     Same Day Registration $200 (If Available) 

	  Green	  fee,	  cart,	  practice	  range	  balls,	  caddy	  	  	  
Angus	  Burger	  BBQ	  lunch	  	  Complimentary	  beer,	  water,	  and	  soda	  on	  the	  course	  	  

First	  Hole-‐In-‐One	  Contest-‐$10,000	  cash	  down	  payment	  on	  a	  2013	  Chevrolet	  Malibu	  
Sponsored	  by	  O’Donnell	  Chevrolet-Buick	  	  	  

All	  participants	  will	  also	  receive	  a	  $50	  Callaway	  Gift	  Card*	  
*Activated	  after	  a	  test	  drive	  at	  O’Donnell	  Chevrolet-‐Buick	  

For	  more	  information	  regarding	  golf	  and	  dinner	  reservations,	  advertisements,	  
sponsorships,	  and	  donation	  opportunities	  please	  contact	  Chris	  Fetner.	  	  

(626)	  716-7026,	  or	  e-mail:	  sgfa2197@yahoo.com.	  	  
	  

	  

The	  San	  Gabriel	  Firefighter’s	  Association	  is	  a	  Nonprofit	  501(c)(5)	  Organization.	  Portions	  of	  the	  proceeds	  
will	  be	  donated	  to	  The	  Firefighter	  Cancer	  Support	  Network	  and	  other	  local	  community	  organizations.	  	  

	  

Federal	  Tax	  ID	  #	  95-4072240	  
Thank	  You	  in	  advance	  for	  your	  participation	  and	  support.	  

Dinner	  and	  Awards	  Ceremony	  immediately	  following	  Golf	  Tournament	  at	  5:30	  PM	  
Fine	  Dining,	  Raffle	  Prizes,	  Silent	  Auction,	  Live	  Auction	  
Invite	  your	  Friends	  and	  Family,	  Non-‐Golfer’s	  Dinner	  $50	  

Dress	  Code	  Applies	  to	  Non-‐Golfers,	  i.e.	  Collared	  Shirts,	  NO	  JEANS	  
RSVP	  Non-‐Golfer’s	  Dinner	  By	  July	  1,	  2012	  

Gourmet Dinner  
 

Grilled Spring Vegetables 
Baby	  Carrots,	  Scallions,	  Asparagus,	  Peppers,	  Zucchini,	  Yellow	  Squash,	  	  
Eggplant	  with	  Herbed	  Goat	  Cheese	  and	  Lemon	  Basil	  Vinaigrette	  

Char Grilled Rib Eye Steak 
Fried	  Sweet	  Onion	  Rings	  and	  Cabernet	  Sauce	  

Mashed	  Potatoes	  and	  Gravy,	  Stuffed	  Roma	  Tomatoes	  
Madagascar Chocolate Cake 

with	  Vanilla	  Ice	  Cream	  

www.sangabrielcc.com	   www.ffcsn.org 
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GOLFER	  REGISTRATION	  &	  DONATION	  FORM	  
	  
PLAYER	  1	  
	  

Name	   	   	   	   	   	   	  
Address	   	   	   	   	   	   	  
City	  	   	   	   	   	   State	  	  	   	  Zip	  	  	   	   	   	  
Email	  	   	   	   	   	   	   	  Phone	  	  	   	   	   	   	  
	  
PLAYER	  2	  
	  

Name	   	   	   	   	   	   	  
Address	   	   	   	   	   	   	  
City	  	   	   	   	   	   State	  	  	   	  Zip	  	  	   	   	   	  
Email	  	   	   	   	   	   	   	  Phone	  	  	   	   	   	   	  
	  
PLAYER	  3	  
	  

Name	   	   	   	   	   	   	  
Address	   	   	   	   	   	   	  
City	  	   	   	   	   	   State	  	  	   	  Zip	  	  	   	   	   	  
Email	  	   	   	   	   	   	   	  Phone	  	  	   	   	   	   	  
	  
PLAYER	  4/DONATOR	  
	  

Name	   	   	   	   	   	   	  
Address	   	   	   	   	   	   	  
City	  	   	   	   	   	   State	  	  	   	  Zip	  	  	   	   	   	  
Email	  	   	   	   	   	   	   	  Phone	  	  	   	   	   	   	  

Total	  Number	  of	  Golfer(s)	  	   	   	   	   	  	  x	  $175.00	  per	  person	  =$	   	   	   	  
Miss	  an	  amazing	  dinner	  and	  just	  play	  golf	  	  	   	   	  x$150.00	  per	  person	  	   =$	   	   	   	  
Number	  of	  friends/family	  attending	  dinner	  	  	   	   	  x	  $50.00	  per	  person	  	   =$	   	   	   	  
I	  cannot	  attend,	  please	  accept	  my	  donation	  	   -‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	   =$	   	   	   	  
Please	  accept	  our	  donation	  of	   	   	   	   	   	   	   	   as	  a	  raffle	  prize.	  

	  	  
Total	  Amount	  Enclosed	  	  	  	  	  	  	  =$	  	  
	   	   	  

TO	  PAY	  WITH	  A	  CREDIT	  CARD/PayPal:	  	  (1)	  Go	  to	  http://www.paypal.com.	  	  
(2)	  Select	  the	  tab	  “Send	  Money”	  	  	  

	  	   	   	   	   	   	   (3)	  Enter	  the	  email:	  sgfa2197@yahoo.com	  
YOU	  MUST	  COMPLETE	  THIS	  FORM	  and	  MAIL	  IT	  TO	  US	  for	  the	  Golf	  Reservation	  

Mail	  Completed	  Form	  and	  Check	  payable	  to:	  
San	  Gabriel	  Firefighter’s	  Association	  

ATTN:	  Golf	  Registration	  
1303	  S.	  Del	  Mar	  Ave	  
San	  Gabriel,	  CA	  91776	  
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 RESEARCH 

Objectives. Rainfall and runoff have been implicated in site-specific waterborne disease outbreaks.
Because upward trends in heavy precipitation in the United States are projected to increase with climate
change, this study sought to quantify the relationship between precipitation and disease outbreaks.

Methods. The US Environmental Protection Agency waterborne disease database, totaling 548 reported
outbreaks from 1948 through 1994, and precipitation data of the National Climatic Data Center were
used to analyze the relationship between precipitation and waterborne diseases. Analyses were at the
watershed level, stratified by groundwater and surface water contamination and controlled for effects
due to season and hydrologic region.A Monte Carlo version of the Fisher exact test was used to test for
statistical significance.

Results. Fifty-one percent of waterborne disease outbreaks were preceded by precipitation events
above the 90th percentile (P= .002), and 68% by events above the 80th percentile (P= .001). Outbreaks
due to surface water contamination showed the strongest association with extreme precipitation dur-
ing the month of the outbreak; a 2-month lag applied to groundwater contamination events.

Conclusions. The statistically significant association found between rainfall and disease in the United
States is important for water managers, public health officials, and risk assessors of future climate
change. (Am J Public Health. 2001;91:1194–1199)

The Association Between Extreme Precipitation 
and Waterborne Disease Outbreaks 
in the United States, 1948–1994
| Frank C. Curriero, PhD, Jonathan A. Patz, MD, MPH, Joan B. Rose, PhD, and Subhash Lele, PhD

According to the US National Assessment on
the Potential Consequences of Climate Vari-
ability and Change,1 determining the role of
weather in the incidence of waterborne dis-
ease outbreaks is a priority public health re-
search issue for this country. Rainfall and
runoff have been implicated in individual out-
breaks in the United Kingdom and the United
States. A waterborne disease outbreak of giar-
diasis in Montana was related to rainfall,2 as
was the largest reported waterborne disease
outbreak ever documented, which occurred
in Milwaukee, Wis, in 1993. There, an esti-
mated 403000 cases of intestinal illness and
54 deaths occurred,3 and the outbreak was
preceded by a period of heavy rainfall and
runoff with a subsequent turbidity load that
compromised the efficiency of the drinking
water treatment plant.4,5

Even outbreaks of Escherichia coli, gener-
ally considered a foodborne pathogen, have
been linked to rainfall events. In fact, the
largest reported outbreak of E coli O157:H7
occurred at a fairground in the state of New
York in September 1999 and was linked to
contaminated well water. Unusually heavy
rainfall, which was preceded by a drought, co-
incided with this major outbreak.1 Under con-
ditions of high soil saturation, rapid transport
of microbial organisms can be enhanced.

Part of the rationale for this study, con-
ducted through a US Environmental Protec-
tion Agency grant for studying the effects of
global climate change on public health, comes
from projections of more intense rainfall that
may accompany global warming. In the past
century, average daily temperatures in the
conterminous United States increased by ap-
proximately 1°F.6 Warmer air can hold more
moisture, and changes in the hydrologic cycle
in the United States have been evidenced by
increases in cloud cover7 and total precipita-
tion.8 Moreover, the type of precipitation has

been changing in the United States, with in-
creases in extreme precipitation events (those
with an intensity of more than 2 inches per
day).9,6,10 These rainfall patterns are consistent
with expectations of a more vigorous hydro-
logic cycle caused by anthropogenic green-
house gas warming of the earth’s surface.11–13

The purpose of our study was to analyze
the relationship between precipitation and
waterborne diseases, using the complete data-
base of all reported waterborne disease out-
breaks in the United States from 1948 to
1994. Rainfall intensity is assumed to be a
key determining factor in the fate and trans-
port of pathogenic microorganisms, but the
relationship has never been analyzed at the
national level.

METHODS

US Waterborne Disease Outbreaks and
Precipitation Data Sets

Data on all reported waterborne disease
outbreaks in the United States between 1948

and 1994 were obtained from the US Envi-
ronmental Protection Agency’s Office of Re-
search and Development. Included in this
data set were the etiologic agent, the commu-
nity and state where the outbreak occurred,
and the month and year of each outbreak.
The outbreak source was designated as either
surface water or groundwater contamination.
The community and state information was
geocoded and expressed as longitude and lati-
tude coordinates marking the affected city or
county.

A waterborne disease outbreak is defined
as an outbreak in which epidemiologic evi-
dence points to a drinking water source from
which 2 or more persons become ill at similar
times. All recreational outbreaks and out-
breaks associated with cross-connections or
back-siphonage between sewage and drinking
water in the distribution system, including
chemical outbreaks, were removed from the
database. We excluded these outbreaks to
focus the analysis on source waters and wa-
tershed contamination and to exclude acci-
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Note. Outbreak locations represent the centroid of the affected watershed.

FIGURE 1—Waterborne disease outbreaks and associated extreme levels of precipitation (precipitation in the highest 10% [90th percentile])
within a 2-month lag preceding the outbreak month: United States, 1948–1994.

dental fecal releases associated with recre-
ational outbreaks and infrastructure problems
in the distribution system.

The conterminous United States is subdi-
vided into 2105 hydrologic cataloging units
called watersheds, which are geographic areas
representing part or all of a surface drainage
basin, a combination of drainage basins, or a
distinct hydrologic feature. Watersheds act as
the drinking water source for the surrounding
area; thus, we chose watersheds as the geo-
graphic units for our investigation. Outbreak
locations, originally designating the affected
city or county, were recoded to correspond to
the centroid of the associated watershed. Data
on US hydrologic units, a hierarchy of geo-
graphic subdivisions including watersheds,
were downloaded from the US Geological
Survey.14 Figure 1 includes boundaries for the

largest subdivision in this hierarchy (water-
sheds are the smallest), which divides the
United States into 18 distinct hydrologic re-
gions, each containing the drainage area of a
major river or the combined drainage areas
of a series of rivers.

Total monthly precipitation readings for the
more than 16000 weather stations located
across the United States from 1948 through
1994 were downloaded from the National Cli-
matic Data Center.15 The weather station loca-
tions were also coded to the watershed level;
each watershed, on the average, contained ap-
proximately 7 weather stations. To account for
local variations, we replaced recorded total
monthly precipitation for each weather station
with its corresponding z score, which was
computed on the basis of the distribution of
values recorded for that month from 1948 to

1997. We considered there to be sufficient in-
formation to compute z scores only if the cor-
responding distributions contained at least 20
years of recorded data. The z score thresholds
were chosen to indicate extreme levels of pre-
cipitation. For example, z scores greater than
0.84, 1.28, and 1.65 correspond, respectively,
to total monthly precipitation in the highest
20%, 10%, and 5% observed for that station
and month from 1948 to 1994. The maxi-
mum z score determined from weather sta-
tion–specific z scores within a watershed was
used as a measure of extreme precipitation for
that watershed.

Statistical Analysis
Figure 1 displays the 548 waterborne dis-

ease outbreaks, plotted using the centroid of
the affected watershed, within the contermi-
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TABLE 1—Waterborne Disease Outbreaks, With Associated Extreme Levels of Precipitationa

in the Preceding 2 Months: United States, 1948–1994

Extreme Precipitation

Outbreak Yes No Total

Yes 268 257 525

No NC NC 1 186 695

Total NC NC 1 187 220

Note. There were 1 187 220 watershed outbreak possibilities. Shown are the 525 outbreaks for which extreme precipitation
data were available. Information regarding extreme precipitation status for watersheds not experiencing an outbreak was not
compiled (NC).
aPrecipitation in the highest 10% (90th percentile).

nous United States that were reported from
1948 to 1994. Of these outbreaks, 51% were
preceded within a 2-month lag by an extreme
level of precipitation in the highest 10% (or
90th percentile), as indicated in the figure.
Several methods, and an accompanying large
body of literature, are available to test for
spatial clustering of disease events.16 In this
study we were interested in testing whether
the outbreaks cluster around extreme precipi-
tation events, as opposed to solely investigat-
ing geographic clustering of outbreaks.

Information in Figure 1 can be represented
with a 2×2 contingency table, watershed out-
break status×watershed extreme precipitation
status. Since this information is collapsed over
time, there are a total of 1187220 water-
shed outbreak possibilities (47 years×12
months×2105 watersheds). Table 1 displays
extreme precipitation status for only those
watersheds known to have experienced an
outbreak. Enumerating the bottom row would
require determining the extreme precipitation
status within a 2-month lag for the remaining
watershed outbreak possibilities, a computa-
tional burden we wished to avoid. The total
number of outbreaks is shown to be 525, not
548, because sufficient precipitation data
were not available for 23 outbreak-associated
watersheds.

Associations between events in contin-
gency tables are usually described with odds
ratios followed by a χ2-based test of inde-
pendence. Proceeding in this fashion, how-
ever, would require a completely enumerated
table. Note that the percentage of coincident
events reported (51%) is simply the (1,1) cell
(outbreak and extreme precipitation) divided

by its marginal total (number of outbreaks).
Since the row and column totals in Table 1
are fixed, the (1,1) cell determines the re-
maining cells and hence the odds ratio; thus,
the percentage of coincident events and the
odds ratio are equivalent descriptors of asso-
ciation. Also, because the marginal totals are
fixed, the Fisher exact test17 can be used to
assess the significance of the association
based on the percentage of coincident events.
Although the calculation of P values in the
Fisher exact test requires fully enumerated in-
formation as well, the rationale behind the
calculation can be approximated with the fol-
lowing Monte Carlo simulation.

The general idea is to repeatedly generate
sets of “outbreaks” in a random fashion, tabu-
lating the percentage of these artificial out-
breaks that coincide with extreme levels of
precipitation at each step. Such a process
would produce a distribution of coincident
percentages under the assumption of no asso-
ciation, which can then be compared with the
observed percentage to compute a P value.
The following algorithm describes the process
for a given set of outbreaks overlaid with ex-
treme precipitation events.

1. Generate a set of outbreaks.
a. Randomly select watersheds.
b. Randomly select a month (1–12) and

year (1948–1994) for each watershed.
2. Calculate and store the percentage of

these outbreaks coincident with extreme
levels of precipitation within a given pre-
ceding monthly lag.

3. Repeat steps 1 and 2 one thousand
times.

The expected percentage of outbreaks co-
incident with extreme levels of precipitation
within a given preceding monthly lag, under
the assumption of no association, can be esti-
mated by averaging the Monte Carlo distribu-
tion of percentages in step 2.

For the data shown in Table 1, if the 525
waterborne disease outbreaks are clustered
both spatially and temporally within water-
sheds experiencing extreme levels of precipi-
tation, then the observed 51% would be
higher than the percentage expected under
the assumption of no association. We were
therefore interested in testing the one-sided
alternative representing a positive association
between outbreaks and extreme precipitation.
P values for such a test can be obtained by
dividing by 1000 the number of percentages
in step 2 that are higher than their respective
observed percentages.

RESULTS

Table 2 cross-tabulates the 548 reported
waterborne disease outbreaks by the 18 hy-
drologic regions and 4 seasons. The distribu-
tion of outbreaks across the seasons (column
totals) shows that the number of outbreaks is
highest during the summer months and low-
est during the winter months. The distribu-
tion across the hydrologic regions (row totals)
may be due to specific hydrologic features
present in these regions. The distributional
variations across regions and seasons can be
controlled for in the Monte Carlo test by re-
stricting the randomization scheme in step 1
of that algorithm to adhere to the marginal
totals shown in Table 2. Thus, each artificial
set of outbreaks would have identical row
and column totals, as shown in Table 2. The
resulting test would then be one of condi-
tional association between outbreaks and ex-
treme precipitation, controlling for variations
across both regions and seasons.

Of the 548 waterborne disease outbreaks
reported between 1948 and 1994, 133 (ap-
proximately 24%) were known to be from sur-
face water contamination, 197 (approximately
36%) were known to be from groundwater
contamination, and 218 (approximately 40%)
had an unknown water contamination source.
The outbreak data also included the etiologic
agents involved in each outbreak. More than
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TABLE 2—Waterborne Disease Outbreaks, by Hydrologic Region and Season: 
United States, 1948–1994

Season

Region Winter Spring Summer Fall Total

1 2 8 17 11 38

2 14 27 63 29 133

3 4 5 12 8 29

4 6 2 18 8 34

5 6 9 18 6 39

6 1 1 2 3 7

7 2 12 10 3 27

8 1 1 5 2 9

9 1 0 1 1 3

10 5 5 24 7 41

11 6 9 16 8 39

12 0 3 4 2 9

13 0 1 5 1 7

14 6 6 7 4 23

15 1 3 3 1 8

16 0 1 3 0 4

17 6 17 34 8 65

18 9 6 14 4 33

Total 70 116 256 106 548

Note. Winter = December, January, February; Spring = March, April, May; Summer = June, July, August; Fall = September,
October, November.

half the outbreaks were determined to be
“acute gastrointestinal illness,” about 13% were
attributed to Giardia, and the remainder were
caused by 35 other specific agents.

We used the Monte Carlo test presented
above to test the significance of the overlaid
information shown in Figure 1 and other as-
sociations between waterborne disease out-
breaks and extreme precipitation, controlling
for the possible confounding effects due to
hydrologic region and season. Different sce-
narios were investigated by varying the pre-
ceding monthly lag time and level of extreme
precipitation. Separate analyses were per-
formed for outbreaks due to surface water
contamination, outbreaks due to groundwater
contamination, and the combined data, in-
cluding outbreaks with an unknown water
contamination source. The results, which are
presented in Table 3, include for each sce-
nario the observed percentage of outbreaks
coincident with extreme precipitation events;
an estimated expected percentage of coinci-
dent events, assuming no association; and the

P value testing the significance of the ob-
served percentage.

Results for the association depicted in Fig-
ure 1 (combined data, monthly lag 0, 1, 2,
and 90th percentile extreme precipitation) in-
dicate that after controlling for variations
across regions and seasons, we would have
expected 43.2% of the outbreaks to be coin-
cident with extreme precipitation if there was
no association between outbreaks and ex-
treme precipitation. The observed percentage
of outbreaks coincident with levels of extreme
precipitation—51.0%—was highly significant
(P=.002). P values of less than .001 in
Table 3 indicate the strongest evidence of an
association; they occurred when the random
selection of watershed outbreaks, for the
1000 iterations performed in step 1 of the
Monte Carlo algorithm, did not produce a
percentage of outbreaks coincident with this
level of extreme precipitation that was higher
than the observed percentage.

The association between outbreaks and ex-
treme precipitation remained statistically sig-

nificant at the .05 level across all of the sce-
narios we considered for the combined data.
The analysis stratified by water contamina-
tion source showed that outbreaks due to sur-
face water contamination were most signifi-
cant for extreme precipitation during the
month of the outbreak. Outbreaks due to
groundwater contamination, however,
showed highest significance for extreme pre-
cipitation 2 months prior to the outbreak.
This might be expected, considering the di-
rect vs complex routes of exposure.

DISCUSSION

This study represents the first quantitative
analysis of the relationship between extreme
precipitation and waterborne disease out-
breaks at the national level and over an ex-
tended period. Our findings show a statisti-
cally significant association between weather
events and disease. However, we recognize
that multiple factors are involved, which
must occur simultaneously in time and
space. Elements of an outbreak event in-
clude (1) a source of contamination (infected
humans, domestic animals, or wildlife); (2)
fate and transport of the contaminant from
source to drinking water supplies; (3) inade-
quate treatment; and (4) detection and re-
porting of the outbreak.18 Given the variabil-
ity of these factors across the United States,
the robustness of our findings demonstrates
the important role of extreme wet-weather
events in microbial fate and transport and as
a contributing factor in US waterborne dis-
ease outbreaks.

Incorporating data on other causal compo-
nents will be important in the development of
better predictive models extending beyond
this study’s limitations. We have partially con-
trolled for source of outbreak by conducting
analyses at the watershed level. Watersheds
might be expected to maintain some consis-
tency in land use patterns; however, these
patterns, inevitably, have changed over the
47 years analyzed. Several state-specific
analyses that could include more detailed
land use and treatment facility information
would, therefore, be of benefit as a follow-up
to this national-level study.

Our study is limited by the temporal reso-
lution of the waterborne disease outbreak
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TABLE 3—Monte Carlo Simulation Results for the Association Between Waterborne Disease 
Outbreaks and Extreme Precipitation: United States, 1948–1994

Extreme Precipitation Percentile

Surface Water Contamination Groundwater Contamination Combined

Monthly Lag 80th 90th 95th 80th 90th 95th 80th 90th 95th

Monthly lag 0

Observed, % 39.1 28.9 22.7 31.2 21.4 13.5 33.3 22.8 16.8

Monte Carlo, % 26.9 17.4 11.7 28.8 18.6 12.4 27.7 17.9 12.0

P .001 <.001 .001 .229 .173 .314 .001 <.001 .002

Monthly lag 0,1

Observed, % 55.1 41.7 33.9 53.9 39.3 26.2 52.3 38.3 28.8

Monte Carlo, % 45.5 31.2 21.7 48.0 33.0 22.7 46.5 31.9 22.0

P .022 .003 .002 .059 .039 .132 .003 .001 <.001

Monthly lag 0,1,2

Observed, % 65.9 50.8 42.9 71.6 52.1 36.8 68.0 51.0 39.4

Monte Carlo, % 58.9 42.3 30.3 61.6 44.4 31.6 59.9 43.2 30.7

P .063 .023 .001 .002 .021 .062 <.001 .002 <.001

Monthly lag 1

Observed, % 34.6 22.8 18.1 33.2 22.8 14.5 31.6 20.3 14.9

Monte Carlo, % 26.8 17.4 11.6 28.7 18.5 12.3 27.5 17.7 11.8

P .033 .060 .026 .083 .070 .183 .005 .047 .009

Monthly lag 1,2

Observed, % 54.8 36.5 31.0 57.8 41.7 28.6 54.4 37.5 27.8

Monte Carlo, % 45.4 31.0 21.5 47.7 32.6 22.4 46.3 31.6 21.7

P .023 .109 .003 .002 .009 .027 <.001 .001 <.001

Note. Shown are results for outbreaks known to be from surface water contamination, outbreaks known to be from groundwater contamination, and the combined data, including outbreaks with an
unknown water contamination source. Listed for each monthly lag and extreme precipitation scenario are the observed percentage of outbreaks coincident with extreme precipitation, the Monte
Carlo–expected percentage of coincident events, and the corresponding P value.

data. These data have been reported in the
same way for approximately 50 years. Im-
proved understanding and better prevention
might be achieved if outbreak data included
start and end dates rather than simply the
month of occurrence.18

Reporting bias is a key component in the
waterborne disease outbreak data. Experts es-
timate that we may be seeing only a small frac-
tion of the actual outbreaks.19 With such a bias,
many of the cluster detection methods that
focus primarily on geographic clustering of dis-
eases would clearly be inappropriate. The
method we applied, which is focused more on
the clustering of outbreaks around extreme
precipitation, is appropriate under the assump-
tion that outbreak reporting is independent of
surrounding monthly precipitation.

Although the United States is thought to
have high-quality drinking water, the risk of
contamination from leaking septic tanks or

agricultural runoff remains. One pathogen,
Cryptosporidium, a protozoan that completes its
life cycle within the intestine of mammals, is
shed in high numbers of infectious oocysts that
are dispersed in feces. It is highly prevalent in
ruminants and readily transmitted to hu-
mans.20 In a cross-sectional analysis of 50 live-
stock farms sampled within the 100-year
floodplain in Lancaster County, Pennsylvania,
manure samples from 64% of the farms tested
positive for C parvum.21 Therefore, it is biologi-
cally plausible that increases in rainfall and
runoff intensity would result in more contami-
nation of source waters by this parasite.

Our results are also consistent with findings
from other studies. For example, Atherholt et
al. found that concentrations of Cryptosporid-
ium oocysts and Giardia cysts in the Delaware
River were positively correlated with rain-
fall.22 In 1998, a drinking water outbreak of
cryptosporidiosis that occurred in Brushy

Creek, Tex, was linked to storms that led to
sewage contamination of wells and creeks.23

Cryptosporidium oocysts are very small (~5
microns) and are difficult to remove from
water; a recent study found that 13% of fin-
ished water still contained Cryptosporidium
oocysts,24 indicating some passage of microor-
ganisms from source to treated drinking water.

Municipal water systems, even today, can
be overburdened by extreme rainfall events.
For example, many communities still have
combined sewer systems designed to carry
both storm water and sanitary wastewater to
a sewage treatment plant. During periods of
heavy rainfall or snowmelt, the stormwater
can exceed the capacity of the sewer system
or treatment plant, and these systems are de-
signed to discharge the excess wastewater di-
rectly into surface water bodies.25,26 For
northern latitudes and high-elevation re-
gions, the addition of temperature values
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could further enhance the analysis by ad-
dressing the contribution of snowmelt.

During the heavy rainfall that accompanied
the very strong El Niño of 1997 and 1998, a
survey of a southwest Florida estuary found
higher concentrations of fecal indicator organ-
isms than occurred throughout the rest of the
year,27,28 implicating heavy rainfall as a risk
factor for waterborne or seafood-borne dis-
ease. In urban watersheds, more than 60% of
the annual load of all contaminants is trans-
ported during storm events.29 In general, tur-
bidity increases during storm events, and
studies have recently shown a correlation be-
tween increases in turbidity and illness in
communities.30,31

In summary, there is mounting evidence
that heavy precipitation and runoff events
significantly contribute to the risk of water-
borne disease outbreaks. In the future, incor-
poration of other site-specific parameters,
particularly land use patterns and treatment
facility specifications, may allow for the de-
velopment of more localized predictive mod-
els that can benefit water managers and pub-
lic health planners. Our findings provide
further insight into the linkage between
weather and human disease that can be ap-
plied to risk assessments of future climate
change.
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City of Portland 
Summary of Cost Benefit Evaluation of Ecoroofs Report 
November 2008 
 
 
In 2005, the Portland City Council embraced a holistic approach to watershed 
health in adopting the Portland Watershed Management Plan.  The Plan 
established goals and objectives for enhancing and protecting watershed health.  
Sustainable stormwater management is a primary means to improve watershed 
health.   
 
In 2008, City Council reaffirmed this commitment by approving funding for the 
Grey to Green strategy.  Grey to Green integrates green infrastructure with 
traditional grey, or piped, infrastructure for optimum cost effectiveness and 
performance.  The Grey to Green strategy accelerates ecoroof and green street 
construction, tree planting, public land acquisition, invasive plant removal and 
native plant restoration, and the replacement of culverts that restrict fish 
passage. 
 
Portland is a leader in using low impact development techniques when managing 
stormwater, principally emphasizing at the source vegetated management 
strategies.  The development and promotion of ecoroofs have been embraced as 
one strategy providing a wide variety of watershed and human health benefits.   
 
Ecoroofs are expected to be an important part of Portland’s urban strategy as the 
city grows and density increases in the decades to come.  Although green roof 
technology is not new, (many cultures have used green roofs in some form for 
centuries), quantifying their costs and benefits will help us understand the role 
they have in the Pacific Northwest.   
 
Vegetated roof systems can address a number of urban challenges by providing 
a variety of benefits.  As quantified in the Cost Benefit Evaluation of Ecoroofs, 
public benefits include: 
 

o Reduced public costs to manage stormwater  
o Avoided public stormwater infrastructure needs and O&M costs 
o Reduced carbon emissions  
o Improved air quality 
o Increased habitat areas 

 
Benefits provided to private interests include: 

o Reduced stormwater fees 
o Reduced private infrastructure and O&M costs 
o Reduced energy demand and costs 
o Increased roof longevity 
o Increased Floor Area Ratio density bonus potential 
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Highlights of the findings of the Cost Benefit Evaluation of Ecoroofs are: 
 

Private 
• Over the 40 year life of the ecoroof, the net benefit to the private 

property owner is $404,000. (in 2008 dollars) 
The ecoroof benefit (cost savings) is calculated from onetime and ongoing 
reduction in stormwater management fees, avoided stormwater 
management facility costs, reduced cooling and heating costs, avoided 
roof replacement costs, and reduced HVAC equipment sizing costs. 

o In the near term, the costs for initial ecoroof installation outweigh 
the benefits.  (This shifts at the 20 year mark) 

o At year 5, the net cost/benefit is negative $129,000. 
o The private energy savings for cooling and heating reductions are 

calculated to be around $7,500 over five years and about $43,500 
over 40 years.  Ecoroofs insulate buildings thereby increasing 
building energy efficiency and reducing energy demand. 

 
Public 
• There is an immediate and long term benefit to the public.  At year 

five, the benefit is $101,660, and at year 40 the benefit is $191,421. 
The ecoroof benefit is generated from reduced stormwater management 
system improvements and O & M costs, carbon reduction, improved air 
quality, and habitat creation.   

o A one-time reduction of $60,700 accrues due to the reduced need 
for improvements to the stormwater system. 

o A 40,000 SF ecoroof could reduce particulates by approximately 
1,600 pounds per year, yielding a $3,024 cost benefit annually.  
This benefit continues over the life of the ecoroof, and provides a 
benefit at year five of $15,500, and benefit of $104,600 at year 40. 
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1 INTRODUCTION 

1.1 EVALUATION PURPOSE 
The use of ecoroofs provides significant benefits to cities and the buildings on which they are placed. 
From stormwater management to the reduction in building energy demand, and habitat creation to urban 
heat island reduction, simply constructed ecoroofs are a multi-benefit best management practice (BMP) 
cost-effective over the useful life of the roof that cities should implement to enhance urban sustainability.  

The City of Portland Bureau of Environmental Services (BES) began investigating the benefits of 
ecoroofs in 1996 and has found that they work very well for stormwater management. In 1999, BES 
included ecoroofs in the City’s stormwater management manual as a preferred BMP for reducing 
stormwater runoff. In 2001, since Portland City Council passed an ordinance that changed the zoning 
code to allow ecoroofs as a Floor Area Ratio (FAR) Bonus, more than 260,000 SF of ecoroof has earned 
the FAR. In 2005, City Council adopted a resolution that requires all city owned buildings to be roofed or 
re-roofed with ecoroofs where practical. To date, eight city buildings have ecoroofs totaling 30,000 SF. 
Portland currently has more than 1,000,000 SF of ecoroofs and roof gardens and this number is ever 
growing as many new projects are known to be in design.  

The purpose of this evaluation is to further document the costs and benefits of ecoroofs to increase 
widespread application within the City of Portland. Not only would increased implementation of ecoroofs 
in Portland greatly benefit the City’s watersheds and stormwater systems, their use would further increase 
the city’s livability while reducing the City’s environmental footprint.  

Furthermore, there has been an assumption that direct costs for an ecoroof must provide a direct and equal 
payback to the building owner. Because of the numerous non-monetary quantifiable benefits associated 
with ecoroofs this assumption is difficult to prove. However, the more we understand about ecoroofs the 
more we can relate them to other objectives. As such, the costs and benefits can be maximized.  

1.2 COSTS AND BENEFITS ASSOCIATED WITH ECOROOFS 
Understanding the entirety of the costs and benefits associated with ecoroofs is complex. Ecoroofs are 
generally known for the stormwater management benefits they provide by reducing stormwater quantity 
and improving water quality. These benefits also provide infrastructure benefits and watershed benefits by 
reducing combined sewer overflows, minimizing basement flooding, protecting threatened species and 
restoring watershed health. Moreover, ecoroofs are known to reduce building energy demand and carbon 
emissions, improve air quality, and reduce the urban heat island effect. They also provide enhanced 
amenity value and habitat in urban areas typically void of natural lands.  

The provision of these benefits by ecoroofs may produce significant costs savings to buildings and cities. 
Although ecoroofs generally cost more, based on current building pro-forma standards, than a 
conventional roof to construct, they provide considerable long-term benefits and costs savings. 

Table 1, on the next page, identifies a broad list of benefits as well as costs associated with ecoroof use. 
Based on City of Portland interests, combined with the quality of the literature reviewed, this evaluation 
focused on a high priority number of costs and benefits – which are shown in bold in Table 1. 

It should be noted that ecoroofs are not risk free. Like conventional roofs, risks associated with ecoroofs 
may emerge from waterproofing, durability, materials, construction quality and warranties for example. 
As an evolving practice in the building industry, risks should be minimized over time.  

Cost Benefit Evaluation of Ecoroofs  1 
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Table 1 – Costs and Benefits Associated with Ecoroofs 
(Only items in bold were addressed within this evaluation) 

Topic Area Benefits Costs 
Stormwater Management   
 Infrastructure (Public)  
 Reduced Stormwater Quantity  
 Avoided Stormwater Infrastructure  
 Reduced Basement Flooding  
 Reduced System Management Costs  
 Reduced Stream Mitigation 

Improvements 
 

 Watershed (Public)  
 Reduced Stream Degradation  
 Improved Natural Hydrology  
 Improved Stormwater Quality  
 Developer & Owner (Private)  
 Reduced Stormwater Fees  
 Reduced Infrastructure Costs  
Energy   
 Developer & Owner (Private)  
 Reduced Energy Demand  
 Reduced HVAC Equipment Size  
 Reduced Energy Costs  
Climate   
 Watershed (Public)  
 Reduced Urban Heat Island  
 Reduced Carbon Emissions  
 Improved Air Quality  
 Enhanced Carbon Sequestration  
Habitat   
 Watershed (Public)  
 Enhanced Habitat  
Amenity Value   
 Developer & Owner (Private)  
 Enhanced Aesthetics  
 Greater Open Space  
 Increased Property Value  
Building Development   
 Developer & Owner (Private) Developer & Owner (Private) 

 Reduced Building Insulation Increased Roof Construction Cost 
 Improved Acoustical Insulation Increased Roof O&M Costs 
 Reduced Roof Reflectivity  
 Improved Roof Durability  
 Increased FAR  
 Expedited Permitting  
 Reduced SDCs  
 Reduced Permit Fees  
 Reduced O&M  
 LEED Credits  
 Infrastructure (Public)  
 Increased Tax Revenue  
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1.2.1 Accrual of Costs and Benefits 
An important aspect to understanding costs and benefits is who accrues the cost and/or benefit. As noted 
in Table 1, costs and benefits have been organized to identify who accrues the cost or the benefit. 
Moreover, costs and benefits accrue to the entities shown in Table 2. 

Table 2 – Who Accrues Costs and Benefits from Ecoroofs? 

Public Private 
Watershed Owner 

Infrastructure Developer 

From the private sector for example, building developers pay one time construction costs. Building 
owners or tenants pay O&M costs; receive stormwater fees but also fee discounts. On the public side, 
infrastructure benefits from reduced stormwater loads and the watershed receives benefits from improved 
habitat and carbon reductions. For each criterion, we specify to whom a cost or benefit accrues. Costs and 
benefits associated with ecoroof use also have a temporal aspect. Some are just one time benefits while 
others accrue annually and over the long-term. 

1.3 LITERATURE REVIEW OVERVIEW 
A literature review was performed based on the costs and benefits identified in Table 1. Over 70 articles 
and reports were reviewed – several of which were specific to the City of Portland – of which 
approximately 50 included relevant information for this evaluation. A bibliography of literature utilized 
for this evaluation is provided in Section 4 – References. 

1.4 CERTAINTY OF INFORMATION 
In spite of the fact that a large body of literature exists on ecoroofs, U.S. markets associated with 
designing, supplying, constructing, and maintaining both the structural and vegetative components of an 
ecoroof are in their infancy. For example, no uniform design standards exist for ecoroofs as they do for 
conventional roofs. As such, many of the ecoroofs described in the studies reviewed have different design 
attributes – which makes it difficult to compare benefits and costs. Most such studies indicate the 
preliminary nature of their findings and suggest further study on a range of topics.  

Invariably, this range of topics includes more study of the roof’s potential costs and benefits. Many 
reports describe costs and benefits qualitatively or without documentation. Furthermore, limited 
information exists on Portland-specific performance, costs or benefits.  

1.5 EVALUATION ASSUMPTIONS 

1.5.1 City of Portland Focus 
Where our interpretation of the literature review allowed, we described and quantified a performance, cost 
or benefit of an ecoroof specific to Portland, Oregon. When quantitative information was not available, 
we summarized the relevant qualitative information. Given that our analysis focuses on an ecoroof 
specific to Portland conditions, our results may not be applicable to other geographic areas. 

Cost Benefit Evaluation of Ecoroofs  3 
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1.5.2 Building Scale and Scalability of Findings 
For illustrative purposes, we describe the costs and benefits for a new five-story commercial building with 
a 40,000 square-foot roof in downtown Portland. A 40,000 square-foot building footprint was also 
utilized because that is the area of a typical 200-ft by 200-ft Portland block. As such, the findings from 
this evaluation may be utilized for determining a general approximation of the benefits and costs 
associated with ecoroof implementation on a multi-block basis.   

1.5.3 Roof Description 
The literature on ecoroofs describes “intensive” and “extensive” green roofs. Intensive green roofs have a 
thick growth medium and can support a wide variety of plant species including trees and large shrubs. As 
the name implies, an intensive green roof requires significant structural support and intensive 
maintenance. Intensive green roofs are also known as roof gardens. Extensive green roofs have a thinner 
and lightweight growing medium that supports a simpler palette of plant materials. Extensive green roofs 
are also known as ecoroofs, which is the preferred term in Portland. 

For the purposes of this study, the team and BES defined a “basic” ecoroof that is appropriate for 
Portland’s climate. This includes a moisture mat, protection board, a 5-inch growing medium and gravel 
drainage, a simple irrigation system and a plant palette composed of sedums, grasses and wildflowers.  

1.5.4 Units of Measure 
Because the evaluation draws from a broad source of literature, units of measure were often different. As 
part of this evaluation, units were normalized to account for these differences in measure and variability 
in the literature. Where necessary, assumptions were made to convert values of different units. 
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2 STORMWATER MANAGEMENT AND INFRASTRUCTURE 
The City of Portland has invested hundreds of millions of dollars to manage stormwater and stormwater-
related issues including reducing combined sewer overflows, minimizing basement flooding, protecting 
endangered species and restoring watershed health. Much of these expenditures fund efforts that manage 
stormwater volumes, reduce the magnitude and extend the duration of peak flows, and improve water 
quality.  

2.1 PHYSICAL BENEFITS 

2.1.1 Stormwater Quantity 
The City of Portland has evaluated a number of stormwater BMPs and found that ecoroofs are 
highly effective at reducing stormwater volume and peak flow through detention and retention.1 
Table 3 shows a summary of stormwater quantity benefits of ecoroofs compared to conventional roofs. 

Table 3 – Summary of Stormwater Quantity Benefits 
(40,000 SF Conventional Roof vs. 40,000 SF Ecoroof) 

Roof Type Runoff Quantity 
Volume2 (gal/year):  
Conventional Roof 877,000 

Ecoroof 406,000 
Annual Volume Reduction 471,000 

Peak Flow (cfs):  
Conventional Roof 0.88 

Ecoroof 0.03 
Peak Flow Reduction 0.85 

2.1.1.1 Volume Reduction 

Monitoring performed by the City of Portland on the Hamilton Building ecoroof has shown an annual 
stormwater volume reduction of 56%.3 Because the Hamilton ecoroof is very similar to the ecoroof 
described in this evaluation and the monitoring program was the most comprehensive, 56% will be 
assumed for an annual stormwater volume reduction.  

Table 4 – Stormwater Volume Reduction 

Source Volume Reduction 
(annual) 

Literature Range 50% - 100% 
Portland Specific Range 26% - 86% 

Annual Stormwater Volume 
Reduction (%) 56% 

Table 4 shows that an annual volume reduction of 56% is consistent with other values found in Portland-
specific evaluations as well as values of the reviewed literature. Portland-specific data – based on 
monitoring from five buildings in Portland – has shown a range of stormwater volume reduction between 
                                                 
1 City of Portland, 2006, Appendix H. 
2 Volume calculations based on Portland’s average annual rainfall of 37-inches and a runoff percentage from a 
conventional roof of 95% and 44% for an ecoroof. 
3 Kurtz, p. 17. 
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26% and 86%.4 The Stormwater Marketplace Feasibility Evaluation found annual stormwater reductions 
between 25% and 75%. Results of studies outside Portland found annual stormwater volume reductions 
between 50% and 100%. For example, monitoring conducted on ecoroofs in Chicago found that the 
ecoroofs, on average, reduce annual stormwater volume by 50%.5 A report from New York State found 
that ecoroofs reduce stormwater volumes by 80% while a North Carolina study found that ecoroofs 
reduce volumes by 32% and 100%. 6,7 

It should be noted that a number of sources, including Kurtz, Hutchinson, Mentens, Monterusso, 
Jennings, and Liu, performing research in Portland, Michigan, North Carolina, Ontario, and Germany 
commented that ecoroof design, climatic and seasonal conditions and the moisture content of the growing 
medium can significantly impact an ecoroofs’ ability to reduce stormwater volume. For example, while 
Kurtz found that an ecoroof reduces annual stormwater volumes by an average of 56%, in summer 
months (May-October) the ecoroof reduced volume by 86% and in winter months (November-April) it 
reduces volumes by 47%.8  

Based on the stormwater volume reduction benefit identified above, placing an ecoroof over 100% of a 
40,000 square-foot roof in Portland would greatly reduce annual stormwater volumes. Table 3 shows a 
comparison of the annual stormwater volume generation between a conventional roof and an ecoroof.  
Based on Portland’s average annual rainfall of 37-inches, a 40,000 SF conventional roof in Portland 
would generate approximately 877,000 gallons of stormwater annually. An ecoroof, with the same area, 
would generate approximately 406,000 gallons of stormwater annually. Therefore, the annual stormwater 
reduction created by a 40,000 SF ecoroof would be approximately 471,000 gallons – a 56% reduction.    

2.1.1.2 Peak Flow Reduction 

Monitoring performed by the City of Portland on the Hamilton Building ecoroof has shown a peak flow 
reduction of 96%.9 As noted previously, the Hamilton ecoroof is similar to the ecoroof described in this 
evaluation and the monitoring program was the most comprehensive, therefore a 96% will be assumed for 
a peak flow reduction.  

Table 5 – Stormwater Peak Flow Reduction 

Source Peak Flow Reduction 
Literature Range 74% - 85% 

Portland-Specific Range 30% - 96% 
Peak Flow Reduction 96% 

Table 5 shows that 96% is consistent with other values found in Portland-specific evaluations as well as 
values of the reviewed literature. Portland’s BMP Effectiveness Evaluation found that ecoroofs reduce 
peak flow by 30% to 96%, or by an average of 60%.10 External of Portland, studies in Chicago, 
Vancouver, BC, Michigan and North Carolina, noted that ecoroofs are effective in reducing peak 
flows.11,12,13 Only a few external studies sought to quantify peak flow reduction. A study in New York 
                                                 
4 Buildings include: City of Portland Building, Multnomah County Building, Hamilton Apartments Building, Metro 
Regional Government Building, and a Portland State University Building. 
5 Prairie Ecosystems, no date, p. 6. 
6 Tillinger, et al. 2006 p. 31. 
7 Jennings, et al. 2003 in Banting, 2005, p. 18. 
8 Kurtz, p. 17. 
9 Kurtz, p. 17. 
10 City of Portland, 2006, Appendix K 
11 Graham and Kim, 2003, p. 7. 
12 Jennings et al, 2003, and Rowe et al, 2003 in Banting et al, 2005, p. 18 
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found that ecoroofs could reduce peak flow by approximately 74%14 while a North Carolina study found a 
peak flow reduction of 85%.15  

Based on the peak flow reduction benefit identified above, placing an ecoroof over 100% of a 40,000 
square-foot roof in Portland would greatly reduce peak flows. Table 3 shows a comparison of the peak 
flow generation between a conventional roof and an ecoroof for a Portland specific 25-year event (3.9 
inches over 24 hours) based on Santa Barbara Urban Hydrograph methodology. For a 25-year event, a 
40,000 SF conventional roof would generate a peak flow of 0.88 cfs. An ecoroof, with the same 40,000 
SF area, would generate a peak flow of 0.03 cfs, reducing peak flow from a conventional roof by 0.85 cfs 
– a 96% reduction.   

2.2 ECONOMIC BENEFITS 
Reducing the quantity of stormwater entering public stormwater systems through the use of ecoroofs not 
only benefits stormwater system performance but also creates considerable economic benefits for both 
public and private sectors. Table 6 shows both public and private benefits. 

Table 6 – Summary of Economic Benefits Related to Stormwater Mangement 
(40,000 SF Ecoroof) 

Benefit Value 
Public Benefits  

Avoided Public Stormwater System Improvements $60,700 
Avoided Public Stormwater System O&M (annual) $0 

Private Benefits  
Avoided Private Stormwater System Improvements $69,000 

Avoided Private Stormwater User Fee (annual) $1,330 

2.2.1 Public Benefits 

2.2.1.1 Avoided Public Stormwater System Improvements 

Reducing the quantity of stormwater entering Portland’s stormwater system would save the City money. 
For areas served by combined sewer, it currently costs the City $2.71/SF in infrastructure costs to manage 
stormwater generated from impervious area.16 As such, the City has a one-time expenditure of 
approximately $108,400 to manage stormwater generated from a 40,000 SF conventional roof. Since an 
ecoroof retains 56% of the total volume of stormwater runoff, the avoided cost to the City of not 
managing this amount of stormwater would be a one-time cost savings of $60,700 from a 40,000 SF 
ecoroof.17 

                                                                                                                                                             
13 Prairie Ecosystems, no date, p. 6. 
14 Tillinger, et al., 2006, p. 33. 
15 Moran, et al., 2004, p. 1. 
16 Dan Vizzini, Bureau of Environmental Services, City of Portland, 2008. 
17 $108,400 * 0.56 = $60,700. 
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2.2.1.2 Avoided Public Stormwater System O&M 

Reducing the quantity of stormwater entering Portland’s stormwater systems would also reduce annual 
O&M costs, such as operations, maintenance, administration, education, and monitoring. Currently, 
Portland spends $0.095 per SF of impervious area annually ($95/1000 SF) to manage stormwater 
generated from public and private sources. 18 For a 40,000 SF conventional roof, this would be $3,800 in 
O&M costs. Table 4 shows that the ecoroof reduces the volume of stormwater runoff by 56%. The City 
estimates, however, that this volume reduction results in only a 35% reduction in associated O&M costs.19 
Thus, reductions in stormwater volume from the 40,000 SF ecoroof would save the city approximately 
$1,330 in annual O&M costs.20 Under the City’s Clean River Rewards program, however, the City passes 
this benefit along to the building’s owner or tenant in reduced stormwater fees. Assuming that a private 
owner of the building would apply for the stormwater management fee discount (see section 2.2.2.2 
below), then the City’s O&M savings of $1,330 would go to the private owner or tenant, and is not 
counted here. 

2.2.2 Private Benefits 

2.2.2.1 Avoided Private Stormwater Improvements 

Although there are not Portland-specific examples, a number of studies outside of Portland support the 
claim that using ecoroofs reduces the size of private stormwater management facilities. According to a 
two-year study of ecoroofs in Seattle, the use of ecoroofs allowed developers to reduce the size of other 
stormwater management facilities thereby offsetting the cost of the ecoroof by 30% to 60%.21 This is 
supported by the qualitative finding by the City of Waterloo which estimated that the use of ecoroofs 
reduced the cost of other stormwater facilities.22 Assuming a conservative cost offset of 30% from the 
Seattle study above, the cost of a 40,000 SF ecoroof would be offset by $69,000 for a $230,000 ecoroof 
(see Table 11 for ecoroof cost). This would be a one-time benefit accrued by the building developer. 

2.2.2.2 Reduced Private Stormwater Fee (private owner benefit) 

For a commercial building in Portland, a monthly stormwater fee of $7.91/1,000 SF of impervious area is 
assessed to support the City’s stormwater system (this equals an annual stormwater fee of approximately 
$95/1,000 SF). Portland provides a stormwater fee discount for properties that reduce effective 
impervious area – thus reducing quantity of stormwater entering the public stormwater system. Of the 
$7.91, only $2.77 (35%) is eligible for a fee discount as the remaining $5.14 is still needed by the City for 
management of stormwater generated from public right-of-way impervious area. For a 40,000 square-foot 
conventional roof, the monthly stormwater fee would be $316.40. A conventional roof does not qualify 
for the City’s stormwater discount because the roof actually causes the stormwater runoff that the City 
manages. Installation of a 40,000 SF ecoroof would earn the full 35% discount and this monthly discount 
which would accrue to the building owner or tenant – $110.74 per month or approximately $1,330 
annually.  

                                                 
18 City of Portland, 2008. 
19 This is due to the fact that runoff originating from private property, such as roofs, is relatively cleaner and less 
expensive to manage than runoff originating from public property, such as streets, where runoff is dirtier, flashier, 
hotter, and generally more expensive to manage. Personal communication with D. Vizzini, October 23, 2008. 
20 $3,800 * 0.35 = $1,330. 
21 Post, 2007, p. 1. 
22 City of Waterloo, 2004, p. 22.  
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3 ENERGY 
Ecoroofs provide energy benefits for buildings by reducing building energy demand. The insulative 
properties of an ecoroof reduce energy demand for both heating and cooling. This reduced energy demand 
also reduces building energy costs. 

3.1 PHYSICAL BENEFITS 
Table 7 summarizes the performance benefits of ecoroofs regarding energy demand reduction. 

Table 7 – Summary of Energy Demand Reduction Benefits 
(Conventional Roof vs. 40,000 SF Ecoroof) 

Source Energy Reduction 
(annual) 

Cooling:  
Conventional Roof -- 

Ecoroof -- 
Cooling Reduction 6800 kWh 

Heating:  
Conventional Roof -- 

Ecoroof -- 
Heating Reduction 800 therms 

3.1.1 Reduced Energy Demand 
Ecoroofs provide insulation to buildings thereby increasing building energy efficiency. However, only a 
small number of studies have focused on quantifying this benefit. A recent study by Quantec modeled the 
heating and cooling benefits of ecoroof use in Portland. The study found that an ecoroof reduced energy 
demand by 12% with an annual cooling savings was 0.17 kWh/SF for electricity and heating savings of 
0.02 therms/SF for natural gas.23 Table 8 shows these benefits.24 

Table 8 – Annual Energy Demand Reduction from Ecoroofs 

Source Energy Reduction  
(per SF/year) 

Total Energy  
(heating & cooling): 

 

Literature Range 5% - 15%  
Portland-Specific Range 12% 

Total Energy Demand Reduction 12% 
Cooling (electricity):  

Literature Range -- 
Portland-Specific Range 0.17 – 0.63 kWh 

Cooling Demand Reduction 0.17 kWh 
Heating (natural gas):  

Literature Range -- 
Portland-Specific Range 0.02 therms 

Heating Demand Reduction 0.02 therms 

                                                 
23 Lee, et al, 2007, p. 6, 9. 
24 It should be noted that this Portland study was based on a single-story 17,500 SF building. 
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Studies outside of Portland, while only focusing on reduced cooling demand, found similar results 
regarding reduction in total energy demand for buildings – 5%-15% .25 26 Moreover, in a local Portland 
study, ecoroofs were effective in reducing annual cooling and heating by 0.63 kWh/SF and 0.02 
therms/SF respectively. 27 As a result, the demand reduction values shown in Table 10 are consistent with 
local and national findings.28 

3.2 ECONOMIC BENEFITS 
Table 9 below shows the economic benefits of ecoroof use for public and private entities. 

Table 9 – Summary of Economic Benefits Related to Energy 
(40,000 SF Ecoroof) 

Benefit Value 
Private Benefits  

Reduced Energy Demand (annual) $1,480 

3.2.1 Private Benefits 

3.2.1.1 Reduced Building Energy Costs 

The cost savings associated with the energy demand reduction benefits established above are shown in 
Table 10. Cooling savings are based on an electricity cost of $0.10/kWh and heating savings are based on 
a natural gas cost of $1.00/therms. 29 

Table 10 – Reduced Heating and Cooling Costs Associated with Ecoroof Use 
(40,000 SF Ecoroof) 

Type Value 
(annual) 

Reduced Energy Costs:  
Reduced Cooling Costs (annual) $680 
Reduced Heating Costs (annual) $800 
Annual Energy Cost Reduction $1,480 

Related to energy demand reduction, the annual economic benefit of utilizing an ecoroof would be 
$1,480. This savings would be accrued annually by the building owner or tenant. 

                                                 
25 Dawson, 2002, p. 2. 
26 Acks, 2006, p. 44. 
27 Lee, 2004, p. 7. 
28 Lee, et al, 2007 p. 6-9 noted that energy reduction associated with an ecoroof depends on the size of the roof 
versus the number of floors in the building. For example, an ecoroof of the same size on a five-story building will 
generate the same amount of energy savings as one on a one-story building. Conversely, the reduction in total 
energy consumed by a building is inversely proportional to the number of floors in the building. The fewer the 
number of floors in the building, the greater percentage of total energy savings will result from ecoroof use. 
29 Lee, et al, 2007, p. 6, 9. Note, as energy prices continue their expected increase in the future, these cost savings 
will also increase. 
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4 CLIMATE  
Although small, an individual ecoroof provides a number of benefits associated with slowing climate 
change. Ecoroofs help reduce the urban heat island effect which in-turn reduces the amount of energy 
needed to cool a building – and reduce the carbon emissions associated with energy generation. In 
addition, ecoroofs also provide an air quality benefit by reducing concentrations of particulate matter. 
These results take on added significance given current concerns over global climate change.  

4.1 PHYSICAL BENEFIT 
Table 11 shows a summary of performance benefits related to climate for ecoroof use. 

Table 11 – Summary of Climate Benefits 
(Conventional Roof vs. 40,000 SF Ecoroof) 

Source Quantity 
(annual) 

Avoided Carbon Emissions:  
Conventional Roof -- 

Ecoroof -- 
Avoided Carbon Emissions 5 tons 

Improved Urban Heat Island:  
Conventional Roof -- 

Ecoroof -- 
Improved Urban Heat Island 0.0025 F 

Improved Air Quality 
 – (particulates): 

 

Conventional Roof -- 
Ecoroof -- 

Particulates Reduction 1,600 lbs 

4.1.1 Avoided Carbon Emissions 
Energy generation through traditional sources such as coal and natural gas creates carbon emissions. As 
such, the reduction of energy demand from ecoroof use would also reduce carbon emissions – assuming 
the energy supplied to the building was from traditional sources. 

Table 12 – Annual Carbon Reduction 

Source Carbon Reduction 
(per SF/year) 

Literature Range -- 
Portland-Specific Range 0.000125 

Avoided Carbon Emissions 5 tons 
 
Based on an energy generation mix of a local provider, a 6,800 kWh/year energy reduction provided by 
an ecoroof would also reduce carbon emissions by approximately 5 tons of CO2 per year.30  

                                                 
30 Carbon reduction value is based on the carbon emissions associated with energy generation assumed in the Lloyd 
Crossing Sustainable Design and Development Strategies, 2004. 
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4.1.2 Reduced Urban Heat Island Effect 
Ecoroofs reduce the impact of the urban heat island effect by reducing building surface temperatures. The 
Central Eastside Industrial District (CEID) Ecoroof Study of Portland found that ecoroofs reduce peak 
summer temperatures by 0.0025 degrees F per acre. 

Table 13 – Annual Urban Heat Island Effect Improvements 

Source Temp. Reduction 
(per Acre/year) 

Literature Range -- 
Portland-Specific Range 0.002 - 0.003 F 

Improved Urban Heat Island 0.0025 F 

The CEID study estimated that if ecoroofs are installed on every building within the 300 block 
CEID area, peak summer temperatures would be reduced by approximately 0.5-0.9 degrees F. 
Moreover, a cooling effect is generated that would benefit adjacent neighborhoods. Overall, the 
CEID ecoroof strategy would reduce the urban heat island by 1%. Other studies describe this 
same phenomenon but did not quantify the affect on urban heat island effect. For example, 
temperature monitoring on a summer day from the ecoroof on Chicago’s City Hall has shown 
high temperatures between 91 to 119 degrees F while readings from an adjacent black-tar roof 
recorded a high of 169 degrees F.31 

4.1.3 Improved Air Quality 
Ecoroofs have been found to improve air quality by filtering the air that moves across them trapping 
particulate matter. Two researchers working independently on separate ecoroofs calculated that each 
square foot of ecoroof filters approximately 0.04 pound of dust and particulate matter out of the air.32  

Table 14 – Annual Air Quality Improvements (particulates) 

Source Value (per SF/Year) 
Literature Range 0.04 lbs 

Portland-Specific Range -- 
Particulate Reduction 0.04 lbs 

For a 40,000 SF ecoroof, annual particulate reduction would be approximately 1,600 lbs/year. 

                                                 
31 The City of Chicago, no date, p. 1. 
32 Peck and Callagan, 1999, p. 19; The Harvard Green Campus Initiative (no date), p.4; Acks, 2003, in Banting et al., 
2005, p. 30. 

RB-AR8516



City of Portland BES Sustainable Stormwater Ecoroof Evaluation 
 

Cost Benefit Evaluation of Ecoroofs  13 

4.2 ECONOMIC BENEFITS 
Table 15 summarizes the economic benefits accrued by both public and private entities regarding ecoroof 
use and climate. 

Table 15 – Summary Economic Benefits Related Climate 
(40,000 SF Ecoroof) 

Benefit Value 
Public Benefits  

Avoided Carbon Emissions (annual) $29 
Improved Urban Heat Island Effect (annual) -- 

Improved Air Quality (annual) $3,024 

4.2.1 Public Benefit 

4.2.1.1 Avoided Carbon Emission Costs 

Current estimates place a value of avoided carbon emission at $5.75 per ton of CO2.33 The value of 
carbon reduction associated with our example roof is $29 per year.34 This benefit would accrue to the 
general population. 

                                                

4.2.1.2 Avoided Urban Heat Island Costs 

Beyond the reduction of carbon emissions associated with energy generation, additional 
economic benefits associated with urban heat island have not been established based on the 
literature reviewed for this evaluation. 
 
4.2.1.3 Avoided Air Quality Costs 

A survey of studies that estimated the economic value of reduced concentrations of air pollutants 
calculated the economic value of reduced particulate matter at $1.89 per pound, based on avoided health-
care costs.35 Multiplying these amounts for our example 40,000 SF ecoroof yields clean-air values of 
$3,024 for reduced particulate matter.36 

 
33 Chicago Climate Exchange, www.chicagoclimatex.com/market/data/daily.jsf. Prices as of March 27, 2008 for a 
metric ton of CO2. 
34 Five tons of CO2/year * $5.75/ton = $28.75/year. 
35 Matthews and Lave, 2000, p. 1392. Reported values converted to 2007 dollars using the Consumer Price Index. 
36 A reduction of 1,600 pounds/year of particulate matter * $1.89/pound = $3,024/year of avoided health-care costs. 
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5 HABITAT 
5.1 PHYSICAL BENEFITS 

Table 16 summarizes the performance benefits of ecoroofs regarding habitat creation. 

Table 16 – Summary of Habitat Benefits 
(Conventional Roof vs. 40,000 SF Ecoroof) 

Source Habitat Created 
Conventional Roof 0 

Ecoroof 40,000 SF 
Habitat Creation Benefit 40,000 SF 

5.1.1 Habitat Creation 
Ecoroofs can provide islands of protected habitats for some species in an otherwise highly-developed 
urban environment where rooftops are almost void of any life. Ecoroofs can provide stepping-stone or 
island habitats. Stepping-stone habitat provides resting, feeding or nesting habitats for birds and insects, 
and new habitat for bird-, insect-, or air-borne seeds. In urban areas, ecoroofs can provide elevated 
ecosystems that offer protection from ground-level predators, traffic noise and other human 
disturbances.37  

Studies in England and Switzerland indicate that the potential for habitat for insects is promising. One 
survey of ecoroofs in Switzerland found 12,500 individual spiders. Another roof found 79 beetle species 
and 40 spider species. 38 In London, two roofs of 180 square meters had 3,000 individual spiders with 59 
species represented. Researchers are currently collecting data on other species, such as butterflies and 
grasshoppers. 39 Designers in Germany are experimenting with the creation of specific habitat types on 
green roofs. Several buildings in Germany have created wetlands on their green roofs, including a 
constructed treatment wetland on the roof of a John Deere factory.40 

Research on the habitat value of ecoroofs is just emerging, with initial findings coming from Europe. 
Research specific to Portland was not found, although anecdotal sightings of dragonflies, damselflies, and 
birds confirm that ecoroofs can provide habitat in Portland.41 More recently, researchers have been 
exploring the ecoroof potential for ground-nesting bird habitat. In Portland, naturalists have discussed the 
possibility of creating night hawk habitat through the integration of gravel with the ecoroof. 

5.2 ECONOMIC BENEFITS 
Table 17 – Summary of Economic Benefits Related to Habitat 

(40,000 SF Ecoroof) 

Benefit Value 
Public Benefits  
Habitat Creation $25,300 

                                                 
37 Prairie Ecosystems, no date, p. 8. 
38 Brenneisen, no date, no number. 
39 Gedge and Kadas, 2005, p. 
40 Earth Pledge, 2005, p. 28, 88, 90, 100 
41 Tom Liptan, Bureau of Environmental Services, City of Portland 
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5.2.1 Public Benefits 

5.2.1.1 Habitat Creation 

Although the literature reviewed did not quantify the potential habitat values of ecoroofs, the promise of 
increased habitat values in urban environments makes it an important issue for further study. To the 
extent that an ecoroof provides habitat of comparable type and quality to that protected or restored by the 
City of Portland, such a roof can represent an avoided-cost benefit to the City. That is, the City gains 
habitat above-and-beyond the amount it would have had, without additional expenditures to restore or 
maintain the habitat.  

Assuming one acre of upland habitat creation in Portland costs approximately $275,000 ($250,000 to 
purchase and $25,000 to restore), and accounting for the area difference between the ecoroof (40,000 SF) 
and an acre (43,560 SF), the ecoroof of habitat represents an avoided cost of constructing habitat of 
$253,000.42 43 It should be noted that an ecoroof would not provide the same level of benefits of a fully 
restored acre of land and therefore a 1:1 value avoidance transfer would not be appropriate. As such, it 
will be assumed that 10% of the avoided cost will be associated with an ecoroof – or $25,300. This would 
be a one-time benefit to the City. 

                                                 
42 40,000 SF/43,560 SF = 0.92 * $275,000 = $253,000. 
43 The purchase price for one-acre of Portland for habitat creation between 2004-2007 was approximately $185,000; 
however, recent purchase prices have averaged approximately $320,000 per acre. For this evaluation, an average 
purchase price of $250,000 will be assumed. Eli Callison, Bureau of Environmental Services, City of Portland, 2008  
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6 AMENITY VALUE 
6.1 PHYSICAL BENEFITS 

6.1.1 Amenity Value 
An ecoroof can potentially provide two types of amenity values. Building occupants, if they have access 
to the roof, may derive amenity value from visiting the ecoroof similar to value they associate with 
visiting parks or other passive recreation locations. In this case, an ecoroof is a unique resource given its 
height, urban setting and the associated views. Studies show that occupants of buildings surrounding a 
building with an ecoroof may also derive amenity values associated with viewing the roof. An ecoroof 
can also enhance the view of a well-designed building or help disguise a poorly designed roof or rooftop 
equipment. Ecoroofs can also help buildings blend into the surrounding area. For example, the ecoroof on 
Vancouver, BC’s public library was designed to provide a visual amenity for occupants of surrounding 
office buildings.44 

6.2 ECONOMIC BENEFITS 
Table 18 – Summary of Economic Benefits Related to Amenity Value 

(40,000 SF Ecoroof) 

Benefit Value 
Private Benefits  

Annual Amenity Value -- 

6.2.1 Private Benefits 

6.2.1.1 Increased Amenity Value 

Limited information was found to quantify amenity value. A survey of tenants of buildings in Toronto 
topped with ecoroofs found that building residents “greatly value” having access to the green roof, and 
that the green roofs improved the buildings’ aesthetic values.45 A study in Vancouver, BC stated that rates 
at a local hotel for rooms adjacent to a 2,100 SF ecoroof herb garden were $80 more per night than 
comparable rooms at a local hotel.46 The City of Waterloo estimated the value of an ecoroof as 
comparable to creating parkland, and assigned it a value of $0.14/ SF. 47  

These data illustrate that an ecoroof can provide amenity values. However, given the available data on 
this variable we could not calculate an amenity value for an ecoroof in Portland with an acceptable degree 
of certainty. 

                                                 
44 Peck and Callaghan, 1999, p. 31. 
45 Banting et al., 2005, p. 24, 27. 
46 Paladino & Co., 2004, p. 10; The Cascadia Chapter of the US Green Building Council and the Canada Green 
Building Council, no date, p. 2.  
47City of Waterloo, 2005, p. 22.  
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7 BUILDING DEVELOPMENT 
There are a number of building associated costs and benefits attributed to ecoroofs. Costs include 
construction costs and annual O&M. Benefits may include density bonuses, increased roof longevity and 
reduced HVAC equipment sizing.  

7.1 PHYSICAL COSTS 
Although ecoroofs do cost more than conventional roofs to construct, it appears that most ecoroofs may 
be excessively designed and that a simple ecoroof would provide similar benefits at a reduced 
construction cost.  

Table 19 – Roof Cost Comparison 
(Conventional Roof vs. 40,000 SF Ecoroof) 

Source Cost 
Construction Cost:  
Conventional Roof $400,000 

Ecoroof $630,000 
Increased Construction Cost $230,000 

Annual O&M:  
Conventional Roof $400 

Ecoroof $1,000 
Increased O&M Cost $600 

7.1.1 Ecoroof Construction Cost 
Ecoroofs vary greatly in cost. Costs are dependent on a number of factors such as the height from street-
level that roof materials must be transported, the type and thickness of the growth medium, the number 
and type of plants, if the plantings require an irrigation system, and if the roof is new construction or 
retrofitting an existing roof.48 For the purposes this evaluation, a simple ecoroof that represents the bare 
minimum components that will function effectively in Portland’s climate and yield the range of benefits 
was assumed. Table 20 shows the ecoroof’s components and associated costs.  

Table 20 – Ecoroof Construction Cost Estimate49 
(40,000 SF) 

Element Cost 
(per SF) 

Moisture Mat $0.50 
Protection Board $0.25 

5-inch Growing Medium (with gravel 
drainage) 

$2.00 

Plantings (sedums and grasses) $2.00 
Irrigation System $0.50 

Plant Establishment (labor cost) $0.50 
Total Cost of Ecoroof Components $5.75 

                                                 
48 Banting, et al., 2005, pp. 28-29; Livingroofs.org and Ecologyconsultancy, No date, pp. 24-25. 
49 Source: Tom Liptan, City of Portland BES, 2007. 
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It should be noted that the costs shown in Table 23 represent the costs of constructing only the “green” 
portions of the ecoroof and should be considered as additional costs to those of a conventional roof – as 
such, waterproofing, flashing and other elements associated with conventional roof construction have not 
been included. Moreover, the simple ecoroof described above contains growth medium and plants 
specific for Portland’s climate and no drainage mat or other unnecessary structural material. 

Assuming a conventional roof construction cost of $10.00/SF ($400,000 for a 40,000 SF roof), total 
ecoroof cost would be approximately $15.75/SF ($630,000 for a 40,000 SF roof). This additional cost 
appears on the low side of the cost estimates from the literature reviewed where costs were found from 
$10 - $25/SF or more per square foot.50 We note however, that this ecoroof was designed specifically for 
Portland’s climate and uses a basic design that includes minimum inputs such as growth medium and 
plants. The literature does report lower construction costs. For example, the 500,000 SF ecoroof installed 
on the Ford Motor Company’s River Rough Plant cost an average of $4.00/SF.51  

Table 21 – Summary of Increased Roof Construction Cost  
(40,000SF) 

Source Cost 
(per SF) 

Literature Range $4-$25 
Portland-Specific Range $3.50 - $8.00 

Assumed Construction Cost $5.75 
 

7.1.2 Ecoroof Operations and Maintenance 
Similar to conventional roofs, ecoroofs require regular maintenance to preserve performance. Ecoroof 
O&M typically includes visual inspections once or twice a year, repair, removing weeds, irrigation if 
required, and plant maintenance. O&M for simple ecoroof is estimated to cost approximately $0.025/SF 
annually or $1,000 annually for a 40,000 SF ecoroof. O&M for an equally sized conventional roof would 
cost approximately $0.01/SF or $400 annually.52 The literature describes a wide range of O&M costs for 
ecoroofs which reflects the diversity of practices in the US and Europe. O&M costs reported in these 
studies range from $0.06/SF to $1.25/SF annually. 53 O&M reported for a Portland ecoroof was 
approximately $0.025/SF. This cost is less than that reported in the literature because the ecoroof is 
specifically designed to be low maintenance and contains Portland-appropriate plants. 

Table 22 – Annual Ecoroof O&M Cost 

Source O&M Cost 
Literature Range $0.06 - $1.25/SF  

Portland-Specific Range $0.025/SF 
Assumed Annual O&M $0.025/SF 

7.2 PHYSICAL BENEFITS 
A number of building-specific physical benefits may be received through the use of ecoroofs. Specific to 
Portland, these include increased roof longevity and reduced HVAC equipment size. Table 23 shows a 
summary of performance benefits. 
                                                 
50 Acks, 2006, p. 43. 
51 Greenroofs.com, no date, p. 3-4. 
52 Tom Liptan, Bureau of Environmental Services, City of Portland, 2007. 
53 Acks, 2006, p. 44. 
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Table 23 – Summary of Climate Benefits 
(Conventional Roof vs. 40,000 SF Ecoroof) 

Source Benefit 
Roof Longevity:  

Conventional Roof 20 years 
Ecoroof 40 years 

Increased Roof Longevity 20 years 
HVAC Equipment Sizing:  

Conventional Roof -- 
Ecoroof -- 

Reduced HVAC Size 7% 

7.2.1 Roof Longevity 
The growth medium and plantings of an ecoroof help protect the roof’s waterproof membrane from ultra-
violet radiation, extreme temperature fluctuations and damage from use or maintenance. This protection 
may extend the life of the roof by two to three times that of a conventional roof.54 This analysis assumes 
that a conventional roof has a life expectancy of 20-years, and an ecoroof has a life expectancy of 40-
years.55 Forty-years is consistent with international findings where researchers expect that ecoroofs will 
keep 50 years or more. For example, old ecoroofs in Berlin demonstrate a life span of more than 90 years 
before important repairs or replacement may be required.56 

7.2.2 HVAC Equipment Sizing 
Because ecoroofs provide additional insulation, heating and cooling a building may require less energy. 
Depending on the size of the building relative to the square footage of the ecoroof, (the fewer the number 
of floors in the building the more pronounced will be the impact) the building may be able to operate with 
a smaller HVAC system, thus saving the building owner money. Furthermore, by lowering the ambient 
air temperature on the roof, ecoroofs can help pre-cool the air that is taken in by HVAC systems, thus 
lowering the cooling demand and related expenses.57 Although HVAC equipment size was not estimated 
in this evaluation, a one building study by The Farnsworth Group calculated that by using an ecoroof the 
capacity of the building’s cooling system was reduced by 7%.58  

7.3 ECONOMIC BENEFITS 
Table 24 – Summary of Economic Benefits Related to Building Development 

(40,000 SF Ecoroof) 

Benefit Value 
Private Benefits  
Roof Longevity $600,000 

HVAC Equipment Sizing $21,000 

                                                 
54 Peck and Callaghan, 1999, p. 30; Saiz et al., 2005, p. 4315; Paladino, 2004, p. 3, 5; Porsche and Kohler, 2003, p. 
462; Wong, et al., 2003, p. 501; Acks, 2006, p. 44. 
55 Tom Liptan, Bureau of Environmental Services, City of Portland. 
56 Porsche and Kohler, 2003, p. 462. 
57 Peck and Callaghan, 1999, p. 23. 
58 Farnsworth Group, no date, p. 1. HVAC cooling reduction based on a one-floor building. 
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7.3.1 Private Benefits 

7.3.1.1 Roof Longevity 

Assuming that a conventional roof has a life span of 20-years, it would need to be replaced or 
significantly repaired once over the period of an ecoroof’s expected life (40 years). The cost of re-roofing 
over existing membranes is at least $15/SF. Not needing to replace or significantly improve the 
conventional roof twice would provide an avoided cost of $600,000.59 

7.3.1.2 HVAC Equipment Sizing 

No information specific to Portland was found to quantify this economic benefit. A California study 
found that lower cooling demands can allow downsizing of air conditioning in buildings, providing an 
additional savings of about $0.10 per square foot in capital costs.60 HVAC installation costs for a 
conventional building have been estimated at $15/SF which would total $3-million for a 5 story building 
with 40,000 SF per floor.61 Assuming half the HVAC cost is associated with cooling and a per floor 
HVAC cost of $600,000, per floor cooling costs would total approximately $300,000. The use of an 
ecoroof would reduce HVAC cooling equipment size for one floor by 7% generating a $21,000 savings.62 

7.4 DENSITY BONUS 
Constructing a building in Portland with an ecoroof may qualify the development for a density bonus that 
allows exceeding the permitted cap that would otherwise apply to the building’s maximum square 
footage. The density bonus, known as a floor-area-ratio (FAR), for ecoroofs in Portland varies between 
one additional square foot of development per square foot of ecoroof, a 1:1 ratio, to a 3:1 ratio, or three 
feet of additional development per square foot of ecoroof. To date in Portland, developers have taken 
advantage of the ecoroof FAR by constructing approximately 260,000 SF of ecoroofs, which permitted an 
additional 600,000 SF of developable area–roughly a 2:1 ratio. Portland allows other types of FAR 
bonuses and not all developments that qualify for the ecoroof FAR bonus take advantage of it.63 For this 
reason the economic benefits attributed to the ecoroof FAR bonus are not included in the summary of 
calculated costs and benefits reported in Table 25.  

For illustrative purposes however, what might the benefits be to a developer and the City should the 
ecoroof FAR bonus be utilitized? Assuming a 2:1 density bonus applied to a 40,000 SF ecoroof will allow 
for 80,000 SF of additional building area and a condo building in Portland sells for $450/SF, a 
developer’s revenue for the building would increase by $36 million.64 The City would also benefit through 
increased property taxes on the additional building area – assuming that the additional building area 
would not have been built elsewhere in the City or without the density bonus. The additional tax revenue 
to the City would be approximately $378,000 – assuming the assessed value of the additional building 
area is $18 million, or half the market value, and it is taxed at a tax rate of $21/$1,000 of assessed value.  

                                                 
59 This analysis assumes that the conventional roof would be replaced in year 20 of our analysis. Accounting for 
inflation of construction costs during this time, and discounting the future construction costs back to 2008 dollars, 
the costs savings of future replacement in 2008 dollars is $561,718. See the “Roof Longevity” calculation in the 
tables in the Appendix for the details of this calculation. 
60 Kats, et al., 2003, p. 79. 
61 Tom Liptan, Bureau of Environmental Services, City of Portland. 
62 This underestimates the total cost savings because it excludes savings associated with reduced heating capacity of 
the HVAC system. 
63 For example, constructing a mixed-use development may qualify the project for a FAR of 9:1. 
64 This illustrative analysis assumes that the increased supply of FAR-related buildable area has no impact on the 
market value of condo developments in Portland. Profit per SF is the preferred measure of economic benefit, 
however, profit data are unavailable at this time. 
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8 SUMMARY OF ECOROOF COSTS AND BENEFITS 
The cost and benefit findings reported in the preceding tables have been summarized in Table 25. Table 
25 also includes total costs and benefits at five years after development and at forty years, the expected 
useful life of the ecoroof. See the Appendix for details of the calculations of future costs and benefits, and 
the associated inflation and discount factors. All dollar amounts in Table 25 are in year 2008 dollars. 

At five years, the calculated costs of the ecoroof exceed benefits by about $15,000. However, the benefits 
estimated may be conservative because data constraints prevented calculating economic benefits 
associated with peak flow reduction, amenity value, carbon sequestration and improved heat island effect. 
By forty years after development, the calculated economic benefits exceed costs by approximately 
$700,000. In both the five-year and forty-year time period, the public benefit of the ecoroof is positive. 

The costs and benefits identified in this evaluation clearly show that investment in ecoroof construction 
generates, in the long run (40-year), significant benefits both to developers and building owners as well as 
to the public stormwater system and the environment. However, from a short-term (5-year) perspective – 
one typically associated with developers – benefits accrued by a developer for ecoroof construction would 
only account for approximately half the cost of the ecoroof. Benefits do not appear to exceed costs until 
year 20 when an avoided cost of conventional roof replacement would be accrued. This finding likely 
accounts for the limited implementation of ecoroofs in Portland and beyond. It should be noted that over 
that same short-term period, benefits accrued to Portland’s stormwater system and environment are 
positive. As such, Portland may want to evaluate ecoroof incentive options for developers to further 
animate ecoroof implementation in the city.  
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Table 25 – Summary of Ecoroof Costs and Benefits  

Focus Area Costs Benefits Summary 

 one-time annual one-time annual 
5 year 

(in 2008$s) 
40 year 

(in 2008 $s) 
Private Costs and Benefits       
Stormwater Management       

volume reduction    $1,330 $6,822 $45,866 
peak flow reduction1    -- -- -- 

Energy       
cooling demand reduction    $680 $3,424 $19,983 
heating demand reduction    $800 $4,028 $23,509 

Amenity Value       
amenity value1    -- -- -- 

Building       
ecoroof construction cost ($230,000)    ($230,000) ($230,000) 
avoided stormwater facility cost   $69,000  $69,000 $69,000 
increased ecoroof O&M cost  ($600)   ($3,077) ($20,677) 
roof longevity (over a 40 year period)   $600,000  -- $474,951 
HVAC equipment sizing   $21,000  $21,000 $21,000 

Total Private Costs and Benefits ($230,000) ($600) $690,000 $2,810 ($128,803) $403,632 

Public Costs and Benefits       
Stormwater Management       

reduced system improvements   $60,700  $60,700 $60,700 
Climate       

carbon reduction    $29 $145 $845 
carbon sequestration1    -- -- -- 
improved urban heat island1    -- -- -- 
improved air quality    $3,024 $15,515 $104,576 

Habitat       
habitat creation   $25,300  $25,300 $25,300 

Total Public Costs and Benefits $0 $0 $86,000 $3,053 $101,660 $191,421 

Total Costs and Benefits     ($27,143) $595,053 

 
1 The economic literature reports that an ecoroof can provide these economic benefits, however, data are unavailable 
at this time that would allow calculating a dollar amount for these benefits for an ecoroof in Portland.
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Reduced Stormwater User Fee (Volume Reduction)

Year
Discount 

Year

Inflation 

Rate1

Value in 

Future Dollars

Discount 

Rate2

Discount 

Factor

Value in 

2008 Dollars

2008 0 2.94% $1,330.00 0.00% 1.00 $1,330.00
2009 1 2.94% $1,369.16 1.33% 0.99 $1,351.18
2010 2 2.94% $1,409.46 1.59% 0.97 $1,365.69
2011 3 2.94% $1,450.96 1.71% 0.95 $1,379.00
2012 4 2.94% $1,493.67 1.71% 0.93 $1,395.73
2013 5 2.94% $1,537.65 2.36% 0.89 $1,368.38
2014 6 2.94% $1,582.92 2.36% 0.87 $1,376.18
2015 7 2.94% $1,629.52 2.78% 0.83 $1,344.93
2016 8 2.94% $1,677.49 2.78% 0.80 $1,347.07
2017 9 2.94% $1,726.88 2.78% 0.78 $1,349.22
2018 10 2.94% $1,777.71 3.34% 0.72 $1,279.90
2019 11 2.94% $1,830.05 3.34% 0.70 $1,275.00
2020 12 2.94% $1,883.93 3.34% 0.67 $1,270.11
2021 13 2.94% $1,939.39 3.34% 0.65 $1,265.25
2022 14 2.94% $1,996.49 3.34% 0.63 $1,260.40
2023 15 2.94% $2,055.26 3.34% 0.61 $1,255.57
2024 16 2.94% $2,115.77 3.34% 0.59 $1,250.76
2025 17 2.94% $2,178.06 3.34% 0.57 $1,245.96
2026 18 2.94% $2,242.18 3.34% 0.55 $1,241.19
2027 19 2.94% $2,308.19 3.34% 0.54 $1,236.43
2028 20 2.94% $2,376.14 4.15% 0.44 $1,053.63
2029 21 2.94% $2,446.10 4.15% 0.43 $1,041.43
2030 22 2.94% $2,518.11 4.15% 0.41 $1,029.37
2031 23 2.94% $2,592.24 4.15% 0.39 $1,017.45
2032 24 2.94% $2,668.56 4.15% 0.38 $1,005.67
2033 25 2.94% $2,747.12 4.15% 0.36 $994.02
2034 26 2.94% $2,828.00 4.15% 0.35 $982.51
2035 27 2.94% $2,911.25 4.15% 0.33 $971.13
2036 28 2.94% $2,996.96 4.15% 0.32 $959.89
2037 29 2.94% $3,085.19 4.15% 0.31 $948.77
2038 30 2.94% $3,176.02 4.17% 0.29 $932.40
2039 31 2.94% $3,269.52 4.17% 0.28 $921.43
2040 32 2.94% $3,365.77 4.17% 0.27 $910.58
2041 33 2.94% $3,464.86 4.17% 0.26 $899.87
2042 34 2.94% $3,566.87 4.17% 0.25 $889.28
2043 35 2.94% $3,671.88 4.17% 0.24 $878.81
2044 36 2.94% $3,779.98 4.17% 0.23 $868.47
2045 37 2.94% $3,891.26 4.17% 0.22 $858.25
2046 38 2.94% $4,005.82 4.17% 0.21 $848.14
2047 39 2.94% $4,123.75 4.17% 0.20 $838.16
2048 40 2.94% $4,245.15 4.17% 0.20 $828.30

5yr Total $6,821.60

40yr Total $45,865.50

1 Source: Average annual percent increase in Maintenance Repair & 
Construction prices between 1987 and 2007. United States 
Department of Labor, Bureau of Labor Statistics. 2007. Producer Price 
Index Industry Data.

2 Source: Daily Treasury Yield Curve Rates for 1yr, 2yr, 3yr, 5yr, 7yr, 
10yr, 20yr, and 30yr times to maturity, as of March 20, 2008.
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Cooling Demand Reduction Heating Demand Reduction

Year
Discount 

Year

Inflation 

Rate1

Value in 

Future Dollars

Discount 

Rate2

Discount 

Factor

Value in 

2008 Dollars

Inflation 

Rate1

Value in 

Future Dollars

Discount 

Rate2

Discount 

Factor

Value in 

2008 Dollars

2008 0 2.00% $680.00 0.00% 1.00 $680.00 2.00% $800.00 0.00% 1.00 $800.00
2009 1 2.00% $693.60 1.33% 0.99 $684.50 2.00% $816.00 1.33% 0.99 $805.29
2010 2 2.00% $707.47 1.59% 0.97 $685.50 2.00% $832.32 1.59% 0.97 $806.47
2011 3 2.00% $721.62 1.71% 0.95 $685.83 2.00% $848.97 1.71% 0.95 $806.86
2012 4 2.00% $736.05 1.71% 0.93 $687.79 2.00% $865.95 1.71% 0.93 $809.16
2013 5 2.00% $750.77 2.36% 0.89 $668.13 2.00% $883.26 2.36% 0.89 $786.03
2014 6 2.00% $765.79 2.36% 0.87 $665.78 2.00% $900.93 2.36% 0.87 $783.27
2015 7 2.00% $781.11 2.78% 0.83 $644.69 2.00% $918.95 2.78% 0.83 $758.46
2016 8 2.00% $796.73 2.78% 0.80 $639.80 2.00% $937.33 2.78% 0.80 $752.70
2017 9 2.00% $812.66 2.78% 0.78 $634.94 2.00% $956.07 2.78% 0.78 $746.99
2018 10 2.00% $828.92 3.34% 0.72 $596.80 2.00% $975.20 3.34% 0.72 $702.11
2019 11 2.00% $845.49 3.34% 0.70 $589.06 2.00% $994.70 3.34% 0.70 $693.01
2020 12 2.00% $862.40 3.34% 0.67 $581.42 2.00% $1,014.59 3.34% 0.67 $684.02
2021 13 2.00% $879.65 3.34% 0.65 $573.88 2.00% $1,034.89 3.34% 0.65 $675.15
2022 14 2.00% $897.25 3.34% 0.63 $566.44 2.00% $1,055.58 3.34% 0.63 $666.40
2023 15 2.00% $915.19 3.34% 0.61 $559.09 2.00% $1,076.69 3.34% 0.61 $657.76
2024 16 2.00% $933.49 3.34% 0.59 $551.84 2.00% $1,098.23 3.34% 0.59 $649.23
2025 17 2.00% $952.16 3.34% 0.57 $544.69 2.00% $1,120.19 3.34% 0.57 $640.81
2026 18 2.00% $971.21 3.34% 0.55 $537.63 2.00% $1,142.60 3.34% 0.55 $632.50
2027 19 2.00% $990.63 3.34% 0.54 $530.65 2.00% $1,165.45 3.34% 0.54 $624.30
2028 20 2.00% $1,010.44 4.15% 0.44 $448.05 2.00% $1,188.76 4.15% 0.44 $527.12
2029 21 2.00% $1,030.65 4.15% 0.43 $438.80 2.00% $1,212.53 4.15% 0.43 $516.24
2030 22 2.00% $1,051.27 4.15% 0.41 $429.74 2.00% $1,236.78 4.15% 0.41 $505.58
2031 23 2.00% $1,072.29 4.15% 0.39 $420.87 2.00% $1,261.52 4.15% 0.39 $495.14
2032 24 2.00% $1,093.74 4.15% 0.38 $412.18 2.00% $1,286.75 4.15% 0.38 $484.92
2033 25 2.00% $1,115.61 4.15% 0.36 $403.67 2.00% $1,312.48 4.15% 0.36 $474.91
2034 26 2.00% $1,137.92 4.15% 0.35 $395.34 2.00% $1,338.73 4.15% 0.35 $465.11
2035 27 2.00% $1,160.68 4.15% 0.33 $387.18 2.00% $1,365.51 4.15% 0.33 $455.51
2036 28 2.00% $1,183.90 4.15% 0.32 $379.19 2.00% $1,392.82 4.15% 0.32 $446.10
2037 29 2.00% $1,207.57 4.15% 0.31 $371.36 2.00% $1,420.68 4.15% 0.31 $436.89
2038 30 2.00% $1,231.73 4.17% 0.29 $361.60 2.00% $1,449.09 4.17% 0.29 $425.42
2039 31 2.00% $1,256.36 4.17% 0.28 $354.07 2.00% $1,478.07 4.17% 0.28 $416.56
2040 32 2.00% $1,281.49 4.17% 0.27 $346.70 2.00% $1,507.63 4.17% 0.27 $407.88
2041 33 2.00% $1,307.12 4.17% 0.26 $339.47 2.00% $1,537.79 4.17% 0.26 $399.38
2042 34 2.00% $1,333.26 4.17% 0.25 $332.40 2.00% $1,568.54 4.17% 0.25 $391.06
2043 35 2.00% $1,359.92 4.17% 0.24 $325.48 2.00% $1,599.91 4.17% 0.24 $382.92
2044 36 2.00% $1,387.12 4.17% 0.23 $318.70 2.00% $1,631.91 4.17% 0.23 $374.94
2045 37 2.00% $1,414.87 4.17% 0.22 $312.06 2.00% $1,664.55 4.17% 0.22 $367.13
2046 38 2.00% $1,443.16 4.17% 0.21 $305.56 2.00% $1,697.84 4.17% 0.21 $359.48
2047 39 2.00% $1,472.03 4.17% 0.20 $299.19 2.00% $1,731.80 4.17% 0.20 $351.99
2048 40 2.00% $1,501.47 4.17% 0.20 $292.96 2.00% $1,766.43 4.17% 0.20 $344.66

5yr Total $3,423.62 5yr Total $4,027.79

40yr Total $19,983.03 40yr Total $23,509.45

2 Source: Daily Treasury Yield Curve Rates for 1yr, 2yr, 3yr, 5yr, 7yr, 
10yr, 20yr, and 30yr times to maturity, as of March 20, 2008.

2 Source: Daily Treasury Yield Curve Rates for 1yr, 2yr, 3yr, 5yr, 7yr, 
10yr, 20yr, and 30yr times to maturity, as of March 20, 2008.

1 Source: Forecasted national average annual increase in electricity 
prices for electricity delivered to commercial customers through 
2030. From the U.S. Department of Energy, Energy Information 
Administration's Annual Energy Outlook for 2007.

1 Source: Forecasted national average annual increase in natural gas 
prices for fuel delivered to commercial customers through 2030. 
From the U.S. Department of Energy, Energy Information 
Administration's Annual Energy Outlook for 2007.
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Carbon Reduction Avoided Air Quality Costs

Year
Discount 

Year

Inflation 

Rate
1

Value in 

Future Dollars

Discount 

Rate
2

Discount 

Factor

Value in 

2008 Dollars

Inflation 

Rate
1

Value in 

Future Dollars

Discount 

Rate
2

Discount 

Factor

Value in 

2008 Dollars

2008 0 2.00% $28.75 0.00% 1.00 $28.75 2.96% $3,024.00 0.00% 1.00 $3,024.00
2009 1 2.00% $29.33 1.33% 0.99 $28.94 2.96% $3,113.51 1.33% 0.99 $3,072.64
2010 2 2.00% $29.91 1.59% 0.97 $28.98 2.96% $3,205.67 1.59% 0.97 $3,106.11
2011 3 2.00% $30.51 1.71% 0.95 $29.00 2.96% $3,300.56 1.71% 0.95 $3,136.87
2012 4 2.00% $31.12 1.71% 0.93 $29.08 2.96% $3,398.25 1.71% 0.93 $3,175.42
2013 5 2.00% $31.74 2.36% 0.89 $28.25 2.96% $3,498.84 2.36% 0.89 $3,113.67
2014 6 2.00% $32.38 2.36% 0.87 $28.15 2.96% $3,602.41 2.36% 0.87 $3,131.92
2015 7 2.00% $33.02 2.78% 0.83 $27.26 2.96% $3,709.04 2.78% 0.83 $3,061.27
2016 8 2.00% $33.69 2.78% 0.80 $27.05 2.96% $3,818.83 2.78% 0.80 $3,066.63
2017 9 2.00% $34.36 2.78% 0.78 $26.84 2.96% $3,931.86 2.78% 0.78 $3,072.00
2018 10 2.00% $35.05 3.34% 0.72 $25.23 2.96% $4,048.25 3.34% 0.72 $2,914.62
2019 11 2.00% $35.75 3.34% 0.70 $24.91 2.96% $4,168.08 3.34% 0.70 $2,903.91
2020 12 2.00% $36.46 3.34% 0.67 $24.58 2.96% $4,291.45 3.34% 0.67 $2,893.23
2021 13 2.00% $37.19 3.34% 0.65 $24.26 2.96% $4,418.48 3.34% 0.65 $2,882.59
2022 14 2.00% $37.94 3.34% 0.63 $23.95 2.96% $4,549.27 3.34% 0.63 $2,871.99
2023 15 2.00% $38.69 3.34% 0.61 $23.64 2.96% $4,683.92 3.34% 0.61 $2,861.43
2024 16 2.00% $39.47 3.34% 0.59 $23.33 2.96% $4,822.57 3.34% 0.59 $2,850.91
2025 17 2.00% $40.26 3.34% 0.57 $23.03 2.96% $4,965.32 3.34% 0.57 $2,840.42
2026 18 2.00% $41.06 3.34% 0.55 $22.73 2.96% $5,112.29 3.34% 0.55 $2,829.98
2027 19 2.00% $41.88 3.34% 0.54 $22.44 2.96% $5,263.61 3.34% 0.54 $2,819.57
2028 20 2.00% $42.72 4.15% 0.44 $18.94 2.96% $5,419.42 4.15% 0.44 $2,403.07
2029 21 2.00% $43.58 4.15% 0.43 $18.55 2.96% $5,579.83 4.15% 0.43 $2,375.62
2030 22 2.00% $44.45 4.15% 0.41 $18.17 2.96% $5,744.99 4.15% 0.41 $2,348.47
2031 23 2.00% $45.34 4.15% 0.39 $17.79 2.96% $5,915.05 4.15% 0.39 $2,321.64
2032 24 2.00% $46.24 4.15% 0.38 $17.43 2.96% $6,090.13 4.15% 0.38 $2,295.11
2033 25 2.00% $47.17 4.15% 0.36 $17.07 2.96% $6,270.40 4.15% 0.36 $2,268.89
2034 26 2.00% $48.11 4.15% 0.35 $16.71 2.96% $6,456.00 4.15% 0.35 $2,242.97
2035 27 2.00% $49.07 4.15% 0.33 $16.37 2.96% $6,647.10 4.15% 0.33 $2,217.34
2036 28 2.00% $50.05 4.15% 0.32 $16.03 2.96% $6,843.85 4.15% 0.32 $2,192.00
2037 29 2.00% $51.06 4.15% 0.31 $15.70 2.96% $7,046.43 4.15% 0.31 $2,166.96
2038 30 2.00% $52.08 4.17% 0.29 $15.29 2.96% $7,255.01 4.17% 0.29 $2,129.89
2039 31 2.00% $53.12 4.17% 0.28 $14.97 2.96% $7,469.75 4.17% 0.28 $2,105.15
2040 32 2.00% $54.18 4.17% 0.27 $14.66 2.96% $7,690.86 4.17% 0.27 $2,080.70
2041 33 2.00% $55.26 4.17% 0.26 $14.35 2.96% $7,918.51 4.17% 0.26 $2,056.53
2042 34 2.00% $56.37 4.17% 0.25 $14.05 2.96% $8,152.90 4.17% 0.25 $2,032.64
2043 35 2.00% $57.50 4.17% 0.24 $13.76 2.96% $8,394.22 4.17% 0.24 $2,009.03
2044 36 2.00% $58.65 4.17% 0.23 $13.47 2.96% $8,642.69 4.17% 0.23 $1,985.70
2045 37 2.00% $59.82 4.17% 0.22 $13.19 2.96% $8,898.52 4.17% 0.22 $1,962.63
2046 38 2.00% $61.02 4.17% 0.21 $12.92 2.96% $9,161.91 4.17% 0.21 $1,939.84
2047 39 2.00% $62.24 4.17% 0.20 $12.65 2.96% $9,433.10 4.17% 0.20 $1,917.30
2048 40 2.00% $63.48 4.17% 0.20 $12.39 2.96% $9,712.32 4.17% 0.20 $1,895.03

5yr Total $144.75 5yr Total $15,515.05

40yr Total $844.87 40yr Total $104,575.71

2 Source: Daily Treasury Yield Curve Rates for 1yr, 2yr, 3yr, 5yr, 7yr, 
10yr, 20yr, and 30yr times to maturity, as of March 20, 2008.

2 Source: Daily Treasury Yield Curve Rates for 1yr, 2yr, 3yr, 5yr, 7yr, 
10yr, 20yr, and 30yr times to maturity, as of March 20, 2008.

1 Source: Forecasted national average annual increase in electricity 
prices for electricity delivered to commercial customers through 
2030. From the U.S. Department of Energy, Energy Information 
Administration's Annual Energy Outlook for 2007.

1 Source: Average annual percent increase in prices for general 
medical and surgical hospitals between 1993 and 2007. United States 
Department of Labor, Bureau of Labor Statistics. 2007. Producer Price 
Index Industry Data.
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Increased Ecoroof Operations and Maintenance Cost Roof Longevity (Over a 40-Year Period)

Year
Discount 

Year

Inflation 

Rate1

Value in 

Future Dollars

Discount 

Rate2

Discount 

Factor

Value in 

2008 Dollars

Inflation 

Rate1

Value in 

Future Dollars

Discount 

Rate2

Discount 

Factor

Value in 

2008 Dollars

2008 0 2.94% $600.00 0.00% 1.00 $600.00 2.94% $600,000.00 0.00% 1.00
2009 1 2.94% $617.64 1.33% 0.99 $609.53 2.94% $617,640.00 1.33% 0.99
2010 2 2.94% $635.80 1.59% 0.97 $616.05 2.94% $635,798.62 1.59% 0.97
2011 3 2.94% $654.49 1.71% 0.95 $622.03 2.94% $654,491.10 1.71% 0.95
2012 4 2.94% $673.73 1.71% 0.93 $629.55 2.94% $673,733.13 1.71% 0.93
2013 5 2.94% $693.54 2.36% 0.89 $617.19 2.94% $693,540.89 2.36% 0.89
2014 6 2.94% $713.93 2.36% 0.87 $620.69 2.94% $713,930.99 2.36% 0.87
2015 7 2.94% $734.92 2.78% 0.83 $606.57 2.94% $734,920.56 2.78% 0.83
2016 8 2.94% $756.53 2.78% 0.80 $607.51 2.94% $756,527.23 2.78% 0.80
2017 9 2.94% $778.77 2.78% 0.78 $608.46 2.94% $778,769.13 2.78% 0.78
2018 10 2.94% $801.66 3.34% 0.72 $577.18 2.94% $801,664.94 3.34% 0.72
2019 11 2.94% $825.23 3.34% 0.70 $574.94 2.94% $825,233.89 3.34% 0.70
2020 12 2.94% $849.50 3.34% 0.67 $572.72 2.94% $849,495.76 3.34% 0.67
2021 13 2.94% $874.47 3.34% 0.65 $570.50 2.94% $874,470.94 3.34% 0.65
2022 14 2.94% $900.18 3.34% 0.63 $568.29 2.94% $900,180.38 3.34% 0.63
2023 15 2.94% $926.65 3.34% 0.61 $566.09 2.94% $926,645.69 3.34% 0.61
2024 16 2.94% $953.89 3.34% 0.59 $563.90 2.94% $953,889.07 3.34% 0.59
2025 17 2.94% $981.93 3.34% 0.57 $561.72 2.94% $981,933.41 3.34% 0.57
2026 18 2.94% $1,010.80 3.34% 0.55 $559.54 2.94% $1,010,802.25 3.34% 0.55
2027 19 2.94% $1,040.52 3.34% 0.54 $557.38 2.94% $1,040,519.84 3.34% 0.54
2028 20 2.94% $1,071.11 4.15% 0.44 $474.95 2.94% $1,071,111.12 4.15% 0.44 $474,951.26
2029 21 2.94% $1,102.60 4.15% 0.43 $469.43
2030 22 2.94% $1,135.02 4.15% 0.41 $463.98
2031 23 2.94% $1,168.39 4.15% 0.39 $458.59
2032 24 2.94% $1,202.74 4.15% 0.38 $453.26
2033 25 2.94% $1,238.10 4.15% 0.36 $448.00
2034 26 2.94% $1,274.50 4.15% 0.35 $442.79
2035 27 2.94% $1,311.97 4.15% 0.33 $437.65
2036 28 2.94% $1,350.54 4.15% 0.32 $432.56
2037 29 2.94% $1,390.25 4.15% 0.31 $427.54
2038 30 2.94% $1,431.12 4.17% 0.29 $420.14
2039 31 2.94% $1,473.20 4.17% 0.28 $415.18
2040 32 2.94% $1,516.51 4.17% 0.27 $410.28
2041 33 2.94% $1,561.09 4.17% 0.26 $405.43
2042 34 2.94% $1,606.99 4.17% 0.25 $400.65
2043 35 2.94% $1,654.23 4.17% 0.24 $395.92
2044 36 2.94% $1,702.87 4.17% 0.23 $391.24
2045 37 2.94% $1,752.93 4.17% 0.22 $386.62
2046 38 2.94% $1,804.47 4.17% 0.21 $382.06
2047 39 2.94% $1,857.52 4.17% 0.20 $377.55
2048 40 2.94% $1,912.13 4.17% 0.20 $373.09

5yr Total $3,077.17 5yr Total NA

40yr Total $20,676.75 40yr Total $474,951.26

2 Source: Daily Treasury Yield Curve Rates for 1yr, 2yr, 3yr, 5yr, 7yr, 
10yr, 20yr, and 30yr times to maturity, as of March 20, 2008.

2 Source: Daily Treasury Yield Curve Rates for 1yr, 2yr, 3yr, 5yr, 7yr, 
10yr, 20yr, and 30yr times to maturity, as of March 20, 2008.

1 Source: Average annual percent increase in Maintenance Repair & 
Construction prices between 1987 and 2007. United States 
Department of Labor, Bureau of Labor Statistics. 2007. Producer Price 
Index Industry Data.

1 Source: Average annual percent increase in Maintenance Repair & 
Construction prices between 1987 and 2007. United States 
Department of Labor, Bureau of Labor Statistics. 2007. Producer Price 
Index Industry Data.
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I. INTRODUCTION AND SUMMARY 
Low-impact development and green-infrastructure (LID) are viable strategies for 
managing stormwater, as reflected by the increasing number of jurisdictions that are 
either encouraging or requiring their use. As the U.S. EPA develops regulations for 
controlling non-point-source pollution from stormwater runoff, it is considering 
requiring local jurisdictions to implement stronger stormwater standards.1 Among the 
options it is considering is a volume-based standard that will drive the use of LID more 
broadly nationwide.  

There is currently disagreement as to whether strong stormwater standards uniformly 
applied across development types would have an impact on where and how 
development occurs. Some regulators and interest groups have raised concerns that 
widespread, uniform mandates for stronger stormwater controls, including LID, would 
undercut efforts to reduce sprawl and to direct future development into already-
urbanized areas. These concerns arise from a premise that stronger stormwater controls, 
and LID in particular, are more expensive to integrate into redevelopment than 
greenfield development because of site constraints, land costs and other regulatory 
factors. Facing these increased costs, it is argued, developers may focus their resources 
on greenfield development and reduce their investment in redevelopment projects. This 
shift could have unintended, adverse consequences for water quality in the long run by 
increasing the overall amount of impervious areas in a given watershed. 

Other interest groups share concerns about the adverse environmental effects of sprawl, 
but suggest that the data do not support claims of prohibitive cost and diversion of 
development to greenfields allegedly caused by strong stormwater requirements. These 
advocates note that the development process is complex and motivated by a range of 
factors, many which are highly site-specific, and that no one factor drives decisions on 
the location and type of development. Further, they argue that, the economic benefits of 
a stormwater standard—particularly if it requires the use of green infrastructure—will 
provide economic and livability benefits that will actually encourage the redevelopment 
of existing communities rather than push development to greenfields. 

Smart Growth America (SGA), in collaboration with American Rivers, the Center for 
Neighborhood Technology, River Network, and the Natural Resources Defense Council, 
asked us to investigate what impact, if any, strong stormwater regulations that require 
or encourage LID techniques, uniformly applied to greenfield development and 
redevelopment, would have on developers’ decisions about where and how to build. We 
approached this project by reviewing relevant literature and interviewing jurisdiction 
staff and individuals in the development community on these topics: 

                                                        
1 Throughout this report, we refer to “stronger stormwater standards” to mean water-quality and/or 
volume standards that require developers to manage the majority of stormwater runoff from impervious 
surface conversion on-site, ideally using infiltration or retention techniques. The three jurisdictions we focus 
on in this report recently adopted stronger stormwater standards, relative to what they required previously, 
and relative to the stormwater controls many jurisdictions in the nation currently require. Each set of 
requirements is slightly different (see Section II, B for a summary), but in general, they are among the 
strongest in the nation, and are an indication of the level of stormwater control EPA may consider requiring 
more broadly as it revises the national stormwater regulations. 
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• the factors that affect development decisions in greenfield and redevelopment 
contexts, and the significance of stormwater management in these decision-
making processes 

• the challenges and benefits of implementing stronger stormwater standards in 
greenfield and redevelopment contexts 

• the range of incentives jurisdictions have implemented or considered to facilitate 
the adoption of LID in greenfield and redevelopment projects 

We focused our inquiry on the developers’ decision-making process in three 
jurisdictions that have recently implemented stronger stormwater standards for 
retention and/or water-quality treatment, and allow or require consideration of LID or 
Environmentally Sensitive Design (referred to here as LID): Montgomery County, 
Maryland; Philadelphia, Pennsylvania; and Olympia, Washington. We first reviewed the 
literature on the topics above and each jurisdiction’s efforts to implement stronger 
stormwater controls. We then interviewed members of the development community and 
permitting and planning staff in each jurisdiction to focus on specific issues the existing 
literature does not sufficiently address. 

This report presents the information we have collected on these topics. We organize our 
findings into seven broad conclusions that inform the primary research question. We 
summarize them below. We elaborate on each with evidence from the literature and 
interviews in the following sections. Appendix A presents a bibliography, and 
Appendix B lists the individuals we interviewed and consulted during this project. 

1. Developers are successfully incorporating stronger stormwater controls 
to meet strict volume-reduction and water-quality standards in both 
redevelopment and greenfield projects. 
Our study found that some developers can and do meet stronger stormwater standards 
in both redevelopment and greenfield projects. Interviewees who had completed 
developments that met stronger stormwater standards using LID indicated that doing so 
required creativity and willingness to experiment with new approaches to projects. They 
emphasized that pursuing these projects was not without challenge, but they will 
continue developing in places that require strong stormwater controls and LID. 
Developers pointed to a variety of reasons for this choice: the markets they participate in 
respond favorably to the new stormwater designs; meeting regulations with green-
infrastructure techniques could be more cost effective than conventional controls; and 
for some, they simply believed it was the right thing to do for the environment. Some 
developers we interviewed had not yet implemented projects under the stronger 
stormwater standards. Some were skeptical, based on their own initial experiences or 
other developers they’d talked to, that they could make a project pencil out using LID 
controls. A minority of interviewees held this perspective. Although staff at each 
jurisdiction had encountered this opinion, none had actually observed that developers 
were choosing to invest in greenfield projects over redevelopment projects because of 
the new standards. This is consistent with other findings in the literature (Leistra, Weiss, 
and Helman 2010).  
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2. Complying with stormwater regulations is one factor among many that 
influences a projectʼs costs. It is rarely the driving factor. 
Stronger stormwater standards can affect the costs of both greenfield and 
redevelopment projects. These costs are folded into a pro forma analysis that developers 
and lenders use to assess the viability of a project. Developers we interviewed revealed 
that their decision-making process incorporates a wide range of economic factors, 
including various construction costs, current and future market conditions, regulatory 
incentives and disincentives, and uncertainty and risk. While some developers we 
interviewed indicated that the costs associated with meeting stronger stormwater 
standards may change the types of projects they will pursue in the future, many 
developers described the cost of implementing stormwater controls as minor compared 
to the other economic factors they considered in deciding whether or not to pursue a 
project. This is especially true in the context of highly-complex redevelopment projects 
and green-building infill projects. In general, stronger stormwater standards increase the 
costs of implementing stormwater controls, a trend that many of the developers we 
interviewed have experienced since at least the 1980s. Some developers pointed out, 
however, that using LID controls has helped offset some of the increased cost, compared 
to using conventional controls. 

3. The costs of stormwater controls in general, and LID controls in 
particular, tend to be more variable and site-specific for redevelopment 
versus greenfield development. 
The developers we interviewed were reluctant to make specific predictions about the 
extent to which stronger stormwater controls influence the cost of projects. They 
emphasized that stormwater designs are highly site-specific, and one solution may be 
feasible and cost-effective at one site, but infeasible or cost-prohibitive at another site. 
The conceptual framework in Section II outlines the different factors we identified in the 
literature and through the interviews that influence the cost of implementing stronger 
stormwater standards. They underscore the site-specific nature of stormwater-control 
costs, and explain why implementing stronger stormwater controls in redevelopment 
projects tends to be more expensive than in greenfield projects. 

4. Developers respond to benefits that influence their bottom line. In some 
cases, these may help offset increased costs of complying with stronger 
stormwater regulations. 
While stronger stormwater regulations and LID controls can provide a range of 
environmental and amenity benefits, developers generally only respond to those 
benefits that affect their bottom line. Developers we interviewed suggested that LID 
controls that helped them comply with stronger stormwater regulations at lower cost, 
increased the sale price or rent of a project, reduced the time to sale, or all three, would 
affect their decisions to use LID. Specific examples of LID controls providing economic 
benefits to developers include bioswales and other vegetative stormwater controls that 
improve the appearance and market appeal of a development while also reducing 
overall landscaping costs, and greenroofs that reduce energy costs and the long-term 
cost of roof maintenance. Developers noted, however, that market demand for projects 
that include LID stormwater controls have not yet expanded beyond niche markets. 
Factors such as unfamiliarity with the technology and uncertainty about how to address 
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operations and maintenance of LID controls limit broader use of LID by developers and 
demand from consumers. 

5. Cost-effective responses to stronger stormwater standards require a 
more collaborative approach to addressing stormwater management. 
Interviewees who successfully implement stronger stormwater controls using 
infiltration and volume-reduction practices in redevelopment projects emphasize the 
importance of considering stormwater management at the earliest stages of 
development, and of integrating professionals’ expertise throughout the project. These 
principles are consistent with the conclusions of the broader literature on green building, 
which emphasize the importance of collaboration among professionals throughout the 
design process to achieve reductions in overall costs. These principles are especially 
important in the success of redevelopment projects, because these projects tend to 
require more complex, site-specific, and creative solutions to effectively manage 
stormwater. 

6. Market adjustments are already reducing costs of implementing stronger 
stormwater standards, for both redevelopment and greenfield development, 
a trend that is likely to continue. 
Market adjustments include changes on the supply side that result in lower costs to 
implement stronger stormwater standards and changes in demand that result in 
increased consumer willingness to pay for projects that incorporate stronger stormwater 
controls. Market adjustments that have the potential to lower costs include more 
widespread availability of materials (such as porous pavers), better technologies that 
reduce the time and/or expense of installation (such as modular greenroof systems), and 
improved design and engineering expertise. Increased regulatory certainty as more 
developers become familiar with the permitting process and more permitting officials 
become comfortable with the new regulatory system also will reduce developers’ costs 
of implementing stronger stormwater controls. Market adjustments also have the 
potential to increase consumers’ willingness to pay for projects that integrate some types 
of stormwater controls—especially those that add amenities, such as rain gardens, and 
those that reduce building operating costs, such as greenroofs. Willingness to pay may 
increase as more consumers recognize and demand the environmental benefits LID 
provides, as LID techniques become more familiar and main-stream, and as time and 
increased use demonstrate LID’s long-term effectiveness across wider geographic 
regions and climate conditions. 

7. Developers are supportive of incentives that offset costs and ease the 
transition to stronger stormwater standards. Jurisdictions can use them to 
increase the level of social benefits derived from LID practices. 
All three jurisdictions have or have considered implementing incentives to encourage 
developers to adopt LID controls as a way of complying with stronger stormwater 
standards. Jurisdictions themselves have an incentive to offer developers incentives, in 
part, because many of the benefits LID provides accrue to the jurisdiction or the public 
at large, but don’t register in the developers’ private accounting of costs and benefits. 
Enhancing the private benefits developers can receive from LID by passing through 
some of the public benefits can create a more economically efficient outcome for society. 
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Incentives come in a variety of different forms, from direct financial payments and 
subsidies, to efforts to reduce the costs and risks associated with the permitting and 
review process. Each jurisdiction we focused on has processes in place to help 
developers navigate the permitting process more efficiently if they propose to 
implement LID beyond what current regulations require. Developers generally 
responded favorably to these efforts and said that they took advantage of them. Among 
the jurisdictions we looked at, Philadelphia has the most developed financial incentive 
programs, including a fee offset for managing stormwater onsite and a greenroof tax 
credit. Developers we interviewed who work in Philadelphia indicated they were aware 
of these incentives and, in some cases, they had taken advantage of them. Many 
interviewees expressed their support of stormwater credit and off-site mitigation 
programs to address the reality that on-site stormwater retention may not be physically 
possible in every project, and may not be economically feasible in some projects. 
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II. CONCEPTUAL FRAMEWORK AND METHODOLOGY 
We approached this project in two phases: a literature review followed by key-informant 
interviews. Through the literature review, we developed a conceptual framework to 
understand the issues developers face with regard to the factors that influence the costs 
and benefits of implementing increasingly stringent stormwater regulations in 
redevelopment and greenfield projects. The interviews provided an opportunity to test 
the framework against developers’ practical experiences and collect information not 
available in the literature. 

A. Literature Review 
There are many stand-alone studies and reviews of the literature that describe the 
benefits and costs associated with LID and green infrastructure and compare the costs of 
LID to conventional development (see, e.g., Center for Neighborhood Technology 2010, 
U.S. EPA 2007, MacMullan and Reich 2007, Gunderson et al. 2011). We drew heavily 
from our knowledge of these studies to develop our conceptual framework, and cite to 
them throughout the following section. We did not, however, set out to add another 
broad literature review of LID economics to the existing body of literature. Instead, we 
narrowly focused our review of the literature on two specific topics: 

1) Studies that describe the differential impact of stronger stormwater regulations on 
greenfield and redevelopment activities, either quantitatively or qualitatively. 

2) Studies that describe the impact of stronger stormwater regulations on 
developers’ decisions to build. 

1. Differential Impacts of Stormwater Regulations on Development 
Our review found no broad-scale studies that systematically investigated the impacts 
that stronger stormwater regulations may have on different types of development, 
specifically greenfield projects and redevelopment projects. The literature contains an 
ever-growing list of case studies that illustrate developer’s experiences integrating LID 
into different types of projects. Many of these illustrations contain cost information. It is 
very difficult, however, to draw meaningful conclusions about the relative costs of 
implementing stormwater controls in greenfield and redevelopment projects from these 
largely anecdotal illustrations. It is more difficult still to determine potential differential 
impacts under specific regulatory standards.  

We found only one study that directly addressed the differential cost impact between 
greenfield development and redevelopment (Chesapeake Stormwater Network 2010). 
This study, which was specific to developments and regulations in the mid-Atlantic 
region and may have limited applicability in other regions of the country, found that 
installing LID controls at redevelopment sites with less than 65 percent impervious 
coverage could be successfully accomplished at little to no extra cost than new 
development sites. Integrating LID into sites with greater than 65 percent impervious 
coverage—those in highly urban settings—can be up to 4 times more expensive than 
new development, however. This conclusion may or may not be relevant beyond the 
limited cases described in this study. More quantitative research is warranted on this 
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topic to understand how the cost impacts of stronger stormwater standards may vary 
across different development types and different markets. 

2. Impacts of Stronger Stormwater Regulations on Developersʼ Decisions 
Economists and other researchers have attempted to describe the locational behavior of 
firms in response to environmental regulation of all types at a regional level for decades. 
The studies that have emerged illustrate the challenge of finding a definitive answer to 
this question, given the complexity of the world within which such decisions are made. 
One analysis summarizes the literature by concluding that the studies have found 
positive, negative, and no impact, and often produce conflicting, contradictory results 
(Jeppesen and Folmer 2001). Perhaps because of the methodological and practical 
challenges inherent in answering such a question, we found no studies that used 
statistical or quantitative methods to determine how developers have responded to 
changes in stormwater regulations. 

We did, however, find one recent study that used interviews of local permitting officials 
to inform how stronger stormwater regulations in the District of Columbia might affect 
developers’ decisions about where to build (Leistra, Weiss, and Helman 2010). As part of 
the study, the researchers attempted to describe how developers responded to similar 
stormwater regulations in four other jurisdictions: Philadelphia, Chicago, Portland, and 
Seattle. Through interviews with municipal officials, the study’s authors found that the 
new stormwater requirements have not had, or are not expected to have, discernible 
effects on development. In Philadelphia, which we also focus on in this study, the 
study’s authors found that, while some developers threatened to pull projects when the 
regulations went into effect, municipal officials did not actually observe that this 
occurred. Officials attributed this to other factors influencing developers’ decisions more 
than stormwater costs, and the City’s expedited approval process, incentives, and 
customer service. 

B. Conceptual Framework 
The results of our focused literature review suggest that few researchers have set out to 
answer the question we were asked to investigate. There are many ways one might 
attempt to answer this question. Limited resources, time, and data required us to take a 
qualitative approach. We focus broadly on describing the economic drivers of 
developers’ decisions, and how stronger stormwater standards may interact with these 
decisions. Our study does not attempt to quantify the costs developers incur from 
complying with particular stormwater regulations, to estimate the benefits of stronger 
stormwater regulations, or to predict the specific effects stronger stormwater regulations 
will have on particular developments or regional development patterns. 

Many factors influence developers’ decisions on where and how to build. We developed 
a conceptual framework to guide our inquiry into developers’ decision-making 
processes and provide insight into this question: How will stronger stormwater regulations 
influence how and where developers decide to build, and what impact, if any, are they likely to 
have on overall development patterns and trends? Figure 1 illustrates our conceptual 
framework.  
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Figure 1. Conceptual Framework 

 

Source: ECONorthwest 

When developers embark on a project, they usually develop a financial model, called a 
pro forma, that estimates the project’s anticipated financial return. The pro forma typically 
includes four major categories of costs: land, financing, hard costs (e.g., construction), 
soft costs (e.g., design and permitting) (Nachem 2007). A pro forma assumes that all these 
costs are financed upfront into a stream of debt service that, when compared to 
achievable sale price or rent, generates a reasonable return on investment. What a 
developer considers “reasonable” varies depending on their personal preferences and a 
project’s risk and complexity.  

The cost categories are shown in the left side of the diagram in Figure 1, the revenue on 
the right. Stronger stormwater regulations primarily affect two categories of cost most 
directly: hard costs and soft costs, shown in blue. To a lesser extent, stormwater 
regulations may also influence the cost of land and financing costs, identified in gray in 
Figure 1. Depending on how a developer implements stormwater controls, stronger 
stormwater standards also may affect the achievable sale price or rent, shown in the 
diagram in green. 

The first two subsections, below, describe how stronger stormwater standards might 
affect the cost and revenue sides of a development pro forma. The third and fourth 
subsections unpack these relationships, and describe how variations in site and non-site 
related factors might affect the extent to which stronger stormwater standards influence 
cost and revenue, and ultimately, the developers’ decision-making process. 

1. Cost-Related Factors in the Developersʼ Decision-Making Process 
Stronger stormwater standards have the potential to influence the costs in the pro forma 
analysis and affect how a project pencils out. The most direct effects are on hard and soft 
costs, identified in blue in Figure 1. The extent to which stronger stormwater standards 
affect these costs will depend, in part, on the existing level of stormwater management 
controls developers are accustomed to factoring into their projects. The effect on cost 
could be very different if regulations impose a new requirement where none existed 
before, versus incrementally strengthening retention or water-quality standards or 
requiring the use of certain best management practices (BMPs), such as LID, over more 
conventional controls. In the first instance, the direction of the effect likely will be more 
predictable (positive) and uniform in magnitude across development projects. In the 
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second instance, depending on the degree of regulatory change and how different 
developers are already approaching stormwater management, the direction and 
magnitude of the effect will likely vary considerably, and the overall effect from project 
to project may be less clear. 

Hard Costs. Both conventional and LID stormwater controls have hard costs—in the 
short-run to install, and in the long-run to maintain. Stormwater controls represent a 
portion of the total construction costs, and the ratio of stormwater-control costs to other 
hard costs can vary considerably from project to project. An extensive and growing body 
of literature exists on the construction cost of conventional stormwater controls (see, e.g., 
Brown and Schueler 1997, Heaney, Sample, and Wright 2002, Narayan and Pitt 2006). 
There is also a growing body of information on the construction costs of various LID 
controls (Schueler et al. 2007, WERF 2009), although the costs of LID controls are still 
less-well understood and documented (Stephenson and Beamer 2008). In general, the 
costs of LID controls are more dependent on site characteristics than conventional 
controls, and the variation in costs across LID BMPs for different development types, 
geographic regions, and climates is not well documented through systematic research 
(although the body of anecdotal case studies is growing). 

Stronger stormwater management regulations (those that require LID and those that do 
not) may affect hard costs by requiring more extensive stormwater infrastructure to treat 
higher volumes or greater levels of contamination. The effect of stronger regulations, 
however, may not always be straightforward: by using LID techniques that provide 
higher levels of treatment, many developers have been able to minimize conventional 
infrastructure and actually reduce the overall hard costs associated with stormwater 
management (U.S. EPA 2007, MacMullan and Reich 2007). In general, the infrastructure 
to address stormwater (LID or conventional controls) on more constrained sites with 
higher levels of impervious coverage—typical of redevelopment and retrofit projects—
will cost more than unconstrained sites with large amounts of land (Schueler et al. 2007, 
Chesapeake Stormwater Network 2011). Schueler et al. (2007), for example, found that 
the cost of implementing stormwater controls in redevelopment projects with high ratios 
of impervious surface can be 1.5 to 4 times the cost of constructing stormwater controls 
at new development sites. This research was conducted in the mid-Atlantic region and 
may not be applicable to other regions, with different climate, hydrology, and geology. 
Ultimately, it is critical to acknowledge that the effect of stronger stormwater regulations 
on hard costs depends on a variety of site-specific factors described in more detail in 
subsection three, below. 

Soft Costs. Stormwater systems require engineering expertise to design, and 
jurisdictions typically require developers to demonstrate a stormwater control plan 
before they issue a building permit. The literature suggests the design and permitting 
costs, for LID and conventional controls, range depending on the BMP, but are typically 
around 25 to 40 percent of a BMP’s construction costs (Schueler et al. 2007, Brown and 
Schueler 1997).  

Stronger stormwater management regulations can increase the design and permitting 
costs by requiring more studies and documentation to obtain permits and more 
specialized engineering expertise to design new types of controls. Increased uncertainty 
about how to meet new regulations or how jurisdictions implement new regulations can 
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increase the time and costs of navigating the regulatory process, which also increases 
project costs (Braconi 1996, Randolph et al. 2007). More complicated or constrained sites 
may require more intensive and expensive stormwater design and permitting efforts, 
which would suggest that soft costs associated with LID or conventional stormwater 
controls could be higher for redevelopment projects than greenfield projects. 

Cost of Land. The value of land is a function of the allowable uses on the property 
(entitlements), achievable pricing (rents), costs (hard costs like building materials and 
plumbers, and soft costs like planning and financing), and expected returns (profit). 
Developers see the market price of the finished project and hard and soft costs as being 
largely outside of their control. Thus, the developer focuses on the cost he or she can 
influence most strongly: the cost of property acquisition. In other words, a developer 
will solve backwards to determine what he or she is willing to pay for property based on 
the other costs to complete the project. Shifts in variables, such as hard costs, will 
directly affect the ability to pay for land. Stronger stormwater controls that increase the 
hard or soft costs of stormwater management may limit or lower what the developer can 
pay for land. In some cases, developers already own the land. In that situation, the cost 
of land factors into a developers’ decision as an opportunity cost (what the developer 
could sell the land for if he or she did not want to redevelop it), and the effect of stronger 
stormwater standards in this calculation is more complicated. 

Financing Costs. Lenders provide developers with working capital. They are risk 
limiters, not profit maximizers. Lending is a low-margin, high-volume business that 
generally receives fixed returns in the form of upfront fees and interest. These fees and 
interest factor into the developers’ pro forma. Financial institutions make credit decisions 
based on a project’s cash flow that will be available to pay debt service. Some lenders are 
important partners in community development efforts, and will accept a higher risk 
project without a corresponding increase in interest rates, but in general, riskier projects 
will cost a developer more as lenders seek to cover the risk in their portfolio. Stronger 
stormwater management regulations that increase a project’s overall cost have the 
potential to reduce the margin of certainty that a project will pencil out, which would 
increase the risk from the lender’s perspective and lead to higher financing rates. 

2. Revenue-Related Factors in the Developersʼ Decision-Making Process 
Developers’ decisions are affected not only by factors that influence costs, but also by 
factors that influence the achievable sale price or rent (the revenue, identified in green in 
Figure 1)—the benefits to developers. LID stormwater controls can have market and 
non-market benefits that conventional stormwater controls do not (Center for 
Neighborhood Technology and American Rivers 2010). When considering developers’ 
decision-making processes, however, it is very important to identify when these benefits 
materialize and to whom. While stormwater controls may produce water-quality 
benefits in the local watershed, for example, these benefits are unlikely to translate 
directly into an economic benefit a developer can capitalize into the sale price or rent of 
the development.2  

                                                        
2 Some studies show that water-quality improvements can positively affect the values of adjacent property 
(Kirshner and Moore 1989, Leggett and Bockstael 2000). 
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Other benefits more directly accrue to the building owner or resident and may affect 
property value. Some consider the amenities that LID controls provide to be visually 
appealing, and would be willing to pay more to live or work in the environment they 
create. This demand may positively influence property values (Ward, MacMullan, and 
Reich 2008). Recent research is demonstrating that neighborhoods built around green 
streets provide more opportunities for neighbors to interact with each other, providing a 
positive community environment that many people may be willing to pay more to enjoy 
this benefit (Dill et al. 2010). Other features associated with LID BMPs, particularly green 
roofs, can generate benefits for building owners and occupants by reducing heating and 
cooling costs, and reducing maintenance costs by increasing the lifespan of the roof 
(David Evans and Associates and ECONorthwest 2008). 

In the end, market demand and consumer willingness to pay determine the rent or sales 
price that developers earn on a project. If people aren’t willing to pay for the features 
that LID stormwater controls provide, or don’t recognize a difference between LID and 
conventional stormwater practices, the benefits of stronger stormwater standards that 
require LID may have little influence over developers’ decisions. In some cases, if 
regulations produce features that consumers perceive as negative, they may actually 
lower the achievable sales price or rent. In general, however, the demand for green 
buildings and sustainable stormwater practices has been increasing in response to the 
rapid growth in the global green building industry, which is the fastest growing sector 
of the building industry (Jackson et al., 2010). This trend likely means that these factors 
will play an increasingly important role in developers’ decisions. 

3. Site-Related Factors that Influence Costs and Benefits 
The costs and benefits associated with implementing stormwater management controls 
are highly site-specific. This is especially true when stronger stormwater management 
controls require on-site retention and treatment using LID controls. Site characteristics 
largely determine which types of LID controls may be used, and the wide range of costs 
across different LID controls may lead to widely-divergent control costs from project to 
project. Different LID controls also result in different levels of benefits and interactions 
with market demand. Local differences in public and private experience adapting LID to 
local conditions can also affect costs and the way benefits are perceived at the site level. 

A site’s geology and hydrology determine how effectively different infiltration 
techniques will address stormwater management (Langdon 2007). Level sites that 
infiltrate well may support infiltration techniques with little additional soil amendment 
or earth movement. Sites that do not infiltrate well or are sloped may require extensive 
modification to implement infiltration practices effectively, increasing costs, in some 
cases substantially. Some sites may not support any infiltration, and techniques that 
don’t rely on infiltration, such as collection systems (rain barrels and cisterns) or 
vegetative systems (greenroofs and tree planters) must be used instead, often (though 
not always) at increased cost (Schueler et al. 2007 and U.S. Army Corps of Engineers 
2009).  

A site’s regional and micro-climate can influence the way both infiltration and retention 
techniques are designed, with various implications on cost and achievable benefits (see, 
e.g., U.S. EPA 2010). Places with prolonged drought or freeze periods will have the 
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greatest influence on design considerations. In some cases, cold-weather climates may 
limit the range of BMPs, or their effectiveness (Roseen et al. 2009). Total precipitation 
and variation in precipitation throughout the year may influence the design and utility 
of other BMPs, such as rainwater capture systems and greenroofs (Schroll et al. 2011, 
Sands 2003). 

The overall size and shape of the site is important, as sites with large amounts of land—
again, more typical of new development projects than redevelopment projects—may 
benefit from economies of scale (Langdon 2007). The literature suggests that 
construction costs decrease on a per-unit basis as the overall size of the stormwater 
control increases (Lampe et al. 2005). 

Existing infrastructure and impervious surface coverage also affect the costs of 
implementing stormwater controls (Chesapeake Stormwater Network 2011 and Lukes 
and Kloss 2008). Existing built infrastructure reduces the land available for stormwater 
control, and reduces the flexibility to implement a wide range of stormwater-control 
designs.  

4. Non-Site-Related Factors that Influence Costs and Benefits  
The site-related factors described above have the potential to directly influence the costs 
and benefits associated with implementing stronger stormwater standards. There are 
several other factors unrelated to a given development site that may influence 
developers’ decisions about whether to pursue a project that requires LID stormwater 
controls. Some of these factors affect the cost side of a developers’ equation, while others 
influence the revenue side and lower a development’s net costs. 

The availability of materials and expertise to implement new or unfamiliar stormwater 
controls or regulatory uncertainty regarding these controls can affect a developers’ costs. 
Developers operating where few engineers with experience implementing LID-type 
controls are working, for example, may pay more to obtain that expertise. Similarly, 
some LID techniques require specialized materials that may need to be shipped from 
other parts of the country, increasing costs beyond what they would be if they were 
available locally. Regulatory uncertainty is often cited as a big factor affecting the overall 
cost of implementing stronger stormwater standards. Sites that require more complex 
stormwater-control strategies may take more time to navigate regulatory reviews. Some 
LID controls may not be clearly defined or allowed, reducing the range of options 
engineers have to manage stormwater and potentially increasing costs. 

Using LID controls can help avoid other development costs, and some jurisdictions 
offer regulatory or monitory incentives, all of which can financially benefit developers. 
Some LID stormwater controls may cost more than traditional controls, but can help 
developers avoid other costs that the traditional approaches cannot. The literature 
provides many examples of avoided costs when LID controls are integrated into a 
project, including less conveyance infrastructure and fewer curbs and gutters (U.S. EPA 
2007). Sometimes jurisdictions offer financial and other incentives, such as fee 
reductions or fast-track permitting that help offset overall project costs and provide a 
reason for developers to pursue certain stormwater-management techniques even if they 
add hard costs up front. 
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C. Interview Site Selection and Methodology 
We conducted key-informant interviews with public officials and individuals involved 
in development. We designed these interviews to better-understand the gaps in the 
literature about the range of economic factors that influence developers’ decisions when 
faced with complying with stronger stormwater standards. 

In conjunction with SGA and its partner organizations, we selected three jurisdictions 
that have implemented stronger stormwater controls. We used these screening criteria to 
guide our selection process: 

1. The jurisdiction has adopted a strong stormwater regulation (e.g., volume-based, 
water-quality-based, or explicit LID requirement). 

2. Jurisdiction boundaries should include a mix of potential redevelopment and new 
development opportunities. 

3. Regulation should apply similarly to redevelopment and new development. 

4. Set of jurisdictions should reflect a diversity of geography. 

5. Preference for jurisdictions that haven't received a lot of research attention already. 

Our selection process was challenged by the fact that few jurisdictions in the country 
have actually implemented mandatory LID requirements or stormwater regulations that 
require significant retention or water-quality treatment on-site. Those that have, have 
done so only recently. We selected these communities: 

Montgomery County, Maryland. Montgomery County enacted its first stormwater 
management standards nearly forty years ago, and has strengthened them several 
times to address declining water-quality in the region. In 2010, the County passed a 
revised stormwater ordinance that maintained the existing volume standards, which 
require both new development and redevelopment projects to protect water quality 
for the first inch of stormwater and control volume for the first 2.6 inches of 
stormwater. The new regulations require greenfield developments to use 
environmental site design (ESD, which is equivalent to LID) to meet these standards 
for the first inch of stormwater, and require ESD to the “maximum extent 
practicable” for redevelopment. County staff is in the process of clarifying what 
“maximum extent practicable,” means for redevelopment projects, and are adjusting 
local ordinances to remove barriers to implementing LID (Montgomery County 
Department of Environmental Protection 2011, Biohabitats 2010). After considerable 
concern from the development community that the proposed regulations would 
have a significant impact on the cost of projects and discourage redevelopment, the 
regulations incorporated a provision to allow the County to grant administrative 
waivers for projects that received approval before the regulations were passed 
(Montgomery County Department of Permitting Services 2011). 

Olympia, Washington. Olympia’s stormwater program is one of the oldest in 
western Washington, and continues to be one of the most stringent. It adopted its 
most recent regulations in 2009, which apply to both new development and 
redevelopment (City of Olympia, Washington 2009). The regulations are modeled on 
the Western Washington Stormwater Manual (Washington Department of Ecology 
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2005), but go beyond the state-level standards, especially for water-quality treatment. 
Developments meeting certain minimum size and disturbance criteria must match 
stormwater discharges to pre-development rates from 50-percent of the 2-year peak 
flow to the full 50-year peak flow. Water-quality standards also apply, and must be 
managed using approved on-site treatment BMPs, including LID controls. Although 
the regulations apply to both new development and redevelopment, in its 2009 
revision to the regulations, Olympia added a financial cap for mitigating existing 
impervious surfaces at redevelopment projects, at 30-percent of the total project costs. 
The state of Washington is currently considering more broadly requiring LID 
controls in its next regions of the Western Washington Stormwater Manual, due out 
in 2012 (Washington Department of Ecology 2010). 

Philadelphia, Pennsylvania. Philadelphia adopted revised stormwater regulations 
in 2006 that apply to both new development and redevelopment. All development 
projects (new and redevelopment) must control stormwater quality for the first one-
inch of runoff from connected impervious surfaces. This provision was adopted to 1) 
recharge groundwater and increase stream base flows, 2) restore more natural site 
hydrology, 3) improve water quality, and 4) reduce combined sewer overflows 
(CSOs) from the city’s CSO system. This requirement must be met using infiltration 
techniques. If infiltration is demonstrated to be infeasible, a waiver may be 
considered. Philadelphia also has adopted channel protection and flood control 
standards, which require slow release of the 1-year, 24-hour storm event and require 
developers to prevent the occurrence of flooding in downstream areas. 
Redevelopment projects may apply for exemptions from the channel protection and 
flood control requirements by reducing land disturbance by 20 percent from 
predevelopment and post-development conditions (Philadelphia Water Department 
2011). 

Within each jurisdiction, we identified and interviewed the key municipal officials with 
experience designing and implementing the new stormwater regulations. These 
interviews helped us clarify the regulatory context within which developers were 
making decisions. They also helped us understand how the development community, as 
a whole, is responding to the new regulations. 

To capture the range of perspectives from the development community, we interviewed 
builders, engineers, landscape designers, and architects in each jurisdiction. We 
identified potential interviewees by contacting trade organizations (e.g., the U.S. Green 
Building Council, Master Builders Associations), reviewing public documents, searching 
web-based directories, and soliciting recommendations from the public officials and 
other interviewees in each jurisdiction.  

Appendix B contains a complete list of the individuals we interviewed for this project.  
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III. FINDINGS AND CONCLUSIONS 
Our review of the literature, described in the previous section, and the interviews we 
conducted revealed many insights into how developers in different parts of the country 
respond to stronger stormwater standards. In this section we present the results of our 
interviews in each jurisdiction together, rather than as three separate case studies, 
because the themes that emerged were strikingly similar across the jurisdictions. Where 
interesting differences across jurisdictions stand out, we highlight them. We organize 
the results of the interviews, with insights from the literature, into seven broad findings. 

As we attempted to understand how developers responded to the most recent 
regulatory changes, we were faced with the reality that economic conditions since 2007 
have had an unprecedented effect on all types of development. The three jurisdictions 
we focused on all adopted stronger stormwater standards between 2006 and 2010—
although each had stronger-than-average regulations prior to this. In many places, very 
little development activity has occurred at all since stronger stormwater regulations 
were implemented. Many of the projects that have gone forward were grandfathered 
under previous stormwater regulations. Because of this, the responses we collected in 
our interviews were often—but not always—based on conjecture or theoretical 
understanding, rather than actual experience or observation. In all jurisdictions we 
studied, the market has yet to fully respond to the new regulatory environment. 
Repeating this study in 2 to 3 years likely would yield an interesting comparison to our 
results. 

1. Developers are successfully incorporating stronger stormwater 
controls to meet strict volume-reduction and water-quality standards in 
both greenfield and redevelopment projects. 
Our study found that some developers can and do meet stronger stormwater standards 
in both redevelopment and greenfield projects. Interviewees who had completed 
developments that met stronger stormwater standards using LID indicated that doing so 
required creativity and willingness to experiment with new approaches to projects. They 
emphasized that pursuing these projects was not without challenge, but they will 
continue developing in places that require strong stormwater controls and LID for a 
variety of reasons: the markets they participate in respond favorably to the new 
stormwater designs; meeting regulations with green-infrastructure techniques could be 
more cost effective than conventional controls; and for some, they simply believed it was 
the right thing to do for the environment. Some developers we interviewed had not yet 
implemented projects under the stronger stormwater standards. Some were skeptical, 
based on their own initial experiences or other developers they’d talked to, that they 
could make a project pencil out using LID controls. A minority of interviewees held this 
perspective. Although staff at each jurisdiction had encountered this opinion, none had 
actually observed that developers were choosing to invest in greenfield projects over 
redevelopment projects because of the new standards. This is consistent with other 
findings in the literature (Leistra, Weiss, and Helman 2010).  

Several important distinctions about the way developers approached compliance with 
stronger stormwater standards in redevelopment projects stand out: 
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• Redevelopment applications of stormwater controls, including LID techniques, 
are usually more site-specific and custom than greenfield applications, although 
this depends on the nature of the redevelopment. Redevelopment sites that are 
taken down to bare soil can often be treated more like greenfield sites. 
Redevelopment sites with considerable existing impervious cover, or sites that 
are surrounded by or incorporate existing infrastructure are generally more 
challenging to accommodate stormwater management than greenfield or less-
dense redevelopment sites. 

• The three jurisdictions in our study have strong stormwater regulations that 
govern greenfield and redevelopment projects. Each jurisdiction also has “off-
ramps” that permit developers to avoid full compliance with the new regulations 
if they can demonstrate engineering, site-condition, or financial reasons why 
they cannot implement the new controls.  Off-ramps can include payment in lieu, 
off-site mitigation, on-site trading, alternative treatment practices, and reduced 
performance criteria.  Staff in Montgomery County are currently developing 
clear and consistent guidelines for applying off-ramp provisions, such as using 
LID to the “maximum extent practicable,” that may relax standards for some 
redevelopment projects. In Olympia, permitting officials described taking a 
pragmatic approach to permitting stormwater controls for some redevelopment 
projects that contend with complex existing infrastructure (both on-site and off-
site) and connections to existing systems. In Philadelphia, permitting officials 
allow on-site trading for difficult sites, where one part of a site may not meet the 
standards, but another part exceeds the standards. There are currently no explicit 
requirements in any of the jurisdictions that mandate the use of specific BMPs, 
such as green roofs, on redevelopment sites to fully meet infiltration or water-
quality targets.     

2. Complying with stormwater regulations is one factor among many that 
influences a projectʼs costs. It is rarely the driving factor.  
Stronger stormwater standards can affect the costs of both greenfield and 
redevelopment projects. These costs are folded into a pro forma analysis that developers 
and lenders use to assess the viability of a project. Our interviews revealed that 
developers’ decision-making process incorporates a wide range of economic factors, 
including various construction costs, current and future market conditions, regulatory 
incentives and disincentives, and uncertainty and risk. While some developers we 
interviewed indicated that the costs associated with meeting stronger stormwater 
standards may change the types of projects they will pursue in the future, many 
developers described the cost of implementing stormwater controls as minor compared 
to the other economic factors they considered in deciding whether or not to pursue a 
project, especially in the context of highly-complex redevelopment projects and green-
building infill projects.  

• In general, stronger stormwater standards have increased the costs to implement 
stormwater controls, a trend that many of the developers we interviewed have 
experienced since at least the 1980s. Some developers pointed out, however, that 
using LID controls has helped offset some of the increased cost, compared to 
using conventional controls. 
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• Among the interviewees we spoke to, the majority agreed that complying with 
stormwater regulations has become a larger component of both greenfield and 
redevelopment projects, in terms of complexity and cost. 

• Complying with stormwater regulations is considered a cost of doing business, 
and most members of the development community we spoke with did not view 
the cost of managing stormwater as a major deciding factor in whether or not 
they pursued a particular project. 

• Interviewees cited zoning regulations (and related provisions, such as density 
limitations and height restrictions) and non-stormwater environmental 
regulations, such as wetlands and critical habitat areas, as the primary regulatory 
factors guiding a site’s development potential and a project’s viability. These are 
usually larger factors in greenfield development than redevelopment. 

• Several interviewees in Philadelphia said that labor costs, which they claimed 
were driven higher by union wages, made many redevelopment projects in the 
city unviable. Interviewees in Olympia or Montgomery County did not identify 
labor costs as a major factor. 

• Consumer demand and market conditions matter to developers above all other 
factors. Developers emphasized that they build where the market demands 
development. If the market is strong for redevelopment projects in urban areas, 
interviewees said they would continue to meet that demand. Likewise, if people 
continue to demand the type of housing that new greenfield sites accommodate, 
developers maintained that they would continue to pursue these projects.  

• In deciding between sites that would accommodate similar types of development, 
developers indicated that the potential stormwater management costs associated 
with a site could be among the deciding factors. In general, however, developers 
noted that market demand trumps the costs of stormwater controls. All things 
being equal, however, where there are substitute sites, higher stormwater costs 
could dictate project location. 

• Redevelopment projects generally fall into one of two categories: those that are 
more financially risky because they are being built in a market with soft demand 
and many potential substitutes with fewer site constraints, and those that are less 
financially risky because they are being driven by high demand and are higher-
end, and sometimes green-branded, projects. For the former group, any factor 
that influences costs—including stricter stormwater regulations—may affect the 
project’s viability. For the latter group, stricter stormwater controls have not been 
an issue, and may actually be integrated as an amenity or help the project 
achieve green ratings. 

3. The costs of stormwater controls in general, and LID controls in 
particular, tend to be more variable and site-specific for redevelopment 
versus greenfield development. 
The developers we interviewed were reluctant to make broad generalizations about the 
extent to which stronger stormwater controls influence the cost of projects. They 
emphasized that stormwater designs are highly site-specific, and one solution may be 
feasible and cost-effective at one site, but infeasible or cost-prohibitive at another site. 
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The diagram presented in Section II outlines the different factors we identified in the 
literature and through the interviews that influence the cost of implementing stronger 
stormwater standards. They underscore the site-specific nature of stormwater-control 
costs, and explain why implementing stronger stormwater controls in redevelopment 
projects tends to be more expensive than in greenfield projects. This discussion of costs, 
however, cannot be separated from the discussion of other factors that influence 
developers’ decisions: avoided costs and market and non-market benefits may help 
offset increases in direct costs, and market demand and other regulatory and non-
regulatory factors may support increases in net project costs. 

• Developers incorporate stormwater-management costs into pro forma analyses of 
all development projects. The proportion of total development costs attributable 
to stormwater controls is highly variable, especially in redevelopment projects. 
Developers we interviewed were unable or unwilling to provide specific “rules 
of thumb” for either the proportional costs of stormwater relative to overall 
development costs or the difference in costs to implement stormwater controls 
between redevelopment and greenfield projects. 

• Many developers we interviewed noted that it is not difficult to incorporate LID 
for equal or less cost than conventional stormwater controls in a greenfield 
development. When asked the same question about redevelopment or infill 
development, developers were very reluctant to make broad generalizations. 
They were quick to note that the additional costs could be insignificant or major, 
depending on site conditions. 

• Implementing stronger stormwater standards are often, though not always, more 
expensive in redevelopment projects than greenfield projects. Developers 
identified several reasons for this:  

Soil characteristics: poor, compacted soils require more amendment to support 
infiltration. Infiltration may not be allowed at all on sites with contaminated 
soils. Redevelopment sites are more likely to display these challenging soil 
conditions. 

Impervious coverage: infiltration techniques are cheaper to construct on large 
sites with extensive pervious area. Redevelopment sites tend to have higher 
densities than new development, with less land available for infiltration 
BMPs. In general, the higher the impervious coverage, the more expensive 
managing stormwater is likely to be. 

Existing infrastructure: redevelopment sites tend to have existing 
infrastructure that must be considered in designing stormwater controls. In 
some cases, this may reduce the flexibility engineers have to design cost-
effective solutions for managing stormwater, increasing costs. 

• Driving the cost differential, in large part, is the more limited range of BMPs 
available to manage stormwater on constrained, largely impervious sites. 
Developers indicated that for many urban redevelopment projects, BMPs on the 
lower end of the cost curve (e.g., rain gardens and managed wetlands) are not 
possible. Instead, they must rely on BMPs that are perceived as being on the 
higher end of the cost curve in many cases, such as greenroofs, micro-swales, 
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water capture and reuse, stormwater planters, and permeable pavement 
materials (either pavers or pavement). 

• Regulatory uncertainty can increase a developers’ costs in the planning and 
design stages of a project. While regulatory uncertainty is not unique to stronger 
stormwater regulations, the site-specific nature of using green infrastructure to 
comply with regulations is inherently more varied than conventional approaches 
to managing stormwater. It is more difficult for regulators to provide black-and-
white guidance for complying with the regulations across all potential 
circumstances. Moreover, the application of regulatory guidance for stormwater 
management in redevelopment projects may be more uncertain than in 
greenfield sites because of the greater variability across and unique 
characteristics of each redevelopment site. This may, in part, contribute to the 
perception that it costs more to integrate stronger stormwater controls into 
redevelopment projects. The developers we interviewed identified these ways in 
which regulatory uncertainty increased their costs, especially for redevelopment 
projects: 

Multiple plan reviews: All three jurisdictions require stormwater designs to be 
incorporated into early plan review, before other permits are issued. If 
changes to the stormwater design are required later—a common situation, 
especially in redevelopment projects—plans often must be re-reviewed, 
adding time and cost to the review process. It is important to note that some 
developers indicated that early plan review requirements actually helped 
reduce uncertainty and costs in many cases, because they were forced to 
address and resolve potential stormwater-related issues while there was still 
flexibility in the design process. 

Inconsistent application of standards and guidance: Inconsistency in how both 
developers and permitting officials interpret stormwater standards can cause 
considerable uncertainty that may lead to increased costs. Developers 
identified two issues that have increased their uncertainty under the stronger 
stormwater regulations: 1) receiving different signals from officials within the 
same jurisdiction about how applications of stormwater controls on a given 
site may be approved and 2) stormwater design applications that are 
approved for one site may not be approved for a site with similar 
characteristics at a different location or future time. Without clear, predictable, 
and consistent guidance, developers spend more time, and thus cost, 
navigating the permit-review process. 

Overbuilding: Engineers and developers may hedge against a plan rejection by 
overdesigning or building multiple levels of stormwater controls, which adds 
unnecessary costs to the project (but, in theory, reduces the costs associated 
with regulatory review.) 

4. Developers respond to benefits that influence their bottom line. In some 
cases, these may help offset increased costs of complying with stronger 
stormwater regulations. 
While stronger stormwater regulations and LID controls can provide a range of 
environmental and amenity benefits, developers generally only respond to those 
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benefits that affect their bottom line. Developers we interviewed suggested that LID 
controls that helped them comply with stronger stormwater regulations at lower cost, 
increased the sale price or rent of a project, reduced the time to sale, or all three, would 
affect their decisions to use LID. Specific examples of LID controls providing economic 
benefits to developers include bioswales and other vegetative stormwater controls that 
improved the appearance and market appeal of a development while also reducing 
overall landscaping costs, and greenroofs that reduced energy costs and long-term cost 
of roof maintenance for their customers. Developers noted, however, that market 
demand for projects that include LID stormwater controls have not yet expanded 
beyond niche markets. Factors such as unfamiliarity with the technology and 
uncertainty how to address operations and maintenance of LID controls limit broader 
use of LID by developers and demand from consumers.  

• Developers in each jurisdiction recognized that many of their customers respond 
positively to the landscape amenities LID BMPs provide. Few developers said 
that the landscape amenities translated directly into increased property values or 
higher rents, however.  

• Developers who observed that LID could increase property values focused 
narrowly on the green sector of the market, and incorporated many green-
building techniques into their residential infill properties. LID is one of the 
multiple green attributes of these developments, and the relative importance of 
LID compared to the other green attributes (e.g., high-efficiency windows, low-
VOC building materials, etc.) is difficult for developers to identify. 

• Several developers, particularly in Montgomery County, MD and Olympia, 
Washington, said that some of their customers still expect to see the traditional 
curb-and-gutter, sidewalk design that characterizes conventional stormwater 
management techniques. They do not respond as favorably to the LID designs 
characterized by rain gardens, bioswales, narrow streets, and fewer sidewalks. 

• Several developers commented that some customers are wary of LID designs 
that require maintenance, and that bioswales and rain gardens may actually 
deter some potential customers from buying a property. 

5. Cost-effective responses to stronger stormwater standards require a 
more collaborative approach to addressing stormwater management. 
Engineers and developers who successfully implement stronger stormwater controls 
using infiltration and retention practices emphasize the importance of considering 
stormwater management at the earliest stages of development, and of integrating 
professionals’ expertise throughout the project. These principles are consistent with the 
conclusions of the broader literature on green building, which emphasize the 
importance of integrating professionals throughout the design process to achieve 
reductions in capital costs (see, e.g., Kibert 2008). 

• Some professionals and jurisdictions recognize that thinking about stormwater 
management early in a project’s design is critical to successfully and cost-
effectively implementing stronger stormwater controls. Jurisdictions encourage 
this approach by requiring stormwater management plans, or encouraging 
consultation with permitting officials early in a project’s evolution. Considering 
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stormwater first allows engineers and developers the flexibility to extract cost 
savings, maximize site efficiencies, and work around more complex features of a 
site that could lead to increased costs later. 

• Interviewees who successfully and cost-effectively implement LID emphasize the 
value of collaboration among professionals involved in site design, including the 
engineer, architect, and builder. This approach treats stormwater management as 
an integral part of project and site design, rather than as an isolated engineering 
exercise. 

• Engineers often lead the design process that includes implementing stormwater 
controls. Yet, many engineers have not yet acquired the necessary skills and 
experience to implement LID controls efficiently and cost-effectively. This lack of 
experience increases the cost of responding to stronger stormwater standards. 
Developers raised these issues about the lack of skilled engineering expertise: 

Scarcity of expertise. Those engineers that have LID expertise often charge a 
premium for it, which increases the overall cost of implementing LID, 
compared to conventional controls.  

Lack of appropriate tools. Many engineers rely on engineering software or other 
tools that do not easily accommodate LID designs or collaboration with other 
professionals, e.g., architects, designers, builders, etc. 

Need for education. Some engineering higher-education programs now include 
LID training as part of their curriculum. As more engineering students learn 
LID techniques and apply them in their professional careers, the costs 
associated with these issues will decrease.  

6. Market adjustments are already reducing costs of implementing stronger 
stormwater standards, for both redevelopment and greenfield development, 
a trend that is likely to continue. 
Market adjustments include changes on the supply side that result in lower costs to 
implement stronger stormwater standards and changes in demand that result in 
increased consumer willingness to pay for projects that incorporate stronger stormwater 
controls. Market adjustments that have the potential to lower costs include more 
widespread availability of materials (such as porous pavers), better technologies that 
reduce the time and/or expense of installation (such as modular greenroof systems), and 
improved design and engineering expertise. Increased regulatory certainty as more 
developers become familiar with the permitting process and as more permitting officials 
become comfortable with the new regulatory system also will reduce the developers’ 
cost of implementing stronger stormwater controls. Market adjustments also have the 
potential to increase consumers’ willingness to pay for projects that integrate some types 
of stormwater controls—especially those that add amenities, such as rain gardens and 
reduce building operating costs, such as greenroofs. Willingness to pay may increase as 
more consumers recognize and demand the environmental benefits LID provides, as 
LID techniques become more familiar and main-stream, and as time and increased use 
demonstrate LID’s long-term effectiveness across wider geographic regions and climate 
conditions. 
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• Developers and engineers we interviewed reported that new LID materials and 
technologies are becoming more available, less costly, and more reliable. They 
indicated that they expect this trend will further reduce costs. 

• Some developers in Montgomery County reported that finding engineers and 
designers who specialize in LID practices and are comfortable with navigating 
the permit review process is difficult, because this expertise is limited and in 
high demand. They reported that the professionals with this expertise can charge 
a premium to work on projects, which developers must factor into their overall 
costs. This was not identified as a major issue in Olympia or Philadelphia, which 
suggests that the market may have already responded to the higher demand for 
those types of services. 

• LID is still perceived as a new technology, and consumers don’t always fully 
understand or value the services it provides. As information on LID spreads, 
demand may increase for developments that incorporate LID—especially those 
BMPs with enhanced amenities, such as landscaped bioswales, greenroofs, and 
rainwater catchment. This could lead to higher rents, higher property values, and 
less time on the market. These demand-side factors can help offset the increased 
costs that may occur when integrating LID into a project. Anecdotal evidence in 
Portland and Seattle, where LID techniques have been implemented for over a 
decade, suggests that property values are enhanced where these techniques are 
used (Leistra, Weiss, and Helman 2010, Ward, MacMullan, and Reich 2008). 

• Demand for the benefits that LID provides can influence whether developers are 
willing to take on more risk or higher costs to implement LID. Most developers 
we interviewed reported that demand for the benefits LID provides is limited, 
and these benefits don’t influence their decisions on how to implement 
stormwater management. With the exception of a developer in Olympia, 
Washington that specializes in infill residential construction of green homes, the 
developers we interviewed did not perceive that LID currently offers significant 
benefits in terms of increased property values or other amenity values. Many 
recognize, however, that with future market changes, these benefits could 
become a larger factor in the future. 

7. Developers are supportive of incentives that offset costs and ease the 
transition to stronger stormwater standards. Jurisdictions can use them to 
increase the level of social benefits derived from LID practices. 
All three jurisdictions have or have considered implementing incentives to encourage 
developers to adopt LID controls as a way of complying with stronger stormwater 
standards. Jurisdictions themselves have an incentive to offer developers incentives, in 
part, because many of the benefits LID provides accrue to the jurisdiction or the public 
at large, but don’t register in the developers’ private accounting of costs and benefits. 
Enhancing the private benefits developers can receive from LID by passing through 
some of the public benefits can create a more economically efficient outcome for society. 
Incentives come in a variety of different forms, from direct financial payments and 
subsidies, to efforts to reduce the costs and risks associated with the permitting and 
review process. Each jurisdiction we focused on has processes in place to help 
developers navigate the permitting process more efficiently if they propose to 
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implement LID beyond what current regulations require. Developers generally 
responded favorably to these efforts and said that they took advantage of them. 

• Developers responded favorably to incentives that reduce the uncertainty 
associated with the permitting, to the extent that these incentives reduce the time 
(and associated costs) of getting approval to implement LID. Developers 
identified these techniques that help with the permitting process: streamlined or 
fast-track permitting, guaranteed permit review times, and access to permitting 
staff for collaborative problem solving early in the process. All three jurisdictions 
have fast-track review processes for green development concepts in place. 
Philadelphia guarantees plan review for redevelopment projects that disconnect 
95 percent of impervious area and don’t increase the burden on public 
infrastructure within 5 business days. Developers expressed mixed opinions 
about how well these fast-track processes actually work in practice. 

• Reduced stormwater fees provided many developers with strong incentives to 
incorporate LID into redevelopment projects. Fees pegged to impervious area 
coverage tipped the economic equation for at least one developer considering 
integrating pervious pavement, one of the more common BMPs used in 
redevelopment. Developers and engineers in Philadelphia indicated that the 
City’s fee reduction program was becoming a useful tool to get buy-in from 
customers on including BMPs that would quality for the credit. 

• Direct subsidies for LID BMPs on the higher end of the cost scale, such as 
greenroofs and rainwater catchment systems, can encourage developers to 
integrate LID into redevelopment projects where other BMPs are not technically 
feasible. These types of incentives are useful transition tools, helping to build a 
market for materials and expertise that eventually drives costs down and makes 
these techniques more broadly affordable in the long run. 

• Many developers mentioned that a fee-in-lieu or credit-offset program for 
stormwater would be an effective way for dealing with exceptionally difficult 
sites where LID is physically impossible or too costly. Such programs may serve 
a useful role in a LID regulatory scheme, but they would have to be designed 
carefully to maximize the environmental benefits that are achievable on-site and 
collect a payment that is sufficient to actually implement controls off-site that can 
address the remaining stormwater-related effects.  

• Philadelphia has a fee-in-lieu program. Permitting officials said that it is rarely 
used, because the fee is set such that it is usually cheaper for developers to 
implement stormwater controls on-site. Permitting officials suggested that this 
fee-in-lieu program is designed as a useful way to force developers to take a 
harder look at their site when considering the feasibility of implementing 
stormwater controls. 
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EXECUTIVE SUMMARY 
Low-impact development (LID) methods can cost less to install, have lower operations and 
maintenance (O&M) costs, and provide more cost-effective stormwater management and 
water-quality services than conventional stormwater controls. LID also provides ecosystem 
services and associated economic benefits that conventional stormwater controls do not. 

The available economic research on some of these conclusions is preliminary or limited in 
scope. For example, most economic studies of LID describe the costs of installing LID, or 
compare the costs of installing LID with the costs of installing conventional controls. Few 
reports quantify the economic benefits that LID can provide in addition to managing 
stormwater. Fewer researchers report results of studies that measure at least some costs and at 
least some benefits of LID vs. conventional controls. 

The costs and benefits of LID controls can be site specific and will vary depending on the 
LID technology (e.g., green roof vs. bioswale), and local biophysical conditions such as 
topography, soil types, and precipitation. Including developers, engineers, architects and 
landscape architects early in the design process can help minimize the LID-specific 
construction costs. 

Despite the fact the LID technologies have been promoted and studied since the early 1990s, 
for many stormwater managers and developers, LID is still a new and emerging technology. 
As with most new technologies, installation and other costs of LID are highest during the 
early phases of development and adoption. Over time, as practitioners learn more about the 
technology, as the number of suppliers of inputs expands, and as regulations adapt to the new 
technology, costs will likely decline. 

Combined sewer overflows (CSO), and the resulting biophysical and economic consequences, 
are major concerns for municipal stormwater managers. LID can help minimize the number 
of CSO events and the volume of contaminated flows by managing more stormwater on site 
and keeping flows out of combined sewer pipes. Some preliminary evidence exists that LID 
can help control CSO volumes at lower cost than conventional controls. 

Many municipalities have zoning and building-inspection standards in place that were 
adopted many years ago, long before LID was an option. Municipalities with outdated 
stormwater regulations typically require that builders file variances if they want to use LID 
controls. This can increase a builder’s design and regulatory costs, which delays construction 
and can increase a builder’s financing costs. Updating building regulations to accommodate 
LID can help reduce the regulatory risk and expense that builders face. 

The large majority of the economic studies on LID focus on the costs of including LID in new 
construction. Replacing curbs, gutters and stormwater pipes with bioswales, pervious pavers 
and other LID controls can reduce construction costs. Protecting a site’s existing drainage 
patterns can reduce the need for pipe infrastructure and a developer may be able to do away 
with surface stormwater ponds, which also increases the number of developable lots. Some 
researchers report that developments that emphasize LID controls and protected natural grass 
and forest drainage areas cost less to develop and sell for more than traditionally-developed 
lots with conventional stormwater controls. 

Few studies considered the economic outcomes of including LID in urban redevelopment 
projects. Some evidence exists that LID controls cost more than conventional controls under 
these conditions, however, these studies excluded O&M costs of the two alternatives and the 
economic benefits that the LID controls can provide. 

RB-AR8568



 

ECONorthwest The Economics of Low Impact Development: A Literature Review 1  

I. INTRODUCTION 
Conventional stormwater controls collect stormwater from impervious surfaces, 
including roads, parking lots and rooftops, and transport the flow off site through buried 
pipes to treatment facilities or directly to receiving bodies of water. This approach 
efficiently collects and transports stormwater, but also can create high-velocity flows 
polluted with urban contaminants, including sediment, oil, fertilizers, heavy metals, and 
pet wastes. Such flows can erode stream banks and natural channels, and deposit 
pollutants that pose ecosystem and public health risks (Kloss and Calarusse 2006).The 
resulting ecosystem and public health consequences can create significant economic 
costs.  

A study of the biophysical and public health damages and associated economic costs of 
stormwater runoff in the Puget Sound estimates these costs at over $1 billion during the 
next decade (Booth et al. 2006). These costs include flood-related property damage and 
financial losses, capital costs of new stormwater infrastructure, cleaning up stormwater-
polluted water resources, and habitat restoration and protection efforts. The Natural 
Resources Defense Council (Kloss and Calarusse 2006) describes similar impacts 
attributed to conventional controls across the U.S.: stormwater sewers collect and 
discharge untreated stormwater to water bodies, while combined sewer and stormwater 
systems overflow during heavy rains, discharging both untreated sewage and stormwater 
into the nation’s rivers and lakes. Both contribute to impaired water quality, flooding, 
habitat degradation, and stream bank erosion. The U.S. Environmental Protection Agency 
(EPA) estimates the costs of controlling combined sewer overflows (CSO) throughout the 
U.S. at approximately $56 billion. Developing and implementing stormwater-
management programs and urban-runoff controls will cost an additional $11 to $22 
billion (Kloss and Calarusse 2006). 

In contrast to conventional stormwater controls, low-impact development (LID) 
techniques emphasize on-site treatment and infiltration of stormwater. The term low-
impact development encompasses a variety of stormwater-management techniques. 
Examples include bioswales, rain gardens, green streets, and pervious pavers (U.S. EPA 
2000). The name LID came into use around the late 1990s, however stormwater 
managers employed LID techniques prior to this. Technicians in Prince George’s County, 
Maryland were some of the first to install what eventually became known as LID 
techniques in the early 1990s as an alternative to conventional stormwater controls. Soon 
after, a few communities in the Chesapeake Bay area followed, experimenting with a 
number of LID demonstration projects. Over time, interest in LID as an alternative or 
complement to conventional controls grew, and so did the number of LID demonstration 
projects and case studies across the United States. The EPA reviewed the early literature 
on LID and described their assessment of this literature in a report released in 2000 (U.S. 
EPA and Low Impact Development Center 2000). Their review assessed the availability 
and reliability of data on LID projects and the effectiveness of LID at managing 
stormwater. While this report focused primarily on the potential stormwater-management 
benefits of LID, it concluded that LID controls can be more cost effective and have lower 
maintenance costs than conventional stormwater controls. In December of the following 
year, the Center for Watershed Protection published one of the earliest studies that 
focused primarily on the economic aspects of “better site design,” which included many 
LID principles (Center for Watershed Protection 2001). 
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The amount of information available on the economics of managing stormwater using 
LID has grown since the publication of these first reports. Most studies describe the costs 
of installing LID, or compare the costs of installing LID with the costs of installing 
conventional controls. Other reports focus on the economic benefits that LID can provide 
in addition to managing stormwater. These benefits include mitigating flooding, 
improving water-quality, and providing amenity values for properties adjacent to LID, 
such as green streets. A few—very few—researchers report results of studies that attempt 
to characterize at least some costs and at least some benefits of LID vs. conventional 
controls in a single study. In this report we summarize our review of the literature on the 
economic costs and benefits of managing stormwater by LID. 

This literature review has three objectives. First, to describe briefly, and in plain 
language, the methods economists use when measuring the costs and benefits of LID and 
conventional stormwater controls. This information provides the reader with a context for 
the economic descriptions of costs and benefits that follow. Second, to summarize the 
literature that identifies and measures the economic costs and benefits of managing 
stormwater using LID, or that compares costs or benefits, or both, between LID and 
conventional controls. Third, to organize and present this information in a way that non-
economist municipal officials, stormwater managers, ratepayer stakeholders and others 
can use as they consider and deliberate stormwater-management plans. 

This literature review differs from literature reviews that accompany academic studies. 
Typically, academic literature reviews provide an introduction and a context for an 
analysis of a specific economic issue, e.g., a new analytical technique that measures 
economic benefits. In this case, the literature review is a stand-alone document that 
summarizes information on the broad issue of economic costs and benefits of LID. 
Academic literature reviews also target academic and professional economists. This 
literature review targets non-economist readers. 

The technical effectiveness of LID stormwater controls is outside the scope of our 
review. Our analysis assumes that the LID techniques described in the economic studies 
that we reviewed provide the necessary or expected stormwater controls. As we 
understand, there is a growing body of literature on LID effectiveness, and we include 
some of these references in the Appendix to this report. Also, the more general topic of 
the economic values of ecosystem services, while somewhat related, was outside the 
scope of our review. Our analysis focused on the values of ecosystem services as affected 
by LID techniques. 

We began our search for relevant literature by developing a list of key words with which 
to find reports or articles that contained relevant information. After a cursory search of 
LID literature, we identified LID- and economics-related key words that researchers and 
practitioners use when describing LID projects and analyses. The list includes words 
often used synonymously with LID (i.e., source control, natural drainage systems, 
sustainable stormwater management), or that describe a set of conservation-design 
strategies that include LID techniques (i.e., green infrastructure and conservation 
development). We also searched the literature using economics-related terms (i.e., costs, 
benefits, and savings). Table 1-1 lists the LID- and economics-related search terms we 
used in our search of the literature. 

Using the terms listed in Table 1-1, we searched databases that contained the widest-
possible range of sources including academic literature, reports produced by government 
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agencies and non-profit organizations, news coverage, and articles in the popular press. 
These databases include information published in peer-reviewed articles, books, reports, 
conference papers and presentations, and web pages. Table 1-2 lists the databases 
included in our search. 

Table 1-1: Search Terms 

LID-Related Search Terms Economics-Related Search Terms 

Low-impact development Economics 

Source control Benefits, economic benefits 

Green infrastructure Costs, economic costs 

Natural drainage systems Cost comparison 

Sustainable stormwater management Savings 

Conservation development Benefit cost analysis, cost benefit analysis 

Alternative stormwater management Cost effectiveness 

Better site design  

Low-impact urban design and development  

Source: ECONorthwest 

Table 1-2: Databases 

Database Description 

Academic Search Premier Index of 8,000 academic journals in the social sciences, 
humanities, and general science, back to 1965. 

Article First Index of 16,000 journal titles in business, humanities, popular 
culture, science, social science, and technology, back to 1990. 

Econlit American Economic Association’s index of economic research, 
back to 1969. 

Environmental Protection Agency 
(EPA) website 

Database of studies, reports, educational material, and 
newsletters authored or supported by the EPA. 

Environmental Valuation 
Reference Inventory (EVRI) 

Database of empirical studies conducted internationally on the 
economic values of ecosystem services. 

Google Source for non-peer reviewed reports, articles, websites and 
other publications. 

Journal Storage (JSTOR) Index of over 100 major research journals in a variety of 
academic disciplines, some back to 1870. 

Web of Science Index of science and social science journals, back to 1975. 

WorldCat Index of bibliographic records of books, journals, manuscripts, 
etc. archived in university, public and private library catalogs 
around the world. 

Source: ECONorthwest 
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We reviewed potential sources for relevance. If a source contained LID-related cost or 
benefit information, we indexed it in our own database, summarized the information on 
costs or benefits, and reviewed its bibliography for additional sources of information. 

This report of our review of the literature is organized as follows. The next two sections 
provide background information to the discussion of the economic costs and benefits of 
managing stormwater. This background information provides a context or economic 
frame-of-reference that will help the reader consider the descriptions of costs and benefits 
that follow. 

In Section II we list the range of benefits associated with LID, as identified in the LID 
literature, along with illustrations of the values of these benefits as reported in the 
economic literature. We found that many more reports simply list these benefits rather 
than quantify them. 

In Section III we describe two of the more common methods of measuring the economic 
costs and benefits of stormwater controls: the cost-effectiveness and benefit-cost 
methods. As the names imply, cost-effectiveness studies compare alternatives looking 
exclusively at the alternatives’ costs. This method assumes away benefits or holds them 
constant across alternatives. A benefit-cost analysis considers the range of costs and 
benefits for each alternative. The benefit-cost method has greater data demands and can 
be more expensive than the cost-effectiveness approach—primarily because it adds 
benefits into the analysis—but it can also yield a more accurate economic picture of the 
full range of economic consequences of implementing the alternatives. 

In Section IV we summarize the literature that considers the costs and benefits of LID. 
The large majority of these studies focus exclusively on the costs of installing LID, or 
compare the costs of installing LID with the costs of installing conventional controls. 
Some studies look beyond installation costs to include operations and maintenance costs. 
Few studies consider both the costs and benefits of LID or compare costs and benefits of 
LID with conventional controls.1 When the literature allowed, we described the economic 
aspects of adopting LID from the perspective of municipal decisionmakers, ratepayer 
stakeholders, and private developers. 

In Section V we describe LID from the perspective of property developers. As with other 
new technologies, adopting LID includes opportunities and risks. We describe the risks 
and challenges that developers face when they include LID controls in their projects and 
the successes developers have had adopting LID. 

In Section VI we discuss areas of future research that would increase our understanding 
of the economics of LID. For example, limited information exists on the life-cycle costs 
of LID, the economic benefits of LID beyond stormwater control, and the economic 
impacts of installing LID in urban-redevelopment settings. 

The Bibliography lists the references we cite in this report. During our search for 
information on the economic aspects of LID, we encountered non-economic information 
that supports the use of LID. We list this information in the Appendix to this report. 
                                                        

1 We list the reported dollar amounts of costs and benefits without converting to current, 2007-year, dollars 
because in most cases, the available information prevented such a conversion. 
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II. ECOSYSTEM SERVICES PROVIDED OR ENHANCED BY LOW-
IMPACT DEVELOPMENT 

Conventional controls and LID techniques both manage stormwater flows. By promoting 
stormwater management on site using a variety of techniques, LID controls can provide a 
range of ecosystem services beyond stormwater management. Braden and Johnston 
(2004), Coffman (2002), and the Natural Resources Defense Council (Lehner et al. 2001) 
list and describe the kinds of ecosystem services that LID can provide or enhance. Taken 
together, these researchers describe the following ecosystem services: reduced flooding, 
improved water quality, increased groundwater recharge, reduced public expenditures on 
stormwater infrastructure, reduced ambient air temperatures and reduced energy demand, 
improved air quality, and enhanced aesthetics and property values. We briefly describe 
each of these services below. 

Reduced Flooding 
Braden and Johnston (2004) studied the flood-mitigation benefits of managing 
stormwater on site, including reduced frequency, area, and impact of flooding events. In a 
follow-up study, Johnston, Braden, and Price (2006) focus on the downstream benefits 
accrued from flood reduction accomplished by greater upstream on-site retention of 
stormwater. These benefits include reduce expenditures on bridges, culverts and other 
water-related infrastructure. 

Improved Water Quality 
Brown and Schueler (1997), Center for Watershed Protection (1998), U.S. EPA and Low 
Impact Development Center (2000), and Braden and Johnston (2004) describe the water-
quality benefits that LID stormwater controls can provide. These benefits include 
effectively capturing oil and sediment, animal waste, landscaping chemicals, and other 
common urban pollutants that typically wash into sewers and receiving water bodies 
during storm events. Plumb and Seggos (2007) report that LID controls that include 
vegetation and soil infiltration, e.g., bioswales, can prevent more stormwater pollutants 
from entering New York City’s harbor than conventional controls. 

Increased Ground Water Recharge 
On-site infiltration of stormwater helps recharge groundwater aquifers. According to a 
report by American Rivers, the Natural Resources Defense Council, and Smart Growth 
America (Otto et al. 2002), areas of impervious cover can significantly reduce ground 
water recharge and associated water supplies. The study found that impervious surfaces 
in Atlanta reduced groundwater infiltration by up to 132 billion gallons each year—
enough water to serve the household needs of up to 3.6 million people per year. 

Braden and Johnston (2004) distinguish between two services associated with increased 
groundwater recharge: the increased volume of water available for withdrawal and 
consumption, and maintaining a higher water table, which reduces pumping costs and 
increases well pressure. 
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Reduced Public Expenditures on Stormwater Infrastructure  
The Center for Watershed Protection (1998), Lehner et al. (2001), and U.S. EPA (2005) 
report that LID techniques, such as bioswales, rain gardens, and permeable surfaces, can 
help reduce the demand for conventional stormwater controls, such as curb-and-gutter, 
and pipe-and-pond infrastructure. Braden and Johnston (2004) report that retaining 
stormwater runoff on site reduces the size requirements for downstream pipes and 
culverts, and reduces the need to protect stream channels against erosion. 

Two recent studies by the Natural Resources Defense Council (Kloss and Calarusse 
2006) and Riverkeeper (Plumb and Seggos 2007) report that by managing stormwater on 
site, LID techniques can help reduce combined sewer overflows. Combined sewer 
systems transport both sewage and stormwater flows. Depending on the capacity of the 
pipes and the amount of rainfall, the volume of combined sewer and stormwater flows 
can exceed the capacity of the pipes when it rains. When this happens, overflows of 
sewage and stormwater go directly to receiving bodies of water untreated. LID helps to 
keep stormwater out of the combined system, which reduces CSO events. Thurston 
(2003) found that decentralized stormwater controls, such as LID, can control CSO 
events at a lower cost than conventional controls. 

Reduced Energy Use 
LID techniques, such as green roofs and shade trees incorporated into bioswales and 
other controls can provide natural temperature regulation, which can help reduce energy 
demand and costs in urban areas. Plumb and Seggos (2007) estimate that covering a 
significant amount of the roof area in New York City with green roofs could lower 
ambient air temperatures in summer by an estimated 1.4 degrees Fahrenheit. The U.S. 
EPA and Low Impact Development Center (2000) report that the insulation properties of 
vegetated roof covers can help reduce a building’s energy demand, and notes that green 
roofs in Europe have successfully reduced energy use in buildings. 

Improved Air Quality 
Trees and vegetation incorporated into LID help improve air quality by sequestering 
pollutants from the air, including nitrogen dioxide, sulfur dioxide, ozone, carbon 
monoxide, and particulate matter (American Forests 2000-2006). In a study by Trees 
New York and Trees New Jersey, Bisco Werner et al. (2001) report similar air-quality 
benefits of trees and vegetation in urban areas. Plumb and Seggos (2007) cite one study 
that found that a single tree can remove 0.44 pounds of air pollution per year. 

Enhanced Aesthetics and Property Values 
Several studies including Lacy (1990), Mohamed (2006), U.S. Department of Defense 
(2004), and Bisco Werner et al. (2001) report that the natural features and vegetative 
cover of LID can enhance an area’s aesthetics, and increase adjacent property values. The 
U.S. Department of Defense (2004) highlights how LID can improve the aesthetics of the 
landscape and increase adjacent property values by providing architectural interest to 
otherwise open spaces. On commercial sites, Bisco Werner et al. (2001) found that LID 
on commercial sites provided amenities for people living and working in the area and 
complemented the site’s economic vitality, which improved its competitive advantage 
over similar establishments for customers and tenants. 
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III. ECONOMIC FRAMEWORK: MEASURING COSTS AND BENEFITS OF 
LOW-IMPACT DEVELOPMENT 

Researchers and practitioners assess the economic aspects of LID using several 
methodologies. These methodologies range from rough cost evaluations, that compare a 
subset of costs of LID against the same costs for conventional management techniques, to 
benefit-cost analyses, that compare a range of costs and benefits of LID to the same for 
conventional stormwater controls. This section examines the differences in these 
methodologies. 

Most economic evaluations of LID reported in the literature emphasize costs. The 
overwhelming majority of these studies confined their analyses to measuring installation 
costs. Evaluators prefer this method perhaps because from a developer’s perspective, 
installation cost is one of the most important considerations when choosing between LID 
or conventional controls. LID can compare favorably with conventional controls in a 
side-by-side analysis of installation costs (see for example Foss 2005; Conservation 
Research Institute 2005; U.S. EPA 2005; Zickler 2004), however, focusing on installation 
costs misses other relevant economic information. For example, such a focus excludes 
operation and maintenance (O & M) costs, differences in the effectiveness of LID versus 
conventional systems, and the environmental and economic benefits that LID can 
provide, but which conventional controls cannot. 

Evaluating projects based on installation costs has advantages of costing less than studies 
that include other economic factors, e.g., O & M costs, taking less time than more 
extensive analyses, and relying on readily available construction-cost data. The tradeoff 
for stormwater managers is an incomplete and possibly biased description of economic 
consequences, especially over the long term. 

Some researchers look beyond comparisons of installation costs and evaluate LID and 
conventional controls using a method know as a life-cycle cost analysis (LCCA) (Powell 
et al. 2005; Sample et al. 2003; Vesely et al. 2005). This approach considers a 
comprehensive range of stormwater-management costs including planning and design 
costs, installation costs, O & M costs, and end-of-life decommissioning costs. An LCCA 
method requires more data than a comparison of installation costs, and this data, 
particularly data on lifetime O & M costs, may not exist or is difficult and costly to 
obtain. The tradeoff for policy makers is more accurate information on the cost 
implications of alternative stormwater-management options. However, LCCA, like more 
limited cost comparisons, excludes measures of economic benefits. 

Another limitation of cost comparisons is that they ignore differences in effectiveness 
between LID and conventional controls. For this reason, researchers recommend that 
LCCA should compare projects that provide the similar levels of services (Powell et al. 
2005). Brewer and Fisher (2004), Horner, Lim, and Burges (2004), and Zielinski (2000) 
found, however, that LID approaches can manage stormwater quantity and quality more 
effectively than the conventional approaches, either controlling more flow, or filtering 
more pollutants, or both. In these cases, an LCCA study could conclude that an LID 
option costs more than the conventional control, without accounting for the fact that the 
LID option can manage a larger volume of stormwater. 
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The benefit-cost approach overcomes the limitations of simple cost comparisons or 
LCCA by considering the full range of costs and benefits of alternative management 
options. The tradeoff is that the benefit-cost approach requires more data than cost 
comparison, which increases the time and costs of conducting the economic analysis. 

The benefit-cost approach evaluates the net economic benefits of a project, or compares 
outcomes among projects, by comparing relevant costs with relevant economic benefits 
(Boardman et al. 2005; Field and Field 2006; Gramlich 1990; Kolstad 2000). Economic 
researchers in academic, business, and public-policy sectors have for many years 
conducted benefit-cost analyses in a wide variety of applications. Since at least the 
middle of the twentieth century, economic evaluations of large-scale public projects 
included some type of benefit-cost analysis, and since 1981, the federal government 
required that new programs and regulations include a benefit cost analysis (Freeman 
2003). The U.S. Office of Management and Budget (OMB) considers the benefit-cost 
method the “recommended” technique when conducting formal economic analyses of 
government programs or projects (U.S. OMB 1992). Over the years, the technique has 
grown more sophisticated, especially with respect to measuring and incorporating non-
market goods and services, such as the values of ecosystem services (Croote 1999). 

The economic literature on benefit-cost analysis is voluminous and growing, but the basic 
process can be broken into four steps (Field and Field 2006).2 

1. The first step defines the scope of the analysis, including the population that will 
experience the benefits and costs, and the elements of the project, including 
location, timing, and characteristics of the work to be done. 

2. The second step determines a project’s full range of inputs and effects, from the 
planning and design phase through the end of the project’s lifespan. 

3. The third step identifies and, where possible, quantifies the costs and benefits 
resulting from the project’s inputs and effects. Where quantification is not 
possible, qualitatively describe the cost or benefit in as much detail as possible, 
including degree of uncertainty and expected timing of impacts (long-term or 
short-term). 

4. The final step compares the benefits and costs of the project, either in terms of 
net benefits (the total benefits minus the total costs) or in terms of a benefit-cost 
ratio (the amount of benefits produced per unit of cost). If relevant, compare 
results among alternative projects. 

We found few benefit-cost evaluations of LID projects. The large majority of studies 
estimate installation costs, a few consider additional costs, such as O & M costs, and a 
handful compared some measures of costs against some measures of benefits. The 
reported benefit-cost studies of LID include Bachand (2002) and Fine (2002),3 Devinny 

                                                        

2 For a more complete discussion of benefit-cost analysis, see Field and Field (2006), Gramlich (1990) and 
Harberger and Jenkins (2002). 

3 We reviewed summaries of Bachand (2002) and Fine (2002) because we were unable to acquire copies of 
the full articles. 

RB-AR8576



 

ECONorthwest The Economics of Low Impact Development: A Literature Review 9  

et al. (2005), and Doran and Cannon (2006). Data limitations may explain part of the 
reason for the limited number of benefit-cost analyses of LID. This is especially true for 
lifetime O & M costs and the economic importance of LID benefits. Sample et al. (2003), 
Powell et al. (2005), Johnston, Braden, and Price (2006), and Conservation Research 
Institute (2005), among others, describe the need for more research quantifying the 
benefits of LID practices. 

Another reason may be that economic benefits or lifetime O & M costs have no relevance 
to a given economic study. For example, property developers pay installation costs of 
stormwater controls, but not lifetime O & M costs. Nor do they benefit directly from the 
ecosystem services that LID can enhance or provide. Economic results reported by 
developers will therefore likely focus exclusively on installation costs of LID or compare 
installation costs for LID and conventional controls. 

Using the benefit-cost approach has challenges that the other analytical methods do not. 
However, benefit-cost analysis has advantages in that it can provide decisionmakers, 
ratepayers and other stakeholders with a more complete picture of the economic 
consequences of stormwater-management alternatives than other analytical methods. This 
is especially true for costs and benefits of alternatives over the long term. In situations in 
which time, budget, or other information constraints limit quantifying economic benefits 
or costs, the next best alternative is identifying the range of costs and benefits, 
quantifying what can be measured and describing the remaining impacts qualitatively. 
The federal government takes this approach in that the OMB recommends that when 
benefits and costs cannot be quantified, agencies should provide qualitative descriptions 
of the benefits and costs. These qualitative descriptions should include the nature, timing, 
likelihood, location, and distribution of the unquantified benefits and costs (U.S. OMB 
2000). 
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IV. COSTS AND BENEFITS OF LOW-IMPACT DEVELOPMENT 
The large majority of literature that describe economic assessments of LID focus on the 
costs of installing the technology. Most studies report the costs of building LID 
stormwater controls, or compare the costs of installing LID to the costs of conventional 
controls. The organization of this section reflects this emphasis in the literature. We begin 
by summarizing studies that list the costs of installing various LID techniques. Most of 
these reports describe the outcomes of case studies of LID installed as new or developing 
stormwater-management technologies. We then discuss studies that compare the costs of 
building LID controls with the costs of building conventional controls. 

A number of researchers looked beyond installation costs and considered the impacts that 
operations and maintenance costs can have on economic evaluations of LID. Analysts 
sometimes refer to these as life-cycle studies because they consider the relevant costs 
throughout the useful life of a technology. We summarize three studies that took this 
approach with LID evaluations. 

Combined sewer overflows, and the resulting biophysical and economic consequences, 
are major concerns for municipal stormwater managers. LID can help minimize the 
number of CSO events and the volume of contaminated flows by managing more 
stormwater on site and keeping flows out of combined sewer pipes. We summarize five 
studies that evaluated the costs of managing CSO events using LID. 

A relatively small percentage of the economic evaluations of LID reported in the 
literature include assessments of the economic benefits of the technology. We summarize 
a number of these reports at the end of this section. 

A. Cost of Low-Impact Development 
Brown and Schueler (1997) surveyed construction costs for different methods of 
managing stormwater in urban areas. Their survey emphasized conventional controls but 
also included a number of LID techniques. At the time of their study, LID techniques 
were considered “next generation” best-management practices (BMPs). The report lists 
construction costs for sixty-four BMPs including wet and dry stormwater ponds, 
bioretention areas, sand filters and infiltration trenches. The authors’ major conclusion is 
that a BMP’s construction cost increases with the volume of stormwater the BMP stores. 
The report’s construction costs may be out-of-date, however they provide insights into 
relative cost differences between LID and other controls listed in the report. 

In a more recent study, Tilley (2003) reports construction costs for LID case studies 
implemented in Puget Sound and Vancouver, B.C. The report describes a range of case 
studies from small-scale projects implemented by homeowners to large installations 
completed by universities, developers and municipal governments. The LID techniques 
studied include rain gardens, permeable pavement and green roofs. The amount of cost 
information varies by case study. In some cases the report lists per-unit costs to install an 
LID, e.g., a pervious concrete project cost $1.50 per square foot for materials (excluding 
labor). Other descriptions report costs generally, but not costs specific to the case study 
described, e.g., the cost for pervious concrete is typically $6 to $9 per square foot. Some 
descriptions have no cost information, and others list total construction costs without a 
detailed breakdown of cost components. 
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The U.S. Department of Defense (DoD) (2004) developed a manual of design guidelines 
to incorporate LID into DoD facilities. The manual describes 13 stormwater-management 
techniques and their most appropriate uses, maintenance issues, and cost information. 
The list of LID techniques includes bioretention, grassed swales, and permeable pavers. 
The manual describes costs in some detail but also notes the site-specific nature of 
construction costs and factors that can influence construction costs for certain LIDs. 

Liptan and Brown (1996) describe one of the earliest comparisons of construction costs 
for LID with that for conventional controls.4 They focus on two projects in Portland, 
Oregon, which they refer to as the OMSI and FlexAlloy projects, and the Village Homes 
development in Davis, California. In all cases, the LID option cost less. The LID design 
implemented at the OMSI project saved the developer $78,000 in construction costs by 
reducing manholes, piping, trenching, and catch basins. At the FlexAlloy site, the City of 
Portland conducted a retrospective study of LID vs. conventional development, after the 
builder installed conventional controls. The City calculated that the developer could have 
saved $10,000 by implementing the LID option. The description of the FlexAlloy case 
study includes a detailed comparison of construction costs for the two options. The 
Village Homes case study concluded that by using vegetated swales, narrow streets, and a 
cluster layout of building lots, the developer saved $800 per lot, or $192,000 for the 
development. The Village Homes description includes no additional details on 
construction costs for the two options. The report also includes brief descriptions of other 
LID case studies, some with cost comparisons for LID vs. conventional controls. The 
authors conclude that involving developers, engineers, architects and landscape architects 
early in the design of a development that includes LID can help minimizing the LID-
specific construction costs. 

Hume and Comfort (2004) compared the costs of constructing conventional roads and 
stormwater controls with the costs of building LID options, such as bioretention cells and 
pervious pavement. The researchers added complexity to some of their comparisons by 
paring the same conventional and LID controls, e.g., infiltration trench (conventional) vs. 
bioretention cell (LID) on a different soil types and with different sources of stormwater 
runoff (e.g., driveway vs. roof top) to see how this affected construction costs. In some 
comparisons the LID option cost more than the conventional option, in other cases the 
results were opposite. These comparisons illustrate the site-specific nature of LID 
construction costs. Local conditions, e.g., less pervious soils, can influence the costs of 
LID controls. 

In some cases, LID can help lower construction costs by making use of a site’s existing 
or undisturbed drainage conditions in ways that conventional controls cannot. Planners of 
a 44-acre, 80-lot residential development in Florida took advantage of the site’s natural 
drainage patters to help lower stormwater-management costs (PATH 2005). The site’s 
low-lying areas convey the large majority of stormwater runoff to forested basins. The 
developer minimized disturbing natural drainage patterns by clustering building sites and 
connecting sites with narrow roads. Relying on natural infiltration and drainage patterns 
help the developer save $40,000 in construction costs by avoiding the costs of 
constructing stormwater ponds. 
                                                        

4 In this Section we describe some of the developments associated with costs comparisons reported in the 
LID literature. The next Section focuses on LID from the perspective of property developers and contractors. 
In that Section we list results for a larger number of cost comparisons 
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Comparing construction costs between LID and conventional options, while informative, 
provides no information on the relationship between the cost and effectiveness. For 
example, in cases where the LID option costs more to build, it may also control a larger 
volume of stormwater relative to the conventional option. LID that keeps stormwater out 
of pipes and treatment facilities help lower operations and maintenance (O & M) costs, 
and help extend the useful life of the infrastructure, which can reduce future construction 
costs. The relative importance of construction or O & M costs depends on who pays for 
them. Builders likely focus exclusively on construction costs, however, cost and 
effectiveness information would help stormwater managers better evaluate control 
options and plan for future demands on stormwater infrastructure. 

Brewer and Fisher (2004) report the results of four case studies that compared the cost 
and effectiveness of LID to that of conventional controls. The case studies modeled 
stormwater costs and conditions on four developments: high- and medium-density 
residential, an elementary school, and a commercial development. In both residential 
developments LID controls cost less than conventional controls. LID cost more for the 
school and commercial development. However, in all four cases, the LID option managed 
a larger volume of stormwater than the conventional option. We reproduce Brewer and 
Fisher’s results in Table 4-1. 

Table 4-1: Comparison of Runoff Controlled and Cost Savings for 
Conventional and LID Design. 

Runoff Storage (acre-feet) Site Example 

Conventional LID 

LID Net Cost or 
Savings 

Medium Density Residential 1.3 2.5 $476,406 

Elementary School 0.6 1.6 $(48,478) 

High Density Residential 0.25 0.45 $25,094 

Commercial 0.98 2.9 $(9,772) 
Source: Brewer and Fisher 2004 

We calculated the economic value of the additional storage provided by the LID designs 
reported in Brewer and Fisher (2004), using data on the national average of construction 
costs as reported by American Forests. American Forests’ CITYgreen analyses calculate 
the national-average cost of storing 1 acre-foot of runoff at $87,120.5 American Forests 
uses a value of $2.00 per cubic foot of storage, obtained from national estimates of 
stormwater construction costs. This amount represents the avoided costs of not building 
stormwater detention ponds. This value may vary, depending on a project’s location. In 
some of its analyses, American Forests uses local estimates of construction costs, which 
can be lower or higher than the national average. For example, American Forests uses 

                                                        

5 See, for example, American Forests. 2003. Urban Ecosystem Analysis: San Diego, California. July. 
Retrieved August 2, 2007, from http://www.americanforests.org/downloads/rea/AF_SanDiego.pdf, American 
Forests. 2003. Urban Ecosystem Analysis: Buffalo-Lackawanna Area, Erie County, New York. June. 
Retrieved August 2, 2007, from http://www.americanforests.org/downloads/rea/AF_Buffalo.pdf. 
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$0.66 per cubic foot of storage in Houston, TX,6 $5.00 per cubic foot of storage in 
Washington D.C.,7 and $6.00 per cubic foot of storage in Portland, OR.8 Table 4-2 shows 
the results of our calculation. 

Table 4-2: Value of the Difference in Runoff Storage Provided by LID 
Designs. 

Runoff Storage (acre-feet) Site Example 

Conventional LID Difference 

Runoff 
Storage 

Difference 
(cubic-feet)a 

Value of 
Difference in 

Runoff 
Storage ($2/cf) 

Medium 
Density 
Residential 

1.3 2.5 1.2 52,272 $104,544 

Elementary 
School 

0.6 1.6 1 43,560 $87,120 

High Density 
Residential 

0.25 0.4
5 

0.2 8,712 $17,424 

Commercial 0.98 2.9 1.92 83,635 $167,270 
Source: ECONorthwest 
Notes: a To convert from an acre foot to cubic feet, multiply by 43,560 (the number of cubic feet in an acre-foot). 

Based on the results reported in Table 4-1, and taking the perspective of a builder, LID is 
the higher-cost alternative for the school and commercial development. Including the 
results from Table 4-2, and taking the perspective of a municipal stormwater manager—
that is, considering construction costs and the cost savings associated with reductions in 
stormwater volume in our example calculation above—the LID option dominates the 
conventional choice in all four cases. The LID options control a larger volume of 
stormwater, which helps avoid municipal expenditures on stormwater management. 

Doran and Cannon (2006) studied the relationship between construction costs of LID and 
conventional controls and effectiveness as measured by improvements in water quality. 
They studied the impacts of incorporating LID into a downtown redevelopment project in 
Caldwell, Idaho. The analysis modeled construction costs and improvements to water 
quality as measured by reduced concentrations of sediment and phosphorus in stormwater 
runoff. The LID techniques used in the project included permeable pavers, bioretention 
swales, riparian wetlands, and plantings of restored native vegetation. The study 
evaluated the LID and conventional controls using the cost of a 1-percent reduction in 
sediment and phosphorus concentrations. Conventional stormwater controls had lower 

                                                        

6 American Forests. 2000. Urban Ecosystem Analysis for the Houston Gulf Coast Region. December. 
Retrieved August 2, 2007, from http://www.americanforests.org/downloads/rea/AF_Houston.pdf. 

7 American Forests. 2002. Urban Ecosystem Analysis: The District of Columbia. February. Retrieved August 
2, 2007, from http://www.americanforests.org/downloads/rea/AF_WashingtonDC2.pdf. 

8 American Forests. 2001. Regional Ecosystem Analysis for the Willamette/Lower Columbia Region of 
Northwestern Oregon and Southwestern Washington State. October. Retrieved August 2, 2007, from 
http://www.americanforests.org/downloads/rea/AF_Portland.pdf. 
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installation costs, but also had a lesser impact on water quality. Conventional controls 
cost $8,500 and reduced sediment and phosphorus concentrations by 5 percent, or $1,700 
per percent reduction. LID stormwater controls cost more, $20,648, but had a greater 
impact on water quality, reducing sediment by 32 percent and phosphorus by 30 percent. 
The authors calculated a cost of $645 per percent reduction for the LID option. The LID 
option produced a better return on initial investment, as measured by improvements to 
water quality, than did investments in conventional controls. 

As the previous two studies illustrate, comparing LID and conventional controls based on 
costs may bias the assessment against the most effective management option, and the 
option that yields the greatest return on investment. LID may cost more to build, but from 
an investment perspective, it may also control more stormwater and better improve water 
quality. The studies above considered separately LID effectiveness as measured by 
volume of stormwater managed and improvements in water quality of stormwater runoff. 
A more complete and accurate assessment of effectiveness and costs would consider the 
impacts on both in a single study. That is, compare LID and conventional controls based 
on costs and effectiveness as measured by volume of stormwater and water quality. We 
found no such studies in the literature. 

Looking beyond construction costs to O & M and other costs gives a more complete 
description of the economic consequences of adopting LID or conventional controls. 
Sample et al. (2003) promotes evaluating stormwater BMPs using life-cycle-cost (LCC) 
analysis. LCC analysis includes the initial capital expenditures for construction, planning, 
etc., and the present value of lifetime O & M costs, and the salvage value at the end of the 
BMP’s useful life. In addition, the authors suggest including the opportunity cost of land 
in the cost analysis. BMPs that occupy more land area have a higher opportunity cost 
valued at the next-best use for the land, e.g., residential value. 

Vesely et al. (2005) compared the LCC for LID controls in the Glencourt Place 
residential development in Auckland, New Zealand with LCC results for conventional 
controls. The LID option had the added benefit of reusing stormwater collected on site as 
grey water for laundry, flushing toilets and irrigation. The LID option had LCCs that 
were 4 to 8 percent higher than the conventional option, depending on the discount rate 
and number of years in the analysis. These results do not account for the value of 
recycled stormwater. Including the avoided cost associated with water saved by recycling 
stormwater as household gray water, the LCC for the LID option were 0 to 6 percent 
higher, again, depending on the discount rate and number of future years in the analysis. 
The authors conclude that accounting for the value of water saved, the LID option was 
cost competitive with the conventional approach, as measured by the LCC method. 

Data constraints on this study included difficulty estimating current and future 
maintenance costs and future decommissioning costs. Accounting for the opportunity 
cost of land also proved challenging give the available data. Data limitations also 
prevented the authors from considering the economic aspects of environmental 
externalities associated with the LID and conventional options. 

LCC evaluations are an improvement over comparisons of construction costs in that they 
provide a more comprehensive assessment of relevant costs. On the other hand, LCC 
analyses require more data and results are sensitive to the discount rate applied to future 
values and the number of years of the analysis. Powell et al. (2005) underscore these 
advantages and challenges associated with LCC analysis. They recommend a checklist of 
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factors to consider when conducting a LCC for LID and conventional controls. The 
checklist includes quantitative assessments of the components of LCC costs including 
acquisition, construction, O & M, and salvage value. Also included are qualitative 
assessments of the effectiveness of managing stormwater and the benefits attributed to 
the management option. The authors note that effectively and accurately implementing 
LCC analyses for LID will require more research into the costs of LID design, 
construction and O & M. Further research is also need in assessing the monetary benefits 
of LID controls. 

Despite the fact that LID technologies have been promoted and studied since the early 
1990s, in many ways, and to many stormwater managers, LID is still a new and emerging 
technology (Coffman 2002). As with most new technologies, installation and other costs 
for LID are highest during the early phases of development and adoption. Over time, as 
practitioners learn more about the technology, as the number of suppliers of inputs 
increases, and as regulations adapt to the new technology, costs will likely decline. 

Foss (2005) describes this relationship between a learning curve and construction costs 
for greenstreet technology in Seattle. The city spent $850,000 implementing a greenstreet 
pilot project, known as the “Street Edge Alternative” (SEA) street. The City’s street 
planners expect that based on their experience with the pilot project, building greenstreets 
in the future will cost substantially less. Foss quotes the manager of the City’s surface 
water program on this point: 

“You could take $200,000 off the price just from what we didn’t know. … 
The pilot phases that we are currently in are more expensive, but as the 
project becomes institutionalized, all the costs will come down. Even 
still, these projects are less expensive than standard projects.” (p. 7) 

B. Costs of Managing Combined Sewer Overflows By Low-
Impact Development 
One of the earliest studies of the economic aspects of managing combined sewer 
overflows by LID evaluated a project that disconnected downspouts as a means of 
reducing the number of CSO events and costs (Kaufman and Wurtz 1997). In 1994, the 
Beecher Water District (BWD) near Flint, Michigan, provided free downspout diversions 
from home sites to sanitary-sewer pipes for the 6,020 residential customers in their 
service area. The purpose of the program was to reduce the volume of sewer flows from 
the BWD to the City of Flint’s stormwater facility—and reduce the fees that BWD paid 
the city to manage these flows—and reduce the number and volume of CSO events in the 
BWD. 

The program was a success on many levels and is an example of a small-scale and 
inexpensive approach that effectively managed CSO events. Disconnecting downspouts 
cost the BWD just over $15,000. After the diversions, the mean volume of sewer flows 
measured across all precipitation events decreased 26 percent. The program saved the 
BWD over $8,000 per month in reduced fees to the City of Flint’s stormwater facility, 
and in reduced costs of managing CSO events. The program paid for itself in two months. 
Other benefits included reduced CSO-related customer complaints, improved recharge of 
groundwater and reduced pollution of the Great Lakes, the receiving waters for CSO 
from the District. 
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In another study looking at controlling CSO events on a smaller scale, Thurston et al. 
(2003) modeled the costs of CSO controls for a small watershed in Cincinnati, Ohio. The 
modeling exercise was part of a study that evaluated the theoretical considerations of 
developing a market for tradable stormwater credits as a means of reducing CSO events 
and costs. One part of the study compared the construction costs of controlling CSO 
events by building tunnels and storage vaults with the costs of building LID controls on 
each of the 420 mostly-residential lots in the study area. 

They calculated that building the tunnel and vault option would cost between $8.93 to 
$11.90 per cubic foot of storage capacity. Building LID controls on individual lots would 
cost $5.40 per cubic foot of capacity. Based on these results the researchers suggest that 
the costs of managing CSOs by implementing LID throughout the watershed would cost 
less than building a large centralized tunnel and vault system to store excess flows. They 
also note, however that their analysis does not include the opportunity cost of land that 
the LID controls would occupy, and so the cost of the LID option would be higher than 
they report. Their analysis also excludes O & M costs for both options, as well as the 
costs of education and outreach to property owners, and managing the construction of a 
large number of dispersed LID projects as components of the LID option. The project 
also excludes the economic benefits of the LID option. 

Kloss and Calarusse (2006) developed a set of policy guidelines for decisionmakers 
interested in implement LID controls as a means of reducing CSO events in their 
jurisdictions. Regarding the costs of LID controls, the authors distinguish between new 
and retrofit construction projects. In new developments, they conclude, LID typically cost 
less than conventional stormwater controls. They note, however, that retrofit 
developments in urban areas that include LID typically cost more than conventional 
controls. This is especially true for individual, small-scale retrofit projects. The relative 
costs of LID controls can be reduced when they are incorporated into larger-scale 
redevelopment projects. The report provides conclusions with limited details on cost 
information. The report also describes the experiences of nine municipalities across the 
country that include LID in their policies to control CSO events and related costs. 

Montalto et al. (2007) described the relationship between public agencies tasked with 
controlling CSO events, and private land owners on whose property the large majority of 
LID controls would be sited. The public agencies benefit from the reduced stormwater 
flows and CSO events that LID provides. The land owner, however, pays the LID 
installation and O & M costs, but may see little benefit beyond reduced stormwater fees 
or increased property values from LID such as greenstreets. These benefits may not 
outweigh the costs to the land owner, and so they may choose not to install LID controls. 
Given this disconnect, the authors note the benefits of public policies, incentives and 
subsidies to promote LID adoptions by private-property owners. 

In an effort, in part, to measure the amount of subsidy that may be required, the authors 
developed a model to assess the cost-effectiveness of mitigating CSO events in urban 
areas using LID. They applied their model to a case study in the Gowanus Canal area of 
Brooklyn, NY. The case study compared the costs of installing porous pavement, green 
roofs, wetland developments and other LID throughout the study area to the costs of 
installing storage tanks to catch excess stormwater flows. As part of their analysis they 
collected and report installation and O & M costs for a range of LID techniques. 
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They conclude that under a range of cost and performance assumptions, LID installed 
throughout the study area could potentially reduce the number of CSO events and volume 
at a cost that would be competitive or less than the costs of the conventional storage-tank 
option. They note that they could improve the performance of their model if more data 
were available on LID performance, costs and public acceptance. 

Plumb and Seggos (2007) studied the impacts of diverting monies currently designated to 
building storage tanks and other conventional CSO controls for New York City to 
building LID controls throughout the city. They compared the effectiveness of storage 
tanks and LID controls based on gallons of stormwater managed per $1,000 invested. We 
reproduce their results in Table 4-3 below. Except for greenroofs, the LID options control 
more stormwater per $1,000 invested than the conventional storage-tank option. 

Table 4-3: Gallons of Stormwater Managed per $1,000 Invested. 

Stormwater Control Gallons per $1,000 Invested 

Conventional Storage Tanks 2,400 

Greenstreet 14,800 

Street Trees 13,170 

Greenroof 810 

Rain Barrel 9,000 
Source: Plumb and Seggos 2007 

They describe their analysis as a simple and preliminary cost comparison and conclude 
that their results demonstrate that LID controls can be cost competitive with conventional 
controls, if not more so. The authors recommended further detailed study of the issue. 
Their analysis focused on the costs of LID vs. conventional controls and did not consider 
economic benefits of the LID techniques. 

C. Economic Benefits of Low-Impact Development 
Many reports and articles describe the potential benefits that LID stormwater controls can 
provide—benefits that conventional controls can not offer.9 Very few studies, however, 
quantify these benefits, either in biophysical measures or in dollar amounts. A study by 
CH2MHill (2001) is a typical example. The analysis compared the costs and benefits of 
managing stormwater in two residential developments using LID or conventional 
controls. The cost analysis included detailed information for the LID and conventional 
controls. In this case, results of the cost analysis were mixed. In one development the LID 
option cost less to build and in the other development the conventional control cost less. 
In both cases the LID option had higher maintenance costs but homeowners would 
benefit from lower stormwater and water fees. 

                                                        

9 We list a number of these sources in Section II of this report. 
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The analysis of benefits included much less detailed information. The study lists the 
benefits that the LID option would provide, benefits that the conventional approach 
would not. These benefits include reduced auto traffic, increased open space, improved 
downstream water quality, and increased groundwater recharge. However, the benefits 
were not quantified in dollar amounts. 

In another example, Bachand (2002) studied the costs and benefits of developing 
wetlands as a stormwater management option. The analysis described the construction 
and O & M costs associated with the wetlands option, and the benefits including adding 
new recreational opportunities, increased wildlife habitat and increase property values for 
near-by homeowners. However, they did not measure the benefits in economic terms. An 
accompanying study by Fine (2002) quantified some of the recreational benefits that 
derive from wildlife watching in the wetlands, but left unquantified the benefits of other 
direct uses of the wetlands, as well as the value of habitat improvements and other non-
use benefits.10 

When researchers cite the needs for further research into LID-related topics, quantifying 
benefits and measuring their economic importance invariably makes the list. For 
example, Sample et al. (2003) cites the need for more research into measuring the 
technical and economic benefits of LID, including benefits to downstream receiving 
waters. Powell et al. (2005) note the need for more research into monetary measures of 
the benefits of LID, e.g., the impact that a greenstreet can have on adjacent property 
values. Vesely et al. (2005) state that future studies should include not only the economic 
benefits of LID but also the negative economic impacts of conventional controls. Failing 
to do so will continue biasing management decisions in favor of conventional controls: 

“Exclusive reliance on profitability and market value will favour [sic] 
the conventional approach to stormwater management by disregarding 
both the negative environmental externalities associated with this 
approach, and the positive environmental externalities associated with 
the low impact approach.” (page 12) 

A number of studies do measure some of the economic benefits of on-site stormwater 
controls. For example, Braden and Johnson (2004) studied the economic benefits that on-
site stormwater management could have on properties downstream. The researchers first 
estimated the impacts that on-site stormwater controls could have on the frequency and 
extent of downstream flooding. Using information reported in the literature on the extent 
to which property markets discount the value of properties in a floodplain, they 
approximated the economic value of reduced flooding attributed to on-site management 
of stormwater. They then calculated the value of avoided flood damage as a percentage of 
property values. They estimate that a marginal reduction in flooding would increase 
property values 0 to 5 percent for properties in a floodplain, depending on the extent to 
which the on-site controls reduce stormwater runoff. 

They then took a similar approach to valuing improvements in water quality. Based on 
values reported in the literature, they estimate that the benefits of improved water quality 
could reach 15 percent of market value for properties that border the water body at issue 

                                                        

10 We were unable to obtain a copy of the full report. We base our description on a summary of the analysis. 
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if water quality improves significantly. The increase is much less for smaller 
improvements in water quality, for undeveloped properties, and for properties not 
adjacent to the water body. 

They conclude with a best-guess estimate of a 2 to 5 percent increase in property values 
for properties in a floodplain from on-site management of stormwater. Other benefits that 
could not be quantified or valued given available information include reduced 
infrastructure expenditures for culverts, bridges and other drainage infrastructure. 

In a follow-up case study, Johnston, Braden, and Price (2006) applied the analytical 
method developed in the previous study to properties in the one-hundred-year floodplain 
portion of a watershed in the Chicago area. They estimate the economic benefit of 
avoided flooding two ways and extend the analysis to approximate reduced municipal 
expenditures on culverts. 

Applying the 0 to 5 percent impact on property values calculated in the previous study to 
properties in the case study, the researchers estimated an economic benefit of $0 to 
$7,800 per acre of increased property value attributed to reduced flooding. They also 
calculated the economic benefit of reduced flooding based on the avoided flood damage 
to structures and contents for properties in the floodplain. This analytical method 
included data compiled by the U.S. Army Corps of Engineers on the relationship between 
flooding and damages to properties in floodplains. This approach yields an economic 
benefit of avoided flooding of $6,700 to $9,700 per acre for properties in the floodplain. 

The researchers approximate that for the case-study portion of the watershed, 
conservation-design practices such as LID techniques that retain more stormwater on site 
and reduce flooding could generate $3.3 million in avoided costs for road culverts. 

The estimated economic benefit of increased on-site management of stormwater for 
properties in the case study for both avoided flooding and reduced municipal 
expenditures on culverts is $380 to $590 per acre. 

A series of analyses by American Forests (2000-2006) report the economic benefits of 
stormwater services provided by trees in various cities and regions throughout the United 
States. These reports describe results from American Forests’ CITYgreen model, which 
calculates the volume of stormwater absorbed by existing tree canopies and estimates the 
avoided costs in stormwater management that the trees provide. The model includes city-
specific per-unit stormwater-management costs when available. The model substitutes 
national per-unit costs when city-specific data are not available. In Table 4-4 below we 
report the results for some of American Forests’ city and regional analyses. The dollar 
amounts represent the costs of expanding stormwater infrastructure to manage the 
stormwater that existing trees otherwise absorb and transpire. 
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Table 4-4: Avoided stormwater-construction costs attributed to trees, as 
measured by the American Forests’ CITYgreen model. 

Urban Area Amount that trees save in one-time  
stormwater-construction costs 

Houston, Texas $1.33 billion 

Atlanta, Georgia $2.36 billion 

Vancouver, Washington/ 
Portland-Eugene, Oregon 

$20.2 billion 

Washington D.C. $4.74 billion 

New Orleans, Louisiana $0.74 billion 

San Antonio, Texas $1.35 billion 

San Diego, California $0.16 billion 

Puget Sound Metro Area, Washington $5.90 billion 

Detroit, Michigan $0.38 billion 

Chesapeake Bay Region $1.08 billion 
Source: American Forests 2000-2006 

The Bisco Werner et al. (2001) analysis of the economic benefits of trees attributed to 
stormwater management also employed the CITYgreen model. Researchers applied the 
CITYgreen model to a case study that included the commercial corridor along a major 
highway through central New Jersey. The analysis modeled the change in tree canopy 
between 1975 and 1995, and calculated the value of lost stormwater services. During this 
time, the value of services declined from $1.1 million to $896,000, a 19-percent 
reduction. If existing trends continue, the expected value in 2015 will be $715,000, a 35-
percent reduction relative to the value of services available in 1975. As services supplied 
by street trees declines, demand on municipal stormwater controls, and associated costs, 
increase. 

The researchers extended their study to include the economic benefits of tree cover 
attributed to removing air pollutants. This portion of their analysis studied the tree cover 
at a number of commercial properties in the New York and New Jersey area. In this case 
the CITYgreen model calculated avoided stormwater-construction costs associated with 
stormwater services provided by trees on site and, using values reported in the literature, 
the amounts of air pollutants absorbed by trees, and the per-unit value for each pollutant. 

In one case study of a shopping mall, the analysis estimated that the trees currently on the 
site manage approximately 53,000 cubic feet of stormwater. The CITYgreen model 
estimated the value of  the associated avoided infrastructure costs at just over $33,000. 
The value of air-pollutant removed is estimated at $1,441 per year. The report lists results 
for fifteen such case studies. 

Wetlands that absorb stormwater runoff can help minimize stormwater-related 
management and infrastructure costs. Depending on their location and makeup, wetlands 
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may provide other benefits, such as wildlife habitat and recreational opportunities. Fine 
(2002)11 studied the recreational benefits provided by wetlands proposed as part of the 
Treasure Island redevelopment in San Francisco Bay. The analysis assumes that the 
wetlands will attract visitors year round, with the winter months providing the best 
opportunity to view migratory birds. Based on recreational expenditures for similar sites 
in the San Francisco Bay area, Fine calculates that area visitors will spend $4 to $8 
million annually. Other benefits that Fine was unable to quantify and value include 
fisheries enhancement and water-quality services. 

Devinny et al. (2005) developed a first-approximation of a benefit-cost analysis of 
complying with water-quality requirements throughout Los Angeles County using LID 
and other stormwater BMPs. They present their analysis as an alternative to the approach 
described by Gordon et al. (2002), which relies on collecting and treating the county’s 
stormwater using conventional controls. The Devinny et al. approach assumes 
widespread adoption of LID and other on-site stormwater BMPs. 

The Devinny et al. analysis accounts for the fact that the density of existing development 
will limit the extent to which LID and other BMPs can be retrofitted into developments. 
As an alternative they propose a combination of LID and BMPs along with directing 
stormwater to regional wetlands and other infiltration systems. As the density of 
development increases, so does the size and costs of developing regional wetlands. 

This study differs from other benefit-cost analyses of stormwater-management options in 
that the researchers quantify a range of potential benefits associated with the approach 
that emphasizes on-site treatment of stormwater. They estimate the cost of their approach 
at $2.8 billion if disbursed LID and other on-site BMPs sufficiently control stormwater 
quality. Costs increase to $5.7 to $7.4 billion if regional wetlands and other infiltration 
systems are needed. This approach costs less than the estimated cost of $44 billion to 
implement the option that emphasizes conventional controls (California Department of 
Transportation 2005). 

The estimated value of the economic benefits of implementing LID, other on-site BMPs 
and regional wetlands range from $5.6 to $18 billion. Benefits include the economic 
aspects of reduced flood control, increased property values adjacent to new greenspaces 
and wetlands, additional groundwater supplies, improved beach tourism, and reduced 
sedimentation of area harbors. The conventional approach would provide none of these 
economic benefits. 

                                                        

11 We were unable to obtain a copy of the full report. We base our description on a summary of the analysis. 
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V. DEVELOPERS’ EXPERIENCES WITH LOW-IMPACT DEVELOPMENT 
Baring regulations that mandate LID controls, developers adopt LID because they help 
reduce construction costs, increase sales, boost profits, or some combination of the three. 
These deliberations focus primarily on the extent to which local property markets account 
for the direct costs and benefits that LID can provide. Typically these deliberations do not 
include indirect costs and benefits and the potential non-market impacts of LID that may 
be important to others such as municipal stormwater managers and area residents. These 
non-market impacts may include reduced downstream flooding, improved water quality 
and habitat of water bodies that receive stormwater, reduced CSO events, or impacts on 
the costs of operating municipal-stormwater infrastructure. 

In this section we summarize developers’ experiences installing LID. As with other new 
technologies, adopting LID includes opportunities and risks. We begin by describing the 
risks and challenges that developers face by including LID in their projects. These risks 
include uncertain construction delays as the developer applies for variances to local 
zoning codes because the codes do not explicitly recognize LID as an accepted 
stormwater control. 

Next, we describe some of the efforts by municipal governments to reduce the 
developers’ regulatory risk and uncertainty of using LID. Finally, we list some of the 
successes developers have had adopting LID and the resulting impacts on construction 
costs, sales, and profits. 

A. Challenges Developers Face Using LID 
Much of the general public is still unaware of LID attributes, the benefits they can 
provide, or their O & M costs. As such, they may not understand or appreciate why a 
developer included LID in a project. This may give developers pause because they supply 
products that they believe their customers—homebuyers—want and will purchase. 
Potential buyers may shy away from homes that include an unfamiliar technology. 

A general lack of understanding of LID may concern developers in part because 
including on-site treatment of stormwater will also require on-site management of 
stormwater facilities, the LID technologies. Homeowners unfamiliar with LID likely will 
have no understanding of their maintenance requirements (Lewis 2006; England 2002; 
Foss 2005). For example, a bioswale clogged with sediment may not control stormwater 
volume or quality, which could negatively reflect on the builder. Another concern has to 
do with the lack of understanding as to the life-expectancy of LID controls (Lewis 2006). 
A builder may be concerned that an untimely failure of stormwater controls could 
negatively affect their reputation. 

Similar to the public’s general lack of understanding of LID, many builders are also 
unfamiliar with the technology. A builder may not be able to identify the most effective 
and least-cost LID technology for a given development from the wide variety of possible 
LID controls (Foss 2005; Lewis 2006). A related point is that construction costs for LID 
technologies are site specific. For example, not all soils can support LID technologies 
that emphasize stormwater infiltration. Assessing a site and designing LID technologies 
that will function on the site may also increase a builder’s design costs (Coffman 2002; 
Strassler et al. 1999). 
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A much-mentioned impediment to builders’ adoption of LID is building codes that do not 
account for LID as stormwater controls. Many municipalities have zoning and building-
inspection standards in place that were adopted many years ago, long before LID was an 
option (Coffman 2002; NAHB Research Center Inc. 2003; Foss 2005; Lewis 2006). 
These standards emphasize conventional stormwater controls that collect stormwater and 
transport it off site to a receiving body of water or to a treatment facility. Municipalities 
with outdated stormwater regulations typically require that builders file variances if they 
want to use LID controls. Filing variances for LID increases design and regulatory costs, 
which delays construction and can increase a builder’s financing costs (Clar 2004; 
Coffman 2002; Lewis 2006; NAHB Research Center Inc. 2003). 

A related constraint in some jurisdictions with outdated regulations is a lack of technical 
expertise or understanding by regulators regarding LID stormwater controls. In some 
cases, regulators unfamiliar with LID technology must be convinced of their 
effectiveness, which also increases a builder’s design and regulatory costs (Coffman 
2002; NAHB 2003; Lewis 2006). 

B. Municipal Actions To Increase LID Adoption On Private 
Developments 
Some jurisdictions help promote LID adoption on private lands and take steps that reduce 
the regulatory uncertainty and risk that builders face when including LID in private 
developments. These jurisdictions may have CSO problems, or are trying to extend the 
useful life of their stormwater infrastructure in the face of increasing population and 
economic activity. In any case, they recognize the importance of managing as much 
stormwater on site as possible and keeping it out of the jurisdiction’s stormwater pipes. 

One way that jurisdictions promote LID adoption on private lands is by updating their 
zoning codes and building-inspection standards to explicitly address LID stormwater 
controls (Coffman 2002; NAHB Research Center Inc. 2003; Foss 2005; Lewis 2006). 
This helps reduce a builder’s regulatory risk because it eliminates the need to file 
variances. Rather than spending time convincing regulators as to the desirable stormwater 
attributes or effectiveness of LID controls, builders can instead proceed with their 
development. 

Granting density bonuses for developments that install LID stormwater controls is 
another way jurisdictions encourage the proliferation of LID techniques. In this case, the 
jurisdiction grants the developer a greater number of individual building lots than would 
have been allowed if the development relied on conventional stormwater controls 
(Coffman 2002; NAHB Research Center Inc. 2003). This type of incentive not only 
reduces a builder’s regulatory risk, and associated costs, but also increases the number of 
lots that can be sold, which can increase the builder’s revenue and profits. Jurisdictions 
also promote LID installation on private lands by reducing development-related fees, 
such as inspection fees (Coffman 2002; NAHB Research Center Inc. 2003). 

C. Benefits To Developers of Including LID Controls in 
Their Projects 
Developers who accept the regulatory uncertainty and other challenges of adopting LID 
do so with the expectation that controlling stormwater on site can have economic 
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advantages. These advantages include increasing the number of developable lots and 
reducing expenditures associated with stormwater infrastructure. Managing stormwater 
on site using LID controls can mean doing away with stormwater ponds, thus increasing 
a site’s developable area (Coffman 2002; NAHB Research Center Inc. 2003). Selling 
additional lots can increase a builder’s revenues and profits. Replacing curbs, gutters and 
stormwater pipes with bioswales, pervious pavers and other LID controls reduces 
construction costs for some developers (Coffman 2002; NAHB Research Center Inc. 
2003; Center for Watershed Protection 2001). 

An analysis of a development in Prince George’s County, Maryland, documented the 
impacts that controlling stormwater on site with LID can have on the site’s buildable area 
and construction costs. The Somerset Community development installed rain gardens, 
grass swales along streets, and other LID controls. Substituting LID for conventional 
controls saved the developer approximately $900,000. Doing away with the site’s 
stormwater ponds gave the developer six additional lots (Foss 2005). 

A study of the Pembroke Woods Subdivision in Frederick County, Maryland found 
similar results (Clar 2004). The developer substituted LID for conventional controls, 
doing away with curbs, gutters, sidewalks, and eliminated two stormwater ponds. 
Eliminating the curbs and gutters saved the developer $60,000. Installing narrower streets 
eliminated impervious area and reduced paving costs by 17 percent. Excluding the 
stormwater ponds saved $200,000 in construction costs and added two developable lots, 
valued at $45,000 each. Other economic benefits to the developer include reduced costs 
of clearing land for development of $160,000, and adding 2.5 additional acres of open 
space, which reduced the developer’s wetland-mitigation requirements. 

Conservation subdivisions take a comprehensive approach to stormwater management by 
combining LID controls with a site design that takes advantage of existing drainage 
patterns. Narrow streets and clustered building lots make maximum use of natural 
stormwater controls, thus reducing construction costs (Center for Watershed Protection 
2001). A study of ten subdivisions found that conservation subdivisions that emphasized 
LID and protected natural drainage patterns cost, on average, thirty-six percent less than 
subdivisions that relied on conventional stormwater controls (Conservation Research 
Institute 2005). 

Researchers note that some conservation subdivisions have an additional benefit in that 
there’s greater demand for lots in these subdivisions compared with the demand for lots 
in conventional subdivisions. Greater demand for lots means the developer can charge 
more for the lot and lots may sell faster (Center for Watershed Protection 2001). 

A case study of conservation and conventional subdivisions in South Kingstown, Rhode 
Island quantified the market benefits of conservation developments. The study compared 
the costs of developing the lots and the market value of the lots (Mohamed 2006). Results 
show that conservation lots cost less to develop and sell for a higher price. On average, 
conservation lots cost $7,400 less to produce than lots in conventional subdivisions, and 
sold for 12 to 16 percent more, per acre, than conventional lots. Lots in the conservation 
subdivision also sold in approximately half the time as lots in conventional subdivisions. 

Another study of cluster developments in New England found that houses in these types 
of developments appreciate faster than houses in conventional developments (Lacy 
1990). Lacy identified developments in Concord and Amherst, Massachusetts that were 
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characterized by smaller individual lots surrounded by natural open space, limited lot 
clearing, and narrower streets. He compared these with nearby conventional 
developments. The Concord cluster development appreciated 26 percent more than 
conventional developments over an eight-year study period. The Amherst cluster 
development also yielded a higher rate of return on investment over a 21-year study 
period, compared to nearby conventional development. 

In Tables 5-1 and 5-2 below we summarize the results of studies that compared 
construction costs using LID vs. conventional stormwater controls for residential and 
commercial developments (respectively). We included information in the tables if a study 
described the source of the cost difference, e.g., substituting a bioswale for curbs and 
gutters saved $Z. We excluded studies that reported a cost difference, but did not describe 
the details of the cost comparison. We found many studies in the literature that did not 
provide details of cost comparisons. 

We distinguish between study results for built developments from results for proposed or 
modeled developments. In some cases the studies report total cost savings for a 
development but not savings per lot in the development. In these cases we calculated the 
per-lot cost savings. We recognize that the cost savings values reported below are in 
dollars from different years, and so comparisons of cost savings between examples may 
not be appropriate. We found insufficient data in most case studies to convert all values 
to the same-year dollars. 

The large majority of studies listed in Tables 5-1 and 5-2 describe LID installed or 
proposed to be installed in new developments. We found very few studies that measured 
the economic outcomes of including LID stormwater controls in urban, redevelopment 
projects. We identified these studies as “retrofits” in the tables. 
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Table 5-1: Cost savings attributed to installing LID stormwater controls in residential 
developments. 

Location Description LID Cost Savingsa 

Meadow on the Hylebos 
Residential Subdivision 
Pierce County, WA 

9-acre development reduced street width, added swale 
drainage system, rain gardens, and a sloped bio-terrace 
to slowly release stormwater to a creek. Stormwater pond 
reduced by 2/3, compared to conventional plan. (Zickler 
2004) 

LID cost 9% less 
than conventional 

Somerset Community 
Residential Subdivision 
Prince George’s Co., MD 

80-acre development included rain gardens on each lot 
and a swale drainage system. Eliminated a stormwater 
pond and gained six extra lots. (NAHB Research Center 
Inc. 2003) 

$916,382 
$4,604 per lot 

Pembroke Woods 
Residential Subdivision 
Frederick County, MD 

43-acre, 70-lot development reduced street width, 
eliminated sidewalks, curb and gutter, and 2 stormwater 
ponds, and added swale drainage system, natural buffers, 
and filter strips. (Clar 2004; Lehner et al. 2001) 

 $420,000 
 $6,000 per lotb 

Madera Community 
Residential Subdivision 
Gainesville, FL 

44-acre, 80-lot development used natural drainage 
depressions in forested areas for infiltration instead of 
new stormwater ponds. (PATH 2005) 

$40,000 
$500 per lotb 

Prairie Crossing 
Residential Subdivision 
Grayslake, IL 

667-acre, 362-lot development clustered houses reducing 
infrastructure needs, and eliminated the need for a 
conventional stormwater system by building a natural 
drainage system using swales, constructed wetlands, and 
a central lake. (Lehner et al. 2001; Conservation 
Research Institute 2005) 

$1,375,000- 
$2,700,000 

$3,798-$7,458  
per lotb 

SEA Street Retrofit 
Residential street retrofit 
Seattle, WA 

1-block retrofit narrowed street width, installed swales and 
rain gardens. (Tilley 2003) 

$40,000 

Gap Creek 
Residential Subdivision 
Sherwood, AK 

130-acre, 72-lot development reduced street width, and 
preserved natural topography and drainage networks. 
(U.S. EPA 2005; Lehner et al. 2001; NAHB Research 
Center Inc. 2003) 

$200,021 
$4,819 per lot 

Poplar Street Apartments 
Residential complex 
Aberdeen, NC 

270-unit apartment complex eliminated curb and gutter 
stormwater system, replacing it with bioretention areas 
and swales. (U.S. EPA 2005) 

$175,000 

Kensington Estates* 
Residential Subdivision 
Pierce County, WA 

24-acre, 103-lot hypothetical development reduced street 
width, used porous pavement, vegetated depressions on 
each lot, reduced stormwater pond size. (CH2MHill 2001; 
U.S. EPA 2005) 

$86,800 
$843 per lotb 

Garden Valley* 
Residential Subdivision 
Pierce County, WA 

10-acre, 34-lot hypothetical development reduced street 
width, used porous paving techniques, added swales 
between lots, and a central infiltration depression. 
(CH2MHill 2001) 

$60,000 
$1,765 per lotb 

Circle C Ranch 
Residential Subdivision 
Austin, TX 

Development employed filter strips and bioretention strips 
to slow and filter runoff before it reached a natural stream. 
(EPA 2005) 

$185,000 
$1,250 per lot 
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Location Description LID Cost Savingsa 

Woodland Reserve* 
Residential Development 
Lexana, KS 

Reduced land clearing, reduced impervious 
surfaces, and added native plantings. (Beezhold 
2006) 

$118,420 

The Trails* 
Multi-Family Residential 
Lexana, KS 

Reduced land clearing, reduced impervious 
surfaces, and added native plantings. (Beezhold 
2006) 

$89,043 

Medium Density 
Residential* 
Stafford County, VA 

45-acre, 108-lot clustered development, reduced 
curb and gutter, storm sewer, paving, and 
stormwater pond size. (Center for Watershed 
Protection 1998b) 

$300,547 
$2,783 per lotb 

Low Density Residential* 
Wicomico County, MD 

24-acre, 8-lot development eliminated curb and 
gutter, reduced paving, storm drain, and 
reforestation needs. Eliminated stormwater pond 
and replaced with bioretention and bioswales. 
(Center for Watershed Protection 1998b) 

$17,123 
$2,140 per lotb 

Source:  ECONorthwest, with data from listed sources. 
Notes:  * indicates hypothetical or modeled project, not actually constructed. 
  a Dollar amounts as reported at the time of study. 
  b Per-lot cost savings calculated by ECONorthwest. 
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Table 5-2: Cost savings attributed to installing LID stormwater controls in commercial 
developments. 

Location Description LID Cost Savingsa 

Parking Lot Retrofit 
Largo, MD 

One-half acre of impervious surface. Stormwater directed 
to central bioretention island. (U.S. EPA 2005) 

$10,500-$15,000 

Old Farm Shopping Center* 
Frederick, MD 

9.3-acre site redesigned to reduce impervious surfaces, 
added bioretention islands, filter strips, and infiltration 
trenches. (Zielinski 2000) 

$36,230 
$3,986 per acreb 

270 Corporate Office Park* 
Germantown, MD 

12.8-acre site redesigned to eliminate pipe and pond 
stormwater system, reduce impervious surface, added 
bioretention islands, swales, and grid pavers. (Zielinski 
2000) 

$27,900 
$2,180 per acreb 

OMSI Parking Lot 
Portland, OR 

6-acre parking lot incorporated bioswales into the design, 
and reduced piping and catch basin infrastructure. 
(Liptan and Brown 1996) 

$78,000 
$13,000 per acreb 

Light Industrial Parking Lot* 
Portland, OR 

2-acre site incorporated bioswales into the design, and 
reduced piping and catch basin infrastructure. (Liptan 
and Brown 1996) 

$11,247 
$5,623 per acreb 

Point West Shopping Center* 
Lexana, KS 

Reduced curb and gutter, reduced storm sewer and 
inlets, reduced grading, and reduced land cost used 
porous pavers, added bioretention cells, and native 
plantings. (Beezhold 2006) 

$168,898 

Office Warehouse* 
Lexana, KS 

Reduced impervious surfaces, reduced storm sewer and 
catch basins, reduced land cost, added bioswales and 
native plantings. (Beezhold 2006) 

$317,483 
 

Retail Shopping Center* 9-acre shopping development reduced parking lot area, 
added porous pavers, clustered retail spaces, added 
infiltration trench, bioretention and a sand filter, reduced 
curb and gutter and stormwater system, and eliminated 
infiltration basin. (Center for Watershed Protection 
1998b) 

$36,182 
$4,020 per acreb 

Commercial Office Park* 13-acre development reduced impervious surfaces, 
reduced stormwater ponds and added bioretention and 
swales. (Center for Watershed Protection 1998b) 

$160,468 
$12,344 per acreb 

Tellabs Corporate Campus 
Naperville, IL 

55-acre site developed into office space minimized site 
grading and preserved natural topography, eliminated 
storm sewer pipe and added bioswales. (Conservation 
Research Institute 2005) 

$564,473 
$10,263 per acreb 

Vancouver Island 
Technology Park 
Redevelopment 
Saanich, British Columbia 

Constructed wetlands, grassy swales and open 
channels, rather than piping to control stormwater. Also 
used amended soils, native plantings, shallow 
stormwater ponds within forested areas, and permeable 
surfaces on parking lots. (Tilley 2003) 

$530,000 

Source:  ECONorthwest, with data from listed sources.  
Notes:  * indicates hypothetical or modeled project, not actually constructed. 
   a Dollar amounts as reported at the time of study. 
  b Per-acre cost savings calculated by ECONorthwest. 
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VI. DIRECTIONS FOR FUTURE RESEARCH 
Despite the increasing use of LID stormwater controls, and the growing number of 
economic studies of this technique, our literature review found areas for further research. 
These areas include: 

• Additional research that quantifies the costs and benefits of stormwater 
management. This includes economic research on the lifetime O & M costs 
for LID and conventional controls, as well as, studies that quantify the 
economic benefits of LID methods. 

• More detailed information on costs associated with LID. Specifically, 
information on the factors that contribute to cost savings or cost increases of 
LID relative to conventional controls. 

• Economic studies of LID and conventional methods that control for the 
effectiveness of the techniques regarding managing stormwater volumes and 
improving water quality. Comparing LID techniques that cost more to install 
than conventional methods, but control larger amounts of stormwater, is an 
apples-to-oranges comparison. 

• The large majority of economic studies of LID methods apply to new 
construction. More research is needed on the economic outcomes of 
including LID methods in urban redevelopment projects. 

• Some preliminary evidence exists that LID can help control CSO volumes at 
a lower cost than conventional controls. Stormwater managers and public-
policy decisionmakers would benefit from additional economic research on 
this topic. 

• Economic studies that model theoretical LID and conventional controls, 
while informative, may be less convincing to some stormwater managers, 
decisionmakers and ratepayer stakeholders than retrospective studies of 
installed controls.  
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Urban runoff today poses one of our
greatest environmental challenges. The
trash and pollutants experts call “urban
hash” is carried from driveways, sidewalks
and streets of inland Southern California to
the Los Angeles River to be swept into
Santa Monica Bay and the Pacific Ocean.
Scientists on the Long Beach-based re-
search vessel Alguita have found evidence of
Los Angeles’ “plastic plume” of urban runoff
six thousand miles at sea where plastic now
outweighs plankton six pounds to one.

The nation as a whole has attempted
to deal with water quality issues since the
federal Clean Water Act of 1972. During
the first few decades of its passage, effective
control of “point source pollution” had been
the primary focus, identifying and control-
ling known sources of water pollution such
as factories and businesses. Most recently

“non-point source pollution,” pollution re-
sulting from no readily identifiable or pros-
ecutable source, has become the govern-
ment’s focus.

Nonpoint source pollution is today
considered the greatest contributor to ur-
ban runoff. It comes from residents dump-

ing oil and cleaning paint brushes in the
gutter, to litterers, to windblown plastic
bags to car brake lining dust washing from
roads into the river with each rain. As Los
Angeles County’s 10 million plus popula-
tion continues to explode, so does the
amount of our toxic urban runoff.

Since the 1980s, environmental groups
have filed lawsuits to force the government
to control nonpoint source pollution. In
Southern California, Heal The Bay and the
Natural Resources Defense Council won a
1999 suit to force the regional Water
Quality Control Board and the cities of
the Los Angeles River Basin to uphold the
Environmental Protection Agency’s stan-
dards for non-point source pollution.

The cumulative result of these efforts
both locally and nation wide is the develop-
ment of TMDLs, or Total Maximum
Daily Loads. TMDLs specify the maxi-
mum amount of a pollutant a waterbody
can receive before losing its designated
beneficial use rating. Such ratings indicate
whether a river or lake can be used for
swimming or drinking or non-water con-
tact activities like boating.

Thanks to the efforts of FoLAR, the
Los Angeles River has retained its official
“Rec 1” beneficial use designation, declar-
ing its official aspirations to someday return
to its original state as a swimmable, drink-
able and fishable river. As can be seen in
this report, it is currently none of those
things. Future reports will help track the
river’s progress toward that goal.

The first TMDL established for
reaches of the Los Angeles River is for
trash. An estimated 367,500 gallons of
trash generated from 584 square miles of
the Los Angeles watershed lands annually
in the river. As of 2002, this estimated base-
line TMDL must be reduced by 10 percent
a year until it hits 0 by 2012. While a coali-
tion of small cities are fighting the TMDL
enforcement based primarily on its cost,
Los Angeles City voters recently passed
Prop O, a $500 million bond initiative that
includes trash catching technology to meet
the TMDL mandate, a clear indication
that when given the choice, people choose
a clean river.

While capturing trash at the storm
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drains is one way to meet the TMDL stan-
dards, taking on trash producers is another.
FoLAR has contributed to that effort
through the trash sorting and characteriza-
tion conducted at its 15th Annual La Gran
Limpieza Great Los Angeles River
Cleanup in the spring of 2004. FoLAR’s
2004 river clean-up was the nation’s largest,
with some 3,000 volunteers collecting 25
tons of trash, half of which went to recy-
cling rather than the landfill.

Lupe Vela, senior staff of the Ad Hoc
Committee on the Los Angeles River, and
certified waste characterizer, spearheaded
the trash sorting effort in 2004 “because I
was appalled at the number of plastic bags
in the river and hoped to create some mo-
mentum against them. It’s a beginning of
the discussion.” The resulting pie chart,
shown here (also available at www.folar.
org) shows that the majority of the trash
collected from the river is plastic, and most
of that is plastic bags and film.

Since their introduction in the 1950s,
plastics bags have become a planet wide
plague.They not only cause visual blight but
are a choking hazard for wildlife and leach
toxins into the water and soil as they break
down. In 2002 the South African govern-
ment required manufacturers make a more

durable and ultimately expensive plastic
bag, causing a 90 percent reduction in their
use, while Ireland that same year instituted
a  fifteen cent per bag tax, leading to a 95
percent drop in use. Currently nations con-
sidering banning or taxing plastic bags in-
clude Australia, Canada, New Zealand, the
Phillippines, Kenya, Taiwan, Uganda and
the United Kingdom (more information on
this subject can be found at www.world-
watch.org/pubs/goodstuff/plasticbags/.) 

A
rmed with solid evidence of the
plastic bag problem as witnessed in
the L.A. River, Vela has established
the City of Los Angeles Plastics

Task Force to confront the plastics indus-
try and responsible retailers. Recommen-
dations of the  23- member task force that
includes a FoLAR representative contain
an “Adopt-A-River” program and in-
creased consumer education to encourage
recycling and discourage littering. These
are a start, yet fall short of the proven ef-
fective actions of charging per bag deposits
or taxing bag use.

Even more important than trash cap-
turing in the effort to bring the Los Angeles
River back to its Rec 1 designation is water
quality assessment. Determining the Los

Angeles River’s water quality through regu-
lar and ongoing monitoring has become a
primary focus for FoLAR. The more the
public and governing agencies know of the
River’s contents and condition, the better
equipped we are to control the poisons that
today flow all too freely into it.

W
hile the city and county of Los
Angeles do limited monitoring
of  aspects of the River’s water
quality, the state has been

forced to cut back since the mid-‘90s from
weekly testing to infrequent testing of ma-
jor California rivers. The federal govern-
ment claims to want to test major rivers
once every five years, but refuses to fund the
effort. Last year’s scheduled federal testing
of the Los Angeles River was dropped for
lack of money. They hope to get to it this
year. And none of the information accrued
by these government agencies is readily
available to the public. FoLAR aims to
change that.

Since April, 2003, non-profit FoLAR
has been the only group to provide ongoing
monthly monitoring of the River’s water
quality at 21 testing stations along the
River’s entire length. FoLAR’s use of citi-
zen monitors for water quality testing gives
them a powerful connection to the urban
environment, helping to cultivate a con-
cerned citizenry with an intimate aware-
ness our region’s environmental needs. Our
monitors come primarily from the Los
Angeles Conservation Corps and more in-
formation about them can be found in the
accompanying LACC box.

FoLAR is also the only non-profit or-
ganization devoted to the stewardship and
revitalization of the Los Angeles River to
emphasize membership. As part of our
mission to give the River back to the peo-
ple, this State of the River Report hopes to
make the River’s water quality available and
readily understandable to all the public,
making them informed and enlightened
stakeholders in our River’s future. FoLAR
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Los Angeles Conservation Corps’
Clean and Green and Adult Corps.

FoLAR couldn’t have done its River
Watch water quality monitoring effort
without the Los Angeles Conservation
Corps’ Clean and Green program
and its Adult Corps. Both groups
have also provided vital support 
services for FoLAR’s Annual La Gran
Limpieza Great Los Angles River
Cleanup. 

Since its founding in 1986 by
former U.S. Secretary of Commerce,
Mickey Kantor, The Los Angeles
Conservation Corps has become the
nation’s largest nonprofit youth corps,
employing and educating thousands
of L.A. youth. LACC receives funding
from various state, city and county
agencies, as well as private donors
and foundations.

LACC’s Clean and Green pro-
gram trains and provides paid em-
ployment for students aged 13-17 on
urban beautification projects such as
tree planting, mural painting and com-
munity garden building. Students from

throughout the city’s 15 council dis-
tricts act on work requests from busi-
nesses, community organizations and
homeowners. Clean and Green stu-
dents learn the importance of job
and community commitment, while
getting an on the job environmental
education. 

The Adult Corps works annually
with some 300 young adults aged
18-23, providing education and jobs
focused on the urban environment.
These include California State
Department of Conservation spon-
sored recycling programs and major
tree planting projects throughout the
city of Los Angeles. Adult Corps
members also get a chance to finish
their high school educations at
LACC’s Excelsior Education Center.
Participants alternate school and
work days, eventually earning not on-
ly a paycheck, but a diploma and
the right to graduate in cap and
gown at LACC’s annual ceremony. 

2

FoLAR monitored the water quality of the Los Angeles River along 22 sites that rep-
resented the water quality upstream, downstream and within several of its tributaries.
Seven teams of volunteers monitored monthly. Each team visited three sites, starting
with the furthest downstream and working their way upstream in order not to con-
taminate the samples.

The numbers on the map to the right show the monitoring locations, and corre-
spond to the numbers and names on the report card on page 3 

Monitoring involved collecting water samples for nutrient and metal analysis
as well as making observations regarding the site. Bacteria was tested for on a
quarterly basis. Monitors made note of the weather, color of the water, whether it
had a detectable odor, if there was the presence of oil, foam, trash, evidence of
dumping, algae, types of fauna, flora, and if people were using the area, and in
what way. The following field parameters were measured with meters: air tempera-
ture, dissolved oxygen (DO), water temperature, pH, total dissolved solids (TDS),
color and velocity.

Nutrient Testing was performed in the FoLAR laboratory, bacteria samples
were taken to the Southern California Marine Institute for analysis, and metal sam-
ples were analyzed at the Bay Keeper’s science laboratory.
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“A River is the report card for its watershed.” Alan Levere

Report Card 

State of the River 
Report Card  

L.A.River 2005

L.A.River 2005

1. Owensmouth  9 9 100 0 F 0

2.  Reseda 10 7 70 30 F 0

3. White Oak 9 2 33 77 C 2

4. Balboa 11 2 18.2 81.8 B 3

5. Coldwater 11 5 45.5 54.6 F 0

6. Moorpark 8 6 75 25 F 0

7. Tonopah 7 4 57.2 42.8 F 0

8. Lamer 10 9 90 10 F 0

9. Verdugo Wash 9 7 77.7 22.3 F 0

10. Bette Davis 8 3 37.5 62.5 D 1

11. Los Feliz 11 3 27.3 72.7 C 2

12. Fletcher 6 1 16.7 83.3 B 3

13. Fletcher 2 5 1 33.4 66.6 D 1

14. Riverdale 8 4 50 50 F 0

15. Oros 8 1 12.5 87.5 B 3

16. Arroyo Seco 9 2 22.3 77.7 C 2

17. District 12 10 83.4 16.6 F 0

18. Gage 12 12 100 0 F 0

19. Imperial 8 7 87.5 12.5 F 0

20. Compton Creek 9 1 11.2 88.8 B 3

21. Oregon 9 8 88.9 11.1 F 0

22. Wardlow 9 6 66.7 33.3 F 0

Days Days %Days %Days Letter GradeSite Tested Failed Failed Passed Grade Point

Y E A R

This report card is the result of one
year’s worth of monitoring the water
quality of the Los Angeles River and
its tributaries by Friends of the Los
Angeles River. Twenty two sites were
monitored for water temperature, 
dissolved solids, turbidity, pH, nitrate,
nitrites and total dissolved solids (TDS).
The Water Quality Objectives (WQOs)
used in this study were based on those
used in the Los Angeles River Basin
Plan. The term “failed” means results
that failed to meet the WQO for
“good” water quality. Because only
limited testing was done for bacteria,
those results are not included in this 
report card, though bacteria counts
consistently exceeded Health
Department standards for all three 
organisms monitored. As part of

FoLAR’s mission to give the River
back to the people, this Report Card
hopes to make information about the
River’s water quality available and 
readily understandable to all the public,
making them informed and enlightened
stakeholder’s in the River’s future. 

More detailed information about the 
water quality monitoring program, 
including analysis of bacteria testing,
can be found at www.folar.org. Or, 
for more information, please call
FoLAR at 323-223-0585.  

Overall GPA 

0.909
Overall Grade 

F

pH A measure of the relative
acidity or alkalinity of water. The
range of water suitable for most life
in freshwater environments is 
between 5 (alkali) and 9 (acidic).
Pure water is neutral, having a pH
of 7.00. Industrial pollution dis-
solved in rain drops and organic
acids from decomposing matter
can shift a water’s pH toward the
acidic (higher pH). 

TDS(Total Dissolved Solids):
The dissolved solids in water. A 
water supply of 1000 TDS is 
considered undesirable for human
consumption and most irrigation.

DO(Dissolved Oxygen):
Virtually all aquatic life requires
some level of oxygen dissolved in
water to exist. Warm water holds
less dissolved oxygen than cold
water. Consistently high oxygen
content allows a body of water to
support more numbers and variety
of aquatic organisms.

Turbidity
A measure of water cloudiness
caused by small particles of solids
which don’t easily settle to a 
container bottom. Turbidity blocks
life sustaining light to organisms 
requiring it, such as fish, plants 
and insects. 

Temperature
A measure of water temperature.
Warmer water holds less oxygen
and supports less life. Temperature
can also affect water’s pH. The 
Los Angeles River was once one 
of the southernmost steelhead trout
runs, but steelhead can not survive
at a temperature of more than 
72 degrees Fahrenheit (22 
degrees Celsius.)

Nutrients
(nitrite nitrogen, nitrate nitrogen N0
3, ortho phosphate high and ortho
phosphate low): The nutrients most
often responsible for water quality
degradation are nitrogen and
phosphorus. Plants normally use ni-
trates as the source of nitrogen
needed by all living beings; but ex-
cessive concentrations of nitrates in
streams greater than about 5 mil-
ligrams per liter can cause exces-
sive growth of algae and other
plants, leading to accelerated eu-
trophication or “aging” of a river.
Nitrates and nitrites can get into
water as a result of the direct run-
off of fertilizer and sewage effluent,
or run-off from land where ma-
nure has been applied or stored.

WHAT WE 
TESTED FOR

3

Number of Sites 

22

Vogel Flats, Tugunga Wash 

Los Conquistadores (detail) 
painting by Connie Jenkins (see page 7)
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WHILE THE LOS ANGELES RIVER
HAS MANY POLLUTION 
PROBLEMS, THE MOST VISIBLE 
IS TRASH. Debris in the River

not only is unsightly but it is also a serious
threat to aquatic life and the health and
safety of humans. Trash can smother im-
mobile organisms and clog natural habitat.
Animals mistake it for food that can result
in fatalities. Humans as well as animals are
vulnerable to injury and entanglement
from debris. Trash enters the River and
tributaries via urban run off from the
streets, dumping and recreational uses.
Trash, such as fast food wrappers and cig-
arette butts dropped on sidewalks and
streets, goes in to curbside openings called
catch basins. Clothes, car parts, and shop-
ping carts that are dumped along the banks
of the River eventually end up in it. Often
people enjoying the River unfortunately
leave behind picnicking debris such as
Styrofoam cups and plastic drink bottles
which all contribute to the problem.
Through catch basin inserts, and public
education campaigns the trash has been re-
duced but every May there is still enough
for Friends of the Los Angeles River
(FoLAR) to host La Gran Limpieza, the
Great Los Angeles River Clean Up. Even
though a one day clean up does not solve
the trash problem (despite FoLAR volun-
teers dragging out 30 tons of trash at the
2005 clean up), it does a great deal to bring
people to the River and draw attention to
the issue.

At the May 1, 2004 FoLAR’s 15th Annual La
Gran Limpieza, Great Los Angeles River
Clean Up, a trash survey was conducted at
the Willow Street clean up site in Long Beach,
one of 10 clean up sites that day, in which vol-
unteers sorted and characterized the collect-
ed trash. A random sample of the debris was
separated and sorted in to eight different cat-
egories.  Each category was weighed and vis-
ible name brands were recorded.  Metal and
plastic film made up the largest percent of
types of trash by weight and volume. A large
portion of the recognizable trash was related
to snack food wrappers and fast food restau-
rant packaging. 

MATERIALS AND METHODS — The
Willow Street site was chosen because of its
proximity to the mouth of the River. The
debris collected there can come from all up-
stream sections of the river and tributaries
as well as from trash deposited at the site.
Access to the Willow Street site is at the in-
tersection of West 25th Street and De
Forest Ave in Long Beach, California
(90806). The clean up was conducted on
the east bank of the River downstream of
the Willow Street Bridge for about 0.25 of
a mile. At the bottom of the steep concrete
channel walls, this section of the River is
soft bottomed and there are sand, rocks
trees and other plant life for the debris to
get stuck in. There were around 100 peo-
ple (including children) who donned gloves
and went down into the channel to collect
trash in large garbage bags. The volunteers
collected trash from 9:00 A.M. until 11:00
A.M. The trash was sorted throughout this
time starting with the first five bags.

One out of every five bags that the
volunteers filled with trash was separated
out to be sorted. Plastic tarps were laid on
the ground with a sign to designate areas
for each of the following categories:
clothes, glass, metal, molded plastic, paper,
plastic film, Styrofoam and other (Figure
1. and 2.). A group of ten California
Conservation Corps members sorted the
trash. Each bag of trash was emptied out
and sorted into piles on the tarp. Some ex-
amples of items in the molded plastic cat-
egory were things such as plastic bottles
and buckets. Examples from the plastic
film category are snack food wrappers and
plastic bags. The Other category con-
tained items such as dirty diapers and cell
phones. The names of all recognizable
brands were recorded. After the bags were
sorted each category was re-bagged and
weighed. The volume of the category was
determined by how much of a bag or how
many bags the pile filled up.

RESULTS — Sixteen bags, 20 percent of the
total trash, picked up at the Willow Street
site were sorted. The estimated weight of
all the 80 bags of trash that was collected
was 762.5 pounds (including the weight of
the plastic garbage bags they were con-
tained in) (Table 1.). At 35.39% (Figure
3.), metal accounted for the largest portion
of the weight of the trash, but it was second
in the volume at 18.18% (Figure 4.). On
the other hand, plastic film came in first in
volume at 45.55% and second in weight at
only 26.58%. The third heaviest category
was Other at 16.39%, which was comprised
of dirty diapers and a cell phone. The
Styrofoam weighed less than we could
record with the scale (0.1lb).

FRIENDS OF THE L.A. RIVER’S TRASH SORT 
Thea Wang, River Watch Coordinator    

FIGURE 1. 
STYROFOAM PILE
DURING MAY 1, 
2004 
TRASH SORT 

FIGURE 2. 
MOLDED 
PLASTIC PILE 
DURING MAY 1, 
2004 
TRASH SORT 

CATEGORY EXAMPLE  WEIGHT (pounds) 

Clothes Shirts, pants 18

Glass Bottles 3

Metal Drink cans, aerosol cans, car parts 54

Molded Plastic Bottles, buckets 9.5

Paper Cups, boxes, cardboard 2.5

Plastic Film Plastic shopping bags, fast-food wrappers 40.5

Styrofoam Coffee cups, 76 ball 0

Other Dirty diapers, cell phone, electronic parts 25

Total 152.5

TABLE 1.   TRASH SORT CATEGORIES, EXAMPLES AND WEIGHT

4

L.A.River Estuary at Willow Street, Long Beach 
Illustration by Joe Linton (see page 7)
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DISCUSSION — The largest percent of the
weight of the trash that was collected was
from metal. This is not surprising due to
the large mass of metal. From previous ex-
perience this site seems to have a larger
quantity of large metal pieces than further
up stream. Because of the size of many of
these objects it is unlikely that they entered
the River through catch basins. It is possi-
ble that these items were dumped or some-
how fell into the River. On the surface it
seems that the metal is less dangerous than
plastic for aquatic life because they are less
likely to mistake it for food but it is possi-
ble that contaminants from the metal are
leaching into the water.

Plastic film made up the second
largest percent of the total weight which
shows how much there was as each piece
weighs much less than the metal that was
collected. From this survey it appears that
the largest volume of trash in the River is
from disposable snack food and fast food
packaging, possibly discarded by people
using the River on the bike path as well as
being washed downstream. It is possible
that if the trash is coming from people
recreating on the Riverbanks some extra
trash cans would prevent some of the trash
from ending up in the River. It is more
probable that the plastic food wrapper epi-
demic is a Los Angeles countywide prob-
lem, (no doubt world wide) and will take a
major change in packaging, consumption
disposal and education to make a differ-
ence.

There was a distinct lack of styrofoam
at this site that has been found on beach
clean ups. It is possible that because styro-
foam floats and it would travel further
down the River into the sea. There were al-
so only a few glass items. There were re-
ports from the local residents that bottles
are collected frequently for recycling.
Nothing smaller than a quarter was picked
up so we did not find any cigarette butts or
plastic pellets that might have been found if
we sieved the sand.

As a representative study for the trash
in the whole River this survey is limited.
First of all, the trash was collected by vol-
unteers who were cleaning the River rather
than those who were trained to character-
ize the trash. As a result, it is possible that
not all of the trash that was there was
recorded. It is possible that volunteers
could have left items that were hard to get
to, too heavy or they did not want to pick
up. Secondly, we only sampled a small por-
tion of the trash at our site which is also on-
ly one site on the River. The survey was al-
so done in the dry season which might not
represent the trash at all times of the year.
To get a more comprehensive idea of what
kinds of trash make up River debris, sur-
veys could take into account smaller trash
items such as cigarette butts and plastic pel-
lets, and be conducted at a greater number
of sites along the River and over an extend-
ed period of time. FoLAR

REFERENCES — 

Journals:
Moore, S. L., et al (2001) 
Composition and Distribution of Beach
Debris in Orange County, California.
Marine Pollution Bulletin. 42,241-245

Web Sites:
http://www.conservationinstitute.org/
marinedebris.htm

Brochures:
City of Los Angeles, The Ocean 
Begins in Your Neighborhood 

Most of the individual pieces of trash were fast food wrappers and scraps of plastic bags.
The majority of the recognizable brand names were from snack foods such as Frito-Lay,
their Doritos® and Cheetos® being most popular amongst litterers, and fast food restaurants
such as McDonald’s® and Jack in the Box® .

TABLE 2.   TRASH SORT VISIBLE BRANDS AND CATEGORY OF ITEM 

FIGURE 3. 
CHART OF THE PERCENT WEIGHT 
OF SORTED TRASH  

FIGURE 4. 
CHART OF THE PERCENT VOLUME 
OF SORTED TRASH  

SNACK FOOD WASTE (number of items) CATEGORY

Airheads candy wrapper Plastic film

Baskin Robbins ice cream cup Paper 

Blue Bunny ice cream wrapper (2) Plastic film

Brisk Ice Tea bottle Molded plastic

Dr Pepper bottle Molded plastic

Dreyers ice cream cup Molded plastic

Frito Lay wrappers (38), (Cheetos, Doritos, sunflower seeds etc.) Plastic film

Goldfish cracker bag Paper

Grandma’s cookies Plastic film

Hostess cup cakes Plastic film

Pepsi cup Molded plastic

Reese’s Pieces bag (2) Plastic film

Ritz Crackers bag Plastic film

Skittles candy wrapper Plastic film

Snickers candy wrapper Plastic film

Wonder Bread bag Plastic film

FAST FOOD RESTAURANT WASTE CATEGORY

7-11 nachos plate Molded plastic

AM PM coffee cup Styrofoam

Jack in the Box cup (3) Molded plastic

McDonald’s Coffee cup (2) Styrofoam

McDonald’s Cup Paper

McDonald’s Happy meal bag (2) Plastic film

Quizno’s cup Molded plastic

Taco Bell cup Molded plastic

OTHER WASTE CATEGORY

76 Styrofoam ball Styrofoam

99 Cent Store bag Plastic film

Big Bear Mountain water bottle Molded plastic

Budweiser beer box Cardboard

caution tape Plastic film

Gunk brake fluid container Molded plastic

Right Guard can Metal

spray paint can Metal

TDK tape wrapper Plastic film

Tide laundry detergent box Molded plastic

Tidy Cat cat litter bucket Molded plastic

WD40 spray can Metal
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OTHER: 16%

GLASS: 2%

METAL: 35%

PAPER: 2%
CLOTHES: 12%

PLASTIC FILM: 27%

MOLDED PLASTIC: 6%

STYROFOAM: 0%

OTHER: 9%
GLASS: 2%

METAL: 18%

PAPER: 5%

CLOTHES: 9% PLASTIC FILM: 46%

MOLDED PLASTIC: 9%

STYROFOAM: 2%

RB-AR8635



FOLAR RIVERWATCH BACTERIA RESULTS 2003-2004
By Kerry Flaherty. Southern California Marine Institute

Kerry Flaherty, while still Coordinator for Environmental Monitoring at the Southern
California Marine Institute, agreed to interpret the results of FoLAR’s quarterly testing of
river water for bacteria. Because we were unable to test for this monthly, the bacteria re-
sults are not included in the main report card and are presented here as separate charts. 

Site Coliforms E coli Enterococci Total 
Number Percent
of Results Exceeding

L.A. River at Owensmouth Ave. 2 2 1 5 6 83.33 %

L.A. River at Reseda Blvd. 3 2 2 7 9 77.78 %

L.A. River at White Oak Ave. 5 4 2 11 13 84.62 %

L.A. River at Balboa Blvd. 4 4 2 10 11 90.91%

L.A.River at Coldwater Cyn. Ave. 3 2 1 6 13 46.15 %

Tujunga Wash at Moorpark St. 3 3 2 8 8 100.00%

Tujunga Wash at Tonopah St. 1 1 1 3 3 100.00%

Burbank Western Wash 3 5 2 10 13 76.92%

Arroyo Verdugo  2 4 3 9 11 81.82%

L.A.River at Bette Davis Picnic Area 1 1 1 3 6 50.00 %

L.A. River at Los Feliz Blvd. 2 1 1 4 9 44.44 %

L.A. River at Fletcher Dr. 2 2 2 6 9 66.67%

L.A. River at Riverdale Ave. 2 2 4 9 44.44 %

L.A. River at Oros St. 1 1 2 6 33.33%

Arroyo Seco at Griffin Ave. 1 2 2 5 9 55.56 %

L.A. River at District Blvd. 1 1 1 3 3 100.00 %

L.A. River at Gage Ave. 2 1 3 6 50.00 %

L.A. River at Imperial Hwy. 2 2 4 6 66.67%

L.A. River Oregon Ave. 3 1 2 6 9 66.67%

Compton Creek 5 2 1 8 17 47.06%

L.A. River at Wardlow Rd. 5 5 2 12 13 92.31%

L.A. River at Willow St. 16 17 10 43 58 74.14 %

L.A. River mouth 11 9 5 15 62 24.19 %

GRAPH 5:  TOTAL COLIFORMS FOR FOLAR SITES

TABLE 3:  AB 411 EXCEEDENCES BY STATION

R
egulations controlling the effluent of
point-source pollution, mainly from
sewage treatment systems, have sig-
nificantly reduced impacts on the

Los Angeles River. Non-point source pollu-
tion from runoff,
both in dry and wet
weather, is now the
area of major con-
cern. These sources
are much more diffi-
cult to monitor and
to correct.

N o n - p o i n t
source runoff can
increase the amount
of bacteria in surface
and coastal waters. Though waterfowl and
marine mammals can also contribute to
bacterial runoff, especially near coastal
wetlands and other suitable habitats,
freshwater outlets such as storm drains are
found to be especially high contributors of
bacterial contamination (Noble et. al.
2000, Gold et. al 1992, Schiff 1998). Total
and fecal coliform and enterococcal bacte-
ria are used to indicate the likelihood of
pathogenic organisms, such as viruses, in
surface waters. The levels of these bacteria
have been correlated to the incidence of
illness in swimmers. The presence of col-
iform bacteria indicate potential health
risks to users of recreational waters, and

specifically enterococcus bacteria have
been shown to cause health risks including
stomach flu and other infections. The
amount of these indicator bacteria in
Southern California rivers and coastal wa-

ters may be depend-
ent on season, and
have been linked to
rainfall amounts
(Noble et. al. 2003).

Assembly Bill
411 states that the
following limits de-
veloped by the De-
partment of Health
Services should not
be exceeded for bac-

terial indicators: 10,000 MPN / 100mL for
total coliforms, 400 MPN / 100mL for 
fecal coliforms, and 104 MPN / 100mL for
eterococcus (MPN = Most Probable
Number). Although all of the sites FoLAR
monitors are in the L.A. River, the quality
of the water upstream can greatly affect the
recreational beaches in the City of Long
Beach, as seen in the data collected.

Without exception, the results of
our water quality monitoring grossly ex-
ceed Health Department standards for
all three organisms monitored at every
single test site. FoLAR

Without exception, the 
results of our water quality
monitoring grossly exceed

Health Department 
standards for all three 

organisms monitored at 
every single test site.
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GRAPH 4:  ENTEROCOCCUS AT FOLAR SITES
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GRAPH 3:  E. COLI AT FOLAR SITES
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T
here are more than 10 million people
living in Los Angeles County and
every one of us contributes to the re-
gion’s toxic urban runoff just by virtue

of our presence here. Toxic urban runoff is
the stream of solid wastes and pollutants
flowing from home gardens, driveways,
roads and parking lots into the gutters and
storm drains of Southern California direct-
ly into the ocean. This untreated stream of
pollutants includes oil and anti-freeze from
leaky cars, pet feces, foam fast-food pack-
aging, and garden pesticides. Our region
produces tens of millions of gallons of
runoff daily from households, business and
industry. According to the City of Los
Angeles Stormwater Program, each year
the runoff stream delivers 40 tons of trash
to our beaches, 80 % of which could have
been recycled. A monthly average of
870,000 cigarette butts move from the
streets to storm drains to the beaches where
wildlife often fatally mistake them for food.
Foam cups and tin cans tossed by the casu-
al litterer take 50 years to break down, while
plastic bottles and disposable diapers take
450 years to disappear, releasing their toxins
into the soil and water as they go. Millions
of cars and trucks leave a daily deposit of
brake lining dust on the roadways that gets
washed into the river and out to the sea
with each rain.

We can’t stop the runoff , and our civ-
ilization needs to start looking at ways to
treat it, like we do sewage, before it contin-
ues to poison our waterways and oceans.
Until then, the best individuals can do is
pay attention to the following, oft-repeated

lists of consumer tips to help mitigate the
problem. The information should be com-
mon knowledge. It’s not. We offer it here,
one more time, along with phone numbers
of agencies to contact to report acts of pol-
lution, in an effort to help turn the tide
against toxic urban runoff.

HOME & GARDEN

• Properly use and store toxic household
products.

• Better yet, buy non-toxic products

• Use pesticides, herbicides and non-organic
fertilizers sparingly—if at all.Often garden
pests like aphids can be effectively hosed
off a plant with water. Also consider that a
plant inundated by insects or fungus might
benefit by better placement in a garden.

• Prevent garden run-off by conservative
watering, keep sprinklers from spraying
into the street.

• Sweep rather than hose down driveways
and sidewalks.

• Compost green waste from the yard, don’t
sweep it into street or gutter.

• Pick up after pets and properly dispose of
the waste, preventing bacteria from wash-
ing into and polluting the waterways.

• Properly dispose of toxic household waste
and paint through community drop-off
centers for hazardous household waste.
Check with your local city government
for more details.

• Clean paint brushes in a sink where the
runoff will be treated as sewage.

AUTOMOTIVE

• When changing auto fluids,use a drip pan.
If a spill happens, soak it up with kitty lit-
ter or sawdust and properly dispose of that.

• Use biodegradable soap when washing
your car and use as little water as possible.
Better yet, go to a commercial car wash.

• Don’t throw trash out of the car, keep a
trash bag in the car and properly dispose
of its contents.

• Maintain your car to reduce leakage of
fluids like oil and anti-freeze.

• Buy oil, anti-freeze and batteries from es-
tablishments who recycle and properly
dispose of them, or take the items to a
community drop-off center for hazardous
household waste.

NUMBERS TO KNOW:

• Los Angeles County Department of
Public Works, (888)CLEAN-LA/253-
2652, for information about recycling and
hazardous waste, to report illegal dump-
ing, toxic spills and clogged catch basins.

• City of Los Angeles, Stormwater
Program Hotline, 1-800-974-9794, to
report toxic spills, illegal dumping and
clogged catch basins.

• City of Los Angeles, Small Business
Hazardous Waste Hotline, 1800-988-
6942, for hazardous waste disposal.

• City of L.A. Recycling, 800-773-CITY
for recycling.
FoLAR

Contemporary artists have helped draw the
public’s gaze back to the River Los Angeles
tried to forget.Their vision is presented here
and elsewhere in the State of the River.
Here are their thoughts.

HANS SCHABUS  ( this page)

In Search of the Endless Column
(Western River, Los Angeles)
Headwater / Arroyo Calabasas, Bell Creek

Hans Schabus, Austria’s representative to
the 2005 Venice Biennale, plotted a week-
long walk of the Los Angeles River’s 52
miles in an effort to understand “how this
land is apportioned, utilized and per-
ceived.” The resulting exhibit included
maps, drawings, and photographs.

JOHN HUMBLE  ( this page)

John Humble’s large-scale color photo-
graphs of the River reveal its ironies and
paradoxes. “Some future explorer, stum-
bling across its entombed banks,” he says,
“will survey the ruins of Los Angeles and
discover, to his amazement, that there once
was a river here.” He is represented by the
Jan Kesner Gallery, Los Angeles.

JOE LINTON (page 4)

Linton illustrated and wrote FoLAR’s
Down By The Los Angeles River guide. He
sees the river “as a place for connecting with
nature in the midst of our inhospitable 
urban sprawl.”

AARON BOCANEGRA  ( this page)

Porcíuncula is an installation exploring the
River through photographs, sculpture and
video. Los Angeles-based photographer
and designer Aaron Bocanegra says the
work attempts to “create a story that may
reveal more of (the River’s) nature and ours,
as its designer.”

CONNIE JENKINS  (page 3)

Jenkins’ highly realistic oil paintings show
the River’s natural splendor as well as its
blight. “In the same way that abstract art
extracts a fragment from reality, manipu-
lates it and reinterprets it,” Jenkins says, “we
have fragmented, abstracted and recon-
structed the River.” She is represented by
the Craig Krull Gallery in Santa Monica.

LANE BARDEN   (page 1)

The Los Angeles River, Fifty-Two Miles
Downstream: An Aerial Survey of the L.A.
River and Channel 

“There is something profound in looking
directly at what the environment has be-
come,” Los Angeles based artist Barden
says. In the process, necessary questions are
raised “about what we will do now, and
where we are going from here.”
FoLAR

TAMING OUR TOXIC TAP

AT THE RIVER’S EDGE
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Photo: John HumbleLos Angeles River, Sepulveda Basin, San Fernando Valley

Los Angeles River, Ocean Boulevard, Long Beach Photo: Hans Schabus

Photo: Aaron BocanegraLos Angeles River, Gold Line Bridge, Lincoln Heights
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F
oLAR’s first State of the River report
provides one of the most complete
looks yet at water quality in the main
stem of the Los Angeles River. It

summarizes a year’s worth of water quality
data gathered by Friends of the Los
Angeles River, its partners at the Los
Angeles Conservation Corps, and FoLAR
volunteers.

From its earliest days, Friends of the
Los Angeles River has been committed to
scientifically-based public advocacy. These
efforts have included commissioning the
Los Angeles County Museum of Natural
History to undertake the first ever biolog-
ical inventory of the Los Angeles River in
1993, The Biota of the Los Angeles River, a
landmark in the public perception of the
river as a living system. In April, 2002,
FoLAR proudly published two reports
comprising the biological monitoring
component of our RiverWatch program, A
Survey of Invasive Non-Native Plants,
Primarily Arundo Donax, Along the Los
Angeles River and Tributaries, by Bill Neill,
as well as Avifauna Along Portions of the Los
Angeles River, by Peter H. Bloom, Chris A.
Niemela, and Bettina Eastman. We con-
sider our water quality monitoring pro-
gram and this first State of the River
Report to be the latest phase of our
RiverWatch program.

This report owes a great debt to City
of Los Angeles’ Bureau of Sanitation, espe-
cially Mike Mullin for his long and unflag-
ging commitment to our ongoing financial
support and helping to assure the accuracy
of our science. We also want to thank Kerry
Flaherty of the Southern California
Marine Institute, Erick Burres, who co-

oversees the citizen water quality monitor-
ing effort for the State Water Quality
Control Board, and Jon Bishop, the direc-
tor of the Los Angeles Regional Water
Quality Control Board. Throughout the
project we have relied on the commitment,
discipline, and enthusiasm of the Los
Angeles Conservation Corps - both the
Adult Corps and Clean & Green, and
LACC director, Bruce Saito.

The Los Angeles River Report card
was primarily conceived and executed by
FoLAR super-volunteer Andrea Mitchel,
who also created the graphs. Other volun-
teer river heroes contributing to this report
include Barbara Tarnowski, Angie Berra,
Christian Fenton, Jonathan Brooks, and
Mardy Rosal.

It was funded by generous grants from
The Rose Foundation, Metropolitan Water
District, AMB/Legacy Partners and its
former Exec. Vice-President Bill Shubin

The State of the River report was ed-
ited by Nancy Spiller and written by Lewis
MacAdams and Nancy Spiller (except
where noted otherwise).

Four scientists were especially helpful
in guiding and reviewing this document:

John F. Shisko, City of Los 
Angeles Bureau of Sanitation

Stephen McCord, Larry Walker 
and Associates, Davis, CA

Erick Burres, State Water Quality 
Control Board

Kerry Flaherty, Southern California 
Marine Institute

RiverWatch will forever be indebted
to the three passionately dedicated coordi-
nators, Zhetonia Piluso, Thea Wang, and
Nidia Garcia who have led the monitoring
charge. The project and report were over-
seen by FoLAR executive director Shelly
Backlar.

For a more complete report with more
in-depth data and analysis please visit our
web site at www.FoLAR. Org  

FoLAR 

WHERE CREDIT IS DUE

F
rom its inception, Friends of the Los
Angeles has worked to create a river
system healthy enough for the return
of a number of species that were extir-

pated by the paving of the river, among
them the yellow-billed cuckoo, the red-
legged frog, and the steelhead trout. For
the last twenty years no one has been a
more articulate advocate in the human
realm for that amazing fish than Jim
Edmondson, the long-time Southern
California manager of Cal-Trout, a 6,000
member organization based in San
Francisco that works to protect wild trout,
salmon and steelhead and their habitat.

In Southern California, the steelhead is
in dire shape. Since the end of the 2nd
World War, the fish’s Southern California
population has declined from 55,000 to less
than 500 – a drop of approximately 99%. A
few fish have adapted to survival in Malibu
and Topanga Creek. There are great hopes
for the revival of the Malibu Creek run
when Ringe Dam is finally removed; but
the last known steelhead in the Los Angeles
River was caught in 1940. (see accompany-
ing picture); and Edmondson says he hasn’t
heard of a L.A. River steelhead sighting in
the twenty years he’s worked at Cal-Trout.

Nobody knows how big the Los
Angeles River steelhead run was; but if the
historical run in Malibu Creek was estimat-

ed at about 1,000 fish,
Edmondson says, the Los
Angeles River run must have
numbered at least 30,000
fish.

Over the 10,000 years or
so that steelhead thrived in
Southern California, the fish
developed some powerful
survival mechanisms. After
salmon swim upstream to
spawn, they die, but 
steelhead can spawn and
then return to the ocean year
after year. Of all the trout
family, steelhead swim the
furthest upstream to spawn,
because the fish’s DNA
knows that in Southern
California droughts can last
forty years and steelhead
need to reach streams that
never go dry.

Edmondson argues that
the steelhead are the ulti-
mate indicators of a river’s
health, the canary in the coal
mine. Headwaters, the main stem, the estu-
ary and the ocean – all would have to be in
place for the male and female steelhead to
make their way upstream during the rainy
season from San Pedro Bay at Long Beach

to the Angeles National Forest. A healthy
L.A. River would benefit other forms of
wildlife, too. Edmondson notes that 75%
of all terrestrial wildlife in western United
States is adjacent to living trout streams

I asked Edmondson what sort of water
quality Steelhead require – I had just
learned that any water temperature above
22 degrees Celsius is deadly to the fish’s sur-
vival. “We don’t go there,” he replied.
“The fish tells us if we’re meeting the stan-
dards. A river can meet all the chemical
standards, but if the fish can’t get to the
head waters, you don’t have a steelhead run.”

What then can we do?

“Let the fish go home,” he replies

What does that mean?

“We need to restore the channel. We
have to remove enough of the concrete that
the fish can make it to the headwaters.”

In your mind’s eye, what would a
healthy Los Angeles River look like?

“It has pools, riffles, runs and clean
gravel. It has a lush riparian forest of native
vegetation and trees in multiple age classes
and clean, cold water.. It has a natural flow
regime including high and low flows. And
finally, it’s free of man-made barriers, so
that the fish can migrate throughout the
watershed.”

The report you are holding in your
hand is dedicated to the coming of that day.
FoLAR

A BRIEF BUT POINTED CONVERSATION 
WITH JIM EDMONDSON 
ABOUT STEELHEAD
Lewis MacAdams
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The southern steelhead, seen here after being caught in the Los
Angeles River in this file photo fron January 1940 in Los Angeles,
has decllined to near exinction in the past half century. 

Are you interested in knowing more
about the health of the Los Angeles
River? Want to know what you can
do to make a difference? 

Join Friends of the Los Angeles
River (FoLAR) TODAY!

As a non-profit organization,
FoLAR relies on contributions from
people like you to collect and share
information about the River’s health,
educate the community on ways they
can make a difference and advocate
for the revitalization and restoration
of the Los Angeles River.

As a Member you will be 
invited to River-related events, cele-
brations, lectures and free monthly
river walks throughout the year. And
then there are the fabulous member-

ship incentives: including LA River 
t-shirts, sweatshirts, note cards, and
private River tours!

Become a Friend of the Los
Angeles River and lend your voice to
the thousands of others who believe
that a healthy River is essential to the
vision of a healthy Los Angeles.

Memberships range from $35,
$50, $100 and up. For more infor-
mation on participation levels and
their benefits, visit our website at
www.folar.org, call us at 323-223-
0585, or make your check out to
FoLAR and mail it to: 

FoLAR
570 West Avenue 26  
Suite 250
Los Angeles, California  90065

RB-AR8638



1

Effects of Lawn Fertilizer on Nutrient Concentration in Runoff
from Lakeshore Lawns, Lauderdale Lakes, Wisconsin

U.S. Department of the Interior
U.S. Geological Survey

USGS Water-Resources Investigations Report 02–4130
July 2002

Figure 1. Site locations surrounding Lauderdale Lakes, Wis.

Figure 2. Lakeshore development and lawns at Lauderdale Lakes, Wis.

Introduction
Transport of nutrients (primarily forms of nitrogen and

phosphorus) to lakes and resulting accelerated eutrophication
are serious concerns for planners and managers of lakes in
urban and developing suburban areas of the country. Runoff
from urban land surfaces such as streets, lawns, and rooftops
has been noted to contain high concentrations of nutrients;
lawns and streets were the largest sources of phosphorus in
residential areas (Waschbusch, Selbig and Bannerman, 1999).
The cumulative contribution from many lawns to the amount
of nutrients in lakes is not well understood and potentially
could be a large part of the total nutrient contribution.

Why study runoff from lawns?
The shorelines of many lakes are already highly developed,

and the potential water-quality effects of this development are
increasing. Many lawn-care professionals and homeowners
hold a common belief that runoff from lawn surfaces is mini-
mal and that phosphorus movement from lawns is not a
problem (Barth, 1995). The homeowners’ goal to maintain
lush green lawns may conflict with the lake manager’s goal to
minimize nutrient inputs. In cooperation with the Lauderdale
Lakes Lake Management District and the Wisconsin Depart-
ment of Natural Resources, the U.S. Geological Survey (USGS)
conducted a study during 1999–2000 to determine the magni-
tude of nutrient runoff from nearshore residential lawns sur-
rounding a lake and to determine whether fertilizer application
and the type of fertilizer (regular or nonphosphorus types)
affect the amount of nutrients in runoff from lawns. Such
information is important for developing stormwater best-man-
agement practices and for developing or improving shoreland
zoning ordinances and other local regulations to protect or
improve the water quality of lakes (Wisconsin Department of
Natural Resources, Wisconsin Shoreland Management Pro-
gram, http://www.dnr.state.wi.us/org/water/wm/dsfm/shore/
title.htm, accessed February 8, 2002).

The study area was located at Lauderdale Lakes in Walworth County,
a chain of lakes in the more populated southeastern part of Wisconsin (fig.
1). The 15-mile shoreline of the lakes is about 70 percent developed,
primarily as single-family housing, and is the focus for additional residen-
tial development. Most of the lakefront homes have sloping lawns that are
maintained to the water’s edge (fig. 2). Information about the specific
sources and amounts of phosphorus entering the lakes was needed to
develop a plan for reducing the input of phosphorus. The lakes are
phosphorus limited, meaning that phosphorus is the nutrient limiting plant
growth and affecting lake productivity. A previous study (Garn and others,
1996) found that surface-water inflow from the small nearshore contribut-
ing drainage area accounted for only 4 percent of the water inflow to the
lake but represented 51 percent of the total annual phosphorus input from
all sources. The Lake Management District is in the process of installing
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Figure 3. Tube-type lawn sampler (site 2).

Figure 4. Edging-type lawn sampler (site 5).

and implementing various measures to reduce the phosphorus input to the
lakes, among which is a “lake-friendly” fertilizer program that encourages
residents to apply nonphosphorus turf fertilizer. The Lake Management
District has been supplying residents with phosphorus-free fertilizer for
purchase for about 3 years, and data were needed to evaluate the effective-
ness of the program.

Equipment and Methods
In 1999 and spring 2000, lawn samplers designed to collect surface

runoff were installed using methods described in Waschbusch, Selbig, and
Bannerman (1999, p. 7). The samplers collect runoff through two 5-foot
pieces of 1/2-inch-diameter PVC tubing placed flush with the surface of
the ground, on a sloping lawn, with an angle of about 150 degrees between
the two tubes (fig. 3). Runoff entered the tubing through a 1/8-inch slot cut
at intervals along the length of the tube; each tube was then wrapped with
fiberglass screen to prevent insects and large debris from entering. The
tube was held in place on the lawn surface with wire staples. At the end of
each tube, a connecting piece of 1/2-inch silicone tubing directed the
collected runoff into a covered 1-quart glass jar placed in the ground in a
4-inch-diameter protective PVC sleeve with a cover.

During the summer of 2000, the original sampler design was modified
to increase sample volumes at sites that did not generate sufficient runoff
samples and to minimize contamination problems caused by insects and
earthworms entering the samples despite the fiberglass screen. One varia-
tion to increase runoff-collection efficiency was to enlarge the slots cut in
the pipes to 1/4-inch. Another technique used at sites with the least runoff
production was to replace the tubing with two lengths of 4-foot-long plastic
lawn edging that directed runoff toward the collecting jar (fig. 4); this
solution was more effective at increasing captured runoff and minimizing
contamination than increasing the slot size.

Clean sample bottles were placed in the lawn samplers before each
expected storm or at about 2-week intervals when sites were inspected if
there was no rain. Samplers were cleaned and rinsed with deionized water

during each visit to remove any accumulated dirt or debris. Notes were kept
on volume of runoff in the collection bottle; color and noticeable sediment,
debris, or insects in the bottle; and site condition. Sample bottles were
collected as soon as possible after each storm (usually within 1 to 5 days)
and brought to Madison, where the contents were filtered with a 0.45-
micrometer filter, preserved with sulfuric acid, and then delivered to the
Wisconsin State Laboratory of Hygiene for nutrient analyses. Samples
were analyzed according to standard laboratory methods (Wisconsin State
Laboratory of Hygiene, written commun., 2001) for concentrations of total
phosphorus (TP), total dissolved phosphorus, total Kjeldahl nitrogen
(TKN), dissolved ammonia nitrogen, and dissolved nitrate plus nitrite
nitrogen. When insufficient sample volume was collected from a storm to
analyze for all nutrients, analyses were done first for total phosphorus.

Description of Sampling Sites
The Lauderdale Lakes are a chain of three interconnected lakes with a

surface area of 807 acres. The lakes are ground-water drainage lakes in
which more than 90 percent of the water inflows are from ground water and
direct precipitation. Some surface water enters the lakes by way of a few
ephemeral drainageways or as overland flow from the nearshore area. Lake
and drainage-basin characteristics are described in detail by Garn and
others (1996). Lakeshore developments include about 1,010 single-family
homes, of which about 30 percent are year-round residences. Other
developments include a golf course, a boat marina, and two recreational
camps.

In the lakeshore area within 300 feet of the shoreline, soils consist
primarily of the Casco-Rodman Complex (60 percent of the area), Rod-
man-Casco Complex (12 percent of the area), and Casco-Fox Silt Loam (6
percent of the area). The Casco-Rodman Complex is found on 20–30
percent slopes; surface textures range from loam to silt loam, and subsoils
are clay loam to sandy loam. The Rodman-Casco Complex is found on
slopes of 30 to 45 percent formed in loamy deposits over sand and gravel.
The Casco-Fox soils are found on slopes of 6 to 12 percent and have a silt
loam texture (Haszel, 1971). Soil disturbance can be severe during building
construction in suburban areas, commonly resulting in subsoil compaction
by heavy equipment followed by layering with topsoil. Such disturbance
has the potential for greatly increasing runoff and nutrient losses.

Samplers were installed at 18 locations along the lakeshore (fig.1),
representing different types of lawn-fertilizer use, undeveloped areas, and
one area of mixed land use (part agricultural, ditched paved roads, and
lawns). Sites were grouped into three categories: regular-fertilizer sites,
nonphosphorus-fertilizer sites, and unfertilized sites. Samplers were in-
stalled at 12 sites and operated during the growing season in 1999. In 2000,
six additional sites were installed, including two samplers in a swale.
Samplers were installed at seven lawn sites where traditional fertilizer was
applied, three sites where nonphosphorus fertilizer was applied, and six
control sites where no fertilizer was applied (three steep, wooded sites; two
lawns; and an undeveloped grass field). Much of the area is wooded, and
many of the lawns have an overhead canopy of hardwood trees. Two
samplers were installed in a swale area on the south side of Mill Lake (Don
Jean Bay) that collected mixed runoff from an agricultural field, lawns, and
streets. The drainage area of the upgradient sampler was 8 acres and of the
downgradient sampler was 38 acres, of which about 25 percent was
cropland.

Property owners were asked to participate in the runoff study. It was
assumed that most lawn fertilizer users followed usual manufacturer
recommendations of four applications per season made in about April–
May, June–July, August–September, and October at 3 to 3.5 pounds per
1,000 square feet. Homeowners applying regular fertilizer fertilized their
lawns two or more times per year. Each participant’s property was
inspected to ensure that lawn slope was at least 20 feet long, grade was at
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Table 1. Physical characteristics of sampling sites at Lauderdale Lakes, Wis. [P, phosphorus; ppm, parts per million; %, percent, turf-quality values are defined
in text; ft2, square feet; --, no data]

Figure 5. Estimated monthly precipitation at Lauderdale Lakes, Wis., during
1999–2000 compared to normal monthly precipitation.

Table 2. Storm information and number of sites with
runoff samples at Lauderdale Lakes, Wis., 1999–2000
[est, estimated]

least 5 percent, and sample catchment area was not affected by runoff from
rain gutters, driveways, or other lawns or sources. A soil sample collected
at the time of sampler installation was analyzed for soil texture, pH, and
phosphorus content by the University of Wisconsin Soil and Plant Analysis
Laboratory. A visual vegetative soil-cover density, in percent, and a turf-
quality rating were assigned to each lawn during visits. Turf quality was
based on a 1 to 10 scale: for example, a score of 10 represented 100 percent
best-quality green grass cover, 5 represented 50 percent grass cover with
bare spots, weeds, and dead grass providing additional cover, and 1
indicated no turfgrass cover, with dead grass, weeds, and other vegetation
providing primary soil cover. The more heavily fertilized sites (5, 8, 9, 12)
had the best turf-quality ratings. Various physical characteristics of the
sampling sites are summarized in table 1.

Nutrient Concentration in Runoff
Rainfall and Runoff

Long-term precipitation records from the National Weather Service
stations at Whitewater (about 9 miles northwest of Lauderdale Lakes) and
Lake Geneva (about 13 miles southeast) were used to estimate rainfall at
Lauderdale Lakes (National Oceanic and Atmospheric Administration,
1999–2000). Data from a recording rain gage at a USGS streamflow-
gaging station at Jackson Creek near Elkhorn (9 miles south) was used after
the rain gage was installed on May 25, 1999. Rainfall was above the 1961-
90 average for April, May, and June 1999 and near or below average the

remainder of the season. In 2000, rainfall amounts for May, June, and
September were substantially above average (fig. 5). Ten runoff events
occurred from 12 storms in the 1999 sampling season and 13 runoff events
occurred from 15 storms in 2000; generally, the storms in 2000 were larger
than those in 1999. A storm event was defined as more than 0.3 inches of
rain, and a runoff event as one that resulted in at least two runoff samples
with sufficient volume for analysis (about 100 ml). A summary of the storm
dates and precipitation amounts is given in table 2.

Although measurement of quantity of runoff was not part of this study,
a qualitative evaluation of runoff may be obtained by comparing the
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Site ID Station number Site type Soil type/texturea
Soil P concentrationb

 (ppm) Slope (%)
Vegetative cover

density (%)
Turf

quality Runoff area (ft2)

Regular fertilizer application sites
2 424652088333901 Wooded lawn Hebron loam, gravelly 68 21 65 150 10 67
3 424650088333501 Lawn Hebron  loam 32 9 90 180 8 80
5 424616088334201 Wooded lawn Casco-Rodman  loam-silt loam 66 20 100 114 8 33
8 424541088334602 Golf course lawn Casco-Rodman  loam-silt loam 35 20 100 250 15 63
9 424541088334601 Golf course lawn Casco-Rodman  loam-silt loam 78 24 100 186 9 54

12 424519088334101 Lawn Casco-Fox  silt loam 28 16 100 104 1 8
15 424654088343103 Lawn Fox silt loam 11 11 60 152 5 24

Nonphosphorus-fertilizer application sites
6 424611088334001 Wooded lawn Casco-Rodman  loam-silt loam 20 14 80 250 18 67
13 424603088340201 Wooded lawn Casco-Rodman  loam-silt loam 21 34 60 140 15 54
14 424623088345101 Wooded lawn Casco-Rodman  loam-silt loam 70 14 85 225 8 30

Unfertilized sites
1 424652088334401 Grass field Fox  sandy loam 65 9 100 128 2 13
4 424643088333601 Wooded lawn Casco-Rodman  loam-silt loam 38 12 85 188 6 47
7 424543088334001 Wooded lawn Casco-Rodman  loam-silt loam 14 22 70 209 12 46
16 424654088343101 Wooded Rodman-Casco  loam/sand,gravel  28 41 95 200 9 33
17 424654088343102 Wooded Rodman-Casco  loam/sand,gravel  24 33 95 300 13 48
18 424654088343104 Wooded Rodman-Casco  sandy, gravelly 16 30 65 140 7 28

10 424514088334001 Swale Casco-Fox  silt loam -- 5 -- 8 acres 9 69
11 424518088334301 Swale Casco-Fox  silt loam -- 4 -- 38 acres 10 77

aFrom Haszel, 1971. b50–75 ppm P optimum recommendation for turfgrass.
  Analysis by Soil and Plant Laboratory, University of Wisconsin, Madison.
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99S1 4/9/1999 0.86 a 4
99S2 4/22/1999 3.73 a 9
99S3 5/12/1999 0.63 a 3
99S4 5/16/1999 0.80 a est 4
99S5 5/17/1999 0.66 a est 3
99S6 6/1/1999 0.70 8
99S7 6/10/1999 3.35 6
99S8 7/17/1999 1.11 4
99S9 8/13/1999 0.37 5
99S10 9/27/1999 3.66 11

00S1 2/21/2000 2.0 b 11
00S2 4/19/2000 2.59 2
00S3 5/9/2000 1.36 9
00S4 5/18/2000 1.95 5
00S5 5/27/2000 3.85 14
00S6 6/11/2000 1.95 9
00S7 7/2/2000 1.40 12
00S8 7/10/2000 1.33 5
00S9 7/31/2000 1.62 3
00S10 8/5/2000 1.17 16
00S11 8/17/2000 0.70 5
00S12 9/11/2000 1.94 17
00S13 9/22/2000 1.89 9

a Measured at Whitewater.
b From 6 inches snowmelt and light rain.
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Figure 6. Site 12 at Lauderdale Lakes, Wis.—an example of high-quality
turfgrass.

Figure 7. Nutrient concentrations in runoff from different categories of
sampling sites at Lauderdale Lakes, Wis.

number of sites where runoff was sampled for each storm (table 2) and the
number of storms sampled at each site (table 1). The magnitude of runoff is
dependent on a combination of factors including rainfall amount and
intensity, soil-surface storage and detention, and infiltration rate. Infiltra-
tion is affected by soil type, vegetative cover, slope, and other factors (Haan,
Barfield, and Hayes, 1994, p. 52–54). In general, sites with dense vegetative
cover and coarse soils with high infiltration rates produced less runoff.
Specifically, site 12 of the fertilized sites (fig. 6), which had the best-quality
turf and fertilizer applications of 4 times per year, produced the least runoff
(only 8 percent of all storms). Other sites (5, 8, 9) with high turf quality and
density produced more frequent runoff samples, possibly because of steeper
slopes or other factors. At six of the lawn sites, more than 50 percent of the
storm events produced runoff.

The phenomenon of soil-water repellency, or hydrophobicity, was
observed at many of the lawn sites, especially after dry periods. Water
repellency of soils reduces affinity to water so that the soil resists wetting,
thus reducing infiltration capacity, decreasing plant growth, and increasing
surface runoff. The phenomenon has been widely accepted as a problem for
many soils in seasonally dry climates. Soils with grass cover in temperate
climates have recently been found to develop resistance to wetting—a
common problem known as “localized dry spot” on golf courses (Doerr,
Shakesby and Walsh, 2000; Kostka, 2000). Therefore, water repellency
could be an additional factor influencing runoff from residential lawn soils
(L.F. DeBano, University of Arizona, oral commun., 2001).  At Lauderdale
Lakes, there was also some indication that lawn shading by trees and less
frequent use of fertilizer (sites 6, 7, and 13) resulted in less dense and patchy
turf cover, increasing runoff. In ongoing turf studies at the University of
Wisconsin (W.R. Kussow, Department of Soil Science, written commun.,
2000), researchers found that not fertilizing turfgrass caused thinning of the
turf, increased the amount of runoff, and increased nitrogen and phosphorus
loss. Generally, the percentage of storms resulting in surface runoff from
many of the lawns was higher than expected. Runoff from lawns may occur
more frequently than previously thought because of the complex interaction
of many factors.

Nutrient Concentrations in Runoff and Effects of Fertilizer Use

Summary statistics of nutrient concentrations measured in runoff from
different site categories are given in table 3 and compared in figure 7.
Detailed data for each of the sites were published annually in the U.S.
Geological Survey Water-Data Reports (Holmstrom and others, 2000; Garn
and others, 2001). There was a wide range in concentration of most nutrients
among storms during the study period. Given this variability, geometric
means or medians are more meaningful for comparison because they are
better estimates of central tendency than arithmetic means. The nonpara-
metric Kruskal-Wallis test was used to test for overall differences in
concentration distributions, and the Wilcoxon rank sum test was used to test

for differences in medians between pairs of lawn categories (P.W. Rasmussen,
Wisconsin Department of Natural Resources, written commun., 2001). A
confidence level of 10 percent (p = 0.10) was chosen to evaluate the results
of the statistical tests. The difference in medians for samples from two
different lawn categories was considered statistically significant if p values
were less than 0.10.

A quality-control study was done to determine nutrient-concentration
effects of grass clippings, earthworms, and insects that managed to get into
water samples. All of these contamination sources had a large effect by
increasing nitrogen and phosphorus concentrations. Samples that were
affected by these contamination sources, identified from field notes, were
excluded from data analysis, but the exclusions did not significantly change
the overall results.

No significant differences in concentration among lawn categories were
found for any of the nitrogen species. Fertilizer use did not affect total
nitrogen concentrations in runoff. In addition, nitrite plus nitrate concentra-
tions in runoff were generally low.

Dissolved phosphorus concentrations were significantly different (p =
0.02) among the lawn categories. Moreover, the median concentration of
dissolved phosphorus from regular-fertilizer sites (0.77 milligram per liter
(mg/L)) was significantly greater than that from nonphosphorus-fertilizer
sites (0.33 mg/L) and unfertilized lawn sites (0.38 mg/L). Total phosphorus
in runoff from regular-fertilizer sites compared to nonphosphorus-fertilizer
and to unfertilized-lawn sites had p-values of 0.11 and 0.14, respectively.
Thus, median total phosphorus concentrations were not significantly differ-
ent at p < 0.1. Dissolved phosphorus was a fraction of total phosphorus, and
its concentrations ranged from 22 to 45 percent of total phosphorus for all
lawn categories.
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Table 3. Statistical summary of nutrient concentrations in runoff from
different site categories, Lauderdale Lakes, Wis. [n, number of samples; TKN,
total Kjeldahl nitrogen; NO2, nitrite nitrogen; NO3, nitrate nitrogen; TP, total
phosphorus; Diss P, dissolved phosphorus; all concentrations in milligrams
per liter]

Figure 8. Dense understory vegetation on wooded slope of sites 16 and 17 at
Lauderdale Lakes, Wis.

The median dissolved phosphorus concentration in lawn runoff from
regular-fertilizer sites was twice that for unfertilized and nonphosphorus-
fertilizer sites. Runoff from lawn sites with nonphosphorus-fertilizer appli-
cations had a median dissolved phosphorus and total phosphorus concen-
tration that was similar to unfertilized sites. Dissolved phosphorus in runoff
is important because it is readily available for plant growth. Although not
significant at p < 0.1, lawn sites with regular fertilizer applications had a
median total phosphorus concentration in runoff that was 1.6 times that for
unfertilized sites and 1.8 times that for nonphosphorus-fertilizer sites.

In comparison with other studies, phosphorus concentrations in lawn
runoff at Lauderdale Lakes were slightly higher than concentrations found
in runoff from urban lawns in Madison, Wis. (Waschbusch, Selbig and
Bannerman, 1999), but were similar to those in lawn runoff from suburban
lawns in Minneapolis/St. Paul, Minn. (Barten and Jahnke, 1997). Surpris-
ingly, nutrient concentrations in runoff from the unfertilized, steep, wooded
hillsides (sites 16, 17, and 18) were higher than those from the lawn sites and
thus were separated from the unfertilized lawn sites in the data comparisons.
These wooded sites (fig. 8) may be different from other wooded sites
because of their steep slopes, thick surface organic and litter layer, and
dense understory vegetation (crown vetch) planted for erosion control.
Waschbusch, Selbig, and Bannerman (1999) found a direct relation be-
tween phosphorus concentration and percentage of overhead tree canopy
that could affect source-area concentrations. In the Lauderdale Lakes study,
however, all lawn categories contained sites with overhead tree canopy, and
the lawn sites treated with regular fertilizer had the fewest trees; therefore,
differences between regular-fertilizer sites and the other lawn sites could be
even greater if there was an effect from tree cover.

Total phosphorus concentration in lawn runoff had a significant (p =
0.08) relation to soil-phosphorus concentration (table 1); total dissolved
phosphorus had no significant relation. The low category of soil-phospho-
rus concentration (0 to 24 parts per million (ppm)) had a significantly lower
median concentration of total phosphorus in lawn runoff (about half) than

the medians from medium (25-65 ppm) or high (66 ppm or more) soil-
phosphorus concentration lawns. There was no significant difference
between runoff concentrations from medium and high soil-phosphorus
concentration lawns. Barten and Jahnke (1997) also found a significant
difference in concentration of phosphorus in runoff from different catego-
ries of lawn soil fertility. In their study, total and soluble reactive phospho-
rus concentrations in runoff from high soil-phosphorus concentration lawns
were twice as large as the concentrations in runoff from low soil-phospho-
rus concentration lawns.

Median nutrient concentrations from the Don Jean Bay swale area with
mixed land use were more similar to those from the unfertilized wooded
sites and fertilized lawn sites than to those from other lawn sites (table 3).
The range in concentrations for ammonia nitrogen and total Kjeldahl
nitrogen in runoff from the swale, however, was greater than those for the
other sites.

Although it was not within the scope of this study to measure runoff
volumes from each of the sites and quantify the mass of nutrients trans-
ported offsite, the concentration data will be useful for future computations
of unit-area loads (that is, mass of a particular nutrient species per unit
contributing area). Concentrations of nutrients from lawns observed in this

Regular-fertilizer lawn sites

Ammonia N TKN NO2 + NO3 TP Diss P
Geometric mean 1.11 5.9 0.09 2.57 0.7
Median 1.07 5.9 0.12 2.85 0.77
Mean 2.18 8.6 0.17 4.02 0.93
Max 14.5 34 0.56 23.2 3.32
Min 0.05 1.5 0.01 0.31 0.17
n 23 23 23 58 23

Nonphosphorus-fertilizer lawn sites

Ammonia N TKN NO2 + NO3 TP Diss P
Geometric mean 1 6.5 0.14 1.89 0.34
Median 0.93 5.2 0.14 1.58 0.33
Mean 3.95 12.2 0.57 3.3 0.45
Max 36.2 55 5.22 23.5 1.29
Min 0.04 1.5 0.14 0.14 0.12
n 14 14 14 38 15

Unfertilized lawn sites

Ammonia N TKN NO2 + NO3 TP Diss P
Geometric mean 0.76 4.08 0.12 1.73 0.4
Median 0.63 5.1 0.14 1.81 0.38
Mean 1.12 5.85 0.17 2.33 0.43
Max 2.98 11 0.4 6.69 0.74
Min 0.22 0.53 0.01 0.36 0.23
n 9 9 9 19 8

Unfertilized wooded sites

Ammonia N TKN NO2 + NO3 TP Diss P
Geometric mean 2.95 12.7 0.16 3.52 1.04
Median 4.38 9.8 0.24 3.98 1.99
Mean 5.33 29.3 0.9 6.78 1.4
Max 11.6 130 2.24 30.6 2.26
Min 0.41 4.1 0.01 0.3 0.33
n 5 6 5 28 5

Don Jean Bay swale sites

Ammonia N TKN NO2 + NO3 TP Diss P
Geometric mean 3.48 14.5 0.06 2.46 0.49
Median 3.96 19 0.04 2.66 0.41
Mean 11.91 31.3 0.15 3.55 0.91
Max 88.1 160 0.6 9.07 3.33
Min 0.56 2 0.01 0.37 0.18
n 11 11 10 19 9
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study are much greater (by 3 to 5 times) than the estimated concentrations
used to calculate total phosphorus load from surface runoff to Lauderdale
Lakes in a previous study by Garn and others (1996, p. 16).  All of the
nutrient load from lawn runoff may not actually reach or be deposited in the
lake because of varying flowpaths, soil permeability, breaks in slope,
vegetative buffers, and other obstructions; however, in many cases, lawns
extend and slope continuously to the water’s edge to provide a direct source
of loading.

The annual phosphorus load from the nearshore area of Lauderdale
Lakes may be greater than the 430 pounds previously estimated. Using a
revised median concentration of 2.3 mg/L for surface runoff from an
estimated 220 acres of developed shoreline (67 percent of shoreline) within
200 feet from the edge of water, annual total phosphorus load from
residential lawns could be as much as 370 pounds (assuming all of the
phosphorus reaches the lake). If a delivery of 50 percent of the load is
assumed, and the total surface-water load is recomputed using the surface
runoff values from the previous study, the total annual surface-water load
from the nearshore drainage area would be 620 pounds, which represents
60 precent of the total annual phosphorus input from all sources. Studies at
Lauderdale Lakes and several other ongoing studies by the USGS in
Wisconsin will provide additional information on the effects of lawns and
shoreline development on nutrient loads to lakes.

Limitations of Results
• Many runoff samples (about 30 percent) overflowed the collecting

bottle and may not be truly representative of the mean concentration
from each storm. According to T.D. Stuntebeck (U.S. Geological
Survey, unpub. data, 2002), overflow samples for suspended solids and
total phosphorus had higher concentrations than those from samples
that did not overflow the container, but the opposite was true for
dissolved phosphorus. Barten and Jahnke (1997) also found that over-
flow samples had lower concentrations for some constituents. Overflow
occurred, however, for all categories of sites, and differences noted
could potentially be even greater.

• The number of samples for some categories was relatively small for
rigorous statistical analysis, and the small numbers could lead to
inconsistencies among comparisons for different pairs of categories.

• Nutrient-concentration data are for onsite runoff and should be used
with caution when making offsite interpretations. Not all of the nutrient
load from lawn runoff may actually enter the lake.

• Some changes in nutrient species composition affecting dissolved
constituents may have occurred in those samples that were not collected
within 2 days after a storm.

Conclusions
• A high percentage of storms resulted in surface runoff from many of the

lawns. Runoff from lawns may occur relatively frequently, more than
50 percent of the storms for many lawns.

• Fertilizer use did not affect nitrogen concentrations in runoff. Nitrite
plus nitrate concentrations in runoff were generally low.

• Total phosphorus concentration in lawn runoff was directly related to
the phosphorus concentration of lawn soils.

• Dissolved phosphorus concentrations were significantly different among
the lawn categories; the median from regular-fertilizer sites was twice
that from unfertilized or nonphosphorus-fertilizer sites.

• Runoff from lawn sites with nonphosphorus fertilizer applications had
a median total phosphorus concentration that was similar to that of
unfertilized sites, an indication that nonphosphorus fertilizer use may
be an effective, low-cost practice for reducing phosphorus in runoff.
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!
’ ’ GLOSSARY

L

- Bacterial Indicator Counts. one way of estimating the amount of untreated sewage in

contaminated water is to test it for bacteria that are commordy found in human waste. The 1

- 2: ,-.
amount of these bacteria found can then "indicate" the amount of contamination even if

¯ _ they themselves ~e not pathogenic.

’ Bathing (or swimming) - by bathing, subjects had to immerse their faces in the water,

~ ._ incidental splashing of the face would not quali~ as "bathing" for purposes ofthis study.

~
-’ "Cabelli-type" -refers to the Victor Cabelli’s classic studies comparing health outcomes

; in swimmers versus non-swimmers while monitoring marine water quality. His studies

- were sponsored by the Environmental Protection Agency in the late seventies and early

eighties,
r --

~ Cohort - the study group being followed over a defined period of time.

3- Colony forming units (cfu) - the unit of measure used to evaluate the bacterial indicator

- counts. It refers to the density of the bacterial colonies grown per lOOmL of water

~ sampled.

-.
Confounder - an independent risk for the outcome of interest that is also associated with

_ the exposure of interest so it can distort its apparent effect on disease outcome.

Cytopathic Effect (CPE) - microscopic observations of changes in the morphology

and/or growth rate of a cell culture assay system resulting from infection of the cells by

vireo

iii
-
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Downcoast - in this study refers to the area south of the storm drain of interest.

Enteric Viruses - refers to a group of viruses transmitted through human waste. Can

cause a va~ety of adverse health effects.

Enterococcus. (formerly known as Streptococcus faecalis). A bacte6a that is part of the

normal flora found in human and animal waste. Commonly used as a bacterial indicator.

E. coli. another bacteria normally found in human waste. Is ~omefimes ~ a~ a

bacterial indicator.

Fecal Coliforms. a group of bacteria from the intestinal tract ofhmmms, mammals and

birds, commonly found in urban run-off. Commonly used as a bacterial indicator of the

presence of ~ewage.

HCGII - (highly credible ga~troenteritis one) - defined for this study a~ a per~n

having either 1) vomiting 2) dia~hea and fever 3) stomach pain and fever. ~ i~ the

standaxd definition for this symptom complex as defined by the EPA and ~ by many

previous studies.

HCGI 2 - (highly credible gastroenteriti~ two) - defined for tiffs study as a person

having vomiting and fever.

Indicator Count~-refers to bacterial indicator count~ as defined above.

Odds Ratio - it approximates the risk ratio in this study. (See R~sk P, zfio below).

Pathogenic - refers to orgaxfisms that cause di~ase.

PEPS - Pop~at~on Esth~ation and Pro.ject~on System from LA County 1993.

Plaque Forming Unit (PFU) - macroscopic hole(s) in the monolayer of a cell culture

~say system resulting ~rom localized lysis of the cells in the monolayer that initially

iv
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V
" began with infection of one cell by an infectious unit of virus. In the PFU ~ssay 0

_ technique, agar is incorporated into the medium so that cell lysis resulting in release of L
additional infectious virus restricts the infection of new cells to only the adjacent healthy

cells. Multiple cycles results in a hole in the monolayer.                                               1

- Plume - refers to the quantity and direction the run-off from the storm drain takes when it

2
_

enters the ocean. Due to ocean currents, it is generally believed that plumes firom the

storm drains considered in this study usually go downcoast, but this may not always be

the case.

RR (Risk Ratio) - a measure of relative effect comparing the symptom risk of exposed

subjects to subjects in a different exposure category.

SRD (significant respiratory disease) - in our study defined as a complex of symptoms

that include; 1) fever and nasal congestion; 2) fever and sore throat and 3) cough with

sputum.                                                                             /,~

Study Area 1 - defined as the area within 100 yards upcoast and downcoast of the storm

drain of interest, the "exposed area’.

Study Area 2 - defined as the area 400+ yards upcoast and downcoast of the storm drain

of interest, the "control area".

Total Coliforms - bacteria that can originate fi’om soil, plants, human and animal

5waste. Commonly used as a bacterial indicator.

Total Coliform/Fecal Coliform Ratio - a ratio used by bacteriologists as an additional

bacterial indicator. For those wisl~ing to know more, the baseline ratio is derived f~om

the cut-offpoints of total and fecal coliforms, l O00(total)/’2OO(fecal)=5. When one is

R0047182
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exposed to sewage cont~nated water the fecal coli£orms increase thus deer~sing the
I~I T.

ratio to <.S. I

Up¢oast-refers to the area north of the storm drain of interest, t ,~

Water Sampling-In this study refers to t~ing samples of ocean water in front of the t~

2-
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Addendum

. Subsequent to our submktinS the final report, we were asked to ca!cu~te a "cumulative"
~gstimste of risk for swimmers" in front of the storm drain v~rsus swimmers at kast 400 yards

~--from ¯ storm drain, as ¯ supplement to Tables 17 and 65. "/’nere were five individual .

-- symptoms associated with swimming in front of the drain (fever. chills, ear discharge,

vomiting, and coughing with phlegm) and two composite variables (HCGI2 and SRD).. We

---.:-gakulated the absolute risk and relative risk of subjects reporting one or more of the five

individual symptoms listed above. We calculated a similar estimate for subjects having at

least one of the two composite variables. We also estimated the attributable number of cases.

Rcsulu are presented in the table below. The number of new cases reporting’ at least one of

Ihe five symptoms that were significantly associated with swimming in front of the drain is

373 per 10,000 exposed subjects. The corresponding attributable number of HCGI2 or

is 314. (’Please note that’one cannot derive the numbers below from adding the numbers in

Table 17 or 65 since subjects could report experiencing more than one symptom, so the

numbers are not independent and mutually exclusive.)

Table AI. E .fleets of distance from drain on combination of symptoms.

Swim at Drain Swim at 400 yds
(827 exposed) (3030 exposed) RR* AN~’

Symptoms       Number IEsk Number Risk

~1 symptom~      101 0.12 237 0.08 1.44 373 -

HCGI2 or SRD 75 0.09 180 0.06 1.53 314

* Relative risk �omps.,’h~ twtmmers at drain to thee at 400 yards

’~ Am’~tble ntm~ber, which estimates the number of new occurrences of the specified outcome
attn’butable to swimmi~ at the drain (for every 10.000 pgople swimming there) venus swimming 400

$ The number of s~bjec~ who reported at le~t one of the statistically significant individual symptoms
(i.e. fever: ch~ e~r di~harge, ~o~-.8, ~r �~8 .~ with p~egm).

A-I
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A cohort study was conducted to investigate the possible adverse health effects of

bathing in Santa Monica Bay and whether the risks of ill health outcomes were associated

with utban runoff from storm drains. Exposures of primary interest were pathogens that

produced acute illnesses (for reasons discussed in out original proposal, chronic health

effects were not studied).

Three beaches with a wide range of indicator counts and high density of bathers

were studied. The beaches were Santa Mort/ca Beach (near the Ashland Avenue storm
drain), Will Rogers Beach (Santa Monica Canyon Channel or storm drabs) and Sm’fi’ider

Beach (near Malibu Creek).

Persons who bathed and immersed their heads in the ocean water were potential

subjects for this study. There were no restrictions based on age, sex, or r~ce. Persons

who had bathed at the study beaches, Mothers’ Beach in Marina de] Rey or near the Santa

Monica Pier within seven days of the study date were excluded, as were subjects who

bathed at the study b~aches (or Mothers Beach or ~e~ the Santa Moni~ Pier)

the date of the beach interview ~nd the telephone follow-up. Subjec~ ~o bathed

multiple days l~d to be excluded since one of out primary rese.~’~h qu~tions ~

whether risk of health outcomes was associated with levels of specific indicator

organisms on the day a subject entered the water. Given the range of incubation periods

for the outcomes of interest and that the counts were quite variable from day to day, it

would have been impossible to link subjects’ experiences with specific counts on a given

day if they were in the water on numerous days. Persons bathing within 100 yards

upcoast or downcoast of the storm drain and persons bathing greater than 400 yards

beyond a storm drain were targeted for this study.

For this study, 22,085 subjects were interviewed on the beach to ascertain

eligibility and willLngness to participate. Of these, 17,253 subjects were found to be

eligible and able to participate (had a telephone and were able to speak English or

Spanish). Of these, 15,492 agreed to participate. Eligible subjects who agreed to
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participate were then interviewed about basic demographic data and about their bathing,

includi~g type of bathing activity (particularly immersion of the head into ocean water).

Distance from the storm drain, gender, age, and race of the subject were noted by the

interviewer.

On the same days that subjects were recruited, morning water samples were

collected at ankle depth at O, 100 yards north and south of the storm drain, and 400 yards

north or south (depending on which area was used as a "control" area). Samples were

analyzed for total and fecal coliforms, enterococci, and E. coll. In addition, one sample

each Friday, Sat=’day, and Sunday of the study was ~ken in the storm drain (0 yards)

each study beach and analyzed for enteric viru,~,s.

Nine to fourteen days after the interview date, subjects were interviewed by

telephone to ascertain the occurrence(s) of fever, chills, eye discharge, earache, ear

discharge, skin rash, infected cut, nausea, vomiting, diarrhea, dian’hea with blood,

stomach pain, coughing, coughing with phlegm, nasal congestion, sore throat, and a

group of symptoms indicative of highly credible gastrointestinal illness (HCGI) and

significant respiratory disease (SRD). Of the 15,492 subjects interviewed on the

we were able to contact and interview 13,278 (86% follow-up). Of these 13,278, 1,455

were found to be ineligible because they bathed (and immersed their heads) at a study

beach between the day of the beach interview and the telephone follow.up. This lel~

11,793 eligible subjects who provided data that were analyzed for this study. Of these,

107 were excluded because they reported not immersing their faces in the ocean water,

Analyses addressed the following two questions: 1) What are the relative risks of

specific adverse health outcomes in subjects bathing at 0, 1-50, and 51-I00 yards from

storm drain compared to subjects bathing at the same beach~ but beyond 400 yards from a

storm drain? 2) Are risks of specific outcomes (e.g. highly credible gas~ointestinal

illness; ear, eye and sinus infections; upper respiratory infections; skin rashes and

lesions) among subjects associated with levels of the bacterial indicators (or viruses)

mentioned above.

2
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V
As a measure of strength of association, we relied initially on the risk ratio (IL~),

0
which expresses the risk (proportion of subjecte who report a given symptom) among

Lsubjects who bathed, for example, in front of the drain (0 yards) versus the risk ~nong

subjects who bathed 400+ yards from the drain. Comparing subjects who swam at 0

versus 400+ yards from the drain for all three beach sites combined, statistically

significant increases in risk were observed for fever, where the RR-I.57 (95% C.L. -

1.17-2. I0), chills RR=I.58 (1.04-2.39), ear discharge RR=2.27 (I. 14-4.51), vomiting 2
RR=1.61 (1.01-2.56), coughing with phlegm RR=I.59 (1.10-2.29), a group of sympton~

we labeled highly credible ga.~a’ointestinal iliness 0/CGI 2) RR=2.11 (i.12-3.97), and ¯

group of symptoms indicative of sigrdficant respiratory disease (SRD) RR=1.66 (1.25-

2.21). These increases in risk were observed predominantly at the distance of 0 yards.

A second set of analyses was completed, restricted to days when the total ¢oHform~ to

fecal coliforms ratio was greater than 5 for the water samples taken at 400 yards. The

rationale was to exclude days when the plume from the drain or some other source of

high counts apparently reached the 400 yard area, malting tlds less than ~n ideal "control"

zone. The relative risks for the seven outcomes cited above all increased. In addition,

some significant increases in risk were observed for adverse health effects at distances of

1-50 and 51-100 yards from the drain, compared to 400+ yards from the drain.

The results for distance did not change when adjusted for age, beach, gender, race,

Califonda versus out-of-slate resident, socioeconomic status, and worry about potential

health hazards at the beach. Distance results also did not change substantially when

controlled for each bacterial indicator.

A number of approaches to analyzing the effects of bacterial indicators were taken.

We firs~ calculated risk ratios for the lower and higher cutpoints described in the text (e.g.

200 and 400 colony forming units, or cfu, for fecal coliforms). Very few associations

were observed when these cutpoints were used. None were detected for E. coil at lower

cutpoints (35 or 70 cf~). Earache RR= 1.46(I .06-2.00) and runny nose RRffi1.24(1.00-

1.53) were a~sociated with E. col/at the highest cutpoint of 320 cfu. Only skin rash was

~sociated with total and fecal �oliforms using the cutpoints of 10,000 and 400 cfu,

3
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respectively. Diarrhea with blood RR=4.g (I.12-I~.91) ~nd HCGI I RR=I.44 (1.03-

2"03) were associated with enterococci, t~lg the hig!~ ~.tapoiat of 106 ~u.
It is conceivable that real increases in~k might hav~ been missed with these

cutpoims, particularly since they were nodased on dm~ that were generated by pt%-vious

studies of Santa Monica Bay, so we also mkadated odds nttios from categorical models

using quintiles (of bacterial indicator ievdO md ~ �ontinuou~ models. For the

continuous linear (on iogi~c scale) modd,, the odds tutios correspond to a unit increase
equal to the difference between the 90th sd lOth Ix~’u~es (i.e. the diff~.tence betwe~
the midpoims of the fifth and fu3t quintila). In gem:ral, results from the categorical

models resembled results using the cuq~i~s (I~ define d~chotomies) descn’bed shove.

The continuous models yielded a numb~sfpositive ~ciations. For E cell, small but

statistically significant associations were~en for skin rash and stomach pain. Only skin

rash was associated with total coliforms. [,ev~, skin rash, and HCGI I and 2 were

associated with fecal coliforms. For enm~’ci, significant positive associations were

noted for fever, skin rash, nausea, dian’h~ sWmach pain, coughing, runny nose, HCGI I,

HCGI 2, and SRD.

In addition to investigating single ~ indicators, associations bet~,-een adverse

health effects and the ratio of total to feral ¢oHfonns, and the ratio of total �oliforms to

enterococci were investigated. For the ~I to fecal ratio, we initially used a outpoint of

5.0, assuming the risk may be higher wl~es the ratio is smaller. For the entire data set,

significant associations were observed f~diarrhea RR--I.2$ (I.05-1.51) and HCGI 2

RR=1.87 (1.20-2.90). We then estimated�fleets of this ratio restricted to subjects in

water where the total coliforms exceeded 1,000 cfu. Significant effects were observed for

nausea RR=I.48 (I .08-2.04), dian-hea RR,,I.40 (I.07-1.85), and HCGI2 RR=3.12 (1.60-

6.07). We also conducted a similar analysis restricted to subjects in water where the tot, al

coliforms exceeded 5,000 cfu. Significant effects were observed for fever, eye discharge,

skin rash, nausea, diarrhea, stomach pain, nasal congestion, HCGI I, and SRD. Risk

ratios ra~ged f~om 2-7. We then conducted a similar analysis restricted to subjects in

water where the total coliforms exceeded I0,000 cfu. Here we observed signiticant

4
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V
associations with eye discharge, ear discharge, skin rash, nausea, dlan.bea, stomach pain,
nasal congestion, HCGI 1, and HCGI 2. The significant RR’s ranged from 2-39. All the Leffects noted above became consistently stronger as the analyses were increasingly

resu’icted to occasions with h~gher counts of total coliforms. Since this ratio appeared to

1be informative, a range ofcutpoints (2, 4, 6, g) was subsequently investigated. Ther~ was

a consistent pattern of s~’onger risk ratios as the cutpoint became lower (when the

2analyses were restricted to times when total �oliforms exceeded 1,000 or 5000 cfu), with

the strongest effects generally observed when the cutpoint of 2 was used. The

consistency of the results suggests the observed associations are real.

None of the bacterial results changed when adjusted for age, beach, gender, race,

California versus out.of-state resident, socioeconomic status, and worry about potential

health hazards at the beach. They also did not change when we adjusted the bacterial

results for distance from the drain.

The analysis of samples for enteric viruses yielded seventeen samples (taken in the

storm drain) that were positive for enteric viruses. This number of positive samples did
1not enable us to conduct many analyses; however, we were able to compare the frequency

of outcomes reported by subjects who were swimming within 50 yards of the drain on

days when samples were tested for viruses and found to be negative versus days when the

samples were positive for viruses. Results are presented in Table 73. Although based on

small numbers, a number of outcomes were reported more often on days when the

samples were positive for viruses, including fever (RR=I.53, 95% CI 0.97-2.42, p-value

0.07); vomiting (RR=1.89, 0.94-3.78), HCGI-! (RR=I.74, 0.99-3.06) and HCGI-2

(P,.R--2.26, 0.91-~.60). Results remained essentially unchanged when adjusted for

covariates or for each bacterial indicator. Research with gene probes is ongoing and will

be presented in an addendum at a later date.

The attributable number for noteworthy distance and bacterial indicator results was

also calculated. This am’ibutable number is an estimate of the number of new cases of a

specific adverse health outcome tha~ is am’ibutable to the exposure (distance or bacterial

indicator) of interest. For a number of outcomes, the am’ibu~able number ranged into the
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indicator) of interest. For a number of outcomes, the attributable number ranged into the
gl LlO0’s of new cases per 10,000 exposed subjects (complete results are presented in

Tables 65-70).

In summary, both sets of results (the positive associations between adverse health
effects and a) distance from the drain and b) bacterial indicators and presence of enten~

viruses) taken together strongly suggest that there is an increased risk of a relatively
’ ’ 2

broad range of symptoms caused by swimm~g in ocean water at the beach sites in¢lud~

in this study, particularly close to the dra~ and when indicator densities inc~ase or

ratios between selected indicators decrease.
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V
1. INTRODUCTION O

LAt the time this study began, there .had never been an epidemiologic study of

persons who swam in marine waters contaminated by heavy urban runoff. Waters

adjacent to the County of Los Angeles receive runoff from a system of storm drains yesr

round. Even in the dry months of the summer, an average of I0-25 million gallom of

runoff (or non-storm water discharge) per day enter Santa Monica Bay from the storm 2
drain system (this includes, of course, substantial flows from permitted discharges

beyond the control of the owner/operator at the facility). These drains m-e sclmmted

�ompletely from the municipal sewage system of pipes taxi treatment plants; w~ters

collected by the storm drain system art not subject to treatment and art discharged

directly into the ocean at a number of sites. Years ofmonltoring by public agencies and

recent surveys by the Santa Monica Bay Restoration Project have demonsu’ated that total

and fecal coliforms as well as enterococci are sometimes elevated in surf-zones adjacent to

storm drain outlets; pathogenic human enteric viruses have been isolated from storm

drain effluents, even when levels of all indicators, including F2 male-specific

bacteriophage, were low ($MBRP, 1991). Sewage spills and hydraulic overload

following rainstorms occur intermittently and may lead to discharge of primary.t~ated

sewage and floatables such as tampon applicators into storm drains (NRDC, 1991); leaky

sewer lines, illegal sewer connections, blocked sewer overflows, leaky septic tanks and

local direct human sources (such as the transient population and illegal dumping of

recreational vehicles) may also contribute human waste to storm drains emptying into the

bay (SMBRP, 1990, 1992). At least 338 beach closures/advisories (many due to high

bacteria levels attributable to storm drain runoff) occurred in Los Angeles and San Diego

Counties in 1990 (NRDC, 1991). Water sampling at varying depths and distances from

storm drains has established that a gradient of water quality (as measured by bacterial

indicator densities) exists at Santa Monica Bay beaches receiving storm drain effluent

(SMBKP, 1991).

R0047191

!

RB-AR8670



Beaches in Santa Monica Bay are heavily used during the summer months. It b

estimated mat 50-60 million persons visit Santa Monlca Bay beaches annually. Concern

about ~dverse health effects due to swimming in the bay has been raised by interns-ted

parties (SMBRP, 1995), citing numerous anecdotal r~orts ofilinesses that were

perceived t~ be caused by swimming in the bay. "Is it ~afe to swim in Santa Monica

Bay?" appeared to be a prevalent �oncern.

"P:ese circumstances (high volume ofurban runoffin storm drains, numerous d~y~

with high levels of bacterial indicators, isolation of pathogenic human ~nterie virus~

even when water quality indicator densities were low, heavily populated be.~h~ md

concern about adverse health effects) provided the motivation to study the possible health

effects of swimming in the bay. It was decided by the TeclFdcal Commit~e and th~
Management Committee of the Santa Monica Bay Restoration Project (SMBRP) that an

¯ epidemiological study of bathers in Santa Monica Bay was the most direct ~nd relevant

: means of addressing the question, "Is it safe to swim in Santa Monica Bay’ff A pilot
study was conducted in the summer of 1994 to assess the feasibility ofa large-se~le

study. The protocol for the large scale study was revised as a result of this pilot study and

was subsequently approved by SMBRP.

II. MATERIALS AND METHODS

A cohort study was conducted to investigate the possible adverse health effects of

bathing in Santa Monica Bay and whether the risks ofill health outcomes were associated
with urban runoff from storm drains. Exposures of primary interest were pathogens that

produced acute illnesses (for reasons discussed in our original proposal, chronic health

effects were not studied).
Three beaches with a wide range of indicator counts and high density of bathers

were studied. The beaches were Santa Monica Beach (near the Ashland Avenue storm

drain), Will Rogers Beach (Santa Monica Canyon Channel or storm drain) and Surfrider

Beach (nea~ Malibu Creek). Maps indicating beach sites are included in Appendix E.
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V
Persons who bathed and immersed their heads in the ocean water were potential

subjects for this study. There were no restrictions based on age, sex, or race. Persons L
who bathed at the study beaches, Mothers’ Beach in Marina del Rey or near the Santa

Monica Pier within seven days of the study date were excluded, as were subjects who

bathed at the study beaches (or Mothers Beach or near Santa Monica Pier) between tbe
1

date of the beach interview and the telephone follow-up. Subjects who swam on multiple

2days had to be excluded since one of ou~ primary research questions was whether risk.of

health outcomes was associated with levels of specific indicator organisms on the day ¯

subject entered the water. Given the range of incubation periods for the outcomes of

interest and that the counts were quite variable fi’om day to day, it would have been

impossible to link subjects’ experiences with specific counts on a given day if they wt’re
in the water on numerous days. Persons bathing within 100 yards upcoast or downc~-t

of the storm drain and persons bathing g~eater than 400 yards beyond a storm drain were

targeted for this study.
For this study, 22,085 subjects were interviewed on the beach to ascertain    r                   1

eligibility and willingness to participate. Of these, 17,253 subjects were found to be

eligible and able to participate (had a telephone and were able to Speak English or .                    ~ ~
Spanish). Of these, 15,492 agreed to participate. Eligible subjects who agreed to                       3

participate were then interviewed about basic demographic data and about their bathing,
including type of bathing activity (particularly immersion of the head into ocean water).                  B

Distance from the storm dra~ gender, age, and race of the subject were noted by the

interviewer.

On the same days that subjects were r~cruited, morning water samples we~
collected at a~dde depth at 0, 100 yards north and south of the storm drain, and 400 yards                 6

north or south (depending on which area was used as a "control" area). Samples were

analyzed for total and fecal coliforms, enterococci, and E. coil In addition, one sample

each Friday, Saturday, and Sunday of the study was taken in the storm drain (0 yards) at

each study beach and analyzed for enteric viruses.

9

R0047193

RB-AR8672



Nine to fourteen days after the interview date, subjects were interviewed by

telephone to ascertain the occurrence(s) of fever, chills, eye discharge, earache, ear

discharge, slain rash, infected cut, nausea, vomiting, dian’hea, di~hea with blood,

stomach pain, coughing, coughing with phlegm, tarsal congestion, sore throat, md a

group of symptoms indicative of highly credible gastrointestinal illness (HCGI)and

sigr~i~cant respiratory disease (SRD). Of the 15,492 subjects interviewed on the beach,

we were able to contact and interview 13,278 (86% follow-up). Of these 13,27g, i,455

were found to be ineligible because they swam (and immersed their heads) at a ~tudy

beach between the day of the beach interview and the telephone follow.up. Thia left

11,793 eligible sub.iects who provided data for this study. We excluded 107 ofthe~

subjects because they reported n6t i~mersing their faces in ocean water, leaving i 1,686

subjects for analysis.

Analyses addressed the following two questions: 1) What are the relative ~ of

specific outcomes in subjects batl~g at 0, 1-50, and 51-100 yards of a storm drain

compared to subjects bathing at the same beach, but beyond 400 yards of a storm drain7

2) Are risks of specific outcomes (e.g. highly credible gastrointestinal illness; ear, eye

and sinus infections; upper respiratory infections; sign rashes and lesions) among

subjects associated with levels of the bacterial indicators (or viruses) mentioned above.

Given this design of the study, we are not able to address the effects of repeated

exposures or chemica~ contamination or special at risk populations.

A detailed description of the study follows, including sections on s~tdy

preparation, data collection (beach and telephone interviews), collection of water

samples, laboratory analyses of w~ter samples, and statistical analyses of the da~

Study Preparation:

Staff Recruitment and Selection:
T~.e project coordinating team of the Santa Monica Bay Beach Study consisted of

a multi-ed~.,~ic group of researchers w~th ex~ensive experience in the design and conduct

ofepidemiologic studies. Included in this team were the study’s principal investigator,

the principal project coordinator, the study physician, and several professionals with
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V
diverse research backgrounds and practical expertise in data collection, management snd 0

analysis. L
Other staff were recruited from several sources (malnJy UCLA and Santa Monica

City College) by fliers and adds in the UCLA newspaper. Ideal candidates were those

/who could be trained to interview both at the beach and on the t~lephone. First, a project

coordinator screened each applicant for experience and telephone demeanor, then

2explained the job requirements. Next, applicants were intendewed by three to four project

coordinators. Staff members who had worked on the pilot study two years earlier were

contacted and offered positions as experienced interviewers and/or mid-level supervisors.

The mid-level supervisory and interviewing/o~ce staffs were comprised of

individuals representing various ethnicities and educational backgrounds. Twenty.four

interviewers were undergraduate students, 17 were college graduates and 9 had worked

toward or acl~eved graduate degrees. Thirteen telephone and beach interviewers were

bilingual in English and Spanish and several students, although not completely bilingual,

could manage the beach interview in Spanish. Other interviewers’ language skills
1

allowed for the conduct of interviews in Japanese, French and German. Fifty staff

! ~ "members worked the majority of the summer - 24 mainly full-time, 26 part-time.

Questionnaire Development:

The beach questionnaire and the follow-up telephone questionnaire were

developed by the project coordinating team during a series of meetings. The beach

questionnaire was photocopied on colored paper in order to distinguish among the three

beaches (Santa Monica/Aslfland: yellow; Surfrider/Malibu:pink; Will Rogers/Santa

Monica Canyon Channel: blue). The telephone questionnaire was formatted to be scanned

by an optical mark reader. Both questionnaires were fully translated into Spanish, with

special attention paid to the diversity of Latino/a subgroups living around and within the

Los Angeles area. Appendix A contains a copy of each questionnaire.

The coordinating team designed the beach questionnaire to serve as an instnunent

on which to record subjects’ names, telephone numbers and swimming locations, plus as

an aid in determining subject eligibility and accessibility for the follow-up telephone

11 r ....
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Interviewing instructions contained in the original v~,rsion of the beachinterview.

questionnaire were eliminated Mtet a few days of field-testing, streamlining it fi’om two

sheets (3-sides) to one double-sided sheet that could be folded up while renmining

attached to a clipboard. Interviewers were able to write down respondents’ phone

numbers and useful comments on the flip side of the beach questionnaire (field sheet)

without worrying about it being lified and carried away by a sudden gust of wind.

The telephone questionnaire was finalized after consultation with the ~tudy

physician, the Chief of Infectious Disease at Olive ViewAJCLA Medical Cent~, and the

California State Department of Health Services. Previous studies have ~uggested that

acute i~fections diseases including gt~roenteritis, ear and respiratory infections,

conjunctivitis, and skin rashes can be transmitted through polluted salt or brackish water.

Therefore, sixteen questions representative of easily recognizable symptoms of these

illnesse~ were asked during the telephone interview. The instrument was designed with

space available for comments. In addition, the questionnaire contained sections for

recording demographic information obtainable from the field sheet or the telephone

interview. At the end of the telephone interview, respondents were queried about their

levels of concern regarding health hazards at the beach. Interviewers used probing

techniques to elicit better information whenever respondents experienced difficulty in

questionsclearly.Questionsconcerning types and durations of water activities
were not included because participants in our pilot stud~ found them annoying and too

difficult to m~’wer.

The symptoms and corresponding probes are fisted below:

I.    Fever - def’med as a temperature equal to or greater than 100¯ F or 380 C. If the

temperature was not taken, a subjective answer was considered positive if the

respondent either volunteered or answered positive to the probes of feeling warm,

achy and/or having chills.

2. Chills - substantiated by probing for uncontrollable shaking. Not considered "yes"

when fever was "no."

12
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V
3. Redness and discharge from eyes - used to evaluate the diagnosis of 0

�onjunctivitis. Both redness and discharge were documented because BOTH had L
to be positive for a "yes" answer. Standard probes to "don’t know" responses

were "Did you have pink eye?...Did you have yell.ow discharge?" Th~s was done

to exclude irritation fi’om salt w~ter, smog ~ui other sourecs.
14.    Earoche. To substantiate a positive response, the respondent was also asked ff

2he/she had an ear infection.

5.    Dbcharge/draining from ear - used to s.~sess swimmer’s ~r.

6. Skin rash - The respondent was asked the location of the rash. Only rashes

covering the body (as opposed to small patches, for example, on the foot or ~rm)

were marked positive on the questionnaire. This was done to increase the chance~

that the observed rash was a generalized viral exanthem or contact rash that was

more likely to be caused by immersion in polluted ocean water.

?. Cut~ or scrapes that became .infected. several probes were used to delineate a

positive answer including more redness, swelling, pu~ and red streaks around the
1

8.    Nausea (not related to pregnancy) - The two probes that were used were, "Did

you feel like throwing up?" or "...feel so sick that you �ouldn’t eat?".
39.    Vomiting - self-explanatory.

I 0. Diarrhea - self-explanatory.

I I. Diarrhea with blood - would narrow condition down to cert~n diseases that

present with this symptom, like Sh~gellosis or E. toll 0157.

12. Stomach pain or cramps - menstntal cramps were excluded. Interviewers wer~

instructed to ch’c]e which symptom was experienced ffnot both.

13. Coughing - a probe for allergies and smoking was used.

14. Coughing with phlegm, self-explanatory.

15. Nasal congestion/runny nose - allergies/smok~g probe used.

16. Sore throat, interviewers probed by asking if one had trouble with swallowing

or eating (e.g, "Was it di~cu]t to swallow foodT’). :

13
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Orientation and Train~g:

All office and interviewing personnel were introduced to general interv~ewin~

techniques, the study background and protocol, and participated in role-playing exercises

during an S-hour orientation and training session. Pertinent information and materials

were provided in a "Santa Monica Bay Beach Study Training Manual" (See Appendix

D). During the following week, the supervisory staff underwent a day of practice trah~

on the beach, and then worked during the following four days one-on-one practice

lraining with the rest of the beach interviewers. At the beginning of data collection

meetings were held each day to discuss experiences on the beach and to addre~ questiom

and problems. Emphasis was placed on ways to observe and approach potential ~ubjects

and strategies were standardized for handling answers to their questions. As a result of

these early meetings, the field sheet was streamlined and the method of assigning

interviewers to designated areas on the beach was developed

New beach interviewers who joined the project after the onset of the study fir~’t

trained in the office with experienced interview supervisors, and then were taken to the

beaches and allowed to practice the interview by interacting with beach patrons in non-

study areas. Tiffs protocol was used for training beach interviewers throughout the

A separate 8-hour training session was later held for telephone interviewers in

which telephone interviewing techniques and the telephone questionnaire wei, e

emphasized. Interviewers were instructed on the use of standardized probes to clarify

symptom events and to document answers to probes as well as comments voluntarily

offered by subjects.

Telephone interviewers continued their training by conducting interviews under

the direction and observation of a trained supervisor. These interviewen and their

supervisors became adept at handling numerous scenarios by sharing experiences during

the first few days of telephone interviews. Phone supervisors provided suggestions to

beach interviewers about the types of cornments on the field sheet (i.e., respondent’s

demeanor, swimming behavior, etc.) most useful in expediting the phone interview. The
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V
methods for training telephone interviewers were maintained throughout the ~m~-ner as 0

new staff members were enlisted. L
Data Collection:

Personnel Structure:

The scope of data collection and management required the availability ofwoAers
1

seven days a week fi’om 9 A.M. to 9:30 or 10 P.M. Each task accomplished at the beach

2and at the study o~ce wa~ managed by a mid-level supervisor. The study employed three

telephone room supervisors and seven beach supervisors. Although specialists we~

developed for each task, the success of the study depended on ~[’flexibility. In

essence, each full-time staff member had a main job (e:g. beach interviewer ) and an

alternative job (e.g. data editor or telephone interviewer.) Most workers were skilled in

multiple tasks and clerical tasks were shared. Staffmembers generally settled into the

roles where they felt most comfortable, resulting in maximum productivity.

Project coordinators organized and supervised mid-level supervisory penonnel

and at times assumed some of their responsibilities. Beach and telephone superviso~
1

along with at least two project coordinators, attended weekly meetings during which

schedules were planned and employee performances were discussed. Supervison

staggered beach interviewers’ schedules to insure adequate crews on the beach during the

afternoons when beaches tended to be busier. Basically, flexibility was encouraged so

that beach interviewers, phoners and data editors could switch tasks depending on

weather conditions and beach attendance on a particular day.

Beach Interviews:

Staffassigned to recruit subjects at the beach sites gathered each morning one half

hour before leaving the office in carpools. The selected supervisor of each beach site wa~

responsible for insuring that the crew assigned to her/his beach was transported and had

the appropriate supplies. Supplies included pencils and clipboards, field sheets, form~ on

which to tally non-participants and ineligibles, forms on which to tally completed

interviews and monitor interviewers, information pamphlets in English a~d Spanish, 8i/~s

for respondents (fi’isbees, visors and buckets), umbrellas, beach towels, ice chests, and
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water, Appendix B contains pamphlets and forms used on the beach. (The field sheet is in

Appendix A.)

The number ofstaffmembers required st the beach sites ranged from 3 to 12

depending on the expected size of the crowd that day. Anticipating the crowd size

depended primarily on weather prediction, and the number of intervlews collected f~om ¯

particular day of the week during previous weeks. For example, unless unusual weather
was predicted, Sundays and holidays were consistently the days with the largest ¢rowda

at all three beach sites. Generally numbers incr~sed at a/I the sites as th~ week

progressed from Monday to Friday. Sometimes, uncertainty in the weather r~sulted in

office staff being sent to the beach when beach crowds were unexpectedly large.
The average work day at the beach usually began around ! 1:00 A.M. Monday

through Thursday; 10:00 - 10:30 A.M. Friday through Sunday. Beach interviewers could

be easily identified by blue T-shins bearing the "Santa Monica Bay Beach Study" logo.

Upon arrival, the first item of business for the beach supervisor was to measure the areas

within 50 and 100 yards on both sides of the selected storm drain. This was usually done

by pacing offsteps and was done daily because the outlets shifted for two of the three

storm chains. Tl’,e storm drain at Ashland was fixed (concrete), whereas those at

Rogers and Malibu were often dredged by bulldozers or temporarily maintained by dry

weather flows. They were occasionally reforming, straying, multiplying or disappearing.

The area boundaries (at 50, I00, and 400 yards) were marked with visible objects

such as trash cans or beach umbrellas, although these markers were not used when the

area happened to be bordered by a life guard station. In either case, survey areas could be

easily delineated without arousing suspicion by beachgoers as to why these areas were

important to the study.

Beach interviewers were responsible for determining and recording the locations

of eligible participants. On the field sheet (see Appendix A) the storm drain was

designated as point 0 (as indicated by the diagram on the next page, subjects did not have

to be in the middle of the drain to be coded as point 0; they had to be in the water within a

range of distance (usually a matter of 2-20 yards) where the flow from the drain entered
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the bay); the two zones spanning up to 50 yards on either side of point 0 were designated

4 and $; zones 3 and 6 spanned from 50 to I00 yards in either direction; and zones I

(downcoast) and S (upcoast) were 400 yards and beyond in either direction. All zones

except for I and 8, i.e., up to I00 yards on either side of the storm drain, were considered

exposure zones and were referred to as Study Area I. Zones I and S, i.e., 400 yards

beyond, consideredcontrol zonesandwere ref’ened to as Study Area 2. Mostly

zones I and $ served as Study Area 2 at Malibu and AshJand beaches, respectively. The

sampling strategy required that one subject be recruited from Study Area 2 for every :~

subjects in Study Area I. It was extremely rare that a subject either swam across zones or

entered the water in different zones. When this occurred, the subject was coded in the

zone closest to the drain.

Generally one or more interviewen covered each zone,.but this depended on the

number of interviewers worlcing that day and on the number of beachgoen occupying

each zone. Bilingual inter~ewen were often placed strategically, either in heavily

populated areas, one on each side of the drain, or were encouraged to traverse zones - ,

often being called out of assigned zones to assis~ in an interview. Covering small areas of

the beach insured that surveyors could recognize those in their area who were newly ,

arrived, those who had already been approached, and those who did not need to be

approached since they had not immersed their heads in the water. Having individuals

responsible for small areas provided the bes~ opportunity for contacting every eligible

participant. This system also insured that beachgoers were not disturbed by repeated

approaches abou~ the survey.

On a ~ypica] weekday during the earlies~ phase of the study, the majority of time

was spent recruiting participants from Study Area I (exposure). Recruitment from Study

Area 2 (control) was usually left until later in the day when the beach crew had an idea of

the number ofpeople needed from that area. For instance, if by 2:00 p.m. 30 interviews

had been completed in Study Area I, the supervisor would send a team to Study Area 2

until the necessary number of interviews was accum~dated, say I0 or more. As the study

progressed, the supervisors became more familiar with the beaches and knew how to

I$
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V
dispatch interviewers to Study Area 2 earlier in the day. On crowded days, such as O

weekends, interviewers were automatically assigned to Study Area 2 for the entire day. Land supervisors provided them with regular notice as to the numbers needed from their

area. Similarly, interviewers provided supervisors with regular reports on the quantity of

their interviews,

Interviewers approached every potentially eligible beach visitor in their assigned

2zones. During the first few weeks of data collection, eligibility for adults and children

was determined differently. Adults were eligible only if their heads or faces had been

submerged in the ocean water (subjects with only incidental wetting of their face,~ e.g.

fi’om splashing, were not recruited). Early on, children 12 years and younger were ellgible

if they had had any contact v~th the water, preferably hands and face (we assumed a

lower standard of sanitary practices might place them at risk of exposure); however, once

it seemed as though the projected sample size would easily be achieved, pmjoct

coordinators decided to have children recruited under the same criteria as adults.

-Members of the same family were allowed to be subjects in this study because a) we

judged that it would have been very difficult to identify and recruit only one member per                      -~

family and b) it would have been impossible to achieve our sample size since we had to

approach every potentially eligible subject throughout the study period to achieve our

sample size.

A single adult or any adult member of a family could serve as the source of

information on him-/herself or other family members. That adult was also often the

source of information on children who were not part of the family but had come to the

beach under his/her supervision. Children 12 years or older could be questioned directly

if the interviewer had obtained consent from an accompanying adult. Teenagers who were

not accompanied by adults were recruited and told to inform their parents about dm

follow-up telephone inter~dew. Finally, in theory, a person could have been recruited into

the study more than once, if they met the eligibility criteria each time. In reality, only a

handful (perhaps 5) of subjects participated in the study twice.
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Participants were told that someone from the beach study office would phone

them days and asked the number and time of day at which they �ould most easily be

contacted. All respondents received an information pamphlet that described the

provided the study office telephone number, and served as a reminder of the follow-up

telephoneinterview.Thispamphlet was printed in English as well as Spanish.
Participants were encouraged to call the study office to be interviewed ifth~ Imppened

to be i’mccessible on the scheduled phone interview date. Information about all

of a particular household was recorded on the ~me field ~

Unsuccessful interviews were tallied on a "Log of Non-Participants" ~ by

race, gen6er and reason for non-participation (Appendix B),.Only individuals who �ould

be approached directly were tallied, as it was not feasible to ,determine the idenfily and

number of accompanying children under 12.

Most essential to data quali~y was the careful observation ofth~

bathing/swimming behaviors of the respondents approached fo, r interview. Different

teclmiques were used to approach potential subjects. Sometimes an interviewer waited

until a group came back from the water to their towels, let them r~st for a few minute,

and ther. approached. An alternative approach involved waiting until several unassociated

groups had gone in and come out ofthe water. The interviewer then made "rounds" of 4-

$ groups at a time. Many of the written parts of the interview were completed later ~t the

encampment where beach interviewers were situated.

Since the beach contact laid the groundwork for the follow-up telephone

interview, the interviewers spent as much time as each individual or f~nily needed to

establish rapport and convey a sense of professional interest in their swimming behavior.

A level of trust had to be established in order to obtain phone numbers. In the early ~ages

of the study, telephone interviewers were faced with a significant percentage ofcalling

attempts resulting in wrong telephone numbers. Some of these were undoubtedly due to

people’s reluctance to give out their correct numbers. However, the percentage of wrong

numbers decreased considerably when it became policy for beach recruiters to repeat the

number aloud and verify it as written with the person being interviewed.
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Interviewers can’ying toys experienced enhanced ~uccess upon a~

households with children. In such cases, it w~ ~dvant~geous to have two interview~r~

approach the group, one with toys and the other with l~perwork. The interviewer with

toys w~s able to keep the children occupied, relieving the l~rent’s concern or m~! to

watch them while participating in the interview, probably offsetting a f~" numl~r of ’

refusals. An example of a typical beach interview is included in Appcodi~ C.

Beach interviewers usually left the beach to return to the ~udy office ground 4:30

P.M. on weekdays and 5:30 P.M. on weekends. Supervisors collected the field ~ md

non-participation log sheets, edited them for ~ccuracy and �ompletene~, ~nd t~llied
day’s interviews on the "Beach Interview: Daily Taily Sheet" (Appendix B). One ofth~

office staffwas responsible for reviewing the field .~.,ets on a daily b~is and

beach interviewers, if necessary, to obtain missing information.

Several conditions at the study beaches resulted in logi~cal dilemm~ for the

survey. At study onset, the creek outlet ~ Malibu was close to the pier and mo~ of the

interviews were conducted on its south side where the people were ~nming. In

addition, no-flow days were common, i.e., there w~ no visible outlet from the ~-ek to

the ocean. Moreover, lifeguards often placed fl~gs designating surfing-only ~ ~uch0

that Study Area 1 was off-limits to families and swimmers. When ~ctly enforced,

swimmers were made to leave the area before they became eligible for the ~iudy. It w~

aiso not uncommon for lifeguards to approach people playing directly in the area ofthe

storm drain and tell them to move to a "safer" area before they could become eligible to

be interviewed. This happened at Ashland and Will Roget~ ~

Malibu’s creek outlet was eventually moved upcoast for the summer in order to

create greater accessibility to the more popular beach area during peak season. The nois~

and fumes emitted by bulldozers disrupted several days of interviewing, especially ~

it took several park service outings to get the outlet to stay upcoast. The outlet at Will

Rogers beach also shifted positions so that it was subjected to bulldozings in order to

create more usable beach. When the outlet was dredged, parts of the beach, especially

within Study Area 1, were not available to beachgoers. Ashland and Will Rogers were
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temporarily affected by algal blooms that made swimming unpleasant. One of the study

zones at Ashland with~ Study Area 2 is approximately 250 yards from the Pico-Kenter

storm drain - a drain with a history of high indicator counts, usually diverted during

Telephone Interviews:

The majority of telephone interviews were conducted f~om the beach study

although occasionally an interviewer called f~m home if an interview could not be

completed during regular office horn’s. Interviewers were scheduled to begin ca/ling

A.M. and interviewing generally continued until 9 or 10 P.M. Study participants v~re

telephoned 9 to 14 days a~ter theit,i,,terviews at the beach. Interviews were conduct~ in

English and Spanish.

In order to conduct telephone interviews, callers needed the field sheet in band so

that they could review the household size, names and ages of potential study eligibles,

and read useful comments regarding ~ligibility and approachability. For this reason, a

"calling queue" system was established in which field sheets were organized by

scheduled call date, preferred call time (i.e., morning, afternoon, evening), and whether

or not they were Spanish-only or out-of-area calls. Often phone numbers had to be

obtained for participants that were interviewed as pan of a group at the beach but lived in

a different household.

Usually the contact person for the telephone interview was the respondent who

had provided information at the beach interview; however, other options were utilized. A

spouse could answer questions about the other’s health when knowledgeable and

comfortable with the idea; otherwise, the interview was conducted with each spouse

separately. Interviewers were instructed not to allow participants existing in non-marital
relationships to answer for partners, since they were considered more likely to be in a

"honeymoon" phase wherein confidences about health problems might not be shared.

Adults were generally requked to answe~ for children under 12, but could do so

for any of their children if preferred. Often interviews were conducted with the parent

asldng the child questions. A divorced or separated parent could respond for a child only
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if he/she was the custodian since the beach interview. With older children, interviewa
were facilitated once the interviewer had introduced her/himselfand the study to a parent L
or guardian. Only rarely, when a language difficulty was otherwise un~solvable, would a

capable child be allowed to interpret for an adult or another child. Nannies or babysitters
who were daily care-givers could answer for charges.

Beach participants were eligible to respond to the follow.up telephone interview ff
2they had not been back in the water at any ofthe 3 study beaches or at Mothers’ Beach in

Ma.,~m del Rey and the area axound Santa Monica Pier since the day ofthe beach
interview (subjects in the water at Mother’s Beach or around the Santa Munica Pier were

excluded because these areas axe associated with high bacterial counts and swimming
there may have caused symptoms such as the ones under investigation in this study).
Very few subjects visited beaches other than the study beaches. Ineligible participants

were tallied on a "Log of Weekly Loss-To-Follow-Up" sheet (Appendix B) according to

ethnicity, age ~oup (younger than 12, 12 and older), gender and map code. The

telephone interviewer also verified that the paxticipant had gotten her/h~s face wet in

ocean water on the beach interview day. If both these c6teria were met, the participant

was deemed study eligible. A telephone interview form was dedicated to each participant

who was then assigned a unique identifier.

The identifier consisted ofa leuer corresponding to the visited beach, a number

designating the household, and a letter specific to a participating household member.

Telephone interview forms were preprinted with sequential household identifying                         ~,~

numbers and grids premaxked with those numbers. At the time of the phone interview, an

interviewer reviewed the field sheet to determine the number of forms required. The

interviewer bubbled (i.e. darkened in pencil the circle indicating the correct data item) in

the beach letter, the household number, and the participant letter in the provided section

on the telephone interview form. The same identifier(s) was recorded on the field sheet.

The first attempt at calling the contact person was determined by the preferred

time indicated on the/~eld sheet. Respondents who said they could be called "anytime"

were first c~lled in the morning. If calling attempts were unsuccessful on the 9th day
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following the beach interview (the fi,’~ calling day), the field sheets were placed in ¯

"call-back" comparanent to receive priority attention during the next 5 days. All "call-
ba "cks were attempted at least 3 times a day. Generally, interviews we~ completed

within the 9- to 14-day window period, but there were exceptions. For a few days beyond

the 5th calling day, field shee~s were kept in a compartment for special priority calls. If

these participants were accessed after the 5th day, interviewers made ~re that the

reported symptoms had occun-ed within the study window period. Families with small

children were not called after 9 P.M., while the success rate among young singles was

enhanced when calling hours were extended to 10 P.M. on some nights. At lea~t one

bilingual (EnglishtSpanish) interviewer telephoned from the study office. Unattainable

phone interviews were tracked on the "Log of Weekly Loss-To-Follow-Up" ~

(Appendix B).

The interviewing ~ became very skilled at developing immediate rapport with

the respondents over the phone. The interview proceeded smoothly once the interviewer

introduced her/hhnself, the purpose for the call, and established eligibility. The telephone

questionnaire was relatively easy to administer, as there were no open-ended questions.

Interviewers sometimes linked questions about symptoms that regularly occur together,

improving the flow of the interview without de-emphasizing the imporUmce of each

symptom. Information regarding swimming location was generally bubbled after the

interview was completed, and interviewers were always blinded as to any preliminary

analyses relating locations to health outcomes. The average interview took about 3

minutes per respondent. Appendix C contains a typical example.

When attempted calls were answered by an answering machine or someone other

a designated person or eligible participant, the interviewer left a messagecontact

asking that the contact person return the call by phoning the study office and asking to

speak to "Ton~" - a unisex name which none of the interviewers normally used.

Afterwards, the corresponding field sheet was placed in the appropriate "Toni" folder

according to beach, so as to be easily retrievable upon call-back. In this way, anyone

answering the telephone could interview a caller asking for "’Toni", having been trained
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in advance to recognize a "Toni call." On average, I0 to 15 interviews were �onducted in

B), an instrument designed to keep account of the telephone activity of each work shift,

",0 i.e., 9 A.M. o 3 P.M.; 3 P.M. - 9:31) P.M. Cail~ ~ ~llied wi~ tbe ~llo~

.̄, categories: completed interview, answering machine, "Ton; call", busy signal, later

¯, appointment, no answer, disconnected, and wrong number. Also tallied were the number

. of households and individuais, and the number of attempts to complete these interviews.

,,, These tally sheets were helpful in allocating staffto the most productive hours.

.., The close supervision of telephone interviews allowed for optimum quality

’ ’ control. Telephone interviews were always mon;tored by a supervisor to insure

,-, probes were used uniformiy and answers to respondents’ questions were addressed in

’ ’" accurate and unbiased manner. Supervisors reviewed each questionnaire for content soon

" after the interview took place .so that interviewers were directed as to how to um’avel

inconsistenciesandrecall missing information, even calling the respondent backor ob~n
if necessary. There were occasions when supervisors made these calls in order to validate

information. All interviews were also reviewed by a project coordinator within 24 hours

after comp]edon.

Office Operations (Other Than Telephoning:

Symptom Evaluation:

For our purposes, determining that a participant experienced a specific health

outcome depended on the self-report of having one or more representative symptoms.

Each of the 16 symptoms listed in the phone questionnaire was associated with 3 possible

questions. For each symptom, the first question was asked, "Did you or your cl~Id have

(symptom) at any time since your visit to the beach7" When the response was negative,

the interviewer moved on to the nex~ symptom. If the response was positive, the

interviewer continued by asking, "Was this a problem you had before going to the

beach?" If the answer was "no", this was considered a symptom event, and the

interviewer moved on. However, if the respondent reported having had the symptom prior

25

R0047209

RB-AR8688



to the beach v~sit, the interviewer asked for a description of how o/~en the w/mptom wm~
experienced. This was done to decide whether the symptom was associated with m
ongoing condition such as an allergy or smoker’s cough, etc. In the majority of roses, if
the symptom was already present at the time of the beach visit, it was not considered ,n

event. A "don’t know" (DK) was also not considered an event.
Phone interviewers were encouraged to write comments on the questiommim

form. Comments volunteered by the tx.-~-pondent were written on the iett side of the I~�
to differentiate them horn answers to standard probes tJmt were w6tten on the right side.
These comments were used in symptom ascertainment, ~specially when the respondent
reported having had the symptom prior to the.beach visit. The study physician reviewed
these comments, and if the information was unclear, would question the interviewer for ¯
better understanding. Sometimes, the study physician would re.phone the respondent to
ciar~fy the response. There were a few rare cases where an existent symptom worsened so
dramatically after the beach visit that it was considered an event. In these cases, the st~ly
physician darkened the extra bubble associated with each symptom on the far right ofthe

questionnaire form.
Data Editing:
Each completed telephone questiormaire underwent at least four reviews before it

was scanned. Interviewers reviewed each questiounaLre upon completion, although on
busy telephoning shifts this step might have been bypassed. Tel~hone supervisors
reviewed each interview and addressed any immediately apparent inconsistencies or

omissions prior to the form’s subsequent examination by a project coordinator. The study
physician verified all ambiguous symptom events. Finally the forms were subjected to

the final edit step.
In the final edit s~ep, one staff person reviewed the field sheet while another "

reviewed the accompanying telephone form(s). The editor with the telephone form read
aloud a~l the information which appeared on the top, i.e., identifier, beach and phone
dates, interviewer n~mbers, age category, gender, map code, and whether or not
respondent had gotten his/her face wet. The editor with the field sheet would check this
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vocalized in~’ormation against that on the field sh~. Any necessary corrections were

madeon the telephone form and the entire telephone form was inspected for dark and

thorough marking (bubbling.) Unresolvable inconsistencies were referred to the telephone

interviewer and corrected. Once edited in this manner, the telephone forms were set into ¯

pileseparate from the field sheets, ready for scanning. The field sheets voa~ stsmped

"Completed", initialed by the editor, and filed in seq,Jential identifier order for later

reunification with the telephone form.
D¯ta Mansgemmt:

The telephone interview forms were scanned on ¯ NCS OPSCAN :~ optical n~k

reader. Edit checks were conducted to locate and correct miscoded identifiers,

inappropriately missing responses to variables, and logical response errors. In most ~

missing data were the result of the scanner having failed to pick up marked responses.

Miscoded identifiers and missing data for selected variables, i.e., beach and phone

interview dates, gender, age, interviewer numbers, and map code, were initially manually

edited in the data set if the information was written on the form but not coded or tightly

bubbled. At this point, the forms were reunited with the field sheets and filed.

Most data management tasks were performed using Dbase IV. The data manager

printed a list of identifiers and values fi’om the telephone forms that could be verified

with the field sheets. This list w~ used as a final check for data consistency between the

two interview forms. Corrections were made to the telephone forms along with brief

notations describing the corrections, and photocopies of the forms were given to the data

manager to perform manual edits.

The data manager next produced a hard-copy list and computer file on which to

enter the remaining missing responses. Office s~ffexamined the field sheet and

telephone interview and either entered the correct responses or confmned the

nonexistence of da~ The missing data were entered into the computer file and merged

with the original data set.
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A similar method was nsed for the detection and �orwction of logical errors, for

example, inadherence to skip patterns. Records contairdng logical errors were listed and
corrections were entered into a computer file that was merged with the original data set.

Other aspects of data management involved the creation of new variables like
symptom groups, and the merging of bacterial indicator counts and household income
estimates with the questionnaire da~ Bi.weekly progress reports de~ribing the numbers

of completed interviews as well ss respondent characteristic were generated using Excel
5.0. Excel was also used to enter and report daily beach interviews, daily non-
participation and weekly loss-to-follow-up �ounts.

Collection of Water Samples

Samples were collected daily, from mid-June to September at three locations;

Santa Monica Beach near the Ashland Avenue storm drain (Ashland), V/ill Rogers Beach

near the Santa Monica Canyon storm drain (V/ill Rogers), and Sur~der Beach near

Malihu Crock ~vfalibu). Four samples were taken at each location. Three of the

sampling points at each location (0 yards, I00 yards upcoast and downcoast of the storm

drain flows) represented a grid presumably covering the most elevated indicator bacteria

counts in the surf-zone. The fourth sample (400 yards upcoast or downcoast) represented

a control site that was presumably unaffected by high indicator densities from storm drain

flows. For quality a.~surance purposes, one duplicate per beach site was collected on each

sampling day. Discharge flow rates at the time of sampling were not made.

All samples were �ollected at ankle depth with sampling poles and one liter, high-

density, sterile polypropylene bottles. Samples were taken at ankle depth because I) all

shoreline monitoring is done with ankle depth samples; 2) children were presumed to be

at higher risk and are exposed mostly to water at ankle depth; 3) previous studies

(SIvIBRP, 1990) demonstrated that bacterial densities at chest depth were at least an order

of magnitude lower than ankle depth samples; 4) addhional samples would increase the

costs and demands on the lab to unacceptable levels. The samples were collected from

the incoming surf as the surf foam reached the sample bottle at the height of the sampler’s

ankle. The sample bo~es were immediately sealed and placed on ice. All samples were
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collected between 8:00 A.M. and 1 ! :00 A.M. in the following order;, Malibu, W’dl

Rogers, and Ashland. After all samples were collected, they were tr~mfen~ to the Los

Angeles Bureau of Sanitation’s Environmental Monitoring Division’s microbiology

laboratory at the Hyperion Treatment Plant by noon for ~nalysis. S~mple~ we, : t@,en in

the morning because a) it was not feasible to collect samples later in the day and I~v~

them analy~ed given the daily ~chedule in the lab ~nd b) it was not advisable to i~ve ~

obviously collecting water samples at specific locations relative to the drain at tl~ mine
time subjects were being interviewed on the beach.

L=bor~tory Determination of Bse~erigl Indiegtor~ (Tot~! gl~d Fee~! Collfor~

E. coil, Enter~coeem)

All laboratory work was conducted by the City of Los Angeles, Envlronm~ntal

Monitoring Division, Biology Section - Microbiology Unit.

Ssmple~
All samples were collected using clean, sterile 1 liter polypropylene sample

bogles, leaving ample air space in the bone to facilitate mixing by ~hai~ng. After

collection, samples were transported to the lab in an iced cooler to maintain ~mple

temperature below 10"C. S~nples were received within six hours of sample collection

and analyses started within two hours of arrival to the lab.

Medlg

Agar used for the culturing of the indicator bacteria to~ coliforms, fec~

coliforms, and enterococci were prepared according to the manufacturers’ directions using

a New Brunswick Scientific Co., Inc. AgarMatic benchtop sterilizer. Each agar was

cooled to approximately 45 °C and aseptically dispensed via a pump and sterile tubing

into sterile, disposable 60ram petri dishes for total coliforms and enterococci. Ag~t for

fecal coliforms was dispensed into 47ram sterile petri dishes with tight-fitting lid~.

Prepared plates were placed in covered containers and refrigerated until used. The

maximum holding time for the prepared plates was two weeks.

Difco mEndo Agar LES (51 grams of dehydrated media to 1 liter ofdeionized
water containing 20 mL of 95% ethanol) wa~ used for total coliforms. Difco mFC Agar
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(52 grams per I liter, with the addition of 10 mL of !% ofBacto rosoli¢ acid in 0.2N

NaOH) was used for fecal coliforms. Difco mE Agar (7.12 grams per 100 mL with the

addition of 0.024 grams nalidixic acid and I.S mL of 1% triphenyl tetrazofium chloride)

was used for the initial isolation of enterococci. BBL Esculin Iron Agar (16.5 gram~ per

I liter) was used for the substrate test for enterococ¢i. Each batch of agar media wm

tested for pH and sterility. Positive and negative control cultures were also inoculated

onto representative portions ofthe prepared plates. Only media that passed all QA

checks were used.

E. coii was analyzed using Hach m-ColiBlue24 Broth, which ig commercially

prepared and packaged in PourRite ampules. The ampules were refiigerated until the day

ofnse when the tops were broken and the fiquld broth aseptically poured onto a r~,rile

absorbent pad in a sterile 47mm petri dish with a fight-fitting lid. All ampules were used

before their expiration da~.

Sterile phosphate buffered water was used as the diluent for all dilutions and alr, o
as a rinse water during membrane filuation. The phosphate buffer was made according to

Standard Methods for the Examination of Water and Wastewater (American Public

Health Association, 1992) Section 9050C1. The buffer was prepared with 1.2S mL ~tock

phosphate buffer solution (34 grams potassium dihydrogen phosphate in I liter daionized

water) and 5 mL stock magnesium cHoride solution (81. I grams magnesium chloride per

1 liter deionized water) per 1 liter deionized water. Buffer was dispensed into either !

liter screw-capped flasks (for rinse water) or into screw-capped test tubes (9 mL per tube)

for dilution blanks. The buffer was autoclaved, cooled, and then tested for pH and

sterility. Buffer was stored at room temperature until used. The holding time for the

prepared buffer was three months.

Membrane Filtration Procedure

Water samples were analyzed by the membrane filtration procedure according to

Standard Methods. Total coliform densities by membrane filtration were determined as

recommended in Standard Methods Section 9222B and fecal coliform densities were

determined according to Section 9222D. Enterococci densities were analyzed according
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to Section 9230C. E �oll densities by membrane filtration were determined as
recommended by Hach Method 10029 for m-ColiBlue24 Brt~h.

A. Filtration/Incubation
Millipore’s Microfil System, consisting of disposable 100 mL polypropylene

"push-fit" sterile funnels and HA 0.45 #m sterile membrane flitch, were used for filtering
each sample. Samples were filtered under partial vacuum provided by a vacuum pump.

The filtration procedure used is ts follows:

1.    Using an alcohol fiamed-sterilized forceps, a new sterile membrane filter

is aseptically placed, grid side up, onto the sterile filter support base.

2. The Microfil sterile, disposable funnel is aseptically pl~,d on the support

and pushed down to fix it firmly in place.

3.    The funnel is rinsed with approximately 20-30 mL of sterile, buffered

water. This is the sample QA blank to ensure that the equipment and the

buffered rinse water were sterile.

4. The vacuum is applied and the buffered rinse water is allowed to drain

through the filter. The vacuum is turned off.

5. The funnel is lifted off and the filter is aseptically removed using a sterile

forceps. The filter is aseptically placed, using a rolling motion, grid side
up, onto the surface of the appropriately labeled petri dish containing agar.

Care is taken to avoid trapping air between the agar surface and the filter.

6. A new sterile filter is aseptically placed onto the filter support base.

7. The membrane filter is wet with approximately 20-30 mL ofsterile,

buffered rinse water before the sample aliquot is added, using sterile

disposable pipets or sterile graduated cylinders.

8.    The sample is swirled in the filter funnel by moving the funnel in a gentle

circular motion to everdy disu’ibute bacterial cells on the filter surface.
9.    The vacuum is applied and the buffer and sample is allowed to drain

through the filter.
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10. The walls of the funnel are rinsed down three times with approxinmtely 30

mL of sterile, buffered rinse water. When the rime water has drained

through, the vacuum is turned off.

! 1. The funnel is lifted off and the filter is aseptically removed using ¯ sterile

forceps. The filter is aseptically placed, using a rolling motion, g~id sid~

up onto the surface of the appropriately labeled petri dish �ontaining ~gar

or a broth.saturated pad. Care is taken to ¯void trapping air betw~m the

agar or pad surface and the filter.
12. Steps 6-11 are repeated for each sample volume or dilution requited for

the sample. The smallest sample volume is filtered first, followed by

increasing sample volumes.

13. If dilutions are required, I:10 serial dilutions are made, using sterile 9 mL

dilution blanks and 1 mL of sample. The most dilute sample aliquot is

filtered first, followed by incrensing sample �oncentration dilutions.

14. When all the umple volumes or dilution~ have b~n filter~ for the

u:uple, the plates are placed into the appropriate

a. Total coliform mEndo LES agar plates are incubated for 24

hours at 35.0 ± 0.5"C.

b. Fecal coliform mFC agxr plates are incubated for 24 -,- 2 houri at

44.5 ~- 0.2°C. These plates are incubated within 20 minutes of

fdtration to ensure heat-shock of the non-fecal bacteria. The plates

are placed in either dry heat-sink incubators or sealed in water-

proof bags and placed in a 44.5 ± 0.2"C water bath.

�. Enterococcus mE agar plates are incubated for 48

¯ ’- 0.5"C.

d.    ~ coli broth plates are incubated for 24 ~- 4 hours at 35.0 ± 0.5"C.

15. All sample collection, filtering, and incubation times are recorded in the

sample log book.

B.    Colony Morphology
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A s~ereoscopic microscope with a fluor~cent lamp is used to aid in identifying

and counting colonies after the appropriate incubation times. All colony counts, counting

times, and any other notable information is recorded on the sample data worksheet.
1.    Total coliforms: typical colonies have a pink to derk-red color with a

- shiny, greenish-gold, metallic surface sheen. The sheen may appear only

in the central area or on the l~’riphery.

:., 2. Fecal �oliforrus: any colony exhibiting any light or dark blue color.
whether cover~g the entire colony or only in or on part of the colony.

~,.. 3. Enterococcus: after 4g * 2 hours incubation, mE filters with growth on

¯ , them are transferred to room temperature EIA plates. These EIA plates are
_. incubated for 20 minutes at 41.0 -’- 0.5"C. Enterococci are pink to red-
_ brown colonies with black or reddish-brown precipitate or halos on the
-. underside of the filter when place on EIA sgar.
-. 4. E ¢o/h all blue to purple colored colonies (total �oliforms are all red plus

blue/purple colored colonies).
- C. Calculatiom
~" Due to the possible adverse effect of colony crowding on sheen or color
- development on the membrane filter, and to be assured of a statistically valid colony

count, minimum and maximum levels are adhered to for each of the indicator organisms.

I. Total bacteria: <200 to~ colonies (background and indicator

2. Total colifo~: 20 o $0 colifor~ colonies

_.             3.    Fecal colifon~: 20 o ~0 fecal coliform colonies

5. E. ¢olh $0 colifo~ colonies

_ Indicator bacteria ~ e×pr~s~d ~ bacterial der,~i~ o colony forr~g ~it~ (cFLr~
l~r 100 mL of.~’nple. Count~ within the ~ati~tical r~mge fo~ the bacterial indica~

calculated by multiplying the colony coun~ by 100 and dividing by the volume {mL) of

.~rnpl¢ file�red. If no coums fall within the ideal rang~, the density is calculated by
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~Iding the counts ofall the sample volumes filtered and multiplying by I00 and then

dividing by the sum of all the volumes (mL) filter~L

Quality Assurance

Quality assurance and quality control tests wer~ performed to verify the validity

of the analytical data collected. All 8teas that influence the reported data w~re subjected

to established microbiological quality control procedures in accordance with Standard
Methods. These areas included sample storage and holding, lab facilities, personnel,

equipmen~ supplies, media, and analytical test procedures. In 8ddifion, dupfie,~e.

analyses were performed on ten percent of all samples. When quality control results
not within acceptable limits, con,~-tive action was initiated. The laboratory also
participated in performance ev:luation samples sent by the State Department of Health
Services. The quality assurance program helped ensure the production of uniformly high

quality and defensible data. The Hyperion microbiology laboratory has been certified by

the California State Deparaneu¢ of Health Services.
Virus Sampling and Assay for Enteric Viruses

All laboratory work was conducted at the Environmental Sciences Laboratory of
the County Sanitation District of Orange County.

Sampling Desigu and Frequency

Method 95 ] 0 C g of Standanl Method:; for the Examination of Water and

~, 18th edition was used in all vints sampling. The sampling was performed at

three storm ~ sites on Friday, Sat~day and Sunday fi’om June 23 to September 24,

1995. Sampling days and duration of the project reflecled heaviest beach usage during

the 1995 swimming year. Water samples as large as lO0 gallons were filtered through

elecu-opositive filters at ambient pH. Flow rate through the adsorption filter was kept

below 5 gpm. Adsorption filters were eluted in the field with one liter of sterile 3% b~f

ext~ct adjusted to pH 9.0 with sodium hydroxide.

Field eluates were returned to the laboratory where they were reconcenu-ated

using an organic flocculation procedure described by Ka~.ezenelson et al., 1976. In this

method, the eluate was adjusted to pH 3.5 by dropwise addition of IN HCI while mixing
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V
0continuously on a magnetic m~xer. After reaching pH 3.5, mixing continued for an                      "r

Ladditional 30 minutes in order to maxhnize the potential for virus particles to m~sorb to
the organic fioc. The entire eluate then 3000 X for 10 minut~centrifugedat g
order to recover the floc. The pelletized floc w~ then resuspended in 0.45N N~HPO4.
In most cz.~es, the final concentrate w~ in the 10 to 15 mL rm~.

Analyses of initial samples on ti.~’ue ,~tltur~ indicated tl~t aom¢ of the ~
concentrates were toxic to host cells. Because of this toxicity, all final concentrat~ m
detoxified prior to assay using the procedure dew, bed by Glass et al, 1975.

Additional pararneter~ measured by the field team ~ ambient pH, tempe~’ature,
conductivity and Total Di~oived Solid~.

Seed Stud|~
Seed ~’tudies were performed at the laboratory using water collated f~m each

sample lo~ation. Six studies were performed in water collected from Santa

Canyon, seven in water from Malibu and seven in water from A.~ddand. These

were done to measure the effectiveness (i.e., percent recovery) of the ~ ad.~’pfion,

elution and reconcentration procedures in actual storm drain ¢ffitlet~L                                    .

Two 35 gallon �ontainer~ were filled with water from each location. The water                    ~’~
was trucked to the L.A. County Sanitation Districts Laboratory where a known amount of

vaccine strain poliovirus was added to the water. Three grab .~mples were taken from
the 35 gallon containers at the beginning and end of each TheseexperimenL

samples were diluted 1:10 in Hank’s Balanced Salt Solution (HBSS) to mh~nize any

toxic effect to the virus by the water itself. Percent recovery was measured by comparing

the concenWat~on of virus as measured in the grab samples to the concentration measured

in the final sample concentrates.
Enteric Virus Assay

All samples were analyzed for infectious human enteric viruses on Buffalo green
monkey l~dney cells (BGMK). Ten percent of the final concentrate volume was initially
analyzed by the plaque forming unit (PFU) technique. The reason for this initial
screening was to determine whether there were viruses present in a small portion of the
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final concentrate that could be quantified. The mnalning concentrate volume was sprit in

half and analyzed using the liquid overlay technique known as the cytopathi¢ effect assay
(CPE). The CPE assay is generally eomidered to detect a greater number of vimse~ but

it is not quantitative. All flasks of BGMK cells used in the CPE method were f~ozen after

a maximum of 10 days. The flasks were then thawed and a portion ofthe original

was transferred to a fresh flask of BGMK cells. Flasks that did not exhibit CPE in the

initial CPE assay or the ~ubsequent passage to fresh cells were considered to be negative

for detectable infectious viruses. Any flask exhibiting CPE in either initial or subsequent

passages was further examined by the plaque forming unit method to confirm the

presence of infections virns~.

StatLstleal Analyses

From the initial data set of 11,793 subjects who were successfully contacted and

eligible, 107 were excluded due to reporting that they (or their child) did not get their face

Socioeconomic status (SES) was estimated from census data (based on median values for
each subject’s zip code); missing SES values (for 1,546 subjects) were imputed a~ the

median value among all subjects.

To assess the health effects of swimming near ~orm drains and high

bacteriological levels, we first used simple descriptive statistics, such as histograms,

tabular comparisons, and su’afified analyses. We then calculated odds ratios (ORs) and

95% confidence intervals (CIs) from logistic regression models. These modeLs provided

approximate relative risks while allowing for control of potential confounding. We fit

models for the two primary exposures (i.e., distance of swimming from the storm drain

and measures of bacteriological exposure) for each of the outcomes of intere~ We
present results from modeling the exposure categorically and continuously. For the

continuous models, we either present OR~ and 95% CIs, or P values for trend; note that

one can assess the trend P from the continuous 95% CIs.
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Potential confounders adjusted for include: age, beach, ~.e, gender, SES,

California versus out-of-state residence and worry about potential environmental hazards

due to swimming in the Santa Monlca Bay. In addition, we adjusted the distance result~

for each of the bacteriological exposures and we adjusted the bacteriological results for

distance. We also performed subgroup analyses by age and beach for the

exposures/outcomes of interest. Interactions between distance from the drains and

bacteriological exposu~s were assessed (with logistic regression) as well. Finally, for the

sigr~ficant results, we estimated the number of cases attributable to the corresponding

exposure. The list of variables available for analysis is presented after the narrative

portion of the Results and Discussion ~ions.

Ill. RESULTS

For clarity of presentation, we will describe all major results in this narrative

section, followed by the Discussion Section. All of the tables and figures are provided

after the References Section (before the Appendices). Results will be described in four

sections: descriptive data from the beach and telephone interviews, descriptive data from
the laboratory determinations of bacterial indicators, associations between risk of health
outcomes and distance from the storm drain, and associations between bacterial indicators
and risk of health outcomes. At the end of the ~ section, we present results of

multivariate modeling where we included both distance from the drain and the bacterial
indicators in the same model. After the section on multivariate modeling, we present an
analysis of the vL-us data. Final results for all associations we examined included

here.

Descriptive Data (from the beach and telephone interviews)
Table 1 presents a calendar with the number of completed interviews by day. As

expected, more interviews were completed on weekends. Also, more interviews were

completed in July than other months. As stated earlier, we were able to successfully

complete telephone follow-up interviews for 84% of the eligible subjects who were

inte~iewed on the beach (Figure 1). The proportions of subjects who were non-
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V
participants at the beach, ineligible, lost to follow-up, or from whom we obtained -
completed interviews did not differ by beach site (Figure 2). Reasons for non.
participation are listed in Table 2. The major reason for non-participation was that the -
subject was ineligible because of a prior visit to a study beach (usually the same beach) or

Mothers’ Beach in the prior seven days (17% of beach contacts). Of the 22,085 perso~

approached on the beach, only 1761 (8%) refused to participate. Whites were slightly

more likely to be non-participants than other racial ethnic groups (usually because they, ,..

were ineligible). There were no major differences in the ethnicity or gender ofnot~

participants across beaches (Figure 3). Reasons for "non-actualized" telephone

interviews, meaning the attempt did not resu[t in a completed interview fzom a subject . _
interviewed at the beach, are presented in Table 3. The major reason was that subjects

were found to be ineligible because they had returned to a study beach and immersed -
their heads in the water subsequent to the day of the beach interview (I 0% of beach .
interviews). The major reason for losses to follow-up was an apparently wrong or

--
disconnected number (8% of beach interviews), which occurred predominantly early in

~ .....the study. The proportions of "non-actualized" telephone interviews did not differ

substantially by etlmicity, gender, or age (Figure 4) (although there was a slight tendency

for whites and older subjects to fall into this category).

Table 4 presents characteristics of the 11,793 subjects who remained eligible

throughout the study and completed the beachand telephone interviews. An objective

was to have a ratio of 3:1 for subjects 0-100 versus greater than 400 yards from the storm

drain. We achieved a ratio of 2.9:1. The majority of subjects (78%) came from family
_

units where we included more than one subject per family. Only ten percent of subjects

had residences in zip codes where the median household income was less than $25,000. _
This percentage was slightly higher at AshJand (I 3%). Eighty-eight percent of subjects

were residents of California and there were no differences in this percentage by beach. --
We compared the study subjects with residents of Los Angeles County using the

Population Estimation And Projection System (PEPS) for 1993 provided to us by the -
Toxics Epidemiology Program of the Department of Health Services of Los Angeles

_ [,. _.~
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co~ (Table 5). As expected, the study subjects were younger (e.g. 48% were under 12

years of age versus 22% from PEPS). This reflects the fact that beachgoen who enter the
water tend to be younger, which allowed us to examine possible differences in effects by

age. The proportion of male study subjects was slightly higher in the ~udy than in Lm

,..genes Coun  (55% vs 50%). for W te and L t o/a subj  th= w=
substantial differences between study subjects and their proportions in L.A. County.

Table 6 presents subject age by map area (distance from the drain) for each beach.

Table 7 presents similar data by gender for each beach and Table $ presents these data by

ethnicity. A summary for all beaches combined is presented in Table 9. Children 0-12

years of age tended to swim at the drain more than older subjects (63% of subjects

swimming at the drain were children 0-12, whereas children 0-12 represented only 48%

of all subjects). There were no differences by gender (e.g. 53% of subjects swimming at

the drain were males and they constituted 55% of all study subjects). There was ¯ ¯ -

tendency for Latino/a subjects to swim at the drain more so than Whites (59% of subjects

swimming at the drain were Latino/a, whereas they comprised 43% of the total study

subjects).

Table I 0 presents counts of each symptom ascertained from the telephone

interview. Table 11 presents rates for each symptom by various categories. The most

commonly reported single symptoms were: nasal congestion (reported by 9.1% of

respondents), coughing (7. I%), sore throat (6.8%), stomach pain or cramps

diarrhea (5.3%), and fever (4.8%). The most commonly reported composite variable was

sigrtifican, respiratory disease or SRD (5%), which is defined as all those reporting any

one or more of the following symptom groups: l) fever and nasal congestion or 2) fever

and sore throat or 3) cough with phlegm. The other composite variablesHCGI 1were

(3%) and HCGI 2 (0.9%). HCGI 1 included all those experiencing any one or more of

the following symptom groups: 1) vomiting or 2) diarrhea and fever or 3) stomach ache

and fever. HCGI 2 includes all those reporting both vomiting and fever (we decided to

exclude diarrhea in this second composite since diarrhea wa~ reported rdatively

cornmordy by study subjects and much of it may represent background rates that may not
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_ V
Obe due to swimming in the ocean making it more difficult to detect any excess risk due to

-
swimming). This decision was made prior to seeing what risk ratios were associated with L
this variable. _

With respect to proportions of subjects reporting symptoms, there ~ no

differences by gender. There were no suhstanti~l differences by ~ge, althongh tim -
proportion of children 0-12 with fever and vondting was slightly higher than among older

2subjects and the proportion of children 0-12 with cuts that became infected was slightly -
lower than among older subjects. There we~ generally no differences by ethnici~y,

socioeconomic status (SES), or residence in California versus outside of California, with

the following minor exceptions. Latino/a subjects reported less diarrhea, stomach pain or

cramps, and nasal congestion. Based on the opinion ofmany of our bilingual gaff, w~

suspect this may reflect some underreporting of these symptoms, rather than a

difference in outcomes. Persons who lived.in zip codes where the median household..,~.~.
income was less than $25,000 reported higher rates of fever, while subjects who lived in -
zip codes with median household incomes greater than $:25,000 reported higher rates of

diarrhea, but generally there were no striking differences by this ecological measu~ of
-

SES. Overall, there was a tendency for California residents to report more symptoms

- 3
than non-residents, but these differences were small. --

Finally, Table 11 ~lso presents results for the variable regarding level of concern "
gabout environmental hazards at the beach. As level of concern increases, the proportion

of subjects reporting symptoms increases. This question was asked only at the end of the-
telephone interview because we did not want to bias responses to the list of symptoma by

asking before then and we did not want to ask it at the beach because we wanted a

sweam]ined questionnaire and we did not want to raise concerns abom the beach for
_subjects who participated in this study. The manner in which it was asked does not

enable us to distinguish between two possibilities: people with a high degree of concern

overreponed their symptoms relative to the other subjects or, more plausibly, those who

subsequently experienced symptoms after the beach interview had their level of concern             _

raised (after the fact). In either event, this ratable was not strongly associated with
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V
0levels of indicator counts or distance from the drain. Adjusting for this vagable st ¯                    "I"

covariate did not change the re~lts. L
Descriptive Data for theBacterialllldleatorl

Tables 12 and 13 present the percentage of days when bact~al indicator~

exceeded selected cutoffs established either by the U.S. Environmental Protection

Agency (1986) for entemcoccus, or the State Water Resources Control Board (1990) for

2fecal �oliforms, or the California Code of Regulations (S.7958 in Title 17) for total

coliform¯. The cutpoints for E. ¢oli were selected in a series of meetings organized by

the SMBRP, with staff from the SMBP,.P, Heal the Bay, and the Los Angeles County

Department of Health Services. For the analysis, we used two cutoffs for each indicator,

which correspond to the outpoints used in subsequent analyses where we r,~¢ulste risk

ratios associated with these bacterial densities. For E. �o11, we used 35 and 70 colony

forming units (cfu) (we subsequently added outpoints of 160 and 320, which represent.-.
80% of the cutpoints used for fecal coliforms since it is believed that ~ co/i comprises

about 80% of the fecal coliforms); for enterococcus, we used 35 and I06 flu; for fecal

coliforms, 200 and 400 cfu; and for total coliforms, I000 and I0,000 eft. We also ~- -~,
include a cutpoint of 5,000 cfu for total coliforms in Table 13 since we refer to this

cutpoint in analyses of the total to fecal coliforms ratio. Tables 14-16 present the

fi’equencies that samples were below a range ofcutpoints for the total coliform~ to

enterococcus ratio (Table 14), total to fecal coliform ratio for all days (Table 15), total to

fecal ratio when the total coliforms were greater than 5,000 cfu (Table 16) and total to

fecal rati~ when the ~ colif~r~ ¢~c~ded 1,I)i)0 ¢~ (Table 16). I~ ~ ~pi~on, ~

~sults in Table 1~ may be ~re ~e~ingNl ~ the ~s~lts in Table i$ $in~ Table 15

COU~ts all occasions to fecal ratio is below a ~ven cutpoint even wh~ thewhenthetotal

to~ coliform density may be very low. In contrast, in Table 16, analyses of frequencies

are restricted to days when the toUd coliform densities exceed selected cutpoints (1,000

and 5,000 cfu), which, as expected, is when the tolal to fecal ratio is more strongly

associated with adverse health effects. Figures 5A-D present the daily counts for Ashland
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Avenue for each indicator, Figures 6A-D present the counts for Malibu, and Figures TA-

D for Will Rogers.

From the tables and figures, four major points are evident: !) the counts were

highly variable from day to day; 2) for a substantial proportion of days, the counts

exceeded the established cutoffs; 3) the counts were generally higher in f~ont oftl~ drain

and then dropped offwith increasing ~stance from the drain; 4) the water samples taken

at 400 yards were not always "clean" w~th respect to the bacterial indicators (i.e. counts

occasionally exceeded the established cutoffs). Also, in general, the water quality (as

judged by these indicators) was relatively poor compared to previous years.

Associstions Between Distance from abe Drain and Health Outcomes
As a measure of the strength of association, wc rely predominantly on the risk

ratio (labeled P~ in the tables). This ratio expresses the risk (propo~on of subjects who

report a given s~mptorn) among subjects who sv~m, for example, in ~ont of the drain

(designated 0 yards) versus the risk among subjects who swam 400+ y~xls from the

drain. For the sake of brevity, subjects who swam 400+ yards from the drain sre refen~d

to as "controls" since they served as the reference group for all calculations in this

section. Ninety-five percent confidence intervals are presented for each RR. For

example, in Table 17, the RR for fever is 1.57, suggesting that the risk of fever for

subjects swimming at 0 yards (in front of the drain) is 57% higher than the corresponding

risk for subjects who swam at 400+ yards from the drain. The interval estimate is 1.17-

2.10, wl~ch is narrow and the lower bound is above 1.0, indicating the result is

informative and statistically significant at alpha = .05. For interested readers, we also

present the absolute number of subjects in each comparison group w~.o ~orted ¯

symptom and the absolute risk in each group, facilitating calculations of excess risk and

attributable numbers.

Since the predominant direction of the plumes traveling from the storm drains into

the ocean was downcoast, we distinguished distance from the drain by designating

upcoast and downcoast distances. Tables 17-21 present risks and RR’s for subjects

swimming at 0 versus 400+yards, 1-50 yards upcoas~ versus 400+yards, 51-100 yards
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upcoast vs. 400+ yards, 1-50 yards downcoast vs. 400+ yards, and 51-100 yards                         ~’~

downcoast vs. 400+ yards, respectively. The effects for 0 yards and the downcoast                      L

distances are also summarized in Table 22, and the 0 yards and upcoast distances

summarized in Table 23. Comparing subjects who swam at 0 versus 400+ yards fi~om the

statistically significant increases in risk for fever, where the RR=I.5?drain,weobserve~J

(95% C.L. = 1.17-2.10), ch~lls RR=I.S8 (1.04-2.39), ear discharge RR=2.27 (I.14-4.51),

-2.56), coughing with phlegm RR=I.59 (1.10-2.29), HCOI 2vomiting (I
RR=2.11 (l.12-3.97),and SRDRR=I.66(I.25.2.21). These incrcasesinriskappear~I to

to the 0 yards distance, since we observed very few significant effects at otherlimited

distances upcoast or downcoast from the drain, and no significant trends with increasing

distance from the drain (data not shown).

As we noted earlier, there were a number of days when the bacterial indicators at
400 yards exceeded the cutoffpoints, suggesting that this distance was not always a

"clean control" area. As we describe in the next section, one of the better indicators for

predicting health risks is the total coliforms to fecal coliforms ratio. We conducted a

second set of analyses rest~cted to the days when the total to fecal ratio was greater than                  ’.

5 for the water samples taken at 400 yards for a given beach (we noted that the

enterococci count was always less than 106 during these times). The rationale was to

exclude days when the plume from the drain (or some other source of higher counts, such

as septic tanks) apparently reached the 400 yard point, making this point less than an

ideal "control" zone. The prior expectation was that health risks associated with distance

should increase since we "cleaned up" the controlResults in Tablespresented
24-30. The relative risk point estimates for the seven outcomes found significant above

<fever, culls,  scharge, vomiting, coug g with p egm, HCG  2, and
increased for the 0 yards versus 400+ yards comparison (see Table 24). The interval

estimates were wider since the results were based on fewer numbers of subjects. It was

also of interest to see if health effects were observed for the other distances of 1-50 and

51-100 yards versus 400+ yards from the drain. A number of higher RR’s were observed

for ~e effect of swimming 1-50 yards upcoast, but none reached statistical significance
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(Table 25). For subjects at 51-100 yards upcoast versus 400+ yards, significant increases

it, risk were observed for sore throat RR=I.45 (1.01-2.09) and SRD RR=I.91 (1.16-3.16)

(Table 26). Similarly, for swimmers 1-50 yards downroast, we observed a number of

higher risks (Table 27); only the effect of SRD was statistically significant RR=I.77

(1 07-2.95). At 51-100 yards downroast, significant increases in risk were observed for

roughing, roughing with phlegm, nasal rongestion, and SRD. Results are munmadzed in
Tables 29 (downroast) and 30 (uproas0.

Distance Effects Adjusted For Potential Confounders: We then used logistic
regression to adjust for potential confounders. The resulting odds ratios provide ¢lme
approximations to risk ratios and using logistic regression allows for more efficient and

P
ccmplex modeling of associations. Results are presented in Table 31. Adjustia$ for
beach, age, race, gender, SES, California versus out-of-state residents, and worry about
potential health hazards at the beach did not change the essential findings, although the
associations for vomiting and HCGI 2 were slightly attenuated and no longer significant.

It is possible, but, in our opinion, highly unlikely that we have mis.~l a major �onfounder

of the distance effects.

Possible Heterogeneity By Beach and By Age: We hesitate providing results

for subgroups since the study was never designed to have sufficient power to detect

subgroup differences. With this caveat, we explored possible differences in effects by

beach and by age. Results for each beach separately are presented in Tables 32-34.

There appear to be some differences in effects by beach, but it is difficult to judge what is

real versus what is due to random variation with smaller numbers; the only noteworthy

result from a test ofbeterogeneity was for earache (p<0.01). Results for three age

categories (0-12, 13-25, 26+) are presented in Tables 35-37. It appears that children and

young adults have higher risks associated with distance than older adults for a number of

outcomes. In fact, the highest risks were usually noted for subjects aged 13-25 years of

age. A heterogeneity test was significant only for SRD (i>=0.05)
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~ssoctafions Between Bacterial Indicators and Health Outcome~

We took a number of approaches to analyzing the effects of bacterial indicatora.

For each indicator, we calculated risk ratios using the higher and lower outpoints

described earlier (e.g. 200 and 400 cfu for fecal �oliforms). This ratio expresses the risk

°f a given outcome among subjects who s~m-n in water where the bacterial indicator wag

higher than the cutpoint (presumably higher risk) compared to the risk of the mine

outcome among subjects who s~s’am in water where the same bacterial indicator w~

below the cutpoint. It was conceivable that we might have failed to detect a real incxea~

in risk with these cutpoints, particularly since they were not based on prior data that w~e

obtained for Santa Monica Bay, .so we also calculated odds ratios from categorical models

using quintiles (instead of dichotomies, as above), and from continuous modelt For the

categorical models, the quintile medians, total number of subjects in each quintfle, and

the number reporting a given symptom in each quintile are provided in the tables. For the

continuous linear (on logistic scale) models, odds ratios correspond to a unit

equal to the difference between the 90th and 10th percentiles (i.e. the difference between

the midpoints of the fifth and first quintiles). Results for each bacterial indicator are

presented below.

E. coli. Results are presented in Tables 38-42. We observed no effects on risk

using the cutpoints of 35 or 70 cfu for any symptom (Tables 38 and 39). We

investigated effects associated with cutpoints of 160 and 320 (Table 40). At the highest

cutpoint of 320, associations were observed for earache RR= 1.46(!.06-2.00) and nasal

congestion RR=1.24(1.00-1.53). Results for the categorical and continuous models

presented in Table 41. No effects were observed for the categorical model (quintiles).

With the continuous model, small but significant effects were noted for skin rash, nausea,

and stomach pain. These associations were slightly stronger for skin rash and no longer

statistically significant for nausea and stomach pain after adjustment for covariates (Table

42).

Enterococcus. Results are presented in Tables 43-46. No increases in risk were

detected when 35 cfu was used as the cutpoint (Table 44). When 106 cfu was used as the
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cutpoint, significant effects were noted for diarrhea with blood RR=4.23 (I.12-15.91) and
HCGI 1 RR=I.44 (!.03-2.03) (Tables 43 and 44). Results from the categorical model
suggest positive associations for diarrhea and stomach pain, where the odds ratios for the
fi/~h versus first quintile were !.31 (1.00-1.72) and i.31 (1.02-1.68) respectively. In the

continuous model, positive associations were noted for fever, &in rash, nausea, dianhea,
stomach pain, coughing, runny nose, and HCGI I (Table 45). The categorical findin~
were substantially weakened, while the continuous results were essentially unchanged
a~er adjustment for covariates (Table 46).

Total Coliforms. Results are presented in Tables 47-50. No significant effects were
seen when the outpoint of 1,0b0 cfu was used (Table 48). When 10,000 cfu was used as
the cutpoint, only skin rash ~xhibited apositive association RR=3.00 (!.86-4.83) (Tables

~ 47 and 48). Similarly, the categorical model only showed an association with skin rash

~ and the continuous model did not yield any associations (Table 49). Results did not

¯ materially change after adj.~raent for c~variates (Table 50).
Fecal Coliforms. Results are presented in Tables 51-54. No significant effects were

seen when 200 cfu was used as the cutpoint (Table 52). When 400 cfu was used, only an

association with skin rash was evident RR=I.88 (!.21-2.94) (Tables 51 and 52). A

similar effect was observed in the categorical model, where the odds ratio for skin rash

comparing the fifth to the first quintile was 2.04 (1.09-3.81). In the continuous model,

significant effects were observed for fever, skin rash, and HCGI 1. Adjusting for the

potential confounders did not change the results except, with the continuous model, nasal

congestion was now positively associated with fecal coliforms.

In addition to investigating effects for single indicators, as above, we also
assessed the effects of the total ¢oliforms to fecal ¢oliforms ratio and the ratio of total
coliforms to enterococcus. Results are summarized below.

Total �oliforms to fecal �oliforms ratio. As initially suggested by Jack Petralia
(Los Angeles County Department of Health Services) we initially used a ratio of 5.0 for
the cutpoint, assuming that the risk may be higher when the ratio is smaller than 5.0.
When the effects of this ratio were estimated for the entire data set, significant effects
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were noted for diarrhea RR=I.28 (I.08--1.51) and HCG1 2 RR=I.87 (I.20-2.90) (Table

55). We then estimated effects of this ratio restricted to subjects in water where the total

coliform levels were greater than 5,000 flu. Significant effects were observed for fever,

eye discharge, skin ra.~h, nausea, diarrhea, stomach pain, nasal congestion, HCGI 1, tad

SRD (Table 56). The significant RR’s ranged from 2-7 ¯ We then conducted a similar

analysis restricted to subjects in water where the total coliform level exceeded 10,000 cf~

nausea, diarrhea, stomach pain, nasal congestion, HCGI 1, and HCGI 2 (Table 57). The

significant RR’s ranged from 2-39. Results for all three analyses (the entire data set,

counts > 5,000 cf~, counts > 10,000 cfu) are summarized in Table 58. It is noteworthy

that all the effects noted above became consistently stronger as the analyses were

increasingly restricted to occasions with higher total counts.

Since this ratio appeared to be informative (using 5.0 as a cutpoint), we decided to

explore a range ofcutpoints (2, 4, 6, 8) to see which cutpoint yielded the strongest

associations (Table 59a for all the data, 59b restricted to times when the total coliforms

exceeded 1,000 cfu and Table 59¢ for occasions when the total �oliforms were greater

than 5,000. When the ratio cutpoints were analyzed for all days, diarrhea and diarrhea

with blood were associated with the ratio at some cutpoints but no consistent patter~

across cutpoints was evident. In contrast, when analysis was restricted to times when the

total coliforms exceeded 5,000 cfu, there was a strong and consistent pattern of

increasing RR’s as the ratio decreased, with the strongest effects observed using a

cutpoint of 2.0. When the analysis was restricted to times when the total coliforms

exceeded 1,000 cfu, the pattern was not as strong or consistent, although most effects

were again strongest using the cutpoint of 2.0.

Results for the categorical and continuous models are presented in Table 60 (note:

this analysis included the entire data set). The categorical model indicated a positive

association with diarrhea, coughing and coughing with phlegm and the continuous model

yielded associations with diarrhea, stomach pain, cough, coughing with phlegm, and sore

t~roat. Results were, in general, slightly weaker when adjusted for covariates (Table 61)
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and statistical signlfi~ce remained only for cough and cough with phlegm; neverthele~,

for the associations with diarrhea, stomach pain, and sore throat from the continuou~

model, adjusting for cov~uiates only shifted the lower 95% C.I. bound from 1.00 to 0.98

or 0.97.

Total �oliforms to enteroeoeei r~fio. Accepted cutpoints sre not available for

this ratio, so the analysis explored a range ofcutpoints (4, 7, I0, 13), in addition to

categorical an~ continuous models. Results for the range ofcutpoints are presented in
¯ Table 62. Diarrhea was associated with this ratio at ail cutpoints with sn odds ratio of

! 1.4-1.5. In genera], the h~ghest cutpoint of 13 yielded the greatest number of sign/tiC,hi

association~ (fever, nausea, diarrhea, and stomach pain ;~ere associated with this ratio

when 13 wa~ used as the cutpoint). In the categorical ~nodel, the ratio was associated

with increases in risk for nausea, diarrhea, and HCGI I (Table 63). In the continuo~

, model, no effects were noted. Results were slightly weaker for nausea and HCGI-2 end

~
essentially u~hanged for diarrhea and HCGI-I after adjustment for covariates (Table

Results of Multivariate Modeling With Both Dhtance and Baeterisl

Indicatora

To further assess the associations for distance and bacterial indicator~, these

exposures were simultaneously inchided in logistic regression models. Hence, in these

models, distance was adjusted for the bacterial indicator and vice-versa. When modeling

the potential associations with distance from the drain, including E. coli, enterococc~,

total coliform, or fecal coliform one-at-a-time as covariates generally did not alter the

findings presented here; the only differences were that earache now .appeared positively
associated with enterococcus (adjusted OR=1.51, 95% CI=1.0-2.28) and with fecal

coliform (adjusted OR=1.61, 95% CI=1.06-2.44) comparing the highest to lowest quintile

and that the total coliform-skin rash association was slightly weakened. A model that

included both distance and all indicators together did not materially alter our general

findings.
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To investigate further the potenti~! ~so~iations for dist~n~ ~nd ~

me~es, we m~eled ~e ~t~ctio~ ~n ~e~ exists ~g iogi~� ~ion.
~ p~c~, we l~k~ at ~e ~temction ~n ~g (at ~ or fo~-~

y~ ~m ~e ~) ~d s~g wh~ ~e ~ level ~ a~ve or ~1~ ~
~ghe~ cu~ ~ he~. For e~ple, for f~ ~lifo~ ~ ~m~ ~e ~ fm
¯ ose ~g at ~e ~o~ ~ wh~ f~ ~lifo~ ~ 4~ �~ v~ ~ ~ f~

¯ ose ~g at 4~ y~ds ~en f~ ~lifo~ ~- 4~ �~ (Le., ~ mf~ ~).
In ~dition, we ~m~d ~e 6~ ~m ~ at 4~ y~ ~ f~

¯ e risk for ~ose ~g at 4~ y~ ~en f~ ~lifo~ ~ 4~ c~. ~ ~

m~eling helps di~ish whe~ a comb~fion of~ (e.g., ~~ ~ ~
sto~ d~n ~d ~ing on ~ ~t ~ys) inc~ one’s ~ ov~ ~e e~
alone. B~d on ~ese m~els, we obeyed ~e follo~g ~tewo~y ~ 0~. a

pa~em of inched 6sk ~iated ~ ~ ~ ~efi~ ~ ~ di~ ~ ~nt
of~e~in).
~lative risk of young for s~ing at 4~ y~s ~en E coli> 70 �~ ~ 0.63
(95% Cl~. 19-2.05), for s~ng at ~e ~o~ ~ when E coil <~ 70 �~ ~ 1 ~6
(95% CI-0.65.2.47), ~d for ~ing at ~e ~o~ ~ when E �oli >70 c~ ~ 2.1
(95% CI=1.14-3.89). ~e ~lafive ~sk ofHCGI 2 for s~g at 40~ y~ds ~

coli > 70 c~ w~ O.74 (95% Cl~.38-l.~), for s~ng at ~e ~o~ ~ ~n E coli
<= 70 c~ w~ 1.65 (95% CI=0.70-3.90), ~d for ~ng at ~e ~o~ ~n ~ ~
coli> 70 c~ was 2.45 (95% CI1.08-5.57), ag~ in ~m~n ~ ~ at 4~

y~ds when E coli <= 70 �~. F~ly, ~e ~lafive ~ ofHCGI 2 for ~ ~ 4~
~d~ when em,r~ ~ I~ ~ ~ ~.34 (95% CI~.~149.36), f~ ~ ~ ~

~o~ ~ when enter~c~ <= 106 c~ ~ 1.71 (95% CI~.7~3.8~, ~d f~

~g at ~e go~ ~ when ~t~ > 106 c~ ~ 4.68 (95% CI~1.97-

11.10), in comp~son ~ s~g at 4~ y~ ~en ente~ci <~!~ c~.

¯ at ~e interaction model for dis~ce ~d to~ ~lifo~ did not ~nv~e.
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V
the range ofcutpoints (2, 3, 4, 5, 8) for the ratio of total to fecal �oliforms for the entire

set. Diarrheawas most often associated with higher attributable numbers, but there ~’.
was no consistent pattern across the range of cutpoints. When a similar analysis was

done, but restricted to occasions when the total coliforms exceeded 1,000 cfu (Table

69B), the highest attributable numbers were generally associated with the cutpoint of 2.0.

Many of these numbers were in the range of 100-400 cases per 10,000 exposed subjects.

When this analysis was restricted to days when the total coliforms were greater than 2
5,000 cfu, there was a consistent pattern of higher attributable humbert associated with

lower cutpoints. At the cutpoint of 2, attributable numbers ranged into the mid. and high

100’s of cases per 10,000 exposed subjects for a number of outcomes. Finally, Table 70

presents a similar analysis for a range ofcutpoints for the ratios of total colifoma to

enterococcus. Diarrhea had the higher attributable numbers across all cutpoints (around

200 eases/l 0,000 exposed). Higher attributable numbers were associated with the highest .,.

cutpoint of ! 3.

Results of Virus Sampling Preeedure~

Results of the virus sampling procedures are presented in Tables 71 and 72. The

percentage recovery from the seed experiments was quite high. Enteric v~ were

detected on 8/11, 8/26, 9/3, 9/9, 9/10, 9/16 for Ashland; 7/21, 7/28, 8/25, 8/26, 9/9, 9/10,

and 9/16 for Malibu, and 7/7, 7/18, 7/28, and 8/4 for Santa Monica Canyon. This number

of positive samples did not enable us to conduct many analyses; however, we were able

to compare the frequency of outcomes reported by subjects who were swimming within

50 yards of the drain on days when samples were tested for viruses and found to be

negative versus days when the samples were positive for viruses. Results are presented in

Table 73. Although based on small numbers, a number of outcomes were reported more

often on days when the samples were positive for viruses, including fever (RR=I.53, 95%

CI 0.97-2.42, p-value 0.07); vomiting (RR=1.89, 0.94-3.78), HCGI-I (RR=I.74, 0.99-

3.06) and HCG]-2 (RR=2.26, 0.91-5.60).

In Table 74, we present results for the virus analysis, adjusted for covariate~.

Results remained essentially unchanged. Finally, we also adjusted these results further                  -
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by including the bacterial indicators, one at a time, into the model (results not shown). _ Jr"
These last series of adjustments made essentially no difference in the results (e.g. for

fever, the crude RRffil.53 p---0.07, adjusted for covafiates RR=l.56 p-,0.06, adjusted for -
covariates plus fecal coliforms RRml.57 p,-O.06, ¢ovariates plus E. coil RR-I.5$ p-0.06, ,,~
covariates plus total �oliforms RR=I.56 p-,O.06, and �ovariates plus enterococem -
RR=I.57 p-0.06).

2
Research with gene probes is ongoing and will be presented in an addendum to ’ ¯           -

this report sometime in the near future (the lab conducting this work hopes to complete

the assays by Spring, 1996).                                                     -

IV. DISCUSSION
The following circumstances provided the motivation to conduct an

epidemiological study of the possible acute health effects of swimming in Santa Monica

Bay: A) the beaches are heavily populated in the summer months, B) there is a

measurable volume of discharge into the bay from storm drains even in the summer

months when there is little rainfall, C) there are numerous days with high levels of

bacterial indicators, D) pathogenic human enteric viruses have been isolated from storm

drain effluent even when bacterial indicator counts are low, and, E) anecdotal reports

raised concern about adverse health effects of swimming in the bay. Based on numerous

meetings and extensive peer review, the Santa Monica Bay Restoration Project decided

that an epidemiological study of subjects swimming at selected beaches in Santa Monica

Bay was the most direct and relevant means of addressing the question of possible

adverse health effects.

The initial goal, as stated in the approved protocol, was to recruit 9000 subjects.

Through ref’ming our office and field techniques, we were able to complete interviews on

11,793 subjects who remained eligible throughout the follow-up phase of the study while

completing the study at least $100,000 below the projected budget. Of the 22,085

subjects approached on the beach, only 1761 refused to participate, for a. response rate on

initial contact of 92%. Also, oft he 15,492 eligible subjects interviewed on the beach, we
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0were able to contact by telephone and interview 13,278 (86% follow-up). The potential

for selection biases would seem to be minimal, given the high response rates. It is also

worth noting that the proportions and reasons for ineligibility or loss to follow-up were

The three beach sites where the study was conducted, Sur~der/Malibu, Will 1
Rogers/Santa Monica Canyon, and Santa Monica/Ashland Avenue, were selected became

prior data indicated they were heavily populated and experienced a wide range of

indicator counts in the past. Throughout the summer, we encountered the size ofcrowd~
we expected at Malibu and Ashland Avenue. Work at Will Rogers by the Los Angele~

County Department of Public Works throughout much of the summer substantially
diminished the crowds at this beach. Our prior expectation of a wide range ofimticator
counts was realized throughout the summer of this study. We also observed a high

degree of variability from day to day, and a substantial proportion of days when levels. ,.,
exceeded generally established cutpoints, particularly for samples taken, at the drain.

Malibu and Will Rogers exceeded cutpoints more often than Ashland Avenue; in fact, the .~.
lower standard cutpoints were exceeded the majority of the time for most of the bacterial

indicators at Malibu and Will Rogers. Counts were generally highest at the drain and

then diminished as distance from the drain increased. Of note, however, is that the counts

for water samples taken at 400 yards sometimes exceeded cutpoints at all three beaches,

suggesting this distance did not always represent a "clean control area’.

We operationalized the issue of health effects from swinu~ing in Santa Monica

Bay into t~o research que~ions. 1) Wl~t are the relative risks of~ifi¢ health

outcomes among subjects bathing at 0, 1-50, and 51-100 yards of a storm drain compared

to subjects bathing at the same beach but beyond 400 yards from a drain7 We reasoned

that if pathogens were coming fzom a storm drain and causing symptoms in swimmers,

the risk of these specific symptoms should be higher in subjects who swim closer to the

drain. 2) Are the risks of specific outcomes associated with levels of indicator organisms

(as they are commonly monitored by departments of public health). This second question

is motivated primarily by policy considerations, so we wanted to test the predictive value
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common monitorinl~ practices. Results addressing each question are

0
of feasible,

discussed below. L~sociations between distance and health outcomes.

We observed differences in risk when we compared subjects swimming at 0 yards

(meaning where the drain enten the bay) versus subjects swimming at 400+ yards.
~ _ ,,~

Significant increases in risk were noted for the single symptoms of fever, chills, ear

discharge,vomiting, andcoughing with phlegm, and the composite variables ofHCOl 2 -

and SRD. Most of the risk ratios ranged fzom 1.5-2.0, suggesting a.50-100% increase in

risk. The strongest effects were for ear discharge and HCGI 2. Very few increases in risk -
were observed for subjects swimming at !-50 or 51-100 yards from the drain compared to

subjects swimming at 400+ yards. This was an unexpected result. We are aware of at..
least two alternative explanations. One is that the risk is actually limited to subjects

swimming in front of the drain, possibly because the level of pathogens at greater ,.~. -
distances from the drain was quickly diluted below an infectious dose. This seems

impla~ible since the plume clearly traveled beyond tiffs point and high bacterial counts - ,,~
were noted at 1-50 and 51-100 yards (and some of these bacterial indicators were

associated with increased risk of disease). Another explanation is that the risk is highest

at 0 yards, but there may also be an elevated but smaller risk at 1-50 or 51-100 yards,

which we were unable to detect because the reference group (subjects at 400+ yards) was

occasionally exposed to water with high bacterial counts. To address this possibility, we

analyzed a subset of the data restricted to days and beaches where the total:fecal ratio for _
the water sample taken at 400 yards was greater than 5.0. We chose this ratio because it

was associated with adverse health effects (see below). TJds reanalysis yielded stronger .-
relative risks when comparing subjects at 0 versus 400+ yards (compared to the original

analysis of the entire unrestricted data set) and we also observed some in,cases in risk at --
1-50 and 51-100 yards. This suggests that risk may not be limited to the 0 yards distance,

and argues against a standard that discourages swimming only at the mouth of the drain -
(although the risks are clearly higher there).
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The results regarding distance were not changed when we controlled for potential
confounders,arld are very unlikely to be due to confounding. The concern with

confounding has been raised previously (Saliba 1990, Fleischer 1993, Kay 1994,), but it

dealt with a different study design, sometimes referred to as the "Cabelli-lype" study. In

this design, risks in swimmers are compared to risks in non-swimm .e~s.. The problem

with that design is that swimmers and non-swimmers are self-selected and may differ

with respect to background risks since there are presumably many other

exposures/pathways that can produce the symptoms under investigation. ,Some ofthe~

are unknown or difficult to quantify, so doubt remains, even after adjustment for the

known and measured potential confounders, that the swimmers and non-swimme~

actually comparable. We implemented a design that should have substantially reduced

the potential for confounding by restricting it entirely to swimmers (who immersed their

heads in the water) and making comparisons between groups of swimmers (defined, for

example, by distance from the drain) to estimate risk ratios. A priori, .we believed that the

background risk of subjects swimming closer to a drain should not be materially different

from the background risk of subjects swimming farther away (they are all self-selected

swimmers). When we compared a number of characteristics between subjects at different

distances, the only variables that were differentially distributed by distance were age and

ethnicity. Younger subjects and Latino/a s~bjects tended to swim closer to the drains.

These variables, however, were not independent risk factors for the outcomes. When we

controlled for these, as well as other covariates, there was no evidence of confoundin8.
We limited analyses of subgroups for three reasons: I) the study was never

designed to detect subgroup differences with reasonable power;, 2) there were few

reasons, a priori, to expect differences in effec~ between subgroups defined by most

variables (e.g. gender, California resident, etlmicity, etc); and 3) policies that may emerge

from this work would most likely have to apply to the "general population" and not to

specific subgroups (it would seem implausible to establish one policy for one subgroup of

the population defined, for example, by age, race, gender, and SES, and other policies for

other subgroups). Based on discussions with interested parties, we agreed to explore
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differences by beach and by age of the subjects. There appemed to be some d’.fl’erences

when we stratified by beach; however, it is difficult to judge whether these are teal

differences or simply the result of random variation with smaller sample sizes ~

subgroup. When we stratified by age into three categories (0-12, 13-25, >25),

increased health risks observed earlier appeared to be stronger for children and sdults less

than 25. In fact, the strongest associations were usually evident in the 13-25 year age

group. We presume this is due mostly to thei, increased activity (and hence exi~sure) in

the water, which we did not attempt to quantify, and less so to any increased

susceptibility for a given dose of exposure.

We decided not to restrict recruitment to one subject per f~a~nily for two reasons.

i) It would have been impossible to achieve the sample size we needed. As it was, we

approached every single potentially eligible subject throughout the study period to

achieve our sample size. 2) We believed it would have been very difficult to only select

and recruit one subject per family and explain this to the satisfaction of the family. Given

the strong reasons for accepting other family members, we decided to proceed with this

plan since we believe the effects on our results and conclusions are trivial. When we

consider the effects of possible intra-familial transmission, the following distinction

helpful. Ira case of illness was caused by swimming at a study beach and that case

infects other family members and results in illness, all of these cases are rightly atuibuted

to the swimming related exposure. On the other hand, ifa case of illness was caused by

some other exposure and this case transmitted the infection to other cases in the family

$imilady by distance f~om the drain and by levels of indicator e~mts and ~ reflected in

the background rates. T, the extent thi~ hapl~ned, it wo~ld reduce our power ouly.

Nevertheless, ~o further ad~es~ thi~ issue, we included a f~nii~ ~iable ~ a

(controlling f~r it in the l~gi~ti¢ model~ did not cl~nge any of the results) and ~tified

the results by flais v~’iable ~ l~k f~r heterogeneity (and simil~ effect~ w~re noted

~tratum ¢~mpri~ed of single subjects and the stratum �~mprised of subjects f~m familie.~
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Owhere more than one subject per family was included). We have added results and tex~ to

the Results and Discussion sections to address this issue. L
Associations between bacterial indicators and health outcomes.

In general, when we estimated risk ratios using the established cutpoints, there

were very few positive associations with any single indicator. The~ were none for £

¢oIi at the lower outpoints of 35 and ?0 c~u. At the highes~ cutpoint of.320 �£u, earache

2and nasa] congestion were weakly associated with £ coll. Only skin rash was associated

with total and fecal colifonns at the higher cut~ints of. 10,000 �£u ~ 400 �£u,

respectively. Enterococcj were positively associated with diarrhea with blood and HCG!

1 at the higher outpoint of" 106 cf.u. The risk of"diarrhea with blood was four times higher,

but this estimate was based on very f.cw cases. There was about a 40-50% increase in risk

of. HCGI, consistent with previous results by Cabelli (I 982) and G~thc (preprint).

We recognize that these cutpoints do not h~ve a strong ~ientific b~i~,           ...

particularly when applied to West Coast beaches with heavy urban runoff~ch as

Monica Bay, ~o we also investigated possible effects of the b~cteria] indicator~ with the

use of categorical models (where quintiles were assessed) and continuous models. For

the most part, the categorical models yielded results dmil~- to the dichotomo~ re~lt~

described above. The continuous models gener~ly yielded more positive associafiom,
particularly for enterococci. No additior~al associations were detected for tom coliform~;

fever, skin rash, and HCGI 1 were associated with fec~ coliforms; ddn r~h, muse~ ~md

stomach pain were ~.~ociated w~th E coll. Continuous results for enterococci indic,~te

positive as~ciations with fever, ~ rash, r~use~ diarrhea, stom~h l~n, coughing,

runny nose, and HCGI !.

In addition to evaluating single indicator~, associations with the tom coliform to

fecal coliform ratio and the total coliform to enterococci ratio were investigated. For the

total:entero ratio, the categorical model indicated inverse associations with nausea,

diarrhea, and HCGI I. This ratio was not more predictive ofhealth risks than the

continuous model for enterococci alone. In contrast, the ratio of total to fecal coliforms

proved to be quite informative. There were two components to the rationale for this
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analysis. First, as the level of fecal colifo .ryns increased relative to total �oliforms (i.e. the

ratio was low), concern increased that there was substantial fecal contamination of the

slorm drain, possibly increasing risk of adverse health effects. Second, the �ffect of this

lower ratio should be stronger when there was a higher degree of contamination,

indicated by total colifom~ counts in exce~s of 1,000, 5,000 or 10,000 efu. The results

were consistent with this rationale. Using a ratio of S.0 as the cmpoint, dianbea and
HCGI 2 were associated with a lower ratio ~hen all the data were analyzed, gegstdles= of

the absolute level of total coliforms. When this analysis was restricted to subjects in

water where the total �oliforms exceeded 5,000 cf~, significantly higher ~ were

detected for nine different outcomes. Further, when this analysis w~ restricted to

subjects in water where the total coliforms exceeded ! 0,000 cfu, the risk ratios for these

nine outcomes all increased again (with the absolute risk in the exposed group reaching

! 4-19% for each symptom). Although the number of subjects became small in some

subgroups, the strong cc.~sistency of the results across the increasing levels of total

coliforms is persuasive that the associations are probably real. Which cutpoint (for the

ratio) is associated most consistently with risk is an important question. When a range of

cutpoints (2, 3, 4, 5, 6, 8) was analyzed using the entire data set, no consistent pattern

emerged. This is not entirely surprising since an analysis of all data points treats all ratios

of similar numerical value equally, even though a ratio of 5 when the total �oliforms are

very low may not increase risk (although the same ratio of 5 may be associated with

increased risks when the density of total coliforms is high (say, above 1,000 or 5,000

cfu). When this type of analysis was restricted to days when the total coliform densities

were high (above 1,000 cfu and particularly above 5,000) a consistent pattern emerged,

with higher risks and attributable numbers associated with low ratios.

For reasons developed in the previous section on distance effects, it is very

unlikely that the bacterial indicator associations observed in this study are confounded to

any substantial degree. It is highly urdikely that the background risks are different for

subjects exposed to higher or lower levels of a given indicator level, which were

unknown to the subjects, particularly if one stratifies by distance.
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It is worth considering which bacterial indicators am the most useful. This will

depend, of course, on criteria used to define "usefulness". It would seem that the

magnitude of the attributable numbers and the frequency that selected cutpoints

exceeded may be useful components of any set of criteria. From Tables 66 and 67, when

all data are considered together no single indicator (or ratio of indicators) stood ou~

having the highest attributable numbers. Enterococci (at levels above 106 cfu) w~e

associated with an attributable number of 130 cases ofHCGI I per 10,000 exposed

subjects; total coliforms (at levels above 10,000 cfu) were associated with an attfilmtable

number of 165 cases of skin rash; the ratio of total to fecal coliforms had an attributable

number of 277 cases of diarrhea; and the ratio of total coliforms to enteroco~i had

attributable numbers of 147 and 262 for nausea and diarrhea, respectively. From the

continuous models, enterococci had the greater number of associations but the

(estimated by odds ratios) and the attributable numbers were small. The largest

attributable numbers were observed for the total to fecal coliforms ratio when the

analyses were restricted to subjects in water where the total coliforms exceeded 5,000 cfu.

The atlributable numbers increased very consistently as the ratio decreased from 8 to 6 to

5 to 4 to 2. However, these stronger effects would be limited to a smaller proportion of

the beach going population (those swimming in water where the total coliforms exceeded

5,000 cRt). It is also worth noting (from Table 65) that the effect of ~’wimming at the

drain (0 yards) versus 400+ yards from the drain was associated with relatively large

attributable numbers (e.g. 303/10,000 exposed subjects for SRD, 115 for vomiting, 175

We very briefly review results of other studies to lend a broader context to our

results, although we point out that results of other studies may not be relevant to the

situation in Santa Monica Bay and different designs were employed in these other

studies.

The question of whether acute infectious disease can be acquired through bathing

in marine water contaminated with sewage Ires been the subject of several large

epidemiological studies conducted throughout the world. The most consistent finding of
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these studies is that bathers, defined as those that immerse their heads in water while

swimming, are at a higher risk of contracting ~astroh~testinal ((31) disease than those who

do not immerse their heads, the non-bathers. However, Otis has not always bee=

observed. Another aspect of these studies has been to investigate whether elevated counts

ofcertaln bacterial indicators commonly found in sewage contaminated water are

predictive of disease, even though the bacteria themselves may not be pathogeak. To

date, the reported results trying to associate elevated indicator count~ with health

outcomes have be~ inconsistent.

Cabelli (1979) was the first investigator to demonstrate an association betwem

water quality at ocean beaches and health outcomes. He conducted a large, prospective

�ohon study of 81000 subjects sponsored by the EPA that has subsequently beeome¯

classic study ofhealth outcomes and marine water quality. The study �ompar~

symptom rates among bathers and non-bathe~ at two beaches that had been classified as ..

relatively unspoiled (RU) and barely acceptable (BA) using coliform counts as the

indicators to make this determination. Family groups were interviewed on the beach to

document bathing behavior and again by phone 8-10 days later to asses~ ~be development

of GI and respiratory symptoms. Water sampling for bacterial indicators (total and fecal

coliforms, E. coli, Enterobacter, Enterococcus, Klebsiella and P. aeruginosa) was done

concurrently at the two beaches. The BA beach not only reported higher symptom rate~

than the RU beach but also mean levels ofthe bacterial indicators were significantly

higher than at the RU beach. A noteworthy result of this study was that measurable

health effects occurred at both marine beaches within guidelines (total and fecal �olifor~

standards) developed for f~esh water beacbe~.

Cabelli (1982) ne~ used the results of a large prospective �oh’ort study to develop

a linear regression model for the relationship between mean enterococci density and

gastroenteritis among bathers. Almost 26,000 subjects were identified on weekends over

a six year period in three locations: two ocean beaches (New York and Boston), and one

brackish/fresh water lake (Louisiana). Exposure status (bathers were defined in Cabelli’s

study as having the head immersed underwater, non-bathers included waders and those
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who stayed out of the water) was determined by interview on each study day. Individuals

who swam immediately prior to or after the weekend under study were excluded from the

analysis. Incidence of gasu’oenteritis was obtained by telephone interview 8-I 0 days later,

subjects did not make use of a toll.free number or local clinic for medical

advice/diagnosis. Enterococci densities .were determined for each study day. Based upon

the results of the reg~ssion analysis, the authors concluded that bathing in water

�ontainin8 as tittle as I0 enterococci/100 ml of sample represented an absolute risk of GI

illness of I 0 per 1000 bathers and a relative risk 0£2.0 comparing bathers and non-

Current EPA criteria concerning the sanitary quality ofw.mine waters arc based

upon these results (Cabelli, 1984; CabelIi, 1989). Several criticisms have been leveled

against the 1982 study (Fleisher, 1991 ): (I) Results w~re pooled for marine and estuarine

water locations, despite the fact that survival o/epathogenic organisms may be inversely

correlated with salinity (Dufour, 1984); (2) Results from several beach locations were

combined without considering local differences in marine flora, sewage outflow,

immunity/demographic characteristics of subjects, beach contour and sediment/turbidity

characteristics. Fleisher’s analysis of Cabelli’s data showed significant variation in the

mathematical relationship between indicator levels and disease outcome among the

beaches studied: in addition, a surprisingly poor fit for HCGI relative to total GI

symptoms in the linear regression model led Fleisher to fit an alternative (logistic) model

to the data - one with more "biological support" - choosing covariates "not based solely

on statistical considerations but rather on hypotheses generated by previous

epidemiologic studies" (Fleisher, ! 991, p. 262). From this reanalysis, Fleisher concluded

that "not only the magnitude...but the existence of any relationship between enterococci

density and gastroenteritis may be site specific" (’Fleisher, 1991, p. 263). (3) Cabelli had

speculated earlier (1979) that the primary disease outcome - an acute, relatively mild

gastroenteritis which had a short incubation period and duration - was most compatible

with exposure to human rotaviruses or Norwalk-like viruses, so that estimates of water
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quality based upon proxy measures might be subject to considerable error (further

discussed below).

The C.abelli-EPA study design has been endorsed by the WoHd Health

Organization and the United Nations environment program. "CabelIi-style" ocean studies

have been carried out at a number of locations throughout the world. Mos~ repor~ hisher

morbidity among bathers (head immersed in water) as compared to non-bathers for

gastrointestinal illness, eye and ear infections. Correlations with indicator organisms

however are inconsistent (for review, see SaIiha 1990). In Hong Kong (Cheung, 1990),

Staphylococci levels were correlated with ear, respiratory, and total illness, while ~ coil

was found to be the best predictor of gastroenteritis. In South Africa (yon Schingling.

1992), bathers and non-bathers were compared for incidence ofgastro-intestinal,

respiratory, and skin symptoms at two beaches, one with high levels ofindicato~

(enteroococcus and coliforms) and the other relatively clean: symptom rates were higher

for swimmers at the polluted beach, but "were not statistically significant." In the United

Kingdom (Balarajan, 1991), enterococcus and coliform levels "varied appreciably" and

could not be correlated with illness; overall, a relative risk of 1.31 (95% confidence

interval 1.04 to 1.64) was obtained for occurrence of at least one symptom (GI,

respiratory, other) in bathers compared to non-bathers after controlling for age and sex.

Genthe (19..) reported that enterococcus was the most predictive of gastroenteritis,

although fecal coliforms were also sig~flcantly associated with risk. Staphylococcus was

not associated with risk. Several investigators have recently suggested that these st~lies

may underestimate the true risk: (1) Non-differential measurement error in estimated

organism densities could result in a 30 to 57% underestimate of true risk (Fleisher, 1990).

Both the MPN and MF methods of enumerating coliforms are imprecise; Fleisher ~points
out that none of the studies cited above made use of replicate deterrnh~tions on

individual samples, nor did they consider diurnal and other variations which may occur in

bacterial indicator levels, particularly at marine locations. (2) Bacterial indicators do not

reflect the occurrence of enteroviruses in marine waters, which are likely to be the true

pathogen of interest (Gerba, ] 979), nor do they reflect levels of Vibrio spp., marine
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V
pathogen~ recently linked to a variety of human health outcomes including .necrofizing

O
wound infections (Howard, 1988)(3) These studies attempted to gain power by including Lsubjects from a variety of locations without accounting for variations between beaches.

Smaller studies focussing on subgroups (such as snorkelers, windsurfers, and bathers)

within a given location have reported a more pronounced effect (Dewailly, 1986; Philipp,

1985; Deitmer, 1990); for example, Dewailly reported a relative risk of 5.5 for symptoms

of gas~oenteritis among windsurfers at a specific estun6ne location.
2

Using a Cabelli.like approach the New lersey Department of Health

commissioned a large prospective cohort study in the late 19S0’s to investigate water"

quality and health outcomes after swimming in fresh and ocean water in that state.

16,089 subjects were recruited from nine ~ and two lake beaches. Again, bathers and

non-bathers were identified, interviewed on the beach and telephoned up to 10 days later

to ascertain the development of symptoms. Water sampling for bacterial indicators, total

and fecal coliforms, enterococcus, C. Perfringens as well as F2 male-specific

bacteriophage (developed by Cabelli et al to estimate levels of viral pathogens) was

1concurrently done. Bathers at all beaches had higher symptom rates than non-bathers (an

excess of 12.1 cases per 1000 subjects was n.’ported) even though illness could not be

correlated with any elevation of any of the bacterial indicators. However, these findings

are not surprising since none of the beaches were located near any areas of heavy urban

run-off. The water tested was "generally of high quality"~ leading the authors to conclude

that the observed health effects were "the natural consequences of bathing, not the result

of contaminated water’.
A number of concerns have been raised about the New Jersey study. (See our                     ~’~

original proposal for a detailed description, available f~om the Santa Monica Bay

Restoration Project). Some of the concerns were: (1) The study had little power to detect
an association between health effects and sewage contamination. None of the beaches

studied were located neat heavy urban runoff areas, so that the water tested was

"generally of high quality" at all beaches. Lit’de variability in indicator levels was

observed between sampling sites, so that the effect of a range of indicators (either within
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or across beaches) was not assessed. Water samples were collected only at chest depth

and not ankle depth; children (at increased risk for symptoms in most ~udies when

compared with adults) wade, play and ~vim in the near shore areas where their activitiea

and wave action may distm-b sediments, releasing absorbed bacteria and virus into the

water. (2) The conclusions rely heavily on p-values. Measur~ of effect, ~uch m ri~

ratios with confidence intervals, were not calculated. (3) The i~t¢ ofreddual

confounding was not addressed; confounding may be due to lack ofcompambility of

exposed and unexposed groupe.

Finally, it should be noted that Cabelli-like studies are not the only kind that bare

been used to investigate health outcomes a~er immersion in marirm water contaminated

by sewage. Fleisher, (1993) using a randomized intervention and follow.up dedgn,

conducted the first epidemiological study that related indicator organism density to an

individual bather. In 1989 and 1990, he recruited 484 subjects from various locations in

the United Kingdom. Subjects were given an interview, a physical exam to ex¢lu&

ongoing illness and then randomly assigned to a bather or non-bather group. On the day

of the trial non-bathers were assigned to a roped off beach area while bathers

carefully monitored. Water sampling for elevated bacterial indicators, total and fecal

Coliforms as well as enterococcus (in his papers, Fieisher uses the older nomenclature for

enterococcus, Streptococcus faecalis) was done at the actual time bathers were in the

water. Food consumption habits at the time of the trial were also monitored in order to

exclude food-borne illness as a confounder. After the trial, follow-up for Ol disease was

done through either an interview or a mailed questionnaire. Results showed that only

enterococcus cultured from water samples taken from the surface at chest depth was

predictive for development of Gl symptoms. Fieisher continued the randomized

intervention and follow-up studies with more detailed follow-up exams after bathing

(1993), the results of which still support enterococcus as the best predictor of Gl disease.

As was mentioned, the study design employed here is different in fundamental

ways from the study designs commordy employed by other investigator. The major

difference between the design used here and the Cabelli-type study design is that all of
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our analyses were between different groups of swimmers whereas studies employing the

Cabelli.type design compare risks between swimmers and non-swinuners. A major

challenge with the Cabelli-type design is to ensure comparability between swimmers and

non-swimmers. For example, in one of Cabelli’s studies, there was an anomalous finding

among children of a significantly higher rate of 8astrolntestina1 symptoms for nonbathers

relative to bathers at the unpolluted beach, suggesting that the two groups were not

comparable. Perhaps parents tended to keep children out of the water who were feeling

ill or incubating gastrointestinal illnesses. Differences between per~ns who choose to

bathe and those who do not are difficult to measure and account for in the analysis of

such studies (Saliba, 1990). The Cabelli-type design is similar to the one used here in

that it is an observational �ohort study and it relies on measurements of ha~terial

indicators that are feasible on a large scale and are similar to those that are commonly

practiced by various health agencies. Fleischer (1993) and Kay (1994) have raised

additional concerns with this type of study. The major �oncern deals with measurement

errors and misclassification of exposure status due to "failure to control for the substantial

amount of temporal and spatial variation in indicator organism densities shown to oc~r

within just a few hours at marine water bathing locations" and the fact that "the

microbiological quality of water was not assigned to each bather at the time and place of

bathing’,
To address the concerns with confounding and misclassification of exposure

status, Fleischer and Kay used a very different design. Instead of an observational study,

they used a randomized trial wherein subjects were randomly assigned to bathing and

non-bathing groups and numerous water samples were taken every half.hour over the

exposure period every 20 meters and at three depths (at surf, mid, and chest depths). In

principle, if the trial is large enough, randomization should generate a balance between

comparison groups ("exposed" and "unexposed") with respect to the distribution of other

risk factors for the health outcomes under study. Also, as they argue, the water testing

protocol should reduce misclassification of exposure status for individual subjects.
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V
As we see it, with respect to measurement of bacterial indicato~ the two O

approaches are addressing slightly different questions and may be seen, at some level, as
Lcomplementing each other. The approach taken by Fleischer aims at estimating ¯ more

accurate dose-response relationship for indicator counts as they pertain to individuals by

reducing misclassii~cation of exposure for individual subjects as it pert¯ira to this
-objective. This generates interesting, useful data and may detect associations mi~�! by ¯

Cabelli.type approach, but it is also ¯ step further removed from helping to ~ policy _ 2
based on bacterial indicators. Given ¯ predictive result generated from this more inten~

sampling scheme, the policy implication for where, when, and what to monitor for i.~ not
-

obvious, given limited resources of the agencies responsible for monitoring. For

example, Kay (1994) suggests that, based on their results, enterococci ~hould replace
-

coliforms as the basis for sening standards and that adverse health effects were identified

when concentrations exceeded 32 per ! 00 ml. It is not so obvious where and when one
-

should monitor for enterococci. Clearly the intense protocol used in the trial is not

feasible. If one does less (read less accurate in terms of assessing exposure for ¯ given

subject) monitoring, the nature of the dose-response curve probably changes since "do~e"

is being measured differently. A level of 32 per 100 ml may no longer be associated with

the same risk as in the trial. The approach taken by Cabelli addresses more directly the

question of whether bacterial indicators, as they are commonly measured by health

departments, do in fact predict risk of adverse health effects. If the results of such a ~udy

are negative, as they have been in a number of studies with respect to specific indicators,
._

the only appropriate conclusion is that these indicators, as measured, do not predict risk.

Left unanswered is whether different, perhaps more intense, sampling and measurement

protocols would yield different results. If the results are positive, the connection to ¯

monitoring policy is more obvious since the sampling scheme employed in the study is
-

close to the usual monitoring protocol.

Since there is no perfect design for all scientific and policy purposes, we ~ettled              -

on an observational design that would minimize the potential for confounding, which we

viewed as a major lingering concern with previous studies. We had doubts about the                -
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feasibility and ethics of trying to conduct a randomized trial gicen the "charged" nature of

the debate regarding Santa Monica Bay. Given the observational design, we chose to

focus on two questions (Is distance associated with risk of adverse health outcomes? Do

bacterial indicators, as they are commonly monitored, predict risk of adverse health

outcomes?) that were primarily motivated by policy considerations.

Aside from the emphasis on distance and bacterial indicators, this is the first large

scale study of which we are aware that also included measurements of viruses. The

standard method, which appeared to be running very well, as judged in part by the

excellent recovery rates, detected virus on a number of occasions. Only limited statistical

analysis was possible. It was of interest that a number of adverse health effects were

reported more often on days when the samples were positive, suggesting assays for

viruses may be informative for predicting risk. The research involving gene probes is

ongoing. We hope to include the results as an addendum to this report. Cabelli (i 982)

and Kay (1994) both mention that Norwalk-like viruses are a plausible cause of

gastroenteritis. Enteroviruses, the commonest viruses in sewage effluent, can cause

respiratory symptoms. As pointed out by Walker (1992), testing for viruses is potentially

important. Not only are viruses potentially responsible for many of the symptoms

associated with swimming in ocean water but they decay at a slower rate in sea water

than bacteria and they can cause infection at a much lower dose.

In summary, we believe that the results of this study are valid for the purposes of

addressing the two research questions we posed in the beginning. Distance from the

storm drain, particularly swimming in front of the storm drains that we studied, is

associated with an increased risk for a relatively broad range of adverse health effect&

including HCGI and significant respiratory disease. A number of bacterial indicators,

particularly the total coliforms to fecal coliforms ratio and enterococcus, measured in a

manner similar to routine monitoring, are also associated with increased risk of adverse

health effects. Both sets of results suggest that there is an increased risk of a relatively

broad range of symptoms caused by swimming adjacent to the drains at the beach sites

included in this study. The estimated attributable numbers, which reached into the 100’s
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- V
per I 0,000 exposed subjects, suggest these risks are not trivial when we consider the _ 0
millions of persons who visit the beaches in Santa Monica Bay. In numerous discussions Lorganized by the SMBRP, prior to the start of this study, an excess risk of I case per I00

-
exposed was generally considered a noteworthy health risk. so the study was designed to

detect this level ofrisk (of course, the relative magnitude of these risks compared to other
health risks will be a matter of judgement by interested parties). It is also probable that

the risk is higher than we observed in this study since both distance and bacterial k_ 2
indicators are proxy measures of the actual pathogens causing these advet~ health

effects. It is worth recalling here that we excluded subjects who frequently entered the
-

water at these beaches. We did this so we could link reported outcomes with ,, specific

set of bacterial indicators for the one day and place a subject was in the water, which we

needed to address the second research question we posed. If there is a dose-response
_

relationship such that increasing exposure is associated with increasing risk, which seems .. ¯

plausible, then one may conclude that surfers, lifeguards, and other subjects who
_

frequently enter the water and immerse their heads may be at an increased risk of adverse

health outcomes (.perhaps substantially so) than the relatively infi’equent recreational
o-

[ ~ -.swimmers included in this study. A counter-argument that has been raised is that
-

frequent swimmers may develop an immunity to the pathogens and thereby have a lower

risk. This would seem to be an important issue that warranL~ ftu’ther study. Surfers

would seem to be an appropriate group to study since there are not enough lifeguards at a

given beach to achieve the statistical power one needs. The study design would have to be

different than the one used here to address the issue of frequent use. Interested readers

are referred to the original proposal for this study, where an adjunct study of surfers was             -

presented. We consider the policy implications of the present study to be beyond the               -

scope of this final report. They will be the subject of a separate report issued by the Santa

Monica Bay Restoration Project.
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INT
WATER

E FO 8,3:19-25~̄ ’ . - .

INTR

I=NO CHILD DID NOT GET
HAVE          SINCE VISIT,2=YES HAD SYMPTON--~NCE VISIT, 3=DK

LLS DUE TO BEACH VISTT-----’--’-"-
~SYMPTO--N-~CE VISI HAD

EYE DI.( VIS~
EYE 1=NOT HAVE SYMPTON SINCE VISIT.2=YES HAD SYMPTON~-~CE VISIT. 3~

HAD SYMPTON BEFORE--~T,--~-~-~ HAD SYMPTOM BF~RE VISIT,
~)UE TO B~-~-’~H-~SIT

EARACHE 1=NOT HAVE SYMPTON SINCE VISIT.2=YES HAD SYMPTON SINCE VISIT, 3=DK
EARACHE 1=NOT HAD SYMPTON BEFORE VISIT,2=YES HAD SYMPTOM BFORE VISIT, 3=DK

Q3.5.A EAR DUE TO BEACH VISIT

DISCHARG I=NOT HAVE SYMPTON SINCE VISIT.2=YES HAD SYMPTON SINCE VISIT, 3=DK
~ DI: 1=NOT H-a,D SYMPTON BEFORE VISIT,2=YES HAD SYMPTOM BFORE VISIT, 3=DK

SKIN RASH 1-3
DL IE TO B~----~VISIT

SKIN RASH 1--~;OT HAVE SYMPTON SINCE VISIT.2=YES HAD SYMPTON SINCE VISIT. 3=DK
SKIN RASI" HAD SYMPTON BEFORE VISIT,2=YES HAD SYMPTOM BFORE VISIT. 3=DK

Q3.7.A INIEECTED CI 2=EVENT DUE TO BEACH VISIT
Q3.?.B INFECTED 1=NOT HAVE SYMPTON SINCE VISIT.2=YES HAD SYMPTON SINCE VISIT. 3=DK

1=NOT HA___D S__Y_MPTON B__EFOI~E--VISIT,2=YES HAD SYMPTOM BFORE VISIT. 3=DK
DUE TO BEACH VISIT    --
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Q3.8~ NAUSEA
Q3.8.B NAUSEA SINCE ~
Q3.8.C NAUSEA SYMPTON BEFORE VISIT~HAD ~
Q3.9.A VOMITING DUE TO BEACH VISIT
Q3.9.B VOMITING I-~VE SYMPTON SINCE VISIT,2=YES ~ SYMPTON SINCE VISIT, 3=DK

Q3.9.C VOMITING HAD SYMPTON BEFORE VISIT,2=YES HAD SYMPTOM BFORE VISIT, 3=DK
O3.10~ DIARRHEA DUE TO BEACH VISIT

1=NOT HAVE SYMPTON SINCE VISIT,2=-YES I-~D SYMPTON SINCE VISIT, 3=DKQ3.10.B OIARRHEA
1=NOT I-~D SYMPTON BEFORE VISIT.2=YES HAD SYMPTOM BFORE VISIT, 3=DKQ3.10.C DIARRHEA
2=EVENT DUE TO BEACH VISITQ3.11 ~, DIARRHEA WI

Q3.11.B D 1=NOT HAV! SYMPTON SINCE VISIT.2=YES HAD SYMPTON SINCE VISIT, 3=DK
G3.11 .C DIARRHEA W/ I=,’.’OT HAD SYMPTON BEFORE VISIT.2=YES HAD SYMPTOM BFORE VISIT,
Q3.12~ STOMACH PAIN BEACH VISIT

1=NOT HAVE SYMPTON SINCE VISIT,2=YES HAD SYMPTON SINCE VISIT, 3=DKQ3.|2.B STOMACH PAIN
1-NOT HAD SYMPTON BEFORE VISIT,2=YES HAD SYMPTOM BFORE VISIT, 3=DKQ3.12.C STOMACH

r’,UE TO BEACH VISIT "Q3. 1:3.A COUGHING             1-3
laNOT HAVE SVMPTON SINCE VISIT,2=YES HAD SYMPTON SINCE VISIT. 3=DKQ3.13.B COUGHING
1=NOT HAD :;YMPTON BEFORE VISIT,2=YES HAO SYMPTOM BFORE VISIT, 3=DKQ3.13.C COUGHING

Q3.14.A COUGH WI BEACH VISIT
SYMPTON SINCE VISIT,2=YES I~O SYMPTON SINCE VISIT. 3=OKQ3.14.B COUGH W/

! =NOT HAD SYMPTON REFORE VISIT,2=YES HAD SYMPTOM BFORE VISIT, 3=DKQ3.14.C COUGH W/PHI.~
Q3.1S.A RUNNY NOSE/CONG DUE TO RF_n.CH VISIT
Q3.1S.B RUNNY NO 1=NOT HAVE SYMPTON SINCE VISIT,2=YES HAD SYMPTON SINCE VISIT, 3=DK

1=NOT HAO SYMPTON BEFORE VISIT,2=YES HAD SYMPTOM BFORE VISIT, 3=DKQ3.15.C RUNNY NOSE/CONG
REACH VISITQ3.16.A SORE

Q3.16.B SORE 1=NOT HAVE SYMPTON SINCE VISIT,2=YES HAD SYMPTON SINCE VISIT, 3=DK
Q3.16.C SORE 1=NOT HAD SYMPTON BEFORE VISIT,2=YES HAD SYMPTOM BFORE VISIT. 3=DK

2=EVENT DUE TO BEACH VISITQ4 WORRIED ABOUT 1-4
Q5 ETHNIC BACKGROUN 1=NOT AT ALL WORRIED.2=SOMEWHAT WORRIED.3=A LITTLE WORRIED.4=VERY WORRIE
"~6 ZIP CODE ETHNIC.6=O]’HER
~IEDIAN INCOME FOR

MEDIAN HOUSEHOLD INCOME FOR RESPONDENTS ZIP COD~-’--~:~ECODED AGE I-2
~ECODED MAP AREA
-= COLI FROM SAMPLE AR 1,2=CLF.AN .(AREAS
= COLI FROM
--" COLI FROM SAMPLE AR
" COLI FROM SAMPLE
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Table 1. Completed Interviews by Beach Interview Date

Malil~
W Roge~
to~J

tolal 184 272 162 195 51 59 96 127 338 116 134 111 145 120 265 128 98 62 108 81 141 288,561 130 73 102 135 119 519 517 8~

AUGUST
monthly

5~

SEPTEMBER
monlhly

67 272 558629     0     0     0     0 42 107     0     0     0     0     0 55 44     0     0     0     0     0 23 34     0     0     0     0     0     0

11793

RB-AR8737



RB-AR8738



Figure 2. Beach Encounters by Beach

. ...~..~ ~.:,...- ~ .;

i

~ ~ W.R~ ~ "

_

~hland Mallbu W.RogeB

Bea~ non-pa~icipants 0ncl. Ineligibles) =~S2 (27%) =50= (33%) t=23 ~2%) 1~== ~)
Phone ineligibles ~a~ to ~a~) 7=~ (7%) =10 (5%) l~= (=%) f41~ (
Completed inte~ie~ 5S20 (56%) 40S7 (53%) 1806 (47%) 11793 (53%)
Lo.e~t~foll~.up 1078 (10%~ 881 (9%~ ~5 (12%~ 2214 (10%)

10626 7636     3823     22085
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Table 2. Reasons for Non-Participation
at the Beach
(All Beaches)

~neliglble (been to beach)

36811

17811 27I.mn~u~o �liffi~ ~8i
,~o Iolephone

SO~le~o~i ~o~-

~ele~e I~Le~ie~
(~11 Be~es)

22 ~ 1
~99j 101"

"Does n~ ~ to 1~ ~ to ~.

, i
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Figure 3. Non-Participation (Including Ineligibles) at 3 Beaches
by Ethnicity and Gender*

ETHNICITY

2000.

Ashland Malibu W.Rogerl All

Female 1384 (48%) t057 (42%) 559 (46%) 3000 (46%)
Male 1478 (52%) 1451 (58%) 864 (54%) 3593 (54%)

* Children younger than 12 were not tallied.
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" Figure 4. Non-Actualized Telephone Interviews from 3 Beaches V
. by Ethnicity, Age and Gender

~                                                                              ’AGE

~hl=nd Malibu W.Ro=em ~1                   ~hland Malibu W,R~m

~la~ ~3 (5% 2S 3% -__ ( ) (6%) 299~8%)
Latin 87 (43%) 353 (33%) 1~ 24% t3~ ) lZ 1032 (~% S30 (~%) 495 (62%) 2207(~). ( )¯ -~,~n =s (2%) =~ O~) ~ ~) Sl ~)

_~her~K 78 (4%) 7e G%) 89 ~%) ~13 ~%) ,

~ G~DER "

Female 803 (~%) 3~2 ~7%) 31~ (40%) 1~1t (41%)
Male 104t(56%) 669 (63%) 478 (60%) 2188 (59%)
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Table 4, Beach Study Respondent Characteristics

to Drain
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Table 5. Beach Study Respondent Characteristics vs. PEPS

Beach Study Respondents PEPS*
{)-12 5.718 48~
13-18 1.772 15"4
19-25 1.213 10~
!26-35 1.688 14%
36-45 994
4&55 314 3%
56-65 61 1%
66-75 30 0%
>75 3 0%

11.793                                     9.240.402

Beach Study Res .l~,,dents
[~GE,-:,~ ~’I ~’: ’ ~.*,- "I

....~ r’~’~
PEPS

[AGE--’~*;~ I ~’~,’~ ’~’-I<=12 I 5.7181 48%1 I >=14 12.074,678]i~25
I 2.985/ 25%] ~24 11’193’240JI>=~ I 3.0~/ 20%1 p=2s I s.s72.4~

*Population Estimation and Projeclk~ Sptem (Los Angeles County, 1993)
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Table 5, cont. Beach Study Respondent Characteristics vs. PEPS

*Population Estimation and Projedion System (Los Angeles Courtly, 1993)
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Table 6. Respondent Age by Map Area for Each Beach

’ " ~.’ " .’ ~Ashland " . ¯ .
-u"~A~el" , ’’0-12 " .. : 13-25 ¯ >=26 o :"

drain 91~(5~) (]%1 23 (15%) Iz’~) 40 (26%) I)%~ 1541-50 down 656~(54%) (z1%1 234 [l~v,) (1~%! 318 (25%) (11%1 1208 (1oo%)1-50 up 688 (51%) fz~’~! 353 [25~) (2~%| 309 (23%) (Iz~.] 135051-100 down 216 (,m%) (~’~} 122 (27%) (~.} 114 (25%) (~%: 452 (1oo%)51-100 up 586 (,m%) (1~,~ 321 (~%) Iz]%) 315 (2e%) (1~%1 1224 (loo%)400÷ down 105 (57%) 13%1 44 (24%) (]%} 3~ (19%) |2%] 185400÷ up 714 (53%) (23%1 309 1~3%) 12z-/.) 324 (24%) ll~o]l 1347 (loo%)
3058 (SZ%) (Ioo~! 1406 (2,m) (~oo~l 1456 (25%) (~oo~} 5920 (loo%)
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Table 7. Respondent Gender by Map Area for Each Beach
,¯ ". . - Ashland -, . ¯ . .. ’ ~

Map Area" .... ~ . ¯ ¯ female ¯ .. . .". ’ male : ..... totals
d,-~ 87 (55%) ()%) 67 [44%) I~Y-I 1,54 (~11,)

1-50 down 553 (4~) tzo’~! 655 [s4%) Izl%: 1208
1-50 up 642 [46%) tzz%) 708 [s~,) Izz~l 1350 (1oo~)

51-100 dowr 212 [47~) (P~| 240 (s.1%) (r/.: 452 (Ioo%)
51-100 up 548 [45%) (zo%) 676 (55%) (z1%] 1224 (IOO%)
400+ down 7,5 [41%) {3%) 110 (59%) 13%) 185 (lO0%)400+ up 629 (47%) |2)%) 718 (53%) 12)%) 1347

2746 146%) 11oo’~1 3174 (s4%) I1oo%1 5920 (Ioo~1

Map Area ¯ ’ " female .,. male ,. Iolals
drain 271 (4s%) ( i S%l 332 (55%) I is% 603 (!oo%)

1-50 down 124 [~s%) (?’/-I 228 (~%) I.o~.) 352 (Ioo~)1-50 up 457 (43%) (zs%| 602 (57%) (26% 1059
51-100 down 86 t4o~) (s% 131 (6o.~) (~% 217 (lOO%)

51-100 up 366 [46%) (2o%) 437 [54%) (iwv. 803
400+ down 452 [46%) (zs% 494 [s~i~) (~% 946 (loo%)400+ up 38 [44%) |2% 49 [~6%) {2~, 87 (10o%)

1794 (~) {~) ~73 (~%) (~) 4~7 (1~)

’ ,: " :’. .... ’,lNIIIRo~ers. -: . ¯, ,.’.
.Map Area .. female ’ male ¯ totals

drain 42 (46%) (~Y.I 46 (52~) |4%1 ~ (I00~) (:~%)1-50 down 164 (43%) 121~. ~0 {57%) 12J% 384 (~oo~)1-50 up 85 (42%) ( I n% 117 (58%) I ~ nY. 202 (~oo%) In n~)5i-100 down 186 !(4o%) (24% 279 I6o%) 12P/o 465 (lOO%)
51-100 up 85 (5o%) (ii%) 86 (5o~) iz~, 171 (IOO~)400+ down 202 (45%) (~6%) 246 (55%) 12~%| 448 (~)
4~+ up 15: (31~) {2%l 33 (69%) {~%} 48 (1~)

779 (~) (l~l 1027 (5~%) (1~1 1~ (1~) (1~)

t (} ~umn ~nla~
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Table 8. Respondent Ethnicity by Map Area for Each Beach

totals
602
352

1056
217
803

,(1~)
2~4 (~) ll~) 49 (1~) I~1 1~1 (~) II~) 125 ~%) Cl~} 111 ~%) le~) 93 (~) (l~} 4~3 (l~)
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Table 9. Age, Gender and Ethnicity by Map Area For All Beaches

Iolals
845

1944 (loo%)
2611 (too~)
1134 (~)
2198 (1~)
1579 (I~)

{l~,l 1482 (~)5319 (~) IJ~) ~74 (~) (l~) 11793 (!~)

t () ~ ~ages
; () ~mn ~nta9~
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Table 9, conL Age, Gender and Ethnicity by Map Area For All Beaches

RB-AR8750



Table 10. Subgroup Specific Symptom Counts

TOTAl
f;emale Male       12     13-25 >~26 White Black Latino As~n mulli olhe-~

Fever ~ ~ 32-’--"-’-~ 121 123 259 21 231 18 27Chils 2g 140 156 139 70 87 150 8 114 7 11Rednesl/dllC~’mge fmm eyes 21 108 104 118 39 $$ 72 8 112 2 12 6Earad~ 40 192 215 185 119 103 212 15 152 6 9 12D~haq~ ~ m 7 41 38 29 27 23 33 1 41 0 3 1Skin rash 11~ 56 54 5S 21 34 35 2 6S 1 3 4Cuts bec~ntng Inleded 7~ 29 47 21 31 24 46 1 24 2 2 1Nausea 43: 219 213 206 106 119 223 16 155 10 18 10Vo~ting 2G 91 113 144 33 27 80 7 98 S 11 3Dianl~a 62~ 286 341 307 130 190 36S 23 174 1S 30 2{:Dianl~ea wllh I]k>od 1, 7 7 7 4 3 S 0 8 0 1Slomach pain ~" cram~ 73~ 351 385 370 194 171 387 28 250 23 30 18~-~)ughing 83~ 372 462 454 214 166 389 34 333 28 35 14Coughing with I~hlegm 39( 156 234 19S 111 84 176 10 177 8 14 4Nasal congeslJon ~ rmmy ~ 107| 477 60; 504 307 268 588 32 361 31 43 23Sore Ihtoal 80; 386 41(] 350 233 21ft 422 25 291 14 28 21h(:gJ..1 35.’ 166 18S 223 65 67 164 16 141 9 20 5ho~i..2 101 39 62 76 15 10 43 2 48 2 5s~l 58._.__~S264 325 307 158 124 276 20 241 14 26
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Table 10, conL Subgroup Specific Symptom Counts

~~ ~ . . F concemabouthazards<=~21,000 >$25~ CA resid_enl non ~ not at llll ~ somewha! ~o"~-’~-" I li~woliied~

D~ fr~n eam 3 71 7S 3 7 S 20 38
Skin ~ 22 7~ 104 (] 14 12 25 44
Culs becon/g lnfeded 3 62 67 8 6 14 13 33
Mausea 32 347 38)’ 39 18 $5 82 195
Von~Ung 12 172 187 13 11 20 47 83
Dianl~ea 22 49~ 532 90 34 98 119 273
Diaffhea ~ blood 2 1� 13 1 1 2 4 5
Stomach pain or cmml~ 41 598 652 78 53 98 151 295
Coughing 75 663 764 66 85 117 164 324
Cougldng ~ phlegm 30 31, 363 24 48 $7 71 152    o~
Nasal congeslJon or nanlty II~ 72 ~6: 964 103 93 171 238 424 oo
Som ttu’oal 61 6.~ 721 75 73 134 178 301
hcgi..1 27 281 322 29 22 36 72 150
ltcg|_2 8 89 97 3 5 10 21 47
srd 49 473 547 3.= 60 87 118 220
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Table 12. Percentage of Days in which Bacterial Indicators
Exceeded the Standard Cutoff Levels

A. ASHLAND

l-lO0 1.100 400 +0 Yards Yards Upcoast Yards Downcoast Yards Upcoast Cutoff"Bacterial Indicator 4[%) (%) ([%~ (%) d’uF. col; 30.8 7.8 9.1 l 1.7 35E, coil 19.2 5~. 2.6 3.9 70Entercoccus ! 9A 5. ! 5. ! 35Fecal Coliforms I l."’----"-~ 3.8 200TotaJ Co]Lt’orms 44.--’--’~---~ ]2.7-’--’--------- 12.~ ~ ~

B. MALIBU

i-100    1-100        400+
0 Yards Yards Upcoast Yards Downcoast Yards Downcoast Cutoff"

Bacterial Indicator
leA) (%) I[%) (%) cfuF.. co/i 60.3 24.4 66.7E co/i _ 55. ! 15.4

52.6 35
Entercoccus 51.3 19.2 48.7

25.6 7____~0
- ~ 21.8 3510.3. 43.______.__Tota~ Coliforms -

~ 14. l 6.4    !-~-~

C. WILL ROGERS

1-100 l-lO0 400+
Bacterial Indicator 0 Yards Yards Upcoast Yards Downcoast Yards Downcoa.~ Cutoff.

E. co;;                   74.0         21.9                               -’--------45.2 15.1 35E. coli 58..___..___~913.7 17.8Emercoccu$ 79.5 ~ ~ 70
---__________ 42.5 9.6 3--’---~Feca~ Co~orms ~ 6.S ~ ~ -------Total Coliforms 1.4 200~ -.--...--______~ ~ 5.5 0.0 1000

Note: Samp]~ colJec~ed once daib be~e~ $ am and 11 am.
�~ - colony romping u~ts

92
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VTable 13. Percentage of Days in which Bacterial Indicators
OExceeded the Higher Cutoff Levels

A. ASHLAND L

1-100 1-100 400+0 Ym’ds Yards Upcoa.u Yards Downcoa
Yards Upco~t Cuto~ 1Bacteriallndicator ~ ~

~ ¢fll~ coli                 9.0
1.3 0.0 0.0 160

2
~ coil 6.4 0.0 0.0 320Entercoccus
Fec, al Coliforms 10.

0.0 0.0 106
To~ Co~o~ ~ ,.3 ~
Total Coliforms ! 5.2---’------ ooo
B. MALIBU

AREA
l-lO0 i-100 400 +0 Yards Yards Upcoss Yards Downcosst Ym’ds Downco~s CmoffBacterial l~dicator (%) 4%) 4%) (%) d’u 1£. coli 47.4 10.3 33.3 7.7 160~ co~; 39..__....___~~.7 ~9.: ,.3 3=0Entercoccu$ 34..__._.___~65. l 17.9 106Fecal CoLff’orms 46.2 6.4 4-"-’--~Total ¢oliforms 5.1 ~ L3 ~Total Coliforms 3.8 1.3-------- o.o o.o ,o.ooo

C. WILL ROGERS                                                                                             ,,~

Storm Drair~ 1-100 i-100 400 +0 Yards Yards Upcoast Yards Downcoast Yards Downcoast
Cutoff" n

Bacterial Indicator (./.) (./.) (./.) (%) U£, coil du42.5 5.5 8.2 0.0 160~ coli 28.8 1.4 1.4 320Entercoccus 45,2 6.8 ~ l’-’-"-’~Fec~l Coliforms 32."-"---~ 1.4 2.? 4----"~TotaJ Coliforms ~ 1.4 2.7 0.0Total Coliforms 68 0,0 ] .4 0.0 l 0,000

No~e: Samples coLl~-~ o~�~ (bJJy b¢~. $ ~m a~ ! ! am.
du =�olony formm~

93
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Table 14. Total Coliforms/Entemcoccus Within Specified Ranges

A. ASHLAND
AREA

Storm Drain i-100 1-100 400 +
0 Yards Yards Upcout Yards Downcoast Y~rds UF.o~Total Colirorms/Enterococcu|(% of’days) (% orda)’s) (% ordays) (% ordsyj)

<=7 2.5 21.5 25.6 21.8
<-10 i !.4 27.9 26.9 29.5
<-13 15.2 30.4 30.8 42.3

B. MALIBU

Storm Drain    1-100        1-100         400 +
0 Yards Yards Upcoast Yards Downcoast Yards Downcoasl

Total Coliforms/Enterococcus !(% of’days)(% of’days) {% of days) (% ordtys)
<=7 44.9 66.7 50.0 51.3

<=10 59.0 78.2 74.4 74.4
<=13 68.0 84.6 80.8 83.3

C. WILL ROGERS

Storm Dr=in     1-100        1-100          400 +
0 Yards Yards Upcoast Yards Downcoast Yards Dow~co~t

Total Coliforms/Enterococcus(% ofdays) (% of days) (% ofda~,s) (% ofdays~<=7 46.6 65.8 69.9 83.6<=10 60.3 78.1 79.5 91.8<-13 69.9 82.2 89.0 95.9

Note: Samples �olle;t=d once daily between 8 am lind 1 i mm

R0047278

I
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V
Table 15. Total Coliforms/Fecal Coliforms Within Specified Ranges

L
A. ASHLAND

Storm Drain    1-100        1-100         400 +
0 Y~rds Y=rds Upcoast Y~ls Downcoast Y~I$ UIx~ast

<-5 17.7 34.2 30.8] 48.7o,4 17.7 29.1 26.9 4].0<-2 7.6 20.3 14. ] 24.4’

B. MALIBU

Storm Drain     1-100        1-100 ~       400 +
0 Yards Yards Upco~st! Yards Downcoast Yards Downcoast

Torsi (~oliform$/Fec=l (3olirorm_s! (% ofday$) (% old=y=)    (% ord=~=) (% ord=)~) 7<=5 82. ! 85.9           $8.5 89.7<-4 80.8 82.1 82.! 84.6

C. WILL ROGERS

Sto~ Drain 1-100 1-100 400 +
0 Yards Yards Upcoast Yards DowncoastY~ds Downcoast

<=5 52. l i 76.7 75.3 84.9
<-4 4]. ! 72.6 63.0 75.3
<=2 13.7 27.4 24.’~ 30. I

N°te: Saznples �°llected °rice daib’ between ~ am az=l l I am"

95
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_ V
OTable 16. Total Coliforms/Fecal Coliforms Within Specified Ranges

On Days When Total Coliforms > 1000 and ¯ 5000              L

A. ASHLAND

¯ 1000 Sto~ ~r~. ~-1oo i-loo 4oo +
0 Y~ds Yards Upco~’l Y~ds Downcoast Ym’ds Upco~st

Total Coliforms/Fe¢=l Coliform! (% ofdays) (% ofdays) (% ofdays) (% erda)t)
<=5 0.0 0.0 0.0 0.0
<-4 0.0 0.0 0.0 0.0 -
<,’2 0.0 0.0 0.0 0.0

¯ 5000

Total Coliforms/Fecal Coliforms

~ <-4 0.0 0.0 0.0 -
<=2 0.0 0.0 0.0 -

B. MALIBU [ .... ...

¯ 1000              Storm Drain    l-lO0       1-100        400 +
0 Y~rds Yards Upcoast; Yards Downcoast Yards Downcoas

Total (~oliforms/Fe~al Coliform (% ofda~’s~) (% ofda~,s~) (% ordays) (% ofdays)
:-                   <=$ 55.6 0.0 54.6 20.0
~ <"4 55.6 0.0 36.4 0.0 -

¯ 5000                                                      -

Total Coliforms/Fecal Coliforms
<=5

<-4                 25.oj o.o o.o -
<=2 0.0[ 0.0 0.0 - "

Note: Samples collect=l onc~ daily bc~’cen $mn and I ! ran.                                                   --

R0047280
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Fi~urs 5B, Dally Enterococcus Indicator Counts at Ashland ~,~ch
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Figure ?C. Dally Fecal Coliform Indicetor C--o’-’ntl at Will Ro~era _i~__-¢h (C~;,~’; ¯ 200 ¢pu)
~
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Table 18. Risks Among Swimmers at 1-50 Yards Upcoast vs. Risks Among Controls

SYMPTOMS ~ Risks
~    Risks

Fever 114 0.045 138 0.046 0.99 0.78 !.26Chills 63 O.02S 72~ ~ ~ ~ 0.024 1.0~ 0.7~~ so 0.0~0 0.0~0 0.9~ 0.6~ j.,~~’"~. o.o~z ~.o~ o.~ o.6~~ o.o. o.oo~ t.o~ o.s~Skin nJh" 3~ 0,014 0.008 1.8~ 1.0~inf.t~ cut ~ 0.009         17 0.006 1.6~ 0.8~ 3.0~Nausea ~2 0.032 133~ 0.044 0.74 0.56 0.97~ o.o, s7 o.o~9 o.7~ o.s~ ~.,~Dia~hca 120 0.047 204 0.067 0.70 0.57 0.88Dia~hca w/blo~ I 0.000 7 o.oo o.o 
~

0.064 206              0.068 0.95 0.78 I. 16! 73 0.068 209 0.069 0.99 0.82~ ~ ~ 1.20

~
80 0.032 90 0.030 1.06 0.79 1.43205 0.081 273 0.090 0.90 0.76 1.07~re th~at 177 0.070 190 0.063 !. 12 0.92 1.36HCGi! 0.028 102

HCG!2 ~ ~ 0.034 0.83 0.62 1.1220 0.008                         26 0.009 0.92 0.5~ 1.65S~ i 12 0.~4 139 0.046 0.97 0.76 !.23stat~ti~y sign~cant at p < 0.05
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Table 19. Risks Among Swimmers at 51-100 Yards Upcoast vs. Risks Among Controls

T_~-i g~_-_-_-_-~ " 218~ Total U_m,~__-~_ " 3030

SYMPTOMS
$1-100_.vdl -- 400+ yds

Fever I09.00 0.050 I’~ 0.046- ,.u:~      O.i16 1.40(~hilll $4 0.02S "/2 0.024 1.04 0,./3 -- 1.47~ 45 0.021 61 0.02-~-’--" 1.02 " 0.70 - !.50Earache |1 0.0;3~---" 116 0.038 0.97-- 0.7;3 !.28Ear dischar~L 10 0.00~" 0.66 " 0.;31 1.40Skin r._____~ash 20 0.009 ~" " 0.66 2.19i.f¢ctcd �u� 10 0.00S
Nausea 75 0.034 133 0.044 0.7"---T- 0.59 1.03Vomiting 40 0.018 57 0.019 0.97 0.65 ! 45Diarrhea 96 0.044 204 0.067 0.65 0.52 0.83Diarrhea wl blood ! 0.000 7 0.002 0.20 0.02 - i.61Stomach pain ! 26 0.058 206 0.068 0.85 0.68 1.05~ 164 0.075 209 0.069 i.09 0.89 - 1.32Phlegm 69 0.032 90 0.030 i.06 0.78 i.45Nasal congestion 214 0.098 273 0.090 1.09 0.92 1.29Sore throat 168 0.077 190 0.063 1.23 1.00 1.50H(~Gi I 63 0.029 102 0.034 0.86 0.63 1.17..... H(~(;I 2 19 0.009 26 0.009 1.01 0.56 i.83SRD 114 0.052 139 0.046 I_ld
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Table 21. Risks Among Swimmers at 51-I 00 Yards Downcoast vs. Risks Among Controls

ALL

$1ol00 yds ~__a~. yds
SYMPTOMS IM Rieke III R!_~_k~ RR L===~ ~% (~1 I~,~ ~S% C~

Fever 49 0.~_~.~ 138 0.046 0.96 0.70 1.32Chills 31 0.028 72 0.024 1.16 0.77 1.76Eye discharge 14 0.012 61 0.020 0.62 0.35 I. ! 0Earache 3S 0.031 "’ i 16 0.038 0.81 0.56 !.18Ear discharge 9 0.008 21 0.007 1.15 0.53 2.51,. Skin rash 10 0.009 23 0.008 1.17 0.56 2.45Infected cut 6 0.005 17 0.006 0.95 0.38 2.40Nausea ~ 0.036 133 0.044 0.8i 0.57 1.15
~ 18 0.016 57 0.019 0.8---~ 0.5~’--’-" 1.4~----Diarrhea 67 0.060 204 0.067 0.88 0.68 I. 1Diarrhea._.._..~w/blood I 0.001 7 0.002 0.38 0.05 3. i 2 --Stomach pain 68 0.060 206 0.068 0.89 0.68 !.16
~ 99 0.088 209 0.069 1.2"---~ !.01 1.60--PK le~.m 45 0.040 90 0.030 ! -35 0.95 ! .9 INasal congestion" ! 37 0.122 273 0.090 i-35 i. i I 1.64Sore Ihroat 76 0.068 190 0.063 1.08 0.83 !.39iICGI. ! 33 0.029 i 02 0.034 0.87 0.59 1.28HCGI 2 9 0.008 26 0.009 0.93 0.44 1.98SRD 63 0.056 139 0.046 1.22"statisti~’~_lly si~na_’_ficant at p < 0.05
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Table 23. Risks Among Swimmers At Each Distance vs. Risks Among Controls

I o SO                ~i o I00
SYMPTOMS RR ~ Cl RR Lo~¢r ~% ~ Upper ~% RR Lo~er ~% Ci Upper ~5% CI

Fever I-q7 1.17 ~-i0 0.99 0.78 1.26 1.09 0.86 1.40Chills 1.58 1.04 2.$9 1.0S 0.7S 1.46 1.04 0,73 1.471.14 0.69 1.90 I).98 0.68 1.42 1.02 0.70 i.50Earache 1.20 0.84 1.72 l).84 0.63 I.I I 0.97 0.73 1.28Ear discha 2.27 1.14 4.51 1.08 0.58 2.01 0.66 0.31 1.40Skin rash 0.64 0.22 . 1.84 1.82 1.08 3.08 1.21 0.66 2.19Injected cut 1.29 0.51 3.27 1.62 0.87 3.03 0.82 0.37 1.78Nausea 1.10 0.78 1.56 ).74 0.56 0.97 0.78 0.59 1.03Vomi 1.61 1.01 2.56 1.76 0.50 1.14 0.97 0.65 1.45Diarrhea |.95 0.71 1.27 t.70 0.57 0.88 ~).65 0.52 0.83Diarrhea w! I 1.05 0.22 5.03 0.02 !.39 ).20 0.02 1.61h 1.08 0.82 1.43 ~.95 0.78 1.16 1.85 0.68 !.05(~ou 0.72 1.28 ,.99 0.82 1.20 1.09~ 0.89 1.32,.591 l.lO 2.29 .06 0.79 1.43 !.60 2.03 3.34Nasal k99 I 0.78 !.27 .901 0.76 1.07 .09 0.92 1.29Sore throat 0.86 1.51 .12 f 0.92 1.36 .23 !.00 1.50HCGi 1 .26 0.86 !.83 ,83 I 0.62 1.12 0.63 i.17HCG! 2 .11 I 1.12 3.97 ,92 I 0.52 1.65 .01 0.56 1.83SRD .66 J !.25 2.21 97 I 0.76 !.23 0.89 1.45
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Table 25. Risks Among Swimmers at 1-50 Yards Upcoast vs. Risks Among Controls

T_a~__-~ h;:;~." - 2892 T-~*-~*~ Um_,’~p~___,~_ - 624 rI-S0 yds t--n0+ yds
SYMFrOMS IU PJ_,ks IU Risks RR !.;;.;.; ~%ci up[..--; ~% ("1

Fever
16134

0.048 27 0.04~3 1.04 0.69 1.57(~h ills 0.028 ! I 0.0 i 8 ! .41 0.78 2.67Eye 4!_~e_har~e $0 0.020 19 0.030 0.68 0.39 1.09Earache 01 0.032
246

0.042 0.77 0.50 1.19~" discharge 19 0.005 0.006 1.17 0.40 3.43Skin rash 38 0.014 3 0.00S 2.88 0.89 9.33 - ~r~lnfe~ted cut 23 0.009 I 0.002 $.67 0.77 41.94 "-’Nausea 82 0.0;32 27 0.043 0.75 0.49 1.15 -Vomiting 36 0.014 10 0.016 0.89 0.44 1.78 --Diarrhea 120 0.047 36 0.058 0.82 0.57 1.18Diarrhea w/blood I 0.000 0 0.000 - _ _Stomach pain 163 0.064 163 0.261 0.25 0.20 0.30(~oughing 173 0.068 34 0.054 1.26 0.88 1.79Phlegm 80 0.032 I I 0.018 J.79 0.96 3.35 --Nasal congestion 205 0.081 46 0.074 !.10 0.81 1.50Sore throat 177 0.070 33 0.053 1.32 0.92 !.90 ---IICGi I 71 0.028 23 0.037 0.76 0.48 !.21IICG! 2 20 0.008 2 0.003 2.47 0.58 10.53SRi~ 112 0.044 17 0.027 !.63 0_gg 7 ~q -
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Table 27. Risks Among Swimmers at 1-50 Yards Downcoast vs. Risks Among Controls

Total h~.;;~- - 1926 Total Une~_pm~d - 624,-so~, ,,,,,.:::: yds

Fever 94 0.049 27 0.043 1.13 0.74 1.71Chills 4~ 0.023 ! ! 0.018 1.33 0.69 2.~5Eye discharKe 23 0.012 19 0.030 0.39 0.22 0.72Earache 55 0.029 26 0.042 0.69 0.43 1.08_F-_mr discharge 6 0.003 4 0.006 0.49 0.14 1.72Skin rash 18 0.009 3 0.00:5 1.94 0.57 6.58Infected cut 14 0.007 I 0.002 4.54 0.60 34.43Nausea 6 ! 0.032 27 0.043 0.73 0.47 !.14Vomiting 27 0.014 10 0.016 0.87 0.43 1.80Diarrhea 82 0.043 36 0.058 0.74 0.50 1.08Diarrhea w/blood 2 0.001 0 0.000 - _ _
Stomach pain 108 0.0:56 44 0.071 0.80 0.57 !.!2Cou~hin~ 123 0.064 34 0.054 !.17 0.81 1.69Phlegm 63 0.033 I I 0.018 1.86 0.98 3.50Nasal congestion 166 0.086 46 0.074 1.17 0.8:5 !.60Sore throat 127 0.066 33 0.053 1.25 0.86 1.81HCGi I 50 0.026 23 0.037 0.70 0.43 1.14HCGi ,,2 12 0.006 2 0.003 1.94 0.44 8.66SRD* 93 0.048 17 0.027 !.77 1.0? ? q~I statistically significant at p < 0.05
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Table 28. Risks Among Swimmers at 51-100 Yards Downcoast vs. Risks Among Controls

- 1125 Total - 624
$1-100                  400+

SYMPTOMS IH Risks IU Risk~ I~wcr 95% (~J

Fever 49 0.044 27 0.043 0.64 1.59Chills 31 0.028 I I 0.0 i 8 0.79 3.0914 0.012 19 0.030 0.21 0.81Earache 38 0.031 26 0.042 0.45 1.23Ear dischar 9 0.008 4 0.006 0.39 4.04Skin rash 10 0.009 3 0.005 0.$1 6.69Infected cut 6 0.00S I 0.002 0.40 27.58Nausea 40 0.036 27 0.043 0.SI 1.33Vomi 18 0.016 10 0.016 0.46 2.15Diarrhea 67 0.060 36 0.058 0.70 1.53Diarrhea w/, ! 0.001 0 0.000 _ _~lomacl) pa|n 68 0.060 44 0.071 0.86 0.59 1.24Coughing= 99 0.088 34 0.054 1.62 !. I ! 2.35Phlegm" 45 0.040 ! ! 0.018 2.27 I. 18 4.36Nasal �ongestion" 137 0.122 46 0.074 1.65 1.20 2.27Sore throat 76 0.068 33 0.053 !.28 0.86 i.90HCG! I 33 0.029 23 0.037 0.S0 0.47 1.34llCG! 2 9 0.008 2 0.003 2.50 0.54 ! 1.52SRD’ 63 0.056 17 0.027 2_06 I ~1 ¯ ~" statisti_�_-~y $ignilicant at p < 0.05
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Table 29. Risks Among Swimmers At Each Distance vs. Risks Among Controls

drain ~                         I - SO                        SI - 100
S~’I¥1PTOMS U L~m-95%, Upper 95% (~1 RR Lower 95% (~1 (~1 Lower 95% (~l Upper 95% (~1

Fever 1.6.~ 1.06 2.57 1.13 0.74 1.71 ,01 0.64 1.59Chills 2.13 1.08 4.20 1.35 0.69 2.55 56 0.79 ;3.090.7-~ 0.40 1.41 t.39 0.22 0.72 0.21 0.8 IEarache 1.1~ 0.68 1.80 1.69 0.4;3 1.08 0.45 !.23Ear discha~ 2.4-~ 0.80 7.48 0.14 1.72 2S 0.39 4.04Skin rash 1.01 0.23’ 4.48 ,.94 0.57 6.58 85 0.51 6.69 ~rInfected cut 4.53 0.55 37.51 1.54 0.60 34.4;3 0.40 27.58 ’-"Nausea I. ! 2 0.69 i.80 ~.7;3 0.47 i. 14 0.51 !.33Vomitin 1.89 0.91 ;3.90 ’.87 0.45 i.80 0.46 2.15Diarrhea hi i 0.74 1.67 .74 0.50 1.08Diarrhea w/bl _ 0.70 1.53
!.05 0.72 i.52 .80 0.57 1.12 0.59 1.24.22 0.81 1.85 ,17 0.81 1.69 ~2 I.II 2.35Phi, ;.68 1.38 5.18 ,86 0.98 3.50 !7 1.18 4.36Nas~tl con .21 0.85 1.7;3 17 : 0.85 1.60 1.20 2.27Sore Ihroal .35 0.89 2.04 25 I 0.86 1.81 18 0.86 1.90Ii(~GI I .15 0.69 1.92 70 I 0.43 1.14 0.47 1.34IICGI 2 .66 i.;30 24.66 94 I 0.44 8.66 0.54 I 1.52SRD ,80 1.65 4.7;3 1.07 2.95 1.21 3.48
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Table 30. Risks Among Swimmem At Each Distance vs. Risks Among Controls

CONTROLS 13fl’O~ 1"O TOTAL/Fff, C.AL IATIOS ¯ S - upceal!

I ~0’                SI - !00
SYMPTOMS ~ Lewer~S% CI Upper,S% RR Lewer~S% CI C! LewcrS5% (~i Upp(r~%

Fever i.06 2.57 1.04 0.69 I.$7 0.76 1.74(~hills ~.l-~ i.08 4.20 1.41 0.75 2.6./ 1.4(] 0../4 2.660.40 1.41 0.6-’; 0.39 1.09 0.61 0.40 I. 15Earache I.IO 0.61 1.80 0.77 0.50 1.19 0.89 0.58 1.370.80 ./.48 1.17 0.40 3.43 0../! 0.22 2.2?Skin rash 1.01 0.23 4.48 2.80 0.89 9.33 1.90 0.57 6.38Infected cut 1.53 0.$$ 37.51 5.67 0.77 41.94 2.85 0.37 22.26Nausea .12 0.69 1.80 0.75 0.49 1.15 0.79 0.52 1.22Vomitin .89 0.91 3.90 0.89 0.44 1.78 1.14 0.57 2.27Diarrhea .I I 0.74 1.67 B.82 0.57 1.18 0.76 0.52 1.10Diarrhea w/blood _
Stomach .05 0.72 1.$2 ).25 0.20 0.30 0.82 0.59 I. 14,22 0.81 1.85 1.26 0.88 1.79 1.38 0.96 1.97,68 1.38 $.18 h79 0.96 3.35 1.79 0.9S 3.36Nasal ,21 0.85 1.73 hi0 0.81 1.50 1.33 0.98 1.80Sore throat 35 0.89 2.04 1.32 0.92 1.90 1.45 1.01 2.09HCGi I 15 0.69 1.92 0.48 1.21 0.78 0.49 1.2~HCGi 2 66 1.30 24.66 0.58 10.53 0.26 0.14 0.48SRD 80 1.65 4.73 .63 0.98 2.69 1.9 i I. 16 3.16
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Table 32. Crude Odds Ratios and 95% Confidence Intervals for
Outcomes of Interest by Distance from Drain Among Swimmers
Ashland Beach.l-

400 100-50 S0-1 0 trend ¯

1.00 0.JJ 0.J4

ChLI~=* 37 43 S7 7 -"

~ 0.88-~.33 0.80-3.03 2.13-6.15

~rsche ~ 57 ~3 7l.O0 0.78 O.SS
~ 0.54-~.Z2 0.3~-O.TJ 0.47-3.33
¯ sr 0 8 13~schargo 1.00 0. Jl 0. JO 1.

0.34-2.44 0.40-2.3~ 0.1S-J.Jl

Znfoc~od cu~ ~ 8 16 0

0.42-3.52 0.$3-4.11

1.00 0.78 0.40 O.S~ 0,00
~ 0.54*2.23 0.43*0.85

V~Ln, 34 3, 35 3

DL~rhea ~4 ~0 203 S~.00 O.S? 0.~4 0.52 0.00

D/~=~ea 5 1 1 0vL~b bled 1. O0 0.18 O. 13 O. O0 O.

8t~ch 93 SO 144paLn 1. oo o. ee o. ~3 o. $2 o.44

1.00 1.10 0.95 0.79 0.44
0.85-1.43    0.74-2.~1    0.39-1.59

Cough ~ 47 57 8~ S
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(oont:Lnuod)

140
~.00 ~.~ O..S ~3.83 0.08

1.1~ 0.94 O.SI 0.37o.,o-~.,

0.84 0.$9 ~.9~ 0.08o.,.~.oo
O.Sl 0.74 0.00 O.J40.4S-~.10    0.3S-1.$4    0.00-~

,.oo       :~,,     o.,
~80-1~ 0.7S-2.3~ 0.40-~.~

....

Lt 139
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Table 34. Crude Odds Ratios and 95% Confidence Intervals for
Outcomes of Interest by Distance from Drain Among Swimmers at Will
Roger’s Beach.l"

400 100-50 50ol 0

1.00 1.51
. 0.$|-2.47    0.J3-2. J0    0.7304.84

�2~11s 8 30 14
1.00

~s~o
0.S~-3.10     0.41-~.~0     0.0J*S.TO

¯ar8~o ~4
1.00 O.T7 O.8T 0.13 O.~l0.43-2.31

lit ~ 7 1 0~sc~rgo
0.30-~.73

2 ¯ O0
O.lO-S.O~    0.32-3.71    0.00-+~

2.00 0.~8 2.40 0.00 0.82
0.2S-3.24     0.43-S.20     0.00-,~

2.00 0.02

V~t£ng
1.00           1.31

D/s~ho~ 43 42            33            0
2.00 0.TS 0.~2 0.00 0.000.48-2.26

0.4S-2.22 0.3S-2.00

Cough 37

0.~0-1.68     0.44-1.17     0.30*~.37

Cough ~ 10 2~ 26 Sphle~
0.43-2.S8 0.38-1.47
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Table 35. Crude Odds Ratios and 95% Confidence Intervals for
Outcomes of Interest by Distance from Drain Among Children Under
Years Old.l-

DJ.et~.n¢o tram drain (Ln

400 100-50 50-1 0 ~.z’end ¯~ exposed= 1551 1470 3078
Foyer* 86 78 113 431.00 0.95 0.88 1.S3 0.18
. 0.70-2.32 0.73-1.31 2.03-3.33

C:hL118 38 3? 44 301.00 1.03 0.84 1.~1 0.510.45ol.43 0.$5-1.34 0,830,3.10
Bye 43 37 34 1,3discharge 1. O0 0.44 0.8‘3 O. 84 0

0.40-1.07 0.39-0.87 0.44-1.80
ueroche 54           SO S8 ‘331.00 0.98 0.80

0.46-]..44 0.$5-1.16

d£ schaz:go * 1, O0 0.78 0.4S
0.37-3.,38 0.,34-1.80 O.Jl-7.$l

8kLn rash 13            14 ‘34 31.00 1.14 1.50 0.44 0.010.53-3.43 0.??-’3.93 0.10-’3.04
Znfectod cut 6              S 8

1.00 0.88 0.99 1.01
0.‘3?-3.89 0.34°3.8? 0.30-S.00

148usee ?S             45 4’1 341.00 0.43 0.$9 1.01 0.130.43-0.91 0.43-0.84 0.43-1.40
Vcm~L t::Lng* 43              31 47

1.00 0.7? 0.83 1.48 0.330.48-1.34 0.55-1.,37

D~arrhea 110            49 85 381.00 0.45 0.54
0.47-0.88 0.43-0.?S 0.?1-1.$)

D:£arrhee 2              1 3~£~h blood 1.00 0.$3 0.?S          ~.03 0.4‘30.05-5.83 0.I0-S.~0 0.45o31.85
8~ch 114            81 133pain I. O0 0.74 O. 86 1.03 0.790.55-0.~$ 0.66-2.22 0.72-2.S2
Cough ~?           23~ 235 402.00 2.~S 0.80 O.JS 0.2~0.90-1.48 0.~3-2.03

Cough & 54            S6 $3 38phlox* 1.00 1.10 0.~3 1.60 O. 880.75-1.61 0.49-1.07 1.00-~.SS

R0047328
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Table 3S (~o~4~ued) V

nolo 2. O0 ~ ¯ O0 0

lo+e 200 203

Z.O0 0.73

14~
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Table 36. Crude Odds Ratios and 95% Confidence Intervals for
Outcomes of Interest by Distance from Drain Among Swimmers Aged
12-25 Years Old:l"

Dlsta-¢e ~=om draLn (~n ysrd~)

400          100-50 S0-1 04 oxposod = 735 853 1108

1.00
0.67-2,S8    0.i5-2.30    O.7S-S.J]

dLa~rgo 1 ¯ O0 1.17 2.34 1.~t 0,410.67-4.1S     0.S4-3,30     0.S0-7.6q

g~ache 33 38 38 10
1 ¯ O0 0. JS 0 ¯ 71 1.40 0.0.5~-1.53 0.44-1.24 O.ST*l. JO

~sc~rgo ~. O0 0.TA A. 07

J~n rash S 3 ~3 0~.00 O.SO A.~3 0.00 O.S~

~a~soa 25 40 34 72.00 ~.34 0.~4 1.~ 0.6X
0.81-3.]3     0.S001.43     0.5403.03

~.00 ~.~8 0.44 1.30 0.30

DLar:hea 43 31 4~ 10A.00 0.S8 0.~S
0.3~-0.93 0.43-1.00 0.S3-3.1S

DLa:rhe8 3               1 0 0v~ bl~ 1.00 0.38 0.00 0.00 0.07
0.03-3.65 0.00-e~ 0.00-~

St~ch 52 54 77paLn 1. O0 O. 85 O. J2 O. ~ O. 780.$7-1.3~ 0.64-1.33 0.49-1.88
Cou2h 43 72 87 131.00 1.40 1.28 1.40 O.=S

Cough & 21 3~ 48 10phle~* 1.00 1.27 1.44 3.33 O.OS0.~3-~.33 0.8S-3.43 1.03-4.84
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Table 37. Crude Odds Ratios and 95% Confidence Intervals for
Outcomes of Interest by Distance from Drain Among Adults Over
Years OId.l"

D:Lst-,,ce ~’~ d.~a:Ln (.tn yards)

400 100-50 S0-1 0 tz’~usd ¯0 ex’poned, 140 J49 3,363, 1|0

1.00 1.19 1,08 1.10 O,OJ
_ O.?3-l.Jl 0.¯?-1.74 0.4S-3.71

1.00 1.01 1.07 1,34 0,69
0.56-1.83     0,61-1.$4     0,’i0-3,30

dLaeh~tge 1. O0 1.38 1.19 1.83 0.48
_ 0.60-3.?3 0.57-3.46 0.S70|.70

1.00 O.?S 0.01 1.03 0.66
_ 0.44-1.36 0.50-1.33 0.43-3.Sl
Bar ¯ ? 0 4d:L-,�,bazge 1.00 0.91 0. S9 3.35 0.040.30-3.?3 0.1~-1.83

1.00 3.04 1.66
0.72-5.?S 0.6004.64 0.38-10.34

Zn~oc~l:ed 3              S 14 3cut 1.00 1.30 3.?| 3.31 0.04
0.31-S.46 0.80-9.?2 0.55-30.04

1.00           0.70 0.$S 1.31        0.90

1.00 0.78 0.81 0.00 0.31
0.39-2.08    0.33-2.03     0 ¯ 00-e23r/’

D£arz-hea $1              63 71 S
1.00 0.96 0.81 0.47’ 0.090.66-1.41 0.56-1.18 0.18-1.19

D£az-z-hea 3               0 1 0vLl~h blood 2.00          0.00 0.30 0.00

pals, 1. O0 1.16 0.90
0.??-1.?$ 0.60-1.35 0.69-3.7?

Cough 39            55 70
1.00 1.11 1.07          0.34 0.440.73-1.E9 0.71-2.59 0.06-1.03

Cough & 2S 36 43phlegm 1. O0 1.36 2.68 0.33 0.38
0.’/’~ 02.5~ 0.92-3.05 0.0,1o3.47

R~.~y S¯           101 i03 ~noso 1.00 1.48 1.13 0.79 0.75
1.05-3.09 0.’/9-1.57 0.38-1.65
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I1"1 ’ ~’~’0 I0"! 01"1 ’SL.’O £6"0 (]}iS
19"! ’ P9"O !0"! 10"1" 68"0 P£’! 1
l£’l ’ 08"0 10"1 0£’1 ’PS"O 50"1 I lg,.~ll
11"i ’ 68"0 PO’i 11"! ’1:8"0 /.6"0
61"! 16"0 1,0"! Ol’l ’98"0 L6"O
11"! "LL’O L6"O IO’i ’99"0 1:8"0 m3~lqd
PI"I 16"0 90"1 80"1 ’18"0 1,6"0 ;lu!q~lno..~
IZ’1 °/.8"0 £0"1 L£’I ’!0"1 81"1 u!~d q:)wmols
60!’ ’ 6I"0 80"! 85"5 ’I5"0 OL’I poolq/M IlailJJll!(]
II’l fl’O O0"l I£’1 ’56"0 1:!’1
8I"! 59"0 I6"0 5£’! ’5//0 I0"| ~u!l!moA
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Table 40. Odds Ratios and 95% Confidence Intervals for E. Coli
Dichotomized First at 160 cfu, then at 320 cfu. The Number of
Diseased Subjects are Given on the First Line for Each Outcome.

~ exponed ~ 150~

,ever 74. O0 45. O0
1.03 O,J4

. 0.80ol.3~

Ch1128 40.00 2~.00
1.10 O.JO

0.7|-1.SS 0.S8-1.3~

i~e 3~.00 33.00dLmchsrgo 1. O? 1.33
0.7~-1.SJ O.|S-l.OS

|~racho* 45.00 47.00
1.3~ 1.4~

1.00-1.74" 1.0~-2.00"
Bs: 22 ¯ O0 ~ ¯ O0disc~rge 1.38 0. J3

0.i~-~.40 0.40-~.11
JkL~iJh 21. O0 1S.00

1.S7               1.48
0.~7-2.S5           0.~70~.~

Znfec~od 12.00 ~.00cu~ 1.36 1.SS
0.?~-2.55 ~.77-3.16

X~usea 60, O0 43. O0
1 ¯ O~ 1 ¯ 17

0.82-1.~S 0.84-1.13
~tLn, 28.00 ’O.O0

0.71-1.61 0.73-1.88

0.7~-1.28 0.00-1.4~

DL a~he8 3, O0 0. O0vLth b2~ 2.32 0.00
0.~8-S.0S 0.00-~

8~che 202. O0 70. O0paLn 2. OS 2.24
0.88-~.36 0.~0-1.50

2.0S ~.~0
0.8S-2.~S 0.~S-2.53

Cough & 54.00 43.00
phlo~ 1.06 1.33

0.79-1.42 0.~5-1.83
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T~le 41

lu~¥ 2~? ~04 ~73 28~nose 1.00 2.05 0.01 0.~          O.~J 2.0~
_ O.tl-l,3J 0.~-1.0| 0.10-2,22 0.i1-2,~3 0.~-1.01
lore 145 1S4 131 138
P.,,~.~oet 1.00 1.08 O.lJ O,JJ O.Jl 1.01

~ _ 0.85-1.37 0.?0-1.13 0.77.2.+S 0.77-1.34 O.,7-1.OS

o.,,-o., o.,.o.,~o.,.~., o.,.~.o,o.,,.~.o,

re~p.        1.00         1.33 0.18 1.01 O.JSdLsonse 1.03-1.71 0.?S-1.~8 0.0~-1.38 0.73-~.3S

be~veen ~he SO~h ~ lO~h percentiles. ~e n~e~ of 8~ec~o vL~ each

R0047339
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V

itu~ny 2J? 304 273 20J ],~3 Lnose ]., O0 l, 04 0,84 O, S5 0,94 ]., 030.84-].,27 0.68-2,04 0.77-2.].0 O, 76o]., ].7
Ooz’o 245 2S4 232 23i 539t~zoet ~5.00 ,t.O? O.l? O.J4 0.|2        1.01
, 0.86-2,3S 0,68-2,11 0,74-1,31 0,72-2,1| 0,97-1,05

2.00 0.68 O.SS 0.79 0.74
" 0.48-0.J6 0.38-0.7J 0.56-1.11 0.52-I,0S 0.97-1.08

1.00 0.63 0.60 1.04 0.75 1.030.32-1,24 0.31-1,18 0,S8-1,8S    0,40-],,42 0,92-1,13
81gn:L f, 224 247 213 ].26 20?rosp, 2. O0 1.32 O, ~? 1,03 O, 93 1,03dlseaeo 1.03-1,70 0.74-1 26 0,7J-1.36 0.69-]..33 0,98-1.06"

1" L£neaz" re,,u6~8 ©oz-z-ospond to ~n Lncz’eeae J.n ~ho expoe~z,~e o~el to ~he d£fforenoo
be~veen the 90~h and loeb porcen~Lles. The number of I~b~ic:~j vL~h etch o~toame
gLven on the ~Lrst 1Lee.
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Table 43. Risks For High vs. Low Enterococcus Indicator Counts

ALL BKACIIKS

Total exp,~ - ~4~ Total .m,.,p~__~_~_ - 9561
¯ 106 cfu < 106 ¢fu

SYMPTOMS !11 Risk 111 Risks RR

Fever 45 0.053 455 0.048 1.12 0.83 1.50Chills 24 0.028 231 0.024 1.17 0.77 1.77Eye dischar/[e 16 0.019 174 0.018 1.04 0.62 1.72Earache 31 0.057 327 0.034 1.07 0.74 1.53Ear discharge ,. 4 O.OOS 64 0.007 0.70 0.26 1.93Skin rash 13 0.015 87 0.009 1.68 0.94 3.00Infected cut 68 0.080 58 0~006 13.22 9.38 i 8.63Nausea 40 0.047 344 0.036 1.31 0.95 1.81Vomitin/~ 18 0.021 164 0.017 1.24 0.76 2.00Diarrhea 57 0.067 499 0.052 1.29 0.99 1.68Diarrhea wl blood t 3 0.004 8 0.00 ! 4.23 I. 12 15.9 IStomach pain 59 0.070 590 0.062 1.13 0.87 1.46Coughing 63 0.074 675 0.071 1.05 0.82 i.35 --Phle£m 31 0.037 325 0.034 1.08 0.75 1.54Nasal congestion 85 0.100 869 0.091 1.10 0.89 1.36Sore throat 52 0.061 651 0.068 0.90 0.69 i.18HCGI I " 36 0.042 281 0.029 1.44 1.03 2.03H(~Gi’.,, 2 12 0.014 81 0.008 1.67 0.91 3.05SRD 45 0.053 481 0.050 !.05
statistically significant at p < 0.05
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T~blo 4S (~ont~nuod)

nooe* 1.00 ~. 0S 1. ~1 1.04 1. ~3 1.03M 0.05-1 30 0.S0-~.3~ 0.84-~.28

N 0.S~-~.50 0.J8-1.57 1.05-1.lj 0.7i-1.]7 0.JJ-l.04

HCGZ 3 1S 11 3~ 17’~ ~.00 O.l? ~.OS 2.3S 2.~3 1.04~ N 0.40-1.~0 1.10-3.84 0.~3-~.S~ 0.84-3.11 0.~-1.08
8~1~. 128 10~ 117 130 103reep. 2.00 0.98 1.0S ~. 13 0.93 2.00~ d~lotlo 0.7S-1.28 0,82-1.3S 0.88-1.4f 0.71-1.33 0.J7-1,04

bot~en ~h, 90th ~4 10~h percontlloo. ~o n~or o~ s~oct8 vl~ os~h out~ ~o
given on ~o ~lrs~

J0

I
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Table 46. Adjusted Odds Ratios and 95% Confidence Intervals for
Enterococcus by Quintiles and from a Linear Model.?

~u£ntlle (�~u) l£no~r
model

1 2 3 4
~4 dPOinte s 2.00 f.SO 27.2S aT.TS ~0.2S

2.00 O.OS 2.20 0.93 0.~0          2.03
0.$3-2.24    0.84-2.44    0.70-~.23     0.ST-2.22    1.02-2.0~

~22= ~2           44 S~ 4~ 47
~.00 O,i~ O,J~ O.?i 0.TJ

0.S8-2.28 0.~-2,3~ 0,53-2.1~ O,S3-2.ZJ    O.i]-2.0J

~e 4~ 38 40 3T 34
dLoc~go 1. O0 1.1~ 1.01 O. ~S 1. O~ 1.03

0.71-1.~S 0.65-1.57 0.63-1.57 0.63-1.66

~arsche 79            7S ~3 7~
~.00 1.~1 0.13 O.Jl 0,84

0.80-1.54 O.SS-:.I~ 0.72-1.37 O.SS-I.~O

d/schsrge 1.00 0.53 0.6~ 0.3~ 0.53 0.89
0.25-1.14    0.33-1.29 0.18-0.87     0.2~-1.20 O.16-~.lJ

1.00 O.S: 1.41 0.99 1.~7 1.0~
0.23-1.1S    O.TS-~.SO    0.53-1.88     0.66-3.45    1.03o1.10

cut 1.00 O.T1 0.53 0.91 0.88 O.
0.32-2.SS    0.2202.~4    0.44-1.8S     0.41-1.85    0.86-2.22

~sulea* ~4             6S 83 82 80
2.00 2.06 2.20 1.17 1.14          1.04

0.75-1.48 0.87-1.66 0.85-2.~3 0.81-1.5S    2.01-1.06

~kng 35          30 43 36 38
1.00 1.08 1.33 1.18 1.34

0.6~-1.?~ 0.84-2.08 0.74-1.S0 0.83-~.17

Diarrhea* 106           11~ 113 103 118
1.00 1.26 1.12 0.96 1.05 1.03

0.96-1.66 0.8S-1.4~ 0.7~-1.28 0.79-1.40 2.01-1.05

v£~h blood 1.00 0.42 0.71 0.6S ~.02 I.OS
0.04-4.0?    0.12-4.~?    0.11-4.~4     0.1S-S.3S    0.S1-1.~3

S~ch 128         121 139 119 14~
~atn 1.00 1.13 1.17 0.99 1.18 1.02

0.87-1.46 0.91-1.50 0.76-1.28 0.~1-1.5}

Cough* 145           128 168 7 130
1.00 1.0? 1.2S 1.29 1.06 1.03

0.84-1.38 O.SS-I.ST 1.02-1.$3 0.82-1.38 1.01-1.05

Cough G     72           67 74 77 66
~h~e~ 1.O0 ~.~S ~.0~ ~.~8 ~.08

0.82-~.~2 0.7~-~.52 0.85-~.~5 0.7~-~,55    0.~-~.0~
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~ T~le 46 (�ont£nued) V

0~nnye 190           175 ,06 18S 190, ,o.. 1.00 1.05 1.11 0.99 1.07 1.0, "r/0.’’’2.30 0.,0-,.36 0.80.2.,3 0.0S-1.33 1.00-2.0S

~ |ore 136 133 158 161T~oet 1.00 1.28 1.25 1.,9 O.I, ~.01
_ 0.9~-1.51 0.91-2.$9 1.01-2.64 0.70-2.20

I~ 1.00 0.90 1.11 0.89 1.0,
O.?9*l.SS    0.1~-1.,i     0.71-1.46

j| 1.00 0.93 ,.11 1.23 1.490.43-2.04 1.12-3.9S 0.60o3.47 0.74-3.97 2.00-1.0J
~ |1~1~. 128 106 137 130 ~03
~ resp. 1.00 1,01 1.06 1.11 0.~2 1.02d/soeso 0.77-1.33 0.82°1.3~ 0.8~-1.44 0.70-1.33 0.S7-1.04-

* 8tatLst/©a11¥ etg~L~Lc~t at ~.OS.
~ ~/near reault8 ©orrespond to ~ £ncrosse £n ~e oxpoa~e oq~el to

betveen the ~Oth ~ 10th percont£1e8. The number o~ J~l~J ~ each ~tc~
given o: ~l ~rl~ 2the.

’
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Table 47. Risks For High vs. Low Total Coliform Indicator Counts

Total Exposed - 847 Total Unexposed - 9862
¯ 10~000 cfa < 10,000 cfu

SYMiVIOMS IU Risk ill

Fever 44 0.0S2 456 0.048 1.09 0.81 1.47
(~hills I I 0.013 244 0.026 0.51 0.28 0.93

Eye discharl~e 18 0.021 172 0.018 1.18 0.73 1.91
Earache 22 0.026 336 0.035 0.74 0.48 1.13

Ear discharge 2 0.002 66 0.007 0.34 0.08 1.39
Skin rash¯ 21 0.025 79 0.008 3.00 1.86 4.83

Infected cut 4 0.00S 60 0.006 0.75 0.27 2.07
Nausea 23 0.027 361 0.038 0.72 0.47 i.09

Vomiting I I 0.013 171 0.018 0.73 0.40 !.33
Diarrhea 37 0.044 519 0.054 0.80 0.58 !.12

Diarrhea w/blood I 0.001 10 0.001 1.13 0.14 8.81
Stomach pain 37 0.044 612 0.064 0.68 0.49 0.94

Coughing 59 0.070 679 0.071 0.98 0.76 1.27
Phlej~m 31 0.037 325 0.034 1.08 0.75 1.55

Nasal �ongestion 81 0.096 873 0.091 1.05 0.84 1.30
Sore throat 53 0.063 650 0.068 0.92 0.70 1.2 I
ilCG! I 21 0.025 296 0.031 0.80 0.52 1.24
HCGI 2 5 0.006 88 0.009 0.64 0.26 1.58

SRD 46 0.054 480 0.050 i.08 0.81 1.45
statistically significant at p < 0.05
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Table 48. Risks For High vs. Low Bacterial Indicators

> 1000 d’u                   > 10~--~00- cfu
Symptoms RR 95% C~i RR 95% (~I

Fever 0.9"/ 0.80~ !.17 !.11 0.821 1.49
L’~hills 0.86 0.65 ~ 1.14 0.51 0.28 ~ 0.93

!Eye discharKe 0.69 0.49 ~ 0.98 1.18 0.73 ~ 1.91
Earache 0.87 0.69 ~ 1.10 0.74 0.48 ~ 1.13
Ear discharge 0.87 0.5l ; 1.51 0.34 0.08 ~ !.37
Skin rashn 1.44 0.96 ! 2.17 3.00 1.87 ~ 4.84
Infected cut 0.82 0.46 ~ 1.46 0.75 0.27 ~ 2.07
Nausea 0.84 0.67,1.06 0.72 0.47 ~ 1.09
Vomiting 0.87 0.62 ~ i.22 0.72 0.39 T !.32
Diarrhea 0.75 0.62 0.92 0.80 0.58 ~ i.I!
Diarrhea w/blood 1.00 0.27 ~ 3.78 !.13 0.14 ~ 8.82

! Stomach pain 0.88 0.74 v 1.05 0.68 0.49 T 0.94
Coughing 0.95 0.82 v i.12 0.98 0.76 ~ 1.27
Phlegm 0.88 0.69, !.! ! 1.06 0.74, i.53
Nasal �onge.stion 0.96 0.84, i.10 1.04 0.84 ~ 1.29
Sore throat 0.84 0.71 ~ 1.00 0.91 0.70~ 1.20
H(~GI_I 0.83 0.64, 1.07 0.80 0.52, 1.24
H(~(;i 2 0.78 0.48,1.26 0.64 0.26 ~ 1.58
SRD 0.88 0.72, 1.06 i.07 0.80, 1.43
"statLsticaily significant at p < 0.05
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Table 49. Crude Odds Ratios and 95% Confidence Intervals for Total
Coliform by Quintiles and From a Linear Model.

~ulnt£1o 11near
model*

1         2         3        4          S             ’
-4 dpo~nts s 22.75 86. O0 2S~ .75 834. ~S i680. O0
0 oxposods 2108 2102 20S~ 2062 2078

Foyer       J6. O0       103. O0 115. O0 $6. O0 10:2. O0
1.00 1.08 1.24 O.8S 1.08 0.00

0.81-1.44 0.94-1.64 0.66-1.:~0 0.11-1.44 0.J6-1.02

ChLlla $3.00       62.00 $2.00 46.00 42.00
1.00 1.18 1.00 0.80 0.80 0.00

0.81-1.71 0.68-1.48

~e ~4. O0       SS. O0 51. O0 ~. O0 33. O0
~Jchrgo Z.O0 2.33 2.21 1.]0 1.34         1.01

~.44-3.78 ~.35-3.S0 0.~-~.0~ 0.80-2.3~ O,Jl-l.Ol

Z~rJ~e ~.00       73.00 8].00 ~.00 4~.00
1.00 O.JS 1.0~

0.68-1.31 0.80-1.S0

Bar         16. O0        13. O0 18. O0 J. O0 ~2. O0
~sc~go 1.00 0.81 1.1S O.S7 0.76        0.78

0.3S-1.?0 O.SS-~.:? 0~-1.30 0.3~-1.~1 0.S1-1.13

8kLn rssh* 13.00        14.00 30.00 M.O0
1.00 ~.08 3.38 1.20           2.38 1.01

0.$1-].30 1.~4-4.58 0.~-].3S ~.18-4.40

Zn~ec~e4 18. O0 10. O0 ~2. O0

0.2~-1.~1 0.33-1.4~    0~-1.4Z     0.3~-1.40    0.~8-1.05

~J~sea ~9.00        93.00 92.00 ~.00 iS.00
1.00 1.37 1.38

1.00-1.88 1.01-1.S0 0~-1.36 0.68-1.3S 0.S8-1.0~

Y~Lng 31.00       37.00 45.00 ~.00 33.00
1.00 1.~0 1.50 1.1~ 1.08 1.01

0.~4-1.S4 0.S4-2.38

Dk~hea 110.00       130.00       13S. 00       ~.00         85.00
1.00 1.20 1.31 O.IS 0.77 O.JS

0.92-1.$6 1,02-1.?0

D£srrho8 2.00 ~. 00 3 ¯ 00 ].0G ~. 00
v£~ blo~ 2,00 2.00 2.S4

0.14-7.13 0.26-S.22 0.N-7.~6 0.24-7.22 0.47-2.64

St~ch 234.00      232.00 239.00 ~.00 223.00
pa£n 1.00 0. ~ 1.07 1.00 0.85 1.00

0.77-1.27 0.83-1.36

Cough 142.00      150.00 177.00 ~00 148.00
1.00 1.06 1.30 ~8~ 1.06 1.01

0.84-1.35 1.03-1.64 0.~I.~1 0.84-1.3S

Cough &     ~2.00        ~4.00 83.00 ~00 ~4.00
phlo~ 1.00 2.03 1.19 ~7S 1.04 ~.00

0.~4-~.44 0.86-~.64 0.~.07 O.~S-I.4S 0.S8-2.03
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V
.
1 R~n¥ 2J6. O0 2J1. O0 207. O0~omo 2.00 0.~7 2.0~ 0.0~ 2.00 Z.O2
J ~ore Z34,00 25~.00 257.00 Z~.O0 2~4.00

~" HC~Z I ~3.00 ~7.00 73.00 5S.O0 SS.O02,00 2.07 2.2~ 0.~ O.ii
I~ ~CGX 3 12.00 20.00 30.00 1S.00 ~S.O0

t � 8L~Lf, 227.00 23~. O0 ~37.00 J2.00 228.00rosp. 2. O0 1.23 1.21 O. 7~ I. O~ ~ ¯ O0~ ~aeise 0.87-2.46 0.~4-2 S6 0.S~-1.04 0.7~02.33 O. ~8-2.02
¯ Xo~r~y :on,to.

II

i~.:
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Table 50. Adjusted odds ratios and 95% confidence intervals for total
coliform by quintiles and from a linear model. Linear results correspond
to an increase in the exposure equal to the difference between the 90th
and 10th percentiles. The number of subjects with each outcome are
given on the first line.

modolO ¯
1             2              $              4               $

m4 dpotntj 8 23.79 86.00 2SJ.TS 834.2| 6680.00I OXpOIOd, 2100 2102 2059 2062 2078
Fever 96.00 103.00 115.00 84.00 102.00

1.00 1,01 1.26 0.91 1.11          O.JJ
0.81-1.44 0.95-1.67 0.67-1.23 0,82-1.S0    O.Jl-l.02

Chilli S3.00         62,00 S2.00 46.00 42.001.00 1.20 1.07 0.94 0.$6          O.J9
0.i2-1.74 0.72-1.$9 0.$3-2,40 0,SS-1.33    0.J5-1,03

¯yo 24. O0        SS. O0 S1.00 21. O0 32.00d~Lochargo 1.00 2.24 2.1S 1.29 1.20         2.01
1.38-3.64 1.31-3.94 0.68-2.06 0.69-2.08    0.98-1.03

Za=,¢ho ?7. O0        73. O0 82. O0 64. O0 62. O02.00 0.94 1.08 0.85 0.84
0.48-1.31 0.T8-1.49 0.60-1.19 0.59-1.22 0.91-1.02

Zsr 16.00        13.00 20.00 9.00 12.00d£ Jcha=go 2. O0 O. 84 1.26 0.63 0.91         0. |0
0.40-1.76 0.63*2.92 0.27-1.43 0.42-2.04 0.$4-1.17

8k£n r,sh* 13.00 14.00 30.00 24.00 29.001.00 1.07 2.32 1.10 2.10          1.01
0.50-2.29 1.19-4.$3 0.$1-2.36 1.05-4.21 0.97-1.04

Zn~octo4 18.00       10.00 12.00 12.00 12.00cut 1.00 0.S7 0.66 0.70 0.81 1.030.26-1.23 0.31-1.40 0.33-2.46 0.37-1.76
~suse~ 69.00        93.00 92.00 65.00 65.001.00 1.38 1.43 1.00 1.06         1.01

1.00-1.90 1.04-1.98 0.71-1.41 0.74-1.52 0.99ol.03
Vcm~L l:£ng 31.00       37.00 4S.00 36.00 33.001.00 1.20 1.61 1.26 1,08 1.010.74-1.95 1.01-2.58 0.77-2.05 0.64-1.81 0.99-1.04
D:L~z~::ho, 110.00       130.00 139.00 92.00 05.002.00 1.23 1.33 0.86 0.90 1.000.94-1.$0 1.03-1.74 0.65*1.15 0.66-1.22 0.98-1.03
D~a==hea 2.00         2.00 3.00 2.00 2.00v:Lth ~lood 1.00 1.13 2.10 1.21 1.42 0.92

0.16-8.09 0.34-13.00 0.17-8.68 0.18-11.37 0.51o1.~S
8t:~ch 134.00      132.00 139.00 131.00 113.00pa:Ln 1.00 2.00 1.10 2.03 0.94 1.02

0.78-1.28 0.86-1.41 0.80-1.32 0.72-1.23 0.99-1.03
Cough :].42.00       150.00 177.00 121.00 148.001.00 1.04 1.30 0.8? 1.03 1.010.82-1.33 1.03-1.64 0.68-1.12 0.80-1.32 0.99-2.02
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?~.00 74.00 83.00 $3.00 74.00~. O0 ~. 04 2. ~2 O. 70 I. O~ 1. O0

1.00 0.97 1.08 0.8~ ~.03 1.020.78-2.2~ 0.87-2.33 0.1J-2.07    0.03-1.37 1.00-2.03

234. O0 2S~. O0 257. O0
2.00 ~.~0 2.~] 1.00        O.SS 1.00

~3.00 ~7.00 73.00 SS.O0 SS.O02. O0 1. O~ 1.23 O.
0.75-~.S1 0.87-2.75

22.00      ~0.00 30.00 25.00 14.002,00 1.80 ].0]
0.87-3.72 2.S2-S.~S 0.~7-3.22 0.7S03.S~ 0.77-2.12

227.00      232.00 237.00 J2,00 220.002.00 2.23 1.~4 0.82 1.03 2.000,87-~.4~ 0,J5*~,~0 0.~-2.07 0,70-~,37 O,J~-~,O~

|!
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Table 51. Risks For High vs. Low Fecal Coliform Indicator Counts

Total EXlJosed = 16,36 Total Unexposed = 8773
> 400 cfu < 400 cfu

SYMPTOMS ill Risks Ui Risks RR t

Fever 80 0.049 420 0.048 1.02 0.81 1.29
Chilis 34 0.021 221 0.02S 0.82 0.58 1.18

Eye discharge 30 0.018 160 0.018 !.01 0.68 1.48
Earache 57 0.03S 301 0.034 !.02 0.77 1.34

Ear discharge 7 0.004 61 0.007 0.62 0.28 1.34
Skin rasht 26 0.016 74 0.008 1.88 1.21 2.94
Infected cut IS 0.009 49 0.006 1.64 0.92 2.92

Nausea 57 0.035 327 0.037 0.93 0.71 1.23
Vomiting 31 0.019 151 0.017 1.10 0.75 !.61
Diarrhea 81 0.050 475 0.054 0.9 i 0.7.3 I. 15

Diarrhea w/blood 3 0.002 8 0.001 2.01 0.53 7.57
Stomach pain 103 0.063 546 0.062 1.01 0.83 1.24

Coughing I i 7 0.0?2 62 ! 0.071 1.01 0.84 1.22
Phlegm 60 0.037 296 0.034 1.09 0.83 !.43

Nasal congestion 160 0.098 794 0.091 1.08 0.92 1.27
Sore throat 106 0.065 597 0.068 0.95 0.78 i.16
ilCGI I 50 0.031 267 0.030 1.00 0.75 1.35
HCGi,.,2 17 0.010 76 0.009 1.20 0.71 2.02

SRD 85 0.052 441 0.050 1.03 0.82 1.30
statistically significant at p < 0.0S
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Table 52. Risks l:or High vs. Low Bacterial Indicators

fecal �oSfornu

> 200 cfn                    > ;-’~- cfu
I $~..pt~.~ RR 95% (~l RR 95%

Fever !.04 0.85 t i.26 1.02 0.81 ~ 1.29ChiJls 0.98 0.73 t 1.30 0.82 0.57 ~ 1.17Eye discharge 0.91 0.65 ~ 1.28 1.00 0.68 ~ 1.47Earache 1.00 0.78 ~ 1.27 1,01 0.76 ~ !.33
Ear discharge 0.92 0.52 ~ 1.63 0.60 0.28 ~ 1.31Skin gasht 1.49 0.98 ~ 2.27 1.87 1.20 y 2.92

i Infected cut i.20 0.69 ~ 2.08 1.63 0.92 y 2.91Nausea 1,09 0.86 ~ 1.36 0.93 0.70 ~ 1.22 "
Vomiting 1.21 0.88 ~ 1.68 1.09 0.74 ~ !.60 -Diarrhea 1.01 0.84 ~ 1.22 0.90 0.72 v 1.14Diarrhea wl blood 1.89 0.55 ~ 6.46 2.00 0.53 ~ 7.53Stomach pain 1.02 0.86 v 1.22 1.00 0.82 ~ i.23Coughing !.13 0.97,1.33 1.02 0.84 ~ 1.23Phlegm 1.15 0.92 1.46 I.I! 0.85 ~ !.45!_Nasal congestion 1.07 0.93 !.23 i.0S 0.92,1.27Sore throat 1.10 0.94 ~ i.30 0.94 0.77 v 1.15liCGI i 1.08 0.~s4, !.38 !.00 0.74 ~ !.34HCGI 2 !.43 0.92 ~ 2.23 !.20 0.71,2.02SRD 1.06 0.88 ~ i.29 i.05 0.84 vt statistically significant at p < 0.05
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Table 53. Crude Odds Ratios and 95% Confidence Intervals for Fecal
Coliform by Quintiles and from a Linear Model.t

~ulntllo (�~u) l~.near

1 2 3 4 S
model

m.:Ldpolnt8 t S,O0 30.~S 51,25 230.00

2.00 O.?l 2.02 2.03 0.~5 2.0S
0.S8-2.05    0.77-2.3~    0.78-2.3S

2.00 O.~S 0.7~ 0.80
O.SI-I.0S 0.4S-1.0~ 0.~2-1.~T 0.47-1.03 0.80-2.04

~e 4~ ~? 4= 40 3S~s~rg, 1.00 O.SS O.Sl 0.85 O.TJ 1.04
0.3~-0.~5 0.5S-1.38 0.5S-1.30 0.$1-1.~3

1.00 0.71 0.73 0.74 0.78 0.89
0.51-0.~i    0.S3-1.01    0.54-2.02     O.S?-2.OI    0.79-1.00

Is~ 30 11 17 10 10dLs~rge 1.00 O.SS 0.01 0.4~ O.S~ 0.90
0.2S-2.16 0.44-1.$1 0.~3-1.05 0.~4-~.11

g~Ln rssh* 15           13 30 13
1.00 0.87 ].00 0.85

0.41-1.94 1.07-3.73 0.40-1.79 1.09-3.81    ~.03-1.17

Zn~ec~ed 11 28 13 S
¢u~ 1. O0 1. ~ 1.18 O. 44 1.

~a~sea 83 7~ ~8 83
2.00 O.S7 0.83 O.SO 0.93 2.04

V~g 3S 33 3~ 3S
1.00 0.S2 1.11 O,J8           1.~3          1.05

0.S~-1.49 0.?0-1.76 0.61-1.S? 0.~8-1.S4 0.~8-1.13

DIs::hos 120          105 109 125
1.00 0.88 0.S0 1.0~

0.67-1.1S 0.69-1.17 0.79-1.3~ 0.64-1,10 0.~-1.09

Diarrhea 2            0 2 4 3vt~ bl~ 1.00 0.00 0.~9 1.~6 1.57          0.~4
O.O0-,Z~ 0.14-~.06 0.)6-10.74 0.2~-9.40 0.S4-1.~5

B~ch 145          118 12~ 1~7
pa~n 1.00 0.81 O. 83 0.~2 0.~1 1.01

0.63-1.04 0.64-1.06 0.73-1.17 0.71-1.16 0.96-1.07
Cough 134          146 143 17~ 144

1.00 1.11 1,06 1.28 1.13 1.03
0.87-1.41 0.83-1.35 1.01-1.62 0.89-1.45 0.~S-1.08

Cough &      ~3           78 69 76 70phle~ 1.00 1.26 1.09 1.19 1.1~ 1.01
0.90-1.76 0.77-1.34 0.85-1.67 0.83-1.65 0.94-1.08
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Table 54. Adjusted Odds Ratios and 95% Confidence Intervals for Fecal
Coliform by Quintiles and from a Linear Model.’r

nodol
1             ~             3             4              S

~Lntgt S.O0 ~O.~S Sl.33 130.00
I ~sedt 30~3 30~5 3106 ~133 3003

r~r ¯ ~OS 8] ~o7 220

z.O0 0.~3 0.12 O.JO         0.~]        O.JO
O.SO-I.0T 0.4~-1.05 0.62-2.27 0.43-0.~3    0.7J-1.04

~e 41 3T 4~ 40

0.50-0.~6 0.S2-2.00 0.S3-0.~ 0,S4-2.03    0.7~-Z,01

B~ ~0 ZZ 21 20 10~s�~:ge 2.00 O.S] 0.8~ 0.4~ 0.4~ O.8J

Znfec~ed 12 28 23 S

1.00 O.SS 0.81 O.JS 0.8~ 2.04

V~Lng 35 32 39 3S

0.5~-2.52 0.70-2.~7 0.$3-2.$3 0.74-2.85

1.00 0.83 0.87 0.~7 0.75 1.04

DLarrhea ~ 0 ~ 4 3

O.O0-~z~ 0.13-6.61 0.38-11.48 0.~0-7.44 0.49-1.7S
8~ch 14S         228 12~ 137pa~n 1. O0 0. ? 8 O. 81 O. 90 O. 84

0.61-1.02 0.63-1.0S 0.70-1.14 0.65-2.08
Cough 134 146 24~ 173 244

0.88-1.44 0.84-1.36 1.0~-1.64 0.89-1.46

Cough S 63 78 69 76 70
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Table 56. Risks For Total/Fecal Coliform Ratios < 5 vs. Ratios > 5

Total ear,,~,~ " 34 Total ,n_’~_rn~___’~J " 1362
T/F ratio < $ T/F ratio 2 S

SYMPTOM,$ ItS p~_,_t,_, lU Risks RR L:~:~SS%CI I:~,~;SS%

Fever" $ p.147 " ?1 0.052 2.82 1.22 6.54Chills 0 0.000 2S 0,018 0.00 -- _
¯ Eye dischirKe * 3 0.088 24 0.018 5.01 1.58 15.83

Earache 0 0.000 35 0.026 0.00 -- _ -
Ear discharge I 0.029 6 0.004 6.68 ’ 0.83 53.95 --Skin rash " $ 0.088 22 0.016 S.46 1.72 17.38Infected cut 0 " 0.000 7 0.005 0.00 - _

Nausea * 4 0.118 34 0.025 4.71 1.77 12.54Vomiting I 0.029 19 0.014 2. I I 0.29 i 5.30Dia~;,¢a e 4 0. 118 53 0.039 3.02 1.16 7.88 ---Diarrhea wl blood 0 0.000 2 0.001 0.00 - _
Stomach pain * $ 0.147 72 0.053 2.78 1.20 6.44Coughing $ 0.147 112 0.082 1.79 0.78 4.10 --

Phlegm 3 0.088 54 0.040 2.23 0.73 6.76Nasal congestion ’~ 7 0.206 132 0.097 2.12 1.08 4.19Sore throat 3 0.088 88 0.065 !.37 0.45 4. I 0 --iI(~GI I ¯ 3 0.088 33 0.024 3.64 1.17 11.29XCGI 2 I 0.029 6 0.004 6.68 0.83 53.95SRD" 5 0.147 74 0.054 2.71 1.17 ,~ ~7’* ~tatistically significant at p < 0.05
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Table 57. Risks For Total/Fecal Coliform Ratios < 5 vs. Ratios > 5

Toted exposed 21 Toted unexposed
T/F ratio < 5 T/F ratio 2 S

SYMPTOMS         Ill p~k~ IU R;,t,, RR L~.~;.’~%C! U~-~_~ ~%

Fe~er            $ 0.143 41 O.OSO 2.88 0.97 8.SSChills, 0 0.000 I I 0.013 0.00 -- _
Eye discharge * 3 0.143 IS 0.018 7.87 2.46 2S.13

Earache 0 0.000 22 0.027 0.00 -- _
Ear discharge ¯ I 0.048 i 0.001 39.33 2.55 607.82Skin rash ¯ 3 0.143 18 0.022 6.56 2.09 20.56Infected cut 0 0.000 4 0.005 0.00 -- - "-

Nausea ¯ 3 0.143 20 0.024 5.90 1.90 18.33
Vomiting; I 0.048 l0 0.012 3.93 0.53 29.34Dia~,-hea ¯ 4 0A90 33 0.040 4.77 1.86 12.24Diarrhea w/blood 0 0.000 I 0.001 0.00 - --

Stomach pain * 4 0.190 33 0.040 4.77 1.86 12.24Coughing 3 0.143 56 0.061 2. I I 0.72 6.19Phlegm I 0.048 30 0.036 1.31 0.19 9.17Nasal �ongestion ¯ $ 0.238 76 0.092 2.59 1.17 5.73Sore throat I 0.048 " ~ 0.063 0.76 0. I I 5.22ilCGI I ¯ 3 0.143 L ’ 0.022 6.56 2.09 20.56II(~GI 2 * I 0.048 4 0.00S 9.83 1.15 84.26SRD .1 0.143 43 0.052 2.74 0.9~ ~ I A
¯ statistically significant at p < 0.0S
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Table 58. Risks For Total/Fecal Indicator Ratios < 5 vs. Ratios > 5

Idl total �’olil’orn~           lolal _e~___;f_.m’ms > S000        !_a._~-I �olirorms > 10~000Symptom          RR        ~% (~1        RR        95% C’!        RR        95% ~’1

Ft~ve~" 1.09 0.92 w 1.29 2.64 1.14 ~ 6.15 ¯ t~ 0.95 ~ 8.41
(~hiils 1.12 0.94 ~ 1.54 0.00 - 0.00 --
Eye discharge* 0.95 0.72 ~ 1.26 4.76 I.SO w I$.1 7.93 2.48 ~
Earache 1.16 0.94 ~!.43 0.00 -- 0.00
F~r discharge* 1.15 0.73 y 1.90 6.35 0.78 ~ SI.4 39.67        2.57 ~ 612
Skin rash* 0.94 0.64 ~ 1.40 5.19 1.63 ~ 16.6 6.61 2.11 ~ 20.7
Inl’ected cut 1.34 0.81 ! 2.22 0.00 - 0.00
Nause8" 1.03 0.84 w 1"25. " 4.48 !.68 w 12.0 5.95 1~92 ~ 18.S
VomilinK ~.!6 0.86 ~ 1.55 2.00 0.28 ~ 14.6 3.97 0.53 ~ 29.6
Diarrhea" 1.28 1.08 v 1.51 2.87 1.10 v 7.51 4.81 i.87 v 12.4
.Di.~rrhca w/bJood 2.14 0.$7 ~ 8.08 0.00 - 0.00 -
Stomach pain" 1.07 0~92 ~ 1.24 2.64 1.14 ~ 6.15 4.81 1.87 ~ 12.4

:CouKhinl~ 1.09 0.95 ~ 1.25 1.69 0.73 ~ 3.87 2.09 0.71 6.13
Phlel~m 1.03 0.84 ~ 1.26 2.12 0.69 ~ 6.45 1.32 0.19 ~ 9.24Nasal �onj~estion" 1.04 0.92 ~ 1.17 2.02 i.02 ~ 4.00 2.61 !.18 ~ ~.78Sore Ihroat i.! I 0.96 y 1.29 1.30 0.43,3.91 0.76 0.1 i ~ 5.26
ti(~GI I" 1.13 0.91 v 1.41 3.46 I.II ~ 10.8 6.61 2.11,20.7HCGI 2* !.87 1.20,2.90 6.68 0.83 ~ 54.0 9.83 1.15,84.3
SRD* 1.05 0.89,1.24 2.57 i.I I, 5.98 2.77 0.93.

¯ statistically significant at p < 0,05 in at least one set of mults
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Table 59a. Odds Ratios and 95% Confidence Intervals for Ratio of Total
to Fecal Coliform, Dichotomizing by Cutpoints at 2, 4, 6, and 8. The
Number of Diseased Subjects are Given on the First Line for Each
Outcome.

e exposed= 3450 5435
¯ever 14J. 00

_ J ¯ 84 ol. 34 O. 53 -1 ¯ 33 0.94 ol ¯ 34 0 ¯ 53 ol. 35
Chills 80.00 144.00 143.00 173.00

0.70-2.30 0.93-1.S4 0.51*1.S3 0.87-1.4|
¯ ye                   44. O0
dLschsrge              1.03               0.94                0.87                1.03

0.74"1,3J 0.73-1,34 0.45-1.14 0.74-1.$9
Be:ache 134.00 157.00 338.00 24S. 00

0.84-1.34 0.91-1.40 0.94-1.4S 0.93-1.44
~r                    34.00 37.00 42.00 4S.00dlnch~rgo 1.2S 1.10

O. 77-3.04 O.
S)cJ~rssh             ~. 00 S0.00 40.00 45.000.83

Znfocl:ed 33. O0 34. O0 43. O0 47. O0
0.68-1.05 O.

Haules               129. O0 205. O0              243. O0             344. O0

Vcxn~ t::Lng 43.00 100.00 11~. O0 133.00
0.79-1.4S 0.84-1.S1

DL&rrhes* 200,00 321,00 367,00 400.00

DI ~z~’hea 7.00 8.00 8.00 8.00vL ’�.h blood* 3.54 3.4S 1.74 1.43
1.03-12.05" 0.45-9.25 0.47-4.45 0.38-S.38"

S r.om~ch 232. O0 347. O0 394. O0 424. O0

0.96-1.34 0.90-1.24 0.87 -1.20 0.8’7 -1.21
Cough 269.00 403. O0 461.00 494.00

1.00-1.37 O.

Cough & 132,00 193.00 232.00 235.00

O. 96-1.49 O. 88-1.35 O. 80-1.37 O. 83-1.30
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p lltt~y $1+. O0            SO]., O0 S71.~ 138.002.0] ~.03 2.01O. I0-I. 11 O. 1~-1.11 0.81-I.~ O. 10-I

p lo:e~oit 3S7.00 ]ll.O0 flZ.OO 471.00
2.00-1.31 O. 17-1.33 O.H-Z.3Z O. Jl-Z

1.0~                 1.22                ~.~
O..l-Z.].       O...*Z.3,       O.,Z-Z.IS

~ .+Z-,.
31.00 11.00 70.. ?0.00

. ;+~’. +07.00 3+0.00 ,8.,:oop ~ ¯ 08 2 ¯ 08 ~. Ot 1.03

k
k

181

R0047364

RB-AR8843



182                                 ~

R0047365

RB-AR8844



;--.-a’ ~3.00 3.40 .eO ].SS .0~ 27:1.00 2~$.00 *r~ a o e e* 1.10 1.1S 1,.1~ 1.13 1,.:~01.2So2.05 0.~$-1.44 0.J~So1.47 0.~1-1.35 0.~$o1.47
~ 8ot~         S7.00 ~4.00 100.00 11S.00 331.00~ thrc~t:* 1.44 1.~1 1.1S 1.18

1.0|-1.94 0.~4-1.S| 0.90-1.Se 0.93-1.S3

~ Ji~:~ I-
30.00 48.00 $1.00 ,S.O0      ’O.O0
*..S 1.$7 1.3. 1.~1 1.1,1.OS-2.S1

~RCGZ 3" 13.00 22.00 23.0~ ~S.O0 RS.O0
3.30           3.13             3.17             3.S81.41-S.$1    2.45-S.18    1.S0-4.~’/     1.S~*S.33      1-~’S.14

/t ILgnJf. SO.O0 IO.O0 81.OO ~8.00 LTO. O0
~ rasp. 1.4S 1.27 1.14 1.14 1.14dl~so 1.05-3.01 0.88-1.S4 O.ll-l.SO    0.17-1.4J    t.ii-l.4J

~ * S~-stLst~taally s£gul~Lcant (P,O.OS fa: st least one of t~o autpoJ~t~).

R0047366

RB-AR8845



Table 59c. Odds Ratios and 95% Confidence Intervals for Ratio of Total
to Fecal Coliform, Dichotomizing by Cutpoints at 2, 4, 6, and 8, and
Restricting Subjects to Those Swimming on Days When the Total
Coliform Level at the Drain > 5,000 CFU. The Number of Diseased
Subjects are Given on the First Line for Each Outcome.

tl exposod t 15J 310 4S7
Fovor* 18.00 ~3.00 ~0.00

~.~ 1.~3 1.33 1.40~.3003.~30 1.0~-~. JOe 0.l~-~.0~ 0.J3
~22s I. O0 8. O0 20. O0 10.00

~.S3              ~.3~
0.82 -4.18 0.70-3.33 0. I~-~, IJ O.

~e S. O0 8. O0 ~. O0
0. ~ 8 -4. S? 0 ¯ 7~-3.8~ 0. =2-~ ¯ 77 0 ¯ 70*3.

1.18 ].04 ~.~) 1.SO

Ztr g.O0 3.00 4.00 S.O0
0.40-7.J4 0.4S-5.7S 0.48-4.80

8kL~sh 3. O0 S. O0 S. O0 8. O02.~8 2.3J 0.83 1.~3

Znfoc~od       2.00 ~.00 2.00 2.00cut 2.~8 0.72 0.4S 0.370.26-20. ~l 0.0~-S. SS 0.0S-3.6~ 0.
Nsusea* 12.00 lJ. 00 23.00 35.002.3S ~.34 1.97 1.78

3.23 ~.81 2.201.58-6.60e 1.4~-S.31* 1,1~-4.05
DL~hoa* 22.00 28.00 33 ¯ 00               40.003.20 ~.37 1.~0 3.051.95-5.24- 1.$2-3.71. 1.25-3.90.

DLs::hea        1.00 ~. 00 3.00vL~ bloo4 3.85 ~.47 4.1~0.40-37.20 0.Sl-46.08 0.SS-2~.i0 0.47-~3.~0
8t~ch       10. O0 1~. O0 36. O0 33. O0paLn O. S7 1.13 1.07 1.180.S0-1.89 0.60-1.87 0,69-1.66 0.78-1.77
Cough* 38. O0 41. O0 48. O0 S7. O02.31 ~.03 1.5~ 1.631.50-3. S?* 1.40-=.94. 1.11-2.~3. 1.16-2.2S*

~0047367
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T~blo SJe (oout::Lnuod)

- 0
1.38-4.3~e 1.04-3.13e 0.79-3.3~ 0.74-~.03

R~y          3~.00 43,00 ~.00 63.00none 2.$7 2.62 2.~1 2.3S2.0~-~. Sl* 1.13-~. 30. O. IS*2. i~ 0. J~-l~ 04

3.03                1.SS               1.33                1.32

2¯~1-I* 14.00 28.00 ~0.00 33.003.~? ~.34 1.~7 1.43

H~Z-3* 7.00 J.O0 ~.00 J.O06.~3 S.~3 3.81 3.03

8L~L~. 28.00 ~8.00 33.00 37.00
d~lillO 1.14-3.24. 1.18-2.8~* O.JS*].1~ O.Jl-l.JJ

¯ 8tat/stLcally s1~1~1�~ 8~ ~.OS.
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Table 60. Crude odds ratios and 95% confidence intervals for the ratio
of total to fecal coliform by quintiles and from a linear model. Unear
results correspond to an increase in the exposure equal to the
difference between the 90th and 10th percentiles. The number of
subjects in the quintiles are given on the first line for each exposure.

~AatAZe 1~ea~

1 3 3 4 SmAdpoL,,,~n, $7.07 12.18 $.$4 1.830 ex~oned = 2085 2082 2081 3080 3081
7ever     101.00 85.00 118.00 84.00 111.001.00 0.84 1.15 0.83 1.11         0.90

0.62-1.12 0.81-1.51 0.81-1.11 0.84-1,4i 0.90-1.07
Ch:Lll=, 51.00       41.00 88.00 44.00 51.001.00 O.lO 1.3S O.ll 1.00          1,010.S3-1.31 0.33-1.9S 0.57-1.30 0.18-1.4i    0.50-1.11
Bye 45. O0          38. O0 30. O0 38. O0 35. O0d£lcbl=ge 1.00 0.84 0.86 0.84 0.87         1.09

0.S4-1.30 0.42-1.04 0.SS-1.30 0.58-1.34    0.52*1.30
larache 80.00        S1.00 76.00 78.00 73,001.00 0.63 0.85 0.9| 0.90            1.01

0.44-0.80 0.89-1.32 0.72-1.38 0.85-1.34 0.91-1.13
la: 1?.00        10.00 9.00 14.00 18.00d£scha=ge 1.00 0.55 0.S3 0.83 1.06         0.91

0.::7-1.29 0.23-1.19 0.41-1.$8 0.SS-3.07    0.7S-1.11
SY~Ln wash 26.00        14.00 2S.00 18.00 18.001.00 0.54 0.96 0.81 0.73         0.80

0.~8-1.03 0.5S-1.57 0.33-1.1S 0.40-1.33 0.76-1.01
Xnfected 10.00       11.00 13.00 18.00 14.00cut 1.00 1.10 1.30 1.61 1.41         1.29

0.47-2.60 0.57-2.58 0.73-3.S5 0.62-3.17 0.88-~.31
Hausea 7"7.00        4S.00 87.00 71.00 84.001.00 0.84 2.14 0.52 1.10 1.080.60-1.18 0.83-1.56 0.6~-1.28 0.80-2.S0
Vomtt:l.ng 39.00       25.00 44.00 31.00 43.001.00 0.~4 1.13 0.78 1.11          1.130.38-1.06 0.73-1.75 0.49-1.28 0.71-1.71    0.53-1.3S
Dta==hos 91.00        98.00 12:~. 00 111.00 134.001.00 1.08 1.38 1.24 1.51 1.19 *0.81-1.4S 1.03-1.80 0.83-1.~4 1.1S-2.98 1.0S-1.34
Dtaz’=hea 1.00         2.00 1.00 1.00 8.00wAt~ blood 1.00 2.00 1.00 1.00 8.03 3.15

0.10-32.12 0.06-16.03 0.06-16.04 0.72-50.09 0.29-33.74
8tcn~ch 137.00      118.00 123.00 138.00 133.00pa:Ln 2. O0 0.8S 0.89 1.01 0.9’7 1.10 *

0.66-1.10 0.69-1.15 0.79-1.29 0.76-1.24 1.00-1.21
Coug~ 127. O0       151. O0 145. O0 150. O0 165.001.00 1.21 1.15 1.20 1.33 1.15 *0.94-1.54 0.90-1.48 0.94-1.53
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ph3.egal 3..00 1.34 ]..3] ’t.03 ]..60 ’t.33
0,95-]..80 0,|T-].,76    O.T].-].,47     2,24-1,33    1,04-’t,43

I~ann¥ ].80.00 2,0.00 183.00 ,01.00 1,].00
nooe 1, O0 ]., O0 O, 96 1,07 ]., 0]. 1,04

~ .
O. 8].-2.,, 0.,,-]..].0 0.8,-1.31 0.0,-2.3, 0.,,-1.~3

Sore 127. O0 136, O0 14]., O0 ].4]., O0 158, O0t.hzoet: ].,00 1,01 1.].3 1,33 1,3"/
0.84-1,38 0.87-1.46 0,$7-1,44 0,89-1,01 1,00-1,50

iICGZ ]. 63,00      S4,00 73.00 S4,00 74,00
1,00 0,6S 1.].5 0,06 1,10 1,04

0.S8-2.34 0.83-]..63 0.S.9-1.34 0.84-1.~7 0.95-1.20
BCGZ I 17.00                  7.00 36.00 1S.00 3S.O0

1,00 0,41 1,66 0,94 1,48 1,12
0.].?-0,88 0,9].-$,04 0,48-1,17 0,10-3,?$ 0,07-1,4i

8Lg~Lf, ].03.00 134,00 233,00 11S,00 138,00resp 1. O0 1.3~ ].. 31 1. ].3 ].. 37dLeoase 0.83-1.58 0.83-2.S8 0.84-1.48 0.87-1.66

* 18or.evort~ z’oaultJ.
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Table 61. Adjusted odds ratios and 95% conf’~ence intervals for the
ratio of total to fecal coliform by quintiles and from a linear model.
Linear results correspond to an increase in the exposure equal to the
difference between the 90th and 10th percentiles. Number of diseased
subjects are given on the first line for each exposure.

"4 dpointo: S?. O? 12.1J $. 84 ¯. O)
t ex~oood = 2085 2002 2081 2080

rover      101. O0 85. O0 119. O0 84. O0        111.~0
2. O0 O. 82 1.17 0.80 ¯.OS 0.

0.41-1.20 0.15-1.5t 0.57-1.12

Chilli 51.00         41.00 41.00 44.00
1. O0 0.80 1.34 0.47          0.,1 0.~0

0.S3-1.22 0.18-2.03 0.42-1.07 0.44-1.14

Zye 4S. O0         38. O0 30. O0 21. O0d~schsrge 1.00 0.83 0.81 O.J? 1.01 1.11
0.54-1.30 0.41-1.1~ 0.$8-¯.$1

Bsrache 80. O0        51. O0 78. O0 ?J. O0
1.00 0.~0 0.84 0.10 0.00 0.J7

0.42-0.8~ 0.58-1.21 0.82-1.$0 0.54-1.19 0.07-1.01
tsr 17, O0       10. O0 1. O0 14. O0 28.00dtschs:ge :1.00 0.Sl 0.34 0.48 0.18         0.83

0.23-1.15 0.13-0.8S 0.20*1.1S 0.3S-1.38 0.81-1.01
8~n rash 2~.00        14.00 " 25.00 1~.00 ~.~0

~.00 0.52 0.J8 O.~J
0.27-1.00 0.S2-1.8~ 0.38-1.54 0.41-1.89 0.7~-1.04

Zn~oc~e4 10. O0        11. O0 13. O0 1~. O0
~ 1. O0 1. O] 1.01 1.2~ 1.0~ 1.

0.42-~.44 0.40-2.55 0.S0-3.15 0.41-3.74 0.79-1.9~
Nausea ~?. O0        ~S. O0 ~?. O0 11. O0 ~.00

1.00 0.81 1.00 0.?~ 0.01         1.03
0.58-2.14 0.70-1.43 0.49-1.06 0.S~-1.1~ 0.~1-1.1~

V~ng 3~.00       25.00 44.00 31.00 4~.00
1.00 0,~ 1.3~ 0.80 1.0~ 2.13

0.40-2.~0 0.i4-].~ 0,47-1.]1

D~:hes 91. O0        98, ~0 222. O0 111 ¯ O0
1. O0 1.01 1.13 O. 99 1.16

0.75-1.3~ 0,82-1.55 0.72-1.38 0,84-1,~0

DLs:rhee 1.00         2.00 1.00 1.00 ~.00
vL~ bZood 1,00 Z.S~ 0.90 0.8~ 4.79 2.4S

O.ZS-2Z,SB 0.0S-19.17 0.04-17.14 0.41-55.S9

8~ch 137,00      118.00 123,00 138,00 ~3.00
pa~n 1. O0 0.81 0.74 0.7~ 0.70 1.05

0.£2-1.01 O.S5-O.~I O.ST-l.02 0.12-0.94 0.95-1.21

Cough 12~, O0 151. O0 14S. O0 150. O0 1~5.00
1.00 1.~3 1.2T 1.3~ 1.51 2.1~ *

- i
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S8.00      77.00 72.00 SJ.O0 92.002.00 2.3? 2.33 2.07 1.~5         ~.~S0.~7-2.J4 0.~0-1.~ 0.72-2,~2 2.22-~.~4 1.0S-~.40i

227. O0      23~. O0 142. O0 ~42. O0 2Sl. O02.00 2.07 2.10 ~,22 1.23 1,01
0.13-2.38 0.04-2.4S 0.84*2.47 0 12-1.13 O,tl-2,ll

~3.00 S4.00 7~.00 S4.00 74.002.00 O.IS 2.2~ 0.80 1.0S 2,04

.27.00 7.00 ~J.O0 2~.002.00 0.~ 2,77 ¯ 0,8~ 1.~2 ~,OS0.2?*2.02 O.IJ-].SO 0.]1-2.i0 O.Si-~.S4 0.i2-~.3i
~03.00 2~.00 ~3.00 22S.00 2~J.O0

0.~4-2.~ 0.~-2.72 O.i3*l.SS    0.~2-2.71 0.~0-2.~1
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Table 62. Odds Ratios and 95% Confidence intervals for Ratio of Total
Coliform to Enterococcus, Dichotomizing by Cutpoints at 4, 7, 10, and
13. The Number of Diseased Subjects are Given on the First Une for
Each Outcome.

Outpoint

4              ?              10 138 exposed=     125~ 332~ 441~ 5504
I’ever * 103. O0 1~5. O0 3~5, O0 377. O02.13 1.0S 1.1;I 1.310.91-1.41 0.87-1.27 0.93-1.34 1.01*1.45*
Chills 44 ¯ O0 70 ¯ O0 212. O0 144. O00.90                0.94                1.01

0.65-1.2S 0.?;1-1.23 0.83-1.37 0.98-1.81
1~0              ;18.00 59.00 70.00 91.00d~scharge 0.75 0.96 0.95 0.880.50-1.1;1 0.70-1.31 0.71-2.;17 0.66-1.18
B~rsche 76. O0 127. O0 163. O0 198.00

1.17                  1.18                  1.14                  1.30O. 91-1. S;1           0.94 -1.47           O. 9:~-1.41            0.97-1

lar            16. O0 29. O0 ;11. O0 39. O0¯ Lschargo 1.34 1.59 1.14 10.76-;1.34 0.98-;1.57 0.11-1.84 0.16-1.91
8k:Lx~ash 16.00 36.00 3S.00 53.00

0.8:)               0. ’75               0 ¯ ’73               1.090.48-1.41           0.48-1.17            0.40-1.10            0.73-1.81

Znfected      26. O0 2;1. O0 33. O0 40.00cut 2.45 2.1;1 1.45
0.82-;1.S5 0.67-1.87 0.89-;1.37

llaulea* 79. O0 136. O0 181. O0 2;11.001.13 1.12 1.2;1 1.330.88-1.45 0.95-1.45 1.00-1.S0* 1.07-1.83"
Vcm:L t:f.ng 38.00 5;1.00 25.00 96.00

1.15                  0.85                  0.95                  1.01O. 80-:I. 64           0.61-1.17            O. 71-1. ;11            O. 80-1.44

Dlazz-ho~ 135,00 2~3.00 280.00 339.001.4;1 1.46 1.40 1.$41.16-1 ¯ 73* 1 ¯ 2;1-1 ¯ 74* 1 ¯ 18-1.67* 1.29-1.83*
D:Laz~z’he8        4.00 4.00 4.00 4.00~th blood 2.48 1.2;1 0.78 O.SS0.7;1-8.48 0.36-4.16 0.23-2.65 0.1t-1.81
Stomach      131. O0 2;14. O0 310. O0 3t6. O0pa:Ln* 1.10 1.13 1 ¯ ;16 10.90-1.34 0.96-1.34 1.08-1.48. 1.08-1.41.
Cough 137. O0 ;137. O0 311. O0 385.00

0.99                  1.01                  0.99                  1.050.81-1.20           0.86-1.18            0.85-1.15            0.92-1.22

Cough &       63.00 119.00 1S4.00 193.00p~leg= 0.93 1.07 1.04 1.140.70-1.23 O. 86-1.34 O. 84-1.28 O+ 93-1.42

~
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~o 0.~0 1.0,1 1.11 1.0~p O. 7~ °3.. O| 0 ¯ ~,1.o3,. 30 O ¯ SO-3.. 38           0. ~S

g~G~ oZ 6~7 ¯ 00 103.00 140.00 ~8S. 001.17 1.03 1.~0

~ ~’~ 10.00 IS.~ el.00             SS.00
1.~ O.?O l.O? 1.40

W 0,7J -~. ~S 0.4 ~ -1.34 O.

J~ JL~. J?.O0 Z~z.OO ~S4.OO 3z1.OO0.84              1.01
N dLgesJo_ 0.19-~. 0S 0.iS-I.II 0.1~ol.lI 0, J0-1.ll
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Table 63. Crude odds ratios and 95% confidence intervals for the ratio
of total coliform to enterococcus by quintiles and from a linear model.
Linear results correspond to an increase in the exposure equal to the
difference between the 90th and lOth percentiles. The number of
subjects with each outcome are given on the first line.

~Lnr~Llo 11hOar
modole

3 3 4 |

# exposod: 3087 3081 3001 30J8 ~3
FoTor 97.00 91.00 97.00 104.00 189.00

1.00 0,J4 1.00 1.01 1.1S
0.70-1.2~ 0.75-1.34 0.83*1.4S 0.~*1.S3

r4"£118 3~.00       49.00 55.00 81.001.00 1.37 1.53 1.S7 1.~3 1.04
0.83-1.94 1.03-3.31 1.05-2.3~ t.N-l.II 0.SS-2.1]

~0 ]~. 00       ]S. 00 S0.00 45.00 Jl.i0d~J~herge 2.00 2.~1 1.75 1.S~ ~.0i
0.74-1.9~ 1.10-~.77 0.97-3.4~ 0.65*1.80 0.91-1.04

garacho 63.00       6~. 00 80.00 74.00
1.00 0.9J 1.3i 1.~ 1.~0 1.0S0.~S-1.41 0.~-1.80 0,83-1.J5 0.J1-1.?~ 0.97-1.14

Bar 14. O0 12. O0 11. O0 14 ¯ OG ~?. O0

0.40-1.86 0.3S-1.74 0.47-2.09 O.~Z-l.SO 0.87-1.~5

1.00 1.10 1.00 0.85 0.83 0.
0.SS-~.84 0.45-1.S0 O.13-:.SS 0.8~-1.00

Znfoc~ed 10.00        10.00 IS.O0 13.00 1~.00cu~ 1.00 1.00 1.51 1.30 1.~3 0.~8
0.42-2.41 0.68-3.3~ 0.57-2.~6 0.~4-3.59 0.87-1.10

~ausoa 51.00        7~. 00 7~. 00 ~4.00 81.001.00 1.58 1.58 1.87 1.~3           1.0~ *1.10-2.25 1.10-2.25 1.3~-2.SS 1.24-3.33 0.~S-1.08
V~ng 2S. 00          47.00 38.00 34.00 38.001.00 1.91 1.53 1.3~ 1.55          1.00

1.17-3.11 0.52-2.55 0.81-~.25 0J]-2.S?    0.9~-1.09

DLarrhoJ 75.00       109.00 107.00 13S. 00 140.001.00 1.48 1.45 1.?0 1.~S 1.0S *1.10-2.00 1.08-1.~ 1.27-~.28 2.47-~.~0 0.~9-1.13
DLar:hea 1.00          4.00 ~.00 0.00 4.00
wi~h blood 1.00 4.0~ ~.01 0.00 4.0S 1.if0.45-35.9? 0.18-22.15 0.00-~ 0.45-3~.31
Batch 109.00      127.00 123.00 155.00 ~S.O0p~ln 1. O0 1.18 1.14 1.45 1. ~ 1 ¯ 010.91-1.53 0.87-1.49 1.12-1.86 0.~8-1.65
Cough 137.00       149. O0 157. O0 143. O0 15~. O01.00 1.10 1.16 1.04 1.13

0.86-1.40 0.92-1.4~ 0.82-1.33 ~.8901.44 0.96-1.03
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V
?shOo ~3 (ooat.:Lnuo4)

�ough ¯ ~7.00 70.00 7~.00 74.00 73.00
~o~ Z. O0 Z. OS 1.20 ~. 10~ 0,78-1.S4 O.?J-Z.S4 0,78-1.S3    O. J4-X.OS

~ ZOO. O0 Z?4. O0 193,00 2ZS. O0 ~83. O0
~lo ~. O0 O, J3 ~. O) 1. ZS O,~ O.?S-Z.Xl 0.83-Z,27 0.J4-~.42 0.~-1,00

8o~o Z28, O0 246, O0 Z43. O0 247, O0 ~.00

~ 0.J0-2.48 0.88-1.4S 0.J0-1.47

E~Z I 45.00 64.~ EJ.O0 71.00 ~l.~
~.00 ~.44 X.S~ l.S~ X,SS 1.~ *

t’
I~Z 2       9.00        2S.00        18.00        ~2,00         20.~

2.00 2.82 2,0Z ~,33 3.~1 1,11 *

8~f. 223.00 227.00 ~4.00 232.00 ZOS,O0
¯ osp. Z.O0 1,04 2.ZZ Z,ZS O,J? 0.~

II dLsosao O.lO-Z.)f O.8S-Z.44 O.IO-2.SZ 0,74-2.~ O.JS-2,04
Jt

r
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Table 64. Adjusted odds ratios and 95% confidence Intervals for the
ratio of total coliform to enterococcus by quintiles and from a linear
model. Linear results correspond to an increase in the exposure equal
to the difference between the 90~ and 10"~ percentiles. The number of
subjects with each outcome are given on the first line.

m4 d~o4n~s I ~0~.4~ 3|000 ~.~ ~.SSO ~OSOd = ~087 ~081 ~081 ~OJJ
F~6~ ~7. O0 ~1. O0 07 ¯ O0 10|. O0 ~OJ. O01.00 O.Ji 1.03 1.01 1.24           1.000.71oZ.2S 0.75ol.3S 0.7J-1.$1 0.11-’~.80 O.8S-l.01
�~LZ~e 3S.O0 4~.00 SS.O0 81.00 47.00~.00 1.]T ~.4S ~.41 1.10

~o          ~g ¯ O0 3 S. O0 SO. ~ 45. O0 31. O0~s~ ~.00 1.30 ~.lJ 3.11 Z.ST       O.JO
0.79-).14 1.35-3.54 1.25-3.S? 0.88-).82 0.93-1.0S

R~sche     ~3.00 ~3.00 80.00 ~4.00 ~9.00
1.00 0.95 1.35 1.09 1.10 1.03

let         14. O0 1~. O0 11.00 14. O0 17. O0~s~e 1.00 0.8] 0.S9 O.~t 0.7S         1.13
0.31-2.79 0.~4-1.41 0.~1-1.~3 0.31-1.13 0.84-1.S3

8~a :ss~ ~1.00        23.00 31.00 11.00 27.001. O0 1. ~2 1.10 O. ~3 O. 90 O.0.65-~.20 0.S7-~.11 0.45-1.93 0.41-1.95 0.18-1.01
Zn~ected 10. O0        10. O0 15. O0 ~ ¯ O0 1~. O0~t 1.00 0.91 1.~5 0.91 1.1S 0,94

0.38-~.20 0.5~-3.01 0.37-3.47 0.44-~.~S 0.14-1.0S
Xa~es 51.00       7~.00 7~.00 ~4.00 11.001.00 1.SS 1.53 1.7~ 1.472.08-3.22 1.04-~.~4 1.1~-~.S5 0.~7-3.23    0.S3-1.0S
~t~g 25.00                  47.00 31.00 34.00 38.001.00 1.~8 1.~3 1.41 1.~S          1.001.~1-3.23 0.~5-~.7~ 0.03-~.14 0.91-3.~ 0.9~-1.0~
D/~=~os* 75.00       109.00 107.00 ~S.00 140.001.00 1.3~ 1.2~ 1.3~ 1.S4 1.011.03-1.89" 0,~3-1.?~ 0.~701.~0 1.09"~.16
Dt~ho~ 1.00         4.00 ].00 0.00 4.00~ blO~ 1.00 3.S3 1.31 0.00 2.00 1.75

0.43-3~.15 0.10-17.14 0.00-*~ 0.15-~4.S4 0.33-9.44
8�~ IOS.O0      12T.00 1~3.00 1SS.O0 135.00ps~ ~.00 1.13 1.03 1.23 1.05 0.~0.87-2.48 0.77-1.37 0.91-1.~4 0.77-1.43
Cough 137. O0      149.00 157.00 143.00 152.001.00 1.~1 1.35 1.14 1.~50.8~-1.4~ 0.~7-1.$2 0.8S-1.50 0.94-1.6~ 0.~5-1.04
Cough & ~;.00        ?0.00 ?3.00 74.00 7~.00~hlo~ 1.00 1.07 1.13 1.11 1.13 O.g~

0.76-1.S1 0.~9-1.~3 0.80-1.73 0.76-1.?0 0.94-1.0S
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~ ~uny 1|$.00     171.00 ~3.00 315.00 ].|$. O0nolo 1.00 0.~2 1.0:1 3..10 0.~3 O.~S
0.73-1.15 0.82-1.38 0.87-3..40 0.73-1..30

8o~0 ],38 ¯ O0      3.4il. O0 143, O0 147. O0 ].3J. O0t.hzoat 1.00 1.14 1.0J 1.08 1.01.        1..00
0.0~J-1..41 0.04-1..45 0.05-1..13 0.71ol.3J O.~S-Z.OS

]ICOZ l* 4S,O0          64.00 i.9.00 7Z.O0 1|.00~ 2.00 1.47 1..17 :1..71 1.11
1..00-~1.7" 2.1.1.°2.51, 1.1.3o3.$3" 1.07-2.4~*

i ~ I[CC~Z 3 J.O0         ~S.O0 18.00 21.00 30.00
]..00 3.83 3..71 1..J7 1..71 1.55o..-o.,o o...,., o.,,-o..

reap. 2. O0 ¯. 05 2.1.~ 1.. 1.8 0. J7 0.d:Loeuo 0.82-1..38 0.85-2.4~ 0.80-1..10 0.70-]..$4 0.~S-1..04
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Table 65. Summary of Noteworthy Stratified Results Comparing     "
Subjects who Swam at the Drain with those Swimming 400+
Yards from the Drain..~                                    --

1. ST :=S |

~ d£scharge                  ~.~I 80 ,

Vom£t£ng 1.61 IJ~

Cough£ng v£~h ph~o~n ~.SJ 1~|

¯ The a~r~b~ttb~e number ost£matos the mmber o= nov oe~art~m~os o=
IpecLf:Led o~tcoms 8ttr£but~blo to s~2m~ng at t~e dra£~ (fo~" ever3r ].0,000 .           ~"
people av*~J~L,~g there) ~ez’,,u~ ~u’J.~L~g ~00 ~ £z’�~ ~ dr~.n,

~ RonuI~8 pronen~ed 4. to=== o~ =~ela~J.~e rJ~k8 8nd att~JJ~e~blo numbez~.
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Table 68. Attributable number of cases per every 10,000
swimmers whoare exposed to ratios of total to fecal coliform of 2,
4, 5, 6, and 8.

* We only Lnc2ude m=tccmes v~th 8tat£st~ca~2y s~g~Lf~ce=~ ~ncroase= ~n r~sk
~or at ~oast ~ o~ ~o �~t~ts.
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Table 69a. Attributable Number of Cases Per Every 10,000 Swimmers     ...
Who are Exposed to Ratios of Total to Fecal Coliform of 2, 4, 5, 6, and 8,
and Who Swim on Days When the Total Coliform Level at the Drain >
5,000 cfu.                                                  - ~’.

Outcome. 2 ¯ 5 6 ~ ’

,o~er

~le~o8 365 342 ~88 348

D:Laz~hoa O00 SO~ 463 ~43 377

DLt~hoa ]J ~ 48 ~ 3J

Cough ~0 IS4 5S3 38S ~03

¢~gh ~ p~e~ 3S6 346 X87 XOS 70

8ore t~oa~ S62 3~ 226 106

R~Z 3              32?          235          211          245           221

!

least ~o of ~o
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Table 69b. Attributable Number of Cases Per Every 10,000
swimmers Who are Exposed to Ratios of Total to Fecal Coliform of
2, 4, 5, 6, and 8, Restricted to Individuals Who Swam on Days When
Total Coliform ¯ 1,000 cfu.-

l~ve=        1t4 13t 131 Ii

18z~sea SS 100 15.1 1S1 157

�ough÷phlegm 165 40 3~ 34 34

lucy nose 49~= 141 143 105 1"70

Sore throat: ~47 121 ~3 104 128

~g itesp DJ.~ :120 84 ~9 ~$ 71

* Only Lncludlng out~ vl~.b stat.lsC£cally signL~Lesnt a~ocJ~tia~

201
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Table 70. Attributable Number of Cases Per Every 10,000 Swimmers Who -
are Ex~d t~ Ratios of Total e.~form to Entem~o~us of 4, 7, 10, am113.

’

J~ome~h p~Ln ~2 70 14| 144

Z~t ~e ~ ~ ~~.

-
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SANTA MONICA BAY RESTORATION PROJECT
POLIOVIRUS SEED EXPERIMENTS

2
Water Source Date of Collection Volume Used % Recovery

Santa Monica July 3, 1995 38 Toxic ..
Canyon : July 17, 1995 24 42.58

Aug. 7, 1995 20 35.08
Aug. 21, 1995 20 35.18
Sept. 5, 1995 20 48.04
Oct. 17, 1995 20 83.31

Malibu July 3, 1995 24 Toxic
July 17, 1995 24 50.04
Aug. 7, 1995 20 50.00
Aug. 21, 1995 18 51.43 ~L~
Sept 5, 1995 19 50.88
Sept 18, 1995 21 32.55
Sept 26, 1995 20 64.50 U

Ashland July 24, 1995 32 Toxic
Aug. 2, 1995 30 13.05
Aug. 7, 1995 20 23.07

~Aug. 21, 1995 20 21.60 USept 5, 1995 21 <10.00
Sept 18, 1995 20 Toxic
Sept 26, 1995 20 54.60
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Table 73. Crude odds ratios and 95% confidence intervals for
outcomes of interest by whether virus was isolated. The
number of diseased subjects are given on the flint line for each
outcome.

18o ~e8 ¯

~.00 ¯.53 0°07

¯ .O0 ¯.27 0.49
0.1So2.49

lye 36.00
dJ.ochsz,ge 2. O0 ¯. 84 0.13

O. 05-3 .~J

I~’acbo 93. O0 10. OO
1.00 0.80

Bar 1S. O0 O. O0
d.tschs~o ¯.00 O.OO ¯.OO

0 ¯ O0o4,tlt~

|ktz~ssh 32. O0 4 ¯ O0
¯ .00 1.03

O. 36-2

Znfect:ed 31. O0 2. O0�~t: ¯. O0 O. $3 0.30
O. ¯302

lSsusea 101. O0 12.00
2.00 0.9?

1.00 2.|9 0.07

DJ.sr:hea 130.00 22.00
¯ .00 ¯.34

Dt~ea 2. O0 1". O0v’2 ~.h b’- oo4 ¯.00 4.11 0.2S
0.37-4S.4S

8~om~ch ¯)1. O0 23. O0p~Ln 1. O0 O. JS 0.96
0.63-1.$4

Cot,tgh 181. O0 21.00
¯ .00 1.29 0.23

0.85-1

Cough & ~).00        ¯3.00
pblogz~ 2.00 1.17 0,61

O. 8S-2.10
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nunny nooe +41.00 33.00-- 1.00 1.15 0,83

80~ tJ~Ut lJl. O0
-- Z.O0 3.,11 O.lO

-- 1.00 3.~’7 OoOI

~ z’osp ~.00 1
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,,~/,,om., , ;" "~.4.~ " ’: :... :~

~:- Beach Inte~ewer’s Co

¯ Phone Interviewer’s Comments ~"

.... . ,.~...:.. :.~-

.-.: ::.: ::
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~    1~ ~ 000 000

~ ~ANK YOU VERY MUCH. I REALLY APPREC~ ~T Y~ ~VE TAKEN ~E ~ME
~ ~SWER ~ESE QUES~
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V
0
L

FORMS USED ON THE BEACH AND IN THE OFFICE

Log of Non-p~
Age Camgories 1Beach Interview: Daily T~t~y ~

Phone Interviewer Daily Tally
Update: Phone Calls ~o ~

Repondent Callbacks
Log of Weekly Loss-to-Follow-up

!
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Language

Ineligible
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BEACH INTERVIEW : DAILY TALLY SHEET

DATE:~ BEACH: MALIBU sver.Rv~smu
PART!

ST~FN~ ZON~    HO~ ,~.~m~ ~

|.                                                                    ,

2.

4.
5.

?.

TOTAL

PART II : INDIVIDUALS

STUDY AREA ~
~# of Interviews ADULTS ~’IILDREN FAMILIES
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PHONE INTERVIEWER DAILY TALLY SHEET               "    V

-OINT. NAME : DATE: L
Tl~ IN:_ , "lIME OUt":

HOUSEHOLD:

BUSY NO ANSWER

I            2            3            4           >4

!

COMME~rI~ : _
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- V
RESPONDENTS CALL BACKS -" O

- LDATE: DAY OF WEEK:

NAME ~ NA~E ~ ENG. (~

1
2

!
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~aOH

¯ : : : /
" : : : : I
" : : : : I

’ " " i No~
"’" " : : ..... : i ’ ’ I Ntis

" : : : : I

’ ’" ...... : ........ i ’ : " : I Ntis
¯ : : : I

~OH
~o ~v~ lva ~ ~0 NI &riO AVO ~0~ ~ ~&V~
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0 ))

RB-AR8890



R0047412

RB-AR8891



ROO474’t 3

RB-AR8892



R0047414

RB-AR8893



R0047415

RB-AR8894



RB-AR8895



RB-AR8896



RB-AR8897



R0047419

RB-AR8898



R0047420

RB-AR8899



R0047421

RB-AR8900



know how d~f~Icul~ it is to ~ecord

i~nt s~ongly influe~ ~e
~t~on. Your ~lief
obtain
Hes~ent
so~ti~s reluctant to give s~cific ~ti~, ~y         -

R0047422
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V
will often give ~hat inforsation if t&~y are �~vinced
that good us~ will be ~ade of it and t~at ~elr prlvscy __
will be ~aintai~sd. L

Condu~i~ the Interv~-~

1) Tell the ~eslm~dent ~bo I~ are and ~bo Fo~

about the stm~y clearly In ~Lad2) Have inforaatioa

3) Mention l~hat t~e Ilespondent’s ans~rs are �~mfJ~m~tal.
ZThe q~estiormaire provides an in~on,~

l~lonal in~ re~arks Bay be t~tr~d to
the i~esponden~,s

4) ~:eep the tnt.roduc~ion brief. Llst~m to ~ ~

or attire.

even though ~u ~y f~l ~t ~e ~e~ ~ al-
ready answer~ m of ~ ~1o~ ~ore ~

Res~ndent ~ ~large ~ cl~ify ~elr

~ow the Objective or In~ Of ~

You viii ~ ~st able ~ ~i~ ~e ade~a~ of an mr
you fully understand ~ ~e and ~ani~ of ~ch ~on.
Once you ~ow ~e ~e of a ~estion~ you will rim it ~               ~-

R0047423
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Improper probe: So, you#d say 100o?

Proper probe: Can you be ~ore specifi�?

Proper probe: Would it be closer to 98° or to

Q: I~hat has been your usual occur?

A: I assisted l~be ~anager in t~ oZZioso

Improper probe: Oh, you did supervisory work?

Proper probe: Assisted ~he ~anager? Could you be a little hit
more specific?

Hhen to Stop Probin~

When you have obtained as such information froa the R~spondent
possible and when you have encouraged 1:he Respondent to clarify
when necessary, you should stop probing. However, if at any
the Respondent becoaes irritated or annoyed, stop probing. It is
important to gain t_he information, but not at the
discontinuir~ t.he i;rtervle~.

TELEPHONE I~EERtq~E~

The basic procedures and techniques e~ployed in
interviewing are applicable to telephone interwlewlmg as veil.
There are obvious differences and unique problems in
survey. Communication in any interviewing situatio~ Im mot
simple, and in telephone interviewing c~mmunicatlom
complicated by the elimination of normal face-t~-fmEe

the telephone interview the Respondent reactsIn
interviewer’s voice rather than ~o a beheld personally. This
emphasizes a need for the interviewer to be courteous, to sotmd
pleasant and to speak slowly and clearly. It is important that
the interviewer identifies himself immediately ~nd addresses the
Respondent (or whomever answers the phone) by mare whemever
possible. The interviewer must establis~ friendly relations with
the person on the other end of the line by concisely ~tating the
purpose of the call and expressing enthusiasm for the project
with sincerity. Introductions should be brief, however, so that
the interest of the Respondent is not l~st.

If there seems to be suspicion or wariness on the isart of the
Respondent, stress the confidentiality of the information that is
sought. It is important to remind the Respondent tha~ their name
is in no way connected to the data being, anal~e~.

The instructions for recording responses in a tele~home interview
are the same as in a face-to-face interview: all responses are
recorded. However, in a telephone interview it is more imperative

R0047426
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to be co~oletely famtlta_- with the questionnaire to a~oid
e~arrassing ~uses. A ~t flow is essen~al; o~I~, ~e
Respondent ~ill lose ~~, resul~g in pz~t~e te~tlon
of the ~te~.

~nterviewer c~ot rely ~ a ~cial ~ress~ or a rals~
ey~row to qau~ ~thez or ~t the Res~nd~t ~rs~
~es~ons, and ~ fall ~ ~ pitfall of prong, ~es~ng,
or rushing Ehe rennet. A ~~t, ~cely ~at~
~nterested ~o~ce ~ ~ ~ effective te~1~, ~1~
the ~o~h~ of p~

~ING ~ ~

Res~ndents ~ust ~ treat~ ~eously and ~f~y.
leave th~ w~ ~ ~ressi~ ~at ~ey ~ve ~
~nteresting ~d ~r~w~le ~rk~ce -- one ~ ~
~illing to

After a11 the ~est~ons ~ ~n asked, tha~ ~
~so mention t~t ~r ~~tlon ~s been ~ he~l
providing im~t info~t~ to ~e study. Tou ~y
few minu~es ans~g ~y ~ional ~estio~ ~ ~~
have.

Though Nople at ~ ~ ~II ~ eNaged in a v~lety of
activities, ~he ~st ~v~ent way to appr~ ~
study ~s while Ehey are lo~g or s~klng. ~s ~r~ ~s .....
usually less dis~tive ~ all~s the interviewer a
collect info~ti~ away f~ ~e activity at ~ s~rel~ or at
the water. ~ver~less, ~le who are simply wa~ng or
getting ~eir feet wet s~d ~ approa~ed ~

~ngle aaults or ~y ad~t ~r of a f~ily ~ ~
~ ~nfo~.ation on ~elves or any f~ily ~r. ~t
adult c~ ~ the ~ce for ~l~en ~o are ~t ~ of
f~ly but ~ve ~ to ~e ~ ~der ~elr s~islon.

We will contact ~e a~It ~ ~ s~ke to on ~e ~
telephone at the t~ of ~ follo~p ~d get ~ssi~
telephone ~e parer of ~e ~-f~ly ~er ~o w~ at
beach ~at ~y.

Children 12 years or older ~y ~ ~estioned ~rectly
beach surveyor. It is ~r~nt ~at the surveyor take the
to make any acco~anying a~It aware of the p~se of ~ stay.
Teenagers at the ~a~ who ~e not accompanied by ~ ~it
recruited, but should ~ told to info~ their parers ~at a
follo~p telephone inte~i~ ~II occur.

~::st people we will enco~t~ on the beach will not
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to know that this type of survey Is being done. For years,
discussion in the news ~ia has fo~ on the condition of the-
water in the Santa Mo~ca Bay.

Most people will be helpful and w~lIL~g to partlclpate. To
establish good rapport, surveyors sh~d
encourage questions and cosecants I~ t~ to lJ~t the ams~unt of
information they give about the study.                  "

B~achgoers should be re~i~wied that tA~e results of the study will
provide answers to the some of the
regarding the safety of swi~ in t~ Bay.

Many people will express str{mg
the water, who causes it, what sbou!d he done about it, and-other
aspect~ of the study. Please do
with strong preconception~ that
Avoiding arguments and long discussi(~ns will insure that the work
is accomplished in a timely and

EXPECTED ~UESTI~

I) ~hy do you want to know where I

2) Should I swim near a stor~ drain? Is It safe?

31 klhy are you asking health
sick swishing in the

4) ~hat are the chances of getting sick if I swim in t.he Bay?
Are my children at greater risk?

5~ Why do you want to know if my face ~ot wet? Does that matter?

6) Why do you want to k~ow what beaches I have gone to in order
to swi~~ Are some ~aches ~afer than others?

7) Just how polluted is the Santa l~Ica Bay~

81 I went swi~ng at the beach last week and got a skin rash.
Does that mean the water is polluted?

9) Why do you want to know iS
it safe?

I0) I surf here every day. Why is someone suddenly asking
question~? Have other surfers been having problems?

11) What kinds of health questions will you be asking?
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V
0

Ans~rs ~o all ~aes~ions except

~er ~ a ~~lc st~ of ~

11) ~ ~es~ ~11 ~ a ~ral ~1~ ~.s

It~s ~Y ~ ~, ~ ~eral, siva ~rkl~
~d it’s ~~ for ~ to re~in ~al
~ ~ r~ ~ ~e stu~ ~’t

il
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BACKGROUND: The health qmestionnaire Is a slmple tw~-pa~e
scannable form that lists the most frequent s~mptoms ~f
acute infectious diseases that could be c~tracted ~ mwi~!ng
in the Santa Monica Bay. The diseases targete~ are:
1) PINK EYE (Conjunctlvitis}-an Infla~mati~m of the
transparent membrane {coveriu~| that llnes the ames.
2) INFECTIONS OF THE N!IXILE AND OUTER F~%R |Otitis media and
otitis externa)-middle ear infections are mainly ~haracterlzed by
pain while outer ear infections feature painless
3) SKIN PROBLEMS-Rashes or infections pertaining to the skin
4) "STOMACH FLU"(Gastroenteritis|-illness identified ~y
onset of crampy abdominal pain, v~mLiting and/or diarrhea
5) COLD SYMPTOMS (Upper respiratory infectiofls)-this ~ate~ory
includes congestion, s~re throat and cou~h
6)FEVER AND CHILLS-is defined as a temperature equal to or
greater than 100° Fahrenheit ~r 38° centigrade. ~ould acc~e~any
almost any of the above symptoms included on the q~esti~mnaire.

THE QUESTIONNAIRE: The goal of the questionnaire is to reliably
identify symptoms that meet the criteria for the above diseases.

8inc~ our diagnoain will he baaed Cmly on "~ci �~ mm~.b" It
is crucial that all ~ in~er~ewers �~-~fully CX:mply with tim
following dir~ct.ioas ~ ~r answers m ~

~0~S~O~;AIRE INSTRUCTI(:~S FO~ INTERVIEWERS:

Each symptom is divided into three colu~s a,b, and c. Colua~ a
asks if the person (or child) has developed that particular
symptom SINCE his visit to the beach. Column b asks if the person
had the symptom during the week PRIOR to the beach visit. Column
c is for comments. This is how the questions flow for each
symptom EXCEPT fever and chills:
-Ask "a". Did you or your child have (symptom) at any time since
your ~isit to the beach? If the answer is no go on to the next
symptom.
-If "a" is yes, ask b. Did you or your child have |symptom)
during the week before you went to the beach? If this is no, ~o
on to the next symptom.
-If the answer is yes, the interviewer will write the person’s

R0047430

RB-AR8909



~ ne~ s~.
-Use p~o~s

~rk "don’t ~                ~ ~ ~"
-For fever and ~11~~F       ~ ~a~ ~
a~te pr~l~. ~ote ~t

~I~ING
~S ~ B YOU
~IDE

wi~ app~pr~ate ~ Af ~ ~ ~

SECOND answer
after aarking ~don’~

answer

you bare

hard to ~t~l? Did ~ ~ ~~?~ -

~ve pi~ eye?
eye?"

~. ~N
should cover all
on an

~come
"don’~
swelling and/or red
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BEACH QUESTIONNAIRE
SUPPLEMENT

1~5 SANTA MONICA BAY BEACH SllJDY
MALIBU BEACH ONLY

First Elt~ibility Requlmment - Eigrole people ~re those who l~ve nm been In II~
within the exposure erea ~t this be~:h ~ beech) before today over the past week,
¯ nywham in the water ~ elthar Wil! Rooer~, ~E~J~I~L~.~, Mothers’ Beach IM~dfm
Rev~, or 8ante Monlr~ Pier before today over the ~ w~ek. The exposure ma M INs
~ is within the m between the two supervisor blankets.

Adults W/th Children - Adults w~o am ~ the be~ today wflh chiMmn are eutom~k:ally
el~i~e for this study if they have sul~nergod their heads (or gotten their faces/hair wet). They
are also eligible if they have been in me water without submerging their he~Is and at least one

Adult~ W/thout Children - Adults who are ~1 the beech today wttho~ children
for th~s study onJy if they sutx~ergod ~hair heads while In the w~tor.
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1995 SANTA MONICA BAY BEACH STUOY
INSTRUCTIONS FOR BEACH Q~:BTIONNAJRE

Hll rm from the Santa Monica Bay Beach Study. Have you or any of your family
been in the water today?

My name is               . We’re doing ¯ suneeyto de4emdne whether the
masums of Wlter quality for this beach am useful. We’re Intamstod In the .
health of adults and children who swim hem. Can I hmm ¯ few minutes of your
time to ask ~)u some questions? Y~ur answers ~ be ~mdidentiaL

EXPLANATION OF STUDY:

This Intendew has 2 parts. Dudng the first part, Imm, ! am going to ask you
where you (your children) were when you (your ch//dren) were in the watm’
today. During the second part of the interview, someone will be tolephonin9 you
in about 9 days to ask you some health questions. That call should take about 6
minutes. Will that be all dgllt?

USE OF TABLE AND MAP ON BEACH QUES~

Record all ELIGIBLE household participants in the table (refer to the FLOW
CHART to determine eligibility.) Include the ages of minors, and include only
the age category (Age Cat) of adults (use "Age Catogodes" flashcard).Code
relations as follows: S m Self; M = Mother;, F ¯ Father;, C ¯ Child. Describe
other relations to the respondent fully, i.e.,aunt,cousk, t, friend,etc.

Use the letter corresponding to each eligible household participant to indicate
tl’mir location on the map. Then ma~ ~ appropriate tUTti:mr from the map in
the "Map Code" section of the table.

ETHNICITY CODES:

W: Whlte B: Black L: Latlno    A: Asian O: Other

R0047439
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F~ea~ ~’~ ~ ~b.~

g" ~ 000 000

10. ~(~11~m. 1~ ~~ 000 000

~ 000 000

0
12. ~~~                       000 000

13.

q

¯ .ow,o~ ~~.,~ ~ ~~~ ,.

00 Notatafl~~ 0 ~0 Some~at ~med or ~ 0 ~
0 Ve~~~ 0 Mu~

(~ there are o~er ~hol~ ~ to inte~w, ~ ~r ~ ~s~lm, ~e...)

THAN K YOU VERY MUCH. I REALW APPRECIA~ T~T YOU ~VE TA~N ~E ~ME TO
ANSWER THESE QUES~ONS.                                                                                                                                                                   ~ ,- -
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6/29/95

PHONE QUESTIONNNRE
INTRODUCTION AND INSTRUCTIONS

I~S SANTA IIONICA BAY SlIJOY

Hello, ~ds is               calling from the 199S Santa Monlca Bey
Beach Study. May I speak to (name o~ contact Person or MigibM chlJd older than
12)?

(Beach in~rvisw~r) spoke to you onthe beaah lest week and asked if you
(your children) had be~n in the wataron (DAY~ (8he~e) also mentioned that
someone wouk:l call in about 9 days to ask about your (your children’s) heath.
The questions wig not take morn than $ minutes for each person. Can I have a Mw
minutes of your time to do thot nowT

INTERVIEWER INSTRUCT7ONS

1. Before the phone cell, familiarize j4)ume# with the information on the beach
questionnaire (e.g., how many houselx>id members will be asked about). Have
appropriate number of phone quesbotmakes reedy to use (only one identifier
questionnaire per tx~.

2. Introduce yourseff. Determine ~.

3. Use a No. 2 pencil. Darken the ovals completely. Make clean erasures. Make NO
stray marks in the ovals. Do not fold or staple the forms.

4. a) Mark beach Interview date after ~ with respondent, b) Mark whether the
respondent had gone back to the same beach over the past week - also pencil
what day. c) Mark phone interview date. Mark gender, d) The map code, the phone
interview date (today), the age category and inlerviewer ID numbers can all be
marked once the interview is �om~.

5. After all the telephone questionnaires for a household have been completed, fill in
the ID numbers on each questk>nne~re.

R0047443
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TELEPHONE INTERVIEW CHECKLIST

1 Ask respondant if there were other individuals that may have
accompanied them to the beach.

2. sure "ID" control number on the Scan-iron correspmgls withMake
the "Interview sheet" at the top of the page.

3. If eligible for the study, don’t forget to write "Y" in the ~ box on
¯ the interview sheet.

4. If beach patron did not get wet at the beach, ask again. If yes, place a
"Y" in the "Face Wet" column.

5. If the respondant is ineligible, write "INELIGIBLE" in the ID section
of the interview sheet.

6. When interview is eligible and completed, write your initials, date,
time, and "CI" for completed interview in the phone interviewer
comments section ofthe interview sheeL

7. Appropriate map code must be transferred from interview sheet to the
scan*tron.

8. The letter in the ID number section of the Scan-tron should
correspond with the appropriate person on the interview sheet.

9. If"A" is yes, remember to bubble in "B"!

10. Bubble in zip code.

11. Write our probe o don’t just list P~ and P2. Don’t know ~
Probe for more information.

1:2. Water clean field refer~ to whether or not people returned to the
SAME BEACH WITHIN 24 hours of the interview. If yes, bubble
"yes," of no, bubble"no".
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TIME SHEETS 0

L
Payroll checks ~tll be issued every tvo reeks according to attached

¯ chedule.                                                                                     ~

Please observe the ~ollovtng rules vhen filling out the time shee~s.                ~

1. Please fill out your sheet according to the day listed in
the first column.

2. Complete time sheets each day you york. Time sheets viii

be kept at the office in your individual folder.

3. Calculate hourly totals each day.

~. Indicate arrival and departure times as veil a~ lunch
or dinner break. (see example) There is no need to docum nt

break times.

Any hours that are not documented on the time sheet for each time

you york, rill not appear on your check. The bookeeper rill only

issue checks according to hours listed on the time sheet and

reviewed by your supervisor.

R0047446
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1. Ustn~ your car to transport field workers from thl

office to the beach and back.

2. Any mileage incurred in obtalnin~ information or

equipment requested by supervisors.

3. Hopefully, we will have some free spaces at each

beach. Any park£ng fees that are not covered, but

requested by the superv£sor will be rel~b~raed.

R0047448
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SANTA HONICA BAY B~ACH STUDY
~m~loyee Confidentiatity pledge

I recognize the Importance of maintaining the confidentiality of all
data Collected by the Santa Honics Bay Beach Study and of assuring
the right to privacy of persona we lnterviev In the field and on the
phone. Z also understand that my employer has agreed to uphold its
obligation to protect the privacy of these persons. Z therefore agree
to protect the confidentiality of the data In accordance viththe
follouing requirementas

I .rill avoid any acttonthag,vlll~provl~e-conftdentlal Information
to any unauthorized Individual or agency.

Z will not remove confidential identifying Information from the
office except as authorised in the performance of my duties.

~ will not discuss in any manner, vith any unauthorized person#
Information that vould lead to Identification of individuals
in~ervteved in the Santa Mortice Bey Beach Study.

~ rill use confidential files and data only for purposes for vhich
~ have been specifically authorized.

-~ understand that confidential Information or data Is defined as any
information vhere the individual is Identifiable. As an employee,
breech of confidentiality may be ~suse for taunedtate termination of
my employment.

~ therefore pledge that Z vii1 not divulge to any unsuthor~sed person
any confidential information or data.

(print)

Address~

Date:

R0047449
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INTRODUCTION 

Wide sandy beaches, sunshine, volleyball nets, and myriad other factors help to attract as 

many as 238 million visits to California beaches each year (King and Symes 2003). Most 

visits are made by state residents who go to beaches along California’s south and central 

coasts. The economic importance of these local beach trips is significant. A recent study by 

Pendleton (2003, 2004) estimates that local beach goers spend as much as $9.5 billion 

annually when they go to the beach. Furthermore, beaches contribute substantially to the 

economic well being of beach goers who enjoy the non-market benefits of outdoor 

recreation. In the same study, Pendleton estimates that the non-market values associated 

with beach going in California may be as high as $5.8 billion annually. 

Despite the size of the beach economy, incidents of coastal marine pollution continue to 

diminish the economic potential of beach recreation in California. Chronic coastal water 

pollution due to bacteriological contamination at Huntington Beach during the summers of 

1999 and 2000 led to steep declines in beach attendance, expenditures, which most likely 

also affected the non-market value of beach visits to Huntington Beach and the 

surrounding coast. Similarly, oil pollution has had spatially limited, but nevertheless 

dramatic effects on beach going in Southern California (see Chapman and Hanemann 

2001). 

The task of identifying and estimating the impacts of coastal water pollution is complicated 

by the variety and interconnectedness of factors that influence where and when people 

decide to go to the beach. Visitors differ by age, sex, physical ability, wealth, income, and 

outdoor interests. Visitors can participate in one or more of a variety of activities at the
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beach and the availability of these activities and the enjoyment derived from participating in 

different activities varies throughout the year. Seasons even influence the places that beach 

goers might otherwise visit if they did not go to the beach. Demographics, activity choices, 

and seasonality complicate the degree to which beach attributes, including coastal water 

quality, affect the decision to choose a given beach on a given day. In turn, the preferences 

people place on clean coastal water may vary tremendously across people or even over 

time and across different activities, even for the same person. Water quality is likely to be 

more important for a swimmer than a walker, even when the swimmer and walker are the 

same person on different occasions. 

In this report, we use random utility models to estimate the influence that beach water 

quality has on people’s choices of when and where to go to the beach. In doing so, we 

develop a model that will allow for the estimation of the economic value that people place 

on coastal water quality under a variety of scenarios including impairments and 

improvements in water quality. The goal is to determine the economic welfare impacts of 

water quality changes including beach closures and changes in beach water quality (as 

measured by Heal the Bay’s Beach Water Quality Grading system – see 

http://www.healthebay.org/brc/gradingsystem.asp). 

We explore the way that differences among users, activities, and seasons influence the 

value beach goers place on water quality and consequently the way in which these 

differences affect the economic and social distribution of impacts caused by changes in 

beach quality. We start with a basic, repeated logit model of beach choice in which user 

differentiation and seasonality are ignored. From this foundation, we build increasingly 
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more complicated models of beach choice that allow us to model the spatial substitution 

possibilities that confront the beach goer in her choice of beach destinations. We end our 

analysis with a 3 tiered nested repeated logit model of beach choice that more accurately 

models the way in which preferences held by beach goers may vary over time and by 

activity. We draw conclusions about the methods and importance of activity choice and 

seasonality in models of recreational site choice. In subsequent reports, we will use this 

model to estimate the economic impact of a variety of scenarios including improvements 

and degradation in water quality and beach closures of varying duration. 

BACKGROUND 

As in the application of all discrete choice models, a number of issues must be addressed 

before the model can be developed and estimated. Issues include how to value time, how to 

estimate choices over time and space, and how to define choice sets. The literature is rich 

in its discussion of ways to handle the above topics. In this paper, we focus on two issues 

that are less well covered by the literature yet are especially important in estimating beach 

choice in a year round setting – seasonality and heterogeneity among users and their 

preferences. 

Seasonality 

Models of outdoor recreational site choice are complicated by the fact that choice 

behavior varies seasonally, presumably reflecting a seasonal variation in preferences, 

constraints, and/or substitutes. For example, beach goers may prefer wide sandy beaches in 

the summer and picturesque rocky coasts during the winter months. Summer months often 

offer times when schedules are more flexible than in winter months; days in the summer 
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may be twice as long as in winter. Snowboarding may be a legitimate substitute for surfing, 

but only when there is snow. In extreme cases, beaches can disappear altogether in the 

winter, only to reappear in the summer as accreting currents deposit new sand on the coast. 

Issues of seasonality are likely to be important determinants of outdoor recreational 

behavior whenever there are pronounced differences in seasonal climate. Despite the 

obvious importance of seasonality, models of recreational site choice rarely account for the 

influence of seasonal differentiation. In many cases, data used to estimate recreational 

choice models are either cross-sectional or collected over a very short period of time.1 In 

many cases when data are collected over a period of time (whether as a cross-sectional 

time series or as a panel), the standard approach has been to treat observations as 

independent observations generated by a single data generating process (for alternative 

approaches see Provencher and Bishop 1997 and Swait et al. 2004). When a pooled model 

is estimated, preferences, choices, and constraints are assumed to be constant across the 

period modeled. 

Mixed logit models including random parameter models (also known as random 

coefficients models, Train and McFadden 2000 and Train 1998, Breffle and Morey 2000, 

Morey and Rossman 2003), finite mixture models, and their variants (Boxall and 

Adamowicz 2002, Arcidiacono and Jones 2003) offer some help in handling preference 

heterogeneity and the more complicated error structures associated with panel data. 

Generally, these models allow preferences to vary over individuals. Further, to the 

1 Examples of recreational choice models estimated using cross-sectional data are too numerous to list here. 
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degree that individuals and choice occasions are differentiated in these models, preferences 

may also vary over time. Nevertheless, the standard application of these models has not 

accounted for the structural origins of preference heterogeneity over time. As a result, the 

application of these models to the prediction of seasonal welfare change is limited – site 

attribute changes of short duration cannot be valued if preferences for such attributes vary 

seasonally. Desvouges and Waters (1995) and Desvouges, Waters, and Train (1996) extend 

the general random parameters models to include seasonality by restricting the choice set of 

Montana anglers to account for seasonal closures; in Southern California, however, beaches 

are available and accessible year-round. 

In this paper, we examine the econometric issues associated with seasonality by using a 

yearlong panel data of beach choice in Southern California. We use as our benchmark for 

comparison the standard pooled repeated choice model. From this baseline, we investigate 

how preferences change across seasons for beach visitors. We further decompose possible 

structural changes in seasonal preferences by differentiating among beach goers that 

engage in different types of activities that may vary from season to season. This 

decomposition is carried out in three stages. First we expand our basic model by adding 

variables that are used predominately or exclusively in particular activities. The inclusion 

of these activity specific variables serves to indicate whether what appears to be seasonal 

differences in preferences for water actually reflects differences in activity opportunities 

over seasons. In this model we can investigate how preferences across all attributes vary 

by wave. 
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Second, we take the activity choice of our respondent as given and focus on the person’s 

choices conditional on the selection of a given activity. To represent preferences for site 

attributes as conditional on the choice of activities we create “activity variables” in which 

we interact a dummy variable indicating the beach goer participated in a specific type of 

beach activity (e.g. surfing or bicycling ) with a dummy variable indicating that a beach has 

an attribute that may be more or less preferred by people participating in that activity (e.g. 

is a beach known to have a surf break or a bike/walking path). This approach allows us to 

model choice behavior for different activities in different seasons. 

Finally, our third approach is to develop a three-nested multi-nomial logit model, in which 

we simultaneously model participation, activity choice, and seasonal beach choice. Because 

of the complicated nature of the three-nested model, we limit our examination of 

seasonality to its impact on preferences for water quality. By handling activity choice, 

beach choice, and seasonality simultaneously, we can investigate whether seasonal 

differences in preferences for water quality are driven by differences in activity choices at a 

beach or potentially by other factors that could vary seasonality (including non-beach 

substitutes). 

Heterogeneous Preferences Among Users and Their Activities 

Preferences for goods and their characteristics often vary across individuals. In particular, 

preferences over beaches are likely to be characterized by systematic heterogeneity. 

Which site a recreationist chooses to visit is a function of her preferences over the 

complete set of characteristics that describe the sites in her choice set. The presence of 

heterogeneity in preferences is of importance in the estimation of random utility models 
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where it can result in bias (Train 2003). Biased attribute coefficient estimates lead to biased 

welfare measurements of changes in site attributes and hinder the proper aggregation of 

welfare measurements across individuals. These biases can adversely affect policy 

decisions and skew the welfare distribution of decisions regarding resource management. 

Additionally, resource managers may be interested in welfare changes between user groups 

or for a specific type of user due to changes in management policy. 

Heterogeneous preferences are difficult to account for in behavioral choice models due to the 

formulation of the conditional logit (CL) model, historically the workhorse of random utility 

models. Within demand system models, the analyst can directly incorporate demographic 

or other individual characteristic data directly into the individual's utility function to 

address preference heterogeneity. However under the specification of the CL, individual 

characteristics drop out of the econometric choice model. The result is that individual 

characteristics are not directly identifiable in the choice model. 

A simple solution to this problem is to interact specific individual variables, such as 

income, race, and family composition with various choice attributes (Adamowicz et 

al. 1997, Breffle and Morey 2000). This method is limited in practice due to the difficulty of 

knowing, a priori, what individual and choice variables should be used to construct a 

variable that accounts for heterogeneous preferences (Boxall and Adamowicz, 2002). Other 

related solutions to this problem include the fixed effects and random effects specification 

of the conditional logit model (McFadden, 1986). However, these methods are difficult to 

employ when the sample consists of a large number of different kinds of decision makers.
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The current state of the art approach to address heterogeneity is the random parameter logit 

(RPL) model. This approach handles heterogeneity across preferences by allowing 

estimated coefficients to vary randomly across individuals according to a continuous 

probability distribution. Two possible shortcomings of this approach are that the RPL does 

not offer an explanation for the source of the heterogeneity and that it implicitly assumes 

that preferences vary continuously across economic agents. Breffle and Morey (2000) and 

Morey and Rossman (2003) begin to address these shortcomings by combining both 

classic preference heterogeneity and random parameter methods. 

For many types of recreation, especially beach recreation, preferences for attributes are 

likely to be conditioned upon the choice of the recreational activity. In these cases, one 

way to model heterogeneity is to directly model the choice of activity in a second nest of 

the beach goer’s decision model and then estimate separate preferences for attributes 

conditioned upon the activity chosen. If the nests are chosen properly, the nested model 

provides the analyst with information about possible sources of heterogeneity as opposed to 

solely being able to account for it. The ability to model the heterogeneity of the sample 

population may aid resource managers with welfare analysis and management policy. 

RB-AR8947



 9

THE DATA 

The Southern California Beach Valuation Project panel dataset is unique in its scope and 

provides a wealth of information regarding beach and beach goer attributes. There are 

literally dozens of beach attribute variables that could enter the dataset. This abundance of 

data, which is often seen as a blessing, can also have its disadvantages. Whereas studies 

that lack this wealth of explanatory variables will often estimate models using all of the 

available variables, the variables used in the analysis for the Southern California Beach 

Projects must be carefully chosen from this set. 

An Overview of the Data 

We model beach-going behavior to fifty-three individual, mostly contiguous beaches in 

San Diego, Orange, Los Angeles, and Ventura County. We use several sources of data to 

model beach choice behavior: travel cost data, water quality data, beach attribute data, and 

geographic data. Because of the many issues surrounding the estimation of travel cost and 

travel time, we devote an entire section to this topic below. 

Water Quality Data 

Data regarding beach water quality are based on water quality information provided to the 

public by the not for profit organization, Heal the Bay. The Heal the Bay (HTB) water 

quality data consist of site-specific letter-grades (i.e. scores) for bacteriological water 

quality, measured at numerous data collection points in the study area. These collection 

points are mapped to the beach sites used in the economic model. Water quality grades 

were collected by Heal the Bay throughout the year, however the number of available 
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observations varies both by beach and over time due to irregularities in sampling 

frequencies. Further, HTB data were collected for both wet periods (immediately after a 

rain) and dry periods; separate wet and dry HTB grades are made available to the public. In 

order to define a comprehensive and consistent measure of water quality, we calculate 

composite dry-weather grades for each beach in the study area based on annual averages 

across all corresponding HTB observations. There are not sufficient wet-weather grades to 

construct averages for all beaches in all waves. 

Note that temporally varying attributes, like water quality, can be measured as point 

estimates, means over time, and even variance over time. In fact, the beach grades 

provided by Heal The Bay are themselves running geometric means of water quality 

measures over four week periods. In our analysis, we estimate models with daily grades 

and average weekly, monthly, and even annual grades. We find that average annual beach 

grades best explain beach goer behavior. 

Geographic Data 

We use geographic information to estimate the length of each beach. Because the size of a 

site may influence the probability of choosing the site, it is common to include the natural 

log of the site’s size (in this case, length) as a regressor in the model. 

The extreme northern and Southern beaches in our set are included in order to represent all 

beaches north and south of our study area. 
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Beach Attribute Data 

Beach attribute data were collected to characterize the fifty-one primary beaches of the 

study area (herein referred to as the beach attribute data). Beach attribute data were not 

collected for the southern most and northern most beaches since these beaches capture all 

trips to beaches south and north of the choice set. 

The beach attribute data consist largely of binary variables indicating the presence or 

absence of a specific non-seasonal beach characteristic; count variables measure the 

quantity or abundance of a resource present. We categorize these attributes into three 

groups of explanatory variables: policy variables, activity specific variables, and composite 

variables. Policy variables reflect attributes that can be directly managed by beach 

agencies. Activity specific variables reflect beach attributes that are necessary or important 

for certain kinds of beach activities (e.g. bike paths are an attribute that is important for 

bicycling.) Composite variables capture general suites of characteristics of beaches 

including the degree of development at beaches. 

The primary policy variable of interest for the beach project is water quality. Additional 

variables with possible policy implications are included as candidates for explanatory 

variables. These secondary policy variables include the absence and presence or count of:
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Firepits 
Lifeguard Stations 
Parking Lots 
Public Facilities 
Public Restrooms 
Sandy Shoreline 
Showers 
Sidewalk 
Street parking 

Activity Specific Variables 

Because modeling heterogeneous preferences is one of the goals of the project, 

consideration is given to how the beach site choice of individuals is related to their choice of 

activity and the presence of the appropriate amenities at that site. 

Variables that are important to specific activities include the presence of: 

Bikepaths 
Camping 
Diving (spots) 
Fishing (spots) 
Piers 
Playgrounds 
Rentals (concessions) 
Surfing (breaks) 
Volleyball Nets 

In addition to these activity-specific variables for beach goers as a whole, we also explore the 

importance of these indicators to beach goers that participate in specific activities. Towards 

this end, we create interaction dummy variables for particular activities. For instance, the 

activity indicator variable is 1 if the individual participates directly or indirectly (e.g. 

watches an activity undertaken by others) in activity X. We then interact this activity 

indicator with the relevant activity-specific variable. 
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Geographic Variables 

Many attributes of beaches reflect their geographic location. We examine three types of 

exogenously determined, “geographic” variables in our model. Each of these attributes 

indicates proximity to: 

Harbors 
Natural areas 
Rivers 

In addition, we use maps based on a geographic information system of our study beaches to 

estimate beach length. Due to the large variation in the size of the beaches in the study area, 

an approximate length variable for the useable portion of the beach is used. 

In addition to beach length as an indicator of beach size (and thus an important explanatory 

variable in its own right), beach length also can be used to scale beach attributes for which 

we have continuous data. Although most of the beach attribute variables are binary data, 

several attributes are characterized by count or continuous variables. Some of the variables 

for which we have count data are: beach clubs, beachside restaurants, concession stands, fire 

pits, lifeguard stations, public restrooms, and volleyball nets. Model specifications were 

estimated which used beach variables scaled under the assumption that the attributes are 

uniformly distributed over the beach shoreline. 

We apply several scaling strategies to the data to capture the way in which beach goers 

experience beach and water quality attributes. These different strategies include: 1) 

keeping the data in its raw form (i.e., a mix of binary presence/absence variables and 

continuous count and ordinal qualitative ratings); 2) normalizing the count variables by

RB-AR8952



 14

beach length while maintaining the raw data for presence /absence and qualitative 

variables; and 3) transforming the non-binary and non-policy variables into binary 

presence/absence variables for specific attribute levels. 

In several cases the correct normalization strategy for variables was not clear a priori. For 

some variables the relevant question appeared to be whether or not the attribute was 

present or absent at the beach in question, whereas for other variables, the relevant 

question is the level of density of a specific attribute. As an example, lifeguard towers are 

approximately uniformly distributed over beaches while restaurants, concessions, and 

restrooms are typically clustered into specific areas. 

The transformation of variables from count variables to binary variables also requires 

substantial judgment in determining the threshold levels of importance. For example how 

many restrooms, restaurants, or fire pits are enough in order for the attribute to be 

adequately measured by binary variables? To address this problem we asked two major 

questions: 1) intuitively how would the variable be interpreted and 2) what is the 

distribution of the count variables. 

Composite Variables 

A number of variables seemed to occur in groupings that could best be described by a 

single “composite attribute” rather than individual component attributes. Including all of 

these component attributes individually would likely reduce the degrees of freedom of the 

model and cause problems with multicollinearity while each attribute individually would 

only modestly improve the performance of the model. If these attributes were perfectly 

orthogonal to our other model variables, then the exclusion of these attributes would only 
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influence the explanatory power of the model, but would leave the coefficient estimates 

unbiased. However, because of the large number of attributes included in this group, it is 

likely that combinations of these attributes could prove to be correlated with the other right 

hand side variables described above. 

We consider several obvious candidates for composite variables including commercial 

activity, development, natural amenities, and scenic blight. To develop our composite 

variables, we combine the formal tool of cluster analysis with an informal, intuitive 

equivalent of discriminant analysis to isolate combinations of the attributes that 

characterize the beaches. 

The cluster analysis approach to constructing the composite variables allows the 

similarities between the beaches to guide variable definition. This approach assumes that 

there are a finite number of “types” of beaches – families of beaches with key attributes 

that are sufficiently similar so that the characteristics can be considered approximately 

constant over the group, and thus each beach can be assigned to a “type” of cluster. We use 

cluster analysis to identify groupings of the beach attributes that are statistically “close” or 

similar to each other and “far” from the other groups. In this application, we use the 

simple, intuitive Euclidean distance between the multidimensional numerical descriptions 

of beaches as a collection of attributes to measure closeness. 
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The first step to creating composite variables is to examine beach groupings that we feel a 

priori might have similar characteristics. The key to constructing these variables is to 

identify attributes that capture the same, or very similar, information for the beach goer. 

One example of this “collapsing of variables” is to collapse Rocky and Sandy into a 

single dichotomous variable which characterizes the composition of the shoreline. 

Similarly, we create a simple composite variable termed Ugly (ugly view) to indicate that 

one or more aesthetically degrading conditions existed at a beach. We first present these 

simple composites below and then discuss in more detail the creation of more complicated 

composite variables. 

Sandy: Shoreline Composition 

The rocky and sandy variables can be interpreted by the following trichotomy: 
 
Sandy = 1 and Rocky = 0 (== Not at all rocky, very sandy)
Sandy = 1 and Rocky = 1 (== somewhat rocky) 
Sandy = 0 and Rocky = 1 (== very rocky)  

This rockiness variable captures how rocky the beach is and can be considered to range 

from 0 to 2 (which implies a cardinal relationship between somewhat rocky and very 

rocky) or as a dichotomous variable that captures either no rocks or no sand, depending on 

definition. 

Ugly View 

An Ugly Beach variable is created to equal 1 if at least one aesthetically degrading 

condition existed at a beach and zero otherwise. Ugly is constructed using Oil pumps, 

Oil Rigs, Power/Sewer Plants, and Storm Drains. Four beaches have none, thirty four 

have one, twelve have two, two have three, and none have all four. It should be noted 
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that there are no oil pumps on the ocean side of PCH, which probably mitigates the 

impact of the Oil Pumps. 

Using Cluster Analysis to Create More Complicated Composite Variables 

Cluster Analysis can be used to identify influential site attribute variables that account for the 

grouping of sites based on similarity of characteristics. Cluster analysis requires the analyst 

to specify some number of groups (which can be varied iteratively) and then to employ a 

multivariate distance metric to partition the full set of sites into the specified number of 

groups using the distance metric and the criterion of maximizing within-group similarity 

and between-group heterogeneity. Once an acceptable number of groups has been found, 

the analyst inspects the results and identifies the specific site attribute variables that can 

account for the partition, either informally or through the use of a technique such as 

multiple discriminant analysis. Alternatively, one might create new dummy variables 

reflecting group membership that act as surrogates for site attributes that are themselves 

associated with group membership. 

In the cluster analysis, we include only those attribute variables that could be represented by 

a binary 1/0 designation. Most of the beach attributes already are measured as absent or 

present: we convert the rest into 0/1 indicator variables or sets of 0/1 indicators to indicate 

the rough level of the covariate if there is a wide range of values. We used the Euclidean 

distance as a measure of similarity. 
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The first step of the process is to use the cluster algorithm to decompose the beaches into 

similar groups. The “types” of beaches are characterized by estimating a multinomial logit 

model on cluster membership. The means of the excluded variables and the coefficients of 

the variables included in the multinomial-logit are examined to characterize groups. While 

each cluster contains groupings that are hard to characterize simply, two types of beaches 

stand out in most of the relevant clusterings. The first type could be described as a 

“developed beach”, characterized by having a high likelihood of having stores, volleyball 

tournaments, equipment rentals, access by public transit, houses, concerts, street access, 

concessions, beach clubs, a pier, restaurants, and/or condos and hotels. (For a complete list 

of the component attributes, see Table 1.) The second type could be described as a “wild 

beach,” characterized by having a high probability of being accessible by only pedestrian 

paths, tide pools, rocky shorelines, and allowing dogs. 

The sandy, ugly, development, and wild variables serve to collapse twenty component 

attributes into four composite indicator variables. In the choice models estimated below, 

we include the composite “sandy” variable in the category of policy variables because 

beach nourishment is an important policy factor for beach managers in Southern 

California. 

Table 1 summarizes the composite variables. The variables that are used to construct the 

composites are 0/1 indicator variables for the absence/presence of the relevant attributes. 

The “developed beach” composite variables are determined by the sum of the number of 

the attributes present, with develop 1 being used to indicate the presences of three or more 
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of the underlying attributes, and develop2 being used to indicate eight or more of the 

underlying attributes. It is interesting to note that Nature, the variable that indicates that a 

beach abuts a natural area, is not included in the wild_beach composite variable. This is 

because many beaches lie across the highway or street from natural areas, but the actual 

beaches are developed and actively managed. 

 
 Table 1: Composite Variables and Their Components 
Composite Variables               Component Variables
Sandy Sandy

Rocky

Ugly Beach (Ugly) Oilpumps
Oilrigs
PowerSewer
Stormdrains

Developed_Beach (Develop1)  Access_Street
Very_Developed_Beach (Develop2) Public Transit

Restaurants
Stores
Concessions 
Rentals
Beach Clubs 
Houses
Condos/Hotels 
Pier
Concerts
Volley Ball Tournaments

Wild_Beach Pedestrian Access Only 
Rocky
Tide pools
Dogs Allowed  

 

 
Final Explanatory Data Set 

Table 2 summarizes the explanatory variables used in the choice model. Note that the table 

is split into sections. The first section captures water quality attributes. The second 
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section captures the composite variables and length. The third group of variables represents 

attributes that can be managed through policy. The fourth group of variables includes beach 

features that are geographically exogenously determined (e.g. harbor). The final group 

consists of attributes which can primarily be thought of as relating to specific activities or 

demographic subgroups of the panel – a few of these attributes also are used in constructing 

the composite variable; this poses no modeling issues since they will be used in 

conjunction with demographic or activity variables only. Despite the large number of 

variables, pairwise collinearity among the right hand side variables is modest. 
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Table 2: Beach and Water Quality Attributes
Attribute Name Range and Description Mean (standard deviation)
Water quality attributes
HTB_yr 0-4.333, Average HTB dry grade for all 3.597 (0.764)

months

Composite variables and beach length (a normalizing attribute)
Length 0.11-8.07, Length of beach in miles 1.974 (1.498)
Develop1 0/1, beach has several characteristics of 0.540 (0.503)

development

Develop2 �0/1, beach has very many characteristics o 0.180 (0.388)
development

Wild �0/1, beach has several characteristics o 0.320 (0.471)
naturalness or lack of development

Ugly 0/1, beach has visible oilrigs, oilpumps, 0.280 (0.454)
power/sewer facilities, or stormdrains

Policy Attributes
Firepits 0-261, # of firepits 14.36 (45.20)
Lifeguards 0-24, # of lifeguard towers 6.200 (5.764)
Parking 1/0, presence of public parking 0.840 (0.370)
Pubfac 1/0 presence of public facilities 0.380 (0.490)
Restrooms 0-20,# of restrooms 0.840 (0.370)
Sandy 1/0, beach is sandy 0.860 (0.351)
Showers 1/0, presence 0.680 (0.471)
Sidewalk 1/0 presence of sidewalk adjacent to beach 0.520 (0.505)
Strparking 1/0, parking along street near beach 0.760 (0.431)

Harbor 0/1, presence of harbor or marina 0.180 (0.388)
Nature 1/0, abuts natural area 0.420 (0.499)

Rivers 1/0, river or creeks flows through or abuts 0.080 (0.274)
beach

Bikepath 1/0, presence of bike path adjacent to beach 0.440 (0.501)
Camping 1/0, campgrounds or RV parking 0.160 (0.370)

Diving 1/0, diving allowed 0.340 (0.479)

Fishing 1/0, fishing allowed 0.960 (0.198)

Pier 1/0, presence 0.240 (0.431)

Playground 1/0, presence 0.360 (0.485)

Rentals 0/1, bike or skate rentals available 0.180 (0.388)

Surfing 1/0, surfing at beach 0.740 (0.443)

Volley 0-107, # of permanent volleyball nets 10.22 (19.50)

Surfer*beach Respondent is a surfer and beach has a surf 0.020 (0.139)
break (i.e. Surfing = 1)

Run*bikepath Respondent is a runner and beach has a 0.093 (0.291)
bikepath

Diver*diving Respondents is a diver and beach allows 0.002 (0.046)
diving

Fisher*pier Respondent is a fisher and beach has a pier 0.013 (0.112)
Fisher*fishing Respondent is a fisher and beach allows 0.048 (0.214)

fishing
Boat*harbor Respondent is a boater and beach is near a 0.011 (0.106)

harbor or marina

Oceanside 1/0 trip was to Oceanside Beach or south n/a
Point Mugu 1/0 trip was to Point Mugu or north n/a
Venice 1/0 trip was to Venice Beach n/a

Interaction Attributes

Adjacent Beach Dummy Variables

Geographically Determined Attributes

Activity Relevant Attributes
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Travel Time And Travel Cost 

Overview of the Issues 

Determining the cost to each individual of visiting each potential site is a critical step for 

modeling recreation behavior because this variable captures the crucial tradeoff between 

cost and preference for beach attributes. It is this tradeoff that allows the analyst to deduce 

the monetary value that the beach goer places on beach attributes and water quality. 

Choice models require the analyst to have an estimate of the cost to visit every site for 

every person. Since most people visit only a few sites, the costs to visit the other sites 

cannot be based on direct observation, but must be imputed by the researcher. Moreover, 

since the costs must be comparable across sites and respondents, if one cost is 

constructed in a particular manner for one respondent, all costs must be constructed in the 

same manner for all respondents. This means that, even if the beach goer provides their 

own estimate of their costs for the sites they visits, these costs cannot necessarily be used 

by the researcher because they may not be consistent with how the researcher imputes costs 

to other sites. 

In principle, there are three critical components to the cost of visiting a site: (i) the out-of-

pocket costs of traveling to and from the site (e.g. gas, maintenance, and depreciation 

expenses as estimated by the American Automobile Club), (ii) the opportunity cost of the 

time used to travel to and from the site, and (iii) the opportunity cost of the time spent on 

the site. 
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Each of these components raises issues both of data availability and of economic model 

structure; whether or not some of these costs apply depends on how one conceptualizes the 

individual beach goer’s choice. The conceptualization of beach choice is complicated and 

there is no “right way” to incorporate the concept of travel cost and time into the model; 

the more detailed are our attempts at accounting for all aspects of travel cost and time, the 

more complex our model becomes. Hence, there is a trade-off between what is realistic 

and what is tractable. We address each of these issues, starting with time on site and 

working backwards to the more fundamental issues of calculating travel costs and time. 

Time On-Site 

How on-site time is modeled depends, in part, on whether or not the researcher treats trip 

length as an endogenous decision on the part of the beach goer. If time on-site is 

endogenous it must be determined on the basis of some cost per unit time spent on-site; 

while this price per unit time on-site is exogenous to the beach goer; her actual on-site time 

expenditure is endogenous and reflects her decision how long to stay. Theoretical models 

with this structure have been considered by Smith, Desvouges and McGiveny (1983), 

McConnell (1992), Berman and Kim (1999) and others. The theoretical literature generally 

has focused on qualitative properties of the resulting demand functions -- the demand 

functions for the number of trips to each site, and the demand functions for the (average) 

length of a trip to each site. However, the literature has not provided examples of explicit 

functional specifications for these demand functions that are both tractable and consistent 

with utility maximization. 
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Discrete choice models can treat trip length along with site selection as a discrete choice. 

While ignoring the issue of trip frequency, these models make it possible to model trip 

length. To use the method, however, one needs data on the time cost per unit of on-site 

time; often, this is not readily available. 

In this paper, we do not include time on site as a potential decision variable for several 

reasons. First, the respondents report very few multi-day trips and we do not include these 

trips in our estimation. Second, while one could still treat the precise length of a one-day 

trip as a decision variable, this adds a level of complexity that complicates our exploration 

of other important issues (e.g. seasonality and activity choice). Consequently, in this 

phase of the analysis we will treat the cost of on-site time as being zero, and as a result we 

may be undervaluing the cost of a trip to the beach. Nevertheless, we believe any error 

created by making this assumption will only slightly reduce our estimated welfare impacts 

and thus this approach is the most conservative available to us at this time. 

Estimating Travel Cost and Travel Time 

In our survey, we collected precise data (including street addresses) about 

respondents’ origin location. We use PC Milertm to calculate how many miles each 

respondent would have to travel in order to drive from their residence to each beach 

in the region and how long this would take. Since there is usually a choice of routes, 

PC Miler makes an estimate of the shortest route and the time taken to drive this 

route under typical conditions for that type of road. Since individuals may be 

idiosyncratic in their choice of routes, there obviously is some possibility of 

measurement error when imputing the distances and times from PC Miler, but we 
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believe this is likely to be quite small. 

Given the PC Miler estimate of the distance and travel time from a person’s residence to a 

beach, we have to make some further assumptions in order to convert this to a monetary 

travel cost. From the survey, we know the mode of transportation the respondent uses to 

get to the beach (e.g. automobile, bus, bike, or walk). If it is walk or bike, there is 

effectively no transportation cost. If the transportation mode were by bus (an occurrence 

rarely reported in our sample) we would use the cost of a bus ride. The overwhelming 

majority of respondents in the sample traveled to the beach via automobile. There are two 

issues to address in the calculation of travel cost by car. First, we calculate variable 

expenses based on the average figures for expenditure on gasoline and oil per mile in 2000 

from the American Automobile Association; we use average values because we do not 

know what type of car the respondent used to get to the beach. Second, there is the issue of 

what other costs to include. McFadden (1997) argues that motorists should only pay 

attention to these variable costs when making their travel decisions. Whether that is what 

actually happens is an empirical question. In the literature, many researchers also include 

an estimate of vehicle maintenance and other operating costs. We use both variable fuel 

costs and maintenance costs provided by the American Automobile Association for 

Southern California in 2000. 

While it is relatively straightforward to estimate distances and times from respondents’ 

homes to each site, accounting for how they value that time is much less straightforward. In 

the transportation literature, Truong and Hensher (1985) as well as Bhat (1998) show that 

time is valued differently for different modes of transport and for different categories of 

activity during travel – waiting, walking, in-vehicle time, etc. Since virtually all of the
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trips made in this sample were made by car, we assume the same valuation of time applies 

regardless of the travel mode. 

Assuming that travel time is valued in the same way by each individual, there is no general 

agreement in the recreation demand literature as to how to value this time spent traveling. 

The early recreation demand literature used a fraction of the individual’s wage rate, usually 

one third or one half of the wage rate. We follow the standard approach in this study and 

value travel time at a fixed proportion of the wage rate. We allow this fraction to vary from 

zero to the full wage rate (0%, 33% and 100% of the wage rate). 

Measuring the Wage Rate 

To the extent that the value of time is imputed from wages – whether it is valued at the 

full wage rate or in some other proportion – the researcher needs an estimate of the 

respondents’ wages. This is often somewhat problematic. In some cases, this is because 

the subject does not actually work (e.g., is unemployed, or retired, or a housewife, or 

otherwise outside the labor force). In other cases, while the respondent does report that 

they were employed, they are asked about salary, but not wage. Like many surveys, we 

asked respondents for their annual income, not their hourly wage. In this case, it is 

common to estimate the wage from the information on annual income by assuming the 

income is derived from some fixed number of hours worked per year (e.g., 2000 hours per 

year, corresponding to working 40 hours per week and 50 weeks per year) and dividing 

income by the fixed number of hours. However, even if the annual income is reported 

with perfect accuracy, the assumption of a specific number of hours worked per year 

inevitably introduces the possibility of some measurement error. Moreover, there is often
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likely to be some measurement error in the reporting of annual income. 

In our study we use a sensitivity analysis to value travel time alternatively at 0%, 33%, 

50% and 100% of the wage rate. The wage rate will be calculated from annual income by 

assuming 2000 hours worked per year. For individuals who did not report their income, 

we used the following imputation procedure. 

Income is assumed to be lognormally distributed, with the mean determined by the 

following covariates: constant, male, kids, student, work fulltime, retire/disable, college 

graduate, high school graduate, black, Hispanic. Covariates are assumed to be zero if the 

respondent didn't provide them. Age is not used because it was missing for many 

respondents and could not be assigned a default value as easily as a 0/1 variable. 

The respondents provided yes/no answers to a progressively narrow set of questions about 

income range. These answers yield intervals that bound the respondents’ incomes. Some 

respondents only answered a few of the questions and their income had wide bounds. 

Other respondents answered all of the questions, and their income was determined to 

more precise bounds. If no lower bound was supplied, $1 is assumed. For the income 

distribution estimation an unspecified upper bound is assumed to be infinite, although 

later in calculating the expected income conditional on the individual's interval, it is 

assumed to be $3 million. (The smallest annual income generated by our procedure is 

$5177.68 per year. This is equivalent to about $2.60 per hour; so it is not bounded by the 

minimum wage. However, welfare and social security benefits are also not bounded by 

the minimum wage, and so we believe this lower bound is reasonable.) 
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Assuming that ln(income) was normally distributed around the mean (conditional on 

covariates), we used maximum likelihood to find the values for the impacts of the 

covariates on the expected income as well as the standard deviation about that conditional 

mean, given that the unknown income lay in the respondent-supplied interval. If a 

respondent gave no upper bound to the interval containing income, we assumed that it was 

an unbounded interval when fitting the model. Given the coefficients, we calculate the 

(lognormal)income distribution for each individual, conditional on their demographic 

covariates. We then numerically calculated the expected value of the individual's income, 

conditional on the covariates and coefficients and on the income lying in the interval given, 

using 100,000 randomly drawn uniformly distributed points in the interval for the 

evaluation. 

Choice Set Determination 

 
To estimate the beach choice model, we must identify the set of all feasible choices for 

each respondent. In the simplest case, the analyst includes in the choice set all sites that the 

respondent has a non-zero probability of visiting. In many cases, the choice set can be 

assumed to include all available recreation sites, especially when the number of sites is small 

and there are no restrictions on site access. In practice, the number of potential sites may be 

large and some sites may be unknown to the respondent. In other cases, certain sites may 

not be accessible to an individual due to physical limitations, limitations in skill (see for 

instance Grijalva et al. 2002) or a lack of one or more attributes that are specific to the 

activity that a respondent may undertake at a site.
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Haab and Hicks (1999), Haab and McConnell (2002), and Parsons (2003) provide a 

review of choice set studies of recreation. The marketing research and transportation 

literature has recognized the importance of choice set formation and have developed 

various models to define the choice set. See Shocker et al. (1991) and Roberts and Lattin 

(1997) for a review of the marketing studies, and Thill (1992) for a review of the 

transportation literature. 

Site aggregation is common in random utility models (RUMs) of recreation. Empirical 

studies of aggregated choice sets in recreation models include Parsons and Needelman 

(1992), Feather (1994), Kaoru, Smith, and Lui (1995), Lupi and Feather (1998), Jones 

and Lupi (1999), and Parsons, Plantinga, and Boyle (2000). Site aggregation is the 

process where a group of recreation sites is defined as a single choice alternative. For 

example, a site may be defined as a county or region made up of several lakes or beaches. 

When the number of potential sites is large, site aggregation often is used to reduce the 

choice set to a manageable size. If the characteristics of aggregated sites are homogeneous, 

the aggregation should be fairly straightforward. Otherwise, aggregation can result in a loss 

of information and thus a loss of estimation accuracy. 

Ben-Akiva and Lerman (1985) provide an economic model of aggregated choice sets. 

Parsons and Needelman (1992) shows that the utility function in Ben-Akiva and Lerman 

(1985) decomposes into the average utility at sites in each aggregated choice set and a 

measure of the heterogeneity of sites in aggregated choice set. Parsons and Needleman 

also show that estimating a model using aggregated choice sets will bias coefficient 
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estimates toward zero when utilities produced by aggregated sets are similar; increasing the 

heterogeneity within each aggregate group or increasing the number of beaches in the 

aggregated choice set tends to increase this aggregation bias. In other words, aggregating 

dissimilar sites will bias model estimates. 

Kaoru, Smith, and Lui (1995) analyzed marine recreational fishing site choice in North 

Carolina and considered experiments that compared thirty-five disaggregated sites with 

smaller aggregated choice sets of eleven and twenty-three sites. The welfare benefits 

estimated by aggregated models differed considerably from disaggregated models. 

Parsons and Needelman (1992) used data on fishing trips to lakes in Wisconsin. They 

aggregated 1,133 sites into smaller choice sets of sixty-one and nine sites. Their results 

indicated that extreme aggregation could seriously impact parameter and thus welfare 

estimates. 

Parsons, Plantinga, and Boyle (2000) and Jones and Lupi (1999) suggest the possibility of 

using partial aggregation to define choice sets. Parsons, Plantinga, and Boyle (2000) 

analyzed data on fishing trips to lakes in Maine. Their results showed that benefits 

estimated by the aggregated or narrow choice set models were lower than the baseline 

model. 

Jones and Lupi (1999) considered an experiment similar to Parsons, Plantinga, and 

Boyle (2000). Jones and Lupi (1999) narrowed 83 counties of fishing site in Michigan 

along 6 lines of species and resource type using the factor analysis. Their empirical 

results showed that the benefits estimated by the narrow choice set models were
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relatively similar to those by the original choice set model. Models in which the 

respondents face a small set of alternatives in the choice set do not permit substitution 

away from sites when sites are lost; this tends to over-state marginal and total losses. At the 

same time, extremely narrow choice sets reduce the size of the population affected by the 

policy, thereby tending to under-state the value of total losses. 

 

Our respondents visited more than 300 named beaches. Most of these beach names, 

however, were redundant names for the same beaches or were specific locations within 

larger, better known beaches. We reduced our unmanageably large initial choice set of 

beaches by mapping beaches named by respondents to fifty one primary public beaches 

listed in the California Beach Access Guide (Coastal Commission 1997). This aggregation 

groups contiguous and similar sub-sites of beaches together into larger beaches. Because of 

the relative homogeneity of attributes within these larger beaches and because many of 

these beaches have one primary access point, very little information is lost in the 

aggregation. Further, because the beach sites in our final choice set correspond to beach 

management jurisdictions, the results from the model will apply more directly to policy 

needs and decisions. Additionally, we represent all beaches to the South of our choice set 

by the indicator beach Oceanside and those beaches to the North by the indicator beach 

Point Mugu. Despite the aggregation of the choice set, we still maintain a substantially large 

choice set of beach sites (fifty one primary beaches and two composite beaches). A complete 

list of beaches is given in Table 3. 
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Table 3. Aggregated Beaches in the Choice Set 
Code beach name code beach name code beach name 

1 Oceanside 21 Surfside 41 Las Tunas 
2 San Onofre South 22 Seal 42 Malibu (Surfrider) 
3 San Onofre North 23 Alamitos Bay 43 Dan Blocker (Corral) 
4 San Clemente State 24 Belmont Shores 44 Point Dume 
5 San Clemente City 25 Long Beach 45 Free Zuma 
6 Poche 26 Cabrillo 46 Zuma 
7 Capistrano 27 Point Fermin 47 El Matador 
8 Doheny 28 Royal Palms 48 La Piedra 
9 Salt Creek 29 Abalone Cove 49 El Pescador 

10 Aliso Creek 30 Torrance 50 Nicholas Canyon 
11 Laguna 31 Redondo 51 Leo Carrillo 
12 Crystal Cove 32 Hermosa 52 County Line 
13 Corona Del Mar 33 Manhattan 53 Point Mugu 
14 Balboa 34 El Segundo   
15 Newport 35 Dockweiler   
16 Santa Ana River 36 Mother's   
17 Huntington State 37 Venice   
18 Huntington City 38 Santa Monica   
19 Bolsa Chica 39 Will Rogers   
20 Sunset 40 Topanga    

MODEL ESTIMATIONS 

In the following section we estimate a series of increasingly sophisticated specifications of 

the standard logit random utility models including a three nested logit specification. For all 

specifications we assume that the ultimate choice is for single day trips to beaches in 

Southern California. We consider only day trips and we assume that each choice occasion 

is independent of all others. 

From the start, we believed that seasonality and activity choice were important in 

explaining beach choice and thus in determining the value that people place on water 

quality. To demonstrate the importance of seasonality and activity choice, we begin by 

estimating three increasingly more fully specified multinomial, repeated choice models of
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beach choice using data pooled across all seasons (the results from all three models using 

pooled data are summarized in Table 4). We start with a primitive model (model 1) that 

includes only water quality, travel cost, and our composite variables that describe beach 

type. Then we add more explanatory information regarding activities. We also estimate 

these standard logit random utility models separately for individual seasons and in doing so 

demonstrate the way in which seasons affect the sign and magnitude of coefficient 

estimates (model 2). We finally arrive at what we believe is the most complete and accurate 

model of beach choice behavior; this is our final three tiered nested model of participation, 

activity choice and beach choice. The purpose of this exposition is to demonstrate the 

independent influences that activities and seasonality have on site choice and to show the 

reader that a failure to account for both activities and seasons can significantly alter the 

results of the model. If the reader is interested only in the final model, the next two sections 

can be skipped. 

Applying the Standard Repeated Choice Random Utility Model 

We model the choice of a beach on each occasion as being independent of choices on all 

other occasions. Specifically, we estimate a repeated random utility model that assumes 

the probability that an individual i chooses site j depends on the relative utility of site j 

compared to all other sites. As in most applications of the multinomial logit, we estimate a 

model of choice in which the beach goer chooses a beach destination to maximize an 

indirect utility function that consists of both a deterministic component and a random 

component. Specifically, we estimate a model in which the deterministic component of 

indirect utility is a function of attributes that remain constant over time, Xij, and attributes 
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that change over time Wijt. In this analysis, temporally constant attributes include “land 

attributes” (e.g. restrooms); temporally varying attributes include the measures of water 

quality. Note that temporally varying attributes, like water quality, can be measured as 

point estimates, means over time, and even variance over time. In fact, the beach grades 

provided by Heal The Bay are themselves running geometric means of water quality 

measures over four week periods. In our analysis, we estimated models with daily grades 

and average weekly, monthly, and even annual grades. In every model we found that 

average annual grades provide more explanatory power than other measures (based on 

more significant coefficients estimates and greater likelihood measures). This may indicate 

that beach goers are using past experiences and general levels of water quality to inform 

their beach decisions. The deterministic component of indirect utility enjoyed by beach 

goer i from choosing site j at time t is given as 

Ui j t  = Xi j*β +Wi j tã 

The probability that individual i chooses beach j at time t is given by 
 

 
 
 
 
 

 
The vectors of coefficients, β and ã, reflect the preferences the beach goer places on the 

attributes in Xij and Wijt respectively. In addition, there exists some randomness in the 

choice of beaches by beach goers. This randomness is captured by the random component 

of the indirect utility function, εijt. This random component may reflect true stochastic 
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processes in the choice process and unobserved site attributes that cannot be modeled by 

the analyst. We follow the literature and assume that the random component of the indirect 

utility function is distributed as a Type I Extreme random variable. 

In the first model specification (Model 1), we include only the most basic beach attributes. 

The point of this model is to demonstrate how failure to account for seasons and activities 

in a model of beach choice will produce a model that does not find the true value people 

place on water quality. In this basic model, we include travel cost, water quality, and our 

basic composite variables. In Table 4 we provide the results for the estimated models 

across the pool of all waves and observations. Without describing all of the results here, 

we note that the basic repeated choice model estimates that beach goers prefer beaches that 

are closer, longer, and more developed (but not too developed). The pooled model does 

not yield an estimated preference for water quality that is either significant or of the sign 

we predicted (we predict that people prefer clean water). This reflects the common 

observation that people do go to dirty beaches. The estimated coefficients on water quality 

are more in line with our intuition when we estimate the model for individual waves (see 

below and in Table 6). The models estimated for waves 1, 2, and 6 – the wet weather 

months when water quality varies the most and has the most number of impaired water 

quality days – all yield coefficients estimates for water quality that are positive and 

significant (see our discussion of seasonality below). Obviously, pooling across seasons 

masks the differing preferences for water quality that people hold in different seasons. 
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In the second model (Model 2), we estimate a more fully specified model of beach choice 

in which we include many beach attributes that are of general relevance (e.g. public 

facilities and parking) as well as some other attributes that are required for specific types of 

beach activities. For instance, we include whether a beach has a surf break, a bikepath, or 

volleyball nets. This more fully specified model has greater explanatory power than the 

basic model (higher psuedo R2 and higher log likelihood). In this more fully specified 

model, the estimated preference for water quality is positive and significant. The model 

demonstrates the importance of having a more complete description of beach attributes. As 

described above, it is easy to observe beach goers choosing beaches that are decidedly dirty 

from a water quality perspective. On closer examination, however, it can be seen that many 

of the “dirtiest” beaches in Los Angeles and Orange Counties also provide the most man-

made desirable attributes (including lifeguard towers and parking). Model 2 captures the 

opposing preferences for these different beach attributes. 

Model 2 also demonstrates that many activity specific beach attributes (e.g. fishing and 

surfing opportunities) are important factors in explaining beach choice. First, activity 

specific opportunities are important in their own right. Second, in our discussion of 

seasonality (in a following section), we show that the dramatic differences across waves in 

the estimated coefficient on water quality become significantly less pronounced in the 

second model (the coefficient is positive in all waves and significant in all waves but Wave 

3). The added attributes in the second model do not vary over wave and season, but the 

activities people participate in do vary and, thus, so does the relevance of activity specific 

opportunities. The results of the second model suggest that differential participation
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in activities may account for what appears to be changing seasonal preferences for water 

quality among beach goers. 

In our third model (Model 3), we explore the importance of activity participation in beach 

choice further by interacting indicator variables for participation in specific activities with 

indicator variables for activity specific opportunities. For example, if a respondent reported 

that he fished then we give this respondent a 1 for fishing, while we give a zero for non-

fishers. We then interact this fishing variable (fisher) with attributes that we think are 

important for fishing (e.g. the beach is a known fishing spot or there was a pier). We find that 

the estimated coefficients on the attributes shared by the second and third model remain 

stable and generally of the same level of statistical significance. The estimated coefficients 

of the new activity interaction variables tend to be generally significant. The two 

exceptions are running/bike path and boating/harbor. Both of those variables are somewhat 

distinctive: running opportunities are available at almost every site, while boating/harbor is 

the opposite – it applies at only a handful of sites in our sample. 
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Table 4: Coefficient Estimates for the Non-nested Repeated Choice Models Using 
Pooled Data 
Variable Estimated Coefficients   

Cost 
 Model 1 

-0.1007 a 

Model 2 
-0.0978a 

Model 3 
-0.0986 a 

HTB yr  -0.0180 0.2070 a 0.2170 a 

ln(length)  0.5384 a 0.2996c 0.3198 c 

Develop 1  0.5373 a 1.2383 a 1.2592 a 

Develop2  0.2775 a 0.3039c 0.3086 c 

Wild  0.1681 1.0565a 1.0164 a 

Ugly  0.0561 -0.2333 -0.2611 c 

Pubfac   0.3597b 0.3677 b 

Restrooms   2.0531 a 1.9679 a 

Sandy   0.9699 c 0.9945 c 

Sidewalk   0.4242b 0.4654 b 

Harbor   -0.0815 -0.0621 
Nature   0.7522a 0.7112 a 

Rivers   0.2407 0.3362 
Camping   -0.2747 -0.3341 
Diving   -0.0034 -0.0475 
Fishing   -0.8996 c -0.53 85 
Pier   -0.0349 -0.1542 
Playground   -1.1190 a -1.1046 a 

Rentals   0.6681 a 0.6745 a 

Surfing   0.7278a 0.7001 a 

Volley   0.0055 0.0039 
Oceanside   5.5946a 5.7791 a 

Surfer*beach    0.5593 b 

Run*bikepath    -0. 1265 
Diver*diving    2.4445 a 

Fisher*pier    0.9113 c 

Fisher*fishing    -3.0011 a 

Boat*harbor    -0.6 100 
Pseudo R2 0.25  0.30 0.31 
Log-likelihood 

-14114.51 -13154.77 -13066.36 
Significance a=<.001 .001<b<0.05 .05<c<.10  

It is important to note that this third specification has the limitation that both activity 

choice (which is presumed to be exogenous) and beach choice may both be endogenously 
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determined by the explanatory variables in the model (including the activity variables with 

which the activity indicators are interacted.) As a result, this internal endogeneity is likely 

to lead to bias in the estimated coefficients of the model. Nevertheless, we present these 

results here because the additional activity interaction variables improve the fit of the 

model slightly and they suggest the need for further investigation of the role of activities in 

beach choice. This is accomplished through the nested model to be presented below. 

Accounting for Seasonality in the Beach Choice Model 

To explore the effects of seasonality in beach choice, we estimate separately our basic 

beach choice models for Wave 1 (December and January), Wave 2 (February and March), 

Wave 3 (April and May), Wave 4 (June and July), Wave 5 (August and September), and 

Wave 6 (October and November). By estimating the models for each wave separately, we 

can investigate how seasonality influences the coefficients that we estimate for our beach 

choice models. While all of the estimated coefficients could potentially vary across waves, 

we focus our attention here on how the estimated preference for water quality varies in 

different waves. 

Differences in coefficient estimates across the waves could be caused by a variety of 

factors with differing impacts on the results of our models. First, the significance of our 

coefficient estimates could vary substantially across waves. One possible cause of 

variation in estimated coefficient significance could be the fact that the frequency of 

visitation by our respondents varies considerably by wave. Table 5 summarizes the 

number of beach trips taken by the survey respondents in each wave. 
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Table 5: Summary of Trips by Wave 
WAVE sum mean max min Range Std. Dev.
Wave1 1027 5.010 47 1 46 6.839899
Wave2 744 3.875 28 1 27 3.996726
Wave3 681 3.547 27 1 26 3.665017
Wave4 1501 4.289 30 1 29 3.460731
Wave5 938 4.043 30 1 29 4.415424
Wave6 527 3.847 30 1 29 4.712141 

Second, it may also be the case that differences in estimated preferences for water quality 

reflect real seasonal differences in the strength and nature of preferences that beach goers 

hold for water quality. Preferences could vary seasonally for several reasons. First, different 

kinds of beach goers (e.g. swimmers vs. runners) may have different preferences for water 

quality. In some waves, certain types of beach goers may be more or less represented than 

others. We investigate user-differentiated preferences for water quality and beach choice in 

the next section. A second potential reason for differences in estimated preferences across 

waves is that individual recreational behavior may change over the seasons. For instance, 

an individual beach goer may be more likely to swim during the summer and run at the 

beach during the winter and so changes in activity choice alone may influence preferences. 

Third, it may be the case that offsite recreational possibilities change during the year (e.g. 

snowboarding is a substitute activity for beach going only during the winter months). 

While we expect variation in offsite recreation possibilities to primarily influence 

participation decisions, it is possible that changing offsite possibilities may influence onsite 

preferences for water quality. Finally, it is always possible that beach goers’ preferences 

change in some systematic way across seasons that we have not yet determined.
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To compare estimated preferences for water quality across the seasons, we examine 

wave-by-wave data for the most basic of our non-nested models, Model 1, and the 

most fully specified of the basic models, Model 3 (Table 6). (The coefficient estimates 

of models 2 and 3 do not vary significantly.) By looking at seasonal differences in the 

estimated preferences of the two models, we can determine how much of what appears 

to be seasonal differences in estimated preferences can be accounted for simply by 

more fully specifying the models to include activity relevant explanatory variables. 

Table 6: Seasonal Differences in the Estimated Coefficients on Quality 

Coefficient 
wave 1    wave 2      wave 3  wave 4   wave 5   wave 6 

Dec-Jan  Feb-Mar  April-May  June-July  Aug-Sept   Oct.-Nov
  
Model 1 
Cost  -0.107    -0.101    -0.091   -0.097    -0.101 -0.099
      Standard Error 0.004 0.005 0.005 0.003 0.005 0.006
      P Values 0.000 0.000 0.000 0.000 0.000 0.000
Beach Grade 0.317 -0.018 -0.028 -0.018 -0.059 0.119
      Standard Error 0.049 0.048 0.057 0.042 0.049 0.062
      P Values 0.000 0.706 0.620 0.670 0.228 0.055

Model 3 

Coefficient 
Cost 

wave 1 

-0.098 

wave 2 

-0.099 

wave 3 

-0.096 

wave 4 

-0.096 

wave 5 

-0.100 

wave 6

     -0.101 
      Standard Error 0.004 0.005 0.005 0.004 0.005       0.006 
      P Values 0.000 0.000 0.000 0.000 0.000       0.000 
Beach Grade 0.573 0.217 0.141 0.316 0.503       0.373 
      Standard Error 0.080 0.074 0.101 0.099 0.117       0.116 
      P Values 0.000 0.004 0.164 0.001 0.000       0.001 
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Notice first that the estimated coefficients on cost are robust and consistent across all 

specifications, while the estimated coefficients on water quality vary significantly. In the 

simplest specification, Model 1, the coefficient on water quality ranges from –0.059 in the 

late summer wave to 0.3 17 in the mid-winter waves. Of course, the significance of the 

estimated coefficients differ in the six waves. In Model 1, only the late Fall and mid-Winter 

waves yield estimates with significant coefficients; both of these estimates are of the 

expected (positive) sign. This greater significance in these two waves may reflect the fact 

that beach water quality during these months tends to be worse than during other, drier, 

times of the year, and so beach goers may have stronger preferences for water quality. 

In the more fully specified Model 3, in which more activity-specific factors are included 

among the explanatory variables, the estimated coefficients on water quality are 

consistently of the expected sign; all but one coefficient estimate is significant at the 0.1% 

level or better. Clearly, the inclusion of activity-specific variables not only improves the 

fit of the model, it also improves our ability to differentiate seasonally varying 

preferences for water quality and attributes that support activities. 

In many ways, the wave-by-wave estimation of Model 3 can be considered a state of the art 

estimation of the impact of water quality on recreational beach choice. Model 3 includes far 

more explanatory variables than most recreation site choice models. Further, Model 3 

accounts for the influence that divergent activity choices may have on preferences for site 

quality. Model 3 even provides a seasonal resolution rare in recreation choice models. 

Despite the advances inherent in Model 3, the model yields an estimate of water quality
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that is averaged over all users, regardless of the activities they undertake during their beach 

trip. We believe, a priori, that beach visitors who recreate in the ocean will have stronger 

preferences for clean coastal water than other beach goers. Further, if the choice of activity 

is non-random, then welfare changes due to changes in water quality will be distributed 

across the population in non-random ways. Simply put, different people are likely to be 

harmed to different degrees by water quality impairment. A more complicated, nested 

model is required to more fully understand how the benefits and costs of water quality 

change are distributed in society. 

Towards a More Comprehensive Model of Beach Choice: The Importance of 

Heterogeneity Among Users and Activities 

The demographic and recreational diversity, or heterogeneity, of beach goers in Southern 

California complicates the accurate modeling of recreational beach site choice and the 

assessment of economic value associated with a change in beach characteristics. If 

heterogeneity is not accounted for, our random utility models could be biased and produce 

inaccurate information on the effects of changes in beach attributes (see Yatchew and 

Griliches, 1984). If present, this bias would adversely affect the model in terms of the 

distribution of welfare estimates due to changes in resource attributes and/or management 

decisions. 

To address the effects of respondent heterogeneity in models of choice, researchers primarily 

have focused on three approaches. Two approaches involve the a priori selection of 

variables – most commonly demographic attributes. In the first approach, "the cluster 

models," the researcher places individuals into demographically similar groups or
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segments. The second approach incorporates individual demographic variables into the 

indirect utility function through the use of interaction variables. 

A third approach to incorporating respondent heterogeneity in choice models is the 

random parameter logit (RPL) model. This method handles heterogeneity across 

preferences by allowing estimated coefficients to randomly vary across individuals 

according to a continuous probability distribution, typically the normal or lognormal 

distribution. One aspect of the RPL model is that it is not restricted by the independence of 

irrelevant alternatives (IIA) property. This is due to interactions within the choice 

probabilities of the attributes of all elements in the choice set (Train, 2003). The RPL 

model relaxes the restriction of the conditional logit (CL) that requires coefficients on 

observed variables to be fixed over all individuals. By allowing for variation in 

coefficients over individuals, the unobserved portion of the respondent's utility is 

correlated over sites and time (Train 1998). As a result, the RPL provides a better fit to 

the data. 

The RPL method, however, has two important limitations. First, the RPL assumes that 

preferences vary continuously across economic agents (i.e. the respondents or beach goer). 

Although the continuous distribution assumption is likely to be valid in many applications, 

for example how spicy one likes their food, there are many situations where actual 

preferences may be more accurately captured by multiple discrete probability masses. For 

instance the presence of a fishing pier enters discretely into the typical beach goer’s utility 

function. 
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Second, random parameter models may not be the most appropriate for beach management 

decisions. Beach managers often are concerned with understanding how changes in water 

quality impact specific individuals or user groups. While the RPL advances the analyst’s 

ability to estimate the most efficient model parameter coefficients (Boxall and Adamowicz, 

2002), the standard application of the RPL does not provide a means for assessing the 

distributional impacts of changes in beach attributes, including water quality. The RPL can 

only provide information regarding a behavioral explanation for the source of the 

heterogeneity across people if the analyst also models the mean of the random parameter 

coefficients as a function of personal characteristics (see Breffle and Morey 2000). 

Another approach to modeling preference heterogeneity is to use a nested repeated 

multinomial logit framework (applications include Bockstael, McConnell and Strand 1989, 

Kaoru 1995, Morey et al. 1993, Hauber and Parsons 2000). The nested approach is based 

on two important assumptions. First, individual preferences are neither homogeneous nor 

continuously distributed, but can be more accurately represented as being discretely 

distributed. Second, individual preferences are not purely a function of demographic 

variables, but can also be formed by expectations regarding the utility of site choice. 

In our case, systematic heterogeneity could be accounted for by modeling the choice of 

activity and then by estimating the choice model conditioned upon the choice of activity. 

Within each activity group, preferences are assumed to be homogeneous; however 

preferences, and utility functions, can vary between groups. A primary benefit of the nested 

approach is that the model may help to explain variation in preferences across
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individuals conditional on the probability of membership to a group. The increased 

explanatory power provided by the nested model should be of benefit to beach managers 

in terms of welfare analysis and policy decisions. The results of the nested model also 

would allow beach managers to see how preferences and behavior vary for different kinds 

of beach goers. Further, beach managers could explore how welfare impacts differ among 

different user groups. The nested model can estimate the coefficients on explanatory 

variables associated with the recreational beach choice occasion for each activity type. 

A Nested Model of Beach and Activity Choice 

Nested models of recreational site choice and participation are now common in the 

literature (see for instance Morey et al. 1993, Kaoru 1995, McNair et al. 1999, and Morey 

1999). A simple diagram of the three level nested logit approach we use to estimate models 

of beach choice, activity choice, and participation is given below. In the exposition that 

follows, we start at the bottom of our nest, understanding that the choice in any one nest is 

conditioned upon having made a decision in the previous nest. So for instance, the choice 

of an activity is made only after a respondent has decided to go to the beach and the beach 

chosen depends upon the activity undertaken. While the decisions run top to bottom, the 

modeling progresses from bottom to top – each choice is made given the expected utility of 

the nest below. So, the decision to visit the beach is made based on the expected utility of 

considering all possible activities and beach choices. All three nests are estimated 

simultaneously using Full Information Maximum Likelihood. 
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   Particpation  
   Nest 
 
 
    Activity 
    Nest 
 

 

 

     Beach Choice 
 Site A   Site B   Site C   Site A   Site B  Site C   Site A   Site B   Site C     Nest  

The Beach Choice Nest 

Beach site choice is conditioned upon the choice of activity as assigned by the hierarchical 

method described above. The beach choice nest is a standard linear in attributes model of 

site choice in which the respondent is believed to chose the beach that provides the greatest 

(indirect) utility. The deterministic component of indirect utility enjoyed by beach goer i 

from choosing site j at time t is given as 

Ui j t  = Xi j*β 

Where Xi j  is the vector of all beach attributes, described in the data section above. The 

probability that individual i chooses beach j at time t is given by, 

Visit Beach/Not Visit 
Beach 
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The vector of coefficients, β, reflects the preferences the beach goer places on the beach 

attributes in Xij. In addition, there exists some randomness in the choice of beaches by 

beach goers. This randomness is captured by the random component of the indirect utility 

function, εijt. This random component may reflect true stochastic factors in the choice 

process and unobserved site attributes that cannot be modeled by the analyst. We follow 

the literature and assume that the random component of the indirect utility function is 

distributed as a Type I Extreme random variable. 

For each activity type, a separate utility function is estimated with separate coefficients, 

including separate coefficients on travel cost. In past studies, the cost coefficients of 

alternative submodels in a nested logit random utility model have generally been 

constrained to be the same, the implication being that the marginal utility of income does 

not vary between nests. Hensher and Green (2002), however, demonstrate that because 

scale parameters vary between submodels, constraining coefficients to be the same is not 

the equivalent of constraining marginal utilities to be the same. Because the magnitude of 

the stochastic term in the beach selection utility function almost certainly is not the same 

across the different activity types, we allow the scale of the coefficients to be determined 

by the choice data within each activity type. This implies that the coefficients on cost are 

not identical for the different activity types. Further we assume a constant inclusive value 

coefficient for the alternative activity types in the activity selection sub-model and so the 

marginal utilities of expenditures in the classes are not equal. The standard model, which
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which imposes the same coefficient on cost in each choice sub-model, would distort the 

key coefficients in an unpredictable way, biasing welfare measures. 

In the beach choice nest, two beaches north and south of the geographic choice set were 

also included. These beaches, Oceanside and Point Mugu, were characterized solely by 

binary indicator variables and travel costs because we did not have beach attribute data 

for them. Point Mugu is omitted from water activity and sand-activity choices, since 

there were no trips to that destination for those activities. We also use a binary indicator 

for Venice beach. Venice beach is an important tourist destination and offers many 

amenities and attractions that are not found at other beach sites (e.g. Muscle Beach, the 

graffiti pit, the skating pit, drum circles, etc.). This level of the nest is estimated for all 

trips that a) were to a single beach in the choice set, b) could be classified by activity, and 

c) were taken by a respondent who supplied income and address information for cost 

calculation. 

The Activity Choice Nest 

The activity choice nest, which models the probability that a respondent chooses an 

activity, depends upon the expected utility of participating in an activity (as estimated 

using the inclusive value from the first nest) and demographic characteristics of the 

respondent. Before we can proceed with the activity choice nest, we describe how we 

assign respondents activity choices to a limited number of activity choice categories. 
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Beach Activities 

Before a nest of activity choice can be estimated, we first had to define and assign activity 

choices made by respondents. There were 42 distinct activities reported by the survey 

responses plus “other.” These 42 activities were grouped into the following categories: 

water contact activities (abbreviated to “WATER”); activities on the sand (abbreviated to 

“SAND”); and activities involving walking, running, bicycling, etc on the boardwalk or 

pavement (abbreviated to “PAVEMENT”) as well as activities involving shopping, dining, 

etc. Activities were assigned to one of these categories based on both the similarity of the 

distinct activities and also the relationship between the activity and the attributes of the 

sites. A detailed description of the categories is as follows: 

Water 

The “Water” category includes all activities that are characterized by direct contact 

with water such as splashing in the water, swimming, and SCUBA diving. In 

addition to these immersion activities “canoeing” and “kayaking” are included in 

the “Water” category. “Canoeing” and “kayaking” are similar to other “Water” 

activities in that participants have a relatively high probability of getting wet. 

Additionally many canoeists and kayakers participate in a version of surfing and 

seek beaches with similar characteristics. 

Recreational site choice for participants of “Water” activities are expected to be 

sensitive to attribute levels for characteristics such as water quality, and the 

presence of life guards, storm drains, and rivers. 
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Sand 

The “Sand” category includes activities that commonly are identified as “Beach” 

activities such as “playing in the sand”, “beach combing,” “sunbathing,” and 

“volleyball.” Additionally, activities such as “enjoying the view,” “reading,” and 

kite flying” are categorized as “Sand” because they are typically “open space” 

activities in which the participants are neither actively traveling (such as hiking or 

cycling), taking part in consumptive activities (such as dinning or shopping), nor 

are they taking part in “water” activities. 

In addition to the above activities “fishing” is categorized as a “Sand” activity. In 

the dataset “fishing” is limited to “shore or pier fishing” and is therefore does not 

include fishing from a boat. Additionally, site attribute variables in the dataset may 

not be sufficient to estimate a “fishing” site choice model as the available attributes 

do not include water depth, fish species, or catch rate data. Nevertheless, shore and 

pier anglers do recreate directly on the beach and thus we believe that many of our 

beach attributes may help explain their site choices. In this light, the most 

appropriate categorization for “shore or pier fishing” is “Sand.” 

Recreational site choice for participants of “Sand” activities are expected to be 

sensitive to attribute levels for beach amenities such as the rockiness and 

sandiness of the beach, the availability of facilities such as fire pits, volleyball 

courts, and piers, and the level of coastal development. 
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Pavement 

The “Pavement” activity category includes both activities that are pedestrian in 

nature and those utilizing bike paths or sidewalks. Some of these activities such as 

cycling and roller-skating are limited to taking place on paved sidewalks or bike 

paths, while others such as “walking,” “hiking” and “jogging” can either take 

place on bike paths or on the sand. However a major similarity among the 

activities in the “Pavement” category is that they are not limited to being done at 

the beach –they can be carried out elsewhere. 

We also include in the “Pavement” segment those activities that are consumption 

based, but not necessarily beach related, such as “shopping”, “dinning”, and 

“visiting amusement parks.” “Pavement” activities are different from “Water” or 

“Sand” based activities in that the actual choice set extends beyond the beach and it 

is expected that the beach goer taking part in a “Retail” activity will respond to the 

site attributes differently. Additionally it is noted that both the site attribute list and 

the choice set are incomplete for a complete “retail” choice model in Southern 

California. Through the separation of “Retail” based beach trips from “Water” and 

“Sand” better estimates of attribute coefficients are expected. 

Other 

A small number of respondents listed activities that were not easily classified into 

any of the above groups. These responses are assigned to the “Other” segment.  

For a list of what specific activities were assigned to each general category refer to 

Table 7. 
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Assigning An Activity To A Trip 

The computer assisted telephone interview (CATI) software used to conduct the telephone 

surveys permits the interviewer to document up to four activities associated with each 

beach trip recorded. In fact, in roughly half of the trip observations the respondent only 

reported one activity -- out of 5411 beach trip observations, 2636 (49%) responses recorded 

one activity. However, 1687 (32%) responses recorded two activities, 763 (14%) recorded 

three activities, and 325 (6%) recorded four activities. When more than one activity is 

reported, it may be that some or all of these responses fall into the same broad activity 

category described above, in which case there is no problem in assigning an activity to the 

trip. In many cases, however, we still have multiple broad activity categories associated 

with a trip. To assign an activity for each trip, we use a hierarchical classification. 

In the case of beach related activities, we created a hierarchical ordering of activities by 

ranking the broad activity categories according to their expected order of importance to the 

beach choice decision. A second consideration in assigning an activity to a trip is how well 

the site choice model is likely to explain the beach choice conditional on the activity 

chosen. For certain activities, our ability to forecast the choice of a site conditional on that 

activity is limited by fact that our data does not contain a full set of attributes relevant for 

that specific activity, nor do we have data on the full choice set for that activity. In the case 

of Pavement, for example, there are other potential locations besides the beaches to ride a 

bike, but we do not have attribute data about these sites. This inevitably constrains our 

ability to model site choice when retail is the target activity. In turn, this might also 

influence whether we should be to classify a trip as a Pavement trip when other activities 

are also conducted in the same trip.  Similarly, with activities such as dining, running,
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and cycling, these activities can be conducted at other locations in the Los Angeles area 

besides the beaches covered by our data. We are working with an incomplete choice set 

compared to the situation that exists with sunbathing, say, or swimming in the ocean. We 

place more emphasis on sand- or water-related activities when assigning an activity to a 

trip. This logic leads to the following hierarchy when assigning an activity to a trip. 

• Activities that involve some degree of getting into the “Water” are placed at 

the top of the activity hierarchy. This hierarchy is based largely on the 

hypothesis that in general beach goers participating in “water” based 

activities are more selective regarding their recreation site than others. 

Those who get in the water will have different preferences regarding water 

quality and other attributes than those beach goers who remain dry. 

• Following the “Water” category, the available site attributes are best suited 

for explaining the recreational site choice for those participating in “Sand” 

activities. 

• “Pavement” activities are ranked third, as the ability to take part in 

“Pavement” activities such as running are believed to be large draws for 

beach visitation. 
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TABLE 7: Activity Choices  

 Hierarchical 
Categories 

Count Count Count Count

Activity 1 Activity 2 Activity 3 Activity 4
Boating W 27 2 0 0
Body boarding/body surfing/skimboarding W 249 69 21 9
Canoeing W 12 1 0 0
Jet boating/jet skiing/personal water craft W 0 37 9 6
Kayaking W 20 4 4 0
Sailing W 5 0 0 0
Scuba diving W 0 1 0 0
Snorkeling W 2 14 0 0
Splashing in water W 75 59 2 4
Surfing W 418 64 2 0
Swimming W 291 170 54 4
Wading W 64 98 11 2
Water skiing W 2 1 0 0
Windsurfing / boardsailing W 1 1 0 0
Activities with children S 111 114 40 21
Bar-b-q S 19 21 20 6
Beachcombing S 9 28 26 0
Enjoying the view S 135 138 51 18
Fishing (shore or pier) S 69 20 1 0
Frisbee S 29 39 28 2
Kite flying S 10 10 1 0
People watching S 93 100 63 29
Picnicking S 137 120 38 14
Played in the sand S 14 26 9 6
Reading S 28 45 32 0
Relaxing S 1 1 2 0
Sand football/soccer S 15 25 2 15
Sleeping S 1 1 0 0
Sunbathing S 305 156 88 12
Volleyball S 91 160 31 1
Walking the dog S 65 15 5 0
Watched fireworks S 21 19 1 0
Bicycling P 444 64 3 10
Hiking P 7 0 9 5
Jogging P 343 50 13 19
Rollerblading/roller skates P 165 18 52 2
Walking P 1478 450 155 12
Amusement park/ arcade P 7 5 1 0
Eating/ drinking P 31 53 11 4
Shopping/dining P 207 278 109 17
Other O 414 299 194 107
Total  5415 2776 1088 325
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In the activity choice nest, we model the probability of choosing an activity as 
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Where Si t  is a vector consisting of demographic attributes of the respondent, some wave-

specific constants, and the inclusive value from the first nest, I1. The coefficient áa  is 

normalized to zero for the alternative of pavement-based activities, except that the 

coefficient on the inclusive value is the same for all three alternative activity types. The 

inclusive values are calculated from the results of the beach choice nest for the estimation of 

the activity nest of the model based on the usual formula 

inclusive value = )ln(
1
∑
=

J

j

je βx  

The inclusive values are calculated for each activity using the full choice set for that 

activity. These values are calculated for each individual and each wave, provided that cost, 

location and the explanatory variable data needed in the second level of the model were 

available. The inclusive value covariate is equivalent to the expected utility from the beach 

choices for each activity type. Note that we can calculate this expected utility even for 

respondents who did not report any trips. 

The second level is estimated for all single-destination trips that could be classified as to 

activity type and where the user supplied income and location data to calculate costs, as 

well as all of the demographic variables needed to estimate this level and the top level of the 

model. 
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The Participation Nest 

The final nest models the level of participation (in beach related activities) of the 

respondents. We include all observations where people a) reported trip counts for a month 

and b) supplied the income, location, and other covariates needed for all three levels of the 

model. Specifically, the participation model is a repeated logit model of participation for 

each month. We include all observations where people reported trip counts for a month 

and supplied the income, location, and other covariates needed for all three levels of the 

model. The probability of observing exactly k trips is given by: 
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where Z includes the inclusive value, I2 (expected utility) from the activity-choice nest, 

and other explanatory variables. P gives the probability of visiting a beach on a single 

choice occasion, and N is the number of days (choice occasions) in each month. 

Inclusive values for the activity level are calculated using the same formula as before\ 
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The Results of the Nested Model 

The results for the three-level nested repeated logit are given in Table 8. Note first that not 

all explanatory attributes enter into every submodel. Many attributes that are logical 

explanatory variables for beach choice conditioned upon a water-based activity are not 

logical explanatory variables for sand or pavement based activities. Second, note that our 

primary explanatory variables were collected with the intent of explaining beach choice by 

those who intended to undertake water based activities. For this reason, our water-based 

activity submodels (both the beach choice and activity choice models) are more fully 

specified and have greater explanatory power. In the discussion below, we focus primarily 

on the results of the model which pertain to water quality and beach choice by those that 

undertake water based activities. 

The coefficients for travel cost and water quality are significant and have the expected sign 

and magnitude (see the welfare estimates in the following section). The coefficients of each 

submodel are designated by a capital letter indicating the activity type for which the 

coefficients correspond (e.g. W=water, S= sand, P=pavement). A number following the 

activity letter designation indicates that the coefficient is specific to a particular wave in the 

model (e.g. W1=water, wave 1). The coefficients on water quality (WHTB Yr) are positive 

for water-based activities, but not significantly different from zero for sand-based activities. 

A water quality variable did not enter into the right hand side of the “Pavement” sub-model 

because we had no reason to believe that water quality should matter to beach goers that 

did not go on the sand or get in the water. Note that combining water users with other users 

would have diminished our ability to detect the preference placed on clean water by  
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swimmers and surfers. Within water-based activities, the preferences for water quality are 

slightly diminished for wave 2. While Development and Harbors proved to be utility 

degrading for water users, Development was a desirable attribute for sand users and 

pavement users preferred the presence of both Development and Harbors to their absence. 

The other coefficient estimates are generally in keeping with our intuition. 

From a policy perspective, we would like to understand what factors determine the choice of 

water-based activities and how changes in water quality influence the choice to participate 

in water-based activities or substitute to other types of beach activities (especially when 

water quality becomes degraded). The model results indicate that seasonality is an 

important determinant of the decision to undertake water-based activities. All users are 

more likely to choose water based activities in the Spring, Summer, and early Fall. Race 

also plays a factor in the choice of beach activities. Black respondents were less likely 

overall to choose a water-based activity, while Hispanics were not significantly different 

from others (e.g. whites, Asians, and Native Americans) in their choice of water-based 

activities. Males were more likely to get in the water. Interestingly, age was not found to be 

an important factor in influencing the choice of a water-based activity, but families with 

children were more likely to participate in sand-based activities. Finally, all potential beach 

goers were more likely to go to the beach in the summer. Blacks, Hispanics, students, and 

households with children were less likely to go to the beach than others. Males and those 

with only part-time employment were more likely to visit area beaches. 
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Table 8:  Three Nested Beach Choice, Activity Choice, and Participation Model 
  Time Valuation = 50% wage rate 
BEACH CHOICE MODELS   

 

Note, the first letters W,S, and P indicate coefficients that apply to the Water, Sand, 
and Pavement activity submodels.  Numbers in the second position indicate 
coefficients that apply to the wave of that number. 

    
 Mean log-likelihood -2.73638  
 Observations       4545  

 
 
Estimates Standard Error T-statistic P-value 

  
Cost, water -0.0734 0.0050 -14.7110 0.0000
Cost, sand -0.0982 0.0055 -17.8390 0.0000
Cost, pavement -0.1164 0.0078 -14.9170 0.0000
 Water-based Activity Beach Choice Model  
 Water activities beach choice model, variables that affect all waves 
WHTB Yr 0.4158 0.0802 5.1810 0.0000
Wln(Length) 1.4381 0.0825 17.4230 0.0000
Wugly -0.4670 0.0656 -7.1160 0.0000
WDevelop2 -0.4049 0.0763 -5.3040 0.0000
WWild 0.8046 0.1454 5.5320 0.0000
WLifeguard/length 0.2761 0.0283 9.7540 0.0000
Wsandy 2.0235 0.2249 8.9960 0.0000
Wsurfing 0.5366 0.1327 4.0460 0.0001
Wdiving 0.6735 0.1150 5.8550 0.0000
Wharbor -1.1274 0.0990 -11.3900 0.0000
WOceanside dummy 6.7932 0.4580 14.8320 0.0000
Wvenice dummy 3.7928 0.3330 11.3910 0.0000
 Water activities beach choice model, variables for specific waves 
W2HTB Yr -0.2494 0.0979 -2.5470 0.0109
W4HTB Yr -0.0489 0.0953 -0.5130 0.6083
W4Lifeguard/length 0.1355 0.0389 3.4850 0.0005
W5HTB Yr 0.1079 0.1260 0.8560 0.3921
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Table 8 (continued):  Three Nested Beach Choice, Activity Choice, and Participation 
Model : Time Valuation = 1/2 wage rate 
 Sand-Based Activities Beach Choice Model  
 Estimates Standard Error T-statistic P-value 
SHTB Yr -0.0616 0.0587 -1.0490 0.2944
Sln(Length) 0.9255 0.0730 12.6810 0.0000
SUgly -0.4312 0.0681 -6.3280 0.0000
SDevelop 0.5703 0.1262 4.5190 0.0000
SWild 1.0007 0.1086 9.2170 0.0000
SVolleyball/length 0.0028 0.0047 0.5980 0.5501
SLifeguard/length 0.4067 0.0276 14.7590 0.0000
SHarbor -0.5332 0.0775 -6.8800 0.0000
SSandy 0.3518 0.2269 1.5510 0.1210
SPlayground -0.1681 0.0819 -2.0510 0.0403
SRestroom 0.5587 0.2140 2.6110 0.0090
SFirepit/length 0.0000 0.0021 -0.0190 0.9850
SOceanside dummy 3.1894 0.5500 5.7990 0.0000
SVenice dummy 3.5158 0.2870 12.2510 0.0000
S4Volleyball/length -0.0146 0.0080 -1.8260 0.0679
S5Volleyball/length -0.0080 0.0091 -0.8790 0.3792
  
 Pavement-Based Activities Beach Choice Model 
Pln(Length) 1.7028 0.1178 14.4580 0.0000
PUgly -0.6110 0.0791 -7.7230 0.0000
PDevelop2 -0.4309 0.1252 -3.4430 0.0006
PWild 0.4471 0.1405 3.1810 0.0015
PLifeguard/length 0.6228 0.0288 21.5930 0.0000
PParking -0.6932 0.3054 -2.2700 0.0232
PPubfac -0.5484 0.1516 -3.6170 0.0003
PSandy 0.5309 0.4908 1.0820 0.2793
PShowers 1.1947 0.2192 5.4500 0.0000
PStrparking 1.2397 0.2294 5.4040 0.0000
PHarbor 0.2207 0.0860 2.5650 0.0103
PNature 0.7228 0.1946 3.7130 0.0002
PRivers 0.8127 0.2632 3.0880 0.0020
PBikepath 0.1631 0.1414 1.1530 0.2489
PCamping -2.2342 0.2942 -7.5950 0.0000
PPlayground 0.0727 0.0929 0.7830 0.4338
PRestrooms 0.2596 0.3984 0.6520 0.5146
PSidewalk 0.3584 0.1303 2.7510 0.0059
PRentals -0.5841 0.1245 -4.6920 0.0000
PPointMugu dummy 5.8516 0.5881 9.9510 0.0000
POceanside dummy 5.9621 1.0794 5.5240 0.0000
PVenice dummy 6.4541 0.4756 13.5700 0.0000
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Table 8 (continued):  Three Nested Beach Choice, Activity Choice, and Participation 
Model : Time Valuation = 50% wage rate 
ACTIVITY CHOICE MODEL    
 Mean log-likelihood  -1.01975  
 Observations  4837  
 Estimates Standard Error T-statistic P-value 
 Variables Affecting The Choice Of Water-Based Activities. 
I1 0.3072 0.0655 4.6920 0.0000
WConstant -1.8684 0.2146 -8.7070 0.0000
WMale 0.4058 0.0709 5.7200 0.0000
WBlack -1.0335 0.2467 -4.1890 0.0000
WHispanic -0.1000 0.0929 -1.0760 0.2817
W3Constant 1.3466 0.1347 9.9940 0.0000
W4Constant 1.9405 0.1683 11.5280 0.0000
W5Constant 1.2422 0.1882 6.6000 0.0000
W6Constant 0.6229 0.1435 4.3400 0.0000
 
SConstant -0.0028 0.1829 -0.0150 0.9877
SKids 0.2064 0.0730 2.8260 0.0047
S3Constant 0.0479 0.1273 0.3770 0.7065
S4Constant 1.1758 0.1136 10.3520 0.0000
     
     
PARTICIPATION MODEL    
  Mean log-likelihood -3.89772  
  Observations 7686 
  
I2 0.3835 0.0849 4.5160 0.0000
Constant -4.6445 0.1438 -32.3060 0.0000
Male 0.4350 0.0601 7.2350 0.0000
Kids -0.1602 0.0578 -2.7700 0.0056
Student -0.1823 0.0748 -2.4370 0.0148
Workparttime 0.1873 0.0879 2.1300 0.0331
Black -0.6761 0.1338 -5.0520 0.0000
Hispanic -0.5655 0.0746 -7.5830 0.0000
Summer 0.2089 0.0895 2.3350 0.0196
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WELFARE ESTIMATES 
Welfare estimates for changes in beach availability and/or beach attributes are being 

calculated separately and extrapolated to the entire population of beach goers in our four- 

county study area. The results of the welfare calculations will be presented in a separate report. 

CONCLUSION 

Despite anecdotal evidence to the contrary, coastal marine water quality is an important factor in 

determining when and where Southern Californians go to the beach. The decision about when 

and where to go the beach in California is complex and depends on many factors in addition to 

water quality, including the natural and managed attributes of beaches, the cost of getting to the 

beach, the activities one plans to undertake at the beach, the personal characteristics of the beach 

goer, and the season during which the choice takes place. Our analysis indicates that it is not 

possible to isolate the effect of water quality on the choice of a beach site unless this is 

simultaneously modeled along with other important components of beach choice such as the 

choice of beach activity and seasonal participation in beach recreation. We have shown the value 

of adopting a comprehensive approach to modeling beach behavior by first presenting the results 

of simpler model of beach choice and then contrasting this with a more complex, multi-nested 

model. The simpler models do not properly capture the impact of water quality on beach choice 

and thus on the economic welfare of beach goers.  To address the complex nature of beach 

choice in Southern California, we use a three-level nested random utility model of beach choice 

to simultaneously model how the beach going public chooses beaches, the activities they 

undertake at the beach, and whether or not to go to a beach. This three level model allows us to 

estimate the ways in which changes in beach water quality, beach attributes, and beach closures
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impact beach goers; specifically we can estimate changes in attendance at the 51 principle 

beaches of Los Angeles and Orange Counties, changes in expenditures, and changes in the 

economic well-being of beach goers. This model can serve as the foundation for policy 

decisions regarding beach water quality management, oil spill prevention, and the 

determination of fines for events that result in the impairment of coastal water quality or 

the closure of beaches.
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Appendix I: Estimated Models with Alternative Values of Time (0%, 33% and 100 
     of the wage rate) 
 
 
Table A1:  Three Nested Beach Choice, Activity Choice, and Participation Model 
Time Valuation = Zero 
BEACH CHOICE MODELS   

 

Note, the first letters W,S, and P indicate coefficients that apply to the Water, Sand, 
and Pavement activity submodels.  Numbers in the second position indicate 
coefficients that apply to the wave of that number. 

    
 Mean log-likelihood -2.69349  
 Observations  4545  
     
 Estimates Standard Error T-statistic P-value 
  
Cost, water -0.3435 0.0416 -8.255 0.0000
Cost, sand -0.3802 0.0180 -21.116 0.0000
Cost, pavement -0.5048 0.0708 -7.130 0.0000
 Water-based Activity Beach Choice Model  
 Water activities beach choice model, variables that affect all waves 
WHTB Yr 0.3330 0.1281 2.600 0.0093
Wln(Length) 1.4317 0.0802 17.851 0.0000
Wugly -0.5540 0.0711 -7.787 0.0000
WDevelop2 -0.5227 0.1024 -5.105 0.0000
WWild 0.8256 0.1525 5.414 0.0000
WLifeguard/length 0.2792 0.0288 9.679 0.0000
Wsandy 2.2092 0.2311 9.561 0.0000
Wsurfing 0.4984 0.1722 2.894 0.0038
Wdiving 0.8475 0.1534 5.525 0.0000
Wharbor -1.2916 0.1153 -11.200 0.0000
WOceanside dummy 6.9491 0.5565 12.487 0.0000
Wvenice dummy 3.7657 0.3734 10.085 0.0000
 Water activities beach choice model, variables for specific waves 
W2HTB Yr -0.2171 0.1650 -1.316 0.1882
W4HTB Yr 0.0364 0.2261 0.161 0.8722
W4Lifeguard/length 0.1443 0.0395 3.653 0.0003
W5HTB Yr 0.2125 0.1841 1.154 0.2485
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Table A1 (continued):  Three Nested Beach Choice, Activity Choice, and 
Participation Model : Time Valuation = Zero 
 Sand-Based Activities Beach Choice Model  
 Estimates Standard Error T-statistic P-value 
SHTB Yr -0.0416 0.0684 -0.609 0.5427
Sln(Length) 0.9066 0.2379 3.811 0.0001
SUgly -0.4998 0.0807 -6.191 0.0000
SDevelop 0.6488 0.1371 4.732 0.0000
SWild 1.0998 0.5462 2.014 0.0441
SVolleyball/length 0.0011 0.0112 0.098 0.9220
SLifeguard/length 0.3904 0.0273 14.307 0.0000
SHarbor -0.6169 0.0805 -7.660 0.0000
SSandy 0.4701 1.2146 0.387 0.6987
SPlayground -0.2155 0.2958 -0.728 0.4663
SRestroom 0.4926 0.7341 0.671 0.5023
SFirepit/length 0.0019 0.0029 0.652 0.5145
SOceanside dummy 3.4020 2.7093 1.256 0.2092
SVenice dummy 3.3827 2.0498 1.650 0.0989
 Sand activities beach choice model, variables for specific waves   
S4Volleyball/length -0.0137 0.0113 -1.214 0.2247
S5Volleyball/length -0.0080 0.0151 -0.532 0.5948
  
 Pavement-Based Activities Beach Choice Model 
Pln(Length) 1.7612 0.2730 6.451 0.0000
PUgly -0.6885 0.0999 -6.892 0.0000
PDevelop2 -0.5581 0.4839 -1.153 0.2487
PWild 0.5578 0.7549 0.739 0.4600
PLifeguard/length 0.6194 0.0685 9.041 0.0000
PParking -0.7418 1.6210 -0.458 0.6472
PPubfac -0.5985 0.3425 -1.747 0.0806
PSandy 0.7614 2.7042 0.282 0.7783
PShowers 1.2062 0.7196 1.676 0.0937
PStrparking 1.2679 0.5622 2.256 0.0241
PHarbor 0.2098 0.1210 1.734 0.0830
PNature 0.8203 0.7769 1.056 0.2910
PRivers 0.8504 1.2273 0.693 0.4884
PBikepath 0.0521 0.5446 0.096 0.9238
PCamping -2.3191 0.5639 -4.113 0.0000
PPlayground 0.0857 0.1852 0.463 0.6434
PRestrooms 0.0933 0.4024 0.232 0.8167
PSidewalk 0.3298 0.1406 2.346 0.0190
PRentals -0.4494 0.5822 -0.772 0.4401
PPointMugu dummy 5.1530 5.2537 0.981 0.3267
POceanside dummy 7.2516 4.4098 1.644 0.1001
PVenice dummy 6.2591 4.4703 1.400 0.1615
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Table A1 (continued):  Three Nested Beach Choice, Activity Choice, and 
Participation Model : Time Valuation = Zero 
ACTIVITY CHOICE MODEL    
 Mean log-likelihood  -1.01975  
 Observations  4837  
 Estimates Standard Error T-statistic P-value 
 Variables Affecting The Choice Of Activities. 
I1 0.3712 0.2728 1.361 0.1736
WConstant -1.7894 1.8450 -0.970 0.3321
WMale 0.4066 0.0813 5.001 0.0000
WBlack -1.0503 0.2503 -4.196 0.0000
WHispanic -0.1365 0.1000 -1.365 0.1723
W3Constant 1.3009 0.1775 7.331 0.0000
W4Constant 1.6919 0.3984 4.247 0.0000
W5Constant 1.0664 0.4689 2.274 0.0229
W6Constant 0.5409 0.1933 2.798 0.0051
 
SConstant 0.0116 3.3651 0.003 0.9973
Skids 0.1976 0.1152 1.716 0.0862
S3Constant 0.0152 0.9444 0.016 0.9872
S4Constant 1.1061 0.1430 7.735 0.0000
     
     
PARTICIPATION MODEL    
 Mean log-likelihood -3.89772 
 Observations 7686 
  
I2 0.4940 0.3092 1.598 0.1101
Constant -5.0187 0.8306 -6.042 0.0000
Male 0.3808 0.0661 5.763 0.0000
Kids -0.1537 0.0642 -2.395 0.0166
Student -0.1387 0.0746 -1.859 0.0630
Workparttime 0.2069 0.0873 2.370 0.0178
Black -0.5940 0.1520 -3.908 0.0001
Hispanic -0.4529 0.0739 -6.125 0.0000
Summer 0.1457 0.1785 0.816 0.4144
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Table A2:  Three Nested Beach Choice, Activity Choice, and Participation Model 
  Time Valuation = 33.33% wage rate 
BEACH CHOICE MODELS   

 

Note, the first letters W,S, and P indicate coefficients that apply to the Water, Sand, 
and Pavement activity submodels.  Numbers in the second position indicate 
coefficients that apply to the wave of that number. 

    
 Mean log-likelihood -2.72809  
 Observations 4545  
     
 Estimates Standard Error T-statistic P-value 
  
Cost, water -0.1017 0.0066 -15.3940 0.0000
Cost, sand -0.1323 0.0070 -18.9620 0.0000
Cost, pavement -0.1589 0.0099 -16.0380 0.0000
 Water-based Activity Beach Choice Model  
 Water activities beach choice model, variables that affect all waves 
WHTB Yr 0.4057 0.0834 4.8650 0.0000
Wln(Length) 1.4358 0.0820 17.5080 0.0000
Wugly -0.4787 0.0660 -7.2520 0.0000
WDevelop2 -0.4253 0.0764 -5.5670 0.0000
WWild 0.7975 0.1470 5.4250 0.0000
WLifeguard/length 0.2771 0.0286 9.7040 0.0000
Wsandy 2.0611 0.2253 9.1470 0.0000
Wsurfing 0.5232 0.1325 3.9500 0.0001
Wdiving 0.7234 0.1164 6.2130 0.0000
Wharbor -1.1608 0.0993 -11.6850 0.0000
WOceanside dummy 6.8599 0.4581 14.9740 0.0000
Wvenice dummy 3.7893 0.3324 11.4010 0.0000
 Water activities beach choice model, variables for specific waves 
W2HTB Yr -0.2377 0.0971 -2.4480 0.0144
W4HTB Yr -0.0354 0.1076 -0.3290 0.7422
W4Lifeguard/length 0.1372 0.0392 3.5000 0.0005
W5HTB Yr 0.1181 0.1287 0.9180 0.3586
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Table A2 (continued):  Three Nested Beach Choice, Activity Choice, and 
Participation Model : Time Valuation = 33.33% wage rate 
 Sand-Based Activities Beach Choice Model  
 Estimates Standard Error T-statistic P-value 
SHTB Yr -0.0617 0.0580 -1.0640 0.2875
Sln(Length) 0.9207 0.0730 12.6160 0.0000
SUgly -0.4450 0.0684 -6.5030 0.0000
SDevelop 0.5750 0.1275 4.5090 0.0000
SWild 1.0163 0.1106 9.1860 0.0000
SVolleyball/length 0.0022 0.0047 0.4660 0.6415
SLifeguard/length 0.4049 0.0275 14.7450 0.0000
SHarbor -0.5519 0.0777 -7.1000 0.0000
SSandy 0.3743 0.2333 1.6050 0.1086
SPlayground -0.1716 0.0823 -2.0860 0.0370
SRestroom 0.5520 0.2142 2.5770 0.0100
SFirepit/length 0.0001 0.0021 0.0370 0.9704
SOceanside dummy 3.2238 0.5692 5.6640 0.0000
SVenice dummy 3.4885 0.2913 11.9770 0.0000
S4Volleyball/length -0.0146 0.0079 -1.8320 0.0670
S5Volleyball/length -0.0080 0.0092 -0.8630 0.3884
  
 Pavement-Based Activities Beach Choice Model 
Pln(Length) 1.7078 0.1152 14.8240 0.0000
PUgly -0.6324 0.0817 -7.7370 0.0000
PDevelop2 -0.4567 0.1314 -3.4750 0.0005
PWild 0.4271 0.1384 3.0870 0.0020
PLifeguard/length 0.6244 0.0287 21.7870 0.0000
PParking -0.7205 0.3045 -2.3660 0.0180
PPubfac -0.5271 0.1440 -3.6610 0.0003
PSandy 0.5058 0.4684 1.0800 0.2802
PShowers 1.1984 0.2233 5.3660 0.0000
PStrparking 1.2615 0.2322 5.4330 0.0000
PHarbor 0.2119 0.0865 2.4500 0.0143
PNature 0.7378 0.1896 3.8910 0.0001
PRivers 0.8530 0.2588 3.2950 0.0010
PBikepath 0.0945 0.1263 0.7480 0.4542
PCamping -2.2419 0.3015 -7.4370 0.0000
PPlayground 0.0693 0.0902 0.7690 0.4419
PRestrooms 0.2099 0.4046 0.5190 0.6040
PSidewalk 0.3805 0.1280 2.9730 0.0029
PRentals -0.5607 0.1162 -4.8260 0.0000
PPointMugu dummy 5.7086 0.5186 11.0090 0.0000
POceanside dummy 6.1926 1.0334 5.9930 0.0000
PVenice dummy 6.3319 0.3915 16.1750 0.0000
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Table A2 (continued):  Three Nested Beach Choice, Activity Choice, and 
Participation Model : Time Valuation = 33.33% wage rate 
ACTIVITY CHOICE MODEL    
 Mean log-likelihood  -1.01975  
 Observations  4837  
 Estimates Standard Error T-statistic P-value 
 Variables Affecting The Choice Of Water-Based Activities. 
I1 0.3272 0.0688 4.7550 0.0000
WConstant -1.9049 0.2136 -8.9160 0.0000
WMale 0.4068 0.0712 5.7100 0.0000
WBlack -1.0352 0.2466 -4.1980 0.0000
WHispanic -0.1021 0.0927 -1.1020 0.2705
W3Constant 1.3361 0.1349 9.9050 0.0000
W4Constant 1.8990 0.1810 10.4940 0.0000
W5Constant 1.2210 0.1996 6.1180 0.0000
W6Constant 0.6115 0.1442 4.2410 0.0000
 
SConstant 0.0048 0.1475 0.0330 0.9739
Skids 0.2038 0.0733 2.7810 0.0054
S3Constant 0.0418 0.1233 0.3390 0.7347
S4Constant 1.1671 0.1140 10.2350 0.0000
     
     
PARTICIPATION MODEL    
 Mean log-likelihood -3.89772 
 Observations 7686 
  
I2 0.3995 0.0859 4.6520 0.0000
Constant -4.7054 0.1429 -32.9300 0.0000
Male 0.4306 0.0600 7.1710 0.0000
Kids -0.1539 0.0577 -2.6670 0.0077
Student -0.1809 0.0746 -2.4250 0.0153
Workparttime 0.1882 0.0878 2.1430 0.0321
Black -0.6758 0.1340 -5.0440 0.0000
Hispanic -0.5641 0.0747 -7.5520 0.0000
Summer 0.1995 0.0902 2.2110 0.0270
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Table A3:  Three Nested Beach Choice, Activity Choice, and Participation Model 
  Time Valuation = 100% wage rate 
BEACH CHOICE MODELS   

 

Note, the first letters W,S, and P indicate coefficients that apply to the Water, Sand, 
and Pavement activity submodels.  Numbers in the second position indicate 
coefficients that apply to the wave of that number. 

    
 Mean log-likelihood -2.74775  
 Observations 4545  
     
 Estimates Standard Error T-statistic P-value 
  
Cost, water -0.0395 0.0028 -14.0130 0.0000
Cost, sand -0.0548 0.0033 -16.4410 0.0000
Cost, pavement -0.0639 0.0046 -13.8810 0.0000
 Water-based Activity Beach Choice Model  
 Water activities beach choice model, variables that affect all waves 
WHTB Yr 0.4286 0.0817 5.2440 0.0000
Wln(Length) 1.4412 0.0831 17.3410 0.0000
Wugly -0.4523 0.0649 -6.9670 0.0000
WDevelop2 -0.3785 0.0762 -4.9680 0.0000
WWild 0.8160 0.1435 5.6850 0.0000
WLifeguard/length 0.2749 0.0278 9.9010 0.0000
Wsandy 1.9726 0.2239 8.8090 0.0000
Wsurfing 0.5559 0.1330 4.1790 0.0000
Wdiving 0.6036 0.1116 5.4110 0.0000
Wharbor -1.0815 0.0981 -11.0300 0.0000
WOceanside dummy 6.6859 0.4575 14.6130 0.0000
Wvenice dummy 3.7987 0.3339 11.3750 0.0000
 Water activities beach choice model, variables for specific waves 
W2HTB Yr -0.2661 0.1004 -2.6520 0.0080
W4HTB Yr -0.0664 0.0989 -0.6710 0.5020
W4Lifeguard/length 0.1332 0.0386 3.4490 0.0006
W5HTB Yr 0.0959 0.1276 0.7520 0.4523
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Table A3 (continued):  Three Nested Beach Choice, Activity Choice, and 
Participation Model : Time Valuation = 100% wage rate 
 Sand-Based Activities Beach Choice Model  
 Estimates Standard Error T-statistic P-value 
SHTB Yr -0.0605 0.0576 -1.0500 0.2938
Sln(Length) 0.9323 0.0735 12.6830 0.0000
SUgly -0.4100 0.0677 -6.0530 0.0000
SDevelop 0.5666 0.1254 4.5180 0.0000
SWild 0.9790 0.1098 8.9180 0.0000
SVolleyball/length 0.0039 0.0047 0.8300 0.4065
SLifeguard/length 0.4085 0.0272 15.0270 0.0000
SHarbor -0.5048 0.0774 -6.5230 0.0000
SSandy 0.3187 0.2333 1.3660 0.1719
SPlayground -0.1650 0.0823 -2.0050 0.0449
SRestroom 0.5641 0.2152 2.6210 0.0088
SFirepit/length -0.0001 0.0021 -0.0680 0.9455
SOceanside dummy 3.1196 0.5437 5.7370 0.0000
SVenice dummy 3.5511 0.2917 12.1740 0.0000
S4Volleyball/length -0.0147 0.0081 -1.8170 0.0692
S5Volleyball/length -0.0081 0.0091 -0.8820 0.3779
  
 Pavement-Based Activities Beach Choice Model 
Pln(Length) 1.6977 0.1162 14.6120 0.0000
PUgly -0.5784 0.0780 -7.4160 0.0000
PDevelop2 -0.3941 0.1284 -3.0700 0.0021
PWild 0.4849 0.1410 3.4380 0.0006
PLifeguard/length 0.6197 0.0290 21.3750 0.0000
PParking -0.6520 0.3065 -2.1270 0.0334
PPubfac -0.5851 0.1541 -3.7970 0.0001
PSandy 0.5822 0.4721 1.2330 0.2175
PShowers 1.1886 0.2161 5.5000 0.0000
PStrparking 1.2041 0.2246 5.3620 0.0000
PHarbor 0.2351 0.0867 2.7130 0.0067
PNature 0.7011 0.1868 3.7540 0.0002
PRivers 0.7490 0.2593 2.8890 0.0039
PBikepath 0.2726 0.1458 1.8700 0.0615
PCamping -2.2273 0.2905 -7.6660 0.0000
PPlayground 0.0784 0.0969 0.8080 0.4189
PRestrooms 0.3375 0.4366 0.7730 0.4395
PSidewalk 0.3192 0.1287 2.4800 0.0131
PRentals -0.6174 0.1227 -5.0310 0.0000
PPointMugu dummy 6.0381 0.5809 10.3950 0.0000
POceanside dummy 5.6402 1.1446 4.9280 0.0000
PVenice dummy 6.6473 0.4927 13.4920 0.0000
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Table A3 (continued):  Three Nested Beach Choice, Activity Choice, and 
Participation Model : Time Valuation = 100% wage rate 
ACTIVITY CHOICE MODEL    
 Mean log-likelihood  -1.01975  
 Observations 4837  
 Estimates Standard Error T-statistic P-value 
 Variables Affecting The Choice Of Water-Based Activities. 
I1 0.2809 0.0590 4.7580 0.0000
WConstant -1.8131 0.2086 -8.6900 0.0000
WMale 0.4045 0.0704 5.7460 0.0000
WBlack -1.0302 0.2468 -4.1750 0.0000
WHispanic -0.0979 0.0930 -1.0530 0.2924
W3Constant 1.3623 0.1333 10.2190 0.0000
W4Constant 1.9930 0.1645 12.1150 0.0000
W5Constant 1.2666 0.1794 7.0590 0.0000
W6Constant 0.6390 0.1419 4.5020 0.0000
 
SConstant -0.0127 0.1750 -0.0720 0.9423
SKids 0.2091 0.0731 2.8620 0.0042
S3Constant 0.0569 0.1246 0.4570 0.6479
S4Constant 1.1878 0.1126 10.5520 0.0000
     
     
PARTICIPATION MODEL    
 Mean log-likelihood -3.89772 
 Observations 7686 
   
I2 0.3609 0.0812 4.4440 0.0000
Constant -4.5649 0.1416 -32.2380 0.0000
Male 0.4397 0.0602 7.3090 0.0000
Kids -0.1690 0.0580 -2.9140 0.0036
Student -0.1827 0.0751 -2.4340 0.0149
Workparttime 0.1870 0.0881 2.1230 0.0338
Black -0.6743 0.1335 -5.0530 0.0000
Hispanic -0.5631 0.0745 -7.5620 0.0000
Summer 0.2221 0.0878 2.5300 0.0114
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Appendix II: DATA COLLECTION AND CLEANING 

Work began on the project in January 1999 to design a panel survey of Southern California 
residents to track their usage of beaches in the region. Following extensive testing, the 
recruitment of a panel of residents commenced in November 1999, using a phone survey of 
a large random sample of area households. In August 2000, a second recruitment effort 
occurred to replenish the panel. The panel survey was conducted in waves of two-months 
duration. At the beginning of each wave, panel members were sent a map identifying the 
beaches of Orange and Los Angeles Counties and a calendar for the upcoming two months. 
At the end of each wave, the panel members were interviewed by phone. Each survey had a 
section designed to catalog every trip by the respondent to a beach in Southern California 
during that wave, plus an additional section with questions on a particular special topic. 
The waves and special topics are as follows: 

Dec 1999 – Jan 2000. Use of time. 
Feb – March, 2000. Health effects. 
April – May, 2000. Familiarity with beaches. 
June – July, 2000. Expenditures on beach recreation. 
August – September, 2000. Contingent behavior/contingent valuation. 
October – November, 2000. Attitudes regarding San Onofre power plant. 

Phase I of the data analysis was conducted between June 2001 and January 2002. The 
results of this work were described in a series of reports: 

Beach Recruitment Report (August, 2001) 
Report on Choice Set Familiarity (August, 2001) 
Report on Beach Trips by Wave (September, 2001) 
Revised Report on Activities (November, 2001) 
Report on Panel Participation and Attrition (December, 2001) 
Beach Expenditures Report (January, 2002) 
Report on Wave 4 Analysis (January 2002) 
Report on Wave 4 Valuation (January, 2002) 
Data Collection Production Report (January 2002) 
Revised Contingent Behavior-Contingent Valuation Report (March, 2002) Report 
on Data Collection, Checking, Cleaning, and Archiving for Phase I of the Southern 
California Beach Project (March, 2002) 
Report on Valuation Methodology (May, 2002) 

The main focus of the Phase I work was data checking and summarization of the raw 
survey data. The data analysis was confined to the data from wave 4 and was intended as 
much as a vehicle for in-depth data checking, data cleaning and software development as 
for substantive data analysis. The main data analysis was intended to start once the data 
checking and cleaning had been completed. 

Wave 1: 
Wave 2: 
Wave 3: 
Wave 4: 
Wave 5: 
Wave 6: 
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The data supplied by the Chico Survey Research Center (SRC) had one record for each 
respondent if they took no trips to a beach in Southern California that wave, and one 
record for each distinct beach destination visited if the respondent did go to the beach 
during that wave. 

In order to analyze the data, the sets of destinations had to be grouped into separate trips 
which reflect a single excursion from home. Although Chico SRC provided several 
variables which were supposed to convey this information, in many cases these variables 
were contradictory or were obviously incorrect. We combined information including 
starting and end dates and times, beach destinations, and the patterns of each panelist’s 
other trips to correctly classify these trips and destinations. These corrections were done in 
close consultation with the Chico SRC, and in many cases involved going back to look at 
the original CASES datasets which had the CATI responses. This effort was complicated 
by the fact that the SRC used multiple releases of the CASES software over the year-long 
course of the survey, and there appeared to be differences in the way that values were filled 
in for multiple destinations on the same trip for the different versions. 

We also checked that trip begin/end dates made sense, and corrected several errors. One 
diary dataset had a number of data-entry errors where the typist appeared to have shifted 
the digits on a subset of numeric entries by one digit to the right (e.g. 31 became 42). This 
showed up in dates as well as some categorical responses and was easily corrected in 
consultation with the Chico SRC. It is important to note that many trips did not contain an 
exact date because the respondent failed to supply one. The SRC made some effort to 
generate synthetic dates by looking at responses as to which week of the month and 
whether the trip was a weekend/weekday trip, and then randomly spreading the trips 
among the possible days. These “corrections” were removed, as they contain no 
information not in other parts of the dataset and are misleading. One trip contained a mis-
keyed panelist ID, however the correction was obvious to us and was agreed to by SRC 
staff. 

The initial contact Screener data is unavailable for 119 people in the Replenishment 
sample of respondents who supplied responses for waves 4, 5, or 6. 98 of those people 
reported taking trips. However, there is sufficient redundancy between the Screener data 
and the Demographics questions on the wave 4 diary for these people that the only data 
unavailable for them is data on the other household members (their number, ages and 
genders). These records appear to be missing at random, and the main variable which is 
unavailable for them is the presence of children in the household. That information can 
probably be reconstructed with a fair degree of accuracy by looking at whether they 
reported bringing minors along on any trips, information which is contained in the diary 
data. 

Since we require accurate estimates of travel time and distance, we examined the home 
addresses of the respondents very carefully. We combined data from the initial responses 
for each panelist, and incorporated address corrections supplied with the responses to each 
wave. We cross-checked this information with the actual mailing addresses used by Chico, 
and then manually examined each address change to determine whether it was a 
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correction or an actual move. The addresses were then examined using PC Miler 10.0, and 
addresses which were not precisely located were reviewed individually and corrected by 
employing information from PC-Miler, Yahoo Mapping website, and the US Postal Service 
zip-code look-up website. We tried as many variations on spelling of street names as we 
could, and had a high rate of successful corrections. A large part of the difficulty arose 
from the preponderance of Spanish-language names in Southern California and the 
unfamiliarity of the Chico survey takers with these place names. The task was further 
complicated by the fact that the mapping software could only locate addresses exactly 
using zip codes for most locations, but required the city name for others. 

Some people who were contacted during the replenishment survey answered questions with 
information about their beach trips during June and July, but refused to join the panel for 
the purpose of reporting their future trips. If they provided useable address data, we will 
utilize the data on their trips during this wave. However, if they did not provide address 
data, their trips cannot be used in our analysis.2 In addition, 72 of the people recruited in 
either the original recruitment survey or the replenishment survey elected to participate 
over the internet and therefore did not supply addresses.3 4 Some other respondents supplied 
only PO box addresses (which provide us a zip code only). 

In total, out of total of 1308 individuals who supplied information to the survey5, 1182 gave 
usable address information; of these, 1102 gave addresses that were located exactly, and 80 
gave addresses that could be located only to within a zip code. 

Of the 1182 people who supplied information to us and for whom we have usable address 
information (i.e., an exact address or a zip code), 359 did not make any trips to the beach in 
Southern California during the period they reported to us. The remaining 823 reported 
taking one or more trips to the beach in Southern California; in aggregate they provided 
information on a total of 6737 trips.6 

In collecting trip information, the diary questionnaire distinguished between trips made to a 
single beach site in Southern California versus those made to multiple beach sites, and 
between trips lasting for one day or less versus those lasting for more than one day. The 
total of 6737 trips includes some of all four kinds of trips. 

2 54 people who reported 179 trips fell into this category; these trips are excluded from the counts given 
below. 
3 28 of these 72 individuals reported visiting the beach, and they took a total of 82 trips; these trips are 
excluded from the counts presented below. 
4 In any future implementations of these survey instruments we would make a point of asking internet 
participants for their mail address. 
5 We use this phrase rather than saying “1254 panel members” because, as noted above, some people 
contacted during the replenishment survey supplied information about their beach trips during June and July 
but refused to join the panel; hence these people were not panel members. 
6 This total excludes the 261 trips by 82 individuals who did not provide usable address information, as 
noted in footnotes 1 and 2. 
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Of the 823 individuals who reported on their trips and for whom we have usabele address 
information, 625 made only one-day trips to single-site destinations; these individuals made 
a total of 4096 trips. The other 198 individuals made some multi-day and/or some multi-site 
trips. Of these, 57 made both some multi-day trips and some multi-site trips; 99 made some 
multi-day trips but no multi-site trips; and 42 made some multi-site trips but no multi-day 
trips. The following table breaks down the 6737 trips by trip length and the number of 
beach site destinations: 

 
ONE DAY 
TRIPS 

> 1 DAY 
TRIPS  

SINGLE-SITE 
TRIPS 

6226 trips by 
799 people. 

241 trips by 
129 people. 

6467 trips by 
817 people. 

MULTI-SITE 
TRIPS 

214 trips by 
54 people. 

56 trips by 
49 people. 

270 trips by 
99 people. 

 6440 trips by 
803 people. 

297 trips by 
156 people. 

6737 trips by 
823 people.  

Of the 823 individuals who reported on their trips and for whom we have usable address 
information, 704 supplied income information to us, but 119 did not. The 704 individuals 
for whom we have usable address and income information accounted for a total of 5689 
trips. 

Finally, the 6737 trips break down by wave as follows: 

WAVE 1 (Dec-Jan) 1162 trips 
WAVE 2 (Feb-Mar) 1005 trips 
WAVE 3 (Apr-May) 708 trips 
WAVE 4 (June-July) 2003 trips 
WAVE 5 (Aug-Sept) 1179 trips 
WAVE 6 (Oct-Nov) 680 trips 
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Introduction 
 
The model of beach choice and activity developed by the Southern California Beach 

Valuation Project is intended to be the foundation upon which analysts can estimate the 

potential impact on the economic welfare of beach goers of water quality impairment and 

beach closures.  The model can be used to estimate the loss or gain in consumer surplus 

that would result from a variety of scenarios that depict water quality and beach closures.  

In this report, we demonstrate the economic impact of five representative scenarios of 

beach water quality change.  Each scenario examines water quality change or beach 

closures at a single beach.  We examine the welfare impacts of water quality 

improvement and degradation.  We also examine the welfare impact of a beach closure, 

in this case a closure at Huntington State Beach.  We use the model to estimate closures 

that include a single day closure, a month long closure, and finally a closure that lasts the 

entire summer.   

 

Three important caveats need to be considered when interpreting the welfare estimates 

presented below.  First, the Beach Valuation Model was estimated separately for six 

different waves, where each wave models beach goer behavior for a two-month period.  

This approach accounts for seasonal variation in beach goer behavior and preferences.  

The results of the Beach Valuation Model, in fact, do indicate that both behavior and 

preferences differ across seasons.  In the first two scenarios that follow, we examine the 

welfare impacts of water quality changes throughout the entire year.  The final three 

scenarios, the summertime closure of Huntington State Beach, provide estimates for 

changes that affect one day and one month within the summer wave (July and August) 

and a three month closure that spans two waves (May/June and July/August).  Estimates 

of welfare change for other waves would differ from those estimates provided below.   

 

Second, an important strength of the Beach Valuation Model is that it accounts for the 

fact that beach goers have many options when deciding when and where to go to the 
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beach1.  Beach goers can choose to go to one of the more than fifty major beaches with 

public access in or near Los Angeles and Orange Counties.  They may also choose to 

participate in activities that include swimming, sand-based activities or shopping.  

Finally, beach goers may simply choose to go to the beach, but not to swim, if water 

quality conditions are not suitable.  The economic impact of water quality impairment, 

improvement, or even a closure depends importantly on the degree to which the change 

in water quality affects all of the beach goers’ options.  We focus on limited, marginal 

changes in water quality at beaches in southern California (that is water quality or beach 

access is impacted at only one beach).  Hypothetical or real scenarios that involve water 

quality change or closure at more than one beach will have increasingly larger welfare 

impacts.  The effects on welfare are non-linear; increasing the spatial extent of the quality 

change or closure increases the welfare impact at a rate greater than unity (i.e. the change 

is more than linear). 

 

Finally, the welfare impacts that are estimated by the Beach Valuation model are 

sensitive to the value placed on travel time -- a large and important component of the 

total travel cost incurred by the beach goer.  In the estimates below, we value travel time 

at fifty percent of the beach goers’ wage rate.  Elsewhere in the literature, travel time is 

valued at only one third of the wage.  (In Appendix A, we also provide welfare estimates 

at zero, thirty-three and one hundred percent wage rate.)  Because travel time is only part 

of the total travel cost, changing the valuation of travel time impacts the welfare 

estimates in a way that is less than linear, but still substantial. 

 

The Value of a Beach Day 
Much of the literature focuses on estimating the value of a recreational day, in our case a 

beach day.  While the concept is widely applied, it is not without some ambiguity. The 

value of a beach day could bear a variety of meanings. At one end of the continuum of 

meanings is the value of being able to make a trip to a specific beach rather than not 
                                                 
1 Most previous studies have not included these substitution possibilities when modeling 
the welfare impact of water quality change and beach closure, especially in Southern 
California. 
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being able to make a trip to any beach (i.e. the beach goer simply stays home).  In reality, 

many substitution possibilities exist for the beach goer.  The other end of the continuum 

of possible meanings is that the value under consideration represents the value of being 

able to make a trip to a specific beach rather than not being able to go to that beach while 

still being able to go to any other beach in the relevant choice set of beaches. Which 

interpretation of value is the most realistic depends on the particular circumstances at 

hand. In the Case of the American Trader oil spill at Huntington Beach in 1990, for 

example, most of the beaches over a long stretch of coastline were affected and the oil 

spill effectively shut down almost all beach recreation over quite a wide area, at least for 

a period of time. That would be more consistent with the first definition of the value of a 

beach day. On many other occasions, however, a closure may affect one or two 

individual beaches while leaving beach recreation elsewhere virtually unaffected. In that 

case, the second definition would be more realistic. 

 

Focusing for the moment on the latter concept, the formula for this value is given by: 

 

Value of A Beach Day = 

0 close i

1 0,i

CS -CS
trips

n

i

n
=
∑

 

 

where there are n beaches, i represents an individual beach, CS0 is the baseline consumer 

surplus enjoyed by all beach goers and CSclose i, is the CS when beach i is closed but all 

other beaches are open.  Our estimate of this value for beach visits in Southern California 

in the month of July amounts to $11.17 when one uses a simple (unweighted) arithmetic 

average across all beaches, and $11.21 when one takes a weighted average across all 

beaches using the total number of trips to each beach in the baseline case as the weight.   

 

This value is lower than many of the values for beach visits in Southern California 

estimated by previous analyses (see Table 1).  But those estimates typically involved 

single-site demand models rather than multi-site demand models and therefore did not 
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account adequately for the inter-site substitution possibilities among the beaches of 

Southern California which are captured in our Beach Valuation Model. 

 

In the remaining welfare estimates, presented below, we present estimates for the total 

change in consumer surplus, compared to a baseline, rather than the consumer’s surplus 

per trip. These changes in consumer’s surplus are calculated for various beach closure 

and water quality change scenarios, and the change is summed over all potential beach 

goers living in the four Southern California counties covered by our study.  We also 

indicate the change in the total number of beach trips taken by beach goers in these 

counties as a result of the beach impact scenario.  These estimates of the total welfare 

impact are accurate reflections of the non-market economic impact of these scenarios.  

These total consumer surplus estimates reflect the total benefit or cost of the scenario, 

which is the figure that is most often required when making assessments about the 

economic impact of a policy or natural resources damage event. 
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Table 1:  Estimates of the Consumer Surplus Value of Beach Visits in California2

     
 US$(1990) US$ (2000)        
Cabrillo-Long Beach1 $8.16 $10.98        
Orange County 
Beaches2 $15.00 $20.18    
Santa Monica1 $18.36 $24.71        
Pismo State Beach3 $26.20 $35.26        
Leo Carillo State 
Beach1 $51.94 $69.91        
San Onofre State 
Beach3 $57.31 $77.14        
San Diego3 $60.79 $81.82        
    
Source:  Chapman and Hanemann (2001).  The data are extracted from 1) Leeworthy 
and Wiley (1993) 2) Hanemann (1997) and 3) Leeworthy (1995).      
             
Consumer 
Surplus/Day US$ (2001)          
Individual Surplus/Day Carpinteria Encinitas San Clemente Solana Beach    
Method 1 $20.48 $18.84 $25.70 $14.58    
Method 2 $24.43 $22.17 $30.58 $17.35    
Source:  Philip King, The Economic Analysis of Beach Spending and the Recreational Benefits of 
Beaches in the City of San Clemente, 2001.  Note: Method 1 - dependent variable is a discrete random 
variable, CS calculated as the sum of a series of rectangles, each one day wide, touching the demand 
curve at its upper right corner.  Method 2 - CS calculated as the sum of a rectangle for the area under 
the curve between zero and one, and the definite integral for the area between one and the average 
number of trips.    

                                                 
2 From Pendleton (2004). 
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Estimating the Economic Impact of Beach Water Quality Change in 
Southern California: Five Scenarios 
 
The Beach Valuation model can estimate the total change in beach goer welfare 

(consumer surplus) for a change in access to beaches or a change in beach water quality.  

For the purposes of exposition, we explore the welfare impact on beach goers of five 

scenarios.  The five scenarios are designed to demonstrate the way in which the model 

estimates improvements in beach water quality, degradation of beach water quality, and 

beach closures of varying lengths of time.  These scenarios are hypothetical.  The results 

of the welfare analyses are summarized in Table 2.  Additionally, we provide estimates 

for the impact that these scenarios would have on the total number of beach visits taken.  

A discussion of the results follows. 

 

SCENARIO 1: An Improvement In Beach Water Quality 

Malibu Surfrider Beach Water Quality Improves by One HTB Letter Grade 

In 2000, Malibu Surfrider had a low water quality rating of approximately 

C (2.13 on a scale of 0 to 4).  This hypothetical scenario explores the impact of 

improving water quality at Malibu, perhaps by reducing sewage effluent inputs 

into Malibu Creek, so that water quality improves to an average annual grade of B 

(3.0/4.0).  All other sites remain unchanged.   

An improvement in water quality at Malibu Surfrider Beach has two major 

impacts on beach goers.  First, the number of trips taken to Surfrider beach 

increases by 1,538 visits over the course of the year.  Most new visits are made by 

residents of Los Angeles County, the closest county.  The second major impact of 

an improvement in water quality is that annual consumer surplus of beach goers 

improves by more than $140,000, the majority of these benefits accrue to local 

residents (i.e. residents of Los Angeles County). 
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SCENARIO 2: A Degradation of Beach Water Quality  

Zuma Beach Water Degrades to an HTB Letter Grade of F  

In 2000, Zuma Beach enjoyed a high level of water quality, with an annual 

HTB grades of A/A+.  Zuma Beach also is a popular beach among beach goers.  

The adjacent beaches also have very high quality ratings of A/A+ and A/A-.  This 

hypothetical scenario explores the potential impact on beach goers that would 

result if Zuma Beach water quality declined to a grade of F.  All other sites 

remain unchanged.   

A dramatic decline in beach water quality at Zuma Beach would have 

serious consequences for beach goers’ welfare.  Beach attendance at Zuma Beach 

would decline by more than 57,000 visitors resulting in a loss of beach goer 

welfare of over $5.2 million.  Most of the welfare and attendance impacts are 

borne by beach goers from Los Angeles County. 

 

SCENARIOS 3-5:  Beach Closures  

Huntington State Beach (HSB) Closes for One Day, One Month, and One Summer 

(June – August) 

During 2000, Huntington State Beach (HSB) had numerous days with 

poor water quality, ranging from a D to an A-; overall the annual average grade 

for Huntington State Beach was a B-/C+.  This is in contrast to the adjacent beach 

areas, Huntington City Beach and Santa Ana River, which received higher grades 

(average A-/B+).  This hypothetical scenario explores the potential impact that 

would results from beach closures at Huntington State Beach for three duration 

lengths: one day in July, one month (July), and one summer season (June, July, 

and August).  All other sites remain unchanged.  

First, the model does not allow for temporal substitution.  That is, the 

model assumes site choice decisions are made each day independently of 

decisions and conditions on other days.  As a result, the welfare impact for a one 

month closure is 31 times the impacts of a one day closure.  We estimate that a 

one day closure at Huntington State Beach, in July, would result in a loss of more 

than 1,200 beach visits and a welfare loss of over $100,000.  A month long 
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closure during July would result in a loss of over 38,000 beach visits and a 

welfare impact of more than $3.5 million.  Huntington State Beach is popular 

among beach goers from the four southern California counties considered.  As a 

result, the impacts on attendance and beach goer welfare are spread across the 

four county area.  Orange County suffers the greatest impacts, but the economic 

impacts to beach goers from Los Angeles, San Bernardino, and Riverside 

Counties are substantial. 

A season long beach closure requires that we change water quality during 

two different waves (remember that a wave consists of a two month period and 

we allow beach goer preferences to differ among waves).  The season long 

closure consists of the following days of closure: June (30 days), July (31 days), 

and August (31 days).  Such a closure would result in decline in attendance of 

more than 100,000 visits and a loss in beach goer welfare of over $9 million.  

Note that the welfare impact is not a simple linear expansion of the value of a 

daily closure in July because the welfare impacts of a closure in the May/June 

wave are less than that in July/August. 

 
Table 2 Total Welfare Impacts, Consumer Surplus Change  

 
SCENARIO Los Angeles Orange Riverside San Bernardino Total 
1. Malibu 
Improves  
(C to B) 

$132,572 
 

$1,731 
 

$1,816 
 

$4,445 
 

 
$140,564 

2. Zuma 
Degrades 
(A to F) 

-$4,873,739 
 

-$80,330 
 

-$95,982 
 

-$222,527 
 

 
-$5,272,578 

3. HSB Closes 1 
Day 

-$44,232 
 

-$48,837 
 

-$10,998 
 

-$11,590 
 

-$115,657 

4. HSB Closes 1 
Month (July) 

-$1,371,198 
 

-$1,513,958 
 

-$340,929 
 

-$359,284 
 

-$3,585,369 

5. HSB Closes 1 
summer (June, 
July, and 
August) 

-$3,531,108 
 

-$3,969,551 
 

-$877,816 
 

-$925,711 
 

 
 

-$9,304,186 
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Table 3  Total Change in Trips for All Beach Goers 

 COUNTY OF RESIDENCE  

SCENARIO Los Angeles Orange Riverside San Bernardino Total 
1. Malibu Improves  1,450 

 
19 

 
20 

 
49 

 
1,538 

(C to B)  
2. Zuma Degrades -53,118 

 
-870 

 
-1,054 

 
-2,447 

 
-57,489 

(A to F)  
3. HSB Closes 1 
Day 

-478 
 

-523 
 

-120 
 

-127 
 

-1,248 
 

4. HSB Closes 1 
Month (July) 

-14,821 
 

-16,224 
 

-3,724 
 

-3,930 
 

-38,699 
 

 

5. HSB Closes 1 
summer (June, July, 
and August) 

-38,256 
 

-42,658 
 

-9,605 
 

-10,143 
 

-100,662 
 

  
 
It is important to note here that the data provided in Tables 2 and 3 cannot be used to 

calculate the value of a beach day.  Table 2 provides estimates of total welfare gain or 

loss, by county, for the five scenarios and Table 3 provides estimates of the change in 

total number of trips taken, also by county.  For any one “hypothetical” beach visitor, the 

welfare impact of a degradation in quality at one of the many beaches in southern 

California is considerably different than the welfare impact for a beach goer who 

normally would have gone to the beach in question.3

 
It also is important to note that the welfare estimates given in Table 2 depend importantly 

on the estimated value of travel time.  In the analysis above, we estimate the value of a 

beach goers’ time at fifty percent of their wage rate.  Table 4 demonstrates the sensitivity 

of welfare impacts to different wage rates using the case of Scenario 1 in which the 

average annual Heal the Bay grade improves from a C to a B.  The literature does not 

provide explicit guidance on the appropriate percentage of wage rate that should be used 

in the valuation of time.  It is important that the analyst understand that estimates of 

welfare change provided by the beach valuation model reflect a value of time measured at 

fifty percent of the wage rate; the choice of other time values would change these 

estimates.

                                                 
3 A brief technical memo on the calculation of per trip welfare estimates from random utility models is 
forthcoming by Michael Hanemann. 
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Table 4: Sensitivity of Welfare Estimates to Value of Travel Time: Scenario 1 

(Malibu Improves from C to B, Los Angeles County Beach Goers Only) 

 
Percent of Wage Rate Used Welfare Impact (Los Angeles 

County) 
0% $24,463

33% $93,603
50% $132,572

100% $252,812
 

Conclusion 

 
Even minor changes in water quality at beaches in Southern California can generate large 

economic impacts.  A day-long closure at Huntington Beach would lead to a loss of 

recreational welfare well in excess of $100,000.  Similarly, a minor improvement in 

beach water quality at Malibu, from an average grade of C to an average grade of A 

would generate approximately $140,000 in welfare gains for beach goers.  More dramatic 

changes in beach water quality yield even more substantial welfare impacts.  Dramatic 

declines in water quality at clean beaches, like Zuma Beach, would lead to the loss of 

millions of dollars in beach goer welfare (in this case more than $5 million); a summer 

time closure of swimming waters at Huntington State Beach would result in even greater 

losses (we estimate a loss of over $9 million in beach goer welfare).  These values do not 

include lost expenditures, the subject of another report. 

 

The Southern California Beach Valuation model is a powerful tool that will allow policy 

makers to explore the potential economic impacts of changes in water quality and beach 

access in Southern California.  Great care has been taken to make sure that the model 

generates welfare estimates that are the most accurate that can be achieved through 

current methods of environmental valuation.  The welfare model is based on an economic 

model of site choice that has been designed to accurately reflect beach choices by 

different types of users and over different seasons.  Additionally, the model was 

estimated using the most comprehensive set of beach characteristics (beach attributes) 

ever collected for this purpose.  Despite our efforts to provide the public with the most 
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accurate welfare estimates of the impacts of water quality changes, we urge the user of 

the model to check back for improvements and refinements in the model.  The field of 

environmental economics is one that is constantly advancing.  We have collected our data 

in a way that will allow us to refine our model based on these advancements. 
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INITIAL INVESTIGATION OF THE
FEASIBILITY AND BENEFITS

OF LOW-IMPACT SITE DESIGN PRACTICES ("LID")
FOR THE SAN FRANCISCO BAY AREA

Richard R. Hornert

ABSTRACT

The Clean Water Act NPDES permit that regulates municipal separate storm sewer systems
(MS4s) in the San Francisco Bay Area, California will be reissued in 2007. The draft permit
includes general provisions related to low impact development practices (LID) for certain kinds
of development and redevelopment projects. Using six representative development project
case studies, based on California building records, the author investigated the practicability and
relative benefits of LID options for the majority of the region having soils potentially suitable for
infiltration either in their natural state or after amendment using well recognized LID techniques.
The results showed that (1) LID site design and source control techniques are more effective
than conventional best management practices (BMPs) in reducing runoff rates; and (2) in each
of the case studies, LID methods would reduce site runoff volume and pollutant loading to zero
in typical rainfall scenarios.

t Richard R. Horner, Ph.D., Research Associate Professor, University of Washington
Departments of Civil and Environmental Engineering and Landscape Architecture;
Adjunct Associate Professor, University of Washington Center for Urban Horticulture

INTRODUCTION

The Assessment in Relation to Municipal Permit Conditions

This purpose of this study is to investigate the relative water quality and water reuse benefits of
three levels of storm water treatment best management practices (BMPs): (1) basic "treat-and
release" BMPs (e.g., drain inlet filters, CDS units), (2) commonly used BMPs that expose runoff
to soils and vegetation (extended-detention basins and biofiltration swales and filter strips), and
(3) low impact development (LID) practices. The factors considered in the investigation are
runoff volume, pollutant loading, and the availability of water for infiltration or other reuse. In
order to assess the differential impact of storm water reduction approaches on these factors,
this study examines six case studies typical of development covered by the proposed Municipal
Regional Urban Runoff Phase I NPDES Stormwater Permit (MRP).

This report covers locations in the Bay Area most amenable to soil infiltration of stormwater
runoff, those areas having soils in Natural Resources Conservation Service (NRCS) Hydrologic
Soil Groups A, B, or C as classified by the Natural Resources Conservation Service
(http://websoilsurvey.nrcs.usda.gov/applWebSoilSurvey.aspx). Depending on site-specific
conditions, A and B soils would generally effectively infiltrate water without modification,
whereas C soils could require organic amendments according to now standard LID methods.
This report does not cover locations with group 0 soils, which are generally not amenable to
infiltration, again depending on the specific conditions on-site. A subsequent report will
examine options in these locations, which include other LID techniques (e.g., roof runoff
harvesting for irrigation or gray water supply) and state-of-the-art conventional stormwater
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management practices. A minority but still substantial fraction of the Bay Area has group D
soils (39.3, 68.0, 18.3, and 50.1 percent of the mapped areas of Alameda, Contra Costa, San
Mateo, and Santa Clara Counties, respectively). Regarding any mapped soil type, it is
important to keep in mind that soils vary considerably within small distances. Characteristics at
specific locations can deviate greatly from those of the major mapped unit, making infiltration
potential either more or less than may be expected from the mapping.

Low impact development methods reduce storm runoff and its contaminants by decreasing their
generation at sources, infiltrating into the soil or evaporating storm flows before they can enter
surface receiving waters, and treating flow remaining on the surface through contact with
vegetation and soil, or a combination of these strategies. Soil-based LID practices often use
soil enhancements such as compost, and thus improve upon the performance of more
traditional basins and biofilters. The study encompassed vegetated swales (channels for
conveyance at some depth and velocity), vegetated filter strips (surfaces for conveyance in thin
sheet flow), and bioretention areas (shallow basins with a range of vegetation types in which
runoff infiltrates through soil either to groundwater or a subdrain for eventual surface discharge).
Application of these practices in a low impact site design mode requires either determination
that existing site soils can support runoff reduction through infiltration or that soils will be
amended using accepted LID techniques to attain this objective. Finally, the study further
broadened implementation options to include water harvesting (collection and storage for use
in, for example, irrigation or gray water systems), roof downspout infiltration trenches, and
porous pavements.

The investigation also considered whether typical development patterns and local conditions in
the Bay Area would enable LID implementation as required by a new standard proposed for the
2007 Ventura County Municipal Storm Water Permit. This standard requires management of
effective impervious area (EIA), limiting it to 5%, as well as other impervious area (what might
be termed Not-Connected Impervious Area, NCIA), and pervious areas.

Where treatment control BMPs are required to manage runoff from a site, Volume or Flow
Hydraulic Design Bases commonly used in California were assumed to apply. The former basis
applies to storage-type BMPs, like ponds, and requires capturing and treating either the runoff
volume from the 85th percentile, 24-hour rainfall event for the location or the volume of annual
runoff to achieve 80 percent or more volume treatment. The calculations in this analysis used
the 85th percentile 24-hour rainfall event basis. The Flow basis applies to flow-through BMPs,
like swales, and requires treating the runoff flow rate produced from a rain event equal to at
least 0.2 inches per hour intensity (or one of two other approximately equivalent options).

Scope of the Assessment

With respect to each of the six development case studies, three assessments were undertaken:
a baseline scenario incorporating no stormwater management controls; a second scenario
employing conventional BMPs; and a third development scenario employing LID stormwater
management strategies.

To establish a baseline for each case study, annual stormwater runoff volumes were estimated,
as well as concentrations and mass loadings of four pollutants: (1) total suspended solids
(TSS), (2) total recoverable copper (TCu), (3) total recoverable zinc (TZn), and (4) total
phosphorus (TP). These baseline estimates were based on the anticipated land use and cover
with no stormwater management efforts.

Two sets of calculations were then conducted using the parameters defined for the six case
studies. The first group of calculations estimated the extent to which basic BMPs reduce runoff
volumes and pollutant concentrations and loadings, and what impact, if any, such BMPs have
on recharge rates or water retention on-site.
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The second group of calculations estimated the extent to which commonly used soil-based
BMPs and LID site design strategies ameliorate runoff volumes and pollutant concentrations
and loadings, and the effect such techniques have on recharge rates. When evaluating LID
strategies in the context of the EIA concept employed in the draft Ventura County MS4 permit, it
was presumed that EIA would be limited to three percent. It was also assumed that pervious
surfaces on a site receiving runoff from other areas on the site would be sized and prepared to
manage (through infiltration or storage) the volume directed there in addition to precipitation
falling directly on those areas. The assessment of basins, biofiltration, and low impact design
practices analyzed the expected infiltration capacity of the case study sites. It also considered
related LID techniques and practices, such as source reduction strategies, that could work in
concert with infiltration to serve the goals of: (1) preventing increase in annual runoff volume
from the pre- to the post-developed state, (2) preventing increase in annual pollutant mass
loadings between the two development states, and (3) avoiding exceedances of the Water
Quality Control Plan for the San Francisco Bay Basin (Basin Plan) criteria for copper and zinc.

The results of this analysis show that:

• A full-range of typical development categories common in the Bay Area, from single
family residential to restaurants, housing developments, and commercial uses like
office buildings, can feasibly implement standard LID techniques to achieve no
stormwater discharge during rain events equal to, and in some cases greater than,
design storm conditions. This conclusion is based on an analysis that used actual
building records in California and annual rainfall records in two rainfall zones in the Bay
Area to show that site conditions support this level of performance. In addition, site
conditions typical at a wide range of development projects are more than sufficient to
attain compliance with a three percent EIA limit, as is being contemplated in other MS4
re-issuance proceedings in California presently.

• Developments implementing no post-construction BMPs result in storm water runoff
volume and pollutant loading that are substantially increased, and recharge rates that
are substantially decreased, compared to pre-development conditions.

• Developments implementing basic post-construction treatment BMPs achieve reduced
pollutant loading compared to developments with no BMPs, but stormwater runoff
volume and recharge rates are similar to developments with no BMPs.

• Developments implementing traditional basins and biofilters, and even more so low
impact post-construction BMPs, achieve significant reduction of pollutant loading and
runoff volume as well as greatly enhanced recharge rates compared to both
developments with no BMPs and developments with basic treatment BMPs.

This report covers the methods employed in the investigation, data sources, and references for
both. It then presents the results, discusses their consequences, draws conclusions, and
makes recommendations relative to the feasibility of utilizing low-impact development practices
in Bay Area developments.
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CASE STUDIES

Six case studies were selected to represent a range of urban development types considered to
be representative of the Bay Area. These case studies involved: a multi-family residential
complex (MFR), a relatively small-scale (23 homes) single-family residential development (Sm
SFR), a restaurant (REST), an office building (OFF), a relatively large (1000 homes) single
family residential development (Lg-SFR), and a single home (SINGLE).1

Parking spaces were estimated to be 176 sq ft in area, which corresponds to 8 ft width by 22 ft
length dimensions. Code requirements vary by jurisdiction, with the tendency now to drop
below the traditional 200 sq ft average. About 180 sq ft is common, but various standards for
full- and compact-car spaces, and for the mix of the two, can raise or lower the average.2 The
176 sq ft size is considered to be a reasonable value for conventional practice.

Roadways and walkways assume a wide variety of patterns. Exclusive of the two SFR cases,
simple, square parking lots with roadways around the four sides and square buildings with
walkways also around the four sides were assumed. Roadways and walkways were taken to
be 20 ft and 6 ft wide, respectively.

Single-family residences were assumed each to have a driveway 20 ft wide and 30 ft long. It
was further assumed that each would have a sidewalk along the front of the lot, which was
calculated to be 5749 sq ft in area. Assuming a square lot, the front dimension would be 76 ft.
A 40-ft walkway was included within the property. Sidewalks and walkways were taken to be 4
ft wide. For each case study the total area for all of these impervious features was subtracted
from the total site area to estimate the pervious area, which was assumed to have conventional
landscaping cover (grass, small herbaceous decorative plants, bushes, and a few trees).

1 Building permit records from the City of San Marcos in San Diego County provided data on total site
areas for the first four case studies, including numbers of buildings, building footprint areas (including
porch and garage for Sm-SFR), and numbers of parking spaces associated with the development projects.
While the building permit records made no reference to features such as roadways, walkways, and
landscaping normally associated with development projects, these features were taken into account in the
case studies using assumptions described herein. Larger developments and redevelopment were not
represented in the sampling of building permits from the San Marcos database. To take these types of
projects into account in the subsequent analysis, the Lg-SFR scenario scaled up all land use estimates
from the Sm-SFR case in the ratio of 1000:23. The single home case (SINGLE) was derived from Bay
Area records obtained at http://www,ppic.org/content/otherI706EHEP web only appendix.pdf, which
showed 8000 ff as a rough average for a single home lot in the region. As with the other cases, these
hypothetical developments were assumed to have roadways, walkways, and landscaping, as described
herein.

2 J. Gibbons, Parking Lots, NONPOINT EDUCATION FOR MUNICIPAl OFFICERS, Technical Paper No.5 (1999)
(http://nemo.uconn.edu/tools/publications/tech papers/tech paper 5.pdf).

4

RB-AR9036



Table 1 summarizes the characteristics of the six case studies. The table also provides the
recorded or estimated areas in each land use and cover type.

Ad La d Cd L d UChCTable 1. ase Study aracteristics an an se an n over reas

MFRa Sm-SFRa RESra OFFa LQ-SFRa SINGLEa

No. buildin s 11 23 1 1 1000 1
Total area ft") 476,982 132,227 33,669 92,612 5,749,000 8,000
Roof area +") 184,338 34,949 3,220 7,500 1,519,522 2114
No. parking
spaces 438 - 33 37 - -
Parking area
(ff) 77,088 - 5808 6512 - -
Access road
area (ff) 22,212 - 6097 6456 - -
Walkway area
(ff) 33,960 10,656 1362 2078 463,289 518
Driveway area
(ff) - 13,800 - - 600,000 835
Landscape
area (ff) 159,384 72,822 17,182 70,066 3,166,190 4533

a MFR-multi-family residential; Sm-SFR-small-scale single-family residential; REST-restaurant; OFF-office
building; Lg-SFR-Iarge-scale single-family residential; SINGLE-single-family home

METHODS OF ANALYSIS

Annual Stormwater Runoff Volumes

Annual surface runoff volumes produced were estimated for both pre- and post-development
conditions for each case study site. Runoff volume was computed as the product of annual
precipitation, contributing drainage area, and a runoff coefficient (ratio of runoff produced to
rainfall received). For impervious areas the following equation was used:

C = (0.009) 1+ 0.05

where I is the impervious percentage. This equation was derived by Schueler (1987) from
Nationwide Urban Runoff Program data (U.S. Environmental Protection Agency 1983). With 1=
100 percent for fUlly impervious surfaces, C is 0.95.

The basis for pervious area runoff coefficients was the Natural Resource Conservation
Service's (NRCS) Urban Hydrology for Small Watersheds (NRCS 1986, as revised from the
original 1975 edition). This model estimates storm event runoff as a function of precipitation
and a variable representing land cover and soil, termed the curve number (CN). Larger events
are forecast to produce a greater amount of runoff in relation to amount of rainfall because they
more fully saturate the soil. Therefore, use of the model to estimate annual runoff requires
selecting some event or group of events to represent the year. The 85th percentile, 24-hour
rainfall event was used in the analysis here for the relative comparison between pre- and post
development and applied to deriving a runoff coefficient for annual estimates, recognizing that
smaller storms would produce less and larger storms more runoff.

A memorandum titled Rainfall Data Analysis and Guidance for Sizing Treatment BMPs
(http://www.cccleanwater.org/construction/Publications/CCCWPBasinSizingMemoFINAL 4-20
05.pdD prepared for the Contra Costa Clean Water Program demonstrated a linear relationship
between unit basin storage volume for 80 percent capture (which is related to the 85th
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percentile event) and mean annual precipitation. Rainfall for Bay Area 85th percentile, 24-hour
events could thus be determined from locations where events have been established in direct
proportion to mean annual rainfall.

In order to obtain appropriate regional estimates of annual precipitation, rainfall records were
obtained from a number of sites in the four counties, plus the city of Vallejo, covered by the
permit.3 The mean annual range is from 13.73 to 24.30 inches, with quantities close to either
14 or 20 inches predominating. The study was performed for both of these rainfall totals.
These figures were used in conjunction with 85th percentile, 24-hour event amounts of 0.75 for
Los Angeles and 0.92 for Santa Rosa (http://ci.santa
rosa.ca.us/pworks/other/SW/SRSWManuaIFinaIDraft.pdf), respectively, and mean annual totals
of 12 and 31 inches for the respective cities to estimate 85 percentile, 24-hour event quantities
of 0.77 and 0.82 inch for the 14 and 20-inch Bay Area rainfall zones, respectively.

Pre- and post-development runoff quantities were computed with selected CN values and the
0.77- and 0.82-inch rainfalls. The CN choices based on tabulated data in NRCS (1986) and
professional judgment were 83 before development and 86 after land modification. Estimate
runoff amounts were then divided by the rainfall totals to obtain runoff coefficients. The results
were about the same for the two rainfall zones at 0.07 and 0.12 before and after development,
respectively. Finally, total annual runoff volumes were estimated based on the two average
annual precipitation figures.

Stormwater Runoff Pollutant Discharges

Annual pollutant mass discharges were estimated as the product of annual runoff volumes
produced by the various land use and cover types and pollutant concentrations typical of those
areas. Again, the 0.75-inch precipitation event was used as a basis for volumes. Stormwater
pollutant data have typically been measured and reported for general land use types (e.g.,
single-family residential, commercial). However, an investigation of low impact development
practices of the type this study sought to conduct demands data on specific land coverages.
The literature offers few data on this basis. Those available and used herein were assembled
by a consultant to the City of Seattle for a project in which the author participated. They appear
in Attachment A (Herrera Environmental Consultants, Inc. undated).

Pollutant concentrations expected to occur typically in the mixed runoff from the several land
use and cover types making up a development were estimated by mass balance; i.e., the
concentrations from the different areas of the sites were combined in proportion to their
contribution to the total runoff.

The Effect of Conventional Treatment BMPs on Runoff Volume, Pollutant Discharges, and
Recharge Rates

The first question in analyzing how BMPs reduce runoff volumes and pollutant discharges was,
What BMPs are being employed in Bay Area developments under the permit now in force?
These county permits provide regulated entities with a large number of choices and few fixed
requirements regarding the selection of stormwater BMPs. (See Contra Costa County NPDES
Municipal Stormwater Permit, Order No. 99-058; see also Santa Clara County NPDES
Municipal Stormwater Permit, Order No. 01-024, at C.3.a.). Clean Water Program Available
options presumably include manufactured BMPs, such as drain inlet inserts (Dlls) and
continuous deflective separation (CDS) units. Developments may also select such non-

3 http://www.census.gov/stab/ccdb/cit7140a.txt,
http://www.acwd.org/dms docs176dOb026b60d97830492079a48b1eb88.pdf,
http://www.ei.berkely.ca.us/aboutberkeley/weather.html, http://www.usbr.gov/dataweb/dams/ea10168.htm,
http://www.redwoodcitv.org/aboutfweather.html.
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proprietary devices as extended-detention basins (EDBs) and biofiltration swales and filter
strips. EDBs hold water for two to three days for solids settlement before releasing whatever
does not infiltrate or evaporate. Biofiltration treats runoff through various processes mediated
by vegetation and soil. In a swale, runoff flows at some depth in a channel, whereas a filter strip
is a broad surface over which water sheet flows. Each of these BMP types was applied to each
case study, although it is not clear that these BMPs, in actuality, have been implemented
consistently within the Bay Area to date.

The principal basis for the analysis of BMP performance was the California Department of
Transportation's (CalTrans, 2004) BMP Retrofit Pilot Program, performed in San Diego and Los
Angeles Counties. One important result of the program was that BMPs with a natural surface
infiltrate and evaporate (probably, mostly infiltrate) a substantial amount of runoff, even if
conditions do not appear to be favorable for an infiltration basin. On average, the EDBs,
swales, and filter strips lost 40, 50 and 30 percent, respectively, of the entering flow before the
discharge point. Dlls and CDS units do not contact runoff with a natural surface, and therefore
do not reduce runoff volume.

The CalTrans program further determined that BMP effluent concentrations were usually a
function of the influent concentrations, and equations were developed for the functional
relationships in these cases. BMPs generally reduced influent concentrations proportionately
more when they were high. In relatively few situations influent concentrations were constant at
an "irreducible minimum" level regardless of inflow concentrations.

In analyzing the effects of BMPs on the case study runoff, the first step was to reduce the runoff
volumes estimated with no BMPs by the fractions observed to be lost in the pilot study. The
next task was estimating the effluent concentrations from the relationships in the CalTrans
report. The final step was calculating discharge pollutant loadings as the product of the reduced
volumes and predicted effluent concentrations. As before, typical pollutant concentrations in the
mixed runoff were established by mass balance.

Estimating Infiltration Capacity of the Case Study Sites

Infiltrating sufficient runoff to maintain pre-development hydrologic characteristics and prevent
pollutant transport is the most effective way to protect surface receiving waters. Successfully
applying infiltration requires soils and hydrogeological conditions that will pass water sufficiently
rapidly to avoid overly-lengthy ponding, while not allowing percolating water to reach ground
water before the soil column captures pollutants.

The study assumed that infiltration would occur in surface facilities and not in below-ground
trenches. The use of trenches is certainly possible, and was judged to be an approved BMP by
CalTrans after the pilot study. However, the intent of this investigation was to determine the
ability of pervious areas to manage the site runoff. This was accomplished by determining the
infiltration capability of the pervious areas in their original condition for each development case
study, and further assessing the pervious areas' infiltration capabilities if soils were modified
according to low impact development practices.

The chief basis for this aspect of the work was an assessment of infiltration capacity and
benefits for Los Angeles' San Fernando Valley (Chralowicz et al. 2001). The Chralowicz study
posited providing 0.1-0.5 acre for infiltration basins to serve each 5 acres of contributing
drainage area. At 2-3 ft deep, it was estimated that such basins could infiltrate 0.90-1.87 acre
ft/year of runoff in San Fernando Valley conditions. Soils there are generally various loam
textures with infiltration rates of approximately 0.5-2.0 inches/hour. Loams are also common
formations in the portion of the Bay Area covered by this report, those areas with Hydrologic

7

RB-AR9039



Soil Groups A, B, and C,4 thus making the conclusions of the San Fernando Valley study
applicable for these purposes. This information was used to estimate how much of each case
study site's annual runoff would be infiltratable, and if the pervious portion would provide
sufficient area for infiltration. For instance, if sufficient area were available, the infiltration
configuration would not have to be in basin form but could be shallower and larger in surface
area. This study's analyses assumed the use of bioretention areas rather than traditional
infiltration basins.

Volume and Pollutant Source Reduction Strategies

As mentioned above, the essence of low impact development is reducing runoff problems
before they can develop, at their sources, or exploiting the infiltration and treatment abilities of
soils and vegetation. If a site's existing infiltration and treatment capabilities are inadequate to
preserve pre-development hydrology and prevent runoff from causing or contributing to
violations of water quality standards, then LID-based source reduction strategies can be
implemented, infiltration and treatment capabilities can be upgraded, or both.

Source reduction can be accomplished through various LID techniques. Soil can be upgraded
to store runoff until it can infiltrate, evaporate, or transpire from plants through compost addition.
Soil amendment, as this practice is known, is a standard LID technique.

Upgraded soils are used in bioretention cells that hold runoff and effect its transfer to the
subsurface zone. This standard LID tool can be used where sufficient space is available. This
study analyzed whether the six development case study sites would have sufficient space to
effectively reduce runoff using bioretention cells, assuming the soils and vegetation could be
amended and enhanced where necessary.

Conventional pavements can be converted to porous asphalt or concrete or replaced with
concrete or plastic unit pavers or grid systems. For such approaches to be most effective, the
soils must be capable of infiltrating the runoff passing through, and may require renovation.

Source reduction can be enhanced by the LID practice of water harvesting, in which water from
impervious surfaces is captured and stored for reuse in irrigation or gray water systems. For
example, runoff from roofs and parking lots can be harvested, with the former being somewhat
easier because of the possibility of avoiding pumping to use the water and fewer pollutants.
Harvestin~ is a standard technique for Leadership in Energy and Environmental Design (LEED)
buildings. Many successful systems of this type are in operation, such as the Natural
Resources Defense Council office (Santa Monica, CA), the King County Administration BUilding
(Seattle, WA), and two buildings on the Portland State University campus (Portland, OR). This
investigation examined how water harvesting could contribute to stormwater management for
case study sites where infiltration capacity, available space, or both appeared to be limited.

4 http://gis.ca.gov/catalog/BrowseCatalog.epl?id=108,
http://websoilsurvey.nrcs.usda.gov/applWebSoiISurvey.aspx

5 New Buildings Institute, Inc., Advanced Buildings (2005)
(http://www.powervourdesign.com/LEEDGuide.pdD.
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RESULTS OF THE ANALYSIS

1. "Base Case" Analysis: Development without Stormwater Controls

Comparison of Pre- and Post-Development Runoff Volumes

Table 2 presents a comparison between the estimated runoff volumes generated by the
respective case study sites in the pre- and post-development conditions, assuming
implementation of no stormwater controls on the developed sites. On sites dominated by
impervious land cover, most of the infiltration that would recharge groundwater in the
undeveloped state is expected to be lost to surface runoff after development. This greatly
increased surface flow would raise peak flow rates and volumes in receiving water courses,
raise flooding risk, and transport pollutants. Only the office building, the plan for which retained
substantial pervious area, would lose less than 40 percent of the site's pre-development
recharge.

Table 2. Pre- and Post-Development without BMPs: Distribution of Surface Runoff Versus
Recharge to Groundwater annual volume in acre-ft)

Distribution MFRa Sm-SFRa
RES~ OFFa Lo-SFRa SINGLEa

141nchesNear Rainfall:
PrecipitationO 12.8 3.54 0.90 2.47 154 0.21
Pre-development runoff 0.89 0.25 0.07 0.17 10 0.02
Pre-development
rechamed 11.9 3.29 0.83 2.30 144 0.19
Post-development
impervious runoff 8.07 1.51 0.42 0.57 66 0.09
Post-development
pervious runoff 0.51 0.24 0.06 0.23 10 0.01
Post-development total
runoff 8.58 1.75 0.48 0.80 76 0.10
Post-development
recharoed 4.22 1.79 0.42 1.67 78 0.11
Post-development
recharge loss 7.68 1.50 0.41 0.65 66 0.08
(% of pre-development) (65%) (46%) (49%) (27%) (45%) (41%)
20 InchesNear Rainfall:
PrecipitationO 18.2 5.06 1.29 3.54 220 0.30
Pre-development runoff 1.28 0.35 0.10 0.24 15 0.03
Pre-development
recharged 16.9 4.71 1.19 3.30 205 0.27
Post-development
impervious runoff 11.5 2.16 0.60 0.82 94 0.13
Post-development
pervious runoff 0.73 0.34 0.08 0.33 15 0.01
Post-development total
runoff 12.2 2.50 0.68 1.15 109 0.14
Post-development
recharged 6.0 2.56 0.61 2.39 111 0.16
Post-development
recharge loss 10.9 2.15 0.58 0.91 94 0.11
(% of pre-development) (65%) (46%) (49%) (27%) (45%) (41%)

a MFR-multi-family residential; Sm-SFR-small-scale single-family residential; REST-restaurant; OFF-office
building; Lg-SFR-Iarge-scale single-family residential; SINGLE-single family home
b Volume of precipitation on total project area
C Quantity of water discharged from the site on the surface
d Quantity of water infiltrating the soil; the difference between precipitation and runoff
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Pollutant Concentrations and Loadings

Table 3 presents the pollutant concentrations from the literature and loadings calculated as
described for the various land use and cover types represented by the case studies.
Landscaped areas are expected to release the highest TSS concentration, although relatively
low TSS mass loading because of the low runoff coefficient. The highest copper concentrations
and loadings are expected from parking lots. Roofs, especially commercial roofs, top the list for
both zinc concentrations and loadings. Landscaping would issue by far the highest phosphorus,
although access roads and driveways would contribute the highest mass loadings. With
expected concentrations being equal in the two rainfall zones, mass loadings in the 20
inches/year zone would be higher than those in the 14 inches/year zone in the same proportion
as the ratio of rainfall quantities.

TdCSt d L dUf Cd L d"Ca e o utant oncentratlons an oa mgs or ase u IV an se an over I ypes
Land Use Concentrations Loadinas

Lbs. Lbs. Lbs. Lbs.
TSS TCu TZn TP TSS/ TCu/ TZn/ TP/

(mg/L) (mg/L) (mg/L) (mg/L) acre- acre- acre- acre-
year year year year

141nchesNear
Rainfall:
Residential roof 25 0.013 0.159 0.11 75 0.039 0.477 0.330
Commercial roof 18 0.014 0.281 0.14 54 0.042 0.844 0.420
Access
road/driveway 120 0.022 0.118 0.66 360 0.066 0.354 1.981
Parkina 75 0.036 0.097 0.14 225 0.108 0.291 0.420
Walkwav 25 0.013 0.059 0.11 75 0.039 0.177 0.330
Landscapina 213 0.013 0.059 2.04 81 0.005 0.022 0.774
20 InchesNear
Rainfall:
Residential roof 25 0.013 0.159 0.11 107 0.056 0.683 0.472
Commercial roof 18 0.014 0.281 0.14 77 0.060 1.207 0.601
Access
road/driveway 120 0.022 0.118 0.66 515 0.094 0.507 2.834
Parking 75 0.036 0.097 0.14 322 0.155 0.417 0.601
Walkway 25 0.013 0.059 0.11 107 0.056 0.253 0.472
Landscapina 213 0.013 0.059 2.04 135 0.008 0.037 1.291

T bl 3 P II

The Basin Plan freshwater acute criteria for copper and zinc are 0.013 mg/L and 0.120 mg/L,
respectively (http://www.swrcb.ca.gov/rwgcb2/basinplan/web/BP CH3.html). All developed
land uses are expected to discharge copper at or above the criterion, based on the mass
balance calculations using concentrations from Table 3. Any surface release from the case
study sites would just meet or violate the criterion at the point of discharge, although dilution by
the receiving water would lower the concentration below the criterion at some point. Even if
copper mass loadings are reduced by BMPs, any surface discharge would equal or exceed the
criterion initially, but it would be easier to dilute below that level. In contrast, runoff from land
covers other than roofs would not violate the acute zinc criterion. Because of this difference,
the evaluation considered whether or not the zinc criterion would be exceeded in each analysis,
whereas there was no point in this analysis for copper. There are no equivalent water quality
criteria for TSS and TP; hence, their concentrations were not further analyzed in the different
scenarios.
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Table 4 shows the overall loadings, as well as zinc concentrations, expected to be delivered
from the case study developments should they not be fitted with any BMPs. As Table 4 shows,
all cases are forecast to exceed the 0.120 mg/L acute zinc criterion. Because of its size, the
large residential development dominates the mass loading emissions.

h 8ML dcP IIscbTa Ie 4. ase tudy 0 utant oncentrat on and oa ing Estimates wit out Ps
MFRa Sm-SFRa RESr OFFa Lq-SFRa SINGLe

141nchesl
Year Rainfall:
TZn (mq/L) 0.127 0.123 0.128 0.133 0.123 0.121
Lbs. TSS/vear 1254 328 119 230 14249 20
Lbs. TCu/year 0:44 0.070 0.030 0.043 3.04 0.004
Lbs. TZn/year 2.94 0.576 0.165 0.286 25.04 0.034
Lbs. TP/year 6.24 2.27 0.68 1.69 98.55 0:14
20lnchesl
Year Rainfall:
TZn (mg/L) 0.127 0.123 0.128 0.133 0.123 0.121
Lbs. TSS/vear 1864 501 180 360 21781 30
Lbs. TCu/year 0.63 0.102 0.043 0.063 4.44 0.006
Lbs. TZn/vear 4.22 0.833 0.238 0.417 36.2 0.050
Lbs. TP/year 9.60 3.55 1.05 2.71 154 0.22

a MFR-multi-family residential; Sm-SFR-small-scale single-family residential; REST-restaurant;
OFF-<lffice building; Lg-SFR-Iarge-scale single-family residential; SINGLE-single-family home

2. "Conventional BMP" Analysis: Effect ofBasic Treatment BMPs

Effect of Basic Treatment BMPs on Post-Development Runoff Volumes

The current set of regional permits allows regulated parties to select from a range of BMPs in
order to treat or infiltrate a given quantity of annual rainfall. The administrative draft of the
proposed MRP is also non-specific regarding the role of LID in satisfying permit conditions. The
range of BMPs includes drain inlet inserts, CDS units, and other manufactured BMPs, detention
vaults, and sand filters, all of which isolate runoff from the soil; as well as basins and biofiltration
BMPs built in soil and generally having vegetation. Treatment BMPs that do not permit any
runoff contact with soils discharge as much stormwater runoff as equivalent sites with no BMPs,
and hence yield zero savings in recharge. As mentioned above, the CalTrans (2004) study
found that BMPs with a natural surface can reduce runoff by substantial margins (30-50 percent
for extended-detention basins and biofiltration).

With such a wide range of BMPs in use, runoff reduction ranging from 0 to 50 percent, and a
lack of clearly ascertainable requirements, it is not possible to make a single estimate of how
much recharge savings are afforded by maximal implementation of the current permits or the
Municipal Regional Permit (MRP), if issued as now proposed. We made the following
assumptions regarding implementation of BMPs. Assuming natural-surface BMPs perform at
the average of the three types tested by CalTrans (2004), i.e., 40 percent runoff reduction, the
estimate can be bounded as shown in Table 5. The table demonstrates that allowing free
choice of BMPs without regard to their ability to direct water into the ground forfeits substantial
groundwater recharge benefits when hardened-surface BMPs are selected. Use of soil-based
conventional BMPs could cut recharge losses from half or more of the full potential to about
one-quarter to one-third or less, except with the highly impervious commercial development.
This analysis shows the wisdom of draining impervious to pervious surfaces, even if those
surfaces are not prepared in any special way. But as SUbsequent analyses showed, soil
amendment can gain considerably greater benefits.
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Table 5. Pre~ and Post-Development with Conventional BMPs: Distribution of Surface Runoff
Versus Recharge to Groundwater annual volume in acre-ft)

Distribution MFRa Sm-SFRa RESTa OFFa LQ-SFRa SINGLEa

141nchesNear
Rainfall:
Precipitation° 12.8 3.54 0.90 2.47 154 0.21
Pre-development
runoff 0.89 0.25 0.07 0.17 10 0.02
Pre-development
recharged 11.9 3.29 0.83 2.30 144 0.19
Post-development
impervious runoff 4.84-8.07 0.90-1.51 0.25-0.42 0.34-0.57 39-66 0.05-0.09
Post-development
pervious runoff 0.30-0.51 0.14-0.24 0.04-0.06 0.13-0.23 6.3-10 0.006-0.01
Post-development
total runoff 5.15-8.58 1.05-1.75 0.29-0.48 0.48-0.80 46-76 0.06-0.10
Post-development
recharQed, e 4.22-7.60 1.79-2.49 0.42-0.62 1.67-2.00 78-108 0.11-0.15
Post-development
recharge loss
(% of pre- 4.29-7.68 0.80-1.50 0.80-0.41 0.30-0.65 34-66 0.05-0.08
development) e (36-65%) (24-46%) (26-49%) (13-27%) (24-45%) (24-41%)
20 InchesNear
Rainfall:
Precipitation° 18.2 5.06 1.29 3.54 220 0.30
Pre-development
runoff 1.28 0.35 0.10 0.24 15 0.03
Pre-development
recharaed 16.9 4.71 1.19 3.30 205 0.27
Post-development
impervious runoff 6.92-11.5 1.29-2.16 0.35-0.60 0.49-0.82 56-94 0.08-0.13
Post-development
pervious runoff 0.44-0.73 0.20-0.34 0.05-0.08 0.19-0.33 9.0-15 0.006-0.01
Post-development
total runoff 7.36-12.2 1.50-2.50 0.41-0.68 0.68-1.15 65-109 0.08-0.14
Post-development
recharQed, e 6.0-10.8 2.56-3.56 0.61-0.88 2.39-2.86 111-155 0.16-0.22
Post-development
recharge loss
(% of pre- 6.1-10.9 1.14-2.15 0.31-0.58 0.44-0.91 49-94 0.07-0.11
development) e (36-65%) (24-46%) (26-49%) (13-27%) (24-45%) (24-41%)

a MFR-multi-family residential; Sm-SFR-small-scale single-family residential; REST-restaurant; OFF-office
building; Lg-SFR-Iarge-scale single-family residential; SINGLE-single-family home. Ranges represent 40 percent
runoff volume reduction, with full site coverage by BMPs having a natural surface, to no reduction, with BMPs isolating
runoff from soil.
b Volume of precipitation on total project area
C Quantity of water discharged from the site on the surface
d Quantity of water infiltrating the soil; the difference between precipitation and runoff e Ranging from the quantity with
hardened bed BMPs to the quantity with soil-based BMPs
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Effect of Basic Treatment BMPs on Pollutant Discharges

Table 6 presents estimates of zinc effluent concentrations and mass loadings of the various
pollutants discharged from four types of conventional treatment BMPs. The loading reduction
results show the CDS units always performing below 50 percent reduction for all pollutants
analyzed, and most often in the vicinity of 20 percent, with zero copper reduction.

IBCER dCTable 6. Pollutant oncentration and Mass Loading e uction stimates with onventiona MPs
MFRa Sm-SFRa RES-r OFFa LQ-SFRa SINGLEa

Effluent
Concentrations:
CDS TZn (mQ/L)a 0.095 0.095 0.098 0.102 0.095 0.094
EDB TZn (mg/Ua 0.085 0.086 0.084 0.084 0.086 0.084
Swale TZn (mQ/L) 0.055 0.054 0.055 0.056 0.054 0.053
Filter strip TZn
(mQ/U 0.039 0.039 0.039 0.041 0.039 0.038
Mass Loading
Reductions-14
IncheslYear
Rainfall:
CDSTSS
reduction 15.7% 19.9% 22.0% 24.0% 19.9% 20.2%
CDS TCu
reduction 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
CDS TZn reduction 22.7% 22.4% 22.9% 23.1% 22.4% 22.5%
CDS TP reduction 30.6% 41.5% 40.7% 45.9% 41.5% 42.0%
EDB TSS
reduction 68.1% 73.7% 79.0% 81.1% 73.7% 74.3%
EDB TCu
reduction 61.9% 55.7% 66.2% 63.0% 55.7% 55.8%
EDB TZn reduction 59.7% 59.6% 60.4% 61.9% 59.6% 59.8%
EDB TP reduction 61.9% 69.7% 69.1% 72.9% 69.7% 70.1%
Swale TSS
reduction 68.8% 71.1% 73.1% 73.9% 71.1% 71.3%
SwaleTCu
reduction 72.5% 68.5% 78.2% 73.3% 68.5% 68.5%
SwaleTZn
reduction 78.4% 78.1% 84.3% 78.8% 78.1% 78.2%
SwaleTP
reduction 66.3% 70.7% 67.2% 76.2% 70.7% 71.1%
Filter strip TSS
reduction 69.9% 75.4% 80.6% 82.6% 75.4% 76.0%
Filter strip TCu
reduction 74.4% 69.1% 78.2% 75.4% 69.1% 69.1%
Filter strip TZn
reduction 78.3% 77.9% 78.4% 78.7% 77.9% 78.1%
Filter strip TP
reduction 48.4% 53.1% 63.7% 59.8% 53.1% 53.5%
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Table 6 continued
MFRS Sm-SFRs RESr' OFFs Lg-SFRa SINGLEa

Mass Loading
Reductions-20
InchesNear
Rainfall:
CDS TSS
reduction 18.8% 25.0% 26.3% 30.5% 25.0% 25.4%
CDSTCu
reduction 0.7% 1.9% 1.1% 3.0% 1.9% 2.0%
CDS TZn reduction 23.1% 23.3% 23.6% 24.7% 23.3% 23.4%
CDS TP reduction 35.4% 46.6% 44.8% 51.8% 46.6% 47.1%
EDB TSS
reduction 68.8% 74.6% 79.6% 81.6% 74.6% 75.1%
EDB TCu
reduction 61.8% 55.6% 66.0% 62.7% 55.6% 55.7%
EDB TZn reduction 59.6% 59.3% 60.2% 61.5% 59.3% 59.6%
EDB TP reduction 63.0% 70.4% 69.7% 73.4% 70.4% 70.7%
Swale TSS
reduction 69.1% 71.4% 73.6% 74.1% 71.4% 71.6%
SwaleTCu
reduction 72.5% 68.4% 77.9% 73.1% 68.4% 68.5%
Swale TZn
reduction 78.3% 78.0% 84.1% 78.6% 78.0% 78.1%
SwaleTP
reduction 67.6% 71.9% 68.2% 77.1% 71.9% 72.3%
Filter strip TSS
reduction 70.6% 76.3% 81.2% 83.1% 76.3% 76.8%
Filter strip TCu
reduction 74.4% 69.0% 78.0% 75.1% 69.0% 69.1%
Filter strip TZn
reduction 78.2% 77.8% 78.3% 78.5% 77.8% 77.9%
Filter strip TP
reduction 49.9% 54.6% 66.3% 61.0% 54.6% 55.0%

a MFR-multi-family residential; Sm-SFR-small-scale single-family residential; REST-restaurant;
OFF-office building; Lg-SFR-Iarge-scale single-family residential; SINGLE-single family home;
CDS- continuous deflective separation unit; EDB-extended-detention basin

When treated with extended-detention basins, swales, or filter strips, effluents from each
development case study site are expected to fall below the Basin Plan acute zinc criterion.
These natural-surface BMPs, if fully implemented and well maintained, are predicted to prevent
the pollutant masses generated on the six case study development sites from reaching a
receiving water in both rainfall zones, which do not differ appreciably. Only total phosphorus
reduction falls below 50 percent for three case studies. Otherwise, mass loading reductions
range from about 60 to above 80 percent for the EDB, swale, and filter strip. These data
indicate that draining impervious to pervious surfaces, even if those surfaces are not prepared
in any special way, pays water quality as well as hydrologic dividends.

3. LID Analysis

(a) Hydrologic Analysis

The LID analysis repeats the analysis above, focusing here on the performance of LID
techniques in reducing or eliminating runoff from the six development case studies. In addition
to assessing the total runoff that would be expected, the analysis also considered whether LID
techniques would be sufficient to attain compliance wit[l a performance standard being
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considered by the Los Angeles Regional Water Quality Control Board for Ventura County,
California. This standard limits EIA (Effective Impervious Area) to five percent (but our analysis
further assumed EIA would be ultimately reduced to three percent). All runoff from NCIA (Not
Connected Impervious Area) was assumed to drain to vegetated surfaces.

One goal of this exercise was to identify methods that reduce runoff production in the first place.
It was hypothesized that implementation of source reduction techniques could allow all of the
case study sites to infiltrate substantial proportions, or all, of the developed site runoff,
advancing the hydromodification mitigation objective of the Draft Permit. When runoff is
dispersed into the soil instead of being rapidly collected and conveyed away, it recharges
groundwater, supplementing a resource that maintains dry season stream flow and wetlands.
An increased water balance can be tapped by humans for potable, irrigation, and process water
supply. Additionally, runoff volume reduction would commensurately decrease pollutant mass
loadings.

Accordingly, the analysis considered the practicability of more than one scenario. In one option,
all roof runoff is harvested and stored for some beneficial use. A second option disperses runoff
into the soil via roof downspout infiltration trenches. The former option is probably best suited to
cases like large commercial and office buildings, while distribution in the soil would fit best with
residences and relatively small commercial developments. The analysis was repeated with the
assumptions of harvesting OFF roof runoff for some beneficial use and dispersing roof runoff
from the remaining four cases in roof downspout infiltration systems.

Expected Infiltration Capacities of the Case Study Sites

The first inquiry on this subject sought to determine how much of the total annual runoff each
property is expected to infiltrate, since infiltration is a basic (although not exclusive) LID
technique. Based on the findings of Chralowicz et al. (2001), it was assumed that an infiltration
zone of 0.1-0.5 acres in area and 2-3 ft deep would serve a drainage catchment area in the size
range 0-5 acres and infiltrate 0.9~1.9 acre-fVyear. The conclusions of Chralowicz et al. (2001)
were extrapolated to conservatively assume that 0.5 acre would be required to serve each
additional five acres of catchment, and would infiltrate an incremental 1.4 acre-fVyear (the
midpoint of the 0.9-1.9 acre-fVyear range). According to these assumptions, the following
schedule of estimates applies:

Infiltration Capacity
1.4 acre-fUyear
2.8 acre-fUyear
4.2 acre-fUyear

Catchment Served acres
0-5 acres

5-10 acres
10-15 acres

Pervious Area Available for Infiltration
0.5 acres
1.0 acres
1.5 acres

(Etc.)
As a formula, infiltration capacity = 2.8 x available pervious area. To apply the formula
conservatively, the available area was reduced to the next lower 0.5-acre increment before
multiplying by 2.8.

As shown in Table 7, in both rainfall zones all six of the sites have adequate or greater capacity
to infiltrate the full annual runoff volume expected from NCIA and pervious areas where EIA is
limited to three percent of the total site area. Indeed, five of the six development types have
sufficient pervious area to infiltrate all runoff, including runoff from EIA areas. These results are
based on infiltrating in the native soils with no soil amendment. For any development project at
which infiltration-oriented BMPs are considered, it is important that infiltration potential be
carefully assessed using site-specific soils and hydrogeologic data. In the event such an
investigation reveals a marginal condition (e.g., hydraulic conductivity, spacing to groundwater)
for infiltration basins, soils could be enhanced to produce bioretention zones to assist infiltration.
Notably, the five case studies with far greater than necessary infiltration capacity would offer
substantial fleXibility in designing infiltration, allowing ponding at less than 2-3 ft depth.
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Table 7. Infiltration and Runoff Volume (With 3 Percent EIA and All NCIA Draining to Pervious
Areas)

MFRa Sm-SFRa RESr' OFFa Lg-SFRa SINGLEa

141nchesNear
Rainfall:
EIA runoff (acre-

0.36 0.10 0.03 0.07 4.4 0.01fUyear)
NCIA + pervious
area runoff (acre- 8.20 1.64 0.45 0.73 71.3 0.08
fUyear)
Total runoff 8.56 1.74 0.48 0.80 75.7 0.09(acre-fUyear)
Pervious area
available for 3.66 1.67 0.39 1.61 72.7 0.10
infiltration (acres)
Estimated
infiltration 9.8 4.2 1.4 4.2 203 0.28
capaci~ (acre-
fUyearr
Infiltration >100% >100% >100% >100% >100% >100%Dotentialc

20lnchesNear
Rainfall:
EIA runoff (acre- 0.52 0.14 0.04 0.10 6.2 0.01fUyear)
NCIA + pervious
area runoff (acre- 11.7 2.34 0.64 1.04 101.7 0.14
fUyear)
Total runoff

12.2 2.48 0.68 1.14 108.0 0.15(acre-fUyear)
Pervious area
available for 3.66 1.67 0.39 1.61 72.7 0.10
infiltration (acres)
Estimated
infiltration 9.8 4.2 1.4 4.2 203 0.28
capaci~ (acre-
fUvear)'
Infiltration

84% >100% >100% >100% >100% >100%potentialc

a MFR-multi-family residential; Sm-SFR~mall-scale single-family residential; REST-restaurant;
OFF-office building; Lg-SFR-Iarge-scale single-family residential; SINGLE-single family home;
b Based on Chralowicz et al. (2001) according to the schedule described above
C Compare runoff production from NCIA + pervious area (row 3) with estimated infiltration capacity (row 6)

As Table 7 shows, each of the six case study sites have the capacity to infiltrate all or
SUbstantially all of the runoff produced onsite annually by draining impervious surfaces to
pervious areas on native soils or, in some soil regimes, soils amended with organic matter. If
these sites were designed as envisioned in this analysis, no runoff discharge is expected in
storms as large as, and probably larger than, the design storm event-using infiltration only.
Discharge would be anticipated only with exceptionally intense, large, or prolonged rainfall that
saturates the ground at a faster rate than water can infiltrate or evaporate. Even runoff from the
area assumed to be EIA could be infiltrated in most cases based on the amount of pervious
area available in typical development projects. Therefore, this analysis shows that the EIA
performance standard being considered for Ventura County, California, or one more stringent,
can be met readily in development projects occurring on A, B, and C soils in the San Francisco
Bay Area.
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Additional Source Reduction Capabilities of the Case Study Sites: Water Harvesting Example

As noted, infiltration is one of a wide variety of LID-based source reduction techniques. Where
site conditions such as soil quality or available area limit a site's infiltration capacity, other
source LID measures can enhance a site's runoff retention capability. For example, soil
amendment, which improves infiltration, is a standard LID technique. Water harvesting is
another. Such practices can also be used where infiltration capacity is adequate, but the
developer desires greater flexibility for land use on-site. Table 8 shows the added LID
implementation flexibility created by subtracting roof runoff by harvesting it or efficiently directing
it into the soil through downspout dispersion systems, further demonstrating the feasibility and
robust performance of LID options for reducing or eliminating runoff in most expected
conditions. Specifically, all development types studied could readily infiltrate and/or retain all
expected annual precipitation.

Table 8. Infiltration and Runoff Volume Reduction Analysis Including Roof Runoff Harvesting or
Disposal in Infiltration Trenches (Assuming 3 Percent EIA and All NCIA Draining to Pervious Areas\

MFRa Sm-SFRa RESr OFFa Lg-SFRa SINGLEa

14
IncheslYear
Rainfall:
EIA runoff

0.36 0.10 0.03 0.07 4.4 0.01(acre-ftlyear)
Roof runoff 4.68 0.89 0.08 0.19 38.5 0.05
(acre-ftlyear)
Other NCIA +
pervious area 3.52 0.75 0.37 0.54 32.7 0.04
runoff (acre-
ftlvear)
Total runoff

8.56 1.74 0.48 0.80 75.6 0.10(acre-ftlyear)
Pervious area
available for 3.66 1.67 0.39 1.61 72.7 0.10infiltration
(acres)
Estimated
infiltration 9.8 4.2 1.4 4.2 203 0.28
capaci~ (acre-
ftlyear)[
Infiltration >100% >100% >100% >100% >100% >100%capacitl
20
IncheslYear
Rainfall:
EIA runoff 0.52 0.14 0.04 0.10 6.2 0.01(acre-ftlyear)
Roof runoff 6.67 1.27 0.12 0.28 55.1 0.08(acre-ftlyear)
Other NCIA +
pervious area 5.03 1.07 0.52 0.76 46.7 0.06
runoff (acre-
ftlyear)
Total runoff 12.2 2.48 0.68 1.14 108.0 0.15(acre-ftlyear)
Pervious area
available for 3.66 1.67 0.39 1.61 72.7 0.10infiItration
(acres)
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Table 8 continued
MFRa Sm-SFRa

RES~ OFFa LQ-SFRa SINGLEa

Estimated
infiltration 9.8 4.2 1.4 4.2 203 0.28
capaci~ (acre-
ftIyead
Infiltration >100% >100% >100% >100% >100% >100%
capacit/

a MFR-multi-family residential; Sm-SFR-small-scale single-family residential; REST-restaurant;
OFF-office building; Lg-SFR-Iarge-scale single-family residential; SINGLE-single family home;
b Based on Chralowicz et al. (2001) according to the schedule described above
C Comparison of runoff production from NCIA + pervious area (row 3) with estimated infiltration capacity (row 6)

Effect of Full LID Approach on Recharge

Table 9 shows the recharge benefits of preventing roofs from generating runoff and infiltrating
as much as possible of the runoff from the remainder of the case study sites. The data show
that LID methods offer significant benefits relative to the baseline (no stormwater controls) in all
cases. These benefits are particularly impressive in developments with relatively high site
imperviousness, such as in the MFR case.

sewl a u ,pproac ompare 0 eve opmen I 0 S

MFRa Sm-SFRa
RES~ OFFa Lg-SFRa SINGLEa

141nchesNear
Rainfall:
Pre-development
rechargeb

(acre-ft) 11.9 3.29 0.83 2.30 144 0.19

NoBMPs-
Post-
development
rechargeb

(acre-ft) 4.22 1.79 0.42 1.67 78 0.11
Post-
development
recharge lost
(acre-ft) 7.68 1.50 0.41 0.65 66 0.08
Post-
development %
recharae lost 65% 46% 49% 27% 45% 41%
Full LID
alJlJroac~

Post-
development
runoff capture
(acre-fOe 11.9 3.29 0.83 2.30 144 0.19
Post-
development
recharge lost
(acre-tO 0 0 0 0 0 0
Post-
development %
recharQe lost 0% 0% 0% 0% 0% 0%

Table 9. Comparison of Water Captured Annually (in acre-ttl from Development Sites for Beneficial
U 'th F II LID A h C d t D I t W·th N BMP
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Table 9 continued

MFRa Sm-SFRa
RES~ OFFa Lg-SFRa SINGLEa

20 IncheslYear
Rainfall:
Pre-development
rechargeb

(acre-tt) 16.9 4.71 1.19 3.30 205 0.27

NoBMPs-
Post-
development
rechargeb

(acre-ft) 6.0 2.56 0.61 2.39 111 0.16
Post-
development
recharge lost
(acre-ft) 10.9 2.15 0.58 0.91 94 0.11
Post-
development %
recharoe lost 65% 46% 49% 27% 45% 41%
Full LID
alJlJroach-
Post-
development
runoff capture
(acre-fOe 16.9 4.71 1.19 3.30 205 0.27
Post-
development
recharge lost
(acre-ft) 0 0 0 0 0 0
Post-
development %
recharoe lost 0% 0% 0% 0% 0% 0%

a MFR-multi-family residential; Sm-SFR-small-scale single-family residential; REST-restaurant; OFF--office
building; Lg-SFR-Iarge-scale single-family residential; SINGLE-Single family home
b Quantity of water infiltrating the soil; the difference between precipitation and runoff
C Water either entirely infiltrated in BMPs and recharged to groundwater or partially harvested from roofs and partially
infiltrated in BMPs. EIA was not distinguished from the remainder of the development, because these sites have the
potential to capture all runoff.

(b) Water Quality Analysis

It was assumed that any site discharges would be subject to treatment control. For purposes of
the analysis, treatment control was assumed to be provided by conventional sand filtration.
This choice is appropriate for study purposes for two reasons. First, sand filters can be installed
below grade, and land above can be put to other uses. Pervious area should be reserved for
receiving NCIA drainage, and using sand filters would not draw land away from that service or
other site uses. A second reason for the choice is that sand filter performance data equivalent
to the data used in analyzing other conventional BMPs are available from the CalTrans (2004)
work. Sand filters mayor may not expose water to soil, depending on whether or not they have
a hard bed. This analysis assumed a hard bed, meaning that no infiltration would occur and
thus there would be no additional recharge in sand filters. Performance would be even better
than shown in the analytical results if sand filters were built in earth.
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Pollutant Discharge Reduction Through LID Techniques

The preceding analyses demonstrated that in each of the six case studies, all stormwater
discharges could be eliminated at least under most meteorological conditions by dispersing
runoff from impervious surfaces to pervious areas. Therefore, pollutant additions to receiving
waters would also be eliminated.

SUMMARY AND CONCLUSIONS

This paper demonstrated that common Bay Area residential and commercial development types
subject to the Municipal NPDES Permit are likely, without stormwater management, to reduce
groundwater recharge from the pre-development state by approximately half in most cases to a
much higher fraction with a large ratio of impervious to pervious area. With no treatment, runoff
from these developments is expected to exceed Basin Plan acute copper and zinc criteria at the
point of discharge and to deliver large pollutant mass loadings to receiving waters.

Conventional soil-based BMP solutions that promote and are component parts of low impact
development approaches, by contrast, regain about 30-50 percent of the recharge lost in
development without stormwater management in Bay Area locations having NRCS Hydrologic
Soil Groups A, B, and C. It is expected the soil-based BMPs generally would release effluent
that meets the acute zinc criterion at the point of discharge, although it would still exceed or just
barely meet the copper limit. Excepting phosphorus, it was found that these BMPs would
capture and prevent the movement to receiving waters of the majority of the pollutant loadings
considered in the analysis.

It was found that by draining all site runoff to pervious areas with A, B, or C soil types, runoff
can be eliminated entirely in most development categories. It follows that a three percent
Effective Impervious Area standard can be met in typical developments, as well. This result
was reached assuming the use of native soils or well recognized soil enhancement techniques
(typically, with compost). Draining impervious surfaces onto these soils, in connection with
limiting directly connected impervious area to three percent of the site total area, should
eliminate storm runoff from some development types and greatly reduce it from more highly
impervious types. Adding roof runoff elimination to the LID approach (by harvesting or directing
it to downspout infiltration trenches) provides an additional tool, increasing flexibility and
confidence that no discharge in most meteorological conditions is a feasible performance
expectation. Even in the development scenarios involving the highest relative proportion of
impervious surface, losses of rainfall capture for beneficial uses could be reduced from the
untreated scenario when draining to pervious areas was supplemented with water harvesting.
These results demonstrate the basic soundness of the concept of using LID techniques to
reduce stormwater pollution in the Bay Area, and further show that limiting directly connected
impervious area and draining the remainder over pervious surfaces, as contemplated by some
Regional Water Boards in California, is also feasible.
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ATIACHMENTA

POLLUTANT CONCENTRATIONS FOR URBAN SOURCE AREAS (HERRERA ENVIRONMENTAL CONSULTANTS, INC. UNDATED)

Residential Steuer, et al. 1997 MI 12 36 7 25 201 0.06 2
Residential Bannerman, et al. 1993 WI -48 27 15 21 149 0.15 3
Residential Waschbusch, et al. 2000 WI 25 15 n.a. n.a. n.a. 0.07 3
Residential FAR 2003 NY 19 20 21 312 0.11 4
Residential Gromaire, et al. 2001 France 29 37 493 3422 n.a. 5
Representative Residential Roof Values 25 13 22 159
Commercial Steuer, et al. 1997 MI 12 24 20 48 215 0.09 2
Commercial Bannerman, et al. 1993 WI -16 15 9 9 330 0.20 3
Commercial Waschbusch, et al. 2000 WI 25 18 n.a. n.a. n.a. 0.13 3

Res. Driveways Steuer, et al. 1997 MI 12 157 34 52 148 0.35 2
Res. Driveways Bannerman, et al. 1993 WI -32 173 17 17 107 1.16 3
Res. Driveways Waschbusch, et al. 2000 WI 25 34 n.a. n.a. n.a. 0.18 3
Driveway FAR 2003 NY 173 17 107 0.56 4
Representative Residential Driveway Values 120 22 27 118 0.66

Comm.llnst. Park. Areas Pitt, et al. 1995 AL 16 110 116 46 110 n.a. 1
Comm. Park. Areas Steuer, et al. 1997 MI 12 110 22 40 178 0.2 2
Com. Park. Lot Bannerman, et al. 1993 WI 5 58 15 22 178 0.19 3
Parking Lot Waschbusch, et al. 2000 WI 25 51 n.a. n.a. n.a. 0.1 3
Parking Lot Tiefenthaler, et al. 2001 CA 5 36 28 45 293 n.a. 6
Loading Docks Pitt, et al. 1995 AL 3 40 22 55 55 n.a. 1
Highway Rest Areas CalTrans 2003 CA 53 63 16 8 142 0.47 7

Park and Ride Facilities CalTrans 2003 CA 179 69 17 10 154 0.33 7

Comm.l Res. Parking FAR 2003 NY 27 51 28 139 0.15 4
Representative Parking Area/Lot Values 75 36 26 97 0.14
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Landscaped Areas Pitt, et al. 1995 AL 6
Landscaping FAR 2003 NY
Representative Landscaping Values
Lawns - Residential Steuer, et al. 1997 MI 12
Lawns - Residential Bannerman, et al. 1993 WI -30
Lawns Waschbusch, et al. 2000 WI 25
Lawns Waschbusch, et al. 2000 WI 25
Lawns - Fertilized USGS 2002 WI 58

Lawns - Non-P Fertilized USGS 2002 WI 38
Lawns - Unfertilized USGS 2002 WI 19
Lawns FAR 2003 NY 3
ReDresentative Lawn Values

33 81 24 230 n.a. 1
37 94 29 263 n.a. 4
33 81 24 230 n.a.

262 n.a. n.a. n.a. 2.33 2
397 13 n.a. 59 2.67 3
59 n.a. n.a. n.a. 0.79 3
122 n.a. n.a. n.a. 1.61 3
n.a. n.a. n.a. n.a. 2.57 3

n.a. n.a. n.a. n.a. 1.89 3
n.a. n.a. n.a. n.a. 1.73 3
602 17 17 50 2.1 4
213 13 n.a. 59 2.04

Notes:
Representative values are weighted means of collected data. Italicized values were omitted from these calculations.
1 - Grab samples from residential, commercial/institutional, and industrial rooftops. Values represent mean of

DETECTED concentrations
2 - Flow-weighted composite samples, geometric mean concentrations
3 - Geometric mean concentrations
4 - Citation appears to be erroneous - original source of data is unknown. Not used to calculate representative value
5 - Median concentrations. Not used to calculate representative values due to site location and variation from other values.
6 - Mean concentrations from simulated rainfall study
7 - Mean concentrations. Not used to calculate representative values due to transportation nature of land use.
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Richard R. Horner† 
 
 
 
ABSTRACT 
 
The Clean Water Act NPDES permit that regulates municipal separate storm sewer systems (MS4s) in 
the San Francisco Bay Area, California will be reissued in 2007.  The draft permit includes general 
provisions related to low impact development practices (LID) for certain kinds of development and 
redevelopment projects.  Using eight representative development project case studies, based on 
California building records, the author investigated the practicability and relative benefits of LID options 
for the portion of the region having soils potentially limiting to infiltration.  The principal LID option 
applicable in this situation is roof runoff harvesting, supplement by dispersion of the roof water in single-
home sites.  Other site runoff would be treated by conventional stormwater best management practices 
(BMPs), as specified in the permit.  The results showed that effectively managing roof runoff and treating 
the remainder with conventional BMPS can:  (1) reduce annual runoff volumes by almost half to more 
than 3/4, depending on land use characteristics, with much of the water saved available for a beneficial 
use; and (2) decrease mass loadings of pollutants to receiving waters by 63 to over 90 percent, 
depending on pollutant and land use. 
 

†  Richard R. Horner, Ph.D., Research Associate Professor, University of Washington 
Departments of Civil and Environmental Engineering and Landscape Architecture; 
Adjunct Associate Professor, University of Washington Center for Urban Horticulture 

 
 
 
 
 
INTRODUCTION 
 
Background 
 
A report titled Initial Investigation of the Feasibility and Benefits of Low-Impact Development Practices 
(“LID”) for the San Francisco Bay Area used six representative development project case studies, based 
on California building records, to investigate the practicability and relative benefits of LID options for the 
majority of the region having soils potentially suitable for infiltration either in their natural state or after 
amendment using well recognized LID techniques.  The results demonstrated that:  (1) LID site design 
and source control techniques are more effective than conventional best management practices (BMPs) 
in reducing runoff rates; and (2) in each of the case studies, LID methods would reduce site runoff volume 
and pollutant loading to zero in typical rainfall scenarios. 
 
For a broad regional assessment of relatively large scale use of soil-based, infiltrative LID practices, the 
initial report covered areas having soils in Natural Resources Conservation Service (NRCS) Hydrologic 
Soil Groups A, B, or C as classified by the Natural Resources Conservation Service 
(http://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx).  Depending on site-specific conditions, A 
and B soils would generally effectively infiltrate water without modification, whereas C soils could require 
organic amendments according to now standard LID methods.  This supplementary report covers 
locations with group D soils, which are generally not amenable to infiltration, again depending on the 
specific conditions on-site.  A minority but still substantial fraction of the Bay Area has group D soils (39.3, 
68.0, 18.3, and 50.1 percent of the mapped areas of Alameda, Contra Costa, San Mateo, and Santa 
Clara Counties, respectively).  Regarding any mapped soil type, it is important to keep in mind that soils 
vary considerably within small distances.  Characteristics at specific locations can deviate greatly from 
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those of the major mapped unit, making infiltration potential either more or less than may be expected 
from the mapping.  The soil survey data are regarded as appropriate for use in broad-scale assessments 
such as underlie this and the initial report, but once site-specific implementation begins, it is important to 
verify site conditions. 
 
General Assessment Methods 
 
The assessment for group D soils reported herein emphasizes the use of LID practices appropriate in 
areas with relatively restrictive soils to the greatest possible extent, supplemented by conventional 
stormwater management practices implemented at fully practicable, high levels of effectiveness.  The 
assessment was performed in a manner analogous to the analysis for the other soil groups and as 
described in the initial report.  To recap briefly, with respect to each of several development case studies, 
three assessments were undertaken:  a baseline scenario incorporating no stormwater management 
controls; a second scenario employing conventional BMPs; and a third development scenario employing 
LID stormwater management strategies.  In each assessment, annual stormwater runoff volumes were 
estimated, as well as concentrations and mass loadings (the products of concentrations times flow 
volumes) of four pollutants:  (1) total suspended solids (TSS), (2) total recoverable copper (TCu), (3) total 
recoverable zinc (TZn), and (4) total phosphorus (TP).  The results of the second and third assessments 
were expressed in terms of the extent to which the management practices would reduce pollutant 
concentrations and loadings  and runoff volumes, converting stormwater discharge  a potential beneficial 
use (direct consumption or, in the case of group A, B, C soil areas, groundwater recharge). 
 
Six case studies were selected to represent a range of urban development types considered to be 
representative of the Bay Area.  These case studies involved:  a multi-family residential complex (MFR), a 
relatively small-scale (23 homes) single-family residential development (Sm-SFR), a restaurant (REST), 
an office building (OFF), a relatively large (1000 homes) single-family residential development (Lg-SFR), 
and a single home (SINGLE).  The land cover types for these various land uses were derived from 
building permit and other public records from the Bay Area or elsewhere in California. 
 
Adaptation of Methods for Areas with Group D Soils 
 
A key LID technique in a setting with soils relatively restrictive to infiltration is water harvesting, which can 
be applied at larger scales in commercial and light industrial developments and at smaller residential 
scales using cisterns or rain barrels.  Harvesting has been successful in reducing runoff discharged to the 
storm drain system and conserving water in applications at all scales.  For example, in downtown Seattle 
the King County Government Center collects enough roof runoff to supply over 60 percent of the toilet 
flushing and plant irrigation water requirements, saving approximately 1.4 million gallons of potable water 
per year (http://www.psat.wa.gov/Publications/LID_studies/rooftop_rainwater.htm, 
http://dnr.metrokc.gov/dnrp/ksc_tour/features/features.htm).  A much smaller public building in Seattle, 
the Carkeek Environmental Learning Center, drains roof runoff into a 3500-gallon cistern to supply toilets 
(http://www.harvesth2o.com/seattle.shtml).  Collecting drainage from individual dwellings for household 
use is a standard technique around the world, particularly in areas deficient in rainfall and without 
affordable alternative sources. 
 
An additional general category of LID practices for poorly infiltrating locations, applicable especially at 
single homes and other relatively small-scale developments, is runoff dispersion for storage in vegetation 
and soil until evapotranspiration and some infiltration occurs.  Section C.3.c of the California Regional 
Water Quality Control Board San Francisco Bay Region "Administrative Draft" NPDES Municipal Regional 
Stormwater Permit (“the Permit”) requires all single-family home projects that create and/or replace 5,000 
square feet or more of impervious surface to implement one or more stormwater lot-scale BMPs from a 
selection of:  (1) diverting roof runoff to vegetated areas; (2) directing paved surface runoff flow to 
vegetated areas; and/or (3) installing driveways, patios, and walkways with pervious material such as 
pervious concrete or pavers.  Another way of distributing and dissipating roof runoff used successfully in 
varied soils in the state of Washington is the downspout dispersion system, consisting of a splash block 
or gravel-filled trench serving to spread roof runoff over a vegetated area (Washington Department of 
Ecology 2005 [Volume III, Section 3.1.2]). 
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The basis of the group D soils assessment was harvesting roof runoff to the maximum possible degree, 
supplemented in smaller-scale developments by runoff dispersion methods.  The report asserts that, 
through these LID BMPs, it is practicable to prevent the entrance of any roof runoff into the municipal 
storm drain system in any soils setting in the Bay Area.  In group D soils, infiltration likely cannot be relied 
upon to reduce runoff from other portions of developments, such as walkways, driveways, parking lots, 
access roads, and landscaping.  Some water loss would undoubtedly occur, especially through 
evapotranspiration and at least some infiltration of runoff generated on or directed to landscaping.  The 
analysis presented in this report does not take account of these losses and hence is somewhat 
conservative in estimating benefits. 
 
As required by the Permit, any runoff not attenuated by harvest, evapotranspiration, or infiltration would 
be subject to quantity and quality controls.  The analysis assumes that extended-detention basins (EDBs) 
with water residence times up to 72 hours would provide this control.  EDBs are one of several general-
purpose, conventional stormwater BMPs available for this service, others being wet ponds, constructed 
wetlands, sand or other media filters, and biofiltration swales and filter strips.  The California Department 
of Transportation (Caltrans, 2004) tested the performance of all of these practices in its BMP Retrofit Pilot 
Program, conducted in San Diego and Los Angeles Counties.  The initial report investigating LID for A, B, 
and C soils presented estimates of benefits for EDBs, swales, and filter strips, along with continuous 
deflective separation (CDS) units, a practice that effectively captures only large particulate pollutants.  For 
brevity, this follow-up report focuses on just EDBs as the supplement to LID.  In performance, EDBs tend 
to fall between swales and filter strips for total suspended solids, slightly lower than the other two BMP 
types for metals, and either between the two or comparable to swales for total phosphorus. 
 
These practices were applied to the same six case studies used in the initial analysis and described in 
Table 1 of the first report.  Two additional case studies were defined for the assessment reported here:  a 
sizeable commercial retail installation (COMM) and an urban redevelopment (REDEV).  The hypothetical 
COMM scenario consists of a building with a 2-acre footprint and 500 parking spaces.  Parking spaces 
were estimated to be 176 sq ft in area, which corresponds to 8 ft width by 22 ft length dimensions.  A 
simple, square parking lot with roadways around the four sides and a square building with walkways also 
around the four sides were assumed.  Roadways and walkways were taken to be 20 ft and 6 ft wide, 
respectively.  The REDEV case was taken from an actual project in Berkeley involving a remodel of an 
existing structure, built originally as a corner grocery store with apartments above and a large side yard, 
and the addition of a new building on the same site to create a nine-unit, mixed-use, urban infill project.  
Table 1 summarizes the characteristics of these two case studies.  The table also provides the recorded 
or estimated areas in each land use and cover type. 
 
Table 1.  Characteristics and Land Use and Land Cover Areas of Added Case Studies 

 COMMa REDEVa 
No. buildings 1 1 
Total area (ft2) 226,529 5,451 
Roof area (ft2) 87,120 3,435 

No. parking spaces 500 
 

2 uncovered 

Parking area (ft2) 88,000 
 

316 uncovered

Access road area (ft2) 23,732 
 
- 

Walkway area (ft2) 7,084 350 
Driveway area (ft2) - 650 
Landscape area (ft2) 20,594 700 

 

a COMM—retail commercial; REDEV—commercial/residential infill 
 
 
The assessment for group D soils employed the same methods as the earlier analysis to estimate annual 
stormwater runoff volumes and pollutant discharges.  Please refer to the initial report for details on those 
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methods.  The Natural Resource Conservation Service (NRCS, 1986) methodology cited in that report 
was applied to estimate that infiltration in group D soils would be roughly 60 percent of the amount 
through landscaping or the bed of a conventional BMP in C soils, which were the basis for establishing 
runoff coefficients in the first analysis.  While that initial analysis was performed for both 14- and 20-inch 
average annual runoff zones, typical of different Bay Area locations, this supplementary work covered 
only the former condition.  This simplification was made in the interest of brevity in this report, given that 
the first analysis showed almost no difference in conclusions between the two situations. 
 
 
RESULTS OF THE ANALYSIS 
 
Table 2 provides a comprehensive summary of the results.  Rows shaded in gray compare runoff and 
pollutant discharges with and without treatment by CDS units, which can capture relatively large solids 
but have no mechanisms for dissolved substances and the finer particles.  Having no soil contact and 
very limited residence time for evaporation, this BMP cannot reduce runoff volume at all.  It can achieve 
some substantial reductions in TSS and TP for land uses relatively high in landscaped area but little 
removal of metals, especially copper. 
 
The blue-shaded rows show the performance of conventional EDBs.  In the group D soils considered in 
this analysis, they were estimated to reduce annual runoff volumes by 13-23 percent, the higher values 
for land uses with relatively small impervious footprints (OFF and REST).  These BMPs can capture the 
majority of the long-term mass loading of most pollutants from most land uses in these soils, falling below 
50 percent in reducing metals in stormwater flowing from residential developments. 
 
Rows shaded in green present the results of applying LID BMPs appropriate for group D soils, roof runoff 
harvesting supplemented by dispersion in single-home land uses, plus treating the remaining runoff with 
EDBs.  Comparing annual runoff volumes with and without LID, it can be seen that removing roof runoff 
from the storm drain system affords very significant benefits in reducing surface discharge and putting 
much of that water to productive use.  Compared to directing all site runoff to EDBs, LID is expected to 
reduce volume by almost 10 times in the REDEV case, by about five times for the various residential land 
uses, 3.6 times for the large commercial development, and around twice for the OFF and REST cases.  
This management strategy can recover over 3/4 of the stormwater that would otherwise go down the 
drain in the intense redevelopment case, approximately 2/3 for the multi- and single-family residential 
cases, over half in the COMM development, and almost half in the office and restaurant cases with 
relatively small roof footprints.  
 
Reduction of volume translates to decreases in pollutant loadings also.  The combination of LID and EDB 
treatment is estimated to raise copper and zinc reductions to about 70 to over 90 percent in all except the 
developments with relatively low roof proportions (60-65 percent in these cases).  TSS predictions come 
in at a quite consistent 75-82 percent across land uses.  Total phosphorus estimates are a similarly 
consistent 63-71 percent, a bit higher in the highly impervious REDEV case. 
 
Effectively managing roof runoff gives a way out of the dilemma posed by group D soils in the Bay Area.  
The analysis has demonstrated that harvesting this runoff stream, supplemented by ground dispersion 
techniques with sufficient space, shows strong promise to reduce the majority of flow inputs to municipal 
storm drain systems while conserving water.  Moreover, this strategy can also stem the majority of solids, 
copper, zinc, and phosphorus transport to receiving waters.
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Table 2.  Runoff Volume and Pollutant Loading Reductions with Conventional and Low-Impact Development (LID) Best Management Practices 
(BMPs) for Eight Land Use Case Studies in Hydrologic Group D Soils 
 COMMa OFFa RESTa REDEVa MFRa Lg-SFRa Sm-SFRa SINGLE 
Total annual runoff with no BMPs (ac-ft) 5.29 0.80 0.47 0.12 8.57 75.66 1.74 0.10 
Total annual runoff with CDS unitsb 
(reduction) 

5.29 
(0.0%) 

0.80 
(0.0%) 

0.47 
(0.0%) 

0.12 
(0.0%) 

8.57 
(0.0%) 

75.66 
(0.0%) 

1.74 
(0.0%) 

0.10 
(0.0%) 

Total annual runoff with EDBsb 
(reduction) 

4.43 
(16.3%) 

0.63 
(21.3%) 

0.36 
(23.2%) 

0.11 
(8.1%) 

7.48 
(12.7%) 

65.27 
(13.7%) 

1.50 
(13.7%) 

0.09 
(13.3%) 

Total annual runoff with LIDb (reduction) 2.22 
(58.0%) 

0.44 
(45.0%) 

0.28 
(40.4%) 

0.03 
(78.9%) 

2.80 
(67.3%) 

26.72 
(64.8%) 

0.61 
(64.8%) 

0.04 
(65.7%) 

CDS TSS reductionb, c 19.4% 44.8% 33.9% 22.1% 27.1% 37.1% 37.1% 37.7% 
CDS TCu reductionb, c 0.4% 11.0% 4.2% 0.9% 2.7% 7.3% 7.3% 7.6% 
CDS TZn reductionb, c 25.3% 29.1% 25.5% 25.5% 24.1% 25.6% 25.6% 25.9% 
CDS TP reductionb, c 25.9% 63.7% 54.3% 35.7% 46.7% 57.6% 57.6% 58.2% 
EDB TSS reductionb, c 64.7% 78.1% 74.9% 66.5% 62.8% 70.3% 70.3% 70.9% 
EDB TCu reductionb, c 57.9% 51.6% 56.4% 53.2% 51.4% 43.5% 43.5% 43.6% 
EDB TZn reductionb, c 57.6% 49.6% 48.9% 58.1% 48.5% 47.7% 47.7% 48.0% 
EDB TP reductionb, c 44.4% 67.6% 63.3% 52.8% 56.3% 64.4% 64.4% 64.7% 
LID + EDB TSS reductionb, c, d 74.6% 80.3% 77.0% 81.5% 79.4% 81.3% 81.3% 81.8% 
LID + EDB TCu reductionb, c, d 71.9% 60.3% 62.2% 82.3% 73.8% 68.9% 68.9% 69.5% 
LID + EDB TZn reductionb, c, d 79.7% 65.1% 60.9% 92.3% 78.9% 76.4% 76.4% 77.0% 
LID + EDB TP reductionb, c, d 63.1% 69.8% 66.0% 75.2% 69.4% 70.8% 70.8% 71.1% 
 

a COMM—retail commercial; OFF—office building; REST—restaurant; REDEV—commercial/residential redevelopment; MFR—multi-family residential; Lg-SFR—large-scale single-
family residential; Sm-SFR—small-scale single-family residential; SINGLE—single family home  
b CDS— continuous deflective separation; EDBs—extended-detention basins; reduction—comparison with no BMPs 
c TSS—total suspended solids; TCu—total recoverable copper; TZn—total recoverable zinc; TP—total phosphorus 
d LID + EDB—roof runoff harvesting for COMM, OFF, REST, REDEV, AND MFR; harvesting supplemented by dispersion of roof runoff for Lg-SFR, Sm-SFR, and SINGLE; treatment 
of remaining runoff by EDBs 
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INTRODUCTION 
 
This purpose of this study is to investigate the relative impact of three levels of storm 
water treatment best management practices (BMPs) on certain water quality and water 
reuse factors:  basic “treat-and-release” BMPs (e.g., drain inlet filters, CDS units), 
commonly used BMPs that expose runoff to soils and vegetation (extended-detention 
basins and biofiltration swales and filter strips), and low-impact design (LID) practices.  
Low-impact methods reduce storm runoff and its contaminants by decreasing their 
generation at sources, infiltrating into the soil or evaporating storm flows before they can 
enter surface receiving waters, treating flow remaining on the surface through contact 
with vegetation and soil, or a combination of these strategies.  Soil-based LID practices 
often use soil enhancements such as compost, and thus improve upon the performance 
of more traditional basins and biofilters.  The factors considered in the investigation are 
runoff volume, pollutant loading, and the availability of water for infiltration or other reuse.  
In order to assess the differential impact of storm water reduction approaches on these 
factors, this study examines six case studies typical of development in the San Diego 
region that would require Standard Urban Stormwater Management Plans (SUSMPs). 
 
With respect to each of the six development models, three assessments were 
undertaken.  To establish a baseline, for each case study annual storm water runoff 
volumes were estimated, as well as concentrations and mass loadings of four pollutants:  
(1) total suspended solids (TSS), (2) total recoverable copper (TCu), (3) total recoverable 
zinc (TZn), and (4) total phosphorus (TP).  These baseline estimates were based on the 
anticipated land use and cover with no storm water management efforts. 
 
Two sets of calculations were then conducted using the parameters defined for the six 
case studies.  The first group of calculations estimated the extent to which the basic 
BMPs reduce runoff volumes and pollutant concentrations and loadings, and what 
impact, if any, such BMPs have on recharge rates or water retention on-site.  The second 
group of calculations estimated the extent to which commonly used soil-based BMPs and 
low-impact site design strategies ameliorate runoff volumes and pollutant concentrations 
and loadings, and the effect such techniques have on recharge rates. 
 
The assessment of basins, biofiltration, and low-impact design practices analyzed the 
expected infiltration capacity of the case study sites.  It also considered related LID 
techniques and practices, such as source reduction strategies, that work in concert with 
infiltration to serve the goals of:  (1) preventing increase in annual runoff volume from the 
pre- to the post-developed state, (2) preventing increase in annual pollutant mass 
loadings between the two development states, and (3) avoiding exceedences of 
California Toxics Rule (CTR) acute saltwater criteria for copper and zinc. 
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The results of this analysis show that in developments implementing no post-construction 
BMPs, storm water runoff volume and pollutant loading are substantially increased and 
recharge rates are substantially decreased compared to pre-development conditions.  
Second, developments implementing basic post-construction treatment BMPs achieve 
reduced pollutant loading compared to developments with no BMPs, but storm water 
runoff volume and recharge rates are similar to developments with no BMPs.  Third, 
developments implementing traditional basins and biofilters, and even more so low-
impact post-construction BMPs, achieve significant reduction of pollutant loading and 
runoff volume as well as greatly enhanced recharge rates compared to both 
developments with no BMPs and developments with basic treatment BMPs. 
 
This report covers the methods employed in the investigation, data sources, and 
references for both.  It then presents the results, discusses their consequences, and 
draws conclusions, and makes recommendations relative to utilizing low-impact site 
design practices in SUSMPs. 
 
CASE STUDIES 
 
Four case studies were derived directly from building permit records for development 
projects in the City of San Marcos: a multi-family residential complex (MFR), a relatively 
small-scale (23 homes) single-family residential development (Sm-SFR), a restaurant 
(REST), and an office building (OFF).  The records provided data on total site areas, 
numbers of buildings, building footprint areas (including porch and garage for Sm-SFR), 
and numbers of parking spaces associated with the development projects.  While the 
building permit records made no reference to features such as roadways, walkways, and 
landscaping normally associated with development projects, these features were taken 
into account in the case studies through some reasonable assumptions, as detailed 
below.  Larger developments were not represented in the sampling of building permits 
from the San Marcos database.  To take larger development projects into account in the 
subsequent analysis, two larger scale case studies were hypothesized:  a relatively large 
single-family residential development (Lg-SFR) and a sizeable commercial retail 
installation (COMM).  The Lg-SFR scenario assumed 1000 homes, and scaled up all land 
use estimates from the Sm-SFR case in the ratio of 1000:23.  The hypothetical COMM 
scenario consisted of a building with a 2-acre footprint and 500 parking spaces.  As with 
the smaller-scale cases, these hypothetical developments were assumed to have 
roadways, walkways, and landscaping, which were also handled as follows. 
 
Parking spaces were estimated to be 176 sq ft in area, which corresponds to 8 ft width by 
22 ft length dimensions.  Code requirements vary by jurisdiction, with the tendency now 
to drop below the traditional 200 sq ft average.  About 180 sq ft is common, but various 
standards for full- and compact-car spaces, and for the mix of the two, can raise or lower 
the average (http://nemo.uconn.edu/publications/tech_papers/tech_paper_5.pdf).  The 
176 sq ft size is considered to be a reasonable value for conventional practice. 
 
Roadways and walkways assume a wide variety of patterns, of course.  Exclusive of the 
two SFR cases, simple, square parking lots with roadways around the four sides and 
square buildings with walkways also around the four sides were assumed.  Roadways 
and walkways were taken to be 20 ft and 6 ft wide, respectively. 
 
Single-family residences were assumed each to have a driveway 20 ft wide and 30 ft 
long.  It was further assumed that each would have a sidewalk along the front of the lot, 
which was calculated to be 5749 sq ft in area.  Assuming a square lot, the front 
dimension would be 76 ft.  A 40-ft walkway was included within the property.  Sidewalks 
and walkways were taken to be 4 ft wide. 
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Exclusive of the COMM case, the total area for all of these impervious features was 
subtracted from the total site area to estimate the pervious area, which was assumed to 
have conventional landscaping cover (grass, small herbaceous decorative plants, 
bushes, and a few trees).  For the hypothetical COMM scenario, the hypothetical total 
impervious cover was enlarged by 10 percent to represent the landscaping, on the belief 
that a typical retail commercial establishment would typically be mostly impervious. 
 
Table 1 summarizes the characteristics of the six case studies.  The table also provides 
the recorded or estimated areas in each land use and cover type. 

 
METHODS OF ANALYSIS 
 
Annual Storm Water Runoff Volumes 
 
For each case study site the annual surface runoff volumes produced were estimated for 
both pre- and post-development conditions.  Runoff volume was computed as the product 
of annual precipitation, contributing drainage area, and a runoff coefficient (ratio of runoff 
produced to rainfall received).  For impervious areas the following equation was used: C 
= 0.009 I + 0.05, where I is the impervious percentage.  This equation was derived by 
Schueler (1987) from Nationwide Urban Runoff Program data (U.S. Environmental 
Protection Agency 1983).  With I = 100 percent for fully impervious surfaces, C is 0.95. 
 
The basis for pervious area runoff coefficients was the Natural Resource Conservation 
Service’s (NRCS) Urban Hydrology for Small Watersheds (NRCS 1986, as revised from 
the original 1975 edition).  This model estimates storm event runoff as a function of 
precipitation and a variable representing land cover and soil, termed the curve number 
(CN).  Larger events are forecast to produce a greater amount of runoff in relation to 
amount of rainfall because they more fully saturate the soil.  Therefore, use of the model 
to estimate annual runoff requires selecting some event or group of events to represent 
the year.  Jurisdictions under the San Diego municipal storm water permit generally 
perform water quality analyses with respect to the 85

th
 percentile rainfall quantity (the 85

th
 

percentile rainfall is the amount exceeding the precipitation in 85 percent of all events 
over time).  That event was used in the analysis here for the relative comparison between 
pre- and post-development and applied to deriving a runoff coefficient for annual 
estimates, recognizing that smaller storms would produce less and larger storms more 
runoff.  This meteorological statistic for San Marcos is 0.75 inch of rainfall 
(http://www.co.san-diego.ca.us/dpw/watersheds/pubs/susmp_85precip.pdf). 

Table 1.  Case Study Characteristics and Land Use and Land Cover Areas 
 

 MFR
a
 Sm-SFR

a
 REST

a
 OFF

a
 Lg-SFR

a
 COMM

a
 

San Marcos permit nos. 24718 30315-30337 31515 35339 Hypoth. Hypoth. 

San Marcos permit date 3/5/04 3/5/04 3/11/04 5/16/06 - - 

No. of buildings 11 23 1 1 1000 1 

Total area (ft
2
) 476982 132227 33669 92612 5749000 226529 

Roof area (ft
2
) 184338 34949 3220 7500 1519522 87120 

Parking spaces 438 - 33 37 - 500 

Parking area (ft
2
) 77088 - 5808 6512 - 88000 

Access road area (ft
2
) 22212 - 6097 6456 - 23732 

Walkway area (ft
2
) 33960 10656 1362 2078 463289 7084 

Driveway area (ft
2
) - 13800 - - 600000 - 

Landscape area (ft
2
) 159384 72822 17182 70066 3166190 20594 

a
  MFR—multi-family residential; Sm-SFR—small-scale single-family residential; 

REST—restaurant; OFF—office building; Lg-SFR—large-scale single-family residential; 
COMM—retail commercial 

RB-AR9065



 4

To select CN for the pre-development case, an analysis performed in the area of the 
Cedar Fire in San Diego was used in which CN was determined before and after the 
2003 fire (http://www.ufei.org/files/pubs/SanDiegoUrbanEcosystemAnalysis-
PostCedarFire.pdf).  Here, CN = 83 was estimated for the pre-existing land cover, which 
was generally chaparral.  For post-development landscaping, CN = 86 was selected 
based on tabulated data in NRCS (1986) and professional judgment. 
 
Pre- and post-development runoff quantities were computed with these CN values and 
the 85

th
 percentile rainfall, and then divided by the rainfall to obtain runoff coefficients.  

The results were 0.07 and 0.12, respectively.  Finally, total annual runoff volumes were 
estimated based on an average annual precipitation of 10.26 inches 
(http://www.wrcc.dri.edu/cgi-bin/cliMONtpre.pl?casand). 
 
Storm Water Runoff Pollutant Discharges 
 
Annual pollutant mass discharges were estimated as the product of annual runoff 
volumes produced by the various land use and cover types and pollutant concentrations 
typical of those areas.  Again, the 85

th
 percentile precipitation event was used as a basis 

for volumes.  Storm water pollutant data have typically been measured and reported for 
general land use types (e.g., single-family residential, commercial).  However, an 
investigation of low-impact site design of the type this study sought to conduct demands 
data on specific land coverages.  The literature offers few data on this basis.  Those 
available and used herein were assembled by a consultant to the City of Seattle for a 
project in which the author participated.  They appear in Attachment A (Herrera 
Environmental Consultants, Inc. undated). 
 
Pollutant concentrations expected to occur typically in the mixed runoff from the several 
land use and cover types making up a development were estimated by mass balance; 
i.e., the concentrations from the different areas of the sites were combined in proportion 
to their contribution to the total runoff. 
 
The Effect of Conventional Treatment BMPs on Runoff Volume, Pollutant Discharges, 
and Recharge Rates 
 
The first question in analyzing how BMPs reduce runoff volumes and pollutant discharges 
was, What BMPs are being employed in San Diego SUSMPs?  The currently applicable 
SUSMP program associated with the San Diego County MS4 permit provides regulated 
entities with a large number of choices.  These options include manufactured BMPs, such 
as drain inlet inserts (DIIs) and continuous deflective separation (CDS) units.  
Developments may also select such non-proprietary devices as extended-detention 
basins (EDBs) and biofiltration swales and filter strips.  EDBs hold water for two to three 
days for solids settlement before releasing whatever does not infiltrate or evaporate.  
Biofiltration treats runoff through various processes mediated by vegetation and soil.  In a 
swale, runoff flows at some depth in a channel, whereas a filter strip is a broad surface 
over which water sheet flows.  Each of these BMP types was applied to each case study. 
  
The principal basis for the analysis of BMP performance was the California Department 
of Transportation’s BMP Retrofit Pilot Program (Caltrans, 2004), performed in San Diego 
and Los Angeles Counties.  One important result of the program was that BMPs with a 
natural surface infiltrate and evaporate (probably, mostly infiltrate) a substantial amount 
of runoff, even if conditions do not appear to be favorable for an infiltration basin.  On 
average, the EDBs, swales, and filter strips respectively lost 40, 50 and 30 percent of the 
entering flow before the discharge point.  DIIs and CDS units do not contact runoff with a 
natural surface, and therefore do not reduce runoff volume. 
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The Caltrans program further determined that BMP effluent concentrations were usually a 
function of the influent concentrations and developed equations for the functional 
relationships in these cases.  BMPs generally reduced influent concentrations 
proportionately more when they were high.  In a relatively few situations influent 
concentrations were constant at an “irreducible minimum” level regardless of inflow 
concentrations. 
 
In analyzing the effects of BMPs on the case study sites’ runoff, the first step was to 
reduce the runoff volumes estimated with no BMPs by the fractions observed to be lost in 
the pilot study.  The next task was estimating the effluent concentrations from the 
relationships in the Caltrans report.  The final step was calculating discharge pollutant 
loadings as the product of the reduced volumes and predicted effluent concentrations.  
As before, typical pollutant concentrations in the mixed runoff were established by mass 
balance. 
 
Estimating Infiltration Capacity of the Case Study Sites 
 
Infiltrating sufficient runoff to maintain pre-development hydrologic characteristics and 
prevent pollutant transport is the most effective way to protect surface receiving waters.  
Successfully applying infiltration requires soils and hydrogeological conditions that will 
pass water sufficiently rapidly to avoid overly lengthy ponding, while not allowing 
percolating water to reach groundwater before the soil column captures pollutants. 
 
The study assumed that infiltration would occur in surface facilities and not in below-
ground trenches.  The use of trenches is certainly possible, and was judged to be an 
approved BMP by Caltrans after the pilot study.  However, the intent of the investigation 
was to determine the ability of pervious areas to manage the site runoff.  It determined 
what contribution these areas could make in their original condition, and then assessed 
how they could serve further if soils were modified using a low-impact site design 
technique. 
 
The chief basis for this aspect of the work was an assessment of infiltration capacity and 
benefits for Los Angeles’ San Fernando Valley (Chralowicz et al. 2001).  The Chralowicz 
study posited providing 0.1-0.5 acre for infiltration basins to serve 5 acres of contributing 
drainage area.  At 2-3 ft deep, it was estimated that such basins could infiltrate 0.90-1.87 
acre-ft/year of runoff in San Fernando Valley conditions.  Soils there are generally various 
loam textures with infiltration rates of approximately 0.5-2.0 inches/hour.  Soils are similar 
in the San Marcos area (http://websoilsurvey.nrcs.usda.gov/app), thus making the 
conclusions of this study applicable for these purposes.  This information was used to 
estimate how much of each case study site’s annual runoff would be infiltratable and if 
the pervious portion would provide sufficient area. 
 
Volume and Pollutant Source Reduction Strategies 
 
As pointed out earlier, the essence of low-impact site design is reducing runoff problems 
before they can develop, at their sources, or exploiting the infiltration and treatment 
abilities of soils and vegetation.  If these abilities are not adequate to preserve pre-
development hydrology and prevent runoff from causing or contributing to violations of 
water quality standards, then the choice is to practice source reduction, upgrade 
infiltration and treatment capabilities, or both. 
 
Soils can be upgraded to store runoff until it can infiltrate, evaporate, or transpire from 
plants through compost addition, a standard low-impact site design technique.  
Bioretention cells with these upgraded soils can be built to hold runoff and effect its 
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transfer to the subsurface zone, another standard low-impact tool.  Of course, the space 
needed must be available to do so.  This phase of the analysis determined for the case 
study sites if that space would indeed be available, assuming the soils and vegetation 
could be built up to use it effectively. 
 
Source reduction can be accomplished through low-impact site design in various ways.  
Conventional pavements can be converted to porous asphalt or concrete or replaced with 
concrete or plastic unit pavers or grid systems.  Of course, the soils must be capable of 
infiltrating the runoff passing through and may require renovation of the same type as 
discussed for bioretention.  Water can also be “harvested,” that is, captured and stored 
for reuse in irrigation or gray water systems.  Many successful systems of this type are in 
operation, for example Natural Resources Defense Council offices, Santa Monica, CA; 
King County Administration Building, Seattle, WA; two buildings on the Portland State 
University campus, Portland, OR.  Harvesting is a standard technique for Leadership in 
Energy and Environmental Design (LEED) buildings (http://www.poweryourdesign.com/ 
LEEDGuide.pdf).  Runoff from roofs and parking lots can be harvested, with the former 
being somewhat easier because of the possibility of avoiding pumping to use the water 
and fewer pollutants.  The investigation concluded by determining how harvesting could 
contribute to storm water management for case study sites where infiltration capacity, 
available space, or both appeared to be limited. 
 
RESULTS OF THE ANALYSIS 
 
1.  “Base Case” Analysis:  Development Without Traditional BMP or LID 

Approaches 
 
Comparison of Pre- and Post-Development Runoff Volumes 
 
Table 2 presents a comparison between the estimated runoff volumes generated by the 
respective case study sites in the pre- and post-development conditions, assuming 
implementation of no BMPs on the developed sites.  On sites dominated by impervious 
land cover, most of the infiltration that would recharge groundwater in the undeveloped 
state is expected to be lost to surface runoff after development.  This greatly increased 
surface flow would raise peak flow rates and volumes in receiving water courses, raise 
flooding risk, and transport pollutants.  Only the office building, the plan for which retained 
substantial pervious area, would not lose half or more of the pre-development recharge. 

Table 2.  Pre- and Post-Development Without BMPs: Distribution of Surface Runoff Versus 
Recharge to Groundwater  
 

 
Annual Volume (acre-ft) MFR

a
 

Sm-
SFR

a
 REST

a
 OFF

a
 

Lg-
SFR

a
 COMM

a
 

Precipitation
b
  9.35 2.59 0.66 1.82 113 4.44 

Pre-development runoff
c
 0.65 0.18 0.05 0.13 8 0.31 

Pre-development recharge
d
 8.69 2.41 0.61 1.69 105 4.13 

Post-development impervious runoff
c
 5.91 1.11 0.31 0.42 48 3.83 

Post-development pervious runoff
c
 0.37 0.17 0.04 0.16 7 0.05 

Post-development total runoff
c
 6.29 1.28 0.35 0.58 56 3.88 

Post-development recharge
d
 3.06 1.31 0.31 1.23 57 0.56 

Post-development recharge loss (% of 
pre-development recharge) 

5.63 
(65%) 

1.10 
(46%) 

0.30 
(49%) 

0.46 
(27%) 

48 
(46%) 

3.57 
(86%) 

a
  MFR—multi-family residential; Sm-SFR—small-scale single-family residential; REST—restaurant; 

OFF—office building; Lg-SFR—large-scale single-family residential; COMM—retail commercial 
b
  Volume of precipitation on total project area 

c
  Quantity of water discharged from the site on the surface 

d
  Quantity of water infiltrating the soil; the difference between precipitation and runoff 
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Pollutant Concentrations and Loadings 
 
Table 3 presents the pollutant concentrations from the literature and loadings calculated 
as described for the various land use and cover types represented by the case studies.  
Landscaped areas are expected to release the highest TSS concentration, although 
relatively low TSS mass loading because of the low runoff coefficient.  The highest 
copper concentrations and loadings are expected from parking lots.  Roofs, especially 
commercial roofs, top the list for both zinc concentrations and loadings.  Landscaping 
would issue by far the highest phosphorus, although access roads and driveways would 
contribute the highest mass loadings. 
 

 
The CTR acute criteria for copper and zinc are 0.0048 mg/L and 0.090 mg/L, 
respectively.  It may be seen in Table 3 that all developed land uses are expected to 
discharge copper above the criterion, based on the mass balance calculations using 
concentrations from Table 3.  Any surface release from the case study sites would violate 
the criterion at the point of discharge, although dilution by the receiving water would lower 
the concentration below the criterion at some point.  Even if copper mass loadings are 
reduced by BMPs, any surface discharge would exceed the criterion initially, but it would 
be easier to dilute below that level.  In contrast, runoff from some land covers would not 
violate the acute zinc criterion.  Because of this difference, the evaluation considered 
whether or not the zinc criterion would be exceeded in each analysis, whereas there was 
no point in this analysis for copper.  There are no equivalent water quality criteria for TSS 
and TP; hence, their concentrations were not further analyzed in the different scenarios. 
 
Table 4 follows with the overall loadings, as well as zinc concentrations, expected to be 
delivered from the case study developments should they not be fitted with any BMPs.  As 
Table 4 shows, all cases are forecast to exceed the 0.090 mg/L acute zinc criterion, and 
the retail commercial development does so by a wide margin.  Because of its size, the 
large residential development dominates the mass loading emissions. 

Table 3.  Pollutant Concentration and Loading for Case Study Land Use and Cover Types
 

 Concentrations Loadings 

Land Use 
TSS 

(mg/L) 
TCu 

(mg/L) 
TZn 

(mg/L) 
TP 

(mg/L) 

Lbs. 
TSS/ 
acre-
year 

Lbs. 
TCu/ 
acre-
year 

Lbs. 
TZn/ 
acre-
year 

Lbs. 
TP/ 

acre-
year 

Residential roof 25 0.013 0.159 0.11 55 0.029 0.350 0.242 

Commercial roof 18 0.014 0.281 0.14 40 0.031 0.619 0.309 

Access 
road/driveway 120 0.022 0.118 0.66 264 0.048 0.260 1.455 

Parking 75 0.036 0.097 0.14 165 0.079 0.214 0.309 

Walkway 25 0.013 0.059 0.11 55 0.029 0.130 0.242 

Landscaping 213 0.013 0.059 2.04 59 0.004 0.016 0.568 
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2. “Traditional SUSMP” Analysis:  Effects of Basic Treatment BMPs  
 
Post-Development Runoff Volumes 
 
The current SUSMP program permits regulated parties to select from a range of BMPs in 
order to treat or infiltrate a given quantity of annual rainfall.  According to Regional Board 
staff and third party reviews of the program (Tetra Tech, Inc. 2005), a wide variety of 
BMPs are selected.  Many projects rely on drain inlet inserts, CDS units, and similar 
manufactured BMPs.  Regulated entities currently can select these or other “treat-and-
release” techniques in order to satisfy the current San Diego County MS4 Permit.  As a 
category, such treatment BMPs do not permit any collected runoff contact with soils.  
Therefore, they discharge as much storm water runoff as equivalent sites with no BMPs, 
and afford zero savings in recharge. 
 
Effects of BMPs on Pollutant Discharges 
 
Table 5 presents estimates of zinc effluent concentrations and mass loadings of the 
various pollutants discharged from four types of conventional treatment BMPs.  The 
“basic” BMPs in this table, the CDS units, are not expected to drop any of the 
concentrations sufficiently to meet the acute zinc criterion at the discharge point.  The 
loading reduction results show the CDS unit always performing below 50 percent and 
most often in the vicinity of 20 percent, with zero copper reduction.  
 
The Caltrans study (2004) produced less data on drain inlet insert performance.  These 
devices were found to reduce pollutant mass loadings by the following amounts (average 
of the performance of two models):  TSS—8.5 percent, TCu—1.0 percent, and TZn—1.5 
percent. 
 
3. LID Analysis:  Relative Effect of Conventional Soil-Based BMPs and Low-

Impact Development Approaches 
 
Annual surface runoff and recharge predicted to occur with the three soil-based BMP 
types commonly employed in California were estimated.  An assumption was full service 
of all portions of the case study sites with one of these practices.  Although the analysis 
assumed use of one or another of the BMP types throughout each site, a project designer 
could elect to use more than one BMP to serve different portions.  Table 6 gives the 
estimates, along with the savings in recharge afforded by the LID site design techniques 
relative to a condition with no BMPs.  The percentages of savings exactly reflect the 
degree of infiltration observed in the Caltrans pilot study: 40, 50, and 30 percent, 
respectively, for EDBs, swales, and filter strips. 

Table 4.  Case Study Pollutant Concentration and Loading Estimates Without BMPs 
 

 MFR
a
 Sm-SFR

a
 REST

a
 OFF

a
 Lg-SFR

a
 COMM

a

TZn (mg/L) 0.127 0.123 0.128 0.133 0.123 0.175 

Lbs. TSS/year 920 241 87 169 10461 594 

Lbs. TCu/year 0.32 0.051 0.022 0.032 2.24 0.25 

Lbs. TZn/year 2.16 0.423 0.121 0.210 18.38 1.84 

Lbs. TP/year  4.58 1.66 0.50 1.24 72.35 2.34 
a
  MFR—multi-family residential; Sm-SFR—small-scale single-family residential; REST—restaurant; 

OFF—office building; Lg-SFR—large-scale single-family residential; COMM—retail commercial 
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Effects of BMPs on Pollutant Discharges 
 
Table 5 presents estimates of zinc effluent concentrations and mass loadings of the 
various pollutants discharged from the EDBs, swales, and filter strips.  Effluents from 
each case study site are expected to fall below the CTR acute zinc criterion if treated with 
swales or filter strips.  All but the large commercial site would meet the criterion with EDB 
treatment.  These infiltration-oriented BMPs, swales, filters, and EDBs, if fully 
implemented and well maintained, are predicted to prevent the majority of the pollutant 
masses generated on most of the development sites from reaching a receiving water.  
Only total phosphorus reduction falls below 50 percent for two case studies.  Mass 
loading reductions range above 80 percent for the EDB, swale, and filter strip. 
 

Table 5.  Case Study Pollutant Concentration and Loading Estimates With BMPs 
 

 MFR
a
 Sm-SFR

a
 REST

a
 OFF

a
 Lg-SFR

a
 COMM

a
 

Effluent Concentrations:       

CDS TZn (mg/L)
a
 0.095 0.095 0.098 0.102 0.095 0.131 

EDB TZn (mg/L)
a
 0.085 0.086 0.084 0.084 0.086 0.098 

Swale TZn (mg/L) 0.055 0.054 0.055 0.056 0.054 0.068 

Filter strip TZn (mg/L) 0.039 0.039 0.039 0.041 0.039 0.048 

Loading Reductions:       

CDS TSS loading reduction 15.7% 19.9% 22.0% 24.0% 19.9% 16.9% 

CDS TCu loading reduction 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

CDS TZn loading reduction 22.7% 22.4% 22.9% 23.1% 22.4% 25.1% 

CDS TP loading reduction 30.6% 41.5% 40.7% 45.9% 41.5% 20.3% 

EDB TSS loading reduction 68.1% 73.7% 79.0% 81.1% 73.7% 71.7% 

EDB TCu loading reduction 61.9% 55.7% 66.2% 63.0% 55.7% 66.8% 

EDB TZn loading reduction 59.7% 59.6% 60.4% 61.9% 59.6% 66.6% 

EDB TP loading reduction 61.9% 69.7% 69.1% 72.9% 69.7% 54.5% 

Swale TSS loading reduction 68.8% 71.1% 73.1% 73.9% 71.1% 69.4% 

Swale TCu loading reduction 72.5% 68.5% 78.2% 73.3% 68.5% 75.8% 

Swale TZn loading reduction 78.4% 78.1% 84.3% 78.8% 78.1% 80.7% 

Swale TP loading reduction 66.3% 70.7% 67.2% 76.2% 70.7% 55.0% 

Filter strip TSS loading reduction 69.9% 75.4% 80.6% 82.6% 75.4% 72.3% 

Filter strip TCu loading reduction 74.4% 69.1% 78.2% 75.4% 69.1% 78.7% 

Filter strip TZn loading reduction 78.3% 77.9% 78.4% 78.7% 77.9% 80.9% 

Filter strip TP loading reduction 48.4% 53.1% 63.7% 59.8% 53.1% 34.6% 
a
  MFR—multi-family residential; Sm-SFR—small-scale single-family residential; REST—restaurant; 

OFF—office building; Lg-SFR—large-scale single-family residential; COMM—retail commercial 
CDS— continuous deflective separation unit; EDB—extended-detention basin 
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Expected Infiltration Capacities of the Case Study Sites 
 
Table 7 summarizes the results of the infiltration analysis.  The first inquiry on this subject 
sought to determine how much of the total annual runoff each property is expected to 
infiltrate.  Based on the findings of Chralowicz et al. (2001), it was assumed that a site in 
the size range 0-5 acres could infiltrate 0.9-1.9 acre-ft/year with an infiltration device of 
feasible size, one in the range 5-10 acres could recharge 1.8-3.8 acre-ft/year, etc.  As 
shown in the table, three of the six sites should be able to infiltrate the full annual runoff 
volume.  The remainder could recharge to the ground about half or somewhat more of 
the annual production.  These figures pertain to infiltrating in the native soils, with no soil 
improvements through composting such as often performed in low-impact site design. 
 
Next, it was sought to determine whether the sites, as planned, have sufficient pervious 
area for surface infiltration facilities.  Again, the results of Chralowicz et al. (2001) were 
used, and it was assumed that infiltration would take 0.1-0.5 acres on a site of 0-5 acres 
total area, 0.2-1.0 acres on a 5-10 acre property, etc.  A site low in the range would likely 
need a smaller infiltration area than one higher in the size range.  Five of the six case 
study sites clearly have more pervious area than required for infiltration facilities.  The 
commercial retail development was the only development project that came close to 
lacking sufficient pervious area. 
 

 
As Table 7 shows, the case study sites offer considerable promise to manage storm 
water by infiltration.  For any development project at which infiltration-oriented BMPs are 

Table 6.  Distribution of Surface Runoff Versus Recharge to Groundwater With BMPs 
 

Annual Volume (acre-ft) MFR
a
 Sm-SFR

a
 REST

a
 OFF

a
 Lg-SFR

a
 COMM

a

Total runoff with EDBs
a, b

 3.77 0.77 0.21 0.35 33 2.33 

Recharge with EDBs
 c
 5.58 1.83 0.45 1.46 79 2.11 

Recharge savings with EDBs
d
 2.52 0.51 0.14 0.23 22 1.55 

Total runoff with swales
b
 3.14 0.64 0.17 0.29 28 1.94 

Recharge with swales
c
 6.20 1.95 0.49 1.52 85 2.50 

Recharge savings with swales
d
 3.14 0.64 0.17 0.29 28 1.94 

Total runoff with filter strips
b
 4.40 0.89 0.24 0.41 39 2.72 

Recharge with filter strips
c
 4.95 1.70 0.42 1.41 74 1.72 

Recharge savings with filter strips
d
 1.89 0.38 0.10 0.18 17 1.16 

a
  MFR—multi-family residential; Sm-SFR—small-scale single-family residential; REST—restaurant; 

OFF—office building; Lg-SFR—large-scale single-family residential; COMM—retail commercial; 
EDBs—extended-detention basins 
b
  Quantity of water discharged from the site on the surface 

c
  Quantity of water infiltrating the soil; the difference between precipitation and runoff 

d
  Difference between recharge with and without BMP (the latter from Table 2) 

Table 7.  Summary of Infiltration Analysis
 

 MFR
a
 Sm-SFR

a
 REST

a
 OFF

a
 Lg-SFR

a
 COMM

a
 

Total annual runoff (acre-ft) 6.29 1.28 0.35 0.58 56 3.88 

Project area (acres) 11.0 3.0 0.8 2.1 132 5.2 

Infiltration capacity (acre-ft) 2.7-5.7 0.9-1.9 0.9-1.9 0.9-1.9 24-51 1.8-3.8 

Infiltration assessment ~Half+ All All All ~Half+ ~Half+ 

Infiltration area needed (acres) 0.3-1.5 0.1-0.5 0.1-0.5 0.1-0.5 2.7-14 0.2-1.0 

Pervious area available (acres) 3.7 1.7 0.4 1.6 72.7 0.5 

Adequate area? Yes Yes Yes Yes Yes Maybe 
a
  MFR—multi-family residential; Sm-SFR—small-scale single-family residential; REST—restaurant; 

OFF—office building; Lg-SFR—large-scale single-family residential; COMM—retail commercial 
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considered, it is important that infiltration potential be carefully assessed using site-
specific soils and hydrogeologic data.  In the event such an investigation reveals a 
marginal condition (e.g., hydraulic conductivity, spacing to groundwater) for infiltration 
basins, soils could be enhanced to produce bioretention zones to assist infiltration. 
 
Volume and Pollutant Source Reduction Through Low-Impact Site Design 
 
The preceding analysis showed that half the sites potentially could infiltrate all runoff 
produced in an average year, and also have the land to do so.  The other three could 
recharge half or more of the runoff, and at least two have adequate land.  One goal of 
this exercise was to identify alternatives that would reduce runoff production in the first 
place.  It was hypothesized that implementation of source reduction techniques could 
allow all of the case study sites to infiltrate all of the remaining runoff.  Additionally, runoff 
volume reduction would commensurately decrease pollutant mass loadings. 
 
This analysis considered scenarios in which all roof runoff is either harvested and stored 
for some beneficial use or is spread over lawns or into the soil via roof downspout 
infiltration trenches.  The former option is probably best suited to cases like the retail and 
office buildings, while distribution on or in the soil would fit best with residences and 
relatively small commercial developments like the restaurant.  Table 8 shows the 
consequences of preventing roofs from generating runoff. 
 
With the subtraction of roof runoff, all sites have the capacity to infiltrate all of the annual 
runoff volume.  Comparison of the third and last rows of the table indicates the significant 
role of roof runoff, especially in the residential cases.  With roof runoff included, the only 
case that was doubtful in having enough pervious area for full infiltration was the 
commercial case study site.  Harvesting runoff from its 2-acre roof brings it into the 
situation of having sufficient land.  These results show that a combination of roof runoff 
source reduction and land treatment of the remaining runoff for maximum infiltration 
appears to be an entirely feasible plan to manage storm water from a range of typical 
San Diego area developments. 
 

 

Table 8.  Summary of Roof Runoff Source Reduction Analysis
 

 
MFR

a
 

Sm-
SFR

a
 REST

a
 OFF

a
 

Lg-
SFR

a
 COMM

a
 

Annual impervious (minus 
roof) runoff (acre-ft) 2.48 0.46 0.25 0.28 19.8 2.21 

Annual pervious runoff 
(acre-ft) 0.37 0.17 0.04 0.16 7.5 0.05 

Total annual runoff (minus 
roof) (acre-ft) 2.85 0.63 0.29 0.44 27.3 2.26 

Project area (acres) 11.0 3.04 0.77 2.13 132 5.20 

Infiltration capacity (acre-ft) 2.7-5.7 0.9-1.9 0.9-1.9 0.9-1.9 24-51 1.8-3.8 

Infiltration assessment All All All All All All 

Total annual runoff (with 
roof) (acre-ft) 6.29 1.28 0.35 0.58 56 3.88 
a
 MFR—multi-family residential; Sm-SFR—small-scale single-family residential; REST—restaurant; 

OFF—office building; Lg-SFR—large-scale single-family residential; COMM—retail commercial
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Table 9 summarizes the water retention and reuse benefits of the full LID approach 
involving infiltration by design, supplemented by harvesting from roofs in the MFR, Lg-
SFR, and COMM cases.  Infiltration contributes to the groundwater resource, while 
harvesting captures water for use in such applications as irrigation and gray water 
distribution systems.  LID methods offer significant benefits relative to no BMPs in all 
cases.  These benefits are particularly impressive with relatively high site 
imperviousness, such as in the MFR and COMM cases. 
 

 
 
SUMMARY AND CONCLUSIONS 
 
This paper demonstrated that common San Diego area residential and commercial 
development types subject to SUSMPs are likely, without storm water management, to 
reduce groundwater recharge from the predevelopment state by approximately half in 
most cases to a much higher fraction with a large ratio of impervious to pervious area.  
With no treatment, runoff from these developments is expected to exceed CTR acute 
copper and zinc criteria at the point of discharge and to deliver large pollutant mass 
loadings to receiving waters. 
 
Many San Diego SUSMP projects have been getting mostly traditional commercially 
manufactured filtration and hydrodynamic BMPs for storm water management.  Such 
BMPs are included in the SUSMP menu of options currently, and they do have some 
beneficial impact on runoff quality compared to development without BMPs.  However, 
they are not optimal solutions.  These devices do not stem the loss of groundwater 
recharge, still allow zinc as well as copper water quality criteria violations from all 
development types analyzed, and capture relatively small fractions of the pollutant mass 
loadings produced in urban areas. 
 
Conventional soil-based BMP solutions that promote and are component parts of low-
impact development approaches, by contrast, regain 30-50 percent of the recharge lost in 
development without storm water management.  It is expected they generally would 
release effluent that meets the acute zinc criterion at the point of discharge, although it 
would still exceed the copper limit.  Excepting phosphorus, it was found that these BMPs 
would capture and prevent the movement to receiving waters of the majority of the 
pollutant loadings considered in the analysis. 
 
It was found that the loam soils typical of the San Marcos area, where the case studies 
were set, should infiltrate at least half of all the runoff produced in an average year, and 
all of it for some development types and site designs.  Soil enhancement (typically, with 

Table 9.  Comparison of Water Captured Annually (in acre-ft) from Development Sites for 
Beneficial Use With a Full LID Approach Compared to Development Without Any BMPs 
 

Water Capture MFR
a
 Sm-SFR

a
 REST

a
 OFF

a
 Lg-SFR

a
 COMM

a
 

Without BMPs
b
 3.06 1.31 0.31 1.23 57 0.56 

With full LID approach
c
 9.35 2.59 0.66 1.82 113 4.44 

LID benefit
d
 6.29 1.28 0.35 0.58 56 3.88 

a
  MFR—multi-family residential; Sm-SFR—small-scale single-family residential; REST—restaurant; 

OFF—office building; Lg-SFR—large-scale single-family residential; COMM—retail commercial 
b
  Water incidentally infiltrated on pervious areas remaining on the development site and recharged to 

groundwater 
c
  Water either entirely infiltrated in BMPs and recharged to groundwater or partially harvested from roofs and 

partially infiltrated in BMPs 
d
  Water capture for which LID approaches are directly responsible; the difference between capture with the 

full LID approach and without BMPs 
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compost) can advance infiltration and lower its risk of failure.  Using additive LID 
approaches, including specifically subtracting the roof runoff by harvesting it for reuse or 
distributing it in the soil with infiltration trenches, reduces overall runoff sufficiently to 
conclude that all development examples assessed could infiltrate their surface runoff 
production. 
 
RECOMMENDATIONS 
 
Low-impact site design techniques emphasize runoff volume and pollutant reduction at 
their sources and management of runoff and pollutants through vegetation and soil 
treatment.  This type of treatment can infiltrate and evaporate much or even all of the 
runoff produced in design events.  This report shows low-impact site design techniques to 
be capable of regaining the groundwater recharge lost in development to a greater extent 
than conventional BMPs.  At the same time LID techniques substantially preserve pre-
development hydrologic conditions and prevent most or all pollutant transport to receiving 
waters.   
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ATTACHMENT A 
 

Pollutant Concentrations for Urban Source Areas (Herrera Environmental Consultants, Inc. undated) 
 

Source Area Study LocationSample Size (n)TSS (mg/L) TCu (ug/L)TPb (ug/L)TZn (ug/L)TP (mg/L)Notes

Roofs                   

Residential Steuer, et al. 1997 MI 12 36 7 25 201 0.06 2 

Residential Bannerman, et al. 1993 WI ~48 27 15 21 149 0.15 3 

Residential Waschbusch, et al. 2000 WI 25 15 n.a. n.a. n.a. 0.07 3 

Residential FAR 2003 NY  19 20 21 312 0.11 4 

Residential Gromaire, et al. 2001 France  29 37 493 3422 n.a. 5 

Representative Residential Roof Values     25 13 22 159 0.11   

Commercial Steuer, et al. 1997 MI 12 24 20 48 215 0.09 2 

Commercial Bannerman, et al. 1993 WI ~16 15 9 9 330 0.20 3 

Commercial Waschbusch, et al. 2000 WI 25 18 n.a. n.a. n.a. 0.13 3 

Representative Commercial Roof Values     18 14 26 281 0.14   

Parking Areas                   

Res. Driveways Steuer, et al. 1997 MI 12 157 34 52 148 0.35 2 

Res. Driveways Bannerman, et al. 1993 WI ~32 173 17 17 107 1.16 3 

Res. Driveways Waschbusch, et al. 2000 WI 25 34 n.a. n.a. n.a. 0.18 3 

Driveway FAR 2003 NY  173 17  107 0.56 4 

Representative Residential Driveway Values     120 22 27 118 0.66   

Comm./ Inst. Park. Areas Pitt, et al. 1995 AL 16 110 116 46 110 n.a. 1 

Comm. Park. Areas Steuer, et al. 1997 MI 12 110 22 40 178 0.2 2 

Com. Park. Lot Bannerman, et al. 1993 WI 5 58 15 22 178 0.19 3 

Parking Lot Waschbusch, et al. 2000 WI 25 51 n.a. n.a. n.a. 0.1 3 

Parking Lot Tiefenthaler, et al. 2001 CA 5 36 28 45 293 n.a. 6 

Loading Docks Pitt, et al. 1995 AL 3 40 22 55 55 n.a. 1 

Highway Rest Areas CalTrans 2003 CA 53 63 16 8 142 0.47 7 

Park and Ride Facilities CalTrans 2003 CA 179 69 17 10 154 0.33 7 
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Comm./ Res. Parking FAR 2003 NY  27 51 28 139 0.15 4 

Representative Parking Area/Lot Values     75 36 26 97 0.14   

Landscaping/Lawns                 

Landscaped Areas Pitt, et al. 1995 AL 6 33 81 24 230 n.a. 1 

Landscaping FAR 2003 NY  37 94 29 263 n.a. 4 

Representative Landscaping Values     33 81 24 230 n.a.   

Lawns - Residential Steuer, et al. 1997 MI 12 262 n.a. n.a. n.a. 2.33 2 

Lawns - Residential Bannerman, et al. 1993 WI ~30 397 13 n.a. 59 2.67 3 

Lawns Waschbusch, et al. 2000 WI 25 59 n.a. n.a. n.a. 0.79 3 

Lawns Waschbusch, et al. 2000 WI 25 122 n.a. n.a. n.a. 1.61 3 

Lawns - Fertilized USGS 2002 WI 58 n.a. n.a. n.a. n.a. 2.57 3 

Lawns - Non-P Fertilized USGS 2002 WI 38 n.a. n.a. n.a. n.a. 1.89 3 

Lawns - Unfertilized USGS 2002 WI 19 n.a. n.a. n.a. n.a. 1.73 3 

Lawns FAR 2003 NY 3 602 17 17 50 2.1 4 

Representative Lawn Values     213 13 n.a. 59 2.04   

 

Notes:             

Representative values are weighted means of collected data.  Italicized values were omitted from these calculations. 

1 - Grab samples from residential, commercial/institutional, and industrial rooftops.  Values represent mean of   

     DETECTED concentrations            

2 - Flow-weighted composite samples, geometric mean concentrations         

3 - Geometric mean concentrations            

4 - Citation appears to be erroneous - original source of data is unknown.  Not used to calculate representative value 

5 - Median concentrations.  Not used to calculate representative values due to site location and variation from other values.

6 - Mean concentrations from simulated rainfall study           

7 - Mean concentrations.  Not used to calculate representative values due to transportation nature of land use.  
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INVESTIGATION OF THE FEASIBILITY AND BENEFITS  
OF LOW-IMPACT SITE DESIGN PRACTICES (“LID”)  

FOR VENTURA COUNTY 
 
 

Richard R. Horner† 
 
 
 
ABSTRACT 
 
The Clean Water Act NPDES permit that regulates municipal separate storm sewer systems 
(MS4s) in Ventura County, California will be reissued in 2007.  The draft permit includes 
provisions for requiring the use of low impact development practices (LID) for certain kinds of 
development and redevelopment projects.  Using six representative development project case 
studies, the author investigated the practicability and relative benefits of the permit’s LID 
requirements.  The results showed that (1) LID site design and source control techniques are 
more effective than conventional best management practices (BMPs) in reducing runoff rates; 
(2) Effective Impervious Area (EIA) can practicably be capped at three percent, a standard more 
protective than that proposed in the draft permit; and (3) in five out of six case studies, LID 
methods would reduce site runoff volume and pollutant loading to zero in typical rainfall 
scenarios. 
 
 
 
 
 
 
 
 
INTRODUCTION 
 
The Assessment in Relation to Municipal Permit Conditions 
 
This purpose of this study is to investigate the relative water quality and water reuse benefits of 
three levels of storm water treatment best management practices (BMPs):  (1) basic “treat-and-
release” BMPs (e.g., drain inlet filters, CDS units), (2) commonly used BMPs that expose runoff 
to soils and vegetation (extended-detention basins and biofiltration swales and filter strips), and 
(3) low-impact development (LID) practices.  The factors considered in the investigation are 
runoff volume, pollutant loading, and the availability of water for infiltration or other reuse.  In 
order to assess the differential impact of storm water reduction approaches on these factors, 
this study examines six case studies typical of development covered by the Ventura County 
Municipal Separate Storm Sewer System Permit. 
 
Low-impact development methods reduce storm runoff and its contaminants by decreasing their 
generation at sources, infiltrating into the soil or evaporating storm flows before they can enter 
surface receiving waters, and treating flow remaining on the surface through contact with 
vegetation and soil, or a combination of these strategies.  Soil-based LID practices often use 
soil enhancements such as compost, and thus improve upon the performance of more 
traditional basins and biofilters.  For the study’s purposes, verification of the practicability and 
utility of LID practices was based on a modified version of the Planning and Land Development 
Program (Part 4, section E) in the Draft Ventura County Municipal Separate Storm Sewer 
System Permit (“Draft Permit”).  The Draft Permit requires that Effective Impervious Area (EIA) 
of certain types of new development and redevelopment projects be limited to five percent of 

†  Richard R. Horner, Ph.D., Research Associate Professor, University of Washington 
Departments of Civil and Environmental Engineering and Landscape Architecture; 
Adjunct Associate Professor, University of Washington Center for Urban Horticulture 
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total development project area.  EIA is defined as hardened surface hydrologically connected 
via sheet flow or a discrete hardened conveyance to a drainage system or receiving water body.  
(Draft Permit p. 50)  The study modified this requirement to three percent, as a way to test both 
the feasibility of meeting the higher, five percent standard in the draft permit and because as the 
lower, three percent EIA is essential to protect the Ventura County aquatic environment (see 
Attachment A). 
 
The Draft Permit further requires minimizing the overall percentage of impervious surfaces in 
new development and redevelopment projects to support storm water infiltration.  The Draft 
Permit also directs an integrated approach to minimizing and mitigating storm water pollution, 
using a suite of strategies including source control, LID, and treatment control BMPs.  (Draft 
Permit p. 50)  It is noted in this section of the document that impervious surfaces can be 
rendered "ineffective" if runoff is dispersed through properly designed vegetated swales.  In 
testing the practicability of the draft permit’s requirements and a three percent EIA standard, this 
study broadened this approach to encompass not only vegetated swales (channels for 
conveyance at some depth and velocity) but also vegetated filter strips (surfaces for 
conveyance in thin sheet flow) and bioretention areas (shallow basins with a range of vegetation 
types in which runoff infiltrates through soil either to groundwater or a subdrain for eventual 
surface discharge).  The Draft Permit’s stipulation of “properly designed” facilities was 
interpreted to entail, among other requirements, either determination that existing site soils can 
support runoff reduction through infiltration or that soils will be amended using accepted LID 
techniques to attain this objective.  Finally, the study further broadened implementation options 
to include water harvesting (collection and storage for use in, for example, irrigation or gray 
water systems), roof downspout infiltration trenches, and porous pavements. 
 
The Draft permit was interpreted to require management of EIA, other impervious area (what 
might be termed Not-Connected Impervious Area, NCIA), and pervious areas as follows: 
 

• Runoff from EIA is subject to treatment control and the Draft Permit’s 
Hydromodification Mitigation Control requirements before discharge. 

 
• NCIA must be drained onto a properly designed vegetated surface or its runoff 

managed by one of the other options discussed in the preceding paragraph.  To the 
extent NCIA runoff is not eliminated prior to discharge from the site in one of these 
ways, it is subject to treatment control and the Draft Permit’s Hydromodification 
Mitigation Control requirements before discharge. 

 
• Runoff from pervious areas is subject to treatment control and the Draft Permit’s 

Hydromodification Mitigation Control requirements before discharge.  This provision 
applies to pervious areas that both do and do not receive drainage from NCIA. 

 
Where treatment control BMPs are required to manage runoff from the site, the Draft Permit’s 
Volumetric or Hydrodynamic (Flow Based) Treatment Control design bases were assumed to 
apply.  The former basis applies to storage-type BMPs, like ponds, and requires capturing and 
treating either the runoff volume from the 85th percentile 24-hour rainfall event for the location, 
the volume of annual runoff to achieve 80 percent or more volume treatment, or the volume of 
runoff produced from a 0.75 inch storm event.  The calculations in this analysis used the 0.75-
inch quantity.  The Hydrodynamic basis applies to flow-through BMPs, like swales, and requires 
treating the runoff flow rate produced from a rain event equal to at least 0.2 inches per hour 
intensity (or one of two other approximately equivalent options). 
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Scope of the Assessment 
 
With respect to each of the six development case studies, three assessments were undertaken: 
a baseline scenario incorporating no storm water management controls; a second scenario 
employing conventional BMPs; and a third development scenario employing LID storm water 
management strategies.  
 
To establish a baseline for each case study, annual storm water runoff volumes were estimated, 
as well as concentrations and mass loadings of four pollutants:  (1) total suspended solids 
(TSS), (2) total recoverable copper (TCu), (3) total recoverable zinc (TZn), and (4) total 
phosphorus (TP).  These baseline estimates were based on the anticipated land use and cover 
with no storm water management efforts.   
 
Two sets of calculations were then conducted using the parameters defined for the six case 
studies.   
 
The first group of calculations estimated the extent to which basic BMPs reduce runoff volumes 
and pollutant concentrations and loadings, and what impact, if any, such BMPs have on 
recharge rates or water retention on-site.   
 
The second group of calculations estimated the extent to which commonly used soil-based 
BMPs and LID site design strategies ameliorate runoff volumes and pollutant concentrations 
and loadings, and the effect such techniques have on recharge rates.  When evaluating LID 
strategies, it was presumed that EIA would be limited to three percent and runoff from EIA, 
NCIA, and pervious areas would be managed as indicated above.  The assessment of basins, 
biofiltration, and low-impact design practices analyzed the expected infiltration capacity of the 
case study sites.  It also considered related LID techniques and practices, such as source 
reduction strategies, that could work in concert with infiltration to serve the goals of:  (1) 
preventing increase in annual runoff volume from the pre- to the post-developed state, (2) 
preventing increase in annual pollutant mass loadings between the two development states, 
and (3) avoiding exceedances of California Toxics Rule (CTR) acute saltwater criteria for 
copper and zinc. 
 
The results of this analysis show that: 
 

• Developments implementing no post-construction BMPs result in storm water runoff 
volume and pollutant loading that are substantially increased, and recharge rates that 
are substantially decreased, compared to pre-development conditions.   

 
• Developments implementing basic post-construction treatment BMPs achieve reduced 

pollutant loading compared to developments with no BMPs, but storm water runoff 
volume and recharge rates are similar to developments with no BMPs.   

 
• Developments implementing traditional basins and biofilters, and even more so low-

impact post-construction BMPs, achieve significant reduction of pollutant loading and 
runoff volume as well as greatly enhanced recharge rates compared to both 
developments with no BMPs and developments with basic treatment BMPs.   

 
• Typical development categories, ranging from single family residential to large 

commercial, can feasibly implement low-impact post-construction BMPs designed in 
compliance with the draft permit’s requirements, as modified to include a lower, three 
percent EIA requirement. 
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This report covers the methods employed in the investigation, data sources, and references for 
both.  It then presents the results, discusses their consequences, draws conclusions, and 
makes recommendations relative to the feasibility of utilizing low-impact development practices 
in Ventura County developments. 
 
CASE STUDIES 
 
Six case studies were selected to represent a range of urban development types considered to 
be representative of coastal Southern California, including Ventura County.  These case studies 
involved:  a multi-family residential complex (MFR), a relatively small-scale (23 homes) single-
family residential development (Sm-SFR), a restaurant (REST), an office building (OFF), a 
relatively large (1000 homes) single-family residential development (Lg-SFR) and a sizeable 
commercial retail installation (COMM).1   
 
Parking spaces were estimated to be 176 sq ft in area, which corresponds to 8 ft width by 22 ft 
length dimensions.  Code requirements vary by jurisdiction, with the tendency now to drop 
below the traditional 200 sq ft average.  About 180 sq ft is common, but various standards for 
full- and compact-car spaces, and for the mix of the two, can raise or lower the average.2  The 
176 sq ft size is considered to be a reasonable value for conventional practice. 
 
Roadways and walkways assume a wide variety of patterns.  Exclusive of the two SFR cases, 
simple, square parking lots with roadways around the four sides and square buildings with 
walkways also around the four sides were assumed.  Roadways and walkways were taken to 
be 20 ft and 6 ft wide, respectively. 
 
Single-family residences were assumed each to have a driveway 20 ft wide and 30 ft long.  It 
was further assumed that each would have a sidewalk along the front of the lot, which was 
calculated to be 5749 sq ft in area.  Assuming a square lot, the front dimension would be 76 ft.  
A 40-ft walkway was included within the property.  Sidewalks and walkways were taken to be 4 
ft wide. 
 
Exclusive of the COMM case, the total area for all of these impervious features was subtracted 
from the total site area to estimate the pervious area, which was assumed to have conventional 
landscaping cover (grass, small herbaceous decorative plants, bushes, and a few trees).  For 
the COMM scenario, the hypothetical total impervious cover was enlarged by 10 percent to 
represent the landscaping, on the belief that a typical retail commercial establishment would 
typically be mostly impervious. 
 
Table 1 (page 5) summarizes the characteristics of the six case studies.  The table also 
provides the recorded or estimated areas in each land use and cover type. 

                                                 
1  Building permit records from the City of San Marcos in San Diego County provided data on total site 
areas for the first four case studies, including numbers of buildings, building footprint areas (including 
porch and garage for Sm-SFR), and numbers of parking spaces associated with the development projects.  
While the building permit records made no reference to features such as roadways, walkways, and 
landscaping normally associated with development projects, these features were taken into account in the 
case studies using assumptions described herein.  Larger developments were not represented in the 
sampling of building permits from the San Marcos database.  To take larger development projects into 
account in the subsequent analysis, the two larger scale case studies were hypothesized.  The Lg-SFR 
scenario scaled up all land use estimates from the Sm-SFR case in the ratio of 1000:23.  The hypothetical 
COMM scenario consisted of a building with a 2-acre footprint and 500 parking spaces.  As with the 
smaller-scale cases, these hypothetical developments were assumed to have roadways, walkways, and 
landscaping, as described herein. 
 
2  J. Gibbons, Parking Lots, NONPOINT EDUCATION FOR MUNICIPAL OFFICERS, Technical Paper No. 5 (1999) 
(http://nemo.uconn.edu/tools/publications/tech_papers/tech_paper_5.pdf). 
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Table 1.  Case Study Characteristics and Land Use and Land Cover Areas 

 MFRa Sm-SFRa RESTa OFFa Lg-SFRa COMMa

No. buildings 11 23 1 1 1000 1
Total area (ft2) 476,982 132,227 33,669 92,612 5,749,000 226,529
Roof area (ft2) 184,338 34,949 3,220 7,500 1,519,522 87,120
No. parking spaces 438 - 33 37 - 500
Parking area (ft2) 77,088 - 5808 6512 - 88,000
Access road area (ft2) 22,212 - 6097 6456 - 23,732
Walkway area (ft2) 33,960 10,656 1362 2078 463,289 7,084
Driveway area (ft2) - 13,800 - - 600,000 -
Landscape area (ft2) 159,384 72,822 17,182 70,066 3,166,190 20,594

 

a MFR—multi-family residential; Sm-SFR—small-scale single-family residential;  
REST—restaurant; OFF—office building; Lg-SFR—large-scale single-family residential; COMM—retail commercial 
 
 
METHODS OF ANALYSIS 
 
Annual Storm Water Runoff Volumes 
 
Annual surface runoff volumes produced were estimated for both pre- and post-development 
conditions for each case study site.  Runoff volume was computed as the product of annual 
precipitation, contributing drainage area, and a runoff coefficient (ratio of runoff produced to 
rainfall received).  For impervious areas the following equation was used:  
 

C = (0.009) I + 0.05 
 
where I is the impervious percentage.  This equation was derived by Schueler (1987) from 
Nationwide Urban Runoff Program data (U.S. Environmental Protection Agency 1983).  With I = 
100 percent for fully impervious surfaces, C is 0.95. 
 
The basis for pervious area runoff coefficients was the Natural Resource Conservation 
Service’s (NRCS) Urban Hydrology for Small Watersheds (NRCS 1986, as revised from the 
original 1975 edition).  This model estimates storm event runoff as a function of precipitation 
and a variable representing land cover and soil, termed the curve number (CN).  Larger events 
are forecast to produce a greater amount of runoff in relation to amount of rainfall because they 
more fully saturate the soil.  Therefore, use of the model to estimate annual runoff requires 
selecting some event or group of events to represent the year.  A 0.75-inch rainfall event was 
used in the analysis here for the relative comparison between pre- and post-development and 
applied to deriving a runoff coefficient for annual estimates, recognizing that smaller storms 
would produce less and larger storms more runoff. 
 
To select CN for the pre-development case, an analysis performed in the area of the Cedar Fire 
in San Diego County was used in which CN was determined before and after the 2003 fire.3  In 
the San Diego analysis, CN = 83 was estimated for the pre-existing land cover, which was 
generally chaparral, a vegetative cover also typical of Ventura County.  As indicated below, soils 
are also similar in Ventura and San Diego Counties, making the parameter selection reasonable 
for use in both locations.  For post-development landscaping, CN = 86 was selected based on 
tabulated data in NRCS (1986) and professional judgment.  
 
Pre- and post-development runoff quantities were computed with these CN values and the 0.75-
inch rainfall, and then divided by the rainfall to obtain runoff coefficients.  The results were 0.07 
                                                 
3  American Forests, San Diego Urban Ecosystem Analysis After the Cedar Fire (Feb. 3, 2006) 
(http://www.ufei.org/files/pubs/SanDiegoUrbanEcosystemAnalysis-PostCedarFire.pdf). 
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and 0.12, respectively.  Finally, total annual runoff volumes were estimated based on an 
average annual precipitation in the City of Ventura of 14.71 inches.4 
 
Storm Water Runoff Pollutant Discharges 
 
Annual pollutant mass discharges were estimated as the product of annual runoff volumes 
produced by the various land use and cover types and pollutant concentrations typical of those 
areas.  Again, the 0.75-inch precipitation event was used as a basis for volumes.  Storm water 
pollutant data have typically been measured and reported for general land use types (e.g., 
single-family residential, commercial).  However, an investigation of low-impact development 
practices of the type this study sought to conduct demands data on specific land coverages.  
The literature offers few data on this basis.  Those available and used herein were assembled 
by a consultant to the City of Seattle for a project in which the author participated.  They appear 
in Attachment B (Herrera Environmental Consultants, Inc. undated). 
 
Pollutant concentrations expected to occur typically in the mixed runoff from the several land 
use and cover types making up a development were estimated by mass balance; i.e., the 
concentrations from the different areas of the sites were combined in proportion to their 
contribution to the total runoff. 
 
The Effect of Conventional Treatment BMPs on Runoff Volume, Pollutant Discharges, and 
Recharge Rates 
 
The first question in analyzing how BMPs reduce runoff volumes and pollutant discharges was, 
What BMPs are being employed in Ventura County developments under the permit now in 
force?  This permit is open-ended and provides regulated entities with a large number of 
choices and few fixed requirements.  These options presumably include manufactured BMPs, 
such as drain inlet inserts (DIIs) and continuous deflective separation (CDS) units.  
Developments may also select such non-proprietary devices as extended-detention basins 
(EDBs) and biofiltration swales and filter strips.  EDBs hold water for two to three days for solids 
settlement before releasing whatever does not infiltrate or evaporate.  Biofiltration treats runoff 
through various processes mediated by vegetation and soil.  In a swale, runoff flows at some 
depth in a channel, whereas a filter strip is a broad surface over which water sheet flows.  Each 
of these BMP types was applied to each case study, although it is not clear that these BMPs, in 
actuality, have been implemented consistently within Ventura County to date. 
  
The principal basis for the analysis of BMP performance was the California Department of 
Transportation’s (CalTrans, 2004) BMP Retrofit Pilot Program, performed in San Diego and Los 
Angeles Counties.  One important result of the program was that BMPs with a natural surface 
infiltrate and evaporate (probably, mostly infiltrate) a substantial amount of runoff, even if 
conditions do not appear to be favorable for an infiltration basin.  On average, the EDBs, 
swales, and filter strips lost 40, 50 and 30 percent, respectively, of the entering flow before the 
discharge point.  DIIs and CDS units do not contact runoff with a natural surface, and therefore 
do not reduce runoff volume. 
 
The CalTrans program further determined that BMP effluent concentrations were usually a 
function of the influent concentrations, and equations were developed for the functional 

                                                 
4  Ventura County Watershed Protection District (http://www.vcwatershed.org/fws/specialmedia.htm).  The 
City of Ventura is considered to be representative of most of the developed and developing areas in 
Ventura County.  However, there is some variation around the county, with the maximum precipitation 
registered at Ojai (annual average 21.32 inches).  Ojai is about 15 miles inland and lies at elevation 745 ft 
at the foot of the Topatopa Mountains, the orographic effect of which influences its meteorology.  Ojai’s 
higher rainfall was taken into account in the calculations, and the report notes the few instances where it 
affected the conclusions.  
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relationships in these cases.  BMPs generally reduced influent concentrations proportionately 
more when they were high.  In relatively few situations influent concentrations were constant at 
an “irreducible minimum” level regardless of inflow concentrations. 
 
In analyzing the effects of BMPs on the case study runoff, the first step was to reduce the runoff 
volumes estimated with no BMPs by the fractions observed to be lost in the pilot study.  The 
next task was estimating the effluent concentrations from the relationships in the CalTrans 
report.  The final step was calculating discharge pollutant loadings as the product of the reduced 
volumes and predicted effluent concentrations.  As before, typical pollutant concentrations in the 
mixed runoff were established by mass balance. 
 
Estimating Infiltration Capacity of the Case Study Sites 
 
Infiltrating sufficient runoff to maintain pre-development hydrologic characteristics and prevent 
pollutant transport is the most effective way to protect surface receiving waters.  Successfully 
applying infiltration requires soils and hydrogeological conditions that will pass water sufficiently 
rapidly to avoid overly-lengthy ponding, while not allowing percolating water to reach ground-
water before the soil column captures pollutants. 
 
The study assumed that infiltration would occur in surface facilities and not in below-ground 
trenches.  The use of trenches is certainly possible, and was judged to be an approved BMP by 
CalTrans after the pilot study.  However, the intent of this investigation was to determine the 
ability of pervious areas to manage the site runoff.  This was accomplished by determining the 
infiltration capability of the pervious areas in their original condition for each development case 
study, and further assessing the pervious areas’ infiltration capabilities if soils were modified 
according to low impact development practices. 
 
The chief basis for this aspect of the work was an assessment of infiltration capacity and 
benefits for Los Angeles’ San Fernando Valley (Chralowicz et al. 2001).  The Chralowicz study 
posited providing 0.1-0.5 acre for infiltration basins to serve each 5 acres of contributing 
drainage area.  At 2-3 ft deep, it was estimated that such basins could infiltrate 0.90-1.87 acre-
ft/year of runoff in San Fernando Valley conditions.  Soils there are generally various loam 
textures with infiltration rates of approximately 0.5-2.0 inches/hour.  The most prominent soils in 
Ventura County, at least relatively near the coast, are loams, sandy loams, loamy sands, and 
silty clay loams, thus making the conclusions of the San Fernando Valley study applicable for 
these purposes.5  This information was used to estimate how much of each case study site’s 
annual runoff would be infiltratable, and if the pervious portion would provide sufficient area for 
infiltration.  For instance, if sufficient area were available, the infiltration configuration would not 
have to be in basin form but could be shallower and larger in surface area.  This study’s 
analyses assumed the use of bioretention areas rather than traditional infiltration basins.  
 
Volume and Pollutant Source Reduction Strategies 
 
As mentioned above, the essence of low-impact development is reducing runoff problems 
before they can develop, at their sources, or exploiting the infiltration and treatment abilities of 
soils and vegetation.  If a site’s existing infiltration and treatment capabilities are inadequate to 
preserve pre-development hydrology and prevent runoff from causing or contributing to 
violations of water quality standards, then LID-based source reduction strategies can be 
implemented, infiltration and treatment capabilities can be upgraded, or both. 

                                                 
5  Cabrillo Port Liquefied Natural Gas Deepwater Port Draft EIS/EIR (Oct. 2004) 
(http://www.cabrilloport.ene.com/files/eiseir/4.05%20%20-Agriculture%20and%20Soils.pdf).   
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Source reduction can be accomplished through various LID techniques.  Soil can be upgraded 
to store runoff until it can infiltrate, evaporate, or transpire from plants through compost addition.  
Soil amendment, as this practice is known, is a standard LID technique.   
 
Upgraded soils are used in bioretention cells that hold runoff and effect its transfer to the 
subsurface zone.  This standard LID tool can be used where sufficient space is available.  This 
study analyzed whether the six development case study sites would have sufficient space to 
effectively reduce runoff using bioretention cells, assuming the soils and vegetation could be 
amended and enhanced where necessary. 
 
Conventional pavements can be converted to porous asphalt or concrete or replaced with 
concrete or plastic unit pavers or grid systems.  For such approaches to be most effective, the 
soils must be capable of infiltrating the runoff passing through, and may require renovation.  
 
Source reduction can be enhanced by the LID practice of water harvesting, in which water from 
impervious surfaces is captured and stored for reuse in irrigation or gray water systems.  For 
example, runoff from roofs and parking lots can be harvested, with the former being somewhat 
easier because of the possibility of avoiding pumping to use the water and fewer pollutants. 
Harvesting is a standard technique for Leadership in Energy and Environmental Design (LEED) 
buildings.6  Many successful systems of this type are in operation, such as the Natural 
Resources Defense Council offices (Santa Monica, CA), the King County Administration 
Building (Seattle, WA), and two buildings on the Portland State University campus (Portland, 
OR).  This investigation examined how water harvesting could contribute to storm water 
management for case study sites where infiltration capacity, available space, or both appeared 
to be limited. 
 
 
RESULTS OF THE ANALYSIS 
 
1. “Base Case” Analysis:  Development without Storm Water Controls  

 
Comparison of Pre- and Post-Development Runoff Volumes 
 
Table 2 (page 9) presents a comparison between the estimated runoff volumes generated by 
the respective case study sites in the pre- and post-development conditions, assuming 
implementation of no storm water controls on the developed sites.  On sites dominated by 
impervious land cover, most of the infiltration that would recharge groundwater in the 
undeveloped state is expected to be lost to surface runoff after development.  This greatly 
increased surface flow would raise peak flow rates and volumes in receiving water courses, 
raise flooding risk, and transport pollutants.  Only the office building, the plan for which retained 
substantial pervious area, would lose less than half of the site’s pre-development recharge. 

                                                 
6  New Buildings Institute, Inc., Advanced Buildings (2005) 
(http://www.poweryourdesign.com/LEEDGuide.pdf). 
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Table 2.  Pre- and Post-Development without BMPs:  Distribution of Surface Runoff Versus 
Recharge to Groundwater 

Annual Volume (acre-ft) MFRa Sm-SFRa RESTa OFFa Lg-SFRa COMMa

Precipitationb  13.4 3.72 0.95 2.60 162 6.37 
Pre-development runoffc 0.94 0.26 0.07 0.18 11 0.45 
Pre-development recharged 12.5 3.46 0.88 2.42 150 5.92 
Post-development impervious runoffc 8.48 1.59 0.44 0.60 69 5.50 
Post-development pervious runoffc 0.54 0.25 0.06 0.24 11 0.07 
Post-development total runoffc 9.02 1.83 0.50 0.84 80 5.57 
Post-development recharged 4.39 1.88 0.45 1.76 82 0.80 
Post-development recharge loss  
(% of pre-development recharge) 

8.08 
(65%) 

1.57 
(46%) 

0.43 
(49%) 

0.66 
(27%) 

68 
(45%) 

5.12 
(86%) 

 

a MFR—multi-family residential; Sm-SFR—small-scale single-family residential; REST—restaurant; OFF—office 
building; Lg-SFR—large-scale single-family residential;  
COMM—retail commercial 
b Volume of precipitation on total project area 
c Quantity of water discharged from the site on the surface 
d Quantity of water infiltrating the soil; the difference between precipitation and runoff 
 
 
Pollutant Concentrations and Loadings 
 
Table 3 presents the pollutant concentrations from the literature and loadings calculated as 
described for the various land use and cover types represented by the case studies.  
Landscaped areas are expected to release the highest TSS concentration, although relatively 
low TSS mass loading because of the low runoff coefficient.  The highest copper concentrations 
and loadings are expected from parking lots.  Roofs, especially commercial roofs, top the list for 
both zinc concentrations and loadings.  Landscaping would issue by far the highest phosphorus, 
although access roads and driveways would contribute the highest mass loadings. 
 
Table 3.  Pollutant Concentrations and Loadings for Case Study Land Use and Cover Types  

Land Use Concentrations Loadings 

 TSS 
(mg/L) 

TCu 
(mg/L) 

TZn 
(mg/L) 

TP 
(mg/L) 

Lbs. 
TSS/ 
acre-
year 

Lbs. 
TCu/ 
acre-
year 

Lbs. 
TZn/ 
acre-
year 

Lbs. 
TP/ 

acre-
year 

Residential roof 25 0.013 0.159 0.11 79 0.041 0.503 0.348 
Commercial roof 18 0.014 0.281 0.14 57 0.044 0.889 0.443 
Access 
road/driveway 120 0.022 0.118 0.66 380 0.070 0.373 2.088 

Parking 75 0.036 0.097 0.14 237 0.114 0.307 0.443 
Walkway 25 0.013 0.059 0.11 79 0.041 0.187 0.348 
Landscaping 213 0.013 0.059 2.04 85 0.005 0.024 0.815 

 
 
The CTR acute criteria for copper and zinc are 0.0048 mg/L and 0.090 mg/L, respectively.  
Table 3 shows that all developed land uses are expected to discharge copper above the 
criterion, based on the mass balance calculations using concentrations from Table 3.  Any 
surface release from the case study sites would violate the criterion at the point of discharge, 
although dilution by the receiving water would lower the concentration below the criterion at 
some point.  Even if copper mass loadings are reduced by BMPs, any surface discharge would 
exceed the criterion initially, but it would be easier to dilute below that level.  In contrast, runoff 
from some land covers would not violate the acute zinc criterion.  Because of this difference, the 
evaluation considered whether or not the zinc criterion would be exceeded in each analysis, 
whereas there was no point in this analysis for copper.  There are no equivalent water quality 
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criteria for TSS and TP; hence, their concentrations were not further analyzed in the different 
scenarios. 
 
Table 4 shows the overall loadings, as well as zinc concentrations, expected to be delivered 
from the case study developments should they not be fitted with any BMPs.  As Table 4 shows, 
all cases are forecast to exceed the 0.090 mg/L acute zinc criterion, and the retail commercial 
development does so by a wide margin.  Because of its size, the large residential development 
dominates the mass loading emissions. 
 
Table 4.  Case Study Pollutant Concentration and Loading Estimates without BMPs 

 MFRa Sm-SFRa RESTa OFFa Lg-SFRa COMMa 
TZn (mg/L) 0.127 0.123 0.128 0.133 0.123 0.175 
Lbs. TSS/year 1321 345 125 242 15016 853 
Lbs. TCu/year 0.46 0.074 0.032 0.045 3.21 0.37 
Lbs. TZn/year 3.09 0.607 0.174 0.301 26.4 2.64 
Lbs. TP/year  6.58 2.39 0.72 1.78 104 3.36 

 

a MFR—multi-family residential; Sm-SFR—small-scale single-family residential; REST—restaurant;  
OFF—office building; Lg-SFR—large-scale single-family residential; COMM—retail commercial 
 
 
2. “Conventional BMP” Analysis:  Effect of Basic Treatment BMPs 
 
Effect of Basic Treatment BMPs on Post-Development Runoff Volumes 
 
The current permit allows regulated parties to select from a range of BMPs in order to treat or 
infiltrate a given quantity of annual rainfall.  The range includes drain inlet inserts, CDS units, 
and other manufactured BMPs, detention vaults, and sand filters, all of which isolate runoff from 
the soil; as well as basins and biofiltration BMPs built in soil and generally having vegetation.  
Treatment BMPs that do not permit any runoff contact with soils discharge as much storm water 
runoff as equivalent sites with no BMPs, and hence yield zero savings in recharge.  As 
mentioned above, the CalTrans (2004) study found that BMPs with a natural surface can reduce 
runoff by substantial margins (30-50 percent for extended-detention basins and biofiltration). 
 
With such a wide range of BMPs in use, runoff reduction ranging from 0 to 50 percent, and a 
lack of clearly ascertainable requirements, it is not possible to make a single estimate of how 
much recharge savings are afforded by maximal implementation of the current permit.  We 
made the following assumptions regarding implementation of BMPs.  Assuming natural-surface 
BMPs perform at the average of the three types tested by CalTrans (2004), i.e., 40 percent 
runoff reduction, the estimate can be bounded as shown in Table 5 (page 11).  The table 
demonstrates that allowing free choice of BMPs without regard to their ability to direct water into 
the ground forfeits substantial groundwater recharge benefits when hardened-surface BMPs are 
selected.  Use of soil-based conventional BMPs could cut recharge losses from half or e more 
of the full potential to about one-quarter to one-third or less, except with the highly impervious 
commercial development.  This analysis shows the wisdom of draining impervious to pervious 
surfaces, even if those surfaces are not prepared in any special way.  But as subsequent 
analyses showed, soil amendment can gain considerably greater benefits.  
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Table 5.  Pre- and Post-Development with Conventional BMPs:  Distribution of Surface Runoff 
Versus Recharge to Groundwater  

Annual Volume 
(acre-ft) MFRa  

Sm-SFRa RESTa OFFa Lg-SFRa COMMa 

Precipitationb  13.4 3.72 0.95 2.60 162 6.37 
Pre-development 
runoffc 0.94 0.26 0.07 0.18 11 0.45 

Pre-development 
recharge 12.5 3.46 0.88 2.42 150 5.92 

Post-development 
impervious runoffc, d 

 
5.09-8.48 

 
0.95-1.59 

 
0.26-0.44 

 
0.36-0.60 

 
41-69 

 
3.30-5.50 

Post-development 
pervious runoffc, d 0.32-0.54 0.15-0.25 0.04-0.06 0.14-0.24 6.6-11 0.04-0.07 

Post-development 
total runoffc, d 5.41-9.02 1.10-1.83 0.30-0.50 0.50-0.84 48-80 3.34-5.57 

Post-development 
recharged, e 4.39-7.99 1.88-2.62 0.45-0.65 1.76-2.10 82-114 0.80-3.03 

Post-development 
recharge loss  
(% of pre-development 
recharge) d, e 

4.51-8.08 
(36-65%) 

0.84-1.57 
(24-46%) 

0.23-0.43 
(26-49%) 

0.32-0.66 
(13-27%) 

36-68 
(24-45%) 

2.89-5.12 
(49-86%) 

 

a MFR—multi-family residential; Sm-SFR—small-scale single-family residential; REST—restaurant; OFF—office 
building; Lg-SFR—large-scale single-family residential; COMM—retail commercial.  Ranges represent 40 percent runoff 
volume reduction, with full site coverage by BMPs having a natural surface, to no reduction, with BMPs isolating runoff 
from soil. 
b Volume of precipitation on total project area 
c Quantity of water discharged from the site on the surface 
d Ranging from the quantity with hardened bed BMPs to the quantity with soil-based BMPs 
e Quantity of water infiltrating the soil; the difference between precipitation and runoff 
 
 
Effect of Basic Treatment BMPs on Pollutant Discharges 
 
Table 6 (page 12) presents estimates of zinc effluent concentrations and mass loadings of the 
various pollutants discharged from four types of conventional treatment BMPs.  The 
manufactured CDS BMPs in this table, which do not expose runoff to soil or vegetation, are not 
expected to drop any of the concentrations sufficiently to meet the acute zinc criterion at the 
discharge point.  The loading reduction results show the CDS units always performing below 50 
percent reduction for all pollutants analyzed, and most often in the vicinity of 20 percent, with 
zero copper reduction. 
 
When treated with swales or filter strips, effluents from each development case study site are 
expected to fall below the CTR acute zinc criterion.  All but the large commercial site would 
meet the criterion with EDB treatment.  These natural-surface BMPs, if fully implemented and 
well maintained, are predicted to prevent the majority of the pollutant masses generated on 
most of the development sites from reaching a receiving water.  Only total phosphorus reduction 
falls below 50 percent for two case studies.  Otherwise, mass loading reductions range from 
about 60 to above 80 percent for the EDB, swale, and filter strip.  This data indicates that 
draining impervious to pervious surfaces, even if those surfaces are not prepared in any special 
way, pays water quality as well as hydrologic dividends. 
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Table 6.  Pollutant Concentration and Loading Reduction Estimates with Conventional BMPs 

 MFRa Sm-SFRa RESTa OFFa Lg-SFRa COMMa 
Effluent Concentrations:       
CDS TZn (mg/L)a 0.095 0.095 0.098 0.102 0.095 0.131 
EDB TZn (mg/L)a 0.085 0.086 0.084 0.084 0.086 0.098 
Swale TZn (mg/L) 0.055 0.054 0.055 0.056 0.054 0.068 
Filter strip TZn (mg/L) 0.039 0.039 0.039 0.041 0.039 0.048 
Loading Reductions:       
CDS TSS loading reduction 15.7% 19.9% 22.0% 24.0% 19.9% 16.9% 
CDS TCu loading reduction 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
CDS TZn loading reduction 22.7% 22.4% 22.9% 23.1% 22.4% 25.1% 
CDS TP loading reduction 30.6% 41.5% 40.7% 45.9% 41.5% 20.3% 
EDB TSS loading reduction 68.1% 73.7% 79.0% 81.1% 73.7% 71.7% 
EDB TCu loading reduction 61.9% 55.7% 66.2% 63.0% 55.7% 66.8% 
EDB TZn loading reduction 59.7% 59.6% 60.4% 61.9% 59.6% 66.6% 
EDB TP loading reduction 61.9% 69.7% 69.1% 72.9% 69.7% 54.5% 
Swale TSS loading reduction 68.8% 71.1% 73.1% 73.9% 71.1% 69.4% 
Swale TCu loading reduction 72.5% 68.5% 78.2% 73.3% 68.5% 75.8% 
Swale TZn loading reduction 78.4% 78.1% 84.3% 78.8% 78.1% 80.7% 
Swale TP loading reduction 66.3% 70.7% 67.2% 76.2% 70.7% 55.0% 
Filter strip TSS loading reduction 69.9% 75.4% 80.6% 82.6% 75.4% 72.3% 
Filter strip TCu loading reduction 74.4% 69.1% 78.2% 75.4% 69.1% 78.7% 
Filter strip TZn loading reduction 78.3% 77.9% 78.4% 78.7% 77.9% 80.9% 
Filter strip TP loading reduction 48.4% 53.1% 63.7% 59.8% 53.1% 34.6% 

 

a MFR—multi-family residential; Sm-SFR—small-scale single-family residential; REST—restaurant;  
OFF—office building; Lg-SFR—large-scale single-family residential; COMM—retail commercial;  
CDS— continuous deflective separation unit; EDB—extended-detention basin 
 
 
3. LID Analysis:  Development According to Modified Draft Permit Provisions 
 
(a)  Hydrologic Analysis 
 
The LID analysis was first performed according to the Draft Permit provisions under the 
Planning and Land Development Program (Part 4, section E).  In this analysis, however, EIA 
was limited to three instead of five percent, under the reasoning presented in Attachment A.  All 
runoff from NCIA was assumed to drain to vegetated surfaces, as provided in the Draft Permit. 
 
One goal of this exercise was to identify methods that reduce runoff production in the first place.  
It was hypothesized that implementation of source reduction techniques could allow all of the 
case study sites to infiltrate substantial proportions of the developed site runoff, advancing the 
hydromodification mitigation objective of the Draft Permit.  When runoff is dispersed into the soil 
instead of being rapidly collected and conveyed away, it recharges groundwater, supplementing 
a resource that maintains dry season stream flow and wetlands.  An increased water balance 
can be tapped by humans for potable, irrigation, and process water supply.  Additionally, runoff 
volume reduction would commensurately decrease pollutant mass loadings. 
 
Accordingly, the analysis considered the practicability of more than one scenario by which the 
draft permit’s terms could be met, as modified to reflect three percent EIA.  In one option, all 
roof runoff is harvested and stored for some beneficial use. A second option disperses runoff 
into the soil via roof downspout infiltration trenches.  The former option is probably best suited to 
cases like the large commercial and office buildings, while distribution in the soil would fit best 
with residences and relatively small commercial developments.  The analysis was repeated with 
the assumptions of harvesting OFF and COMM roof runoff for some beneficial use and 
dispersing roof runoff from the remaining four cases in roof downspout infiltration systems. 
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Expected Infiltration Capacities of the Case Study Sites 
 
The first inquiry on this subject sought to determine how much of the total annual runoff each 
property is expected to infiltrate.  This assessment tested the feasibility of draining all but three 
percent of impervious area to pervious land on the sites.  Based on the findings of Chralowicz et 
al. (2001), it was assumed that an infiltration zone of 0.1-0.5 acres in area and 2-3 ft deep would 
serve a drainage catchment area in the size range 0-5 acres and infiltrate 0.9-1.9 acre-ft/year.  
The conclusions of Chralowicz et al. (2001) were extrapolated to conservatively assume that 0.5 
acre would be required to serve each additional five acres of catchment, and would infiltrate an 
incremental 1.4 acre-ft/year (the midpoint of the 0.9-1.9 acre-ft/year range).  According to these 
assumptions, the following schedule of estimates applies: 
 

Pervious Area Available for Infiltration  Catchment Served acres Infiltration Capacity  
0.5 acres 0-5 acres 1.4 acre-ft/year 
1.0 acres 5-10 acres 2.8 acre-ft/year 
1.5 acres 10-15 acres 4.2 acre-ft/year 

(Etc.) ... ... 
 
As a formula, infiltration capacity ≈ 2.8 x available pervious area.  To apply the formula 
conservatively, the available area was reduced to the next lower 0.5-acre increment before 
multiplying by 2.8. 
 
As shown in Table 7, five of the six sites have adequate or greater capacity to infiltrate the full 
annual runoff volume from NCIA and pervious areas where EIA is limited to three percent of the 
total site area (four at the higher Ojai rainfall).  Indeed, five of the six development types have 
sufficient pervious area to infiltrate all runoff, including runoff from EIA areas.  With the most 
representative rainfall, only the large commercial development, with little available pervious 
area, falls short of the needed capacity to infiltrate all rainfall, but it still has the capacity to meet 
the terms of the draft permit, as modified for this analysis.  These results are based on 
infiltrating in the native soils with no soil amendment.  For any development project at which 
infiltration-oriented BMPs are considered, it is important that infiltration potential be carefully 
assessed using site-specific soils and hydrogeologic data.  In the event such an investigation 
reveals a marginal condition (e.g., hydraulic conductivity, spacing to groundwater) for infiltration 
basins, soils could be enhanced to produce bioretention zones to assist infiltration.  Notably, the 
four case studies with far greater than necessary infiltration capacity would offer substantial 
flexibility in designing infiltration, allowing ponding at less than 2-3 ft depth. 
 
Table 7. Infiltration and Runoff Volume With 3 Percent EIA and All NCIA Draining to Pervious Areas 

 MFRa Sm-SFRa RESTa OFFa Lg-SFRa COMMa

EIA runoff (acre-ft/year) 0.38 0.11 0.03 0.07 4.6 0.18 
NCIA + pervious area 
runoff (acre-ft/year) 8.63 1.73 0.47 0.76 75.0 5.39 

Total runoff (acre-ft/year) 9.01 1.84 0.50 0.83 79.6 5.57 
Pervious area available 
for infiltration (acres) 3.66 1.67 0.39 1.61 72.7 0.47 

Estimated infiltration 
capacity (acre-ft/year)b 9.8 4.2 1.4 4.2 203 1.4 

Infiltration capacity c > 100%d > 100% > 100% > 100% > 100% ~26% d 
 

a MFR—multi-family residential; Sm-SFR—small-scale single-family residential; REST—restaurant;  
OFF—office building; Lg-SFR—large-scale single-family residential; COMM—retail commercial;  
b Based on Chralowicz et al. (2001) according to the schedule described above 
c Compare runoff production from NCIA + pervious area (row 3) with estimated infiltration capacity (row 6) 
d At Ojai rainfall levels, capacity would be ~78 percent at the MFR site and ~18 percent at the COMM site. 

RB-AR9091



 14

As Table 7 shows, five of the six case study sites have the capacity to infiltrate all runoff 
produced onsite by draining impervious surfaces to pervious areas.  Even runoff from the area 
assumed to be EIA could be infiltrated in most cases based on the amount of pervious area 
available in typical development projects.  By showing that it is possible under normal site 
conditions and using native soils to retain all runoff in typical developments, these results 
demonstrate that a three percent EIA requirement, which would not demand that all runoff be 
retained, is feasible and practicable.   
 
Additional Source Reduction Capabilities of the Case Study Sites:  Water Harvesting Example 
 
Infiltration is one of a wide variety of LID-based source reduction techniques.  Where site 
conditions such as soil quality or available area limit a site’s infiltration capacity, other source 
LID measures can enhance a site’s runoff retention capability.  For example, soil amendment, 
which improves infiltration, is a standard LID technique.  Water harvesting is another.  Such 
practices can also be used where infiltration capacity is adequate, but the developer desires 
greater flexibility for land use on-site.  Table 8 shows the added implementation flexibility 
created by subtracting roof runoff by harvesting it or efficiently directing it into the soil through 
downspout dispersion systems, further demonstrating the feasibility of meeting the draft permit’s 
proposed requirements, as modified to include a three percent EIA standard.    
 
Table 8.  Infiltration and Runoff Volume Reduction Analysis Including Roof Runoff Harvesting or 
Disposal in Infiltration Trenches (Assuming 3 Percent EIA and All NCIA Draining to Pervious Areas) 

 MFRa Sm-SFRa RESTa OFFa Lg-SFRa COMMa 
EIA runoff (acre-ft/year) 0.38 0.11 0.03 0.07 4.6 0.18 
Roof runoff (acre-ft/year) 4.92 0.93 0.09 0.20 41 2.33 
Other NCIA + pervious 
area runoff (acre-ft/year) 3.71 0.79 0.39 0.56 35 3.06 

Total runoff (acre-ft/year) 9.01 1.84 0.50 0.83 79.6 5.57 
Pervious area available for 
infiltration (acres) 3.66 1.67 0.39 1.61 72.7 0.47 

Estimated infiltration 
capacity (acre-ft/year)b 9.8 4.2 1.4 4.2 203 1.4 

Infiltration capacity c > 100% > 100% > 100% > 100% > 100% ~45% d  
 

a MFR—multi-family residential; Sm-SFR—small-scale single-family residential; REST—restaurant;  
OFF—office building; Lg-SFR—large-scale single-family residential; COMM—retail commercial;  
b Based on Chralowicz et al. (2001) according to the schedule described above 
c Comparison of runoff production from NCIA + pervious area (row 3) with estimated infiltration capacity (row 6) 
d If the higher rainfall at Ojai is assumed, capacity would be ~32 percent of the amount needed for the COMM case. 
 
 
Effect of Full LID Approach on Recharge  
 
Table 9 (page 15) shows the recharge benefits of preventing roofs from generating runoff and 
infiltrating as much as possible of the runoff from the remainder of the case study sites.  The 
data show that LID methods offer significant benefits relative to the baseline (no storm water 
controls) in all cases.  These benefits are particularly impressive in developments with relatively 
high site imperviousness, such as in the MFR and COMM cases.  In the latter case the full LID 
approach (excluding the common and effective practice of soil amendment) would cut loss of 
the potential water resource represented by recharge and harvesting from 86 to 37 percent. 
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Table 9.  Comparison of Water Captured Annually (in acre-ft) from Development Sites for Beneficial 
Use With a Full LID Approach Compared to Development With No BMPs 

 MFRa Sm-SFRa RESTa OFFa Lg-SFRa COMMa

Pre-development rechargeb (acre-ft) 12.5 3.46 0.88 2.42 150 5.92 

No BMPs:       

post-development recharge b (acre-ft) 4.39 1.88 0.45 1.76 82 0.80 

post-development runoff (acre-ft) 8.08 1.57 0.43 0.66 68 5.12 

post-development % recharge lost 65% 46%  49% 27% 45% 86% 

Full LID approach:       

post-development runoff capture (acre-ft)c 12.5 3.46 0.88 2.42 150 3.73 

post-development runoff (acre-ft) 0  0 0  0  0 2.19  

post-development % recharge lost 0% 0% 0% 0% 0% 37% 
 

a MFR—multi-family residential; Sm-SFR—small-scale single-family residential; REST—restaurant; OFF—office 
building; Lg-SFR—large-scale single-family residential; COMM—retail commercial 
b Quantity of water infiltrating the soil; the difference between precipitation and runoff 
c Water either entirely infiltrated in BMPs and recharged to groundwater or partially harvested from roofs and partially 
infiltrated in BMPs. For the first five case studies, EIA was not distinguished from the remainder of the development, 
because these sites have the potential to capture all runoff. 
 
 
(b)  Water Quality Analysis 
 
As outlined above, it was assumed that EIA discharges, as well as runoff from all pervious 
surfaces, are subject to treatment control.  For purposes of the analysis, treatment control was 
assumed to be provided by conventional sand filtration.  This choice is appropriate for study 
purposes for two reasons.  First, sand filters can be installed below grade, and land above can 
be put to other uses.  Under the Draft Permit’s approach, pervious area should be reserved for 
receiving NCIA drainage, and using sand filters would not draw land away from that service or 
other site uses.  A second reason for the choice is that sand filter performance data equivalent 
to the data used in analyzing other conventional BMPs are available from the CalTrans (2004) 
work.  Sand filters may or may not expose water to soil, depending on whether or not they have 
a hard bed.  This analysis assumed a hard bed, meaning that no infiltration would occur and 
thus there would be no additional recharge in sand filters.  Performance would be even better 
than shown in the analytical results if sand filters were built in earth. 
 
Pollutant Discharge Reduction Through LID Techniques 
 
The preceding analyses demonstrated that each of the six case studies could feasibly comply 
with the draft permit’s requirements, as modified to include a more protective three percent EIA 
standard.  Moreover, for five of the six case studies, all storm water discharges could be 
eliminated at least under most meteorological conditions by dispersing runoff from impervious 
surfaces to pervious areas.  Therefore, pollutant additions to receiving waters would also be 
eliminated.  This demonstrates not only that a lower EIA (three percent) is a feasible and 
practicable approach to maintaining the natural hydrology of land being developed, as 
discussed above, but that a lower EIA is a feasible and practicable way to eliminate the 
discharge of pollutants that could cause or contribute to violations of water quality standards.   
 
While the high proportion of impervious area present on the large commercial site relative to 
pervious area would not allow eliminating all discharge, harvesting roof water and draining NCIA 
to properly-prepared pervious area would substantially decrease the volume discharged.  
Deployment of treatment control BMPs (e.g. sand filter treatment) could cut contaminant 
discharges from pollutants in the remaining volume of runoff to low levels.   
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Table 10 presents the pollutant reductions from the untreated case achievable through the 
complete LID approach described above in comparison to conventional treatments (from Table 
6).  Assuming EIA still discharges through sand filters, pollutant loadings from the untreated 
condition are expected to decrease by more than 96 percent for all but the COMM case.  In that 
challenging case loadings would still fall by at least 89 percent for TSS and the metals and by 
83 percent for total phosphorus, assuming City of Ventura rainfall levels, and slightly less 
assuming the higher Ojai rainfall levels.  Thus, the Draft Permit’s basic premise of disconnecting 
most impervious area, supplemented by specially managing roof water, is shown by both water 
quality and hydrologic results to be feasible and to afford broad and significant environmental 
benefits. 
 
Table 10.  Pollutant Loading Reduction Estimates With a Full LID Approach Relative to 
Conventional BMPs 

 MFRa Sm-SFRa RESTa OFFa Lg-SFRa COMMa 
Conventional TSS loading 
reductionb 

15.7-
69.9% 

19.9-
75.4% 

22.0-
80.6% 

24.0-
82.6% 

19.9-
75.4% 

16.9-
72.3% 

Conventional TCu loading 
reductionb 

0.0-
74.4% 

0.0-
69.1% 

0.0-
78.2% 

0.0-
75.4% 

0.0-
69.1% 0.0-78.7%

Conventional TZn loading 
reductionb 

22.7-
78.4% 

22.4-
78.1% 

22.9-
84.3% 

23.1-
78.8% 

22.4-
78.1% 

25.1-
80.9% 

Conventional TP loading 
reductionb 

30.6-
66.3% 

41.5-
70.7% 

40.7-
69.1% 

45.9-
76.2% 

41.5-
70.7% 

20.3-
55.0% 

LID TSS loading reductionc 99.4% 99.3% 99.5% 99.4% 99.3% 89.0% d 
LID TCu loading reductionc 98.1% 96.7% 98.0% 96.2% 96.7% 90.6% d 
LID TZn loading reductionc 99.1% 98.8% 98.9% 98.3% 98.8% 94.8% d 
LID TP loading reductionc 98.1% 98.6% 98.8% 98.7% 98.6% 83.1%d 

 

a MFR—multi-family residential; Sm-SFR—small-scale single-family residential; REST—restaurant; OFF—office 
building; Lg-SFR—large-scale single-family residential; COMM—retail commercial; CDS— continuous deflective 
separation unit; EDB—extended-detention basin; NCIA—not connected impervious area; EIA—effective (connected) 
impervious area 
b Range from Table 6 represented by treatment by CDS unit, EDB, biofiltration swale, or biofiltration strip 
c Based on directing roof runoff to downspout infiltration trenches (MFR, Sm-SFR, REST, and Lg-SFR) or harvesting it 
(OFF and COMM), draining other NCIA to pervious areas, and treating EIA with sand filters 
d If the higher rainfall at Ojai is assumed, reduction estimates for TSS, TCu, TZn, and TP would be 84.0, 86.3, 92.5, and 
75.5 percent, respectively. 
 
 
SUMMARY AND CONCLUSIONS 
 
This paper demonstrated that common Ventura County area residential and commercial 
development types subject to the Municipal NPDES Permit are likely, without storm water 
management, to reduce groundwater recharge from the predevelopment state by approximately 
half in most cases to a much higher fraction with a large ratio of impervious to pervious area.  
With no treatment, runoff from these developments is expected to exceed CTR acute copper 
and zinc criteria at the point of discharge and to deliver large pollutant mass loadings to 
receiving waters. 
 
Conventional soil-based BMP solutions that promote and are component parts of low-impact 
development approaches, by contrast, regain about 30-50 percent of the recharge lost in 
development without storm water management, although commercially-manufactured filtration 
and hydrodynamic BMPs for storm water management give no benefits in this area.  It is 
expected the soil-based BMPs generally would release effluent that meets the acute zinc 
criterion at the point of discharge, although it would still exceed the copper limit.  Excepting 
phosphorus, it was found that these BMPs would capture and prevent the movement to 
receiving waters of the majority of the pollutant loadings considered in the analysis. 
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It was found that a three percent Effective Impervious Area standard can be met in typical 
developments, and that by draining all site runoff to pervious areas, runoff can be eliminated 
entirely in most development types.  This result was reached assuming the use of native soils.  
Soil enhancement (typically, with compost) can further advance infiltration.  Draining impervious 
surfaces onto the loam soils typical of Ventura County, in connection with limiting directly 
connected impervious area to three percent of the site total area, should eliminate storm runoff 
from some development types and greatly reduce it from more highly impervious types.  Adding 
roof runoff elimination to the LID approach (by harvesting or directing it to downspout infiltration 
trenches) should eliminate runoff from all but mostly impervious developments.  Even in the 
development scenario involving the highest relative proportion of impervious surface, losses of 
rainfall capture for beneficial uses could be reduced from more than 85 to less than 40 percent, 
and pollutant mass loadings would fall by 83-95 percent from the untreated scenario when 
draining to pervious areas was supplemented with water harvesting.  These results demonstrate 
the basic soundness of the Draft Permit’s concept to limit directly connected impervious area 
and drain the remainder over pervious surfaces.   
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ATTACHMENT A 
 

JUSTIFICATION OF PROPOSED EFFECTIVE IMPERVIOUS AREA LIMITATION 
 
 
 

Summary 
 

 The literature shows that adverse impacts to the physical habitat and biological 
integrity of receiving waters occur as a result of the conversion of natural areas to 
impervious cover. These effects are observed at the lowest levels of impervious 
cover in associated catchments (two to three percent) and are pronounced by the 
point that impervious cover reaches five percent. To protect biological 
productivity, physical habitat, and other beneficial uses, effective impervious area 
should be capped at no more than three percent. 

 
 
 
I. Impacts to physical habitat of California receiving waters observed at three 

percent impervious cover  
 
Stein et al.7 note that while studies from parts of the country with climates more humid than 
California’s indicate that physical degradation of stream channels can initially be detected when 
watershed impervious cover approaches 10%, biological effects, which may be more difficult to 
detect, may occur at lower levels (CWP 2003).8 Recent studies from both northern and southern 
California indicate that intermittent and ephemeral streams in California are more susceptible to 
the effects of hydromodification than streams from other regions of the US, with stream 
degradation being recognized when the associated catchment’s impervious cover is as little as 
3-5% (Coleman et al. 2005).9 Furthermore, supplemental landscape irrigation in semi-arid 
regions, like California, can substantially increase the frequency of erosive flows (AQUA TERRA 
Consultants 2004).10 
 
Coleman, et al.3 report that the ephemeral/intermittent streams in southern California 
(northwestern Los Angeles County through southern Ventura County to central Orange County) 
appear to be more sensitive to changes in percent impervious cover than streams in other 
areas. Stream channel response can be represented using an enlargement curve, which relates 
the percent of impervious cover to a change in cross-sectional area. The data for southern 
California streams forms a relationship very similar in shape to the enlargement curves 
developed for other North American streams. However, the curve for southern California 
streams is above the general curve for streams in other climates. This suggests that a specific 
enlargement ratio is produced at a lower value of impervious surface area in southern California 
than in other parts of North America. Specifically, the estimated threshold of response is 
approximately 2-3% impervious cover, as compared to 7-10% for other portions of the U.S. It is 
important to note that this conclusion applies specifically to streams with a catchment drainage 
area less than 5 square miles. 

                                                 
7  Stein, E.D., S. Zaleski, (2005) Managing Runoff to Protect Natural Streams: The Latest Developments on 
Investigation and Management of Hydromodification in California. (Proceedings of a Special Technical Workshop Co-
sponsored by California Stormwater Quality Association (CASQA), Stormwater Monitoring Coalition (SMC), University 
of Southern California Sea Grant (USC Sea Grant), Technical Report #475). 
8  Center for Watershed Protection (CWP), (2003) Impacts of Impervious Cover on Aquatic Systems. Ellicott City, MD. 
9  Coleman, D., C. MacRae, and E.D. Stein, (2005) Effect of Increases in Peak Flows and Imperviousness on the 
Morphology of Southern California Streams. Southern California Coastal Water Research Project Technical Report 
#450, Westminster, CA. 
10  AQUA TERRA Consultants, (2004) Urbanization and Channel Stability Assessment in the Arroyo Simi Watershed of 
Ventura County CA. FINAL REPORT. Prepared for Ventura County Watershed Protection Division, Ventura CA. 
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This study concludes that disconnecting impervious areas from the drainage network and 
adjacent impervious areas is a key approach to protecting channel stability. Utilizing this 
strategy can make it practical to keep the effective impervious cover (i.e. the amount 
hydrologically connected to the stream) equal to or less than the identified threshold of 2-3%. 
 

II. Impacts to biological integrity of receiving waters observed with any 
conversion from natural to impervious surface  

 
Two separate studies conducted by Horner et al.11,12 in the Puget Sound region (Washington 
State), Montgomery County, Maryland, and Austin, Texas built a database totaling more than 
650 reaches on low-order streams in watersheds ranging from no urbanization and relatively 
little human influence (the reference state, representing “best attainable” conditions) to highly 
urban (>60 percent total impervious area, “TIA”). Biological health was assessed according to 
the benthic index of biotic integrity (B-IBI) and, in Puget Sound, the ratio of young-of-the-year 
coho salmon (Oncorhynchus kisutch), a relatively stress-intolerant fish, to cutthroat trout 
(Oncorhynchus clarki), a more stress-tolerant species. The following discussion summarizes the 
results and conclusions of these two studies. 
 
There is no single cause for the decline of water resource conditions in urbanizing watersheds. 
Instead, it is the cumulative effects of multiple stressors that are responsible for degraded 
aquatic habitat and water quality. Imperviousness, while not a perfect yardstick, appears to be a 
useful predictor of ecological condition. However, a range of stream conditions can be 
associated with any given level of imperviousness. In general, only streams that retain a 
significant proportion of their natural vegetative land-cover and have very low levels of 
watershed imperviousness appear to retain their natural ecological integrity. It is this change in 
watershed land-cover that is largely responsible for the shift in hydrologic regime from a sub-
surface flow dominated system to one dominated by surface runoff. 
 
While the decline in ecological integrity is relatively continuous and is consistent for all 
parameters, the impact on physical conditions appears to be more pronounced earlier in the 
urbanization process than chemical degradation. It is generally acknowledged, based on field 
research and hydrologic modeling, that it is the shift in hydrologic conditions that is the driving 
force behind physical changes in urban stream-wetland ecosystems. 
 
Multiple scales of impact operate within urbanizing watersheds: landscape-level impacts, 
including the loss of natural forest cover and the increase in impervious surface area throughout 
the watershed; riparian corridor-specific impacts such as encroachment, fragmentation, and 
loss of native vegetation; and local impacts such as water diversions, exotic vegetation, stream 
channelization, streambank hardening, culvert installation, and pollution from the widespread 
use of pesticides and herbicides. All of these stressors contribute to the overall cumulative 
impact. 
 
The researchers found that there is no clear threshold of urbanization below which there exists 
a “no-effect” condition. Instead, there appears to be a relatively continuous decline in almost all 
measures of water quality or ecological integrity. Losses of integrity occur from the lowest levels 
of TIA and are already pronounced by the point that TIA reaches 5 percent.  

 

                                                 
11  Horner, R. R., C. W. May, (2002) The Limitations of Mitigation-Based Stormwater Management in the Pacific 
Northwest and the Potential of a Conservation Strategy based on Low-Impact Development Principles. (Proceedings of 
the American Society of Engineers Stormwater Conference, Portland, OR). 
12  Horner, R.R., E. H. Livingston, C. W. May, J. Maxted, (2006) BMPs, Impervious Cover, and Biological Integrity of 
Small Streams. (Proceedings of the Eighth Biennial Stormwater Research and Watershed Management Conference, 
Tampa, FL). 
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Similarly, the Alliance for the Chesapeake Bay13 reports that small-watershed studies by the 
Maryland Department of Natural Resources Biological Stream Survey have shown that some 
sensitive species are affected by even low amounts of impervious cover. In one study, no brook 
trout were observed in any stream whose watershed had more than 2 percent impervious cover, 
and brook trout were rare in any watershed with more than 0.5 percent impervious cover.  
 
III. Ventura County’s watersheds include biologically-significant water bodies 
 
The literature discussed above is relevant to the watersheds of Ventura County, which contain 
rivers and streams that currently or historically support a variety of beneficial uses that may be 
impaired by water quality degradation and stream hydromodification as a result of storm water 
runoff from impervious land cover. Unlike some Southern California watersheds, Ventura 
County still has many natural stream systems with a high degree of natural functionality.    
 
For instance, the Ventura River watershed in northwestern Ventura County “supports a large 
number of sensitive aquatic species,”14 including steelhead trout, a federally-listed endangered 
species. Although “local populations of steelhead and rainbow trout have nearly been eliminated 
along the Ventura River” itself, the California Department of Fish and Game has “recognized the 
potential for the restoration of the estuary and enhancement of steelhead populations in the 
Ventura River.”15 Steelhead may also be present in tributaries such as San Antonio Creek.16 
Thriving rainbow trout populations exist in tributaries of the Ventura River including Matilija 
Creek and Coyote Creek.17 The Ventura River either does or is projected to support the 
following beneficial uses: warm freshwater habitat; cold freshwater habitat; wildlife habitat; rare, 
threatened, or endangered species; migration of aquatic organisms; and spawning and 
reproduction.18 Furthermore, the Ventura River Estuary also supports commercial fishing, 
shellfish harvesting, and wetland habitat.19 The Ventura River receives municipal storm drain 
discharges from Ojai, San Buenaventura, and unincorporated areas of Ventura County.20 
 
The Santa Clara River watershed in northern Ventura County “is the largest river system in 
southern California that remains in a relatively natural state.”21 Sespe Creek is one of the Santa 
Clara’s largest tributaries, and “supports significant steelhead spawning and rearing habitat.”22 
Other creeks in the Santa Clara River watershed that support steelhead are Piru Creek and 
Santa Paula Creek. Sespe Creek and the Santa Clara River also provide spawning habitat for 
the Pacific lamprey. Rainbow trout populations exist in tributaries of the Santa Clara River 
including Sespe Creek.23 The creeks and the Santa Clara river do or are projected to support 
the following beneficial uses: warm freshwater habitat; cold freshwater habitat; wildlife habitat; 
preservation of biological habitats rare, threatened, or endangered species; migration of aquatic 
organisms; and spawning and reproduction.24 Los Padres National Forest covers much of the 
Santa Clara River watershed, but increasing development in floodplain areas has been 

                                                 
13  Karl Blankenship, BAY JOURNAL,”It’s a hard road ahead for meeting new sprawl goal: States will try to control growth 
of impervious” (July/August 2004), at http://www.bayjournal.com/article.cfm?article=66.  
14  Los Angeles Region Water Quality Control Plan (1994) p. 1-18 (“Basin Plan”). 
15  Basin Plan, p. 1-16; Ventura County Environmental & Energy Resources Division, “Endangered Steelhead Trout in 
Ventura County: Past, Present, and Future,” available at http://www.wasteless.org/Eye_articles/steelhead.htm.   
16  Ventura County Environmental & Energy Resources Division, “Steelhead Spawning in Ventura County,” (2005), 
available at http://www.wasteless.org/Eye_articles/steehead2005.html. 
17  Ventura County Environmental & Energy Resources Division, “Endangered Steelhead Trout in Ventura County: Past, 
Present, and Future,” available at http://www.wasteless.org/Eye_articles/steelhead.htm.   
18  Basin Plan, Table 2-1. 
19  Basin Plan, Table 2-4. 
20  Ventura County Watershed Protection District, Report of Waste Discharge (January 2005) at p. 3. 
21  Basin Plan, p. 1-16. 
22  Basin Plan, p. 1-16. 
23  Ventura County Environmental & Energy Resources Division, “Endangered Steelhead Trout in Ventura County: Past, 
Present, and Future,” available at http://www.wasteless.org/Eye_articles/steelhead.htm.   
24  Basin Plan, Table 2-1. 
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identified as a threat to the river system’s water quality.25 Furthermore, the Santa Clara estuary 
supports the additional beneficial uses of shellfish harvesting and wetlands habitat.26 The Santa 
Clara River receives municipal storm drain discharges from Fillmore, Oxnard, San 
Buenaventura, Santa Paula, and unincorporated areas of Ventura County.27 
 
The Calleguas Creek watershed “empties into Mugu Lagoon, one of southern California’s few 
remaining large wetlands.”28 It supports or is projected to support the following beneficial uses:  
estuarine habitat; marine habitat; wildlife habitat; preservation of biological habitats; rare, 
threatened, or endangered species; migration of aquatic organisms; spawning and 
reproduction; shellfish harvesting; and wetlands habitat.29 Historically, Calleguas Creek drained 
largely agricultural areas. But this watershed has been under increasing pressure from 
sedimentation due to increased surface flow from municipal discharges and urban wastewaters, 
among other sources.30 Increasing residential developments on steep slopes has been 
identified as a substantial contributing factor to the problem of accelerated erosion in the 
watershed (and sedimentation in the Lagoon). Calleguas Creek receives municipal storm drain 
discharges from Camarillo, Moorpark, Simi Valley, Thousand Oaks, and unincorporated areas 
of Ventura County.31 
 
Ventura County’s coastal streams also support a variety of beneficial uses:32  

• Little Sycamore Canyon Creek in southern Ventura County (warm freshwater habitat; 
wildlife habitat; rare, threatened or endangered species; and spawning and 
reproduction);  

• Lake Casitas tributaries (warm freshwater habitat; cold freshwater habitat; wildlife 
habitat; rare, threatened or endangered species; spawning and reproduction; and 
wetland habitat); 

• Javon Canyon and Padre Juan Canyon (warm freshwater habitat; cold freshwater 
habitat; wildlife habitat; and spawning and reproduction); and 

• Los Sauces Creek in northern Ventura County (warm freshwater habitat; cold 
freshwater habitat; wildlife habitat; migration of aquatic species; and spawning and 
reproduction). 

 
IV. Conclusion 
 
In order to protect the biological habitat, physical integrity, and other beneficial uses of the water 
bodies in Ventura County, effective impervious area should be capped at no more than three 
percent. 

                                                 
25  Basin Plan, pp. 1-16, 1-18. 
26  Basin Plan, Table 2-4. 
27  Ventura County Watershed Protection District, Report of Waste Discharge (January 2005) at p. 3. 
28  Basin Plan, p. 1-18. 
29  Basin Plan, Table 2-1. 
30  Basin Plan, pp. 1-16, 1-18. 
31  Ventura County Watershed Protection District, Report of Waste Discharge (January 2005) at p. 3. 
32  Basin Plan, Table 2-1. 
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ATTACHMENT B   
 

POLLUTANT CONCENTRATIONS FOR URBAN SOURCE AREAS (HERRERA ENVIRONMENTAL CONSULTANTS, INC. UNDATED) 
 

 

Source Area Study LocationSample Size (n)TSS (mg/L) TCu (ug/L)TPb (ug/L)TZn (ug/L)TP (mg/L)Notes
Roofs                   
Residential Steuer, et al. 1997 MI 12 36 7 25 201 0.06 2 
Residential Bannerman, et al. 1993 WI ~48 27 15 21 149 0.15 3 
Residential Waschbusch, et al. 2000 WI 25 15 n.a. n.a. n.a. 0.07 3 
Residential FAR 2003 NY  19 20 21 312 0.11 4 
Residential Gromaire, et al. 2001 France  29 37 493 3422 n.a. 5 
Representative Residential Roof Values     25 13 22 159 0.11   
Commercial Steuer, et al. 1997 MI 12 24 20 48 215 0.09 2 
Commercial Bannerman, et al. 1993 WI ~16 15 9 9 330 0.20 3 
Commercial Waschbusch, et al. 2000 WI 25 18 n.a. n.a. n.a. 0.13 3 
Representative Commercial Roof Values     18 14 26 281 0.14   
Parking Areas                   
Res. Driveways Steuer, et al. 1997 MI 12 157 34 52 148 0.35 2 
Res. Driveways Bannerman, et al. 1993 WI ~32 173 17 17 107 1.16 3 
Res. Driveways Waschbusch, et al. 2000 WI 25 34 n.a. n.a. n.a. 0.18 3 
Driveway FAR 2003 NY  173 17  107 0.56 4 
Representative Residential Driveway Values     120 22 27 118 0.66   

Comm./ Inst. Park. Areas Pitt, et al. 1995 AL 16 110 116 46 110 n.a. 1 
Comm. Park. Areas Steuer, et al. 1997 MI 12 110 22 40 178 0.2 2 
Com. Park. Lot Bannerman, et al. 1993 WI 5 58 15 22 178 0.19 3 
Parking Lot Waschbusch, et al. 2000 WI 25 51 n.a. n.a. n.a. 0.1 3 
Parking Lot Tiefenthaler, et al. 2001 CA 5 36 28 45 293 n.a. 6 
Loading Docks Pitt, et al. 1995 AL 3 40 22 55 55 n.a. 1 
Highway Rest Areas CalTrans 2003 CA 53 63 16 8 142 0.47 7 

Park and Ride Facilities CalTrans 2003 CA 179 69 17 10 154 0.33 7 

Comm./ Res. Parking FAR 2003 NY  27 51 28 139 0.15 4 
Representative Parking Area/Lot Values     75 36 26 97 0.14   
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Landscaping/Lawns                 
Landscaped Areas Pitt, et al. 1995 AL 6 33 81 24 230 n.a. 1 
Landscaping FAR 2003 NY  37 94 29 263 n.a. 4 
Representative Landscaping Values     33 81 24 230 n.a.   
Lawns - Residential Steuer, et al. 1997 MI 12 262 n.a. n.a. n.a. 2.33 2 
Lawns - Residential Bannerman, et al. 1993 WI ~30 397 13 n.a. 59 2.67 3 
Lawns Waschbusch, et al. 2000 WI 25 59 n.a. n.a. n.a. 0.79 3 
Lawns Waschbusch, et al. 2000 WI 25 122 n.a. n.a. n.a. 1.61 3 
Lawns - Fertilized USGS 2002 WI 58 n.a. n.a. n.a. n.a. 2.57 3 

Lawns - Non-P Fertilized USGS 2002 WI 38 n.a. n.a. n.a. n.a. 1.89 3 
Lawns - Unfertilized USGS 2002 WI 19 n.a. n.a. n.a. n.a. 1.73 3 
Lawns FAR 2003 NY 3 602 17 17 50 2.1 4 
Representative Lawn Values     213 13 n.a. 59 2.04   
 
Notes:             
Representative values are weighted means of collected data.  Italicized values were omitted from these calculations. 
1 - Grab samples from residential, commercial/institutional, and industrial rooftops.  Values represent mean of   
     DETECTED concentrations            
2 - Flow-weighted composite samples, geometric mean concentrations         
3 - Geometric mean concentrations            
4 - Citation appears to be erroneous - original source of data is unknown.  Not used to calculate representative value 
5 - Median concentrations.  Not used to calculate representative values due to site location and variation from other values.
6 - Mean concentrations from simulated rainfall study           
7 - Mean concentrations.  Not used to calculate representative values due to transportation nature of land use.  
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EXECUTIVE SUMMARY 
 
STUDY DESIGN 
 
A study was performed to investigate the degree to which stormwater management practices, 
commonly referred to as “low-impact development” methods or “green infrastructure,” can retain 
urban runoff and meet five possible regulatory standards that could be applied nationally.  
Retention is defined as preventing the conversion of precipitation to runoff discharging from a 
development site on the surface, from where it can enter a receiving water. Retaining runoff 
from impervious and pollutant generating pervious surfaces prevents the introduction of urban 
runoff pollutants to receiving waters as well as reduces runoff volume to prevent stream channel 
and habitat damage, flooding, and loss of groundwater recharge.  ARCD methods were 
assessed for their ability to:  (1-2) meet standards pertaining to retention of the runoff generated 
by the 85

th
 and 95

th
 percentile, 24-hour precipitation events; (3) retain 90 percent of the post-

development runoff; and (4-5) retain the difference between the post- and pre-development 
runoff, both with and without a cap at the 85

th
 percentile, 24-hour event.  The study assessed 

five urban land use types (three residential, one retail commercial, and one infill 
redevelopment), each placed in four climate regions in the continental United States on two 
regionally common soil types. 
 
Infiltrating bioretention was applied as an initial strategy in the analysis of each case.  When the 
initial strategy could not fully retain post-development runoff, additional methods were applied, 
involving roof runoff harvesting in the most impervious development cases and roof water 
dispersion in those with substantial pervious area.  Benefits were assessed with respect to 
reduction of the annual average surface runoff volume from the quantity estimated without any 
stormwater management practices, the associated maintenance of pre-development 
groundwater recharge, and water quality improvement achieved through preventing discharge 
to receiving waters of pollutants generated with developed land uses. 
 
RETENTION AND POLLUTANT REDUCTION CAPABILITIES 
 
The initial strategy of infiltrating bioretention could retain all post-development runoff and pre-
existing groundwater recharge, as well as attenuate all pollutant transport, in the three 
residential land use development types on hydrologic soil group (HSG) B soils, in all cases, in 
all regions, taking a fraction of the available pervious area to do so.  For the more highly 
impervious commercial retail and redevelopment cases, bioretention would retain about 45 
percent of the runoff and pollutants generated and save about 40 percent of the pre-
development recharge.  Adding roof runoff management measures in these cases would 
approximately double retention and pollutant reduction for the retail commercial land use and 
raise it to 100 percent for the redevelopment.  Results were generally similar with HSG C soils, 
although more of the pervious portion of sites was required to equal the retention seen on B 
soils. 
 
For development on the D soils in all climate regions, use of roof runoff management 
techniques was estimated to increase runoff retention and pollutant reduction from zero to 
between about one-third to two-thirds of the post-development runoff generated, depending on 
the land use case.  These strategies would offer little groundwater recharge benefit with this soil 
condition, but would still have the potential to significantly reduce runoff volume and pollutant 
loading. 
 
ABILITY TO MEET STANDARDS 
 
The projected ability to meet the five standards identified above was found to vary mostly in 
relation to soil type (B or C versus D) and the relative imperviousness of development.  The 
ability to meet the five standards varied much less across climate regions.  With B and C soils, 
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the methods considered were projected to meet all five standards in all but 12 of 125 
evaluations.  With D soils, however, only three standards could be met at all and those only 
occasionally.  However, even on D soils, all cases for Standard 1 (retention of the 85

th
 

percentile, 24-hour precipitation event) were able to retain greater than 50 percent of the 
required runoff volume.  Moreover, opportunities to use ARCD practices or site design principles 
not modeled in this analysis have the potential to further increase runoff retention volume. 
 
Standard 3 (retain 90 percent of the average annual post-development runoff volume) would be 
the most environmentally protective standard.  Meeting or coming as close as possible to 
meeting, but not exceeding, this standard was estimated to lead to 66-90 percent of total runoff 
retention and pollutant loading reduction on B and C soils and 37-66 percent runoff retention on 
D soils.  Standard 2 (retain the runoff produced by the 95

th
 percentile, 24-hour precipitation 

event) would yield equivalent protection on D soils and only slightly less protection with B and C 
soils.  The outcome with this standard would also be more consistent region to region than with 
the alternative standard 1, based on the 85

th
 instead of the 95

th
 percentile precipitation event.  

Sites located on B or C soils were able retain the runoff produced by the 85
th
 percentile storm in 

24 of 25 cases modeled (in 18 of the 25 cases by using infiltrating bioretention alone), and were 
able to retain the runoff produced by the 95

th
 percentile storm in 22 of 25 cases modeled.  

 
Standards 4 and 5, based on the differential between pre- and post-development runoff volume, 
are inconsistent in retaining runoff and reducing pollutants, in that they are relatively protective 
where pre-development runoff is estimated to be low relative to post-development flow, but 
result in progressively lower retention and pollutant loading reduction as pre- and post-
development volumes converge, such as in several cases on D soils.  Standard 5 is especially 
weak in this regard.  The potentially low level of retention and pollutant loading reduction  
renders these standards based on the change in pre- versus post-development runoff volume 
poor candidates for national application, at least as formulated in these terms. 
 
In summary, standards 2 and 3 are clearly superior to the other three options from both a 
volume and pollutant load reduction standpoint.  Standard 3 is entirely consistent from place to 
place in degree of environmental protection, and standard 2 does not deviate much.  Analysis of 
the five development cases on two soil groups in each of four regions demonstrated the two 
standards are virtually identical in the runoff retention and pollutant loading reduction they would 
bring about.  Of the remaining standards, standard 1 (retantion of the runoff produced by the 
85

th
 percentile storm event) remains more consistent across regions and more protective of 

water quality for development on D soils than either standard 4 or 5, and is preferable to those 
standards in this regard.
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INTRODUCTION 
 
 
GENERAL STUDY DESCRIPTION 
 
Study Design 
 
This purpose of this study was to investigate the degree to which low-impact development (LID)
1
 practices can meet or exceed the requirements of various potential stormwater management 

facility design standards and to determine the environmental benefits that can be realized by 
applying these techniques.  The investigation was performed by estimating the stormwater 
retention possible with full application of low-impact options under a range of conditions broadly 
representative of different regions within the United States and then determining the 
implications of the findings for achieving various standards and for providing benefits.  Retention 
is defined as preventing the conversion of precipitation to surface runoff from urbanized land 
uses through infiltration, evapotranspiration, and/or harvesting for some water supply purpose.  
Retaining runoff from impervious and pollutant generating pervious surfaces prevents the 
introduction of urban runoff pollutants to receiving waters as well as reduces runoff volume to 
prevent stream channel and habitat damage, flooding, and loss of groundwater recharge.  
Benefits were assessed with respect to reduction of the potential developed land surface runoff 
volume, the associated maintenance of pre-development groundwater recharge, and water 
quality improvement achieved through preventing discharge to receiving waters of pollutants 
generated with developed land uses. 
 
The potential regulatory standards investigated were capture and retention of, at minimum: 
 

 Standard 1—The runoff produced by the 85th percentile, 24-hour precipitation event,
2
 a 

standard commonly used in California; 
 

 Standard 2—The runoff produced by the 95th percentile, 24-hour precipitation event, 
the standard adopted under Section 438 of the Energy Independence and Security Act; 

 

 Standard 3—90 percent of the average annual post-development runoff volume; 
 

 Standard 4—The difference between the post- and pre-development
3
 average annual 

runoff volumes; and 
 

 Standard 5—The difference between the post- and pre-development runoff volumes for 
all events up to and including the 85th percentile, 24-hour precipitation event. 

 
Conditions broadly representative of the nation were selected by, first, considering the climate 
regions defined in USEPA’s (1983) Nationwide Urban Runoff Project (NURP) report.  For full 
analysis, climate regions 1 (Northeast-Upper Midwest), 3 (Southeast), 5 (South Central), and 6 
(Southwest) were chosen as providing a wide range of climatological conditions and geographic 
distribution.  Once the four regions were picked, a metropolitan area and a specific city in each 
were chosen to serve as typical models of development circumstances in the general area, as 

                                                 
1
 The National Research Council (NRC, 2009) renamed LID, also known as green infrastructure, as 

aquatic resources conservation design (ARCD), the term used henceforth in this report. 

 
2
 The 85

th
 percentile, 24-hour event represents the precipitation quantity in a 24-hour period not exceeded 

in 85 percent of all events in an extended record. 

 
3
 In this study the pre-development state is taken as the typical land cover existing before European 

settlement of an area. 
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detailed in the Case Studies discussion below.  In addition, region 7 (Pacific Northwest) was 
identified as an additional location to be discussed.  This region is the site of a considerable 
amount of ARCD application in an area somewhat different climatologically than other selected 
regions, in having persistent winter rainfall totaling annually, in the major urban areas, 
intermediately among the other regions.  Results of research on ARCD conducted in this region 
are discussed at several points in this report. 
 
Soils and topography were the next considerations in developing broadly representative 
conditions.  U.S. Department of Agriculture websites were the source of general soil 
characterizations for the study regions and specific soil survey data in and around the 
representative metropolitan areas.  Soils generally represented some range in textural classes 
and associated hydraulic conductivities.  For each region, a soil type predominating among 
those representing hydraulic conductivities relatively high and low for the region were selected 
to serve as a basis for the analyses.  The effect of slope was also investigated but ultimately 
found not to affect results substantially. 
 
Five types of urban development were selected to represent breadth in land use:  (1) multi-
family residential, (2) small-scale single-family residential, (3) large-scale single-family 
residential, (4) large-scale commercial, and (5) infill redevelopment.  Building permit data from 
each region were consulted to determine typical distributions of site features for each (e.g., land 
cover by buildings, parking areas, roadways, walkways, driveways, landscaping). 
 
Case studies thus comprised four climate regions, each with two soil conditions and five land 
use types, for a total of 40 permutations.  For each, the ability of the site to accommodate soil- 
and vegetation-based ARCD practices was investigated.  Runoff quantities were estimated and 
compared to the five potential regulatory standards.  Annual mass loading discharges were 
estimated for four pollutants:  total suspended solids (TSS), total recoverable copper (TCu) and 
zinc (TZn), and total phosphorus (TP).  In any case where soil- and vegetation-based ARCD 
infiltration techniques appeared not to be able to attenuate all runoff, specific roof runoff 
management strategies were investigated as possible measures to achieve additional retention.  
Runoff quantities and pollutant discharges were recalculated based on use of these additional 
practices in place. 
 
This report covers the methods employed in the investigation, data sources, and references for 
both.  It then presents the results, discusses their consequences, draws conclusions, and 
makes recommendations relative to the feasibility of utilizing low-impact development practices 
to meet the respective potential regulatory standards. 
 
AQUATIC RESOURCES CONSERVATION DESIGN PRACTICES 
 
General Description 
 
As the stormwater management field developed, it passed through several stages.  First, it was 
thought that the key to success was to match post-development with pre-development peak 
flow rates, while also reducing a few common pollutants (usually, TSS) by a set percentage.  
Finding that these efforts generally required large ponds, but that they did not forestall impacts, 
stormwater managers next deduced that runoff volumes and high discharge durations would 
also have to decrease.  Almost simultaneously, although not necessarily in concert, the idea of 
low-impact development arose to offer a way to achieve actual avoidance, or at least 
minimization, of discharge quantity and pollutant increases reaching far above pre-development 
levels.  These methods reduce storm runoff and its contaminants by decreasing their generation 
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at sources, infiltrating into the soil or evaporating or transpiring
4
 storm flows before they can 

enter surface receiving waters, and treating flow remaining on the surface through contact with 
vegetation and soil, or a combination of these strategies. 

 
The National Research Council (“NRC”) (2009) renamed LID as Aquatic Resources 
Conservation Design (ARCD) for several reasons.  First, this term signifies that the principles 
and many of the methods apply not only to building on previously undeveloped sites, but also to 
redeveloping and retrofitting existing development.  Second, incorporating aquatic resources 
conservation in the title is a direct reminder of the central reason for improving stormwater 
regulation and management.  ARCD encompasses the complete range of practices to 
counteract all negative urban runoff impacts; i.e., the full suite of practices that emphasize and 
accomplish retention as defined above.  These practices aim at decreasing surface runoff peak 
flow rates, volumes, and elevated flow durations, as well as avoiding or at least minimizing the 
introduction of pollutants to any surface runoff produced.  Reducing the concentration of 
pollutants, together with runoff volume decrease, cuts the cumulative mass loadings (mass per 
unit time) of pollutants entering receiving waters over time. 
 
The menu of ARCD practices begins with conserving, as much as possible, existing trees, other 
vegetation, and soils, as well as natural drainage features (e.g., depressions, dispersed sheet 
flows, swales).  Clustering development to affect less land is a fundamental practice advancing 
this goal.  Conserving natural features would further entail performing construction in such a 
way that vegetation and soils are not needlessly disturbed and soils are not compacted by 
heavy equipment.  Using less of polluting materials, isolating contaminating materials and 
activities from contact with rainfall or runoff, and reducing the introduction of irrigation and other 
non-stormwater flows into storm drain systems are essential.  Many ARCD practices fall into the 
category of minimizing impervious areas through decreasing building footprints and restricting 
the widths of streets and other pavements to the minimums necessary.  Another important 
category of ARCD practices involves directing runoff from roofs and pavements onto pervious 
areas as sheet flow, where all or much of the runoff can infiltrate or evaporate in many 
situations. 
 
Water can be harvested from impervious surfaces, especially roofs, and put to use for irrigation, 
non-potable indoor water supply.  Harvesting is a standard technique for Leadership in Energy 
and Environmental Design (LEED) buildings (U.S. Green Building Council, 2008).  Many successful 
systems of this type are in operation, with examples such as the Natural Resources Defense 
Council offices (Santa Monica, CA), the King County Administration Building (Seattle, WA), and 
two buildings on the Portland State University campus (Portland, OR).  Harvesting is feasible at 
the small scale using rain barrels and at larger scales using larger collection cisterns and piping 
systems.  These small-scale applications have been used throughout the world for centuries 
and are rapidly spreading in the United States today (See, e.g., Texas Water Development Board, 

2005; Georgia Department of Community Affairs, 2009). 
 
If these practices are used but runoff is still produced, ARCD offers an array of techniques to 
retain it on-site through infiltration and evapotranspiration (ET).  The bioretention cell (rain 
garden) is the workhorse practice in this category, but swales conveying flow slowly, filter strips 
set up for sheet flows, and other modes are also important.  Relatively low traffic areas can be 
constructed with permeable surfaces such as porous asphalt, open-graded Portland cement 
concrete, coarse granular materials, concrete or plastic unit pavers, or plastic grid systems to 
allow for infiltration.   
 

                                                 
4
 Transpiration refers to vaporization of water from plant tissue, while evaporation applies to vaporization 

from a liquid (e.g., pool) or solid (e.g., leaf) surface.  The terms are often combined to form the compound 
evapotranspiration (ET). 
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ARCD practices should be selected and applied as close to sources as possible to stem runoff 
and pollutant production near the point of potential generation.  However, these practices must 
also work well together and, in many cases, must be supplemented with strategies operating 
farther downstream.  For example, the City of Seattle, in its “natural drainage system” retrofit 
initiative, built serial bioretention cells flanking relatively flat streets.  “Cascades” of vegetated 
stepped pools created by weirs were installed along more sloping streets.  In some cases the 
cells drain to downstream cascades.  The upstream components are highly effective in 
attenuating most or even all runoff.  Flowing at higher velocities on sloped surfaces, the 
cascades do not perform at such a high level, although under favorable conditions they can still 
infiltrate or evapotranspire the majority of the incoming runoff (Chapman 2006, Chapman and 
Horner 2010).  Even if not as impressive statistically, cascades can actually decrease storm 
discharge to streams more than the cells do, because of their generally greater size.  Also, the 
cascades extract pollutants from remnant runoff through mechanisms mediated by vegetation 
and soils.  The success of Seattle’s natural drainage systems demonstrates that well designed 
ARCD practices can mimic natural landscapes hydrologically, and thereby avoid raising 
discharge quantities. 
 
A watershed-based program emphasizing ARCD practices would convey significant benefits 
beyond greatly improved stormwater management.  ARCD techniques overall would advance 
water conservation, and infiltrative practices would increase recharge of groundwater resources.  
ARCD practices can be made attractive and thereby improve neighborhood aesthetics and 
property values.  Retention of more natural vegetation can both save wildlife habitat and provide 
recreational opportunities.  Municipalities could use the program in their general urban 
improvement initiatives, giving incentives to property owners to contribute to goals in that area 
while also protecting water resources. 
 
A Catalogue of ARCD Practices 
 
ARCD practices are numerous and expanding as existing configurations are applied in new 
ways.  Table 1 presents a catalogue adapted from USEPA (2007) and NRC (2009). This 
catalogue contains practices that are not equally applicable in all settings; e.g., nevertheless, 
each category offers practices applicable in a broad variety of circumstances. 
 
The best strategy for choosing among and implementing these practices is a decentralized, 
integrated one; i.e., selecting practices that fit together as a system, starting at or near sources 
and working through the landscape until management objectives are met.  This strategy makes 
maximum possible use of practices in the first three categories, which prevent stormwater 
quantity and quality problems, and then selects among the remaining classifications in relation 
to the localized and overall site conditions.  Source control and preservation of existing 
vegetation and soils obviously avoid post-development runoff quantity and pollutant increases 
from any portion of the site that can be so treated.  Among all strategies, these best maintain 
natural infiltration and ET patterns and yield of materials flowing from the site.  This preventive 
strategy is supplemented by strategies to create as little impervious cover as possible.  The 
remaining practices then contend with the excess runoff and pollutants over pre-development 
levels generated by the development. 
 

For the practices that infiltrate water, a site’s soil characteristics and depth to groundwater can 
and should be determined through infiltration rate testing and excavation to determine the 
infiltration capability. Because of the often substantial variability of conditions around a site, 
these determinations should be made at multiple points.  If the natural infiltration rate is low, 
generally < 0.5 inch/hour (< 1.25 cm/h, Geosyntec 2008), in many situations the soil can be 
amended, usually with organic compost, to apply an infiltrative practice.  
 
In addition to soil characteristics, the position of the groundwater table is a crucial determinant 
of whether or not stormwater infiltration should be promoted by applying ground-based ARCD 
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practices.  A seasonal high water table too close to the surface results in rapid saturation of a 
thin soil column and retarded infiltration.  Ponding water longer than 72 hours can permit 
mosquito growth, damage vegetation, and promote clogging of the facility by microorganism 
growths and polysaccharide organic materials that form in the reduced-oxygen environment 
accompanying excessive ponding time (Mitchell and Nevo 1964, Ronner and Wong 1996).  
Also, storm runoff flow through a short soil column or very rapidly through a coarse-textured soil 
can convey contaminants to groundwater.    
 
Evidence gathering from available performance data is that evapotranspiration (ET) can be a 
substantial factor in water retention (discussed below) but may be difficult to quantify at a given 
site without more research. A conservative approach is to design on the basis of infiltration rate, 
calculated to include consideration of soil amendments, if any.  Together with careful 
investigation of soils and hydrogeologic conditions, this means of proceeding is very likely to 
produce facilities that retain at least as much runoff as predicted, and almost certainly more as a 
result of unquantified ET. 
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Table 1.  A Catalogue of Aquatic Resources Conservation Design Practices (USEPA [2007] and NRC [2009]) 
Category Definition Examples 

Source control Minimizing pollutants or 
isolating them from 
contact with rainfall or 
runoff 

 Substituting less for more polluting products 

 Segregating, covering, containing, and/or enclosing pollutant-
generating materials, wastes, and activities 

 Avoiding or minimizing fertilizer and pesticide applications 

 Removing animal wastes deposited outdoors 

 Conserving water to reduce non-stormwater discharges 

Conservation site 
design 

Minimizing the 
generation of runoff by 
preserving open space 
and reducing the amount 
of land disturbance and 
impervious surface 

 Clustering development 

 Preserving wetlands, riparian areas, forested tracts, and porous soils 

 Reducing pavement widths (streets, sidewalks, driveways, parking lot 
aisles) 

 Reducing building footprints 

Conservation 
construction 

Retaining vegetation and 
avoiding removing 
topsoil or compacting 
soil 

 Minimizing site clearing 

 Minimizing site grading 

 Prohibiting heavy vehicles from driving anywhere unnecessary 

Runoff harvesting Capturing rainwater, 
generally from roofs, for 
a beneficial use 

 Using storage and distribution systems (rain barrels or cisterns) for 
irrigation and/or indoor supply for public and private buildings 

Natural runoff 
conveyance 
practices 

Maintaining natural 
drainage patterns (e.g., 
depressions, natural 
swales) as much as 
possible, and designing 
drainage paths to 
increase the time before 
runoff leaves the site 

 Emphasizing sheet instead of concentrated flow 

 Eliminating curb-and-gutter systems in favor of natural drainage 
systems 

 Roughening land surfaces 

 Creating long flow paths over landscaped areas 

 When flow must be concentrated, using vegetated channels with flow 
controls (e.g., check dams) 

Practices for 
temporary runoff 
storage followed by 
infiltration and/or 
evapotranspiration

a
 

Use of soil pore space 
and vegetative tissue to 
increase the opportunity 
for runoff to percolate to 
groundwater or vaporize 
to the atmosphere 

 Bioretention cells (rain garden) 

 Vegetated swales (channel flow) 

 Vegetated filter strips (sheet flow) 

 Planter boxes 

 Tree pits 

 Infiltration basins 

 Infiltration trenches 

 Roof downspout surface or subsurface dispersal 

 Permeable pavement 

 Vegetated (green) roofs 

ARCD 
landscaping

b
 

Soil amendment and/or 
plant selection to 
increase storage, 
infiltration, and 
evapotranspiration 

 Organic compost soil amendments 

 Native, drought-tolerant plantings 

 Reforestation 

 Turf conversion to meadow, shrubs, and/or trees 
a
 Some of these practices are also conventional stormwater BMPs but are ARCD practices when ARCD landscaping 

methods are employed as necessary to maximize storage, infiltration, and evapotranspiration.  The first five examples can 
be constructed with an impermeable liner and an underdrain connection to a storm sewer, if full retention is technically 
infeasible (see further discussion later). Vegetated roofs store and evapotranspire water but offer no infiltration opportunity, 
unless their discharge is directed to a secondary, ground-based facility. 
b
 Selection of landscaping methods depends on the ARCD practice to which it applies and the stormwater management 

objectives, but amending soils unless they are highly infiltrative and planting several vegetation canopy layers (e.g., 
herbaceous growth, shrubs, and trees) are generally conducive to increasing storage, infiltration, and evapotranspiration. 
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Application of ARCD Practices in This Study 
 
The investigation performed for this study first assessed the capacity of each case study site to 
infiltrate the full average annual post-development storm runoff volume and thereby reduce 
pollutant releases to zero.  The report terms this initial evaluation as the “Basic ARCD Analysis”.  
The means of infiltration was not distinguished at this level of analysis.  For example, it was not 
specified if runoff would be distributed in sheet flow across a pervious area or channeled into a 
rain garden.  As detailed later in the Methods of Analysis section, this analysis was limited to the 
estimated infiltration capacity of the case study soil type, possibly compost-amended, and the 
available pervious area.   
 
Critically, there was no attempt to estimate the loss of surface runoff through ET in the Basic 
ARCD analysis (ET is considered, to address rooftop runoff only, as part of our “Full ARCD 
analysis,” discussed below).  In general, the estimated mean annual evapotranspiration in the 
Southeast is about 70 percent of the precipitation, or roughly 35 inches per year.  For large 
areas of the Southwest, evapotranspiration is virtually equal to 100 percent of the precipitation, 
which is only about 10 inches per year. The ratio of estimated mean annual evapotranspiration 
to precipitation is least in the mountains of the Pacific Northwest and New England where 
evapotranspiration is about 40 percent of the precipitation (Hanson, 1991).  By leaving out these 
substantial losses, generally 40 percent of precipitation or more, the retention estimates in this 
study can be considered quite conservative. 
 
Additionally, there was no consideration of many ARCD practices in the Table 1 catalogue that 
could be applied in site-specific design.  For example, there were no refinements of the 
prevailing building standards to reduce street widths or cluster buildings and reduce their 
footprints.  Further, green roofs were not considered in this study, although they are already 
making a contribution to runoff reduction around the nation and reflect a significant additional 
opportunity to retain runoff on-site.  The U.S. EPA has stated that “a 3.5-4 in. (8 -10 cm) deep 
green roof can retain 50% or more of the annual precipitation.” (U.S. EPA, 2009a). For water 
quality, we did not assume any source control implementation.  Thus, actual site design could 
take advantage of substantial additional capabilities not considered in this study. 
 
In cases where the practices incorporated in the initial level of analysis (infiltration through 
bioretention) did not, according to the estimates, fully attenuate post-development pollutant 
discharges, specific attention was directed at ways of extracting additional water from surface 
discharge by managing roof runoff.  This assessment is called the “Full ARCD Analysis” in the 
report.  The options broadly divide into harvesting water for a purpose such as irrigation and/or 
non-potable indoor supply, or making special provisions to infiltrate or evapotranspire roof runoff 
even if soil conditions are limiting.  Harvesting applies best to relatively large developments 
having sufficient demand for the collected water.  While single-family residences can harvest 
water into rain barrels or cisterns for lawn and garden watering, these containers may be small 
in volume relative to runoff production; and though opportunity exists, no credit was taken for 
them in this study.  However, even in poorly infiltrating soils, options exist to disperse house roof 
runoff as sheet flow for storage in vegetation and soil until evapotranspiration and some 
infiltration occurs. 

RB-AR9112



8 

 

CASE STUDIES 
 
CLIMATE REGIONS 
 
Basis of Selection 
 
The Nationwide Urban Runoff Project divided the nation into nine regions based on differences 
in volume, intensity, and duration of precipitation and interval between precipitation events 
(USEPA 1983).  For broad representation of the U.S. generally this study chose regions 1 
(Northeast-Upper Midwest), 3 (Southeast), 5 (South Central), and 6 (Southwest) for analysis.  
Table 2 provides the annual precipitation statistics from the NURP compilation. 
 
Table 2.  Precipitation Statistics (Means) for Four NURP Regions Selected for Study (USEPA 
1983) 

Region Volume (inch) Intensity (inch/hour) Duration (hours) Interval (hours) 

1—Northeast-Upper Midwest 0.26 0.051 5.8 73 

3—Southeast 0.49 0.102 5.2 89 

5—South Central 0.33 0.080 4.0 108 

6—Southwest 0.17 0.045 3.6 277 

 
The selected regions represent a volume differential of about a factor of three, intensity variation 
of approximately two times, and inter-storm interval varying by almost four times.  The NURP 
report shows coefficients of variation (mean/standard deviation) of greater than 1.0 for all of 
these means, indicating an overall high degree of dispersion. 
 
Figure 1 visually depicts variation in mean annual precipitation across the continental United 
States.  It shows that the selected regions are overall representative of the broadly prevailing 
range across the nation, particularly its major urban and still urbanizing areas. 
 
Region 7 (Pacific Northwest) was also identified for discussion of research results on ARCD, 
although not full analysis.  It has less intense (mean 0.024 inch/hour) but much more extended 
(mean 20.0 hours) precipitation compared to any other region in the nation.  Mean storm 
volume ranks with region 3 (mean 0.48 inch); but fewer storms, especially in the summer, yield 
overall less total annual precipitation in lowland areas holding all urban development in region 7.  
It was of interest because of the already occurring use of ARCD techniques in a relatively rainy 
part of the country. 
 
Representative Metropolitan Areas and Cities 
 
Once the regions were identified, a metropolitan area within each area was chosen as a basis 
for assigning specific precipitation and development characteristics.  The areas considered 
were USEPA-designated Urban Areas: “An urbanized area is a land area comprising one or 
more places – central place(s) – and the adjacent densely settled surrounding area – urban 
fringe – that together have a residential population of at least 50,000 and an overall population 
density of at least 1,000 people per square mile” (USEPA 2007).  Stormwater regulations would 
have the most impact in areas that are being quickly developed, redeveloped, or both.  Five of 
the twenty fastest growing counties in the nation from 2000 to 2009 were near Atlanta, GA and 
five were in the state of Texas (U.S. Census Bureau 2010).  These statistics factored into the 
decision to focus on records from these regions.   
 
Each selected metropolitan area is generally representative of its region in precipitation and 
development characteristics.  Each is also undergoing relatively active new development and 
redevelopment, offering candidate locations where a prospective stormwater standard would 
frequently be applied.  These metropolitan areas are:  region 1—Boston, MA, region 3—Atlanta, 
GA, region 5—Austin, TX, and region 6—San Diego, CA 
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Figure 1.  Precipitation of the Conterminous States of the United States, National Atlas of the 
United States, 2011. 
 
Finally, a city with a high rate of development (and often redevelopment) was picked in each 
metropolitan area for investigation of building patterns and standards.  The intent was to match 
regional patterns of climate, soils (see discussion on physiographic data, below), and land use 
and land cover realistically.  After substantial investigation, the conclusion was that building 
standards, how land is used, and the relative allocation of impervious and pervious lands do not 
vary in any systematic way across the nation and cannot be regionally distinguished.  
Therefore, the variables of interest came down to precipitation and soils. 
 
Alpharetta, about 30 miles north of Atlanta, represents that metropolitan area.  In 1981 it was a 
small town of approximately 3,000 residents but grew to 51,243 by 2007.  During the workday, 
the city swells to more than 120,000 residents, workers, and visitors.  Alpharetta is home to 
large corporations such as AT&T (3500 employees), Verizon Wireless (3000 employees), and 
ADP, Inc./National Account Services (2100 employees).  Infill redevelopment projects are 
anticipated in the downtown area (City of Alpharetta, 2011). 
 
Round Rock is a typical developing city located 15 miles to the north of Austin, TX.  In 1970 
there were only 2,700 residents in this town, while today the population exceeds 100,000.  
Round Rock is the eighth-fastest growing city in the nation and the location of several large 
corporate campuses. 
 
The Town of Framingham, 20 miles west of Boston, represents the northeastern climate zone. 
At nearly 67,000 inhabitants, Framingham is the largest entity designated as a “town” in the 
Commonwealth of Massachusetts.  It is home to three large corporations and overall 2200 
businesses providing 45,000 jobs.  Differing greatly from the representative communities in 
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other regions, Framingham was incorporated in 1700 and developed early in the nation’s 
history.  Today’s activity includes redevelopment of brownfields and downtown revitalization, 
although some agricultural land still remains within the town limits (Town of Framingham, 2011). 
 
San Marcos, representing the San Diego area and located about 35 miles north of the city, grew 
from a population of 17,479 in 1980 to 82,743 by 2008.  Major institutions in the city include 
California State University San Marcos and Palomar Community College.  At this stage the city 
is only approximately 72 percent built out, and thus new development continues (City of San 
Marcos, 2011). 
 
Precipitation Data 
 
Average monthly precipitation data were obtained from the NOAA Hourly Precipitation Data 
Rainfall Event Statistics

5
 for one station with a long-term record in each region:  Southeast—

Atlanta/Hartsfield International Airport (Station #90451), South Central—Austin/Robert Mueller 
Municipal Airport (410428), Northeast—Boston/Logan International Airport (190770), and 
Southwest—San Diego/San Diego International Airport (Lindbergh Field) (47740).  Atlanta 
receives the most precipitation, averaging about 49 inches per year, followed by Boston (47 
inches/year), Austin (33 inches/year), and San Diego (10 inches/year).  Figure 2 depicts 
precipitation variations over more than 50 years. 
 
Values for either the 85

th
 and 95

th
 percentile, 24-hour storms were available in a number of 

state-specific resources, including the Georgia Stormwater Standards Supplement (Center for 
Watershed Protection 2009) and the Integrated Stormwater Management Program (North 
Central Texas Council of Governments 2010), as well as national publications such as an 
USEPA’s technical guidance documents (USEPA 2009).  However, few references had values 
for both 85

th
 and 95

th
 percentile storms.  Therefore, these values were calculated following the 

methodology outlined in the USEPA’s Technical Guidance on Implementing the Stormwater 
Runoff Requirements (USEPA 2009, page 30).  Daily precipitation and temperature data from 
the National Climatic Data Center’s TD Summary of the Day data set were collected and 
analyzed for the four stations lover a time period of 60 years, January 1, 1950 to January, 31 
2010. 

                                                 
5
 National Climatic Data Center, Hourly Precipitation Data Rainfall Event Statistics 

(http://cdo.ncdc.noaa.gov/cgi-bin/HPD/HPDStats.pl, last accessed December 15, 2011). 
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Figure 2.  Average Annual Precipitation for Four Climate Regions over the Latter Part of the 
Twentieth Century (from NOAA Hourly Precipitation Data Rainfall Event Statistics, 
http://cdo.ncdc.noaa.gov/cgi-bin/HPD/HPDStats.pl) 
 
For snowfall days, snow water equivalent (SWE) was calculated according to the guidelines 
provided by a National Climate Data Center’s (NCDC) document, Estimating the Water 
Equivalent of Snow, utilizing the reported mean temperature for the day (National Climatic Data 
Center, accessed December 16, 2011).  The NCDC tables calculate that the SWE is at most, 
about 10 percent of the total snowfall depth.  In the methodology for determining the 85

th
 and 

95
th
 percentile events, all days with < 0.1 inch precipitation are removed, lowering the impact of 

snow on the results.  Snowfall had no effect in the Southwest region, a very minor effect in the 
Southeast and South Central, and still a relatively small effect in the Northeast, as follows:  San 
Diego—0 snow days; Atlanta—74 of 4600 total days having ≥ 0.1 inch (1.6 percent), with a 
contribution ranging 0.01-0.79 inch precipitation; Austin—32 of 2418 days (1.3 percent), 
contributing 0.01-0.50 inch; and Boston—993 of 4783 days (20.8 percent), contributing 0.01-
2.24 inch.  Since snow does add to runoff that must be managed in a location like the 
Northeast, these snow water equivalents were left in the records.  Table 3 summarizes 
precipitation data used in the analyses for the four regions. 
 
Table 3.  Precipitation Summary for Study Regions 

Region Average Annual Precipitation (inches) 

85
th

 Percentile, 
24-Hour Event 

95
th

 Percentile, 
24-Hour Event 

Depth 
(inch)

a 
Fraction 
Covered

b
 

Depth 
(inch)

a
 

Fraction 
Covered

b
 

Southeast 49.02 1.13 0.63 1.79 0.87 

South Central 32.67 1.19 0.58 1.99 0.82 

Northeast 47.03 1.07 0.81 1.72 0.89 

Southwest 9.68 0.76 0.62 1.26 0.83 

 
a
 Calculated from National Climatic Data Center’s TD Summary of the Day, for all precipitation days >0.1 

inch for period January 1, 1950 – December 31, 2009  
b
 Fraction of total annual precipitation covered by event standard 
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Physiographic Data 
 
General Methods 
 
This section of the report covers the soils, groundwater, and topographic data underlying the 
analyses.  Soil characteristics are largely a product of climate, geology and topography.  The 
characteristics of most interest for this study were those controlling infiltration of surface water 
and percolation to an aquifer.  Although there is variation within each climate region, the major 
soil orders can be used to identify regional characteristics.  The Natural Resources 
Conservation Service (NRCS) website

6
 describing the major soil orders and their locations was 

the initial source of these data.  Maps generated by Miller and White (1998) gave information 
from the State Soil Geographic Database (STATSGO), including characteristics such as soil 
texture and hydrologic soil group.  These resources were employed to gain a broad view of the 
soils in each of the four regions. 
 
To extend the scope of the study, soils were investigated in the Upper Midwest, in addition to 
the Southeast, South Central, Northeast, and Southwest climate regions.  Upper Midwest and 
Northeast soils share general similarities.  Both regions also have temperate, seasonal, humid 
climates.  While average annual precipitation is overall somewhat greater in the Northeast 
compared to the Upper Midwest, the two regions were deemed similar enough 
physiographically and climatologically to be considered together.  This report henceforth groups 
them as the Northeast – Upper Midwest climate region. 
 
To validate the regional patterns emerging from the general sources, custom “soil resource” 
reports for four cities were generated using the NRCS Web Soil Survey

7
 tool.  These reports 

collected characteristics related to infiltration rates and runoff including soil texture, hydrologic 
soil group, drainage classification, representative slope, and depth to water table.  Using this 
tool requires selecting an “area of interest”.  This examination utilized a size of at least 8,000 
acres (10,000 acres is the maximum allowed) to insure a representative sample of soil and 
related conditions. 
 
Hydrologic soil group assignment is a means of generally categorizing soils according to their 
tendency to admit and transmit water.  The hydrologic soil group (HSG) is determined with 
respect to the water-transmitting soil layer with the lowest saturated hydraulic conductivity and 
depth to any layer that is more or less water impermeable (such as a fragipan or duripan) or 
depth to a water table.  Box 1 summarizes the characteristics of the four HSGs (NRCS 2007).  
 
The position of the groundwater table is a crucial determinant of whether or not stormwater 
infiltration should be promoted by applying ground-based ARCD practices.  A seasonal high 
water table too close to the surface results in rapid saturation of a thin soil column and retarded 
infiltration.  Ponding water longer than 72 hours can permit mosquito growth, damage 
vegetation, and promote clogging of the facility by microorganism growths and polysaccharide 
organic materials that form in the reduced-oxygen environment accompanying excessive 
ponding time (Mitchell and Nevo 1964, Ronner and Wong 1996).  Also, storm runoff flow 
through a short soil column or very rapidly through a coarse-textured soil can potentially convey 
contaminants to groundwater.  To avoid entertaining stormwater management strategies 
threatening development of these problems, data on depth to groundwater was obtained from 
the U.S. Geological Survey’s (USGS) Groundwater-Level Annual Statistics (USGS 2011). 

                                                 
6
 Natural Resources Conservation Service, Distribution Maps of Dominant Soil Orders 

(http://soils.usda.gov/technical/classification/orders/, last accessed December 16, 2011). 
 
7
 Natural Resources Conservation Service, 2011, Web Soil Survey 

(http://websoilsurvey.nrcs.usda.gov/app/HomePage.htm). 
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Topographic slope influences runoff production by setting incident precipitation in motion 
downslope, thus producing a horizontal component of velocity vector partially counteracting the 
tendency to penetrate the soil vertically.  This study investigated that importance of that effect 
by considering two slopes typical of urban development sites.  As discussed during the 
presentation of results, below, this factor did not have a large effect on the analysis. 
 
Box 1.  Summary of Hydrologic Soil Groups (NRCS 2007) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
a
 While Group A soils are present across large areas of the country, our analysis considers only Group B, 

C, and D soils to provide a conservative assessment of infiltration potential in urban areas, and to account 
for potential issues such as soil compaction that may occur for lawn and other landscaping in urban and 
suburban development. 
 
 
 

Group A—Soils in this group have low runoff potential when thoroughly wet.  Water is transmitted 

freely through the soil.  Group A soils typically have less than 10 percent clay and more than 90 
percent sand or gravel and have gravel or sand textures.  Some soils having loamy sand, sandy 
loam, loam or silt loam textures may be placed in this group if they are well aggregated, of low bulk 
density, or contain greater than 35 percent rock fragments.  The saturated hydraulic conductivity of 
all soil layers exceeds 5.67 inches per hour.  The depth to any water-impermeable layer is greater 
than 20 inches. The depth to the water table is greater than 24 inches.  Soils deeper than 40 inches 
to a water-impermeable layer are in group A if the saturated hydraulic conductivity of all soil layers 
within 40 inches of the surface exceeds 1.42 inch per hour.

a 

 
Group B—Soils in this group have moderately low runoff potential when thoroughly wet.  Water 

transmission through the soil is unimpeded.  Group B soils typically have between 10 percent and 20 
percent clay and 50 percent to 90 percent sand and have loamy sand or sandy loam textures.  Some 
soils having loam, silt loam, silt, or sandy clay loam textures may be placed in this group if they are 
well aggregated, of low bulk density, or contain greater than 35 percent rock fragments.  The 
saturated hydraulic conductivity in the least transmissive layer between the surface and 20 inches 
ranges from 10.0 1.42 to 5.67 inches per hour.  The depth to any water-impermeable layer is greater 
than 20 inches.  The depth to the water table is greater than 24 inches.  Soils deeper than 40 inches 
to a water- impermeable layer or water table are in group B if the saturated hydraulic conductivity of 
all soil layers within 40 inches of the surface exceeds 0.57 inch per hour but is less than 1.42 inch 
per hour. 
 
Group C—Soils in this group have moderately high runoff potential when thoroughly wet.  Water 

transmission through the soil is somewhat restricted.  Group C soils typically have between 20 
percent and 40 percent clay and less than 50 percent sand and have loam, silt loam, sandy clay 
loam, clay loam, and silty clay loam textures.  Some soils having clay, silty clay, or sandy clay 
textures may be placed in this group if they are well aggregated, of low bulk density, or contain 
greater than 35 percent rock fragments.  The saturated hydraulic conductivity in the least 
transmissive layer between the surface and 20 inches is between 0.14 and 1.42 inch per hour.  The 
depth to any water-impermeable layer is greater than 20 inches.  The depth to the water table is 
greater than 24 inches.  Soils deeper than 40 inches to a restriction or water table are in group C if 
the saturated hydraulic conductivity of all soil layers within 40 inches of the surface exceeds 0.06 
inch per hour but is less than 0.57 inch per hour. 
 
Group D—Soils in this group have high runoff potential when thoroughly wet. Water movement 

through the soil is restricted or very restricted.  Group D soils typically have greater than 40 percent 
clay, less than 50 percent sand, and have clayey textures.  In some areas, they also have high 
shrink-swell potential.  All soils with a depth to a water-impermeable layer less than 20 inches and all 
soils with a water table within 24 inches of the surface are in this group, although some may have a 
dual classification if they can be adequately drained.  For soils with a water-impermeable layer at a 
depth between 20 and 40 inches, the saturated hydraulic conductivity in the least transmissive soil 
layer is less than or equal to 0.14 inch per hour.  For soils deeper than 40 inches to a restriction or 
water table, the saturated hydraulic conductivity of all soil layers within 40 inches of the surface is 
less than or equal to 0.06 inch per hour. 
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Southeast Climate Region 
 
The major soil order found throughout the southeastern United States is Utisols, sub-order 
Udults.  The humid climate with frequent rainfall gives the soils an udic moisture regime; soils 
are rarely dry for more than 45 consecutive days.  Utisols are highly weathered and are 
deficient in calcium and other bases.  Georgia is known for its red soils, which are the 
unhydrated iron oxides left in the weathered material.  Pre-European contact, these soils 
supported mixed conifer and deciduous woodlands.  Due to its relatively flat topography and 
warmer temperatures, Florida has primarily Spodosols, Alphisols and Histosols (Soil Survey 
Staff, NRCS 2011). 
 
This region has a variety of soil textures, ranging from sand and sandy loam throughout 
Mississippi, Alabama, and Georgia; silty loam soils near the Appalachian Mountains; and some 
areas with significant organic materials in Florida.  The major soil hydrologic groups of the 
region are varied as well, with C and D soils dominating the Georgia coastline and most of 
Florida. Group A and B soils are more prevalent in the interior parts of the region, in central 
Georgia and Alabama (Miller and White 1998).  
 
A NRCS web soil survey was conducted for an area of interest (AOI) centered in Alpharetta, 
GA.  The selected AOI did not have complete soil survey coverage, and findings were 
compared with another AOI of 8990.5 acres north of the city in Fulton County.  In both AOIs, the 
leading HSG is B (86 percent of AOI), followed by group C (11 percent of AOI).  Approximately 
97 percent of the AOI has a sandy loam soil texture.  The leading drainage classification was 
well drained (86 percent of AOI), followed by somewhat poorly drained (10 percent of AOI).  The 
selected AOI was moderately steep, with approximately 70 percent of the AOI having slopes 
between 8 and 12 percent. 
 
Fulton County, Georgia has four wells in the USGS record, three with depth-to-groundwater 
data.  Two wells have only one recorded depth:  site 08CC08 had a depth of 2.447 ft in 1986, 
and site 10DD01 had a depth of 16.131 ft in 1968.  Site 10DD02 has been monitored annually 
from 1977-2010 and has an annual well-depth average in this time period of 6.292 ft.  
 
South Central Climate Region 
 
The major soil order in Texas is Mollisols, sub-order ustolls.  These soils span the sub-humid 
and semiarid climate zones, and are common on the western Great Plains and throughout the 
Rocky Mountain States.  These soils originally supported grasslands and (in mountainous 
regions) forests, and now are ranched or farmed.  Houston black soils are also characteristic of 
the region and are important in agriculture and urban areas, occurring throughout central Texas.  
Dry soils in the Order Aridisols, sub-orders Argids and Calcids, are found in west Texas and 
large portions of New Mexico as well.  These soils were formerly sparsely vegetated areas, now 
used for rangeland or wildlife habitat (Soil Survey Staff, NRCS 2011).  
 
Soil characteristic maps generated by Miller & White (1998) indicate that the majority of soil 
types in the South Central climate region are diverse: sandy loam and clay dominate eastern 
Texas, clay soils are prevalent in central parts of the state and loam soils are in western Texas 
and New Mexico. Most soils tend to be in the C and D hydrologic groups, however B soils are 
found in bands in New Mexico (Miller & White, 1998). 
 
A web soil survey was conducted for an area of interest of 8267.5 acres centered in Round 
Rock, TX. The leading HSG is D (68 percent of AOI), followed by group C (22 percent of AOI) 
and group B (10 percent).  Primary soil textures are clay (33 percent), silty clay (27 percent), 
extremely stony clay (17 percent), and silty clay loam (10 percent).  The leading drainage 
classification is well drained (79 percent of AOI) followed by moderately well drained (21 
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percent).  The selected AOI is relatively flat; approximately 70 percent of the AOI has slopes 
under 2 percent, and 20 percent has slopes of 3-4 percent.  
 
Travis County, Texas had three wells that were measured in 2003 and recorded by USGS (site 
YD-58-50-216) and 2004 (sites YD-58-50-216 and YD-58-25-907).  Groundwater is very deep in 
each location, averaging 220 ft below the ground surface.  
 
Northeast – Upper Midwest Climate Region 
 
This climate region has significant variation in dominant soil orders.  The Spodsols order, sub-
order Orthods, dominates the northern portions (northern Minnesota, Wisconsin, Michigan, 
Vermont, and Maine) and is generally considered infertile without soil amendments.  Inceptisols, 
sub-order Udepts, are also prevalent in the region, especially in New England states, through 
the Appalachian Mountains and northeastern Minnesota.  Alfisols, sub-order Udalfs, too are 
prevalent in the region, extending from Minnesota east to New York.  These two soils both have 
an udic moisture regime, and are rarely dry for more than 45 consecutive days due to the year-
round precipitation in the area (Soil Survey Staff, NRCS 2011).  The state soil of Massachusetts 
is the Paxton fine sandy loam and also extends into New Hampshire, New York and Vermont.  
These deep soils were formed in acid subglacial till and are derived from schist, gneiss and 
granite (NRCS undated).  
 
Based on maps generated by Miller and White (1998), sandy loam and silt loam soils tend to 
dominate the region, with small areas of clay and silty clay soils.  Hydrologic soil group B is 
most prevalent in the Midwestern states (Minnesota, Wisconsin, Illinois), and Group C is most 
common in the rest of the region, spanning from Indiana to Maine.  The region primarily 
supported forest ecosystems before development. 
 
A web soil survey was conducted for an area of interest centered in Framingham, MA with an 
AOI of 8645.6 acres. The region has relatively equal amounts of each HSG:  20 percent of the 
AOI in Group A, 19 percent in group B, 20 percent in Group C, and 24 percent in Group D.  Soil 
textures represented are fine sandy loam (49 percent), muck (10 percent), loamy sand (9 
percent), and moderately decomposed plant material (8 percent).  The leading drainage 
classification is well drained (32 percent of AOI) followed by very poorly drained (16 percent), 
somewhat excessively drained (12 percent), and moderately well drained (11 percent).  
Fourteen percent of the AOI has slopes of 1 percent or less, with 18 percent at 2-5 percent, 23 
percent at 6-8 percent, and another 23 percent at 8-12 percent slopes.  
 
There are three wells in the USGS record for Middlesex County, MA including 5 years of record 
for an Acton well averaging 17.75 ft, 6 years for the Wakefield well with an average depth of 
6.59 ft, and 11 years at the Wilmington well with an average of 8.09 ft. 
 
Southwest Climate Region 
 
There are multiple soil orders in California due to its variation in climate, topography and 
geologic history.  Entisols occur in the southern parts of the state; sub-order Psamments is a 
frequently found sandy soil that makes productive rangeland.  Order Mollisols, sub-order 
Xerolls, are freely drained and dry soils found in the Mediterranean climate along the coast of 
California.  Pre-settlement ecosystems supported by these soils include oak savanna, 
grasslands, and chaparral.  Current soils may be used as cropland or rangeland (Soil Survey 
Staff, NRCS 2011).     
 
A web soil survey was conducted for an 8267.5-acre area of interest centered in San Marcos, 
CA. The leading HSG is D (58 percent of AOI), followed by group C (26 percent) and group B 
(14 percent).  Soil texture include sandy loam (19 percent), coarse sandy loam (17 percent), silt 
loam (15 percent), very fine sandy loam (14 percent), loamy fine sand (12 percent), loam (7 
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percent), and clay (5 percent).  The leading drainage classification is well drained (51 percent of 
AOI), followed by moderately well drained (34 percent).  Approximately 10 percent of the AOI 
has slopes ≤ 5 percent, and 66 percent has slopes of 5-10 percent. 
 
There are no groundwater records for San Diego County available on the USGS website.  Data 
were collected from the California Department of Water Resource Water Data Library

8
.  Ten 

wells west of San Marcos near Escondido were sampled in 1987.  The depth to groundwater 
ranged from 2.0 to 28.1 ft for an average of 11.6 ft.  
 
Summary of Physiographic Characteristics 
 
Due to the large area of land encompassed in each climate region, it is difficult to select one 
location that is truly “representative” of the entire region.  By selecting four cities that are spaced 
throughout the country with different climate and soil characteristics, however, this study can 
demonstrate the different potential for ARCD strategies in regions around the nation.  Table 4 
summarizes the major soils, groundwater, and topographic characteristics for these regions.  
Figure 3 shows the distributions of hydrologic soil groups in areas of interest investigated in the 
four metropolitan areas.  
 
Table 4.  Summary of Physiographic Data 

Characteristic Southeast 
South 

Central 
Northeast – 

Upper Midwest 
Southwest 

Main soil types 
Sandy loam 

Clay, clay 
loam 

Sandy loam, silt 
loam 

Sandy loam, 
loam 

Hydrologic soil group near study 
site 

B 
(GA, AL, SC) 

D 
(TX) 

C 
(Northeastern 

states) 
D 

Other hydrologic soil group in 
climate region 

D 
(FL) 

C 
(NM) 

B 
(MN, WI, IL, MI) 

C 

Predominant pre-development land 
cover 

Woods 
Semi-arid 

herbaceous 
Woods 

Narrow-leaved 
chaparral 

Predominant slopes 70% @ 8-
12% 

90% < 4% 65% < 12% 76% < 10% 

 
LAND USE CASES 
 
Five cases were selected to represent a range of urban development types considered to be 
representative of the nation.  These cases involved:  a multi-family residential complex (MFR), a 
relatively small-scale (23 homes) single-family residential development (Sm-SFR), a relatively 
large (1000 homes) single-family residential development (Lg-SFR), a sizeable commercial 
retail installation (COMM), and an urban redevelopment (REDEV).  
 
Building permit records from the City of San Marcos in San Diego County, California provided 
data on total site areas for the first three cases, including numbers of buildings, building footprint 
areas (including porch and garage for Sm-SFR), and numbers of parking spaces associated 
with the development projects.  Information was not as complete for cities in other regions, but 
what data was available indicated no substantial difference in these site features.  Therefore, 
the San Marcos data were used for all regional case studies.  This uniformity had the advantage 
of placing comparisons completely on the basis of the major variables of interest, climatological 
and soils characteristics. 
 
 

                                                 
8 

http://www.water.ca.gov/waterdatalibrary (last accessed December 16, 2011). 
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Figure 3.  Distribution of Hydrologic Soil Groups in Four Study Cities 
 
The REDEV case was taken from an actual project in Berkeley, California involving conversion 
of an existing structure, built originally as a corner grocery store, to apartments and addition of a 
new building to create a nine-unit, mixed-use, urban infill project.  Space remained for a large 
side yard. 
 
Larger developments were not represented in the sampling of building permits from the San 
Marcos database.  To take larger development projects into account in the subsequent analysis, 
the two larger scale cases were hypothesized.  The Lg-SFR scenario scaled up all land use 
estimates from the Sm-SFR case in the ratio of 1000:23.  The hypothetical COMM scenario 
consisted of a building with a 2-acre footprint and 500 parking spaces.  As with the smaller-
scale cases, these hypothetical developments were assumed to have roadways, walkways, and 
landscaping, as described below. 
 
While the building permit records made no reference to features such as roadways, walkways, 
and landscaping normally associated with development projects, these features were taken into 
account in the case studies using assumptions described herein.  Parking spaces were 
estimated to be 176 square ft in area, which corresponds to 8 ft width by 22 ft length 
dimensions.  Code requirements vary by jurisdiction, with the tendency now to drop below the 
traditional 200 square ft average.  About 180 square ft is common, but various standards for full- 
and compact-car spaces, and for the mix of the two, can raise or lower the average (Gibbons, 
2009).  The 176 square ft size is considered to be a reasonable value for conventional practice. 
 
Roadways and walkways assume a wide variety of patterns.  Exclusive of the two SFR cases, 
simple, square parking lots with roadways around the four sides and square buildings with 
walkways also around the four sides were assumed.  Roadways and walkways were taken to 
be 20 ft and 6 ft wide, respectively. 
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Each single-family residences (SFR) was assumed to have a lot area of 5749 square ft,, and a 
driveway 20 ft wide and 30 ft long.  Assuming a square lot, each would have a sidewalk 76 feet 
by 4 feet wide, and a walkway that is 40 feet by 4 feet.  .   
 
Exclusive of the COMM case, the total area for all of these impervious features was subtracted 
from the total site area to estimate the pervious area, which was assumed to have conventional 
landscaping cover (grass, small herbaceous decorative plants, bushes, and a few trees).  For 
the COMM scenario, an additional 10 percent was added to the building, parking lot, access 
road, and walkway area to represent the landscaping, on the belief that a typical retail 
commercial establishment would be mostly impervious. 
 
Table 5 summarizes the characteristics of the five land use cases.  The table also provides the 
recorded or estimated areas in each land use and cover type. 
 
Table 5.  Summary of Cases  with Land Use and Land Cover Areas 

 MFR
a
 Sm-SFR

a
 Lg-SFR

a
 COMM

a
 REDEV

a
 

No. buildings 11 23 1000 1 2 

Total area (ft
2
) 476,982 132,227 5,749,000 226,529 5,451 

Roof area (ft
2
) 184,338 34,949 1,519,522 87,120 3,435 

No. parking spacesb 438 - - 500 2 

Parking area (ft
2
) b 77,088 - - 88,000 316 

Access road area (ft
2
) 22,212 - - 23,732 - 

Walkway area (ft
2
) 33,960 10,656 463,289 7,084 350 

Driveway area (ft
2
) - 13,800 600,000 - 650 

Landscape area (ft
2
) 159,384 72,822 3,166,190 20,594 700 

a
 MFR—multi-family residential; Sm-SFR—small-scale single-family residential; Lg-SFR—large-scale 

single-family residential; COMM—retail commercial; REDEV—redevelopment 
b
 Uncovered 
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METHODS OF ANALYSIS 
 

AVERAGE EVENT AND ANNUAL STORMWATER RUNOFF VOLUMES 
 
Calculation Methods 
 
Surface runoff volumes produced were estimated for both pre- and post-development conditions 
for each case study.  The pre-development state was considered to be the predominant land 
cover for each region prior to European settlement. 
 
For impervious areas, average event and annual runoff volumes were computed as the product 
of event or average annual precipitation, contributing drainage area, and a runoff coefficient 
(ratio of runoff produced to precipitation received) according to the familiar Rational Method 
equation.  The runoff coefficient was determined from the equation C = (0.009) I + 0.05, where I 
is the impervious percentage.  This equation was derived by Schueler (1987) from Nationwide 
Urban Runoff Program data (USEPA 1983).  With I = 100 percent for fully impervious surfaces, 
C is 0.95. 
 
The basis for pervious area runoff coefficients, for both the pre-development state and 
landscaped areas in developments, was the NRCS’s Urban Hydrology for Small Watersheds 
(NRCS 1986, as revised from the original 1975 edition).  This model estimates storm event 
runoff (R, inch) as a function of precipitation (P, inch) and a variable representing land cover 
and soil, termed the curve number (CN, dimensionless).  CN enters the calculation via a 
variable S, which is the potential maximum soil moisture retention after runoff begins. The 
equations for English units of measurement are: 
 

 
 
The runoff equation is valid for P > 0.2S, which represents the initial abstraction, the amount of 
water retained before runoff begins by vegetative interception and infiltration (NRCS 1986).  
According to this model, larger events are forecast to produce a greater amount of runoff in 
relation to amount of precipitation, because they more fully saturate the soil.  Therefore, use of 
the model to estimate annual runoff requires selecting some event or group of events to 
compute an average runoff coefficient representing the year. 
 
Average pre- and post-development pervious area average runoff coefficients were derived by 
computing runoff from a series of precipitation events ranging from 0.1 inch up to the 95

th
 

percentile, 24-hour event for the respective metropolitan areas, dividing by the associated 
precipitation, and averaging for all event amounts > 0.2S.  Average annual runoff volumes for 
pervious areas were estimated based on these runoff coefficients and average annual 
precipitation quantities recorded at the respective gauging locations. 
 
Curve Number Selection 
 
Pre-development curve numbers were determined from existing studies and NRCS (1986) CN 
tables based on pre-European settlement land cover.  Before development, woods 
predominated in Georgia and Massachusetts.  Pre-development Texas had principally arid and 
semi-arid range with herbaceous cover.  Chaparral was the predominant land cover in the San 
Diego area, however, this land cover type is not listed in the NRCS tables.  For that region the 
selection came from a study by Easterbrook (undated) on curve numbers and associated soil 
hydrologic groups in an investigation of mainly chaparral lands before and after wildfires in the 
San Diego area. 
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Conversion to landscaping typical of development modifies soil and water infiltration 
characteristics by removing topsoil and even subsoil, compacting the remaining soil, and 
changing the vegetative cover.  For pervious landscaping after development, CN was based on 
1/8-acre urban development for all building types.   
 
To demonstrate a range of results, runoff estimates were made for two soils in each region 
falling in B and C, B and D, or C and D HSGs.   The more infiltrative soil was assumed to be in 
“good” condition and the less permeable one in “poor” condition, differentiations made in the 
NRCS tables.  Table 6 summarizes the curve numbers used in the analyses.  The paragraphs 
following the table detail how the selections were made for each region. 
 
Table 6.  Summary of Curve Numbers for Study Regions 
 

Southeast South Central 
Northeast – 

Upper Midwest 
Southwest 

Hydrologic soil group-
condition 

B-
good 

D-
poor 

C-
good 

D-
poor 

B-
good 

C-
poor 

C-
good 

D-
poor 

Pre-development 55 83 74 93 55 77 77 90 

Post-development 85 92 90 93 85 90 91 93 

 
The Georgia Stormwater Manual Supplement recommends that watershed managers select 
curve numbers proposed by the NRCS based on hydrologic soil groups A through D and 
hydrologic condition of the site (Center for Watershed Protection 2009).  As aforementioned, the 
pre-European land cover of the southeastern United States was forested.  A study by Dyke 
(2001) in Forsyth and Hall Counties northeast of Atlanta confirmed that, immediately prior to 
development, approximately 50 percent of urban lands were forested, with 22 percent in 
agricultural use.   
 
Because the region includes B soils in the interior of Alabama and Georgia, and poorly draining 
D soils in Florida and along the coasts, it was decided, for the purpose of demonstrating a range 
of results, to base NRCS Curve number values on B soils in good condition and D soils in poor 
condition.  The corresponding pre- and post-development curve numbers are 55 and 83 and 85 
and 92, respectively. 
 
Prior to human development, approximately 80 percent of Texas, mostly in the central part, was 
covered in short and tall grassland communities; the western 10 percent of the state was desert 
grassland; and the eastern 10 percent was forested (University of Texas 2000).  McLendon 
(2002) conducted a study on the observed and predicted curve numbers in 107 watersheds in 
Texas.  For rural watersheds the CNs ranged from 48 to 88.  The range in Austin was 49-89 
and in Dallas 60-90.  The Texas Department of Transportation’s (2001) Hydraulic Design 
Manual Section 7 lists values for pre-development curve numbers for arid and semi- arid 
rangelands.  Based on these sources, the respective pre- and post-development CN choices 
were 74 (C—good soil) and 93 (D—poor soil) and 90 (C—good soil) and 93 (D—poor soil). 
 
Before European development, most of the Northeast – Upper Midwest region was covered in 
mixed hardwood and coniferous forests.  A recent USGS report confirms that most urban 
development in the region from 1973 to 2000 has converted forestland (47 percent of all 
changes), followed by farmland (11 percent) (Auch undated).  For this study’s pre-development 
curve number, the woods cover type, soil group B in good condition and C soil in poor condition 
gave corresponding curve numbers of 55 and 77, respectively.  Post-development curve 
numbers for these soil types at 1/8-acre development size were 85 and 90 for the good B and 
poor C soils, respectively. These post-development curve numbers are similar to a recent study 
in the Aberjona River watershed, an urban catchment northwest of Boston, where the authors 
used an overall CN of 89 to represent the more impervious parts of the watershed (Perez-Pedini 
et al. 2005).  
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With the lack of NRCS data for chaparral, CN selection for the San Diego area was based on an 
analysis performed in the area of the 2003 Cedar Fire in San Diego County by Easterbrook 
(undated). For pre-development C soils in good condition and D soils in poor condition, the 
choices were 77 and 90, respectively.  Post-development curve numbers were selected from 
Easterbrook’s estimation of CN after a high-burn fire; for good C soils CN = 91, and for poor D 
soils CN = 93. 
 
Effect of Slope on Curve Number 
 
NRCS documents developing the curve number concept and associated methods did not cover 
the effect of land slope.  Independent researchers have given some attention to the question 
though.  Sharpley and Williams (1990) introduced the empirical equation that has been most 
often used to adjust CN relative to slope: 
 

 
 
where CN is the curve number reported in NRCS tables for an average soil moisture condition 
and assumed slope ≤ 5 percent, CNs = slope-adjusted CN, CNw = CN in an initially wet soil 
condition, and s = slope (ft/ft).  Ward and Trimble provided factors to adjust tabulated CN values 
to obtain CNw.  Carrying through the analysis in this manner demonstrated that results deviated 
between two assessed slopes (5 and 10 percent) by only around 2-6 percent.  This small 
difference was considered minimal in the context of the approximations and assumptions 
inherent in the modeling process.  While the results presentation gives some additional data on 
slope effects, full coverage is given only for 5 percent, the topographic basis of the NRCS model 
and by far the subject of its greatest application. 
 
ESTIMATING INFILTRATION CAPACITY OF THE CASE STUDY SITES 
 
Infiltration Rates 
 
Infiltrating sufficient runoff to maintain pre-development hydrologic characteristics and prevent 
pollutant transport is the most effective way to protect surface receiving waters.  Successfully 
applying infiltration requires soils and hydrogeological conditions that will pass water sufficiently 
rapidly to avoid overly-lengthy ponding, while not allowing percolating water to reach 
groundwater before the soil column captures pollutants. 
 
The study assumed that infiltration would occur in surface facilities and not in below-ground 
trenches.  The use of trenches is certainly possible.  However, the intent of this investigation 
was to determine the ability of pervious areas to manage the site runoff, and their exclusion is 
consistent with the conservative approach to modeling taken in this analysis.  This inquiry was 
accomplished by evaluating the ability of the predominant soil types identified for each region to 
provide an infiltration rate of at least 0.5 inch/hour, the rate often regarded in the stormwater 
management field as the minimum for the use of infiltration practices (e.g., Geosyntec 
Consultants 2008).  The assessment considered soils that either would provide this rate, at a 
minimum, in their original condition or could be organically amended to augment soil water 
storage and increase infiltration, while also safeguarding groundwater.  Therefore, prevailing 
groundwater depths were assessed in relation to runoff percolation times generally regarded as 
safe. 
 
Infiltration rates were based on saturated hydraulic conductivities (obtained from Leij et al. 
1996) typical of the basic soil types incorporated in the U.S. Department of Agriculture (USDA, 
1987) soil textural triangle.  Sand, loamy sand, sandy loam have conductivities well above 0.5 
inch/hour.  As Table 4 indicates, three of the four regions have a sandy loam as the dominant 
soil type.  For such a soil in the B HSG in these regions, the infiltration rate was taken as 1.74 
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inch/hour (Leij et al. 1996).  Other textures represented that would generally fall in the C group 
are mostly loam and silt loam.  These soil types either have conductivities in excess of 0.5 
inch/hour or, in the first author’s experience, can be and have been successfully organically 
amended to produce such a rate and infiltrate accumulated water within 72 hours, and usually 
less time.  The D soils in some study regions, silty clay and clay, were regarded as not 
amendable to reach 0.5 inch/hour conductivity to host conventional or ARCD-type facilities 
designed specifically for infiltration.  Still, locations with these soils could distribute sheet flow 
over pervious areas for evapotranspiration and some infiltration at slow rates and could utilize 
roof downspout surface or subsurface dispersal. 
 
Groundwater Protection Assessment 
 
Avoidance of groundwater contamination was assessed by assuming a hydraulic conductivity 
generally regarded as the maximum rate for the use of infiltration practices, 2.4 inches/hour 
(e.g., Geosyntec Consultants 2008), and a minimum spacing to seasonal high groundwater 
from the bed of an infiltration facility of 4 ft.  These conditions would provide a travel time of 20 
hours, during which contaminant capture would occur through soil contact.  This 20-hour travel 
time was regarded as a minimum for any soil type.  For example, infiltrating on loamy sand with 
a hydraulic conductivity of 5.7 inches/hour would require minimum spacing from the infiltration 
surface to groundwater of 10 ft.  This consideration did not actually become an issue for 
analyses in any region in this study, because all predominant soil types have infiltration rates 
under 2.4 inches/hour and groundwater spacings that exceed 4 ft. 
 
Site Infiltration Capacities 
 
Runoff volumes were estimated for the 85

th
 and 95

th
 percentile, 24-hour events as described 

previously.  Bioretention cell surface area to accommodate these volumes was calculated 
based on a method in the City of Santa Barbara’s Storm Water BMP Guidance Manual 
(Geosyntec Consultants 2008) (adapted from the Georgia Stormwater Manual (Atlanta Regional 
Commission, 2001)): 
 

 
where: 
 

Vdesign = design volume of runoff to be infiltrated (ft3); 
 
kdesign = design infiltration rate (in/hr), taken as 0.5 times the typical rate for the soil type 

naturally or amended as a safety factor;  
 
d = ponding depth (ft), assumed as 0.25 ft for a shallow landscape feature on the 
recommendation of the Georgia manual; 
 
l = depth of planting media (ft), assumed as 4 ft on the recommendation of the Georgia 
manual; 
 
t = required drawdown time (hr), taken as 48 hours. 

 
The design variable selections are conservative in applying a safety factor to hydraulic 
conductivity, using minimum depths for economy and limiting site disruption, and applying a 
drain time lower than the maximum of 72 hours. 
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In considering the long-term capacity of a facility designed to infiltrate, the potential for 
groundwater mounding below or aside the unit is a concern.  To avoid this problem a basic 
analysis was made using a groundwater rise equation from Zomorodi (2005): 
 

 
 
where: 
 

Rise = mounding occurring in a year of use (ft); 
 

 = vertical saturated hydraulic conductivity (ft/year); 

 
W = bioretention cell width (ft); and 
 

 = horizontal saturated hydraulic conductivity (ft/year). 

 

This equation was solved for  for computation of the allowable annual infiltration rate, 

assuming a rise limited to 1 ft.  It was assumed that the bioretention surface area would be 
broken up to have no more than one basin for each 5 acres of total site area, another measure 
safeguarding against groundwater mounding.  Also assumed was a square cell (i.e., W was 
computed as the square root of the surface area calculated according to the equation for A 
above).  Horizontal hydraulic conductivites for loams such as represented among the B and C 
soils in the study regions tend to run in the range of 10 to 1000 meters/year (0.1 to 9 ft/day.  A 
conservative value of 3 ft/day was used in the analysis. 
 
The yearly rate of infiltration from a bioretention cell can be expressed in terms of volume of 

runoff per unit infiltrating surface area, acre-ft/acre-year, which is equivalent to expressed as 

ft/year.  The value avoiding groundwater monitoring was therefore used to assess maximum 

annual infiltration capacity by multiplying by the total available pervious surface area.  However, 

the value was capped at a rate found in a study of infiltration capacity and benefits for Los 

Angeles’ San Fernando Valley by Chralowicz et al. (2001).  The Los Angeles study posited 
providing 0.1-0.5 acre for infiltration basins to serve each 5 acres of contributing drainage area.  
At 2-3 ft deep, it was estimated that such basins could infiltrate 0.90-1.87 acre-ft/year of runoff 
in San Fernando Valley conditions.  Three types of soils predominate in the study area:  sandy 
loams (35 percent of the area), a clay loam (23 percent), and a silty clay loam (29 percent).  The 
balance of 13 percent includes small amounts at both ends of the textural spectrum, a clay and 
loamy sands.  Infiltration rates are in the approximate range of 0.5-2.0 inches/hour, within the 
span generally regarded as ideal for successful infiltration without threatening groundwater.  

Computing the ratios of the rate and basin size data of Chralowicz et al. (2001),  maximized 

at approximately 20 acre-ft of runoff/acre infiltration surface-year under the most limiting 
conditions of soils and basin dimensions.  This value was applied in this study if calculated rates 
were higher, another conservative feature to obtain the most realistic projections of infiltration 
potential.  

 
In some cases analyzed, the maximum annual infiltration capacity was estimated at greater 
than post-development runoff volume production.  In these instances complete retention would 
be possible with excess capacity left, and only a fraction of the available pervious area would 
have to be devoted to bioretention.  That fraction was expressed as the ratio of annual runoff 
production to infiltration capacity. 
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STORMWATER RUNOFF VOLUME AND POLLUTANT DISCHARGES 
 
Urban Land Use Pollutant Yields 
 
Annual pollutant mass loadings prior to application of any stormwater management practices 
were estimated as the product of annual runoff volumes produced by the various land use and 
cover types and pollutant concentrations typical of those areas.  General land use types (e.g., 
single-family residential, commercial) have typically been the basis for measuring and reporting 
stormwater pollutant data.  However, an investigation of ARCD practices of the type of interest 
in this study demands data on specific land coverages.  The literature offers few data on this 
basis.  Those available and used herein were assembled by a consultant to the City of Seattle 
for a project in which the author participated.  They appear in Attachment A (Herrera 
Environmental Consultants, Inc. undated).  Table 7 summarizes the representative values used 
in the analysis. 
 
Table 7.  Pollutant Concentrations in Runoff from Developed Land Uses (after Herrera 
Environmental Consultants, Inc. undated) 

Land Use 
Total Suspended Solids 

(mg/L) 
Total Copper 

(µg/L) 
Total Zinc 

(µg/L) 
Total Phosphorus 

(µg/L) 

Residential roof 25 13 159 110 

Commercial roof 18 14 281 140 

Access 
road/driveway 

120 22 118 660 

Parking 75 36 97 140 

Walkway 25 13 59 110 

Landscaping 213 13 59 2040 

 
Pollutant concentrations expected to occur typically in the mixed runoff from the several land 
use and cover types making up a development were estimated by mass balance; i.e., the 
concentrations from the different areas of the sites were combined in proportion to their 
contribution to the total runoff. 
 
Estimating Retention 
 
The principal interest of this study was to estimate how much of the post-development runoff 
volume for the various land use cases could be retained by ARCD measures and prevented 
from discharging from the site on the surface.  The analyses initially evaluated the runoff volume 
that could potentially be infiltrated by using a portion or all of the available pervious area for 
bioretention facilities.  In some instances judicious use of the pervious area could infiltrate the 
full volume.  In other cases use of the pervious area for as much infiltration as possible plus 
special management of roof runoff would fully attenuate post-development runoff. 
 
Complete retention would, of course, exceed any ordinary regulatory standard intended to 
govern discharge quantity and quality.  To the extent that full retention could not be expected, 
the study was interested in assessing the degree to which bioretention and roof runoff 
management could meet the specific potential standards outlined earlier.  Performance was 
estimated in terms of volume retained versus released, the extent to which pre-development 
groundwater recharge would be preserved, and the pollutant loading reduction accompanying 
volume retention in comparison to the quantities that would enter receiving waters with no 
stormwater management actions.  These measures expressed in equation form are: 
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(expresses amount of the theoretical maximum post-development runoff prevented from 
discharging by ARCD) 

 

 
 
 Pre-development recharge = Rainfall volume – Predevelopment runoff volume 
 

Post-development recharge = The smaller of rainfall volume or post-development 
infiltration volume 
 

 
 
It should be noted that runoff retention and recharge retention express different quantities and 
are not equal numerically. 
 
When infiltration alone (Basic ARCD) could not accomplish full retention, roof runoff 
management strategies were selected as appropriate for the land use case (Full ARCD).  For 
the retail commercial development (COMM), roof runoff management was assumed to be 
accomplished by harvesting, temporarily storing, and applying water to use in the building.  To 
this end, the assumption was made that the commercial development would be able to manage 
and would have capacity to store and make use of the entire roof runoff volume.  While this 
particular assumption is, on its own, speculative, the commercial development would, as 
discussed in the section on Application of ARCD Practices, earlier, see a reduction in runoff as 
a result of evapotranspiration, and would have the option to employ ARCD site design principles 
to reduce impervious surface area, to install a green roof to retain runoff, or to implement any of 
a number of other ARCD practices designed to reduce runoff volume and pollutant loading.  As 
a result, the overall analysis of the commercial site remains conservative in its assessment of 
the potential to retain runoff onsite. 
 
In the three multi-family and single-family residential cases it was assumed that the roof water 
would be dispersed on or within the pervious area according to accepted and standardized 
practices.  For example, the Washington Department of Ecology’s (2005) Stormwater 
Management Manual for Western Washington provides design criteria for two methods:  splash 
blocks followed by vegetated dispersion areas and gravel-filled trenches.  These devices can be 
used wherever space is sufficient regardless of infiltration rates, as they operate by 
evapotranspiration and slow infiltration.  Even clay can infiltrate at an approximate rate of 0.2 
inch/hour or higher (Leij et al. 1996; Pitt, Chen, and Clark 2002).  Care was taken to assure that 
pervious area already allocated to infiltration would not also be counted upon for dispersion.  
While dispersion was assumed for simplification of the study analyses, in reality a site designer 
would have the option of using rain barrels, cisterns, and/or green roofs instead of or along with 
ground dispersion to manage roof water.  Analyses for the final case, the redevelopment 
scenario (REDEV), assumed dispersion and/or small-scale harvesting of roof runoff above 
whatever level of infiltration could be accomplished given the soil condition. 
 
Additional Analyses When Full Retention Cannot Be Expected 
 
Retaining runoff from impervious and pollutant generating pervious surfaces is the best 
stormwater management policy, because it prevents the introduction of urban runoff pollutants 
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to receiving waters as well as serves quantity discharge control requirements.  Maintaining pre-
development peak flow rates, volumes, and elevated flow durations prevents stream channel 
and habitat damage, flooding, and loss of groundwater recharge.  When conditions were 
expected to render full retention technically infeasible for the study cases, estimates were made 
of the volume and pollutant loadings that would be discharged assuming the remaining surface 
runoff is released to a receiving water with and without treatment.  Treatment was assumed to 
be provided by bioretention discharging either directly on the surface or via an underdrain.  
While not as environmentally beneficial as retention, such treatment is superior to conventional 
stormwater management practices like ponds and sand filters.  It captures pollutants through a 
number of mechanisms as contaminants are held for a time in the facility and contact vegetation 
and soil, such as sedimentation, filtration by plants, and adsorption and ion exchange in soil. 
 
The effectiveness of bioretention in removing pollutants from surface runoff was estimated 
according to measurements by Chapman and Horner (2010).  This study was performed on a 
linear bioretention device located on a slope and made up of a number of cells separated by 
weirs (termed a “cascade”).  While an estimated 74 percent of all entering runoff infiltrated or 
evapotranspired before discharging, the flows reaching the end in the larger storms would have 
less residence time in the facility than in a unit on flat ground percolating water through soil 
before surface discharge via an underdrain.  Therefore, pollutant concentrations exiting such a 
unit could be less yet.  On the other hand, some bioretention facilities bypass the relatively rare 
higher flows, affording no treatment, while the cascade was designed to convey all runoff, even 
beyond its water quality design storm flow, and provide some treatment.  On balance between 
the advantage and disadvantage of the facility providing the data, the discharge concentrations 
are considered to be representative of bioretention. 
 
Chapman and Horner (2010) computed volume-weighted average discharge pollutant 
concentrations by multiplying concentrations times flow volumes for each monitored storm, 
summing, and dividing by total volume.  The resulting values for the contaminants considered in 
this study are:  total suspended solids (TSS)—30 mg/L, total copper—6.3 µg/L, total zinc—47 
µg/L, and total phosphorus—133 µg/L.  In a few instances these concentrations are higher than 
those in Table 7, an expression of the observation sometimes made in stormwater management 
that treatment cannot reduce concentrations in relatively “clean” flows below certain minimum 
values.  In these situations the concentrations in Table 8 were also used in computing discharge 
loadings; i.e., no concentration reduction was applied in estimating discharge loadings, although 
flow volume would still be decreased to the extent infiltration could occur. 
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RESULTS OF THE ANALYSIS 
 
ASSESSMENT OF MAXIMUM ARCD CAPABILITIES 
 
Runoff Retention and Groundwater Recharge 
 
Basic ARCD 
 
One goal of this exercise was to determine if ARCD practices could eliminate post-development 
runoff production, and the pollutants it transports, and maintain pre-development groundwater 
recharge.  The first assessment, termed the Basic ARCD analysis in this report, was to estimate 
if each site’s pervious area is sufficient for full infiltration if given to this purpose to the extent 
necessary without compromising other uses.  Accordingly, shallow, unobtrusive bioretention 
cells (i.e., rain gardens) are envisioned, dispersed through sites at no more than one for each 5 
acres.  It bears reemphasis that no credit was taken for water loss through evapotranspiration in 
this assessment, although a substantial, but not necessarily easily quantifiable, amount would 
undoubtedly occur.  Estimates of runoff retention are therefore conservative. 
 
Table 8 presents comparisons, for the Southeast climate region, between estimated annual 
runoff volumes generated before development and then post-development with and without 
Basic ARCD stormwater management.  The table also gives annual groundwater recharge 
estimates for these same conditions.     
 
Table 8.  Runoff and Groundwater Recharge Volumes with Basic ARCD:  Southeast Climate 
Regiona  

Period Volume (acre-ft) or Percentage Measure MFR Sm-SFR Lg-SFR COMM REDEV 

B soil 

Pre-dev. 
Runoff 0.046 0.013 0.56 0.022 0.001 

Recharge 44.7 12.4 539 21.2 0.51 

Post-dev. 

Runoff without stormwater practices 29.5 6.85 298 18.7 0.45 

Runoff retained with Basic ARCD 29.5 6.85 298 8.30 0.21 

Runoff released with Basic ARCD 0 0 0 10.4 0.25 

Runoff retention (%) 100% 100% 100% 44% 45% 

Recharge without stormwater practices 15.3 5.55 241 2.53 0.06 

Recharge with Basic ARCD 44.7 12.4 539 8.30 0.21 

Recharge retention (%) 100% 100 100% 39% 40% 

Pervious area needed (%)
b
 36% 22% 22% 100% 100% 

D soil 

Pre-dev. 
Runoff 13.5 3.76 163 6.43 0.16 

Recharge 31.2 8.64 376 14.8 0.36 

Post-dev. 

Runoff without stormwater practices 

Full ARCD needed to maximize retention on D soil 
Runoff retained with Basic ARCD 

Runoff released with Basic ARCD 

Runoff retention (%) 

Recharge without stormwater practices 11.6 4.17 181 2.12 0.05 

Recharge with Basic ARCD Full ARCD needed to maximize retention on D soil 

Recharge retention (%) 37% 48% 48% 14% 14% 

Pervious area needed (%)
b
 Full ARCD needed to maximize retention on D soil 

a
 Pre-dev.—pre-development; post-dev.—post-development; ARCD—aquatic resources conservation 

design; MFR—multi-family residential; Sm-SFR—small-scale single-family residential; Lg-SFR—large-
scale single-family residential; COMM—retail commercial; REDEV—infill redevelopment; Basic ARCD—
infiltrating bioretention; runoff—quantity of water discharged from the site on the surface; recharge--
quantity of water infiltrating the soil 
b
 Proportion of the total pervious area on the site required for bioretention to achieve given results 
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In all cases the majority of the infiltration that would recharge groundwater in the undeveloped 
state would be lost to surface runoff after development.  These losses would approach 90 
percent in the most impervious developments.  The greatly increased surface flow would raise 
peak flow rates and volumes in receiving water courses, increase flooding risk, and transport 
pollutants. 
 
Basic ARCD could retain all post-development runoff and pre-existing groundwater recharge in 
the three residential cases on the B soils, using from less than one-fourth to just over one-third 
of the available pervious area for bioretention cells.  Taking all available pervious area for the 
more highly impervious COMM and REDEV cases on B soil, bioretention would retain about 45 
percent of the runoff generated and save about 40 percent of the pre-development recharge.  
To illustrate the relatively small role that slope increase from 5 to 10 percent plays in runoff 
retention, full retention would still be expected in the three residential cases and for the 
remaining two cases (COMM and REDEV) would decrease from 44-45 percent only slightly to 
40-41 percent (not shown in table). 
 
On the D soil, infiltrating bioretention may not be technically feasible and was not relied upon for 
retention estimates.  Without the use of additional measures in the Full ARCD category, only 
incidental post-development runoff would be retained; and most pre-development recharge 
would be lost. 
 
Tables 9-11 are companions to Table 8 for the South Central, Northeast – Upper Midwest, and 
Southwest climate regions, respectively.  Results for the Northeast  - Upper Midwest B soil are 
very close to those for the Southeast B soil, as would be expected given the similar precipitation 
quantities and soil characteristics.  In the three regions having C soils, Basic ARCD can retain 
all runoff for the MFR, Sm-SFR, and Lg-SFR residential cases.  With these soils, except in the 
Southwest, achieving full retention requires more of the available pervious area than with B 
soils, up to 69 percent, but is still fully attainable. 
 
The effect of lower rainfall is evident in the South Central and, especially, the Southwest 
regions.  In the latter location, not only the residential cases but also the COMM and REDEV 
scenarios can achieve full runoff retention with Basic ARCD on the C soil.  The residential cases 
need much smaller percentages of the available pervious area for bioretention than for the 
same cases on C and even B soils elsewhere.  Applying Basic ARCD to the South Central, C 
soil, REDEV case results in higher runoff retention than for the B soil cases in higher rainfall 
regions. 
 
The study cases demonstrated two interesting points about groundwater recharge.  First, with 
effective infiltrating bioretention it is possible for post-development annual recharge to exceed 
the pre-development quantity.  This phenomenon is most evident in comparing the two amounts 
for cases with 100 percent runoff retention on C soils, which in the natural state produce much 
less recharge in relation to runoff than B soils.  The B soils have a recharge-to-runoff ratio of 
about 500, whereas that ratio is only 4-6 for the C soils studied.  One reason for higher post- 
compared to pre-development recharge is that bioretention is set up to hold water, increasing 
the time for infiltration to occur, instead of letting it run off.  Another is that soils, especially in the 
C HSG, are often improved by organic amendments to yield both more water storage capacity 
and higher infiltration rates than the pre-existing soils. 
 
A related point is that the percentage of pre-development recharge retained after development 
can be higher with C than B soils.  This situation can best be seen in cases without full runoff 
retention, COMM and sometimes REDEV.  In terms of recharge, installing bioretention conveys 
a greater advantage to the C than the B soils, which already have more pore space for water 
storage and higher infiltration and recharge rates. 
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Table 9.  Runoff and Groundwater Recharge Volumes with Basic ARCD: South Central Climate 
Regiona  

Period Volume (acre-ft) or Percentage Measure MFR Sm-SFR Lg-SFR COMM REDEV 

C soil 

Pre-dev. 
Runoff 4.10 1.14 49.4 1.95 0.05 

Recharge 25.7 7.13 310 12.2 0.29 

Post-dev. 

Runoff without stormwater practices 21.2 5.15 224 12.7 0.31 

Runoff retained with Basic ARCD 21.2 5.15 224 4.33 0.21 

Runoff released with Basic ARCD 0 0 0 8.32 0.10 

Runoff retention (%) 100 100 100 34 67 

Recharge without stormwater practices 8.62 3.11 135 1.51 0.03 

Recharge with Basic ARCD 29.8 8.3 359 4.33 0.21 

Recharge retention (%) 100 100 100 38 70 

Pervious area needed (%)
b
 51 23 30 100 100 

D soil 

Pre-dev. 
Runoff 18.5 5.14 223 8.80 0.21 

Recharge 11.3 3.13 136 5.36 0.13 

Post-dev. 

Runoff without stormwater practices 
 

Full ARCD needed to maximize retention on D soil 
 

Runoff retained with Basic ARCD 

Runoff released with Basic ARCD 

Runoff retention (%) 

Recharge without stormwater practices 7.23 7.59 112 1.35 0.03 

Recharge with Basic ARCD Full ARCD needed to maximize retention on D soil 

Recharge retention (%) 64 83 83 25 24 

Pervious area needed (%)
b
 Full ARCD needed to maximize retention on D soil 

 
 
Table 10.  Runoff and Groundwater Recharge Volumes with Basic ARCD:  Northeast – Upper 
Midwest Climate Regiona 

Period Volume (acre-ft) or Percentage Measure MFR Sm-SFR Lg-SFR COMM REDEV 

B soil 

Pre-dev. 
Runoff 0.04 0.01 0.54 0.02 0.001 

Recharge 42.9 11.9 517 20.4 0.49 

Post-dev. 

Runoff without stormwater practices 28.3 6.68 286 18.0 0.44 

Runoff retained with Basic ARCD 28.3 6.68 286 8.53 0.21 

Runoff released with Basic ARCD 0 0 0 9.43 0.23 

Runoff retention (%) 100 100 100 48 47 

Recharge without stormwater practices 14.6 5.32 231 2.42 0.06 

Recharge with Basic ARCD 42.9 11.9 517 8.53 0.21 

Recharge retention (%) 100 100 100 42 42 

Pervious area needed (%)
b
 34 21 21 100 100 

C soil 

Pre-dev. 
Runoff 7.87 2.18 94.8 3.74 0.09 

Recharge 35.1 9.72 422 16.6 0.40 

Post-dev. 

Runoff without stormwater practices 30.5 7.42 323 18.2 0.44 

Runoff retained with Basic ARCD 30.5 7.42 323 4.57 0.21 

Runoff released with Basic ARCD 0 0 0 13.6 0.24 

Runoff retention (%) 100 100 100 25 47 

Recharge without stormwater practices 12.4 4.48 195 2.17 0.05 

Recharge with Basic ARCD 42.9 11.9 517 4.57 0.21 

Recharge retention (%) 100 100 100 27 51 

Pervious area needed (%)
b
 69 31 40 100 100 
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Table 11.  Runoff and Groundwater Recharge Volumes with Basic ARCD:  Southwest Climate 
Regiona  

Period Volume (acre-ft) or Percentage Measure MFR Sm-SFR Lg-SFR COMM REDEV 

C soil 

Pre-dev. 
Runoff 1.62 0.45 19.5 0.77 0.02 

Recharge 7.22 2.00 87.0 3.43 0.08 

Post-dev. 

Runoff without stormwater practices 6.41 1.57 68.5 3.77 0.09 

Runoff retained with Basic ARCD 6.41 1.57 68.5 3.77 0.09 

Runoff released with Basic ARCD 0 0 0 0 0 

Runoff retention (%) 100 100 100 100 100 
Recharge without stormwater practices 2.43 0.88 38.1 0.43 0.01 

Recharge with Basic ARCD 8.84 2.45 107 4.20 0.10 

Recharge retention (%) 100 100 100 100 100 
Pervious area needed (%)

b
 12 5 7 69 44 

D soil 

Pre-dev. 
Runoff 4.47 1.24 53.8 2.12 0.05 

Recharge 4.37 1.21 52.7 2.08 0.05 

Post-dev. 

Runoff without stormwater practices 

Full ARCD needed to maximize retention on D soil 
Runoff retained with Basic ARCD 

Runoff released with Basic ARCD 

Runoff retention (%) 

Recharge without stormwater practices 2.14 0.77 33.3 0.40 0.01 

Recharge with Basic ARCD Full ARCD needed to maximize retention on D soil 

Recharge retention (%) 49 63 63 19 18 

Pervious area needed (%)
b
 Full ARCD needed to maximize retention on D soil 

 
Full ARCD 
 
Infiltration is one of a wide variety of ARCD-based source reduction techniques.  Where site 
conditions such as soil quality or available area limit a site’s infiltration capacity, other ARCD 
measures can enhance a site’s runoff retention capability.  Such practices can also be used 
where infiltration capacity is adequate, but the developer desires greater flexibility for land use 
on-site.  Among those techniques, this study considered special management of roof water in 
those cases where bioretention could not infiltrate all post-development runoff. 
 
Specifically, water harvesting for supply of irrigation and/or non-potable indoor uses was 
investigated for the retail commercial development.  In residential cases with insufficient 
capacity for infiltrative bioretention but remaining space not already devoted to infiltration, 
efficiently directing roof runoff into the soil through downspout dispersion systems was the 
method of choice.  Such cases invariably occurred with HSG D soils.  The Full-ARCD scenario 
applied to the redevelopment case was roof water dispersion, harvesting, or a combination of 
the two practices.  Generally speaking, infiltration consumed all available pervious area in the 
REDEV cases on B and C soils, making roof runoff harvesting the mechanism to retain more 
water.  With no bioretention facility on D soil, the pervious area would be available for 
dispersion.  Of course, harvesting could be applied instead of or along with dispersion.  Again, it 
was assumed that that the commercial and, as needed, redevelopment sites had capacity to 
harvest and make use of the full volume of roof runoff generated, however, the analysis remains 
conservative in terms of the potential for onsite retention as it does not consider the use of 
ARCD site design principles to reduce impervious surfaces, green roofs, and 
evaporation/evapotranspration from surfaces other than rooftops. 
 
Table 12 gives Southeast climate region results with the addition of Full ARCD techniques:  roof 
runoff management, consisting of harvesting for reuse in the COMM case, dispersion on or 
within pervious land for the three residential cases, and a combination of these measures for 
REDEV.  On the B soil runoff retention would approximately double for the retail commercial 
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land use and reach 100 percent for the redevelopment.  Groundwater recharge would not be 
expected to increase over the Basic ARCD case, though; because harvesting still keeps water 
out of the soil system.   
 
For development on the D soil, use of roof runoff management techniques was estimated to 
increase runoff retention from zero to about one-third to two-thirds of the post-development 
runoff generated, depending on the land use case.  Groundwater recharge would not materially 
benefit, however; because harvest does not contribute to it.  Also, no recharge credit was taken 
for dispersion, since infiltration is restricted and loss by ET would tend to occur before 
infiltration.  Some small amount of recharge would still be likely though.  To illustrate further the 
small role of topography, in this D soil, Full ARCD scenario runoff retention is forecast to 
decrease by only 1-2 percent at a 10 percent slope compared to a 5 percent slope (not shown 
in table). 
 
Table 12.  Runoff and Groundwater Recharge Volumes with Full ARCD:  Southeast Climate 
Regiona 

Period Volume (acre-ft) or Percentage Measure MFR Sm-SFR Lg-SFR COMM REDEV 

B soil 

Pre-dev. 
Runoff 0.046 0.013 0.56 0.022 0.001 

Recharge 44.7 12.4 539 21.2 0.51 

Post-dev. 

Runoff without stormwater practices 

Complete retention possible 
with Basic ARCD 

18.7 0.45 

Runoff retained with Full ARCD 16.1 0.45 

Runoff released with Full ARCD 2.66 0 

Runoff retention (%) 86% 100% 

Recharge without stormwater practices 2.53 0.06 

Recharge with Full ARCD 8.30 0.21 

Recharge retention (%) 39% 40% 

Pervious area needed (%)
b
 100% 100% 

D soil 

Pre-dev. 
Runoff 13.5 3.76 163 6.43 0.16 

Recharge 31.2 8.64 376 14.8 0.36 

Post-dev. 

Runoff without stormwater practices 33.1 8.23 358 19.1 0.46 

Runoff retained with Full ARCD 16.4 3.11 135 7.76 0.31 

Runoff released with Full ARCD 16.7 5.12 222 11.4 0.16 

Runoff retention (%) 50% 38% 38% 41% 66% 

Recharge without stormwater practices 11.6 4.17 181 2.12 0.05 

Recharge with Full ARCD 11.6 4.17 181 2.12 0.05 

Recharge retention (%) 37.2% 48.3% 48.3% 14.3% 13.6% 

Pervious area needed (%)
b
 100% 100% 100% 100% 100% 

a
 Pre-dev.—pre-development; post-dev.—post-development; ARCD—aquatic resources conservation 

design; MFR—multi-family residential; Sm-SFR—small-scale single-family residential; Lg-SFR—large-
scale single-family residential; COMM—retail commercial; REDEV—infill redevelopment; Full ARCD—
infiltrating bioretention, roof runoff harvesting, and/or roof runoff dispersion; runoff—quantity of water 
discharged from the site on the surface; recharge--quantity of water infiltrating the soil 
b
 Proportion of the total pervious area on the site required for bioretention to achieve given results 

 
Tables 13-15 give data analogous to Table 12 for the South Central, Northeast – Upper 
Midwest, and Southwest climate regions, respectively.  Results are similar to those reported for 
the Southeast region.  Full ARCD can approximately double runoff retention from the Basic 
ARCD level for the COMM case and extend runoff retention to 100 percent for the 
redevelopment on both B and C soils.  Once again, application of Full ARCD to the D soil cases 
increases runoff retention from zero to one-third to two-thirds of the volume produced, 
depending on land use case. 
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Table 13.  Runoff and Groundwater Recharge Volumes with Full ARCD:  South Central Climate 
Regiona 

Period Volume (acre-ft) or Percentage Measure MFR Sm-SFR Lg-SFR COMM REDEV 

C soil 

Pre-dev. 
Runoff 4.10 1.14 49.4 1.95 0.05 

Recharge 25.7 7.13 310 12.2 0.29 

Post-dev. 

Runoff without stormwater practices 

Complete retention possible 
with Basic ARCD 

12.7 0.31 

Runoff retained with Full ARCD 9.51 0.31 

Runoff released with Full ARCD 3.15 0 

Runoff retention (%) 75 100 

Recharge without stormwater practices 1.51 0.03 

Recharge with Full ARCD 4.33 0.21 

Recharge retention (%) 35 72 

Pervious area needed (%)
b
 100 100 

D soil 

Pre-dev. 
Runoff 18.5 5.14 223 8.80 0.21 

Recharge 11.3 3.13 136 5.36 0.13 

Post-dev. 

Runoff without stormwater practices 22.6 5.68 247 12.8 0.31 

Runoff retained with Full ARCD 11.0 2.08 90.3 5.17 0.20 

Runoff released with Full ARCD 11.6 3.60 157 7.63 0.11 

Runoff retention (%) 49 37 37 40 66 

Recharge without stormwater practices 7.23 2.59 112 1.35 0.03 

Recharge with Full ARCD 7.23 2.59 112 1.35 0.03 

Recharge retention (%) 64 83 83 25 24 

Pervious area needed (%)
b
 100 100 100 100 100 

 
 
Table 14.  Runoff and Groundwater Recharge Volumes with Full ARCD:  Northeast – Upper 
Midwest Climate Regiona 

Period Volume (acre-ft) or Percentage Measure MFR Sm-SFR Lg-SFR COMM REDEV 

B soil 

Pre-dev. 
Runoff 0.04 0.01 0.54 0.02 0.001 

Recharge 42.9 11.9 51.7 20.4 0.49 

Post-dev. 

Runoff without stormwater practices 

Complete retention possible 
with Basic ARCD 

18.0 0.44 

Runoff retained with Full ARCD 16.0 0.44 

Runoff released with Full ARCD 2.00 0 

Runoff retention (%) 89 100 

Recharge without stormwater practices 2.42 0.06 

Recharge with Full ARCD 8.53 0.21 

Recharge retention (%) 42 43 

Pervious area needed (%)
b
 100 100 

C soil 

Pre-dev. 
Runoff 7.87 2.18 94.8 3.74 0.09 

Recharge 35.1 9.72 422 16.6 0.40 

Post-dev. 

Runoff without stormwater practices 

Complete retention possible 
with Basic ARCD 

18.2 0.44 

Runoff retained with Full ARCD 12.0 0.44 

Runoff released with Full ARCD 6.19 0 

Runoff retention (%) 66 100 

Recharge without stormwater practices 2.17 0.05 

Recharge with Full ARCD 4.57 0.21 

Recharge retention (%) 28 43 

Pervious area needed (%)
b
 100 100 
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Table 15.  Runoff and Groundwater Recharge Volumes with Full ARCD:  Southwest Climate 
Regiona 

Period Volume (acre-ft) or Percentage Measure MFR Sm-SFR Lg-SFR COMM REDEV 

C soil 

Pre-dev. 
Runoff 1.62 0.45 19.5 0.77 0.02 

Recharge 7.22 2.00 87.0 3.43 0.08 

Post-dev. 

Runoff without stormwater practices 

Complete retention possible with Basic ARCD 

Runoff retained with Full ARCD 

Runoff released with Full ARCD 

Runoff retention (%) 

Recharge without stormwater practices 

Recharge with Full ARCD 

Recharge retention (%) 

Pervious area needed (%)
b
 

D soil 

Pre-dev. 
Runoff 4.47 1.24 53.8 2.12 0.05 

Recharge 4.37 1.21 52.7 2.08 0.05 

Post-dev. 

Runoff without stormwater practices 6.70 1.68 73.2 3.80 0.09 

Runoff retained with Full ARCD 3.25 0.62 26.8 1.53 0.06 

Runoff released with Full ARCD 3.45 1.07 46.5 2.26 0.03 

Runoff retention (%) 49 37 37 40 66 

Recharge without stormwater practices 2.14 0.77 33.3 0.40 0.01 

Recharge with Full ARCD 2.14 0.77 33.3 0.40 0.01 

Recharge retention (%) 49 63 63 19 18 

Pervious area needed (%)
b
 100 100 100 100 100 

 
Pollutant Loading Reductions 
 
The examination of maximum ARCD capabilities considered the reductions of annual mass 
loadings of four water pollutants that would accompany runoff retention.  Since retention means 
no surface discharge, these loading reductions are, at a minimum, equal to the percentages of 
runoff retention.  In those cases with less than full runoff retention, there is good reason to 
expect pollutant loading reductions higher than the percentage of runoff retained.  The early 
runoff (“first flush”), occurring when the soils are least saturated, is more likely to be retained 
than later runoff.  It is frequently observed that the first flush has higher pollutant concentrations 
than later runoff, particularly in the wash off after relatively extended dry periods.   
 
For the B and D soil and the residential cases on C soils, the reductions were very consistent 
among regions: 
 

 B and C soils, Basic ARCD, residential cases—100%; 

 B soil, Basic ARCD, COMM and REDEV cases—44-45%; 

 B soil, Full ARCD, COMM and REDEV cases—86-100%; 

 D soil, Full ARCD, SFR and COMM cases—38-41%; 

 D soil, Full ARCD, MFR case—50%; and 

 D soil, Full ARCD, REDEV case—66%. 
 
For the most highly impervious cases, COMM and REDEV, on C soils reduction was variable 
and dependent on precipitation.  With Basic ARCD the range was from 25 to 100 percent, going 
from relatively high to low precipitation.  Full ARCD is expected to raise the lowest reductions to 
100 percent for REDEV and at least 66 percent for COMM. 
 
Therefore, taking the greatest advantage of what ARCD offers could prevent the addition to 
receiving waters of all or almost all pollutant mass that would otherwise discharge from a range 
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of urban developments on B and C soils.  With D soils, Full ARCD can accomplish loading 
reductions approaching or somewhat exceeding 50 percent. 
 
ABILITY TO MEET POTENTIAL STANDARDS 
 
General Summary 
 
This section evaluates the ability of the Basic and Full ARCD strategies to meet each of the five 
potential stormwater management standards enumerated in the beginning of the report.  It also 
examines the extent of pollutant loading reduction if the standards are just met; i.e., if runoff is 
retained at the minimum needed to meet the standard.  It has already been demonstrated that 
retention of all post-development runoff and full pollutant attenuation is possible in some 
circumstances.  Table 16 summarizes the results for all regions and cases and both ARCD 
strategies. 
 
Ability to Meet Standards 
 
The projected ability to meet the standards overall varies mostly in relation to soil type (B or C 
versus D) and the relative imperviousness of development, and much less across climate 
regions.  The one exception to this generality is that implementing Basic ARCD practices on the 
Southwest region C soil would meet all five standards.  This uniformity does not occur 
elsewhere on either B or C soils, and is apparently primarily a function of the relatively low 
precipitation in the region. 
 
Setting aside the Southwest region, success in complying with standards is mostly comparable 
among the various B and C soils, with a small number of instances where a development type 
meets a standard on B but not on C soil.  Basic ARCD methods invariably can meet all 
standards on B and C soils for the residential development cases (MFR and Sm- and Lg-SFR).  
Full ARCD practices are forecast to meet all standards for the redevelopment case on B soils 
but only standards 1 and 5 consistently on C soils.  The combination of infiltration and roof 
runoff management applied to the retail commercial development allows meeting these same 
two standards on B soils but only the latter on both of the C soils occurring outside the 
Southwest region.  The only standards that cannot be met on B and C soils by the ARCD 
methods considered are standards 2-4 for the COMM case.  Therefore, of the 125 standards 
assessments, ARCD practices are projected to meet 113 (90.4 percent) with B and C soils. 
 
The ability to meet these standards is much reduced on D soils.  Standard 1 can be met 
occasionally with Full ARCD used in the redevelopment.  All cases with Full ARCD comply with 
standard 4 on this soil where pre-development runoff is estimated to be relatively high, reflecting 
a low overall requirement for retention volume.  Standard 5 can be met with Full ARCD with the 
exception of one COMM case.  Standards 2 and 3 were never estimated to be met in any D soil 
case.  All in all, with this soil 26 of the 75 scenarios (34.7 percent) are expected to meet a 
standard. 
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Table 16.  Ability to Meet Potential Regulatory Standards with Basic/Full ARCD Practices 

Region-Case
a
 

Standards 
Met— 

Basic ARCD
b
 

Standards 
Met— 

Full ARCD
b
 

Runoff Retention and Pollutant Loading 
Reduction (%)

b, c
 

Std. 1 Std. 2 Std. 3 Std. 4 Std. 5 

SE(B)-MFR 
          Sm-SFR 
          Lg-SFR 
          COMM 
          REDEV 

1, 2, 3, 4, 5  63 87 90 >99 63 

1, 2, 3, 4, 5  63 87 90 >99 63 

1, 2, 3, 4, 5  63 87 90 >99 63 

 1, 5 63 86 86 86 63 

 1, 2, 3, 4, 5 63 87 90 >99 63 

SE(D)-MFR 
          Sm-SFR 
          Lg-SFR 
          COMM 
          REDEV 

 5 50 50 50 50 37 

 5 38 38 38 38 34 

 5 38 38 38 38 34 

  41 41 41 41 41 

 1, 5 63 66 66 66 42 

SC(C)-MFR 
          Sm-SFR 
          Lg-SFR 
          COMM 
          REDEV 

1, 2, 3, 4, 5  58 82 90 81 47 

1, 2, 3, 4, 5  58 82 90 78 45 

1, 2, 3, 4, 5  58 82 90 78 45 

 1, 5 58 75 75 75 49 

 1, 2, 3, 4, 5 58 82 90 84 49 

SC(D)-MFR 
          Sm-SFR 
          Lg-SFR 
          COMM 
          REDEV 

 4, 5 49 49 49 18 10 

 4, 5 37 37 37 10 6 

 4, 5 37 37 37 10 6 

 4, 5 40 40 40 31 18 

 1, 4, 5 58 66 66 32 18 

NM(B)-MFR 
          Sm-SFR 
          Lg-SFR 
          COMM  
          REDEV 

1, 2, 3, 4, 5  81 89 90 >99 81 

1, 2, 3, 4, 5  81 89 90 >99 81 

1, 2, 3, 4, 5  81 89 90 >99 81 

 1, 2, 5 81 89 89 89 81 

 1, 2, 3, 4, 5 81 89 90 >99 81 

NM(C)-MFR 
          Sm-SFR 
          Lg-SFR 
          COMM 
          REDEV 

1, 2, 3, 4, 5  81 89 90 74 60 

1, 2, 3, 4, 5  81 89 90 71 57 

1, 2, 3, 4, 5  81 89 90 71 57 

 5 66 66 66 66 64 

 1, 2, 3, 4, 5 81 89 90 80 64 

SW(C)-MFR 
          Sm-SFR 
          Lg-SFR 
          COMM 
          REDEV 

1, 2, 3, 4, 5  62 83 90 75 46 

1, 2, 3, 4, 5  62 83 90 72 44 

1, 2, 3, 4, 5  62 83 90 72 44 

1, 2, 3, 4, 5  62 83 90 80 49 

1, 2, 3, 4, 5  62 83 90 80 49 

SW(D)-MFR 
          Sm-SFR 
          Lg-SFR 
          COMM 
          REDEV 

 4, 5 49 49 49 33 21 

 4, 5 37 37 37 27 16 

 4, 5 37 37 37 27 16 

 5 40 40 40 40 27 

 1, 4, 5 62 66 66 44 28 
a
 Region (hydrologic soil group)—land use; regions:  SE—Southeast, SC—South-central, NM—Northeast-

Upper Midwest, SW—Southwest; land uses:  MFR—multi-family residential, Sm-SFR—small single-family 
residential, Lg-SFR--large single-family residential, COMM—retail commercial, REDEV--redevelopment 
b
 Standard (Std.) 1—Retain the runoff produced by the 85

th
 percentile, 24-hour precipitation event 

   Standard 2—Retain the runoff produced by the 95
th
 percentile, 24-hour precipitation event 

   Standard 3—Retain 90 percent of the average annual post-development runoff volume 
   Standard 4—Retain the difference between the post- and pre-development average annual runoff 

volumes 
   Standard 5—Retain the difference between the post- and pre-development runoff volumes for all events 

up to and including the 85
th

 percentile, 24-hour precipitation event 
c
 Reduction estimated to result from meeting the standard, to the extent it can be met (fully met if so 

indicated in preceding columns), without treatment of remaining discharge. Where a standard can be met 
using Basic or Full ARCD application it is indicated in black, where a standard cannot be met using Basic 
or Full ARCD it is highlighted red.  
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Figure 4a.  Ability to Meet Potential Regulatory Standards with Basic/Full ARCD Practices for 
Southeast Climate Region 

 
MFR—multi-family residential, Sm-SFR—small single-family residential, Lg-SFR--large single-family 
residential, COMM—retail commercial, REDEV—redevelopment.  Standard (Std.) 1—Retain the runoff 
produced by the 85

th
 percentile, 24-hour precipitation event; Standard 2—the 95

th
 percentile, 24-hour 

precipitation event; Standard 3—90 percent of the average annual post-development runoff volume; 
Standard 4—the difference between the post- and pre-development average annual runoff volumes; and, 
Standard 5—the difference between the post- and pre-development runoff volumes for all events up to and 
including the 85

th
 percentile, 24-hour precipitation event 

 
Figure 4b.  Ability to Meet Potential Regulatory Standards with Basic/Full ARCD Practices for 
South Central Climate Region 
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Figure 4c.  Ability to Meet Potential Regulatory Standards with Basic/Full ARCD Practices for 
Northeast-Midwest Climate Region 

 
 
 
Figure 4d.  Ability to Meet Potential Regulatory Standards with Basic/Full ARCD Practices for 
Southwest Climate Region 
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Figure 5a.  Percentage of Runoff Retained Relative to Standards 1 (85
th
 Percentile, 24-hour 

precipitation event) and 2 (95
th
 Percentile event) for Southeast Climate Region 

 
MFR—multi-family residential, Sm-SFR—small single-family residential, Lg-SFR--large single-family 
residential, COMM—retail commercial, REDEV—redevelopment.  Standard (Std.) 1—Retain the runoff 
produced by the 85

th
 percentile, 24-hour precipitation event; Standard 2—the 95

th
 percentile, 24-hour 

precipitation event; Standard 3—90 percent of the average annual post-development runoff volume; 
Standard 4—the difference between the post- and pre-development average annual runoff volumes; and, 
Standard 5—the difference between the post- and pre-development runoff volumes for all events up to and 
including the 85

th
 percentile, 24-hour precipitation event 

 
Figures 5a-d show the percentage of runoff that can be retained for each development type, in 
each region, using either Basic or Full ARCD practices, in comparison with Standard 1 
(retention of the 85

th
 percentile, 24-hour precipitation event) and Standard 2 (retention of the 

95
th
 percentile, 24 hour event).  Even where Standards 1 and 2 cannot be met in full, ARCD 

practices can still result in substantial compliance, and retention of significant runoff volume. 
 
Figure 5b.  Percentage of Runoff Retained Relative to Standards 1 (85

th
 Percentile, 24-hour 

precipitation event) and 2 (95
th
 Percentile event) for South Central Climate Region 
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Figure 5c.  Percentage of Runoff Retained Relative to Standards 1 (85

th
 Percentile, 24-hour 

precipitation event) and 2 (95
th
 Percentile event) for Northeast-Midwest Region 

 
Figure 5d.  Percentage of Runoff Retained Relative to Standards 1 (85

th
 Percentile, 24-hour 

precipitation event) and 2 (95
th
 Percentile event) for Southwest Region 

 
Effectiveness of Standards in Environmental Protection 
 
Standard 3 (retain 90 percent of the average annual post-development runoff volume) would be 
the most protective standard.  Meeting or coming as close as possible to meeting, but not 
exceeding, this standard is estimated to lead to 66-90 percent runoff retention and pollutant 
loading reduction on B and C soils and 37-66 percent on D soil.  Standard 2 (retain the runoff 
produced by the 95

th
 percentile, 24-hour precipitation event) would yield only slightly less 

protection with B and C soils and, with D soil, retention and loading reduction equivalent to 
standard 3. 
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Standards 4 and 5, based on the differential between pre- and post-development runoff volume, 
are highly inconsistent in retaining runoff and reducing pollutants, in that they are relatively 
protective where pre-development runoff is estimated to be very low relative to post-
development flow, but result in progressively lower retention and pollutant loading reduction as 
pre- and post-development volumes converge, such as in several cases on D soils.  Standard 5 
is especially weak in this regard.  The potentially low level of retention and pollutant loading 
reduction  renders these standards based on the change in pre- versus post-development runoff 
volume poor candidates for national application, at least as formulated in these terms. 
 
Fully meeting standard 1 (retain the runoff produced by the 85

th
 percentile, 24-hour precipitation 

event) would yield runoff retention and pollutant mass reduction ranging from 58 to 81 percent, 
depending on climate region.  This level of inconsistency decreases the utility of this standard 
for widespread use.  Standard 2, based on the 95

th
 percentile event, is much better in this 

respect, with variability in runoff retention and loading reduction across the nation in the much 
narrower 82-89 percent range.  However, standard 1 remains more consistent across regions, 
and more protective of water quality for development on D soils than either standard 4 or 5, and 
is preferable to those standards in this regard. 
 
In summary, standards 2 and 3 are clearly superior to the other three options.  Standard 3 is 
entirely consistent from place to place in degree of environmental protection, and standard 2 
does not deviate much.  Analysis of the five development cases on two soil groups in each of 
four regions demonstrated the two standards are virtually identical in the runoff retention and 
pollutant loading reduction they would bring about. 
 
Management or Runoff in Excess of Standards Requirements 
 
All of the analysis reported above assumed that any remaining runoff after the application of 
ARCD and meeting, or coming as close as possible to meeting a standard, would discharge 
with no treatment.  In fact, additional treatment could further decrease pollutant loadings.  
Treatment without further runoff retention could be accomplished by many conventional or 
ARCD methods designed to lower contaminant concentrations.  The most effective of the 
alternatives is probably bioretention discharging non-retained runoff either on the surface or 
through an underdrain, assumed in the analysis conducted for this study according to the 
methods cited above.  Treatment of all remaining runoff with underdrained bioretention cells 
where space remains but all infiltration capacity is used can raise the pollutant removals given 
in Table 16 to the levels in Table 17.  These estimates apply to the four pollutants considered, 
TSS and total copper, zinc, and phosphorus.  Space would most likely be available in the three 
MFR and SFR cases but not the COMM and REDEV scenarios. 
 
While there is substantial variability in these results, they demonstrate that discharging effluent 
of relatively consistent, high quality can be accomplished with a comprehensive ARCD strategy.  
This strategy would embrace, first, retaining as much urban runoff as possible and then utilizing 
treatment based on soil and vegetative media to capture contaminants from the remainder. 
 
Table 17.  Estimated Pollutant Loading Reduction Benefits of Bioretention Treatment of Runoff 
Remaining After ARCD Implemented to Meet or Approach Standards 

Range of Table 16 Values (%) 
Approximate Pollutant 
Removal Increase (%) 

Total Estimated Pollutant 
Removal Range (%) 

35-45 30-45 65-90 

45-55 25-35 70-90 

55-65 20-30 75-95 

65-75 15->20 80->95 

75-85 10->15 85->95 

              >85 5->10 90->95 
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SUMMARY AND CONCLUSIONS 
 
STUDY DESIGN 
 
This study was performed to investigate the degree to which low-impact development ARCD 
practices can meet or exceed the requirements of various potential stormwater management 
facility design standards and the resulting environmental benefits.  The investigation was 
performed by estimating the stormwater retention possible with full application of ARCD 
practices to five land use cases in four representative climatic regions in the United States on 
two prominent soil types in each region.  Retention is defined as preventing the conversion of 
precipitation to surface runoff. Retaining runoff from impervious and pollutant generating 
pervious surfaces prevents the introduction of urban runoff pollutants to receiving waters as well 
as reduces runoff volume to prevent stream channel and habitat damage, flooding, and loss of 
groundwater recharge.  Infiltrating bioretention was first applied in the analysis of each case, a 
strategy termed Basic ARCD.  When Basic ARCD could not fully retain post-development 
runoff, a Full ARCD strategy was added, involving roof runoff harvesting in the most impervious 
development cases and roof water dispersion in those with substantial pervious area.  Benefits 
were assessed with respect to reduction of the annual average surface runoff volume from the 
quantity estimated without any stormwater management practices, and associated maintenance 
of pre-development groundwater recharge and water quality improvement through preventing 
discharge to receiving waters of pollutants generated with developed land uses. 
 
A number of conservative assumptions were built into the analysis to ensure that the 
capabilities and benefits of ARCD would not be over-estimated.  In summary, these 
assumptions are: 
 

 No retention credit for evapotranspiration in the Basic ARCD strategy, although 
generally a substantial amount would occur, and consideration of evapotranspiration 
only for roof runoff in the Full ARCD strategy; 

 

 Letting aside many available ARCD practices and site design principles that could be 
employed to reduce the runoff quantity, and the pollutants it transports, by reducing 
impervious surface area or directing the runoff to bioretention, harvesting, and 
dispersion facilities; 
 

 The assumption of no infiltration on hydrologic soil group D soils, although some 
infiltration occurs at finite rates even on clay; 
 

 Application of a safety factor to estimated infiltration rates; 
 

 Minimum bioretention cell depths, so that these facilities would not be disruptive to site 
design and could be put to other uses; 
 

 Requiring a 48-hour drawdown time for bioretention, instead of the 72-hour maximum; 
 

 An analysis to guard against groundwater mounding under bioretention cells, with 
conservative assumptions for horizontal and vertical hydraulic conductivity rates; and 
 

 An analysis demonstrating that doubling topographic slope changes results by only a 
few percent. 
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CAPABILITIES OF FULL ARCD APPLICATION 
 
Comparison of estimated runoff production in the pre- and post-development states 
demonstrated that the majority of the infiltration that would recharge groundwater in the 
undeveloped state would be lost to surface runoff after development with no stormwater 
management practices.  These losses would approach 90 percent in the most impervious 
developments.  These observations apply in in all climate regions and with the full range of soil 
conditions. 
 
Basic ARCD could retain all post-development runoff and pre-existing groundwater recharge, as 
well as attenuate all pollutant transport, in the three residential cases on B soils in the two 
climate regions where these soils were analyzed.  Bioretention cells to accomplish this retention 
would use from less than one-fourth to just over one-third of the available pervious area for 
infiltration.  Taking all available pervious area for the more highly impervious COMM and 
REDEV cases, bioretention would retain about 45 percent of the runoff and pollutants generated 
and save about 40 percent of the pre-development recharge.  Adding Full ARCD measures in 
these cases would approximately double retention and pollutant reduction for the retail 
commercial land use and raise it to 100 percent for the redevelopment.  Groundwater recharge 
would not increase, however, because the additional retention is accomplished by harvesting or 
dispersion. 
 
In the three regions having C soils, Basic ARCD can again retain all runoff and reduce urban 
runoff pollutant mass loading to zero for the MFR and Sm-SFR and Lg-SFR residential cases, 
although generally requiring more of the available pervious area to do so than in B soil cases.  
The effect of lower rainfall is evident in the South Central and, especially, the Southwest 
regions.  In the latter location, not only the residential cases but also the COMM and REDEV 
scenarios can achieve full runoff and groundwater recharge retention and pollutant loading 
attenuation with Basic ARCD on C soil.  Full ARCD can approximately double runoff retention 
and pollutant removal from the Basic ARCD level for the COMM case and extend these 
measures to 100 percent for the redevelopment. 
 
For development on the D soils in all climate regions, use of roof runoff management 
techniques was estimated to increase runoff retention and pollutant reduction from zero to 
between about one-third to two-thirds of the post-development runoff generated, depending on 
the land use case.  These strategies would offer little groundwater recharge benefit with this soil 
condition, but would still have the potential to significantly reduce runoff volume and pollutant 
loading. 
 
Therefore, taking the greatest advantage of what ARCD offers is expected to retain the great 
majority of post-development runoff and pre-development groundwater recharge.   This strategy 
would also prevent the addition to receiving waters of all or almost all pollutant mass that would 
otherwise discharge from a range of urban developments on B and C soils.  With D soils, Full 
ARCD can accomplish runoff retention and loading reductions approaching or somewhat 
exceeding 50 percent, and opportunities to use ARCD practices or site design principles not 
modeled in this analysis can further increase runoff retention volume. 
 
ABILITY TO MEET STANDARDS 
 
ARCD methods were assessed for their ability to meet five potential regulatory standards, the 
first two pertaining to retention of the 85

th
 and 95

th
 percentile, 24-hour precipitation events, the 

third to retain 90 percent of the post-development runoff, and the last two to retain the difference 
between the post- and pre-development runoff, the final standard capped at the 85

th
 percentile, 

24-hour event.  The projected ability to meet the five standards varies mostly in relation to soil 
type (B or C versus D) and the relative imperviousness of development, and much less across 
climate regions, except for the relatively arid Southwest. 
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The only standards that cannot be fully met on B and C soils by the ARCD methods considered 
are standards 2-4 for the COMM case.  Of the 125 standards assessments, ARCD practices are 
projected to meet 113 (90.4 percent) with B and C soils.  The ability to meet these standards is 
much reduced on D soils.  Only standards 1 (85

th
 percentile, 24-hour precipitation event, and 4 

and 5 (related to the difference between the post- and pre-development runoff) can be met 
occasionally and under limited conditions using Full ARCD methods. However, even on D soils, 
all cases for Standard 1 were able to retain greater than 50 percent of the required runoff 
volume. 
 
Standard 3 (retain 90 percent of the average annual post-development runoff volume) would be 
the most environmentally protective standard.  Meeting or coming as close as possible to 
meeting, but not exceeding, this standard was estimated to lead to 66-90 percent runoff 
retention and pollutant loading reduction on B and C soils and 37-66 percent on D soil.  
Standard 2 (retain the runoff produced by the 95

th
 percentile, 24-hour precipitation event) would 

yield equivalent protection on D soils and only slightly less protection with B and C soils. 
 
Standards 4 and 5, based on the differential between pre- and post-development runoff volume, 
are very inconsistent in retaining runoff and reducing pollutants.  They are highly protective 
where pre-development runoff is estimated to be very low relative to post-development flow, 
and then to result in progressively lower retention and loading reduction as pre- and post-
development volumes converge.  Standard 5 is especially weak in this regard.  This 
inconsistency makes these standards poor candidates for national application, at least as 
formulated in these terms. 
 
Fully meeting standard 1 (retain the runoff produced by the 85

th
 percentile, 24-hour precipitation 

event) would yield runoff retention and pollutant mass reduction ranging from 58 to 81 percent, 
depending on climate region.  This level of inconsistency decreases the utility of this standard to 
some degree.  Standard 2, based on the 95

th
 percentile event, is much better in this respect, 

with variability in runoff retention and loading reduction across the nation in the much narrower 
82-89 percent range. However, standard 1 remains more consistent across regions, and more 
protective of water quality for development on D soils than either standard 4 or 5, and is 
preferable to those standards in this regard. 
 
In summary, standards 2 and 3 are clearly superior to the other three options.  Standard 3 is 
entirely consistent from place to place in degree of environmental protection, and standard 2 
does not deviate much.  Analysis of the five development cases on two soil groups in each of 
four regions demonstrated the two standards are virtually identical in the runoff retention and 
pollutant loading reduction they would bring about. 
 
All five standards are based on some stipulated runoff retention.  Pollutant mass loading 
reduction is at least equal to the amount of retention that occurs.  It is possible to decrease 
loadings further by treating excess runoff.  Analysis showed that subjecting that runoff to 
bioretention treatment before discharge could reduce loadings of TSS and total copper, zinc, 
and phosphorus by at least two-thirds and as much as over 95 percent.  This conclusion applies 
to all climate regions and soil types for land use cases where space is available for the 
additional bioretention cells.  The three residential cases are in this group but not the COMM or 
REDEV cases, where all pervious land would have already been used for retentive or roof water 
dispersion practices. 
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ATTACHMENT A 
 

POLLUTANT CONCENTRATIONS FOR URBAN SOURCE AREAS (HERRERA ENVIRONMENTAL CONSULTANTS, INC. UNDATED) 
  
 

Source Area Study Location Sample Size (n) TSS (mg/L) TCu (µg/L) TPb (µg/L) TZn (µg/L) TP (mg/L) Notes 

Roofs                   

Residential Steuer, et al. 1997 MI 12 36 7 25 201 0.06 2 

Residential Bannerman, et al. 1993 WI ~48 27 15 21 149 0.15 3 

Residential Waschbusch, et al. 2000 WI 25 15 n.a. n.a. n.a. 0.07 3 

Residential FAR 2003 NY  19 20 21 312 0.11 4 

Residential Gromaire, et al. 2001 France  29 37 493 3422 n.a. 5 

Representative Residential Roof Values     25 13 22 159 0.11   

Commercial Steuer, et al. 1997 MI 12 24 20 48 215 0.09 2 

Commercial Bannerman, et al. 1993 WI ~16 15 9 9 330 0.20 3 

Commercial Waschbusch, et al. 2000 WI 25 18 n.a. n.a. n.a. 0.13 3 

Representative Commercial Roof Values     18 14 26 281 0.14   

Parking Areas                   

Res. Driveways Steuer, et al. 1997 MI 12 157 34 52 148 0.35 2 

Res. Driveways Bannerman, et al. 1993 WI ~32 173 17 17 107 1.16 3 

Res. Driveways Waschbusch, et al. 2000 WI 25 34 n.a. n.a. n.a. 0.18 3 

Driveway FAR 2003 NY  173 17  107 0.56 4 

Representative Residential Driveway Values     120 22 27 118 0.66   

Comm./ Inst. Park. Areas Pitt, et al. 1995 AL 16 110 116 46 110 n.a. 1 

Comm. Park. Areas Steuer, et al. 1997 MI 12 110 22 40 178 0.2 2 

Com. Park. Lot Bannerman, et al. 1993 WI 5 58 15 22 178 0.19 3 

Parking Lot Waschbusch, et al. 2000 WI 25 51 n.a. n.a. n.a. 0.1 3 

Parking Lot Tiefenthaler, et al. 2001 CA 5 36 28 45 293 n.a. 6 

Loading Docks Pitt, et al. 1995 AL 3 40 22 55 55 n.a. 1 

Highway Rest Areas CalTrans 2003 CA 53 63 16 8 142 0.47 7 
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Park and Ride Facilities CalTrans 2003 CA 179 69 17 10 154 0.33 7 

Comm./ Res. Parking FAR 2003 NY  27 51 28 139 0.15 4 

Representative Parking Area/Lot Values     75 36 26 97 0.14   

Landscaping/Lawns                 

Landscaped Areas Pitt, et al. 1995 AL 6 33 81 24 230 n.a. 1 

Landscaping FAR 2003 NY  37 94 29 263 n.a. 4 

Representative Landscaping Values     33 81 24 230 n.a.   

Lawns - Residential Steuer, et al. 1997 MI 12 262 n.a. n.a. n.a. 2.33 2 

Lawns - Residential Bannerman, et al. 1993 WI ~30 397 13 n.a. 59 2.67 3 

Lawns Waschbusch, et al. 2000 WI 25 59 n.a. n.a. n.a. 0.79 3 

Lawns Waschbusch, et al. 2000 WI 25 122 n.a. n.a. n.a. 1.61 3 

Lawns - Fertilized USGS 2002 WI 58 n.a. n.a. n.a. n.a. 2.57 3 

Lawns - Non-P Fertilized USGS 2002 WI 38 n.a. n.a. n.a. n.a. 1.89 3 

Lawns - Unfertilized USGS 2002 WI 19 n.a. n.a. n.a. n.a. 1.73 3 

Lawns FAR 2003 NY 3 602 17 17 50 2.1 4 

Representative Lawn Values     213 13 n.a. 59 2.04   

 

Notes:             

Representative values are weighted means of collected data.  Italicized values were omitted from these calculations. 

1 - Grab samples from residential, commercial/institutional, and industrial rooftops.  Values represent mean of   

     DETECTED concentrations            

2 - Flow-weighted composite samples, geometric mean concentrations         

3 - Geometric mean concentrations            

4 - Citation appears to be erroneous - original source of data is unknown.  Not used to calculate representative value 

5 - Median concentrations.  Not used to calculate representative values due to site location and variation from other values. 

6 - Mean concentrations from simulated rainfall study           

7 - Mean concentrations.  Not used to calculate representative values due to transportation nature of land use.  
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Executive Summary 
 
 
California’s Ocean Economy is the most expansive study of its kind in the nation and provides 
an update to the 1994 economic study conducted by the California Research Bureau and 
later released as part of the Resources Agency ocean strategy titled, California’s Ocean Resources: 
An Agenda for the Future.  This report from the National Ocean Economics Program (NOEP) 
provides a more comprehensive understanding of the economic role of California’s ocean 
resources than has been available to date. It also provides California with strong evidence 
that its unique ocean and coastal resources are important to sustaining California’s economy.  
This information highlights the economic importance of the ocean and coast to California 
and the nation and underscores the need for continued leadership in balancing resource 
protection and economic development.  
 
Summary of Findings 
 
California - Largest Ocean Economy in the Nation 
California has the largest Ocean Economy in the United States, ranking number one overall 
for both employment and gross state product (GSP), an impressive position, because 
California was the 5th largest economy in the world in 2000.1  The sectors of the Ocean 
Economy studied include: (1) coastal construction, (2) living resources, (3) offshore minerals, 
(4) ship and boat building and repair, (5) maritime transportation and ports, and (6) coastal 
tourism and recreation.  The total GSP of California’s Ocean Economy in 2000 was 
approximately $42.9 billion.  California’s Ocean Economy directly provided approximately 
408,000 jobs in 2000, and almost 700,000 jobs when multiplier effects are included.  It 
provided more than $11.4 billion in wages and salaries in 2000, and more than $24 billion 
when multiplier effects are included.  The NOEP also evaluated the total value of all 
economic transactions within 19 coastal counties (mainland coast and four additional 
counties added within San Francisco Bay and the Sacramento River Delta) and identified 
approximately $ 1.15 trillion of economic activity,2 (86% of total state economic activity), 
that is referred to as the “Coastal Economy.”  The natural resources of the coast and coastal 
ocean are a solid foundation for California’s economy and these resources must be sustained 
to maintain the strength in the six sectors evaluated within the Ocean Economy and the 
much larger Coastal Economy.   
 
California’s Ocean Economy: Comparisons with the Nation   
California provides a larger share of the national Ocean Economy than any other state.  
Overall, California made up nearly 19% of the US Ocean Economy in 2000 in both 
employment and GSP.  A major reason for this was the increase in the Tourism & 
Recreation sector and the strength of the Transportation sector.  California’s Marine 
Transportation sector is more than a quarter of the national Marine Transportation sector 
with the Ports of Long Beach and Los Angeles among the largest in the nation. 
 

                                                 
1 2001 California Society of Certified Public Accountants, Gale Group. 
2 County shares of GSP computed as county share of wages from the BLS Quarterly Census of Employment and Wages applied to the 
estimate of GSP from the Bureau of Economic Analysis. 
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Coastal Tourism and Recreation – More Growth/Lower Wages   
Coastal Tourism & Recreation dominated job growth with lower wages, while higher wage 
jobs in ocean-related sectors declined.  This trend, which also took place nationally, 
represents a shift from goods-related economic activity towards services.  It points to the 
need for California to continue to address housing and transportation issues to 
accommodate this workforce.  In addition, California must continue its leadership efforts to 
protect and enhance the natural resources, which draw visitors from all over the world. 
 
Coastal Population Density Is High – More Growth Inland 
Not only are the oceans important economically to the state, they are much loved by the 
residents.  In 2000, 77% of California’s population lived in coastal counties, which represent 
25% of the land.  In fact, population density along the coast increased markedly over the 
decade to 671 people per square mile compared to population density for the entire state of 
217 people per square mile.  However, between 1990 and 2000, California’s coastal 
population grew more slowly than the overall state population; 11.3% compared to the total 
state population growth of 13.7%, a difference of 2.4%.  Areas of highest population growth 
were the inland areas immediately adjacent to the coast, where land was more available and 
less expensive at the time. 
 
Coastal Economy:  Employment and Gross State Product  
Total Coastal County GSP in 2000 represented approximately 86% of California’s GSP, 
estimated at $1.15 Trillion.  Coastal employment in California increased by 13.2% from 1990 
to 2000 compared to the state’s overall employment growth of approximately 12%.  In 2000, 
total employment in coastal counties represented 81% of the state’s total employment or 
11,994,814 salaried workers.  
 
Regional Growth 
Regionally, the largest growth occurred in the central region of California, which includes 
Monterey, San Mateo, and Santa Cruz counties.  The growth rates on all three measures, 
employment, wages and GSP, were larger than any other region, and were driven primarily 
by growth in Tourism & Recreation.  The largest Ocean Economy is in the Southern, most 
populous region.  Rural areas indicated a higher proportion of jobs relating to the coastal 
and ocean economy than in urban areas.  The Ocean Economy represented 2.7% of 
employment in the highly populated Southern California economy and nearly 10% of the 
jobs in the northern rural region of Humboldt, Del Norte, and Mendocino counties.  
 
National Ocean Economics Program 
This report was funded by a Coastal Impact Assistance Program (CIAP) Grant awarded by 
the California Resources Agency to the National Ocean Economics Program.  The NOEP 
team, conducting a national investigation into the ocean based economy of the United 
States, has carried out this work using the most reliable available sources of information to 
prepare this report.  The information and views expressed in this report are those of the 
authors and do not reflect any official views or position of the State of California.  
Professors Judith T. Kildow of California State University at Monterey Bay and Charles S. 
Colgan from the University of Southern Maine led the team.    
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PART I  BACKGROUND AND SUMMARY OF FINDINGS   

 
Chapter 1    Introduction 
 
1.1  California and the Sea 
 
California has always been influenced by the sea.  Unlike other western states, California was 
founded from the sea inward, first by the Spanish and then by the Americans.  California 
retains close links to the Pacific and by utilizing its resources, was the fifth largest industrial 
economy in 2000.3  Its connections to the ocean are evidenced by the economic activity of 
thousands of businesses, its burgeoning ports, and in the behavior of millions of people who 
flock to the shore.   
 
Besides attracting millions of people, California is a fascinating place to examine and an 
important place to understand.  California’s coast has unique physical qualities.   
Geographically and geologically, California’s coast is a mixture of broad sand beaches, 
enormous estuaries turned ports, and rocky cliff formations that make it conducive to 
differing economies and lifestyles.   The varied climate along its coast contributes to differing 
patterns of living.  Demographically, it is heavily urban in the Bay area and Southern Coastal 
areas, mixed rural and semi-urban along the Central Coast, and mostly rural along the 
Northern coast. In the past, it has been difficult to fully appreciate the magnitude of the 
connections to the ocean.  Now, it is possible to measure the economic and demographic 
relationships as they change over time throughout the state as a whole, and in the different 
coastal regions of California.   
 
Between 1990 and 2000, California’s population grew from 29.8 million to approximately 
33.9 million, an estimated annual growth rate of 13.7%.  Seventy-seven percent of the 
population lives in or near the coast, and a faster growing population inhabits the inland 
areas immediately adjacent to the coast. Another important indicator of change, 
employment, is growing faster along the coast than inland, indicating a strong growth in the 
economy along the shore.   
 
California holds a prominent political leadership position with respect to coastal zone and 
ocean management.  For many years it has initiated innovative programs and policies to 
meet the challenges of balancing protection of it resources and development for its growing 
population and economy. As the first state to pass coastal management legislation in 19764, it 
continues as a model for other states by its responses to coastal issues.  California’s growing 
population and historic popularity as a tourist destination have brought it both economic 
wealth and the accompanying challenges of enormous pressure on all of its natural 
resources, particularly those along its more populated coastal areas.  
 
Beaches are the top destination for its tourists and one of California’s greatest assets.   Its 
beaches stretch the length of the state, and are sought particularly in Southern California due 
                                                 
3 2001 California Society of Certified Public Accountants, Gale Group. 
4 Coastal Act of 1976, Coastal Resources Planning & Management Policies. 
<http://www.coastal.ca.gov/fedca/cach3.pdf>.  The Act created policies for public access, recreation, marine 
environment, land resources, and development. 
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to its warmer climate.  For this study the value of beaches and coastal areas has been 
calculated to demonstrate their importance to the California economy, and the significance 
of maintaining both. Protecting the beaches from pollution is only part of the challenge; they 
also are eroding because California, like other places, has damned up most of its coastal 
watersheds, thus preventing the fresh-running waters carrying essential nourishing sediments 
to the coast.  As a result, California conducts some artificial beach nourishment to ensure its 
revenues from tourism continue, and to protect this unique and desirable asset.  
 
Californians can boast a long list of challenges and activities that dominate the California 
coastal landscape.  These activities require monitoring and management to ensure that the 
shores of California can sustain the pressures and deliver the amenities and goods the public 
seeks.  To date, however, there has been little information about the value of the coast and 
ocean to the state of California, and even less information about how these values have 
changed over time.  Likewise, there continues to be little understanding of the state’s 
economic dependence on these natural resources.  Uncovering California’s relationships to 
the ocean and its economy is the purpose of this report. 
 
 
1.2  About this Study 
 
This report is an update of a study of California’s Ocean Economy that was undertaken in 
1994 by staff of the California Research Bureau,5 and later published as part of a larger 
report in 1997 by the California Resources Agency.6  A research team from the National 
Ocean Economics Program (NOEP), headquartered at the University of Southern California 
(1999-2003) and California State University at Monterey Bay (2003-present), has conducted a 
national investigation into the ocean-based economy of the United States. 
 
The general outline and scope of the 1994 study were followed, but there are some 
differences. This report incorporates the latest data and analytic techniques developed by the 
NOEP to measure the Ocean Economy of all states, and thus yields somewhat different 
estimates.  Data from the years 1990 and 2000 shows changes in the California Ocean 
Economy over time utilizing a single methodology in order to provide a nationally consistent 
approach to measuring the ocean and coastal economy of the US.  The NOEP methodology 
permits greater precision in estimates, particularly in tourism and recreation, and also 
provides data that permits measurement over time. Appendix A contains a brief discussion 
of the methodological issues involved in preparing this report.  More detailed information 
can be found in Measurement of the Ocean and Coastal Economy: Theory and Methods (Colgan 
2003).7
 
 
NOEP developed its methodology because the data available to measure the Ocean 
Economy were imperfect for the following reasons: (1) standard economic data series 
available for this study were not designed to measure in detail the relationship between the 

                                                 
5  R. Moeller and J. Fitz, 1994. An Economic Assessment of Ocean Dependent Activities, Sacramento: California Research Bureau. 
6  The Resources Agency, California, 1997. California’s Ocean Resources:  An Agenda for the Future. 
7 C. Colgan, 2003. Measurement of the Ocean and Coastal Economy: Theory and Methods working paper, NOEP, 
<www.OceanEconomics.org/Download/NOEPMethodv8.pdf >. 
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ocean and economic activity, so a methodology has been devised that allows the data sets to 
be as compatible as possible with the realities of this particular slice of the economy; (2) 
other essential data are missing or irregularly available. Particularly, sector data at the county, 
and even regional level, in many cases cannot be publicly revealed because of federal rules of 
disclosure that protect proprietary information on firms; (3) standard economic data do not 
fully capture all of the economic value of the ocean. Recreational uses such as a day at the 
beach, or just enjoying a view of the sea do not appear in market data sets, but rather, are 
found in studies using a range of methodologies, and are thus not included in our estimates. 
 
 
1.3  Definitions and Terminology    
  
To avoid repetition and for clarification purposes, the following terms and definitions 
regarding economic indicators and valuation categories are found in the beginning of this 
report, so that the reader can fully understand what is intended. 
 
Coastal Economy: the sum of all economic activity occurring in counties defined as part of 
a state’s coastal zone management program, including four additional counties that are part 
of San Francisco Bay and the Sacramento River Delta areas.  Most, but not all of the Ocean 
Economy is part of the Coastal Economy. 
 
Ocean Economy: those activities that create goods and services, a portion of whose value 
is affected by the ocean and its resources.  Economic statistics are grouped by a classification 
system known as the Standard Industrial Classification (SIC), which imperfectly reflects the 
relationship between economic activity and the ocean.8 Only part of the Coastal Economy is 
part of the Ocean Economy. 
 
Dollar Values: expressed in constant 2000 dollars (adjusted by the Consumer Price Index). 
• Dollar values are estimated as direct and indirect values. Indirect values include induced 

values.  
• Direct values: those activities associated only with the designated ocean industries such 

as travel and tourism and living resources (examples include labor and capital costs 
associated with hotel accommodations or labor and capital costs for fish processing). 

• Multipliers: indirect and induced values. Multipliers affect the estimates of employment, 
wages, and output within the region. Indirect effects include both the change in 
economic activity in industries within the region that buy or sell from ocean industries 
(examples include sales of food to restaurants and hotels and the activities of travel 
agents booking trips) and the change in economic activity resulting from the spending of 
the wages earned by those employed by the ocean industries within the region.  All 
indirect values or multiplier effects are based on IMPLAN, a standard and widely used 
economic impact model. 

                                                 
8 After 2000, all industries are classified using the North American Industry Classification System (NAICS) rather than the 
Standard Industrial Classification (SIC by BLS).   Both SIC and NAICS codes have been provided for 2001 as a benchmark 
leaving further calculations to the user. NAICS focuses on how products and services are created, as opposed to SIC which 
focuses on what is produced. Using NAICS yields significantly different industry groupings from those produced using SIC. 
These differences in NAICS and SIC structures, preclude direct comparison between NAICS data and SIC-based data for 
earlier years for historical series.    
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• Unless otherwise indicated, all measures are stated as direct values. 
 
Employment: annual average wage and salary private employment excluding self-
employment.   

 
Gross State Product (GSP): measure of the contribution of the sector to the value of 
goods and services in the economy.  The value-added, or net sales of a sector, minus the cost 
of inputs, e.g. the net output of a sector.  Using this measure eliminates “double counting,” 
among sectors. 
 
Housing Patterns and Trends: include housing units both single and multi-family 
including seasonal and year round, owner occupied and rental.    
 
National Ocean Economics Program (NOEP): federally funded program to understand 
and estimate the value of the ocean-based economy of the US. 
 
Standard Industrial Classification System (SIC): The NOEP adopted the SIC system 
and identified eight major sections for its national study on the Ocean Economy.  Six of 
these, selected for this study, are listed in alphabetical order (Table 1-1). 

 
 Table 1-1: The Sectors and Industries of the Ocean Economy 

Construction Marine  Tourism & Recreation - Coastal 
Amusement and Recreation Services 

Living Resources - Marine Boat Dealers
Fish Harvesting Eating and Drinking Places

Fish Hatcheries and Aquaculture Hotels and Motels
Seafood Processing Marinas

 Recreational Vehicle Parks and Campgrounds
Minerals - Offshore Sporting Goods Retailers 

Limestone, Sand, and Gravel Zoos and Aquaria
Oil and Gas Exploration Transportation - Marine 

Oil and Gas Production Deep Sea Freight Transportation
  Marine Passenger Transportation 
 Marine Transportation Services
Ship & Boat Building Petroleum and Natural Gas Pipelines

Boat Building and Repair Search and Navigation Equipment
Ship Building and Repair Warehousing  

 
The sectors Construction, Living Resources, Minerals, Ship & Boat Building, Tourism & 
Recreation, and Transportation include specific industries that contribute to the Ocean 
Economy.  Some industries, shown in italics, are considered ocean-related only when they are 
located in near-shore regions, and defined by location in a coast-adjacent zip code, which is 
the smallest unit of geography currently available for employment statistics. 9  

                                                 
9 The data source for the analysis is the Quarterly Census of Employment and Wages of the US Department of Labor, 
Bureau of Labor Statistics, which is derived from the ES-202 unemployment insurance data series supplied by the 
California Employment Development Department. 
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The use of SIC codes and geography provides the best means of measuring the Ocean 
Economy.  This methodology is based on available data consistent across all states and can 
provide information from the national to the local level.   
 
Wages and Salaries: the wages and salaries paid; all wages are shown in year 2000 dollars. 
 
1.4 Limitations and Omissions 
 
Although this report covers all categories found in the earlier California report, it does not 
capture the full value of the California Ocean Economy.  This study omits some important 
segments of the California Ocean Economy: 
• Ocean Economy is measured only in coastal counties at this time, although Ocean 

Economy activities extend throughout the country. 
• The government sector is excluded; the SIC codes do not distinguish between coast and 

ocean-related sectors and non-ocean related activities of the federal, state, and local 
government agencies.   

• Fisheries harvesting employment values are omitted because they are not included in the 
nation’s employment database, and are not accurately and consistently available from any 
other source.  

• Marine science and education are not included since data related to this field cannot be 
separated easily within larger organizations such as colleges and universities that 
undertake most marine scientific research.  However, a list of California’s marine science 
research and education institutions can be found in the Appendix. C. 

• Real estate is not included because such information requires a different approach to 
valuation.    

• Corporate investment estimates as well as consumptive values are missing because they 
require a different approach to valuation. 
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Chapter 2    Summary of Findings 
 
2.1 Introduction 
 
This chapter has been separated into four categories highlighting the more interesting 
findings.  The first two categories are (1) California’s Coastal Economy, which includes the 
demographic patterns that define and drive it;10 and (2) comparison of California’s Ocean 
Economy with the nation that also includes other coastal states. These are added solely to 
provide context and a fuller understanding of the data generated for this report, yet are not 
analyzed or elaborated further. The second two categories, (3) comparison of California’s 
Regional Ocean Economies with each other and with the state over time;11 and (4) 
comparison of California’s Ocean Economy by sectors, over time are further elaborated in 
the following chapters.   
 
 
2.2 California’s Coastal Economy 
 
As explained in Chapter 1, California’s Coastal Economy reflects all activities within either 
coastal zip codes or coastal counties, which are part of the California Coastal Zone 
Management Program. This includes all counties with ports and harbors in watersheds that 
host important maritime activities.  Population and housing estimates are added to show 
important trends.   
 
California’s coastal population did not increase as rapidly as the state’s population during the 
decade between 1990 and 2000, (11.3% compared to the total state population growth of 
13.7%, a difference of 2.4%). However, density of California’s coastal population continues 
to far exceed that of the state. In the year 2000, density along the coast was more than 623 
people per square mile vs. 217people per square mile for the state.  
 
• In 2000, 77% of California’s population lived in coastal counties, which represent 25% 

of the land. 
 

• According to US Census reports, the areas of highest population growth, however, were 
those found immediately adjacent to the coastal areas, inland along coastal watersheds, 
where property was less expensive and more available at the time.12 While population 
density in coastal areas clearly exceeds these areas for now, inland areas merit close 
monitoring, because they are vulnerable to overexploitation of the natural landscape and 
the filling in of valuable and limited green space that could affect the quality of 
watersheds and ultimately the shoreline.  See Table 2-1, Coastal County densities. 

 

                                                 
10 California State Summary of Coastal and Ocean Social and Economic Trends, December 2004. 
11 The State has been divided into 5 regions, as was done in the previous CA study.  However, due to changes in marine-
based activities in watersheds, we have added the counties of Yolo, San Joaquin, and Sacramento to ensure that all 
significant activities were included.  
12 Examples would be the “inland empire” in LA County, the Salinas Valley in Monterey County, the Inland areas of 
Sonoma county, the Sacramento Delta areas. 
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Table 2-1: Population and Housing Densities 1990-2000 

Region Near-Shore Coastal Counties California 
Area (Square Miles) 7,747.3 39,094.0 155,959.3
Population 1990 4,481,996 23,546,687 29,785,857
Population 2000 4,828,228 26,215,856 33,871,648
Population Density 1990 578.5 602.3 191.0
Population Density 2000 623.2 670.6 217.2
Population Increase 7.7% 11.3% 13.7%
Housing 1990 1,858,485 8,750,629 11,182,882
Housing 2000 1,969,411 9,389,257 12,214,549
Housing Density 1990 239.9 223.8 71.7
Housing Density 2000 254.2 240.2 78.3
Housing Increase 6.0% 7.3% 9.2%

 
• Population across California coastal counties ranged in growth from 6.2% to 20% during 

the decade 1990 – 2000 (Table 2-2). 
 
• Yolo County, adjacent to Sacramento, had the highest growth rate.   Humboldt and San 

Francisco counties had the slowest growth rate. 
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Table 2-2: Regional Population and Housing Growth Rates 

Region 2000 
Population

Population 1990-
2000 Growth 

Rate 

2000 Housing Housing 1990-
2000 Growth 

Rate 

North     
Del Norte 27,507 17.3% 10,434 14.8% 
Humboldt 126,518 6.2% 55,912 9.3% 
Mendocino 86,265 7.4% 36,937 9.8% 
North Region Total 240,290 7.8% 103,283 10.0% 

North Central    
Sonoma 458,614 18.1% 183,153 13.7% 
Marin 247,289 7.5% 104,990 5.3% 
Napa 124,279 12.2% 48,554 9.9% 
Solano 394,542 16.2% 134,513 12.5% 
Yolo 168,660 19.4% 61,587 16.2% 
Sacramento 1,223,499 17.5% 474,814 13.7% 
San Joaquin 563,598 17.3% 189,160 13.8% 
San Francisco 776,733 7.3% 346,527 5.5% 
Alameda 1,443,741 10.7% 540,183 7.2% 
Contra Costa 948,816 18.1% 354,577 12.2% 
Santa Clara 1,682,585 12.4% 579,329 7.2% 
North Central Total 8,032,356 13.8% 3,017,387 9.7% 

Central    
San Mateo 707,161 8.9% 260,576 3.5% 
Santa Cruz 255,602 11.3% 98,873 7.6% 
Monterey 401,762 13.0% 131,708 8.7% 
Central Region Total 1,364,525 10.5% 491,157 5.7% 

South Central    
San Luis Obispo 246,681 13.6% 102,275 13.4% 
Santa Barbara 399,347 8.1% 142,901 3.4% 
Ventura 753,197 12.6% 251,712 10.2% 
South Central Total 1,399,225 11.4% 496,888 8.8% 

South    
Los Angeles 9,519,338 7.4% 3,270,909 3.4% 
Orange 2,846,289 18.1% 969,484 10.8% 
San Diego 2,813,833 12.6% 1,040,149 9.9% 
South Region Total 15,179,460 10.2% 5,280,542 5.9% 

Total Coastal 26,215,856 11.3% 9,389,257 7.3% 

California Total 33,871,648 13.7% 12,214,549 9.2% 
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The relative rate of increase over a decade for housing units in the three geographic areas of 
interest for this study: (1) total state housing; (2) coastal housing; and (3) near-shore13 
housing are reflected in Table 2-3.  The near-shore’s lower rate of increase in population 
compared to coastal zone counties and the state as a whole, suggests that limitations on 
building near the shore are having an influence.  Regulatory limits, price, and land availability 
are the likely primary constraints.  Although near-shore housing has the lowest rate of 
increase, it also represents a very narrow strip of land, so the lower rate can be misleading as 
a result.  Density along the shore continues to increase far beyond either of the other two 
areas, indicating the need to monitor the development carefully.  
 
Table 2-3: California Housing Comparisons 

Year Total 
State Housing 

Coastal Housing Near-shore 
Housing 

1990 11,182,882 8,750,629 1,858,485 
2000 12,214,549 9,389,257 1,969,411 

Change 9.23% 7.30% 5.97% 
 
• In 2000, total coastal county employment represented 80.7% of the state’s total 

employment (Table 2-4). 
• Coastal employment in California increased by 13.2% from 1990 to 2000. 
 
Coastal counties in California, as well as the rest of the nation, represent a disproportionate 
size of the overall economy.  While many of the nation’s largest cities are located along the 
coast and account for some of this value, coastal location draws increasing numbers of 
people and a broad range of activities that represent vast sums of revenue, which no state 
can afford to overlook.  The natural resources of the coast and coastal ocean are a solid 
foundation for California’s economy and must be sustained to sustain the growth in the 
Coastal Economy. 
 
Table 2-4: Comparison of California Coastal County Employment Growth with 
California Total Employment 

Year 
 

Total 
State Employment 

Coastal 
County Employment

Coastal County % of State 
Employment 

1990 13,262,696 10,497,161 79.2% 
2000 14,867,006 11,994,814 80.7% 

Change 12.1% 13.2% 1.5% 
 
Coastal county population and employment in California are growing faster than housing 
(Table 2-5).  This trend has several implications.   Affordable housing for those working in 
the area may not available. This is particularly true in the lower paying tourism and recreation 
jobs. This trend has far reaching implications for social and physical infrastructure, such as 
adequate transportation and highways to carry those who must live far away from their 
employment. 

                                                 
13 Near-shore housing consists of zip codes adjacent to the coastline. 
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Table 2-5: Growth Rates for Coastal County Housing, Population, and Employment 

1990 - 2000 Housing  
Growth Rate 

1990 - 2000 Population 
Growth Rate 

1990 - 2000 Employment 
Growth Rate 

7.30% 11.30% 13.2% 

 
 
2.3 California’s Ocean Economy: Comparisons with the Nation 
 
• California’s share of the national Ocean Economy is substantially larger than its share of 

the total US economy. 
 
The nationally consistent measurements of the Ocean Economy, which have been 
developed by the NOEP, allow comparisons of California’s Ocean Economy with other 
states and the nation.14  Overall California made up nearly 19% of the US Ocean Economy 
in 2000 in both employment and GSP  (Table 2-6).   During that same year, California had 
11.4% of total US employment and 13.4% of US GSP. California provided a larger portion 
of the national Ocean Economy than its contribution to the total economy. Major reasons 
for this were the increase in the Tourism & Recreation sector and the strength of the 
Transportation sector.  California’s Marine Transportation sector is more than a quarter of 
the national Marine Transportation sector with the Ports of Long Beach and Los Angeles 
being among the largest in the nation. 
 
Table 2-6: California’s Share in the US Ocean Economy 2000 

California’s share in the US Ocean Economy 2000 
  Employment Gross State Product 
Total Ocean Economy 18.7% 18.9%
Construction 9.6% 13.1%
Living Resources 10.6% 7.4%
Minerals 9.2% 6.7%
Ship & Boat Building 10.2% 9.6%
Tourism & Recreation 20.1% 22.1%
Transportation 26.1% 28.1%

 
Figures 2-1 and 2-2 compare the distribution of employment and GSP between the two 
areas in 2000.  For employment, California has a larger proportion of its Ocean Economy in 
Ship & Boat Building, Living Resources, and Minerals than the US has as part of its 
economy.   However, the value of GSP in the US is larger in Ship & Boat Building and 
Minerals, while the value of the Transportation sector’s GSP is much larger in California.  
The value of Tourism & Recreation also is larger in California.   
 

                                                 
14 All values reported in this part of the study are direct values, unless otherwise noted. 

 15  

RB-AR9179



NOEP 
 

Employment in the California Ocean Economy Compared with 
the US Ocean Economy 2000
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Figure 2-1: 2000 Employment, California vs. US Economy   
 

Gross State Product in California and US Ocean Economies 
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Figure 2-2: 2000 Ocean GSP, California vs. US Economy   
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 2.4 California’s Ocean Economy: Comparisons with Other States  
 
• California has the largest Ocean Economy in the US, ranking number one overall in 

both employment and GSP from the ocean. 
 
Table 2-7 shows California’s ranking by sector among the 30 coastal and Great Lakes states.  
It is not surprising that California has the largest Ocean Economy among the coastal states, 
as well as in Tourism & Recreation and Transportation.  It also ranks in the top five of all 
sectors except Ship & Boat Building, where it ranks sixth.  It is noteworthy that in 
Construction, Living Resources, and Minerals, California’s GSP ranks higher than in 
employment. 
 
Table 2-7: California Rank by Sector Among Coastal States 2000 
California Rank Among Coastal States 2000 
  Employment Gross State Product 
Total Ocean Economy 1 1 
Construction 3 2 
Living Resources 4 3 
Minerals 4 3 
Ship & Boat Building 6 6 
Tourism & Recreation 1 1 
Transportation 1 1 
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Table 2-8 shows California maintained its first place rank among all coastal and Great Lakes 
states in Ocean Economy GSP from 1990 to 2000. 
 
Table 2-8: Ocean Economy GSP Rankings of Coastal States 1990 and 2000 
Rank State 1990 2000 State Rank 

1 California 14,703,784,251 21,434,428,141 California 1 
2 Louisiana 14,599,213,346 15,248,432,508 Louisiana 2 
3 New York 6,603,086,278 11,676,830,383 Florida 3 
4 Florida 6,321,459,167 7,683,892,713 Washington 4 
5 Alaska 5,296,007,820 6,848,544,553 New Jersey 5 
6 Washington 5,260,776,080 6,446,339,764 Texas 6 
7 New Jersey 4,885,639,675 5,239,162,298 Alaska 7 
8 Texas 3,039,803,670 5,092,727,554 New York 8 
9 Virginia 2,556,648,972 4,030,681,483 Hawaii 9 

10 Hawaii 2,546,093,848 3,565,652,519 Virginia 10 
11 Maryland 2,201,909,490 3,324,045,497 Illinois 11 
12 Illinois 2,085,041,271 2,867,222,029 Pennsylvania 12 
13 Connecticut 2,068,303,837 2,454,068,194 Connecticut 13 
14 Michigan 1,210,080,844 2,363,494,739 Maryland 14 
15 Maine 1,061,506,497 2,002,302,949 Michigan 15 
16 Wisconsin 1,030,262,706 1,785,750,627 Mississippi 16 
17 Mississippi 916,079,810 1,519,896,601 Maine 17 
18 South Carolina 815,872,218 1,422,939,938 South Carolina 18 
19 Rhode Island 711,994,326 1,241,080,165 Wisconsin 19 
20 North Carolina 662,450,171 1,167,788,146 Georgia 20 
21 Pennsylvania 622,336,827 1,097,149,561 North Carolina 21 
22 Ohio 577,922,814 994,142,073 Indiana 22 
23 New Hampshire 573,964,731 942,681,414 Ohio 23 
24 Georgia 570,192,354 862,983,177 Rhode Island 24 
25 Oregon 490,307,531 766,574,374 Alabama 25 
26 Indiana 484,263,909 710,837,378 Oregon 26 
27 Alabama 424,109,254 519,075,829 New Hampshire 27 
28 Minnesota 281,665,137 454,283,828 Minnesota 28 
29 Delaware 217,172,151 362,687,784 Delaware 29 
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2.5 California’s Ocean Economy: Regional Comparisons   
 
The size of the California economy necessitates that a regional perspective be used to 
investigate the Ocean Economy in greater detail.  Five regions are defined in Table 2-9 and 
include the coastal counties following the categories used in the 1994 study (except for the 
caveat indicated in the Table). 
 
  Table 2-9: Ocean Economy Coastal Regions15  

Region County Region County 
Del Norte Monterey 
Humboldt San Mateo North 
Mendocino 

Central 
Santa Cruz 

Alameda San Luis Obispo  
Contra Costa Santa Barbara  
Marin 

South Central 
Ventura  

Napa Los Angeles 
Sacramento * Orange 
San Francisco 

South 
San Diego 

San Joaquin * 
Santa Clara 
Solano 
Sonoma 

North Central  

Yolo * 

* Sacramento, San Joaquin, and Yolo 
counties are included in this report for 
consistency with state level data and for 
their economic importance. 

 
 
The changes by region were significant.  The fastest growth in regional Ocean Economy 
occurred in the Central region that includes Monterey, San Mateo, and Santa Cruz counties.  
The growth rates on all three measures, employment, wages and GSP, were larger than any 
other region, driven primarily by growth in Tourism & Recreation (see Figure 2-3).  

                                                 
15 Watershed regions determined by the original California study. 
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Changes in California Regional Economy 1990-2000
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Figure 2-3: Changes in California’s Regional Ocean Economy, 1990-2000 
 
The North region’s losses in the Marine Living Resources sector offset in part the growth in 
Tourism & Recreation, while the South Central region saw its GSP value climb faster than 
employment or wages, probably due to the increased value of the minerals sector, and the 
rise in the price of oil as discussed in Chapter 4 (see Table 4-9). 
 
Slow growth in Southern California was probably caused by changes in the high-income 
sectors of Transportation and Ship Building that reduced the size of the Ocean Economy.  
In addition, the sharp drop in the high-value Search and Navigation Equipment industry 
overwhelmed modest growth in Tourism & Recreation (see Table 5-3 and Table 8-3). 
 
Jobs in the California Ocean Economy are located primarily in the urban regions of the 
state.  Eighty-five percent of the jobs are in Southern California coastal counties and Bay 
area counties (see Table 2-10). 
 
• California’s Ocean Economy reflects a higher proportion of jobs in the rural areas 

compared to other regions. The Ocean Economy represents 2.7% of employment in the 
highly populated Southern California economy and nearly 10% of the jobs in the 
northern rural region of Humboldt, Del Norte, and Mendocino counties.   
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Table 2-10: California Ocean Economy 2000 by Region with Multipliers 

Region Employment 
Indirect 

Employment Total Employment Multiplier 
North  7,691 2,307 9,998 1.3 
North Central 131,834 52,734 184,568 1.4 
Central 46,874 14,062 60,936 1.3 
South Central 29,774 14,887 44,661 1.5 
South  187,045 187,045 374,090 2.0 
Coastal Total * 408,127 285,689 693,816 1.7 

Region Direct Wages 
Indirect and 

Induced Wages Total Wages Multiplier 
North  $95,569,934 $57,341,960 $152,911,894 1.6 
North Central $3,322,308,195 $2,990,077,376 $6,312,385,571 1.9 
Central $897,345,053 $628,141,537 $1,525,486,590 1.7 
South Central $540,692,752 $540,692,752 $1,081,385,504 2.0 
South  $6,405,298,440 $7,686,358,128 $14,091,656,568 2.2 
Coastal Total * $11,441,454,062 $12,585,599,468 $24,027,053,530 2.1 

Region Direct GSP 
Indirect and 
Induced GSP Total GSP Multiplier 

North  $214,950,623 $128,970,374 $343,920,997 1.6 
North Central $6,668,923,435 $6,002,031,092 $12,670,954,527 1.9 
Central $1,991,938,702 $1,394,357,091 $3,386,295,793 1.7 
South Central $1,242,271,083 $1,118,043,975 $2,360,315,058 1.9 
South  $11,013,715,716 $13,216,458,859 $24,230,174,575 2.2 
Coastal Total * $21,434,428,141 $21,434,428,141 $42,868,856,282 2.0 
* Coastal Totals are greater than the sum of the regional values due to data suppression at the county and 
regional levels. 
 
Table 2-11 shows direct employment, wages, and GSP for the Ocean Economy in each of 
the coastal regions.  The size of the Ocean Economy is proportionate to the size of the 
overall economy in each region. 
 
Table 2-11: Changes in the Ocean Economy by Region 1990 - 2000 

Region Employment Wages (millions) GSP (millions) 
North 1,670 $15.7 $30.2
North Central 13,579 $168.1 $1,160.3
Central 13,476 $276.7 $758.7
South Central 7,663 $82.9 $404.5
South -15,078 -$1,190.5 -$116.9
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The proportion of the Ocean Economy in each region’s total economy changes from South 
to North.  It remains unknown whether the size of the Ocean Economy is a cause or a result 
of the size of the rest of the economy in each region.  Figure 2-4 compares the proportion of 
the California economy accounted for by employment in each of the regions.  For example, 
the Southern region, with the largest and most urban population, provides 45.8% of 
California’s ocean sector employment, while it represents 45% of California’s total 
employment.  The Northern region, far more rural with many fewer people, has only 2% of 
California’s Ocean Economy jobs and less than 1% of California’s total employment. 
 

Ocean Employment by Region Compared with Total in 2000*
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Figure 2-4: California Ocean Employment, Region vs. State 
*Total employment represents all California employment and ocean employment represents ocean sectors. 
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Figure 2-5 shows that the proportion of Ocean Economy employment in each region is 
higher outside the major metropolitan areas.  While the Ocean Economy is about 2.5% of 
the total California economy, and 2.6% of the Southern California economy, it is nearly 
7.5% of the northern region.  This mirrors a general pattern in the US Ocean Economy, in 
which employment is concentrated in urban areas, but the Ocean Economy plays a larger 
role in more rural areas. 
 

Ocean Sector Employment as Percent of Total Regional 
Employment in 2000*

4.3%

3.2%

7.4%

2.6% 2.5%

6.7%

0%

1%

2%

3%

4%

5%

6%

7%

8%

North North Central Central South Central South California
  

Figure 2-5: Regional Percentage of Ocean Employment 
*The regions represent coastal counties only; California represents the entire state. 
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2.6 California’s Ocean Economy: Statewide Summaries by Sector 
 
• The direct market value, or GSP, of California’s Ocean Economy was $21.4 billion in 

2000.  Total market value, or GSP in 2000 was $42.9 billion. 
 
The ocean-related GSP grew by 10.64% in constant 2000 dollars between 1990 and 2000.  
This lagged behind California’s overall economic growth. This lagging trend in growth was 
similar to the nation.   

 
• The Marine Minerals and Coastal Recreation & Tourism sectors increased in GSP. 

 
• California’s Ocean Economy directly provided over 400,000 jobs in 2000, and more than 

690,000 jobs when multiplier effects are considered. 
 

• Employment in California’s Ocean Economy grew more slowly than the state’s overall 
economy.  Wage and salary jobs in the Ocean Economy grew approximately 4.9%, 
compared with 13.8% overall growth in California.  The increase was almost entirely due 
to growth in Tourism & Recreation jobs in the coastal regions. 
 

• The coastal-related Tourism & Recreation sector dominated job growth in the Ocean 
Economy, during the past decade, while jobs in other ocean-related sectors declined. 
This trend, which also took place nationally, represents a profound shift in how the 
ocean relates to the economy, towards services and away from goods-related economic 
activity (see Figures 2-6 and 2-7). 
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Figure 2-6: California Sectoral Comparisons by GSP 
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Figure 2-7: California Sectoral Comparisons by Employment  
 
 
Table 2-12: The Direct California Ocean Economy in 1990 and 2000 

2000 
Sector Employment Wages 

(millions) 
GSP 

(millions) 
Average 
Wages 

GSP/ 
Employee 

Construction 2,833 $164.4 $309.1 $58,035 $109,100
Living Resources 6,015 $165.9 $403.3 $27,587 $67,046
Minerals 1,014 $67.1 $415.5 $66,165 $409,751
Ship & Boat Building 10,557 $377.6 $493.1 $35,772 $46,712
Tourism & Recreation 313,417 $5,545.0 $12,426.6 $17,692 $39,649
Transportation 74,289 $5,121.4 $7,386.8 $68,939 $99,434

TOTAL 408,127 $11,441.5 $21,434.4 $28,034 $52,519
1990 

Sector Employment Wages 
(millions) 

GSP 
(millions) 

Average 
Wage 

GSP/ 
Employee 

Construction 4,098 $219.3 $414.3 $53,522 $101,086
Living Resources 6,740 $206.4 $563.6 $30,626 $83,616
Minerals 1,549 $83.4 $317.4 $53,809 $204,932
Ship & Boat Building 25,849 $1,073.4 $1,282.0 $41,527 $49,594
Tourism & Recreation 231,910 $3,601.1 $7,689.7 $15,528 $33,158
Transportation 118,975 $6,988.2 $9,105.7 $58,737 $76,534
TOTAL 389,123 $12,171.8 $19,372.6 $31,280 $49,785
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The Tourism & Recreation sector accounted for the largest proportion of employment and 
GSP with 76.8% of the former and 58% of the latter (Figure 2-8).  However, it represented 
the lowest average wages and GSP per employee.  The Transportation sector is the second 
largest in terms of employment and GSP, accounting for 18.2% of employment, but almost 
a third of GSP. And, the Transportation sector as well as the Minerals sector represented 
much higher average wages and GSP per employee. The Tourism & Recreation sector pays 
significantly lower wages and has significantly lower GSP per employee than all other 
sectors.  These other sectors are the reason that the California Ocean Economy pays higher 
wages than the average wage for the state economy. The implication here is that the slower 
growth sectors contribute significantly to the California economy through higher wages, 
making up a critical element of the economy.  More detailed discussions of these sectors, 
and the industries they include, are found in Part II The Sectors of the California Ocean 
Economy. 
 

Distribution of the California Ocean Economy in 2000
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Figure 2-8: 2000 Distribution of the California Ocean Economy   
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2.7  Indirect and Induced Estimates of California’s Ocean Economy  
 
The data presented so far tells only part of the story of the Ocean Economy – the results of 
economic activity directly related to the ocean.  This direct economic activity generates 
additional economic activity, which occurs in part because ocean-related industries purchase 
goods and services from other industries (indirect effects), and partly because the income 
earned in the ocean industries is spent by employees to purchase goods and services from 
other industries (induced).  The multiplier estimates provide a measure of the total economic 
activity generated within California from the use of ocean and coastal resources.  Estimates 
of these effects are shown in Table 2-13.  The estimates were derived from a detailed 
analysis of the Ocean Economy industries in each of the coastal regions using IMPLAN, a 
standard and widely used economic impact model.   
 
Table 2-13: Multiplier Effects of The California Ocean Economy 2000 

Sector 
Direct 

Employment 

Indirect and 
Induced 

Employment 
Total 

Employment 
Multi-
pliers 

Construction 2,833 2,550 5,383 1.9 
Living Resources 6,015 2,406 8,421 1.4 
Minerals 1,014 2,028 3,042 3.0 
Ship & Boat Building 10,557 8,446 19,003 1.8 
Tourism & Recreation 313,417 94,025 407,442 1.3 
Transportation 74,289 163,436 237,725 3.2 
Total California 408,127 285,689 693,816 1.7 

Sector Direct Wages 
Indirect and 

Induced Wages Total Wages 
Multi-
pliers 

Construction $164,413,562 $164,413,562 $328,827,124 2.0 
Living Resources $165,933,760 $132,747,008 $298,680,768 1.8 
Minerals $67,091,107 $46,963,775 $114,054,882 1.7 
Ship & Boat Building $377,642,817 $302,114,254 $679,757,071 1.8 
Tourism & Recreation $5,544,976,307 $4,435,981,046 $9,980,957,353 1.8 
Transportation $5,121,396,509 $7,169,955,113 $12,291,351,622 2.4 
Total California $11,441,454,062 $12,585,599,468 $24,027,053,530 2.1 

Sector Direct GSP 
Indirect and 
Induced GSP Total GSP Multi-pliers

Construction $309,081,043 $309,081,043 $618,162,086 2.0 
Living Resources $403,284,093 $322,627,274 $725,911,367 1.8 
Minerals $415,487,797 $290,841,458 $706,329,255 1.7 
Ship & Boat Building $493,135,966 $394,508,773 $887,644,739 1.8 
Tourism & Recreation $12,426,599,613 $9,941,279,690 $22,367,879,303 1.8 
Transportation $7,386,839,629 $10,341,575,481 $17,728,415,110 2.4 
Total California $21,434,428,141 $21,434,428,141 $42,868,856,282 2.0 

 
The size of the Ocean Economy approximately doubles when the estimated multiplier 
effects are included.  Employment almost doubles to over 690,000, while wages and the 
contribution to GSP more than double.  With the multiplier effects included, the California 
Ocean Economy comprises 4.1% of California employment and 3.2% of California GSP.  
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The Transportation sector has the largest employment, wage, and GSP multiplier effects, 
while the Minerals sector also has a substantial employment multiplier. 
  
 
2.8  Changes in the California Ocean Economy 1990-2000   
 
The California Ocean Economy underwent profound changes during the decade 1990- 2000. 
 
Table 2-14: Changes in the California Ocean Economy, 1990-2000 (Direct) 

Employment Wages GSP Sector 
Change % Change Change 

(millions) 
% Change Change 

(millions) 
% Change

Construction -1,265 -30.9% -$54.9 -25.04% -$105.2 -25.39%
Living Resources -725 -10.8% -$40.5 -19.61% -$160.3 -28.44%
Minerals -535 -34.5% -$16.3 -19.51% $98.0 30.89%
Ship & Boat Building -15,292 -59.2% -$695.8 -64.82% -$788.8 -61.53%
Tourism & Recreation 81,507 35.2% $1,943.9 53.98% $4,736.9 61.60%
Transportation -44,686 -37.6% -$1,866.8 -26.71% -$1,718.8 -18.88%
All Ocean Sectors 19,004 4.9% -$730.4 -6.00% $2,061.9 10.64%
 
Only the Tourism & Recreation sector exhibited growth in employment, wages, and GSP as 
shown in Figure 2-9.  Every other sector in the Ocean Economy declined in employment 
and real wages, and all except Minerals declined in direct GSP.  This is a significant change 
toward services-oriented uses and away from goods-related uses related to the ocean. 
 

California Ocean Sector Changes 1990-2000

-37.56%

4.88%

-64.82%

-6.00%

-28.44%

30.89%

61.60%

10.64%

35.15%

-34.54%-30.87%

-10.76%

-59.16%

53.98%

-25.04% -19.61%

-19.51%
-26.71%-25.39%

-61.53%

-18.88%

-80%

-60%

-40%

-20%

0%

20%

40%

60%

80%

Construction Living Resources Minerals Ship & Boat
Building

Tourism &
Recreation

Transportation All Ocean
Sectors

Ocean Sector

Employ-
ment
Wages

GSP

 
Figure 2-9: Changes in California’s Ocean Economy by Sector, 1990-2000  
 
Possible reasons for these changes follow:  
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• Construction trends in marine related Heavy Construction are very difficult to measure, 

in part because the industry is not measured well in the SIC system, and in part because 
the industry is highly cyclical and dependent, in particular on government spending for 
activities such as dredging, pier construction, etc.  The declines shown were driven 
largely by changes in government spending over the decade, but detail on this spending 
is insufficient to measure accurately what activities have most changed.   

 
• Living Resources declines are entirely related to declines in Fish Harvesting, which are 

explained in more detail in Part II. 
 
• Minerals (mostly oil and gas) declined in employment and wages, but grew in GSP, 

reflecting two trends. First, the industry itself became more efficient, requiring fewer 
workers for output.  Second, the real value of the oil increased. A 1989 federal 
moratorium on leasing additional offshore lands in California, combined with mostly 
older wells in place, could account for the decrease in oil and gas production volume.16 

 
• Ship and Boat Building had the largest decline of all the ocean sectors on all three 

measures, GSP, employment, and wages. The decline is probably related to the end of 
the Cold War in 1990, and the peak in the Reagan era of seven-years of ship building 
expansion for the Navy, followed by the steady decline.  This pattern occurred in all 
states where significant shipbuilding took place, and so California’s experience reflected 
this national trend.   In addition, “part of this decline could be due to the reduction in 
offshore minerals leasing over this period and the reduction in exploration and 
production activity.  Offshore service/supply vessels, for example, were built in the San 
Diego shipyards, as were other service vessels and some production facilities”.17 

 
• Transportation exhibited the largest change in the Search and Navigation Equipment 

industry, which makes equipment for both military and civilian uses.  This industry is the 
“high tech” segment of the Ocean Economy, in which California has been a national 
leader.  The industry lost nearly 60,000 jobs, more than half of those employed, from 
1990 to 2000, reflecting almost entirely the same military spending trends that resulted in 
the declines in the Ship & Boat Building sector.  Also, the Deep-sea Freight 
Transportation industry lost approximately 40% of its employment (nearly 1,800 jobs) 

                                                 
16 Paul Kelly, Sr. Vice-President, Rowan Companies, Communiqué 2004. “Another trend reflected in the decline in 
employment is the departure of pioneering companies from California once their base of operations in the State was 
impacted by offshore leasing moratoria. Longstanding State moratoria prohibiting new leasing and local opposition to 
federal leasing was expanded in 1989 with the first of Presidentially imposed new leasing moratoria. With their California 
bases of operations dealt this… blow to possible future work, most of these companies left the State [Orange and Ventura 
counties] for other… locations on the Texas and Louisiana Gulf Coast. Such companies included Santa Fe International 
(contract drilling and construction) to Dallas, Global Marine Drilling (contract drilling) to Houston, Varco International 
(technologically advanced drilling equipment) to Houston, Smith International (oilfield tubulars and equipment) to 
Houston, Oceaneering International (diving, underwater specialists and robotics) to Houston…. Also, earlier, in the 1980's, 
Armco Steel closed a plant in Southern California that manufactured pipe for petroleum operations. In addition, news 
stories in the Houston newspapers would indicate that California-based production companies such as UNOCAL and 
Chevron (now ChevronTexaco) have gradually been relocating jobs from California to Texas and Louisiana. In l989, the 
National Ocean Industries Association determined in an informal survey that approximately 37,000 jobs had been moved 
out of California as the result of these relocations.” 
17 Paul Kelly, Communiqué 2004. 
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despite large growth in the volume of cargo handled at California’s ports.  This job loss 
reflected the industry’s increasing mechanization. 

 
• Tourism & Recreation increased markedly over the decade consistent with national and 

local trends.  California’s beaches are among the most popular in the world.   
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PART II   THE SECTORS OF THE CALIFORNIA OCEAN 
ECONOMY 
 
Chapter 3       California Living Resources 
 
Table 3-1: Summary of Direct Value of Living Resources Industry 2000 

Industry Employment Wages GSP 
Fish Hatcheries & Aquaculture 488 $13,702,515 $35,350,869
Fishing * 976 $38,213,332 $98,585,880
Seafood Processing 4,551 $114,017,913 $269,347,344
Total 6,015 $165,933,760 $403,284,093
* Some fishing companies fall under the unemployment insurance laws and report their employment like other 
companies.  Other people employed in fish harvesting, primarily the self-employed, are not counted.  So these 
figures represent only the known portion of the harvesting sector. 
 
Table 3-2: Summary of Living Resources Industry with Multipliers - 2000 
 Direct Indirect & Induced Total Multiplier 
Employment 6,015 2,490 8,505 1.4 
Wages $165,933,760 $125,877,350 $291,811,110 1.8 
GSP $403,284,093 $309,722,183 $713,006,276 1.8 
 
This chapter gives an overview of California’s Living Resources sector. It includes a) a 
summary of the changes in the industry, b) the recent history of landings and landed value 
for the major fisheries; c) basic economic information – employment, wages and GSP or net 
output – about the three industries of the sector:  Fish Harvesting, Seafood Processing, and 
Fish Hatcheries and Aquaculture; d) kelp industry production in California, (the economic 
indicators are included in the fish-harvesting industry); and e) summary estimates for the 
Sport and Recreational Fishing Industry in California.   
 
We have tried to show estimated values by state and by region through this report, but this 
sector presented extra challenges because information at the county and regional levels was 
either not available at all or was suppressed in so many cases that the total estimates so 
under-represented the real value of the sector, we could not include them.  This means that 
the industries comprising Fish Processing and Aquaculture and Fish Harvesting were too 
concentrated in a few companies to allow disclosure of information without violating 
confidentiality. This could be due in some cases to declines in fish catch and the consequent 
necessity for consolidation of the supporting industries, or to traditional dominance of 
particular regions by less then three companies.  In addition, the employment and wage 
values are not available for Fish Harvesting. Hence, this chapter gives industry breakdowns 
by state only, and even these under-represent the actual value. 
 
As the following tables indicate, the value of each category plummeted between 1990 and 
2000. The last column in Table 3-3 indicates the actual changes. 
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Table 3-3: Direct Changes in California Living Resources 1990-2000 

 Employment Wages GSP 
Industry 1990  Change 

in 2000 
1990 Change in 

2000 
1990 Change in 

2000 
Fish Hatcheries 
& Aquaculture 567 -79 $13,142,047 $560,468 $38,460,509 -$3,109,640
Fishing * 1,498 -522 $61,452,930 -$23,239,598 $179,843,437 -$81,257,557
Seafood 
Processing 4,674 -123 $131,824,548 -$17,806,635 $345,268,974 -$75,921,630
Total 6,740 -725 $206,419,526 -$40,485,766 $563,572,921 -$160,288,828
* Represents only the known portion of the harvesting sector. 
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Figure 3-1: Changes in Living Resources Sector from 1990 to 2000 
 
 
The demand for seafood in the US is large. Consumption of seafood is about 15.6 pounds 
per capita annually, which represents about $26.7 billion in revenue.  Due to a higher degree 
of health-consciousness and the large portion of Asian immigrants in the state18, the per 
capita demand for seafood in California is thought to be even larger than the national 
average. This has both national and international implications for California’s economy, 
since a portion of California’s fisheries is exported to foreign nations, and because the 
national and California markets are growing.  The more California can effectively manage its 
fisheries for optimal sustainable productivity, the greater the opportunity for foreign trade as 
well as serving local and national markets. Of all the California Ocean Economy sectors, 
Living Resources is possibly the least understood and most controversial.  
 
The Living Resources sector data suffers from large disclosure issues, and much uncertainty 
and presents a challenge to indicate its value. Several variables make this sector difficult to 
                                                 
18   See <http://www.epa.gov/r10earth/offices/oea/risk/a&pi.pdf>. 
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assess:  a) Landings and landed values have been unstable in the past and continue to be due 
to large declines in the catch of particular species; b) absence of mandated standardized 
employment and wage reporting for fish harvesting, preventing accurate accounting of the 
real value of fish harvesting to the state.  Much of the fishing industry is considered “self-
employed” and does not fall under the federal mandates for reporting wages and numbers of 
employees, as is the case in all other sectors with wages paid by companies.  Hence, those 
“self-employed” vessels fall outside the reported data requirements. Only those fishing 
operations that report as regular private companies can be included in our dataset from the 
Federal Government.  Hence, reporting wages, employment, and GSP for the entire Living 
Resources sector, when it is aggregated, and for the fish harvesting part of the sector, when 
that is reported separately, is under-reported.  There is no way to accurately know how many 
fishermen there are in California nor how much they earn. The only amount that can be 
estimated is that amount of money that the owner of the boat receives for the catch at the 
dock, because legally, that must be reported by the buyer of the catch.   This lack of standard 
reporting has several implications, not the least of which is that there can be no benchmark 
for regulators to determine the extent to which regulations or limits will impact the economy 
of the fishermen. 
 
Only state aggregated estimates for the value of the Living Resources sector can be found in 
this chapter.  Regional estimates have been left out. The evident domination of the Fish 
Processing and the Hatcheries and Aquaculture industries by only a few companies per 
region have resulted in the suppression of data at county and regional levels.  This industry 
concentration may reflect the steep decline in catch over the past decades, or they could be 
the result of traditionally family-owned enterprises who captured the market long ago and 
have remained successful.  In either case, we cannot report the numbers by region. 
 
When compared with the larger Ocean Economy sectors in California such as Tourism & 
Transportation, the Living Resources market sector is relatively small. However, as a source 
of food and employment, the commercial fishing industry is very important to California’s 
coastal economy. Many activities are dependent on this industry, such as boat construction 
and repair, brokerage, dock handling, trucking and other transportation, gear and rigging 
stores, fish processing, and commercial seafood trade. In addition, the health of California’s 
fisheries is integrally related to the health of California’s coastal waters, reflecting the 
strength of offshore ecosystems. The size of the catch and its contribution to California’s 
economy is only a part of its value.  These other values are not captured in the market place, 
but have far reaching effects on the sustainability of California’s coastal resources, which 
fuels its flourishing coastal economy. The long-term sustainability of California’s fisheries 
has additional values, or future values, because fisheries are a renewable resource that, if 
well-managed, could sustain a viable industry for years to come.  Poor management of 
California’s fisheries would be an opportunity lost, taking a major source of revenue and 
food from the citizens of California, costing Californians in future earnings and revenues.   
 
While all Ocean Economy sectors but Tourism & Recreation declined during the decade 
1990-2000, the Living Resources sector sustained the deepest cuts in relative terms. The real 
losses are not calculable from the market values published in this chapter.  The additional 
values mentioned above need to be considered as well. 
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3.1 Overview of Activities: Fisheries Landings and Values 
 
The US fishing industry has undergone massive changes during the past 25 years, but overall, 
landings have remained relatively steady at about 10 billion pounds a year and GSP at about 
$3.5 billion annually. In 1991 and 1994, the total US landings reached a peak, with more than 
10 billion pounds in total landings each year  (Figure 3-2).  However, the overall national 
appearance is deceptive. Some states have increased their take with new species and others 
have seen their fisheries almost collapse. In California, the fisheries landings have shown the 
largest decline throughout the last 25 years, with the largest dip in the most recent years, 
showing a decrease from billions to millions in a 20-year time frame.  
 
Each of the five regions in California showed a decrease in landings, with an increase in 
value. This was not true for the Central Coast, which showed an increase in both landings 
and value. The Central Coast includes Monterey County, Santa Cruz County, and San Mateo 
County. In California, there is also concern about other competitive uses of the land and 
water, other than for fisheries. As tourism continues to grow, it needs space, sometimes out-
competing fisheries for limited dock and shoreline space. These changes have had major 
impacts on California’s economy (Figure 3-2). 
 
Although we usually use 2000 as our latest benchmark, we have included figures representing 
the years after 2000 because these numbers were readily available and told an even more 
complete story.  Figure 3-3 reflects some of these losses. 
 
• Between 1982 and 1999, California’s fishing fleet declined by an estimated 4000 vessels, 

from approximately 6700 to 2700 boats.   
 
• In 1976, California’s fleet landed a peak of 1.3 billion pounds of fish and invertebrates, 

compared to landings of 650 million pounds in 2000.  
 
• In 1980, the California fleet, at a peak since 1970, brought in more than $300 million in 

landed value, compared to $142 million in 2000 and $91 million in 2002 (NMFS) (See 
Figure 3-3). California’s share of the US total commercial landings fell from 
approximately 19% in 1970 to about 7.1% of the US total, and 3.9% of total landed 
value in 2000 (See Figure 3-4). 

 
• 1970 to 1990, total finfish and shellfish landings in California declined by more than half, 

while total US landings almost doubled. California experienced a dramatic drop in 
landings of tuna, ground fish, urchin, shark, swordfish, salmon, and abalone.19 

                                                 
19 (NMFS site and www.OceanEconomics.org, which uses the data from that site) 
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Figure 3-2: US Total Commercial Fishery Landings and Values 
Source: Pacific Coast Fisheries Information Network (Pacfin)  
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Figure 3-3: California Commercial Fishery Landings and Values 
Source: Pacific Coast Fisheries Information Network (Pacfin) 
 

 36

RB-AR9200



NOEP 
 

  
 

California Share of U.S. Total Commercial Fishery Landings 
and Value

0%

5%

10%

15%

20%

25%

19
70

19
71

19
72

19
73

19
74

19
75

19
76

19
77

19
78

19
79

19
80

19
81

19
82

19
83

19
84

19
85

19
86

19
87

19
88

19
89

19
90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

Pe
rc

en
ta

ge

CA Share of Total Landings CA Share of Total Value
 

Figure 3-4: California Share of US commercial Fisheries 
Source: Pacific Coast Fisheries Information Network (Pacfin) 
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3.1.1 Influences on California’s Fishing Industry 
 
According to California Living Marine Resources: A Status Report by the Department of Fish and 
Game (2001), the state’s marine resources and its management have undergone continuous 
changes in part because of changes in the economics of fisheries and partly because of the 
need to restrict fishing effort in order to manage commercial fishery populations.  The 
decline in tuna landings was primarily a result of the shift of landing ports from California to 
less costly cannery operations in Samoa and Puerto Rico.  Because of severe decreases in 
abalone stock and concerns about the extinction of the white abalone, the total commercial 
fishing of abalone was closed south of San Francisco.  Ground fish production was 
disrupted by seasonal area closures, quota reduction, and long-term stock-building plans.  
Salmon fishing has raised public concerns since five California salmon populations have 
been listed under the federal Endangered Species Act (ESA).   
 
Additional regulations also played an important role in the development of California’s 
commercial fishing industry.  For example, rockfish and Cabezon were considered lucrative, 
and a major fishery dedicated to those near-shore species was established during the 1990s. 
According to the Department of Fish and Game, in 1994, California Constitutional 
Amendment (Prop. 132) prohibited fishing by gillnet in the near-shore areas of central and 
southern California.   The 1998 Marine Life Management Act (MLMA), led to additional 
suspension of permits in the near-shore fishery, and a squid management plan is in place, 
which involves restrictions of access. The 1999 Marine Life Protection Act authorizes new 
protections for ocean habitats and wildlife.  It also will create a new network of marine 
protected areas along the coast, setting aside zones in some cases, where preservation of 
certain species will be undertaken to revive some of the more depleted stocks. 
 
Outside the industry, competing uses of waterfront for recreational boating, commercial 
cargo handling, and tourism, have confronted the California commercial fishing industry, 
and could limit the availability of shore-side space for support facilities. 
 
Despite the decline of landings for certain species in California, some other species have 
exhibited growth patterns, and have become the targets of fishery expansion.  For example, 
according to the California Department of Fish and Game, increased international demand 
for squid resulted in a dramatic increase in landings during non-El Nino years, which has 
attracted participation from former salmon fishermen in California.  Growth of California 
fisheries also included the development of specialized fisheries for sea urchin, Pacific 
herring, and rockfish.  However, restrictions on rockfish are now affecting these efforts. 
 
 
3.1.2  Landings and Values by Species 
 
Today, California’s fishing industry no longer depends on tuna fisheries; other species have 
gained importance.  Squid and red sea urchin were the top two revenue-generating species in 
2002. The revenue from market squid reached 16.5 million tons in 2002.  Along with Squid, 
Chinook salmon, Pacific sardine, and Albacore entered into the top ten commercial species 
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in terms of revenue, replacing the positions of tuna, Pacific herring, shrimp, and Dover sole 
in the 1992 list (Figure 3-5). 
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Figure 3-5: 2002 California’s Top 10 Commercial Marine Species 
Source: Pacific Coast Fisheries Information Network (Pacfin) 
 
 
3.1.3  Landings and Values by Region and County 1990 to 2002  
 
The total weight and value of landings have declined in California since 2000 (Table 3-4, 
Figure 3-6 and 3-7).  Except for the Central Coast, all other regions have experienced loss of 
landings and value.  Los Angeles County, accounting for more than 95% of the total 
landings and 90% of the total value, has experienced the greatest drop during the same 
period.  The only county that experienced steady landing growth was San Diego, while the 
total value declined simultaneously (see NMFS site and www.OceanEconomics.org for 
detailed fisheries information on species). 
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Table 3-4: Regional Landings and Values 2000-2002 

. 2000 2001 2002 

 Region Weight of 
landings (lb) 

Landed 
Value ($) 

Weight of 
landings (lb)

Landed 
Value ($) 

Weight of 
landings (lb) 

Landed 
Value ($) 

              
North Coast 27,711,244 27,057,783 22,080,412 18,908,402 21,904,644 18,227,627
Del Norte 8,114,071 9,779,518 6,533,578 5,856,040 4,496,855 4,430,281 
Humboldt 10,102,830 8,410,836 7,209,487 5,690,285 7,853,514 6,380,523 
Mendocino 9,494,343 8,867,429 8,337,347 7,362,084 9,554,275 7,146,823 
              
North Central 15,278,570 13,137,260 12,239,073 11,501,424 12,792,633 11,543,997
Alameda 46,594 108,747 79,576 158,831 162,075 235,909 
Contra Costa 10,737 27,564 6,747 19,394 13,138 33,038 
Marin 1,919,644 1,672,380 2,986,961 2,137,359 364,236 629,607 
San Francisco 10,204,780 7,313,606 6,491,229 5,889,007 8,751,549 6,625,709 
Santa Clara 388,429 226,042 647,204 219,922 649,801 133,040 
Solano         6,444 14,908 
Sonoma 2,708,386 3,788,921 2,027,356 3,076,911 2,845,390 3,871,741 
              
Central Coast 65,054,096 14,809,023 66,674,419 12,041,962 99,208,364 16,571,474
Monterey 61,339,436 9,813,590 63,450,017 8,260,265 94,186,314 12,450,017
San Mateo 3,029,606 3,925,871 2,885,194 3,256,384 4,651,711 3,609,970 
Santa Cruz 685,054 1,069,562 339,208 525,313 370,339 553,173 
              
South Central Coast 174,848,867 33,230,847 113,480,611 22,341,361 60,231,135 19,225,417
San Luis Obispo 3,661,918 5,718,773 3,469,567 4,604,807 2,848,307 3,773,916 
Santa Barbara 7,005,508 6,728,900 5,263,908 5,382,993 5,658,833 6,125,507 
Ventura 164,231,441 20,783,174 104,747,136 12,353,561 51,723,995 9,325,994 
              
South Coast 257,328,091 47,170,193 221,378,721 37,309,889 167,451,195 25,937,566
Los Angeles 254,044,639 39,316,639 217,999,578 29,979,777 163,951,419 19,445,966
Orange 548,667 1,774,456 556,041 1,694,446 529,351 1,646,180 
San Diego 2,734,785 6,078,956 2,823,102 5,635,666 2,970,425 4,845,180 
              
All Coastal Counties 540,220,868 135,405,106 435,853,236 102,103,038 361,587,971 91,506,081
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Figure 3-6 shows the landings by weight of commercial fish by coastal region and Figure 3-7 
shows the landed value into California by region from 1993 to 2002.  The weight and the 
total landed value in Southern California have greatly exceeded the rest of the state in recent 
years.  This is in contrast to the results of the 1990s, when the highest total value of the 
landings was in the north coast.   
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Figure 3-6: 1993 to 2002 Weight of Landings by Region 
Source: Pacific Coast Fisheries Information Network (Pacfin) 
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Figure 3-7: 1993 to 2002 Value of Landings by Region 
Source: Pacific Coast Fisheries Information Network (Pacfin) 
 
More recent information on California’s Living Resources industry can be found in 
Appendix B to this report.   The information reported in the body of this report reflects data 
from 1990 to 2000 and uses the SIC codes as the basis for classification of values, for 
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consistency and comparability purposes.   Appendix B contains estimates after 2000 done 
according to the newer NAICs codes, which give a more detailed accounting of the industry 
values.  The charts found in the Appendix, however were taken from California state sources 
instead of the Federal Bureau of Labor Statistics source and so may represent a slightly 
different set of estimates. 
 
 
 
3.3  Kelp and Sea Vegetable Harvesting 
 
In addition to fisheries, California’s Living Resources sector includes kelp farming offshore.  
Algin, an extract from kelp, is widely used in binding, stabilizing, and modeling 
pharmaceuticals, and in the cosmetics, hygiene, and food industries.  Figure 3-8 presents the 
historical kelp production in wet tons in California.  From 1970 to 1980, kelp harvest 
produced about 150,000 wet tons.  As of 1980, the harvest of kelp was below 100,000 wet 
tons until 1989.  The main reason for the low average was the 1982 to 1984 El Nino, which 
disturbed the environmental and climatic conditions of the Pacific Ocean.  In 1990, kelp 
harvest reached its peak for the past 20 years with more than 150,000 wet tons. In 1998, 
25,000 wet tons were harvested.  From 1999 to 2001, the harvest was only around 40,000 
tons annually.  No separate data for employment and payroll in kelp and sea vegetable 
harvesting are available.  They are included under the commercial fishing industry previously 
shown in Tables 3-1 and 3-2. 
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Historical California Kelp Production in Thousands of Wet Tons
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Figure 3-8: Historical California Kelp Production 
Source: California Department of Fish and Game 2001
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3.4  Recreational and Sport fishing 
 
Recreational and Sport fishing in California is normally found in our Tourism and 
Recreation  and Boat Building sectors, but it is included in this chapter because of the 
competitive nature of sport and commercial fishing for popularly sought after species.  Since 
both industries are supported by California’s fisheries, both parts of this sector often make 
claims of their value to the California economy to get a greater share of the limits.  Sport and 
Recreational Fishing is an important part of the Living Resources sector and merits a 
separate consideration for readers to understand the contribution of this part of the fishing 
industry to the California economy. A major study of this sector was not undertaken for 
purposes of this report, because it was not part of the previous report.  However, we sought 
official federal government numbers to provide an indication of the scale and scope of this 
enterprise.  It must be noted that the two sets of data, ours for the commercial sector and 
those we used from NOAA, for the sport-fishing sector, are not comparable.  Income and 
employment estimates are comparable to the wage and employment data for commercial 
fishing, and so can be compared.  The Sales estimates for the sport-fishing industry found in 
Table 3-5 are gross values for the industry, and do not subtract the cost of doing business. 
The estimates used for commercial fishing, (GSP) are net output values and do deduct the 
cost of doing business. a very different set of values.  Hence the sales data for the sport and 
recreational fishing industry found in Table 3-5, are a much-inflated estimate for sport 
fishing, when compared with our estimates for the GSP for the commercial fishing industry.  
Therefore, comparison of 2 billion dollars of sales from the Sport and Recreational Fishing 
industry has no relationship to the almost 800 million dollar estimate for the Commercial 
Fishing industry.  Without a net estimate from the Sport and Recreational fishing industry, 
there is no basis for comparison. 
 
Table 3-5: Total Economic Impacts Generated From Marine Recreational And Sport 
Fishing Expenditures in California - 2000 
Total economic impacts from California marine recreational fishing in 2000* 

Economic Impact 
 Direct Indirect Induced Total 
Sales ($1000) $1,170,862 $288,216 $476,146 $1,935,224 
Income ($1000) $551,683 $125,383 $189,380 $866,446 
Employment (jobs) 14,084 2,750 5,508 22,342 
Source NOAA, “The Economic Importance of Marine Angler Expenditures in the United States”, 2004 
* Table 3-5 includes sport fishing related activities of the Tourism & Recreation, and Boat Building and Repair 
sectors, so they have already been counted in this report.  We have merely separated them out for 
informational purposes.  They should not be added to the commercial sector to get totals. 
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3.4  Conclusion 
 
Living Resources contribute to the California economy through a range of activities. 
Commercial Fish Harvesting, including Kelp, Seafood Processing, Fish Hatcheries and 
Aquaculture, and Sport and Recreational Fishing represent a major source of revenue to the 
California economy.  Fish Harvesting has suffered major declines over the past several 
decades.  While there is not the evidence to indicate the loss in number of fishermen, nor in 
wages, the steep decline in catch, limitations on fishing, and loss of species has probably 
affected both the social and economic fabric of the coastal towns traditionally dependent on 
fishing.   Estimates of the real value of the commercial sector are incomplete and under-
estimated because of the lack of fishermen employment and wage data, and will not be able 
to become part of the record until the government requires regular and standard reporting of 
such information from the fishing industry. With escalating demand for fish throughout the 
world, California has much to gain from improving its circumstances.   Future losses from 
mismanagement of this renewable resource have not been estimated here, because only 
reported market values have been considered.  However, incalculable losses from over 
fishing and depletion of stocks have already occurred and will continue to occur into the 
future until California’s fisheries have recovered. As of 2000, the fishing industry directly 
contributed a little more than $400 million to the California economy.  That compares with a 
contribution of more than $560 million in 1990.  The differences in landings is even more 
striking.  Between 1980 and 2000, landings dropped from a value of $300 million to $142 
million.   
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Chapter 4  California Ocean Minerals  
 
Table 4-1: Summary of Ocean Minerals with Multipliers in 2000 

Indicator Direct Indirect & Induced Total Multiplier

Employment 1,014 2,052 3,066 3.0 
Wages $67,091,107 $46,963,775 $114,054,882 1.7 
GSP $415,487,797 $290,841,458 $706,329,255 1.7 
Includes Limestone Sand & Gravel, Oil & Gas Exploration and Production, and Oil & Gas Exploration 
Services industries. 
 
Table 4-2: Direct Changes in Ocean Minerals Sector 1990-2000 
 Employment Wages GSP 

 
1990 Change 

in 2000 
1990 Change in 

2000 
1990 Change in 

2000 
Total 
Minerals * 1,549 -535 $83,350,066 -$16,258,959 $317,439,215 $98,048,582
* Separate industries are not shown due to data suppressions in 2000 
 

Changes in California Minerals 1990-2000

-34.5% -19.5%

30.9%

-40%
-30%
-20%
-10%

0%
10%
20%
30%
40%

Employment Wages GSP
 

Figure 4-1: Changes in Ocean Minerals Industries from 1990 to 2000 
 
4.1  Marine Minerals   
 
The Offshore Ocean Minerals sector primarily includes oil and gas production from 
offshore and onshore wells that tap pools of oil and gas that extend under the ocean out to 
three miles, over which California has direct jurisdiction and thus derives state revenues.  
The NOEP has estimated the contribution of this industry to California, but has not 
estimated the revenues from Federal Outer Continental Shelf (OCS) lands, which lie beyond 
three miles, since those revenues go to federal coffers.  However, the NOEP has included 
federal activities in our employment, wage and GSP data that generate revenue inside of 
California.  Since this offshore part of the industry is found in four counties in California:  
Orange, Los Angeles, Ventura and Santa Barbara, most of the revenue generated from these 
activities come from the South Central and Southern part of the state.    Also included in the 

 47

RB-AR9211



NOEP 
 
Offshore Minerals sector is a small hard minerals industry producing sand and gravel 
primarily for construction aggregate. However, offshore sand and gravel estimates are not 
separated from onshore, following the official federal economic statistics model.   
 
The oil and gas industry has a deep-rooted history in California. With the first commercial 
oil production on land in 1876, California established itself as an integral part of the national 
petroleum industry. Petroleum is an important industry of the offshore minerals sector for 
both California's local and global economy.  
 
 
4.1.1  Production and Revenue from Offshore  Oil and Gas Production 
 
In 2001, among the six US states20 that produce offshore oil and gas on Federal lands, 
California ranked third behind Texas and Louisiana.  California was the third largest 
manufacturer of petroleum products with the value of shipments just under $26 billion per 
year as of 2000. 21

 
Offshore oil production has remained an important part of the overall oil industry for the 
state. Table 4-3 gives offshore oil production and Table 4-4 provides the proportion of 
offshore-onshore production of crude oil in California from 1992 to 2001. 
 
Offshore oil and gas production is further segmented into state and federal offshore 
categories:22 production facilities that are within 3 miles of the coast are taken as state 
offshore production and production beyond 3 miles is defined as the federal offshore.  
Federal oil production accounted for roughly two thirds of the total offshore production in 
recent years.  Tables 4-4 and 4-5 give the composition of state and federal offshore oil 
production from 1992-2001. 
 
 

                                                 
20 Alabama, Mississippi, Louisiana, Texas, California, and Alaska.  Onshore production occurs in additional states. 
21 2001 Annual Report of the State Oil and Gas Supervisor, California Department of Conservation, Division of Oil, Gas, 
and Geothermal Resources. 
22 In the US, the legal offshore boundary for state jurisdiction is 3 miles; land beyond 3 miles is under federal 
jurisdiction. 
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Table 4-3: California Offshore Oil Production in bbl * 

Year State Offshore 
Lands

State % of 
Total

Federal 
Offshore Lands 

Federal % of 
Total Total Offshore

1992 21,943,784 33.9 42,693,040 66.1 64,636,824
1993 20,843,516 29.2 50,642,865 70.8 71,486,381
1994 20,494,879 26.0 58,233,217 74.0 78,728,096
1995 19,825,993 21.5 72,421,115 78.5 92,247,108
1996 20,033,212 23.8 64,291,594 76.2 84,324,806
1997 21,515,445 28.2 54,685,468 71.8 76,200,913
1998 21,107,423 31.3 46,275,703 68.7 67,383,126
1999 18,137,762 31.6 39,271,068 68.4 57,408,830
2000 18,323,992 33.8 35,918,425 66.2 54,242,417
2001 16,972,359 33.8 33,190,678 66.2 50,163,037  

Source: 2001 Annual Report of the State Oil & Gas Supervisor, California Department of Conservation, 
Division of Oil, Gas, and Geothermal Resources 
* bbl or barrel of oil equals 42 gallons. 
** OCS means Outer Continental Shelf, beyond the 3-mile state boundary. 
 
Table 4-4:  California Onshore and Offshore Oil Production in bbl 

Year    Onshore Onshore % of 
Total  Offshore Offshore % of 

Total 
Total Oil 

Production
1992 283,546,328 81.4 64,636,824 18.6 348,183,152
1993 272,173,413 79.2 71,486,381 20.8 343,659,794
1994 265,804,705 77.1 78,728,096 22.9 344,532,801
1995 259,072,589 73.7 92,247,108 26.3 351,319,697
1996 262,939,496 75.7 84,324,806 24.3 347,264,302
1997 264,161,530 77.6 76,200,913 22.4 340,362,443
1998 263,851,140 79.7 67,383,126 20.3 331,234,266
1999 254,125,730 81.6 57,408,830 18.4 311,534,560
2000 253,187,072 82.4 54,242,417 17.6 307,429,489
2001 243,582,065 82.9 50,163,037 17.1 293,745,102  

Source: 2001 Annual Report of the State Oil & Gas Supervisor, California Department of Conservation, 
Division of Oil, Gas, and Geothermal Resources 
 
 
Table 4-5: Share of Offshore Oil Production 

Year State Offshore % of Total Federal Offshore % of Total Total Offshore % of Total

1992 6.3 12.3 18.6
1993 6.1 14.7 20.8
1994 5.9 16.9 22.9
1995 5.6 20.6 26.3
1996 5.8 18.5 24.3
1997 6.3 16.1 22.4
1998 6.4 14.0 20.3
1999 5.8 12.6 18.4
2000 6.0 11.7 17.6
2001 5.8 11.3 17.1  

 
Offshore oil production was highest in 1995 accounting for 92.3 million barrels and 26.3% 
of total oil production.  Since 1995, oil production in general and offshore oil production in 
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particular, has declined steadily.  The offshore oil production on state and federal leases 
dropped 7.5%, a decline from 54.2 million barrels produced in 2000 to 50.2 million barrels.  
In 2001, offshore production accounted for 17.1% of the total state oil production. 
 
In 2000, California, with 23 million registered automobiles, only produced one-half of the 
crude oil that it consumed; the other half was imported from other states or countries.   
 
4.1.2 Geographic Location of Offshore Production  
 
There are eleven sedimentary basins along the coast of California with favorable geologic 
structures for accumulation of oil and gas deposits. These basins are the Southern California 
Shelf; the San Diego Offshore Area; the Los Angeles Basin; the Santa Barbara-Ventura 
Basin; the Santa Maria, the Salinas, the Santa Cruz, the Bodega, the Point Arena, and the Eel 
River Basin; and Bear-Mattole Offshore Area. Of these eleven basins, only the Los Angeles, 
Santa Barbara-Ventura, and Santa Maria basins have been commercially exploited up to now.  
 
Table 4-6 gives onshore and offshore oil production for all coastal counties of California in 
2001. All of the coastal counties produced 30.9 million barrels of onshore oil and 17.0 
million barrels of offshore oil. Offshore oil production is confined to Ventura, Santa 
Barbara, Los Angeles, and Orange counties. This production represents only state-owned 
lands. Los Angeles County alone accounts for approximately 50 percent of total onshore oil 
production of coastal counties and approximately 75 percent of the total offshore oil 
production for California. While Ventura County is a major onshore oil producer, its 
offshore oil production is only about 2 percent of California’s offshore oil production. For 
further analysis only Santa Barbara, Ventura, Los Angeles, and Orange counties will be 
examined. 
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Table 4-6: Coastal Counties Onshore and Offshore Oil Production 2001 

County
Number 
of Wells
Onshore Offshore Onshore Offshore Onshore Offshore Onshore Offshore

Del Norte ……. ……. ……. ……. ……. ……. ……. …….
Humboldt 31 ……. ……. ……. ……. ……. ……. …….
Mendocino ……. ……. ……. ……. ……. ……. ……. …….
Yolo 74 ……. ……. ……. ……. ……. ……. …….
Sonoma ……. ……. ……. ……. ……. ……. ……. …….
Napa ……. ……. ……. ……. ……. ……. …….
Sacremento 70 ……. 7,273 ……. 0 ……. ……. …….
Solano 185 ……. 36,931 ……. 1 ……. 35,873 …….
San Joaquin 153 ……. ……. ……. ……. ……. ……. …….
Marin ……. ……. ……. ……. ……. ……. ……. …….
Contra Costa 46 ……. 489 ……. 0 ……. ……. …….
Alameda 5 ……. 11,179 ……. 6 ……. 7 …….
San Francisco ……. ……. ……. ……. ……. ……. ……. …….
San Mateo 14 ……. 898 ……. 0 ……. 3 …….
Santa Clara 7 ……. 28,880 ……. 11 ……. 114 …….
Santa Cruz ……. ……. ……. ……. ……. ……. ……. …….
Monterey 332 ……. 462,643 ……. 39 ……. 65,935 …….
San Luis Obispo 154 717,190 ……. 13 ……. 6,433 …….
Santa Barbara 677 27 2,521,649 1,203,743 10 122 36,873 10,340
Ventura 1,855 32 8,322,478 301,591 12 26 91,416 6,228
Los Angeles 2,586 835 15,700,887 12,488,554 18 41 304,890 111,269
Orange 1,150 160 3,084,371 2,978,471 7 51 22 47
San Deigo ……. ……. ……. ……. ……. ……. ……. …….
Total 7,339 1,054 30,894,868 16,972,359 117 240 541,566 127,884

Estimated Oil 
Reserve(Mbbl)

Oil and Condensate 
(bbl)

Daily 
Production/Well(b

bl)

 
 
Table 4-7 gives the value of offshore oil production in California in 2001 dollars. The value 
of all offshore oil production in California was estimated at $1.4 billion in 2001, and state 
offshore oil production were valued at approximately $474 million. 

 
Table 4-7: Value of Offshore Oil Production in 200123

County

Oil & 
Condensate 
Production 

Offshore Oil & 
Condensate 

Production(bbl)
% of Offshore 

Production
Price of 

Oil ($/bbl)
Gross Value of 
Offshore Oil ($)

Santa Barbara 3,725,392 1,203,743 32.31 $28 $33,620,542
Ventura 8,624,069 301,591 3.50 $28 $8,423,437
Los Angeles 28,189,441 12,488,554 44.30 $28 $348,805,313
Orange 6,062,842 2,978,471 49.13 $28 $83,188,695

All Coastal Counties 46,601,744 16,972,359 36.42 $28 $474,037,987
Federal 33,190,678 $28 $927,015,637
Total 50,163,037 $28 $1,401,053,623
 

 
 

                                                 
23 In order to estimate the value of offshore crude oil production, the average price of crude oil was estimated using 
Cushing, OKWTI spot price FOB($/bbl) from the Department of Energy.  
Source: http://www.eia.doe.gov/oil_gas/petroleum/info_glance/prices.html 
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4.2  Offshore Natural Gas Production in California 
 
Table 4-8 gives the physical production (in thousands of cubic feet, or Mcf) and value of 
offshore natural gas in California in 2001. The value of natural gas was estimated to be $277 
million in 2001 dollars, while federal offshore natural gas production accounted for 
approximately 88 percent of total offshore gas production. Offshore natural gas production 
is relatively small in coastal counties. 
 
Table 4-8: Offshore Natural Gas Production - 2001 

C o u n ty

T o ta l  
N a tu r a l 

G a s  (M c f )
%  O f fs h o r e  
P ro d u c t io n

A v e r P r ic e  
($ ) /M C F

T o ta l  V a lu e  o f  
P r o d u c t io n  ($ )

O n s h o r e O f fs h o r e
S a n ta  B a rb a ra … … … . … … … … .. … … … … … .. … … … … … … . 6 .4 $ 0
V e n tu ra 8 ,8 3 9 ,1 9 0 2 0 3 ,7 9 0 9 ,0 4 2 ,9 8 0 2 .3 6 .4 $ 1 ,3 0 4 ,2 5 6
L o s  A n g e le s 0 3 ,3 8 4 ,4 5 5 3 ,3 8 4 ,4 5 5 1 0 0 .0 6 .4 $ 2 1 ,6 6 0 ,5 1 2
O ra n g e 1 ,4 0 2 ,3 0 1 1 ,4 3 6 ,7 4 9 2 ,8 3 9 ,0 5 0 5 0 .6 6 .4 $ 9 ,1 9 5 ,1 9 4
A ll  C o a s ta l C o u n t ie s 5 ,0 2 4 ,9 9 4 $ 3 2 ,1 5 9 ,9 6 2
F e d e ra l 3 8 ,3 1 0 ,4 4 7 6 .4 $ 2 4 5 ,1 8 6 ,8 6 1
T o ta l 4 3 ,3 3 5 ,4 4 1 $ 2 7 7 ,3 4 6 ,8 2 2

N e t  N a tu r a l  G a s  (M c f )

Source: Average gas price: http://www.eia.doe.gov/emeu/states/ngprices/ngprices_ca.html, in $per thousand 
cubic feet. 

 
 
4.3  Estimate of the Economic Contribution of Ocean Minerals 
 
Moller and Fitz (1994) used SIC codes 131, 132, 138 and 291 to estimate the total income 
and employment effect of the offshore oil and gas industry in the state. These SIC codes do 
not classify the industry in terms of onshore and offshore, but rather provide data for the 
industry including both. However, the authors of that study adjusted the SIC data taking into 
account that offshore production was just one part of these totals.  They addressed this issue 
by multiplying total employment as reported in these SIC codes by the share of offshore oil 
production in total production. They multiplied the total employment in each region by the 
percentage of offshore oil production in total production in that region. 
 
In this study the Quarterly Census of Employment and Wages of the US Department of 
Labor’s Bureau of Labor Statistics was used, which is derived from the ES-202 
unemployment insurance data series, supplied by the California Employment Development 
Department. This method uses both SIC codes and geography to measure the income and 
employment effects of the offshore oil and gas industry.  Geography included the four 
counties where offshore minerals are produced, those areas onshore where oil is retrieved 
from under the ocean floor laterally, and those sites where oil and gas company offices are 
located.   However, while this method allows more refined estimates for production, it does 
not separate offshore from onshore sources for refining.  Thus, the following industry 
estimates do not include the petroleum refining industry in California, because there was no 
legitimate or accurate way to estimate offshore oil and gas inputs or even in-state and out-of-
state oil refining.  Hence, the industry totals with multipliers are underestimates. 
 
In addition, detailed data on the offshore Oil and Gas, and offshore Sand and Gravel 
industries is not available, because federal rules dictate suppression of data when activities 
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are concentrated in less than three companies per measured geographic unit.  Hence we have 
consolidated the two into offshore minerals to provide our estimates. 
 
Table 4-9: Employment, Wages and GSP of Ocean Mineral Industries - 200024

Region Employment Indirect Employment Total 
Employment 

Multiplier 

North  D D D D  
North Central 382 764 1,146 3.0 
Central D  D D D  
South Central 382 764 1,147 3.0 
South  228 478 706 3.1 
Total 992 2,007 2,999 3.2 

Region Direct Wages Indirect and 
Induced Wages

Total Wages Multiplier 

North  D D D D 
North Central $20,484,304 $14,339,013 $34,823,317 1.7 
Central D D D D 
South Central $30,512,821 $21,358,975 $51,871,796 1.7 
South  $15,512,982 $10,859,087 $26,372,069 1.7 
Total $66,510,107 $46,557,075 $113,067,182 1.7 

Region Direct GSP Indirect and 
Induced GSP 

Total GSP Multiplier 

North  D D D D  
North Central $109,163,335 $76,414,334  $185,577,669  1.7 
Central D  D D D  
South Central $197,124,933 $137,987,453  $335,112,386  1.7 
South  $106,385,984 $74,470,188  $180,856,172  1.7 
Total $412,674,251 $288,871,976 $701,546,227 1.7 
 
 
While the Oil and Gas industry forms a relatively small part of the California Ocean 
Economy in terms of employment, its contribution in terms of wages and GSP was 
substantial, contributing approximately $66 million in direct wages ($113 million with 
multipliers) and $412 million in direct GSP ($701 million with multipliers) to California’s 
economy in 2000.25 However the number of jobs declined by an estimated 34.5% during the 
1990-2000 period, and total wages declined by an estimated 19.5%. GSP, on the other hand, 
increased by approximately 30.9% in constant 2000 dollars, possibly due to the increase in 
the price of oil and gas. Although California experienced a total decline in employment for 
this sector, the South Central region employment grew.26

                                                 
24   The industries in the oil and gas industry do not include petroleum refining, as was done in the 1994 CRB report.  
The refining industry was excluded for lack of key data. The offshore/coastal component of oil refined in California 
comprises only a portion of the oil refined in California.  Onshore production from California, Alaskan oil, and foreign 
oil also is refined.  The precise mix of offshore/coastal supply to the refining industry is not known, and can vary 
substantially over time.   
25  Because refining is not included in these estimates, the estimates are low. 
26 See footnote 20, chapter 2 of this report 
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Chapter 5       California Marine Transportation 
 
Table 5-1: Summary of Direct Values for Marine Transportation 2000 

Industry Employment Wages GSP 
Deep Sea Freight 3,521 $305,661,201 $503,856,683
Marine Passenger Transportation 2,449 $68,840,957 $113,478,506
Marine Transportation Services 17,251 $1,082,763,879 $1,784,844,839
Petroleum and Natural Gas Pipelines 21 $1,270,234 $3,865,805
Search and Navigation Equipment 48,116 $3,580,391,768 $4,788,474,162
Warehousing 2,928 $82,468,470 $192,319,634
Total 74,289 $5,121,396,509 $7,386,839,629
Source: BLS/IMPLAN 
 
Table 5-2: Summary of Marine Transportation with Multipliers - 2000 

Indicator Direct Indirect & Induced Total Multiplier 
Employment 74,289 160,986 235,275 3.2
Wages $5,121,396,509 $7,322,744,342 $12,444,140,851 2.4
GSP $7,386,839,629 $10,566,697,930 $17,953,537,559 2.4
 
Table 5-3: Direct Changes in California Marine Transportation 1990-2000 
 Employment Wages GSP 

Industry 

1990 Change in 
2000 

1990 
(millions) 

Change in 
2000 

(millions) 

1990 
(millions) 

Change in 
2000 

(millions) 
Deep Sea 
Freight 5,421 -1,900 $418.56 -$112.89 $686.69 -$182.84
Marine 
Passenger 
Transportation 1,429 1,020 $42.57 $26.27 $69.85 $43.63
Marine 
Transportation 
Services 12,549 4,702 $766.89 $315.87 $1,258.18 $526.66
Petroleum and 
Natural Gas 
Pipelines D D --- --- D --- 
Search and 
Navigation 
Equipment 97,604 -49,488 $5,696.33 -$2,115.94 $6,962.74 -$2,174.27
Warehousing D D --- --- D --- 
Total 118,975 -44,686 $6,988.20 -$1,866.80 $9,105.66 -$1,718.82
D = Disclosure, 1990 values not available  
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Changes in California Marine Transportation 1990-2000
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Figure 5-1: Changes in California Marine Transportation 1990-2000 
 
5.1  Marine Transportation 
 
California is the largest single gateway services state in the US.  In 2000, the value of trade 
through the Los Angeles, Long Beach, and Oakland Customs Districts was $392 billion.  
Ideally situated in the global trading network, waterborne commerce through California’s 
ports accounted for 40% of the national total in 2000. 27

 
Located on the central West Coast of North America, California ports provide direct access 
to the entire continent and Asia.  In the state, there are 20 ports, including seven major 
commercial seaports covering 98 percent of the state’s total waterborne cargo value in 2000.  
They are: Los Angeles, Long Beach, Oakland, Richmond, Port Hueneme, San Diego, and 
San Francisco.  Among them, Los Angeles, Long Beach, and Oakland were three of the four 
largest container ports in the country in terms of cargo volume in 2000.  
 
 
5.1.1 Overview of Activities 
 
California’s seaports and the cargo handled are of great economic significance. They support 
industrial, retail and agricultural sectors throughout the nation.   
 
The following two figures present the composition of waterborne tonnages for major 
California ports in 2001 and 2000.  In 2001, the eight major ports carried approximately 
161.7 million tons of cargo, of which 36 million metric tons were domestic, and 125.7 
million tons were foreign.(see figure 5-3.)  In 2000, 36.3 million tons of domestic and 124.9 

                                                 
27 US Army Corps of Engineers, Waterborne Commerce Statistics Center, State to State and Region to Region Commodity 
Tonnage, Public Domain database, available at http://www.Usacoe.amry.mil. As of Oct.30, 2001. 
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million tons of foreign cargo went through nine major ports in California.  In both years, 
about 90% of the foreign cargos were imports, and only 10% were exports. 
 
After Long Beach and Los Angeles, in 2000, Richmond was the third largest port in 
California in terms of cargo volume and about half of that volume was domestic in 2000.  In 
comparison, more than half of the cargo volume through Long Beach and Los Angeles was 
imports, while more than half of the volume through the Port of Oakland was exports.  
 

Composition of Waterborne Tonnages for Major CA Ports, 2001
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Figure 5-2: 2001 Major California Ports, Composition of Tonnage 
Source: US Army Corps of Engineers 

Composition of Waterborne Tonnages for Major CA Ports, 2000

0

10,000,000

20,000,000

70,000,000

Long
Beach

Los
Angeles

Richmond Oakland San Diego San
Francisco

Stockton Port
Hueneme

Humboldt

30,000,000

40,000,000

50,000,000

60,000,000

Domestic Imports Exports

 
Figure 5-3: 2000 Major California Ports, Composition of Tonnage 
Source: US Army Corps of Engineers 
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In recent years, California ports have become more and more significant as service providers 
to promote international commerce.  Figure 5-4 shows the composition of waterborne 
tonnage for combined California ports from 1997 to 2001. The total volume of cargo 
through all ports grew 8.5% from 1997 to 2001. The most significant growth occurred from 
1999-2000. with a 7.7% increase.   From 1997 to 2001, total imports increased 85.8%. 
 

Composition of Waterborne Tonnages for Combined California Ports, 1997 -
2001 (in Units of 1,000 Tons)
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Figure 5-4: 1997-2001 Combined California Ports, Composition of Tonnage 
Source: US Army Corps of Engineers 
 
Figure 5-5 presents the composition of waterborne tonnage for combined Long Beach and 

ately two millions jobs nationwide were linked to the activities of the Ports 
of Los Angeles and Long Beach at that time.   
 
According to the California Marine and Inter-modal Transportation System Advisory 
Council, containerized cargo through the Ports of Los Angeles and Long Beach is expected 
to grow three times its current size between 2001 and 2020.  The economic benefits of trade 
through the ports will be accompanied by major challenges of congestion and growth 
management. 28  

                                                

Los Angeles Ports from 1997 to 2001. The Ports of Los Angeles and Long Beach, the two 
most active container ports in the nation.  Combined, they represented the third largest 
container port in the world, only after Hong Kong and Singapore.  In 2000, more than one 
third of all US waterborne containers moved through the Los Angeles and Long Beach 
ports.  Approxim

 
28 For additional information on expected growth for California ports, see Jon Haveman, California Seaports, California Global 
Gateways:  Trends and Issues. 
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Composition of Waterborne Tonnages for Combined Long Beach - 
Los Angeles Ports, 1997 - 2001
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Figure 5-5: 1997-2001 Long Beach – Los Angeles Ports, Composition of Tonnage 
Source: US Army Corps of Engineers 
 
5.1.2  Composition of Cargo for all California Ports by Commodity 
 
The highest-value cargo through California ports includes a large portion of the nation’s 
imported consumer goods.  By value, California is the nation’s largest freight destination.  By 
tonnage, it is the second highest in freight movements.  
 
The following two graphs show the waterborne tonnage from and to major California ports 
by types of commodity respectively.  In 2000, approximately 59.7 million tons of shipments 
originated from California ports.  Petroleum exceeds all other commodities by tonnage.  
Food products exports are the second largest commodity by weight.29 California appears to 
import more than double what it exports in petroleum.  About 136.9 million tons of cargo 
entered California through its ports in 2000.  The major cargoes were petroleum, 
manufactured goods, and petroleum products, which constituted about 70% of the total 
cargo volume. 
 

                                                 
29 Of interest relative to the chapter on Offshore Minerals in this report, 
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 Waterborne Tonnages from Major CA Ports by Commodity: 2000
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Figure 5-6: 2000 Major California Ports, Tonnage by Commodity 
Source: US Army Corps of Engineers 
 

 Waterborne Tonnages to Major CA Ports by Commodity: 2000
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Figure 5-7: 2000 Combined California Ports, Tonnage by Commodity 
Source for data on the above pages: US Army Corps of Engineers, Waterborne Commerce Statistics Center, State to State and 
Region to Region Commodity Tonnages, Public Domain database, available at http://www.iwr.usace.army.mil as of Oct. 30, 
2001. 
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From 1992 to 2001, total value of imports and exports from major California ports increased 
by 74.6% and 17.3% respectively.  In 2001, total imports were worth more than $195 billion, 
and total exports reached $44.6 billion.  The Figure 5-8 shows the estimated value of imports 
and exports for major California ports from 1992 to 2001. 
 

 Value of Import and Export of Major CA Ports: 1992- 2001
(in Millions of U.S. Dollars)
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Figure 5-8: Major California Ports, 1992-2001 Values of Imports and Exports 
Source: US Maritime Administration and US Army Corps of Engineers 

 
From the Ports of Los Angeles and Long Beach, cargo is distributed to and from all other 
locations in the US and major ports all over the world, with an estimated cargo value of $200 
billion in 2001.   The estimated value of imports and exports of combined Los Angeles and 
Long Beach ports from 1992 to 2001 is shown in Figure 5-9. 
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 Value of Import and Export of Combined Los Angeles and Long Beach Ports: 
1992- 2001

(in Millions of U.S. Dollars)
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Figure 5-9: Los Angeles and Long Beach Ports, 1992-2001 Import and Export Values 
Source: US Maritime Administration and US Army Corps of Engineers 
 
 
5.1.3  Estimated Value of Imports and Exports for Major California Ports 
 
Table 5-4 presents historical ranking of California ports by total, imports, and exports of 
cargo value for 2001.  Besides Long Beach and Los Angeles, other ports have also 
experienced significant growth during the past decade.  Situated in the center of the San 
Francisco area, the Port of Oakland is the primary deepwater port in Northern California 
and the gateway to the Silicon Valley, although much of the goods from Silicon Valley 
travels by air through Los Angeles and San Francisco Airports, making these airports among 
the two largest export terminals by value in the country.30  Connected with high-capacity rail, 
freeway, and aviation services, the Port of Oakland is the hub of Northern California’s 
transportation network and the center of trade across the coast to the Rocky Mountains.  
Oakland is the fourth busiest marine port in the US, and the cargo volume through it is 
expected to triple from 2001 to 2020. 

                                                 
30 Review comment by H. Schatz 
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Table 5-4: Port Rankings 2001 by Total, Import and Export Cargo Value (in Millions 
of US dollars) 

Ranking Ports Total Ranking Ports Imports Ranking Ports Exports

1 Los Angeles, CA $104,193 1 Los Angeles, CA $86,757 1 Los Angeles, CA $17,436
2 Long Beach, CA $94,699 2 Long Beach, CA $77,984 2 Long Beach, CA $16,716
3 Oakland, CA $24,985 3 Oakland, CA $17,245 3 Oakland, CA $7,739
4 Port Hueneme, CA $4,822 4 Port Hueneme, CA $4,691 4 San Francisco, CA $1,723
5 San Diego, CA $4,257 5 San Diego, CA $4,008 5 San Diego, CA $249
6 San Francisco, CA $3,044 6 El Segundo, CA $1,458 6 Richmond, CA $167
7 El Segundo, CA $1,459 7 San Francisco, CA $1,321 7 Port Hueneme $132
8 Richmond, CA $760 8 Carquinez Strait $675 8 Martinez, CA $118
9 Carquinez Strait, CA $730 9 Richmond, CA $593 9 Sacramento, CA $89

10 Martinez, CA $314 10 Martinez, CA $196 10 Eureka, CA $73
11 Stockton, CA $173 11 Stockton, CA $124 11 Carquinez Strait $54
12 San Pablo Bay, CA $151 12 San Pablo Bay, CA $106 12 Stockton, CA $49
13 Sacramento, CA $115 13 San Joaquin River $90 13 San Pablo Bay $45

14 San Joaquin River $106 14 Crockett, CA $57 14 San Joaquin River $15
15 Eureka, CA $93 15 Suisan Bay, CA $34 15 Redwood City $15
16 Crockett, CA $57 16 Selby, CA $29 16 Suisan Bay, CA $4
17 Suisan Bay, CA $39 17 Sacramento, CA $27
18 Selby, CA $29 18 Eureka, CA $21
19 Redwood City, CA $24 19 Alameda, CA $13
20 Alameda, CA $13 20 Redwood City, CA $9  

Source: US Maritime Administration and US Army Corps of Engineers 
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Figure 5-10 presents the top ten California ports in terms of combined cargo value from 
1992 to 2001.  
 
 
 

 Top Ten CA Ports by Value of Cargo: 1992 - 2001
(in Millions of Dollars)
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Figure 5-10: Top Ten California Ports by Cargo Value, 1992-2001 
Source: US Maritime Administration and US Army Corps of Engineers 
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5.2  CA Water Transportation: Regional and State Employment and 
Income  
 
Direct Economic Impact 31

The following tables show 1990 and 2000 direct employment, wages and GSP for selected 
SIC codes of water transportation by region.   
 
Table 5-5: Deep Sea Foreign Freight (SIC code 4412, 4424) 
  1990 2000 

Region 

Number 
of 

Establish-
ments 

Employ-
ment 

Wages 
(millions)

GSP 
(millions)

Number 
of 

Establish-
ments 

Employ-
ment 

Wages 
(millions) 

GSP 
(millions)

North D D D D D D D D 
North 
Central 24 3,243 $175.24 $287.50 25 1,747 $171.23 $282.25 
Central D D D D D D D D 
South 
Central D D D D D D D D 

South D D D D D 941 $61.43 101.3 
Total 24 3,343 $175.24 $287.50 25 2,688 $232.66 $383.52 
Source: BLS 
Note: For data disclosure reasons, numbers in cells with “D”s are not presented. 
 
Employment dropped almost 20% over the decade, yet wages and GSP increased 32.8% and 
33.4%, respectively for Deep Sea Foreign Freight. 
 
Table 5-6: Water Transportation for Passengers (SIC code 4481, 4482, and 4489) 
  1990 2000 

Region 

Number 
of 

Establish-
ments 

Employ-
ment 

Wages 
(millions)

GSP 
(millions)

Number 
of 

Establish-
ments 

Employ-
ment 

Wages 
(millions) 

GSP 
(millions)

North D D D D D D D D 
North 
Central D D D D D D D D 

Central D D D D D D D D 
South 
Central D D D D D D D D 
South D D D D 36 1,394 $39.18 $64.59 
Total 36 1,310 $30.45 $49.96 36 1,394 $39.18 $64.59 
Source: BLS 
 
For Water Transportation for Passengers, wages increased 28.7% and GSP increased 29.3%. 

                                                 
31 The estimated totals found in this section on regional economies differ from the summary totals at the beginning of the 
chapter due to the suppressions of data at this level that do not get included in the totals.  The state summary totals at the 
beginning of the chapter include all relevant data because suppressions are not an issue at that level of aggregate. 
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Table 5-7: Marine Transportation Services (SIC code 4491, 4492, and 4499) 
  1990 2000 

Region 

Number 
of 

Establish-
ments 

Employ
ment 

Wages 
(millions)

GSP 
(millions)

Number 
of 

Establish-
ments 

Employ
ment 

Wages 
(millions) 

GSP 
(millions)

North D D D D 16 38 $1.85 $3.06 
North 
Central 79 4,130 $183.95 $301.79 89 3,557 $224.97 $370.85 

Central D D D D 4 25 $.85 $1.40 
South 
Central 17 496 $11.62 $19.07 25 646 $24.81 $40.90 

South 139 7,027 $361.98 $593.86 128 12,539 $809.69 $1,334.71
Total 235 11,653 $557.55 $914.72 262 16,804 $1,062.18 $1,750.91
Source: BLS 
 
For Marine Transportation Services all estimated values increased significantly. 
 
 
Table 5-8: Search and Navigation Equipment (SIC code 3812)32

  1990 2000 

Region 

Number 
of 

Establish-
ments 

Employ
ment 

Wages 
(millions)

GSP 
(millions)

Number 
of 

Establish-
ments 

Employ
ment 

Wages 
(millions) 

GSP 
(millions) 

North D D D D D D D D 
North 
Central D D D D 15 951 $47.31 $63.28 

Central D D D D 5 41 $2.62 $3.51 
South 
Central 17 3,110 $129.84 $158.71 21 1,612 $90.99 $4,121.68 

South 89 82,267 $3,651.64 $4,463.47 173 38,835 $2,921.57 $43,907.36 
Total 106 85,377 $3,781.48 $4,622.18 214 41,440 $3,062.49 $4,095.83 
Source: BLS 
Note: For data disclosure reasons, numbers in cells with “D”s are not presented. 
 
Search and Navigation Equipment fell in all categories, probably as a result of the large 
decline in the Ship Building sector. 
 

                                                 
32 The search and navigation equipment industry produces primarily electronic equipment such as radar, sonar, geographic 
positioning systems, etc.  These products all have applications in marine transportation (and increasingly in recreational 
boating) but also in aviation.  No information exists to separate the applications to which the products of this industry may 
be put.  All of the output is counted in marine transportation, which probably overstates the actual marine component of 
the output. 
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Table 5-9: Warehousing (SIC code 4222 and 4225) 
  1990 2000 

Region 

Number 
of 

Establish-
ments 

Employ
ment 

Wages 
(millions)

GSP 
(millions)

Number 
of 

Establish-
ments 

Employ
ment 

Wages 
(millions) 

GSP 
(millions) 

North 6 22 $.30 $.54 12 32 $.41 $.94 
North 
Central 76 795 $16.08 $28.79 152 1,940 $56.61 $132.02 

Central D D D D D 245 $6.14 $20.35 
South 
Central 14 131 $2.27 $4.06 D 227 $7.00 $16.31 

South 45 449 $10.32 $18.48 D D D D 
Total 141 1,397 $28.97 $51.87 164 2,444 $70.15 $169.62 
Source: BLS 
Note: For data disclosure reasons, numbers in cells with “D”s are not presented. 
 
 The Warehousing industry grew significantly in every category of measurement during the 
decade, reflecting the large increase in trade volume. 
 
5.2.1 Regional and State Indirect Employment and Income from 
IMPLAN Model33

 
The above data show the results of economic activity directly related to the ocean, but this 
direct economic activity generates additional economic activity as employees spend their 
salaries and ocean-related firms purchase inputs from other California firms.  These indirect 
and induced, or multiplier effects, must also be accounted for.  Estimates of these effects are 
shown in the following Tables34.   
 

                                                 
33 These estimates do not include the values that are suppressed, so they are underestimates and don’t match the state 
summary totals at the beginning of the chapter. 
34 The estimates were derived by a detailed analysis of the Ocean Economy industries in each of the coastal regions using 
IMPLAN, a standard and widely used economic impact model 
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The following tables show direct and indirect income, employment and GSP effects by 
region, derived from the deep-sea freight, marine passenger transportation, marine 
transportation services, search and navigation equipment, and warehousing industries.   
 
Table 5-10: Deep Sea Freight 

Region Employment 
Indirect 

Employment Total Employment Multiplier 
North  D D D D 
North Central 1,747 3,302 5049 2.9 
Central D D D D 
South Central D D D D 
South  941 1,779 2720 2.9 
Total 2,688 5,081 7,769 3.2 

Region Direct Wages 
Indirect and 

Induced Wages Total Wages Multiplier 
North  D D D D 
North Central $171,225,591 $226,017,780 $397,243,371 2.3 
Central D D D D 
South Central D D D D 
South  $61,434,989 $88,466,384 $149,901,373 2.4 
Total $232,660,580 $314,484,164 $547,144,744 2.8 

Region Direct GSP 
Indirect and 
Induced GSP Total GSP Multiplier 

North  D D D D 
North Central $282,250,931 $373,969,445 $656,220,376 2.3 
Central D D D D 
South Central D D D D 
South  $101,270,393 $145,829,365 $247,099,758 2.4 
Total $383,521,324 $519,798,810 $903,320,134 2.8 
Note: For data disclosure reasons, numbers in cells with “D”s are not presented. 
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Table 5-11: Marine Passenger Transportation 

Region Employment Indirect Employment Total Employment Multiplier 
North  D D D D 
North Central D D D D 
Central D D D D 
South Central D D D D 
South  1394 3178 4572 3.3 
Total 1,394 3,178 4,572 3.3 

Region Direct Wages 
Indirect and Induced 

Wages Total Wages Multiplier 
North  D D D D 
North Central D D D D 
Central D D D D 
South Central D D D D 
South  $39,181,979 $56,422,050 $95,604,029 2.4 
Total $39,181,979 $56,422,050 $95,604,029 2.8 

Region Direct GSP 
Indirect and Induced 

GSP Total GSP Multiplier 
North  D D D D 
North Central D D D D 
Central D D D D 
South Central D D D D 
South  $64,588,184 $93,266,191 $157,854,376 2.4 
Total $64,588,184 $93,266,191 $157,854,376 2.4 
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Table 5-12: Marine Transportation Services 

Region Employment Indirect Employment Total Employment Multiplier 
North  38 51 89 2.3 
North Central 3,557 6,723 10,280 2.9 
Central 25 22 47 1.9 
South Central 646 1,201 1,847 2.9 
South  12,539 28,588 41,126 3.3 
Total 16,804 36,584 53,388 3.2 

Region Direct Wages 
Indirect and Induced 

Wages Total Wages Multiplier 
North  $1,853,537 $1,668,183 $3,521,720 1.9 
North Central $224,971,658 $296,962,589 $521,934,247 2.3 
Central $848,899 $993,212 $1,842,111 2.2 
South Central $24,808,763 $39,445,933 $64,254,696 2.6 
South  $809,694,290 $1,165,959,778 $1,975,654,068 2.4 
Total $1,062,177,147 $1,505,029,694 $2,567,206,841 2.8 

Region Direct GSP 
Indirect and Induced 

GSP Total GSP Multiplier 
North  $3,055,399 $2,753,939 $5,809,339 1.9 
North Central $370,846,784 $491,354,859 $862,201,643 2.3 
Central $1,399,338 $1,637,367 $3,036,706 2.2 
South Central $40,895,151 $65,108,710 $106,003,862 2.6 
South  $1,334,712,676 $1,927,342,736 $3,262,055,412 2.4 
Total $1,750,909,348 $2,488,197,611 $4,239,106,962 2.8 
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Table 5-13: Search and Navigation Equipment 

Region Employment Indirect Employment Total Employment Multiplier 
North  D D D 2.3 
North 
Central 951 1,797 2,748 2.9 
Central 41 37 78 1.9 
South 
Central 1,612 2,994 4,607 2.9 
South  38,835 88,637 127,472 3.3 
Total 41,440 91,168 132,607 3.2 

Region Direct Wages Indirect and Induced 
Wages 

Total Wages Multiplier 

North   D D D  D 
North 
Central $47,311,908 $62,451,719 $109,763,627 2.3
Central $2,624,164 $3,070,272 $5,694,436 2.2
South 
Central $90,983,119 $144,663,159 $235,646,278 2.6
South  $2,921,571,678 $4,207,063,216 $7,128,634,894 2.4
Total $3,062,490,869 $4,417,248,366 $7,479,739,235 2.8

Region Direct GSP Indirect and Induced 
GSP 

Total GSP Multiplier 

North  D D D D  
North 
Central $63,275,715  $83,837,400  $147,113,114  2.3 
Central $3,509,600  $4,106,586  $7,616,186  2.2 
South 
Central $121,682,303  $193,729,025  $315,411,328  2.6 
South  $3,907,357,462  $5,642,275,792  $9,549,633,254  2.4 
Total $4,095,825,080  $5,923,948,803  $10,019,773,882  2.8 
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Table 5-14: Warehousing 

Region Employment Indirect Employment Total Employment Multiplier

North  32 42 73 2.3 
North Central 1,940 3,664 5,604 2.9 
Central 245 221 466 1.9 
South Central 227 422 649 2.9 
South  D D D 3.3 
Total 2,444 4,349 6,792 3.2 

Region Direct Wages Indirect and Induced 
Wages 

Total Wages Multiplier

North  $405,138 $364,624 $769,762 1.9 
North Central $56,610,049 $74,725,265 $131,335,314 2.3 
Central $6,135,788 $7,178,872 $13,314,660 2.2 
South Central $6,995,772 $11,123,277 $18,119,049 2.6 
South  D D D 2.4 
Total $70,146,747 $93,392,038 $163,538,785 2.8 

Region Direct GSP Indirect and Induced 
GSP 

Total GSP Multiplier

North  $944,797 $851,579 $1,796,377 1.9 
North Central $132,016,805 $174,916,168 $306,932,973 2.3 
Central $20,347,633 $20,347,633 $40,695,266 2.0 
South Central $16,314,409 $25,939,910 $42,254,319 2.6 
South  D D D  D 
Total $169,623,644 $222,055,291 $391,678,936 2.8 
Note. 35

 
The total effect on California income from water transportation was estimated at 
$17,953,537,559 for 2000.  These industries provided employment (direct and indirect) to 
approximately 235,275 workers with total wages of $12,444,140,851.   (See summary Table 
5-2 at the beginning of the chapter.) 
 
 
 

                                                 
35 : The data source for table 5-10 through table 5-14 is BLS. For data disclosure reasons, numbers in cells with “D”s are 
not presented but are included in the state summaries in Table 5-1 and 5-2. 
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Chapter 6       California Marine Construction 
 
 
Table 6-1: Sum Of 2000 Marine Construction With Multipliers 

Indicator Direct 
Indirect & 
Induced Total Multiplier 

Employment 2,833 2,662 5,495 1.9
Wages $164,413,562 $162,336,362 $326,749,924 2.0
GSP $309,081,043 $304,298,814 $613,379,857 2.0
 
Table 6-2: Changes in Marine Construction 1990-2000 

Employment Wages GSP 
1990 Change in 2000 1990 Change in 2000 1990 Change in 2000
4,098 -1,265 $219,334,254 -$54,920,692 $414,250,590 -$105,169,547
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Figure 6-1: Changes in Marine Construction from 1990 to 2000 
 
6.1  Marine Construction (maintenance, repair and restoration) 
 
The category “marine construction” was created by the NOEP research team as one of its 
ocean sector categories.  It was not derived from the standard government set of industry 
categories, and it was not included in the former California study.  For purposes of the full 
national study, the NOEP will include a broad range of economic activities under this 
category.  They include all of the marine construction categories found in the SIC and 
NAICs federal datasets such as port construction and dredging. 36 In its final version, it will 
also include beach nourishment, coastal armoring activities such as jetties and seawalls;  
environmental restoration and maintenance activities for wetlands and estuaries,  and other 
large construction activities that relate to the shore and coastal ocean. 
 
                                                 
36 Some sand and gravel mining activity is probably also reported under this category, since most of the companies that do 
that mining are dredging companies. 
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For purposes of this study we include only those categories found in the federal datasets for 
SIC and NAICs codes, primarily connected to port construction and maintenance.  We have 
also included data from other sources to estimate the values associated with beach 
nourishment, a significant economic activity in California.  Beach nourishment represents a 
large expenditure by federal, state, and local authorities, which could be interpreted to be a 
negative payment to compensate for the external costs of beach loss resulting from diversion 
of water from coastal watersheds or offshore mining of sand and gravel for example. Yet, 
beach nourishment expenditures also have a positive face.  The provide jobs and revenue for 
local and state entities, in addition to stabilizing California’s valuable beaches, which are 
themselves a source of much revenue to the state.  In most instances the benefits derived 
from enhancing an eroding beach are far greater than the costs of the enhancement.   
 
As for the other activities, which should be included here, but are not because of lack of 
reliable and consistent data, California has a number of important wetland and estuarine 
restoration projects underway, which contribute markedly to California’s economy, both 
through market and non-market values.  
 
The data on port developments and beach nourishment follow.  
 
 
6.2  Port Development 
 
Port development includes construction of new facilities, modernization of existing ones, 
and rehabilitation of old ones.  According to the US Port Development Expenditure Report, 
from 1946 to 2001, a total of more than $23.6 billion were spent in capital improvements to 
port facilities and related infrastructure across the nation. 
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6.2.1 Historical Capital Expenditures for California Public Port Development 
 
From 1946 to 2001, approximately $7.6 billion were invested in port construction in 
California (South Pacific region), which ranked first in the nation for individual expenditures. 
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Figure 6-2: Port Development Expenditure Overview37

Source: US Port Development Expenditure Report 
http://www.marad.dot.gov/publications/PDF/Exp2001rpt.pdf
 
 
In 2001, California continued as the leading region spending $981.5 million on port 
development, which was 56.4% of all port expenditures across the nation.   The following 
graph shows the actual port spending on facilities and infrastructure by region from 1997 to 
2001.  

                                                 
37 Regions:  South Pacific in California; North Atlantic is Maine to Virginia; South Atlantic is from Virginia to the tip of 
Florida; Great Lakes are all those states bordering on a Great Lake, Gulf are states from the tip of Florida to Texas, N. 
Pacific is Oregon and Washington.  The rest are self-explanatory. 
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 U.S. Port Capital Expenditures on Facilities and Infrastructure by Region: 
1997-2001 (in Thousands of Dollars)
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Figure 6-3: Capital Expenditures for US Port Facilities and Infrastructure by Region 
Source: US Port Development Expenditure Report   http://www.marad.dot.gov/publications/PDF/Exp2001rpt.pdf   
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California Share of U.S. Total Capital Expenditures for 
997-2001Port Development: 1
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rt Development Expenditures, 1997-2001 
Source: US Port Development Expenditure Report  
http://www.marad.dot.gov/publications/PDF/Exp2001rpt.pdf

Figure 6-4: California’ Share of Po

   
 
California has lead in total capital expenditure for port development across the nation.  In 
2001, the capital expenditure for the Port of Los Angeles alone reached $550 million.  
Besides Los Angeles, the Port of Long Beach and Port of Oakland invested an estimated 
$200 million each, which made the three California ports the three leading port authorities in 
terms of capital expenditure in 2001.  Expansion of facilities to accommodate increasing 
trade with Asia, and advancing technologies to make ports more efficient have been primary 
drivers for these investments. 
 

Leading Port Authorities by Capital Expenditures, 2001 
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Figure 6-5: Leading US Port Authorities by Capital Expenditures, 2001 
Source: US Port Development Expenditure Report 
http://www.marad.dot.gov/publications/PDF/Exp2001rpt.pdf   
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Expenditure by Facility Type 
Figure 6-6 shows the capital expenditure by types of facilities.  Specialized cargo handling 
(mostly for containers) is the leading expenditure category, and California accounted for 
nearly 80% of the total investment in this category.  California represented one third of the 
expenditure in dry and liquid bulk.  Investment on general cargo and passengers in California 
is not very significant.   
 

U.S. Port Capital Expenditure by Type of Facility
Year 2001 (in US $Million)
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Figure 6-6: Expenditures on US Ports by Type of Facility, 2001 
S

 
Figure 6-7 gives a more detailed picture of California’s share of total port development 
expenditure by facility type in 2001.  More than 55% of total port investment by all US ports 
was spent on California ports in 2001. California expenditures on specialized cargo, 
dredging, and other facilities such as administrative and maintenance buildings, as well as dry 
and liquid bulk facilities, represented over 30% of the total spent by US ports.   
 

 80

RB-AR9244



NOEP 
 
 

CA Share of Total U.S. Port Capital Expenditures: 2001 
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Figure 6-7: California’s Share of US Expenditures on Ports, 2001 
Source: US Port Development Expenditure Report 
 http://www.marad.dot.gov/publications/PDF/Exp2001rpt.pdf
 
 
Expenditure by Construction Type38

The following three graphs, Figures 6-8, 6-9, and 6-10, show details of capital expenditure on 
new construction and modernization/rehabilitation by facility type in 2001, as well as 
California’s portion of total expenditure by all US ports by construction type. 
 
Nearly 60% of the nation’s ports’ spending on new construction was on California ports in 
2001, an estimated $586.8 million.  Of this California expenditure, $541.9 million was spent 
on specialized cargo.  In addition, California ports invested in more than 45% of the 
dredging activities across the nation that year. 
 
For modernization and rehabilitation expenditures, California led the total with $203.3 
million (39.7%) in 2001.  The investments on specialized cargo and other facilities stand out 
as the most significant. 
 
 

                                                 
38 In most cases, investment decisions for construction and expansion of port facilities are made by individual ports and 
their governing boards.  While large amounts of federal monies are made available to port authorities, much of their 
construction money is raised through bonds, revenues and other mechanisms.  Most ports operate as separate private or 
private-public entities.   
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US Port Capital Expenditure on New Construction
Year 2001 (in US $Millions)
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Figure 6-8: US Expenditures on New Port Construction, 2001 
Source: US Port Development Expenditure Report 
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US Port Capital Expenditure on Modernization / Rehabilitation
Year 2001 (in US $Millions)
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Figure 6-9: US Expenditures on Port Modernization and Rehabilitation, 2001 
Source: US Port Development Expenditure Report  http://www.marad.dot.gov/publications/PDF/Exp2001rpt.pdf
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CA Share of US Port Capital Expenditure by Type
New Construction vs. Modernization/Rehabilitation (Year 2001)
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Figure 6-10: California’s Share of US Port Expenditures by Construction Type, 2001 
Source: US Port Development Expenditure Report  http://www.marad.dot.gov/publications/PDF/Exp2001rpt.pdf

 84

RB-AR9248

http://www.marad.dot.gov/publications/PDF/Exp2000rpt.pdf


NOEP 
 
6.2.2  Proposed Capital Expenditure for California Public Port Development: Total 
US vs. CA 2002-2006  
 
California also leads for planned investments with proposed spending of $3 billion for the 
five-year period 2002-2006, which constitutes 28.6% of the proposed investment by all US 
ports. 
 
Proposed Port Development Expenditure 2002-2006 
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Figure 6-11: Proposed US Port Construction Expenditures, 2002-2006 
Source: US Port Development Expenditure Report  
http://www.marad.dot.gov/publications/PDF/Exp2001rpt.pdf

 
Figure 6-12 lists the top ten ports in the US in terms of future capital expenditure.  Among 
them, three are located in California.  More than $1.5 billion and more than $1 billion are 
proposed to be spent on the development of Long Beach and Los Angeles ports 
respectively, in the period of 2002 to 2006.  In addition, the Port of Oakland anticipates 
$0.44 billion in capital expenditures.   
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Figure 6-12: Leading Port Authorities by Proposed Expenditures, 2002-2006 
Source: US Port Development Expenditure Report 
http://www.marad.dot.gov/publications/PDF/Exp2001rpt.pdf   
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Proposed Expenditure by Facility Type 2002-2006 
California is expected to account for 39.2% of the proposed expenditures in specialized 
cargo with proposed spending of $1.9 billion for the five-year period.  California will also 
make significant investments in off-terminal infrastructure, such as underground traffic 
corridors to warehouses and other essential facilities that are more efficiently located away 
from the port terminal.  Figures 6-13 and 6-14 exhibit the trends in detail. 
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Figure 6-13: California’s Share of US Port Construction Expenditures, 2002-2006 
Source: US Port Development Expenditure Report  
http://www.marad.dot.gov/publications/PDF/Exp2001rpt.pdf
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US Port Capital Expenditure by Type of Facility
2002-2006 (in US $Millions)
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Figure 6-14: US Port Construction Expenditures by Type of Facility, 2002-2006 
Source: US Port Development Expenditure Report   http://www.marad.dot.gov/publications/PDF/Exp2001rpt.pdf
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6.2.3  Funding Resources for Port Development 
 
Figures 6-15 and 6-16 show California’s past and future projections for income generation 
using various types of financing vehicles relative to other US ports.  For example, in 2001, 
California’s offerings represented just under 85% of the revenue bonds issued by other US 
ports for port construction.  California ports are among the most active issuers of revenue 
bonds. 
 

CA Share of Capital Expenditure by Types of Financing 
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Figure 6-15: California’s Share of Port Expenditures by Types of Financing, 2001 
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CA Share of Capital Expenditure by Types of Financing 
Method:  2002 - 2006
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Figure 6-16: California’s Share of Port Expenditures by Types of Financing, 2002-
2006 
Source: US Port Development Expenditure Report 
http://www.marad.dot.gov/publications/PDF/Exp2001rpt.pdf   
 

US Port Capital Expenditure by Financing Method
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Figure 6-17: US Port Expenditures by Financing Methods, 2001 
Source: US Port Development Expenditure Report  
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US Port Capital Expenditure by Financing Method
2002 - 2006  (in US $Millions)

0

500

1,000

1,500

2,000

2,500

3,000

3,500

North Atlantic South Atlantic Gulf South Pacific
(CA)

North Pacific Non-contiguous

Port Revenues GO Bonds Revenue Bonds Loans Grants Other Total

 
Figure 6-18: US Port Expenditures by Financing Methods, 2002-2006 
Source: US Port Development Expenditure Report 
http://www.marad.dot.gov/publications/PDF/Exp2001rpt.pdf   
 
In 2001, California was the principal user of port revenue for development with $574.7 
million.  California’s port revenues expenditures accounted for 71.6% of the all port 
investment from revenue for the nation.  It was also the major user of revenue bonds with 
$374 million, or 83.3% of the national total.  California also captured 21.4% of grants, far 
more than any other region, worth $20.1 million.   
 
Looking ahead, California will remain the primary user of port revenue with $1.3 billion 
from 2002 to 2006.  Over half of the proposed issuance of revenue bonds by all ports will be 
issued by California ports with $1.1 billion worth.  Nearly half of all loans taken out by US 
ports,  $477.8 million, will be spent on the development of California ports. 
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6.2.4  Economic Impact  
 
The following table shows 1990 and 2000 economic indicators by region for the Marine  
Construction sector in California. 
 
Table 6-3: Direct Regional Economic Impact of Marine Construction, 1990 and 2000 
 1990 2000 

Region Employ-
ment 

Wages 
($Million)

GSP 
($Million) 

Employ-
ment 

Wages 
($Million) 

GSP 
($Million)

North 384 $20.00 $37.77 62 $1.50 $2.81
North Central 4,429 $231.84 $437.87 2,446 $139.10 $261.50
Central 979 $54.37 $102.68 167 $8.00 $15.05
South Central 2,158 $82.94 $156.64 661 $30.77 $57.85
South 7,581 $413.06 $780.13 4,907 $245.93 $462.33
Total 15,531 $802.20 $1,515.10 8,243 $425.31 $799.54
Source: BLS 
 
Regionally, the Southern part of California, with the Ports of Long Beach and Los Angeles, 
represents a major portion of the value of the Marine Construction sector in the state.  The 
urban area of North Central is the other major source of value, with the range of activities 
associated with San Francisco Bay and the Delta. 
 
Table 6-3 shows the results of economic activity directly related to the ocean, but this direct 
economic activity generates additional economic activity as employees spend salaries and 
ocean-related firms purchase inputs from other California firms.  These indirect and 
induced, or multiplier effects, must also be accounted for.  Estimates of these effects are 
shown in the following tables.  The estimates were derived by a detailed analysis of the 
Ocean Economy industries in each of the coastal regions using IMPLAN, a standard and 
widely used economic impact model.   
 
Table 6-4 shows the estimated impact on regional total wages, income and employment 
brought about by Marine Construction sector from the IMPLAN Model.   
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Table 6-4: 2000 Employment, Wages and GSP:  Impact of Marine Construction 
Industry from IMPLAN Model 

Region Direct 
Employment 

Indirect and Induced 
Employment 

Total Employment Multiplier 

North 62 50 112 1.8 
North 
Central 2,446 2,201 4,647 1.9 
Central 167 134 301 1.8 
South 
Central 661 595 1,256 1.9 
South 4,907 4,907 9,814 2 
Total 8,243 7,419 15,662 1.9 

Region Direct Wages Indirect and Induced 
Wages 

Total Wages Multiplier 

North $1,495,567 $1,046,897 $2,542,464 1.7 
North 
Central $139,103,215 $139,103,215 $278,206,430 2 
Central $8,004,930 $6,403,944 $14,408,874 1.8 
South 
Central $30,772,559 $21,540,791 $52,313,350 1.7 
South $245,933,772 $295,120,526 $541,054,298 2.2 
Total $425,310,043 $425,310,043 $850,620,086 2 

Region Direct GSP Indirect and Induced 
GSP 

Total GSP Multiplier 

North $2,811,516 $1,968,061 $4,779,577 1.7 
North 
Central $261,500,123 $261,500,123 $523,000,246 2 
Central $15,048,467 $12,038,774 $27,087,241 1.8 
South 
Central $57,849,332 $40,494,532 $98,343,864 1.7 
South $462,330,880 $554,797,056 $1,017,127,936 2.2 
Total $799,540,318 $799,540,318 $1,599,080,636 2 
Source: BLS 
 
The total effect of the marine construction industry on California income is estimated as 
$609.1 million. This industry provides employment (direct and indirect) to 5,452 workers. 
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6.3  Beach Nourishment39

 
In California, both intense use of coastal resources and near-shore development have 
significantly impacted the state’s beaches.  Some beaches naturally erode, but many public 
beaches erode due to human activities that affect sediment supply. Dams, construction of 
harbor structures, coastal armoring, and offshore sand and gravel mining are among the 
human activities that impact sediment supply to beaches. 
 
The loss of public beaches will continue without beach restoration efforts.   
Environmentally, beach nourishment preserves both certain animal species and threatened 
plants by restoring and enhancing habitat.  It also provides public safety benefits to residents 
and visitors by providing safer access to the water, especially for recreational swimmers and 
surfers. 
 
In 2000, a study of the economic benefit of specific beach projects across California was 
released by the Department of Boating and Waterways and the State Coastal Conservancy.  
A survey was conducted to collect information in the following categories: 
 
• attendance numbers and corresponding methodology used to estimate; 
• characteristics and duration of trips; 
• recreational activities and amenities involved in trips; 
• assessment of coastal protection and estimate of erosion and damages; 
• assessment of public infrastructure  threatened and likelihood of damages. 
 
A summary of the costs and benefits estimated for a number of beach projects in California 
by the California Department of Boating and Waterways is shown in Table 6-5.  The data 
indicate that there is substantial variation in the benefits and costs of such projects, but that 
benefits based on the basis of beach visits and visitor expenditures often substantially exceed 
costs. 
 
 

                                                 
39.. The process of replenishing a beach by artificial means; e.g., by the depositions of dredged materials, also called beach 
replenishment or beach feeding.  For this study, we also include additional activities for stabilization of beaches and natural 
beach systems. 
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Table 6-5: Benefit of Beach Restorations in California40

Location Conceptual Project Cost Net Benefit Benefit/Cost 
Ratio 

Venice Beach Groin repair $2,000,000 $130,270,670 65.14
Leo Carrillo State 
Beach 

Retention 
structure/dune $170,000 $8,310,900 48.89

Dockweiler Beach Groin repair $1,350,000 $42,520,220 31.50
Topanga Beach Seawall $630,000 $8,798,226 13.97
East Beach Groin repair $1,500,000 $17,379,719 11.59
Will Rogers Beach Groin repair $3,900,000 $43,060,455 11.04
Pierpont Beach Groin repair $820,000 $13,432,299 16.38
Hueneme Beach Seawall $850,000 $12,382,432 14.57
El Granda Revetment $1,000,000 $13,843,292 13.84
Beach Boulevard Repair Rock toe $824,000 $10,328,642 12.53
Carpinteria State 
Beach Cobble berm $6,500,000 $44,106,263 6.79

Pismo Beach Nourishment/retention 
structure $4,000,000 $26,059,465 6.51

San Buenaventura Groin repair $3,800,000 $14,945,698 3.93
Beach Access way Revetment $50,000 $187,382 3.75
El Capitan State 
Beach Nourishment/retention $3,600,000 $10,301,836 2.86

Ashby Interchange Revetment $275,000 $735,491 2.67
The Hook Shore retention wall $2,000,000 $4,896,221 2.45
Regugio State 
Beach Nourishment/retention $2,600,000 $5,518,840 2.12

Coyote Point Nourishment/retention $5,500,000 $8,579,945 1.56
Twin Lakes Beach Seawall $5,000,000 $7,632,443 1.53
Surfers Point Cobble berm/retention $7,700,000 $10,820,353 1.41
Carlsbad State 
Beach Nourishment $21,000,000 $28,516,254 1.36

Hobson Nourishment/retention $12,300,000 $12,752,134 1.04
La Conchita Nourishment/retention $12,300,000 $12,608,042 1.03
Dan Blocker Beach Nourishment/retention $5,700,000 $5,748,354 1.01
Leadbetter Beach Seawall $2,360,000 $1,474,537 0.62
Isla Vista Nourishment/retention $13,700,000 $6,781,239 0.49
Cayucos Beach Seawall $820,000 $372,877 0.45
Source: California Beach Restoration Study, Department of Boating and Waterway 
 
6.3.1 Funding Sources 
 
In 1999, the Public Beach Restoration Program (PBRP) was created under the 
administration of the Department of Boating and Waterway.  The program was motivated 
by the loss of public beaches due to man’s activities in upland watersheds and along the 
shoreline.  The following table lists the projects and funding for the program, which was 
funded for $10 million in grants for fiscal year 2000-2001.    
 
                                                 
40 Definitions to help understand chart: groins and jetties are walls built perpendicular to the shoreline. They are designed to 
trap sand that is moving along the shore due to the long shore current. A groin usually extends to the end of the surf zone 
while a jetty extends further into an inlet to stabilize a navigation channel. The construction of both groins and jetties 
severely affects the flow of sand moved by the long shore currents. 

 94

RB-AR9258



NOEP 
 
Table 6-6: Funding for California Beach Restoration Projects 

Recipient Project Funding 
City of San Francisco Nourishment at Ocean Beach $1,000,000

BEACON Nourishment at Goleta County 
Beach $650,000

City of Port Hueneme Dune restoration and 
vegetation at city beach park $129,500

Surfside-Sunset Project Nourishment at Surfside-
Sunset feeder beach $3,850,000

SANDAG Regional Beach 
Restoration Project 

Nourishment at 12 beaches in 
San Diego County $1,236,500

Cities and Individual projects 
Feasibility study of beach 
nourishment alternatives at 
various beaches 

Approx.  $3,134,000

Source: California Beach Restoration Study, Department of Boating and Waterway 
 
The funding allocation for the above projects is exhibited in Table 6.7 below. 
 
Table 6-7: Total Beach Restoration Funding by Category 

Project Category Number of 
Projects 

Total Funding 
(00-01) 

Percentage of 
Program Budget 

Beach Nourishment and Restoration 5 $6,866,000 69%
Corps of Engineers Projects 9 $2,594,000 26%
Research and Other Studies 2 $540,000 5%
Total 16 $10,000,000 100%
 
 
6.4  References 
 
 US Army Corps of Engineers <http://www.usace.army.mil/>. 
 
CA Department of Boating and Waterway: California Beach Restoration Study 
<http://dbw.ca.gov/PDF/BeachReport/Ch4_Nourishment.pdf>. 

<http://dbw.ca.gov/PDF/BeachReport/Ch2_Setting.pdf>. 
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Chapter 7: California Ship & Boat Building  
 
Table 7-1 Summary of California Ship & Boat Building and Repair Industry in 2000  

Industry Employment Wages GSP 
Boat Building & Repair 4,033 $126,378,329 $165,028,160
Ship Building & Repair 6,523 $251,264,488 $328,107,805
Total 10,557 $377,642,817 $493,135,966
 
Table 7-2 Summary of Ship and Boat Building & Repair with Multipliers for 2000 

Indicator Direct Indirect & Induced Total Multiplier

Employment 10,557 8,639 19,196 1.8
Wages $377,642,817 $308,890,473 $686,533,290 1.8
GSP $493,135,966 $403,357,340 $896,493,306 1.8
 
Table 7-3: Changes in Direct Economy of California Ship & Boat Building and 
Repair 1990-2000 

 Employment Wages (millions) GSP 
(millions) 

 

Industry 1990 Change in 
2000 

1990 Change in 
2000 

1990 Change in 
2000 

Boat 
Building and 
Repair 3,256 777 $97.71 $28.67 $116.68 $48.34
Ship 
Building and 
Repair 22,593 -16,070 $975.73 -$724.46 $1,165.27 -$837.16
Total 25,849 -15,292 $1,073.43 -$695.79 $1,281.95 -$788.81
 
 

Changes in California Ship and Boat Building & Repair 
1990-2000
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Figure 7-1: Change in Ship & Boat Building and Repair from 1990 to 2000 
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7.1  Ship & Boat Building and Repair: Description of the Sector 
 
The shipbuilding and repair industry builds and repairs ships, barges and other large vessels, 
whether self-propelled or towed by other craft.  This industry also includes the conversion 
and alteration of ships and a portion of the manufacture of offshore oil and gas drilling and 
production platforms.  The boat building and repair industry is engaged in the 
manufacturing and repairing of smaller non-ocean going vessels primarily used for 
recreation, fishing, and personal transport 
  
Unlike most other industries, only a small number of orders for large ships are received each 
year, and these often take years to fill.  The orders for shipbuilding and repairs are primarily 
placed by large shipping, passenger and cruise, ferry, petrochemical, commercial fishing, and 
towing and tugboat companies, or the federal government.  The principal federal 
government agencies placing ship building and repair orders include the Naval Sea System 
Command, the Military Sealift Command, the Army Corps of Engineers, the US Coast 
Guard, the National Oceanic and Atmospheric Administration, the National Science 
Foundation and the Maritime Administration.  The boat building and repair industry is 
almost entirely privately owned and is characterized by a very large number of buyers with 
varied tastes and a larger number of producers with varied product ranges. 
 
The US ship building and repair industry is primarily devoted to building ships for the US 
Navy and a small number of commercial shipping companies. The industry reached its peak 
output in the mid-1970s, when it held a significant portion of the international commercial 
market while maintaining its ability to supply military orders.  Since then, new ship 
construction, the number of ship building and repair yards, and overall industry employment 
have decreased sharply, particularly since the end of the major naval buildup of the 1980’s.  
This decline came on top of a severe drop in the construction of new vessels, which fell 
from about 77 ships (1,000 gross tons or more) per year in the mid-1970s to only about eight 
ships through the late 1980s and 1990s. Smaller shipyards have been able to keep much of 
their mainly commercial market share, since these shipyards build vessels used on the inland 
and coastal waterways, which, by law, must be built in the US. 
 
 
7.2  Ship & Boat Building in California 

California was a major ship builder during World War II, when the Richmond and other 
shipyards were flourishing.41 The ship building industry in California is heavily dependent on 
the federal government as its primary market.  The Navy’s new ship procurement has 
declined since the accelerated Navy ship construction in the 1980s. First tier shipyards may 
face the possibility of closure.  The General Dynamics National Steel and Shipbuilding Co. 
(NASSCO) in San Diego CA is the biggest private shipyard on the West coast and employed 
more than 3000 people in 2000.  Over the last four decades, NASSCO has delivered over 
100 ships to the world's fleets -- 53 ships to commercial customers, becoming America's 
leading commercial shipbuilder during that period; and 53 auxiliary and support ships for the 
US Navy.  These have included oil tankers, ferries, containerships, and oceanographic 

                                                 
41 Comments by G. Pontecorvo for review of this document. 
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research ships for commercial customers; and hospital ships, fast combat support ships, tank 
landing ships, and roll-on/roll-off ships for the US Navy.  NASSCO as of 2000, had 
contracts to build six commercial ships and three Navy ships.  Because of its location, 
expertise and full-service capabilities, the Navy relies on NASSCO as a repair facility for its 
Pacific Fleet ships.  The company also performs maintenance and repair for commercial 
operators42.  Since California has a large ship building capacity, changes in national policies 
that might drive increased shipbuilding for the Navy could have a positive influence on 
California’s economy. 

The Boat Building and Repair industry in California includes a large number of products, 
manufacturers and dealers.  Table 7-4 gives the 1990 direct estimates for this industry. 
 
Table 7-4: Direct Employment, Wages, and GSP for Ship and Boat Building and 
Repair Industry 1990 

SIC4 Name Employment 
1990 

Wages 1990 GSP 1990 

Boat Building & Repair 3,256 $97,705,470 $116,684,864 

Ship Building & Repair 22,593 $975,728,866 $1,165,265,257 

California 

TOTAL 25,849 $1,073,434,336 $1,281,950,121 

 Comparisons drawn in Table 7-3 and Figure 7-1 clearly reflect the difficulties in the industry 
in the last decade. The major decline has come from the shipbuilding industry, while the 
Boat Building and Repair industry has remained stable.  The Ship Building and Repair 
industry employed more than 22,500 people in 1990, but that number declined to less than 
6,500 in 2000. The employment in the Boat Building and Repair industry remained relatively 
constant at approximately 2,700.  The sharp decline in the Ship Building and Repair industry 
also led to a significant drop in wages; they declined from around $800 million in 1990 to 
around $331 million in 2000 in constant 2000 dollars. Similarly the industry’s contribution to 
GSP also contracted to less than half of its value: from $958 million in 1990 to around $433 
million.  

                                                 
42 http://www.nassco.com/ 
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Table 7-5: Total Regional Employment, Wages, and GSP for CA. Shipbuilding and 
Repair Industry for 2000 

Region Employment Indirect Employment Total Employment Multiplier
North  D D D 1.7 
North Central 1,056 782 1,838 1.6 
Central 73 50 122 1.5 
South Central D D D 1.6 
South  7,907 6,563 14,470 1.7 
Total 9,036 7,394 16,430 1.7 

Region Direct Wages Indirect and Induced Wages Total Wages Multiplier
North  D D D 1.6 
North Central $40,835,602 $30,218,345 $71,053,947 1.7 
Central $2,154,988 $1,465,392 $3,620,380 1.7 
South Central D D D 2.0 
South  $288,651,239 $239,580,528 $528,231,767 1.8 
Total $331,641,829 $271,264,266 $602,906,095 1.8 

Region Direct GSP Indirect and Induced GSP Total GSP Multiplier
North   D D D 1.6 
North Central $53,324,208 $39,459,914 $92,784,121 1.7 
Central $2,814,040 $1,913,547 $4,727,588 1.7 
South Central  D D D 2.0 
South  $376,928,412 $312,850,582 $689,778,995 1.8 
Total $433,066,660 $354,224,043 $787,290,704 1.8 
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Chapter 8       Coastal Tourism & Recreation 

 
8.0 Estimated Economic Summaries of the California Coastal Tourism & 
Recreation Sector 
 
Table 8-1: California Coastal Tourism & Recreation Direct Values 2000 

Industry Employment Wages GSP 
Amusement and Recreation Services 17,783 $410,474,527 $688,823,549
Amusement and Recreation Services NEC 488 $7,889,632 $17,896,189
Boat Dealers 1,702 $61,022,843 $139,818,073
Eating and Drinking Places 216,533 $3,207,978,118 $7,350,252,717
Hotels and Lodging 70,489 $1,612,618,217 $3,657,929,867
Marinas 833 $24,329,879 $40,105,751
Sporting Goods Retailers 4,679 $199,345,181 $501,688,464
Zoos, Aquaria 906 $21,317,910 $30,085,003
Total 313,417 $5,544,976,307 $12,426,599,613
Source:  BLS Quarterly Census using SIC code categories. 
 
Table 8-2: California Coastal Tourism & Recreation Sector with Multipliers for 2000 

Indicators Direct Indirect & Induced Total Multiplier
Employment 313,417 94,025 407,442 1.3
Wages $5,544,976,307 $4,435,981,046 $9,980,957,353 1.8
GSP $12,426,599,613 $9,941,279,690 $22,367,879,303 1.8
Source:  BLS and IMPLAN 
 
Table 8-3: Changes in California Coastal Tourism & Recreation Direct Values 
between 1990 and 2000 

 Employment Wages (millions) GSP (millions) 
Industry 1990 Changes 

in 2000 
1990 Changes in 

2000 
1990 Changes in 

2000 
Amusement and 
Recreation Services 16,908 875 $375.85 $34.62 $648.71 $40.11
Amusement and 
Recreation Services 
NEC 455 33 $7.94 -$0.05 $17.38 $0.52
Boat Dealers 1,473 229 $42.08 $18.94 $92.00 $47.81
Eating and Drinking 
Places 157,489 59,044 $2,097.83 $1,110.15 $4,586.39 $2,763.86
Hotels and Lodging 52,373 18,116 $985.87 $626.75 $2,157.26 $1,500.67
Marinas 724 109 $19.97 $4.36 $32.76 $7.34
Sporting Goods 
Retailers 1,807 2,872 $53.88 $145.47 $128.99 $372.70
Zoos and Aquaria 677 229 $17.67 $3.65 $26.20 $3.88
Total 231,910 81,507 $3,601.08 $1,943.89 $7,689.70 $4,736.90
Source:  BLS Quarterly Census using SIC codes. 
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Changes in California Tourism & Recreation 1990-2000
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Figure 8-1: Changes in California Coastal Tourism & Recreation from 1990 to 2000 
Source:  BLS 
 
8.1 California Coastal Tourism & Recreation: Scope, Scale and 
Definition 
 
In this report, the “Coastal Tourism & Recreation” sector includes the full range of tourism, 
leisure, and recreational activities that take place in coastal areas and in offshore coastal 
waters.  These include the hotel and restaurant industry, marinas, the coastal water sports 
industry, recreational boating harbors, recreational fishing facilities and stores, beaches, and 
retail businesses.  We also include ecotourism and recreational activities such as recreational 
boating, swimming, recreational fishing, surfing, kayaking, diving and snorkeling.  This 
chapter reveals estimates of the market and non-market use value of ocean related tourism 
and recreational activities in California.  (See Appendix A, “Methodology” non-market 
section for more detail on the methodology used to derive market and non-market values.) 
 
California is the number one travel destination in the US.  The total California tourism 
industry annually generates more than $75 billion in direct travel spending for the state 
economy, and supports more than 1 million jobs, which makes it the 3rd largest employer 
and 5th largest contributor to the state’s GSP43.  World famous sandy beaches and favorable 
weather conditions of Southern California make Coastal Tourism & Recreation an important 
component of California’s economy in general, and the overall tourism industry of the state 
in particular.  Coastal Tourism & Recreation has been the fastest growing activity, both in 

                                                 
43 California Tourism’s Contribution to the California Economy: 1998-2002, 
<http://www.gocalif.gov/state/tourism/tour_html> 
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volume and diversity, along the coastal zone44.  As of 2000, it was one of the major growth 
engines not only for the coastal counties, but also for the entire state.  Tourism and 
recreation-related economic activities are shaping development patterns in the coastal zone, 
which account for a major share of population and economic activities. 45  Coastal tourism 
also makes California’s position competitive in international tourism as studies have shown 
that beaches are the leading international tourist destination. 46

 
Summary Tables 8-1, 8-2, and 8-3 show what a large influence California’s Coastal Tourism 
& Recreation sector has had on the state.  While its economic contribution was quite 
significant in 2000, its growth in the decade 1990-2000 was even more significant - far larger 
than any other Ocean Economy sector in California with a GSP increase of almost 62%, a 
wage increase of 55%, and an employment increase of more than 35%.  In fact, its decadal 
growth kept the California Ocean Economy sector in positive numbers during that decade.  
Without Tourism & Recreation, there would have been a large net loss in all columns. 
 
Understanding the role that California’s ocean and coasts play in Tourism & Recreation, and 
estimating its value to the state is not a simple task. The NOEP has divided this chapter into 
three sections to untangle some of this complexity.  First, we define coastal recreation and its 
scope and scale.  This data is not captured in the market data, and so could be added with 
some degree of reliability.  Within this section, the reader will find a brief paper estimating 
both market and non-market values for all of California’s beaches, a number that is as high 
as $5 billion a year, again measured in a different way and so cannot be added directly to the 
market data, but in many ways is added value to the estimated market totals.  Second, travel 
spending is defined, described, and estimated for both California and the coast, since 
economic data for tourism is not easily separated, except by coastal counties.  The travel 
spending data is actually included in the market data.  Finally, we provide regional estimates 
of market values for employment, wages, and GSP  to show geographic areas of largest and 
slowest sector growth between 1990-2000. 
 
California Coastal Recreation - Definition and Measurement   
Coastal recreation is undertaken by local residents, by residents of California who travel to 
the coast, and by residents of other states and countries.  Recreation may impact the 
California economy by as much as spending at a luxury hotel in Santa Barbara or as little as a 
hot dog on the beach in Santa Monica.  Data is not available for all expenditures by those 
who recreate along the California shore, but a comprehensive national survey undertaken in 
2000 does measure the number of people and activity levels involved in California ocean 
recreation.47  This data, combined with state data on use of key coastal recreation resources, 
provide a picture of the magnitude of coastal recreation resource use.  This data is presented 
in the next part of this chapter. 
 
Travel in California Coastal Counties - Definition, Description and Spending 
Estimates   

                                                 
44 1998 Year of the Ocean: Coastal Tourism and Recreation. http://www.yoto98.noaa.gov/yoto/meeting/tour_rec_316.html 
45 C. Cunningham, and Walker, K. 1996. “Enhancing Public Access to the Coast through the CZMA.” The Journal of 
Marine Education, Volume 14, No.1. pp 8-11. 
46 J.R. Houston, 1996. “International Tourism and U.S. beaches”. Shore and Beach. 
47 National Survey on Recreation and Environment, 2000. 
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The travel economy is generally defined as activity associated with travel away from home.  
Travel may be undertaken for many purposes, including business, visiting friends and 
relatives, and for recreation.  Trips may be single or multi-purpose.  Travel to coastal 
counties in California may include coastal recreation or use of a coastal facility in whole or 
part.  To get a sense of the entire travel industry affecting coastal California, we examined 
travel and tourism in the state as a whole and in the coastal counties.  A portion of the 
economic value reported under travel and tourism is ocean related, but we do not know 
what that portion is precisely. 
 
Regional Estimates of Economic Impact of California Tourism and Recreation   
The NOEP team separated employment, wages, and contribution to GSP for those 
establishments located in shore-adjacent zip codes and defined this as ocean-related tourism 
and recreation.  This is a smaller proportion of total travel activity in coastal counties, but it 
includes those activities most likely to be affected by ocean and coastal resources.  It also 
includes the activities of both those who travel or spend money for recreation and for other 
purposes such as business.   
 
The next sections of this chapter present data for each of these aspects of Tourism & 
Recreation in coastal California. 
 
 
8.2 Coastal Recreational Activities  
 
All economic activities relating to coastal recreation are affected by the quality of the 
environment.  Coastal land, beaches, watersheds, and coastal waters each provide a link 
between the travel and tourism industry and coastal recreational industries such as 
swimming, surfing, boating and fishing.  The level of participation in coastal water/nature-
related industries affects several other industries and sectors of the economy.  Increased 
demand for coastal recreation will result in increased demand for the hotel, restaurant, and 
service industry.  This will also, indirectly, increase the construction activity along the coast 
as more hotels and vacation homes are built.  For example, an increase in water-skiing will 
increase the manufacture and sale of boats used for these activities.  Similarly, an 
improvement in a beach will lead to more beach visitors leading to increased beach-wear 
demand, which will lead to increased manufacturing and retailing business.  Increased 
demand will also affect infrastructure construction activities.   Roads, parking lots, water and 
waste water systems and the like will also be necessary.   Therefore, it is important to define 
and measure the scale and scope of coastal recreational activities along the California coast 
before estimating market or non-market values for coastal tourism. 

 
The National Survey of Recreation and Environment (NSRE) in 2000 was the first national 
survey that included an assessment of public participation in marine recreation. This survey 
defined nineteen activities as part of marine recreation. These nineteen activities can be 
divided into four major subgroups: beach activities, recreational fishing, recreational boating, 
and other marine recreational activities.  Table 8-4 provides the estimates for California48 for 
each of these subgroups.  Figure 8-2 depicts the proportion of different marine recreational 
activities.  The NRSE estimation method captures the number of California residents who 
                                                 
48 Source NSRE 2000. 
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participated in marine recreation activities anywhere in the US.  We assumed that the 
number of California residents who participated in marine recreation in other states is likely 
to be smaller than the number of other states' residents who participated in marine 
recreation in California.  Additionally, a significant number of foreign tourists visit California 
beaches.49  Therefore, the NSRE numbers are likely to underestimate marine recreation 
participation in California.  

 
Table 8-4: Measure of Participation in Marine Recreational Activities 

Recreational Activity Number of Participants 
Beach Activities 14,789,653 
Recreational Fishing 2,727,286 
Recreational Boating 4,221,775 
Other Marine Recreation 2,321,265 

 
The numbers in Table 8-4 cannot be added together, because one person may have 
participated in more than one activity. 
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able 8-5 gives the estimates for the number of participants and number of activity days for 

recreational activities at a beach on a given day such as swimming, sunbathing, viewing 

                                                

igure 8-2: Pr ifferent M rea al Ation  

.2.1 Beach Activities 

T
different beach related recreational activities in California. More than 12 million people 
visited different beaches in California during the year 2000 and, on average, each person 
made slightly more than 12 trips per year. Beach visitation activity includes multiple 

 
49 More than 6.36 million foreign visitors came to California in 2000. California Fast Facts 2002. 
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wildlife, or collecting seashells.  So the beach visitation numbers should not be added to 
other activity numbers. 
 
Table 8-5: Participation in Beach Related Recreational Activities 
Recreational 
Activity 

Number of 
Participants 

Number of 
Days

Average Days 
Per Person 

Visit Beaches 12,598,069 151,429,000 12.02 
Swimming 8,398,997 94,573,000 11.26 
Scuba Diving 288,023 1,383,000 4.80 
Surfing 1,114,372 22,633,000 20.31 
Wind Surfing 82,201 n/a n/a 
Snorkeling 706,998 3,818,000 5.40 
Source: National Survey of Recreation and the Environment (NRSE) 2000, Preliminary Estimates from 
Versions 1-6: Coastal Recreation Participation, Table A-3 

 
The average number of activity days per participant (participation rate) gives a measure of 
intensity of participation and it varies from activity to activity, being as low as 4.8 days for 
scuba diving and as high as 20 days for surfing. California accounts for approximately 35% 
of all surfers in the US in terms of the number of participants and 30% in terms of the 

umber of surfing activity days50 in the US. n
 

Proportion of Beach Related Marine Recreational Activity Days
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Figure 8-3: Proportion of Beach Related Marine Recreation Activity Days 
 
 

                                                 
50 Hawaii pushes California to 2nd place in terms of number of activity days as it has a participation rate of 35. 
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8.2.2 California Beach Valuation:  The Non-market Value of California Beaches51

 
Beach recreation is a cornerstone of the California coastal economy and even California 
culture.  For at least four decades, Hollywood has carefully documented the California beach 
life.  A more complete and accurate assessment of the number of actual beach users and the 
economic value of beach use, however, has only just begun.  Nevertheless, the emerging 
picture of beach visitation and the potential value of market and non-market economic 
impacts of beach use in California corroborate the obvious importance of beach visitation 
for the California coastal economy. 
  
The California Coastal Act protects access to public beaches throughout California.  As a 
result, beaches are an important source of recreational open space for Californians with as 
many as 63.4% of all Californians making at least one visit to a California beach each year – 
2.5 times the national average (California Department of Boating and Waterways, CDBW, 
2002).     
 
Day trips to beaches generate two distinct sources of economic value for the Coastal and 
Ocean Economy: market expenditures and non-market consumer surplus values.  To begin, 
day visitors to beaches spend money locally on food, beverages, parking, and beach-related 
activities and rentals (e.g., body boards, umbrellas, etc.).  These expenditures partially 
represent a transfer of expenditures that may have been made elsewhere in the state (e.g., gas 
and auto), but are largely expenditures that would not have been made in the absence of the 
beach trip.  King (1999) estimated the fiscal impact of beaches in California and reported 
that in 1998, California’s beaches generated $14 billion dollars in direct revenue (King, 
1999).52  In two other studies, the average expenditures per person per day trip 
($/trip/person) were estimated for visits to California beaches.  A survey of beach goers in 
Southern California (Hanemann et al.  2002) found that per person per trip expenditures on 
beach related items and services were $23.19 for beach goers that took at least one trip in the 
summer of 2000.  In another study by King (California Department of Boating and 
Waterways 2002), average beach related expenditures (excluding gas and automobile costs) 
were $29.66.   
 
Visitors to beaches also place a value on beach visits above and beyond what they spend at 
the beach – the consumer surplus of beach visits.  Unlike many marketed goods, access to 
the beach is largely free (aside from parking fees) in California.  Because of the low cost of 
beach access and the importance of beach recreation to Californians, numerous studies have 
estimated the consumer surplus of beach going in California to better measure the true value 
of beaches and beach management in the state.   Yet, no study has attempted to compile 
these values to find an estimate for the total non-market value of beaches in California.  As 
we show below, the value of non-market beach uses is substantial and may even be within an 
order of magnitude of the market values of beach recreation.  Failure to fully account for 
both the market and non-market values of beaches in California could lead to explicit and 
implicit benefit-cost assessments of beach policies that significantly undervalue beach 
recreation. 

                                                 
51 Linwood Pendleton, Judith Kildow, and S. Shivendu authored this section on beaches. 
52 Direct Revenue is the direct expenditure from people making beach trips for items such as gas and parking, food and 
drinks from stores, restaurants, equipment rentals, beach sporting goods, beach related lodging and incidentals. 
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8.2.2.1 Methodology 
 
The total non-market value of beaches in California was estimated using a two-step process. 
First, we estimated the total beach visitation activity days. This is the total number of days 
people spent on the beaches of California in one year.  If a visitor went to the same beach or 
different California beaches ten times in one year then it was counted as ten beach visitation 
activity days. Second, we drew from the literature to find what we believed to be the most 
appropriate estimate of value for one day of beach visitation to find the total non-market 
value of beach visitation for California.   The people who visit a beach on a given day may 
engage in multiple outdoor recreation activities. They swim, sunbath, walk, jog, view 
birds/wildlife, or just watch sunsets. Our estimates included beach visits for any recreational 
activity. 
 
8.2.2.2 Estimating Total Beach Visitation Days 
 
A number of different sources estimate beach visitation days for California.  Philip King of 
the San Francisco State University estimates that as many as 378.5 million day trips were 
made to California beaches by Californians in 2001 (CDBW 2002, Chapter 3).  Leeworthy 
(2001) uses data from the National Survey on Recreation and the Environment to estimate 
that 151,429,000 beach visits were made to California beaches in 2000.  The United States 
Life Saving Association estimates that as many as 146 million visitor days were made to 
Southern California beaches alone (USLA 2002).  In another study, Morton and Pendleton 
(2001) estimate that total beach attendance in Los Angeles and Orange County in 2000 
exceeded 79 million visits.  Morton and Pendleton’s estimates, detailed in a report to the 
State Water Resources Control Board, are taken directly from lifeguard records. 
 
Kildow and Shivendu (2001), use data from the US Environmental Protection Agency’s 
BEACH Watch Program (EPA BEACH)53 to estimate beach visitation in California.  The 
authors estimate the attendance per mile of beach using US EPA’s BEACH attendance 
estimates for four different regions of California, i.e., Northern California, North Central 
(San Francisco Bay area), Central California and Southern California and then extrapolate to 
get the estimates of attendance for those beaches for which only length is known.   The EPA 
BEACH covers only 224 beaches, but the authors supplement the data with other sources 
including guidebooks and the Coastal Commission’s Beach Access Guide.  In all, the authors 
identify at least 417 California beaches (see Appendix D for a complete list of beaches) and 
estimate the attendance at these beaches to be 153.1 million activity days.  The estimates of 
Kildow and Shivendu are in line with those of the NSRE (2000) estimates, the United States 
Lifeguard Agency (2002) data, and the estimates for beach attendance given by Morton and 
Pendleton (2001), but are significantly lower than those of King’s estimates for the California 
Department of Boating and Waterways (2001).   
 
 
8.2.2.3 Estimating the Value of a Day at the Beach 
 

                                                 
53 This data collection has been discontinued because data methods were non-uniform. 
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No attempt has been made to estimate the aggregate non-market value of beaches for large 
areas, in general, and for California in particular.  Aggregating non-market values studies can 
be complicated if the studies examined estimate the value of different types of uses (e.g. 
surfing, swimming, or just sunbathing) and the value of uses at different seasons.  
Fortunately, most studies that have estimated non-market values for beach use in California 
have estimated the value of a general beach day, usually during the summer.   Unfortunately, 
nearly all of the studies cited estimate values for Southern California beaches.  As a result, 
the potential for extrapolation error in our estimates lies in the degree to which non-market 
beach values for Southern California beaches may not be representative of the values placed 
on beaches elsewhere in California.  Nevertheless, because more than 85% of all beach visits 
in California are made to beaches in Los Angeles, Orange, and San Diego Counties, the 
sensitivity of our results to this geographical extrapolation error are likely to be relatively 
small. 
 
Two primary methods have been used to value consumer surplus estimates: the travel cost 
method and the contingent valuation method.  Chapman and Hanemann (2001) argue that 
to date contingent valuation estimates of California beach visits have been flawed and 
generate unreliable estimates of beach values, largely because the contingent valuation 
surveys often are not site specific and fail to account for varying travel costs to beaches 
around the state.   
  
We employed travel cost estimates of consumer surplus for beach visits to estimate the value 
of visits to beaches, largely along the Central and Southern California coast.  Table 8-6 
provides estimates of consumer surplus values for visits to beaches in California.  Consumer 
surplus estimates range from a low of $10.98 (in 2001 dollars) for visits to Cabrillo Beach in 
Los Angeles County (Leeworthy and Wiley 1993) to a high of greater than $70 (in 2001 
dollars) per person per trip for visits to San Diego beaches (Lew 2002).  In 1997, Michael 
Hanemann estimated the value of the consumer surplus of beach visits to Huntington Beach 
at $15/visit (Hanemann 1997).  Hanemann’s estimate of beach-related consumer surplus was 
later discounted by ten percent and used as the basis for a jury award regarding lost beach 
recreation due to the American Trader oil spill (Chapman and Hanemann 2001).   
 
Hanemann’s conservative estimate of the value of a beach day ($15) is used to find the total 
non-market value of beach days in all of California.  Based on a conservative estimate of 
beach attendance of 150 million beach days annually, we estimate the non-market value of 
beach visits in California to be approximately $2.25 billion dollars annually.  (Using similar 
attendance figures and the expenditure results reported earlier, we estimate that beach-
related expenditures, i.e. the market value of beach going, would be $3.75 billion.) 
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Table 8-6: Estimates of the Consumer Surplus Value of Beach Visits in Southern 
California 
 Consumer 
Surplus/Trip US$(1990) US$ (2000)        
Cabrillo-Long Beach1 $8.16 $10.98        
Santa Monica1 $18.36 $24.71        
Pismo State Beach2 $26.20 $35.26        
Leo Carillo State Beach1 $51.94 $69.91        
San Onofre State Beach2 $57.31 $77.14        
San Diego2 $60.79 $81.82        
Source:  Environmental Damages in Court: The American Trader Case, published in The Law and 
Economics of the Environment, 2001, Anthony Heyes, Editor, pp. 319-367.  The data are extracted from 
1) Leeworthy and Wiley (1993) and 2) Leeworthy (1995).      
             
Consumer Surplus/Day US$ (2001)          
Individual Surplus/Day Carpinteria Encinitas San Clemente Solana Beach    
Method 1 $20.48 $18.84 $25.70 $14.58    
Method 2 $24.43 $22.17 $30.58 $17.35    
Source:  Philip King, The Economic Analysis of Beach Spending and the Recreational Benefits of Beaches in the City of San 
Clemente, 2001.  Note: Method 1 - dependent variable is a discrete random variable, Consumer Surplus (CS) calculated as the 
sum of a series of rectangles, each one day wide, touching the demand curve at its upper right corner.  Method 2 - CS calculated 
as the sum of a rectangle for the area under the curve between zero and one, and the definite integral for the area between one and 
the average number of trips.    
             
Total Value of Beach Trip (San Diego) US$(2002)         
Statistic Two-step Heckman Two-step HFS Joint Heckman Joint HFS    
Mean $71.43 $74.86 $43.97 $33.70    
Median $74.03 $77.33 $46.31 $36.13    
Standard Deviation $10.57 $10.79 $9.70 $9.77    
Source: Dissertation by Daniel Kevin Lew, 2002, University of California Davis.  Valuing Recreation, Time, and Water 
Quality Improvements Using Non-Market Valuation:  An Application to San Diego Beaches.   
 
 
8.2.2.4 Value of California’s Beaches 
 
Beach going is more than just an idle past time in California.  Beach going represents a major 
economic use of the California coast and ocean.  Concession stands, paid parking lots, and 
waterfront restaurants reveal that beach goers contribute to a thriving coastal market 
economy.  In fact, we estimate that market expenditures by beach goers in California could 
substantially exceed $3 billion.  Less obvious, however, is the economic magnitude of beach 
values that never enter the market.  Beaches in California represent a recreational and open 
space resource that provides a level of public access rarely matched elsewhere in the US.  
Thanks in part to the protection afforded by the California Coastal Act, beaches in 
California continue to produce non-market economic benefits that are on the order of $2 
billion or more.  These values are real and affect a beach-going public that includes more 
than half of all Californians.  Combined, the total value of beach going, including market and 
non-market values, may exceed $5 billion annually. 
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8.2.3 Recreational Fishing and Boating 
 
Table 8-7 gives the estimates for recreational fishing and boating activities. In 2000, more 
than 2.7 million fishers participated in more than 20.3 million recreational fishing activity 
days along the California coast, while more than 4 million people participated in marine 
boating related activities. Participation rates in different boating related activities varied in a 
narrow band around 6 days. California had the largest number of marine fishers and sailors, 
while it was ranked second, behind Florida, in motor boating in the US. The proportions of 
different boating and fishing related activities are given in Figure 8-4.  
 
Table 8-7: Participation in Recreational Fishing and Boating Activities 

Recreational Activity Number of 
Participants 

Number of Days Average Days Per 
Person 

Recreational Fishing  2,727,286 20,318,000 7.45
Motorboating 1,549,289 11,589,000 7.48
Sailing 1,087,755 6,755,000 6.21
Personal Watercraft 680,309 2,925,000 4.30
Canoeing 190,948 n/a   
Kayaking 433,209 n/a   
Rowing 280,265 n/a   
Total for Recreational 
Boating 4,221,775   6.41
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Figure 8-4: Fishing and Boating Related Activity Days 
 
8.2.4 Marinas 
 
In 2000 marinas accounted for a substantial economic activity in marine recreation in 
California, especially in Central and Southern California. Table 8-8 and Table 8-9 give the 
marina recreators’ characteristics and use pattern.  
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Table 8-8: Marina Recreators’ Characteristics by Use 

Visitor Characteristics Day Users Overnight Users 
Total trips using boat  36.16 36.08
Nights away from home  0 2.52
Days use boat 1 2.68
People on boat  3.79 3.88

 

Table 8-9: Marina Recreators’ Characteristics by Boat Length Segment 
Visitor Characteristics 20' and smaller 21' - 30' 31' and larger 
Total trips using boat 49.72 28.14 43
Nights away from home 1.17 1.47 2.27
Days use boat 1.73 1.98 2.59
People on boat  3.36 3.87 4.44

 
8.2.5 State parks and recreational areas along the coast 
 
Table 8-10 provides the attendance estimates of the national parks and state parks along the 
coast, including the state beaches. Santa Monica State Beach attracts more than 7.3 million 
visitors per year, while Golden Gate National Recreation Area accounts for more than 13.4 
million visitors. The total attendance exceeds 40 million visitor days or activity days per year, 
which is approximately 23% of gross beach visit activity days for California. 
 
Table 8-10: California’s Top Beach/Coastal Park Attendance 
Golden Gate National Recreation Area * 13,459,000
Santa Monica State Park 7,342,250
Light House Field State Beach 3,977,600
Dockweiler State Beach 3,855,700
Huntington State Beach 2,780,400
Seacliff State Beach 2,424,400
Bolsa Chica State Beach 2,289,300
Doheny State Beach 2,145,100
Sonoma Coast State Beach 201,600
San Clemente State Beach 495,100

Source: California Fast Facts. (Based on 2000/2001 fiscal year visitation) 
* US Park Service 
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Figure 8-5: Attendance at Top 10 California Beach/Coastal Parks 
 
8.2.6 Other marine recreational activities 
 
Table 8-11 gives the estimates of participants and number of activity days for all other 
marine recreational activities along the California coast, such as wild life viewing, 
photography, viewing scenery, or water fowl hunting in the saltwater surrounding. 
 
Table 8-11: Participation in Other Marine Related Recreation 

Recreation Activity Number of 
Participants 

Number of 
Days 

Average Days 
Per Person 

Visit Waterside 
Besides Beaches 1,500,965 20,683,000 13.78 
Snorkeling 706,998 3,818,000 5.40 

Bird Watching in 
Saltwater Surrounding 2,581,958 65,762,000 25.47 
Viewing or 
Photographing 
Scenery in Saltwater 
Surroundings 4,175,372 n/a n/a 
Hunting Waterfowl in 
Saltwater 
Surroundings 113,302 n/a n/a 

 

8.3 The Travel and Tourism Industry in California Coastal Counties: 
Description and Expenditures 
 
Unlike the Tourism & Recreation sector, the state of California aggregates information into a 
Travel and Tourism industry.  Travel and Tourism is the third largest employer in California, 
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following business and health services.54  Beach and waterfront activities are the second most 
popular recreational pursuits of travelers to California. Coastal tourism plays an important 
role in attracting recreators to California and generating significant economic. The California 
Travel and Tourism industry reflected the following highlights for the entire state for 2001.55

 
• The destination for an estimated 287 million domestic travelers and approximately 9 

million international travelers. 
• The most visited state with an 11.1% share of the domestic travel market. 
• Expenditures amounted to $75.4 billion, or 6% of California’s GSP. 56 
• Los Angeles County received the most domestic tourists in California. More than 45 

million person-trips took place in and through Los Angeles County. 
• Generated over $4.8 billion in tax revenues in 2001. 
 
8.3.1 Travel Spending Estimates 
 
The Travel and Tourism industry is a major part of California’s economy and is a primary 
industry in many local communities. Travel spending by domestic and international travelers 
generates sales and employment for many different types of businesses in the state. Table 8-
12 provides the estimates of the economic impact of the California travel industry from 1991 
to 2001.  
 
Table 8-12: Economic Impact of  the Travel Industry of California 

Year Destination 
Spending 
($Billion) 

Total Travel 
Spending 
($Billion) 

Employment 
(1,000 jobs) 

Wages 
($Billion) 

Tax Receipts 
($Billion) 

1991 37.9 44.6 852 15.2 2.6
1992 40.1 47.1 878 16.0 2.9
1993 40.9 48.4 882 16.2 3.0
1994 42.2 50.0 914 16.8 3.1
1995 44.2 52.7 935 17.5 3.2
1996 48.6 57.6 990 19.0 3.6
1997 53.7 62.6 1,054 20.8 3.9
1998 56.5 64.9 1,045 21.9 4.1
1999 61.1 69.8 1,087 23.4 4.5
2000 66.0 75.4 1,100 24.9 4.8

2001p* 66.1 75.4 1,051 25.0 4.8
**Annual Change 
2000-2001p 0.2% 0.0% -4.4% 0.2% -0.6%
1991-2001p 5.7% 5.4% 2.1% 5.1% 6.2%

Source: California Fast Facts 2002.  
* 2001 numbers are provisional.      
** Annual Change for 1991-2001p is the average annual percentage change. 
 
                                                 
54 California fast Facts 2002. 
55 California Fast Facts 2002. 
56 Expenditure includes accommodations, meals, ground and air transportation, travel arrangements by travel agents, spending in 
retail stores while on the trip, and the recreational spending such as equipment rental or admissions to amusement parks. The 
Office of Tourism defines travel as either spending at least one night away from home or traveling at least 50 miles from home. 
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The travel industry supported more than one million jobs in 2001 in California and earnings 
grew at an average rate of 5.1% over the last decade. 
 
Figures 8-6 and 8-7 reflect travel spending and employment in the travel industry. Both 
show declines in 2001, which may be traced to the September 2001 events and a downturn 
in the economy. One interesting characteristic of these patterns is that travel spending 
increased by approximately 4% in 1998, though employment remained about the same. 
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Figure 8-6: Travel and Tourism Industry Spending and Earnings in California 
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Figure 8-7: Travel and Tourism Industry Employment in California 
 
Table 8-13 provides the travel spending by type of business service and Table 8-14 the 
estimates of employment generated by travel spending in different types of businesses.  
Accommodations account for around 20% of the total spending, while eating and drinking 
accounts for approximately 15%.  Recreation accounts for about 12% to 15% of spending.  
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In terms of employment, recreation accounts for from 22% to 25% of the total employment 
generated by the travel industry in California. 
 
Table 8-13: Travel Spending by Type of Business Service ($ Billion) 

Type of Business 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Destination 
Spending 37.9 40.1 40.9 42.2 44.2 48.6 53.7 56.7 61.1 66.0 66.1
     
Accommodations 6.8 7.0 7.2 7.4 7.9 8.9 10.0 10.7 11.7 12.9 12.7
     Eating, Drinking 9.9 10.2 10.3 10.6 11.1 12.0 13.4 14.3 15.3 16.0 16.2
     Food Stores 1.4 1.4 1.4 1.5 1.6 1.7 1.9 2.0 2.1 2.2 2.3
     Ground 
Transport 5.1 5.4 5.4 5.5 5.7 6.3 6.8 6.5 7.4 8.8 8.6
     Recreation 6.8 7.4 7.6 7.9 8.3 9.1 10.0 10.7 11.5 12.1 12.2
     Retail Sales 7.9 8.7 8.9 9.2 9.7 10.6 11.6 12.3 13.2 13.9 14.1
Air Transportation 6.4 6.7 7.2 7.5 8.0 8.6 8.5 7.9 8.2 8.8 8.7
Travel 
Arrangement 0.4 0.5 0.4 0.4 0.4 0.4 0.4 0.4 0.5 0.6 0.5
Total Spending 44.6 47.1 48.4 50.0 52.7 57.6 62.6 64.9 69.8 75.4 75.4

 

Table 8-14: Employment Generated by Travel Spending (1,000 Jobs) 
 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 

Accommodations 141 144 142 150 154 165 183 181 194 201 187
Eating, Drinking 324 322 328 332 341 362 379 181 393 398 387
Food Stores 11 10 10 11 11 12 13 12 12 12 12
Ground Transport 35 34 34 37 38 41 44 40 43 47 45
Recreation 171 195 194 206 210 222 241 236 248 248 236
Retail Sales 92 95 97 99 103 111 116 117 118 114 106
Air Transportation 52 51 51 51 5250 51 51 50 51 51
Travel 
Arrangement 27 27 26 28 28 27 28 28 28 28 27
Total Employment 852 878 882 914 935 990 1,054 1,045 1,087 1,100 1,051
Source: “California Travel Impacts by County, 1992-2000,” California Travel and Tourism Commission 
and Division of Tourism, 2002. 
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8.4 Regional Estimates of California Coastal Tourism & Recreation 
  
Coastal tourism is an important and pivotal component of the Travel and Tourism industry 
of California.  There are twenty-one coastal counties in California. Before estimating the 
economic impact of the Coastal Tourism industry, a measure of tourism activity in these 
coastal counties is instructive.  Table 8-15 gives the estimates of visitor volume since 1998 
for all the coastal counties, except those noted.  
 
Table 8-15: Visitor Volumes in Coastal Counties of California*( Millions of person-
trips) 
  

TToottaall  LLeeiissuurree  %% TToottaall LLeeiissuurree %% TToottaall LLeeiissuurree %%  TToottaall  LLeeiissuurree %%
MMeennddoocciinnoo  11..88  11..55  8833..33 11..44 00..99 6644..33 22..33 22..22 9955..77  33..66  33..55 9977..22
SSoonnoommaa  55..44  44..11  7755..99 66..00 44..55 7755..00 66..33 44..99 7777..88  66..99  55..33 7766..88
NNaappaa  22..22  11..77  7777..33 33..33 22..55 7755..88 33..99 33..00 7766..99  33..44  22..44 7700..66
SSaaccrreemmeennttoo  1111..77  66..99  5599..00 1122..00 77..99 6655..88 1144..22 99..00 6633..44  1155..11  99..66 6633..66
MMaarriinn  11..11  11..00  9900..99 22..11 11..88 8855..77 11..88 11..77 9944..44  11..22  11..11 9911..77
CCoonnttrraa  CCoossttaa  22..99  11..77  5588..66 33..22 22..11 6655..66 33..55 22..55 7711..44  33..22  22..22 6688..88
AAllaammeeddaa  66..00  33..33  5555..00 66..33 33..55 5555..66 66..44 33..55 5544..77  77..88  44..22 5533..88
SSaann  FFrraanncciissccoo  1166..88  1111..11  6666..11 1177..99 1122..00 6677..00 1188..77 1122..00 6644..22  2211..33  1144..66 6688..55
SSaann  MMaatteeoo  11..99  11..44  7733..77 11..88 11..44 7777..88 22..66 22..11 8800..88  22..66  22..22 8844..66
SSaannttaa  CCllaarraa  99..33  55..77  6611..33 1100..33 66..44 6622..11 1100..88 66..77 6622..00  1111..99  77..33 6611..33
SSaannttaa  CCrruuzz  33..77  33..22  8866..55 33..77 33..22 8866..55 44..33 33..77 8866..00  44..55  33..99 8866..77
MMoonntteerreeyy  66..11  44..99  8800..33 66..77 55..66 8833..66 77..22 55..88 8800..66  77..77  66..33 8811..88
SSaannttaa  BBaarrbbaarraa  88..44  55..88  6699..00 99..00 66..77 7744..44 99..77 66..77 6699..11  99..66  77..22 7755..00
VVeennttuurraa  22..77  22..11  7777..88 33..22 22..88 8877..55 33..44 22..99 8855..33  33..66  33..55 9977..22
LLooss  AAnnggeelleess  3377..44  2233..33  6622..33 4422..22 2277..00 6644..00 4455..44 2288..66 6633..00  4499..00  3300..99 6633..11
OOrraannggee  2200..33  1166..00  7788..88 2222..22 1177..99 8800..66 2233..88 1199..33 8811..11  2255..55  2211..11 8822..77
SSaann  DDeeiiggoo  2288..33  2200..00  7700..77 3311..99 2233..11 7722..44 3355..22 2255..11 7711..33  3388..00  2277..11 7711..33

2200001111999988  CCoouunnttyy  11999999 22000000

TTaabbllee  88--1155::  VViissiittoorr  VVoolluummeess  iinn  CCooaassttaall  CCoouunnttiieess  ooff  CCaalliiffoorrnniiaa**((  MMiilllliioonnss  ooff  ppeerrssoonn--ttrriippss))  

**DDaattaa  ffoorr  DDeell  NNoorrttee,,  HHuummbboollddtt,,YYoolloo,,  SSoollaannoo,,  SSaann  JJooaaqquuiinn,,aanndd  SSaann  LLuuiiss  OObbiissppoo  ccooaassttaall  ccoouunnttiieess  aarree  nnoott  
aavvaaiillaabbllee..  

 
Table 8-16 tells the story of the large increase in the direct contribution of the Tourism & 
Recreation industry to California between 1990 and 2000.  Table 8-16 also gives detailed 
activity information on the direct impacts on the California economy by region. 
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Table 8-16: Employment, wages and GSP: Coastal Tourism & Recreation Sector 

Region 
SIC name 

Employ 
1990 Wages 1990 GSP 1990 

Employ 
2000 Wages 2000 GSP 2000 

Amusement 
and 
Recreation 
Services 

237 $1,904,465 $3,287,060 548 $8,241,712 $13,830,542

Boat Dealers 17 $278,781 $609,487 D D D
Eating and 
Drinking 
Places 

2,984 $23,088,454 $50,477,293 4,074 $40,991,235 $93,920,820

Hotels & 
Lodging 
Places 

1,466 $13,317,529 $29,141,245 1,936 $23,427,349 $53,140,662

Marinas D D D D D D
Recreational 
Vehicle Parks 
and 
Campgrounds 

D D D D D D

Zoos and 
Aquaria D D D D D D

North 
 

TOURISM & 
RECREATION 4,765 $39,289,773 $84,976,861 6,674 $74,372,905 $164,581,624

Amusement 
and 
Recreation 
Services 

7,114 $141,427,734 $244,100,822 9,163 $225,582,798 $378,553,925

Boat Dealers 759 $15,665,485 $34,248,775 363 $10,789,365 $24,721,041

Eating and 
Drinking 
Places 

64,554 $689,685,228 $1,507,829,108 92,365 $1,482,888,549 $3,397,655,840

Hotels and 
Lodging 
Places 

18,579 $303,401,347 $663,898,905 26,177 $691,246,163 $1,567,965,659

Marinas 233 $4,883,247 $8,011,566 241 $7,443,259 $12,269,584

Recreational 
Vehicle Parks 
and 
Campgrounds 

D D D 77 $1,150,123 $2,608,844

Sporting 
Goods 191 $4,733,845 $11,333,930 331 $13,156,663 $33,111,139

Zoos and 
Aquaria D D D 454 $10,480,821 $14,791,109

North 
Central 
 

TOURISM & 
RECREATION 91,623 $1,162,470,431 $2,474,425,311 129,171 $2,442,737,741 $5,431,677,142
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Table 8-16 Cont. 

 

Region SIC4 
Name 

Employ 
1990 Wages  1990 GSP 1990 Employ 

2000 Wages 2000 GSP 2000 

Amusement and 
Recreation 
Services 

614 $7,298,675 $12,597,335 810 $12,271,768 $20,593,441

Boat Dealers 58 $1,531,126 $3,347,435 D D D

Eating and 
Drinking Places 11,137 $104,030,476 $227,437,349 15,707 $203,759,487 $466,862,200

Hotels and 
Lodging Places 4,725 $56,904,914 $124,518,597 8,519 $186,206,452 $422,375,324

Marinas 98 $1,755,085 $2,879,432 90 $2,376,608 $3,917,638

Recreational 
Vehicle Parks and 
Campgrounds 

D D D 103 $1,769,615 $4,014,048

Sporting Goods D D D 77 $1,393,704 $3,507,510

Zoos and Aquaria D D D D D D

Central 
 

TOURISM & 
RECREATION 17,121 $182,297,420 $387,817,811 25,862 $431,081,904 $974,607,724

Amusement and 
Recreation 
Services 

823 $9,594,725 $16,560,262 805 $14,207,296 $23,841,480

Boat Dealers 89 $1,586,375 $3,468,223 58 $809,319 $1,854,345

Eating and 
Drinking Places 9,434 $82,125,709 $179,547,900 14,390 $174,141,504 $399,000,247

Hotels and 
Lodging Places 3,273 $39,220,696 $85,822,220 3,993 $75,743,437 $171,810,152

Marinas 38 $1,292,914 $2,121,184 D D D

Recreational 
Vehicle Parks and 
Campgrounds 

41 $813,396 $1,779,863 D D D

Sporting Goods 214 $5,085,171 $12,175,087 529 $15,031,491 $37,829,486

Zoos and Aquaria 147 $2,278,765 $3,379,960 204 $4,346,474 $6,133,982

South 
Central 

TOURISM & 
RECREATION 14,058 $141,997,751 $304,854,699 20,020 $285,660,011 $642,767,752
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Table 8-16 Cont. 

Region SIC name Employ 
1990 

Wages 1990 GSP 1990 Employ 
2000 

Wages 2000 GSP 2000 

Amusement 
and Recreation 
Services 

7,267 $114,955,182 $198,409,843 5,944 $138,870,920 $233,041,404

Boat Dealers 506 $12,010,953 $26,259,029 643 $23,958,054 $54,893,688

Eating and 
Drinking Places 58,424 $585,090,288 $1,279,157,696 81,191 $1,154,471,234 $2,645,172,446

Hotels and 
Lodging Places 22,470 $313,689,743 $686,411,840 28,527 $608,954,167 $1,381,301,297

Marinas 314 $6,478,733 $10,629,157 421 $12,330,780 $20,326,250

Recreational 
Vehicle Parks 
and 
Campgrounds 

127 $1,491,051 $3,262,699 D D D

Sporting Goods 1,377 $30,767,014 $73,663,417 3,722 $169,131,582 $425,650,438

Zoos and 
Aquaria 52 $468,373 $694,710 D D D

South 
 

TOURISM & 
RECREATION 90,537 $1,064,951,337 $2,278,488,391 120,863 $2,117,233,382 $4,776,667,273

Amusement 
and Recreation 
Services 

16,054 $275,180,781 $474,955,322 17,270 $399,174,494 $669,860,792

Boat Dealers 1,428 $31,072,720 $67,932,949 D D D

Eating and 
Drinking Places 146,532 $1,484,020,155 $3,244,449,346 207,728 $3,056,252,009 $7,002,611,554

Hotels and 
Lodging Places 50,514 $726,534,229 $1,589,792,808 69,152 $1,585,577,568 $3,596,593,094

Marinas D D D D D D

Recreational 
Vehicle Parks 
and 
Campgrounds 

Total of 
Regions 

D D D D D D

Sporting Goods D 

 

D D D D D

Zoos and 
Aquaria D D D D D D

TOURISM & 
RECREATION  218,103 $2,591,006,712 $5,530,563,073 302,591 $5,351,085,943 $11,990,301,515 

Source: BLS 
Note: Regional totals contain data suppressions and are slightly lower than the state level aggregates of Table 
8-1 and 8-3. 
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Table 8-17 summarizes the total economic impact of the California Coastal Tourism and 
Recreation sector by region. 
 
Table 8-17: Regional Summary of Coastal Tourism & Recreation Total Employment, 
Wages and GSP 2000 

Region Direct 
Employment 

Indirect and Induced 
Employment 

Total Employment Employment 
multiplier 

North 6,672 2,002 8,674 1.3 
North 
Central 112,856 33,857 146,713 1.3 
Central 45,155 13,547 58,702 1.3 
South 
Central 26,231 10,492 36,723 1.4 
South 120,861 36,258 157,119 1.3 
Total 311,775 93,533 405,308 1.3 

Region Direct Wages Indirect and Induced 
Wages 

Total Wages Wages 
Multiplier 

North $74,372,905 $44,623,743 $118,996,648 1.6 
North 
Central $2,122,346,352 $1,697,877,082 $3,820,223,434 1.8 
Central $843,387,471 $590,371,230 $1,433,758,701 1.7 
South 
Central $365,505,566 $292,404,453 $657,910,019 1.8 
South $2,117,233,382 $1,905,510,044 $4,022,743,426 1.9 
Total $5,522,845,676 $4,418,276,541 $9,941,122,217 1.8 

Region Direct GSP Indirect and Induced 
GSP 

Total GSP GSP Multipliers

North $164,581,623 $115,207,136 $279,788,759 1.7 
North 
Central $4,724,735,090 $2,834,841,054 $7,559,576,144 1.6 
Central $1,886,575,918 $1,509,260,734 $3,395,836,652 1.8 
South 
Central $823,712,612 $741,341,351 $1,565,053,963 1.9 
South $4,776,667,271 $3,821,333,817 $8,598,001,088 1.8 
Total $12,376,272,514 $9,901,018,011 $22,277,290,525 1.8 
Source: BLS 
Note: Regional totals contain data suppressions and are slightly lower than the state level aggregates of Table 
8-1 and 8-3. 

 
The Tourism & Recreation sector component of the California Ocean Economy grew 
significantly in the 1990s. The growth in the Central region was highest in terms of 
employment, wages, and contribution to GSP, followed by the San Francisco Bay, or North 
Central area. The growth in wages and contribution to GSP are relatively high compared to 
employment growth using constant 2000 dollars.  The estimates that follow include data 
suppressions, and therefore are slightly higher than those found in Table 8-17. 
 
• The total economic impact of the Tourism & Recreation sector of the Ocean Economy 

in California was estimated to be $22,367,879,303 in 2000.   
• Total employment generated more than 400,000 jobs.  
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• Direct wages were estimated at $5,544,976,307.  Including indirect estimates, wages 

totaled $9,980,957,353. 
• The Coastal Tourism & Recreation sector accounts for around 72% of the jobs that can 

be attributed to the Ocean Economy and approximately 55% in terms of wages and 
contribution to GSP. 
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PART III  CONCLUSION 
 
Future Directions in Understanding the Ocean Economy of California 
 
This report has provided a detailed overview of important trends in the California Ocean 
Economy.  It has relied on both published data sources and analysis of unpublished data 
undertaken specifically for analysis of the Ocean Economy.  The ocean and coast make vital 
contributions to the welfare and economy of Californians, but it also is clear that the nature 
of those contributions is changing over time, as the ocean and coast become more and more 
a center of tourism and recreation.   
 
This analysis is incomplete due to inadequate time and resources and because multiple 
aspects of the California Ocean Economy data are unavailable.  Given the importance of the 
Ocean Economy, additional investments are warranted in improving the measurement and 
tracking of this segment of California’s overall economy.  We suggest the following: 
 
1. The Government Sector of the Ocean Economy:  This report has concentrated on the 

private sector Ocean Economy because the relationship to the ocean can be directly or 
indirectly inferred from industrial definitions and geographic locations.  Federal, state, 
and local governments also are a key part of the Ocean Economy and provide a variety 
of services such as parks and resource management, as well as key roles in defense and 
homeland security.  Because data sources do not permit a separation of function and 
geography for government activities, it is difficult to determine the employment levels 
needed to maintain the federal, state, and local parks along the ocean, or the size of the 
US Navy’s presence in California.  Determining the employment levels needed requires 
detailed analysis of budgetary and other internal government documents and specific 
surveys of local and county governments.  The addition of these data would provide a 
more complete picture of the Ocean Economy. 

 
2. Improved measurement of ocean recreation values:  The Tourism & Recreation sector 

now is the single most important part of the Ocean Economy in California. However, as 
the analysis in this report shows, the measurement of this key sector is still imprecise.  It 
is possible to measure the activity that takes place near the shore in industries such as 
hotels or restaurants, a large (but unknown) portion of which is related directly to the use 
of ocean resources like beaches, boating, or whale watching.  There also is a large (and 
also unknown) portion of the activity in hotels away from the shore that uses the ocean 
resources for at least some portion of recreational activity.  Measurement of the number 
of people who use beaches (whether tourists or residents) in California is best at state 
parks and very uneven through the rest of the coast.  There is little measurement at all of 
recreational boating except for counting the number of boats.  Moreover, these 
limitations apply only to market-related economic activity.  While studies of the non-
market values of California’s beaches have been undertaken, little has been done with the 
non-market values of other ocean related resources, such as wildlife viewing.  For all the 
data available, ocean-based tourism and recreation in California remains a poorly 
understood activity from an economic perspective. 
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3. Employment in fisheries harvesting:  A major gap in the measurement of the Ocean 

Economy in the US and in California is the absence of reliable, consistent figures on 
employment in the fisheries harvesting sector.  By law this sector is exempt from the 
unemployment insurance laws that require reporting by almost all other industries 
(including all governments).  However, the use of license data for commercial fish 
harvesters does provide a means to measure employment.  Because it is possible to hold 
multiple licenses, changes in the licensing system are required to add statistical 
measurement capabilities to what is fundamentally an administrative system designed for 
other purposes.  It is not clear the extent to which such changes are feasible in 
California, but a review of procedures to assess feasibility might lead to an important 
addition to the capacity to measure this important industry. 

 
For all these reasons, the data in this report represent an under estimate of the value of the 
ocean to California.  However, the size of the ocean’s contribution documented here should 
spur additional efforts to measure more accurately both that contribution and its change 
over time. 
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PART IV   APPENDIX 
 

 

Appendix A:  The NOEP Ocean Economy:  The Methodology 
 
The NOEP is sponsored by NOAA to develop new methods to measure the Ocean 
Economy of the US in a way that is consistent across the entire country.   
 
A.1 Market Data 

 
The methodology developed to estimate market values is based on using the ES-202 
employment data, which are collected monthly by each state’s department of labor and 
reported to the US Department of Labor.  The ES-202 data are used as the basis for 
administering the nation’s unemployment insurance laws, and covers about 90 percent of all 
employees.  The data series excludes farm and self-employment.   

A.1.1 NOEP Methodology 
 
ES-202 data are at the establishment level.  Any single place of business is an establishment, 
regardless of who owns it.  A business firm may have many establishments or only one.  
Nonprofit organizations and government also report its employment through this system.   
For purposes of the NOEP methodology, establishments (see table A-2) are defined as 
ocean-related based on SIC codes and, for certain industries, by the location of a given 
establishment in a zip code adjacent to the shore.  
 
Most of the industries defined in this table are single 4-digit SIC codes.  Some 4-digit SIC 
industries have been combined to create the industries as shown in order to minimize the 
disclosure of data for single firms, which is prohibited.  Table A-1 shows the industries and 
corresponding SIC codes (1987 Revision) 
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Table A-1: NOEP Industries and Related SIC Codes 
 
SECTOR/INDUSTRY     SIC CODE 
LIVING RESOURCES 
Fishing       0912 0913 0919 
Fish Hatcheries & Aquaculture   0921 0273 
Seafood Processing     2077 2091 2092 
 
MINERALS 
Oil & Gas Exploration and Production   1311 1321 1381 1382 
Oil & Gas Exploration Services   1382 
Limestone, Sand & Gravel    1422 1442 
 
CONSTRUCTION 
Marine Related Construction     1629 
 
SHIP AND BOAT BUILDING  
Ship Building & Repair     3731 
Boat Building & Repair    3732 
 
TRANSPORTATION 
Search and Navigation Equipment   3812 
Warehousing      4222 4225 
Deep Sea Freight     4412 4424 
Marine Passenger Transportation'   4481 4489 4482 
Marine Transportation Services    4491 4492 4499 
Petroleum and Natural Gas Pipelines   4612 4922 
 
TOURISM AND RECREATION   
Sporting Goods      3949 
Marinas       4493 
Boat Dealers      5551 
Eating & Drinking Places     5810 5812 
Hotels & Lodging Places    7011 
Recreational Vehicle Parks & Campsites   7033 
Amusement and Recreation services   7999 7990 
 
 
 
In California, all zip codes adjacent to the Pacific Ocean or San Francisco Bay in the coastal 
counties defined by the state were included based on analysis using geographic information 
systems.  Arc Map® was used, combining zip code polygons from ESRI with Census 
boundary files from the Bureau of the Census.    
 
The zip codes of the physical address of the establishment as recorded in the ES-202 were 
used to determine location where available on the record.  If not available, the zip code of 
the mailing address was used. 
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All ES-202 data are reported to the Bureau of Labor Statistics of the US Department of 
Labor, which compiles the state reports into a longitudinal database (LDB) of all reporting 
establishments in the US.  This database was used to access California’s information.  
Because of differences in revisions of the data between the LDB and California’s own 
records, there may be minor differences between totals reported here and those available 
from the California Employment Development Department.    
  

 

 

Except where noted, all reported data are annual average data from monthly reports.  All 
wage data are annual totals from monthly reports. 
 
ES-202 data include only wage and salary employment.  It excludes self-employment and 
farm employment.  While the latter is not relevant to the Ocean Economy, self-employment 
can be significant in the tourism and recreation sector.  Thus the figures reported here 
understate employment and wages in that sector.   
 
Fisheries harvesting employment is also excluded from this analysis, since the fish harvesting 
industry is not covered by the federal law requiring reporting of employment.  Estimates of 
fisheries harvesting derived using IMPLAN are included in the living resources sector for 
2000.  These should be treated cautiously as they are derived, not reported data. 

All data derived from the ES-202 data series are subject to confidentiality screening.  Federal 
law prohibits the release of data at any level of aggregation, which could reveal the 
employment or wages of a single firm.  The estimates for employment and wages were 
developed using the original non-public data series, which includes all establishments.  
However, all reported data in this report were screened for confidentiality by the Bureau of 
Labor Statistics before being released.  This screening included comparing the released data 
with other published data sources to be certain that no confidential data could be imputed 
based on combining this data series with any other data. 
  
In all tables, totals of the sectors, regions, and the state include all data from all 
establishments selected as above.  Industry level totals are suppressed to prevent disclosure 
of confidential data.  In any sector where one industry’s data is suppressed, a second 
industry’s data also are suppressed to prevent complimentary disclosure. 
 
The ES-202 data are the basis for all information regarding employment, wages, and the 
number of establishments in this report.  GSP for each sector is estimated using Equation A-
1*, which states that an establishment’s share of the state’s GSP is based on the 
establishment’s share of the 2-digit SIC code’s wages as reported by the Bureau of Economic 
Analysis multiplied by the GSP for that two digit industry, and then summed across all 
establishments in that industry.  This method assures that the sum of wages and GSP for the 
ocean sector is consistent with the total GSP as reported by BEA.  Wage percentages were 
also cross-checked against the totals reported in the BLS LDB for the state to assure 
consistency in proportions. 
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Equation A-1 
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Where:   
i

rGSP  = the Gross State Product for industry i in region r 
 

i
eW  = the wages for a given establishment in industry i 

 
I

SW  = the total wages in industry i in state S (from BLS data) 
 

I
SGSP  = the total gross state product for industry I in state S from BEA. 

 
 

 
 
 
A.1.2 Strengths and Weaknesses of the NOEP methodology. 
 
The NOEP methodology was developed to overcome the limitations of other approaches to 
measuring the Ocean Economy.   The methodology may be considered to have the 
following strengths: 
 
• Use of primary data.  The use of the ES-202 data permits all estimates to be based on 

primary reporting data from almost all establishments in the US.  The data are verified by 
both the state and US Departments of Labor and is the basis for all employer-related 
government employment statistics in the US. 

 
• Consistency and comparability.  The data are collected using consistent methodologies 

across all fifty states.  It can be aggregated by industry and geography (although small 
area geographies do have limitations discussed below).  The data are also consistent over 
time, at least until the implementation of the new North American Industrial 
Classification System in 2001, which created a break in the industrial data series. 

 
• Estimates are derived from the bottom up.  Employment and wage estimates are the 

sum of actual reported data and, except where limited by confidentiality restrictions, are 
the sum of firm-level reports.   

 
• Using the zip codes permits a much finer geographic level of detail than the county level 

at which employment data are normally released.  This is especially important in 
California, where large urban counties such as in Southern California seriously distort the 
picture of ocean related activities measured at the county level only. 
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At the same time, this data series does have some weaknesses: 
 
• Zip code geography is imperfect.  Zip codes change over time, and available GIS files on 

zip codes (from Environmental Systems Research Institute) do not always contain 
correct historical or recent revisions.  The zip code data used here are for 1999.  It 
matches very closely with 2000 data, but there may be unknown errors in the 1990 data 
since zip code information in GIS format for that year was not available. 

 
• There are errors in the original employment reports.  Firms make errors in reporting SIC 

codes and may make errors in reporting addresses.  For example, while required to give 
the physical location of each establishment, not every record contains this information.  
In such cases, alternative mailing addresses on the record were used.  If no address was 
given, the record was omitted.  These reporting errors introduce biases in the data of 
unknown directions and sizes that may be amplified in the fine-level geographic detail 
examined here.   

 
• Industry definitions related to the ocean are imperfect.  Some industries, such as those in 

SIC 44 (Water Transportation) are reasonably well related to the oceans.  Others such as 
restaurants and hotels always will present problems in determining the degree to which 
they are related to the ocean.   

 
• Still others, such as SIC 1629 (Heavy Construction) and SIC 3999 (Sporting Goods not 

elsewhere classified) do not separate a marine from a non-marine component.   In these 
cases, the assumption is that the marine component (dredging and pier construction 
companies or surfboard manufacturers) are most likely located near the shore and so 
may be captured in a shore-adjacent zip code.  But in both cases it is likely that other 
non-marine related firms may be located in a near shore zip code and thus over-counted 
in the data. 

 
• A somewhat similar problem occurs with search and navigation equipment.  This 

industry produces primarily electronic equipment such as radar, sonar, geographic 
positioning systems, etc.  These products all have applications in marine transportation 
(and increasingly in recreational boating) but also in aviation.  No information exists to 
separate the applications to which the products of this industry may be put.  All of the 
output is counted in marine transportation, which probably overstates the actual marine 
component of the output. 

 
• Industries might be included in more than one ocean sector.  The example of search and 

navigation equipment just discussed indicates that the products of the industry may be 
used both in marine transportation of goods and people but also in recreational boating.  
It has been assigned to transportation since the largest dollar volume of marine related 
products is in the commercial side of the business. 

 
• Marinas are another example of possible sectoral confusion.  Marinas are the home to 

both recreational boats and some commercial boats, primarily in the fishing industry.  
However, the vast majority of boats in marinas are recreational boats and so this sector 
is assigned to tourism and recreation.   
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• Where data for the individual industries are available, users may adjust the sector totals 

to suit specific preferences, if desired. 
 
On balance, the strengths of the methodology outweigh the weaknesses.  For the most part, 
the weaknesses are inherent to either the original data sources used or to the nature of any 
taxonomic process or to data availability limitations that cannot easily be overcome. The 
NOEP methodology is still under development, and ways must be found to control for both 
the upward and downward biases in the data in order to improve the estimates. 
 
A.2 Market and Non-Market Valuation  
 
The ocean, like other environmental assets, may be viewed as a set of natural resources that 
provide a stream of valuable services over a period of time (Freeman, 2003).  These services 
can be direct, like swimming or sunbathing on a beach, boating or recreational fishing.  Or 
they can be indirect, like ecological preservation or influencing climates.  Moreover, these 
services may be traded in markets with prices, like overnight camping fees, or fishing 
permits.  These services can also be available outside traditional markets, like the recreational 
value of a day at the beach, or day of recreational fishing.  Much of what a beach visitor 
values in a “day at a beach” or a surfer values in a “day of surfing” is not bought and sold in 
markets, and therefore, the value of these added services is often omitted in traditional 
economic valuation/impact studies, or is not directly linked to the natural asset that provides 
these services.  
 
The process of determining the economic value of those activities that are not traded in the 
market is not the same as calculating the value of something that is traded in the market 
place such as purchasing a boat or buying a swim suit.  These activities have non-market use 
values to those who partake in them, which must be estimated indirectly and somewhat less 
precisely than a market activity.  Non-market valuation methods have been increasingly used 
to estimate that “value “of recreational activities that are not captured by market 
transactions, although the methods for determining these values are less precise and still 
becoming more sophisticated.  Non-market valuation methods can be broadly divided into 
two groups: surrogate market techniques and simulated market techniques.  Surrogate 
market techniques attempt to estimate implicit (substitute) values for environmental goods 
and services by means of the price of another good or service that is marketed.  These 
techniques use actual market prices to value an environmental quality or resource that is not 
marketed.  The idea behind these methods is that prices for many marketed goods and 
services differ across seemingly equal units due to different environmental qualities, scale or 
setting, and these price differentials reflect a purchaser’s valuation of the environmental 
effects associated with any particular unit.  Hedonic Pricing and Travel Cost are the two 
most widely used methods under this category.  Simulated market techniques are not based 
on observed behavior, but on a user’s responses to survey questions, which try to mimic the 
actual market.  These experimental situations ask users to choose between things, to give 
information about the value they place on certain costs or benefits.  Contingent Valuation 
methods are the most commonly used simulated market techniques. 
 
Estimates of non-market values of ocean-related recreational activities in California are 
imprecise and subject to a range of biases.  The users’ valuation of beaches, recreational 
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fishing, or boating will not only depend on the ocean/water/beach/fish stock 
characteristics, it will also be a function of the users’ characteristics and situation.  Even 
assuming that the appropriate non-market valuation methods were available to determine the 
exact price which the users would be willing to pay for the use of these ocean-related 
environmental assets, each recreational activity in each area will have different dollar values.  
For example, while a surfer may value a beach by its surf, a sunbather may value it by the 
quality of the sand.  In order to get willingness to pay for a day at a particular beach, the 
valuation of these different uses is aggregated, which may create aggregation error.  To get 
the overall non-market value of ocean-related recreational activities in California, gross 
aggregations were used to get the total number of users and then again aggregated different 
types of uses in three broad categories, namely, beach visitation, recreational fishing and 
recreational boating; leading to additional estimation errors.  Therefore, the reader must keep 
in mind, that the estimated non-market values are not precise, but only give gross estimates. 
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Appendix B:  Fishing Industry Data 
 
2001 Employment And Payroll By NAICS Codes 
 

                                                

Until 2001, the Federal Government used SIC codes to classify the range of industries for 
which data was compiled.  As of 2001, they system changed to the NAICS system, which 
provided a more detailed breakdown of industry sectors, giving a better picture of our Ocean 
Sectors. Past information has now been reconfigured to allow back year comparisons 
according to these new NAICS categories. The California Economic Development 
Department provides the record of employment and wages for workers covered by 
unemployment insurance programs from 1997 to 2001.  Although these data are not the 
official estimates, they offer a benchmark for future research analysis.  Additionally, some of 
the data are at the county level, which make detailed analysis possible.  Table B-1 through B-
-3 present the results of commercial fisheries, seafood preparation and packaging, and 
aquaculture industries by county and by NAICS codes.57  
 

 
57 After 2000, all industries are classified by BLS using the North American Industry Classification System (NAICS) 
rather than the Standard Industrial Classification (SIC).  NAICS uses a production-oriented approach to categorize 
economic units with similar production processes.  NAICS focuses on how products and services are created, as 
opposed to SIC which focuses on what is produced. Using NAICS yields significantly different industry groupings 
from those produced using SIC. Due to these differences in NAICS and SIC structures, NAICS data will not be directly 
comparable to the SIC-based data for earlier years.  
 
BLS is currently in the process of transferring the previous SIC-based employment and payroll data to the new NAICS-
based data.  During this transitional period, we are not able to present historical employment and payroll data by 
NAICS codes.  However, it does not affect our analysis in the previous sections since we compared historical data of 
1990 and 2000 based on SIC industries.  2001 employment and payroll data are available by NAICS code.  
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Table B-1: Commercial Fisheries (NAICS Code 1141) 2001 Employment and Total 
Effects on Income by County and Region 

County and 
Region 

Number of 
Establishments 

Monthly 
Employment 

Average 
Annual 
Pay ($) 

Total Annual 
Wages 
($1,000) 

 
Proportion 

of 
Labor Costs 

 

Estimated 
Total Costs 

($1,000) 

North Coast 65 108 $32,685 $3,530 40% $8,825 
Humboldt 38 51 $28,447 $1,451 40% $3,628 
Mendocino 27 57 $36,520 $2,079 40% $5,198 
North 
Central 11 17 $68,706 $1,168 40% $2,920 
Marin 5 13 $52,028 $655 40% $1,638 
San 
Francisco 6 10 $41,881 $426 40% $1,065 
Sonoma 6 4 $21,257 $87 40% $218 
Central 
Coast 22 74 $26,797 $1,983 40% $4,958 
Monterey 22 74 $26,916 $1,983 40% $4,958 
South 
Central 
Coast 19 35 $31,200 $1,092 40% $2,730 
San Luis 
Obispo 11 19 $32,683 $624 40% $1,560 
Ventura 8 16 $29,877 $468 40% $1,170 

South Coast 88 409 $40,528 $16,576 40% $41,440 
Los Angeles 34 200 $24,966 $4,993 40% $12,483 
San Diego 54 209 $55,399 $11,583 40% $28,958 

All Coastal 205 643 $37,868 $24,349 40% $60,873 
Source: CA Employment Development Department: http://www.calmis.ca.gov/file/es202/cew-select.htm 
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Table B-2: California’s Seafood Product Preparation and Packaging (NAICS Code 
3117) 2001 Employment and Total Effects on Income by County and Region 

County and 
Region 

Number of 
Establishments 

Average 
Monthly 

Employment

Average 
Annual 
Pay ($) 

Total 
Annual 
Payroll 
($1,000)

Proportion 
of Labor 
Costs in 

Total Costs 

Estimated 
Total Costs 

($1,000) 
North Coast       
Mendocino 5 204 $14,129 $2,875 40% $7,188 
North Central       
San Francisco 4 26 $34,837 $906 40% $2,265 
South 
Central Coast       
Ventura 4 52 $14,737 $766 40% $1,915 

      South Coast 
Los Angeles 31 1,468 $24,310 $35,688 40% $89,220 
All Coastal 44 1750 $22,991 $40,235 40% $100,588 
Source: CA Employment Development Department: http://www.calmis.ca.gov/file/es202/cew-select.htm 
 
 
 
Table B-3: Aquaculture (NAICS Code 11251) 2001 Employment and Total Effects on 
Income in California. 
NAICS 
Codes 

Detailed 
Industry 

Title 

Number of 
Establishments

Average 
Monthly 

Employment

Average 
Annual 

Pay 

Total 
Annual 
Payroll 
($1,000)

Proportion 
of Labor 
Costs in 

Total 
Costs 

Estimated 
Total 
Costs 

($1,000) 

11251 

Total 
Animal 
aquaculture 84 564 $26,534 $14,965 40% $37,413 

112511 

Finfish 
farming and 
fish 
hatcheries 64 415 $25,068 $10,405 40% $26,013 

112512 farming 
Shellfish 

14 135 $31,951 $4,303 40% $10,758 

112519 
Other animal 
aquaculture 7 14 $18,024 $257 40% $643 

Source: CA Employment Development Department: http://www.calmis.ca.gov/file/es202/cew-select.htm 
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Appendix C:  California Marine Research Institutions 
 
Telonicher Marine Laboratory (Humboldt State University)  
Trinidad, CA 95570 
< http://www.humboldt.edu/~marinelb/> 
 
Bodega Marine Laboratory (cooperative program UC Davis and UC Berkeley) 
Bodega Bay, CA 94923-0247 
< http://www-bml.ucdavis.edu/> 
 
Romberg Tiburon Center (San Francisco State University)  
Tiburon, CA 94920 
< http://www.rtc.sfsu.edu/> 
 
Institute of Marine Science (UC Santa Cruz) 
Long Marine Lab (UC Santa Cruz)  
Santa Cruz, CA 95064 
< http://ims.ucsc.edu/> 
 
Elkhorn Slough National Estuarine Research Reserve 
Moss Landing, CA 95039 
<http://www.elkhornslough.org/> 
 
Moss Landing Marine Laboratories (California State University) 
Moss Landing, CA 95039 
< http://arkeia.mlml.calstate.edu/> 
 
Monterey Bay Aquarium Research Institute (MBARI) 
Moss Landing, CA 95039-9644 
< http://www.mbari.org/default.htm> 
 
Naval Postgraduate School  
Monterey, CA 93943 
< http://www.nps.navy.mil/> 
 
Hopkins Marine Station (Stanford University)  
Pacific Grove, CA 93950-3094
< http://www.marine.stanford.edu/> 
 
Santa Barbara Marine Science Institute (UC Santa Barbara) 
< http://www.msi.ucsb.edu/> 
Santa Barbara, CA 93106-6150 
 
Santa Cruz Laboratory  
Santa Cruz, CA 95060 
< http://santacruz.nmfs.noaa.gov/index.php> 
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Wrigley Institute for Environmental Studies (University of Southern California) 
Los Angeles, California 90089-0371 
< http://wrigley.usc.edu/> 
                   and 
Wrigley Marine Science Center 
Avalon, California 90704 
 
Marine Science Center (UC Los Angeles) 
Los Angeles, CA 90095-1606  
< http://www.msc.ucla.edu/> 
 
Southern California Marine Institute in Long Beach (cooperative program California State 
University, University of Southern California, and Occidental College) 
 Long Beach, CA 90803 
<http://www.longbeachmarineinst.com/> 
 
Marine Conservation Research Institute (MCRI) (Aquarium of the Pacific) 
Long Beach, CA  90802  
< http://www.aquariumofpacific.org/MCRI/> 
 
Kerckhoff Marine Lab, California Institute of Technology  
Corona Del Mar, CA 92625 
<http://www.cco.caltech.edu/~mirsky/kml.htm> 
 
Pacific Marine Mammal Center  
Laguna Beach, CA 92651 
http://www.pacificmmc.org/ 
 
The Ocean Institute  
Dana Point, CA 92629 
< http://www.ocean-institute.org/> 
 
Scripps Institution of Oceanography-UC San Diego  
La Jolla, CA 92093-0233 
< http://sio.ucsd.edu/> 

Hubbs Sea World Research Institute (San Diego State University) 
San Diego, CA 92109 
< http://www.hswri.org/> 
 
Cetacean Behavior Laboratory (San Diego State University) 
San Diego, CA 92182 
< http://www.sci.sdsu.edu/CBL/CBLHome.html> 
 
 
 

 140

RB-AR9304



NOEP 
 
Appendix D:  California Beaches 
 
Table D-1: Regional Beaches and Locations 

County 
Name 

Name of the Beach Water Body Nearest city Length of 
Beach 

Clam Beach Pacific Ocean Trinidad 1 
Freshwater Lagoon Beach Pacific Ocean Orick 1 Humboldt 
Samoa Beach Pacific Ocean Samoa 5 
Pudding Creek Beach Pacific Ocean Fort Bragg 1 Mendocino Virgin Creek Beach Pacific Ocean Fort Bragg 0.5 
Black Point Pacific Ocean Sea Ranch 0.5 
Campbell Cove State 
Beach 

Pacific Ocean Bodega Bay 0.1 

Doran Park County 
Regional Park 

Pacific Ocean Bodega Bay 1 

Goat Rock State Beach Pacific Ocean Jenner 1 
Gualala Regional Park Pacific Ocean Gualala 0.5 
Salal Pacific Ocean Sea Ranch  
Salmon Creek State Pacific Ocean Bodega Bay 1 
Shell Beach Pacific Ocean Sea Ranch  
Stengel Beach Pacific Ocean Sea Ranch  
Stillwater Cove Regional 
Park 

Pacific Ocean Timber Cove 0.05 

Sonoma 

Walk-On Pacific Ocean Sea Ranch  
Aquatic Park San Francisco Bay San Francisco 1 
Baker Beach San Francisco Bay San Francisco 1 
Candlestick Park 
Recreation Area San Francisco Bay San Francisco 

1 

China/Phelan Beach San Francisco Bay San Francisco 1 
Fort Funston San Francisco Bay San Francisco  

San 
Francisco 
  

Ocean Beach San Francisco Bay San Francisco 3 
Ayala Cove San Francisco Bay Tiburon 0.33 
China Cove San Francisco Bay Tiburon 0.25 
Hearts Desire Beach Tomales Bay Point Reyes 0.33 
Perles Beach San Francisco Bay San Francisco 0.25 
Quarry Beach San Francisco Bay San Francisco 0.5 
Shell Beach Tomales Bay Point Reyes 0.33 

Marin 

West Garrison Beach San Francisco Bay Tiburon 0.25 
Solano        

Alameda Crown Memorial State 
Beach 

San Francisco Bay Alameda 2 

Bean Hollow State Beach Pacific Ocean Pescadero  
Capistrano Beach Pacific Ocean Princeton 0.25 
Dunes Beach Pacific Ocean Half Moon Bay 1 
Elmar Beach Pacific Ocean Half Moon Bay 1 
Erckenbrack Park Lagoon Foster City  
Fitzgerald Marine Reserve Pacific Ocean Moss Beach 2 
Francis Beach Pacific Ocean Half Moon Bay 2 
Gazos Creek Beach Access Pacific Ocean Gazos  
Gull Park Lagoon Foster City  

San Mateo 

Linda Mar Beach Pacific Ocean Pacifica  
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Table D-1: Regional Beaches and Locations (Cont.) 

County 
Name 

Name of the Beach Water Body Nearest city Length of 
Beach 

Marlin Park - Foster City Lagoon Foster City  
Marlin Park - Redwood City Lagoon Redwood City  
Miramar Pacific Ocean Half Moon Bay 1 
Montara Beach Pacific Ocean Montara 2 
Naples Beach Pacific Ocean   1 
Pacifica State Beach (San 
Pedro Beach) 

Pacific Ocean Pacifica 2 

Pescadero State Beach Pacific Ocean Pescadero  
Pillar Point Beach Pacific Ocean Princeton  
Pomponio State Beach Pacific Ocean San Gregorio  
Poplar Beach Pacific Ocean Half Moon Bay 1 
Rockaway Beach Pacific Ocean Pacifica 1 
Roosevelt Beach Pacific Ocean Half Moon Bay  
San Gregorio State Beach Pacific Ocean San Gregorio  
Sharp Park Pacific Ocean Pacifica 1 
Surfer's Beach Pacific Ocean El Granada  

 San Mateo 

Venice Beach Pacific Ocean Half Moon Bay 1 
Capitola Beach Monterey Bay Capitola 1 
Corcoran Lagoon Beach Monterey Bay Santa Cruz 1 
Cowell Beach Monterey Bay Santa Cruz 1 
Lighthouse Beach Monterey Bay Santa Cruz  
Manresa State Beach Monterey Bay Watsonville 3 
Mitchell's Cove Beach Monterey Bay Santa Cruz  
Moran Lake Beach Monterey Bay Santa Cruz 0.5 
Natural Bridges State 
Beach 

Monterey Bay Santa Cruz 0.5 

New Brighton State Beach Monterey Bay Santa Cruz 2 
Pajaro Dunes State Beach Monterey Bay Watsonville  
Palm Beach/Pajaro Dunes 
Beach 

Monterey Bay Watsonville 1 

Rio del Mar Beach Monterey Bay Rio del Mar 1 
Santa Cruz Main Beach at 
the Boardwalk 

Monterey Bay Santa Cruz 1 

Seabright State Beach Monterey Bay Santa Cruz 1 
Seacliff State Beach Monterey Bay Rio del Mar 3 
Sunset State Beach Monterey Bay Watsonville 2 
Trestle Beach Monterey Bay Watsonville  

Santa Cruz 

Twin Lakes State Beach Monterey Bay Santa Cruz 0.5 
Carmel Beach Monterey Bay Carmel 1 
Del Monte Beach Monterey Bay Monterey  
Garrapata State Beach Pacific Ocean Big Sur  
Heritage Harbor Pacific Ocean Monterey 0.1 
Lover's Point Monterey Bay Pacific Grove 0.25 
Monastery Beach Monterey Bay Carmel 0.5 
Monterey Beach Hotel Monterey Bay Monterey 0.25 

Monterey 

Moss Landing Beach Monterey Bay Moss Landing  
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Table D-1: Regional Beaches and Locations (Cont.) 

County 
Name 

Name of the Beach Water Body Nearest city Length of 
Beach 

Oceanview Avenue Pacific Ocean Pacific Grove 1 
Pfeiffer Beach Pacific Ocean Big Sur  
San Carlos Beach Monterey Bay Monterey 0.25 
Spanish Bay Beach Monterey Bay Pebble Beach  
Stillwater Cove Monterey Bay Pebble Beach 0.25 
Sunset Drive Beach Monterey Bay Pacific Grove 2 

 Monterey 

Zmudowski State Beach Monterey Bay Pajaro  
Avila Beach Avila Bay Avila Beach 1 
Cayucos   Cayucos  
Moonstone Beach Pacific Ocean Cambria  
Morro Bay City Beach Morro Bay Morro Bay 2 
Olde Port Beach Port San Luis Avila Beach 0.5 
Pismo Beach Pacific Ocean Pismo Beach 2 
Pismo State Beach Pacific Ocean Oceano 5 

San Luis 
Obispo 

Shell Beach Pacific Ocean Pismo Beach  
Arroyo Burro Beach Pacific Ocean Santa Barbara 1 
Arroyo Quemada Beach Pacific Ocean Santa Barbara 1 
Butterfly Beach Pacific Ocean Montecito 1 
Carpinteria City Beach Pacific Ocean Carpinteria 1 
Carpinteria State Beach Pacific Ocean Carpinteria 1 
East Beach at Mission 
Creek Pacific Ocean Santa Barbara 

1 

East Beach at Sycamore 
Creek Pacific Ocean Santa Barbara 

1 

El Capitan State Beach Pacific Ocean Santa Barbara 1 
Gaviota State Beach Pacific Ocean Santa Barbara 1 
Goleta Beach Pacific Ocean Goleta 1 
Guadalupe Dunes Pacific Ocean Santa Maria 1 
Hammond's Beach Pacific Ocean Montecito 1 
Hope Ranch Beach Pacific Ocean Santa Barbara 1 
Jalama Beach Pacific Ocean Lompoc 1 
Leadbetter Beach Pacific Ocean Santa Barbara 1 
Ocean Beach Pacific Ocean Lompoc 1 
Refugio State Beach Pacific Ocean Santa Barbara 1 
Rincon Beach Pacific Ocean Carpinteria 1 
Sands Beach at Coal Oil 
Point Pacific Ocean Santa Barbara 

1 

Santa 
Barbara 

Surf Beach Pacific Ocean Surf 1 
Channel Islands Harbor 
Beach Park 

Channel Islands 
Harbor Oxnard 

 

County Line Beach Pacific Ocean    
Deer Creek Beach Pacific Ocean    

Ventura 

Emma Wood State Beach Pacific Ocean Ventura 2 
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Table D-1: Regional Beaches and Locations (Cont.) 

County 
Name 

Name of the Beach Water Body Nearest city Length of 
Beach 

Faria County Park Pacific Ocean    

Hobie Beach 
Channel Islands 
Harbor Oxnard 

 

Hobson County Park Pacific Ocean    
Hollywood Beach Pacific Ocean Oxnard  
La Conchita Beach Pacific Ocean    
Mandalay County Park Pacific Ocean Oxnard  
Mandos Cove Beach Pacific Ocean    
Marina Park Beach Pacific Ocean Ventura  
McGrath State Beach Pacific Ocean Oxnard 2.5 
Mussel Shoals Beach Pacific Ocean    
Oil Piers Beach Pacific Ocean    
Ormond Beach Pacific Ocean Oxnard  
Oxnard Shores Beach Pacific Ocean Oxnard  
Oxnard State Beach Pacific Ocean Oxnard  
Peninsula Beach Pacific Ocean Ventura  
Point Mugu State Beach Pacific Ocean Port Hueneme 5 
Port Hueneme Beach Park Pacific Ocean Port Hueneme 2.5 
Promenade Park Pacific Ocean Ventura  
Rincon Beach Pacific Ocean    
San Buenaventura State 
Beach Pacific Ocean Ventura 

2 

Seaside Wilderness Park Pacific Ocean Ventura  
Silverstrand Beach Pacific Ocean    

 Ventura 

Solimar Beach Pacific Ocean    
10th Place Beach Pacific Ocean Long Beach 0.3 
16th Place Beach Pacific Ocean Long Beach 0.3 
1st and Bayshore Alamitos Bay Long Beach 0.4 
2nd Street Bridge and 
Bayshore Alamitos Bay Long Beach 

0.4 

36th Place Beach Pacific Ocean Long Beach 0.3 
3rd Place Beach Pacific Ocean Long Beach 0.3 
54th Place Beach Pacific Ocean Long Beach 0.3 
55th Place Beach Pacific Ocean Long Beach 0.3 
56th Place Beach Alamitos Bay Long Beach 0.4 
5th Place Beach Pacific Ocean Long Beach 0.3 
62nd Place Beach Pacific Ocean Long Beach 0.3 
72nd Place Beach Pacific Ocean Long Beach 0.3 

Abalone Cove Pacific Ocean 
Rancho Palos 
Verdes 

1 

Alamitos Bay Shore Float Pacific Ocean Long Beach 0.3 
Avalon Beach Pacific Ocean Avalon 1 

Basin H Pacific Ocean 
Marina Del 
Ray 

1 

Los Angeles 

Belmont Pier Pacific Ocean Long Beach 0.6 
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Table D-1: Regional Beaches and Locations (Cont.) 

County 
Name 

Name of the Beach Water Body Nearest city Length of 
Beach 

Big Rock Beach Pacific Ocean Malibu 0.3 

Bluff Cove Pacific Ocean 
Palos Verde 
Estates 

 

Broad Beach Pacific Ocean Malibu 1 
Cabrillo Beach Pacific Ocean Los Angeles 1 
Colorado Lagoon-Center Alamitos Bay Los Angeles 0.4 
Colorado Lagoon-North Alamitos Bay Los Angeles 0.4 
Colorado Lagoon-South Alamitos Bay Los Angeles 0.4 
Coronado Avenue Beach Pacific Ocean Los Angeles 0.3 
Corral Beach Pacific Ocean Malibu 1 

 Los Angeles 

Dan Blocker Beach Pacific Ocean Malibu 1 
Aliso County Beach Park Pacific Ocean Laguna Beach  
Bolsa Chica State Beach 
Park Pacific Ocean 

Huntington 
Beach 

3 

Capistrano Bay District Pacific Ocean Dana Point 1 
Capistrano County Beach Pacific Ocean Dana Point 1 
Corona Del Mar State 
Beach Pacific Ocean 

Newport 
Beach 

0.5 

Crystal Cove State Beach 
Park Pacific Ocean 

Newport 
Beach 

3.2 

Dana Point Harbor Pacific Ocean Dana Point 3 
Doheny State Beach Park Pacific Ocean Dana Point 1 
Emerald Bay Pacific Ocean Laguna Beach 0.4 

Huntington City Beach Pacific Ocean 
Huntington 
Beach 

2 

Huntington Harbour Pacific Ocean 
Huntington 
Beach 

38?? 

Huntington State Beach Pacific Ocean 
Huntington 
Beach 

2 

Laguna Beach Pacific Ocean Laguna Beach 4 
Little Corona - Cameo 
Shores Pacific Ocean 

Newport 
Beach 

0.5 

Monarch Beach Pacific Ocean Dana Point 1 

Newport Bay Pacific Ocean 
Newport 
Beach 

39?? 

Newport Beach Pacific Ocean 
Newport 
Beach 

6 

Poche County Beach Pacific Ocean San Clemente 0.2 
Salt Creek Beach Park Pacific Ocean Dana Point 0.2 
San Clemente City Beach Pacific Ocean San Clemente 2 
San Clemente State Beach Pacific Ocean San Clemente 1 
Seal Beach Pacific Ocean Seal Beach  
South Laguna Beach Pacific Ocean Laguna Beach  
Sunset Beach Pacific Ocean Sunset Beach 1 

Orange 

Surfside Pacific Ocean Seal Beach  
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Table D-1: Regional Beaches and Locations (Cont.) 

County 
Name 

Name of the Beach Water Body Nearest city Length of 
Beach 

Border Field State Park Pacific Ocean Otay Mesa 1.2 
Camp Del Mar (USMC 
Camp Pendleton) Pacific Ocean 

Camp 
Pendelton 

0.75 

Cardiff State Beach Pacific Ocean Encinitas 2.94 
Carlsbad City Beach Pacific Ocean Carlsbad  0.6 
Carlsbad State Beach Pacific Ocean Carlsbad  3.4 
Coronado Municipal Beach Pacific Ocean Coronado  1.7 
Del Mar City Beach Pacific Ocean Del Mar 2.5 
Encinitas City Beach Pacific Ocean Encinitas 2 
Fletcher Cove Pacific Ocean Solana Beach 1.3 

Imperial Beach City Beach Pacific Ocean 
Imperial 
Beach 

1.5 

La Jolla Community Beach Pacific Ocean San Diego 2 
La Jolla Shores Beach Pacific Ocean San Diego 0.6 
Leucadia State Beach Pacific Ocean Encinitas 1.3 
Mission Bay Pacific Ocean San Diego 2 
Mission Beach Pacific Ocean San Diego 2.5 
Moonlight State Beach Pacific Ocean Encinitas 0.4 
North Pacific Beach Pacific Ocean Pacific Beach 0.55 
Ocean Beach Pacific Ocean San Diego 0.7 
Oceanside City Beach Pacific Ocean Oceanside 3.7 
Pacific Beach Pacific Ocean San Diego 1 

San Diego Bay Pacific Ocean 

San Diego, 
Coronado, 
Chula Vista, 
Pt. Loma 

1 

San Elijo State Beach Pacific Ocean Encinitas 1.1 
San Onofre State Beach Pacific Ocean San Clemente 0.75 
Seascape Beach Park Pacific Ocean Solana Beach 1.3 
Shell Beach Pacific Ocean La Jolla 0.2 
Silver Strand State Beach Pacific Ocean Coronado 2 

San Diego 

Solana Beach Pacific Ocean Solana Beach  
Source: California Coastal Commission, Beach Access Guide 
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Table D-2: Regional Beaches from EPA 
Region County Beach  

High Bluff Beach 
Wilson Creek Beach 
Enderts Beach 
Crescent Beach 
South Beach 
Beachfront Park 
Pebble Beach 
Point St. George 
Lake Earl Wildlife 
Area Beaches 
Kellogg Beach 
Clifford Kamph Memorial Park 

Del Norte 

Pelican State Beach 
Dead Man's Beach 
Shelter Cove 
Little Black Sands Beach 
Black Sands Beach 
Mattole River Beach 
Centerville Beach Co. Park 
Crab County Park 
South Spit & Jetty 
Samoa Dunes Rec. Area 
Mad River Beach C. Park 
Clam Beach County Park 
Little River Beach Co. Park 
Moonstone Beach 
Luffenholtz Beach 
Baker Beach 
Indian Beach 
Trinidad Head 
Trinidad State Beach 
College Cove 
Agate Beach 
Big Lagoon County Park 
Dry Lagoon 
Stone Lagoon 
Freshwater Lagoon 
Redwood Creek Beach 
Orick Fishing Access 
Gold Bluffs Beach 

North 

Humboldt 

Carruthers Cove Beach 
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Table D-2: Regional Beaches from EPA (Cont.) 
Region County Beach  

Gualala River 
Fish Rock Beach 
Schooner Gulch Beach 
Bowling Ball Beach 
Moat Creek Beach 
Arena Cove Beach 
Manchester State Beach 
Greenwood Creek State Beach 
Navarro River Beach Access 
Albion Flat 
Van Damme State Park 
12. Mendocino Headlands State Park 
Russian Gulch State Park 
Caspar Headlands State Reserve 
Caspar State Beach 
16. Jug Handle State Reserve 
Noyo Harbor 
Glass Beach 
Pudding Creek Beach 
Virgin Creek Beach 
MacKerricher State Park 
Seaside Creek Beach 
Chadbourne Gulch 
Wages Creek Beach 
Westport-Union Landing State Beach 
Usal Beach 
Little Jackass Creek Beach 
Bear Harbor Beach 
Needle Rock Beach 

North Mendocino 

Jones Beach 
Doran Beach Regional Park 
Campbell Cove 
Westside Regional Park 
Bodega Head 
Bodega Dunes 
South Salmon Creek Beach 
North Salmon Creek Beach 
Miwok Beach 
Coleman Beach 
Arched Rock Beach 
Carmet Beach 

North Central Sonoma 

Schoolhouse Beach 
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Table D-2: Regional Beaches from EPA (Cont.) 
Region County Beach  

Portuguese Beach 
Gleason Beach 
Duncan's Landing 
Wright's Beach 
Shell Beach 
Blind Beach 
Goat Rock Beach 
North Jenner Beaches 
Russian Gulch 
Vista Point 
Fort Ross Reef 
Fort Ross Cove 
Timber Cove 
Stillwater Cove Regional Park 
Ocean Cove 
Gerstle Cove 
Stump Beach 
Fisk Mill Cove 
North Horseshoe Cove 
Black Point Beach 
Pebble Beach 
Stengel Beach 
Shell Beach 
Walk-On Beach 

Sonoma 

Gualala Point Regional Park 
Kirby Cove 
Bonita Cove 
Rodeo Beach 
Tennessee Cove 
Muir Beach 
Steep Ravine Beach 
Red Rock Beach 
Stinson Beach 
Bolinas Beach 
Agate Beach 
Palomarin Beach 
Wildcat Beach 
Kelham Beach 
Sculptured Beach 
Santa Maria Beach 
Limantour Beach 
Drakes Beach 

North Central 

Marin 

Point Reyes Beach South 
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Table D-2: Regional Beaches from EPA (Cont.) 
Region County Beach  

19. Point Reyes Beach North 
20. Abbotts Lagoon 
Kehoe Beach 
McClures Beach 
Marshall Beach 
Hearts Desire Beach 
Shell Beach 
Alan Sieroty Beach 
Lawson's Landing 

Marin 

Dillon Beach 
Burton Memorial Beach 
Fort Funston Beach 
Ocean Beach 
Lands End Beach 
China Beach 
6. Baker Beach 
7. North Baker Beach 
8. Crissy Field 
9. Marina Green 

North Central 

San Francisco 

Aquatic Park 
Ano Nuevo State Reserve 
The Fist 
Gazos Creek Access 
Pigeon Point 
Bean Hollow State Beach 
Pebble Beach 
Pescadero State Beach 
The Gulch 
Pomponio State Beach 
San Gregorio State Beach 
San Gregorio Private Beach 
Martin's Beach 
Cowell Ranch Beach 
Pelican Point Beach 
Francis Beach 
Venice Beach 
Dunes Beach 
Miramar Beach 
El Granada Beach 
Pillar Point Harbor 
Mavericks 
James V. Fitzgerald Marine Reserve 

Central San Mateo 

Montara State Beach 
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Region County Beach  

Gray Whale Cove State Beach 25. Pacifica State Beach 
Rockaway Beach 
Sharp Park State Beach 
Esplanade Beach 

San Mateo 

Thornton State Beach 
Palm Beach 
Sunset State Beach 
Manresa Uplands 
4. Manresa State Beach 
5. Lundborgh Beach 
Rio Del Mar Beach 
Seacliff State Beach 
New Brighton State Beach 
Capitola City Beach 
Hooper Beach 
Key Beach 
Pleasure Point Beach 
Moran Lake Beach 
Corcoran Lagoon Beach 
Sunny Cove 
Lincoln Beach 
Twin Lakes State Beach 
Seabright Beach 
Main Beach 
Cowell Beach 
Steamer Lane 
22. Lighthouse Field State Beach 
Its Beach 
Mitchell's Cove 
25. Natural Bridges State Beach 
Wilder Ranch State Park 
Four Mile Beach 
Red, White, and Blue Beach 
Laguna Creek Beach 
Yellowbank Beach 
Bonny Doon Beach 
Panther Beach 
Davenport Beach 
Davenport Landing Beach 
Scott Creek Beach 
Greyhound Rock Fishing Access 

Central 

Santa Cruz 

Waddell Creek Beach 
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Region County Beach  

Willow Creek Picnic Area 
Jade Cove 
Sand Dollar Picnic Area and Beach 
Mill Creek Picnic Area 
Kirk Creek Campground 
Limekiln State Park 
Julia Pfeiffer Burns State Park 
Partington Cove 
Pfeiffer Beach 
Andrew Molera State Park 
Garrapata State Park 
Point Lobos State Reserve 
Carmel River State Beach 
Carmel City Beach 
Fanshell Beach 
Moss Beach 
Spanish Bay 
Asilomar State Beach 
Lover's Point 
Shoreline Park 
Macabee Beach 
San Carlos Beach Park 
Monterey State Beach ("Willows on the Bay" unit) 
Del Monte Beach 
Monterey State Beach (Sand Dunes Drive unit) 
Monterey State Beach (Seaside unit) 
Marina State Beach 
Salinas River State Beach 
Moss Landing State Beach 

Central Monterey 

Zmudowski State Beach 
Pismo Dunes State Vehicular Recreation Area 
Pismo State Beach 
Avila State Beach 
Montana de Oro State Park 
Moro Dunes Natural Area 
Bayshore Bluffs Park 
Morro Bay State Park 
Morro Rock and Beach 
Morrow Strand State Beach (South) 
Morrow Strand State Beach (North) 
Cayucos Beach 
Cayucos State Beach 

South Central San Luis Obispo 

Moonstone State Beach 
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Region County Beach  

San Simeon State Beach San Luis Obispo 
W. R. Hearst Mem. State Beach 
Rincon Point 
Rincon Beach County Park 
Carpinteria State Beach 
Carpinteria City Beach 
Lookout County Park 
Miramar Beach 
Hammonds Beach 
Butterfly Beach 
East Beach 
West Beach 
Leadbetter Beach 
Mesa Lane Beach 
Arroyo Burro Beach County Park 
Goleta Beach County Park 
Isla Vista Beach 
Coal Oil Point Natural Reserve 
El Capitan State Beach 
Refugio State Beach 
Jalama Beach County Park 
Vandenberg Air Force Base Fishing Access 
Ocean Beach County Park 
Point Sal State Beach 

Santa Barbara 

Guadalupe-Nipomo Dunes Preserve 
Sycamore Cove Beach 
Thornhill Broome Beach 
Point Mugu Beach 
Ormond Beach 
Port Hueneme Beach Park 
Silver Strand Beach 
Channel Inds. Harbor Beach 
Hollywood Beach 
Oxnard State Beach 
Mandalay County Park 
McGrath State Beach 
Marina Cove Beach 
Marina Park 
San Buenaventura State Beach 
Promenade Park 
Surfer's Point 
Emma Wood State Beach 

South Central 

Ventura 

Solimar Beach 
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Region County Beach  

Faria Beach County Park 
Rincon Parkway North 
Hobson County Park 
Oil Piers Beach 
Mussel Shoals Beach 

South Central Ventura 

La Conchita Beach 
Descanso Beach 
Crescent Beach 
Pebbly Beach 
Ben Weston Beach 
Little Harbor Beach 
Little Fisherman's Cove 
Alamitos Bay Beach 
Belmont Shore 
Long Beach City Beach 
Cabrillo City Beach 
Point Fermin Park 
White Point County Park 
Royal Palms County Beach 
Abalone Cove Beach 
Malaga Cove 
Torrance County Beach 
Redondo County Beach 
Hermosa City Beach 
Manhattan County Beach 
El Porto Beach 
El Segundo Beach 
Mother's Beach 
Dockweiler State Beach 
Venice City Beach 
Santa Monica State Beach 
Will Rogers State Beach 
Topanga County Beach 
Las Tunas County Beach 
Surfrider Beach 
Malibu Lagoon County Beach 
Dan Blocker County Beach 
Escondido Beach 
Paradise Cove 
Point Dume County Beach 
Zuma County Beach 
Broad Beach 

South Los Angeles 

El Matador State Beach 
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Region County Beach  

La Piedra State Beach 
El Pescador State Beach 
Nicholas Canyon County Beach 
Leo Carillo State Beach 

Los Angeles 

County Line Beach 
San Clemente State Beach 
San Clemente City Beach 
Poche Beach 
Capistrano Beach 
Doheny State Beach 
Salt Creek County Beach 
1,000 Steps Beach 
West Street Beach 
Aliso Creek County Beach 
Victoria Beach 
Brooks Beach 
Main Beach 
Picnic Beach 
Rockpile Beach 
Diver's Cove 
Shaw's Cove 
Crescent Bay Point Park 
Crystal Cove State Park 
Little Corona del Mar Beach 
Corona del Mar State Beach 
Rocky Point 
China Cove Beach 
Bayside Drive County Beach 
West Jetty View Park 
Balboa Beach 
Newport Beach Municipal Beach 
Santa Ana River County Beach 
Huntington State Beach 
Huntington City Beach 
Bolsa Chica State Beach 
Sunset Beach 
Surfside Beach 

Orange 

Seal Beach 
Border Field State Park 
Imperial Beach 
Silver Strand State Beach 
Coronado Shores Beach 

South 

San Diego 

Corondao City Beach 
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Region County Beach  

Ocean Beach City Beach 
Ocean Beach Park 
Mission Beach 
Pacific Beach 
Tourmaline Surfing Park 
La Jolla Strand Park 
Windansea Beach 
Marine Street Beach 
Children's Pool Beach 
La Jolla Cove 
La Jolla Shores Beach 
Black's Beach 
Torrey Pines State Beach 
Del Mar City Beach 
Seascape Shores 
Fletcher Cove Park 
Tide Beach Park 
Cardiff State Beach 
San Elijo State Beach 
Swami's 
Boneyard Beach 
D Street Viewpoint 
Moonlight Beach 
Stone Steps Beach 
Encinitas Beach 
Beacon's Beach 
Ponto Beach 
South Carlsbad State Beach 
Carlsbad State Beach 
Carlsbad City Beach 
South Oceanside Beach 
Oceanside City Beach 38. Harbor Beach 

South San Diego 

San Onofre State Beach 
Source: EPA BEACH Watch Program 
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LA County MS4 Permit Reissuance

Board Workshop

Non-Storm Water Discharges

April 5, 2012

1
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LA County MS4 Permit Outline

Discharge Prohibitions

• Non-Storm Water Discharge Prohibition����

Effluent Limitations

• TMDL Water Quality Based Effluent Limitations (see “TMDL Provisions” below)

Receiving Water Limitations

• Applicable numeric and narrative water quality objectives/criteria for the receiving water

Special Provisions

• Watershed Management Programs

• Minimum Control Measures����

• TMDL Provisions

Standard Provisions

Monitoring and Reporting Provisions

Part 1

Part 7

Part 2

Part 4

Part 6

Attachment
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Wa t e r s h e d
M a n a g e m e n t  P r o g r a m

Non-Storm Water 
Controls

Measures 
to Address 
Other RWL 
Exceedanc

es

Minimum Control 
Measures

TMDL 
Actions

PERMIT STRUCTURE
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Background

� Non-storm water discharges = discharges not 
composed entirely of storm water 

� MS4 permits must effectively prohibit non-storm 
water discharges into MS4s

� How?

– Regulate non-storm water discharges to the MS4 
under separate NPDES permit

– Implement management program to eliminate illicit 
discharges into MS4

4
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Background

� What about non-storm water discharges that 
commonly occur in urban environments?

� Some exemptions allowed 

– Discharges covered under an NPDES permit

– Categorical exemptions 
� Municipalities may need to impose controls/BMPs

� Discharge only allowed if not a source of pollutants

5
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Background (cont.)

� Order No. 01-182

– Non-storm water discharge prohibition

– IDDE program requirements

– List of exempted non-storm water discharges

� Categorical exemptions (e.g., natural flows, emergency 
fire fighting , urban) 

� Discharges covered under an NPDES permit

6
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Evaluation of Current Approaches

� IDDE program effectiveness

– Review of annual reports

– Inspections

� Results of dry-weather monitoring data from 
mass emission stations

– Based on annual reports from 2005 to 2011

– Provides 15 dry-weather data sets for each 
station
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Results of IDDE Program 
Evaluation

� Widespread presence of persistent non-
storm water discharges 

– Poor understanding of the source(s) and 
characteristics

– Limited actions to address these persistent 
discharges

� Widespread exceedances of WQS during dry 
weather
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Summary of Evaluation

� More detailed provisions needed to:

– Implement effective controls on exempted 
categories of non-storm water discharges

– Evaluate potential impacts from exempted 
categories 

– Take action if a non-storm water discharge is 
identified as a source of pollutants
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Working Proposal - 1

� All exempted categories still included, e.g.

– Potable water supply discharges

– Fire fighting flows

� Table of conditions/BMPs that must be met 
for discharge to be allowed

� Requirements to support Permittees’ 
authority to require discharger to provide 
notification, conduct monitoring, and 
implement BMPs

10
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Working Proposal - 2

� Provision for Permittees to evaluate monitoring data 
to assess whether any exempted discharge is a 
source of pollutants

� Provisions requiring Permittees to take action if an 
exempted discharge is a source of pollutants

– Prohibit the discharge

– Impose additional controls

– Require discharger to obtain coverage under a separate 
NPDES permit

11
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Working Proposal – 3
Potable Water Supply Discharges

� Often required by state or federal regulations

� If a potable water supply discharge caused 
an exceedance of a water quality standard, 
the MS4 Permittee would not be found in 
violation of the receiving water limitation

– Demonstration required – based on monitoring 
data from the discharge and other information
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Working Proposal - 3 (cont.)
Potable Water Supply Discharges

� Follow-up action by MS4 Permittee 

– Evaluate potential long-term effects of continued 
discharges

– Identify alternative discharge pathways in 
coordination with discharger

– Impose additional controls

– Require discharger to obtain coverage under a 
NPDES permit
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Conclusion

� Addition of more specific conditions/BMPs for 
exempted non-storm water discharges similar to 
Ventura County MS4 Permit 

� More explicit procedures for evaluating exempted 
discharges and taking action if they are a source of 
pollutants

� Provisions to address concerns regarding potable 
water supply discharges and fire fighting flows
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Technical Guidance Manual for i July 13, 2011 
Stormwater Quality Control Measures 2011   

 

 

Manual Updates: The 2011 TGM may be periodically updated to correct minor errors and 
unintentional omissions. Additionally, due to the evolving nature of stormwater quality 
management, the 2011 TGM may also be updated to incorporate new and innovative control 
measures. 2011 TGM users should ensure that they are referencing the most current edition 
by checking www.vcstormwater.org or contacting the local permitting agency. 
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1 INTRODUCTION 

This Technical Guidance Manual for Stormwater Quality Measures (2011 TGM) 
provides guidance for the implementation of stormwater management control 
measures in new development and redevelopment projects in the County of Ventura 
and the incorporated cities therein. These guidelines are intended to improve water 
quality and mitigate potential water quality impacts. These guidelines have been 
developed to meet the Planning and Land Development requirements contained in 
Part 4, Section E of the Los Angeles Regional Water Quality Control Board’s 
(Regional Board) municipal separate storm sewer system (MS4) permit (Order R4-
2010-0108) for new development and redevelopment projects.  

The Planning and Land Development requirements are not implemented at the 
discretion of the local permitting agency; they are requirements in Order R4-2010-
0108 that must be complied with. The 2011 TGM does not attempt to expand or 
circumvent these requirements, but rather it provides guidance on how to meet 
them.  

When used in this Manual, the verb “shall” indicates a statement of required, 
mandatory, or specifically prohibited practice. Statements that are not mandatory, 
but are recommended practice in typical situations, with allowable deviations if 
engineering judgment or scientific study indicates them appropriate, are typically 
stated with the verb “should.”  In both cases specific options may be provided that 
are allowable modifications. 

1.1 Goals 

The 2011 TGM has been prepared by the Ventura Countywide Stormwater Quality 
Management Program to accomplish the following goals: 

• Ensure that new development and redevelopment projects reduce urban 
runoff pollution to the "maximum extent practicable” (MEP); 

• Ensure that the implementation of measures in the 2011 TGM are consistent 
with Regional Water Quality Control Board Order R4-2010-0108 and other 
state requirements;  

• Provide guidance to developers, design engineers, agency engineers, and 
planners on the selection and implementation of appropriate stormwater 
management control measures; and 

• Provide maintenance procedures to ensure that the selected stormwater 
management control measures will be properly maintained to provide 
effective, long-term pollution control.  
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1.2 Regulatory Background 

In 1972, the Federal Water Pollution Control Act [later referred to as the Clean Water 
Act (CWA)] was amended to require National Pollutant Discharge Elimination 
System (NPDES) permits for the discharge of pollutants to waters of the United 
States from any point source. In 1987, the CWA was amended to require the United 
States Environmental Protection Agency (USEPA) to establish regulations permitting 
municipal and industrial stormwater discharges under the NPDES permit program. 
The USEPA published final regulations regarding stormwater discharges on 
November 16, 1990. The regulations require that MS4 discharges to surface waters be 
regulated by a NPDES permit. 

The Ventura County Watershed Protection District, County of Ventura, and the cities 
of Camarillo, Fillmore, Moorpark, Ojai, Oxnard, Port Hueneme, San Buenaventura, 
Santa Paula, Simi Valley, and Thousand Oaks have joined together to form the 
Ventura Countywide Stormwater Quality Management Program (Program)and are 
named as co-permittees under a revised countywide municipal NPDES permit for 
stormwater discharges issued by the Regional Water Quality Control Board in 2010 
(Order R4-2010-0108).  

Prior to the issuance of Order R4-2010-0108, stormwater discharges from the 
Ventura County MS4 were covered under the countywide waste discharge 
requirements contained in three previous MS4 NPDES Permits (Order 09-0057, 
Order 00-108, and Order No. 94-082). 

Under Order R4-2010-0108, the co-permittees are required to administer, 
implement, and enforce a Stormwater Quality Management Program (Program) to 
reduce pollutants in urban runoff to the MEP. The Program emphasizes all aspects of 
pollution control including, but not limited to, public awareness and participation, 
source control, regulatory restrictions, water quality monitoring, and treatment 
control.  

For the Program to be successful, it is critical to control urban runoff pollution from 
new development and redevelopment projects during and after construction. 
Therefore, the co-permittees implemented the Planning and Land Development 
Program, one element within the Program, to specifically control post-construction 
urban runoff pollutants from new development and redevelopment projects. The goal 
of the Planning and Land Development Program is to minimize runoff pollution 
typically caused by land development and protect the beneficial uses of receiving 
waters by limiting effective impervious area (EIA) to no more than 5% of the project 
area and retaining stormwater on site.  T his goal can be achieved by employing a 
sensible combination of Site Design Principles and Techniques, Source Control 
Measures, Retention Best Management Practices (BMPs), Biofiltration BMPs, and 
Treatment Control Measures to the level required in Order R4-2010-0108.  

“Site Design Principles and Techniques,” “Source Control Measures,” “Retention 
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BMPs,” “Biofiltration BMPs,” and “Treatment Control Measures,” as used in the 2011 
TGM refer to BMPs and features incorporated into the design of a new development 
or redevelopment project, which prevent and/or reduce pollutants in stormwater 
runoff from the project. These measures are described below: 

1) Site Design Principles and Techniques are a stormwater management 
strategy that emphasizes conservation and use of existing site features to reduce 
the amount of runoff and pollutant loading that is generated from a project site.  

2) Source Control Measures limit the exposure of materials and activities so 
that potential sources of pollutants are prevented from making contact with 
stormwater runoff.  

3) Retention BMPs are stormwater BMPs that are designed to retain water onsite, 
and achieve a g reater reduction in surface runoff from a project site than 
traditional stormwater Treatment Control Measures. The term “Retention BMPs” 
encompasses infiltration, rainwater harvesting1, and evapotranspiration BMPs. 
Retention BMPs are preferred and shall be selected over biofiltration BMPs and 
Treatment Control Measures where technically feasible to do so. 

4) Biofiltration BMPs are vegetated stormwater BMPs that remove pollutants by 
filtering stormwater through vegetation and soils. 

5) Treatment Control Measures are engineered BMPs that provide a reduction 
of pollutant loads and concentrations in stormwater runoff.  

Applicable projects (Section 1.4) must reduce Effective Impervious Area (EIA) to less 
than or equal to five percent (≤5%) of the total project area, unless infeasible. 
Impervious surfaces are rendered “ineffective” if the design storm volume is fully 
retained onsite using Retention BMPs. Biofiltration BMPs may be used to achieve the 
5% EIA standard if Retention BMPs are technically infeasible (see Section 3.2).  

The 2011 TGM contains guidance for the design and implementation of all of these 
types of stormwater management control measures for new development and 
redevelopment projects. In addition to the requirements of Order R4-2010-0108, 
owners and developers of some of the sites in the County may also be subject to the 
State of California’s general permit for stormwater discharge from industrial 
activities (Industrial General Permit) and general permit for stormwater discharge 
from construction activities (Construction General Permit). The stormwater 
management control measures provided in the 2011 TGM may also assist the owner 
or developer in meeting the requirements of the State’s construction and industrial 
permits. The stormwater management staffs of the governing co-permittee agencies 
are available to provide assistance regarding all of the State stormwater permit 
                                                        
 

1 Rainwater harvesting is a BMP that stores and uses rainwater or stormwater runoff. This is consistent with the 
use of the term “reuse” contained in Order R4-2010-0108. 
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requirements. 

1.3 Impacts of Land Development 

The Cities and County of Ventura have separate stormwater and sanitary sewer 
conveyance systems. Land development typically creates an increase in impervious 
surfaces, which increases the amount of runoff and pollutants entering stormwater 
conveyance systems. Pollutants that enter the conveyance system in stormwater are 
typically transported directly to receiving waters (i.e. local channels, rivers, and the 
ocean), and are not treated in a wastewater treatment plant. Pollutants in untreated 
stormwater runoff from impervious surfaces that drains to streets and enters storm 
drains directly contribute to water pollution.  

Typically, as stormwater runs over impervious surfaces (e.g., rooftops, roadways, and 
parking lots), it: 

• Does not infiltrate or evapotranspire, which increases runoff volumes, 
velocities, and flow rates; 

• Moves more quickly, which increases runoff velocities; and 

• Entrains (i.e., accumulates) pollution and sediment, which increases 
nutrients, bacteria, and other pollutant concentrations in receiving waters 
(i.e., local channels, rivers, and the ocean).  

The impacts of these alterations due to development may include: 

• Increased concentrations of nutrients, toxic pollutants, and bacteria in 
surface receiving waters, including adjacent land and habitat (e.g., beaches) 
creeks, estuaries, and storm drain outlets. 

• Increased flooding due to higher peak flow rates and runoff volumes 
produced by a storm. 

• Decreased wet season groundwater recharge due to a decreased infiltration 
area.  

• Increased dry season groundwater recharge due to outdoor irrigation with 
potable or reclaimed water.  

• Introduction of baseflows in ephemeral streams due to surface discharge of 
dry weather urban runoff.  

• Increased stream and channel bank instability and erosion due to increased 
runoff volumes, flow durations, and higher stream velocities 
(“hydromodification impacts”); and 
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• Increased stream temperature due to loss of riparian vegetation as well as 
runoff warmed by impervious surfaces, which decreases dissolved oxygen 
levels and makes streams inhospitable to some aquatic life requiring cooler 
temperatures for survival. 

1.4 Stormwater Management Principles 

Stormwater management principles such as Integrated Water Resource Management 
(IWRM) and Low Impact Development (LID) can be used to help mitigate the 
impacts of development. These principles are described below. 

The emergence of LID falls under the umbrella of the over-arching concept of IWRM. 
IWRM is a process which promotes the coordinated development and management 
of water, land, and related resources. IWRM links traditional development topics 
such as land use, water supply, wastewater treatment/reclamation, flood 
control/drainage, water quality, and hydromodification management into a cohesive 
hydrologic system that recognizes their interdependencies and minimizes their 
potentially negative effects on the environment. An example of IWRM includes 
recharging groundwater with reclaimed wastewater to support the water supply. 
Another example is combining stormwater treatment, hydromodification control, 
and flood control in a s ingle regional infiltration basin that recharges groundwater, 
incorporates recreation, and provides habitat. Another example is using Smart 
Growth principles to help reduce the environmental footprint while still 
accommodating growth. 

Generally,  the 2011 TGM advises to first design for the largest hydrologic controls 
(such as matching post development 100-year flows with pre-project 100-year flows 
for flood mitigation requirements), according to the appropriate City or County 
drainage requirements (not included in the 2011 TGM). Secondly, the 2011 TGM 
advises to check if flood mitigation will reduce or satisfy the stormwater management 
requirements (as set forth in the 2011 TGM). If it does not, then add more controls as 
necessary. Flood mitigation may provide the necessary sediment and pollution 
control, thereby reducing maintenance requirements for the stormwater 
management BMPs. A sequence of hydrologic controls should be considered, such as 
site design, flood drainage mitigation, and Retention BMPs.  Biofiltration BMPs and 
Treatment Control Measures can be considered where the use of Retention BMPs is 
technically infeasible.  Each of these controls will have an i nfluence on stormwater 
runoff from the new development or redevelopment project.    

Similar to Source Control Measures, which prevent pollutant sources from contacting 
stormwater runoff, Retention BMPs use techniques to infiltrate, store, use, and 
evaporate runoff onsite to mimic pre-development hydrology, to the extent feasible. 
The goal of LID is to increase groundwater recharge, enhance water quality, and 
prevent degradation of downstream natural drainage channels. This goal may be 
accomplished with creative site planning and with incorporation of localized, 
naturally functioning BMPs into the project. Implementation of Retention BMPs will 
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reduce the size of additional Hydromodification Control Measures that may be 
required for a new development or redevelopment project, and, in many 
circumstances, may be used to satisfy all stormwater management requirements. 

1.5 Applicability 

The following projects and associated triggers, contained in subpart 4.E.II of Order 
R4-2010-0108, are subject to the requirements and standards laid out in the 2011 
TGM.  

Note that some of the project triggers are based on total altered surface area and 
others on impervious surface area, which is an intentional requirement in the MS4 
Permit. 

New Development Projects 

Development projects subject to conditioning and approval for the design and 
implementation of post-construction stormwater management control measures, 
prior to completion of the project(s), are: 

1) All development projects equal to 1 acre or greater of disturbed area that adds 
more than 10,000 square feet of impervious surface area. 

2) Industrial parks with 10,000 square feet or more of total altered surface area. 

3) Commercial strip malls with 10,000 square feet or more of impervious surface 
area. 

4) Retail gasoline outlets with 5,000 square feet or more of total altered surface 
area.  

5) Restaurants (Standard Industrial Classification (SIC) of 5812) with 5,000 square 
feet or more of total altered surface area. 

6) Parking lots with 5,000 square feet or more of impervious surface area, or with 
25 or more parking spaces. 

7) Streets, roads, highways, and freeway construction of 10,000 square feet or more 
of impervious surface area (see Section 2 for specific requirements). 

8) Automotive service facilities (Standard Industrial Classification (SIC) of 5013, 
5014, 5511, 5541, 7532-7534 and 7536-7539) of 5,000 square feet or more of total 
altered surface area. 

9) Projects located in or directly adjacent to, or discharging directly to an 
Environmentally Sensitive Area (ESA), where the development will: 

a. Discharge stormwater runoff that is likely to impact a sensitive biological 
species or habitat; and 
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b. Create 2,500 square feet or more of impervious surface area. 

10) Single-family hillside homes (see Section 2 for specific requirements). 

Redevelopment Projects 

Redevelopment projects subject to conditioning and approval for the design and 
implementation of post-construction stormwater management control measures, 
prior to completion of the project(s), are redevelopment projects in categories 1 
through 10 above that meet the threshold identified below: 

• Land-disturbing activity that results in the creation or addition or 
replacement of 5,000 square feet or more of impervious surface area on an 
already developed site. 

Additionally: 

1) Projects where redevelopment results in an alteration to more than fifty percent 
of impervious surfaces of a previously existing development, and the existing 
development was not subject to the post development stormwater quality control 
requirements of Board Order 00-108, shall mitigate the entire redevelopment 
project area.  

2) Projects where redevelopment results in an alteration to more than fifty percent 
of impervious surfaces of a previously existing development, and the existing 
development was subject to the post development stormwater quality control 
requirements of Board Order 00-108, must mitigate only the altered portion of 
the redevelopment project area and not the entire project area. 

3) Projects where redevelopment results in an alteration of less than fifty percent of 
impervious surfaces of a previously existing development must mitigate only the 
altered portion of the redevelopment project area and not the entire project area. 

Land-disturbing activity that results in the creation or addition or replacement of less 
than 5,000 square feet of impervious surface area on an already developed site, or 
that results in a decrease in impervious area which was subject to the post-
development stormwater quality control requirements of Board Order 00-108, is not 
subject to mitigation unless so directed by the local permitting agency. 

Redevelopment does not include routine maintenance activities that are conducted to 
maintain the original line and grade, hydraulic capacity, or original purpose of the 
facility or emergency redevelopment activity required to protect public health and 
safety. Impervious surface replacement, such as the reconstruction of parking lots 
and roadways, that does not disturb additional area and maintains the original grade 
and alignment, is considered a routine maintenance activity. Agencies’ flood control, 
drainage, and wet utilities projects that maintain original line and grade or hydraulic 
capacity are considered routine maintenance. Redevelopment also does not include 
the repaving of existing roads to maintain original line and grade. 
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Existing single-family dwelling and accessory structure projects are exempt from the 
redevelopment requirements unless the project creates, adds, or replaces 10,000 
square feet of impervious surface area. 

Effective Date 

The new development and redevelopment requirements contained in Part 4, Section 
E of Board Order R4-2010-0108 (the “Order”) shall become effective 90 calendar 
days after the Regional Water Quality Control Board Executive Officer approves the 
2011 TGM (the “Effective Date”).  Af ter the Effective Date, all applicable projects, 
except those identified below, must comply with the new development and 
redevelopment requirements contained in Part 4, Section E of the Order. 

The new development and redevelopment requirements contained in Part 4, Section 
E of the Order shall not apply to the projects described in paragraphs 1 through 5 
below. Projects meeting the criteria listed in paragraphs 1 through 5 below shall 
instead continue to comply with the performance criteria set forth in the 2002 
Technical Guidance Manual for Stormwater Quality Control Measures under Board 
Order 00-108: 

1) Projects or phases of projects where the project’s applications have been “deemed 
complete for processing” (or words of equivalent meaning), including projects 
with ministerial approval, by the applicable local permitting agency in accordance 
with the local permitting agency’s applicable rules prior to the Effective Date; or 

2) Projects that are the subject of an approved Development Agreement and/or an 
adopted Specific Plan; or an ap plication for a D evelopment Agreement and/or 
Specific Plan where the application for the Development Agreement and/or 
Specific Plan has been  “deemed complete for processing” (or words of equivalent 
meaning), by the applicable local permitting agency in accordance with the local 
permitting agency’s applicable rules, and thereafter during the term of such 
Development Agreement and/or Specific Plan unless earlier cancelled or 
terminated; or 

3) All private projects in which, prior to the Effective Date, the private party has 
completed public improvements; commenced design, obtained financing, and/or 
participated in the financing of the public improvements; or which requires the 
private party to reimburse the local agency for public improvements upon the 
development of such private project; or 

4) Local agency projects for which the governing body or their designee has 
approved initiation of the project design prior to the Effective Date; or 

5) A Tentative Map or Vesting Tentative Map deemed complete or approved by the 
local permitting agency prior to the Effective Date, and subsequently a Revised 
Map is submitted, the project would be exempt from the 2011 TGM provisions if 
the revisions substantially conform to original map design, consistent with 
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Subdivision Map Act requirements. Changes must also comply with local and 
state law.  

The intent of these guidelines is to ensure that projects for which the applications 
have been deemed “complete” or the applicants have worked with local permitting 
agency staff to develop a final, or substantially final, drainage concept and site layout 
that includes water quality treatment based upon the performance criteria set forth 
in the 2002 Technical Guidance Manual for Stormwater Quality Control Measures 
prior to the Effective Date, are not required to redesign their proposed projects for 
purposes of complying with the new development and redevelopment requirements 
contained in Part 4, Section E of Board Order R4-2010-0108. 

In addition, any project, phase of a project, or individual lot within a larger 
previously-approved project, where the application for such project has been 
“deemed complete for processing” (or words of equivalent meaning) that does not 
have a f inal or substantially final drainage concept as determined by the local 
permitting agency or a site layout that includes water quality treatment must comply 
with the performance standards set forth in the 2011 TGM. 

1.6 Organization of the 2011 TGM 

The 2011 TGM is divided into seven sections and nine appendices: 

Section 1 Introduction 

Section 2 Stormwater Management Standards 

Section 3 Site Assessment and BMP Selection 

Section 4 Site Design Principles & Techniques 

Section 5 Source Control Measures 

Section 6 Retention BMPs, Biofiltration BMPs, and Treatment Control 
Measure Design 

Section 7 Operation and Maintenance Planning 

Appendix A Glossary of Terms 

Appendix B Maps: Watersheds Delineation, Existing Urban Areas, 
Environmentally Sensitive Areas, and 85th Percentile Rainfall 
Depth 

Appendix C Site Soil Type and Infiltration Testing 

RB-AR9351

http://www.waterboards.ca.gov/losangeles/water_issues/programs/stormwater/municipal/ventura_ms4/Reconsideration_of_VenturaMS4/Ventura_County_MS4_Permit_Order_No.%20R4-2010-0108%20final%20pending%20verification.pdf


INTRODUCTION 

Technical Guidance Manual for 1-10 July 13, 2011 
Stormwater Quality Control Measures 2011   

Appendix D BMP Performance Guidance 

Appendix E BMP Sizing Worksheets 

Appendix F Flow Splitter Design 

Appendix G Design Criteria Checklists for Stormwater Runoff BMPs 

Appendix H Stormwater Control Measure Access and Maintenance 
Agreements 

Appendix I Stormwater Control Measure Maintenance Plan Guidelines 
and Checklists 

RB-AR9352



 

Technical Guidance Manual for 2-1 July 13, 2011 
Stormwater Quality Control Measures 2011   

2 STORMWATER MANAGEMENT STANDARDS 

2.1 Introduction 

This section outlines the design process to comply with stormwater control 
requirements. A flowchart is presented in Figure 2-1 to illustrate a step-by-step 
process for incorporating these stormwater management control measures. 

The selection of appropriate stormwater management control measures should be a 
collaborative effort between the project proponent and the local permitting agency 
staff. It is recommended that discussions between project planners, engineers, and 
local permitting agency staff regarding selection of stormwater management control 
measures occur very early in the design process. 

2.2 Step 1: Determine Project Applicability 

New development and redevelopment projects meeting the applicability criteria 
contained in Section 4.E.II of Order R4-2010-0108 [presented in Section 1.5 of the 
2011 TGM] must include control measures specified in the 2011 TGM. These projects 
should be designed to meet the performance criteria described in the steps below.  

Separate requirements exist for three types of projects: 

• Projects located within a Redevelopment Project Area Master Plan (RPAMP); 

• Single Family Hillside Homes; and 

• Roadway Projects. 

The requirements for these three project types are described in further detail in the 
substeps below. Projects that are not applicable are still subject to stormwater agency 
review, especially for flood drainage requirements. Stormwater management control 
measures may be required by the governing agency for inapplicable projects, 
depending on the potential discharge of pollutants in stormwater runoff, 
impairments in receiving water, or other special conditions that would require 
increased protection. 

Step 1a: Determine RPAMP Eligibility 

If a project is located within the boundary of a Redevelopment Project Area Master 
Plan (RPAMP), the stormwater management requirements in the RPAMP take 
precedence over the control measures and performance criteria specified in this 2011 
TGM. A stormwater agency may apply to the Regional Water Quality Control Board 
for approval of a RPAMP in consideration of exceptional site constraints that inhibit 
site-by-site or project-by-project implementation of post-construction requirements. 
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Step 2: Assess Site 
Conditions 

(See Section 3.1)

Step 3: Apply Site 
Design Principles and 

Techniques

(See Section 4)

Step 4: Apply Source 
Controls Measures

(See Section 5)

Step 5: Apply BMPs to Reduce EIA to 
≤5% through:

• Onsite Infiltration, Reuse, and 
Evapotranspiration Retention BMPs

or (if  Retention BMPs are Technically 
Infeasible (see Section 3.2))

• Biofiltration

(See Figure 2-2)

No

Step 8: Continue Project Design 
Process:

• Flood Control
• Hydromodification Control

(See Section 2.9)

Step 9: Develop 
Maintenance Plan

(See Section 7)Yes

Does the Project 
Qualify for 
Alternative 

Compliance?
(See Section 2-7)

Step 7: Apply Treatment 
Control BMPs to Treat 

Remaining SQDV or SQDF

(See Section 2.8 and Section 
3.3)

Step 1: Determine 
Project 

Applicability?
(See Section 1.5)

No

Step 1b & c:
Is the Project a Single-
Family Hillside Home or

Streets, Roads, 
Highways and Freeway 
Construction ≥ 10,000 

ft2 of Impervious Cover?

Yes

Not Applicable

Stormwater Agency 
Staff Review –

Provide Specific 
Stormwater Controls, 

if Required

See Specific 
Requirements 

Outlined in Section 
2.2

Yes

Step 1a:
Is Project 

Located within 
an Approved 

RPAMP?

See Specific 
Requirements 
Outlined within 

RPAMP

Yes

No

Yes
Meet 

Requirement 
to Reduce EIA 

to ≤5%?

No

Redesign Project

Step 6: Alternative Compliance

(See Figure 2-3)

 
Figure 2-1: Stormwater Management Control Measures Design Decision Flowchart 
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Step 1b: Single-Family Hillside Homes 

Single-family hillside home projects have specific requirements separate from other 
new development and redevelopment project categories. These requirements only 
apply to single-family hillside homes that disturb less than 1 acre and that add less 
than 10,000 square feet of impervious surface area. If the project is equal to 1 acre or 
greater of disturbed area that adds more than 10,000 square feet of impervious 
surface area, then project must comply with Steps 2 through 9. 

According to Order R4-2010-0108, a hillside is defined as: 

“Property located in an area with known erosive soil conditions, where the 
development will result in grading on any slope that is 20% or greater or an 
area designated by the Municipality under a General Plan or ordinance as a 
‘hillside area.’" 

The measures presented in this substep comprise the performance standard for 
single-family hillside home new development and redevelopment projects and apply 
to the entire lot (additional information on these measures may be found in Section 4 
and Section 5). 

Conserve Natural Areas 

Each project site possesses unique topographic, hydrologic and vegetative features, 
some of which are more suitable for development than others. Locating development 
on the least sensitive portion of a site and conserving naturally vegetated areas can 
minimize environmental impacts in general and stormwater runoff impacts in 
particular.   

The following measures are required and should be included in the lot layout, 
consistent with applicable General Plan and Local Area Plan policies and if 
appropriate and feasible with the given site conditions: 

1) Concentrate or cluster improvements on the least-sensitive portions of the lot 
and leave the remaining land in a natural undisturbed state; at a minimum, 
sensitive portions of the lot should include areas covered under Clean Water Act 
Section 404 such as riparian areas and wetlands;  

2) Limit clearing and grading of native vegetation on the lot to the minimum area 
needed to build the home, allow access, and provide fire protection; and 

3) Maximize trees and other vegetation at the site by planting additional vegetation, 
clustering tree areas, and promoting the use of native and/or drought-tolerant 
plants. 
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Protect Slopes and Channels 

Erosion of slopes and channels can be a m ajor source of sediment and associated 
pollutants such as nutrients, if not properly protected and stabilized.  

Slope Protection 

Slope protection practices must conform to local permitting agency erosion and 
sediment control standards and design requirements. The post-construction design 
criteria described below are intended to enhance and be consistent with these local 
standards. 

1) Slopes must be protected from erosion by safely conveying runoff from the tops 
of slopes.  

2) Slopes must be vegetated by first considering the use of native or drought-
tolerant species.  

Channel Protection 

The following measures should be implemented to provide erosion protection to 
unlined receiving streams on the lot. Activities and structures must conform to 
applicable permitting requirements, standards, and specifications of agencies with 
jurisdiction (i.e., U.S. Army Corps of Engineers, California Department of Fish and 
Game, or Regional Water Quality Control Board). 

1) Use natural drainage systems to the maximum extent practicable, but minimize 
runoff discharge to the maximum extent practicable. 

2) Stabilize permanent channel crossings.  

3) Install energy dissipaters, such as rock riprap, at the outlets of storm drains, 
culverts, conduits or channels that discharge into unlined channels.  

Provide Storm Drain System Stenciling and Signage 

Storm drain message markers or placards are required at all storm drain inlets 
within the project boundary. The signs should be placed in clear sight facing anyone 
approaching the inlet from either side. All storm drain inlet locations must be 
identified on the development site map.  

Some local agencies within the County have approved storm drain message placards 
for use. Consult local permitting agency stormwater staff to determine specific 
requirements for placard types and installation methods.  
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Divert Roof Runoff and Surface Flows to Vegetated Area(s) or Collection System(s), 
Unless the Diversion Would Result in Slope Instability 

Disconnecting downspouts divert water from 
roof gutters to (1) vegetated pervious areas of 
the site in order to allow for infiltration, 
storage, evapotranspiration (i.e., evaporation 
and uptake of water by plants), and treatment, 
or (2) a rainwater collection system (e.g., a 
rain barrel or a cistern). Disconnected 
downspouts differ from conventional 
downspout systems that provide a direct 
connection of roof runoff to stormwater 
conveyance systems (storm drains), which 
quickly collect and convey stormwater away 
from the site. “Flow spreading” is a technique 
used to spread runoff from rooftops, 
sidewalks, patios, and driveways out over a 
vegetated pervious area, rather than 
concentrating and conveying the runoff 
directly to a stormwater conveyance system. 

Dispersion methods include splash blocks, gravel-filled trenches, or other methods 
which serve to spread runoff over vegetated pervious areas. Sheet flow dispersion is 
the simplest method and can be used for any impervious or pervious surface that is 
graded so as to avoid concentrating flows. Because flows are already dispersed as 
they leave the surface, they only need to traverse through a narrow band of adjacent 
vegetation for the runoff to be effectively attenuated and treated. 

The following requirements apply to runoff diversion: 

• Vegetated flowpaths for the diverted flows should be at least 25 feet in length, 
measured from the diversion location to the downstream property line, 
structure, steep slope, stream, wetland, or impervious surface. The vegetated 
flowpath must be covered with well-established lawn or pasture, landscaping 
with well-established groundcover, or native vegetation with natural 
groundcover. The groundcover should be dense enough to help disperse and 
infiltrate flows and to prevent erosion. 

• If the vegetated flowpath (measured as defined above) is less than 25 feet, a 
perforated stub-out connection may be used in lieu of downspout dispersion. 
A perforated stub-out connection is a length of perforated pipe within a 
gravel-filled trench that is placed between roof downspouts and a stub-out to 
the local drainage system. A perforated stub-out may also be used where 
implementation of downspout dispersion might cause erosion or flooding 
problems, either onsite or on adjacent lots. This provision might be 

Diverted Roof Runoff 
City of Santa Barbara 
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appropriate, for example, for lots where dispersed flows might pose a 
potential hazard for lower lying lots or adjacent offsite lots. Location of the 
connection should be selected to allow a m aximum amount of runoff to 
infiltrate into the ground (ideally a dry location on the site that is relatively 
well drained). To facilitate maintenance, the perforated pipe portion of the 
system should not be located under impervious or heavily compacted (e.g., 
driveways and parking areas) surfaces. The use of a perforated stub-out in 
lieu of downspout dispersion may be determined by the Local permitting 
agency. 

• In general, if the ground is sloped away from the foundation and there is 
adequate vegetation and area for effective dispersion, splash blocks will 
adequately disperse stormwater runoff. If the ground is fairly level, if the 
structure includes a basement, or if foundation drains are proposed, splash 
blocks with downspout extensions may be a better choice because the 
discharge point is moved away from the foundation. Downspout extensions 
may include piping to a splash block/discharge point a considerable distance 
from the downspout, as long as the runoff can travel through a well-vegetated 
area as described above. 

• No erosion or flooding of downstream properties may result. 

• Runoff discharged towards steep slopes or landslide hazard areas, including 
perforated stub-out connections, must be evaluated by a geotechnical 
engineer or qualified geologist. The discharge point may not be placed on or 
above slopes greater than 20% or above erosion hazard areas without 
evaluation by a geotechnical engineer or qualified geologist and jurisdiction 
approval. 

• For sites with septic systems, the discharge point must be down gradient of 
the drainfield primary and reserve areas. This requirement can be waived by 
the jurisdiction's permit review staff if site topography clearly prohibits flows 
from intersecting with the drainfield.  

Step 1c: Roadway Projects 

Roadway projects have specific requirements separate from other new development 
and redevelopment project categories. The measures presented in this substep 
comprise the performance standard for street, roadway, highway, and freeway 
projects. Section 4.E.II of Order R4-2010-0108 requires street, roadway, highway, 
and freeway projects that construct 10,000 square feet or more of impervious surface 
area, to incorporate USEPA guidance regarding Managing Wet Weather with Green 
Infrastructure: Green Streets to the maximum extent practicable. 

The following requirements apply to the impervious area within the right-of-way 
associated with public streets, roads, highways, and freeways projects and the streets 
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that are part of a larger private project. These requirements do not apply to routine 
maintenance activities that are conducted to maintain original line and grade, 
hydraulic capacity, original purpose of facility, or emergency redevelopment activity 
required to protect public health and safety. Impervious surface replacement, such as 
the reconstruction of parking lots and roadways, which does not disturb additional 
area and maintains the original grade and alignment, is considered a r outine 
maintenance activity. Agencies’ flood control, drainage, and wet utilities projects that 
maintain original line and grade or hydraulic capacity are considered routine 
maintenance. Also, the requirements do not apply to the repaving of existing roads to 
maintain original line and grade. 

Minimum requirements for the impervious area within the right-of-way associated 
with streets, roads, highways, and freeways are as follows: 

1) Provide Retention BMPs or Biofiltration BMPs sized to capture and treat the 
Stormwater Quality Design Volume (SQDV) or the Stormwater Quality design 
Flow (SQDF) (see Step 7 for guidance on calculating the SQDV and SQDF).  

Additional Treatment Control Measures may be integrated into roadway projects 
if they are used in a treatment train approach with Retention BMPs or 
Biofiltration BMPs to address the pollutants of concern (see Section 3.3). 

2) Projects should apply the following measures to the maximum extent practicable 
and as specified in the local permitting agency's codes: 

• Minimize street width to the appropriate minimum width for maintaining 
traffic flow and public safety; 

• Use porous pavement or pavers for low traffic roadways, on-street parking, 
shoulders or sidewalks; and 

• Add tree canopy by planting or preserving trees and shrubs. 

2.3 Step 2: Assess Site Conditions 

The next step is to collect site information that is critical for the selection and 
implementation of Retention BMPs, Biofiltration BMPs, and Treatment Control 
Measures. The following information should be documented: topography, soil type 
and geology, groundwater, geotechnical considerations, offsite drainage, existing 
utilities, and Environmentally Sensitive Areas.  I n addition, soil and infiltration 
testing should be conducted. Detailed guidance on assessing site conditions can be 
found in Section 3.1. 

2.4 Step 3: Apply Site Design Principles and Techniques 

The third step is to apply Site Design Principles & Techniques (see Section 4). The 
implementation of LID requires an integrated approach to site design and 
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stormwater management. Traditional approaches to stormwater management 
planning within the site planning process are not likely to achieve the LID 
performance standard of the MS4 Permit. The use of the site planning techniques 
presented in Section 4 (Site Design Principles & Techniques) will help generate a 
more hydrologically functional site, maximize the effectiveness of Retention BMPs, 
and integrate stormwater management throughout the site. 

The following criteria should be considered during the early site planning stages: 

• Retention BMPs should be considered as early as possible in the site planning 
process. Hydrology should be a key principle that is integrated into the initial 
site assessment planning phases.  Where flexibility exists, conceptual 
drainage plans should attempt to route water to areas suitable for Retention 
BMPs. 

• A multidisciplinary approach at the initial phases of the project is 
recommended and should include planners, engineers, landscape architects, 
and architects. 

• Individual Retention BMPs should be distributed throughout the project site 
as feasible and may influence the configuration of roads, buildings and other 
infrastructure. 

• The project must demonstrate disconnection of impervious surface such that 
the 5% EIA requirement is achieved. If fully meeting the 5% EIA requirement 
using Retention BMPs is not technically feasible, the project must still utilize 
Retention BMPs to the maximum extent practicable. 

• Flood and hydromodification control should be considered early in the design 
stages. Even sites with Retention BMPs will still have runoff that occurs 
during large storm events, but Retention facilities can have flood and 
hydromodification control benefits. It may be possible to simultaneously 
address flood and hydromodification control requirements through an 
integrated water resources management approach. 

Perhaps the most important aspect of site planning is allowing sufficient space for 
Retention BMPs in areas that can physically accept runoff.  A simple rule of thumb is 
to allow 3 to 10 percent of the tributary impervious area (depending on how well the 
soils drain and then allow for more area with less infiltrative soils) for infiltration 
BMPs and 3 to 5 percent for biofiltration in preliminary design to achieve the 5% 
Effective Impermeable Area (EIA) standard.   

2.5 Step 4: Apply Source Control Measures 

All applicable projects must implement applicable Source Control Measures. Source 
Control Measures are operational practices that reduce potential pollutants at the 
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source. They typically do not require maintenance or significant construction. 
Guidance on Source Control Measures can be found in Section 5.  

2.6 Step 5: Apply BMPs to Reduce EIA to ≤5% 

According to Order R4-2010-0108, 
Applicable projects must reduce Effective 
Impervious Area (EIA) to less than or equal 
to five percent (≤5%) of the total project area, 
unless infeasible. Impervious surfaces are 
rendered “ineffective” if the design storm 
volume is fully retained onsite using either 
infiltration, rainwater harvesting, and/or 
evapotranspiration Retention BMPs. 
Biofiltration BMPs may be used to achieve 
the 5% EIA standard if Retention BMPs are 
technically infeasible (see Section 3.2). This 
section and Figure 2-2 describe the process 
for reducing EIA to ≤5%.  Refer to Section 2.7 
if Retention BMPs and/or Biofiltration BMPs 
cannot feasibly be used to meet the 5% EIA 
standard (see Section 3.2).  

Step 5a: Calculate Allowable EIA 

EIA is defined as impervious area that is hydrologically connected via sheet flow over 
a hardened conveyance or impervious surface without any intervening medium to 
mitigate flow volume. Connected impervious areas efficiently transport runoff 
without allowing infiltration. Often in urban areas, runoff from connected 
impervious surfaces is immediately directed into a stormwater conveyance system 
where it is further connected and efficiently transported to an outfall (stormwater 
conveyance system outlet). For example, in this illustration, the rooftop is directly 
connected via a roof drain and underground solid drain pipe to the storm drain in the 
street (Note that the sanitary sewer is separate from the storm sewer). The roadway 
drains to the storm drain through the catch basin. The roof area and roadway area 
would be considered EIA. 

  

Effective Impervious Area 
Victoria, BC Capital Regional District 
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Total Impervious Area (TIA) Pervious Area

Step 5a: Calculate Allowable Effective 
Impervious Area:

EIAallowable = Aproject x 0.05 (Eq.2-1)

Step 5b: Calculate Area To Be Retained
ARetain = TIA – EIAallowable (Eq. 2-2)

Project Area (Aproject)

5%
 E

IA Developed Pervious
(Landscaping)

Step 5c: Calculate Volume To Be Retained
Vretain = C x ARetain x 0.75 in 

(Eq. 2-3)

Did Onsite 
Retention BMPs 
Achieve VRetain?

Step 7: Provide Treatment 
Control BMPs to Treat 

Remaining SQDV or SQDF
(See Section 2.8 and Section 

3.3)
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C
om

pl
ia

nc
e 

w
/ E

IA
, G

o 
To

 S
te

p 
7

Yes

No

Yes

Redesign Project

Yes

Step 5d: Select and Size Onsite 
Infiltration, Reuse, and 

Evapotranspiration Retention BMPs

Step 5e: Biofilter to Reduce Remaining 
EIA to ≤5%, VBiofilter (Eq.2-4)

NoMeet Infeasibility 
Criteria?

(see Section 3.2)

No

EIA 
Allowed

EIA Retained

Does the Project 
Qualify for 
Alternative 

Compliance?

Step 6: Alternative 
Compliance

(See Figure 2-3)

No

Yes

 
 

Figure 2-2: Apply BMPs to Reduce EIA to ≤5% Process Flow Chart  
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The allowable EIA for a project site should be calculated as follows: 

EIAallowable = (Aproject)*(%allowable)  (Equation 2-1) 

Where: 

EIAallowable  = the maximum impervious area from which runoff 
can be treated and discharged offsite [and not 
retained onsite] (acres) 

Aproject  = the total project area (acres).  

 

%allowable  = 5 percent 

Step 5b: Calculate Impervious Area to be Retained 

The impervious area from which runoff must be retained onsite is the total 
impervious area minus the EIAallowable, which should be calculated as follows: 

ARetain = TIA – EIAallowable = (IMP*Aproject ) – EIAallowable (Equation 2-2) 

Where: 

ARetain  = the drainage area from which runoff must be 
retained (acres) 

TIA  = total impervious area (acres) 

“Total project area” (or “gross project area”) for new development and redevelopment 
projects is defined as the disturbed, developed, and undisturbed portions within the 
project’s property (or properties) boundary, at the project scale submitted for first 
approval. Areas proposed to be permanently dedicated for open space purposes as part 
of the project are explicitly included in the "total project area." Areas of land precluded 
from development through a restrictive covenant, conservation easement, or other 
recorded document for the permanent preservation of open space prior to project 
submittal shall not be included in the "total project area."    

“Impervious surface” is a man-made hard surface area which causes water to run off the 
surface in greater quantities or at an increased rate of flow from the flow present under 
natural conditions prior to development. Common impervious surfaces include, but are 
not limited to, rooftops, walkways, patios, driveways, parking lots or storage areas, 
concrete or asphalt paving, compacted gravel roads, packed earthen materials, and 
oiled, macadam or other surfaces which similarly impede the natural infiltration of 
stormwater. Open, uncovered retention/detention facilities and exposed bedrock shall 
not be considered as impervious surfaces for purposes of determining EIA retention 
volume. 
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EIAallowable  = the maximum impervious area from which runoff 
can be treated and discharged offsite [and not 
retained onsite] (acres). 

IMP =  imperviousness of project area (%)/100 

Aproject = the total project area (acres) 

 

Step 5c: Calculate the Volume to be Retained (SQDV) 

All Retention BMPs used to render impervious surfaces "ineffective" should be properly 
sized to retain the volume of water that results from the water quality design storm. 
The design storm volume, referred to in the TGM as the Stormwater Quality Design 
Volume (SQDV) shall be calculated using the following four allowable methodologies: 

1) The 85th percentile 24-hour runoff event determined as the maximized capture 
stormwater volume for the area using a 48 to 72-hour draw down time, from the 
formula recommended in Urban Runoff Quality Management, WEF Manual of 
Practice No. 23/ASCE Manual of Practice No. 87, (1998); or 

2) The volume of annual runoff based on unit basin storage water quality volume to 
achieve 80 percent or more volume treatment; or 

3) The volume of runoff produced from a 0.75 inch storm event; or 

4) Eighty (80) percent of the average annual runoff volume using an appropriate 
public domain continuous flow model [such as Storm Water Management Model 
(SWMM) or Hydrologic Engineering Center – Hydrologic Simulation Program – 
Fortran (HEC-HSPF)], using the local rainfall record and relevant BMP sizing 
and design data. 

Note: Examples used throughout the 2011 TGM use the 0.75 inch storm event 
(Methodology #3). 
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EXAMPLE 2-1: EIA CALCULATION 

Given: 10 acre total project area, 55% impervious, 25% landscaped, 20% 
undisturbed, percent allowable EIA = 5%. 

EIAallowable = 10 * 0.05 = 0.5 acres 

ARetain = (0.55*10) – 0.5 = 5.0 acres 

Atreatment = (0.25*10) + 0.5 = 3.0 acres 

The maximum EIA allowed for the site is 0.5 acres, from which the generated runoff 
must be treated prior to discharge, in addition to the runoff from the 2.5 acres 
landscaped area, up to the design storm volume or flow rate. The runoff volume 
generated from the remaining 5 acre impervious area (ARetain) must be retained 
onsite via infiltration, rainwater harvesting, and/or evapotranspiration Retention 
BMPs.  

Atreatment equals the EIA allowed for the site plus the landscaped area. 

 
             Note: graphic not to scale; for illustration purposes only 

 

The runoff volume that is to be retained onsite should be calculated using Equation 
2-3 below: 

VRetain = C*(0.75/12)*Aretain     (Equation 2-3) 

Where: 

VRetain =  the stormwater quality design volume (SQDV) that 
must be retained onsite (ac-ft) 
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C =  runoff coefficient (equals o.95 for impervious 
surfaces) 

0.75    = the design rainfall depth (in) [based on SQDV sizing 
method 3] 

ARetain =  the drainage area from which runoff is retained 
(acres), calculated using Equation 2-2 

 

Step 5d: Select and Size Onsite Retention BMPs to Achieve 5% EIA 

The next step is to select and size Retention BMPs, based on the site assessment 
design, and constraints. Section 3-4 provides guidance on the selection of Retention 
BMPs. The project must demonstrate disconnection of impervious area such that the 
5% EIA requirement is achieved. 

Step 5e: Select and Size Biofiltration BMPs to Reduce EIA to ≤5% 

Retention BMPs shall be used onsite to the maximum extent practicable. 
Pretreatment BMPs shall be provided for all infiltration BMPs and other Retention 
BMPs as needed (see Section 6.1). 

New development and redevelopment projects that demonstrate technical 
infeasibility for reducing EIA to ≤5% using Retention BMPs are eligible to use 
Biofiltration BMPs to achieve the EIA performance standard.  

The project applicant shall demonstrate technical infeasibility by submitting a site-
specific analysis conducted and endorsed by a registered professional engineer, 
geologist, architect, and/or landscape architect. Section 3.2 discusses technical 
feasibility screening criteria. Projects that cannot demonstrate technical infeasibility 
shall meet the requirement to reduce EIA to ≤5% using Retention BMPs. Otherwise 
project applicants must examine other options for meeting the requirements, such as 
redesigning the site. 

Volume-based biofiltration BMPs shall be sized to treat 1.5 times the volume not 
retained using Retention BMPs.  

EXAMPLE 2-2: RETENTION VOLUME CALCULATION 

Given: ARetain = 5.0 acres (from Example 2-1); runoff coefficient (C) = 0.95 

 VRetain = 0.95*(0.75/12)*5.0 acres= 0.3 acre-feet 

The project must retain at least 0.3 acre-feet of runoff from impervious surfaces 
using Retention BMPs. 
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The onsite biofiltered volume (VBiofilter), should be calculated as follows: 

VBiofilter = (VRetain - VAchieved) * 1.5 (Equation 2-4) 

Where: 

VBiofilter = the volume that must be captured and treated in a 
Biofiltration BMP (ac-ft) 

VRetain  =  the stormwater quality design volume (SQDV) that 
must be retained (ac-ft) (established in Step 5c) 

VAchieved =  the volume retained onsite using Retention BMPs 
(ac-ft) 

EXAMPLE 2-3: BIOFILTRATION VOLUME CALCULATION 

 

Given: VRetain = 0.3 ac-ft (from Example 2-2); VAchieved = 0.25 ac-ft 

 VBiofilter = (0.3 – 0.25) * 1.5 = 0.075 ac-ft 

If the project applicant has demonstrated technical infeasibility, the remaining EIA 
requirement may be met by biofiltering 1.5 times the remaining VRetain. In this case, 
the Biofiltration BMP must be sized to treat 0.075 ac-ft. 

 

If the project applicant has demonstrated technical infeasibility, the remaining EIA 
requirement may also be satisfied with flow-based Biofiltration BMPs. Flow-based 
Biofiltration BMPs shall be sized for the remaining drainage area from which runoff 
must be retained (ARetain) using the methodology described in Section 2.8, 
Stormwater Quality Design Flow, with a rainfall intensity that varies with time of 
concentration for the catchment tributary to the flow-based Biofiltration BMP, 
according to Table 2-1. 

Table 2-1: Flow-Based Biofiltration BMP Design Intensity for 150% Sizing 

Time of Concentration, minutes Design Intensity for 150% Sizing, in/hr 

30 0.24 

20 0.25 

15 0.28 

10 0.31 

5 0.35 
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Time of concentration should be determined using the methodology provided in the 
Ventura County Hydrology Manual. 

2.7 Step 6: Alternative Compliance 

Certain new development and redevelopment project types are eligible for alternative 
compliance measures if onsite Retention BMPs and/or Biofiltration BMPs cannot 
feasibly be used to meet the 5% EIA standard (see Section 3.2). Such projects 
include:  

1) Redevelopment projects (as defined in Section 1.5). 

2) Infill projects. Infill projects meet the following conditions: 

a. The project is consistent with applicable general plan designation, and all 
applicable general plan policies, and applicable zoning designation and 
regulations; 

b. The proposed development occurs on a project site of no more than five 
acres substantially surrounded by urban uses;  

c. The project site has no value as habitat for endangered, rare, or 
threatened species; 

d. Approval of the project would not result in any significant effects relating 
to traffic, noise, air quality, or water quality; and 

e. The site can be adequately served by all required utilities and public 
services (modified from State Guidelines § 15332). 

3) Smart Growth projects. Smart Growth projects are defined as new 
development and redevelopment projects that occur within existing urban 
areas2 (see maps in Appendix B) designed to achieve the majority of the 
following principles3: 

a. Create a range of housing opportunities and choices; 

b. Create walkable neighborhoods; 

c. Mix land uses; 
                                                        
 

2 Existing urban areas and corresponding maps in Appendix B are based on the cities’ City Urban Restriction 
Boundaries (CURB) lines and in the case of the unincorporated County, the Existing Community designation. 
These boundaries are a growth management tool intended to channel growth and protect agricultural and open-
space land. The 2011 TGM utilizes existing urban areas (as defined in Appendix B) to provide parameters around 
eligibility for alternative compliance in two areas: 1) Smart Growth and 2) low income housing projects.   
3 Adapted from the Smart Growth Network’s Smart Growth Principles in cooperation with the U.S. 
Environmental Protection Agency. 
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d. Preserve open space, natural beauty, and critical areas; 

i. Farmland preservation may also be considered for projects 
occurring outside existing urban areas (as defined by the Appendix 
B maps). 

e. Provide a variety of transportation choices; 

i. Includes transit oriented development (development located within 
an average 2,000 foot walk to a bus or train station).4 

f. Strengthen and direct development towards existing communities (as 
defined by Appendix B maps); and 

g. Take advantage of compact building design. 

The City or County Planning Division in which a project is proposed will 
ultimately determine whether a project meets these Smart Growth criteria. 

4) Pedestrian/bike trail projects: 

 Located along side of a road and 

 Where right-of-way width is inadequate for the implementation of 
Retention and/or Biofiltration BMPs. 

5) Agency flood control, drainage, and wet utilities projects: 

 Located within waterbody and is therefore not increasing functional 
impervious cover; or 

 Located on top of a nar row flood control feature (such as a l evee) and 
space is unavailable for the implementation of Retention and/or 
Biofiltration BMPs; or 

 Where the integrity of the flood control feature (such as a dam or levee) 
may be compromised through Retention and/or Biofiltration BMPs (e.g., 
infiltration of stormwater is not appropriate in a levee). 

6) Historical preservation projects: 

 Where the extent of the designated preservation area restricts the amount 
of land available for the implementation of Retention BMPs. 

                                                        
 

4 Calthorpe, P. (1993), “The next American metropolis: Ecology, community, and the American dream”, New 
York: Princeton Architectural Press.  

RB-AR9369



STORMWATER MANAGEMENT STANDARDS 

Technical Guidance Manual for 2-18 July 13, 2011  
Stormwater Quality Control Measures 2011   

7) Low income housing projects that occur within existing urban areas (as 
defined by the maps provided in Appendix B): 

 Where density requirements restrict the amount of land available for 
the implementation of Retention BMPs and/or 

 Where project financing constraints restrict the amount of land 
available for the implementation of Retention BMPs. 
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Determine “Mitigation Volume”

[Volume of Runoff Associated with 5% EIA (-) 
Volume of Runoff Associated with the EIA Achieved 

Onsite (≤ 30% EIA)]

(See Section 2.7)

Offsite Mitigation Project
• Retain or Biofilter Mitigation Volume at an 

Offsite Location
• Mitigation Must be Located within Same 

Hydrologic Area as Proposed Development 
Project (see Appendix B)

• Contact Local Agency Before Proceeding

Calculate  the Maximum Feasible EIA Reduction

Yes

Offsite Mitigation Fee
• Contact Local Agency for More Information

• May Not Be Available in All Jurisdictions

Is it Feasible to Reduce EIA 
to ≤30%?

Determine “Mitigation Volume”
Mitigation for Runoff Associated with >30% 

EIA must be 1.5 times the amount of 
stormwater not managed onsite

[Volume of Runoff Associated with 5% EIA (-) 
Volume of Runoff Associated with the EIA 

Achieved Onsite (≤ 30% EIA)]
+ 

[(Volume of Runoff Associated with >30% EIA (-) 
Volume of Runoff Associated with the Actual EIA 

Achieved Onsite)* 1.5]

(See Section 2.7)

No

Step 7: Provide Treatment Control BMPs to Treat 
Remaining SQDV or SQDF

(See Section 2.8 and Section 3.3)

OR

 

Figure 2-3: Alternative Stormwater Management Control Measures Compliance 
Decision Flow Chart 
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Projects in these categories must demonstrate that full compliance with the 5% EIA 
standard using Retention BMPs and Biofiltration BMPs is infeasible prior to moving 
to the alternative compliance flowchart (Figure 2-3) and selecting an offsite 
mitigation alternative. Section 3.2 provides infeasibility criteria.  

Stormwater runoff from impervious surfaces and developed pervious surfaces that is 
not fully retained onsite (up to the SQDV) shall be mitigated using Treatment Control 
Measures [Chapter 6] selected per the BMP selection process outlined in Section 3.3, 
in addition to offsite alternative compliance measures. 

Alternative compliance may be met through two options: 

• Offsite mitigation project; or 

• Offsite mitigation fee. 

In either case, the Project applicant must contact the local approval agency before 
proceeding with Alternative Compliance. 

Mitigation Volume 

Projects requesting alternative compliance must demonstration that EIA has been 
reduced to the maximum extent practicable. Additionally, the SQDV or SQDF from 
all directly connected impervious area and the developed pervious project area must 
be captured and treated within the project site.  
 
Alternative compliance options will be based on the “mitigation volume.” The 
mitigation volume is the difference between the volume of runoff associated with 5% 
EIA and the volume of runoff associated with the actual EIA achieved onsite less than 
or equal to 30% (≤30%) EIA. The offsite mitigation requirement for EIA in excess of 
30% (>30%) is 1.5 times the amount of stormwater not managed onsite.  

Projects Feasible to Reduce EIA to ≤ 30% 

1) Determine the volume of runoff that is retained and biofiltered onsite (VRet/Bio), 
using Equation 2-5 below: 

VRet/Bio = (VAchieved+ (VBiofiltered/1.5))                                 (Equation 2-5) 

Where: 

VRet/Bio =  the total volume of runoff retained and/or 
biofiltered onsite using Retention and Biofiltration 
BMPs 
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VAchieved =  the runoff volume retained onsite using Retention 
BMPs as calculated in Equation 2-4 

VBiofiltered =  the runoff volume biofiltered onsite 

2) Determine the Mitigation Volume (VMitigation), using Equation 2-6 below: 

VMitigation = VRetain - VRet/Bio (Equation 2-6) 

Where: 

VMitigation   =  the volume of runoff that must be mitigated offsite 

VRetain       =  the SQDV that must be retained onsite per the 5% EIA 
requirement calculated in Equation 2-3 

VRet/Bio      = the total volume of runoff retained and/or biofiltered 
onsite using Retention and Biofiltration BMPs 
calculated in Equation 2-5 
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EXAMPLE 2-4: ≤30% EIA OFFSITE MITIGATION VOLUME CALCULATION 

Given: VRetain = 0.3 ac-ft (from Example 2-2); VRetained = 0.25 ac-ft; VBiofiltered = 0.06 ac-
ft 

1) Calculate volume of runoff retained and biofiltered onsite (VRet/Bio ). 

VRet/BioBio  = 0.25 + (0.06/1.5) = 0.29 ac-ft         [See Equation 2-5] 

2) Calculate Mitigation Volume: (VMitigation): 

VMitigation = 0.3– 0.29 = 0.01 acre-feet                  [See Equation 2-6] 

The required offsite mitigation volume is 0.01 ac-ft.   
 
In addition, the SQDV or SQDF from the EIA (0.5 acres) and the developed pervious 
area (10 acres *25% = 2.5 acres) must be captured and treated in an ap proved 
Treatment Control Measure. 
 

SQDV (acre-feet) =  C*(0.75/12)*3 acres 

OR 

SQDF (cfs) = C * 0.20 in/hr * 3 acres 
 

Note: Per Order R4-2010-0108, several options exist to determine the SQDV and 
SQDF. Examples used throughout the 2011 TGM use the 0.75 inch storm event (SQDV 
Methodology #3) for the SQDV and 0.2 inches per hour intensity for the SQDF (SQDF 
Methodology #1). For these examples, the 10-acre project site is assumed to be in a 
location where the 85th percentile storm event is equal to 0.75 inches. 

 

Projects with EIA > 30% 

For the scenario where the effective impervious area of the project is greater than 
30% due to infeasibility, the runoff volume associated with the effective impervious 
area up to 30% must be mitigated offsite at a one-to-one ratio and the runoff volume 
associated with the effective impervious area greater than 30% must be mitigated off-
site at 1.5 times the volume.  

1) Determine the area of the impervious portion of the drainage area from which 
runoff is retained or biofiltered at 30% EIA (A30%EIA), using Equation 2-7 below: 

A30%EIA = (IMP*Aproject ) – (30%*Aproject) (Equation 2-7) 

 Where: 
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A30%EIA = the impervious portion of the drainage area from 
which runoff would have been retained or 
biofiltered at 30% EIA (acres) 

IMP =  total imperviousness of project area (%)/100 

Aproject = the total project area (acres) 

2) Determine the total volume that would have been retained or biofiltered onsite at 
30% EIA (V30%EIA), using Equation 2-8 below: 

V30%EIA =   C*(0.75/12)*A30%EIA     (Equation 2-8) 

Where: 

V30%EIA        =  the stormwater quality design volume (SQDV) 
retained or biofiltered at 30% EIA (note: for the 
purposes of this calculation, the biofiltered volume 
does not include the 1.5 multiplier) 

C =  runoff coefficient [equals o.95 for impervious 
surfaces] 

0.75    = the design rainfall depth (in) [based on SQDV sizing 
method 3] 

A30%EIA =  the impervious area from which runoff would have 
been  retained or biofiltered at 30% EIA (acres) [See 
Equation 2-7] 

3) Determine the impervious area from which runoff is actually retained (AActualEIA). 
This is the total amount of impervious area that drains to properly sized 
Retention or Biofiltration BMPs. 

AActualEIA = (IMP*Aproject ) – (EIA%*Aproject) (Equation 2-9) 

Where: 

AActualEIA = the impervious portion of the drainage area from 
which runoff is retained or biofiltered using the 
actual EIA achieved on-site (acres) 

IMP =  total imperviousness of project area (%)/100 

Aproject = the total project area (acres) 

EIA% = percent EIA actually achieved on-site 
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4) Determine the volume that is actually retained onsite (VActualEIA), using Equation 
2-10 below: 

VActualEIA =  C*(0.75/12)*AAcutalEIA     (Equation 2-10) 

Where: 

VAcutalEIA    =  the stormwater quality design volume (SQDV) that 
is retained and/or biofiltered onsite C = 
 runoff coefficient [equals o.95 for impervious 
surfaces] 

0.75    = the design rainfall depth (in) [based on SQDV sizing 
method 3] 

AActualEIA =  the area associated with the Actual EIA achieved 
onsite, (i.e.,  the area from which runoff is retained 
or biofiltered (acres) [See # 3 above] 

Determine the Mitigation Volume for 30% EIA using Equation 2-11 below: 

VMitigation30% =  VRetain - V30%EIA (Equation 2-11) 

 Where: 

VMitigation30%  =  the mitigation volume for Project site with 30% EIA 

VRetain           =  the SQDV that must be retained onsite per the 5% 
EIA requirement, calculated using Equation 2-3 

V30%EIA         =  the runoff that would have been retained and/or 
biofiltered at 30% EIA (note: for the purposes of this 
calculation, the biofiltered volume does not include 
the 1.5 multiplier), calculated using Equation 2-8 

Determine the Mitigation Volume for >30% (EIA VMitigation>30%), using Equation 2-12 
below: 

VMitigation>30% = (V30%EIA - VActualEIA)*1.5 (Equation 2-12) 

Where: 

VMitigation>30%   =  the mitigation volume for >30% EIA 

V30%EIA            =  the stormwater quality design volume (SQDV) 
retained or biofiltered at 30% EIA (note: for the 
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purposes of this calculation, the biofiltered volume 
does not include the 1.5 multiplier) 

VActualEIA          =  the stormwater quality design volume (SQDV) that 
is actually retained and/or biofiltered onsite, 
calculated using Equation 2-9 

Determine the Total Mitigation Volume (VMitigationTotal), using Equation 2-13 below: 

VMitigationTotal = VMitigation>30% + VMitigation30% (Equation 2-13) 

Where: 

VMitigationTotal  =  the total mitigation volume for 30% EIA 

VMitigation>30% =  the mitigation volume for >30% EIA, calculated using 
Equation 2-11 

VMitigation30%  =  the mitigation volume for 30% EIA calculated using 
Equation 2-10. 

RB-AR9377



STORMWATER MANAGEMENT STANDARDS 

Technical Guidance Manual for 2-26 July 13, 2011  
Stormwater Quality Control Measures 2011   

EXAMPLE 2-5: >30% EIA OFFSITE MITIGATION CALCULATION 

 
Given: 40% EIA; 10 acre total project area, 55% impervious, 25% landscaped, 20% 
undisturbed; runoff coefficient (C) = 0.95; VRetain = 0.3 ac-ft  

 
1) Determine impervious area retained or biofiltered onsite at 30% EIA 

A30%EIA = ((55/100)*10) – ((30/100)*10) = 2.5 acres     [See Equation 2-7] 
 

2) Determine the volume that is retained or biofiltered onsite at 30% EIA 
V30%EIA = 0.95*(0.75/12)*2.5 = 0.15 ac-ft                          [See Equation 2-8] 
 

3) Determine the impervious area from which runoff is actually retained  
AActualEIA = ((55/100)*10) – ((40/100)*10) = 1.5 acres   [See Equation 2-9] 
 

4) Determine the volume that is actually retained or biofiltered onsite  
VActualEIA = 0.95*(0.75/12)*1.5 = 0.09 ac-ft                       [See Equation 2-10] 
 

5) Determine Mitigation Volume for 30% EIA 
VMitigation30% = 0.3 – 0.15 = 0.15 ac-ft                                   [See Equation 2-11] 
 

6) Determine Mitigation Volume for >30% 
VMitigation>30% = (0.15-0.09) *1.5 = 0.09 ac-ft                      [See Equation 2-12] 
 

7) Determine the Total Mitigation Volume 
VMitigationTotal = 0.15 + 0.09 = 0.24 ac-ft                               [See Equation 2-13] 
 

The required offsite mitigation volume is 0.24 ac-ft 
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Selecting Offsite Mitigation Projects 

Project applicants may identify offsite mitigation projects. Project applicants are 
responsible for completing offsite mitigation projects that will achieve equivalent 
volume and pollutant load reduction using Retention and/or Biofiltration BMPs 
sized for the mitigation volume. Offsite mitigation projects must adhere to the 
following criteria: 

• Offsite mitigation projects must be located within the same hydrologic area     
(see map in Appendix B) 

• Offsite mitigation projects must be completed as soon as possible and at the 
latest, within 4 years of the certificate of occupancy for the original project. 

Examples of Offsite Mitigation Projects 

Mitigation projects should target urbanized areas that were developed without 
stormwater mitigation. All projects must be approved by the local permitting agency 
and must adhere to the BMP Selection Criteria presented in Section 3.3 of the 2011 
TGM. Potential project types may include: 

• Convert a convex parking lot landscaped island into a depressed bioretention 
area designed to retain parking lot runoff. 

• Convert a traditionally-paved parking lot into porous pavement. 

• Modify an existing detention pond into a retention pond. 

• Install bioretention in bump-outs, in parkways, or in roadway medians. 

• Install bioretention in sidewalk areas to infiltrate roof, sidewalk, and/or 
roadway runoff. Sidewalks must be wide enough to permit foot traffic around 
bioretention area. 

• Incorporate infiltration BMPs into landscaped areas that collect runoff from 
impervious surfaces. 

• Regional BMPs. 

Offsite Mitigation Fee 

In some cases, Alternative Compliance may be achieved through an Offsite 
Mitigation Fee.  A l ist of offsite mitigation projects available for funding will be 
identified by the Approval Agencies. Applicants should contact their local Approval 
Agency for more information. The Offsite Mitigation Fee may not be available in all 
jurisdictions. 
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2.8 Step 7: Apply Treatment Control Measures 

Stormwater runoff from EIA and developed pervious surfaces shall be mitigated 
using Retention BMPs, Biofiltration BMPs, or Treatment Control Measures [Chapter 
6] selected per the BMP selection process outlined in Section 3.3. Biofiltration BMPs 
and Treatment Control Measures may be sized to meet the Stormwater Quality 
Design Volume (SQDV) or the Stormwater Quality Design Flow (SQDF). Treatment 
Control Measures should be designed in adherence with the guidance provided in 
Section 6 of the 2011 TGM in order to assure a level of pollutant removal comparable 
to those listed in Attachment “C” of Order R4-2010-0108 (also provided in Appendix 
D.1).  

Projects that are eligible for Offsite Mitigation must still provide treatment for all 
impervious surfaces and developed pervious areas using Treatment Control 
Measures sized to meet the SQDV or SQDF on site. Treatment Control Measures 
must be selected per the BMP selection process outlined in Section 3.3. 

Stormwater Quality Design Volume (SQDV) 

Volume-based Treatment Control Measures must be sized to capture and treat the 
runoff volume from the water quality design storm. The SQDV shall be calculated 
using the following four allowable methodologies: 

1) The 85th percentile 24-hour runoff event determined as the maximized capture 
stormwater volume for the area using a 48 to 72-hour draw down time, from the 
formula recommended in Urban Runoff Quality Management, WEF Manual of 
Practice No. 23/ASCE Manual of Practice No. 87, (1998); or 

2) The volume of annual runoff based on unit basin storage water quality volume to 
achieve 80 percent or more volume treatment; or 

3) The volume of runoff produced from a 0.75 inch storm event; or 

4) Eighty (80) percent of the average annual runoff volume using an appropriate 
public domain continuous flow model [such as Storm Water Management Model 
(SWMM) or Hydrologic Engineering Center – Hydrologic Simulation Program – 
Fortran (HEC-HSPF)], using the local rainfall record and relevant BMP sizing 
and design data. 

The allowable design storm calculation methodology for Treatment Control 
Measures, per Order R4-2010-0108, is determined by the total project disturbed land 
area, as summarized in Table 2-2 below.  
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Table 2-2: Allowed Design Storm Methodology Based on Project Size 

Project Size (Disturbed Land Area1) Allowed Design Storm Methodology 

Less than 5 acres  (1), (2), (3), or (4) 

5 acres - 50 acres  (1), (2), or (4) 

More than 50 acres (4) 

1 “Disturbed Area” means any area that is altered as a result of land disturbance, such as 
clearing, grading, grubbing, stockpiling or excavation. 

Instructions for calculating the SQDV based on method (3), the volume of runoff 
produced from a 0.75 inch storm event, are provided below. Instructions for 
calculating the SQDV for methods (1), (2), and (4) are provided in Appendix E. Note 
that Biofiltration BMPs must be sized to treat 1.5 times the volume not retained using 
Retention BMPs as indicated in Step 5e. 

Calculation Procedure 

1) Determine the area from which runoff must be retained or captured and treated 
(Aproject).  

2) Determine the runoff coefficient (C), using Equation 2-13 below: 

C = 0.95*imp + Cp (1-imp) (Equation 2-13) 

Where: 

C  =  runoff coefficient (equals o.95 for impervious 
surfaces) 

imp  =  impervious fraction of watershed 

Cp = pervious runoff coefficient, determined based on soil 
type using table below [see Ventura County 
Hydrology Manual (2006)]: 
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Table 2-3: Ventura Soil Type Pervious Runoff Coefficients 

Ventura Soil Type 
(Soil Number) Cp value 

1 0.15 

2 0.10 

3 0.10 

4 0.05 

5 0.05 

6 0 

7 0 

 

3) Determine the stormwater runoff design volume (SQDV), using Equation 2-14 
below: 

SQDV = C*(0.75/12)* Aproject  (Equation 2-14) 

Where: 

SQDV  =  the stormwater quality design volume (acre-feet) 

C =  runoff coefficient, calculated by Equation 2-13  

0.75    = the design rainfall depth (in) [based on sizing 
method (3)]Atrib 

Aproject =  drainage area of the tributary catchment (acres)  

Stormwater Quality Design Flow (SQDF) 

For the purposes of the 2011 TGM, instructions for calculating the SQDF based on 
method (1), the flow of runoff produced from a rainfall event equal to at least 0.2 
inches per hour intensity, are provided below. Instructions for calculating the SQDF 
for methods (2), and (3) are provided in Appendix E. Note that flow-based 
Biofiltration BMPs used to achieve 5% EIA must be sized per the design intensity 
specified in Table 2-1. 

Calculation Procedure 

1) Determine the drainage area from which the flow-based BMP will be receiving 
runoff (Aproject). 

2) Calculate the runoff coefficient (C), using Equation 2-13.  
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3) Calculate the SQDF using Equation 2-15 below: 

SQDF=  C*I*Aproject (Equation 2-15) 

Where: 

SQDF  =  flow in cubic feet per second (cfs) 

C  =  runoff coefficient, calculated by Equation 2-13 above  

I  =  average rainfall intensity (inches/hour) for a 
duration equal to the time of concentration of the 
watershed [equal to 0.2 in/hr for method (1); see 
also Table 2-1:] 

Aproject  =  drainage area of the tributary catchment (acres)  

2.9 Step 8: Continue Project Design Process: Flood Control and 
Hydromodification Requirements 

The project applicant should continue with the design process to address additional 
requirements including flood control and hydromodification control criteria.  

Step 8a: Flood Control Requirements 

Applicants shall comply with Ventura County and local approval agency regulations 
on floodplain and floodway management.  

Step 8b: Hydromodification (Flow/Volume/Duration) Control Criteria 

Projects meeting the applicability criteria contained in Section 4.E.II of Order R4-
2010-0108 (presented in Section 1.5 of the 2011 TGM) are required to implement 
hydrologic control measures to prevent accelerated erosion and to protect stream 
habitat in downstream natural drainage systems. Natural drainage systems are 
defined as unlined or unimproved (not engineered) creeks, streams, rivers and their 
tributaries. 

Exemptions 

The following new development and redevelopment projects are exempt from the 
hydromodification control criteria: 

1) Single-family structures, unless such projects disturb one acre or more of land or 
create, add, or replace 10,000 square feet or more of impervious surface area. 

2) All projects that disturb less than one acre. 
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3) Projects that are replacement, maintenance, or repair of an Agency’s existing 
flood control facility, storm drain, or transportation network. 

4) Redevelopment projects in existing urban areas [see maps in Appendix B] that 
do not increase the effective impervious area or decrease the infiltration capacity 
of pervious areas compared to the pre-developed condition. 

5) Projects that have any increased discharge directly or via a storm drain to a 
sump, lake, area under tidal influence, into a waterway that has a 100-year peak 
flow (Q100) of 25,000 cubic feet per second (cfs) or more, or other receiving 
water that is not susceptible to hydromodification impacts. 

6) Projects that discharge directly or via a storm drain into concrete or improved 
(not natural) channels (e.g., rip rap, sackcrete, etc.), which, in turn, discharge 
into receiving water that is not susceptible to hydromodification impacts (as in 
#5 above). 

Hydromodification Control Measures 

The purpose of Hydromodification Control Measures is to minimize changes in post-
development stormwater runoff discharge rates, velocities, and durations by 
maintaining within a certain tolerance, the project’s pre-developed stormwater 
runoff flow rates and durations. 

Hydromodification Control Measures may include onsite, subregional, or regional 
Hydromodification Control Measures, Retention BMPs, or stream restoration 
measures. Preference must be given to onsite Retention BMPs and 
Hydromodification Control Measures. In-stream restoration measures may not 
adversely affect the beneficial uses of natural drainage systems. 

The Southern California Stormwater Monitoring Coalition (SMC) is developing a 
regional methodology to eliminate or mitigate the adverse impacts of 
hydromodification as a result of urbanization, including hydromodification 
assessment and management tools. The Program will develop and implement 
watershed-specific Hydromodification Control Plans (HCPs) after the completion of 
the SMC study. Until the completion of the HCPs, the Interim Hydromodification 
Control Criteria, described below, apply to applicable, non-exempt new development 
and redevelopment projects. 

Interim Hydromodification Control Criteria 

1) Projects disturbing less than 50 acres must comply with the Stormwater 
Management Standards contained in the 2011 TGM (i.e., a combination of 
Retention BMPs, Biofiltration BMPs, and/or Treatment Control Measures). 

2) Projects disturbing 50 acres or greater must develop and implement a 
Hydromodification Analysis Study (HAS) that demonstrates that post 
development conditions are expected to approximate the pre-developed erosive 
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effect of sediment transporting flows in receiving waters. The HAS must lead to 
the incorporation of project design features intended to approximate, to the 
extent feasible, an Erosion Potential value of 1, or any alternative value that can 
be shown to be protective of the natural drainage systems from erosion, incision, 
and sedimentation that can occur as a result of flow increases from impervious 
surfaces and damage stream habitat in natural drainage systems. The 
methodology for calculating Erosion Potential is provided in Appendix E of 
Order R4-2010-0108. Project proponents must work with their local permitting 
authority to ensure that the HAS is correctly prepared. 

2.10 Step 9: Develop Maintenance Plan 

The Ventura Countywide Stormwater Quality Management Program (Program) 
requires the submittal of a M aintenance Plan and execution of a M aintenance 
Agreement with the owner/operator of any stormwater control that requires 
maintenance including Site Design Principles and Techniques (Section 4); Source 
Control Measures (Section 5; and Retention BMPs, Biofiltration BMPs, and 
Treatment Control Measures (Section 6). Maintenance Plans must include guidelines 
for how and when inspection and maintenance should occur for each control. Section 
7 and Appendices H and I provide additional information and guidance on 
compliance with maintenance requirements. 
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3 SITE ASSESSMENT AND BMP SELECTION 

3.1 Assessing Site Conditions and Other Constraints 

Assessing a site’s potential for implementation of Retention BMPs, Biofiltration 
BMPs, and Treatment Control Measures requires both the review of existing 
information and the collection of site-specific measurements. Available information 
regarding site layout and slope, soil type, geotechnical conditions, and local 
groundwater conditions should be reviewed as discussed below. In addition, soil and 
infiltration testing should be conducted to determine if stormwater infiltration is 
feasible and to determine the appropriate design infiltration rates for infiltration-
based treatment BMPs.  

Site Conditions 

Topography 

The site’s topography should be assessed to evaluate surface drainage and 
topographic high and low points, as well as to identify the presence of steep slopes 
that qualify as Hillside Locations. All of these conditions have an i mpact on what 
type of Retention BMPs, Biofiltration BMPs, and Treatment Control Measures will be 
most beneficial for a given project site.  Stormwater infiltration is more effective on 
level or gently sloping sites.  Flows on slopes steeper than 15% may runoff as surface 
flows, rather than infiltrate into the ground.  On hillsides, infiltrated runoff may 
daylight or resurface a short distance downslope, which could cause slope instability 
depending on the soil or geologic conditions. See the Geotechnical Considerations 
section below. 

Soil Type and Geology 

The site’s soil types and geologic conditions should be determined to evaluate the 
site’s ability to infiltrate stormwater and to identify suitable, as well as unsuitable, 
locations for infiltration-based BMPs (e.g., infiltration basins and trenches, 
bioretention without an underdrain, permeable pavement, and drywells).  Using the 
Soil Survey completed by the Soil Conservation Service (SCS) (now identified as the 
Natural Resource Conservation Service [NRCS]) of the U. S. Department of 
Agriculture in April 1970, soils in Ventura County were grouped into seven 
hydrologically homogeneous families [see Ventura County Hydrology Manual 
(2006); also see Appendix B]. Two families were assigned to each of the NRCS 
Hydrologic Soil Groups A, B, and C; while only one family was considered 
appropriate for NRCS Hydrologic Soil Group D [for further information, see 
http://soils.usda.gov/]: 

• Group A soils are typically sands, loamy sands, or sandy loams. Group A soils 
have low runoff potential and high infiltration rates even when thoroughly 
wetted. They consist chiefly of deep and well to excessively drained sands or 
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gravels and have a high rate of water transmission. Ventura County soil 
numbers 6 and 7 are Group A soils. 

• Group B soils are typically silty loams or loams. They have a moderate 
infiltration rate when thoroughly wetted and consist chiefly of moderately 
deep to deep and moderately well to well drained soils with moderately fine to 
moderately coarse texture. Ventura County soil numbers 4 and 5 are Group B 
soils. 

• Group C soils are typically sandy clay loams. They have low infiltration rates 
when thoroughly wetted, consist chiefly of soils with a layer that impedes 
downward movement of water, and/or have moderately fine to fine soil 
structure. Ventura County soil numbers 2 and 3 are Group C soils. 

• Group D soils are typically clay loams, silty clay loams, sandy clays, silty clays, 
or clays. They have very low infiltration rates when thoroughly wetted and 
consist chiefly of clay soils with high swelling potential, permanent high water 
table, claypan or clay layer at or near the surface, and/or shallow soils over 
nearly impervious material. Ventura County soil number 1 is a Group D soil. 

Infiltration-based BMPs should be feasible in areas mapped with Ventura County 
Soil Numbers 4 through 7.  If site-specific data is available, then soils with infiltration 
rates of 0.5 in/hr or greater are considered feasible for infiltration.  Infiltration-based 
BMPs should not be designed for sites mapped with Ventura County Soil Numbers 1 
through 3 (unless site specific testing is performed and shows an i nfiltration rate 
greater than 0.5 in/hr) or with site-specific infiltration rates less than 0.5 in/hr.   

Locations where soils are mapped with Ventura Hydrology Manual Soil Number 3, or 
where a site-specific analyses show that the soils have an infiltration rate of 0.3 to 0.5 
inches per hour, and no other infiltration-related infeasibility criteria apply, shall use 
a Bioinfiltration BMP (or Rainwater Harvesting). Bioinfiltration is an adaption of the 
Bioretention with an Underdrain BMP in which the underdrain is raised above the 
gravel storage layer in order to promote infiltration but allow release of biotreated 
runoff to the storm drain when infiltration capacity is reached.  

Early identification of soil types throughout the project footprint can reduce the 
number of test pit investigations and infiltration tests needed. Early identification 
reduces the number of potential test sites to locations with those that are most likely 
to be amenable to infiltration. Guidance for conducting test pit investigations and 
infiltration tests is provided in Appendix C.  

Project applicants should review available geologic or geotechnical reports on local 
geology to identify relevant features such as depth to bedrock, rock type, lithology, 
faults, and hydrostratigraphic or confining units. These geologic investigations may 
also identify shallow water tables and past groundwater issues that are important for 
BMP design (see below). 
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Groundwater Considerations 

Site groundwater conditions should be considered prior to Retention BMP, 
Biofiltration BMP, and Treatment Control Measure siting, selection, sizing, and 
design.  The depth to groundwater beneath the project during the wet season may 
preclude infiltration, since five feet of separation to the seasonal high ground water 
level and mounded groundwater level is required. Depth to seasonal high 
groundwater level shall be estimated as the average of the annual minima (i.e., the 
shallowest recorded measurements in each water year, defined as October 1 through 
September 30) for all years on record. If groundwater level data are not available or 
not considered to be representative, seasonal high groundwater depth can be 
determined by redoximorphic analytical methods combined with temporary 
groundwater monitoring for November 1 through April 1 at the proposed project site. 

In areas with known groundwater pollution, infiltration may need to be avoided, as it 
could contribute to the movement or dispersion of groundwater contamination.  
Areas with known groundwater impacts include sites listed by the Los Angeles 
Regional Water Quality Control Board’s Leaking Underground Storage Tanks (LUST) 
program and Site Cleanup Program (SCP).  The California State Water Resources 
Control Board maintains a database of registered contaminated sites through their 
‘Geotracker’ Program.  Registered contaminated sites can be identified in the project 
vicinity when the site address is typed into the “map cleanup sites” field.   

Mobilization of groundwater contaminants may also be of concern where 
contamination from natural sources is prevalent (e.g., marine sediments, selenium 
rich groundwater, to the extent that data is available). Infiltration on sites with 
contaminated soils or groundwater that could be mobilized or exacerbated by 
infiltration is not allowed, unless a site-specific analysis determines the infiltration 
would be beneficial.  A  site-specific analysis may be conducted where groundwater 
pollutant mobilization is a concern to allow for infiltration-based BMPs.   

Research conducted on the effects of stormwater infiltration on groundwater by Pitt 
et al. (1994) indicate that the potential for contamination due to infiltration is 
dependent on a number of factors, including the local hydrogeology and the chemical 
characteristics of the pollutants of concern. Chemical characteristics that influence 
the potential for groundwater impacts include high mobility (low absorption 
potential), high solubility fractions, and abundance of pollutants in urban runoff. As 
a class of constituents, trace metals tend to adsorb onto soil particles and are filtered 
out by the soils. This has been confirmed by extensive data collected beneath 
stormwater detention/retention ponds in Fresno (conducted as part of the 
Nationwide Urban Runoff Program (Brown & Caldwell, 1984)) that showed that trace 
metals tended to be adsorbed in the upper few feet in the bottom sediments. Bacteria 
are also filtered out by soils. More mobile and soluble pollutants, such as chloride 
and nitrate, have a greater potential for impacting groundwater. 

Where soils have very high infiltration rates, groundwater quality may be impacted 
by infiltration BMPs.  Prior to the use of infiltration basins and subsurface 
infiltration BMPs in areas with high infiltration rates, consult with the local 
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regulatory agencies to identify if unconfined aquifers are located beneath the project 
to determine the appropriateness of infiltration-based BMPs.  In areas underlain by 
unconfined aquifers with designated beneficial groundwater uses (e.g. drinking water 
supply), the application of infiltration BMPs should be limited to those that provide 
significant pretreatment to ensure groundwater is protected from pollutants of 
concern. 

Geotechnical Considerations 

Water infiltration can cause geotechnical issues, including: (1) settlement through 
collapsible soil, (2) expansive soil movement, (3) slope instability, and (4) increased 
liquefaction hazard. Stormwater infiltration temporarily raises the groundwater level 
near the infiltration facility, such that the potential geotechnical conditions are likely 
to be of greatest significance near the infiltration area and decrease with distance. A 
geotechnical investigation should be performed for the infiltration facility to identify 
potential geotechnical issues and geological hazards that may result from infiltration.   

In general, infiltration-based BMPs must be set back from building foundations or 
steep slopes. Increased water pressure in soil pores reduces soil strength.  Decreased 
soil strength can make foundations more susceptible to settlement and slopes more 
susceptible to failure. Recommendations for each site should be determined by a 
licensed geotechnical engineer based on soils boring data, drainage patterns, and the 
current requirements for stormwater treatment. Implementing the geotechnical 
engineer’s requirements is essential to prevent damage from increased subsurface 
water pressure on surrounding properties, public infrastructure, sloped banks, and 
even mudslides. 

Collapsible Soil 

Typically, collapsible soil is observed in sediments that are loosely deposited, 
separated by coatings or particles of clay or carbonate, and subject to saturation. 
Stormwater infiltration will result in a temporary rise in the groundwater elevation. 
This rise in groundwater could change the soil structure by dissolving or 
deteriorating the intergranular contacts between the sand particles, resulting in a 
sudden collapse, referred to as hydrocollapse. This collapse phenomenon generally 
occurs during the first saturation episode after deposition of the soil, and repeated 
cycles of saturation are not likely to result in additional collapse. It is important to 
evaluate the potential for hydrocollapse during the geotechnical investigation.  

The magnitude of hydrocollapse is proportional to the thickness of the soil column 
where infiltration is occurring. In most instances, the magnitude of hydrocollapse 
will be small. Regardless, the geotechnical engineer should evaluate the potential 
effects of hydrocollapse from large infiltration facilities on nearby structures and 
roadways. Typically, a network of surface settlement monuments is installed around 
the infiltration site, along adjacent roadways, and in neighboring developments to 
evaluate if hydrocollapse has occurred. These monuments are typically monitored 
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prior to infiltrating stormwater, monthly during the first year of operation of the 
facility, then yearly thereafter for a period of approximately five years. 

Expansive Soil 

Expansive soil is generally defined as soil or rock material that has a potential for 
shrinking or swelling under changing moisture conditions. Expansive soils contain 
clay minerals that expand in volume when water is introduced and shrink when the 
water is removed or the material is dried. When expansive soil is present near the 
ground surface, a rise in groundwater from infiltration activities can introduce 
moisture and cause these soils to swell. Conversely, as the groundwater surface falls 
after infiltration, these soils will shrink in response to the loss of moisture in the soil 
structure. The effects of expansive soil movement (swelling and shrinking) will be 
greatest on near surface structures such as shallow foundations, roadways, and 
concrete walks. Basements or below-grade parking structures can also be affected as 
additional loads are applied to the basement walls from the large swelling pressures 
generated by soil expansion. A geotechnical investigation should identify if 
expandable materials are present near the proposed infiltration facility, and if they 
are, evaluate if the infiltration will result in wetting of these materials. See Appendix 
B, Map B-14 (expansive soil potential map). 

Slopes 

Slopes near the infiltration facility can be affected by the temporary rise in 
groundwater. The presence of a water surface near a s lope can substantially reduce 
the stability of the slope from a dry condition. A g roundwater mounding analysis 
should be performed to evaluate the rise in groundwater around the facility. If the 
computed rise in groundwater approaches nearby slopes, then a separate slope 
stability evaluation should be performed to evaluate the implications of the 
temporary groundwater surface. The geotechnical and groundwater mounding 
evaluations should identify the duration of the elevated groundwater and assign 
factors of safety consistent with the duration (e.g., temporary or long-term 
conditions).  

Liquefaction 

Seismically-induced soil liquefaction is a phenomenon in which saturated granular 
materials, typically possessing low to medium density, undergo matrix 
rearrangement, develop high pore water pressure, and lose shear strength due to 
cyclic ground motions induced by earthquakes. This rearrangement and strength loss 
is followed by a reduction in bulk volume. Manifestation of soil liquefaction can 
include loss of bearing capacity for foundations, surface settlements, and tilting in 
level ground. Soil liquefaction can also result in instabilities and lateral spreading in 
embankments and areas of sloping ground.  

Saturation of the subsurface soils above the existing groundwater table may occur as 
a result of stormwater infiltration. A groundwater mounding analysis should also 
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evaluate the duration of mounding, as a lengthy duration or long-term rise in 
groundwater will need to be considered in the evaluation of liquefaction. If the 
granular soils are sufficiently dense, it is unlikely that liquefaction will be of concern, 
regardless of the groundwater mounding. If analyses indicate that the potential for 
liquefaction may be increased from stormwater infiltration, then the analyses will 
need to evaluate the liquefaction-induced settlement of structures, lateral spreading, 
and other surface manifestations. See Appendix B, Map B-14 (liquefaction potential 
map). 

Managing Offsite Drainage 

Locations and sources of offsite run-on onto the site should be identified early in the 
design process. Offsite drainage should be considered when determining appropriate 
BMPs so that drainage can be managed. Concentrated flows from offsite drainage 
may cause extensive erosion, if not properly conveyed through or around the project 
site or otherwise managed. By identifying the locations and sources of offsite 
drainage, the volume of water running onto the site may be estimated and factored 
into the siting and sizing of onsite BMPs. Vegetated swales or storm drains may be 
used to intercept, divert, and convey offsite drainage through or around a site to 
prevent flooding or erosion that might otherwise occur.  

Existing Utilities 

Existing utility lines that are onsite will limit the possible locations of certain BMPs. 
For example, infiltration BMPs should not be located near utility lines where the 
increased amount of water could damage the utilities. Stormwater should be directed 
away from existing underground utilities. Project designs that require the relocation 
of existing utilities should be avoided, if possible. 

Environmentally Sensitive Areas 

The presence of Environmentally Sensitive Areas (ESAs) may limit the siting of 
certain BMPs. ESA’s are typically delineated by and fall under the regulatory 
oversight of state or federal agencies such as the U.S. Army Corp of Engineers 
(USACE), California Department of Fish and Game, U.S. Fish and Wildlife Service, or 
the California Environmental Protection Agency. BMPs should be selected and sited 
to avoid adversely affecting an ESA. The Ventura County ESA map (ESA as defined in  
Order R4-2010-0108) is provided in Appendix B or may be obtained from the local 
permitting authority. 

3.2 Technical Feasibility Screening 

To use biofiltration BMPs and alternative compliance measures, the project applicant 
should demonstrate that compliance with the requirement to reduce EIA to ≤5% 
using Retention BMPs is technically infeasible by submitting a site-specific 
hydrologic and/or design analysis conducted and endorsed by a registered 
professional engineer and/or geologist. Projects seeking to use alternative 
compliance measures must demonstrate EIA has been reduced to the maximum 
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extent practicable. Project applicants should contact their local Approval Agency to 
determine if additional infeasibility criteria apply.  Technical infeasibility may result 
from conditions including the following: 

1) Locations where seasonal high groundwater or mounded groundwater beneath 
an infiltration BMP is within 5 feet of the bottom of the infiltration BMP. 

2) Locations on the project site where soils are mapped with Ventura Hydrology 
Manual Soil Numbers 1-2 or site-specific analyses show that the soils have an 
infiltration rate less than 0.3 inches per hour. Locations where soils are mapped 
with Ventura Hydrology Manual Soil Number 3, or where a site-specific analyses 
show that the soils have an infiltration rate of 0.3 to 0.5 inches per hour, and no 
other infiltration-related infeasibility criteria apply, shall use a Bioinfiltration 
BMP or Rainwater Harvesting (if feasible) to achieve the 5% EIA requirement.  

3) Locations on the project site within 100 feet of a groundwater well used for 
drinking water, non-potable wells, drain fields, and springs; locations less than 
50 feet away from slopes steeper than 15 percent or an alternative setback 
established by the geotechnical expert for the project; and locations less than 
eight feet from building foundations or an alternative setback established by the 
geotechnical expert for the project. 

4) Locations where pollutant mobilization is a d ocumented concern, unless a site-
specific analysis determines that infiltration would not be detrimental. Portions 
of brownfield development sites may be eligible for alternative compliance where 
pollutant mobilization is a concern.  

5) Locations with potential geotechnical hazards established by the geotechnical 
professional for the project. 

6) Projects with high-risk areas such as service/gas stations, truck stops, and heavy 
industrial sites, unless a site-specific evaluation demonstrates that: 

• Treatment is provided to address pollutants of concern, and/or 

• High risks areas are isolated from stormwater runoff or infiltration areas with 
little chance of spill migration. 

7) Locations where reduction of surface runoff may potentially impair beneficial 
uses of the receiving water as documented in a site-specific study (e.g., California 
Environmental Quality Act (CEQA) analysis) or watershed plan. 

8) Location where an increase in infiltration over natural conditions could 
potentially cause impairments to downstream beneficial uses, such as change of 
seasonality of ephemeral washes, as confirmed through a site-specific study. 

RB-AR9392



SITE ASSESSMENT AND BMP SELECTION 

Technical Guidance Manual for 3-8 July 13, 2011 
Stormwater Quality Control Measures 2011   

9) Green roofs are not required to be considered for all project locations and types; 
this evapotranspiration BMP is considered optional subject to the approval of the 
permitting authority.  

10) Projects that do not provide sufficient demand for harvested stormwater such 
that the system provides 80% capture with a 72 hour drawdown time considering 
all “allowable and reliable demand.”   

a. Allowable and reliable demand is defined as the rate of use of harvested 
water under average wet season conditions (November through March), 
from sources meeting the following criteria: 

• The use is permitted by building codes and health codes without 
requiring disinfection and fine filtration. 

• The use is reliable on a seasonal basis, such that the lowest weekly 
demand on an average annual basis is no less than 2/7th of the wet 
season average.  Intent: Under worst-case conditions, the demand 
should still be sufficient to use the entire tank volume within a 
week. 

• Where a reliable use is present on the site that is not permitted by 
building codes and/or health codes, a variance has been sought to 
allow use without disinfection and fine filtration. 

• The use does not conflict with mandatory use of reclaimed water.  
It is assumed that uses do not conflict unless water balance 
calculations are provided to demonstrate the contrary. 

• The estimated use rates are consistent with requirements for low 
water use landscaping requirements under local and statewide 
ordinance (including California Assembly Bill 1881). 

11) BMPs that are not allowable per current federal, state or local codes are 
considered infeasible. Local codes will be updated by mid-2012 as required in 
Order R4-2010-0108 (Provision III.D). 

12) The following project types where the density and/or nature of the project would 
create significant difficulty for compliance with the requirement to reduce EIA to 
≤5%: 

a. Redevelopment projects (as defined in Section1.5). 

b. Infill projects that meet the following conditions: 

i. The project is consistent with applicable general plan designation, 
and all applicable general plan policies, and applicable zoning 
designation and regulations; 
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ii. The proposed development occurs on a project site of no more 
than five acres substantially surrounded by urban uses;  

iii. The project site has no value as habitat for endangered, rare, or 
threatened species; 

iv. Approval of the project would not result in any significant effects 
relating to traffic, noise, air quality, or water quality; and 

v. The site can be adequately served by all required utilities and 
public services (modified from State Guidelines § 15332). 

c. Smart Growth projects, which are defined as new development and 
redevelopment projects that occur within existing urban areas (see maps 
in Appendix B) designed to achieve the majority of the following 
principles : 

i. Create a range of housing opportunities and choices; 

ii. Create walkable neighborhoods; 

iii. Mix land uses; 

iv. Preserve open space, natural beauty, and critical areas; 

1. Farmland preservation may also be considered for projects 
occurring outside existing urban areas (as defined by the 
Appendix B maps). 

v. Provide a variety of transportation choices; 

vi. Includes transit oriented development (development located 
within an average 2,000 foot walk to a bus or train station).  

vii. Strengthen and direct development towards existing communities 
(as defined by Appendix B maps); and 

viii. Take advantage of compact building design. 

The City or County Planning Division in which a project is proposed will 
ultimately determine whether a project meets these Smart Growth 
criteria. 

13) Pedestrian/bike trail projects: 

 Located along side of a road and 

 Where right-of-way width is inadequate for the implementation of 
Retention and/or Biofiltration BMPs. 
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14) Agency flood control, drainage, and wet utilities projects: 

 Located within waterbody and is therefore not increasing functional 
impervious cover; or 

 Located on top of a nar row flood control feature (such as a l evee) and 
space is unavailable for the implementation of Retention and/or 
Biofiltration BMPs; or 

 Where the integrity of the flood control feature (such as a dam or levee) 
may be compromised through Retention and/or Biofiltration BMPs (e.g., 
infiltration of stormwater is not appropriate in a levee). 

15) Historical preservation projects: 

 Where the extent of the designated preservation area restricts the amount 
of land available for the implementation of Retention BMPs. 

16) Low income housing projects that occur within existing urban areas (as 
defined by the maps provided in Appendix B): 

 Where density requirements restrict the amount of land available for 
the implementation of Retention BMPs and/or 

 Where project financing constraints restrict the amount of land 
available for the implementation of Retention BMPs. 

Determining Maximum Volume Feasibly Infiltrated and/or Biofiltered 

Site conditions and constraints may make it infeasible to fully retain stormwater to 
achieve ≤ 5% EIA using Retention BMPs. In such cases, stormwater runoff must be 
retained to the maximum extent practicable and then the remaining volume must be 
multiplied by 1.5 and biofiltered to the maximum extent practicable. If SQDV still 
remains, it may be addressed in an al ternative compliance program. This section 
provides narrative and numeric criteria for determining the “maximized” volume for 
Infiltration BMPs and Biofiltration BMPs. The term “maximized” refers to the 
volume that is determined, on a case-by-case basis, to be consistent with the 
maximum extent practicable standard. 

Criteria for Maximizing Infiltration Volume 

Volume can be considered to be maximized in infiltration BMPs when all of the 
following conditions are met, or when adjustments to the site/BMP plan to meet any 
one of these criteria results in achievement of the ≤5% EIA performance standard: 

1) BMPs are designed to the maximum depth allowed by design standards, but are 
not required to exceed the depth that infiltrates within 48 hours at the design 
percolation rate. Explanation: Deeper BMPs provide more volume per footprint 
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area, therefore it is more feasible to retain stormwater in deeper BMPs than 
shallower BMPs. However, because of the nature of sequential storms in 
Southern California, the volume provided in excess of that which drains within 
48 hours provides significantly diminishing value. 

2) All practicable methods are employed to enhance the design percolation rate, 
including: 

• Use of soil amendments to native soil below infiltration BMPs, and  

• Provision of pretreatment to reduce the allowable factor of safety, and 

• Additional site investigation to reduce uncertainty in infiltration rate and 
allow the use of a lower factor of safety.   

3) Good site practices have been integrated to provide the maximum pervious area 
feasible for infiltration BMPs, and infiltration BMPs have been configured to 
make use of this area. Table 3-1 provides recommended percentages of a site, by 
project type, that should be feasible to dedicate to infiltration BMPs (where 
technically feasible) within pervious areas. If the project has not provided this 
portion of the project site for infiltration BMPs (where technically feasible), an 
attempt should be made to improve site design to provide more pervious area 
until it is either infeasible to provide more pervious area or EIA is reduced to 
≤5%. The minimum percent of parking lot pavement area considered feasible to 
dedicate to permeable pavement (where technically feasible) is 20%; this does 
not apply to parking lots that anticipate heavy truck traffic such as truck stops 
and heavy industrial areas. The criteria provided in Table 3-1 are guidance; each 
project will be individually evaluated by the local permitting authority to 
determine if good site practices have been integrated into the project to provide 
the maximum pervious area feasible for siting infiltration BMPs. 

Criteria for Maximizing Biofiltration Volume 

Biofiltration BMPs can be used downstream of a R etention BMP that has been 
“maximized” (e.g., a planter box treating overflow from a cistern) or can be designed 
to provide both “maximized” retention and “maximized” biofiltration in the same 
BMP (e.g., a bioretention area with an underdrain, where retention volume is 
provided in a gravel layer or other subsurface reservoir below the underdrain). 

Volume can be considered to be maximized in Biofiltration BMPs when all of the 
following conditions are met, or when adjustments to the site design and BMP plan 
to meet any one of these criteria results in achievement of the ≤5% EIA performance 
standard: 

1) Drain time and/or treatment rate of the Biofiltration BMP is consistent with 
design guidance contained in Section 6 of the 2011 TGM.  
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2) Good site practices have been integrated to provide the maximum area feasible 
for Biofiltration BMPs, and BMPs have been configured to make use of this area. 
Table 3-1 provides recommended percentages of a site that are feasible to be 
dedicated to Biofiltration BMPs by project type. If the project has not provided 
these portions of the project site for siting Biofiltration BMPs, an attempt should 
be made to improve site design to provide more area until it is either infeasible to 
provide more area or EIA is reduced to ≤5%. The criteria provided in Table 3-1 
are guidance; each project will be individually evaluated by the local permitting 
authority to determine if good site practices have been integrated into the project 
to provide the maximum pervious area feasible for siting Biofiltration BMPs. 

If a Biofiltration BMP also includes a retention component (e.g., storage volume in a 
swale in amended soil below the surface discharge elevation or storage below the 
underdrain of a bioretention area), the maximized retention volume is determined as 
the volume of water that can be infiltrated or evapotranspired within 48 hours after 
the Biofiltration BMP has emptied. This criterion should be used to establish the 
depth of the retention layer (i.e., the depth of amended soil below the swale or the 
size of the storage below underdrains in the bioretention area). 

 

Table 3-1: Recommended Criteria for Percent of Site Feasible to Dedicate to BMPs 

Project Type Percent of Site1 

New 
Development 

SF/MF Residential < 7 du/ac 10 

SF/MF Residential 7 – 18 du/ac 7 

SF/MF Residential > 18 du/ac 5 
Mixed Use, Commercial, 
Institutional/Industrial w/ FAR < 1.0 

10 

Mixed Use, Commercial, 
Institutional/Industrial w/ FAR 1.0 – 
2.0 

7 

Mixed Use, Commercial, 
Institutional/Industrial w/ FAR > 2.0 5 

Podium (parking under > 75% of 
project) 

3 

Projects with zoning allowing 
development to lot lines 

2 

Transit Oriented Development 5 

Parking 5 
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Project Type Percent of Site1 

Redevelopment 

SF/MF Residential < 7 du/ac 5 

SF/MF Residential 7 – 18 du/ac 4 

SF/MF Residential > 18 du/ac 3 
Mixed Use, Commercial, 
Institutional/Industrial w/ FAR < 1.0 

5 

Mixed Use, Commercial, 
Institutional/Industrial w/ FAR 1.0 – 
2.0 

4 

Mixed Use, Commercial, 
Institutional/Industrial w/ FAR > 2.0 

3 

Podium (parking under > 75% of 
project) 

2 

Projects with zoning allowing 
development to lot lines 

1 

Transit Oriented Development 3 

Projects in Historic Districts 3 
Key: SF = Single Family, MF = Multi Family, du/ac = dwelling units per acre, FAR = Floor Area Ratio = 
ratio of gross floor area of building to gross lot area. 
1 If subsurface BMPs are used, dedicated area may have other surface land uses which do not 
structurally impact the subsurface BMP (see INF-6: Proprietary Infiltration). 

3.3 Treatment Control Measure Selection Guidance 

Treatment Control Measure selection criteria contained in Order R4-2010-0108 
include the following:  

• Treatment Control Measures shall be selected based on the primary class of 
pollutants likely to be discharged from the project (e.g., metals from an auto 
repair shop). 

• For projects that discharge to an impaired waterbody and whose discharges 
contain the pollutant causing impairment, the project shall select Treatment 
Control Measures from the top three performing BMP categories, or 
alternative BMPs that are designed to meet or exceed the performance of the 
highest performing BMP, for the pollutant causing impairment. 

Primary Class of Pollutants 

Pollutants in stormwater runoff are typically related to land use activities, which 
means that the proposed project’s site uses provide some indication of the pollutants 
that will be generated in the site’s runoff. Table 3-2 identifies pollutants of concern 
based on typical land use activities that may be present on a project site. 
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Table 3-2: Land Uses and Associated Pollutants 

Class of Pollutant Potential Land Use and Activities Sources  

Sediment  
(TSS and Turbidity) 

Streets, driveways, roads, landscaped areas, 
construction activities, soil erosion (channels and 
slopes)  

Nutrients  
Landscape fertilizers, atmospheric deposition, 
automobile exhaust, soil erosion, animal waste, 
detergents 

Metals/Metalloids 
Automobiles, bridges, atmospheric deposition, 
industrial areas, soil erosion, metal surfaces, 
combustion processes 

Pesticides Landscaped areas, roadsides, utility right-of-ways 

Organic Materials/ Oxygen 
Demanding Substances 

Landscaped areas, animal wastes, industrial wastes 

Oil and Grease/ Organics 
Associated with Petroleum 

Roads, driveways, parking lots, vehicle maintenance 
areas, gas stations, automobile emissions, restaurants 

Bacteria and Viruses  

Lawns, roads, leaky sanitary sewer lines, sanitary 
sewer cross-connections, animal waste (domestic and 
wild), septic systems, homeless encampments, 
sediments/biofilms in stormwater conveyance system 

Trash and Debris  
(Gross Solids and Floatables) 

Commercial areas, roadways, schools, trash 
receptacles/storage/disposal 

Adapted from US EPA, 1999 (Preliminary Data Summary of Urban Stormwater BMPs) 
 

Impaired Waterbodies 

When designated beneficial uses of a particular receiving water body are being 
compromised by water quality for a specific or multiple pollutants, Section 303(d) of 
the CWA requires identifying and listing that water body as “impaired”.  

Table 3-3 below lists the categories of pollutants and specific pollutants that are 
included on the 2010 303(d) list for Ventura County. Project proponents should 
consult the most recent 303(d) list to identify whether the project’s receiving 
waterbody is listed as impaired.  The most recent 303(d) list is located on the State 
Water Resources Control Board website (click on water issues/programs/water 
quality assessment). 
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Table 3-3: Ventura County 2010 303(d)-listed Water Quality Pollutants  

Class of Pollutant Specific Pollutants 
Sediment  
(TSS and Turbidity) 

Sedimentation/Siltation   

Nutrients 

Ammonia 
Nitrate and Nitrite 
Nitrate 
Nitrogen 

Organic Enrichment/ 
Low Dissolved 
Oxygen 

Algae 
Eutrophic 

 

Metals/Metalloids 
Boron 
Copper 
Copper, Dissolved 

Lead  
Mercury  
Nickel 

Selenium 
Zinc 

Pesticides 

ChemA (tissue) 
Chlordane 
Chlordane (tissue & 
sediment) 
Chlordane (tissue) 
Chlorpyrifos 
Chlorpyrifos (tissue) 
DDT 
DDT (sediment) 
DDT (tissue & 
sediment) 

DDT (tissue) 
Diazinon 
Dieldrin 
Dieldrin (tissue) 
Organophosphorous 
Pesticides 
Toxaphene 
Toxaphene (tissue & 
sediment) 
Toxaphene (tissue) 

 

Trash and Debris (Gross 
Solids and Floatables) Trash and Debris   

Other Organics PCBs    

Bacteria and Viruses Coliform Bacteria Indicator Bacteria  

Salinity Chloride   

Toxicity Sediment Toxicity Toxicity  

Miscellaneous pH 
Scum/Foam -
unnatural 

Sulfates 

 

Once the classes of pollutants likely to be discharged from the project have been 
identified for projects that do not discharge to an impaired waterbody, any 
Treatment Control Measures listed in Table 3-4 that addresses the primary pollutant 
class may be selected. If more than one pollutant class is identified, then sediment 
shall be the primary pollutant class. 

For projects that discharge to an impaired waterbody and whose discharges contain 
the pollutant causing impairment, the project shall select Treatment Control 
Measures from the top three BMPs listed for that class of pollutant in Table 3-4, or 
alternative BMPs that are designed to meet or exceed the performance of the highest 
performing Treatment Control Measure, for the pollutant causing impairment. Many 
receiving water impairments are due to legacy pollutants from past land use activities 
(e.g., DDT from historical farming or PCBs from historical industrial activities), 
where the primary sources are contaminated soils and sediment.  F or these 
pollutants, site clean-up, erosion and sediment controls during construction, slope 
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stabilization measures, and placement of impervious surfaces will address the legacy 
pollutants. 

Table 3-4: Treatment Control Measures for Addressing Pollutants of Concern  

Class of Pollutant Recommended BMPs (in Order of Performance) 

Sediment  

1. Retention BMPs (Infiltration, Rainwater Harvesting, and 
Evapotranspiration BMPs) 

2. Any of the following BMPs(equivalent performance): 
a. Biofiltration BMPs 

b. Wet Detention Basin 

c. Constructed Wetland  

d. Sand Filter/Cartridge Media Filter 

3. Dry Extended Detention Basin 

Metals / Metalloids 

1. Retention BMPs (Infiltration, Rainwater Harvesting, and 
Evapotranspiration BMPs) 

2. Any of the following BMPs (equivalent performance): 

a. Constructed Wetland  

b. Biofiltration BMPs 

c. Wet Detention Basin 
d. Sand Filter/Cartridge Media Filter 

3. Dry Extended Detention Basin 

Nutrients1 

1. Retention BMPs (Infiltration, Rainwater Harvesting, and 
Evapotranspiration BMPs) 

2. Any of the following BMPs (equivalent performance): 

a. Bioinfiltration 

b. Wet Detention Basin 

c. Constructed Wetland  

3. Any of the following BMPs (equivalent performance): 

a. Biofiltration BMPs 

4. Any of the following (equivalent performance): 
a. Sand Filter/Cartridge Media Filter 

b. Dry Extended Detention Basin 

Pesticides2 

1. Source controls, erosion controls 

2. Retention BMPs (Infiltration, Rainwater Harvesting, and 
Evapotranspiration BMPs) 

3. Any of the following BMPs (equivalent performance): 

a. Biofiltration BMPs 

b. Wet Detention Basin 

c. Constructed Wetland  

d. Sand Filter/Cartridge Media Filter 

4. Dry Extended Detention Basin 
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Class of Pollutant Recommended BMPs (in Order of Performance) 

Pathogens 

1. Retention BMPs (Infiltration, Rainwater Harvesting, and 
Evapotranspiration BMPs) 

2. Any of the following BMPs (equivalent performance): 

a. Bioretention with Underdrain 

b. Wet Detention Basins 
c. Proprietary Biofiltration 

3. Sand Filter/Cartridge Media Filter 

Trash and Debris 

1. Gross Solids Removal BMPs (should be combined with a 
Retention BMP, Biofiltration BMP, or Treatment Control Measure) 

2. Any Retention BMP, Biofiltration BMP, or Treatment Control 
Measure designed to incorporate a trash capture device (e.g., a 
trash screen) 

1Performance is based on removal of nitrogen compounds.  For performance of BMPs in removing phosphorous, 
see sediment pollutant class as they are largely associated with particulates. 
2Performance data is not available for this pollutant class, but as they are largely associated with particulates, 
BMP selection should be similar to the sediment pollutant class.  

An analysis of Biofiltration BMP and Treatment Control Measure performance from 
the ASCE International Stormwater BMP Database [1999-2008] is provided in 
Appendix D. These performance data summaries are occasionally revised. Updated 
analyses of Biofiltration BMP and Treatment Control Measure performance may be 
found on the ASCE International Stormwater BMP Database website. The 2011 TGM 
assumes that BMPs adhering to the design guidance provided in Section 6 will have a 
level of pollutant removal performance comparable to those listed in Attachment C in 
Order R4-2010-0108 (also provided in Appendix D.1).  

Proprietary BMPs should meet or exceed the performance standards listed in 
Attachment C in Order R4-2010-0108 and provided in Appendix D.  

The data contained in the Stormwater BMP Database indicate that wet detention 
basins, constructed wetlands, sand filters, and biofilters are among the best 
performing BMPs for the typical pollutants of concern in urban runoff. This 
conclusion is consistent with the treatment processes typically provided by these 
BMP types (e.g., filtration, sedimentation, adsorption, and biological processes).  

Wet detention basins (wetponds) and constructed wetlands are attractive solutions 
both from a treatment process and observed performance perspective. However, 
these systems require significant base flow to maintain their permanent pools and to 
avoid creating stagnant conditions and vector concerns. Therefore, these BMPs are 
often infeasible in locations where water conservation during dry weather is a 
significant concern. If a regional Treatment Control Measure is desired, infiltration 
basins and dry extended detention basins may be more feasible in Ventura County. 
However, these BMPs may need additional treatment train components (e.g., pre- or 
post-treatment) to adequately address the entire list of pollutants of concern and 
provide reliable and consistent performance, in addition to significant space 
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requirements. BMP designs for each pollutant category that incorporate dense 
vegetation and promote extended contact with or filtration through soils are 
encouraged, consistent with the BMP selection prioritization requirements in Order 
R4-2010-0108.  

Consideration of Site-Specific Conditions 

Ultimately, Retention BMPs, Biofiltration BMPs, and Treatment Control Measures 
have to be constructed at a p hysical location and site-specific conditions should be 
considered during the BMP selection process. Site constraints such as steep slopes, 
poor draining soils, high ground water tables, unstable or contaminated soils and 
several other factors can preclude the implementation of certain kinds of Retention 
BMPs, Biofiltration BMPs, and Treatment Control Measures or design options. 
Therefore, site-specific conditions must be considered when selecting specific BMPs 
or Treatment Control Measures to implement. Once candidate BMPs or Treatment 
Control Measures have been chosen, the selection process should consider the site 
assessment results for soil characteristics, slopes, groundwater proximity, etc.  Table 
3-5 below provides general guidance for designers regarding site limitations for the 
different Retention BMPs, Biofiltration BMPs, and Treatment Control Measures.  

Table 3-6 below provides general guidance for designers regarding capital and 
operation costs for the different Retention BMPs, Biofiltration BMPs, and Treatment 
Control Measures. BMP costs can also be estimated using the Water Environment 
Research Foundation (WERF) BMP and LID Whole Life Cost Models. These models 
are set of spreadsheet tools that help users identify and combine capital costs and 
ongoing maintenance expenditures in order to estimate whole life costs for 
stormwater management. The models provide a framework for calculating capital 
and long-term maintenance costs of individual Retention BMPs, Biofiltration BMPs, 
and Treatment Control Measures. Models are included for retention ponds, extended 
detention basins, vegetated swales, permeable pavement, green roofs, large 
commercial cisterns, and bioretention. Online PDF of user's guide and spreadsheet 
tools are located here: 
http://www.werf.org/AM/Template.cfm?Section=Research_Profile&Template=/Cus
tomSource/Research/PublicationProfile.cfm&id=SW2R08. 
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Table 3-5: BMP Site Suitability Considerations 

Important Note to Users: This table should be used to provide general BMP comparisons only and should not replace an evaluation 
performed by a qualified water quality professional.  

BMP 
Site Suitability Considerations 

Tributary Area 
(Acres) 1 Site Slope (%) 

Depth to Seasonally High or 
Mounded Groundwater (ft) Soil Number 

Infiltration BMPs: 

INF-1: Infiltration Basin 

INF-2: Infiltration Trench 

INF-3: Bioretention 

INF-4: Drywell 

INF-6: Proprietary 
Infiltration 

< 5 < 72 > 5 

Not suitable in Soil 
Numbers 1, 2, and 3 
unless percolation 
testing shows the 
infiltration rate is 
greater than 0.5 in/hr 

INF-5: Permeable 
Pavement 

 

< 5 < 52,5 
> 2 with underdrains;  

> 5 without underdrains 

Underdrains should 
be provided for Soil 
Numbers 1, 2,  

and 3 

ET-1: Green Roof 

Equal to roof 
tributary area 

N/A N/A N/A 

BIO-1: Bioretention with 
Underdrain 

< 5 
< 15; planter boxes are 
generally more suitable 
for steep slopes2,3 

> 2 with underdrains;  

> 5 without underdrains 

Underdrains should 
be provided for Soil 
Numbers 1, 2,  

and 3 

BIO-2: Planter Box < 1 < 154 > 2  Any 

BIO-3: Vegetated Swale < 5 

< 10 site slope;  

0.5 to 6 longitudinal 
slope of swale 2,3 

> 2 with underdrains;  

> 5 without underdrains 
Any3 
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BMP 
Site Suitability Considerations 

Tributary Area 
(Acres) 1 Site Slope (%) 

Depth to Seasonally High or 
Mounded Groundwater (ft) Soil Number 

BIO-4: Vegetated Filter 
Strip 

< 2 

< 4 site slope;  

2 to 6 longitudinal slope 
of strip2 

> 2 Any 

BIO-5: Proprietary 
Biotreatment Devices 

The site suitability requirements for specific proprietary devices must be provided by the manufacturer and 
should be verified by independent sources or assessed by a qualified water quality professional. 

TCM-4: Sand Filter < 10 < 154 > 2  Any 

TCM-5: Cartridge Media 
Filters 

The site suitability requirements for specific proprietary devices must be provided by the manufacturer and 
should be verified by independent sources or assessed by a qualified water quality professional. 

PT-1: Hydrodynamic 
Devices 

The site suitability requirements for specific proprietary devices must be provided by the manufacturer and 
should be verified by independent sources or assessed by a qualified water quality professional. 

PT-2: Catch Basin Inserts 

1 Tributary area is the area of the site draining to the BMP. Tributary areas provided here should be used as a general guideline only. Tributary areas can 
be larger or smaller as appropriate. 

2 If site slope exceeds that specified or if the system is within 200 ft from the top of a hazardous slope or landslide area (on the uphill side), a 
geotechnical investigation analysis and report addressing slope stability shall be prepared by a licensed civil engineer. In addition, for swales, if the 
longitudinal slope exceeds 6%, check dams should be provided. 

3 If system is located within 50 feet of a sensitive steep slope (on the uphill side), within 10 feet from a structure, has a longitudinal slope less than 1.5% 
(swales), or has poorly drained soils (e.g., silts and clays), underdrains should be incorporated. 

4 If system is fully contained, includes an underdrain system, and overflows to a stormwater conveyance system, then slopes can exceed 15%. 
5 If a gravel base is used for storage of runoff: (1) slopes should be restricted to 0.5% (steeper grades reduce storage capacity) and (2) underdrains 

should be used if within 50 feet of a sensitive steep slope. 
6 Setbacks apply to systems without underdrains. 
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Table 3-6: BMP Cost Considerations 

BMP Type 

Relative 
Expense4 

(cost/ac-ft1 or 
cost/cfs2) 

Construction 
Costs (per 

cubic feet)3,4 

Typical Cost3 
Annual 

Maintenance 
Cost (% of 

Construction)3,4 Notes ($/BMP) Application 
Infiltration 
Trench 

Not included $4- $50 $45,000 
5-ac Commercial Site 

(65% Impervious) 
5%-20%  

Infiltration 
Basin 

$ $1.30 - $18 $15,000 
5-ac Commercial Site 

(65% Impervious) 
1% -10%  

Bioretention  Not included $3- $5.30 $60,000 
5-ac Commercial Site 

(65% Impervious) 
5%- 7% 

Cost of plants varies.   
Maintenance costs 

comparable to cost of typical 
landscaping. 

Swale $$ $0.25-$0.50 $3,500 
5-ac Residential Site 

(35% Impervious) 
5%- 7%  

Filter Strip $$ 
$0.00- $1.30 

 
$0-

$9,000 
5-ac Residential Site 

(35% Impervious) 

$350/ acre/ year 
(about 

$0.01/square 
foot/ year) 

 

Extended 
Detention 
Basin 

$$$ $0.50- $1.00 Not included 3 to 6% 

Costs vary widely.  One 0.3 
ac-ft basin was recorded to 

have cost $160,0005 
$3,132 Annual maintenance 

costs for per Caltrans5 

Wet Ponds $$$ $0.50- $1.00 Not included 3 to 6% 
$17,000 Annual maintenance 
costs for one Caltrans pond5 

Constructed 
Wetland 

$$$$ $0.60 – $1.25 $125,000 
50-Acre Residential 

Site (35% Impervious) 
2%  

Sand Filter $$$$ $3 - $6 
$35,000-
$70,000 

5-Acre Commercial 
Site (65% Impervious) 

  
1    Volume based BMPs 
2    Flow based BMPs 
3 EPA, 1999.  Preliminary Data Summary of Urban Storm Water Best Management Practices.  Part D, Cost and Benefits Analysis.  

http://water.epa.gov/scitech/wastetech/guide/stormwater/index.cfm#report  
4   CASQA, 2003.  New Development and Redevelopment Handbook 
5    Figures from Caltrans studies cited in CASQA BMP Handbook. 
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4 SITE DESIGN PRINCIPLES AND TECHNIQUES 

4.1 Introduction 

The primary objective of the Site Design Principles and Techniques is to reduce the 
hydrologic and water quality impacts associated with land development. The benefits 
derived from this approach include: 

• Reduced size of downstream Treatment Control Measures and conveyance 
systems; 

• Reduced pollutant loading to onsite Treatment Control Measures  and receiving 
streams; and 

• Reduced hydraulic impact on receiving streams. 

Site Design Principles and Techniques include the following design features and 
considerations: 

• Site planning; 

• Protect and restore natural areas; 

• Minimize land disturbance; 

• Minimize impervious cover; 

• Apply Low Impact Development best management practices (LID BMPs) at 
various scales: and 

• Implement Integrated Water Resource Management Practices. 

The Site Design Principles and Techniques described in this section are required to be 
considered for all new development and redevelopment projects subject to conditioning 
and approval for the design and implementation of post-construction stormwater 
management control measures (as defined in Section 1.5). They are not required if the 
project proponent demonstrates to the satisfaction of the City or County that the 
particular measures are not applicable to the proposed project, or the project site 
conditions make it infeasible to implement the site design control measure in question. 
The applicability of specific controls outlined within this section should be confirmed 
with the local government. 

Detailed descriptions and design criteria for each of the Site Design Principles and 
Techniques are presented in the following section. 
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4.2 Site Planning 

Purpose 

LID requires a holistic approach to site 
design and stormwater management. As 
such, planners, developers, architects, and 
engineers should reconsider conventional 
approaches to stormwater management. The 
use of site planning techniques presented 
here will generate a more hydrologically 
functional site, help to maximize the 
effectiveness of Retention BMPs, and 
integrate stormwater management 

throughout the site. 

Design Criteria 

The following criteria should be 
considered during the early site planning 
stages: 

1) Retention BMPs should be considered as early as possible in the site planning 
process. Hydrology should be an o rganizing principle that is integrated into the 
initial site assessment planning phases. 

2) Project applicants should anticipate and plan for the space requirements of 
Retention and Biofiltration BMPs. Table 4-1 provides general rules of thumb for BMP 
space requirements. 

3) Site planning should use a multidisciplinary approach that includes planners, 
engineers, landscape architects, and architects at the initial phases of the project. 

4) Individual Retention BMPs should be distributed throughout the project site and 
may influence the configuration of roads, buildings, and other infrastructure. 

5) The project must demonstrate disconnection of impervious surface such that the 5% 
EIA requirement is achieved. If fully meeting the 5% EIA requirement using 
Retention BMPs is not technically feasible, the project must still utilize Retention 
BMPs to the maximum extent practicable. 

6) Consider flood control early in the design stages. Even sites with Retention BMPs will 
still have runoff that occurs during large storm events. Look for opportunities to 
simultaneously address flood control requirements and the requirement to reduce 
EIA to ≤5% presented in Section 2. 

LID BMPs Integrated within Site Planning 
Process  

Low Impact Development Center, Inc. 
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7) Consider the use of alternative building materials instead of conventional materials 
for new construction and renovation. Several studies have indicated that metal used 
as roofing material, flashing, or gutters can leach metals into the environment. Avoid 
the use of roofing, gutters, and trim made of copper and galvanized (zinc) roofs, 
gutters, chain link fences and siding. 

8) Consider 2010 Green Building Code requirements during the site planning stages. 

Table 4-1: Rule of Thumb Space Requirements for BMPs5 

BMP Type 
% of Contributing Drainage 

Area 

Infiltration 3 to 10 

Rainwater Harvesting (Cistern) 0 to 10 

Evapotranspiration  

(Green Roof) 

1 to 1 ratio of impervious 
cover treated 

Biofiltration 3 to 5 

Dry Extended Detention Basin 1 to 3 

Wet Detention Basin 1 to 3 

Sand Filters 0 to 5 

Cartridge Media Filter 0 to 5 

 

                                                        
 

5 Modified from Schueler, T., D. Hirschman, M. Novotney, and J. Zielinski.  2 007.  U rban Stormwater Retrofit 
Practices. Manual 3 in the Urban Subwatershed Restoration Manual Series.  C enter for Watershed Protection.  
Ellicott City, MD. 

RB-AR9409

http://www.bsc.ca.gov/CALGreen/default.htm


SITE DESIGN PRINCIPLES AND TECHNIQUES 

Technical Guidance Manual for 4-4 July 13, 2011 
Stormwater Quality Control Measures 2011   

4.3 Protect and Restore Natural Areas 

Purpose 

Each project site possesses unique 
topographic, hydrologic and vegetative 
features, some of which are more suitable for 
development than others. Sensitive areas 
that should be protected and/or restored 
include streams and their buffers, 
floodplains, wetlands, steep slopes, and high 
permeability soils. Additionally, slopes can 
be a major source of sediment and should be 
properly protected and stabilized.  

Locating development on the least sensitive 
portion of a s ite and conserving naturally 
vegetated areas can minimize environmental 
impacts in general and stormwater runoff 
impacts in particular. 

Design Criteria 

If applicable and feasible for the given site conditions, the following site design features 
or elements are required and should be included in the project site layout, consistent 
with applicable General Plan and Local Area Plan policies: 

1) Identify and cordon off streams and their buffers, floodplains, wetlands, and steep 
slopes.  

2) Reserve areas with high permeability soils for either open space or Infiltration BMPs. 

3) Incorporate existing trees into site layout. 

4) Identify areas that may be restored or revegetated either during or post-construction. 

5) Identify and avoid and/or stabilize areas susceptible to erosion and sediment loss. 

6) Concentrate or cluster development on the least-sensitive portions of a site, while 
leaving the remaining land in a natural undisturbed state. 

7) Slopes must be protected from erosion by safely conveying runoff from the tops of 
slopes. 

• Slopes should be vegetated by first considering use of native or drought-tolerant 
species.  

Stream Buffer  

Larry Walker Associates 
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• Slope protection practices must conform to local permitting agency erosion and 
sediment control standards and design standards. The design criteria described 
in this section are intended to enhance and be consistent with these local 
standards. 

8) Limit clearing and grading of native vegetation at the project site to the minimum 
amount needed to build lots, allow access, and provide fire protection. 

9) Maintain existing topography and existing drainage divides to encourage dispersed 
flow. 

10) Maximize trees and other vegetation at each site by planting additional vegetation, 
clustering tree areas, and promoting the use of native and/or drought-tolerant 
plants. 

11) Promote natural vegetation by using parking lot islands and other landscaped areas. 
Integrate vegetated BMPs within parking lot islands and landscaped areas. 
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4.4 Minimize Land Disturbance 

Purpose 

This control works to protect water quality by 
preserving some of the natural hydrologic 
function of the site. By designing a site layout to 
preserve the natural hydrology and drainageways 
on the site, it reduces the need for grading the 
disturbance of vegetation and soils (GSMM, 
2001). By siting buildings and impervious 
surfaces away from steep slopes, drainageways, 
and floodplains, it limits the amount of grading, 
clearing and distance and reduces the hydrologic 
impact. This site design principle has most 
applicability in greenfield settings, but 
opportunities may exist in redevelopment and infill projects. 

Existing soils may contain organic material and soil biota that are ideal for storing and 
infiltrating stormwater. Clearing, grading, and heavy equipment can remove and 
compact existing soils and, therefore, limit their infiltrative capacity. The design criteria 
presented below are not intended to supersede compaction requirements associated with 
building codes. 

Design Criteria 

1) Delineate and flag the development envelope for the site. Delineating and flagging 
the development envelope includes a clear indication of the development envelope on 
the site plan and physical demarcation in the field which can be accomplished using 
temporary orange construction fencing or flagging. The development envelope can be 
established by identifying the minimum area needed to build lots; allow access and 
provide fire protection; and protect and buffer sensitive features such as streams, 
floodplains, steep slopes and wetlands. Concentrate buildings and paved areas on the 
least permeable soils, with the least intact habitats. 

2) Plan clearing and grading to minimize the compaction of infiltrative soils. 

3) Restrict equipment access and storage of construction equipment to the development 
envelope. 

4) Restrict storage of construction equipment within the development envelope.  

5) Avoid the removal of existing trees and valuable vegetation, as feasible. 

6) Consider soil amendments to restore permeability and organic content especially for 
infill and redevelopment projects to avoid soil disturbance. 

Minimized Clearing and Grading  

Greenfield et al., 1991 
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4.5 Minimize Impervious Cover 

Purpose 

The potential for the discharge of pollutants in 
stormwater runoff from a project site increases 
as the percentage of impervious area within the 
project site increases because impervious areas 
increase the volume and rate of runoff flow. 
Pollutants deposited on impervious areas tend 
to be easily mobilized and transported by 
surface water runoff. Minimizing impervious 
area through site design is an important means 
of minimizing stormwater pollutants of 
concern. In addition to the environmental and 
aesthetic benefits, a highly pervious site may 
allow reduction in the size of downstream 
conveyance and treatment systems, yielding 
savings in development costs. Reducing 
impervious area is the most cost effective way 
of minimizing the effective impervious area 
(EIA) requirement. 

Design Criteria 

Local permitting agency building and fire codes and ordinances determine some aspects 
of site design. These design strategies are intended to enhance and be consistent with 
these local codes and ordinances. Minimizing impervious surfaces at every possible 
opportunity requires integration of many small strategies. Suggested strategies for 
minimizing impervious surfaces through site design include the following: 

1) Use minimum allowable roadway cross sections, driveway lengths, and parking stall 
widths and lengths. 

2) Minimize or eliminate the use of curbs and gutters, and maximize the use of 
Retention BMPs, where slope and density permit. 

3) Use two-track/ribbon alleyways/driveways or shared driveways. 

4) Include landscape islands in cul-de-sac streets. Consider alternatives to cul-de-sacs 
to increase connectivity. 

5) Reduce the footprints of building and parking lots. Building footprints may be 
reduced by building taller. 

6) Use permeable pavement to accommodate overflow parking (if overflow parking is 
needed). 

Impervious Cover Minimization  

BASMAA, Start at the Source 
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7) Cluster buildings and paved areas to maximize pervious area. 

8) Maximize tree preservation or tree planting. 

9) Avoid compacting or paving over soils with high infiltration rates (see Minimize Land 
Disturbance). 

10) Use pervious pavement materials where appropriate, such as modular paving blocks, 
turf blocks, porous concrete and asphalt, brick, and gravel or cobbles. 

11) Use grass-lined channels or surface swales to convey runoff instead of paved gutters 
(see Vegetated Swale in Section 6). 

12) Build more compactly in infill and redevelopment site to avoid disturbing natural 
and agricultural lands. Per capita impacts can be significantly reduced by building 
more compactly in infill and redevelopment areas.  
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4.6 Apply LID at Various Scales 

Purpose 

LID is a decentralized approach to stormwater management that works to mimic the 
natural hydrology of the site by retaining rainfall onsite. In order to realize the full 
benefits of water quality protection and runoff volume reduction, LID should be 
integrated and considered at the regional and watershed scale and the site scale. 

Design Criteria 

Regional/Watershed 

1) Consider Density: Low density development has a greater water resource impact 
than compact growth on a w atershed scale. Higher density development uses less 
land and produces less impervious cover per capita than low density development 
(USEPA, 2006). Developments should consider higher densities, but should still 
adhere to density levels as specified within local zoning requirements. 

2) Identify and Preserve Contiguous Open Space: Large contiguous areas of open space 
can act as a flood control, have an ecological benefit, serve as a buffer for streams and 
rivers, and provide recreational opportunities (EPA, 2004). Applicants should look 
for opportunities to link open space preservation with regional open space 
preservation efforts (such as Save Open Space and Agricultural Resources). 

3) Make use of Previously Developed Sites: Redevelopment of existing sites replace 
impervious cover with impervious cover, reduces the need for greenfield 
development, and makes use of existing infrastructure. 

4) Locate Compact Development within Close Proximity to Mass Transit: This 
maximizes transportation choices, reduces the number of automobile trips, and 
lessens the water quality impacts associated with transportation and low-density 
sprawl. 

Site 

The following design criteria should be considered at the site level in addition to the 
principles and techniques discussed earlier in this section (e.g., Minimize Impervious 
Cover). 

1) Maintain and Restore Natural Flowpaths for Runoff: Site buildings and impervious 
surfaces away from steep slopes, drainageways, and floodplains to reduce the amount 
of necessary clearing and grading and maintain the pre-development hydrology’s 
time of concentration.  
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2)  Maximize Use of Existing Impervious Cover: Assess and take advantage of 
opportunities to use existing impervious surfaces at the site level to reduce runoff at a 
watershed scale.  

3) Design Public Spaces and Common Areas to Minimize Stormwater Runoff: Public 
spaces and common areas can serve as community gathering places but are often 
composed of impervious cover (e.g., courtyards primarily made up of concrete) (EPA, 
2004). Design public spaces and common areas to accommodate both people and 
stormwater management. 

4) Compact Project Design: Compact project design reduces the amount of impervious 
cover per capita, increases walkability, and decreases water quality impacts 
associated with transportation. Concentrating development on one portion of the site 
reduces the amount of lawn, provides more opportunities to preserve open space, 
and maintains and restores natural flow paths. Additionally, compact design can 
reduce street and driveway length and as a result, can help to reduce the 
imperviousness associated with development.  

5) Encourage Use of Multiple Modes of Transportation: In addition to density and 
compact design, additional aspects of site design may encourage the use of multiple 
modes of transportation:  

• Bicycle and pedestrian-friendly streets; 

• Well connected sidewalks and streets; and 

• Mixed uses that encourage walking. 

LID BMPs Considered at Various Scales  

 C. Anderson, Sustainable Urbanism 

RB-AR9416



SITE DESIGN PRINCIPLES AND TECHNIQUES 

Technical Guidance Manual for 4-11 July 13, 2011 
Stormwater Quality Control Measures 2011   

4.7 Implement Integrated Water Resource Management Practices 

Purpose 

Integrated Water Resource Management (IWRM) is a 
process which promotes the coordinated development 
and management of water, land, and related 
resources. Order R4-2010-0108 promotes the use of 
IWRM to help guide the selection of BMPs that 
conserve water, recharge groundwater, provide 
recreational opportunities and serve as multiple 
purpose parks and preserve open space.  

Many of the concepts of IWRM are documented in the 
County’s Integrated Regional Water Management Plan 
(IRWMP). The IRWMP is the product of an intensive 
stakeholder process and addresses multiple water 
resource management goals including improved water 
supply reliability, water recycling, water conservation, 
recreation and access, flood control, wetlands 
enhancement and creation, and environmental and 
habitat protection (Watershed Coalition of Ventura 
County, 2006). 

Design Criteria 

The goals of the 2011 TGM and the new development and redevelopment requirements 
contained within Order R4-2010-0108, complement the goals of the IRWMP. 
Development projects should strive to select BMPs that meet the following multiple 
objectives (Watershed Coalition of Ventura County, 2006): 

1) Conserve and Augment Water Supplies: Identify and evaluate the opportunities to 
recharge groundwater and increase water use efficiency. This can be accomplished 
through infiltration of stormwater runoff and selection of drought-tolerant 
landscaping. 

2) Protect People, Property and the Environment from Adverse Flooding Impacts: 
Identify opportunities to utilize BMPs that provide both water quality and water 
quantity benefits. Provide and maintain setbacks from streams and rivers. 

3) Protect and Restore Habitat and Ecosystems in Watersheds: Implement the 
practices identified in Protect and Restore Natural Areas to integrate habitat and 
stormwater goals. Landscaping selection for stormwater management practices may 
also further encourage and attract wildlife. 

Integrated Regional Water 
Management Plan 

Ventura County 
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4) Provide Water-related Recreational, Public Access and Educational Opportunities: 
Integrate recreation and stormwater management by creating multi-functional 
BMPs and designing courtyards and open spaces that accommodate both people 
and stormwater runoff. Consider providing educational signs for BMPs located in 
public spaces, where appropriate. 
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5 SOURCE CONTROL MEASURES 

5.1 Introduction 

Source Control Measures are low-technology practices designed to prevent pollutants 
from contacting stormwater runoff and prevent discharge of contaminated runoff to 
the storm drainage system.  T his section addresses site-specific, structural-type 
Source Control Measures consisting of specific design features or elements.  N on-
structural type Source Control Measures; such as good housekeeping and employee 
training, are not included in the 2011 TGM.  The project applicant can consult the 
California Industrial Best Management Practice Manual for this type of practice 
(SWQTF, 1993).  The governing stormwater agency may require additional Source 
Control Measures not included in the 2011 TGM for specific pollutants, activities, or 
land uses. 

This section describes control measures for specific types of sites or activities that 
have been identified as potential significant sources of pollutants in stormwater.  
Each of the measures specified in this section should be implemented in conjunction 
with appropriate non-structural Source Control Measures to optimize pollution 
prevention. 

The measures addressed in this section apply to both stormwater and non-
stormwater discharges. Non-stormwater discharges are the discharge of any 
substance, such as process wastewater, to the storm drainage system or water body 
that is not composed entirely of stormwater.  S tormwater that is mixed or 
commingled with other non-stormwater flows is considered non-stormwater.  
Discharges of stormwater and non-stormwater to the storm drainage system or a 
water body may be subject to local, state, or federal permitting prior to discharge.  
The appropriate agency should be contacted prior to any discharge.  Discuss the 
matter with the stormwater staff if you are uncertain as to which agency should be 
contacted. 

Some of the measures presented in this section require connection to the sanitary 
sewer system.  It is prohibited to connect and discharge to the sanitary sewer system 
without prior approval or obtaining the required permits.  Contact the stormwater 
staff of the governing agency about obtaining sanitary sewer permits within Ventura 
County.  Discharges of certain types of flows to the sanitary sewer system may be cost 
prohibitive.  T he designer is urged to contact the appropriate agency prior to 
completing site and equipment design of the facility. 

5.2 Description 

Table 5-1 summarizes site-specific Source Control Measures and associated design 
features specified for various sites and activities.  Fact Sheets are presented in this 
section for each source control measure.  T hese sheets include design criteria 
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established by the Approval Agencies to ensure effective implementation of the 
required Source Control Measures: 

Table 5-1: Summary of Site-Specific Source Control Measure Design Features 

Site-Specific Source Control 
Measure 1 
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Storm Drain Message and Signage 
(S-1) 

X       

Outdoor Material Storage Area 
Design (S-2)  X X X X  X 

Outdoor Trash Storage and Waste 
Handling Area Design (S-3) 

 X X X  X  

Outdoor Loading/Unloading Dock 
Area Design (S-4) 

 X X X X   

Outdoor Repair/Maintenance Bay 
Design   (S-5) 

 X X X X  X 

Outdoor Vehicle/Equipment/ 
Accessory Washing Area Design (S-
6) 

 X X X X X X 

Fueling Area Design   (S-7)  X X X X  X 

Parking Lot Design 2               

1  Refer to Fact Sheets in Section 6 for detailed information and design criteria and Appendix E for 
BMP sizing worksheets 

2  Requirements for proper design of parking lots are covered by requirements for General Site 
Design Principles and Techniques (see Section 4) and Treatment Control Measures (see Section 
6). 
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5.3 Site-Specific Source Control Measures 

S-1: Storm Drain Message and Signage 

Purpose 

Waste materials dumped into storm drain inlets can have severe impacts on receiving 
and ground waters.  Posting notices regarding discharge prohibitions at storm drain 
inlets can prevent waste dumping.  T his Fact Sheet contains details on the 
installation of storm drain messages at storm drain inlets located in new or 
redeveloped commercial, industrial, and residential sites. 

Design Criteria 

Storm drain messages have become a popular method of alerting the public to the 
effects of and the prohibitions against waste disposal into the storm drain system.  
The signs are typically stenciled or affixed near the storm drain inlet.  The message 
simply informs the public that dumping of wastes into storm drain inlets is 
prohibited and/or the drain discharges to a receiving water. 

Storm drain message markers or placards are required at all storm drain inlets 
within the boundary of the development project.  T he marker should be placed in 
clear sight facing anyone approaching the inlet from either side (see Figure 5-1).  All 
storm drain inlet locations must be identified on the development site map.  

Some local agencies within the County have approved storm drain message placards 
for use. Signs with language and/or graphical icons, which prohibit illegal dumping, 
should be posted at designated public access points along channels and streams 
within a project area. Consult local permitting agency stormwater staff to determine 
specific requirements for placard types and installation methods.  

Maintenance Requirements 

Legibility of markers and signs should be maintained. If required by the agency with 
jurisdiction over the project, the owner/operator or homeowner’s association shall 
enter into a Maintenance Agreement with the agency or record a deed restriction 
upon the property title to maintain the legibility of placards and signs. 
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Figure 5-1: Storm Drain Message Location 

2. STORM DRAIN MESSAGE SHALL BE PERMANENTLY APPLIED DURING THE CONSTRUCTION OF THE CURB AND 
GUTTER USING A METHOD APPROVED BY THE LOCAL AGENCY.

STORM DRAIN MESSAGE SHALL BE APPLIED IN SUCH A WAY AS TO PROVIDE A CLEAR, LEGIBLE IMAGE.
NOTES:
1.

STORM DRAIN 
MESSAGE LOCATION

CURB TYPE INLET

STORM DRAIN 
MESSAGE LOCATION

INLET GRATE

AREA TYPE INLET

CONCRETE 
PERIMETER
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S-2: Outdoor Material Storage Area Design 

Purpose 

Materials that are stored outdoors could become sources of pollutants in stormwater 
runoff if not handled or stored properly.  M aterials could be in the form of raw 
products, by-products, finished products, and waste products.  The type of pollutants 
associated with the materials will vary depending on the type of commercial or 
industrial activity.  

Some materials are more of a c oncern than others. Toxic and hazardous materials 
must be prevented from coming in contact with stormwater.  Non-toxic or non-
hazardous materials do not have to be prevented from stormwater contact, but 
cannot be allowed to runoff with the stormwater.  T hese materials may have toxic 
effects on receiving waters. Accumulated material on an impervious surface could 
result in significant debris and sediment being discharged with stormwater runoff 
causing a significant impact on the rivers or streams that receive the runoff.  

Materials may be stored in a v ariety of ways, including bulk piles, containers, 
shelving, stacking, and tanks.  Stormwater contamination may be prevented by 
eliminating the possibility of stormwater contact with the material storage areas 
either through diversion, cover, or capture of the stormwater.  Control measures may 
also include minimizing the storage area.  Control measures are site-specific and 
must meet local permitting agency requirements. 

Design Criteria 

Design requirements for material storage areas are governed by Building and Fire 
Codes and by current City or County ordinances and zoning requirements.  Source 
Control Measures described in the Fact Sheet are intended to enhance and be 
consistent with these code and ordinance requirements. The following design 
features should be incorporated into the design of a material storage area when 
storing materials outside could contribute significant pollutants to the storm drain. 
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Table 5-2: Design Criteria for Outdoor Material Storage Area Design 

Source Control 
Design Feature Design Criteria 

Surfacing • Construct the storage area base with a material impervious to 
leaks and spills. 

Covers • Install a cover that extends beyond the storage area, or use a 
manufactured storage shed for small containers. 

Grading/Containment • Minimize the storage area. 

• Slope the storage area towards a dead-end sump to contain 
spills. 

• Grade or berm storage areas to prevent run-on from 
surrounding areas. 

• Direct runoff from downspouts/roofs away from storage areas. 

Accumulated Stormwater and Non-stormwater 

Stormwater and non-stormwater will accumulate in containment areas and sumps 
with impervious surfaces.  Contaminated accumulated water must be disposed of in 
accordance with applicable laws and cannot be discharged directly to the storm drain 
or sanitary sewer system without the appropriate permit. 

S-3: Outdoor Trash Storage Area Design 

Purpose 

Stormwater runoff from areas where trash is stored or disposed of can be polluted.  
In addition, loose trash and debris can be easily transported by water or wind into 
nearby storm drain inlets, channels, and/or creeks.  Waste handling operations may 
be sources of stormwater pollution and include dumpsters, litter control, and waste 
piles.  This fact sheet contains details on the specific measures required to prevent or 
reduce pollutants in stormwater runoff associated with trash storage and handling. 

Design Criteria 

Design requirements for waste handling areas are governed by Building and Fire 
Codes, and by current local permitting agency ordinances and zoning requirements.  
The design criteria described in the Fact Sheet are meant to enhance and be 
consistent with these code and ordinance requirements.  Hazardous waste should be 
handled in accordance with legal requirements established in Title 22, California 
Code of Regulations. 

Wastes from commercial and industrial sites are typically hauled by either public or 
commercial carriers that may have design or access requirements for waste storage 
areas.  The design criteria listed below are recommendations and are not intended to 
be in conflict with requirements established by the waste hauler.  The waste hauler 
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should be contacted prior to the design of your site trash collection area to obtain 
established and accepted guidelines for designing trash collection areas.  Conflicts or 
issues should be discussed with the local permitting agency.  

The following trash storage area design controls were developed to enhance the local 
permitting agency codes and ordinances and should be implemented depending on 
the type of waste and the type of containment.  

Table 5-3: Design Criteria for Outdoor Trash Storage Areas 

Source Control 
Design Feature Design Criteria 

Surfacing • Construct the storage area base with a material impervious to leaks and 
spills. 

Screens/Covers • Install a screen or wall around trash storage area to prevent offsite 
transport of loose trash. 

• Use lined bins or dumpsters to reduce leaking of liquid wastes. 

• Use water-proof lids on bins/dumpsters or provide a roof to cover 
enclosure (local permitting agency discretion) to prevent rainfall from 
entering containers. 

Grading/Contouring • Berm or grade the waste handling area to prevent run-on of stormwater. 

• Do not locate storm drains in immediate vicinity of the trash storage 
area.  

Signs • Post signs on all dumpsters informing users that hazardous materials 
are not to be disposed of therein. 

Maintenance Requirements 

The owner/operator must maintain the integrity of structural elements that are 
subject to damage (e.g. screens, covers and signs).  Maintenance Agreements 
between the local permitting agency and the owner/operator may be required.  Some 
agencies will require maintenance deed restrictions to be recorded of the property 
title.  If required by the local permitting agency, Maintenance Agreements or deed 
restrictions must be executed by the owner/operator before improvement plans are 
approved.  Refer to Appendix G and H for further guidance regarding Maintenance 
Plan Agreements.  

S-4: Outdoor Loading/Unloading Dock Area Design 

Purpose 

Materials spilled, leaked, or lost during loading or unloading may collect on 
impervious surfaces or in the soil and be carried away by runoff or when the area is 
cleaned.  Rainfall may also wash pollutants from machinery used to load or unload 
materials. Depressed loading docks (truck wells) are contained areas that can 
accumulate stormwater runoff.  D ischarge of spills or contaminated stormwater to 
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the storm drain system is prohibited.  T his Fact Sheet contains details on specific 
measures recommended to prevent or reduce pollutants in stormwater runoff from 
outdoor loading or unloading areas. 

Design Criteria 

Design requirements for outdoor loading and unloading of materials are governed by 
Building and Fire Codes, and by current local permitting agency ordinances and 
zoning requirements.  Source Control Measures described in this Fact Sheet are 
meant to enhance and be consistent with these code and ordinance requirements.  
Companies may have their own design or access requirements for loading docks.  The 
design criteria listed below are not intended to be in conflict with requirements 
established by individual companies. Conflicts or issues should be discussed with the 
local permitting agency.  

The following design criteria should be followed when developing construction plans 
for material loading and unloading areas: 

Table 5-4: Design Criteria for Outdoor Loading/ Unloading Areas 

Source Control Design 
Feature Design Criteria 

Surfacing • Construct floor surfaces with materials that are compatible with 
materials being handled in the loading/unloading area. 

Covers • Cover loading/unloading areas to a distance of at least 3 feet 
beyond the loading dock or install a seal or door skirt to be used 
for all material transfers between the trailer and the building. 

Grading/Contouring • Grade or berm storage the areas to prevent run-on from 
surrounding areas. 

• Direct runoff from downspouts/roofs away from loading areas. 

Emergency  

Storm Drain Seal 

• Do not locate storm drains in the loading dock area. Direct 
connections to storm drains from depressed loading docks are 
prohibited.  

• Provide means, such as isolation valves, drain plugs, or drain 
covers, to prevent spills or contaminated stormwater from entering 
the storm drainage system. 

 

Accumulated Stormwater and Non-stormwater 

Stormwater and non-stormwater will accumulate in containment areas and sumps 
with impervious surfaces, such as depressed loading docks.  C ontaminated 
accumulated water must be disposed of in accordance with applicable laws and 
cannot be discharged directly to the storm drain or sanitary sewer system without the 
appropriate permit. 
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S-5: Outdoor Repair/Maintenance Bay Design 

Purpose 

Activities that can contaminate stormwater include engine repair, service, and 
parking (i.e. leaking engines or parts).  O il and grease, solvents, car battery acid, 
coolant and gasoline from the repair/maintenance bays can severely impact 
stormwater if allowed to come into contact with stormwater runoff.  This Fact Sheet 
contains details on the specific measures required to prevent or reduce pollutants in 
stormwater runoff from vehicle and equipment maintenance and repair areas. 

Design Criteria 

Design requirements for vehicle maintenance and repair areas are governed by 
Building and Fire Codes, and by current local permitting agency ordinances, and 
zoning requirements.  The design criteria described in this Fact Sheet are meant to 
enhance and be consistent with these code requirements. 

The following design criteria are required for vehicle and equipment maintenance, 
and repair. All wash water, hazardous and toxic wastes must be prevented from 
entering the storm drainage system. 

Source Control 
Design Feature Design Criteria 

Surfacing • Construct the vehicle maintenance/repair floor area with Portland cement 
concrete. 

Covers • Cover or berm areas where vehicle parts with fluids are stored. 

• Cover or enclose all vehicle maintenance/repair areas. 

Grading/ 
Contouring 

• Berm or grade the maintenance/repair area to prevent run-on and runoff of 
stormwater or runoff of spills. 

• Direct runoff from downspouts/roofs away from maintenance/repair areas. 

• Grade the maintenance/repair area to drain to a dead-end sump for collection 
of all wash water, leaks and spills. Direct connection of maintenance/repair 
area to storm drain system is prohibited. 

• Do not locate storm drains in the immediate vicinity of the maintenance/repair 
area. 

Emergency 
Storm Drain 
Seal 

• Provide means, such as isolation valves, drain plugs, or drain covers, to 
prevent spills or contaminated stormwater from entering the storm drainage 
system. 

Accumulated Stormwater and Non-stormwater 

Stormwater and non-stormwater will accumulate in containment areas and sumps 
with impervious surfaces.  Contaminated accumulated water must be disposed of in 
accordance with applicable laws and cannot be discharged directly to the storm drain 
or sanitary sewer system without the appropriate permit. 
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S-6: Outdoor Vehicle/Equipment/Accessory Washing Area Design 

Purpose 

Washing vehicles and equipment in areas where wash water flows onto the ground 
can pollute stormwater.  W ash waters are not allowed in the storm drain system. 
They can contain high concentrations of oil and grease, solvents, phosphates and 
high suspended solids loads.  Sources of washing contamination include outside 
vehicle/equipment cleaning or wash water discharge to the ground.  This Fact Sheet 
contains details on the specific measures required to prevent or reduce pollutants in 
stormwater runoff from vehicle and equipment washing areas. 

Design Criteria 

Design requirements for vehicle maintenance and repair areas are governed by 
Building and Fire Codes, and by current local permitting agency ordinances, and 
zoning requirements.  The design criteria described in this Fact Sheet are meant to 
enhance and be consistent with these code requirements. 

The following design criteria are required for vehicle and equipment washing areas.  
All hazardous and toxic wastes must be prevented from entering the storm drain 
system. 

Source Control 
Design Feature Design Criteria 

Surfacing • Construct the vehicle/equipment wash area floors with Portland cement 
concrete. 

Covers • Provide a cover that extends over the entire wash area.    

Grading/ 
Contouring 

• Berm or grade the maintenance/repair area to prevent run-on and runoff of 
stormwater or runoff of spills. 

• Grade or berm the wash area to contain the wash water within the covered 
area and direct the wash water to treatment and recycle or pretreatment and 
proper connection to the sanitary sewer system. Obtain approval from the 
governing agency before discharging to the sanitary sewer. 

• Direct runoff from downspouts/roofs away from wash areas. 

• Do not locate storm drains in the immediate vicinity of the wash area. 

Emergency 
Storm Drain Seal 

• Provide means, such as isolation valves, drain plugs, or drain covers, to 
prevent spills or contaminated stormwater from entering the storm drainage 
system. 

Accumulated Stormwater and Non-stormwater 

Stormwater and non-stormwater will accumulate in containment areas and sumps 
with impervious surfaces.  Contaminated accumulated water must be disposed of in 
accordance with applicable laws and cannot be discharged directly to the storm drain 
or sanitary sewer system without the appropriate permit. 
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S-7: Fueling Area Design 

Purpose 

Spills at vehicle and equipment fueling areas can be a significant source of pollution 
because fuels contain toxic materials and heavy metals that are not easily removed by 
stormwater treatment devices.  When stormwater mixes with fuel spilled or leaked 
onto the ground, it becomes polluted by petroleum-based materials that are harmful 
to humans, fish, and wildlife.  This could occur at large industrial sites or at small 
commercial sites such as gas stations and convenience stores.  This Fact Sheet 
contains details on specific measures required to prevent or reduce pollutants in 
stormwater runoff from vehicle and equipment fueling areas, including retail gas 
stations. 

Design Criteria 

Design requirements for fueling areas are governed by Building and Fire Codes and 
by current local permitting agency ordinances and zoning requirements.  The design 
requirements described in this Fact Sheet are meant to enhance and be consistent 
with these code and ordinance requirements. 

Source Control 
Design Feature Design Criteria 

Surfacing • Fuel dispensing areas must be paved with Portland cement concrete. The fuel 
dispensing area is defined as extending 6.5 feet from the corner of each fuel 
dispenser or the length at which the hose and nozzle assemble may be 
operated plus 1 foot, whichever is less. The paving around the fuel dispensing 
area may exceed the minimum dimensions of the “fuel dispensing area” 
stated above. 

• Use asphalt sealant to protect asphalt paved areas surrounding the fueling 
area. 

Covers • The fuel dispensing area must be covered 1, and the cover’s minimum 
dimensions must be equal to or greater than the area within the grade break 
or the fuel dispensing area, as defined above. The cover must not drain onto 
the fuel dispensing area. 

Grading/ 

Contouring 

• The fuel dispensing area should have a 2% to 4% slope to prevent ponding 
and must be separated from the rest of the site by a grade break that prevents 
run-on of stormwater to the extent practicable.  

• Grade the fueling area to drain toward a dead-end sump. 

• Direct runoff from downspouts/roofs away from fueling areas. 

• Do not locate storm drains in the immediate vicinity of the fueling area. 
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Source Control 
Design Feature Design Criteria 

Emergency 
Storm Drain 
Seal 

• Provide means, such as isolation valves, drain plugs, or drain covers, to 
prevent spills or contaminated stormwater from entering the storm drainage 
system. 

1. If fueling large equipment or vehicles that would prohibit the use of covers or roofs, the fueling island should be 
designed to sufficiently accommodate the larger vehicles and equipment and to prevent run-on and runoff of 
stormwater. Grade to direct stormwater to a dead-end sump. 

Accumulated Stormwater and Non-stormwater 

Stormwater and non-stormwater will accumulate in containment areas and sumps 
with impervious surfaces. Contaminated accumulated water must be disposed of in 
accordance with applicable laws and cannot be discharged directly to the storm drain 
or sanitary sewer system without the appropriate permit. 

S-8: Proof of Control Measure Maintenance 

Purpose 

Continued effectiveness of control measures specified in the 2011 TGM depends on 
diligent ongoing inspection and maintenance.  To ensure that such maintenance is 
provided, the local permitting agency will require both a Maintenance Agreement 
and a Maintenance Plan from the owner/operator of stormwater control measures. 

Maintenance Agreement 
Onsite Treatment Control Measures are to be maintained by the owner/operator. 
Maintenance Agreements between the governing agency and the owner/operator 
may be required.  A  Maintenance Agreement with the governing agency must be 
executed by the owner/operator before occupancy of the project is approved.  A  
sample Maintenance Agreement form is provided in Appendix H. 

Maintenance Plan 

A post-construction Maintenance Plan shall be prepared and made available at the 
governing agency’s request. The Maintenance Plan should address items such as: 

• Operation plan and schedule, including a site map; 
• Maintenance and cleaning activities and schedule; 
• Equipment and resource requirements necessary to operate and maintain 

facility; and 
• Responsible party for operation and maintenance. 

Additional guidelines for Maintenance Plans are provided in Appendix I. 
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6 STORMWATER BMP DESIGN 

6.1 Introduction 

Retention BMPs, Biofiltration BMPs, and Treatment Control Measures are required 
to augment Site Design Principles and Techniques and Source Control Measures to 
reduce pollution from stormwater discharges to the maximum extent practicable. 
Retention BMPs are engineered facilities that are designed to retain surface runoff on 
the project site. Biofiltration BMPs are vegetated stormwater BMPs that remove 
pollutants by filtering stormwater through vegetation and soils. Treatment Control 
Measures are engineered BMPs that provide a r eduction of pollutant loads and 
concentrations in stormwater runoff. The type(s) of Retention BMPs and 
Biofiltration BMPs to be implemented depends on site suitability factors discussed in 
this chapter. The type of Treatment Control Measure(s) to be implemented at a site 
depends on a number of factors including: type of pollutants in the stormwater 
runoff, quantity of stormwater runoff to be treated, project site conditions, receiving 
water conditions, and state industrial permit requirements, where applicable. Land 
requirements and costs to design, construct, and maintain Treatment Control 
Measures vary by type. 

Unlike flood control measures that are designed to handle peak flows, stormwater 
Retention BMPs, Biofiltration BMPs, and Treatment Control Measures are designed 
to retain or treat the more frequent, lower-flow storm events, or the first flush runoff 
from larger storm events (typically referred to as the first flush events). Small, 
frequent storm events represent most of the total average annual rainfall for the area. 
It’s the volume from such small events, referred to as the Stormwater Quality Design 
Volume (SQDV), that is targeted for retention onsite in Retention BMPs. Biofiltration 
BMPs and Treatment Control Measures can be sized to capture either the SQDV or 
the Stormwater Quality Design Flow (SQDF). Calculation methods for the SQDV and 
the SQDF are presented in Section 2 and Appendix E. 

6.2 General Considerations 

Retention BMPs, Biofiltration BMPs, and Treatment Control Measures are designed 
to remove pollutants contained in stormwater runoff. The pollutants of concern, 
depending on the watershed, may include trash, debris, and sediment; metals such as 
copper, lead, and zinc; nutrients such as nitrogen and phosphorous; certain bacteria 
and viruses; mineral salts such as chloride; and organic chemicals such as petroleum 
hydrocarbons and pesticides. Pollutant removal methods include 
sedimentation/settling, filtration, plant uptake, ion exchange, adsorption, and 
microbially-mediated decomposition. Floatable pollutants such as oil, debris, and 
scum can be removed with separator structures. Retention BMPs, Biofiltration 
BMPs, and some Treatment Control Measures are also designed to reduce runoff 
volume, thereby reducing pollutant loading to receiving waters. Retention BMP, 
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Biofiltration BMPs, and Treatment Control Measure types and common terms used 
in stormwater treatment are discussed below. 

Maintenance Responsibility 

Unless otherwise agreed to by the governing stormwater agency, the landowner, site 
operator, or homeowner’s association is responsible for the operation and 
maintenance of the Retention BMPs, Biofiltration BMPs, and Treatment Control 
Measures. Failure to properly operate and maintain the measures could result in 
reduced treatment of stormwater runoff or a c oncentrated loading of pollutants to 
the storm drain system. To protect against failure, a M aintenance Plan must be 
developed and implemented for all Retention BMPs, Biofiltration BMPs, and 
Treatment Control Measures. Guidelines for maintenance plans are provided in 
Appendix I of the 2011 TGM. The Plan must be made available at the agency’s 
request. In addition, a m aintenance agreement with the governing agency may be 
required. The example maintenance agreements are included in Appendix H. 

In addition to maintenance, the governing agency may require water quality 
monitoring agreements for any of the Retention BMPs, Biofiltration BMPs, or 
Treatment Control Measures recommended in the 2011 TGM. Monitoring may be 
conducted by the site operator, the agency, or both. Monitoring may be required for a 
period of time to help the agency evaluate the effectiveness of Retention BMPs, 
Biofiltration BMPs, and Treatment Control Measures in reducing pollutants in 
stormwater runoff. 

Pretreatment 

Pretreatment must be provided for filtration and infiltration facilities and other 
facilities whose function could be adversely affected by sediment or other pollutants. 
Pretreatment may also be provided for water quality detention basins and other 
Treatment Control Measures to facilitate the routine removal of sediment, trash, and 
debris, and to increase the longevity of the downstream BMPs.  

Pretreatment may be provided by presettling basins or forebays (small detention 
basins), vegetated swales, filter strips, and hydrodynamic separators. Source control 
activities, described in Chapter 5, minimize the introduction of pollutants into 
stormwater runoff and also help to protect filtration and infiltration facilities. Effort 
should be made early in the site planning stages to minimize runoff from impervious 
areas by grading toward landscaped areas, disconnecting downspouts, and using 
pervious conveyances prior to discharging to the storm drain system. These site 
design practices can reduce the size and maintenance burden of downstream, end-of-
pipe BMPs. 

Oil/Water Separation   

Oil/water separators remove floating oil from the water surface. There are two 
general types of separators: American Petroleum Institute (API) separators and 

RB-AR9432



STORMWATER BMP DESIGN 

Technical Guidance Manual for 6-3 July 13, 2011 
Stormwater Quality Control Measures 2011   

coalescing plate (CP) separators. Both types use physical mechanisms to remove high 
concentrations of floating and dispersed oil. Oil/water separators are not suitable for 
the relatively low concentrations of petroleum hydrocarbons present in typical urban 
runoff, and should only be used in locations where higher concentrations of oil are 
expected to occur, such as retail fuel facilities, high volume roads, and petroleum-
related industrial facilities. Oil/water separators must be located off-line from the 
primary conveyance system, as they function at low flow conditions and will wash out 
in high flow conditions. Other oil control devices/facilities that may be used for 
pretreatment of slightly elevated concentrations of oil (i.e., typical of high use 
commercial parking lots) include catch basin inserts, hydrodynamic devices, and 
linear sand filters. Oil control devices/facilities should always be placed upstream of 
other treatment facilities and as close to the oil source as possible. 

Infiltration 

Infiltration refers to the use of the filtration, adsorption, and biological 
decomposition properties of soils to remove pollutants prior to the intentional 
routing of runoff to the subsurface for groundwater recharge. Infiltration BMPs are a 
type of Retention BMP and include infiltration basins, infiltration trenches, 
bioretention without an underdrain, dry wells, permeable pavement, and proprietary 
infiltration devices.  Infiltration can provide multiple benefits including pollutant 
removal, hydromodification control, groundwater recharge, and flood control. 
However, conditions that can limit the use of infiltration include soil properties and 
potential adverse impacts on groundwater quality. A geotechnical investigation must 
be conducted when evaluating infiltration to determine the suitability of the site soil 
in adequately addressing groundwater protection.  This may include an i n-situ 
percolation test, per the guidance provided in Appendix C, and the determination of 
minimum depth to groundwater. The minimum separation to seasonal high 
groundwater or estimated mounded groundwater is five feet.  Depth to seasonal high 
groundwater level shall be estimated as the average of the annual minima (i.e., the 
shallowest recorded measurements in each water year, defined as October 1 through 
September 30) for all years on record. If groundwater level data are not available or 
not considered to be representative, seasonal high groundwater depth can be 
determined by redoximorphic analytical methods combined with temporary 
groundwater monitoring for November 1 through April 1 at the proposed project site.     

Soils should have sufficient organic content and sorption capacity to remove certain 
pollutants, but must be coarse enough to infiltrate runoff in a reasonable amount of 
time (e.g., < 72 hours for above-ground ponded water to prevent vector breeding). 
Examples of suitable soils are silty and sandy loams. Coarser soils, such as gravelly 
sands, have limited organic content and high permeability and therefore present a 
potential risk to groundwater from certain pollutants, especially in areas of shallow 
groundwater. Prior to the use of infiltration BMPs, consult with the local permitting 
agency to identify if vulnerable unconfined aquifers are located beneath the project to 
determine the appropriateness of these BMPs. In an area identified as an unconfined 
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aquifer, the application of infiltration BMPs should include significant pretreatment 
to ensure groundwater is protected from pollutants of concern. 

Infiltration BMPs should not be placed in high-risk areas such as at or near 
service/gas stations, truck stops, and heavy industrial sites due to the groundwater 
contamination risk. Infiltration BMPs may be placed in high-risk areas if a site-
specific evaluation demonstrates that sufficient pretreatment is provided to address 
pollutants of concern, high risks areas are isolated from stormwater runoff, or 
infiltration areas have little chance of spill migration. 

In addition, infiltration BMPs must be sited at least 50 feet away from slopes steeper 
than 15 percent or an alternative setback established by the geotechnical expert for 
the project. Adequate spacing (100 feet or more) must be provided between 
infiltration BMPs and potable wells, non-potable wells, drain fields, and springs. 
Infiltration BMPs must be setback from building foundations at least eight feet or 
have an alternative setback established by the geotechnical expert for the project. 

Infiltration is not allowed at locations with contaminated soils or groundwater where 
the pollutants could be mobilized or exacerbated by infiltration, unless a site-specific 
analysis determines the infiltration would not be detrimental. A site-specific analysis 
shall be prepared where pollutant mobilization (e.g., naturally-derived groundwater 
pollutants) is a concern. Projects must consider the potential for mobilization of 
groundwater contamination from natural sources as a result of stormwater 
infiltration (e.g., marine sediments, selenium-rich groundwater) to the extent that 
data is available.  

Incidental infiltration that occurs in other types of Biofiltration BMPs and Treatment 
Control Measures, such as dry extended detention basins, vegetation swales, filter 
strips, and bioretention areas with underdrains, pose little risk to groundwater 
quality as treatment is provided in the BMP prior to infiltration. 

Biofiltration BMPs 

Biofiltration BMPs use vegetation and soils or other filtration media for runoff 
treatment. As runoff passes through the vegetation and filtration media, the 
combined effects of filtration, adsorption, and biological uptake remove pollutants. 
In biofiltration BMPs, pore spaces and organic material in the soils help to retain 
water in the form of soil moisture and to promote the pollutant adsorption (e.g., 
dissolved metals and petroleum hydrocarbons) into the soil matrix. Plants use soil 
moisture, promote the drying of the soil through transpiration, and uptake pollutants 
in their roots and leaves. Plants with extensive root systems also help to maintain 
filtration rates. Vegetation also decreases the velocity of flow and allows for 
particulates to settle.  
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Treatment Control Measures 

Filtration 

Various media, such as sand, perlite, zeolite, compost, and activated carbon, can be 
used in filtration BMPs to effectively remove total suspended solids (TSS) and 
associated pollutants such as organics (hydrocarbons and pesticides) and particulate 
metals. Filtration systems can be configured in the form of horizontal beds, trenches, 
or lastly, cartridge systems in underground vaults or catch basins. 

Wetpools 

A wetpool is a permanent pool of water incorporated into a wetpond or stormwater 
wetland BMP.  Wetpools provide runoff treatment by allowing settling of particulates 
(sedimentation) by biological uptake and by vegetative filtration (if vegetation is 
present). Wetpool BMPs may be single-purpose facilities, providing only runoff 
treatment, or they may also provide flow control by providing additional detention 
storage with the use of a multi-stage outlet structure. If combined with detention, the 
wetpool volume can often be stacked under the detention volume with little further 
loss of development area. 

 “On-line” and “Off-line” Facilities   

The location and configuration of control facilities can vary depending on the desired 
function. For example, drop structures or grade control may be located in a drainage 
channel so as to stabilize a c hannel for hydromodification control purposes. Such 
facilities are referred to as “in-stream” controls. Retention BMPs, Biofiltration BMPs, 
and Treatment Control Measures may not be located in-stream. Retention BMPs, 
Biofiltration BMPs, and Treatment Control Measures cannot be located in Waters of 
the US, but rather must be located upland to retain or treat runoff prior to discharge 
into Waters of the US.  

If a Retention BMP, Biofiltration BMP, or Treatment Control Measure facility is 
designed such that all the runoff passes through the facility, the facility is called an 
“on-line” system. However, care must be taken to limit the resuspension of 
previously captured pollutants or damage to BMP performance during high flows. If, 
on the other hand, the facility only receives flows less than or equal to the stormwater 
quality design flow (SQDF), the facility is called an “off-line” system. Off-line systems 
therefore require a flow splitter or equivalent device. Generally treatment 
performance is better for off-line facilities because a larger percentage of the runoff is 
treated. Figure 6-1 illustrates the difference between on-line, off-line, and in-stream 
controls.  
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Figure 6-1:  Differences between On-line, Off-line, and In-stream Control Measures 

 

6.3 Retention BMP, Biofiltration BMP, and Treatment Control Measure 
Fact Sheets 

This section provides fact sheets with recommended criteria for the design and 
implementation of Retention BMPs, Biofiltration BMPs, and Treatment Control 
Measures.  The siting, design, and maintenance requirements in the fact sheets are 
intended to ensure optimal performance of the measures. Alternative designs may be 
approved by the local permitting authority based on site specific conditions if 
equivalent pollutant removal performance is provided.   
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The 2011 TGM also contains calculation worksheets to aid in the design of these 
BMPs in Appendix E. New BMPs that are equivalent to those included in the 2011 
TGM are acceptable based on approval of the local permitting agency. 

Fact sheets are provided for the Retention BMPs, Biofiltration BMPs, and Treatment 
Control Measures listed below: 

Retention BMPs 

Infiltration BMPs 

INF-1: Infiltration Basin 
INF-2: Infiltration Trench 
INF-3: Bioretention 
INF-4: Drywell 
INF-5: Permeable Pavement 
INF-6: Proprietary Infiltration 

Rainwater Harvesting BMPs 

RWH-1: Rainwater Harvesting  

Evapotranspiration BMPs 

ET-1: Green Roof 
ET-2: Hydrologic Source Controls 

Biofiltration BMPs 

BIO-1: Bioretention with Underdrain 
BIO-2: Planter Box 
BIO-3: Vegetated Swale  
BIO-4: Vegetated Filter Strip 
BIO-5: Proprietary Biotreatment 

 
Treatment Control Measures 

TCM-1: Dry Extended Detention Basin 
TCM-2: Wet Detention Basin 
TCM-3: Constructed Wetland 
TCM-4: Sand Filter (if vegetated, this is considered a Biofiltration BMP) 
TCM-5: Cartridge Media Filter 

Pretreatment/Gross Solids Removal BMPs 

PT-1: Hydrodynamic Device 
PT-2: Catch Basin Insert 
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INF-1: Infiltration Basin 

An infiltration basin consists of an earthen basin constructed in naturally pervious 
soils (Type A or B soils) with a flat bottom and provided with an inlet structure to 
dissipate energy of incoming flow and an emergency spillway to control excess flows.  
An optional relief underdrain may be provided to drain the basin if standing water 
conditions occur.  A forebay settling basin or separate Treatment Control Measure 
must be provided as pretreatment.  An infiltration basin functions by retaining the 
SQDV in the basin and allowing the retained runoff to percolate into the underlying 
native soils over a specified period of time.  T he bottoms of infiltration basins are 
typically vegetated with dry-land grasses or irrigated turf grass. A typical layout of an 
infiltration basin system is shown in Figure 
6-2. 

 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 
 
 

Infiltration Basin in a Fresno, CA Park, Before and 
After a Rain Event 

Photo Credit: Geosyntec Consultants 

 

Application 

• Mixed-use and commercial 

• Roads and parking lots 

• Parks and open spaces 

• Single and multi-family 
residential 

• Can integrate with parks 

Routine Maintenance 

• Removal trash, debris, and 
sediment at inlet and outlets 

• Wet weather inspection to 
ensure drain time 

• Remove weeds 

• Inspect for mosquito breeding 

RB-AR9438



RB-AR9439



INF-1: INFILTRATION BASIN 

Technical Guidance Manual for 6-10 July 13, 2011 
Stormwater Quality Control Measures 2011   

Limitations 

The following limitations should be considered before choosing to use an infiltration 
basin:  

• Native soil infiltration rate - permeability of soils at the infiltration basin 
location must be at least 0.5 inches per hour. 

• Depth to groundwater, bedrock, or low permeability soil layer – 5 feet vertical 
separation is required between the bottom of the infiltration basin and the 
seasonal high groundwater level or mounded groundwater level, bedrock, or 
other barrier to infiltration to ensure that the facility will completely drain 
between storms and that infiltrating water will receive adequate treatment 
though the soils before it reaches the groundwater. 

• Slope stability - infiltration BMPs must be sited at least 50 feet away from 
slopes steeper than 15 percent or an alternative setback established by the 
geotechnical expert for the project. 

• Setbacks - a minimum setback (100 feet or more) must be provided between 
infiltration BMPs and potable wells, non-potable wells, drain fields, and 
springs. Infiltration BMPs must be setback at least eight feet from building 
foundations or have an alternative setback established by the geotechnical 
expert for the project. 

• Groundwater contamination - the application of infiltration BMPs should 
include significant pretreatment in an area identified as an unconfined 
aquifer to ensure groundwater is protected for pollutants of concern. 

• Contaminated soils or groundwater plumes - infiltration BMPs are not 
allowed at locations with contaminated soils or groundwater, where the 
pollutants could be mobilized or exacerbated by infiltration, unless a site-
specific analysis determines the infiltration would be beneficial. 

• High pollutant land uses - infiltration BMPs should not be placed in high-risk 
areas such as at or near service/gas stations, truck stops, and heavy industrial 
sites due to the groundwater contamination risk unless a site-specific 
evaluation demonstrates that sufficient pretreatment is provided to address 
pollutants of concern, high risks areas are isolated from stormwater runoff, or 
infiltration areas have little chance of spill migration. 

• High sediment loading rates – infiltration BMPs may clog quickly if sediment 
loads are high (e.g., unstabilized site) or if flows are not adequately 
pretreated. 
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Additional Control Functions 

Infiltration basins can be designed for flow control by providing storage capacity in 
excess of that provided by infiltration and incorporating outlet controls.  T he 
additional storage and outlet structure should be provided per the requirements 
outlined in the Dry Extended Detention Basins section of the 2011 TGM. Note that 
the selected outlet structure should not be designed to drain the design volume 
intended for infiltration and should be similar to outlet structures that maintain a 
permanent pool (see Section 6.10.2 – Wet Retention Basins). 

Multi-Use Opportunities 

Infiltration basins may be integrated into the design of a p ark or playfield.  
Recreational multi-use facilities should be inspected after every storm and may 
require a greater maintenance frequency than dedicated infiltration basins to ensure 
aesthetics and public safety are not compromised.  An y planned multi-use facility 
must obtain approval by the affected City and County departments.   

Design Criteria  

The main challenge associated with infiltration basins is preventing system clogging 
and subsequent infiltration inhibition. Infiltration basins should be designed 
according to the requirements listed in Table 6-1 and outlined in the section below. 
Detailed design procedures and an example are included in Appendix E.  

Table 6-1: Infiltration Basin Design Criteria 

Design Parameter Unit Design Criteria 

Stormwater quality design 
volume (SQDV) 

acre-
feet 

See Section 2.3 and Appendix E for calculating 
SQDV 

Design drawdown time hr 12 - 72 (See Appendix D, Section D.2) 

Bottom basin Elevation feet 
5 feet above seasonally high groundwater table 
or mounded groundwater 

Setbacks feet 

100 feet from wells, fields, and springs; 

20 feet downslope of 100 feet upslope of 
foundations; 

Geotechnical expert should establish the 
setback requirement from building foundations 
that must be ≥ 8 ft. 

Pretreatment - 
Sedimentation forebay or any Treatment Control 
Measure shall be provided as pretreatment for 
all tributary surfaces other than roofs. 
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Design Parameter Unit Design Criteria 

Design percolation rate 
(Pdesign) 

in/hr 

Measured percolation rate must be corrected 
based onsite suitability assessment and design 
related considerations described in this fact 
sheet. 

Facility geometry - 

Forebay (if applicable):  

25% of facility volume;  

flat bottom slope 

Freeboard (minimum) ft 1.0 

Inlet/ Outlet erosion control - Energy dissipater to reduce velocity 

Overflow device - Required if system is on-line 

Geotechnical Considerations 

An extensive geotechnical site investigation must be undertaken early in the site 
planning process to verify site suitability for the installation of infiltration facilities, 
due to the potential to contaminate groundwater, cause slope instability, impact 
surrounding structures, and have insufficient infiltration capacity.. Soil infiltration 
rates and the water table depth should be evaluated to ensure that conditions are 
satisfactory for proper operation of an infiltration facility. See Appendix C for 
guidance on infiltration testing. 

The project designer must demonstrate through infiltration testing, soil logs, and the 
written opinion of a licensed civil engineer that sufficiently permeable soils exist 
onsite to allow the construction of a properly functioning infiltration facility. 

1) Infiltration facilities require a minimum soil infiltration rate of 0.5 inches/hour. 
Pretreatment is required in all instances. 

2) Groundwater separation must be at least 5 feet from the basin bottom to the 
measured Seasonal High Groundwater Elevation or estimated high groundwater 
mounding elevation. Groundwater levels measurements must be made during the 
time when water level is expected to be at a maximum (i.e., toward the end of the 
wet season). 

3) Potential BMP sites with a slope greater than 25% (4:1) should be excluded.  A 
geotechnical analysis and report addressing slope stability are required if located 
within 50 feet of slopes greater than 15%. 

Soil Assessment and Site Geotechnical Investigation Reports 

The soil assessment report should: 

• State whether the site is suitable for the proposed infiltration basin; 
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• Recommend a design percolation rate (see “Step 2: Determine The Design 
Percolation Rate” below); 

• Identify the seasonally high depth to groundwater table surface elevation; 

• Provide a good understanding of how the stormwater runoff will move in the 
soil (horizontally or vertically) and if there are any geological conditions that 
could inhibit the movement of water; and 

• If a geotechnical investigation and report are required, the report should: 

 Provide a written opinion by a professional civil engineer describing 
whether the infiltration basin will compromise slope stability; and 

 Identify potential impacts to nearby structural foundations. 

Setbacks 

1) Infiltration facilities shall be setback a minimum of 100 feet from proposed or 
existing potable wells, non-potable wells, septic drain fields, and springs. 

2) Infiltration BMPs must be sited at least 50 feet away from slopes steeper than 15 
percent or an alternative setback established by the geotechnical expert for the 
project. 

3) The geotechnical expert shall establish the setback requirement from building 
foundations that must be ≥ 8 ft. 

Pretreatment 

Pretreatment is required for infiltration basins in order to reduce the sediment load 
entering the facility and maintain the infiltration rate of the facility. Pretreatment 
refers to design features that provide settling of large particles before runoff reaches 
a management practice; easing the long-term maintenance burden. Pretreatment is 
important for most all structural stormwater BMPs, but it is particularly important 
for infiltration BMPs. To ensure that pretreatment mechanisms are effective, 
designers should incorporate sediment reduction practices. Sediment reduction 
BMPs may include vegetated swales, vegetated filter strips, sedimentation basins or 
forebays, sedimentation manholes and hydrodynamic separation devices. The use of 
at least two pretreatment devices is highly recommended for infiltration basins.  

For design specification of selected pretreatment devices, refer to: 

• BIO-3: Vegetated swales 

• BIO-4: Vegetated filter strips 

• TCM-4: Sand filters 
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• TCM-5: Cartridge media filters 

• PT-1: Hydrodynamic separation device 

Sizing Criteria 

As with sand filters, infiltration facilities can be sized using one of two methods: a 
simple sizing method or a routing modeling method.  With either method the SQDV 
volume must be completely infiltrated within 12 to 72 hours (see Appendix D, Section 
D.2 for a d iscussion on drawdown time and BMP performance). The simple sizing 
procedures provided below can be used for either infiltration basins or infiltration 
trenches (see INF-2: Infiltration Trench).  For the routing modeling method, refer to  
TCM-4 Sand Filters. 

Step 1: Calculate the Design Volume 

Infiltration facilities shall be sized to capture and infiltrate the SQDV volume (see 
Section 2 and Appendix E) with a 12 to 72 hour drawdown time (see Appendix D, 
Section D.2).   

Step 2: Determine the Design Percolation Rate 

The percolation rate will decline between maintenance cycles as the surface becomes 
occluded and particulates accumulate in the infiltrative layer.  Monitoring of actual 
facility performance has shown that the full-scale infiltration rate is far lower than 
the rate measured by small-scale testing.  It is important that adequate conservatism 
is incorporated in the selection of design percolation rates. For infiltration trenches, 
the design percolation rate discussed here is the percolation rate of the underlying 
soils and not the percolation rate of the filter media bed (refer to the “Geometry and 
Sizing” section of INF-2 for the recommended composition of the filter media bed for 
infiltration trenches).    

Considerations for Design Percolation Rate Corrections 

Suitability assessment related considerations include (Table 6-2): 

• Soil assessment methods – the site assessment extent (e.g., number of 
borings, test pits, etc.) and the measurement method used to estimate the 
short-term infiltration rate.  

• Predominant soil texture/percent fines – soil texture and the percent fines 
can greatly influence the potential for clogging.   

• Site soil variability – site with spatially heterogeneous soils (vertically or 
horizontally), as determined from site investigations, are more difficult to 
estimate average properties resulting in a higher level of uncertainty 
associated with initial estimates.   
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• Depth to seasonal high groundwater/impervious layer – groundwater 
mounding may become an issue during excessively wet conditions where 
shallow aquifers or shallow clay lenses are present.  

Table 6-2: Suitability Assessment Related Considerations for Infiltration Facility Safety 
Factors 

Consideration High Concern Medium Concern Low Concern 

Assessment 
methods 

Use of soil survey 
maps or simple 
texture analysis to 
estimate short-term 
infiltration rates 

Direct 
measurement of  ≥ 
20 percent of 
infiltration area with 
localized infiltration 
measurement 
methods (e.g., 
infiltrometer) 

Direct 
measurement of ≥ 
50 percent of 
infiltration area with 
localized infiltration 
measurement 
methods  

or 

Use of extensive 
test pit infiltration 
measurement 
methods 

Ventura Hydrology 
Manual soil number  

(measured 
infiltration rate) 

3 

(f = 0.5 – 0.64) 

4 or 5 

(f = 0.65 –0.91) 

6 or 7 

(f = 0.92 or higher) 

Site soil variability 

Highly variable soils 
indicated from site 
assessment or 
limited soil borings 
collected during site 
assessment 

Soil borings/test 
pits indicate 
moderately 
homogeneous soils 

Multiple soil 
borings/test pits 
indicate relatively 
homogeneous soils 

Depth to 
groundwater/ 
impervious layer 

<10 ft below facility 
bottom 

10-30 ft below 
facility bottom 

>30 below facility 
bottom 

 

Localized infiltration testing refers to methods such as the double ring infiltrometer 
test (ASTM D3385-88), which measure infiltration rates over an area less than 10 sq-
ft and do not attempt to account for soil heterogeneity.  Extensive infiltration testing 
refers to methods that include excavating a significant portion of the proposed 
infiltration area, filling the excavation with water, and monitoring drawdown. In all 
cases, testing should be conducted in the area of the proposed BMP where, based on 
geotechnical data, soils appear least likely to support infiltration. 

Design related considerations include (Table 6-3): 
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• Size of area tributary to facility – all things being equal, both physical and 
economic risk factors related to infiltration facilities increase with an increase 
in the tributary area served. Therefore facilities serving larger tributary areas 
should use more restrictive adjustment factors. 

• Level of pretreatment/expected influent sediment loads – credit should be 
given for good pretreatment by allowing less restrictive factors to account for 
the reduced probability of clogging from high sediment loading. Also, 
facilities designed to capture runoff from relatively clean surfaces such as 
rooftops are likely to see low sediment loads and therefore should be allowed 
to apply less restrictive safety factors. 

• Redundancy – facilities that consist of multiple subsystems operating in 
parallel such that parts of the system remains functional when other parts fail 
and/or bypass, should be rewarded for the built-in redundancy with less 
restrictive correction and safety factors.  For example, if bypass flows would 
be at least partially treated by another BMP, the risk of discharging untreated 
runoff in the event of clogging the primary facility is reduced.  A bioretention 
facility that overflows to a landscaped area is another example. Compaction 
during construction – proper construction oversight is needed during 
construction to ensure that the bottoms of infiltration facility are not overly 
compacted. Facilities that do not commit to proper construction practices and 
oversight should have to use more restrictive correction and safety factors.  
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Table 6-3: Design Related Considerations for Infiltration Facility Safety Factors 

Consideration High Concern Medium Concern Low Concern 

Tributary area size 
Greater than 10 
acres. 

Greater than 2 acres 
but less than 10 
acres. 

2 acres or less. 

Level of pre-
treatment/ expected 
influent sediment 
loads 

Pre-treatment from 
gross solids removal 
devices only, such 
as hydrodynamic 
separators, racks 
and screens, AND 
tributary area 
includes landscaped 
areas, steep slopes, 
high traffic areas, or 
any other areas 
expected to produce 
high sediment, 
trash, or debris 
loads. 

Good pre-treatment 
with BMPs that 
mitigate coarse 
sediments such as 
vegetated swales 
AND influent 
sediment loads 
from the tributary 
area are expected 
to be relatively low 
(e.g., low traffic, 
mild slopes, 
disconnected 
impervious areas, 
etc.). 

Excellent pre-
treatment with BMPs 
that mitigate fine 
sediments such as 
bioretention or 
media filtration OR 
sedimentation or 
facility only treats 
runoff from relatively 
clean surfaces, such 
as rooftops. 

Redundancy of 
treatment 

No redundancy in 
BMP treatment train. 

Medium 
redundancy, other 
BMPs available in 
treatment train to 
maintain at least 
50% of function of 
facility in event of 
failure. 

High redundancy, 
multiple 
components 
capable of operating 
independently and 
in parallel, 
maintaining at least 
90% of facility 
functionality in event 
of failure. 

Compaction during 
construction 

Construction of 
facility on a 
compacted site or 
elevated probability 
of unintended/ 
indirect compaction. 

Medium probability 
of unintended/ 
indirect compaction. 

Heavy equipment 
actively prohibited 
from infiltration 
areas during 
construction and 
low probability of 
unintended/ indirect 
compaction. 

 

Adjust the measured short-term infiltration rate using a weighted average of several 
safety factors using the worksheet shown in Table 6-4 below. The design percolation 
rate would be determined as follows: 

• For each consideration shown in Table 6-2 and Table 6-3 above, determine 
whether the consideration is a high, medium, or low concern.  

• For all high concerns, assign a factor value of 3, for medium concerns, assign 
a factor value of 2, and for low concerns assign a factor value of 1.  

• Multiply each of the factors by the corresponding weight to get a product.  
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• Sum the products within each factor category to obtain a safety factor for 
each. 

• Multiply the two safety factors together to get the final combined safety 
factor. If the combined safety factor is less than 2, then use 2 as the safety 
factor.  

• Divide the measured short-term infiltration rate by the combined safety 
factor to obtain the adjusted design percolation rate for use in sizing the 
infiltration facility. 

Table 6-4: Infiltration Facility Safety Factor Determination Worksheet 

Factor Category Factor Description 

Assigned 
Weight 

(w) 

Factor 
Value 

(v) 

Product 
(p) 

p = w x v 

A 
Suitability 
Assessment 

Soil assessment methods 0.25   
Predominant soil texture 0.25   
Site soil variability 0.25   
Depth to groundwater / 
impervious layer 

0.25   

Suitability Assessment Safety Factor, SA = Σp  

B Design 

Tributary area size 0.25   
Level of pre-treatment/ 
expected sediment loads 

0.25   

Redundancy 0.25   
Compaction during 
construction 

0.25   

Design Safety Factor, SB = Σp  
 

Combined Safety Factor = SA x SB   
Note: The minimum combined adjustment factor shall not be less than 2.0 and the maximum 
combined adjustment factor shall not exceed 9. 

Step 3: Calculate the surface area 

Determine the size of the required infiltrating surface by assuming the SQDV will fill 
the available ponding depth plus (for infiltration trenches) the void spaces based on 
the computed porosity of the filter media (normally about 32%).    

1) Determine the maximum depth of runoff that can be infiltrated within the 
required drain time (dmax) as follows: 

   (Equation 6-1) 

Where: 

t
P

d design

12max =
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dmax  =  the maximum depth of water that can be infiltrated 
within the required drain time (ft) 

Pdesign =  design percolation rate of underlying soils (in/hr) 

t  = required drain time (hrs) 

2) Choose the ponding depth (dp) and/or trench depth (dt) such that: 

pdd ≥max   For Infiltration Basins (Equation 6-2) 

ptt ddnd +≥max  For Infiltration Trenches (Equation 6-3) 

Where: 

dmax  =  the maximum depth of water that can be infiltrated 
within the required drain time (ft) 

dp  =  ponding depth (ft) 

nt  =  trench fill aggregate porosity (unitless) 

dt  =  depth of trench fill (ft) 

3) Calculate infiltrating surface area (filter bottom area) required: 

( ) )12/( pdesign dTP
SQDVA

+
=  For Infiltration Basins (Equation 6-4) 

( ) )12/( pttdesign ddnTP
SQDVA

++
= For Infiltration Trenches (Equation 6-5) 

Where: 

SQDV  =  stormwater quality design volume (ft3) 

nt  =  trench fill aggregate porosity (unitless) 

Pdesign =  design percolation rate (in/hr) 

dp  =  ponding depth (ft) 

dt  =  depth of trench fill (ft) 

T  =  fill time (time to fill to max ponding depth with 
water) (hrs) [use 2 hours for most designs]  
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Geometry and Sizing 

1) Infiltration basins should be designed and constructed with the flattest bottom 
slope possible to promote uniform ponding and infiltration across the facility. 

2) A sediment forebay is required unless adequate pretreatment is provided in a 
separate pretreatment unit (e.g., vegetated swale, filter strip, hydrodynamic 
device) to reduce sediment loads entering the infiltration basin. The sediment 
forebay, if present, should have a v olume equal to 25% of the total infiltration 
basin volume.  

3) The forebay should be designed with a minimum length to width ratio of 2:1 and 
should completely drain to the main basin through an 8-inch minimum low-flow 
outlet within 10 minutes. 

4) All inlets should enter the sediment forebay. If there are multiple inlets, the 
length-to-width ratio should be based on the average flowpath length for all 
inlets. 

5) Design embankments to conform to requirements of the State of California 
Division of Safety of Dams, if the basin dimensions cause it to fall under that 
agency’s jurisdiction.  

Drainage 

1) The bottom of the infiltration bed should be native soil, over-excavated to at least 
one foot in depth, and replaced uniformly without compaction. Amending the 
excavated soil with 2-4 inches (~15-30%) of coarse sand is recommended.  

2) The hydraulic conductivity of the subsurface layers should be sufficient to ensure 
a maximum 72-hr drawdown time. An observation well shall be incorporated to 
allow observation of drain time. 

3) For infiltration basins, an underdrain should be installed within the bottom layer 
to provide drainage in case of standing water. The underdrain should be operated 
by opening a valve, which should be closed during normal operation. Cleanouts 
should be provided for the underdrain. See Sand Filter Section VEG-8 for 
specifications for underdrains.  

Emergency Overflow 

1) There should be an overflow route for stormwater flows that overtop the facility 
or in case the infiltration facility becomes clogged. 

2) The overflow channel should be able to safely convey flows from the peak design 
storm to the downstream stormwater conveyance system or other acceptable 
discharge point. 
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3) Spillway and overflow structures should be designed in accordance with 
applicable standards of the Ventura County Flood Control District or local 
jurisdiction. 

Vegetation  

1) A thick mat of drought tolerant grass should be established on the basin floor and 
side-slopes following construction. Grasses can help prevent erosion and increase 
evapotranspiration and their roots discourage compaction helping to maintain 
the surface infiltration rates. Additionally, the active growing vegetation can help 
break up surface layers that accumulate fine particulates. 

2) Grass may need to be irrigated during establishment. 

3) For infiltration basins, landscaping of the area surrounding the basin should 
adhere to the following criteria so as not to hinder maintenance operations:   

a. No trees or shrubs may be planted within 10 feet of inlet or outlet pipes or 
manmade drainage structures such as spillways, flow spreaders, or 
earthen embankments. Species with roots that seek water, such as willow 
or poplar, should not be used within 50 feet of pipes.  

b. Prohibited non-native plant species will not be permitted. For more 
information on invasive weeds, including biology and control of listed 
weeds, look at the encycloweedia located at the California Department of 
Food and Agriculture website or the California Invasive Plant Council 
website at www.cal-ipc.org. 

Maintenance Access 

1) Maintenance access road(s) shall be provided to the drainage structures 
associated with the basin (e.g., inlet, emergency overflow, or bypass structures). 
Manhole and catch basin lids should be in or at the edge of the access road. 

2) An access ramp to the basin bottom is required to facilitate the entry of sediment 
removal and vegetation maintenance equipment without compaction of the basin 
bottom and side slopes. 

Construction Considerations 

To preserve and avoid the loss of infiltration capacity, the following construction 
guidelines are specified: 
 
1) The entire area draining to the facility should be stabilized before construction 

begins.  I f this is impossible, a diversion berm should be placed around the 
perimeter of the infiltration site to prevent sediment entrance during 
construction.  
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2) Infiltration basins should not be hydraulically connected to the stormwater 
conveyance system until all contributing tributary areas are stabilized as shown 
on the Contract Plans and to the satisfaction of the Engineer. Infiltration basins 
should not be used as sediment control facilities.  

3) Compaction of the subgrade with heavy equipment should be minimized to the 
maximum extent possible. If the use of heavy equipment on the base of the 
facility cannot be avoided, the infiltrative capacity should be restored by tilling or 
aerating prior to placing the infiltrative bed.  

4) The exposed soils should be inspected by a civil engineer after excavation to 
confirm that soil conditions are suitable. 

Operations and Maintenance 

Infiltration facility maintenance should include frequent inspections to ensure that 
surface ponding infiltrates into the subsurface completely within the design 
infiltration time after a storm (see Appendix I for an infiltration BMP inspection and 
maintenance checklist).  

Maintenance and regular inspections are of primary importance if infiltration BMPs 
are to continue to function as originally designed. A specific maintenance plan shall 
be formulated specifically for each facility outlining the schedule and scope of 
maintenance operations, as well as the data handling and reporting requirements. 
The following are general maintenance requirements: 

1) Regular inspection should determine if the pretreatment sediment removal BMPs 
require routine maintenance. 

2) If water is noticed in the basin more than 72 hours after a major storm the 
infiltration facility may be clogged. Maintenance activities triggered by a 
potentially clogged facility include:  

a. Check for debris/sediment accumulation, rake surface, and remove 
sediment (if any) and evaluate potential sources of sediment and debris 
(e.g., embankment erosion, channel scour, overhanging trees, etc). If 
suspected upland sources are outside of the immediate jurisdiction, 
additional pretreatment operations (e.g., trash racks, vegetated swales, 
etc.) may be necessary. 

b. For basins, removal of the top layer of native soil may be required to 
restore infiltrative capacity. 

c. Any debris or algae growth located on top of the infiltration facility should 
be removed and disposed of properly. 

d. Facilities shall be inspected annually. Trash and debris should be removed 
as needed, but at least annually prior to the beginning of the wet season. 
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3) Site vegetation should be maintained as frequently as necessary to maintain the 
aesthetic appearance of the site, and as follows: 

a. Vegetation, large shrubs, or trees that limit access or interfere with basin 
operation should be pruned or removed.  

b. Slope areas that have become bare should be revegetated and eroded 
areas should be regraded prior to being revegetated. 

c. Grass should be mowed to 4” - 9” high and grass clippings should be 
removed.          

d. Fallen leaves and debris from deciduous plant foliage should be raked and 
removed.    

e. Invasive vegetation, such as Alligatorweed (Alternanthera philoxeroides), 
Halogeton (Halogeton glomeratus), Spotted Knapweed (Centaurea 
maculosa), Giant Reed (Arundo donax), Castor Bean (Ricinus communis), 
Perennial Pepperweed (Lepidium latifolium), and Yellow Starthistle 
(Centaurea solstitalis) should be removed and replaced with non-invasive 
species. Invasive species should never contribute more than 25% of the 
vegetated area. For more information on invasive weeds, including 
biology and control of listed weeds, look at the encycloweedia located at 
the California Department of Food and Agriculture website or the 
California Invasive Plant Council website at www.cal-ipc.org. 

f. Dead vegetation should be removed if it exceeds 10% of area coverage. 
Vegetation should be replaced immediately to maintain cover density and 
control erosion where soils are exposed.  

4) For infiltration basins, sediment build-up exceeding 50% of the forebay capacity 
should be removed. Sediment from the remainder of the basin should be 
removed when 6 inches of sediment accumulates. Sediments should be tested for 
toxic substance accumulation in compliance with current disposal requirements 
if land uses in the catchment include commercial or industrial zones, or if visual 
or olfactory indications of pollution are noticed. If toxic substances are 
encountered at concentrations exceeding thresholds of Title 22, Section 66261 of 
the California Code of Regulations, the sediment should be disposed of in a 
hazardous waste landfill and the source of the contaminated sediments should be 
investigated and mitigated to the extent possible.  

5) Following sediment removal activities, replanting and/or reseeding of vegetation 
may be required for reestablishment.  
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INF-2: Infiltration Trench 

Infiltration trenches are long, narrow, gravel-filled trenches, often vegetated, that 
infiltrate stormwater runoff from small drainage areas. Infiltration trenches may include 
a shallow depression at the surface, but the majority of runoff is stored in the void space 
within the gravel and infiltrates through the sides and the bottom of the trench. 
 
  
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 
  
 
 
 
 
 
 
 

Application 

• Open areas adjacent to 
parking lots, driveways, and 
buildings 

• Roadway medians and 
shoulders 

 

Routine Maintenance 

• Removal trash, debris, and 
sediment at inlet and outlets 

• Wet weather inspection to 
ensure drain time 

• Remove weeds 

• Inspect for mosquito breeding 

Rural Highway Infiltration Trench  

http://stormwater.wordpress.com/20
07/05/23/infiltration--trenches/ 
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Limitations 

The following limitations should be considered before choosing to use an infiltration 
trench:  

• Native soil infiltration rate – soil permeability at the infiltration trench location 
must be at least 0.5 inches per hour. 

• Depth to groundwater, bedrock, or low permeability soil layer – 5 feet vertical 
separation is required between the bottom of the infiltration trench and the 
seasonal high groundwater level or mounded groundwater level, bedrock, or 
other barrier to infiltration to ensure that the facility will completely drain 
between storms and that infiltrating water will receive adequate treatment 
though the soils before it reaches the groundwater. 

• Slope stability - infiltration BMPs must be sited at least 50 feet away from slopes 
steeper than 15 percent or an alternative setback established by the geotechnical 
expert for the project. 

• Setbacks - a minimum setback (100 feet or more) must be provided between 
infiltration BMPs and potable wells, non-potable wells, drain fields and springs. 
Infiltration BMPs must be setback from building foundations at least eight feet or 
an alternative setback established by the geotechnical expert for the project. 

• Groundwater contamination - the application of infiltration BMPs should include 
significant pretreatment in an area identified as an unconfined aquifer to ensure 
groundwater is protected for pollutants of concern. 

• Contaminated soils or groundwater plumes - infiltration BMPs are 
not allowed at locations with contaminated soils or groundwater where the 
pollutants could be mobilized or exacerbated by infiltration, unless a site-specific 
analysis determines that infiltration would be beneficial. 

• High pollutant land uses - infiltration BMPs should not be placed in high-risk 
areas such as at or near service/gas stations, truck stops, and heavy industrial 
sites due to the groundwater contamination risk unless a site-specific evaluation 
demonstrates that sufficient pretreatment is provided to address pollutants of 
concern, high risks areas are isolated from stormwater runoff, or infiltration 
areas have little chance of spill migration. 

• High sediment loading rates – infiltration BMPs may clog quickly if sediment 
loads are high (e.g., unstabilized site) or if flows are not adequately pretreated.  
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Design Criteria 

The main challenge associated with infiltration trenches is preventing system clogging 
and subsequent infiltration inhibition. Infiltration trenches should be designed 
according to the requirements listed in Table 6-5 and outlined in the section below. BMP 
sizing worksheets are presented in Appendix E.  

Table 6-5: Infiltration Trench Design Criteria 

Design Parameter Unit Design Criteria 

Stormwater quality design 
volume (SQDV) 

acre-feet 
See Section 2 and Appendix E for calculating 
SQDV. 

Design drawdown time hr 12 – 72, see Appendix D, Section D.2 

Trench bottom elevation feet 5 feet from seasonally high groundwater table 

Setbacks feet 

100 feet from wells, fields, springs 

Geotechnical expert should establish the 
setback requirement from building foundations 
that must be ≥ 8 ft 

Do not locate under tree drip-lines 

Pretreatment - 
BIO-3: Vegetated Swale, BIO-4: Filter Strip, 
proprietary device, or sedimentation forebay, 
for all surfaces other than roofs 

Design percolation rate, 
(Pdesign) 

in/hr 

Measured percolation rate must be corrected 
based onsite suitability assessment and design 
related considerations described in this fact 
sheet 

Maximum depth of facility 
(dmax) 

feet 

8.0;  

Defined by the design infiltration rate and the 
design drawdown time (includes ponding 
depth and depth of media) 

Surface area of facility (A) square feet 
Based on depth of ponding  

(if applicable) and depth of trench media 

Facility geometry - 

Minimum 24 inches wide and maximum 5 feet 
deep;  

max 3% bottom slope 

Filter media diameter inches 
1 – 3 (gravel);  

prefabricated media may also be used 

Trench lining material - Geotextile fabric 

Overflow device - Required if system is on-line 
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Geotechnical Considerations 

An extensive geotechnical site investigation must be undertaken early in the site 
planning process to verify site suitability for the installation of infiltration facilities due 
to the potential to contaminate groundwater, cause slope instability, impact surrounding 
structures, and have insufficient infiltration capacity. Soil infiltration rates and the water 
table depth should be evaluated to ensure that conditions are satisfactory for proper 
operation of an infiltration facility. See Appendix C for guidance on infiltration testing. 

The project designer must demonstrate through infiltration testing, soil logs, and the 
written opinion of a licensed civil engineer that sufficiently permeable soils exist onsite 
to allow the construction of a properly functioning infiltration facility. 

1) Infiltration facilities require a minimum soil infiltration rate of 0.5 inches/hour. If 
infiltration rates exceed 2.4 inches/hour, then the runoff should be fully treated in an 
upstream BMP prior to infiltration to protect groundwater quality. Pretreatment for 
coarse sediment removal is required in all instances. 

2) Groundwater separation must be at least 5 feet from the trench bottom to the 
measured season high groundwater elevation or estimated high groundwater 
mounding elevation. Groundwater level measurements must be made during the 
time when water level is expected to be at a maximum (i.e., toward the end of the wet 
season). 

3) Sites with a slope greater than 25% (4:1) should be excluded. A geotechnical analysis 
and report addressing slope stability are required if located on slopes greater than 
15%. 

Soil Assessment and Site Geotechnical Investigation Reports 

The soil assessment report should: 

• State whether the site is suitable for the proposed infiltration trench; 

• Recommend a design infiltration rate (see the Step 2 of sizing methodology 
section, “Determine the design percolation rate,” in the Infiltration Basin fact 
sheet above);  

• Identify the seasonally high depth to groundwater table surface elevation. 

• Provide a good understanding of how the stormwater runoff will move in the soil 
(horizontally or vertically) and if there are any geological conditions that could 
inhibit the movement of water; and 

• If a geotechnical investigation and report are required, the report should: 

 Provide a written opinion by a professional civil engineer describing whether 
the infiltration trench will compromise slope stability; and 
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 Identify potential impacts to nearby structural foundations. 

Setbacks 

1) Infiltration facilities shall be setback a minimum of 100 feet from proposed or 
existing potable wells, non-potable wells, septic drain fields, and springs. 

2) Infiltration BMPs must be sited at least 50 feet away from slopes steeper than 15 
percent or an alternative setback established by the geotechnical expert for the 
project. 

3) Infiltration BMPs must be setback from building foundations at least eight feet or an 
alternative setback established by the geotechnical expert for the project. 

Pretreatment 

Pretreatment is required for infiltration trenches in order to reduce the sediment load 
entering the facility and maintain the infiltration rate of the facility. Pretreatment refers 
to design features that provide settling of large particles before runoff reaches a 
management practice; easing the long-term maintenance burden. Pretreatment is 
important for most all structural stormwater BMPs, but it is particularly important for 
infiltration BMPs. To ensure that pretreatment mechanisms are effective, designers 
should incorporate sediment reduction practices. Sediment reduction BMPs may include 
vegetated swales, vegetated filter strips, sedimentation basins or forebays, sedimentation 
manholes and hydrodynamic separation devices.  

For design specification of selected pre-treatment devices, refer to: 

• VEG-3: Vegetated swales 

• VEG-4: Vegetated filter strips 

• TCM-4: Sand filters 

• TCM-5: Cartridge media filters 

• PT-1: Hydrodynamic separation device 

Sizing Criteria 

See Sizing Criteria section in the INF-1: Infiltration Basin fact sheet. 

Geometry and Sizing 

1) Infiltration trenches should be at least 2 feet wide and 3 to 5 feet deep. 

2) The longitudinal slope of the trench should not exceed 3%. 

3) The filter bed media layers should have the following composition and thickness: 
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a. Top layer – If stormwater runoff enters the top of the trench via sheet flow at 
the ground surface, then the top 2 inches should be pea gravel with a thin 2 to 
4 inch layer of pure sand and 2 inch layer of chocking stone (e.g., #8) to 
capture sediment before entering the trench. If stormwater runoff enters the 
trench from an underground pipe, pretreatment prior to entry into the trench 
is required.  

b. Middle layer (3 to 5 feet of washed, 1.5 to 3 inch gravel). Void space should be 
in the range of 30 percent to 40 percent. 

c. Bottom layer (6 inches of clean, washed sand to encourage drainage and 
prevent compaction of the native soil while the stone aggregate is added). 

4) One or more observation wells should be installed, depending on trench length, to 
check for water level, drawdown time, and evidence of clogging. A typical observation 
well consists of a slotted PVC well screen, 4 to 6 inches in diameter, capped with a 
lockable, above-ground lid. 

Drainage 

1) The bottom of the infiltration bed must be native soil, over-excavated to at least one 
foot in depth and replaced uniformly without compaction. Amending the excavated 
soil with 2 to 4 inches (~15% to 30%) of coarse sand is recommended.  

2) The hydraulic conductivity of the subsurface layers should be sufficient to ensure the 
design drawdown time. An observation well should be incorporated to allow 
observation of drain time. 

Emergency Overflow 

1) There must be an overflow route for stormwater flows that overtop the facility or in 
case the infiltration facility becomes clogged. 

2) The overflow channel must be able to safely convey flows from the peak design storm 
to the downstream stormwater conveyance system or other acceptable discharge 
point. 

Vegetation  

1) Trees and other large vegetation should be planted away from trenches such that drip 
lines do not overhang infiltration beds. 

Maintenance Access 

1) The facility and outlet structures must all be safely accessible during wet and dry 
weather conditions.  

2) An access road along the length of the trench is required, unless the trench is located 
along an existing road or parking lot that can be safely used for maintenance access.  
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3) If the infiltration trench becomes plugged and fails, then access is needed to excavate 
the facility to remove and replace the top layer or the filter bed media, as well as to 
increase all dimensions of the facility by 2 inches to provide a fresh surface for 
infiltration. To prevent damage and compaction, access must be able to 
accommodate a backhoe working at “arms length”. 

Construction Considerations 

To preserve and avoid the loss of infiltration capacity, the following construction 
guidelines are specified: 
 
1) The entire area draining to the facility must be stabilized before construction begins.  

If this is impossible, a diversion berm should be placed around the perimeter of the 
infiltration site to prevent sediment entering during construction.  

2) Infiltration trenches should not be hydraulically connected to the stormwater 
conveyance system until all contributing tributary areas are stabilized as shown on 
the Contract Plans and to the satisfaction of the Engineer. Infiltration trenches 
should not be used as sediment control facilities.  

3) Compaction of the subgrade with heavy equipment should be minimized to the 
maximum extent possible. If the use of heavy equipment on the base of the facility 
cannot be avoided, the infiltrative capacity should be restored by tilling or aerating 
prior to placing the infiltrative bed.  

4) The exposed soils should be inspected by a civil engineer after excavation to confirm 
that soil conditions are suitable. 

Operations and Maintenance 

Infiltration facility maintenance should include frequent inspections to ensure that water 
infiltrates into the subsurface completely within the design drawdown time after a storm. 

Maintenance and regular inspections are of primary importance if infiltration trenches 
are to continue to function as originally designed. A specific maintenance plan shall be 
developed specific to each facility outlining the schedule and scope of maintenance 
operations, as well as the documentation and reporting requirements. The following are 
general maintenance requirements: 

1) Regular inspection should determine if the sediment pretreatment structures require 
preventative maintenance.  Inspect a minimum of twice a year, before and after the 
rainy season, after large storms, or more frequently if needed. 

2) If water is noticed in the observation well of the infiltration trench more than 72 
hours after a m ajor storm, the infiltration trench may be clogged. Maintenance 
activities triggered by a potentially clogged facility include:  
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a. For trenches, assess the condition of the top aggregate layer for sediment 
buildup and crusting. Remove top layer of pea gravel and replace. If slow 
draining conditions persist, entire trench may need to be excavated and 
replaced.  

3) Any debris or algae growth located on top of the infiltration facility should be 
removed and disposed of properly. 

4) Inspect a minimum of twice a y ear, before and after the rainy season, after large 
storms, or more frequently if needed. 

5) Clean when loss of infiltrative capacity is observed.   If drawdown time is observed to 
have increased significantly over the design drawdown time, removal of sediment 
may be necessary.  This is an expensive maintenance activity and the need for it can 
be minimized through prevention of upstream erosion. 

6) Mow as appropriate for vegetative cover species. 

7) Monitor health of vegetation and replace as necessary. 

8) Control mosquitoes as necessary. 

9) Remove litter and debris from trench area as required. 
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INF-3: Bioretention 

Bioretention stormwater treatment facilities are landscaped shallow depressions that 
capture and filter stormwater runoff. These facilities function as a soil and plant-based 
filtration device that removes pollutants through a variety of physical, biological, and 
chemical treatment processes. The facilities normally consist of a ponding area, mulch 
layer, planting soils, and plantings. An optional gravel layer can be added below the 
planting soil to provide additional storage volume for infiltration. As stormwater passes 
down through the planting soil, pollutants are filtered, adsorbed, and biodegraded by the 
soil and plants. For areas with low permeability native soils or steep slopes, see section 
INF-7: Bioinfiltration or BIO-1: Bioretention with Underdrain for relevant design 
specifications. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Application 

• Commercial, residential, 
mixed use, institutional, and 
recreational uses 

• Parking lot islands, traffic 
circles 

• Road parkways & medians 

Preventative Maintenance 

• Repair small eroded areas 

• Remove trash and debris and 
rake surface soils 

• Remove accumulated fine 
sediments, dead leaves and 
trash  

• Remove weeds and prune 
back excess plant growth 

• Remove sediment and debris 
accumulation near inlet and 
outlet structures  

• Periodically observe function 
under wet weather conditions Bioretention in Parkway and parking lots 

Photo Credits: Geosyntec Consultants 
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Limitations 

The following limitations should be considered before choosing to use bioretention:  

1) Native soil infiltration rate - soil permeability at the bioretention location must be at 
least 0.5 inches per hour. 

2) Depth to groundwater, bedrock, or low permeability soil layer – 5 feet vertical 
separation is required between the bottom of the infiltration trench and the seasonal 
high groundwater level or mounded groundwater level, bedrock, or other barrier to 
infiltration to ensure that the facility will completely drain between storms and that 
infiltrating water will receive adequate treatment though the soils before it reaches 
the groundwater. 

3) Slope stability - infiltration BMPs must be sited at least 50 feet away from slopes 
steeper than 15 percent or an alternative setback established by the geotechnical 
expert for the project. 

4) Setbacks - a minimum setback (100 feet or more) must be provided between 
infiltration BMPs and potable wells, non-potable wells, drain fields, and springs. 
Infiltration BMPs must be setback from building foundations at least eight feet or 
have an alternative setback established by the geotechnical expert for the project. 

5) Groundwater contamination - the application of infiltration BMPs should include 
significant pretreatment in an area identified as an unconfined aquifer to ensure 
groundwater is protected for pollutants of concern. 

6) Contaminated soils or groundwater plumes - infiltration BMPs are not allowed at 
locations with contaminated soils or groundwater where the pollutants could be 
mobilized or exacerbated by infiltration, unless a site-specific analysis determines 
that infiltration would be beneficial. 

7) High pollutant land uses - infiltration BMPs should not be placed in high-risk areas 
such as at or near service/gas stations, truck stops, and heavy industrial sites due to 
the groundwater contamination risk unless a site-specific evaluation demonstrates 
that sufficient pretreatment is provided to address pollutants of concern, high risks 
areas are isolated from stormwater runoff, or infiltration areas have little chance of 
spill migration. 

8) High sediment loading rates – infiltration BMPs may clog quickly if sediment loads 
are high (e.g., unstabilized site) or if flows are not adequately pretreated.  

9) Vertical relief and proximity to storm drain - site must have adequate relief between 
the land surface and storm drain to permit vertical percolation through the soil 
media and collection.  
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Design Criteria  

Bioretention should be designed according to the requirements listed in Table 6-6 and 
outlined in the section below. BMP sizing worksheets are presented in Appendix E. 

Table 6-6: Bioretention Design Criteria 

Design Parameter Unit Design Criteria 

Stormwater quality 
design volume         
(SQDV) 

acre-feet 
See Section 2 and Appendix E for calculating 
SQDV. 

Forebay - 

Forebay should be provided for all tributary 
surfaces that contain landscaped areas. Forebays 
should be designed to prevent standing water 
during dry weather and should be planted with a 
plant palette that is tolerant of wet conditions. 

Maximum drawdown time 
of water ponded on 
surface 

hours 48 

Maximum drawdown time 
of surface ponding plus 
subsurface pores 

hours 96 (72 preferred) 

Maximum ponding depth inches 18 

Minimum thickness of 
amended soil  

feet 2 (3 preferred)  

Minimum thickness of 
stabilized mulch 

inches 2 to 3 

Planting mix composition - 
60 to 80% fine sand,  

20 to 40% compost  

Overflow device - Required   

Sizing Criteria 

Bioretention facilities can be sized using one of two methods: a simple sizing method or a 
routing modeling method.  With either method the SQDV volume must be completely 
infiltrated within 96 hours (including subsurface pore space), and surface ponding must 
be infiltrated within 48 hours. The simple sizing procedure is provided below.  For the 
routing modeling method, refer to TCM-4 Sand Filters. 

Step 1: Calculate the Design Volume 

Bioretention facilities shall be sized to capture and infiltrate the SQDV volume (see 
Section 2.3 and Appendix E).   
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Step 2: Determine the Design Percolation Rate 

The percolation rate through the BMP and to the subsurface will decline between 
maintenance cycles as the surface becomes occluded and particulates accumulate in the 
infiltration layer.  Monitoring of actual facility performance has shown that the full-scale 
infiltration rate is far lower than the rate measured by small-scale testing.  It is 
important that adequate conservatism is incorporated in the selection of design 
percolation rates. For bioretention facilities, the design percolation rate discussed here is 
the adjusted percolation rate of the underlying soils and not the percolation rate of the 
filter media bed.    

Considerations for Design Percolation Rate Corrections 

Suitability assessment-related considerations include (Table 6-7): 

• Soil assessment methods – the site assessment extent (e.g., number of borings, 
test pits, etc.) and the measurement method used to estimate the short-term 
infiltration rate.  

• Predominant soil texture/percent fines – soil texture and the percent of fines can 
greatly influence the potential for clogging.   

• Site soil variability – site with spatially heterogeneous soils (vertically or 
horizontally) as determined from site investigations are more difficult to estimate 
average properties, resulting in a higher level of uncertainty associated with 
initial estimates.   

• Depth to seasonal high groundwater/impervious layer – groundwater mounding 
may become an issue during excessively wet conditions where shallow aquifers or 
shallow clay lenses are present.  

Localized infiltration testing refers to methods such as the double ring infiltrometer test 
(ASTM D3385-88), which measure infiltration rates over an area less than 10 sq-ft and 
do not attempt to account for soil heterogeneity.  Extensive infiltration testing refers to 
methods that include excavating a significant portion of the proposed infiltration area, 
filling the excavation with water, and monitoring drawdown. In all cases, testing should 
be conducted in the area of the proposed BMP where, based on geotechnical data, soils 
appear least likely to support infiltration. 
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Table 6-7: Suitability Assessment Related Considerations for Infiltration Facility Safety 
Factors 

Consideration High Concern Medium Concern Low Concern 

Assessment 
methods 

Use of soil survey 
maps or simple 
texture analysis to 
estimate short-term 
infiltration rates 

Direct 
measurement of  ≥ 
20 percent of 
infiltration area with 
localized infiltration 
measurement 
methods (e.g., 
infiltrometer) 

Direct 
measurement of ≥ 
50 percent of 
infiltration area with 
localized infiltration 
measurement 
methods  

or 

Use of extensive 
test pit infiltration 
measurement 
methods 

Ventura Hydrology 
Manual soil number  
(measured 
infiltration rate) 

3 
(f = 0.5 – 0.64) 

4 or 5 
(f = 0.65 – 0.91) 

6 or 7 
(f = 0.92 or higher) 

Site soil variability 

Highly variable soils 
indicated from site 
assessment or 
limited soil borings 
collected during site 
assessment 

Soil borings/test 
pits indicate 
moderately 
homogeneous soils 

Multiple soil 
borings/test pits 
indicate relatively 
homogeneous soils 

Depth to 
groundwater/ 
impervious layer 

<10 ft below facility 
bottom 

10-30 ft below 
facility bottom 

>30 below facility 
bottom 

 

Design related considerations include: 

• Size of area tributary to facility – all things being equal, both physical and 
economic risk factors related to infiltration facilities increase with an increase in 
the tributary area served. Therefore facilities serving larger tributary areas should 
use more restrictive adjustment factors. 

• Level of pretreatment/expected influent sediment loads – credit should be given 
for good pretreatment by allowing less restrictive factors to account for the 
reduced probability of clogging from high sediment loading. Also, facilities 
designed to capture runoff from relatively clean surfaces such as rooftops are 
likely to see low sediment loads and therefore should be allowed to apply less 
restrictive safety factors. 

• Redundancy – facilities that consist of multiple subsystems operating in parallel 
such that parts of the system remain functional when other parts fail and/or 
bypass should be rewarded for the built-in redundancy with less restrictive 
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correction and safety factors.  For example, if bypass flows would be at least 
partially treated in another BMP, the risk of discharging untreated runoff in the 
event of clogging the primary facility is reduced.  A bioretention facility that 
overflows to a landscaped area is another example. 

• Compaction during construction – proper construction oversight is needed 
during construction to ensure that the bottoms of bioretention facility are not 
overly compacted. Facilities that do not commit to proper construction practices 
and oversight should have to use more restrictive correction and safety factors.  

Table 6-8: Design Related Considerations for Infiltration Facility Safety Factors 

Consideration High Concern Medium Concern Low Concern 

Tributary area size 
Greater than 10 
acres. 

Greater than 2 acres 
but less than 10 
acres. 

2 acres or less. 

Level of pre-
treatment/ expected 
influent sediment 
loads 

Pre-treatment from 
gross solids removal 
devices only, such 
as hydrodynamic 
separators, racks 
and screens, AND 
tributary area 
includes landscaped 
areas, steep slopes, 
high traffic areas, or 
any other areas 
expected to produce 
high sediment, 
trash, or debris 
loads. 

Good pre-treatment 
with BMPs that 
mitigate coarse 
sediments such as 
vegetated swales 
AND influent 
sediment loads 
from the tributary 
area are expected 
to be relatively low 
(e.g., low traffic, 
mild slopes, 
disconnected 
impervious areas, 
etc.). 

Excellent pre-
treatment with BMPs 
that mitigate fine 
sediments such as 
bioretention or 
media filtration OR 
sedimentation or 
facility only treats 
runoff from relatively 
clean surfaces, such 
as rooftops. 

Redundancy of 
treatment 

No redundancy in 
BMP treatment train. 

Medium 
redundancy, other 
BMPs available in 
treatment train to 
maintain at least 
50% of function of 
facility in event of 
failure. 

High redundancy, 
multiple 
components 
capable of operating 
independently and 
in parallel, 
maintaining at least 
90% of facility 
functionality in event 
of failure. 

Compaction during 
construction 

Construction of 
facility on a 
compacted site or 
elevated probability 
of unintended/ 
indirect compaction. 

Medium probability 
of unintended/ 
indirect compaction. 

Heavy equipment 
actively prohibited 
from infiltration 
areas during 
construction and 
low probability of 
unintended/ indirect 
compaction. 
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Adjust the measured short-term infiltration rate using a weighted average of several 
safety factors using the worksheet shown in Table 6-9 below. The design percolation rate 
would be determined as follows: 

• For each consideration shown in Tables 6-7 and 6-8 above, determine whether 
the consideration is a high, medium, or low concern.  

• For all high concerns assign a factor value of 3, for medium concerns assign a 
factor value of 2, and for low concerns assign a factor value of 1.  

• Multiply each of the factors by the corresponding weight to get a product.  

• Sum the products within each factor category to obtain a safety factor for each. 

• Multiply the two safety factors together to get the final combined safety factor. If 
the combined safety factor is less than 2, then use 2 as the safety factor.  

• Divide the measured short-term infiltration rate by the combined safety factor to 
obtain the adjusted design percolation rate for use in sizing the infiltration 
facility. 

Table 6-9: Infiltration Facility Safety Factor Determination Worksheet 

Factor Category Factor Description 
Assigned Weight 

(w) 

Factor 
Value 

(v) 

Product 
(p) 

p = w x v 

A Suitability 
Assessment 

Soil assessment methods 0.25   
Predominant soil texture 0.25   
Site soil variability 0.25   
Depth to groundwater / 
impervious layer 

0.25   

Suitability Assessment Safety Factor, SA = Σp  

B Design 

Tributary area size 0.25   
Level of pre-treatment/ 
expected sediment loads 

0.25   

Redundancy 0.25   
Compaction during 
construction 

0.25   

Design Safety Factor, SB = Σp  
 

Combined Safety Factor = SA x SB   
Note: The minimum combined adjustment factor shall not be less than 2.0 and the maximum combined 

adjustment factor shall not exceed 9. 

Step 3: Calculate the surface area 

Determine the size of the required infiltrating surface by assuming the SQDV will fill the 
available ponding depth plus the void spaces in the media, based on the computed 
porosity of the filter media and optional aggregate layer.   

RB-AR9470



INF-3: BIORETENTION 

Technical Guidance Manual for 6-41 July 13, 2011 
Stormwater Quality Control Measures 2011   

1) Determine the maximum depth of surface ponding that can be infiltrated within the 
required surface drain time (48 hr), (dmax ), as follows: 

ft
in
tP

d pondingdesign

12
max

×
=  (Equation 6-6) 

Where: 

tponding  = required drain time of surface ponding (48 hrs)  

Pdesign =  design percolation rate of underlying soils (in/hr) (see 
Step 2, above) 

dmax  =  the maximum depth of surface ponding water that can 
be infiltrated within the required drain time (ft), 
calculated using Equation 6-6 

2) Choose surface ponding depth (dp) such that: 

maxdd p ≤    (Equation 6-7) 

Where: 

dp  =  selected surface ponding depth (ft) 

dmax  =  the maximum depth of water that can be infiltrated 
within the required drain time (ft) 

Choose thickness(es) of amended media and optional gravel storage layer and calculate 
total effective storage depth of the bioretention area (deffective), as follows: 

)( *
gravelgravelmediamediapeffective lnlndd ++≤  (Equation 6-8) 

Where: 

deffective =  total equivalent depth of water stored in bioretention 
area (ft), including surface ponding and volume 
available in pore spaces of media and gravel layers 

dp  =  surface ponding depth (ft), chosen using Equation 6-7 

*
median  =  available porosity of amended soil media (ft/ft), 

approximately 0.25 ft/ft accounting for antecedent 
moisture conditions. This represents the volume of 
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available pore space as a fraction of the total soil 
volume; sometimes has units of (ft3/ft3) or described as 
a percentage. 

lmedia  =  thickness of amended soil media layer (ft), minimum 2 
ft 

ngravel  =  porosity of optional gravel layer (ft/ft), approximately 
0.40 ft/ft 

lgravel =  thickness of optional gravel layer (ft) 

3) Check that entire effective depth (surface plus subsurface storage), deffective, infiltrates 
in no greater than 96 hours as follows: 

ft
in

P
d

t
design

effective
total 12×= ≤ 96 hr (Equation 6-9) 

Where: 

deffective =  total equivalent depth of water stored in bioretention 
area (ft), calculated using Equation 6-8 

Pdesign =  design percolation rate of underlying soils (in/hr) (see 
Step 2, above) 

If ttotal > 96 hrs, then reduce surface ponding depth and/or amended media 
thickness and/or gravel thickness and return to 1). 

If ttotal ≤ 96 hrs, then proceed to 5). 

4) Calculate required infiltrating surface area, (Areq): 

effective
req d

SQDVA =
   (Equation 6-10) 

Where: 

Areq =  required infiltrating area (ft2).  Should be calculated at 
the contour corresponding to the mid ponding depth 
(i.e., 0.5×dp from the bottom of the facility). 

SQDV  =  stormwater quality design volume (ft3) 
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deffective =  total equivalent depth of water stored in bioretention 
area (ft), calculated using Equation 6-8 

5) Calculate total footprint required by including a buffer for side slopes and freeboard; 
Areq is calculated at the contour corresponding to the mid ponding depth (i.e., 0.5×dp 
from the bottom of the facility). 

Geometry  

1) Bioretention areas shall be sized to capture and treat the stormwater quality design 
volume (See Section 2 and Appendix E for calculating SQDV) with an 18-inch 
maximum ponding depth. The intention is that ponding depth be limited to a depth 
that will allow for a health vegetation layer.  

2) Minimum planting soil depth should be 2 feet, although 3 feet is preferred. The 
intention is that the minimum planting soil depth should provide a beneficial root 
zone for the chosen plant palette and adequate water storage for the SQDV.  

3) A gravel storage layer below the bioretention soil media to promote infiltration into 
the native soil is optional.  

4) Bioretention should be designed to drain below the planting soil in less than 48 
hours and completely drain in less than 96 hours. The intention is that soils must be 
allowed to dry out periodically in order to restore hydraulic capacity needed to 
receive flows from subsequent storms, maintain infiltration rates, maintain 
adequate soil oxygen levels for healthy soil biota and vegetation, and to provide 
proper soil conditions for biodegradation and retention of pollutants. 

Flow Entrance and Energy Dissipation 

The following types of flow entrance can be used for bioretention cells: 

1) Dispersed, low velocity flow across a landscape area. Dispersed flow may not be 
possible given space limitations or if the facility is controlling roadway or parking lot 
flows where curbs are mandatory. 

2) Dispersed flow across pavement or gravel and past wheel stops for parking areas. 

3) Curb cuts for roadside or parking lot areas: curb cuts should include rock or other 
erosion protection material in the channel entrance to dissipate energy. Flow 
entrance should drop 2 to 3 inches from curb line and it should provide a settling 
area and periodic sediment removal of coarse material before flow dissipates to the 
remainder of the cell. 

4) Pipe flow entrance: Piped entrances, such as roof downspouts, should include rock, 
splash blocks, or other appropriate measures at the entrance to dissipate energy and 
disperse flows. 
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Woody plants (trees, shrubs, etc.) can restrict or concentrate flows and can be damaged 
by erosion around the root ball and should not be placed directly in the entrance flow 
path. 

Overflow 

An overflow device is required at the 18-inch ponding depth. The following, or equivalent 
should be provided: 

1) A vertical PVC pipe (SDR 35) to act as an overflow riser.  

2) The overflow riser(s) should be 6 inches or greater in diameter, so it can be cleaned 
without damage to the pipe.  

The inlet to the riser should be at the ponding depth (18 inches for fenced bioretention 
areas and 6 inches for areas that are not fenced), and be capped with a spider cap to 
exclude floating mulch and debris. Spider caps should be screwed in or glued, i.e., not 
removable.  

Hydraulic Restriction Layers 

Infiltration pathways may need to be restricted due to the close proximity of roads, 
foundations, or other infrastructure. A geomembrane liner, or other equivalent water 
proofing, may be placed along the vertical walls to reduce lateral flows. This liner should 
have a minimum thickness of 30 mils. 

Planting/Storage Media 

1) The planting media placed in the cell should achieve a long-term, in-place infiltration 
rate of at least 1 inch per hour. Higher infiltration rates are permissible. If the design 
long-term, in-place infiltration rate of the soil exceeds 12 inches per hour, 
documentation should be provided to demonstrate that the media will adequately 
address pollutants of concern at a higher flowrate. Bioretention soil shall also 
support vigorous plant growth. 

2) Planting media should consist of 60 to 80% fine sand and 20 to 40% compost.  

3) Sand should be free of wood, waste, coating such as clay, stone dust, carbonate, etc., 
or any other deleterious material.  All aggregate passing the No. 200 sieve size should 
be non-plastic. Sand for bioretention should be analyzed by an accredited lab using 
#200, #100, #40, #30, #16, #8, #4, and 3/8 sieves (ASTM D 422 or as approved by 
the local permitting authority) and meet the following gradation (Note: all sands 
complying with ASTM C33 for fine aggregate comply with the gradation 
requirements below):   
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Sieve Size (ASTM D422) 

% Passing (by weight) 

Minimum Maximum 
3/8 inch 100 100 

#4 90 100 
#8 70 100 

#16 40 95 
#30 15 70 
#40 5 55 
#100 0 15 
#200 0 5 

 

Note: the gradation of the sand component of the media is believed to be a major 
factor in the hydraulic conductivity of the media mix.  If the desired hydraulic 
conductivity of the media cannot be achieved within the specified proportions of 
sand and compost (#2), then it may be necessary to utilize sand at the coarser end of 
the range specified in above (“minimum” column). 

4) Compost should be a well decomposed, stable, weed free organic matter source 
derived from waste materials including yard debris, wood wastes, or other organic 
materials not including manure or biosolids meeting standards developed by the US 
Composting Council (USCC).  The product shall be certified through the USCC Seal 
of Testing Assurance (STA) Program (a compost testing and information disclosure 
program).  Compost quality should be verified via a lab analysis to be: 

• Feedstock materials shall be specified and include one or more of the following: 
landscape/yard trimmings, grass clippings, food scraps, and agricultural crop 
residues. 

• Organic matter: 35-75% dry weight basis. 

• Carbon and Nitrogen Ratio: 15:1 < C:N < 25:1 

• Maturity/Stability: shall have dark brown color and a soil-like odor. Compost 
exhibiting a sour or putrid smell, containing recognizable grass or leaves, or is 
hot (120 F) upon delivery or rewetting is not acceptable.  

• Toxicity: any one of the following measures is sufficient to indicate non-toxicity: 

• NH4:NH3 < 3 

• Ammonium < 500 ppm, dry weight basis 

• Seed Germination > 80% of control 

• Plant trials > 80% of control 
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• Solvita® > 5 index value 

• Nutrient content: 

• Total Nitrogen content 0.9% or above preferred 

• Total Boron should be <80 ppm, soluble boron < 2.5 ppm 

• Salinity: < 6.0 mmhos/cm 

• pH between 6.5 and 8 (may vary with plant palette) 

Compost for bioretention should be analyzed by an ac credited lab using #200, ¼ 
inch, ½ inch, and 1 inch sieves (ASTM D 422 or as approved by the local permitting 
authority) and meet the following gradation:   

Sieve Size (ASTM D422) 

% Passing (by weight) 

Minimum Maximum 
1 inch 99 100 
½ inch 90 100 
¼ inch 40 90 
#200 2 10 

 

Tests should be sufficiently recent to represent the actual material that is anticipated 
to be delivered to the site.  If processes or sources used by the supplier have changed 
significantly since the most recent testing, new tests should be requested.  

Note: the gradation of compost used in bioretention media is believed to play an 
important role in the saturated hydraulic conductivity of the media. To achieve a 
higher saturated hydraulic conductivity, it may be necessary to utilize compost at the 
coarser end of this range (“minimum” column). The percent passing the #200 sieve 
(fines) is believed to be the most important factor in hydraulic conductivity. 

In addition, a coarser compost mix provides more heterogeneity of the bioretention 
media, which is believed to be advantageous for more rapid development of soil 
structure needed to support health biological processes. This may be an advantage 
for plant establishment with lower nutrient and water input. 

5) The bioretention area should be covered with 2 to 4 inches (average 3 inches) of 
mulch at the start and an additional placement of 1 to 2 inches of mulch should be 
added annually. The intention is that to help sustain the nutrient levels, suppress 
weeds, retain moisture, and maintain infiltration capacity.  

Plants 

1) Plant materials should be tolerant of summer drought, ponding fluctuations, and 
saturated soil conditions for 48 to 96 hours. 
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2) It is recommended that a minimum of three types of tree, shrubs, and/or herbaceous 
groundcover species be incorporated to protect against facility failure due to disease 
and insect infestations of a single species.  

3) Native plant species and/or hardy cultivars that are not invasive and do not require 
chemical inputs should be used to the maximum extent practicable. 

Operations and Maintenance 

Bioretention areas require annual plant, soil, and mulch layer maintenance to ensure 
optimum infiltration, storage, and pollutant removal capabilities. In general, 
bioretention maintenance requirements are typical landscape care procedures and 
include: 
 
1) Watering: Plants should be drought-tolerant. Watering may be required during 

prolonged dry periods after plants are established. 

2) Erosion control: Inspect flow entrances, ponding area, and surface overflow areas 
periodically, and replace soil, plant material, and/or mulch layer in areas if erosion 
has occurred (see Appendix I for a b ioretention inspection and maintenance 
checklist). Properly designed facilities with appropriate flow velocities should not 
have erosion problems, except perhaps in extreme events. If erosion problems occur, 
the following should be reassessed: (1) flow velocities and gradients within the cell, 
and (2) flow dissipation and erosion protection strategies in the pretreatment area 
and flow entrance. If sediment is deposited in the bioretention area, immediately 
determine the source within the contributing area, stabilize, and remove excess 
surface deposits.  

3) Plant material: Depending on aesthetic requirements, occasional pruning and 
removing of dead plant material may be necessary. Replace all dead plants and if 
specific plants have a high mortality rate, assess the cause and, if necessary, replace 
with more appropriate species. Periodic weeding is necessary until plants are 
established. The weeding schedule should become less frequent if the appropriate 
plant species and planting density have been used and, as a result, undesirable plants 
excluded. 

4) Nutrients and pesticides: The soil mix and plants should be selected for optimum 
fertility, plant establishment, and growth. Nutrient and pesticide inputs should not 
be required and may degrade the pollutant processing capability of the bioretention 
area, as well as contribute pollutant loads to receiving waters. By design, bioretention 
facilities are located in areas where phosphorous and nitrogen levels are often 
elevated and these should not be limiting nutrients. If in question, have soil analyzed 
for fertility.  

5) Mulch: Replace mulch annually in bioretention facilities where heavy metal 
deposition is likely (e.g., contributing areas that include industrial and auto 
dealer/repair parking lots and roads). In residential lots or other areas where metal 
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deposition is not a concern, replace or add mulch as needed to maintain a 2 to 3 inch 
depth at least once every two years. 

6) Soil: Soil mixes for bioretention facilities are designed to maintain long-term fertility 
and pollutant processing capability. Estimates from metal attenuation research 
suggest that metal accumulation should not present an environmental concern for at 
least 20 years in bioretention systems. Replacing mulch in bioretention facilities 
where heavy metal deposition is likely provides an additional level of protection for 
prolonged performance. If in question, have soil analyzed for fertility and pollutant 
levels. 
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INF-4: Drywell 

A dry well is defined as a bored, drilled, or driven shaft or hole whose depth is greater 
than its width. A dry well is designed specifically for flood alleviation and stormwater 
disposal. Drywells are similar to infiltration trenches in their design and function, as they 
are designed to temporarily store and infiltrate runoff, primarily from rooftops or other 
impervious areas with low pollutant loading. A dry well may be either a small excavated 
pit filled with aggregate or a prefabricated storage chamber or pipe segment. 

Dry wells can be used to reduce the increased volume of stormwater runoff caused by 
roofs of buildings. While generally not a significant source of runoff pollution, roofs are 
one of the most important sources of new or increased runoff volume from land 
development sites. Dry wells can also be used to indirectly enhance water quality by 
reducing the amount of SQDV to be treated by the other, downstream stormwater 
management facilities.  
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Application 

• Infiltration of roof runoff 

 

Preventative Maintenance 

• Remove trash, debris, and 
sediment at inlet and outlets 

• Wet weather inspection to 
ensure drain time 

• Inspect for mosquito breeding 

 

Drywell installation 

Photo Credits: 1. K&A Enterprises; 2. Canale 
Landscaping  
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Limitations 

The following limitations shall be considered before choosing to use a dry well:  

• Native soil infiltration rate – soil permeability at the infiltration basin location 
must be at least 0.5 inches per hour. 

• Depth to groundwater, bedrock, or low permeability soil layer – 5 feet vertical 
separation is required between the bottom of the infiltration basin and the 
seasonal high groundwater level or mounded groundwater level, bedrock, or 
other barrier to infiltration to ensure that the facility will completely drain 
between storms and that infiltrating water will receive adequate treatment 
though the soils before it reaches the groundwater. 

• Slope stability - infiltration BMPs must be sited at least 50 feet away from slopes 
steeper than 15 percent or an alternative setback established by the geotechnical 
expert for the project. 

• Setbacks - a minimum setback (100 feet or more) must be provided between 
infiltration BMPs and potable wells, non-potable wells, drain fields, and springs. 
Infiltration BMPs must be setback from building foundations at least eight feet or 
have an alternative setback established by the geotechnical expert for the project. 

• Groundwater contamination - the application of infiltration BMPs should include 
significant pretreatment in an area identified as an unconfined aquifer, to ensure 
groundwater is protected from pollutants of concern. 

• Contaminated soils or groundwater plumes - infiltration BMPs are not allowed at 
locations with contaminated soils or groundwater where the pollutants could be 
mobilized or exacerbated by infiltration, unless a site-specific analysis determines 
the infiltration would be beneficial. 

• High pollutant land uses - infiltration BMPs should not be placed in high-risk 
areas such as at or near service/gas stations, truck stops, and heavy industrial 
sites due to groundwater contamination risk unless a site-specific evaluation 
demonstrates that sufficient pretreatment is provided to address pollutants of 
concern, high risks areas are isolated from stormwater runoff, or infiltration 
areas have little chance of spill migration. 

• High sediment loading rates – infiltration BMPs may clog quickly if sediment 
loads are high (e.g., unstabilized site) or if flows are not adequately pretreated. 

• Dry wells cannot receive untreated stormwater runoff, except rooftop runoff. 
Pretreatment of runoff from other surfaces is necessary to prevent premature 
failure that results from clogging with fine sediment, and to prevent potential 
groundwater contamination due to nutrients, salts, and hydrocarbons.  
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• Infiltration structures cannot be used to treat runoff from portions of the site that 
are not stabilized.  

• Rehabilitation of failed dry wells requires complete reconstruction.  

Design Criteria  

The main challenge associated with drywells, as with infiltration trenches, is the 
prevention of system clogging and subsequent infiltration inhibition. Drywells should be 
designed according to the requirements listed in Table 6-10 and outlined in the section 
below. BMP sizing worksheets are presented in Appendix E.  

Table 6-10: Infiltration BMP Design Criteria 

Design Parameter Unit Design Criteria 

Stormwater quality 
design volume (SQDV) 

acre-feet See Section 2 and Appendix E for calculating SQDV. 

Design drawdown time hour 12 

Pretreatment - 
BIO-3: Vegetated Swale, BIO-4: Filter Strip, proprietary 
device, or equivalent. 

Design percolation rate 
(kdesign) 

in/hr 
Shall be corrected for testing method, potential for 
clogging and compaction over time, and facility 
geometry. 

Maximum depth of facility 
(dmax) 

feet 
Defined by the design infiltration rate and the design 
drawdown time (includes depth of media). 

Surface area of facility (A) ft2 Based on depth of dry well media. 

Facility geometry - 
Geometry varies; max 10 feet deep;  

flat bottom slope. 

Filter media diameter inches 
1.5 – 3 (gravel);  

prefabricated media may also be used 

Overflow device - Required if system is on-line 

Geotechnical Considerations 

An extensive geotechnical site investigation must be undertaken early in the site 
planning process to verify site suitability for the installation of infiltration facilities, due 
to the potential to contaminate groundwater, cause slope instability, impact surrounding 
structures, and have insufficient infiltration capacity. Soil infiltration rates and the water 
table depth should be evaluated to ensure that conditions are satisfactory for proper 
operation of an infiltration facility. See Appendix C for guidance on infiltration testing. 
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The project designer must demonstrate through infiltration testing, soil logs, and the 
written opinion of a licensed civil engineer that sufficiently permeable soils exist on site 
to allow the construction of a properly functioning infiltration facility. 

1) Infiltration facilities require a minimum soil infiltration rate of 0.5 inches/hour. If 
infiltration rates exceed 2.4 inches/hour, then the runoff should be fully-treated in an 
upstream BMP prior to infiltration to protect groundwater quality. Pretreatment for 
coarse sediment removal is required in all instances. 

2) Groundwater separation must be at least 5 feet from the basin bottom to the 
measured season high groundwater elevation or estimated high groundwater 
mounding elevation. Measurements of groundwater levels must be made during the 
time when water level is expected to be at a maximum (i.e., toward the end of the wet 
season). 

3) Sites with a slope greater than 25% (4:1) should be excluded. A geotechnical analysis 
and report addressing slope stability are required if located on slopes greater than 
15%. 

Soil Assessment and Site Geotechnical Investigation Reports 

The soil assessment report should: 

• State whether the site is suitable for the proposed drywell; 

• Recommend a design infiltration rate (see the Step 2 of sizing methodology 
section, “Determine the design percolation rate,” in the INF-1: Infiltration Basin 
fact sheet above); 

• Identify the seasonal high depth to groundwater table surface elevation; 

• Provide a good understanding of how the stormwater runoff will move in the soil 
(horizontally or vertically) and if there are any geological conditions that could 
inhibit the movement of water; and 

• If a geotechnical investigation and report are required, the report should: 

 Provide a written opinion by a professional civil engineer describing whether 
the drywell will compromise slope stability; and 

 Identify potential impacts to nearby structural foundations. 

Setbacks 

1) Infiltration facilities shall be setback a minimum of 100 feet from proposed or 
existing potable wells, non-potable wells, septic drain fields, and springs. 
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2) Infiltration BMPs must be sited at least 50 feet away from slopes steeper than 15 
percent or an alternative setback established by the geotechnical expert for the 
project. 

3) Infiltration BMPs must be setback from building foundations at least eight feet or 
have an alternative setback established by the geotechnical expert for the project. 

Pretreatment 

• A removable filter with a screened bottom should be installed in the roof leader 
below the surcharge pipe in order to screen out leaves and other debris. 

• Though roofs are generally not a significant source of runoff pollution, they can 
still be source of particulates and organic matter. Measures such as roof gutter 
guards, roof leader clean-out with sump, or an intermediate sump box can 
provide pretreatment for dry wells by minimizing the amount of sediment and 
other particulates that may enter it. 

Sizing Criteria 

See Sizing Criteria section in the INF-1: Infiltration Basin fact sheet. 

Geometry and Sizing 

1) Dry well configurations vary, but generally they have length and width dimensions 
closer to square than infiltration trenches. Pre-fabricated dry-wells are often circular. 
The surface area of the dry well must be large enough to infiltrate the storage volume 
in 12 hours based on the maximum depth allowable (dmax). 

2) The filter bed media layers are the same as for infiltration trenches unless 
prefabricated dry wells and/or media are used. The porosity of gravel media systems 
is generally 30 to 40% and is 80 to 95% for prefabricated media systems. 

3) If a dry well receives runoff from an underground pipe (i.e., runoff does not enter the 
top of the dry well from the ground surface), a fine mesh screen should be installed at 
the inlet. The inlet elevation should be 18 inches below the ground surface (i.e., below 
12 inches of surface soil and 6 inches of dry well media). 

4) An observation well should be installed to check for water levels, drawdown time, 
and evidence of clogging. A typical observation well consists of a slotted PVC well 
screen, 4 to 6 inches in diameter, capped with a lockable, above-ground lid. 

Drainage 

1) The bottom of infiltration bed must be native soil, over-excavated to at least one foot 
in depth and replaced uniformly without compaction. Amending the excavated soil 
with 2 to 4 inches (~15% to 30%) of coarse sand is recommended.  
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2) The hydraulic conductivity of the subsurface layers should be sufficient to ensure a 
maximum 12 hr drawdown time. An observation well should be incorporated to allow 
observation of drain time. 

Emergency Overflow 

1) There must be an overflow route for stormwater flows that overtop the facility or in 
case the infiltration facility becomes clogged. 

2) The overflow channel must be able to safely convey flows from the peak design storm 
to the downstream stormwater conveyance system or other acceptable discharge 
point. 

Vegetation  

1) Drywells should be kept free of vegetation. 

2) Trees and other large vegetation should be planted away from drywells such that drip 
lines do not overhang infiltration beds. 

Maintenance Access 

1) The facility and outlet structures must all be safely accessible during wet and dry 
weather conditions.  

2) Maintenance access is required.  

3) If the drywell becomes plugged and fails, then access is needed to excavate the facility 
to remove and replace the top layer and the filter bed media of the structure. To 
prevent damage and compaction, access must be able to accommodate a backhoe 
working at “arms length”. 

Construction Considerations 

To preserve and avoid the loss of infiltration capacity, the following construction 
guidelines should be specified: 
 
1) The entire area draining to the facility must be stabilized before construction begins.  

If this is impossible, a diversion berm should be placed around the perimeter of the 
infiltration site to prevent sediment entering during construction.  

2) Drywells should not be hydraulically connected to the stormwater conveyance system 
until all contributing tributary areas are stabilized as shown on the Contract Plans 
and to the satisfaction of the Engineer. Drywells should not be used as sediment 
control facilities.  

3) Compaction of the subgrade with heavy equipment should be minimized to the 
maximum extent possible. If the use of heavy equipment on the base of the facility 
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cannot be avoided, the infiltration capacity should be restored by tilling or aerating 
prior to placing the infiltrative bed.  

4) The exposed soils should be inspected by a civil engineer after excavation to confirm 
that soil conditions are suitable. 

Operations and Maintenance 

Drywell maintenance should be performed frequently to ensure that water infiltrates into 
the subsurface completely within the recommended infiltration time (or drain time if a 
drywell receives runoff from an underground pipe) of 72 hours or less after a storm. 

Maintenance and regular inspections are important for the proper function of drywells. 
A specific maintenance plan shall be developed specifically for each facility outlining the 
schedule and scope of maintenance operations, documentation, and reporting 
requirements.  
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INF-5: Permeable Pavement 

Permeable pavements contain small voids that allow water to pass through to a stone 
base. They come in a variety of forms; they may be a modular paving system (concrete 
pavers, grass-pave, or gravel-pave) or a poured-in-place solution (porous concrete or 
permeable asphalt). All permeable pavements with a stone reservoir base treat 
stormwater and remove sediments and metals to some degree. While conventional 
pavement result in increased rates and volumes of surface runoff, porous pavements 
when properly constructed and maintained, allow some of the stormwater to percolate 
through the pavement and enter the soil below. This facilitates groundwater recharge 
while providing the structural and functional features needed for the roadway, parking 
lot, or sidewalk. The paving surface, subgrade, and installation requirements of 
permeable pavements are more complex than those for conventional asphalt or concrete 
surfaces. For porous pavements to function properly over an expected life span of 15 to 
20 years, they must be properly sited and carefully designed and installed, as well as 
periodically maintained. Failure to protect paved areas from construction-related 
sediment loads can result in their premature clogging and failure. Note that the 2011 
TGM does not provide specific instructions on how to design and construct pavement.  
 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Application 

• Parking lots 

• Driveways 

• Sidewalks and walkways 

• Outdoor athletic courts 

 

Preventative Maintenance 

• Trash removal 

• Post-rain inspections 

• Vacuum sweeping 

• Vegetation inspection and 
removal 

Permeable pavement applications 

Photo Credits: 1. Geosyntec Consultants; 2. EPA 
Stormwater Management 
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Limitations 

The following describes limitations for the use of permeable pavement.  

• Native soil infiltration rate - permeability of soils at the BMP location must be at 
least 0.5 inches per hour. 

• Depth to groundwater, bedrock, or low permeability soil layer – 5 feet vertical 
separation is required between the bottom of the infiltration trench and the 
seasonal high groundwater level or mounded groundwater level, bedrock, or 
other infiltration barrier to ensure that the facility will completely drain between 
storms and that infiltrating water will receive adequate treatment though the 
soils before it reaches the groundwater. 

• Slope stability - infiltration BMPs must be sited at least 50 feet away from slopes 
steeper than 15 percent or an alternative setback established by the geotechnical 
expert for the project. 

• Setbacks - a minimum setback (100 feet or more) must be provided between 
infiltration BMPs and potable wells, non-potable wells, drain fields, and springs. 
Infiltration BMPs must be setback from building foundations at least eight feet or 
an alternative setback established by the geotechnical expert for the project. 

• Groundwater contamination - the application of infiltration BMPs should include 
significant pretreatment in an area identified as an unconfined aquifer, to ensure 
groundwater is protected for pollutants of concern. 

• Contaminated soils or groundwater plumes - infiltration BMPs are not allowed at 
locations with contaminated soils or groundwater where the pollutants could be 
mobilized or exacerbated by infiltration, unless a site-specific analysis determines 
the infiltration would be beneficial. 

• High pollutant land uses - infiltration BMPs should not be placed in high-risk 
areas such as at or near a service/gas stations, truck stops, and heavy industrial 
sites due to the groundwater contamination risk unless a site-specific evaluation 
demonstrates that sufficient pretreatment is provided to address pollutants of 
concern, high risks areas are isolated from stormwater runoff, or infiltration 
areas that have little chance of spill migration. 

• High sediment loading rates – infiltration BMPs may clog quickly if sediment 
loads are high (e.g., unstabilized site) or if flows are not adequately pretreated.  

• Permeable pavement cannot receive untreated stormwater runoff from other 
surfaces. Pretreatment of run-on from other surfaces is necessary to prevent 
premature failure that results from clogging with fine sediment.  
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• Permeable pavement cannot be used to treat runoff from portions of the site that 
are not stabilized.  

Design Criteria  

Permeable pavement should be designed according to the requirements listed in Table 6-
11 and outlined in the section below.  

Table 6-11: Permeable Pavements Design Criteria 

Design Parameter Unit Design Criteria 

Stormwater Quality Design 
Volume (SQDV) 

acre-
feet 

See Section 2 and Appendix E for calculating 
SQDV. 

Pretreatment - 

Runoff from pervious areas should be minimized 
but, if provided, BIO-3: Vegetated Swale or BIO-4: 
Filter Strip should be provided for all runoff from 
offsite sources that are not directly adjacent to the 
permeable pavement.  

Drawdown time of gravel 
drainage layer  

hrs 12 - 72  

Porous Pavement Infill  ASTM C-33 sand or equivalent 

Minimum depth to bedrock  ft 2 (without underdrains) 

Minimum depth to seasonal 
high water table  

ft 
2 (with underdrains);  

10 (without underdrains) 

Infiltration rate of subsoil in/hr 1.0 (minimum without an underdrain) 

Overflow device - Required 

Geotechnical Considerations 

An extensive geotechnical site investigation must be undertaken early in the site 
planning process to verify site suitability for the installation of infiltration facilities, due 
to the potential to contaminate groundwater, cause slope instability, impact surrounding 
structures, and have insufficient infiltration capacity. Soil infiltration rates and the water 
table depth should be evaluated to ensure that conditions are satisfactory for proper 
operation of an infiltration facility. See Appendix C for guidance on infiltration testing. 

The project designer must demonstrate through infiltration testing, soil logs, and the 
written opinion of a licensed civil engineer that sufficiently permeable soils exist onsite 
to allow the construction of a properly functioning infiltration facility. 

1) Infiltration facilities require a minimum native soil infiltration rate of 0.5 
inches/hour. If infiltration rates exceed 2.4 inches/hour, then the runoff should be 
fully treated in an upstream BMP prior to infiltration to protect groundwater quality. 
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Pretreatment for removing coarse sediment present in runoff from the tributary area 
is required in all instances. 

2) Groundwater separation must be at least 5 feet from the basin bottom to the 
measured season high groundwater elevation or estimated high groundwater 
mounding elevation. Groundwater levels measurements must be made during the 
time when the water level is expected to be at a maximum (i.e., toward the end of the 
wet season). 

3) Sites with a slope greater than 25% (4:1) should be excluded. A geotechnical analysis 
and report addressing slope stability are required if located on slopes greater than 
15%. 

Soil Assessment and Site Geotechnical Investigation Reports 

The soil assessment report should: 

• State whether the site is suitable for the proposed permeable pavement; 

• Recommend a design infiltration rate (see the Step 2 of sizing methodology 
section, “Determine the design percolation rate,” in the Infiltration Basin fact 
sheet above); 

• Identify the seasonal high depth to groundwater table surface elevation; 

• Provide a good understanding of how the stormwater runoff will move in the soil 
(horizontally or vertically) and if there are any geological conditions that could 
inhibit the movement of water; and 

• If a geotechnical investigation and report are required, the report should: 

 Provide a written opinion by a professional civil engineer describing whether 
the infiltration trench will compromise slope stability; and 

 Identify potential impacts to nearby structural foundations. 

Setbacks 

1) Infiltration facilities shall be setback a minimum of 100 feet from proposed or 
existing potable wells, non-potable wells, septic drain fields, and springs. 

2) Infiltration BMPs must be sited at least 50 feet away from slopes steeper than 15 
percent or an alternative setback established by the geotechnical expert for the 
project. 

3) Infiltration BMPs must be setback from building foundations at least eight feet or 
have an alternative setback established by the geotechnical expert for the project. 
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Pretreatment 

1) Depending on how and where permeable pavements will be used, pretreatment of 
the runoff entering the permeable pavement may be necessary. This is particularly 
important when the permeable pavement will be accepting run-on from pervious 
areas or areas that are not completely stabilized. If this is the case, then the run-on 
should be treated prior to contacting the permeable pavement. Without adequate 
pretreatment, the life of the permeable pavement may be significantly decreased.  

2) If sheet flow is conveyed to the permeable pavement over stabilized grassed areas, 
the site must be graded in such a way that minimizes erosive conditions.   

Sizing Criteria 

Permeable pavement must be designed to meet Ventura County codes and/or applicable 
local permitting authority codes.   These sizing criteria are meant to provide guidance for 
runoff volume storage only.   

Step 1: Calculate the Design Volume 

Infiltration facilities shall be sized to capture and infiltrate the SQDV volume (see 
Section 2 and Appendix E) with a 12 to 72 hour drawdown time (see Appendix D, Section 
D.2).   

Step 2: Determine the Design Percolation Rate 

The percolation rate will decline between maintenance cycles as the surface becomes 
occluded and particulates accumulate in the infiltration layer.  Monitoring of actual 
facility performance has shown that the full-scale infiltration rate is far lower than the 
rate measured by small-scale testing.  It is important that adequate conservatism is 
incorporated in the selection of design percolation rates. For infiltration trenches, the 
design percolation rate discussed here is the percolation rate of the underlying soils and 
not the percolation rate of the filter media bed (refer to the “Geometry and Sizing” 
section of INF-2 for the recommended composition of the filter media bed for infiltration 
trenches).    

Considerations for Design Percolation Rate Corrections 

Suitability assessment related considerations include (Table 6-12): 

• Soil assessment methods – the site assessment extent (e.g., number of borings, 
test pits, etc.) and the measurement method used to estimate the short-term 
infiltration rate.  

• Predominant soil texture/percent fines – soil texture and the percent of fines can 
greatly influence the potential for clogging.   

• Site soil variability – site with spatially heterogeneous soils (vertically or 
horizontally) as determined from site investigations are more difficult to estimate 
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average properties resulting in a higher level of uncertainty associated with initial 
estimates.   

• Depth to seasonal high groundwater/impervious layer – groundwater mounding 
may become an issue during excessively wet conditions where shallow aquifers or 
shallow clay lenses are present.  

Table 6-12: Suitability Assessment Related Considerations for Infiltration Facility Safety Factors 

Consideration High Concern Medium Concern Low Concern 

Assessment 
methods 

Use of soil survey 
maps or simple 
texture analysis to 
estimate short-term 
infiltration rates 

Direct 
measurement of  ≥ 
20 percent of 
infiltration area with 
localized infiltration 
measurement 
methods (e.g., 
infiltrometer) 

Direct 
measurement of ≥ 
50 percent of 
infiltration area with 
localized infiltration 
measurement 
methods  

or 

Use of extensive 
test pit infiltration 
measurement 
methods 

Ventura Hydrology 
Manual soil number  

(measured 
infiltration rate) 

3 

(f = 0.5 – 0.64) 

4 or 5 

(f = 0.65 – 0.91) 

6 or 7 

(f = 0.92 or higher) 

Site soil variability 

Highly variable soils 
indicated from site 
assessment or 
limited soil borings 
collected during site 
assessment 

Soil borings/test 
pits indicate 
moderately 
homogeneous soils 

Multiple soil 
borings/test pits 
indicate relatively 
homogeneous soils 

Depth to 
groundwater/ 
impervious layer 

<10 ft below facility 
bottom 

10-30 ft below 
facility bottom 

>30 below facility 
bottom 

 

Localized infiltration testing refers to methods such as the double ring infiltrometer test 
(ASTM D3385-88) which measure infiltration rates over an area less than 10 sq-ft and 
do not attempt to account for soil heterogeneity.  Extensive infiltration testing refers to 
methods that include excavating a significant portion of the proposed infiltration area, 
filling the excavation with water, and monitoring drawdown. In all cases, testing should 
be conducted in the area of the proposed BMP where, based on geotechnical data, soils 
appear least likely to support infiltration. 
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Design related considerations include (Table 6-13): 

• Size of area tributary to facility – all things being equal, both physical and 
economic risk factors related to infiltration facilities increase with an increase in 
the tributary area served. Therefore facilities serving larger tributary areas should 
use more restrictive adjustment factors. 

• Level of pretreatment/expected influent sediment loads – credit should be given 
for good pretreatment by allowing less restrictive factors to account for the 
reduced probability of clogging from high sediment loading. Also facilities 
designed to capture runoff from relatively clean surfaces such as rooftops are 
likely to see low sediment loads and therefore should be allowed to apply less 
restrictive safety factors. 

• Redundancy – facilities that consist of multiple subsystems operating in parallel 
such that parts of the system remains functional when other parts fail and/or 
bypass should be rewarded for the built-in redundancy with less restrictive 
correction and safety factors.  For example, if bypass flows would be at least 
partially treated in another BMP, the risk of discharging untreated runoff in the 
event of clogging the primary facility is reduced.  A bioretention facility that 
overflows to a landscaped area is another example. 

Compaction during construction – proper construction oversight is needed during 
construction to ensure that the bottom of the infiltration facility are not overly 
compacted. Facilities that do not commit to proper construction practices and oversight 
should have to use more restrictive correction and safety factors.  

RB-AR9494



INF-5: PERMEABLE PAVEMENT 

Technical Guidance Manual for 6-65 July 13, 2011 
Stormwater Quality Control Measures 2011   

Table 6-13: Design Related Considerations for Infiltration Facility Safety Factors 

Consideration High Concern Medium Concern Low Concern 

Tributary area size 
Greater than 10 
acres. 

Greater than 2 acres 
but less than 10 
acres. 

2 acres or less. 

Level of pre-
treatment/ expected 
influent sediment 
loads 

Pre-treatment from 
gross solids removal 
devices only, such 
as hydrodynamic 
separators, racks 
and screens AND 
tributary area 
includes landscaped 
areas, steep slopes, 
high traffic areas, or 
any other areas 
expected to produce 
high sediment, 
trash, or debris 
loads. 

Good pre-treatment 
with BMPs that 
mitigate coarse 
sediments such as 
vegetated swales 
AND influent 
sediment loads 
from the tributary 
area are expected 
to be relatively low 
(e.g., low traffic, 
mild slopes, 
disconnected 
impervious areas, 
etc.). 

Excellent pre-
treatment with BMPs 
that mitigate fine 
sediments such as 
bioretention or 
media filtration OR 
sedimentation or 
facility only treats 
runoff from relatively 
clean surfaces, such 
as rooftops. 

Redundancy of 
treatment 

No redundancy in 
BMP treatment train. 

Medium 
redundancy, other 
BMPs available in 
treatment train to 
maintain at least 
50% of function of 
facility in event of 
failure. 

High redundancy, 
multiple 
components 
capable of operating 
independently and 
in parallel, 
maintaining at least 
90% of facility 
functionality in event 
of failure. 

Compaction during 
construction 

Construction of 
facility on a 
compacted site or 
elevated probability 
of unintended/ 
indirect compaction. 

Medium probability 
of unintended/ 
indirect compaction. 

Heavy equipment 
actively prohibited 
from infiltration 
areas during 
construction and 
low probability of 
unintended/ indirect 
compaction. 

 

Adjust the measured short-term infiltration rate using a weighted average of several 
safety factors, using the worksheet shown in Table 6-14 below. The design percolation 
rate would be determined as follows: 

• For each consideration shown in Table 6-12 and Table 6-13 above, determine 
whether the consideration is a high, medium, or low concern.  

• For all high concerns assign a factor value of 3, for medium concerns assign a 
factor value of 2, and for low concerns assign a factor value of 1.  

• Multiply each of the factors by the corresponding weight to get a product.  
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• Sum the products within each factor category to obtain a safety factor for each. 

• Multiply the two safety factors together to get the final combined safety factor. If 
the combined safety factor is less than 2, then use 2 as the safety factor.  

• Divide the measured short term infiltration rate by the combined safety factor to 
obtain the adjusted design percolation rate for use in sizing the infiltration 
facility. 

Table 6-14: Infiltration Facility Safety Factor Determination Worksheet 

Factor Category Factor Description 

Assigned 
Weight 

(w) 

Factor 
Value 

(v) 

Product 
(p) 

p = w x v 

A 
Suitability 
Assessment 

Soil assessment methods 0.25   
Predominant soil texture 0.25   
Site soil variability 0.25   
Depth to groundwater / 
impervious layer 

0.25   

Suitability Assessment Safety Factor, SA = Σp  

B Design 

Tributary area size 0.25   
Level of pre-treatment/ 
expected sediment loads 

0.25   

Redundancy 0.25   
Compaction during 
construction 

0.25   

Design Safety Factor, SB = Σp  
 

Combined Safety Factor = SA x SB   
Note: The minimum combined adjustment factor shall not be less than 2.0 and the maximum combined 

adjustment factor shall not exceed 9. 

Step 3: Determine the Gravel Drainage Layer Depth 

Permeable pavement (including the base layers) should be designed to drain in less than 
72 hours. The basis for this is that soils must be allowed to dry out periodically in order 
to restore hydraulic capacity to receive flows from subsequent storms, maintain 
infiltration rates, maintain adequate sub soil oxygen levels for healthy soil biota, and to 
provide proper soil conditions for biodegradation and retention of pollutants. 

1) Calculate the maximum depth of runoff (dmax) that can be infiltrated within the 
drawdown time: 

12max
tPd design •

=   (Equation 6-11) 

Where: 

dmax =  maximum depth that can be infiltrated (ft) 
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Pdesign =  design percolation rate of underlying soils (in/hr) (see 
Step 2, above) 

t =  drawdown time (12-72 hours) (hr) 

2) Select the gravel drainage layer depth, (l), such that: 

lnd ×≥max    (Equation 6-12) 

Where: 

dmax =  maximum depth that can be infiltrated (ft) (see 1) 
above) 

n =  gravel drainage layer porosity(unitless)(generally 
about 40% or 0.40 for gravel) 

l = gravel drainage layer depth (ft) 

Step 4: Determine infiltrating surface area  

3) Calculate infiltrating surface area for permeable pavement (A): 

nlTP
SQDVA
design

+
=

12

  (Equation 6-13) 

Where: 

Pdesign =  design percolation rate of underlying soils (in/hr) (see 
Step 2, above) 

n =  gravel drainage layer porosity(unitless)[about 40% or 
0.40 for gravel] 

l =  depth of gravel drainage layer (ft) 

T =  time to fill the gravel drainage layer with water (use 2 
hours for most designs) (hr) 

Geometry and Size 

1) Permeable pavement shall be sized to capture and treat the stormwater quality 
design volume (SQDV).  

2) Pavement design options include: 
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a. Full or partial infiltration – A design for full infiltration uses an open graded 
base for maximum infiltration and storage of stormwater. The water 
infiltrates directly into the base and through the soil. Pipes may provide 
drainage in overflow conditions. Partial infiltration does not rely completely 
on infiltration through the soil to dispose all of the captured runoff. Some of 
the water may infiltrate into the soil and the remainder drained by pipes.  

b. No infiltration – No infiltration is desirable when the soil has low 
permeability and low strength, or there are other site limitations. An 
underdrain should be provided if the depth to bedrock is less than 2 feet or 
the depth to the water table is less than 10 feet. By storing water for a time in 
the base and then slowly releasing it through pipes, the design behaves like an 
underground detention pond. In other cases, the soil of the sub-base may be 
compacted and stabilized to render improved support for vehicular loads. 
This practice reduces infiltration into the soil to nearly zero. The “no 
infiltration” option requires the use of geotextile and bedding between the 
pavement and the open graded base. 

3) If permeable pavement is located on a site with a slope greater than 2%, the 
permeable pavement area should be terraced to prevent lateral flow through the 
subsurface.  Permeable pavement cannot be located on a site with a slope greater 
than 5%.  

4) Porous pavement systems generally consist of at least four different layers of 
material:  

a. The top or wearing layer consists of either asphalt or concrete with a greater 
than normal percentage of voids (typically 12 to 20 percent in the case of 
asphalt). The wearing layer may also be comprised of lattice-type pavers 
(either hollow concrete blocks or paving stones made from solid conventional 
concrete or stone), which are set in a bedding material (sand, pea-sized gravel 
or turf grass). 

b. Below the wearing layer, a stone reservoir layer or a thick layer of aggregate 
(e.g., 2 inch stone) provides the bulk of the water storage capacity for a 
porous pavement system. In the pavement design, it is important to ensure 
that this reservoir layer retains its load bearing capacity under saturated 
conditions, because it may take several days for complete drainage to occur. 

c. Typically, porous pavement designs include two (or more) transition layers 
that can be constructed from 1 to 2 inch diameter stone. One transition layer 
separates the top wearing layer from the underlying stone reservoir layer. 
Another transition layer is used to separate the stone reservoir from the 
undisturbed subgrade soil. Some designs also add a geotextile layer to this 
bottom layer or some combination of stones and geotextiles. 
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d. Porous asphalt pavement, for example, consists of open grade asphalt 
mixture ranging in depth from 2 to 4 inches with 16 percent voids. The 
thickness selected depends on bearing strength and pavement design 
requirements. This layer sits on a 2 to 4 inch transition layer located over a 
stone reservoir. The bottom layer completes the transition to the underlying 
undisturbed soil using a combination transition/filter fabric layer. 

e. The depth of each layer should be determined by a licensed civil engineer 
based on analyses of the hydrology, hydraulics, and structural requirements 
of the site.    

5) Modular paving stones are also used to create porous pavements. These pavements 
can be constructed in situ by pouring concrete into special frames or by using 
preformed blocks. The top layer of these porous pavements consists of conventional 
concrete, with the intervening void areas filled with either turf or sand. A transition 
or bedding layer is used to make the transition to the reservoir layer. These lattice-
type pavers or hollow concrete blocks are often used in conjunction with turf grasses 
and are used in low-traffic parking lots, lanes, or driveways. Porous pavements using 
paving stones have similar construction, but can be designed to have a much higher 
load bearing capacity, and therefore have more widespread applicability. 
Construction guidelines and design specifications are available from the 
manufacturers of these products. 

6) Permeable pavement (including the base layers) should be designed to drain in less 
than 72 hours. The basis for this is that soils must be allowed to dry out periodically 
in order to restore hydraulic capacity to receive flows from subsequent storms, 
maintain infiltration rates, maintain adequate subsoil oxygen levels for healthy soil 
biota, and to provide proper soil conditions for biodegradation and retention of 
pollutants. 

7) The percolation rate will decline as the surface becomes occluded and particulates 
accumulate in the infiltration layer. It is important that adequate conservatism is 
incorporated in the selection of design percolation rates.   

Overflow 

An overflow mechanism is required. Two options are provided: 

Option 1: Perimeter control 

Flows in excess of the design capacity of the permeable pavement system will require an 
overflow system connected to a downstream conveyance or other stormwater runoff 
BMP. In addition, if the pavement becomes clogged and infiltration decreases to the 
point that there is ponding, runoff will migrate off of the pavement via overland flow 
instead of infiltrating into the subsurface gravel layer. There are several options for 
handling overflow using perimeter controls such as: 
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1) Perimeter vegetated swale. 

2) Perimeter bioretention. 

3) Storm drain inlets.  

4) Rock filled trench that funnels flow around pavement and into the subsurface gravel 
layer. 

Option 2:  Overflow pipe(s) 

1) A vertical pipe should be connected to the underdrain.  

2) The diameter, location, and quantity may vary with design and should be determined 
by a licensed civil engineer. 

3) The pipe should be located away from vehicular traffic. 

4) The piping system may incorporate an observational and/or cleanout well. 

5) The top of the overflow pipe should be covered with a screen fastened over the 
overflow inlet. 

Construction Considerations 

1) Permeable pavement should be laid close to level and the bottom of the base layers 
must be level to ensure uniform infiltration.  

2) Permeable pavement surfaces should not be used to store site materials, unless the 
surface is well protected from accidental spillage or other contamination. 

3) To prevent/minimize soil compaction in the area of the permeable pavement 
installation, use light equipment with tracks or oversized tires. 

4) Divert stormwater from the area as needed (before and during installation). 

5) The pavement should be the last installation done at a development site. 
Landscaping should be completed and adjacent areas stabilized, before pavement 
installation to minimize the risk of clogging.  

6) Vehicular traffic should be prohibited for at least 2 days after installation. 

Operations and Maintenance  

Permeable pavement mainly requires vacuuming and management of adjacent areas to 
limit sediment contamination and prevent clogging by fine sediment particles. 
Therefore, little special training is needed for maintenance crews. The following 
maintenance concerns and maintenance activities shall be considered and provided: 
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1) Trash tends to accumulate in paved areas, particularly in parking lots and along 
roadways. The need for litter removal should be determined through periodic 
inspection.  

2) Regularly (e.g., monthly for a f ew months after initial installation, then quarterly) 
inspect pavement for pools of standing water after rain events, this could indicate 
surface clogging.  

3) Actively (3 to 4 times per year, or more frequently depending onsite conditions) 
vacuum sweep the pavement to reduce the risk of clogging by frequently removing 
fine sediments before they can clog the pavement and subsurface layers. This also 
helps to prolong the functional period of the pavement.  

4) Inspect for vegetation growth on pavement and remove when present. 

5) Inspect for missing sand/gravel in spaces between pavers and replace as needed. 

6) Activities that lead to ruts or depressions on the surface should be prevented or the 
integrity of the pavement should be restored by patching or repaving. Examples are 
vehicle tracks and utility maintenance.  

7) Spot clogging of porous concrete may be remedied by drilling 0.5 inch holes every 
few feet in the concrete. 

8) Interlocking pavers that are damaged should be replaced. 

9) Maintain landscaped areas and reseed bare areas.  
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INF-6: Proprietary Infiltration 

A number of vendors offer proprietary infiltration products that allow for similar or 
enhanced rates of infiltration and subsurface storage while offering durable 
prefrabricated structures. There are many varieties of proprietary infiltration BMPs.  

 

         

  
Application 

• Mixed-use and commercial 

• Roads and parking lots 

• Parks and open spaces 

• Single and multi-family 
residential 

 

Routine Maintenance 

• Removal trash, debris, and 
sediment at inlet and outlets 

• Wet weather inspection to 
ensure drain time 

• Inspect for mosquito 
breeding 

Proprietary Infiltration BMPs 

Photo Credits: 1. & 2. Contech Stormwater Solutions, Inc. 
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Limitations 

The following limitations shall be considered before choosing to use an infiltration BMP:  

• Native soil infiltration rate - soil permeability of the infiltration basin location 
must be at least 0.5 inches per hour. 

• Depth to groundwater, bedrock, or low permeability soil layer – 5 feet vertical 
separation is required between the bottom of the infiltration basin and the 
seasonal high groundwater level or mounded groundwater level, bedrock, or 
other barrier to infiltration to ensure that the facility will completely drain 
between storms and that infiltrating water will receive adequate treatment 
though the soils before it reaches the groundwater. 

• Slope stability - infiltration BMPs must be sited at least 50 feet away from slopes 
steeper than 15 percent or an alternative setback established by the geotechnical 
expert for the project. 

• Setbacks - a minimum setback (100 feet or more) must be provided between 
infiltration BMPs and potable wells, non-potable wells, drain fields and springs. 
Infiltration BMPs must be setback from building foundations at least eight feet or 
have an alternative setback established by the geotechnical expert for the project. 

• Groundwater contamination - the application of infiltration BMPs should include 
significant pretreatment in an area identified as an unconfined aquifer, to ensure 
groundwater is protected for pollutants of concern. 

• Contaminated soils or groundwater plumes - infiltration BMPs are not allowed at 
locations with contaminated soils or groundwater where the pollutants could be 
mobilized or exacerbated by infiltration, unless a site-specific analysis determines 
the infiltration would be beneficial. 

• High pollutant land uses - infiltration BMPs should not be placed in high-risk 
areas such as at or near service/gas stations, truck stops, and heavy industrial 
sites due to the groundwater contamination risk unless a site-specific evaluation 
demonstrates that sufficient pretreatment is provided to address pollutants of 
concern, high risks areas are isolated from stormwater runoff, or infiltration 
areas have little chance of spill migration 

• High sediment loading rates – infiltration BMPs may clog quickly if sediment 
loads are high (e.g., unstabilized site) or if flows are not adequately pretreated. 

RB-AR9504



INF-6: PROPRIETARY INFILTRATION 

Technical Guidance Manual for 6-75 July 13, 2011 
Stormwater Quality Control Measures 2011   

Table 6-15: Proprietary Infiltration Manufacturer Websites 

Device Manufacturer Website 

A-2000™ 
Contech® Construction Products 
Inc. 

www.contech-
cpi.com/stormwater/13 

ChamberMaxx™ 
Contech® Construction Products 
Inc. 

www.contech-
cpi.com/stormwater/13 

CON/SPAN Vaults™ 
Contech® Construction Products 
Inc. 

www.contech-
cpi.com/stormwater/13 

CON/Storm™ 
Contech® Construction Products 
Inc. 

www.contech-
cpi.com/stormwater/13 

Perforated Corrugated 
Metal Pipe (CMP) 

Contech® Construction Products 
Inc. 

www.contech-
cpi.com/stormwater/13 

Drywell StormFilter 
Contech® Construction Products 
Inc. 

www.contech-
cpi.com/stormwater/13 

CUDO® Water 
Storage System 

KriStar Enterprises Inc. www.kristar.com 

D-Raintank® Matrix 
Tank Modules 

Atlantis® www.atlantis-america.com 

EcoRain™ Modular 
Rain Tank 

EcoRain Systems Inc. www.ecorain.com 

Landmax® Hancor® www.hancor.com 
Landsaver™ Hancor® www.hancor.com 
Precast Concrete Dry 
Well 

Jensen Precast® www.jensenprecast.com 

Rainstore3 Invisible Structures Inc. www.invisiblestructures.com 
StormChambers™ Hydrologic Solutions, Inc. www.hydrologicsolutions.com 
Stormtech® SC-740 
and SC-310 
Chambers  

StormTech LLC www.stormtech.com 

StormTrap® StormTrap www.stormtrap.com 
Triton Chambers™ Triton Stormwater Solutions www.tritonsws.com 

Geotechnical Considerations 

An extensive geotechnical site investigation must be undertaken early in the site 
planning process to verify site suitability for the installation of infiltration facilities, due 
to the potential to contaminate groundwater, cause slope instability, impact surrounding 
structures, and have insufficient infiltration capacity. Soil infiltration rates and the water 
table depth should be evaluated to ensure that conditions are satisfactory for proper 
operation of an infiltration facility. See Appendix C for guidance on infiltration testing. 

The project designer must demonstrate through infiltration testing, soil logs, and the 
written opinion of a licensed civil engineer that sufficiently permeable soils exist onsite 
to allow the construction of a properly functioning infiltration facility. 
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1) Infiltration facilities require a minimum soil infiltration rate of 0.5 inches/hour. If 
infiltration rates exceed 2.4 inches/hour such that pollutant removal may not be 
adequate to protect groundwater quality, then the runoff should be fully treated in an 
upstream BMP prior to infiltration to protect groundwater quality. Pretreatment for 
coarse sediment removal is required in all instances. 

2) Groundwater separation must be at least 5 feet from the basin bottom to the 
measured season high groundwater elevation or estimated high groundwater 
mounding elevation. Measurements of groundwater levels must be made during the 
time when water level is expected to be at a maximum (i.e., toward the end of the wet 
season). 

3) Sites with a slope greater than 25% (4:1) should be excluded. A geotechnical analysis 
and report addressing slope stability are required if located on slopes greater than 
15%. 

Soil Assessment and Site Geotechnical Investigation Reports 

The soil assessment report should: 

• State whether the site is suitable for the proposed proprietary infiltration BMP.; 

• Recommend a design infiltration rate (see the Step 2 of sizing methodology 
section, “Determine the design percolation rate,” in the Infiltration Basin fact 
sheet above); 

• Identify the seasonal high depth to groundwater table surface elevation; 

• Provide a good understanding of how the stormwater runoff will move in the soil 
(horizontally or vertically) and if there are any geological conditions that could 
inhibit the movement of water; and 

• If a geotechnical investigation and report are required, the report should: 

 Provide a written opinion by a professional civil engineer describing whether 
the infiltration trench will compromise slope stability; and 

 Identify potential impacts to nearby structural foundations. 

Setbacks 

1) Infiltration facilities shall be setback a minimum of 100 feet from proposed or 
existing potable wells, non-potable wells, septic drain fields, and springs. 

2) Infiltration BMPs must be sited at least 50 feet away from slopes steeper than 15 
percent or an al ternative setback established by the geotechnical expert for the 
project. 
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3) Infiltration BMPs must be setback from building foundations at least eight feet or 
have an alternative setback established by the geotechnical expert for the project. 

Pretreatment 

Pretreatment is required for proprietary infiltration BMPs in order to reduce the 
sediment load entering the facility and maintain the infiltration rate of the facility. 
Pretreatment refers to design features that provide settling of sediment particles before 
runoff reaches a management practice. This eases the long-term maintenance burden 
and likelihood of failure. Pretreatment is important for most stormwater treatment 
BMPs, but it is particularly important for infiltration BMPs. To ensure that pretreatment 
mechanisms are effective, designers should incorporate sediment reduction practices. 
Sediment reduction BMPs may include vegetated swales, vegetated filter strips, 
sedimentation basins, sedimentation manholes and hydrodynamic separation devices. 
The use of at least two pretreatment devices is highly recommended for infiltration 
BMPs.  

Sizing 

1) Proprietary infiltration BMPs shall be sized to capture and treat the stormwater 
quality design volume (SQDV). See Section 2 and Appendix E for calculating for 
further detail. 

2) The percolation rate will decline as the surface becomes occluded and particulates 
accumulate in the infiltrative layer. It is important that adequate conservatism is 
incorporated in the selection of design percolation rates.   

3) For the sizing guidelines, refer to the manufacturer’s website. 

Operations and Maintenance 

See vendor’s website for maintenance requirements. 
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INF-7: Bioinfiltration 

Bioinfiltration facilities are designed for partial infiltration of runoff and partial 
biotreatment. These facilities are similar to bioretention devices with underdrains, but 
the underdrain is raised above the gravel sump to facilitate infiltration.  These facilities 
can be used in areas where there are no hazards associated with infiltration, but 
infiltration of the full DCV may not be feasible due to low infiltration rates (Soil Type 3) 
or high depths of fill.  These facilities may not result in retention of the DCV but they can 
be used to meet the MEP standards.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Application 

• Commercial, residential, 
mixed use, institutional, and 
recreational uses 

• Parking lot islands, traffic 
circles 

• Road parkways & medians 

Preventative Maintenance 

• Repair small eroded areas 

• Remove trash and debris and 
rake surface soils 

• Remove accumulated fine 
sediments, dead leaves and 
trash  

• Remove weeds and prune 
back excess plant growth 

• Remove sediment and debris 
accumulation near inlet and 
outlet structures  

• Periodically observe function 
under wet weather conditions 

Bioretention in Parkway and parking lots 

Photo Credits: Geosyntec Consultants 
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Limitations 

The following limitations should be considered before choosing to use bioinfiltration:  

1) Native soil infiltration rate - soil permeability at the bioinfiltration location must be 
no less than 0.3 inches per hour. 

2) Depth to groundwater, bedrock, or low permeability soil layer – 5 feet vertical 
separation is required between the bottom of the infiltration trench and the seasonal 
high groundwater level or mounded groundwater level, bedrock, or other barrier to 
infiltration to ensure that the facility will completely drain between storms and that 
infiltrating water will receive adequate treatment though the soils before it reaches 
the groundwater. 

3) Slope stability - infiltration BMPs must be sited at least 50 feet away from slopes 
steeper than 15 percent or an alternative setback established by the geotechnical 
expert for the project. 

4) Setbacks - a minimum setback (100 feet or more) must be provided between 
infiltration BMPs and potable wells, non-potable wells, drain fields, and springs. 
Infiltration BMPs must be setback from building foundations at least eight feet or 
have an alternative setback established by the geotechnical expert for the project. 

5) Groundwater contamination - the application of infiltration BMPs should include 
significant pretreatment in an area identified as an unconfined aquifer to ensure 
groundwater is protected for pollutants of concern. 

6) Contaminated soils or groundwater plumes - infiltration BMPs are not allowed at 
locations with contaminated soils or groundwater where the pollutants could be 
mobilized or exacerbated by infiltration, unless a site-specific analysis determines 
that infiltration would be beneficial. 

7) High pollutant land uses - infiltration BMPs should not be placed in high-risk areas 
such as at or near service/gas stations, truck stops, and heavy industrial sites due to 
the groundwater contamination risk unless a site-specific evaluation demonstrates 
that sufficient pretreatment is provided to address pollutants of concern, high risks 
areas are isolated from stormwater runoff, or infiltration areas have little chance of 
spill migration. 

8) High sediment loading rates – infiltration BMPs may clog quickly if sediment loads 
are high (e.g., unstabilized site) or if flows are not adequately pretreated.  

9) Vertical relief and proximity to storm drain - site must have adequate relief between 
the land surface and storm drain to permit vertical percolation through the soil 
media and collection.  
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Design Criteria  

Bioinfiltration should be designed according to the requirements listed in Table 6-16 and 
outlined in the section below. 

Table 6-16: Bioretention Design Criteria 

Design Parameter Unit Design Criteria 

Stormwater quality 
design volume         
(SQDV) 

acre-feet 
See Section 2 and Appendix E for calculating 
SQDV. 

Forebay - 

Forebay should be provided for all tributary 
surfaces that contain landscaped areas. Forebays 
should be designed to prevent standing water 
during dry weather and should be planted with a 
plant palette that is tolerant of wet conditions. 

Maximum drawdown time 
of water ponded on 
surface 

hours 48 

Maximum drawdown time 
of surface ponding plus 
subsurface pores 

hours 96 (72 preferred) 

Maximum ponding depth inches 18 

Minimum thickness of 
amended soil  

feet 2 (3 preferred)  

Minimum thickness of 
stabilized mulch 

inches 2 to 4 

Planting mix composition - 
60 to 80% fine sand,  

20 to 40% compost  

Underdrain sizing - 

Underdrain should be installed below the choking 
stone; 6 inch minimum diameter; 0.5% minimum 
slope; slotted, polyvinyl chloride (PVC) pipe (PVC 
SDR 35 or approved equivalent); spacing shall be 
determined to provide capacity for maximum rate 
filtered through amended media 

Minimum thickness of 
gravel layer 

feet 2 

Overflow device - Required   
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Sizing Criteria 

Bioinfiltration facilities can be sized using one of two methods: a simple sizing method or 
a routing modeling method.  With either method the SQDV volume must be completely 
infiltrated within 96 hours (including subsurface pore space), and surface ponding must 
be infiltrated within 48 hours. The simple sizing procedure is provided below.  For the 
routing modeling method, refer to TCM-4 Sand Filters. 

Step 1: Calculate the Design Volume 

Bioinfiltration facilities shall be sized to capture and partially infiltrate and partially 
biotreat the SQDV volume (see Section 2.3 and Appendix E).   

Step 2: Determine the Design Percolation Rate 

The percolation rate through the BMP and to the subsurface will decline between 
maintenance cycles as the surface becomes occluded and particulates accumulate in the 
infiltration layer.  Monitoring of actual facility performance has shown that the full-scale 
infiltration rate is far lower than the rate measured by small-scale testing.  It is 
important that adequate conservatism is incorporated in the selection of design 
percolation rates. For bioinfiltration facilities, the design percolation rate discussed here 
is the adjusted percolation rate of the underlying soils and not the percolation rate of the 
filter media bed. The measured short-term infiltration rate should be adjusted using a 
factor of safety of 2.0.  

Step 3: Calculate the surface area 

Determine the size of the required infiltrating surface by assuming the SQDV will fill the 
available ponding depth plus the void spaces in the media, based on the computed 
porosity of the filter media and optional aggregate layer.   

1) Determine the maximum depth of surface ponding that can be infiltrated within the 
required surface drain time (48 hr), (dmax ), as follows: 

ft
in
tP

d pondingdesign

12
max

×
=  (Equation 6-14) 

Where: 

tponding  = required drain time of surface ponding (48 hrs)  

Pdesign =  design percolation rate of underlying soils (in/hr) (see 
Step 2, above) 
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dmax  =  the maximum depth of surface ponding water that can 
be infiltrated within the required drain time (ft), 
calculated using Equation 6-14 

2) Choose surface ponding depth (dp) such that: 

maxdd p ≤    (Equation 6-15) 

Where: 

dp  =  selected surface ponding depth (ft) 

dmax  =  the maximum depth of water that can be infiltrated 
within the required drain time (ft) 

Choose thickness(es) of amended media and aggregate layer(s) and calculate total 
effective storage depth of the bioinfiltration area (deffective), as follows: 

)( *
gravelgravelmediamediapeffective lnlndd ++≤  (Equation 6-16) 

Where: 

deffective =  total equivalent depth of water stored in bioinfiltration 
area (ft), including surface ponding and volume 
available in pore spaces of media and gravel layers 

dp  =  surface ponding depth (ft), chosen using Equation 6=15 

*
median  =  available porosity of amended soil media (ft/ft), 

approximately 0.25 ft/ft accounting for antecedent 
moisture conditions. This represents the volume of 
available pore space as a fraction of the total soil 
volume; sometimes has units of (ft3/ft3) or described as 
a percentage. 

lmedia  =  thickness of amended soil media layer (ft), minimum 2 
ft 

ngravel  =  porosity of gravel layer (ft/ft), approximately 0.40 ft/ft 

lgravel =  thickness of gravel layer (ft), minimum 2 ft 

3) Check that entire effective depth (surface plus subsurface storage), deffective, infiltrates 
in no greater than 96 hours as follows: 
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ft
in

P
d

t
design

effective
total 12×= ≤ 96 hr (Equation 6-17) 

Where: 

deffective =  total equivalent depth of water stored in bioinfiltration 
area (ft), calculated using Equation 6-16 

Pdesign =  design percolation rate of underlying soils (in/hr) (see 
Step 2, above) 

If ttotal > 96 hrs, then reduce surface ponding depth and/or amended media 
thickness and/or gravel thickness and return to 1). 

If ttotal ≤ 96 hrs, then proceed to 5). 

4) Calculate required infiltrating surface area, (Areq): 

effective
req d

SQDVA =
   (Equation 6-18) 

Where: 

Areq =  required infiltrating area (ft2).  Should be calculated at 
the contour corresponding to the mid ponding depth 
(i.e., 0.5×dp from the bottom of the facility). 

SQDV  =  stormwater quality design volume (ft3) 

deffective =  total equivalent depth of water stored in bioinfiltration 
area (ft), calculated using Equation 6-16 

5) Calculate total footprint required by including a buffer for side slopes and freeboard; 
Areq is calculated at the contour corresponding to the mid ponding depth (i.e., 0.5×dp 
from the bottom of the facility). 

Geometry  

1) Minimum planting soil depth should be 2 feet, although 3 feet is preferred.  

The intention is that the minimum planting soil depth should provide a beneficial 
root zone for the chosen plant palette and adequate water storage for the 
stormwater quality design volume. A deeper soil depth will provide a smaller 
surface area footprint. 

2) Minimum gravel layer depth is 2 feet.  
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The intention is that the gravel sump provides partial retention of captured water.  

3) Bioinfiltration should be designed to drain below the planting soil in less than 48 
hours and completely drain from the gravel layer in 96 hours (both starting from the 
end of inflow).  

The intention is that soils must be allowed to dry out periodically in order to 
restore hydraulic capacity to receive flows from subsequent storms, maintain 
infiltration rates, maintain adequate soil oxygen levels for healthy soil biota and 
vegetation, and to provide proper soil conditions for biodegradation and retention 
of pollutants. 

Flow Entrance and Energy Dissipation 

The following types of flow entrance can be used for bioinfiltration cells: 

1) Dispersed, low velocity flow across a landscape area. Dispersed flow may not be 
possible given space limitations or if the facility is controlling roadway or parking lot 
flows where curbs are mandatory. 

2) Dispersed flow across pavement or gravel and past wheel stops for parking areas. 

3) Curb cuts for roadside or parking lot areas: curb cuts should include rock or other 
erosion protection material in the channel entrance to dissipate energy. Flow 
entrance should drop 2 to 3 inches from curb line and it should provide a settling 
area and periodic sediment removal of coarse material before flow dissipates to the 
remainder of the cell. 

4) Pipe flow entrance: Piped entrances, such as roof downspouts, should include rock, 
splash blocks, or other appropriate measures at the entrance to dissipate energy and 
disperse flows. 

Woody plants (trees, shrubs, etc.) can restrict or concentrate flows and can be damaged 
by erosion around the root ball and should not be placed directly in the entrance flow 
path. 

Underdrains 

Underdrains should meet the following criteria: 

1) 6-inch minimum diameter. 

2) Underdrains should be made of slotted, polyvinyl chloride (PVC) pipe (PVC SDR 35 
or approved equivalent). The intention is that compared to round-hole perforated 
pipe, slotted underdrains provide greater intake capacity, clog resistant drainage, 
and reduced entrance velocity into the pipe, thereby reducing the chances of solids 
migration. 
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3) Slotted pipe should have 2 to 4 rows of slots cut perpendicular to the axis of the pipe 
or at right angles to the pitch of corrugations. Slots should be 0.04 to 0.1 inches and 
should have a length of 1 to 1.25 inches. Slots should be longitudinally spaced such 
that the pipe has a m inimum of one square inch of slot per lineal foot of pipe and 
should be placed with slots facing the bottom of the pipe. 

4) Underdrains should be sloped at a minimum of 0.5%. 

5) Rigid non-perforated observation pipes with a diameter equal to the underdrain 
diameter should be connected to the underdrain every 100 feet to provide a clean-out 
port as well as an observation well to monitor dewatering rates. The wells/cleanouts 
should be connected to the perforated underdrain with the appropriate 
manufactured connections. The wells/cleanouts should extend 6 inches above the top 
elevation of the bioinfiltration facility mulch, and should be capped with a lockable 
screw cap. The ends of the underdrain pipes not terminating in an o bservation 
well/cleanout should also be capped. 

Gravel Layer 

1) The following aggregate should be used for the gravel layer below the underdrain 
pipe.  Place the underdrain below the choking stone, within the top 6 inches of the 
gravel layer.  

 
Sieve size Percent Passing 

¾ inch 100 
¼ inch 30-60 

US No. 8 20-50 
US No. 50 3-12 

US No. 200 0-1 

 

2) At the option of the designer/geotechnical engineer, a geotextile fabric may be placed 
between the planting media and the gravel layer. If a  geotextile fabric is used, it 
should meet a minimum permittivity rate of 75 gal/min/ft2, should not impede the 
infiltration rate of the soil medium, and should meet the following minimum 
materials requirements. 

Geotextile Property Value Test Method 

Trapezoidal Tear (lbs) 40 (min) ASTM D4533 
Permeability (cm/sec) 0.2 (min) ASTM D4491 

AOS (sieve size) #60 - #70 (min) ASTM D4751 
Ultraviolet resistance 70% or greater ASTM D4355 

 

Preferably, aggregate (choking stone) should be used in place of filter fabric to 
reduce the potential for clogging. This aggregate layer should consist of 2 to 4 inches 
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of washed sand underlain with 2 inches of choking stone (Typically #8 or #89 
washed). 

3) Bioinfiltration facilities have the added benefit of enhanced nitrogen removal due to 
the elevated underdrain.  This allows for a fluctuating anaerobic/aerobic zone below 
the drain pipe. The intention is that denitrification within the anaerobic/anoxic 
zone is facilitated by microbes using forms of nitrogen (NO2 and NO3) instead of 
oxygen for respiration.  

4) The underdrain should drain freely to an acceptable discharge point. The underdrain 
can be connected to a d ownstream open conveyance (vegetated swale), to another 
bioinfiltration cell as part of a connected treatment system, to a storm drain, daylight 
to a vegetated dispersion area using an effective flow dispersion device, or to a 
storage facility for harvesting. 

Overflow 

An overflow device is required at the 18-inch ponding depth. The following, or equivalent 
should be provided: 

1) A vertical PVC pipe (SDR 35) to act as an overflow riser.  

2) The overflow riser(s) should be 6 inches or greater in diameter, so it can be cleaned 
without damage to the pipe.  

The inlet to the riser should be at the ponding depth (18 inches for fenced bioinfiltration 
areas and 6 inches for areas that are not fenced), and be capped with a spider cap to 
exclude floating mulch and debris. Spider caps should be screwed in or glued, i.e., not 
removable.  

Hydraulic Restriction Layers 

Infiltration pathways may need to be restricted due to the close proximity of roads, 
foundations, or other infrastructure. A geomembrane liner, or other equivalent water 
proofing, may be placed along the vertical walls to reduce lateral flows. This liner should 
have a minimum thickness of 30 mils. 

Planting/Storage Media 

1) The planting media placed in the cell should achieve a long-term, in-place infiltration 
rate of at least 1 inch per hour. Higher infiltration rates are permissible. If the design 
long-term, in-place infiltration rate of the soil exceeds 12 inches per hour, 
documentation should be provided to demonstrate that the media will adequately 
address pollutants of concern at a higher flowrate. Bioinfiltration soil shall also 
support vigorous plant growth. 

2) Planting media should consist of 60 to 80% fine sand and 20 to 40% compost.  
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3) Sand should be free of wood, waste, coating such as clay, stone dust, carbonate, etc., 
or any other deleterious material.   All aggregate passing the No. 200 sieve size 
should be non-plastic. Sand for bioinfiltration should be analyzed by an accredited 
lab using #200, #100, #40, #30, #16, #8, #4, and 3/8 sieves (ASTM D 422 or as 
approved by the local permitting authority) and meet the following gradation (Note: 
all sands complying with ASTM C33 for fine aggregate comply with the gradation 
requirements below):    

Sieve Size (ASTM D422) 

% Passing (by weight) 

Minimum Maximum 
3/8 inch 100 100 

#4 90 100 
#8 70 100 

#16 40 95 
#30 15 70 
#40 5 55 
#100 0 15 
#200 0 5 

 

Note: the gradation of the sand component of the media is believed to be a major 
factor in the hydraulic conductivity of the media mix.  If the desired hydraulic 
conductivity of the media cannot be achieved within the specified proportions of 
sand and compost (#2), then it may be necessary to utilize sand at the coarser end of 
the range specified in above (“minimum” column). 

 
4) Compost should be a well decomposed, stable, weed free organic matter source 

derived from waste materials including yard debris, wood wastes, or other organic 
materials not including manure or biosolids meeting standards developed by the US 
Composting Council (USCC).   The product shall be certified through the USCC Seal 
of Testing Assurance (STA) Program (a compost testing and information disclosure 
program).   Compost quality should be verified via a lab analysis to be: 

• Feedstock materials shall be specified and include one or more of the following: 
landscape/yard trimmings, grass clippings, food scraps, and agricultural crop 
residues. 

• Organic matter: 35-75% dry weight basis. 

• Carbon and Nitrogen Ratio: 15:1 < C:N < 25:1 

• Maturity/Stability: shall have dark brown color and a soil-like odor. Compost 
exhibiting a sour or putrid smell, containing recognizable grass or leaves, or is 
hot (120 F) upon delivery or rewetting is not acceptable.  
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• Toxicity: any one of the following measures is sufficient to indicate non-toxicity: 

• NH4:NH3 < 3 

• Ammonium < 500 ppm, dry weight basis 

• Seed Germination > 80% of control 

• Plant trials > 80% of control 

• e. Solvita® > 5 index value 

• Nutrient content: 

• Total Nitrogen content 0.9% or above preferred 

• Total Boron should be <80 ppm, soluble boron < 2.5 ppm 

• Salinity: < 6.0 mmhos/cm 

• pH between 6.5 and 8 (may vary with plant palette) 

Compost for bioinfiltration should be analyzed by an accredited lab using #200, ¼ 
inch, ½ inch, and 1 inch sieves (ASTM D 422 or as approved by the local permitting 
authority) and meet the following gradation:    

Sieve Size (ASTM D422) 

% Passing (by weight) 

Minimum Maximum 
1 inch 99 100 
½ inch 90 100 
¼ inch 40 90 
#200 2 10 

 

Tests should be sufficiently recent to represent the actual material that is anticipated 
to be delivered to the site.  If processes or sources used by the supplier have changed 
significantly since the most recent testing, new tests should be requested.  

Note: the gradation of compost used in bioinfiltration media is believed to play an 
important role in the saturated hydraulic conductivity of the media. To achieve a 
higher saturated hydraulic conductivity, it may be necessary to utilize compost at the 
coarser end of this range (“minimum” column). The percent passing the #200 sieve 
(fines) is believed to be the most important factor in hydraulic conductivity. 

In addition, a coarser compost mix provides more heterogeneity of the bioinfiltration 
media, which is believed to be advantageous for more rapid development of soil 
structure needed to support health biological processes. This may be an advantage 
for plant establishment with lower nutrient and water input. 
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5) The bioinfiltration area should be covered with 2 to 4 inches (average 3 inches) of 
mulch at the start and an additional placement of 1 to 2 inches of mulch should be 
added annually. The intention is that to help sustain the nutrient levels, suppress 
weeds, retain moisture, and maintain infiltration capacity.  

Planting/Storage Media Design for Nutrient Sensitive Receiving Waters 

1) Where the BMP discharges to receiving waters with nutrient impairments or nutrient 
TMDLs, the planting media placed in the cell should be designed with the specific 
goal of minimizing the potential for initial and long term leaching of nutrients from 
the media.  

2) In general, the potential for leaching of nutrients can be minimized by: 

a. Utilizing stable, aged compost (as required of media mixes under all 
conditions). 

b. Utilizing other sources of organic matter, as appropriate, that are safe, non-
toxic, and have lower potential for nutrient leaching than compost. 

c. Reducing the content of compost or other organic material in the media mix 
to the minimum amount necessary to support vigorous plant growth and 
healthy biological processes.  

3) A landscape architect should be consulted to assist in the design of planting/storage 
media to balance the interests of plant establishment, water retention capacity 
(irrigation demand), and the potential for nutrient leaching. The following practices 
should be considered in developing the media mix design: 

a. The actual nutrient content and organic content of the selected compost 
source should be considered when specifying the proportions of compost and 
sand. The compost specification allows a range of organic content over 
approximately a f actor of 2 and nutrient content may vary more widely. 
Therefore determining the actual organic content and nutrient content of the 
compost expected to be supplied is important in determining the proportion 
to be used for amendment. 

b. A commitment to periodic soil testing for nutrient content and a commitment 
to adaptive management of nutrient levels can help reduce the amount of 
organic amendment that must be provided initially. Generally, nutrients can 
be added planting areas through the addition of organic mulch, but cannot be 
removed. 

c. Plant palettes and the associated planting mix should be designed with native 
plants where possible. Native plants generally have a broader tolerance for 
nutrient content, and can be longer lived in leaner/lower nutrient soils. An 
additional benefit of lower nutrient levels is that native plants will generally 
have less competition from weeds. 
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d. Nutrients are better retained in soils with higher cation exchange capacity 
(CEC).  C EC can be increased through selection of organic material with 
naturally high CEC, such as peat, and/or selection of inorganic material with 
high CEC such as some sands or engineered minerals (e.g., low P-index sands, 
zeolites, rhyolites, etc). Including higher CEC materials would tend to reduce 
the net leaching of nutrients. 

e. Soil structure can be more important than nutrient content in plant survival 
and biologic health of the system. If a good soil structure can be created with 
very low amounts of compost, plants survivability should still be provided. 
Soil structure is loosely defined as the ability of the soil to conduct and store 
water and nutrients as well as the degree of aeration of the soil. While soil 
structure generally develops with time, planting/storage media can be 
designed to promote earlier development of soil structure. Soil structure is 
enhanced by the use of amendments with high hummus content (as found in 
well-aged organic material). In addition, soil structure can be enhanced 
through the use of compost/organic material with a distribution of particle 
sizes (i.e., a more heterogeneous mix). Finally, inorganic amendments such as 
polymer beads may be useful for promoting aeration and moisture retention 
associated with a good soil structure.  An  example of engineered soil to 
promote soil structure can be found here:  

http://www.hort.cornell.edu/uhi/outreach/pdfs/custructuralsoilwebpdf.pdf  

f. Younger plants are generally more tolerant of lower nutrient levels and tend 
to help develop soil structure as they grow. Starting plants from smaller 
transplants can help reduce the need for organic amendments and improve 
soil structure. The project should be able to accept a plant mortality rate that 
is somewhat higher than starting from larger plants and providing high 
organic content. 

g. With these considerations, it is anticipated that less than 10 percent compost 
amendment could be used, while still balancing plant survivability and water 
retention. 

Plants 

1) Plant materials should be tolerant of summer drought, ponding fluctuations, and 
saturated soil conditions for 48 to 96 hours. 

2) It is recommended that a minimum of three types of tree, shrubs, and/or herbaceous 
groundcover species be incorporated to protect against facility failure due to disease 
and insect infestations of a single species.  

3) Native plant species and/or hardy cultivars that are not invasive and do not require 
chemical inputs should be used to the maximum extent practicable. 
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Operations and Maintenance 

Bioinfiltration areas require annual plant, soil, and mulch layer maintenance to ensure 
optimum infiltration, storage, and pollutant removal capabilities. In general, 
bioinfiltration maintenance requirements are typical landscape care procedures and 
include: 
 
1) Watering: Plants should be drought-tolerant. Watering may be required during 

prolonged dry periods after plants are established. 

2) Erosion control: Inspect flow entrances, ponding area, and surface overflow areas 
periodically, and replace soil, plant material, and/or mulch layer in areas if erosion 
has occurred (see Appendix I for a bioinfiltration inspection and maintenance 
checklist). Properly designed facilities with appropriate flow velocities should not 
have erosion problems, except perhaps in extreme events. If erosion problems occur, 
the following should be reassessed: (1) flow velocities and gradients within the cell, 
and (2) flow dissipation and erosion protection strategies in the pretreatment area 
and flow entrance. If sediment is deposited in the bioinfiltration area, immediately 
determine the source within the contributing area, stabilize, and remove excess 
surface deposits.  

3) Plant material: Depending on aesthetic requirements, occasional pruning and 
removing of dead plant material may be necessary. Replace all dead plants and if 
specific plants have a high mortality rate, assess the cause and, if necessary, replace 
with more appropriate species. Periodic weeding is necessary until plants are 
established. The weeding schedule should become less frequent if the appropriate 
plant species and planting density have been used and, as a result, undesirable plants 
excluded. 

4) Nutrients and pesticides: The soil mix and plants should be selected for optimum 
fertility, plant establishment, and growth. Nutrient and pesticide inputs should not 
be required and may degrade the pollutant processing capability of the bioinfiltration 
area, as well as contribute pollutant loads to receiving waters. By design, 
bioinfiltration facilities are located in areas where phosphorous and nitrogen levels 
are often elevated and these should not be limiting nutrients. If in question, have soil 
analyzed for fertility.  

5) Mulch: Replace mulch annually in bioinfiltration facilities where heavy metal 
deposition is likely (e.g., contributing areas that include industrial and auto 
dealer/repair parking lots and roads). In residential lots or other areas where metal 
deposition is not a concern, replace or add mulch as needed to maintain a 2 to 3 inch 
depth at least once every two years. 

6) Soil: Soil mixes for bioinfiltration facilities are designed to maintain long-term 
fertility and pollutant processing capability. Estimates from metal attenuation 
research suggest that metal accumulation should not present an environmental 
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concern for at least 20 years in bioinfiltration systems. Replacing mulch in 
bioinfiltration facilities where heavy metal deposition is likely provides an additional 
level of protection for prolonged performance. If in question, have soil analyzed for 
fertility and pollutant levels. 
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RWH-1: Rainwater Harvesting 

Rainwater harvesting BMPs capture and store stormwater runoff for later use. These 
BMPs are engineered to store a specified volume of water with no surface discharge until 
this volume is exceeded. Storage facilities that can be used to harvest rainwater include 
cisterns (above ground tanks), open storage reservoirs (e.g., ponds and lakes), and 
underground storage devices (tanks, vaults, pipes, arch spans, and proprietary storage 
systems). Uses of captured water may potentially include irrigation demand, indoor non-
potable demand, industrial process water demand, or other demands. Rainwater 
harvesting systems typically include several components: (1) methods to divert runoff to 
the storage device, (2) an overflow for when the storage device is full, and (3) a 
distribution system to get the water to where it is intended to be used. Harvesting 
systems typically include pretreatment to remove large sediment and vegetative debris.  
Systems used for internal uses may require an additional level of treatment prior to use. 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Application 

• Any type of land use, provided 
adequate water demand  

 

Preventative Maintenance 

• Debris and sediment removal 

• After-rain inspections 

Cistern 

Photo Credit: MetaEfficient 

RB-AR9524



RWH-1: RAINWATER HARVESTING 

Technical Guidance Manual for 6-95 July 13, 2011 
Stormwater Quality Control Measures 2011   

Limitations 

Rainwater harvesting may be used to meet all of the 5% EIA requirement if reliable 
demand is available.  Rainwater harvesting is not required to be used if the available 
demands do not meet the volume required for 80% capture using a 72 hour drawdown 
time.  

Design Criteria  

Specific considerations for cistern rainwater harvesting systems include: 

• Cisterns should include screens on gutters and downspouts to remove vegetative 
debris and sediment from the runoff prior to entering the cistern.  

• Above-ground cisterns should be secured in place. 

• Above-ground cisterns should not be located on uneven or sloped surfaces; if 
installed on a sloped surface, the base where the cistern will be installed should 
be leveled and designed for the weight of the filled cistern prior to installation. 

• Child-resistant covers and mosquito screens should be placed on all water entry 
holes. 

• A first flush diverter may be installed so that initial runoff bypasses the cistern. 
Where a first flush diverter is used, the diverted flows must be directed to a 
pervious area so that no runoff is produced or another form of treatment must be 
provided for this flow. 

• Above-ground cisterns should be installed in a location with easy access for 
maintenance or replacement. 

Specific considerations for underground detention include: 

• Access entry covers (36” diameter minimum) should be locking and within 50 
feet of all areas of the detention tank. 

• In cases where the detention facility provides sediment containment, the facility 
should be laid flat and there should be at least ½ foot of dead storage within the 
tank or vault. 

• Outlet structures should be designed using the 100-year storm as overflow and 
should be easily accessible for maintenance activities. 

• For detention facilities beneath roads and parking areas, structural requirements 
should meet H20 load requirements. 

• In cases where groundwater may cause flotation, these forces should be 
counteracted with backfill, anchors, or other measures. 
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• Underground detention facilities should be installed on consolidated and stable 
native soil; if the facility is constructed in fill slopes, a geotechnical analysis 
should be performed to ensure stability. 

General considerations include: 

• In cases where there is non-potable indoor demand, proper pretreatment 
measures should be installed such as pre-filtration, cartridge filtration, and/or 
disinfection (which can also be provided between the cistern and point of use). 

• Plumbing systems should be installed in accordance with the current California 
Building and Plumbing Codes (CBC – part of California Code of Regulations, 
Title 24). 

• Underground detention facilities can be incorporated into a t reatment train to 
provide initial or supplemental storage to other detention storage facilities 
and/or infiltration BMPs.    

• Treatment of the captured rainwater (i.e. disinfection) may be required 
depending on the end use of the water. 

Rainwater harvesting uses include: 

• Harvested rainwater can be used for irrigation and other non-potable uses (if 
local, State, and Federal ordinances allow).  T he use of captured stormwater 
allows a reduced demand on the potable water supply.  C ross-contamination 
should be prevented when make-up water is required for rainwater use demand 
by providing a backflow prevention system on the potable water supply line 
and/or an air gap.   

• Irrigation Use 

 Subsurface (or drip) irrigation should not require disinfection pretreatment 
prior to use; other irrigation types, such as spray irrigation, may require 
additional pre-treatment prior to use 

 Selecting native and/or drought tolerant plants for landscaped area will 
reduce irrigation demand; however, they are still recommended for use. 

• Domestic Use 

 Domestic uses may include toilet flushing and clothes washing (if local, State, 
and Federal ordinances allow). 

 Pretreatment requirements per local, State, or Federal codes and ordinances 
may apply. 

• Other Non-Potable Uses 

RB-AR9526



RWH-1: RAINWATER HARVESTING 

Technical Guidance Manual for 6-97 July 13, 2011 
Stormwater Quality Control Measures 2011   

 Other potential non-potable uses may include vehicle/equipment washing, 
evaporative cooling, industrial processes, and dilution water for recycled 
water systems. 

Sizing Criteria 

The effectiveness of rainwater harvesting (RWH) systems is a function of tributary area, 
storage volume, demand patterns and magnitudes, and operational regime.  If either of 
the latter two factors are too complex, simple design criteria metrics are not possible. 
The rainwater harvesting design criteria provided in this Fact Sheet are intended for the 
evaluation of systems that have relatively simple demand regimes and passive operation.  
If the answer to any of the following complexity screening questions is yes, a site-specific 
evaluation of rainwater harvesting effectiveness should be completed using a continuous 
simulation model with a long-term precipitation record. 

Complexity Screening Questions: 

• Does the proposed system have seasonally-varying demand other than irrigation? 

• Will the system be operated by advanced control systems or otherwise actively 
controlled?   

• Does the operational regime call for the system be shut down at any time during 
the rainy season? 

Effectiveness of a harvesting system for retaining the SQDV depends on the cistern’s 
effective storage capacity (i.e., the volume available for storage at the beginning of each 
event). Therefore, the required storage volume varies based on precipitation and 
demand. Using the following sizing charts, cisterns should be sized to achieve 80 percent 
capture efficiency. These nomographs are based on continuous simulation performed in 
EPA SWMM using precipitation and ET records representative of lowland regions 
(Oxnard Airport Precipitation Gauge, El Rio Spreading Grounds ET station) and 
mountainous regions (Ojai-Stewart Canyon Precipitation Gauge, Matilja ET Station) of 
the County. 

Instructions for determining required cistern volume and demand are provided below: 

Step 1: Determine Required Rainwater Harvesting Design Volume (RWHDV) 

Note that a rainwater harvesting system sized for 80% capture runoff (as determined by 
continuous modeling), which can draw down in 72 hours is required to meet the 5% EIA 
standard. If the demand required to draw a tank sized for these parameters is not 
available, rainwater harvesting is not mandated for use. Partial capture of runoff is 
allowable if rainwater harvesting is desired for use.  Sizing instructions for partial 
capture are included in Step 3.  
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1) Determine the design storm required for 80% capture with a 72 hour drawdown time 
by selecting the project region (lowland or mountainous), then determining where 
the 72 hour drawdown curve intersects the 80% capture line.  Pivot down from this 
intersection to the x axis to read the design storm, ddesign.  

2) Determine the required rainwater harvesting system volume using the following 
equation: 

RWHDV = C*(ddesign/12)*Aretain (Equation 6-19) 

Where: 

RWHDV  =  rainwater harvesting design volume (acre-ft) 

C = runoff coefficient, calculated using Appendix E and the 
site imperviousness 

ddesign = design storm required for 80% capture with a 72 hour 
drawdown time, estimated as described in 1) (inches) 

Aretain = the drainage area from which runoff must be retained 
(acres) 

Step 2: Determine the Required Daily Demand to Achieve 80% Capture 

1) The required daily demand to achieve 80% capture of runoff can be calculated as 
follows: 

Demand = [RWHDV/(72/24)] * (325,851) (Equation 6-20) 

Where: 

Demand = required project daily demand to draw down rainwater 
harvesting system sized for 80% capture in 72 hours 
(gallons) 

RWHDV = rainwater harvesting design volume (acre-ft), from Step 
1 above 

If the project daily demand is less than the Demand calculated, the project is not 
required to utilize rainwater harvesting.  I f rainwater harvesting is desired for use for 
partial retention, if a longer drawdown time is desired, or if a predetermined daily 
demand is to be used, refer to Steps 3 and 4 below.  

Step 3: Determine RWHDV for Partial Retention or a Longer Drawdown Time 

1) Calculate RWHDV for selected combination of % capture and drawdown time using 
nomographs and the following equation:  
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RWHDV = C*(ddesign/12)*Aretain (Equation 6-21) 

Where: 

RWHDV  =  rainwater harvesting design volume (acre-ft) 

C = runoff coefficient, calculated using Appendix E and the 
site imperviousness 

ddesign = design storm required for selected % capture and 
drawdown time (inches) 

Aretain = the drainage area from which runoff must be retained 
(acres) 

2) Determine the required daily demand for the selected capture efficiency and/or 
drawdown time: 

Demand = [RWHDV/(tdrawdown/24)] * (325,851) (Equation 6-22) 

Where: 

Demand = required project daily demand to draw down rainwater 
harvesting system sized for 80% capture in 72 hours 
(gallons) 

RWHDV = rainwater harvesting design volume (acre-ft), from 1) 
above 

tdrawdown  = selected drawdown time (hours) 

Step 4: Determine RWHDV for a Predetermined Daily Demand 

1) Determine the daily demand requirement in acre-feet (1 acre-foot = 325,851 gallons).  

2) Calculate the required RWHDV for the desired drawdown time using the following 
equation: 

RWHDV = Demand *(tdrawdown/24) (Equation 6-23) 

Where: 

Demand = required project daily demand (acre-feet) 

RWHDV = rainwater harvesting design volume (acre-ft) 

tdrawdown  = selected drawdown time (hours) 
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Operations and Maintenance 

1) Inspect storage facilities, associated pipes, and valve connections for leaks.  

2) Clean gutters and filters of debris that has accumulated and is obstructing flow into 
the storage facility. 

3) Clean and remove accumulated sediment annually. 

4) Check cisterns for stability and anchor if necessary. 

5) If the storage device is underground, ensure that a manhole is accessible, 
operational, and secure. 
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ET-1: Green Roof 

Green roofs (also known as eco-roofs and vegetated roof covers) are roofing systems that 
layer a soil/vegetative cover over a waterproofing membrane. Green roofs rely on highly 
porous media and moisture retention layers to store intercepted precipitation and to 
support vegetation that can reduce the volume of stormwater runoff via 
evapotranspiration.  There are two types of green roofing systems: extensive, which is a 
light-weight system; and intensive, which is a heavier system that allows for larger plants 
but requires additional structural support.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Application 

• Building roofs 

• Outdoor eating area roofs 

• Parking structure or turnaround 
roofs 

 

Preventative Maintenance 

• Weeding and pruning 

• Leaf and debris removal 

• Regular membrane inspection 

• Drain cleanout 

Green Roof Examples 

Photo Credits:  

1. Milwaukee Department of Environmental 
Sustainability;  

2. Geosyntec Consultants 
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Exhibit A: Green Roof Schematic Courtesy of Portland, OR  
Environmental Services Department 

 

 

 

 

Exhibit B: Green Roof Schematic  
Courtesy of American Wick  
 

Figure 6-9:  Green Roofs 
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Limitations 

The following describes additional site suitability recommendations and limitations for 
green roofs.  

• Typically not used for steep roofs (>25%); and 

• Structural roof support must be sufficient to support additional roof weight. 

Design Criteria  

Green roofs should be designed according to the requirements listed in Table 6-17 and 
outlined in the section below.  
  

Table 6-17: Green Roof Design Criteria 

Design 
Parameter 

Unit Design Criteria 

Soil depth range inch 2 – 6 

Saturated soil weight lbs. / sq. ft. 10 – 25 

Maximum roof slope % 25 

Minimum roof slope -- Flat 

Vegetation type -- Varies (see vegetation section below) 

Vegetation height -- Varies (see vegetation section below) 

 

Sizing 

Green roofs may provide quantifiable reduction in volume. However, they are not 
explicitly sized to meet the water quality treatment requirements. Rather, the volume 
reduction is accounted for implicitly in sizing calculations for the treatment BMPs for the 
remainder of the site by assuming that the roof area is pervious rather than impervious 
when calculating a runoff coefficient for the site. 

Green Roof Components 

Structural Support 

The first requirement that must be met before installing a green roof is the structural 
support of the roof. The roof must be able to support the additional weight of the soil, 
water, and vegetation. A licensed structural engineer should be consulted to determine 
the proposed structural support during the design phase.  
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Waterproof Roofing Membrane 

Waterproof roofing membrane is an i ntegral part of a g reen roofing system. The 
waterproof membrane prevents the roof runoff from penetrating and damaging the 
roofing material. There are many materials available for this purpose and come in 
various forms (i.e., rolls, sheets, liquid) and exhibit different characteristics (e.g., 
flexibility, strength, etc.). Depending on the type of membrane chosen a root barrier may 
be required to prevent roots from compromising the integrity of the membrane.  

Drainage Layer 

Depending on the design of the roof, a drainage layer may be required to convey the 
excess runoff from of the roof. If a drainage layer is needed, there are numerous options 
including a g ravel layer (which may require additional structural support), and many 
styles and types of plastic drainage layers.   

Soil Considerations 

The soil layer is an important factor in the construction and operation of green roofs. The 
soil layer must have excellent drainage, not be too heavy when saturated, and be 
adequately fertile as a growing medium for plants. Many companies sell their own 
proprietary soil mixes. However, a simple mix of ¼ topsoil, ¼ compost, and the 
remainder pumice perlite may be used for many applications. Other soil amendments 
may be substituted for the compost and the pumice perlite. The soil mix used should not 
contain any clay.  

Vegetation 

Green roofs must be vegetated in order to provide adequate treatment of runoff via 
filtration and evapotranspiration. Vegetation, when chosen and maintained 
appropriately, also improves the aesthetics of a site. Green roofs should be vegetated 
with a mix of erosion-resistant plant species that effectively bind the soil and can 
withstand the extreme environment of rooftops. A diverse selection of low growing 
plants that thrive under the specific site, climatic, and watering conditions should be 
identified. A mixture of drought-tolerant, self-sustaining (perennial or self-sowing 
without need for fertilizers, herbicides, and or pesticides) is most effective in the Ventura 
County region. Plants selected should also be low maintenance and able to withstand 
heat, cold, and high winds. Native or adapted sedum/succulent plants are preferred 
because they generally require less fertilizer, limited maintenance, and are more drought 
resistant than exotic plants. When appropriate, green roofs may be planted with larger 
plants. However, this depends on structural support and soil depth.  

The following provides additional vegetation guidance for green roofs.  

1) For extensive roofs, trees or shrubs may be used as long as the increased soil depth 
required may be supported.  
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2) Irrigation is required if the seed is planted in spring or summer. The use of a 
permanent smart (self-regulating) irrigation system or other watering system, may 
help provide maximal water quality performance. Drought-tolerant plants should be 
specified to minimize irrigation requirements. For projects seeking “High 
Performance Building” recognition, ASHRAE Standard 189.1 states that potable 
water cannot be used for irrigating green roofs after they are established. 

3) Locate the green roof vegetation in an area without excessive shade to avoid poor 
vegetative growth. For moderately shaded areas, shade tolerant plants should be 
used.  

4) A relevant plant list should be provided by a landscape professional and used as a 
guide to support project-specific planting recommendations, including 
recommendations on appropriate plants, fertilizer, mulching applications, and 
irrigation requirements (if any) to ensure healthy vegetation growth.  

Drain 

1) There must be a drain pipe (gutter) to convey runoff (both overflow and underdrain 
flow, if appropriate) safely from the roof to another basic or stormwater runoff BMP, 
a pervious area, or the stormwater conveyance system.  

Construction Considerations 

1) Building structure must be adequate to hold the additional weight of the soil, 
retained water, and plants. 

2) Plants should be selected carefully to minimize maintenance and function properly. 

Operations and Maintenance 

1) During the establishment period, green roofs may need irrigation and occasional 
light fertilization until the plants have fully established themselves. Once healthy and 
fully established, properly selected climate-appropriate plants will no longer need 
irrigation except during extreme drought.  

2) Weeding during the establishment period may be required to ensure proper 
establishment of the desired vegetation. Once established and assuming proper 
selection of vegetation, the vegetation should not require any preventative 
maintenance. 

3) The roofing membrane should be inspected routinely, as it is a crucial element of the 
green roof. In addition, preventative inspection of the drainage paths is required to 
ensure that there are no clogs in the system. If a green roof is not properly draining, 
the moisture in the system may cause the roof to leak and/or the plants to drown or 
rot. Leaks in the roof may occur not only due to improper drainage, but also if the 
incorrect combination of waterproofing barrier, root barrier, and drainage systems 
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are selected. Leak inspections in the roofing system are advised, especially in 
locations prone to leaks, such as at all joints.  

4) Inspect green roofs for erosion or damage to vegetation after every storm greater 
than 0.75 inches and at the end of the wet season to schedule summer maintenance 
and in the fall to ensure readiness for winter. Additional inspection after periods of 
heavy runoff is recommended. Green roofs should be checked for debris, litter, and 
signs of clogging. 

5) Replanting and/or reseeding of vegetation may be required for reestablishment.  

6) Vegetation should be healthy and dense enough to provide filtering while protecting 
underlying soils from erosion.   

7) Fallen leaves and debris from deciduous plant foliage should be removed.   

8) Invasive vegetation, such as Alligatorweed (Alternanthera philoxeroides), Halogeton 
(Halogeton glomeratus), Spotted Knapweed (Centaurea maculosa), Giant Reed 
(Arundo donax), Castor Bean (Ricinus communis), Perennial Pepperweed (Lepidium 
latifolium), and Yellow Starthistle (Centaurea solstitalis) should be removed and 
replaced with non-invasive species. For more information on invasive weeds, 
including biology and control of listed weeds, look at the encycloweedia located at the 
California Department of Food and Agriculture website or the California Invasive 
Plant Council website at www.cal-ipc.org. 

9) Dead vegetation should be removed if greater than 10% of the area coverage. 
Vegetation should be replaced and established before the wet season to maintain 
cover density and control erosion where soils are exposed. 
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ET-2: Hydrologic Source Control BMPs 

Hydrologic source control (HSC) BMPs are simple BMPs that are highly integrated with 
the site design to reduce runoff volume. The practices described in this fact sheet include 
impervious area dispersion, street trees, and rain barrels. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Application 

• Building roofs 

• Sidewalks and patios  

• Landscaping hardscapes 

 

Preventative Maintenance 

• Weeding and pruning 

• Leaf and debris removal 

Hydrologic Source Control Examples 

Photo Credits:  

1. 
http://www.auburn.edu/projects/sustainability/website/newsl

etter/0910.php;  

2. Geosyntec Consultants;  

3. toronto.ca/environment/water.htm 
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Accounting for Hydrologic Source Controls in Hydrologic Calculations 

The effects of HSC BMPs are accounted for in hydrologic calculations as an adjustment 
to the storm depth used in the SQDV calculations described in Section 2.  Runoff volume 
calculations are performed exactly as described in Section 2, with the exception that the 
storm depth used in the calculation is adjusted prior to the calculation. Adjustments are 
based on the type and magnitude of HSC BMPs employed for the drainage area per 
guidance outlined in this Fact Sheet. 

EXAMPLE 6.1: ACCOUNTING FOR HSCS IN HYDROLOGIC CALCULATIONS 

Given: 

• A drainage area consists of a 1 acre building roof surrounded by 0.25 acres 
of landscaping (80 percent composite imperviousness); 

• The drainage from the roof is spread uniformly over the entire pervious 
area via splash pads and level spreaders; 

• Soils are moderately well drained and have a shallow slope; 

• For the purpose of this example, assume the hydrologic source control 
adjustment for this configuration of disconnected downspouts is 0.3 
inches.  For an actual project, hydrologic source control adjustment would 
be calculated based on instructions in this section; and 

• The unadjusted design storm depth at the project site is 0.75 inches. 

Result: 

1) The designer uses 0.75 inches – 0.3 inches = 0.45 inches in the 
calculation of SQDV. 

Impervious Area Dispersion 

Impervious area dispersion refers to the practice of routing runoff from impervious 
areas, such as rooftops, walkways, and patios, onto the surface of adjacent pervious 
areas.  Runoff is dispersed uniformly via splash block or dispersion trench and soaks into 
the ground as it moves slowly across the surface of the pervious area.  Minor ponding 
may occur, but it is not the intent of this practice to actively promote localized on-lot 
infiltration, which should be designed as an infiltration BMP (see INF-1 through INF-6 
above). 

Design Considerations 

1) Not likely to result in net increased infiltration over existing condition for previously 
pervious sites, but has potential to result in some geotechnical hazards associated 
with infiltration. 

2) Significant pervious area should be available, at a ratio of at least 1 part pervious area 
capable of receiving flow to 5 parts impervious. 
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3) Pervious area receiving flow should have a slope ≤ 2 percent and path lengths of ≥ 10 
feet per 1000 sf of impervious area. 

4) Overflow from the pervious area up to the SQDV should be directed to a Retention 
BMP, Biofiltration BMP, or Treatment Control Measure.  Larger flows should be 
directed to the storm drain system. 

5) Soils in the pervious area should be preserved in their natural condition or improved 
with soil amendments (see Soil Amendments below). 

6) Impervious area disconnection is an HSC that may be used as the first element in any 
treatment train. 

7) The use of impervious area disconnection reduces the sizing requirement for 
downstream Retention BMPs, Biofiltration BMPs, and/or Treatment Control 
Measures. 

Calculating HSC Retention Volume 

1) The retention volume provided by 
downspout dispersion is a 
function of the ratio of impervious 
to pervious area.   

2) Determine flow patterns in 
pervious area and estimate 
footprint of pervious area 
receiving dispersed flow.  
Calculate the ratio of pervious to 
impervious area.   

3) Check soil conditions using the 
checklist below; amend if 
necessary. 

4) Look up the storm retention depth 
( dHSC), from the chart to the right.   

5) The max dHSC is equal to the design storm depth for the project site. 

Soil Condition Checklist 

1) Soil should have a maximum slope of 2 percent.  

2) Landscaping should be well-established.  

3) Amended soils should consist of: 60 to 70% sand, 15 to 25% compost, 10 to 20% 
clean topsoil. The organic content of the soil mixture should be 8 to 12%; the pH 
range should be 5.5 to 7.5. 

1 Pervious area used in calculation should only 
include the pervious area receiving flow, not 
pervious area receiving only direct rainfall or 
upslope pervious drainage. 
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Additional References 

• SMC LID Manual (pp 131): 
http://www.lowimpactdevelopment.org/guest75/pub/All_Projects/SoCal_LID_
Manual/SoCalLID_Manual_FINAL_040910.pdf  

• City of Portland Bureau of Environmental Services. 2010. How to manage 
stormwater – Disconnect Downspouts: 
 http://www.portlandonline.com/bes/index.cfm?c=43081&a=177702  

• Seattle Public Utility: 
http://www.cityofseattle.org/util/stellent/groups/public/@spu/@usm/documen
ts/webcontent/spu01_006395.pdf  

• Thurston County, Washington State (pp 10): 
http://www.co.thurston.wa.us/wwm/Engineering_Standards/Drainage_Manual
/PDFs/DG-5%20Roof%20Runoff%20Control.pdf   

Amended Soils 

A soil amendment is any material added to the upper layer of soil especially in the 
vicinity of the root zone soil to improve its physical properties, such as the water 
retention, permeability, water infiltration, drainage, aeration and structure. The goal is 
to provide a better environment for roots. To do its work, an amendment should be 
thoroughly mixed into the soil. If it is merely buried, its effectiveness is reduced and it 
will interfere with water and air movement and root growth.  

Amending a s oil is different from mulching, although many mulches also are used as 
amendments. A mulch is left on the soil surface. Its purpose is to reduce evaporation and 
runoff, inhibit weed growth, and create an attractive appearance. Mulches also moderate 
soil temperature, helping to warm soils in the spring and cool them in the summer. 
Mulches may be incorporated into the soil as amendments after they have decomposed 
to the point that they no longer serve their purpose. 

Organic amendments, such as compost, increase soil organic matter content and offer 
many benefits. Organic matter improves soil aeration, water infiltration, and both water- 
and nutrient-holding capacity. Many organic amendments contain plant nutrients and 
act as organic fertilizers. Organic matter also is an important energy source for bacteria, 
fungi and earthworms that live in the soil. 

Design Considerations 

1) Landscaped and other developed pervious areas can be amended to improve 
evapotranspiration and soil moisture storage capacity. 

2) Landscape and other developed pervious areas can be amended to increase 
infiltration rates in cases where the limiting infiltration horizon exists near the 
surface of the soil column. 
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3) Soil amendments are common components of several Retention BMPs,  Biofiltration 
BMPs, and Treatment Control Measures, including infiltration basins, bioretention, 
vegetated swales, filter strips, planter boxes, green roofs, dry extended detention 
basins, wet retention basins, and constructed treatment wetlands.  

4) Compost, soil conditioners, and fertilizers should be rototilled into the native soil to a 
minimum depth of 6 inches; 12 inches preferred. 

5) All soil amendments shall be free of sticks, glass, plastic, metal, debris larger than 1 
inch, and other deleterious material. 

6) Compost shall meet criteria listed in the guidelines for planting and storage media. 

Calculating HSC Retention Volume 

No retention credit is given for amended soils alone.  Amended soils should be used to 
increase the retention volume of Retention BMPs, Biofiltration BMPs, and Treatment 
Control Measures. 

Additional References  

• San Diego County LID Handbook Appendix 4 (Factsheet 30):  
http://www.sdcounty.ca.gov/dplu/docs/LID-Appendices.pdf 

• Colorado State University Extension website: 
http://www.ext.colostate.edu/pubs/garden/07235.html  

Street Trees 

By intercepting rainfall, trees can provide several aesthetic and stormwater benefits 
including peak flow control, increased infiltration and evapotranspiration, and runoff 
temperature reduction.  The volume of precipitation intercepted by the canopy reduces 
the treatment volume required for downstream treatment BMPs.  Shading reduces the 
heat island effect as well as the temperature of adjacent impervious surfaces over which 
stormwater flows, and thus reduces the heat transferred to the downstream waterbody.  
Tree roots also strengthen the soil structure and provide infiltrative pathways, 
simultaneously reducing erosion potential and enhancing infiltration.  

Design Considerations 

1) Street trees can be incorporated along sidewalks, streets, parking lots, or driveways. 

2) Street trees can be used in combination with bioretention systems along medians or 
in traffic calming bays.   

3) There should be sufficient space available to accommodate both the tree canopy and 
the  root system. 
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4) The mature tree canopy, height, and root system should not interfere with subsurface 
utilities, overhead powerlines, buildings and foundations, or other existing or 
planned structures. 

5) Depending on space constraints, a 20 to 30 foot canopy (at maturity) is 
recommended for stormwater mitigation. 

6) Native, drought-tolerant species should be selected in order to minimize irrigation 
requirements and improve the long-term viability of the tree. 

7) Trees should not impede pedestrian or vehicle sight lines. 

8) Planting locations should receive adequate sunlight and wind protection. Other 
environmental factors should be considered prior to planting.  

9) Soils should be preserved in their natural condition (if appropriate for planting) or 
restored via soil amendments. If necessary, a landscape architect should be 
consulted. 

Calculating HSC Retention Volume 

1) The retention volume provided by streets trees via canopy interception is dependent 
on the tree species, time of the year, and maturity. 

2) To compute the retention credit, the expected impervious area covered by the full 
tree canopy after 4 years of growth should be computed (IAHSC).  The maximum 
retention depth credit for canopy interception (dHSC) is 0.05 inches.  

Additional References 

• California Stormwater BMP Handbook: 
 http://www.cabmphandbooks.com/Documents/Development/Section_3.pdf  

• City of Los Angeles, Street Tree Division - Street Tree Selection Guide: 
http://bss.lacity.org/UrbanForestryDivision/StreetTreeSelectionGuide.htm  

• Portland Stormwater Management Manual:   
http://www.portlandonline.com/bes/index.cfm?c=35122&a=55791  

• San Diego County LID Handbook Fact Sheets:  
http://www.sdcounty.ca.gov/dplu/docs/LID-Appendices.pdf  

Residential Rain Barrels 

Rain barrels are above ground storage vessels that capture runoff from roof downspouts 
during rain events and detain that runoff for later use for irrigating landscaped areas.  
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Design Considerations 

1) If detained water will be used for irrigation, sufficient vegetated areas and other 
impervious surfaces should be present in the drainage area. 

2) Storage capacity and sufficient area for overflow dispersion should be accounted for. 

3) Screens on gutters and downspouts to remove sediment and particles as the water 
enters the barrel or cistern should be provided.  

4) Removable child-resistant covers and mosquito screening should be provided to 
prevent unwanted access.  

5) Above-ground barrels should be 
secured in place. 

6) Above-ground barrels should not be 
located on uneven or sloped 
surfaces. If installed on a sloped 
surface, the base where the rain 
barrel will be installed should be 
leveled prior to installation. 

7) Overflow dispersion should occur 
greater than 5 feet from building 
foundations. 

8) Dispersion should not cause geotechnical hazards related to slope stability. 

9) Effective energy dissipation and uniform flow spreading methods should be 
employed to prevent erosion and facilitate dispersion. 

10) Placement should allow easy access for regular maintenance. 

Calculating HSC Retention Volume 

1) The retention volume provided by rain barrels that are not actively managed can be 
computed as 50% of the total storage volume (e.g., 22.5 gallons for each 55 gallon 
barrel).  

2) If the rain barrel is actively managed, then it should be treated as a cistern (see 
RWH-1). 

3) Estimate the average retention volume per 1000 square feet impervious tributary 
area provided by rain barrels. 

4) Look up the storm retention depth (dHSC), from the chart to the right.  

5) The max dHSC is equal to the design storm depth for the project site. 
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Additional References 

• Santa Barbara BMP Guidance Manual, Chapter 6: 
http://www.santabarbaraca.gov/NR/rdonlyres/91D1FA75-C185-491E-A882-
49EE17789DF8/0/Manual_071008_Final.pdf  

• County of Los Angeles LID Standards Manual: 
http://dpw.lacounty.gov/wmd/LA_County_LID_Manual.pdf  

• SMC LID Manual (pp 114): 
http://www.lowimpactdevelopment.org/guest75/pub/All_Projects/SoCal_LID_
Manual/SoCalLID_Manual_FINAL_040910.pdf  

• San Diego County LID Handbook Appendix 4 (Factsheet 26):  
http://www.sdcounty.ca.gov/dplu/docs/LID-Appendices.pdf   
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BIO-1: Bioretention with Underdrain 

Bioretention stormwater treatment facilities are landscaped shallow depressions that 
capture and filter stormwater runoff. These facilities function as a soil and plant based 
filtration device that removes pollutants through a variety of physical, biological, and 
chemical treatment processes. The facilities normally consist of a ponding area, mulch 
layer, planting soils, and plantings. As stormwater passes down through the planting 
soil, pollutants are filtered, adsorbed, and biodegraded by the soil and plants. 
Bioretention with an underdrain is a treatment control measures that can be used for 
areas with low permeability native soils or steep slopes. Bioretention may be designed 
without an underdrain to serve as a retention BMP in areas of high soil permeability (see 
INF-3 Bioretention) or partial retention/ partial biofiltration BMP (see INF-7: 
Bioinfiltration). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Application 

• Parking lots 

• Roadway parkways and 
medians 

• School entrances, courtyards, 
and walkways 

• Playgrounds and sports fields 

 

Preventative Maintenance 

• Repair small eroded areas 

• Remove trash and debris and 
rake surface soils 

• Remove accumulated fine 
sediments, dead leaves, and 
trash  

• Remove weeds and prune 
back excess plant growth 

• Remove sediment and debris 
accumulation near inlet and 
outlet structures  

• Periodically observe function 
under wet weather conditions 

Bioretention in Parking Lots 

Photo Credits: Geosyntec Consultants 
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Limitations 

1) Vertical relief and proximity to storm drain - site must have adequate relief between 
land surface and storm drain to permit vertical percolation through the soil media 
and collection and conveyance in underdrain to storm drain system.  

2) Depth to groundwater - shallow groundwater table may not permit complete 
drawdown between storms. 

Design Criteria  

Bioretention with an underdrain should be designed according to the requirements listed 
in Table 6-18 and outlined in the section below. BMP sizing worksheets are presented in 
Appendix E. 

Table 6-18: Bioretention with an Underdrain Design Criteria 

Design Parameter Unit Design Criteria 

Stormwater quality 
design volume (SQDV) 

acre-
feet 

See Section 2 and Appendix E for calculating SQDV. 

Forebay - 

Forebay should be provided for all tributary surfaces that 
contain landscaped areas. Forebays should be designed 
to prevent standing water during dry weather and should 
be planted with a plant palette that is tolerant of wet 
conditions. 

Maximum drawdown 
time of water ponded 
on surface 

hours 72 

Maximum drawdown 
time of surface 
ponding plus 
subsurface pores 

hours 96 (72 preferred) 

Maximum ponding 
depth 

inches 18 inches  

Minimum thickness of 
amended soils layer 

feet 2 (3 preferred)  

Minimum thickness of 
stabilized mulch 

inches 2 to 4 

Planting mix 
composition 

- 
60 to 80% fine sand,  

20 to 40% compost  

Underdrain sizing - 
6 inch minimum diameter; 0.5% minimum slope; slotted, 
polyvinyl chloride (PVC) pipe (PVC SDR 35 or approved 
equivalent); spacing shall be determined to provide 
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Design Parameter Unit Design Criteria 

capacity for maximum rate filtered through amended 
media 

Gravel layer - 

A gravel bed should be provided around underdrain.  
Underdrain should have at least 1 foot of gravel installed to 
the sides and on top of the underdrain, and at least 0.5 
feet of gravel installed below underdrain.  

Overflow device - Required   

 

Sizing Criteria 

Bioretention facilities with underdrains shall be designed to capture and treat the SQDV. 
However because these systems commonly have a relatively high amended soil 
infiltration rate and shallow depth, these systems are typically capable of filtering a 
significant portion of the SQDV during a storm event. Therefore, a simplified routing 
approach is described in the following steps that accounts for the portion of the SQDV 
that is filtered during the storm event. 

Step 1: Calculate the Design Volume 

Bioretention facilities shall be sized to capture and biofilter the SQDV (see Section 2.3 
and Appendix E). 

Step 2: Determine the Design Percolation Rate 

Sizing is based on the design saturated hydraulic conductivity (Ksat) of the amended soil 
layer. A target Ksat of 5 inches per hour is recommended for non-proprietary amended 
soil media. The media Ksat will decline between maintenance cycles as the surface 
becomes occluded and particulates accumulate in the amended soil layer.  A factor of 
safety of 2.0 should be applied such that the resulting recommended design Ksat is 2.5 
inches per hour.  T his value should be used for sizing unless sufficient rationale is 
provided to justify a higher design Ksat.  

Step 3: Calculate the surface area 

Determine the size of the required infiltrating surface by assuming the SQDV will fill the 
available ponding depth plus the void spaces in the media, based on the computed 
porosity of the filter media and aggregate layer.   

1) Select a surface ponding depth (dp) that satisfies geometric criteria and is 
congruent with the constraints of the site.  Selecting a deeper ponding depth (18 
inches maximum) generally yields a smaller footprint, however, it requires 
greater consideration for public safety, energy dissipation, and plant selection. 

2) Compute time for selected ponding depth to filter through media: 
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ft
in

K
d

t
design

p
ponding 12=

   (Equation 6-24) 

Where: 

tponding  = required drain time of surface ponding (≤ 72 hrs)  

dp  =  selected surface ponding water depth (ft) 

Kdesign =  media design saturated hydraulic conductivity (in/hr) 
(see Step 2, above) 

If tponding exceeds 72 hours, return to (1) and reduce surface ponding or increase 
media Kdesign. Otherwise, proceed to next step. 

Note: In nearly all cases, tponding will not approach 72 hours unless a low Kdesign is 
specified. 

3) Compute depth of water that may be filtered during the design storm event as 
follows: 

=filteredd   














 ×
p

routingdesign d
ft

in
TK

Minimum ,
12

 (Equation 6-25)  

Where: 

dfiltered =  depth of water that may be considered to be filtered 
during the design storm event (ft) for routing 
calculations; this value should not exceed the surface 
ponding depth (dp) 

Kdesign =  design saturated hydraulic conductivity (in/hr) (see 
Step 2, above) 

Trouting =  storm duration that may be assumed for routing 
calculations; this should be assumed to be 3 hours 
unless rationale for an alternative assumption is 
provided 

dp  =  selected surface ponding water depth (ft) 

The intention is that routing is important in the appropriate sizing of 
bioretention with underdrains. However, the depth of water considered to be 
filtered during the storm should be limited to the maximum ponding depth. This 
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results in designs that are robust to account for a variety of storm depths and 
durations. This limitation is for sizing calculations only. In reality, the depth that 
is filtered during a storm will vary based on storm depth, duration, and intensity. 
This TGM does not intend to limit the amount that may actually be filtered.  

4) Calculate required infiltrating surface area (filter bottom area): 

filteredp
req dd

SQDVA
+

=
 (Equation 6-26) 

Where: 

Areq =  required infiltrating area (ft2).  Should be calculated at 
the contour corresponding to the mid ponding depth 
(i.e., 0.5×dp from the bottom of the facility) 

SQDV  =  stormwater quality design volume (ft3) 

dp  =  selected surface ponding water depth (ft) 

dfiltered =  depth of water that can be considered to be filtered 
during the design storm event (ft) for routing 
calculations (See Equation 6-15) 

5) Calculate total footprint required by including a buffer for side slopes and 
freeboard; Areq is calculated at the contour corresponding to the mid ponding 
depth (i.e., 0.5×dp from the bottom of the facility). 

Geometry  

1) Minimum planting soil depth should be 2 feet, although 3 feet is preferred.  

The intention is that the minimum planting soil depth should provide a beneficial 
root zone for the chosen plant palette and adequate water storage for the 
stormwater quality design volume. A deeper soil depth will provide a smaller 
surface area footprint. 

2) Bioretention should be designed to drain below the planting soil in less than 72 hours 
and completely drain from the underdrain in 96 hours (both starting from the end of 
inflow).  

The intention is that soils must be allowed to dry out periodically in order to 
restore hydraulic capacity to receive flows from subsequent storms, maintain 
infiltration rates, maintain adequate soil oxygen levels for healthy soil biota and 
vegetation, and to provide proper soil conditions for biodegradation and retention 
of pollutants. 
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Flow Entrance and Energy Dissipation 

The following types of flow entrance can be used for bioretention cells: 

1) Dispersed, low velocity flow across a landscape area. Dispersed flow may not be 
possible given space limitations or if the facility is controlling roadway or parking lot 
flows where curbs are mandatory. 

2) Dispersed flow across pavement or gravel and past wheel stops for parking areas. 

3) Curb cuts for roadside or parking lot areas: Curb cuts should include rock or other 
erosion protection material in the channel entrance to dissipate energy. Flow 
entrance should drop 2 to 3 inches from curb line and provide an area for settling 
and periodic removal of sediment and coarse material before flow dissipates to the 
remainder of the cell. 

4) Pipe flow entrance: Piped entrances, such as roof downspouts, should include rock, 
splash blocks, or other appropriate measures at the entrance to dissipate energy and 
disperse flows.  

5) Woody plants (trees, shrubs, etc.) can restrict or concentrate flows and can be 
damaged by erosion around the root ball and should not be placed directly in the 
entrance flow path. 

Underdrains 

Underdrains should meet the following criteria: 

1) 6-inch minimum diameter. 

2) Underdrains should be made of slotted, polyvinyl chloride (PVC) pipe (PVC SDR 35 
or approved equivalent). The intention is that compared to round-hole perforated 
pipe, slotted underdrains provide greater intake capacity, clog resistant drainage, 
and reduced entrance velocity into the pipe, thereby reducing the chances of solids 
migration. 

3) Slotted pipe should have 2 to 4 rows of slots cut perpendicular to the axis of the pipe 
or at right angles to the pitch of corrugations. Slots should be 0.04 to 0.1 inches and 
should have a length of 1 to 1.25 inches. Slots should be longitudinally spaced such 
that the pipe has a m inimum of one square inch of slot per lineal foot of pipe and 
should be placed with slots facing the bottom of the pipe. 

4) Underdrains should be sloped at a minimum of 0.5%. 

5) Rigid non-perforated observation pipes with a diameter equal to the underdrain 
diameter should be connected to the underdrain every 100 feet to provide a clean-out 
port as well as an observation well to monitor dewatering rates. The wells/cleanouts 
should be connected to the perforated underdrain with the appropriate 
manufactured connections. The wells/cleanouts should extend 6 inches above the top 
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elevation of the bioretention facility mulch, and should be capped with a lockable 
screw cap. The ends of the underdrain pipes not terminating in an o bservation 
well/cleanout should also be capped. 

6) The following aggregate should be used to provide a gravel blanket and bedding for 
the underdrain pipe. Place the underdrain on a b ed of washed aggregate at a 
minimum thickness of 6 inches and cover it with the same aggregate to provide a 1 
foot minimum depth around the top and sides of the slotted pipe.  

 
Sieve size Percent Passing 

¾ inch 100 
¼ inch 30-60 

US No. 8 20-50 
US No. 50 3-12 

US No. 200 0-1 

 

7) At the option of the designer/geotechnical engineer, a geotextile fabric may be placed 
between the planting media and the drain rock. If a geotextile fabric is used, it should 
meet a minimum permittivity rate of 75 gal/min/ft2, should not impede the 
infiltration rate of the soil medium, and should meet the following minimum 
materials requirements. 

Geotextile Property Value Test Method 

Trapezoidal Tear (lbs) 40 (min) ASTM D4533 
Permeability (cm/sec) 0.2 (min) ASTM D4491 

AOS (sieve size) #60 - #70 (min) ASTM D4751 
Ultraviolet resistance 70% or greater ASTM D4355 

 

Preferably, aggregate should be used in place of filter fabric to reduce the potential 
for clogging. This aggregate layer should consist of 2 to 4 inches of washed sand 
underlain with 2 inches of choking stone (Typically #8 or #89 washed). 

8) For bioretention facilities enhanced to remove address nitrogen as the primary 
pollutant class, the underdrain should be elevated from the bottom of the 
bioretention facility by at least 6 inches within the gravel blanket to create a 
fluctuating anaerobic/aerobic zone below the drain pipe. The intention is that 
denitrification within the anaerobic/anoxic zone is facilitated by microbes using 
forms of nitrogen (NO2 and NO3) instead of oxygen for respiration.  

An alternative enhanced nitrogen removal design is to include an i nternal water 
storage layer by adding a 90-degree elbow to the underdrain to raise the outlet. This 
design feature provides additional storage in the media.  T he bioretention facility 
must have at least 30 inches of planting media. The top of the elbow should be at 
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least 12 inches below the top of the planting media, and in poorly draining soils, 
should preferably be 18 to 24 inches below the top of the planting media. The top of 
the water storage layer should not be less than 12 inches from the bottom of the 
planting media layer. (For more information, see Urban Waterways publication).  

9) The underdrain should drain freely to an acceptable discharge point. The underdrain 
can be connected to a d ownstream open conveyance (vegetated swale), to another 
bioretention cell as part of a connected treatment system, to a storm drain, daylight 
to a vegetated dispersion area using an effective flow dispersion device, or to a 
storage facility for rainwater harvesting. 

Overflow 

An overflow device is required at the maximum ponding depth. The following, or 
equivalent, should be provided: 

1) A vertical PVC pipe (SDR 35) should be connected to the underdrain.  

2) The overflow riser(s) should be 6 inches or greater in diameter, so it can be cleaned 
without damage to the pipe. The vertical pipe will provide access to cleaning the 
underdrains. 

3) The inlet to the riser should be at the ponding depth (maximum 18 inches for fenced 
bioretention areas and 6 inches for areas that are not fenced), and be capped with a 
spider cap to exclude floating mulch and debris. Spider caps should be screwed in or 
glued (i.e., not removable).  

Hydraulic Restriction Layers 

Infiltration pathways may need to be restricted due to the close proximity of roads, 
foundations, or other infrastructure. A geomembrane liner, or other equivalent water 
proofing, may be placed along the vertical walls to reduce lateral flows. This liner should 
have a minimum thickness of 30 mils. 

Planting/Storage Media 

1) The planting media placed in the cell should achieve a long-term, in-place infiltration 
rate of at least 1 inch per hour. Higher infiltration rates are permissible. If the design 
long-term, in-place infiltration rate of the soil exceeds 12 inches per hour, 
documentation should be provided to demonstrate that the media will adequately 
address pollutants of concern at a higher flowrate. Bioretention soil shall also 
support vigorous plant growth. 

2) Planting media should consist of 60 to 80% fine sand and 20 to 40% compost.  

3) Sand should be free of wood, waste, coating such as clay, stone dust, carbonate, etc., 
or any other deleterious material.  All aggregate passing the No. 200 sieve size should 
be non-plastic. Sand for bioretention should be analyzed by an accredited lab using 
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#200, #100, #40, #30, #16, #8, #4, and 3/8 sieves (ASTM D 422 or as approved by 
the local permitting authority) and meet the following gradation (Note: all sands 
complying with ASTM C33 for fine aggregate comply with the gradation 
requirements below):   

Sieve Size (ASTM D422) 

% Passing (by weight) 

Minimum Maximum 
3/8 inch 100 100 

#4 90 100 
#8 70 100 

#16 40 95 
#30 15 70 
#40 5 55 
#100 0 15 
#200 0 5 

 

Note: the gradation of the sand component of the media is believed to be a major 
factor in the hydraulic conductivity of the media mix.  If the desired hydraulic 
conductivity of the media cannot be achieved within the specified proportions of 
sand and compost (#2), then it may be necessary to utilize sand at the coarser end of 
the range specified in above (“minimum” column). 

4) Compost should be a well decomposed, stable, weed free organic matter source 
derived from waste materials including yard debris, wood wastes, or other organic 
materials not including manure or biosolids meeting standards developed by the US 
Composting Council (USCC).  The product shall be certified through the USCC Seal 
of Testing Assurance (STA) Program (a compost testing and information disclosure 
program).  Compost quality should be verified via a lab analysis to be: 

• Feedstock materials shall be specified and include one or more of the following: 
landscape/yard trimmings, grass clippings, food scraps, and agricultural crop 
residues. 

• Organic matter: 35-75% dry weight basis. 

• Carbon and Nitrogen Ratio: 15:1 < C:N < 25:1 

• Maturity/Stability: shall have dark brown color and a soil-like odor. Compost 
exhibiting a sour or putrid smell, containing recognizable grass or leaves, or is 
hot (120 F) upon delivery or rewetting is not acceptable.  

• Toxicity: any one of the following measures is sufficient to indicate non-toxicity: 

• NH4:NH3 < 3 

• Ammonium < 500 ppm, dry weight basis 
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• Seed Germination > 80% of control 

• Plant trials > 80% of control 

• Solvita® > 5 index value 

• Nutrient content: 

• Total Nitrogen content 0.9% or above preferred 

• Total Boron should be <80 ppm, soluble boron < 2.5 ppm 

• Salinity: < 6.0 mmhos/cm 

• pH between 6.5 and 8 (may vary with plant palette) 

Compost for bioretention should be analyzed by an ac credited lab using #200, ¼ 
inch, ½ inch, and 1 inch sieves (ASTM D 422 or as approved by the local permitting 
authority) and meet the following gradation:   

Sieve Size (ASTM D422) 

% Passing (by weight) 

Minimum Maximum 
1 inch 99 100 
½ inch 90 100 
¼ inch 40 90 
#200 2 10 

 

Tests should be sufficiently recent to represent the actual material that is anticipated 
to be delivered to the site.  If processes or sources used by the supplier have changed 
significantly since the most recent testing, new tests should be requested.  

Note: the gradation of compost used in bioretention media is believed to play an 
important role in the saturated hydraulic conductivity of the media. To achieve a 
higher saturated hydraulic conductivity, it may be necessary to utilize compost at the 
coarser end of this range (“minimum” column). The percent passing the #200 sieve 
(fines) is believed to be the most important factor in hydraulic conductivity. 

In addition, a coarser compost mix provides more heterogeneity of the bioretention 
media, which is believed to be advantageous for more rapid development of soil 
structure needed to support health biological processes. This may be an advantage 
for plant establishment with lower nutrient and water input. 

5) The bioretention area should be covered with 2 to 4 inches (average 3 inches) of 
mulch at the start and an additional placement of 1 to 2 inches of mulch should be 
added annually. The intention is that to help sustain the nutrient levels, suppress 
weeds, retain moisture, and maintain infiltration capacity.  
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Plants 

Plant materials should be tolerant of summer drought, ponding fluctuations, and 
saturated soil conditions for 48 to 96 hours. 

It is recommended that a minimum of three types of tree, shrubs, and/or herbaceous 
groundcover species be incorporated to protect against facility failure due to disease and 
insect infestations of a single species.  

Native plant species and/or hardy cultivars that are not invasive and do not require 
chemical inputs should be used to the maximum extent practicable. 

Operations and Maintenance 

Bioretention areas require annual plant, soil, and mulch layer maintenance to ensure 
optimum infiltration, storage, and pollutant removal capabilities. In general, 
bioretention maintenance requirements are typical landscape care procedures and 
include: 
 
1) Watering: Plants should be selected to be drought-tolerant and not require watering 

after establishment (2 to 3 years). Watering may be required during prolonged dry 
periods after plants are established. 

2) Erosion control: Inspect flow entrances, ponding area, and surface overflow areas 
periodically, and replace soil, plant material, and/or mulch layer in areas if erosion 
has occurred (see Appendix I for a bioretention inspection and maintenance 
checklist). Properly designed facilities with appropriate flow velocities should not 
have erosion problems except perhaps in extreme events. If erosion problems occur, 
the following should be reassessed: (1) flow velocities and gradients within the cell, 
and (2) flow dissipation and erosion protection strategies in the pretreatment area 
and flow entrance. If sediment is deposited in the bioretention area, immediately 
determine the source within the contributing area, stabilize, and remove excess 
surface deposits.  

3) Plant material: Depending on aesthetic requirements, occasional pruning and 
removing of dead plant material may be necessary. Replace all dead plants and if 
specific plants have a high mortality rate, assess the cause and, if necessary, replace 
with more appropriate species. Periodic weeding is necessary until plants are 
established. The weeding schedule should become less frequent if the appropriate 
plant species and planting density have been used and, as a result, undesirable plants 
have been excluded. 

4) Nutrient and pesticides: The soil mix and plants are selected for optimum fertility, 
plant establishment, and growth. Nutrient and pesticide inputs should not be 
required and may degrade the pollutant processing capability of the bioretention 
area, as well as contribute pollutant loads to receiving waters. By design, bioretention 
facilities are located in areas where phosphorous and nitrogen levels are often 
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elevated and these should not be limiting nutrients. If in question, have soil analyzed 
for fertility.  

5) Mulch: Replace mulch annually in bioretention facilities where high trash, sediment 
load, and heavy metal deposition is likely (e.g., heavy metal contributing areas 
include industrial and auto dealer/repair parking lots and roads). In residential lots 
or other areas where metal deposition is not a concern, replace or add mulch as 
needed to maintain a 2 to 3 inch depth at least once every two years. 

6) Soil: Soil mixes for bioretention facilities are designed to maintain long-term fertility 
and pollutant processing capability. Replacing mulch in bioretention facilities where 
high trash, sediment load, and heavy metal deposition are likely provides an 
additional level of protection for prolonged performance. Estimates from metal 
attenuation research suggest that metal accumulation should not present an 
environmental concern for at least 20 years in bioretention systems. However, the 
saturated hydraulic conductivity should be assessed at least annually to ensure that 
the design water quality event is being treated. If in question, have soil analyzed for 
fertility and pollutant levels. 
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BIO-2: Planter Box 

Planter boxes are bioretention treatment control measures that are completely contained 
within an i mpermeable structure with an underdrain (they do not infiltrate). These 
facilities function as a soil and plant based filtration device that removes pollutants 
through a variety of physical, biological, and chemical treatment processes. The facilities 
normally consist of a ponding area, mulch layer, planting soils, plantings, and an 
underdrain within the planter box. As stormwater passes down through the planting soil, 
pollutants are filtered, adsorbed, and biodegraded by the soil and plants. Planter boxes 
are comprised of a variety of materials, usually chosen to be the same material as the 
adjacent building or sidewalk. 

Planter boxes may be placed adjacent to or near buildings, other structures, or sidewalks. 
Planter boxes can be used directly adjacent to buildings beneath downspouts as long as 
the boxes are properly lined on the building side and the overflow outlet discharges away 
from the building to ensure water does not percolate into footings or foundations. They 
can also be placed further away from buildings by conveying roof runoff in shallow 
engineered open conveyances, shallow pipes, or other innovative drainage structures.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Application 

• Areas  adjacent to buildings and 
sidewalks 

• Building entrances, courtyards, 
and walkways 

 

Preventative Maintenance 

• Repair small eroded areas 

• Remove trash and debris and rake 
surface soils 

• Remove accumulated fine 
sediments, dead leaves, and trash  

• Remove weeds and prune back 
excess plant growth 

• Remove sediment and debris 
accumulation near inlet and 
outlet structures  

• Periodically observe function 
under wet weather conditions 

Planter boxes extending along a building wall 

Photo Credit: Geosyntec Consultants 
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Limitations 

The applicability of stormwater planter boxes is limited by the following site 
characteristics: 

1) The tributary area (area draining to the planter box area) should be less than 15,000 
ft2.  

2) Groundwater levels should be at least 2 ft lower than the bottom of the planter box. 

3) Site must have adequate vertical relief between land surface and the stormwater 
conveyance system to permit connection of the underdrain to the stormwater 
conveyance system. 

4) Planter boxes should not be located in areas with excessive shade to avoid poor 
vegetative growth. For moderately shaded areas, shade tolerant plants should be 
used. 

Design Criteria  

Planter boxes should be designed according to the requirements listed in Table 6-19 and 
outlined in the section below. BMP sizing worksheets are presented in Appendix E. 

Table 6-19: Planter Box Design Criteria 

Design Parameter Unit Design Criteria 

Stormwater quality 
design volume (SQDV) 

acre-feet See Section 2 and Appendix E for calculating SQDV. 

Drawdown time of 
planting soil 

hours 12 

Maximum ponding 
depth 

inches 12 

Minimum soil depth feet 2; 3 preferred  

Stabilized mulch depth inches 2 to 3 

Planting soil 
composition 

- 60 to 70% sand, 30 to 40% compost 

Underdrain - 
6 inch minimum diameter; 0.5% minimum slope; slotted, 
polyvinyl chloride (PVC) pipe (PVC SDR 35 or approved 
equivalent) 

Overflow device - Required  
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Sizing Criteria 

See Sizing Criteria section in the BIO-1: Bioretention with underdrains fact sheet. 

Geometry and Size 

1) Planter boxes areas should be sized to capture and treat the SQDV with a 12 inch 
maximum ponding depth. The mulch layer should be included as part of the ponding 
depth.  

2) Minimum soil depth should be 2 feet, although 3 feet is preferred. The intention is 
that a minimum soil depth should provide a beneficial root zone for the chosen plant 
palette and adequate water storage for the SQDV. A deeper planting soil depth will 
provide a smaller surface area footprint. 

3) Planter boxes should be designed to drain to below the planting soil depth in less 
than 48 hours. The intention is that soils must be allowed to dry out periodically in 
order to restore hydraulic capacity to receive flows from subsequent storms, 
maintain infiltration rates, prevent long periods of saturation for plant health, 
maintain adequate soil oxygen levels for healthy soil biota and vegetation, reduce 
potential for vector breeding, and provide proper soil conditions for biodegradation 
and retention of pollutants. 

4) Any planter box shape configuration is possible as long as other design criteria are 
met. 

5) The distance between the downspouts and the overflow outlet should be maximized. 
The intention is to increase the opportunity for stormwater retention and filtration. 

6) Off-line configurations should be considered to minimize the possibility of scouring 
and resuspension of previously captured pollutants during large storms. 

Structural Materials 

1) Planter boxes should be constructed out of stone, concrete, brick, recycled plastic, or 
other permanent materials. Pressure-treated wood or other materials that may leach 
pollutants (e.g., arsenic, copper, zinc, etc.) should not be allowed. 

2) The structure should be adequately sealed or a waterproof membrane installed to 
ensure water only exits the structure via the underdrain. 

Flow Entrance and Energy Dissipation 

The following types of flow entrance can be used for planter boxes: 

1) Pipe flow entrance: Piped entrances, such as roof downspouts, should include rock, 
splash blocks, or other appropriate measures at the entrance to dissipate energy and 
disperse flows.  
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2) Woody plants (e.g., trees, shrubs, etc.) can restrict or concentrate flows and can be 
damaged by erosion around the root ball and should not be placed directly in the 
entrance flow path. 

Underdrains 

Underdrains are required and should meet the following criteria: 

1) 6-inch minimum diameter. 

2) Underdrains should be made of slotted, polyvinyl chloride (PVC) pipe (PVC SDR 35 
or approved equivalent). The intention is that in comparison to round-hole 
perforated pipe, slotted underdrains provide greater intake capacity, clog resistant 
drainage, and reduced entrance velocity into the pipe, thereby reducing the chances 
of solids migration. 

3) Slotted pipe should have 2 to 4 rows of slots cut perpendicular to the axis of the pipe 
or at right angles to the pitch of corrugations. Slots should be 0.04 to 0.1 inch and 
should have a length of 1 to 1.25 inches. Slots should be longitudinally spaced such 
that the pipe has a minimum of one square inch opening per lineal foot and should 
face down. 

4) Underdrains should be sloped at a minimum of 0.5%. 

5) Rigid non-perforated observation pipes with a diameter equal to the underdrain 
diameter should be connected to the underdrain every 100 feet to provide a clean-out 
port as well as an observation well to monitor dewatering rates. The wells/cleanouts 
should be connected to the perforated underdrain with the appropriate 
manufactured connections. The wells/cleanouts should extend 6 inches above the top 
elevation of the bioretention facility mulch, and should be capped with a lockable 
screw cap. The ends of underdrain pipes not terminating in an observation 
well/cleanout should also be capped. 

6) The following aggregate should be used to provide a gravel blanket and bedding for 
the underdrain pipe. Place the underdrain on a b ed of washed aggregate at a 
minimum thickness of 6 inches and cover it with the same aggregate to provide a 1 
foot minimum depth around the top and sides of the slotted pipe.  

 
 

 

 

 

7) At the option of the designer/geotechnical engineer, a geotextile fabric may be placed 
between the planting media and the drain rock. If a geotextile fabric is used, it should 

Sieve size Percent Passing 

¾ inch 100 
¼ inch 30-60 

US No. 8 20-50 
US No. 50 3-12 

US No. 200 0-1 
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meet a minimum permittivity rate of 75 gal/min/ft2, should not impede the 
infiltration rate of the soil medium, and should meet the following minimum 
materials requirements. 

 
 

 

 

Preferably, aggregate should be used in place of filter fabric to reduce the potential 
for clogging. This aggregate layer should consist of 2 to 4 inches of washed sand 
underlain with 2 inches of choking stone (Typically #8 or #89 washed). 

8) The underdrain should be elevated from the bottom of the bioretention facility by 6 
inches within the gravel blanket to create a fluctuating anaerobic/aerobic zone below 
the drain pipe. The intention is that denitrification within the anaerobic/anoxic 
zone is facilitated by microbes using forms of nitrogen (NO2 and NO3) instead of 
oxygen for respiration.  

9) The underdrain must drain freely to an acceptable discharge point. The underdrain 
can be connected to a d ownstream open conveyance (vegetated swale), to another 
bioretention cell as part of a connected treatment system, to a storm drain, daylight 
to a vegetated dispersion area using an effective flow dispersion device, or to a 
storage facility for rainwater harvesting. 

Overflow 

An overflow device is required to be set at 2 inches below the top of the planter and no 
more than 12 inches above the soil surface. The most common option is a vertical riser, 
described below. 

Vertical riser 

1) A vertical PVC pipe (SDR 35) should be connected to the underdrain.  

2) The overflow riser(s) should be 6 inches or greater in diameter, so it can be cleaned 
without damage to the pipe. The vertical pipe will provide access to cleaning the 
underdrains. 

3) The inlet to the riser should be a maximum of 12 inches above the planting soil, and 
be capped with a spider cap. Spider caps should be screwed in or glued ( i.e., not 
removable). 

Geotextile Property Value Test Method 

Trapezoidal Tear (lbs) 40 (min) ASTM D4533 
Permeability (cm/sec) 0.2 (min) ASTM D4491 

AOS (sieve size) #60 - #70 (min) ASTM D4751 
Ultraviolet resistance 70% or greater ASTM D4355 
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Hydraulic Restriction Layers 

A waterproof barrier should be provided to restrict moisture away from foundations. 
Geomembrane liners should have a m inimum thickness of 30 mils. Equivalent 
waterproofing measures may be used. 

Planting/Storage Media 

1) The planting media placed in the cell should achieve a long-term, in-place infiltration 
rate of at least 1 inch per hour. Higher infiltration rates are permissible. If the design 
long-term, in-place infiltration rate of the soil exceeds 12 inches per hour, 
documentation should be provided to demonstrate that the media will adequately 
address pollutants of concern at a higher flowrate. Planter box soil shall also support 
vigorous plant growth. 

2) Planting media should consist of 60 to 80% fine sand and 20 to 40% compost.  

3) Sand should be free of wood, waste, coating such as clay, stone dust, carbonate, etc., 
or any other deleterious material.  All aggregate passing the No. 200 sieve size should 
be non-plastic. Sand for the planter box should be analyzed by an ac credited lab 
using #200, #100, #40, #30, #16, #8, #4, and 3/8 sieves (ASTM D 422 or as 
approved by the local permitting authority) and meet the following gradation (Note: 
all sands complying with ASTM C33 for fine aggregate comply with the gradation 
requirements below):   

Sieve Size (ASTM D422) 

% Passing (by weight) 

Minimum Maximum 
3/8 inch 100 100 

#4 90 100 
#8 70 100 

#16 40 95 
#30 15 70 
#40 5 55 
#100 0 15 
#200 0 5 

 

Note: the gradation of the sand component of the media is believed to be a major 
factor in the hydraulic conductivity of the media mix.  If the desired hydraulic 
conductivity of the media cannot be achieved within the specified proportions of 
sand and compost (#2), then it may be necessary to utilize sand at the coarser end of 
the range specified in above (“minimum” column). 

4) Compost should be a well decomposed, stable, weed free organic matter source 
derived from waste materials including yard debris, wood wastes, or other organic 
materials not including manure or biosolids meeting standards developed by the US 
Composting Council (USCC).  The product shall be certified through the USCC Seal 
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of Testing Assurance (STA) Program (a compost testing and information disclosure 
program).  Compost quality should be verified via a lab analysis to be: 

• Feedstock materials shall be specified and include one or more of the following: 
landscape/yard trimmings, grass clippings, food scraps, and agricultural crop 
residues. 

• Organic matter: 35-75% dry weight basis. 

• Carbon and Nitrogen Ratio: 15:1 < C:N < 25:1 

• Maturity/Stability: shall have dark brown color and a soil-like odor. Compost 
exhibiting a sour or putrid smell, containing recognizable grass or leaves, or is 
hot (120 F) upon delivery or rewetting is not acceptable.  

• Toxicity: any one of the following measures is sufficient to indicate non-toxicity: 

• NH4:NH3 < 3 

• Ammonium < 500 ppm, dry weight basis 

• Seed Germination > 80% of control 

• Plant trials > 80% of control 

• Solvita® > 5 index value 

• Nutrient content: 

• Total Nitrogen content 0.9% or above preferred 

• Total Boron should be <80 ppm, soluble boron < 2.5 ppm 

• Salinity: < 6.0 mmhos/cm 

• pH between 6.5 and 8 (may vary with plant palette) 

Compost for planter box should be analyzed by an ac credited lab using #200, ¼ 
inch, ½ inch, and 1 inch sieves (ASTM D 422 or as approved by the local permitting 
authority) and meet the following gradation:   

Sieve Size (ASTM D422) 

% Passing (by weight) 

Minimum Maximum 
1 inch 99 100 
½ inch 90 100 
¼ inch 40 90 
#200 2 10 
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Tests should be sufficiently recent to represent the actual material that is anticipated 
to be delivered to the site.  If processes or sources used by the supplier have changed 
significantly since the most recent testing, new tests should be requested.  

Note: the gradation of compost used in planter box media is believed to play an 
important role in the saturated hydraulic conductivity of the media. To achieve a 
higher saturated hydraulic conductivity, it may be necessary to utilize compost at the 
coarser end of this range (“minimum” column). The percent passing the #200 sieve 
(fines) is believed to be the most important factor in hydraulic conductivity. 

In addition, a coarser compost mix provides more heterogeneity of the planter box 
media, which is believed to be advantageous for more rapid development of soil 
structure needed to support health biological processes. This may be an advantage 
for plant establishment with lower nutrient and water input. 

5) The planter box should be covered with 2 to 4 inches (average 3 inches) of mulch at 
the start and an ad ditional placement of 1 to 2 inches of mulch should be added 
annually. The intention is that to help sustain the nutrient levels, suppress weeds, 
retain moisture, and maintain infiltration capacity.  

Plants 

1) Plant materials should be tolerant of summer drought, ponding fluctuations, and 
saturated soil conditions for 48 to 96 hours. 

2) It is recommended that a minimum of three types of tree, shrubs, and/or herbaceous 
groundcover species be incorporated to protect against facility failure due to disease 
and insect infestations of a single species.  

3) Native plant species and/or hardy cultivars that are not invasive and do not require 
chemical inputs should be used to the maximum extent practicable. 

4) Plants should be selected carefully to minimize maintenance and function properly. 

Operations and Maintenance 

Planter boxes require annual plant, soil, and mulch layer maintenance to ensure 
optimum infiltration, storage, and pollutant removal capabilities. In general, planter box 
maintenance requirements are typical of landscape care procedures and include: 

1) Watering: Plants should be selected to be drought-tolerant and do not require 
watering after establishment (2 to 3 years). Watering may be required during 
prolonged dry periods after plants are established. 

2) Erosion control: Inspect flow entrances, ponding area, and surface overflow areas 
periodically, and replace soil, plant material, and/or mulch layer in areas if erosion 
has occurred (see Appendix I for an inspection and maintenance checklist). Properly 
designed facilities with appropriate flow velocities should not have erosion problems 
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except perhaps in extreme events. If erosion problems occur, the following should be 
reassessed: (1) flow velocities and gradients within the cell, and (2) flow dissipation 
and erosion protection strategies in the flow entrance. If sediment is deposited in the 
planter box, immediately determine the source within the contributing area, 
stabilize, and remove excess surface deposits.  

3) Plant material: Depending on aesthetic requirements, occasional pruning and 
removing of dead plant material may be necessary. Replace all dead plants and if 
specific plants have a high mortality rate, assess the cause and, if necessary, replace 
with more appropriate species. Periodic weeding is necessary until plants are 
established. The weeding schedule should become less frequent if the appropriate 
plant species and planting density have been used and, as a result, undesirable plants 
have been excluded. 

4) Nutrients and pesticides: The soil mix and plants are selected for optimum fertility, 
plant establishment, and growth. Nutrient and pesticide inputs should not be 
required and may degrade the pollutant processing capability of the planter box area, 
as well as contribute pollutant loads to receiving waters. By design, planter boxes are 
located in areas where phosphorous and nitrogen levels are often elevated and these 
should not be limiting nutrients. If in question, have soil analyzed for fertility.  

5) Mulch: Replace mulch annually in planter boxes where high trash, sediment load, 
and heavy metal deposition is likely (e.g., heavy metal contributing areas include 
industrial, auto dealer/repair, parking lots, and roads). In residential lots or other 
areas where metal deposition is not a c oncern, replace or add mulch as needed to 
maintain a 2 to 3 inch depth at least once every two years. 

6) Soil: Soil mixes for planter boxes are designed to maintain long-term fertility and 
pollutant processing capability. Replacing mulch in planter boxes where high trash, 
sediment load, and heavy metal deposition are likely provides an additional level of 
protection for prolonged performance. Estimates from metal attenuation research 
suggest that metal accumulation should not present an environmental concern for at 
least 20 years in planter boxes. However, the saturated hydraulic conductivity should 
be assessed at least annually to ensure that the design water quality event is being 
treated. If in question, have soil analyzed for fertility and pollutant levels. 
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BIO-3: Vegetated Swale 

Vegetated swales are open, shallow channels with low-lying vegetation covering the side 
slopes and bottom that collect and slowly convey runoff to downstream discharge points. 
Vegetated swales provide pollutant removal through settling and filtration in the 
vegetation (usually grasses) lining the channels, provide the opportunity for stormwater 
volume reduction through infiltration and evapotranspiration, reduce the flow velocity, 
and conveying stormwater runoff. An effective vegetated swale achieves uniform sheet 
flow through a densely vegetated area for a period of several minutes. The vegetation in 
the swale can vary depending on its location and is the choice of the designer, depending 
on the design criteria outlined in this section. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Application 

• Open areas adjacent to 
parking lots 

• Open spaces adjacent to 
athletic fields 

• Roadway medians and 
shoulders 

 

Preventative Maintenance 

• Remove excess sediment, 
trash, and debris 

• Clean and reset flow 
spreaders 

• Mow regularly  

• Remove sediment and debris 
build-up near inlets and 
outlets 

• Repair minor erosion and 
scouring  

Vegetated swale captures flow from a residential street 

Photo Credit: Geosyntec Consultants 
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Limitations 

1) Compatibility with flood control - swales should not interfere with flood control 
functions of existing conveyance and detention structures. 

2) Vegetation - select vegetation appropriately based on irrigation requirements and 
exposure (shady versus sunny areas). A thick vegetative cover is needed for vegetated 
swales to function properly. Native and drought tolerant plants are recommended. 

3) Drainage area - each vegetated swale can treat a relatively small drainage area. Large 
areas should be divided and treated using multiple swales. 

Design Criteria  

Vegetated swales should be designed according to the requirements listed in Table 6-20 
and outlined in the section below. BMP sizing worksheets are presented in Appendix E. 

Table 6-20: Vegetated Swale Filter Design Criteria 

Design Parameter Unit Design Criteria 

Stormwater quality design 
flow rate (SQDF) 

cfs See Section 2 and Appendix E for calculating SQDF. 

Swale Geometry - Trapezoidal 

Minimum bottom width feet 2 

Maximum bottom width feet 
10; if greater than 10 must use swale dividers; with 
dividers, max is 16 

Minimum length feet sufficient length to provide minimum contact time 

Minimum slope in flow 
direction 

% 0.2 (provide underdrains for slopes less < 0.5%) 

Maximum slope in flow 
direction 

% 2.0 (provide grade-control checks for slopes > 2.0) 

Maximum flow velocity ft/sec 1.0 (water quality treatment); 3.0 (flood conveyance) 

Maximum depth of flow 
for water quality treatment 

inches 3 to 5 (1 inch below top of grass) 

Minimum residence 
(contact) time 

minutes 
7 (provide sufficient length to yield minimum residence 
time) 

Vegetation type -- 
Varies (see vegetation section below);  

Native and drought tolerant plants are recommended 

Vegetation height inches 4 to 6 (trim or mow to maintain height) 

RB-AR9571



BIO-3: VEGETATED SWALE 

Technical Guidance Manual for 6-142 July 13, 2011 
Stormwater Quality Control Measures 2011   

Sizing Criteria 

The flow capacity of a vegetated swale is a function of the longitudinal slope (parallel to 
flow), the resistance to flow (i.e. Manning’s roughness), and the cross sectional area.  The 
cross section is normally approximately trapezoidal and the area is a function of the 
bottom width and side slopes.  The flow capacity of vegetated swales should be such that 
the SQDF will not exceed a flow depth of 2/3 the height of the vegetation within the 
swale or 4 inches at the SQDF.  Once design criteria have been selected, the resulting 
flow depth for the SQDF is checked.  I f the depth restriction is exceeded, swale 
parameters (e.g. longitudinal slope, width) are adjusted to reduce the flow depth.   

Procedures for sizing vegetated swales are summarized below.  A vegetated swale sizing 
worksheet and example are also provided. 

Step 1: Select design flows 

The swale sizing is based on the SQDF (see Section 2 and Appendix E). 

Step 2: Calculate swale bottom width 

The swale bottom width (b) is calculated based on Manning's equation for open-channel 
flow.  This equation can be used to calculate discharges (Q) as follows:  

𝑄 = 1.49𝐴𝑅0.67𝑆0.5

𝑛
 (Equation 6-27) 

Where: 

Q = flow rate (cfs) 

n  = Manning's roughness coefficient (unitless)  

A  = cross-sectional area of flow (ft2)  

R  = hydraulic radius (ft) = area divided by wetted 
perimeter  

S  = longitudinal slope (ft/ft)  

For shallow flow depths in swales, channel side slopes are ignored in the calculation of 
bottom width.  Use the following equation (a simplified form of Manning's formula) to 
estimate the swale bottom width (b): 

5.067.049.1
*

sy
nSQDF

b wq=   (Equation 6-28) 

Where: 

b  =  bottom width of swale (ft)  
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SQDF =  stormwater quality design flow (cfs)  

nwq  =  Manning's roughness coefficient for shallow flow 
conditions = 0.2 (unitless)  

y  =  design flow depth (ft)  

s  =  longitudinal slope (along direction of flow) (ft/ft)  

Proceed to Step 3 if the bottom width is calculated to be between 2 a nd 10 feet.  A  
minimum 2-foot bottom width is required.  Therefore, if the calculated bottom width is 
less than 2 feet, increase the width to 2 feet and recalculate the design flow depth y using 
the Equation 6-18, where SQDF, nwq, and s are the same values as used above, but b = 2 
feet.  

The maximum allowable bottom width is 10 feet. Therefore, if the calculated bottom 
width exceeds 10 feet, then one of the following steps is necessary to reduce the design 
bottom width:  

1) Increase the longitudinal slope (s) to a maximum of 2 feet in 100 feet (0.02 feet per 
foot).  

2) Increase the design flow depth (y) to a maximum of 4 inches.  

3) Place a divider lengthwise along the swale bottom (Figure 6-11) at least three-
quarters of the swale length (beginning at the inlet), without compromising the 
design flow depth and swale lateral slope requirements.  The swale width can be 
increased to an absolute maximum of 16 feet if a divider is provided. 

Step 3: Determine design flow velocity  

To calculate the design flow velocity (Vwq) through the swale, use the flow continuity 
equation:  

Vwq = SQDF/Awq  (Equation 6-29) 

Where: 

Vwq = design flow velocity (fps)  

SQDF = stormwater quality design flow (cfs) 

Awq = by + Zy2 = cross-sectional area (ft2) of flow at design 
depth, where Z = side slope length per unit height (e.g., 
Z = 3 if side slopes are 3H:1V)  

If the design flow velocity exceeds 1 foot per second, go back to Step 2 and modify one or 
more of the design parameters (longitudinal slope, bottom width, or flow depth) to 
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reduce the design flow velocity to 1 foot per second or less.  If the design flow velocity is 
calculated to be less than 1 foot per second, proceed to Step 4.  Note: It is desirable to 
have the design velocity as low as possible, both to improve treatment effectiveness and 
to reduce swale length requirements.  

Step 4: Calculate swale length  

Use the following equation to determine the necessary swale length (L) to achieve a 
hydraulic residence time of at least 7 minutes:  

wqhrVtL 60=    (Equation 6-30) 

Where: 

L = minimum allowable swale length (ft) 

thr = hydraulic residence time (min) 

Vwq = design flow velocity (fps), calculated by Equation 6-19 

If there is adequate space on the site to accommodate a larger swale, consider using a 
greater length to increase the hydraulic residence time and improve the swale's pollutant 
removal capability.  If the calculated length is too long for the site, or if it would cause 
layout problems, such as encroachment into shaded areas, proceed to Step 5 to further 
modify the layout.  If the swale length can be accommodated on the site (meandering 
may help), proceed to Step 6.  

Step 5: Adjust swale layout to fit on site  

If the swale length calculated in Step 4 is too long for the site, the length can be reduced 
(to a minimum of 100 feet) by increasing the bottom width up to a maximum of 16 feet, 
as long as the 10 minute retention time is retained.  H owever, the length cannot be 
increased in order to reduce the bottom width because Manning's depth-velocity-flow 
rate relationships would not be preserved.  I f the bottom width is increased to greater 
than 10 feet, a low flow dividing berm is needed to split the swale cross section in half to 
prevent channelization.  

Length can be adjusted by calculating the top area of the swale and providing an 
equivalent top area with the adjusted dimensions.  

1) Calculate the swale treatment top area (Atop), based on the swale length calculated in 
Step 4:  

islopeitop LbbA )( +=  (Equation 6-31) 

Where:  
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Atop = top area (ft2) at the design treatment depth  

bi  =  bottom width (ft), calculated in Step 2 using Equation 6-
18 

bslope  =  the additional top width (ft) above the side slope for the 
design water depth (for 3:1 side slopes and a 4-inch 
water depth, bslope = 2 feet)  

Li  = initial length (ft) calculated in Step 4 using Equation 6-
30  

2) Use the swale top area and a reduced swale length (Lf) to increase the bottom width, 
using the following equation:  

)/( slopeftopf bbAL +=  (Equation 6-32) 

Where:  

Lf  = reduced swale length (ft)  

bf  =  increased bottom width (ft)  

3) Recalculate Vwq according to Step 3 using the revised cross-sectional area Awq based 
on the increased bottom width (bf).  Revise the design as necessary if the design flow 
velocity exceeds 1 foot per second.  

4) Recalculate to ensure that the 10 minute retention time is retained.  

Step 6: Provide conveyance capacity for flows higher than SQDF  

Vegetated swales may be designed as flow-through channels that convey flows higher 
than the SQDF, or they may be designed to incorporate a high-flow bypass upstream of 
the swale inlet.  A high-flow bypass usually results in a smaller swale size.  If a high-flow 
bypass is provided, this step is not needed.  If no high-flow bypass is provided, proceed 
with the procedure below.  A flow splitter structure design is described in Appendix F. 

1) Check the swale size to determine whether the swale can convey the flood control 
design storm peak flow (Refer to Ventura County Hydrology Manual, revised 2006).  

2) The peak flow velocity of the flood control design storm (see Ventura County 
Hydrology Manual revised 2006) should be less than 3.0 feet per second.  If this 
velocity exceeds 3.0 feet per second, return to Step 2 and increase the bottom width 
or flatten the longitudinal slope as necessary to reduce the flood control design storm 
peak flow velocity to 3.0 feet per second or less.  If the longitudinal slope is flattened, 
the swale bottom width must be recalculated (Step 2) and must meet all design 
criteria.  
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Geometry and Size 

1) In general, a trapezoidal channel shape should be assumed for sizing calculations 
above, but a more naturalistic channel cross-section is preferred. 

2) Swales designed for water quality treatment purposes only are usually fairly shallow, 
generally less than 1 ft. Therefore, a side slope of 2:1 (H:V) can be used and is 
acceptable.  

3) Swales shall be greater than 100 feet in length. The vegetated swale can be shorter 
than 100 feet if it is used for pretreatment only (i.e., prior to infiltration). Length can 
be increased by meandering the swale. 

4) The minimum swale bottom width shall be 2 feet to allow for ease of mowing.  

5) The maximum swale bottom width shall be limited to 10 feet, unless a swale divider 
is provided, then the maximum bottom width can be a maximum of 16 feet wide. The 
swale width is calculated without the swale diving berm. The intention is that 
experience shows that when the width exceeds about 10 feet, it is difficult to keep the 
water from concentrating in low flow channels. It is also difficult to construct the 
bottom level without sloping to one side. Vegetated swales are best constructed by 
leveling the bottom after excavating. A single-width pass with a front-end loader 
produces a better result than a multiple-width pass. 

6) Swales that are required to convey flood flow as well as the SQDF should be sized to 
convey the flood control design storm and include a provision of freeboard as 
required by the local approval authority.  

7) Gradual meandering bends in the swale are desirable for aesthetic purposes and to 
promote slower flow. 

Bottom Slope 

1) The longitudinal slope (along the direction of flow) should be between 1% and 6%. 

2) If longitudinal slopes are less than 1.5% and the soils are poorly drained (e.g., silts 
and clays), then underdrains should be provided. A s oils report to verify soils 
properties should be provided for swales less than 1.5%. 

3) If longitudinal slope exceeds 2%, check dams with vertical drops of 12 inches or less 
should be provided to achieve a bottom slope of 2% or less between the drop 
structures.  

4) The lateral (horizontal) slope at the bottom of the swale should be zero (flat) to 
discourage channeling. 
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Water Depth and Dry Weather Flow Drain 

1) Water depth should not exceed 4 inches (or 2/3 of the expected vegetation height), 
except for frequently mowed turf swales, in which the depth should not exceed 2 
inches. 

2) The swale length must provide a minimum hydraulic residence time of 7 minutes. 

3) A low flow drain should be provided if the potential for dry weather flows exists.  The 
low flow drain should extend the entire length of the swale. The drain should have a 
minimum depth of 6 inches, and a w idth no more than 5% of the calculated swale 
bottom width. The width of the drain should be in addition to the required bottom 
width. The flow spreader at the swale inlet should have v-notches (maximum top 
width = 5% of swale width) or holes to allow preferential exit of low flows into the 
drain, if applicable. If an underdrain or gravel drainage layer is installed as discussed 
below, the low flow drain should be omitted.  

Swale Inflow and Design Capacity 

1) Whenever possible, inflow should be directed towards the upstream end of the swale 
and should, at a minimum, occur evenly over the length of the swale. Swale inflow 
design should provide for positive drainage into the swale to function on the long-
term with minimal maintenance. 

2) On-line vegetated swales should be designed to convey flow rates up to the post-
development peak stormwater runoff discharge rate (flow rate) for the 100-yr 24-
hour storm event, with appropriate freeboard (see Ventura County Hydrology 
Manual, revised 2006).  

3) Off-line vegetated swales should be designed to convey the flow-based SQDF by 
using a flow diversion structure (e.g., flow splitter) which diverts the SQDF to the off-
line vegetated swale designed to handle SQDF. Freeboard for off-line swales is not 
required, but should be provided if space is available. Flow splitter design 
specifications are described in Appendix F. 

Energy Dissipation   

1) Vegetated swales may be designed either on-line or off-line. If the facility is on-line, 
velocities should be maintained below the maximum design flow velocity of 3 feet per 
second to prevent scour and resuspension of deposited sediments. 

2) The maximum flow velocity under the stormwater quality design flow rate should not 
exceed 1.0 foot per second.  The intention is that this maximum SQDV promotes 
settling and keeps vegetation upright. 

3) This velocity limitation combined with a maximum depth of 4 inches and bottom 
width of 10 feet results in a recommended maximum flow capacity of about 3.3 cfs, 
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after accounting for the side slopes. The contributory drainage area to each swale is 
limited so as not to exceed this recommended maximum flow capacity. 

4) The maximum flow velocity during the 100-yr 24-hr storm event should not exceed 
3.0 foot per second. This can be accomplished by:   

a. Splitting roadside swales near high points in the road so that flows drain in 
opposite directions, mimicking flow patterns on the road surface.  

b. Limiting tributary areas to long swales by diverting flows throughout the 
length of the swale at regular intervals, to the downstream stormwater 
conveyance system.  

5) A flow spreader (see “Flow Spreaders” below) should be used at the inlet so that the 
entrance velocity is quickly dissipated and the flow is uniformly distributed across 
the whole swale. Energy dissipation controls should be constructed of sound 
materials such as stones, concrete, or proprietary devices that are rated to withstand 
the energy of the influent flows.  

6) If check dams are used to reduce the longitudinal slope, a flow spreader should be 
provided at the toe of each vertical drop, with specifications described below.  

7) If flow is to be introduced through curb cuts, place pavement approximately one inch 
above the elevation of the vegetated areas. Curb cuts should be at least 12 inches wide 
to prevent clogging. 

Flow Spreaders 

1) An anchored plate flow spreader or similar device should be provided at the inlet to 
the swale. Equivalent methods for spreading flows evenly throughout the width of 
the swale are acceptable. 

2) The top surface of the flow spreader plate should be level, projecting a minimum of 2 
inches above the ground surface of the water quality facility, or v-notched with 
notches 6 to 10 inches on center and 1 to 4 inches deep (use shallower notches with 
closer spacing). 

3) A flow spreader plate should extend horizontally beyond the bottom width of the 
facility to prevent water from eroding the side slope. The plate should have a row of 
horizontal perforations at its base to prevent ponding for long durations. The 
horizontal extent should be such that the bank is protected for all flows up to the 
100-yr 24-hr storm event (on-line swales) or the maximum flow that will enter the 
water quality facility (off-line swales).  

4) Flow spreader plates should be securely fixed in place. 

5) Flow spreader plates may be made of either concrete, stainless steel, or other durable 
material.  
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6) Anchor posts should be 4-inch square concrete, tubular stainless steel, or other 
material resistant to decay. 

Check Dams 

If check dams are required, they can be designed using a number of different materials, 
including riprap, earthen berms, or removal stop logs. Where vegetated swales parallel 
urban streets, the check dam can double as a c rossing walk so that pedestrians have a 
pathway from the parked car to the building. 

Check dams must be placed as to achieve the desired slope (1 to 6%) at a maximum of 50 
feet apart. Check dams should be no higher than 12 inches. If riprap is used, the material 
should consist of well-graded stone consisting of a mixture of rock sizes. The following is 
an example of an acceptable gradation:  

Particle Size % Passing 

24 inch 100 
15 inch 75 
9 inch 50 
4 inch 10 

 

Underdrains 

If underdrains (not to be confused with a dry weather flow drain) are required, then they 
should meet the following criteria: 

1) Underdrains should be made of slotted, polyvinyl chloride (PVC) pipe (PVC SDR 35 
or approved equivalent). The intention is that in comparison to round-hole 
perforated pipe, slotted underdrains provide greater intake capacity, clog resistant 
drainage, and reduced entrance velocity into the pipe, thereby reducing the chances 
of solids migration. 

2) Slotted pipe should have 2 to 4 rows of slots cut perpendicular to the axis of the pipe 
or at right angles to the pitch of corrugations. Slots should be 0.04 to 0.1 inch and 
should have a length of 1 to 1.25 inches. Slots should be longitudinally spaced such 
that the pipe has a minimum of one square inch of opening per linear foot of pipe. 

3) Underdrains should be sloped at a minimum of 0.5%. 

4) The underdrain pipe should be 6 inches or greater in diameter, so it can be cleaned 
without damage to the pipe. Clean-out risers with diameters equal to the underdrain 
pipe should be placed at the terminal ends of the underdrain and can be incorporated 
into the flow spreader and outlet structure to minimize maintenance obstacles in the 
swale. Intermediate clean-out risers may also be placed in the check dams or grade 
control structures. The cleanout risers should be capped with a lockable screw cap. 
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5) The underdrain should be placed parallel to the swale bottom and backfilled and 
underbedded with six inches of drain rock. The following coarse aggregate should be 
used to provide a gravel blanket and bedding for the underdrain pipe to provide a 1 
foot minimum depth around the top and sides of the slotted pipe.   

Sieve size Percent Passing 

¾ inch 100 
¼ inch 30-60 

US No. 8 20-50 
US No. 50 3-12 

US No. 200 0-1 

 

6) At the option of the designer/geotechnical engineer, the drain rock may be wrapped 
in a geotextile fabric meeting the following minimum materials requirements. If a  
geotextile fabric is used, it should pass 75 gal/min/ft2, should not impede the 
infiltration rate of the soil medium, and should meet the following minimum 
materials requirements. 

Geotextile Property Value Test Method 

Trapezoidal Tear (lbs) 40 (min) ASTM D4533 
Permeability (cm/sec) 0.2 (min) ASTM D4491 

AOS (sieve size) #60 - #70 (min) ASTM D4751 
Ultraviolet resistance 70% or greater ASTM D4355 

 

Preferably, aggregate should be used in place of geotextile fabric to reduce the 
potential for clogging. This aggregate layer should consist of 2 to 4 inches of washed 
sand underlain with 2 inches of choking stone (Typically #8 or #89 washed). 

7) The underdrain should drain freely to an acceptable discharge point. The underdrain 
can be connected to a d ownstream open conveyance (vegetated swale), to another 
bioretention cell as part of a c onnected treatment system, daylight to a vegetated 
dispersion area using an effective flow dispersion device, stored for rainwater 
harvesting, or to a storm drain. 

Gravel Drainage Layer 

To increase volume reduction and if soil conditions allow (infiltration rate > 0.5 in/hr), 
omit the low flow drain or underdrain and install an appropriately sized gravel drainage 
layer (typically a washed 57 stone) beneath the swale to achieve desired volume 
reduction goals. Where slopes are greater than 1%, the gravel drainage layer should be 
installed in combination with check dams (e.g., drop structures) to slow the flow in the 
swale and allow for infiltration into the gravel drainage layer and then into the 
subsurface. The base of the drainage layer should have zero slope. The drawdown time in 
the gravel drainage layer should not exceed 72 hours. The soil and gravel layers should 
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be separated with a geotextile filter fabric or a thin, 2 to 4 inch layer of pure sand and a 
thin layer (nominally two inches) of choking stone (such as #8). Sizing of the gravel 
drainage layer is based on volume reduction requirements.  

Swale Divider 

1) If a swale divider is used, the divider should be constructed of a firm material that 
will resist weathering and not erode, such as concrete, plastic, or compacted soil 
seeded with grass. Treated timber should not be used. Selection of divider material 
should take into account maintenance activities, such as mowing. 

2) The divider should have a m inimum height of 1 inch greater than the stormwater 
quality design water depth. 

3) Earthen berms should be no steeper than 2H:1V. 

4) Material other than earth should be embedded to a depth sufficient to be stable. 

Soils 

Swale soils should be amended with 2 inches of compost, unless the organic content is 
already greater than 10%. The compost should be mixed into the native soils to a depth 
of 6 inches to prevent soil layering and washout of compost. The compost will contain no 
sawdust, green or under-composted material, or any other toxic or harmful substance. It 
should contain no un-sterilized manure, which can lead to high levels of pathogen 
indictors (coliform bacteria) in the runoff.  

Vegetation 

Swales must be vegetated in order to provide adequate treatment of runoff via filtration. 
Vegetation, when chosen and maintained appropriately, also improves the aesthetics of a 
site. It is important to maximize water contact with vegetation and the soil surface.  

1) The swale area should be appropriately vegetated with a mix of erosion-resistant 
plant species that effectively bind the soil. A diverse selection of low growing plants 
that thrive under the specific site, climatic, and watering conditions should be 
specified. A mixture of dry-area and wet-area grass species that can continue to grow 
through silt deposits is most effective. Native or adapted grasses are preferred 
because they generally require less fertilizer, limited maintenance, and are more 
drought-resistant than exotic plants. When appropriate, swales that are integrated 
within a project may use turf or other more intensive landscaping, while swales that 
are located on the project perimeter, within a park, or close to an open space area are 
encouraged to be planted with a more naturalistic plant palette. 

2) Trees or shrubs may be used in the landscape as long as they do not over-shade the 
turf.  
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3) Above the design treatment elevation, a typical lawn mix or landscape plants can be 
used provided they do not shade the swale vegetation. 

4) Irrigation is required if the seed is planted in the spring or summer. Use of a 
permanent irrigation system may help provide maximal water quality performance. 
Drought-tolerant grasses should be specified to minimize irrigation requirements.  

5) Vegetative cover should be at least 4 inches in height, ideally 6 inches. Swale water 
depth should ideally be 2/3 of the height of the shortest plant species.  

6) Locate the swale in an area without excessive shade to avoid poor vegetative growth. 
For moderately shaded areas, shade tolerant plants should be used.  

7) Locate the swale away from large trees that may drop excessive leaves or needles, 
which may smother the grass or impede the flow through the swale. Landscape 
planter beds should be designed and located so that soil does not erode from the beds 
and enter a nearby swale.  

Maintenance Access 

1) Access to the swale inlet and outlet should be safely provided, with ample room for 
maintenance and operational activities.  

Operations and Maintenance 

1) Inspect vegetated swales for erosion or damage to vegetation after every storm 
greater than 0.75 inches for on-line swales and at least twice annually for off-line 
swales, preferably at the end of the wet season to schedule summer maintenance and 
in the fall to ensure readiness for winter. Additional inspection after periods of heavy 
runoff is recommended. Each swale should be checked for debris and litter and areas 
of sediment accumulation (see Appendix I for a v egetated swale inspection and 
maintenance checklist). 

2) Swale inlets (curb cuts or pipes) should maintain a calm flow of water entering the 
swale. Remove sediment as needed at the inlet, if vegetation growth is inhibited in 
greater than 10% of the swale or if the sediment is blocking even distribution and 
entry of the water. Following sediment removal activities, replanting and/or 
reseeding of vegetation may be required for reestablishment.  

3) Flow spreaders should provide even dispersion of flows across the swale. Sediments 
and debris should be removed from the flow spreader if blocking flows. Splash pads 
should be repaired if needed to prevent erosion. Spreader level should be checked 
and releveled if necessary. 

4) Side slopes should be maintained to prevent erosion that introduces sediment into 
the swale. Slopes should be stabilized and planted using appropriate erosion control 
measures when native soil is exposed or erosion channels are formed. 
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5) Swales should drain within 48 hours of the end of a storm. Till the swale if 
compaction or clogging occurs and revegetate. If a perforated underdrain pipe is 
present, it should be cleaned if necessary.  

6) Vegetation should be healthy and dense enough to provide filtering, while protecting 
underlying soils from erosion:    

• Mulch should be replenished as needed to ensure survival of vegetation.  

• Vegetation, large shrubs or trees that interfere with landscape swale operation 
should be pruned.  

• Fallen leaves and debris from deciduous plant foliage should be removed.   

• Grassy swales should be mowed to 4 to 6 inches height. Grass clippings should be 
removed.  

• Invasive vegetation, such as Alligatorweed (Alternanthera philoxeroides), 
Halogeton (Halogeton glomeratus), Spotted Knapweed (Centaurea maculosa), 
Giant Reed (Arundo donax), Castor Bean (Ricinus communis), Perennial 
Pepperweed (Lepidium latifolium), and Yellow Starthistle (Centaurea solstitalis) 
should be removed and replaced with non-invasive species. Invasive species 
should never contribute more than 10% of the vegetated area. For more 
information on invasive weeds, including biology and control of listed weeds, 
look at the encycloweedia  located at the California Department of Food and 
Agriculture website or the California Invasive Plant Council website at www.cal-
ipc.org. 

• Dead vegetation should be removed if greater than 10% of area coverage or when 
swale function is impaired. Vegetation should be replaced and established before 
the wet season to maintain cover density and control erosion where soils are 
exposed. 

7) Check dams (if present) should control and distribute flow across the swale. Causes 
for altered water flow and/or channelization should be identified and obstructions 
cleared. Check dams and swale should be repaired if damaged. 

8) The vegetated swale should be well maintained. Trash and debris, sediment, visual 
contamination (e.g., oils), noxious or nuisance weeds, should all be removed.  
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BIO-4: Vegetated Filter Strip 

Filter strips are vegetated areas designed to treat sheet flow runoff from adjacent 
impervious surfaces or intensive landscaped areas such as golf courses. Filter strips 
decrease runoff velocity, filter out total suspended solids and associated pollutants, and 
provide some infiltration into underlying soils. While some assimilation of dissolved 
constituents may occur, filter strips are generally more effective in trapping sediment 
and particulate-bound metals, nutrients, and pesticides. Filter strips are more effective 
when the runoff passes through the vegetation and thatch layer in the form of shallow, 
uniform flow. Biological and chemical processes may help break down pesticides, uptake 
metals, and use nutrients that are trapped in the filter.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Applications 

• Areas adjacent to parking 
lots and driveways 

• Road medians and 
shoulders 

 

Preventative 
Maintenance 

• Remove excess sediment  

• Stabilize/repair minor 
erosion and scouring  

• Remove trash and debris 

• Mow regularly  

Vegetated filter strip captures runoff from freeway 

Photo Credit: Washington Department of Transportation  
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Limitations 

The following describes limitations for vegetated filter strips:  

• High flow velocity - steep terrain and/or large tributary area may cause 
concentrated, erosive flows. 

• Sheet flow - shallow, evenly-distributed flow across the entire width of the filter 
strip is required. Filter strips are designed to treat small areas. The maximum 
flow path from a contributing impervious surface should not exceed 150 feet. 
Flows should enter as sheet flow and not exceed a depth of 1 inch. 

• Shallow grades – a limited site slope may cause ponding. 

• Availability of pervious area adjacent to impervious area - filter strips require 
sheet flow from impervious areas. 

Design Criteria  

The main challenge associated with filter strips is maintaining sheet flow, which is 
critical to the performance of this BMP. If flows are concentrated, then little or no 
treatment of stormwater runoff is achieved and erosive rilling is likely. The use of a flow 
spreading device (e.g., gravel trench or level spreader) to deliver shallow, evenly-
distributed sheet flow to the strip is required. Vegetated filter strips should be designed 
according to the requirements listed in Table 6-21 and outlined in the section below. 
BMP sizing worksheets are presented in Appendix E.  

Table 6-21: Vegetated Filter Strip Design Criteria  

Design Parameter Unit Design Criteria 

Stormwater quality design 
flow (SQDF) 

cfs 
See Section 2 and Appendix E for calculating 
SQDF. 

Maximum design flow depth inches 1  

Design residence time minutes 7 

Design flow velocity ft/sec < 1 ft/sec 

Minimum length in flow 
direction  

feet 

15 (25 preferred);  

If sized for pretreatment only, filter strip can be a 
minimum of 4.  

Maximum length (parallel to 
flow) of tributary area per unit 
width (perpendicular to flow) 
of filter strip  

feet 150 

Minimum slope in flow 
direction  

% 2 
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Design Parameter Unit Design Criteria 

Maximum slope in flow 
direction  

% 4 

Maximum lateral slope % 4 

Vegetation  - Turf grass (irrigated) or approved equal 

Minimum grass height inches 2 

Maximum grass height inches 4 (typical) or as required to prevent shading 

Elevation of flow spreader inches > 1 inch below the pavement surface 

Sizing Criteria 

The flow capacity of a vegetated filter strips (filter strips) is a function of the longitudinal 
slope (parallel to flow), the resistance to flow (e.g., Manning’s roughness), and the width 
and length of the filter strip.  T he slope should be shallow enough to ensure that the 
depth of water will not exceed 1 inch over the filter strip. Similarly, the flow velocity 
should be less than 1 ft/sec.  Procedures for sizing filter strips are summarized below.  A 
filter strip sizing example is also provided.  

Step 1: Calculate the design flow rate  

The design flow is calculated based on the SQDF (see Section 2). 
 
Step 2: Calculate the minimum width  

Determine the minimum width (Wmin), perpendicular to flow, allowable for the filter 
strip and design for that width or larger.  

Wmin = (SQDF) / (qa,min) (Equation 6-33) 

Where 

Wmin  =  minimum width of filter strip (and tributary area) 

SQDF = design flow (cfs) 

qa,min = minimum linear unit application rate, 0.005 cfs/ft 

Step 3: Calculate the design flow depth 

The design flow depth (df) is calculated based on the width and the slope, parallel to the 
flow path, using a modified Manning’s equation as follows:  

6.05.0 ]49.1/*[12 sWnSQDFd tribwqf ×=  (Equation 6-34) 
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Where: 

df =  design flow depth (inches) 

SQDF =  design flow (cfs) 

W =  width of strip (perpendicular to flow = width of 
impervious surface contributing area (ft)) 

s  =  slope (ft/ft) of strip parallel to flow, average over the 
whole width 

nwq =  Manning’s roughness coefficient (0.25-0.30)  

If df  is greater than 1 inch (0.083 ft), then a shallower slope is required, or a filter strip 
cannot be used. 

Step 4:  Calculate the design velocity  

The design flow velocity (Vwq) is based on the design flow, design flow depth, and width 
of the strip: 

Vwq = SQDF/ (df W)   (Equation 6-35) 

Where: 

df,ft =  design flow depth (ft) (df/12) 

SQDF =  stormwater quality design flow (cfs) 

W =  width of strip (perpendicular to flow = width of 
impervious surface contributing area (ft)) 

Step 5:  Calculate the desired length of the filter strip   

Determine the required length (L) to achieve a desired minimum residence time of 7 
minutes using:  

wqhr VtL *60=    (Equation 6-36) 

Where: 

L = minimum allowable strip length (ft) 

thr = hydraulic residence time (min) 

Vwq = design flow velocity (fps)  calculated by Equation 6-35 
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Geometry and Size 

1) The width of the filter strip shall extend across the full width of the tributary area. 
The upstream boundary of the filter should be located contiguous to the developed 
tributary area. 

2) The length (in direction of flow) should be between 15 and 150 feet. A minimum 
length of 25 feet is preferred. Filter strips used for pretreatment shall be at least 4 
feet long (in direction of flow).  

3) Filter strips shall be designed on slopes (parallel to the direction of flow) between 2% 
and 4%; steeper slopes tend to result in concentrated flow. Slopes less than 2% could 
pond runoff, and in poorly permeable soils, create a mosquito breeding habitat. 

4) The lateral slope of strip (parallel to the edge of the pavement, perpendicular to the 
direction of flow) should be 4% or less. 

5) Grading should be even: a filter strip with uneven grading perpendicular to the flow 
path will develop flow channels over time.  

6) The top of the strip should be installed 2 to 5 inches below the adjacent pavement to 
allow for vegetation and sediment accumulation at the edge of the strip. A beveled 
transition is acceptable and may be required per roadside design specifications. 

7) Both the top and toe of the slope should be as flat as possible to encourage sheet flow 
and prevent channeling and erosion. For engineered filter strips, the facility surface 
should be graded flat prior to placement of vegetation. 

Energy Dissipation / Level Spreading 

Runoff entering a filter strip must not be concentrated. A flow spreader should be 
installed at the edge of the pavement to uniformly distribute the flow along the entire 
width of the filter strip. 
 
1) At a minimum, a gravel flow spreader (gravel-filled trench) should be placed between 

the impervious area contributing flows and the filter strip, and meet the following 
requirements: 

a. The gravel flow spreader should be a minimum of 6 inches deep and should 
be 12 inches wide. 

b. The gravel should be a minimum of 1 inch below the pavement surface. The 
intention is that this allows sediment from the paved surface to be 
accommodated without blocking drainage onto the strip. 

2) The gravel flow spreader should be a minimum of 6 inches deep and should be 12 
inches wide. 
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a. Where the ground surface is not level, the gravel spreader must be installed 
so that the bottom of the gravel trench and the outlet lip are level. 

b. Along roadways, gravel flow spreaders must be placed and designed in 
accordance with County road design specifications for compacted road 
shoulders.  

3) Curb ports and interrupted curbs may only be used in conjunction with a gravel 
spreader to better ensure that water sheet flows onto the strip, provided: 

a. Curb ports use fabricated openings that allow concrete curbing to be poured 
or extruded while still providing an opening through the curb to admit water 
to the filter strip. Interrupted curbs are sections of curb placed to have gaps 
spaced at regular intervals along the total width of the treatment area. 
Openings or gaps in the curb should be at regular intervals but at least every 6 
feet. The width of each opening should be a minimum of 11 inches.  

b. At a minimum, gaps should be every 6 feet to allow distribution of flows into 
the treatment facility before they become too concentrated. The opening 
should be a minimum of 11 inches. Approximately 15 percent or more of the 
curb section length should be in open ports, and as a general rule, no opening 
should discharge more than 10 percent of the overall flow entering the 
facility. 

4) Energy dissipaters are needed in a filter strips if sudden slope drops occur, such as 
locations where flows in a filter strip pass over a rockery or retaining wall aligned 
perpendicular to the direction of flow. Adequate energy dissipation at the base of a 
drop section can be provided by a riprap pad. 

Access 

1) Access should be provided at the upper edge of a filter strip to enable maintenance of 
the inflow spreader throughout the strip width and allow access for mowing 
equipment. 

Water Depth and Velocity 

1) The design water depth shall not exceed 1 inch.  

2) Runoff flow velocities should not exceed approximately 1 foot per second across the 
filter strip surface. 

Soils 

Filter strip soils should be amended with 2 inches of compost, unless the organic content 
is already greater than 10%. The compost should be mixed into the native soils to a depth 
of 6 inches to prevent soil layering and washout of compost. The compost will contain no 
sawdust, green or under-composted material, or any other toxic or harmful substance. It 
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should contain no un-sterilized manure which can lead to high levels of potentially 
pathogenic bacteria in the runoff.  

Vegetation 

Filter strips must be uniformly graded and densely vegetated with erosion-resistant 
grasses that effectively bind the soil. Native or adapted grasses are preferred because 
they generally require less fertilizer and are more drought-resistant than exotic plants. 
The following vegetation guidelines should be followed for filter strips: 

1) Sod (turf) can be used instead of grass seed, as long as there is complete coverage. 

2) Irrigation should be provided to establish the grasses. 

3) Grasses or turf should be maintained at a height of 2 to 4 inches. Regular mowing is 
often required to maintain the turf grass cover. 

4) Trees or shrubs should not be used in abundance because they shade the turf and 
impede sheet flow.  

Operations and Maintenance  

Filter strips mainly require vegetation management. Therefore little special training is 
needed for maintenance crews. Typical maintenance activities and frequencies include: 

1) Inspect strips at least twice annually for erosion or damage to vegetation, preferably 
at the end of the wet season to schedule summer maintenance and in the fall to 
ensure the strip is ready for winter. However, additional inspection after periods of 
heavy runoff is most desirable. The strip should be checked for debris and litter and 
areas of sediment accumulation (see Appendix I for a vegetated filter strip inspection 
and maintenance checklist). 

2) Mow as frequently as necessary (at least twice a year) for safety and aesthetics or to 
suppress weeds and woody vegetation. 

3) Trash tends to accumulate in strip areas, particularly along roadways. The need for 
litter removal should be determined through periodic inspection. Litter should 
always be removed prior to mowing. 

4) Regularly inspect vegetated buffer strips for pools of standing water. Vegetated filter 
strips can become a nuisance due to mosquito breeding in level spreaders (unless 
designed to dewater completely in less than 72 hours), in pools of standing water if 
obstructions develop (e.g. debris accumulation, invasive vegetation), and/or if proper 
drainage slopes are not implemented and maintained. 

5) Activities that lead to ruts or depressions on the surface of the filter strip should be 
prevented or the integrity of the strip should be restored by leveling and reseeding. 
Examples are vehicle tracks, utility maintenance, and pedestrian (short-cut) tracks. 
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6) Vegetation should be healthy and dense enough to provide filtering, while protecting 
underlying soils from erosion:    

• Mulch should be replenished as needed to ensure survival of vegetation.  

• Vegetation, large shrubs or trees that interfere with landscape swale operation 
should be pruned.  

• Fallen leaves and debris from deciduous plant foliage should be removed.   

• Filter strips should be mowed to 4 to 6 inches height. Grass clippings should be 
removed.  

• Invasive vegetation, such as Alligatorweed (Alternanthera philoxeroides), 
Halogeton (Halogeton glomeratus), Spotted Knapweed (Centaurea maculosa), 
Giant Reed (Arundo donax), Castor Bean (Ricinus communis), Perennial 
Pepperweed (Lepidium latifolium), and Yellow Starthistle (Centaurea solstitalis) 
should be removed and replaced with non-invasive species. Invasive species 
should never contribute more than 10% of the vegetated area. For more 
information on invasive weeds, including biology and control of listed weeds, 
look at the encycloweedia  located at the California Department of Food and 
Agriculture website or the California Invasive Plant Council website at www.cal-
ipc.org. 

• Dead vegetation should be removed if greater than 10% of area coverage or when 
filter strip function is impaired. Vegetation should be replaced and established 
before the wet season to maintain cover density and control erosion where soils 
are exposed.  
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BIO-5: Proprietary Biotreatment 

Proprietary biotreatment devices are manufactured treatment BMPs that incorporate 
plants, soil, and microbes engineered to provide treatment at higher flow rates or 
volumes and with smaller footprints than their non-proprietary counterparts. Incoming 
flows are typically pretreated to remove larger particles/debris, filtered through a 
planting media (mulch, compost, soil, and plants), collected by an underdrain, and 
delivered to the stormwater conveyance system.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Application 

• Parking lot islands 

• Pickup/drop off turnarounds 

• Roadway curbs 

 

Maintenance 

• Filter media replacement 

• Sediment, trash, and debris 
removal 

• Mulch replacement 

• Vegetation upkeep and 
replacement 

 

Proprietary Biotreatment Examples 
Photo Credits: 1. Filterra®; 2. Stormtreat™ 
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Table 6-22: Proprietary Biotreatment Device Manufacturer Websites 

Device Manufacturer Website 

DeepRoot® Silva Cell 
DeepRoot® Urban Landscape 

Products 
www.deeproot.com 

Filterra® Filterra® Bioretention Systems www.filterra.com 

Modular Wetlands 
(MWS-LINEAR) 

Modular Wetlands Systems Inc. www.modularwetlands.com 

StormTreat™ StormTreat Systems Inc. www.stormtreat.com 

UrbanGreen BioFilter Contech® Construction Products 
Inc. 

www.contech-
cpi.com/stormwater/13 

Design Criteria  

As proprietary biotreatment BMP vendors are constantly updating and expanding their 
product lines, refer to the specific vendor for the latest design and sizing guidance. 
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TCM-1: Dry Extended Detention Basin 

 Dry extended detention (ED) basins are basins whose outlets have been designed to 
detain the SQDV for 36 to 48 hours to allow sediment particles and associated pollutants 
to settle and be removed. Dry ED basins do not have a permanent pool. They are 
designed to drain completely between storm events. They can also be used to provide 
hydromodification and/or flood control by modifying the outlet control structure and 
providing additional detention storage. The slopes, bottom, and forebay of dry ED basins 
are typically vegetated. Without the addition of a s and filter beneath the basin, 
considerable stormwater volume reduction can still occur, depending on the infiltration 
capacity of the subsoil.  

 

 

 

 

 

 

  

Application 

• Adjacent to parking lots 

• Road medians and shoulders 

• Within open areas or play 
fields 

 

Preventative Maintenance 

• Remove trash and debris, 
minor sediment accumulation, 
and obstructions near inlet and 
outlet structures 

• Replace top 2 to 4 inch of sand 

• Mow or weed surface of filter 

Extended Detention Basin Application 

Photo Credit: Geosyntec Consultants 
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Limitations 

Limitations for dry extended detention basins include:  

• Surface space availability - typically 0.5 to 2.0 percent of the total tributary 
development area required. 

• Depth to groundwater - bottom of basin should be 2 feet higher than the seasonal 
high water table elevation. 

• Steep slopes - basins placed above slopes greater than 15 percent or within 200 
feet from the top of a hazardous slope or landslide area require a geotechnical 
investigation. 

• Compatibility with flood control - basins must not interfere with flood control 
functions of existing conveyance and detention structures. 

Design Criteria  

Dry extended detention basins should be designed according to the requirements listed 
in Table 6-23 and outlined in the section below. BMP sizing worksheets are presented in 
Appendix E.  

Table 6-23: Dry Extended Detention Basin Design Criteria 

Design Parameter Unit Design Criteria 

Stormwater quality design volume 
(SQDV) 

acre-feet 
See Section 2 and Appendix E for 
calculating SQDV 

Drawdown time for SQDV hours 
Top 50%: 12 hrs (minimum); Bottom 
50%: 36 hrs 

Basin Design Volume acre-ft 1.2 * SQDV 

Forebay basin size acre-feet 5 to 15% of SQDV 

Maximum forebay drain time min 45  

Low–flow channel depth inches 9 

Low-flow channel flow capacity  2*forebay outlet rate 

Freeboard (minimum) inches 12 

Flow path length to width ratio  L:W 
2:1, larger preferred; can be achieved 
using internal berms 

Longitudinal slope percentage 
1 (forebay) and 0-2  

(main basin) 

Low flow channel geometry feet depth of 0.5 and width of 1 

Minimum outflow device diameter inches 18 
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Sizing Criteria 

Dry extended detention (ED) basins are basins designed such that the SQDV is detained 
for 48 hours.  This allows sediment particles and associated pollutants to settle and be 
removed from the stormwater.  Procedures for sizing extended detention basins are 
summarized below.  A sizing example is also provided.  

Step 1: Calculate the design volume 

Dry extended detention facilities shall be sized to capture and treat the SQDV (see 
Section E.1).   

Step 2: Calculate the volume of the active basin 

The total basin volume should be increased an additional 20% above the SQDV to 
account for sediment accumulation, at a minimum.  If t he basin is designed only for 
water quality treatment then the basin volume would be 120% of the SQDV.  Freeboard 
is in additional to the total basin volume.  Calculate the volume of the active basin (ft2) 
(Va): 

Va = 1.20*SQDV  (Equation 6-37) 

Step 3: Determine detention basin location and preliminary geometry based on site 
constraints 

Based on site constraints, determine the basin geometry (area and length) and the 
storage available by developing an e levation-storage relationship for the basin.  The 
cross-sectional geometry across the width of the basin should be approximately 
trapezoidal. Shallow side slopes are necessary if the basin is designed to have 
recreational uses during dry weather conditions.  

1) Calculate the width of the basin footprint (Wtot) as follows: 

tot

tot
tot L

AW =
   (Equation 6-38) 

Where: 

Atot =  total surface area of the basin footprint (ft2) 

Ltot =  total length of the basin footprint (ft) 

2) Calculate the length of the active volume surface area including the internal berm but 
excluding the freeboard, (Lav-tot): 

fbtottotav ZdLL 2−=−  (Equation 6-39) 

Where: 
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Z  =  interior side slope as length per unit height (H:V) 

dfb  =  freeboard depth (ft) 

3) Calculate the width of the active volume surface area including the internal berm but 
excluding freeboard (ft), (Wav-tot): 

fbtottotav ZdWW 2−=−  (Equation 6-40) 

4) Calculate the total active volume surface area including the internal berm and 
excluding freeboard, (Aav-tot): 

totavtotavtotav WLA −−− ×=  (Equation 6-41) 

5) Calculate the area of the berm, (Aberm): 

bermbermberm LWA ×=  (Equation 6-4243) 

Where: 

Wberm =  width of the internal berm 

Lberm =  length of the internal berm (= width  excluding 
freeboard, Wav-tot) 

6) Calculate the surface area excluding the internal berm and freeboard, Aav: 

bermtotavav AAA −= =  (Equation 6-44) 

Step 4: Determine Dimensions of Forebay 

The forebay should be sized to at least 5 to 15% of the basin active volume (Va). Calculate 
the active volume of the forebay, (V1): 

100
% 1

1
VVV a×

=
   (Equation 6-45) 

Where: 

%V1 =  percent of Va in forebay (%)  

Va  = total active volume (ft3) 

7) Calculate the surface area for the active volume of forebay ( A1): 

1

1
1 d

VA =
   (Equation 6-46) 
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Where: 

d1 =  average depth for the forebay (ft) 

8) Calculate the length of forebay, (L1): 

1

1
1 W

AL =    (Equation 6-47) 

Where: 

W1 =  width of forebay (ft) 

Step 5: Determine Dimensions of Cell 2 

Cell 2 will consist of the remainder of the basin’s active volume. 

1) Calculate the active volume of Cell 2, (V2): 

12 VVV a −=    (Equation 6-48) 

Where: 

Va  = total basin active volume (ft3) 

V1 = volume of forebay (ft3) 

2) Calculate the surface area, A2, for the active volume of Cell 2: 

12 AAA av −=    (Equation 6-49) 

Where: 

Aav = basin surface area excluding berm and freeboard (ft2) 

A1 = surface area of forebay (ft2) 

3) Calculate the average depth (d2) for the active volume of Cell 2: 

2

2
2

A
Vd =     (Equation 6-50) 

4) Calculate the length of Cell 2, (L2): 

2

2
2

W
AL =    (Equation 6-51) 

Where: 
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W2 =  width of Cell 2 (ft) 

5) Verify that the length-to-width ratio of Cell 2 at half of d2 is at least 1.5:1 with 2:1 
preferred.  If the length-to-width ratio is less than 1.5:1, modify input parameters 
until a ratio of at least 1.5:1 is achieved.  If the input parameters cannot be modified 
as a result of site constraints, another site for the basin should be chosen.  Calculate 
the length-to width (LWmid2) ratio of Cell 2 at half of d2 follows: 

2

2
2

mid

mid
mid

W
LLW =   (Equation 6-52) 

Where: 

Wmid2  =  W2 - Zd2  (Equation 6-53) 

Lmid2  =  L2 - Zd2 (Equation 6-54) 

Wmid2 =  width of Cell 2 at half of d2 (ft)  

Lmid2 =  length of Cell 2 at half of d2 (ft) 

Z  =  interior side slope as length per unit height (H:V) 

d2 =  cell 2 average depth (ft) 

Step 6: Ensure Design Requirements and Site Constraints are achieved 

Check design requirements and site constraints. Modify design geometry until 
requirements are met. If the chosen site for the basin is inadequate to meet the design 
requirements, choose a new location or alternative treatment BMP. 

Step 7: Size Outlet Structure 

The total drawdown time for the basin should be 48 hours. The outlet structure should 
be designed to release the bottom 50% of the detention volume (half-full to empty) over 
36 hours, and the top half (full to half-full) in 12 hours. A primary overflow should be 
sized to pass the peak flow rate from the developed capital design storm.  See Section 6 
for outlet structure sizing methodologies. 

Step 8: Determine Emergency Spillway Requirements 

For online basins, an emergency overflow spillway should be sized to pass flows greater 
than the design peak runoff discharge rate for the 100-yr, 24-hr storm in order to 
prevent overtopping of the walls or berms in the event that a blockage of the riser occurs. 
For offline basins, an emergency spillway or riser should be sized to pass the 100-yr, 24-
hr post-development peak stormwater runoff discharge rate directly to the downstream 
conveyance system or another acceptable discharge point. For sites where the emergency 
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spillway discharges to a steep slope, an emergency overflow riser, in addition to the 
spillway should be provided. 

Sizing and Geometry 

1) The total basin volume should be increased an additional 20% of the SQDV to 
account for sediment accumulation, at a minimum. If the basin is designed only for 
water quality treatment then the basin volume would be 120% of the SQDV. 
Freeboard is in addition to the total basin volume. 

2) The minimum freeboard should be at least 1 foot above the emergency overflow 
water surface for dry extended detention basins. 

3) The minimum flow-path length to width ratio at half basin height should be a 
minimum of 3:1 (L:W) and can be achieved using internal berms or other means to 
prevent short-circuiting. Intent: a long flow length will improve fine sediment 
removal.  

4) The cross-sectional geometry across the width of the basin should be approximately 
trapezoidal. Shallow side slopes are necessary if the basin is designed to have 
recreational uses during dry weather conditions.  

5) All dry ED basins should be free draining and a low flow channel should be provided. 
A low flow channel is a narrow, shallow trench filled with pea gravel and encased 
with filter fabric that runs the length of the basin to drain dry weather flows. The low 
flow channel should be of sufficient size considering the natural characteristics of the 
soil and have a positive-draining gradient flowing toward the outlet structure 
(typically 1 ft wide by 6 inches deep). If infiltration rates of subsurface soils are 
insufficient, the low flow channel should tie into perforated pipe at the outlet 
structure. If a sand filter or planting media is provided beneath the dry ED basin for 
increased volume reduction, it may be designed to take the place of the low flow 
channel. 

6) The basin bottom should have a 1% longitudinal slope (direction of flow) in the 
forebay, and may range from 0 to 2% longitudinal slope in the main basin. The 
bottom of the basin should slope 2% toward the center low flow channel. 

7) A basin should be large enough to allow for equipment access via a graded ramp.  

Soils Considerations 

1) The slopes of the detention basin should be analyzed for slope stability using rapid 
drawdown conditions and should meet the minimum standards set by the Ventura 
County Flood Control District. A 1.5 static factor of safety should be used. Seismic 
analysis is not required due to the temporary storage of water in the basin. 

2) The infiltration capability of the dry ED basin can be enhanced by incorporating soil 
amendments. 
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Energy Dissipation   

1) Energy dissipation controls constructed of sound materials such as stones, concrete, 
or proprietary devices that are rated to withstand the energy of the influent flow 
should be installed at the inlet to the sediment forebay. Flow velocity into the basin 
forebay should be controlled to 4 feet per second (ft/sec) or less. 

2) Energy dissipation controls must also be used at the outlet/spillway from the 
detention basin unless the basin discharges to a storm drain or hardened channel.  

Sediment Forebay  

As untreated stormwater enters the dry ED basin, it passes through a sediment forebay 
for coarse solids removal. The forebay may be constructed using an i nternal berm 
constructed out of earthen embankment material, grouted riprap, stop logs, or other 
structurally sound material.  

1) The basin should be sized so that 5 to 15% of the total basin volume is in the forebay 
and 85 to 95% of the total basin volume is in the main portion of the basin.  

2) A gravity drain outlet from the forebay (2 inch minimum diameter) should extend 
the entire width of the internal berm and be designed to completely drain to the main 
basin within 10 minutes.  

3) The forebay outlet should be offset (horizontally) from the inflow streamline to 
prevent short-circuiting.  

4) Permanent steel post depth markers should be placed in the forebay to define 
sediment removal limits at 50% of the forebay sediment storage depth. 

Vegetation  

Vegetation within the dry ED basin provides erosion protection from wind and water and 
biofiltration of stormwater. The local permitting authority should review and approve 
any proposed basin landscape plan prior to implementation and following guidelines 
should be followed: 

1) The bottom and slopes of the dry ED basin should be vegetated. A mix of erosion-
resistant plant species that effectively bind the soil should be used on the slopes and 
a diverse selection of plants that thrive under the specific site, climatic, and watering 
conditions should be specified for the basin bottom. The basin bottom should not be 
planted with trees, shrubs, or other large woody plants that may interfere with 
sediment removal activities. The basin should be free of floating objects. Only native 
perennial grasses, forbs, or similar vegetation that can be replaced via seeding should 
be used on the basin bottom. 

a. Landscaping outside of the basin is required for all dry ED basins and should 
adhere to the following criteria so as not to hinder maintenance operations:   
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b. No trees or shrubs may be planted within 15 feet of inlet or outlet pipes or 
manmade drainage structures such as spillways, flow spreaders, or earthen 
embankments. Species with roots that seek water, such as willow or poplar, 
should not be used within 50 feet of pipes or manmade structures. Weeping 
willow (Salix babylonica) should not be planted in or near detention basins.  

2) Prohibited non-native plant species will not be permitted. For more information on 
invasive weeds, including biology and control of listed weeds, look at the 
encycloweedia located at the California Department of Food and Agriculture website- 
or the California Invasive Plant Council website at www.cal-ipc.org.  

3) A plant list provided by a landscape professional should be used as a guide only and 
should not replace project-specific planting recommendations, including 
recommendations on appropriate plants, fertilizer, mulching applications, and 
irrigation requirements (if any) to ensure healthy vegetation growth.  

Sand Filter or Planting Media Layer 

For increasing the volume reduction capability of a dry ED basin, an appropriately sized 
sand filter or planting media layer can be placed beneath the dry ED basin to achieve 
desired volume reduction goals if soil and slope conditions allow (i.e., infiltration rate 
greater than 0.5 in/hr but less than 2.4 in/hr; site slope less than 15%). The drawdown 
time of the sand filter or planting media layer should be less than 72 hours. The base of 
the sand filter or planting media layer should be level (i.e., zero slope). If a s and 
filter/planting media layer is provided over the length of the basin, it can take the place 
of the low-flow channel so long as it is designed to adequately infiltrate dry weather 
flows. Sizing of the sand filter and planting media layer for dry ED basins is the same as 
for sand filters and bioretention areas, respectively. The depth of water in the dry ED 
basin should not exceed 6 feet.  

Outlet Structure and Drawdown Time 

A drawdown time of 36 to 48 hours shall be provided for the SQDV. This drawdown time 
is for the volume in the basin above the sand filter layer (if provided) and serves the 
purpose of water quality treatment. An outflow device should be designed to release the 
bottom 50% of the detention volume (half-full to empty) over 24 to 32 hours, and the top 
half (full to half-full) in 12 to 16 hours. The intention is that the drawdown schemes that 
detain low flows for longer periods than high flows have the following advantages over 
outlets that drain the basin evenly: 

• Greater flood control capabilities 

• Enhanced treatment of low flows which make up the bulk of incoming flows. 

Additional storage, detention, and outlet control is required to achieve pre-development 
stormwater runoff discharge rates for hydromodification control. The outlet structure 
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can be designed to achieve flow control for meeting the multiple objectives of water 
quality and flow attenuation.  

The outflow device (i.e., outlet pipe) should be oversized (18 inch minimum diameter). 
There are two options that can be used for the outlet structure:  

1) Uniformly perforated riser structures.  

2) Multiple orifice structures (orifice plate). 

The outlet structure can be placed in the basin with a debris screen (Figure 6-15) or 
housed in a standard manhole (Figure 6-16). If a multiple orifice structure is used, an 
orifice restriction (if necessary) should be used to limit orifice outflow to the maximum 
discharge rates allowable for achieving the desired water quality and flow control 
objectives. Orifice restriction plates should be removable for emergency situations. A 
removable trash rack should be provided at the outlet.  

Note that a primary overflow (typically a riser pipe connected to the outlet works) should 
be sized to pass flows larger than the stormwater quality design storm (if the ED basin is 
sized only for water quality) or to pass flows larger than the peak flow rate of the 
maximum design storm to be detained in the basin (e.g., 100-yr, 24-hr). The primary 
overflow is intended to protect against overtopping or breaching of a basin embankment.  

Perforated Risers Outlet Sizing Methodology  

The following attributes influence the perforated riser outlet 
sizing calculations: 

• Shape of the basin (e.g., trapezoidal) 

• Depth and volume of the basin 

• Elevation / depth of first row of holes 

• Elevation / depth of last row of holes 

• Size of perforations 

• Number of rows or perforations and number of 
perforations per row 

• Desired drawdown time (e.g., 16 hour and 32 
hour draw down for top half and bottom half respectively, 48 hour total 
drawdown time for the stormwater quality design volume) 

The governing rate of discharge from a perforated riser structure can be calculated using 
Equation 6-44 below:  

Perforated Riser Outlet 

Geosyntec Consultants 
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  (Equation 6-55) 

Where: 

Q = riser flow discharge (cfs) 

Cp = discharge coefficient for perforations (use 0.61) 

Ap = cross-sectional area of all the holes (ft2) 

s = center to center vertical spacing between perforations 
(ft) 

Hs = distance from s/2 below the lowest row of holes to s/2 
above the top row of holes (McEnroe 1988). 

H  = effective head on the orifice (measured from center of 
orifice to water surface) 

For the iterative computations needed to size the perforations in the riser and determine 
the riser height, a simplified version of Equation 6-44 may be used as shown below in 
Equation 6-45 and Equation 6-46:  

   (Equation 6-56) 

Where: 

H  = effective head on the orifice (measured from center of 
orifice to water surface) 

 (Equation 6-57) 

Where: 

Cp = discharge coefficient for perforations (use 0.61) 

Ap = cross-sectional area of all the holes (ft2) 

s = center to center vertical spacing between perforations 
(ft) 
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Hs = distance from s/2 below the lowest row of holes to s/2 
above the top row of holes. 

g = 32.17 ft/sec2 

Uniformly perforated riser designs are defined by the depth or elevation of the first row 
of perforations, the length of the perforated section of pipe, and the size or diameter of 
each perforation. 

Multiple Orifice Outlet Sizing Methodology 

The following attributes influence multiple orifice outlet sizing calculations: 

• Shape of the basin (e.g., trapezoidal) 

• Depth and volume of the basin  

• Elevation of each orifice 

• Desired draw-down time (e.g., 16 hour and 32 hour draw down times for top half 
and bottom half respectively, 48 hour drawdown time for stormwater quality 
design volume) 

The rate of discharge from a single orifice can be calculated using Equation 6-22. 
 

 (Equation 6-58) 

Where: 

Q  =  orifice flow discharge 

C  =  discharge coefficient  

A  = cross-sectional area of orifice or pipe (ft2) 

g  =  acceleration due to gravity (32.2 ft/s2) 

H  =  effective head on the orifice (measured from center of 
orifice to water surface) 

Multiple orifice designs are defined by the depth (or elevation) and the size (or diameter) 
of each orifice. The steps needed to size a dual orifice outlet are outlined in Appendix E; 
multiple orifices may be provided and sized using a similar approach.  

Emergency Spillway 

An emergency overflow spillway in addition to the primary overflow outlet (as described 
above) is required. The emergency spillway should be sized for flows greater than the 

5.0)2( gHCAQ =
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peak 100-year 24-hour storm if the basin is designed on-line or, if the basin is designed 
on-line, the spillway should be sized for flows greater than the basin design volume (e.g., 
stormwater quality design volume). The spillway should provide for adequate energy 
dissipation downstream. The spillway should allow for at least 12 inches of freeboard 
above the emergency overflow water surface elevation if the basin is on-line. If the basin 
is on-line, 2 feet of freeboard is preferable.  

Spillways shall meet the California Department of Water Resources, Division of Safety of 
Dams Guidelines for the Design and Construction of Small Embankment Dams 
(http://damsafety.water.ca.gov/docs/GuidelinesSmallDams.pdf). Intent: Emergency 
overflow spillways are intended to control the location of basin overtopping and safely 
direct overflows back into the downstream conveyance system or other acceptable 
discharge point. 

On-line Basins 

1) On-line basins must have an emergency overflow spillway to prevent overtopping of 
walls or berms should blockage of the primary outlet occur based on a downstream 
risk assessment. 

2) The overflow spillway must be sized to pass flows greater than the design peak runoff 
discharge rate for the 100-yr, 24-hr storm.  

3) The minimum freeboard should be 1 foot (but preferably at least 2 feet) above the 
maximum water surface elevation over the emergency spillway. 

Off-line Basins 

1) Off-line basins must have either an emergency overflow spillway or an emergency 
overflow riser. The emergency overflow must be designed to pass the 100-yr 24-hr 
post-development peak stormwater runoff discharge rate directly to the downstream 
conveyance system or another acceptable discharge point. Where an emergency 
overflow spillway would discharge to a steep slope, an emergency overflow riser, in 
addition to the spillway should be provided.  

2) The emergency overflow spillway shall be armored to withstand the energy of the 
spillway flows. 

3) The minimum freeboard should be 1 foot above the maximum water surface 
elevation over the emergency spillway. 

Side Slopes 

1) Interior side slopes above the stormwater quality design depth and up to the 
emergency overflow water surface steeper than 4:1 (H:V) should be stabilized to 
prevent erosion with a method approved by the local permitting authority.  
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2) Exterior side slopes steeper than 2:1 (H:V) should be stabilized to prevent erosion 
with a method approved by the local permitting authority. 

3) For any slope (interior or exterior) greater than 2:1 (H:V), a geotechnical 
investigation and report must be submitted and approved by the local permitting 
authority.  

4) Landscaped slopes should be no greater than 3:1 (H:V) to allow for maintenance.  

5) Basin walls may be vertical retaining walls, provided: (a) they are constructed of 
reinforced concrete, (b) a fence is provided along the top of the wall (see fencing 
below) or further back, and (c) the design is stamped by a licensed civil engineer and 
approved by the Local permitting authority.  

Embankments 

1) Earthworks and berm embankments should be performed in accordance with the 
latest edition of the “Greenbook Standard Specifications for Public Works 
Construction”.   

2) Embankments are earthen slopes or berms used for detaining or redirecting the flow 
of water.  

3) Top of berm separating forebay and main basin should be 2 feet minimum below the 
stormwater quality design water surface and should be keyed into embankment a 
minimum of 1 foot on both sides.  

4) Typically, the top width of berm embankments are at least 20 f eet, but narrower 
embankments may be plausible if approved by the civil engineer and the Local 
permitting authority.  

5) Basin berm embankments should be constructed on native consolidated soil (or 
adequately compacted and stable fill soils analyzed by a licensed civil engineer) free 
of loose surface soil materials, roots, and other organic debris.  

6) The berm embankment should be constructed of compacted soil (95% minimum dry 
density, modified proctor method per ASTM D1557), placed in 6-inch lifts.  

7) Basin berm embankments greater than 4 feet in height should be constructed by 
excavating a key equal to 50% of the berm embankment cross-sectional height and 
width. This requirement may be waived if specifically recommended by a licensed 
civil engineer.  

8) The berm embankment should be constructed of compacted soil (95% minimum dry 
density, modified proctor method per ASTM D1557), placed in 6-inch lifts.  

9) Low growing native or non-invasive perennial grasses should be planted on 
downstream embankment slopes. See vegetation section below.  
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Fencing 

1) Safety is provided either by fencing of the facility or by managing the contours of the 
basin to eliminate drop-offs and other hazards.  

2) If fences are required, fences should be designed and constructed in accordance with 
relevant standards and should typically be located at or above the overflow water 
surface elevation. Shrubs (approved, California-adapted species) can be used to hide 
the fencing. See vegetation section above.  

Right-of-Way  

1) Dry extended detention basins and associated access roads to be maintained by a 
public agency should be dedicated in fee or in an easement to the public agency with 
appropriate access.  

Maintenance Access 

1) Ownership of the basin and maintenance thereof is the responsibility of the 
developer/applicant. A maintenance agreement with the Local permitting authority 
is required to ensure adequate performance and allow emergency access to the 
facilities. 

2) Maintenance access road(s) should be provided to the control structure and other 
drainage structures associated with the basin (e.g., inlet, emergency overflow or 
bypass structures). Manhole and catch basin lids should be in or at the edge of the 
access road. 

3) A ramp into the basin should be constructed near the basin outlet. An access ramp is 
required for removal of sediment with a backhoe or loader and truck. The ramp 
should extend to the basin bottom to avoid damage to vegetation planted on the 
basin slope.  

4) All access ramps and roads should be provided in accordance with the current 
policies of the Ventura County Flood Control District or local approval authority. 

Construction Considerations 

The use of treated wood or galvanized metal anywhere inside the facility is prohibited. 

Operations and Maintenance  

Maintenance is of primary importance if extended detention basins are to continue to 
function as originally designed. A maintenance agreement must be developed with the 
local approval authority to ensure adequate performance and allow emergency access. 
Maintenance of the basin is the responsibility of the development, unless otherwise 
agreed upon. 
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A specific maintenance plan shall be formulated for each facility outlining the schedule 
and scope of maintenance operations, as well as the data handling and reporting 
requirements. The following are general maintenance requirements: 

1) The basin should be inspected semiannually or more frequently, and inspections 
after major storm events are encouraged (see Appendix I for guidance on facility 
maintenance inspections). Trash and debris should be removed as needed, but at 
least annually prior to the beginning of the wet season (see Appendix I for dry 
extended detention basin inspection and maintenance checklist).  

2) Site vegetation should be maintained as follows: 

 Vegetation, large shrubs, or trees that limit access or interfere with basin 
operation should be pruned or removed.  

 Slope areas that have become bare should be revegetated and eroded areas 
should be regraded prior to being revegetated. 

 Grass should be mowed to 4 to 9 inch high and grass clippings should be 
removed.          

 Fallen leaves and debris from deciduous plant foliage should be raked and 
removed.    

 Invasive vegetation, such as Alligatorweed (Alternanthera philoxeroides), 
Halogeton (Halogeton glomeratus), Spotted Knapweed (Centaurea 
maculosa), Giant Reed (Arundo donax), Castor Bean (Ricinus communis), 
Perennial Pepperweed (Lepidium latifolium), and Yellow Starthistle 
(Centaurea solstitalis) should be removed and replaced with non-invasive 
species. Invasive species should never contribute more than 25% of the 
vegetated area. For more information on invasive weeds, including biology 
and control of listed weeds, look at the encycloweedia located at the California 
Department of Food and Agriculture website or the California Invasive Plant 
Council website at www.cal-ipc.org. 

 Dead vegetation should be removed if it exceeds 10% of area coverage. 
Vegetation should be replaced immediately to maintain cover density and 
control erosion where soils are exposed.  

 No herbicides or other chemicals should be used to control vegetation. 

3) Sediment buildup exceeding 50% of the forebay capacity should be removed. 
Sediment from the remainder of the basin should be removed when 6 inches of 
sediment accumulates. Sediments should be tested for toxic substance accumulation 
in compliance with current disposal requirements if land uses in the catchment 
include commercial or industrial zones, or if visual or olfactory indications of 
pollution are noticed. If toxic substances are encountered at concentrations 
exceeding thresholds of Title 22, Section 66261 of the California Code of Regulations, 
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the sediment must be disposed of in a hazardous waste landfill.  It is recommended 
to clean the forebay frequently to reduce frequency of main basin cleaning.  

4) Remove sediment from basin when accumulation reaches 25% of original design 
depth.  C leaning is recommended to occur in early spring to allow vegetation to 
reestablish.  

5) Repair erosion to banks and bottom of basin as required.  

6) Following sediment removal activities, replanting, and/or reseeding of vegetation 
may be required for reestablishment.  

7) Control vectors as needed.  
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TCM-2: Wet Detention Basin 

Wet detention basins are constructed, naturalistic ponds with a permanent or seasonal 
pool of water (also called a “wet pool” or “dead storage”). Aquascape facilities, such as 
artificial lakes, are a s pecial form of wet pool facility that can incorporate innovative 
design elements to allow them to function as a stormwater treatment facility in addition 
to an aesthetic water feature. Wetponds require base flows to exceed or match losses 
through evaporation and/or infiltration and they must be designed with the outlet 
positioned and/or operated in such a way as to maintain a permanent pool. Wetponds 
can be designed to provide extended detention of incoming flows using the volume above 
the permanent pool surface.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Application 

• Regional detention & treatment 

• Roads, highways, parking lots, 
commercial, residential 

• Parks, open spaces, and golf 
courses 

Preventative Maintenance 

• inspected at a m inimum 
annually and inspections after 
major storm events  

• Pruned or remove vegetation, 
large shrubs, or trees that limit 
access or interfere with basin 
operation  

• Remove sediment buildup at 
inlets and outlets 

Wet Detention Basin 

Photo Credit: Geosyntec Consultants 
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Limitations 

Limitations for wet detention basins include:  

• Wet detention basins typically are used for treating areas larger than 10 acres and 
less than 10 square miles. They are especially applicable for regional water quality 
treatment and flow control.  

• Off-line wet detention basins must not interfere with flood control functions of 
existing conveyance and detention structures. 

• If wet detention basins are located in areas with site slopes greater than 15% or 
within 200 feet of a hazardous steep slope or mapped landslide area (on the 
uphill side), a geotechnical investigation and report must be provided to ensure 
that the basin does not compromise the stability of the site slope or surrounding 
slopes. 

• Wet detention basins require a regular source of base flow if water levels are to be 
maintained. If base flow is insufficient during summer months, supplemental 
water may be necessary to maintain water levels.  

Design Criteria  

The main challenge associated with wet detention basins is maintaining desired water 
levels. A wet detention basin should be designed according to the requirements listed in 
Table 6-24 and outlined in the section below. BMP sizing worksheets are presented in 
Appendix E.  

Table 6-24: Wet Detention Basin Design Criteria 

Design Parameter Unit Design Criteria 

Stormwater quality design 
volume, SQDV 

acre-ft 
See Section 2 and Appendix E for calculating 
SQDV. 

Permanent Pool Volume  SQDV 

Forebay Volume  5 to 10% of SQDV 

Maximum Forebay Drain 
Time 

min 45  

Depth without sediment 
storage 

feet 

0.5-12 (littoral zone, 25-40% permanent pool) 

4 (first cell minimum) 

8 (any cell maximum) 

Deeper zone: 4-8 feet average; 12 feet maximum 
depth 

Maximum residence time Days 7 (dry weather) 

Freeboard (minimum) inches 12 
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Flow path length to width 
ratio  

L:W 2:1 (larger preferred) 

Side slope (maximum) H:V 4:1  (H:V) Interior and 3:1 (H:V) Exterior 

Longitudinal slope percentage 1 (forebay) and 0-2 (main basin) 

Vegetation Type -- Varies see vegetation section below 

Vegetation Height -- Varies see vegetation section below 

Buffer zone (minimum) feet 25 

Minimum outflow device 
diameter 

inches 18 

 

Sizing Criteria 

Wet Detention basins may be designed with or without extended detention above the 
permanent pool.  The extended detention portion of the wet detention basin above the 
permanent pool, if provided, functions like a dry extended detention (ED) basin (see 
VEG-5: Dry Extended Detention Basin). If there is no extended detention provided, wet 
detention basins shall be sized to provide a minimum wet pool volume equal to the 
stormwater quality design volume plus an additional 5% for sediment accumulation.  If 
extended detention is provided above the permanent pool, the sizing is dependent of the 
functionality of the basin; the basin may function as water quality treatment only or 
water quality plus peak flow attenuation.   

If  t he basin is designed for water quality treatment only, then the permanent pool 
volume should be a minimum of 10 percent of the stormwater quality design volume and 
the surcharge volume (above the permanent pool) should make up the remaining 90 
percent. If extended detention is provided above the permanent pool and the basin is 
designed for water quality treatment and peak flow attenuation, then the permanent 
pool volume should be equal to the water quality treatment volume, and the surcharge 
volume should be sized to attenuate peak flows in order to meet the peak runoff 
discharge requirements. The extended detention portion of the wet detention basin 
above the permanent pool, if provided, functions like a dry extended detention (ED) 
basin (see VEG-5: Dry Extended Detention Basin). 

Step 1: Calculate the design volume 

Wet detention basins shall be sized with a permanent pool volume equal to the SQDV 
volume (see Section 2 and Appendix E). 

Step 2: Determine the active design volume for the wet detention basin without 
extended detention 

The active volume of the wet detention basin, Va, shall be equal to the SQFV plus an 
additional 5% for sediment accumulation.  
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𝑉𝑎 = 1.05 × 𝑆𝑄𝐷𝑉    (Equation 6-59) 

Step 3: Determine pond location and preliminary geometry based on site constraints 

Based on site constraints, determine the pond geometry and the storage available by 
developing an elevation-storage relationship for the pond.  Note that a more natural 
geometry may be used and is in many cases recommended; the preliminary basin 
geometry calculations should be used for sizing purposes only. 

1) Calculate the width of the pond footprint, Wtot, as follows: 

tot

tot
tot L

AW =    (Equation 6-60) 

Where: 

Atot =  total surface area of the pond footprint (ft2) 

Ltot =  total length of the pond footprint (ft) 

1) Calculate the length of the active volume surface area including the internal berm but 
excluding the freeboard, Lav-tot: 

fbtottotav ZdLL 2−=−  (Equation 6-61) 

Where: 

Z  =  interior side slope as length per unit height  

dfb  =  freeboard depth 

2) Calculate the width of the active volume surface area including the internal berm but 
excluding freeboard, Wav-tot: 

fbtottotav ZdWW 2−=−   (Equation 6-62) 

3) Calculate the total active volume surface area including the internal berm and 
excluding freeboard, Aav-tot: 

totavtotavtotav WLA −−− ×=  (Equation 6-63) 

4) Calculate the area of the berm, Aberm: 

bermbermberm LWA ×=  (Equation 6-64) 

Where: 

Wberm =  width of the internal berm 
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Lberm =  length of the internal berm 

5) Calculate the active volume surface area excluding the internal berm and freeboard, 
Awq: 

bermtotwqwq AAA −= =  (Equation 6-65) 

Step 4: Determine Dimensions of Forebay 

The wet detention basin should be divided into two cells separated by a berm or baffle. 
The forebay should contain between 5 and 10 percent of the total volume. The berm or 
baffle volume should not count as part of the total volume. Calculate the active volume of 
forebay, V1: 

100
% 1

1
VV

V
a ×

=    (Equation 6-66) 

Where: 

%V1 = percent of SQDV in forebay (%) 

1) Calculate the surface area for the active volume of forebay, A1: 

1

1
1 d

VA =
   (Equation 6-67) 

Where: 

d1 =  average depth fo rhte active volume of forebay (ft) 

1) Calculate the length of forebay, L1.  N ote, inlet and outlet should be configured to 
maximize the residence time. 

1

1
1 W

AL =     (Equation 6-68) 

Where: 

W1 =  width of forebay (ft), W1 = Wav-tot = Lberm 

Step 5: Determine Dimensions of Cell 2 

Cell 2 will consist of the remainder of the basin’s active volume. 

1) Calculate the active volume of Cell 2, V2: 

12 VVV a −=    (Equation 6-69) 
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2) The minimum wetpool surface area includes 0.3 acres of wetpool per acre-foot of 
permanent wetpool volume.  Calculate Amin2: 

𝐴𝑚𝑖𝑛2 = (𝑉2 × 0.3 𝑎𝑐𝑟𝑒𝑠
𝑎𝑐𝑟𝑒−𝑓𝑒𝑒𝑡

) (Equation 6-70) 

3) Calculate the actual wetpool surface area, A2: 

12 AAA av −=    (Equation 6-71) 

Verify that A2 is greater than Amin2. If A2 is less than Amin2, then modify input parameters 
to increase A2 until it is greater than Amin2. If site constraints limit this criterion, then 
another site for the pond should be chosen. 
 

4) Calculate the top length of Cell 2, L2:  

2

2
2

W
AL =     (Equation 6-72) 

Where: 

W2 =  width of Cell 2 (ft), W2 = W1 = Wwq-tot = Lberm 

5) Verify that the length-to-width ratio of Cell 2 is at least 1.5:1 with ≥ 2:1 preferred. If 
the length-to-width ratio is less than 1.5:1, modify input parameters until a ratio of at 
least 1.5:1 is achieved. If the input parameters cannot be modified as a result of site 
constraints, another site for the pond should be chosen. 

2

2
2

W
LLW =     (Equation 6-73) 

6) Calculate the emergent vegetation surface area, Aev: 

100
%2 ev

ev
AAA •

=    (Equation 6-74) 

Where: 

%Aev = percent of surface area that will be planted with emergent 
vegetation 

7) Calculate the volume of the emergent vegetation shallow zone (1.5 – 3 ft), Vev: 

evevev dAV •=     (Equation 6-75) 

Where: 

dev  = average depth of the emergent vegetation shallow zone (1.5 – 3 ft) 
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8) Calculate the length of the emergent vegetation shallow zone, Lev: 

ev

ev
ev

W
AL =     (Equation 6-76) 

Where: 

Wev =  width of the emergent vegetation shallow zone (ft), Wev 
= W2 

9) Calculate the volume of the deep zone, Vdeep: 

evdeep VVV −= 2    (Equation 6-77) 

10) Calculate the surface area of the deep (>3 ft) zone, Adeep: 

evdeep AAA −= 2    (Equation 6-78) 

11) Calculate the average depth of the deep zone (4-8 ft), ddeep: 

deep

deep
deep

A
Vd =     (Equation 6-79) 

12) Calculate length of the deep zone, Ldeep: 

deep

deep
deep

W
AL =

    (Equation 6-80) 

Where: 

Wdeep =  width of the deep zone (ft), Wdeep = W2 

Step 6: Ensure design requirements and site constraints are achieved 

Check design requirements and site constraints. Modify design geometry until 
requirements are met. If the chosen site for the basin is inadequate to meet the design 
requirements, choose a new location for the BMP. 

Step 7: Size Outlet Structure 

For extended detention wet detention basin, outlet structures should be designed to 
provide 12 to 48 hour emptying time for the water quality volume above the permanent 
pool. 

The basin outlet pipe should be sized, at a minimum, to pass flows greater than the 
stormwater quality design peak flow for off-line basins or flows greater than the peak 
runoff discharge rate for the 100-year, 24-hr design storm for on-line basins. 
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Step 8: Determine Emergency Spillway Requirements 

For online basins, an emergency overflow spillway should be sized to pass flows greater 
than the design peak runoff discharge rate for the 100-yr, 24-hr storm to prevent 
overtopping of the walls or berms in the event that a blockage of the riser occurs. For 
offline basins, an emergency spillway or riser should be sized to pass the water quality 
design storm. For sites where the emergency spillway discharges to a steep slope, an 
emergency overflow riser, in addition to the spillway should be provided. 

Sizing and Geometry 

1) If there is no extended detention provided, wet detention basins shall be sized to 
provide a minimum wet pool volume equal to the stormwater quality design volume 
plus an additional 5% for sediment accumulation.  If extended detention is provided 
above the permanent pool and the basin is designed for water quality treatment only, 
then the permanent pool volume should be a minimum of 10 percent of the 
stormwater quality design volume and the surcharge volume (above the permanent 
pool) should make up the remaining 90 percent. If extended detention is provided 
above the permanent pool and the basin is designed for water quality treatment and 
peak flow attenuation, then the permanent pool volume shall be equal to the water 
quality treatment volume and the surcharge volume should be sized to attenuate 
peak flows to meet the peak runoff discharge requirements. The extended detention 
portion of the wet detention basin above the permanent pool, if provided, functions 
like a dry extended detention (ED) basin (see TCM-1: Dry Extended Detention 
Basin). 

2) The wet detention basin should be divided into two cells separated by a berm or 
baffle. The first cell should contain between 25 to 35 percent of the total volume. The 
berm or baffle volume should not count as part of the total volume. Intent: The full-
length berm or baffle reduces short-circuiting and promotes plug flow. 

3) Wet detention basins with wetpool volumes less than or equal to 4,000 cubic feet 
may be single-celled (i.e., no baffle or berm is required). 

4) Sediment storage should be provided in the first cell. The sediment storage should 
have a minimum depth of 1 foot. This volume should not be included as part of the 
required water quality volume. 

5) The minimum depth of the first cell should be 4 feet, exclusive of sediment storage 
requirements. The depth of the first cell may be greater than the depth of the second 
cell.  Average depth should be between 4 feet and 8 feet. 

6) For wet detention basin depths in excess of 6 feet, some form of recirculation should 
be provided, such as a fountain or aerator, to prevent stratification, stagnation and 
low dissolved oxygen conditions. 
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7) The edge of the basin should slope from the surface of the permanent pool to a depth 
of 12 to 18 inches at a slope of 1:1 or greater. If soil conditions will not support a 1:1 
(H:V) slope then the steepest slope that can be supported should be used or a shallow 
retaining wall constructed (18 inch max). Beyond the edge of the basin, a bench 
sloped at 4:1 (H:V) maximum should extend into the basin to a depth of at least 3 
feet. A steeper slope may be used beyond the 3 foot depth to a maximum of 8 feet. 
Intent: steep slopes at water’s edge will minimize very shallow areas that can support 
mosquitoes. 

8) At least 25% of the basin area should be deeper than 3 feet to prevent the growth of 
emergent vegetation across the entire basin. If greater than 50% of the wet pool area 
is in excess of 6 feet deep, some form of recirculation should be provided, such as a 
fountain or aerator, to prevent stratification, stagnation and low dissolved oxygen 
conditions. 

9) A wet detention basin should have a surface area of not less than 0.3 acres for each 
acre-foot of permanent pool volume. In addition, extra area needed to provide a 
design that meets all other provisions of this section should be provided. Additional 
surface area in excess of the minimum may be provided. There is no maximum 
surface area provided that all provisions of this section are met. 

10) Inlets and outlets should be placed to maximize the flowpath through the facility. The 
flowpath length-to-width ratio should be a minimum of 1.5:1, but a flowpath length-
to-width ratio of 2:1 or greater is preferred. The flowpath length is defined as the 
distance from the inlet to the outlet, as measured at mid-depth. The width at mid-
depth can be found as follows: width = (average top width + average bottom 
width)/2. Intent: a long flowpath length will improve fine sediment removal. 

11) All inlets should enter the first cell. If there are multiple inlets, the length-to-width 
ratio should be based on the average flowpath length for all inlets. 

12) The minimum freeboard should be 1 foot above the maximum water surface 
elevation (2 feet preferred) for on-line basins and 1 foot above the maximum water 
surface elevation for on-line basins. 

13) The maximum residence time for dry weather flows should be 7 days. Intent:  Vector 
control. 

Internal Berms and Baffles 

1) A berm or baffle should extend across the full width of the wet detention basin and be 
keyed into the basin side slopes. If the berm embankments are greater than 4 feet in 
height, the berm should be constructed by excavating a key equal to 50% of the 
embankment cross-sectional height and width. This requirement may be waived if 
recommended by a licensed civil engineer for the specific site conditions. The 
geotechnical investigation must consider the situation in which one of the two cells is 
empty while the other remains full of water. 
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2) The top of the berm should extend to the permanent pool surface or be one foot 
below the permanent pool surface to discourage public access. If the top of the berm 
is at the water permanent pool surface, the side slopes should be 4H:1V. Berm side 
slopes may be steeper (up to 3:1) if the berm is submerged one foot. 

3) If good vegetation cover is not established on the berm, erosion control measures 
should be used to prevent erosion of the berm back-slope when the basin is initially 
filled. 

4) The interior berm or baffle may be a retaining wall provided that the design is 
prepared and stamped by a l icensed civil engineer. If a b affle or retaining wall is 
used, it should be submerged one foot below the permanent pool surface to 
discourage access by pedestrians. 

5) Internal earthen berms 6 feet high or less should have a minimum top width 6 feet or 
as recommended by a civil engineer. 

Water Supply  

1) Water balance calculations should be provided to demonstrate that adequate water 
supply will be present to maintain a pool of water during a drought year when 
precipitation is 50% of average for the site. Water balance calculations should 
include evapotranspiration, infiltration, precipitation, spillway discharge, and dry 
weather flow (where appropriate).  

2) Where water balance indicates that losses will exceed inputs, a source of water 
should be provided to maintain the basin water surface elevation throughout the 
year. The water supply should be of sufficient quantity and quality to not have an 
adverse impact on the wet detention basin water quality. Water that meets drinking 
water standards should be assumed to be of sufficient quality. 

3) Wet detention basin may be designed as seasonal ponds where the water balance and 
water supply conditions make it infeasible to sustain a permanent wet detention 
basin.  

Soils Considerations 

Wet detention basin implementation in areas with high permeability soils requires liners 
to increase the chances of maintaining a p ermanent pool in the basin. Liners can be 
either synthetic materials or imported lower permeability soils (i.e., clays). The water 
balance assessment should determine whether a liner is required.  

If low permeability soils are used for the liner, a minimum of 18 inches of native soil 
amended with good topsoil or compost (one part compost mixed with 3 parts native soil) 
should be placed over the liner. If a synthetic material is used, a soil depth of 2 feet is 
recommended to prevent damage to the liner during planting.  
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Buffer Zone 

A minimum of 25 feet buffer should be provided around the top perimeter of the wet 
detention basin. The portion of the access road outside of the maximum water level may 
be included as part of the buffer. 

Stormwater Quality Design Features 

1) Wet detention basins that are located in publicly-accessible or highly visible locations 
should include design features that will improve and maintain the quality of water 
within the BMP at a level suitable for the proposed location and uses of the 
surrounding area. Typical design features include aeration, pumped circulation, 
filters, biofilters, and other facilities that operate year-round to remove pollutants 
and nutrients. Stormwater quality design features will result in higher quality water 
in the BMP and lower discharges of pollutants downstream. 

2) Wet detention basins in publicly-accessible or highly visible locations should have a 
maintenance plan that includes regular collection and removal of trash from the area 
within and surrounding the BMP. 

3) If fencing is required for wet detention basins in publicly-accessible or highly visible 
locations, the fence can be designed to be aesthetically incorporated into the site and 
Shrubs (approved, California-adapted species) can be used to hide the fencing. See 
vegetation section below.  

Energy Dissipation   

1) The inlet to the wet detention basin should be submerged with the inlet pipe invert a 
minimum of two feet from the basin bottom (not including sediment storage). The 
top of the inlet pipe should be submerged at least 1 foot, if possible. Intent: The inlet 
is submerged to dissipate energy of the incoming flow. The distance from the bottom 
is set to minimize resuspension of settled sediments. Alternative inlet designs that 
accomplish these objectives are acceptable. 

2) Energy dissipation controls should also be used at the outlet from the wet detention 
basin unless the basin discharges to a stormwater conveyance system or hardened 
channel.  

Vegetation  

A plan should be prepared that indicates how aquatic, temporarily submerged areas 
(extended detention wet detention basins) and terrestrial areas will be stabilized with 
vegetation.  

1) If the second cell of the wet detention basin is 3 feet or shallower, the bottom area 
should be planted with emergent wetland vegetation. 
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2) Emergent aquatic vegetation should be planted to cover 25-75% of the area of the 
permanent pool.  

3) Outside of the basin, native vegetation adapted for site conditions should be used in 
non-irrigated sites.  

4) The area surrounding a wet detention basin should be landscaped to minimize 
erosion and should adhere to the following criteria so as not to hinder maintenance 
operations:   

5) No trees or shrubs may be planted within 15 feet of inlet or outlet pipes or manmade 
drainage structures such as spillways, flow spreaders, or earthen embankments. 
Species with roots that seek water, such as willow or poplar, should not be used 
within 50 feet of pipes or manmade structures. Weeping willow (Salix babylonica) 
should not be planted in or near detention basins.  

6) Prohibited non-native plant species will not be permitted. For more information on 
invasive weeds, including biology and control of listed weeds, look at the 
encycloweedia located at the California Department of Food and Agriculture website- 
 or the California Invasive Plant Council website at www.cal-ipc.org. 

7) A landscape professional should provide recommendations on appropriate plants, 
fertilizer, mulching applications, and irrigation requirements (if any) to ensure 
healthy vegetation growth.  

Outlet Structure  

1) An outlet pipe and outlet structure should be provided. The outlet pipe may be a 
perforated standpipe strapped to a manhole or placed in an embankment, suitable 
for extended detention, or may be back-sloped to a catch basin with a grated opening 
(jail house window) or manhole with a cone grate (birdcage). The grate or birdcage 
openings provide an overflow route should the basin outlet pipe become clogged. 

2) For extended detention wet detention basin, outlet structures should be designed to 
provide 12 to 48 hour emptying time for the water quality volume above the 
permanent pool. 

3) The basin outlet pipe should be sized, at a minimum, to pass flows greater than the 
stormwater quality design peak flow for off-line basins or flows greater than the peak 
runoff discharge rate for the 100-year, 24-hr design storm for on-line basins. 

Emergency Spillway 

An emergency overflow spillway in addition to the primary overflow outlet (as described 
above) is required. The emergency spillway should be sized for flows greater than the 
peak 100-year 24-hour storm if the basin is designed on-line or, if the basin is designed 
off-line, the spillway should be sized for flows greater than the basin design volume (e.g., 
stormwater quality design volume). The spillway provide for adequate energy dissipation 
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downstream. The spillway should allow for at least 12 inches of freeboard above the 
emergency overflow water surface elevation if the basin is on-line. If the basin is -line, 2 
feet of freeboard is preferable.  

Spillways shall meet the California Department of Water Resources, Division of Safety of 
Dams Guidelines for the Design and Construction of Small Embankment Dams 
(http://damsafety.water.ca.gov/docs/GuidelinesSmallDams.pdf). Intent: Emergency 
overflow spillways are intended to control the location of basin overtopping and safely 
direct overflows back into the downstream conveyance system or ot her acceptable 
discharge point. 

On-line Basins 

1) On-line basins must have an emergency overflow spillway to prevent overtopping of 
walls or berms should blockage of the primary outlet occur based on a downstream 
risk assessment.  

2) The overflow spillway must be sized to pass flows greater than the design peak runoff 
discharge rate for the 100-yr, 24-hr storm.  

3) The minimum freeboard should be 1 foot (but preferably at least 2 feet) above the 
maximum water surface elevation over the emergency spillway. 

Off-line Basins 

1) Off-line basins must have either an emergency overflow spillway or an emergency 
overflow riser. The emergency overflow must be designed to pass flows greater than 
the basin design volume (e.g., stormwater quality design volume) directly to the 
downstream conveyance system or another acceptable discharge point. Where an 
emergency overflow spillway would discharge to a steep slope, an emergency 
overflow riser, in addition to the spillway should be provided. See Appendix E for 
basin/pond outlet sizing worksheets.  

2) The emergency overflow spillway should be armored to withstand the energy of the 
spillway flows. The spillway should be constructed of grouted rip-rap.  

3) The minimum freeboard should be 1 foot above the maximum water surface 
elevation over the emergency spillway. 

Side Slopes 

1) Interior side slopes above the stormwater quality design depth and up to the 
emergency overflow water surface steeper than 4:1 (H:V) should be stabilized to 
prevent erosion with a method approved by the local permitting authority.  

2) Exterior side slopes steeper than 2:1 (H:V) should be stabilized to prevent erosion 
with a method approved by the local permitting authority. 
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3) For any slope (interior or exterior) greater than 2:1 (H:V), a geotechnical 
investigation and report must be submitted and approved by the local permitting 
authority.  

4) Landscaped slopes should be no steeper than 3:1 (H:V) to allow for maintenance.  

5) Basin walls may be vertical retaining walls, provided: (a) they are constructed of 
reinforced concrete, (b) a fence is provided along the top of the wall (see fencing 
below) or further back, and (c) the design is stamped by a licensed civil engineer.  

Embankments 

1) Earthworks and berm embankments should be performed in accordance with the 
latest edition of the “Greenbook Standard Specifications for Public Works 
Construction”.   

2) Embankments are earthen slopes or berms used for detaining or redirecting the flow 
of water.  

3) Top of berm should be 2 feet minimum below the stormwater quality design water 
surface and should be keyed into embankment a minimum of 1 foot on both sides.  

4) Typically, the top width of berm embankments are at least 20 feet, but narrower 
embankments may be plausible if approved by the civil engineer and the Local 
permitting authority.  

5) Basin berm embankments should be constructed on native consolidated soil (or 
adequately compacted and stable fill soils analyzed by a licensed civil engineer) free 
of loose surface soil materials, roots, and other organic debris.  

6) The berm embankment should be constructed of compacted soil (95% minimum dry 
density, modified proctor method per ASTM D1557), placed in 6-inch lifts.  

7) Basin berm embankments greater than 4 feet in height should be constructed by 
excavating a key equal to 50% of the berm embankment cross-sectional height and 
width. This requirement may be waived if specifically recommended by a licensed 
civil engineer.  

8) The berm embankment should be constructed of compacted soil (95% minimum dry 
density, modified proctor method per ASTM D1557), placed in 6-inch lifts.  

9) Low growing native or non-invasive perennial grasses should be planted on 
downstream embankment slopes. See vegetation section below.  

Fencing 

Safety is provided either by fencing of the facility or by managing the contours of the 
basin to eliminate drop-offs and other hazards.  
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1) If fences are required, fences should be designed and constructed in accordance with 
current and relevant policies and typically are required to be located at or above the 
overflow water surface elevation. Shrubs (approved, California-adapted species) can 
be used to hide the fencing. See vegetation section above.  

Right-of-Way  

2) Wet detention basins and associated access roads to be maintained by a public 
agency should be dedicated in fee or in an easement to the public agency with 
appropriate access.  

Maintenance Access 

1) Ownership of the basin and maintenance thereof is the responsibility of the 
developer/applicant. A maintenance agreement is required to ensure adequate 
performance and allow emergency access to the facilities. 

2) Maintenance access road(s) should be provided to the control structure and other 
drainage structures associated with the basin (e.g., inlet, emergency overflow or 
bypass structures). Manhole and catch basin lids should be in or at the edge of the 
access road. 

3) A ramp into the basin should be constructed near the basin outlet. An access ramp is 
required for removal of sediment with a backhoe or loader and truck. The ramp 
should extend to the basin bottom to avoid damage to vegetation planted on the 
basin slope. 

4) All access ramps and roads should be provided in accordance with the current 
policies of the Flood Control District. 

Vector Control 

1) A Mosquito Management Plan or Service Contract should be approved or waived by 
the local Vector Control District for any facility that maintains a pool of water for 72 
hours or more. 

Operations and Maintenance  

General Requirements 

Maintenance is of primary importance if extended detention basins are to continue to 
function as originally designed. A maintenance agreement must be developed with the 
Flood Control District to ensure adequate performance and allow the County emergency 
access. Maintenance of the basin is the responsibility of the development, unless 
otherwise agreed upon. 
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A specific maintenance plan shall be formulated for each facility outlining the schedule 
and scope of maintenance operations, as well as the data handling and reporting 
requirements. The following are general maintenance requirements: 

1) The basin should be inspected annually and inspections after major storm events are 
encouraged (see Appendix I for guidance on facility maintenance inspections). Trash 
and debris should be removed as needed, but at least annually prior to the beginning 
of the wet season (see Appendix I for dry extended detention basin inspection and 
maintenance checklist).  

2) Site vegetation should be maintained as follows: 

3) Vegetation, large shrubs, or trees that limit access or interfere with basin operation 
should be pruned or removed.  

4) Slope areas that have become bare should be revegetated and eroded areas should be 
regraded prior to being revegetated. 

5) Grass should be mowed to 4”-9” high and grass clippings should be removed.          

6) Fallen leaves and debris from deciduous plant foliage should be raked and removed.    

7) Invasive vegetation, such as Alligatorweed (Alternanthera philoxeroides), Halogeton 
(Halogeton glomeratus), Spotted Knapweed (Centaurea maculosa), Giant Reed 
(Arundo donax), Castor Bean (Ricinus communis), Perennial Pepperweed (Lepidium 
latifolium), and Yellow Starthistle (Centaurea solstitalis) should be removed and 
replaced with non-invasive species. Invasive species should never contribute more 
than 25% of the vegetated area. For more information on invasive weeds, including 
biology and control of listed weeds, look at the encycloweedia located at the 
California Department of Food and Agriculture website or the California Invasive 
Plant Council website at www.cal-ipc.org. 

8) Dead vegetation should be removed if it exceeds 10% of area coverage. Vegetation 
should be replaced immediately to maintain cover density and control erosion where 
soils are exposed.  

9) No herbicides or other chemicals should be used to control vegetation. 

10) Sediment buildup exceeding 50% of the forebay capacity should be removed. 
Sediment from the remainder of the basin should be removed when 6 inches of 
sediment accumulates. Sediments should be tested for toxic substance accumulation 
in compliance with current disposal requirements if land uses in the catchment 
include commercial or industrial zones, or if visual or olfactory indications of 
pollution are noticed. If toxic substances are encountered at concentrations 
exceeding thresholds of Title 22, Section 66261 of the California Code of Regulations, 
the sediment must be disposed of in a hazardous waste landfill. 
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11) Following sediment removal activities, replanting, and/or reseeding of vegetation 
may be required for reestablishment.  

Construction Considerations 

The use of treated wood or galvanized metal anywhere inside the facility is prohibited. 
The use of galvanized fencing is permitted if in accordance with the Fencing requirement 
above. 

RB-AR9636



TCM-3 CONSTRUCTED WETLAND 

Technical Guidance Manual for 6-207 July 13, 2011 
Stormwater Quality Control Measures 2011   

TCM-3: Constructed Wetland 

 A constructed treatment wetland is a system consisting of a sediment forebay and one or 
more permanent micro-pools with aquatic vegetation covering a s ignificant portion of 
the basin. Constructed treatment wetlands typically include components such as an inlet 
with energy dissipation, a sediment forebay for settling out coarse solids and to facilitate 
maintenance, a base with shallow sections (1 to 2 f eet deep) planted with emergent 
vegetation, deeper areas or micro pools (3 to 5 feet deep), and a water quality outlet 
structure. The interactions between the incoming stormwater runoff, aquatic vegetation, 
wetland soils, and the associated physical, chemical, and biological unit processes are a 
fundamental part of constructed treatment wetlands.  
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Constructed Wetlands 

Photo Credits: Geosyntec Consultants  

Application 

• Regional detention & 
treatment 

• Roads, highways, parking lots, 
commercial, residential 

• Parks, open spaces, and golf 
courses 

Preventative Maintenance 

• inspected at a m inimum 
annually and inspections after 
major storm events  

• Pruned or remove vegetation, 
large shrubs, or trees that 
limit access or interfere with 
basin operation  

• Remove sediment buildup at 
inlets and outlets 
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Limitations 

• In theory, there are no limitations on the tributary area size draining to a 
constructed treatment wetland; however, constructed treatment wetlands usually 
require considerable land area. Typically, treatment wetlands capture runoff from 
tributary areas larger than 10 acres and less than 10 square miles. Smaller 
“pocket” wetlands can be feasible in areas where space is restricted. 

• If the constructed treatment wetland is not used for flow control, the wetland 
must not interfere with flood control functions of existing conveyance and 
detention structures. 

• Constructed treatment wetlands should not be permitted in areas with site slopes 
greater than 7% or within 200 feet (on the uphill side) of a steep slope hazard 
area or a mapped landslide area unless a geotechnical investigation and report is 
completed by a licensed civil engineer.  

• Constructed treatment wetlands require a regular source of water (base flow) to 
maintain wetland vegetation and associated treatment processes. If adequate 
base flow is not available year-round, supplemental water may be needed during 
the summer months to maintain adequate base flow.  

Design Criteria  

The main challenge associated with constructed treatment wetlands is maintaining base 
flow to support vegetation. Constructed wetlands should be designed according to the 
requirements listed in Table 6-25 and outlined in the section below. Constructed wetland 
BMP sizing worksheets are presented in Appendix E.  

Table 6-25: Constructed Wetland Design Criteria 

Design Parameter Unit Design Criteria 

Stormwater quality 
design volume, SQDV 

acre-feet 
See Section 2 and Appendix E for calculating 
SQDV. 

Permanent pool volume % 75% of SQDV 

Drawdown time for 
extended detention 
(over permanent pool) 

hours 48 ; 12 for 50% SQDV (minimum)  

Sediment forebay 
volume 

% 30 to 50% of permanent pool surface area 

Depth of sediment 
forebay 

feet 2-4 (1 foot of sediment storage required) 

Wetland zone volume % 50-70% of permanent pool surface area 

Depth of wetland basin feet 0.5 to 1.0 (30 to 50% should be 0.5 feet deep) 
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Design Parameter Unit Design Criteria 

Wetland (littoral zone) 
bottom slope 

% 10 maximum 

Maximum residence 
time 

Days 7 (dry weather) 

Freeboard (minimum) inches 12  

Flow path length to 
width ratio  

L:W 2:1, larger preferred 

Side slope (maximum) H:V 4:1 Interior; 3:1 Exterior 

Vegetation Type -- Varies see vegetation section below 

Vegetation Height -- Varies see vegetation section below 

Buffer zone (minimum) feet 25 

Minimum outflow device 
diameter 

inches 18 

 

Sizing  

In most cases, the constructed treatment wetland permanent pool should be sized to be 
greater than or equal to the stormwater quality design volume. If extended detention is 
provided above the permanent pool and the wetland is designed for water quality 
treatment only, then the permanent pool volume should be a minimum of 80 percent of 
the stormwater quality design volume and the surcharge volume (above the permanent 
pool) should make up the remaining 20 percent and provide at least 12 hours of 
detention. If extended detention is provided and the basin is designed for water quality 
treatment and peak flow attenuation, then the permanent pool volume should be equal 
to the water quality treatment volume and the surcharge volume should be sized to 
attenuate peak flows to meet the peak runoff discharge requirements. The extended 
detention portion of the wetland above the permanent pool, if provided, functions like a 
dry extended detention (ED) basin (see VEG-5: Dry Extended Detention Basin). 

Step 1: Calculate the design volume 

Constructed wetlands shall be sized to be greater than or equal to the SQDV volume (see 
Section 2 and Appendix E). 

Step 2: Determine the Wetland Location, Wetland Type and Preliminary Geometry 
Based on Site Constraints 

Based on site constraints, determine the wetland geometry and the storage available by 
developing an elevation-storage relationship for the wetland.  T he equations provided 
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below assume a trapezoidal geometry for cell 1 (Forebay) and cell 2, and assumes that 
the wetland does not have extended detention.   

1) Calculate the width of the wetland footprint, Wtot, as follows: 

tot

tot
tot L

AW =    (Equation 6-81) 

Where: 

Atot =  total surface area of the wetland footprint (ft2) 

Ltot =  total length of the wetland footprint (ft) 

2) Calculate the length of the water quality volume surface area including the internal 
berm but excluding the freeboard, Lwq-tot: 

fbtottotwq ZdLL 2−=−  (Equation 6-82) 

Where: 

Z  =  interior side slope as length per unit height  

dfb  =  freeboard depth 

3) Calculate the width of the water quality volume surface area including the internal 
berm but excluding freeboard, Wwq-tot: 

fbtottotwq ZdWW 2−=−   (Equation 6-83) 

4) Calculate the total water quality volume surface area including the internal berm and 
excluding freeboard, Awq-tot: 

totwqtotwqtotwq WLA −−− ×=  (Equation 6-84) 

5) Calculate the area of the berm, Aberm: 

bermbermberm LWA ×=  (Equation 6-85) 

Where: 

Wberm =  width of the internal berm 

Lberm =  length of the internal berm 

6) Calculate the water quality surface area excluding the internal berm and freeboard, 
Awq: 
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bermtotwqwq AAA −= =  (Equation 6-86) 

Step 3: Determine Dimensions of Forebay 

30-50% of the SQDV is required to be within the active volume of forebay.   

1) Calculate the active volume of forebay, V1: 

100
% 1

1
VSQDVV ×

=
 (Equation 6-87) 

Where: 

%V1 =  percent of SQDV in forebay (%) 

2) Calculate the surface area for the active volume of forebay, A1: 

1

1
1 d

VA =
   (Equation 6-88) 

Where: 

d1 =  average depth fo rhte active volume of forebay (2 -4 ft) 
(ft) 

3) Calculate the length of forebay, L1.  N ote, inlet and outlet should be configured to 
maximize the residence time. 

1

1
1 W

AL =     (Equation 6-89) 

Where: 

W1 = width of forebay (ft), W1 = Wav-tot = Lberm 

Step 4: Determine Dimensions of Cell 2 

Cell 2 will consist of the remainder of the basin’s active volume. 

1) Calculate the active volume of Cell 2, V2: 

12 VSQDVV −=   (Equation 6-90) 

2) Calculate the surface area of Cell 2, A2: 

12 AAA wq −=    (Equation 6-91) 

3) Calculate the top length of Cell 2, L2:  
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2

2
2

W
AL =    (Equation 6-92) 

Where: 

W2 =  width of Cell 2 (ft), W2 = W1 = Wwq-tot = Lberm 

4) Verify that the length-to-width ratio of Cell 2, LW2,  is at least 3:1 with ≥ 4:1 preferred. 
If the length-to-width ratio is less than 3:1, modify input parameters until a ratio of at 
least 3:1 is achieved. If the input parameters cannot be modified as a result of site 
constraints, another site for the pond should be chosen. 

2

2
2

W
LLW =     (Equation 6-93) 

5) Calculate the very shallow zone surface area, Avs: 

100
%2 vs

vs
AAA •

=    (Equation 6-94) 

Where: 

%Avs =  percent of surface area of very shallow zone 

6) Calculate the volume of the shallow zone, Vvs: 

vsvsvs dAV •=   (Equation 6-95) 

Where: 

dvs =  average depth of the very shallow zone (0.1 – 1 ft) 

7) Calculate the length of the very shallow zone, Lvs: 

vs

vs
vs

W
AL =     (Equation 6-96) 

Where: 

Wvs =  width of the very shallow zone (ft), Wvs = W2 

8) Calculate the surface area of the shallow zone, As: 

100
%2 s

s
AAA •

=    (Equation 6-97) 

Where: 
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%As =  percent of surface area of shallow zone 

9) Calculate the volume of the shallow zone, Vs: 

sss dAV •=   (Equation 6-98) 

Where: 

ds =  average depth of shallow zone (1 - 3 ft) 

10) Calculate length of the shallow zone, Ls: 

s

s
s

W
AL =     (Equation 6-99) 

Where: 

Ws =  width of the shallow zone (ft), Ws = W2 

11) Calculate the surface area of the deep zone, Adeep: 

svsdeep AAAA −−= 2   (Equation 6-100) 

12) Calculate the volume of the deep zone, Vdeep: 

svsdeep VVVV −−= 2   (Equation 6-101) 

13) Calculate the average depth of the deep zone (3-5 ft), ddeep: 

deep

deep
deep

A
Vd =     (Equation 6-102) 

14) Calculate length of the deep zone, Ldeep: 

deep

deep
deep

W
AL =     (Equation 6-103) 

Where: 

Wdeep =  width of the deep zone (ft), Wdeep = W2 

Step 5: Ensure design requirements and site constraints are achieved 

Check design requirements and site constraints. Modify design geometry until 
requirements are met. If the chosen site for the basin is inadequate to meet the design 
requirements, choose a new location or alternative treatment BMP. 
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Step 6: Size Outlet Structure 

For wetlands with detention, the outlet structures should be designed to provide 12 
hours emptying time for the water quality volume or the required detention necessary for 
achieving the peak runoff discharge requirements if the extended detention is designed 
for flow attenuation. 

The wetland outlet pipe should be sized, at a minimum, to pass flows greater than the 
stormwater quality design peak flow for on-line basins or flows greater than the peak 
runoff discharge rate for the 100-year, 24-hr design storm for on-line basins. 

Step 7: Determine Emergency Spillway Requirements 

For online basins, an emergency overflow spillway should be sized to pass flows greater 
than the design peak runoff discharge rate for the 100-yr, 24-hr storm in order to 
prevent overtopping of the walls or berms in the event that a blockage of the riser occurs. 
For offline basins, an emergency spillway or riser should be sized to pass the 100-yr, 24-
hr post-development peak storm water runoff discharge rate directly to the downstream 
conveyance system or another acceptable discharge point. For sites where the emergency 
spillway discharges to a steep slope, an emergency overflow riser, in addition to the 
spillway should be provided. 

Sizing and Geometry 

In most cases, the constructed treatment wetland permanent pool should be sized to be 
greater than or equal to the stormwater quality design volume. If extended detention is 
provided above the permanent pool and the wetland is designed for water quality 
treatment only, then the permanent pool volume should be a minimum of 80 percent of 
the stormwater quality design volume and the surcharge volume (above the permanent 
pool) should make up the remaining 20 percent and provide at least 12 hours of 
detention. If extended detention is provided and the basin is designed for water quality 
treatment and peak flow attenuation, then the permanent pool volume should be equal 
to the water quality treatment volume and the surcharge volume should be sized to 
attenuate peak flows to meet the peak runoff discharge requirements. A constructed 
treatment wetland design worksheets are presented in Appendix E. The extended 
detention portion of the wetland above the permanent pool, if provided, functions like a 
dry extended detention (ED) basin (see TCM-1: Dry Extended Detention Basin). 

1) Constructed treatment wetlands should consist of at least two cells including a 
sediment forebay and a wetland basin. 

2) The sediment forebay must contain between 10 and 20 percent of the total basin 
volume. 

3) The depth of the sediment forebay should be between 4 and 8 feet. 

4) One foot of sediment storage should be provided in the sediment forebay. 
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5) The “berm” separating the two basins should be uniform in cross-section and shaped 
such that its downstream side gradually slopes to the main wetland basin. 

6) The top of berm should be either at the stormwater quality design water surface or 
submerged 1 foot below the stormwater quality design water surface, as with wet 
retention basins. Correspondingly, the side slopes of the berm should meet the 
following criteria: 

a. If the type of the berm is at the stormwater quality design water surface, the 
berm side slopes should be no steeper than 4H:1V. 

b. If the top of berm is submerged 1 foot, the upstream side slope may be a max 
of 3H:1V.  

7) The constructed treatment wetlands should be designed with a “naturalistic” shape 
and a range of depths intermixed throughout the wetland basin to a maximum of 5 
feet.  

Depth Range (feet) Percent by Area 

0.1 to 1 15 

1 to 3 55 

3 to 5 30 

 

8) The flowpath length-to-width ratio should be a minimum of 2:1, but preferably at 
least 4:1 or greater. Intent: a high flow path length to width ratio will maximize fine 
sediment removal.  

9) The minimum freeboard should be 1 foot above the maximum water surface 
elevation for on-line basins (2 feet preferable) and 1 foot above the maximum water 
surface elevation for on-line basins. 

10) Wetland pools should be designed such that the residence time for dry weather flows 
is no greater than 7 days. Intent:  Minimize vector and stagnation issues. 

Water Supply  

Water balance calculations should be provided to demonstrate that adequate water 
supply will be present to maintain a p ermanent pool of water during a drought year 
when precipitation is 50% of average for the site. Water balance calculations should 
include evapotranspiration, infiltration, precipitation, spillway discharge, and dry 
weather flow (where appropriate).  

Where water balance indicates that losses will exceed inputs, a source of water should be 
provided to maintain the wetland water surface elevation throughout the year. The water 
supply should be of sufficient quantity and quality to not have an adverse impact on the 
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wetland water quality. Water that meets drinking water standards should be assumed to 
be of sufficient quality. 

Soils Considerations 

1) Implementation of constructed treatment wetlands in areas with high permeability 
soils (>0.1 in/hr) requires liners to increase the chances of maintaining permanent 
pools and/or micro-pools in the basin. Liners can be either synthetic materials or 
imported lower permeability soils (i.e., clays). The water balance assessment should 
determine whether a liner is required. The following conditions can be used as a 
guideline.  

2) The wetland basin should retain water for at least 10 months of the year. 

3) The sediment forebay should retain at least 3 feet of water year-round. 

4) Many wetland plants can adapt to periods of summer drought, so a limited drought 
period is allowed in the wetland basin. This may allow for a soil liner rather than a 
geosynthetic liner. The sediment forebay should retain water year-round for 
presettling to be effective. 

5) If low permeability soils are used for the liner, a minimum of 18 inches of native soil 
amended with good topsoil or compost (one part compost mixed with 3 parts native 
soil) should be placed over the liner (see soil amendment Section 5.10). If a synthetic 
material is used, a soil depth of 2 feet is recommended to prevent damage to the liner 
during planting.  

Buffer Zone 

A minimum of 25 feet buffer should be provided around the top perimeter of the 
constructed treatment wetlands. 

Energy Dissipation   

1) The inlet to the constructed treatment wetland should be submerged with the inlet 
pipe invert a minimum of two feet from the cell bottom (not including sediment 
storage). The top of the inlet pipe should be submerged at least 1 foot, if possible. 
Intent: the inlet is submerged to dissipate energy of the incoming flow. The distance 
from the bottom is set to minimize resuspension of settled sediments. Alternative 
inlet designs that accomplish these objectives are acceptable.  

2) Energy dissipation controls must also be used at the outlet/spillway from the 
constructed treatment wetlands unless the wetland discharges to a stormwater 
conveyance system or hardened channel.  
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Vegetation  

1) The wetland cell(s) should be planted with emergent wetland plants following the 
recommendations of a wetlands specialist. 

2) Landscaping outside of the basin is required for all constructed wetlands and should 
adhere to the following criteria so as not to hinder maintenance operations:   

a. No trees or shrubs may be planted within 15 feet of inlet or outlet pipes or 
manmade drainage structures such as spillways, flow spreaders, or earthen 
embankments. Species with roots that seek water, such as willow or poplar, 
should not be used within 50 feet of pipes or manmade structures. Weeping 
willow (Salix babylonica) should not be planted in or near detention basins.  

b. Prohibited non-native plant species will not be permitted. For more 
information on invasive weeds, including biology and control of listed weeds, 
look at the encycloweedia located at the California Department of Food and 
Agriculture website or the California Invasive Plant Council website at 
www.cal-ipc.org. 

3) Project-specific planting recommendations should be provided by a wetland ecologist 
or a q ualified landscape professional including recommendations on appropriate 
plants, fertilizer, mulching applications, and irrigation requirements (if any) to 
ensure healthy vegetation growth.  

Outlet Structure  

An outlet pipe and outlet structure should be provided. The outlet pipe may be a 
perforated standpipe strapped to a manhole or placed in an embankment, suitable for 
extended detention, or may be back-sloped to a catch basin with a grated opening (jail 
house window) or manhole with a cone grate (birdcage). The grate or birdcage openings 
provide an overflow route should the basin outlet pipe become clogged.  The outlet 
should be protected from clogging by a skimmer shield that starts at the bottom of the 
permanent pool and extends above the SQDV depth.  A trash rack is also required.  

For wetlands with detention, the outlet structures should be designed to provide 12 
hours emptying time for the water quality volume or the required detention necessary for 
achieving the peak runoff discharge requirements if the extended detention is designed 
for flow attenuation. 

The wetland outlet pipe should be sized, at a minimum, to pass flows greater than the 
stormwater quality design peak flow for on-line basins or flows greater than the peak 
runoff discharge rate for the 100-year, 24-hr design storm for on-line basins. 

See the dry extended detention section (see ST-1: Dry Extended Detention Basin) and 
Appendix E for further detail on outlet sizing.  
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Emergency Spillway 

An emergency overflow spillway in addition to the primary overflow outlet (as described 
above) is required. The emergency spillway should be sized for flows greater than the 
peak 100-year 24-hour storm if the basin is designed on-line or, if the basin is designed 
on-line, the spillway should be sized for flows greater than the basin design volume (e.g., 
stormwater quality design volume). The spillway provide for adequate energy dissipation 
downstream. The spillway should allow for at least 12 inches of freeboard above the 
emergency overflow water surface elevation if the basin is on-line. If the basin is on-line, 
2 feet of freeboard is preferable.  

Spillways shall meet the California Department of Water Resources, Division of Safety of 
Dams Guidelines for the Design and Construction of Small Embankment Dams 
(http://damsafety.water.ca.gov/docs/GuidelinesSmallDams.pdf). Intent: Emergency 
overflow spillways are intended to control the location of basin overtopping and safely 
direct overflows back into the downstream conveyance system or ot her acceptable 
discharge point. 

On-line Basins 

1) On-line basins must have an emergency overflow spillway to prevent overtopping of 
walls or berms should blockage of the primary outlet occur based on a downstream 
risk assessment. 

2) The overflow spillway must be sized to pass flows greater than the design peak runoff 
discharge rate for the 100-yr, 24-hr storm.  

3) The minimum freeboard should be 1 foot (but preferably at least 2 feet) above the 
maximum water surface elevation over the emergency spillway. 

Off-line Basins 

1) Off-line basins must have either an emergency overflow spillway or an emergency 
overflow riser. The emergency overflow must be designed to pass the 100-yr 24-hr 
post-development peak stormwater runoff discharge rate (see Appendix E for further 
detail) directly to the downstream conveyance system or another acceptable 
discharge point. Where an emergency overflow spillway would discharge to a steep 
slope, an emergency overflow riser, in addition to the spillway should be provided.  

2) The emergency overflow spillway should be armored to withstand the energy of the 
spillway flows. The spillway should be constructed of grouted rip-rap.  

3) The minimum freeboard should be 1 foot above the maximum water surface 
elevation over the emergency spillway. 
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Side Slopes 

1) Interior side slopes above the stormwater quality design depth and up to the 
emergency overflow water surface steeper than 4:1 (H:V) should be stabilized to 
prevent erosion with a method approved by the local permitting authority.  

2) Exterior side slopes steeper than 2:1 (H:V) should be stabilized to prevent erosion 
with a method approved by the local permitting authority. 

3) For any slope (interior or exterior) greater than 2:1 (H:V), a geotechnical 
investigation and report must be submitted and approved by the local permitting 
authority.  

4) Landscaped slopes should be no steeper than 3:1 (H:V) to allow for maintenance.  

5) Basin walls may be vertical retaining walls, provided: (a) they are constructed of 
reinforced concrete, (b) a fence is provided along the top of the wall (see fencing 
below) or further back, and (c) the design is stamped by a licensed civil engineer and 
approved by the local permitting authority.  

Embankments 

1) Earthworks and berm embankments should be performed in accordance with the 
latest edition of the “Greenbook Standard Specifications for Public Works 
Construction”.   

2) Embankments are earthen slopes or berms used for detaining or redirecting the flow 
of water.  

3) Top of berm should be 2 feet minimum below the stormwater quality design water 
surface and should be keyed into embankment a minimum of 1 foot on both sides.  

4) Typically, the top width of berm embankments are at least 20 f eet, but narrower 
embankments may be plausible if approved by the civil engineer and the local 
permitting authority.  

5) Basin berm embankments should be constructed on native consolidated soil (or 
adequately compacted and stable fill soils analyzed by a licensed civil engineer) free 
of loose surface soil materials, roots, and other organic debris.  

6) Basin berm embankments greater than 4 feet in height should be constructed by 
excavating a key equal to 50% of the berm embankment cross-sectional height and 
width. This requirement may be waived if specifically recommended by a licensed 
civil engineer.  

7) The berm embankment should be constructed of compacted soil (95% minimum dry 
density, modified proctor method per ASTM D1557), placed in 6-inch lifts.  
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8) Low growing native or non-invasive perennial grasses should be planted on 
downstream embankment slopes. See vegetation section below.  

Fencing 

Safety is provided either by fencing of the facility or by managing the contours of the 
basin to eliminate drop-offs and other hazards.  

1) Provide fencing in accordance with the local permitting agency’s requirements 
Perimeter fencing (minimum height of 42 inches) should be required on all basins 
exceeding two feet in depth or where interior side slopes are steeper than 6:1 (H:V).  

2) If fences are required, fences should be designed and constructed in accordance with 
current policies of the local permitting agency and should be located at or above the 
overflow water surface elevation. Shrubs (approved, California-adapted species) can 
be used to hide the fencing. See vegetation section above.  

Right-of-Way  

1) Constructed treatment wetlands and associated access roads to be maintained by a 
public agency should be dedicated in fee or in an easement to the public agency with 
appropriate access.  

Maintenance Access 

1) Ownership of the basin and maintenance thereof is the responsibility of the 
developer/applicant. A maintenance agreement is required to ensure adequate 
performance and allow emergency access to the facilities. 

2) Maintenance access road(s) should be provided to the control structure and other 
drainage structures associated with the basin (e.g., inlet, emergency overflow or 
bypass structures). Manhole and catch basin lids should be in or at the edge of the 
access road. 

3) An access ramp into the basin should be constructed near the basin outlet. An access 
ramp is required for removal of sediment with a backhoe or loader and truck. The 
ramp should extend to the basin bottom to avoid damage to vegetation planted on 
the basin slope. 

4) All access ramps and roads should be provided in accordance with the current 
policies of the Flood Control District. 

Vector Control 

1) A Mosquito Management Plan or Service Contract should be approved or waived by 
the local Vector Control District for any facility that maintains a pool of water for 72 
hours or more. 
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Construction Considerations 

The use of treated wood or galvanized metal anywhere inside the facility is prohibited. 
The use of galvanized fencing is permitted if in accordance with the Fencing requirement 
above.  

Operations and Maintenance 

Maintenance is of primary importance if constructed treatment wetlands basins are to 
continue to function as originally designed. A specific maintenance plan shall be 
formulated for each facility outlining the schedule and scope of maintenance operations, 
as well as the data handling and reporting requirements. The following are general 
maintenance requirements: 

1) The constructed treatment wetlands basin should be inspected twice annually or 
more frequently, and inspections after major storm events are encouraged (see 
Appendix I for a c onstructed treatment wetland inspection and maintenance 
checklist). Trash and debris should be removed as needed, but at least annually prior 
to the beginning of the wet season. 

2) Site vegetation should be maintained as frequently as necessary to maintain the 
aesthetic appearance of the site and to prevent clogging of outlets, creation of dead 
volumes, and barriers to mosquito fish to access pooled areas, and as follows: 

3) Vegetation, large shrubs, or trees that limit access or interfere with basin operation 
should be pruned or removed.  

4) Slope areas that have become bare should be revegetated and eroded areas should be 
regraded prior to being revegetated. 

5) Invasive vegetation, such as Alligatorweed (Alternanthera philoxeroides), Halogeton 
(Halogeton glomeratus), Spotted Knapweed (Centaurea maculosa), Giant Reed 
(Arundo donax), Castor Bean (Ricinus communis), Perennial Pepperweed (Lepidium 
latifolium), and Yellow Starthistle (Centaurea solstitalis) should be removed and 
replaced with non-invasive species. Invasive species should never contribute more 
than 25% of the vegetated area. For more information on invasive weeds, including 
biology and control of listed weeds, look at the encycloweedia located at the 
California Department of Food and Agriculture website or the California Invasive 
Plant Council website at www.cal-ipc.org.  

6) Dead vegetation should be removed if it exceeds 10% of area coverage. This does not 
include seasonal die-back where roots would grow back later in colder areas. 
Vegetation should be replaced immediately to maintain cover density and control 
erosion where soils are exposed.  

7) Sediment buildup exceeding 6 inches over the storage capacity in the first cell should 
be removed. Sediments should be tested for toxic substance accumulation in 
compliance with current disposal requirements if land uses in the catchment include 
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commercial or industrial zones, or if visual or olfactory indications of pollution are 
noticed. If toxic substances are encountered at concentrations exceeding thresholds 
of Title 22, Section 66261 of the California Code of Regulations, the sediment must 
be disposed of in a hazardous waste landfill. Clean forebay every two years at a 
minimum, to avoid accumulation in main wetland area.  Environmental regulations 
and permits may be involved with the removal of wetland deposits.  When the main 
wetland area needs to be cleaned, it is suggested that the main area be cleaned one 
half at a time with at least one growing season in between cleanings.  This will help to 
preserve the vegetation and enable the wetland to recover more quickly from the 
cleaning. 

8) Repair erosion to banks and bottom as required. 

9) Inspect outlet for clogging a minimum of twice a year, before and after the rainy 
season, after large storms, and more frequently if needed.  C orrect observed 
problems as necessary. 

10) Following sediment removal activities, replanting, and/or reseeding of vegetation 
may be required for reestablishment. 
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TCM-4: Sand Filters 

Sand filters operate much like bioretention facilities; however, instead of filtering 
stormwater through engineered soils, stormwater is filtered through a constructed sand 
bed with an underdrain system. Runoff enters the filter and spreads over the surface. As 
flows increase, water backs up on the surface of the filter where it is held until it can 
percolate through the sand. The treatment pathway is vertical (downward through the 
sand) to a perforated underdrain system that is connected to the downstream storm 
drainage system or to an infiltration facility. As stormwater passes through the sand, 
pollutants are trapped in the small pore spaces between sand grains or are adsorbed to 
the sand surface.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Application 

• Adjacent to parking lots 

• Road medians and shoulders 

• Within open areas or play fields 

 

Preventative Maintenance 

• Remove trash and debris, minor 
sediment accumulation, and 
obstructions near inlet and 
outlet structures 

• Replace top 2” – 4” of sand 

• Mow or weed surface of filter 

Sand filters connected to impervious surfaces 

Photo Credits: Geosyntec Consultants  
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Limitations 

Limitations for sand filters include:  

• The sand filter should be located away from trees producing leaf litter or areas 
contributing significant eroded sediment to prevent clogging. 

• Sand filters are should not be used in areas where heavy sediment loads are 
expected or in tributary areas that are not fully stabilized; high sediment loading 
rates may cause premature clogging of the filter. Pretreatment is essential. 

• Site must have adequate relief between land surface and stormwater conveyance 
system to permit vertical percolation through the sand filter and collection and 
conveyance in the underdrain to stormwater conveyance system; four feet of 
elevation difference is recommended between the inlet and outlet of the filter. 

• Not applicable in areas of high groundwater. 

• Does not provide quantity control. 

Design Criteria  

The main challenge associated with sand filters is maintaining the filtration capacity, 
which is critical to the performance of this BMP. If flows entering the sand filter have 
high sediment concentrations, clogging of the sand filter is likely. Contribution of eroded 
soils or leaf litter may also reduce the infiltration and associated treatment capacity of 
the structure. Sand filters should be designed according to the requirements listed in 
Table 6-26 and outlined in the section below. BMP sizing worksheets are presented in 
Appendix E.  

Table 6-26: Sand Filter Design Criteria 

Design Parameter Unit Design Criteria 

Stormwater quality 
design volume, SQDV 

acre-feet See Section 2 and Appendix E for calculating SQDV. 

Max depth at SQDV feet 3 

Freeboard (minimum) feet 1 

Length to width ratio L:W 2:1 (larger preferred) 

Filter bed depth inches 18 inches sand; 9 inches gravel  

Max ponding depth 
above filter bed 

feet 6 

Drawdown time Hours ? 
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Design Parameter Unit Design Criteria 

Hydraulic conductivity of 
sand, k 

in/hr 1 (equal to 2 ft/day) 

Underdrains  6 inch minimum diameter; 0.5% minimum slope 

Side slopes H:V 
4:1  (H:V) interior and 3:1 (H:V) exterior, unless 
stabilization has been approved by a licensed 
geotechnical engineer; or vertical concrete walls 

 

Pretreatment 

Pretreatment must be provided for sand filters in order to reduce the sediment load 
entering the filter. Pretreatment refers to design features that provide settling of large 
particles before runoff reaches the filter, easing the long-term maintenance burden. To 
ensure that pretreatment mechanisms are effective, designers shall incorporate 
pretreatment such as a biofiltration BMP, proprietary device, or sedimentation forebay. 
BMPs that are described in the 2011 TGM that may serve this purpose include:  

For design specification of selected pre-treatment devices, refer to: 

• VEG-3: Vegetated swale 

• VEG-4: Vegetated filter strip 

• PROP-1: Hydrodynamic separation device 

Sizing Criteria 

Background 

Sand filter design is based on Darcy’s law: 

KiAQ =    (Equation 6-104) 

Where: 

Q = water quality design flow (cfs) 

K = hydraulic conductivity (fps)  

A = surface area perpendicular to the direction of flow (ft2) 

i = hydraulic gradient (ft/ft) for a constant head and constant 
media depth, computed as follows: 

l
lhi +

=
   (Equation 6-105) 
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Where:   

h  = average depth of water above the filter (ft), defined for 
this design as d/2 

d  = maximum storage depth above the filter (ft) 

l  = thickness of sand media (ft) 

Darcy’s law underlies both the simple and the routing methods of design.  The filtration 
rate V, or more correctly, 1/V, is the direct input in the sand filter design.  T he 
relationship between the filtration rate V and hydraulic conductivity K is revealed by 
equating Darcy’s law and the equation of continuity, Q = VA.  Specifically: 

KiAQ =  and VAQ =   

So,  KiAVA =   

Or: KiV =   (Equation 6-106) 

Where, 

V = filtration rate (ft/s) 

Note that V ≠ K.  That is, the filtration rate is not the same as the hydraulic conductivity, 
but they do have the same units (distance per time).  K can be equated to V  by dividing V  
by the hydraulic gradient i, which is defined above. 

The hydraulic conductivity K does not change with head nor is it dependent on the 
thickness of the media, only on the characteristics of the media and the fluid.  A design 
hydraulic conductivity of 1 inch per hour (2 feet per day) used in this simple sizing 
method is based on bench-scale tests of conditioned rather than clean sand (KCSWDM, 
2005) and represents the average sand bed condition as silt is captured and held in the 
sand bed. 

Unlike the hydraulic conductivity, the filtration rate V changes with head and media 
thickness, although the media thickness is constant in the sand filter design.   

Simple Sizing Method 

The simple sizing method does not route flows through the filter.  It determines the size 
of the filter based on the simple assumption that inflow is immediately discharged 
through the filter as if there were no storage volume.  An  adjustment factor (0.7) is 
applied to compensate for the greater filter size resulting from this method.  Even with 
the adjustment factor, the simple method generally produces a larger filter size than the 
routing method. 
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Step 1: Determine the water quality design volume 

Sand filters should be sized to capture and treat the stormwater quality design volume 
(see Section E.1).   

Step 2: Determine maximum storage depth of water   

Determine the maximum water storage depth (d) above the sand filter.  T his depth is 
defined as the depth at which water begins to overflow the reservoir pond, and it 
depends on the site topography and hydraulic constraints.  The depth is chosen by the 
designer, but should be 6 feet or less. 

Step 3: Calculate the sand filter area 

Determine the sand filter area using the following equation: 

)( LhKt
RLV

A wq
sf +
=   (Equation 6-107) 

Where, 

Asf = surface area of the sand filter bed (ft2) 

Vwq = water quality design volume (ft3) 

R = routing adjustment factor (use R = 0.7) 

L = sand bed depth (ft) 

Kdes = design hydraulic conductivity of media (use 2 ft/day) 

t = drawdown time (use 1 day) 

h = average depth of water above the filter (ft), [use (d/2) 
with d from Step 2] 

Routing Method 

A continuous runoff model, such as US EPA’s Stormwater Management Model (SWMM) 
Model, can be used to optimally size a sand filter.  A continuous simulation model 
consists of three components: a representative long term period of rainfall data (≈ 20 
years or greater) as the primary model input; a model component representing the 
tributary area to the sand filter that takes into account the amount of impervious area, 
soil types of the pervious area, vegetation, evapotranspiration, etc.; and a c omponent 
that simulates the sand filter.  Using this method, the filter should be sized to capture 
and treat the WQ design volume from the post-development tributary area. 
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The continuous simulation model routes predicted tributary runoff to the sand filter, 
where treatment is simulated as a function of the infiltrative (flow) capacity of the sand 
filter and the available storage volume above the sand filter.  I n a c ontinuous runoff 
model such as SWMM, the physical parameters of the sand filter are represented with 
stage-storage-discharge relationships.  Due to the computational power of ordinary 
desktop computers, long-term continuous simulations generally take only minutes to 
run.  This allows the modeler to run several simulations for a range of sand filter sizes, 
varying either the surface area of the filter (and resulting flow capacity) or the storage 
capacity above the sand filter, or both.  Sufficient continuous model simulations should 
be completed so that results encompass the WQ design volume capture goal. 

Model results should be plotted for both varying storage depths above the filter and for 
varying filter surface area (and resulting flow capacity) while keeping all other 
parameters constant.  The resulting relationship of percent capture as a function of sand 
filter flow and storage capacity can be used to optimally size a sand filter based on site 
conditions and restraints. 

In addition to continuous simulation modeling, routing spreadsheets and/or other forms 
of routing modeling that incorporate rainfall-runoff relationships and infiltrative (flow) 
capacities of sand filters may be used to size facilities.  Alternative sizing methodologies 
should be prepared with good engineering practices. 

Sizing and Geometry 

1) Sand filters shall be sized to capture and filter the Stormwater quality design volume, 
SQDV (See Section 2 and Appendix E for further detail).   

2) Sand filters may be designed in any geometric configuration, but rectangular with a 
2:1 length-to-width ratio or greater is preferred. 

3) Filter bed depth must be at least 24 inches, but 36 inches is preferred.  

4) Depth of water storage over the filter bed should be 6 feet maximum.  Minimum 
freeboard is one foot. 

5) Sand filters should be placed off-line to prevent scouring of the filter bed by high 
flows. The overflow structure must be designed to pass the stormwater quality design 
storm. 

Sand Specification 

Ideally the effective diameter of the sand, d10 (the diameter corresponding to the sieve 
size that passes 10% of sand grains), should be just small enough to ensure a g ood 
quality effluent while preventing penetration of stormwater particles to such a depth that 
they cannot be removed by surface scraping (~2-3 inches). This effective diameter 
usually lies in the range 0.20-0.35 mm. In addition, the coefficient of uniformity, Cu = 
d60/d10, should be less than 3.  
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The sand in a filter should consist of medium sand with few fines meeting ASTM C 33 
size gradation (by weight) or equivalent as given in the table below.  

U.S. Sieve Size Percent Passing 

3/8 inch 100 
U.S. No. 4 95 to 100 
U.S. No. 8 80 to 100 

U.S. No. 16 50 to 85 
U.S. No. 30 25 to 60 
U.S. No. 50 5 to 30 

U.S. No. 100 Less than 10 

 

Finally, the silica (SiO2) content of the sand should be greater than 95% by weight.  

Underdrain 

1) There are several underdrain system options which can be used in the design of a 
sand filter: 

a. A central underdrain collection pipe with lateral collection pipes in an 8 inch 
minimum gravel backfill or drain rock bed. 

b. Longitudinal pipes in an 8 inch minimum gravel backfill or drain rock bed, 
with a collection pipe at the outfall. 

c. Small sand filters may use a single underdrain pipe in an 8 inch minimum 
gravel backfill or drain rock bed. 

2) All underdrain pipes and connectors should be 6 inches or greater so they can be 
cleaned without damage to the pipe. Clean-out risers with diameters equal to the 
underdrain pipe should be placed at the terminal ends of all pipes and extend to the 
surface of the filter. A valve box should be provided for access to the cleanouts and 
the cleanout assembly should be water tight to prevent short circuiting of the sand 
filter. 

3) The underdrain pipe should be sized and perforated as to ensure free draining of the 
sand filter bed. Round perforations should be at least 1/2-inch in diameter and the 
pipe should be laid with holes downward.  

4) The maximum perpendicular distance between any two lateral collection pipes or 
from the edge of the filter and the collection pipes should be 9 feet. 

5) All pipes should be placed with a minimum slope of 0.5%. 

6) The invert of the underdrain outlet should be above the seasonal high groundwater 
level. 
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7) At least 8 inches of gravel backfill should be maintained over all underdrain piping, 
and at least 6 inches should be maintained on both side and beneath the pipe to 
prevent damage by heavy equipment during maintenance. Either drain rock or gravel 
backfill may be used between pipes. 

8) The bottom gravel layer should have a diameter at least 2X the size of the openings 
into the drainage system. The grains should be hard, preferably rounded, with a 
specific gravity of at least 2.5, and free of clay, debris and organic impurities.  

9) Either a geotextile fabric or a two-inch transition gradation layer (preferred) should 
be placed between the sand layer and the drain rock or gravel backfill layer. If a 
geotextile is used, one inch of drain rock or gravel backfill should be place above the 
fabric. This allows for a transitional zone between sand and gravel and may reduce 
pooling of water at the liner interface. The geotextile should meet the following 
minimum materials requirements. 

Geotextile Property Value Test Method 

Trapezoidal Tear (lbs) 40 (min) ASTM D4533 

Permeability (cm/sec) 0.2 (min) ASTM D4491 

AOS (sieve size) #60 - #70 (min) ASTM D4751 

Ultraviolet resistance 70% or greater ASTM D4355 

 

Flow Spreader 

1) A flow spreader should be installed at the inlet along one side of the filter to evenly 
distribute incoming runoff across the filter and to prevent erosion of the filter 
surface.  

a. If the sand filter is curved or an irregular shape, a flow spreader should be 
provided for a minimum of 20 percent of the filter perimeter. 

b. If the length-to-width ratio of the filter is 2:1 or greater, a flow spreader 
should be located on the longer side and for a minimum length of 20 percent 
of the facility perimeter. 

c. In other situations, use good engineering judgment in positioning the 
spreader. 

2) Erosion protection should be provided along the first foot of the sand bed adjacent to 
the flow spreader. Geotextile weighted with sand bags at 15-foot intervals may be 
used. Quarry spalls may also be used. 
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Vegetation 

1) The use of vegetation in sand filters is optional. However, no top soil should be added 
to the sand filter bed because the fine-grained materials (silt and clay) would reduce 
the hydraulic capacity of the filter. 

2) Growing grass or other vegetation requires the selection of species that can tolerate 
the demanding environment of a sand filter bed. Plants not receiving sufficient dry 
weather flows should be able to withstand long periods of drought during summer 
periods, followed by periods of saturation during storm events. A horticultural 
specialist should be consulted for advice on species selection. 

3) A sod grown in sand may be used on the sand surface as long as there is no clay in the 
sand substrate and the particle size gradation of the substrate meets the sand filter 
specifications. No other sod should be used due to the high clay content in most sod 
soils. 

4) To prevent uses that could compact and damage the filter surface, permanent 
structures are not permitted on sand filters (e.g. playground equipment).  

Emergency Overflow Structure 

Sand filters may only be placed off-line, but an emergency overflow must still be 
provided in the event the filter becomes clogged. The overflow structure must be able to 
safely convey flows from the stormwater quality design storm to the downstream 
conveyance system or other acceptable discharge point. 

Side Slopes 

1) Interior side slopes above the stormwater quality design depth and up to the 
emergency overflow water surface steeper than 4:1 (H:V) should be stabilized to 
prevent erosion with a method approved by the local permitting authority.  

2) Exterior side slopes steeper than 2:1 (H:V) should be stabilized to prevent erosion 
with a method approved by the local permitting authority. 

3) For any slope (interior or exterior) greater than 2:1 (H:V), a geotechnical 
investigation and report must be submitted and approved by the local permitting 
authority.  

4) Pond walls may be vertical retaining walls, provided: (a) they are constructed of 
reinforced concrete, (b) a fence, which prevents access, is provided along the top of 
the wall or further back, and (c) the design is stamped by a licensed civil engineer 
and approved by the County.  
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Embankments 

1) Embankments (earthen slopes or berms) may be used for detaining or redirecting the 
flow of water.  

2) The minimum top width of all berm embankments should be 20 feet, or as approved 
by the geotechnical engineer.  

3) Basin berm embankments should be constructed on native consolidated soil (or 
adequately compacted and stable fill soils analyzed by a l icensed geotechnical 
engineer) free of loose surface soil materials, roots, and other organic debris.  

4) Earthworks should be in accordance with Section 300-6 of the Standard 
Specifications for Public Works Construction, most recent edition.  

5) Basin berm embankments greater than 4 feet in height should be constructed by 
excavating a key equal to 50% of the berm embankment cross-sectional height and 
width. This requirement may be waived if specifically recommended by a licensed 
geotechnical engineer.  

6) The berm embankment should be constructed of compacted soil (95% minimum dry 
density, modified proctor method per ASTM D1557), placed in 6-inch lifts.  

Maintenance Access 

Maintenance access road(s) shall be provided to the control structure and other drainage 
structures associated with the basin (e.g., inlet, emergency overflow or bypass 
structures). Manhole and catch basin lids should be in or at the edge of the access road.  

An access ramp is required for removal of sediment with a backhoe or loader and truck. 
The ramp should extend to the bottom of the sand filter. 

Landscaping Outside of the Facility 

A sand filter can add aesthetics to a site and should be incorporated into a project’s 
landscape design. Interior side slopes may be stepped with flat areas to provide informal 
seating with a g ame or play area below. Perennial beds may be planted above the 
overflow water surface elevation. Large shrubs and trees are not recommended, however, 
as shading limits evaporation and falling leaves can clog the filter surface. If a sand filter 
area is intended for recreational uses, such as a volleyball area, the interior side slopes of 
the filter embankment should be no steeper than 3:1 and may be stepped.  

1) No trees or shrubs may be planted within 10 feet of inlet or outlet pipes or manmade 
drainage structures such as spillways, flow spreaders, or earthen embankments. 
Species with roots that seek water, such as willow or poplar, should not be used 
within 50 feet of pipes or manmade structures.  

2) Prohibited non-native plant species will not be permitted. For more information on 
invasive weeds, including biology and control of listed weeds, look at the 
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encycloweedia  located at the California Department of Food and Agriculture website 
at or the California Invasive Plant Council website at www.cal-ipc.org. 

Operations and Maintenance 

Sand filters are subject to clogging by fine sediment, oil and grease, and other debris 
(e.g., trash and organic matter such as leaves). Filters and pretreatment facilities should 
be inspected every 6 months during the first year of operation. Inspection should also 
occur immediately following a storm event to assess the filtration capacity of the filter. 
Once the filter is performing as designed, the frequency of inspection may be reduced to 
once per year. 

Most of the maintenance should be concentrated on the pretreatment practices, such as 
buffer strips and swales upstream of the trench to ensure that sediment does not reach 
the infiltration trench. Regular inspection should determine if the sediment removal 
structures require preventative maintenance. 

Inspect basin a minimum of twice a year, before and after the rainy season, after large 
storm events, or more frequently if needed.  Some important items to check for include: 
differential settlement, cracking; erosion, leakage, or tree growth on the embankment; 
the condition of the riprap in the inlet, outlet and pilot channels; sediment accumulation 
in the basin; and the vigor and density of the vegetation on the basin side slopes and 
floor.  Correct observed problems as necessary. 

• Remove litter and debris from banks and basin bottom as required. 

• Repair erosion to banks and bottom as required. 

• Check infiltration rate of sand bed twice annually, once after significant rainfall.  

• Scarify top 3 to 5 inches of filters surface by raking once annually or as required 
to restore infiltration rate of the filter. 

• Clean forebay every two years at a minimum, to avoid accumulation in main 
basin. 

• Inspect outlet for clogging a minimum of twice a year, before and after the rainy 
season, after large storms, and more frequently if needed.  C orrect observed 
problems as necessary. 

RB-AR9665

http://www.cdfa.ca.gov/phpps/ipc/encycloweedia/encycloweedia_hp.htm
http://www.cal-ipc.org/


TCM-5: CARTRIDGE MEDIA FILTER 

Technical Guidance Manual for 6-236 July 13, 2011 
Stormwater Quality Control Measures 2011   

TCM-5: Cartridge Media Filter 

Cartridge media filters are manufactured devices that typically consist of a series of 
cylindrical vertical filters contained in a c atch basin, manhole, or vault that provide 
treatment through filtration and sedimentation. The manhole or vault may be divided 
into multiple chambers where the first chamber acts as a pre-settling basin for removal 
of coarse sediment while another chamber acts as the filter bay and houses the filter 
cartridges. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cartridge Media Filters 

Photo Credits: Contech Stormwater Solutions, Inc.  

 

Application 

• Parking lots 

• Roadways 

• Playgrounds 

• Outdoor eating areas 

 

Preventative Maintenance 

• Filter media replacement 

• Solids removal from vault, 
manhole, or catch basin 

• Inspect for inlet and outlet 
for clogging 

    S l ti  I  
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Table 6-27: Proprietary Cartridge Media Filter Manufacturer Websites 

Device Manufacturer Website 

BaySaver BayFilter Baysaver Technologies Inc. www.baysaver.com 

ConTech StormFilter™ 
Contech® Construction 
Products Inc. 

www.contech-cpi.com 

CrystalStream CrystalStream Technologies www.crystalstream.com 
KriStar Fossil Tee™ (media 
filter) 

KriStar Enterprises Inc. www.kristar.com 

KriStar Up-Flo™ Filter and 
Perk™ Filter 

KriStar Enterprises Inc. www.kristar.com 

Limitations 

As with all filtration systems, use in catchments that have significant areas of non-
stabilized soils can lead to premature clogging. 

Design Criteria  

1) Cartridge media filter BMP vendors are constantly updating and expanding their 
product lines, so refer to the latest design guidance from each of the vendors.  

2) Selected filter media should target pollutants of concern. A combination of media is 
often recommended to maximize pollutant removal. Perlite is effective for removing 
TSS and oil and grease. Zeolite removes soluble metals, ammonium, and some 
organics. Vendors also offer proprietary medias (such as leaf compost or activated 
carbon) that are designed to remove soluble metals, organics, and other pollutants. 

3) Manufacturers try to distinguish their products through innovative designs that aim 
at providing self cleaning and draining, uniformly loaded, and clog resistant 
cartridges that functional properly over a wide range of hydraulic loadings and 
pollutant concentrations. 

4) All stormwater vaults containing cartridge filters that have standing water for longer 
than 72 hours can become a breeding area for mosquitoes. The selected BMP should 
have a system to completely drain the vault, such as weep holes in the bottom of the 
vault. 

Sizing 

1) Cartridge media filters should be sized to capture and treat the stormwater quality 
design flow rate.  

2) Proprietary cartridge media filter devices, like most proprietary BMPs, and auxiliary 
components such as media, screens, baffles, and sumps are selected based onsite-
specific conditions such as the loading that is expected and the desired frequency of 
maintenance. Sizing of proprietary devices is reduced to a simple process whereby a 
model can simply be selected from a table or a chart based on a few known quantities 
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(tributary area, location, design flow rate, etc). Most of the manufacturers either size 
the devices for potential clients or offer calculators on their websites that simplify the 
design process. For the latest sizing guidelines, refer to the manufacturer’s website. 
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PT-1: Hydrodynamic Separation Device 

Hydrodynamic separation devices (alternatively, swirl concentrators) are devices that 
remove trash, debris, and coarse sediment from incoming flows using screening, gravity 
settling, and centrifugal forces generated by forcing the influent into a circular motion. 
By having the water move in a circular fashion, rather than a straight line, it is possible to 
obtain significant removal of suspended sediments and attached pollutants with less 
space as compared to wet vaults and other settling devices. Hydrodynamic devices were 
originally developed for combined sewer overflows (CSOs), where they were used 
primarily to remove coarse inorganic solids. Hydrodynamic separation has been adapted 
for stormwater treatment by several manufacturers and is currently used to remove 
trash, debris, and other coarse solids down to sand-sized particles. Several types of 
hydrodynamic separation devices are also designed to remove floating oils and grease 
using sorbent media.  

 
 

 
 

 

 

Application 

• Parking lots 

• Areas adjacent to parking 
lots 

• Areas adjacent to buildings 

• Road medians and shoulders 

 

Preventative Maintenance 

• Sediment, trash and debris 
removal 

• Vector control 

 

Hydrodynamic Separation 

Photo Credits: 1. Contech Stormwater Solutions, Inc.; 
2. Dave Weller, FedCo Construction 
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Table 6-28: Proprietary Hydrodynamic Device Manufacturer Websites 

Device Manufacturer Website 

Rinker In-Line 
Stormceptor® 

Rinker Materials™ www.rinkerstormceptor.com 

FloGard® Dual-Vortex 
Hydrodynamic Separator 

KriStar Enterprises 
Inc. 

www.kristar.com 

Contech® CDSa™ 
Contech® 
Construction 
Products Inc. 

www.contech-cpi.com 

Contech® Vortechs™ 
Contech® 
Construction 
Products Inc. 

www.contech-cpi.com 

Contech® VorSentry™ 
Contech® 
Construction 
Products Inc. 

www.contech-cpi.com 

Contech® VorSentry™ HS 
Contech® 
Construction 
Products Inc. 

www.contech-cpi.com 

BaySaver BaySeparator 
Baysaver 
Technologies Inc. 

www.baysaver.com 

Limitations 

Hydrodynamic separation devices are effective for the removal of course sediment, trash, 
and debris, and are useful as pretreatment in combination with other BMP types that 
target smaller particle sizes.  

Hydrodynamic devices represent a wide range of device types that have different unit 
processes and design elements (e.g., storage versus flow-through designs, inclusion of 
media filtration, etc.) that vary significantly within the category. These design features 
likely have significant effects on BMP performance; therefore, generalized performance 
data for hydrodynamic devices is not practical.  

Design Criteria  

Proprietary hydrodynamic device BMP vendors are constantly updating and expanding 
their product lines, so refer to the latest design guidance from each of the vendors. 
General guidelines on the performance, sizing, operations and maintenance of 
proprietary devices are provided by the vendors. 

Sizing 

Hydrodynamic devices shall be sized to capture and treat the stormwater quality design 
flow rate and to completely drain within 72 hours.  
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Sizing of proprietary devices is reduced to a simple process whereby a model can simply 
be selected from a table or a chart based on a few known quantities (tributary area, 
location, design flow rate, design volume, etc). A few of the manufacturers either size the 
devices for potential clients or offer calculators on their websites that simplify the design 
process even further and lessens the possibility of using obsolete design information. For 
the latest sizing guidelines, refer to the manufacturer’s website. 

The hydrodynamic separators listed in Table 6-28 are designed to have a permanent pool 
of water stored within the system. Various methods of vector control are available to 
prevent mosquito breeding including manhole cover screens and the use of mosquito 
dunks. In many designs, oil and grease is stored at the water surface and provides a 
deterrent to mosquito breeding. 

Operations and Maintenance 

Hydrodynamic devices should be inspected every 6 months during the first year of 
operation. Inspection should also occur immediately following a storm event to assess 
the function of the device. Once the device is performing as designed, the frequency of 
inspection may be reduced to once per year. 
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PT-2: Catch Basin Insert 

Catch basin inserts are manufactured filters or fabric placed in a drop inlet to remove 
sediment and debris and may include sorbent media (oil absorbent pouches) to 
remove floating oils and grease. Catch basin inserts are selected specifically based 
upon the orientation of the inlet.  

              

 

 

 

  

Application 

• Parking lots 

• Roads 

• Athletic courts 

• Outdoor food areas 

 

Preventative Maintenance 

• After storm inspection 

• Sediment removal 

• Trash removal 

• Filter/sorbent media 
replacement 

 

Catch Basin Inserts 

Photo Credits: 1. KriStar; 2. Aquashield 
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Table 6-29: Proprietary Catch Basin Insert Manufacturer Websites 

Device Manufacturer Website 

AbTech Industries Ultra-Urban 
Filter™ 

AbTech Industries www.abtechindustries.com 

Aquashield Aqua-Guardian™ 
Catch Basin Insert 

Aquashield™ Inc. www.aquashieldinc.com 

Bowhead StreamGuard™ Aquashield™ Inc. www.aquashieldinc.com 
Contech® Triton Catch Basin 
Filter™ 

Contech® Construction 
Products Inc. 

www.contech-cpi.com 

Contech® Triton Curb Inlet 
Filter™ 

Contech® Construction 
Products Inc. 

www.contech-cpi.com 

Contech® Triton Basin 
StormFilter™ 

Contech® Construction 
Products Inc. 

www.contech-cpi.com 

Contech® Curb Inlet 
StormFilter™ 

Contech® Construction 
Products Inc. 

www.contech-cpi.com 

Curb Inlet Basket SunTree Technologies Inc. www.suntreetech.com 
Curb Inlet Grates EcoSense International™ www.ecosenseinternational.org 
Grate Inlet Skimmer Box SunTree Technologies Inc. www.suntreetech.com 

Hydro-Kleen™ Filtration System 
Hydro Compliance 
Management Inc. 

Not available 

KriStar FloGard+PLUS® KriStar Enterprises Inc. www.kristar.com 
KriStar FloGard® KriStar Enterprises Inc. www.kristar.com 
KriStar FloGard LoPro Matrix 
Filter® 

KriStar Enterprises Inc. www.kristar.com 

Nyloplast Storm-PURE Catch 
Basin Insert 

Nyloplast Engineered Surface 
Drainage Products 

www.nyloplast-us.com 

StormBasin® FabCo® Industries Inc. www.fabco-industries.com 
Stormdrain Solutions Interceptor FabCo® Industries Inc. www.fabco-industries.com 
Stormdrain Solutions Inceptor® Stormdrain Solutions www.stormdrains.com 
StormPod® FabCo® Industries Inc. www.fabco-industries.com 
Stormwater Filtration Systems EcoSense International™ www.ecosenseinternational.org 
Ultra-CurbGuard® UltraTech International Inc. www.spillcontainment.com 
Ultra-DrainGuard® UltraTech International Inc. www.spillcontainment.com 
Ultra-GrateGuard® UltraTech International Inc. www.spillcontainment.com 
Ultra-GutterGuard® UltraTech International Inc. www.spillcontainment.com 
Ultra-InletGuard® UltraTech International Inc. www.spillcontainment.com 

Limitations 

Catch basin inserts come in such a wide range of configurations that it is practically 
impossible to generalize the expected performance. Inserts should mainly be used for 
catching coarse sediments and floatable trash, and are effective as pretreatment in 
combination with other types of structures that are recognized as water quality 
treatment BMPs. Trash and large objects can greatly reduce the effectiveness of catch 
basin inserts with respect to sediment and hydrocarbon capture. Frequent 
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maintenance and the use of screens and grates to keep trash out may decrease the 
likelihood of clogging and prevent obstruction and bypass of incoming flows. 

Design Criteria  

Catch basin inserts shall be sized to capture and treat the stormwater quality design 
flow rate.  

Operations and Maintenance 

1) Trash, debris, and sediment around insert grate and inside chamber requiring 
trash to be cleared. 

2) Repair filter media if damaged or severely clogged.  

3) Inspection of catch basin insert after each storm greater than 0.2 inches is 
recommended.  
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7 MAINTENANCE PLAN 

This chapter identifies the basic information that should be included in a maintenance plan.  Refer to 
Fact Sheets for individual control measures in Chapter 6 regarding device-specific 
maintenance requirements. 

7.1 Site Map 

1) Provide a site map showing boundaries of the site, acreage and drainage 
patterns/contour lines.   Show each discharge location from the site and any drainage 
flowing onto the site.   Distinguish between soft and hard surfaces on the map. 

2) Identify locations of existing and proposed storm drain facilities, private sanitary 
sewer systems and grade-breaks for purposes of pollution prevention. 

3) With legend, show locations of expected sources of pollution generation (outdoor 
work and storage areas, heavy traffic areas, delivery areas, trash enclosures, fueling 
areas, industrial clarifiers, wash-racks, etc).  Identify any areas having contaminated 
soil or where toxins are stored or have been stored/disposed of in the past.    

4) With legend, indicate types and locations of stormwater management control 
measures which will be built to permanently control stormwater pollution.  
Distinguish between pollution prevention, treatment, sewer diversion, and 
containment devices. 

7.2 Baseline Descriptions 

1) List the property owners and persons responsible for operation and maintenance of 
the stormwater management control measures onsite.  Include phone numbers and 
addresses. 

2) Identify the intended method of providing financing for operation, inspection, 
routine maintenance and upkeep of stormwater control measures. 

3) List all permanent stormwater control measures.  Provide a brief description of 
stormwater management control measures selected and if appropriate, facts 
sheets or additional information.  

4) As appropriate for each stormwater control measure provide:  

a. A written description and check list of all maintenance and waste disposal 
activities that will be performed.  Distinguish between the maintenance 
appropriate for a 2-year establishment period and expected long-term 
maintenance.  For example, maintenance requirements for vegetation in a 
constructed wetland may be more intensive during the first few years 
until the vegetation is established.  The post-establishment maintenance 
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plan should address maintenance needs (e.g., pruning, irrigation, 
weeding) for a larger, more stable system.  I nclude maintenance 
performance procedures for facility components that require relatively 
unique maintenance knowledge, such as specific plant removal / 
replacement, landscape features, or constructed wetland maintenance.  
These procedures should provide enough detail for a person unfamiliar 
with maintenance to perform the activity, or identify the specific skills or 
knowledge necessary to perform and document the maintenance. 

b. A description of site inspection procedures and documentation system, 
including record-keeping and retention requirements. 

c. An inspection and maintenance schedule, preferably in the form of a table 
or matrix, for each activity for all facility components. The schedule 
should demonstrate how it will satisfy the specified level of performance, 
and how the maintenance / inspection activities relate to storm events 
and seasonal issues.  

d. Identification of the equipment and materials required to perform the 
maintenance. 

5) As appropriate, list all housekeeping procedures for prohibiting illicit discharges 
or potential illicit discharges to the storm drain.  I dentify housekeeping BMPs 
that reduce maintenance of Treatment Control Measures.  These procedures are 
listed based on facility operations and can be found in the Ventura County 
Industrial/Commercial Clean Business Program document. 

7.3 Spill Plan   

1) Provide emergency notification procedures (phone and agency/persons to contact) 

2) As appropriate for site, provide emergency containment and cleaning procedures.   

3) Note downstream receiving water bodies or wetlands which may be affected by 
spills or chronic untreated discharges. 

4) As appropriate, create an emergency sampling procedure for spills.  (Emergency 
sampling can protect the property owner from erroneous liability for down-
stream receiving area clean-ups). 

7.4 Facility Changes 

Operational or facility changes which significantly affect the character or quantity of 
pollutants discharging into the stormwater management control measures will require 
modifications to the Maintenance Plan and/or additional stormwater control measures.    
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7.5 Training  

1) Identify appropriate persons to be trained and assure proper training. 

2) Training to include: 

a. Good housekeeping procedures defined in the plan. 

b. Proper maintenance of all pollution mitigation devices. 

c. Identification and cleanup procedures for spills and overflows. 

d. Large-scale spill or hazardous material response. 

e. Safety concerns when maintaining devices and cleaning spills. 

7.6 Basic Inspection and Maintenance Activities 

1) Create and maintain onsite, a log for inspector names, dates and stormwater control 
measure devices to be inspected and maintained.  Provide a checklist for each 
inspection and maintenance category. 

2) Once annually, perform testing of any mechanical or electrical devices prior to 
wet weather. 

3) Report any significant changes in stormwater management control measures to 
the site management.   As a ppropriate, assure mechanical devices are working 
properly and/or landscaped BMP plantings are irrigated and nurtured to 
promote thick growth. 

4) Note any significant maintenance requirements due to spills or unexpected 
discharges.   

5) As appropriate, perform maintenance and replacement as scheduled and as 
needed in a timely manner to assure stormwater management control measures 
are performing as designed and approved. 

6) Assure unauthorized low-flow discharges from the property do not by-pass 
stormwater control measures. 

7) Perform an annual assessment of each pollution generation operation and its 
associated stormwater management control measures to determine if any part of 
the pollution reduction train can be improved. 

7.7 Revisions of Pollution Mitigation Measures 

If future correction or modification of past stormwater management control measures or 
procedures is required, the owner shall obtain approval from the governing stormwater 
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agency prior to commencing any work.   C orrective measures or modifications shall not 
cause discharges to bypass or otherwise impede existing stormwater control measures. 

7.8 Monitoring & Reporting Program 

1) The governing stormwater agency may require a M onitoring & Reporting 
Program to assure the stormwater management control measures approved for 
the site are performing according to design. 

2) If required by local permitting agency, the Maintenance Plan shall include 
performance testing and reporting protocols. 
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A.1 Acronyms and Abbreviations 

303(d) 303(d) List of Impaired Water Bodies 

API  American Petroleum Institute (oil/water separator type) 

BMP  Best Management Practice 

CEQA  California Environmental Quality Act 

CP  Coalescing Plate (oil/water separator type) 

CTR  California Toxics Rule 

CWA  Clean Water Act 

CDFG  California Department of Fish and Game 

EIA  Effective Impervious Area 

EMC  Event Mean Concentration 

ESA  Environmentally Sensitive Area 

LID  Low Impact Development 

MEP  Maximum Extent Practicable 

MS4  Municipal Separate Storm Sewer System 

RPAMP  Redevelopment Project Area Master Plan 

SQDV  Stormwater Quality Design Volume 

SQDF  Stormwater Quality Design Flow 

TSS  Total Suspended Solids 

USACE United States Army Corps of Engineers 

USEPA  United States Environmental Protection Agency 

WERF  Water Environment Research Foundation 
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A.2 Glossary 

Automotive Repair Shop:  A facility that is categorized in any one of the following 
Standard Industrial Classification (SIC) codes: 5013, 5014, 5541, 7532-7534, or 7536-
7539.   

Backfill:  Earth or engineered material used to refill a trench or an excavation. 

Berm:  An earthen mound used to direct the flow of runoff around or through a 
structure. 

Best Management Practice (BMP):  Any program, technology, process, siting 
criteria, operational methods or measures, or engineered systems, which when 
implemented prevent, control, remove, or reduce pollution. 

Best Management Practices (BMPs):  Includes schedules of activities, 
prohibitions of practices, maintenance procedures, and other management practices 
to prevent or reduce the pollution of waters of the United States.  BMPs also include 
treatment requirements, operating procedures, and practices to control plant site 
runoff, spillage or leaks, sludge or waste disposal, or drainage from raw material 
storage. 

Biofiltration: The simultaneous process of filtration, infiltration, adsorption, and 
biological uptake of pollutants in stormwater that takes place when runoff flows over 
and through vegetated areas. 

Bioretention Facility: A facility that utilizes soil infiltration and both woody and 
herbaceous plants to remove pollutants from stormwater runoff.  Runoff is typically 
captured and infiltrated or released over a period of 24 to 48 hours. 

Blue Roof: A roof that is designed to store rainwater, typically in a cistern-type 
device.  

Brown Roof: A type of green roof which focuses on biodiversity and locally-sourced 
material.  

Buffer Strip or Zone:  Strip of erosion-resistant vegetation over which stormwater 
runoff is directed. 

Capacity: The capacity of a stormwater drainage facility is the flow volume or rate 
that the facility (e.g., pipe, basin, vault, swale, ditch, drywell, etc.) is designed to 
safely contain, receive, convey, reduce pollutants from, or infiltrate stormwater to 
meet a specific performance standard. There are different performance standards for 
pollution reduction, flow control, conveyance, and destination/ disposal, depending 
on location.  

Catch Basin:  Box-like underground concrete structure with openings in curbs and 
gutters designed to collect runoff from streets and pavements. 

RB-AR9684



APPENDIX A: GLOSSARY OF TERMS 

Technical Guidance Manual for A-4 July 13, 2011 
Stormwater Quality Control Measures 2011   

Check Dam: Small temporary barrier, grade control structure, or dam constructed 
across a swale, drainage ditch, or area of concentrated flow with the intent to slow or 
stop runoff. 

Clean Water Act (CWA):  (33 U.S.C. 1251 et seq.) requirement of the National 
Pollutant Discharge Elimination System (NPDES) program are defined under 
Sections 307, 402, 318 and 405 of the CWA. 

Commercial Development:  Any development on private land that is not heavy 
industrial or residential. The category includes, but is not limited to: hospitals, 
laboratories and other medical facilities, educational institutions, recreational 
facilities, plant nurseries, multi-apartment buildings, car wash facilities, mini-malls 
and other business complexes, shopping malls, hotels, office buildings, public 
warehouses and other light industrial complexes. 

Conduit:  Any channel or pipe for directing the flow of water. 

Construction General Permit:  A NPDES permit issued by the State Water 
Resources Control Board (SWRCB) for the discharge of stormwater associated with 
construction activity from soil disturbance of five (5) acres or more. 

Control Device: A d evice used to hold back or direct a calculated amount of 
stormwater to or from a stormwater management facility. Typical control structures 
include vaults or manholes fitted with baffles, weirs, or orifices.  

Conveyance System:  Any channel or pipe for collecting and directing the 
Stormwater. 

Culvert:  A covered channel or a large diameter pipe that crosses under a road, 
sidewalk, etc.  

Dead-end Sump: A below surface collection chamber for small drainage areas 
that is not connected to the public storm drainage system.  Accumulated water in the 
chamber must be pumped and disposed in accordance with all applicable laws. 

Designated Public Access Points:  Any pedestrian, bicycle, equestrian, or 
vehicular point of access to jurisdictional channels in the area of Ventura County 
subject to permit requirements. 

Detention:  The temporary storage of stormwater runoff to allow treatment by 
sedimentation and metered discharge of runoff at reduced peak flow rates. 

Detention Facility: A facility designed to receive and hold stormwater and release 
it at a slower rate, usually over a number of hours.  The full volume of stormwater 
that enters the facility is eventually released.  

Detention Tank, Vault, or Oversized Pipe: A structural subsurface facility used 
to provide flow control for a particular drainage basin. 
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Development: any construction, rehabilitation, redevelopment or reconstruction of 
any public or private residential project (whether single-family, multi-unit or 
planned unit development); industrial, commercial, retail and any other non-
residential projects, including public agency projects; or mass grading for future 
construction. 

Directly Adjacent:  Situated within 200 feet of the contiguous zone required for 
the continued maintenance, function, and structural stability of the environmentally 
sensitive area. 

Directly Connected Impervious Area (DCIA):  The area covered by a building, 
impermeable pavement, and/ or other impervious surfaces, which drains directly 
into the storm drain without first flowing across permeable land area (e.g. turf 
buffers). 

Directly Discharging:  Outflow from a drainage conveyance system that is 
composed entirely or predominantly of flows from the subject, property, 
development, subdivision, or industrial facility, and not commingled with the flows 
from adjacent lands. 

Discharge:  A release or flow of Stormwater or other substance from a conveyance 
system or storage container. 

Disturbed Area: Any area that is altered as a result of land disturbance, such as: 
clearing, grading, grubbing, stockpiling and excavation. 

Drainage Basin: A specific area that contributes stormwater runoff to a particular 
point of interest, such as a s tormwater management facility, drainageway, wetland, 
river, or pipe.  

Effective Impervious Area (EIA): That portion of the surface area that is 
hydrologically connected via sheet flow over a hardened conveyance or impervious 
surface without any intervening medium to mitigate flow volume.      

Environmentally Sensitive Area (ESA):  An area “in which plant or animal life 
or their habitats are either rare or especially valuable because of their special nature 
or role in an ecosystem and which would be easily disturbed or degraded by human 
activities and developments” (California Public Resources Code § 30107.5).  Areas 
subject to stormwater mitigation requirements are: 303(d) listed water bodies in all 
reaches that are unimproved, all California Coastal Commission’s Environmentally 
Sensitive Habitat Areas as delineated on maps in Local Coastal Plans, and Regional 
Water Quality Control Board’s Basin Plan Rare, Threatened or Endangered Species 
(RARE) and Preservation of Biological Habitats (BIOL) designated waterbodies.  The 
California Department of Fish and Game’s (CDFG) Significant Natural Areas map 
will be considered for inclusion as the department field-verifies the designated 
locations. Watershed restoration projects will be considered for inclusion as the 
department field verifies the designated locations. 
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Erosion:  The wearing a way of land surface by wind or water.  Erosion occurs 
naturally from weather or runoff, but can be intensified by land-clearing practices 
relating to farming; residential, commercial, or industrial development; road 
building; or timber cutting. 

Excavation:  The process of removing earth, stone, or other materials, usually by 
digging. 

Existing Urban Area: Existing urban areas and corresponding maps in Appendix 
B are based on the cities’ City Urban Restriction Boundaries (CURB) lines and the 
Existing Community designation in the unincorporated County. These boundaries 
are a growth management tool intended to channel growth and protect agricultural 
and open-space land. The 2011 TGM utilizes existing urban areas (as defined in 
Appendix B) to provide parameters around eligibility for alternative compliance in 
two areas: 1) Smart Growth and 2) low income housing projects. 

Extended Detention Basin: A su rface vegetated basin used to provide flow 
control for a particular drainage basin. Stormwater temporarily fills the extended 
detention basin during large storm events and is slowly released over a number of 
hours, reducing peak flow rates.  

Facility:  Is a collection of industrial process discharging stormwater associated 
with industrial activity within the property boundary or operational unit. 

Filter Fabric:  Geotextile of relatively small mesh or pore size that is used to: (a) 
allow water to pass through while keeping sediment out (permeable); or (b) prevent 
both runoff and sediment from passing through (impermeable). 

Filter Strip: A gently sloping, densely grassed area used to filter, slow, and infiltrate 
stormwater.  

Flow Control Facility: Any structure or drainage device that is designed, 
constructed, and maintained to collect, retain, infiltrate, or detain surface water 
runoff during and after a storm event for the purpose of controlling post-
development quantity leaving the site.  

Flow Control: The practice of limiting the release of peak flow rates, flow 
durations, and volumes from a site.  Flow control is intended to protect downstream 
properties, infrastructure, and natural resources from the increased stormwater 
runoff flow rates and volumes resulting from development.  

Grading:  The cutting and/or filling of the land surface to a desired shape or 
elevation. 

Green Roof: A roofing system that layers a soil/vegetative cover over a 
waterproofing membrane. Green roofs rely on highly porous media and moisture 
retention layers to store intercepted precipitation and to support vegetation that can 
reduce the volume of stormwater runoff via evapotranspiration 
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Hazardous Substance:  (1) Any material that poses a threat to human health 
and/or the environment.  T ypical hazardous substances are toxic, corrosive, 
ignitable, explosive, or chemically reactive;   ( 2) Any substance named by EPA to be 
reported if a designated quantity of the substance is spilled in the waters of the 
United States or if otherwise emitted into the environment. 

Hazardous Waste:  By-products of society that can pose a substantial or potential 
hazard to human health or the environment when improperly managed.  Possesses at 
least one of four characteristics (flammable, corrosivity, reactivity, or toxicity), or 
appears on special EPA lists. 

Hillside:  Property located in an area with known erosive soil conditions, where the 
development contemplates grading on any natural slope that is 25 percent or greater.  

Hydrodynamic Separation: Flow-through structures with a settling or separation 
unit to remove sediments and other pollutants in which no outside power source is 
required, because the energy of the flowing water allows the sediments to efficiently 
separate.  Depending on the type of unit, this separation may be by means of swirl 
action or indirect filtration. 

Illegal Discharges:  Any discharge to a municipal separate storm sewer that is not 
composed entirely of stormwater except discharges authorized by an NPDES permit 
(other than the NPDES permit for discharges from the municipal separate storm 
sewer) and discharges resulting from fire fighting activities. 

Impervious Surface / Area: A hard surface area which either prevents or retards 
the entry of water into the predevelopment soil mantle. A hard surface area which 
causes water to run off the surface in greater quantities or at an increased rate of flow 
from the flow present under predevelopment conditions.  Common impervious 
surfaces include, but are not limited to, roof tops, walkways, patios, driveways, 
parking lots or storage areas, (impermeable) concrete or asphalt paving, gravel roads, 
packed earthen materials, and oiled macadam or other surfaces which similarly 
impede the natural infiltration of storm water.   

Industrial General Permit:  A NPDES permit issued by the State Water 
Resources Control Board for the discharge of Stormwater associated with industrial 
activity. 

Infiltration:  The downward entry of water into the surface of the soil. 

Infiltration Trench: A linear excavation, backfilled with gravel, used to filter 
pollutants and infiltrate storm water.  

Integrated Pest Management Plan (IPMP): A balanced approach to pest 
management which incorporates the many aspects of plant health care in ways that 
mitigate harmful environmental impacts and protect human health. 

Inlet:  An entrance into a ditch, storm sewer, or other waterway. 
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Legacy Pollutants: Pollutants that are no longer in production but remain in site 
soils and groundwater and still have the potential to cause ecological and water 
quality impacts.   

Material Storage Areas:  On site locations where raw materials, products, final 
products, by-products, or waste materials are stored. 

Maximum Extent Practicable (MEP): The technology-based permit 
requirement established by Congress in CWA section 402(p)(3)(B)(iii) that 
municipal dischargers of stormwater must meet.  T echnology-based requirements, 
including MEP, establish a level of pollutant control that is derived from available 
technology or other controls.  MEP requires municipal dischargers to perform at 
maximum level that is practicable.  C ompliance with MEP may be achieved by 
emphasizing pollution prevention and source control BMPs in combination with 
structural and treatment methods where appropriate.  The MEP approach is an ever 
evolving and advancing concept, which considers technical and economic feasibility.   

Municipal Separate Storm Sewer System (MS4) Permit: :  A NPDES permit 
issued by the Regional Water Quality Control Board for the discharge of Stormwater 
from Municipal Separate Storm Sewer Systems. 

New Development:  Land disturbing activities; structural development, including 
construction or installation of a building or structure, creation and replacement of 
impervious surfaces; and land subdivision. 

Non-Stormwater Discharge:  Any discharge to municipal separate storm drain 
that is not composed entirely of stormwater.  D ischarges containing process 
wastewater, non-contact cooling water, or sanitary wastewater are non-stormwater 
discharges. 

Non-Structural Source Control Measure:  Low technology, low cost activities, 
procedures or management practices designed to prevent pollutants associated with 
site functions and activities from being discharged with Stormwater runoff.  
Examples include good housekeeping practices, employee training, standard 
operating practices, inventory control measures, etc. 

Notice of Intent (NOI):  A formal notice to State Water Resources Control Board 
submitted by the owner/developer that a construction project is about to begin.  The 
NOI provides information on the owner, location, type of project, and certifies that 
the permittee will comply with the conditions of the construction general permit. 

NPDES Permit:  An authorization, license, or equivalent control document issued 
by EPA or an approved State agency to implement the requirements of the NPDES 
program. 
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Operations and Maintenance (O&M): The continuing activities required to keep 
storm water management facilities and their components functioning in accordance 
with design objectives.  

Outfall:  The point where stormwater discharges from a pipe, channel, ditch, or 
other conveyance to a waterway. 

Parking Lot:  Land area or facility for the temporary parking or storage of motor 
vehicles used personally, for business or for commerce with an impervious surface 
area of 5,000 square feet or more, or with 25 or more parking spaces.  

Permeability:  A property of soil that enables water or air to move through it.  
Usually expressed in inches/hour or inches/day. 

Pervious Surface/Area: A su rface or area with a surface (i.e., soil, loose rock, 
permeable pavement, etc.) that allows water to infiltrate (soak) into the ground. 

Planter Box: A structural facility filled with topsoil and gravel and planted with 
vegetation. The planter is completely sealed, and a perforated collection pipe is 
placed under the soil and gravel, along with an overflow provision, and directed to an 
acceptable destination point. The storm water planter receives runoff from 
impervious surfaces, which is filtered and retained for a period of time.  

Pollutant: An elemental or physical material that can be mobilized or dissolved by 
water or air and creates a negative impact to human health and/ or the environment.  
Pollutants include suspended solids (sediment), heavy metals (such as lead, copper, 
zinc, and cadmium), nutrients (such as nitrogen and phosphorus), bacteria and 
viruses, organics (such as oil, grease, hydrocarbons, pesticides, and fertilizers), 
floatable debris, and increased temperature.  

Pollutants of Concern: constituents that have exceeded Basin Plan Objectives, 
and California Toxics Rule chronic or acute objectives during monitoring at mass 
emission, receiving water, and land use stations. 

Pollution Reduction: The practice of filtering, retaining, or detaining surface 
water runoff during and after a s torm event for the purpose of maintaining or 
improving surface and/or groundwater quality.  

Precipitation:  Any form of rain or snow. 

Predevelopment: The existing land use condition prior to the proposed 
development activity. 

Practicable: Available and capable of being done, after taking into consideration 
existing technology, legal issues, and logistics in light of overall project purpose.  

Pre-developed Condition: the native vegetation and soils that existed at a site 
prior to first development. The pre-developed condition may be assumed to be the 
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typical vegetation, soil, and stormwater runoff characteristics of open space areas in 
coastal Southern California unless reasonable historic information is provided that 
the area was atypical. 

Pre-project Condition: the condition of the site at the time of the proposed 
project. 

Pretreatment:  Treatment of wastewater before it is discharged to a wastewater 
collection system. 

Process Wastewater:  Wastewater that has been used in one or more industrial 
processes. 

Project: development, redevelopment, and land disturbing activities. The term is 
not limited to “project” as defined under CEQA (Reference: California Public 
Resources Code § 21065). 

Public Facility: A str eet, right-of-way, park, sewer, drainage, storm water 
management, or other facility that is either currently owned by the City/County or 
will be conveyed to the City/County for maintenance responsibility after 
construction.  

Rainwater Harvesting: Rainwater harvesting is a BMP that stores and uses 
rainwater or stormwater runoff. This is consistent with the use of the term “reuse” 
contained in Order R4-2010-0108. 

Receiving Stream: (for purposes of this Manual only) any natural or man-made 
surface water body that receives and conveys stormwater runoff.  

Redevelopment:  Land-disturbing activity that results in the creation, addition, or 
replacement of 5,000 square feet or more of impervious surface area on an already 
developed site. Redevelopment includes, but is not limited to: the expansion of a 
building footprint; addition or replacement of a structure; replacement of impervious 
surface area that is not part of a routine maintenance activity; and land disturbing 
activities related to structural or impervious surfaces. It does not include routine 
maintenance to maintain original line and grade, hydraulic capacity, or original 
purpose of facility, nor does it include emergency construction activities required to 
immediately protect public health and safety. Note: redevelopment as defined here is 
not the same as a “Redevelopment Project” as defined by California redevelopment 
law.  

Redevelopment Project Area Master Plan (RPAMP): A plan submitted to the 
Regional Water Board for approval by a Permittee or a coalition of Permittees to 
establish standards for redevelopment projects within Redevelopment Project Areas, 
in consideration of exceptional site constraints that inhibit site-by-site or project-by-
project implementation of post-construction requirements. See Section 4.E.IV.3 of 
Order R4-2010-0108. 
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Restaurant:  A stand-alone facility that sells prepared foods and/or drinks for 
consumption, including stationary lunch counters and refreshment stands selling 
prepared foods and/or drinks for immediate consumption  (SIC code 5812). 

Retail Gasoline Outlet:  Any facility engaged in selling gasoline and lubricating 
oils. 

Retention Facility: A facility designed to receive and hold stormwater runoff.  
Rather than storing and releasing the entire runoff volume, retention facilities 
permanently retain a portion of the water on-site, where it infiltrates, evaporates, or 
is absorbed by surrounding vegetation. In this way, the full volume of storm water 
that enters the facility is not released off-site.  

Retrofit:  Retrofit projects implement structural treatment BMPs as a stand-alone 
project, without other site improvements.  T he BMP sizing requirements of this 
Technical Guidance Manual do not apply to retrofit projects.  

Runoff:  Water originating from rainfall and other precipitations (e.g., sprinkler 
irrigation) that is found in drainage facilities, rivers, streams, springs, seeps, ponds, 
lakes, wetlands, and shallow groundwater. 

Runon:  Stormwater surface flow or other surface flow which enters property other 
than that where it originated. 

Secondary Containment:  Structures, usually dikes or berms, surrounding tanks 
or other storage containers and designed to catch spilled material from the storage 
containers. 

Sedimentation:  The process of depositing soil particles, clays, sands, or other 
sediments that were picked up by runoff. 

Sediments:  Soil, sand, and minerals washed from land into water usually after 
rain, that accumulate in reservoirs, rivers, and harbors, destroying aquatic animal 
habitat and clouding the water so that adequate sunlight might not reach aquatic 
plants.   

Site: land or water area where any “facility” or “activity” is physically located or 
conducted including adjacent land used in connection with the facility or activity. 

Source Control BMP or Measure:  Any schedules of activities, structural 
devices, prohibitions of practices, maintenance procedures, managerial practices or 
operational practices that aim to prevent Stormwater pollution by reducing the 
potential for contamination at the source of pollution. 

Source Control BMPs:  Operational practices or design features that prevent 
pollution by reducing potential pollutants at the source. 
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Spill Guard:  A device used to prevent spills of liquid materials from storage 
containers. 

Spill Prevention Control and Countermeasures Plan (SPCC):  Plan 
consisting of structures, such as curbing, and action plans to prevent and respond to 
spills of hazardous substances as defined in the Clean Water Act. 

Storm Drains:  Above and below ground structures for transporting stormwater to 
streams or outfalls for flood control purposes. 

Storm Drain System:  Network of above and below-ground structures for 
transporting stormwater to streams or outfalls. 

Storm Event:  A rainfall event that produces more than 0.1 inch of precipitation 
and is separated from the previous storm event by at least 72 hours of dry weather. 

Stormwater Discharge Associated with Industrial Activity:  Discharge from 
any conveyance which is used for collecting and conveying stormwater which is 
related to manufacturing processing or raw materials storage areas at an industrial 
plant [see 40 CFR 122.26(b)(14)]. 

Stormwater:  Stormwater runoff, snow-melt runoff, surface runoff, and drainage, 
excluding infiltration and irrigation tailwater. 

Structural BMP or Control Measure:  Any structural facility designed and 
constructed to mitigate the adverse impacts of stormwater and urban runoff 
pollution (e.g. canopy, structural enclosure). The category may include both 
Treatment Control BMPs and Source Control BMPs. 

Total Project Area: Total project area (or “gross project area”) for new 
development and redevelopment projects is the disturbed, developed, and 
undisturbed portions within the project’s property (or properties) boundary, at the 
project scale submitted for first approval. Areas proposed to be permanently 
dedicated for open space purposes as part of the project are explicitly included in the 
"total project area." Areas of land precluded from development through a restrictive 
covenant, conservation easement, or other recorded document for the permanent 
preservation of open space prior to project submittal shall not be included in the 
"total project area."   

Total Suspended Solids (TSS): Matter suspended in stormwater excluding litter, 
debris, and other gross solids exceeding 1 millimeter in diameter.  

Treatment Control BMP or Measure:  Any engineered system designed to 
remove pollutants by simple gravity settling of particulate pollutants, filtration, 
biological uptake, media adsorption or any other physical, biological, or chemical 
process.  
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Treatment:  The application of engineered systems that use physical, chemical, or 
biological processes to remove pollutants. Such processes include, but are not limited 
to, filtration, gravity settling, media adsorption, biodegradation, biological uptake, 
chemical oxidation and UV radiation. 

Tributary Area: The area from which all runoff produced flows to the same specific 
discharge point.  

Vegetated Facilities: Stormwater management facilities that rely on plantings to 
enhance their performance. Plantings can provide wildlife habitat and enhance many 
facility functions, including infiltration, pollutant removal, water cooling, flow 
calming, and prevention of erosion.  

Vegetated Swale: A long and narrow, trapezoidal or semicircular channel, planted 
with a variety of trees, shrubs, and grasses or with a dense mix of grasses.  
Stormwater runoff from impervious surfaces is directed through the swale, where it 
is slowed and in some cases infiltrated, allowing pollutants to settle out. Check dams 
are often used to create small ponded areas to facilitate infiltration.  
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APPENDIX B : MAPS 

 

 

NOTES:  

1. Contact the local permitting authority for more detailed maps. 
2. Existing Urban Area maps are current as of 11/2/10.  
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C.1 Introduction 

The purpose of site soil and infiltration testing is to more accurately determine where 
LID and structural treatment BMPs should be located and if infiltration is feasible on 
the site.  The preliminary site assessment, discussed in Section 3, will likely reduce 
the number of test pit investigations needed by identifying candidate test sites that 
are most amenable to infiltration. This section summarizes the methods for 
conducting (1) soil test pit investigations and (2) infiltration testing at key locations 
identified in the preliminary site assessment that require further investigation.  

A qualified soil scientist or geotechnical professional should conduct the test pit 
investigation and infiltration tests. The professional should be experienced with the 
testing procedures as well as the hydraulic functioning of the potential BMPs to 
ensure that additional information regarding BMP siting is acquired during the test 
pit investigation and infiltration tests.   

This appendix is not intended to be applied as a protocol for conducting soil and 
infiltration testing. Instead, this section is provided to assist in specifying and 
standardizing soil and infiltration testing techniques across sites within Ventura 
County where development is occurring.  

C.2 Test Pit Investigations  

A test pit investigation is an integral part of assessing site soil conditions. Soil maps 
and hydrologic soil groups are based on regional data and provide only a general 
understanding of what to expect; however, there are undoubtedly unknowns that will 
be discovered during these initial field observations. A test pit investigation involves 
digging or excavating a test pit (deep hole). By excavating a test pit, overall soil 
conditions (both vertically and horizontally) can be observed in addition to the soil 
horizons. To maximize the knowledge gained during the test pit investigation, many 
tests and observations should be conducted during this process.  

Test pits should be excavated to a depth at least three feet deeper than the proposed 
bottom of non-infiltration BMPs and at least eleven feet deeper than the proposed 
bottom of infiltration BMPs. A project that imports fill must characterize the 
proposed soil profile at the specified depths. For example, if the proposed depth of 
fill is 5 feet below grade and an infiltration BMP is to be used in the location of the 
fill, both the fill and the native subsoil require soil characterization. Figure C-1 
illustrates the proposed soil profile that would result with 3 feet of fill. Since the test 
pit must be excavated to a depth that is 11 feet deeper than the bottom of the 
proposed infiltration BMP, a test pit investigation of the top 8 feet of native subsoil is 
required, in addition to the laboratory sample of the fill material. Characterization of 
the fill material should be conducted in a l aboratory. It is recommended that soil 
compaction is limited in the location of a proposed infiltration BMP. 
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As the test pit is excavated, the following measurements should be made: 

Standard penetration testing to determined the relative density as it changes with 
depth (minimum intervals of 2 - 3 feet), and 

Infiltration testing with at least one test occurring at the proposed bottom of the 
BMP and one test occurring of the bottom of the test pit (11 feet below the bottom of 
the infiltration BMP). 

In addition, many observations should be made during and after the excavation of 
the soil pit, including: 

• Elevation of groundwater table or indications of seasonally high groundwater 
table should be noted using the NRCS hydric soil field indicators guide 
(NRCS, 2003). 

• Soil horizon observations, including: depths indicating upper and lower 
boundaries of the soil horizons, depths to limiting layers (i.e., bedrock and 
clay), soil textures, colors and their patterns, and estimates of the type and 
percent of coarse fragments. 

Figure C-1: Post-fill Soil Profile 
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• Locations and descriptions of macropores (i.e., pores and roots). 

• Other pertinent information/observations. 

The number of test pits required depends largely on the specific site and the 
proposed development plan. Additional tests should be conducted if local conditions 
indicate significant variability in soil types, geology, water table elevations, bedrock, 
topography, etc. Similarly, uniform site conditions may indicate that fewer test pits 
are required. Excessive testing and disturbance of the soil prior to construction is not 
recommended. When test pit investigations are complete, including infiltration 
testing, the pits should be refilled with the original soil and the surface replaced with 
the original topsoil. 

C.3 Infiltration Testing 

There are a variety of infiltration field test methodologies available to determine the 
infiltration rate of a soil. Infiltration tests should be conducted in the field in order to 
ensure that the measurements are representative of actual site conditions (including 
inherent heterogeneity). As mentioned above, usually infiltration rates should be 
determined at a m inimum of two locations in each test pit and one must be 
conducted at the proposed bottom depth of the BMP. The actual number of 
infiltration tests required depends on the soil conditions; if the soils are highly 
variable, more tests may be required. To ensure groundwater is protected and that 
the infiltration BMP is not rendered ineffective by overload, it is important to 
periodically verify infiltration rates of the constructed BMP(s).  

For BMPs that infiltrate water through the surface soil layer (e.g., bioretention areas, 
permeable pavement), choosing a method that measures infiltration in surface soils 
is important. For infiltration trenches and drywells, infiltration will occur at a greater 
depth in the soil matrix; therefore, borehole methods may be more appropriate.  

Depending on the type of infiltration BMP and depth at which the infiltration test 
should be conducted, there are several types of infiltration tests that can be used 
including: disc permeameters, single and double ring infiltrometers, and borehole 
permeameters. Disc permeameters are typically used to provide estimates of soil near 
saturation but can prove to be difficult due to measures of three dimensional flow. 
This device is also commonly used for assessing infiltration rates of already 
constructed permeable pavements and is generally not used for assessing infiltration 
rates prior to site disturbance; therefore, the disc permeameter method will not be 
discussed further in this Appendix. Single and double ring infiltrometers directly 
measure vertical flow into the surface of the soil. Double ring infiltrometers account 
for lateral flow boundary affects with the addition of an outer water reservoir and are 
generally the preferred method for surface infiltration. Borehole permeameters are 
best suited to collect infiltration measurements below the soil surface. Two 
subsurface infiltration methods are discussed below including the Guelph and 
falling-head permeameters.  
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C.4 Double Ring Infiltrometer 

The double ring infiltrometer method consists of driving two cylinders, one inside the 
other, into the ground and partially filling them with water and maintaining the 
liquid at a constant level (ASTM D3385-94). The volume of water added to the inner 
ring from a separate water reservoir, to maintain the constant head level is 
comparable to the volume of water infiltrating into the soil. The volume of water 
added to the inner ring divided by the time period for which the water was added is 
equal to the infiltration rate. A photograph of a common double ring infiltrometer is 
provided in Figure C-2. 

 

Figure C-2: Double Ring Infiltrometer  

Photo Credit: Geosyntec Consultants (Braga and Fitsik, 2008) 

C.5 Borehole Guelph Infiltration Test 

For shallow boreholes, the Guelph Permeameter has been developed as a field 
portable kit. This permeameter consists of a tube that is placed in a hand-drilled 
shallow borehole and water is provided to the tube through a separate reservoir. 
Water loss in the reservoir is used to estimate the hydraulic conductivity of the soil, 
which may be used to calculate infiltration based on various standard models (Soil 
Moisture Equipment, 2005). A photograph of a Guelph Permeameter is provided in 
Figure C-3. It is important to remember that this method will include vertical and 
lateral water flow from the borehole. 
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Figure C-3: Guelph Permeameter for Shallow Borehole Permeability 

Photo Credit: USDA, 2005 

C.6 Falling-Head Borehole Infiltration Test 

The falling-head borehole infiltration test is commonly applied to assess infiltration 
at greater depths (e.g. 5 - 25 ft). The method is generally performed according to 
United States Bureau of Reclamation procedure 7300-89 (USBR, 1990). Caltrans has 
used the method to site stormwater infiltration structures (Caltrans, 2003). 
Essentially the method consists of boreholes, installing well casing with slots cut to 
release water at the target depths, backfilling the borehole, adding pre-soak water, 
and then filling again with water and recording the stage loss. An example diagram is 
shown in Figure C-4. 

The testing procedures are summarized as follows: 

1) Remove any smeared soil surfaces to provide a natural soil interface for testing 
the percolation of water. Remove all loose material. The U.S. EPA recommends 
scratching the sides with a sharp pointed instrument. (Note: upon tester’s 
discretion, a 2-inch layer of coarse sand or fine gravel may be placed to protect 
the bottom from scouring and sediment.) Fill casing with clean water and allow 
to pre-soak for 24 hours or until the water has completely infiltrated.  

2) Refill casing and monitor water level (distance from top of casing to top of water) 
for 1 hour. Repeat this procedure a total of four times. (Note: upon tester’s 
discretion, the final field rate may either be the average of the four observations 

RB-AR9717



APPENDIX C: SITE SOIL TYPE AND INFILTRATION TESTING 

Technical Guidance Manual for C-7 July 13, 2011 
Stormwater Quality Control Measures 2011   

or the value of the last observation. The final rate shall be reported in inches per 
hour.) 

3) Testing may be done through a boring or open excavation. 

4) The location of the test must be near the proposed facility. 

5) Upon completion of the testing, the casings shall be immediately pulled and the 
test pit shall be back-filled. 

 

Figure C-4: Falling-Head Permeameter for Deep Borehole Permeability 

Diagram Credit: Group Delta Consultants, 2008 

C.7 Laboratory Soil Tests 

If fill materials imported from off-site are part of an infiltration BMP design, a 
laboratory test is required to determine the infiltration rate of the fill soil. A sample 
of the fill soil from each area where a BMP will be located must be tested. The soil 
sample must be compacted to the same degree that will be present after final grading. 
Once prepared, the sample should be sent to a specialty laboratory to conduct a test 
of the infiltration rate. These results may then be used to assess the applicability of a 
specific BMP.  
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C.8 Assessment of Test Results 

The results from field infiltration methods should be examined to consider data 
variability and sample distribution to determine if there has been adequate sampling. 
If the spatial variability (heterogeneity) is large, then additional field measurements 
may be necessary. The infiltration results should be compared to the information 
gathered on site soils and geology to see if they are consistent. The results of the site 
soils and infiltration testing may then be used in the siting, selection, sizing, and 
design of LID site design techniques and structural treatment BMPs. 
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D.1 Permit Requirement 

Part 3, Section A.3 of Order R4-2010-0108 states the following: 

3. Each Permittee shall require that treatment control BMPs being 
implemented under the provisions of this Order shall be designed, at a 
minimum, to achieve the BMP performance criteria for storm water 
pollutants likely to be discharged as identified in Attachment “C”, for an 85th 
percentile 24-hour runoff event determined as the maximized capture storm 
water volume for the area using a 48 to 72-hour draw down time, from the 
formula recommended in Urban Runoff Quality Management, WEF Manual 
of Practice No. 23/ASCE Manual of Practice No. 87, (1998). Expected BMP 
pollutant removal performance for effluent quality was developed from the 
WERF-ASCE/ U.S. EPA International BMP Database.  P ermittees shall 
select Treatment BMPs based on the primary class of pollutants likely to be 
discharged from the site/facility (e.g. metals from an auto repair shop).  
Permittees may develop guidance for appropriate Treatment BMPs for 
project type based on Attachment “C”.  For the treatment of pollutants 
causing impairments within the drainage of the impaired waterbody, 
permittees shall select BMPs from the top three performing BMP categories 
or alternative BMPs that are designed to meet or exceed the performance of 
the highest performing BMP for the pollutant causing impairment. 

Attachment C contains the following table: 

Effluent Concentrations as Median Values 

BMP Category 

Total 
Suspended 

Solids 
(mg/L) 

Total Nitrate-
Nitrogen 
(mg/L) 

Total Copper 
(µg/L) 

Total Lead 
(µg/L) 

Total Zinc 
(µg/L) 

Detention Pond 27 0.48 15.9 14.6 58.7 
Wet Pond 10 0.2 5.8 3.4 21.6 
Wetland Basin 13 0.13 3.3 2.5 29.2 
Biofilter 18 0.36 9.6 5.4 27.9 
Media Filter 11 0.66 7.6 2.6 32.2 
Hydrodynamic Device 23 0.29 11.8 5 75.1 
Expected BMP pollutant performance for effluent quality was developed from the WERF-ASCE/U.S. 
EPA International BMP Database, 2007 

D.2 Using Performance Statistics for BMP Selection 

The observed performance of stormwater BMPs provides valuable quantitative 
information that can be used to infer the potential water quality benefits of 
stormwater BMP implementation. However, water quality data sets and the 
statistical methods used to summarize them inherently contain a high level of 
uncertainty. Consideration of this uncertainty is fundamental to the proper and 
responsible use of statistics. Some of the key issues that should be considered when 
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drawing conclusions from data contained in the ASCE International BMP Database 
for the purposes of developing BMP selection guidance are discussed below.  

Number of Representative BMPs 

Some BMP types are not well represented in the ASCE International BMP Database 
due to small data sets. For example, the “Wetland Basin” category only included nine 
studies nationwide as compared to over 50 for biofilters at the time the data analysis 
was conducted for the MS4 permit (2007). For some pollutants, such as total copper, 
data are only available for four Wetland Basin studies. While the BMP Database 
continues to grow, there are currently less than 300 BMP studies included, with only 
approximately 50 in California. The size of the data set provides an indicator of the 
reliability of that data in representing the “typical” effluent concentration for that 
BMP type.  

BMP Categorization 

The BMP studies within the BMP database represent a wide spectrum of BMP types 
with a variety of designs and sizing criteria. While some guidance is provided on how 
to categorize BMPs, data providers are responsible for categorizing their own BMPs. 
Some of these BMPs could be poorly categorized due to a variety of reasons, such as 
differences in terminology, missing or inadequately sized treatment components 
(e.g., forebays, vegetation, or permanent pools) or variable treatment function (e.g., a 
seasonal wet pond). Ideally, the BMPs should be grouped according to common 
design components and/or sizing criteria, but there currently aren’t enough data with 
design information to support such analyses. However, the BMP Database is 
currently undergoing a restructuring that is redefining or sub-categorizing the 
current BMP categories within the database.  

Statistical Significant Difference between BMP Influent/Effluent  

Some of the median effluent values reported in the BMP Database are not 
statistically different than the median influent values (i.e., no concentration 
reductions on average). No significant difference may indicate either low influent 
concentrations or poor performing BMPs for that pollutant. In either case, the 
effluent value alone would not be a r eliable indicator of BMP performance. For 
example, as summarized in Geosyntec and Wright Water (2008), the data for 
Wetland Basins, a “top performing” BMP according to Attachment C of the MS4 
permit, did not conclusively show statistically significant removals of TSS, nitrate-
nitrogen, or total lead. Data for hydrodynamic separators and media filters indicate 
they are also ineffective at reducing nitrate-nitrogen concentrations.  

Statistical Significant Differences in Effluent between BMP Types 

The median effluent concentrations of the various BMP types are not necessarily 
statistically significantly different from each other. Statistical significance can be 
determined by analyzing whether the 95th percent confidence intervals overlap. The 
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number of data points and the variability of those data points determine the 
confidence interval of each median value. If the effluent medians are not statistically 
significantly different from each other, it may not be possible to determine the “top 
three” performing BMPs as specified in the MS4 Permit. Confidence intervals about 
the median effluent concentrations for each BMP type are provided in Geosyntec and 
Wright Water (2008) (see attached).  

D.3 Comparison of the Performance of Biofiltration BMPs and 
Retention BMPs 

Background 

Projects that demonstrate technical infeasibility for reducing EIA to ≤5% using 
Retention BMPs are eligible to use Biofiltration BMPs to achieve the EIA 
performance standard. Section 4.E.III.1.(b) of Order R4-2010-0108 states: 

If on-site retention is determined to be technically infeasible pursuant to 
4.E.III.2(b), an on-site biofiltration system that achieves equivalent stormwater 
volume and pollutant load reduction as would have been achieved by on-site 
retention shall satisfy the EIA limitation. 

Volume-based biofiltration BMPs shall be sized to treat 1.5 times the volume not 
retained using Retention BMPs. The remaining EIA requirement may also be 
satisfied with flow-based Biofiltration BMPs. Flow-based Biofiltration BMPs shall be 
sized for the remaining drainage area from which runoff must be retained (ARetain) 
with a rainfall intensity that varies with time of concentration for the catchment 
tributary to the flow-based Biofiltration BMP, according to the following.  Using this 
flow-based sizing method will achieve or exceed capture and treatment of 80% of the 
average annual runoff volume. 

Time of Concentration, minutes Design Intensity for 150% Sizing, in/hr 
30 0.24 
20 0.25 
15 0.28 
10 0.31 
5 0.35 

 

Methodology 

A planning-level analysis was conducted to assess whether the range of Biofiltration 
BMPs included in the 2010 TGM, sized per these volume- or flow-based sizing 
criteria, would achieve equivalent pollutant load reduction to Retention BMPs. The 
following describes the step-wise method taken for the analysis. 
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Step 1: Estimate the Catchment Annual Load 

Assumptions: 

• Average Annual Rainfall- 14.5 inches (Oxnard Gauge) (precipitation, P) 

• One acre Catchment (area, A) 

Calculations: 

1) Determine developed runoff coefficients for single-family, multi-family, 
commercial, and industrial land use types             

• Use average imperviousness values from Ventura Hydrology Manual 
(Exhibit 14B) 

• Assume soil group 2/3 (Group C soils) for pervious runoff coefficient (Cp, 
conservative value = 0.1) 

• Use developed runoff coefficient (Cd) equation from hydrology manual:  

Cd = 0.95*(imperviousness) + (Cp)*(1-imperviousness) 

2) Calculate Average Annual Runoff Volume (cu-ft) using:  

Vavg annual = Cd*(P/12)*A*43560 

3) Multiply average annual runoff volume by respective event mean concentrations 
(EMCs) for pollutants of concern to get average annual loads.   

• Look at “EMC Arithmetic Means” to see EMCs by land use type.  

• EMCs calculated based on LA County Land Use specific data (LACDPW, 
2000).  Descriptive statistics estimated using the parametric bootstrap 
method suggested by Singh, Singh, and Engelhardt (1997). 

• Pollutants of concern: Total Suspended Solids (TSS), Total Copper, Total 
Zinc, and Total Nitrogen.  TSS is representative of the sediment pollutant 
class as well as pollutants that are associated with particulates (e.g., total 
phosphorous, some metals, pesticides, some organics). Copper and zinc 
represent metals – lead has been removed from the environment using 
True Source Control (removal of lead from gasoline) and thus is not an 
important POC for Biofiltration BMP selection and design. Total nitrogen 
is representative in that it includes all of the species of nitrogen (organic 
nitrogen, ammonia, nitrate, and nitrite) and instead of focusing on one 
species (nitrate).   

Step 2: Estimate Retention BMP Load Reduction 

1) Determine Retention BMP Design volume: 
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• Design storm = 0.75” 

• Use land use-based coefficients 

• Vdesign = Cd*(0.75/12)*A*43560 

2) Determine Retention BMP capture volume using CASQA 48-hour Drawdown 
Figure for Oxnard Gauge (CASQA, 2003) 

• Calculate Unit Basin Storage Volume using:  

o Unit Basin Storage Vol = Vdesign/ A 

• Using developed runoff coefficients, interpolate between runoff coefficient 
lines to determine the percentage of total runoff captured by Retention BMP. 

3) Determine Annual Load Reduction 

• The percentage of the annual load that is reduced is the same as the 
percentage of runoff captured by the Retention BMP, assuming that all 
captured runoff is retained.  The percent capture calculated in (2) can be 
multiplied by the catchment annual pollutant load to obtain the load 
reduction.  

Step 3: Estimate Biofiltration BMP Load Reduction  

1) Determine BMP Design volume as described in 2.a above, except: 

• Design storm = 1.5*0.75 = 1.125 inches 

2) Determine BMP capture volume using CASQA 24-hour Drawdown Figure for 
Oxnard Gauge (CASQA, 2003) as described in 2.b. above 

3) Determine annual load reduction.  L oad reduction in Biofiltration BMPs can 
occur via two pathways: incidental infiltration and treatment. 

• Incidental infiltration in Biofiltration BMPs was discussed in a publication by 
Strecker, Quigley, Urbonas, and Jones (Strecker et al, 2004).  That study 
observed as much as 40% volume reduction through incidental infiltration. A 
recent summary of the studies in the ASCE BMP Database found the 
following average volume reductions: filter strips, 38%; vegetated swales, 
48%; and bioretention with underdrain, 61%  (Geosyntec, 2011; attached to 
this appendix). 

• Pollutant Load reduction via incidental infiltration can be calculated as 
follows (20% is the percent of the captured volume assumed to be reduced via 
incidental infiltration for this discussion):  
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Load reduced = Average annual Load * Percent Runoff Captured by BMP 
* 20% 

• Load reduction through treatment calculated based on published literature on 
pollutant removals from biofiltration facilities. 

• Load reduction through treatment is calculated as follows: 

Load reduced = Average annual Load * Percent Runoff Captured by BMP 
*80% * Assumed Average Percent Removal 

Note: 80% = 100%-20%, i.e. the captured runoff that was not infiltrated 
via incidental infiltration 

Constituent 

Range of Reported 
Removal Efficiencies 

from Literature1 

Selected Removal 
Efficiency for 
Effectiveness 
Evaluation2  

Selected Removal 
Efficiency for 

Enhanced Nitrogen 
Removal3 

TSS 54-89 79 79 
Total Zinc 48-96 77 77 
Total Copper 33-92 72 72 
Total Nitrogen 21-54 25 50 

1 Range of values from literature cited below: 
1.  Hererra Consultants and Geosyntec Consultants, 2010.  Filterra® Bioretention 

Systems: Technical Basis for High Flow Rate Treatment and Evaluation of Stormwater 
Quality Performance.  September 2010.  

2.  University of New Hampshire, 2009.  University of New Hampshire Stormwater Center 
2009 Biannual Report. www.unh.edu/erg/cstev.   

3.  Passeport et. al, 2009.  Field Study of the Ability of Two Grassed Bioretention Cells to 
Reduce Storm-Water Runoff Pollution.  Journal of Irrigation and Drainage Engineering, 
ASCE, Vol 135, No. 4, pp 505-510, July/ August 2009.  

4.  Brown, R.A., Hunt, W.F., and Kennedy, S.G., 2009. Designing Bioretention with an 
Internal Water Storage (IWS) Layer. Online at: 
 http://www.bae.ncsu.edu/stormwater/PublicationFiles/IWS.BRC.2009.pdf.  

5. Facility for Advancing Water Biofiltration. Online at: 
 http://www.monash.edu.au/fawb/products/obtain.html.  

6.  Geosyntec Consultants and Wright Water Engineers, Inc., 2008.  Overview of 
Performance by BMP Category and Common Pollutant Type, International Stormwater 
BMP Database Update. June 2008 

7.  Geosyntec Consultants and Wright Water Engineers, Inc., 2010.  Categorical Summary 
of BMP Performance for Nutrient Concentration Data Contained in the International 
Stormwater BMP Database. December, 2010 

2 Removal efficiency for TSS, Total Zinc, and Total Copper represent average of values from 
literature.  Removal efficiency for TN is that expected from a 'standard biofilter', that is, one not 
designed for enhanced nitrogen removal 
3 Removal efficiency for TN represented as average value of removals from bioretention systems 
with an anaerobic zone for enhanced removal of nitrogen 

• The total load reduction is calculated as the sum of the reductions from these 
two pathways.  The percent load reduction is calculated by dividing the total 
load reduction by the annual pollutant load from the catchment 
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Step 4: Comparison of Annual Load Reductions 

1) Load reductions are compared by subtracting the load reduction calculated for 
Biofiltration BMPs from the load reduction calculated for Retention BMPs to 
determine the ‘deficit’ load reduction.   

Results 

Step 1: Estimate the Catchment Annual Load 

1) Determine developed runoff coefficients for single-family, multi-family, 
commercial, and industrial land use types             

Land Use Imperviousness Runoff Coefficient (C) 

Single Family Residential 0.3 0.36 

Multi Family Residential 0.69 0.69 

Commercial 0.85 0.82 

Industrial 0.93 0.89 

 

2) Calculate Average Annual Runoff Volume (cu-ft), and  

3) Multiply average annual runoff volume by respective event mean concentrations 
(EMCs) for pollutants of concern to get average annual loads.  

Land Use 

Arithmetic Means from Lognormal EMC Statistics  

TSS 
(mg/L) 

Total 
Zinc 

(mg/L) 

Total 
Copper 
(mg/L) 

Total Nitrogen 
(mg/L as N) 

Single Family Residential 124.2 71.9 18.7 3.74 

Multi Family Residential 39.9 125.1 12.1 3.31 

Commercial 67 237.1 31.4 3.99 

Industrial 219.2 537.4 34.5 3.74 

 

Land Use 

Average 
Annual Runoff 
Volume (cu-ft) 

Catchment Pollutant Loads (kg/yr) 

TSS 
Total 
Zinc 

Total 
Copper 

Total 
Nitrogen 

Single Family Residential 18,685 65,716 38 10 1,979 

Multi Family Residential 36,134 40,826 128 12 3,387 

Commercial 43,292 82,135 291 38 4,891 

Industrial 46,871 290,933 713 46 4,964 

Step 2: Estimate Retention BMP Load Reduction 

1) Determine Retention BMP Design volume 
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2) Determine Retention BMP capture volume using CASQA 48-hour Drawdown 
Figure for Oxnard Gauge (CASQA, 2003) 

Land Use 
Design Volume 

(cu-ft) 
Unit Basin Storage 
Volume (inches) Approx % Capture 

Single Family Residential 966 0.27 60.0% 

Multi Family Residential 1,869 0.51 62.5% 

Commercial 2,239 0.62 62.5% 

Industrial 2,424 0.67 60.0% 

3) Determine Annual Load Reduction 

Land Use 

Average Annual Pollutant Load Reduction (kg/yr) = Influent * 
Approx % Cap 

TSS Total Zinc Total Copper Total Nitrogen 

Single Family Residential 39,429 23 5.9 1,187 

Multi Family Residential 25,516 80 7.7 2,117 

Commercial 51,335 182 24.1 3,057 

Industrial 174,560 428 27.5 2,978 

 

Land Use 

Percent of Total Annual Loads  

TSS Total Zinc Total Copper Total Nitrogen 

Single Family Residential 60.0% 60.0% 60.0% 60.0% 

Multi Family Residential 62.5% 62.5% 62.5% 62.5% 

Commercial 62.5% 62.5% 62.5% 62.5% 

Industrial 60.0% 60.0% 60.0% 60.0% 

 

Step 3: Estimate Biofiltration BMP Load Reduction  

1) Determine Biofiltration BMP Design volume 

 

Land Use Design Volume (cu-ft) 

Single Family Residential 967 

Multi Family Residential 1869 

Commercial 2239 

Industrial 2424 

Land Use Design Volume (cu-ft) 

Single Family Residential 1,450 

Multi Family Residential 2,803 

Commercial 3,359 

Industrial 3,637 
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2) Determine BMP capture volume using CASQA 24-hour Drawdown Figure for 
Oxnard Gauge (CASQA, 2003) 

Land Use 
Design Volume 

(cu-ft) 
Unit Basin Storage 
Volume (inches) Approx % Capture 

Single Family Residential 1,450 0.40 87.50% 

Multi Family Residential 2,803 0.77 87.50% 

Commercial 3,359 0.93 90.00% 

Industrial 3,637 1.00 87.50% 

 

3) Determine annual load reduction.  L oad reduction in Biofiltration BMPs can 
occur via two pathways: incidental infiltration and treatment.  

Incidental Infiltration Scenario #1: 20% Volume Reduction 

Land Use 

Pollutant Load Reduction from 20% Incidental Infiltration (kg/yr) 

TSS Total Zinc Total Copper Total Nitrogen 

Single Family Residential 11,500 7 2 346 

Multi Family Residential 7,144 22 2 593 

Commercial 14,784 52 7 880 

Industrial 50,913 125 8 869 

 

Land Use 

Pollutant Load Reduction from Standard Treatment (kg/yr) 

Enhanced Nitrogen 
Load Reduction 

(kg/yr)1 

TSS Total Zinc Total Copper Total Nitrogen Total Nitrogen 

Single Family Residential 36,341 21 5 346 693 

Multi Family Residential 22,577 69 6 593 1,185 

Commercial 46,719 161 20 880 1,761 

Industrial 160,886 384 23 869 1,737 
1 Anticipated removal if an anaerobic zone is provided for Enhanced Nitrogen removal.  

Land Use 

Total Pollutant Load Reduction from Standard Treatment 
+ Incidental Infiltration (20%) (kg/yr) 

Enhanced Nitrogen 
Load Reduction + 

Incidental 
Infiltration (20%) 

(kg/yr) 

TSS Total Zinc Total Copper Total Nitrogen Total Nitrogen 

Single Family Residential 47,841 27 6.7 693 1,039 

Multi Family Residential 29,721 91 8.4 1,185 1,778 

Commercial 61,503 213 26.8 1,761 2,641 

Industrial 211,799 509 31.0 1,737 2,606 
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Land Use 

Percent of Total Annual Loads from Standard Treatment + 
Incidental Infiltration (20%) 

Enhanced Nitrogen 
% Load Reduction 

+ Incidental 
Infiltration (20%) 

TSS Total Zinc Total Copper Total Nitrogen Total Nitrogen 

Single Family Residential 72.8% 71.4% 67.7% 35.0% 52.5% 

Multi Family Residential 72.8% 71.4% 67.7% 35.0% 52.5% 

Commercial 74.9% 73.4% 69.6% 36.0% 54.0% 

Industrial 72.8% 71.4% 67.7% 35.0% 52.5% 

 

Step 4: Comparison of Annual Load Reductions 

Load reductions are compared by subtracting the load reduction calculated for 
Biofiltration BMPs from the load reduction calculated for Retention BMPs to 
determine the ‘deficit’ load reduction.   

Land Use 

Biofiltration Pollutant Load Reduction Deficit - Standard 
Treatment + Incidental Infiltration (20%) (kg/yr) 

Enhanced Nitrogen 
+ Incidental 

Infiltration (20%) 
Pollutant Load 

Reduction Deficit 
(kg/yr) 

TSS Total Zinc Total Copper Total Nitrogen Total Nitrogen 

Single Family Residential -8,412 -4 -0.8 495 148 

Multi Family Residential -4,205 -11 -0.6 931 339 

Commercial -10,168 -32 -2.7 1,296 416 

Industrial -37,239 -81 -3.5 1,241 372 

Note: a negative deficit means Biofiltration has a higher pollutant load reduction than Retention. 

Land Use 

Biofiltration Pollutant Load Reduction Deficit - Standard 
Treatment + Incidental Infiltration (20%) (%) 

Enhanced Nitrogen 
+ Incidental 

Infiltration (20%) 
Pollutant Load 

Reduction Deficit 
(%) 

TSS Total Zinc Total Copper Total Nitrogen Total Nitrogen 

Single Family Residential -12.8% -11.4% -7.7% 25.0% 7.5% 

Multi Family Residential -10.3% -8.9% -5.2% 27.5% 10.0% 

Commercial -12.4% -10.9% -7.1% 26.5% 8.5% 

Industrial -12.8% -11.4% -7.7% 25.0% 7.5% 

 

Conclusion: Biofiltration BMPs sized for 1.5 times the SQDV, with an average incidental 
infiltration of 20% of the average annual runoff volume, which is a conservative estimate of 
incidental infiltration for all types of Biofiltration Treatment Measures, provide equivalent 
pollutant load reduction to Retention BMPs for TSS and metals.   
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Incidental Infiltration Scenario #2: 40% Volume Reduction 

Land Use 

Pollutant Load Reduction from 40% Incidental Infiltration (kg/yr) 

TSS Total Zinc Total Copper Total Nitrogen 

Single Family Residential 23,000 13 3 693 

Multi Family Residential 14,289 45 4 1,185 

Commercial 29,569 105 14 1,761 

Industrial 101,827 250 16 1,737 

 

Land Use 

Pollutant Load Reduction from Standard Treatment (kg/yr) 

Enhanced Nitrogen 
Load Reduction 

(kg/yr)1 

TSS Total Zinc Total Copper Total Nitrogen Total Nitrogen 

Single Family Residential 27,256 15 3.7 260 519 

Multi Family Residential 16,932 52 4.7 445 889 

Commercial 35,039 121 14.9 660 1,321 

Industrial 120,665 288 17.2 652 1,303 
1 Anticipated removal if an anaerobic zone is provided for Enhanced Nitrogen removal.  

Land Use 

Total Pollutant Load Reduction from Standard Treatment 
+ Incidental Infiltration (40%) (kg/yr) 

Enhanced Nitrogen 
Load Reduction + 

Incidental 
Infiltration (40%) 

(kg/yr) 

TSS Total Zinc Total Copper Total Nitrogen Total Nitrogen 

Single Family Residential 50,256 29 7.2 952 1,212 

Multi Family Residential 31,221 97 9.0 1,630 2,074 

Commercial 64,608 225 28.8 2,421 3,082 

Industrial 222,491 538 33.3 2,389 3,040 

 

Land Use 

Percent of Total Annual Loads from Standard Treatment + 
Incidental Infiltration (40%) 

Enhanced Nitrogen 
% Load Reduction 

+ Incidental 
Infiltration (40%) 

TSS Total Zinc Total Copper Total Nitrogen Total Nitrogen 

Single Family Residential 76.5% 75.4% 72.6% 48.1% 61.3% 

Multi Family Residential 76.5% 75.4% 72.6% 48.1% 61.3% 

Commercial 78.7% 77.6% 74.7% 49.5% 63.0% 

Industrial 76.5% 75.4% 72.6% 48.1% 61.3% 
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Step 4: Comparison of Annual Load Reductions 

Load reductions are compared by subtracting the load reduction calculated for 
Biofiltration BMPs from the load reduction calculated for Retention BMPs to 
determine the ‘deficit’ load reduction.   

Land Use 

Biofiltration Pollutant Load Reduction Deficit - Standard 
Treatment + Incidental Infiltration (40%) (kg/yr) 

Enhanced Nitrogen 
+ Incidental 

Infiltration (40%) 
Pollutant Load 

Reduction Deficit 
(kg/yr) 

TSS Total Zinc Total Copper Total Nitrogen Total Nitrogen 

Single Family Residential -10,827 -6 -1.2 235 -25 

Multi Family Residential -5,705 -17 -1.3 487 42 

Commercial -13,273 -44 -4.7 636 -24 

Industrial -47,931 -110 -5.8 589 -62 

Note: a negative deficit means Biofiltration has a higher pollutant load reduction than Retention. 

Land Use 

Biofiltration Pollutant Load Reduction Deficit - Standard 
Treatment + Incidental Infiltration (40%) (%) 

Enhanced Nitrogen 
+ Incidental 

Infiltration (40%) 
Pollutant Load 

Reduction Deficit 
(%) 

TSS Total Zinc Total Copper Total Nitrogen Total Nitrogen 

Single Family Residential -16.5% -15.4% -12.6% 11.9% -1.3% 

Multi Family Residential -14.0% -12.9% -10.1% 14.4% 1.2% 

Commercial -16.2% -15.1% -12.2% 13.0% -0.5% 

Industrial -16.5% -15.4% -12.6% 11.9% -1.3% 

 

Conclusion: Biofiltration BMPs sized for 1.5 times the SQDV, with an av erage incidental 
infiltration of 40% of the average annual runoff volume, which is representative of vegetated 
swales and filter strips, provide equivalent pollutant load reduction to Retention BMPs for 
all of the pollutants of concern.   
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Incidental Infiltration Scenario #3: 60% Volume Reduction 

Land Use 

Pollutant Load Reduction from 60% Incidental Infiltration (kg/yr) 

TSS Total Zinc Total Copper Total Nitrogen 

Single Family Residential 34,501 20 5 1,039 

Multi Family Residential 21,433 67 6 1,778 

Commercial 44,353 157 21 2,641 

Industrial 152,740 374 24 2,606 

 

Land Use 

Pollutant Load Reduction from Standard Treatment (kg/yr) 

Enhanced Nitrogen 
Load Reduction 

(kg/yr)1 

TSS Total Zinc Total Copper Total Nitrogen Total Nitrogen 

Single Family Residential 18,170 10 2 173 346 

Multi Family Residential 11,288 34 3 296 593 

Commercial 23,359 81 10 440 880 

Industrial 80,443 192 11 434 869 
1 Anticipated removal if an anaerobic zone is provided for Enhanced Nitrogen removal.  

Land Use 

Total Pollutant Load Reduction from Standard Treatment 
+ Incidental Infiltration (60%) (kg/yr) 

Enhanced Nitrogen 
Load Reduction + 

Incidental 
Infiltration (60%) 

(kg/yr) 

TSS Total Zinc Total Copper Total Nitrogen Total Nitrogen 

Single Family Residential 52,671 30 7.7 1,212 1,385 

Multi Family Residential 32,722 102 9.6 2,074 2,371 

Commercial 67,712 238 30.7 3,082 3,522 

Industrial 233,183 567 35.5 3,040 3,475 

 

Land Use 

Percent of Total Annual Loads from Standard Treatment + 
Incidental Infiltration (60%) 

Enhanced Nitrogen 
% Load Reduction 

+ Incidental 
Infiltration (60%) 

TSS Total Zinc Total Copper Total Nitrogen Total Nitrogen 

Single Family Residential 80.2% 79.5% 77.6% 61.3% 70.0% 

Multi Family Residential 80.2% 79.5% 77.6% 61.3% 70.0% 

Commercial 82.4% 81.7% 79.8% 63.0% 72.0% 

Industrial 80.2% 79.5% 77.6% 61.3% 70.0% 
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Step 4: Comparison of Annual Load Reductions 

Load reductions are compared by subtracting the load reduction calculated for 
Biofiltration BMPs from the load reduction calculated for Retention BMPs to 
determine the ‘deficit’ load reduction.   

Land Use 

Biofiltration Pollutant Load Reduction Deficit - Standard 
Treatment + Incidental Infiltration (60%) (kg/yr) 

Enhanced Nitrogen 
+ Incidental 

Infiltration (60%) 
Pollutant Load 

Reduction Deficit 
(kg/yr) 

TSS Total Zinc Total Copper Total Nitrogen Total Nitrogen 

Single Family Residential -13,242 -7 -1.7 -25 -198 

Multi Family Residential -7,206 -22 -1.9 42 -254 

Commercial -16,378 -56 -6.7 -24 -465 

Industrial -58,623 -139 -8.1 -62 -496 

Note: a negative deficit means Biofiltration has a higher pollutant load reduction than Retention. 

Land Use 

Biofiltration Pollutant Load Reduction Deficit - Standard 
Treatment + Incidental Infiltration (60%) (%) 

Enhanced Nitrogen 
+ Incidental 

Infiltration (60%) 
Pollutant Load 

Reduction Deficit 
(%) 

TSS Total Zinc Total Copper Total Nitrogen Total Nitrogen 

Single Family Residential -20.2% -19.5% -17.6% -1.3% -10.0% 

Multi Family Residential -17.7% -17.0% -15.1% 1.2% -7.5% 

Commercial -19.9% -19.2% -17.3% -0.5% -9.5% 

Industrial -20.2% -19.5% -17.6% -1.3% -10.0% 

 

Conclusion: Biofiltration BMPs sized for 1.5 times the SQDV, with an av erage incidental 
infiltration of 60% of the average annual runoff volume, which is representative of 
bioretention with an underdrain, is equivalent to or exceeds the pollutant load reduction of 
Retention BMPs for all of the pollutants of concern.  
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E.1 Structural Treatment BMP Sizing Criteria  

The BMP sizing criteria for determining the design volume or design flow for a 
proposed BMP are discussed in this appendix. These criteria must be used for all 
stormwater BMPs installed in new and re-development projects in Ventura County. 
This section outlines the rainfall analyses, Ventura County MS4 Permit sizing 
criteria, and recommended sizing methods for both volumetric and flow-based 
analysis.  

Sizing Criteria 

The type of rainfall analysis required depends on whether the BMP is a volume-based 
or flow-based BMP.  This distinction between volume-based and flow-based controls 
is not always clear, especially in a sequence of BMPs or a treatment train.  The 
following are general guidelines for each type of control.  

• Volume-based BMPs are designed to treat a volume of runoff, which is 
detained for a certain period of time to allow for the settling of solids and 
associated pollutants. Volume-based BMPs included in this manual are 
bioretention, planter boxes, infiltration systems, and retention/detention 
BMPs. 

• Flow-based BMPs treat water on a continuous flow basis. Flow-based BMPs 
included in this manual are vegetated swales, filter strips, filtration systems, 
and hydrodynamic devices. 

The four volume-based and three flow-based BMP sizing criteria included in the 
Ventura County MS4 Permit (Order No. 09-0057) are included below.  

The water quality design volume for volume-based BMPs must be determined using 
one of the following options: 

1) The 85th percentile 24-hour runoff event determined as the maximized capture 
stormwater volume for the area using a 48 to 72-hour draw down time, from the 
formula recommended in Urban Runoff Quality Management, WEF Manual of 
Practice No. 23/ASCE Manual of Practice No. 87, (1998); or 

2) The volume of annual runoff based on unit basin storage water quality volume to 
achieve 80 percent or more volume treatment; or 

3) The volume of runoff produced from a 0.75 inch storm event; or 

4) 80 percent of the average runoff volume using an appropriate public domain 
continuous flow model [such as Storm Water Management Model (SWMM) or 
Hydrologic Engineering Center – Hydrologic Simulation Program – Fortran 
(HEC-HSPF)], using the local rainfall record and relevant BMP sizing and design 
data. 
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Flow-based BMPs must be designed to capture and treat the water quality design 
flow rate generated from one of the following criterion: 

1) The flow of runoff produced from a rain event equal to at least 0.2 inches per 
hour intensity; or 

2) The flow of runoff produced from a rain event equal to at least 2 times the 85th 
percentile hourly rainfall intensity as determined from local rainfall records; or 

3) Eight percent of the 50-year storm design flow rate as determined from the 
method provided below. 

These sizing methods are explained below.  

Methods for Determining the Water Quality Design Volume 

Method 1: Urban Runoff Quality Management (URQM) Approach 

The volume-based BMP sizing methodology described in Urban Runoff Quality 
Management (WEF Manual of Practice No. 23/ASCE Manual of Practice No. 87, 
(1998), pages 175-178) estimates the “maximized stormwater quality capture 
volume.”  The URQM approach is based on the translation of rainfall to runoff using 
two regression equations. The first regression equation, which relates rainfall to 
runoff, was developed using two years of data from more than 60 urban watersheds 
nationwide.  The second regression equation relates mean annual runoff-producing 
rainfall depths to the “Maximized Water Quality Capture Volume” which corresponds 
to the “knee of the cumulative probability curve”.  This second regression was based 
on analysis of long-term rainfall data from seven rain gages representing climatic 
zones across the country.  T he Maximized Water Quality Capture Volume 
corresponds to approximately the 85th percentile runoff event, and ranges from 82 
to 88%. 

The two regression equations that form the URQM approach are as follows: 

04.0774.078.0858.0 23 ++−= impimpimpC   (Equation E-1) 

( ) 6PCaPo ⋅⋅=    (Equation E-2) 

 
Where: 

C  =  watershed runoff coefficient (unitless) 

imp =  watershed impervious ratio which is equal to the percent total 
imperviousness divided by 100 (ranges from 0 to 1) 

Po  = maximized detention storage volume based on the volume 
capture ratio as its basis (watershed inches) 
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a =  regression constant from least-squares analysis (unit less), 
a=1.582 and a=1.963 for 24 and 48 hour draw down, 
respectively  

P6  =  mean storm precipitation volume (watershed inches) 

P6 can be determined by two ways: Figure 5.3 in Urban Runoff Quality Management, 
or by performing analysis on local historical rainfall data.  To determine the mean 
precipitation, EPA’s Synoptic Rainfall Analysis Program – SYNOP – can be applied 
(see Other Rainfall Analysis Methods below). 

The runoff coefficient equation in the URQM approach (Method 1) is not appropriate 
for the California BMP Handbook approach (Method 2), as Equation E-4 was 
developed in conjunction with the regression constants used in Method 1.   

Method 2: Treatment of 80% or more of the Total Volume 

Most water quality facilities are designed to treat only a portion of the runoff from a 
given site, as it is not economically feasible to capture 100% of the runoff.  The 
percent of runoff treated by a basin is referred to as the “percent capture”.   There are 
a number of methods which allow calculation of the percent capture, including the 
California Stormwater Quality Association (CASQA) method (recommended by the 
2002 Ventura County Manual), and using the EPA Stormwater Management Model 
(SWMM).  

CASQA Method 

The California Stormwater Quality Association (CASQA) BMP Handbook method 
estimates the basin volume to achieve various levels of volume capture (e.g., 80% for 
this sizing criterion).   In the CASQA BMP Handbook New Development and 
Redevelopment (2003), a proprietary version of the Storage, Treatment, Overflow, 
Runoff Model (STORM) is used as the basis for the volume-based BMP sizing 
criteria.  T he model results are presented as the relationship between “unit basin 
storage volume” and “% volume capture” of the BMP”, varying with drawdown time 
and runoff coefficient.  Knowing the drawdown time, the runoff coefficient, and the 
desired percent capture will yield the “unit basin storage volume”. The “unit basin 
storage volume” can then be used to size the BMP using the following equation (note 
that “unit basin storage volume” is given in inches, so units will have to be adjusted 
accordingly): 

BMP Volume = Unit Basin Storage Volume × Tributary Area  (Equation E-3) 

Results for several rain gauges are presented in Appendix D of the CASQA BMP 
Handbook New Development and Redevelopment (CASQA, 2003). Results are 
provided for a range of runoff coefficients and for 24 hour and 48 hour drawn down 
times.  In order to use the curves provided in Appendix D, it is necessary to know the 
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runoff coefficient for the area tributary to the BMP, the drawn down time (a.k.a. 
drain time) of the facility, and the percent capture goal (e.g., 80%). 

Drawdown time is the time required to drain a facility that has reached its design 
capacity; usually expressed in hours.  Drain time is important as it is a surrogate for 
residence time, which affects the particle settling in the basin. Estimates for design 
drain time vary, and ideally would be determined based on site-specific information 
on the size, shape, and density or settling velocity of suspended particulates in the 
runoff. Because this information is generally not available for a specific site, 
estimates of appropriate ranges for settling time have generally relied on settling 
column test information reported in the literature.  

An important source of drain time information is settling column tests conducted by 
Grizzard et. al. (1986) as part of the Nationwide Urban Runoff Program (NURP).  
Grizzard found that settling times of 48 hours resulted in removals of 80% to 90% of 
total suspended solids (TSS).  Rapid initial removal was also observed in stormwater 
samples with medium (100 to 215 mg/L) and high (721 mg/L) initial TSS 
concentrations.  For example, at settling times of 24 hours, the 80% to 90% removals 
were already achieved in samples with medium and high initial TSS, whereas only 
50% to 60% removal was achieved in those with low initial TSS. 

Given the data provided above, a drain time of 36 to 48 hours is recommended for 
sizing volume-based BMPs. This is also consistent with the recommendation of 
vector control agencies that structures be designed to drain in less than 72 hours to 
minimize mosquito breeding.  

The rain gauge that is recommended for use for the area permitted by the Ventura 
county MS4 Permit (Order No. 09-0057) is the Oxnard Equipment Yard Gauge 
(168), which has a 4 0 year rainfall record.  The graph included in the CASQA 
handbook can be seen in Figure E-1 below. 
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Figure E-1: CASQA 48-hour Drawdown Figure for Oxnard Gauge 

 

This method has been modified for Ventura County.  To use this method, follow the 
calculation procedure below.  This refers to Figure E-3.   

Ventura County Calculation Procedure 

1) Review the area draining to the proposed treatment control measure.  Determine 
the effective imperviousness (IWQ) of the drainage area. 

2) Estimate the total imperviousness (impervious percentage) of the site by the 
determining the weighted average of individual areas of like imperviousness.   

3) Enter Figure E-2 along the horizontal axis with the value of total imperviousness 
calculated in Step 1.  Move vertically up Figure E-2 until the appropriate curve 
(G-5.1 (filter strip) or G-5.2 (vegetated swale) employed individually or G-5.1 and 
G-5.2 employed together) is intercepted.  M ove horizontally across Figure E-2 
until the vertical axis is intercepted.  R ead the Effective Imperviousness value 
along the vertical axis.  

4) Note that if G-5.1 and/or G-5.2 are implemented on only a portion of the site, the 
site may be divided and effective imperviousness determined for the portion of 
the site for which site design controls have been implemented.  T he resulting 
effective imperviousness may be combined with total imperviousness of the 
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remainder of the site to determine a weighted average total imperviousness for 
the entire site. 

Figure E-2: Effective Imperviousness based on Watershed Imperviousness 

 

5) Figure E-3 provides a direct reading of Unit Basin Storage Volumes required for 
80% annual capture of runoff for values of “IWQ” determined in Step 1.  Enter the 
horizontal axis of Figure E-3 with the “IWQ” value from Step 1.  Move vertically up 
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Figure E-3 until the appropriate drawdown period line is intercepted.  ( The 
design drawdown period specified in the respective Fact Sheet for the proposed 
treatment control measure.)  Move horizontally across Figure E-3 from this point 
until the vertical axis is intercepted.  Read the Unit Basin Storage Volume along 
the vertical axis. 

6) Figure E-3 is based on Precipitation Gage 168, Oxnard Airport.  This gage has a 
data record of approximately 40 years of hourly readings and is maintained by 
Ventura County Flood Control District. Figure E-3  is for use only in the permit 
area specified in Regional Board Order No. 00-108, NPDES Permit No. 
CAS004002. 

7) The SQDV for the proposed treatment control measure is then calculated by 
multiplying the Unit Basin Storage Volume by the contributing drainage area.  
Due to the mixed units that result (e.g., acre-inches, acre-feet) it is recommended 
that the resulting volume be converted to cubic feet for use during design. 

Example Stormwater Quality Design Volume Calculation 

1) Determine the drainage area contributing to control measure, At.  Example:  10 
acres. 

2) Determine the area of impervious surfaces in the drainage area, Ai.  Example:  6.4 
acres. 

3) Calculate the percentage of impervious, IA = (Ai/ At)*100 

Example:  

Percent Imperviousness = (Ai/ At)*100 = (6.4 acres/10 acres)*100 = 64% 

4) Determine Effective Imperviousness using Figure 3-4.   

IWQ = 60% 

5) Determine design drawdown period for proposed control measure.   

6) Determine the Unit Basin Storage Volume for 80% Annual Capture, Vu using 
Figure E-3.  

For IWQ/100 = 0.60 and drawdown = 40 hrs, Vu = 0.64 in. 

7) Calculate the volume of the basin, Vb, where  

Vb = Vu* At.  (Equation E-4) 

Where 

Vb  =  Volume of basin 
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Vu  =  Unit basin storage volume 

At = Total tributary area 

8) Vb = (0.64 in)(10 ac)(ft/12 in(43,560 ft2 / ac) = 23,232 ft3. 

9) Solution:  Si ze the proposed control measure for 23,232 ft3 and 40-hour 
drawdown. 

 

Figure E-3: Unit Basin Storage Volume for Design Volume Method 2 
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Method 3: 0.75 Inch Design Storm Approach  

Equation E-8 can be used to determine the water quality design volume for Method 
3. 

Calculation Procedure 

1) Determine the area from which runoff must be retained on-site (Aretain) using the 
method below:  

The allowable EIA for a project site can be calculated as follows: 

EIAallowable =  (Aproject)*(%allowable)  (Equation E-5) 

Where: 

EIAallowable  = the maximum impervious area from which runoff can be 
treated and discharged off-site [and not retained on-site] 
(acres). 

Aproject  = the total project area (acres). “Total project area” for new 
development and redevelopment projects is defined as the 
disturbed, developed, and undisturbed portions within the 
project’s property (or properties) boundary, at the project scale 
submitted for first approval. 

%allowable  = ranges from 5 percent to 30 percent, based on a project 
specific assessment of technical feasibility for retaining runoff 
and whether the project is located in an existing urban area. 

The drainage area from which Project generated runoff must be retained on-site is 
the total impervious area minus the EIAallowable, which can be calculated as follows: 

Aretain = TIA – EIAallowable = (P*Aproject ) – EIAallowable (Equation E-6) 

Where: 

Aretain  = the drainage area from which runoff must be retained (acres) 

TIA = total impervious area (acres) 

EIAallowable  = the maximum impervious area from which runoff can be 
treated and discharged off-site [and not retained on-site] 
(acres). 

P =  imperviousness of project area (%)/100 

Aproject = the total project area (acres) 
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Calculation Procedure 

1) Determine the area from which runoff must be retained on-site (Aretain) using 
method above.  

2) Determine the runoff coefficient per the following method: 

C = 0.95*imp + Cp (1-imp) (Equation E-7) 

Where: 

C  =  runoff coefficient 

imp  =  impervious fraction of watershed 

Cp = pervious runoff coefficient, determined using table below 

Table E-1: Pervious Runoff Coefficient Based on Ventura Soil Type 

Ventura Soil Type 
(Soil Number) Cp value 

1 0.15 

2 0.10 

3 0.10 

4 0.05 

5 0.05 

6 0 

7 0 

 

3) The volume can be calculated using equation E-8 below: 

SQDV = C*(0.75/12)*Aretain  (Equation E-8) 

Where: 

SQDV  =  the water quality design volume (acre-feet) 

Cimp =  runoff coefficient, calculated by equation (4) above 

0.75    = the design rainfall depth (in) [based on sizing method (c)] 

Aretain    =  the drainage area from which runoff must be retained (acres) 
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Method 4: 80 percent of the average runoff volume using an appropriate public 
domain continuous flow model  

Models that can be used for this calculation include the Storm Water Management 
Model (SWMM) or Hydrologic Engineering Center – Hydrologic Simulation Program 
– Fortran (HEC-HSPF)], using the local rainfall record and relevant BMP sizing and 
design data. 

Sizing Method 4 allows for alternative sizing methods to be used as long as the 
selected method produces a water quality design volume based on historical rainfall 
records that achieves 80% capture of the average runoff volume.  While sizing 
Methods 2 and 3 are appropriate for low lying areas within Ventura County,  
continuous simulation (using historical rainfall record) is well suited to sizing BMPs 
in locations with higher average rainfall. This method is the recommended sizing 
method for Ventura County, using appropriate local data inputs.  For BMP locations 
at higher elevations, with larger rainfall, Method 1 is also better suited to sizing 
volume-based BMPs using rainfall representative of the site where the BMP will be 
located.   

Continuous runoff modeling takes a long, uninterrupted record of observed rainfall 
data and transforms it into a record of runoff data.  This is done by use of a set of 
mathematical algorithms that represent the rainfall-runoff processes.  E PA’s 
Stormwater Management Model (U.S. EPA, 2000) (SWMM) is one type of 
continuous runoff model.  T he runoff module of SWMM subdivides each drainage 
area into two inclined planes, one for impervious areas and one for pervious areas.  
Manning’s equation is applied to estimate runoff taking into account rainfall 
intensity, initial losses, evapotranspiration, and infiltration (for pervious areas). The 
width and length of each plane is selected based on the drainage area configuration 
and existing and proposed drainage features.  Hourly rainfall data is the primary 
model input for generating runoff volumes and rates.  Additional input data are 
required to characterize imperviousness, soils, topography, and losses associated 
with evapotranspiration, infiltration, and initial losses.   

Sizing BMPs using this type of alternative should only be conducted by qualified 
personnel with a thorough understanding of the simulated hydrologic processes and 
operation of the selected hydrology model. 

Methods for Determining the Water Quality Design Flow 

Each of the flow-based sizing alternatives is described in detail below. 

Method 1:  Runoff Produced by 0.2 Inches per Hour Rainfall Intensity 

The rainfall analysis for flow-based controls focuses on estimating the design rainfall 
intensity, which is then converted to a design flow rate using the rational method 
shown in Equation E-9.  
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CiASQDF =         (Equation E-9) 

Where: 

SQDF =  design flow rate (cfs) 

C  =  runoff coefficient, calculated with the Ventura County 
Hydrology Manual method (see Equation E-5) (unitless) 

i    =  rainfall intensity (in/hr) (0.2 in/hr) 

A  =  watershed area (acres) 

Note that 1 acre-in/hr = 1.0083 cfs; this conversion factor can be used with Equation 
D-9, but is not necessary as the uncertainty for the other parameters is generally well 
above 0.8%. 

Method 2:  Runoff Produced by Twice the 85th Percentile Rainfall Intensity 

This method is analogous to the rational method used in Method 1, except that twice 
the historical 85th percentile rainfall intensity for the site location is used for the 
design rainfall intensity.  This method is expected to result in a higher design rainfall 
intensity and design flow rate compared to Method 1 for most of the rain gages in the 
District.   

Method 3:  Runoff Produced by eight percent of the 50-year storm design flow rate  

The Stormwater Quality Design Flow (SQDF) is defined to be equal to 8 percent of 
the peak rate of runoff flow from the 50-year storm as determined using the 
procedures set forth in the Hydrology Manual.   

Calculation Procedure 

1) The Stormwater Quality Design Flow (SQDF) in Ventura County is defined as 
SQDF 

2) Calculate the peak rate of flow from the 50-year storm (QP, 50 yr.) using the 
procedures set forth in the Hydrology Manual or as directed by the local agency 
Drainage Master Plan.   

3) Convert QP, 50yr (Step 2) to QP, SQDF (Step 1). 

QP, SQDF = 0.1 x QP, 50yr  (Equation E-10) 

Example Stormwater Quality Design Flow Calculation 

The steps below illustrate calculation of SQDF: 

1) Calculate the peak rate of flow from a 50-year storm. 
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  Qp, 50 yr. = 10 cfs from the Ventura County Hydrology Manual  

4) Convert Qp,50 yr (Step 2) to Qp, SQDF (Step 1) 

SQDF = 0.8 x 10 cfs (Equation E-11) 

SQDF = 0.8 cfs  

Rainfall Analysis Methods 

The rainfall analysis methods listed below have the benefits of including the most 
recent rainfall data. Additionally, if the site is not close to an isohyet map rainfall 
gauge, these methods may be more accurate due to the variability of rainfall due to 
changing microclimates caused by elevation and distance from the ocean.  

A resource available for obtaining rainfall data in Ventura County is the data 
collected and compiled by the National Climatic Data Center (NCDC).   

There are many NCDC stations within Ventura County that collect or have collected 
hourly precipitation data.  S ome of these stations are no longer in operation and 
others may not have a sufficiently long period of record over which precipitation data 
has been collected to be of use for properly sizing treatment BMPs.  NCDC data may 
be obtained online at the NCDC website http://www.ncdc.noaa.gov/oa/ncdc.html. 

Rainfall Analysis Using EPA’S SYNOP Program 

US EPA’s Synoptic Rainfall Data Analysis Program (SYNOP) aggregates hourly 
rainfall data into individual storm events and computes event descriptive statistics.  
The SYNOP program calculates the duration, volume, and intensity for individual 
storms as well as average annual statistics.  Recurrence interval and probability 
results are also available as output options.  The SYNOP program allows the user to 
screen out storms that are not expected to result in runoff (see step 2 below). 

The SYNOP rainfall analysis is conducted to output event-specific data in addition to 
average annual statistics.  The individual storm event data can be ranked to give the 
85th percentile storm or averaged to give the mean storm size.   

Steps for conducting SYNOP rainfall analysis are as follows: 

1) Obtain the hourly rainfall data for the gage of interest from the NCDC or other 
agency. 

2) Run SYNOP for the available rain gage data.  Model input parameters include the 
inter-event time and a minimum storm event size.  The inter-event time specifies 
the minimum duration in which precipitation does not occur, used to define 
separate storm events, while the minimum storm event is the depth of 
precipitation generated by a storm below which runoff generally does not occur.  
Typically, an inter-event time of 6 hours (USEPA, 1989), and a minimum storm 
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event size of 0.10 inches are used (i.e., storms of 0.10 inches or less are not 
considered to produce runoff typically).  Model results include event-specific and 
annual statistics during the period of record analyzed.  

3) Rank and average the SYNOP storm event output. 
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E.2 INF-1 Infiltration Basin/ INF-2 Infiltration Trench/ INF-4 Drywell  

This worksheet can be used for sizing INF-1 Infiltration Basins, INF-2 Infiltration 
Trenches, or INF-4 drywells.  An infiltration basin is an e arthen basin constructed 
into naturally pervious soils which retains the SQDV and allows the retained runoff 
to percolate into the underlying native soils over a specified period of time.   
Infiltration trenches are long, narrow, gravel-filled trenches, often vegetated, that 
infiltrate stormwater runoff from small drainage areas. Drywells are similar to 
infiltration trenches, but the geometry and materials are slightly different.  A dry well 
may be either a small excavated pit filled with aggregate or a prefabricated storage 
chamber or pipe segment, with the depth of the drywell greater than the width. 

Sizing Methodology 

Infiltration facilities can be sized using one of two methods: a simple sizing method 
or a r outing modeling method.  With either method the SQDV volume must be 
completely infiltrated within 12 to 72 hours (see Appendix E, Section E.1 for a 
discussion on drawdown time and BMP performance).  The simple sizing procedures 
provided below can be used for either infiltration basins, infiltration trenches (see 
INF-2: Infiltration Trench) or drywells (INF-4: Drywell).  For the routing modeling 
method, refer to VEG-8 Sand Filters. 

Step 1: Calculate the design volume 

Infiltration facilities shall be sized to capture and infiltrate the SQDV volume (see 
Section 2 and Appendix E) with a 12 - 72 hour drawdown time (see Appendix E, 
Section E.1).   

Step 2: Determine the Design Percolation Rate 

The percolation rate will decline between maintenance cycles as particulates 
accumulate in the infiltrative layer and the surface becomes occluded.  Additionally, 
monitoring of actual facility performance has shown that the full-scale infiltration 
rate is far lower than the rate measured by small-scale testing.  It is important that 
adequate conservatism is incorporated in the selection of design percolation rates. 
For infiltration trenches, the design percolation rate discussed here is the percolation 
rate of the underlying soils, which will ultimately drive infiltration through the 
trench, and not the percolation rate of the filter media bed (refer to the “Geometry 
and Sizing” section of INF-2 for the recommended composition of the filter media 
bed for infiltration trenches).  See INF-1: Infiltration Basin for guidance in 
developing design percolation rate correction factors. 

Step 3: Calculate Surface Area 

Determine the size of the required infiltrating surface by assuming the SQDV will fill 
the available ponding depth plus (for infiltration trenches/ drywells with aggregate) 
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the void spaces within the filter media based on the computed porosity of the media 
(normally about 32%).    

1) Determine the maximum depth of runoff that can be infiltrated within the 
required drain time as follows: 

t
P

d design

12max =
  (Equation E-12) 

Where: 

dmax  =  the maximum depth of water that can be infiltrated within the 
required drain time (ft) 

Pdesign =  design percolation rate of underlying soils (in/hr) 

t  = required drain time (hrs) 

2) Choose the ponding depth (dp) and/or trench depth (dt) such that: 

pdd ≥max   For Infiltration Basins (Equation E-13) 

ptt ddnd +≥max  For Infiltration Trenches or aggregate-filled Drywells

 (Equation E-14) 

Where: 

dmax  =  the maximum depth of water that can be infiltrated within the 
required drain time (ft) 

dp  =  ponding depth (ft) 

nt  =  trench/drywell  fill aggregate porosity (unitless) 

dt  =  depth of trench/drywell filter media (ft) 

3) Calculate infiltrating surface area (filter bottom area) required: 

( ) )12/( pdesign dTP
SQDVA

+
=  For Infiltration Basins (Equation E-15) 

( ) )12/( pttdesign ddnTP
SQDVA

++
= For Infiltration Trenches or aggregate-filled 

Drywells (Equation E-16) 

Where: 

SQDV  =  stormwater quality design volume (ft3) 
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nt  =  trench fill aggregate porosity (unitless) 

Pdesign =  design percolation rate (in/hr) 

dp  =  ponding depth (ft) 

dt  =  depth of trench filter media (ft) 

T  =  fill time (time to fill to max ponding depth with water) (hrs) 
[use 2 hours for most designs]  

Step 4: Size the forebay (applies to infiltration basins and trenches) 

Infiltration facilities require pre-treatment to reduce sediment load into the basin.  If 
a separate pre-treatment unit is not used, a f orebay should be constructed for the 
facility.  If a forebay is used, all inlets must enter the sediment forebay.  The sediment 
forebay must be sized to 25% of the basin volume.  The forebay must have interior 
slopes no steeper than 4:1.   

1) Calculate the volume of the sediment forebay: 

Vforebay = 0.25×SQDV (Equation E-17)   

Where: 

Vforebay  = Volume of sediment forebay  

SQDV = Stormwater Quality Design Volume of Infiltration Basin 

2) Select the depth of forebay, dforebay.  This is recommended to be… 

3) Determine bottom surface area of forebay: 

𝐴𝑓𝑜𝑟𝑒𝑏𝑎𝑦 = 𝑉𝑓𝑜𝑟𝑒𝑏𝑎𝑦
𝑑𝑓𝑜𝑟𝑒𝑏𝑎𝑦

  (Equation E-18) 

Where: 

Aforebay  = Bottom surface area of forebay 

Vforebay = Volume of forebay 

dforebay = Depth of forebay 

4) Size forebay outlet pipe.  Pipe must 8 inches in diameter, minimum, and must be 
sized such that the forebay drains completely within 10 minutes.   

Step 5: Provide conveyance capacity for filter clogging 

The infiltration facility should be placed off-line, but an emergency overflow must 
still be provided in the event the filter becomes clogged.  Spillway and overflow 
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structures should be designed in accordance with applicable standards of the Ventura 
County Flood Control District or local jurisdiction. 

RB-AR9755



APPENDIX E: BMP SIZING WORKSHEETS 

Technical Guidance Manual for E-20 July 13, 2011 
Stormwater Quality Control Measures 2011   

Sizing Worksheet 

Step 1: Determine water quality design volume 

1-1. Enter Project area (acres), Aproject Aproject =  acres 

1-2. Enter the maximum allowable percent of the 
Project area that may be effective impervious area 
(%) (refer to permit), ranges from 5-30%, %allowable 

%allowable = 
 

% 

1-3. Determine the maximum allowable effective 
impervious area (acres),  

EIAallowable = (Aproject)*(%allowable) 

EIAallowable= 

 

acres 

1-4. Enter Project impervious fraction, Imp (e.g. 
60% = 0.60) 

Imp=  
 

 

1-5.  Determine the Project Total Impervious area 
(acres), TIA=Aproject*Imp 

TIA= 
 

acres 

1-6. Determine the total area from which runoff 
must be retained (acres), Aretain=TIA-EIAallowable 

Aretain = 
 

acres 

1-7. Determine pervious runoff coefficient using 
Table E-1, Cp 

Cp = 
 

 

1-8. Calculate runoff coefficient,   

C = 0.95*imp + Cp (1-imp) 
C = 

 
 

1-9. Enter design rainfall depth of the storm (in), Pi   Pi =  in 

1-10. Calculate rainfall depth (ft), P = Pi/12 P =  ft 

1-11. Calculate water quality design volume (ft3),  

SQDV=43560×C*P*Aretain 

SQDV= 
 

ft3 

 
   

Step 2: Determine the design percolation rate 

2-1. Enter measured soil percolation rate (in/hr, 0.5 
in/hr min.), Pmeasured 

Pmeasured = 
 

in/hr 

2-2. Determine percolation rate correction factor, SA 
based on suitability assessment (see Section 6 INF-
1) 

SA = 
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2-3. Determine percolation rate correction factor, SB 
based on design (see Section 6 INF-1) 

Sb = 
 

 

2-4.  Calculate combined safety factor, S = SA x Sb S =   

2-5. Calculate the design percolation rate (in/hr),  

Pdesign = Pmeasured/S 

Pdesign = 
 

in/hr 

    

Step 3: Calculate the surface area 

3-1. Enter required drain time(hours,72 hrs max.), t t =  hrs 

3-2. Calculate max. depth of runoff that can be 
infiltrated within the t (ft), dmax = Pdesign t/12 

dmax = 
 

ft 

3-3. For basins, select ponding depth (ft), dp, such 
that dp ≤ dmax 

 dp = 
 

ft 

3-4. For trenches, enter trench fill aggregate 
porosity, nt 

nt = 
 

 

3-5. For trenches, enter depth of trench fill (ft), dt dt =  ft 

3-5. For trenches, select ponding depth dp such that 
dp ≤ dmax - ntdt 

dp= 
 

ft 

3-6. Enter the time to fill infiltration basin or trench 
with water (Use 2 hours for most designs), T 

T = 
 

hrs 

3-7. Calculate infiltrating surface area for infiltration 
basin (ft2): Ab = SQDV/(T Pdesign /12+dp) OR 

Calculate infiltrating surface area for infiltration 
trenches or aggregate- filled drywells (ft2):  

At = SQDV/(T Pdesign /12+ntdt+dp) 

Ab = 

At = 

 

ft2 

ft2 

 

Step 4: Size the forebay (infiltration basins or trenches) 

If a separate pre-treatment unit is designed for the infiltration facility, skip to Step 5.  If 
not, continue through 4-1 through 4-4.  
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4-1. Calculate the volume of the forebay (ft3), 
Vforebay=0.25*SQDV 

Vforebay= 
 

ft3 

4-2. Determine forebay depth (ft), dforebay dforebay=  ft 

4-3. Calculate forebay bottom surface area (ft2), 
Aforebay=Vforebay/dforebay 

Aforebay= 
 

ft2 

4-4.  Provide outlet pipe such that the forebay drains 
to the infiltration facility within 10 minutes.  

 
 

 

    

Step 5: Provide conveyance capacity for filter clogging 

5-1.The infiltration facility should be placed off-line, 
but an emergency overflow must still be provided in 
the event the filter becomes clogged.  Design 
emergency overflow in accordance with applicable 
standards of the Ventura County Flood Control 
District or local jurisdiction.     
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Design Example 

Step 1: Determine water quality design volume 

For this design example, a 10-acre residential development with a 60% total impervious area 
is considered to drain to an infiltration basin.  The 85th percentile storm event for the project 
location is 0.75 inches. 

Step 1: Determine water quality design volume  

1-1. Enter Project area (acres), Aproject A = 10 acres 

1-2. Enter the maximum allowable percent of the 
Project area that may be effective impervious area 
(%) (refer to permit), ranges from 5-30%, %allowable 

%allowable = 5  

1-3. Determine the maximum allowable effective 
impervious area (acres),  

EIAallowable = (Aproject)*(%allowable) 

EIAallowable= 0.5 acres 

1-4. Enter Project impervious fraction, Imp (e.g. 
60% = 0.60) 

Imp=  0.6  

1-5.  Determine the Project Total Impervious area 
(acres), TIA=Aproject*Imp 

TIA= 6 acres 

1-6. Determine the total area from which runoff 
must be retained (acres), Aretain=TIA-EIAallowable 

Aretain = 5.5 acres 

1-7. Determine pervious runoff coefficient using 
Table E-1, Cp 

Cp = 0.05  

1-8. Calculate runoff coefficient,   

C = 0.95*imp + Cp (1-imp) 
C = 0.59  

1-9. Enter design rainfall depth of the storm (in), Pi   Pi = 0.75 in 

1-10. Calculate rainfall depth (ft), P = Pi/12 P = 0.06 ft 

1-11. Calculate water quality design volume (ft3),  

SQDV=43560×C*P*Aretain 

SQDV = 8,500 ft3 

 

Step 2: Calculate Design Infiltration Rate 
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Infiltration facilities require a minimum soil infiltration rate of 0.5 in/hr. If the rate exceeds 
2.4 in/hr as in this example, then the runoff should be fully treated in an upstream BMP 
prior to infiltration to protect the groundwater quality.  

Step 2: Determine the design percolation rate 

2-1. Enter measured soil percolation rate 
(0.5 in/hr min.), Pmeasured 

Pmeasured = 4.0 in/hr 

2-2. Determine percolation rate correction factor, 
SA, based on suitability assessment (see Section 6 
INF-1) 

SA = 3  

2-3. Determine percolation rate correction factor, 
SB, based on design (see Section 6 INF-1) 

Sb = 3  

2-4.  Calculate combined safety factor, S = SA x Sb S = 9  

2-5. Calculate the design percolation rate,  

Pdesign = Pmeasured/S 

Pdesign = 0.44 in/hr 

 

Step 3: Determine Facility Size 

The size of the infiltrating surface is determined by assuming the SQDV will fill the available 
ponding depth (plus the void spaces of the computed porosity (usually about 32%) of the 
gravel in the trench).  

Step 3: Calculate the surface area 

3-1. Enter drawdown time (72 hrs max.), td t = 72 hrs 

3-2. Calculate max. depth of runoff that can be 
infiltrated within the t, dmax = Pdesign t/12 

dmax= 2.4 ft 

3-3. Enter trench fill aggregate porosity, nt nt= 0.32  

3-4. Enter depth of trench fill, dt dt = 4 ft 

3-5. Select trench ponding depth dp such that  

dp ≤ dmax - ntdt 
dp= 1.1 ft 

3-6. Enter the time to fill infiltration basin or 
trench with water (Use 2 hours for most designs), 
T 

T = 2 hrs 
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3-7. Calculate infiltrating surface area for 
infiltration basin: Ab = SQDV/(T Pdesign /12+dp)  

Ab = 7,250 ft2 

 

Step 4: Size the Forebay  

A sediment forebay will be provided for this example as there is no separate pre-treatment 
unit provided.   

Step 4: Size the forebay 

4-1. Calculate the volume of the forebay, 
Vforebay=0.25*SQDV 

Vforebay= 2,100 ft3 

4-2. Determine forebay depth, dforebay dforebay= 3 ft 

4-3. Calculate forebay bottom surface area, 
Aforebay=Vforebay/dforebay 

Aforebay= 700 ft2 

4-4. Provide outlet pipe such that the forebay 
drains to the infiltration facility within 10 
minutes.  

   

 

Step 5: Provide Conveyance Capacity for Flows Higher than Qwq 

The infiltration facility should be placed off-line, but an emergency overflow for flows 
greater than the peak design storm must still be provided in the event the filter becomes 
clogged.  Design emergency overflow in accordance with applicable standards of the Ventura 
County Flood Control District or local jurisdiction. 
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E.3 INF-3 Bioretention 

Sizing Methodology 

Bioretention areas can be sized using one of two methods: a simple sizing method or 
a routing method.  The simple sizing procedure is summarized below.  Continuous 
simulation modeling, routing spreadsheets, and/or other forms of routing modeling 
that incorporate rainfall-runoff relationships and infiltrative (flow) capacities of 
bioretention may be used to size facilities.  Alternative sizing methodologies should 
be prepared with good engineering practices. For the routing modeling method, refer 
to the Sand Filter design guidance (FILT-1).  A bioretention sizing worksheet and 
example are provided in this appendix.  Planter boxes are sized the same as 
bioretention areas with underdrains using parameters appropriate for planter boxes.  

With either method, the runoff entering the facility must completely drain the 
ponding area within 48 hours, and runoff must be completely infiltrated within 96 
hours. Bioretention is to be sized, with or without underdrains, such that the SQDV 
will fill the available ponding depth, the void spaces in the planting soil, and the 
optional gravel layer below the media. 

Step 1: Determine the stormwater quality design volume (SQDV) 

Bioretention areas should be sized to capture and treat the water quality design 
volume (see Section E.1).   

Step 2: Determine the Design Percolation Rate 

The percolation rate will decline between maintenance cycles as particulates 
accumulate in the infiltrative layer and the surface becomes occluded.  Additionally, 
monitoring of actual facility performance has shown that the full-scale infiltration 
rate is far lower than the rate measured by small-scale testing.  It is important that 
adequate conservatism is incorporated in the selection of design percolation rates. 
For infiltrating bioretention facilities, the design percolation rate discussed here is 
the percolation rate of the underlying soils, which will drive infiltration through the 
facility.  See INF-3: Bioretention for guidance in developing design percolation rate 
correction factors. 

Step 3: Calculate the bioretention surface area   

1) Determine the maximum depth of surface ponding that can be infiltrated within 
the required surface drain time: 

ft
in
tP

d pondingdesign

12
max

×
=  
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Where: 

tponding  = required drain time of surface ponding (48 hrs)  

Pdesign =  design percolation rate of underlying soils (in/hr) (see Step 2, 
above) 

dmax  =  the maximum depth of surface ponding water that can be 
infiltrated within the required drain time (ft) 

2) Choose surface ponding depth (dp) such that: 

maxdd p ≤    (Equation E-19) 

Where: 

dp  =  selected surface ponding depth (ft) 

dmax  =  the maximum depth of water that can be infiltrated within the 
required drain time (ft) 

3) Choose thickness(es) of amended media and aggregate layer(s) and calculate total 
effective storage depth of the bioretention area as follows: 

gravelgravelmediamediapeffective lnlndd ++≤ *     (Equation E-20) 

Where: 

deffective =  total equivalent depth of water stored in bioretention area (ft) 

dp  =  surface ponding depth (ft) 

*
median  =  available porosity of amended soil media (ft/ft), approximately 

0.25 ft/ft accounting for antecedent moisture conditions 

lmedia  =  thickness of amended soil media layer (ft) 

ngravel  =  porosity of optional gravel layer (ft/ft), approximately 0.30 
ft/ft 

lgravel =  thickness of optional gravel layer (ft) 

4) Check that entire effective depth (surface plus subsurface storage) infiltrates in 
no greater than 96 hours as follows: 

ft
in

P
d

t
design

effective
total 12×= ≤ 96 hr     (Equation E-21) 

Where: 
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deffective =  total equivalent depth of water stored in bioretention area (ft) 

Pdesign =  design percolation rate of underlying soils (in/hr) (see Step 2, 
above) 

If ttotal > 96 hrs, then reduce surface ponding depth and/or amended media thickness 
and/or gravel thickness and return to Step [A]. 

If ttotal ≤ 96 hrs, then proceed to Step [E]. 

5) Calculate required infiltrating surface area (filter bottom area): 

effective
req d

SQDVA =   (Equation E-22) 

Where: 

SQDV  =  stormwater quality design volume (ft3) 

Step 4: Calculate the bioretention total footprint 

Calculate total footprint required by including a buffer for side slopes and freeboard; 
Areq is measured at the as the filter bottom area (toe of side slopes). 
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Sizing Worksheet 

Step 1: Determine water quality design volume 

1-1. Enter Project area (acres), Aproject Aproject =  acres 

1-2. Enter the maximum allowable percent of the 
Project area that may be effective impervious area 
(%) (refer to permit), ranges from 5-30%, %allowable 

%allowable = 
 

% 

1-3. Determine the maximum allowable effective 
impervious area (acres),  

EIAallowable = (Aproject)*(%allowable) 

EIAallowable= 

 

acres 

1-4. Enter Project impervious fraction, Imp (e.g. 
60% = 0.60) 

Imp=  
 

 

1-5.  D etermine the Project Total Impervious area 
(acres), TIA=Aproject*Imp 

TIA= 
 

acres 

1-6. Determine the total area from which runoff 
must be retained (acres), Aretain=TIA-EIAallowable 

Aretain = 
 

acres 

1-7. Determine pervious runoff coefficient using 
Table E-1, Cp 

Cp = 
 

 

1-8. Calculate runoff coefficient,   

C = 0.95*imp + Cp (1-imp) 
C = 

 
 

1-9. Enter design rainfall depth of the storm (in), Pi  Pi =  in 

1-10. Calculate rainfall depth (ft), P = Pi/12 P =  ft 

1-11. Calculate water quality design volume (ft3),  

SQDV=43560×C*P*Aretain 

SQDV= 
 

ft3 

    

Step 2: Determine the design percolation rate     

2-1. Enter measured soil percolation rate (in/hr) 
(0.5 in/hr minimum), Pmeasured 

Pmeasured = 
 

in/hr 

2-2. Determine percolation rate correction factor, 
SA based on suitability assessment (see Section 6 
INF-3) 

SA = 
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2-3. Determine percolation rate correction factor, 
SB based on design (see Section 6 INF-3) 

SB = 
 

 

2-4.  Calculate combined safety factor, S = SA x Sb 
S =   

2-5. Calculate the design percolation rate (in/hr),  

Pdesign = Pmeasured/S 

Pdesign = 
 

in/hr 

    

Step 3: Calculate Bioretention Infiltrating surface area     

3-1. Enter water quality design volume (ft3), SQDV SQDV =  ft3 

3-2. Enter design percolation rate (in/hr), Pdesign Pdesign =  in/hr 

3.3 Enter the required drain time (48 hours), 
tponding  

tponding = 
 

hours 

3-3. Calculate the maximum depth of surface 
ponding that can be infiltrated within the required 
drain time (ft): 

dmax = (Pdesign × tponding)/12 

dmax = 

 

ft 

3-4. Select surface ponding depth (ft), dp, such that      
dp ≤ dmax 

dp = 
 

ft 

3-5.  Select thickness of amended media (ft,2 feet 
minimum, 3 preferred), lmedia 

lmedia = 
 

ft 

3-6. Enter porosity of amended media (roughly 
25% or 0.25 ft/ft), nmedia 

nmedia=  
 

ft/ft 

3-7.  Select thickness of optional gravel layer (ft), 
lgravel 

lgravel = 
 

ft 

3-8. Enter porosity of gravel (roughly 30% or 0.3 
ft/ft), ngravel 

ngravel=  
 

ft/ft 

3-9. Calculate the total effective storage depth of 
bioretention facility (ft): 

deffective ≤ (dp + nmedialmedia + ngravellgravel) 

deffective= 

 

ft 
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3-10. Check that the entire effective depth 
infiltrates in required drainage time, 96 hours: 

ttotal = (deffective/Pdesign)× 12 

If ttotal > 96 hours, reduce surface ponding depth 
and/or amended media thickness and/or gravel 
thickness and return to 3-4.  

If ttotal ≤ 96 hours, proceed to 3-11. 

ttotal = 

 

hours 

3-11.  C alculate the required infiltrating surface 
area (ft2): 

Areq = SQDV/deffective 

Areq = 

 

ft2 

Step 4: Calculate Bioretention Area Total Footprint     

4-1. Calculate total footprint required by including 
a buffer for side slopes and freeboard (ft2) [Areq is 
measured at the as the filter bottom area (toe of 
side slopes)], Atot 

Atot = 

 

ft2 

RB-AR9767



APPENDIX E: BMP SIZING WORKSHEETS 

Technical Guidance Manual for E-32 July 13, 2011 
Stormwater Quality Control Measures 2011   

Design Example  

Bioretention areas have several components that allow the pretreatment, spreading, 
filtration, collection and discharge of the incoming flows.   

Step 1: Determine water quality design volume 

For this design example, a 10-acre site with soil type 4 and 60% total impervious area is 
considered. The 85th percentile storm event for the project location is 0.75 inches. 

Step 1: Determine water quality design volume       

1-1. Enter Project area (acres), Aproject Aproject = 10 acres 

1-2. Enter the maximum allowable percent of the 
Project area that may be effective impervious area 
(%) (refer to permit), ranges from 5-30%, %allowable %allowable = 5  

1-3. Determine the maximum allowable effective 
impervious area (acres),  

EIAallowable = (Aproject)*(%allowable) EIAallowable= 0.5 acres 

1-4. Enter Project impervious fraction, Imp (e.g. 60% 
= 0.60) Imp=  0.6  

1-5.  Determine the Project Total Impervious area 
(acres), TIA=Aproject*Imp TIA= 6 acres 

1-6. Determine the total area from which runoff must 
be retained (acres), Aretain=TIA-EIAallowable Aretain = 5.5 acres 

1-7. Determine pervious runoff coefficient using 
Table E-1, Cp Cp = 0.05  

1-8. Calculate runoff coefficient,   

C = 0.95*imp + Cp (1-imp) C = 0.59  

1-9. Enter design rainfall depth of the storm (in), Pi  Pi = 0.75 in 

1-10. Calculate rainfall depth (ft), P = Pi/12 P = 0.06 ft 

1-11. Calculate water quality design volume (ft3),  

SQDV=43560×C*P*Aretain SQDV= 8,500 ft3 
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Step 2: Determine the design percolation rate  

For this design example, a native soil percolation rate of 1.5 in/hr is assumed.  

Step 2: Determine the design percolation rate 

2-1. Enter measured soil percolation rate 
(in/hr, 0.5 in/hr minimum), Pmeasured 

Pmeasured = 4.0 in/hr 

2-2. Determine percolation rate correction factor, 
SA, based on suitability assessment (see Section 6 
INF-1) 

SA = 3  

2-3. Determine percolation rate correction factor, 
SB, based on design (see Section 6 INF-1) 

Sb = 3  

2-4.  Calculate combined safety factor, S = SA x Sb S = 9  

2-5. Calculate the design percolation rate (in/hr),  

Pdesign = Pmeasured/S 

Pdesign = 0.44 in/hr 

Step 3: Determine bioretention/ planter box area footprint  

A bioretention area is designed with two components: (1) temporary storage reservoir to 
store runoff, and (2) a plant mix filter bed (planting soil mixed with sand content = 70%) 
through which the stored runoff must percolate to obtain treatment. 

Step 3: Calculate bioretention/planter box surface area  

3-1. Enter water quality design volume (ft3), SQDV SQDV = 8,500 ft3 

3-2. Enter design percolation rate (in/hr), Pdesign Pdesign = 0.375 in/hr 

3.3 Enter the required drain time (48 hours), tponding  tponding = 48 hours 

3-3. Calculate the maximum depth of surface ponding 
(ft) that can be infiltrated within the required drain 
time (48 hours): 

dmax = (Pdesign × tponding)/12 

dmax = 1.5 ft 

3-4. Select surface ponding depth  dp such that dp ≤ dmax dp = 1.5 ft 

3-5.  Select thickness of amended media (2 feet 
minimum, 3 preferred), lmedia 

lmedia = 3 ft 
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Step 3: Calculate bioretention/planter box surface area  

3-6. Enter porosity of amended media (roughly 25% or 
0.25 ft/ft), nmedia 

nmedia=  0.25 ft/ft 

3-7.  Select thickness of optional gravel layer (ft), lgravel lgravel = 1 ft 

3-8. Enter porosity of gravel (roughly 30% or 0.3 ft/ft), 
ngravel 

ngravel=  0.3 ft/ft 

3-9. Calculate the total effective storage depth of 
bioretention facility (ft): 

deffective ≤ (dp + nmedialmedia + ngravellgravel) 

deffective= 2.6 ft 

3-10. Check that the entire effective depth infiltrates in 
required drainage time, 96 hours: 

ttotal = (deffective/Pdesign)× 12 

If ttotal > 96 hours, reduce surface ponding depth and/or 
amended media thickness and/or gravel thickness and 
return to 3-4.  

If ttotal ≤ 96 hours, proceed to 3-11. 

ttotal = 82 hours 

3-11.  C alculate the required infiltrating surface area 
(ft2),  Areq = SQDV/deffective 

Areq = 3,300 ft2 

 

Step 4: Calculate Bioretention Area Total Footprint 

For this design example, a natural-shaped bioretention area is assumed, with 3:1 side slopes.  
To calculate the total footprint, the side slopes would be added to the design geometry.     
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E.4 INF-5 Permeable Pavement 

Sizing Methodology 

Permeable pavement (including the base layers) shall be designed to drain in less 
than 72 hours.  The basis for this is that soils must be allowed to dry out periodically 
in order to restore hydraulic capacity; this is essential in order to receive flows from 
subsequent storms, maintain infiltration rates, maintain adequate sub soil oxygen 
levels for healthy soil biota, and to provide proper soil conditions for biodegradation 
and retention of pollutants. 

Permeable pavement must be built and designed by a licensed civil engineer in 
accordance with Ventura County roadway and pavement specifications.  

Step 1: Calculate the design volume 

Permeable pavement shall be sized to capture and treat the stormwater quality 
design volume, SQDV (see Section 2 and Appendix E). 

Step 2: Determine the Design Percolation Rate 

The percolation rate will decline between maintenance cycles as particulates 
accumulate in the infiltrative layer and the surface becomes occluded.  Additionally, 
monitoring of actual facility performance has shown that the full-scale infiltration 
rate is far lower than the rate measured by small-scale testing.  It is important that 
adequate conservatism is incorporated in the selection of design percolation rates. 
For infiltrating bioretention facilities, the design percolation rate discussed here is 
the percolation rate of the underlying soils, which will drive infiltration through the 
facility.  See INF-5: Permeable Pavement for guidance in developing design 
percolation rate correction factors. 

Step 3: Determine gravel drainage layer depth 

Permeable pavement (including the base layers) shall be designed to drain in less 
than 72 hours. The basis for this is that soils must be allowed to dry out periodically 
in order to restore hydraulic capacity to receive flows from subsequent storms, 
maintain infiltration rates, maintain adequate sub soil oxygen levels for healthy soil 
biota, and to provide proper soil conditions for biodegradation and retention of 
pollutants. 

1) Calculate the maximum depth of runoff, dmax, that can be infiltrated within the 
drawdown time: 

12max
tPd design •

=   (Equation E-23) 

Where: 
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dmax =  maximum depth that can be infiltrated (ft) 

Pdesign =  design percolation rate of underlying soils (in/hr) (see Step 2, 
above) 

t =  drawdown time (72 hrs maximum) (hr) 

1) Select the gravel drainage layer depth, l, such that: 

lnd ×≥max   (Equation E-24) 

Where: 

dmax =  maximum depth that can be infiltrated (ft) (see 1) above) 

n =  gravel drainage layer porosity(unitless) (generally about 32% 
or 0.32 for gravel) 

l = gravel drainage layer depth (ft) 

Step 4: Determine infiltrating surface area  

1) Calculate infiltrating surface area for permeable pavement, A: 

nlTP
SQDVA
design

+
=

12

  (Equation E-25) 

Where: 

Pdesign =  design percolation rate of underlying soils (in/hr) (see Step 2, 
above) 

n =  gravel drainage layer porosity(unitless)[about 32% or 0.32 for 
gravel] 

l =  depth of gravel drainage layer (ft) 

T =  time to fill the gravel drainage layer with water (use 2 hours 
for most designs) (hr) 

Step 5: Provide conveyance capacity for clogging 

The permeable pavement must have an emergency overflow for storm events greater 
than the design and in the event the permeable pavement becomes clogged.  See INF-
5 Permeable Pavement for overflow details.  
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Sizing Worksheet 

Step 1: Determine water quality design volume 

1-1. Enter Project area (acres), Aproject Aproject =  acres 

1-2. Enter the maximum allowable percent of the 
Project area that may be effective impervious area (%) 
(refer to permit), ranges from 5-30%, %allowable 

%allowable 
 

 
% 

1-3. Determine the maximum allowable effective 
impervious area (acres),  

EIAallowable = (Aproject)*(%allowable) 

EIAallowable= 

 

acres 

1-4. Enter Project impervious fraction, Imp (e.g. 60% 
= 0.60) 

Imp=  
 

 

1-5.  D etermine the Project Total Impervious area 
(acres), TIA=Aproject*Imp 

TIA= 
 

acres 

1-6. Determine the total area from which runoff must 
be retained (acres), Aretain=TIA-EIAallowable 

Aretain = 
 

acres 

1-7. Determine pervious runoff coefficient using Table 
E-1, Cp 

Cp = 
 

 

1-8. Calculate runoff coefficient,   

C = 0.95*imp + Cp (1-imp) 
C = 

 
 

1-9. Enter design rainfall depth of the storm (in), Pi Pi =  in 

1-10. Calculate rainfall depth (ft), P = Pi/12 P =  ft 

1-11. Calculate water quality design volume (ft3),  

SQDV=43560×C*P*Aretain 

SQDV= 
 

ft3 

    

Step 2: Determine the design percolation rate     

2-1. Enter measured soil percolation rate (0.5 in/hr 
minimum), Pmeasured 

Pmeasured = 
 

in/hr 

2-2. Determine percolation rate correction factor, SA 
based on suitability assessment (see Section 6 INF-5) 

SA = 
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Step 2: Determine the design percolation rate     

2-3. Determine percolation rate correction factor, SB 
based on design (see Section 6 INF-5) 

SB = 
 

 

2-4.  Calculate combined safety factor, S = SA x Sb 
S =   

2-5. Calculate the design percolation rate (in/hr),  

Pdesign = Pmeasured/S 

Pdesign = 
 

in/hr 

    

Step 3: Determine the Gravel Drainage Layer Depth 

3-1. Enter drawdown time (hours, 72 hrs max.), t t =  hours 

3-2. Calculate max. depth of runoff (ft) that can be 
infiltrated within the t, dmax=Pdesignt/12  dmax =  ft 

3-3. Enter the gravel drainage layer porosity, n 
(typically 32% or 0.32 for gravel) n =   

3-4. Select the gravel drainage layer depth (ft) such 
that dmax ≥n×l l =  ft 

     

Step 4: Determine infiltrating surface area  

4-1. Enter gravel drainage layer porosity, n n =   

4-2. Enter depth of gravel drainage layer (ft), l l =  ft 

4-3. Enter the time to fill the gravel drainage layer 
with water (Use 2 hours for most designs), T T =  hrs 

4-4. Calculate infiltrating surface area (ft3): 

 A=SQDV/((TPdesign/12)+nl) A =  ft2 

      

Step 5: Provide conveyance capacity for clogging 

5-1. The permeable pavement must have an emergency overflow for storm events greater 
than the design and in the event the permeable pavement becomes clogged. 
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Design Example 

Step 1: Determine Water Quality Design Volume 

For this design example, a 10-acre residential development with a 60% total impervious area 
is considered.  The 85th percentile storm event for the project location is 0.75 inches. 

Step 1: Determine Water Quality Design Volume 

1-1. Enter Project area (acres), Aproject A = 10 acres 

1-2. Enter the maximum allowable percent of the 
Project area that may be effective impervious area 
(%) (refer to permit), ranges from 5-30%, %allowable 

%allowableble = 5  

1-3. Determine the maximum allowable effective 
impervious area (acres),  

EIAallowable = (Aproject)*(%allowable) 

EIAallowable= 0.5 acres 

1-4. Enter Project impervious fraction, Imp (e.g. 
60% = 0.60) 

Imp=  0.6  

1-5.  Determine the Project Total Impervious area 
(acres), TIA=Aproject*Imp 

TIA= 6 acres 

1-6. Determine the total area from which runoff 
must be retained (acres), Aretain=TIA-EIAallowable 

Aretain = 5.5 acres 

1-7. Determine pervious runoff coefficient using 
Table E-1, Cp 

Cp = 0.05  

1-8. Calculate runoff coefficient,   

C = 0.95*imp + Cp (1-imp) 
C = 0.59  

1-9. Enter design rainfall depth of the storm (in), Pi Pi = 0.75 in 

1-10. Calculate rainfall depth (ft), P = Pi/12 P = 0.06 ft 

1-11. Calculate water quality design volume (ft3),  

SQDV=43560×C*P*Aretain 

SQDV = 8,500 ft3 
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Step 2: Calculate Design Percolation Rate 

Permeable pavement with no underdrain requires a m inimum soil infiltration rate of 0.5 
in/hr. For this design example, a native soil percolation rate of 1.5 in/hr is assumed.  

Step 2: Determine the design percolation rate 

2-1. Enter measured soil percolation rate (0.5 
in/hr min.), Pmeasured 

Pmeasured = 4.0 in/hr 

2-2. Determine percolation rate correction factor, SA, 
based on suitability assessment (see Section 6 INF-1) 

SA = 3  

2-3. Determine percolation rate correction factor, SB, 
based on design (see Section 6 INF-1) 

Sb = 3  

2-4.  Calculate combined safety factor, S = SA x Sb S = 9  

2-5. Calculate the design percolation rate (in/hr),  

Pdesign = Pmeasured/S 

Pdesign = 0.44 in/hr 

 

Step 3: Determine maximum depth that can be infiltrated  

Based on the design infiltration rate and the max drawdown, determine the maximum depth 
that can be infiltrated within the time constraints.  

Step 3: Determine maximum depth that can be infiltrated  

3-1. Enter drawdown time (72 hrs max.), t t = 72 hrs 

3-2. Calculate max. depth of runoff (ft) that can be 
infiltrated within the t, dmax=Pdesignt/12  

dmax = 2.6 ft 

3-3. Enter the gravel drainage layer porosity, n 
(typically 32% or 0.32 for gravel) 

n = 0.32  

3-4. Select the gravel drainage layer depth (ft) such 
that dmax ≥n×l 

l = 8 ft 

 

Step 4: Determine the infiltrating surface area (pavement area) 

Using the depth calculated in Step 3, the required infiltrating surface area of the pavement 
can be calculated.  
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Step 4: Determine the infiltrating surface area  

4-1. Enter gravel drainage layer porosity, n n = 0.32  

4-2. Enter depth of gravel drainage layer (ft), l l = 8 ft 

4-3. Enter the time to fill the gravel drainage layer 
with water (Use 2 hours for most designs), T 

T = 2 hrs 

4-4. Calculate infiltrating surface area (ft3):  

 A=SQDV/(TPdesign/12)+n*l)) A = 1,630 ft2 

 

Step 5: Provide conveyance capacity for clogging  

The permeable pavement must have an emergency overflow for storm events greater than 
the design and in the event the permeable pavement becomes clogged. 
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E.5 VEG-1 Bioretention/VEG-2 Planter Box 

Sizing Methodology 

Bioretention areas can be sized using one of two methods: a simple sizing method or 
a routing method.  The simple sizing procedure is summarized below.  Continuous 
simulation modeling, routing spreadsheets, and/or other forms of routing modeling 
that incorporate rainfall-runoff relationships and infiltrative (flow) capacities of 
bioretention may be used to size facilities.  Alternative sizing methodologies should 
be prepared with good engineering practices. For the routing modeling method, refer 
to the Sand Filter design guidance (FILT-1).  A bioretention sizing worksheet and 
example are provided in this appendix.  Planter boxes are sized the same as 
bioretention areas with underdrains using parameters appropriate for planter boxes.  

With either method, the runoff entering the facility must completely drain the 
ponding area within 48 hours, and runoff must be completely infiltrated within 96 
hours. Bioretention is to be sized, with or without underdrains, such that the SQDV 
will fill the available ponding depth, the void spaces in the planting soil, and the 
optional aggregate layer. 

Step 1: Determine the stormwater quality design volume (SQDV) 

Bioretention areas should be sized to capture and treat the water quality design 
volume (see Section E.1).   

Step 2: Determine the Design Percolation Rate 

Sizing is based on the design saturated hydraulic conductivity (Ksat) of the amended 
soil layer. A target Ksat of 5 inches per hour is recommended for newly installed non-
proprietary amended soil media. The media Ksat will decline between maintenance 
cycles as the surface becomes occluded and particulates accumulate in the amended 
soil layer.  A factor of safety of 2.0 should be applied such that the resulting 
recommended design percolation rate is 2.5 inches per hour.  This value should be 
used for sizing unless sufficient rationale is provided to justify a higher design 
percolation rate.  

Step 3: Calculate the bioretention or planter box surface area   

Determine the size of the required infiltrating surface by assuming the SQDV will fill 
the available ponding depth plus the void spaces in the media, based on the 
computed porosity of the filter media and optional aggregate layer.   

1) Select a surface ponding depth (dp) that satisfies geometric criteria and congruent 
with the constraints of the site.  Selecting a deeper ponding depth (18 inches 
maximum) generally yields a smaller footprint, however requires greater 
consideration for public safety and energy dissipation. 
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2) Compute time for selected ponding depth to filter through media: 

ft
in

K
d

t
design

p
ponding 12=  ≤ 48 hours (Equation E-26) 

Where: 

tponding  = required drain time of surface ponding (48 hrs)  

dp  =  selected surface ponding water depth (ft) 

Kdesign =  design saturated hydraulic conductivity (in/hr) (see Step 2, 
above) 

If tponding exceeds 48 hours, return to (1) and reduce surface ponding or increase 
media Kdesign. Otherwise, proceed to next step. 

Note: In nearly all cases, tponding will not approach 48 hours unless a low Kdesign 
is specified. 

3) Compute depth of water that may be considered to be filtered during the design 
storm event as follows: 

=filteredd   















 ×

2
,

12
proutingdesign d

ft
in

TK
Minimum    (Equation E-27),  

Where: 

dfiltered =  depth of water that may be considered to be filtered during the 
design storm event (ft) for routing calculations; this value 
should not exceed half of the surface ponding depth (dp) 

Kdesign =  design saturated hydraulic conductivity (in/hr) (see Step 2, 
above) 

Trouting =  storm duration that may be assumed for routing calculations; 
this should be assumed to be 3 hours unless rationale for an 
alternative assumption is provided 

dp  =  selected surface ponding water depth (ft) 

4) Calculate required infiltrating surface area (filter bottom area): 

filteredp
req dd

SQDVA
+

=  (Equation E-28) 

Where: 
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Areq =  required area at bottom of filter area (ft2); does not account for 
side slopes and freeboard 

SQDV  =  stormwater quality design volume (ft3) 

dp  =  selected surface ponding water depth (ft) 

dfiltered =  depth of water that can be considered to be filtered during the 
design storm event (ft) for routing calculations (See previous 
step) 

Step 4: Calculate the bioretention total footprint 

Calculate total footprint required by including a buffer for side slopes and freeboard; 
Areq is measured at the filter bottom area (toe of side slopes). 

Step 5: Calculate underdrain system capacity 

Underdrains are required for planter boxes and bioretention with underdrains.  For 
guidance on sizing, refer to step 5 of the worksheet below.  Alternatively, the Ventura 
County Hydrology Manual can be used for pipe sizing guidance.   

 

RB-AR9780



APPENDIX E: BMP SIZING WORKSHEETS 

Technical Guidance Manual for E-45 July 13, 2011 
Stormwater Quality Control Measures 2011   

Sizing Worksheet 

Step 1: Determine water quality design volume 

1-1. Enter Project area (acres), Aproject Aproject =  acres 

1-2. Enter the maximum allowable percent of the 
Project area that may be effective impervious area 
(refer to permit), ranges from 5-30%, %allowable 

%allowable 
 

 
% 

1-3. Determine the maximum allowed effective 
impervious area (ac), EIAallowable = (Aproject)*(%allowable) 

EIAallowable= 
 

acres 

1-4. Enter Project impervious fraction, Imp (e.g. 60% 
= 0.60) 

Imp=  
 

 

1-5.  Determine the Project Total Impervious area 
(acres), TIA=Aproject*Imp 

TIA= 
 

acres 

1-6. Determine the total area from which runoff must 
be retained (acres), Aretain=TIA-EIAallowable 

Aretain = 
 

acres 

1-7. Determine pervious runoff coefficient using Table 
E-1, Cp 

Cp = 
 

 

1-8. Calculate runoff coefficient,   

C = 0.95*imp + Cp (1-imp) 
C = 

 
 

1-9. Enter design rainfall depth of the storm (in), Pi Pi =  in 

1-10. Calculate rainfall depth (ft), P = Pi/12 P =  ft 

1-11. Calculate water quality design volume (ft3),  

SQDV=43560•C*P*Aretain 

SQDV= 
 

ft3 

    

Step 2: Determine the design percolation rate  

2-1. Enter the design saturated hydraulic conductivity 
of the amended filter media (2.5 in/hr recommended 
rate), Kdesign Kdesign =  in/hr 

    

RB-AR9781



APPENDIX E: BMP SIZING WORKSHEETS 

Technical Guidance Manual for E-46 July 13, 2011 
Stormwater Quality Control Measures 2011   

Step 3: Calculate Bioretention/Planter Box surface area  

3-1. Enter water quality design volume (ft3), SQDV SQDV =  ft3 

3-2. Enter design saturated hydraulic conductivity 
(in/hr), Kdesign 

Kdesign =  in/hr 

3-3. Enter ponding depth (max 1.5 ft for Bioretention, 
1 ft for Planter Box) above area, dp  

dp =  ft 

3-4. Calculate the drawdown time for the ponded 
water to filter through media (hours),  

tponding = (dp/Kdesign) ×12 

tponding=  hrs 

3-5. Enter the storm duration for routing calculations 
(use 3 hours unless there is rationale for an 
alternative), Trouting 

Trouting =  hrs 

3-6. Calculate depth of water (ft) filtered by using the 
following two equations: 

dfiltered,1 = (Kdesign × Trouting)/12  

dfilteret,2 = dp /2 

dfiltered,1 = 

dfiltered,2 = 
 

ft 

ft 

3.7 Enter the resultant depth (ft) (the lesser of the two 
calculated above), dfiltered 

dfiltered =  ft 

3-8. Calculate the infiltrating surface area as follows 
(ft2): 

Areq = SQDV/(dp + dfiltered)  

Areq =  ft2 

   

Step 4: Calculate Bioretention Area Total Footprint     

4-1. Calculate total footprint required by including a 
buffer for side slopes and freeboard (ft2) [Areq is 
measured at the as the filter bottom area (toe of side 
slopes)], Atot 

Atot = 

 

ft2 

 

Step 5: Calculate Underdrain System Capacity  

To calculate the underdrain system capacity, continue through steps 5-1 to 5-7.   
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Step 5: Calculate Underdrain System Capacity  

5-1. Calculated filtered flow rate to be conveyed by the 
longitudinal drain pipe, Qf = Kdesign Areq/43,200 Qf =  cfs 

5-2. Enter minimum slope for energy gradient, Se Se =   

5-3. Enter Hazen-Williams coefficient for plastic, CHW CHW =   

5-4. Enter pipe diameter (min 6 inches), D  D =  in 

5-5. Calculate pipe hydraulic radius (ft), Rh =D/48 Rh =  ft 

5-6. Calculate velocity at the outlet of the pipe (ft/s),  

Vp = 1.318CHWRh0.63Se0.54 Vp =  ft/s 

5-7. Calculate pipe capacity (cfs),  

Qcap =0.25π(D/12)2Vp Qcap =  cfs 
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Design Example 

Bioretention areas have several components that allow the pretreatment, spreading, 
filtration, collection and discharge of the incoming flows.   

Step 1: Determine water quality design volume 

For this design example, a 10-acre residential development with a 60% total impervious area 
is considered.  The 85th percentile storm event for the project location is 0.75 inches. 

Step 1: Determine Water Quality Design Volume 

1-1. Enter drainage area, A   A = 10 acres 

1-2. Enter the maximum allowable percent of the 
Project area that may be effective impervious area 
(refer to permit), ranges from 5-30%, %allowable 

%allowableble = 5  

1-3. Determine the maximum allowed effective 
impervious area, EIAallowable = (Aproject)*(%allowable) 

EIAallowable= 0.5 acres 

1-4. Enter Project impervious fraction, Imp (e.g. 
60% = 0.60) 

Imp=  0.6  

1-5.  D etermine the Project Total Impervious area, 
TIA=Aproject*Imp 

TIA= 6 acres 

1-6. Determine the total area from which runoff 
must be retained, Aretain=TIA-EIAallowable 

Aretain = 5.5 acres 

1-7. Determine pervious runoff coefficient using 
Table E-1, Cp 

Cp = 0.05  

1-8. Calculate runoff coefficient,   

C = 0.95*imp + Cp (1-imp) 
C = 0.59  

1-9. Enter design rainfall depth of the storm, Pi  (in) Pi = 0.75 in 

1-10. Calculate rainfall depth, P = Pi/12 P = 0.06 ft 

1-11. Calculate water quality design volume, SQDV = 
43560•P*Aretain*C 

SQDV = 8,500 ft3 

Step 2: Determine the design percolation rate  

For this design example, the recommended amended filter hydraulic conductivity is used, 
2.5 in/hr.   
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Step 2: Determine the design percolation rate      

2-1. Enter the design saturated hydraulic conductivity of 
the amended filter media (2.5 in/hr recommended rate), 
Kdesign Kdesign = 2.5 in/hr 

Step 3: Determine bioretention/ planter box area footprint  

A bioretention area is designed with two components: (1) temporary storage reservoir to 
store runoff, and (2) a plant mix filter bed (planting soil mixed with sand content = 70%) 
through which the stored runoff must percolate to obtain treatment. 

Step 3: Calculate Bioretention/Planter Box surface area  

3-1. Enter water quality design volume (ft3), SQDV SQDV = 8,500 ac-ft 

3-2. Enter design saturated hydraulic conductivity 
(in/hr), Kdesign 

Kdesign = 2.5 in/hr 

3-3. Enter ponding depth (max 1.5 ft for Bioretention, 
1 ft for Planter Box) above area, dp  

dp = 1.5 ft 

3-4. Calculate the drawdown time for the ponded 
water to filter through media (hours),  

tponding = (dp/Kdesign) ×12 

tponding= 7.2 hrs 

3-5. Enter the storm duration for routing calculations 
(use 3 hours unless there is rationale for an 
alternative), Trouting 

Trouting = 3 hrs 

3-6. Calculate depth of water (ft) filtered by using the 
minimum of the following two equations: 

dfiltered,1 = (Kdesign × Trouting)/12  

dfilteret,2 = dp /2 

dfiltered,1 = 

dfiltered,2 = 

0.63 

0.75 

ft 

ft 

3.7 Enter the resultant depth (the minimum of the two 
calculated above), dfiltered 

dfiltered = 0.63 ft 

3-8. Calculate the infiltrating surface area as follows 
(ft2):  Areq = SQDV/(dp + dfiltered)  

Areq = 4,000 ft2 

Step 4: Calculate Bioretention Area Total Footprint 

For this design example, a natural-shaped bioretention area is assumed, with 3:1 side slopes.  
To calculate the total footprint, the side slopes would be added to the design geometry.     
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Step 5: Calculate filter longitudinal underdrain collection pipe 

All underdrain pipes must be 6 inches or greater in diameter to facilitate cleaning. 

Step 5: Calculate underdrain system (required for planter box)  

To calculate the underdrain system capacity, continue through steps 5-1 to 5-7. If you don’t 
need to calculate the underdrain capacity, skip this step. 

5-1. Calculated filtered flow rate to be conveyed by the 
longitudinal drain pipe (cfs), Qf = Kdesign Areq/43,200  Qf = 0.085 cfs 

5-2. Enter minimum slope for energy gradient, Se Se = 0.005  

5-3. Enter Hazen-Williams coefficient for plastic, CHW CHW = 140  

5-4. Enter pipe diameter (min 6 in), D  D = 6 in 

5-5. Calculate pipe hydraulic radius (ft), Rh =D/48 Rh = 0.13 ft 

5-6. Calculate velocity at the outlet of the pipe (ft/s),  

Vp = 1.318CHWRh0.63Se0.54 Vp = 2.9 ft/s 

5-7. Calculate pipe capacity (cfs), Qcap =0.25π(D/12)2Vp Qcap = 0.57 cfs 
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E.6 VEG-3 Vegetated Swale 

Sizing Methodology 

The flow capacity of a vegetated swale is a function of the longitudinal slope (parallel 
to flow), the resistance to flow (i.e. Manning’s roughness), and the cross sectional 
area.  T he cross section is normally approximately trapezoidal and the area is a 
function of the bottom width and side slopes.  The flow capacity of vegetated swales 
should be such that the design water quality flow rate will not exceed a flow depth of 
2/3 the height of the vegetation within the swale or 4 inches at the water quality 
design flow rate.  Once design criteria have been selected, the resulting flow depth for 
the design water quality design flow rate is checked.  I f the depth restriction is 
exceeded, swale parameters (e.g. longitudinal slope, width) are adjusted to reduce 
the flow depth.   

Procedures for sizing vegetated swales are summarized below.  A vegetated swale 
sizing worksheet and example are also provided. 

Step 1: Select design flows 

The swale sizing is based on the stormwater quality design flow SQDF (see Section 
E.1). 

Step 2: Calculate swale bottom width 

The swale bottom width is calculated based on Manning's equation for open-channel 
flow.  This equation can be used to calculate discharges as follows:  

 (Equation E-29) 

Where: 

Q = flow rate (cfs) 

n  = Manning's roughness coefficient (unitless)  

A  = cross-sectional area of flow (ft2)  

R  = hydraulic radius (ft) = area divided by wetted perimeter  

S  = longitudinal slope (ft/ft)  

For shallow flow depths in swales, channel side slopes are ignored in the calculation 
of bottom width.  Use the following equation (a simplified form of Manning's 
formula) to estimate the swale bottom width: 

n 

S AR Q 
5 . 0 67 . 0 49 . 1 = 
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5.067.049.1
*

sy
nSQDF

b wq=   (Equation E-30) 

Where: 

b  =  bottom width of swale (ft)  

SQDF =  stormwater quality design flow (cfs)  

nwq  =  Manning's roughness coefficient for shallow flow conditions = 
0.2 (unitless)  

y  =  design flow depth (ft)  

s  =  longitudinal slope (along direction of flow) (ft/ft)  

Proceed to Step 3 if the bottom width is calculated to be between 2 and 10 feet.  A 
minimum 2-foot bottom width is required.  Therefore, if the calculated bottom width 
is less than 2 feet, increase the width to 2 feet and recalculate the design flow depth y 
using the Equation 4-13, where Qwq, nwq, and s are the same values as used above, but 
b = 2 feet.  

The maximum allowable bottom width is 10 feet; therefore if the calculated bottom 
width exceeds 10 feet, then one of the following steps is necessary to reduce the 
design bottom width:  

1) Increase the longitudinal slope (s) to a maximum of 6 feet in 100 feet (0.06 feet 
per foot).  

2) Increase the design flow depth (y) to a maximum of 4 inches.  

3) Place a divider lengthwise along the swale bottom (Figure 3-1) at least three-
quarters of the swale length (beginning at the inlet), without compromising the 
design flow depth and swale lateral slope requirements.  Swale width can be 
increased to an absolute maximum of 16 feet if a divider is provided. 

Step 3: Determine design flow velocity  

To calculate the design flow velocity through the swale, use the flow continuity 
equation:  

Vwq = SQDF/Awq  (Equation E-31) 

Where: 

Vwq = design flow velocity (fps)  

SQDF = stormwater quality design flow (cfs) 
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Awq = by + Zy2 = cross-sectional area (ft2) of flow at design depth, 
where Z = side slope length per unit height (e.g., Z = 3 if side 
slopes are 3H:1V)  

If the design flow velocity exceeds 1 foot per second, go back to Step 2 and modify 
one or more of the design parameters (longitudinal slope, bottom width, or flow 
depth) to reduce the design flow velocity to 1 foot per second or less.  If the design 
flow velocity is calculated to be less than 1 foot per second, proceed to Step 4.  Note: 
It is desirable to have the design velocity as low as possible, both to improve 
treatment effectiveness and to reduce swale length requirements.  

Step 4: Calculate swale length  

Use the following equation to determine the necessary swale length to achieve a 
hydraulic residence time of at least 7 minutes:  

wqhrVtL 60=   (Equation E-32) 

Where: 

L = minimum allowable swale length (ft) 

thr = hydraulic residence time (min) 

Vwq = design flow velocity (fps)   

The minimum swale length is 100 feet; therefore, if the swale length is calculated to 
be less than 100 feet, increase the length to a minimum of 100 feet, leaving the 
bottom width unchanged.  If a larger swale can be fitted on the site, consider using a 
greater length to increase the hydraulic residence time and improve the swale's 
pollutant removal capability.  If the calculated length is too long for the site, or if it 
would cause layout problems, such as encroachment into shaded areas, proceed to 
Step 5 to further modify the layout.  If the swale length can be accommodated on the 
site (meandering may help), proceed to Step 6.  

Step 5: Adjust swale layout to fit on site  

If the swale length calculated in Step 4 is too long for the site, the length can be 
reduced (to a minimum of 100 feet) by increasing the bottom width up to a 
maximum of 16 feet, as long as the 10 minute retention time is retained.  However, 
the length cannot be increased in order to reduce the bottom width because 
Manning's depth-velocity-flow rate relationships would not be preserved.  I f the 
bottom width is increased to greater than 10 feet, a low flow dividing berm is needed 
to split the swale cross section in half to prevent channelization.  

Length can be adjusted by calculating the top area of the swale and providing an 
equivalent top area with the adjusted dimensions.  

RB-AR9789



APPENDIX E: BMP SIZING WORKSHEETS 

Technical Guidance Manual for E-54 July 13, 2011 
Stormwater Quality Control Measures 2011   

1) Calculate the swale treatment top area based on the swale length calculated in 
Step 4:  

islopeitop LbbA )( +=  (Equation E-33) 

Where:  

Atop = top area (ft2) at the design treatment depth  

bi  =  bottom width (ft) calculated in Step 2  

bslope = the additional top width (ft) above the side slope for the design water 
depth (for 3:1 side slopes and a 4-inch water depth, bslope = 2 
feet)  

Li  = initial length (ft) calculated in Step 4  

2) Use the swale top area and a reduced swale length Lf to increase the bottom 
width, using the following equation:  

)/( slopeftopf bbAL +=  (Equation E-34) 

Where:  

Lf  = reduced swale length (ft)  

bf  =  increased bottom width (ft).  

3) Recalculate Vwq according to Step 3 using the revised cross-sectional area Awq 
based on the increased bottom width bf.  Revise the design as necessary if the 
design flow velocity exceeds 1 foot per second.  

4) Recalculate to assure that the 10 minute retention time is retained.  

Step 6: Provide conveyance capacity for flows higher than SQDF  

Vegetated swales may be designed as flow-through channels that convey flows higher 
than the water quality design flow rate, or they may be designed to incorporate a 
high-flow bypass upstream of the swale inlet.  A high-flow bypass usually results in a 
smaller swale size.  If a high-flow bypass is provided, this step is not needed.  If no 
high-flow bypass is provided, proceed with the procedure below.  Flow splitter 
structure design is described in Appendix G. 

1) Check the swale size to determine whether the swale can convey the flood control 
design storm peak flows (Refer to the Ventura County Hydrology Manual, 2006).  

2) The peak flow velocity of the flood control design storm (e.g., flood control design 
storm – see Ventura County Hydrology Manual, 2006)) must be less than 3.0 feet 
per second.  I f this velocity exceeds 3.0 feet per second, return to Step 2 and 
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increase the bottom width or flatten the longitudinal slope as necessary to reduce 
the flood control design storm peak flow velocity to 3.0 feet per second or less.  If 
the longitudinal slope is flattened, the swale bottom width must be recalculated 
(Step 2) and must meet all design criteria.  

RB-AR9791



APPENDIX E: BMP SIZING WORKSHEETS 

Technical Guidance Manual for E-56 July 13, 2011 
Stormwater Quality Control Measures 2011   

Sizing Worksheet 

Step 1: Determine water quality design flow  

1-1. Enter Project area (acres), Aproject   Adesign =  acres 

1-2. Enter impervious fraction, Imp  (e.g. 60% = 0.60) Imp =   

1-3. Determine pervious runoff coefficient using Table 
E-1, Cp Cp =   

1-4. Calculate runoff coefficient,   

C = 0.95*imp + Cp (1-imp) C =   

1-5. Enter design rainfall intensity (in/hr), i  i =  in/hr 

1-6. Calculate water quality design flow (cfs),  

SQDF= CiA   SQDF =   cfs 

    

Step 2: Calculate swale bottom width 

2-1. Enter water quality design flow (cfs), SQDF  SQDF =  cfs 

2-2. Enter Manning's roughness coefficient for shallow flow 
conditions, nwq = 0.2 nwq =   

2-3. Calculate design flow depth (ft), y  y =  ft 

2-4. Enter longitudinal slope (ft/ft) (along direction of 
flow), s  s =  ft/ft 

2-5. Calculate bottom width of swale (ft),  

b = (SQDF*nwq)/(1.49y0.67s0.5) b =  ft 

2-6. If b is between 2 and 10  feet, go to Step 3     

2-7. If b is less than 2 ft, assume b = 2 ft and recalculate 
flow depth, y = ((SQDF*nwq )/( 2.98 s0.5))1.49 y =  ft 
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2-8. If b  is greater than 10 ft, one of the following design 
adjustments must be made (recalculate variables as 
necessary):  

• Increase the longitudinal slope to a m aximum of 
0.06 ft/ft.  

• Increase the design flow depth to a maximum of 4 in 
(0.33 ft).  

• Place a divider lengthwise along the swale bottom 
(Figure 3-1) at least three-quarters of the swale 
length (beginning at the inlet). Swale width can be 
increased to an absolute maximum of 16 feet if a 
divider is provided.    

    

Step 3: Determine design flow velocity 

3-1. Enter side slope length per unit height (H:V) (e.g. 3 if 
side slopes are 3H :1V), Z Z =   

3-2. Enter bottom width of swale (ft), b  b =  ft 

3-3. Enter design flow depth (ft), y  y =  ft 

3-4. Calculate the cross-sectional area of flow at design 
depth (ft2),  

Awq = by + Zy2 Awq =  ft2 

3-5. Calculate design flow velocity (ft/s), Vwq = SQDF/ Awq Vwq =  ft/s 

3-6. If the design flow velocity exceeds 1 ft/s, go back to 
Step 2 and change one or more of the design parameters to 
reduce the design flow velocity. If design flow velocity is less 
than 1 ft/s, proceed to Step 4.    

 

Step 4: Calculate swale length 

4-1. Enter hydraulic residence time (minutes, minimum 7 
min), thr  thr =  min 

4-2. Calculate swale length (ft),  L = 60thrVwq  L =  ft 
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Step 4: Calculate swale length 

4-3. If L is too long for the site, proceed to Step 5 to adjust 
the swale layout 

If L is greater than 100 ft and will fit within the constraints 
of the site, skip to Step 6 

If L is less than 100 ft, increase the length to a minimum of 
100 ft, leaving the bottom width unchanged, and skip to 
Step 6    

    

Step 5: Adjust swale layout to fit within site constraints 

5-1. Enter the bottom width calculated in Step 2 (ft), bi = b bi =  ft 

5-2. Enter design flow depth (ft), y y=  ft 

5-3. Enter the swale side slope ratio (H:V), Z Z =  ft:ft 

5-4. Enter the additional top width above the side slope for 
the design water depth (ft), bslope = 2Zy bslope =  ft 

5-5. Enter the initial length calculated in Step 4 (ft), Li = L Li =  ft 

5-6. Calculate the top area at the design treatment depth 
(ft2),  Atop  = (bi + bslope)×Li Atop =  ft2 

5-7. Choose a reduced swale length based on site 
constraints (ft), Lf  Lf =  ft 

5-8. Calculate the increased bottom width (ft),  

bf = (Atop/Lf) – bslope  bf =  ft 

5-9. Recalculate the cross-sectional area of flow at design 
depth (ft2), Awq,f = bfy + Zy2 Awq,f =  ft2 

5-10. Recalculate design flow velocity (ft/s),  

Vwq = SQDF/ Awq 

Revise design as necessary if design flow velocity exceeds 1 
ft/s. 

Vwq =  ft/s 
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5-11. Recalculate the hydraulic residence time (min),  

thr = Lf/(60Vwq)  

Ensure that thr is greater or equal to 10 minutes.  

thr =  min 

5-12. When Vwq and thr are recalculated to meet 
requirements, proceed to Step 6.     

    

Step 6: Provide conveyance capacity for flows higher than SQDF (if swale is on-
line) 

6-1. If the swale already includes a high-flow bypass to 
convey flows higher than the water quality design flow rate, 
skip this step and verify that all parameters meet design 
requirements to complete sizing    

6-2. If swale does not include a high-flow bypass, determine 
that the swale can convey flood control design storm peak 
flows. Calculate the capital peak flow velocity per Ventura 
County requirements (ft/s), Vp Vp =   ft/s 

6-3. If Vp > 3.0 feet per second, return to Step 2 a nd 
increase the bottom width or flatten the longitudinal slope 
as necessary to reduce the flood control design storm peak 
flow velocity to 3.0 feet per second or less.  I f the 
longitudinal slope is flattened, the swale bottom width must 
be recalculated (Step 2) and must meet all design criteria.     
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 Design Example 

Step 1: Determine water quality design Flow 

For this design example, a 10-acre site with Type 4 soil and 60% total imperviousness is 
considered.  Flow-based sizing Method 1 is assumed.  Therefore, the design intensity is 0.2 
in/hr.   

Step 1: Determine water quality design flow  

1-1. Enter Project area (acres), Aproject   A = 10 acres 

1-2. Enter impervious fraction, Imp  (e.g. 60% = 0.60) Imp = 0.60  

1-3. Determine pervious runoff coefficient using Table 
E-1, Cp Cp = 0.05  

1-4. Calculate runoff coefficient,   

C = 0.95*imp + Cp (1-imp) C = 0.59  

1-5. Enter design rainfall intensity (in/hr), i  i = 0.2 in/hr 

1-6. Calculate water quality design flow (cfs),  

SQDF= CiA   SQDF=  1.18 cfs 

Step 2: Calculate Swale Bottom Width 

The swale bottom width is calculated based on Manning's equation. The grass height in the 
swale will be maintained at 6-inches. The design flow depth is assumed to be 2/3 of the grass 
height, or 4 inches (0.33 ft). The default Manning's roughness coefficient is assumed 
appropriate for expected vegetation density and design depth. The slope was assumed to be 
0.04.  

Step 2: Calculate swale bottom width 

2-1. Enter water quality design flow (cfs), SQDF SQDF = 1.18 cfs 

2-2. Enter Manning's roughness coefficient for shallow 
flow conditions, nwq = 0.2 nwq = 0.2  

2-3. Calculate design flow depth (ft), y  y = 0.33 ft 

2-4. Enter longitudinal slope (along direction of flow) 
(ft/ft), s  s = 0.04 ft/ft 

2-5. Calculate bottom width of swale (ft),  b = 5.0 ft 
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Step 2: Calculate swale bottom width 

b = Qwqnwq / 1.49y0.67s0.5 

2-6. If b is between 2 and 10  feet, go to Step 3     

2-7. If b is less than 2 ft, assume b = 2 ft and recalculate 
flow depth, y = (Qwqnwq / 2.98s0.5)1.49 Not applicable 

2-8. If b is greater than 10 ft, one of the following design 
adjustments must be made (and recalculate as 
necessary):  

Increase the longitudinal slope to a maximum of 0.06 
ft/ft.  

Increase the design flow depth to a maximum of 4 in 
(0.33 ft).  

Place a divider lengthwise along the swale bottom 
(Figure 3-1) at least three-quarters of the swale length 
(beginning at the inlet). Swale width can be increased to 
an absolute maximum of 16 feet if a divider is provided. 

Not applicable 

Step 3: Determine Design Flow Velocity 

For this design example, it is assumed the side slopes will be designed as 3H: 1V, so Z = 3.  

  Step 3: Determine design flow velocity 

3-1. Enter side slope length per unit height (H:V) (e.g. 3 
if side slopes are 3H :1V), Z Z = 3  

3-2. Enter bottom width of swale (ft), b b = 5.0 ft 

3-3. Enter design flow depth (ft), y y = 0.33 ft 

3-4. Calculate the cross-sectional area of flow at design 
depth (ft2), Awq = by + Zy2 Awq = 2.0 ft2 

3-5. Calculate design flow velocity (ft/s),  

Vwq = SQDF/ Awq Vwq = 0.59 ft/s 

3-6. If the design flow exceeds 1 ft/s, go back to Step 2 
and change one or more of the design parameters to 
reduce the design flow velocity. If design flow velocity is 
less than 1 ft/s, proceed to Step 4.    
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Step 4: Calculate Swale Length 

Using the design flow velocity and a minimum residence time of 7 minutes, the length of the 
swale is calculated as follows. The swale length must be a minimum of 100 ft. 

Step 4: Calculate swale length 

4-1. Enter hydraulic residence time (min 7 min), thr (min) thr = 10 min 

4-2. Calculate swale length,  L = 60thrVwq  L = 354 ft 

4-3. If L is too long for the site, proceed to Step 5 to 
adjust the swale layout 

If L is greater than 100 ft and will fit within the 
constraints of the site, skip to Step 6 

If L is less than 100 ft, increase the length to a minimum 
of 100 ft, leaving the bottom width unchanged, and skip 
to Step 6 

Not Applicable 

 

Site constraints only allow a swale length of 300 feet.  Therefore proceed to Step 5 to adjust 
the swale length. 

Step 5: Adjust Swale Layout to Fit Within Site Constraints  

To adjust swale length to 300 feet, the bottom width needs to be increased (up to a 
maximum of 16 ft if a divider is provided).   

Step 5: Adjust swale layout to fit within site constraints 

5-1. Enter the bottom width calculated in Step 2 (ft), bi = 
b bi = 5.0 ft 

5-2. Enter design flow depth (ft), y y= 0.33 ft 

5-3. Enter the swale side slope ratio (H:V), Z Z = 3 ft:ft 

5-4. Enter the additional top width above the side slope 
for the design water depth (ft), bslope = 2Zy bslope = 2 ft 

5-5. Enter the initial length calculated in Step 4 (ft), Li = 
L Li = 354 ft 

5-6. Calculate the top area at the design treatment depth 
(ft2),  Atop= (bi + bslope)×Li Atop = 2,480 ft2 
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5-7. Choose a reduced swale length based on site 
constraints (ft), Lf  Lf = 300 ft 

5-8. Calculate the increased bottom width (ft),  

bf = (Atop/Lf) – bslope  bf = 6.3 ft 

5-9. Recalculate the cross-sectional area of flow at design 
depth (ft2), Awq,f = bfy + Zy2 Awq,f = 2.4 ft2 

5-10. Recalculate design flow velocity (ft/s),  

Vwq = SQDF/ Awq 

Revise design as necessary if design flow velocity exceeds 
1 ft/s. 

Vwq = 0.49 ft/s 

5-11. Recalculate the hydraulic residence time (min),  

thr = Lf/(60Vwq)  

Ensure that thr is greater or equal to 10 minutes.  

thr = 10.2 min 

5-12. When Vwq and thr are recalculated to meet 
requirements, proceed to Step 6.     

 

Since the new length and width yields Vwq and thr which meet requirements, continue to Step 
6.  

Step 6: Provide Conveyance Capacity for Flows Higher than SQDF 

The swale will be offline such that all flows greater than SQDF will be bypassed. 
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E.7 VEG-4 Filter Strip  

Sizing Methodology 

The flow capacity of a vegetated filter strips (filter strips) is a function of the 
longitudinal slope (parallel to flow), the resistance to flow (e.g., Manning’s 
roughness), and the width and length of the filter strip.  T he slope shall be small 
enough to ensure that the depth of water will not exceed 1 inch over the filter strip. 
Similarly, the flow velocity shall be less than 1 ft/sec.  P rocedures for sizing filter 
strips are summarized below.  A filter strip sizing example is also provided.  

Step 1: Calculate the design flow rate 

The design flow is calculated based on the stormwater quality design flow rate, 
SQDF, as described in Section E.1. 

Step 2: Calculate the minimum width 

Determine the minimum width (i.e. perpendicular to flow) allowable for the filter 
strip and design for that width or larger.  

Wmin = (SQDF) / (qa,min) (Equation E-35) 

Where 

Wmin  =  minimum width of filter strip 

SQDF = stormwater quality design flow (cfs) 

qa,min = minimum linear unit application rate, 0.005 cfs/ft 

Step 3: Calculate the design flow depth 

The design flow depth (df) is calculated based on the width and the slope (parallel to 
the flow path) using a modified Manning’s equation as follows:  

6.05.0 ]49.1/*[*12 sWnSQDFd tribwqf =  (Equation E-36) 

Where: 

df =  design flow depth (inches) 

SQDF =  stormwater quality design flow (cfs) 

W trib =  width (perpendicular to flow = width of impervious surface 
contributing area (ft)) 

s  =  slope (ft/ft) of strip parallel to flow, average over the whole 
width 
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nwq =  Manning’s roughness coefficient (0.25-0.30)  

If df  is greater than 1 inch (0.083 ft), then a shallower slope is required, or a filter 
strip cannot be used. 

Step 4:  Calculate the design velocity  

The design flow velocity is based on the design flow, design flow depth, and width of 
the strip: 

Vwq = SQDF/ (df Wtrib)   (Equation E-37) 

Where: 

df,ft =  design flow depth (ft) (df/12) 

SQDF =  stormwater quality design flow (cfs) 

W trib =  width (perpendicular to flow = width of impervious surface 
contributing area (ft)) 

Step 5:  Calculate the desired length of the filter strip   

Determine the required length (L) to achieve a desired minimum residence time of 7 
minutes using:  

wqhrVtL 60=   (Equation E-38) 

Where: 

L = minimum allowable strip length (ft) 

thr = hydraulic residence time (s) 

Vwq = design flow velocity (fps)   
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Sizing Worksheet 

Step 1: Calculate the design flow        

1-1. Enter Project area (acres), Aproject   Adesign =  acres 

1-2. Enter impervious fraction, Imp  (e.g. 60% = 
0.60) Imp =   

1-3. Determine pervious runoff coefficient using 
Table E-1, Cp Cp =   

1-4. Calculate runoff coefficient,   

C = 0.95*imp + Cp (1-imp) C =   

1-5. Enter design rainfall intensity (in/hr), i  i =  in/hr 

1-6. Calculate water quality design flow (cfs),  

SQDF= CiA   SQDF =  cfs 

    

Step 2: Calculate the minimum width       

2-1. Enter the stormwater quality design flow (cfs), 
SQDF SQDF =  cfs 

2-2. Enter the minimum linear unit application rate 
(0.005 cfs/ft), qa,min qa,min=  cfs/ft 

2-3. Calculate the minimum width of filter strip (ft), 
Wmin Wmin=  ft 

 

Step 3: Calculate the design flow depth 

3-1. Enter filter strip longitudinal slope, s (ft/ft) s =  ft/ft 

3-2. Enter Manning roughness coefficient (0.25-
0.30), nwq nwq =   

3-3. Enter width of impervious surface contributing 
area (perpendicular to flow), W (ft) W =  ft 
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Step 3: Calculate the design flow depth 

3-4. Calculate average depth of water using 
Manning equation (inches),  

df =12* [SQDF*nwq/1.49Wtrib s0.5]0.6 

df =  inches 

3-5. If df  > 1" (0.083 ft), go back step 3-1 and 
decrease the slope    

3-6. If the slope cannot be changed due to 
construction constraints, go to step 3-3 and 
increase the width perpendicular to flow.    

    

Step 4: Calculate the design velocity       

4-1. Enter depth of water (ft), df,ft= df /12  df =  ft 

4-2. Enter width of strip (ft), W W =  ft 

4-3. Calculate design flow velocity (ft/s),  

Vwq = SQDF/(df,ftW) Vwq=  ft/s 

4-4. If the Vwq >1 ft/s, go back to step 3-1 and 
decrease the slope.    

    

Step 5: Calculate the length of the filter strip       

5-1. Enter desired residence time (minimum 7 
minutes), t t =  min 

5-2. Enter design flow velocity (ft/s), Vwq Vwq=  ft/s 

5-3. Calculate length of the filter strip (ft),  

L = 60tVwq L =  ft 

5-4. If L < 4 ft, go to step 3-1 and increase the slope    
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 Design Example 

Step 1: Determine water quality design Flow 

For this design example, a 10-acre site with Type 4 soil and 60% total imperviousness is 
considered.  Flow-based sizing Method 1 is used, as described in Section E.1. 

Step 1: Calculate the design flow        

1-1. Enter Project area (acres), Aproject   Adesign = 10 acres 

1-2. Enter impervious fraction, Imp  (e.g. 60% = 
0.60) Imp = 0.60  

1-3. Determine pervious runoff coefficient using 
Table E-1, Cp Cp = 0.05  

1-4. Calculate runoff coefficient,   

C = 0.95*imp + Cp (1-imp) C = 0.59  

1-5. Enter design rainfall intensity (in/hr), i  i = 0.2 in/hr 

1-6. Calculate water quality design flow (cfs),  

SQDF= CiA   SQDF = 1.18 cfs 

    

Step 2: Calculate the minimum width of filter strip 

Determine the minimum width (i.e. perpendicular to flow) allowable for the filter strip and 
design for that width or larger.  

Step 2: Calculate the minimum width       

2-1. Enter the stormwater quality design flow (cfs), SQDF SQDF = 1.18 cfs 

2-2. Enter the minimum linear unit application rate 
(0.005 cfs/ft), qa,min qa,min= 0.005 cfs/ft 

2-3. Calculate the minimum width of filter strip (ft), 
Wmin=SQDF/qa,min Wmin= 240 ft 

Step 3: Calculate the Design Flow Depth 

A slope of 3% was assumed for the filter strip (2-4% recommended). The design water depth 
should not exceed 1 inch. For this design example a manning’s coefficient of 0.27 was used.  
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Step 3: Calculate the design flow depth 

3-1. Enter filter strip longitudinal slope, s (ft/ft) s = 0.03 ft/ft 

3-2. Enter Manning roughness coefficient (0.25-
0.30), nwq nwq = 0.27  

3-3. Enter width of strip (=impervious surface 
contributing area perpendicular to flow), at least 
Wmin (ft), W  W = 240 ft 

3-4. Calculate average depth of water using 
Manning equation (inches),  

df =12* [SQDF*nwq/1.49Ws0.5]0.6 

df = 0.51 in 

3-5. If df  > 1" (0.083 ft), go back step 3-1 and 
decrease the slope    

3-6. If the slope cannot be changed due to 
construction constraints, go to step 3-3 and 
increase the width perpendicular to flow.    

    

Step 4: Calculate the Design Velocity 

The designed flow velocity should not exceed 1 foot/second across the filter strip. 

Step 4: Calculate the design velocity       

4-1. Enter depth of water (ft), df,ft= df /12  df = 0.043 ft 

4-2. Enter width of strip (ft), W W= 240 ft 

4-3. Calculate design flow velocity (ft/s),  

Vwq = SQDF/(df,ftW) Vwq = 0.11 ft/s 

4-4. If the Vwq >1 ft/s, go back to step 3-1 and 
decrease the slope.    

    

Step 5: Calculate the Length of the Filter Strip 

The filter strip should be at least 4 feet long (in the direction of flow) and accommodate a 
minimum residence time of 7 minutes to provide adequate water quality treatment.  
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Step 5: Calculate the length of the filter strip       

5-1. Enter desired residence time (minimum 10 
minutes), t t = 10 min 

5-2. Enter design flow velocity (ft/s), Vwq Vwq= 0.11 ft/s 

5-3. Calculate length of the filter strip (ft),  

L = 60tVwq L = 66 ft 

5-4. If L < 4 ft, go to step 3-1 and increase the slope    
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E.8 TCM-1 Dry Extended Detention Basin 

Sizing Methodology 

Dry extended detention (ED) basins are basins designed such that the stormwater 
quality design volume, SQDV, is detained for 36 to 48 hours.  This allows sediment 
particles and associated pollutants to settle and be removed from stormwater.  
Procedures for sizing extended detention basins are summarized below.  A  sizing 
example is also provided.  

Step 1: Calculate the design volume 

Dry extended detention facilities shall be sized to capture and treat the water quality 
design volume (see Section E.1).   

Step 2: Calculate the volume of the active basin 

The total basin volume shall be increased an ad ditional 20% of the stormwater 
quality design volume to account for sediment accumulation, at a minimum.  If t he 
basin is designed only for water quality treatment then the basin volume would be 
120% of the stormwater quality design volume, SQDV.  Freeboard is in additional to 
the total basin volume.  Calculate the volume of the active basin, Va: 

Va = 1.20*SQDV  (Equation E-39) 

Step 3: Determine detention basin location and preliminary geometry based on site 
constraints 

Based on site constraints, determine the basin geometry and the storage available by 
developing an elevation-storage relationship for the basin.  The cross-sectional 
geometry across the width of the basin shall be approximately trapezoidal with a 
maximum side slope of 4:1 (H:V) on interior slopes and 3:1 (H:V) on exterior slopes 
unless specifically permitted by Ventura County (see Side Slopes below). Shallower 
side slopes are necessary if the basin is designed to have recreational uses during dry 
weather conditions.  

1) Calculate the width of the basin footprint, Wtot, as follows: 

tot

tot
tot L

AW =    (Equation E-40) 

Where: 

Atot = total surface area of the basin footprint (ft2) 

Ltot = total length of the basin footprint (ft) 
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2) Calculate the length of the active volume surface area including the internal berm 
but excluding the freeboard, Lav-tot: 

fbtottotav ZdLL 2−=−  (Equation E-41) 

Where: 

Z  =  interior side slope as length per unit height  

dfb  =  freeboard depth 

3) Calculate the width of the active volume surface area including the internal berm 
but excluding freeboard, Wav-tot: 

fbtottotav ZdWW 2−=−       (Equation E-42) 

4) Calculate the total active volume surface area including the internal berm and 
excluding freeboard, Aav-tot: 

totavtotavtotav WLA −−− ×=  (Equation E-43) 

5) Calculate the area of the berm, Aberm: 

bermbermberm LWA ×=  (Equation E-44) 

Where: 

Wberm = width of the internal berm 

Lberm = length of the internal berm 

6) Calculate the surface area excluding the internal berm and freeboard, Aav: 

bermtotavav AAA −= =  (Equation E-45) 

Step 4: Determine Dimensions of Forebay 

5-15% of the basin active volume, Va, is required to be within the active volume of the 
forebay.   

1) Calculate the active volume of forebay, V1: 

100
% 1

1
VVV a×

=   (Equation E-46) 

Where: 

%V1 =  percent of Va in forebay (%) 

Va  = active volume (ft3) 
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2) Calculate the surface area for the active volume of forebay, A1: 

1

1
1 d

VA =    (Equation E-47) 

Where: 

d1 = average depth for the active volume of forebay (ft) 

3) Calculate the length of forebay, L1: 

1

1
1 W

AL =         (Equation E-48) 

Where: 

W1 = width of forebay (ft) 

Step 5: Determine Dimensions of Cell 2 

Cell 2 will consist of the remainder of the basin’s active volume. 

1) Calculate the active volume of Cell 2, V2: 

12 VVV a −=   (Equation E-49) 

Where: 

Va  = total basin active volume (ft3) 

V1 = volume of forebay (ft3) 

2) Calculate the surface area, A2, for the active volume of Cell 2: 

12 AAA av −=   (Equation E-50) 

Where: 

Aav = basin surface area excluding berm and freeboard (ft2) 

A1 = surface area of forebay (ft2) 

3) Calculate the average depth, d2, for the active volume of Cell 2: 

2

2
2

A
Vd =         (Equation E-51) 

4) Calculate the length of Cell 2, L2: 
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2

2
2

W
AL =         (Equation E-52) 

Where: 

W2 = width of Cell 2 (ft) 

5) Verify that the length-to-width ratio of Cell 2 at half of d2 is at least 1.5:1 with 
2:1 preferred.  I f the length-to width ratio is less than 1.5:1, modify input 
parameters until a ratio of at least 1.5:1 is achieved.  I f the input parameters 
cannot be modified as a result of site constraints, another site for the basin 
should be chosen.  Calculate the length-to width, LWmid2, ratio of Cell 2 at half of 
d2 follows: 

2

2
2

mid

mid
mid

W
LLW =        (Equation E-53) 

Where: 

Wmid2 = W2 - Zd2 and  (Equation E-54) 

Lmid2 = L2 - Zd2  (Equation E-55) 

Wmid2 =  width of Cell 2 at half of d2 (ft)  

Lmid2 =  length of Cell 2 at half of d2 (ft) 

Z  =  interior side slope as length per unit height (H:V) 

Step 6: Ensure Design Requirements and Site Constraints are achieved 

Check design requirements and site constraints. Modify design geometry until 
requirements are met. If the chosen site for the basin is inadequate to meet the 
design requirements, choose a new location or alternative treatment BMP. 

Step 7: Size Outlet Structure 

The total drawdown time for the basin should be 36-48 hours. The outlet structure 
shall be designed to release the bottom 50% of the detention volume (half-full to 
empty) over 24-32 hours, and the top half (full to half-full) in 12-16 hours. A primary 
overflow should be sized to pass the peak flow rate from the developed capital design 
storm.  See Section 6 for outlet structure sizing methodologies. 

Step 8: Determine Emergency Spillway Requirements 

For online basins, an emergency overflow spillway should be sized to pass flows 
greater than the design peak runoff discharge rate for the 100-yr, 24-hr storm in 
order to prevent overtopping of the walls or berms in the event that a blockage of the 
riser occurs. For offline basins, an emergency spillway or riser should be sized to pass 
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the 100-yr, 24-hr post-development peak storm water runoff discharge rate directly 
to the downstream conveyance system or another acceptable discharge point. For 
sites where the emergency spillway discharges to a steep slope, an emergency 
overflow riser, in addition to the spillway should be provided. 
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Sizing Worksheet 

Step 1: Determine water quality design volume  

1-1. Enter Project area (acres), Aproject A =  acres 

1-2. Enter the maximum allowable percent of the 
Project area that may be effective impervious area 
(refer to permit), ranges from 5-30%, %allowable 

%allowable =  % 

1-3. Determine the maximum allowed effective 
impervious area (ac), EIAallowable = 
(Aproject)*(%allowable) 

EIAallowable=  acres 

1-4. Enter Project impervious fraction, Imp (e.g. 
60% = 0.60) 

Imp=    

1-5.  Determine the Project Total Impervious area 
(acres), TIA=Aproject*Imp 

TIA=  acres 

1-6. Determine the total area from which runoff 
must be retained (acres), Aretain=TIA-EIAallowable 

Aretain =  acres 

1-7. Determine pervious runoff coefficient using 
Table E-1, Cp 

Cp =   

1-8. Calculate runoff coefficient,   

C = 0.95*imp + Cp (1-imp) 
C =   

1-9. Enter design rainfall depth of the storm (in), Pi Pi =  in 

1-10. Calculate rainfall depth (ft), P = Pi/12 P =  ft 

1-11. Calculate water quality design volume (ft3),  

SQDV=43560•C*P*Aretain 

SQDV =  ft3 

    

Step 2: Calculate the volume of the active basin  

2-1. Calculate basin active volume (includes water 
quality design volume + sediment storage volume) 
(ft3), Va = 1.20 × SQDV Va =   ft3 
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Step 3: Determine Detention Basin Location and Preliminary Geometry 
Based on Site Constraints 

3-1. Based on site constraints, determine the basin geometry and the storage available by 
developing an elevation-storage relationship for the basin. For this simple example, 
assume a trapezoidal geometry for cell 1 (forebay) and cell 2.  

3-2. Enter the total surface area of the basin 
footprint based on site constraints (ft2), Atot Atot =  ft2 

3-3. Enter the length of the basin footprint based on 
site constraints (ft), Ltot  Ltot =  ft 

3-4. Calculate the width of the basin footprint (L:W 
= 1.5:1 min) (ft), Wtot = Atot / Ltot    Wtot =  ft 

3-5. Enter interior side slope as length per unit 
height (H:V, min = 3), Z Z =   

3-6. Enter desired freeboard depth (ft), dfb (min: 2 ft 
on-line; 1 ft offline) dfb =  ft 

3-7. Calculate the length of the active volume 
surface area including the internal berm but 
excluding freeboard, Lav-tot = Ltot - 2Zdfb Lav-tot =  ft 

3-8. Calculate the width of the active volume surface 
area including the internal berm but excluding 
freeboard, Wav-tot = Wtot - 2Zdfb Wav-tot =  ft 

3-9. Calculate the total active volume surface area 
including the internal berm and excluding 
freeboard, Aav-tot = Lav-tot × Wav-tot Aav-tot =  ft2 

3-10. Enter the width of the internal berm (6 ft 
min), Wberm Wberm =  ft 

3-11. Enter the length of the internal berm (ft), Lberm 
= Wav-tot Lberm =  ft 

3-12. Calculate the area of the berm (ft2),  

Aberm = Wberm × Lberm Aberm =  ft2 

3-13. Calculate the surface area excluding the 
internal berm and freeboard (ft2), Aav = Aav-tot - Aberm Aav =   ft2 
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Step 4: Determine Dimensions of forebay 

4-1. Enter the percent of Va in forebay (5-15% 
required), %V1 %V1 =  % 

4-2. Calculate the active volume of forebay,  

V1 = (Va • %V1)/100  V1 =  ft3 

4-3. Enter a desired average depth for the active 
volume of forebay, d1 d1 =  ft 

4-4. Calculate the surface area for the active volume 
of forebay, A1 = V1 / d1 A1 =  ft2 

4-5. Enter the width of forebay, W1 = Wav-tot = Lberm W1 =   ft 

4-6. Calculate the length of forebay (Note: inlet and 
outlet should be configured to maximize the 
residence time), L1 = A1 / W1  L1 =  ft 

        

Step 5: Determine Dimensions of Cell 2  

5-1. Calculate the active volume of Cell 2,  

V2 = Va - V1 V2 =  ft3 

5-2. Calculate the surface area of the active volume 
of Cell 2, A2 = Aav - A1 A2 =  ft2 

5-3. Calculate the average depth for the active 
volume of Cell 2, d2 = V2 / A2 d2 =  ft 

5-4. Enter the width of Cell 2,  

W2 = W1 = Wav-tot = Lberm W2 =   ft 

5-5. Calculate the length of Cell 2, L2 = A2 / W2  L2 =  ft 

5-6. Calculate the width of Cell 2 at half of d2,  

Wmid2 = W2 - Zd2 Wmid2 =  ft 

5-7. Calculate the length of Cell 2 at half of d2,  

Lmid2 = L2 - Zd2 Lmid2 =  ft 
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5-8. Verify that the length-to-width ratio of Cell 2 at 
half of d2 is at least 1.5:1 with ≥ 2:1 preferred. If the 
length-to-width ratio is less than 1.5:1, modify input 
parameters until a ratio of at least 1.5:1 is achieved. 
If the input parameters cannot be modified as a 
result of site constraints, another site for the basin 
should be chosen, LWmid2 = Lmid2 / Wmid2 LWmid2 =    

        

Step 6: Ensure Design Requirements and Site Constraints are Achieved 

6-1. Check design requirements and site constraints. Modify design geometry until 
requirements are met. If the chosen site for the basin is inadequate to meet the design 
requirements, choose a new location or alternative treatment BMP. 

        

Step 7: Size Outlet Structure 

7-1. The total drawdown time for the basin should be 36-48 hours. The outlet structure 
shall be designed to release the bottom 50% of the detention volume (half-full to empty) 
over 24-32 hours, and the top half (full to half-full) in 12-16 hours. A primary overflow 
should be sized to pass the peak flow rate from the developed capital design storm. See 
Section 6 for outlet structure sizing methodologies. 

Step 8: Determine Emergency Spillway Requirements 

8-1. For online basins, an emergency overflow spillway should be sized to pass flows 
greater than the design peak runoff discharge rate for the 100-yr, 24-hr storm in order to 
prevent overtopping of the walls or berms in the event that a blockage of the riser occurs. 
For offline basins, an emergency spillway or riser should be sized to pass the 100-yr, 24-hr 
post-development peak storm water runoff discharge rate directly to the downstream 
conveyance system or another acceptable discharge point. For sites where the emergency 
spillway discharges to a steep slope, an emergency overflow riser, in addition to the 
spillway should be provided. 
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Design Example 

Step 1: Determine water quality design volume 

For this design example, a 10-acre residential development with a 60% total impervious area 
is considered.  The 85th percentile storm event for the project location is 0.75 inches. 

Step 1: Determine water quality design volume  

1-1. Enter Project area (acres), Aproject A = 10 acres 

1-2. Enter the maximum allowable percent of the 
Project area that may be effective impervious area 
(refer to permit), ranges from 5-30%, %allowable %allowable = 5  

1-3. Determine the maximum allowed effective 
impervious area (ac), EIAallowable = 
(Aproject)*(%allowable) EIAallowable= 0.5 acres 

1-4. Enter Project impervious fraction, Imp (e.g. 
60% = 0.60) Imp=  0.6  

1-5.  D etermine the Project Total Impervious area 
(acres), TIA=Aproject*Imp TIA= 6 acres 

1-6. Determine the total area from which runoff 
must be retained (acres), Aretain=TIA-EIAallowable Aretain = 5.5 acres 

1-7. Determine pervious runoff coefficient using 
Table E-1, Cp Cp = 0.05  

1-8. Calculate runoff coefficient,   

C = 0.95*imp + Cp (1-imp) C = 0.59  

1-9. Enter design rainfall depth of the storm (in), Pi Pi = 0.75 in 

1-10. Calculate rainfall depth (ft), P = Pi/12 P = 0.06 ft 

1-11. Calculate water quality design volume (ft3),  

SQDV=43560•C*P*Aretain SQDV = 8,500 ft3 
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Step 2: Calculate Volume of the Active Basin and the Forebay Basin  

Step 2: Calculate the design volume of the active basin  

2-1. Calculate basin active design volume (includes 
water quality design volume + sediment storage 
volume), Va = 1.20*SQDV Va = 10,000 ft3 

 

Step 3: Determine Detention Basin Location and Preliminary Geometry Based 
on Site Constraints 

The detention basin in this example has an internal berm separating the forebay (Cell 1) and 
the main basin (Cell 2). The internal berm elevation is 2 ft below the elevation of the SUSMP 
volume within the entire basin. The berm length is equal to the width of the basin when 
filled to the active design volume.      

Step 3: Determine Detention Basin Location and Preliminary Geometry Based 
on Site Constraints 

3-1. Based on site constraints, determine the basin 
geometry and the storage available by developing an 
elevation-storage relationship for the basin. For this 
simple example, assume a trapezoidal geometry for 
cell 1 (forebay) and cell 2.        

3-2. Enter the total surface area of the basin 
footprint based on site constraints, Atot Atot = 8,000 ft2 

3-3. Enter the length of the basin footprint based on 
site constraints, Ltot (L:W = 1.5:1 min) Ltot = 200 ft 

3-4. Calculate the width of the basin footprint,  

Wtot = Atot / Ltot Wtot = 40 ft 

3-5. Enter interior side slope as length per unit 
height (min = 3), Z Z = 3   

3-6. Enter desired freeboard depth, dfb (min: 2 ft on-
line; 1 ft offline) dfb = 2 ft 

3-7. Calculate the length of the active volume surface 
area including the internal berm but excluding 
freeboard,  

Lav-tot = Ltot - 2Zdfb Lav-tot = 188 ft 
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Step 3: Determine Detention Basin Location and Preliminary Geometry Based 
on Site Constraints 

3-8. Calculate the width of the active volume surface 
area including the internal berm but excluding 
freeboard,  

Wav-tot = Wtot - 2Zdfb Wav-tot = 28 ft 

3-9. Calculate the total active volume surface area 
including the internal berm and excluding 
freeboard,  

Aav-tot = Lav-tot • Wav-tot Aav-tot = 5,300 ft2 

3-10. Enter the width of the internal berm (6 ft min), 
Wberm Wberm = 6 ft 

3-11. Enter the length of the internal berm, Lberm = 
Wav-tot Lberm = 28 ft 

3-12. Calculate the area of the berm, Aberm = Wberm • 
Lberm Aberm = 170 ft2 

3-13. Calculate the surface area excluding the 
internal berm and freeboard, Aav = Aav-tot - Aberm Aav =  5,130 ft2 

 

Step 4: Calculate Dimensions of Cell 1 

Calculate the dimensions of the forebay (Cell 1) based on the active design volume for Cell 1 
(25% of Va) and a desired average depth, d1. The width of the forebay, W1, is equivalent to the 
length of the berm, Lberm, and the width of Cell 2, W2.   

Step 4: Determine Dimensions of forebay 

4-1. Enter the percent of Va in forebay (5-15% 
required), %V1 %V1 = 25 % 

4-2. Calculate the active volume of forebay 
(including sediment storage), V1 = (Va • %V1)/100  V1 = 2,500 ft3 

4-3. Enter a desired average depth for the active 
volume of forebay, d1 d1 = 5 ft 

4-4. Calculate the surface area for the active volume 
of forebay, A1 = V1 / d1 A1 = 500 ft2 
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4-5. Enter the width of forebay, W1 = Wwq-tot = Lberm W1 =  28 ft 

4-6. Calculate the length of forebay (Note: inlet and 
outlet should be configured to maximize the 
residence time),  

L1 = A1 / W1  L1 = 18 ft 

 

Step 5: Calculate the Dimensions of Cell 2 

Calculate the dimensions of the main basin (Cell 2) based on the active design volume for 
Cell 2 and a desired average depth, d2. A calculation of the length, Lmid2, and width, Wmid2, at 
half basin depth, d2, is conducted in order to verify that the length-to-width ratio at half d2 is 
greater than 1.5:1. 

Step 5: Calculate the dimensions of Cell 2 

5-1. Calculate the active volume of Cell 2, V2 = Va - 
V1 V2 = 7,500 ft3 

5-2. Calculate the surface area of the active volume 
of Cell 2, A2 = Aav - A1 A2 = 4,630 ft2 

5-3. Calculate the average depth of the active 
volume of Cell 2, d2 = V2 / A2 d2 = 1.6 ft 

5-4. Enter the width of Cell 2, W2 = W1 = Wav-tot = 
Lberm W2 =  28 ft 

5-5. Calculate the length of Cell 2, L2 = A2 / W2  L2 = 166 ft 

5-6. Calculate the width of Cell 2 at half of d2, Wmid2 
= W2 - Zd2 Wmid2 = 23 ft 

5-7. Calculate the length of Cell 2 at half of d2, Lmid2 
= L2 - Zd2 Lmid2 = 161 ft 

5-8. Verify that the length-to-width ratio of Cell 2 at 
half of d2 is at least 1.5:1 with ≥ 2:1 preferred. If the 
length-to-width ratio is less than 1.5:1, modify input 
parameters until a ratio of at least 1.5:1 is achieved. 
If the input parameters cannot be modified as a 
result of site constraints, another site for the basin 
should be chosen, LWmid2 = Lmid2 / Wmid2 LWmid2 = 7   
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Step 6: Ensure Design Requirements and Site Constraints are Achieved 

Check design requirements and site constraints. Modify design geometry until requirements 
are met. If the chosen site for the basin is inadequate to meet the design requirements, 
choose a new location or an alternative treatment BMP. 

Step 7: Size Outlet Structure 

The total drawdown time for the basin should be 36-48 hours. The outlet structure shall be 
designed to release the bottom 50% of the detention volume (half-full to empty) over 24-32 
hours, and the top half (full to half-full) in 12-16 hours. A primary overflow should be sized 
to pass the peak flow rate from the developed capital design storm. See Section 6 for outlet 
structure sizing methodologies. 

Step 8: Determine Emergency Spillway Requirements 

For online basins, an emergency overflow spillway should be sized to pass flows greater than 
the design peak runoff discharge rate for the 100-yr, 24-hr storm in order to prevent 
overtopping of the walls or berms in the event that a blockage of the riser occurs. For offline 
basins, an emergency spillway or riser should be sized to pass the 100-yr, 24-hr post-
development peak storm water runoff discharge rate directly to the downstream conveyance 
system or another acceptable discharge point. For sites where the emergency spillway 
discharges to a steep slope, an emergency overflow riser, in addition to the spillway should 
be provided. 
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E.9 TCM-2 Wet Detention Basin 

Sizing Methodology 

Wet Detention basins may be designed with or without extended detention above the 
permanent pool.  The extended detention portion of the wet detention basin above 
the permanent pool, if provided, functions like a dry extended detention (ED) basin 
(see VEG-5: Dry Extended Detention Basin). If there is no extended detention 
provided, wet detention basins shall be sized to provide a minimum wet pool volume 
equal to the stormwater quality design volume plus an additional 5% for sediment 
accumulation.  I f extended detention is provided above the permanent pool, the 
sizing is dependent of the functionality of the basin; the basin may function as water 
quality treatment only or water quality plus peak flow attenuation.   

If  and the basin is designed for water quality treatment only, then the permanent 
pool volume shall be a minimum of 10 percent of the stormwater quality design 
volume and the surcharge volume (above the permanent pool) shall make up the 
remaining 90 percent. If extended detention is provided above the permanent pool 
and the basin is designed for water quality treatment and peak flow attenuation, then 
the permanent pool volume shall be equal to the water quality treatment volume, and 
the surcharge volume shall be sized to attenuate peak flows in order to meet the peak 
runoff discharge requirements. The extended detention portion of the wet detention 
basin above the permanent pool, if provided, functions like a dry extended detention 
(ED) basin (see VEG-5: Dry Extended Detention Basin). 

Step 1: Calculate the design volume 

Wet detention basins shall be sized with a permanent pool volume equal to the SQDV 
volume (see Section 2 and Appendix E). 

Step 2: Determine the active design volume for the wet detention basin without 
extended detention 

The active volume of the wet detention basin, Va, shall be equal to the SQFV plus an 
additional 5% for sediment accumulation.  

𝑉𝑎 = 1.05 × 𝑆𝑄𝐷𝑉         (Equation E-56) 

Step 3: Determine pond location and preliminary geometry based on site 
constraints 

Based on site constraints, determine the pond geometry and the storage available by 
developing an elevation-storage relationship for the pond.  Note that a more natural 
geometry may be used and is in many cases recommended; the preliminary basin 
geometry calculations should be used for sizing purposes only. 

1) Calculate the width of the pond footprint, Wtot, as follows: 
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tot

tot
tot L

AW =    (Equation E-57) 

Where: 

Atot = total surface area of the pond footprint (ft2) 

Ltot = total length of the pond footprint (ft) 

7) Calculate the length of the active volume surface area including the internal berm 
but excluding the freeboard, Lav-tot: 

fbtottotav ZdLL 2−=−  (Equation E-58) 

Where: 

Z  = interior side slope as length per unit height  

dfb  = freeboard depth 

8) Calculate the width of the active volume surface area including the internal berm 
but excluding freeboard, Wav-tot: 

fbtottotav ZdWW 2−=−       (Equation E-59) 

9) Calculate the total active volume surface area including the internal berm and 
excluding freeboard, Aav-tot: 

totavtotavtotav WLA −−− ×=  (Equation E-60) 

10) Calculate the area of the berm, Aberm: 

bermbermberm LWA ×=  (Equation E-61) 

Where: 

Wberm = width of the internal berm 

Lberm = length of the internal berm 

11) Calculate the active volume surface area excluding the internal berm and 
freeboard, Awq: 

bermtotwqwq AAA −= =  (Equation E-62) 

Step 4: Determine Dimensions of Forebay 

The wet detention basin shall be divided into two cells separated by a berm or baffle. 
The forebay shall contain between 5 and 10 percent of the total volume. The berm or 
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baffle volume shall not count as part of the total volume. Calculate the active volume 
of forebay, V1: 

100
% 1

1
VV

V
a ×

=   (Equation E-63) 

Where: 

%V1 = percent of SQDV in forebay (%) 

1) Calculate the surface area for the active volume of forebay, A1: 

1

1
1 d

VA =    (Equation E-64) 

Where: 

d1 = average depth fo rhte active volume of forebay (ft) 

2) Calculate the length of forebay, L1.  Note, inlet and outlet should be configured to 
maximize the residence time. 

1

1
1 W

AL =         (Equation E-65) 

Where: 

W1 = width of forebay (ft), W1 = Wav-tot = Lberm 

Step 5: Determine Dimensions of Cell 2 

Cell 2 will consist of the remainder of the basin’s active volume. 

3) Calculate the active volume of Cell 2, V2: 

12 VVV a −=   (Equation E-66) 

4) The minimum wetpool surface area includes 0.3 acres of wetpool per acre-foot of 
permanent wetpool volume.  Calculate Amin2: 

𝐴𝑚𝑖𝑛2 = (𝑉2 × 0.3 𝑎𝑐𝑟𝑒𝑠
𝑎𝑐𝑟𝑒−𝑓𝑒𝑒𝑡

) (Equation E-67) 

5) Calculate the actual wetpool surface area, A2: 

12 AAA av −=   (Equation E-68) 

Verify that A2 is greater than Amin2. If A2 is less than Amin2, then modify input 
parameters to increase A2 until it is greater than Amin2. If site constraints limit this 
criterion, then another site for the pond should be chosen. 
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6) Calculate the top length of Cell 2, L2:  

2

2
2

W
AL =         (Equation E-69) 

Where: 

W2  = width of Cell 2 (ft), W2 = W1 = Wwq-tot = Lberm 

7) Verify that the length-to-width ratio of Cell 2 is at least 1.5:1 with ≥ 2:1 preferred. 
If the length-to-width ratio is less than 1.5:1, modify input parameters until a ratio 
of at least 1.5:1 is achieved. If the input parameters cannot be modified as a result 
of site constraints, another site for the pond should be chosen. 

2

2
2

W
LLW =        (Equation E-70) 

8) Calculate the emergent vegetation surface area, Aev: 

100
%2 ev

ev
AAA •

=        (Equation E-71) 

Where: 

%Aev = percent of surface area that will be planted with emergent 
vegetation 

9) Calculate the volume of the emergent vegetation shallow zone (1.5 – 3 ft), Vev: 

evevev dAV •=        (Equation E-72) 

Where: 

dev  = average depth of the emergent vegetation shallow zone (1.5 – 3 ft) 

10) Calculate the length of the emergent vegetation shallow zone, Lev: 

ev

ev
ev

W
AL =         (Equation E-73) 

Where: 

Wev = width of the emergent vegetation shallow zone (ft), Wev = W2 

11) Calculate the volume of the deep zone, Vdeep: 

evdeep VVV −= 2        (Equation E-74) 

12) Calculate the surface area of the deep (>3 ft) zone, Adeep: 
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evdeep AAA −= 2        (Equation E-75) 

13) Calculate the average depth of the deep zone (4-8 ft), ddeep: 

deep

deep
deep

A
Vd =        (Equation E-76) 

14) Calculate length of the deep zone, Ldeep: 

deep

deep
deep

W
AL =        (Equation E-77) 

Where: 

Wdeep = width of the deep zone (ft), Wdeep = W2 

Step 6: Ensure design requirements and site constraints are achieved 

Check design requirements and site constraints. Modify design geometry until 
requirements are met. If the chosen site for the basin is inadequate to meet the 
design requirements, choose a new location for the BMP. 

Step 7: Size Outlet Structure 

For extended detention wet detention basin, outlet structures shall be designed to 
provide 12 to 48 hour emptying time for the water quality volume above the 
permanent pool. 

The basin outlet pipe shall be sized, at a minimum, to pass flows greater than the 
stormwater quality design peak flow for off-line basins or flows greater than the peak 
runoff discharge rate for the 100-year, 24-hr design storm for on-line basins. 

Step 8: Determine Emergency Spillway Requirements 

For online basins, an emergency overflow spillway should be sized to pass flows 
greater than the design peak runoff discharge rate for the 100-yr, 24-hr storm to 
prevent overtopping of the walls or berms in the event that a blockage of the riser 
occurs. For offline basins, an emergency spillway or riser should be sized to pass the 
water quality design storm. For sites where the emergency spillway discharges to a 
steep slope, an emergency overflow riser, in addition to the spillway should be 
provided. 
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Sizing Worksheet 

Step 1: Determine water quality design volume  

1-1. Enter drainage area, A   A =  acres 

1-2. Enter the maximum allowable percent of the 
Project area that may be effective impervious area 
(refer to permit), ranges from 5-30%, %allowable 

%allowable =  % 

1-3. Determine the maximum allowed effective 
impervious area, EIAallowable = (Aproject)*(%allowable) 

EIAallowable=  acres 

1-4. Enter Project impervious fraction, Imp (e.g. 
60% = 0.60) 

Imp=    

1-5.  D etermine the Project Total Impervious area, 
TIA=Aproject*Imp 

TIA=  acres 

1-6. Determine the total area from which runoff 
must be retained, Aretain=TIA-EIAallowable 

Aretain =  acres 

1-7. Determine pervious runoff coefficient using 
Table E-1, Cp 

Cp =   

1-8. Calculate runoff coefficient,   

C = 0.95*imp + Cp (1-imp) 
C =   

1-9. Enter design rainfall depth of the storm, Pi  (in) Pi =  in 

1-10. Calculate rainfall depth, P = Pi/12 P =  ft 

1-11. Calculate water quality design volume, SQDV = 
43560•P*Aretain*C 

SQDV =  ft3 

 

Step 2: Determine active design volume for the wet pond without extended 
detention 

2-1. Calculate the active design volume (without 
extended detention), Va = 1.05*SQDV  Va =  ft3 
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Step 3: Determine Pond Location and Preliminary Geometry Based on Site 
Constraints 

3-1. Based on site constraints, determine the pond 
geometry and the storage available by developing an 
elevation-storage relationship for the pond. For this 
simple example, assume a trapezoidal geometry for 
cell 1 (forebay) and cell 2.     

3-2. Enter the total surface area of the pond 
footprint based on site constraints, Atot Atot =  ft2 

3-3. Enter the length of the pond footprint based on 
site constraints, Ltot Ltot =  ft 

3-4. Calculate the width of the pond footprint,  

Wtot = Atot / Ltot Wtot =  ft 

3-5. Enter interior side slope as length per unit 
height (min = 3), Z Z =    

3-6. Enter desired freeboard depth, dfb (1 ft min) dfb =  ft 

3-7. Calculate the length of the water quality volume 
surface area including the internal berm but 
excluding freeboard, Lav-tot = Ltot - 2Zdfb Lav-tot =  ft 

3-8. Calculate the width of the water quality volume 
surface area including the internal berm but 
excluding freeboard, Wav-tot = Wtot - 2Zdfb Wav-tot =  ft 

3-9. Calculate the total water quality volume surface 
area including the internal berm and excluding 
freeboard, Aav-tot = Lav-tot • Wav-tot Aav-tot =  ft2 

3-10. Enter the width of the internal berm (6 ft 
min), Wberm Wberm =  ft 

3-11. Enter the length of the internal berm,  

Lberm = Wav-tot Lberm =  ft 

3-12. Calculate the area of the berm,  

Aberm = Wberm • Lberm Aberm =  ft2 
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3-13. Calculate the water quality volume surface 
area excluding the internal berm and freeboard,  

Aav = Aav-tot - Aberm Aav =   ft2 

    

Step 4: Determine Dimensions of forebay 

4-1. Enter the percent of Va in forebay (5-10% 
required), %V1 %V1 =  % 

4-2. Calculate the active volume of forebay (includes 
sediment storage volume), V1 = (Va • %V1) /100  V1 =  ft3 

4-3. Enter desired average depth of forebay (5-9 ft 
including sediment storage of 1 ft), d1 d1 =  

ft 

4-4. Calculate the surface area for the active volume 
of forebay, A1 = V1 / d1 A1 =  ft2 

4-5. Enter the width of forebay, W1 = Wav-tot = Lberm W1 =   ft 

4-6. Calculate the length of forebay (Note: inlet and 
outlet should be configured to maximize the 
residence time), L1 = A1 / W1  L1 =  ft 

     

Step 5: Determine Dimensions of Cell 2  

5-1. Calculate the active volume of Cell 2, V2 = Va - V1 V2 =  ft3 

5-2. Determine minimum wetpool surface area, 
Amin2 = V2•0.3 Amin2 =  ft2 

5-3. Determine actual wetpool surface area,  

A2 = Aav – A1 A2 =  ft2 

5-4.  
• If A2 is greater than Amin2 then move on to 

step 5-5.  
• If A2 is less than Amin2, then modify input 

parameters to increase A2 until it is greater 
than Amin2. If site constraints limit this 
criterion, then another site for the pond 
should be chosen. 

   

5-5. Enter width of Cell 2, W2 = W1 = Wav-tot = Lberm W2 =  ft 
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5-6. Calculate top length of Cell 2, L2 = A2 / W2 L2 =  ft 

5-7. Verify that the length-to-width ratio of Cell 2 is 
at least 1.5:1 with ≥ 2:1 preferred. If the length-to-
width ratio is less than 1.5:1, modify input 
parameters until a ratio of at least 1.5:1 is achieved. 
If the input parameters cannot be modified as a 
result of site constraints, another site for the pond 
should be chosen, LW2 = L2 / W2 LW2 =   

5-8. Enter percent of surface area that will be 
planted with emergent vegetation (25-75%), %Aev  %Aev =  % 

5-9. Calculate emergent vegetation surface area,  

Aev = (A2 • %Aev)/100 Aev =  ft2 

5-10. Enter average depth of emergent vegetation 
shallow zone (1.5 – 3 ft), dev dev =  ft 

5-11. Calculate volume of emergent vegetation 
shallow zone (1.5 – 3 ft), Vev = Aev • dev Vev =  ft3 

5-12. Enter width of emergent vegetation shallow 
zone, Wev = W2 Wev=  ft 

5-13. Calculate length of emergent vegetation 
shallow zone, Lev = Aev / Wev Lev =  ft 

5-14. Calculate volume of deep zone,  

Vdeep = V2 – Vev  Vdeep =  ft3 

5-15. Calculate surface area of deep (>3 ft) zone, 
Adeep = A2 – Aev  Adeep =  ft2 

5-16. Calculate average depth of deep zone (4 - 8 ft), 
ddeep = Vdeep / Adeep ddeep =  ft 

5-17. Enter width of deep zone, Wdeep = W2 Wdeep =  ft 

5-18. Calculate length of deep zone,  

Ldeep = Adeep / Wdeeo Ldeep =  ft 
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Step 6: Ensure Design Requirements and Site Constraints are Achieved 

6-1. Check design requirements and site constraints. Modify design geometry until 
requirements are met. If the chosen site for the basin is inadequate to meet the design 
requirements, choose a new location for the BMP. 

    

Step 7: Size Outlet Structure 

7-1. The basin outlet pipe shall be sized, at a minimum, to pass flows greater than the 
stormwater quality design peak flow for off-line basins or flows greater than the peak 
runoff discharge rate for the 100-year, 24-hr design storm for on-line basins. 

    

Step 8: Determine Emergency Spillway Requirements 

8-1. For online basins, an emergency overflow spillway should be sized to pass flows 
greater than the design peak runoff discharge rate for the 100-yr, 24-hr storm to prevent 
overtopping of the walls or berms in the event that a blockage of the riser occurs. For 
offline basins, an emergency spillway or riser should be sized to pass the water quality 
design storm. For sites where the emergency spillway discharges to a steep slope, an 
emergency overflow riser, in addition to the spillway should be provided. 
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Design Example 

Wet detention basin siting requires the following considerations prior to construction: (1) 
availability of base flow – wet detention basins require a regular source of water if water 
level is to be maintained, (2) surface space availability – large footprint area is required, and 
(3) compatibility with flood control – basins must not interfere with flood control functions 
of existing conveyance and detention structures.  

The wet detention basin in this example does not have extended detention. An internal berm 
separates the forebay (Cell 1) and the main basin (Cell 2). The berm is at the elevation of the 
active volume design surface which is also the permanent wetpool elevation. 

Step 1: Determine Water Quality Design Volume 

For this design example, a 20-acre residential development with a 60% total impervious area 
is considered.  The 85th percentile storm event for the project location is 0.75 inches. 

Step 1: Determine water quality design volume  

1-1. Enter drainage area, A   A = 20 acres 

1-2. Enter the maximum allowable percent of the 
Project area that may be effective impervious area 
(refer to permit), ranges from 5-30%, %allowable %allowable = 5  

1-3. Determine the maximum allowed effective 
impervious area, EIAallowable = (Aproject)*(%allowable) EIAallowable= 1.0 acres 

1-4. Enter Project impervious fraction, Imp (e.g. 
60% = 0.60) Imp=  0.6  

1-5.  D etermine the Project Total Impervious area, 
TIA=Aproject*Imp TIA= 12 acres 

1-6. Determine the total area from which runoff 
must be retained, Aretain=TIA-EIAallowable Aretain = 11 acres 

1-7. Determine pervious runoff coefficient using 
Table E-1, Cp Cp = 0.05  

1-8. Calculate runoff coefficient,   

C = 0.95*imp + Cp (1-imp) C = 0.59  

1-9. Enter design rainfall depth of the storm, Pi  (in) Pi = 0.75 in 

1-10. Calculate rainfall depth, P = Pi/12 P = 0.06 ft 
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1-11. Calculate water quality design volume,  

SQDV = 43560•P*Aretain*C SQDV = 17,000 ft3 

 

Step 2: Determine Active Design Volume for a Wet Detention Basin without 
Extended Detention 

If there is no extended detention provided, wet detention basins shall be sized to provide a 
minimum wet pool volume equal to the water quality design volume plus an additional 5% 
for sediment accumulation.  

Step 2: Determine Active Design Volume for a Wet Detention Basin without 
Extended Detention 

2-1. Calculate the active design volume (without 
extended detention), Va = 1.05*SQDV  Va =   17,800  ft3 

 

Step 3: Determine Pond Location and Preliminary Geometry Based on Site 
Constraints 

A total footprint area and total length available for the basin is provided. This step calculates 
the total active volume surface area which is equivalent to the permanent wetpool surface 
area. This step also calculates the dimensions of the internal berm.  

Step 3: Determine Pond Location and Preliminary Geometry Based on Site 
Constraints 

3-1. Based on site constraints, determine the pond 
geometry and the storage available by developing an 
elevation-storage relationship for the pond. For this 
simple example, assume a trapezoidal geometry for 
cell 1 (forebay) and cell 2.     

3-2. Enter the total surface area of the pond 
footprint based on site constraints, Atot Atot = 7,500 ft2 

3-3. Enter the length of the pond footprint based on 
site constraints, Ltot Ltot = 150 ft 

3-4. Calculate the width of the pond footprint, Wtot = 
Atot / Ltot Wtot = 50 ft 

3-5. Enter interior side slope as length per unit 
height (min = 3), Z Z = 3   
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Step 3: Determine Pond Location and Preliminary Geometry Based on Site 
Constraints 

3-6. Enter desired freeboard depth, dfb (1 ft min) dfb = 2 ft 

3-7. Calculate the length of the water quality volume 
surface area including the internal berm but 
excluding freeboard, Lav-tot = Ltot - 2Zdfb Lav-tot = 138 ft 

3-8. Calculate the width of the water quality volume 
surface area including the internal berm but 
excluding freeboard, Wav-tot = Wtot - 2Zdfb Wav-tot = 38 ft 

3-9. Calculate the total water quality volume surface 
area including the internal berm and excluding 
freeboard, Aav-tot = Lav-tot • Wav-tot Aav-tot = 4,940 ft2 

3-10. Enter the width of the internal berm (6 ft 
min), Wberm Wberm = 6 ft 

3-11. Enter the length of the internal berm, Lberm = 
Wav-tot Lberm = 38 ft 

3-12. Calculate the area of the berm,  

Aberm = Wberm • Lberm Aberm = 230 ft2 

3-13. Calculate the water quality volume surface 
area excluding the internal berm and freeboard,  

Aav = Aav-tot - Aberm Aav =  4,710 ft2 

 

Step 4: Determine Dimensions of forebay  

It should be assumed that the forebay should be 5-10% of the total active design volume, Va.  

Step 4: Determine Dimensions of Cell 1  

4-1. Enter the percent of Va in forebay (5-10% required), 
%V1 %V1 = 20 % 

4-2. Calculate the active volume of forebay (includes 
sediment storage volume), V1 = (Va • %V1) /100  V1 = 3,560 ft3 

4-3. Enter desired average depth of forebay (5-9 ft 
including sediment storage of 1 ft), d1 d1 = 8 

ft 
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4-4. Calculate the surface area for the active volume of 
forebay, A1 = V1 / d1 A1 = 440 ft2 

4-5. Enter the width of forebay, W1 = Wav-tot = Lberm W1 =  38 ft 

4-6. Calculate the length of forebay (Note: inlet and outlet 
should be configured to maximize the residence time),  

L1 = A1 / W1  L1 = 12 ft 

 

Step 5: Determine Dimensions of Cell 2  

Verify that the surface area and length-to-width ratio of Cell 2 meet the design criteria. 
Calculate volumes, depths and surface areas for the emergent vegetation shallow zone and 
the deep zone.  

Step 5: Determine Dimensions of Cell 2  

5-1. Calculate the active volume of Cell 2, V2 = Va - V1 V2 = 14,200 ft3 

5-2. Determine minimum wetpool surface area, Amin2 = 
V2•0.3 Amin2 = 4,270 ft2 

5-3. Determine actual wetpool surface area, A2 = Aav – A1 A2 = 4,270 ft2 

5-4. If A2 is greater than Amin2 then move on to step 5-5. If 
A2 is less than Amin2, then modify input parameters to 
increase A2 until it is greater than Amin2. If site constraints 
limit this criterion, then another site for the pond should be 
chosen. 

   

5-5. Enter width of Cell 2, W2 = W1 = Wav-tot = Lberm W2 = 38 ft 

5-6. Calculate top length of Cell 2, L2 = A2 / W2 L2 = 110 ft 

5-7. Verify that the length-to-width ratio of Cell 2 is at least 
1.5:1 with ≥ 2:1 preferred. If the length-to-width ratio is less 
than 1.5:1, modify input parameters until a ratio of at least 
1.5:1 is achieved. If the input parameters cannot be 
modified as a result of site constraints, another site for the 
pond should be chosen, LW2 = L2 / W2 LW2 = 2.9  

5-8. Enter percent of surface area that will be planted with 
emergent vegetation (25-75%), %Aev  %Aev = 25 % 
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Step 5: Determine Dimensions of Cell 2  

5-9. Calculate emergent vegetation surface area,  

Aev = (A2 • %Aev)/100 Aev = 1,070 ft2 

5-10. Enter average depth of emergent vegetation shallow 
zone (1.5 – 3 ft), dev dev = 2 ft 

5-11. Calculate volume of emergent vegetation shallow zone 
(1.5 – 3 ft), Vev = Aev • dev Vev = 2,130 ft3 

5-12. Enter width of emergent vegetation shallow zone,  

Wev = W2 Wev= 38 ft 

5-13. Calculate length of emergent vegetation shallow zone, 
Lev = Aev / Wev Lev = 56 ft 

5-14. Calculate volume of deep zone, Vdeep = V2 – Vev  Vdeep = 13,100 ft3 

5-15. Calculate surface area of deep (>3 ft) zone,  

Adeep = A2 – Aev  Adeep = 3,200 ft2 

5-16. Calculate average depth of deep zone (4 - 8 ft),  

ddeep = Vdeep / Adeep ddeep = 4.1 ft 

5-17. Enter width of deep zone, Wdeep = W2 Wdeep = 28 ft 

5-18. Calculate length of deep zone, Ldeep = Adeep / Wdeeo Ldeep = 114 ft 

 

Step 6: Ensure Design Requirements and Site Conditions are Achieved 

Check design requirements and site constraints. Modify design geometry until requirements 
are met. If the chosen site for the basin is inadequate to meet the design requirements, 
choose a new location for the BMP. 

Step 7: Size Outlet Structure 

The basin outlet pipe shall be sized, at a minimum, to pass flows greater than the stormwater 
quality design peak flow for off-line basins or flows greater than the peak runoff discharge 
rate for the 100-year, 24-hr design storm for on-line basins. 

Step 8: Determine Emergency Spillway Requirements 

For online basins, an emergency overflow spillway should be sized to pass flows greater than 
the design peak runoff discharge rate for the 100-yr, 24-hr storm to prevent overtopping of 
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the walls or berms in the event that a blockage of the riser occurs. For offline basins, an 
emergency spillway or riser should be sized to pass the water quality design storm. For sites 
where the emergency spillway discharges to a steep slope, an emergency overflow riser, in 
addition to the spillway should be provided. 
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E.10 TCM-3 Constructed Wetland 

Sizing Methodology 

In most cases, the constructed treatment wetland permanent pool shall be sized to be 
greater than or equal to the stormwater quality design volume. If extended detention 
is provided above the permanent pool and the wetland is designed for water quality 
treatment only, then the permanent pool volume shall be a minimum of 80 percent 
of the stormwater quality design volume and the surcharge volume (above the 
permanent pool) shall make up the remaining 20 percent and provide at least 12 
hours of detention. If extended detention is provided and the basin is designed for 
water quality treatment and peak flow attenuation, then the permanent pool volume 
shall be equal to the water quality treatment volume and the surcharge volume shall 
be sized to attenuate peak flows to meet the peak runoff discharge requirements. The 
extended detention portion of the wetland above the permanent pool, if provided, 
functions like a dry extended detention (ED) basin (see VEG-5: Dry Extended 
Detention Basin). 

Step 1: Calculate the design volume 

Constructed wetlands shall be sized to be greater than or equal to the SQDV volume 
(see Section 2 and Appendix E). 

Step 2: Determine the Wetland Location, Wetland Type and Preliminary Geometry 
Based on Site Constraints 

Based on site constraints, determine the wetland geometry and the storage available 
by developing an elevation-storage relationship for the wetland.  T he equations 
provided below assume a trapezoidal geometry for cell 1 (Forebay) and cell 2, and 
assumes that the wetland does not have extended detention.   

1) Calculate the width of the wetland footprint, Wtot, as follows: 

tot

tot
tot L

AW =    (Equation E-78) 

Where: 

Atot = total surface area of the wetland footprint (ft2) 

Ltot = total length of the wetland footprint (ft) 

12) Calculate the length of the water quality volume surface area including the 
internal berm but excluding the freeboard, Lwq-tot: 

fbtottotwq ZdLL 2−=−  (Equation E-79) 

Where: 
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Z  = interior side slope as length per unit height  

dfb  = freeboard depth 

13) Calculate the width of the water quality volume surface area including the internal 
berm but excluding freeboard, Wwq-tot: 

fbtottotwq ZdWW 2−=−       (Equation E-80) 

14) Calculate the total water quality volume surface area including the internal berm 
and excluding freeboard, Awq-tot: 

totwqtotwqtotwq WLA −−− ×=  (Equation E-81) 

15) Calculate the area of the berm, Aberm: 

bermbermberm LWA ×=  (Equation E-82) 

Where: 

Wberm = width of the internal berm 

Lberm = length of the internal berm 

16) Calculate the water quality surface area excluding the internal berm and 
freeboard, Awq: 

bermtotwqwq AAA −= =  (Equation E-83) 

Step 3: Determine Dimensions of Forebay 

30-50% of the SQDV is required to be within the active volume of forebay.   

1) Calculate the active volume of forebay, V1: 

100
% 1

1
VSQDVV ×

=  (Equation E-84) 

Where: 

%V1 = percent of SQDV in forebay (%) 

2) Calculate the surface area for the active volume of forebay, A1: 

1

1
1 d

VA =    (Equation E-85) 

Where: 

d1 = average depth fo rhte active volume of forebay (2 -4 ft) (ft) 
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3) Calculate the length of forebay, L1.  Note, inlet and outlet should be configured to 
maximize the residence time. 

1

1
1 W

AL =         (Equation E-86) 

Where: 

W1 = width of forebay (ft), W1 = Wav-tot = Lberm 

Step 4: Determine Dimensions of Cell 2 

Cell 2 will consist of the remainder of the basin’s active volume. 

1) Calculate the active volume of Cell 2, V2: 

12 VSQDVV −=   (Equation E-87) 

2) Calculate the surface area of Cell 2, A2: 

12 AAA wq −=   (Equation E-88) 

3) Calculate the top length of Cell 2, L2:  

2

2
2

W
AL =         (Equation E-89) 

Where: 

W2 = width of Cell 2 (ft), W2 = W1 = Wwq-tot = Lberm 

4) Verify that the length-to-width ratio of Cell 2, LW2,  is at least 3:1 with ≥ 4:1 
preferred. If the length-to-width ratio is less than 3:1, modify input parameters 
until a ratio of at least 3:1 is achieved. If the input parameters cannot be modified 
as a result of site constraints, another site for the pond should be chosen. 

2

2
2

W
LLW =        (Equation E-90) 

5) Calculate the very shallow zone surface area, Avs: 

100
%2 vs

vs
AAA •

=        (Equation E-91) 

Where: 

%Avs = percent of surface area of very shallow zone 

6) Calculate the volume of the shallow zone, Vvs: 
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vsvsvs dAV •=        (Equation E-92) 

Where: 

dvs  = average depth of the very shallow zone (0.1 – 1 ft) 

7) Calculate the length of the very shallow zone, Lvs: 

vs

vs
vs

W
AL =         (Equation E-93) 

Where: 

Wvs = width of the very shallow zone (ft), Wvs = W2 

8) Calculate the surface area of the shallow zone, As: 

100
%2 s

s
AAA •

=        (Equation E-94) 

Where: 

%As = percent of surface area of shallow zone 

9) Calculate the volume of the shallow zone, Vs: 

sss dAV •=        (Equation E-95) 

Where: 

ds = average depth of shallow zone (1 - 3 ft) 

10) Calculate length of the shallow zone, Ls: 

s

s
s

W
AL =         (Equation E-96) 

Where: 

Ws = width of the shallow zone (ft), Ws = W2 

11) Calculate the surface area of the deep zone, Adeep: 

svsdeep AAAA −−= 2       (Equation E-97) 

12) Calculate the volume of the deep zone, Vdeep: 

svsdeep VVVV −−= 2       (Equation E-98) 

13) Calculate the average depth of the deep zone (3-5 ft), ddeep: 
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deep

deep
deep

A
Vd =        (Equation E-99) 

14) Calculate length of the deep zone, Ldeep: 

deep

deep
deep

W
AL =        (Equation E-100) 

Where: 

Wdeep = width of the deep zone (ft), Wdeep = W2 

Step 5: Ensure design requirements and site constraints are achieved 

Check design requirements and site constraints. Modify design geometry until 
requirements are met. If the chosen site for the basin is inadequate to meet the 
design requirements, choose a new location or alternative treatment BMP. 

Step 6: Size Outlet Structure 

For wetlands with detention, the outlet structures shall be designed to provide 12 
hours emptying time for the water quality volume or the required detention 
necessary for achieving the peak runoff discharge requirements if the extended 
detention is designed for flow attenuation. 

The wetland outlet pipe shall be sized, at a minimum, to pass flows greater than the 
stormwater quality design peak flow for on-line basins or flows greater than the peak 
runoff discharge rate for the 100-year, 24-hr design storm for on-line basins. 

Step 7: Determine Emergency Spillway Requirements 

For online basins, an emergency overflow spillway should be sized to pass flows 
greater than the design peak runoff discharge rate for the 100-yr, 24-hr storm in 
order to prevent overtopping of the walls or berms in the event that a blockage of the 
riser occurs. For offline basins, an emergency spillway or riser should be sized to pass 
the 100-yr, 24-hr post-development peak storm water runoff discharge rate directly 
to the downstream conveyance system or another acceptable discharge point. For 
sites where the emergency spillway discharges to a steep slope, an emergency 
overflow riser, in addition to the spillway should be provided. 
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Sizing Worksheet 

Step 1: Determine water quality design volume  

1-1. Enter drainage area, A   A =  acres 

1-2. Enter the maximum allowable percent of the 
Project area that may be effective impervious area 
(refer to permit), ranges from 5-30%, %allowable 

%allowable =  % 

1-3. Determine the maximum allowed effective 
impervious area, EIAallowable = (Aproject)*(%allowable) 

EIAallowable=  acres 

1-4. Enter Project impervious fraction, Imp (e.g. 
60% = 0.60) 

Imp=    

1-5.  D etermine the Project Total Impervious area, 
TIA=Aproject*Imp 

TIA=  acres 

1-6. Determine the total area from which runoff 
must be retained, Aretain=TIA-EIAallowable 

Aretain =  acres 

1-7. Determine pervious runoff coefficient using 
Table E-1, Cp 

Cp =   

1-8. Calculate runoff coefficient,   

C = 0.95*imp + Cp (1-imp) 
C =   

1-9. Enter design rainfall depth of the storm, Pi  (in) Pi =  in 

1-10. Calculate rainfall depth, P = Pi/12 P =  ft 

1-11. Calculate water quality design volume, SQDV = 
43560•P*Aretain*C 

SQDV =  ft3 

 

Step 2: Determine Wetland Location, Wetland Type and Preliminary 
Geometry Based on Site Constraints 

2-1. Based on site constraints, determine the 
wetland geometry and the storage available by 
developing an elevation-storage relationship for the 
wetland. For this simple example, assume a 
trapezoidal geometry for cell 1 (forebay) and cell 2. 
The wetland does not have extended detention.     
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2-2. Enter the total surface area of the wetland 
footprint based on site constraints, Atot Atot =  ft2 

2-3. Enter the length of the wetland footprint based 
on site constraints, Ltot Ltot =  ft 

2-4. Calculate the width of the wetland footprint, 
Wtot = Atot / Ltot Wtot =  ft 

2-5. Enter interior side slope as length per unit 
height (min = 3), Z Z =    

2-6. Enter desired freeboard depth, dfb dfb =  ft 

2-7. Calculate the length of the water quality volume 
surface area including the internal berm but 
excluding freeboard, Lwq-tot = Ltot - 2Zdfb Lwq-tot =  ft 

2-8. Calculate the width of the water quality volume 
surface area including the internal berm but 
excluding freeboard, Wwq-tot = Wtot - 2Zdfb Wwq-tot =  ft 

2-9. Calculate the total water quality volume surface 
area including the internal berm and excluding 
freeboard, Awq-tot = Lwq-tot • Wwq-tot Awq-tot =  ft2 

2-10. Enter the width of the internal berm (6 ft 
min), Wberm Wberm =  ft 

2-11. Enter the length of the internal berm, Lberm = 
Wwq-tot Lberm =  ft 

2-12. Calculate the area of the berm, Aberm = Wberm • 
Lberm Aberm =  ft2 

2-13. Calculate the water quality volume surface 
area excluding the internal berm and freeboard, Awq 
= Awq-tot - Aberm Awq =   ft2 

    

Step 3: Determine Dimensions of forebay 

3-1. Enter the percent of SQDV in forebay (30-50% 
required), %V1 %V1 =  % 

3-2. Calculate the active volume of forebay (includes 
water quality volume + sediment storage volume), 

V1 =  ft3 
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V1 = (SQDV • %V1) /100  

3-3. Enter desired average depth of forebay1 (2-4 ft 
including sediment storage of 1 ft), d1 d1 =  

ft 

3-4. Calculate the surface area for the water quality 
volume of forebay, A1 = V1 / d1 A1 =  ft2 

3-5. Enter the width of forebay, W1 = Wav-tot = Lberm W1 =   ft 

3-6. Calculate the length of forebay (Note: inlet and 
outlet should be configured to maximize the 
residence time), L1 = A1 / W1  L1 =  ft 

     

Step 4: Determine Dimensions of Cell 2  

4-1. Calculate the active volume of Cell 2, V2 = SQDV 
- V1 V2 =  ft3 

4-2. Calculate surface area of Cell 2, A2 = Awq - A1 A2 =  ft2 

4-3. Enter width of Cell 2, W2 = W1 = Wwq-tot = Lberm W2 =  ft 

4-4. Calculate top length of Cell 2, L2 = A2 / W2 L2 =  ft 

4-5. Verify that the length-to-width ratio of Cell 2 is 
at least 3:1 with ≥ 4:1 preferred. If the length-to-
width ratio is less than 3:1, modify input parameters 
until a ratio of at least 3:1 is achieved. If the input 
parameters cannot be modified as a result of site 
constraints, another site for the pond should be 
chosen, LW2 = L2 / W2 LW2 =   

4-6. Enter percent of surface area of very shallow 
zone, %Avs  %Avs =  % 

4-7. Calculate very shallow zone surface area, Avs = 
(A2 • %Avs)/100 Avs =  ft2 

4-8. Enter average depth of very shallow zone (0.1 - 
1 ft), dvs dvs =  ft 

4-9. Calculate volume of very shallow zone, Vvs = Avs 
• dvs Vvs =  ft3 

4-10. Enter width of very shallow zone, Wvs = W2 Wvs =  ft 
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4-11. Calculate length of very shallow zone, Lvs = Avs 
/ Wvs Lvs =  ft 

4-12. Enter percent of surface area of shallow zone, 
%As  %As =  % 

4-13. Calculate surface area of shallow zone, As = (A2 
• %As)/100 As =  ft2 

4-14. Enter average depth of shallow zone (1 - 3 ft), 
ds  ds =   ft 

4-15. Calculate volume of shallow zone, Vs = As • ds Vs =  ft3 

4-16. Enter width of shallow zone, Ws = W2 Ws =  ft 

4-17. Calculate length of shallow zone, Ls = As / Ws Ls =  ft 

4-18. Calculate surface area of deep zone, Adeep = A2 - 
Avs - As Adeep =  ft2 

4-19. Calculate volume of deep zone, Vdeep = V2 - Vvs - 
Vs Vdeep =  ft3 

4-20. Calculate average depth of deep zone (3 - 5 ft), 
ddeep = Vdeep / Adeep ddeep =  ft 

4-21. Enter width of deep zone, Wdeep = W2 Wdeep =  ft 

4-22. Calculate length of deep zone, Ldeep = Adeep / 
Wdeeo Ldeep =  ft 

      

Step 5: Ensure Design Requirements and Site Constraints are Achieved 

5-1. Check design requirements and site constraints. Modify design geometry until 
requirements are met. If the chosen site for the wetland is inadequate to meet the design 
requirements, choose a new location for the wetland or select an alternative treatment 
BMP.  
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Step 6: Size Outlet Structure 

6-1. The wetland outlet pipe shall be sized, at a minimum, to pass flows greater than the 
stormwater quality design peak flow for off-line basins or flow from the capital storm for 
on-line basins. 

    

Step 7: Determine Emergency Spillway Requirements 

7-1. For online basins, an emergency overflow spillway should be sized to pass flows 
greater than the design peak runoff discharge rate for the 100-yr, 24-hr storm in order to 
prevent overtopping of the walls or berms in the event that a blockage of the riser occurs. 
For offline basins, an emergency spillway or riser should be sized to pass the 100-yr, 24-
hr post-development peak storm water runoff discharge rate directly to the downstream 
conveyance system or another acceptable discharge point. 
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Design Example 

Wetland siting requires the following considerations prior to construction: (1) availability of 
base flow – stormwater wetlands require a regular source of water to support wetland biota, 
(2) slope stability – stormwater wetlands are not permitted near steep slope hazard areas, 
(3) surface space availability – large footprint area is required, and (4) compatibility with 
flood control – basins must not interfere with flood control functions of existing conveyance 
and detention structures. 

The wetland in this example does not have extended detention. An internal berm separates 
the forebay (Cell 1) and the main basin (Cell 2). The berm is at the elevation of the active 
volume (SQDV plus sediment storage volume) design surface which is also the permanent 
wetpool elevation. 

Step 1: Determine Water Quality Design Volume 

For this design example, a 20-acre residential development with a 60% total impervious area 
is considered.  The 85th percentile storm event for the project location is 0.75 inches. 

Step 1: Determine water quality design volume  

1-1. Enter drainage area, A   A = 20 acres 

1-2. Enter the maximum allowable percent of the 
Project area that may be effective impervious area 
(refer to permit), ranges from 5-30%, %allowable %allowable = 5  

1-3. Determine the maximum allowed effective 
impervious area, EIAallowable = (Aproject)*(%allowable) EIAallowable= 1.0 acres 

1-4. Enter Project impervious fraction, Imp (e.g. 
60% = 0.60) Imp=  0.6  

1-5.  D etermine the Project Total Impervious area, 
TIA=Aproject*Imp TIA= 12 acres 

1-6. Determine the total area from which runoff 
must be retained, Aretain=TIA-EIAallowable Aretain = 11 acres 

1-7. Determine pervious runoff coefficient using 
Table E-1, Cp Cp = 0.05  

1-8. Calculate runoff coefficient,   

C = 0.95*imp + Cp (1-imp) C = 0.59  

1-9. Enter design rainfall depth of the storm, Pi  (in) Pi = 0.75 in 
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1-10. Calculate rainfall depth, P = Pi/12 P = 0.06 ft 

1-11. Calculate water quality design volume,  

SQDV = 43560•P*Aretain*C SQDV = 17,000 ft3 

 

Step 2: Determine Pond Location and Preliminary Geometry Based on Site 
Constraints 

A total footprint area and total length available for the wetland is provided. This step 
calculates the total active volume surface area which is equivalent to the permanent wetpool 
surface area. This step also calculates the dimensions of the internal berm.  

Step 2: Determine Wetland Location, Wetland Type and Preliminary 
Geometry Based on Site Constraints 

2-1. Based on site constraints, determine the 
wetland geometry and the storage available by 
developing an elevation-storage relationship for the 
wetland. For this simple example, assume a 
trapezoidal geometry for cell 1 (forebay) and cell 2. 
The wetland does not have extended detention.        

2-2. Enter the total surface area of the wetland 
footprint based on site constraints, Atot Atot = 7,500 ft2 

2-3. Enter the length of the wetland footprint based 
on site constraints, Ltot Ltot = 200 ft 

2-4. Calculate the width of the wetland footprint, 
Wtot = Atot / Ltot Wtot = 38 ft 

2-5. Enter interior side slope as length per unit 
height (min = 3), Z Z = 3   

2-6. Enter desired freeboard depth, dfb dfb = 2 ft 

2-7. Calculate the length of the water quality volume 
surface area including the internal berm but 
excluding freeboard, Lwq-tot = Ltot - 2Zdfb Lwq-tot = 188 ft 

2-8. Calculate the width of the water quality volume 
surface area including the internal berm but 
excluding freeboard, Wwq-tot = Wtot - 2Zdfb Wwq-tot = 26 ft 
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Step 2: Determine Wetland Location, Wetland Type and Preliminary 
Geometry Based on Site Constraints 

2-9. Calculate the total water quality volume surface 
area including the internal berm and excluding 
freeboard, Awq-tot = Lwq-tot • Wwq-tot Awq-tot = 4,900 ft2 

2-10. Enter the width of the internal berm (6 ft 
min), Wberm Wberm = 6 ft 

2-11. Enter the length of the internal berm,  

Lberm = Wwq-tot Lberm = 26 ft 

2-12. Calculate the area of the berm,  

Aberm = Wberm • Lberm Aberm = 160 ft2 

2-13. Calculate the active volume surface area 
excluding the internal berm and freeboard,  

Awq = Awq-tot - Aberm Awq =  4,740 ft2 

 

Step 3: Determine Dimensions of Forebay  

It should be assumed that the forebay should be 30-50% of the SQDV.  

Step 3: Determine Dimensions of forebay  

3-1. Enter the percent of SQDV in forebay (30-50% 
required), %V1 %V1 = 30 % 

3-2. Calculate the active volume of forebay 
(including sediment storage), V1 = (SQDV • 
%V1)/100  V1 = 5,100 ft3 

3-3. Enter desired average depth of forebay (2-4 ft 
including sediment storage of 1 ft), d1 d1 = 4 

ft 

3-4. Calculate the surface area for the water quality  
volume of forebay, A1 = V1 / d1 A1 = 1,275 ft2 

3-5. Enter the width of forebay, W1 = Wav-tot = Lberm W1 =  38 ft 

3-6. Calculate the length of forebay (Note: inlet and 
outlet should be configured to maximize the 
residence time), L1 = A1 / W1  L1 = 34 ft 
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Step 4: Determine Dimensions of Cell 2  

Verify that the surface area and length-to-width ratio of Cell 2 meet the design criteria. 
Calculate volumes, depths and surface areas for the very shallow, shallow and deep zones.  

Step 4: Determine Dimensions of Cell 2  

4-1. Calculate the active volume of Cell 2, V2 = SQDV - V1 V2 = 11,900 ft3 

4-2. Calculate surface area of Cell 2, A2 = Awq - A1 A2 = 3,460 ft2 

4-3. Enter width of Cell 2, W2 = W1 = Wwq-tot = Lberm W2 = 26 ft 

4-4. Calculate top length of Cell 2, L2 = A2 / W2 L2 = 130 ft 

4-5. Verify that the length-to-width ratio of Cell 2 is at least 
3:1 with ≥ 4:1 preferred. If the length-to-width ratio is less 
than 3:1, modify input parameters until a ratio of at least 3:1 
is achieved. If the input parameters cannot be modified as a 
result of site constraints, another site for the pond should 
be chosen, LW2 = L2 / W2 LW2 = 5   

4-6. Enter percent of surface area of very shallow zone, %Avs %Avs = 15 ft2 

4-7. Calculate very shallow zone surface area, Avs = (A2 • 
%Avs)/100 Avs = 520 ft2 

4-8. Enter average depth of very shallow zone (0.1 - 1 ft), dvs dvs = 1 ft 

4-9. Calculate volume of very shallow zone, Vvs = Avs • dvs Vvs = 520 ft3 

4-10. Enter width of very shallow zone, Wvs = W2 Wvs = 26 ft 

4-11. Calculate length of very shallow zone, Lvs = Avs / Wvs Lvs = 20 ft 

4-12. Enter percent of surface area of shallow zone, %As  %As = 55   

4-13. Calculate surface area of shallow zone, As = (A2 • 
%As)/100 As = 1,900 ft2 

4-14. Enter average depth of shallow zone (1 - 3 ft), ds  ds =  3 ft 

4-15. Calculate volume of shallow zone, Vs = As • ds Vs = 5,700 ft3 

4-16. Enter width of shallow zone, Ws = W2 Ws = 26 ft 

4-17. Calculate length of shallow zone, Ls = As / Ws Ls = 220 ft 
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Step 4: Determine Dimensions of Cell 2  

4-18. Calculate surface area of deep zone, Adeep = A2 - Avs - As Adeep = 1,040 ft2 

4-19. Calculate volume of deep zone, Vdeep = V2 - Vvs - Vs Vdeep = 5,680 ft3 

4-20. Calculate average depth of deep zone (3 - 5 ft), ddeep = 
Vdeep / Adeep ddeep = 5 ft 

4-21. Enter width of deep zone, Wdeep = W2 Wdeep = 26 ft 

4-22. Calculate length of deep zone, Ldeep = Adeep / Wdeeo Ldeep = 40 ft 

 

Step 5: Ensure Design Requirements and Site Conditions are Achieved 

Check design requirements and site constraints. Modify design geometry until requirements 
are met. If the chosen site for the wetland is inadequate to meet the design requirements, 
choose a new location for the wetland or select an alternative treatment BMP.  

Step 6: Size Outlet Structure 

6-1. The wetland outlet pipe shall be sized, at a minimum, to pass flows greater than the 
stormwater quality design peak flow for off-line basins or flow from the capital storm for on-
line basins. 

Step 7: Determine Emergency Spillway Requirements 

For online basins, an emergency overflow spillway should be sized to pass flows greater than 
the design peak runoff discharge rate for the 100-yr, 24-hr storm in order to prevent 
overtopping of the walls or berms in the event that a blockage of the riser occurs. For offline 
basins, an emergency spillway or riser should be sized to pass the 100-yr, 24-hr post-
development peak storm water runoff discharge rate directly to the downstream conveyance 
system or another acceptable discharge point. 
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E.11 TCM-4 Sand Filters  

Sizing Methodology  

A sand filter is designed with two parts: (1) a temporary storage reservoir to store 
runoff, and (2) a sand filter bed through which the stored runoff must percolate.  
Usually the storage reservoir is simply placed directly above the filter, and the floor 
of the reservoir pond is the top of the sand bed.  For this case, the storage volume 
also determines the hydraulic head over the filter surface, which increases the rate of 
flow through the sand. 

Two methods are available for sizing sand filters: a simple method and a routing 
modeling method.  The simple method uses standard values to define filter hydraulic 
characteristics for determining the sand surface area.  Th is method is useful for 
planning purposes, for a first approximation to begin iterations in the detailed 
method, or when use of the detailed computer model is not desired or not available.  
The simple method very often results in a larger filter than the routing method. 

Background 

Sand filter design is based on Darcy’s law: 

KiAQ =    (Equation E-101) 

Where: 

Q = water quality design flow (cfs) 

K = hydraulic conductivity (fps)  

A = surface area perpendicular to the direction of flow (ft2) 

i = hydraulic gradient (ft/ft) for a constant head and constant 
media depth, computed as follows: 

l
lhi +

=
   (Equation E-102) 

Where:   

h  = average depth of water above the filter (ft), defined for this 
design as d/2 

d  = maximum storage depth above the filter (ft) 

l  = thickness of sand media (ft) 
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Darcy’s law underlies both the simple and the routing methods of design.  T he 
filtration rate V, or more correctly, 1/V, is the direct input in the sand filter design.  
The relationship between the filtration rate V and hydraulic conductivity K is 
revealed by equating Darcy’s law and the equation of continuity, Q = VA.  
Specifically: 

KiAQ =  and VAQ =   

So,  KiAVA =   

Or: KiV =   (Equation E-103) 

Where, 

V = filtration rate (ft/s) 

Note that V ≠ K.  That is, the filtration rate is not the same as the hydraulic 
conductivity, but they do have the same units (distance per time).  K can be equated 
to V  by dividing V  by the hydraulic gradient i, which is defined above. 

The hydraulic conductivity K  does not change with head nor is it dependent on the 
thickness of the media, only on the characteristics of the media and the fluid.  A 
design hydraulic conductivity of 1 inch per hour (2 feet per day) used in this simple 
sizing method is based on bench-scale tests of conditioned rather than clean sand 
(KCSWDM, 2005) and represents the average sand bed condition as silt is captured 
and held in the sand bed. 

Unlike the hydraulic conductivity, the filtration rate V changes with head and media 
thickness, although the media thickness is constant in the sand filter design.   

Simple Sizing Method 

The simple sizing method does not route flows through the filter.  It determines the 
size of the filter based on the simple assumption that inflow is immediately 
discharged through the filter as if there were no storage volume.  An  adjustment 
factor (0.7) is applied to compensate for the greater filter size resulting from this 
method.  Even with the adjustment factor, the simple method generally produces a 
larger filter size than the routing method. 

Step 1: Determine the water quality design volume 

Sand filters should be sized to capture and treat the stormwater quality design 
volume (see Section E.1).   

Step 2: Determine maximum storage depth of water   

Determine the maximum water storage depth (d) above the sand filter.  This depth is 
defined as the depth at which water begins to overflow the reservoir pond, and it 
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depends on the site topography and hydraulic constraints.  The depth is chosen by 
the designer, but shall be 6 feet or less. 

Step 3: Calculate the sand filter area 

Determine the sand filter area using the following equation: 

)( LhKt
RLV

A wq
sf +
=   (Equation E-104) 

Where, 

Asf = surface area of the sand filter bed (ft2) 

Vwq = water quality design volume (ft3) 

R = routing adjustment factor (use R = 0.7) 

L = sand bed depth (ft) 

K = design hydraulic conductivity (use 2 ft/day) 

t = drawdown time (use 1 day) 

h = average depth of water above the filter (ft), (use d/2 with d 
from Step 1) 

Routing Method 

A continuous runoff model, such as US EPA’s Storm Water Management Model 
(SWMM) Model, can be used to optimally size a sand filter.  A continuous simulation 
model consists of three components: a representative long term period of rainfall 
data (≈ 20 years or greater) as the primary model input; a model component 
representing the tributary area to the sand filter that takes into account the amount 
of impervious area, soil types of the pervious area, vegetation, evapotranspiration, 
etc.; and a component that simulates the sand filter.  Using this method, the filter 
should be sized to capture and treat the WQ design volume from the post-
development tributary area. 

The continuous simulation model routes predicted tributary runoff to the sand filter, 
where treatment is simulated as a function of the infiltrative (flow) capacity of the 
sand filter and the available storage volume above the sand filter.  In a continuous 
runoff model such as SWMM, the physical parameters of the sand filter are 
represented with stage-storage-discharge relationships.  Due to the computational 
power of ordinary desktop computers, long-term continuous simulations generally 
take only minutes to run.  This allows the modeler to run several simulations for a 
range of sand filter sizes, varying either the surface area of the filter (and resulting 
flow capacity) or the storage capacity above the sand filter, or both.  Sufficient 
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continuous model simulations should be completed so that results encompass the 
WQ design volume capture goal. 

Model results should be plotted for both varying storage depths above the filter and 
for varying filter surface area (and resulting flow capacity) while keeping all other 
parameters constant.  The resulting relationship of percent capture as a function of 
sand filter flow and storage capacity can be used to optimally size a sand filter based 
on site conditions and restraints. 

In addition to continuous simulation modeling, routing spreadsheets and/or other 
forms of routing modeling that incorporate rainfall-runoff relationships and 
infiltrative (flow) capacities of sand filters may be used to size facilities.  Alternative 
sizing methodologies should be prepared with good engineering practices. 
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Sizing Worksheet 

Step 1: Determine water quality design volume  

1-1. Enter Project area (acres), Aproject Aproject =  acres 

1-2. Enter the maximum allowable percent of the 
Project area that may be effective impervious area 
(refer to permit), ranges from 5-30%, %allowable %allowable =  % 

1-3. Determine the maximum allowed effective 
impervious area (ac), EIAallowable = 
(Aproject)*(%allowable) EIAallowable=  acres 

1-4. Enter Project impervious fraction, Imp (e.g. 
60% = 0.60) Imp=    

1-5.  Determine the Project Total Impervious area 
(acres), TIA=Aproject*Imp TIA=  acres 

1-6. Determine the total area from which runoff 
must be retained (acres), Aretain=TIA-EIAallowable Aretain =  acres 

1-7. Determine pervious runoff coefficient using 
Table E-1, Cp Cp =   

1-8. Calculate runoff coefficient,   

C = 0.95*imp + Cp (1-imp) C =   

1-9. Enter design rainfall depth of the storm (in), Pi   Pi =  in 

1-10. Calculate rainfall depth (ft), P = Pi/12 P =  ft 

1-11. Calculate water quality design volume (ft3),  

SQDV=43560•C*P*Aretain SQDV=  ac-ft 

     

Step 2: Determine maximum storage depth 
of water    

2-1. Determine the maximum storage depth (max 6 
ft) of water above the sand filter, d (ft) d =  ft 
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Step 3: Calculate sand filter area 

3-1. Enter water quality design volume, SQDV SQDV =   ft3 

3-2. Enter routing adjustment factor (use R =0.7), 
R  R =   

3-3. Enter thickness of sand filter (min. 2 ft, 3 ft 
preferred), L L =  ft 

3-4. Enter design hydraulic conductivity of media 
(use 2 ft/day), Kdes K =  ft/day 

3-5. Enter drawdown time, t t =  day 

3-6. Calculate average depth of water above the 
filter, h = d/2 h =  ft 

3-7. Calculate sand filter area,  

Asf = (SQDV*RL)/(Kt (h+L))  Asf =  ft2 

    

Step 4: Determine filter dimensions 

4-1. Sand filter area, Asf Asf =  ft2 

4-2. Enter geometric configuration, LR:W ratio 
(2:1 or greater), LR LR =   

4-3. Select the width of the sand filter, W W =  ft 

4-4. Calculate the length of the sand filter, L=WLR L =  ft 

4-5. Calculate rate of filtration, rwq = Ki ; where 

l
lhi +

=
 rwq =  ft/d 

 

Step 5: Calculate filter longitudinal underdrain collection pipe 

5-1. Calculated filtered flow rate,  

Qf = rwqAsf/86400 Qf =  cfs 

5-2. Enter minimum slope for energy gradient, Se Se =   
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5-3. Enter Hazen-Williams coefficient for plastic, C C =   

5-4. Enter pipe diameter (6” min.), D D =  in 

5-5. Calculate pipe hydraulic radius, Rh =D/48 Rh =  ft 

5-6. Calculate velocity at the outlet of the pipe,  

Vp = 1.318CRh0.63Se0.54 Vp =  ft/s 

5-7. Calculate pipe capacity, Qcap =0.25π (D/12)2Vp Qcap =  cfs 

    

Step 7: Provide conveyance capacity for filter clogging 

7-1. The sand filters should be placed off-line, but an emergency overflow must still be 
provided in the event the filter becomes clogged. 
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Design Example 

Step 1: Determine water quality design volume 

For this design example, a 10-acre site with soil type 4 and 60% total impervious area is 
considered. The 85th percentile storm event for the project location is 0.75 inches. 

Step 1: Determine water quality design volume        

1-1. Enter Project area (acres), Aproject Aproject = 10 acres 

1-2. Enter the maximum allowable percent of the 
Project area that may be effective impervious area 
(refer to permit), ranges from 5-30%, %allowable %allowable = 5  

1-3. Determine the maximum allowed effective 
impervious area (ac), EIAallowable = (Aproject)*(%allowable) EIAallowable= 0.5 acres 

1-4. Enter Project impervious fraction, Imp (e.g. 60% 
= 0.60) Imp=  0.6  

1-5.  D etermine the Project Total Impervious area 
(acres), TIA=Aproject*Imp TIA= 6 acres 

1-6. Determine the total area from which runoff must 
be retained (acres), Aretain=TIA-EIAallowable Aretain = 5.5 acres 

1-7. Determine pervious runoff coefficient using Table 
E-1, Cp Cp = 0.05  

1-8. Calculate runoff coefficient,   

C = 0.95*imp + Cp (1-imp) C = 0.59  

1-9. Enter design rainfall depth of the storm (in), Pi Pi = 0.75 in 

1-10. Calculate rainfall depth (ft), P = Pi/12 P = 0.06 ft 

1-11. Calculate water quality design volume (ft3),  

SQDV=43560•C*P*Aretain SQDV= 0.20 ac-ft 

Step 1a: Determine maximum storage depth of water 

Determine the maximum storage depth of water above the sand filter.  
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Step 1a: Determine maximum storage depth of water   

1a-1. Determine the maximum storage depth (max 6 ft) of 
water above the sand filter, d (ft) d = 6 ft 

Step 2: Calculate Sand Filter Area 

A sand filter is designed with two components: (1) temporary storage reservoir to store 
runoff, and (2) a sand filter bed through which the stored runoff must percolate getting 
treatment.  

The simple sizing method does not rout flows through the filter. The size of the filter is 
determined based on the simple assumption that inflow is immediately discharged through 
the filter. The adjustment factor, R, is applied to compensate for the greater filter size 
resulting from this method. 

Step 2: Calculate sand filter area 

2-1. Enter water quality design volume, SQDV SQDV =  o.20 ac-ft 

2-2. Enter routing adjustment factor (use R =0.7), R  R = 0.7  

2-3. Enter thickness of sand filter (min. 2 ft, 3 ft 
preferred), L L = 2 ft 

2-4. Enter design hydraulic conductivity (use 2 ft/day), K K = 2 ft/day 

2-5. Enter drawdown time (use 1 day), t t = 2 day 

2-6. Calculate average depth of water above the filter,  

h = d/2 h = 3 ft 

2-7. Calculate sand filter area,  

Asf = (SQDV*RL)/(Kt (h+L))  Asf = 0.014 acre 

 

Step 3: Determine Filter Dimensions 

Step 3: Determine filter dimensions 

3-1. Sand filter area in ft2, Asf(feet)=Asf(acre) *43,560 Asf = 610 ft2 

3-2. Enter geometric configuration, LR:W ratio (2:1 min.), 
LR LR = 2  

3-3. Calculate the width of the sand filter, W W = 18 ft 
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Step 3: Determine filter dimensions 

3-4. Calculate the length of the sand filter, L L = 36 ft 

3-5. Calculate rate of filtration, rwq = Ki, where  

l
lhi +

=
 rwq = 2.3 ft/d 

 

Step 4: Calculate Filter Longitudinal Underdrain Collection Pipe 

All underdrain pipes must be 6 inches or greater to facilitate cleaning. 

Step 5: Calculate filter longitudinal underdrain collection pipe 

5-1. Calculated filtered flow rate, Qf = rwqAsf/86400 Qf = 0.01 cfs 

5-2. Enter minimum slope for energy gradient, Se Se = 0.005  

5-3. Enter Hazen-Williams coefficient for plastic, C C = 140  

5-4. Enter pipe diameter (6” min), D  D = 6 in 

5-5. Calculate pipe hydraulic radius, Rh =D/48 Rh = 0.13  

5-6. Calculate velocity at the outlet of the pipe,  

Vp= 1.318CRh0.63Se0.54 Vp = 2.9 ft/s 

5-7. Calculate pipe capacity, Qcap =0.25π (D/12)2Vp Qcap = 0.57 cfs 

Step 5: Provide Conveyance Capacity for Filter Clogging 

The sand filters should be placed off-line, but an emergency overflow must still be provided 
in the event the filter becomes clogged. 
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F.1 Flow Splitter Introduction 

Flow splitters must be provided for off-line facilities to divert the water quality design 
flow to the BMP and bypass higher flows.  I n most cases, it is a designer's choice 
whether storm water treatment BMPs described in this manual are designed as on-
line or off-line; exceptions are vegetated strip filters, permeable pavement, and 
building BMPs which are designed on-line.   

A crucial factor in designing flow splitters is to ensure that low flows are delivered to 
the treatment facility up to the water quality design flow rate.  Above this rate, 
additional flows remain in the storm drain or are diverted to a bypass drain with 
minimal increase in head at the flow splitter structure to avoid surcharging the water 
quality facility under high flow conditions.  

Flow splitters are typically manholes or vaults with baffles. In place of baffles, the 
splitter mechanism may be a half tee section with a solid top and an o rifice in the 
bottom of the tee section.  A f ull tee option may also be used (see "Design Criteria" 
below).  Two possible design options for flow splitters are shown in the figures in this 
Appendix.  Other equivalent designs that achieve the result of splitting low flows, up 
to the WQ design flow, into the WQ treatment facility and divert higher flows around 
the facility are also acceptable.  

Flow splitters may be modeled using standard level pool routing techniques, as 
described in the Handbook of Applied Hydrology (Ven te Chow; 1964) and 
elsewhere.  The stage/discharge relationship of the outflow pipes shall be determined 
using backwater analysis techniques.  Weirs shall be analyzed as sharp-crested weirs.  

Design Criteria 

1) A flow splitter shall be designed to deliver the required water quality design flow 
rate to the storm water treatment facility.  

17) The top of the weir shall be located at the water surface for the design flow. 
Remaining flows enter the bypass line.  

18) The maximum head shall be minimized for flow in excess of the water quality 
design flow. Specifically, flow to the treatment facility at the flood control design 
storm water surface shall not increase the design water quality design flow by 
more than 10%.  

19) Example designs are shown in the figures in this Appendix. Equivalent designs 
are also acceptable.  

20) Special applications, such as roads, may require the use of a modified flow 
splitter. The baffle wall may be fitted with a no tch and adjustable weir plate to 
proportion runoff volumes other than high flows.  
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21) For ponding facilities, backwater effects must be included in designing the height 
of the standpipe in the manhole. 

22) Ladder or step and handhold access shall be provided.  If the weir wall is higher 
than 36 inches, two ladders, on the either side of the wall, are required. 

F.2 Material Requirements  

1) The splitter baffle shall be installed in a standard manhole or vault.  The baffle 
wall shall be made of material resistant to corrosion (minimum 4-inch thick 
reinforced concrete, Type 302 or Type 316 stainless steel plate, or equivalent).  

23) The minimum clearance between the top of the baffle wall and the bottom of the 
manhole or vault cover shall be 4 feet; otherwise, dual access points shall be 
provided.  

24) All metal parts shall be corrosion resistant.  Examples of preferred materials 
include aluminum, stainless steel, and plastic.  Zinc and galvanized materials are 
not permitted because of aquatic toxicity.  P ainting metal parts shall not be 
allowed because of poor longevity.  
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APPENDIX G : DESIGN CRITERIA CHECKLISTS FOR 
STORMWATER RUNOFF BMPS 
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BIO-1 Bioretention Checklist 

 Has the bioretention facility been sized to treat the water quality design 
volume, SQDV (see worksheet)? 

 Does the bioretention have a maximum ponding depth of 18 in.? 

 Is the planting soil depth at least 2 feet? 

 Has an underdrain been provided if native soil permeability is less than 0.5 
in/hr and infiltration is not possible/allowed? 

 Has a gravel drainage layer been provided if native soil permeability is 
greater than 0.5 in/hr and infiltration is possible/allowed? 

 Does the bioretention ponding depth drain below the planting soil in less 
than 48 hours? 

 Is the gravel drainage layer sized to adequately meet the maximum 
drawdown time of 96 hours? 

 Has the bioretention facility been properly sized as recommended in the 
manual? 

 Does the flow entrance meet specifications (dispersed, low velocity flow; 
dispersed flow across pavement; flow spreading trench; cuts or wheel slots 
for parking lots)? 

 Does the pipe flow entrance include erosion protection material to dissipate 
flow energy? 

 Is the flow path unblocked by trees and shrubs? 

 Is the underdrain at least 6 inches in diameter? 

 Is the underdrain pipe made of accepted material (slotted PVC pipe 
conforming to ASTM C 3034 or equivalent HDPE pipe conforming to 
AASHTO 252M)? 

 Does the slotted pipe have correct sizing and spacing of slots? 

 Is the underdrain sloped at 0.5% or more? 

 Are rigid observation pipes connected to underdrain every 250 to 300 feet 
of installed pipe? 

 Do the observation pipe wells/clean outs extend 6 inches above top 
elevation of bioretention facility mulch and are they capped as required? 
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 Does the gravel underdrain bedding consist of the correct aggregate? 

 If geotextile fabric is placed between the planting media and gravel layer, 
does it meet the specifications outlined in the manual? 

 Does the gravel underdrain bedding extend at least 6 inches below the 
underdrain pipe (if needed) and does it provide 1 foot  depth around top and 
sides of pipe? 

 Does the underdrain drain freely to the accepted discharge point? 

 Is an overflow device consisting of vertical PVC pipe included in design? 

 Has the overflow device been installed at the 18-inch ponding depth? 

 Is the overflow riser at least 6 inches in diameter? 

 Has the inlet to the riser been positioned at least 6 inches above the planting 
media and capped with a spider cap? 

 If bioretention is close to roads or infrastructure, have infiltration pathways 
been restricted with geomembrane (at least 30 mm) or clay liners? 

 Is planting soil composed of correct aggregate (60-70% sand; 30-40% 
compost) and free of stones, stumps and roots? 

 Does compost have acceptable characteristics? 

 Is constructed bioretention facility covered with well-aged mulch, free of 
seeds, weeds, soil and roots, and at least 2-3 inches thick? 

 Is all bioretention vegetation tolerant of summer drought, ponding 
fluctuations, and saturated soil conditions for 48 to 72 hours? 

 Have an adequate number of different plant species been incorporated into 
the bioretention (It is recommended that 3 tree, 3 shrub, and 3 herbaceous 
groundcover species be included)? 

 Have native plants been used to the maximum extent practicable? 
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BIO- 2 Planter Box Checklist 

 Is the planter box tributary area less than 15,000 ft2? 

 Is the groundwater level at least 2 feet below the bottom of the planter box? 

 Is there adequate relief between land surface and stormwater conveyance 
system to permit vertical percolation? 

 Is the planter box located in an area with adequate sunlight to support 
selected vegetation? 

 Is the planter box sized to treat the water quality design volume, Vwq (see 
worksheet)? 

 Does the planter box have a maximum ponding depth of 12 inches? 

 Is the planting soil depth at least 2 feet (3 feet preferred)? 

 Does the ponded water drain below the planting soil in less than 48 hours? 

 Has the distance between the downspouts and the overflow outlet been 
maximized? 

 Has the planter box been sized the same as a Bioretention facility with 
planter box parameters? 

 Has the planter box been constructed with an appropriate non-leaching 
permanent material? 

 Has the planter box structure been adequately sealed to ensure that water 
exits only via the underdrain? 

 Has an underdrain been provided? 

 If the entrance to the planter box is piped, has erosion protection been 
included in the design (erosion protection includes rock, splash blocks, 
etc.)? 

 Is the entrance flow path unimpeded by woody plants (trees, shrubs)? 

 Is the underdrain at least 6 inches in diameter? 

 Is the underdrain pipe made of accepted material (slotted PVC pipe 
conforming to ASTM C 3034 or equivalent HDPE pipe conforming to 
AASHTO 252M)? 

 Does the slotted pipe have correct sizing and spacing of slots? 

 Is the underdrain sloped at 0.5% or more? 
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 Are rigid observation pipes connected to underdrain every 250 to 300 feet 
of installed pipe? 

 Do the observation pipe wells/clean outs extend 6 inches above top 
elevation of the planter box mulch and are they capped as required? 

 Does the gravel underdrain bedding consist of the correct aggregate? 

 Does the gravel underdrain bedding extend at least 6 inches below the 
underdrain and does it provide 1 foot depth around top and sides of pipe? 

 If geotextile fabric is used in the underdrain design, does it meet minimum 
materials requirements? 

 Is the underdrain elevated from the bottom of the planter box by 6 inches? 

 Does the underdrain drain freely to the intended discharge point? 

 Is an overflow device consisting of vertical PVC pipe included in design? 

 Is the overflow riser at least 6 inches in diameter? 

 Is the inlet to the riser 6 inches above planting soil and capped with a spider 
cap? 

 Has a waterproof barrier consisting of a 30 mil geomembrane or equivalent 
been provided to protect foundations from moisture? 

 Is planting soil composed of correct aggregate (60-70% sand; 30-40% 
compost) and gradation, and free of stones, stumps and roots? 

 Does compost have acceptable characteristics (see planting/storage media)? 

 Is planter box covered with well-aged mulch, free of seeds, weeds, grass 
clippings, bark, soil and roots, and at least 2-3 inches thick? 

 Do all soil minerals meet requirements? 

 Is all planter box vegetation tolerant of summer drought, ponding 
fluctuations, and saturated soil conditions for 48 to 72 hours? 

 Have an adequate number of different plant species been incorporated into 
the planter box design (It is recommended that 3 tree, 3 shrub, and 3 
herbaceous groundcover species be included)? 

 Have native plants been used to the maximum extent practicable? 

 Have only slow-release fertilizers been included in the design? 

 Have arrangements been made to replace planter box mulch layer annually? 
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 Have low-maintenance plants been selected for design? 

 Has an effort been made to ensure that no treated wood or galvanized metal 
is used anywhere within the planter box design? 
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BIO-3 Proprietary Biotreatment Device Checklist 

 Has the proprietary biotreatment device been selected from the list 
provided in the manual of from another Ventura County- approved list? 

 Has the vendor been contacted for the latest design guidance on cartridge 
selection? 

 Has the proprietary biotreatment device been installed as directed by the 
vendor? 

 Have appropriate maintenance and operation arrangements been made to 
ensure upkeep of the device? 

 Has the biotreatment device been sized to capture and treat the water 
quality design flow? 
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BIO-4 Vegetated Swale Checklist 

 Does the climate provide adequate conditions for maintaining a vegetative 
cover? Has adequate vegetation been chosen given the climate? 

 Is the grade in the area shallow so as to not allow ponding? 

 Is the swale compatible with existing flood control functions? 

 Has the swale been designed with a depth of one foot or less? 

 Is the overall depth from the top of the side walls to the bottom of the swale 
at least 12 inches? 

 Is the swale bottom width at least 2 feet? 

 Is the swale bottom width no greater than 10 feet, or 16 feet with a dividing 
berm? 

 If the swale is required to convey flood flows in addition to the water quality 
design flow, has the swale been designed for the flood control design storm 
and does it include 2 feet of freeboard? 

 Have gradual meandering bends been incorporated into the design? 

 Is the longitudinal slope (in direction of flow) between 1% and 6%? 

 Has an underdrain been provided if soils are poorly drained and 
longitudinal slope is less than 1.5%? Has a soils report been provided if this 
is the case? 

 If the longitudinal slope is greater than 6%, have appropriate check dams 
with vertical drops of 12 inches or less been provided in the design to reduce 
the slope? 

 Is the horizontal slope at the bottom of the swale flat to discourage 
channeling? 

 Has the swale been designed so that the water depth does not exceed 4 
inches or 2/3 the height of vegetation (2 inches in frequently mowed turf 
swales? 

 Does the swale length provide a minimum hydraulic residence time of 7 
minutes? 

 If soil and slope conditions require it, has an acceptable low flow drain been 
installed? 

 Has the swale been designed to convey the SQDF? 
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 Has the swale been sized as recommended in Chapter 6 (also see worksheet, 
Appendix E)? 

 Has the swale been designed as a flow-through channel or has a high-flow 
bypass been incorporated into the design for flows higher than the water 
quality design flow? 

 Has inflow been directed towards the upstream end of the swale or, at a 
minimum, evenly over the length of the swale? 

 If the swale is online, has it been designed to convey flows up to the post-
development 100 year 24 hour storm, with freeboard, and velocities below 3 
ft/s? 

 If the swale is off-line, has it been designed to convey the water quality 
design flow rate using a flow splitter with velocities below 1 ft/s? 

 If check dams are incorporated in the design, have flow spreaders been 
added at the toe of each vertical drop? 

 If curb cuts are used, has pavement been placed 1 – 2 inches above the 
elevation of the vegetated area? 

 Is the swale inflow designed to function long term with minimal 
maintenance? 

 Has flow spreading at the inlet of the swale been achieved by a leveled 
anchored flow spreader or similar method?  

 Does the flow spreader project a minimum of 2 inches above the ground 
surface with appropriately spaced notches and extend horizontally beyond 
facility to prevent erosion 

 If an underdrain is required, does it meet appropriate criteria (PVC or 
equivalent, correct slot spacing and sizing, 6 inches minimum in diameter, 
sloped at 0.5%)?  

 Is there gravel bedding at least 6 inches below and 1 foot to the top and sides 
of the underdrain? 

 If a geotextile is included in the design, does it meet requirements? 

 Does gravel drainage layer meet recommended criteria? 

 Does swale divider, if included, meet criteria (minimum height of 1 inch 
above flow, slopes no steeper than 2H:1V, stable foundation)? 
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 Has swale soil been amended with compost if organic content is less than 
10%? 

 Have appropriate, hardy and native plants been used to the maximum 
extent practical? 

 Is vegetative cover at least 4 inches in height (ideally 6 inches)?  

 Has the swale been located away from trees that may drop leaves or provide 
insufficient sunlight? 
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BIO-5 Vegetated Filter Strip Checklist 

 Is the slope of the filter strip designed to avoid both erosive flows and 
ponding? 

 Has the strip been designed to evenly distribute flow across width and 
promote sheet flow? 

 Does the width of the filter strip extend across the full width of the tributary 
area? 

 Is the upstream boundary of the filter located contiguous to developed area? 

 If filter strip is used for water quality purposes, is the length between 15 and 
150 feet (25 feet preferred)? If the strip is used for pretreatment, is it at least 
4 feet in length? 

 Is the slope of the strip parallel to the direction of flow between 2% and 6%? 

 Is the lateral slope (perpendicular to flow) of the strip 4% or less? 

 Is grading across strip even? 

 Has the top of the strip been installed 2 to 5 inches below any adjacent 
pavement (a beveled transition is also acceptable)? 

 Are the top and toe of the slope as flat as possible (graded flat for engineered 
filter strips) to encourage sheet flow and prevent erosion? 

 Has the design flow been calculated using the SQDF (see worksheet)? 

 Has the design flow depth been calculated using a m odified Manning’s 
equation (see worksheet)? 

 Have the design velocity and length been calculated using the design flow 
and design flow depth as recommended (see worksheet)? 

 Has a flow spreader been implemented to uniformly distribute contributing 
flow along width of filter strip? 

 If a gravel flow spreader is used, is it at least 6 inches deep, 12 inches wide 
and a minimum or 1 inch below the paved surface? 

 Has the gravel flow spreader been leveled even where ground is not level? 

 If the gravel flow spreader is placed along a roadway, have LA county design 
specifications been consulted and implemented? 

RB-AR9877



APPENDIX G:  DESIGN CRITERIA CHECKLISTS 

Technical Guidance Manual for G-12 July 13, 2011 
Stormwater Quality Control Measures 2011   

 If a notched curb spreader and through-curb spreader are used, have they 
been used in conjunction with a gravel spreader? 

 Have curb port/interrupted curb openings been spaced at intervals of at 
least every 6 feet? 

 Do the curb port/interrupted curb openings have a w idth of at least 11 
inches? 

 Does 15% or more of the curb length consist of open ports and does each 
port discharge no more than 10% of the flow? 

 Have energy dissipaters (such as a riprap pad) been used if a sudden slope 
drop occurs? 

 Has access been provided at the upper edge of filter strip for mowing 
equipment and to enable maintenance of spreader? 

 Is the design water depth 1 inch or less? 

 Does the design velocity not exceed 1 foot per second? 

 If the organic content of the filter strip soil does not exceed 10%, has the soil 
been amended with at least 2 inches of well-rotted acceptable compost at a 
depth of 6 inches? 

 Is filter strip uniformly graded and densely vegetated with erosion-resistant 
grasses (preferably native or adapted species)? 

 Has irrigation been provided to establish grasses? 

 Have maintenance arrangements been made to maintain grass at a height of 
2 to 4 inches? 

 Have trees and shrubs been limited along the filter strip? 

 Has an effort been made to ensure that no treated wood or galvanized metal 
is used anywhere within the design? 
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BIO-6 Green Roof Checklist 

 Is the roof shallow enough to support a green roof (<25% slope)? 

 Are the roof supports sufficient to support additional weight of soil, water, 
vegetation, and a drainage layer (if needed) [a licensed structural engineer 
should be consulted]? 

 Has an ap propriate waterproof membrane been placed below the green 
roof? 

 Has an ap propriate drainage layer been incorporated in the design (if 
required)? 

 Has an appropriate soil mix been used in the design to allow for drainage, 
support vegetative growth, and that is not excessively heavy when wet? 

 Has vegetation been carefully selected to improve aesthetics, resist erosion, 
withstand extreme environments, and tolerate drought without the need for 
fertilizers and pesticides and without a lot of maintenance requirements 
(see Appendix H for a recommended plant list)? 

 Have native plants been chosen to the maximum extent practical? 

 If trees or shrubs are incorporated, has an adequate soil depth been 
provided and is the additional soil depth supported by the roof structure? 

 Has irrigation been provided to establish vegetation? 

 Does vegetation cover 90% of the total area? 

 Is the green roof located in an area without excessive shade to avoid poor 
vegetative growth? 

 Is there an appropriate drain pipe or gutter to convey any runoff from roof 
to a stormwater BMP or stormwater conveyance system? 
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FILT-1 Sand Filter Checklist 

 Has sand filter been located away from trees and areas that could contribute 
eroded sediment?  

 If there is a chance for sediment to be present in flow to be treated, has 
pretreatment been provided? 

 Does site have adequate relief to permit vertical percolation through sand 
filter and into conveyance system? 

 Has pretreatment (vegetated swale or filter strip, hydrodynamic separator) 
been adequately provided to reduce the sediment load entering the filter? 

 Has the sand filter been sized to capture the SQDV? 

 Has the sand filter been designed with a 1 .5:1 length to width ratio or 
greater? 

 Is the filter bed depth at least 2 feet (3 feet preferred)? 

 Is the depth of water storage over the filter bed 6 feet or less? 

 Is the overflow structure designed to pass the water quality design storm? 

 Has the sizing of the filter been determined using the adapted Darcy’s Law 
equation recommended in the sizing methodology section in Chapter 6 (also 
see worksheet, Appendix E)? 

 Does the sand meet the recommended specifications (0.2-0.35 mm 
diameter, Cu < 3, ASTM C 33 size gradation, etc.)? 

 Has an underdrain been employed in the design? [Examples: central 
underdrain w/lateral pipes, longitudinal pipes, single pipe for small filters] 

 Is the underdrain placed in an 8 inch minimum gravel backfill or drain rock 
bed? 

 Are all underdrain pipes and connectors 6 inches or greater with clean-out 
risers of equal diameter? 

 Have clean-out risers been placed at the terminal ends of all pipes and 
extend to the surface of the filter?  

 Has a valve box been provided for access to the clean-outs and is it water 
tight? 

 Are underdrain pipes laid with perforations downward, and are perforations 
at least ½ inch in diameter? 
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 Are all lateral collection pipes within 9 feet or less of each other 
(perpendicular distance)? 

 Have all pipes been placed with a minimum slope of 0.5%? 

 Is the invert of the underdrain outlet above the seasonal high groundwater 
level? 

 Is gravel backfill present around the underdrain pipe at least 6 inches below 
and to the sides of the pipe and 8 inches above the pipe? 

 Does the bottom gravel have a diameter of at least 2 times the size of the 
perforated openings to the drainage system and meet other specifications 
(specific gravity of 2.5 or more, rounded, free of debris)? 

 Has an appropriate geotextile layer (see underdrain section) or 2-inch 
transition layer been placed between the sand layer and the drain rock/ 
gravel backfill layer?  

 Has a flow spreader been installed at the inlet along one side of the filter 
(long side of the filter if L: W is 2:1 or greater; 20% of perimeter for curved 
or irregular shape)? 

 Has erosion protection been provided along the first foot of the sand bed 
adjacent to the flow spreader (i.e. geotextile weighted with sand bags; 
quarry spalls)? 

 Has no topsoil, clay, or sod (except sod grown in sand) has been added to 
the sand filter bed? 

 Has vegetation been selected properly (i.e. must withstand drought, heavy 
saturation, etc.)? 

 Are no permanent structures built on top of the sand filter bed? 

 No large shrubs or trees should be planted in sand filter bed or within 15 
feet of inlet or outlet pipes 

 Have native plants been used to the maximum extent practicable? 

 Has an emergency overflow structure been provided? 

 Are interior side slopes above water quality design depth no steeper than 3:1 
H:V? 

 Are exterior side slopes no steeper than 2:1 H:V? 

 If pond walls are vertical retaining walls, do they meet recommended 
specifications (see side slopes section)? 
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 Do embankments meet appropriate criteria [top width or 20 feet, 
constructed on native consolidated soil, in accordance with standard 
specifications, proper excavation, constructed of appropriate compacted 
soil]? 

 Are maintenance access roads/ramps to filter provided? 

 Have trees and shrubs been planted further than 10 feet away from inlet and 
outlet pipes (50 feet for ‘water-seeking’ plants such as willows and poplars)? 

 Have prohibited non-native plants been removed from the site? 

 Has an effort been made to ensure that no treated wood or galvanized metal 
is used anywhere within the planter box design? 
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FILT-2 Cartridge Media Filter 

 Has the vendor been contacted for the latest design guidance on cartridge 
selection? 

 Has the cartridge media filter been provided with a system to completely 
drain the system and prevent vector annoyances? 

 Has the cartridge media filter been sized to capture and treat the SQDF? 

 Have site considerations been taken into account when sizing the cartridge 
media filter and selecting features (often vendor websites offer assistance 
with this)? 
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INF-1 Infiltration Trench Checklist 

 Has the infiltration trench been located away from steep slopes (>25%)? 

 Is the infiltration trench set back from structures and leach fields? 

 Is there at least 10 feet or vertical separation between the bottom of the 
infiltration trench and the shallow groundwater table? 

 Is the depth to bedrock adequate to provide proper infiltration? 

 Has the site been checked to ensure that no preexisting contamination is 
present? 

 Does the site have low sediment loading rates to prevent infiltration trench 
clogging? 

 Has a soil assessment report been completed, which determines the 
suitability of the site for an infiltration trench, recommends a design 
infiltration rate, identifies the high depth to groundwater table surface 
elevation, and examines how the stormwater runoff will move in the soil? 

 Has a geotechnical investigation and report been provided if needed? 

 Has the infiltration trench been located at a site that does not receive run off 
from sites that store or use chemicals or hazardous waste outside?  

 Has the infiltration trench been set back from existing septic system drain 
fields and drinking water wells? 

 Has pretreatment been provided with a vegetated swale, filter strip, sand 
filter or proprietary device? 

 Is the trench at least 2 feet wide and 3 to 5 feet deep? 

 Is the longitudinal slope of the trench 3% or less? 

 Is the top layer of the media filter gravel/choking stone/geotextile fabric if 
flow is sheet flow and 12 inches of surface soil if flow enters through an 
underground pipe?  

 Is middle layer of media filter 3-5 feet of washed 1.5 to 3 in. gravel with void 
space of 30 to 40%? 

 Is bottom layer of media filter 6” of clean, washed sand? 

 Have one or more observation wells been installed? 
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 Do observation wells consist of recommended slotted 4-6 inch diameter 
PVC well screen capped with lockable, above-ground lid? 

 Has the infiltration trench been sized to capture and infiltrate the SUSMP 
defined water quality design volume? 

 Has the infiltration trench been designed to infiltrate all runoff within 72 
hours? 

 Has the maximum depth of runoff, ponding depth/trench depth and 
infiltrating surface area been calculated using recommended design 
equations (see sizing methodology section/worksheet)? 

 Is the bottom of the infiltration bed native soil, over-excavated to at least 
one foot in depth and replaced uniformly (with 2-4 inches of coarse sand 
amendments) without compaction? 

 Has all vertical piping been classified correctly (see drainage section in 
manual)? 

 Has an observation well been incorporated into the design to ensure that the 
72 hour maximum drawdown time is met? 

 Has an overflow route been provided to safely convey flows that overtop the 
facility or in the case that the facility becomes clogged? 

 Has the overflow channel been designed to safely convey flows from peak 
design storm to a downstream conveyance system or acceptable discharge 
point? 

 Has the infiltration trench been kept free of vegetation, and is all existing 
vegetation surrounding the trench been planted away from trench to avoid 
drip lines overhanging the facility? 

 Is there safe maintenance access provided to the site for both wet and dry 
conditions? 

 Has an access road along the length of the trench been provided if there is 
no existing road or parking lot that can be used for maintenance access? 

 Has access to “operate a backhoe at ‘arms length’” been provided? 

 Was the entire area draining to the facility stabilized before construction 
began? 

 Have you ensured that the infiltration trench is not hydraulically connected 
to the storm water conveyance system? 
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 If heavy construction material was used to compact subgrade (not 
recommended), has the infiltrative capacity of the soil been restored via 
tilling or aerating prior to placing the infiltration bed? 

 Were the exposed subgrade soils inspected by a civil engineer prior to 
construction to confirm suitable soil conditions for the infiltration facility? 
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INF-2 Drywell Checklist 

 Has the drywell been located away from steep slopes (>25%)? 

 Is the drywell set back from structures and leach fields? 

 Is there at least 10 feet or vertical separation between the bottom of the 
drywell and the shallow groundwater table? 

 Is the depth to bedrock adequate to provide proper infiltration? 

 Has the site been checked to ensure that no preexisting contamination is 
present? 

 Does the site have low sediment loading rates to prevent drywell from 
clogging? 

 Has pretreatment been provided for all non-rooftop runoff flowing to the 
drywell? 

 Has a geotechnical investigation and report been provided to ensure site 
meets specifications for an infiltration facility (including soil infiltration 
rate, groundwater separation, and no steep slopes)? 

 Has a soil assessment report been completed, which determines the 
suitability of the site for an drywell, recommends a design infiltration rate, 
identifies the high depth to groundwater table surface elevation, and 
examines how the stormwater runoff will move in the soil? 

 Has the drywell been located at a site that does not receive run off from sites 
that store or use chemicals or hazardous waste outside?  

 Has the drywell been set back from existing septic system drain fields and 
drinking water wells? 

 Has pretreatment been provided to prevent sediment and other large 
particulates? 

 Is the surface area of the drywell large enough to infiltrate the storage 
volume in 72 hours based on maximum allowable depth? 

 Is the top layer of the media filter gravel/choking stone/geotextile fabric if 
flow is sheet flow and 12 inches of surface soil if flow enters through an 
underground pipe (pipe should be fitted with a screen)?  

 Is middle layer of media filter 3-5 feet of washed 1.5 to 3 in. gravel with void 
space of 30 to 40%? 

 Is bottom layer of media filter 6” of clean, washed sand? 
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 Have one or more observation wells been installed? 

 Do observation wells consist of recommended slotted 4-6 inch diameter 
PVC well screen capped with lockable, above-ground lid? 

 Has the drywell been sized to capture and infiltrate the SUSMP defined 
water quality design volume? 

 Has the drywell been designed to infiltrate all runoff within 72 hours? 

 Has a long term percolation rate of 10% of the measured percolation rate 
been used in design (due to occlusion and particulate accumulation)? 

 Has the maximum depth of runoff, ponding depth/trench depth and 
infiltrating surface area been calculated using recommended design 
equations (see sizing methodology section/worksheet)? 

 Is the bottom of the infiltration bed native soil, over-excavated to at least 
one foot in depth and replaced uniformly (with 2-4 inches of coarse sand 
amendments) without compaction? 

 Has all vertical piping been classified correctly (see drainage section in 
manual)? 

 Has an observation well been incorporated to ensure that the 72 hour 
maximum drawdown time is met? 

 Has an overflow route been provided to safely convey flows that overtop the 
facility or in the case that the facility becomes clogged? 

 Has the overflow channel been designed to safely convey flows from peak 
design storm to a downstream conveyance system or acceptable discharge 
point? 

 Has the drywell been kept free of vegetation, and is all existing vegetation 
surrounding the trench been planted away from trench to avoid drip lines 
overhanging the facility? 

 Is there safe maintenance access provided to the site for both wet and dry 
conditions? 

 Has maintenance access been provided? 

 Was the entire area draining to the facility stabilized before construction 
began? 

 Have you ensured that the infiltration trench is not hydraulically connected 
to the storm water system? 
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 If heavy construction material was used to compact subgrade (not 
recommended), has the infiltrative capacity of the soil been restored via 
tilling or aerating prior to placing the infiltration bed? 

 Were the exposed subgrade soils inspected by a civil engineer prior to 
construction to confirm suitable soil conditions for the infiltration facility? 
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INF-3 Proprietary Infiltration BMPs Checklist 

 Has the infiltration facility been located away from steep slopes (>25%)? 

 Is the infiltration facility set back from structures and leach fields? 

 Is there at least 10 feet or vertical separation between the bottom of the 
infiltration facility and the shallow groundwater table? 

 Is the depth to bedrock adequate to provide proper infiltration? 

 Has the site been checked to ensure that no preexisting contamination is 
present? 

 Does the site have low sediment loading rates to prevent infiltration facility 
clogging? 

 Has pretreatment been provided to prevent premature failure (If infiltration 
facility fails, complete construction is required)? 

 Has infiltration facility been designed to receive runoff only from sections of 
the site that have been stabilized? 

 If infiltration facility fails, complete construction is required 

 Has a geotechnical investigation and report been provided to ensure site 
meets specifications for an infiltration facility (including soil infiltration 
rate, groundwater separation, and no steep slopes)? 

 Has a soil assessment report been completed, which determines the 
suitability of the site for an infiltration trench, recommends a design 
infiltration rate, identifies the high depth to groundwater table surface 
elevation, and examines how the stormwater runoff will move in the soil? 

 Has the infiltration trench been located at a site that does not receive run off 
from sites that store or use chemicals or hazardous waste outside?  

 Has the infiltration BMP been sized to capture and treat the water quality 
design volume? 

 Has a long term percolation rate of 10% of the measured percolation rate 
been used in design (due to occlusion and particulate accumulation)? 

 Have the recommended sizing guidelines set by the vendor been referenced 
and used for selection and use of infiltration facility? 

 

RB-AR9890



APPENDIX G:  DESIGN CRITERIA CHECKLISTS 

Technical Guidance Manual for G-25 July 13, 2011 
Stormwater Quality Control Measures 2011   

INF-4 Permeable Pavement Checklist 

 Has the permeable pavement been located away from steep slopes 
(>25%)? 

 Is the permeable pavement set back from structures and leach fields? 

 Is there at least 10 feet or vertical separation between the bottom of the 
permeable pavement and the shallow groundwater table? 

 Is the depth to bedrock adequate to provide proper infiltration? 

 Has the site been checked to ensure that no preexisting contamination is 
present? 

 Does the site have low sediment loading rates to prevent infiltration 
trench clogging? 

 Has the permeable pavement been designed to receive runoff only from 
sections of the site that have been stabilized? 

 Has a geotechnical investigation and report been provided to ensure site 
meets specifications for an infiltration facility (including soil infiltration 
rate, groundwater separation, and no steep slopes)? 

 Has a soil assessment report been completed, which determines the 
suitability of the site for an infiltration trench, recommends a design 
infiltration rate, identifies the high depth to groundwater table surface 
elevation, and examines how the stormwater runoff will move in the 
soil? 

 Has the permeable pavement been located at a site that does not receive 
run off from sites that store or use chemicals or hazardous waste 
outside?  

 Has the run off been assessed for necessity of pretreatment? 

 If pretreatment is required, has it been provided to treat run on before it 
reaches permeable pavement? 

 Has the infiltration BMP been sized to capture and treat the water 
quality design volume? 

 Have the infiltration capabilities of the site been assessed (i.e. full, 
partial, or no infiltration allowed)? 

 If no infiltration is allowed, has an underdrain been prohibited? 
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 If permeable pavement is located on a site with a slope greater than 2%, 
has the area been terraced to prevent lateral flow through subsurface? 

 Has the permeable pavement been designed to infiltrate flows through 
four different layers (incl. top wearing layer, stone reservoir, and 
transition layers) of material (or through a similar system)? 

 Has the depth of each layer (and void space), along with the hydrology, 
hydraulics, and structural requirements of the site been determined and 
approved by a licensed civil engineer? 

 If proprietary permeable pavement is used (i.e. concrete or other 
pavers), have the design requirements and installation steps been 
obtained from the vendor and referenced in the selection and 
construction of the permeable pavement? 

 Has the permeable pavement been designed to drain in less than 72 
hours and allowed to dry out periodically? 

 Has a long term percolation rate of 10% of the measured percolation rate 
been used in design (due to occlusion and particulate accumulation)? 

 Has an overflow mechanism been included in the pavement design? 

 If the overflow mechanism employed is perimeter control, have controls 
such as a perimeter vegetated swale, perimeter Bioretention, storm drain 
inlets, or other acceptable control been implemented? 

 If the overflow mechanism employed are overflow pipes, have the pipes 
been connected to the underdrain, are they located away from vehicular 
traffic, and is the top of the pipe fitted with a screen? 

 Has the pavement been laid close to level with bottom of base layers 
level to ensure uniform infiltration? 

 Are site materials stored away from permeable pavement? 

 Has landscaping and stabilization of adjacent areas been completed 
before installation of pavement? 
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GS-1 Hydrodynamic Separation Device Checklist 

 Has the vendor been contacted for the latest model and design guidance 
prior to selection of device? 

 Has the device been sized to capture and treat the water quality design flow 
rate? 

 Has the vendor been contacted for sizing and installation guidance? 

 Has periodic maintenance been scheduled and budgeted for? 
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GS-2 Catch Basin Insert Checklist 

 Has the vendor been contacted for the latest model and design guidance 
prior to selection of device? 

 Has the insert been sized to capture and treat the water quality design flow 
rate? 

 Has the vendor been contacted for sizing and installation guidance? 

 Has periodic maintenance been scheduled and budgeted for? 
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(Long Form) 

Recorded at the request of: 

City of           

        

After recording, return to: 

City of           

City Clerk  

    

    

Stormwater Treatment Device Access and Maintenance Agreement  

OWNER:            

PROPERTY ADDRESS:         

APN:            

THIS AGREEMENT is made and entered into in    , 
California, this      day of   , by and between                               
       , hereinafter referred to as “Owner” and the CITY OF 
   , a m unicipal corporation, located in the County of Ventura, 
State of California hereinafter referred to as “CITY”; 

WHEREAS, the Owner owns real property (“Property”) in the City of   , 
County of Ventura, State of California, more specifically described in Exhibit “A” and 
depicted in Exhibit “B”, each of which exhibits is attached hereto and incorporated 
herein by this reference; 

WHEREAS, at the time of initial approval of development project known as  
       within the Property described 
herein, the City required the project to employ on-site control measures to minimize 
pollutants in urban runoff; 

WHEREAS, the Owner has chosen to install a                     
          , hereinafter 
referred to as “Device”, as the on-site control measure to minimize pollutants in 
urban runoff; 

WHEREAS, said Device has been installed in accordance with plans and 
specifications accepted by the City; 
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WHEREAS, said Device, with installation on private property and draining only 
private property, is a private facility with all maintenance or replacement, therefore, 
the sole responsibility of the Owner in accordance with the terms of this Agreement; 

WHEREAS, the Owner is aware that periodic and continuous maintenance, 
including, but not necessarily limited to, filter material replacement and sediment 
removal, is required to assure peak performance of Device and that, furthermore, 
such maintenance activity will require compliance with all Local, State, or Federal 
laws and regulations, including those pertaining to confined space and waste 
disposal methods, in effect at the time such maintenance occurs; 

NOW THEREFORE, it is mutually stipulated and agreed as follows: 

1) Owner hereby provides the City of City’s designee complete access, of any 
duration, to the Device and its immediate vicinity at any time, upon reasonable 
notice, or in the event of emergency, as determined by City’s Director of Public 
Works no advance notice, for the purpose of inspection, sampling, testing of the 
Device, and in case of emergency, to undertake all necessary repairs or other 
preventative measures at owner’s expense as provided in paragraph 3 below.  
City shall make every effort at all times to minimize or avoid interference with 
Owner’s use of the Property. 

2) Owner shall use its best efforts diligently to maintain the Device in a manner 
assuring peak performance at all times. All reasonable precautions shall be 
exercised by Owner and Owner’s representative or contractor in the removal 
and extraction of material(s) from the Device and the ultimate disposal of the 
material(s) in a m anner consistent with all relevant laws and regulations in 
effect at the time. As may be requested from time to time by the City, the Owner 
shall provide the City with documentation identifying the material(s) removed, 
the quantity, and disposal destination. 

3) In the event Owner, or its successors or assigns, fails to accomplish the 
necessary maintenance contemplated by this Agreement, within five (5) days of 
being given written notice by the City, the City is hereby authorized to cause 
any maintenance necessary to be done and charge the entire cost and expense 
to the Owner or Owner’s successors or assigns, including administrative costs, 
attorneys fees and interest thereon at the maximum rate authorized by the Civil 
Code from the date of the notice of expense until paid in full. 

4) The City may require the owner to post security in form and for a time period 
satisfactory to the city of guarantee of the performance of the obligations stated 
herein.  Should the Owner fail to perform the obligations under the Agreement, 
the City may, in the case of a cash bond, act for the Owner using the proceeds 
from it, or in the case of a surety bond, require the sureties to perform the 
obligations of the Agreement.  As a n additional remedy, the Director may 
withdraw any previous stormwater related approval with respect to the 
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property on which a Device has been installed until such time as Owner repays 
to City it’s reasonable costs incurred in accordance with paragraph 3 above. 

5) This agreement shall be recorded in the Office of the Recorder of Ventura 
County, California, at the expense of the Owner and shall constitute notice to all 
successors and assigns of the title to said Property of the obligation herein set 
forth, and also a lien in such amount as will fully reimburse the City, including 
interest as herein above set forth, subject to foreclosure in event of default in 
payment. 

6) In event of legal action occasioned by any default or action of the Owner, or its 
successors or assigns, then the Owner and its successors or assigns agree(s) to 
pay all costs incurred by the City in enforcing the terms of this Agreement, 
including reasonable attorney’s fees and costs, and that the same shall become 
a part of the lien against said Property. 

7) It is the intent of the parties hereto that burdens and benefits herein 
undertaken shall constitute covenants that run with said Property and 
constitute a lien there against. 

8) The obligations herein undertaken shall be binding upon the heirs, successors, 
executors, administrators and assigns of the parties hereto. The term “Owner” 
shall include not only the present Owner, but also its heirs, successors, 
executors, administrators, and assigns. Owner shall notify any successor to title 
of all or part of the Property about the existence of this Agreement. Owner shall 
provide such notice prior to such successor obtaining an interest in all or part of 
the Property. Owner shall provide a copy of such notice to the City at the same 
time such notice is provided to the successor. 

9) Time is of the essence in the performance of this Agreement. 

10) Any notice to a party required or called for in this Agreement shall be served in 
person, or by deposit in the U.S. Mail, first class postage prepaid, to the address 
set forth below. Notice(s) shall be deemed effective upon receipt, or seventy-
two (72) hours after deposit in the U.S. Mail, whichever is earlier. A party may 
change a notice address only by providing written notice thereof to the other 
party. 

 

IF TO CITY: IF TO OWNER: 
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IN WITNESS THEREOF, the parties hereto have affixed their signatures as of the 
date first written above. 

 

APPROVED AS TO FORM: OWNER:                          

 

     
City Attorney Owner 

 Name:   

 Title:    

CITY OF : OWNER: 

 

    

Name:  Name:  

Title:  Title:  

 

ATTEST: 

 

      

City Clerk                    Date 

 

Notaries on Following Page 
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EXHIBIT A 

(Legal Description) 
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EXHIBIT B 

(Map/illustration) 
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(Short Form) 

Recorded at the request of and mail to:  

    

    

   

 

Covenant and Agreement Regarding 

Stormwater Treatment Device Maintenance 

The undersigned hereby certify that we are the owners of hereinafter legally 
described real property located in the City of     , County of 
Ventura, State of California. 

Legal Description:   

  

as recorded in Book   , Page   ,Records of Ventura 
County,  

which property is located and known as (Address):   

 . 

And in consideration of the City of   allowing  

    

on said property, we do hereby covenant and agree to and with said City to maintain 
according to the Maintenance Plan (Attachment 1), all structural stormwater 
treatment devices including the following: 

  

 . 

This Covenant and Agreement shall run all of the above described land and shall be 
binding upon ourselves, and future owners, encumbrances, their successors, heirs, or 
assignees and shall continue in effect until released by the authority of the City upon 
submittal of request, applicable fees, and evidence that this Covenant and Agreement 
is no longer required by law. 

 

NOTARIES ON FOLLOWING PAGE 
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MAINTENANCE PLAN GUIDELINES AND 
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Included in this appendix are a series of checklists that can be used by both inspectors 
and maintenance personnel to ensure that observed deficiencies in BMPs are maintained 
appropriately.  The BMP Inspection/Maintenance Checklists are presented in the 
following order: 

1) Bioretention/Planter Box  

25) Vegetated Swale Filter  

26) Vegetated Filter Strip  

27) Sand Filter  

28) Infiltration BMPs 

29) Permeable Pavement 

30) Constructed Treatment Wetland 

31) Wet Retention Basin 

32) Dry Extended Detention Basin 

33) Proprietary Devices 
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I.1 Bioretention/Planter Box Inspection and Maintenance Checklist 

Date:        Work Order #     

Type of Inspection:   □ post-storm   □ annual   □ routine   □ post-wet season   □ pre-
wet season 

Facility:           Inspector(s):       

Defect 
Conditions When 
Maintenance Is 

Needed 

Inspection 
Result 

(0, 1, or 2)† 

Date Maintenance 
Performed 

Comments or 
Action(s) Taken 
to Resolve Issue 

Appearance Untidy    

Trash and Debris 
Accumulation 

Trash, plant litter 
and dead leaves 
accumulated on 
surface. 

   

Vegetation 
Unhealthy plants 
and appearance. 

   

Irrigation 
Functioning 
incorrectly (if 
applicable). 

   

Inlet 
Inlet pipe blocked 
or impeded. 

   

Splash Blocks 

Blocks or pads 
correctly 
positioned to 
prevent erosion. 

   

Overflow 
Overflow pipe 
blocked or broken. 

   

Filter media 

Infiltration design 
rate is met (e.g., 
drains 36-48 hours 
after moderate - 
large storm event). 

   

†Maintenance:  Enter 0 if satisfactory, 1 if maintenance is needed and include WO#.  
Enter 2 if maintenance was performed same day. 
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I.2 Vegetated Swale Filter Inspection and Maintenance Checklist 

Date:        Work Order #      

Type of Inspection:   □ post-storm   □ annual   □ routine   □ post-wet season   □ pre-
wet season 

Facility:           Inspector(s):       

Defect 
Conditions When 

Maintenance Is Needed 

Inspection 
Result 

(0, 1, or 2)† 

Date 
Maintenance 
Performed 

Comments or 
Action(s) Taken 
to Resolve Issue 

Appearance Untidy    

Trash and 
Debris 
Accumulation 

Trash and debris accumulated 
in the swale. 

 
  

Vegetation 

When the grass becomes 
excessively tall (greater than 
10-inches); when nuisance 
weeds and other vegetation 
start to take over. 

 

  

Excessive 
Shading 

Vegetation growth is poor 
because sunlight does not 
reach swale. Evaluate 
vegetation suitability. 

 

  

Poor Vegetation 
Coverage 

When vegetation is sparse or 
bare or eroded patches occur 
in more than 10% of the swale 
bottom. Evaluate vegetation 
suitability. 

 

  

Sediment 
Accumulation 

Sediment depth exceeds 2 
inches or covers more than 
10% of design area. 

 
  

Standing Water 
When water stands in the 
swale between storms and 
does not drain freely. 

 
  

Flow spreader 
or Check Dams 

Flow spreader or check dams 
uneven or clogged so that 
flows are not uniformly 
distributed through entire 
swale width. 
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Defect 
Conditions When 

Maintenance Is Needed 

Inspection 
Result 

(0, 1, or 2)† 

Date 
Maintenance 
Performed 

Comments or 
Action(s) Taken 
to Resolve Issue 

Constant 
Baseflow 

When small quantities of water 
continually flow through the 
swale, even when it has been 
dry for weeks and an eroded, 
muddy channel has formed in 
the swale bottom. 

 

  

Inlet/Outlet 
Inlet/outlet areas clogged with 
sediment and/or debris. 

 
  

Erosion/ 
Scouring 

Eroded or scoured swale 
bottom due to flow 
channelization, or higher 
flows.  Eroded or rilled side 
slopes. 

 

  

Eroded or undercut inlet/outlet 
structures 

 
  

†Maintenance:  Enter 0 if satisfactory, 1 if maintenance is needed and include WO#.  
Enter 2 if maintenance was performed same day. 
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I.3 Vegetated Filter Strip Inspection and Maintenance Checklist 

Date:        Work Order #      

Type of Inspection:   □ post-storm   □ annual   □ routine   □ post-wet season   □ pre-
wet season 

Facility:           Inspector(s):       

Defect 
Conditions When 

Maintenance Is Needed 

Inspection 
Result 

(0, 1 or 2)† 

Date 
Maintenance 
Performed 

Comments or 
Action(s) Taken 
to Resolve Issue 

Appearance Untidy    

Trash and Debris 
Accumulation 

Trash and debris 
accumulated on the filter 
strip. 

   

Vegetation 

When the grass becomes 
excessively tall (greater than 
10-inches); when nuisance 
weeds and other vegetation 
starts to take over. 

   

Excessive 
Shading 

Grass growth is poor 
because sunlight does not 
reach swale. Evaluate grass 
species suitability. 

   

Poor Vegetation 
Coverage 

When grass is sparse or bare 
or eroded patches occur in 
more than 10% of the swale 
bottom. Evaluate grass 
species suitability. 

   

Erosion/Scouring 
Eroded or scoured areas due 
to flow channelization, or 
higher flows. 

   

Sediment 
Accumulation on 
Grass 

Sediment depth exceeds 2 
inches. 

   

Flow spreader 

Flow spreader uneven or 
clogged so that flows are not 
uniformly distributed through 
entire filter width. 

   

†Maintenance:  Enter 0 if satisfactory, 1 if maintenance is needed and include WO#.  Enter 2 if maintenance was 
performed same day. 
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I.4 Sand Filter Inspection and Maintenance Checklist 

Date:        Work Order #      

Type of Inspection:   □ post-storm   □ annual   □ routine   □ post-wet season   □ pre-
wet season 

Facility:           Inspector(s):       

Defect 
Conditions When Maintenance Is 

Needed 

Inspection 
Result   

(0,1, or 2) † 

Date 
Maintenance 
Performed 

Comments or 
Action(s) taken 
to resolve issue 

Trash & 
Debris 

Any trash and debris which 
exceed 5 cubic feet per 1,000 
square feet of filter bed area (one 
standard garbage can).  In 
general, there shall be no visual 
evidence of dumping. 

If less than threshold all trash and 
debris will be removed as part of 
next scheduled maintenance. 

   

Inlet erosion 
Visible evident of erosion 
occurring near flow spreader 
outlets. 

   

Slow drain 
time 

Standing water long after storm 
has passed (after 24 to 48 hours) 
and/or flow through the overflow 
pipes occurs frequently. 

   

Concentrated 
Flow 

Flow spreader uneven or clogged 
so that flows are not uniformly 
distributed across the sand filter. 

   

Appearance 
of poisonous, 
noxious or 
nuisance 
vegetation 

Excessive grass and weed 
growth.  Noxious weeds, woody 
vegetation establishing,  Turf 
growing over rock filter 

   

Standing 
Water 

Standing water long after storm 
has passed (after 24 to 48 hours), 
and/or flow through the overflow 
pipes occurs frequently. 
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Defect 
Conditions When Maintenance Is 

Needed 

Inspection 
Result   

(0,1, or 2) † 

Date 
Maintenance 
Performed 

Comments or 
Action(s) taken 
to resolve issue 

Tear in Filter 
Fabric 

When there is a visible tear or rip 
in the filter fabric allowing water to 
bypass the fabric. 

   

Pipe 
Settlement 

If piping has visibly settled more 
than 1 inch. 

   

Filter Media 

Drawdown of water through the 
media takes longer than 1 hour 
and/or overflow occurs 
frequently. 

   

Short 
Circuiting 

Flows do not properly enter filter 
cartridges. 

   

†Maintenance:  Enter 0 if satisfactory, 1 if maintenance is needed and include WO#.  
Enter 2 if maintenance was performed same day. 
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I.5 Infiltration BMP Inspection and Maintenance Checklist 

Date:        Work Order #      

Type of Inspection:   □ post-storm   □ annual   □ routine   □ post-wet season   □ pre-
wet season 

Facility:           Inspector(s):       

Defect 
Conditions When Maintenance Is 

Needed 

Inspection 
Result 

(0,1, or 2) † 

Date 
Maintenance 
Performed 

Comments or 
Action(s) 
Taken to 

Resolve Issue 

Appearance, 
vegetative 
health 

Mowing and trimming vegetation 
is needed to prevent 
establishment of woody 
vegetation, and for aesthetic and 
vector reasons. 

   

Vegetation 

Poisonous or nuisance vegetation 
or noxious weeds. 

   

Excessive loss of turf or ground 
cover (if applicable). 

   

Trash & 
Debris 

Trash and debris > 5 cf/1,000 sf 
(one standard size garbage can). 

   

Contaminants 
and Pollution 

Any evidence of oil, gasoline, 
contaminants or other pollutants. 

   

Erosion 
Undercut or eroded areas at inlet 
or outlet structures. 

   

Sediment and 
Debris 

Accumulation of sediment, 
debris, and oil/grease on surface, 
inflow, outlet or overflow 
structures. 

   

Sediment and 
Debris 

Accumulation of sediment and 
debris, in sediment forebay and 
pretreatment devices. 

   

Water 
drainage rate 

Standing water, or by visual 
inspection of wells (if available), 
indicates design drain times are 
not being achieved (i.e., within 72 
hours). 
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Defect 
Conditions When Maintenance Is 

Needed 

Inspection 
Result 

(0,1, or 2) † 

Date 
Maintenance 
Performed 

Comments or 
Action(s) 
Taken to 

Resolve Issue 

Media 
clogging 
surface layer 

Lift surface layer (and filter fabric 
if installed) and check for media 
clogging with sediment (function 
may be able to be restored by 
replacing surface aggregate/filter 
cloth). 

   

Media 
clogging 

Lift surface layer (and filter fabric 
if installed) and check for media 
clogging with sediment (partial or 
complete clogging which may 
require full replacement). 

   

†Maintenance:  Enter 0 if satisfactory, 1 if maintenance is needed and include WO#.  
Enter 2 if maintenance was performed same day. 
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I.6 Permeable Pavement Inspection and Maintenance Checklist 

Date:        Work Order #      

Type of Inspection:   □ post-storm   □ annual   □ routine   □ post-wet season   □ pre-
wet season 

Facility:           Inspector(s):       

Defect 
Conditions When Maintenance Is 

Needed 

Inspection 
Result   

(0,1, or 2) † 

Date 
Maintenance 
Performed 

Comments or 
Action(s) taken 
to resolve issue 

Sediment 
Accumulation 

Sediment is visible    

Missing 
gravel/sand fill 

There are noticeable gaps in 
between pavers 

   

Weeds/mosse
s filling voids 

Vegetation is growing in/on 
permeable pavement 

   

Trash and 
Debris 
Accumulation 

Trash and debris accumulated on 
the permeable pavement. 

   

Dead or dying 
vegetation in 
adjacent 
landscaping 

Vegetation is dead or dying 
leaving bare soil prone to erosion 

   

Surface clog 
Clogging is evidenced by 
ponding on the surface 

   

Overflow clog 

Excessive build up of water 
accompanied by observation of 
low flow in observation well 
(connected to underdrain system) 

If a surface overflow system is 
used, observation of an obvious 
clog 

   

Visual 
contaminants 
and pollution 

Any visual evidence of oil, 
gasoline, contaminants or other 
pollutants. 

   

Erosion 

Tributary area 

Exhibits signs of erosion 

Noticeably not completely 
stabilized 
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Defect 
Conditions When Maintenance Is 

Needed 

Inspection 
Result   

(0,1, or 2) † 

Date 
Maintenance 
Performed 

Comments or 
Action(s) taken 
to resolve issue 

Deterioration/ 

Roughening 

Integrity of pavement is 
compromised (i.e., cracks, 
depressions, crumbling, etc.) 

   

Subsurface 
Clog 

Clogging is evidenced by 
ponding on the surface and is not 
remedied by addressing surface 
clogging. 

   

†Maintenance:  Enter 0 if satisfactory, 1 if maintenance is needed and include WO#.  Enter 2 if 
maintenance was performed same day. 
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I.7 Constructed Treatment Wetland Inspection and Maintenance 
Checklist 

Date:        Work Order #      

Type of Inspection:   □ post-storm   □ annual   □ routine   □ post-wet season   □ pre-
wet season 

Facility:           Inspector(s):       

Defect 
Conditions When Maintenance Is 

Needed 

Inspection 
Result   

(0,1, or 2) † 

Date 
Maintenance 
Performed 

Comments or 
Action(s) taken 
to resolve issue 

Trash & 
Debris 

Any trash and debris which 
exceed 5 cubic feet per 1,000 sf 
of basin area (one standard 
garbage can).  In general, there 
shall be no visual evidence of 
dumping. 

If less than threshold all trash and 
debris will be removed as part of 
next scheduled maintenance.  If 
trash and debris is observed 
blocking or partially blocking an 
outlet structure or inhibiting flows 
between cells, it shall be removed 
quickly 

   

Sediment 
Accumulation 

Sediment accumulation in basin 
bottom that exceeds the depth of 
sediment zone plus 6 inches in 
the sediment forebay. If sediment 
is blocking an inlet or outlet, it 
shall be removed. 

   

Erosion  
Erosion of basin’s side slopes 
and/or scouring of basin bottom.   

   

Oil Sheen on 
Water 

Prevalent and visible oil sheen.    
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Defect 
Conditions When Maintenance Is 

Needed 

Inspection 
Result   

(0,1, or 2) † 

Date 
Maintenance 
Performed 

Comments or 
Action(s) taken 
to resolve issue 

Noxious Pests 

Visual observations or receipt of 
complaints of numbers of pests 
that would not be naturally 
occurring and could pose a threat 
to human or aquatic health. 

   

Water Level 
First cell empty, doesn’t hold 
water. 

   

Aesthetics 
Minor vegetation removal and 
thinning.  Mowing berms and 
surroundings 

   

Noxious 
Weeds 

Any evidence of noxious weeds.    

Tree Growth  

Tree growth does not allow 
maintenance access or interferes 
with maintenance activity (i.e., 
slope mowing, silt removal, 
vactoring, or equipment 
movements).  If trees are not 
interfering, do not remove. Dead, 
diseased, or dying trees shall be 
removed. 

   

Settling of 
Berm 

If settlement is apparent.  Settling 
can be an indication of more 
severe problems with the berm or 
outlet works. A geotechnical 
engineer shall be consulted to 
determine the source of the 
settlement if the dike/berm is 
serving as a dam. 

   

Piping 
through Berm 

Discernable water flow through 
basin berm.  Ongoing erosion 
with potential for erosion to 
continue. A licensed geotechnical 
engineer shall be called in to 
inspect and evaluate condition 
and recommend repair of 
condition. 
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Defect 
Conditions When Maintenance Is 

Needed 

Inspection 
Result   

(0,1, or 2) † 

Date 
Maintenance 
Performed 

Comments or 
Action(s) taken 
to resolve issue 

Tree and 
Large Shrub 
Growth on 
Downstream 
Slope of 
Embankments 

Tree and large shrub growth on 
downstream slopes of 
embankments may prevent 
inspection and provide habitat for 
burrowing rodents. 

   

Erosion on 
Spillway 

Rock is missing and soil is 
exposed at top of spillway or 
outside slope. 

   

Gate/Fence 
Damage 

Damage to gate/fence, including 
missing locks and hinges 

   

†Maintenance:  Enter 0 if satisfactory, 1 if maintenance is needed and include WO#.  Enter 2 if 
maintenance was performed same day. 
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I.8 Wet Retention Basin Inspection and Maintenance Checklist 

Date:        Work Order #      

Type of Inspection:   □ post-storm   □ annual   □ routine   □ post-wet season   □ pre-
wet season 

Facility:           Inspector(s):       

Defect 
Conditions When Maintenance Is 

Needed 

Inspection 
Result   

(0,1, or 2) † 

Date 
Maintenance 
Performed 

Comments or 
Action(s) taken 
to resolve issue 

Trash & 
Debris 

Any trash and debris which 
exceed 5 cubic feet per 1,000 sf 
of basin area (one standard 
garbage can) or if trash and 
debris is excessively clogging the 
outlet structure.   

If less than threshold all trash and 
debris will be removed as part of 
next scheduled maintenance. 

   

Sediment 
Accumulation 

Sediment accumulation in basin 
bottom that exceeds the depth of 
the design sediment zone plus 6 
inches, usually in the first cell. 

   

Erosion  
Erosion of basin’s side slopes 
and/or scouring of basin bottom.   

   

Oil Sheen on 
Water 

Prevalent and visible oil sheen.    

Noxious Pests 

Visual observations or receipt of 
complaints of numbers of pests 
that would not be naturally 
occurring and could pose a threat 
to human or aquatic health. 

   

Water Level 
First cell empty, doesn’t hold 
water. 

   

Algae Mats 
Algae mats over more than 20% 
of the water surface.   

   

Aesthetics 
Minor vegetation removal and 
thinning.  Mowing berms and 
surroundings 
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Defect 
Conditions When Maintenance Is 

Needed 

Inspection 
Result   

(0,1, or 2) † 

Date 
Maintenance 
Performed 

Comments or 
Action(s) taken 
to resolve issue 

Noxious 
Weeds 

Any evidence of noxious weeds.    

Tree Growth  

Tree growth does not allow 
maintenance access or interferes 
with maintenance activity (i.e., 
slope mowing, silt removal, 
vactoring, or equipment 
movements).  If trees are not 
interfering, do not remove. Dead, 
diseased, or dying trees shall be 
removed. 

   

Settling of 
Berm 

If settlement is apparent.  Settling 
can be an indication of more 
severe problems with the berm or 
outlet works. A geotechnical 
engineer shall be consulted to 
determine the source of the 
settlement if the dike/berm is 
serving as a dam. 

   

Piping 
through Berm 

Discernable water flow through 
basin berm.  Ongoing erosion 
with potential for erosion to 
continue. A licensed geotechnical 
engineer shall be called in to 
inspect and evaluate condition 
and recommend repair of 
condition. 

   

Tree and 
Large Shrub 
Growth on 
Downstream 
Slope of 
Embankments 

Tree and large shrub growth on 
downstream slopes of 
embankments may prevent 
inspection and provide habitat for 
burrowing rodents. 

   

Erosion on 
Spillway 

Rock is missing and soil is 
exposed at top of spillway or 
outside slope. 

   

Gate/Fence 
Damage 

Damage to gate/fence, including 
missing locks and hinges 

   

†Maintenance:  Enter 0 if satisfactory, 1 if maintenance is needed and include WO#.  Enter 2 if maintenance was 
performed same day. 
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I.9 Dry Extended Detention Basin Inspection and Maintenance 
Checklist 

Date:        Work Order #      

Type of Inspection:   □ post-storm   □ annual   □ routine   □ post-wet season   □ 
pre-wet season 

Facility:           Inspector(s):      

Defect 
Conditions When Maintenance Is 

Needed 

Inspection 
Result 

(0, 1 or 2)† 

Date 
Maintenance 
Performed 

Comments or 
Action(s) 
Taken to 

Resolve Issue 

General 

Appearance Untidy, un-mown (if applicable)    

Vegetation 

Access problems or hazards; 
dead or dying trees 

   

Poisonous or nuisance 
vegetation or noxious weeds 

   

Insects 
Insects such as wasps and 
hornets interfere with 
maintenance activities. 

   

Rodent Holes 

Any evidence of rodent holes if 
facility is acting as a dam or 
berm, or any evidence of water 
piping through dam or berm via 
rodent holes 

   

Trash and 
Debris 

Trash and debris > 5 cf/1,000 sf 
(one standard size garbage 
can). 

   

Pollutants  
Any evidence of oil, gasoline, 
contaminants or other pollutants 

   

Inlet/Outlet 
Pipe 

Inlet/Outlet pipe clogged with 
sediment and/or debris. Basin 
not draining. 

   

Erosion 

Erosion of the basin’s side 
slopes and/or scouring of the 
basin bottom that exceeds 2-
inches, or where continued 
erosion is prevalent. 
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Defect 
Conditions When Maintenance Is 

Needed 

Inspection 
Result 

(0, 1 or 2)† 

Date 
Maintenance 
Performed 

Comments or 
Action(s) 
Taken to 

Resolve Issue 

Piping 
Evidence of or visible water flow 
through basin berm. 

   

Settlement of 
Basin 
Dike/Berm 

Any part of these components 
that has settled 4-inches or lower 
than the design elevation, or 
inspector determines dike/berm 
is unsound. 

   

Overflow 
Spillway 

Rock is missing and/or soil is 
exposed at top of spillway or 
outside slope. 

   

Sediment 
Accumulation 
in Basin 
Bottom 

Sediment accumulations in 
basin bottom that exceeds the 
depth of sediment zone plus 6-
inches. 

   

Tree or shrub 
growth 

Trees > 4 ft in height with 
potential blockage of inlet, outlet 
or spillway; or potential future 
bank stability problems 

   

Debris Barriers (e.g., Trash Racks) 

Trash and 
Debris 

Trash or debris that is plugging 
more than 20% of the openings 
in the barrier. 

   

Damaged/ 
Missing Bars 

Bars are bent out of shape more 
than 3 inches. 

   

Bars are missing or entire barrier 
missing. 

   

Bars are loose and rust is 
causing 50% deterioration to any 
part of barrier. 

   

Inlet/Outlet 
Pipe 

Debris barrier missing or not 
attached to pipe. 

   

Fencing 

Missing or 
broken parts 

Any defect in the fence that 
permits easy entry to a facility. 
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Defect 
Conditions When Maintenance Is 

Needed 

Inspection 
Result 

(0, 1 or 2)† 

Date 
Maintenance 
Performed 

Comments or 
Action(s) 
Taken to 

Resolve Issue 

Erosion 
Erosion more than 4 inches high 
and 12-18 inches wide, creating 
an opening under the fence. 

   

Damaged 
Parts 

Damage to gate/fence, posts out 
of plumb, or rails bent more than 
6 inches. 

   

Deteriorating 
Paint or 
Protective 
Coating 

Part or parts that have a rusting 
or scaling condition that has 
affected structural adequacy. 

   

Gates 

Damaged or 
missing 
member 

Missing gate or locking devices, 
broken or missing hinges, out of 
plum more than 6 inches and 
more than 1 foot out of design 
alignment, or missing stretcher 
bar, stretcher bands, and ties. 

   

†Maintenance:  Enter 0 if satisfactory, 1 if maintenance is needed and include WO#.  
Enter 2 if maintenance was performed same day. 
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I.10 Proprietary Device Inspection and Maintenance Checklist 

Date:        Work Order #      

Type of Inspection:   □ post-storm   □ annual   □ routine   □ post-wet season   □ pre-
wet season 

Facility:           Inspector(s):       

Defect 
Conditions When Maintenance Is 
Needed 

Inspection 
Result   
(0,1, or 2) † 

Date 
Maintenance 
Performed 

Comments or 
Action(s) taken 
to resolve issue 

Refer to the manufacturer’s instructions for maintenance/inspection requirements, below are generic 
guidelines to supplement manufacturer’s recommendations. 

Underground Vault 

Sediment 
Accumulation 
on Media 

Sediment depth exceeds 0.25-
inches. 

   

Sediment 
Accumulation 
in Vault 

Sediment depth exceeds 6-
inches in first chamber. 

   

Trash/Debris 
Accumulation 

Trash and debris accumulated on 
compost filter bed. 

   

Sediment in 
Drain Pipes or 
Cleanouts 

When drain pipes, clean-outs, 
become full with sediment and/or 
debris. 

   

Damaged 
Pipes 

Any part of the pipes that are 
crushed or damaged due to 
corrosion and/or settlement. 

   

Access Cover 
Damaged/Not 
Working 

Cover cannot be opened; one 
person cannot open the cover 
using normal lifting pressure, 
corrosion/deformation of cover. 

   

Vault 
Structure 
Includes 
Cracks in 
Wall, Bottom, 
Damage to 

Cracks wider than 1/2-inch or 
evidence of soil particles entering 
the structure through the cracks, 
or maintenance/inspection 
personnel determine that the 
vault is not structurally sound. 
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APPENDIX I: STORMWATER BMP MAINTENANCE PLAN GUIDANCE AND CHECKLISTS 

Technical Guidance Manual for I-22 July 13, 2011 
Stormwater Quality Control Measures 2011   

Defect 
Conditions When Maintenance Is 
Needed 

Inspection 
Result   
(0,1, or 2) † 

Date 
Maintenance 
Performed 

Comments or 
Action(s) taken 
to resolve issue 

Frame and/or 
Top Slab 

Cracks wider than 1/2-inch at the 
joint of any inlet/outlet pipe or 
evidence of soil particles entering 
through the cracks. 

   

Baffles 

Baffles corroding, cracking 
warping, and/or showing signs of 
failure as determined by 
maintenance/inspection person. 

   

Access 
Ladder 
Damaged 

Ladder is corroded or 
deteriorated, not functioning 
properly, not securely attached to 
structure wall, missing rungs, 
cracks, or misaligned. 

   

Below Ground Cartridge Type 

Filter Media 

Drawdown of water through the 
media takes longer than 1 hour 
and/or overflow occurs 
frequently. 

   

Short 
Circuiting 

Flows do not properly enter filter 
cartridges. 

   

†Maintenance:  Enter 0 if satisfactory, 1 if maintenance is needed and include WO#.  
Enter 2 if maintenance was performed same day. 
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Foreword 

 
 
The Southern California Beach Valuation Project is a multi-agency partnership that was 
initiated in 1998 by the National Oceanic and Atmospheric Administration (NOAA).  In 
the early 1990s, NOAA’s Coastal and Ocean Resource Economics Program had 
estimated single-site travel cost models for 10 California beach sites as well as 40 others 
nationally using the Public Area Recreation Visitors Survey (PARVS).  The results from 
these efforts were being used in damage assessment cases due to oil spills and sewage 
spills by California State agencies.  Two major deficiencies were noted for single-site 
travel cost models for these types of applications; 1) the models don’t account for 
substitution to other sites and 2) the models can’t include the evaluation of changes in 
water quality or other beach attributes. 
 
In 1998, NOAA started the process of forming a partnership to develop a state-of-the-art 
model to address the two above deficiencies.  Two elements of NOAA’s National Ocean 
Service joined the partnership; the Coastal and Ocean Resource Economics Program and 
the Damage Assessment Center.  From the State of California, three agencies joined the 
effort; the State Water Resources Control Board, the California Department of Fish and 
Game’s Office of Spill Prevention and Response, and the Southern California Coastal 
Water Research Program.  The Santa Monica Bay Restoration Foundation also joined the 
partnership.  These organizations were the original project partners.  Later in the process, 
the U.S. Department of Interior’s Minerals Management Service joined the partnership. 
 
The project not only involved multiple funding partners, the Research Team also came 
from multiple organizations. Many researchers have contributed to the effort since the 
projects inception, including many students at the universities.  The overall project 
Principal Investigator was Professor Michael Hanemann of the University of California – 
Berkeley.  Dr. Linwood Pendleton was the Co-Principal Investigator and during the 
project went from the University of Southern California to the University of Wyoming 
and is now at the University of California – Los Angeles.  Dr. Craig Mohn was hired 
under a Post Doctoral Fellowship at the University of California – Berkeley to lead the 
estimation and implementation of the Southern California Beach Valuation Model.  Dr. 
David Layton, originally at the University of California – Davis, now at the University of 
Washington was also brought on to help design a contingent valuation/behavior element 
and do preliminary analysis of the project survey data (see Recruitment report on our web 
site).  As noted above, there were many other researchers involved at different stages of 
the project.  Also, each of the agencies has economists and other social scientists that 
provided internal peer review as well as doing some of the analyses (this report).  Outside 
paid peer reviewers were also used through every stage of the project. 
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The surveys were conducted by Chico State University’s Survey Research Center.  The 
surveys were complex.  A panel approach was used, which was not common for studies 
in outdoor recreation.  Panel members were recruited through a telephone survey of the 
general population, and then interviewed every two months on the details of each trip 
they took to Southern California beaches over the previous two-month period.  Even 
though a computer-aided telephone instrument (CATI) software system was used, the 
many complex types of trips taken pushed the technology beyond its limits.  Trips were 
categorized as single-day, single-site trips; single-day, multiple-site trips; multiple-day, 
single-site trips; and multiple-day, multi-site trips.  The original software could not 
handle all these complexities and some portions of the early surveys had to be coded by 
hand.  Later in the project, upgraded software allowed for programming the complexities 
of all trip types.  These complexities led to delays in processing the data and final 
delivery to the research team for analysis.  The Research Team and the Survey Research 
Center spent a great deal of time on quality analysis/quality control (QA/QC) on the 
survey data.  Again, this delayed analysis of the data. 
 
The delays have been worth the effort.  We believe we now have a state-of-the-art model 
based on high quality data.  On our web site (see link below), you can find reports 
detailing how the survey was conducted (the Production Report); an analysis of who are 
the beach users in southern California (the Recruitment Report); a report summarizing the 
estimated model, including brief literature reviews of modeling issues and research 
judgments made on these issues in the estimated model; a report on demonstrating the use 
of the model for estimating welfare (consumer’s surplus or the net value people receive 
from a good or service over and above what they actually pay for the good or service—
often referred to as net economic user value or nonmarket economic use value because it 
is a value that doesn’t show up in our normal economic accounts) gains/losses for five 
policy/management scenarios involving water quality changes and beach closures; 
economic impact of beach use on the local economies and the changes in economic 
impact of beach use on the local economies for the same five policy/management 
scenarios in the welfare report (Economic Impact Report); and finally the user manual for 
the electronic model, which is distributed on CD-ROM. 
 
This report adds to the collection of above reports by adding an additional 
policy/management scenario, which is to increase water quality at Long Beach to the 
water quality at Huntington City Beach.  Both estimates of non market economic values 
(consumer’s surplus) and market economic values or the economic impacts of beach 
recreation on the local economies are provided for this policy/management scenario.  
Market economic impacts include expenditures by beach users and the associated impacts 
on sales/output, value added, income and employment in a local area, including 
multiplier impacts.  Definitions of these concepts are provided in this report.    
 
We are currently working on a summary report, which will include summaries for the 
entire project without technical details on how things were estimated.  This report will be 
posted on our web site.  All project data and documentation will be available on CD-
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ROM.  The data from this project is extremely rich and much of the data has not been 
analyzed, so there are many opportunities for further research.  We will make the data 
available in a variety of data formats. 
 
All project reports are available on our web site in portable document format (pdf) using 
the following link: 
 
http://marineeconomics.noaa.gov/SCBeach/laobeach1.html
 
 
Bob Leeworthy 
Leader, Coastal and Ocean Resource Economics Program 
NOAA/NOS/Special Projects – N/MB7 
1305 East West Highway, SSMC4, 9th floor 
Silver Spring, MD 20910 
Telephone:  (301) 713-3000 ext. 138 
Fax:  (301) 713-4384 
E-Mail: Bob.Leeworthy@noaa.gov
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Executive Summary 
 

This report presents the results from a request to run the Southern California Beach 
Valuation Model for a scenario in which the water quality at Long Beach is changed to 
the water quality conditions at Huntington City Beach.  Both the annual changes in 
economic value and economic impacts on the local economy are estimated and presented 
here. 
 
Estimates of annual changes in beach visitation for day use and changes in the economic 
value (welfare or consumer’s surplus) associated with the changes in day use were 
obtained using the Southern California Beach Valuation Model (SCBVM).  Economic 
impacts on the local economy were estimated using expenditure profiles obtained from 
the Southern California Beach Valuation Project surveys of people that live in the four-
county study area of Los Angeles, Orange, Riverside and San Bernardino counties.  The 
local economy was also defined as the same four-county area.  Impacts by county cannot 
be reliably estimated due to limitations in the survey data and the fact that the four-
county study area is highly interconnected in the production of goods and services.  The 
IMPLAN input-output model is used to estimate economic impact. 
 
Estimates of changes in economic value and economic impact for day use were 
extrapolated to all beach use by all users (e.g. day and multiple day users from the four 
county study area and multiple day users from the rest of California, the rest of the U.S. 
and international visitors).  Extrapolation factors were derived from a state-wide beach 
study by King and Symes (2003).  All dollar amounts presented in this report are in 
constant 2006 dollars. 
 
Results 
 
Annual Changes in Use.  The SCBVM predicts that changing the water quality at Long 
Beach from a Heal the Bay baseline 2000 annual average score of 2.8545 to the baseline 
score for Huntington City Beach of 3.915 will result in an annual increase in day use 
from residents of the four-county study area to Long Beach in the amount of 5,633 
person-days of use.  Multiple-day use is estimated to add an additional 1,353 person-days 
of use resulting in an estimated annual increase of 6,986 person-days of total beach use at 
Long Beach (Table E1). 
 
Annual Changes in Economic Value.  The SCBVM predicts an annual increase in 
economic value (welfare or consumer’s surplus) of almost $603 thousand for day use 
from the four-county study area.  Multiple-day users from all areas are estimated to 
receive and additional $321.3 thousand in economic value with a total annual increase in 
economic value for all beach users of $924 thousand (Table E1). 
 
Total Benefits of Water Quality Change.  The annual changes in economic value can be 
capitalized or converted to the net present value of the annual flow of changes in 
economic value over different time periods with a few assumptions.  Assuming the 
annual increase in value remains constant in real terms (net of inflation) and using and 
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interest or discount rate of three (3) percent in real terms, we estimate the total benefits of 
the water quality change for three time periods (e.g. 10, 20 and 30 years). 
 
For the change in all beach use, we estimate the benefits of the water quality change at 
Long Beach to be worth $8.8 million over ten years, $14.9 million over 20 years, and 
$19.3 million over 30 years (Table E1).  These values represent the benefits that would 
be entered into a benefit-cost analysis of the investments (costs) required to bring the 
water quality at Long Beach up to the water quality at Huntington City Beach. 
 
Economic Impacts on the Local Economy.  Economic impacts on the local economy are 
measured in terms of changes in annual spending by beach users and the secondary 
impacts, including multiplier impacts, on output/sales, value added, income and 
employment.  Employment is measured in number of full and part-time jobs. 
 
We estimate that for all beach use in the four-county economy, spending will increase 
annually by about $204.5 thousand.  This spending will generate an annual increase of 
$328 thousand in output/sales; $208.5 thousand in value added; $131.8 thousand in 
income; and about five (5) full and part-time jobs (Table E1). 
 
Definitions of economic value and economic impact are included in the main body of this 
report, which also provides more detail on the values derived using the SCBVM and how 
we extrapolated to the changes associated with the changes in total beach use. 
 
Table E1.  Changes in Economic Value and Economic Impact Due to 
              Changes in Water Quality at Long Beach - All Beach Use 
__________________________________________________________ 

 
   Multiple All 

Measurement1 Day Use Day Use Beach Use 
__________________________________________________________ 
Person-days 5,633 1,353 6,986 
Economic Value $602,781  $321,305  $924,086  
Capitalized Value    
   10 years @ 3% $5,744,625  $3,062,102 $8,806,727  
   20 years @ 3% $9,720,403  $5,181,341 $14,901,744 
   30 years @ 3% $12,567,317 $6,698,854 $19,266,171 
Economic Impact    
  Spending $133,410  $71,112  $204,522  
  Output/Sales $213,895  $114,067  $328,062  
  Value Added $135,976  $72,480  $208,456  
  Income $85,982  $45,832  $131,814  
  Employment 3.1  1.8 4.8 
__________________________________________________________ 
1.  2006 $ and number of full and part-time jobs. 
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Background 
 
Two previous reports provided estimates for five policy/management scenarios run 
through the Southern California Beach Valuation Model.  The welfare estimates 
(consumer’s surplus) were published in Hanemann et al (2005a) and the economic impact 
estimates were published in Wiley et al (2006). 
 
This report includes the results for running the scenario of increasing the water quality at 
Long Beach to the water quality conditions at Huntington City Beach.  This involved 
changing the water quality from the Heal the Bay baseline value of 2.8545 for Long 
Beach to the baseline value of 3.915 for Huntington City Beach. 
 
Unlike previous efforts, in this report we combine the reporting of both the change in 
welfare (economic value – consumer’s surplus) and the change in economic impact on 
the local economy (expenditures, output/sales, value added, income, and employment).  
Here we also repeat the definitions of each of the measurements and the proper use of 
each measurement. 
 
Economic Impact versus Economic Welfare.  It is important to understand the difference 
between what is meant by “economic impact” versus “economic welfare” because each 
has its own uses.  Economic welfare includes what economists call consumer’s surplus 
(CS).  CS is the amount of value a consumer of a good or service receives over and above 
what he or she has to pay for a good or service.  It represents the net result of both 
demand and supply factors.  The demand-side represents what people are willing and able 
to pay for a good or service and the supply-side represents what producers of a good or 
service are willing to sell it for, i.e., what consumers have to pay to obtain it from 
producers. 
 
CS is a net value and is often referred to as “net economic use value”, or “non market 
economic use value”.  Recent terminology has also extended the qualifiers with the term 
“non market direct economic use value”.  The added term of “direct” is included to 
distinguish this portion of value from non use or “passive economic use value”.  Non use 
or “passive economic use values” include such values as existence value and bequest 
value.  Existence value being the willingness to pay a given amount just to know 
something exists in a certain condition, without directly using it.  Bequest value is the 
willingness to pay to ensure something is available for future generations in a certain 
condition.  The term “passive use” has become more popular than “non use” because 
people have to know about something in order to have economic values for it.  People 
learn about natural resources through books, magazines, newspapers, television shows, 
etc. (the passive use). 
 
The “non market” descriptor is important because unlike “economic impact” 
measurements, CS (direct use or passive use) doesn’t appear in our standard economic 
accounts (e.g. Gross National Product, Gross Domestic Product, Income, Employment). 
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CS, whether direct use or passive use, is the appropriate economic measurement to use in 
a benefit-cost analysis of public investments and in damage assessment cases in 
establishing a claim against a responsible party. 
 
Economic impact (EI) is measured by actual expenditures that people make while 
undertaking an activity, and the secondary effects on sales/output, value added, income, 
employment and tax revenues.  These are the measurements that are in our standard 
economic accounts.   
 
EI can be broken down into direct, indirect and induced effects (see definition box).  The 
indirect and induced effects make up the “multiplier process”.  When a local economy 
experiences a change in an activity that results in a change in demand for a good or 
service, residents of that economy are impacted by more than just the dollar amount of 
goods and services purchased by those who engage in that activity.  The reason for this is 
that the businesses serving those who participate in that activity must adjust to the change 
in the amount of labor and other inputs to the production of their good or service.  For 
example, the changes made by the businesses that experience a decrease in sales due to 
decreases in water quality or beach closures will cause a “ripple effect” on the other 
businesses that supply them, and those businesses, in turn, affect others down the supply 
chain.  In addition, workers and owners receive income and they spend it on housing, 
food, transportation, entertainment, etc.  The initial spending is called the “direct effect”, 
and the subsequent ripples are the “indirect” and “induced” effects.  The indirect and 
induced effects are also called the multiplier impacts. 
 
 
EI is always defined for particular 
geographic areas depending on the desired 
scope of the analysis.  EI can be done for a 
particular county, group of counties, an 
entire State, a region or the Nation.  The 
scope of the analysis determines how much 
of the “multiplier process” is captured. 
 
EI is generally not appropriate to include in 
calculating benefits or costs in a benefit-
cost analysis of a public investment, and is 
never included in damage assessment cases 
brought by the government acting as a 
trustee for the public.  The reason is that EI 
is not a net value.  If people do not spend 
their money on one thing in a certain place, 
they will spend it on something else in 
another place.  Different people in different 
places might be impacted by changes in water quality and/or beach closures in Los 
Angeles and Orange counties, but on net, across all people, businesses and places, there is 
no net value change as measured by EI.  However, it will still be important to those who 

• Direct Effects: The amount of the change in 
purchase of inputs used to manufacture or 
produce the final goods and services 
purchased by visitors 

• Indirect Effects: The value of the inputs used 
by firms that produce the goods and services 
for those firms first impacted by the closure or 
change in water quality 

• Induced Effects: Resultant effects of the 
direct and indirect effects. Induced effects are 
related to persons and firms that receive added 
income as a result of local spending by 
employees of the firms that are impacted by 
the direct and indirect effects. 

• Total Effect: The sum of direct, indirect and 
induced effects.  

• Output multiplier: The total output effect 
divided by the direct output effect. Typically, 
the output multiplier is between 1.5 and 2. 
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are affected.  If you are one of those whose livelihood is affected (positively or 
negatively) by a change in water quality and/or a beach closure, it will matter to you.  
Given this, we decided that EI was important to present. 
 
Study Area.  For the economic impact analysis conducted here, the study area has three 
definitions.  The first definition is what beaches would be the focus of the study.  The 
partner/funding agencies decided the focus would be limited to the beaches in Los 
Angeles and Orange counties.  The second definition is what population of beach users 
the study would include.  The Research Team decided that the four-county area of Los 
Angeles, Orange, Riverside and San Bernardino counties (hereafter referred to as the 
four-county area or study area) would cost-effectively capture the overwhelming majority 
of users and use.  The third definition of the study area is a more complex issue, since it 
involves issues of knowing where beach users made their beach use related expenditures 
(i.e. in which county they made each expenditure) and how interconnected are the 
different county economies.  This latter issue is important because it defines how much of 
the “multiplier process” is captured, which will determine estimates of EI. 
 

San Bernardino

Riverside

Los Angeles

Orange

LA

LA

100 0 100 200 Miles

N

EW

S

The Four-county Study Area

 
 
The IMPLAN input-output model is used here to estimate EI (MIG, 1999).  IMPLAN is 
short for IMpact PLANning.  IMPLAN is an off-the-shelf product that includes 
specifications of all the interrelationships between households, businesses, and 
government entities in the production process.  It can take two to three years to build an 
input-output model from scratch.  It can take less than one hour to build an IMPLAN 
model, once the study area is defined. 
 
So the first step in building an IMPLAN model is to define the study area.  A key 
assumption of the IMPLAN model is that all the people in the study area both live and 
work in the study area, and therefore spend a good portion of their incomes within the 
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study area.  This is a key assumption and can affect greatly the estimates of EI because of 
the impact on the “multiplier process”. 
 
We used the Census of Inter-county Commuters (Bureau of the Census, 2000) to make 
our judgments on the “best” study area or local economy for developing estimates of EI.  
Single county or count-by-county analysis would not be reliable because of the extensive 
interconnections between counties in terms of where people work and live.  Our task was 
to minimize the amount of people that work in the study area, but live outside the study 
area, since these people are likely to spend most of the income they receive in the area 
where they live.  We also wanted to define the study area as narrowly as possible to 
estimate EI on the local area economy. 
 
The “Census of Inter-county Commuters” shows the matrix of where people both live 
and work (Table 1).  About 98,000 people work in the four-county study area, but live in 
Ventura and San Diego counties.  These people are taking their incomes outside the study 
area.  About 65,000 people work in Ventura and San Diego counties, but live in the four-
county study area.  These people bring their incomes into the study area.  On net, 33,000 
people or 0.6% of the total four-county study area employment is taking their income out 
of the four-study area.  Generally, this would imply our multipliers for the four-county 
study area would be overstated because the IMPLAN model assumes all the workers in 
the four-study area live and work in the four-county study area.  However, as we shall see 
below,  the people that live in the four-county study area that work in counties outside the 
study area make more than those that live outside the four-county study area and work 
inside the four-county study area.  The result is a net decrease in income to the four-
county study area of only 0.67% (see Table 2, Adjustment to Income by Place of 
Residence by the Bureau of Economic Analysis).  We think this small amount means that 
our definition of the study area in the IMPLAN model will yield reasonably good 
estimates of EI. 
 
Table 1. Inter-County Commuting Patterns1

County Los Angeles Orange Riverside San Bernardino Total Study Area
Residents that work in the County(ies) 3,576 1,091 417 457 5,541

Residents that commute to work outside the county(ies)2 264 217 170 198 91
Breakdown of top five destination counties:

Orange 160 Los Angeles 185 San Bernardino 60 Los Angeles 111 Ventura 33
San Bernardino 41 Riverside 11 Orange 52 Riverside 52 San Diego 32

Ventura 32 San Bernardino 9 Los Angeles 37 Orange 29 Kern 8
Riverside 9 San Diego 7 San Diego 19 San Diego 2 Santa Barbara 2

Kern 6 Ventura 1 Imperial 0.4 Kern 1 San Francisco 2

Non-residents that work inside the county(ies)3 440 260 82 120 145
Breakdown of top five source counties:

Orange 185 Los Angeles 160 San Bernardino 52 Riverside 60 Ventura 70
San Bernardino 111 Riverside 52 Orange 11 Los Angeles 41 San Diego 28

Ventura 69 San Bernardino 29 Los Angeles 9 Orange 9 Kern 9
Riverside 37 San Diego 12 San Diego 6 San Diego 2 Santa Barbara 2

San Diego 8 Ventura 1 Imperial 1 Mohave Co., AZ 1 Clark Co., NV 2
1. Estimates are expressed in thousands of persons. Unless ohterwise noted, counties are in California.
2. For Total Study Area, the estimate is the residents of any of the four counties who work outside of the four counties.
3. For Total Study Area, the estimates are the number of persons residing outside the four counties who work anywhere inside the four counties
Source: United States Census Bureau (2000)   
 
Residents of the Economic Impact Study Area and the Multiplier Process.  In regional 
economic impact analysis, it is customary to not include the spending by residents of the 
economic impact study area.  The reason is that multiplier impacts are derived from 
“basic” or “export” industries, which attract “new” dollars into the economy.  Spending 
by residents is considered “local spending” from income generated by the “new” dollars 
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injected into the economy from “export” industries.  Resident spending is part of the 
multiplier process derived from “new” dollars to the “export” industries.  So here, beach 
expenditures would be considered local spending and are part of the multiplier process 
from “export” industries.  It would be double-counting to count the spending impact by 
residents on beach activities, with additional multiplier impacts.  Given our definition of 
the study area (where people live) and the economic impact area are the same, it is 
generally thought that we should only include direct impacts. 
 
But there are several reasons why the customary approach is not used here.  One reason 
for defining the study area as the four-county area is that the survey did not breakdown 
expenditures by county of where the expenditure was made.  So if a survey respondent 
lived in Riverside County and visited a beach in Los Angeles County, we don’t know 
how much was spent in Riverside County in preparation for the beach visit versus how 
much was spent in Los Angeles County.  All we know is that the spending was likely in 
one or both counties.  We know that all the spending took place in the four-county study 
area.  An economic impact analysis that looked at the economic impact area as defined as 
Los Angeles County would consider spending on beach activities in Los Angeles County 
as “new” dollars coming into the county and thus beach spending would have multiplier 
impacts within Los Angeles County. 
 
Above we mentioned the difference between incomes earned by place of work versus 
income by place of residence.  Overall, 19 percent of income by place of residence is not 
generated from work within the four-county area.  One difference was the “adjustment 
for residence”, which was slightly negative for our four-study area, but very small.  Other 
differences between income by place of work and income by place of residence are also 
due to sources of income received by people living in the four-county area, but derived 
from sources other than work in the four-county area.  Two major sources are 
“Dividends, Interest, and Rent” and “Transfer Payments”.  These are sources of income 
or “new” dollars into the four-county area economy and can be considered as “export” 
dollars with multiplier impacts.  A portion of beach spending might be made from these 
sources of income and therefore would have multiplier impacts that would not involve 
double-counting from other export industries in the four-county area economy.  We 
estimate that in 2004 almost $117 billion in income out of the total income received by 
people living in the four-county area of $551 billion or 21 percent is export income that is 
available for discretionary spending for such things as beach activities (see Table 2). 
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Table 2.  Personal Income by Place of Residence versus Work: 2004 (000's $)

Source Los Angeles Orange Riverside San Bernardino Total
Place of Residence 329,048,068 124,853,736 49,443,185 48,116,593 551,461,582
Place of Work 280,557,128 103,362,666 29,789,598 32,570,281 446,279,673
  Contribution Gov. Insurance -31,003,949 -11,546,393 -3,450,636 -3,762,369 -49,763,347
  Adj. for Residence -20,480,913 2,957,505 7,487,602 6,333,406 -3,702,400
  Net by Place of Residence  
     from Work 229,072,266 94,773,778 33,826,564 35,141,318 392,813,926
  Dividends, Interest & Rent 51,021,690 19,115,079 7,720,064 4,984,356 82,841,189
  Transfer Payments 48,454,112 10,964,879 7,896,557 7,990,919 75,306,467
     Retirement & Disability 12,492,017 4,291,303 3,050,580 2,436,777 22,270,677
     Medical 23,841,453 4,236,700 3,021,492 3,351,456 34,451,101
     Income Maintenance 8,192,357 1,161,022 937,454 1,291,054 11,581,887
     Unemployment 1,198,273 331,251 231,074 242,224 2,002,822
     Veterans 428,557 145,950 177,686 158,495 910,688
      Federal Education 569,256 138,769 64,552 88,389 860,966
      Other Transfers 75,515 11,490 7,368 8,860 103,233
      Nonprofits 1,555,220 467,567 293,026 298,300 2,614,113
      Individuals from Business 601,464 180,827 113,325 115,364 1,010,980
Total Non Work Related Income
Export Income 53,453,445 28,182,937 19,717,785 15,561,676 116,915,843
Ratio:  Work to Residence (%) 85.26 82.79 60.25 67.69 80.93

Note: Items in bold are sources of non work related income (export icome) available for discretionary spending.
Source:  United States Bureau of Economic Analysis (2004)  
 
Another justification for treating beach spending as if it were from export income sources 
is the argument called “import substitution”.  Under this argument, even if all beach 
spending was from local sources of income, gains or losses associated with changes in 
beach activities due to water quality and/or beach closures might result in purchases of 
goods and services from outside the four-county area (imports).  Thus, the four-county 
economy would experience lower multiplier impacts from export incomes as people 
spend their money on imports. 
 
Our model predicts the number of beach trips that will not be taken to beaches in Los 
Angeles and Orange counties for a decrease in water quality or a beach closure.  Some 
will substitute to beaches in San Diego, Ventura or Santa Barbara counties.  And, some 
will spend their money on something else.  For our estimates to be considered net 
changes in the local four-county economy, we must assume the money is spent on 
imports from outside the four-county area.  This is the import substitution argument. 
 
This ambiguity in economic impact analysis is why most economists focus on the 
economic welfare analysis.  There is no ambiguity as to whether economic welfare 
estimates represent net gains or losses.  CS is simply harder for many to understand 
because it cannot be verified by the standard economic accounts (the non market aspect). 
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Scenario Description 
 
 
Scenario : An Improvement in Beach Water Quality at Long Beach 
 

Long Beach Water Quality Improves from Heal the Bay (HTB) Baseline Value of 
2.8545 to the Water Quality Condition of Huntington City Beach with a HTB 
Baseline Value of 3.915. 1

In 2000, Long Beach has a low water quality rating of approximately C (2.8545 
on a scale of 0 to 4). This hypothetical scenario explores the impact of improving 
water quality at Long Beach, perhaps by removing the breakwater or other 
measures, so that water quality improves to an average annual grade of B (3.915), 
which is the baseline value of water quality at Huntington City Beach. All other 
sites remain unchanged. 
An improvement in water quality at Long Beach increases by 5,633 visits over the 
course of the year. Most new visits are made by residents of Los Angeles County, 
the closest county (Table 3).  

 
Economic Value (Consumer’s Surplus) – Day Use 
 
Improving water quality at Long Beach from it’s baseline value to the water quality 
conditions at Huntington City Beach results in an estimated annual increase in economic 
value to beach users from the four-county study area of $517,427 measured in 2000 
dollars and $602,781 measured in 2006 dollars (Table 3).  Most of the increase in use and 
economic value is received by residents of Los Angeles County. 
 
The above annual increase can be capitalized over a different periods of time to derive 
the net present value of the flow of future annual benefits.  To do this requires a few 
assumptions.  We assume that the annual flow of benefits is constant (e.g. our estimate of 
$602,781 in 2006 dollars).  This implies that there is no increase in total visitation to 
beaches in Southern California and especially at Long Beach, and that the value per visit 
remains constant.  These are conservative assumptions i.e., lead to lower bound 
estimates. 
 
We estimate the capitalized value or net present value of the annual change in net 
economic value for three time periods (e.g. 10, 20 and 30 years) using a discount rate of 
3%.  Both the flow of annual benefits and the discount rate are in real terms or net of 
inflation.  All final values are expressed in 2006 dollars. 
 
We estimate the capitalized value of the change in water quality at Long Beach to be 
about $5.8 million over 10 years, about $9.7 million over 20 years, and about $12.6 
million over 30 years (Table 4).  These numbers represent the estimated benefits of the 
water quality change to compare against the costs of achieving the water quality change. 
 
                                                 
1 For information about the Heal the Bay grading system, please go to the following URL: 
http://www.healthebay.org/brc/gradingsystem.asp 
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Table 3.  Change in Beach Days and Net Economic Value Due to Water Quality Change 
             at Long Beach (Annual Change) - Day Use 
________________________________________________________________________ 

 Change in Change in 
 Change in Net Economic Value2 Net Economic 

Value2

County of 
Residence 

Trips/Person-days1 2000 $ 2006 $ 

________________________________________________________________________ 
Los Angeles 3,497 $321,334  $374,341  
Orange 1,278 $118,068  $137,544  
Riverside 391 $35,577  $41,446  
San Bernardino 467 $42,448  $49,450  
Total 5,633 $517,427 $602,781  
________________________________________________________________________ 
1.  All trips are day-trips so trips are person-days or the number of people 
    that visit a beach for a day with any part of day counting as a whole day. 
    The change in trips/person-days represent the change in the annual  
    number of trips/person-days to Long Beach by residents of each of the  
    four counties as a result of improving the water quality at Long Beach from 
    a Heal the Bay score of 2.8545 to 3.915 (score for Huntington City Beach). 

 
2.  Net economic value is consumer's surplus or what people would be willing 
    to pay above what they have to pay to go to the beach and thus is a net  
    economic value.  Here it is the net economic value associated with a  
    change in water quality at Long Beach holding water quality at all other 
    beaches constant.  The change in net economic value is an annual  
    amount of value gained by increasing the water quality of Long Beach to 
    the water quality conditions found at Huntington City Beach. 

 
Source:  Southern California Beach Valuation Model 

 
Table 4.  Capitalized Value of Improving Water Quality at Long Beach 
              to Water Quality Conditions at Huntington City Beach - 
              Day Use 
_______________________________________________________ 

 
 Capitalized Value 

Time Period/Discount Rate 2006 $1

_______________________________________________________ 
10-years at 3% $5,744,625  
20 years at 3% $9,720,403  
30 years at 3% $12,567,317  
______________________________________________________ 
1.  Capitalized value is based on conservative assumptions. 
     Annual beach use and value remain constant in the future. 
     A real discount rate or interest rate of 3 percent is used. 
     The real rate doesn’t include inflation and so values are 
     calculated in 2006 $.  The annual flow of additional net 
     economic value is estimated at $602,781 (see Table 1). 
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Expenditure Profile – Day Use 
 
In 2001, the Research Team (SCBVP 2001) conducted a preliminary analysis of the 
economic impact of visitation to the beaches in Los Angeles and Orange counties.  The 
analysis was limited to the three-month period of June – August 2000.  Average daily 
attendance from lifeguard data was used to extrapolate average spending estimates to 
total spending.  The analysis differentiated between whether visitors were locals or non-
locals, with non-local’s spending having multiplier impacts.  Non-locals were defined as 
anyone not from the county where the beach visitation took place.  A range of multipliers 
of 2 to 2.5 was used. 
 
The previous report described the data in great detail and this won’t be repeated here.  
The same survey data is used here.  There were 272 panel members that visited the 
beaches during the fourth wave of data collection and answered the beach expenditure 
questions.  These 272 survey respondents could have provided information on more than 
one trip.  In deriving the average expenditure profile, we included information on all 
beach trips reported and develop weighted averages as in the previous report.  Our 
sample size for beach trip profiles is based on reported information for 352 beach trips 
made by the 272 survey respondents during the summer of 2000.  We use these 
expenditure profiles as representative for trips taken over the entire year. 
 
Per our discussion of the study area, here we make no distinction between locals and non-
locals, since all are residents of the four-county area.  Previous results were based on two 
faulty assumptions:  1) that all expenditures were made in the county of the beach visited 
and 2) county-by-county economic impact analysis could be done (ignored the 
interconnections between the counties in the four-county area). 
 
In the expenditure profiles presented here, we combine the locals and non-locals as 
presented in the previous report and do the same weighting by averaging all beach 
expenditure profiles. 
 
On average, we estimate that visitors to the beaches in Los Angeles and Orange counties 
spent $20.33 per person per visit or day.  Food & beverages accounted for over half of 
the expenditures, while shopping accounted for about 25%.  Parking accounted for about 
12.5% of expenditures, while spending on beach supplies and equipment rental accounted 
for relatively small shares of the spending (Table 5).  The survey did gather information 
on fishing expenditures, but only one person in the sample reported making these types of 
expenditures, so they were dropped from the spending profile. 
 
Total Expenditures – Day Use 
 
To estimate total expenditures, we multiply the change in beach visitation under each 
scenario times the average expenditure per person per visit (day).  We estimate that the 
change in total expenditures due to the water quality change would be about $114.5 
thousand per year measured in 2000 dollars and about $133.4 thousand dollars measured 
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in 2006 dollars (Table 5).  This is additional amount beach users would spend each year 
in the four-county study area due to the water quality change at Long Beach. 
 
Table 5. Change in Total Spending Due to Changes in Water Quality at Long         
               Beach  (Annual Increase) – Day Use 
  
__________________________________________________________________ 

 Average Change in Total Change in Total 
 Per Day Spending due to Spending due to 
 Spending Water Quality Water Quality 

Category 2000 $ 2000 $ 2006 $ 
__________________________________________________________________ 
Parking $2.54 $14,308 $16,668 
Food & Beverage $11.12 $62,639 $72,972 
Beach Supplies $0.98 $5,520 $6,431 
Rental Equipment $0.65 $3,661 $4,265 
Shopping $5.04 $28,390 $33,074 
Total $20.33 $114,519 $133,410 
__________________________________________________________________ 

  
  
IMPLAN Analysis 
 
The next step in the economic impact analysis is to import the spending profiles and 
changes in beach visitation into the IMPLAN model.  Each of the expenditure categories 
must first be mapped into industries for which economic accounts are organized.  
IMPLAN aggregates sectors in the North American Industry Classification System 
(NAICS), into IMPLAN sectors. 
 
Food & Beverages were mapped into IMPLAN sector 454:  Eating and Drinking Places.  
We assumed that all spending on food & beverages was done at restaurants and bars.  
Shopping and beach supplies were mapped into IMPLAN sector 455:  Miscellaneous 
Retail, while rental equipment spending was mapped into IMPLAN sector 488:  
Amusement and Recreation Services.  Parking expenditures were assumed to be all spent 
at municipal parking lots and was mapped into IMPLAN sector 512:  Other State and 
Local Government Enterprises (Table 6). 
 
Table 6.  Expenditure Mapping into IMPLAN Sectors

Expenditure Category IMPLAN Sector

Food and Beverages 454: Eating and Drinking Places
Shopping 455: Miscellaneous Retail
Beach Supplies 455: Miscellaneous Retail
Equipment Rental 488: Amusement and Recreation Services
Parking 512: Other State and Local Government Enterprises1

1.  Assumes all parking is municipal  
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IMPLAN uses the “Social Accounts Matrix” (SAM), which specifies all the 
interrelationships between households, businesses, government entities, and private non 
profit organizations.  Each IMPLAN sector has different production functions, which 
specify the inputs used in production. The SAM also includes “foreign trade” and 
“domestic trade”, which represent inputs from outside the study area.  This explains why 
“direct” output is less than initial expenditures.  A portion of the expenditure revenue 
received goes outside the four-county area to purchase inputs in the production process.  
Also as noted above, IMPLAN produces estimates of direct, indirect and induced effects 
for output, value added, income and employment.2 Also, because IMPLAN data are in 
1999 dollars and the expenditure profiles are in 2000 dollars, the expenditures are first 
deflated to 1999 dollars when inputted into the model. On final output tables, dollars are 
inflated to 2006 dollars. 
 
Economic Impact – Day Use 
 
The annual increase in beach spending of $133,410 results in an increase in the direct 
effect on output of about $127.5 thousand, which would result in about $82.9 thousand in 
direct value added, $53 thousand in direct income, and 2.3 jobs in direct employment 
(Table 7). These impacts represent the amount required to purchase inputs for the final 
production of goods and services purchased as a result of the increase in beach visitation. 
 
Table 7.  Economic Impacts on the Local Economy of Changes in Water Quality 
              at Long Beach to Water Quality Conditions at Huntington City Beach 
              (Annual Increase) - Day Use    
__________________________________________________________________ 
     
Measurement1 Direct Indirect Induced Total 
__________________________________________________________________ 
Output/Sales (2006 $) $127,557 $39,552 $46,886 $213,995 
Value Added (2006 $) $82,914 $22,945 $30,118 $135,976 
Income (2006 $) $53,013 $15,083 $17,886 $85,982 
Employment (Number of Jobs) 2.3 0.3 0.4 3.1 
__________________________________________________________________ 
1.  The local economy includes Los Angeles, Orange, Riverside and   
     San Bernardino counties.  Economic impact is estimated using the IMPLAN 
     input-output model.     

 
The total impact, after adding in the indirect and induced impacts (multiplier impacts), is 
about $214 thousand in output/sales, $136 thousand in value added, $86 thousand in 
income, and 3.1 jobs (Table 7).   
                                                 
2 At this point, any expenditure categories that involve retails sales are categorized as such in order to take 
account the difference between the producer and the purchaser prices. The margin basis is set to 
“household.” For this analysis, these categories were “shopping” and “beach supplies.” The remaining 
categories are considered under IMPLAN to be services. Although some of the food and beverages were 
probably bought in grocery stores or convenience stores, which are considered retail, the judgment was 
made that this category consisted of eating and drinking places for the most part, and is thus a service 
industry, not retail.  
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Discussion 
 
Estimates of Economic Value and Impact:  Underestimates.  The Southern California 
Beach Valuation Model (Hanemann et al, 2004) is limited to modeling changes in “day 
use” only.    
 
King and Symes (2003) did a survey of California beach users in 2002.  They concluded 
that over 97% of all California beach use was done in Southern California as defined by 
the counties of Santa Barbara south through San Diego County.  King and Symes also 
provided expenditure profiles per person per day for four kinds of beach visitors; 1) CA 
Day trippers, 2) CA vacationers, 3) U S vacationers, and 4) Foreign vacationers. 
 
For CA Day Trippers, Kings and Symes estimate spending of $20.73 per person per day.  
This is very close to our estimate of $20.33.  The other three types of visitors correspond 
to those who are not included in the Southern California Beach Valuation Project model 
or multiple-day trippers.  King and Symes estimates of spending include transportation 
and housing and were estimated at $51.30 for CA vacationers; $59.83 for U S 
vacationers; and $53.03 for Foreign vacationers.    
 
King and Symes (2003) did surveys for nine beaches and report results for each of the 
nine beaches.  Long Beach was not one of the nine beaches.  Huntington State Beach had 
a Heal the Bay water quality score of 2.54 in our baseline model, while Huntington City 
Beach had a score of 3.915.  Long Beach had a score of 2.85 or between the scores of the 
two Huntington beaches.  King and Symes included Huntington Beach in their survey, 
but aggregated Huntington State and City beaches.  So to estimate the economic value 
and economic impacts for all beach use, i.e. accounting for beach use other than day use 
(day-trippers), we use the results from King and Symes to derive extrapolation factors to 
estimate the total impacts of the water quality changes at Long Beach. 
 
King and Symes (2003) estimate that day-trippers accounted for 80.63 percent of all 
beach use at Huntington State and City beaches.  Applying this to our Long Beach 
estimates of change in use, we estimate at total change in beach use of 6,986 person-days 
of use (1,353 additional person-days of use from multiple-day users from outside our 
four-county study area). 
 
For spending, King and Symes reported that visitors to Huntington State and City 
beaches had average daily per person spending of $21.92 for day-trippers; $36.20 for 
California vacationers; $55.83 for U S vacationers; and $40.39 for foreign visitors.  Even 
though day-trippers accounted for 80.63 percent of the person-days of use, they 
accounted for only 65.23% of spending.  We use the 65.23% of spending to extrapolate to 
the totals for all beach use, not only for spending, but also for output/sales, value added, 
income, employment and economic value. 
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Estimate of Economic Value and Impact Accounting for All Beach Use.    
 
Use and Economic Value.  Using the above extrapolation factors, we estimate that 
improving the water quality at Long Beach to that of Huntington City Beach will increase 
annual use at Long Beach by 6,986 person-days.  Economic value (benefit) is estimated 
to increase by an annual amount of $924,086 measured in 2006 dollars.  If we capitalize 
this annual increase, again assuming that the annual flow of value is constant and is 
discounted to net present value using a three (3) percent interest rate (see analysis on day 
use), we estimate a net present value of benefits of about $8.8 million for ten years, about 
$14.9 million for 20 years, and about $19.3 million for 30 years (Table 8).  These values 
represent the benefits of the investments required to improve water quality at Long Beach 
to the water quality conditions at Huntington City Beach. 
 
Economic Impact.  Spending in the four-county study area is estimated to increase 
annually by $204,522 measured in 2006 dollars.  This annual spending increase would 
result in annual increase in economic impact to the four-county economy, including 
multiplier impacts, of $328,062 in output/sales; $208,456 in value added; $131,814 in 
income; and 4.8 full and part-time jobs (Table 8). 
 
Table 8.  Changes in Economic Value and Economic Impact Due to 
              Changes in Water Quality at Long Beach - All Beach Use 
___________________________________________________________
    
   Multiple All 
Measurement1 Day Use Day Use Beach Use 
___________________________________________________________
Person-days 5,633 1,353 6,986 
Economic Value $602,781  $321,305  $924,086  
Capitalized Value    
   10 years @ 3% $5,744,625  $3,062,102 $8,806,727  
   20 years @ 3% $9,720,403  $5,181,341 $14,901,744  
   30 years @ 3% $12,567,317  $6,698,854 $19,266,171  
Economic Impact    
  Spending $133,410  $71,112  $204,522  
  Output/Sales $213,895  $114,067  $328,062  
  Value Added $135,976  $72,480  $208,456  
  Income $85,982  $45,832  $131,814  
  Employment 3.1  1.8 4.8 
___________________________________________________________
1.  2006 $ and number of full and part-time jobs.  

 
Conclusions 
 
The Southern California Beach Valuation Model is a very reliable model for predicting 
changes in beach use and the corresponding changes in economic welfare and economic 
impact (when combined with the IMPLAN Model) for “day use”.  However, day use 
visitation only accounts for 81% of all beach use at Long Beach and multi-day beach 
users have higher economic values and spend considerably more per person per day 
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resulting in significant under estimates of economic value and impact, if the analysis is 
limited to day use only. 
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a  b  s  t  r  a  c  t

We  analyze  20,660  transactions  of single  family  detached  houses  sold  in  2003  and  2004  in the  city  of
Los  Angeles,  CA, to estimate  the  value  of  urban  trees,  irrigated  grass,  and  non-irrigated  grass  areas.  To
deal  with  spatial  autocorrelation  and  unobserved  neighborhood  characteristics,  we contrast  two  models:
a  geographically  weighted  regression  model,  and  a Cliff–Ord  model  with  spatial  lags  in the  dependent
variable,  the  exogenous  variables,  and  the  disturbances  as  well  as submarket  fixed  effects  and  an  extensive
set  of  covariates.  We  find  that  Angelenos  like  lawns:  over  88%  of  the  properties  examined  would  gain
value  with  additional  irrigated  grass  on their  parcel,  and even  more  (89%)  in their  neighborhood.  Although
more  non-irrigated  grass/bare  soil  on  parcels  typically  hurts  property  values,  it  often  has  the opposite
effect  at  the  neighborhood  level.  Moreover,  additional  parcel  trees  would  decrease  the  value  of  almost
40%  of the  properties  examined  and they  would  have  only  a  small  positive  impact  on  most  of  the  others.
By  contrast,  additional  neighborhood  trees  would  slightly  increase  the  value  of  over  97%  of  the  properties
analyzed.  This  suggests  that  while  Los Angeles  residents  may  want  additional  trees,  they  are unwilling
to  pay  for  them.  These  results  have  implications  for urban  tree planting  programs  that  rely  primarily  on
private  property  owners.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

The importance of urban green spaces, and especially urban
forests, is increasing worldwide because of the expansion of urban
land fueled by urbanization. According to the Population Reference
Bureau (2010), half of the world’s population is now living in urban
areas. In the United States, which is 79% urbanized, the percentage
of urban land may  soar from 2.6% in 2002 (Lubowski, Vesterby,
Bucholtz, Baez, & Roberts, 2006) to over 8% by 2050 (Nowak &
Dwyer, 2007, chap. 2). At the same time, there is growing evi-
dence of links between urban green spaces, health, and social safety
(Groenewegen, van den Berg, de Vries, & Verheij, 2006; Tzoulas
et al., 2007). As highlighted in Conway, Li, Wolch, Kahle, and Jerrett
(2010), empirical research on the amenity value of neighborhood
green spaces is still limited although a dynamic literature has been
exploring for some time the value of open space and urban parks
(e.g., see Brander & Koetse, 2011).
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University  of California, Irvine, CA 92697, USA. Tel.: +1 949 824 7334.

E-mail  addresses: saphores@uci.edu (J.-D. Saphores), wli3@uci.edu (W.  Li).
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There has also been a keen interest for urban trees, which may  be
explained by their many potential benefits. These benefits include
providing habitat to various species (insects, birds, small rodents);
controlling erosion and limiting water runoff; improving air qual-
ity by intercepting particulate matter, ozone, and nitrogen dioxide;
removing carbon dioxide from the atmosphere; providing shad-
ing, which decreases energy use and mitigates the urban heat
island effect; and beautifying neighborhoods as well as enhancing
some people’s sense of spiritual well-being. Some of these benefits
(habitat provision, CO2 removal from the atmosphere, and runoff
reduction) are public goods, while others (esthetic qualities, air
quality improvements, erosion reduction, and shading) are more
like private goods so they are likely to be capitalized in the housing
market. However, still little appears to be known about the value
of urban trees in a Mediterranean climate that characterizes Los
Angeles and many developing megacities.

Our paper starts bridging these gaps and suggests some explana-
tions for the slow rate of tree planting experienced by the large tree
planting program started in September 2006 in Los Angeles, CA. Our
dataset includes records of 20,660 single family detached homes
sold in 2003–2004 in Los Angeles, CA, and high resolution (2 ft) land
use data (McPherson, Simpson, Xiao, & Wu,  2007) for the parcel of
these properties as well as a 200 m area surrounding each of them.
To analyze the value of urban land cover, we estimate a Cliff–Ord
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hedonic model (Anselin, 1988) with submarket fixed effects and an
extensive set of covariates to deal with spatial autocorrelation and
unobserved neighborhood characteristics. Moreover, we  estimate
a geographically weighted regression model (Cleveland & Devlin,
1988; Fotheringham, Brunsdon, & Charlton, 2002) to confirm the
robustness of our findings.

As  suggested by Table 1, the HPM has become the approach of
choice to study the value of urban land cover thanks to advances in
remote sensing, geographic information systems (GIS), and econo-
metrics (including fixed effects and spatial econometrics models).
It has been widely applied to study different environmental exter-
nalities (Sirmans, MacDonald, Macpherson, & Zietz, 2006) and it
is particularly well suited here since local land cover is readily
observable.

Apart from the HPM, different approaches have been used for
estimating the value of urban land cover. Early studies (Morales,
Boyce, & Favretti, 1976; Payne, 1973) focused on urban trees and
analyzed hand-picked datasets. During the 1980s and 1990s (see
Kestens, Thériault, & Des Rosiers, 2004 or Sander, Polasky, & Haight,
2010), researchers broadened their inquiries to urban green spaces
and explored a variety of techniques. A number of papers (see
Brander & Koetse, 2011, for references) relied on the contingent
valuation method (CVM), which asks people for their willingness
to pay for changes in environmental quality under various hypo-
thetical scenarios (Carson, Flores, & Meade, 2001). However, the
CVM relies on stated preferences that may  not translate into actual
behavior. An alternative is the travel cost method, but with the
exception of Dwyer, Peterson, and Darragh (1983), it has not been
used for valuing urban green spaces because people typically do
not travel specifically to enjoy them.

Understanding how the value of land cover is capitalized in the
real estate market is important not only to real estate developers
who could profit from building more desirable residential commu-
nities, but also to planners and local officials, so they can foster
the adequate provision of the local public goods provided by urban
green spaces by designing better zoning and land-use regulations.
This is especially salient since a number of US cities have recently
committed to large tree planting programs, including Baltimore,
Denver, Houston, and New York, to name a few. One of the most
ambitious tree planting programs, however, started in September
2006 in Los Angeles with the stated goal of planting one million
trees by the end of 2010 (McPherson et al., 2007); it provides one
of the motivations of this study.

2. Methods

2.1. Theoretical considerations

Following  the standard hedonic framework (Rosen, 1974), we
explain the market price Ph of a single family detached house based
on its structural (Sh) and neighborhood (Nh) characteristics, as well
as environmental variables (Gh):

Ph = f ( Sh, Nh, Gh, eh). (1)

In  Eq. (1), variables in bold are vectors, and the error term,
eh, reflects uncertainty in the measurement of variables and in
the preferences of individual homebuyers. The partial derivative
of f with respect to one of its arguments is an implicit price; it
represents a consumer’s marginal willingness to pay for the cor-
responding characteristic.

Rosen’s  (1974) framework requires strong assumptions to be
valid, however: first, the market considered should be in equilib-
rium; second, it should be perfectly competitive; third, buyers and
sellers need to have perfect information about product character-
istics; and fourth, there should be a continuum of products.

MacLennan (1977) argued that equilibrium may  be assumed if
the housing market does not suffer severe shocks and if the study
period is reasonably short, which is the case here. In addition, Meese
and Wallace (1997) found that housing markets typically adjust
quickly to small shocks so the equilibrium assumption is reason-
able. Assuming a continuity of products is sensible in Los Angeles’
large housing market but perfect competition and perfect informa-
tion are more difficult to justify. Fortunately, Bajari and Benkard
(2005) showed that the demand side of the market guarantees
the existence of a function relating price and product character-
istics even under imperfect competition and even if the number
of products considered is small. For a more in-depth discussion of
theoretical issues, see Taylor (2008).

2.2. Empirical considerations

We  hypothesize that the value of different types of land cover
may depend on lot size, population density, income levels, school
quality, crime rates, neighborhood age composition, as well as eth-
nic make-up. For example, the presence of neighborhood trees or
irrigated grass is probably more valuable in a dense area, while
having a larger lot may  increase the effectiveness of parcel trees
against various urban externalities, including noise. Our  model
also accounts for the distance to components of the urban “green
infrastructure” (parks, golf courses, lakes, rivers, and cemeteries)
as previous research found that they impact housing values (e.g.,
Anderson & West, 2006). Since Los Angeles is a polycentric city, we
do not include measures of distance to a central business district.

The  best data collection efforts cannot escape the threat of omit-
ted variable bias, however. Omitted (or unobservable) variables
may be spatially correlated and create spatial autocorrelation in
the error terms of hedonic models; examples include local climate
or neighborhood quality (Case, 1991). It is also well known that
omitting variables leads to biased and inconsistent estimators if
the omitted variables are correlated with the included explana-
tory variables (Kennedy, 2003). A second difficulty is that economic
theory tells us little about the form of the hedonic function rep-
resented by Eq. (1). A third difficulty is to correctly account for
spatial dependence in the data, because ignoring it may lead to
biased estimators and misleading inferences (Anselin & Arribas-
Bel, 2011). A battery of tests on the residuals of the ordinary least
squares model obtained by setting �, �, and bL to zero in Eq. (2)
(no spatial dependence of any kind) for a block group contiguity
weight matrix clearly indicates the presence of spatial dependence:
Moran’s I is 0.284 (p-value < 0.001), the Lagrange Multiplier lag and
error test statistics are 10,662 and 50,884 respectively, both with
tiny p-values; moreover, their robust versions are 6686 and 1165
respectively, with p-values < 1E−6.

To  overcome these difficulties, we contrast two models: first, we
estimate a general Cliff–Ord spatial hedonic model (Anselin, 1988;
Cliff & Ord, 1981) with lags in the dependent variable, the exoge-
nous variables, and the disturbances as well as submarket fixed
effects and an extensive set of explanatory variables; and second,
a geographically weighted regression model. As shown by Anselin
and Arribas-Bel (2011), spatial hedonic models are superior to spa-
tial fixed effects models because the latter correctly remove spatial
correlation only in special cases. In addition, we pay special atten-
tion to heteroskedasticity because it can cause maximum likelihood
estimators to be inconsistent in spatial models (Arraiz, Drukker,
Kelejian, & Prucha, 2010).

To explore an adequate functional form for our models, we
first inspected graphically the relationship between price and key
explanatory variables in our dataset. This exploration suggested
that a log–log functional form is appropriate for continuous struc-
tural and location variables. Moreover, a Box–Cox transformation
of our dependent variable yielded an estimated power coefficient
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Table 1
Summary of urban land cover studies from 2001 to 2011.

Authors Location Method Land cover measures Data Key results

McPherson et al. (2011) Los Angeles, CA, USA Models to assess tree growth;
energy,  CO2, air quality, water
runoff, and esthetics impacts.
QuickBird  images and aerial
photos for land cover

Area covered by tree canopy cover,
irrigated grass, non-irrigated
grass/bare  surfaces, and other
(impervious surfaces)

Satellite images: 64 scenes
(2002–2005).  Aerial images
from  2000 and 2005. Growth
data  for 5 tree species

Land cover classification; annual benefits: from
$38 to $56 per tree planted; 81% of total
benefits are esthetic/other; 8% from
stormwater runoff reduction; 6% from energy
savings; 4% from air quality improvement; and
<1%  from atmospheric carbon reduction

Conway et al. (2010) Los Angeles, CA, USA HPM Spatial lag model with
quarterly dummy  variables

Green  spaces in concentric circles
centered on properties studied

260  single-family homes sold
1999–2000

Green spaces in the vicinity of single family
houses have a significant impact their prices

Donovan  and Butry (2010) Portland, OR, USA HPM with monthly and 17 ZIP
codes dummy  variables

Number of street trees that front
properties; total crown area of
street trees

3479 single-family homes, sold
2006–2007

Street trees add $8870 to price and reduce
time on market by 1.7 days

Hatton MacDonald et al.
(2010)

Adelaide,  South
Australia

HPM – fixed effects (79
suburbs)  with Box–Cox and
quarterly dummy  variables

Area  of public parks, gardens, and
open space; NDVI for private green
space

37,283 single family homes,
sold  2005–2007

No significant impact of water restrictions on
private outdoor space value; close proximity to
large public parks with trails lowers price

Netusil,  Chattopadhyay,
and  Kovacs (2010)

Portland, OR, USA HPM (2 stages) – OLS Percentage of tree canopy cover on
property and ¼ mile of a property

30,015  single-family homes,
sold  1999–2001

Average benefit for mean canopy cover within
¼ mile: between 0.75% and 2.52% of mean sale
price

Sander  et al. (2010) Ramsey and Dakota
Counties,  MN, USA

HPM – spatial error model with
monthly and 20 school district
dummy variables

Percentage of tree cover on parcels,
and within 100, 250, 500, 750, and
1000 m

9992  single-family homes, sold
in 2005

A 10% increase in tree cover within 100 m
increases  average home price by $1371 (by
$836 within 250 m)

Kong, Yin, and Nakagoshi
(2007)

Jinan City, Shandong
Province,  China

HPM – OLS Distance to and sizes of nearest
park, plaza and scenic forests; % of
urban green space within 300 m

124 housing clusters sold in
2004

Index of scenery forest, accessibility to park
and plaza green spaces, and % of urban green
space significantly increase property values

Jim  (2006) Hong Kong, China Formulaic expert method Six primary criteria and 45
secondary criteria

372 heritage trees Average monetary value for a heritage tree:
$0.49 million

Mansfield,  Pattanayak,
McDow,  McDonald, and
Halpin  (2005)

Research Triangle
region,  NC, USA

HPM – OLS with 4 municipal
and  annual dummy  variables

Proximity to nearest forest; mean
NDVI value in parcel

11,200 housing transactions,
1996–1998

Increasing parcel forest cover by 10% adds
<$800; being adjacent to a private forest adds
>$8000

McPherson,  Simpson,
Peper,  Maco, and Xiao
(2005)

5  cities in CO, WY,  ND,
CA  and AZ

STRATUM Based on sampling of public trees
to estimate environmental benefits

In  each city, 30–70 trees
randomly  selected from most
abundant species

Every dollar invested in management returns
annual benefits from $1.37 to $3.09

Kestens et al. (2004) Québec City, Québec,
Canada

HPM – OLS with time dummy
variables

% of water surfaces within 100 m;  %
of woodlands within 1 km;  % of
different land uses within 100 m
and  500 m

682  single-family detached
houses  sold in 1986–1987 and
2058 sold in 1993–1996

An increase in woodlands within 1 km
decreases value; water has the opposite effect;
adding 10% in the area of mature trees within
100 m adds 1% to a property; lawn areas above
their  mean value within 300 m adds value in
the  suburbs, but not near the CBD

Kwak, Yoo, and Han (2003) Seoul metro area,
Korea

CVM WTP  for proposed urban forest
conservation

Interviews of 648 residents Total value of Kwanggyo Mountain urban
forest ≈ $2.9 million/year

Laverne  and
Winson-Geideman
(2003)

Cleveland metro area,
OH,  USA

HPM – OLS Landscape maturity and
percentage  of ground cover (trees,
turf, pavement, etc.)

270  people in 85 buildings with
unique leases (1995–2001)

Esthetic landscaping adds ∼7% to rental rates;
increases in canopy cover, turf, or flower beds
do not significantly impact rental rates

Morancho (2003) Castellón, Spain HPM – linear, log–log and
reciprocal  models

View of a park or a public garden,
distance to and size of nearest
green  area

810 dwelling units; no date
specified

A dwelling located 100 m from an urban green
area  is worth D 1800 less than an identical
dwelling located next to a garden or an urban
park

Des  Rosiers, Theriault,
Kesten,  and Villeneuve
(2002)

Québec Urban
Community, Canada

HPM – OLS % of tree cover and % of ground
cover  on parcels and in
neighborhoods;  % of broad-leaved
trees  in neighborhood; presence of
landscaped hedge, patio, or curbs

760  single family homes sold
between 1993 and 2000

More  trees adds value up to a certain point
(too many trees decrease property values);
positive price impact of a good tree cover
increases with a higher % of retirees; a high %
of  lawn cover with nice landscaping
commands a market premium

Notes: HPM, hedonic pricing method; CVM, contingent valuation method.
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of 0.055, which is close to zero and therefore provides support for a
logarithmic transformation even though this coefficient is statisti-
cally different from zero probably because of the large size (20,660
observations) of our sample. However, taking the logarithm of land
cover variables would require adding a small positive number to
these variables when they have a zero value to avoid discarding
valid observations so our models do not include the logarithm
transform of land cover variables.

2.3. Cliff–Ord model with fixed effects

Let M, N and K respectively designate our sample size, the num-
ber of explanatory variables (including an intercept; N < M), and
the number of explanatory variables with spatial lags (K < N). Using
matrix notation, our model can be written:{

ln(P) = � · W · ln(P) + X · b + W · XL · bL + Z · m + u
u  = � · W · u + �

, (2)

where

• ln(P)  is an M × 1 vector of log-transformed prices;
• �  measures the spatial dependence between property values in

the same census block group;
• W  is an M × M spatial weight matrix that reflects the structure of

spatial  interactions;
• X  denotes an M × N matrix of explanatory variables and b is an

N  × 1 vector of coefficients;
• XL is an M × K matrix subset of lagged explanatory variables (a

subset  of X), and bL is the corresponding K × 1 vector of coeffi-
cients;

• Z  is an M × 75 matrix of dummy  variables for Zillow submarkets
and  m is the corresponding 75 × 1 vector of coefficients; and

• u is an M × 1 vector of disturbances, � ∼ N(0, �2IM) is an M × 1
vector of innovations, and � is the coefficient of spatially lagged
autoregressive errors.

The term �·W·ln(P) reflects the impact of the price of neighbor-
ing properties; when a property is put on the market, its offer price
is usually set with knowledge of the selling price of similar prop-
erties nearby. Real estate prices can also depend on non-monetary
attributes of neighboring properties. For example, property values
go down when a nearby house is poorly maintained or has graffiti
on its walls. This effect is captured by the spatial lag term W·XL·bL.
In addition, the equation u = � · W · u + � captures residual spatial
autocorrelations.

We also added dummy  variables (represented by the term
Z·m) to capture omitted characteristics of Los Angeles’ submarkets,
including possibly segregation by race or income; see Goodman and
Thibodeau (1998) for a discussion of the importance of accounting
for submarket characteristics and for a procedure to do so. We  relied
here on Zillow’s definition of submarkets because their boundaries
were developed in consultation with the Los Angeles chamber of
commerce, tourism and convention boards, real estate agents and
community members. We  found that these fixed effects comple-
ment our model and are statistically significant. We  do not worry
here about an incidental parameter problem (Neyman & Scott,
1948) because the number of observations is very large compared
to the number of submarkets, which is essentially fixed (Lee, 2011;
Lee & Yu, 2010).

In  addition to structural and neighborhood variables, month of
sale binary variables, and distances to 6 components of the urban
green infrastructure, our model includes interactions of our 6 land
cover variables with a wide range of covariates (as did Anderson &
West, 2006, in their fixed effects model). The component of vector
X·b corresponding to property h, which we denote by (X·b)h, can

then  be written:

(X  · b)h = �′ ln(Ch) + �′Bh +
6∑
j=1

s̃j,h

⎡⎣�j,0 +
6∑
k=j
�j,ks̃k,h

+ ϕjc̃1,h + �′
j
˜Zg(h)

⎤⎦ , (3)

where x̃ indicates  that variable x was normalized as follows (x̄
denotes its sample mean):

x̃  = x − x̄
x̄
. (4)

In  Eq. (3), we used the following notation:

• Ch is a vector of continuous variables; it includes distances
between each house and the nearest park (neighborhood or
state/national), cemetery, golf course, lake, or river;

• Bh is a vector of 23 monthly binary variables indicating what
month  in 2003 or 2004 a house was  sold (January 2003 is our
baseline);

• for  j ∈ {1, 2, 3}, sj,h is the percentage of land cover of type “j”
(1  = tree canopy cover, 2 = irrigated grass, and 3 = non-irrigated
grass) on the parcel of house “h”; for j ∈ {4, 5, 6}, sj,h is the per-
centage  of land cover type “j” (4 = tree canopy cover, 5 = irrigated
grass,  and 6 = non-irrigated grass) in the 200 m “donut” (disk
minus  parcel “h”) centered on the parcel of house “h”; the term∑6

j=1s̃j,h
∑6

k=j�j,ks̃k,h, where k is a summation index, thus cap-
tures land cover interactions; the default land cover here is
impervious  surfaces;

• c1,h is the area of the parcel of house h; and
• Zg(h) is a vector of neighborhood (violent and property crime

rates,  high school academic performance index for the year before
house  “h” was sold) and census covariates (age, income, density,
age,  and ethnicity) for block group g(h), where house h is located.

To avoid duplication, our lagged spatial variables do not include
land cover interactions:

(XL · bL)h = �′
L ln(Ch) + �′

LBh +
6∑
j=1

s̃j,h�Lj,0. (5)

If  � = 0, we  see that ˛j, the coefficient of the jth continuous vari-
able in Eq. (3), is the elasticity of price with respect to that variable.
Moreover, the elasticity of price with respect to the percentage area
sj,h of land cover of type j for property h, denoted by ej,h, is:

ej,h = (1 + s̃j,h)

⎡⎣�j,0 + 2�j,js̃j,h +
∑
k /=  j

�j,ks̃k,h + ϕjc̃1,h +  ′
j
˜Zg(h)

⎤⎦ ,
(6)

If  � /=  0, however, the elasticity of price with respect to the jth
continuous variable becomes

∂  ln(Ph)
∂ ln(cj)

= Vhh˛j + �−1(Vhh − 1)˛Lj, (7)

where  Vhh is the component on line h and column h of
V ≡ (I − �W)−1. A similar relationship holds when dummy  variable
bj changes from 0 to 1, after replacing ˛j and ˛Lj with ˇj and ˇLj on
the right side of Eq. (7), and its left side with ln(P1

h
) − ln(P0

h
), which

is the discrete change in the log of the price of house h. Likewise,

RB-AR9951



J.-D. Saphores, W.  Li / Landscape and Urban Planning 104 (2012) 373– 387 377

the elasticity of price with respect to the percentage area sj,h of land
cover of type j for property h, now denoted by �j,h, is given by

�j,h ≡ ∂ ln(Ph)
∂ ln(sj,h)

= Vhhej,h + �−1(Vhh − 1)(1 + s̃j,h)�Lj,0, (8)

where  ej,h is given by Eq. (6) (derivations are available upon
request). In Eq. (7), we can interpret ˛j as a direct effect, (Vhh − 1)˛j
as an indirect price effect, and �−1(Vhh − 1)˛Lj as a combined price
and spatial lag effect. These effects are respectively ej,h, (Vhh − 1)ej,h,
and �−1(Vhh − 1)(1 + s̃j,h)�Lj,0 for Eq. (8).

To assess the impact of W on our results, we  considered two
alternatives. Our first weight matrix is a contiguity matrix: neigh-
bors of a property are in the same census block group and they
have the same weight. Our second weight matrix also relies on
census block groups but a weight is inversely proportional to the
squared distance between properties. To build our weight matri-
ces we started from an M × M matrix � with diagonal terms set to
zero; an off-diagonal term �ij is non-zero if properties i and j /=  i
are in the same neighborhood and 0 otherwise. To obtain W, we
made � doubly stochastic by normalizing its rows and columns
to one because doubly stochastic matrices yield best linear unbi-
ased estimators with smoothing in spatial regression models (Pace
& LeSage, 2009). Since we obtained very similar results with both
weight matrices, we present results only for the first one.

Although  our model strives to capture spatial dependence and
common sources of omitted variables, it is not without limitations.
First, distance to various amenities is just a proxy that does not cap-
ture their quality (which is not easily obtainable for Los Angeles).
Second, our Cliff–Ord model imposes constraints on how structural
and neighborhood variables influence property values, which may
not hold in a complex urban area like Los Angeles. Our second model
offers more flexibility but at the cost of reduced explanatory power.

2.4. Geographically weighted regression model

To gauge the robustness of our results, we  also estimated a
geographically weighted regression (GWR) model, which entails
estimating a weighted least squares model for each observation
with a diagonal weight matrix Qi that places larger weights on
nearby properties (Cleveland & Devlin, 1988; Fotheringham et al.,
2002; Redfearn, 2009). Using the same notations as above, our GWR
model can be written

ln(Ph) = �′
h ln(Ch) + �′

hBh +
6∑
j=1

s̃j,h�hj,0 + uh, (9)

where  now the model coefficients �h and �h have a subscript “h”
to highlight that they depend on observation “h”.

To  calculate the diagonal term Qi
jj

of Qi, we  relied on the com-
monly used function (Brunsdon, Fotheringham, & Charlton, 1998;
Huang & Leung, 2002):

Qijj = exp

(
−d2

ij

b2

)
, (10)

where d2
ij

is the square of the distance between observations i and
j; and b is a bandwidth where most spatial interactions take place.
Here, we chose b = 7 km because it is approximately the maximum
distance between two points in the same Zillow neighborhood (we
also estimated this model with bandwidths of 6 and 8 km,  and we
obtained similar results). Like Cho, Bowker, and Park (2006), we
set to zero the weights of observations beyond b to reduce the
computational burden.

3. Data

We  focus here on sales of single detached houses in the city
of Los Angeles for the years 2003–2004. There are two main rea-
sons why we analyzed data for these two years. First, we  wanted to
understand the impact of land cover, and especially urban trees,
on the housing market shortly before the start of the Million
Tree Los Angeles (MTLA) project, which was  launched in 2006,
because this project relies heavily on private property owners to
plant more trees. The second reason is the availability of high-
resolution (2 ft) land cover data for the city of Los Angeles. These
data were generated by McPherson et al. (2007) from 2002 to 2005
data that combined high-resolution (2 ft) QuickBird remote sensing
data with aerial photographs. We  limited ourselves to analyzing
2003 and 2004 data because McPherson et al.’s measurements
apply best to these two years and also to avoid pitfalls linked to
datasets that cover longer time periods (Kuminoff, Parmeter, &
Pope, 2010).

McPherson et al. (2007) provide measurements of tree canopy
cover (TCC), irrigated grass cover (IGC), non-irrigated grass
cover/bare soil and impervious surfaces (NIGC). They estimated
that their overall land cover classification is 88.6% accurate based
on a pixel-by-pixel comparison, which is high given the size of Los
Angeles (473 square miles). Overall, they found that 21% of the area
of the city of Los Angeles is covered by trees, while irrigated grass
and dry grass/bare soil account for another 12 and 6% respectively.
As expected, TCC is strongly related to land use: low-density res-
idential land uses have the highest TCC (31%), whereas industrial
and commercial land uses have the lowest TCC (3–6%).

Structural variables and house market prices were purchased
from DataQuick Information Systems (www.dataquick.com).  Each
house was  mapped using the ArcGIS Geographic Information Sys-
tem software with reference to the Los Angeles County Parcel
Boundary Map  provided by the Los Angeles County Assessor’s
Office. This approach proved more accurate than relying on street
addresses. Available house characteristics include age, parcel area,
structural square footage, number of bathrooms, number of bed-
rooms, and presence of a pool.

In addition, a number of other variables were generated or col-
lected because they could affect the value of properties at the local
level. Socio-economic data at the block group level (e.g., population
density, ethnicity, age, and income) were extracted from the 2000
US census and assigned to each house in our dataset using ArcGIS.
Freeway data as well as information about parks, golf courses, lake,
river, and cemeteries (the urban “green infrastructure”) were pro-
vided by ESRI Inc., the producer of ArcGIS. We  also obtained the
locations of high-voltage power lines, active landfills, and railroad
tracks respectively from the California Department of Transporta-
tion, the city of Los Angeles, and the Southern California Association
of Government. We  then calculated the distance from each house
in our dataset to elements of the green infrastructure, the coastline,
high-voltage power lines, active landfills, the nearest freeway and
the nearest railroad tracks. To reflect school quality, we collected
2002–2003 high school academic performance index (API) scores
from the California Department of Education. Finally, we gathered
crime data from the Los Angeles Police Department.

After carefully combining these datasets, we  used GIS and data
gathered by McPherson et al. (2007) to measure the percentage
of TCC, IGC, and NIGC on the parcel of each single family house
in our sample and in a “donut” with a 200 m radius centered on
its parcel centroid that excludes the parcel itself. These “donut”
variables are designed to capture neighborhood land cover; they
include public and private (on the neighbors’ properties) trees and
grassy areas. We  chose 200 m because this distance reflects how far
most Americans are willing to walk away from their house (Krizek &
Johnson, 2006). Note that the TCC of a parcel includes overhanging
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Fig. 1. Tree canopy cover and 2003–2004 single family house sales in Los Angeles, CA.

branches from trees belonging to neighbors or from street trees;
otherwise, the TCC contribution of street trees within 200 m of a
single family detached house is included in the neighborhood TCC
of that parcel. Fig. 1 shows the tree canopy cover and the location of
the single family detached houses sold in 2003–2004 in Los Angeles,
CA.

Our initial dataset from DataQuick had 24,570 transactions
of single family detached houses. After careful examination, we
dropped 405 observations because their structural characteristics

or  their price had either missing or unlikely values. We  also
removed 269 very small or very large properties that appeared to
be influential. We  further lost 1746 records to missing API scores,
suspicious education or crime data, or incomplete land cover mea-
sures (for properties at the edge of Los Angeles’ boundary). Finally,
we dropped observations located in block groups with fewer than
four sales. This left us with 20,660 observations distributed over
1540 census block groups. Table 2 presents summary statistics for
the variables considered.
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Table 2
Model variables and basic statistics.

Variable Mean Std. dev. Min  Max

Dependent variable (Ph)
House  price ($1000) 526.83 315.73 84.00 2330.00
Continuous  structural and green infrastructure variables (Ch)
Parcel  area (100 m2) 7.16 3.84 0.81 29.94
Structure  area (m2) 152.96 68.51 28.24 499.08
Number  of bathrooms 1.99 0.93 1.00 10.00
Number  of bedrooms 2.99 0.92 1.00 10.00
Age  of house in 2004 (year) 57.16 20.39 0.25 124.00
Distance  to nearest neighborhood park (km) 1.02 0.63 0.01 4.16
Distance  to nearest state/national park (km) 10.65 5.22 0.00 22.34
Distance  to nearest cemetery (km) 4.72  2.71 0.01 12.89
Distance  to nearest golf course (km) 2.89 1.73 0.00 9.21
Distance  to nearest lake (km) 4.43 2.26 0.05 9.62
Distance  to nearest river (km) 19.49 9.45 0.19 38.81
Binary  structural/neighborhood/sales variables (Bh)
Binary: 1 = house has a pool 0.187 0.390 0.00 1.00
Binary:  1 = highway within 0.25 km 0.104 0.306 0.00 1.00
Binary:  1 = railway tracks within 0.25 km 0.065 0.247 0.00 1.00
Binary:  1 = within 0.25 km of coast line 0.001 0.022 0.00 1.00
Binary:  1 = within 500 m of an active landfill 0.002 0.047 0.00 1.00
Binary:  1 = within 10 m of a high-voltage power line 0.010 0.100 0.00 1.00
Land  cover variables (sj,h)
% of parcel covered by tree canopy 0.264 0.173 0.000 0.996
%  of parcel covered by irrigated grass cover 0.156 0.113 0.000 0.835
%  of parcel covered by non-irrigated grass/bare soil 0.062 0.059 0.000 0.616
%  of 200 m donut covered by tree canopy 0.246 0.128 0.013 0.797
%  of 200 m donut covered by irrigated grass 0.142 0.074 0.002 0.577
%  of 200 m donut covered by non-irrigated grass/bare soil 0.061 0.044 0.000 0.520
Land  cover covariates (Zg(h))
Per capita income ($10,000) 2.88 2.19 0.46 14.89
Population  density (1000 per km2) 3.84 2.54 0.04 20.64
%  of population less than 18 years old 0.25  0.08 0.05 0.52
%  of population 65 years and older 0.12 0.05 0.02 0.40
API  for high school in corresponding attendance area 577.25 76.32 349.00 761.00
Number  of violent crimes per 1000 6.80 7.17 0.00 69.42
Number  of property crimes per 1000 20.09 15.54 0.00 355.09
%  of Hispanics (2000 census block group) 0.33 0.27 0.02 0.98
%  of African Americans (2000 census block group) 0.11 0.19 0.00 0.93
%  of Asians (2000 census block group) 0.09 0.08 0.00 0.50
%  of other Non-Whites (2000 census block group) 0.03 0.02 0.00 0.13

Notes: These statistics are for 20,660 observations of single family buildings sold in 2003 and 2004 in the city of Los Angeles. Binary variables indicating month of sale are
omitted for brevity. Crime statistics are for the year preceding a sale. API, academic performance index. The number of monthly sales varies between 371 in August of 2003
and  1373 in July of 2004. Summary statistics are provided before normalization. See the text for more details.

4. Results

Results are summarized in Table 3 and in Figs. 2–5. They were
estimated using Stata 11.2.

4.1.  Cliff–Ord model with fixed effects

We estimated our Cliff–Ord model using “spreg” (Drukker,
Prucha, & Raciborski, 2011). Although we relied on maximum like-
lihood for our full model, we investigated the potential impact of
heteroskedasticity on simpler models using robust methods pro-
posed by Arraiz et al. (2010) and Kelejian and Prucha (2010) and
found that it has little impact here.

At the outset, we note from Table 3 that �, �, a number of
lagged structural/location variables, a couple of land cover vari-
ables, as well as most of the submarket binary variables (omitted
for brevity) are jointly statistically significant, which vindicates our
model selection over simpler spatial hedonic models.

Most of the model parameters we discuss below are components
of the elasticities described by Eq. (6); since these elasticities vary
for each observation, they are best characterized by their distribu-
tion. We  note, however, that the indirect price effect is negligible
here because the estimated value of Vhh varies between 1.0008 and
1.0190 with a 90th percentile of 1.0098. On the other hand, the com-
bined price and spatial lag effect matters when ˛Lj ((1 + s̃j,h)�Lj,0

for land cover variables) is “large enough” compared to ˛j (ej,h for
land cover variables), given that �−1(Vhh − 1) has a median value of
0.017 and a 90th percentile of 0.045.

With this in mind, let us first discuss direct effect results for
structural, location, and green infrastructure variables. We  then
look more in-depth at the distribution of the elasticity of the land
cover variables, which are the focus of this study.

4.1.1. Structural/location variables and temporal dummy
variables

Overall, our structural coefficients have expected signs and
reasonable magnitudes. Ignoring the impact of neighborhood prop-
erties and changing only one variable at a time, we  see that the
price of a single family detached house grows by ˛1 = 0.105% for
every unit percentage increase in parcel area, ˛2 = 0.401% for every
unit percentage increase in structural square footage, ˛3 = 0.013%
with the addition of a bathroom, and ˇ1 = 6.4% with the addition
of a swimming pool; however, it decreases with house age for
structures 22 months and older. The coefficient of the number of
bedrooms (˛4) is not statistically significant.

The binary variables that capture location relative to highways
(ˇ2) and rail tracks (ˇ3) are significant and negative as expected: a
house located within 250 m from a highway (from railway tracks) is
2.5 (1.3)% less valuable than a similar house farther away. Distance
to the coast (ˇ4) is also significant: a house within 250 m of the coast
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Table 3
Detailed estimation results.

Variable or parameter Coef. estimate Std error Variable or parameter Coef. estimate Std error

� Spatial  lag coefficient for price 0.218*** (0.013) � Spatial lag coefficient for errors 0.092*** (0.022)
Structural/location variables Lag of structural/location variables

˛1 Log of parcel area 0.105*** (0.005) ˛L1 Log of parcel area −0.050*** (0.012)
˛2 Log of structure area 0.401*** (0.007) ˛L2 Log of structure area 0.102*** (0.020)
˛3 Log of number of bathrooms 0.013*** (0.005) ˛L3 Log of number of bathrooms 0.023 (0.016)
˛4 Log of number of bedrooms 0.005 (0.006) ˛L4 Log of number of bedrooms −0.035* (0.018)
˛5 Log of house age 0.006 (0.005) ˛L5 Log of house age 0.015** (0.007)
˛6 Square of log of house age −0.005*** (0.001)
ˇ1 Binary: 1 = house has a pool 0.064*** (0.004) ˇL1 Binary: 1 = house has a pool 0.007 (0.013)
ˇ2 Binary: 1 = highway within 1/4 km −0.025*** (0.005) ˇL2 Binary: 1 = highway within 1/4 km −0.017* (0.009)
ˇ3 Binary: 1 = railroad tracks within 1/4 km −0.013** (0.007) ˇL3 Binary: 1 = railroad tracks within 1/4 km −0.007 (0.012)
ˇ4 Binary: 1 = within 1/4 km of coast line 0.110* (0.062) ˇL4 Binary: 1 = within 1/4 km of coast line −0.032  (0.160)
ˇ5 Binary: 1 = within 1/2 km of active landfill −0.047 (0.035) ˇL5 Binary: 1 = within 1/2 km of active landfill 0.090* (0.054)
ˇ6 Binary: 1 = within 10 m of power line −0.017  (0.013) ˇL6 Binary: 1 = within 10 m of power line 0.005  (0.036)

Green infrastructure variables Lag of green infrastructure variables
	1 Log(dist. to nearest neigh. park) −0.003 (0.003) 	L1 Log(dist. to nearest neigh. park) 0.002 (0.004)
	2 Log(dist. to nearest state/nat. park) −0.037*** (0.010) 	L2 Log(dist. to nearest state/nat. park) 0.005 (0.010)
	3 Log(dist. to nearest cemetery) −0.009 (0.006) 	L3 Log(dist. to nearest cemetery) 1.9E−4 (0.007)
	4 Log(dist. to nearest golf course) −0.012*** (0.004) 	L4 Log(dist. to nearest golf course) 0.005 (0.005)
	5 Log(dist. to nearest lake) −0.012* (0.006) 	L5 Log(dist. to nearest lake) 0.001 (0.007)
	6 Log(dist. to nearest river) −0.099*** (0.017) 	L6 Log(dist. to nearest river) 0.018 (0.015)

Normalized land cover variables♣ Lag of normalized land cover var.♣

�1,0 Parcel tree canopy cover (TCC) 0.003 (0.003) �L1,0 Parcel tree canopy cover (TCC) 0.020** (0.010)
�2,0 Parcel irrigated grass cover (IGC) 0.024*** (0.003) �L2,0 Parcel irrigated grass cover (IGC) 0.007 (0.008)
�3,0 Parcel non-irrigated grass (NIGC) −0.005* (0.003) �L3,0 Parcel non-irrigated grass (NIGC) 0.025*** (0.007)
�4,0 200 m donut TCC 0.087*** (0.008) �L4,0 200 m donut TCC 0.005 (0.012)
�5,0 200 m donut IGC 0.048*** (0.007) �L5,0 200 m donut IGC  −0.011 (0.009)
�6,0 200 m donut NIGC 0.001 (0.005) �L6,0 200 m donut NIGC −0.010 (0.007)

Land cover powers and interactions Interactions of norm. population density and
age with norm. land cover

�1,1 Square of parcel tree canopy cover 4.6E−4 (0.003)  1,2 Density × parcel TCC 0.012** (0.006)
�2,2 Square of parcel irrigated grass cover −0.010*** (0.002)  2,2 Density × parcel IGC −0.008 (0.005)
�3,3 Square of parcel non-irrigated grass −0.001 (9.6E−4)  3,2 Density × parcel NIGC 0.014*** (0.004)
�4,4 Square of 200 m donut TCC 0.020** (0.008)  4,2 Density × 200 m donut TCC 0.028*** (0.010)
�5,5 Square of 200 m donut IGC −0.012** (0.005)  5,2 Density × 200 m donut IGC 0.029*** (0.008)
�6,6 Square of 200 m donut NIGC 1.4E−4 (0.002)  6,2 Density × 200 m donut NIGC −0.008 (0.007)
�1,2 Parcel TCC × parcel IGC 9.5E−4 (0.004)  1,3 Age (≤18) × parcel TCC −0.034** (0.016)
�1,3 Parcel TCC × parcel NIGC −0.009*** (0.003)  2,3 Age (≤18) × parcel IGC −0.025* (0.014)
�2,3 Parcel IGC × parcel NIGC 0.001 (0.003)  3,3 Age (≤18) × parcel NIGC −0.007 (0.013)
�4,5 200 m donut TCC × 200 m donut IGC 0.047*** (0.011)  4,3 Age (≤18) × 200 m donut TCC −0.004 (0.025)
�4,6 200 m donut TCC × 200 m donut NIGC 0.005 (0.007)  5,3 Age (≤18) × 200 m donut IGC  0.022 (0.021)
�5,6 200 m donut IGC × 200 m donut NIGC 0.012* (0.007)  6,3 Age (≤18) × 200 m donut NIGC −0.049** (0.019)

Land cover var. × norm. parcel area  1,4 Age (≥65) × parcel TCC −0.002 (0.009)
ϕ1 Parcel area × parcel TCC 0.014*** (0.005)  2,4 Age (≥65) × parcel IGC 0.007 (0.009)
ϕ2 Parcel area × parcel IGC 0.008 (0.006)  3,4 Age(≥65) × parcel NIGC 0.002 (0.007)
ϕ3 Parcel area × parcel NIGC 0.006** (0.003)  4,4 Age (≥65) × 200 m donut TCC 0.042*** (0.014)
ϕ4 Parcel area × 200 m donut TCC −1.5E−4 (0.007)  5,4 Age (≥65) × 200 m donut IGC  0.032** (0.013)
ϕ5 Parcel area × 200 m donut IGC −0.017** (0.008)  6,4 Age (≥65) × 200 m donut NIGC −0.004 (0.010)
ϕ6 Parcel area × 200 m donut NIGC 0.004 (0.004)

Interactions of norm. income with norm. land
cover

Interactions of norm. API with norm. land
cover
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Table 3 (Continued)

Variable or parameter Coef. estimate Std error Variable or parameter Coef. estimate Std error

 1,1 Income × parcel TCC −0.001 (0.006)  1,5 API × parcel TCC 0.039 (0.030)
 2,1 Income × parcel IGC 0.002 (0.006)  2,5 API × parcel IGC 0.043 (0.027)
 3,1 Income × parcel NIGC 0.003 (0.006)  3,5 API × parcel NIGC 0.006 (0.021)
 4,1 Income × 200 m donut TCC 0.022*** (0.008)  4,5 API × 200 m donut TCC −0.136*** (0.046)
 5,1 Income × 200 m donut IGC 0.020* (0.010)  5,5 API × 200 m donut IGC 0.077* (0.043)
 6,1 Income × 200 m donut NIGC −0.008 (0.009)  6,5 API × 200 m donut NIGC 0.006 (0.033)

Interactions of norm. crime with norm. land
cover

Interactions  of norm. ethnic pop. with norm.
land cover (end)

 1,6 Property crime × parcel TCC 0.008 (0.005)  1,9 % African Amer. × parcel TCC −0.005 (0.003)
 2,6 Property crime × parcel IGC −0.010*** (0.004)  2,9 % African Amer. × parcel IGC 3.8E−4 (0.002)
 3,6 Property crime × parcel NIGC −2.1E−4 (0.003)  3,9 % African Amer. × parcel NIGC −0.004* (0.002)
 4,6 Property crime × 200 m donut TCC −0.007 (0.007)  4,9 % African Amer. × 200 m donut TCC 0.003 (0.005)
 5,6 Property crime × 200 m donut IGC 0.030*** (0.006)  5,9 % African Amer. × 200 m donut IGC  0.005 (0.004)
 6,6 Property crime × 200 m donut NIGC −0.024*** (0.005)  6,9 % African Amer. × 200 m donut NIGC 0.008** (0.004)
 1,7 Violent crime × parcel TCC 0.004 (0.005)  1,10 % Asians × parcel TCC 0.007** (0.003)
 2,7 Violent crime × parcel IGC 0.009*** (0.003)  2,10 % Asians × parcel IGC  0.002 (0.003)
 3,7 Violent crime × parcel NIGC 0.001 (0.003)  3,10 % Asians × parcel NIGC −0.004 (0.002)
 4,7 Violent crime × 200 m donut TCC 0.019*** (0.007)  4,10 % Asians × 200 m donut TCC −0.011* (0.006)
 5,7 Violent crime × 200 m donut IGC −0.014** (0.005)  5,10 % Asians × 200 m donut IGC  0.007 (0.005)
 6,7 Violent crime × 200 m donut NIGC 0.008 (0.005)  6,10 % Asians × 200 m donut NIGC 0.007* (0.004)

Interactions of norm. ethnic population with
norm. land cover

 1,11 % Others × parcel TCC 0.008 (0.007)

 1,8 % Hispanics × parcel TCC 0.015* (0.008)  2,11 % Others × parcel IGC 0.004 (0.006)
 2,8 % Hispanics × parcel IGC 0.006 (0.008)  3,11 % Others × parcel NIGC 0.003 (0.005)
 3,8 % Hispanics × parcel NIGC 0.001 (0.006)  4,11 % Others × 200 m donut TCC 8.3E−4 (0.010)
 4,8 % Hispanics × 200 m donut TCC 0.037*** (0.013)  5,11 % Others × 200 m donut IGC 0.011 (0.009)
 5,8 % Hispanics × 200 m donut IGC 0.017 (0.013)  6,11 % Others × 200 m donut NIGC 0.016* (0.008)
 6,8 % Hispanics × 200 m donut NIGC 0.009 (0.009)

Notes: The results were estimated using Stata 11.2. They are based on 20,660 transactions in 2003 and 2004 of single family houses in the city of Los Angeles, CA. The dependent variable is the natural logarithm of the market
price.  Coefficients of the monthly binary variables are omitted for brevity; they are positive and statistically significant except for the February 2003 dummy, which is not statistically significant. See Table 2 for variable definitions
and  summary statistics.

* Statistical significance at the 0.10 level.
** Statistical significance at the 0.05 level.

*** Statistical significance at the 0.01 level.
♣ Interactions between parcel and neighborhood (200 m donut) land cover variables were found to be not statistically significant using a likelihood ratio test in a more general model so they were not estimated in the model

reported  in this table.
“ND”  means not defined for this model.
“TCC”, “IGC”, and “NIGC” respectively designate tree canopy cover, irrigated grass, and non-irrigated grass/bare soil; the default category is impervious surfaces.
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Fig. 2. Distributions of price elasticities for the Cliff–Ord (C–O) model.

is 11% more valuable. In addition, being close to an active landfill
(ˇ5) or to a high-voltage power line (ˇ6) decreases the value of a
property, but these coefficients are not statistically significant.

Coefficient estimates of the monthly dummy  variables (not
shown) are all positive and significant (except for the February 2003
variable); they tend to grow over time, which reflects the steady
price increases experienced by the Los Angeles housing market in
2003–2004.

4.1.2. Green infrastructure
Our  model includes the distance between each house and the

nearest green space or body of water (i.e., neighborhood parks,
national/state parks, cemeteries, golf courses, lakes and rivers)
because they may  be substitutes for neighborhood trees and grassy
areas. As expected, estimates of these parameters are negative so
being further away from these amenities decreases the value of a
property. Moreover, except for distances to the nearest neighbor-
hood park (	1) and to the nearest cemetery (	3), these effects are
statistically significant.

4.1.3.  Local land cover
Let  us now interpret results for parcel and neighborhood

land cover variables: tree canopy cover, irrigated grass, and
non-irrigated grass/bare soil; the default category is impervi-
ous surfaces. In our discussion, we call “neighborhood” the

donut-shaped area of a circle with a 200 m radius centered on the
parcel of a house, minus the area of that parcel. We  also do not
specify each time that non-irrigated grass includes bare soil; more-
over, all elasticities discussed are elasticities of price with respect
to a specific type of land cover.

We first consider coefficient estimates for covariates c1,h and
Zg(h), which were all normalized as described by Eq. (4). These
covariates are present in the expression of ej,h (Eq. (6)) in linear
combination with their coefficient. This linear combination is mul-
tiplied by 1 + s̃j,h = (sj,h/sj,h) ≥ 0, so the sign of the coefficient of a
covariate tells us how this covariate impacts ej,h. This also holds for
�j,h since ej,h is multiplied by Vhh > 0 in Eq. (8).

Interactions between land cover and parcel area variables sug-
gest that tree canopy cover and non-irrigated grassy areas are more
valuable on larger properties (ϕ1 and ϕ3 are both positive and sta-
tistically significant). On the other hand, neighborhood trees and
irrigated grass are less attractive for properties larger than the
average (ϕ4 and ϕ5 are both negative but only the latter is statis-
tically significant). The other two  interactions are positive but not
significant.

A higher than average income increases the neighborhood tree
canopy cover and irrigated grass elasticities ( 4,1 > 0 and  5,1 > 0),
which suggests that Angelenos wealthier than average are fond
of greener neighborhoods. The other interaction terms have small
and non-significant coefficients, so income does not significantly
influence the value of parcel land covers.

Results confirm our hypothesis that trees are more valu-
able to people who live in denser areas. At the parcel level, a
higher than average population density increases the tree canopy
cover ( 1,2 > 0) and non-irrigated grass ( 3,2 > 0) elasticities, but
decreases slightly the irrigated grass elasticity. A higher than
average population density also has a positive impact on the neigh-
borhood tree canopy cover and irrigated grass elasticities ( 4,2 > 0
and  5,2 > 0), but a non significant effect on the non-irrigated grass
elasticity.

Population age distribution, however, has somewhat unex-
pected impacts. Indeed, a larger than average percentage of
residents under 18 years of age brings down all the land cover
elasticities except for irrigated grass at the neighborhood level,
which suggests that larger families may  prefer synthetic surfaces
over grass. A larger than average percentage of elderly people,
on the other hand, significantly increases the neighborhood tree
canopy and irrigated grass elasticities ( 4,4 > 0 and  5,4 > 0). The
other interaction terms are not significant.

In our model, school quality is captured by the high school
academic performance index (API) for a house’s attendance area.
We find that better than average schools influence positively the
neighborhood irrigated grass elasticity ( 5,5 > 0) but negatively the
neighborhood tree canopy cover elasticity ( 4,5 > 0). Parcel level
coefficients are positive but not significant.

Moreover, different crime types interact differently with land
cover. As noted by Anderson and West (2006), trees tend to be
more valuable in higher crime areas ( 1,6 > 0,  1,7 > 0,  4,7 > 0 but,
 4,6 < 0) as they seem to act as buffers against the negative impacts
of crime on property values. However, higher property and violent
crime rates have opposite effects on irrigated grass and on non-
irrigated grass elasticities. These results should be interpreted with
caution, however, because property crime rates are often known
imprecisely.

Our covariates also include ethnicity variables to investigate
the possible impacts of diversity on preferences for land cover;
our reference group here is Caucasians. Focusing only on statis-
tically significant differences, we  note that a higher than average
percentage of Hispanics increases tree canopy cover elasticities. In
addition, a higher than average percentage of Asians also increases
the parcel tree canopy cover elasticity, but the reverse is true at
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Fig. 3. Comparisons of price elasticity distributions: C–O versus GWR.

the neighborhood level. Different ethnicities also seem to value
non-irrigated grass differently: a higher percentage of African
Americans decreases the parcel level elasticity of price, while for
African Americans, Asians, and “Others”, it has the opposite effect at
the neighborhood level. These differences may  reflect landscaping
tastes.

To understand the full impact of land cover variables on �j,h,
we examine the distribution of land cover elasticities generated
by inserting Table 3 coefficient estimates into Eq. (6). A negative
elasticity indicates that a property would lose value if the corre-
sponding land cover increases.

From  Panel A in Fig. 2, we see that the tree canopy cover elastic-
ity is typically smaller for parcels than for neighborhoods; 39.0%
of the properties analyzed would lose value if their parcel tree
canopy cover increased, versus only 2.7% for additional neighbor-
hood trees. This suggests that while many Angelenos seem to value
trees, they are not willing to pay for the maintenance costs of extra
trees on their own properties. Although trees provide many bene-
fits, they also entail non trivial costs related to watering, pruning,
and fixing root damage, not to mention allergies when they bloom
or increased risks of fire and earthquake damage.

By contrast, the irrigated grass elasticity of price is much more
likely to be positive (Fig. 2, Panel B), both on parcels (88.0%) and at
the neighborhood level (89.3%). This confirms that most Angelenos
cherish lush lawns in spite of the region’s semi-arid climate.

Increasing non-irrigated grass (Fig. 2, Panel C), however, would
be detrimental on most parcels (72.6%) but interestingly, not in
most neighborhoods (47.1%). This may  indicate that neighborhood
non-irrigated grass is valued as a reminder of natural landscapes,
whereas non-irrigated grass on a parcel implies that a property is
not well maintained.

Finally,  we  note that these elasticity distributions have a broader
support for neighborhoods than for parcels.

4.1.4. Additional checks
We  also examined land cover elasticities for subsets of our main

model and for extensions that include third powers of land cover
variables. Moreover, we  estimated models where s̃j,h was  replaced
by ln(sj,h/sj,h). In addition, we varied the size of the neighborhood
“donut” around each house in our sample from 200 to 400 m. All
these models gave qualitatively similar results.

4.2. Comparison with geographically weighted regression results

The  purpose of our geographically weighted regression (GWR)
model is to provide a robustness check for our Cliff–Ord spatial
hedonic (C–O) model results. Fig. 3 shows how the price elasticity
distributions of different types of land cover compare for these two
models.
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Fig. 4. Spatial distribution of parcel tree canopy cover price elasticities.

Results from these two models tell a similar story. They agree
quite well at the parcel level (Panels A–C); although, GWR  gives
slightly smaller price elasticities than C–O, the practical impact of
their differences is small. For tree canopy cover (Panel A), for exam-
ple, the GWR  median value is p50 = 0.0026 versus p50 = 0.0036 for
C–O. Agreement between the two models is best for the price elas-
ticities of non-irrigated grass/bare soil land cover (Panel C).

At  the neighborhood level (Panels D–F), differences are slightly
more substantial but the overall picture is similar. In general, the
distribution of GWR  elasticities is slightly more spread out for all
three types of land cover. For tree canopy cover (Panel D), although
fewer properties (88% versus over 97%) would benefit from more
neighborhood trees according to the GWR  model, the ones that

do  benefit slightly more. Moreover, over 75% of properties for
both models would see their value increase slightly with addi-
tional neighborhood irrigated grass (Panel E). Finally, even though a
slight majority of properties would lose value with additional non-
irrigated grass/bare soil according to GWR  results and not with C–O,
the elasticity distributions from both models are close for practical
purposes (Panel F).

4.3.  Comparison with two related studies

To conclude this section, let us contrast our results with those of
two recently published studies that are also concerned with local
green spaces or urban trees in Los Angeles.
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Fig. 5. Spatial distribution of neighborhood tree canopy cover price elasticities.

First, we note that our results are compatible with those
obtained by Conway et al. (2010), who analyzed 260 single fam-
ily residences sold between January 1999 and 2000 in a 2.5 square
mile area in downtown Los Angeles. From Figs. 3 and 4, the house
price elasticities with respect to tree canopy cover (at the parcel
and at the neighborhood levels) we found for the area studied by
Conway et al. (2010) are similar to those they obtained. This is a
useful validation as we relied on different models applied to dif-
ferent datasets (we analyzed 20,660 properties sold in 2003–2004
and spread out over 469 square miles).

By contrast, results in McPherson, Simpson, Xiao, and Wu (2011)
appear to be at odds with ours: according to them, each new

tree  in Los Angeles will provide average annual benefits ranging
between $38 and $56 depending on mortality scenarios. However,
it is important to note that their study estimates only benefits
from trees and not the costs from watering, pruning, potential root
damage, allergies, and fire risks. Second, their estimated benefits
are not discounted although they occur at different times in the
future. Most importantly, over 80% of their reported benefits come
from “esthetic/other”, which are calculated from results obtained
by Anderson and Cordell’s (1985) study in Athens, GA, even though
Anderson and Cordell (1988) cautioned that their findings are valid
only for the eastern US. Finally, their quantification of benefits from
additional trees does not account for the local density of existing
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trees (it is uniform across the city) and it ignores the tastes of local
residents, which are at least partly captured in our hedonic analysis
that reflects Angelenos’ housing market choices.

5. Implications for tree planting in Los Angeles

In September of 2006, the city of Los Angeles started a large
scale tree planting campaign (MTLA). The initial goal was to plant
one million trees between 2006 and the end of 2010 (McPherson
et al., 2007, 2011). Tree planting has been going more slowly than
expected, however: after excluding the 56,000 trees sold by Home
Depot stores in Los Angeles between fall 2006 and fall 2010 that
were erroneously included in the official tally, only 192,000 new
trees had been planted by mid-December 2010 (Burry, 2011), even
though MTLA trees were given for free to private landowners by
non-profit groups.

In  addition to the difficulties of administering such a large tree
planting program in a period of tight municipal finances (Pincetl,
2010), a couple of reasons may  explain this slower than expected
progress. The first reason is that the private benefits of trees were
over-estimated. Indeed, using our model we find that the median
benefit of adding one generic tree with a 16 m2 canopy cover (which
corresponds to a 15 ft diameter tree canopy cover) over the imper-
vious area of a house in our sample would increase its value by
only $204 while increasing the value of properties within 200 m
by approximately $18. A look at the distribution of the benefits
of adding such a tree to the properties in our sample shows that
75% of them would gain less than $736 or lose value, without even
accounting for any maintenance cost. In addition, these benefits
should be heavily discounted because most planted trees under
the MTLA came in 15-gallon pots (7–8 in. in height), so they will
require at least a decade to grow a 16 m2 canopy cover.

A second possible explanation for the slow rate of tree plant-
ing with the MTLA is that Los Angeles residents may  not be aware
of all the benefits of urban trees. A quick analysis of the most
planted trees in Los Angeles suggests that landowners rate highly
the esthetic qualities of urban trees. Indeed, 8 of the top 10 trees
most planted between 2006 and 2010 are known for their beauti-
ful foliage or for fragrant flowers (their percentage among recently
planted trees is indicated in parenthesis): Crepemyrtles (18%),
Cherry Plums (11%), Carolina Cherry Laurels (4%), Blue Jacaranda
(4%), Majestic Beauty (4%), Southern Magnolia (3%), Chinese Flame-
Tree (3%), and Purple Orchid-Tree (3%) (Weybright & Shearer, 2010).
Unfortunately, although the Jacaranda, the Magnolia, and the Chi-
nese Flame tree can become quite large, the other tree species
mentioned above do not grow tall enough to provide much shade. It
is also interesting to note that only one of the 10 most planted trees
is native from California. More information about the multiple ben-
efits of appropriate tree species may  increase their attractiveness
to landowners.

Finally, we note that the impacts from overestimating the pri-
vate benefits of urban trees and from limited information about
their social benefits were likely compounded by the unusually high
reliance of the MTLA on private property owners: they are expected
to plant 70% of MTLA trees, whereas New York’s Million Trees pro-
gram is only counting on private property owners to plant 40% of
its trees, for example.

Another  contribution of our study is that it provides informa-
tion about where property owners would benefit from planting
additional trees, which could be useful for targeting tree plant-
ing efforts and for helping convince neighborhood or homeowner
associations of the value on planting additional trees. By contrast,
McPherson et al. (2007, 2011), who analyzed the distribution of
trees in Los Angeles, made recommendations on where to plant
trees based mostly on available space. From Fig. 4, we  see that these

elasticities  are negative in most of West Los Angeles (between high-
ways 101 and 2), in the north along the I-210 or East of the 27, as
well as south of downtown Los Angeles between Freeways 10 and
105. Likewise, Fig. 5 provides information about the spatial vari-
ability of the elasticity of price with respect to neighborhood tree
canopy cover.

6.  Conclusions

In this paper, we  analyzed the impact of local land cover (tree
covered areas as well as grassy areas on parcels and around them)
and of the urban green infrastructure (parks, cemeteries, golf
courses, lakes and rivers) on the value of single family detached
houses sold in 2003 and 2004 in the city of Los Angeles, CA. To deal
with spatial autocorrelation and unobserved neighborhood char-
acteristics, we estimated two models: a geographically weighted
regression model, and a Cliff–Ord model with spatial lags in the
dependent variable, the exogenous variables, and the disturbances
as well as submarket fixed effects. To our knowledge, our paper
provides the most comprehensive analysis to-date of the benefits
of urban green spaces capitalized in the housing market.

Our  main result is that additional trees and grassy areas have
different impacts on the value of single family detached houses at
the parcel or neighborhood levels. Indeed, adding 1% to the current
tree canopy cover of the average property would result in a tiny gain
for its owner (without accounting for maintenance costs), whereas
increasing neighborhood tree canopy cover (either on public land
or on private properties nearby) would typically slightly benefit
most nearby properties. Adding irrigated grass either at the parcel
or neighborhood levels would also benefit most properties, which
is not good news since Los Angeles is trying to reduce its outdoor
water use. Hence, although owners of single family detached prop-
erties in Los Angeles may  like more trees, they do not seem willing
to bear their costs.

This  suggests that current Los Angeles tree planting programs
that focus on private property owners should target areas with
specific socio-economic characteristics. Tree planting could also
take place on public lands but this raises the thorny question of
financing at a time of very tight municipal budgets. Unfortunately,
Proposition 13, which puts a cap on annual tax increases and only
allows property taxes to be reassessed when properties are sold,
would likely prevent Los Angeles from recovering quickly its green
infrastructure investments.

Although  our approach is widely applicable, our results should
not be generalized to cities in other ecosystems or to cities whose
residents are likely to have different tastes for urban trees, grassy
areas or open space amenities.

Future  research should consider modeling the quality of the
green infrastructure (instead of crude measures based on dis-
tance and areas) and incorporate information about tree species
in explaining property values as new advances in remote sens-
ing become available. It would also be useful to explore funding
mechanisms for providing local public goods like urban green areas.
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WQO Median (range) #samples #exceed #detected WQO Median (range) #samples #exceed #detected

Bacteria Fecal Coliform MPN/100mL 4000 1315(230-2400) 2 0 2 4000 220000(24000-900000) 5 3 5

Bacteria Fecal Enterococcus MPN/100mL 160(20-300) 2 0 2 500000(30000-1400000) 5 0 5

Bacteria Fecal Streptococcus MPN/100mL 160(20-300) 2 0 2 500000(30000-3500000) 5 0 5

Bacteria Total Coliform MPN/100mL 120650(1300-240000) 2 0 2 900000(50000-5000000) 5 0 5

Chlorinated Pesticides 4-4'-DDD ug/L 0.0055(0.0055-0.0055) 2 0 0 0.0055(0.0055-0.0055) 4 0 0

Chlorinated Pesticides 4-4'-DDE ug/L 0.002(0.002-0.002) 2 0 0 0.002(0.002-0.002) 4 0 0

Chlorinated Pesticides 4-4'-DDT ug/L 1.1 0.005(0.005-0.005) 2 0 0 1.1 0.005(0.005-0.005) 4 0 0

Chlorinated Pesticides Aldrin ug/L 3 0.002(0.002-0.002) 2 0 0 3 0.002(0.002-0.002) 4 0 0

Chlorinated Pesticides Dieldrin ug/L 0.001(0.001-0.001) 2 0 0 0.001(0.001-0.001) 4 0 0

Chlorinated Pesticides Endosulfan I (alpha) ug/L 0.005(0.005-0.005) 2 0 0 0.005(0.005-0.005) 4 0 0

Chlorinated Pesticides Endosulfan II (beta) ug/L 0.002(0.002-0.002) 2 0 0 0.002(0.002-0.002) 4 0 0

Chlorinated Pesticides Endosulfan sulfate ug/L 0.025(0.025-0.025) 2 0 0 0.025(0.025-0.025) 4 0 0

Chlorinated Pesticides Endrin ug/L 0.086 0.003(0.003-0.003) 2 0 0 0.086 0.003(0.003-0.003) 4 0 0

Chlorinated Pesticides Endrin aldehyde ug/L 0.005(0.005-0.005) 2 0 0 0.005(0.005-0.005) 4 0 0

Chlorinated Pesticides Heptachlor ug/L 0.52 0.0015(0.0015-0.0015) 2 0 0 0.52 0.0015(0.0015-0.0015) 4 0 0

Chlorinated Pesticides Heptachlor Epoxide ug/L 0.52 0.005(0.005-0.005) 2 0 0 0.52 0.005(0.005-0.005) 4 0 0

Chlorinated Pesticides Methoxychlor ug/L 0.25(0.25-0.25) 2 0 0 0.25(0.25-0.25) 4 0 0

Chlorinated Pesticides Toxaphene ug/L 0.73 0.12(0.12-0.12) 2 0 0 0.73 0.12(0.12-0.12) 4 0 0

Chlorinated Pesticides alpha-BHC ug/L 0.005(0.005-0.005) 2 0 0 0.005(0.005-0.005) 4 0 0

Chlorinated Pesticides alpha-chlordane ug/L 0.0165(0.0165-0.0165) 2 0 0 0.0165(0.0165-0.0165) 4 0 0

Chlorinated Pesticides beta-BHC ug/L 0.0025(0.0025-0.0025) 2 0 0 0.0025(0.0025-0.0025) 4 0 0

Chlorinated Pesticides delta-BHC ug/L 0.0025(0.0025-0.0025) 2 0 0 0.0025(0.0025-0.0025) 4 0 0

Chlorinated Pesticides gamma-BHC (lindane) ug/L 0.95 0.002(0.002-0.002) 2 0 0 0.95 0.002(0.002-0.002) 4 0 0

Chlorinated Pesticides gamma-chlordane ug/L 0.0165(0.0165-0.0165) 2 0 0 0.0165(0.0165-0.0165) 4 0 0

Conventionals Cyanide mg/L 0.022 0.0025(0.0025-0.0025) 2 0 0 0.022 0.007(0.0025-0.013) 5 0 4

Conventionals Dissolved Oxygen mg/L 5 16.9(12.4-21.4) 2 0 2 5 9.79(7.82-11.8) 5 0 5

Conventionals Oil and Grease mg/L 0.72(0.72-0.72) 2 0 0 0(0-0) 5 0 0

Conventionals pH pH units 6.5-8.5 8.26(7.92-8.6) 2 1 2 6.5-8.5 6.905(6.75-8.79) 4 1 4

General Alkalinity as CaCO3 mg/L 289(275-303) 2 0 2 60.5(33-248) 4 0 4

General Ammonia mg/L 2.3-6.8 0.139(0.133-0.145) 2 0 2 1.42-27 0.5025(0.218-0.773) 4 0 4

General BioChemical Oxygen Demand- Five-Day mg/L 5.59(4.08-7.1) 2 0 2 9.14(4.72-14.1) 4 0 4

General Chemical Oxygen Demand mg/L 44.45(34.1-54.8) 2 0 2 31.8(5-63.3) 4 0 3

General Chloride mg/L 144.5(122-167) 2 0 2 17.55(9.13-100) 4 0 4

General Dissolved Phosphorus mg/L 0.1125(0.025-0.2) 2 0 1 0.173(0.14-0.22) 4 0 4

General Fluoride mg/L 0.5395(0.53-0.549) 2 0 2 0.224(0.21-0.547) 4 0 4

General Hardness as CaCO3 mg/L 437.5(425-450) 2 0 2 75(45-375) 4 0 4

General Kjeldahl-N mg/L 2.31(0.76-3.86) 2 0 2 1.52(0.76-4.44) 4 0 4

General Methyl Tertiary Butyl Ether (MTBE) ug/L 0.2(0.2-0.2) 2 0 0 0.2(0.2-0.2) 5 0 0

General Methylene Blue Active Substances (MBAS) mg/L 0(0-0) 2 0 0 0(0-0) 4 0 0

General NH3-N mg/L 0.115(0.11-0.12) 2 0 2 0.415(0.18-0.639) 4 0 4

General Nitrate (NO3) mg/L 45 5.615(5.32-5.91) 2 0 2 45 3.865(3.02-4.93) 4 0 4

General Nitrate-N mg/L 10 1.265(1.2-1.33) 2 0 2 10 0.872(0.681-1.11) 4 0 4

General Nitrite-N mg/L 1 0.01(0.005-0.015) 2 0 0 1 0.015(0.005-0.015) 4 0 0

General Phosphorus- Total (as P) mg/L 0.135(0.05-0.22) 2 0 2 0.21(0.191-0.33) 4 0 4

General Specific Conductance umhos/cm 1180(1150-1210) 2 0 2 217(121-1070) 4 0 4

General Sulfate mg/L 242(240-244) 2 0 2 23.25(13.3-155) 4 0 4

General Total Dissolved Solids mg/L 815(794-836) 2 0 2 133(80-716) 4 0 4

General Total Organic Carbon mg/L 6.93(4.64-9.22) 2 0 2 39.2(20.5-54.5) 4 0 4

General Total Petroleum Hydrocarbons mg/L 0.75(0.75-0.75) 2 0 0 0.75(0-0.75) 5 0 0

General Total Suspended Solids mg/L 31(9-53) 2 0 2 117(12-291) 13 0 13

General Turbidity NTU 1.41(1.14-1.68) 2 0 2 11.16(3.54-19.5) 4 0 4

General Volatile Suspended Solids mg/L 11(5-17) 2 0 2 63.5(11-84) 4 0 4

Herbicides 2-4-5-TP-SILVEX ug/L 0.0335(0.0335-0.0335) 2 0 0 0.0335(0.0335-0.0335) 4 0 0

Herbicides 2-4-D ug/L 0.0075(0.0075-0.0075) 2 0 0 0.0075(0.0075-0.0075) 4 0 0

Herbicides Glyphosate ug/L 2.5(2.5-2.5) 2 0 0 2.5(2.5-2.5) 4 0 0

Metals Dissolved Aluminum ug/L 25(25-25) 2 0 0 803.5(51.3-940) 4 0 4

Metals Dissolved Antimony ug/L 0.434(0.1-0.768) 2 0 1 0.1(0.1-0.1) 4 0 0

Ballona Creek @ Sawtelle Blvd.

S01

2010-11Dry

Ballona Creek @ Sawtelle Blvd.

S01

2010-11Wet

Table 4-4.1. Ballona Creek @ Sawtelle Blvd. Dry & Wet Weather Exceedance Summary

Group Parameter Units
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Ballona Creek @ Sawtelle Blvd.

S01

2010-11Dry

Ballona Creek @ Sawtelle Blvd.

S01

2010-11Wet

Table 4-4.1. Ballona Creek @ Sawtelle Blvd. Dry & Wet Weather Exceedance Summary

Group Parameter Units

Metals Dissolved Arsenic ug/L 340.2 0.705(0.1-1.31) 2 0 1 151.2-340.2 0.1(0.1-2.11) 4 0 1

Metals Dissolved Barium ug/L 37.35(0.5-74.2) 2 0 1 0.5(0.5-0.5) 4 0 0

Metals Dissolved Beryllium ug/L 0.05(0.05-0.05) 2 0 0 0.05(0.05-0.05) 4 0 0

Metals Dissolved Cadmium ug/L 18.9 0.05(0.05-0.05) 2 0 0 0-18.9 0.05(0.05-0.05) 4 0 0

Metals Dissolved Chromium ug/L 1707.3 0.616(0.25-0.982) 2 0 1 37.8-1619.1 0.25(0.25-0.25) 4 0 0

Metals Dissolved Chromium +6 ug/L 390.6 0.125(0.125-0.125) 2 0 0 44.1-365.4 0.125(0.125-0.125) 4 0 0

Metals Dissolved Copper ug/L 50.4 6.875(0.25-13.5) 2 0 1 6.3-44.1 0.25(0.25-0.25) 4 0 0

Metals Dissolved Iron ug/L 156(25-287) 2 0 1 1050(106-1750) 4 0 4

Metals Dissolved Lead ug/L 283.5 1.17(0.1-2.24) 2 0 1 0-264.6 18(0.1-26.8) 4 0 3

Metals Dissolved Mercury ug/L 0.05(0.05-0.05) 2 0 0 0.05(0.05-0.05) 4 0 0

Metals Dissolved Nickel ug/L 1512 2.34(0.25-4.43) 2 0 1 31.5-1430.1 0.25(0.25-0.25) 4 0 0

Metals Dissolved Selenium ug/L 1.625(0.25-3) 2 0 1 0.25(0.25-0.25) 4 0 0

Metals Dissolved Silver ug/L 37.8 0.05(0.05-0.05) 2 0 0 0-31.5 0.05(0.05-0.05) 4 0 0

Metals Dissolved Thallium ug/L 0.05(0.05-0.05) 2 0 0 0.05(0.05-0.05) 4 0 0

Metals Dissolved Zinc ug/L 378 22.8(0.5-45.1) 2 0 1 56.7-359.1 184(0.5-199) 4 3 3

Metals Aluminum ug/L 277.5(25-530) 2 0 1 2195(216-3400) 4 0 4

Metals Antimony ug/L 0.5265(0.1-0.953) 2 0 1 0.1(0.1-0.1) 4 0 0

Metals Arsenic ug/L 1.43(0.1-2.76) 2 0 1 1.39(0.1-2.85) 4 0 2

Metals Barium ug/L 49.45(0.5-98.4) 2 0 1 0.5(0.5-0.5) 4 0 0

Metals Beryllium ug/L 0.05(0.05-0.05) 2 0 0 0.05(0.05-0.05) 4 0 0

Metals Cadmium ug/L 0.05(0.05-0.05) 2 0 0 0.05(0.05-0.05) 4 0 0

Metals Chromium ug/L 2.25(0.25-4.25) 2 0 1 0.25(0.25-14.4) 4 0 1

Metals Chromium +6 ug/L 0.125(0.125-0.125) 2 0 0 0.125(0.125-0.125) 4 0 0

Metals Copper ug/L 15.225(0.25-30.2) 2 0 1 25.675(0.25-57.5) 4 0 2

Metals Iron ug/L 425(25-825) 2 0 1 3485(397-7100) 4 0 4

Metals Lead ug/L 1.475(0.1-2.85) 2 0 1 26(0.1-37.6) 4 0 3

Metals Mercury ug/L 0.05(0.05-0.05) 2 0 0 0.05(0.05-0.05) 4 0 0

Metals Nickel ug/L 3.115(0.25-5.98) 2 0 1 0.25(0.25-10.7) 4 0 1

Metals Selenium ug/L 1.765(0.25-3.28) 2 0 1 5 0.25(0.25-0.25) 4 0 0

Metals Silver ug/L 0.05(0.05-0.05) 2 0 0 0.05(0.05-0.05) 4 0 0

Metals Thallium ug/L 0.05(0.05-0.05) 2 0 0 0.05(0.05-0.05) 4 0 0

Metals Zinc ug/L 58.7(52.1-65.3) 2 0 2 211.5(0.5-304) 4 0 3

Organophosphate Pesticides Atrazine ug/L 0.3335(0.3335-0.3335) 2 0 0 0.3335(0.3335-0.3335) 4 0 0

Organophosphate Pesticides Chlorpyrifos ug/L 0.01(0.01-0.01) 2 0 0 0.01(0.01-0.01) 4 0 0

Organophosphate Pesticides Cyanazine ug/L 0.3335(0.3335-0.3335) 2 0 0 0.3335(0.3335-0.3335) 4 0 0

Organophosphate Pesticides Diazinon ug/L 0.0015(0.0015-0.0015) 2 0 0 0.0015(0.0015-0.0015) 4 0 0

Organophosphate Pesticides Malathion ug/L 0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 5 0 0

Organophosphate Pesticides Prometryn ug/L 0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

Organophosphate Pesticides Simazine ug/L 0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

Polychlorinated Biphenyls PCB-1016 (Aroclor 1016) ug/L 0.0325(0.0325-0.0325) 2 0 0 0.0325(0.0325-0.0325) 4 0 0

Polychlorinated Biphenyls PCB-1221 (Aroclor 1221) ug/L 0.0325(0.0325-0.0325) 2 0 0 0.0325(0.0325-0.0325) 4 0 0

Polychlorinated Biphenyls PCB-1232 (Aroclor 1232) ug/L 0.0325(0.0325-0.0325) 2 0 0 0.0325(0.0325-0.0325) 4 0 0

Polychlorinated Biphenyls PCB-1242 (Aroclor 1242) ug/L 0.0325(0.0325-0.0325) 2 0 0 0.0325(0.0325-0.0325) 4 0 0

Polychlorinated Biphenyls PCB-1248 (Aroclor 1248) ug/L 0.0325(0.0325-0.0325) 2 0 0 0.0325(0.0325-0.0325) 4 0 0

Polychlorinated Biphenyls PCB-1254 (Aroclor 1254) ug/L 0.0325(0.0325-0.0325) 2 0 0 0.0325(0.0325-0.0325) 4 0 0

Polychlorinated Biphenyls PCB-1260 (Aroclor 1260) ug/L 0.0325(0.0325-0.0325) 2 0 0 0.0325(0.0325-0.0325) 4 0 0

Semivolatile Organic Compounds (Acids) 2-4-6-Trichlorophenol ug/L 1.665(1.665-1.665) 2 0 0 1.665(1.665-1.665) 4 0 0

Semivolatile Organic Compounds (Acids) 2-4-Dichlorophenol ug/L 0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

Semivolatile Organic Compounds (Acids) 2-4-Dimethylphenol ug/L 0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

Semivolatile Organic Compounds (Acids) 2-4-Dinitrophenol ug/L 0.5(0.5-0.5) 2 0 0 0.5(0.5-0.5) 4 0 0

Semivolatile Organic Compounds (Acids) 2-Chlorophenol ug/L 0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

Semivolatile Organic Compounds (Acids) 2-Nitrophenol ug/L 0.5(0.5-0.5) 2 0 0 0.5(0.5-0.5) 4 0 0

Semivolatile Organic Compounds (Acids) 4-Chloro-3-methylphenol ug/L 0.5(0.5-0.5) 2 0 0 0.5(0.5-0.5) 4 0 0

Semivolatile Organic Compounds (Acids) 4-Nitrophenol ug/L 0.5(0.5-0.5) 2 0 0 0.5(0.5-0.5) 4 0 0

Semivolatile Organic Compounds (Acids) Pentachlorophenol ug/L 22.0-43.6 0.335(0.335-0.335) 2 0 0 5.2-52.7 0.335(0.335-0.335) 4 0 0

Semivolatile Organic Compounds (Acids) Phenol ug/L 0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

Semivolatile Organic Compounds (Acids) Phenolics-Total Recoverable mg/L 0.015(0.015-0.015) 2 0 0 0.015(0.015-0.03) 5 0 0
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WQO Median (range) #samples #exceed #detected WQO Median (range) #samples #exceed #detected

Ballona Creek @ Sawtelle Blvd.

S01

2010-11Dry

Ballona Creek @ Sawtelle Blvd.

S01

2010-11Wet

Table 4-4.1. Ballona Creek @ Sawtelle Blvd. Dry & Wet Weather Exceedance Summary

Group Parameter Units

Semivolatile Organic Compounds (Base/Neutral) 1-2-4-Trichlorobenzene ug/L 0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) 1-2-Benzanthracene ug/L 0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) 1-2-Dichlorobenzene ug/L 0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) 1-2-Diphenylhydrazine ug/L 0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) 1-3-Dichlorobenzene ug/L 0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) 1-4-Dichlorobenzene ug/L 0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) 2-4-Dinitrotoluene ug/L 0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) 2-6-Dinitrotoluene ug/L 0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) 2-Chloroethyl vinyl ether ug/L 1.25(1.25-1.25) 2 0 0 1.25(1.25-1.25) 5 0 0

Semivolatile Organic Compounds (Base/Neutral) 2-Chloronaphthalene ug/L 1.665(1.665-1.665) 2 0 0 1.665(1.665-1.665) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) 3-3-Dichlorobenzidine ug/L 0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) 4-6-Dinitro-2-methylphenol ug/L 0.5(0.5-0.5) 2 0 0 0.5(0.5-0.5) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) 4-Bromophenyl phenyl ether ug/L 0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) 4-Chlorophenyl phenyl ether ug/L 0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Acenaphthene ug/L 0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Acenaphthylene ug/L 0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Anthracene ug/L 0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Benzidine ug/L 0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Benzo(a)pyrene ug/L 0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Benzo(b)flouranthene ug/L 1.67(1.67-1.67) 2 0 0 1.67(1.67-1.67) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Benzo(k)flouranthene ug/L 0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Benzo[g-h-i]perylene ug/L 0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Bis(2-Chloroethoxy) methane ug/L 0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Bis(2-Chloroethyl) ether ug/L 0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Bis(2-Chloroisopropyl) ether ug/L 0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Bis(2-Ethylhexl) phthalate ug/L 0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Butyl benzyl phthalate ug/L 1.665(1.665-1.665) 2 0 0 1.665(1.665-1.665) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Chrysene ug/L 0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Dibenzo(a-h)anthracene ug/L 0.0165(0.0165-0.0165) 2 0 0 0.0165(0.0165-0.0165) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Diethyl phthalate ug/L 0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Dimethyl phthalate ug/L 0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Fluoranthene ug/L 0.0085(0.0085-0.0085) 2 0 0 0.0085(0.0085-0.0085) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Fluorene ug/L 0.0165(0.0165-0.0165) 2 0 0 0.0165(0.0165-0.0165) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Hexachloro-cyclopentadiene ug/L 0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Hexachlorobenzene ug/L 0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Hexachlorobutadiene ug/L 0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Hexachloroethane ug/L 0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Indeno(1-2-3-c-d)pyrene ug/L 0.0085(0.0085-0.0085) 2 0 0 0.0085(0.0085-0.0085) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Isophorone ug/L 0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) N-Nitroso-di-n-propyl amine ug/L 0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) N-Nitroso-dimethyl amine ug/L 0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) N-Nitroso-diphenyl amine ug/L 0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Naphthalene ug/L 0.0335(0.0335-0.0335) 2 0 0 0.0335(0.0335-0.0335) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Nitrobenzene ug/L 0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Phenanthrene ug/L 0.0085(0.0085-0.0085) 2 0 0 0.0085(0.0085-0.0085) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Pyrene ug/L 0.0085(0.0085-0.0085) 2 0 0 0.0085(0.0085-0.0085) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) di-n-Butyl phthalate ug/L 1.665(1.665-1.665) 2 0 0 1.665(1.665-1.665) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) di-n-Octyl phthalate ug/L 1.665(1.665-1.665) 2 0 0 1.665(1.665-1.665) 4 0 0

WQO=Water Quality Objective

Hardness based CTR calculations were based on a minimum of the sample hardness or  400 mg/L (as per the CTR)

High Volume Suspension for REC1/REC 2 beneficial use was applied to storm events greater than 0.5 inch at the 

Ballona Creek  (S01), Los Angeles (S10), Coyote Creek (S13),  San Gabriel (S14), and Dominguez Channel (S28) 

MES.
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Bacteria Fecal Coliform MPN/100mL

Bacteria Fecal Enterococcus MPN/100mL

Bacteria Fecal Streptococcus MPN/100mL

Bacteria Total Coliform MPN/100mL

Chlorinated Pesticides 4-4'-DDD ug/L

Chlorinated Pesticides 4-4'-DDE ug/L

Chlorinated Pesticides 4-4'-DDT ug/L

Chlorinated Pesticides Aldrin ug/L

Chlorinated Pesticides Dieldrin ug/L

Chlorinated Pesticides Endosulfan I (alpha) ug/L

Chlorinated Pesticides Endosulfan II (beta) ug/L

Chlorinated Pesticides Endosulfan sulfate ug/L

Chlorinated Pesticides Endrin ug/L

Chlorinated Pesticides Endrin aldehyde ug/L

Chlorinated Pesticides Heptachlor ug/L

Chlorinated Pesticides Heptachlor Epoxide ug/L

Chlorinated Pesticides Methoxychlor ug/L

Chlorinated Pesticides Toxaphene ug/L

Chlorinated Pesticides alpha-BHC ug/L

Chlorinated Pesticides alpha-chlordane ug/L

Chlorinated Pesticides beta-BHC ug/L

Chlorinated Pesticides delta-BHC ug/L

Chlorinated Pesticides gamma-BHC (lindane) ug/L

Chlorinated Pesticides gamma-chlordane ug/L

Conventionals Cyanide mg/L

Conventionals Dissolved Oxygen mg/L

Conventionals Oil and Grease mg/L

Conventionals pH pH units

General Alkalinity as CaCO3 mg/L

General Ammonia mg/L

General BioChemical Oxygen Demand- Five-Day mg/L

General Chemical Oxygen Demand mg/L

General Chloride mg/L

General Dissolved Phosphorus mg/L

General Fluoride mg/L

General Hardness as CaCO3 mg/L

General Kjeldahl-N mg/L

General Methyl Tertiary Butyl Ether (MTBE) ug/L

General Methylene Blue Active Substances (MBAS) mg/L

General NH3-N mg/L

General Nitrate (NO3) mg/L

General Nitrate-N mg/L

General Nitrite-N mg/L

General Phosphorus- Total (as P) mg/L

General Specific Conductance umhos/cm

General Sulfate mg/L

General Total Dissolved Solids mg/L

General Total Organic Carbon mg/L

General Total Petroleum Hydrocarbons mg/L

General Total Suspended Solids mg/L

General Turbidity NTU

General Volatile Suspended Solids mg/L

Herbicides 2-4-5-TP-SILVEX ug/L

Herbicides 2-4-D ug/L

Herbicides Glyphosate ug/L

Metals Dissolved Aluminum ug/L

Metals Dissolved Antimony ug/L

Group Parameter Units

WQO Median (range) #samples #exceed #detected WQO Median (range) #samples #exceed #detected

400 2505(10-5000) 2 1 1 400 14000(130-90000) 5 3 5

160(20-300) 2 0 2 500(300-300000) 5 0 5

260(20-500) 2 0 2 500(300-300000) 5 0 5

45650(1300-90000) 2 0 2 90000(1300-240000) 5 0 5

0.0055(0.0055-0.0055) 2 0 0 0.0055(0.0055-0.0055) 4 0 0

0.002(0.002-0.002) 2 0 0 0.002(0.002-0.002) 4 0 0

1.1 0.005(0.005-0.005) 2 0 0 1.1 0.005(0.005-0.005) 4 0 0

3 0.002(0.002-0.002) 2 0 0 3 0.002(0.002-0.002) 4 0 0

0.001(0.001-0.001) 2 0 0 0.001(0.001-0.001) 4 0 0

0.005(0.005-0.005) 2 0 0 0.005(0.005-0.005) 4 0 0

0.002(0.002-0.002) 2 0 0 0.002(0.002-0.002) 4 0 0

0.025(0.025-0.025) 2 0 0 0.025(0.025-0.025) 4 0 0

0.086 0.003(0.003-0.003) 2 0 0 0.086 0.003(0.003-0.003) 4 0 0

0.005(0.005-0.005) 2 0 0 0.005(0.005-0.005) 4 0 0

0.52 0.0015(0.0015-0.0015) 2 0 0 0.52 0.0015(0.0015-0.0015) 4 0 0

0.52 0.005(0.005-0.005) 2 0 0 0.52 0.005(0.005-0.005) 4 0 0

0.25(0.25-0.25) 2 0 0 0.25(0.25-0.25) 4 0 0

0.73 0.12(0.12-0.12) 2 0 0 0.73 0.12(0.12-0.12) 4 0 0

0.005(0.005-0.005) 2 0 0 0.005(0.005-0.005) 4 0 0

0.0165(0.0165-0.0165) 2 0 0 0.0165(0.0165-0.0165) 4 0 0

0.0025(0.0025-0.0025) 2 0 0 0.0025(0.0025-0.0025) 4 0 0

0.0025(0.0025-0.0025) 2 0 0 0.0025(0.0025-0.0025) 4 0 0

0.95 0.002(0.002-0.002) 2 0 0 0.95 0.002(0.002-0.002) 4 0 0

0.0165(0.0165-0.0165) 2 0 0 0.0165(0.0165-0.0165) 4 0 0

0.022 0.00375(0.0025-0.005) 2 0 1 0.022 0.0025(0.0025-0.042) 5 1 1

5 10.45(10.1-10.8) 2 0 2 5 10.5(9.56-12.1) 5 0 5

0.72(0.72-0.72) 2 0 0 0.72(0.72-0.72) 5 0 0

6.5-8.5 8.055(7.91-8.2) 2 0 2 6.5-8.5 7.105(6.48-8.16) 4 1 4

238(234-242) 2 0 2 226(121-275) 4 0 4

3.9-6.8 0.115(0.109-0.121) 2 0 2 3.9-29 0.1695(0.145-0.254) 4 0 4

0.5(0.5-0.5) 2 0 0 3.03(2.84-6.5) 4 0 4

50.45(36.9-64) 2 0 2 59.45(40.3-160) 4 0 4

500 135(121-149) 2 0 2 500 168(77.2-195) 4 0 4

0.32(0.17-0.47) 2 0 2 0.35(0.14-0.621) 4 0 4

0.3975(0.358-0.437) 2 0 2 0.392(0.384-0.527) 4 0 4

870(580-1160) 2 0 2 627.5(355-1040) 4 0 4

1.98(0.48-3.48) 2 0 2 0.78(0.54-2.04) 4 0 4

0.2(0.2-0.2) 2 0 0 0.2(0.2-0.2) 5 0 0

0.0025(0-0.005) 2 0 0 0(0-0) 4 0 0

0.075(0.05-0.1) 2 0 1 0.14(0.12-0.21) 4 0 4

45 4.73(0.05-9.41) 2 0 1 45 5.545(2.98-14) 4 0 4

10 1.0675(0.015-2.12) 2 0 1 10 1.2505(0.674-3.15) 4 0 4

1 0.01(0.005-0.015) 2 0 0 1 0.015(0.005-0.015) 4 0 0

0.33(0.18-0.48) 2 0 2 0.415(0.16-0.69) 4 0 4

1915(1440-2390) 2 0 2 1625(905-2280) 4 0 4

500 604(408-800) 2 1 2 500 598(244-880) 4 3 4

2000 1289(958-1620) 2 0 2 2000 1105(516-1520) 4 0 4

4.23(3.46-5) 2 0 2 21(7.04-37.2) 4 0 4

0.75(0.75-0.75) 2 0 0 0.75(0.75-0.75) 5 0 0

8.5(4-13) 2 0 2 37(4-358) 13 0 13

0.855(0.82-0.89) 2 0 2 3.395(1.37-15) 4 0 4

6.5(3-10) 2 0 2 6(3-18) 4 0 4

0.0335(0.0335-0.0335) 2 0 0 0.0335(0.0335-0.0335) 4 0 0

0.0075(0.0075-0.0075) 2 0 0 0.0075(0.0075-0.0075) 4 0 0

2.5(2.5-2.5) 2 0 0 2.5(2.5-2.5) 4 0 0

25(25-25) 2 0 0 142(25-685) 4 0 3

0.1(0.1-0.1) 2 0 0 0.1(0.1-0.1) 4 0 0

Malibu Creek @ Piuma Rd.

S02

2010-11Dry

Malibu Creek @ Piuma Rd.

S02

2010-11Wet

Table 4-4.2. Malibu Creek @ Piuma Rd. Dry & Wet Weather Exceedance Summary
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Group Parameter Units

Metals Dissolved Arsenic ug/L

Metals Dissolved Barium ug/L

Metals Dissolved Beryllium ug/L

Metals Dissolved Cadmium ug/L

Metals Dissolved Chromium ug/L

Metals Dissolved Chromium +6 ug/L

Metals Dissolved Copper ug/L

Metals Dissolved Iron ug/L

Metals Dissolved Lead ug/L

Metals Dissolved Mercury ug/L

Metals Dissolved Nickel ug/L

Metals Dissolved Selenium ug/L

Metals Dissolved Silver ug/L

Metals Dissolved Thallium ug/L

Metals Dissolved Zinc ug/L

Metals Aluminum ug/L

Metals Antimony ug/L

Metals Arsenic ug/L

Metals Barium ug/L

Metals Beryllium ug/L

Metals Cadmium ug/L

Metals Chromium ug/L

Metals Chromium +6 ug/L

Metals Copper ug/L

Metals Iron ug/L

Metals Lead ug/L

Metals Mercury ug/L

Metals Nickel ug/L

Metals Selenium ug/L

Metals Silver ug/L

Metals Thallium ug/L

Metals Zinc ug/L

Organophosphate Pesticides Atrazine ug/L

Organophosphate Pesticides Chlorpyrifos ug/L

Organophosphate Pesticides Cyanazine ug/L

Organophosphate Pesticides Diazinon ug/L

Organophosphate Pesticides Malathion ug/L

Organophosphate Pesticides Prometryn ug/L

Organophosphate Pesticides Simazine ug/L

Polychlorinated Biphenyls PCB-1016 (Aroclor 1016) ug/L

Polychlorinated Biphenyls PCB-1221 (Aroclor 1221) ug/L

Polychlorinated Biphenyls PCB-1232 (Aroclor 1232) ug/L

Polychlorinated Biphenyls PCB-1242 (Aroclor 1242) ug/L

Polychlorinated Biphenyls PCB-1248 (Aroclor 1248) ug/L

Polychlorinated Biphenyls PCB-1254 (Aroclor 1254) ug/L

Polychlorinated Biphenyls PCB-1260 (Aroclor 1260) ug/L

Semivolatile Organic Compounds (Acids) 2-4-6-Trichlorophenol ug/L

Semivolatile Organic Compounds (Acids) 2-4-Dichlorophenol ug/L

Semivolatile Organic Compounds (Acids) 2-4-Dimethylphenol ug/L

Semivolatile Organic Compounds (Acids) 2-4-Dinitrophenol ug/L

Semivolatile Organic Compounds (Acids) 2-Chlorophenol ug/L

Semivolatile Organic Compounds (Acids) 2-Nitrophenol ug/L

Semivolatile Organic Compounds (Acids) 4-Chloro-3-methylphenol ug/L

Semivolatile Organic Compounds (Acids) 4-Nitrophenol ug/L

Semivolatile Organic Compounds (Acids) Pentachlorophenol ug/L

Semivolatile Organic Compounds (Acids) Phenol ug/L

Semivolatile Organic Compounds (Acids) Phenolics-Total Recoverable mg/L

WQO Median (range) #samples #exceed #detected WQO Median (range) #samples #exceed #detected

Malibu Creek @ Piuma Rd.

S02

2010-11Dry

Malibu Creek @ Piuma Rd.

S02

2010-11Wet

Table 4-4.2. Malibu Creek @ Piuma Rd. Dry & Wet Weather Exceedance Summary

340.2 0.1(0.1-0.1) 2 0 0 151.2-340.2 0.1(0.1-0.1) 4 0 0

30.5(0.5-60.5) 2 0 1 0.5(0.5-0.5) 4 0 0

0.05(0.05-0.05) 2 0 0 0.05(0.05-0.05) 4 0 0

18.9 0.05(0.05-0.05) 2 0 0 6.3-18.9 0.05(0.05-0.05) 4 0 0

1707.3 0.25(0.25-0.25) 2 0 0 182.7-1707.3 0.25(0.25-0.25) 4 0 0

390.6 0.125(0.125-0.125) 2 0 0 340.2-390.6 0.125(0.125-0.125) 4 0 0

50.4 2.97(0.25-5.69) 2 0 1 25.2-50.4 0.25(0.25-0.25) 4 0 0

81(25-137) 2 0 1 260(25-1330) 4 0 3

283.5 0.1(0.1-0.1) 2 0 0 12.6-283.5 0.1(0.1-6.2) 4 0 1

0.05(0.05-0.05) 2 0 0 0.05(0.05-0.05) 4 0 0

1512 5.12(0.25-9.99) 2 0 1 151.2-1512 0.25(0.25-11.1) 4 0 1

1.76(0.25-3.27) 2 0 1 2.865(0.25-7.04) 4 0 2

37.8 0.05(0.05-0.05) 2 0 0 31.5-37.8 0.05(0.05-0.05) 4 0 0

0.05(0.05-0.05) 2 0 0 0.05(0.05-0.05) 4 0 0

378 11.1(0.5-21.7) 2 0 1 346.5-378 27.25(0.5-90.4) 4 0 2

108.8(77.6-140) 2 0 2 298.5(104-1940) 4 0 4

0.1(0.1-0.1) 2 0 0 0.1(0.1-0.1) 4 0 0

1(0.1-1.9) 2 0 1 1.29(0.1-2.66) 4 0 2

35.15(0.5-69.8) 2 0 1 0.5(0.5-0.5) 4 0 0

0.05(0.05-0.05) 2 0 0 0.05(0.05-0.05) 4 0 0

0.05(0.05-0.05) 2 0 0 0.05(0.05-0.05) 4 0 0

1.835(0.25-3.42) 2 0 1 0.25(0.25-0.25) 4 0 0

0.125(0.125-0.125) 2 0 0 0.125(0.125-0.125) 4 0 0

3.46(0.25-6.67) 2 0 1 0.25(0.25-0.25) 4 0 0

244(186-302) 2 0 2 635(265-3350) 4 0 4

0.1(0.1-0.1) 2 0 0 0.1(0.1-10.3) 4 0 1

0.05(0.05-0.05) 2 0 0 0.05(0.05-0.05) 4 0 0

6.575(0.25-12.9) 2 0 1 12.5(0.25-18.3) 4 0 3

1.895(0.25-3.54) 2 0 1 5 5.775(0.25-8.61) 4 0 3

0.05(0.05-0.05) 2 0 0 0.05(0.05-0.05) 4 0 0

0.05(0.05-0.05) 2 0 0 0.05(0.05-0.05) 4 0 0

19(0.5-37.5) 2 0 1 60.95(0.5-98.4) 4 0 3

0.3335(0.3335-0.3335) 2 0 0 0.3335(0.3335-0.3335) 4 0 0

0.01(0.01-0.01) 2 0 0 0.01(0.01-0.01) 4 0 0

0.3335(0.3335-0.3335) 2 0 0 0.3335(0.3335-0.3335) 4 0 0

0.0015(0.0015-0.0015) 2 0 0 0.0015(0.0015-0.0015) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 5 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

0.0325(0.0325-0.0325) 2 0 0 0.0325(0.0325-0.0325) 4 0 0

0.0325(0.0325-0.0325) 2 0 0 0.0325(0.0325-0.0325) 4 0 0

0.0325(0.0325-0.0325) 2 0 0 0.0325(0.0325-0.0325) 4 0 0

0.0325(0.0325-0.0325) 2 0 0 0.0325(0.0325-0.0325) 4 0 0

0.0325(0.0325-0.0325) 2 0 0 0.0325(0.0325-0.0325) 4 0 0

0.0325(0.0325-0.0325) 2 0 0 0.0325(0.0325-0.0325) 4 0 0

0.0325(0.0325-0.0325) 2 0 0 0.0325(0.0325-0.0325) 4 0 0

1.665(1.665-1.665) 2 0 0 1.665(1.665-1.665) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

0.5(0.5-0.5) 2 0 0 0.5(0.5-0.5) 4 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

0.5(0.5-0.5) 2 0 0 0.5(0.5-0.5) 4 0 0

0.5(0.5-0.5) 2 0 0 0.5(0.5-0.5) 4 0 0

0.5(0.5-0.5) 2 0 0 0.5(0.5-0.5) 4 0 0

21.8-29.1 0.335(0.335-0.335) 2 0 0 4.2-28.0 0.335(0.335-0.335) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.015(0.015-0.015) 2 0 0 0.015(0.015-0.05) 5 0 0
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Group Parameter Units

Semivolatile Organic Compounds (Base/Neutral) 1-2-4-Trichlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) 1-2-Benzanthracene ug/L

Semivolatile Organic Compounds (Base/Neutral) 1-2-Dichlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) 1-2-Diphenylhydrazine ug/L

Semivolatile Organic Compounds (Base/Neutral) 1-3-Dichlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) 1-4-Dichlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) 2-4-Dinitrotoluene ug/L

Semivolatile Organic Compounds (Base/Neutral) 2-6-Dinitrotoluene ug/L

Semivolatile Organic Compounds (Base/Neutral) 2-Chloroethyl vinyl ether ug/L

Semivolatile Organic Compounds (Base/Neutral) 2-Chloronaphthalene ug/L

Semivolatile Organic Compounds (Base/Neutral) 3-3-Dichlorobenzidine ug/L

Semivolatile Organic Compounds (Base/Neutral) 4-6-Dinitro-2-methylphenol ug/L

Semivolatile Organic Compounds (Base/Neutral) 4-Bromophenyl phenyl ether ug/L

Semivolatile Organic Compounds (Base/Neutral) 4-Chlorophenyl phenyl ether ug/L

Semivolatile Organic Compounds (Base/Neutral) Acenaphthene ug/L

Semivolatile Organic Compounds (Base/Neutral) Acenaphthylene ug/L

Semivolatile Organic Compounds (Base/Neutral) Anthracene ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzidine ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzo(a)pyrene ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzo(b)flouranthene ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzo(k)flouranthene ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzo[g-h-i]perylene ug/L

Semivolatile Organic Compounds (Base/Neutral) Bis(2-Chloroethoxy) methane ug/L

Semivolatile Organic Compounds (Base/Neutral) Bis(2-Chloroethyl) ether ug/L

Semivolatile Organic Compounds (Base/Neutral) Bis(2-Chloroisopropyl) ether ug/L

Semivolatile Organic Compounds (Base/Neutral) Bis(2-Ethylhexl) phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) Butyl benzyl phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) Chrysene ug/L

Semivolatile Organic Compounds (Base/Neutral) Dibenzo(a-h)anthracene ug/L

Semivolatile Organic Compounds (Base/Neutral) Diethyl phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) Dimethyl phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) Fluoranthene ug/L

Semivolatile Organic Compounds (Base/Neutral) Fluorene ug/L

Semivolatile Organic Compounds (Base/Neutral) Hexachloro-cyclopentadiene ug/L

Semivolatile Organic Compounds (Base/Neutral) Hexachlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) Hexachlorobutadiene ug/L

Semivolatile Organic Compounds (Base/Neutral) Hexachloroethane ug/L

Semivolatile Organic Compounds (Base/Neutral) Indeno(1-2-3-c-d)pyrene ug/L

Semivolatile Organic Compounds (Base/Neutral) Isophorone ug/L

Semivolatile Organic Compounds (Base/Neutral) N-Nitroso-di-n-propyl amine ug/L

Semivolatile Organic Compounds (Base/Neutral) N-Nitroso-dimethyl amine ug/L

Semivolatile Organic Compounds (Base/Neutral) N-Nitroso-diphenyl amine ug/L

Semivolatile Organic Compounds (Base/Neutral) Naphthalene ug/L

Semivolatile Organic Compounds (Base/Neutral) Nitrobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) Phenanthrene ug/L

Semivolatile Organic Compounds (Base/Neutral) Pyrene ug/L

Semivolatile Organic Compounds (Base/Neutral) di-n-Butyl phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) di-n-Octyl phthalate ug/L

WQO=Water Quality Objective

Hardness based CTR calculations were based on a minimum of the sample hardness or  400 mg/L (as per the CTR)

High Volume Suspension for REC1/REC 2 beneficial use was applied to storm events greater than 0.5 inch at the 

Ballona Creek  (S01), Los Angeles (S10), Coyote Creek (S13),  San Gabriel (S14), and Dominguez Channel (S28) 

MES.

WQO Median (range) #samples #exceed #detected WQO Median (range) #samples #exceed #detected

Malibu Creek @ Piuma Rd.

S02

2010-11Dry

Malibu Creek @ Piuma Rd.

S02

2010-11Wet

Table 4-4.2. Malibu Creek @ Piuma Rd. Dry & Wet Weather Exceedance Summary

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

1.25(1.25-1.25) 2 0 0 1.25(1.25-1.25) 5 0 0

1.665(1.665-1.665) 2 0 0 1.665(1.665-1.665) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.5(0.5-0.5) 2 0 0 0.5(0.5-0.5) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

1.67(1.67-1.67) 2 0 0 1.67(1.67-1.67) 4 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

1.665(1.665-1.665) 2 0 0 1.665(1.665-1.665) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.0165(0.0165-0.0165) 2 0 0 0.0165(0.0165-0.0165) 4 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

0.0085(0.0085-0.0085) 2 0 0 0.0085(0.0085-0.0085) 4 0 0

0.0165(0.0165-0.0165) 2 0 0 0.0165(0.0165-0.0165) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.0085(0.0085-0.0085) 2 0 0 0.0085(0.0085-0.0085) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.0335(0.0335-0.0335) 2 0 0 0.0335(0.0335-0.0335) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.0085(0.0085-0.0085) 2 0 0 0.0085(0.0085-0.0085) 4 0 0

0.0085(0.0085-0.0085) 2 0 0 0.0085(0.0085-0.0085) 4 0 0

1.665(1.665-1.665) 2 0 0 1.665(1.665-1.665) 4 0 0

1.665(1.665-1.665) 2 0 0 1.665(1.665-1.665) 4 0 0
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Bacteria Fecal Coliform MPN/100mL

Bacteria Fecal Enterococcus MPN/100mL

Bacteria Fecal Streptococcus MPN/100mL

Bacteria Total Coliform MPN/100mL

Chlorinated Pesticides 4-4'-DDD ug/L

Chlorinated Pesticides 4-4'-DDE ug/L

Chlorinated Pesticides 4-4'-DDT ug/L

Chlorinated Pesticides Aldrin ug/L

Chlorinated Pesticides Dieldrin ug/L

Chlorinated Pesticides Endosulfan I (alpha) ug/L

Chlorinated Pesticides Endosulfan II (beta) ug/L

Chlorinated Pesticides Endosulfan sulfate ug/L

Chlorinated Pesticides Endrin ug/L

Chlorinated Pesticides Endrin aldehyde ug/L

Chlorinated Pesticides Heptachlor ug/L

Chlorinated Pesticides Heptachlor Epoxide ug/L

Chlorinated Pesticides Methoxychlor ug/L

Chlorinated Pesticides Toxaphene ug/L

Chlorinated Pesticides alpha-BHC ug/L

Chlorinated Pesticides alpha-chlordane ug/L

Chlorinated Pesticides beta-BHC ug/L

Chlorinated Pesticides delta-BHC ug/L

Chlorinated Pesticides gamma-BHC (lindane) ug/L

Chlorinated Pesticides gamma-chlordane ug/L

Conventionals Cyanide mg/L

Conventionals Dissolved Oxygen mg/L

Conventionals Oil and Grease mg/L

Conventionals pH pH units

General Alkalinity as CaCO3 mg/L

General Ammonia mg/L

General BioChemical Oxygen Demand- Five-Day mg/L

General Chemical Oxygen Demand mg/L

General Chloride mg/L

General Dissolved Phosphorus mg/L

General Fluoride mg/L

General Hardness as CaCO3 mg/L

General Kjeldahl-N mg/L

General Methyl Tertiary Butyl Ether (MTBE) ug/L

General Methylene Blue Active Substances (MBAS) mg/L

General NH3-N mg/L

General Nitrate (NO3) mg/L

General Nitrate-N mg/L

General Nitrite-N mg/L

General Phosphorus- Total (as P) mg/L

General Specific Conductance umhos/cm

General Sulfate mg/L

General Total Dissolved Solids mg/L

General Total Organic Carbon mg/L

General Total Petroleum Hydrocarbons mg/L

General Total Suspended Solids mg/L

General Turbidity NTU

General Volatile Suspended Solids mg/L

Herbicides 2-4-5-TP-SILVEX ug/L

Herbicides 2-4-D ug/L

Herbicides Glyphosate ug/L

Metals Dissolved Aluminum ug/L

Metals Dissolved Antimony ug/L

Group Parameter Units

WQO Median (range) #samples #exceed #detected WQO Median (range) #samples #exceed #detected

400 150005(10-300000) 2 1 1 400 500000(3000-9000000) 5 4 5

1265(130-2400) 2 0 2 240000(9000-1600000) 5 0 5

1265(130-2400) 2 0 2 240000(9000-1600000) 5 0 5

150115(230-300000) 2 0 2 5000000(300000-9000000) 5 0 5

0.0055(0.0055-0.0055) 2 0 0 0.0055(0.0055-0.0055) 4 0 0

0.002(0.002-0.002) 2 0 0 0.002(0.002-0.002) 4 0 0

1.1 0.005(0.005-0.005) 2 0 0 1.1 0.005(0.005-0.005) 4 0 0

3 0.002(0.002-0.002) 2 0 0 3 0.002(0.002-0.002) 4 0 0

0.001(0.001-0.001) 2 0 0 0.001(0.001-0.001) 4 0 0

0.005(0.005-0.005) 2 0 0 0.005(0.005-0.005) 4 0 0

0.002(0.002-0.002) 2 0 0 0.002(0.002-0.002) 4 0 0

0.025(0.025-0.025) 2 0 0 0.025(0.025-0.025) 4 0 0

0.086 0.003(0.003-0.003) 2 0 0 0.086 0.003(0.003-0.003) 4 0 0

0.005(0.005-0.005) 2 0 0 0.005(0.005-0.005) 4 0 0

0.52 0.0015(0.0015-0.0015) 2 0 0 0.52 0.0015(0.0015-0.0015) 4 0 0

0.52 0.005(0.005-0.005) 2 0 0 0.52 0.005(0.005-0.005) 4 0 0

0.25(0.25-0.25) 2 0 0 0.25(0.25-0.25) 4 0 0

0.73 0.12(0.12-0.12) 2 0 0 0.73 0.12(0.12-0.12) 4 0 0

0.005(0.005-0.005) 2 0 0 0.005(0.005-0.005) 4 0 0

0.0165(0.0165-0.0165) 2 0 0 0.0165(0.0165-0.0165) 4 0 0

0.0025(0.0025-0.0025) 2 0 0 0.0025(0.0025-0.0025) 4 0 0

0.0025(0.0025-0.0025) 2 0 0 0.0025(0.0025-0.0025) 4 0 0

0.95 0.002(0.002-0.002) 2 0 0 0.95 0.002(0.002-0.002) 4 0 0

0.0165(0.0165-0.0165) 2 0 0 0.0165(0.0165-0.0165) 4 0 0

0.022 0.0175(0.017-0.018) 2 0 2 0.022 0.009(0.0025-0.036) 5 1 4

5 15.2(13.2-17.2) 2 0 2 5 10.5(5.48-13.2) 5 0 5

0.72(0.72-0.72) 2 0 0 0.72(0-7.29) 5 0 1

6.5-8.5 8.81(8.65-8.97) 2 2 2 6.5-8.5 6.75(6.23-7.02) 4 1 4

146(138-154) 2 0 2 45.65(30.8-138) 4 0 4

0.91-1.42 0.599(0.375-0.823) 2 0 2 23-29 1.4(0.278-1.89) 4 0 4

22.25(12.3-32.2) 2 0 2 15.6(7.94-172) 4 0 4

44.45(41.5-47.4) 2 0 2 38.55(5-126) 4 0 3

150 113(106-120) 2 0 2 150 22.65(8.35-44) 4 0 4

0.0775(0.025-0.13) 2 0 1 0.2285(0.16-0.53) 4 0 4

0.625(0.573-0.677) 2 0 2 0.287(0.157-0.488) 4 0 4

245(220-270) 2 0 2 80(45-140) 4 0 4

2.37(1.38-3.36) 2 0 2 4.46(0.88-15) 4 0 4

0.2(0.2-0.2) 2 0 0 0.2(0.2-0.2) 5 0 0

0(0-0) 2 0 0 0.3(0-0.96) 4 0 2

0.495(0.31-0.68) 2 0 2 1.155(0.23-1.56) 4 0 4

45 6.645(5.65-7.64) 2 0 2 45 4.655(2.81-5.09) 4 0 4

10 1.5(1.28-1.72) 2 0 2 10 1.049(0.634-1.15) 4 0 4

1 0.061(0.005-0.117) 2 0 1 1 0.0286(0.005-0.076) 4 0 2

0.105(0.06-0.15) 2 0 2 0.287(0.2-0.59) 4 0 4

900.5(852-949) 2 0 2 250.5(122-456) 4 0 4

350 149.5(137-162) 2 0 2 350 33.15(13.6-50.7) 4 0 4

1500 597(590-604) 2 0 2 1500 158(70-316) 4 0 4

12.24(7.58-16.9) 2 0 2 33(8.6-37.4) 4 0 4

0.75(0.75-0.75) 2 0 0 0.75(0-0.75) 5 0 0

55(47-63) 2 0 2 166(45-2280) 14 0 14

2.375(2.13-2.62) 2 0 2 17.605(6.73-32) 4 0 4

26.5(25-28) 2 0 2 58.5(32-463) 4 0 4

0.0335(0.0335-0.0335) 2 0 0 0.0335(0.0335-0.0335) 4 0 0

0.0075(0.0075-0.0075) 2 0 0 0.0075(0.0075-0.0075) 4 0 0

5.35(2.5-8.2) 2 0 1 5.51(2.5-15.4) 4 0 2

74(25-123) 2 0 1 1220(625-2250) 4 0 4

0.4725(0.1-0.845) 2 0 1 0.1(0.1-0.1) 4 0 0

Los Angeles @ Wardlow

S10

2010-11Dry

Los Angeles @ Wardlow

S10

2010-11Wet

Table 4-4.3. Los Angeles River @ Wardlow Dry & Wet Weather Exceedance Summary

RB-AR9969



Group Parameter Units

Metals Dissolved Arsenic ug/L

Metals Dissolved Barium ug/L

Metals Dissolved Beryllium ug/L

Metals Dissolved Cadmium ug/L

Metals Dissolved Chromium ug/L

Metals Dissolved Chromium +6 ug/L

Metals Dissolved Copper ug/L

Metals Dissolved Iron ug/L

Metals Dissolved Lead ug/L

Metals Dissolved Mercury ug/L

Metals Dissolved Nickel ug/L

Metals Dissolved Selenium ug/L

Metals Dissolved Silver ug/L

Metals Dissolved Thallium ug/L

Metals Dissolved Zinc ug/L

Metals Aluminum ug/L

Metals Antimony ug/L

Metals Arsenic ug/L

Metals Barium ug/L

Metals Beryllium ug/L

Metals Cadmium ug/L

Metals Chromium ug/L

Metals Chromium +6 ug/L

Metals Copper ug/L

Metals Iron ug/L

Metals Lead ug/L

Metals Mercury ug/L

Metals Nickel ug/L

Metals Selenium ug/L

Metals Silver ug/L

Metals Thallium ug/L

Metals Zinc ug/L

Organophosphate Pesticides Atrazine ug/L

Organophosphate Pesticides Chlorpyrifos ug/L

Organophosphate Pesticides Cyanazine ug/L

Organophosphate Pesticides Diazinon ug/L

Organophosphate Pesticides Malathion ug/L

Organophosphate Pesticides Prometryn ug/L

Organophosphate Pesticides Simazine ug/L

Polychlorinated Biphenyls PCB-1016 (Aroclor 1016) ug/L

Polychlorinated Biphenyls PCB-1221 (Aroclor 1221) ug/L

Polychlorinated Biphenyls PCB-1232 (Aroclor 1232) ug/L

Polychlorinated Biphenyls PCB-1242 (Aroclor 1242) ug/L

Polychlorinated Biphenyls PCB-1248 (Aroclor 1248) ug/L

Polychlorinated Biphenyls PCB-1254 (Aroclor 1254) ug/L

Polychlorinated Biphenyls PCB-1260 (Aroclor 1260) ug/L

Semivolatile Organic Compounds (Acids) 2-4-6-Trichlorophenol ug/L

Semivolatile Organic Compounds (Acids) 2-4-Dichlorophenol ug/L

Semivolatile Organic Compounds (Acids) 2-4-Dimethylphenol ug/L

Semivolatile Organic Compounds (Acids) 2-4-Dinitrophenol ug/L

Semivolatile Organic Compounds (Acids) 2-Chlorophenol ug/L

Semivolatile Organic Compounds (Acids) 2-Nitrophenol ug/L

Semivolatile Organic Compounds (Acids) 4-Chloro-3-methylphenol ug/L

Semivolatile Organic Compounds (Acids) 4-Nitrophenol ug/L

Semivolatile Organic Compounds (Acids) Pentachlorophenol ug/L

Semivolatile Organic Compounds (Acids) Phenol ug/L

Semivolatile Organic Compounds (Acids) Phenolics-Total Recoverable mg/L

WQO Median (range) #samples #exceed #detected WQO Median (range) #samples #exceed #detected

Los Angeles @ Wardlow

S10

2010-11Dry

Los Angeles @ Wardlow

S10

2010-11Wet

Table 4-4.3. Los Angeles River @ Wardlow Dry & Wet Weather Exceedance Summary

340.2 0.1(0.1-0.1) 2 0 0 151.2-340.2 1.23(0.1-2.65) 4 0 2

18.5(0.5-36.5) 2 0 1 0.5(0.5-189) 4 0 1

0.05(0.05-0.05) 2 0 0 0.05(0.05-0.05) 4 0 0

12.6 0.55(0.05-1.05) 2 0 1 0-6.3 0.05(0.05-0.05) 4 0 0

1045.8-1234.8 0.4815(0.25-0.713) 2 0 1 31.5-724.5 0.25(0.25-0.25) 4 0 0

214.2-264.6 0.125(0.125-0.125) 2 0 0 44.1-138.6 0.125(0.125-0.125) 4 0 0

25.2-31.5 6.475(0.25-12.7) 2 0 1 6.3-18.9 0.25(0.25-0.25) 4 0 0

163.5(163-164) 2 0 2 1975(735-3290) 4 0 4

151.2-189 1.1(0.1-2.1) 2 0 1 0-94.5 20.55(13.2-46.8) 4 0 4

0.05(0.05-0.05) 2 0 0 0.05(0.05-0.05) 4 0 0

913.5-1083.6 2.53(0.25-4.81) 2 0 1 25.2-623.7 0.25(0.25-15.2) 4 0 1

1.125(0.25-2) 2 0 1 0.25(0.25-0.25) 4 0 0

12.6-18.9 0.05(0.05-0.05) 2 0 0 0-6.3 0.05(0.05-0.05) 4 0 0

0.05(0.05-0.05) 2 0 0 0.05(0.05-0.05) 4 0 0

226.8-270.9 79.25(66.9-91.6) 2 0 2 63-157.5 188.5(129-346) 4 4 4

382.5(337-428) 2 0 2 5375(1730-23900) 4 0 4

0.62(0.1-1.14) 2 0 1 0.1(0.1-7.72) 4 0 1

1.2(0.1-2.3) 2 0 1 1.505(0.1-7.36) 4 0 2

23.15(0.5-45.8) 2 0 1 55.25(0.5-495) 4 0 2

0.05(0.05-0.05) 2 0 0 0.05(0.05-0.05) 4 0 0

0.68(0.05-1.31) 2 0 1 0.05(0.05-5.03) 4 0 1

1.67(0.25-3.09) 2 0 1 11.55(0.25-34.4) 4 0 3

0.125(0.125-0.125) 2 0 0 0.125(0.125-0.125) 4 0 0

9.525(0.25-18.8) 2 0 1 26.275(0.25-260) 4 0 2

561.5(448-675) 2 0 2 8200(2730-30500) 4 0 4

1.35(0.1-2.6) 2 0 1 32.1(19.8-213) 4 0 4

0.05(0.05-0.05) 2 0 0 0.05(0.05-0.05) 4 0 0

3.46(0.25-6.67) 2 0 1 12.6(0.25-42.7) 4 0 3

1.21(0.25-2.17) 2 0 1 5 0.25(0.25-0.25) 4 0 0

0.05(0.05-0.05) 2 0 0 0.05(0.05-0.05) 4 0 0

0.05(0.05-0.05) 2 0 0 0.05(0.05-0.05) 4 0 0

88.8(75.6-102) 2 0 2 250(180-1590) 4 0 4

0.3335(0.3335-0.3335) 2 0 0 0.3335(0.3335-0.3335) 4 0 0

0.01(0.01-0.01) 2 0 0 0.01(0.01-0.01) 4 0 0

0.3335(0.3335-0.3335) 2 0 0 0.3335(0.3335-0.3335) 4 0 0

0.0015(0.0015-0.0015) 2 0 0 0.0015(0.0015-0.0015) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 5 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

0.0325(0.0325-0.0325) 2 0 0 0.0325(0.0325-0.0325) 4 0 0

0.0325(0.0325-0.0325) 2 0 0 0.0325(0.0325-0.0325) 4 0 0

0.0325(0.0325-0.0325) 2 0 0 0.0325(0.0325-0.0325) 4 0 0

0.0325(0.0325-0.0325) 2 0 0 0.0325(0.0325-0.0325) 4 0 0

0.0325(0.0325-0.0325) 2 0 0 0.0325(0.0325-0.0325) 4 0 0

0.0325(0.0325-0.0325) 2 0 0 0.0325(0.0325-0.0325) 4 0 0

0.0325(0.0325-0.0325) 2 0 0 0.0325(0.0325-0.0325) 4 0 0

1.665(1.665-1.665) 2 0 0 1.665(1.665-1.665) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

0.5(0.5-0.5) 2 0 0 0.5(0.5-0.5) 4 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

0.5(0.5-0.5) 2 0 0 0.5(0.5-0.5) 4 0 0

0.5(0.5-0.5) 2 0 0 0.5(0.5-0.5) 4 0 0

0.5(0.5-0.5) 2 0 0 0.5(0.5-0.5) 4 0 0

45.8-63.2 0.335(0.335-0.335) 2 0 0 3.1-8.9 0.335(0.335-0.335) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.015(0.015-0.015) 2 0 0 0.05(0.05-0.015) 5 0 0
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Group Parameter Units

Semivolatile Organic Compounds (Base/Neutral) 1-2-4-Trichlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) 1-2-Benzanthracene ug/L

Semivolatile Organic Compounds (Base/Neutral) 1-2-Dichlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) 1-2-Diphenylhydrazine ug/L

Semivolatile Organic Compounds (Base/Neutral) 1-3-Dichlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) 1-4-Dichlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) 2-4-Dinitrotoluene ug/L

Semivolatile Organic Compounds (Base/Neutral) 2-6-Dinitrotoluene ug/L

Semivolatile Organic Compounds (Base/Neutral) 2-Chloroethyl vinyl ether ug/L

Semivolatile Organic Compounds (Base/Neutral) 2-Chloronaphthalene ug/L

Semivolatile Organic Compounds (Base/Neutral) 3-3-Dichlorobenzidine ug/L

Semivolatile Organic Compounds (Base/Neutral) 4-6-Dinitro-2-methylphenol ug/L

Semivolatile Organic Compounds (Base/Neutral) 4-Bromophenyl phenyl ether ug/L

Semivolatile Organic Compounds (Base/Neutral) 4-Chlorophenyl phenyl ether ug/L

Semivolatile Organic Compounds (Base/Neutral) Acenaphthene ug/L

Semivolatile Organic Compounds (Base/Neutral) Acenaphthylene ug/L

Semivolatile Organic Compounds (Base/Neutral) Anthracene ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzidine ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzo(a)pyrene ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzo(b)flouranthene ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzo(k)flouranthene ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzo[g-h-i]perylene ug/L

Semivolatile Organic Compounds (Base/Neutral) Bis(2-Chloroethoxy) methane ug/L

Semivolatile Organic Compounds (Base/Neutral) Bis(2-Chloroethyl) ether ug/L

Semivolatile Organic Compounds (Base/Neutral) Bis(2-Chloroisopropyl) ether ug/L

Semivolatile Organic Compounds (Base/Neutral) Bis(2-Ethylhexl) phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) Butyl benzyl phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) Chrysene ug/L

Semivolatile Organic Compounds (Base/Neutral) Dibenzo(a-h)anthracene ug/L

Semivolatile Organic Compounds (Base/Neutral) Diethyl phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) Dimethyl phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) Fluoranthene ug/L

Semivolatile Organic Compounds (Base/Neutral) Fluorene ug/L

Semivolatile Organic Compounds (Base/Neutral) Hexachloro-cyclopentadiene ug/L

Semivolatile Organic Compounds (Base/Neutral) Hexachlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) Hexachlorobutadiene ug/L

Semivolatile Organic Compounds (Base/Neutral) Hexachloroethane ug/L

Semivolatile Organic Compounds (Base/Neutral) Indeno(1-2-3-c-d)pyrene ug/L

Semivolatile Organic Compounds (Base/Neutral) Isophorone ug/L

Semivolatile Organic Compounds (Base/Neutral) N-Nitroso-di-n-propyl amine ug/L

Semivolatile Organic Compounds (Base/Neutral) N-Nitroso-dimethyl amine ug/L

Semivolatile Organic Compounds (Base/Neutral) N-Nitroso-diphenyl amine ug/L

Semivolatile Organic Compounds (Base/Neutral) Naphthalene ug/L

Semivolatile Organic Compounds (Base/Neutral) Nitrobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) Phenanthrene ug/L

Semivolatile Organic Compounds (Base/Neutral) Pyrene ug/L

Semivolatile Organic Compounds (Base/Neutral) di-n-Butyl phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) di-n-Octyl phthalate ug/L

WQO=Water Quality Objective

Hardness based CTR calculations were based on a minimum of the sample hardness or  400 mg/L (as per the CTR)

High Volume Suspension for REC1/REC 2 beneficial use was applied to storm events greater than 0.5 inch at the 

Ballona Creek  (S01), Los Angeles (S10), Coyote Creek (S13),  San Gabriel (S14), and Dominguez Channel (S28) 

MES.

WQO Median (range) #samples #exceed #detected WQO Median (range) #samples #exceed #detected

Los Angeles @ Wardlow

S10

2010-11Dry

Los Angeles @ Wardlow

S10

2010-11Wet

Table 4-4.3. Los Angeles River @ Wardlow Dry & Wet Weather Exceedance Summary

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

1.25(1.25-1.25) 2 0 0 1.25(1.25-1.25) 5 0 0

1.665(1.665-1.665) 2 0 0 1.665(1.665-1.665) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.5(0.5-0.5) 2 0 0 0.5(0.5-0.5) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

1.67(1.67-1.67) 2 0 0 1.67(1.67-1.67) 4 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

1.665(1.665-1.665) 2 0 0 1.665(1.665-1.665) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.0165(0.0165-0.0165) 2 0 0 0.0165(0.0165-0.0165) 4 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

0.0085(0.0085-0.0085) 2 0 0 0.0085(0.0085-0.0085) 4 0 0

0.0165(0.0165-0.0165) 2 0 0 0.0165(0.0165-0.0165) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.0085(0.0085-0.0085) 2 0 0 0.0085(0.0085-0.0085) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.0335(0.0335-0.0335) 2 0 0 0.0335(0.0335-0.0335) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.0085(0.0085-0.0085) 2 0 0 0.0085(0.0085-0.0085) 4 0 0

0.0085(0.0085-0.0085) 2 0 0 0.0085(0.0085-0.0085) 4 0 0

1.665(1.665-1.665) 2 0 0 1.665(1.665-1.665) 4 0 0

1.665(1.665-1.665) 2 0 0 1.665(1.665-1.665) 4 0 0
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Bacteria Fecal Coliform MPN/100mL

Bacteria Fecal Enterococcus MPN/100mL

Bacteria Fecal Streptococcus MPN/100mL

Bacteria Total Coliform MPN/100mL

Chlorinated Pesticides 4-4'-DDD ug/L

Chlorinated Pesticides 4-4'-DDE ug/L

Chlorinated Pesticides 4-4'-DDT ug/L

Chlorinated Pesticides Aldrin ug/L

Chlorinated Pesticides Dieldrin ug/L

Chlorinated Pesticides Endosulfan I (alpha) ug/L

Chlorinated Pesticides Endosulfan II (beta) ug/L

Chlorinated Pesticides Endosulfan sulfate ug/L

Chlorinated Pesticides Endrin ug/L

Chlorinated Pesticides Endrin aldehyde ug/L

Chlorinated Pesticides Heptachlor ug/L

Chlorinated Pesticides Heptachlor Epoxide ug/L

Chlorinated Pesticides Methoxychlor ug/L

Chlorinated Pesticides Toxaphene ug/L

Chlorinated Pesticides alpha-BHC ug/L

Chlorinated Pesticides alpha-chlordane ug/L

Chlorinated Pesticides beta-BHC ug/L

Chlorinated Pesticides delta-BHC ug/L

Chlorinated Pesticides gamma-BHC (lindane) ug/L

Chlorinated Pesticides gamma-chlordane ug/L

Conventionals Cyanide mg/L

Conventionals Dissolved Oxygen mg/L

Conventionals Oil and Grease mg/L

Conventionals pH pH units

General Alkalinity as CaCO3 mg/L

General Ammonia mg/L

General BioChemical Oxygen Demand- Five-Day mg/L

General Chemical Oxygen Demand mg/L

General Chloride mg/L

General Dissolved Phosphorus mg/L

General Fluoride mg/L

General Hardness as CaCO3 mg/L

General Kjeldahl-N mg/L

General Methyl Tertiary Butyl Ether (MTBE) ug/L

General Methylene Blue Active Substances (MBAS) mg/L

General NH3-N mg/L

General Nitrate (NO3) mg/L

General Nitrate-N mg/L

General Nitrite-N mg/L

General Phosphorus- Total (as P) mg/L

General Specific Conductance umhos/cm

General Sulfate mg/L

General Total Dissolved Solids mg/L

General Total Organic Carbon mg/L

General Total Petroleum Hydrocarbons mg/L

General Total Suspended Solids mg/L

General Turbidity NTU

General Volatile Suspended Solids mg/L

Herbicides 2-4-5-TP-SILVEX ug/L

Herbicides 2-4-D ug/L

Herbicides Glyphosate ug/L

Metals Dissolved Aluminum ug/L

Metals Dissolved Antimony ug/L

Group Parameter Units

WQO Median (range) #samples #exceed #detected WQO Median (range) #samples #exceed #detected

400 8115(230-16000) 2 1 2 400 240000(5000-500000) 5 4 5

12115(230-24000) 2 0 2 240000(3500-1600000) 5 0 5

12115(230-24000) 2 0 2 240000(3500-1600000) 5 0 5

240000(240000-240000) 2 0 2 300000(50000-9000000) 5 0 5

0.0055(0.0055-0.0055) 2 0 0 0.0055(0.0055-0.0055) 4 0 0

0.002(0.002-0.002) 2 0 0 0.002(0.002-0.002) 4 0 0

1.1 0.005(0.005-0.005) 2 0 0 1.1 0.005(0.005-0.005) 4 0 0

3 0.002(0.002-0.002) 2 0 0 3 0.002(0.002-0.002) 4 0 0

0.001(0.001-0.001) 2 0 0 0.001(0.001-0.001) 4 0 0

0.005(0.005-0.005) 2 0 0 0.005(0.005-0.005) 4 0 0

0.002(0.002-0.002) 2 0 0 0.002(0.002-0.002) 4 0 0

0.025(0.025-0.025) 2 0 0 0.025(0.025-0.025) 4 0 0

0.086 0.003(0.003-0.003) 2 0 0 0.086 0.003(0.003-0.003) 4 0 0

0.005(0.005-0.005) 2 0 0 0.005(0.005-0.005) 4 0 0

0.52 0.0015(0.0015-0.0015) 2 0 0 0.52 0.0015(0.0015-0.0015) 4 0 0

0.52 0.005(0.005-0.005) 2 0 0 0.52 0.005(0.005-0.005) 4 0 0

0.25(0.25-0.25) 2 0 0 0.25(0.25-0.25) 4 0 0

0.73 0.12(0.12-0.12) 2 0 0 0.73 0.12(0.12-0.12) 4 0 0

0.005(0.005-0.005) 2 0 0 0.005(0.005-0.005) 4 0 0

0.0165(0.0165-0.0165) 2 0 0 0.0165(0.0165-0.0165) 4 0 0

0.0025(0.0025-0.0025) 2 0 0 0.0025(0.0025-0.0025) 4 0 0

0.0025(0.0025-0.0025) 2 0 0 0.0025(0.0025-0.0025) 4 0 0

0.95 0.002(0.002-0.002) 2 0 0 0.95 0.002(0.002-0.002) 4 0 0

0.0165(0.0165-0.0165) 2 0 0 0.0165(0.0165-0.0165) 4 0 0

0.022 0.014(0.014-0.014) 2 0 2 0.022 0.0025(0.0025-0.012) 5 0 2

5 13.05(10-16.1) 2 0 2 5 10(7.19-10.1) 5 0 5

0.72(0.72-0.72) 2 0 0 0(0-0.72) 5 0 0

6.5-8.5 8.3(8.27-8.33) 2 0 2 6.5-8.5 6.74(6.34-7.14) 4 2 4

318(289-347) 2 0 2 85.25(38.5-132) 4 0 4

3.9 0.254(0.23-0.278) 2 0 2 19.2-29 0.7575(0.303-0.944) 4 0 4

19.35(15-23.7) 2 0 2 19.7(7.03-146) 4 0 4

50.35(47.4-53.3) 2 0 2 41.3(20.8-98.8) 4 0 4

238(213-263) 2 0 2 31.2(10.8-65) 4 0 4

0.025(0.025-0.025) 2 0 0 0.14(0.063-0.15) 4 0 4

1.185(1.05-1.32) 2 0 2 0.2865(0.206-0.434) 4 0 4

452.5(395-510) 2 0 2 120(50-170) 4 0 4

0.9(0.88-0.92) 2 0 2 2.98(0.76-5.62) 4 0 4

0.2(0.2-0.2) 2 0 0 0.2(0.2-0.2) 5 0 0

0(0-0) 2 0 0 0.365(0-0.81) 4 0 2

0.21(0.19-0.23) 2 0 2 0.626(0.25-0.78) 4 0 4

45 15.85(10.5-21.2) 2 0 2 45 4.78(2.63-5.35) 4 0 4

10 3.58(2.38-4.78) 2 0 2 10 1.081(0.594-1.21) 4 0 4

1 0.0377(0.0362-0.0392) 2 0 2 1 0.02725(0.015-0.0705) 4 0 2

0.025(0.025-0.025) 2 0 0 0.175(0.076-0.21) 4 0 4

2030(1810-2250) 2 0 2 374(152-562) 4 0 4

447.5(376-519) 2 0 2 48.35(17-110) 4 0 4

1375(1260-1490) 2 0 2 247(94-380) 4 0 4

10.935(6.47-15.4) 2 0 2 35.55(20.9-42.2) 4 0 4

0.75(0.75-0.75) 2 0 0 0.75(0.75-0.75) 5 0 0

29(12-46) 2 0 2 137.5(40-716) 14 0 14

1.81(1.22-2.4) 2 0 2 8.605(5.28-25) 4 0 4

18(8-28) 2 0 2 68.5(19-171) 4 0 4

0.0335(0.0335-0.0335) 2 0 0 0.0335(0.0335-0.0335) 4 0 0

0.0075(0.0075-0.0075) 2 0 0 0.0075(0.0075-0.0075) 4 0 0

4.85(2.5-7.2) 2 0 1 11.65(2.5-18.1) 4 0 3

25(25-25) 2 0 0 451.5(380-995) 4 0 4

0.446(0.1-0.792) 2 0 1 0.1(0.1-0.1) 4 0 0

Coyote Creek @ Spring St.

S13

2010-11Dry

Coyote Creek @ Spring St.

S13

2010-11Wet

Table 4-4.4. Coyote Creek @ Spring St. Dry & Wet Weather Exceedance Summary

RB-AR9972



Group Parameter Units

Metals Dissolved Arsenic ug/L

Metals Dissolved Barium ug/L

Metals Dissolved Beryllium ug/L

Metals Dissolved Cadmium ug/L

Metals Dissolved Chromium ug/L

Metals Dissolved Chromium +6 ug/L

Metals Dissolved Copper ug/L

Metals Dissolved Iron ug/L

Metals Dissolved Lead ug/L

Metals Dissolved Mercury ug/L

Metals Dissolved Nickel ug/L

Metals Dissolved Selenium ug/L

Metals Dissolved Silver ug/L

Metals Dissolved Thallium ug/L

Metals Dissolved Zinc ug/L

Metals Aluminum ug/L

Metals Antimony ug/L

Metals Arsenic ug/L

Metals Barium ug/L

Metals Beryllium ug/L

Metals Cadmium ug/L

Metals Chromium ug/L

Metals Chromium +6 ug/L

Metals Copper ug/L

Metals Iron ug/L

Metals Lead ug/L

Metals Mercury ug/L

Metals Nickel ug/L

Metals Selenium ug/L

Metals Silver ug/L

Metals Thallium ug/L

Metals Zinc ug/L

Organophosphate Pesticides Atrazine ug/L

Organophosphate Pesticides Chlorpyrifos ug/L

Organophosphate Pesticides Cyanazine ug/L

Organophosphate Pesticides Diazinon ug/L

Organophosphate Pesticides Malathion ug/L

Organophosphate Pesticides Prometryn ug/L

Organophosphate Pesticides Simazine ug/L

Polychlorinated Biphenyls PCB-1016 (Aroclor 1016) ug/L

Polychlorinated Biphenyls PCB-1221 (Aroclor 1221) ug/L

Polychlorinated Biphenyls PCB-1232 (Aroclor 1232) ug/L

Polychlorinated Biphenyls PCB-1242 (Aroclor 1242) ug/L

Polychlorinated Biphenyls PCB-1248 (Aroclor 1248) ug/L

Polychlorinated Biphenyls PCB-1254 (Aroclor 1254) ug/L

Polychlorinated Biphenyls PCB-1260 (Aroclor 1260) ug/L

Semivolatile Organic Compounds (Acids) 2-4-6-Trichlorophenol ug/L

Semivolatile Organic Compounds (Acids) 2-4-Dichlorophenol ug/L

Semivolatile Organic Compounds (Acids) 2-4-Dimethylphenol ug/L

Semivolatile Organic Compounds (Acids) 2-4-Dinitrophenol ug/L

Semivolatile Organic Compounds (Acids) 2-Chlorophenol ug/L

Semivolatile Organic Compounds (Acids) 2-Nitrophenol ug/L

Semivolatile Organic Compounds (Acids) 4-Chloro-3-methylphenol ug/L

Semivolatile Organic Compounds (Acids) 4-Nitrophenol ug/L

Semivolatile Organic Compounds (Acids) Pentachlorophenol ug/L

Semivolatile Organic Compounds (Acids) Phenol ug/L

Semivolatile Organic Compounds (Acids) Phenolics-Total Recoverable mg/L

WQO Median (range) #samples #exceed #detected WQO Median (range) #samples #exceed #detected

Coyote Creek @ Spring St.

S13

2010-11Dry

Coyote Creek @ Spring St.

S13

2010-11Wet

Table 4-4.4. Coyote Creek @ Spring St. Dry & Wet Weather Exceedance Summary

340.2 3.05(3.04-3.06) 2 0 2 151.2-340.2 2.315(0.1-2.51) 4 0 3

31.5(0.5-62.5) 2 0 1 0.5(0.5-127) 4 0 1

0.05(0.05-0.05) 2 0 0 0.05(0.05-0.05) 4 0 0

18.9 0.05(0.05-0.05) 2 0 0 0-6.3 0.05(0.05-0.05) 4 0 0

1688.4-1707.3 0.675(0.25-1.1) 2 0 1 37.8-850.5 0.25(0.25-0.25) 4 0 0

390.6 0.125(0.125-0.125) 2 0 0 50.4-163.8 0.125(0.125-0.125) 4 0 0

50.4 6.475(0.25-12.7) 2 0 1 6.3-25.2 0.25(0.25-0.25) 4 0 0

75(25-125) 2 0 1 942.5(592-1760) 4 0 4

277.2-283.5 0.7(0.1-1.3) 2 0 1 0-113.4 10.7(7.33-22.5) 4 0 4

0.05(0.05-0.05) 2 0 0 0.05(0.05-0.05) 4 0 0

1499.4-1512 2.155(0.25-4.06) 2 0 1 31.5-730.8 0.25(0.25-12.8) 4 0 1

5.305(5.3-5.31) 2 0 2 0.25(0.25-0.25) 4 0 0

37.8 0.05(0.05-0.05) 2 0 0 0-6.3 0.05(0.05-0.05) 4 0 0

0.05(0.05-0.05) 2 0 0 0.05(0.05-0.05) 4 0 0

378 20.15(0.5-39.8) 2 0 1 63-182.7 201(115-500) 4 4 4

195(105-285) 2 0 2 1900(1330-4980) 4 0 4

0.56(0.1-1.02) 2 0 1 0.1(0.1-6.82) 4 0 1

3.705(3.08-4.33) 2 0 2 2.52(0.1-2.92) 4 0 3

38.85(0.5-77.2) 2 0 1 55.25(0.5-218) 4 0 2

0.05(0.05-0.05) 2 0 0 0.05(0.05-0.05) 4 0 0

0.05(0.05-0.05) 2 0 0 0.05(0.05-1.41) 4 0 1

3(0.25-5.75) 2 0 1 10.45(0.25-15.9) 4 0 3

0.125(0.125-0.125) 2 0 0 0.125(0.125-0.125) 4 0 0

6.725(0.25-13.2) 2 0 1 0.25(0.25-116) 4 0 1

239(25-453) 2 0 1 3635(2360-8030) 4 0 4

0.835(0.1-1.57) 2 0 1 14.95(11.1-32.9) 4 0 4

0.05(0.05-0.05) 2 0 0 0.05(0.05-0.05) 4 0 0

3(0.25-5.75) 2 0 1 6.175(0.25-23.2) 4 0 2

6.615(6.17-7.06) 2 0 2 5 0.25(0.25-0.25) 4 0 0

0.05(0.05-0.05) 2 0 0 0.05(0.05-0.05) 4 0 0

0.05(0.05-0.05) 2 0 0 0.05(0.05-0.05) 4 0 0

33.4(0.5-66.3) 2 0 1 222(138-640) 4 0 4

0.3335(0.3335-0.3335) 2 0 0 0.3335(0.3335-0.3335) 4 0 0

0.01(0.01-0.01) 2 0 0 0.01(0.01-0.01) 4 0 0

0.3335(0.3335-0.3335) 2 0 0 0.3335(0.3335-0.3335) 4 0 0

0.0015(0.0015-0.0015) 2 0 0 0.0015(0.0015-0.0015) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 5 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

0.0325(0.0325-0.0325) 2 0 0 0.0325(0.0325-0.0325) 4 0 0

0.0325(0.0325-0.0325) 2 0 0 0.0325(0.0325-0.0325) 4 0 0

0.0325(0.0325-0.0325) 2 0 0 0.0325(0.0325-0.0325) 4 0 0

0.0325(0.0325-0.0325) 2 0 0 0.0325(0.0325-0.0325) 4 0 0

0.0325(0.0325-0.0325) 2 0 0 0.0325(0.0325-0.0325) 4 0 0

0.0325(0.0325-0.0325) 2 0 0 0.0325(0.0325-0.0325) 4 0 0

0.0325(0.0325-0.0325) 2 0 0 0.0325(0.0325-0.0325) 4 0 0

1.665(1.665-1.665) 2 0 0 1.665(1.665-1.665) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

0.5(0.5-0.5) 2 0 0 0.5(0.5-0.5) 4 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

0.5(0.5-0.5) 2 0 0 0.5(0.5-0.5) 4 0 0

0.5(0.5-0.5) 2 0 0 0.5(0.5-0.5) 4 0 0

0.5(0.5-0.5) 2 0 0 0.5(0.5-0.5) 4 0 0

31.3-33.2 0.335(0.335-0.335) 2 0 0 3.4-10.0 0.335(0.335-0.335) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.015(0.015-0.015) 2 0 0 0.015(0.015-0.06) 5 0 0
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Group Parameter Units

Semivolatile Organic Compounds (Base/Neutral) 1-2-4-Trichlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) 1-2-Benzanthracene ug/L

Semivolatile Organic Compounds (Base/Neutral) 1-2-Dichlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) 1-2-Diphenylhydrazine ug/L

Semivolatile Organic Compounds (Base/Neutral) 1-3-Dichlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) 1-4-Dichlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) 2-4-Dinitrotoluene ug/L

Semivolatile Organic Compounds (Base/Neutral) 2-6-Dinitrotoluene ug/L

Semivolatile Organic Compounds (Base/Neutral) 2-Chloroethyl vinyl ether ug/L

Semivolatile Organic Compounds (Base/Neutral) 2-Chloronaphthalene ug/L

Semivolatile Organic Compounds (Base/Neutral) 3-3-Dichlorobenzidine ug/L

Semivolatile Organic Compounds (Base/Neutral) 4-6-Dinitro-2-methylphenol ug/L

Semivolatile Organic Compounds (Base/Neutral) 4-Bromophenyl phenyl ether ug/L

Semivolatile Organic Compounds (Base/Neutral) 4-Chlorophenyl phenyl ether ug/L

Semivolatile Organic Compounds (Base/Neutral) Acenaphthene ug/L

Semivolatile Organic Compounds (Base/Neutral) Acenaphthylene ug/L

Semivolatile Organic Compounds (Base/Neutral) Anthracene ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzidine ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzo(a)pyrene ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzo(b)flouranthene ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzo(k)flouranthene ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzo[g-h-i]perylene ug/L

Semivolatile Organic Compounds (Base/Neutral) Bis(2-Chloroethoxy) methane ug/L

Semivolatile Organic Compounds (Base/Neutral) Bis(2-Chloroethyl) ether ug/L

Semivolatile Organic Compounds (Base/Neutral) Bis(2-Chloroisopropyl) ether ug/L

Semivolatile Organic Compounds (Base/Neutral) Bis(2-Ethylhexl) phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) Butyl benzyl phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) Chrysene ug/L

Semivolatile Organic Compounds (Base/Neutral) Dibenzo(a-h)anthracene ug/L

Semivolatile Organic Compounds (Base/Neutral) Diethyl phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) Dimethyl phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) Fluoranthene ug/L

Semivolatile Organic Compounds (Base/Neutral) Fluorene ug/L

Semivolatile Organic Compounds (Base/Neutral) Hexachloro-cyclopentadiene ug/L

Semivolatile Organic Compounds (Base/Neutral) Hexachlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) Hexachlorobutadiene ug/L

Semivolatile Organic Compounds (Base/Neutral) Hexachloroethane ug/L

Semivolatile Organic Compounds (Base/Neutral) Indeno(1-2-3-c-d)pyrene ug/L

Semivolatile Organic Compounds (Base/Neutral) Isophorone ug/L

Semivolatile Organic Compounds (Base/Neutral) N-Nitroso-di-n-propyl amine ug/L

Semivolatile Organic Compounds (Base/Neutral) N-Nitroso-dimethyl amine ug/L

Semivolatile Organic Compounds (Base/Neutral) N-Nitroso-diphenyl amine ug/L

Semivolatile Organic Compounds (Base/Neutral) Naphthalene ug/L

Semivolatile Organic Compounds (Base/Neutral) Nitrobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) Phenanthrene ug/L

Semivolatile Organic Compounds (Base/Neutral) Pyrene ug/L

Semivolatile Organic Compounds (Base/Neutral) di-n-Butyl phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) di-n-Octyl phthalate ug/L

WQO=Water Quality Objective

Hardness based CTR calculations were based on a minimum of the sample hardness or  400 mg/L (as per the CTR)

High Volume Suspension for REC1/REC 2 beneficial use was applied to storm events greater than 0.5 inch at the 

Ballona Creek  (S01), Los Angeles (S10), Coyote Creek (S13),  San Gabriel (S14), and Dominguez Channel (S28) 

MES.

WQO Median (range) #samples #exceed #detected WQO Median (range) #samples #exceed #detected

Coyote Creek @ Spring St.

S13

2010-11Dry

Coyote Creek @ Spring St.

S13

2010-11Wet

Table 4-4.4. Coyote Creek @ Spring St. Dry & Wet Weather Exceedance Summary

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

1.25(1.25-1.25) 2 0 0 1.25(1.25-1.25) 5 0 0

1.665(1.665-1.665) 2 0 0 1.665(1.665-1.665) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.5(0.5-0.5) 2 0 0 0.5(0.5-0.5) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

1.67(1.67-1.67) 2 0 0 1.67(1.67-1.67) 4 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

1.665(1.665-1.665) 2 0 0 1.665(1.665-1.665) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.0165(0.0165-0.0165) 2 0 0 0.0165(0.0165-0.0165) 4 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

0.0085(0.0085-0.0085) 2 0 0 0.0085(0.0085-0.0085) 4 0 0

0.0165(0.0165-0.0165) 2 0 0 0.0165(0.0165-0.0165) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.0085(0.0085-0.0085) 2 0 0 0.0085(0.0085-0.0085) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.0335(0.0335-0.0335) 2 0 0 0.0335(0.0335-0.0335) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.0085(0.0085-0.0085) 2 0 0 0.0085(0.0085-0.0085) 4 0 0

0.0085(0.0085-0.0085) 2 0 0 0.0085(0.0085-0.0085) 4 0 0

1.665(1.665-1.665) 2 0 0 1.665(1.665-1.665) 4 0 0

1.665(1.665-1.665) 2 0 0 1.665(1.665-1.665) 4 0 0
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Bacteria Fecal Coliform MPN/100mL

Bacteria Fecal Enterococcus MPN/100mL

Bacteria Fecal Streptococcus MPN/100mL

Bacteria Total Coliform MPN/100mL

Chlorinated Pesticides 4-4'-DDD ug/L

Chlorinated Pesticides 4-4'-DDE ug/L

Chlorinated Pesticides 4-4'-DDT ug/L

Chlorinated Pesticides Aldrin ug/L

Chlorinated Pesticides Dieldrin ug/L

Chlorinated Pesticides Endosulfan I (alpha) ug/L

Chlorinated Pesticides Endosulfan II (beta) ug/L

Chlorinated Pesticides Endosulfan sulfate ug/L

Chlorinated Pesticides Endrin ug/L

Chlorinated Pesticides Endrin aldehyde ug/L

Chlorinated Pesticides Heptachlor ug/L

Chlorinated Pesticides Heptachlor Epoxide ug/L

Chlorinated Pesticides Methoxychlor ug/L

Chlorinated Pesticides Toxaphene ug/L

Chlorinated Pesticides alpha-BHC ug/L

Chlorinated Pesticides alpha-chlordane ug/L

Chlorinated Pesticides beta-BHC ug/L

Chlorinated Pesticides delta-BHC ug/L

Chlorinated Pesticides gamma-BHC (lindane) ug/L

Chlorinated Pesticides gamma-chlordane ug/L

Conventionals Cyanide mg/L

Conventionals Dissolved Oxygen mg/L

Conventionals Oil and Grease mg/L

Conventionals pH pH units

General Alkalinity as CaCO3 mg/L

General Ammonia mg/L

General BioChemical Oxygen Demand- Five-Day mg/L

General Chemical Oxygen Demand mg/L

General Chloride mg/L

General Dissolved Phosphorus mg/L

General Fluoride mg/L

General Hardness as CaCO3 mg/L

General Kjeldahl-N mg/L

General Methyl Tertiary Butyl Ether (MTBE) ug/L

General Methylene Blue Active Substances (MBAS) mg/L

General NH3-N mg/L

General Nitrate (NO3) mg/L

General Nitrate-N mg/L

General Nitrite-N mg/L

General Phosphorus- Total (as P) mg/L

General Specific Conductance umhos/cm

General Sulfate mg/L

General Total Dissolved Solids mg/L

General Total Organic Carbon mg/L

General Total Petroleum Hydrocarbons mg/L

General Total Suspended Solids mg/L

General Turbidity NTU

General Volatile Suspended Solids mg/L

Herbicides 2-4-5-TP-SILVEX ug/L

Herbicides 2-4-D ug/L

Herbicides Glyphosate ug/L

Metals Dissolved Aluminum ug/L

Metals Dissolved Antimony ug/L

Group Parameter Units

WQO Median (range) #samples #exceed #detected WQO Median (range) #samples #exceed #detected

400 20(20-20) 1 0 1 400 16500(800-170000) 4 1 4

20(20-20) 1 0 1 81200(2400-300000) 4 0 4

20(20-20) 1 0 1 81200(2400-300000) 4 0 4

800(800-800) 1 0 1 270000(90000-2400000) 4 0 4

0.0055(0.0055-0.0055) 1 0 0 0.0055(0.0055-0.0055) 3 0 0

0.002(0.002-0.002) 1 0 0 0.002(0.002-0.002) 3 0 0

1.1 0.005(0.005-0.005) 1 0 0 1.1 0.005(0.005-0.005) 3 0 0

3 0.002(0.002-0.002) 1 0 0 3 0.002(0.002-0.002) 3 0 0

0.001(0.001-0.001) 1 0 0 0.001(0.001-0.001) 3 0 0

0.005(0.005-0.005) 1 0 0 0.005(0.005-0.005) 3 0 0

0.002(0.002-0.002) 1 0 0 0.002(0.002-0.002) 3 0 0

0.025(0.025-0.025) 1 0 0 0.025(0.025-0.025) 3 0 0

0.086 0.003(0.003-0.003) 1 0 0 0.086 0.003(0.003-0.003) 3 0 0

0.005(0.005-0.005) 1 0 0 0.005(0.005-0.005) 3 0 0

0.52 0.0015(0.0015-0.0015) 1 0 0 0.52 0.0015(0.0015-0.0015) 3 0 0

0.52 0.005(0.005-0.005) 1 0 0 0.52 0.005(0.005-0.005) 3 0 0

0.25(0.25-0.25) 1 0 0 0.25(0.25-0.25) 3 0 0

0.73 0.12(0.12-0.12) 1 0 0 0.12(0.12-0.12) 3 0 0

0.005(0.005-0.005) 1 0 0 0.005(0.005-0.005) 3 0 0

0.0165(0.0165-0.0165) 1 0 0 0.0165(0.0165-0.0165) 3 0 0

0.0025(0.0025-0.0025) 1 0 0 0.0025(0.0025-0.0025) 3 0 0

0.0025(0.0025-0.0025) 1 0 0 0.0025(0.0025-0.0025) 3 0 0

0.95 0.002(0.002-0.002) 1 0 0 0.95 0.002(0.002-0.002) 3 0 0

0.0165(0.0165-0.0165) 1 0 0 0.0165(0.0165-0.0165) 3 0 0

0.022 0.017(0.017-0.017) 1 0 1 0.022 0.0025(0.0025-0.012) 4 0 1

5 10.2(10.2-10.2) 1 0 1 5 10.22(8.51-11.1) 4 0 4

0.72(0.72-0.72) 1 0 0 0.72(0.72-0.72) 4 0 0

6.5-8.5 8.36(8.36-8.36) 1 0 1 6.5-8.5 6.48(6.34-7.12) 3 2 3

173(173-173) 1 0 1 55(49.5-99) 3 0 3

3.9 0.411(0.411-0.411) 1 0 1 23-29 0.653(0.278-0.666) 3 0 3

19.9(19.9-19.9) 1 0 1 6.88(5.43-18.9) 3 0 3

37.5(37.5-37.5) 1 0 1 30(5-33.1) 3 0 2

150 130(130-130) 1 0 1 150 35.9(31.5-71.3) 3 0 3

0.11(0.11-0.11) 1 0 1 0.105(0.1-0.12) 3 0 3

0.396(0.396-0.396) 1 0 1 0.203(0.17-0.345) 3 0 3

330(330-330) 1 0 1 115(100-175) 3 0 3

10.6(10.6-10.6) 1 0 1 1.22(0.72-2.24) 3 0 3

0.2(0.2-0.2) 1 0 0 0.2(0.2-0.2) 4 0 0

0(0-0) 1 0 0 0(0-0) 3 0 0

0.34(0.34-0.34) 1 0 1 0.54(0.23-0.55) 3 0 3

45 19.4(19.4-19.4) 1 0 1 45 6.09(5.7-11.6) 3 0 3

10 4.38(4.38-4.38) 1 0 1 10 1.37(1.29-2.62) 3 0 3

1 0.005(0.005-0.005) 1 0 0 1 0.015(0.005-0.015) 3 0 0

0.13(0.13-0.13) 1 0 1 0.13(0.108-0.17) 3 0 3

1070(1070-1070) 1 0 1 345(321-577) 3 0 3

300 164(164-164) 1 0 1 300 53.8(44-98) 3 0 3

750 736(736-736) 1 0 1 750 208(202-360) 3 0 3

20(20-20) 1 0 1 59.5(7.61-93.5) 3 0 3

0.75(0.75-0.75) 1 0 0 0.75(0.75-0.75) 4 0 0

15(15-15) 1 0 1 40.5(24-192) 12 0 12

2.42(2.42-2.42) 1 0 1 5.26(4.21-18.2) 3 0 3

7(7-7) 1 0 1 10(8-21) 3 0 3

0.0335(0.0335-0.0335) 1 0 0 0.0335(0.0335-0.0335) 3 0 0

0.0075(0.0075-0.0075) 1 0 0 0.0075(0.0075-0.0075) 3 0 0

2.5(2.5-2.5) 1 0 0 2.5(2.5-8.99) 3 0 1

62.2(62.2-62.2) 1 0 1 183(125-635) 3 0 3

0.1(0.1-0.1) 1 0 0 0.1(0.1-0.1) 3 0 0

 San Gabriel River @ SGR Parkway

S14

2010-11Dry 

 San Gabriel River @ SGR Parkway

S14

2010-11Wet 

Table 4-4.5. San Gabriel River @ SGR Parkway Dry & Wet Weather Exceedance Summary
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Group Parameter Units

Metals Dissolved Arsenic ug/L

Metals Dissolved Barium ug/L

Metals Dissolved Beryllium ug/L

Metals Dissolved Cadmium ug/L

Metals Dissolved Chromium ug/L

Metals Dissolved Chromium +6 ug/L

Metals Dissolved Copper ug/L

Metals Dissolved Iron ug/L

Metals Dissolved Lead ug/L

Metals Dissolved Mercury ug/L

Metals Dissolved Nickel ug/L

Metals Dissolved Selenium ug/L

Metals Dissolved Silver ug/L

Metals Dissolved Thallium ug/L

Metals Dissolved Zinc ug/L

Metals Aluminum ug/L

Metals Antimony ug/L

Metals Arsenic ug/L

Metals Barium ug/L

Metals Beryllium ug/L

Metals Cadmium ug/L

Metals Chromium ug/L

Metals Chromium +6 ug/L

Metals Copper ug/L

Metals Iron ug/L

Metals Lead ug/L

Metals Mercury ug/L

Metals Nickel ug/L

Metals Selenium ug/L

Metals Silver ug/L

Metals Thallium ug/L

Metals Zinc ug/L

Organophosphate Pesticides Atrazine ug/L

Organophosphate Pesticides Chlorpyrifos ug/L

Organophosphate Pesticides Cyanazine ug/L

Organophosphate Pesticides Diazinon ug/L

Organophosphate Pesticides Malathion ug/L

Organophosphate Pesticides Prometryn ug/L

Organophosphate Pesticides Simazine ug/L

Polychlorinated Biphenyls PCB-1016 (Aroclor 1016) ug/L

Polychlorinated Biphenyls PCB-1221 (Aroclor 1221) ug/L

Polychlorinated Biphenyls PCB-1232 (Aroclor 1232) ug/L

Polychlorinated Biphenyls PCB-1242 (Aroclor 1242) ug/L

Polychlorinated Biphenyls PCB-1248 (Aroclor 1248) ug/L

Polychlorinated Biphenyls PCB-1254 (Aroclor 1254) ug/L

Polychlorinated Biphenyls PCB-1260 (Aroclor 1260) ug/L

Semivolatile Organic Compounds (Acids) 2-4-6-Trichlorophenol ug/L

Semivolatile Organic Compounds (Acids) 2-4-Dichlorophenol ug/L

Semivolatile Organic Compounds (Acids) 2-4-Dimethylphenol ug/L

Semivolatile Organic Compounds (Acids) 2-4-Dinitrophenol ug/L

Semivolatile Organic Compounds (Acids) 2-Chlorophenol ug/L

Semivolatile Organic Compounds (Acids) 2-Nitrophenol ug/L

Semivolatile Organic Compounds (Acids) 4-Chloro-3-methylphenol ug/L

Semivolatile Organic Compounds (Acids) 4-Nitrophenol ug/L

Semivolatile Organic Compounds (Acids) Pentachlorophenol ug/L

Semivolatile Organic Compounds (Acids) Phenol ug/L

Semivolatile Organic Compounds (Acids) Phenolics-Total Recoverable mg/L

WQO Median (range) #samples #exceed #detected WQO Median (range) #samples #exceed #detected

 San Gabriel River @ SGR Parkway

S14

2010-11Dry 

 San Gabriel River @ SGR Parkway

S14

2010-11Wet 

Table 4-4.5. San Gabriel River @ SGR Parkway Dry & Wet Weather Exceedance Summary

340.2 0.1(0.1-0.1) 1 0 0 151.2-340.2 0.1(0.1-0.1) 3 0 0

0.5(0.5-0.5) 1 0 0 0.5(0.5-0.5) 3 0 0

0.05(0.05-0.05) 1 0 0 0.05(0.05-0.05) 3 0 0

12.6 0.05(0.05-0.05) 1 0 0 0-6.3 0.05(0.05-0.05) 3 0 0

1461.6 0.25(0.25-0.25) 1 0 0 75.6-869.4 0.25(0.25-0.25) 3 0 0

321.3 0.125(0.125-0.125) 1 0 0 100.8-170.1 0.125(0.125-0.125) 3 0 0

44.1 0.25(0.25-0.25) 1 0 0 12.6-25.2 0.25(0.25-0.25) 3 0 0

138(138-138) 1 0 1 348(267-875) 3 0 3

233.1 0.1(0.1-0.1) 1 0 0 0-119.7 0.1(0.1-0.1) 3 0 0

0.05(0.05-0.05) 1 0 0 0.05(0.05-0.05) 3 0 0

1285.2 0.25(0.25-0.25) 1 0 0 56.7-749.7 0.25(0.25-0.25) 3 0 0

0.25(0.25-0.25) 1 0 0 0.25(0.25-0.25) 3 0 0

25.2 0.05(0.05-0.05) 1 0 0 6.3 0.05(0.05-0.05) 3 0 0

0.05(0.05-0.05) 1 0 0 0.05(0.05-0.05) 3 0 0

321.3 61.8(61.8-61.8) 1 0 1 119.7-189 69.1(0.5-71.1) 3 0 2

255(255-255) 1 0 1 730(483-2950) 3 0 3

0.1(0.1-0.1) 1 0 0 0.1(0.1-0.1) 3 0 0

0.1(0.1-0.1) 1 0 0 0.1(0.1-0.1) 3 0 0

0.5(0.5-0.5) 1 0 0 0.5(0.5-0.5) 3 0 0

0.05(0.05-0.05) 1 0 0 0.05(0.05-0.05) 3 0 0

0.05(0.05-0.05) 1 0 0 0.05(0.05-0.05) 3 0 0

0.25(0.25-0.25) 1 0 0 0.25(0.25-0.25) 3 0 0

0.125(0.125-0.125) 1 0 0 0.125(0.125-0.125) 3 0 0

0.25(0.25-0.25) 1 0 0 0.25(0.25-0.25) 3 0 0

440(440-440) 1 0 1 1510(975-4780) 3 0 3

0.1(0.1-0.1) 1 0 0 6.06(0.1-7.9) 3 0 2

0.05(0.05-0.05) 1 0 0 0.05(0.05-0.05) 3 0 0

0.25(0.25-0.25) 1 0 0 0.25(0.25-0.25) 3 0 0

0.25(0.25-0.25) 1 0 0 5 0.25(0.25-0.25) 3 0 0

0.05(0.05-0.05) 1 0 0 0.05(0.05-0.05) 3 0 0

0.05(0.05-0.05) 1 0 0 0.05(0.05-0.05) 3 0 0

65.6(65.6-65.6) 1 0 1 77.4(73.1-88.6) 3 0 3

0.3335(0.3335-0.3335) 1 0 0 0.3335(0.3335-0.3335) 3 0 0

0.01(0.01-0.01) 1 0 0 0.01(0.01-0.01) 3 0 0

0.3335(0.3335-0.3335) 1 0 0 0.3335(0.3335-0.3335) 3 0 0

0.0015(0.0015-0.0015) 1 0 0 0.0015(0.0015-0.0015) 3 0 0

0.165(0.165-0.165) 1 0 0 0.165(0.165-0.165) 4 0 0

0.335(0.335-0.335) 1 0 0 0.335(0.335-0.335) 3 0 0

0.335(0.335-0.335) 1 0 0 0.335(0.335-0.335) 3 0 0

0.0325(0.0325-0.0325) 1 0 0 0.0325(0.0325-0.0325) 3 0 0

0.0325(0.0325-0.0325) 1 0 0 0.0325(0.0325-0.0325) 3 0 0

0.0325(0.0325-0.0325) 1 0 0 0.0325(0.0325-0.0325) 3 0 0

0.0325(0.0325-0.0325) 1 0 0 0.0325(0.0325-0.0325) 3 0 0

0.0325(0.0325-0.0325) 1 0 0 0.0325(0.0325-0.0325) 3 0 0

0.0325(0.0325-0.0325) 1 0 0 0.0325(0.0325-0.0325) 3 0 0

0.0325(0.0325-0.0325) 1 0 0 0.0325(0.0325-0.0325) 3 0 0

1.665(1.665-1.665) 1 0 0 1.665(1.665-1.665) 3 0 0

0.165(0.165-0.165) 1 0 0 0.165(0.165-0.165) 3 0 0

0.335(0.335-0.335) 1 0 0 0.335(0.335-0.335) 3 0 0

0.5(0.5-0.5) 1 0 0 0.5(0.5-0.5) 3 0 0

0.335(0.335-0.335) 1 0 0 0.335(0.335-0.335) 3 0 0

0.5(0.5-0.5) 1 0 0 0.5(0.5-0.5) 3 0 0

0.5(0.5-0.5) 1 0 0 0.5(0.5-0.5) 3 0 0

0.5(0.5-0.5) 1 0 0 0.5(0.5-0.5) 3 0 0

34.2-34.2 0.335(0.335-0.335) 1 0 0 3.4-9.8 0.335(0.335-0.335) 3 0 0

0.165(0.165-0.165) 1 0 0 0.165(0.165-0.165) 3 0 0

0.015(0.015-0.015) 1 0 0 0.015(0.015-0.09) 4 0 0
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Group Parameter Units

Semivolatile Organic Compounds (Base/Neutral) 1-2-4-Trichlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) 1-2-Benzanthracene ug/L

Semivolatile Organic Compounds (Base/Neutral) 1-2-Dichlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) 1-2-Diphenylhydrazine ug/L

Semivolatile Organic Compounds (Base/Neutral) 1-3-Dichlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) 1-4-Dichlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) 2-4-Dinitrotoluene ug/L

Semivolatile Organic Compounds (Base/Neutral) 2-6-Dinitrotoluene ug/L

Semivolatile Organic Compounds (Base/Neutral) 2-Chloroethyl vinyl ether ug/L

Semivolatile Organic Compounds (Base/Neutral) 2-Chloronaphthalene ug/L

Semivolatile Organic Compounds (Base/Neutral) 3-3-Dichlorobenzidine ug/L

Semivolatile Organic Compounds (Base/Neutral) 4-6-Dinitro-2-methylphenol ug/L

Semivolatile Organic Compounds (Base/Neutral) 4-Bromophenyl phenyl ether ug/L

Semivolatile Organic Compounds (Base/Neutral) 4-Chlorophenyl phenyl ether ug/L

Semivolatile Organic Compounds (Base/Neutral) Acenaphthene ug/L

Semivolatile Organic Compounds (Base/Neutral) Acenaphthylene ug/L

Semivolatile Organic Compounds (Base/Neutral) Anthracene ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzidine ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzo(a)pyrene ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzo(b)flouranthene ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzo(k)flouranthene ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzo[g-h-i]perylene ug/L

Semivolatile Organic Compounds (Base/Neutral) Bis(2-Chloroethoxy) methane ug/L

Semivolatile Organic Compounds (Base/Neutral) Bis(2-Chloroethyl) ether ug/L

Semivolatile Organic Compounds (Base/Neutral) Bis(2-Chloroisopropyl) ether ug/L

Semivolatile Organic Compounds (Base/Neutral) Bis(2-Ethylhexl) phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) Butyl benzyl phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) Chrysene ug/L

Semivolatile Organic Compounds (Base/Neutral) Dibenzo(a-h)anthracene ug/L

Semivolatile Organic Compounds (Base/Neutral) Diethyl phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) Dimethyl phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) Fluoranthene ug/L

Semivolatile Organic Compounds (Base/Neutral) Fluorene ug/L

Semivolatile Organic Compounds (Base/Neutral) Hexachloro-cyclopentadiene ug/L

Semivolatile Organic Compounds (Base/Neutral) Hexachlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) Hexachlorobutadiene ug/L

Semivolatile Organic Compounds (Base/Neutral) Hexachloroethane ug/L

Semivolatile Organic Compounds (Base/Neutral) Indeno(1-2-3-c-d)pyrene ug/L

Semivolatile Organic Compounds (Base/Neutral) Isophorone ug/L

Semivolatile Organic Compounds (Base/Neutral) N-Nitroso-di-n-propyl amine ug/L

Semivolatile Organic Compounds (Base/Neutral) N-Nitroso-dimethyl amine ug/L

Semivolatile Organic Compounds (Base/Neutral) N-Nitroso-diphenyl amine ug/L

Semivolatile Organic Compounds (Base/Neutral) Naphthalene ug/L

Semivolatile Organic Compounds (Base/Neutral) Nitrobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) Phenanthrene ug/L

Semivolatile Organic Compounds (Base/Neutral) Pyrene ug/L

Semivolatile Organic Compounds (Base/Neutral) di-n-Butyl phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) di-n-Octyl phthalate ug/L

WQO=Water Quality Objective

Hardness based CTR calculations were based on a minimum of the sample hardness or  400 mg/L (as per the CTR)

High Volume Suspension for REC1/REC 2 beneficial use was applied to storm events greater than 0.5 inch at the 

Ballona Creek  (S01), Los Angeles (S10), Coyote Creek (S13),  San Gabriel (S14), and Dominguez Channel (S28) 

MES.

WQO Median (range) #samples #exceed #detected WQO Median (range) #samples #exceed #detected

 San Gabriel River @ SGR Parkway

S14

2010-11Dry 

 San Gabriel River @ SGR Parkway

S14

2010-11Wet 

Table 4-4.5. San Gabriel River @ SGR Parkway Dry & Wet Weather Exceedance Summary

0.165(0.165-0.165) 1 0 0 0.165(0.165-0.165) 3 0 0

0.835(0.835-0.835) 1 0 0 0.835(0.835-0.835) 3 0 0

0.165(0.165-0.165) 1 0 0 0.165(0.165-0.165) 3 0 0

0.165(0.165-0.165) 1 0 0 0.165(0.165-0.165) 3 0 0

0.165(0.165-0.165) 1 0 0 0.165(0.165-0.165) 3 0 0

0.165(0.165-0.165) 1 0 0 0.165(0.165-0.165) 3 0 0

0.835(0.835-0.835) 1 0 0 0.835(0.835-0.835) 3 0 0

0.835(0.835-0.835) 1 0 0 0.835(0.835-0.835) 3 0 0

1.25(1.25-1.25) 1 0 0 1.25(1.25-1.25) 4 0 0

1.665(1.665-1.665) 1 0 0 1.665(1.665-1.665) 3 0 0

0.835(0.835-0.835) 1 0 0 0.835(0.835-0.835) 3 0 0

0.5(0.5-0.5) 1 0 0 0.5(0.5-0.5) 3 0 0

0.835(0.835-0.835) 1 0 0 0.835(0.835-0.835) 3 0 0

0.835(0.835-0.835) 1 0 0 0.835(0.835-0.835) 3 0 0

0.165(0.165-0.165) 1 0 0 0.165(0.165-0.165) 3 0 0

0.335(0.335-0.335) 1 0 0 0.335(0.335-0.335) 3 0 0

0.335(0.335-0.335) 1 0 0 0.335(0.335-0.335) 3 0 0

0.835(0.835-0.835) 1 0 0 0.835(0.835-0.835) 3 0 0

0.335(0.335-0.335) 1 0 0 0.335(0.335-0.335) 3 0 0

1.67(1.67-1.67) 1 0 0 1.67(1.67-1.67) 3 0 0

0.335(0.335-0.335) 1 0 0 0.335(0.335-0.335) 3 0 0

0.835(0.835-0.835) 1 0 0 0.835(0.835-0.835) 3 0 0

0.835(0.835-0.835) 1 0 0 0.835(0.835-0.835) 3 0 0

0.165(0.165-0.165) 1 0 0 0.165(0.165-0.165) 3 0 0

0.335(0.335-0.335) 1 0 0 0.335(0.335-0.335) 3 0 0

0.835(0.835-0.835) 1 0 0 0.835(0.835-0.835) 3 0 0

1.665(1.665-1.665) 1 0 0 1.665(1.665-1.665) 3 0 0

0.835(0.835-0.835) 1 0 0 0.835(0.835-0.835) 3 0 0

0.0165(0.0165-0.0165) 1 0 0 0.0165(0.0165-0.0165) 3 0 0

0.335(0.335-0.335) 1 0 0 0.335(0.335-0.335) 3 0 0

0.335(0.335-0.335) 1 0 0 0.335(0.335-0.335) 3 0 0

0.0085(0.0085-0.0085) 1 0 0 0.0085(0.0085-0.0085) 3 0 0

0.0165(0.0165-0.0165) 1 0 0 0.0165(0.0165-0.0165) 3 0 0

0.835(0.835-0.835) 1 0 0 0.835(0.835-0.835) 3 0 0

0.165(0.165-0.165) 1 0 0 0.165(0.165-0.165) 3 0 0

0.165(0.165-0.165) 1 0 0 0.165(0.165-0.165) 3 0 0

0.165(0.165-0.165) 1 0 0 0.165(0.165-0.165) 3 0 0

0.0085(0.0085-0.0085) 1 0 0 0.0085(0.0085-0.0085) 3 0 0

0.165(0.165-0.165) 1 0 0 0.165(0.165-0.165) 3 0 0

0.835(0.835-0.835) 1 0 0 0.835(0.835-0.835) 3 0 0

0.835(0.835-0.835) 1 0 0 0.835(0.835-0.835) 3 0 0

0.165(0.165-0.165) 1 0 0 0.165(0.165-0.165) 3 0 0

0.0335(0.0335-0.0335) 1 0 0 0.0335(0.0335-0.0335) 3 0 0

0.165(0.165-0.165) 1 0 0 0.165(0.165-0.165) 3 0 0

0.0085(0.0085-0.0085) 1 0 0 0.0085(0.0085-0.0085) 3 0 0

0.0085(0.0085-0.0085) 1 0 0 0.0085(0.0085-0.0085) 3 0 0

1.665(1.665-1.665) 1 0 0 1.665(1.665-1.665) 3 0 0

1.665(1.665-1.665) 1 0 0 1.665(1.665-1.665) 3 0 0
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Bacteria Fecal Coliform MPN/100mL

Bacteria Fecal Enterococcus MPN/100mL

Bacteria Fecal Streptococcus MPN/100mL

Bacteria Total Coliform MPN/100mL

Chlorinated Pesticides 4-4'-DDD ug/L

Chlorinated Pesticides 4-4'-DDE ug/L

Chlorinated Pesticides 4-4'-DDT ug/L

Chlorinated Pesticides Aldrin ug/L

Chlorinated Pesticides Dieldrin ug/L

Chlorinated Pesticides Endosulfan I (alpha) ug/L

Chlorinated Pesticides Endosulfan II (beta) ug/L

Chlorinated Pesticides Endosulfan sulfate ug/L

Chlorinated Pesticides Endrin ug/L

Chlorinated Pesticides Endrin aldehyde ug/L

Chlorinated Pesticides Heptachlor ug/L

Chlorinated Pesticides Heptachlor Epoxide ug/L

Chlorinated Pesticides Methoxychlor ug/L

Chlorinated Pesticides Toxaphene ug/L

Chlorinated Pesticides alpha-BHC ug/L

Chlorinated Pesticides alpha-chlordane ug/L

Chlorinated Pesticides beta-BHC ug/L

Chlorinated Pesticides delta-BHC ug/L

Chlorinated Pesticides gamma-BHC (lindane) ug/L

Chlorinated Pesticides gamma-chlordane ug/L

Conventionals Cyanide mg/L

Conventionals Dissolved Oxygen mg/L

Conventionals Oil and Grease mg/L

Conventionals pH pH units

General Alkalinity as CaCO3 mg/L

General Ammonia mg/L

General BioChemical Oxygen Demand- Five-Day mg/L

General Chemical Oxygen Demand mg/L

General Chloride mg/L

General Dissolved Phosphorus mg/L

General Fluoride mg/L

General Hardness as CaCO3 mg/L

General Kjeldahl-N mg/L

General Methyl Tertiary Butyl Ether (MTBE) ug/L

General Methylene Blue Active Substances (MBAS) mg/L

General NH3-N mg/L

General Nitrate (NO3) mg/L

General Nitrate-N mg/L

General Nitrite-N mg/L

General Phosphorus- Total (as P) mg/L

General Specific Conductance umhos/cm

General Sulfate mg/L

General Total Dissolved Solids mg/L

General Total Organic Carbon mg/L

General Total Petroleum Hydrocarbons mg/L

General Total Suspended Solids mg/L

General Turbidity NTU

General Volatile Suspended Solids mg/L

Herbicides 2-4-5-TP-SILVEX ug/L

Herbicides 2-4-D ug/L

Herbicides Glyphosate ug/L

Metals Dissolved Aluminum ug/L

Metals Dissolved Antimony ug/L

Group Parameter Units

WQO Median (range) #samples #exceed #detected WQO Median (range) #samples #exceed #detected

4000 120020(40-240000) 2 1 2 4000 50000(13000-350000) 5 4 5

45020(40-90000) 2 0 2 30000(2800-300000) 5 0 5

45020(40-90000) 2 0 2 30000(2800-300000) 5 0 5

120150(300-240000) 2 0 2 300000(160000-1600000) 5 0 5

0.0055(0.0055-0.0055) 2 0 0 0.0055(0.0055-0.0055) 4 0 0

0.002(0.002-0.002) 2 0 0 0.002(0.002-0.002) 4 0 0

1.1 0.005(0.005-0.005) 2 0 0 1.1 0.005(0.005-0.005) 4 0 0

3 0.002(0.002-0.002) 2 0 0 3 0.002(0.002-0.002) 4 0 0

0.001(0.001-0.001) 2 0 0 0.001(0.001-0.001) 4 0 0

0.005(0.005-0.005) 2 0 0 0.005(0.005-0.005) 4 0 0

0.002(0.002-0.002) 2 0 0 0.002(0.002-0.002) 4 0 0

0.025(0.025-0.025) 2 0 0 0.025(0.025-0.025) 4 0 0

0.086 0.003(0.003-0.003) 2 0 0 0.086 0.003(0.003-0.003) 4 0 0

0.005(0.005-0.005) 2 0 0 0.005(0.005-0.005) 4 0 0

0.52 0.0015(0.0015-0.0015) 2 0 0 0.52 0.0015(0.0015-0.0015) 4 0 0

0.52 0.005(0.005-0.005) 2 0 0 0.52 0.005(0.005-0.005) 4 0 0

0.25(0.25-0.25) 2 0 0 0.25(0.25-0.25) 4 0 0

0.73 0.12(0.12-0.12) 2 0 0 0.73 0.12(0.12-0.12) 4 0 0

0.005(0.005-0.005) 2 0 0 0.005(0.005-0.005) 4 0 0

0.0165(0.0165-0.0165) 2 0 0 0.0165(0.0165-0.0165) 4 0 0

0.0025(0.0025-0.0025) 2 0 0 0.0025(0.0025-0.0025) 4 0 0

0.0025(0.0025-0.0025) 2 0 0 0.0025(0.0025-0.0025) 4 0 0

0.95 0.002(0.002-0.002) 2 0 0 0.95 0.002(0.002-0.002) 4 0 0

0.0165(0.0165-0.0165) 2 0 0 0.0165(0.0165-0.0165) 4 0 0

0.022 0.0025(0.0025-0.0025) 2 0 0 0.022 0.005(0.0025-0.007) 5 0 3

5 18.75(13.9-23.6) 2 0 2 5 10.6(8.8-12.1) 5 0 5

14.46(0.72-28.2) 2 0 1 0(0-0.72) 5 0 0

6.5-8.5 8.65(8.41-8.89) 2 1 2 6.5-8.5 7.005(6.69-8.12) 4 0 4

213.5(193-234) 2 0 2 58.85(16.5-83) 4 0 4

0.91-2.3 0.3085(0.169-0.448) 2 0 2 6.8-27 0.447(0.399-1.39) 4 0 4

8.075(7.55-8.6) 2 0 2 12.14(6.39-19.4) 4 0 4

54.25(44.7-63.8) 2 0 2 55.15(21.8-81) 4 0 4

182(157-207) 2 0 2 45.1(5.75-61.8) 4 0 4

0.125(0.05-0.2) 2 0 2 0.21(0.17-0.245) 4 0 4

0.571(0.57-0.572) 2 0 2 0.3045(0.164-0.366) 4 0 4

305(300-310) 2 0 2 95(30-190) 4 0 4

2.11(1-3.22) 2 0 2 1.48(0.92-16.2) 4 0 4

0.2(0.2-0.2) 2 0 0 0.2(0.2-0.2) 5 0 0

0(0-0) 2 0 0 0(0-0.81) 4 0 1

0.255(0.14-0.37) 2 0 2 0.3695(0.33-1.15) 4 0 4

45 10.98(7.86-14.1) 2 0 2 45 5.555(2.39-8.8) 4 0 4

10 2.48(1.77-3.19) 2 0 2 10 1.255(0.539-1.99) 4 0 4

1 0.01(0.005-0.015) 2 0 0 1 0.01(0.005-0.015) 4 0 0

0.165(0.07-0.26) 2 0 2 0.25(0.2-0.271) 4 0 4

1140(1080-1200) 2 0 2 320.5(78-440) 4 0 4

99.85(86.7-113) 2 0 2 29.25(5.37-39.5) 4 0 4

739(692-786) 2 0 2 202(46-282) 4 0 4

6.885(5.65-8.12) 2 0 2 44.4(31.8-70.6) 4 0 4

3.385(0.75-6.02) 2 0 1 0.75(0.75-0.75) 5 0 0

54.5(29-80) 2 0 2 105.5(39-412) 14 0 14

5.365(4.74-5.99) 2 0 2 14.25(3.18-31.5) 4 0 4

24(11-37) 2 0 2 50(17-140) 4 0 4

0.0335(0.0335-0.0335) 2 0 0 0.0335(0.0335-0.0335) 4 0 0

0.0075(0.0075-0.0075) 2 0 0 0.0075(0.0075-0.0075) 4 0 0

5.785(2.5-9.07) 2 0 1 5.42(2.5-17.5) 4 0 2

118(64-172) 2 0 2 574(258-1010) 4 0 4

1.325(0.1-2.55) 2 0 1 0.1(0.1-0.1) 4 0 0
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Group Parameter Units

Metals Dissolved Arsenic ug/L

Metals Dissolved Barium ug/L

Metals Dissolved Beryllium ug/L

Metals Dissolved Cadmium ug/L

Metals Dissolved Chromium ug/L

Metals Dissolved Chromium +6 ug/L

Metals Dissolved Copper ug/L

Metals Dissolved Iron ug/L

Metals Dissolved Lead ug/L

Metals Dissolved Mercury ug/L

Metals Dissolved Nickel ug/L

Metals Dissolved Selenium ug/L

Metals Dissolved Silver ug/L

Metals Dissolved Thallium ug/L

Metals Dissolved Zinc ug/L

Metals Aluminum ug/L

Metals Antimony ug/L

Metals Arsenic ug/L

Metals Barium ug/L

Metals Beryllium ug/L

Metals Cadmium ug/L

Metals Chromium ug/L

Metals Chromium +6 ug/L

Metals Copper ug/L

Metals Iron ug/L

Metals Lead ug/L

Metals Mercury ug/L

Metals Nickel ug/L

Metals Selenium ug/L

Metals Silver ug/L

Metals Thallium ug/L

Metals Zinc ug/L

Organophosphate Pesticides Atrazine ug/L

Organophosphate Pesticides Chlorpyrifos ug/L

Organophosphate Pesticides Cyanazine ug/L

Organophosphate Pesticides Diazinon ug/L

Organophosphate Pesticides Malathion ug/L

Organophosphate Pesticides Prometryn ug/L

Organophosphate Pesticides Simazine ug/L

Polychlorinated Biphenyls PCB-1016 (Aroclor 1016) ug/L

Polychlorinated Biphenyls PCB-1221 (Aroclor 1221) ug/L

Polychlorinated Biphenyls PCB-1232 (Aroclor 1232) ug/L

Polychlorinated Biphenyls PCB-1242 (Aroclor 1242) ug/L

Polychlorinated Biphenyls PCB-1248 (Aroclor 1248) ug/L

Polychlorinated Biphenyls PCB-1254 (Aroclor 1254) ug/L

Polychlorinated Biphenyls PCB-1260 (Aroclor 1260) ug/L

Semivolatile Organic Compounds (Acids) 2-4-6-Trichlorophenol ug/L

Semivolatile Organic Compounds (Acids) 2-4-Dichlorophenol ug/L

Semivolatile Organic Compounds (Acids) 2-4-Dimethylphenol ug/L

Semivolatile Organic Compounds (Acids) 2-4-Dinitrophenol ug/L

Semivolatile Organic Compounds (Acids) 2-Chlorophenol ug/L

Semivolatile Organic Compounds (Acids) 2-Nitrophenol ug/L

Semivolatile Organic Compounds (Acids) 4-Chloro-3-methylphenol ug/L

Semivolatile Organic Compounds (Acids) 4-Nitrophenol ug/L

Semivolatile Organic Compounds (Acids) Pentachlorophenol ug/L

Semivolatile Organic Compounds (Acids) Phenol ug/L

Semivolatile Organic Compounds (Acids) Phenolics-Total Recoverable mg/L

WQO Median (range) #samples #exceed #detected WQO Median (range) #samples #exceed #detected
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340.2 0.795(0.1-1.49) 2 0 1 151.2-340.2 1.165(0.1-2.23) 4 0 2

42.15(0.5-83.8) 2 0 1 0.5(0.5-0.5) 4 0 0

0.05(0.05-0.05) 2 0 0 0.05(0.05-0.05) 4 0 0

12.6 0.05(0.05-0.05) 2 0 0 0-6.3 0.05(0.05-0.05) 4 0 0

1348.2-1386 0.65(0.25-1.05) 2 0 1 25.2-926.1 0.25(0.25-0.25) 4 0 0

296.1-302.4 0.125(0.125-0.125) 2 0 0 31.5-189 0.125(0.125-0.125) 4 0 0

37.8 10.475(0.25-20.7) 2 0 1 6.3-25.2 27.975(0.25-76.2) 4 2 2

509.5(234-785) 2 0 2 830(427-1130) 4 0 4

207.9-214.2 1.53(0.1-2.96) 2 0 1 18.9-126 13.435(7.35-33.2) 4 0 4

0.05(0.05-0.05) 2 0 0 0.05(0.05-0.05) 4 0 0

1184.4-1222.2 2.99(0.25-5.73) 2 0 1 18.9-806.4 0.25(0.25-0.25) 4 0 0

0.76(0.25-1.27) 2 0 1 0.25(0.25-0.25) 4 0 0

25.2 0.05(0.05-0.05) 2 0 0 0-12.6 0.05(0.05-0.05) 4 0 0

0.05(0.05-0.05) 2 0 0 0.05(0.05-0.05) 4 0 0

296.1-308.7 65.75(0.5-131) 2 0 1 44.1-201.6 268(118-492) 4 3 4

671(262-1080) 2 0 2 1795(1110-4930) 4 0 4

1.73(0.1-3.36) 2 0 1 3.575(0.1-8.02) 4 0 2

1.24(0.1-2.38) 2 0 1 2.28(0.1-2.39) 4 0 3

52.75(0.5-105) 2 0 1 0.5(0.5-160) 4 0 1

0.05(0.05-0.05) 2 0 0 0.05(0.05-0.05) 4 0 0

0.1525(0.05-0.255) 2 0 1 0.05(0.05-1.03) 4 0 1

2.87(0.25-5.49) 2 0 1 11.85(10.1-13.7) 4 0 4

0.125(0.125-0.125) 2 0 0 0.125(0.125-0.125) 4 0 0

16.575(0.25-32.9) 2 0 1 40.475(0.25-141) 4 0 2

1331(522-2140) 2 0 2 2915(2040-7580) 4 0 4

2(0.1-3.9) 2 0 1 19.3(10.2-45.6) 4 0 4

0.05(0.05-0.05) 2 0 0 0.05(0.05-0.05) 4 0 0

4.28(0.25-8.31) 2 0 1 5.775(0.25-18) 4 0 2

1.17(0.25-2.09) 2 0 1 5 0.25(0.25-0.25) 4 0 0

0.05(0.05-0.05) 2 0 0 0.05(0.05-0.05) 4 0 0

0.05(0.05-0.05) 2 0 0 0.05(0.05-0.05) 4 0 0

69.75(0.5-139) 2 0 1 310(135-595) 4 0 4

0.3335(0.3335-0.3335) 2 0 0 0.3335(0.3335-0.3335) 4 0 0

0.01(0.01-0.01) 2 0 0 0.01(0.01-0.01) 4 0 0

0.3335(0.3335-0.3335) 2 0 0 0.3335(0.3335-0.3335) 4 0 0

0.0015(0.0015-0.0015) 2 0 0 0.0015(0.0015-0.0015) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 5 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

0.0325(0.0325-0.0325) 2 0 0 0.0325(0.0325-0.0325) 4 0 0

0.0325(0.0325-0.0325) 2 0 0 0.0325(0.0325-0.0325) 4 0 0

0.0325(0.0325-0.0325) 2 0 0 0.0325(0.0325-0.0325) 4 0 0

0.0325(0.0325-0.0325) 2 0 0 0.0325(0.0325-0.0325) 4 0 0

0.0325(0.0325-0.0325) 2 0 0 0.0325(0.0325-0.0325) 4 0 0

0.0325(0.0325-0.0325) 2 0 0 0.0325(0.0325-0.0325) 4 0 0

0.0325(0.0325-0.0325) 2 0 0 0.0325(0.0325-0.0325) 4 0 0

1.665(1.665-1.665) 2 0 0 1.665(1.665-1.665) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

0.5(0.5-0.5) 2 0 0 0.5(0.5-0.5) 4 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

0.5(0.5-0.5) 2 0 0 0.5(0.5-0.5) 4 0 0

0.5(0.5-0.5) 2 0 0 0.5(0.5-0.5) 4 0 0

0.5(0.5-0.5) 2 0 0 0.5(0.5-0.5) 4 0 0

36-58.3 0.335(0.335-0.335) 2 0 0 5.8-26.9 0.335(0.335-0.335) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.015(0.015-0.015) 2 0 0 0.015(0.015-0.07) 5 0 0
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Group Parameter Units

Semivolatile Organic Compounds (Base/Neutral) 1-2-4-Trichlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) 1-2-Benzanthracene ug/L

Semivolatile Organic Compounds (Base/Neutral) 1-2-Dichlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) 1-2-Diphenylhydrazine ug/L

Semivolatile Organic Compounds (Base/Neutral) 1-3-Dichlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) 1-4-Dichlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) 2-4-Dinitrotoluene ug/L

Semivolatile Organic Compounds (Base/Neutral) 2-6-Dinitrotoluene ug/L

Semivolatile Organic Compounds (Base/Neutral) 2-Chloroethyl vinyl ether ug/L

Semivolatile Organic Compounds (Base/Neutral) 2-Chloronaphthalene ug/L

Semivolatile Organic Compounds (Base/Neutral) 3-3-Dichlorobenzidine ug/L

Semivolatile Organic Compounds (Base/Neutral) 4-6-Dinitro-2-methylphenol ug/L

Semivolatile Organic Compounds (Base/Neutral) 4-Bromophenyl phenyl ether ug/L

Semivolatile Organic Compounds (Base/Neutral) 4-Chlorophenyl phenyl ether ug/L

Semivolatile Organic Compounds (Base/Neutral) Acenaphthene ug/L

Semivolatile Organic Compounds (Base/Neutral) Acenaphthylene ug/L

Semivolatile Organic Compounds (Base/Neutral) Anthracene ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzidine ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzo(a)pyrene ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzo(b)flouranthene ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzo(k)flouranthene ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzo[g-h-i]perylene ug/L

Semivolatile Organic Compounds (Base/Neutral) Bis(2-Chloroethoxy) methane ug/L

Semivolatile Organic Compounds (Base/Neutral) Bis(2-Chloroethyl) ether ug/L

Semivolatile Organic Compounds (Base/Neutral) Bis(2-Chloroisopropyl) ether ug/L

Semivolatile Organic Compounds (Base/Neutral) Bis(2-Ethylhexl) phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) Butyl benzyl phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) Chrysene ug/L

Semivolatile Organic Compounds (Base/Neutral) Dibenzo(a-h)anthracene ug/L

Semivolatile Organic Compounds (Base/Neutral) Diethyl phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) Dimethyl phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) Fluoranthene ug/L

Semivolatile Organic Compounds (Base/Neutral) Fluorene ug/L

Semivolatile Organic Compounds (Base/Neutral) Hexachloro-cyclopentadiene ug/L

Semivolatile Organic Compounds (Base/Neutral) Hexachlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) Hexachlorobutadiene ug/L

Semivolatile Organic Compounds (Base/Neutral) Hexachloroethane ug/L

Semivolatile Organic Compounds (Base/Neutral) Indeno(1-2-3-c-d)pyrene ug/L

Semivolatile Organic Compounds (Base/Neutral) Isophorone ug/L

Semivolatile Organic Compounds (Base/Neutral) N-Nitroso-di-n-propyl amine ug/L

Semivolatile Organic Compounds (Base/Neutral) N-Nitroso-dimethyl amine ug/L

Semivolatile Organic Compounds (Base/Neutral) N-Nitroso-diphenyl amine ug/L

Semivolatile Organic Compounds (Base/Neutral) Naphthalene ug/L

Semivolatile Organic Compounds (Base/Neutral) Nitrobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) Phenanthrene ug/L

Semivolatile Organic Compounds (Base/Neutral) Pyrene ug/L

Semivolatile Organic Compounds (Base/Neutral) di-n-Butyl phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) di-n-Octyl phthalate ug/L

WQO=Water Quality Objective

Hardness based CTR calculations were based on a minimum of the sample hardness or  400 mg/L (as per the CTR)

High Volume Suspension for REC1/REC 2 beneficial use was applied to storm events greater than 0.5 inch at the 

Ballona Creek  (S01), Los Angeles (S10), Coyote Creek (S13),  San Gabriel (S14), and Dominguez Channel (S28) 

MES.

WQO Median (range) #samples #exceed #detected WQO Median (range) #samples #exceed #detected
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0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

1.25(1.25-1.25) 2 0 0 1.25(1.25-1.25) 5 0 0

1.665(1.665-1.665) 2 0 0 1.665(1.665-1.665) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.5(0.5-0.5) 2 0 0 0.5(0.5-0.5) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

1.67(1.67-1.67) 2 0 0 1.67(1.67-1.67) 4 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

1.665(1.665-1.665) 2 0 0 1.665(1.665-1.665) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.0165(0.0165-0.0165) 2 0 0 0.0165(0.0165-0.0165) 4 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

0.0085(0.0085-0.0085) 2 0 0 0.0085(0.0085-0.0085) 4 0 0

0.0165(0.0165-0.0165) 2 0 0 0.0165(0.0165-0.0165) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.0085(0.0085-0.0085) 2 0 0 0.0085(0.0085-0.0085) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.0335(0.0335-0.0335) 2 0 0 0.0335(0.0335-0.0335) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.0085(0.0085-0.0085) 2 0 0 0.0085(0.0085-0.0085) 4 0 0

0.0085(0.0085-0.0085) 2 0 0 0.0085(0.0085-0.0085) 4 0 0

1.665(1.665-1.665) 2 0 0 1.665(1.665-1.665) 4 0 0

1.665(1.665-1.665) 2 0 0 1.665(1.665-1.665) 4 0 0
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Bacteria Fecal Coliform MPN/100mL

Bacteria Fecal Enterococcus MPN/100mL

Bacteria Fecal Streptococcus MPN/100mL

Bacteria Total Coliform MPN/100mL

Chlorinated Pesticides 4-4'-DDD ug/L

Chlorinated Pesticides 4-4'-DDE ug/L

Chlorinated Pesticides 4-4'-DDT ug/L

Chlorinated Pesticides Aldrin ug/L

Chlorinated Pesticides Dieldrin ug/L

Chlorinated Pesticides Endosulfan I (alpha) ug/L

Chlorinated Pesticides Endosulfan II (beta) ug/L

Chlorinated Pesticides Endosulfan sulfate ug/L

Chlorinated Pesticides Endrin ug/L

Chlorinated Pesticides Endrin aldehyde ug/L

Chlorinated Pesticides Heptachlor ug/L

Chlorinated Pesticides Heptachlor Epoxide ug/L

Chlorinated Pesticides Methoxychlor ug/L

Chlorinated Pesticides Toxaphene ug/L

Chlorinated Pesticides alpha-BHC ug/L

Chlorinated Pesticides alpha-chlordane ug/L

Chlorinated Pesticides beta-BHC ug/L

Chlorinated Pesticides delta-BHC ug/L

Chlorinated Pesticides gamma-BHC (lindane) ug/L

Chlorinated Pesticides gamma-chlordane ug/L

Conventionals Cyanide mg/L

Conventionals Dissolved Oxygen mg/L

Conventionals Oil and Grease mg/L

Conventionals pH pH units

General Alkalinity as CaCO3 mg/L

General Ammonia mg/L

General BioChemical Oxygen Demand- Five-Day mg/L

General Chemical Oxygen Demand mg/L

General Chloride mg/L

General Dissolved Phosphorus mg/L

General Fluoride mg/L

General Hardness as CaCO3 mg/L

General Kjeldahl-N mg/L

General Methyl Tertiary Butyl Ether (MTBE) ug/L

General Methylene Blue Active Substances (MBAS) mg/L

General NH3-N mg/L

General Nitrate (NO3) mg/L

General Nitrate-N mg/L

General Nitrite-N mg/L

General Phosphorus- Total (as P) mg/L

General Specific Conductance umhos/cm

General Sulfate mg/L

General Total Dissolved Solids mg/L

General Total Organic Carbon mg/L

General Total Petroleum Hydrocarbons mg/L

General Total Suspended Solids mg/L

General Turbidity NTU

General Volatile Suspended Solids mg/L

Herbicides 2-4-5-TP-SILVEX ug/L

Herbicides 2-4-D ug/L

Herbicides Glyphosate ug/L

Metals Dissolved Aluminum ug/L

Metals Dissolved Antimony ug/L

Group Parameter Units

WQO Median (range) #samples #exceed #detected WQO Median (range) #samples #exceed #detected

400 85(40-130) 2 0 2 400 50000(5000-500000) 5 5 5

2565(130-5000) 2 0 2 160000(30000-500000) 5 0 5

2565(130-5000) 2 0 2 160000(3000-500000) 5 0 5

45115(230-90000) 2 0 2 500000(90000-900000) 5 0 5

0.0055(0.0055-0.0055) 2 0 0 0.0055(0.0055-0.0055) 4 0 0

0.002(0.002-0.002) 2 0 0 0.002(0.002-0.002) 4 0 0

1.1 0.005(0.005-0.005) 2 0 0 1.1 0.005(0.005-0.005) 4 0 0

3 0.002(0.002-0.002) 2 0 0 3 0.002(0.002-0.002) 4 0 0

0.001(0.001-0.001) 2 0 0 0.001(0.001-0.001) 4 0 0

0.005(0.005-0.005) 2 0 0 0.005(0.005-0.005) 4 0 0

0.002(0.002-0.002) 2 0 0 0.002(0.002-0.002) 4 0 0

0.025(0.025-0.025) 2 0 0 0.025(0.025-0.025) 4 0 0

0.086 0.003(0.003-0.003) 2 0 0 0.086 0.003(0.003-0.003) 4 0 0

0.005(0.005-0.005) 2 0 0 0.005(0.005-0.005) 4 0 0

0.52 0.0015(0.0015-0.0015) 2 0 0 0.52 0.0015(0.0015-0.0015) 4 0 0

0.52 0.005(0.005-0.005) 2 0 0 0.52 0.005(0.005-0.005) 4 0 0

0.25(0.25-0.25) 2 0 0 0.25(0.25-0.25) 4 0 0

0.73 0.12(0.12-0.12) 2 0 0 0.73 0.12(0.12-0.12) 4 0 0

0.005(0.005-0.005) 2 0 0 0.005(0.005-0.005) 4 0 0

0.0165(0.0165-0.0165) 2 0 0 0.0165(0.0165-0.0165) 4 0 0

0.0025(0.0025-0.0025) 2 0 0 0.0025(0.0025-0.0025) 4 0 0

0.0025(0.0025-0.0025) 2 0 0 0.0025(0.0025-0.0025) 4 0 0

0.95 0.002(0.002-0.002) 2 0 0 0.95 0.002(0.002-0.002) 4 0 0

0.0165(0.0165-0.0165) 2 0 0 0.0165(0.0165-0.0165) 4 0 0

0.022 0.0025(0.0025-0.0025) 2 0 0 0.022 0.0025(0.0025-0.007) 5 0 1

5 8.205(7.42-8.99) 2 0 2 5 9.52(8.27-10.1) 5 0 5

0.72(0.72-0.72) 2 0 0 0.72(0-0.72) 5 0 0

6.5-8.5 7.36(6.88-7.84) 2 0 2 6.5-8.5 6.555(6.21-7.57) 4 1 4

260(259-261) 2 0 2 148.5(93.5-261) 4 0 4

10.3-23 0.127(0.121-0.133) 2 0 2 14.6-29 0.2045(0.05-0.411) 4 0 3

0.5(0.5-0.5) 2 0 0 7.625(5.89-14.9) 4 0 4

37.1(30.5-43.7) 2 0 2 45.8(5-73) 4 0 3

150 121(116-126) 2 0 2 150 60.4(25.1-96.3) 4 0 4

0.1995(0.189-0.21) 2 0 2 0.216(0.19-0.23) 4 0 4

0.521(0.497-0.545) 2 0 2 0.323(0.249-0.495) 4 0 4

400(380-420) 2 0 2 207.5(100-380) 4 0 4

0.71(0.46-0.96) 2 0 2 0.91(0.56-4.46) 4 0 4

0.2(0.2-0.2) 2 0 0 0.2(0.2-0.2) 5 0 0

0.005(0.005-0.005) 2 0 0 0(0-0) 4 0 0

0.105(0.1-0.11) 2 0 2 0.169(0.05-0.34) 4 0 3

45 6.745(6.13-7.36) 2 0 2 45 6.34(1.94-8.25) 4 0 4

10 1.52(1.38-1.66) 2 0 2 10 1.43(0.015-1.86) 4 0 3

1 0.01(0.005-0.015) 2 0 0 1 0.015(0.005-0.015) 4 0 0

0.21(0.19-0.23) 2 0 2 0.265(0.22-0.396) 4 0 4

1145(1100-1190) 2 0 2 640.5(285-1110) 4 0 4

600 215(197-233) 2 0 2 600 97.95(47.4-166) 4 0 4

1200 791(764-818) 2 0 2 1200 426(192-714) 4 0 4

3.34(1.35-5.33) 2 0 2 17.2(6.86-23.2) 4 0 4

0.75(0.75-0.75) 2 0 0 0.75(0.75-0.75) 5 0 0

39(8-70) 2 0 2 647(26-3270) 5 0 5

0.93(0.28-1.58) 2 0 2 6.905(3.38-75.6) 4 0 4

13(7-19) 2 0 2 59.5(5-420) 4 0 4

0.0335(0.0335-0.0335) 2 0 0 0.0335(0.0335-0.0335) 4 0 0

0.0075(0.0075-0.0075) 2 0 0 0.0075(0.0075-0.0075) 4 0 0

3.8(2.5-5.1) 2 0 1 2.5(2.5-7.14) 4 0 1

235(25-445) 2 0 1 2150(25-7300) 4 0 3

0.1(0.1-0.1) 2 0 0 0.1(0.1-0.1) 4 0 0
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Table 4-4.7. Santa Clara River Dry & Wet Weather Exceedance Summary
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Group Parameter Units

Metals Dissolved Arsenic ug/L

Metals Dissolved Barium ug/L

Metals Dissolved Beryllium ug/L

Metals Dissolved Cadmium ug/L

Metals Dissolved Chromium ug/L

Metals Dissolved Chromium +6 ug/L

Metals Dissolved Copper ug/L

Metals Dissolved Iron ug/L

Metals Dissolved Lead ug/L

Metals Dissolved Mercury ug/L

Metals Dissolved Nickel ug/L

Metals Dissolved Selenium ug/L

Metals Dissolved Silver ug/L

Metals Dissolved Thallium ug/L

Metals Dissolved Zinc ug/L

Metals Aluminum ug/L

Metals Antimony ug/L

Metals Arsenic ug/L

Metals Barium ug/L

Metals Beryllium ug/L

Metals Cadmium ug/L

Metals Chromium ug/L

Metals Chromium +6 ug/L

Metals Copper ug/L

Metals Iron ug/L

Metals Lead ug/L

Metals Mercury ug/L

Metals Nickel ug/L

Metals Selenium ug/L

Metals Silver ug/L

Metals Thallium ug/L

Metals Zinc ug/L

Organophosphate Pesticides Atrazine ug/L

Organophosphate Pesticides Chlorpyrifos ug/L

Organophosphate Pesticides Cyanazine ug/L

Organophosphate Pesticides Diazinon ug/L

Organophosphate Pesticides Malathion ug/L

Organophosphate Pesticides Prometryn ug/L

Organophosphate Pesticides Simazine ug/L

Polychlorinated Biphenyls PCB-1016 (Aroclor 1016) ug/L

Polychlorinated Biphenyls PCB-1221 (Aroclor 1221) ug/L

Polychlorinated Biphenyls PCB-1232 (Aroclor 1232) ug/L

Polychlorinated Biphenyls PCB-1242 (Aroclor 1242) ug/L

Polychlorinated Biphenyls PCB-1248 (Aroclor 1248) ug/L

Polychlorinated Biphenyls PCB-1254 (Aroclor 1254) ug/L

Polychlorinated Biphenyls PCB-1260 (Aroclor 1260) ug/L

Semivolatile Organic Compounds (Acids) 2-4-6-Trichlorophenol ug/L

Semivolatile Organic Compounds (Acids) 2-4-Dichlorophenol ug/L

Semivolatile Organic Compounds (Acids) 2-4-Dimethylphenol ug/L

Semivolatile Organic Compounds (Acids) 2-4-Dinitrophenol ug/L

Semivolatile Organic Compounds (Acids) 2-Chlorophenol ug/L

Semivolatile Organic Compounds (Acids) 2-Nitrophenol ug/L

Semivolatile Organic Compounds (Acids) 4-Chloro-3-methylphenol ug/L

Semivolatile Organic Compounds (Acids) 4-Nitrophenol ug/L

Semivolatile Organic Compounds (Acids) Pentachlorophenol ug/L

Semivolatile Organic Compounds (Acids) Phenol ug/L

Semivolatile Organic Compounds (Acids) Phenolics-Total Recoverable mg/L

WQO Median (range) #samples #exceed #detected WQO Median (range) #samples #exceed #detected

 Santa Clara River

S29

2010-11Dry 

 Santa Clara River

S29

2010-11Wet 

Table 4-4.7. Santa Clara River Dry & Wet Weather Exceedance Summary

340.2 0.1(0.1-0.1) 2 0 0 151.2-340.2 0.1(0.1-2.22) 4 0 1

27.95(0.5-55.4) 2 0 1 55.25(0.5-272) 4 0 2

0.05(0.05-0.05) 2 0 0 0.05(0.05-0.05) 4 0 0

18.9 0.05(0.05-0.05) 2 0 0 6.3-18.9 0.05(0.05-0.05) 4 0 0

1638-1707.3 0.46(0.25-0.67) 2 0 1 138.6-1638 0.25(0.25-0.25) 4 0 0

371.7-390.6 0.125(0.125-0.125) 2 0 0 100.8-371.7 0.125(0.125-0.125) 4 0 0

44.1-50.4 2.745(0.25-5.24) 2 0 1 12.6-44.1 0.25(0.25-0.25) 4 0 0

325.5(25-626) 2 0 1 1076(25-4350) 4 0 3

264.6-283.5 0.1(0.1-0.1) 2 0 0 6.3-264.6 5.4(0.1-24) 4 0 2

0.05(0.05-0.05) 2 0 0 0.05(0.05-0.05) 4 0 0

1449-1512 5.625(0.25-11) 2 0 1 113.4-1449 0.25(0.25-11.8) 4 0 1

1.635(0.25-3.02) 2 0 1 0.25(0.25-0.25) 4 0 0

31.5-37.8 0.05(0.05-0.05) 2 0 0 6.3-31.5 0.05(0.05-0.05) 4 0 0

0.05(0.05-0.05) 2 0 0 0.05(0.05-0.05) 4 0 0

365.4-378 48.1(45.7-50.5) 2 0 2 119.7-365.4 53.25(0.5-173) 4 1 2

747.5(25-1470) 2 0 1 10872.5(234-62300) 4 0 4

0.3325(0.1-0.565) 2 0 1 0.1(0.1-0.1) 4 0 0

0.69(0.1-1.28) 2 0 1 1.855(0.1-4.49) 4 0 2

34.35(0.5-68.2) 2 0 1 104.25(0.5-670) 4 0 2

0.05(0.05-0.05) 2 0 0 0.05(0.05-0.05) 4 0 0

0.05(0.05-0.05) 2 0 0 0.05(0.05-1.26) 4 0 1

1.49(0.25-2.73) 2 0 1 10.475(0.25-43.7) 4 0 2

0.125(0.125-0.125) 2 0 0 0.125(0.125-0.125) 4 0 0

3.69(0.25-7.13) 2 0 1 0.25(0.25-74.5) 4 0 1

1069(128-2010) 2 0 2 12595(335-68800) 4 0 4

0.1(0.1-0.1) 2 0 0 12.25(0.1-71.6) 4 0 2

0.05(0.05-0.05) 2 0 0 0.05(0.05-0.05) 4 0 0

13.75(13.4-14.1) 2 0 2 20.9(0.25-35.1) 4 0 3

1.685(0.25-3.12) 2 0 1 5 0.25(0.25-0.25) 4 0 0

0.05(0.05-0.05) 2 0 0 0.05(0.05-0.05) 4 0 0

0.05(0.05-0.05) 2 0 0 0.05(0.05-0.05) 4 0 0

59.6(57.1-62.1) 2 0 2 106.35(55.7-298) 4 0 4

0.3335(0.3335-0.3335) 2 0 0 0.3335(0.3335-0.3335) 4 0 0

0.01(0.01-0.01) 2 0 0 0.01(0.01-0.01) 4 0 0

0.3335(0.3335-0.3335) 2 0 0 0.3335(0.3335-0.3335) 4 0 0

0.0015(0.0015-0.0015) 2 0 0 0.0015(0.0015-0.0015) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

0.0325(0.0325-0.0325) 2 0 0 0.0325(0.0325-0.0325) 4 0 0

0.0325(0.0325-0.0325) 2 0 0 0.0325(0.0325-0.0325) 4 0 0

0.0325(0.0325-0.0325) 2 0 0 0.0325(0.0325-0.0325) 4 0 0

0.0325(0.0325-0.0325) 2 0 0 0.0325(0.0325-0.0325) 4 0 0

0.0325(0.0325-0.0325) 2 0 0 0.0325(0.0325-0.0325) 4 0 0

0.0325(0.0325-0.0325) 2 0 0 0.0325(0.0325-0.0325) 4 0 0

0.0325(0.0325-0.0325) 2 0 0 0.0325(0.0325-0.0325) 4 0 0

1.665(1.665-1.665) 2 0 0 1.665(1.665-1.665) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

0.5(0.5-0.5) 2 0 0 0.5(0.5-0.5) 4 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

0.5(0.5-0.5) 2 0 0 0.5(0.5-0.5) 4 0 0

0.5(0.5-0.5) 2 0 0 0.5(0.5-0.5) 4 0 0

0.5(0.5-0.5) 2 0 0 0.5(0.5-0.5) 4 0 0

7.7-20.3 0.335(0.335-0.335) 2 0 0 3.9-15.5 0.335(0.335-0.335) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.015(0.015-0.015) 2 0 0 0.015(0.015-0.015) 5 0 0
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Group Parameter Units

Semivolatile Organic Compounds (Base/Neutral) 1-2-4-Trichlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) 1-2-Benzanthracene ug/L

Semivolatile Organic Compounds (Base/Neutral) 1-2-Dichlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) 1-2-Diphenylhydrazine ug/L

Semivolatile Organic Compounds (Base/Neutral) 1-3-Dichlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) 1-4-Dichlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) 2-4-Dinitrotoluene ug/L

Semivolatile Organic Compounds (Base/Neutral) 2-6-Dinitrotoluene ug/L

Semivolatile Organic Compounds (Base/Neutral) 2-Chloroethyl vinyl ether ug/L

Semivolatile Organic Compounds (Base/Neutral) 2-Chloronaphthalene ug/L

Semivolatile Organic Compounds (Base/Neutral) 3-3-Dichlorobenzidine ug/L

Semivolatile Organic Compounds (Base/Neutral) 4-6-Dinitro-2-methylphenol ug/L

Semivolatile Organic Compounds (Base/Neutral) 4-Bromophenyl phenyl ether ug/L

Semivolatile Organic Compounds (Base/Neutral) 4-Chlorophenyl phenyl ether ug/L

Semivolatile Organic Compounds (Base/Neutral) Acenaphthene ug/L

Semivolatile Organic Compounds (Base/Neutral) Acenaphthylene ug/L

Semivolatile Organic Compounds (Base/Neutral) Anthracene ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzidine ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzo(a)pyrene ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzo(b)flouranthene ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzo(k)flouranthene ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzo[g-h-i]perylene ug/L

Semivolatile Organic Compounds (Base/Neutral) Bis(2-Chloroethoxy) methane ug/L

Semivolatile Organic Compounds (Base/Neutral) Bis(2-Chloroethyl) ether ug/L

Semivolatile Organic Compounds (Base/Neutral) Bis(2-Chloroisopropyl) ether ug/L

Semivolatile Organic Compounds (Base/Neutral) Bis(2-Ethylhexl) phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) Butyl benzyl phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) Chrysene ug/L

Semivolatile Organic Compounds (Base/Neutral) Dibenzo(a-h)anthracene ug/L

Semivolatile Organic Compounds (Base/Neutral) Diethyl phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) Dimethyl phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) Fluoranthene ug/L

Semivolatile Organic Compounds (Base/Neutral) Fluorene ug/L

Semivolatile Organic Compounds (Base/Neutral) Hexachloro-cyclopentadiene ug/L

Semivolatile Organic Compounds (Base/Neutral) Hexachlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) Hexachlorobutadiene ug/L

Semivolatile Organic Compounds (Base/Neutral) Hexachloroethane ug/L

Semivolatile Organic Compounds (Base/Neutral) Indeno(1-2-3-c-d)pyrene ug/L

Semivolatile Organic Compounds (Base/Neutral) Isophorone ug/L

Semivolatile Organic Compounds (Base/Neutral) N-Nitroso-di-n-propyl amine ug/L

Semivolatile Organic Compounds (Base/Neutral) N-Nitroso-dimethyl amine ug/L

Semivolatile Organic Compounds (Base/Neutral) N-Nitroso-diphenyl amine ug/L

Semivolatile Organic Compounds (Base/Neutral) Naphthalene ug/L

Semivolatile Organic Compounds (Base/Neutral) Nitrobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) Phenanthrene ug/L

Semivolatile Organic Compounds (Base/Neutral) Pyrene ug/L

Semivolatile Organic Compounds (Base/Neutral) di-n-Butyl phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) di-n-Octyl phthalate ug/L

WQO=Water Quality Objective

Hardness based CTR calculations were based on a minimum of the sample hardness or  400 mg/L (as per the CTR)

High Volume Suspension for REC1/REC 2 beneficial use was applied to storm events greater than 0.5 inch at the 

Ballona Creek  (S01), Los Angeles (S10), Coyote Creek (S13),  San Gabriel (S14), and Dominguez Channel (S28) 

MES.

WQO Median (range) #samples #exceed #detected WQO Median (range) #samples #exceed #detected

 Santa Clara River

S29

2010-11Dry 

 Santa Clara River

S29

2010-11Wet 

Table 4-4.7. Santa Clara River Dry & Wet Weather Exceedance Summary

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

1.25(1.25-1.25) 2 0 0 1.25(1.25-1.25) 5 0 0

1.665(1.665-1.665) 2 0 0 1.665(1.665-1.665) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.5(0.5-0.5) 2 0 0 0.5(0.5-0.5) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

1.67(1.67-1.67) 2 0 0 1.67(1.67-1.67) 4 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

1.665(1.665-1.665) 2 0 0 1.665(1.665-1.665) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.0165(0.0165-0.0165) 2 0 0 0.0165(0.0165-0.0165) 4 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

0.335(0.335-0.335) 2 0 0 0.335(0.335-0.335) 4 0 0

0.0085(0.0085-0.0085) 2 0 0 0.0085(0.0085-0.0085) 4 0 0

0.0165(0.0165-0.0165) 2 0 0 0.0165(0.0165-0.0165) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.0085(0.0085-0.0085) 2 0 0 0.0085(0.0085-0.0085) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.835(0.835-0.835) 2 0 0 0.835(0.835-0.835) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.0335(0.0335-0.0335) 2 0 0 0.0335(0.0335-0.0335) 4 0 0

0.165(0.165-0.165) 2 0 0 0.165(0.165-0.165) 4 0 0

0.0085(0.0085-0.0085) 2 0 0 0.0085(0.0085-0.0085) 4 0 0

0.0085(0.0085-0.0085) 2 0 0 0.0085(0.0085-0.0085) 4 0 0

1.665(1.665-1.665) 2 0 0 1.665(1.665-1.665) 4 0 0

1.665(1.665-1.665) 2 0 0 1.665(1.665-1.665) 4 0 0
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Table 4‐4.1. Ballona Creek @ Sawtelle Dry & Wet Weather Exceedance Summary

WQO Median (range) #samples #exceed #detected WQO Median (range) #samples #exceed #detected

Bacteria Fecal Coliform MPN/100mL 4000 515(80‐2400) 4 0 4 4000 135000(14000‐500000) 4 0 4

Bacteria Fecal Enterococcus MPN/100mL 180(10‐7000) 4 0 3 240000(240000‐300000) 4 0 4

Bacteria Fecal Streptococcus MPN/100mL 180(10‐11000) 4 0 3 300000(240000‐900000) 4 0 4

Bacteria Total Coliform MPN/100mL 5000(800‐220000) 4 0 4 300000(240000‐900000) 4 0 4

Chlorinated Pesticides 4‐4'‐DDD ug/L 0.0055(0.005‐0.0055) 4 0 0 0.0055(0.0055‐0.0055) 4 0 0

Chlorinated Pesticides 4‐4'‐DDE ug/L 0.002(0.002‐0.002) 4 0 0 0.002(0.002‐0.002) 4 0 0

Chlorinated Pesticides 4‐4'‐DDT ug/L 1.1 0.005(0.005‐0.005) 4 0 0 1.1 0.005(0.005‐0.005) 4 0 0

Chlorinated Pesticides Aldrin ug/L 3 0.002(0.002‐0.002) 4 0 0 3 0.002(0.002‐0.002) 4 0 0

Chlorinated Pesticides Dieldrin ug/L 0.001(0.001‐0.001) 4 0 0 0.001(0.001‐0.001) 4 0 0

Chlorinated Pesticides Endosulfan sulfate ug/L 0.025(0.025‐0.025) 4 0 0 0.025(0.025‐0.025) 4 0 0

Chlorinated Pesticides Endrin ug/L 0.086 0.003(0.003‐0.003) 4 0 0 0.086 0.003(0.003‐0.003) 4 0 0

Chlorinated Pesticides Endrin aldehyde ug/L 0.005(0.005‐0.005) 4 0 0 0.005(0.005‐0.005) 4 0 0

Chlorinated Pesticides Endrin ketone ug/L 0(0‐0) 1 0 0

Chlorinated Pesticides Heptachlor ug/L 0.52 0.0015(0.0015‐0.0015) 4 0 0 0.52 0.0015(0.0015‐0.0015) 4 0 0

Chlorinated Pesticides Heptachlor Epoxide ug/L 0.52 0.005(0.005‐0.005) 4 0 0 0.52 0.005(0.005‐0.005) 4 0 0

Chlorinated Pesticides Toxaphene ug/L 0.73 0.12(0.12‐0.12) 4 0 0 0.73 0.12(0.12‐0.12) 4 0 0

Chlorinated Pesticides alpha‐BHC ug/L 0.005(0.0015‐0.005) 4 0 0 0.005(0.005‐0.005) 4 0 0

Chlorinated Pesticides alpha‐chlordane ug/L 0.0165(0.0165‐0.02) 4 0 0 0.0165(0.0165‐0.0165) 4 0 0

Chlorinated Pesticides beta‐BHC ug/L 0.0025(0.0025‐0.0025) 4 0 0 0.0025(0.0025‐0.0025) 4 0 0

Chlorinated Pesticides delta‐BHC ug/L 0.0025(0.0025‐0.0025) 4 0 0 0.0025(0.0025‐0.0025) 4 0 0

Chlorinated Pesticides gamma‐BHC (lindane) ug/L 0.95 0.002(0.002‐0.002) 4 0 0 0.95 0.002(0.002‐0.002) 4 0 0

Chlorinated Pesticides gamma‐chlordane ug/L 0.0165(0.0165‐0.02) 4 0 0 0.0165(0.0165‐0.0165) 4 0 0

Conventionals Cyanide mg/L 0.022 0.0025(0.0025‐0.0025) 4 0 0 0.22 0.007(0.0025‐0.03) 4 1 3

Conventionals Dissolved Oxygen mg/L 5 17.4(15‐18.4) 4 0 4 5 9.72(9.14‐10.3) 4 0 4

Conventionals Oil and Grease mg/L 0.1(0‐0.72) 4 0 0 0.72(0‐5.3) 4 0 1

Conventionals pH pH units 6.5‐8.5 8.47(8.41‐8.66) 4 2 4 6.735(6.42‐7.03) 4 1 4

General Alkalinity as CaCO3 mg/L 248(1‐261) 4 0 4 55(41‐83) 4 0 4

General Ammonia mg/L 1.42‐2.3 0.182(0.05‐0.3) 4 0 3 23‐29 1.5215(0.283‐2.53) 4 0 4

General BioChemical Oxygen Demand‐ Five‐Day mg/L 8.76(2.97‐14.8) 4 0 4 25.55(8.34‐54.9) 4 0 4

General Chemical Oxygen Demand mg/L 98.8(53.5‐283) 4 0 4 86.1(30.3‐140) 4 0 4

General Chloride mg/L 119.5(107‐128) 4 0 4 18.1(10.3‐29.9) 4 0 4

General Dissolved Phosphorus mg/L 0.16(0.025‐0.37) 4 0 3 0.375(0.1‐0.61) 4 0 4

General Fluoride mg/L 0.478(0.304‐0.731) 4 0 4 0.254(0.161‐0.625) 4 0 4

General Hardness as CaCO3 mg/L 417.5(405‐430) 4 0 4 95(50‐1260) 4 0 4

General Kjeldahl‐N mg/L 0.42(0.32‐4.62) 4 0 4 2.94(1.16‐5.86) 4 0 4

General Methyl Tertiary Butyl Ether (MTBE) ug/L 0.2(0.2‐0.2) 4 0 0 0.2(0.2‐0.2) 4 0 0

General Methylene Blue Active Substances (MBAS) mg/L 0(0‐0) 4 0 0 0.42(0‐0.95) 4 0 2

General NH3‐N mg/L 0.15(0.05‐0.25) 4 0 3 1.2595(0.234‐2.09) 4 0 4

General Nitrate (NO3) mg/L 45 4.165(1.08‐4.82) 4 0 4 45 2.76(1.31‐3.03) 4 0 4

General Nitrate‐N mg/L 10 0.409(0‐1.06) 4 0 2 10 0.6225(0.015‐0.7) 4 0 3

General Nitrite (NO2) mg/L

General Nitrite‐N mg/L 1 0.005(0.005‐0.015) 4 0 0 1 0.12385(0.005‐1.17) 4 1 3

General Phosphorus‐ Total (as P) mg/L 0.31(0.12‐0.44) 4 0 4 0.5(0.2‐1.09) 4 0 4

General Specific Conductance umhos/cm 1124.5(1070‐1170) 4 0 4 223.5(140‐380) 4 0 4

General Sulfate mg/L 184(167‐211) 4 0 4 22.3(13.7‐35.7) 4 0 4

General Total Dissolved Phosphate mg/L

General Total Dissolved Solids mg/L 778(734‐804) 4 0 4 202(96‐240) 4 0 4

General Total Organic Carbon mg/L 4.09(2.4‐20.1) 4 0 4 16.8(6.43‐39.5) 4 0 4

General Total Petroleum Hydrocarbons mg/L 0.475(0.2‐0.75) 4 0 0 0.75(0‐0.75) 4 0 0

General Total Phosphate mg/L

General Total Suspended Solids mg/L 34.5(28‐269) 4 0 4 203(94‐1500) 10 0 10

General Turbidity NTU 1.765(1.34‐5.32) 4 0 4 15.4(4.44‐28.9) 4 0 4

General Volatile Suspended Solids mg/L 18(4‐81) 4 0 4 114(55‐390) 4 0 4

Herbicides 2‐4‐5‐TP‐SILVEX ug/L 0.0335(0.0335‐0.035) 4 0 0 0.0335(0.0335‐0.0335) 4 0 0

Herbicides 2‐4‐D ug/L 0.0075(0.0075‐0.0075) 4 0 0 0.0075(0.0075‐0.0075) 4 0 0

Herbicides Glyphosate ug/L 2.5(2.5‐2.5) 4 0 0 2.5(2.5‐2.5) 4 0 0

Metals Dissolved Aluminum ug/L 25(0‐25) 4 0 0 25(25‐117) 4 0 1

Metals Dissolved Antimony ug/L 0.638(0.1‐0.736) 4 0 3 2.06(1.45‐4.61) 4 0 4

Metals Dissolved Arsenic ug/L 340.2‐340.2 2.59(2.31‐4.02) 4 0 4 340.2‐340.2 1.52(1.12‐2.12) 4 0 4

Metals Dissolved Barium ug/L 54.55(48.1‐56.6) 4 0 4 28.8(19.3‐39.8) 4 0 4

Ballona Creek @ Sawtelle
S01

2009‐10Dry

Ballona Creek @ Sawtelle
S01

2009‐10Wet
Group Parameter Code Units
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Table 4‐4.1. Ballona Creek @ Sawtelle Dry & Wet Weather Exceedance Summary

WQO Median (range) #samples #exceed #detected WQO Median (range) #samples #exceed #detected

Ballona Creek @ Sawtelle
S01

2009‐10Dry

Ballona Creek @ Sawtelle
S01

2009‐10Wet
Group Parameter Code Units

Metals Dissolved Beryllium ug/L 0.05(0.05‐0.05) 4 0 0 0.05(0.05‐0.05) 4 0 0

Metals Dissolved Cadmium ug/L 18.9‐18.9 0.05(0.05‐0.05) 4 0 0 0‐18.9 0.05(0.05‐0.05) 4 0 0

Metals Dissolved Chromium ug/L 1707.3‐1707.3 1.905(1.38‐2.7) 4 0 4 308.7‐1707.3 1.405(0.971‐1.97) 4 0 4

Metals Dissolved Chromium +6 ug/L 390.6‐390.6 0.0625(0‐0.125) 4 0 0 50.4‐390.6 0.125(0.125‐0.125) 4 0 0

Metals Dissolved Copper ug/L 50.4‐50.4 4.945(4.18‐5.24) 4 0 4 6.3‐50.4 10.45(8.77‐19.6) 4 2 4

Metals Dissolved Iron ug/L 25(25‐218) 4 0 1 176(25‐371) 4 0 2

Metals Dissolved Lead ug/L 283.5‐283.5 0.1(0‐0.5) 4 0 1 31.5‐283.5 1.82(1.06‐2.73) 4 0 4

Metals Dissolved Mercury ug/L 0.05(0.05‐0.05) 4 0 0 0.05(0.05‐0.05) 4 0 0

Metals Dissolved Nickel ug/L 1512‐1512 3.45(2.63‐3.8) 4 0 4 258.3‐1512 4.43(1.93‐10.9) 4 0 4

Metals Dissolved Selenium ug/L 3.73(3.29‐6.92) 4 0 4 0.25(0.25‐0.25) 4 0 0

Metals Dissolved Silver ug/L 37.8‐37.8 0.05(0.05‐0.05) 4 0 0 0‐37.8 0.05(0.05‐0.05) 4 0 0

Metals Dissolved Thallium ug/L 0.05(0.05‐0.05) 4 0 0 0.05(0.05‐0.05) 4 0 0

Metals Dissolved Zinc ug/L 378‐378 20.6(10.2‐30.1) 4 0 4 63‐378 57.25(40.5‐80.4) 4 0 4

Metals Aluminum ug/L 247(136‐1460) 4 0 4 2680(386‐12000) 4 0 4

Metals Antimony ug/L 0.797(0.573‐0.99) 4 0 4 4.075(3.27‐5.24) 4 0 4

Metals Arsenic ug/L 3.25(2.71‐4.12) 4 0 4 2.49(2.18‐6.26) 4 0 4

Metals Barium ug/L 70(62.8‐101) 4 0 4 76.9(40.1‐341) 4 0 4

Metals Beryllium ug/L 0.05(0.05‐0.5) 4 0 0 0.05(0.05‐0.05) 4 0 0

Metals Cadmium ug/L 0.05(0.05‐0.303) 4 0 1 0.442(0.05‐3.15) 4 0 3

Metals Chromium ug/L 2.88(1.5‐3.94) 4 0 4 8.485(2.06‐23.6) 4 0 4

Metals Chromium +6 ug/L 0.0625(0‐0.125) 4 0 0 0.125(0.125‐0.125) 4 0 0

Metals Copper ug/L 12.75(10.7‐22.7) 4 0 4 46.5(27.5‐221) 4 0 4

Metals Iron ug/L 447.5(236‐2450) 4 0 4 4990(391‐17100) 4 0 4

Metals Lead ug/L 1.435(1.13‐5.31) 4 0 4 31(2.65‐81.3) 4 0 4

Metals Mercury ug/L 0.05(0.05‐0.05) 4 0 0 0.05(0.05‐0.05) 4 0 0

Metals Nickel ug/L 4.65(3.82‐6.94) 4 0 4 9.895(7.83‐29.4) 4 0 4

Metals Selenium ug/L 4.05(3.62‐6.94) 4 0 4 1.505(0.25‐1.91) 4 0 3

Metals Silver ug/L 0.05(0‐0.05) 4 0 0 0.179(0.05‐3.6) 4 0 2

Metals Thallium ug/L 0.05(0.05‐0.05) 4 0 0 0.05(0.05‐0.05) 4 0 0

Metals Zinc ug/L 67.05(33.8‐95.5) 4 0 4 275(119‐710) 4 0 4

Organophosphate Pesticides Atrazine ug/L 0.3335(0.3335‐0.35) 4 0 0 0.3335(0.3335‐0.3335) 4 0 0

Organophosphate Pesticides Chlorpyrifos ug/L 0.01(0.01‐0.01) 4 0 0 0.01(0.01‐0.01) 4 0 0

Organophosphate Pesticides Cyanazine ug/L 0.3335(0.3335‐0.35) 4 0 0 0.3335(0.3335‐0.3335) 4 0 0

Organophosphate Pesticides Diazinon ug/L 0.0015(0.0015‐0.0015) 4 0 0 0.0015(0.0015‐0.0015) 4 0 0

Organophosphate Pesticides Malathion ug/L 0.2675(0.165‐0.335) 4 0 0 0.25(0.165‐0.335) 4 0 0

Organophosphate Pesticides Prometryn ug/L 0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

Organophosphate Pesticides Simazine ug/L 0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

Polychlorinated Biphenyls PCB‐1016 (Aroclor 1016) ug/L 0.0325(0.0325‐0.0325) 4 0 0 0.0325(0.0325‐0.0325) 4 0 0

Polychlorinated Biphenyls PCB‐1221 (Aroclor 1221) ug/L 0.0325(0.0325‐0.0325) 4 0 0 0.0325(0.0325‐0.0325) 4 0 0

Polychlorinated Biphenyls PCB‐1232 (Aroclor 1232) ug/L 0.0325(0.0325‐0.0325) 4 0 0 0.0325(0.0325‐0.0325) 4 0 0

Polychlorinated Biphenyls PCB‐1242 (Aroclor 1242) ug/L 0.0325(0.0325‐0.0325) 4 0 0 0.0325(0.0325‐0.0325) 4 0 0

Polychlorinated Biphenyls PCB‐1248 (Aroclor 1248) ug/L 0.0325(0.0325‐0.0325) 4 0 0 0.0325(0.0325‐0.0325) 4 0 0

Polychlorinated Biphenyls PCB‐1254 (Aroclor 1254) ug/L 0.0325(0.0325‐0.0325) 4 0 0 0.0325(0.0325‐0.0325) 4 0 0

Polychlorinated Biphenyls PCB‐1260 (Aroclor 1260) ug/L 0.0325(0.0325‐0.0325) 4 0 0 0.0325(0.0325‐0.0325) 4 0 0

Semivolatile Organic Compounds (Acids) 2‐4‐6‐Trichlorophenol ug/L 1.65(0.2‐1.65) 4 0 0 1.65(1.65‐1.65) 4 0 0

Semivolatile Organic Compounds (Acids) 2‐4‐Dichlorophenol ug/L 0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

Semivolatile Organic Compounds (Acids) 2‐4‐Dimethylphenol ug/L 0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

Semivolatile Organic Compounds (Acids) 2‐4‐Dinitrophenol ug/L 0.5(0.5‐0.5) 4 0 0 0.5(0.5‐0.5) 4 0 0

Semivolatile Organic Compounds (Acids) 2‐Chlorophenol ug/L 0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

Semivolatile Organic Compounds (Acids) 2‐Nitrophenol ug/L 0.5(0.5‐0.5) 4 0 0 0.5(0.5‐0.5) 4 0 0

Semivolatile Organic Compounds (Acids) 4‐Chloro‐3‐methylphenol ug/L 0.5(0.5‐0.5) 4 0 0 0.5(0.5‐0.5) 4 0 0

Semivolatile Organic Compounds (Acids) 4‐Nitrophenol ug/L 0.5(0.5‐0.5) 4 0 0 0.5(0.5‐0.5) 4 0 0

Semivolatile Organic Compounds (Acids) Pentachlorophenol ug/L 35.98‐46.26 0.335(0.335‐0.35) 4 0 0 4.87‐8.99 0.335(0.335‐0.335) 4 0 0

Semivolatile Organic Compounds (Acids) Phenol ug/L 0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) 1‐2‐4‐Trichlorobenzene ug/L 0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) 1‐2‐Benzanthracene ug/L 0.835(0.015‐0.835) 4 0 0 0.835(0.835‐0.835) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) 1‐2‐Dichlorobenzene ug/L 0.165(0.1‐0.165) 4 0 0 0.165(0.165‐0.165) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) 1‐2‐Diphenylhydrazine ug/L 0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) 1‐3‐Dichlorobenzene ug/L 0.165(0.1‐0.165) 4 0 0 0.165(0.165‐0.165) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) 1‐4‐Dichlorobenzene ug/L 0.165(0.1‐0.165) 4 0 0 0.165(0.165‐0.165) 4 0 0
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Table 4‐4.1. Ballona Creek @ Sawtelle Dry & Wet Weather Exceedance Summary

WQO Median (range) #samples #exceed #detected WQO Median (range) #samples #exceed #detected

Ballona Creek @ Sawtelle
S01

2009‐10Dry

Ballona Creek @ Sawtelle
S01

2009‐10Wet
Group Parameter Code Units

Semivolatile Organic Compounds (Base/Neutral) 2‐4‐Dinitrotoluene ug/L 0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) 2‐6‐Dinitrotoluene ug/L 0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) 2‐Chloroethyl vinyl ether ug/L 0.165(0.165‐0.165) 3 0 0 0.165(0.165‐0.165) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) 2‐Chloronaphthalene ug/L 1.665(1.665‐1.7) 4 0 0 1.665(1.665‐1.665) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) 3‐3‐Dichlorobenzidine ug/L 0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) 4‐6‐Dinitro‐2‐methylphenol ug/L 0.5(0.5‐0.5) 4 0 0 0.5(0.5‐0.5) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) 4‐Bromophenyl phenyl ether ug/L 0.835(0.2‐0.835) 4 0 0 0.835(0.835‐0.835) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) 4‐Chlorophenyl phenyl ether ug/L 0.835(0.02‐0.835) 4 0 0 0.835(0.835‐0.835) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Acenaphthene ug/L 0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Acenaphthylene ug/L 0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Anthracene ug/L 0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Benzidine ug/L 0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Benzo(a)pyrene ug/L 0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Benzo(k)flouranthene ug/L 0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Benzo[g‐h‐i]perylene ug/L 0.835(0.1‐0.835) 4 0 0 0.835(0.835‐0.835) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Bis(2‐Chloroethoxy) methane ug/L 0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Bis(2‐Chloroethyl) ether ug/L 0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Bis(2‐Chloroisopropyl) ether ug/L 0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Bis(2‐Ethylhexl) phthalate ug/L 0.835(0.835‐0.85) 4 0 0 0.835(0.835‐8.27) 4 0 1

Semivolatile Organic Compounds (Base/Neutral) Butyl benzyl phthalate ug/L 1.665(0.05‐1.665) 4 0 0 1.665(0‐1.665) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Chrysene ug/L 0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Dibenzo(a‐h)anthracene ug/L 0.0165(0.0165‐0.02) 4 0 0 0.0165(0.0165‐0.0165) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Diethyl phthalate ug/L 0.335(0‐0.335) 4 0 0 0.335(0.335‐0.335) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Dimethyl phthalate ug/L 0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Fluoranthene ug/L 0.0085(0.0085‐0.01) 4 0 0 0.0085(0.0085‐0.462) 4 0 1

Semivolatile Organic Compounds (Base/Neutral) Fluorene ug/L 0.0165(0.0165‐0.02) 4 0 0 0.0165(0.0165‐0.0165) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Hexachloro‐cyclopentadiene ug/L 0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Hexachlorobenzene ug/L 0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Hexachlorobutadiene ug/L 0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Hexachloroethane ug/L 0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Indeno(1‐2‐3‐c‐d)pyrene ug/L 0.0085(0.0085‐0.01) 4 0 0 0.0085(0.0085‐0.0085) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Isophorone ug/L 0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) N‐Nitroso‐di‐n‐propyl amine ug/L 0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) N‐Nitroso‐dimethyl amine ug/L 0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) N‐Nitroso‐diphenyl amine ug/L 0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Naphthalene ug/L 0.0335(0.0335‐0.035) 4 0 0 0.0335(0.0335‐0.0335) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Nitrobenzene ug/L 0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Phenanthrene ug/L 0.0085(0.0085‐0.01) 4 0 0 0.0085(0.0085‐0.0085) 4 0 0

Semivolatile Organic Compounds (Base/Neutral) Pyrene ug/L 0.0085(0.0085‐0.01) 4 0 0 0.0085(0.0085‐0.366) 4 0 1

Semivolatile Organic Compounds (Base/Neutral) di‐n‐Butyl phthalate ug/L 1.7(1.7‐1.7) 1 0 0

Semivolatile Organic Compounds (Base/Neutral) di‐n‐Octyl phthalate ug/L 1.7(1.7‐1.7) 1 0 0
WQO=Water Quality Objective

Hardness based CTR calculations were based on a minimum of the sample hardness or  400 mg/L (as per the CTR)

High Volume Suspension for REC1/REC 2 beneficial use was applied to storm events greater than 0.5 inch at the Ballon Creek  

(S01), Los Angeles (S10), Coyote Creek (S13),  San Gabriel (S14), and Dominguez Channel (S28) MES, as well as for all tributary 

stations (all located in the Dominguez Channel drainage area)
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Bacteria Fecal Coliform MPN/100mL

Bacteria Fecal Enterococcus MPN/100mL

Bacteria Fecal Streptococcus MPN/100mL

Bacteria Total Coliform MPN/100mL

Chlorinated Pesticides 4‐4'‐DDD ug/L

Chlorinated Pesticides 4‐4'‐DDE ug/L

Chlorinated Pesticides 4‐4'‐DDT ug/L

Chlorinated Pesticides Aldrin ug/L

Chlorinated Pesticides Dieldrin ug/L

Chlorinated Pesticides Endosulfan sulfate ug/L

Chlorinated Pesticides Endrin ug/L

Chlorinated Pesticides Endrin aldehyde ug/L

Chlorinated Pesticides Endrin ketone ug/L

Chlorinated Pesticides Heptachlor ug/L

Chlorinated Pesticides Heptachlor Epoxide ug/L

Chlorinated Pesticides Toxaphene ug/L

Chlorinated Pesticides alpha‐BHC ug/L

Chlorinated Pesticides alpha‐chlordane ug/L

Chlorinated Pesticides beta‐BHC ug/L

Chlorinated Pesticides delta‐BHC ug/L

Chlorinated Pesticides gamma‐BHC (lindane) ug/L

Chlorinated Pesticides gamma‐chlordane ug/L

Conventionals Cyanide mg/L

Conventionals Dissolved Oxygen mg/L

Conventionals Oil and Grease mg/L

Conventionals pH pH units

General Alkalinity as CaCO3 mg/L

General Ammonia mg/L

General BioChemical Oxygen Demand‐ Five‐Day mg/L

General Chemical Oxygen Demand mg/L

General Chloride mg/L

General Dissolved Phosphorus mg/L

General Fluoride mg/L

General Hardness as CaCO3 mg/L

General Kjeldahl‐N mg/L

General Methyl Tertiary Butyl Ether (MTBE) ug/L

General Methylene Blue Active Substances (MBAS) mg/L

General NH3‐N mg/L

General Nitrate (NO3) mg/L

General Nitrate‐N mg/L

General Nitrite (NO2) mg/L

General Nitrite‐N mg/L

General Phosphorus‐ Total (as P) mg/L

General Specific Conductance umhos/cm

General Sulfate mg/L

General Total Dissolved Phosphate mg/L

General Total Dissolved Solids mg/L

General Total Organic Carbon mg/L

General Total Petroleum Hydrocarbons mg/L

General Total Phosphate mg/L

General Total Suspended Solids mg/L

General Turbidity NTU

General Volatile Suspended Solids mg/L

Herbicides 2‐4‐5‐TP‐SILVEX ug/L

Herbicides 2‐4‐D ug/L

Herbicides Glyphosate ug/L

Metals Dissolved Aluminum ug/L

Metals Dissolved Antimony ug/L

Metals Dissolved Arsenic ug/L

Metals Dissolved Barium ug/L

Group Parameter Code Units

Table 4‐4.2. Malibu Creek @ Piuma Dry & Wet Weather Exceedance Summary

WQO Median (range) #samples #exceed #detected WQO Median (range) #samples #exceed #detected

400 125(20‐340) 4 0 4 400 25065(20‐90000) 4 2 4

155(80‐300) 4 0 4 45650(300‐300000) 4 0 4

155(80‐500) 4 0 4 80650(300‐300000) 4 0 4

13500(1300‐50000) 4 0 4 120650(300‐240000) 4 0 4

0.0055(0.005‐0.0055) 4 0 0 0.0055(0.0055‐0.0055) 4 0 0

0.002(0.002‐0.002) 4 0 0 0.002(0.002‐0.002) 4 0 0

1.1 0.005(0.005‐0.005) 4 0 0 1.1 0.005(0.005‐0.005) 4 0 0

3 0.002(0.002‐0.002) 4 0 0 3 0.002(0.002‐0.002) 4 0 0

0.001(0.001‐0.001) 4 0 0 0.001(0.001‐0.001) 4 0 0

0.025(0.025‐0.025) 4 0 0 0.025(0.025‐0.025) 4 0 0

0.086 0.003(0.003‐0.003) 4 0 0 0.086 0.003(0.003‐0.003) 4 0 0

0.005(0.005‐0.005) 4 0 0 0.005(0.005‐0.005) 4 0 0

0(0‐0) 1 0 0

0.52 0.0015(0.0015‐0.0015) 4 0 0 0.52 0.0015(0.0015‐0.0015) 4 0 0

0.52 0.005(0.005‐0.005) 4 0 0 0.52 0.005(0.005‐0.005) 4 0 0

0.73 0.12(0.12‐0.12) 4 0 0 0.73 0.12(0.12‐0.12) 4 0 0

0.005(0.0015‐0.005) 4 0 0 0.005(0.005‐0.005) 4 0 0

0.0165(0.0165‐0.02) 4 0 0 0.0165(0.0165‐0.0165) 4 0 0

0.0025(0.0025‐0.0025) 4 0 0 0.0025(0.0025‐0.0025) 4 0 0

0.0025(0.0025‐0.0025) 4 0 0 0.0025(0.0025‐0.0025) 4 0 0

0.95 0.002(0.002‐0.002) 4 0 0 0.95 0.002(0.002‐0.002) 4 0 0

0.0165(0.0165‐0.02) 4 0 0 0.0165(0.0165‐0.0165) 4 0 0

0.22 0.0025(0.0025‐0.012) 4 0 1 0.22 0.0025(0.0025‐0.0025) 4 0 0

5 10(9.66‐13) 4 0 4 5 10.725(9.75‐11.7) 4 0 4

0.46(0.2‐0.72) 4 0 0 0.72(0‐0.72) 4 0 0

7.94(7.73‐8.13) 4 0 4 7.845(7.18‐8.09) 4 0 4

247.5(1‐330) 4 0 4 199.5(165‐220) 4 0 4

3.9‐10.3 0.145(0.05‐0.666) 4 0 3 6.8‐19.2 0.218(0.05‐0.336) 4 0 3

1.305(0.5‐2.83) 4 0 2 5.65(4.01‐7.49) 4 0 4

88.45(57.1‐259) 4 0 4 70.95(46.5‐83.3) 4 0 4

500 142(121‐175) 4 0 4 500 148.5(99.8‐179) 4 0 4

0.499(0.16‐0.67) 4 0 4 0.245(0.08‐0.33) 4 0 4

0.204(0.131‐0.71) 4 0 4 0.3445(0.255‐0.509) 4 0 4

907.5(605‐1100) 4 0 4 760(570‐990) 4 0 4

0.423(0.28‐4.08) 4 0 4 1.266(0.8‐1.66) 4 0 4

0.2(0.2‐0.2) 4 0 0 0.2(0.2‐0.2) 4 0 0

0(0‐0.005) 4 0 0 0(0‐0.005) 4 0 0

0.12(0.05‐0.55) 4 0 3 0.18(0.05‐0.278) 4 0 3

45 9.675(0‐20.4) 4 0 3 45 7.09(4.21‐10.1) 4 0 4

10 2.18(0‐4.6) 4 0 3 10 1.6(0.951‐2.27) 4 0 4

1 0.005(0.005‐0.015) 4 0 0 1 0.005(0.005‐0.005) 4 0 0

0.501(0.19‐0.69) 4 0 4 0.45(0.34‐0.5) 4 0 4

2320(1430‐3255) 4 0 4 1625(1320‐3100) 4 0 4

500 603(401‐749) 4 2 4 500 574(360‐800) 4 2 4

2000 1605(970‐2002) 4 1 4 2000 1350(922‐1790) 4 0 4

4.685(3.4‐17.9) 4 0 4 10.89(8.16‐12.5) 4 0 4

0.475(0.2‐0.75) 4 0 0 0.75(0.75‐0.75) 4 0 0

11.5(2‐17) 4 0 4 101(10‐350) 10 0 10

0.855(0.76‐1.12) 4 0 4 9.92(2.79‐29.6) 4 0 4

3(1‐8) 4 0 4 22.5(19‐38) 4 0 4

0.0335(0.0335‐0.035) 4 0 0 0.0335(0.0335‐0.0335) 4 0 0

0.0075(0.0075‐0.0075) 4 0 0 0.0075(0.0075‐0.0075) 4 0 0

2.5(2.5‐2.5) 4 0 0 2.5(2.5‐2.5) 4 0 0

25(25‐25) 4 0 0 25(25‐155) 4 0 1

0.05(0‐0.1) 4 0 0 0.5495(0.52‐0.794) 4 0 4

340.2‐340.2 2.12(1.86‐3.42) 4 0 4 340.2‐340.2 2.08(1.8‐3.52) 4 0 4

42.6(24.7‐52.6) 4 0 4 32.05(22.7‐41.4) 4 0 4

Malibu Creek @ Piuma
S02

2009‐10Wet

Malibu Creek @ Piuma
S02

2009‐10Dry
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Group Parameter Code Units

Metals Dissolved Beryllium ug/L

Metals Dissolved Cadmium ug/L

Metals Dissolved Chromium ug/L

Metals Dissolved Chromium +6 ug/L

Metals Dissolved Copper ug/L

Metals Dissolved Iron ug/L

Metals Dissolved Lead ug/L

Metals Dissolved Mercury ug/L

Metals Dissolved Nickel ug/L

Metals Dissolved Selenium ug/L

Metals Dissolved Silver ug/L

Metals Dissolved Thallium ug/L

Metals Dissolved Zinc ug/L

Metals Aluminum ug/L

Metals Antimony ug/L

Metals Arsenic ug/L

Metals Barium ug/L

Metals Beryllium ug/L

Metals Cadmium ug/L

Metals Chromium ug/L

Metals Chromium +6 ug/L

Metals Copper ug/L

Metals Iron ug/L

Metals Lead ug/L

Metals Mercury ug/L

Metals Nickel ug/L

Metals Selenium ug/L

Metals Silver ug/L

Metals Thallium ug/L

Metals Zinc ug/L

Organophosphate Pesticides Atrazine ug/L

Organophosphate Pesticides Chlorpyrifos ug/L

Organophosphate Pesticides Cyanazine ug/L

Organophosphate Pesticides Diazinon ug/L

Organophosphate Pesticides Malathion ug/L

Organophosphate Pesticides Prometryn ug/L

Organophosphate Pesticides Simazine ug/L

Polychlorinated Biphenyls PCB‐1016 (Aroclor 1016) ug/L

Polychlorinated Biphenyls PCB‐1221 (Aroclor 1221) ug/L

Polychlorinated Biphenyls PCB‐1232 (Aroclor 1232) ug/L

Polychlorinated Biphenyls PCB‐1242 (Aroclor 1242) ug/L

Polychlorinated Biphenyls PCB‐1248 (Aroclor 1248) ug/L

Polychlorinated Biphenyls PCB‐1254 (Aroclor 1254) ug/L

Polychlorinated Biphenyls PCB‐1260 (Aroclor 1260) ug/L

Semivolatile Organic Compounds (Acids) 2‐4‐6‐Trichlorophenol ug/L

Semivolatile Organic Compounds (Acids) 2‐4‐Dichlorophenol ug/L

Semivolatile Organic Compounds (Acids) 2‐4‐Dimethylphenol ug/L

Semivolatile Organic Compounds (Acids) 2‐4‐Dinitrophenol ug/L

Semivolatile Organic Compounds (Acids) 2‐Chlorophenol ug/L

Semivolatile Organic Compounds (Acids) 2‐Nitrophenol ug/L

Semivolatile Organic Compounds (Acids) 4‐Chloro‐3‐methylphenol ug/L

Semivolatile Organic Compounds (Acids) 4‐Nitrophenol ug/L

Semivolatile Organic Compounds (Acids) Pentachlorophenol ug/L

Semivolatile Organic Compounds (Acids) Phenol ug/L

Semivolatile Organic Compounds (Base/Neutral) 1‐2‐4‐Trichlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) 1‐2‐Benzanthracene ug/L

Semivolatile Organic Compounds (Base/Neutral) 1‐2‐Dichlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) 1‐2‐Diphenylhydrazine ug/L

Semivolatile Organic Compounds (Base/Neutral) 1‐3‐Dichlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) 1‐4‐Dichlorobenzene ug/L

Table 4‐4.2. Malibu Creek @ Piuma Dry & Wet Weather Exceedance Summary

WQO Median (range) #samples #exceed #detected WQO Median (range) #samples #exceed #detected

Malibu Creek @ Piuma
S02

2009‐10Wet

Malibu Creek @ Piuma
S02

2009‐10Dry

0.05(0.05‐0.05) 4 0 0 0.05(0.05‐0.05) 4 0 0

18.9‐18.9 0.05(0‐0.45) 4 0 1 18.9‐18.9 0.176(0.05‐0.368) 4 0 2

1707.3‐1707.3 0.83(0.5‐1.1) 4 0 4 1707.3‐1707.3 1.535(0.757‐1.72) 4 0 4

390.6‐390.6 0.125(0.125‐0.125) 4 0 0 390.6‐390.6 0.125(0.125‐0.125) 4 0 0

50.4‐50.4 2.125(1.63‐2.57) 4 0 4 50.4‐50.4 2.875(2.77‐4.88) 4 0 4

25(25‐25) 4 0 0 25(25‐25) 4 0 0

283.5‐283.5 0.1(0.1‐0.1) 4 0 0 283.5‐283.5 0.1(0.1‐0.777) 4 0 1

0.05(0.05‐0.05) 4 0 0 0.05(0.05‐0.05) 4 0 0

1512‐1512 8.2(5.89‐10.6) 4 0 4 1512‐1512 8.815(8.08‐15.5) 4 0 4

3.8(2.66‐9.52) 4 0 4 5.545(3.85‐12.5) 4 0 4

37.8‐37.8 0.05(0.05‐0.05) 4 0 0 37.8‐37.8 0.05(0.05‐0.05) 4 0 0

0.05(0.05‐0.05) 4 0 0 0.05(0.05‐0.05) 4 0 0

378‐378 21.3(5.14‐44.1) 4 0 4 378‐378 21.5(18.7‐36.5) 4 0 4

12.5(0‐122) 4 0 1 2265(1750‐4030) 4 0 4

0.05(0‐0.1) 4 0 0 1.1(0.781‐1.27) 4 0 4

2.325(2.1‐3.57) 4 0 4 3.515(2.26‐4.11) 4 0 4

45.5(32.6‐48.9) 4 0 4 76.8(44.3‐99.3) 4 0 4

0.05(0.05‐0.5) 4 0 0 0.05(0.05‐0.05) 4 0 0

0.05(0‐0.499) 4 0 1 1.41(0.825‐2.82) 4 0 4

1.655(0.503‐3.33) 4 0 4 5.94(3.38‐10.7) 4 0 4

0.125(0.125‐0.125) 4 0 0 0.125(0.125‐0.125) 4 0 0

7.8(7.44‐8.43) 4 0 4 15.5(13.6‐22.7) 4 0 4

167.5(141‐230) 4 0 4 4355(2620‐9180) 4 0 4

0.7105(0.59‐0.861) 4 0 4 4.48(2.47‐11.7) 4 0 4

0.05(0.05‐0.05) 4 0 0 0.05(0.05‐0.05) 4 0 0

10.35(7.44‐11.5) 4 0 4 20.05(16.8‐21.9) 4 0 4

4.185(3.23‐9.55) 4 0 4 6.745(4.01‐15.1) 4 0 4

0.05(0.05‐0.05) 4 0 0 0.05(0.05‐0.05) 4 0 0

0.05(0.05‐0.05) 4 0 0 0.05(0.05‐0.05) 4 0 0

37.45(26.4‐103) 4 0 4 64.2(41.8‐85) 4 0 4

0.3335(0.3335‐0.35) 4 0 0 0.3335(0.3335‐0.3335) 4 0 0

0.01(0.01‐0.01) 4 0 0 0.01(0.01‐0.01) 4 0 0

0.3335(0.3335‐0.35) 4 0 0 0.3335(0.3335‐0.3335) 4 0 0

0.0015(0.0015‐0.0015) 4 0 0 0.0015(0.0015‐0.0015) 4 0 0

0.2675(0.165‐0.335) 4 0 0 0.25(0.165‐0.335) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.0325(0.0325‐0.0325) 4 0 0 0.0325(0.0325‐0.0325) 4 0 0

0.0325(0.0325‐0.0325) 4 0 0 0.0325(0.0325‐0.0325) 4 0 0

0.0325(0.0325‐0.0325) 4 0 0 0.0325(0.0325‐0.0325) 4 0 0

0.0325(0.0325‐0.0325) 4 0 0 0.0325(0.0325‐0.0325) 4 0 0

0.0325(0.0325‐0.0325) 4 0 0 0.0325(0.0325‐0.0325) 4 0 0

0.0325(0.0325‐0.0325) 4 0 0 0.0325(0.0325‐0.0325) 4 0 0

0.0325(0.0325‐0.0325) 4 0 0 0.0325(0.0325‐0.0325) 4 0 0

1.65(0.2‐1.65) 4 0 0 1.65(1.65‐1.65) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.5(0.5‐0.5) 4 0 0 0.5(0.5‐0.5) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.5(0.5‐0.5) 4 0 0 0.5(0.5‐0.5) 4 0 0

0.5(0.5‐0.5) 4 0 0 0.5(0.5‐0.5) 4 0 0

0.5(0.5‐0.5) 4 0 0 0.5(0.5‐0.5) 4 0 0

18.17‐27.16 0.335(0.335‐0.35) 4 0 0 10.45‐26.09 0.335(0.335‐0.335) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.835(0.015‐0.835) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.165(0.1‐0.165) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.165(0.1‐0.165) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.165(0.1‐0.165) 4 0 0 0.165(0.165‐0.165) 4 0 0
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Group Parameter Code Units

Semivolatile Organic Compounds (Base/Neutral) 2‐4‐Dinitrotoluene ug/L

Semivolatile Organic Compounds (Base/Neutral) 2‐6‐Dinitrotoluene ug/L

Semivolatile Organic Compounds (Base/Neutral) 2‐Chloroethyl vinyl ether ug/L

Semivolatile Organic Compounds (Base/Neutral) 2‐Chloronaphthalene ug/L

Semivolatile Organic Compounds (Base/Neutral) 3‐3‐Dichlorobenzidine ug/L

Semivolatile Organic Compounds (Base/Neutral) 4‐6‐Dinitro‐2‐methylphenol ug/L

Semivolatile Organic Compounds (Base/Neutral) 4‐Bromophenyl phenyl ether ug/L

Semivolatile Organic Compounds (Base/Neutral) 4‐Chlorophenyl phenyl ether ug/L

Semivolatile Organic Compounds (Base/Neutral) Acenaphthene ug/L

Semivolatile Organic Compounds (Base/Neutral) Acenaphthylene ug/L

Semivolatile Organic Compounds (Base/Neutral) Anthracene ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzidine ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzo(a)pyrene ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzo(k)flouranthene ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzo[g‐h‐i]perylene ug/L

Semivolatile Organic Compounds (Base/Neutral) Bis(2‐Chloroethoxy) methane ug/L

Semivolatile Organic Compounds (Base/Neutral) Bis(2‐Chloroethyl) ether ug/L

Semivolatile Organic Compounds (Base/Neutral) Bis(2‐Chloroisopropyl) ether ug/L

Semivolatile Organic Compounds (Base/Neutral) Bis(2‐Ethylhexl) phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) Butyl benzyl phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) Chrysene ug/L

Semivolatile Organic Compounds (Base/Neutral) Dibenzo(a‐h)anthracene ug/L

Semivolatile Organic Compounds (Base/Neutral) Diethyl phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) Dimethyl phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) Fluoranthene ug/L

Semivolatile Organic Compounds (Base/Neutral) Fluorene ug/L

Semivolatile Organic Compounds (Base/Neutral) Hexachloro‐cyclopentadiene ug/L

Semivolatile Organic Compounds (Base/Neutral) Hexachlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) Hexachlorobutadiene ug/L

Semivolatile Organic Compounds (Base/Neutral) Hexachloroethane ug/L

Semivolatile Organic Compounds (Base/Neutral) Indeno(1‐2‐3‐c‐d)pyrene ug/L

Semivolatile Organic Compounds (Base/Neutral) Isophorone ug/L

Semivolatile Organic Compounds (Base/Neutral) N‐Nitroso‐di‐n‐propyl amine ug/L

Semivolatile Organic Compounds (Base/Neutral) N‐Nitroso‐dimethyl amine ug/L

Semivolatile Organic Compounds (Base/Neutral) N‐Nitroso‐diphenyl amine ug/L

Semivolatile Organic Compounds (Base/Neutral) Naphthalene ug/L

Semivolatile Organic Compounds (Base/Neutral) Nitrobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) Phenanthrene ug/L

Semivolatile Organic Compounds (Base/Neutral) Pyrene ug/L

Semivolatile Organic Compounds (Base/Neutral) di‐n‐Butyl phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) di‐n‐Octyl phthalate ug/L
WQO=Water Quality Objective

Hardness based CTR calculations were based on a minimum of the sample hardness or  400 mg/L (as per the CTR)

High Volume Suspension for REC1/REC 2 beneficial use was applied to storm events greater than 0.5 inch at the Ballon Creek  

(S01), Los Angeles (S10), Coyote Creek (S13),  San Gabriel (S14), and Dominguez Channel (S28) MES, as well as for all tributary 

stations (all located in the Dominguez Channel drainage area)

Table 4‐4.2. Malibu Creek @ Piuma Dry & Wet Weather Exceedance Summary

WQO Median (range) #samples #exceed #detected WQO Median (range) #samples #exceed #detected

Malibu Creek @ Piuma
S02

2009‐10Wet

Malibu Creek @ Piuma
S02

2009‐10Dry

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.165(0.165‐0.165) 3 0 0 0.165(0.165‐0.165) 4 0 0

1.665(1.665‐1.7) 4 0 0 1.665(1.665‐1.665) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.5(0.5‐0.5) 4 0 0 0.5(0.5‐0.5) 4 0 0

0.835(0.2‐0.835) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.835(0.02‐0.835) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.835(0.1‐0.835) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

1.665(0.05‐1.665) 4 0 0 1.665(0‐1.665) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.0165(0.0165‐0.02) 4 0 0 0.0165(0.0165‐0.0165) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.0085(0.0085‐0.01) 4 0 0 0.0085(0.0085‐0.0085) 4 0 0

0.0165(0.0165‐0.02) 4 0 0 0.0165(0.0165‐0.0165) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.0085(0.0085‐0.01) 4 0 0 0.0085(0.0085‐0.0085) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.0335(0.0335‐0.035) 4 0 0 0.0335(0.0335‐0.0335) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.0085(0.0085‐0.01) 4 0 0 0.0085(0.0085‐0.0085) 4 0 0

0.0085(0.0085‐0.01) 4 0 0 0.0085(0.0085‐0.0085) 4 0 0

1.7(1.7‐1.7) 1 0 0

1.7(1.7‐1.7) 1 0 0
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Bacteria Fecal Coliform MPN/100mL

Bacteria Fecal Enterococcus MPN/100mL

Bacteria Fecal Streptococcus MPN/100mL

Bacteria Total Coliform MPN/100mL

Chlorinated Pesticides 4‐4'‐DDD ug/L

Chlorinated Pesticides 4‐4'‐DDE ug/L

Chlorinated Pesticides 4‐4'‐DDT ug/L

Chlorinated Pesticides Aldrin ug/L

Chlorinated Pesticides Dieldrin ug/L

Chlorinated Pesticides Endosulfan sulfate ug/L

Chlorinated Pesticides Endrin ug/L

Chlorinated Pesticides Endrin aldehyde ug/L

Chlorinated Pesticides Endrin ketone ug/L

Chlorinated Pesticides Heptachlor ug/L

Chlorinated Pesticides Heptachlor Epoxide ug/L

Chlorinated Pesticides Toxaphene ug/L

Chlorinated Pesticides alpha‐BHC ug/L

Chlorinated Pesticides alpha‐chlordane ug/L

Chlorinated Pesticides beta‐BHC ug/L

Chlorinated Pesticides delta‐BHC ug/L

Chlorinated Pesticides gamma‐BHC (lindane) ug/L

Chlorinated Pesticides gamma‐chlordane ug/L

Conventionals Cyanide mg/L

Conventionals Dissolved Oxygen mg/L

Conventionals Oil and Grease mg/L

Conventionals pH pH units

General Alkalinity as CaCO3 mg/L

General Ammonia mg/L

General BioChemical Oxygen Demand‐ Five‐Day mg/L

General Chemical Oxygen Demand mg/L

General Chloride mg/L

General Dissolved Phosphorus mg/L

General Fluoride mg/L

General Hardness as CaCO3 mg/L

General Kjeldahl‐N mg/L

General Methyl Tertiary Butyl Ether (MTBE) ug/L

General Methylene Blue Active Substances (MBAS) mg/L

General NH3‐N mg/L

General Nitrate (NO3) mg/L

General Nitrate‐N mg/L

General Nitrite (NO2) mg/L

General Nitrite‐N mg/L

General Phosphorus‐ Total (as P) mg/L

General Specific Conductance umhos/cm

General Sulfate mg/L

General Total Dissolved Phosphate mg/L

General Total Dissolved Solids mg/L

General Total Organic Carbon mg/L

General Total Petroleum Hydrocarbons mg/L

General Total Phosphate mg/L

General Total Suspended Solids mg/L

General Turbidity NTU

General Volatile Suspended Solids mg/L

Herbicides 2‐4‐5‐TP‐SILVEX ug/L

Herbicides 2‐4‐D ug/L

Herbicides Glyphosate ug/L

Metals Dissolved Aluminum ug/L

Metals Dissolved Antimony ug/L

Metals Dissolved Arsenic ug/L

Metals Dissolved Barium ug/L

Group Parameter Code Units

Table 4‐4.3. Los Angeles River @ Wardlow Dry & Wet Weather Exceedance Summary

WQO Median (range) #samples #exceed #detected WQO Median (range) #samples #exceed #detected

400 160(20‐300) 4 0 4 400 162000(230‐900000) 4 2 4

85(20‐230) 4 0 4 590000(1300‐2400000) 4 0 4

85(20‐230) 4 0 4 590000(1300‐2400000) 4 0 4

410(20‐2400) 4 0 4 1950000(50000‐5000000) 4 0 4

0.0055(0.005‐0.0055) 4 0 0 0.0055(0.0055‐0.0055) 4 0 0

0.002(0.002‐0.002) 4 0 0 0.002(0.002‐0.002) 4 0 0

1.1 0.005(0.005‐0.005) 4 0 0 1.1 0.005(0.005‐0.005) 4 0 0

3 0.002(0.002‐0.002) 4 0 0 3 0.002(0.002‐0.002) 4 0 0

0.001(0.001‐0.001) 4 0 0 0.001(0.001‐0.001) 4 0 0

0.025(0.025‐0.025) 4 0 0 0.025(0.025‐0.025) 4 0 0

0.086 0.003(0.003‐0.003) 4 0 0 0.086 0.003(0.003‐0.003) 4 0 0

0.005(0.005‐0.005) 4 0 0 0.005(0.005‐0.005) 4 0 0

0(0‐0) 1 0 0

0.52 0.0015(0.0015‐0.0015) 4 0 0 0.52 0.0015(0.0015‐0.0015) 4 0 0

0.52 0.005(0.005‐0.005) 4 0 0 0.52 0.005(0.005‐0.005) 4 0 0

0.73 0.12(0.12‐0.12) 4 0 0 0.73 0.12(0.12‐0.12) 4 0 0

0.005(0.0015‐0.005) 4 0 0 0.005(0.005‐0.005) 4 0 0

0.0165(0.0165‐0.02) 4 0 0 0.0165(0.0165‐0.0165) 4 0 0

0.0025(0.0025‐0.0025) 4 0 0 0.0025(0.0025‐0.0025) 4 0 0

0.0025(0.0025‐0.0025) 4 0 0 0.0025(0.0025‐0.0025) 4 0 0

0.95 0.002(0.002‐0.002) 4 0 0 0.95 0.002(0.002‐0.002) 4 0 0

0.0165(0.0165‐0.02) 4 0 0 0.0165(0.0165‐0.0165) 4 0 0

0.22 0.008(0.0025‐0.027) 4 1 3 0.22 0.0085(0.0025‐0.06) 4 1 3

5 17.4(10.2‐21.5) 4 0 4 5 8.03(8.03‐8.03) 4 0 4

0.46(0.2‐0.72) 4 0 0 0(0‐0.72) 4 0 0

8.895(7.97‐9.4) 4 3 4 7(6.41‐7.45) 4 1 4

158(151‐206) 4 0 4 55(34‐69) 4 0 4

0.91‐6.8 0.224(0.16‐0.448) 4 0 4 14.6‐29 0.618(0.364‐1.91) 4 0 4

24.2(21.6‐31.5) 4 0 4 14.455(9.01‐24.7) 4 0 4

67.9(63.2‐234) 4 0 4 78.15(29.3‐154) 4 0 4

150 124.5(114‐149) 4 0 4 150 11.35(7.38‐22) 4 0 4

0.22(0.06‐0.39) 4 0 4 0.285(0.22‐0.42) 4 0 4

0.493(0.43‐0.892) 4 0 4 0.2055(0.104‐0.276) 4 0 4

275(255‐300) 4 0 4 55(50‐90) 4 0 4

1.79(1.08‐6.18) 4 0 4 1.93(1.07‐4.1) 4 0 4

0.2(0.2‐0.2) 4 0 0 0.2(0.2‐0.2) 4 0 0

0(0‐0) 4 0 0 0.255(0‐0.7) 4 0 2

0.185(0.13‐0.37) 4 0 4 0.511(0.301‐1.58) 4 0 4

45 3.92(1.07‐15.7) 4 0 4 45 2.865(2.38‐4.62) 4 0 4

10 0.885(0‐3.55) 4 0 3 10 0.647(0.5‐1.04) 4 0 4

1 0.0634(0.015‐0.17) 4 0 3 1 0.005(0.005‐0.005) 4 0 0

0.355(0.07‐0.52) 4 0 4 0.85(0.23‐1.13) 4 0 4

1015.5(980‐1040) 4 0 4 219.5(129‐1310) 4 0 4

350 158.5(134‐197) 4 0 4 350 15.45(12.1‐29.9) 4 0 4

. . .

1500 677(662‐696) 4 0 4 1500 106(88‐188) 4 0

12.45(7.84‐20.8) 4 0 4 14.2(6.21‐24.5) 4 0 4

0.475(0.2‐0.75) 4 0 0 0.375(0‐0.75) 4 0 0

.

74(14‐135) 4 0 4 295(64‐892) 10 0 10

4.275(2.53‐5.5) 4 0 4 31.15(5.57‐36.8) 4 0 4

27(11‐66) 4 0 4 77.5(70‐138) 4 0 4

0.0335(0.0335‐0.035) 4 0 0 0.0335(0.0335‐0.0335) 4 0 0

0.0075(0.0075‐0.0075) 4 0 0 0.0075(0.0075‐0.0075) 4 0 0

2.5(2.5‐2.5) 4 0 0 2.5(2.5‐2.5) 4 0 0

25(25‐25) 4 0 1 25(25‐142) 4 0 1

0.8535(0.1‐0.932) 4 0 3 1.475(1.15‐2.63) 4 0 4

340.2‐340.2 2.325(2.14‐4.31) 4 0 4 340.2‐340.2 1.465(1.03‐1.98) 4 0 4

39.75(0.5‐45.2) 4 0 3 22.45(18.2‐27) 4 0 4

Los Angeles @ Wardlow
S10

2009‐10Dry

Los Angeles @ Wardlow
S10

2009‐10Wet
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Group Parameter Code Units

Metals Dissolved Beryllium ug/L

Metals Dissolved Cadmium ug/L

Metals Dissolved Chromium ug/L

Metals Dissolved Chromium +6 ug/L

Metals Dissolved Copper ug/L

Metals Dissolved Iron ug/L

Metals Dissolved Lead ug/L

Metals Dissolved Mercury ug/L

Metals Dissolved Nickel ug/L

Metals Dissolved Selenium ug/L

Metals Dissolved Silver ug/L

Metals Dissolved Thallium ug/L

Metals Dissolved Zinc ug/L

Metals Aluminum ug/L

Metals Antimony ug/L

Metals Arsenic ug/L

Metals Barium ug/L

Metals Beryllium ug/L

Metals Cadmium ug/L

Metals Chromium ug/L

Metals Chromium +6 ug/L

Metals Copper ug/L

Metals Iron ug/L

Metals Lead ug/L

Metals Mercury ug/L

Metals Nickel ug/L

Metals Selenium ug/L

Metals Silver ug/L

Metals Thallium ug/L

Metals Zinc ug/L

Organophosphate Pesticides Atrazine ug/L

Organophosphate Pesticides Chlorpyrifos ug/L

Organophosphate Pesticides Cyanazine ug/L

Organophosphate Pesticides Diazinon ug/L

Organophosphate Pesticides Malathion ug/L

Organophosphate Pesticides Prometryn ug/L

Organophosphate Pesticides Simazine ug/L

Polychlorinated Biphenyls PCB‐1016 (Aroclor 1016) ug/L

Polychlorinated Biphenyls PCB‐1221 (Aroclor 1221) ug/L

Polychlorinated Biphenyls PCB‐1232 (Aroclor 1232) ug/L

Polychlorinated Biphenyls PCB‐1242 (Aroclor 1242) ug/L

Polychlorinated Biphenyls PCB‐1248 (Aroclor 1248) ug/L

Polychlorinated Biphenyls PCB‐1254 (Aroclor 1254) ug/L

Polychlorinated Biphenyls PCB‐1260 (Aroclor 1260) ug/L

Semivolatile Organic Compounds (Acids) 2‐4‐6‐Trichlorophenol ug/L

Semivolatile Organic Compounds (Acids) 2‐4‐Dichlorophenol ug/L

Semivolatile Organic Compounds (Acids) 2‐4‐Dimethylphenol ug/L

Semivolatile Organic Compounds (Acids) 2‐4‐Dinitrophenol ug/L

Semivolatile Organic Compounds (Acids) 2‐Chlorophenol ug/L

Semivolatile Organic Compounds (Acids) 2‐Nitrophenol ug/L

Semivolatile Organic Compounds (Acids) 4‐Chloro‐3‐methylphenol ug/L

Semivolatile Organic Compounds (Acids) 4‐Nitrophenol ug/L

Semivolatile Organic Compounds (Acids) Pentachlorophenol ug/L

Semivolatile Organic Compounds (Acids) Phenol ug/L

Semivolatile Organic Compounds (Base/Neutral) 1‐2‐4‐Trichlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) 1‐2‐Benzanthracene ug/L

Semivolatile Organic Compounds (Base/Neutral) 1‐2‐Dichlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) 1‐2‐Diphenylhydrazine ug/L

Semivolatile Organic Compounds (Base/Neutral) 1‐3‐Dichlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) 1‐4‐Dichlorobenzene ug/L

Table 4‐4.3. Los Angeles River @ Wardlow Dry & Wet Weather Exceedance Summary

WQO Median (range) #samples #exceed #detected WQO Median (range) #samples #exceed #detected

Los Angeles @ Wardlow
S10

2009‐10Dry

Los Angeles @ Wardlow
S10

2009‐10Wet

0.05(0.05‐0.05) 4 0 0 0.05(0.05‐0.05) 4 0 0

12.6‐12.6 0.1625(0.05‐0.689) 4 0 2 0‐6.3 0.05(0.05‐0.05) 4 0 0

1178.1‐1348.2 1.555(0.25‐2.05) 4 0 3 308.7‐504 1.052(0.876‐1.71) 4 0 4

252‐296.1 0.125(0.125‐0.37) 4 0 1 50.4‐88.2 0.125(0.125‐0.125) 4 0 0

31.5‐37.8 5.71(0.25‐6.72) 4 0 3 6.3‐12.6 7.93(6.06‐15.6) 4 2 4

25(25‐25) 4 0 0 143.5(127‐219) 4 0 4

176.4‐207.9 0.325(0.1‐1.27) 4 0 2 31.5‐56.7 2.3(1.45‐2.8) 4 0 4

0.05(0.05‐0.05) 4 0 0 0.05(0.05‐0.05) 4 0 0

1033.2‐1184.4 4.655(0.25‐7.27) 4 0 3 258.3‐428.4 3.065(0‐7.85) 4 0 3

2.635(0.25‐5.84) 4 0 3 0.74(0.25‐1.7) 4 0 2

18.9‐25.2 0.05(0.05‐0.05) 4 0 0 0‐0 0.05(0.05‐0.05) 4 0 0

0.05(0.05‐0.05) 4 0 0 0.05(0.05‐0.05) 4 0 0

258.3‐296.1 21.65(0.5‐39.6) 4 0 3 63‐107.1 58.55(44.5‐63.2) 4 0 4

691(25‐1200) 4 0 3 7500(136‐13500) 4 0 4

0.999(0.82‐1.13) 4 0 4 2.83(2.58‐5.16) 4 0 4

2.565(2.38‐4.31) 4 0 4 2.96(2.01‐3.92) 4 0 4

55.3(44.6‐63.1) 4 0 4 129.5(30.6‐196) 4 0 4

0.05(0.05‐0.05) 4 0 0 0.05(0.05‐0.05) 4 0 0

0.195(0‐0.783) 4 0 2 0.843(0.05‐1.41) 4 0 3

1.86(0.807‐3.01) 4 0 4 12.04(2.25‐17.7) 4 0 4

0.125(0.125‐0.125) 4 0 0 0.125(0.125‐0.125) 4 0 0

13.05(10.5‐16.7) 4 0 4 48.45(21.5‐82.4) 4 0 4

767.5(0‐1170) 4 0 3 10750(307‐15800) 4 0 4

4.355(0.803‐8.5) 4 0 4 47.1(3.12‐97.6) 4 0 4

0.05(0.05‐0.05) 4 0 0 0.05(0.05‐0.05) 4 0 0

6.23(4.84‐8.2) 4 0 4 12.25(8.77‐20.5) 4 0 4

2.815(2.23‐5.94) 4 0 4 0.82(0.25‐1.7) 4 0 2

0.05(0.05‐0.05) 4 0 0 0.05(0.05‐0.422) 4 0 1

0.05(0.05‐0.05) 4 0 0 0.05(0.05‐0.05) 4 0 0

85.3(66.1‐108) 4 0 4 237.5(64.4‐492) 4 0 4

0.3335(0.3335‐0.35) 4 0 0 0.3335(0.3335‐0.3335) 4 0 0

0.01(0.01‐0.01) 4 0 0 0.01(0.01‐0.01) 4 0 0

0.3335(0.3335‐0.35) 4 0 0 0.3335(0.3335‐0.3335) 4 0 0

0.0015(0.0015‐0.0015) 4 0 0 0.0015(0.0015‐0.0015) 4 0 0

0.1825(0.165‐0.335) 4 0 0 0.25(0.165‐0.335) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.0325(0.0325‐0.0325) 4 0 0 0.0325(0.0325‐0.0325) 4 0 0

0.0325(0.0325‐0.0325) 4 0 0 0.0325(0.0325‐0.0325) 4 0 0

0.0325(0.0325‐0.0325) 4 0 0 0.0325(0.0325‐0.0325) 4 0 0

0.0325(0.0325‐0.0325) 4 0 0 0.0325(0.0325‐0.0325) 4 0 0

0.0325(0.0325‐0.0325) 4 0 0 0.0325(0.0325‐0.0325) 4 0 0

0.0325(0.0325‐0.0325) 4 0 0 0.0325(0.0325‐0.0325) 4 0 0

0.0325(0.0325‐0.0325) 4 0 0 0.0325(0.0325‐0.0325) 4 0 0

1.65(0.2‐1.65) 4 0 0 1.65(1.65‐1.65) 4 0 1

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.5(0.5‐0.5) 4 0 0 0.5(0.5‐0.5) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.5(0.5‐0.5) 4 0 0 0.5(0.5‐0.5) 4 0 0

0.5(0.5‐0.5) 4 0 0 0.5(0.5‐0.5) 4 0 0

0.5(0.5‐0.5) 4 0 0 0.5(0.5‐0.5) 4 0 0

23.12‐97.32 0.335(0.335‐0.35) 4 0 0 4.82‐13.71 0.335(0.335‐0.335) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.835(0.015‐0.835) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.165(0.1‐0.165) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.165(0.1‐0.165) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.165(0.1‐0.165) 4 0 0 0.165(0.165‐0.165) 4 0 0
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Group Parameter Code Units

Semivolatile Organic Compounds (Base/Neutral) 2‐4‐Dinitrotoluene ug/L

Semivolatile Organic Compounds (Base/Neutral) 2‐6‐Dinitrotoluene ug/L

Semivolatile Organic Compounds (Base/Neutral) 2‐Chloroethyl vinyl ether ug/L

Semivolatile Organic Compounds (Base/Neutral) 2‐Chloronaphthalene ug/L

Semivolatile Organic Compounds (Base/Neutral) 3‐3‐Dichlorobenzidine ug/L

Semivolatile Organic Compounds (Base/Neutral) 4‐6‐Dinitro‐2‐methylphenol ug/L

Semivolatile Organic Compounds (Base/Neutral) 4‐Bromophenyl phenyl ether ug/L

Semivolatile Organic Compounds (Base/Neutral) 4‐Chlorophenyl phenyl ether ug/L

Semivolatile Organic Compounds (Base/Neutral) Acenaphthene ug/L

Semivolatile Organic Compounds (Base/Neutral) Acenaphthylene ug/L

Semivolatile Organic Compounds (Base/Neutral) Anthracene ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzidine ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzo(a)pyrene ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzo(k)flouranthene ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzo[g‐h‐i]perylene ug/L

Semivolatile Organic Compounds (Base/Neutral) Bis(2‐Chloroethoxy) methane ug/L

Semivolatile Organic Compounds (Base/Neutral) Bis(2‐Chloroethyl) ether ug/L

Semivolatile Organic Compounds (Base/Neutral) Bis(2‐Chloroisopropyl) ether ug/L

Semivolatile Organic Compounds (Base/Neutral) Bis(2‐Ethylhexl) phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) Butyl benzyl phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) Chrysene ug/L

Semivolatile Organic Compounds (Base/Neutral) Dibenzo(a‐h)anthracene ug/L

Semivolatile Organic Compounds (Base/Neutral) Diethyl phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) Dimethyl phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) Fluoranthene ug/L

Semivolatile Organic Compounds (Base/Neutral) Fluorene ug/L

Semivolatile Organic Compounds (Base/Neutral) Hexachloro‐cyclopentadiene ug/L

Semivolatile Organic Compounds (Base/Neutral) Hexachlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) Hexachlorobutadiene ug/L

Semivolatile Organic Compounds (Base/Neutral) Hexachloroethane ug/L

Semivolatile Organic Compounds (Base/Neutral) Indeno(1‐2‐3‐c‐d)pyrene ug/L

Semivolatile Organic Compounds (Base/Neutral) Isophorone ug/L

Semivolatile Organic Compounds (Base/Neutral) N‐Nitroso‐di‐n‐propyl amine ug/L

Semivolatile Organic Compounds (Base/Neutral) N‐Nitroso‐dimethyl amine ug/L

Semivolatile Organic Compounds (Base/Neutral) N‐Nitroso‐diphenyl amine ug/L

Semivolatile Organic Compounds (Base/Neutral) Naphthalene ug/L

Semivolatile Organic Compounds (Base/Neutral) Nitrobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) Phenanthrene ug/L

Semivolatile Organic Compounds (Base/Neutral) Pyrene ug/L

Semivolatile Organic Compounds (Base/Neutral) di‐n‐Butyl phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) di‐n‐Octyl phthalate ug/L
WQO=Water Quality Objective

Hardness based CTR calculations were based on a minimum of the sample hardness or  400 mg/L (as per the CTR)

High Volume Suspension for REC1/REC 2 beneficial use was applied to storm events greater than 0.5 inch at the Ballon Creek  

(S01), Los Angeles (S10), Coyote Creek (S13),  San Gabriel (S14), and Dominguez Channel (S28) MES, as well as for all tributary 

stations (all located in the Dominguez Channel drainage area)

Table 4‐4.3. Los Angeles River @ Wardlow Dry & Wet Weather Exceedance Summary

WQO Median (range) #samples #exceed #detected WQO Median (range) #samples #exceed #detected

Los Angeles @ Wardlow
S10

2009‐10Dry

Los Angeles @ Wardlow
S10

2009‐10Wet

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.165(0.165‐0.165) 3 0 0 0.165(0.165‐0.165) 4 0 0

1.665(1.665‐1.7) 4 0 0 1.665(1.665‐1.665) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.5(0.5‐0.5) 4 0 0 0.5(0.5‐0.5) 4 0 0

0.835(0.2‐0.835) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.835(0.02‐0.835) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.835(0.1‐0.835) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.8425(0.835‐9.9) 4 0 1 0.835(0.835‐8.86) 4 0 1

1.665(0.05‐1.665) 4 0 0 1.665(1.665‐1.665) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.0165(0.0165‐0.02) 4 0 0 0.0165(0.0165‐0.0165) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.0085(0.0085‐0.01) 4 0 0 0.0085(0.0085‐0.503) 4 0 1

0.0165(0.0165‐0.02) 4 0 0 0.0165(0.0165‐0.0165) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.0085(0.0085‐0.01) 4 0 0 0.0085(0.0085‐0.0085) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.0335(0.0335‐0.035) 4 0 0 0.0335(0.0335‐0.0335) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.0085(0.0085‐0.01) 4 0 0 0.0085(0.0085‐0.0085) 4 0 0

0.0085(0.0085‐0.01) 4 0 0 0.0085(0.0085‐0.413) 4 0 1

1.7(1.7‐1.7) 1 0 0

1.7(1.7‐1.7) 1 0 0
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Bacteria Fecal Coliform MPN/100mL

Bacteria Fecal Enterococcus MPN/100mL

Bacteria Fecal Streptococcus MPN/100mL

Bacteria Total Coliform MPN/100mL

Chlorinated Pesticides 4‐4'‐DDD ug/L

Chlorinated Pesticides 4‐4'‐DDE ug/L

Chlorinated Pesticides 4‐4'‐DDT ug/L

Chlorinated Pesticides Aldrin ug/L

Chlorinated Pesticides Dieldrin ug/L

Chlorinated Pesticides Endosulfan sulfate ug/L

Chlorinated Pesticides Endrin ug/L

Chlorinated Pesticides Endrin aldehyde ug/L

Chlorinated Pesticides Endrin ketone ug/L

Chlorinated Pesticides Heptachlor ug/L

Chlorinated Pesticides Heptachlor Epoxide ug/L

Chlorinated Pesticides Toxaphene ug/L

Chlorinated Pesticides alpha‐BHC ug/L

Chlorinated Pesticides alpha‐chlordane ug/L

Chlorinated Pesticides beta‐BHC ug/L

Chlorinated Pesticides delta‐BHC ug/L

Chlorinated Pesticides gamma‐BHC (lindane) ug/L

Chlorinated Pesticides gamma‐chlordane ug/L

Conventionals Cyanide mg/L

Conventionals Dissolved Oxygen mg/L

Conventionals Oil and Grease mg/L

Conventionals pH pH units

General Alkalinity as CaCO3 mg/L

General Ammonia mg/L

General BioChemical Oxygen Demand‐ Five‐Day mg/L

General Chemical Oxygen Demand mg/L

General Chloride mg/L

General Dissolved Phosphorus mg/L

General Fluoride mg/L

General Hardness as CaCO3 mg/L

General Kjeldahl‐N mg/L

General Methyl Tertiary Butyl Ether (MTBE) ug/L

General Methylene Blue Active Substances (MBAS) mg/L

General NH3‐N mg/L

General Nitrate (NO3) mg/L

General Nitrate‐N mg/L

General Nitrite (NO2) mg/L

General Nitrite‐N mg/L

General Phosphorus‐ Total (as P) mg/L

General Specific Conductance umhos/cm

General Sulfate mg/L

General Total Dissolved Phosphate mg/L

General Total Dissolved Solids mg/L

General Total Organic Carbon mg/L

General Total Petroleum Hydrocarbons mg/L

General Total Phosphate mg/L

General Total Suspended Solids mg/L

General Turbidity NTU

General Volatile Suspended Solids mg/L

Herbicides 2‐4‐5‐TP‐SILVEX ug/L

Herbicides 2‐4‐D ug/L

Herbicides Glyphosate ug/L

Metals Dissolved Aluminum ug/L

Metals Dissolved Antimony ug/L

Metals Dissolved Arsenic ug/L

Metals Dissolved Barium ug/L

Group Parameter Code Units

Table 4‐4.4. Coyote Creek @ Spring Street Dry & Wet Weather Exceedance Summary

WQO Median (range) #samples #exceed #detected WQO Median (range) #samples #exceed #detected

400 1350(300‐9000) 4 3 4 400 70000(3000‐1600000) 4 0 4

155(40‐300) 4 0 4 240000(230‐900000) 4 0 4

155(40‐300) 4 0 4 270000(230‐900000) 4 0 4

9500(2400‐50000) 4 0 4 200000(9000‐5000000) 4 0 4

0.0055(0.005‐0.0055) 4 0 0 0.0055(0.0055‐0.0055) 4 0 0

0.002(0.002‐0.002) 4 0 0 0.002(0.002‐0.002) 4 0 0

1.1 0.005(0.005‐0.005) 4 0 0 1.1 0.005(0.005‐0.005) 4 0 0

3 0.002(0.002‐0.002) 4 0 0 3 0.002(0.002‐0.002) 4 0 0

0.001(0.001‐0.001) 4 0 0 0.001(0.001‐0.001) 4 0 0

0.025(0.025‐0.025) 4 0 0 0.025(0.025‐0.025) 4 0 0

0.086 0.003(0.003‐0.003) 4 0 0 0.086 0.003(0.003‐0.003) 4 0 0

0.005(0.005‐0.005) 4 0 0 0.005(0.005‐0.005) 4 0 0

0(0‐0) 1 0 0

0.52 0.0015(0.0015‐0.0015) 4 0 0 0.52 0.0015(0.0015‐0.0015) 4 0 0

0.52 0.005(0.005‐0.005) 4 0 0 0.52 0.005(0.005‐0.005) 4 0 0

0.73 0.12(0.12‐0.12) 4 0 0 0.73 0.12(0.12‐0.12) 4 0 0

0.005(0.0015‐0.005) 4 0 0 0.005(0.005‐0.005) 4 0 0

0.0165(0.0165‐0.02) 4 0 0 0.0165(0.0165‐0.0165) 4 0 0

0.0025(0.0025‐0.0025) 4 0 0 0.0025(0.0025‐0.0025) 4 0 0

0.0025(0.0025‐0.0025) 4 0 0 0.0025(0.0025‐0.0025) 4 0 0

0.95 0.002(0.002‐0.002) 4 0 0 0.95 0.002(0.002‐0.002) 4 0 0

0.0165(0.0165‐0.02) 4 0 0 0.0165(0.0165‐0.0165) 4 0 0

0.22 0.018(0.01‐0.034) 4 1 4 0.22 0.0125(0.0025‐0.03) 4 1 3

5 18(15.6‐20) 4 0 4 5 10(10‐10) 4 0 4

0.46(0.2‐0.72) 4 0 0 0.36(0‐0.72) 4 0 0

8.245(8.04‐8.58) 4 1 4 7.34(6.96‐7.52) 4 0 4

275(220‐289) 4 0 4 55(41‐55) 4 0 4

2.3‐6.8 0.127(0.121‐0.55) 4 0 4 14.6‐23 0.5485(0.318‐0.835) 4 0 4

14.65(12.1‐24) 4 0 4 13.31(5.38‐30.3) 4 0 4

95.9(55.8‐368) 4 0 4 62.4(28.9‐286) 4 0 4

221(194‐262) 4 0 4 12.8(10.1‐22.5) 4 0 4

0.025(0.025‐0.05) 4 0 1 0.19(0.11‐0.28) 4 0 4

1.205(1.11‐1.23) 4 0 4 0.2105(0.179‐0.251) 4 0 4

390(355‐410) 4 0 4 65(40‐110) 4 0 4

0.84(0.62‐3.3) 4 0 4 2.11(1.28‐4.24) 4 0 4

0.2(0.2‐0.2) 4 0 0 0.2(0.2‐0.2) 4 0 0

0(0‐0) 4 0 0 0(0‐0.63) 4 0 1

0.105(0.1‐0.45) 4 0 4 0.453(0.263‐0.69) 4 0 4

45 10.36(4.49‐17.7) 4 0 4 45 3.76(2.95‐4.17) 4 0 4

10 2.425(1.01‐4) 4 0 4 10 0.8285(0.665‐0.941) 4 0 4

1 0.059(0.005‐0.133) 4 0 3 1 0.005(0.005‐0.09) 4 0 1

0.025(0.025‐0.11) 4 0 1 0.325(0.13‐0.78) 4 0 4

1815(1590‐1836) 4 0 4 173(105‐264) 4 0 4

390(329‐439) 4 0 4 19(13.4‐35.7) 4 0 4

1255(1080‐1276) 4 0 4 126(94‐182) 4 0 4

10.47(4.7‐21) 4 0 4 12.125(7.17‐18) 4 0 4

0.475(0.2‐0.75) 4 0 0 0.75(0.75‐0.75) 4 0 0

47(14‐141) 4 0 4 154.5(67‐503) 10 0 10

2.48(0.98‐3.89) 4 0 4 15.3(6.8‐18.2) 4 0 4

15(2‐38) 4 0 4 80.5(35‐138) 4 0 4

0.0335(0.0335‐0.035) 4 0 0 0.0335(0.0335‐0.0335) 4 0 0

0.0075(0.0075‐0.0075) 4 0 0 0.0075(0.0075‐0.0075) 4 0 0

2.5(2.5‐2.5) 4 0 0 2.5(2.5‐2.5) 4 0 0

25(25‐25) 4 0 0 25(25‐25) 4 0 0

0.678(0.557‐0.85) 4 0 4 1.445(0.798‐2.08) 4 0 4

340.2‐340.2 4.965(3.77‐5.92) 4 0 4 340.2‐340.2 1.33(1.22‐1.74) 4 0 4

52.45(49.1‐55) 4 0 4 18.9(17.5‐27.8) 4 0 4

Coyote Creek @ Spring Street
S13

2009‐10Dry

Coyote Creek @ Spring Street
S13

2009‐10Wet
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Group Parameter Code Units

Metals Dissolved Beryllium ug/L

Metals Dissolved Cadmium ug/L

Metals Dissolved Chromium ug/L

Metals Dissolved Chromium +6 ug/L

Metals Dissolved Copper ug/L

Metals Dissolved Iron ug/L

Metals Dissolved Lead ug/L

Metals Dissolved Mercury ug/L

Metals Dissolved Nickel ug/L

Metals Dissolved Selenium ug/L

Metals Dissolved Silver ug/L

Metals Dissolved Thallium ug/L

Metals Dissolved Zinc ug/L

Metals Aluminum ug/L

Metals Antimony ug/L

Metals Arsenic ug/L

Metals Barium ug/L

Metals Beryllium ug/L

Metals Cadmium ug/L

Metals Chromium ug/L

Metals Chromium +6 ug/L

Metals Copper ug/L

Metals Iron ug/L

Metals Lead ug/L

Metals Mercury ug/L

Metals Nickel ug/L

Metals Selenium ug/L

Metals Silver ug/L

Metals Thallium ug/L

Metals Zinc ug/L

Organophosphate Pesticides Atrazine ug/L

Organophosphate Pesticides Chlorpyrifos ug/L

Organophosphate Pesticides Cyanazine ug/L

Organophosphate Pesticides Diazinon ug/L

Organophosphate Pesticides Malathion ug/L

Organophosphate Pesticides Prometryn ug/L

Organophosphate Pesticides Simazine ug/L

Polychlorinated Biphenyls PCB‐1016 (Aroclor 1016) ug/L

Polychlorinated Biphenyls PCB‐1221 (Aroclor 1221) ug/L

Polychlorinated Biphenyls PCB‐1232 (Aroclor 1232) ug/L

Polychlorinated Biphenyls PCB‐1242 (Aroclor 1242) ug/L

Polychlorinated Biphenyls PCB‐1248 (Aroclor 1248) ug/L

Polychlorinated Biphenyls PCB‐1254 (Aroclor 1254) ug/L

Polychlorinated Biphenyls PCB‐1260 (Aroclor 1260) ug/L

Semivolatile Organic Compounds (Acids) 2‐4‐6‐Trichlorophenol ug/L

Semivolatile Organic Compounds (Acids) 2‐4‐Dichlorophenol ug/L

Semivolatile Organic Compounds (Acids) 2‐4‐Dimethylphenol ug/L

Semivolatile Organic Compounds (Acids) 2‐4‐Dinitrophenol ug/L

Semivolatile Organic Compounds (Acids) 2‐Chlorophenol ug/L

Semivolatile Organic Compounds (Acids) 2‐Nitrophenol ug/L

Semivolatile Organic Compounds (Acids) 4‐Chloro‐3‐methylphenol ug/L

Semivolatile Organic Compounds (Acids) 4‐Nitrophenol ug/L

Semivolatile Organic Compounds (Acids) Pentachlorophenol ug/L

Semivolatile Organic Compounds (Acids) Phenol ug/L

Semivolatile Organic Compounds (Base/Neutral) 1‐2‐4‐Trichlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) 1‐2‐Benzanthracene ug/L

Semivolatile Organic Compounds (Base/Neutral) 1‐2‐Dichlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) 1‐2‐Diphenylhydrazine ug/L

Semivolatile Organic Compounds (Base/Neutral) 1‐3‐Dichlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) 1‐4‐Dichlorobenzene ug/L

Table 4‐4.4. Coyote Creek @ Spring Street Dry & Wet Weather Exceedance Summary

WQO Median (range) #samples #exceed #detected WQO Median (range) #samples #exceed #detected

Coyote Creek @ Spring Street
S13

2009‐10Dry

Coyote Creek @ Spring Street
S13

2009‐10Wet

0.05(0.05‐0.05) 4 0 0 0.05(0.05‐0.05) 4 0 0

18.9‐18.9 0.05(0.05‐0.05) 4 0 0 0‐6.3 0.05(0.05‐0.05) 4 0 0

1549.8‐1707.3 1.38(0.938‐1.44) 4 0 4 258.3‐592.2 0.843(0.791‐0.964) 4 0 4

346.5‐390.6 0.125(0.125‐0.125) 4 0 0 37.8‐107.1 0.125(0.125‐0.125) 4 0 0

44.1‐50.4 5.08(4.17‐5.36) 4 0 4 6.3‐12.6 8.845(4.37‐10.8) 4 1 4

25(25‐25) 4 0 1 25(25‐166) 4 0 1

245.7‐283.5 0.1(0‐0.1) 4 0 0 25.2‐69.3 0.9055(0.623‐1.29) 4 0 4

0.05(0.05‐0.05) 4 0 0 0.05(0.05‐0.05) 4 0 0

1367.1‐1512 3.665(2.97‐4.3) 4 0 4 214.2‐510.3 3.525(1.61‐6.8) 4 0 4

6(4.38‐9.64) 4 0 4 0.695(0.25‐1.69) 4 0 2

31.5‐37.8 0.05(0.05‐0.05) 4 0 0 0‐6.3 0.05(0.05‐0.05) 4 0 0

0.05(0.05‐0.05) 4 0 0 0.05(0.05‐0.05) 4 0 0

340.2‐378 10.3(0.5‐24.3) 4 0 4 56.7‐126 55.95(32.9‐65.1) 4 0 4

176.5(25‐303) 4 0 3 1980(236‐4480) 4 0 4

0.769(0.644‐0.93) 4 0 4 2.815(2.13‐3.27) 4 0 4

5.165(4.09‐6.06) 4 0 4 2.465(1.81‐2.97) 4 0 4

67.6(59.6‐74.4) 4 0 4 69.1(31.9‐105) 4 0 4

0.05(0.05‐0.05) 4 0 0 0.05(0.05‐0.05) 4 0 0

0.05(0.05‐0.05) 4 0 0 0.4345(0.05‐0.863) 4 0 3

2.075(0.965‐4.28) 4 0 4 5.815(1.44‐9.96) 4 0 4

0.125(0.125‐0.125) 4 0 0 0.125(0.125‐0.125) 4 0 0

12.4(9.12‐14) 4 0 4 36.95(21.6‐49.6) 4 0 4

267.5(25‐700) 4 0 3 3520(240‐6930) 4 0 4

1.34(0.1‐2.17) 4 0 3 18.3(2.2‐31.1) 4 0 4

0.05(0.05‐0.05) 4 0 0 0.05(0.05‐0.05) 4 0 0

4.64(4.52‐5.63) 4 0 4 9.245(7.59‐10.6) 4 0 4

6.285(4.48‐9.77) 4 0 4 0.735(0.25‐1.74) 4 0 2

0.05(0.05‐0.05) 4 0 0 0.05(0.05‐0.05) 4 0 0

0.05(0.05‐0.05) 4 0 0 0.05(0.05‐0.05) 4 0 0

43.6(38.5‐71.6) 4 0 4 216(62.6‐258) 4 0 4

0.3335(0.3335‐0.35) 4 0 0 0.3335(0.3335‐0.3335) 4 0 0

0.01(0.01‐0.01) 4 0 0 0.01(0.01‐0.01) 4 0 0

0.3335(0.3335‐0.35) 4 0 0 0.3335(0.3335‐0.3335) 4 0 0

0.0015(0.0015‐0.0015) 4 0 0 0.0015(0.0015‐0.0015) 4 0 0

0.1825(0.165‐0.335) 4 0 0 0.25(0.165‐0.335) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.0325(0.0325‐0.0325) 4 0 0 0.0325(0.0325‐0.0325) 4 0 0

0.0325(0.0325‐0.0325) 4 0 0 0.0325(0.0325‐0.0325) 4 0 0

0.0325(0.0325‐0.0325) 4 0 0 0.0325(0.0325‐0.0325) 4 0 0

0.0325(0.0325‐0.0325) 4 0 0 0.0325(0.0325‐0.0325) 4 0 0

0.0325(0.0325‐0.0325) 4 0 0 0.0325(0.0325‐0.0325) 4 0 0

0.0325(0.0325‐0.0325) 4 0 0 0.0325(0.0325‐0.0325) 4 0 0

0.0325(0.0325‐0.0325) 4 0 0 0.0325(0.0325‐0.0325) 4 0 0

1.65(0.2‐1.65) 4 0 0 1.65(1.65‐1.65) 4 0 1

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.5(0.5‐0.5) 4 0 0 0.5(0.5‐0.5) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.5(0.5‐0.5) 4 0 0 0.5(0.5‐0.5) 4 0 0

0.5(0.5‐0.5) 4 0 0 0.5(0.5‐0.5) 4 0 0

0.5(0.5‐0.5) 4 0 0 0.5(0.5‐0.5) 4 0 0

24.81‐42.69 0.335(0.335‐0.35) 4 0 0 8.38‐14.71 0.335(0.335‐0.335) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.835(0.015‐0.835) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.165(0.1‐0.165) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.165(0.1‐0.165) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.165(0.1‐0.165) 4 0 0 0.165(0.165‐0.165) 4 0 0
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Group Parameter Code Units

Semivolatile Organic Compounds (Base/Neutral) 2‐4‐Dinitrotoluene ug/L

Semivolatile Organic Compounds (Base/Neutral) 2‐6‐Dinitrotoluene ug/L

Semivolatile Organic Compounds (Base/Neutral) 2‐Chloroethyl vinyl ether ug/L

Semivolatile Organic Compounds (Base/Neutral) 2‐Chloronaphthalene ug/L

Semivolatile Organic Compounds (Base/Neutral) 3‐3‐Dichlorobenzidine ug/L

Semivolatile Organic Compounds (Base/Neutral) 4‐6‐Dinitro‐2‐methylphenol ug/L

Semivolatile Organic Compounds (Base/Neutral) 4‐Bromophenyl phenyl ether ug/L

Semivolatile Organic Compounds (Base/Neutral) 4‐Chlorophenyl phenyl ether ug/L

Semivolatile Organic Compounds (Base/Neutral) Acenaphthene ug/L

Semivolatile Organic Compounds (Base/Neutral) Acenaphthylene ug/L

Semivolatile Organic Compounds (Base/Neutral) Anthracene ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzidine ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzo(a)pyrene ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzo(k)flouranthene ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzo[g‐h‐i]perylene ug/L

Semivolatile Organic Compounds (Base/Neutral) Bis(2‐Chloroethoxy) methane ug/L

Semivolatile Organic Compounds (Base/Neutral) Bis(2‐Chloroethyl) ether ug/L

Semivolatile Organic Compounds (Base/Neutral) Bis(2‐Chloroisopropyl) ether ug/L

Semivolatile Organic Compounds (Base/Neutral) Bis(2‐Ethylhexl) phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) Butyl benzyl phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) Chrysene ug/L

Semivolatile Organic Compounds (Base/Neutral) Dibenzo(a‐h)anthracene ug/L

Semivolatile Organic Compounds (Base/Neutral) Diethyl phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) Dimethyl phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) Fluoranthene ug/L

Semivolatile Organic Compounds (Base/Neutral) Fluorene ug/L

Semivolatile Organic Compounds (Base/Neutral) Hexachloro‐cyclopentadiene ug/L

Semivolatile Organic Compounds (Base/Neutral) Hexachlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) Hexachlorobutadiene ug/L

Semivolatile Organic Compounds (Base/Neutral) Hexachloroethane ug/L

Semivolatile Organic Compounds (Base/Neutral) Indeno(1‐2‐3‐c‐d)pyrene ug/L

Semivolatile Organic Compounds (Base/Neutral) Isophorone ug/L

Semivolatile Organic Compounds (Base/Neutral) N‐Nitroso‐di‐n‐propyl amine ug/L

Semivolatile Organic Compounds (Base/Neutral) N‐Nitroso‐dimethyl amine ug/L

Semivolatile Organic Compounds (Base/Neutral) N‐Nitroso‐diphenyl amine ug/L

Semivolatile Organic Compounds (Base/Neutral) Naphthalene ug/L

Semivolatile Organic Compounds (Base/Neutral) Nitrobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) Phenanthrene ug/L

Semivolatile Organic Compounds (Base/Neutral) Pyrene ug/L

Semivolatile Organic Compounds (Base/Neutral) di‐n‐Butyl phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) di‐n‐Octyl phthalate ug/L
WQO=Water Quality Objective

Hardness based CTR calculations were based on a minimum of the sample hardness or  400 mg/L (as per the CTR)

High Volume Suspension for REC1/REC 2 beneficial use was applied to storm events greater than 0.5 inch at the Ballon Creek  

(S01), Los Angeles (S10), Coyote Creek (S13),  San Gabriel (S14), and Dominguez Channel (S28) MES, as well as for all tributary 

stations (all located in the Dominguez Channel drainage area)

Table 4‐4.4. Coyote Creek @ Spring Street Dry & Wet Weather Exceedance Summary

WQO Median (range) #samples #exceed #detected WQO Median (range) #samples #exceed #detected

Coyote Creek @ Spring Street
S13

2009‐10Dry

Coyote Creek @ Spring Street
S13

2009‐10Wet

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.165(0.165‐0.165) 3 0 0 0.165(0.165‐0.165) 4 0 0

1.665(1.665‐1.7) 4 0 0 1.665(1.665‐1.665) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.5(0.5‐0.5) 4 0 0 0.5(0.5‐0.5) 4 0 0

0.835(0.2‐0.835) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.835(0.02‐0.835) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.835(0.1‐0.835) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐7.38) 4 0 1

1.665(0.05‐1.665) 4 0 0 1.665(1.665‐1.665) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.0165(0.0165‐0.02) 4 0 0 0.0165(0.0165‐0.0165) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.0085(0.0085‐0.01) 4 0 0 0.0085(0.0085‐0.622) 4 0 1

0.0165(0.0165‐0.02) 4 0 0 0.0165(0.0165‐0.0165) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.0085(0.0085‐0.01) 4 0 0 0.0085(0.0085‐0.0085) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.0335(0.0335‐0.035) 4 0 0 0.0335(0.0335‐0.0335) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.0085(0.0085‐0.01) 4 0 0 0.0085(0.0085‐0.0085) 4 0 0

0.0085(0.0085‐0.01) 4 0 0 0.0085(0.0085‐0.467) 4 0 1

1.7(1.7‐1.7) 1 0 0

1.7(1.7‐1.7) 1 0 0
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Bacteria Fecal Coliform MPN/100mL

Bacteria Fecal Enterococcus MPN/100mL

Bacteria Fecal Streptococcus MPN/100mL

Bacteria Total Coliform MPN/100mL

Chlorinated Pesticides 4‐4'‐DDD ug/L

Chlorinated Pesticides 4‐4'‐DDE ug/L

Chlorinated Pesticides 4‐4'‐DDT ug/L

Chlorinated Pesticides Aldrin ug/L

Chlorinated Pesticides Dieldrin ug/L

Chlorinated Pesticides Endosulfan sulfate ug/L

Chlorinated Pesticides Endrin ug/L

Chlorinated Pesticides Endrin aldehyde ug/L

Chlorinated Pesticides Endrin ketone ug/L

Chlorinated Pesticides Heptachlor ug/L

Chlorinated Pesticides Heptachlor Epoxide ug/L

Chlorinated Pesticides Toxaphene ug/L

Chlorinated Pesticides alpha‐BHC ug/L

Chlorinated Pesticides alpha‐chlordane ug/L

Chlorinated Pesticides beta‐BHC ug/L

Chlorinated Pesticides delta‐BHC ug/L

Chlorinated Pesticides gamma‐BHC (lindane) ug/L

Chlorinated Pesticides gamma‐chlordane ug/L

Conventionals Cyanide mg/L

Conventionals Dissolved Oxygen mg/L

Conventionals Oil and Grease mg/L

Conventionals pH pH units

General Alkalinity as CaCO3 mg/L

General Ammonia mg/L

General BioChemical Oxygen Demand‐ Five‐Day mg/L

General Chemical Oxygen Demand mg/L

General Chloride mg/L

General Dissolved Phosphorus mg/L

General Fluoride mg/L

General Hardness as CaCO3 mg/L

General Kjeldahl‐N mg/L

General Methyl Tertiary Butyl Ether (MTBE) ug/L

General Methylene Blue Active Substances (MBAS) mg/L

General NH3‐N mg/L

General Nitrate (NO3) mg/L

General Nitrate‐N mg/L

General Nitrite (NO2) mg/L

General Nitrite‐N mg/L

General Phosphorus‐ Total (as P) mg/L

General Specific Conductance umhos/cm

General Sulfate mg/L

General Total Dissolved Phosphate mg/L

General Total Dissolved Solids mg/L

General Total Organic Carbon mg/L

General Total Petroleum Hydrocarbons mg/L

General Total Phosphate mg/L

General Total Suspended Solids mg/L

General Turbidity NTU

General Volatile Suspended Solids mg/L

Herbicides 2‐4‐5‐TP‐SILVEX ug/L

Herbicides 2‐4‐D ug/L

Herbicides Glyphosate ug/L

Metals Dissolved Aluminum ug/L

Metals Dissolved Antimony ug/L

Metals Dissolved Arsenic ug/L

Metals Dissolved Barium ug/L

Group Parameter Code Units

Table 4‐4.5. San Gabriel River @ SGR Parkway Dry & Wet Weather Exceedance Summary

WQO Median (range) #samples #exceed #detected WQO Median (range) #samples #exceed #detected

400 550(230‐800) 4 2 4 400 46100(300‐5000000) 4 0 4

160(10‐800) 4 0 3 145000(500‐1600000) 4 0 4

160(10‐800) 4 0 3 200000(500‐1600000) 4 0 4

6000(2200‐24000) 4 0 4 920000(5000‐24000000) 4 0 4

0.0055(0.005‐0.0055) 4 0 0 0.0055(0.0055‐0.0055) 4 0 0

0.002(0.002‐0.002) 4 0 0 0.002(0.002‐0.002) 4 0 0

1.1 0.005(0.005‐0.005) 4 0 0 1.1 0.005(0.005‐0.005) 4 0 0

3 0.002(0.002‐0.002) 4 0 0 3 0.002(0.002‐0.002) 4 0 0

0.001(0.001‐0.001) 4 0 0 0.001(0.001‐0.001) 4 0 0

0.025(0.025‐0.025) 4 0 0 0.025(0.025‐0.025) 4 0 0

0.086 0.003(0.003‐0.003) 4 0 0 0.086 0.003(0.003‐0.003) 4 0 0

0.005(0.005‐0.005) 4 0 0 0.005(0.005‐0.005) 4 0 0

0(0‐0) 1 0 0

0.52 0.0015(0.0015‐0.0015) 4 0 0 0.52 0.0015(0.0015‐0.0015) 4 0 0

0.52 0.005(0.005‐0.005) 4 0 0 0.52 0.005(0.005‐0.005) 4 0 0

0.12(0.12‐0.12) 4 0 0 0.12(0.12‐0.12) 4 0 0

0.005(0.0015‐0.005) 4 0 0 0.005(0.005‐0.005) 4 0 0

0.0165(0.0165‐0.02) 4 0 0 0.0165(0.0165‐0.0165) 4 0 0

0.0025(0.0025‐0.0025) 4 0 0 0.0025(0.0025‐0.0025) 4 0 0

0.0025(0.0025‐0.0025) 4 0 0 0.0025(0.0025‐0.0025) 4 0 0

0.95 0.002(0.002‐0.002) 4 0 0 0.95 0.002(0.002‐0.002) 4 0 0

0.0165(0.0165‐0.02) 4 0 0 0.0165(0.0165‐0.0165) 4 0 0

0.22 0.0205(0.01‐0.025) 4 1 4 0.22 0.014(0.0025‐0.03) 4 1 3

5 10.4(8.79‐12.4) 4 0 4 5 9.9(9.9‐9.9) 4 0 4

0.46(0.2‐0.72) 4 0 0 0.72(0.72‐0.72) 4 0 0

7.995(7.82‐8.19) 4 0 4 7.225(7.13‐7.71) 4 0 4

165(151‐179) 4 0 4 76(41‐96) 4 0 4

3.9‐10.3 0.6295(0.169‐0.92) 4 0 4 10.3‐19.2 0.4725(0.05‐1.89) 4 0 3

17.51(5.9‐41.2) 4 0 4 14.2(7.52‐32.9) 4 0 4

75.2(57.9‐116) 4 0 4 68.45(36.4‐196) 4 0 4

150 128(113‐161) 4 1 4 150 47.2(22.8‐53.4) 4 0 4

0.11(0.07‐0.16) 4 0 4 0.22(0.07‐0.39) 4 0 4

0.3655(0.244‐0.59) 4 0 4 0.2585(0.129‐0.347) 4 0 4

262.5(20‐280) 4 0 4 110(30‐160) 4 0 4

1.5(0.58‐1.94) 4 0 4 1.36(0.718‐5.3) 4 0 4

0.2(0.2‐0.2) 4 0 0 0.2(0.2‐0.2) 4 0 0

0(0‐0) 4 0 0 0(0‐0.58) 4 0 1

0.52(0.14‐0.76) 4 0 4 0.3905(0.05‐1.56) 4 0 3

45 23.2(6.17‐27) 4 0 4 45 10.29(4.8‐13.6) 4 0 4

10 5.245(1.39‐6.1) 4 0 4 10 2.32(1.08‐3.1) 4 0 4

1 0.0725(0.015‐0.177) 4 0 2 1 0.005(0.005‐0.09) 4 0 1

0.14(0.08‐0.19) 4 0 4 0.265(0.2‐0.86) 4 0 4

1018.5(1000‐1080) 4 0 4 443(230‐508) 4 0 4

300 185.5(117‐443) 4 1 4 300 60.85(32.7‐67.1) 4 0 4

750 682(668‐706) 4 0 4 750 314(154‐350) 4 0 4

7.215(6.2‐17.9) 4 0 4 8.74(5.6‐20.2) 4 0 4

0.475(0.2‐0.75) 4 0 0 0.75(0.75‐0.75) 4 0 0

25.5(14‐31) 4 0 4 87(10‐400) 10 0 10

1.32(0.73‐2.79) 4 0 4 14.15(6.66‐197) 4 0 4

6(3‐15) 4 0 4 31.5(12‐51) 4 0 4

0.0335(0.0335‐0.035) 4 0 0 0.0335(0.0335‐0.0335) 4 0 0

0.0075(0.0075‐0.0075) 4 0 0 0.0075(0.0075‐0.0075) 4 0 0

2.5(2.5‐2.5) 4 0 0 2.5(2.5‐2.5) 4 0 0

25(25‐25) 4 0 0 25(25‐446) 4 0 1

0.5955(0.1‐0.62) 4 0 3 0.8965(0.671‐1.8) 4 0 4

340.2‐340.2 1.535(1‐2.2) 4 0 4 340.2‐340.2 1.61(0.1‐1.78) 4 0 3

51.6(44.9‐73.6) 4 0 4 31(20.5‐48.5) 4 0 4

 San Gabriel River @ SGR Parkway
S14

2009‐10Dry 

 San Gabriel River @ SGR Parkway
S14

2009‐10Wet 
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Group Parameter Code Units

Metals Dissolved Beryllium ug/L

Metals Dissolved Cadmium ug/L

Metals Dissolved Chromium ug/L

Metals Dissolved Chromium +6 ug/L

Metals Dissolved Copper ug/L

Metals Dissolved Iron ug/L

Metals Dissolved Lead ug/L

Metals Dissolved Mercury ug/L

Metals Dissolved Nickel ug/L

Metals Dissolved Selenium ug/L

Metals Dissolved Silver ug/L

Metals Dissolved Thallium ug/L

Metals Dissolved Zinc ug/L

Metals Aluminum ug/L

Metals Antimony ug/L

Metals Arsenic ug/L

Metals Barium ug/L

Metals Beryllium ug/L

Metals Cadmium ug/L

Metals Chromium ug/L

Metals Chromium +6 ug/L

Metals Copper ug/L

Metals Iron ug/L

Metals Lead ug/L

Metals Mercury ug/L

Metals Nickel ug/L

Metals Selenium ug/L

Metals Silver ug/L

Metals Thallium ug/L

Metals Zinc ug/L

Organophosphate Pesticides Atrazine ug/L

Organophosphate Pesticides Chlorpyrifos ug/L

Organophosphate Pesticides Cyanazine ug/L

Organophosphate Pesticides Diazinon ug/L

Organophosphate Pesticides Malathion ug/L

Organophosphate Pesticides Prometryn ug/L

Organophosphate Pesticides Simazine ug/L

Polychlorinated Biphenyls PCB‐1016 (Aroclor 1016) ug/L

Polychlorinated Biphenyls PCB‐1221 (Aroclor 1221) ug/L

Polychlorinated Biphenyls PCB‐1232 (Aroclor 1232) ug/L

Polychlorinated Biphenyls PCB‐1242 (Aroclor 1242) ug/L

Polychlorinated Biphenyls PCB‐1248 (Aroclor 1248) ug/L

Polychlorinated Biphenyls PCB‐1254 (Aroclor 1254) ug/L

Polychlorinated Biphenyls PCB‐1260 (Aroclor 1260) ug/L

Semivolatile Organic Compounds (Acids) 2‐4‐6‐Trichlorophenol ug/L

Semivolatile Organic Compounds (Acids) 2‐4‐Dichlorophenol ug/L

Semivolatile Organic Compounds (Acids) 2‐4‐Dimethylphenol ug/L

Semivolatile Organic Compounds (Acids) 2‐4‐Dinitrophenol ug/L

Semivolatile Organic Compounds (Acids) 2‐Chlorophenol ug/L

Semivolatile Organic Compounds (Acids) 2‐Nitrophenol ug/L

Semivolatile Organic Compounds (Acids) 4‐Chloro‐3‐methylphenol ug/L

Semivolatile Organic Compounds (Acids) 4‐Nitrophenol ug/L

Semivolatile Organic Compounds (Acids) Pentachlorophenol ug/L

Semivolatile Organic Compounds (Acids) Phenol ug/L

Semivolatile Organic Compounds (Base/Neutral) 1‐2‐4‐Trichlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) 1‐2‐Benzanthracene ug/L

Semivolatile Organic Compounds (Base/Neutral) 1‐2‐Dichlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) 1‐2‐Diphenylhydrazine ug/L

Semivolatile Organic Compounds (Base/Neutral) 1‐3‐Dichlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) 1‐4‐Dichlorobenzene ug/L

Table 4‐4.5. San Gabriel River @ SGR Parkway Dry & Wet Weather Exceedance Summary

WQO Median (range) #samples #exceed #detected WQO Median (range) #samples #exceed #detected

 San Gabriel River @ SGR Parkway
S14

2009‐10Dry 

 San Gabriel River @ SGR Parkway
S14

2009‐10Wet 

0.05(0.05‐0.05) 4 0 0 0.05(0.05‐0.05) 4 0 0

0‐12.6 0.05(0.05‐0.05) 4 0 0 0‐6.3 0.05(0.05‐0.05) 4 0 0

144.9‐1272.6 1.07(0.808‐1.74) 4 0 4 201.6‐806.4 1.3675(0.673‐2) 4 0 4

18.9‐277.2 0.125(0.125‐0.125) 4 0 0 31.5‐157.5 0.125(0.125‐0.125) 4 0 0

0‐37.8 3.115(2.85‐4.61) 4 0 4 6.3‐18.9 6.22(3.89‐11.6) 4 0 4

25(25‐25) 4 0 0 123.5(25‐513) 4 0 3

12.6‐195.3 0.05(0‐0.1) 4 0 0 18.9‐107.1 1.21(0.722‐6.61) 4 0 4

0.05(0.05‐0.05) 4 0 0 0.05(0.05‐0.05) 4 0 0

119.7‐1121.4 3.93(3.19‐4.61) 4 0 4 170.1‐699.3 2.69(0‐6.14) 4 0 3

1.44(1.2‐5.27) 4 0 4 1.01(0.25‐1.94) 4 0 2

0‐18.9 0.05(0.05‐0.05) 4 0 0 0‐6.3 0.05(0.05‐0.05) 4 0 0

0.05(0.05‐0.05) 4 0 0 0.05(0.05‐0.05) 4 0 0

31.5‐283.5 42.95(22.1‐56.6) 4 0 4 44.1‐176.4 38.85(28.3‐85.5) 4 1 4

111(25‐453) 4 0 3 1815(107‐5530) 4 0 4

0.672(0.63‐0.793) 4 0 4 1.445(1.24‐1.86) 4 0 4

1.76(1.09‐2.34) 4 0 4 1.905(1.78‐3.19) 4 0 4

59.75(48.1‐97.1) 4 0 4 59.8(35.3‐116) 4 0 4

0.05(0.05‐0.05) 4 0 0 0.05(0.05‐0.05) 4 0 0

0.05(0.05‐0.276) 4 0 1 0.05(0.05‐0.55) 4 0 1

1.385(0.872‐2.99) 4 0 4 4.32(2.23‐12.4) 4 0 4

0.125(0.125‐0.125) 4 0 0 0.125(0.125‐0.125) 4 0 0

9.88(8.39‐10.1) 4 0 4 21.05(12.7‐24.7) 4 0 4

242.5(200‐667) 4 0 4 2980(201‐9530) 4 0 4

1.15(0.893‐2.14) 4 0 4 8.815(1.77‐17.3) 4 0 4

0.05(0.05‐0.05) 4 0 0 0.05(0.05‐0.05) 4 0 0

4.745(4.24‐5.69) 4 0 4 7.14(5.91‐11.8) 4 0 4

1.705(1.37‐5.54) 4 0 4 1.655(0.25‐2.33) 4 0 3

0.05(0.05‐0.05) 4 0 0 0.05(0.05‐0.354) 4 0 1

0.05(0.05‐0.05) 4 0 0 0.05(0.05‐0.05) 4 0 0

70.6(45.6‐103) 4 0 4 85.9(41.9‐103) 4 0 4

0.3335(0.3335‐0.35) 4 0 0 0.3335(0.3335‐0.3335) 4 0 0

0.01(0.01‐0.01) 4 0 0 0.01(0.01‐0.01) 4 0 0

0.3335(0.3335‐0.35) 4 0 0 0.3335(0.3335‐0.3335) 4 0 0

0.0015(0.0015‐0.0015) 4 0 0 0.0015(0.0015‐0.0015) 4 0 0

0.1825(0.165‐0.335) 4 0 0 0.25(0.165‐0.335) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.0325(0.0325‐0.0325) 4 0 0 0.0325(0.0325‐0.0325) 4 0 0

0.0325(0.0325‐0.0325) 4 0 0 0.0325(0.0325‐0.0325) 4 0 0

0.0325(0.0325‐0.0325) 4 0 0 0.0325(0.0325‐0.0325) 4 0 0

0.0325(0.0325‐0.0325) 4 0 0 0.0325(0.0325‐0.0325) 4 0 0

0.0325(0.0325‐0.0325) 4 0 0 0.0325(0.0325‐0.0325) 4 0 0

0.0325(0.0325‐0.0325) 4 0 0 0.0325(0.0325‐0.0325) 4 0 0

0.0325(0.0325‐0.0325) 4 0 0 0.0325(0.0325‐0.0325) 4 0 0

1.65(0.2‐1.65) 4 0 0 1.65(1.65‐1.65) 4 0 1

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.5(0.5‐0.5) 4 0 0 0.5(0.5‐0.5) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.5(0.5‐0.5) 4 0 0 0.5(0.5‐0.5) 4 0 0

0.5(0.5‐0.5) 4 0 0 0.5(0.5‐0.5) 4 0 0

0.5(0.5‐0.5) 4 0 0 0.5(0.5‐0.5) 4 0 0

19.89‐28.85 0.335(0.335‐0.35) 4 0 0 9.94‐17.81 0.335(0.335‐0.335) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.835(0.015‐0.835) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.165(0.1‐0.165) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.165(0.1‐0.165) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.165(0.1‐0.165) 4 0 0 0.165(0.165‐0.165) 4 0 0
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Group Parameter Code Units

Semivolatile Organic Compounds (Base/Neutral) 2‐4‐Dinitrotoluene ug/L

Semivolatile Organic Compounds (Base/Neutral) 2‐6‐Dinitrotoluene ug/L

Semivolatile Organic Compounds (Base/Neutral) 2‐Chloroethyl vinyl ether ug/L

Semivolatile Organic Compounds (Base/Neutral) 2‐Chloronaphthalene ug/L

Semivolatile Organic Compounds (Base/Neutral) 3‐3‐Dichlorobenzidine ug/L

Semivolatile Organic Compounds (Base/Neutral) 4‐6‐Dinitro‐2‐methylphenol ug/L

Semivolatile Organic Compounds (Base/Neutral) 4‐Bromophenyl phenyl ether ug/L

Semivolatile Organic Compounds (Base/Neutral) 4‐Chlorophenyl phenyl ether ug/L

Semivolatile Organic Compounds (Base/Neutral) Acenaphthene ug/L

Semivolatile Organic Compounds (Base/Neutral) Acenaphthylene ug/L

Semivolatile Organic Compounds (Base/Neutral) Anthracene ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzidine ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzo(a)pyrene ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzo(k)flouranthene ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzo[g‐h‐i]perylene ug/L

Semivolatile Organic Compounds (Base/Neutral) Bis(2‐Chloroethoxy) methane ug/L

Semivolatile Organic Compounds (Base/Neutral) Bis(2‐Chloroethyl) ether ug/L

Semivolatile Organic Compounds (Base/Neutral) Bis(2‐Chloroisopropyl) ether ug/L

Semivolatile Organic Compounds (Base/Neutral) Bis(2‐Ethylhexl) phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) Butyl benzyl phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) Chrysene ug/L

Semivolatile Organic Compounds (Base/Neutral) Dibenzo(a‐h)anthracene ug/L

Semivolatile Organic Compounds (Base/Neutral) Diethyl phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) Dimethyl phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) Fluoranthene ug/L

Semivolatile Organic Compounds (Base/Neutral) Fluorene ug/L

Semivolatile Organic Compounds (Base/Neutral) Hexachloro‐cyclopentadiene ug/L

Semivolatile Organic Compounds (Base/Neutral) Hexachlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) Hexachlorobutadiene ug/L

Semivolatile Organic Compounds (Base/Neutral) Hexachloroethane ug/L

Semivolatile Organic Compounds (Base/Neutral) Indeno(1‐2‐3‐c‐d)pyrene ug/L

Semivolatile Organic Compounds (Base/Neutral) Isophorone ug/L

Semivolatile Organic Compounds (Base/Neutral) N‐Nitroso‐di‐n‐propyl amine ug/L

Semivolatile Organic Compounds (Base/Neutral) N‐Nitroso‐dimethyl amine ug/L

Semivolatile Organic Compounds (Base/Neutral) N‐Nitroso‐diphenyl amine ug/L

Semivolatile Organic Compounds (Base/Neutral) Naphthalene ug/L

Semivolatile Organic Compounds (Base/Neutral) Nitrobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) Phenanthrene ug/L

Semivolatile Organic Compounds (Base/Neutral) Pyrene ug/L

Semivolatile Organic Compounds (Base/Neutral) di‐n‐Butyl phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) di‐n‐Octyl phthalate ug/L
WQO=Water Quality Objective

Hardness based CTR calculations were based on a minimum of the sample hardness or  400 mg/L (as per the CTR)

High Volume Suspension for REC1/REC 2 beneficial use was applied to storm events greater than 0.5 inch at the Ballon Creek  

(S01), Los Angeles (S10), Coyote Creek (S13),  San Gabriel (S14), and Dominguez Channel (S28) MES, as well as for all tributary 

stations (all located in the Dominguez Channel drainage area)

Table 4‐4.5. San Gabriel River @ SGR Parkway Dry & Wet Weather Exceedance Summary

WQO Median (range) #samples #exceed #detected WQO Median (range) #samples #exceed #detected

 San Gabriel River @ SGR Parkway
S14

2009‐10Dry 

 San Gabriel River @ SGR Parkway
S14

2009‐10Wet 

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.165(0.165‐0.165) 3 0 0 0.165(0.165‐0.165) 4 0 0

1.665(1.665‐1.7) 4 0 0 1.665(1.665‐1.665) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.5(0.5‐0.5) 4 0 0 0.5(0.5‐0.5) 4 0 0

0.835(0.2‐0.835) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.835(0.02‐0.835) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.835(0.1‐0.835) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.835(0‐0.835) 4 0 0 0.835(0.835‐0.835) 4 0 0

1.665(0.05‐1.665) 4 0 0 1.665(0‐1.665) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.0165(0.0165‐0.02) 4 0 0 0.0165(0.0165‐0.0165) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.0085(0.0085‐0.01) 4 0 0 0.0085(0.0085‐0.0085) 4 0 0

0.0165(0.0165‐0.02) 4 0 0 0.0165(0.0165‐0.0165) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.0085(0.0085‐0.01) 4 0 0 0.0085(0.0085‐0.0085) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.0335(0.0335‐0.035) 4 0 0 0.0335(0.0335‐0.0335) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.0085(0.0085‐0.01) 4 0 0 0.0085(0.0085‐0.0085) 4 0 0

0.0085(0.0085‐0.01) 4 0 0 0.0085(0.0085‐0.0085) 4 0 0

1.7(1.7‐1.7) 1 0 0

1.7(1.7‐1.7) 1 0 0
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Bacteria Fecal Coliform MPN/100mL

Bacteria Fecal Enterococcus MPN/100mL

Bacteria Fecal Streptococcus MPN/100mL

Bacteria Total Coliform MPN/100mL

Chlorinated Pesticides 4‐4'‐DDD ug/L

Chlorinated Pesticides 4‐4'‐DDE ug/L

Chlorinated Pesticides 4‐4'‐DDT ug/L

Chlorinated Pesticides Aldrin ug/L

Chlorinated Pesticides Dieldrin ug/L

Chlorinated Pesticides Endosulfan sulfate ug/L

Chlorinated Pesticides Endrin ug/L

Chlorinated Pesticides Endrin aldehyde ug/L

Chlorinated Pesticides Endrin ketone ug/L

Chlorinated Pesticides Heptachlor ug/L

Chlorinated Pesticides Heptachlor Epoxide ug/L

Chlorinated Pesticides Toxaphene ug/L

Chlorinated Pesticides alpha‐BHC ug/L

Chlorinated Pesticides alpha‐chlordane ug/L

Chlorinated Pesticides beta‐BHC ug/L

Chlorinated Pesticides delta‐BHC ug/L

Chlorinated Pesticides gamma‐BHC (lindane) ug/L

Chlorinated Pesticides gamma‐chlordane ug/L

Conventionals Cyanide mg/L

Conventionals Dissolved Oxygen mg/L

Conventionals Oil and Grease mg/L

Conventionals pH pH units

General Alkalinity as CaCO3 mg/L

General Ammonia mg/L

General BioChemical Oxygen Demand‐ Five‐Day mg/L

General Chemical Oxygen Demand mg/L

General Chloride mg/L

General Dissolved Phosphorus mg/L

General Fluoride mg/L

General Hardness as CaCO3 mg/L

General Kjeldahl‐N mg/L

General Methyl Tertiary Butyl Ether (MTBE) ug/L

General Methylene Blue Active Substances (MBAS) mg/L

General NH3‐N mg/L

General Nitrate (NO3) mg/L

General Nitrate‐N mg/L

General Nitrite (NO2) mg/L

General Nitrite‐N mg/L

General Phosphorus‐ Total (as P) mg/L

General Specific Conductance umhos/cm

General Sulfate mg/L

General Total Dissolved Phosphate mg/L

General Total Dissolved Solids mg/L

General Total Organic Carbon mg/L

General Total Petroleum Hydrocarbons mg/L

General Total Phosphate mg/L

General Total Suspended Solids mg/L

General Turbidity NTU

General Volatile Suspended Solids mg/L

Herbicides 2‐4‐5‐TP‐SILVEX ug/L

Herbicides 2‐4‐D ug/L

Herbicides Glyphosate ug/L

Metals Dissolved Aluminum ug/L

Metals Dissolved Antimony ug/L

Metals Dissolved Arsenic ug/L

Metals Dissolved Barium ug/L

Group Parameter Code Units

Table 4‐4.6. Dominguez Channel @ Artesia Dry & Wet Weather Exceedance Summary

WQO Median (range) #samples #exceed #detected WQO Median (range) #samples #exceed #detected

4000 900(300‐13000) 4 1 4 4000 30000(24000‐300000) 4 0 4

180(40‐800) 4 0 4 195000(50000‐900000) 4 0 4

230(80‐800) 4 0 4 195000(50000‐900000) 4 0 4

4000(2400‐90000) 4 0 4 145000(24000‐900000) 4 0 4

0.0055(0.005‐0.0055) 4 0 0 0.0055(0.0055‐0.0055) 4 0 0

0.002(0.002‐0.002) 4 0 0 0.002(0.002‐0.002) 4 0 0

1.1 0.005(0.005‐0.005) 4 0 0 1.1 0.005(0.005‐0.005) 4 0 0

3 0.002(0.002‐0.002) 4 0 0 3 0.002(0.002‐0.002) 4 0 0

0.001(0.001‐0.001) 4 0 0 0.001(0.001‐0.001) 4 0 0

0.025(0.025‐0.025) 4 0 0 0.025(0.025‐0.025) 4 0 0

0.086 0.003(0.003‐0.003) 4 0 0 0.086 0.003(0.003‐0.003) 4 0 0

0.005(0.005‐0.005) 4 0 0 0.005(0.005‐0.005) 4 0 0

0(0‐0) 1 0 0

0.52 0.0015(0.0015‐0.0015) 4 0 0 0.52 0.0015(0.0015‐0.0015) 4 0 0

0.52 0.005(0.005‐0.005) 4 0 0 0.52 0.005(0.005‐0.005) 4 0 0

0.73 0.12(0.12‐0.12) 4 0 0 0.73 0.12(0.12‐0.12) 4 0 0

0.005(0.0015‐0.005) 4 0 0 0.005(0.005‐0.005) 4 0 0

0.0165(0.0165‐0.02) 4 0 0 0.0165(0.0165‐0.0165) 4 0 0

0.0025(0.0025‐0.0025) 4 0 0 0.0025(0.0025‐0.0025) 4 0 0

0.0025(0.0025‐0.0025) 4 0 0 0.0025(0.0025‐0.0025) 4 0 0

0.95 0.002(0‐0.002) 4 0 0 0.95 0.002(0.002‐0.002) 4 0 0

0.0165(0.0165‐0.02) 4 0 0 0.0165(0.0165‐0.0165) 4 0 0

0.22 0.0025(0.0025‐0.007) 4 0 1 0.22 0.013(0.0025‐0.03) 4 1 3

5 15.1(13.7‐18.1) 4 0 4 5 8.565(7.03‐10.1) 4 0 4

0.46(0‐0.72) 4 0 0 0(0‐0.72) 4 0 0

8.54(8.43‐8.83) 4 2 4 6.71(6.35‐7.7) 4 2 4

199.5(1‐234) 4 0 4 28(28‐55) 4 0 4

1.42‐2.3 0.1635(0.05‐0.29) 4 0 3 10.3‐29 0.9945(0.399‐1.54) 4 0 4

9.665(7‐15.3) 4 0 4 15.28(6.97‐32.3) 4 0 4

110(62.2‐328) 4 0 4 57(29.1‐73.9) 4 0 4

170(146‐211) 4 0 4 12.5(5.5‐20.1) 4 0 4

0.195(0.12‐0.89) 4 0 4 0.2(0.12‐0.36) 4 0 4

0.8165(0.372‐0.863) 4 0 4 0.181(0.05‐0.318) 4 0 3

310(270‐390) 4 0 4 35(30‐70) 4 0 4

1.81(0.56‐2.72) 4 0 4 1.945(1.17‐7.34) 4 0 4

0.2(0.2‐0.2) 4 0 0 0.2(0.2‐0.2) 4 0 0

0(0‐0) 4 0 0 0.295(0‐0.78) 4 0 2

0.115(0.05‐0.24) 4 0 2 0.8205(0.33‐1.27) 4 0 4

45 11.035(8.63‐13.6) 4 0 4 45 3.22(2.23‐5.55) 4 0 4

10 2.49(1.95‐3.07) 4 0 4 10 0.7265(0.504‐1.25) 4 0 4

. . .

1 0.005(0.005‐0.015) 4 0 0 1 0.005(0.005‐0.119) 4 0 1

0.31(0.25‐0.99) 4 0 4 0.28(0.23‐0.86) 4 0 4

1187(1130‐1370) 4 0 4 122(81.2‐202) 4 0 4

112.8(84‐153) 4 0 4 11.425(6.25‐17.4) 4 0 4

. . .

790(736‐894) 4 0 4 98(52‐140) 4 0 4

12.7(6.09‐16.9) 4 0 4 13.625(5.9‐22.1) 4 0 4

0.475(0.2‐0.75) 4 0 0 0.75(0‐0.75) 4 0 0

.

67(25‐153) 4 0 4 149.5(23‐741) 10 0 10

2.51(1.6‐4.61) 4 0 4 21.15(5.67‐50.4) 4 0 4

14.5(10‐58) 4 0 4 55.5(46‐189) 4 0 4

0.0335(0.0335‐0.035) 4 0 0 0.0335(0.0335‐0.0335) 4 0 0

0.0075(0.0075‐0.0075) 4 0 0 0.0075(0.0075‐0.0075) 4 0 0

2.5(2.5‐2.5) 4 0 0 2.5(2.5‐2.5) 4 0 0

25(25‐184) 4 0 1 25(25‐25) 4 0 0

1.95(1.65‐2.75) 4 0 4 2.235(1.6‐4.36) 4 0 4

340.2‐340.2 2.72(1.73‐3.3) 4 0 4 340.2‐340.2 1.6(1.48‐2.27) 4 0 4

70.35(68.7‐91.2) 4 0 4 20.4(15.8‐26.4) 4 0 4

 Dominguez Channel @ Artesia
S28

2009‐10Dry 

 Dominguez Channel @ Artesia
S28

2009‐10Wet 
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Group Parameter Code Units

Metals Dissolved Beryllium ug/L

Metals Dissolved Cadmium ug/L

Metals Dissolved Chromium ug/L

Metals Dissolved Chromium +6 ug/L

Metals Dissolved Copper ug/L

Metals Dissolved Iron ug/L

Metals Dissolved Lead ug/L

Metals Dissolved Mercury ug/L

Metals Dissolved Nickel ug/L

Metals Dissolved Selenium ug/L

Metals Dissolved Silver ug/L

Metals Dissolved Thallium ug/L

Metals Dissolved Zinc ug/L

Metals Aluminum ug/L

Metals Antimony ug/L

Metals Arsenic ug/L

Metals Barium ug/L

Metals Beryllium ug/L

Metals Cadmium ug/L

Metals Chromium ug/L

Metals Chromium +6 ug/L

Metals Copper ug/L

Metals Iron ug/L

Metals Lead ug/L

Metals Mercury ug/L

Metals Nickel ug/L

Metals Selenium ug/L

Metals Silver ug/L

Metals Thallium ug/L

Metals Zinc ug/L

Organophosphate Pesticides Atrazine ug/L

Organophosphate Pesticides Chlorpyrifos ug/L

Organophosphate Pesticides Cyanazine ug/L

Organophosphate Pesticides Diazinon ug/L

Organophosphate Pesticides Malathion ug/L

Organophosphate Pesticides Prometryn ug/L

Organophosphate Pesticides Simazine ug/L

Polychlorinated Biphenyls PCB‐1016 (Aroclor 1016) ug/L

Polychlorinated Biphenyls PCB‐1221 (Aroclor 1221) ug/L

Polychlorinated Biphenyls PCB‐1232 (Aroclor 1232) ug/L

Polychlorinated Biphenyls PCB‐1242 (Aroclor 1242) ug/L

Polychlorinated Biphenyls PCB‐1248 (Aroclor 1248) ug/L

Polychlorinated Biphenyls PCB‐1254 (Aroclor 1254) ug/L

Polychlorinated Biphenyls PCB‐1260 (Aroclor 1260) ug/L

Semivolatile Organic Compounds (Acids) 2‐4‐6‐Trichlorophenol ug/L

Semivolatile Organic Compounds (Acids) 2‐4‐Dichlorophenol ug/L

Semivolatile Organic Compounds (Acids) 2‐4‐Dimethylphenol ug/L

Semivolatile Organic Compounds (Acids) 2‐4‐Dinitrophenol ug/L

Semivolatile Organic Compounds (Acids) 2‐Chlorophenol ug/L

Semivolatile Organic Compounds (Acids) 2‐Nitrophenol ug/L

Semivolatile Organic Compounds (Acids) 4‐Chloro‐3‐methylphenol ug/L

Semivolatile Organic Compounds (Acids) 4‐Nitrophenol ug/L

Semivolatile Organic Compounds (Acids) Pentachlorophenol ug/L

Semivolatile Organic Compounds (Acids) Phenol ug/L

Semivolatile Organic Compounds (Base/Neutral) 1‐2‐4‐Trichlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) 1‐2‐Benzanthracene ug/L

Semivolatile Organic Compounds (Base/Neutral) 1‐2‐Dichlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) 1‐2‐Diphenylhydrazine ug/L

Semivolatile Organic Compounds (Base/Neutral) 1‐3‐Dichlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) 1‐4‐Dichlorobenzene ug/L

Table 4‐4.6. Dominguez Channel @ Artesia Dry & Wet Weather Exceedance Summary

WQO Median (range) #samples #exceed #detected WQO Median (range) #samples #exceed #detected

 Dominguez Channel @ Artesia
S28

2009‐10Dry 

 Dominguez Channel @ Artesia
S28

2009‐10Wet 

0.05(0.05‐0.05) 4 0 0 0.05(0.05‐0.05) 4 0 0

12.6‐18.9 0.05(0.05‐0.339) 4 0 1 0‐0 0.05(0.05‐0.05) 4 0 0

1234.8‐1675.8 1.695(1.36‐1.85) 4 0 4 201.6‐409.5 1.325(1.01‐1.63) 4 0 4

264.6‐384.3 0.0625(0‐0.125) 4 0 0 31.5‐69.3 0.125(0.125‐0.125) 4 0 0

31.5‐50.4 14.55(11.3‐20.8) 4 0 4 6.3‐12.6 15.7(11‐21.4) 4 4 4

25(25‐286) 4 0 1 83.5(25‐202) 4 0 2

189‐270.9 0.365(0.1‐2.23) 4 0 2 18.9‐44.1 1.475(1.19‐2.39) 4 0 4

0.05(0.05‐0.05) 4 0 0 0.05(0.05‐0.05) 4 0 0

1083.6‐1480.5 4.4(3.16‐5.17) 4 0 4 170.1‐346.5 3.32(1.83‐7.65) 4 0 4

2.29(1.49‐5.98) 4 0 4 0.25(0.25‐1.66) 4 0 1

18.9‐37.8 0.05(0.05‐0.05) 4 0 0 0‐0 0.05(0.05‐0.05) 4 0 0

0.05(0.05‐0.05) 4 0 0 0.05(0.05‐0.05) 4 0 0

270.9‐371.7 37.4(15.7‐42.4) 4 0 4 44.1‐88.2 112.5(98.2‐129) 4 4 4

935.5(235‐1470) 4 0 4 1495(120‐3130) 4 0 4

1.935(0.1‐2.8) 4 0 3 3.925(3.29‐5.87) 4 0 4

3.05(1.91‐3.63) 4 0 4 2.395(2.27‐2.61) 4 0 4

101.15(84‐110) 4 0 4 54.95(29.4‐95.2) 4 0 4

0.05(0.05‐0.5) 4 0 0 0.05(0.05‐0.05) 4 0 0

0.05(0.05‐0.37) 4 0 1 0.382(0.05‐0.779) 4 0 3

1.935(0.25‐3.31) 4 0 3 5.955(1.77‐8.47) 4 0 4

0.0625(0‐0.125) 4 0 0 0.125(0.125‐0.125) 4 0 0

26.25(21‐45.9) 4 0 4 44.4(31‐90.5) 4 0 4

1283.5(282‐2350) 4 0 4 2460(282‐4180) 4 0 4

2.96(2.26‐8.65) 4 0 4 18.55(2.46‐32.1) 4 0 4

0.05(0.05‐0.05) 4 0 0 0.05(0.05‐0.05) 4 0 0

5.995(4.27‐7.36) 4 0 4 7.165(6.14‐11.1) 4 0 4

2.635(1.75‐6.62) 4 0 4 0.25(0.25‐1.73) 4 0 1

0.05(0‐0.05) 4 0 0 0.05(0.05‐0.05) 4 0 0

0.05(0.05‐0.05) 4 0 0 0.05(0.05‐0.05) 4 0 0

76.5(44.9‐123) 4 0 4 208(110‐374) 4 0 4

0.3335(0.3335‐0.35) 4 0 0 0.3335(0.3335‐0.3335) 4 0 0

0.01(0.01‐0.01) 4 0 0 0.01(0.01‐0.01) 4 0 0

0.3335(0.3335‐0.35) 4 0 0 0.3335(0.3335‐0.3335) 4 0 0

0.0015(0.0015‐0.0015) 4 0 0 0.0015(0.0015‐0.0015) 4 0 0

0.2675(0.165‐0.335) 4 0 0 0.25(0.165‐0.335) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.0325(0.0325‐0.0325) 4 0 0 0.0325(0.0325‐0.0325) 4 0 0

0.0325(0.0325‐0.0325) 4 0 0 0.0325(0.0325‐0.0325) 4 0 0

0.0325(0.0325‐0.0325) 4 0 0 0.0325(0.0325‐0.0325) 4 0 0

0.0325(0.0325‐0.0325) 4 0 0 0.0325(0.0325‐0.0325) 4 0 0

0.0325(0.0325‐0.0325) 4 0 0 0.0325(0.0325‐0.0325) 4 0 0

0.0325(0.0325‐0.0325) 4 0 0 0.0325(0.0325‐0.0325) 4 0 0

0.0325(0.0325‐0.0325) 4 0 0 0.0325(0.0325‐0.0325) 4 0 0

1.65(0.2‐1.65) 4 0 0 1.65(1.65‐1.65) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.5(0.5‐0.5) 4 0 0 0.5(0.5‐0.5) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.5(0.5‐0.5) 4 0 0 0.5(0.5‐0.5) 4 0 0

0.5(0.5‐0.5) 4 0 0 0.5(0.5‐0.5) 4 0 0

0.5(0.5‐0.5) 4 0 0 0.5(0.5‐0.5) 4 0 0

36.71‐54.88 0.335(0.335‐0.35) 4 0 0 4.54‐17.63 0.335(0.335‐0.335) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.835(0.015‐0.835) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.165(0.1‐0.165) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.165(0.1‐0.165) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.165(0.1‐0.165) 4 0 0 0.165(0.165‐0.165) 4 0 0
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Group Parameter Code Units

Semivolatile Organic Compounds (Base/Neutral) 2‐4‐Dinitrotoluene ug/L

Semivolatile Organic Compounds (Base/Neutral) 2‐6‐Dinitrotoluene ug/L

Semivolatile Organic Compounds (Base/Neutral) 2‐Chloroethyl vinyl ether ug/L

Semivolatile Organic Compounds (Base/Neutral) 2‐Chloronaphthalene ug/L

Semivolatile Organic Compounds (Base/Neutral) 3‐3‐Dichlorobenzidine ug/L

Semivolatile Organic Compounds (Base/Neutral) 4‐6‐Dinitro‐2‐methylphenol ug/L

Semivolatile Organic Compounds (Base/Neutral) 4‐Bromophenyl phenyl ether ug/L

Semivolatile Organic Compounds (Base/Neutral) 4‐Chlorophenyl phenyl ether ug/L

Semivolatile Organic Compounds (Base/Neutral) Acenaphthene ug/L

Semivolatile Organic Compounds (Base/Neutral) Acenaphthylene ug/L

Semivolatile Organic Compounds (Base/Neutral) Anthracene ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzidine ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzo(a)pyrene ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzo(k)flouranthene ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzo[g‐h‐i]perylene ug/L

Semivolatile Organic Compounds (Base/Neutral) Bis(2‐Chloroethoxy) methane ug/L

Semivolatile Organic Compounds (Base/Neutral) Bis(2‐Chloroethyl) ether ug/L

Semivolatile Organic Compounds (Base/Neutral) Bis(2‐Chloroisopropyl) ether ug/L

Semivolatile Organic Compounds (Base/Neutral) Bis(2‐Ethylhexl) phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) Butyl benzyl phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) Chrysene ug/L

Semivolatile Organic Compounds (Base/Neutral) Dibenzo(a‐h)anthracene ug/L

Semivolatile Organic Compounds (Base/Neutral) Diethyl phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) Dimethyl phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) Fluoranthene ug/L

Semivolatile Organic Compounds (Base/Neutral) Fluorene ug/L

Semivolatile Organic Compounds (Base/Neutral) Hexachloro‐cyclopentadiene ug/L

Semivolatile Organic Compounds (Base/Neutral) Hexachlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) Hexachlorobutadiene ug/L

Semivolatile Organic Compounds (Base/Neutral) Hexachloroethane ug/L

Semivolatile Organic Compounds (Base/Neutral) Indeno(1‐2‐3‐c‐d)pyrene ug/L

Semivolatile Organic Compounds (Base/Neutral) Isophorone ug/L

Semivolatile Organic Compounds (Base/Neutral) N‐Nitroso‐di‐n‐propyl amine ug/L

Semivolatile Organic Compounds (Base/Neutral) N‐Nitroso‐dimethyl amine ug/L

Semivolatile Organic Compounds (Base/Neutral) N‐Nitroso‐diphenyl amine ug/L

Semivolatile Organic Compounds (Base/Neutral) Naphthalene ug/L

Semivolatile Organic Compounds (Base/Neutral) Nitrobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) Phenanthrene ug/L

Semivolatile Organic Compounds (Base/Neutral) Pyrene ug/L

Semivolatile Organic Compounds (Base/Neutral) di‐n‐Butyl phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) di‐n‐Octyl phthalate ug/L
WQO=Water Quality Objective

Hardness based CTR calculations were based on a minimum of the sample hardness or  400 mg/L (as per the CTR)

High Volume Suspension for REC1/REC 2 beneficial use was applied to storm events greater than 0.5 inch at the Ballon Creek  

(S01), Los Angeles (S10), Coyote Creek (S13),  San Gabriel (S14), and Dominguez Channel (S28) MES, as well as for all tributary 

stations (all located in the Dominguez Channel drainage area)

Table 4‐4.6. Dominguez Channel @ Artesia Dry & Wet Weather Exceedance Summary

WQO Median (range) #samples #exceed #detected WQO Median (range) #samples #exceed #detected

 Dominguez Channel @ Artesia
S28

2009‐10Dry 

 Dominguez Channel @ Artesia
S28

2009‐10Wet 

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.165(0.165‐0.165) 3 0 0 0.165(0.165‐0.165) 4 0 0

1.665(1.665‐1.7) 4 0 0 1.665(1.665‐1.665) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.5(0.5‐0.5) 4 0 0 0.5(0.5‐0.5) 4 0 0

0.835(0.2‐0.835) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.835(0.02‐0.835) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.835(0.1‐0.835) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

1.665(0.05‐1.665) 4 0 0 1.665(0‐1.665) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.0165(0.0165‐0.02) 4 0 0 0.0165(0.0165‐0.0165) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.0085(0.0085‐0.01) 4 0 0 0.0085(0.0085‐0.0085) 4 0 0

0.0165(0.0165‐0.02) 4 0 0 0.0165(0.0165‐0.0165) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.0085(0.0085‐0.01) 4 0 0 0.0085(0.0085‐0.0085) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.0335(0.0335‐0.035) 4 0 0 0.0335(0.0335‐0.0335) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.0085(0.0085‐0.01) 4 0 0 0.0085(0.0085‐0.0085) 4 0 0

0.0085(0.0085‐0.01) 4 0 0 0.0085(0.0085‐0.0085) 4 0 0

1.7(1.7‐1.7) 1 0 0

1.7(1.7‐1.7) 1 0 0
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Bacteria Fecal Coliform MPN/100mL

Bacteria Fecal Enterococcus MPN/100mL

Bacteria Fecal Streptococcus MPN/100mL

Bacteria Total Coliform MPN/100mL

Chlorinated Pesticides 4‐4'‐DDD ug/L

Chlorinated Pesticides 4‐4'‐DDE ug/L

Chlorinated Pesticides 4‐4'‐DDT ug/L

Chlorinated Pesticides Aldrin ug/L

Chlorinated Pesticides Dieldrin ug/L

Chlorinated Pesticides Endosulfan sulfate ug/L

Chlorinated Pesticides Endrin ug/L

Chlorinated Pesticides Endrin aldehyde ug/L

Chlorinated Pesticides Endrin ketone ug/L

Chlorinated Pesticides Heptachlor ug/L

Chlorinated Pesticides Heptachlor Epoxide ug/L

Chlorinated Pesticides Toxaphene ug/L

Chlorinated Pesticides alpha‐BHC ug/L

Chlorinated Pesticides alpha‐chlordane ug/L

Chlorinated Pesticides beta‐BHC ug/L

Chlorinated Pesticides delta‐BHC ug/L

Chlorinated Pesticides gamma‐BHC (lindane) ug/L

Chlorinated Pesticides gamma‐chlordane ug/L

Conventionals Cyanide mg/L

Conventionals Dissolved Oxygen mg/L

Conventionals Oil and Grease mg/L

Conventionals pH pH units

General Alkalinity as CaCO3 mg/L

General Ammonia mg/L

General BioChemical Oxygen Demand‐ Five‐Day mg/L

General Chemical Oxygen Demand mg/L

General Chloride mg/L

General Dissolved Phosphorus mg/L

General Fluoride mg/L

General Hardness as CaCO3 mg/L

General Kjeldahl‐N mg/L

General Methyl Tertiary Butyl Ether (MTBE) ug/L

General Methylene Blue Active Substances (MBAS) mg/L

General NH3‐N mg/L

General Nitrate (NO3) mg/L

General Nitrate‐N mg/L

General Nitrite (NO2) mg/L

General Nitrite‐N mg/L

General Phosphorus‐ Total (as P) mg/L

General Specific Conductance umhos/cm

General Sulfate mg/L

General Total Dissolved Phosphate mg/L

General Total Dissolved Solids mg/L

General Total Organic Carbon mg/L

General Total Petroleum Hydrocarbons mg/L

General Total Phosphate mg/L

General Total Suspended Solids mg/L

General Turbidity NTU

General Volatile Suspended Solids mg/L

Herbicides 2‐4‐5‐TP‐SILVEX ug/L

Herbicides 2‐4‐D ug/L

Herbicides Glyphosate ug/L

Metals Dissolved Aluminum ug/L

Metals Dissolved Antimony ug/L

Metals Dissolved Arsenic ug/L

Metals Dissolved Barium ug/L

Group Parameter Code Units

Table 4‐4.7. Santa Clara River Dry & Wet Weather Exceedance Summary

WQO Median (range) #samples #exceed #detected WQO Median (range) #samples #exceed #detected

400 105(10‐2400) 4 1 3 400 27000(16000‐160000) 4 4 4

765(130‐2400) 4 0 4 200000(90000‐300000) 4 0 4

765(130‐2400) 4 0 4 200000(90000‐300000) 4 0 4

2400(220‐5000) 4 0 4 165000(30000‐240000) 4 0 4

0.0055(0.005‐0.0055) 4 0 0 0.0055(0.0055‐0.0055) 4 0 0

0.002(0.002‐0.002) 4 0 0 0.002(0.002‐0.002) 4 0 0

1.1 0.005(0.005‐0.005) 4 0 0 1.1 0.005(0.005‐0.005) 4 0 0

3 0.002(0.002‐0.002) 4 0 0 3 0.002(0.002‐0.002) 4 0 0

0.001(0.001‐0.001) 4 0 0 0.001(0.001‐0.001) 4 0 0

0.025(0.025‐0.025) 4 0 0 0.025(0.025‐0.025) 4 0 0

0.086 0.003(0.003‐0.003) 4 0 0 0.086 0.003(0.003‐0.003) 4 0 0

0.005(0.005‐0.005) 4 0 0 0.005(0.005‐0.005) 4 0 0

0(0‐0) 1 0 0

0.52 0.0015(0.0015‐0.0015) 4 0 0 0.52 0.0015(0.0015‐0.0015) 4 0 0

0.52 0.005(0.005‐0.005) 4 0 0 0.52 0.005(0.005‐0.005) 4 0 0

0.73 0.12(0.12‐0.12) 4 0 0 0.73 0.12(0.12‐0.12) 4 0 0

0.005(0.0015‐0.005) 4 0 0 0.005(0.005‐0.005) 4 0 0

0.0165(0.0165‐0.02) 4 0 0 0.0165(0.0165‐0.0165) 4 0 0

0.0025(0.0025‐0.0025) 4 0 0 0.0025(0.0025‐0.0025) 4 0 0

0.0025(0.0025‐0.0025) 4 0 0 0.0025(0.0025‐0.0025) 4 0 0

0.95 0.002(0.002‐0.002) 4 0 0 0.95 0.002(0.002‐0.002) 4 0 0

0.0165(0.0165‐0.02) 4 0 0 0.0165(0.0165‐0.0165) 4 0 0

0.22 0.00425(0.0025‐0.012) 4 0 2 0.22 0.00575(0.0025‐0.01) 4 0 2

5 9.48(8.32‐12.1) 4 0 4 5 10.4(10.4‐10.4) 4 0 4

0.46(0.2‐0.72) 4 0 0 0.0825(0‐0.72) 4 0 0

7.925(7.8‐8.3) 4 0 4 7.27(6.62‐7.56) 4 0 4

268(28‐289) 4 0 4 76(55‐124) 4 0 4

6.8‐10.3 0.05(0.05‐0.05) 4 0 0 14.6‐29 0.4965(0.05‐0.859) 4 0 3

0.5(0.5‐2.51) 4 0 1 7.48(4.86‐12.9) 4 0 4

58.95(5‐117) 4 0 3 64.1(28‐78.7) 4 0 4

100 106.5(92.9‐119) 4 3 4 100 34.8(26‐42.2) 4 0 4

0.1525(0.13‐0.19) 4 0 4 0.145(0.06‐0.32) 4 0 4

0.309(0.307‐0.748) 4 0 4 0.209(0.05‐0.392) 4 0 3

425(400‐445) 4 0 4 142.5(100‐230) 4 0 4

0.365(0.24‐0.66) 4 0 4 1.44(0.818‐5.18) 4 0 4

0.2(0.2‐0.2) 4 0 0 0.2(0.2‐0.2) 4 0 0

0(0‐0.03) 4 0 1 0.035(0‐0.48) 4 0 2

0.05(0.05‐0.05) 4 0 0 0.41(0.05‐0.71) 4 0 3

45 7.94(6.42‐8.38) 4 0 4 45 4.42(3.7‐6.14) 4 0 4

10 1.795(1.44‐1.89) 4 0 4 10 1.0185(0.834‐1.39) 4 0 4

0.1(0.1‐0.1) 1 0 1

1 0.005(0.005‐0.015) 4 0 0 1 0.005(0.005‐0.03) 4 0 1

0.2(0.173‐0.22) 4 0 4 0.35(0.27‐1.16) 4 0 4

1164.5(1110‐1190) 4 0 4 413.5(284‐504) 4 0 4

300 197.5(177‐215) 4 0 4 300 63.25(38.9‐81.8) 4 0 4

0.32(0.32‐0.32) 1 0 1

1000 800(770‐830) 4 4 1000 317(292‐342) 4 0 4

2.41(1.29‐20.1) 4 0 4 9.21(6.43‐15.5) 4 0 4

0.475(0.2‐0.75) 4 0 0 0.75(0.75‐0.75) 4 0 0

1.16(1.16‐1.16) 1 0 1

8.5(3‐18) 4 0 4 556.5(31‐727) 4 0 4

0.395(0.31‐1.57) 4 0 4 18.1(7.84‐53.4) 4 0 4

3.5(1‐5) 4 0 4 82(6‐154) 4 0 4

0.0335(0.0335‐0.035) 4 0 0 0.0335(0.0335‐0.0335) 4 0 0

0.0075(0.0075‐0.0075) 4 0 0 0.0075(0.0075‐0.0075) 4 0 0

2.5(2.5‐2.5) 4 0 0 2.5(2.5‐2.5) 4 0 0

25(25‐25) 4 0 0 79.5(25‐158) 4 0 2

0.1(0.1‐0.1) 4 0 0 2(0.964‐2.75) 4 0 4

340.2‐340.2 0.69(0‐2.32) 4 0 2 340.2‐340.2 1.34(1.13‐1.57) 4 0 4

25.45(0‐53.1) 4 0 2 29.3(20.9‐31.7) 4 0 4

 Santa Clara River
S29

2009‐10Wet 

 Santa Clara River
S29

2009‐10Dry 
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Group Parameter Code Units

Metals Dissolved Beryllium ug/L

Metals Dissolved Cadmium ug/L

Metals Dissolved Chromium ug/L

Metals Dissolved Chromium +6 ug/L

Metals Dissolved Copper ug/L

Metals Dissolved Iron ug/L

Metals Dissolved Lead ug/L

Metals Dissolved Mercury ug/L

Metals Dissolved Nickel ug/L

Metals Dissolved Selenium ug/L

Metals Dissolved Silver ug/L

Metals Dissolved Thallium ug/L

Metals Dissolved Zinc ug/L

Metals Aluminum ug/L

Metals Antimony ug/L

Metals Arsenic ug/L

Metals Barium ug/L

Metals Beryllium ug/L

Metals Cadmium ug/L

Metals Chromium ug/L

Metals Chromium +6 ug/L

Metals Copper ug/L

Metals Iron ug/L

Metals Lead ug/L

Metals Mercury ug/L

Metals Nickel ug/L

Metals Selenium ug/L

Metals Silver ug/L

Metals Thallium ug/L

Metals Zinc ug/L

Organophosphate Pesticides Atrazine ug/L

Organophosphate Pesticides Chlorpyrifos ug/L

Organophosphate Pesticides Cyanazine ug/L

Organophosphate Pesticides Diazinon ug/L

Organophosphate Pesticides Malathion ug/L

Organophosphate Pesticides Prometryn ug/L

Organophosphate Pesticides Simazine ug/L

Polychlorinated Biphenyls PCB‐1016 (Aroclor 1016) ug/L

Polychlorinated Biphenyls PCB‐1221 (Aroclor 1221) ug/L

Polychlorinated Biphenyls PCB‐1232 (Aroclor 1232) ug/L

Polychlorinated Biphenyls PCB‐1242 (Aroclor 1242) ug/L

Polychlorinated Biphenyls PCB‐1248 (Aroclor 1248) ug/L

Polychlorinated Biphenyls PCB‐1254 (Aroclor 1254) ug/L

Polychlorinated Biphenyls PCB‐1260 (Aroclor 1260) ug/L

Semivolatile Organic Compounds (Acids) 2‐4‐6‐Trichlorophenol ug/L

Semivolatile Organic Compounds (Acids) 2‐4‐Dichlorophenol ug/L

Semivolatile Organic Compounds (Acids) 2‐4‐Dimethylphenol ug/L

Semivolatile Organic Compounds (Acids) 2‐4‐Dinitrophenol ug/L

Semivolatile Organic Compounds (Acids) 2‐Chlorophenol ug/L

Semivolatile Organic Compounds (Acids) 2‐Nitrophenol ug/L

Semivolatile Organic Compounds (Acids) 4‐Chloro‐3‐methylphenol ug/L

Semivolatile Organic Compounds (Acids) 4‐Nitrophenol ug/L

Semivolatile Organic Compounds (Acids) Pentachlorophenol ug/L

Semivolatile Organic Compounds (Acids) Phenol ug/L

Semivolatile Organic Compounds (Base/Neutral) 1‐2‐4‐Trichlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) 1‐2‐Benzanthracene ug/L

Semivolatile Organic Compounds (Base/Neutral) 1‐2‐Dichlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) 1‐2‐Diphenylhydrazine ug/L

Semivolatile Organic Compounds (Base/Neutral) 1‐3‐Dichlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) 1‐4‐Dichlorobenzene ug/L

Table 4‐4.7. Santa Clara River Dry & Wet Weather Exceedance Summary

WQO Median (range) #samples #exceed #detected WQO Median (range) #samples #exceed #detected

 Santa Clara River
S29

2009‐10Wet 

 Santa Clara River
S29

2009‐10Dry 

0.05(0.05‐0.05) 4 0 0 0.05(0.05‐0.05) 4 0 0

18.9‐18.9 0.05(0.05‐0.05) 4 0 0 6.3‐12.6 0.05(0.05‐0.05) 4 0 0

1707.3‐1707.3 0.25(0‐0.835) 4 0 1 548.1‐1083.6 1.12(0.818‐1.31) 4 0 4

390.6‐390.6 0.125(0.125‐0.125) 4 0 0 100.8‐226.8 0.125(0.125‐0.125) 4 0 0

50.4‐50.4 0.895(0‐1.54) 4 0 2 12.6‐31.5 6.27(3.89‐8.77) 4 0 4

25(25‐25) 4 0 0 102(25‐256) 4 0 2

283.5‐283.5 0.1(0.1‐0.1) 4 0 0 63‐157.5 0.3455(0.1‐1.86) 4 0 2

0.05(0.05‐0.05) 4 0 0 0.05(0.05‐0.05) 4 0 0

1512‐1512 5.275(0‐11.3) 4 0 2 466.2‐945 4.415(2.5‐6.04) 4 0 4

1.465(0‐6.5) 4 0 2 0.25(0.25‐1.04) 4 0 1

37.8‐37.8 0.05(0.05‐0.05) 4 0 0 6.3‐12.6 0.05(0.05‐0.05) 4 0 0

0.05(0.05‐0.05) 4 0 0 0.05(0.05‐0.05) 4 0 0

378‐378 3.785(0‐34.7) 4 0 2 119.7‐239.4 26.05(18.7‐29.2) 4 0 4

25(0‐320) 4 0 1 4121(210‐10500) 4 0 4

0.1(0.1‐0.1) 4 0 0 2.46(1.46‐3.43) 4 0 4

1.555(1.34‐2.45) 4 0 4 2.65(1.81‐3.62) 4 0 4

56.2(54.1‐89) 4 0 4 94(34.2‐151) 4 0 4

0.05(0.05‐0.05) 4 0 0 0.05(0.05‐0.05) 4 0 0

0.05(0.05‐0.05) 4 0 0 0.2625(0.05‐0.549) 4 0 2

1.81(0.25‐3.39) 4 0 3 5.715(1.52‐14.9) 4 0 4

0.125(0.125‐0.125) 4 0 0 0.125(0.125‐0.125) 4 0 0

7.68(7.08‐8.86) 4 0 4 21.85(12.5‐31.8) 4 0 4

59(0‐430) 4 0 2 7269.5(265‐17000) 4 0 4

0.557(0.1‐1.14) 4 0 3 8.44(1.33‐32.6) 4 0 4

0.05(0.05‐0.05) 4 0 0 0.05(0.05‐0.05) 4 0 0

11.7(11‐12.7) 4 0 4 10.25(6.38‐14.7) 4 0 4

3(2.53‐6.76) 4 0 4 1.04(0.25‐1.48) 4 0 3

0.05(0.05‐0.05) 4 0 0 0.05(0.05‐0.05) 4 0 0

0.05(0.05‐0.05) 4 0 0 0.05(0.05‐0.05) 4 0 0

46.35(0.5‐75.7) 4 0 3 77.75(32.1‐151) 4 0 4

0.3335(0.3335‐0.35) 4 0 0 0.3335(0.3335‐0.3335) 4 0 0

0.01(0.01‐0.01) 4 0 0 0.01(0.01‐0.01) 4 0 0

0.3335(0.3335‐0.35) 4 0 0 0.3335(0.3335‐0.3335) 4 0 0

0.0015(0.0015‐0.0015) 4 0 0 0.0015(0.0015‐0.0015) 4 0 0

0.2675(0.165‐0.335) 4 0 0 0.25(0.165‐0.335) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.0325(0.0325‐0.0325) 4 0 0 0.0325(0.0325‐0.0325) 4 0 0

0.0325(0.0325‐0.0325) 4 0 0 0.0325(0.0325‐0.0325) 4 0 0

0.0325(0.0325‐0.0325) 4 0 0 0.0325(0.0325‐0.0325) 4 0 0

0.0325(0.0325‐0.0325) 4 0 0 0.0325(0.0325‐0.0325) 4 0 0

0.0325(0.0325‐0.0325) 4 0 0 0.0325(0.0325‐0.0325) 4 0 0

0.0325(0.0325‐0.0325) 4 0 0 0.0325(0.0325‐0.0325) 4 0 0

0.0325(0.0325‐0.0325) 4 0 0 0.0325(0.0325‐0.0325) 4 0 0

1.65(0.2‐1.65) 4 0 0 1.65(1.65‐1.665) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.5(0.5‐0.5) 4 0 0 0.5(0.5‐0.5) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.5(0.5‐0.5) 4 0 0 0.5(0.5‐0.5) 4 0 0

0.5(0.5‐0.5) 4 0 0 0.5(0.5‐0.5) 4 0 0

0.5(0.5‐0.5) 4 0 0 0.5(0.5‐0.5) 4 0 0

19.49‐32.22 0.335(0.335‐0.35) 4 0 0 5.95‐15.31 0.335(0.335‐0.335) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.835(0.015‐0.835) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.165(0.1‐0.165) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.165(0.1‐0.165) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.165(0.1‐0.165) 4 0 0 0.165(0.165‐0.165) 4 0 0
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Group Parameter Code Units

Semivolatile Organic Compounds (Base/Neutral) 2‐4‐Dinitrotoluene ug/L

Semivolatile Organic Compounds (Base/Neutral) 2‐6‐Dinitrotoluene ug/L

Semivolatile Organic Compounds (Base/Neutral) 2‐Chloroethyl vinyl ether ug/L

Semivolatile Organic Compounds (Base/Neutral) 2‐Chloronaphthalene ug/L

Semivolatile Organic Compounds (Base/Neutral) 3‐3‐Dichlorobenzidine ug/L

Semivolatile Organic Compounds (Base/Neutral) 4‐6‐Dinitro‐2‐methylphenol ug/L

Semivolatile Organic Compounds (Base/Neutral) 4‐Bromophenyl phenyl ether ug/L

Semivolatile Organic Compounds (Base/Neutral) 4‐Chlorophenyl phenyl ether ug/L

Semivolatile Organic Compounds (Base/Neutral) Acenaphthene ug/L

Semivolatile Organic Compounds (Base/Neutral) Acenaphthylene ug/L

Semivolatile Organic Compounds (Base/Neutral) Anthracene ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzidine ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzo(a)pyrene ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzo(k)flouranthene ug/L

Semivolatile Organic Compounds (Base/Neutral) Benzo[g‐h‐i]perylene ug/L

Semivolatile Organic Compounds (Base/Neutral) Bis(2‐Chloroethoxy) methane ug/L

Semivolatile Organic Compounds (Base/Neutral) Bis(2‐Chloroethyl) ether ug/L

Semivolatile Organic Compounds (Base/Neutral) Bis(2‐Chloroisopropyl) ether ug/L

Semivolatile Organic Compounds (Base/Neutral) Bis(2‐Ethylhexl) phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) Butyl benzyl phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) Chrysene ug/L

Semivolatile Organic Compounds (Base/Neutral) Dibenzo(a‐h)anthracene ug/L

Semivolatile Organic Compounds (Base/Neutral) Diethyl phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) Dimethyl phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) Fluoranthene ug/L

Semivolatile Organic Compounds (Base/Neutral) Fluorene ug/L

Semivolatile Organic Compounds (Base/Neutral) Hexachloro‐cyclopentadiene ug/L

Semivolatile Organic Compounds (Base/Neutral) Hexachlorobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) Hexachlorobutadiene ug/L

Semivolatile Organic Compounds (Base/Neutral) Hexachloroethane ug/L

Semivolatile Organic Compounds (Base/Neutral) Indeno(1‐2‐3‐c‐d)pyrene ug/L

Semivolatile Organic Compounds (Base/Neutral) Isophorone ug/L

Semivolatile Organic Compounds (Base/Neutral) N‐Nitroso‐di‐n‐propyl amine ug/L

Semivolatile Organic Compounds (Base/Neutral) N‐Nitroso‐dimethyl amine ug/L

Semivolatile Organic Compounds (Base/Neutral) N‐Nitroso‐diphenyl amine ug/L

Semivolatile Organic Compounds (Base/Neutral) Naphthalene ug/L

Semivolatile Organic Compounds (Base/Neutral) Nitrobenzene ug/L

Semivolatile Organic Compounds (Base/Neutral) Phenanthrene ug/L

Semivolatile Organic Compounds (Base/Neutral) Pyrene ug/L

Semivolatile Organic Compounds (Base/Neutral) di‐n‐Butyl phthalate ug/L

Semivolatile Organic Compounds (Base/Neutral) di‐n‐Octyl phthalate ug/L
WQO=Water Quality Objective

Hardness based CTR calculations were based on a minimum of the sample hardness or  400 mg/L (as per the CTR)

High Volume Suspension for REC1/REC 2 beneficial use was applied to storm events greater than 0.5 inch at the Ballon Creek  

(S01), Los Angeles (S10), Coyote Creek (S13),  San Gabriel (S14), and Dominguez Channel (S28) MES, as well as for all tributary 

stations (all located in the Dominguez Channel drainage area)

Table 4‐4.7. Santa Clara River Dry & Wet Weather Exceedance Summary

WQO Median (range) #samples #exceed #detected WQO Median (range) #samples #exceed #detected

 Santa Clara River
S29

2009‐10Wet 

 Santa Clara River
S29

2009‐10Dry 

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.165(0.165‐0.165) 3 0 0 0.165(0.165‐0.165) 4 0 0

1.665(1.665‐1.7) 4 0 0 1.665(1.665‐1.665) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.5(0.5‐0.5) 4 0 0 0.5(0.5‐0.5) 4 0 0

0.835(0.2‐0.835) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.835(0.02‐0.835) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.35) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.835(0.1‐0.835) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0‐0.835) 4 0 0

1.665(0.05‐1.665) 4 0 0 1.665(1.665‐1.665) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.0165(0.0165‐0.02) 4 0 0 0.0165(0.0165‐0.0165) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.335(0.335‐0.35) 4 0 0 0.335(0.335‐0.335) 4 0 0

0.0085(0.0085‐0.01) 4 0 0 0.0085(0.0085‐0.0085) 4 0 0

0.0165(0.0165‐0.02) 4 0 0 0.0165(0.0165‐0.0165) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.0085(0.0085‐0.01) 4 0 0 0.0085(0.0085‐0.0085) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.835(0.835‐0.85) 4 0 0 0.835(0.835‐0.835) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.0335(0.0335‐0.035) 4 0 0 0.0335(0.0335‐0.0335) 4 0 0

0.165(0.165‐0.2) 4 0 0 0.165(0.165‐0.165) 4 0 0

0.0085(0.0085‐0.01) 4 0 0 0.0085(0.0085‐0.0085) 4 0 0

0.0085(0.0085‐0.01) 4 0 0 0.0085(0.0085‐0.072) 4 0 1

1.7(1.7‐1.7) 1 0 0 1.665(1.665‐1.665) 1 0 0

1.7(1.7‐1.7) 1 0 0 1.665(1.665‐1.665) 1 0 0
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Constituent Units PQL Applicable Objective Median (Range) # Mes. # Det.

#Not

Attain. Median (Range) # Mes. # Det.

#Not

Attain.

ND = Not detected ND = Not detected

Oil and Grease mg/L 5 2.0 (ND - 6.1) 5 4 0 1.4 (ND - 1.6) 3 2 0

Total Phenols ug/L 1 ND (ND - ND) 4 0 0 ND (ND - ND) 2 0 0

Cyanide mg/L 0.005  0.022 (WARM) ND (ND - ND) 5 0 0 ND (ND - ND) 3 0 0

pH NONE 0 6.5 - 8.5 (WARM) 
1

7.2 (6.8 - 8.2) 5 5 0 8.4 (8.0 - 8.5) 3 3 0

Dissolved Oxygen mg/L 5  5 (WARM) 11.6 (10.0 - 13.8) 5 5 0 13.1 (11.9 - 14.1) 3 3 0

Total Coliform MPN/100ml 20 160,000 (24,000 - 900,000) 5 5 0 2,200 (ND - 24,000) 3 2 0

Fecal Coliform MPN/100ml 20  400 (REC1) 
3

24,000 (22,000 - 900,000) 5 5 2 800 (ND - 1,300) 3 2 2

Fecal Streptococcus MPN/100ml 20 300,000 (9,000 - 500,000) 5 5 0 300 (40 - 800) 3 3 0

Fecal Enterococcus MPN/100ml 20 300,000 (9,000 - 500,000) 5 5 0 300 (40 - 800) 3 3 0

Chloride mg/L 2 21 (10 - 74) 5 5 0 135 (131 - 147) 3 3 0

Fluoride mg/L 0.1 0.2 (ND - 0.6) 5 4 0 0.4 (0.3 - 0.6) 3 3 0

Sulfate mg/L 1 30 (12 - 137) 5 5 0 217 (196 - 232) 3 3 0

Alkalinity mg/L 2 55 (28 - 160) 5 5 0 270 (268 - 282) 3 3 0

Hardness mg/L 2 70 (50 - 280) 5 5 0 460 (450 - 464) 3 3 0

Chemical Oxygen Demand mg/L 20 85 (34 - 122) 5 5 0 60 (43 - 64) 3 3 0

Total Petroleum Hydrocarbons mg/L 5 2.0 (ND - 5.3) 5 4 0 ND (ND - ND) 3 0 0

Specific Conductance umhos/cm 1 245 (126 - 799) 5 5 0 1,350 (1,260 - 1,389) 3 3 0

Total Dissolved Solids mg/L 2 160 (82 - 512) 5 5 0 872 (828 - 878) 3 3 0

Turbidity NTU 0.1 11.1 (2.3 - 15.1) 5 5 0 1.9 (1.1 - 2.4) 3 3 0

Total Suspended Solids mg/L 2 252 (14 - 602) 5 5 0 13 (5 - 140) 3 3 0

Volatile Suspended Solids mg/L 2 72.0 (3.0 - 176.0) 5 5 0 9.0 (3.0 - 30.0) 3 3 0

Methylene Blue Active Substances mg/L 0.5 0.3 (0.1 - 0.4) 5 5 0 0.1 (0.1 - 0.3) 3 3 0

Total Organic Carbon mg/L 1 9.7 (6.8 - 13.9) 5 5 0 6.6 (2.7 - 8.3) 3 3 0

Biochemical Oxygen Demand mg/L 2 11.0 (6.9 - 27.2) 5 5 0 6.3 (2.2 - 9.2) 3 3 0

Methyl-t-butyl-ether ug/L 1 ND (ND - ND) 5 0 0 ND (ND - ND) 3 0 0

Dissolved Phosphorus mg/L 0.05 0.2 (ND - 0.3) 5 4 0 0.1 (0.1 - 0.2) 3 3 0

Total Phosphorus mg/L 0.05 0.5 (0.2 - 0.6) 5 5 0 0.3 (0.2 - 0.4) 3 3 0

Ammonia (as N) mg/L 0.1 0.2 (ND - 0.7) 5 4 0 ND (ND - 0.2) 3 1 0

Ammonia (as NH3) mg/L 0.1  1 - 30  (WARM) 
2

0.2 (ND - 0.9) 5 4 0 0.1 (ND - 0.2) 3 2 0

Nitrate + Nitrite N mg/L 0.5 0.9 (0.7 - 2.4) 5 5 0 1.5 (1.4 - 2.0) 3 3 0

Nitrite - N mg/L 0.03 ND (ND - 0.1) 5 1 0 ND (ND - ND) 3 0 0

Kjeldahl-N mg/L 0.1 1.4 (1.0 - 1.9) 5 5 0 1.1 (0.7 - 1.4) 3 3 0

1

2

3 Wet weather suspension of swimming (REC1) applies to fecal coliform objective for 2008-09Event06, 2008-09Event09, and 2008-09Event21.

Notes:

Ammonia objective is calculated from Table 3-2 of the Basin Plan based on measured pH at time of sampling, assuming a temperature of 20 C

pH objective is not to exceed 8.5 nor fall below 6.5; dissolved oxygen objective is a minimum

N
u

tr
ie

n
ts

C
o

n
v

e
n

ti
o

n
a

l
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Table 4-4.1 

2008-2009 Summary of Water Quality Objectives Attainment for Ballona Creek Mass Emission Station (S01)

Beneficial Uses: REC1, REC2, WARM, WILD
Wet Weather Events
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Constituent Units PQL Applicable Objective Median (Range) # Mes. # Det.

#Not

Attain. Median (Range) # Mes. # Det.

#Not

Attain.

Dry Weather Events

Table 4-4.1 

2008-2009 Summary of Water Quality Objectives Attainment for Ballona Creek Mass Emission Station (S01)

Beneficial Uses: REC1, REC2, WARM, WILD
Wet Weather Events

Dissolved Aluminum ug/L 100 ND (ND - 113.0) 5 1 0 ND (ND - ND) 3 0 0

Total Aluminum ug/L 100 694 (ND - 1,810) 5 4 0 ND (ND - 540) 3 1 0

Dissolved Antimony ug/L 0.5 1.3 (1.2 - 1.7) 5 5 0 0.7 (0.4 - 0.8) 3 3 0

Total Antimony ug/L 0.5 3.2 (1.4 - 5.7) 5 5 0 0.7 (0.5 - 1.0) 3 3 0

Dissolved Arsenic ug/L 1  340 (WARM, Acute) 1.1 (0.9 - 2.2) 5 5 0 2.2 (2.0 - 2.7) 3 3 0

Total Arsenic ug/L 1 2.2 (1.8 - 3.0) 5 5 0 2.4 (2.1 - 2.8) 3 3 0

Dissolved Barium ug/L 10 24 (21 - 48) 5 5 0 61 (57 - 64) 3 3 0

Total Barium ug/L 10 78 (56 - 179) 5 5 0 66 (62 - 97) 3 3 0

Dissolved Beryllium ug/L 0.5 ND (ND - ND) 5 0 0 ND (ND - ND) 3 0 0

Total Beryllium ug/L 0.5 0.1 (ND - 0.3) 5 3 0 ND (ND - ND) 3 0 0

Dissolved Cadmium ug/L 0.25  1 - 26 (WARM, Acute) * ND (ND - ND) 5 0 0 ND (ND - ND) 3 0 0

Total Cadmium ug/L 0.25 0.5 (ND - 1.3) 5 4 0 0.1 (ND - 0.2) 3 2 0

Dissolved Chromium ug/L 0.5  204 - 2050 (WARM, Acute) * 1.7 (1.3 - 3.2) 5 5 0 1.7 (1.1 - 3.2) 3 3 0

Total Chromium ug/L 0.5 12.9 (3.9 - 19.6) 5 5 0 3.4 (1.8 - 5.4) 3 3 0

Dissolved Chromium +6 ug/L 5 16 (WARM, Acute) 0.6 (0.3 - 0.7) 5 5 0 0.6 (ND - 1.1) 3 2 0

Total Chromium +6 ug/L 5 0.6 (0.3 - 0.7) 5 5 0 0.9 (0.6 - 1.1) 3 3 0

Dissolved Copper ug/L 0.5  4- 61     (WARM, Acute) * 10.2 (9.2 - 12.6) 5 5 3 5.6 (4.5 - 6.9) 3 3 0

Total Copper ug/L 0.5 50.7 (18.6 - 126.0) 5 5 0 17.4 (10.3 - 23.8) 3 3 0

Dissolved Iron ug/L 100 92.7 (78.8 - 146.0) 5 5 0 63.4 (ND - 68.1) 3 2 0

Total Iron ug/L 100 6,360 (319 - 10,500) 5 5 0 251 (119 - 1,050) 3 3 0

Dissolved Lead ug/L 0.5 14 - 350 (WARM, Acute) * 2.2 (1.1 - 2.8) 5 5 0 ND (ND - 0.2) 3 1 0

Total Lead ug/L 0.5 49.6 (2.7 - 83.3) 5 5 0 1.0 (1.0 - 5.6) 3 3 0

Dissolved Mercury ug/L 0.5 ND (ND - ND) 5 0 0 ND (ND - ND) 3 0 0

Total Mercury ug/L 0.5  0.051  (Fish consumption) ND (ND - 0.2) 5 1 1 0.1 (ND - 0.2) 3 2 2

Dissolved Nickel ug/L 1  150 -  1,800 (WARM, Acute) * 4.2 (2.0 - 4.6) 5 5 0 4.4 (3.6 - 4.9) 3 3 0

Total Nickel ug/L 1 10.9 (5.4 - 20.6) 5 5 0 6.4 (4.3 - 6.9) 3 3 0

Dissolved Selenium ug/L 1 ND (ND - 3.2) 5 1 0 3.9 (3.6 - 4.1) 3 3 0

Total Selenium ug/L 1 ND (ND - 3.5) 5 2 0 4.1 (4.0 - 4.7) 3 3 0

Dissolved Silver ug/L 0.25  0.3 -  60 (WARM, Acute) * ND (ND - ND) 5 0 0 ND (ND - ND) 3 0 0

Total Silver ug/L 0.25 0.3 (ND - 0.7) 5 4 0 ND (ND - 0.4) 3 1 0

Dissolved Thallium ug/L 1 ND (ND - ND) 5 0 0 ND (ND - ND) 3 0 0

Total Thallium ug/L 1 ND (ND - 0.1) 5 1 0 ND (ND - ND) 3 0 0

Dissolved Zinc ug/L 1 40 -  450 (WARM, Acute) * 55 (38 - 67) 5 5 1 15 (14 - 19) 3 3 0

Total Zinc ug/L 1 233 (56 - 475) 5 5 0 25 (21 - 62) 3 3 0

*Trace element objectives that are shown as a range are calculated from the measured hardness using procedures established in the CTR.
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Constituent Units PQL Applicable Objective Median (Range) # Mes. # Det.

#Not

Attain. Median (Range) # Mes. # Det.

#Not

Attain.

ND = Not detected ND = Not detected

Oil and Grease mg/L 5 0.6 (ND - 1.6) 5 3 0 0.7 (0.4 - 0.9) 3 3 0

Total Phenols ug/L 1 ND (ND - ND) 4 0 0 ND (ND - ND) 2 0 0

Cyanide mg/L 0.005  0.022 (WARM) ND (ND - ND) 5 0 0 ND (ND - ND) 3 0 0

pH NONE 0 6.5 - 8.5 (WARM) 
1

7.9 (7.8 - 8.2) 5 5 0 8.2 (8.0 - 8.2) 3 3 0

Dissolved Oxygen mg/L 5  7 (SPAWN) 10.1 (8.8 - 11.2) 5 5 0 10.4 (10.1 - 10.9) 3 3 0

Total Coliform MPN/100ml 20 7,000 (3,000 - 16,000) 4 4 0 300 (170 - 2,400) 3 3 0

Fecal Coliform MPN/100ml 20  400 (REC1) 900 (80 - 2,400) 4 4 3 130 (70 - 300) 3 3 0

Fecal Streptococcus MPN/100ml 20 365 (220 - 2,800) 4 4 0 40 (20 - 130) 3 3 0

Fecal Enterococcus MPN/100ml 20 225 (220 - 2,800) 4 4 0 40 (20 - 80) 3 3 0

Chloride mg/L 2 500 (GWR, general) 132 (107 - 204) 5 5 0 157 (149 - 172) 3 3 0

Fluoride mg/L 0.1 0.2 (0.2 - 0.4) 5 5 0 0.2 (0.2 - 0.5) 3 3 0

Sulfate mg/L 1 500 (GWR, general) 491 (431 - 1,250) 5 5 2 575 (465 - 682) 3 3 2

Alkalinity mg/L 2 179 (160 - 369) 5 5 0 248 (204 - 303) 3 3 0

Hardness mg/L 2 595 (550 - 1,400) 5 5 0 775 (605 - 952) 3 3 0

Chemical Oxygen Demand mg/L 20 62 (43 - 146) 5 5 0 63 (34 - 65) 3 3 0

Total Petroleum Hydrocarbons mg/L 5 ND (ND - 0.6) 5 2 0 ND (ND - ND) 3 0 0

Specific Conductance umhos/cm 1 1,491 (1,428 - 4,750) 5 5 0 2,000 (1,813 - 2,790) 3 3 0

Total Dissolved Solids mg/L 2 2,000 (GWR, general) 1,018 (988 - 2,644) 5 5 1 1,354 (1,208 - 1,738) 3 3 0

Turbidity NTU 0.1 7.0 (0.8 - 11.9) 5 5 0 0.7 (0.4 - 0.8) 3 3 0

Total Suspended Solids mg/L 2 69 (14 - 493) 5 5 0 5 (2 - 6) 3 3 0

Volatile Suspended Solids mg/L 2 18.0 (3.0 - 67.0) 5 5 0 3.0 (1.0 - 4.0) 3 3 0

Methylene Blue Active Substances mg/L 0.5 0.0 (ND - 0.1) 5 3 0 0.1 (0.0 - 0.1) 3 3 0

Total Organic Carbon mg/L 1 8.3 (5.4 - 10.2) 5 5 0 4.7 (4.2 - 5.6) 3 3 0

Biochemical Oxygen Demand mg/L 2 3.8 (2.1 - 7.3) 5 5 0 ND (ND - 2.0) 3 1 0

Methyl-t-butyl-ether ug/L 1 ND (ND - ND) 5 0 0 ND (ND - ND) 3 0 0

Dissolved Phosphorus mg/L 0.05 0.3 (0.1 - 0.6) 5 5 0 0.4 (0.1 - 0.9) 3 3 0

Total Phosphorus mg/L 0.05 0.4 (0.1 - 1.0) 5 5 0 0.3 (0.1 - 0.9) 3 3 0

Ammonia (as N) mg/L 0.1 ND (ND - 0.2) 5 2 0 ND (ND - 0.9) 3 1 0

Ammonia (as NH3) mg/L 0.1 0.7 - 5  (COLD) 
2

0.1 (ND - 0.2) 5 3 0 ND (ND - 1.1) 3 1 0

Nitrate + Nitrite N mg/L 0.5 3.0 (2.2 - 3.9) 5 5 0 5.0 (0.3 - 5.7) 3 3 0

Nitrite - N mg/L 0.03 ND (ND - ND) 5 0 0 ND (ND - ND) 3 0 0

Kjeldahl-N mg/L 0.1 0.7 (0.5 - 1.6) 5 5 0 0.4 (0.4 - 1.0) 3 3 0

1

2

Table 4-4.2 

2008-2009 Summary of Water Quality Objectives Attainment for Malibu Creek Mass Emission Station (S02)
Beneficial Uses: REC1, REC2, WARM, COLD, WILD, MIGR, SPAWN, RARE, WET

Wet Weather Events
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Notes:

Ammonia objective is calculated from Table 3-1 of the Basin Plan based on measured pH at time of sampling, assuming a temperature of 25 C

pH objective is not to exceed 8.5 nor fall below 6.5; dissolved oxygen objective is a minimum
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Constituent Units PQL Applicable Objective Median (Range) # Mes. # Det.

#Not

Attain. Median (Range) # Mes. # Det.

#Not

Attain.

Table 4-4.2 

2008-2009 Summary of Water Quality Objectives Attainment for Malibu Creek Mass Emission Station (S02)
Beneficial Uses: REC1, REC2, WARM, COLD, WILD, MIGR, SPAWN, RARE, WET

Wet Weather Events Dry Weather Events

Dissolved Aluminum ug/L 100 ND (ND - 68.6) 5 1 0 ND (ND - ND) 3 0 0

Total Aluminum ug/L 100 821 (ND - 1,260) 5 4 0 ND (ND - ND) 3 0 0

Dissolved Antimony ug/L 0.5 0.5 (0.4 - 0.5) 5 5 0 0.3 (0.3 - 0.4) 3 3 0

Total Antimony ug/L 0.5 0.7 (0.5 - 1.1) 5 5 0 0.4 (0.4 - 0.4) 3 3 0

Dissolved Arsenic ug/L 1  340 (WARM, Acute) 2.0 (1.9 - 2.9) 5 5 0 1.9 (1.8 - 2.0) 3 3 0

Total Arsenic ug/L 1 2.9 (1.9 - 4.0) 5 5 0 2.1 (1.8 - 2.2) 3 3 0

Dissolved Barium ug/L 10 28 (23 - 52) 5 5 0 34 (27 - 37) 3 3 0

Total Barium ug/L 10 57 (35 - 106) 5 5 0 39 (32 - 42) 3 3 0

Dissolved Beryllium ug/L 0.5 ND (ND - ND) 5 0 0 ND (ND - ND) 3 0 0

Total Beryllium ug/L 0.5 ND (ND - 0.3) 5 2 0 ND (ND - ND) 3 0 0

Dissolved Cadmium ug/L 0.25  1 - 26 (WARM, Acute) * 0.4 (0.3 - 0.5) 5 5 0 ND (ND - 0.3) 3 1 0

Total Cadmium ug/L 0.25 1.1 (0.5 - 4.0) 5 5 0 0.3 (ND - 0.3) 3 2 0

Dissolved Chromium ug/L 0.5  204 - 2050 (WARM, Acute) * 2.2 (1.6 - 3.3) 5 5 0 ND (ND - 2.8) 3 1 0

Total Chromium ug/L 0.5 3.9 (2.6 - 23.5) 5 5 0 1.0 (0.7 - 3.6) 3 3 0

Dissolved Chromium +6 ug/L 5 16 (WARM, Acute) ND (ND - ND) 5 0 0 ND (ND - ND) 3 0 0

Total Chromium +6 ug/L 5 ND (ND - ND) 5 0 0 ND (ND - ND) 3 0 0

Dissolved Copper ug/L 0.5  4- 61     (WARM, Acute) * 2.7 (2.6 - 3.1) 5 5 0 1.6 (1.6 - 2.3) 3 3 0

Total Copper ug/L 0.5 9.8 (7.3 - 28.9) 5 5 0 7.9 (5.2 - 11.1) 3 3 0

Dissolved Iron ug/L 100 60.0 (ND - 77.0) 5 3 0 ND (ND - ND) 3 0 0

Total Iron ug/L 100 2,080 (116 - 16,700) 5 5 0 105 (81 - 110) 3 3 0

Dissolved Lead ug/L 0.5 14 - 350 (WARM, Acute) * ND (ND - 0.3) 5 2 0 ND (ND - ND) 3 0 0

Total Lead ug/L 0.5 2.0 (0.7 - 7.4) 5 5 0 0.6 (0.5 - 0.7) 3 3 0

Dissolved Mercury ug/L 0.5 ND (ND - ND) 5 0 0 ND (ND - ND) 3 0 0

Total Mercury ug/L 0.5  0.051  (Fish consumption) ND (ND - 0.1) 5 1 1 ND (ND - 0.2) 3 1 1

Dissolved Nickel ug/L 1  150 -  1,800 (WARM, Acute) * 9.0 (7.4 - 13.3) 5 5 0 7.6 (7.5 - 9.3) 3 3 0

Total Nickel ug/L 1 15.9 (8.9 - 34.8) 5 5 0 8.7 (8.1 - 10.8) 3 3 0

Dissolved Selenium ug/L 1 6.5 (4.0 - 14.5) 5 5 0 5.4 (3.9 - 5.6) 3 3 0

Total Selenium ug/L 1 6.7 (4.9 - 16.7) 5 5 0 5.8 (4.2 - 6.0) 3 3 0

Dissolved Silver ug/L 0.25  0.3 -  60 (WARM, Acute) * ND (ND - ND) 5 0 0 ND (ND - ND) 3 0 0

Total Silver ug/L 0.25 ND (ND - 0.3) 5 2 0 ND (ND - ND) 3 0 0

Dissolved Thallium ug/L 1 ND (ND - ND) 5 0 0 ND (ND - ND) 3 0 0

Total Thallium ug/L 1 ND (ND - 0.3) 5 2 0 ND (ND - ND) 3 0 0

Dissolved Zinc ug/L 1 40 -  450 (WARM, Acute) * 11 (8 - 21) 5 5 0 15 (6 - 17) 3 3 0

Total Zinc ug/L 1 53 (24 - 129) 5 5 0 22 (20 - 24) 3 3 0
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*Trace element objectives that are shown as a range are calculated from the measured hardness using procedures established in the CTR.
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Constituent Units PQL Applicable Objective Median (Range) # Mes. # Det.

#Not

Attain. Median (Range) # Mes. # Det.

#Not

Attain.

ND = Not detected ND = Not detected

Oil and Grease mg/L 5 1.4 (0.8 - 5.5) 5 5 0 0.8 (ND - 1.2) 3 2 0

Total Phenols ug/L 1 ND (ND - ND) 4 0 0 ND (ND - ND) 2 0 0

Cyanide mg/L 0.005  0.022 (WARM) ND (ND - 0.0) 5 1 0 0.0 (ND - 0.0) 3 2 1

pH NONE 0 6.5 - 8.5 (WARM) 
1

7.3 (6.9 - 7.8) 4 4 0 8.9 (8.2 - 9.2) 3 3 2

Dissolved Oxygen mg/L 5  5 (WARM) 9.1 (6.5 - 11.0) 5 5 0 13.7 (13.5 - 17.5) 3 3 0

Total Coliform MPN/100ml 20 300,000 (16,000 - 16,000,000) 5 5 0 9,000 (9,000 - 9,000) 3 3 0

Fecal Coliform MPN/100ml 20  400 (REC1) 
3

24,000 (500 - 16,000,000) 5 5 2 230 (130 - 1,300) 3 3 1

Fecal Streptococcus MPN/100ml 20 160,000 (9,000 - 9,000,000) 5 5 0 300 (ND - 2,400) 3 2 0

Fecal Enterococcus MPN/100ml 20 160,000 (9,000 - 9,000,000) 5 5 0 130 (ND - 2,400) 3 2 0

Chloride mg/L 2 150 (GWR, general) 20 (13 - 58) 4 4 0 111 (111 - 137) 3 3 0

Fluoride mg/L 0.1 ND (ND - 0.5) 4 2 0 0.7 (0.6 - 0.8) 3 3 0

Sulfate mg/L 1 350 (GWR, general) 30 (19 - 78) 4 4 0 180 (150 - 186) 3 3 0

Alkalinity mg/L 2 40 (34 - 88) 4 4 0 144 (140 - 165) 3 3 0

Hardness mg/L 2 65 (25 - 150) 4 4 0 270 (235 - 300) 3 3 0

Chemical Oxygen Demand mg/L 20 71 (39 - 104) 4 4 0 64 (62 - 104) 3 3 0

Total Petroleum Hydrocarbons mg/L 5 1.5 (0.6 - 4.8) 5 5 0 ND (ND - ND) 3 0 0

Specific Conductance umhos/cm 1 223 (177 - 573) 4 4 0 1,039 (1,020 - 1,240) 3 3 0

Total Dissolved Solids mg/L 2 1,500 (GWR, general) 139 (114 - 384) 4 4 0 674 (668 - 754) 3 3 0

Turbidity NTU 0.1 16.0 (4.4 - 27.2) 4 4 0 1.6 (1.6 - 2.4) 3 3 0

Total Suspended Solids mg/L 2 430 (221 - 820) 4 4 0 18 (16 - 27) 3 3 0

Volatile Suspended Solids mg/L 2 76.0 (47.0 - 142.0) 4 4 0 8.0 (7.0 - 8.0) 3 3 0

Methylene Blue Active Substances mg/L 0.5 0.2 (0.0 - 0.7) 4 4 0 0.2 (0.2 - 0.5) 3 3 0

Total Organic Carbon mg/L 1 9.3 (6.9 - 22.8) 4 4 0 8.4 (6.9 - 21.9) 3 3 0

Biochemical Oxygen Demand mg/L 2 17.0 (7.0 - 30.9) 4 4 0 30.5 (26.1 - 34.0) 3 3 0

Methyl-t-butyl-ether ug/L 1 ND (ND - ND) 5 0 0 ND (ND - ND) 3 0 0

Dissolved Phosphorus mg/L 0.05 0.3 (0.2 - 0.4) 4 4 0 0.2 (ND - 0.3) 3 2 0

Total Phosphorus mg/L 0.05 0.5 (0.3 - 0.7) 4 4 0 0.3 (ND - 0.4) 3 2 0

Ammonia (as N) mg/L 0.1 0.4 (ND - 0.7) 4 3 0 0.1 (0.1 - 0.5) 3 3 0

Ammonia (as NH3) mg/L 0.1  1 - 30  (WARM) 
2

0.5 (ND - 0.9) 4 3 0 0.2 (0.1 - 0.6) 3 3 0

Nitrate + Nitrite N mg/L 0.5 1.0 (0.9 - 2.7) 4 4 0 1.4 (0.9 - 1.8) 3 3 0

Nitrite - N mg/L 0.03 ND (ND - 0.1) 4 2 0 0.2 (0.1 - 0.2) 3 3 0

Kjeldahl-N mg/L 0.1 2.0 (0.9 - 6.5) 4 4 0 1.5 (1.2 - 2.5) 3 3 0

1

2

3 Wet weather suspension of swimming (REC1) applies to fecal coliform objective for 2008-09Event06, 2008-09Event09, and 2008-09Event21.

Table 4-4.3 

2008-2009 Summary of Water Quality Objectives Attainment for Los Angeles River Mass Emission Station (S10)

Beneficial Uses: IND, PROC, GWR, REC1, REC2, WARM, MAR, WILD, RARE, MIGR, SPWN, SHELL
Wet Weather Events
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Notes:

Ammonia objective is calculated from Table 3-2 of the Basin Plan based on measured pH at time of sampling, assuming a temperature of 20 C

pH objective is not to exceed 8.5 nor fall below 6.5; dissolved oxygen objective is a minimum
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Constituent Units PQL Applicable Objective Median (Range) # Mes. # Det.

#Not

Attain. Median (Range) # Mes. # Det.

#Not

Attain.

Table 4-4.3 

2008-2009 Summary of Water Quality Objectives Attainment for Los Angeles River Mass Emission Station (S10)

Beneficial Uses: IND, PROC, GWR, REC1, REC2, WARM, MAR, WILD, RARE, MIGR, SPWN, SHELL
Wet Weather Events Dry Weather Events

Dissolved Aluminum ug/L 100 ND (ND - 153.0) 4 1 0 ND (ND - ND) 3 0 0

Total Aluminum ug/L 100 1,420 (530 - 1,930) 4 4 0 ND (ND - 50) 3 1 0

Dissolved Antimony ug/L 0.5 1.4 (0.9 - 2.4) 4 4 0 0.8 (0.6 - 1.5) 3 3 0

Total Antimony ug/L 0.5 3.1 (1.6 - 5.6) 4 4 0 0.8 (0.7 - 1.5) 3 3 0

Dissolved Arsenic ug/L 1  340 (WARM, Acute) 1.1 (0.9 - 2.1) 4 4 0 1.9 (1.4 - 2.1) 3 3 0

Total Arsenic ug/L 1 3.2 (1.5 - 4.0) 4 4 0 1.9 (1.5 - 2.2) 3 3 0

Dissolved Barium ug/L 10 23 (21 - 36) 4 4 0 39 (37 - 47) 3 3 0

Total Barium ug/L 10 132 (69 - 218) 4 4 0 47 (46 - 55) 3 3 0

Dissolved Beryllium ug/L 0.5 ND (ND - ND) 4 0 0 ND (ND - ND) 3 0 0

Total Beryllium ug/L 0.5 0.2 (ND - 0.4) 4 3 0 ND (ND - ND) 3 0 0

Dissolved Cadmium ug/L 0.25  1 - 26 (WARM, Acute) * 0.1 (ND - 0.1) 4 3 0 0.1 (ND - 0.2) 3 2 0

Total Cadmium ug/L 0.25 1.0 (0.5 - 1.9) 4 4 0 0.2 (0.2 - 0.2) 3 3 0

Dissolved Chromium ug/L 0.5  204 - 2050 (WARM, Acute) * 2.0 (1.4 - 2.3) 4 4 0 1.5 (1.0 - 3.2) 3 3 0

Total Chromium ug/L 0.5 17.3 (9.1 - 28.5) 4 4 0 3.2 (1.3 - 4.5) 3 3 0

Dissolved Chromium +6 ug/L 5 16 (WARM, Acute) 0.4 (ND - 0.7) 4 3 0 0.3 (ND - 0.4) 3 2 0

Total Chromium +6 ug/L 5 0.4 (ND - 0.7) 4 3 0 0.3 (ND - 0.4) 3 2 0

Dissolved Copper ug/L 0.5  4- 61     (WARM, Acute) * 10.1 (5.6 - 14.8) 4 4 1 4.8 (4.1 - 11.9) 3 3 0

Total Copper ug/L 0.5 49.1 (33.4 - 124.0) 4 4 0 10.5 (9.2 - 20.6) 3 3 0

Dissolved Iron ug/L 100 148.5 (91.3 - 237.0) 4 4 0 ND (ND - ND) 3 0 0

Total Iron ug/L 100 10,030 (3,190 - 17,900) 4 4 0 115 (113 - 316) 3 3 0

Dissolved Lead ug/L 0.5 14 - 350 (WARM, Acute) * 3.0 (2.0 - 5.2) 4 4 0 0.3 (0.2 - 0.7) 3 3 0

Total Lead ug/L 0.5 40.2 (25.0 - 166.0) 4 4 0 1.4 (1.0 - 1.4) 3 3 0

Dissolved Mercury ug/L 0.5 ND (ND - ND) 4 0 0 ND (ND - ND) 3 0 0

Total Mercury ug/L 0.5  0.051  (Fish consumption) ND (ND - ND) 4 0 0 ND (ND - ND) 3 0 0

Dissolved Nickel ug/L 1  150 -  1,800 (WARM, Acute) * 3.4 (2.3 - 8.7) 4 4 0 5.3 (4.8 - 6.9) 3 3 0

Total Nickel ug/L 1 16.4 (7.5 - 26.7) 4 4 0 6.1 (5.2 - 7.9) 3 3 0

Dissolved Selenium ug/L 1 ND (ND - 1.2) 4 1 0 2.6 (2.1 - 3.2) 3 3 0

Total Selenium ug/L 1 ND (ND - 1.9) 4 1 0 2.7 (2.3 - 3.3) 3 3 0

Dissolved Silver ug/L 0.25  0.3 -  60 (WARM, Acute) * ND (ND - ND) 4 0 0 ND (ND - ND) 3 0 0

Total Silver ug/L 0.25 0.3 (0.1 - 0.4) 4 4 0 ND (ND - ND) 3 0 0

Dissolved Thallium ug/L 1 ND (ND - ND) 4 0 0 ND (ND - ND) 3 0 0

Total Thallium ug/L 1 ND (ND - 0.2) 4 1 0 ND (ND - ND) 3 0 0

Dissolved Zinc ug/L 1 40 -  450 (WARM, Acute) * 48 (30 - 78) 4 4 1 20 (13 - 29) 3 3 0

Total Zinc ug/L 1 206 (140 - 936) 4 4 0 32 (26 - 43) 3 3 0
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*Trace element objectives that are shown as a range are calculated from the measured hardness using procedures established in the CTR.
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Constituent Units PQL Applicable Objective Median (Range) # Mes. # Det.

#Not

Attain. Median (Range) # Mes. # Det.

#Not

Attain.

ND = Not detected ND = Not detected

Oil and Grease mg/L 5 1.1 (0.7 - 3.6) 5 5 0 0.5 (ND - 0.9) 3 2 0

Total Phenols ug/L 1 ND (ND - ND) 4 0 0 ND (ND - ND) 2 0 0

Cyanide mg/L 0.005  0.022 (WARM) ND (ND - ND) 5 0 0 0.0 (0.0 - 0.0) 3 3 0

pH NONE 0 6.5 - 8.5 (WARM) 
1

7.3 (7.0 - 7.4) 5 5 0 8.4 (8.2 - 8.7) 3 3 1

Dissolved Oxygen mg/L 5  5 (WARM) 10.3 (9.5 - 13.6) 5 5 0 14.5 (12.1 - 20.7) 3 3 0

Total Coliform MPN/100ml 20 160,000 (5,000 - 16,000,000) 5 5 0 3,000 (1,700 - 5,000) 3 3 0

Fecal Coliform MPN/100ml 20  400 (REC1) 
3

24,000 (1,300 - 2,200,000) 5 5 2 300 (230 - 800) 3 3 1

Fecal Streptococcus MPN/100ml 20 240,000 (17,000 - 1,700,000) 5 5 0 230 (40 - 230) 3 3 0

Fecal Enterococcus MPN/100ml 20 130,000 (17,000 - 1,700,000) 5 5 0 80 (40 - 230) 3 3 0

Chloride mg/L 2 21 (20 - 32) 5 5 0 153 (149 - 193) 3 3 0

Fluoride mg/L 0.1 0.1 (ND - 0.3) 5 3 0 1.0 (0.9 - 1.2) 3 3 0

Sulfate mg/L 1 36 (33 - 53) 5 5 0 261 (239 - 332) 3 3 0

Alkalinity mg/L 2 55 (41 - 66) 5 5 0 234 (215 - 254) 3 3 0

Hardness mg/L 2 90 (60 - 130) 5 5 0 356 (310 - 400) 3 3 0

Chemical Oxygen Demand mg/L 20 72 (35 - 161) 5 5 0 78 (62 - 97) 3 3 0

Total Petroleum Hydrocarbons mg/L 5 1.0 (0.5 - 1.6) 5 5 0 ND (ND - ND) 3 0 0

Specific Conductance umhos/cm 1 266 (231 - 367) 5 5 0 1,776 (1,472 - 1,962) 3 3 0

Total Dissolved Solids mg/L 2 164 (134 - 240) 5 5 0 1,148 (952 - 1,200) 3 3 0

Turbidity NTU 0.1 9.4 (5.7 - 44.4) 5 5 0 1.5 (1.0 - 2.0) 3 3 0

Total Suspended Solids mg/L 2 235 (159 - 1,038) 5 5 0 9 (6 - 17) 3 3 0

Volatile Suspended Solids mg/L 2 53.0 (47.0 - 231.0) 5 5 0 4.0 (2.0 - 8.0) 3 3 0

Methylene Blue Active Substances mg/L 0.5 0.3 (ND - 0.4) 5 4 0 0.2 (0.1 - 0.4) 3 3 0

Total Organic Carbon mg/L 1 10.7 (4.7 - 27.4) 5 5 0 17.5 (5.3 - 28.0) 3 3 0

Biochemical Oxygen Demand mg/L 2 13.3 (6.5 - 39.0) 5 5 0 11.2 (10.8 - 18.8) 3 3 0

Methyl-t-butyl-ether ug/L 1 ND (ND - ND) 5 0 0 ND (ND - ND) 3 0 0

Dissolved Phosphorus mg/L 0.05 0.2 (0.1 - 0.5) 5 5 0 ND (ND - 0.1) 3 1 0

Total Phosphorus mg/L 0.05 0.6 (0.5 - 1.2) 5 5 0 0.1 (ND - 0.1) 3 2 0

Ammonia (as N) mg/L 0.1 0.3 (ND - 0.6) 5 4 0 ND (ND - ND) 3 0 0

Ammonia (as NH3) mg/L 0.1  1 - 30  (WARM) 
2

0.4 (ND - 0.7) 5 4 0 ND (ND - ND) 3 0 0

Nitrate + Nitrite N mg/L 0.5 1.2 (0.8 - 2.4) 5 5 0 1.7 (1.3 - 2.9) 3 3 0

Nitrite - N mg/L 0.03 ND (ND - 0.1) 5 1 0 0.1 (ND - 0.1) 3 2 0

Kjeldahl-N mg/L 0.1 1.0 (0.8 - 7.0) 5 5 0 1.2 (0.8 - 1.8) 3 3 0

1

2

3 Wet weather suspension of swimming (REC1) applies to fecal coliform objective for 2008-09Event06, 2008-09Event09, and 2008-09Event21.

Notes:

Ammonia objective is calculated from Table 3-2 of the Basin Plan based on measured pH at time of sampling, assuming a temperature of 20 C

pH objective is not to exceed 8.5 nor fall below 6.5; dissolved oxygen objective is a minimum
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Table 4-4.4 

2008-2009 Summary of Water Quality Objectives Attainment for Coyote Creek Mass Emission Station (S13)

Beneficial Uses: IND, PROC, REC1, REC2, WARM, WILD, RARE
Wet Weather Events
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Constituent Units PQL Applicable Objective Median (Range) # Mes. # Det.

#Not

Attain. Median (Range) # Mes. # Det.

#Not

Attain.

Dry Weather Events

Table 4-4.4 

2008-2009 Summary of Water Quality Objectives Attainment for Coyote Creek Mass Emission Station (S13)

Beneficial Uses: IND, PROC, REC1, REC2, WARM, WILD, RARE
Wet Weather Events

Dissolved Aluminum ug/L 100 ND (ND - 118.0) 5 1 0 ND (ND - ND) 3 0 0

Total Aluminum ug/L 100 1,020 (189 - 2,280) 5 5 0 ND (ND - ND) 3 0 0

Dissolved Antimony ug/L 0.5 1.3 (0.8 - 2.7) 5 5 0 0.8 (0.5 - 1.7) 3 3 0

Total Antimony ug/L 0.5 2.1 (1.6 - 5.6) 5 5 0 0.8 (0.6 - 1.8) 3 3 0

Dissolved Arsenic ug/L 1  340 (WARM, Acute) 1.4 (0.9 - 2.5) 5 5 0 3.1 (3.1 - 4.7) 3 3 0

Total Arsenic ug/L 1 3.2 (1.7 - 6.8) 5 5 0 3.3 (3.2 - 5.2) 3 3 0

Dissolved Barium ug/L 10 26 (20 - 35) 5 5 0 49 (46 - 49) 3 3 0

Total Barium ug/L 10 125 (62 - 256) 5 5 0 51 (51 - 56) 3 3 0

Dissolved Beryllium ug/L 0.5 ND (ND - ND) 5 0 0 ND (ND - ND) 3 0 0

Total Beryllium ug/L 0.5 0.2 (ND - 0.5) 5 4 0 ND (ND - ND) 3 0 0

Dissolved Cadmium ug/L 0.25  1 - 26 (WARM, Acute) * ND (ND - 0.1) 5 1 0 ND (ND - 0.2) 3 1 0

Total Cadmium ug/L 0.25 1.5 (0.4 - 2.6) 5 5 0 ND (ND - 0.3) 3 1 0

Dissolved Chromium ug/L 0.5  204 - 2050 (WARM, Acute) * 1.6 (1.1 - 2.0) 5 5 0 4.1 (1.3 - 4.6) 3 3 0

Total Chromium ug/L 0.5 18.0 (5.4 - 23.8) 5 5 0 4.4 (2.2 - 5.7) 3 3 0

Dissolved Chromium +6 ug/L 5 16 (WARM, Acute) 0.4 (ND - 0.5) 5 4 0 0.3 (ND - 0.6) 3 2 0

Total Chromium +6 ug/L 5 0.4 (ND - 0.5) 5 4 0 0.3 (ND - 0.6) 3 2 0

Dissolved Copper ug/L 0.5  4- 61     (WARM, Acute) * 7.5 (5.1 - 14.3) 5 5 0 6.2 (4.0 - 9.3) 3 3 0

Total Copper ug/L 0.5 31.8 (27.8 - 170.0) 5 5 0 9.5 (9.3 - 16.6) 3 3 0

Dissolved Iron ug/L 100 77.5 (ND - 340.0) 5 4 0 ND (ND - ND) 3 0 0

Total Iron ug/L 100 8,470 (3,220 - 19,900) 5 5 0 114 (91 - 119) 3 3 0

Dissolved Lead ug/L 0.5 14 - 350 (WARM, Acute) * 1.1 (0.7 - 3.2) 5 5 0 ND (ND - ND) 3 0 0

Total Lead ug/L 0.5 30.8 (12.9 - 58.8) 5 5 0 0.7 (0.6 - 0.8) 3 3 0

Dissolved Mercury ug/L 0.5 ND (ND - ND) 5 0 0 ND (ND - ND) 3 0 0

Total Mercury ug/L 0.5  0.051  (Fish consumption) ND (ND - ND) 5 0 0 ND (ND - ND) 3 0 0

Dissolved Nickel ug/L 1  150 -  1,800 (WARM, Acute) * 2.6 (1.8 - 7.4) 5 5 0 4.0 (3.9 - 5.5) 3 3 0

Total Nickel ug/L 1 15.3 (7.1 - 23.8) 5 5 0 4.7 (4.5 - 6.2) 3 3 0

Dissolved Selenium ug/L 1 ND (ND - 1.0) 5 2 0 4.8 (3.7 - 5.8) 3 3 0

Total Selenium ug/L 1 1.0 (ND - 1.7) 5 4 0 4.8 (3.7 - 6.3) 3 3 0

Dissolved Silver ug/L 0.25  0.3 -  60 (WARM, Acute) * ND (ND - ND) 5 0 0 ND (ND - ND) 3 0 0

Total Silver ug/L 0.25 0.2 (ND - 0.6) 5 4 0 ND (ND - ND) 3 0 0

Dissolved Thallium ug/L 1 ND (ND - ND) 5 0 0 ND (ND - ND) 3 0 0

Total Thallium ug/L 1 ND (ND - 0.4) 5 2 0 ND (ND - ND) 3 0 0

Dissolved Zinc ug/L 1 40 -  450 (WARM, Acute) * 31 (14 - 54) 5 5 0 15 (10 - 20) 3 3 0

Total Zinc ug/L 1 193 (128 - 774) 5 5 0 20 (16 - 24) 3 3 0

*Trace element objectives that are shown as a range are calculated from the measured hardness using procedures established in the CTR.
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Constituent Units PQL Applicable Objective Median (Range) # Mes. # Det.

#Not

Attain. Median (Range) # Mes. # Det.

#Not

Attain.

ND = Not detected ND = Not detected

Oil and Grease mg/L 5 ND (ND - 0.7) 5 2 0 0.5 (ND - 1.3) 3 2 0

Total Phenols ug/L 1 ND (ND - ND) 4 0 0 ND (ND - ND) 2 0 0

Cyanide mg/L 0.005  0.022 (WARM) 0.0 (ND - 0.0) 5 3 0 0.0 (0.0 - 0.0) 3 3 0

pH NONE 0 6.5 - 8.5 (WARM) 
1

7.5 (6.9 - 8.2) 5 5 0 8.3 (7.5 - 8.5) 3 3 1

Dissolved Oxygen mg/L 5  5 (WARM) 9.3 (7.8 - 12.7) 5 5 0 8.2 (8.0 - 9.4) 3 3 0

Total Coliform MPN/100ml 20 28,000 (2,200 - 1,700,000) 5 5 0 9,000 (1,700 - 160,000) 3 3 0

Fecal Coliform MPN/100ml 20  400 (REC1) 
3

1,400 (80 - 900,000) 5 5 2 500 (230 - 1,300) 3 3 2

Fecal Streptococcus MPN/100ml 20 800 (40 - 300,000) 5 5 0 ND (ND - 230) 3 1 0

Fecal Enterococcus MPN/100ml 20 800 (40 - 240,000) 5 5 0 ND (ND - 230) 3 1 0

Chloride mg/L 2 150 (GWR, general) 49 (23 - 94) 5 5 0 108 (82 - 166) 3 3 1

Fluoride mg/L 0.1 0.1 (ND - 0.5) 5 4 0 0.5 (0.3 - 0.9) 3 3 0

Sulfate mg/L 1 300 (GWR, general) 58 (41 - 120) 5 5 0 117 (113 - 219) 3 3 0

Alkalinity mg/L 2 72 (50 - 138) 5 5 0 151 (119 - 172) 3 3 0

Hardness mg/L 2 145 (90 - 230) 5 5 0 236 (210 - 325) 3 3 0

Chemical Oxygen Demand mg/L 20 65 (46 - 67) 5 5 0 61 (25 - 63) 3 3 0

Total Petroleum Hydrocarbons mg/L 5 ND (ND - 1.1) 5 2 0 ND (ND - ND) 3 0 0

Specific Conductance umhos/cm 1 486 (275 - 845) 5 5 0 1,045 (828 - 1,241) 3 3 0

Total Dissolved Solids mg/L 2 750 (GWR, general) 290 (180 - 554) 5 5 0 620 (516 - 764) 3 3 1

Turbidity NTU 0.1 16.1 (3.3 - 30.5) 5 5 0 1.3 (1.2 - 1.8) 3 3 0

Total Suspended Solids mg/L 2 156 (16 - 261) 5 5 0 17 (13 - 21) 3 3 0

Volatile Suspended Solids mg/L 2 24.0 (4.0 - 45.0) 5 5 0 6.0 (3.0 - 7.0) 3 3 0

Methylene Blue Active Substances mg/L 0.5 0.1 (ND - 0.4) 5 4 0 0.1 (0.1 - 0.3) 3 3 0

Total Organic Carbon mg/L 1 7.1 (5.3 - 13.2) 5 5 0 9.5 (4.9 - 10.1) 3 3 0

Biochemical Oxygen Demand mg/L 2 8.0 (4.6 - 13.7) 5 5 0 11.7 (10.6 - 14.8) 3 3 0

Methyl-t-butyl-ether ug/L 1 ND (ND - ND) 5 0 0 ND (ND - ND) 3 0 0

Dissolved Phosphorus mg/L 0.05 0.2 (0.1 - 0.3) 5 5 0 0.3 (ND - 0.3) 3 2 0

Total Phosphorus mg/L 0.05 0.4 (0.1 - 0.6) 5 5 0 0.4 (ND - 0.5) 3 2 0

Ammonia (as N) mg/L 0.1 0.1 (ND - 1.0) 5 3 0 0.4 (0.3 - 0.4) 3 3 0

Ammonia (as NH3) mg/L 0.1  1 - 30  (WARM) 
2

0.1 (ND - 1.2) 5 3 0 0.5 (0.4 - 0.5) 3 3 0

Nitrate + Nitrite N mg/L 0.5 1.8 (1.1 - 5.6) 5 5 0 6.0 (5.7 - 6.2) 3 3 0

Nitrite - N mg/L 0.03 ND (ND - 0.0) 5 1 0 0.0 (ND - 0.1) 3 2 0

Kjeldahl-N mg/L 0.1 0.9 (0.6 - 3.2) 5 5 0 1.3 (1.2 - 2.0) 3 3 0

1

2

3 Wet weather suspension of swimming (REC1) applies to fecal coliform objective for 2008-09Event06, 2008-09Event09, and 2008-09Event21.

Notes:

Ammonia objective is calculated from Table 3-2 of the Basin Plan based on measured pH at time of sampling, assuming a temperature of 20 C

pH objective is not to exceed 8.5 nor fall below 6.5; dissolved oxygen objective is a minimum
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Table 4-4.5 

2008-2009 Summary of Water Quality Objectives Attainment for San Gabriel River Mass Emission Station (S14)

Beneficial Uses: IND, PROC, GWR, REC1, REC2, WARM, WILD, RARE
Wet Weather Events
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Constituent Units PQL Applicable Objective Median (Range) # Mes. # Det.

#Not

Attain. Median (Range) # Mes. # Det.

#Not

Attain.

Dry Weather Events

Table 4-4.5 

2008-2009 Summary of Water Quality Objectives Attainment for San Gabriel River Mass Emission Station (S14)

Beneficial Uses: IND, PROC, GWR, REC1, REC2, WARM, WILD, RARE
Wet Weather Events

Dissolved Aluminum ug/L 100 ND (ND - 165.0) 5 1 0 ND (ND - ND) 3 0 0

Total Aluminum ug/L 100 675 (ND - 2,340) 5 4 0 ND (ND - 292) 3 1 0

Dissolved Antimony ug/L 0.5 0.6 (0.5 - 1.1) 5 5 0 0.6 (0.5 - 0.9) 3 3 0

Total Antimony ug/L 0.5 1.2 (0.9 - 2.1) 5 5 0 0.7 (0.6 - 0.9) 3 3 0

Dissolved Arsenic ug/L 1  340 (WARM, Acute) 1.1 (1.0 - 1.6) 5 5 0 1.4 (1.2 - 1.6) 3 3 0

Total Arsenic ug/L 1 2.2 (1.7 - 2.9) 5 5 0 1.5 (1.2 - 1.6) 3 3 0

Dissolved Barium ug/L 10 29 (22 - 38) 5 5 0 42 (34 - 56) 3 3 0

Total Barium ug/L 10 85 (51 - 153) 5 5 0 52 (36 - 65) 3 3 0

Dissolved Beryllium ug/L 0.5 ND (ND - ND) 5 0 0 ND (ND - ND) 3 0 0

Total Beryllium ug/L 0.5 0.2 (ND - 0.4) 5 4 0 ND (ND - ND) 3 0 0

Dissolved Cadmium ug/L 0.25  1 - 26 (WARM, Acute) * ND (ND - 0.1) 5 1 0 ND (ND - 0.1) 3 1 0

Total Cadmium ug/L 0.25 0.5 (ND - 0.7) 5 4 0 ND (ND - 0.1) 3 1 0

Dissolved Chromium ug/L 0.5  204 - 2050 (WARM, Acute) * 1.4 (1.0 - 3.0) 5 5 0 1.1 (0.8 - 1.7) 3 3 0

Total Chromium ug/L 0.5 11.6 (3.5 - 25.7) 5 5 0 1.7 (1.0 - 3.0) 3 3 0

Dissolved Chromium +6 ug/L 5 16 (WARM, Acute) 0.3 (ND - 0.4) 5 3 0 ND (ND - 0.4) 3 1 0

Total Chromium +6 ug/L 5 0.3 (ND - 0.4) 5 3 0 ND (ND - 0.4) 3 1 0

Dissolved Copper ug/L 0.5  4- 61     (WARM, Acute) * 3.5 (3.1 - 5.8) 5 5 0 3.7 (3.0 - 5.2) 3 3 0

Total Copper ug/L 0.5 23.9 (11.4 - 43.8) 5 5 0 10.5 (7.1 - 10.7) 3 3 0

Dissolved Iron ug/L 100 95.9 (ND - 150.0) 5 4 0 ND (ND - 52.6) 3 1 0

Total Iron ug/L 100 7,740 (452 - 17,700) 5 5 0 375 (119 - 618) 3 3 0

Dissolved Lead ug/L 0.5 14 - 350 (WARM, Acute) * 1.1 (0.8 - 1.7) 5 5 0 0.3 (0.2 - 0.3) 3 3 0

Total Lead ug/L 0.5 14.6 (2.0 - 42.3) 5 5 0 1.5 (0.8 - 1.8) 3 3 0

Dissolved Mercury ug/L 0.5 ND (ND - ND) 5 0 0 ND (ND - ND) 3 0 0

Total Mercury ug/L 0.5  0.051  (Fish consumption) ND (ND - 0.2) 5 1 1 ND (ND - 0.1) 3 1 1

Dissolved Nickel ug/L 1  150 -  1,800 (WARM, Acute) * 3.0 (2.4 - 4.5) 5 5 0 4.3 (4.2 - 4.7) 3 3 0

Total Nickel ug/L 1 9.4 (5.2 - 18.6) 5 5 0 5.0 (4.8 - 5.8) 3 3 0

Dissolved Selenium ug/L 1 0.7 (ND - 1.2) 5 3 0 1.2 (1.2 - 2.1) 3 3 0

Total Selenium ug/L 1 0.7 (ND - 1.4) 5 4 0 1.4 (1.4 - 2.4) 3 3 0

Dissolved Silver ug/L 0.25  0.3 -  60 (WARM, Acute) * ND (ND - ND) 5 0 0 ND (ND - ND) 3 0 0

Total Silver ug/L 0.25 ND (ND - 0.2) 5 2 0 ND (ND - ND) 3 0 0

Dissolved Thallium ug/L 1 ND (ND - ND) 5 0 0 ND (ND - ND) 3 0 0

Total Thallium ug/L 1 ND (ND - 0.2) 5 1 0 ND (ND - ND) 3 0 0

Dissolved Zinc ug/L 1 40 -  450 (WARM, Acute) * 19 (15 - 36) 5 5 0 32 (26 - 35) 3 3 0

Total Zinc ug/L 1 100 (48 - 223) 5 5 0 44 (28 - 46) 3 3 0

*Trace element objectives that are shown as a range are calculated from the measured hardness using procedures established in the CTR.
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Constituent Units PQL Applicable Objective Median (Range) # Mes. # Det.

#Not

Attain. Median (Range) # Mes. # Det.

#Not

Attain.

ND = Not detected ND = Not detected

Oil and Grease mg/L 5 2.5 (0.5 - 5.4) 5 5 0 0.6 (0.5 - 1.2) 3 3 0

Total Phenols ug/L 1 ND (ND - ND) 4 0 0 ND (ND - 0.2) 2 0 0

Cyanide mg/L 0.005  0.022 (WARM) ND (ND - ND) 5 0 0 ND (ND - 0.0) 3 1 0

pH NONE 0 6.5 - 8.5 (WARM) 
1

6.8 (6.7 - 7.1) 5 5 0 8.7 (8.3 - 8.7) 3 3 2

Dissolved Oxygen mg/L 5  5 (WARM) 11.3 (10.2 - 12.5) 5 5 0 15.5 (15.0 - 16.6) 3 3 0

Total Coliform MPN/100ml 20 240,000 (90,000 - 900,000) 5 5 0 3,000 (300 - 30,000) 3 3 0

Fecal Coliform MPN/100ml 20  400 (REC1) 
3

22,000 (3,000 - 900,000) 5 5 2 90 (20 - 1,300) 3 3 1

Fecal Streptococcus MPN/100ml 20 30,000 (24,000 - 50,000) 5 5 0 230 (ND - 500) 3 2 0

Fecal Enterococcus MPN/100ml 20 30,000 (13,000 - 50,000) 5 5 0 230 (ND - 500) 3 2 0

Chloride mg/L 2 15 (11 - 22) 5 5 0 162 (159 - 164) 3 3 0

Fluoride mg/L 0.1 0.1 (ND - 0.3) 5 4 0 0.7 (0.7 - 0.8) 3 3 0

Sulfate mg/L 1 13 (11 - 24) 5 5 0 149 (122 - 152) 3 3 0

Alkalinity mg/L 2 28 (21 - 44) 5 5 0 201 (193 - 206) 3 3 0

Hardness mg/L 2 50 (30 - 110) 5 5 0 325 (300 - 330) 3 3 0

Chemical Oxygen Demand mg/L 20 48 (35 - 76) 5 5 0 89 (47 - 127) 3 3 0

Total Petroleum Hydrocarbons mg/L 5 1.5 (0.6 - 3.8) 5 5 0 ND (ND - ND) 3 0 0

Specific Conductance umhos/cm 1 136 (108 - 211) 5 5 0 1,285 (1,174 - 1,287) 3 3 0

Total Dissolved Solids mg/L 2 82 (64 - 138) 5 5 0 726 (724 - 810) 3 3 0

Turbidity NTU 0.1 10.4 (6.2 - 17.5) 5 5 0 2.3 (1.2 - 2.6) 3 3 0

Total Suspended Solids mg/L 2 169 (121 - 281) 5 5 0 21 (5 - 63) 3 3 0

Volatile Suspended Solids mg/L 2 56.0 (28.0 - 77.0) 5 5 0 6.0 (3.0 - 13.0) 3 3 0

Methylene Blue Active Substances mg/L 0.5 0.4 (0.3 - 0.6) 5 5 0 0.2 (0.2 - 0.5) 3 3 0

Total Organic Carbon mg/L 1 8.6 (7.0 - 15.8) 5 5 0 9.8 (5.4 - 17.6) 3 3 0

Biochemical Oxygen Demand mg/L 2 13.5 (7.7 - 21.4) 5 5 0 9.8 (8.8 - 15.4) 3 3 0

Methyl-t-butyl-ether ug/L 1 ND (ND - ND) 5 0 0 ND (ND - ND) 3 0 0

Dissolved Phosphorus mg/L 0.05 0.2 (ND - 0.4) 5 4 0 0.3 (ND - 0.3) 3 2 0

Total Phosphorus mg/L 0.05 0.5 (0.4 - 0.7) 5 5 0 0.4 (0.4 - 0.6) 3 3 0

Ammonia (as N) mg/L 0.1 0.2 (ND - 0.7) 5 4 0 0.1 (ND - 0.2) 3 2 0

Ammonia (as NH3) mg/L 0.1  1 - 30  (WARM) 
2

0.3 (ND - 0.8) 5 4 0 0.2 (0.1 - 0.2) 3 3 0

Nitrate + Nitrite N mg/L 0.5 0.8 (0.6 - 1.4) 5 5 0 2.3 (1.3 - 2.9) 3 3 0

Nitrite - N mg/L 0.03 ND (ND - 0.0) 5 1 0 ND (ND - 0.0) 3 1 0

Kjeldahl-N mg/L 0.1 0.8 (0.6 - 3.7) 5 5 0 1.4 (0.8 - 2.5) 3 3 0

1

2

3 Wet weather suspension of swimming (REC1) applies to fecal coliform objective for 2008-09Event06, 2008-09Event09, and 2008-09Event21.

Table 4-4.6 

2008-2009 Summary of Water Quality Objectives Attainment for Dominguez Channel Mass Emission Station (S28)

Beneficial Uses: IND, PROC, GWR, REC1, REC2, WARM, WILD, MAR, RARE
Wet Weather Events
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Dry Weather Events

Notes:

Ammonia objective is calculated from Table 3-2 of the Basin Plan based on measured pH at time of sampling, assuming a temperature of 20 C

pH objective is not to exceed 8.5 nor fall below 6.5; dissolved oxygen objective is a minimum
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Constituent Units PQL Applicable Objective Median (Range) # Mes. # Det.

#Not

Attain. Median (Range) # Mes. # Det.

#Not

Attain.

Table 4-4.6 

2008-2009 Summary of Water Quality Objectives Attainment for Dominguez Channel Mass Emission Station (S28)

Beneficial Uses: IND, PROC, GWR, REC1, REC2, WARM, WILD, MAR, RARE
Wet Weather Events Dry Weather Events

Dissolved Aluminum ug/L 100 ND (ND - 348.0) 5 1 0 ND (ND - ND) 3 0 0

Total Aluminum ug/L 100 388 (245 - 1,860) 5 5 0 ND (ND - 93) 3 1 0

Dissolved Antimony ug/L 0.5 1.7 (1.2 - 2.6) 5 5 0 1.4 (1.3 - 2.5) 3 3 0

Total Antimony ug/L 0.5 3.7 (2.6 - 4.4) 5 5 0 1.5 (1.3 - 2.5) 3 3 0

Dissolved Arsenic ug/L 1  340 (WARM, Acute) 1.4 (1.1 - 1.4) 5 5 0 1.8 (1.7 - 1.9) 3 3 0

Total Arsenic ug/L 1 2.2 (1.8 - 2.5) 5 5 0 1.9 (1.8 - 2.1) 3 3 0

Dissolved Barium ug/L 10 21 (16 - 24) 5 5 0 74 (73 - 81) 3 3 0

Total Barium ug/L 10 84 (51 - 111) 5 5 0 82 (76 - 88) 3 3 0

Dissolved Beryllium ug/L 0.5 ND (ND - ND) 5 0 0 ND (ND - ND) 3 0 0

Total Beryllium ug/L 0.5 ND (ND - 0.2) 5 2 0 ND (ND - ND) 3 0 0

Dissolved Cadmium ug/L 0.25  1 - 26 (WARM, Acute) * ND (ND - 0.1) 5 2 0 0.1 (ND - 0.1) 3 2 0

Total Cadmium ug/L 0.25 0.6 (0.4 - 0.8) 5 5 0 0.2 (ND - 0.2) 3 2 0

Dissolved Chromium ug/L 0.5  204 - 2050 (WARM, Acute) * 2.1 (1.4 - 2.3) 5 5 0 1.9 (1.2 - 3.5) 3 3 0

Total Chromium ug/L 0.5 10.3 (7.6 - 12.8) 5 5 0 2.3 (1.5 - 4.5) 3 3 0

Dissolved Chromium +6 ug/L 5 16 (WARM, Acute) 0.8 (0.3 - 1.3) 5 5 0 0.7 (ND - 0.9) 3 2 0

Total Chromium +6 ug/L 5 0.8 (0.3 - 1.3) 5 5 0 0.7 (ND - 0.9) 3 2 0

Dissolved Copper ug/L 0.5  4- 61     (WARM, Acute) * 14.2 (13.8 - 21.6) 5 5 5 8.9 (7.2 - 18.2) 3 3 0

Total Copper ug/L 0.5 54.6 (46.3 - 92.4) 5 5 0 14.9 (14.2 - 24.4) 3 3 0

Dissolved Iron ug/L 100 82.7 (59.9 - 210.0) 5 5 0 ND (ND - ND) 3 0 0

Total Iron ug/L 100 3,270 (2,590 - 4,580) 5 5 0 203 (97 - 397) 3 3 0

Dissolved Lead ug/L 0.5 14 - 350 (WARM, Acute) * 1.6 (1.5 - 2.5) 5 5 0 0.2 (0.2 - 0.4) 3 3 0

Total Lead ug/L 0.5 22.9 (14.7 - 26.3) 5 5 0 1.3 (0.8 - 1.6) 3 3 0

Dissolved Mercury ug/L 0.5 ND (ND - ND) 5 0 0 ND (ND - ND) 3 0 0

Total Mercury ug/L 0.5  0.051  (Fish consumption) ND (ND - 0.1) 5 1 1 ND (ND - ND) 3 0 0

Dissolved Nickel ug/L 1  150 -  1,800 (WARM, Acute) * 2.4 (2.3 - 6.3) 5 5 0 4.0 (3.6 - 6.0) 3 3 0

Total Nickel ug/L 1 9.3 (6.3 - 12.4) 5 5 0 5.0 (4.2 - 6.5) 3 3 0

Dissolved Selenium ug/L 1 ND (ND - ND) 5 0 0 2.3 (2.1 - 4.1) 3 3 0

Total Selenium ug/L 1 ND (ND - 0.6) 5 1 0 2.5 (2.1 - 4.8) 3 3 0

Dissolved Silver ug/L 0.25  0.3 -  60 (WARM, Acute) * ND (ND - ND) 5 0 0 ND (ND - ND) 3 0 0

Total Silver ug/L 0.25 0.1 (ND - 0.2) 5 4 0 ND (ND - ND) 3 0 0

Dissolved Thallium ug/L 1 ND (ND - ND) 5 0 0 ND (ND - ND) 3 0 0

Total Thallium ug/L 1 ND (ND - ND) 5 0 0 ND (ND - ND) 3 0 0

Dissolved Zinc ug/L 1 40 -  450 (WARM, Acute) * 88 (83 - 148) 5 5 5 23 (11 - 26) 3 3 0

Total Zinc ug/L 1 254 (210 - 387) 5 5 0 31 (23 - 37) 3 3 0
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*Trace element objectives that are shown as a range are calculated from the measured hardness using procedures established in the CTR.
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Constituent Units PQL Applicable Objective Median (Range) # Mes. # Det.

#Not

Attain. Median (Range) # Mes. # Det.

#Not

Attain.

ND = Not detected ND = Not detected

Oil and Grease mg/L 5 1.3 (ND - 2.0) 4 3 0 ND (ND - 1.1) 3 1 0

Total Phenols ug/L 1 ND (ND - ND) 4 0 0 ND (ND - ND) 2 0 0

Cyanide mg/L 0.005  0.022 (WARM) ND (ND - ND) 4 0 0 0.0 (ND - 0.0) 3 2 0

pH NONE 0 6.5 - 8.5 (WARM) 
1

7.2 (6.7 - 8.0) 4 4 0 7.9 (7.5 - 7.9) 3 3 0

Dissolved Oxygen mg/L 5  5 (WARM) 11.6 (10.8 - 11.8) 4 4 0 9.6 (8.8 - 10.5) 3 3 0

Total Coliform MPN/100ml 20 125,000 (50,000 - 300,000) 4 4 0 3,000 (1,110 - 3,000) 3 3 0

Fecal Coliform MPN/100ml 20  400 (REC1) 7,000 (3,000 - 16,000) 4 4 4 230 (40 - 800) 3 3 1

Fecal Streptococcus MPN/100ml 20 20,000 (9,000 - 160,000) 4 4 0 230 (20 - 800) 3 3 0

Fecal Enterococcus MPN/100ml 20 20,000 (9,000 - 160,000) 4 4 0 80 (20 - 130) 3 3 0

Chloride mg/L 2 150 (GWR, AGR, general) 16 (14 - 24) 4 4 0 107 (104 - 109) 3 3 0

Fluoride mg/L 0.1 ND (ND - ND) 4 0 0 0.5 (0.4 - 0.6) 3 3 0

Sulfate mg/L 1 600 (GWR, AGR, general) 30 (23 - 35) 4 4 0 191 (189 - 200) 3 3 0

Alkalinity mg/L 2 50 (48 - 55) 4 4 0 262 (261 - 289) 3 3 0

Hardness mg/L 2 78 (70 - 90) 4 4 0 410 (390 - 416) 3 3 0

Chemical Oxygen Demand mg/L 20 36 (21 - 68) 4 4 0 59 (47 - 93) 3 3 0

Total Petroleum Hydrocarbons mg/L 5 0.7 (ND - 0.8) 4 3 0 ND (ND - ND) 3 0 0

Specific Conductance umhos/cm 1 225 (204 - 265) 4 4 0 1,220 (1,212 - 1,263) 3 3 0

Total Dissolved Solids mg/L 2 1,200 (GWR, AGR, general) 136 (130 - 174) 4 4 0 802 (764 - 810) 3 3 0

Turbidity NTU 0.1 144.9 (25.4 - 216.0) 4 4 0 0.6 (0.6 - 1.0) 3 3 0

Total Suspended Solids mg/L 2 681 (518 - 1,983) 4 4 0 5 (3 - 5) 3 3 0

Volatile Suspended Solids mg/L 2 93.5 (79.0 - 364.0) 4 4 0 2.0 (ND - 2.0) 3 2 0

Methylene Blue Active Substances mg/L 0.5 ND (ND - 0.1) 4 1 0 0.1 (ND - 0.1) 3 2 0

Total Organic Carbon mg/L 1 7.4 (3.6 - 10.6) 4 4 0 1.8 (1.7 - 2.1) 3 3 0

Biochemical Oxygen Demand mg/L 2 7.4 (6.3 - 10.7) 4 4 0 ND (ND - ND) 3 0 0

Methyl-t-butyl-ether ug/L 1 ND (ND - ND) 4 0 0 ND (ND - ND) 3 0 0

Dissolved Phosphorus mg/L 0.05 0.2 (0.1 - 0.4) 4 4 0 0.2 (ND - 0.2) 3 2 0

Total Phosphorus mg/L 0.05 0.8 (0.7 - 0.9) 4 4 0 0.2 (ND - 0.2) 3 2 0

Ammonia (as N) mg/L 0.1 ND (ND - 0.2) 4 2 0 ND (ND - ND) 3 0 0

Ammonia (as NH3) mg/L 0.1  1 - 30  (WARM) 
2

ND (ND - 0.2) 4 2 0 ND (ND - ND) 3 0 0

Nitrate + Nitrite N mg/L 0.5 0.8 (0.6 - 1.0) 4 4 0 1.8 (1.4 - 1.8) 3 3 0

Nitrite - N mg/L 0.03 ND (ND - ND) 4 0 0 ND (ND - ND) 3 0 0

Kjeldahl-N mg/L 0.1 0.8 (0.5 - 1.4) 4 4 0 0.4 (0.4 - 0.7) 3 3 0

1

2

Notes:

Ammonia objective is calculated from Table 3-2 of the Basin Plan based on measured pH at time of sampling, assuming a temperature of 20 C

pH objective is not to exceed 8.5 nor fall below 6.5; dissolved oxygen objective is a minimum
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Table 4-4.7 

2008-2009 Summary of Water Quality Objectives Attainment for Santa Clara River Mass Emission Station (S29)

Beneficial Uses: IND, PROC, AGR, GWR, FRSH, REC1, REC2, WARM, WILD, RARE, WET
Wet Weather Events
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Constituent Units PQL Applicable Objective Median (Range) # Mes. # Det.

#Not

Attain. Median (Range) # Mes. # Det.

#Not

Attain.

Dry Weather Events

Table 4-4.7 

2008-2009 Summary of Water Quality Objectives Attainment for Santa Clara River Mass Emission Station (S29)

Beneficial Uses: IND, PROC, AGR, GWR, FRSH, REC1, REC2, WARM, WILD, RARE, WET
Wet Weather Events

Dissolved Aluminum ug/L 100 ND (ND - 752.0) 4 1 0 ND (ND - ND) 3 0 0

Total Aluminum ug/L 100 5,615 (171 - 7,690) 4 4 0 ND (ND - ND) 3 0 0

Dissolved Antimony ug/L 0.5 0.7 (0.6 - 0.7) 4 4 0 0.2 (ND - 0.3) 3 2 0

Total Antimony ug/L 0.5 1.2 (1.0 - 1.5) 4 4 0 0.2 (0.2 - 0.3) 3 3 0

Dissolved Arsenic ug/L 1  340 (WARM, Acute) 1.2 (0.9 - 1.3) 4 4 0 1.2 (1.2 - 1.4) 3 3 0

Total Arsenic ug/L 1 4.2 (2.8 - 4.3) 4 4 0 1.4 (1.3 - 1.5) 3 3 0

Dissolved Barium ug/L 10 26 (20 - 31) 4 4 0 57 (54 - 62) 3 3 0

Total Barium ug/L 10 337 (126 - 495) 4 4 0 62 (58 - 65) 3 3 0

Dissolved Beryllium ug/L 0.5 ND (ND - ND) 4 0 0 ND (ND - ND) 3 0 0

Total Beryllium ug/L 0.5 0.8 (0.5 - 1.1) 4 4 0 ND (ND - ND) 3 0 0

Dissolved Cadmium ug/L 0.25  1 - 26 (WARM, Acute) * ND (ND - ND) 4 0 0 ND (ND - 0.1) 3 1 0

Total Cadmium ug/L 0.25 1.3 (0.4 - 1.3) 4 4 0 ND (ND - 0.1) 3 1 0

Dissolved Chromium ug/L 0.5  204 - 2050 (WARM, Acute) * 1.3 (0.9 - 1.9) 4 4 0 2.6 (2.3 - 3.2) 3 3 0

Total Chromium ug/L 0.5 37.9 (17.1 - 46.4) 4 4 0 2.9 (2.9 - 4.1) 3 3 0

Dissolved Chromium +6 ug/L 5 16 (WARM, Acute) ND (ND - 0.3) 4 2 0 ND (ND - ND) 3 0 0

Total Chromium +6 ug/L 5 ND (ND - 0.3) 4 2 0 ND (ND - ND) 3 0 0

Dissolved Copper ug/L 0.5  4- 61     (WARM, Acute) * 4.0 (3.7 - 5.3) 4 4 0 1.6 (1.0 - 1.7) 3 3 0

Total Copper ug/L 0.5 44.3 (24.6 - 51.7) 4 4 0 6.8 (4.4 - 7.9) 3 3 0

Dissolved Iron ug/L 100 243.5 (171.0 - 434.0) 4 4 0 ND (ND - ND) 3 0 0

Total Iron ug/L 100 35,300 (12,100 - 44,400) 4 4 0 84 (74 - 97) 3 3 0

Dissolved Lead ug/L 0.5 14 - 350 (WARM, Acute) * 1.4 (1.1 - 2.4) 4 4 0 ND (ND - ND) 3 0 0

Total Lead ug/L 0.5 40.8 (15.3 - 110.0) 4 4 0 0.4 (0.3 - 0.7) 3 3 0

Dissolved Mercury ug/L 0.5 ND (ND - ND) 4 0 0 ND (ND - ND) 3 0 0

Total Mercury ug/L 0.5  0.051  (Fish consumption) ND (ND - ND) 4 0 0 ND (ND - ND) 3 0 0

Dissolved Nickel ug/L 1  150 -  1,800 (WARM, Acute) * 2.5 (1.8 - 3.4) 4 4 0 10.9 (10.2 - 10.9) 3 3 0

Total Nickel ug/L 1 27.9 (11.9 - 31.0) 4 4 0 11.6 (10.8 - 11.6) 3 3 0

Dissolved Selenium ug/L 1 ND (ND - ND) 4 0 0 2.2 (2.0 - 2.3) 3 3 0

Total Selenium ug/L 1 ND (ND - 0.8) 4 1 0 2.6 (2.3 - 2.9) 3 3 0

Dissolved Silver ug/L 0.25  0.3 -  60 (WARM, Acute) * ND (ND - ND) 4 0 0 ND (ND - ND) 3 0 0

Total Silver ug/L 0.25 0.3 (0.1 - 0.4) 4 4 0 ND (ND - ND) 3 0 0

Dissolved Thallium ug/L 1 ND (ND - ND) 4 0 0 ND (ND - ND) 3 0 0

Total Thallium ug/L 1 0.2 (ND - 0.4) 4 3 0 ND (ND - ND) 3 0 0

Dissolved Zinc ug/L 1 40 -  450 (WARM, Acute) * 15 (12 - 27) 4 4 0 9 (7 - 11) 3 3 0

Total Zinc ug/L 1 166 (80 - 170) 4 4 0 17 (11 - 20) 3 3 0

*Trace element objectives that are shown as a range are calculated from the measured hardness using procedures established in the CTR.
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Table 4-4.1  2007-08 Summary of Water Quality Exceedances for Ballona Creek Mass Emission Station
Beneficial Uses 3:  MUN, REC1, REC2, WARM, WILD

Class Constituent PQL 1 
Units

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Conventional

Oil and Grease 1.00 mg/L 3 3 100 0 0 2 0 0 0 0

Total Phenols 0.10 mg/L 3 0 0 0 0 2 0 0 0 0

Cyanide 0.01 mg/L 3 2 67 1 33 2 0 0 0 0

pH 0-14 5 5 100 0 0 2 2 100 0 0

Dissolved Oxygen 1.00 mg/L 3 3 100 1 33 2 2 100 0 0

Indicator Bacteria

Total Coliform 20.00 MPN/100ml 3 3 100 0 0 2 2 100 0 0

Fecal Coliform 20.00 MPN/100ml 3 3 100 3 100 2 2 100 1 50

Ratio Fecal Coliform/Total Coliform 0 0

Fecal Streptococcus 20.00 MPN/100ml 3 3 100 0 0 2 2 100 0 0

Fecal Enterococcus MPN/100ml 3 3 100 0 0 2 2 100 0 0

General

Chloride 2.00 mg/L 5 5 100 0 0 2 2 100 0 0

Fluoride     f(temp) 2 0.10 mg/L 5 5 100 0 0 2 2 100 0 0

Nitrate 0.10 mg/L 5 0 0 0 0 2 0 0 0 0

Sulfate 0.10 mg/L 5 5 100 0 0 2 2 100 0 0

Alkalinity 4.00 mg/L 5 5 100 0 0 2 2 100 0 0

Hardness 2.00 mg/L 5 5 100 0 0 2 2 100 0 0

COD 10.00 mg/L 5 5 100 0 0 2 2 100 0 0

Total Petroleum Hydrocarbons 1.00 mg/L 3 3 100 0 0 2 0 0 0 0

Specific Conductance 1.00 umhos/cm 5 5 100 0 0 2 2 100 0 0

Total Dissolved Solids 2.00 mg/L 5 5 100 0 0 2 2 100 2 100

Turbidity 0.10 NTU 5 5 100 0 0 2 2 100 0 0

Total Suspended Solids 2.00 mg/L 5 5 100 0 0 2 2 100 0 0

Volatile Suspended Solids 1.00 mg/L 5 5 100 0 0 2 2 100 0 0

MBAS 0.05 mg/L 5 5 100 0 0 2 0 0 0 0

Total Organic Carbon 1.00 mg/L 5 5 100 0 0 2 2 100 0 0

BOD 2.00 mg/L 5 5 100 0 0 2 1 50 0 0

Methyl Tertiary Butyl Ether (MTBE) 1.00 ug/L 3 0 0 0 2 0 0 0

Nutrients

Dissolved Phosphorus 0.05 mg/L 5 5 100 0 0 2 2 100 0 0

Total Phosphorus 0.05 mg/L 5 5 100 0 0 2 2 100 0 0

NH3-N 0.10 mg/L 5 5 100 0 0 2 2 100 0 0

Nitrate-N 0.50 mg/L 5 0 0 0 0 2 0 0 0 0

Nitrite-N 0.03 mg/L 5 2 40 0 0 2 0 0 0 0

Kjeldahl-N 0.10 mg/L 5 5 100 0 2 2 100 0

Metals

Dissolved Aluminum 100.00 ug/l 5 0 0 0 0 2 0 0 0 0

Total Aluminum 100.00 ug/l 5 5 100 5 100 2 1 50 0 0

Dissolved Antimony 5.00 ug/l 5 5 100 0 0 2 1 50 0 0

Total Antimony 5.00 ug/l 5 5 100 1 20 2 1 50 0 0

Dissolved Arsenic 5.00 ug/l 5 5 100 0 0 2 2 100 0 0

Total Arsenic 5.00 ug/l 5 5 100 0 0 2 2 100 0 0

Dissolved Barium 10.00 ug/L 5 5 100 0 2 2 100 0

Total Barium 10.00 ug/L 5 5 100 0 2 2 100 0

Dissolved Berylium 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

Total Beryllium 1.00 ug/l 5 1 20 0 0 2 0 0 0 0

Dissolved Cadmium 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

Total Cadmium 1.00 ug/l 5 5 100 1 20 2 0 0 0 0

Dissolved Chromium 5.00 ug/l 5 5 100 0 0 2 2 100 0 0

Total Chromium 5.00 ug/l 5 5 100 1 20 2 2 100 0 0

Wet Weather Dry Weather

1 of 4
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Table 4-4.1  2007-08 Summary of Water Quality Exceedances for Ballona Creek Mass Emission Station
Beneficial Uses 3:  MUN, REC1, REC2, WARM, WILD

Class Constituent PQL 1 
Units

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Dissolved Chromium +6 10.00 ug/l 5 1 20 0 0 2 0 0 0 0

Total Chromium +6 10.00 ug/l 5 4 80 0 0 2 2 100 0 0

Dissolved Copper 5.00 ug/l 5 5 100 1 20 2 2 100 0 0

Total Copper 5.00 ug/l 5 5 100 5 100 2 2 100 0 0

Dissolved Iron 100.00 ug/l 5 2 40 0 0 2 0 0 0 0

Total Iron 100.00 ug/l 5 5 100 0 0 2 2 100 0 0

Dissolved Lead 5.00 ug/l 5 5 100 0 0 2 0 0 0 0

Total Lead 5.00 ug/l 5 5 100 1 20 2 2 100 0 0

Dissolved Mercury 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

Total Mercury 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

Dissolved Nickel 5.00 ug/l 5 5 100 0 0 2 2 100 0 0

Total Nickel 5.00 ug/l 5 5 100 0 0 2 2 100 0 0

Dissolved Selenium 5.00 ug/l 5 1 20 0 0 2 2 100 0 0

Total Selenium 5.00 ug/l 5 1 20 0 0 2 2 100 0 0

Dissolved Silver 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

Total Silver 1.00 ug/l 5 4 80 1 20 2 0 0 0 0

Dissolved Thallium 5.00 ug/l 5 0 0 0 0 2 0 0 0 0

Total Thallium 5.00 ug/l 5 0 0 0 0 2 0 0 0 0

Dissolved Zinc 50.00 ug/l 5 5 100 0 0 2 1 50 0 0

Total Zinc 50.00 ug/l 5 5 100 4 80 2 2 100 0

Semi-Volatiles Organics (EPA 625)

2- Chlorophenol 2.00 ug/l 5 0 0 0 0 2 0 0 0 0

2,4-dichlorophenol 2.00 ug/l 5 0 0 0 0 2 0 0 0 0

2,4-dimethylphenol 2.00 ug/l 5 0 0 0 0 2 0 0 0 0

2,4-dinitrophenol 3.00 ug/l 5 0 0 0 0 2 0 0 0 0

2-nitrophenol 3.00 ug/l 5 0 0 0 0 2 0 0 0 0

4-nitrophenol 3.00 ug/l 5 0 0 0 0 2 0 0 0 0

4-chloro_3_methylphenol 3.00 ug/l 5 0 0 0 0 2 0 0 0 0

Pentachlorophenol 2.00 ug/l 5 0 0 0 0 2 0 0 0 0

Phenol 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

2,4,6-trichlophenol 1.00 ug/l 5 0 0 0 2 0 0 0

Base/Neutral

Acenaphthene 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

Acenaphthylene 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

Anthracene 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

Benzidine 3.00 ug/l 5 0 0 0 0 2 0 0 0 0

1,2 Benzanthracene 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Benzo(a)pyrene 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Benzo(g,h,i)perylene 1.00 ug/L 5 0 0 0 0 2 0 0 0 0

3,4 Benzofluoranthene 2.00 ug/L 5 0 0 0 0 2 0 0 0 0

Benzo(k)flouranthene 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Bis(2-Chloroethoxy) methane 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Bis(2-Chloroisopropyl) ether 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

Bis(2-Chloroethyl) ether 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Bis(2-Ethylhexl) phthalate 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

4-Bromophenyl phenyl ether 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

Butyl benzyl phthalate 0.30 ug/l 5 0 0 0 0 2 0 0 0 0

2-Chloroethyl vinyl ether 2.50 ug/l 3 0 0 0 0 2 0 0 0 0

2-Chloronaphthalene 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

4-Chlorophenyl phenyl ether 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Chrysene 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Dibenzo(a,h)anthracene 0.10 ug/l 5 0 0 0 0 2 0 0 0 0
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Table 4-4.1  2007-08 Summary of Water Quality Exceedances for Ballona Creek Mass Emission Station
Beneficial Uses 3:  MUN, REC1, REC2, WARM, WILD

Class Constituent PQL 1 
Units

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

1,3-Dichlorobenzene 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

1,4-Dichlorobenzene 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

1,2-Dichlorobenzene 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

3,3-Dichlorobenzidine 3.00 ug/l 5 0 0 0 0 2 0 0 0 0

Diethyl phthalate 0.50 ug/l 5 0 0 0 0 2 0 0 0 0

Dimethyl phthalate 0.50 ug/l 5 0 0 0 0 2 0 0 0 0

di-n-Butyl phthalate 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

2,4-Dinitrotoluene 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

2,6-Dinitrotoluene 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

4,6 Dinitro-2-methylphenol 3.00 ug/l 5 0 0 0 0 2 0 0 0 0

1,2-Diphenylhydrazine 3.00 ug/l 5 0 0 0 0 2 0 0 0 0

di-n-Octyl phthalate 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

Fluoranthene 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Fluorene 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Hexachlorobenzene 0.50 ug/l 5 0 0 0 0 2 0 0 0 0

Hexachlorobutadiene 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

Hexachloro-cyclopentadiene 3.00 ug/l 5 0 0 0 0 2 0 0 0 0

Hexachloroethane 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

Indeno(1,2,3-cd)pyrene 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Isophorone 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

Naphthalene 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

Nitrobenzene 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

N-Nitroso-dimethyl amine 0.30 ug/l 5 0 0 0 0 2 0 0 0 0

N-Nitroso-diphenyl amine 0.30 ug/l 5 0 0 0 0 2 0 0 0 0

N-Nitroso-di-n-propyl amine 0.30 ug/l 5 0 0 0 0 2 0 0 0

Phenanthrene 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

Pyrene 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

1,2,4-Trichlorobenzene 0.50 ug/l 5 0 0 0 0 2 0 0 0 0

Chlorinated Pesticides

Aldrin 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

alpha-BHC 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

beta-BHC 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

delta-BHC 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

gamma-BHC (lindane) 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

alpha-chlordane 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

gamma-chlordane 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

Chlordane 0.10 ug/L 5 0 0 0 0 2 0 0 0 0

4,4'-DDD 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

4,4'-DDE 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

4,4'-DDT 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Dieldrin 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Endosulfan I [alpha] 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Endosulfan II [beta] 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Endosulfan sulfate 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Endrin 0.10 ug/l 5 0 0 0 2 0 0 0

Endrin aldehyde 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Heptachlor 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

Heptachlor Epoxide 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

Toxaphene 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

Polychlorinated Biphenyls 

Aroclor-1016 0.50 ug/l 5 0 0 0 0 2 0 0 0 0

Aroclor-1221 0.50 ug/l 5 0 0 0 0 2 0 0 0 0
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Table 4-4.1  2007-08 Summary of Water Quality Exceedances for Ballona Creek Mass Emission Station
Beneficial Uses 3:  MUN, REC1, REC2, WARM, WILD

Class Constituent PQL 1 
Units

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Aroclor-1232 0.50 ug/l 5 0 0 0 2 0 0 0

Aroclor-1242 0.50 ug/l 5 0 0 0 0 2 0 0 0 0

Aroclor-1248 0.50 ug/l 5 0 0 0 0 2 0 0 0 0

Aroclor-1254 0.50 ug/l 5 0 0 0 0 2 0 0 0 0

Aroclor-1260 0.50 ug/l 5 0 0 0 0 2 0 0 0 0

Organohosphate Pesticides

Chlorpyrifos 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

Diazinon 0.01 ug/l 5 1 20 0 0 2 0 0 0 0

Prometryn 2.00 ug/l 5 0 0 0 2 0 0 0

Atrazine 2.00 ug/l 5 0 0 0 0 2 0 0 0 0

Simazine 2.00 ug/l 5 0 0 0 0 2 0 0 0 0

Cyanazine 2.00 ug/l 5 0 0 0 0 2 0 0 0 0

Malathion 2.00 ug/l 5 0 0 0 2 0 0 0

Herbicides

Glyphosate 25.00 ug/l 5 0 0 0 0 2 0 0 0 0

2,4-D 10.00 ug/l 5 0 0 0 0 2 0 0 0 0

2,4,5-TP-SILVEX 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

Other

Ammonia 0.10 mg/L 5 5 100 5 100 2 2 100 0 0

Endrin ketone 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Methoxychlor 0.50 ug/l 5 0 0 0 0 2 0 0 0 0

1)

2)

3) Beneficial uses are defined as follows:  MUN - Municipal and Domestic Supply, IND - Industrial Service Supply, PROC - Industrial Process Supply,  AGR- Agriculural Uses, GWR - Ground Water 
Recharge, FRSH - Freshwater Replenishment, REC1 - Water Contact Recreation, REC2 - Non-Contact Water Recreation, WARM - Warm Freshwater Habitat, COLD - Cold Freshwater Habitat, 
MAR- Supports Marine Ecosystems, WILD - Wildlife Habitat, RARE - Rare, Threatened, or Endangered Species, MIGR - Migration of Aquatic Organisms, SPWN - Spawning, Reproduction, 
and/or Early Development, SHELL- Shellfish Harvesting, WET - Wetland Habitat

PQL = minimum level

This constituent is a function of the parameter(s) in parentheses.
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Table 4-4.2  2007-08 Summary of Water Quality Exceedances for Malibu Creek Mass Emission Station
Beneficial Uses 3:  MUN, REC1, REC2, COLD, WILD, RARE, MIGR, SPWN, WET

Class Constituent PQL 1 
Units

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Conventional

Oil and Grease 1.00 mg/L 3 0 0 0 0 2 0 0 0 0

Total Phenols 0.10 mg/L 3 0 0 0 0 2 0 0 0 0

Cyanide 0.01 mg/L 3 1 33 0 0 2 1 50 0 0

pH 0-14 4 4 100 0 0 2 2 100 0 0

Dissolved Oxygen 1.00 mg/L 3 3 100 0 0 2 2 100 0 0

Indicator Bacteria

Total Coliform 20.00 MPN/100ml 3 3 100 0 0 2 2 100 0 0

Fecal Coliform 20.00 MPN/100ml 3 3 100 1 33 2 2 100 0 0

Ratio Fecal Coliform/Total Coliform 0 0

Fecal Streptococcus 20.00 MPN/100ml 3 3 100 0 0 2 2 100 0 0

Fecal Enterococcus MPN/100ml 3 3 100 0 0 2 2 100 0 0

General

Chloride 2.00 mg/L 4 4 100 0 0 2 2 100 0 0

Fluoride     f(temp) 2 0.10 mg/L 4 4 100 0 0 2 2 100 0 0

Nitrate 0.10 mg/L 4 0 0 0 0 2 0 0 0 0

Sulfate 0.10 mg/L 4 4 100 4 100 2 2 100 1 50

Alkalinity 4.00 mg/L 4 4 100 0 0 2 2 100 0 0

Hardness 2.00 mg/L 4 4 100 0 0 2 2 100 0 0

COD 10.00 mg/L 4 4 100 0 0 2 2 100 0 0

Total Petroleum Hydrocarbons 1.00 mg/L 3 0 0 0 0 2 0 0 0 0

Specific Conductance 1.00 umhos/cm 4 4 100 0 0 2 2 100 0 0

Total Dissolved Solids 2.00 mg/L 4 4 100 1 25 2 2 100 1 50

Turbidity 0.10 NTU 4 4 100 0 0 2 2 100 0 0

Total Suspended Solids 2.00 mg/L 4 4 100 0 0 2 2 100 0 0

Volatile Suspended Solids 1.00 mg/L 4 4 100 0 0 2 2 100 0 0

MBAS 0.05 mg/L 4 4 100 0 0 2 1 50 0 0

Total Organic Carbon 1.00 mg/L 4 4 100 0 0 2 2 100 0 0

BOD 2.00 mg/L 4 4 100 0 0 2 0 0 0 0

Methyl Tertiary Butyl Ether (MTBE) 1.00 ug/L 3 0 0 0 2 0 0 0

Nutrients

Dissolved Phosphorus 0.05 mg/L 4 4 100 0 0 2 2 100 0 0

Total Phosphorus 0.05 mg/L 4 4 100 0 0 2 2 100 0 0

NH3-N 0.10 mg/L 4 2 50 0 0 2 0 0 0 0

Nitrate-N 0.50 mg/L 4 0 0 0 0 2 0 0 0 0

Nitrite-N 0.03 mg/L 4 0 0 0 0 2 0 0 0 0

Kjeldahl-N 0.10 mg/L 4 4 100 0 2 2 100 0

Metals

Dissolved Aluminum 100.00 ug/l 4 0 0 0 0 2 0 0 0 0

Total Aluminum 100.00 ug/l 4 3 75 1 25 2 0 0 0 0

Dissolved Antimony 5.00 ug/l 4 1 25 0 0 2 0 0 0 0

Total Antimony 5.00 ug/l 4 3 75 0 0 2 0 0 0 0

Dissolved Arsenic 5.00 ug/l 4 4 100 0 0 2 2 100 0 0

Total Arsenic 5.00 ug/l 4 4 100 0 0 2 2 100 0 0

Dissolved Barium 10.00 ug/L 4 4 100 0 2 2 100 0

Total Barium 10.00 ug/L 4 4 100 0 2 2 100 0

Dissolved Berylium 1.00 ug/l 4 0 0 0 0 2 0 0 0 0

Total Beryllium 1.00 ug/l 4 0 0 0 0 2 0 0 0 0

Wet Weather Dry Weather
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Table 4-4.2  2007-08 Summary of Water Quality Exceedances for Malibu Creek Mass Emission Station
Beneficial Uses 3:  MUN, REC1, REC2, COLD, WILD, RARE, MIGR, SPWN, WET

Class Constituent PQL 1 
Units

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Dissolved Cadmium 1.00 ug/l 4 2 50 0 0 2 0 0 0 0

Total Cadmium 1.00 ug/l 4 4 100 1 25 2 0 0 0 0

Dissolved Chromium 5.00 ug/l 4 3 75 0 0 2 2 100 0 0

Total Chromium 5.00 ug/l 4 4 100 0 0 2 2 100 0 0

Dissolved Chromium +6 10.00 ug/l 4 0 0 0 0 2 0 0 0 0

Total Chromium +6 10.00 ug/l 4 0 0 0 0 2 0 0 0 0

Dissolved Copper 5.00 ug/l 4 4 100 0 0 2 2 100 0 0

Total Copper 5.00 ug/l 4 4 100 0 0 2 2 100 0 0

Dissolved Iron 100.00 ug/l 4 0 0 0 0 2 0 0 0 0

Total Iron 100.00 ug/l 4 4 100 0 0 2 1 50 0 0

Dissolved Lead 5.00 ug/l 4 0 0 0 0 2 0 0 0 0

Total Lead 5.00 ug/l 4 4 100 0 0 2 1 50 0 0

Dissolved Mercury 1.00 ug/l 4 0 0 0 0 2 0 0 0 0

Total Mercury 1.00 ug/l 4 0 0 0 0 2 1 50 0 0

Dissolved Nickel 5.00 ug/l 4 4 100 0 0 2 2 100 0 0

Total Nickel 5.00 ug/l 4 4 100 0 0 2 2 100 0 0

Dissolved Selenium 5.00 ug/l 4 4 100 0 0 2 2 100 0 0

Total Selenium 5.00 ug/l 4 4 100 0 0 2 2 100 0 0

Dissolved Silver 1.00 ug/l 4 0 0 0 0 2 0 0 0 0

Total Silver 1.00 ug/l 4 1 25 0 0 2 0 0 0 0

Dissolved Thallium 5.00 ug/l 4 0 0 0 0 2 0 0 0 0

Total Thallium 5.00 ug/l 4 0 0 0 0 2 0 0 0 0

Dissolved Zinc 50.00 ug/l 4 3 75 0 0 2 1 50 0 0

Total Zinc 50.00 ug/l 4 4 100 0 2 2 100 0

Semi-Volatiles Organics (EPA 625)

2- Chlorophenol 2.00 ug/l 4 0 0 0 0 2 0 0 0 0

2,4-dichlorophenol 2.00 ug/l 4 0 0 0 0 2 0 0 0 0

2,4-dimethylphenol 2.00 ug/l 4 0 0 0 0 2 0 0 0 0

2,4-dinitrophenol 3.00 ug/l 4 0 0 0 0 2 0 0 0 0

2-nitrophenol 3.00 ug/l 4 0 0 0 0 2 0 0 0 0

4-nitrophenol 3.00 ug/l 4 0 0 0 0 2 0 0 0 0

4-chloro_3_methylphenol 3.00 ug/l 4 0 0 0 0 2 0 0 0 0

Pentachlorophenol 2.00 ug/l 4 0 0 0 0 2 0 0 0 0

Phenol 1.00 ug/l 4 0 0 0 0 2 0 0 0 0

2,4,6-trichlophenol 1.00 ug/l 4 0 0 0 2 0 0 0

Base/Neutral

Acenaphthene 0.05 ug/l 4 0 0 0 0 2 0 0 0 0

Acenaphthylene 0.05 ug/l 4 0 0 0 0 2 0 0 0 0

Anthracene 0.05 ug/l 4 0 0 0 0 2 0 0 0 0

Benzidine 3.00 ug/l 4 0 0 0 0 2 0 0 0 0

1,2 Benzanthracene 0.10 ug/l 4 0 0 0 0 2 0 0 0 0

Benzo(a)pyrene 0.10 ug/l 4 0 0 0 0 2 0 0 0 0

Benzo(g,h,i)perylene 1.00 ug/L 4 0 0 0 0 2 0 0 0 0

3,4 Benzofluoranthene 2.00 ug/L 4 0 0 0 0 2 0 0 0 0

Benzo(k)flouranthene 0.10 ug/l 4 0 0 0 0 2 0 0 0 0

Bis(2-Chloroethoxy) methane 0.10 ug/l 4 0 0 0 0 2 0 0 0 0

Bis(2-Chloroisopropyl) ether 1.00 ug/l 4 0 0 0 0 2 0 0 0 0

Bis(2-Chloroethyl) ether 0.10 ug/l 4 0 0 0 0 2 0 0 0 0
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Table 4-4.2  2007-08 Summary of Water Quality Exceedances for Malibu Creek Mass Emission Station
Beneficial Uses 3:  MUN, REC1, REC2, COLD, WILD, RARE, MIGR, SPWN, WET

Class Constituent PQL 1 
Units

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Bis(2-Ethylhexl) phthalate 1.00 ug/l 4 0 0 0 0 2 0 0 0 0

4-Bromophenyl phenyl ether 1.00 ug/l 4 0 0 0 0 2 0 0 0 0

Butyl benzyl phthalate 0.30 ug/l 4 0 0 0 0 2 0 0 0 0

2-Chloroethyl vinyl ether 2.50 ug/l 3 0 0 0 0 2 0 0 0 0

2-Chloronaphthalene 0.10 ug/l 4 0 0 0 0 2 0 0 0 0

4-Chlorophenyl phenyl ether 0.10 ug/l 4 0 0 0 0 2 0 0 0 0

Chrysene 0.10 ug/l 4 0 0 0 0 2 0 0 0 0

Dibenzo(a,h)anthracene 0.10 ug/l 4 0 0 0 0 2 0 0 0 0

1,3-Dichlorobenzene 0.05 ug/l 4 0 0 0 0 2 0 0 0 0

1,4-Dichlorobenzene 0.05 ug/l 4 0 0 0 0 2 0 0 0 0

1,2-Dichlorobenzene 0.05 ug/l 4 0 0 0 0 2 0 0 0 0

3,3-Dichlorobenzidine 3.00 ug/l 4 0 0 0 0 2 0 0 0 0

Diethyl phthalate 0.50 ug/l 4 0 0 0 0 2 0 0 0 0

Dimethyl phthalate 0.50 ug/l 4 0 0 0 0 2 0 0 0 0

di-n-Butyl phthalate 1.00 ug/l 4 0 0 0 0 2 0 0 0 0

2,4-Dinitrotoluene 0.05 ug/l 4 0 0 0 0 2 0 0 0 0

2,6-Dinitrotoluene 0.05 ug/l 4 0 0 0 0 2 0 0 0 0

4,6 Dinitro-2-methylphenol 3.00 ug/l 4 0 0 0 0 2 0 0 0 0

1,2-Diphenylhydrazine 3.00 ug/l 4 0 0 0 0 2 0 0 0 0

di-n-Octyl phthalate 1.00 ug/l 4 0 0 0 0 2 0 0 0 0

Fluoranthene 0.10 ug/l 4 0 0 0 0 2 0 0 0 0

Fluorene 0.10 ug/l 4 0 0 0 0 2 0 0 0 0

Hexachlorobenzene 0.50 ug/l 4 0 0 0 0 2 0 0 0 0

Hexachlorobutadiene 1.00 ug/l 4 0 0 0 0 2 0 0 0 0

Hexachloro-cyclopentadiene 3.00 ug/l 4 0 0 0 0 2 0 0 0 0

Hexachloroethane 1.00 ug/l 4 0 0 0 0 2 0 0 0 0

Indeno(1,2,3-cd)pyrene 0.10 ug/l 4 0 0 0 0 2 0 0 0 0

Isophorone 0.05 ug/l 4 0 0 0 0 2 0 0 0 0

Naphthalene 0.05 ug/l 4 0 0 0 0 2 0 0 0 0

Nitrobenzene 0.05 ug/l 4 0 0 0 0 2 0 0 0 0

N-Nitroso-dimethyl amine 0.30 ug/l 4 0 0 0 0 2 0 0 0 0

N-Nitroso-diphenyl amine 0.30 ug/l 4 0 0 0 0 2 0 0 0 0

N-Nitroso-di-n-propyl amine 0.30 ug/l 4 0 0 0 2 0 0 0

Phenanthrene 0.05 ug/l 4 0 0 0 0 2 0 0 0 0

Pyrene 0.05 ug/l 4 0 0 0 0 2 0 0 0 0

1,2,4-Trichlorobenzene 0.50 ug/l 4 0 0 0 0 2 0 0 0 0

Chlorinated Pesticides

Aldrin 0.05 ug/l 4 0 0 0 0 2 0 0 0 0

alpha-BHC 0.05 ug/l 4 0 0 0 0 2 0 0 0 0

beta-BHC 0.05 ug/l 4 0 0 0 0 2 0 0 0 0

delta-BHC 0.05 ug/l 4 0 0 0 0 2 0 0 0 0

gamma-BHC (lindane) 0.05 ug/l 4 0 0 0 0 2 0 0 0 0

alpha-chlordane 0.05 ug/l 4 0 0 0 0 2 0 0 0 0

gamma-chlordane 0.05 ug/l 4 0 0 0 0 2 0 0 0 0

Chlordane 0.10 ug/L 4 0 0 0 0 2 0 0 0 0

4,4'-DDD 0.10 ug/l 4 0 0 0 0 2 0 0 0 0

4,4'-DDE 0.10 ug/l 4 0 0 0 0 2 0 0 0 0

4,4'-DDT 0.10 ug/l 4 0 0 0 0 2 0 0 0 0
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Table 4-4.2  2007-08 Summary of Water Quality Exceedances for Malibu Creek Mass Emission Station
Beneficial Uses 3:  MUN, REC1, REC2, COLD, WILD, RARE, MIGR, SPWN, WET

Class Constituent PQL 1 
Units

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Dieldrin 0.10 ug/l 4 0 0 0 0 2 0 0 0 0

Endosulfan I [alpha] 0.10 ug/l 4 0 0 0 0 2 0 0 0 0

Endosulfan II [beta] 0.10 ug/l 4 0 0 0 0 2 0 0 0 0

Endosulfan sulfate 0.10 ug/l 4 0 0 0 0 2 0 0 0 0

Endrin 0.10 ug/l 4 0 0 0 2 0 0 0

Endrin aldehyde 0.10 ug/l 4 0 0 0 0 2 0 0 0 0

Heptachlor 0.05 ug/l 4 0 0 0 0 2 0 0 0 0

Heptachlor Epoxide 0.05 ug/l 4 0 0 0 0 2 0 0 0 0

Toxaphene 1.00 ug/l 4 0 0 0 0 2 0 0 0 0

Polychlorinated Biphenyls 

Aroclor-1016 0.50 ug/l 4 0 0 0 0 2 0 0 0 0

Aroclor-1221 0.50 ug/l 4 0 0 0 0 2 0 0 0 0

Aroclor-1232 0.50 ug/l 4 0 0 0 2 0 0 0

Aroclor-1242 0.50 ug/l 4 0 0 0 0 2 0 0 0 0

Aroclor-1248 0.50 ug/l 4 0 0 0 0 2 0 0 0 0

Aroclor-1254 0.50 ug/l 4 0 0 0 0 2 0 0 0 0

Aroclor-1260 0.50 ug/l 4 0 0 0 0 2 0 0 0 0

Organohosphate Pesticides

Chlorpyrifos 0.05 ug/l 4 0 0 0 0 2 0 0 0 0

Diazinon 0.01 ug/l 4 0 0 0 0 2 0 0 0 0

Prometryn 2.00 ug/l 4 0 0 0 2 0 0 0

Atrazine 2.00 ug/l 4 0 0 0 0 2 0 0 0 0

Simazine 2.00 ug/l 4 0 0 0 0 2 0 0 0 0

Cyanazine 2.00 ug/l 4 0 0 0 0 2 0 0 0 0

Malathion 2.00 ug/l 4 0 0 0 2 0 0 0

Herbicides

Glyphosate 25.00 ug/l 4 0 0 0 0 2 0 0 0 0

2,4-D 10.00 ug/l 4 0 0 0 0 2 0 0 0 0

2,4,5-TP-SILVEX 1.00 ug/l 4 0 0 0 0 2 0 0 0 0

Other

Ammonia 0.10 mg/L 4 3 75 1 25 2 0 0 0 0

Endrin ketone 0.10 ug/l 4 0 0 0 0 2 0 0 0 0

Methoxychlor 0.50 ug/l 4 0 0 0 0 2 0 0 0 0

1)

2)

3) Beneficial uses are defined as follows:  MUN - Municipal and Domestic Supply, IND - Industrial Service Supply, PROC - Industrial Process Supply,  AGR- Agriculural Uses, GWR - Ground Water 
Recharge, FRSH - Freshwater Replenishment, REC1 - Water Contact Recreation, REC2 - Non-Contact Water Recreation, WARM - Warm Freshwater Habitat, COLD - Cold Freshwater Habitat, 
MAR- Supports Marine Ecosystems, WILD - Wildlife Habitat, RARE - Rare, Threatened, or Endangered Species, MIGR - Migration of Aquatic Organisms, SPWN - Spawning, Reproduction, 
and/or Early Development, SHELL- Shellfish Harvesting, WET - Wetland Habitat

PQL = minimum level

This constituent is a function of the parameter(s) in parentheses.
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Table 4-4.3  2007-08 Summary of Water Quality Exceedances for L.A. River Mass Emission Station
Beneficial Uses 3:  MUN, IND, PROC, GWR, REC1, REC2, WARM, MAR, WILD,RARE, MIGR, SPWN, SHELL

Class Constituent PQL 1 
Units

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Conventional

Oil and Grease 1.00 mg/L 3 3 100 0 0 2 0 0 0 0

Total Phenols 0.10 mg/L 3 2 67 0 0 2 0 0 0 0

Cyanide 0.01 mg/L 3 2 67 0 0 2 2 100 0 0

pH 0-14 5 5 100 0 0 2 2 100 0 0

Dissolved Oxygen 1.00 mg/L 3 3 100 0 0 2 2 100 0 0

Indicator Bacteria

Total Coliform 20.00 MPN/100ml 3 3 100 0 0 2 2 100 0 0

Fecal Coliform 20.00 MPN/100ml 3 3 100 3 100 2 2 100 1 50

Ratio Fecal Coliform/Total Coliform 0 0

Fecal Streptococcus 20.00 MPN/100ml 3 3 100 0 0 2 2 100 0 0

Fecal Enterococcus MPN/100ml 3 3 100 0 0 2 2 100 0 0

General

Chloride 2.00 mg/L 5 5 100 0 0 2 2 100 1 50

Fluoride     f(temp) 2 0.10 mg/L 5 5 100 0 0 2 2 100 0 0

Nitrate 0.10 mg/L 5 0 0 0 0 2 0 0 0 0

Sulfate 0.10 mg/L 5 5 100 0 0 2 2 100 0 0

Alkalinity 4.00 mg/L 5 5 100 0 0 2 2 100 0 0

Hardness 2.00 mg/L 5 5 100 0 0 2 2 100 0 0

COD 10.00 mg/L 5 5 100 0 0 2 2 100 0 0

Total Petroleum Hydrocarbons 1.00 mg/L 3 2 67 0 0 2 0 0 0 0

Specific Conductance 1.00 umhos/cm 5 5 100 0 0 2 2 100 0 0

Total Dissolved Solids 2.00 mg/L 5 5 100 0 0 2 2 100 0 0

Turbidity 0.10 NTU 5 5 100 0 0 2 2 100 0 0

Total Suspended Solids 2.00 mg/L 5 5 100 0 0 2 2 100 0 0

Volatile Suspended Solids 1.00 mg/L 5 5 100 0 0 2 2 100 0 0

MBAS 0.05 mg/L 5 5 100 0 0 2 2 100 0 0

Total Organic Carbon 1.00 mg/L 5 5 100 0 0 2 2 100 0 0

BOD 2.00 mg/L 5 5 100 0 0 2 2 100 0 0

Methyl Tertiary Butyl Ether (MTBE) 1.00 ug/L 3 0 0 0 2 0 0 0

Nutrients

Dissolved Phosphorus 0.05 mg/L 5 5 100 0 0 2 2 100 0 0

Total Phosphorus 0.05 mg/L 5 5 100 0 0 2 2 100 0 0

NH3-N 0.10 mg/L 5 5 100 0 0 2 1 50 0 0

Nitrate-N 0.50 mg/L 5 0 0 0 0 2 0 0 0 0

Nitrite-N 0.03 mg/L 5 3 60 0 0 2 2 100 0 0

Kjeldahl-N 0.10 mg/L 5 5 100 0 2 2 100 0

Metals

Dissolved Aluminum 100.00 ug/l 5 0 0 0 0 2 0 0 0 0

Total Aluminum 100.00 ug/l 5 5 100 4 80 2 1 50 0 0

Dissolved Antimony 5.00 ug/l 5 5 100 0 0 2 2 100 0 0

Total Antimony 5.00 ug/l 5 5 100 2 40 2 2 100 0 0

Dissolved Arsenic 5.00 ug/l 5 5 100 0 0 2 2 100 0 0

Total Arsenic 5.00 ug/l 5 5 100 0 0 2 2 100 0 0

Dissolved Barium 10.00 ug/L 5 5 100 0 2 2 100 0

Total Barium 10.00 ug/L 5 5 100 0 2 2 100 0

Dissolved Berylium 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

Total Beryllium 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

Wet Weather Dry Weather
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Table 4-4.3  2007-08 Summary of Water Quality Exceedances for L.A. River Mass Emission Station
Beneficial Uses 3:  MUN, IND, PROC, GWR, REC1, REC2, WARM, MAR, WILD,RARE, MIGR, SPWN, SHELL

Class Constituent PQL 1 
Units

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Dissolved Cadmium 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

Total Cadmium 1.00 ug/l 5 5 100 0 0 2 1 50 0 0

Dissolved Chromium 5.00 ug/l 5 5 100 0 0 2 2 100 0 0

Total Chromium 5.00 ug/l 5 5 100 0 0 2 2 100 0 0

Dissolved Chromium +6 10.00 ug/l 5 0 0 0 0 2 0 0 0 0

Total Chromium +6 10.00 ug/l 5 2 40 0 0 2 1 50 0 0

Dissolved Copper 5.00 ug/l 5 5 100 2 40 2 2 100 0 0

Total Copper 5.00 ug/l 5 5 100 5 100 2 2 100 0 0

Dissolved Iron 100.00 ug/l 5 3 60 0 0 2 0 0 0 0

Total Iron 100.00 ug/l 5 5 100 0 0 2 2 100 0 0

Dissolved Lead 5.00 ug/l 5 5 100 0 0 2 0 0 0 0

Total Lead 5.00 ug/l 5 5 100 3 60 2 2 100 0 0

Dissolved Mercury 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

Total Mercury 1.00 ug/l 5 0 0 0 0 2 1 50 0 0

Dissolved Nickel 5.00 ug/l 5 5 100 0 0 2 2 100 0 0

Total Nickel 5.00 ug/l 5 5 100 0 0 2 2 100 0 0

Dissolved Selenium 5.00 ug/l 5 1 20 0 0 2 2 100 0 0

Total Selenium 5.00 ug/l 5 2 40 0 0 2 2 100 0 0

Dissolved Silver 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

Total Silver 1.00 ug/l 5 4 80 0 0 2 0 0 0 0

Dissolved Thallium 5.00 ug/l 5 0 0 0 0 2 0 0 0 0

Total Thallium 5.00 ug/l 5 0 0 0 0 2 0 0 0 0

Dissolved Zinc 50.00 ug/l 5 5 100 1 20 2 2 100 0 0

Total Zinc 50.00 ug/l 5 5 100 5 100 2 2 100 0

Semi-Volatiles Organics (EPA 625)

2- Chlorophenol 2.00 ug/l 5 0 0 0 0 2 0 0 0 0

2,4-dichlorophenol 2.00 ug/l 5 0 0 0 0 2 0 0 0 0

2,4-dimethylphenol 2.00 ug/l 5 0 0 0 0 2 0 0 0 0

2,4-dinitrophenol 3.00 ug/l 5 0 0 0 0 2 0 0 0 0

2-nitrophenol 3.00 ug/l 5 0 0 0 0 2 0 0 0 0

4-nitrophenol 3.00 ug/l 5 0 0 0 0 2 0 0 0 0

4-chloro_3_methylphenol 3.00 ug/l 5 0 0 0 0 2 0 0 0 0

Pentachlorophenol 2.00 ug/l 5 0 0 0 0 2 0 0 0 0

Phenol 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

2,4,6-trichlophenol 1.00 ug/l 5 0 0 0 2 0 0 0

Base/Neutral

Acenaphthene 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

Acenaphthylene 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

Anthracene 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

Benzidine 3.00 ug/l 5 0 0 0 0 2 0 0 0 0

1,2 Benzanthracene 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Benzo(a)pyrene 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Benzo(g,h,i)perylene 1.00 ug/L 5 0 0 0 0 2 0 0 0 0

3,4 Benzofluoranthene 2.00 ug/L 5 0 0 0 0 2 0 0 0 0

Benzo(k)flouranthene 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Bis(2-Chloroethoxy) methane 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Bis(2-Chloroisopropyl) ether 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

Bis(2-Chloroethyl) ether 0.10 ug/l 5 0 0 0 0 2 0 0 0 0
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Table 4-4.3  2007-08 Summary of Water Quality Exceedances for L.A. River Mass Emission Station
Beneficial Uses 3:  MUN, IND, PROC, GWR, REC1, REC2, WARM, MAR, WILD,RARE, MIGR, SPWN, SHELL

Class Constituent PQL 1 
Units

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Bis(2-Ethylhexl) phthalate 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

4-Bromophenyl phenyl ether 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

Butyl benzyl phthalate 0.30 ug/l 5 0 0 0 0 2 0 0 0 0

2-Chloroethyl vinyl ether 2.50 ug/l 3 0 0 0 0 2 0 0 0 0

2-Chloronaphthalene 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

4-Chlorophenyl phenyl ether 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Chrysene 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Dibenzo(a,h)anthracene 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

1,3-Dichlorobenzene 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

1,4-Dichlorobenzene 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

1,2-Dichlorobenzene 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

3,3-Dichlorobenzidine 3.00 ug/l 5 0 0 0 0 2 0 0 0 0

Diethyl phthalate 0.50 ug/l 5 0 0 0 0 2 0 0 0 0

Dimethyl phthalate 0.50 ug/l 5 0 0 0 0 2 0 0 0 0

di-n-Butyl phthalate 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

2,4-Dinitrotoluene 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

2,6-Dinitrotoluene 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

4,6 Dinitro-2-methylphenol 3.00 ug/l 5 0 0 0 0 2 0 0 0 0

1,2-Diphenylhydrazine 3.00 ug/l 5 0 0 0 0 2 0 0 0 0

di-n-Octyl phthalate 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

Fluoranthene 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Fluorene 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Hexachlorobenzene 0.50 ug/l 5 0 0 0 0 2 0 0 0 0

Hexachlorobutadiene 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

Hexachloro-cyclopentadiene 3.00 ug/l 5 0 0 0 0 2 0 0 0 0

Hexachloroethane 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

Indeno(1,2,3-cd)pyrene 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Isophorone 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

Naphthalene 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

Nitrobenzene 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

N-Nitroso-dimethyl amine 0.30 ug/l 5 0 0 0 0 2 0 0 0 0

N-Nitroso-diphenyl amine 0.30 ug/l 5 0 0 0 0 2 0 0 0 0

N-Nitroso-di-n-propyl amine 0.30 ug/l 5 0 0 0 2 0 0 0

Phenanthrene 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

Pyrene 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

1,2,4-Trichlorobenzene 0.50 ug/l 5 0 0 0 0 2 0 0 0 0

Chlorinated Pesticides

Aldrin 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

alpha-BHC 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

beta-BHC 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

delta-BHC 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

gamma-BHC (lindane) 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

alpha-chlordane 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

gamma-chlordane 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

Chlordane 0.10 ug/L 5 0 0 0 0 2 0 0 0 0

4,4'-DDD 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

4,4'-DDE 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

4,4'-DDT 0.10 ug/l 5 0 0 0 0 2 0 0 0 0
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Table 4-4.3  2007-08 Summary of Water Quality Exceedances for L.A. River Mass Emission Station
Beneficial Uses 3:  MUN, IND, PROC, GWR, REC1, REC2, WARM, MAR, WILD,RARE, MIGR, SPWN, SHELL

Class Constituent PQL 1 
Units

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Dieldrin 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Endosulfan I [alpha] 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Endosulfan II [beta] 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Endosulfan sulfate 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Endrin 0.10 ug/l 5 0 0 0 2 0 0 0

Endrin aldehyde 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Heptachlor 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

Heptachlor Epoxide 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

Toxaphene 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

Polychlorinated Biphenyls 

Aroclor-1016 0.50 ug/l 5 0 0 0 0 2 0 0 0 0

Aroclor-1221 0.50 ug/l 5 0 0 0 0 2 0 0 0 0

Aroclor-1232 0.50 ug/l 5 0 0 0 2 0 0 0

Aroclor-1242 0.50 ug/l 5 0 0 0 0 2 0 0 0 0

Aroclor-1248 0.50 ug/l 5 0 0 0 0 2 0 0 0 0

Aroclor-1254 0.50 ug/l 5 0 0 0 0 2 0 0 0 0

Aroclor-1260 0.50 ug/l 5 0 0 0 0 2 0 0 0 0

Organohosphate Pesticides

Chlorpyrifos 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

Diazinon 0.01 ug/l 5 0 0 0 0 2 0 0 0 0

Prometryn 2.00 ug/l 5 0 0 0 2 0 0 0

Atrazine 2.00 ug/l 5 0 0 0 0 2 0 0 0 0

Simazine 2.00 ug/l 5 0 0 0 0 2 0 0 0 0

Cyanazine 2.00 ug/l 5 0 0 0 0 2 0 0 0 0

Malathion 2.00 ug/l 5 0 0 0 2 0 0 0

Herbicides

Glyphosate 25.00 ug/l 5 0 0 0 0 2 0 0 0 0

2,4-D 10.00 ug/l 5 0 0 0 0 2 0 0 0 0

2,4,5-TP-SILVEX 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

Other

Ammonia 0.10 mg/L 5 5 100 5 100 2 1 50 1 50

Endrin ketone 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Methoxychlor 0.50 ug/l 5 0 0 0 0 2 0 0 0 0

1)

2)

3) Beneficial uses are defined as follows:  MUN - Municipal and Domestic Supply, IND - Industrial Service Supply, PROC - Industrial Process Supply,  AGR- Agriculural Uses, GWR - Ground Water 
Recharge, FRSH - Freshwater Replenishment, REC1 - Water Contact Recreation, REC2 - Non-Contact Water Recreation, WARM - Warm Freshwater Habitat, COLD - Cold Freshwater Habitat, 
MAR- Supports Marine Ecosystems, WILD - Wildlife Habitat, RARE - Rare, Threatened, or Endangered Species, MIGR - Migration of Aquatic Organisms, SPWN - Spawning, Reproduction, 
and/or Early Development, SHELL- Shellfish Harvesting, WET - Wetland Habitat

PQL = minimum level

This constituent is a function of the parameter(s) in parentheses.
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Table 4-4.4  2007-08 Summary of Water Quality Exceedances for Coyote Creek Mass Emission Station
Beneficial Uses 3:  MUN, IND, PROC, REC1, REC2, WARM, WILD, RARE

Class Constituent PQL 1 
Units

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Conventional

Oil and Grease 1.00 mg/L 3 1 33 0 0 2 0 0 0 0

Total Phenols 0.10 mg/L 3 1 33 0 0 2 0 0 0 0

Cyanide 0.01 mg/L 3 1 33 1 33 2 2 100 0 0

pH 0-14 5 5 100 0 0 2 2 100 0 0

Dissolved Oxygen 1.00 mg/L 3 3 100 0 0 2 2 100 0 0

Indicator Bacteria

Total Coliform 20.00 MPN/100ml 3 3 100 0 0 2 2 100 0 0

Fecal Coliform 20.00 MPN/100ml 3 3 100 2 67 2 2 100 1 50

Ratio Fecal Coliform/Total Coliform 0 0

Fecal Streptococcus 20.00 MPN/100ml 3 3 100 0 0 2 2 100 0 0

Fecal Enterococcus MPN/100ml 3 3 100 0 0 2 2 100 0 0

General

Chloride 2.00 mg/L 5 5 100 0 0 2 2 100 0 0

Fluoride     f(temp) 2 0.10 mg/L 5 5 100 0 0 2 2 100 0 0

Nitrate 0.10 mg/L 5 0 0 0 0 2 0 0 0 0

Sulfate 0.10 mg/L 5 5 100 0 0 2 2 100 1 50

Alkalinity 4.00 mg/L 5 5 100 0 0 2 2 100 0 0

Hardness 2.00 mg/L 5 5 100 0 0 2 2 100 0 0

COD 10.00 mg/L 5 5 100 0 0 2 2 100 0 0

Total Petroleum Hydrocarbons 1.00 mg/L 3 2 67 0 0 2 0 0 0 0

Specific Conductance 1.00 umhos/cm 5 5 100 0 0 2 2 100 0 0

Total Dissolved Solids 2.00 mg/L 5 5 100 0 0 2 2 100 2 100

Turbidity 0.10 NTU 5 5 100 0 0 2 2 100 0 0

Total Suspended Solids 2.00 mg/L 5 5 100 0 0 2 2 100 0 0

Volatile Suspended Solids 1.00 mg/L 5 5 100 0 0 2 2 100 0 0

MBAS 0.05 mg/L 5 5 100 0 0 2 2 100 0 0

Total Organic Carbon 1.00 mg/L 5 5 100 0 0 2 2 100 0 0

BOD 2.00 mg/L 5 5 100 0 0 2 2 100 0 0

Methyl Tertiary Butyl Ether (MTBE) 1.00 ug/L 3 0 0 0 2 0 0 0

Nutrients

Dissolved Phosphorus 0.05 mg/L 5 5 100 0 0 2 0 0 0 0

Total Phosphorus 0.05 mg/L 5 5 100 0 0 2 0 0 0 0

NH3-N 0.10 mg/L 5 5 100 0 0 2 1 50 0 0

Nitrate-N 0.50 mg/L 5 0 0 0 0 2 0 0 0 0

Nitrite-N 0.03 mg/L 5 1 20 0 0 2 1 50 0 0

Kjeldahl-N 0.10 mg/L 5 5 100 0 2 2 100 0

Metals

Dissolved Aluminum 100.00 ug/l 5 0 0 0 0 2 0 0 0 0

Total Aluminum 100.00 ug/l 5 5 100 4 80 2 0 0 0 0

Dissolved Antimony 5.00 ug/l 5 5 100 0 0 2 2 100 0 0

Total Antimony 5.00 ug/l 5 5 100 1 20 2 2 100 0 0

Dissolved Arsenic 5.00 ug/l 5 5 100 0 0 2 2 100 0 0

Total Arsenic 5.00 ug/l 5 5 100 0 0 2 2 100 0 0

Dissolved Barium 10.00 ug/L 5 5 100 0 2 2 100 0

Total Barium 10.00 ug/L 5 5 100 0 2 2 100 0

Dissolved Berylium 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

Total Beryllium 1.00 ug/l 5 1 20 0 0 2 0 0 0 0

Wet Weather Dry Weather
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Table 4-4.4  2007-08 Summary of Water Quality Exceedances for Coyote Creek Mass Emission Station
Beneficial Uses 3:  MUN, IND, PROC, REC1, REC2, WARM, WILD, RARE

Class Constituent PQL 1 
Units

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Dissolved Cadmium 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

Total Cadmium 1.00 ug/l 5 4 80 0 0 2 0 0 0 0

Dissolved Chromium 5.00 ug/l 5 5 100 0 0 2 2 100 0 0

Total Chromium 5.00 ug/l 5 5 100 0 0 2 2 100 0 0

Dissolved Chromium +6 10.00 ug/l 5 1 20 0 0 2 1 50 0 0

Total Chromium +6 10.00 ug/l 5 3 60 0 0 2 2 100 0 0

Dissolved Copper 5.00 ug/l 5 5 100 0 0 2 2 100 0 0

Total Copper 5.00 ug/l 5 5 100 5 100 2 2 100 0 0

Dissolved Iron 100.00 ug/l 5 1 20 0 0 2 0 0 0 0

Total Iron 100.00 ug/l 5 5 100 0 0 2 1 50 0 0

Dissolved Lead 5.00 ug/l 5 4 80 0 0 2 0 0 0 0

Total Lead 5.00 ug/l 5 5 100 1 20 2 1 50 0 0

Dissolved Mercury 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

Total Mercury 1.00 ug/l 5 1 20 0 0 2 0 0 0 0

Dissolved Nickel 5.00 ug/l 5 5 100 0 0 2 2 100 0 0

Total Nickel 5.00 ug/l 5 5 100 0 0 2 2 100 0 0

Dissolved Selenium 5.00 ug/l 5 1 20 0 0 2 2 100 0 0

Total Selenium 5.00 ug/l 5 1 20 0 0 2 2 100 0 0

Dissolved Silver 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

Total Silver 1.00 ug/l 5 2 40 0 0 2 0 0 0 0

Dissolved Thallium 5.00 ug/l 5 0 0 0 0 2 0 0 0 0

Total Thallium 5.00 ug/l 5 0 0 0 0 2 0 0 0 0

Dissolved Zinc 50.00 ug/l 5 5 100 0 0 2 2 100 0 0

Total Zinc 50.00 ug/l 5 5 100 4 80 2 2 100 0 0

Semi-Volatiles Organics (EPA 625)

2- Chlorophenol 2.00 ug/l 5 0 0 0 0 2 0 0 0 0

2,4-dichlorophenol 2.00 ug/l 5 0 0 0 0 2 0 0 0 0

2,4-dimethylphenol 2.00 ug/l 5 0 0 0 0 2 0 0 0 0

2,4-dinitrophenol 3.00 ug/l 5 0 0 0 0 2 0 0 0 0

2-nitrophenol 3.00 ug/l 5 0 0 0 0 2 0 0 0 0

4-nitrophenol 3.00 ug/l 5 0 0 0 0 2 0 0 0 0

4-chloro_3_methylphenol 3.00 ug/l 5 0 0 0 0 2 0 0 0 0

Pentachlorophenol 2.00 ug/l 5 0 0 0 0 2 0 0 0 0

Phenol 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

2,4,6-trichlophenol 1.00 ug/l 5 0 0 0 2 0 0 0

Base/Neutral

Acenaphthene 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

Acenaphthylene 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

Anthracene 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

Benzidine 3.00 ug/l 5 0 0 0 0 2 0 0 0 0

1,2 Benzanthracene 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Benzo(a)pyrene 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Benzo(g,h,i)perylene 1.00 ug/L 5 0 0 0 0 2 0 0 0 0

3,4 Benzofluoranthene 2.00 ug/L 5 0 0 0 0 2 0 0 0 0

Benzo(k)flouranthene 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Bis(2-Chloroethoxy) methane 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Bis(2-Chloroisopropyl) ether 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

Bis(2-Chloroethyl) ether 0.10 ug/l 5 0 0 0 0 2 0 0 0 0
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Table 4-4.4  2007-08 Summary of Water Quality Exceedances for Coyote Creek Mass Emission Station
Beneficial Uses 3:  MUN, IND, PROC, REC1, REC2, WARM, WILD, RARE

Class Constituent PQL 1 
Units

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Bis(2-Ethylhexl) phthalate 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

4-Bromophenyl phenyl ether 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

Butyl benzyl phthalate 0.30 ug/l 5 0 0 0 0 2 0 0 0 0

2-Chloroethyl vinyl ether 2.50 ug/l 3 0 0 0 0 2 0 0 0 0

2-Chloronaphthalene 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

4-Chlorophenyl phenyl ether 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Chrysene 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Dibenzo(a,h)anthracene 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

1,3-Dichlorobenzene 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

1,4-Dichlorobenzene 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

1,2-Dichlorobenzene 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

3,3-Dichlorobenzidine 3.00 ug/l 5 0 0 0 0 2 0 0 0 0

Diethyl phthalate 0.50 ug/l 5 0 0 0 0 2 0 0 0 0

Dimethyl phthalate 0.50 ug/l 5 0 0 0 0 2 0 0 0 0

di-n-Butyl phthalate 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

2,4-Dinitrotoluene 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

2,6-Dinitrotoluene 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

4,6 Dinitro-2-methylphenol 3.00 ug/l 5 0 0 0 0 2 0 0 0 0

1,2-Diphenylhydrazine 3.00 ug/l 5 0 0 0 0 2 0 0 0 0

di-n-Octyl phthalate 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

Fluoranthene 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Fluorene 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Hexachlorobenzene 0.50 ug/l 5 0 0 0 0 2 0 0 0 0

Hexachlorobutadiene 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

Hexachloro-cyclopentadiene 3.00 ug/l 5 0 0 0 0 2 0 0 0 0

Hexachloroethane 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

Indeno(1,2,3-cd)pyrene 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Isophorone 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

Naphthalene 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

Nitrobenzene 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

N-Nitroso-dimethyl amine 0.30 ug/l 5 0 0 0 0 2 0 0 0 0

N-Nitroso-diphenyl amine 0.30 ug/l 5 0 0 0 0 2 0 0 0 0

N-Nitroso-di-n-propyl amine 0.30 ug/l 5 0 0 0 2 0 0 0

Phenanthrene 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

Pyrene 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

1,2,4-Trichlorobenzene 0.50 ug/l 5 0 0 0 0 2 0 0 0 0

Chlorinated Pesticides

Aldrin 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

alpha-BHC 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

beta-BHC 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

delta-BHC 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

gamma-BHC (lindane) 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

alpha-chlordane 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

gamma-chlordane 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

Chlordane 0.10 ug/L 5 0 0 0 0 2 0 0 0 0

4,4'-DDD 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

4,4'-DDE 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

4,4'-DDT 0.10 ug/l 5 0 0 0 0 2 0 0 0 0
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Table 4-4.4  2007-08 Summary of Water Quality Exceedances for Coyote Creek Mass Emission Station
Beneficial Uses 3:  MUN, IND, PROC, REC1, REC2, WARM, WILD, RARE

Class Constituent PQL 1 
Units

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Dieldrin 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Endosulfan I [alpha] 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Endosulfan II [beta] 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Endosulfan sulfate 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Endrin 0.10 ug/l 5 0 0 0 2 0 0 0

Endrin aldehyde 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Heptachlor 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

Heptachlor Epoxide 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

Toxaphene 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

Polychlorinated Biphenyls 

Aroclor-1016 0.50 ug/l 5 0 0 0 0 2 0 0 0 0

Aroclor-1221 0.50 ug/l 5 0 0 0 0 2 0 0 0 0

Aroclor-1232 0.50 ug/l 5 0 0 0 2 0 0 0

Aroclor-1242 0.50 ug/l 5 0 0 0 0 2 0 0 0 0

Aroclor-1248 0.50 ug/l 5 0 0 0 0 2 0 0 0 0

Aroclor-1254 0.50 ug/l 5 0 0 0 0 2 0 0 0 0

Aroclor-1260 0.50 ug/l 5 0 0 0 0 2 0 0 0 0

Organohosphate Pesticides

Chlorpyrifos 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

Diazinon 0.01 ug/l 5 0 0 0 0 2 0 0 0 0

Prometryn 2.00 ug/l 5 0 0 0 2 0 0 0

Atrazine 2.00 ug/l 5 0 0 0 0 2 0 0 0 0

Simazine 2.00 ug/l 5 0 0 0 0 2 0 0 0 0

Cyanazine 2.00 ug/l 5 0 0 0 0 2 0 0 0 0

Malathion 2.00 ug/l 5 0 0 0 2 0 0 0

Herbicides

Glyphosate 25.00 ug/l 5 0 0 0 0 2 0 0 0 0

2,4-D 10.00 ug/l 5 0 0 0 0 2 0 0 0 0

2,4,5-TP-SILVEX 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

Other

Ammonia 0.10 mg/L 5 5 100 5 100 2 1 50 1 50

Endrin ketone 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Methoxychlor 0.50 ug/l 5 0 0 0 0 2 0 0 0 0

1)

2)

3) Beneficial uses are defined as follows:  MUN - Municipal and Domestic Supply, IND - Industrial Service Supply, PROC - Industrial Process Supply,  AGR- Agriculural Uses, GWR - Ground Water 
Recharge, FRSH - Freshwater Replenishment, REC1 - Water Contact Recreation, REC2 - Non-Contact Water Recreation, WARM - Warm Freshwater Habitat, COLD - Cold Freshwater Habitat, 
MAR- Supports Marine Ecosystems, WILD - Wildlife Habitat, RARE - Rare, Threatened, or Endangered Species, MIGR - Migration of Aquatic Organisms, SPWN - Spawning, Reproduction, 
and/or Early Development, SHELL- Shellfish Harvesting, WET - Wetland Habitat

PQL = minimum level

This constituent is a function of the parameter(s) in parentheses.
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Table 4-4.5  2007-08 Summary of Water Quality Exceedances for San Gabriel River Mass Emission Station
Beneficial Uses 3:  MUN, IND, PROC, GWR, REC1, REC2, WARM, WILD, RARE

Class Constituent PQL 1 
Units

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Conventional

Oil and Grease 1.00 mg/L 3 0 0 0 0 2 0 0 0 0

Total Phenols 0.10 mg/L 3 0 0 0 0 2 0 0 0 0

Cyanide 0.01 mg/L 3 1 33 0 0 2 2 100 0 0

pH 0-14 3 3 100 0 0 2 2 100 0 0

Dissolved Oxygen 1.00 mg/L 3 3 100 0 0 2 2 100 0 0

Indicator Bacteria

Total Coliform 20.00 MPN/100ml 3 3 100 0 0 2 2 100 0 0

Fecal Coliform 20.00 MPN/100ml 3 3 100 3 100 2 2 100 1 50

Ratio Fecal Coliform/Total Coliform 0 0

Fecal Streptococcus 20.00 MPN/100ml 3 3 100 0 0 2 2 100 0 0

Fecal Enterococcus MPN/100ml 3 3 100 0 0 2 2 100 0 0

General

Chloride 2.00 mg/L 3 3 100 0 0 2 2 100 0 0

Fluoride     f(temp) 2 0.10 mg/L 3 3 100 0 0 2 2 100 0 0

Nitrate 0.10 mg/L 3 0 0 0 0 2 0 0 0 0

Sulfate 0.10 mg/L 3 3 100 0 0 2 2 100 0 0

Alkalinity 4.00 mg/L 3 3 100 0 0 2 2 100 0 0

Hardness 2.00 mg/L 3 3 100 0 0 2 2 100 0 0

COD 10.00 mg/L 3 3 100 0 0 2 2 100 0 0

Total Petroleum Hydrocarbons 1.00 mg/L 3 2 67 0 0 2 0 0 0 0

Specific Conductance 1.00 umhos/cm 3 3 100 0 0 2 2 100 0 0

Total Dissolved Solids 2.00 mg/L 3 3 100 0 0 2 2 100 0 0

Turbidity 0.10 NTU 3 3 100 0 0 2 2 100 0 0

Total Suspended Solids 2.00 mg/L 3 3 100 0 0 2 2 100 0 0

Volatile Suspended Solids 1.00 mg/L 3 3 100 0 0 2 2 100 0 0

MBAS 0.05 mg/L 3 3 100 0 0 2 2 100 0 0

Total Organic Carbon 1.00 mg/L 3 3 100 0 0 2 2 100 0 0

BOD 2.00 mg/L 3 3 100 0 0 2 2 100 0 0

Methyl Tertiary Butyl Ether (MTBE) 1.00 ug/L 3 0 0 0 2 0 0 0

Nutrients

Dissolved Phosphorus 0.05 mg/L 3 3 100 0 0 2 2 100 0 0

Total Phosphorus 0.05 mg/L 3 3 100 0 0 2 2 100 0 0

NH3-N 0.10 mg/L 3 1 33 0 0 2 1 50 0 0

Nitrate-N 0.50 mg/L 3 0 0 0 0 2 0 0 0 0

Nitrite-N 0.03 mg/L 3 2 67 0 0 2 1 50 0 0

Kjeldahl-N 0.10 mg/L 3 3 100 0 2 2 100 0

Metals

Dissolved Aluminum 100.00 ug/l 3 0 0 0 0 2 0 0 0 0

Total Aluminum 100.00 ug/l 3 3 100 3 100 2 2 100 1 50

Dissolved Antimony 5.00 ug/l 3 3 100 0 0 2 2 100 0 0

Total Antimony 5.00 ug/l 3 3 100 0 0 2 2 100 0 0

Dissolved Arsenic 5.00 ug/l 3 3 100 0 0 2 2 100 0 0

Total Arsenic 5.00 ug/l 3 3 100 0 0 2 2 100 0 0

Dissolved Barium 10.00 ug/L 3 3 100 0 2 2 100 0

Total Barium 10.00 ug/L 3 3 100 0 2 2 100 0

Dissolved Berylium 1.00 ug/l 3 0 0 0 0 2 0 0 0 0

Total Beryllium 1.00 ug/l 3 0 0 0 0 2 0 0 0 0

Wet Weather Dry Weather

Page 1 of 4

RB-AR10035



Table 4-4.5  2007-08 Summary of Water Quality Exceedances for San Gabriel River Mass Emission Station
Beneficial Uses 3:  MUN, IND, PROC, GWR, REC1, REC2, WARM, WILD, RARE

Class Constituent PQL 1 
Units

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Dissolved Cadmium 1.00 ug/l 3 0 0 0 0 2 0 0 0 0

Total Cadmium 1.00 ug/l 3 3 100 0 0 2 0 0 0 0

Dissolved Chromium 5.00 ug/l 3 3 100 0 0 2 2 100 0 0

Total Chromium 5.00 ug/l 3 3 100 0 0 2 2 100 0 0

Dissolved Chromium +6 10.00 ug/l 3 0 0 0 0 2 0 0 0 0

Total Chromium +6 10.00 ug/l 3 1 33 0 0 2 0 0 0 0

Dissolved Copper 5.00 ug/l 3 3 100 0 0 2 2 100 0 0

Total Copper 5.00 ug/l 3 3 100 2 67 2 2 100 0 0

Dissolved Iron 100.00 ug/l 3 0 0 0 0 2 0 0 0 0

Total Iron 100.00 ug/l 3 3 100 0 0 2 2 100 0 0

Dissolved Lead 5.00 ug/l 3 3 100 0 0 2 0 0 0 0

Total Lead 5.00 ug/l 3 3 100 0 0 2 2 100 0 0

Dissolved Mercury 1.00 ug/l 3 0 0 0 0 2 0 0 0 0

Total Mercury 1.00 ug/l 3 1 33 0 0 2 1 50 0 0

Dissolved Nickel 5.00 ug/l 3 3 100 0 0 2 2 100 0 0

Total Nickel 5.00 ug/l 3 3 100 0 0 2 2 100 0 0

Dissolved Selenium 5.00 ug/l 3 1 33 0 0 2 2 100 0 0

Total Selenium 5.00 ug/l 3 1 33 0 0 2 2 100 0 0

Dissolved Silver 1.00 ug/l 3 0 0 0 0 2 0 0 0 0

Total Silver 1.00 ug/l 3 2 67 0 0 2 0 0 0 0

Dissolved Thallium 5.00 ug/l 3 0 0 0 0 2 0 0 0 0

Total Thallium 5.00 ug/l 3 0 0 0 0 2 0 0 0 0

Dissolved Zinc 50.00 ug/l 3 3 100 0 0 2 2 100 0 0

Total Zinc 50.00 ug/l 3 3 100 1 33 2 2 100 0 0

Semi-Volatiles Organics (EPA 625)

2- Chlorophenol 2.00 ug/l 3 0 0 0 0 2 0 0 0 0

2,4-dichlorophenol 2.00 ug/l 3 0 0 0 0 2 0 0 0 0

2,4-dimethylphenol 2.00 ug/l 3 0 0 0 0 2 0 0 0 0

2,4-dinitrophenol 3.00 ug/l 3 0 0 0 0 2 0 0 0 0

2-nitrophenol 3.00 ug/l 3 0 0 0 0 2 0 0 0 0

4-nitrophenol 3.00 ug/l 3 0 0 0 0 2 0 0 0 0

4-chloro_3_methylphenol 3.00 ug/l 3 0 0 0 0 2 0 0 0 0

Pentachlorophenol 2.00 ug/l 3 0 0 0 0 2 0 0 0 0

Phenol 1.00 ug/l 3 0 0 0 0 2 0 0 0 0

2,4,6-trichlophenol 1.00 ug/l 3 0 0 0 2 0 0 0

Base/Neutral

Acenaphthene 0.05 ug/l 3 0 0 0 0 2 0 0 0 0

Acenaphthylene 0.05 ug/l 3 0 0 0 0 2 0 0 0 0

Anthracene 0.05 ug/l 3 0 0 0 0 2 0 0 0 0

Benzidine 3.00 ug/l 3 0 0 0 0 2 0 0 0 0

1,2 Benzanthracene 0.10 ug/l 3 0 0 0 0 2 0 0 0 0

Benzo(a)pyrene 0.10 ug/l 3 0 0 0 0 2 0 0 0 0

Benzo(g,h,i)perylene 1.00 ug/L 3 0 0 0 0 2 0 0 0 0

3,4 Benzofluoranthene 2.00 ug/L 3 0 0 0 0 2 0 0 0 0

Benzo(k)flouranthene 0.10 ug/l 3 0 0 0 0 2 0 0 0 0

Bis(2-Chloroethoxy) methane 0.10 ug/l 3 0 0 0 0 2 0 0 0 0

Bis(2-Chloroisopropyl) ether 1.00 ug/l 3 0 0 0 0 2 0 0 0 0

Bis(2-Chloroethyl) ether 0.10 ug/l 3 0 0 0 0 2 0 0 0 0

Page 2 of 4

RB-AR10036



Table 4-4.5  2007-08 Summary of Water Quality Exceedances for San Gabriel River Mass Emission Station
Beneficial Uses 3:  MUN, IND, PROC, GWR, REC1, REC2, WARM, WILD, RARE

Class Constituent PQL 1 
Units

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Bis(2-Ethylhexl) phthalate 1.00 ug/l 3 0 0 0 0 2 0 0 0 0

4-Bromophenyl phenyl ether 1.00 ug/l 3 0 0 0 0 2 0 0 0 0

Butyl benzyl phthalate 0.30 ug/l 3 0 0 0 0 2 0 0 0 0

2-Chloroethyl vinyl ether 2.50 ug/l 3 0 0 0 0 2 0 0 0 0

2-Chloronaphthalene 0.10 ug/l 3 0 0 0 0 2 0 0 0 0

4-Chlorophenyl phenyl ether 0.10 ug/l 3 0 0 0 0 2 0 0 0 0

Chrysene 0.10 ug/l 3 0 0 0 0 2 0 0 0 0

Dibenzo(a,h)anthracene 0.10 ug/l 3 0 0 0 0 2 0 0 0 0

1,3-Dichlorobenzene 0.05 ug/l 3 0 0 0 0 2 0 0 0 0

1,4-Dichlorobenzene 0.05 ug/l 3 0 0 0 0 2 0 0 0 0

1,2-Dichlorobenzene 0.05 ug/l 3 0 0 0 0 2 0 0 0 0

3,3-Dichlorobenzidine 3.00 ug/l 3 0 0 0 0 2 0 0 0 0

Diethyl phthalate 0.50 ug/l 3 0 0 0 0 2 0 0 0 0

Dimethyl phthalate 0.50 ug/l 3 0 0 0 0 2 0 0 0 0

di-n-Butyl phthalate 1.00 ug/l 3 0 0 0 0 2 0 0 0 0

2,4-Dinitrotoluene 0.05 ug/l 3 0 0 0 0 2 0 0 0 0

2,6-Dinitrotoluene 0.05 ug/l 3 0 0 0 0 2 0 0 0 0

4,6 Dinitro-2-methylphenol 3.00 ug/l 3 0 0 0 0 2 0 0 0 0

1,2-Diphenylhydrazine 3.00 ug/l 3 0 0 0 0 2 0 0 0 0

di-n-Octyl phthalate 1.00 ug/l 3 0 0 0 0 2 0 0 0 0

Fluoranthene 0.10 ug/l 3 0 0 0 0 2 0 0 0 0

Fluorene 0.10 ug/l 3 0 0 0 0 2 0 0 0 0

Hexachlorobenzene 0.50 ug/l 3 0 0 0 0 2 0 0 0 0

Hexachlorobutadiene 1.00 ug/l 3 0 0 0 0 2 0 0 0 0

Hexachloro-cyclopentadiene 3.00 ug/l 3 0 0 0 0 2 0 0 0 0

Hexachloroethane 1.00 ug/l 3 0 0 0 0 2 0 0 0 0

Indeno(1,2,3-cd)pyrene 0.10 ug/l 3 0 0 0 0 2 0 0 0 0

Isophorone 0.05 ug/l 3 0 0 0 0 2 0 0 0 0

Naphthalene 0.05 ug/l 3 0 0 0 0 2 0 0 0 0

Nitrobenzene 0.05 ug/l 3 0 0 0 0 2 0 0 0 0

N-Nitroso-dimethyl amine 0.30 ug/l 3 0 0 0 0 2 0 0 0 0

N-Nitroso-diphenyl amine 0.30 ug/l 3 0 0 0 0 2 0 0 0 0

N-Nitroso-di-n-propyl amine 0.30 ug/l 3 0 0 0 2 0 0 0

Phenanthrene 0.05 ug/l 3 0 0 0 0 2 0 0 0 0

Pyrene 0.05 ug/l 3 0 0 0 0 2 0 0 0 0

1,2,4-Trichlorobenzene 0.50 ug/l 3 0 0 0 0 2 0 0 0 0

Chlorinated Pesticides

Aldrin 0.05 ug/l 3 0 0 0 0 2 0 0 0 0

alpha-BHC 0.05 ug/l 3 0 0 0 0 2 0 0 0 0

beta-BHC 0.05 ug/l 3 0 0 0 0 2 0 0 0 0

delta-BHC 0.05 ug/l 3 0 0 0 0 2 0 0 0 0

gamma-BHC (lindane) 0.05 ug/l 3 0 0 0 0 2 0 0 0 0

alpha-chlordane 0.05 ug/l 3 0 0 0 0 2 0 0 0 0

gamma-chlordane 0.05 ug/l 3 0 0 0 0 2 0 0 0 0

Chlordane 0.10 ug/L 3 0 0 0 0 2 0 0 0 0

4,4'-DDD 0.10 ug/l 3 0 0 0 0 2 0 0 0 0

4,4'-DDE 0.10 ug/l 3 0 0 0 0 2 0 0 0 0

4,4'-DDT 0.10 ug/l 3 0 0 0 0 2 0 0 0 0
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Table 4-4.5  2007-08 Summary of Water Quality Exceedances for San Gabriel River Mass Emission Station
Beneficial Uses 3:  MUN, IND, PROC, GWR, REC1, REC2, WARM, WILD, RARE

Class Constituent PQL 1 
Units

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Dieldrin 0.10 ug/l 3 0 0 0 0 2 0 0 0 0

Endosulfan I [alpha] 0.10 ug/l 3 0 0 0 0 2 0 0 0 0

Endosulfan II [beta] 0.10 ug/l 3 0 0 0 0 2 0 0 0 0

Endosulfan sulfate 0.10 ug/l 3 0 0 0 0 2 0 0 0 0

Endrin 0.10 ug/l 3 0 0 0 2 0 0 0

Endrin aldehyde 0.10 ug/l 3 0 0 0 0 2 0 0 0 0

Heptachlor 0.05 ug/l 3 0 0 0 0 2 0 0 0 0

Heptachlor Epoxide 0.05 ug/l 3 0 0 0 0 2 0 0 0 0

Toxaphene 1.00 ug/l 3 0 0 0 0 2 0 0 0 0

Polychlorinated Biphenyls 

Aroclor-1016 0.50 ug/l 3 0 0 0 0 2 0 0 0 0

Aroclor-1221 0.50 ug/l 3 0 0 0 0 2 0 0 0 0

Aroclor-1232 0.50 ug/l 3 0 0 0 2 0 0 0

Aroclor-1242 0.50 ug/l 3 0 0 0 0 2 0 0 0 0

Aroclor-1248 0.50 ug/l 3 0 0 0 0 2 0 0 0 0

Aroclor-1254 0.50 ug/l 3 0 0 0 0 2 0 0 0 0

Aroclor-1260 0.50 ug/l 3 0 0 0 0 2 0 0 0 0

Organohosphate Pesticides

Chlorpyrifos 0.05 ug/l 3 0 0 0 0 2 0 0 0 0

Diazinon 0.01 ug/l 3 0 0 0 0 2 0 0 0 0

Prometryn 2.00 ug/l 3 0 0 0 2 0 0 0

Atrazine 2.00 ug/l 3 0 0 0 0 2 0 0 0 0

Simazine 2.00 ug/l 3 0 0 0 0 2 0 0 0 0

Cyanazine 2.00 ug/l 3 0 0 0 0 2 0 0 0 0

Malathion 2.00 ug/l 3 0 0 0 2 0 0 0

Herbicides

Glyphosate 25.00 ug/l 3 0 0 0 0 2 0 0 0 0

2,4-D 10.00 ug/l 3 0 0 0 0 2 0 0 0 0

2,4,5-TP-SILVEX 1.00 ug/l 3 0 0 0 0 2 0 0 0 0

Other

Ammonia 0.10 mg/L 3 1 33 1 33 2 1 50 1 50

Endrin ketone 0.10 ug/l 3 0 0 0 0 2 0 0 0 0

Methoxychlor 0.50 ug/l 3 0 0 0 0 2 0 0 0 0

1)

2)

3) Beneficial uses are defined as follows:  MUN - Municipal and Domestic Supply, IND - Industrial Service Supply, PROC - Industrial Process Supply,  AGR- Agriculural Uses, GWR - Ground Water 
Recharge, FRSH - Freshwater Replenishment, REC1 - Water Contact Recreation, REC2 - Non-Contact Water Recreation, WARM - Warm Freshwater Habitat, COLD - Cold Freshwater Habitat, 
MAR- Supports Marine Ecosystems, WILD - Wildlife Habitat, RARE - Rare, Threatened, or Endangered Species, MIGR - Migration of Aquatic Organisms, SPWN - Spawning, Reproduction, 
and/or Early Development, SHELL- Shellfish Harvesting, WET - Wetland Habitat

PQL = minimum level

This constituent is a function of the parameter(s) in parentheses.
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Table 4-4.6  2007-08 Summary of Water Quality Exceedances for Dominguez Channel Mass Emission Statio
Beneficial Uses 3:  MUN, IND, PROC, GWR, REC1, REC2, WARM, MAR, WILD, RARE

Class Constituent PQL 1 
Units

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Conventional

Oil and Grease 1.00 mg/L 3 2 67 0 0 2 0 0 0 0

Total Phenols 0.10 mg/L 3 0 0 0 0 2 0 0 0 0

Cyanide 0.01 mg/L 3 2 67 1 33 2 2 100 0 0

pH 0-14 5 5 100 0 0 2 2 100 0 0

Dissolved Oxygen 1.00 mg/L 3 3 100 1 33 2 2 100 0 0

Indicator Bacteria

Total Coliform 20.00 MPN/100ml 3 3 100 0 0 2 2 100 0 0

Fecal Coliform 20.00 MPN/100ml 3 3 100 3 100 2 2 100 2 100

Ratio Fecal Coliform/Total Coliform 0 0

Fecal Streptococcus 20.00 MPN/100ml 3 3 100 0 0 2 2 100 0 0

Fecal Enterococcus MPN/100ml 3 3 100 0 0 2 2 100 0 0

General

Chloride 2.00 mg/L 5 5 100 0 0 2 2 100 0 0

Fluoride     f(temp) 2 0.10 mg/L 5 5 100 0 0 2 2 100 0 0

Nitrate 0.10 mg/L 5 0 0 0 0 2 0 0 0 0

Sulfate 0.10 mg/L 5 5 100 0 0 2 2 100 0 0

Alkalinity 4.00 mg/L 5 5 100 0 0 2 2 100 0 0

Hardness 2.00 mg/L 5 5 100 0 0 2 2 100 0 0

COD 10.00 mg/L 5 5 100 0 0 2 2 100 0 0

Total Petroleum Hydrocarbons 1.00 mg/L 3 3 100 0 0 2 0 0 0 0

Specific Conductance 1.00 umhos/cm 5 5 100 0 0 2 2 100 0 0

Total Dissolved Solids 2.00 mg/L 5 5 100 0 0 2 2 100 2 100

Turbidity 0.10 NTU 5 5 100 0 0 2 2 100 0 0

Total Suspended Solids 2.00 mg/L 5 5 100 0 0 2 2 100 0 0

Volatile Suspended Solids 1.00 mg/L 5 5 100 0 0 2 2 100 0 0

MBAS 0.05 mg/L 5 5 100 0 0 2 2 100 0 0

Total Organic Carbon 1.00 mg/L 5 5 100 0 0 2 2 100 0 0

BOD 2.00 mg/L 5 5 100 0 0 2 2 100 0 0

Methyl Tertiary Butyl Ether (MTBE) 1.00 ug/L 3 0 0 0 2 0 0 0

Nutrients

Dissolved Phosphorus 0.05 mg/L 5 5 100 0 0 2 2 100 0 0

Total Phosphorus 0.05 mg/L 5 5 100 0 0 2 2 100 0 0

NH3-N 0.10 mg/L 5 5 100 0 0 2 1 50 0 0

Nitrate-N 0.50 mg/L 5 0 0 0 0 2 0 0 0 0

Nitrite-N 0.03 mg/L 5 1 20 0 0 2 1 50 0 0

Kjeldahl-N 0.10 mg/L 5 5 100 0 2 2 100 0

Metals

Dissolved Aluminum 100.00 ug/l 5 0 0 0 0 2 0 0 0 0

Total Aluminum 100.00 ug/l 5 5 100 4 80 2 2 100 0 0

Dissolved Antimony 5.00 ug/l 5 5 100 0 0 2 2 100 0 0

Total Antimony 5.00 ug/l 5 5 100 2 40 2 2 100 0 0

Dissolved Arsenic 5.00 ug/l 5 5 100 0 0 2 2 100 0 0

Total Arsenic 5.00 ug/l 5 5 100 0 0 2 2 100 0 0

Dissolved Barium 10.00 ug/L 5 5 100 0 2 2 100 0

Total Barium 10.00 ug/L 5 5 100 0 2 2 100 0

Dissolved Berylium 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

Total Beryllium 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

Wet Weather Dry Weather
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Table 4-4.6  2007-08 Summary of Water Quality Exceedances for Dominguez Channel Mass Emission Statio
Beneficial Uses 3:  MUN, IND, PROC, GWR, REC1, REC2, WARM, MAR, WILD, RARE

Class Constituent PQL 1 
Units

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Dissolved Cadmium 1.00 ug/l 5 0 0 0 0 2 1 50 0 0

Total Cadmium 1.00 ug/l 5 5 100 1 20 2 1 50 0 0

Dissolved Chromium 5.00 ug/l 5 5 100 0 0 2 2 100 0 0

Total Chromium 5.00 ug/l 5 5 100 0 0 2 2 100 0 0

Dissolved Chromium +6 10.00 ug/l 5 0 0 0 0 2 1 50 0 0

Total Chromium +6 10.00 ug/l 5 2 40 0 0 2 2 100 0 0

Dissolved Copper 5.00 ug/l 5 5 100 3 60 2 2 100 0 0

Total Copper 5.00 ug/l 5 5 100 5 100 2 2 100 1 50

Dissolved Iron 100.00 ug/l 5 3 60 0 0 2 0 0 0 0

Total Iron 100.00 ug/l 5 5 100 0 0 2 2 100 0 0

Dissolved Lead 5.00 ug/l 5 4 80 0 0 2 1 50 0 0

Total Lead 5.00 ug/l 5 5 100 1 20 2 2 100 0 0

Dissolved Mercury 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

Total Mercury 1.00 ug/l 5 0 0 0 0 2 1 50 0 0

Dissolved Nickel 5.00 ug/l 5 5 100 0 0 2 2 100 0 0

Total Nickel 5.00 ug/l 5 5 100 0 0 2 2 100 0 0

Dissolved Selenium 5.00 ug/l 5 0 0 0 0 2 2 100 0 0

Total Selenium 5.00 ug/l 5 0 0 0 0 2 2 100 0 0

Dissolved Silver 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

Total Silver 1.00 ug/l 5 2 40 0 0 2 0 0 0 0

Dissolved Thallium 5.00 ug/l 5 0 0 0 0 2 0 0 0 0

Total Thallium 5.00 ug/l 5 0 0 0 0 2 0 0 0 0

Dissolved Zinc 50.00 ug/l 5 5 100 3 60 2 2 100 0 0

Total Zinc 50.00 ug/l 5 5 100 5 100 2 2 100 0

Semi-Volatiles Organics (EPA 625)

2- Chlorophenol 2.00 ug/l 5 0 0 0 0 2 0 0 0 0

2,4-dichlorophenol 2.00 ug/l 5 0 0 0 0 2 0 0 0 0

2,4-dimethylphenol 2.00 ug/l 5 0 0 0 0 2 0 0 0 0

2,4-dinitrophenol 3.00 ug/l 5 0 0 0 0 2 0 0 0 0

2-nitrophenol 3.00 ug/l 5 0 0 0 0 2 0 0 0 0

4-nitrophenol 3.00 ug/l 5 0 0 0 0 2 0 0 0 0

4-chloro_3_methylphenol 3.00 ug/l 5 0 0 0 0 2 0 0 0 0

Pentachlorophenol 2.00 ug/l 5 0 0 0 0 2 0 0 0 0

Phenol 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

2,4,6-trichlophenol 1.00 ug/l 5 0 0 0 2 0 0 0

Base/Neutral

Acenaphthene 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

Acenaphthylene 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

Anthracene 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

Benzidine 3.00 ug/l 5 0 0 0 0 2 0 0 0 0

1,2 Benzanthracene 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Benzo(a)pyrene 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Benzo(g,h,i)perylene 1.00 ug/L 5 0 0 0 0 2 0 0 0 0

3,4 Benzofluoranthene 2.00 ug/L 5 0 0 0 0 2 0 0 0 0

Benzo(k)flouranthene 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Bis(2-Chloroethoxy) methane 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Bis(2-Chloroisopropyl) ether 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

Bis(2-Chloroethyl) ether 0.10 ug/l 5 0 0 0 0 2 0 0 0 0
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Table 4-4.6  2007-08 Summary of Water Quality Exceedances for Dominguez Channel Mass Emission Statio
Beneficial Uses 3:  MUN, IND, PROC, GWR, REC1, REC2, WARM, MAR, WILD, RARE

Class Constituent PQL 1 
Units

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Bis(2-Ethylhexl) phthalate 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

4-Bromophenyl phenyl ether 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

Butyl benzyl phthalate 0.30 ug/l 5 0 0 0 0 2 0 0 0 0

2-Chloroethyl vinyl ether 2.50 ug/l 3 0 0 0 0 2 0 0 0 0

2-Chloronaphthalene 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

4-Chlorophenyl phenyl ether 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Chrysene 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Dibenzo(a,h)anthracene 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

1,3-Dichlorobenzene 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

1,4-Dichlorobenzene 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

1,2-Dichlorobenzene 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

3,3-Dichlorobenzidine 3.00 ug/l 5 0 0 0 0 2 0 0 0 0

Diethyl phthalate 0.50 ug/l 5 0 0 0 0 2 0 0 0 0

Dimethyl phthalate 0.50 ug/l 5 0 0 0 0 2 0 0 0 0

di-n-Butyl phthalate 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

2,4-Dinitrotoluene 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

2,6-Dinitrotoluene 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

4,6 Dinitro-2-methylphenol 3.00 ug/l 5 0 0 0 0 2 0 0 0 0

1,2-Diphenylhydrazine 3.00 ug/l 5 0 0 0 0 2 0 0 0 0

di-n-Octyl phthalate 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

Fluoranthene 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Fluorene 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Hexachlorobenzene 0.50 ug/l 5 0 0 0 0 2 0 0 0 0

Hexachlorobutadiene 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

Hexachloro-cyclopentadiene 3.00 ug/l 5 0 0 0 0 2 0 0 0 0

Hexachloroethane 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

Indeno(1,2,3-cd)pyrene 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Isophorone 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

Naphthalene 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

Nitrobenzene 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

N-Nitroso-dimethyl amine 0.30 ug/l 5 0 0 0 0 2 0 0 0 0

N-Nitroso-diphenyl amine 0.30 ug/l 5 0 0 0 0 2 0 0 0 0

N-Nitroso-di-n-propyl amine 0.30 ug/l 5 0 0 0 2 0 0 0

Phenanthrene 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

Pyrene 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

1,2,4-Trichlorobenzene 0.50 ug/l 5 0 0 0 0 2 0 0 0 0

Chlorinated Pesticides

Aldrin 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

alpha-BHC 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

beta-BHC 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

delta-BHC 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

gamma-BHC (lindane) 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

alpha-chlordane 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

gamma-chlordane 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

Chlordane 0.10 ug/L 5 0 0 0 0 2 0 0 0 0

4,4'-DDD 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

4,4'-DDE 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

4,4'-DDT 0.10 ug/l 5 0 0 0 0 2 0 0 0 0
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Table 4-4.6  2007-08 Summary of Water Quality Exceedances for Dominguez Channel Mass Emission Statio
Beneficial Uses 3:  MUN, IND, PROC, GWR, REC1, REC2, WARM, MAR, WILD, RARE

Class Constituent PQL 1 
Units

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Dieldrin 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Endosulfan I [alpha] 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Endosulfan II [beta] 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Endosulfan sulfate 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Endrin 0.10 ug/l 5 0 0 0 2 0 0 0

Endrin aldehyde 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Heptachlor 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

Heptachlor Epoxide 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

Toxaphene 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

Polychlorinated Biphenyls 

Aroclor-1016 0.50 ug/l 5 0 0 0 0 2 0 0 0 0

Aroclor-1221 0.50 ug/l 5 0 0 0 0 2 0 0 0 0

Aroclor-1232 0.50 ug/l 5 0 0 0 2 0 0 0

Aroclor-1242 0.50 ug/l 5 0 0 0 0 2 0 0 0 0

Aroclor-1248 0.50 ug/l 5 0 0 0 0 2 0 0 0 0

Aroclor-1254 0.50 ug/l 5 0 0 0 0 2 0 0 0 0

Aroclor-1260 0.50 ug/l 5 0 0 0 0 2 0 0 0 0

Organohosphate Pesticides

Chlorpyrifos 0.05 ug/l 5 0 0 0 0 2 0 0 0 0

Diazinon 0.01 ug/l 5 0 0 0 0 2 0 0 0 0

Prometryn 2.00 ug/l 5 0 0 0 2 0 0 0

Atrazine 2.00 ug/l 5 0 0 0 0 2 0 0 0 0

Simazine 2.00 ug/l 5 0 0 0 0 2 0 0 0 0

Cyanazine 2.00 ug/l 5 0 0 0 0 2 0 0 0 0

Malathion 2.00 ug/l 5 0 0 0 2 0 0 0

Herbicides

Glyphosate 25.00 ug/l 5 0 0 0 0 2 0 0 0 0

2,4-D 10.00 ug/l 5 0 0 0 0 2 0 0 0 0

2,4,5-TP-SILVEX 1.00 ug/l 5 0 0 0 0 2 0 0 0 0

Other

Ammonia 0.10 mg/L 5 5 100 5 100 2 2 100 1 50

Endrin ketone 0.10 ug/l 5 0 0 0 0 2 0 0 0 0

Methoxychlor 0.50 ug/l 5 0 0 0 0 2 0 0 0 0

1)

2)

3) Beneficial uses are defined as follows:  MUN - Municipal and Domestic Supply, IND - Industrial Service Supply, PROC - Industrial Process Supply,  AGR- Agriculural Uses, GWR - Ground Water 
Recharge, FRSH - Freshwater Replenishment, REC1 - Water Contact Recreation, REC2 - Non-Contact Water Recreation, WARM - Warm Freshwater Habitat, COLD - Cold Freshwater Habitat, 
MAR- Supports Marine Ecosystems, WILD - Wildlife Habitat, RARE - Rare, Threatened, or Endangered Species, MIGR - Migration of Aquatic Organisms, SPWN - Spawning, Reproduction, 
and/or Early Development, SHELL- Shellfish Harvesting, WET - Wetland Habitat

PQL = minimum level

This constituent is a function of the parameter(s) in parentheses.
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Table 4-4.7  2007-08 Summary of Water Quality Exceedances for Santa Clara River Mass Emission Station
Beneficial Uses 3:  MUN, IND, PROC, AGR, GWR, FRSH, REC1, REC2, WARM, WILD, RARE, WET

Class Constituent PQL 1 
Units

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Conventional

Oil and Grease 1.00 mg/L 3 1 33 0 0 2 0 0 0 0

Total Phenols 0.10 mg/L 3 0 0 0 0 2 0 0 0 0

Cyanide 0.01 mg/L 3 2 67 0 0 2 0 0 0 0

pH 0-14 3 3 100 0 0 2 2 100 0 0

Dissolved Oxygen 1.00 mg/L 3 3 100 1 33 2 2 100 0 0

Indicator Bacteria

Total Coliform 20.00 MPN/100ml 3 3 100 0 0 2 2 100 0 0

Fecal Coliform 20.00 MPN/100ml 3 3 100 3 100 2 2 100 0 0

Ratio Fecal Coliform/Total Coliform 0 0

Fecal Streptococcus 20.00 MPN/100ml 3 3 100 0 0 2 2 100 0 0

Fecal Enterococcus MPN/100ml 3 3 100 0 0 2 2 100 0 0

General

Chloride 2.00 mg/L 3 3 100 0 0 2 2 100 2 100

Fluoride     f(temp) 2 0.10 mg/L 3 3 100 0 0 2 2 100 0 0

Nitrate 0.10 mg/L 3 0 0 0 0 2 0 0 0 0

Sulfate 0.10 mg/L 3 3 100 0 0 2 2 100 0 0

Alkalinity 4.00 mg/L 3 3 100 0 0 2 2 100 0 0

Hardness 2.00 mg/L 3 3 100 0 0 2 2 100 0 0

COD 10.00 mg/L 3 3 100 0 0 2 2 100 0 0

Total Petroleum Hydrocarbons 1.00 mg/L 3 0 0 0 0 2 0 0 0 0

Specific Conductance 1.00 umhos/cm 3 3 100 0 0 2 2 100 0 0

Total Dissolved Solids 2.00 mg/L 3 3 100 0 0 2 2 100 0 0

Turbidity 0.10 NTU 3 3 100 0 0 2 2 100 0 0

Total Suspended Solids 2.00 mg/L 3 3 100 0 0 2 2 100 0 0

Volatile Suspended Solids 1.00 mg/L 3 3 100 0 0 2 2 100 0 0

MBAS 0.05 mg/L 3 3 100 0 0 2 0 0 0 0

Total Organic Carbon 1.00 mg/L 3 3 100 0 0 2 2 100 0 0

BOD 2.00 mg/L 3 2 67 0 0 2 0 0 0 0

Methyl Tertiary Butyl Ether (MTBE) 1.00 ug/L 3 0 0 0 2 0 0 0

Nutrients

Dissolved Phosphorus 0.05 mg/L 3 2 67 0 0 2 2 100 0 0

Total Phosphorus 0.05 mg/L 3 3 100 0 0 2 2 100 0 0

NH3-N 0.10 mg/L 3 2 67 0 0 2 0 0 0 0

Nitrate-N 0.50 mg/L 3 0 0 0 0 2 0 0 0 0

Nitrite-N 0.03 mg/L 3 0 0 0 0 2 0 0 0 0

Kjeldahl-N 0.10 mg/L 3 3 100 0 2 2 100 0

Metals

Dissolved Aluminum 100.00 ug/l 3 0 0 0 0 2 0 0 0 0

Total Aluminum 100.00 ug/l 3 3 100 2 67 2 0 0 0 0

Dissolved Antimony 5.00 ug/l 3 3 100 0 0 2 0 0 0 0

Total Antimony 5.00 ug/l 3 3 100 0 0 2 0 0 0 0

Dissolved Arsenic 5.00 ug/l 3 3 100 0 0 2 1 50 0 0

Total Arsenic 5.00 ug/l 3 3 100 0 0 2 2 100 0 0

Dissolved Barium 10.00 ug/L 3 3 100 0 2 2 100 0

Total Barium 10.00 ug/L 3 3 100 0 2 2 100 0

Dissolved Berylium 1.00 ug/l 3 0 0 0 0 2 0 0 0 0

Total Beryllium 1.00 ug/l 3 1 33 0 0 2 0 0 0 0

Wet Weather Dry Weather
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Table 4-4.7  2007-08 Summary of Water Quality Exceedances for Santa Clara River Mass Emission Station
Beneficial Uses 3:  MUN, IND, PROC, AGR, GWR, FRSH, REC1, REC2, WARM, WILD, RARE, WET

Class Constituent PQL 1 
Units

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Dissolved Cadmium 1.00 ug/l 3 0 0 0 0 2 0 0 0 0

Total Cadmium 1.00 ug/l 3 1 33 0 0 2 0 0 0 0

Dissolved Chromium 5.00 ug/l 3 3 100 0 0 2 2 100 0 0

Total Chromium 5.00 ug/l 3 3 100 0 0 2 2 100 0 0

Dissolved Chromium +6 10.00 ug/l 3 0 0 0 0 2 0 0 0 0

Total Chromium +6 10.00 ug/l 3 1 33 0 0 2 0 0 0 0

Dissolved Copper 5.00 ug/l 3 3 100 0 0 2 2 100 0 0

Total Copper 5.00 ug/l 3 3 100 1 33 2 2 100 0 0

Dissolved Iron 100.00 ug/l 3 1 33 0 0 2 0 0 0 0

Total Iron 100.00 ug/l 3 3 100 0 0 2 1 50 0 0

Dissolved Lead 5.00 ug/l 3 0 0 0 0 2 0 0 0 0

Total Lead 5.00 ug/l 3 3 100 0 0 2 0 0 0 0

Dissolved Mercury 1.00 ug/l 3 0 0 0 0 2 0 0 0 0

Total Mercury 1.00 ug/l 3 1 33 0 0 2 1 50 0 0

Dissolved Nickel 5.00 ug/l 3 3 100 0 0 2 2 100 0 0

Total Nickel 5.00 ug/l 3 3 100 0 0 2 2 100 0 0

Dissolved Selenium 5.00 ug/l 3 1 33 0 0 2 2 100 0 0

Total Selenium 5.00 ug/l 3 1 33 0 0 2 2 100 0 0

Dissolved Silver 1.00 ug/l 3 0 0 0 0 2 0 0 0 0

Total Silver 1.00 ug/l 3 1 33 0 0 2 0 0 0 0

Dissolved Thallium 5.00 ug/l 3 0 0 0 0 2 0 0 0 0

Total Thallium 5.00 ug/l 3 0 0 0 0 2 0 0 0 0

Dissolved Zinc 50.00 ug/l 3 3 100 0 0 2 1 50 0 0

Total Zinc 50.00 ug/l 3 3 100 1 33 2 2 100 0 0

Semi-Volatiles Organics (EPA 625)

2- Chlorophenol 2.00 ug/l 3 0 0 0 0 2 0 0 0 0

2,4-dichlorophenol 2.00 ug/l 3 0 0 0 0 2 0 0 0 0

2,4-dimethylphenol 2.00 ug/l 3 0 0 0 0 2 0 0 0 0

2,4-dinitrophenol 3.00 ug/l 3 0 0 0 0 2 0 0 0 0

2-nitrophenol 3.00 ug/l 3 0 0 0 0 2 0 0 0 0

4-nitrophenol 3.00 ug/l 3 0 0 0 0 2 0 0 0 0

4-chloro_3_methylphenol 3.00 ug/l 3 0 0 0 0 2 0 0 0 0

Pentachlorophenol 2.00 ug/l 3 0 0 0 0 2 0 0 0 0

Phenol 1.00 ug/l 3 0 0 0 0 2 0 0 0 0

2,4,6-trichlophenol 1.00 ug/l 3 0 0 0 2 0 0 0

Base/Neutral

Acenaphthene 0.05 ug/l 3 0 0 0 0 2 0 0 0 0

Acenaphthylene 0.05 ug/l 3 0 0 0 0 2 0 0 0 0

Anthracene 0.05 ug/l 3 0 0 0 0 2 0 0 0 0

Benzidine 3.00 ug/l 3 0 0 0 0 2 0 0 0 0

1,2 Benzanthracene 0.10 ug/l 3 0 0 0 0 2 0 0 0 0

Benzo(a)pyrene 0.10 ug/l 3 0 0 0 0 2 0 0 0 0

Benzo(g,h,i)perylene 1.00 ug/L 3 0 0 0 0 2 0 0 0 0

3,4 Benzofluoranthene 2.00 ug/L 3 0 0 0 0 2 0 0 0 0

Benzo(k)flouranthene 0.10 ug/l 3 0 0 0 0 2 0 0 0 0

Bis(2-Chloroethoxy) methane 0.10 ug/l 3 0 0 0 0 2 0 0 0 0

Bis(2-Chloroisopropyl) ether 1.00 ug/l 3 0 0 0 0 2 0 0 0 0

Bis(2-Chloroethyl) ether 0.10 ug/l 3 0 0 0 0 2 0 0 0 0
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Table 4-4.7  2007-08 Summary of Water Quality Exceedances for Santa Clara River Mass Emission Station
Beneficial Uses 3:  MUN, IND, PROC, AGR, GWR, FRSH, REC1, REC2, WARM, WILD, RARE, WET

Class Constituent PQL 1 
Units

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Bis(2-Ethylhexl) phthalate 1.00 ug/l 3 0 0 0 0 2 0 0 0 0

4-Bromophenyl phenyl ether 1.00 ug/l 3 0 0 0 0 2 0 0 0 0

Butyl benzyl phthalate 0.30 ug/l 3 0 0 0 0 2 0 0 0 0

2-Chloroethyl vinyl ether 2.50 ug/l 3 0 0 0 0 2 0 0 0 0

2-Chloronaphthalene 0.10 ug/l 3 0 0 0 0 2 0 0 0 0

4-Chlorophenyl phenyl ether 0.10 ug/l 3 0 0 0 0 2 0 0 0 0

Chrysene 0.10 ug/l 3 0 0 0 0 2 0 0 0 0

Dibenzo(a,h)anthracene 0.10 ug/l 3 0 0 0 0 2 0 0 0 0

1,3-Dichlorobenzene 0.05 ug/l 3 0 0 0 0 2 0 0 0 0

1,4-Dichlorobenzene 0.05 ug/l 3 0 0 0 0 2 0 0 0 0

1,2-Dichlorobenzene 0.05 ug/l 3 0 0 0 0 2 0 0 0 0

3,3-Dichlorobenzidine 3.00 ug/l 3 0 0 0 0 2 0 0 0 0

Diethyl phthalate 0.50 ug/l 3 0 0 0 0 2 0 0 0 0

Dimethyl phthalate 0.50 ug/l 3 0 0 0 0 2 0 0 0 0

di-n-Butyl phthalate 1.00 ug/l 3 0 0 0 0 2 0 0 0 0

2,4-Dinitrotoluene 0.05 ug/l 3 0 0 0 0 2 0 0 0 0

2,6-Dinitrotoluene 0.05 ug/l 3 0 0 0 0 2 0 0 0 0

4,6 Dinitro-2-methylphenol 3.00 ug/l 3 0 0 0 0 2 0 0 0 0

1,2-Diphenylhydrazine 3.00 ug/l 3 0 0 0 0 2 0 0 0 0

di-n-Octyl phthalate 1.00 ug/l 3 0 0 0 0 2 0 0 0 0

Fluoranthene 0.10 ug/l 3 0 0 0 0 2 0 0 0 0

Fluorene 0.10 ug/l 3 0 0 0 0 2 0 0 0 0

Hexachlorobenzene 0.50 ug/l 3 0 0 0 0 2 0 0 0 0

Hexachlorobutadiene 1.00 ug/l 3 0 0 0 0 2 0 0 0 0

Hexachloro-cyclopentadiene 3.00 ug/l 3 0 0 0 0 2 0 0 0 0

Hexachloroethane 1.00 ug/l 3 0 0 0 0 2 0 0 0 0

Indeno(1,2,3-cd)pyrene 0.10 ug/l 3 0 0 0 0 2 0 0 0 0

Isophorone 0.05 ug/l 3 0 0 0 0 2 0 0 0 0

Naphthalene 0.05 ug/l 3 0 0 0 0 2 0 0 0 0

Nitrobenzene 0.05 ug/l 3 0 0 0 0 2 0 0 0 0

N-Nitroso-dimethyl amine 0.30 ug/l 3 0 0 0 0 2 0 0 0 0

N-Nitroso-diphenyl amine 0.30 ug/l 3 0 0 0 0 2 0 0 0 0

N-Nitroso-di-n-propyl amine 0.30 ug/l 3 0 0 0 2 0 0 0

Phenanthrene 0.05 ug/l 3 0 0 0 0 2 0 0 0 0

Pyrene 0.05 ug/l 3 0 0 0 0 2 0 0 0 0

1,2,4-Trichlorobenzene 0.50 ug/l 3 0 0 0 0 2 0 0 0 0

Chlorinated Pesticides

Aldrin 0.05 ug/l 3 0 0 0 0 2 0 0 0 0

alpha-BHC 0.05 ug/l 3 0 0 0 0 2 0 0 0 0

beta-BHC 0.05 ug/l 3 0 0 0 0 2 0 0 0 0

delta-BHC 0.05 ug/l 3 0 0 0 0 2 0 0 0 0

gamma-BHC (lindane) 0.05 ug/l 3 0 0 0 0 2 0 0 0 0

alpha-chlordane 0.05 ug/l 3 0 0 0 0 2 0 0 0 0

gamma-chlordane 0.05 ug/l 3 0 0 0 0 2 0 0 0 0

Chlordane 0.10 ug/L 3 0 0 0 0 2 0 0 0 0

4,4'-DDD 0.10 ug/l 3 0 0 0 0 2 0 0 0 0

4,4'-DDE 0.10 ug/l 3 0 0 0 0 2 0 0 0 0

4,4'-DDT 0.10 ug/l 3 0 0 0 0 2 0 0 0 0
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Table 4-4.7  2007-08 Summary of Water Quality Exceedances for Santa Clara River Mass Emission Station
Beneficial Uses 3:  MUN, IND, PROC, AGR, GWR, FRSH, REC1, REC2, WARM, WILD, RARE, WET

Class Constituent PQL 1 
Units

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Detects

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Dieldrin 0.10 ug/l 3 0 0 0 0 2 0 0 0 0

Endosulfan I [alpha] 0.10 ug/l 3 0 0 0 0 2 0 0 0 0

Endosulfan II [beta] 0.10 ug/l 3 0 0 0 0 2 0 0 0 0

Endosulfan sulfate 0.10 ug/l 3 0 0 0 0 2 0 0 0 0

Endrin 0.10 ug/l 3 0 0 0 2 0 0 0

Endrin aldehyde 0.10 ug/l 3 0 0 0 0 2 0 0 0 0

Heptachlor 0.05 ug/l 3 0 0 0 0 2 0 0 0 0

Heptachlor Epoxide 0.05 ug/l 3 0 0 0 0 2 0 0 0 0

Toxaphene 1.00 ug/l 3 0 0 0 0 2 0 0 0 0

Polychlorinated Biphenyls 

Aroclor-1016 0.50 ug/l 3 0 0 0 0 2 0 0 0 0

Aroclor-1221 0.50 ug/l 3 0 0 0 0 2 0 0 0 0

Aroclor-1232 0.50 ug/l 3 0 0 0 2 0 0 0

Aroclor-1242 0.50 ug/l 3 0 0 0 0 2 0 0 0 0

Aroclor-1248 0.50 ug/l 3 0 0 0 0 2 0 0 0 0

Aroclor-1254 0.50 ug/l 3 0 0 0 0 2 0 0 0 0

Aroclor-1260 0.50 ug/l 3 0 0 0 0 2 0 0 0 0

Organohosphate Pesticides

Chlorpyrifos 0.05 ug/l 3 0 0 0 0 2 0 0 0 0

Diazinon 0.01 ug/l 3 0 0 0 0 2 0 0 0 0

Prometryn 2.00 ug/l 3 0 0 0 2 0 0 0

Atrazine 2.00 ug/l 3 0 0 0 0 2 0 0 0 0

Simazine 2.00 ug/l 3 0 0 0 0 2 0 0 0 0

Cyanazine 2.00 ug/l 3 0 0 0 0 2 0 0 0 0

Malathion 2.00 ug/l 3 0 0 0 2 0 0 0 0

Herbicides

Glyphosate 25.00 ug/l 3 0 0 0 2 0 0 0 0

2,4-D 10.00 ug/l 3 0 0 0 2 0 0 0 0

2,4,5-TP-SILVEX 1.00 ug/l 3 0 0 0 2 0 0 0 0

Other

Ammonia 0.10 mg/L 3 2 67 2 67 2 1 50 0 0

Endrin ketone 0.10 ug/l 3 0 0 0 2 0 0 0 0

Methoxychlor 0.50 ug/l 3 0 0 0 2 0 0 0 0

1)

2)

3) Beneficial uses are defined as follows:  MUN - Municipal and Domestic Supply, IND - Industrial Service Supply, PROC - Industrial Process Supply,  AGR- Agriculural Uses, GWR - Ground Water 
Recharge, FRSH - Freshwater Replenishment, REC1 - Water Contact Recreation, REC2 - Non-Contact Water Recreation, WARM - Warm Freshwater Habitat, COLD - Cold Freshwater Habitat, 
MAR- Supports Marine Ecosystems, WILD - Wildlife Habitat, RARE - Rare, Threatened, or Endangered Species, MIGR - Migration of Aquatic Organisms, SPWN - Spawning, Reproduction, 
and/or Early Development, SHELL- Shellfish Harvesting, WET - Wetland Habitat

PQL = minimum level

This constituent is a function of the parameter(s) in parentheses.
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Table 4-4.1  2006-07 Summary of Water Quality Exceedances for Ballona Creek Mass Emission Station
Beneficial Usesj:  MUN, REC1, REC2, WARM, WILD

Class Constituent PQLc Units
No. of 

Samples
No. of Non-

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non-
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Conventional

Oil and Grease 1.00 mg/L 4 2 50 0 0 2 2 0 0 0

Total Phenols 0.10 mg/L 4 4 0 0 0 2 2 0 0 0

Cyanide 0.01 mg/L 4 2 50 2 50 2 2 0 0 0

pH 0-14 4 0 100 0 0 2 0 100 0 0

Dissolved Oxygen 1.00 mg/L 4 0 100 0 0 2 0 100 0 0

Indicator Bacteria

Total Coliform 20.00 MPN/100ml 4 0 100 4 100 2 0 100 1 50

Fecal Coliform 20.00 MPN/100ml 4 0 100 4 100 2 0 100 2 100

Ratio Fecal Coliform/Total Coliform 4 0 100 2 50 2 0 100 1 50

Fecal Streptococcus 20.00 MPN/100ml 4 0 100 0 0 2 0 100 0 0

Fecal Enterococcus MPN/100ml 4 0 100 4 100 2 0 100 2 100

General

Chloride 2.00 mg/L 4 0 100 0 0 2 0 100 0 0

Fluoride     f(temp)i 0.10 mg/L 4 0 100 0 0 2 0 100 0 0

Nitrate 0.10 mg/L 4 3 25 0 0 2 1 50 0 0

Sulfate 0.10 mg/L 4 0 100 0 0 2 0 100 0 0

Alkalinity 4.00 mg/L 4 0 100 0 0 2 0 100 0 0

Hardness 2.00 mg/L 4 0 100 0 0 2 0 100 0 0

COD 10.00 mg/L 4 0 100 0 0 2 1 50 0 0

Total Petroleum Hydrocarbons 1.00 mg/L 4 3 25 0 0 2 2 0 0 0

Specific Conductance 1.00 umhos/cm 4 0 100 0 0 2 0 100 0 0

Total Dissolved Solids 2.00 mg/L 4 0 100 1 25 2 0 100 2 100

Turbidity 0.10 NTU 5 0 100 0 0 2 0 100 0 0

Total Suspended Solids 2.00 mg/L 5 0 100 0 0 2 0 100 0 0

Volatile Suspended Solids 1.00 mg/L 5 0 100 0 0 2 0 100 0 0

MBAS 0.05 mg/L 4 0 100 0 0 2 1 50 0 0

Total Organic Carbon 1.00 mg/L 4 0 100 0 0 2 0 100 0 0

BOD 2.00 mg/L 5 0 100 0 0 2 0 100 0 0

Methyl Tertiary Butyl Ether (MTBE) 1.00 ug/L 4 4 0 0 0 2 2 0 0 0

Nutrients

Dissolved Phosphorus 0.05 mg/L 4 0 100 0 0 2 0 100 0 0

Total Phosphorus 0.05 mg/L 4 0 100 0 0 2 0 100 0 0

NH3-N 0.10 mg/L 4 0 100 0 0 2 1 50 0 0

Nitrate-N 0.50 mg/L 4 3 25 0 0 2 1 50 0 0

Nitrite-N 0.03 mg/L 4 3 25 0 0 2 1 50 0 0

Kjeldahl-N 0.10 mg/L 4 0 100 0 0 2 0 100 0 0

Metals

Dissolved Aluminum 100.00 ug/l 4 3 25 0 0 2 2 0 0 0

Total Aluminum 100.00 ug/l 4 0 100 4 100 2 2 0 0 0

Dissolved Antimony 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Total Antimony 5.00 ug/l 4 0 100 2 50 2 0 100 0 0

Dissolved Arsenic 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Total Arsenic 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Dissolved Barium 10.00 ug/L 4 0 100 0 0 2 0 100 0 0

Total Barium 10.00 ug/L 4 0 100 0 0 2 0 100 0 0

Dissolved Berylium 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Beryllium 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Dissolved Cadmium 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Cadmium 1.00 ug/l 4 0 100 0 0 2 2 0 0 0

Dissolved Chromium 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Wet Weather Dry Weather
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Table 4-4.1  2006-07 Summary of Water Quality Exceedances for Ballona Creek Mass Emission Station
Beneficial Usesj:  MUN, REC1, REC2, WARM, WILD

Class Constituent PQLc Units
No. of 

Samples
No. of Non-

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non-
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Total Chromium 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Dissolved Chromium +6 10.00 ug/l 4 1 75 0 0 2 0 100 0 0

Total Chromium +6 10.00 ug/l 5 1 80 0 0 2 0 100 0 0

Dissolved Copper 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Total Copper 5.00 ug/l 4 0 100 4 100 2 0 100 2 100

Dissolved Iron 100.00 ug/l 4 0 100 0 0 2 2 0 0 0

Total Iron 100.00 ug/l 4 0 100 0 0 2 1 50 0 0

Dissolved Lead 5.00 ug/l 4 0 100 1 25 2 2 0 0 0

Total Lead 5.00 ug/l 4 0 100 4 100 2 0 100 0 0

Dissolved Mercury 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Mercury 1.00 ug/l 4 3 25 1 25 2 2 0 0 0

Dissolved Nickel 5.00 ug/l 4 3 25 0 0 2 0 100 0 0

Total Nickel 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Dissolved Selenium 5.00 ug/l 4 2 50 0 0 2 0 100 0 0

Total Selenium 5.00 ug/l 4 1 75 0 0 2 0 100 0 0

Dissolved Silver 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Silver 1.00 ug/l 4 1 75 0 0 2 2 0 0 0

Dissolved Thallium 5.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Thallium 5.00 ug/l 4 4 0 0 0 2 2 0 0 0

Dissolved Zinc 50.00 ug/l 4 0 100 0 0 2 0 100 0 0

Total Zinc 50.00 ug/l 4 0 100 4 100 2 0 100 0 0

Semi-Volatiles Organics (EPA 625)

2- Chlorophenol 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4-dichlorophenol 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4-dimethylphenol 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4-dinitrophenol 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

2-nitrophenol 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

4-nitrophenol 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

4-chloro_3_methylphenol 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

Pentachlorophenol 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Phenol 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4,6-trichlophenol 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Base/Neutral

Acenaphthene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Acenaphthylene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Anthracene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Benzidine 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

1,2 Benzanthracene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Benzo(a)pyrene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Benzo(g,h,i)perylene 1.00 ug/L 4 4 0 0 0 2 2 0 0 0

3,4 Benzofluoranthene 2.00 ug/L 4 4 0 0 0 2 2 0 0 0

Benzo(k)flouranthene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Bis(2-Chloroethoxy) methane 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Bis(2-Chloroisopropyl) ether 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Bis(2-Chloroethyl) ether 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Bis(2-Ethylhexl) phthalate 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

4-Bromophenyl phenyl ether 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Butyl benzyl phthalate 0.30 ug/l 4 4 0 0 0 2 2 0 0 0

2-Chloroethyl vinyl ether 2.50 ug/l 4 4 0 0 0 2 2 0 0 0

2-Chloronaphthalene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

4-Chlorophenyl phenyl ether 0.10 ug/l 4 4 0 0 0 2 2 0 0 0
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Table 4-4.1  2006-07 Summary of Water Quality Exceedances for Ballona Creek Mass Emission Station
Beneficial Usesj:  MUN, REC1, REC2, WARM, WILD

Class Constituent PQLc Units
No. of 

Samples
No. of Non-

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non-
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Chrysene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Dibenzo(a,h)anthracene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

1,3-Dichlorobenzene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

1,4-Dichlorobenzene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

1,2-Dichlorobenzene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

3,3-Dichlorobenzidine 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

Diethyl phthalate 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Dimethyl phthalate 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

di-n-Butyl phthalate 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4-Dinitrotoluene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

2,6-Dinitrotoluene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

4,6 Dinitro-2-methylphenol 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

1,2-Diphenylhydrazine 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

di-n-Octyl phthalate 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Fluoranthene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Fluorene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Hexachlorobenzene 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Hexachlorobutadiene 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Hexachloro-cyclopentadiene 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

Hexachloroethane 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Indeno(1,2,3-cd)pyrene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Isophorone 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Naphthalene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Nitrobenzene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

N-Nitroso-dimethyl amine 0.30 ug/l 4 4 0 0 0 2 2 0 0 0

N-Nitroso-diphenyl amine 0.30 ug/l 4 4 0 0 0 2 2 0 0 0

N-Nitroso-di-n-propyl amine 0.30 ug/l 4 4 0 0 0 2 2 0 0 0

Phenanthrene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Pyrene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

1,2,4-Trichlorobenzene 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Chlorinated Pesticides

Aldrin 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

alpha-BHC 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

beta-BHC 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

delta-BHC 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

gamma-BHC (lindane) 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

alpha-chlordane 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

gamma-chlordane 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Chlordane 0.10 ug/L 4 4 0 0 0 2 2 0 0 0

4,4'-DDD 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

4,4'-DDE 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

4,4'-DDT 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Dieldrin 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Endosulfan I [alpha] 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Endosulfan II [beta] 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Endosulfan sulfate 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Endrin 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Endrin aldehyde 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Heptachlor 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Heptachlor Epoxide 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Toxaphene 1.00 ug/l 4 4 0 0 0 2 2 0 0 0
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Table 4-4.1  2006-07 Summary of Water Quality Exceedances for Ballona Creek Mass Emission Station
Beneficial Usesj:  MUN, REC1, REC2, WARM, WILD

Class Constituent PQLc Units
No. of 

Samples
No. of Non-

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non-
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Polychlorinated Biphenyls 

Aroclor-1016 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Aroclor-1221 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Aroclor-1232 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Aroclor-1242 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Aroclor-1248 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Aroclor-1254 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Aroclor-1260 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Organohosphate Pesticides

Chlorpyrifos 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Diazinon 0.01 ug/l 4 4 0 0 0 2 2 0 0 0

Prometryn 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Atrazine 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Simazine 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Cyanazine 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Malathion 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Herbicides

Glyphosate 25.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4-D 10.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4,5-TP-SILVEX 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Other

Ammonia 0.10 mg/L 4 0 100 4 100 2 1 50 1 50

Endrin ketone 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Methoxychlor 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

c)

f)

h)

i)

j) Beneficial uses are defined as follows:  MUN - Municipal and Domestic Supply, IND - Industrial Service Supply, PROC - Industrial Process Supply,  AGR- Agriculural Uses, GWR - Ground 
Water Recharge, FRSH - Freshwater Replenishment, REC1 - Water Contact Recreation, REC2 - Non-Contact Water Recreation, WARM - Warm Freshwater Habitat, COLD - Cold 
Freshwater Habitat, MAR- Supports Marine Ecosystems, WILD - Wildlife Habitat, RARE - Rare, Threatened, or Endangered Species, MIGR - Migration of Aquatic Organisms, SPWN - 
Spawning, Reproduction, and/or Early Development, SHELL- Shellfish Harvesting, WET - Wetland Habitat

PQL = minimum level

Criteria maximum concentration which equals the highest concentration of pollutant to which aquatic life can be exposed for a short period time without deleterious effects.

Non-detect refers to a lab result value that is below the PQL

This constituent is a function of the parameter(s) in parentheses.
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Table 4-4.2  2006-07 Summary of Water Quality Exceedances for Malibu Creek Mass Emission Station
Beneficial Usesj:  MUN, REC1, REC2, COLD, WILD, RARE, MIGR, SPWN, WET

Class Constituent PQLc Units
No. of 

Samples
No. of Non

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Conventional

Oil and Grease 1.00 mg/L 4 4 0 0 0 2 2 0 0 0

Total Phenols 0.10 mg/L 4 4 0 0 0 2 2 0 0 0

Cyanide 0.01 mg/L 4 4 0 0 0 2 1 50 0 0

pH 0-14 3 0 100 0 0 2 0 100 0 0

Dissolved Oxygen 1.00 mg/L 4 0 100 0 0 2 0 100 0 0

Indicator Bacteria

Total Coliform 20.00 MPN/100ml 4 0 100 2 50 2 0 100 1 50

Fecal Coliform 20.00 MPN/100ml 4 0 100 3 75 2 0 100 1 50

Ratio Fecal Coliform/Total Coliform 4 0 100 2 50 2 0 100 0 0

Fecal Streptococcus 20.00 MPN/100ml 4 0 100 0 0 2 0 100 0 0

Fecal Enterococcus MPN/100ml 4 0 100 4 100 2 1 50 1 50

General

Chloride 2.00 mg/L 3 0 100 0 0 2 0 100 0 0

Fluoride     f(temp)i 0.10 mg/L 3 0 100 0 0 2 0 100 0 0

Nitrate 0.10 mg/L 3 2 33 1 33 2 1 50 0 0

Sulfate 0.10 mg/L 3 0 100 0 0 2 0 100 2 100

Alkalinity 4.00 mg/L 3 0 100 0 0 2 0 100 0 0

Hardness 2.00 mg/L 3 0 100 0 0 2 0 100 0 0

COD 10.00 mg/L 3 0 100 0 0 2 0 100 0 0

Total Petroleum Hydrocarbons 1.00 mg/L 4 4 0 0 0 2 2 0 0 0

Specific Conductance 1.00 umhos/cm 3 0 100 0 0 2 0 100 0 0

Total Dissolved Solids 2.00 mg/L 3 0 100 0 0 2 0 100 1 50

Turbidity 0.10 NTU 4 0 100 0 0 2 0 100 0 0

Total Suspended Solids 2.00 mg/L 4 0 100 0 0 2 0 100 0 0

Volatile Suspended Solids 1.00 mg/L 4 0 100 0 0 2 0 100 0 0

MBAS 0.05 mg/L 3 3 0 0 0 2 2 0 0 0

Total Organic Carbon 1.00 mg/L 3 0 100 0 0 2 0 100 0 0

BOD 2.00 mg/L 4 0 100 0 0 2 0 100 0 0

Methyl Tertiary Butyl Ether (MTBE) 1.00 ug/L 4 4 0 0 0 2 2 0 0 0

Nutrients

Dissolved Phosphorus 0.05 mg/L 3 0 100 0 0 2 0 100 0 0

Total Phosphorus 0.05 mg/L 3 0 100 0 0 2 0 100 0 0

NH3-N 0.10 mg/L 3 0 100 0 0 2 1 50 0 0

Nitrate-N 0.50 mg/L 3 2 33 0 0 2 1 50 0 0

Nitrite-N 0.03 mg/L 3 3 0 0 0 2 2 0 0 0

Kjeldahl-N 0.10 mg/L 3 0 100 0 0 2 0 100 0 0

Metals

Dissolved Aluminum 100.00 ug/l 3 3 0 0 0 2 2 0 0 0

Total Aluminum 100.00 ug/l 3 0 100 3 100 2 2 0 0 0

Dissolved Antimony 5.00 ug/l 3 2 33 0 0 2 2 0 0 0

Total Antimony 5.00 ug/l 3 0 100 0 0 2 2 0 0 0

Dissolved Arsenic 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Total Arsenic 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Dissolved Barium 10.00 ug/L 3 0 100 0 0 2 0 100 0 0

Total Barium 10.00 ug/L 3 0 100 0 0 2 0 100 0 0

Dissolved Berylium 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Total Beryllium 1.00 ug/l 3 2 33 1 33 2 2 0 0 0

Dissolved Cadmium 1.00 ug/l 3 2 33 0 0 2 2 0 0 0

Total Cadmium 1.00 ug/l 3 0 100 1 33 2 2 0 0 0

Dissolved Chromium 5.00 ug/l 3 2 33 0 0 2 0 100 0 0

Wet Weather Dry Weather
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Table 4-4.2  2006-07 Summary of Water Quality Exceedances for Malibu Creek Mass Emission Station
Beneficial Usesj:  MUN, REC1, REC2, COLD, WILD, RARE, MIGR, SPWN, WET

Class Constituent PQLc Units
No. of 

Samples
No. of Non

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Total Chromium 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Dissolved Chromium +6 10.00 ug/l 3 3 0 0 0 2 2 0 0 0

Total Chromium +6 10.00 ug/l 4 4 0 0 0 2 2 0 0 0

Dissolved Copper 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Total Copper 5.00 ug/l 3 0 100 3 100 2 0 100 2 100

Dissolved Iron 100.00 ug/l 3 2 33 0 0 2 2 0 0 0

Total Iron 100.00 ug/l 3 0 100 0 0 2 0 100 0 0

Dissolved Lead 5.00 ug/l 3 3 0 0 0 2 2 0 0 0

Total Lead 5.00 ug/l 3 0 100 1 33 2 2 0 0 0

Dissolved Mercury 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Total Mercury 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Dissolved Nickel 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Total Nickel 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Dissolved Selenium 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Total Selenium 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Dissolved Silver 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Total Silver 1.00 ug/l 3 2 33 0 0 2 2 0 0 0

Dissolved Thallium 5.00 ug/l 3 3 0 0 0 2 2 0 0 0

Total Thallium 5.00 ug/l 3 2 33 0 0 2 2 0 0 0

Dissolved Zinc 50.00 ug/l 3 2 33 0 0 2 0 100 0 0

Total Zinc 50.00 ug/l 3 0 100 1 33 2 0 100 0 0

Semi-Volatiles Organics (EPA 625)

2- Chlorophenol 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4-dichlorophenol 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4-dimethylphenol 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4-dinitrophenol 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

2-nitrophenol 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

4-nitrophenol 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

4-chloro_3_methylphenol 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

Pentachlorophenol 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Phenol 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4,6-trichlophenol 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Base/Neutral

Acenaphthene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Acenaphthylene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Anthracene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Benzidine 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

1,2 Benzanthracene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Benzo(a)pyrene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Benzo(g,h,i)perylene 1.00 ug/L 3 3 0 0 0 2 2 0 0 0

3,4 Benzofluoranthene 2.00 ug/L 3 3 0 0 0 2 2 0 0 0

Benzo(k)flouranthene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Bis(2-Chloroethoxy) methane 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Bis(2-Chloroisopropyl) ether 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Bis(2-Chloroethyl) ether 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Bis(2-Ethylhexl) phthalate 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

4-Bromophenyl phenyl ether 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Butyl benzyl phthalate 0.30 ug/l 3 3 0 0 0 2 2 0 0 0

2-Chloroethyl vinyl ether 2.50 ug/l 4 4 0 0 0 2 2 0 0 0

2-Chloronaphthalene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

4-Chlorophenyl phenyl ether 0.10 ug/l 3 3 0 0 0 2 2 0 0 0
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Table 4-4.2  2006-07 Summary of Water Quality Exceedances for Malibu Creek Mass Emission Station
Beneficial Usesj:  MUN, REC1, REC2, COLD, WILD, RARE, MIGR, SPWN, WET

Class Constituent PQLc Units
No. of 

Samples
No. of Non

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Chrysene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Dibenzo(a,h)anthracene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

1,3-Dichlorobenzene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

1,4-Dichlorobenzene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

1,2-Dichlorobenzene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

3,3-Dichlorobenzidine 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

Diethyl phthalate 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Dimethyl phthalate 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

di-n-Butyl phthalate 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4-Dinitrotoluene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

2,6-Dinitrotoluene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

4,6 Dinitro-2-methylphenol 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

1,2-Diphenylhydrazine 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

di-n-Octyl phthalate 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Fluoranthene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Fluorene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Hexachlorobenzene 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Hexachlorobutadiene 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Hexachloro-cyclopentadiene 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

Hexachloroethane 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Indeno(1,2,3-cd)pyrene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Isophorone 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Naphthalene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Nitrobenzene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

N-Nitroso-dimethyl amine 0.30 ug/l 3 3 0 0 0 2 2 0 0 0

N-Nitroso-diphenyl amine 0.30 ug/l 3 3 0 0 0 2 2 0 0 0

N-Nitroso-di-n-propyl amine 0.30 ug/l 3 3 0 0 0 2 2 0 0 0

Phenanthrene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Pyrene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

1,2,4-Trichlorobenzene 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Chlorinated Pesticides

Aldrin 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

alpha-BHC 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

beta-BHC 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

delta-BHC 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

gamma-BHC (lindane) 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

alpha-chlordane 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

gamma-chlordane 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Chlordane 0.10 ug/L 3 3 0 0 0 2 2 0 0 0

4,4'-DDD 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

4,4'-DDE 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

4,4'-DDT 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Dieldrin 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Endosulfan I [alpha] 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Endosulfan II [beta] 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Endosulfan sulfate 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Endrin 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Endrin aldehyde 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Heptachlor 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Heptachlor Epoxide 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Toxaphene 1.00 ug/l 3 3 0 0 0 2 2 0 0 0
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Table 4-4.2  2006-07 Summary of Water Quality Exceedances for Malibu Creek Mass Emission Station
Beneficial Usesj:  MUN, REC1, REC2, COLD, WILD, RARE, MIGR, SPWN, WET

Class Constituent PQLc Units
No. of 

Samples
No. of Non

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Polychlorinated Biphenyls 

Aroclor-1016 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1221 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1232 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1242 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1248 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1254 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1260 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Organohosphate Pesticides

Chlorpyrifos 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Diazinon 0.01 ug/l 3 3 0 0 0 2 2 0 0 0

Prometryn 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Atrazine 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Simazine 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Cyanazine 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Malathion 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Herbicides

Glyphosate 25.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4-D 10.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4,5-TP-SILVEX 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Other

Ammonia 0.10 mg/L 3 0 100 3 100 2 1 50 1 50

Endrin ketone 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Methoxychlor 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

c)

h)

i)

j) Beneficial uses are defined as follows:  MUN - Municipal and Domestic Supply, IND - Industrial Service Supply, PROC - Industrial Process Supply,  AGR- Agriculural Uses, GWR - Ground 
Water Recharge, FRSH - Freshwater Replenishment, REC1 - Water Contact Recreation, REC2 - Non-Contact Water Recreation, WARM - Warm Freshwater Habitat, COLD - Cold 
Freshwater Habitat, MAR- Supports Marine Ecosystems, WILD - Wildlife Habitat, RARE - Rare, Threatened, or Endangered Species, MIGR - Migration of Aquatic Organisms, SPWN - 
Spawning, Reproduction, and/or Early Development, SHELL- Shellfish Harvesting, WET - Wetland Habitat

PQL = minimum level

Non-detect refers to a lab result value that is below the PQL

This constituent is a function of the parameter(s) in parentheses.
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Table 4-4.3  2006-07 Summary of Water Quality Exceedances for L.A. River Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, GWR, REC1, REC2, WARM, MAR, WILD,RARE, MIGR, SPWN, SHELL

Class Constituent PQLc Units
No. of 

Samples
No. of Non

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Conventional

Oil and Grease 1.00 mg/L 3 1 67 0 0 2 2 0 0 0

Total Phenols 0.10 mg/L 3 3 0 0 0 2 2 0 0 0

Cyanide 0.01 mg/L 3 0 100 3 100 2 0 100 2 100

pH 0-14 3 0 100 0 0 2 0 100 0 0

Dissolved Oxygen 1.00 mg/L 3 0 100 0 0 2 0 100 0 0

Indicator Bacteria

Total Coliform 20.00 MPN/100ml 3 0 100 3 100 2 0 100 1 50

Fecal Coliform 20.00 MPN/100ml 3 0 100 3 100 2 0 100 1 50

Ratio Fecal Coliform/Total Coliform 3 0 100 1 33 2 0 100 1 50

Fecal Streptococcus 20.00 MPN/100ml 3 0 100 0 0 2 0 100 0 0

Fecal Enterococcus MPN/100ml 3 0 100 3 100 2 0 100 0 0

General

Chloride 2.00 mg/L 3 0 100 0 0 2 0 100 0 0

Fluoride     f(temp)i 0.10 mg/L 3 0 100 0 0 2 0 100 0 0

Nitrate 0.10 mg/L 3 2 33 0 0 2 1 50 0 0

Sulfate 0.10 mg/L 3 0 100 0 0 2 0 100 0 0

Alkalinity 4.00 mg/L 3 0 100 0 0 2 0 100 0 0

Hardness 2.00 mg/L 3 0 100 0 0 2 0 100 0 0

COD 10.00 mg/L 3 0 100 0 0 2 0 100 0 0

Total Petroleum Hydrocarbons 1.00 mg/L 3 1 67 0 0 2 2 0 0 0

Specific Conductance 1.00 umhos/cm 3 0 100 0 0 2 0 100 0 0

Total Dissolved Solids 2.00 mg/L 3 0 100 0 0 2 0 100 0 0

Turbidity 0.10 NTU 3 0 100 0 0 2 0 100 0 0

Total Suspended Solids 2.00 mg/L 3 0 100 0 0 2 0 100 0 0

Volatile Suspended Solids 1.00 mg/L 3 0 100 0 0 2 0 100 0 0

MBAS 0.05 mg/L 3 0 100 0 0 2 0 100 0 0

Total Organic Carbon 1.00 mg/L 3 0 100 0 0 2 0 100 0 0

BOD 2.00 mg/L 3 0 100 0 0 2 0 100 0 0

Methyl Tertiary Butyl Ether (MTBE) 1.00 ug/L 3 3 0 0 0 2 2 0 0 0

Nutrients

Dissolved Phosphorus 0.05 mg/L 3 0 100 0 0 2 1 50 0 0

Total Phosphorus 0.05 mg/L 3 0 100 0 0 2 0 100 0 0

NH3-N 0.10 mg/L 3 2 33 0 0 2 0 100 0 0

Nitrate-N 0.50 mg/L 3 2 33 0 0 2 1 50 0 0

Nitrite-N 0.03 mg/L 3 0 100 0 0 2 0 100 1 50

Kjeldahl-N 0.10 mg/L 3 0 100 0 0 2 0 100 0 0

Metals

Dissolved Aluminum 100.00 ug/l 3 3 0 0 0 2 2 0 0 0

Total Aluminum 100.00 ug/l 3 0 100 3 100 2 1 50 0 0

Dissolved Antimony 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Total Antimony 5.00 ug/l 3 0 100 1 33 2 0 100 0 0

Dissolved Arsenic 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Total Arsenic 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Dissolved Barium 10.00 ug/L 3 0 100 0 0 2 0 100 0 0

Total Barium 10.00 ug/L 3 0 100 0 0 2 0 100 0 0

Dissolved Berylium 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Total Beryllium 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Dissolved Cadmium 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Total Cadmium 1.00 ug/l 3 0 100 1 33 2 2 0 0 0

Dissolved Chromium 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Wet Weather Dry Weather
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Table 4-4.3  2006-07 Summary of Water Quality Exceedances for L.A. River Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, GWR, REC1, REC2, WARM, MAR, WILD,RARE, MIGR, SPWN, SHELL

Class Constituent PQLc Units
No. of 

Samples
No. of Non

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Total Chromium 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Dissolved Chromium +6 10.00 ug/l 3 2 33 0 0 2 2 0 0 0

Total Chromium +6 10.00 ug/l 3 2 33 0 0 2 2 0 0 0

Dissolved Copper 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Total Copper 5.00 ug/l 3 0 100 3 100 2 0 100 2 100

Dissolved Iron 100.00 ug/l 3 2 33 0 0 2 2 0 0 0

Total Iron 100.00 ug/l 3 0 100 0 0 2 1 50 0 0

Dissolved Lead 5.00 ug/l 3 1 67 0 0 2 1 50 0 0

Total Lead 5.00 ug/l 3 0 100 3 100 2 0 100 0 0

Dissolved Mercury 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Total Mercury 1.00 ug/l 3 2 33 1 33 2 2 0 0 0

Dissolved Nickel 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Total Nickel 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Dissolved Selenium 5.00 ug/l 3 2 33 0 0 2 0 100 0 0

Total Selenium 5.00 ug/l 3 1 67 0 0 2 0 100 0 0

Dissolved Silver 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Total Silver 1.00 ug/l 3 1 67 1 33 2 2 0 0 0

Dissolved Thallium 5.00 ug/l 3 3 0 0 0 2 2 0 0 0

Total Thallium 5.00 ug/l 3 3 0 0 0 2 2 0 0 0

Dissolved Zinc 50.00 ug/l 3 0 100 0 0 2 0 100 0 0

Total Zinc 50.00 ug/l 3 0 100 3 100 2 0 100 0 0

Semi-Volatiles Organics (EPA 625)

2- Chlorophenol 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4-dichlorophenol 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4-dimethylphenol 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4-dinitrophenol 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

2-nitrophenol 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

4-nitrophenol 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

4-chloro_3_methylphenol 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

Pentachlorophenol 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Phenol 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4,6-trichlophenol 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Base/Neutral

Acenaphthene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Acenaphthylene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Anthracene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Benzidine 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

1,2 Benzanthracene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Benzo(a)pyrene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Benzo(g,h,i)perylene 1.00 ug/L 3 3 0 0 0 2 2 0 0 0

3,4 Benzofluoranthene 2.00 ug/L 3 3 0 0 0 2 2 0 0 0

Benzo(k)flouranthene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Bis(2-Chloroethoxy) methane 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Bis(2-Chloroisopropyl) ether 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Bis(2-Chloroethyl) ether 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Bis(2-Ethylhexl) phthalate 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

4-Bromophenyl phenyl ether 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Butyl benzyl phthalate 0.30 ug/l 3 3 0 0 0 2 2 0 0 0

2-Chloroethyl vinyl ether 2.50 ug/l 3 3 0 0 0 2 2 0 0 0

2-Chloronaphthalene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

4-Chlorophenyl phenyl ether 0.10 ug/l 3 3 0 0 0 2 2 0 0 0
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Table 4-4.3  2006-07 Summary of Water Quality Exceedances for L.A. River Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, GWR, REC1, REC2, WARM, MAR, WILD,RARE, MIGR, SPWN, SHELL

Class Constituent PQLc Units
No. of 

Samples
No. of Non

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Chrysene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Dibenzo(a,h)anthracene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

1,3-Dichlorobenzene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

1,4-Dichlorobenzene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

1,2-Dichlorobenzene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

3,3-Dichlorobenzidine 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

Diethyl phthalate 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Dimethyl phthalate 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

di-n-Butyl phthalate 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4-Dinitrotoluene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

2,6-Dinitrotoluene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

4,6 Dinitro-2-methylphenol 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

1,2-Diphenylhydrazine 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

di-n-Octyl phthalate 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Fluoranthene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Fluorene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Hexachlorobenzene 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Hexachlorobutadiene 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Hexachloro-cyclopentadiene 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

Hexachloroethane 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Indeno(1,2,3-cd)pyrene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Isophorone 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Naphthalene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Nitrobenzene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

N-Nitroso-dimethyl amine 0.30 ug/l 3 3 0 0 0 2 2 0 0 0

N-Nitroso-diphenyl amine 0.30 ug/l 3 3 0 0 0 2 2 0 0 0

N-Nitroso-di-n-propyl amine 0.30 ug/l 3 3 0 0 0 2 2 0 0 0

Phenanthrene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Pyrene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

1,2,4-Trichlorobenzene 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Chlorinated Pesticides

Aldrin 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

alpha-BHC 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

beta-BHC 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

delta-BHC 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

gamma-BHC (lindane) 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

alpha-chlordane 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

gamma-chlordane 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Chlordane 0.10 ug/L 3 3 0 0 0 2 2 0 0 0

4,4'-DDD 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

4,4'-DDE 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

4,4'-DDT 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Dieldrin 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Endosulfan I [alpha] 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Endosulfan II [beta] 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Endosulfan sulfate 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Endrin 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Endrin aldehyde 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Heptachlor 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Heptachlor Epoxide 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Toxaphene 1.00 ug/l 3 3 0 0 0 2 2 0 0 0
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Table 4-4.3  2006-07 Summary of Water Quality Exceedances for L.A. River Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, GWR, REC1, REC2, WARM, MAR, WILD,RARE, MIGR, SPWN, SHELL

Class Constituent PQLc Units
No. of 

Samples
No. of Non

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Polychlorinated Biphenyls 

Aroclor-1016 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1221 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1232 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1242 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1248 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1254 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1260 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Organohosphate Pesticides

Chlorpyrifos 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Diazinon 0.01 ug/l 3 3 0 0 0 2 2 0 0 0

Prometryn 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Atrazine 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Simazine 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Cyanazine 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Malathion 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Herbicides

Glyphosate 25.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4-D 10.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4,5-TP-SILVEX 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Other

Ammonia 0.10 mg/L 3 3 0 1 33 2 0 100 2 100

Endrin ketone 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Methoxychlor 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

c)

h)

i)

j) Beneficial uses are defined as follows:  MUN - Municipal and Domestic Supply, IND - Industrial Service Supply, PROC - Industrial Process Supply,  AGR- Agriculural Uses, GWR - Ground 
Water Recharge, FRSH - Freshwater Replenishment, REC1 - Water Contact Recreation, REC2 - Non-Contact Water Recreation, WARM - Warm Freshwater Habitat, COLD - Cold 
Freshwater Habitat, MAR- Supports Marine Ecosystems, WILD - Wildlife Habitat, RARE - Rare, Threatened, or Endangered Species, MIGR - Migration of Aquatic Organisms, SPWN - 
Spawning, Reproduction, and/or Early Development, SHELL- Shellfish Harvesting, WET - Wetland Habitat

PQL = minimum level

Non-detect refers to a lab result value that is below the PQL

This constituent is a function of the parameter(s) in parentheses.
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Table 4-4.4  2006-07 Summary of Water Quality Exceedances for Coyote Creek Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, REC1, REC2, WARM, WILD, RARE

Class Constituent PQLc Units
No. of 

Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Conventional

Oil and Grease 1.00 mg/L 3 1 67 0 0 2 2 0 0 0

Total Phenols 0.10 mg/L 3 3 0 0 0 2 2 0 0 0

Cyanide 0.01 mg/L 3 1 67 2 67 2 0 100 2 100

pH 0-14 4 0 100 0 0 2 0 100 0 0

Dissolved Oxygen 1.00 mg/L 3 0 100 0 0 2 0 100 0 0

Indicator Bacteria

Total Coliform 20.00 MPN/100ml 3 0 100 3 100 2 0 100 1 50

Fecal Coliform 20.00 MPN/100ml 3 0 100 3 100 2 0 100 1 50

Ratio Fecal Coliform/Total Coliform 3 0 100 1 33 2 0 100 1 50

Fecal Streptococcus 20.00 MPN/100ml 3 0 100 0 0 2 0 100 0 0

Fecal Enterococcus MPN/100ml 3 0 100 3 100 2 0 100 0 0

General

Chloride 2.00 mg/L 4 0 100 0 0 2 0 100 0 0

Fluoride     f(temp)i 0.10 mg/L 4 0 100 0 0 2 0 100 0 0

Nitrate 0.10 mg/L 4 3 25 0 0 2 1 50 0 0

Sulfate 0.10 mg/L 4 0 100 0 0 2 0 100 0 0

Alkalinity 4.00 mg/L 4 0 100 0 0 2 0 100 0 0

Hardness 2.00 mg/L 4 0 100 0 0 2 0 100 0 0

COD 10.00 mg/L 4 0 100 0 0 2 0 100 0 0

Total Petroleum Hydrocarbons 1.00 mg/L 3 2 33 0 0 2 2 0 0 0

Specific Conductance 1.00 umhos/cm 4 0 100 0 0 2 0 100 0 0

Total Dissolved Solids 2.00 mg/L 4 0 100 1 25 2 0 100 2 100

Turbidity 0.10 NTU 4 0 100 0 0 2 0 100 0 0

Total Suspended Solids 2.00 mg/L 4 0 100 0 0 2 0 100 0 0

Volatile Suspended Solids 1.00 mg/L 4 0 100 0 0 2 0 100 0 0

MBAS 0.05 mg/L 4 0 100 1 25 2 1 50 0 0

Total Organic Carbon 1.00 mg/L 4 0 100 0 0 2 0 100 0 0

BOD 2.00 mg/L 4 0 100 0 0 2 0 100 0 0

Methyl Tertiary Butyl Ether (MTBE) 1.00 ug/L 3 3 0 0 0 2 2 0 0 0

Nutrients

Dissolved Phosphorus 0.05 mg/L 4 0 100 0 0 2 2 0 0 0

Total Phosphorus 0.05 mg/L 4 0 100 0 0 2 1 50 0 0

NH3-N 0.10 mg/L 4 0 100 0 0 2 2 0 0 0

Nitrate-N 0.50 mg/L 4 3 25 0 0 2 1 50 0 0

Nitrite-N 0.03 mg/L 4 3 25 0 0 2 1 50 0 0

Kjeldahl-N 0.10 mg/L 4 0 100 0 0 2 0 100 0 0

Metals

Dissolved Aluminum 100.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Aluminum 100.00 ug/l 4 0 100 4 100 2 2 0 0 0

Dissolved Antimony 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Total Antimony 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Dissolved Arsenic 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Total Arsenic 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Dissolved Barium 10.00 ug/L 4 0 100 0 0 2 0 100 0 0

Total Barium 10.00 ug/L 4 0 100 0 0 2 0 100 0 0

Dissolved Berylium 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Beryllium 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Wet Weather Dry Weather
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Table 4-4.4  2006-07 Summary of Water Quality Exceedances for Coyote Creek Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, REC1, REC2, WARM, WILD, RARE

Class Constituent PQLc Units
No. of 

Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Dissolved Cadmium 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Cadmium 1.00 ug/l 4 1 75 0 0 2 2 0 0 0

Dissolved Chromium 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Total Chromium 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Dissolved Chromium +6 10.00 ug/l 4 0 100 0 0 2 1 50 0 0

Total Chromium +6 10.00 ug/l 4 0 100 0 0 2 1 50 0 0

Dissolved Copper 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Total Copper 5.00 ug/l 4 0 100 4 100 2 0 100 2 100

Dissolved Iron 100.00 ug/l 4 2 50 0 0 2 2 0 0 0

Total Iron 100.00 ug/l 4 0 100 0 0 2 1 50 0 0

Dissolved Lead 5.00 ug/l 4 2 50 0 0 2 2 0 0 0

Total Lead 5.00 ug/l 4 0 100 4 100 2 0 100 0 0

Dissolved Mercury 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Mercury 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Dissolved Nickel 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Total Nickel 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Dissolved Selenium 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Total Selenium 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Dissolved Silver 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Silver 1.00 ug/l 4 3 25 0 0 2 2 0 0 0

Dissolved Thallium 5.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Thallium 5.00 ug/l 4 4 0 0 0 2 2 0 0 0

Dissolved Zinc 50.00 ug/l 4 0 100 0 0 2 0 100 0 0

Total Zinc 50.00 ug/l 4 0 100 4 100 2 0 100 0 0

Semi-Volatiles Organics (EPA 625)

2- Chlorophenol 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4-dichlorophenol 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4-dimethylphenol 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4-dinitrophenol 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

2-nitrophenol 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

4-nitrophenol 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

4-chloro_3_methylphenol 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

Pentachlorophenol 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Phenol 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4,6-trichlophenol 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Base/Neutral

Acenaphthene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Acenaphthylene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Anthracene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Benzidine 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

1,2 Benzanthracene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Benzo(a)pyrene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Benzo(g,h,i)perylene 1.00 ug/L 4 4 0 0 0 2 2 0 0 0

3,4 Benzofluoranthene 2.00 ug/L 4 4 0 0 0 2 2 0 0 0

Benzo(k)flouranthene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Bis(2-Chloroethoxy) methane 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Bis(2-Chloroisopropyl) ether 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Bis(2-Chloroethyl) ether 0.10 ug/l 4 4 0 0 0 2 2 0 0 0
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Table 4-4.4  2006-07 Summary of Water Quality Exceedances for Coyote Creek Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, REC1, REC2, WARM, WILD, RARE

Class Constituent PQLc Units
No. of 

Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Bis(2-Ethylhexl) phthalate 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

4-Bromophenyl phenyl ether 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Butyl benzyl phthalate 0.30 ug/l 4 4 0 0 0 2 2 0 0 0

2-Chloroethyl vinyl ether 2.50 ug/l 3 3 0 0 0 2 2 0 0 0

2-Chloronaphthalene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

4-Chlorophenyl phenyl ether 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Chrysene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Dibenzo(a,h)anthracene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

1,3-Dichlorobenzene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

1,4-Dichlorobenzene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

1,2-Dichlorobenzene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

3,3-Dichlorobenzidine 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

Diethyl phthalate 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Dimethyl phthalate 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

di-n-Butyl phthalate 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4-Dinitrotoluene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

2,6-Dinitrotoluene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

4,6 Dinitro-2-methylphenol 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

1,2-Diphenylhydrazine 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

di-n-Octyl phthalate 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Fluoranthene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Fluorene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Hexachlorobenzene 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Hexachlorobutadiene 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Hexachloro-cyclopentadiene 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

Hexachloroethane 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Indeno(1,2,3-cd)pyrene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Isophorone 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Naphthalene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Nitrobenzene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

N-Nitroso-dimethyl amine 0.30 ug/l 4 4 0 0 0 2 2 0 0 0

N-Nitroso-diphenyl amine 0.30 ug/l 4 4 0 0 0 2 2 0 0 0

N-Nitroso-di-n-propyl amine 0.30 ug/l 4 4 0 0 0 2 2 0 0 0

Phenanthrene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Pyrene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

1,2,4-Trichlorobenzene 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Chlorinated Pesticides

Aldrin 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

alpha-BHC 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

beta-BHC 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

delta-BHC 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

gamma-BHC (lindane) 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

alpha-chlordane 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

gamma-chlordane 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Chlordane 0.10 ug/L 4 4 0 0 0 2 2 0 0 0

4,4'-DDD 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

4,4'-DDE 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

4,4'-DDT 0.10 ug/l 4 4 0 0 0 2 2 0 0 0
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Table 4-4.4  2006-07 Summary of Water Quality Exceedances for Coyote Creek Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, REC1, REC2, WARM, WILD, RARE

Class Constituent PQLc Units
No. of 

Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Dieldrin 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Endosulfan I [alpha] 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Endosulfan II [beta] 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Endosulfan sulfate 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Endrin 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Endrin aldehyde 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Heptachlor 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Heptachlor Epoxide 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Toxaphene 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Polychlorinated Biphenyls 

Aroclor-1016 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Aroclor-1221 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Aroclor-1232 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Aroclor-1242 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Aroclor-1248 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Aroclor-1254 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Aroclor-1260 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Organohosphate Pesticides

Chlorpyrifos 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Diazinon 0.01 ug/l 4 4 0 0 0 2 1 50 1 50

Prometryn 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Atrazine 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Simazine 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Cyanazine 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Malathion 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Herbicides

Glyphosate 25.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4-D 10.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4,5-TP-SILVEX 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Other

Ammonia 0.10 mg/L 4 0 100 4 100 2 0 100 2 100

Endrin ketone 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Methoxychlor 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

c)

h)

i)

j) Beneficial uses are defined as follows:  MUN - Municipal and Domestic Supply, IND - Industrial Service Supply, PROC - Industrial Process Supply,  AGR- Agriculural Uses, GWR - Ground
Water Recharge, FRSH - Freshwater Replenishment, REC1 - Water Contact Recreation, REC2 - Non-Contact Water Recreation, WARM - Warm Freshwater Habitat, COLD - Cold 
Freshwater Habitat, MAR- Supports Marine Ecosystems, WILD - Wildlife Habitat, RARE - Rare, Threatened, or Endangered Species, MIGR - Migration of Aquatic Organisms, SPWN - 
Spawning, Reproduction, and/or Early Development, SHELL- Shellfish Harvesting, WET - Wetland Habitat

PQL = minimum level

Non-detect refers to a lab result value that is below the PQL

This constituent is a function of the parameter(s) in parentheses.
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Table 4-4.5  2006-07 Summary of Water Quality Exceedances for San Gabriel River Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, GWR, REC1, REC2, WARM, WILD, RARE

Class Constituent PQLc Units
No. of 

Samples
No. of Non

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Conventional

Oil and Grease 1.00 mg/L 3 2 33 0 0 2 2 0 0 0

Total Phenols 0.10 mg/L 3 3 0 0 0 2 2 0 0 0

Cyanide 0.01 mg/L 3 1 67 2 67 2 1 50 1 50

pH 0-14 4 0 100 0 0 2 0 100 0 0

Dissolved Oxygen 1.00 mg/L 3 0 100 0 0 2 0 100 0 0

Indicator Bacteria

Total Coliform 20.00 MPN/100ml 3 0 100 3 100 2 0 100 1 50

Fecal Coliform 20.00 MPN/100ml 3 0 100 3 100 2 0 100 2 100

Ratio Fecal Coliform/Total Coliform 3 0 100 0 0 2 0 100 1 50

Fecal Streptococcus 20.00 MPN/100ml 3 0 100 0 0 2 0 100 0 0

Fecal Enterococcus MPN/100ml 3 0 100 3 100 2 0 100 2 100

General

Chloride 2.00 mg/L 4 0 100 0 0 2 0 100 0 0

Fluoride     f(temp)i 0.10 mg/L 4 0 100 0 0 2 0 100 0 0

Nitrate 0.10 mg/L 4 3 25 0 0 2 1 50 0 0

Sulfate 0.10 mg/L 4 0 100 0 0 2 0 100 0 0

Alkalinity 4.00 mg/L 4 0 100 0 0 2 0 100 0 0

Hardness 2.00 mg/L 4 0 100 0 0 2 0 100 0 0

COD 10.00 mg/L 4 0 100 0 0 2 0 100 0 0

Total Petroleum Hydrocarbons 1.00 mg/L 3 3 0 0 0 2 2 0 0 0

Specific Conductance 1.00 umhos/cm 4 0 100 0 0 2 0 100 0 0

Total Dissolved Solids 2.00 mg/L 4 0 100 0 0 2 0 100 0 0

Turbidity 0.10 NTU 4 0 100 0 0 2 0 100 0 0

Total Suspended Solids 2.00 mg/L 4 0 100 0 0 2 0 100 0 0

Volatile Suspended Solids 1.00 mg/L 4 0 100 0 0 2 0 100 0 0

MBAS 0.05 mg/L 4 1 75 0 0 2 2 0 0 0

Total Organic Carbon 1.00 mg/L 4 0 100 0 0 2 0 100 0 0

BOD 2.00 mg/L 4 0 100 0 0 2 0 100 0 0

Methyl Tertiary Butyl Ether (MTBE) 1.00 ug/L 3 3 0 0 0 2 2 0 0 0

Nutrients

Dissolved Phosphorus 0.05 mg/L 4 0 100 0 0 2 2 0 0 0

Total Phosphorus 0.05 mg/L 4 0 100 0 0 2 0 100 0 0

NH3-N 0.10 mg/L 4 2 50 0 0 2 0 100 0 0

Nitrate-N 0.50 mg/L 4 3 25 0 0 2 1 50 0 0

Nitrite-N 0.03 mg/L 4 0 100 0 0 2 2 0 0 0

Kjeldahl-N 0.10 mg/L 4 0 100 0 0 2 0 100 0 0

Metals

Dissolved Aluminum 100.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Aluminum 100.00 ug/l 4 0 100 3 75 2 0 100 0 0

Dissolved Antimony 5.00 ug/l 4 0 100 0 0 2 2 0 0 0

Total Antimony 5.00 ug/l 4 0 100 0 0 2 2 0 0 0

Dissolved Arsenic 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Total Arsenic 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Dissolved Barium 10.00 ug/L 4 0 100 0 0 2 0 100 0 0

Total Barium 10.00 ug/L 4 0 100 0 0 2 0 100 0 0

Dissolved Berylium 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Beryllium 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Dissolved Cadmium 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Cadmium 1.00 ug/l 4 3 25 0 0 2 2 0 0 0

Dissolved Chromium 5.00 ug/l 4 1 75 0 0 2 0 100 0 0

Wet Weather Dry Weather
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Table 4-4.5  2006-07 Summary of Water Quality Exceedances for San Gabriel River Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, GWR, REC1, REC2, WARM, WILD, RARE

Class Constituent PQLc Units
No. of 

Samples
No. of Non

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Total Chromium 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Dissolved Chromium +6 10.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Chromium +6 10.00 ug/l 4 4 0 0 0 2 2 0 0 0

Dissolved Copper 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Total Copper 5.00 ug/l 4 0 100 4 100 2 0 100 2 100

Dissolved Iron 100.00 ug/l 4 2 50 0 0 2 2 0 0 0

Total Iron 100.00 ug/l 4 0 100 0 0 2 0 100 0 0

Dissolved Lead 5.00 ug/l 4 2 50 0 0 2 2 0 0 0

Total Lead 5.00 ug/l 4 0 100 2 50 2 0 100 0 0

Dissolved Mercury 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Mercury 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Dissolved Nickel 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Total Nickel 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Dissolved Selenium 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Total Selenium 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Dissolved Silver 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Silver 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Dissolved Thallium 5.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Thallium 5.00 ug/l 4 4 0 0 0 2 2 0 0 0

Dissolved Zinc 50.00 ug/l 4 0 100 0 0 2 0 100 0 0

Total Zinc 50.00 ug/l 4 0 100 1 25 2 0 100 0 0

Semi-Volatiles Organics (EPA 625)

2- Chlorophenol 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4-dichlorophenol 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4-dimethylphenol 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4-dinitrophenol 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

2-nitrophenol 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

4-nitrophenol 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

4-chloro_3_methylphenol 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

Pentachlorophenol 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Phenol 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4,6-trichlophenol 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Base/Neutral

Acenaphthene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Acenaphthylene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Anthracene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Benzidine 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

1,2 Benzanthracene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Benzo(a)pyrene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Benzo(g,h,i)perylene 1.00 ug/L 4 4 0 0 0 2 2 0 0 0

3,4 Benzofluoranthene 2.00 ug/L 4 4 0 0 0 2 2 0 0 0

Benzo(k)flouranthene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Bis(2-Chloroethoxy) methane 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Bis(2-Chloroisopropyl) ether 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Bis(2-Chloroethyl) ether 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Bis(2-Ethylhexl) phthalate 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

4-Bromophenyl phenyl ether 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Butyl benzyl phthalate 0.30 ug/l 4 4 0 0 0 2 2 0 0 0

2-Chloroethyl vinyl ether 2.50 ug/l 3 3 0 0 0 2 2 0 0 0

2-Chloronaphthalene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

4-Chlorophenyl phenyl ether 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Page 2 of 4

RB-AR10064



Table 4-4.5  2006-07 Summary of Water Quality Exceedances for San Gabriel River Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, GWR, REC1, REC2, WARM, WILD, RARE

Class Constituent PQLc Units
No. of 

Samples
No. of Non

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Chrysene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Dibenzo(a,h)anthracene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

1,3-Dichlorobenzene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

1,4-Dichlorobenzene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

1,2-Dichlorobenzene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

3,3-Dichlorobenzidine 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

Diethyl phthalate 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Dimethyl phthalate 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

di-n-Butyl phthalate 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4-Dinitrotoluene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

2,6-Dinitrotoluene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

4,6 Dinitro-2-methylphenol 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

1,2-Diphenylhydrazine 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

di-n-Octyl phthalate 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Fluoranthene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Fluorene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Hexachlorobenzene 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Hexachlorobutadiene 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Hexachloro-cyclopentadiene 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

Hexachloroethane 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Indeno(1,2,3-cd)pyrene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Isophorone 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Naphthalene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Nitrobenzene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

N-Nitroso-dimethyl amine 0.30 ug/l 4 4 0 0 0 2 2 0 0 0

N-Nitroso-diphenyl amine 0.30 ug/l 4 4 0 0 0 2 2 0 0 0

N-Nitroso-di-n-propyl amine 0.30 ug/l 4 4 0 0 0 2 2 0 0 0

Phenanthrene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Pyrene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

1,2,4-Trichlorobenzene 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Chlorinated Pesticides

Aldrin 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

alpha-BHC 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

beta-BHC 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

delta-BHC 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

gamma-BHC (lindane) 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

alpha-chlordane 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

gamma-chlordane 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Chlordane 0.10 ug/L 4 4 0 0 0 2 2 0 0 0

4,4'-DDD 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

4,4'-DDE 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

4,4'-DDT 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Dieldrin 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Endosulfan I [alpha] 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Endosulfan II [beta] 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Endosulfan sulfate 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Endrin 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Endrin aldehyde 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Heptachlor 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Heptachlor Epoxide 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Toxaphene 1.00 ug/l 4 4 0 0 0 2 2 0 0 0
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Table 4-4.5  2006-07 Summary of Water Quality Exceedances for San Gabriel River Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, GWR, REC1, REC2, WARM, WILD, RARE

Class Constituent PQLc Units
No. of 

Samples
No. of Non

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Polychlorinated Biphenyls 

Aroclor-1016 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Aroclor-1221 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Aroclor-1232 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Aroclor-1242 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Aroclor-1248 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Aroclor-1254 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Aroclor-1260 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Organohosphate Pesticides

Chlorpyrifos 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Diazinon 0.01 ug/l 4 4 0 0 0 2 2 0 0 0

Prometryn 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Atrazine 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Simazine 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Cyanazine 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Malathion 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Herbicides

Glyphosate 25.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4-D 10.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4,5-TP-SILVEX 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Other

Ammonia 0.10 mg/L 4 2 50 2 50 2 0 100 2 100

Endrin ketone 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Methoxychlor 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

c)

h)

i)

j) Beneficial uses are defined as follows:  MUN - Municipal and Domestic Supply, IND - Industrial Service Supply, PROC - Industrial Process Supply,  AGR- Agriculural Uses, GWR - Ground 
Water Recharge, FRSH - Freshwater Replenishment, REC1 - Water Contact Recreation, REC2 - Non-Contact Water Recreation, WARM - Warm Freshwater Habitat, COLD - Cold 
Freshwater Habitat, MAR- Supports Marine Ecosystems, WILD - Wildlife Habitat, RARE - Rare, Threatened, or Endangered Species, MIGR - Migration of Aquatic Organisms, SPWN - 
Spawning, Reproduction, and/or Early Development, SHELL- Shellfish Harvesting, WET - Wetland Habitat

PQL = minimum level

Non-detect refers to a lab result value that is below the PQL

This constituent is a function of the parameter(s) in parentheses.
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Table 4-4.6  2006-07 Summary of Water Quality Exceedances for Dominguez Channel Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, GWR, REC1, REC2, WARM, MAR, WILD, RARE

Class Constituent PQLc Units
No. of 

Samples
No. of Non

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Conventional

Oil and Grease 1.00 mg/L 5 0 100 0 0 2 1 50 0 0

Total Phenols 0.10 mg/L 5 5 0 0 0 2 2 0 0 0

Cyanide 0.01 mg/L 5 2 60 3 60 2 2 0 0 0

pH 0-14 5 0 100 0 0 2 0 100 0 0

Dissolved Oxygen 1.00 mg/L 5 1 80 1 20 2 0 100 0 0

Indicator Bacteria

Total Coliform 20.00 MPN/100ml 5 0 100 5 100 2 0 100 0 0

Fecal Coliform 20.00 MPN/100ml 5 0 100 5 100 2 0 100 0 0

Ratio Fecal Coliform/Total Coliform 5 0 100 3 60 2 0 100 0 0

Fecal Streptococcus 20.00 MPN/100ml 5 0 100 0 0 2 0 100 0 0

Fecal Enterococcus MPN/100ml 5 0 100 5 100 2 0 100 2 100

General

Chloride 2.00 mg/L 5 0 100 0 0 2 0 100 0 0

Fluoride     f(temp)i 0.10 mg/L 5 0 100 0 0 2 0 100 0 0

Nitrate 0.10 mg/L 5 3 40 0 0 2 1 50 0 0

Sulfate 0.10 mg/L 5 0 100 0 0 2 0 100 0 0

Alkalinity 4.00 mg/L 5 0 100 0 0 2 0 100 0 0

Hardness 2.00 mg/L 5 0 100 0 0 2 0 100 0 0

COD 10.00 mg/L 5 0 100 0 0 2 0 100 0 0

Total Petroleum Hydrocarbons 1.00 mg/L 5 1 80 0 0 2 2 0 0 0

Specific Conductance 1.00 umhos/cm 5 0 100 0 0 2 0 100 0 0

Total Dissolved Solids 2.00 mg/L 5 0 100 0 0 2 0 100 1 50

Turbidity 0.10 NTU 6 0 100 0 0 2 0 100 0 0

Total Suspended Solids 2.00 mg/L 6 0 100 0 0 2 0 100 0 0

Volatile Suspended Solids 1.00 mg/L 6 0 100 0 0 2 0 100 0 0

MBAS 0.05 mg/L 5 0 100 1 20 2 1 50 0 0

Total Organic Carbon 1.00 mg/L 5 0 100 0 0 2 0 100 0 0

BOD 2.00 mg/L 6 0 100 0 0 2 0 100 0 0

Methyl Tertiary Butyl Ether (MTBE) 1.00 ug/L 5 5 0 0 0 2 2 0 0 0

Nutrients

Dissolved Phosphorus 0.05 mg/L 5 0 100 0 0 2 0 100 0 0

Total Phosphorus 0.05 mg/L 5 0 100 0 0 2 0 100 0 0

NH3-N 0.10 mg/L 5 0 100 0 0 2 0 100 0 0

Nitrate-N 0.50 mg/L 5 4 20 0 0 2 1 50 0 0

Nitrite-N 0.03 mg/L 5 4 20 0 0 2 2 0 0 0

Kjeldahl-N 0.10 mg/L 5 0 100 0 0 2 0 100 0 0

Metals

Dissolved Aluminum 100.00 ug/l 5 5 0 0 0 2 2 0 0 0

Total Aluminum 100.00 ug/l 5 0 100 5 100 2 0 100 0 0

Dissolved Antimony 5.00 ug/l 5 0 100 0 0 2 0 100 0 0

Total Antimony 5.00 ug/l 5 0 100 3 60 2 0 100 0 0

Dissolved Arsenic 5.00 ug/l 5 0 100 0 0 2 0 100 0 0

Total Arsenic 5.00 ug/l 5 0 100 0 0 2 0 100 0 0

Dissolved Barium 10.00 ug/L 5 0 100 0 0 2 0 100 0 0

Total Barium 10.00 ug/L 5 0 100 0 0 2 0 100 0 0

Dissolved Berylium 1.00 ug/l 5 5 0 0 0 2 2 0 0 0

Total Beryllium 1.00 ug/l 5 5 0 0 0 2 2 0 0 0

Dissolved Cadmium 1.00 ug/l 5 5 0 0 0 2 2 0 0 0

Total Cadmium 1.00 ug/l 5 0 100 0 0 2 2 0 0 0

Dissolved Chromium 5.00 ug/l 5 0 100 0 0 2 0 100 0 0

Wet Weather Dry Weather
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Table 4-4.6  2006-07 Summary of Water Quality Exceedances for Dominguez Channel Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, GWR, REC1, REC2, WARM, MAR, WILD, RARE

Class Constituent PQLc Units
No. of 

Samples
No. of Non

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Total Chromium 5.00 ug/l 5 0 100 0 0 2 0 100 0 0

Dissolved Chromium +6 10.00 ug/l 5 0 100 0 0 2 0 100 0 0

Total Chromium +6 10.00 ug/l 6 0 100 0 0 2 0 100 0 0

Dissolved Copper 5.00 ug/l 5 0 100 3 60 2 0 100 0 0

Total Copper 5.00 ug/l 5 0 100 5 100 2 0 100 2 100

Dissolved Iron 100.00 ug/l 5 0 100 0 0 2 2 0 0 0

Total Iron 100.00 ug/l 5 0 100 0 0 2 0 100 0 0

Dissolved Lead 5.00 ug/l 5 1 80 0 0 2 1 50 0 0

Total Lead 5.00 ug/l 5 0 100 5 100 2 0 100 0 0

Dissolved Mercury 1.00 ug/l 5 5 0 0 0 2 2 0 0 0

Total Mercury 1.00 ug/l 5 4 20 1 20 2 2 0 0 0

Dissolved Nickel 5.00 ug/l 5 0 100 0 0 2 0 100 0 0

Total Nickel 5.00 ug/l 5 0 100 0 0 2 0 100 0 0

Dissolved Selenium 5.00 ug/l 5 4 20 0 0 2 0 100 0 0

Total Selenium 5.00 ug/l 5 2 60 0 0 2 0 100 0 0

Dissolved Silver 1.00 ug/l 5 5 0 0 0 2 2 0 0 0

Total Silver 1.00 ug/l 5 3 40 0 0 2 2 0 0 0

Dissolved Thallium 5.00 ug/l 5 5 0 0 0 2 2 0 0 0

Total Thallium 5.00 ug/l 5 5 0 0 0 2 2 0 0 0

Dissolved Zinc 50.00 ug/l 5 0 100 0 0 2 0 100 0 0

Total Zinc 50.00 ug/l 5 0 100 5 100 2 0 100 0 0

Semi-Volatiles Organics (EPA 625)

2- Chlorophenol 2.00 ug/l 5 5 0 0 0 2 2 0 0 0

2,4-dichlorophenol 2.00 ug/l 5 5 0 0 0 2 2 0 0 0

2,4-dimethylphenol 2.00 ug/l 5 5 0 0 0 2 2 0 0 0

2,4-dinitrophenol 3.00 ug/l 5 5 0 0 0 2 2 0 0 0

2-nitrophenol 3.00 ug/l 5 5 0 0 0 2 2 0 0 0

4-nitrophenol 3.00 ug/l 5 5 0 0 0 2 2 0 0 0

4-chloro_3_methylphenol 3.00 ug/l 5 5 0 0 0 2 2 0 0 0

Pentachlorophenol 2.00 ug/l 5 5 0 0 0 2 2 0 0 0

Phenol 1.00 ug/l 5 5 0 0 0 2 2 0 0 0

2,4,6-trichlophenol 1.00 ug/l 5 5 0 0 0 2 2 0 0 0

Base/Neutral

Acenaphthene 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

Acenaphthylene 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

Anthracene 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

Benzidine 3.00 ug/l 5 5 0 0 0 2 2 0 0 0

1,2 Benzanthracene 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

Benzo(a)pyrene 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

Benzo(g,h,i)perylene 1.00 ug/L 5 5 0 0 0 2 2 0 0 0

3,4 Benzofluoranthene 2.00 ug/L 5 5 0 0 0 2 2 0 0 0

Benzo(k)flouranthene 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

Bis(2-Chloroethoxy) methane 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

Bis(2-Chloroisopropyl) ether 1.00 ug/l 5 5 0 0 0 2 2 0 0 0

Bis(2-Chloroethyl) ether 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

Bis(2-Ethylhexl) phthalate 1.00 ug/l 5 5 0 0 0 2 2 0 0 0

4-Bromophenyl phenyl ether 1.00 ug/l 5 5 0 0 0 2 2 0 0 0

Butyl benzyl phthalate 0.30 ug/l 5 5 0 0 0 2 2 0 0 0

2-Chloroethyl vinyl ether 2.50 ug/l 5 5 0 0 0 2 2 0 0 0

2-Chloronaphthalene 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

4-Chlorophenyl phenyl ether 0.10 ug/l 5 5 0 0 0 2 2 0 0 0
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Table 4-4.6  2006-07 Summary of Water Quality Exceedances for Dominguez Channel Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, GWR, REC1, REC2, WARM, MAR, WILD, RARE

Class Constituent PQLc Units
No. of 

Samples
No. of Non

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Chrysene 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

Dibenzo(a,h)anthracene 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

1,3-Dichlorobenzene 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

1,4-Dichlorobenzene 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

1,2-Dichlorobenzene 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

3,3-Dichlorobenzidine 3.00 ug/l 5 5 0 0 0 2 2 0 0 0

Diethyl phthalate 0.50 ug/l 5 5 0 0 0 2 2 0 0 0

Dimethyl phthalate 0.50 ug/l 5 5 0 0 0 2 2 0 0 0

di-n-Butyl phthalate 1.00 ug/l 5 5 0 0 0 2 2 0 0 0

2,4-Dinitrotoluene 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

2,6-Dinitrotoluene 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

4,6 Dinitro-2-methylphenol 3.00 ug/l 5 5 0 0 0 2 2 0 0 0

1,2-Diphenylhydrazine 3.00 ug/l 5 5 0 0 0 2 2 0 0 0

di-n-Octyl phthalate 1.00 ug/l 5 5 0 0 0 2 2 0 0 0

Fluoranthene 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

Fluorene 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

Hexachlorobenzene 0.50 ug/l 5 5 0 0 0 2 2 0 0 0

Hexachlorobutadiene 1.00 ug/l 5 5 0 0 0 2 2 0 0 0

Hexachloro-cyclopentadiene 3.00 ug/l 5 5 0 0 0 2 2 0 0 0

Hexachloroethane 1.00 ug/l 5 5 0 0 0 2 2 0 0 0

Indeno(1,2,3-cd)pyrene 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

Isophorone 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

Naphthalene 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

Nitrobenzene 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

N-Nitroso-dimethyl amine 0.30 ug/l 5 5 0 0 0 2 2 0 0 0

N-Nitroso-diphenyl amine 0.30 ug/l 5 5 0 0 0 2 2 0 0 0

N-Nitroso-di-n-propyl amine 0.30 ug/l 5 5 0 0 0 2 2 0 0 0

Phenanthrene 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

Pyrene 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

1,2,4-Trichlorobenzene 0.50 ug/l 5 5 0 0 0 2 2 0 0 0

Chlorinated Pesticides

Aldrin 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

alpha-BHC 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

beta-BHC 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

delta-BHC 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

gamma-BHC (lindane) 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

alpha-chlordane 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

gamma-chlordane 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

Chlordane 0.10 ug/L 5 5 0 0 0 2 2 0 0 0

4,4'-DDD 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

4,4'-DDE 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

4,4'-DDT 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

Dieldrin 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

Endosulfan I [alpha] 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

Endosulfan II [beta] 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

Endosulfan sulfate 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

Endrin 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

Endrin aldehyde 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

Heptachlor 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

Heptachlor Epoxide 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

Toxaphene 1.00 ug/l 5 5 0 0 0 2 2 0 0 0
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Table 4-4.6  2006-07 Summary of Water Quality Exceedances for Dominguez Channel Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, GWR, REC1, REC2, WARM, MAR, WILD, RARE

Class Constituent PQLc Units
No. of 

Samples
No. of Non

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Polychlorinated Biphenyls 

Aroclor-1016 0.50 ug/l 5 5 0 0 0 2 2 0 0 0

Aroclor-1221 0.50 ug/l 5 5 0 0 0 2 2 0 0 0

Aroclor-1232 0.50 ug/l 5 5 0 0 0 2 2 0 0 0

Aroclor-1242 0.50 ug/l 5 5 0 0 0 2 2 0 0 0

Aroclor-1248 0.50 ug/l 5 5 0 0 0 2 2 0 0 0

Aroclor-1254 0.50 ug/l 5 5 0 0 0 2 2 0 0 0

Aroclor-1260 0.50 ug/l 5 5 0 0 0 2 2 0 0 0

Organohosphate Pesticides

Chlorpyrifos 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

Diazinon 0.01 ug/l 5 5 0 0 0 2 2 0 0 0

Prometryn 2.00 ug/l 5 5 0 0 0 2 2 0 0 0

Atrazine 2.00 ug/l 5 5 0 0 0 2 2 0 0 0

Simazine 2.00 ug/l 5 5 0 0 0 2 2 0 0 0

Cyanazine 2.00 ug/l 5 5 0 0 0 2 2 0 0 0

Malathion 2.00 ug/l 5 5 0 0 0 2 2 0 0 0

Herbicides

Glyphosate 25.00 ug/l 5 5 0 0 0 2 2 0 0 0

2,4-D 10.00 ug/l 5 5 0 0 0 2 2 0 0 0

2,4,5-TP-SILVEX 1.00 ug/l 5 5 0 0 0 2 2 0 0 0

Other

Ammonia 0.10 mg/L 5 0 100 5 100 2 0 100 2 100

Endrin ketone 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

Methoxychlor 0.50 ug/l 5 5 0 0 0 2 2 0 0 0

c)

h)

i)

j) Beneficial uses are defined as follows:  MUN - Municipal and Domestic Supply, IND - Industrial Service Supply, PROC - Industrial Process Supply,  AGR- Agriculural Uses, GWR - Ground Water 
Recharge, FRSH - Freshwater Replenishment, REC1 - Water Contact Recreation, REC2 - Non-Contact Water Recreation, WARM - Warm Freshwater Habitat, COLD - Cold Freshwater Habitat, 
MAR- Supports Marine Ecosystems, WILD - Wildlife Habitat, RARE - Rare, Threatened, or Endangered Species, MIGR - Migration of Aquatic Organisms, SPWN - Spawning, Reproduction, and/or
Early Development, SHELL- Shellfish Harvesting, WET - Wetland Habitat

PQL = minimum level

Non-detect refers to a lab result value that is below the PQL

This constituent is a function of the parameter(s) in parentheses.
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Table 4-4.7  2006-07 Summary of Water Quality Exceedances for Santa Clara River Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, AGR, GWR, FRSH, REC1, REC2, WARM, WILD, RARE, WET

Class Constituent PQLc Units
No. of 

Samples
No. of Non

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Conventional

Oil and Grease 1.00 mg/L 5 5 0 0 0 2 2 0 0 0

Total Phenols 0.10 mg/L 5 5 0 0 0 2 2 0 0 0

Cyanide 0.01 mg/L 5 5 0 0 0 2 2 0 0 0

pH 0-14 5 0 100 0 0 2 0 100 0 0

Dissolved Oxygen 1.00 mg/L 5 0 100 0 0 2 0 100 0 0

Indicator Bacteria

Total Coliform 20.00 MPN/100ml 5 0 100 5 100 2 0 100 0 0

Fecal Coliform 20.00 MPN/100ml 5 0 100 5 100 2 0 100 0 0

Ratio Fecal Coliform/Total Coliform 5 0 100 0 0 2 0 100 0 0

Fecal Streptococcus 20.00 MPN/100ml 5 0 100 0 0 2 0 100 0 0

Fecal Enterococcus MPN/100ml 5 0 100 5 100 2 0 100 2 100

General

Chloride 2.00 mg/L 5 0 100 0 0 2 0 100 2 100

Fluoride     f(temp)i 0.10 mg/L 5 0 100 0 0 2 0 100 0 0

Nitrate 0.10 mg/L 5 2 60 0 0 2 1 50 0 0

Sulfate 0.10 mg/L 5 0 100 0 0 2 0 100 0 0

Alkalinity 4.00 mg/L 5 0 100 0 0 2 0 100 0 0

Hardness 2.00 mg/L 5 0 100 0 0 2 0 100 0 0

COD 10.00 mg/L 5 0 100 0 0 2 1 50 0 0

Total Petroleum Hydrocarbons 1.00 mg/L 5 5 0 0 0 2 2 0 0 0

Specific Conductance 1.00 umhos/cm 5 0 100 0 0 2 0 100 0 0

Total Dissolved Solids 2.00 mg/L 5 0 100 0 0 2 0 100 0 0

Turbidity 0.10 NTU 5 0 100 0 0 2 0 100 0 0

Total Suspended Solids 2.00 mg/L 5 0 100 0 0 2 0 100 0 0

Volatile Suspended Solids 1.00 mg/L 5 0 100 0 0 2 0 100 0 0

MBAS 0.05 mg/L 5 2 60 0 0 2 2 0 0 0

Total Organic Carbon 1.00 mg/L 5 0 100 0 0 2 0 100 0 0

BOD 2.00 mg/L 5 0 100 0 0 2 2 0 0 0

Methyl Tertiary Butyl Ether (MTBE) 1.00 ug/L 5 5 0 0 0 2 2 0 0 0

Nutrients

Dissolved Phosphorus 0.05 mg/L 5 0 100 0 0 2 0 100 0 0

Total Phosphorus 0.05 mg/L 5 0 100 0 0 2 0 100 0 0

NH3-N 0.10 mg/L 5 2 60 0 0 2 2 0 0 0

Nitrate-N 0.50 mg/L 5 2 60 0 0 2 1 50 0 0

Nitrite-N 0.03 mg/L 5 4 20 0 0 2 2 0 0 0

Kjeldahl-N 0.10 mg/L 5 0 100 0 0 2 0 100 0 0

Metals

Dissolved Aluminum 100.00 ug/l 5 5 0 0 0 2 2 0 0 0

Total Aluminum 100.00 ug/l 5 0 100 4 80 2 2 0 0 0

Dissolved Antimony 5.00 ug/l 5 0 100 0 0 2 2 0 0 0

Total Antimony 5.00 ug/l 5 0 100 0 0 2 2 0 0 0

Dissolved Arsenic 5.00 ug/l 5 0 100 0 0 2 0 100 0 0

Total Arsenic 5.00 ug/l 5 0 100 0 0 2 0 100 0 0

Dissolved Barium 10.00 ug/L 5 0 100 0 0 2 0 100 0 0

Total Barium 10.00 ug/L 5 0 100 0 0 2 0 100 0 0

Dissolved Berylium 1.00 ug/l 5 5 0 0 0 2 2 0 0 0

Total Beryllium 1.00 ug/l 5 5 0 0 0 2 2 0 0 0

Dissolved Cadmium 1.00 ug/l 5 5 0 0 0 2 2 0 0 0

Total Cadmium 1.00 ug/l 5 1 80 0 0 2 2 0 0 0

Dissolved Chromium 5.00 ug/l 5 0 100 0 0 2 0 100 0 0

Wet Weather Dry Weather
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Table 4-4.7  2006-07 Summary of Water Quality Exceedances for Santa Clara River Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, AGR, GWR, FRSH, REC1, REC2, WARM, WILD, RARE, WET

Class Constituent PQLc Units
No. of 

Samples
No. of Non

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Total Chromium 5.00 ug/l 5 0 100 0 0 2 0 100 0 0

Dissolved Chromium +6 10.00 ug/l 5 5 0 0 0 2 2 0 0 0

Total Chromium +6 10.00 ug/l 5 5 0 0 0 2 2 0 0 0

Dissolved Copper 5.00 ug/l 5 0 100 0 0 2 0 100 0 0

Total Copper 5.00 ug/l 5 0 100 5 100 2 0 100 2 100

Dissolved Iron 100.00 ug/l 5 0 100 0 0 2 2 0 0 0

Total Iron 100.00 ug/l 5 2 60 0 0 2 1 50 0 0

Dissolved Lead 5.00 ug/l 5 0 100 0 0 2 2 0 0 0

Total Lead 5.00 ug/l 5 4 20 3 60 2 0 100 0 0

Dissolved Mercury 1.00 ug/l 5 5 0 0 0 2 2 0 0 0

Total Mercury 1.00 ug/l 5 4 20 1 20 2 2 0 0 0

Dissolved Nickel 5.00 ug/l 5 0 100 0 0 2 0 100 0 0

Total Nickel 5.00 ug/l 5 0 100 0 0 2 0 100 0 0

Dissolved Selenium 5.00 ug/l 5 2 60 0 0 2 0 100 0 0

Total Selenium 5.00 ug/l 5 2 60 0 0 2 0 100 0 0

Dissolved Silver 1.00 ug/l 5 5 0 0 0 2 2 0 0 0

Total Silver 1.00 ug/l 5 4 20 0 0 2 2 0 0 0

Dissolved Thallium 5.00 ug/l 5 5 0 0 0 2 2 0 0 0

Total Thallium 5.00 ug/l 5 5 0 0 0 2 2 0 0 0

Dissolved Zinc 50.00 ug/l 5 2 60 0 0 2 0 100 0 0

Total Zinc 50.00 ug/l 5 0 100 2 40 2 0 100 0 0

Semi-Volatiles Organics (EPA 625)

2- Chlorophenol 2.00 ug/l 5 5 0 0 0 2 2 0 0 0

2,4-dichlorophenol 2.00 ug/l 5 5 0 0 0 2 2 0 0 0

2,4-dimethylphenol 2.00 ug/l 5 5 0 0 0 2 2 0 0 0

2,4-dinitrophenol 3.00 ug/l 5 5 0 0 0 2 2 0 0 0

2-nitrophenol 3.00 ug/l 5 5 0 0 0 2 2 0 0 0

4-nitrophenol 3.00 ug/l 5 5 0 0 0 2 2 0 0 0

4-chloro_3_methylphenol 3.00 ug/l 5 5 0 0 0 2 2 0 0 0

Pentachlorophenol 2.00 ug/l 5 5 0 0 0 2 2 0 0 0

Phenol 1.00 ug/l 5 5 0 0 0 2 2 0 0 0

2,4,6-trichlophenol 1.00 ug/l 5 5 0 0 0 2 2 0 0 0

Base/Neutral

Acenaphthene 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

Acenaphthylene 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

Anthracene 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

Benzidine 3.00 ug/l 5 5 0 0 0 2 2 0 0 0

1,2 Benzanthracene 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

Benzo(a)pyrene 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

Benzo(g,h,i)perylene 1.00 ug/L 5 5 0 0 0 2 2 0 0 0

3,4 Benzofluoranthene 2.00 ug/L 5 5 0 0 0 2 2 0 0 0

Benzo(k)flouranthene 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

Bis(2-Chloroethoxy) methane 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

Bis(2-Chloroisopropyl) ether 1.00 ug/l 5 5 0 0 0 2 2 0 0 0

Bis(2-Chloroethyl) ether 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

Bis(2-Ethylhexl) phthalate 1.00 ug/l 5 5 0 0 0 2 2 0 0 0

4-Bromophenyl phenyl ether 1.00 ug/l 5 5 0 0 0 2 2 0 0 0

Butyl benzyl phthalate 0.30 ug/l 5 5 0 0 0 2 2 0 0 0

2-Chloroethyl vinyl ether 2.50 ug/l 5 5 0 0 0 2 2 0 0 0

2-Chloronaphthalene 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

4-Chlorophenyl phenyl ether 0.10 ug/l 5 5 0 0 0 2 2 0 0 0
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Table 4-4.7  2006-07 Summary of Water Quality Exceedances for Santa Clara River Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, AGR, GWR, FRSH, REC1, REC2, WARM, WILD, RARE, WET

Class Constituent PQLc Units
No. of 

Samples
No. of Non

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Chrysene 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

Dibenzo(a,h)anthracene 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

1,3-Dichlorobenzene 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

1,4-Dichlorobenzene 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

1,2-Dichlorobenzene 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

3,3-Dichlorobenzidine 3.00 ug/l 5 5 0 0 0 2 2 0 0 0

Diethyl phthalate 0.50 ug/l 5 5 0 0 0 2 2 0 0 0

Dimethyl phthalate 0.50 ug/l 5 5 0 0 0 2 2 0 0 0

di-n-Butyl phthalate 1.00 ug/l 5 5 0 0 0 2 2 0 0 0

2,4-Dinitrotoluene 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

2,6-Dinitrotoluene 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

4,6 Dinitro-2-methylphenol 3.00 ug/l 5 5 0 0 0 2 2 0 0 0

1,2-Diphenylhydrazine 3.00 ug/l 5 5 0 0 0 2 2 0 0 0

di-n-Octyl phthalate 1.00 ug/l 5 5 0 0 0 2 2 0 0 0

Fluoranthene 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

Fluorene 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

Hexachlorobenzene 0.50 ug/l 5 5 0 0 0 2 2 0 0 0

Hexachlorobutadiene 1.00 ug/l 5 5 0 0 0 2 2 0 0 0

Hexachloro-cyclopentadiene 3.00 ug/l 5 5 0 0 0 2 2 0 0 0

Hexachloroethane 1.00 ug/l 5 5 0 0 0 2 2 0 0 0

Indeno(1,2,3-cd)pyrene 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

Isophorone 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

Naphthalene 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

Nitrobenzene 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

N-Nitroso-dimethyl amine 0.30 ug/l 5 5 0 0 0 2 2 0 0 0

N-Nitroso-diphenyl amine 0.30 ug/l 5 5 0 0 0 2 2 0 0 0

N-Nitroso-di-n-propyl amine 0.30 ug/l 5 5 0 0 0 2 2 0 0 0

Phenanthrene 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

Pyrene 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

1,2,4-Trichlorobenzene 0.50 ug/l 5 5 0 0 0 2 2 0 0 0

Chlorinated Pesticides

Aldrin 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

alpha-BHC 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

beta-BHC 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

delta-BHC 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

gamma-BHC (lindane) 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

alpha-chlordane 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

gamma-chlordane 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

Chlordane 0.10 ug/L 5 5 0 0 0 2 2 0 0 0

4,4'-DDD 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

4,4'-DDE 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

4,4'-DDT 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

Dieldrin 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

Endosulfan I [alpha] 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

Endosulfan II [beta] 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

Endosulfan sulfate 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

Endrin 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

Endrin aldehyde 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

Heptachlor 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

Heptachlor Epoxide 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

Toxaphene 1.00 ug/l 5 5 0 0 0 2 2 0 0 0
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Table 4-4.7  2006-07 Summary of Water Quality Exceedances for Santa Clara River Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, AGR, GWR, FRSH, REC1, REC2, WARM, WILD, RARE, WET

Class Constituent PQLc Units
No. of 

Samples
No. of Non

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Polychlorinated Biphenyls 

Aroclor-1016 0.50 ug/l 5 5 0 0 0 2 2 0 0 0

Aroclor-1221 0.50 ug/l 5 5 0 0 0 2 2 0 0 0

Aroclor-1232 0.50 ug/l 5 5 0 0 0 2 2 0 0 0

Aroclor-1242 0.50 ug/l 5 5 0 0 0 2 2 0 0 0

Aroclor-1248 0.50 ug/l 5 5 0 0 0 2 2 0 0 0

Aroclor-1254 0.50 ug/l 5 5 0 0 0 2 2 0 0 0

Aroclor-1260 0.50 ug/l 5 5 0 0 0 2 2 0 0 0

Organohosphate Pesticides

Chlorpyrifos 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

Diazinon 0.01 ug/l 5 5 0 0 0 2 2 0 0 0

Prometryn 2.00 ug/l 5 5 0 0 0 2 2 0 0 0

Atrazine 2.00 ug/l 5 5 0 0 0 2 2 0 0 0

Simazine 2.00 ug/l 5 5 0 0 0 2 2 0 0 0

Cyanazine 2.00 ug/l 5 5 0 0 0 2 2 0 0 0

Malathion 2.00 ug/l 5 5 0 0 0 2 2 0 0 0

Herbicides

Glyphosate 25.00 ug/l 5 5 0 0 0 2 2 0 0 0

2,4-D 10.00 ug/l 5 5 0 0 0 2 2 0 0 0

2,4,5-TP-SILVEX 1.00 ug/l 5 5 0 0 0 2 2 0 0 0

Other

Ammonia 0.10 mg/L 5 1 80 4 80 2 2 0 0 0

Endrin ketone 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

Methoxychlor 0.50 ug/l 5 5 0 0 0 2 2 0 0 0

c)

h)

i)

j) Beneficial uses are defined as follows:  MUN - Municipal and Domestic Supply, IND - Industrial Service Supply, PROC - Industrial Process Supply,  AGR- Agriculural Uses, GWR - Ground 
Water Recharge, FRSH - Freshwater Replenishment, REC1 - Water Contact Recreation, REC2 - Non-Contact Water Recreation, WARM - Warm Freshwater Habitat, COLD - Cold 
Freshwater Habitat, MAR- Supports Marine Ecosystems, WILD - Wildlife Habitat, RARE - Rare, Threatened, or Endangered Species, MIGR - Migration of Aquatic Organisms, SPWN - 
Spawning, Reproduction, and/or Early Development, SHELL- Shellfish Harvesting, WET - Wetland Habitat

PQL = minimum level

Non-detect refers to a lab result value that is below the PQL

This constituent is a function of the parameter(s) in parentheses.
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Table 4-4.  2005-06 Summary of Water Quality Exceedances for Ballona Creek Mass Emission Station
Beneficial Usesj:  REC-1, REC-2, WARM, WILD

Class Constituent PQLc Units
No. of 

Samples
No. of Non-

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non-
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Conventional

Oil and Grease 1.00 mg/L 4 3 25 0 0 2 2 0 0 0

Total Phenols 0.10 mg/L 4 4 0 0 0 2 2 0 0 0

Cyanide 0.01 mg/L 4 3 25 1 25 2 1 50 1 50

pH 0-14 4 0 100 0 0 2 0 100 0 0

Dissolved Oxygen 1.00 mg/L 4 0 100 0 0 2 0 100 0 0

Indicator Bacteria

Total Coliform 20.00 MPN/100ml 4 0 100 4 100 2 0 100 2 100

Fecal Coliform 20.00 MPN/100ml 4 0 100 4 100 2 0 100 2 100

Ratio Fecal Coliform/Total Coliform 4 0 100 3 75 2 0 100 1 50

Fecal Streptococcus 20.00 MPN/100ml 4 0 100 0 0 2 0 100 0 0

Fecal Enterococcus MPN/100ml 4 0 100 4 100 2 0 100 2 100

General

Chloride 2.00 mg/L 4 0 100 0 0 2 0 100 0 0

Fluoride     f(temp)i 0.10 mg/L 4 1 75 0 0 2 0 100 0 0

Nitrate 0.10 mg/L 4 0 100 0 0 2 0 100 0 0

Sulfate 0.10 mg/L 4 0 100 0 0 2 0 100 0 0

Alkalinity 4.00 mg/L 4 0 100 0 0 2 0 100 0 0

Hardness 2.00 mg/L 4 0 100 0 0 2 0 100 0 0

COD 10.00 mg/L 4 0 100 0 0 2 0 100 0 0

Total Petroleum Hydrocarbons 1.00 mg/L 4 2 50 0 0 2 2 0 0 0

Specific Conductance 1.00 umhos/cm 4 0 100 0 0 2 0 100 0 0

Total Dissolved Solids 2.00 mg/L 4 0 100 0 0 2 0 100 2 100

Turbidity 0.10 NTU 4 0 100 0 0 2 0 100 0 0

Total Suspended Solids 2.00 mg/L 4 0 100 0 0 2 0 100 0 0

Volatile Suspended Solids 1.00 mg/L 4 0 100 0 0 2 0 100 0 0

MBAS 0.05 mg/L 4 0 100 0 0 2 1 50 0 0

Total Organic Carbon 1.00 mg/L 4 0 100 0 0 2 0 100 0 0

BOD 2.00 mg/L 4 0 100 0 0 2 0 100 0 0

Methyl Tertiary Butyl Ether (MTBE) 1.00 ug/L 4 4 0 0 0 2 2 0 0 0

Nutrients

Dissolved Phosphorus 0.05 mg/L 4 0 100 0 0 2 0 100 0 0

Total Phosphorus 0.05 mg/L 4 0 100 0 0 2 0 100 0 0

NH3-N 0.10 mg/L 4 0 100 0 0 2 1 50 0 0

Nitrate-N 0.50 mg/L 4 0 100 0 0 2 0 100 0 0

Nitrite-N 0.03 mg/L 4 0 100 0 0 2 1 50 0 0

Kjeldahl-N 0.10 mg/L 4 0 100 0 0 2 1 50 0 0

Metals

Dissolved Aluminum 100.00 ug/l 4 3 25 0 0 2 2 0 0 0

Total Aluminum 100.00 ug/l 4 0 100 3 75 2 0 100 1 50

Dissolved Antimony 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Total Antimony 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Dissolved Arsenic 5.00 ug/l 4 1 75 0 0 2 0 100 0 0

Total Arsenic 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Dissolved Barium 10.00 ug/L 4 0 100 0 0 2 0 100 0 0

Total Barium 10.00 ug/L 4 0 100 0 0 2 0 100 0 0

Dissolved Berylium 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Beryllium 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Dissolved Cadmium 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Cadmium 1.00 ug/l 4 1 75 0 0 2 1 50 0 0

Dissolved Chromium 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Total Chromium 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Wet Weather Dry Weather
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Table 4-4.  2005-06 Summary of Water Quality Exceedances for Ballona Creek Mass Emission Station
Beneficial Usesj:  REC-1, REC-2, WARM, WILD

Class Constituent PQLc Units
No. of 

Samples
No. of Non-

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non-
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Dissolved Chromium +6 10.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Chromium +6 10.00 ug/l 4 4 0 0 0 2 2 0 0 0

Dissolved Copper 5.00 ug/l 4 0 100 1 25 2 0 100 0 0

Total Copper 5.00 ug/l 4 0 100 4 100 2 0 100 1 50

Dissolved Iron 100.00 ug/l 4 2 50 0 0 2 2 0 0 0

Total Iron 100.00 ug/l 4 0 100 0 0 2 1 50 0 0

Dissolved Lead 5.00 ug/l 4 2 50 0 0 2 2 0 0 0

Total Lead 5.00 ug/l 4 0 100 3 75 2 0 100 1 50

Dissolved Mercury 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Mercury 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Dissolved Nickel 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Total Nickel 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Dissolved Selenium 5.00 ug/l 4 3 25 0 0 2 0 100 0 0

Total Selenium 5.00 ug/l 4 2 50 0 0 2 0 100 0 0

Dissolved Silverf 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Silver 1.00 ug/l 4 1 75 0 0 2 1 50 0 0

Dissolved Thallium 5.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Thallium 5.00 ug/l 4 4 0 0 0 2 2 0 0 0

Dissolved Zinc 50.00 ug/l 4 0 100 2 50 2 0 100 0 0

Total Zinc 50.00 ug/l 4 0 100 3 75 2 0 100 1 50

Semi-Volatiles Organics (EPA 625)

2- Chlorophenol 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4-dichlorophenol 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4-dimethylphenol 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4-dinitrophenol 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

2-nitrophenol 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

4-nitrophenol 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

4-chloro_3_methylphenol 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

Pentachlorophenol 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Phenol 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4,6-trichlophenol 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Base/Neutral

Acenaphthene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Acenaphthylene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Anthracene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Benzidine 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

1,2 Benzanthracene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Benzo(a)pyrene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Benzo(g,h,i)perylene 1.00 ug/L 4 4 0 0 0 2 2 0 0 0

3,4 Benzofluoranthene 2.00 ug/L 4 4 0 0 0 2 2 0 0 0

Benzo(k)flouranthene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Bis(2-Chloroethoxy) methane 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Bis(2-Chloroisopropyl) ether 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Bis(2-Chloroethyl) ether 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Bis(2-Ethylhexl) phthalate 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

4-Bromophenyl phenyl ether 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Butyl benzyl phthalate 0.30 ug/l 4 4 0 0 0 2 2 0 0 0

2-Chloroethyl vinyl ether 2.50 ug/l 4 4 0 0 0 2 2 0 0 0

2-Chloronaphthalene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

4-Chlorophenyl phenyl ether 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Chrysene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

2 of 28

RB-AR10076



Table 4-4.  2005-06 Summary of Water Quality Exceedances for Ballona Creek Mass Emission Station
Beneficial Usesj:  REC-1, REC-2, WARM, WILD

Class Constituent PQLc Units
No. of 

Samples
No. of Non-

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non-
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Dibenzo(a,h)anthracene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

1,3-Dichlorobenzene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

1,4-Dichlorobenzene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

1,2-Dichlorobenzene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

3,3-Dichlorobenzidine 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

Diethyl phthalate 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Dimethyl phthalate 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

di-n-Butyl phthalate 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4-Dinitrotoluene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

2,6-Dinitrotoluene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

4,6 Dinitro-2-methylphenol 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

1,2-Diphenylhydrazine 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

di-n-Octyl phthalate 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Fluoranthene 0.10 ug/l 4 3 25 0 0 2 2 0 0 0

Fluorene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Hexachlorobenzene 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Hexachlorobutadiene 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Hexachloro-cyclopentadiene 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

Hexachloroethane 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Indeno(1,2,3-cd)pyrene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Isophorone 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Naphthalene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Nitrobenzene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

N-Nitroso-dimethyl amine 0.30 ug/l 4 4 0 0 0 2 2 0 0 0

N-Nitroso-diphenyl amine 0.30 ug/l 4 4 0 0 0 2 2 0 0 0

N-Nitroso-di-n-propyl amine 0.30 ug/l 4 4 0 0 0 2 2 0 0 0

Phenanthrene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Pyrene 0.05 ug/l 4 3 25 0 0 2 2 0 0 0

1,2,4-Trichlorobenzene 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Chlorinated Pesticides

Aldrin 0.05 ug/l 4 4 0 0 0 1 1 0 0 0

alpha-BHC 0.05 ug/l 4 4 0 0 0 1 1 0 0 0

beta-BHC 0.05 ug/l 4 4 0 0 0 1 1 0 0 0

delta-BHC 0.05 ug/l 4 4 0 0 0 1 1 0 0 0

gamma-BHC (lindane) 0.05 ug/l 4 4 0 0 0 1 1 0 0 0

alpha-chlordane 0.05 ug/l 0 S.I.D. 0 S.I.D.

gamma-chlordane 0.05 ug/l 0 S.I.D. 0 S.I.D.

Chlordane 0.10 ug/L 4 4 0 0 0 1 1 0 0 0

4,4'-DDD 0.10 ug/l 4 4 0 0 0 1 1 0 0 0

4,4'-DDE 0.10 ug/l 4 4 0 0 0 1 1 0 0 0

4,4'-DDT 0.10 ug/l 4 4 0 0 0 1 1 0 0 0

Dieldrin 0.10 ug/l 4 4 0 0 0 1 1 0 0 0

Endosulfan I [alpha] 0.10 ug/l 4 4 0 0 0 1 1 0 0 0

Endosulfan II [beta] 0.10 ug/l 4 4 0 0 0 1 1 0 0 0

Endosulfan sulfate 0.10 ug/l 4 4 0 0 0 1 1 0 0 0

Endrin 0.10 ug/l 4 4 0 0 0 1 1 0 0 0

Endrin aldehyde 0.10 ug/l 4 4 0 0 0 1 1 0 0 0

Heptachlor 0.05 ug/l 4 4 0 0 0 1 1 0 0 0

Heptachlor Epoxide 0.05 ug/l 4 4 0 0 0 1 1 0 0 0

Toxaphene 1.00 ug/l 4 4 0 0 0 1 1 0 0 0

Polychlorinated Biphenyls 
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Table 4-4.  2005-06 Summary of Water Quality Exceedances for Ballona Creek Mass Emission Station
Beneficial Usesj:  REC-1, REC-2, WARM, WILD

Class Constituent PQLc Units
No. of 

Samples
No. of Non-

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non-
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Aroclor-1016 0.50 ug/l 4 4 0 0 0 1 1 0 0 0

Aroclor-1221 0.50 ug/l 4 4 0 0 0 1 1 0 0 0

Aroclor-1232 0.50 ug/l 4 4 0 0 0 1 1 0 0 0

Aroclor-1242 0.50 ug/l 4 4 0 0 0 1 1 0 0 0

Aroclor-1248 0.50 ug/l 4 4 0 0 0 1 1 0 0 0

Aroclor-1254 0.50 ug/l 4 4 0 0 0 1 1 0 0 0

Aroclor-1260 0.50 ug/l 4 4 0 0 0 1 1 0 0 0

Organohosphate Pesticides

Chlorpyrifos 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Diazinon 0.01 ug/l 4 4 0 0 0 2 2 0 0 0

Prometryn 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Atrazine 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Simazine 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Cyanazine 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Malathion 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Herbicides

Glyphosate 25.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4-D 10.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4,5-TP-SILVEX 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

c)

f)

h)

i)

j) Beneficial uses are defined as follows:  MUN - Municipal and Domestic Supply, IND - Industrial Service Supply, PROC - Industrial Process Supply, GWR - Ground Water Recharge, REC1 - 
Water Contact Recreation, REC2 - Non-Contact Water Recreation, WARM - Warm Freshwater Habitat, COLD - Cold Freshwater Habitat, WILD - Wildlife Habitat, RARE - Rare, Threatened, 
or Endangered Species, MIGR - Migration of Aquatic Organisms, SPWN - Spawning, Reproduction, and/or Early Development, WET - Wetland Habitat

PQL = minimum level

Criteria maximum concentration which equals the highest concentration of pollutant to which aquatic life can be exposed for a short period time without deleterious effects.

Non-detect refers to a lab result value that is below the PQL

This constituent is a function of the parameter(s) in parentheses.
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Table 4-4.  2005-06 Summary of Water Quality Exceedances for Malibu Creek Mass Emission Station
Beneficial Usesj:  MUN, REC-1, REC-2, COLD, RARE, MIGR, SPWN, WET

Class Constituent PQLc Units
No. of 

Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Conventional

Oil and Grease 1.00 mg/L 4 4 0 0 0 2 2 0 0 0

Total Phenols 0.10 mg/L 4 4 0 0 0 2 2 0 0 0

Cyanide 0.01 mg/L 4 4 0 0 0 2 1 50 1 50

pH 0-14 4 0 100 0 0 2 0 100 0 0

Dissolved Oxygen 1.00 mg/L 4 0 100 0 0 2 0 100 0 0

Indicator Bacteria

Total Coliform 20.00 MPN/100ml 4 0 100 3 75 2 0 100 1 50

Fecal Coliform 20.00 MPN/100ml 4 0 100 4 100 2 0 100 0 0

Ratio Fecal Coliform/Total Coliform 4 0 100 1 25 2 0 100 1 50

Fecal Streptococcus 20.00 MPN/100ml 4 0 100 0 0 2 0 100 0 0

Fecal Enterococcus MPN/100ml 4 0 100 4 100 2 0 100 0 0

General

Chloride 2.00 mg/L 4 0 100 0 0 2 0 100 0 0

Fluoride     f(temp)i 0.10 mg/L 4 0 100 0 0 2 0 100 0 0

Nitrate 0.10 mg/L 4 0 100 0 0 2 0 100 0 0

Sulfate 0.10 mg/L 4 0 100 4 100 2 0 100 1 50

Alkalinity 4.00 mg/L 4 0 100 0 0 2 0 100 0 0

Hardness 2.00 mg/L 4 0 100 0 0 2 0 100 0 0

COD 10.00 mg/L 4 0 100 0 0 2 0 100 0 0

Total Petroleum Hydrocarbons 1.00 mg/L 4 4 0 0 0 2 2 0 0 0

Specific Conductance 1.00 umhos/cm 4 0 100 0 0 2 0 100 0 0

Total Dissolved Solids 2.00 mg/L 4 0 100 0 0 2 0 100 0 0

Turbidity 0.10 NTU 4 0 100 0 0 2 0 100 0 0

Total Suspended Solids 2.00 mg/L 4 0 100 0 0 2 0 100 0 0

Volatile Suspended Solids 1.00 mg/L 4 0 100 0 0 2 0 100 0 0

MBAS 0.05 mg/L 4 1 75 0 0 2 1 50 0 0

Total Organic Carbon 1.00 mg/L 4 0 100 0 0 2 0 100 0 0

BOD 2.00 mg/L 4 0 100 0 0 2 1 50 0 0

Methyl Tertiary Butyl Ether (MTBE) 1.00 ug/L 4 4 0 0 0 2 1 50 0 0

Nutrients

Dissolved Phosphorus 0.05 mg/L 4 0 100 0 0 2 0 100 0 0

Total Phosphorus 0.05 mg/L 4 0 100 0 0 2 0 100 0 0

NH3-N 0.10 mg/L 4 2 50 0 0 2 2 0 0 0

Nitrate-N 0.50 mg/L 4 0 100 0 0 2 0 100 0 0

Nitrite-N 0.03 mg/L 4 4 0 0 0 2 2 0 0 0

Kjeldahl-N 0.10 mg/L 4 0 100 0 0 2 0 100 0 0

Metals

Dissolved Aluminum 100.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Aluminum 100.00 ug/l 4 0 100 1 25 2 1 50 0 0

Dissolved Antimony 5.00 ug/l 4 3 25 0 0 2 2 0 0 0

Total Antimony 5.00 ug/l 4 2 50 0 0 2 2 0 0 0

Dissolved Arsenic 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Total Arsenic 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Dissolved Barium 10.00 ug/L 4 0 100 0 0 2 0 100 0 0

Total Barium 10.00 ug/L 4 0 100 0 0 2 0 100 0 0

Dissolved Berylium 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Beryllium 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Wet Weather Dry Weather

Page 5 of 28

RB-AR10079



Table 4-4.  2005-06 Summary of Water Quality Exceedances for Malibu Creek Mass Emission Station
Beneficial Usesj:  MUN, REC-1, REC-2, COLD, RARE, MIGR, SPWN, WET

Class Constituent PQLc Units
No. of 

Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Dissolved Cadmium 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Cadmium 1.00 ug/l 4 2 50 0 0 2 0 100 0 0

Dissolved Chromium 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Total Chromium 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Dissolved Chromium +6 10.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Chromium +6 10.00 ug/l 4 4 0 0 0 2 2 0 0 0

Dissolved Copper 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Total Copper 5.00 ug/l 4 0 100 3 75 2 0 100 1 50

Dissolved Iron 100.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Iron 100.00 ug/l 4 1 75 0 0 2 1 50 0 0

Dissolved Lead 5.00 ug/l 4 3 25 0 0 2 1 50 0 0

Total Lead 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Dissolved Mercury 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Mercury 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Dissolved Nickel 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Total Nickel 5.00 ug/l 4 0 100 0 0 2 0 100 1 50

Dissolved Selenium 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Total Selenium 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Dissolved Silverf 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Silver 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Dissolved Thallium 5.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Thallium 5.00 ug/l 4 4 0 0 0 2 2 0 0 0

Dissolved Zinc 50.00 ug/l 4 0 100 0 0 2 0 100 0 0

Total Zinc 50.00 ug/l 4 0 100 0 0 2 0 100 0 0

Semi-Volatiles Organics (EPA 625)

2- Chlorophenol 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4-dichlorophenol 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4-dimethylphenol 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4-dinitrophenol 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

2-nitrophenol 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

4-nitrophenol 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

4-chloro_3_methylphenol 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

Pentachlorophenol 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Phenol 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4,6-trichlophenol 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Base/Neutral

Acenaphthene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Acenaphthylene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Anthracene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Benzidine 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

1,2 Benzanthracene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Benzo(a)pyrene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Benzo(g,h,i)perylene 1.00 ug/L 4 4 0 0 0 2 2 0 0 0

3,4 Benzofluoranthene 2.00 ug/L 4 4 0 0 0 2 2 0 0 0

Benzo(k)flouranthene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Bis(2-Chloroethoxy) methane 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Bis(2-Chloroisopropyl) ether 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Bis(2-Chloroethyl) ether 0.10 ug/l 4 4 0 0 0 2 2 0 0 0
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Table 4-4.  2005-06 Summary of Water Quality Exceedances for Malibu Creek Mass Emission Station
Beneficial Usesj:  MUN, REC-1, REC-2, COLD, RARE, MIGR, SPWN, WET

Class Constituent PQLc Units
No. of 

Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Bis(2-Ethylhexl) phthalate 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

4-Bromophenyl phenyl ether 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Butyl benzyl phthalate 0.30 ug/l 4 4 0 0 0 2 2 0 0 0

2-Chloroethyl vinyl ether 2.50 ug/l 4 4 0 0 0 2 2 0 0 0

2-Chloronaphthalene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

4-Chlorophenyl phenyl ether 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Chrysene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Dibenzo(a,h)anthracene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

1,3-Dichlorobenzene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

1,4-Dichlorobenzene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

1,2-Dichlorobenzene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

3,3-Dichlorobenzidine 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

Diethyl phthalate 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Dimethyl phthalate 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

di-n-Butyl phthalate 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4-Dinitrotoluene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

2,6-Dinitrotoluene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

4,6 Dinitro-2-methylphenol 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

1,2-Diphenylhydrazine 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

di-n-Octyl phthalate 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Fluoranthene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Fluorene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Hexachlorobenzene 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Hexachlorobutadiene 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Hexachloro-cyclopentadiene 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

Hexachloroethane 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Indeno(1,2,3-cd)pyrene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Isophorone 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Naphthalene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Nitrobenzene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

N-Nitroso-dimethyl amine 0.30 ug/l 4 4 0 0 0 2 2 0 0 0

N-Nitroso-diphenyl amine 0.30 ug/l 4 4 0 0 0 2 2 0 0 0

N-Nitroso-di-n-propyl amine 0.30 ug/l 4 4 0 0 0 2 2 0 0 0

Phenanthrene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Pyrene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

1,2,4-Trichlorobenzene 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Chlorinated Pesticides

Aldrin 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

alpha-BHC 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

beta-BHC 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

delta-BHC 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

gamma-BHC (lindane) 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

alpha-chlordane 0.05 ug/l 0 S.I.D. 0 S.I.D.

gamma-chlordane 0.05 ug/l 0 S.I.D. 0 S.I.D.

Chlordane 0.10 ug/L 4 4 0 0 0 2 2 0 0 0

4,4'-DDD 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

4,4'-DDE 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

4,4'-DDT 0.10 ug/l 4 4 0 0 0 2 2 0 0 0
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Table 4-4.  2005-06 Summary of Water Quality Exceedances for Malibu Creek Mass Emission Station
Beneficial Usesj:  MUN, REC-1, REC-2, COLD, RARE, MIGR, SPWN, WET

Class Constituent PQLc Units
No. of 

Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Dieldrin 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Endosulfan I [alpha] 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Endosulfan II [beta] 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Endosulfan sulfate 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Endrin 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Endrin aldehyde 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Heptachlor 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Heptachlor Epoxide 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Toxaphene 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Polychlorinated Biphenyls 

Aroclor-1016 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Aroclor-1221 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Aroclor-1232 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Aroclor-1242 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Aroclor-1248 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Aroclor-1254 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Aroclor-1260 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Organohosphate Pesticides

Chlorpyrifos 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Diazinon 0.01 ug/l 4 3 25 0 0 2 2 0 0 0

Prometryn 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Atrazine 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Simazine 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Cyanazine 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Malathion 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Herbicides

Glyphosate 25.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4-D 10.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4,5-TP-SILVEX 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

c)

f)

h)

i)

j) Beneficial uses are defined as follows:  MUN - Municipal and Domestic Supply, IND - Industrial Service Supply, PROC - Industrial Process Supply, GWR - Ground Water Recharge, REC1 
- Water Contact Recreation REC2 - Non-Contact Water Recreation WARM - Warm Freshwater Habitat COLD - Cold Freshwater Habitat WILD - Wildlife Habitat RARE - Rare

PQL = minimum level

Criteria maximum concentration which equals the highest concentration of pollutant to which aquatic life can be exposed for a short period time without deleterious effects.

Non-detect refers to a lab result value that is below the PQL

This constituent is a function of the parameter(s) in parentheses.
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Table 4-4.  2005-06 Summary of Water Quality Exceedances for L.A. River Mass Emission Station
Beneficial Usesj:  MUN, AGR, REC-1, REC-2, WARM, WILD, WET

Class Constituent PQLc Units
No. of 

Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Conventional

Oil and Grease 1.00 mg/L 4 2 50 0 0 2 2 0 0 0

Total Phenols 0.10 mg/L 4 4 0 0 0 2 2 0 0 0

Cyanide 0.01 mg/L 4 1 75 3 75 2 0 100 2 100

pH 0-14 4 0 100 0 0 2 0 100 0 0

Dissolved Oxygen 1.00 mg/L 4 0 100 0 0 2 0 100 0 0

Indicator Bacteria

Total Coliform 20.00 MPN/100ml 4 0 100 4 100 2 0 100 2 100

Fecal Coliform 20.00 MPN/100ml 4 0 100 4 100 2 0 100 2 100

Ratio Fecal Coliform/Total Coliform 4 0 100 2 50 2 0 100 0 0

Fecal Streptococcus 20.00 MPN/100ml 4 0 100 0 0 2 0 100 0 0

Fecal Enterococcus MPN/100ml 4 0 100 4 100 2 0 100 2 100

General

Chloride 2.00 mg/L 4 0 100 0 0 2 0 100 0 0

Fluoride     f(temp)i 0.10 mg/L 4 0 100 0 0 2 0 100 0 0

Nitrate 0.10 mg/L 4 0 100 0 0 2 0 100 0 0

Sulfate 0.10 mg/L 4 0 100 0 0 2 0 100 0 0

Alkalinity 4.00 mg/L 4 0 100 0 0 2 0 100 0 0

Hardness 2.00 mg/L 4 0 100 0 0 2 0 100 0 0

COD 10.00 mg/L 4 0 100 0 0 2 0 100 0 0

Total Petroleum Hydrocarbons 1.00 mg/L 4 2 50 0 0 2 2 0 0 0

Specific Conductance 1.00 umhos/cm 4 0 100 0 0 2 0 100 0 0

Total Dissolved Solids 2.00 mg/L 4 0 100 0 0 2 0 100 0 0

Turbidity 0.10 NTU 4 0 100 0 0 2 0 100 0 0

Total Suspended Solids 2.00 mg/L 4 0 100 0 0 2 0 100 0 0

Volatile Suspended Solids 1.00 mg/L 4 0 100 0 0 2 0 100 0 0

MBAS 0.05 mg/L 4 0 100 1 25 2 0 100 0 0

Total Organic Carbon 1.00 mg/L 4 0 100 0 0 2 0 100 0 0

BOD 2.00 mg/L 4 0 100 0 0 2 0 100 0 0

Methyl Tertiary Butyl Ether (MTBE) 1.00 ug/L 4 3 25 0 0 2 2 0 0 0

Nutrients

Dissolved Phosphorus 0.05 mg/L 4 0 100 0 0 2 0 100 0 0

Total Phosphorus 0.05 mg/L 4 0 100 0 0 2 0 100 0 0

NH3-N 0.10 mg/L 4 0 100 0 0 2 0 100 0 0

Nitrate-N 0.50 mg/L 4 0 100 0 0 2 0 100 0 0

Nitrite-N 0.03 mg/L 4 0 100 0 0 2 0 100 0 0

Kjeldahl-N 0.10 mg/L 4 0 100 0 0 2 0 100 0 0

Metals

Dissolved Aluminum 100.00 ug/l 4 2 50 0 0 2 2 0 0 0

Total Aluminum 100.00 ug/l 4 0 100 2 50 2 1 50 0 0

Dissolved Antimony 5.00 ug/l 4 0 100 0 0 2 1 50 0 0

Total Antimony 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Dissolved Arsenic 5.00 ug/l 4 1 75 0 0 2 0 100 0 0

Total Arsenic 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Dissolved Barium 10.00 ug/L 4 0 100 0 0 2 2 0 0 0

Total Barium 10.00 ug/L 4 0 100 0 0 2 2 0 0 0

Dissolved Berylium 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Beryllium 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Wet Weather Dry Weather
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Table 4-4.  2005-06 Summary of Water Quality Exceedances for L.A. River Mass Emission Station
Beneficial Usesj:  MUN, AGR, REC-1, REC-2, WARM, WILD, WET

Class Constituent PQLc Units
No. of 

Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Dissolved Cadmium 1.00 ug/l 4 4 0 0 0 2 0 100 0 0

Total Cadmium 1.00 ug/l 4 2 50 0 0 2 0 100 0 0

Dissolved Chromium 5.00 ug/l 4 1 75 0 0 2 0 100 0 0

Total Chromium 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Dissolved Chromium +6 10.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Chromium +6 10.00 ug/l 4 4 0 0 0 2 2 0 0 0

Dissolved Copper 5.00 ug/l 4 0 100 3 75 2 0 100 0 0

Total Copper 5.00 ug/l 4 0 100 4 100 2 0 100 1 50

Dissolved Iron 100.00 ug/l 4 2 50 0 0 2 2 0 0 0

Total Iron 100.00 ug/l 4 0 100 0 0 2 0 100 0 0

Dissolved Lead 5.00 ug/l 4 1 75 0 0 2 1 50 0 0

Total Lead 5.00 ug/l 4 0 100 2 50 2 0 100 0 0

Dissolved Mercury 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Mercury 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Dissolved Nickel 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Total Nickel 5.00 ug/l 4 0 100 0 0 2 0 100 1 50

Dissolved Selenium 5.00 ug/l 4 3 25 0 0 2 0 100 0 0

Total Selenium 5.00 ug/l 4 2 50 0 0 2 0 100 0 0

Dissolved Silverf 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Silver 1.00 ug/l 4 0 100 0 0 2 2 0 0 0

Dissolved Thallium 5.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Thallium 5.00 ug/l 4 4 0 0 0 2 2 0 0 0

Dissolved Zinc 50.00 ug/l 4 0 100 0 0 2 0 100 0 0

Total Zinc 50.00 ug/l 4 0 100 3 75 2 0 100 0 0

Semi-Volatiles Organics (EPA 625)

2- Chlorophenol 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4-dichlorophenol 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4-dimethylphenol 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4-dinitrophenol 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

2-nitrophenol 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

4-nitrophenol 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

4-chloro_3_methylphenol 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

Pentachlorophenol 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Phenol 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4,6-trichlophenol 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Base/Neutral

Acenaphthene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Acenaphthylene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Anthracene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Benzidine 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

1,2 Benzanthracene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Benzo(a)pyrene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Benzo(g,h,i)perylene 1.00 ug/L 4 4 0 0 0 2 2 0 0 0

3,4 Benzofluoranthene 2.00 ug/L 4 4 0 0 0 2 2 0 0 0

Benzo(k)flouranthene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Bis(2-Chloroethoxy) methane 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Bis(2-Chloroisopropyl) ether 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Bis(2-Chloroethyl) ether 0.10 ug/l 4 4 0 0 0 2 2 0 0 0
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Table 4-4.  2005-06 Summary of Water Quality Exceedances for L.A. River Mass Emission Station
Beneficial Usesj:  MUN, AGR, REC-1, REC-2, WARM, WILD, WET

Class Constituent PQLc Units
No. of 

Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Bis(2-Ethylhexl) phthalate 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

4-Bromophenyl phenyl ether 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Butyl benzyl phthalate 0.30 ug/l 4 4 0 0 0 2 2 0 0 0

2-Chloroethyl vinyl ether 2.50 ug/l 4 4 0 0 0 2 2 0 0 0

2-Chloronaphthalene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

4-Chlorophenyl phenyl ether 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Chrysene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Dibenzo(a,h)anthracene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

1,3-Dichlorobenzene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

1,4-Dichlorobenzene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

1,2-Dichlorobenzene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

3,3-Dichlorobenzidine 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

Diethyl phthalate 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Dimethyl phthalate 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

di-n-Butyl phthalate 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4-Dinitrotoluene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

2,6-Dinitrotoluene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

4,6 Dinitro-2-methylphenol 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

1,2-Diphenylhydrazine 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

di-n-Octyl phthalate 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Fluoranthene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Fluorene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Hexachlorobenzene 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Hexachlorobutadiene 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Hexachloro-cyclopentadiene 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

Hexachloroethane 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Indeno(1,2,3-cd)pyrene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Isophorone 0.05 ug/l 4 4 0 0 0 2 1 50 0 0

Naphthalene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Nitrobenzene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

N-Nitroso-dimethyl amine 0.30 ug/l 4 4 0 0 0 2 2 0 0 0

N-Nitroso-diphenyl amine 0.30 ug/l 4 4 0 0 0 2 2 0 0 0

N-Nitroso-di-n-propyl amine 0.30 ug/l 4 4 0 0 0 2 2 0 0 0

Phenanthrene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Pyrene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

1,2,4-Trichlorobenzene 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Chlorinated Pesticides

Aldrin 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

alpha-BHC 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

beta-BHC 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

delta-BHC 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

gamma-BHC (lindane) 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

alpha-chlordane 0.05 ug/l 0 S.I.D. 0 S.I.D.

gamma-chlordane 0.05 ug/l 0 S.I.D. 0 S.I.D.

Chlordane 0.10 ug/L 4 4 0 0 0 2 2 0 0 0

4,4'-DDD 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

4,4'-DDE 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

4,4'-DDT 0.10 ug/l 4 4 0 0 0 2 2 0 0 0
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Table 4-4.  2005-06 Summary of Water Quality Exceedances for L.A. River Mass Emission Station
Beneficial Usesj:  MUN, AGR, REC-1, REC-2, WARM, WILD, WET

Class Constituent PQLc Units
No. of 

Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Dieldrin 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Endosulfan I [alpha] 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Endosulfan II [beta] 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Endosulfan sulfate 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Endrin 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Endrin aldehyde 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Heptachlor 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Heptachlor Epoxide 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Toxaphene 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Polychlorinated Biphenyls 

Aroclor-1016 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Aroclor-1221 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Aroclor-1232 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Aroclor-1242 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Aroclor-1248 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Aroclor-1254 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Aroclor-1260 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Organohosphate Pesticides

Chlorpyrifos 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Diazinon 0.01 ug/l 4 4 0 0 0 2 2 0 0 0

Prometryn 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Atrazine 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Simazine 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Cyanazine 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Malathion 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Herbicides

Glyphosate 25.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4-D 10.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4,5-TP-SILVEX 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

c)

f)

h)

i)

j) Beneficial uses are defined as follows:  MUN - Municipal and Domestic Supply, IND - Industrial Service Supply, PROC - Industrial Process Supply, GWR - Ground Water Recharge, REC1 
- Water Contact Recreation REC2 - Non-Contact Water Recreation WARM - Warm Freshwater Habitat COLD - Cold Freshwater Habitat WILD - Wildlife Habitat RARE - Rare

PQL = minimum level

Criteria maximum concentration which equals the highest concentration of pollutant to which aquatic life can be exposed for a short period time without deleterious effects.

Non-detect refers to a lab result value that is below the PQL

This constituent is a function of the parameter(s) in parentheses.
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Table 4-4.  2005-06 Summary of Water Quality Exceedances for Coyote Creek Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, REC-1, REC-2, WARM, WILD, RARE

Class Constituent PQLc Units
No. of 

Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Conventional

Oil and Grease 1.00 mg/L 5 4 20 0 0 2 2 0 0 0

Total Phenols 0.10 mg/L 5 5 0 0 0 2 2 0 0 0

Cyanide 0.01 mg/L 5 2 60 3 60 2 0 100 2 100

pH 0-14 5 0 100 0 0 2 0 100 0 0

Dissolved Oxygen 1.00 mg/L 5 0 100 0 0 2 0 100 0 0

Indicator Bacteria

Total Coliform 20.00 MPN/100ml 5 0 100 5 100 2 0 100 2 100

Fecal Coliform 20.00 MPN/100ml 5 0 100 5 100 2 0 100 2 100

Ratio Fecal Coliform/Total Coliform 5 0 100 4 80 2 0 100 1 50

Fecal Streptococcus 20.00 MPN/100ml 5 0 100 0 0 2 0 100 0 0

Fecal Enterococcus MPN/100ml 5 0 100 5 100 2 0 100 2 100

General

Chloride 2.00 mg/L 5 0 100 0 0 2 0 100 0 0

Fluoride     f(temp)i 0.10 mg/L 5 1 80 0 0 2 0 100 0 0

Nitrate 0.10 mg/L 5 0 100 0 0 2 0 100 0 0

Sulfate 0.10 mg/L 5 0 100 0 0 2 0 100 0 0

Alkalinity 4.00 mg/L 5 0 100 0 0 2 0 100 0 0

Hardness 2.00 mg/L 5 0 100 0 0 2 0 100 0 0

COD 10.00 mg/L 5 1 80 0 0 2 0 100 0 0

Total Petroleum Hydrocarbons 1.00 mg/L 5 4 20 0 0 2 2 0 0 0

Specific Conductance 1.00 umhos/cm 5 0 100 0 0 2 0 100 0 0

Total Dissolved Solids 2.00 mg/L 5 0 100 2 40 2 0 100 2 100

Turbidity 0.10 NTU 5 0 100 0 0 2 0 100 0 0

Total Suspended Solids 2.00 mg/L 5 0 100 0 0 2 0 100 0 0

Volatile Suspended Solids 1.00 mg/L 5 0 100 0 0 2 0 100 0 0

MBAS 0.05 mg/L 5 0 100 1 20 2 0 100 0 0

Total Organic Carbon 1.00 mg/L 5 0 100 0 0 2 0 100 0 0

BOD 2.00 mg/L 5 0 100 0 0 2 0 100 0 0

Methyl Tertiary Butyl Ether (MTBE) 1.00 ug/L 5 5 0 0 0 2 2 0 0 0

Nutrients

Dissolved Phosphorus 0.05 mg/L 5 1 80 0 0 2 2 0 0 0

Total Phosphorus 0.05 mg/L 5 1 80 0 0 2 2 0 0 0

NH3-N 0.10 mg/L 5 0 100 0 0 2 1 50 0 0

Nitrate-N 0.50 mg/L 5 0 100 0 0 2 0 100 0 0

Nitrite-N 0.03 mg/L 5 2 60 0 0 2 1 50 0 0

Kjeldahl-N 0.10 mg/L 5 0 100 0 0 2 0 100 0 0

Metals

Dissolved Aluminum 100.00 ug/l 5 5 0 0 0 2 2 0 0 0

Total Aluminum 100.00 ug/l 5 0 100 2 40 2 1 50 0 0

Dissolved Antimony 5.00 ug/l 5 0 100 0 0 2 1 50 0 0

Total Antimony 5.00 ug/l 5 0 100 0 0 2 0 100 0 0

Dissolved Arsenic 5.00 ug/l 5 1 80 0 0 2 0 100 0 0

Total Arsenic 5.00 ug/l 5 0 100 0 0 2 0 100 0 0

Dissolved Barium 10.00 ug/L 5 0 100 0 0 2 0 100 0 0

Total Barium 10.00 ug/L 5 0 100 0 0 2 0 100 0 0

Dissolved Berylium 1.00 ug/l 5 5 0 0 0 2 2 0 0 0

Total Beryllium 1.00 ug/l 5 5 0 0 0 2 2 0 0 0

Wet Weather Dry Weather
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Table 4-4.  2005-06 Summary of Water Quality Exceedances for Coyote Creek Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, REC-1, REC-2, WARM, WILD, RARE

Class Constituent PQLc Units
No. of 

Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Dissolved Cadmium 1.00 ug/l 5 5 0 0 0 2 2 0 0 0

Total Cadmium 1.00 ug/l 5 3 40 0 0 2 2 0 0 0

Dissolved Chromium 5.00 ug/l 5 0 100 0 0 2 0 100 0 0

Total Chromium 5.00 ug/l 5 0 100 0 0 2 0 100 0 0

Dissolved Chromium +6 10.00 ug/l 5 5 0 0 0 2 2 0 0 0

Total Chromium +6 10.00 ug/l 5 5 0 0 0 2 2 0 0 0

Dissolved Copper 5.00 ug/l 5 0 100 0 0 2 0 100 0 0

Total Copper 5.00 ug/l 5 0 100 4 80 2 0 100 1 50

Dissolved Iron 100.00 ug/l 5 4 20 0 0 2 2 0 0 0

Total Iron 100.00 ug/l 5 0 100 0 0 2 1 50 0 0

Dissolved Lead 5.00 ug/l 5 4 20 0 0 2 1 50 0 0

Total Lead 5.00 ug/l 5 0 100 2 40 2 0 100 0 0

Dissolved Mercury 1.00 ug/l 5 5 0 0 0 2 2 0 0 0

Total Mercury 1.00 ug/l 5 5 0 0 0 2 2 0 0 0

Dissolved Nickel 5.00 ug/l 5 0 100 0 0 2 0 100 0 0

Total Nickel 5.00 ug/l 5 0 100 2 40 2 0 100 1 50

Dissolved Selenium 5.00 ug/l 5 2 60 0 0 2 0 100 0 0

Total Selenium 5.00 ug/l 5 1 80 0 0 2 0 100 0 0

Dissolved Silverf 1.00 ug/l 5 5 0 0 0 2 2 0 0 0

Total Silver 1.00 ug/l 5 3 40 0 0 2 2 0 0 0

Dissolved Thallium 5.00 ug/l 5 5 0 0 0 2 2 0 0 0

Total Thallium 5.00 ug/l 5 5 0 0 0 2 2 0 0 0

Dissolved Zinc 50.00 ug/l 5 0 100 0 0 2 0 100 0 0

Total Zinc 50.00 ug/l 5 0 100 2 40 2 0 100 0 0

Semi-Volatiles Organics (EPA 625)

2- Chlorophenol 2.00 ug/l 5 5 0 0 0 2 2 0 0 0

2,4-dichlorophenol 2.00 ug/l 5 5 0 0 0 2 2 0 0 0

2,4-dimethylphenol 2.00 ug/l 5 5 0 0 0 2 2 0 0 0

2,4-dinitrophenol 3.00 ug/l 5 5 0 0 0 2 2 0 0 0

2-nitrophenol 3.00 ug/l 5 5 0 0 0 2 2 0 0 0

4-nitrophenol 3.00 ug/l 5 5 0 0 0 2 2 0 0 0

4-chloro_3_methylphenol 3.00 ug/l 5 5 0 0 0 2 2 0 0 0

Pentachlorophenol 2.00 ug/l 5 5 0 0 0 2 2 0 0 0

Phenol 1.00 ug/l 5 5 0 0 0 2 2 0 0 0

2,4,6-trichlophenol 1.00 ug/l 5 5 0 0 0 2 2 0 0 0

Base/Neutral

Acenaphthene 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

Acenaphthylene 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

Anthracene 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

Benzidine 3.00 ug/l 5 5 0 0 0 2 2 0 0 0

1,2 Benzanthracene 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

Benzo(a)pyrene 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

Benzo(g,h,i)perylene 1.00 ug/L 5 5 0 0 0 2 2 0 0 0

3,4 Benzofluoranthene 2.00 ug/L 5 5 0 0 0 2 2 0 0 0

Benzo(k)flouranthene 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

Bis(2-Chloroethoxy) methane 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

Bis(2-Chloroisopropyl) ether 1.00 ug/l 5 5 0 0 0 2 2 0 0 0

Bis(2-Chloroethyl) ether 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

Page 14 of 28

RB-AR10088



Table 4-4.  2005-06 Summary of Water Quality Exceedances for Coyote Creek Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, REC-1, REC-2, WARM, WILD, RARE

Class Constituent PQLc Units
No. of 

Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Bis(2-Ethylhexl) phthalate 1.00 ug/l 5 5 0 0 0 2 2 0 0 0

4-Bromophenyl phenyl ether 1.00 ug/l 5 5 0 0 0 2 2 0 0 0

Butyl benzyl phthalate 0.30 ug/l 5 5 0 0 0 2 2 0 0 0

2-Chloroethyl vinyl ether 2.50 ug/l 5 5 0 0 0 2 2 0 0 0

2-Chloronaphthalene 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

4-Chlorophenyl phenyl ether 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

Chrysene 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

Dibenzo(a,h)anthracene 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

1,3-Dichlorobenzene 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

1,4-Dichlorobenzene 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

1,2-Dichlorobenzene 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

3,3-Dichlorobenzidine 3.00 ug/l 5 5 0 0 0 2 2 0 0 0

Diethyl phthalate 0.50 ug/l 5 5 0 0 0 2 2 0 0 0

Dimethyl phthalate 0.50 ug/l 5 5 0 0 0 2 2 0 0 0

di-n-Butyl phthalate 1.00 ug/l 5 5 0 0 0 2 2 0 0 0

2,4-Dinitrotoluene 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

2,6-Dinitrotoluene 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

4,6 Dinitro-2-methylphenol 3.00 ug/l 5 5 0 0 0 2 2 0 0 0

1,2-Diphenylhydrazine 3.00 ug/l 5 5 0 0 0 2 2 0 0 0

di-n-Octyl phthalate 1.00 ug/l 5 5 0 0 0 2 2 0 0 0

Fluoranthene 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

Fluorene 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

Hexachlorobenzene 0.50 ug/l 5 5 0 0 0 2 2 0 0 0

Hexachlorobutadiene 1.00 ug/l 5 5 0 0 0 2 2 0 0 0

Hexachloro-cyclopentadiene 3.00 ug/l 5 5 0 0 0 2 2 0 0 0

Hexachloroethane 1.00 ug/l 5 5 0 0 0 2 2 0 0 0

Indeno(1,2,3-cd)pyrene 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

Isophorone 0.05 ug/l 5 5 0 0 0 2 1 50 0 0

Naphthalene 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

Nitrobenzene 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

N-Nitroso-dimethyl amine 0.30 ug/l 5 5 0 0 0 2 2 0 0 0

N-Nitroso-diphenyl amine 0.30 ug/l 5 5 0 0 0 2 2 0 0 0

N-Nitroso-di-n-propyl amine 0.30 ug/l 5 5 0 0 0 2 2 0 0 0

Phenanthrene 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

Pyrene 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

1,2,4-Trichlorobenzene 0.50 ug/l 5 5 0 0 0 2 2 0 0 0

Chlorinated Pesticides

Aldrin 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

alpha-BHC 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

beta-BHC 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

delta-BHC 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

gamma-BHC (lindane) 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

alpha-chlordane 0.05 ug/l 0 S.I.D. 0 S.I.D.

gamma-chlordane 0.05 ug/l 0 S.I.D. 0 S.I.D.

Chlordane 0.10 ug/L 5 5 0 0 0 2 2 0 0 0

4,4'-DDD 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

4,4'-DDE 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

4,4'-DDT 0.10 ug/l 5 5 0 0 0 2 2 0 0 0
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Table 4-4.  2005-06 Summary of Water Quality Exceedances for Coyote Creek Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, REC-1, REC-2, WARM, WILD, RARE

Class Constituent PQLc Units
No. of 

Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Dieldrin 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

Endosulfan I [alpha] 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

Endosulfan II [beta] 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

Endosulfan sulfate 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

Endrin 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

Endrin aldehyde 0.10 ug/l 5 5 0 0 0 2 2 0 0 0

Heptachlor 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

Heptachlor Epoxide 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

Toxaphene 1.00 ug/l 5 5 0 0 0 2 2 0 0 0

Polychlorinated Biphenyls 

Aroclor-1016 0.50 ug/l 5 5 0 0 0 2 2 0 0 0

Aroclor-1221 0.50 ug/l 5 5 0 0 0 2 2 0 0 0

Aroclor-1232 0.50 ug/l 5 5 0 0 0 2 2 0 0 0

Aroclor-1242 0.50 ug/l 5 5 0 0 0 2 2 0 0 0

Aroclor-1248 0.50 ug/l 5 5 0 0 0 2 2 0 0 0

Aroclor-1254 0.50 ug/l 5 5 0 0 0 2 2 0 0 0

Aroclor-1260 0.50 ug/l 5 5 0 0 0 2 2 0 0 0

Organohosphate Pesticides

Chlorpyrifos 0.05 ug/l 5 5 0 0 0 2 2 0 0 0

Diazinon 0.01 ug/l 5 5 0 0 0 2 2 0 0 0

Prometryn 2.00 ug/l 5 5 0 0 0 2 2 0 0 0

Atrazine 2.00 ug/l 5 5 0 0 0 2 2 0 0 0

Simazine 2.00 ug/l 5 5 0 0 0 2 2 0 0 0

Cyanazine 2.00 ug/l 5 5 0 0 0 2 2 0 0 0

Malathion 2.00 ug/l 5 5 0 0 0 2 2 0 0 0

Herbicides

Glyphosate 25.00 ug/l 5 5 0 0 0 2 2 0 0 0

2,4-D 10.00 ug/l 5 5 0 0 0 2 2 0 0 0

2,4,5-TP-SILVEX 1.00 ug/l 5 5 0 0 0 2 2 0 0 0

c)

f)

h)

i)

j) Beneficial uses are defined as follows:  MUN - Municipal and Domestic Supply, IND - Industrial Service Supply, PROC - Industrial Process Supply, GWR - Ground Water Recharge, REC1 
- Water Contact Recreation, REC2 - Non-Contact Water Recreation, WARM - Warm Freshwater Habitat, COLD - Cold Freshwater Habitat, WILD - Wildlife Habitat, RARE - Rare, 
Threatened, or Endangered Species, MIGR - Migration of Aquatic Organisms, SPWN - Spawning, Reproduction, and/or Early Development, WET - Wetland Habitat

PQL = minimum level

Criteria maximum concentration which equals the highest concentration of pollutant to which aquatic life can be exposed for a short period time without deleterious effects.

Non-detect refers to a lab result value that is below the PQL

This constituent is a function of the parameter(s) in parentheses.
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Table 4-4.  2005-06 Summary of Water Quality Exceedances for San Gabriel River Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, REC-1, REC-2, WARM, WILD, RARE

Class Constituent PQLc Units
No. of 

Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Conventional

Oil and Grease 1.00 mg/L 4 3 25 0 0 2 2 0 0 0

Total Phenols 0.10 mg/L 4 4 0 0 0 2 2 0 0 0

Cyanide 0.01 mg/L 4 3 25 1 25 2 1 50 1 50

pH 0-14 4 0 100 0 0 2 0 100 0 0

Dissolved Oxygen 1.00 mg/L 4 0 100 0 0 2 0 100 0 0

Indicator Bacteria

Total Coliform 20.00 MPN/100ml 4 0 100 4 100 2 0 100 2 100

Fecal Coliform 20.00 MPN/100ml 4 0 100 3 75 2 0 100 1 50

Ratio Fecal Coliform/Total Coliform 4 0 100 2 50 2 0 100 1 50

Fecal Streptococcus 20.00 MPN/100ml 4 0 100 0 0 2 0 100 0 0

Fecal Enterococcus MPN/100ml 4 0 100 3 75 2 0 100 2 100

General

Chloride 2.00 mg/L 4 0 100 0 0 2 0 100 0 0

Fluoride     f(temp)i 0.10 mg/L 4 0 100 0 0 2 0 100 0 0

Nitrate 0.10 mg/L 4 0 100 0 0 2 0 100 0 0

Sulfate 0.10 mg/L 4 0 100 0 0 2 0 100 0 0

Alkalinity 4.00 mg/L 4 0 100 0 0 2 0 100 0 0

Hardness 2.00 mg/L 4 0 100 0 0 2 0 100 0 0

COD 10.00 mg/L 4 0 100 0 0 2 0 100 0 0

Total Petroleum Hydrocarbons 1.00 mg/L 4 3 25 0 0 2 2 0 0 0

Specific Conductance 1.00 umhos/cm 4 0 100 0 0 2 0 100 0 0

Total Dissolved Solids 2.00 mg/L 4 0 100 0 0 2 0 100 0 0

Turbidity 0.10 NTU 4 0 100 0 0 2 0 100 0 0

Total Suspended Solids 2.00 mg/L 4 0 100 0 0 2 0 100 0 0

Volatile Suspended Solids 1.00 mg/L 4 0 100 0 0 2 0 100 0 0

MBAS 0.05 mg/L 4 0 100 0 0 2 1 50 0 0

Total Organic Carbon 1.00 mg/L 4 0 100 0 0 2 0 100 0 0

BOD 2.00 mg/L 4 0 100 0 0 2 0 100 0 0

Methyl Tertiary Butyl Ether (MTBE) 1.00 ug/L 4 4 0 0 0 2 2 0 0 0

Nutrients

Dissolved Phosphorus 0.05 mg/L 4 0 100 0 0 2 0 100 0 0

Total Phosphorus 0.05 mg/L 4 0 100 0 0 2 0 100 0 0

NH3-N 0.10 mg/L 4 0 100 0 0 2 0 100 0 0

Nitrate-N 0.50 mg/L 4 0 100 0 0 2 0 100 0 0

Nitrite-N 0.03 mg/L 4 3 25 0 0 2 1 50 0 0

Kjeldahl-N 0.10 mg/L 4 0 100 0 0 2 0 100 0 0

Metals

Dissolved Aluminum 100.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Aluminum 100.00 ug/l 4 0 100 1 25 2 1 50 0 0

Dissolved Antimony 5.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Antimony 5.00 ug/l 4 2 50 0 0 2 2 0 0 0

Dissolved Arsenic 5.00 ug/l 4 1 75 0 0 2 0 100 0 0

Total Arsenic 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Dissolved Barium 10.00 ug/L 4 0 100 0 0 2 0 100 0 0

Total Barium 10.00 ug/L 4 0 100 0 0 2 0 100 0 0

Dissolved Berylium 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Beryllium 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Wet Weather Dry Weather
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Table 4-4.  2005-06 Summary of Water Quality Exceedances for San Gabriel River Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, REC-1, REC-2, WARM, WILD, RARE

Class Constituent PQLc Units
No. of 

Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Dissolved Cadmium 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Cadmium 1.00 ug/l 4 3 25 0 0 2 2 0 0 0

Dissolved Chromium 5.00 ug/l 4 1 75 0 0 2 0 100 0 0

Total Chromium 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Dissolved Chromium +6 10.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Chromium +6 10.00 ug/l 4 4 0 0 0 2 2 0 0 0

Dissolved Copper 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Total Copper 5.00 ug/l 4 0 100 1 25 2 0 100 1 50

Dissolved Iron 100.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Iron 100.00 ug/l 4 0 100 0 0 2 0 100 0 0

Dissolved Lead 5.00 ug/l 4 4 0 0 0 2 1 50 0 0

Total Lead 5.00 ug/l 4 0 100 1 25 2 0 100 0 0

Dissolved Mercury 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Mercury 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Dissolved Nickel 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Total Nickel 5.00 ug/l 4 0 100 0 0 2 0 100 1 50

Dissolved Selenium 5.00 ug/l 4 2 50 0 0 2 0 100 0 0

Total Selenium 5.00 ug/l 4 1 75 0 0 2 0 100 0 0

Dissolved Silverf 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Silver 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Dissolved Thallium 5.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Thallium 5.00 ug/l 4 4 0 0 0 2 2 0 0 0

Dissolved Zinc 50.00 ug/l 4 0 100 0 0 2 0 100 0 0

Total Zinc 50.00 ug/l 4 0 100 1 25 2 0 100 0 0

Semi-Volatiles Organics (EPA 625)

2- Chlorophenol 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4-dichlorophenol 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4-dimethylphenol 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4-dinitrophenol 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

2-nitrophenol 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

4-nitrophenol 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

4-chloro_3_methylphenol 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

Pentachlorophenol 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Phenol 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4,6-trichlophenol 1.00 ug/l 4 1 75 0 0 2 2 0 0 0

Base/Neutral

Acenaphthene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Acenaphthylene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Anthracene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Benzidine 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

1,2 Benzanthracene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Benzo(a)pyrene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Benzo(g,h,i)perylene 1.00 ug/L 4 4 0 0 0 2 2 0 0 0

3,4 Benzofluoranthene 2.00 ug/L 4 4 0 0 0 2 2 0 0 0

Benzo(k)flouranthene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Bis(2-Chloroethoxy) methane 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Bis(2-Chloroisopropyl) ether 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Bis(2-Chloroethyl) ether 0.10 ug/l 4 4 0 0 0 2 2 0 0 0
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Table 4-4.  2005-06 Summary of Water Quality Exceedances for San Gabriel River Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, REC-1, REC-2, WARM, WILD, RARE

Class Constituent PQLc Units
No. of 

Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Bis(2-Ethylhexl) phthalate 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

4-Bromophenyl phenyl ether 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Butyl benzyl phthalate 0.30 ug/l 4 4 0 0 0 2 2 0 0 0

2-Chloroethyl vinyl ether 2.50 ug/l 4 4 0 0 0 2 2 0 0 0

2-Chloronaphthalene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

4-Chlorophenyl phenyl ether 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Chrysene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Dibenzo(a,h)anthracene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

1,3-Dichlorobenzene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

1,4-Dichlorobenzene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

1,2-Dichlorobenzene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

3,3-Dichlorobenzidine 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

Diethyl phthalate 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Dimethyl phthalate 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

di-n-Butyl phthalate 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4-Dinitrotoluene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

2,6-Dinitrotoluene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

4,6 Dinitro-2-methylphenol 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

1,2-Diphenylhydrazine 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

di-n-Octyl phthalate 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Fluoranthene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Fluorene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Hexachlorobenzene 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Hexachlorobutadiene 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Hexachloro-cyclopentadiene 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

Hexachloroethane 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Indeno(1,2,3-cd)pyrene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Isophorone 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Naphthalene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Nitrobenzene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

N-Nitroso-dimethyl amine 0.30 ug/l 4 4 0 0 0 2 2 0 0 0

N-Nitroso-diphenyl amine 0.30 ug/l 4 4 0 0 0 2 2 0 0 0

N-Nitroso-di-n-propyl amine 0.30 ug/l 4 4 0 0 0 2 2 0 0 0

Phenanthrene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Pyrene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

1,2,4-Trichlorobenzene 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Chlorinated Pesticides

Aldrin 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

alpha-BHC 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

beta-BHC 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

delta-BHC 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

gamma-BHC (lindane) 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

alpha-chlordane 0.05 ug/l 0 S.I.D. 0 S.I.D.

gamma-chlordane 0.05 ug/l 0 S.I.D. 0 S.I.D.

Chlordane 0.10 ug/L 4 4 0 0 0 2 2 0 0 0

4,4'-DDD 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

4,4'-DDE 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

4,4'-DDT 0.10 ug/l 4 4 0 0 0 2 2 0 0 0
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Table 4-4.  2005-06 Summary of Water Quality Exceedances for San Gabriel River Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, REC-1, REC-2, WARM, WILD, RARE

Class Constituent PQLc Units
No. of 

Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Dieldrin 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Endosulfan I [alpha] 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Endosulfan II [beta] 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Endosulfan sulfate 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Endrin 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Endrin aldehyde 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Heptachlor 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Heptachlor Epoxide 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Toxaphene 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Polychlorinated Biphenyls 

Aroclor-1016 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Aroclor-1221 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Aroclor-1232 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Aroclor-1242 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Aroclor-1248 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Aroclor-1254 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Aroclor-1260 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Organohosphate Pesticides

Chlorpyrifos 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Diazinon 0.01 ug/l 4 3 25 0 0 2 2 0 0 0

Prometryn 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Atrazine 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Simazine 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Cyanazine 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Malathion 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Herbicides

Glyphosate 25.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4-D 10.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4,5-TP-SILVEX 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

c)

f)

h)

i)

j) Beneficial uses are defined as follows:  MUN - Municipal and Domestic Supply, IND - Industrial Service Supply, PROC - Industrial Process Supply, GWR - Ground Water Recharge, REC1 
- Water Contact Recreation REC2 - Non-Contact Water Recreation WARM - Warm Freshwater Habitat COLD - Cold Freshwater Habitat WILD - Wildlife Habitat RARE - Rare

PQL = minimum level

Criteria maximum concentration which equals the highest concentration of pollutant to which aquatic life can be exposed for a short period time without deleterious effects.

Non-detect refers to a lab result value that is below the PQL

This constituent is a function of the parameter(s) in parentheses.
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Table 4-4.  2005-06 Summary of Water Quality Exceedances for Dominguez Channel Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, REC-1, REC-2, WARM, WILD, RARE

Class Constituent PQLc Units
No. of 

Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Conventional

Oil and Grease 1.00 mg/L 4 2 50 0 0 2 2 0 0 0

Total Phenols 0.10 mg/L 4 4 0 0 0 2 2 0 0 0

Cyanide 0.01 mg/L 4 2 50 2 50 2 2 0 0 0

pH 0-14 4 0 100 0 0 2 0 100 0 0

Dissolved Oxygen 1.00 mg/L 4 0 100 0 0 2 0 100 0 0

Indicator Bacteria

Total Coliform 20.00 MPN/100ml 4 0 100 4 100 2 0 100 2 100

Fecal Coliform 20.00 MPN/100ml 4 0 100 4 100 2 0 100 2 100

Ratio Fecal Coliform/Total Coliform 4 0 100 2 50 2 0 100 0 0

Fecal Streptococcus 20.00 MPN/100ml 4 0 100 0 0 2 0 100 0 0

Fecal Enterococcus MPN/100ml 4 0 100 4 100 2 0 100 2 100

General

Chloride 2.00 mg/L 4 0 100 0 0 2 0 100 0 0

Fluoride     f(temp)i 0.10 mg/L 4 1 75 0 0 2 0 100 0 0

Nitrate 0.10 mg/L 4 0 100 0 0 2 0 100 0 0

Sulfate 0.10 mg/L 4 0 100 0 0 2 0 100 0 0

Alkalinity 4.00 mg/L 4 0 100 0 0 2 0 100 0 0

Hardness 2.00 mg/L 4 0 100 0 0 2 0 100 0 0

COD 10.00 mg/L 4 1 75 0 0 2 0 100 0 0

Total Petroleum Hydrocarbons 1.00 mg/L 4 2 50 0 0 2 2 0 0 0

Specific Conductance 1.00 umhos/cm 4 0 100 0 0 2 0 100 0 0

Total Dissolved Solids 2.00 mg/L 4 0 100 0 0 2 0 100 2 100

Turbidity 0.10 NTU 4 0 100 0 0 2 0 100 0 0

Total Suspended Solids 2.00 mg/L 4 0 100 0 0 2 0 100 0 0

Volatile Suspended Solids 1.00 mg/L 4 0 100 0 0 2 0 100 0 0

MBAS 0.05 mg/L 4 0 100 1 25 2 0 100 0 0

Total Organic Carbon 1.00 mg/L 4 0 100 0 0 2 0 100 0 0

BOD 2.00 mg/L 4 0 100 0 0 2 0 100 0 0

Methyl Tertiary Butyl Ether (MTBE) 1.00 ug/L 4 4 0 0 0 2 2 0 0 0

Nutrients

Dissolved Phosphorus 0.05 mg/L 4 0 100 0 0 2 0 100 0 0

Total Phosphorus 0.05 mg/L 4 0 100 0 0 2 0 100 0 0

NH3-N 0.10 mg/L 4 0 100 0 0 2 1 50 0 0

Nitrate-N 0.50 mg/L 4 0 100 0 0 2 0 100 0 0

Nitrite-N 0.03 mg/L 4 2 50 0 0 2 2 0 0 0

Kjeldahl-N 0.10 mg/L 4 0 100 0 0 2 0 100 0 0

Metals

Dissolved Aluminum 100.00 ug/l 4 3 25 0 0 2 2 0 0 0

Total Aluminum 100.00 ug/l 4 0 100 1 25 2 1 50 0 0

Dissolved Antimony 5.00 ug/l 4 0 100 0 0 2 1 50 0 0

Total Antimony 5.00 ug/l 4 0 100 1 25 2 0 100 0 0

Dissolved Arsenic 5.00 ug/l 4 1 75 0 0 2 1 50 0 0

Total Arsenic 5.00 ug/l 4 0 100 1 25 2 0 100 0 0

Dissolved Barium 10.00 ug/L 4 0 100 0 0 2 0 100 0 0

Total Barium 10.00 ug/L 4 0 100 0 0 2 0 100 0 0

Dissolved Berylium 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Beryllium 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Wet Weather Dry Weather
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Table 4-4.  2005-06 Summary of Water Quality Exceedances for Dominguez Channel Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, REC-1, REC-2, WARM, WILD, RARE

Class Constituent PQLc Units
No. of 

Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Dissolved Cadmium 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Cadmium 1.00 ug/l 4 3 25 0 0 2 2 0 0 0

Dissolved Chromium 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Total Chromium 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Dissolved Chromium +6 10.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Chromium +6 10.00 ug/l 4 4 0 0 0 2 2 0 0 0

Dissolved Copper 5.00 ug/l 4 0 100 3 75 2 0 100 0 0

Total Copper 5.00 ug/l 4 0 100 4 100 2 0 100 1 50

Dissolved Iron 100.00 ug/l 4 2 50 0 0 2 2 0 0 0

Total Iron 100.00 ug/l 4 0 100 0 0 2 1 50 0 0

Dissolved Lead 5.00 ug/l 4 2 50 0 0 2 1 50 0 0

Total Lead 5.00 ug/l 4 0 100 1 25 2 0 100 0 0

Dissolved Mercury 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Mercury 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Dissolved Nickel 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Total Nickel 5.00 ug/l 4 0 100 0 0 2 0 100 1 50

Dissolved Selenium 5.00 ug/l 4 3 25 0 0 2 0 100 0 0

Total Selenium 5.00 ug/l 4 2 50 0 0 2 0 100 0 0

Dissolved Silverf 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Silver 1.00 ug/l 4 3 25 0 0 2 2 0 0 0

Dissolved Thallium 5.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Thallium 5.00 ug/l 4 4 0 0 0 2 2 0 0 0

Dissolved Zinc 50.00 ug/l 4 0 100 2 50 2 0 100 0 0

Total Zinc 50.00 ug/l 4 0 100 4 100 2 0 100 0 0

Semi-Volatiles Organics (EPA 625)

2- Chlorophenol 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4-dichlorophenol 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4-dimethylphenol 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4-dinitrophenol 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

2-nitrophenol 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

4-nitrophenol 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

4-chloro_3_methylphenol 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

Pentachlorophenol 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Phenol 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4,6-trichlophenol 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Base/Neutral

Acenaphthene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Acenaphthylene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Anthracene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Benzidine 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

1,2 Benzanthracene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Benzo(a)pyrene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Benzo(g,h,i)perylene 1.00 ug/L 4 4 0 0 0 2 2 0 0 0

3,4 Benzofluoranthene 2.00 ug/L 3 3 0 0 0 2 2 0 0 0

Benzo(k)flouranthene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Bis(2-Chloroethoxy) methane 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Bis(2-Chloroisopropyl) ether 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Bis(2-Chloroethyl) ether 0.10 ug/l 3 3 0 0 0 2 2 0 0 0
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Table 4-4.  2005-06 Summary of Water Quality Exceedances for Dominguez Channel Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, REC-1, REC-2, WARM, WILD, RARE

Class Constituent PQLc Units
No. of 

Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Bis(2-Ethylhexl) phthalate 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

4-Bromophenyl phenyl ether 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Butyl benzyl phthalate 0.30 ug/l 3 3 0 0 0 2 2 0 0 0

2-Chloroethyl vinyl ether 2.50 ug/l 4 4 0 0 0 2 2 0 0 0

2-Chloronaphthalene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

4-Chlorophenyl phenyl ether 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Chrysene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Dibenzo(a,h)anthracene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

1,3-Dichlorobenzene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

1,4-Dichlorobenzene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

1,2-Dichlorobenzene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

3,3-Dichlorobenzidine 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

Diethyl phthalate 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Dimethyl phthalate 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

di-n-Butyl phthalate 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4-Dinitrotoluene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

2,6-Dinitrotoluene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

4,6 Dinitro-2-methylphenol 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

1,2-Diphenylhydrazine 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

di-n-Octyl phthalate 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Fluoranthene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Fluorene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Hexachlorobenzene 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Hexachlorobutadiene 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Hexachloro-cyclopentadiene 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

Hexachloroethane 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Indeno(1,2,3-cd)pyrene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Isophorone 0.05 ug/l 3 3 0 0 0 2 1 50 0 0

Naphthalene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Nitrobenzene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

N-Nitroso-dimethyl amine 0.30 ug/l 3 3 0 0 0 2 2 0 0 0

N-Nitroso-diphenyl amine 0.30 ug/l 3 3 0 0 0 2 2 0 0 0

N-Nitroso-di-n-propyl amine 0.30 ug/l 3 3 0 0 0 2 2 0 0 0

Phenanthrene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Pyrene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

1,2,4-Trichlorobenzene 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Chlorinated Pesticides

Aldrin 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

alpha-BHC 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

beta-BHC 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

delta-BHC 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

gamma-BHC (lindane) 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

alpha-chlordane 0.05 ug/l 0 S.I.D. 0 S.I.D.

gamma-chlordane 0.05 ug/l 0 S.I.D. 0 S.I.D.

Chlordane 0.10 ug/L 4 4 0 0 0 2 2 0 0 0

4,4'-DDD 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

4,4'-DDE 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

4,4'-DDT 0.10 ug/l 4 4 0 0 0 2 2 0 0 0
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Table 4-4.  2005-06 Summary of Water Quality Exceedances for Dominguez Channel Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, REC-1, REC-2, WARM, WILD, RARE

Class Constituent PQLc Units
No. of 

Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Dieldrin 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Endosulfan I [alpha] 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Endosulfan II [beta] 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Endosulfan sulfate 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Endrin 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Endrin aldehyde 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Heptachlor 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Heptachlor Epoxide 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Toxaphene 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Polychlorinated Biphenyls 

Aroclor-1016 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Aroclor-1221 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Aroclor-1232 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Aroclor-1242 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Aroclor-1248 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Aroclor-1254 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Aroclor-1260 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Organohosphate Pesticides

Chlorpyrifos 0.05 ug/l 4 3 25 0 0 2 2 0 0 0

Diazinon 0.01 ug/l 4 3 25 0 0 2 2 0 0 0

Prometryn 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Atrazine 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Simazine 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Cyanazine 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Malathion 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Herbicides

Glyphosate 25.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4-D 10.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4,5-TP-SILVEX 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

c)

f)

h)

i)

j) Beneficial uses are defined as follows:  MUN - Municipal and Domestic Supply, IND - Industrial Service Supply, PROC - Industrial Process Supply, GWR - Ground Water Recharge, REC1 - 
Water Contact Recreation REC2 - Non-Contact Water Recreation WARM - Warm Freshwater Habitat COLD - Cold Freshwater Habitat WILD - Wildlife Habitat RARE - Rare Threatened or

PQL = minimum level

Criteria maximum concentration which equals the highest concentration of pollutant to which aquatic life can be exposed for a short period time without deleterious effects.

Non-detect refers to a lab result value that is below the PQL

This constituent is a function of the parameter(s) in parentheses.
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Table 4-4.  2005-06 Summary of Water Quality Exceedances for Santa Clara River Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, AGR, GWR, FRSH, REC-1, REC-2, WARM, WILD, RARE, WET

Class Constituent PQLc Units
No. of 

Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Conventional

Oil and Grease 1.00 mg/L 4 3 25 0 0 2 2 0 0 0

Total Phenols 0.10 mg/L 4 4 0 0 0 2 2 0 0 0

Cyanide 0.01 mg/L 4 2 50 2 50 2 2 0 0 0

pH 0-14 4 0 100 0 0 2 0 100 0 0

Dissolved Oxygen 1.00 mg/L 4 0 100 0 0 2 0 100 0 0

Indicator Bacteria

Total Coliform 20.00 MPN/100ml 4 0 100 4 100 2 0 100 2 100

Fecal Coliform 20.00 MPN/100ml 4 0 100 4 100 2 0 100 0 0

Ratio Fecal Coliform/Total Coliform 4 0 100 1 25 2 0 100 0 0

Fecal Streptococcus 20.00 MPN/100ml 4 0 100 0 0 2 0 100 0 0

Fecal Enterococcus MPN/100ml 4 0 100 4 100 2 0 100 2 100

General

Chloride 2.00 mg/L 4 0 100 0 0 2 0 100 2 100

Fluoride     f(temp)i 0.10 mg/L 4 0 100 0 0 2 0 100 0 0

Nitrate 0.10 mg/L 4 0 100 0 0 2 0 100 0 0

Sulfate 0.10 mg/L 4 0 100 0 0 2 0 100 0 0

Alkalinity 4.00 mg/L 4 0 100 0 0 2 0 100 0 0

Hardness 2.00 mg/L 4 0 100 0 0 2 0 100 0 0

COD 10.00 mg/L 4 0 100 0 0 2 0 100 0 0

Total Petroleum Hydrocarbons 1.00 mg/L 4 3 25 0 0 2 2 0 0 0

Specific Conductance 1.00 umhos/cm 4 0 100 0 0 2 0 100 0 0

Total Dissolved Solids 2.00 mg/L 4 0 100 0 0 2 0 100 0 0

Turbidity 0.10 NTU 4 0 100 0 0 2 0 100 0 0

Total Suspended Solids 2.00 mg/L 4 0 100 0 0 2 0 100 0 0

Volatile Suspended Solids 1.00 mg/L 4 0 100 0 0 2 0 100 0 0

MBAS 0.05 mg/L 4 1 75 0 0 2 2 0 0 0

Total Organic Carbon 1.00 mg/L 4 0 100 0 0 2 0 100 0 0

BOD 2.00 mg/L 4 0 100 0 0 2 0 100 0 0

Methyl Tertiary Butyl Ether (MTBE) 1.00 ug/L 4 4 0 0 0 2 2 0 0 0

Nutrients

Dissolved Phosphorus 0.05 mg/L 4 0 100 0 0 2 0 100 0 0

Total Phosphorus 0.05 mg/L 4 0 100 0 0 2 0 100 0 0

NH3-N 0.10 mg/L 4 1 75 0 0 2 1 50 0 0

Nitrate-N 0.50 mg/L 4 0 100 0 0 2 0 100 0 0

Nitrite-N 0.03 mg/L 4 2 50 0 0 2 2 0 0 0

Kjeldahl-N 0.10 mg/L 4 0 100 0 0 2 0 100 0 0

Metals

Dissolved Aluminum 100.00 ug/l 4 2 50 0 0 2 2 0 0 0

Total Aluminum 100.00 ug/l 4 0 100 4 100 2 1 50 0 0

Dissolved Antimony 5.00 ug/l 4 1 75 0 0 2 2 0 0 0

Total Antimony 5.00 ug/l 4 1 75 1 25 2 2 0 0 0

Dissolved Arsenic 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Total Arsenic 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Dissolved Barium 10.00 ug/L 4 0 100 0 0 2 0 100 0 0

Total Barium 10.00 ug/L 4 0 100 0 0 2 0 100 0 0

Dissolved Berylium 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Beryllium 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Wet Weather Dry Weather
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Table 4-4.  2005-06 Summary of Water Quality Exceedances for Santa Clara River Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, AGR, GWR, FRSH, REC-1, REC-2, WARM, WILD, RARE, WET

Class Constituent PQLc Units
No. of 

Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Dissolved Cadmium 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Cadmium 1.00 ug/l 4 3 25 0 0 2 2 0 0 0

Dissolved Chromium 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Total Chromium 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Dissolved Chromium +6 10.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Chromium +6 10.00 ug/l 4 4 0 0 0 2 2 0 0 0

Dissolved Copper 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Total Copper 5.00 ug/l 4 0 100 1 25 2 0 100 1 50

Dissolved Iron 100.00 ug/l 4 1 75 0 0 2 2 0 0 0

Total Iron 100.00 ug/l 4 0 100 0 0 2 1 50 0 0

Dissolved Lead 5.00 ug/l 4 3 25 0 0 2 2 0 0 0

Total Lead 5.00 ug/l 4 0 100 1 25 2 0 100 0 0

Dissolved Mercury 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Mercury 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Dissolved Nickel 5.00 ug/l 4 0 100 0 0 2 0 100 0 0

Total Nickel 5.00 ug/l 4 0 100 0 0 2 0 100 1 50

Dissolved Selenium 5.00 ug/l 4 3 25 0 0 2 0 100 0 0

Total Selenium 5.00 ug/l 4 2 50 0 0 2 0 100 0 0

Dissolved Silverf 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Silver 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Dissolved Thallium 5.00 ug/l 4 4 0 0 0 2 2 0 0 0

Total Thallium 5.00 ug/l 4 4 0 0 0 2 2 0 0 0

Dissolved Zinc 50.00 ug/l 4 0 100 0 0 2 0 100 0 0

Total Zinc 50.00 ug/l 4 0 100 1 25 2 0 100 0 0

Semi-Volatiles Organics (EPA 625)

2- Chlorophenol 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4-dichlorophenol 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4-dimethylphenol 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4-dinitrophenol 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

2-nitrophenol 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

4-nitrophenol 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

4-chloro_3_methylphenol 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

Pentachlorophenol 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Phenol 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4,6-trichlophenol 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Base/Neutral

Acenaphthene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Acenaphthylene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Anthracene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Benzidine 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

1,2 Benzanthracene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Benzo(a)pyrene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Benzo(g,h,i)perylene 1.00 ug/L 4 4 0 0 0 2 2 0 0 0

3,4 Benzofluoranthene 2.00 ug/L 4 4 0 0 0 2 2 0 0 0

Benzo(k)flouranthene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Bis(2-Chloroethoxy) methane 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Bis(2-Chloroisopropyl) ether 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Bis(2-Chloroethyl) ether 0.10 ug/l 4 4 0 0 0 2 2 0 0 0
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Table 4-4.  2005-06 Summary of Water Quality Exceedances for Santa Clara River Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, AGR, GWR, FRSH, REC-1, REC-2, WARM, WILD, RARE, WET

Class Constituent PQLc Units
No. of 

Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Bis(2-Ethylhexl) phthalate 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

4-Bromophenyl phenyl ether 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Butyl benzyl phthalate 0.30 ug/l 4 4 0 0 0 2 2 0 0 0

2-Chloroethyl vinyl ether 2.50 ug/l 4 4 0 0 0 2 2 0 0 0

2-Chloronaphthalene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

4-Chlorophenyl phenyl ether 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Chrysene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Dibenzo(a,h)anthracene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

1,3-Dichlorobenzene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

1,4-Dichlorobenzene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

1,2-Dichlorobenzene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

3,3-Dichlorobenzidine 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

Diethyl phthalate 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Dimethyl phthalate 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

di-n-Butyl phthalate 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4-Dinitrotoluene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

2,6-Dinitrotoluene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

4,6 Dinitro-2-methylphenol 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

1,2-Diphenylhydrazine 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

di-n-Octyl phthalate 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Fluoranthene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Fluorene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Hexachlorobenzene 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Hexachlorobutadiene 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Hexachloro-cyclopentadiene 3.00 ug/l 4 4 0 0 0 2 2 0 0 0

Hexachloroethane 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Indeno(1,2,3-cd)pyrene 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Isophorone 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Naphthalene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Nitrobenzene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

N-Nitroso-dimethyl amine 0.30 ug/l 4 4 0 0 0 2 2 0 0 0

N-Nitroso-diphenyl amine 0.30 ug/l 4 4 0 0 0 2 2 0 0 0

N-Nitroso-di-n-propyl amine 0.30 ug/l 4 4 0 0 0 2 2 0 0 0

Phenanthrene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Pyrene 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

1,2,4-Trichlorobenzene 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Chlorinated Pesticides

Aldrin 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

alpha-BHC 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

beta-BHC 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

delta-BHC 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

gamma-BHC (lindane) 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

alpha-chlordane 0.05 ug/l 0 S.I.D. 0 S.I.D.

gamma-chlordane 0.05 ug/l 0 S.I.D. 0 S.I.D.

Chlordane 0.10 ug/L 4 4 0 0 0 2 2 0 0 0

4,4'-DDD 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

4,4'-DDE 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

4,4'-DDT 0.10 ug/l 4 4 0 0 0 2 2 0 0 0
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Table 4-4.  2005-06 Summary of Water Quality Exceedances for Santa Clara River Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, AGR, GWR, FRSH, REC-1, REC-2, WARM, WILD, RARE, WET

Class Constituent PQLc Units
No. of 

Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of 
Non-

detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Dieldrin 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Endosulfan I [alpha] 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Endosulfan II [beta] 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Endosulfan sulfate 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Endrin 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Endrin aldehyde 0.10 ug/l 4 4 0 0 0 2 2 0 0 0

Heptachlor 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Heptachlor Epoxide 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Toxaphene 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

Polychlorinated Biphenyls 

Aroclor-1016 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Aroclor-1221 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Aroclor-1232 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Aroclor-1242 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Aroclor-1248 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Aroclor-1254 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Aroclor-1260 0.50 ug/l 4 4 0 0 0 2 2 0 0 0

Organohosphate Pesticides

Chlorpyrifos 0.05 ug/l 4 4 0 0 0 2 2 0 0 0

Diazinon 0.01 ug/l 4 2 50 1 25 2 2 0 0 0

Prometryn 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Atrazine 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Simazine 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Cyanazine 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Malathion 2.00 ug/l 4 4 0 0 0 2 2 0 0 0

Herbicides

Glyphosate 25.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4-D 10.00 ug/l 4 4 0 0 0 2 2 0 0 0

2,4,5-TP-SILVEX 1.00 ug/l 4 4 0 0 0 2 2 0 0 0

c)

f)

h)

i)

j) Beneficial uses are defined as follows:  MUN - Municipal and Domestic Supply, IND - Industrial Service Supply, PROC - Industrial Process Supply, GWR - Ground Water Recharge, REC1 
- Water Contact Recreation REC2 - Non-Contact Water Recreation WARM - Warm Freshwater Habitat COLD - Cold Freshwater Habitat WILD - Wildlife Habitat RARE - Rare

PQL = minimum level

Criteria maximum concentration which equals the highest concentration of pollutant to which aquatic life can be exposed for a short period time without deleterious effects.

Non-detect refers to a lab result value that is below the PQL

This constituent is a function of the parameter(s) in parentheses.
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Table 4-6.  2003-04 Summary of Water Quality Exceedances for Ballona Creek Mass Emission Station
Beneficial Usesj:  REC-1, REC-2, WARM, WILD

Class Constituent PQLc Units
No. of 

Samples
No. of Non-

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non-
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Conventional

Oil and Grease 1.00 mg/L 3 2 33 0 0 2 2 0 0 0

Total Phenols 0.10 mg/L 3 3 0 0 0 2 2 0 0 0

Cyanide 0.01 mg/L 3 2 33 0 0 2 2 0 0 0

pH 0-14 3 0 100 1 33 2 0 100 1 50

Dissolved Oxygen 1.00 mg/L 3 0 100 0 0 2 0 100 0 0

Indicator Bacteria 3

Total Coliform 20.00 MPN/100ml 3 0 100 3 100 2 0 100 0 0

Fecal Coliform 20.00 MPN/100ml 3 0 100 3 100 2 0 100 1 50

Ratio Fecal Coliform/Total Coliform 3 0 100 0 0 2 0 100 1 50

Fecal Streptococcus 20.00 MPN/100ml 3 0 100 0 0 2 0 100 0 0

Fecal Enterococcus MPN/100ml 3 0 100 3 100 2 0 100 1 50

General

Chloride 2.00 mg/L 3 0 100 0 0 2 0 100 0 0

Fluoride     f(temp)i 0.10 mg/L 3 1 67 0 0 2 0 100 0 0

Nitrate 0.10 mg/L 3 0 100 0 0 2 0 100 0 0

Sulfate 0.10 mg/L 3 0 100 0 0 2 0 100 0 0

Alkalinity 4.00 mg/L 3 0 100 0 0 2 0 100 0 0

Hardness 2.00 mg/L 3 0 100 0 0 2 0 100 0 0

COD 10.00 mg/L 3 0 100 0 0 2 0 100 0 0

TPH 1.00 mg/L 3 2 33 0 0 2 2 0 0 0

Specific Conductance 1.00 umhos/cm 3 0 100 0 0 2 0 100 0 0

Total Dissolved Solids 2.00 mg/L 3 0 100 0 0 2 0 100 0 0

Turbidity 0.10 NTU 3 0 100 0 0 2 0 100 0 0

Total Suspended Solids 2.00 mg/L 3 0 100 0 0 2 0 100 0 0

Volatile Suspended Solids 1.00 mg/L 3 0 100 0 0 2 0 100 0 0

MBAS 0.05 mg/L 3 1 67 0 0 2 1 50 0 0

Total Organic Carbon 1.00 mg/L 3 0 100 0 0 2 0 100 0 0

BOD 2.00 mg/L 3 0 100 0 0 2 0 100 0 0

Nutrients

Dissolved Phosphorus 0.05 mg/L 3 0 100 0 0 2 1 50 0 0

Total Phosphorus 0.05 mg/L 3 0 100 0 0 2 1 50 0 0

NH3-N 0.10 mg/L 3 2 33 0 0 2 1 50 0 0

Nitrate-N 0.50 mg/L 3 0 100 0 0 2 1 50 0 0

Nitrite-N 0.03 mg/L 3 1 67 0 0 2 0 100 0 0

Kjeldahl-N 0.10 mg/L 3 0 100 0 0 2 0 100 0 0

Metals

Dissolved Aluminum 100.00 ug/l 3 3 0 0 0 2 2 0 0 0

Total Aluminum 100.00 ug/l 3 0 100 0 0 2 2 0 0 0

Dissolved Antimony 5.00 ug/l 3 1 67 0 0 2 0 100 0 0

Total Antimony 5.00 ug/l 3 1 67 0 0 2 0 100 0 0

Dissolved Arsenic 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Total Arsenic 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Dissolved Berylium 1.00 ug/l 3 0 100 0 0 2 2 0 0 0

Total Beryllium 1.00 ug/l 3 0 100 0 0 2 2 0 0 0

Dissolved Cadmium 1.00 ug/l 3 0 100 0 0 2 2 0 0 0

Total Cadmium 1.00 ug/l 3 0 100 0 0 2 2 0 0 0

Dissolved Chromium 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Total Chromium 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Dissolved Chromium +6 10.00 ug/l 3 0 100 0 0 2 2 0 0 0

Total Chromium +6 10.00 ug/l 3 3 0 0 0 2 2 0 0 0

Dissolved Copper 5.00 ug/l 3 0 100 2 67 2 0 100 0 0

Wet Weather Dry Weather
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Table 4-6.  2003-04 Summary of Water Quality Exceedances for Ballona Creek Mass Emission Station
Beneficial Usesj:  REC-1, REC-2, WARM, WILD

Class Constituent PQLc Units
No. of 

Samples
No. of Non-

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non-
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Total Copper 5.00 ug/l 3 0 100 2 67 2 0 100 1 50

Dissolved Iron 100.00 ug/l 3 3 0 0 0 2 2 0 0 0

Total Iron 100.00 ug/l 3 0 100 0 0 2 1 50 0 0

Dissolved Lead 5.00 ug/l 3 1 67 0 0 2 2 0 0 0

Total Lead 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Dissolved Mercury 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Total Mercury 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Dissolved Nickel 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Total Nickel 5.00 ug/l 3 0 100 0 0 2 0 100 1 50

Dissolved Selenium 5.00 ug/l 3 2 33 0 0 2 0 100 0 0

Total Selenium 5.00 ug/l 3 2 33 0 0 2 0 100 0 0

Dissolved Silverf 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Total Silver 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Dissolved Thallium 5.00 ug/l 3 3 0 0 0 2 2 0 0 0

Total Thallium 5.00 ug/l 3 3 0 0 0 2 2 0 0 0

Dissolved Zinc 50.00 ug/l 3 1 67 1 33 2 0 100 0 0

Total Zinc 50.00 ug/l 3 0 100 2 67 2 0 100 0 0

Semi-Volatiles Organics (EPA 625)

2- Chlorophenol 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4-dichlorophenol 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4-dimethylphenol 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4-dinitrophenol 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

2-nitrophenol 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

4-nitrophenol 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

4-chloro_3_methylphenol 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

Pentachlorophenol 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Phenol 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4,6-trichlophenol 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Base/Neutral

Acenaphthene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Acenaphthylene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Anthracene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Benzidine 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

1,2 Benzanthracene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Benzo(a)pyrene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Benzo(k)flouranthene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Bis(2-Chloroethoxy) methane 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Bis(2-Chloroisopropyl) ether 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Bis(2-Chloroethyl) ether 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Bis(2-Ethylhexl) phthalate 1.00 ug/l 3 1 67 0 0 2 0 100 0 0

4-Bromophenyl phenyl ether 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Butyl benzyl phthalate 0.30 ug/l 3 3 0 0 0 2 2 0 0 0

2-Chloronaphthalene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

4-Chlorophenyl phenyl ether 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Chrysene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Dibenzo(a,h)anthracene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

1,3-Dichlorobenzene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

1,4-Dichlorobenzene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

1,2-Dichlorobenzene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

3,3-Dichlorobenzidine 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

Diethyl phthalate 0.50 ug/l 3 3 0 0 0 2 2 0 0 0
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Table 4-6.  2003-04 Summary of Water Quality Exceedances for Ballona Creek Mass Emission Station
Beneficial Usesj:  REC-1, REC-2, WARM, WILD

Class Constituent PQLc Units
No. of 

Samples
No. of Non-

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non-
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Dimethyl phthalate 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

di-n-Butyl phthalate 1.00 ug/l 3 3 0 0 0 2 1 50 0 0

2,4-Dinitrotoluene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

2,6-Dinitrotoluene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

4,6 Dinitro-2-methylphenol 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

1,2-Diphenylhydrazine 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

di-n-Octyl phthalate 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Fluoranthene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Fluorene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Hexachlorobenzene 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Hexachlorobutadiene 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Hexachloro-cyclopentadiene 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

Hexachloroethane 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Indeno(1,2,3-cd)pyrene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Isophorone 0.05 ug/l 3 2 33 0 0 2 2 0 0 0

Naphthalene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Nitrobenzene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

N-Nitroso-dimethyl amine 0.30 ug/l 3 3 0 0 0 2 2 0 0 0

N-Nitroso-diphenyl amine 0.30 ug/l 3 3 0 0 0 2 2 0 0 0

N-Nitroso-di-n-propyl amine 0.30 ug/l 3 3 0 0 0 2 2 0 0 0

Phenanthrene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Pyrene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

1,2,4-Trichlorobenzene 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Chlorinated Pesticides

Aldrin 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

alpha-BHC 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

beta-BHC 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

delta-BHC 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

gamma-BHC (lindane) 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

alpha-chlordane 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

gamma-chlordane 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

4,4'-DDD 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

4,4'-DDE 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

4,4'-DDT 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Dieldrin 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

alpha-Endosulfan 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

beta-Endosulfan 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Endosulfan sulfate 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Endrin 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Endrin aldehyde 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Heptachlor 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Heptachlor Epoxide 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Toxaphene 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Polychlorinated Biphenyls 

Aroclor-1016 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1221 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1232 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1242 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1248 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1254 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1260 0.50 ug/l 3 3 0 0 0 2 2 0 0 0
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Table 4-6.  2003-04 Summary of Water Quality Exceedances for Ballona Creek Mass Emission Station
Beneficial Usesj:  REC-1, REC-2, WARM, WILD

Class Constituent PQLc Units
No. of 

Samples
No. of Non-

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non-
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Organohosphate Pesticides

Chlorpyrifos 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Diazinon 0.01 ug/l 3 2 33 1 33 2 1 50 0 0

Prometryn 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Atrazine 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Simazine 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Cyanazine 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Malathion 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Herbicides

Glyphosate 25.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4-D 10.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4,5-TP-SILVEX 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

c) PQL = minimum level

f)

h)

i)

j)

Non-detect refers to a lab result value that is below the PQL

This constituent is a function of the parameter(s) in parentheses.

Beneficial uses are defined as follows:  MUN - Municipal and Domestic Supply, IND - Industrial Service Supply, PROC - Industrial Process Supply, GWR - Ground Water Recharge, REC1 - 
Water Contact Recreation, REC2 - Non-Contact Water Recreation, WARM - Warm Freshwater Habitat, COLD - Cold Freshwater Habitat, WILD - Wildlife Habitat, RARE - Rare, Threatened, 
or Endangered Species, MIGR - Migration of Aquatic Organisms, SPWN - Spawning, Reproduction, and/or Early Development, WET - Wetland Habitat

Criteria maximum concentration which equals the highest concentration of pollutant to which aquatic life can be exposed for a short period time 
without deleterious effects.
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Table 4-6.  2003-04 Summary of Water Quality Exceedances for Malibu Creek Mass Emission Station
Beneficial Usesj:  MUN, REC-1, REC-2, COLD, RARE, MIGR, SPWN, WET

Class Constituent PQLc Units
No. of 

Samples
No. of Non-

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non-
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Conventional

Oil and Grease 1.00 mg/L 3 3 0 0 0 2 2 0 0 0

Total Phenols 0.10 mg/L 3 3 0 0 0 2 2 0 0 0

Cyanide 0.01 mg/L 3 3 0 0 0 2 0 100 0 0

pH 0-14 3 0 100 0 0 2 0 100 0 0

Dissolved Oxygen 1.00 mg/L 3 0 100 0 0 2 0 100 0 0

Indicator Bacteria

Total Coliform 20.00 MPN/100ml 3 0 100 2 67 2 0 100 0 0

Fecal Coliform 20.00 MPN/100ml 3 0 100 2 67 2 0 100 1 50

Ratio Fecal Coliform/Total Coliform 3 0 100 0 0 2 0 100 1 50

Fecal Streptococcus 20.00 MPN/100ml 3 0 100 0 0 2 0 100 0 0

Fecal Enterococcus MPN/100ml 3 0 100 3 100 2 0 100 0 0

General

Chloride 2.00 mg/L 3 0 100 0 0 2 0 100 0 0

Fluoride     f(temp)i 0.10 mg/L 3 0 100 0 0 2 0 100 0 0

Nitrate 0.10 mg/L 3 0 100 0 0 2 0 100 0 0

Sulfate 0.10 mg/L 3 0 100 0 0 2 0 100 0 0

Alkalinity 4.00 mg/L 3 0 100 0 0 2 0 100 0 0

Hardness 2.00 mg/L 3 0 100 0 0 2 0 100 0 0

COD 10.00 mg/L 3 0 100 0 0 2 0 100 0 0

TPH 1.00 mg/L 3 3 0 0 0 2 2 0 0 0

Specific Conductance 1.00 umhos/cm 3 0 100 0 0 2 0 100 0 0

Total Dissolved Solids 2.00 mg/L 3 0 100 1 33 2 0 100 0 0

Turbidity 0.10 NTU 3 0 100 1 33 2 0 100 0 0

Total Suspended Solids 2.00 mg/L 3 0 100 0 0 2 0 100 0 0

Volatile Suspended Solids 1.00 mg/L 3 0 100 0 0 2 0 100 0 0

MBAS 0.05 mg/L 3 1 67 0 0 2 0 100 0 0

Total Organic Carbon 1.00 mg/L 3 0 100 0 0 2 0 100 0 0

BOD 2.00 mg/L 3 0 100 0 0 2 0 100 0 0

Nutrients

Dissolved Phosphorus 0.05 mg/L 3 0 100 0 0 2 0 100 0 0

Total Phosphorus 0.05 mg/L 3 0 100 0 0 2 0 100 0 0

NH3-N 0.10 mg/L 3 1 67 0 0 2 1 50 0 0

Nitrate-N 0.50 mg/L 3 0 100 0 0 2 0 100 0 0

Nitrite-N 0.03 mg/L 3 1 67 0 0 2 0 100 0 0

Kjeldahl-N 0.10 mg/L 3 0 100 0 0 2 0 100 0 0

Metals

Dissolved Aluminum 100.00 ug/l 3 3 0 0 0 2 2 0 0 0

Total Aluminum 100.00 ug/l 3 2 33 0 0 2 2 0 0 0

Dissolved Antimony 5.00 ug/l 3 2 33 0 0 2 0 100 0 0

Total Antimony 5.00 ug/l 3 1 67 0 0 2 0 100 0 0

Dissolved Arsenic 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Total Arsenic 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Dissolved Berylium 1.00 ug/l 3 3 0 0 0 2 0 100 0 0

Total Beryllium 1.00 ug/l 3 3 0 0 0 2 0 100 0 0

Dissolved Cadmium 1.00 ug/l 3 2 33 0 0 2 0 100 0 0

Total Cadmium 1.00 ug/l 3 1 67 0 0 2 2 0 0 0

Wet Weather Dry Weather
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Table 4-6.  2003-04 Summary of Water Quality Exceedances for Malibu Creek Mass Emission Station
Beneficial Usesj:  MUN, REC-1, REC-2, COLD, RARE, MIGR, SPWN, WET

Class Constituent PQLc Units
No. of 

Samples
No. of Non-

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non-
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Dissolved Chromium 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Total Chromium 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Dissolved Chromium +6 10.00 ug/l 3 0 100 0 0 2 0 100 0 0

Total Chromium +6 10.00 ug/l 3 3 0 0 0 2 2 0 0 0

Dissolved Copper 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Total Copper 5.00 ug/l 3 0 100 1 33 2 0 100 1 50

Dissolved Iron 100.00 ug/l 3 2 33 0 0 2 2 0 0 0

Total Iron 100.00 ug/l 3 0 100 0 0 2 1 50 0 0

Dissolved Lead 5.00 ug/l 3 0 100 0 0 2 2 0 0 0

Total Lead 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Dissolved Mercury 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Total Mercury 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Dissolved Nickel 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Total Nickel 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Dissolved Selenium 5.00 ug/l 3 2 33 0 0 2 0 100 0 0

Total Selenium 5.00 ug/l 3 2 33 0 0 2 0 100 0 0

Dissolved Silverf 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Total Silver 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Dissolved Thallium 5.00 ug/l 3 3 0 0 0 2 2 0 0 0

Total Thallium 5.00 ug/l 3 3 0 0 0 2 2 0 0 0

Dissolved Zinc 50.00 ug/l 3 0 100 0 0 2 0 100 0 0

Total Zinc 50.00 ug/l 3 0 100 0 0 2 0 100 0 0

Semi-Volatiles Organics (EPA 625)

2- Chlorophenol 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4-dichlorophenol 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4-dimethylphenol 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4-dinitrophenol 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

2-nitrophenol 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

4-nitrophenol 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

4-chloro_3_methylphenol 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

Pentachlorophenol 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Phenol 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4,6-trichlophenol 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Base/Neutral

Acenaphthene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Acenaphthylene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Anthracene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Benzidine 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

1,2 Benzanthracene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Benzo(a)pyrene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Benzo(k)flouranthene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Bis(2-Chloroethoxy) methane 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Bis(2-Chloroisopropyl) ether 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Bis(2-Chloroethyl) ether 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Bis(2-Ethylhexl) phthalate 1.00 ug/l 3 1 67 0 0 2 1 50 0 0

4-Bromophenyl phenyl ether 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Butyl benzyl phthalate 0.30 ug/l 3 3 0 0 0 2 2 0 0 0
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Table 4-6.  2003-04 Summary of Water Quality Exceedances for Malibu Creek Mass Emission Station
Beneficial Usesj:  MUN, REC-1, REC-2, COLD, RARE, MIGR, SPWN, WET

Class Constituent PQLc Units
No. of 

Samples
No. of Non-

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non-
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

2-Chloronaphthalene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

4-Chlorophenyl phenyl ether 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Chrysene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Dibenzo(a,h)anthracene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

1,3-Dichlorobenzene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

1,4-Dichlorobenzene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

1,2-Dichlorobenzene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

3,3-Dichlorobenzidine 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

Diethyl phthalate 0.50 ug/l 3 2 33 0 0 2 1 50 0 0

Dimethyl phthalate 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

di-n-Butyl phthalate 1.00 ug/l 3 3 0 0 0 2 1 50 0 0

2,4-Dinitrotoluene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

2,6-Dinitrotoluene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

4,6 Dinitro-2-methylphenol 3.00 ug/l 3 2 33 0 0 2 2 0 0 0

1,2-Diphenylhydrazine 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

di-n-Octyl phthalate 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Fluoranthene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Fluorene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Hexachlorobenzene 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Hexachlorobutadiene 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Hexachloro-cyclopentadiene 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

Hexachloroethane 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Indeno(1,2,3-cd)pyrene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Isophorone 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Naphthalene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Nitrobenzene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

N-Nitroso-dimethyl amine 0.30 ug/l 3 3 0 0 0 2 2 0 0 0

N-Nitroso-diphenyl amine 0.30 ug/l 3 3 0 0 0 2 2 0 0 0

N-Nitroso-di-n-propyl amine 0.30 ug/l 3 3 0 0 0 2 2 0 0 0

Phenanthrene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Pyrene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

1,2,4-Trichlorobenzene 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Chlorinated Pesticides

Aldrin 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

alpha-BHC 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

beta-BHC 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

delta-BHC 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

gamma-BHC (lindane) 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

alpha-chlordane 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

gamma-chlordane 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

4,4'-DDD 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

4,4'-DDE 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

4,4'-DDT 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Dieldrin 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

alpha-Endosulfan 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

beta-Endosulfan 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Endosulfan sulfate 0.10 ug/l 3 3 0 0 0 2 2 0 0 0
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Table 4-6.  2003-04 Summary of Water Quality Exceedances for Malibu Creek Mass Emission Station
Beneficial Usesj:  MUN, REC-1, REC-2, COLD, RARE, MIGR, SPWN, WET

Class Constituent PQLc Units
No. of 

Samples
No. of Non-

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non-
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Endrin 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Endrin aldehyde 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Heptachlor 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Heptachlor Epoxide 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Toxaphene 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Polychlorinated Biphenyls 

Aroclor-1016 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1221 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1232 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1242 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1248 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1254 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1260 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Organohosphate Pesticides

Chlorpyrifos 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Diazinon 0.01 ug/l 3 2 33 0 0 2 2 0 0 0

Prometryn 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Atrazine 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Simazine 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Cyanazine 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Malathion 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Herbicides

Glyphosate 25.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4-D 10.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4,5-TP-SILVEX 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

c) PQL = minimum level

f)

h)

i)

j)

Non-detect refers to a lab result value that is below the PQL

This constituent is a function of the parameter(s) in parentheses.

Beneficial uses are defined as follows:  MUN - Municipal and Domestic Supply, IND - Industrial Service Supply, PROC - Industrial Process Supply, GWR - Ground Water Recharge, REC1 - 
Water Contact Recreation, REC2 - Non-Contact Water Recreation, WARM - Warm Freshwater Habitat, COLD - Cold Freshwater Habitat, WILD - Wildlife Habitat, RARE - Rare, Threatened, 
or Endangered Species, MIGR - Migration of Aquatic Organisms, SPWN - Spawning, Reproduction, and/or Early Development, WET - Wetland Habitat

Criteria maximum concentration which equals the highest concentration of pollutant to which aquatic life can be exposed for a short period time 
without deleterious effects.
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Table 4-6.  2003-04 Summary of Water Quality Exceedances for L.A. River Mass Emission Station
Beneficial Usesj:  MUN, AGR, REC-1, REC-2, WARM, WILD, WET

Class Constituent PQLc Units
No. of 

Samples
No. of Non-

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non-
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Conventional

Oil and Grease 1.00 mg/L 3 1 67 0 0 2 2 0 0 0

Total Phenols 0.10 mg/L 3 3 0 0 0 2 2 0 0 0

Cyanide 0.01 mg/L 3 0 100 2 67 2 0 100 1 50

pH 0-14 3 0 100 0 0 2 0 100 0 0

Dissolved Oxygen 1.00 mg/L 3 0 100 1 33 2 0 100 0 0

Indicator Bacteria

Total Coliform 20.00 MPN/100ml 3 0 100 3 100 2 0 100 1 50

Fecal Coliform 20.00 MPN/100ml 3 0 100 3 100 2 0 100 1 50

Ratio Fecal Coliform/Total Coliform 3 0 100 0 0 2 0 100 0 0

Fecal Streptococcus 20.00 MPN/100ml 3 0 100 0 0 2 0 100 0 0

Fecal Enterococcus MPN/100ml 3 0 100 3 100 2 0 100 2 100

General

Chloride 2.00 mg/L 3 0 100 0 0 2 0 100 0 0

Fluoride     f(temp)i 0.10 mg/L 3 1 67 0 0 2 0 100 0 0

Nitrate 0.10 mg/L 3 1 67 0 0 2 0 100 0 0

Sulfate 0.10 mg/L 3 0 100 0 0 2 0 100 0 0

Alkalinity 4.00 mg/L 3 0 100 0 0 2 0 100 0 0

Hardness 2.00 mg/L 3 0 100 0 0 2 0 100 0 0

COD 10.00 mg/L 3 0 100 0 0 2 0 100 0 0

TPH 1.00 mg/L 3 2 33 0 0 2 2 0 0 0

Specific Conductance 1.00 umhos/cm 3 0 100 0 0 2 0 100 0 0

Total Dissolved Solids 2.00 mg/L 3 0 100 0 0 2 0 100 0 0

Turbidity 0.10 NTU 3 0 100 0 0 2 0 100 0 0

Total Suspended Solids 2.00 mg/L 3 0 100 0 0 2 0 100 0 0

Volatile Suspended Solids 1.00 mg/L 3 0 100 0 0 2 0 100 0 0

MBAS 0.05 mg/L 3 0 100 0 0 2 0 100 0 0

Total Organic Carbon 1.00 mg/L 3 0 100 0 0 2 0 100 0 0

BOD 2.00 mg/L 3 0 100 0 0 2 0 100 0 0

Nutrients

Dissolved Phosphorus 0.05 mg/L 3 0 100 0 0 2 0 100 0 0

Total Phosphorus 0.05 mg/L 3 0 100 0 0 2 0 100 0 0

NH3-N 0.10 mg/L 3 2 33 0 0 2 2 0 0 0

Nitrate-N 0.50 mg/L 3 1 67 0 0 2 0 100 0 0

Nitrite-N 0.03 mg/L 3 1 67 0 0 2 0 100 0 0

Kjeldahl-N 0.10 mg/L 3 0 100 0 0 2 0 100 0 0

Metals

Dissolved Aluminum 100.00 ug/l 3 3 0 0 0 2 2 0 0 0

Total Aluminum 100.00 ug/l 3 0 100 1 33 2 2 0 0 0

Dissolved Antimony 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Total Antimony 5.00 ug/l 3 0 100 1 33 2 0 100 0 0

Dissolved Arsenic 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Total Arsenic 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Dissolved Berylium 1.00 ug/l 3 3 0 0 0 2 0 100 0 0

Total Beryllium 1.00 ug/l 3 3 0 0 0 2 0 100 0 0

Dissolved Cadmium 1.00 ug/l 3 3 0 0 0 2 0 100 0 0

Total Cadmium 1.00 ug/l 3 2 33 0 0 2 2 0 0 0

Wet Weather Dry Weather
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Table 4-6.  2003-04 Summary of Water Quality Exceedances for L.A. River Mass Emission Station
Beneficial Usesj:  MUN, AGR, REC-1, REC-2, WARM, WILD, WET

Class Constituent PQLc Units
No. of 

Samples
No. of Non-

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non-
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Dissolved Chromium 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Total Chromium 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Dissolved Chromium +6 10.00 ug/l 3 0 100 0 0 2 0 100 0 0

Total Chromium +6 10.00 ug/l 3 3 0 0 0 2 2 0 0 0

Dissolved Copper 5.00 ug/l 3 0 100 1 33 2 0 100 0 0

Total Copper 5.00 ug/l 3 0 100 3 100 2 0 100 1 50

Dissolved Iron 100.00 ug/l 3 2 33 0 0 2 2 0 0 0

Total Iron 100.00 ug/l 3 0 100 0 0 2 0 100 0 0

Dissolved Lead 5.00 ug/l 3 0 100 1 33 2 1 50 0 0

Total Lead 5.00 ug/l 3 0 100 1 33 2 0 100 0 0

Dissolved Mercury 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Total Mercury 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Dissolved Nickel 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Total Nickel 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Dissolved Selenium 5.00 ug/l 3 2 33 0 0 2 0 100 0 0

Total Selenium 5.00 ug/l 3 2 33 0 0 2 0 100 0 0

Dissolved Silverf 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Total Silver 1.00 ug/l 3 2 33 0 0 2 2 0 0 0

Dissolved Thallium 5.00 ug/l 3 3 0 0 0 2 2 0 0 0

Total Thallium 5.00 ug/l 3 3 0 0 0 2 2 0 0 0

Dissolved Zinc 50.00 ug/l 3 0 100 0 0 2 0 100 0 0

Total Zinc 50.00 ug/l 3 0 100 3 100 2 0 100 1 50

Semi-Volatiles Organics (EPA 625)

2- Chlorophenol 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4-dichlorophenol 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4-dimethylphenol 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4-dinitrophenol 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

2-nitrophenol 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

4-nitrophenol 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

4-chloro_3_methylphenol 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

Pentachlorophenol 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Phenol 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4,6-trichlophenol 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Base/Neutral

Acenaphthene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Acenaphthylene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Anthracene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Benzidine 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

1,2 Benzanthracene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Benzo(a)pyrene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Benzo(k)flouranthene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Bis(2-Chloroethoxy) methane 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Bis(2-Chloroisopropyl) ether 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Bis(2-Chloroethyl) ether 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Bis(2-Ethylhexl) phthalate 1.00 ug/l 3 1 67 0 0 2 0 100 0 0

4-Bromophenyl phenyl ether 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Butyl benzyl phthalate 0.30 ug/l 3 3 0 0 0 2 2 0 0 0
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Table 4-6.  2003-04 Summary of Water Quality Exceedances for L.A. River Mass Emission Station
Beneficial Usesj:  MUN, AGR, REC-1, REC-2, WARM, WILD, WET

Class Constituent PQLc Units
No. of 

Samples
No. of Non-

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non-
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

2-Chloronaphthalene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

4-Chlorophenyl phenyl ether 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Chrysene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Dibenzo(a,h)anthracene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

1,3-Dichlorobenzene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

1,4-Dichlorobenzene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

1,2-Dichlorobenzene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

3,3-Dichlorobenzidine 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

Diethyl phthalate 0.50 ug/l 3 2 33 0 0 2 2 0 0 0

Dimethyl phthalate 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

di-n-Butyl phthalate 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4-Dinitrotoluene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

2,6-Dinitrotoluene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

4,6 Dinitro-2-methylphenol 3.00 ug/l 3 2 33 0 0 2 2 0 0 0

1,2-Diphenylhydrazine 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

di-n-Octyl phthalate 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Fluoranthene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Fluorene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Hexachlorobenzene 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Hexachlorobutadiene 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Hexachloro-cyclopentadiene 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

Hexachloroethane 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Indeno(1,2,3-cd)pyrene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Isophorone 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Naphthalene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Nitrobenzene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

N-Nitroso-dimethyl amine 0.30 ug/l 3 3 0 0 0 2 2 0 0 0

N-Nitroso-diphenyl amine 0.30 ug/l 3 3 0 0 0 2 2 0 0 0

N-Nitroso-di-n-propyl amine 0.30 ug/l 3 3 0 0 0 2 2 0 0 0

Phenanthrene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Pyrene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

1,2,4-Trichlorobenzene 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Chlorinated Pesticides

Aldrin 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

alpha-BHC 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

beta-BHC 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

delta-BHC 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

gamma-BHC (lindane) 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

alpha-chlordane 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

gamma-chlordane 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

4,4'-DDD 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

4,4'-DDE 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

4,4'-DDT 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Dieldrin 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

alpha-Endosulfan 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

beta-Endosulfan 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Endosulfan sulfate 0.10 ug/l 3 3 0 0 0 2 2 0 0 0
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Table 4-6.  2003-04 Summary of Water Quality Exceedances for L.A. River Mass Emission Station
Beneficial Usesj:  MUN, AGR, REC-1, REC-2, WARM, WILD, WET

Class Constituent PQLc Units
No. of 

Samples
No. of Non-

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non-
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Endrin 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Endrin aldehyde 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Heptachlor 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Heptachlor Epoxide 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Toxaphene 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Polychlorinated Biphenyls 

Aroclor-1016 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1221 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1232 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1242 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1248 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1254 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1260 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Organohosphate Pesticides

Chlorpyrifos 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Diazinon 0.01 ug/l 3 2 33 0 0 2 2 0 0 0

Prometryn 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Atrazine 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Simazine 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Cyanazine 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Malathion 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Herbicides

Glyphosate 25.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4-D 10.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4,5-TP-SILVEX 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

c) PQL = minimum level

f)

h)

i)

j)

Non-detect refers to a lab result value that is below the PQL

This constituent is a function of the parameter(s) in parentheses.

Beneficial uses are defined as follows:  MUN - Municipal and Domestic Supply, IND - Industrial Service Supply, PROC - Industrial Process Supply, GWR - Ground Water Recharge, REC1 - 
Water Contact Recreation, REC2 - Non-Contact Water Recreation, WARM - Warm Freshwater Habitat, COLD - Cold Freshwater Habitat, WILD - Wildlife Habitat, RARE - Rare, Threatened, 
or Endangered Species, MIGR - Migration of Aquatic Organisms, SPWN - Spawning, Reproduction, and/or Early Development, WET - Wetland Habitat

Criteria maximum concentration which equals the highest concentration of pollutant to which aquatic life can be exposed for a short period time 
without deleterious effects.
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Table 4-6.  2003-04 Summary of Water Quality Exceedances for Coyote Creek Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, REC-1, REC-2, WARM, WILD, RARE

Class Constituent PQLc Units
No. of 

Samples
No. of Non-

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non-
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Conventional

Oil and Grease 1.00 mg/L 3 2 33 0 0 2 2 0 0 0

Total Phenols 0.10 mg/L 3 3 0 0 0 2 2 0 0 0

Cyanide 0.01 mg/L 3 1 67 1 33 2 2 0 1 50

pH 0-14 3 0 100 0 0 2 0 100 1 50

Dissolved Oxygen 1.00 mg/L 3 0 100 1 33 2 0 100 0 0

Indicator Bacteria

Total Coliform 20.00 MPN/100ml 3 0 100 3 100 2 0 100 1 50

Fecal Coliform 20.00 MPN/100ml 3 0 100 3 100 2 0 100 2 100

Ratio Fecal Coliform/Total Coliform 3 0 100 0 0 2 0 100 1 50

Fecal Streptococcus 20.00 MPN/100ml 3 0 100 0 0 2 0 100 0 0

Fecal Enterococcus MPN/100ml 3 0 100 2 67 2 0 100 1 50

General

Chloride 2.00 mg/L 3 0 100 0 0 2 0 100 0 0

Fluoride     f(temp)i 0.10 mg/L 3 1 67 0 0 2 0 100 0 0

Nitrate 0.10 mg/L 3 0 100 0 0 2 0 100 0 0

Sulfate 0.10 mg/L 3 0 100 0 0 2 0 100 0 0

Alkalinity 4.00 mg/L 3 0 100 0 0 2 0 100 0 0

Hardness 2.00 mg/L 3 0 100 0 0 2 0 100 0 0

COD 10.00 mg/L 3 0 100 0 0 2 0 100 0 0

TPH 1.00 mg/L 3 2 33 0 0 2 2 0 0 0

Specific Conductance 1.00 umhos/cm 3 0 100 0 0 2 0 100 0 0

Total Dissolved Solids 2.00 mg/L 3 0 100 0 0 2 0 100 0 0

Turbidity 0.10 NTU 3 0 100 0 0 2 0 100 0 0

Total Suspended Solids 2.00 mg/L 3 0 100 0 0 2 0 100 0 0

Volatile Suspended Solids 1.00 mg/L 3 0 100 0 0 2 0 100 0 0

MBAS 0.05 mg/L 3 1 67 0 0 2 2 0 0 0

Total Organic Carbon 1.00 mg/L 3 0 100 0 0 2 0 100 0 0

BOD 2.00 mg/L 3 0 100 0 0 2 0 100 0 0

Nutrients

Dissolved Phosphorus 0.05 mg/L 3 0 100 0 0 2 0 100 0 0

Total Phosphorus 0.05 mg/L 3 0 100 0 0 2 0 100 0 0

NH3-N 0.10 mg/L 3 2 33 0 0 2 2 0 0 0

Nitrate-N 0.50 mg/L 3 1 67 0 0 2 0 100 0 0

Nitrite-N 0.03 mg/L 3 1 67 1 33 2 2 0 0 0

Kjeldahl-N 0.10 mg/L 3 0 100 0 0 2 0 100 0 0

Metals

Dissolved Aluminum 100.00 ug/l 3 3 0 0 0 2 2 0 0 0

Total Aluminum 100.00 ug/l 3 0 100 1 33 2 2 0 0 0

Dissolved Antimony 5.00 ug/l 3 1 67 0 0 2 0 100 0 0

Total Antimony 5.00 ug/l 3 1 67 0 0 2 0 100 0 0

Dissolved Arsenic 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Total Arsenic 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Dissolved Berylium 1.00 ug/l 3 0 100 0 0 2 2 0 0 0

Total Beryllium 1.00 ug/l 3 0 100 0 0 2 2 0 0 0

Dissolved Cadmium 1.00 ug/l 3 0 100 0 0 2 2 0 0 0

Total Cadmium 1.00 ug/l 3 2 33 0 0 2 2 0 0 0

Dissolved Chromium 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Total Chromium 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Dissolved Chromium +6 10.00 ug/l 3 0 100 0 0 2 2 0 0 0

Wet Weather Dry Weather
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Table 4-6.  2003-04 Summary of Water Quality Exceedances for Coyote Creek Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, REC-1, REC-2, WARM, WILD, RARE

Class Constituent PQLc Units
No. of 

Samples
No. of Non-

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non-
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Total Chromium +6 10.00 ug/l 3 4 -33 0 0 2 2 0 0 0

Dissolved Copper 5.00 ug/l 3 0 100 1 33 2 0 100 0 0

Total Copper 5.00 ug/l 3 0 100 3 100 2 0 100 1 50

Dissolved Iron 100.00 ug/l 3 2 33 0 0 2 2 0 0 0

Total Iron 100.00 ug/l 3 0 100 0 0 2 0 100 0 0

Dissolved Lead 5.00 ug/l 3 1 67 0 0 2 2 0 0 0

Total Lead 5.00 ug/l 3 0 100 1 33 2 1 50 0 0

Dissolved Mercury 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Total Mercury 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Dissolved Nickel 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Total Nickel 5.00 ug/l 3 0 100 0 0 2 0 100 1 50

Dissolved Selenium 5.00 ug/l 3 2 33 0 0 2 1 50 0 0

Total Selenium 5.00 ug/l 3 2 33 0 0 2 0 100 0 0

Dissolved Silverf 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Total Silver 1.00 ug/l 3 2 33 0 0 2 2 0 0 0

Dissolved Thallium 5.00 ug/l 3 3 0 0 0 2 2 0 0 0

Total Thallium 5.00 ug/l 3 3 0 0 0 2 2 0 0 0

Dissolved Zinc 50.00 ug/l 3 1 67 1 33 2 0 100 0 0

Total Zinc 50.00 ug/l 3 0 100 1 33 2 0 100 0 0

Semi-Volatiles Organics (EPA 625)

2- Chlorophenol 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4-dichlorophenol 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4-dimethylphenol 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4-dinitrophenol 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

2-nitrophenol 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

4-nitrophenol 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

4-chloro_3_methylphenol 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

Pentachlorophenol 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Phenol 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4,6-trichlophenol 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Base/Neutral

Acenaphthene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Acenaphthylene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Anthracene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Benzidine 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

1,2 Benzanthracene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Benzo(a)pyrene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Benzo(k)flouranthene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Bis(2-Chloroethoxy) methane 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Bis(2-Chloroisopropyl) ether 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Bis(2-Chloroethyl) ether 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Bis(2-Ethylhexl) phthalate 1.00 ug/l 3 1 67 0 0 2 2 0 0 0

4-Bromophenyl phenyl ether 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Butyl benzyl phthalate 0.30 ug/l 3 3 0 0 0 2 2 0 0 0

2-Chloronaphthalene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

4-Chlorophenyl phenyl ether 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Chrysene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Dibenzo(a,h)anthracene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

1,3-Dichlorobenzene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

1,4-Dichlorobenzene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0
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Table 4-6.  2003-04 Summary of Water Quality Exceedances for Coyote Creek Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, REC-1, REC-2, WARM, WILD, RARE

Class Constituent PQLc Units
No. of 

Samples
No. of Non-

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non-
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

1,2-Dichlorobenzene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

3,3-Dichlorobenzidine 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

Diethyl phthalate 0.50 ug/l 3 2 33 0 0 2 2 0 0 0

Dimethyl phthalate 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

di-n-Butyl phthalate 1.00 ug/l 3 3 0 0 0 2 1 50 0 0

2,4-Dinitrotoluene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

2,6-Dinitrotoluene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

4,6 Dinitro-2-methylphenol 3.00 ug/l 3 2 33 0 0 2 2 0 0 0

1,2-Diphenylhydrazine 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

di-n-Octyl phthalate 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Fluoranthene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Fluorene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Hexachlorobenzene 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Hexachlorobutadiene 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Hexachloro-cyclopentadiene 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

Hexachloroethane 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Indeno(1,2,3-cd)pyrene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Isophorone 0.05 ug/l 3 2 33 0 0 2 2 0 0 0

Naphthalene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Nitrobenzene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

N-Nitroso-dimethyl amine 0.30 ug/l 3 3 0 0 0 2 2 0 0 0

N-Nitroso-diphenyl amine 0.30 ug/l 3 3 0 0 0 2 2 0 0 0

N-Nitroso-di-n-propyl amine 0.30 ug/l 3 3 0 0 0 2 2 0 0 0

Phenanthrene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Pyrene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

1,2,4-Trichlorobenzene 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Chlorinated Pesticides

Aldrin 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

alpha-BHC 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

beta-BHC 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

delta-BHC 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

gamma-BHC (lindane) 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

alpha-chlordane 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

gamma-chlordane 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

4,4'-DDD 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

4,4'-DDE 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

4,4'-DDT 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Dieldrin 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

alpha-Endosulfan 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

beta-Endosulfan 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Endosulfan sulfate 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Endrin 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Endrin aldehyde 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Heptachlor 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Heptachlor Epoxide 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Toxaphene 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Polychlorinated Biphenyls 

Aroclor-1016 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1221 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1232 0.50 ug/l 3 3 0 0 0 2 2 0 0 0
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Table 4-6.  2003-04 Summary of Water Quality Exceedances for Coyote Creek Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, REC-1, REC-2, WARM, WILD, RARE

Class Constituent PQLc Units
No. of 

Samples
No. of Non-

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non-
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Aroclor-1242 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1248 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1254 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1260 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Organohosphate Pesticides

Chlorpyrifos 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Diazinon 0.01 ug/l 3 2 33 1 33 2 1 50 0 0

Prometryn 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Atrazine 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Simazine 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Cyanazine 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Malathion 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Herbicides

Glyphosate 25.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4-D 10.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4,5-TP-SILVEX 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

c) PQL = minimum level

f)

h)

i)

j)

Non-detect refers to a lab result value that is below the PQL

This constituent is a function of the parameter(s) in parentheses.

Beneficial uses are defined as follows:  MUN - Municipal and Domestic Supply, IND - Industrial Service Supply, PROC - Industrial Process Supply, GWR - Ground Water Recharge, REC1 - 
Water Contact Recreation, REC2 - Non-Contact Water Recreation, WARM - Warm Freshwater Habitat, COLD - Cold Freshwater Habitat, WILD - Wildlife Habitat, RARE - Rare, Threatened, 
or Endangered Species, MIGR - Migration of Aquatic Organisms, SPWN - Spawning, Reproduction, and/or Early Development, WET - Wetland Habitat

Criteria maximum concentration which equals the highest concentration of pollutant to which aquatic life can be exposed for a short period time 
without deleterious effects.
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Table 4-6.  2003-04 Summary of Water Quality Exceedances for San Gabriel River Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, REC-1, REC-2, WARM, WILD, RARE

Class Constituent PQLc Units
No. of 

Samples
No. of Non-

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non-
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Conventional

Oil and Grease 1.00 mg/L 3 3 0 0 0 2 2 0 0 0

Total Phenols 0.10 mg/L 3 3 0 0 0 2 2 0 0 0

Cyanide 0.01 mg/L 3 0 100 3 100 2 1 50 1 50

pH 0-14 3 0 100 0 0 2 0 100 0 0

Dissolved Oxygen 1.00 mg/L 3 0 100 0 0 2 0 100 0 0

Indicator Bacteria

Total Coliform 20.00 MPN/100ml 3 0 100 2 67 2 0 100 0 0

Fecal Coliform 20.00 MPN/100ml 3 0 100 2 67 2 0 100 1 50

Ratio Fecal Coliform/Total Coliform 3 0 100 0 0 2 0 100 1 50

Fecal Streptococcus 20.00 MPN/100ml 3 0 100 0 0 2 0 100 0 0

Fecal Enterococcus MPN/100ml 3 0 100 3 100 2 0 100 0 0

General

Chloride 2.00 mg/L 3 0 100 1 33 2 0 100 0 0

Fluoride     f(temp)i 0.10 mg/L 3 0 100 0 0 2 0 100 0 0

Nitrate 0.10 mg/L 3 0 100 0 0 2 0 100 0 0

Sulfate 0.10 mg/L 3 0 100 0 0 2 0 100 0 0

Alkalinity 4.00 mg/L 3 0 100 0 0 2 0 100 0 0

Hardness 2.00 mg/L 3 0 100 0 0 2 0 100 0 0

COD 10.00 mg/L 3 0 100 0 0 2 0 100 0 0

TPH 1.00 mg/L 3 3 0 0 0 2 2 0 0 0

Specific Conductance 1.00 umhos/cm 3 0 100 0 0 2 0 100 0 0

Total Dissolved Solids 2.00 mg/L 3 0 100 0 0 2 0 100 0 0

Turbidity 0.10 NTU 3 0 100 0 0 2 0 100 0 0

Total Suspended Solids 2.00 mg/L 3 0 100 0 0 2 0 100 0 0

Volatile Suspended Solids 1.00 mg/L 3 0 100 0 0 2 0 100 0 0

MBAS 0.05 mg/L 3 0 100 0 0 2 0 100 0 0

Total Organic Carbon 1.00 mg/L 3 0 100 0 0 2 0 100 0 0

BOD 2.00 mg/L 3 0 100 0 0 2 0 100 0 0

Nutrients

Dissolved Phosphorus 0.05 mg/L 3 0 100 0 0 2 0 100 0 0

Total Phosphorus 0.05 mg/L 3 0 100 0 0 2 0 100 0 0

NH3-N 0.10 mg/L 3 0 100 0 0 2 2 0 0 0

Nitrate-N 0.50 mg/L 3 0 100 0 0 2 0 100 0 0

Nitrite-N 0.03 mg/L 3 0 100 0 0 2 0 100 0 0

Kjeldahl-N 0.10 mg/L 3 0 100 0 0 2 0 100 0 0

Metals

Dissolved Aluminum 100.00 ug/l 3 3 0 0 0 2 2 0 0 0

Total Aluminum 100.00 ug/l 3 0 100 0 0 2 2 0 0 0

Dissolved Antimony 5.00 ug/l 3 1 67 0 0 2 2 0 0 0

Total Antimony 5.00 ug/l 3 1 67 0 0 2 1 50 0 0

Dissolved Arsenic 5.00 ug/l 3 1 67 0 0 2 0 100 0 0

Total Arsenic 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Dissolved Berylium 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Total Beryllium 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Dissolved Cadmium 1.00 ug/l 3 2 33 0 0 2 2 0 0 0

Total Cadmium 1.00 ug/l 3 0 100 0 0 2 2 0 0 0

Wet Weather Dry Weather
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Table 4-6.  2003-04 Summary of Water Quality Exceedances for San Gabriel River Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, REC-1, REC-2, WARM, WILD, RARE

Class Constituent PQLc Units
No. of 

Samples
No. of Non-

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non-
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Dissolved Chromium 5.00 ug/l 3 0 100 0 0 2 1 50 0 0

Total Chromium 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Dissolved Chromium +6 10.00 ug/l 3 3 0 0 0 2 2 0 0 0

Total Chromium +6 10.00 ug/l 3 3 0 0 0 2 2 0 0 0

Dissolved Copper 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Total Copper 5.00 ug/l 3 0 100 2 67 2 0 100 1 50

Dissolved Iron 100.00 ug/l 3 1 67 0 0 2 2 0 0 0

Total Iron 100.00 ug/l 3 0 100 0 0 2 1 50 0 0

Dissolved Lead 5.00 ug/l 3 1 67 0 0 2 2 0 0 0

Total Lead 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Dissolved Mercury 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Total Mercury 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Dissolved Nickel 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Total Nickel 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Dissolved Selenium 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Total Selenium 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Dissolved Silverf 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Total Silver 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Dissolved Thallium 5.00 ug/l 3 3 0 0 0 2 2 0 0 0

Total Thallium 5.00 ug/l 3 3 0 0 0 2 2 0 0 0

Dissolved Zinc 50.00 ug/l 3 0 100 0 0 2 0 100 0 0

Total Zinc 50.00 ug/l 3 0 100 0 0 2 0 100 0 0

Semi-Volatiles Organics (EPA 625)

2- Chlorophenol 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4-dichlorophenol 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4-dimethylphenol 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4-dinitrophenol 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

2-nitrophenol 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

4-nitrophenol 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

4-chloro_3_methylphenol 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

Pentachlorophenol 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Phenol 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4,6-trichlophenol 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Base/Neutral

Acenaphthene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Acenaphthylene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Anthracene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Benzidine 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

1,2 Benzanthracene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Benzo(a)pyrene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Benzo(k)flouranthene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Bis(2-Chloroethoxy) methane 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Bis(2-Chloroisopropyl) ether 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Bis(2-Chloroethyl) ether 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Bis(2-Ethylhexl) phthalate 1.00 ug/l 3 0 100 0 0 2 1 50 0 0

4-Bromophenyl phenyl ether 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Butyl benzyl phthalate 0.30 ug/l 3 3 0 0 0 2 2 0 0 0
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Table 4-6.  2003-04 Summary of Water Quality Exceedances for San Gabriel River Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, REC-1, REC-2, WARM, WILD, RARE

Class Constituent PQLc Units
No. of 

Samples
No. of Non-

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non-
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

2-Chloronaphthalene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

4-Chlorophenyl phenyl ether 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Chrysene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Dibenzo(a,h)anthracene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

1,3-Dichlorobenzene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

1,4-Dichlorobenzene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

1,2-Dichlorobenzene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

3,3-Dichlorobenzidine 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

Diethyl phthalate 0.50 ug/l 3 0 100 0 0 2 2 0 0 0

Dimethyl phthalate 0.50 ug/l 3 3 0 0 0 2 1 50 0 0

di-n-Butyl phthalate 1.00 ug/l 3 3 0 0 0 2 1 50 0 0

2,4-Dinitrotoluene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

2,6-Dinitrotoluene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

4,6 Dinitro-2-methylphenol 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

1,2-Diphenylhydrazine 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

di-n-Octyl phthalate 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Fluoranthene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Fluorene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Hexachlorobenzene 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Hexachlorobutadiene 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Hexachloro-cyclopentadiene 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

Hexachloroethane 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Indeno(1,2,3-cd)pyrene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Isophorone 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Naphthalene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Nitrobenzene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

N-Nitroso-dimethyl amine 0.30 ug/l 3 3 0 0 0 2 2 0 0 0

N-Nitroso-diphenyl amine 0.30 ug/l 3 3 0 0 0 2 2 0 0 0

N-Nitroso-di-n-propyl amine 0.30 ug/l 3 3 0 0 0 2 2 0 0 0

Phenanthrene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Pyrene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

1,2,4-Trichlorobenzene 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Chlorinated Pesticides

Aldrin 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

alpha-BHC 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

beta-BHC 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

delta-BHC 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

gamma-BHC (lindane) 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

alpha-chlordane 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

gamma-chlordane 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

4,4'-DDD 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

4,4'-DDE 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

4,4'-DDT 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Dieldrin 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

alpha-Endosulfan 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

beta-Endosulfan 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Endosulfan sulfate 0.10 ug/l 3 3 0 0 0 2 2 0 0 0
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Table 4-6.  2003-04 Summary of Water Quality Exceedances for San Gabriel River Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, REC-1, REC-2, WARM, WILD, RARE

Class Constituent PQLc Units
No. of 

Samples
No. of Non-

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non-
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Endrin 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Endrin aldehyde 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Heptachlor 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Heptachlor Epoxide 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Toxaphene 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Polychlorinated Biphenyls 

Aroclor-1016 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1221 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1232 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1242 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1248 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1254 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1260 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Organohosphate Pesticides

Chlorpyrifos 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Diazinon 0.01 ug/l 3 2 33 0 0 2 2 0 0 0

Prometryn 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Atrazine 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Simazine 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Cyanazine 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Malathion 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Herbicides

Glyphosate 25.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4-D 10.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4,5-TP-SILVEX 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

c) PQL = minimum level

f)

h)

i)

j)

Non-detect refers to a lab result value that is below the PQL

This constituent is a function of the parameter(s) in parentheses.

Beneficial uses are defined as follows:  MUN - Municipal and Domestic Supply, IND - Industrial Service Supply, PROC - Industrial Process Supply, GWR - Ground Water Recharge, REC1 - 
Water Contact Recreation, REC2 - Non-Contact Water Recreation, WARM - Warm Freshwater Habitat, COLD - Cold Freshwater Habitat, WILD - Wildlife Habitat, RARE - Rare, Threatened, 
or Endangered Species, MIGR - Migration of Aquatic Organisms, SPWN - Spawning, Reproduction, and/or Early Development, WET - Wetland Habitat

Criteria maximum concentration which equals the highest concentration of pollutant to which aquatic life can be exposed for a short period time 
without deleterious effects.
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Table 4-6.  2003-04 Summary of Water Quality Exceedances for Dominguez Channel Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, REC-1, REC-2, WARM, WILD, RARE

Class Constituent PQLc Units
No. of 

Samples
No. of Non-

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non-
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Conventional

Oil and Grease 1.00 mg/L 3 2 33 0 0 2 2 0 0 0

Total Phenols 0.10 mg/L 3 3 0 0 0 2 2 0 0 0

Cyanide 0.01 mg/L 3 1 67 1 33 2 2 0 0 0

pH 0-14 3 0 100 0 0 2 0 100 0 0

Dissolved Oxygen 1.00 mg/L 3 0 100 1 33 2 0 100 0 0

Indicator Bacteria

Total Coliform 20.00 MPN/100ml 3 0 100 3 100 2 0 100 0 0

Fecal Coliform 20.00 MPN/100ml 3 0 100 3 100 2 0 100 1 50

Ratio Fecal Coliform/Total Coliform 3 0 100 0 0 2 0 100 0 0

Fecal Streptococcus 20.00 MPN/100ml 3 0 100 0 0 2 0 100 0 0

Fecal Enterococcus MPN/100ml 3 0 100 3 100 2 0 100 2 100

General

Chloride 2.00 mg/L 3 0 100 0 0 2 0 100 0 0

Fluoride     f(temp)i 0.10 mg/L 3 1 67 0 0 2 1 50 0 0

Nitrate 0.10 mg/L 3 0 100 0 0 2 0 100 0 0

Sulfate 0.10 mg/L 3 0 100 0 0 2 0 100 0 0

Alkalinity 4.00 mg/L 3 0 100 0 0 2 0 100 0 0

Hardness 2.00 mg/L 3 0 100 0 0 2 0 100 0 0

COD 10.00 mg/L 3 0 100 0 0 2 0 100 0 0

TPH 1.00 mg/L 3 2 33 0 0 2 1 50 0 0

Specific Conductance 1.00 umhos/cm 3 0 100 0 0 2 0 100 0 0

Total Dissolved Solids 2.00 mg/L 3 0 100 0 0 2 0 100 0 0

Turbidity 0.10 NTU 3 0 100 0 0 2 0 100 0 0

Total Suspended Solids 2.00 mg/L 3 0 100 0 0 2 0 100 0 0

Volatile Suspended Solids 1.00 mg/L 3 0 100 0 0 2 0 100 0 0

MBAS 0.05 mg/L 3 0 100 0 0 2 2 0 0 0

Total Organic Carbon 1.00 mg/L 3 0 100 0 0 2 0 100 0 0

BOD 2.00 mg/L 3 0 100 0 0 2 0 100 0 0

Nutrients

Dissolved Phosphorus 0.05 mg/L 3 0 100 0 0 2 0 100 0 0

Total Phosphorus 0.05 mg/L 3 0 100 0 0 2 0 100 0 0

NH3-N 0.10 mg/L 3 2 33 0 0 2 1 50 0 0

Nitrate-N 0.50 mg/L 3 0 100 0 0 2 0 100 0 0

Nitrite-N 0.03 mg/L 3 1 67 1 33 2 2 0 0 0

Kjeldahl-N 0.10 mg/L 3 0 100 0 0 2 0 100 0 0

Metals

Dissolved Aluminum 100.00 ug/l 3 3 0 0 0 2 2 0 0 0

Total Aluminum 100.00 ug/l 3 1 67 1 33 2 1 50 0 0

Dissolved Antimony 5.00 ug/l 3 0 100 0 0 2 1 50 0 0

Total Antimony 5.00 ug/l 3 0 100 0 0 2 1 50 0 0

Dissolved Arsenic 5.00 ug/l 3 0 100 0 0 2 1 50 0 0

Total Arsenic 5.00 ug/l 3 0 100 0 0 2 1 50 0 0

Dissolved Berylium 1.00 ug/l 3 0 100 0 0 2 2 0 0 0

Total Beryllium 1.00 ug/l 3 0 100 0 0 2 2 0 0 0

Dissolved Cadmium 1.00 ug/l 3 0 100 0 0 2 2 0 0 0

Total Cadmium 1.00 ug/l 3 2 33 0 0 2 2 0 0 0

Wet Weather Dry Weather
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Table 4-6.  2003-04 Summary of Water Quality Exceedances for Dominguez Channel Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, REC-1, REC-2, WARM, WILD, RARE

Class Constituent PQLc Units
No. of 

Samples
No. of Non-

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non-
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Dissolved Chromium 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Total Chromium 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Dissolved Chromium +6 10.00 ug/l 3 0 100 0 0 2 2 0 0 0

Total Chromium +6 10.00 ug/l 3 3 0 0 0 2 2 0 0 0

Dissolved Copper 5.00 ug/l 3 0 100 1 33 2 0 100 0 0

Total Copper 5.00 ug/l 3 0 100 3 100 2 0 100 1 50

Dissolved Iron 100.00 ug/l 3 2 33 0 0 2 2 0 0 0

Total Iron 100.00 ug/l 3 0 100 0 0 2 1 50 0 0

Dissolved Lead 5.00 ug/l 3 1 67 0 0 2 2 0 0 0

Total Lead 5.00 ug/l 3 0 100 1 33 2 0 100 0 0

Dissolved Mercury 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Total Mercury 1.00 ug/l 3 2 33 1 33 2 2 0 0 0

Dissolved Nickel 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Total Nickel 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Dissolved Selenium 5.00 ug/l 3 2 33 0 0 2 1 50 0 0

Total Selenium 5.00 ug/l 3 2 33 0 0 2 1 50 0 0

Dissolved Silverf 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Total Silver 1.00 ug/l 3 2 33 0 0 2 2 0 0 0

Dissolved Thallium 5.00 ug/l 3 3 0 0 0 2 2 0 0 0

Total Thallium 5.00 ug/l 3 3 0 0 0 2 2 0 0 0

Dissolved Zinc 50.00 ug/l 3 0 100 2 67 2 0 100 0 0

Total Zinc 50.00 ug/l 3 0 100 3 100 2 0 100 0 0

Semi-Volatiles Organics (EPA 625)

2- Chlorophenol 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4-dichlorophenol 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4-dimethylphenol 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4-dinitrophenol 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

2-nitrophenol 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

4-nitrophenol 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

4-chloro_3_methylphenol 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

Pentachlorophenol 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Phenol 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4,6-trichlophenol 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Base/Neutral

Acenaphthene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Acenaphthylene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Anthracene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Benzidine 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

1,2 Benzanthracene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Benzo(a)pyrene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Benzo(k)flouranthene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Bis(2-Chloroethoxy) methane 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Bis(2-Chloroisopropyl) ether 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Bis(2-Chloroethyl) ether 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Bis(2-Ethylhexl) phthalate 1.00 ug/l 3 1 67 0 0 2 0 100 0 0

4-Bromophenyl phenyl ether 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Butyl benzyl phthalate 0.30 ug/l 3 3 0 0 0 2 2 0 0 0

2 of 8

RB-AR10124



Table 4-6.  2003-04 Summary of Water Quality Exceedances for Dominguez Channel Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, REC-1, REC-2, WARM, WILD, RARE

Class Constituent PQLc Units
No. of 

Samples
No. of Non-

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non-
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

2-Chloronaphthalene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

4-Chlorophenyl phenyl ether 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Chrysene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Dibenzo(a,h)anthracene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

1,3-Dichlorobenzene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

1,4-Dichlorobenzene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

1,2-Dichlorobenzene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

3,3-Dichlorobenzidine 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

Diethyl phthalate 0.50 ug/l 3 2 33 0 0 2 2 0 0 0

Dimethyl phthalate 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

di-n-Butyl phthalate 1.00 ug/l 3 3 0 0 0 2 1 50 0 0

2,4-Dinitrotoluene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

2,6-Dinitrotoluene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

4,6 Dinitro-2-methylphenol 3.00 ug/l 3 2 33 0 0 2 2 0 0 0

1,2-Diphenylhydrazine 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

di-n-Octyl phthalate 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Fluoranthene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Fluorene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Hexachlorobenzene 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Hexachlorobutadiene 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Hexachloro-cyclopentadiene 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

Hexachloroethane 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Indeno(1,2,3-cd)pyrene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Isophorone 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Naphthalene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Nitrobenzene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

N-Nitroso-dimethyl amine 0.30 ug/l 3 3 0 0 0 2 2 0 0 0

N-Nitroso-diphenyl amine 0.30 ug/l 3 3 0 0 0 2 2 0 0 0

N-Nitroso-di-n-propyl amine 0.30 ug/l 3 3 0 0 0 2 2 0 0 0

Phenanthrene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Pyrene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

1,2,4-Trichlorobenzene 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Chlorinated Pesticides

Aldrin 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

alpha-BHC 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

beta-BHC 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

delta-BHC 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

gamma-BHC (lindane) 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

alpha-chlordane 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

gamma-chlordane 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

4,4'-DDD 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

4,4'-DDE 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

4,4'-DDT 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Dieldrin 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

alpha-Endosulfan 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

beta-Endosulfan 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Endosulfan sulfate 0.10 ug/l 3 3 0 0 0 2 2 0 0 0
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Table 4-6.  2003-04 Summary of Water Quality Exceedances for Dominguez Channel Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, REC-1, REC-2, WARM, WILD, RARE

Class Constituent PQLc Units
No. of 

Samples
No. of Non-

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non-
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Endrin 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Endrin aldehyde 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Heptachlor 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Heptachlor Epoxide 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Toxaphene 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Polychlorinated Biphenyls 

Aroclor-1016 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1221 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1232 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1242 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1248 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1254 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1260 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Organohosphate Pesticides

Chlorpyrifos 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Diazinon 0.01 ug/l 3 2 33 0 0 2 2 0 0 0

Prometryn 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Atrazine 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Simazine 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Cyanazine 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Malathion 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Herbicides

Glyphosate 25.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4-D 10.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4,5-TP-SILVEX 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

c) PQL = minimum level

f)

h)

i)

j)

Non-detect refers to a lab result value that is below the PQL

This constituent is a function of the parameter(s) in parentheses.

Beneficial uses are defined as follows:  MUN - Municipal and Domestic Supply, IND - Industrial Service Supply, PROC - Industrial Process Supply, GWR - Ground Water Recharge, REC1 - 
Water Contact Recreation, REC2 - Non-Contact Water Recreation, WARM - Warm Freshwater Habitat, COLD - Cold Freshwater Habitat, WILD - Wildlife Habitat, RARE - Rare, Threatened, 
or Endangered Species, MIGR - Migration of Aquatic Organisms, SPWN - Spawning, Reproduction, and/or Early Development, WET - Wetland Habitat

Criteria maximum concentration which equals the highest concentration of pollutant to which aquatic life can be exposed for a short period time 
without deleterious effects.
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Table 4-6.  2003-04 Summary of Water Quality Exceedances for Santa Clara River Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, AGR, GWR, FRSH, REC-1, REC-2, WARM, WILD, RARE, WET

Class Constituent PQLc Units
No. of 

Samples
No. of Non-

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non-
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Conventional

Oil and Grease 1.00 mg/L 3 1 67 0 0 2 2 0 0 0

Total Phenols 0.10 mg/L 3 3 0 0 0 2 2 0 0 0

Cyanide 0.01 mg/L 3 1 67 1 33 2 2 0 0 0

pH 0-14 3 0 100 0 0 2 0 100 0 0

Dissolved Oxygen 1.00 mg/L 3 0 100 0 0 2 0 100 0 0

Indicator Bacteria

Total Coliform 20.00 MPN/100ml 3 0 100 2 67 2 0 100 0 0

Fecal Coliform 20.00 MPN/100ml 3 0 100 3 100 2 0 100 1 50

Ratio Fecal Coliform/Total Coliform 3 0 100 0 0 2 0 100 1 50

Fecal Streptococcus 20.00 MPN/100ml 3 0 100 0 0 2 0 100 0 0

Fecal Enterococcus MPN/100ml 3 0 100 3 100 2 0 100 0 0

General

Chloride 2.00 mg/L 3 0 100 0 0 2 0 100 1 50

Fluoride     f(temp)i 0.10 mg/L 3 0 100 0 0 2 0 100 0 0

Nitrate 0.10 mg/L 3 1 67 0 0 2 0 100 0 0

Sulfate 0.10 mg/L 3 0 100 0 0 2 0 100 0 0

Alkalinity 4.00 mg/L 3 0 100 0 0 2 0 100 0 0

Hardness 2.00 mg/L 3 0 100 0 0 2 0 100 0 0

COD 10.00 mg/L 3 0 100 0 0 2 0 100 0 0

TPH 1.00 mg/L 3 2 33 0 0 2 2 0 0 0

Specific Conductance 1.00 umhos/cm 3 0 100 0 0 2 0 100 0 0

Total Dissolved Solids 2.00 mg/L 3 0 100 0 0 2 0 100 0 0

Turbidity 0.10 NTU 3 0 100 1 33 2 0 100 0 0

Total Suspended Solids 2.00 mg/L 3 0 100 0 0 2 0 100 0 0

Volatile Suspended Solids 1.00 mg/L 3 0 100 0 0 2 0 100 0 0

MBAS 0.05 mg/L 3 0 100 0 0 2 0 100 0 0

Total Organic Carbon 1.00 mg/L 3 0 100 0 0 2 0 100 0 0

BOD 2.00 mg/L 3 0 100 0 0 2 0 100 0 0

Nutrients

Dissolved Phosphorus 0.05 mg/L 3 0 100 0 0 2 0 100 0 0

Total Phosphorus 0.05 mg/L 3 0 100 0 0 2 0 100 0 0

NH3-N 0.10 mg/L 3 0 100 0 0 2 2 0 0 0

Nitrate-N 0.50 mg/L 3 0 100 0 0 2 0 100 0 0

Nitrite-N 0.03 mg/L 3 0 100 0 0 2 0 100 0 0

Kjeldahl-N 0.10 mg/L 3 0 100 0 0 2 0 100 0 0

Metals

Dissolved Aluminum 100.00 ug/l 3 2 33 0 0 2 2 0 0 0

Total Aluminum 100.00 ug/l 3 0 100 2 67 2 1 50 0 0

Dissolved Antimony 5.00 ug/l 3 0 100 0 0 2 2 0 0 0

Total Antimony 5.00 ug/l 3 0 100 0 0 2 1 50 0 0

Dissolved Arsenic 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Total Arsenic 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Dissolved Berylium 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Total Beryllium 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Dissolved Cadmium 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Total Cadmium 1.00 ug/l 3 0 100 0 0 2 2 0 0 0

Wet Weather Dry Weather

1 of 4

RB-AR10127



Table 4-6.  2003-04 Summary of Water Quality Exceedances for Santa Clara River Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, AGR, GWR, FRSH, REC-1, REC-2, WARM, WILD, RARE, WET

Class Constituent PQLc Units
No. of 

Samples
No. of Non-

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non-
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Dissolved Chromium 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Total Chromium 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Dissolved Chromium +6 10.00 ug/l 3 3 0 0 0 2 2 0 0 0

Total Chromium +6 10.00 ug/l 3 3 0 0 0 2 2 0 0 0

Dissolved Copper 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Total Copper 5.00 ug/l 3 0 100 1 33 2 0 100 1 50

Dissolved Iron 100.00 ug/l 3 1 67 0 0 2 2 0 0 0

Total Iron 100.00 ug/l 3 0 100 0 0 2 1 50 0 0

Dissolved Lead 5.00 ug/l 3 1 67 0 0 2 2 0 0 0

Total Lead 5.00 ug/l 3 0 100 1 33 2 0 100 0 0

Dissolved Mercury 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Total Mercury 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Dissolved Nickel 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Total Nickel 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Dissolved Selenium 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Total Selenium 5.00 ug/l 3 0 100 0 0 2 0 100 0 0

Dissolved Silverf 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Total Silver 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Dissolved Thallium 5.00 ug/l 3 3 0 0 0 2 2 0 0 0

Total Thallium 5.00 ug/l 3 3 0 0 0 2 2 0 0 0

Dissolved Zinc 50.00 ug/l 3 0 100 0 0 2 0 100 0 0

Total Zinc 50.00 ug/l 3 0 100 1 33 2 0 100 0 0

Semi-Volatiles Organics (EPA 625)

2- Chlorophenol 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4-dichlorophenol 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4-dimethylphenol 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4-dinitrophenol 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

2-nitrophenol 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

4-nitrophenol 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

4-chloro_3_methylphenol 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

Pentachlorophenol 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Phenol 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4,6-trichlophenol 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Base/Neutral

Acenaphthene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Acenaphthylene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Anthracene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Benzidine 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

1,2 Benzanthracene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Benzo(a)pyrene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Benzo(k)flouranthene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Bis(2-Chloroethoxy) methane 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Bis(2-Chloroisopropyl) ether 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Bis(2-Chloroethyl) ether 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Bis(2-Ethylhexl) phthalate 1.00 ug/l 3 0 100 0 0 2 0 100 0 0

4-Bromophenyl phenyl ether 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Butyl benzyl phthalate 0.30 ug/l 3 3 0 0 0 2 2 0 0 0
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Table 4-6.  2003-04 Summary of Water Quality Exceedances for Santa Clara River Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, AGR, GWR, FRSH, REC-1, REC-2, WARM, WILD, RARE, WET

Class Constituent PQLc Units
No. of 

Samples
No. of Non-

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non-
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

2-Chloronaphthalene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

4-Chlorophenyl phenyl ether 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Chrysene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Dibenzo(a,h)anthracene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

1,3-Dichlorobenzene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

1,4-Dichlorobenzene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

1,2-Dichlorobenzene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

3,3-Dichlorobenzidine 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

Diethyl phthalate 0.50 ug/l 3 0 100 0 0 2 1 50 0 0

Dimethyl phthalate 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

di-n-Butyl phthalate 1.00 ug/l 3 3 0 0 0 2 1 50 0 0

2,4-Dinitrotoluene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

2,6-Dinitrotoluene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

4,6 Dinitro-2-methylphenol 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

1,2-Diphenylhydrazine 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

di-n-Octyl phthalate 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Fluoranthene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Fluorene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Hexachlorobenzene 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Hexachlorobutadiene 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Hexachloro-cyclopentadiene 3.00 ug/l 3 3 0 0 0 2 2 0 0 0

Hexachloroethane 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Indeno(1,2,3-cd)pyrene 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Isophorone 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Naphthalene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Nitrobenzene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

N-Nitroso-dimethyl amine 0.30 ug/l 3 3 0 0 0 2 2 0 0 0

N-Nitroso-diphenyl amine 0.30 ug/l 3 3 0 0 0 2 2 0 0 0

N-Nitroso-di-n-propyl amine 0.30 ug/l 3 3 0 0 0 2 2 0 0 0

Phenanthrene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Pyrene 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

1,2,4-Trichlorobenzene 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Chlorinated Pesticides

Aldrin 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

alpha-BHC 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

beta-BHC 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

delta-BHC 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

gamma-BHC (lindane) 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

alpha-chlordane 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

gamma-chlordane 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

4,4'-DDD 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

4,4'-DDE 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

4,4'-DDT 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Dieldrin 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

alpha-Endosulfan 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

beta-Endosulfan 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Endosulfan sulfate 0.10 ug/l 3 3 0 0 0 2 2 0 0 0
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Table 4-6.  2003-04 Summary of Water Quality Exceedances for Santa Clara River Mass Emission Station
Beneficial Usesj:  MUN, IND, PROC, AGR, GWR, FRSH, REC-1, REC-2, WARM, WILD, RARE, WET

Class Constituent PQLc Units
No. of 

Samples
No. of Non-

detectsh
Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

No. of 
Samples

No. of Non-
detectsh

Percent 
Detects

No. of 
Exceedances

Percent 
Exceedances

Wet Weather Dry Weather

Endrin 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Endrin aldehyde 0.10 ug/l 3 3 0 0 0 2 2 0 0 0

Heptachlor 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Heptachlor Epoxide 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Toxaphene 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

Polychlorinated Biphenyls 

Aroclor-1016 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1221 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1232 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1242 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1248 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1254 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Aroclor-1260 0.50 ug/l 3 3 0 0 0 2 2 0 0 0

Organohosphate Pesticides

Chlorpyrifos 0.05 ug/l 3 3 0 0 0 2 2 0 0 0

Diazinon 0.01 ug/l 3 0 100 2 67 2 2 0 0 0

Prometryn 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Atrazine 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Simazine 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Cyanazine 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Malathion 2.00 ug/l 3 3 0 0 0 2 2 0 0 0

Herbicides

Glyphosate 25.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4-D 10.00 ug/l 3 3 0 0 0 2 2 0 0 0

2,4,5-TP-SILVEX 1.00 ug/l 3 3 0 0 0 2 2 0 0 0

c) PQL = minimum level

f)

h)

i)

j)

Non-detect refers to a lab result value that is below the PQL

This constituent is a function of the parameter(s) in parentheses.

Beneficial uses are defined as follows:  MUN - Municipal and Domestic Supply, IND - Industrial Service Supply, PROC - Industrial Process Supply, GWR - Ground Water Recharge, REC1 - 
Water Contact Recreation, REC2 - Non-Contact Water Recreation, WARM - Warm Freshwater Habitat, COLD - Cold Freshwater Habitat, WILD - Wildlife Habitat, RARE - Rare, Threatened, 
or Endangered Species, MIGR - Migration of Aquatic Organisms, SPWN - Spawning, Reproduction, and/or Early Development, WET - Wetland Habitat

Criteria maximum concentration which equals the highest concentration of pollutant to which aquatic life can be exposed for a short period time 
without deleterious effects.
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NOTE TO EDITORS: Pictures of a Catch Basin, Automatic Retractable Screen (ARS), and a 
Connector Pipe Screen (CPS) are attached.

PRESS RELEASE
November 1, 2011

CONTACTS:
Grace J. Kast, Executive Officer, Gateway Authority
562-663-6850 / gjkast64@gmail.com
Mark Christoffels, City Engineer, City of Long Beach
562-570-6771 / Mark.Christoffels@longbeach.gov

$10 Million L.A. River Regional Stormwater Clean-Up Project 
Complete

An innovative regional environmental project to prevent hundreds of tons of trash from reaching the 
Long Beach coastline has been completed.

The collaborative project, funded by $10 million in Federal Stimulus funds, involved the City of Long 
Beach and 15 upriver cities working together as the Los Angeles Gateway Authority. The LA 
Gateway Region’s first State Water Board-certified storm drain retrofit effort will prevent 
approximately 840,000 pounds of trash each year from entering the Los Angeles River.

“Regional problems require regional solutions," said Mayor Bob Foster. "By working together with 
the other Gateway cities, we leveraged resources and took a huge collective step forward to clean 
up our coastline on behalf of the entire region."

Approximately 12,000 publicly-held storm drains lead to the L.A. River from the 16 Gateway Cities. 
Last year, the 16 cities came together and agreed to retrofit all of these storm drains with full-capture 
trash devices, called Connector Pipe Screens (CPS), inside the catch basin. In addition, more than 
5,400 of these storm drains in higher-density trash locations have received additional protection with 
the installation of Automatic Retractable Screens (ARS), at the curbside entrance to the catch basin. 
Both screens block trash and debris, while allowing stormwater to continue flowing to the L.A. River 
and eventually the Long Beach coastline.

“The Gateway Authority and the State Water Board are committed to maximizing this environmental 
stewardship project for the benefit of all communities in the Gateway Region,” said Chris Cash, 
Gateway Authority Chair and Director of Public Works for the City of Paramount. “Clean water 
benefits everyone and everything.”

Construction began in August 2010 and was completed this week. Cities that received trash screens 
are (roughly north to south): Montebello, Pico Rivera, Vernon, Maywood, Commerce, Huntington 
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Park, Bell, Cudahy, Bell Gardens, South Gate, Downey, Lynwood, Paramount, Compton, Signal Hill, 
and Long Beach.

A total of $10 million in American Recovery and Reinvestment Act funds was designated by the 
California State Water Resources Control Board, through the Clean Water State Revolving Fund, to 
finance the LA Gateway Authority project.

# # #

[click image to enlarge]
[click image to enlarge]

[click image to enlarge]
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O
UNITED STATES DISTRICT COURT

CENTRAL DISTRICT OF CALIFORNIA

CIVIL MINUTES - GENERAL
Case No. CV 08-1467 AHM (PLAx) Date March 2, 2010

Title NATURAL RESOURCES DEFENSE COUNCIL, INC., et al. v. COUNTY OF LOS
ANGELES, et al. 

CV-90 (06/04) CIVIL MINUTES - GENERAL Page 1 of 19

Present: The
Honorable

A. HOWARD MATZ, U.S. DISTRICT JUDGE

Stephen Montes Not Reported
Deputy Clerk Court Reporter / Recorder Tape No.

Attorneys NOT Present for Plaintiffs: Attorneys NOT Present for Defendants:

Proceedings: IN CHAMBERS (No Proceedings Held)

I. INTRODUCTION

On March 3, 2008, Plaintiffs Natural Resources Defense Council (“NRDC”) and
Santa Monica Baykeeper filed suit against Defendants the County of Los Angeles
(“County”), the Los Angeles Flood Control District (“District”), and the individual
County Supervisors and the Director of the Los Angeles County Department of Public
Works in their official capacities, alleging that the County and the District violated
several provisions in the National Pollutant Discharge Elimination System (“NPDES”)
Permit regulating municipal stormwater and urban runoff discharges within the County of
Los Angeles (the “Permit”).  In its June 20, 2008 Order, the Court denied Defendants’
motion to stay the case and granted in part and denied in part Defendants’ motion to
dismiss, finding that Plaintiffs had failed to provide adequate notice to the District but
allowing Plaintiffs to refile against the District after valid notice.  On September 19,
2008, Plaintiffs filed their First Amended Complaint (“FAC”).  

The FAC alleges six causes of action under the Clean Water Act (“CWA”), 33
U.S.C. §§ 1251, et seq., for: (1) causing and contributing to exceedances of water quality
standards in the Santa Clara River watershed; (2) causing and contributing to
exceedances of water quality standards in the Los Angeles River watershed; (3) causing
and contributing to exceedances of water quality standards in the San Gabriel River
watershed; (4) causing and contributing to exceedances of water quality standards and
Total Maximum Daily Load (“TMDL”) violations in the Malibu Creek watershed and at
Surfrider Beach; (5) illegally discharging waste into the oceanic Area of Special
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O
UNITED STATES DISTRICT COURT

CENTRAL DISTRICT OF CALIFORNIA

CIVIL MINUTES - GENERAL
Case No. CV 08-1467 AHM (PLAx) Date March 2, 2010

Title NATURAL RESOURCES DEFENSE COUNCIL, INC., et al. v. COUNTY OF LOS
ANGELES, et al. 

1Docket No. 173.

2Docket No. 87.

3Docket No. 113.

4The parties have notified the Court that Judge Yaffe of the Superior Court for the
County of Los Angeles has stayed the operation of Los Angeles Regional Water Quality
Control Board Order No. R4-2006-0074 (the “Regional Board Order”).  Defendants’
Notice of Los Angeles Superior Court Order, Ex. 1.  This Regional Board Order amended
the Permit to establish the TMDL limits at Surfrider Beach.  Plaintiffs’ Response to
Defendants’ Notice of Los Angeles Superior Court Order at 1.  With this Regional Board
Order stayed, the TMDL limits at Surfrider Beach at issue in claim four are not currently
operational.  The state court stay does not affect the Court’s analysis as to liability on
claim four.  However, the state court proceeding may affect the remedies stage of this
case.  In addition, should Judge Yaffe invalidate the Regional Board Order, Defendants
CV-90 (06/04) CIVIL MINUTES - GENERAL Page 2 of 19

Biological Significance (“ASBS”) between Mugu Lagoon in Ventura County and Latigo
Point in Los Angeles County; and (6) failing to submit adequate Receiving Water
Limitations (“RWL”) Compliance Reports.

On September 8, 2009, Plaintiffs moved for partial summary judgment as to
liability as to claims two and three (as to the District); as to the Surfrider Beach violations
in claim four; and as to all of claims five and six.  On September 14, 2009, Defendants
filed their motion for summary judgment as to all counts.  Plaintiffs have also filed a
Motion for Leave to File Surreply in Opposition to Defendants’ Motion for Summary
Judgment, which the Court DENIES.1  The Court held a hearing on the summary
judgment motions on February 8, 2010.  For the following reasons, the Court GRANTS
IN PART AND DENIES IN PART Plaintiffs’ motion.2  The Court also GRANTS IN
PART AND DENIES IN PART Defendants’ motion.3  

Specifically, the Court DENIES summary judgment for both parties as to the
watershed claims (claims one, two, three, and the Malibu Creek portion of claim four). 
The Court GRANTS summary judgment for the Plaintiffs on claim five and on the
Surfrider Beach portion of claim four.4  The Court GRANTS summary judgment for the
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Defendants on all portions of claim six except for the adequacy of the 2008 Compliance
Reports’ treatment of Surfrider Beach.  The Court DENIES summary judgment for both
parties as to the adequacy of the 2008 Compliance Reports’ treatment of Surfrider Beach.

II. SUMMARY OF UNDISPUTED FACTS

The municipal separate storm sewer system (“MS4”) in the Los Angeles County
basin carries urban runoff from local storm drains to inland rivers and eventually to ocean
waters.  Plaintiffs’ SUF ¶ 3.  No treatment plant cleans the runoff before it enters the so-
called receiving waters of the region, so the runoff can contain a number of untreated
pollutants it acquires as it flows over streets, parking lots, commercial sites, and
residential areas.  Plaintiffs’ SUF ¶ 2.  The MS4 is a complicated web, with thousands of
miles of storm drains, hundreds of miles of open channels, and hundreds of thousands of
connections.  Plaintiffs’ SUF ¶¶ 4-5.  The MS4 includes storm drains operated by—and
runoff coming from—84 incorporated cities, in addition to that from the County and
District.  Defendants’ SUF ¶ 8.  The District owns, operates, and maintains approximately
500 miles of open channel and 2,800 miles of storm drains, which is more of the MS4
than all 84 co-permittee cities combined.  Plaintiffs’ SUF ¶¶ 20-21.  The County owns
and operates additional storm drains, separate from the District, that connect to the MS4. 
Id. at ¶ 22.  The County has no central record of these storm drains and does not know
their complete extent.  Id.

The Regional Water Quality Control Board (“Regional Board”), an entity of the
State of California, issued collectively to the County, the District, and these 84 cities a
National Pollutant Discharge Elimination System (“NPDES”) Permit required under the
Clean Water Act.  This Permit allows the Permittees to discharge stormwater runoff from
the MS4, contingent on meeting a number of conditions.  Defendants’ SUF ¶ 7-9.  Most
notably, Part 2.1 of the Permit provides that “discharges from the MS4 that cause or
contribute to the violation of Water Quality Standards or water quality objectives are
prohibited.”  Defendants’ SUF ¶ 12.  The Permit incorporates water quality standards
from the Los Angeles Region Basin Plain for the Coastal Watersheds of Los Angeles and
Ventura Counties (“Basin Plan”) and the California Ocean Plan (“Ocean Plan”).  See Cal.
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Water Code §§ 13170.2 & 13240.  

The Permit sets forth a monitoring program, which includes a requirement for the
Principal Permittee (the District) to monitor the runoff flowing past seven specific mass
emissions stations.  Plaintiffs’ SUF ¶¶ 23-24; Defendants’ SUF ¶ 10.  These mass
emissions stations include the Malibu Creek, Los Angeles River, San Gabriel River, and
Santa Clara River monitoring stations at issue in this case.  The Los Angeles River and
San Gabriel River mass emissions monitoring stations are located within the portion of
the MS4 owned and operated by the Flood Control District.  Plaintiffs’ SUF ¶ 24. 
Monitoring data from the Los Angeles River and San Gabriel River mass emissions
stations indicate that water quality standards have repeatedly been exceeded for a number
of pollutants, including aluminum, copper, cyanide, fecal coliform bacteria, and zinc (the
“standards-exceeding pollutants”).5  Plaintiffs’ SUF ¶¶ 33-37.  

The Permit’s monitoring program also includes a requirement that water quality
samples be taken five times per week at Surfrider Beach, a beach within the Santa
Monica Bay.  Plaintiffs’ SUF ¶ 25.  This monitoring shows that the water at Surfrider
Beach has exceeded bacterial limits (including limits on total coliform, fecal coliform,
and enterococcus) on dozens of occasions during summer dry weather seasons. 
Plaintiffs’ SUF ¶¶ 25-28.  The Regional Board has issued Notices of Violation to the
County and the District (and the 84 cities that discharge to the MS4) indicating that
discharges from the MS4 are causing or contributing to bacterial exceedances at Surfrider
Beach.  Colangelo Decl. Exs. G & H. 

The California Ocean Plan prohibits the discharge of waste into the Malibu Area of
Special Biological Significance (“ASBS”), which covers the 4-mile coastline from Latigo
Point in Malibu to Laguna Point in Ventura.  Plaintiffs’ SUF ¶¶ 17, 42.  Plaintiffs assert
that this prohibition has been incorporated into the Permit.  The District and the County
own and operate drains (at least 13 District drains and 8 County drains) that discharge to
the Malibu ASBS.  Plaintiffs’ SUF 45.  County sampling of 11 of these drains in 2004
indicated that every single wet-weather event (rainstorm) sampled had discharges
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exceeding bacteria limits.  Plaintiffs’ SUF ¶ 46.  Sampling data collected by Santa
Monica Baykeeper covering at least 2004-2006 show numerous instances of discharge
from these drains exceeding applicable water quality standards.  Plaintiffs’ SUF ¶ 47.

The Permit also requires Permittees to submit to the Regional Board annual
Receiving Water Limitations (“RWL”) Compliance Reports describing the Permittee’s
plan to remedy violations of the permit “[u]pon a determination by either the Permittee or
the Regional Board that discharges are causing or contributing to an exceedance of an
applicable Water Quality Standard.”  Defendants’ SUF ¶¶ 13-14.   Defendants did not
submit any Compliance Reports in 2003, 2004, or 2005.  Plaintiffs’ SUF ¶ 53. 
Defendants submitted Compliance Reports in 2006, 2007, and 2008, but the parties
disagree as to whether these Reports satisfied the requirements under the Permit. 
Plaintiffs’ SUF ¶¶ 54-62.

III. LEGAL STANDARD FOR A MOTION FOR SUMMARY JUDGMENT

Federal Rule of Civil Procedure 56(c) provides for summary judgment when “the
pleadings, the discovery and disclosure materials on file, and any affidavits show that
there is no genuine issue as to any material fact and that the movant is entitled to
judgment as a matter of law.”  The moving party bears the initial burden of demonstrating
the absence of a “genuine issue of material fact for trial.”  Anderson v. Liberty Lobby,
Inc., 477 U.S. 242, 256 (1986).  A fact is material if it could affect the outcome of the suit
under the governing substantive law.  Id. at 248.  The burden then shifts to the
nonmoving party to establish, beyond the pleadings, that there is a genuine issue for trial. 
Celotex Corp. v. Catrett, 477 U.S. 317, 324 (1986).

“When the party moving for summary judgment would bear the burden of proof at
trial, it must come forward with evidence which would entitle it to a directed verdict if
the evidence went uncontroverted at trial.  In such a case, the moving party has the initial
burden of establishing the absence of a genuine issue of fact on each issue material to its
case.”  C.A.R. Transp. Brokerage Co., Inc. v. Darden Rests., Inc., 213 F.3d 474, 480 (9th
Cir. 2000) (citations omitted).  In contrast, when the non-moving party bears the burden
of proving the claim or defense, the moving party can meet its burden by pointing out the
absence of evidence from the non-moving party.  The moving party need not disprove the
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other party’s case.  See Celotex, 477 U.S. at 325.  Thus, “[s]ummary judgment for a
defendant is appropriate when the plaintiff ‘fails to make a showing sufficient to establish
the existence of an element essential to [his] case, and on which [he] will bear the burden
of proof at trial.’”  Cleveland v. Policy Mgmt. Sys. Corp., 526 U.S. 795, 805-06 (1999)
(citing Celotex, 477 U.S. at 322).

When the moving party meets its burden, the “opposing party may not rely merely
on allegations or denials in its own pleading; rather, its response must—by affidavits or
as otherwise provided in this rule—set out specific facts showing a genuine issue for
trial.”  Fed. R. Civ. P. 56(e).  Summary judgment will be entered against the opposing
party if that party does not present such specific facts.  Id.  Only admissible evidence may
be considered in deciding a motion for summary judgment.  Id.; Beyene v. Coleman Sec.
Servs., Inc., 854 F.2d 1179, 1181 (9th Cir. 1988).

“[I]n ruling on a motion for summary judgment, the nonmoving party’s evidence
‘is to be believed, and all justifiable inferences are to be drawn in [that party’s] favor.’” 
Hunt v. Cromartie, 526 U.S. 541, 552 (1999) (quoting Anderson, 477 U.S. at 255).  But
the non-moving party must come forward with more than “the mere existence of a
scintilla of evidence.”  Anderson, 477 U.S. at 252.  Thus, “[w]here the record taken as a
whole could not lead a rational trier of fact to find for the nonmoving party, there is no
genuine issue for trial.”  Matsushita Elec. Indus. Co., Ltd. v. Zenith Radio Corp., 475
U.S. 574, 587 (1986) (citation omitted).

Simply because the facts are undisputed does not make summary judgment
appropriate.  Instead, where divergent ultimate inferences may reasonably be drawn from
the undisputed facts, summary judgment is improper.  Braxton-Secret v. A.H. Robins Co.,
769 F.2d 528, 531 (9th Cir. 1985).

IV. ANALYSIS

A. Threshold Issues: Standing and Notice

1. Plaintiffs have standing to sue.
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Plaintiffs NRDC and Santa Monica Baykeeper have demonstrated that they have
associational standing in this suit.  

[A]n association has standing to bring suit on behalf of its members
when: (a) its members would otherwise have standing to sue in their own
right; (b) the interests it seeks to protect are germane to the organization's
purpose; and (c) neither the claim asserted nor the relief requested
requires the participation of individual members in the lawsuit.

Hunt v. Washington State Apple Advertising Commission, 432 U.S. 333, 343 (1977).  

In order for Plaintiffs’ members to have standing to sue on their own, they would
have to show: (1) they have “suffered an ‘injury in fact’ that is (a) concrete and
particularized and (b) actual or imminent, not conjectural or hypothetical; (2) the injury is
fairly traceable to the challenged action of the defendant; and 3) it is likely, as opposed to
merely speculative, that the injury will be redressed by a favorable decision.”  Friends of
the Earth, Inc. v. Laidlaw Environmental Services, 528 U.S. 167, 180-81 (2000) (citing
Lujan v. Defenders of Wildlife, 504 U.S. 555, 560-61 (1992)).  Plaintiffs’ members use
and enjoy the water bodies involved in this case for recreational and professional reasons,
and their reasonable concern about exposure to pollutants has caused them to curtail their
use of the Los Angeles River, San Gabriel River, Surfrider Beach, and the Malibu ASBS. 
Plaintiffs’ SUF ¶¶ 68-70.  The impairment of aesthetic, recreational, and professional
interests is an injury in fact.  Laidlaw, 504 U.S. at 184-85.  Moreover, the Plaintiffs’
members’ injuries are caused in part by Defendants’ MS4 discharges, and reducing those
discharges would help to redress their injuries.  Plaintiffs’ SUF ¶ 71.

In addition, the lawsuit is germane to each Plaintiff’s organizational purpose, as
they are environmental organizations, and Santa Monica Baykeeper has a specific focus
on protecting Santa Monica Bay.  Plaintiffs’ SUF ¶ 72.  If, as here, associational plaintiffs
do not seek individualized relief for their members that would require individualized
proof, the participation of individual members is not required.  Hunt, 432 U.S. at 343-44. 
Thus, Plaintiffs have standing to sue.       

2. Plaintiffs have provided sufficient notice.
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Defendants ask the Court to reconsider its decision in its June 20, 2008 Order in
light of a recent Ninth Circuit case addressing the notice requirement in CWA citizen
suits and find that the Court has no jurisdiction to hear the claims against any defendant. 
See Center for Biological Diversity v. Marina Point Development Co., 566 F.3d 794 (9th
Cir. 2009); Motion at 10.  Marina Point Development did not alter the standard for CWA
notice in this Circuit; it merely reiterated the need for the notice to, at a minimum, tell a
potential defendant “precisely what it allegedly did wrong, and when.”  Id. at 801.6 
Plaintiffs’ notice to the Defendants here does precisely that.  It lists with detailed
specificity the exact portions of the permits and statutes allegedly violated and the exact
date, location, and nature of each alleged violation.  Colangelo Decl., Ex. RR at 570-83. 
The Court finds this notice adequate for the case to proceed against Defendants and will
not reconsider the ruling in its June 20, 2008 Order.

B. Neither Plaintiffs Nor Defendants Are Entitled to Summary Judgment
on the Watershed Claims Because Genuine Issues of Material Fact
Remain.

The “Watershed Claims” encompass those claims that involve the rivers and creeks
into which the MS4 flows (claims one through three and the Malibu Creek portion of
claim four).  With respect to these claims, Defendants do not dispute Plaintiffs’
monitoring data.7  Defendants argue, however, that because the monitoring stations are
located downstream of where their own storm drains connect with the larger MS4, the
discharges for which they are responsible will be commingled with those of other MS4
users.  Defendants argue, therefore, that they cannot be found to be “causing or
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violation of the permit, either the permittee or the Regional Board must have made a
determination that the permittee is causing or contributing to exceedances of water
quality standards, and the permittee must also fail to participate in good faith in the
iterative process to remedy the exceedances.  Opp’n at 17-19.  A state court has already
ruled on these arguments in Defendants’ challenge to the validity of the Permit and found
that, based on the regulatory history underlying the creation of the Permit, there is no safe
harbor for a Permittee who complies with the iterative process.  In re Los Angeles County
Municipal Storm Water Permit Litigation, No. BS 080548, at 6-7 (Los Angeles Super. Ct.
Mar. 24, 2005) (Colangelo Decl., Ex. D at 166-67).  This Court agrees with that analysis. 
At the hearing, Defendants directed the Court’s attention to a January 22, 2001 letter
from the then-chair of the Regional Board, Francine Diamond, which the Superior Court
cited in its opinion.  See Gest Decl. Ex. D at 8-9.  The Diamond letter suggests that as
long as a Permittee is engaged in a good faith effort in the iterative process to remedy
exceedances, it is in compliance with the Permit.  However, as an informal mailing to
Permittees, this letter does not have the force of law, and the Court need not defer to it,
especially when it runs counter to the language of the Permit. 
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contributing” to the permit exceedances.8

The Permit clearly prohibits “discharges from the MS4 that cause or contribute to
the violation of Water Quality Standards or water quality objectives.”  Permit, Burhenn
Decl. Ex. 1, Part 2.1 at 23.  The Permit designates the mass emissions monitoring stations
as the locations where monitoring shall take place to “[d]etermine if the MS4 is
contributing to exceedances of Water Quality Standards . . . .”  Id. at T-6.  Because the
permit specifies that these stations are the proper monitoring locations to determine if the
MS4 is contributing to exceedances, Defendants’ argument that these locations cannot be
the basis for determining whether there were exceedances fails.  

Defendants also assert that because the monitoring stations are located downstream
of where their own storm drains join these water bodies, the monitoring data cannot
possibly pinpoint that their discharges—as opposed to those of the other entities using the
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MS4—caused the exceedances.9  However, in order for the Permit to be violated, it is not
necessary to pinpoint the source of pollutants.  The Permittees, collectively, are violating
the permit if “discharges from the MS4” are “caus[ing] or contribut[ing] to the violation
of Water Quality Standards or water quality objectives.”  Permit Part 2.1 at 23; see also
In re Los Angeles County Municipal Storm Water Permit Litigation, No. BS 080548, at 6
(Los Angeles Super. Ct. Mar. 24, 2005) (Colangelo Decl., Ex. D at 166) (explaining that
subparts 2.1 and 2.2 of the Permit set forth the “basic receiving water requirements for
Los Angeles area waters” and acknowledging that a permittee could be in “violation” of
these requirements).  

According to the Permit, monitoring at the mass emissions stations shall be used to
determine if the MS4 is causing or contributing to exceedances.  Permit at T-6.  Here,
Plaintiffs have alleged that water quality standards were exceeded at the monitoring
stations on each of the four rivers (Los Angeles River, San Gabriel River, Santa Clara
River, and Malibu Creek) on multiple occasions.  FAC ¶¶ 79-229.  Defendants have
offered no facts to dispute these allegations.  Moreover, Defendants have even
acknowledged that their MS4 is conveying the specified pollutants to the water bodies in
question.  See Colangelo Decl., Ex. N at 291-93, 295, 298.  Thus, Defendants are not
entitled to judgment as a matter of law that they are in compliance with the Permit.

With respect to the Los Angeles River and San Gabriel River, Plaintiffs have
moved for partial summary judgment as to liability for the District.  Plaintiffs offer data
showing the exceedances at the monitoring stations for these bodies of water.  Plaintiff’s
SUF ¶¶ 33-37.  In addition, Plaintiffs argue that because the mass emissions monitoring
stations for these bodies of water are located in the portion of the MS4 owned and
operated by the District, the District is responsible for the pollutants in the MS4 at this
point.  See Plaintiffs’ SUF ¶ 24.  The Court agrees with this proposition.  As a Permittee,
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the District is “required to comply with the requirements of this Order applicable to
discharges within its boundaries . . . .”  Permit Part 3.E at 26; see also Part 3.D.8 at 25
(explaining that as Principal Permittee, the District must comply with the requirements of
general Permittees, as well).  However, that does not necessarily determine the question
of whether the water passing by these points is a “discharge” within the meaning of the
Permit and the Clean Water Act.

Indeed, Defendants argue that the water sampled at these monitoring stations does
not constitute a discharge from the MS4, but merely reflects water passing by the
stations.  Defendants insist that no liability can attach to the District because it is merely
allowing water to move within the same waterbody and, thus, no discharge occurs at the
monitoring stations.  The Act defines “discharge of a pollutant” to mean “any addition of
any pollutant to navigable waters from any point source.”  33 U.S.C. § 1362(12).  A
“point source” is “any discernible, confined and discrete conveyance, including . . . any
pipe, ditch, channel, tunnel, conduit, . . . [or other examples], from which pollutants are
or may be discharged.”  33 U.S.C. § 1362(14).  A point source can include objects “that
do not themselves generate pollutants.”  South Florida Water Management District v.
Miccosukee Tribe of Indians, 541 U.S. 95, 105 (2004).  In Miccosukee, the Supreme
Court held that if two portions of a water body are part of the same water body, moving
“water from one into the other cannot constitute an ‘addition’ of pollutants” so as to
constitute a discharge under the Act.  Id. at 109.10  Plaintiffs have not provided the Court
with the necessary evidence to establish that the Los Angeles River and the San Gabriel
River below the mass emissions monitoring stations are bodies of water that are distinct
from the MS4 above these monitoring stations.  In other words, the record before the
Court does not show where the MS4 ends and either River begins.  In order for the
District’s actions to violate Part 2.1 of the Permit, it must be discharging pollutants from
a point source.  The Court has been presented with no evidence clearly establishing that

Case 2:08-cv-01467-AHM-PLA   Document 280    Filed 03/02/10   Page 11 of 19RB-AR10146



O
UNITED STATES DISTRICT COURT

CENTRAL DISTRICT OF CALIFORNIA

CIVIL MINUTES - GENERAL
Case No. CV 08-1467 AHM (PLAx) Date March 2, 2010

Title NATURAL RESOURCES DEFENSE COUNCIL, INC., et al. v. COUNTY OF LOS
ANGELES, et al. 

CV-90 (06/04) CIVIL MINUTES - GENERAL Page 12 of 19

the District is discharging pollutants from any given point source at or near the
monitoring stations.  

Plaintiffs pointed out during their oral argument that the District releases runoff
through outlets that are upstream of the mass emissions stations on the San Gabriel and
Los Angeles Rivers.  Ex. UU to Second Colangelo Decl. at 283:4-17 (Pestrella D. Tr.). 
Outflow from these upstream outlets would be considered discharges under the Permit
and the Clean Water Act.  However, there is no data showing that any of these upstream
discharges by the District are causing or contributing to the violations of the Water
Quality Standards.

At the hearing, Plaintiffs also argued that exceedances at the mass emissions
stations establish a violation of the Permit as a matter of law.  They cited to 40 C.F.R. §
122.26(d)(ii)(3)(D), which requires a stormwater permit application to include

A proposed monitoring program for representative data collection for the
term of the permit that describes the location of outfalls or field
screening points to be sampled (or the location of instream stations), why
the location is representative, the frequency of sampling, parameters to
be sampled, and a description of sampling equipment.

Plaintiffs assert that this regulation means that MS4 sampling need not be conducted at a
point of discharge, but instead may be conducted at a “representative” location elsewhere,
and that such a representative location may be used to determine the MS4’s compliance
with the Permit.  See Permit at T-6 (stating that the monitoring from the mass emissions
stations shall be used to “determine if the MS4 is contributing to exceedances of Water
Quality Standards”).

Where Plaintiff’s argument runs into trouble, however, is the fact that although the
mass emissions station data may be the appropriate way to determine whether the MS4 in
its entirety is in compliance with the Permit or not, that data is not sufficient to enable the
Court to determine that the District is responsible for “discharges from the MS4 that
cause or contribute to the violation” of standards under Part 2.1 of the Permit, since a co-
permittee is responsible “only for a discharge for which it is the operator.”  Permit ¶ G.4
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at 20 (emphasis added).  See also 40 C.F.R. § 122.26(b)(1) (“Co-permittee means a
permittee to a NPDES permit that is only responsible for permit conditions relating to the
discharge for which it is operator.”).  There is no evidence showing that discharges from
the District portions of the MS4 are contributing to the exceedances at the mass emissions
stations.  Plaintiffs would need to present some evidence (monitoring data or an
admission) that some amount of a standards-exceeding pollutant is being discharged
through at least one District outlet.11  They have not done so.  Consequently, the Court
cannot grant summary judgment for the Plaintiffs on any of the watershed claims. 

In their Motion for Summary Judgment, Defendants do not assert that, as a factual
matter, the runoff they are discharging from their MS4 outlets is devoid of the observed
pollutants.  They instead make the legal arguments that the Court has already rejected
above—that the flow from their MS4 outlets does not constitute discharge, that the
monitoring data cannot be used to establish Permit noncompliance, that the presence of
other sources of the pollutants absolves them of responsibility, and that the Permit
provides a “safe harbor” for Permittees that participate in the iterative process.  If the
Court had an evidentiary basis to find that the standards-exceeding pollutants did not pass
through the Defendants’ MS4 outflows at or near the time the exceedances were
observed, then Defendants could be entitled to summary judgment on these claims. 
However, neither side has introduced evidence of whether the standards-exceeding
pollutants passed through the Defendants’ outflows.

The Court therefore ORDERS each side to specify whether there is any basis in the
record or in other facts currently in their possession establishing that the standards-
exceeding pollutants identified at page 4 passed through the Defendants’ MS4 outflows at
or near the time the exceedances were observed.  In addition, both sides must disclose
whether any facts in the record or already in their possession support a finding that Water
Quality Standards were exceeded at the monitoring stations in Santa Clara River and
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Malibu Creek.  Each side’s response to these inquiries must not exceed five pages and
must be filed by March 10, 2010.  No response to the other side’s filing will be permitted.

C. Plaintiffs Are Entitled to Summary Judgment on the Surfrider Beach
Claim.

The Permit prohibits discharges from the MS4 that cause or contribute to
violations of bacterial limits during the dry summer months at beaches in the Santa
Monica Bay, including at a designated monitoring location at Surfrider Beach.  Permit at
17, 22 (Part 1.B), 24 n.4, 24 (Part 2.5), & Att. U-2.  Defendants do not dispute that
exceedances of bacterial limits at Surfrider Beach have occurred dozens of times in the
summer months since 2006.  Defendants also do not dispute that the Regional Board has
expressly identified MS4 discharges as one of the sources of fecal bacteria at the beach,
in Notices of Violations that it issued to the County and the Flood District in March 2008. 
Plaintiffs’ SUF ¶¶ 26-28, 31-32.  

Defendants make two arguments that they are not liable for the exceedances at
Surfrider Beach.  First, they argue that because there are many other potential sources of
bacteria at Surfrider Beach, the exceedances cannot be attributed to them.  However, the
existence of other potential sources is irrelevant to determining whether there has been a
violation under the Permit.  With respect to Surfrider Beach, the Permit specifies that all
permittees are “jointly responsible for compliance” with the requirements prohibiting
discharges that cause or contribute to bacterial exceedances.  Permit at 22 n.3.  Thus,
Defendants are liable for the exceedances so long as they contributed to them.

Defendants next argue that there is no evidence that they contribute to the
exceedances at Surfrider Beach, in part because none of their storm drains discharge
directly to Surfrider Beach.  Nowhere does the Permit require that a permitee discharge
directly to a monitoring site to “cause or contribute” to exceedances in violation of the
Permit.  See Permit at 17, 22 (Part 1.B), 24 n.4, 24 (Part 2.5), & Att. U-2.  Indeed, the
shoreline monitoring at Surfrider Beach itself is dispositive evidence of Permit violations. 
Permit at 16-17 (¶ 36).  The Permit specifies that if bacterial limits are exceeded at a
compliance monitoring site, the Regional Board will issue an appropriate investigative
order.  Only if the Regional Board thereafter determines that a permittee is not
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responsible for the exceedances will the permittee be absolved of responsibility.  Permit
at 17-18 (¶¶ 37-38).  Here, the Regional Board has issued Notices of Violation to the
County and the District (and the other entities that discharge to the MS4) indicating that
the discharges from the MS4 are causing or contributing to bacterial exceedances at
Surfrider Beach.  Colangelo Decl. Exs. G & H.  As Defendants conceded at oral
argument, the Regional Board has not yet made a finding that discharges from the MS4
are not contributing to the documented bacterial violations at Surfrider Beach.  See
Plaintiff’s SUF ¶ 29.  Thus, until the Regional Board decides otherwise, the Defendants
are jointly responsible (along with the other permitees) for the bacterial exceedances at
Surfrider Beach.  Consequently, summary judgment as to liability for the Plaintiffs on
this claim is warranted.

D. Plaintiffs Are Entitled to Summary Judgment on Their Claim of Illegal
Discharge into the ASBS.

Defendants make two arguments for why they should not be held liable for
discharging waste into the protected coastal Malibu ASBS.  First, they assert that the
prohibition on waste discharge has not properly been incorporated into the Permit and so
Plaintiffs cannot enforce it under the citizen suit provision of the Clean Water Act.  Next,
they argue that even if the prohibition is considered part of the Permit, Defendants cannot
be held liable for its violation because they are awaiting the outcome of their application
for an exemption from the prohibition from the State Water Resources Control Board
(“State Board”).  

1.  Incorporation of the ASBS discharge prohibition into the Permit

Contrary to Defendants’ arguments, the prohibition on discharging waste into the
ASBS is incorporated into the Permit.  The Permit prohibits “discharges from the MS4
that cause or contribute to the violation of Water Quality Standards or water quality
objectives.”  Permit at 23.  The Permit defines “water quality standard” to include “water
quality criteria contained in . . . the California Ocean Plan . . . .”  Permit at 70.  The
California Ocean Plan (“Ocean Plan”), in turn, prohibits the discharge of waste (defined
as “a discharger’s total discharge, of whatever origin”) into any ASBS.  Colangelo Decl.
Ex. C at 150, 154.  
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Defendants argue that this prohibition of discharge of waste is not a “water quality
standard” because it is located in Part III of the Ocean Plan—the program of
implementation—rather than in Part I or Part II—the beneficial uses and water quality
criteria sections.  However, the State Board found, in a precedential order issued before
the current Permit was adopted, that the “Ocean Plan discharge is a water quality
standard” that is enforceable in an NPDES Permit.  In re California Department of
Transporation, Order WQ 2001-08 at 8-9 (Apr. 26, 2001) (Colangelo Decl. Ex. I at 243-
44).  Because this was a precedential order, the Regional Board was bound to follow it
when issuing the Permit, and therefore, the prohibition on waste discharge in an ASBS is
a water quality standard for purposes of the Permit.  See State Board Order WR 96-01 at
17 n.11 (Jan. 18, 1996) (designating all water quality decisions and orders as precedential
decisions) (Second Colangelo Decl. Ex. XX at 45); Cal. Gov. Code § 11425.60
(authorizing precedential decisions by state agencies).  

Moreover, this decision by the State Board, that the Ocean Plan’s prohibition on
the discharge of waste is a water quality standard, is supported by the Clean Water Act’s
regulations.  The regulations specify, “Water quality standards are provisions of State or
Federal law which consist of a designated use or uses for the waters of the United States
and water quality criteria for such waters based upon such uses.”  40 C.F.R. § 131.3(i). 
Water quality criteria are, in turn, defined as “elements of State water quality standards,
expressed as constituent concentrations, levels, or narrative statements, representing a
quality of water that supports a particular use.”  40 C.F.R. § 131.3(b).  The prohibition on
the discharge of waste into an ASBS is a classic example of the type of narrative
statement that would qualify as a water quality criterion under this definition.  See, e.g.,
PUD No. 1 of Jefferson County v. Washington Dept. of Ecology, 511 U.S. 700, 715
(1994) (“‘[C]riteria’ are often expressed in broad, narrative terms, such as ‘there shall be
no discharge of toxic pollutants in toxic amounts.’” (citation omitted)).  

Based on this analysis, the Ocean Plan’s prohibition on discharge into an ASBS is
a water quality standard that is covered by the Permit’s prohibition on “discharges from
the MS4 that cause or contribute to the violation of Water Quality Standards or water
quality objectives.”  Permit at 23. 

2.  Defendants’ exemption application
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Defendants also argue that they need not comply with the prohibition on
discharging waste in the ASBS because they have applied for an exception from that
prohibition with the State Board and their application is still pending.  Opp’n at 23-24. 
This Court has already ruled on this issue in its June 20, 2008 Order on Defendants’
motion to dismiss.  In that Order, the Court found that the “State Water Resources
Control Board has explicitly stated that the provisions of the ‘Ocean plan’ remain fully
enforceable while it reviews the administrative applications on which Defendants rely.” 
Order at 2.  Defendants’ attempt to relitigate this issue is improper.

Moreover, the cases which Defendants rely upon are inapposite, as they involve
situations where no permit had yet been issued to regulate the defendant’s discharge, not
a situation like this one, where a valid permit limits the defendants’ discharge, but an
application for an exception is pending.  See Hughey v. JMS Development Corp., 78 F.3d
1523 (11th Cir. 1996); Mississippi River Revival v. City of Minneapolis, 319 F.3d 1013
(8th Cir. 2003).  The Defendants will not be permitted to avoid responsibility for their
conduct currently regulated under the Permit, simply because a discretionary exception
application is still pending with the State Board.  

E. Defendants Are Entitled to Summary Judgment as to Part of the
Compliance Reports Claim.

Defendants assert that they are not required to submit Receiving Water Limitations
(“RWL”) Compliance Reports under the Permit until and unless the Permittee or the
Regional Board determines that MS4 discharges are causing or contributing to an
exceedance of an applicable water quality standard.  The Court agrees.  The Permit
clearly states, “Upon a determination by either the Permittee or the Regional Board that
discharges are causing or contributing to an exceedance of an applicable Water Quality
Standard, the Permittee shall promptly notify and thereafter submit a [RWL Compliance
Report] to the Regional Board . . . .”  Permit Part 2.3.a, at 23.  In order for a Permittee to
be required to submit RWL Reports, either the Permittee or the Regional Board must
determine that discharges from the MS4 are causing or contributing to exceedances of a
Water Quality Standard.

At oral argument, Plaintiffs directed the Court’s attention to another provision of
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the Permit, which states (with respect to the Principal Permittee—the District), “When
data indicate that discharges are causing or contributing to exceedances of applicable
Water Quality Standards . . . a RWL Compliance Report . . . shall be submitted with the
subsequent Unified Annual Report.”  Permit ¶ I.C.6 at T-4 (emphasis added).  Plaintiffs
would have the Court read this language to find that anytime the monitoring data at the
mass emissions stations exceeds water quality limits, an RWL Report is automatically
required.  However, as the Court found in Part IV.B of this Order, discussing the
Watershed claims, data showing exceedances at the mass emissions stations does not
necessarily show that discharges from the MS4 are causing or contributing to those
exceedances, because the Court has been presented with no evidence establishing that
standards-exceeding pollutants are passing through an outflow of either Defendant. 
Thus, even though Plaintiffs have presented evidence of exceedances at the monitoring
stations since 2003, Fernandez Decl., Exs. A-G, this monitoring data did not
automatically invoke the RWL requirements.  Because neither the Regional Board nor the
Defendants has formally determined that the MS4 is causing or contributing to
exceedances of water quality standards in the four watersheds, Defendants are not
required to submit RWL reports with respect to these water bodies.  Thus, the Court
grants summary judgment to Defendants with respect to the claim of inadequate
Compliance Reports for the rivers and creeks.

In contrast, the Regional Board has made a determination, and notified Defendants
through formal Notices of Violation, that the MS4 is causing or contributing to
exceedances of bacterial limits at Santa Monica Bay beaches, including Surfrider Beach. 
Colangelo Decl., Exs. G & H.  These Notices of Violation were sent to Defendants on
March 4, 2008, so they were required to submit RWL Compliance Reports addressing the
violations at Surfrider Beach beginning on this date.  Defendants have each submitted
one RWL Compliance Report since receiving a Notice of Violation—their 2008
Compliance Reports.  Colangelo Decl. Exs. NN & OO.  These Reports do address the
bacterial exceedances in Santa Monica Bay, but there is a genuine issue of material fact
as to whether their discussion of the proposed changes to the monitoring program is
adequate to meet the requirements of the Permit.  SGI ¶ 62.  Thus, the Court cannot grant
either Defendants or Plaintiffs summary judgment as to the adequacy of the 2008
Compliance Reports.
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V. CONCLUSION

For the foregoing reasons, the Court DENIES summary adjudication for the
Plaintiffs as to the Watershed Claims (claims one, two, three, and the Malibu Creek
portion of claim four).  The Court reserves its ruling on the Defendants’ Motion for
Summary Judgment on the Watershed Claims pending the receipt of the briefing
requested in Part IV.B of this Order.  The Court GRANTS summary adjudication for the
Plaintiffs on claim five and on the Surfrider Beach portion of claim four.  The Court
GRANTS summary adjudication for the Defendants on all portions of claim six except
for the adequacy of the 2008 Compliance Reports’ treatment of Surfrider Beach.  The
Court DENIES summary adjudication for both parties as to the adequacy of the 2008
Compliance Reports’ treatment of Surfrider Beach.

:

Initials of Preparer SMO
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“We must continue the critical

dialogue that has begun and build

together across party, regional,

economic, and other interests a

comprehensive oceans agenda for

the 21 st century. . . . We have to make this an American issue that transcends

party and other philosophical differences, that is at the core of our own humanity

and our obligation to our children and our grandchildren.”

— President William Jefferson Clinton

President Clinton and Vice President Gore exploring tidepools in Monterey Bay 

National Marine Sanctuary with sanctuary staff. Official White House photography
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“Hope, creativity, and imagination will be required to meet the challenges that we face

with our oceans. But they are, after all, the traits that first enabled and inspired explorers

to take to the sea. They are traits that allowed us to look at our inextricable ties to our

environment and invent new ways to protect our natural wonders. . . . In the 21 st century,

these traits must lead us to preserve our living oceans as a sacred legacy for all time.”

— President William Jefferson Clinton
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— President William Jefferson Clinton
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September 2, 1999

To The President:

n June of last year, you and Vice President Gore presided over the National Ocean

Conference in Monterey, which drew together for the first time the full array of

ocean interests – from government to industry, science to conservation. Among

the many initiatives you and the Vice President launched at that historic gather-

ing were new steps to restore coastal reefs, rebuild marine fisheries, preserve free-

dom of the seas, provide public access to military data and technology, enhance

the competitiveness of America’s ports, and protect our national marine sanctuar-

ies from oil drilling.

In your address to the Conference, you also directed your Cabinet to report

back to you with additional recommendations for a coordinated, disci-

plined, long-term federal ocean policy. Today, on behalf of the

Cabinet and independent agencies with responsibility for ocean

affairs, we are pleased to submit this report with our recommen-

dations for a comprehensive policy to guide federal efforts into

the 21st century.

The national dialogue begun in Monterey reflects the diverse,

sometimes competing values inherent in our oceans. The seas

are not only a source of economic benefit and a major avenue of

world trade, but they are also a vital component of our national

defense, a natural treasure to be preserved, and a fascinating fron-

tier with secrets yet to be discovered. Our recommendations build on

the broad consensus among Conference participants on the vital impor-

tance of the oceans to our nation’s future – our economy, our security, our

health and well-being – and the challenges we face in ensuring that all the

oceans’ many resources are protected and sustained.

There is growing awareness among Americans of the many ways the oceans

2 Tu r n i n g  t o  t h e  S e a

I
Our

report reflects a

broad national consensus

on the vital importance of

the oceans to our

nation’s future.

A Look to the Future
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influence our daily lives. Farmers in the nation’s heartland depend on weather

systems driven by the interaction of the oceans and atmosphere to nourish 

their crops. Citizens who have never seen an ocean may benefit from energy and

food from the waters off our coasts. Marine organisms provide the cure for many

diseases and the promise of many more cures. Ocean-going vessels carry the bulk

of our world trade, linking us to the global marketplace and keeping our economy

strong. Our naval forces, which preserve the international freedoms of navigation

so crucial to maritime commerce and global stability, use ocean data daily in their

worldwide operations. A strong national security is essential to our nation’s

ocean policy.

At the same time, we have come to understand that the “boundless” oceans have

limits. They cannot provide unlimited fish to feed the growing populations of the

world, nor can they absorb unlimited wastes from human activities. We also are

beginning to realize the importance of preserving the oceans’ complex and deli-

cate balances. Non-native species discharged from ships’ ballast tanks into U.S.

waters can irrevocably alter an ecosystem. Toxic algal blooms are degrading

many coastal areas; knowing how they form will be key to preventing future out-

breaks. And unchecked coastal development risks destroying ocean habitats that

sustain economic activity and the natural splendor that for ages has drawn us to

the sea.

One thing is clear: if we truly are to protect our oceans – and the many 

benefits they provide – we first must better understand them. We only recently

discovered whole colonies of previously unknown types of life surviving at great

ocean depths, drawing their life energy – not from the sun like other known 

life forms – but from chemicals under the seafloor. We have dis-

covered that life exists in every drop of sea water, and we have 
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refined our understanding of the way the oceans drive climatic patterns like El Niño,

which shape the weather across the globe. Yet, despite such advances, the seas

remain largely unexplored. More ocean data and research are critical for identifying

new resources and economic opportunities, maintaining our military readiness, and

ensuring healthy oceans for future generations.

In developing the recommendations contained in this report, we have been guided by

the following core principles:

Sustaining the economic benefits of the oceans – Future generations deserve to

inherit healthy, bountiful oceans.

Strengthening global security – Freedom of the seas is integral to the strength

and security of our nation.

Protecting marine resources – Strong protection of our ocean and coastal environ-

ment, using a precautionary approach and sound management, is no longer a choice,

but a necessity.

Discovering the oceans – Exploring and understanding the oceans is critical to our

well-being and survival.

In the pages that follow, we offer specific recommendations in twenty-five subject

areas. For example:

To sustain economic benefits, we recommend working with coastal communities on

plans for sustainable development; creating new incentives to reduce overfishing and

develop guidelines for environmentally sound aquaculture; and increasing support for

identifying and harvesting marine resources with pharmaceutical benefits.

To strengthen global security, we recommend working with the U.S. Senate to ensure

early ratification of the Law of the Sea Convention; improving our ability to detect and

deter maritime threats before they reach our shores; expanding efforts to maintain

and exercise traditional freedoms of navigation and overflight around the world; and

extending to 24 nautical miles the “contiguous zone” for enhanced federal law

enforcement purposes.
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To protect marine resources, we recommend coordinating federal efforts with

state and local “smart growth” initiatives in the coastal zone; taking new steps 

to reduce urban and agricultural runoff; strengthening efforts to protect and

restore essential fish habitat; and exploring the concept of marine wilderness

areas.

To better understand and use the oceans, we recommend expanding

coastal, open-ocean, and seafloor observations; integrating satellite,

buoy, and other observing networks; advancing basic and

applied research to increase our knowledge of ocean and

coastal areas; supporting exploration in underwater areas;

and establishing a coordinated effort to promote ocean

science education.

To ensure a coordinated, focused, federal effort to imple-

ment this report, we recommend establishment of a

high-level task force composed of undersecretaries of 

relevant agencies and departments to be chaired by the

Deputy National Security Advisor and the Chair of the

Council on Environmental Quality.

We believe this report makes an important contribution to the

national dialogue begun last year in Monterey. We look forward to

working with you in developing and implementing a comprehensive

federal policy to explore, protect, and sustain our oceans in the new millennium.

Sincerely,

Richard Danzig William M. Daley

Secretary of the Navy Secretary of Commerce

Today

we offer recommenda-

tions for a comprehensive

federal policy to explore, pro-

tect, and sustain our oceans

in the new millennium.
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“Seventy-one percent of our planet is ocean, and seventy-one percent of our

body is salt water. . . . There is this extraordinary connection between who we

are as human beings and what happens in this magnificent body of water.”     

— First Lady Hillary Rodham Clinton
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Future generations deserve to inherit healthy, bountiful oceans.

RB-AR10165



ur marine transportation system – which consists of waterways, ports and

their intermodal connections, vessels, vehicles, and system users – supports

our economy and national security through dependable all-weather trans-

portation for the movement of goods and people. It is the most flexible, most cost-

effective, and safest mode of domestic and international freight transportation,

providing competitive access to suppliers and markets in an increasingly global

economy. It enables the swift mobilization and supply of America’s military, both

through military assets and through the sealift and logistical support provided by

the private commercial U.S. flag merchant fleet. And it also provides recreational

value to millions of boaters, fishermen, and cruise passengers.

By 2010, U.S. foreign trade in goods is projected to more than double today’s value,

reaching $5 trillion in constant dollars, with the volume of foreign trade cargo

increasing by more than 30% to 1.7 billion metric tons. This rise in marine trade 

is expected to fuel demand for increasingly flexible and less expensive marine

transportation services. This demand, as well as increases in recreational use,

high-speed ferry transportation, cruise ship traffic, commercial fishing, and

expanded U.S. military needs for force projection and supply, will strain the

marine transportation system’s services and infrastructure. However, the ability

of today’s system to handle tomorrow’s emerging needs is severely challenged.

In response to a Congressional mandate, the Coast Guard, the Maritime

Administration, the Army Corps of Engineers, the National Oceanic and

Atmospheric Administration, the Environmental Protection Agency,

and nine other federal agencies collaborated with stakeholders 

to assess the marine transportation system and present their 

findings in a report to Congress. The report of the Marine

Transportation System Task Force addresses several concerns

and recommendations to be implemented by the combined

efforts of the private, local, state, and federal sectors.

Highlights of the report are presented here.
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Ongoing Concerns

● Many federal agencies, state and local governments, port

authorities, private industries, and labor groups share respon-

sibilities for managing safety, security, and environmental 

protection, making coordinated responses to challenges and

opportunities very difficult to achieve.

● Innovative U.S. financing, regulatory changes, and tax 

mechanisms may be needed over the long run to spur the 

substantial public and private capital investments needed to

meet growing demands.

● The marine transportation system infrastructure and support-

ive information systems may be stretched to their limits to

cope with projected increases in both the system’s users and

the size, speed, and diversity of vessels.

● Growth in vessel traffic will increase risks to sensitive ocean,

coastal, and inland environments.

Recommendations

● Facilitate coordination among all stakeholders by establishing

a federal Interagency Committee for the Marine Transportation

System, a nonfederal Marine Transportation System National

Advisory Council, as well as regional and local committees.

● Explore funding strategies that coordinate public funding

processes and maximize the effectiveness of public and 

private investments.

● Improve competitiveness and safety by establishing infra-

structure and information systems that streamline vessel

inspection, reporting and port clearance procedures, and that

improve the marine transportation system traffic forecasts.

A m e r i c a ’ s  O c e a n  F u t u r e   9

● Create a

national coopera-

tive marine transportation

system research program.

● Achieve environmental protection and safe-

ty through improving local coordination, ballast

water management, and design and system man-

agement of dredged channels.

● Establish supporting information management 

and infrastructure in: hydrographic and weather

information; tracking cargo, passengers, and vessels;

and waterways traffic management information.

● Meet national security objectives by balancing com-

mercial demands with safeguards and inspections to

protect against security threats and support military

mobilization.

For more information

■ http://www.uscg.mil

■ http://www.marad.dot.gov

■ http://www.nos.noaa.gov

■ http://www.usace.army.mil

■ http://www.epa.gov/

owow/oceans

©Wolcott Henry

RB-AR10167



he recent rapid expansion of trade, wealth, and recreational opportunities has led 

to a corresponding growth in vessel traffic and in the potential for accidents. About

3,500 ships are involved annually in accidents on our nation’s waterways, and 50%

of waterborne cargo contains hazardous materials. Human error is the cause of

approximately 80% of those accidents. Educating mariners, pilots, crew, and res-

cuers about navigational concerns and maintaining a continuing dialogue among

marine user groups will facilitate the creation of a safer operating environment.

To reduce the risk of accidents and spills, U.S. mariners and harbor pilots

need information derived from new integrated electronic technolo-

gies, such as seafloor mapping, detailed large-scale digital vector

charts, precise positioning systems, and real-time and predict-

ed oceanographic and meteorological data. Expanded over-

seas charting services are also needed to support U.S. mili-

tary and commercial navigation in foreign waters.

Because most of the nation’s harbors and channels are

not naturally deep enough to accommodate modern ves-

sels, the U.S. dredges an average of 275 million cubic yards

of sediment a year to maintain and improve the 299 deep-

draft (greater than 14 feet) and 626 shallow-draft naviga-

tion projects. However, routine dredging can be environ-

mentally destructive, and many of America’s greatest sea-

ports have contaminated sediment that cannot be dredged

without harm to the environment. The nation’s need for safe, effi-

cient marine transportation must be balanced with the priority of

healthy coastal waters.

Ongoing Concerns

● The rapid advance in the technological capabilities of navigational aids has out-

paced the government’s ability to provide the quality-controlled, standardized

data streams needed to “fuel” new navigation products and systems.

1 0 Tu r n i n g  t o  t h e  S e a

TProvide tools for

safe navigation to

eliminate deaths, injuries,

and environmental

and property

damage. 
Premised

on mutual respect and

shared commitment by govern-

ment, industry, and labor, the Coast

Guard’s Prevention Through People pro-

gram promotes marine safety and environmen-

tal protection by addressing the human element –

the root cause of approximately 80% of marine

accidents. Through this program, the Coast Guard

works with mariners to develop innovative, non-

regulatory solutions to human element issues,

such as publishing advisory risk management

guidelines and other “lessons learned”

documents.

http:www.uscg.mil/hq/

g-m/nmc/ptp/

Safe Navigation
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● Many areas of U.S. coastal waters have not been mapped in 50 years, including 35,000 of the 43,000

square nautical miles identified in 1993 as critical to U.S. ports and their approaches.

● Although increased maintenance dredging for existing navigation channels and additional dredging

requirements for port improvements are required, better dredging techniques have not been identified.

● The greatest threat to safe navigation is human error. Yet, too few educational programs exist to teach

commercial and recreational mariners the importance of human error in accident prevention.

Recommendations

● Eliminate the hydrographic survey backlog of 35,000 square nautical miles of critical areas in U.S. ports

and their approaches, and map the one-third of the 95,000 miles of U.S. coastline that has never been

mapped using photogrammetric methods.

● Complete the production of electronic charts for U.S. and overseas waters, and develop an electronic sys-

tem for disseminating timely updates and corrections to U.S. military and civilian mariners worldwide.

● Deploy real-time environmental observation and prediction systems, such as the Physical Oceanographic

Real-Time System (PORTS), in U.S. high-traffic areas, and complement them with high-resolution predic-

tions of all navigationally significant weather and oceanographic conditions.

● Expedite the development of technologies for maintaining navigation channels to improve the reliability

and safety of federal navigation projects.

● Conduct research on effective and environmentally sensitive management of sediment, reduction of

the flow of sediment into waterways, remediation of contaminated sediment, and disposal of dredged

spoil in an environmentally sound manner.

● Develop educational programs to teach commercial and recreational mariners the importance of

avoiding human error in accident prevention.

For more information
■ http://chartmaker.ncd.noaa.gov

■ http://www.usace.army.mil

■ http://www.opsd.nos.noaa.gov/d_ports.html

■ http://www.uscg.mil/

■ http://marine.er.usgs.gov

■ http://www.epa.gov/owow/oceans/dmmp
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he travel and tourism industry is the nation’s largest employer and second-

largest contributor to the U.S. gross domestic product, generating over $700 

billion annually. Coastal tourism and recreation comprise the largest and

fastest-growing sector of the U.S. service industry, accounting for 85% of all

tourism-related revenues.

Many coastal communities depend on healthy coastal ecosystems and clean

coastal waters for their survival. Yet rapidly growing coastal populations,

increasing numbers of visitors (180 million annually), and unsustainable coastal

development are degrading the water quality and destroying the habitats that

are the main attractions of coastal areas. Although tourism and recreation-

related development are major factors shaping the use and management of 

U.S. ocean and coastal resources, this sector has not been regarded as requiring

policy, management, planning, and resources. The federal government can help

tribes and states, which have key roles in managing coastal tourism, achieve

their goals of protecting vital coastal ecosystems while promoting economic

growth and economic stability.

Ongoing Concerns

● Federal efforts to help tribal, state, and local partners promote and implement

sustainable practices for coastal recreation and tourism are fragmented or 

limited.

● There is no systematic data collection on the magnitude, value, and impacts 

of coastal tourism and recreation, which should be the foundation of sound

planning and sustainable management.

● Federal efforts to educate tourists and recreational users about safe and sus-

tainable use of coastal resources are expanding, but the lack of coordination

and resources significantly limits progress, and key opportunities are missed.

● Current financial and technical resources available to federal, tribal, state, and

local entities are inadequate to effectively manage and safeguard many of the

1 2 Tu r n i n g  t o  t h e  S e a

TCreate long-term

opportunities for

coastal tourism through

sustainable practices and

effective environmental 

protection.

Coastal Tourism
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coastal and marine protected areas and other tourism and recreation resources 

(e.g., national marine sanctuaries, national and state parks, city beaches) that are 

the foundation of coastal tourism and recreation.

● There are too few areas for marine tourism use.

Recommendations

● Collect and provide access to information on the magnitude, value, and

impacts of ocean and coastal recreation and tourism, including infor-

mation on a coastal-county basis and studies on the dynamics of

tourism in coastal and marine areas.

● Build on existing groups to coordinate relevant federal, tribal,

state, and other programs dealing with ocean and coastal

resource management to foster a sustainable tourism industry.

● Mobilize public/private partnerships to develop coordinated and

effective policies and public outreach programs related to coastal

recreation and tourism.

● Provide guidance and technical assistance to tribal, state, commu-

nity, and private-sector partners to help them sustainably manage

coastal recreation and tourism.

● Evaluate current federal, tribal, state, and local programs related to

recreation and tourism, and develop best management practices as part

of general guidelines for managing sustainable recreation and tourism

industries in the nation’s coastal zones.

● Working with tribal, state, and local governments, create new areas for sustainable

marine tourism, and provide access to these areas.

For more information
■ http://state-of-coast.noaa.gov/

■ http://www.epa.gov/surf2

■ http://www.mms.gov/intermar/marineac.htm

■ http://www.whitehouse.gov/PCSD/

A m e r i c a ’ s  O c e a n  F u t u r e   1 3

In

South Florida, the

environment is the economy.

A recent study found that over 2.3

million visitors spent $1.6 billion in

1997 on recreation and tourism in the

Florida Keys. The total economic impact of

the visitors was $2.9 billion in output/sales,

$1.7 billion in income, and almost 28,000

jobs. Ninety-four percent of all recreating

visitors were concerned about protecting

the environment of the Florida Keys.

http://www-orca.nos.noaa.gov/

projects/econkeys/

econkeys.html

CMC ©Don Kincade
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ur coastal communities are the most densely populated and fastest growing

areas in the U.S.: 14 of the nation’s 20 largest cities are coastal, over 40% of new

commercial and residential development is along the coast, and approximately

3,600 people move to the coast every day. Over 50% of the U.S. population lives

by the coast today; by 2025, this figure is expected to reach 75%.

Coastal communities contain some of the nation’s most productive and diverse nat-

ural resources, including valuable habitats, fisheries, recreational areas, and natural

treasures. However, growing demands for access to the coast have resulted in habi-

tat loss, water pollution, increased polluted runoff, and sprawl. Helping communi-

ties reduce damage from natural disasters, address contamination sites (e.g., brown-

fields), and revitalize waterfronts will make better use of existing developed areas

and reduce unwise new development.

In addition, some portions of the U.S. coastline are severely eroding, threatening the

property and livelihoods of coastal communities. Federal offshore sand resources,

which are used for beach nourishment projects, are needed to address erosion prob-

lems. However, there are concerns about environmental harm from sand collection

and replenishment activities, as well as potential conflicts with other users of the

coastal ocean, such as fisheries.

Ongoing Concerns

● Many coastal communities lack the tools, resources, and information to 

strategically and sustainably address the impacts of rapidly growing coastal 

populations, including increased runoff from developed areas.

● Some federal and state development policies and practices have unintentionally

encouraged suburban sprawl and disinvestment in urban cores, or building in

disaster-prone areas.

● Some policies have allowed for public and private investment in coastal

areas prone to natural disasters, increasing the risks of loss of life and

property and damage to natural habitats.

Create coastal

communities with 

sustainable economies

based on well -planned 

development and healthy

coastal ecosystems.

Coastal Communities

O
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● No overall management framework exists to ensure

that federal offshore sand resources are used in a

timely, cost-effective, and environmentally

sound manner.

Recommendations

● Promote comprehensive management by

helping tribal, state, and local governments

adopt and implement sustainable develop-

ment management plans for coastal zones.

● Examine and revise policies and programs,

such as flood insurance subsidies, that pro-

mote unsustainable or hazardous development.

● Increase support for tribal, state, and local efforts

to plan for and mitigate the impacts of natural haz-

ards on communities and natural resources; to redevel-

op brownfields appropriately and revitalize waterfronts in

coastal communities; and to reduce the flow of polluted runoff

into coastal watersheds, bays, and estuaries.

● Work with tribes, communities, states, nongovernmental organi-

zations, and across federal agencies to produce useful indices of

sustainable development to measure and track progress at local,

regional, and national levels.

● Work with tribes, communities, states, nongovernmental organi-

zations, and across federal agencies to create a coordinated 

“digital coast” electronic information system for coastal decision

makers that provides easy access to comprehensive data on such

topics as community vulnerability to natural hazards, impacts of

land-use changes, and maps and descriptions of coastal habitats.

● Form closely coordinated partnerships among the federal gov-

ernment, tribes, coastal states, and communities to develop

A m e r i c a ’ s  O c e a n  F u t u r e   1 5

region-

al sand

manage-

ment initia-

tives; analyze

the potential

impacts associated

with the use of fed-

eral sand resources;

and identify possible 

mitigation measures to 

offset these impacts.

For more information

■ http://state-of-coast.noaa.gov/

■ http://www.mms.gov/intermar/

marineac.htm

■ http://www.epa.gov/win

■ http://www.epa.gov/surf2/

■ http://marine.er.usgs.gov

■ http://www.whitehouse.

gov/PCSD/

■ http://www.livable

communities.gov

Thirty-

three of the thirty-five

U.S. coastal states and territories

now have coastal zone management

plans to help coastal communities improve

long-term planning and sustainable use of

their natural resources. This state-federal partner-

ship helps communities implement pollution con-

trols, land-use planning, waterfront revitalization,

education and other efforts to address growing coastal

populations and to reduce habitat destruction, harmful

algal blooms, runoff pollution, and vulnerability to

storms and other hazards. For example, in Florida,

coastal management is helping revitalize waterfront

areas, and plan and implement the South Florida

Ecosystem Restoration Initiative, the largest

coastal restoration project in history.

http://www.nos.noaa.

gov/Programs/ocrm.

html
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Increase the 

long-term economic

and social benefits to the

nation from living marine

resources by eliminating over-

fishing and rebuilding overfished

stocks important to commercial,

recreational, and subsistence 

fisheries.

1 6 Tu r n i n g  t o  t h e  S e a

aters under U.S. jurisdiction contain more than one-fifth of the world’s most

productive marine areas. However, fisheries resources in these waters, the

ecosystems that support them, and the communities that depend on them are

under increasing pressure to meet a growing demand from consumers, who spend

about $46 billion a year on fish products.

In the past, U.S. government subsidies fostered increases in capacity in the fisheries

sector, and until recently, many fisheries in the U.S. had unrestricted access. As a

result, too many boats were chasing too few fish. Several other factors have exacer-

bated the problems facing domestic fisheries. Bycatch (the incidental capture of

nontarget species) has significantly harmed many species of fish and endangered

sea turtles, marine mammals, and birds. In addition, much of the bycatch is dis-

carded because it is less valuable than the target species. Other human stressors,

such as coastal development, pollution, anchoring on coral reefs, and some types of 

fishing gear, have substantially degraded habitat essential for fish productivity.

With strong management in recent years, such as the federal implementation 

of programs controlling access to fisheries, many stocks are beginning to recover.

Several fisheries have also begun to address the bycatch issue by requiring turtle-

and fish-excluder devices, and the regional Fishery Management Councils are

involving broader communities in the management of the nation’s fisheries. But

even with current efforts, 33% of federally managed fish stocks are overfished, and

it will take ten years or more before some fisheries fully recover and become com-

mercially viable and sustainable. New fisheries management practices will require

a more broad-based ecosystem approach.

Ongoing Concerns

● Fishing overcapacity continues to exist in many U.S. fisheries.

● Bycatch of nontarget species, although declining, continues to threaten

marine biodiversity and reduce economic opportunities in other fisheries.

● Current harvest restrictions may have to be even more stringent to 

W
Domestic Fisheries
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eliminate overfishing and rebuild stocks to

achieve sustainable economic benefits.

● The status of 65% of federal marine fisheries

stocks is unknown, hampering our ability to

manage fisheries sustainably.

● There are major data gaps on bycatch levels 

in many fisheries and on the impacts of fish-

ing activities on most essential fish habitats.

● The short-term effects of much-needed

marine conservation measures may severely

strain the economies of local communities.

● Consumers are unaware of how their con-

sumption drives fishing pressure, and are

unable to distinguish between sustainably

and nonsustainably harvested fisheries 

products.

Recommendations

● Evaluate and apply creative measures to

reduce fishing overcapacity, including 

leveraged buy-outs and rights-based fishing.

● Create short- and long-term opportunities to

decrease the economic burden on fishing com-

munities by redirecting fishing effort into supporting activi-

ties, such as fishery research.

● Provide fisheries managers with the best available technolo-

gy to survey and properly assess  fish stock levels, enabling

them to better set appropriate fishing limits.

● Create incentives to reduce adverse effects on nontarget

species and marine habitat.

A m e r i c a ’ s  O c e a n  F u t u r e   1 7

● Develop tech-

nologies to improve

fisheries science and

further reduce bycatch and

waste.

● Explore the scientific and conser-

vation benefits of marine harvest

refugia and other protected areas.

● Support the development of 

an ecolabelling system that 

provides consumers with 

additional information so 

that they have the option of 

purchasing sustainably 

harvested fish.

● Seek Congressional support 

for the Clinton/Gore Lands

Legacy Initiative, which calls 

for significant funding to help

restore U.S. fisheries.

For more information

■ http://www.nmfs.gov

■ http://www.uscg.mil

■ http://www.st.nmfs.

gov/st1/index.html 

■ http://www.nmfs.gov/councils/

■ http://www.nmfs.gov/sfa/

Georges Bank, one of

the richest fishing

grounds in the world,

was overfished first by

foreign fleets, then by

the build-up of the U.S.

domestic fleet. Today,

as a result of  strong

management actions,

haddock, cod, and

flounder populations

and the fishing yields

from these stocks are

once again increasing.

The scallop fishery has

recently reopened in a

portion of Georges Bank

under a pilot project

that supports the fish-

ing industry and pro-

motes sustainable har-

vesting.
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ncreasing  world population and  wealth have led to higher demand for edible

fish and excess capacity of fishing boats. The United Nations (UN) Food and

Agriculture Organization (FAO) forecasts that by 2010, worldwide demand for

seafood will top 110 million tons, but catches will fall short by 40 million tons.

Nearly 70% of the world’s marine fish stocks are overfished, fully exploited, or

rebuilding only under protective management regulation. Pressure to increase

production already has the industry fishing farther down the food chain, causing

potential imbalances in the ecosystem. The race for fish also leads to high rates

of bycatch – of nontarget fish species and vulnerable marine mammals, turtles,

and seabirds alike – and wasted discards.

Though a growing number of regional organizations are charged

with managing specific fish stocks, the future of the world’s fishery

resources is uncertain. At the 1992 Earth Summit in Rio de Janeiro,

all nations joined in the call for new international agreements and

mechanisms to achieve sustainable marine fisheries. The U.S., as

one of the world’s leading fishing nations, plays a key role in

expanding international cooperation to manage and conserve 

global fishery resources. For example, the U.S. has successfully 

used trade measures – or the threat of trade measures – to convince

exporting nations to end wasteful and destructive fishing methods.

Focused effort can be especially effective because only ten coun-

tries, including the U.S., account for 70% of total global production.

Ongoing Concerns

● The two key tools for international fisheries management – the

1995 UN Straddling and Highly Migratory Fish Stocks Agreement

(Straddling Stocks Agreement) and the FAO Agreement on High-

Seas Fishing Vessel Compliance (FAO Compliance Agreement) –

have yet to enter into force. Also, the FAO Code of Conduct for

Responsible Fisheries (Code) is not yet widely implemented by

1 8 Tu r n i n g  t o  t h e  S e a

International Fisheries

IWork with 

other nations to 

protect and conserve

shared living marine

resources.

The United States

led negotiations that

recently established

international

treaties protecting

endangered sea tur-

tles in the Western

Hemisphere and

dolphins in the

Eastern Pacific.

These ground-break-

ing agreements

establish interna-

tional standards 

for fishing practices

that minimize

bycatch and acciden-

tal mortality.
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fishing nations.

● Nations continue to subsidize their fishing industries, leading to

overcapitalization of fishing fleets and increasing pressure to

maximize harvest.

● Conservation and management schemes are undermined by ille-

gal, unregulated, and unreported fishing. A number of nations

also offer “flag of convenience” registry to fishing vessels with

no accompanying oversight of their fishing practices.

● Conservation and management schemes have not always been

successful in averting overfishing or allowing for the rebuilding

of depleted stocks.

● Parties to international agreements and regional fishery man-

agement organizations often exceed agreed-upon quotas or are

out of compliance with those organizations’ conservation and

management regimes.

Recommendations

● Promote ratification by signatory nations of the Straddling

Stocks Agreement and the FAO Compliance Agreement, and

implementation of the FAO Code at all appropriate bilateral

meetings.

● Develop proposals to implement key provisions of the above

agreements, such as a precautionary approach and trans-

parency (openness in the decision-making process), through

regional fishery organizations and arrangements.

● Increase bilateral pressure to foster agreements to rebuild over-

fished species and to deter illegal, unregulated, and unreported

fishing. Participate actively in FAO initiatives to develop an

international plan of action to address such fishing practices.

A m e r i c a ’ s  O c e a n  F u t u r e   1 9

● Take a leading role in

implementing the new FAO

action plan on fishing fleet 

overcapacity.

● Strongly encourage the members of 

the World Trade Organization to eliminate

subsidies that lead to overcapacity as part of 

the new round of negotiations set to begin in

November 1999.

● Support and develop means (including trade-based

means) bilaterally and through regional fisheries

organizations, to ensure compliance with fishery

management initiatives. Identify and negotiate 

new regional, multilateral agreements to eliminate

destructive fishing practices.

● Work with other countries to evaluate vulnerable

marine species, and take an active role in 

international decision-making on listing 

new marine species under the Convention on

International Trade in Endangered Species 

of Wild Flora and Fauna.

For more information
■ http://www.nmfs.gov

■ http://www.state.gov/www/global/oes

■ http://www.uscg.mil/

■ http://www.fao.org/waicent/

faoinfo/fishery/
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xpected increases in world population are projected to intensify the global

demand for edible seafood. The aquaculture industry, which propagates and

rears aquatic plants and animals, can provide consumers with high-quality, safe,

and affordable seafood and other important fish products, and thereby reduce 

pressure on wild stocks and help their recovery.

The global aquaculture industry, whose production is valued at nearly $1 billion in

the U.S. and $40 billion worldwide, currently supplies less than 10% of the nation’s

seafood demands. Improving U.S. aquaculture production can simultaneously pro-

vide more seafood to domestic markets and help offset the U.S. trade deficit in edi-

ble seafood products, which has increased by 139% since 1992 and now stands at 

$6 billion annually – the largest for any agricultural commodity. Aquaculture can

also make major contributions to U.S. local, regional, and national economies by cre-

ating business opportunities both here and abroad and by providing employment

in a new and diverse industry.

The U.S. has the opportunity to lead the world in developing sustainable aquacul-

ture technologies based on renewable resources and advancing international guide-

lines for the industry, which provides 25% of the world’s fish supplies. However, the

continued growth of aquaculture in land-based systems and coastal environments

and any expansion of aquaculture into the U.S. Exclusive Economic Zone must be

conducted in an environmentally sound manner. Although coastal environments

are primarily under state control, the federal government can play a significant role

in assisting tribal and state aquaculture efforts through research and the regulatory

process.

Ongoing Concerns

● U.S. aquaculture development is restricted by a lack of species ready for commer-

cial culture, sophisticated engineering requirements, sparse information on dis-

eases and ways to treat them, and marketing and distribution concerns.

● Concern exists about the potential environmental impacts of some aquaculture

2 0 Tu r n i n g  t o  t h e  S e a

Promote the

development of 

environmentally safe 

and sustainable aquaculture

to meet the growing national

and global needs for protein 

from seafood and to relieve 

pressure on wild fish stocks.

E
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operations, especially genetic and disease consequences for wild

stocks, introduction of nonindigenous species, coastal habitat

alteration, effluent effects on habitat, and interactions with

marine mammals and endangered species.

● No comprehensive regulatory framework exists

for permitting aquaculture operations.

● Although aquaculture has proven to be 

a valuable tool to increase salmon 

populations, its effectiveness 

remains unknown for other fish 

and shellfish stocks.

Recommendations

● Support research and develop pilot

projects for hatchery and nursery

development, closed-system produc-

tion techniques, processing, and

marketing.

● Work with stakeholders to develop guide-

lines for environmentally sound and sustain-

able aquaculture by the end of the year 2000, and

promote domestic and international compliance with

them.

● Work with stakeholders to create an integrated regulatory

framework for coastal or inland aquaculture.

● Develop a comprehensive federal permitting and certification

process for the open-ocean aquaculture industry in the U.S.

Exclusive Economic Zone, consistent with the U.S. policy on non-

indigenous species.

A m e r i c a ’ s  O c e a n  F u t u r e   2 1

● Integrate aquaculture

development with wild stock

management and environ-

mental stewardship.

● Evaluate wild stock

enhancement through

aquaculture as a

method to accelerate

recovery of depleted

stocks, and implement

stock enhancement

programs where practi-

cable.

● Through the Joint

Subcommittee on

Aquaculture, improve 

coordination of U.S. govern-

ment aquaculture research 

and assistance to tribal, state,

and local governments, and

industry.

For more information
■ http://swr.ucsd.edu/fmd/bill/aquapol.htm

■ http://www.susdev.noaa.gov/aqucult.html

■ http://www.fao.org/waicent/

faoinfo/fishery/

Aquaculture

research continues to pay

off. As a result of Sea Grant research,

a small, local soft-shell crab industry has

grown to a multi-million-dollar investment

extending from New Jersey to Florida. Working

with the fishing industry, researchers, students, and

others, aquaculture specialists have provided seed oys-

ters and expertise to rebuild oyster bars in the

Chesapeake Bay. And in New England, many community

partnerships are underway to develop small-scale, low-

impact economic opportunities in shellfish aquaculture

for local fishermen using new information and

technologies.

http://www.nsgo.seagrant.

org/research/aquaculture/

index.html
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n 1990, leading scientists predicted that the application of the modern tools 

of biotechnology and molecular and cellular biology to marine organisms and

ecosystems would create a revolution in the ocean sciences that would be funda-

mental in nature, exponential in pace, and unprecedented in its scientific and eco-

nomic impacts. In the decade that has followed this prediction, stunning results

have been reported as the tools of marine biotechnology have been applied to

solve problems in the areas of public health and human disease, seafood safety

and supply, new materials and processes, and marine ecosystem restoration and

remediation.

Many classes of marine organisms demonstrate a wide variety of compounds

with unique structural features that suggest medicinal, agricultural, and industri-

al applications. However, even though 80% of all life forms on Earth are present

only in the oceans, their enormous potential as the basis for new products

remains largely unexplored. The U.S. government has traditionally invested less

than 1% of its total biotechnology research and development budget in marine

biotechnology. Productive new avenues for the commercial development of

marine-derived compounds will enhance the use of aquatic resources and con-

tribute to the global economy.

Ongoing Concerns

● There may exist potential risks related to the release of genetically altered

species within the marine environment.

● Current technology is inadequate both to access remote marine biotechnology

sites and to commercially develop marine biotechnology products.

● A lack of information about baseline conditions of the marine environment

makes it difficult to assess the environmental impacts of biotechnology.

● There is no mechanism currently in place to ensure that profits derived from

publicly owned resources will be shared with the public and used appropriately.

2 2 Tu r n i n g  t o  t h e  S e a

ITap the enormous

potential of marine

species for developing 

new pharmaceuticals and

biomaterials, and apply the

tools of biotechnology to restore

and monitor the marine  

environment.

Biotechnology
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Recommendations

● Increase support for sustainable harvesting and testing of

marine compounds by both government agencies and commer-

cial pharmaceutical companies as possible treatments for AIDS,

inflammatory or infectious diseases, and cancers.

● Assess the potential risks of genetically modified marine

organisms to human health, marine diversity, and the

environment, and communicate any concerns to

the public.

● Develop investment incentives to encour-

age partnerships with academia and

industry in marine biotechnology.

● Support research on the environmen-

tal effects of extracting marine organ-

isms for biotechnology purposes.

● Support the application to marine 

sciences of modern biotechnology

tools commonly used in the 

biomedical arena.

● Develop technologies to access and 

develop marine biotechnology sites, such

as remote and manned submersibles, and

techniques to screen products and commercially

reproduce chemical compounds without requiring

more raw material.

● Focus on organisms found in extreme environments to 

identify unique products with high commercial potential.

● Consider establishing a federal marine environment fund to

benefit from royalties and payments from commercial uses of

federally owned resources.

A m e r i c a ’ s  O c e a n  F u t u r e   2 3

For more 
information

■ http://www.imb.nrc.ca/imb/

imb.html

■ http://www.nsgo.seagrant.org

■ http://www.umbi.umd.

umd.edu/

■ http://www.biotech.

wisc.edu

■ http://www.eng.nsf.

gov/bes/

default.htm

■ http://www.geo.nsf.

gov/oce/biotheme.

htm#tech

■ http://www.

nucb.org/

Dozens

of promising sea-based

products are being developed,

including a cancer therapy made

from algae and a painkiller taken from

snails. Other products, such as an anti-

inflammatory drug extracted from an

organism called the Caribbean sea whip, are

under review by the U.S. Food and Drug

Administration.

http://www.fda.gov/

fdac/features/1998/

198_deep.html

Gray’s Reef National Marine Sanctu
ary
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he outer continental shelf contains significant oil and gas resources that are vital

to our domestic energy supplies and national security needs, contributing 22% of

domestic oil and 27% of natural gas production. Natural gas reserves in the outer

continental shelf are particularly important because natural gas has major envi-

ronmental benefits over other fossil fuels. Cleaner burning, it is increasingly

being used in the conversion of electrical power-generating stations from oil-

or coal-fired facilities.

The federal share of offshore oil and gas revenues averages about

$4 billion a year. Much of the existing leasing and development

occurs in the central and western Gulf of Mexico. In recent years,

the rapid development of deep-water technology has led to a

strong move by industry to both lease and operate in ever-deeper

waters. Over 4,000 platforms are operating in waters up to 3,900

feet deep, and over 30 rigs are drilling in water deeper than 1,000

feet, including one deeper than 7,700 feet. By the end of 2000,

production from Gulf deep-water fields is expected to account for

one-half of the total Gulf of Mexico outer continental shelf oil

production and one-third of the total outer continental shelf gas

production.

Advances in technology have made offshore oil and gas produc-

tion cleaner and safer than ever. Since 1980, 6.9 billion barrels of

outer continental shelf oil have been produced with a spillage

rate of less than 0.001%. Despite these advances, however, envi-

ronmental concerns have led to congressional and executive

moratoria since 1981, and many of our coastal areas are now

closed to new leasing through the year 2012. In addition, new

leases are permanently banned in National Marine Sanctuaries.

Many coastal states and communities object to oil and gas devel-

opment off their coastlines. One way that coastal states and the public can par-
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TMaintain safe

and environmentally

sound domestic energy

supplies and alternative 

fuel sources.

To date, offshore oil

and gas activity has

provided over $19.7 

billion to the nation’s

Land and Water

Conservation Fund.

Each year, however,

Congress does not

fully use these funds

for conservation. The

Clinton/ Gore Lands

Legacy proposal

would ensure that the

monies are spent only

for their original pur-

pose – improving and

protecting our

nation’s lands and

waters.

Offshore Oil and Gas
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ticipate in decisions on federally regulated offshore activity is

through the coastal zone consistency process, which allows

them to review and comment on proposed projects or permits

that may affect state coastal management programs. Federal

actions likely to affect any land/water use or other natural

resources in the coastal zone must be consistent with the states’

enforceable policies.

Ongoing Concerns

● Multiple-use conflicts can arise between outer continental

shelf oil and gas activities and other ocean-based activities,

such as commercial and sport fishing, tourism and recreation,

vessel traffic, military operations, and marine protected areas.

● While outer continental shelf oil and gas development brings

employment and revenue to coastal states and communities,

it also may result in accelerated coastal development with its

attendant problems, including additional demands on infra-

structure and the environment.

● Uncertain outer continental shelf boundaries may lead to dis-

putes with other coastal nations regarding ownership of cer-

tain oil and gas reserves unless the U.S. joins the United

Nations Convention on the Law of the Sea.

Recommendations

● Increase research on methods and technology to minimize

risks to human safety and to coastal and ocean environments.

● Through meetings, workshops, and negotiation, work with all

stakeholders to ensure environmentally sound and safe outer

continental shelf energy extraction.

A m e r i c a ’ s  O c e a n  F u t u r e   2 5

● Continue efforts to 

provide states and other stake-

holders with early information on

proposed outer continental shelf oil and

gas exploration and other activities.

● Encourage production of natural gas, as a

cleaner source of energy, from areas where 

production is still permitted under the outer 

continental shelf moratoria.

● Join the United Nations Law of the Sea Convention.

● Accelerate scientific research on marine gas hydrates

(methane and other gases existing in a frozen state

below the ocean floor) as a potential long-term 

energy resource.

For more information

■ http://www.mms.gov

■ http://marine.er.usgs.gov

■ http://www.gomr.mms.

gov/homepg/regulate/

environ/rigs-to-reefs/

information.html

© Wolcott Henry
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“Our naval service is no longer predominately an insurance policy for war, but

an essential and complex tool for shaping the environment, reacting to crisis,

preserving the peace, and building partnerships and coalitions that enhance

stability and peace on a global level.”

— Admiral Don Pilling, Vice Chief of Naval Operations

RB-AR10184



G
lob

al Secu
rity

A m e r i c a ’ s  O c e a n  F u t u r e   2 7

Strengthening Global SecurityStrengthening Global Security

Freedom of the seas is integral to the strength and security of our nation.Freedom of the seas is integral to the strength and security of our nation.
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he United Nations Convention on the Law of the Sea provides a compre-

hensive international legal framework governing the world’s oceans.

Currently, 131 nations are party to the Convention, including all of the

major maritime powers (except the U.S.), most of our key allies, and many

important nonaligned states. The Convention supports the full range of

U.S. interests in ocean activities, law, and policy. It preserves our rights of

military mobility in the world’s ocean and coastal waters; ensures free

movement of global maritime commerce; secures our national jurisdiction

over living and nonliving resources off our shores; clarifies our high-seas

freedoms for laying cables to support communications; establishes an

internationally agreed-upon framework for national efforts in maritime

law enforcement, marine environmental protection, and marine scientific

research; and creates a framework for settling international disputes.

In the late 1980s, there was widespread agreement among the industrial-

ized nations that the Convention’s deep-seabed mining regime required

basic changes. Recognizing that the Convention would soon enter into

force without the U.S. and other major western powers as parties, the

Secretary General convened informal negotiations aimed at amending

Part XI of the Convention. These negotiations concluded in 1994 with an

Implementing Agreement that amends the formerly flawed Part XI and

meets all of the specific objections previously expressed by the U.S. and

other industrialized nations to the Convention’s deep-seabed mining pro-

visions. All sectors of the U.S. ocean community represented at the

National Ocean Conference affirmed their support of the Convention, and

the President, in his June 12, 1998, keynote speech at the Conference,

reasserted that accession to the Convention and ratification of the

Implementing Agreement is a high-priority objective of U.S. ocean policy.
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leadership in global ocean

affairs, and encourage
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ence to concepts that

support U.S. interests.

The Law of the Sea Convention
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Ongoing Concerns

● Though the Law of the Sea Convention and its reforming

agreement have been placed in the highest priority category

of agreements requiring Senate action, the Senate Foreign

Relations Committee has not scheduled hearings. Thus, the

Senate has been unable to review the Convention and support

the U.S. becoming a party to it.

● The U.S. position as a nonparty to the Law of the Sea

Convention is increasingly undercutting  U.S. influence over

other nations’ implementation and adherence to the provi-

sions that support our interests. Examples of excessive mar-

itime claims that are counter to U.S. interests are extended

boundary claims that could affect U.S. access to offshore

resources, and requirements for coastal state permission to

transit through territorial seas or international straits.

● The U.S. position as a nonparty often slows or complicates

approval for U.S. ship and aircraft access to conduct marine

scientific research in foreign jurisdictional waters.

● The U.S. cannot nominate judges for the Law of the Sea

Tribunal, optimize U.S. influence on maritime dispute resolu-

tion, or participate fully in the International Seabed Authority.

● The U.S. is at risk of losing its influence and leadership posi-

tion in critical international fora for dealing with the oceans,

such as the International Maritime Organization. U.S. propos-

als for maritime safety and environmental protection guide-

lines are increasingly met with open skepticism because of

the U.S. position as a nonparty to the Law of the Sea

Convention.
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Recommendation

● The President, the Vice

President, and the Cabinet 

should continue to work 

with the Senate – and 

particularly the Senate 

Foreign Relations 

Committee – to ensure 

that the U.S. joins 

the Law of the Sea 

Convention as soon 

as possible.

For more information

■ http://www.state.gov/www/global/

oes/oceans/index.html#law
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Maintain U.S. national and economic security and 

leadership in promoting global stability and preserving 

global navigational freedoms.

he U.S. has always recognized and defended the traditional freedoms of 

navigation and overflight on and over the world’s oceans for military and

commercial purposes. Internationally agreed-upon freedoms of navigation – 

key to our ability to import raw materials and export finished products to

global markets – are essential to our economic security. Freedom of naviga-

tion is also essential for national security, enabling the worldwide movement

of U.S. military forces and the sealift and airlift needed for their support.

The complex global political/military environment of the post-Cold War era

puts a premium on forces that can move quickly anywhere in the world’s

oceans, including through more than 250 international straits, to provide mili-

tary presence for diplomatic purposes without infringing on any nation’s sov-

ereignty, to project power from the sea, to enforce United Nations sanctions,

or to conduct humanitarian operations. In the past decade, there have been

twelve U.S. and coalition military operations that were critically dependent on

internationally recognized transit rights and high-seas freedoms of naviga-

tion. Forward presence of ocean-based military assets supports U.S. intelli-

gence, surveillance, and reconnaissance activities, providing a better under-

standing of developing international tensions and potential threats, deterring

hostilities, and promoting global stability and security.

The customary international freedoms of navigation that are critical to 

economic, national, and international security are codified in the Law of the

Sea Convention. Continued exercise of our navigational rights and freedoms

is essential to the future strength of our nation and to global stability.
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Freedom of Navigation
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Ongoing Concerns

● Continued failure to join the Law of the Sea Convention could

diminish U.S. influence and leadership in international ocean

affairs and undercut our ability to resist excessive maritime

claims worldwide.

● Failure to conduct our domestic ocean affairs and global opera-

tions consistent with the Convention could restrict U.S. naviga-

tional rights and freedoms critical to our economic and national

security.

● Many nations make maritime claims and other proposals – such

as military exclusion zones or nuclear-free zones – that could

have the effect of limiting or denying U.S. military and commer-

cial ship mobility in critical areas of the world’s oceans.

● Domestic and international ocean initiatives and the U.S. mili-

tary’s ability to test, train, exercise, and operate in the marine

environment have the potential to conflict.

Recommendations

● The President, the Vice President, and the Cabinet should 

continue to work with the Senate – and particularly the Senate

Foreign Relations Committee – to have the U.S. join the Law of

the Sea Convention.

● Expand the U.S. freedom of navigation program using Navy,

Coast Guard, and other national assets to exercise openly the

traditional freedoms of navigation and overflight in areas of

unacceptable claims.

● Work within an interagency structure to coordinate initiatives

to maintain freedom of navigation and national security.
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For more information

■ http://www.navy.mil

■ http://www.defenselink.mil
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he U.S. is a world leader in the enforcement of laws concerning drug

and illegal immigrant smuggling, customs regulations, harvesting of

living marine resources in our Exclusive Economic Zone, and marine

safety and environmental protection. International maritime crimi-

nal activities pose clear threats to our borders, our economy, our

environment, and our national security and require strong offshore

law enforcement. Additionally, the post-Cold War era has brought

emerging threats, such as terrorism, arms trafficking, evasion of

international trade sanctions, and piracy, each with potential mar-

itime components. Critical U.S. ports and waterways infrastructure,

commercial carriers moving U.S. military cargo, and large numbers

of U.S. citizens aboard cruise ships may be at risk.

The marine transportation system is especially vulnerable to illegal

and terrorist activities because its scale, complexity, and pace of

activity often overwhelm local, state, and federal detection and

enforcement capabilities and private-sector protective measures.

Increased cooperation with our international partners is needed to

disrupt illegal activity before contraband is loaded onto vessels des-

tined for the United States. Enforcement efforts must also take full

advantage of maritime transportation choke points and challenge

suspect vessels before they reach U.S. ports. As governments remove

barriers to trade and travel, U.S. officials need more information on

the cross-border flow of people and goods and on other maritime

activities to better identify criminal and other illegal actions.

Ongoing Concerns

● International criminal and terrorist threats are constantly chang-

ing and adapting to current law enforcement capabilities. Today’s

communications and integrated intelligence systems lack the
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TMaintain the security 

of U.S. coastal borders, 

ports, and harbors 

through improved 

maritime law 

enforcement. 
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sophistication to support real-time

monitoring of vessels, people, and

cargo movements.

● High-level awareness of the

emerging threats to the marine

transportation system is required,

along with the interservice, inter-

agency, and international coordina-

tion needed to address them.

● The U.S. currently claims a 

12-nautical-mile contiguous zone,

yet customary international law,

as reflected in the United Nations

Convention on the Law of the 

Sea, allows states to claim a 24-

nautical-mile contiguous zone.

Recommendations

● Improve cooperation at the intera-

gency, interservice, and interna-

tional levels to address threats to

our maritime interests, including

collecting and sharing key infor-

mation, and developing and inte-

grating real-time intelligence systems for tracking cargo,

personnel, and commercial vessel operations.

● Improve U.S. capability to conduct surveillance, detection,

identification, classification, and interdiction of maritime 

threats before they reach U.S. coasts and harbors.

● Acknowledge the low level of current security awareness 

in the marine trans-

portation system, and initi-

ate a national education cam-

paign to improve federal, state, and

local awareness of the growing threats.

● Declare a 24-nautical-mile contiguous

zone consistent with international law, as

reflected in Article 33 of the Law of the Sea

Convention.

For more information
■ http://www.uscg.mil/hq/g-o/

gopl/lawweb2/homepage.htm

■ http://www.whitehouse

drugpolicy.gov

■ http://www.uscg.mil/

deepwater/data/threats/

forword.htm

■ http://www.navy.mil

Strong maritime law

enforcement is critical to

discourage people from

violating the law by pro-

viding consequences for

those who do. Fisheries

enforcement boardings

have increased by 50%

over the last four years,

providing critical support

to rebuilding and main-

taining fish stocks threat-

ened by overfishing. In

addition, drug interdic-

tion efforts in 1998 result-

ed in the seizure of more

than 80,000 pounds of

cocaine, keeping some 374

million “hits” with a value

of $2.9 billion off of our

streets and out of our

schools.
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“There is a window in time, and that is now, when we could forever

lose a priceless ocean heritage, or we could develop the foundation for

an enduring legacy – an ocean ethic – an inspired gift from the 20th

century to all who follow us.”             

— Dr. Sylvia Earle
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our ocean and coastal

environment, using 

a  precautionary

approach and sound

management, is

no longer a

choice, but a

necessity.

Protecting Marine

Resources

© Wolcott Henry
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n estimated 50,000 shipwrecks, including the ironclad civil war vessel, the U.S.S.

Monitor, are scattered throughout the U.S. territorial sea and the Exclusive

Economic Zone. These shipwrecks and other sunken artifacts are time capsules

of the world’s history. Until the advent of scuba diving equipment and other tech-

nological developments in the 1950s, submerged heritage resources were largely

undisturbed by humans. Advances in deep-sea technology have created unprece-

dented opportunities for discovering, researching, accessing, and preserving

resources, and for educating the public about the history, people, and cultures

associated with these unique and irreplaceable sites.

Unfortunately, new capabilities make these sites highly vulnerable to exploitation

and destruction by treasure hunters and souvenir collectors, resulting in their loss

and destruction. Even submerged heritage resources in state waters, which were

to be protected from treasure hunting under the Abandoned Shipwreck Act, are

still subject to commercial exploitation. Special care must be taken to preserve

and protect these precious resources for scientific study and public interpretation

and appreciation. Special care must also be taken to respect human remains,

including tribal sites.

Ongoing Concerns

● Submerged heritage resources are often treated as commodities for private

financial gain, rather than managed as public scientific resources in need of

protection under laws based on historic preservation and environmental 

protection.

● In certain situations, submerged heritage resources cannot be removed from

the marine environment without risk of harm to natural and cultural resources.

● Submerged heritage resources include diverse prehistoric and historic sites.

The interests of tribes in such resources are often overlooked.

● The extent of damage caused to the environment by reckless recovery activities

is unknown.
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Preserve and 

protect submerged 
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current and future 

generations.
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● While protections exist in many state waters and in federal

marine protected areas, submerged heritage resources are

exploited and destroyed outside of these areas.

● Certain sunken vessels and aircraft may be danger-

ous (e.g., contain unexploded ordnance), or

should not be disturbed out of respect for

the crew members who died on board.

There may also be national security

reasons why a sunken vessel or 

aircraft should not be disturbed.

● States do not always preserve

submerged heritage resources,

and states that want to do so

are often unable to because 

of the historical law of salvage

and finds.

Recommendations

● Enact federal legislation that will:

prohibit the destruction and loss of

submerged heritage resources; punish

those who injure or destroy these and asso-

ciated natural resources; provide for appropriate

public access; develop a research and recovery permit-

ting process; require adherence to scientific standards; pro-

vide for the conservation and disposition of recovered materi-

als in qualified repositories; ensure sensitive treatment of any

human remains; and protect sovereign immune vessels and

aircraft that have not been expressly abandoned.

A m e r i c a ’ s  O c e a n  F u t u r e   3 7

● Clarify, through legisla-

tion, the meaning of “aban-

doned” in the Abandoned Shipwreck

Act so that states can better

preserve submerged 

heritage resources.

● Support cooperation

and collaboration with

tribes, states, and com-

munities on ways to

protect submerged

heritage resources,

including legal

regimes, consistent

guidelines and proce-

dures for evaluating

best preservation and

recovery plans, explo-

ration and monitoring

programs, and efforts to

educate the public about

the value and fragility of

these resources.

For more information
■ http://monitor.nos.noaa.gov

■ http://www.nps.gov/scru/

home.htm

■ http://www.nps.gov/usar/

■ http://www.history.

navy.mil

The

federal government is

proposing to designate Thunder

Bay and surrounding waters on Lake

Huron as a National Marine Sanctuary.

The proposed sanctuary area, off the coast

of Alpena, Michigan, contains approximately

160 shipwrecks that span more than a cen-

tury of Great Lakes maritime history.

http://glerl.noaa.gov/

glsr/thunderbay

©
D

avid
Doubilet/NGS Image Collection
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ur nation’s coral reefs cover approximately 17,000 square kilometers. Ninety

percent of them are associated with U.S. islands in the Western Pacific

(Hawaii, Guam, American Samoa, and the Commonwealth of the Northern

Marianas); the remainder are located off Florida, Georgia, Texas, and U.S. islands

in the Caribbean. These coral reefs support thousands of jobs and billions of dol-

lars in annual revenues from tourism, recreation, and fishing; are valuable

sources of new medicines and biochemicals; help prevent shoreline erosion; and

provide life-saving protection from storms.

Despite their unique value, coral reefs in the U.S. and around the world are quick-

ly being destroyed by a powerful combination of stresses, such as polluted runoff,

sedimentation, unsustainable fishing practices, collection and trade in reef

species, groundings and other damage caused by commercial and recreational

vessel traffic, diseases, marine debris, and climate change. During the past two

years, unprecedented levels of coral bleaching and mortality associated with

abnormally high sea temperatures and other factors have occurred. As a result,

approximately 60% of the world’s coral reefs are at medium or high risk from

human impacts, and many have been degraded beyond recovery.

As part of the National Ocean Conference in June 1998, President Clinton signed

the Coral Reef Protection Executive Order (13089) to preserve and protect the bio-

diversity, health, heritage, and ecological, social, and economic values of U.S. coral

reef ecosystems and the marine environment. To fulfill its protection efforts, the

Order also created the interagency U.S. Coral Reef Task Force. Additional efforts

are now required to effectively protect, restore, and sustainably use valuable U.S.

coral reef ecosystems for current and future generations.

Ongoing Concerns

● The U.S. has not yet developed a coordinated national strategy to protect and

restore coral reef ecosystems from the effects of human activities and natural

stressors.
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● The U.S. lacks a comprehensive mapping or monitoring 

program to assess or track the condition of U.S. coral reefs.

● Financial and technical resources are 

inadequate to help states, territories,

communities, and other nations  

sustainably manage their coral reefs.

● As the world’s largest importer of coral

reef species, the U.S. may be driving the

unsustainable use of coral reefs in other

nations.

Recommendations

● Implement Executive Order 13089 as

quickly as possible through joint efforts 

of federal, state, and local agencies; non-

governmental partners; and other

nations as needed.

● Implement priority actions of the U.S.

Coral Reef Task Force, including the 

commitment to prevent federal agency

degradation of reefs consistent with

Executive Order 13089.

● Increase research efforts to understand

the causality behind the current world-

wide decline of coral reefs and how it

relates to disease, temperature change, and pollution.

● Assist in the design and implementation of local and regional

reef management plans that integrate protected areas and

fishery management with coastal zone and marine manage-

ment planning efforts, and increase support for local actions.

● Increase monitoring, protection, and sustainable use of coral 
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reefs worldwide by support-

ing international partnerships at

national, regional, and 

global scales.

● Increase efforts to stem the

problem of trade in nonsustain-

ably harvested corals.

● Work with the International

Maritime Organization and other

international partners to prevent

destructive anchoring of ships on coral

reefs and provide safe, alternate anchor-

age for mariners.

● Seek Congressional support for the

Clinton/Gore Lands Legacy Initiative,

which proposes $10.3 million – a 30-fold

increase over current funding levels – for

coral reef protection.

For more information
■ http://state_of_coast.noaa.

gov/bulletins/html/

crf_08/crf.html

■ http://coralreef.gov/

■ http://www.epa.

gov/owow/coral

■ http://www.wri.org

/indictrs/reef.

html/

Every year, thousands of vol-

unteers collect vital informa-

tion on the health of the

nation’s coral reefs, helping

federal, state, and nongovern-

mental organizations moni-

tor and manage these valu-

able resources. For example,

the Reef Ecosystem Condition

Project (ReCon) is training

volunteer divers to collect

important data on the  tem-

perature, salinity, and visibil-

ity of coral reef waters. And,

in 1997-98, Reef Check used

volunteer divers to survey

over 300 reefs in over 30

countries.

http://www.ReefCheck.org/

http:www.cmc-ocean.org/

pressrelease.html

©Wolcott Henry

RB-AR10197



stuaries, where fresh water from rivers mixes with salt water from the oceans,

are among the most productive environments on Earth. These transition zones

from land to sea provide unique habitat for more than 75% of the U.S. commer-

cial and 85% of the U.S. recreational fisheries. Estuaries are also popular places to

live, work, and enjoy outdoor activities. More than 28 million jobs in the U.S. are

created in association with estuaries, and more than 70% of Americans swim,

boat, and fish in them.

Increasing pressures from inland activities and coastal development are causing

habitat loss and degradation, fisheries declines, and overall reductions in estuar-

ine health and productivity. Associated physical alterations, such as dredging,

damming, and bulkheading, change the natural flow of fresh water to estuaries,

affecting water quality, fish spawning, and the survival and distribution of living

resources. Removal of vegetation can also affect water quality by causing

increased erosion and siltation. Toxic substances and excess nutrients con-

tribute to fish diseases, algal blooms, and low dissolved oxygen and can pose a

threat to the health of humans and estuarine wildlife. The introduction of

nonindigenous species is also affecting the ecological diversity of

many estuarine environments, eradicating naturally occurring

species and destroying essential habitat.

Ongoing Concerns

● Federal activities that affect estuaries are 

not always well integrated.

● Monitoring efforts in estuaries are often 

fragmented and not incorporated into overall

monitoring data and analysis, hindering the

ability of managers to evaluate and modify 

the effectiveness of their programs.

4 0 Tu r n i n g  t o  t h e  S e a

Recognize the

value of our nation’s

estuaries, and  protect 

and restore them for current

and future generations.

E
Estuaries
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● Information on estuaries is often collected without reference

to overall national research goals, or without the technologi-

cal means to share and combine the data with other research

efforts.

● Many people living inland and at a distance

from the coast are unaware of how their

actions affect estuaries.

Recommendations

● Improve communication and

coordination among the various

federal agencies and programs

sharing responsibility for 

estuarine protection.

● Coordinate federal programs 

with tribal, state, and local “smart

growth” initiatives to more 

efficiently implement on-the-

ground solutions.

● Improve estuarine monitoring activities

and data reporting to facilitate an “adaptive

management” process.

● Create a national framework for estuarine research.

● Increase public understanding of the connections between

human activities and estuarine health through improved 

education and outreach.

● Seek Congressional support for the Clinton/Gore Lands Legacy

Initiative, which would provide essential funding for the

National Estuarine Research Reserve System and the National

Estuary Program.
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For more information

■ http://www.nos.noaa.

gov:80/ocrm/nerr/

welcome.html

■ http://www.epa.gov/

owow/estuaries/

nep.html

■ http://www.fws.gov/cep/coastweb.html

■ http://marine.usgs.gov

■ http://www.nwrc.usgs.gov

■ http://www.epa.gov/emap/html/

pubs/docs/midatl/

cond_mae.htm

The

National Estuarine

Research Reserve System is a

network of field laboratories that

study and improve the health of degraded

coastlines, linking programs of stewardship,

public education, and scientific understand-

ing. The National Estuary Program uses a 

collaborative approach to protect estuaries by

encouraging states, communities, business-

es, and the public to work together to

effectively manage, restore, and pro-

tect their valuable estuarine

resources.

RB-AR10199



uring the past century, marine mammals, birds, turtles, fish, invertebrates, and

other marine species have been overhunted or overfished, causing extinction or

extreme population declines. Today, interactions with commercial fishing opera-

tions, overharvest for international trade, and degradation and loss of important

feeding and nursery habitats have depleted many marine species. As coastal and

marine waters have become increasingly polluted, many species have shown

increases in diseases, infections, and tumors. Combined with increased distur-

bances from ship traffic, noise pollution, and other impacts, the cumulative effects

of these stresses have reduced many marine species to extremely low levels and

possible extinction. Specifically, between 1975 and 1999, the num-

ber of marine species or stocks listed as threatened or endan-

gered under the Endangered Species Act  increased from

20 to 61. Another 42 marine species or stocks are cur-

rently considered “candidates” or are proposed for

listing under the Act.

There is serious concern for the future of 

a number of marine species protected under

the Marine Mammal Protection Act or the

Endangered Species Act, including Steller

sea lions, North Atlantic and North Pacific

right whales, Hawaiian monk seals, West

Indian manatees, southern sea otters, and

all six species of sea turtles. Destructive col-

lecting practices and unsustainable collection

levels have also severely depleted the popula-

tions of a number of species (e.g., seahorses and

coral reef species). And habitat destruction is prob-

ably leading to the loss of less-studied marine organ-

isms before they are even identified, much less protected.

4 2 Tu r n i n g  t o  t h e  S e a

Reduce the risks

of extinction, and

recover marine protected

species and the ecosystems 

on which they depend.

D

Working

with representatives from

the shipping and fishing industries,

the federal government developed an inno-

vative system to protect the 300 remaining

highly endangered North Atlantic right whales.

Large commercial ships entering important right

whale feeding and nursing grounds off Cape Cod,

Massachusetts and a large area near the Georgia/Florida

border must contact a U.S. Coast Guard-operated shore

station. The ships provide the station with their course,

speed, location, destination, and route, and the station

responds with information on local right whale

sightings and procedures that may help prevent

collisions.

http://www.wh.whoi.edu/

cgi-bin/rwhale.pl

Marine Protected Species

©Tom
Pawlesh-Center for Marine Conservation
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Ongoing Concerns

● There is a lack of information on the population sizes and trends

of marine wildlife, as well as on the threats to marine wildlife.

● The lack of coordination, especially in the international arena,

reduces the effectiveness of recovery and protection actions.

● Delays in addressing population trends can dramatically increase

the cost of recovery efforts.

Recommendations

● Increase research and monitoring activities to provide informa-

tion on populations of marine wildlife, and threats and solutions

to their decline.

● Develop and implement national goals and coordinated action

plans to recover marine protected species.

● Increase coordination with tribes and states on research,

recovery, and management of marine protected species.

● Address key existing and emerging threats, including modifica-

tion/destruction of coastal and estuarine seafloor ecosystems 

by fishing gear, coastal habitat destruction resulting from shore-

line protection efforts, and watercraft collisions with marine

mammals.

● Develop a coordinated policy and action plan for dealing with

interactions between the public and expanding seal populations,

the growth of marine aquaculture, and the use and effectiveness

of marine preserves.

● Develop solutions to safely deter marine mammals, sea turtles,

and seabirds from becoming entangled in fishing gear; prevent

incidental bycatch in commercial fisheries; and reduce the

impacts of ship traffic on marine mammals.
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● Consider the impacts of

marine noise pollution on

marine mammals, and develop

solutions as appropriate.

● More effectively implement the

Convention on International Trade 

in Endangered Species of Wild Fauna 

and Flora, and improve cooperation with

domestic and international partners,

including increased training and capacity

building for other countries.

For more information

■ http://www.nmfs.gov/

prot_res/prot_res.html

■ http://state-of-coast.noaa.gov/

■ http://www.fws.gov/r9endspp/

endspp.html

■ http://www.fws.gov/r9dia/

global/cites.html

■ http://www.heritage.tnc.org/

©Rick Brown, Monterey Bay Aquariu
m
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ational parks, wilderness areas, wildlife management areas, state forests, and city

parks are all examples of land-based “protected areas.” The designation of protect-

ed areas on land has a long history and proven track record for providing long-

term protection, resource management, recreational opportunities, and other uses.

Marine protected areas are defined as any area of intertidal or subtidal terrain,

together with overlying waters and associated flora and fauna, and historical and

cultural features, that have been reserved by law or other effective means to protect

part or all of the enclosed environment. Categories of marine protected areas can

range from strictly protected wilderness areas to multiple-use areas.

There are approximately 300 marine protected areas in the U.S. managed by federal

agencies, state governments, or nongovernmental organizations. U.S. marine pro-

tected areas include National Marine Sanctuaries; selected National Parks, Seashores,

Monuments, and Wildlife Refuges; National Estuarine Research Reserves; National

Estuary Program areas; and certain areas designated for rebuilding fish stocks in

Fishery Management Plans.

Marine protected areas are important management tools with unique potential to

help communities protect and sustainably use their valuable marine and coastal

resources. They have been used effectively to conserve and manage natural areas,

reduce user conflicts and impacts from user activities, provide educational opportuni-

ties, enhance commercial and recreational opportunities, and provide undisturbed

areas for scientific comparison with nearby degraded habitats. Despite these bene-

fits and the fact that oceans cover over 71% of the Earth’s surface, internationally, less

than 1% of the sea is designated as marine protected areas. Domestically, about 1% of

the ocean area under U.S. jurisdiction is designated as marine protected areas, and

less than 1% of these areas protect marine life from fishing and other impacts. Many

natural treasures on land have been given special protections to allow them to

remain as undisturbed as possible as part of the National Wilderness Preservation

System. No such system exists for U.S. ocean environments.

Establish a strongly

linked, scientifically

based, comprehensive 

network of protected areas

representing diverse 

U.S. marine ecosystems.

N

4 4 Tu r n i n g  t o  t h e  S e a

Marine Protected Areas

C
h
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n

el Islan
ds

National Marine Sanctuary
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Ongoing Concerns

● The U.S. does not have an integrated, compre-

hensive network of sites representing the

nation’s major ocean and coastal environments.

● There is no comprehensive approach to desig-

nating, evaluating, or monitoring marine pro-

tected areas at either the state or the federal level.

● Marine protected areas have not been used

effectively for the long-term protection and 

sustainable use of commercial and recreational

fisheries.

● Limited funding prevents adequate enforcement

and monitoring in existing marine protected areas.

● There are too few areas that preserve marine

biodiversity by limiting fishing and other 

harvest activities.

Recommendations

● Increase linkages among existing marine pro-

tected areas within the U.S. and with those in

neighboring countries to create a well-coordinat-

ed network of sites for long-term monitoring, public

education, sustainable use, research and exploration, and 

protection of natural resources.

● Establish criteria to evaluate the effectiveness of existing

marine protected areas, and improve individual site perform-

ance and the success of the overall network.

● Identify areas of important ocean biological diversity and 

productivity, and habitats for endangered species and commer-

cial and recreational fisheries species, including essential fish 

habitat and coastal and marine areas that provide key 
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ecosys-

tem functions or

contain significant

U.S. historical or cultural

resources.

● Examine the concept of marine

wilderness areas and its applica-

bility to U.S. marine protected areas.

● Evaluate the ability of existing marine

protected areas to protect unique or

representative examples of biological,

cultural, or historical resources; identify

new areas of important ocean diversity

and productivity; and add sites and capaci-

ties to address specific local, tribal, regional,

national, or international issues and needs.

● Leverage public dollars to encourage pri-

vate donations by corporations and indi-

viduals to support national marine sanctu-

aries and other marine protected areas.

● Seek Congressional support for the

Clinton/Gore Lands Legacy Initiative,

which proposes to more than double

the funding to strengthen our nation’s twelve

national marine sanctuaries.

For more information
■ http://www.sanctuaries. nos.noaa.gov

■ http://www.nps.gov/

■ http://www/iucn.org/themes/

wcpa/ppa.html

Concern for the future of

the Tortugas, an area com-

prised of islands and rich

coral resources in the

Florida Keys, led federal

and state agencies, local

communities, fishermen,

divers, and others to form

a unique partnership to

design and evaluate solu-

tions to help protect this

sensitive area. This group,

using ecological data,

socioeconomic informa-

tion, and public input,

unanimously recommend-

ed establishment of a new

marine protected area for

the Tortugas marine com-

munities.

http://fpac.fsu.edu/

tortugas/index.html

©Wolcott Henry
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cean and coastal habitats are very diverse, ranging from coastal streams and

sandy beaches to seagrass beds and kelp forests, and from coral reefs and 

arctic ice shelves to open ocean waters and deep ocean canyons. The nation’s

ocean and coastal habitats support some of the most valuable and diverse biolog-

ical resources on the planet, including 66% of all U.S. commercial and recreation-

al fish and shellfish, 45% of all protected species, 50% of nongame migratory

birds, 30% of migratory waterfowl, and thousands of other species. These habi-

tats also provide important services, including flood control, water filtration and

storage, storm protection, food production, and recreation and tourism. While it

is clear that human activities have degraded

or destroyed many ocean and coastal habi-

tats, in some cases, the scope and magni-

tude of these impacts are largely unknown,

and we do not fully understand the com-

plex processes related to ocean and coastal 

habitats.

Recent scientific examination of the effects

of bottom trawling on the seafloor shows

evidence of large-scale habitat alteration,

particularly within less resilient seafloor

communities. Other activities, such as 

dredging, although necessary to maintain our nation’s

waterways, can also harm valuable riparian and estuar-

ine habitats and raise ancillary problems associated

with contaminated dredge material and its dis-

posal. Human activities, such as residential

and commercial development, can alter or

destroy valuable coastal wetlands, which

are critical habitat for many species of fish,

shellfish, birds, and other marine wildlife.

4 6 Tu r n i n g  t o  t h e  S e a

Understand, 

protect, restore, and

sustainably use ocean 

and coastal habitats.

O
The port of Oakland has until recently been unable to

dredge its channels because it could not find an envi-

ronmentally acceptable site to dispose of the dredged

material. An innovative wetlands restoration project in

the Sonoma Baylands helped find a creative solution by

hydraulically pumping clean dredged material onto for-

mer marshland that had subsided. Oakland is now

more competitive in the deep-draft Pacific container

trade, and the future marshland is prime habitat for

intertidal plants and animals.

Ocean and Coastal Habitats
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Ongoing Concerns

● There is limited understanding of the causes of recently

observed changes in ocean chemistry and their potential

impacts on ocean and coastal habitats.

● The nation’s ocean and coastal habitats have never been com-

prehensively mapped or described.

● No coordinated monitoring program exists to track the health

and condition of ocean and coastal habitats and integrate 

federal, state, and local data.

● There is no comprehensive, long-term planning and tracking 

of permits and use of ocean and coastal habitats, including 

impacts on essential fish habitat.

● Ocean and coastal habitats have tremendous social and 

economic values that are not captured in any assessment.

● Technical and financial resources are not available to adequate-

ly restore most damaged habitats or respond to emergency 

situations.

● Contaminated sediment, dredging, and the disposal of dredged

material pose a threat to ocean and coastal habitats.

Recommendations

● Implement a coordinated, comprehensive effort to map and

monitor the condition of U.S. ocean and coastal habitats, such as

the Aquatic Restoration and Conservation Partnership.

● Produce an annual report card on the health of the nation’s

ocean and coastal habitats.

● Fully implement the essential fish habitat requirements of the

Magnuson-Stevens Fishery Conservation and Management Act.

● Work with other federal, tribal, state, and local agencies to

encourage the use of existing wetland restoration programs to 
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effect on-the-ground

change in coastal areas.

● Implement coordinated, comprehen-

sive efforts to reduce the impacts of

dredging and fishing on coastal habitats.

● Develop cost-effective, environmentally

acceptable regional sediment management

procedures that speed remediation of contami-

nated sediments and increase beneficial reuse of

both clean and remediated dredged material.

● Assemble and disseminate information on the social

and economic values of ocean and coastal habitats.

● Develop and implement new technologies to respond

to threats and restore damaged coastal habitats.

● Support community-based partnerships to identify,

design, and implement coastal habitat restoration

projects.

● Increase research to understand the ongoing

changes in ocean chemistry.

For more information

■ http://www.nmfs.gov/habitat

■ http://www.arcpartners.org

■ http://www.fws.gov/cep/coastweb.html

■ http://state-of-coast-noaa.gov/

bulletins/html/chr_10/

chr.html

■ http://www.epa.gov/owow
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oxic and nutrient pollutants, sedimentation, and disease-causing organisms are

degrading ocean and coastal water quality and threatening public health, the

environment, and the economic well-being of communities that depend on fish-

ing, tourism, and marine commerce. While “point” sources of pollution, such as

discharge pipes, continue to be a problem, the leading cause of water pollution

today is “nonpoint” source pollution, which includes runoff from farmland, subur-

ban lawns, and city streets, as well as pollution that is deposited from the air.

Increasingly, excess nutrients in polluted runoff are contributing to harmful algal

blooms and robbing coastal and marine ecosystems of life-sustaining oxygen, cre-

ating “dead zones” that cover huge areas, such as the 7,700-square-mile dead zone

in the Gulf of Mexico. Pollution can also alter the chemistry of the coastal ocean,

which scientists fear is happening in the Bering Sea and other areas.

As pollution continues to contaminate our waters, more and more people are

faced with the risk of illness from exposure to toxic contaminants and disease-

causing microorganisms, either when eating the fish they catch or through direct

contact with polluted waters. In 1998, approximately 30% of all beaches surveyed

reported an advisory or closing, and 60% of coastal waters were under fish-

consumption advisories.

Ongoing Concerns

● Water quality improvement efforts to protect human health and the environ-

ment have been focused primarily on inland and coastal waters. As a result, the

impacts of pollution on the marine environment are not as well understood.

● While the federal government has developed national guidance on fish-con-

sumption advisories and recreational water quality monitoring, many tribes

and states do little or no monitoring, and variation in their methods and stan-

dards persists.

● Contaminated sediments along our nation’s coasts are degrading water quality.

● Many former ocean disposal sites are unmonitored, and their impacts on

4 8 Tu r n i n g  t o  t h e  S e a

TProtect and

restore coastal and

marine waters to safe-

guard human health, 

sustain the rich diversity of

wildlife, promote a thriving

economy, and preserve a

recreational and aesthetic

resource for safe enjoy-

ment by current and

future generations.

Water Quality 
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marine and coastal waters and ecosystems are largely unknown.

Recommendations

● Implement the Administration’s Clean Water Action Plan

to effectively address polluted runoff and other

sources of pollution, as well as improve coordi-

nation among federal agencies.

● Increase research on the effects of water

quality and ocean discharges on the

marine environment, including on

marine wildlife, and use this informa-

tion to improve protection for ocean

and coastal resources where necessary.

● Assist tribes, states, and territories in

adopting fully protective fish-consump-

tion and beach water quality standards,

conducting adequate fish tissue and beach

water quality monitoring, and developing

effective public notification and education pro-

grams. Consider legislation that promotes these goals.

● Improve detection of pathogens in fish, wildlife, and recreation-

al waters through research on new technologies, and reduce the

occurrence of contaminants in coastal waters through improved

controls on sewer overflows, stormwater runoff, and other

sources of pollution.

● Effectively manage and remediate both inland and coastal 

contaminated sediment sites to reduce their impact on coastal 

water quality.

● Work with tribes and states to identify and address the health of

coastal waters that are not meeting clean water goals.
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● Assess the impacts of

military, industrial, and other

coastal and ocean disposal sites,

and identify and implement appropri-

ate monitoring, protection, and

remedial measures where 

necessary.

● Work with international 

partners to reduce the flow 

of pollutants from land into

oceans by implementing 

the Global Programme of

Action for the 

Protection 

of the

Marine

Environment

from Land-Based

Activities.

For more information
■ http://www.epa.gov/water

■ http://state-of-coast.noaa.gov

■ http://www.fws.gov/cep/coast/

web.html

■ http://marine.usgs.gov

■ http://www.nos.noaa.

gov/programs/

ncos.html

The

President’s and Vice

President’s 1998 Clean Water

Action Plan uses collaborative

watershed strategies to protect and

restore water quality. Action items under

the plan include developing a multi-agency

Coastal Research Strategy, creating a coordi-

nated monitoring plan for coastal waters,

and issuing a report to the public on the

condition of the nation’s coastal waters.

http://www.

cleanwater.gov 

RB-AR10207



he spread of nonindigenous species, such as zebra mussels, Asian clams, ship-

worms, and aquatic weeds, is one of the most serious threats to the nation’s

ocean and coastal ecosystems and the communities and economies that

depend on them. One of the primary sources of aquatic nonindigenous species

is discharge of ballast water in ships arriving from foreign ports. Every minute

40,000 gallons of foreign ballast water that may contain exotic species, includ-

ing disease-causing pathogens, are discharged into U.S. harbors. Other sources

include aquaculture, introductions of stocks for sportfishing, ship hulls, and

floating debris.

Hundreds of nonindigenous species have now become established in the

nation’s coastal waters; over 240 nonindigenous species are found in San

Francisco Bay alone. Once established, these species are almost impossible to

eradicate. Nonindigenous species have displaced and eliminated native

species, impacting fisheries and costing communities billions of dollars every

year in control measures. For example, in 1996, foreign viruses reduced U.S.

aquaculture production of shrimp by 50% , and failure to control the nonindige-

nous ruffe fish in the Great Lakes may cost over $500 million in losses to sport

and commercial fisheries by 2005. Some nonindigenous species, such as

cholera bacteria and some algae, have also had negative impacts on human

health.

In February 1999, President Clinton established the U.S. Invasive Species

Council through Executive Order 13112. The Council, chaired by the Secretaries

of Interior, Agriculture, and Commerce, is responsible for fulfilling the

Executive Order’s mandates, including the development and implementation of

a national action plan to address invasive nonindigenous species. While the

action plan is a significant start, immediate and substantial progress is still

required.

5 0 Tu r n i n g  t o  t h e  S e a

TPrevent 

introductions and 

control existing 

populations of nonindigenous

species in U.S. ocean and

coastal waters.

©J. Carlton

Nonindigenous Species
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Ongoing Concerns

● The U.S. lacks comprehensive, coordinated strategies and

actions to prevent the introduction and spread of nonindige-

nous species in ocean and coastal ecosystems and to identify

and respond to nonindigenous species present in coastal

areas.

● Little information is available on the potential threats of non-

indigenous species, how to prevent their introduction, or their

costs to marine and coastal ecosystems.

● U.S. efforts to date have focused on controlling existing intro-

ductions, and relatively little has been done to effectively

reduce the continuing influx of nonindigenous aquatic

species into coastal areas.

● There is no international system for controlling introduction

of marine nonindigenous species.

Recommendations

● Increase efforts to prevent and control introductions of non-

indigenous species into marine and coastal ecosystems

through the Aquatic Nuisance Species Task Force established

under the Non-Indigenous Aquatic Nuisance Prevention and

Control Act of 1990.

● Increase support for existing regional initiatives in the Great

Lakes, Pacific, and Gulf of Mexico to control and prevent intro-

ductions of nonindigenous species.

● Develop and implement coordinated regional strategies in

other areas, and integrate all regional efforts into a national

strategy as part of the national nonindigenous species plan

required under Executive Order 13112.
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● Fully implement the

National Ballast Water

Information  and the National

Aquatic Nuisance Clearinghouses to pro-

vide a centralized location for information

on ballast water treatment, coastal non-

indigenous species, research, and education.

● Develop effective monitoring, education, research,

and rapid-response capabilities to quickly identify

and eliminate nonindigenous species before they

become established.

● Support international efforts to prevent the introduc-

tion of nonindigenous marine species, such as the

International Maritime Organization’s Marine

Environmental Protection Committee’s Ballast Water

Working Group.

For more information

■ http://www.great-lakes.net/envt/exotic/

exotic.html

■ http://www.anstaskforce.gov/

■ http://www.uscg.mil/hq/

g-m/mso4/first.htm

■ http://www.nfrcg.gov/nas/

© A. Meinesz
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ften called “beach litter,” marine debris is a major problem on beaches and in

coastal waters, estuaries, and oceans. Close to 80% of debris is washed,

blown, or dumped from shore, while 20% is from recreational boats, ships,

fishing vessels, and ocean platforms. Most marine debris is man-made and slow

to degrade, such as cigarette butts, soda cans, plastic bags, and fishing gear.

Studies have shown that marine debris threatens over 265 different species of

marine and coastal wildlife through entanglement, smothering, and interference

with digestive systems. “Ghost fishing” – entrapment of fish and marine mam-

mals by lost or abandoned nets, pots, and gear – is reducing fish and wildlife

populations. In addition, certain types of marine debris, such as broken glass and

medical waste wash-ups, can pose a serious threat to public health, causing

beach closures and swimming advisories and robbing coastal communities of

significant tourism dollars. The U.S. Army Corps of Engineers spends $9.4 million

annually to remove drifting and floatable debris from the New York/New Jersey

Harbor alone.

Ongoing Concerns

● Implementation of effective marine debris control measures is currently 

hampered by a lack of consistent monitoring and identification of sources 

of debris.

● Implementation and enforcement of local anti-litter regulations and manage-

ment of debris entering and exiting sewer systems are inadequate to effective-

ly address the marine debris problem.

● Marine debris can be the result of small-scale pollution by individuals who

consider their discharges or littering to be of negligible impact compared 

with large-scale polluters. However, the cumulative impact of continuous,

small-scale pollution can be dramatic.

● Plastic makes up about 60% of the debris found on beaches. The increase 

in the use of various kinds of plastic as durable, lightweight packaging has

heightened the need for proper management and disposal.

5 2 Tu r n i n g  t o  t h e  S e a
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health and the

marine and coastal

environment by increasing

public awareness of the
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eliminate it from our beaches 

and  waters.  
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Recommendations

● Reestablish an interagency marine debris working group to

coordinate development and implementation of monitoring,

source identification, control, and education programs to

address and find creative solutions to the marine debris issue.

● Improve controls on potential sources of marine

debris, including working with communities

to implement and enforce anti-litter laws,

improve floatable controls for local

sewer systems, and employ statistical

marine debris monitoring protocols.

● Accelerate cooperative efforts with

industry, with tribal, state, and

local governments, and with

environmental and fishing

groups to find creative ways to

prevent and clean up marine

debris and to increase public

awareness of its impacts.

● Support and encourage research

efforts to pursue new packaging 

technology, and increase recycling opportu-

nities, particularly for plastics.

For more information

■ http://www.epa.gov/owow/oceans/debris/index.html

■ http://www.uscg.mil/hq/g-m/nmc/seapart.htm

■ http://www.yoto98.noaa.gov/books/debris/debris1.htm

During

the 1998 International

Coastal Cleanup Campaign,

coordinated by the Center for Marine

Conservation and sponsored by private

and government donors, over 159,000 peo-

ple removed approximately 3.3 million

pounds of marine debris from 6,888 miles of

U.S. shorelines. The Campaign’s efforts have

led to increased recycling efforts, more trash

bins at beaches, and better federal and state

laws to keep coastal areas litter-free.

http://cmc-oceans.org/mdio/

MDIO.html

M
arin

e R
esou

rces

A m e r i c a ’ s  O c e a n  F u t u r e   5 3

CMC

RB-AR10211



5 4 Tu r n i n g  t o  t h e  S e a

“ I really don’t know why it is that all of us are so committed to the

sea, except I think it’s because in addition to the fact that the sea

changes, and the light changes, and ships change, it’s because we all

came from the sea….  We are tied to the ocean.  And when we go

back to the sea – whether it is to sail or to watch it – we are going

back from whence we came.”

— President John F. Kennedy 
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Exploring and understanding the oceans is

critical to our well -being and survival.

Discovering the Oceans

“Aquarius” – undersea habitat and laboratory
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Use ocean 

discoveries to 

heighten public aware-

ness of the full range of

ocean issues and inspire 

the next generation of ocean

scientists and explorers.

Ocean Education

eople are drawn to the oceans by their beauty, power, and infinite possi-

bilities. Their inspirational power is demonstrated in centuries of litera-

ture, art, and music. Yet relatively few people understand the complex relation-

ship between the oceans and the Earth’s atmosphere, or grasp the magnitude of

human impacts on fragile marine resources.

A recent survey found that many Americans have misleading ideas about the

ocean and coastal environment. For example, only one in six knows that the

leading source of petroleum pollution in rivers, lakes, and bays is car oil washed

off streets into local waterways; most people think the leading sources are oil

rigs, tankers, and refineries. Similarly, the majority of adults recently surveyed

are unaware that the leading cause of entanglement of marine wildlife is aban-

doned fishing lines and nets. And four out of five Americans do not

identify pollution running off the land as a problem for the

oceans, although it is the leading source of marine pollution.

Continuing intensification of human activity near the

coasts presents complex issues about marine and

coastal ecosystems and societal choices. Comprehen-

sive ocean awareness is critical to effective citizen

participation in decision-making processes. Citizens

have increasing needs for informal education and

lifetime learning, as well as basic scientific literacy,

to be capable of making sound choices. Children in

particular need to be engaged in ocean and coastal

marine science. Young students have been motivated

by hands-on experiences, such as the National Ocean

Sciences Bowl®, aquarium programs, GLOBE, Sea Partners,

and Sea Camp. The ocean science community has the opportu-

nity to make the oceans a major context in which to study the inter-

actions of science, technology, and society.

As

part of the U.S. Coast

Guard Sea Partners

Campaign, active duty, reserve,

and auxiliary Coast Guard members

have helped over 2,000,000 people

understand the effects of oil, hazardous

chemicals, waste, debris, and what specif-

ic actions they can take to protect the

marine environment.

http://www.uscg.mil/hq/

g-m/nmc/seapart.html
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Ongoing Concerns

● Although the government and private institutions support ocean

science education and outreach programs, these efforts are rarely

driven by a specific plan to assess and improve the quality of

ocean science education for students, teachers, and the general

public.

● Current ocean and coastal educational materials are not as 

effective or useful to educators as they could be because they are

often not closely related to mandatory curricula and are highly

variable in quality.

● Teacher education is critical, yet opportunities for it are limited.

● Federal agencies often have very specific educational responsibili-

ties, such as boater education, safe handling of seafood, conserva-

tion, and pollution prevention. Many of these can benefit from

and contribute to basic ocean educational materials and 

programs.

Recommendations

● Establish a nationally coordinated effort to improve and promote

ocean science education.

● Make ocean science education materials widely available to 

educators and the general public.

● Develop partnerships and networks with education groups,

such as the National Marine Educators Association, the National

Science Teachers Association, and the American Zoo and 

Aquaria Association, to facilitate interaction between the 

ocean community and educators.

● Develop model programs, such as the Model Congress program,

that bring students together to debate and create solutions to

current ocean science

and policy problems.

● Expand efforts to create discovery-

driven, interactive web sites for all feder-

al ocean programs to engage children and

adults in a lifetime of ocean discovery.

● Expand partnerships between the federal gov-

ernment and private entities, such as the

National Geographic Society, to leverage resources

and increase ocean and coastal educational oppor-

tunities for the public.

For more information
■ http://www.marine-ed.org/

■ http://www.vims.edu/bridge/

■ http://www.globe.gov

■ http://www.tamug.edu/-seacamp

■ http://core.cast.msstate.edu/

■ http://www.aza.org/
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ecent technological developments have significantly improved ocean-observing

systems. Satellites, ships, and buoys collect many kinds of data on and within

the ocean, but these observations are not comprehensive. Gaps exist in

coastal, open-ocean, and seafloor data sets. In addition, the federal programs 

collecting ocean observations are poorly integrated. By improving the coordina-

tion of data collection, storage formats, and dissemination processes, an integrat-

ed ocean-observing system would provide comprehensive near-real-time infor-

mation on ocean and coastal conditions for the full range of users. Such a system

would improve weather forecasting, detect and forecast oceanic components 

of climate variability, facilitate safe and efficient marine operations, make U.S.

ports more competitive, and provide daily tactical support of military operations

worldwide.

Marine ecosystems and living marine resources would also be better protected if

more complete and accurate data were collected on ocean temperature, salinity,

and dissolved chemicals and nutrients that affect commercial fish stocks, marine

mammals, marine ecosystems, and coastal habitats. An integrated system would

make more accurate predictions of natural hazards possible, allowing for mitiga-

tion of damage from hurricanes, coastal flooding, icebergs, tsunamis, and seafloor

disturbances causing pipeline and telephone cable ruptures. The advanced warn-

ing derived from observing systems and climate predictions saved an estimated

$1 billion in California alone from losses related to El Niño, which totaled $15 bil-

lion nationally in 1997-98. Global ocean observations could even protect public

health by collecting the necessary data to understand the fate of pollutants,

pathogens, harmful algal blooms, and other health hazards that close our beaches

and shellfish beds. This system would also support fundamental scientific

research and enhance public education and awareness of ocean issues.

Ongoing Concerns

● Current ocean-observation efforts are limited in scope. For example, volunteer

merchant vessel observations are limited to shipping lanes; most satellites 

can only make surface-water or very shallow-water measurements; research
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Develop a

coordinated, 

comprehensive system

of worldwide ocean 

observations to support 

a wide range of 

societal 

needs.
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vessels are limited to short-

term, small-area observations;

and Navy data are not always

publicly available. Where data

do exist, there are no mecha-

nisms to fully integrate them.

● No clear mechanisms exist for

translating large-scale, interna-

tional ocean experiments into

long-term, operational observa-

tion efforts, or for transitioning

emerging new ocean-observa-

tion technologies to operational use.

● Data from different sensors, such as satellites, drifting floats,

and buoys, do not share commonalities in data format, access,

and dissemination, and cannot be rapidly integrated to serve

the many different users.

Recommendations

● Expand open ocean-observing capabilities to enhance sam-

pling of the full water column. In complement with satellite

observations of the ocean surface, this will advance our

understanding of ocean circulation and air/sea interactions to

improve weather prediction and our understanding of climate

change, and support basic research, fisheries, and national

security.

● Expand and integrate seafloor observation capabilities to

improve basic knowledge of the Earth’s temperature, chem-

istry, and structure. This will support pipeline and cable-

laying operations, national security and research needs, and

improved disaster warnings from seafloor disturbances.

● Expand and coordinate coastal-observing capabilities to

include

the full range of

physical, chemical, and

biological measurements 

to support all coastal users.

● Encourage a strong 

partnership among federal

ocean agencies and their

range of public users to

improve coordination

in technology devel-

opment and the

management of

ocean-observation programs,

resulting in an integrated,

sustained, national ocean-

observation system with

common data standards,

formats, and dissemi-

nation techniques.

For more 
information

■ http://core.cast.msstate.

edu/NOPPpbsplan.html

■ http://ocean.tamu.edu/GOOS

■ http://ioc.unesco.

org/goos

The Argo program is deploying a glob-

al array of 3,000 instruments to

observe the waters below the ocean’s

surface. The Argo array will be a criti-

cal addition to an ocean-observing sys-

tem equivalent to the existing atmos-

pheric observation system; and in com-

bination, these systems will collect

data necessary to forecast weather,

predict phenomena that influence

global climate, and support national

security and basic research needs.

http://www.argo.ucsd.edu
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ver the last century, human activities have increasingly produced serious

chemical, physical, and biological changes in the oceans. Water and air 

pollution are adding to the oceans vast quantities of fertilizers and pesti-

cides that modify the chemistry of ocean water, particularly along the coasts.

Overfishing, habitat destruction, invasive species, and pollution are contribut-

ing to the decline of fish, marine mammals, and other species and reducing the

biological diversity of marine ecosystems. And climate change has the poten-

tial to produce changes in ocean temperature, salinity, sea level, circulation 

patterns, and other physical characteristics vital to marine and terrestrial life.

Issues such as Pfiesteria outbreaks, red tides, brown tides, the “dead zone” in the

Gulf of Mexico, introductions of nonindigenous species,

and preserving Pacific salmon highlight the limits of our

present scientific understanding. Fortunately, powerful

new technologies are enhancing our ability to manage

our precious marine resources and answer immediately

pressing and long-term questions about preserving bio-

diversity, climate change, and other critical issues facing

us in the 21st century. We can harness advanced infor-

mation theory and computational systems to assemble

and analyze data. We can use new tools – from gene

sequencers to autonomous vehicles and global satellites –

to simultaneously explore questions about the oceans at

subcellular and global scales.

Because the oceans are characterized by complex 

interacting physical, chemical, and biological systems,

research to understand ocean processes cuts across

many different scientific fields. A number of federal

agencies have interests in ocean research, and each

agency funds research that meets its specific mission

needs.

6 0 Tu r n i n g  t o  t h e  S e a
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The Ocean Drilling Program, a 

20-nation cooperative effort to drill

and study core samples from the

ocean floor, has established the

mechanisms and timing of global

glaciations and climate change;

traced the history of changes in the

circulation, chemistry, and biology

of the ocean; and confirmed the

theory of plate tectonics. A recent

core sample from the Caribbean

Sea revealed a detailed record of a

giant meteorite impact, which sup-

ports the theory that dinosaurs

became extinct after a meteor

raised huge dust clouds, blocking

the sun and triggering 

climate change.

http://www.oceandrilling.org/

Ocean Research

©James Broadus-WHOI
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a vigorous,
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research program 
and cutting-edge 

research infra-
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Ocean research could benefit from 

coordinated research programs across

agencies and disciplinary boundaries.

To encourage such coordination, in

1997 Congress established a new

National Ocean Partnership Program.

The heads of twelve agencies oversee

a program that provides funding for

new government/industry/university

partnerships in research and education.

In addition, the National Science and

Technology Council’s Committee on

Environment and Natural Resources is focusing

on improved interagency coordination with its 

FY 2000 budget initiative, “Integrated Science for Ecosystem

Challenges.” One component of this program is slated to 

increase research on harmful algal blooms and other coastal

water quality issues. The National Ocean Partnership Program

and the Committee on Environment and Natural Resources 

provide mechanisms by which agencies can agree on priorities

for cooperative ocean research. Early efforts have been 

promising, but more needs to be done.

Ongoing Concerns

● Oceanography and marine ecosystem science need an

increased interdisciplinary approach, linking the fields of

physics, biology, chemistry, and geology, and allowing a better

view of the Earth as an integrated system.

● Current ocean and coastal research efforts do not take full

advantage of opportunities for increased coordination, both in

research objectives and in shared research infrastructure.

● There is a lack of standardized practices and procedures to

ensure

the integrity

and accuracy of

large, complex, and

widely distributed

data sets.

● Our coastal and ocean

research infrastructure, from

submersibles and research ves-

sels to laboratories, is aging and

cannot meet the technological

demands of the 21st century.

Recommendations

● Develop an integrated, interagency science program

with the necessary infrastructure to meet ocean and

coastal ecosystem challenges, using a coordinated

research strategy that integrates relevant ocean sci-

ence disciplines and advances both basic and applied

research in ocean and coastal issues.

● Actively develop cooperative agreements with aca-

demia and the private sector to expand access to

specialized exploration and research infrastruc-

ture and data.

For more information
■ http://www.aoml.noaa.gov/

ocd/globec/

■ http://www.fmri.usf.edu/

ecohab/Default.htm

■ http://www.hpl.

umces.edu/coop/
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xploring the oceans has been an

important human goal for

centuries. Yet, while we

have spent much of our

history learning about

what lies at the

ocean’s surface, we

still know relatively

little about what lies

below. In just the

past 50 years, we

have discovered that

the greatest mountain

chains and canyons on

Earth exist beneath the

sea. Only 20 years ago, we

discovered totally new

chemosynthetic life forms that exist

around deep-sea hydrothermal vents. Considered by some to be one of the most

significant biological discoveries in the latter half of this century, these organ-

isms derive energy from chemicals – not the sun, revolutionizing theories of pho-

tosynthesis as the basis of all life. These organisms have adapted to living in a

highly pressurized, sunless, superheated environment, and may provide insight

into our understanding of the origins of life on Earth and other planets.

Such discoveries demonstrate that the deep ocean remains the last great frontier

of our planet for exploration and discovery. Although no one can predict what

exploration will yield, exploration and research have led to discoveries that have

changed our lives fundamentally and have provided knowledge critical to sus-

tainably managing our natural resources.
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Ongoing Concerns

● There is a lack of information about many ocean ecosystems,

including the ocean’s deepest regions, affecting our ability to

manage them and to develop new uses and potential products.

● Only four manned submersibles in the world, none of them

operated by the U.S., are capable of descending to half the

ocean’s maximum depth. The deepest-diving U.S.

manned submersible currently operating (the

ALVIN) can reach only an estimated 63% of the

ocean floor.

● Not enough effort is made to bring the excitement

of ocean exploration – truly the last frontier on

Earth – to the public and to popular media.

Recommendations

● Establish a national strategy to expand exploration

of the oceans, including more in-kind support by

federal agencies for private ocean exploration ini-

tiatives.

● Support exploratory research in geographic areas,

such as the deep-sea vent sites, and topical areas,

such as undiscovered deep-sea species.

● Invest in the development of cutting-edge tech-

nologies and vehicles to observe and explore the

oceans from the surface to the seafloor.

● Develop ways to explore the oceans remotely, including new

observatories and sensors and innovative uses of technologies.

A m e r i c a ’ s  O c e a n  F u t u r e   6 3

For more information

■ http://www.nurp.noaa.gov

■ http://www.national

academies.org/nrc

■ http:www.whoi.du/

index.html

On Earth Day 1999,

private and federal part-

ners launched the his-

toric Sustainable Seas

Expedition to explore

and map the nation’s 

12 National Marine

Sanctuaries, providing

the first comprehensive

study of some of the

organisms and physical

characteristics in these

areas.

http://www.sustainable

seas.noaa.gov
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“Oceans are critical, not just to our

economy; not just to our food supply;

not just to America’s trade and 

security; but to the fabric of life itself.

Those dark-blue waters are perhaps

the single greatest natural treasure 

on God’s Earth.”  

— Vice President Al Gore 

“Oceans are critical, not just to our

economy; not just to our food supply;

not just to America’s trade and 

security; but to the fabric of life itself.

Those dark-blue waters are perhaps

the single greatest natural treasure 

on God’s Earth.”  

— Vice President Al Gore 
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Testing the Waters: California
printer-friendly version

Enter an address, zip code or state

Ranked 21st in Beachwater Quality (out of 30 states)
9% of samples exceeded national standards for designated beach areas in 2011

In order to protect beach goers from waterborne illnesses, we need strong policies to identify
unsafe beach water quality and to clean up the major sources of beach pollution. EPA is
revising the safety standards that are designed to protect swimmers from getting sick, but the
agency needs to strengthen its proposed standards, which—based on EPA’s estimates of
illness risks—would make it acceptable for 1 in 28 swimmers to become ill. In addition,
because polluted runoff is the biggest known source of pollution that causes swimming
advisories or beach closings, EPA needs to reform the national requirements that govern
sources of polluted stormwater, and the states and EPA need to rigorously enforce existing
requirements to ensure that runoff is controlled using innovative solutions known as green
infrastructure that enable communities to naturally absorb or use runoff before it causes
problems.

Key Findings in California

Reported Sources of Beachwater Contamination Statewide
(number of closing/advisory days)

5,471 (94%) unknown contamination sources
219 (4%) sewage spills/leaks
104 (2%) stormwater runoff

Demand Safer Beaches
Ask the EPA to issue health-based

water quality criteria
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BETA VERSION: Beach location information is based on the best-available EPA datasets (learn about our beach location
methodology). Please feel free to suggest a correction or provide feedback.

California has more than 400 beaches along more than 500 miles of coastline on the Pacific
Ocean and San Francisco Bay. In 2011 and continuing into 2012, the California Department
of Health Services administered the BEACH Act grant. Starting in October 2012, the
California State Water Resources Control Board will provide funding for the state contribution
to the state's beach monitoring program and will administer the BEACH Act grant.

Curbing Pollution in Dry Weather Runoff
In urban areas during dry weather, runoff can occur as a result of landscape irrigation, the
draining of swimming pools, car washing, and various commercial activities. Along the coast
of California, where summers are dry, dry-weather runoff is the most common cause of
advisories issued due to elevated bacteria levels.  For some parts of the Santa Monica Bay,
sending dry-weather runoff to sewage treatment plants has improved beachwater quality. In
this densely populated area, more than 20 low-flow diversion facilities have been constructed
to route dry-weather runoff through sanitary sewage treatment after trash and debris have
been screened out.  While the sanitary sewage treatment plants that serve this area are not
able to treat the huge volume of runoff that is generated during storms, they do have the
capacity to treat the relatively small volume of dry-weather runoff. Due to these diversion
projects and other efforts, water quality has improved at the Santa Monica Canyon
monitoring station at Santa Monica State Beach, though challenges remain. At this station,
37% of samples taken from 2006 to 2009 exceeded state standards, but exceedances
dropped to 23% in 2010 and 22% in 2011.

Same-Day Notification Studies in California
Currently approved methods for determining levels of fecal indicator bacteria in beachwater
depend on growth of bacteria colonies in cultures that take 18 to 96 hours to produce
results. Because of this delay between sample collection and results, swimmers generally do
not know until the at least the next day if the water they swam in was contaminated. The
delay also means that beaches may remain closed or posted after water quality has
improved.

Fortunately, new technologies that can provide same-day beachwater quality results are now
available. During the summer of 2010, a rapid bacterial measurement demonstration project
was conducted at nine locations at Huntington State Beach, Newport Beach, and Doheny
State Beach, all in Orange County. This demonstration project used quantitative polymerase
chain reaction (qPCR), a method that targets genetic sequences found in enterococcus
bacteria, allowing public health officials to issue the nation's first-ever same-day warnings for
poor beachwater quality by noon on the day water samples were collected.

The success of the Orange County demonstration project prompted the city of Los Angeles
to undertake a similar project at several Los Angeles County beaches in the summer of 2011.
This study was a cooperative effort among the city's Environmental Monitoring Division, the
county's Department of Public Health and Department of Public Works, and the Southern
California Coastal Water Research Project (SCCWRP). Eight sampling stations were included
in the project: Inner Cabrillo Beach, Surfrider Beach, Topanga State Beach, Santa Monica
Canyon at Santa Monica State Beach, Mothers' Beach, the Ballona Creek outfall at
Dockweiler State Beach, Redondo Pier at Redondo Beach, and the Los Angeles River
estuary boat launch just north of the Queensway Bridge (this location is not a beach).
Samples were analyzed using a currently approved culture method as well as the qPCR
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method in order to determine whether the two methods produced similar results, as they had
in Orange County.

The lab was able to provide qPCR sample results to the county health department by noon
on the same day samples were collected. However, results from qPCR and culture methods
were not as well correlated as they had been in Orange County, with 16% of qPCR results
indicating that water quality standards had been exceeded when the culture method
indicated they had not (false positives). Conversely, 8% of qPCR results indicated there had
not been an exceedance when the culture method indicated there had (false negatives). At
some locations, the qPCR test results were occasionally unreliable because of inhibiting
constituents in the water that interfered with the analysis. Because of inhibition experienced
at the Inner Cabrillo Beach sampling location, this site was dropped from the study partway
through the summer.

After reviewing the data from the 2011 Los Angeles County effort, the project team decided
that additional studies need to be conducted before qPCR results can be used as the basis
for same-day water quality notifications at Los Angeles County beaches. In particular, the
reason for the disagreement between the qPCR and culture-based results needs to be
better understood. More work should also be done to resolve the occasional problem of
compounds in the water samples interfering with the qPCR assay. These additional studies
are planned for the summer of 2012. If successful, they will be followed by a demonstration
project in the summer of 2013 involving same-day notification to Los Angeles County
beachgoers.

Bacterial Pollution Reductions Required in Long Beach
In March 2012, total maximum daily loads (TMDLs)—which are cleanup blueprints for
specified waters—were established for bacteria at beaches in Long Beach and in the Los
Angeles River estuary, which meets the ocean in Long Beach. These TMDLs will reduce
fecal contamination of beaches in Long Beach, protecting the health of tens of thousands of
beachgoers each year. Once implemented, it is expected that the average number of days
during the swimming season that beachwater exceeds fecal indicator bacteria standards will
be reduced to zero.  Those actions are critical because in 2011, more than 20% of samples
taken at beaches in Long Beach exceeded the single-sample standard for enterococcus.

Beach Data Management in California
As of the 2011 beach season, the Southern California Coastal Water Research Project
(SCCWRP) has taken over data management of California's beachwater monitoring and
notification programs from the State Water Resources Control Board (SWRCB). Whereas the
coastal counties used to electronically submit data to the state system, they now
electronically submit data to SCCWRP's system. The transition initially resulted in
inconsistencies between the key identifiers used for beaches and monitoring stations. This
was partly due to incompatibilities between the two electronic reporting systems, but the
transition also revealed incorrect beach identifiers and names that had been in the system
historically. NRDC worked closely with SCCWRP to reconcile the identifiers and used the
opportunity to more effectively identify managed beaches in California. Although some beach
identifiers have not yet been fully reconciled (and SCCWRP, EPA, and NRDC continue to
address those), NRDC's California summary for 2011 includes all of the beaches for which
data have been submitted to EPA. This Herculean effort will make beachwater quality, as well
as notification tracking and reporting, more reliable for California's coastal beaches from this
point forward.

What Does Beachwater Monitoring Show?
In 2011, California reported 707 coastal beaches and beach segments. Of these, 33 (5%)
were assigned a daily monitoring frequency, 38 (5%) a frequency of more than once a week,
464 (66%) once a week, 12 (2%) once a month, and 137 (19%) less than once a month. Two
(<1%) were not assigned a monitoring frequency, and there was no monitoring information
for 21 (3%) beaches. NRDC considered a sample on a given day at a given beach station to
be an exceedance if any of California's bacterial standards was exceeded. Please note that
even if all bacterial standards were exceeded on a given day at a given station, NRDC
counted that as one exceedance. As with all states, when determining California's national
beachwater quality ranking, NRDC analyzed results based on the national single-sample
maximum standard for designated beach areas of 104 cfu/100 ml enterococcus.

In 2011, 10%  of all reported beach monitoring samples exceeded the state's daily
maximum bacterial standards of 104 colonies enterococcus/100 ml, 400 colonies fecal
coliform/100 ml, and/or 10,000 colonies total coliform/100 ml. Fifty-four beaches and beach
segments in California exceeded the standards more than 20% of the time. The beaches with
the highest percent exceedance rates of the state standard in 2011 were Avalon Beach 50
feet west of the Green Pleasure Pier (72%) and Avalon Beach 100 feet west of the Green
Pleasure Pier (63%) in Los Angeles County; Imperial Beach Municipal Beach, Cortez Avenue
in San Diego County (59%); Poche County Beach (58%) and Doheny State Beach surf zone
at outfall (57%) in Orange County; and Surfrider Beach, Malibu, at the breach or last known
breach (55%) in Los Angeles County. Beaches in Contra Costa County had the highest
exceedance rate of the state standard in 2011 (19%), followed by Los Angeles (18%), Santa
Barbara (17%), Humboldt (15%), Monterey (13%), San Francisco (11%), San Mateo (10%),
Santa Cruz (10%), Orange (8%), San Luis Obispo (7%), Alameda (6%), San Diego (6%),
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Marin (6%), Ventura (3%), Sonoma (3%), and Mendocino (3%) counties. No samples were
collected at beaches in Del Norte County. NRDC considers all reported samples individually
(without averaging) when calculating the percent exceedance rates in this analysis. This
includes duplicate samples and samples taken outside the official beach season, if any.

* Please note that only samples from a common set of beaches monitored each
year from 2007-2011 are included in the bar chart.

What Are California's Sampling Practices?
Beachwater quality monitoring in California occurs from no later than April 1 until October 31,
with most beaches in Southern California and in Santa Cruz, San Mateo, and San Francisco
counties monitored year-round.

Individual counties determine sampling locations, but sampling depth and minimum sampling
frequency are determined by state law. Most counties sample at more locations and often
more frequently than required by state law.  Samples are taken in ankle-deep water.
Monitoring locations in California are selected on the basis of the number of visitors, the
location of storm drains, discharge permit requirements to sample at particular places, and
legislative requirements (for instance, legislation requires the monitoring of all beaches on
San Francisco Bay). Monitored beaches account for the vast majority of beach day use in
California.

Samples are usually collected in the most likely areas of possible contamination. In Los
Angeles County, for example, sampling points are located where creeks or storm drains enter
the surf zone; these are usually permanently posted as being under advisory. Most other
counties may permanently post outfalls and sample 25 yards up or down the coast from the
outfall to predict further impacts to beach bathing areas.  Immediate resampling is often
conducted after a bacteria advisory (a posting) is issued in order to lift the posting as soon
as possible. States that monitor more frequently after an exceedance is found will tend to
have higher percent exceedance rates and lower total closing/advisory days than they would
if their sampling schedule did not increase after an exceedance was found.

How Many Beach Closings and Advisories Were Issued in 2011?
Total closing/advisory days for 1,228 events lasting six consecutive weeks or less increased
1% to 5,794 days in 2011 from 5,756 days in 2010. For prior years, there were 2,904 days in
2009, 4,133 days in 2008, 4,736 days in 2007, 4,644 days in 2006, and 5,199 days in 2005.
In addition, there were 11 extended events (586 days total) and 6 permanent events (711
days total) in 2011. Extended events are those in effect more than six weeks but not more
than 13 consecutive weeks; permanent events are in effect for more than 13 consecutive
weeks. For the 1,228 events lasting six consecutive weeks or less, 94% (5,455) of
closing/advisory days in 2011 were due to monitoring that revealed elevated bacteria levels,
2% (120) were preemptive (i.e., without waiting for monitoring results) due to heavy rainfall,
and 4% (219) were preemptive due to known sewage spills/leaks.

This analysis and the California table of monitoring results and closing and advisory days do
not include days in county-wide rain advisory events. This includes 30 preemptive rain
advisory days in Los Angeles County, excluding Long Beach (7 events), 50 in Monterey
County (7 events),  64 in Orange County (12 events),  56 in San Diego County (13
events), and 6 in Ventura County (2 events). There were also at least 18 days of rain
advisories at beaches in Long Beach.

NRDC learned just prior to publication of the report that Los Angeles County's 2011 closing
and advisory days were underreported. Eighteen of 69 beaches managed by the county
were scrutinized and 25 missing closing and advisory days at four beaches were discovered.
These days are included in the analysis in this summary and in the California table, but any
additional errors in the remaining 51 beaches remain uncorrected.

How Does California Determine When to Warn Visitors About
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Swimming?
Local health agencies are responsible for issuing beachwater quality advisories and
closures.  There are four types of beachwater quality warnings issued: postings, closings,
rain advisories, and permanent postings. Postings that warn swimmers about the potential for
illness are issued when a water sample fails to meet bacterial standards. Rain advisories
warn people to avoid swimming in ocean waters during a rain event and for three days after
rainfall ceases. Permanent postings are made at sites where historic data show that the
beachwater generally contains elevated bacteria levels.  Beach closings are generally
issued due to sewage spills or other serious health hazards, but local health officials may
also decide to close a beach when more than one standard is exceeded or when
exceedances are far in excess of the standards.  This is rare, however, and closings are
generally issued only when it is suspected that sewage is impacting a beach.

California employs a variety of bacterial standards:

For total coliform, the single-sample standard is 1,000 cfu/100 ml if the ratio of fecal/total
coliform bacteria exceeds 0.1. Otherwise, the single-sample standard for total coliform is
10,000 cfu/100 ml. The total coliform geometric mean standard is 1,000 cfu/100 ml,
calculated from at least five equally spaced samples collected in a 30-day period.
For fecal coliform, the single-sample standard is 400 cfu/100 ml and the standard for the
geometric mean of at least five evenly spaced samples collected in a 30-day period is
200 cfu/100 ml. In some jurisdictions, E. coli is used as a surrogate for fecal coliform; the
standard is the same as for fecal coliform.
For enterococcus, the single-sample standard is 104 cfu/100 ml and the standard for
the geometric mean of at least five equally spaced samples collected in a 30-day period
is 35 cfu/100 ml.

Almost all counties monitor for all three organisms (total coliform, fecal coliform, and
enterococcus). Some beach management entities, including Los Angeles and Orange
counties and the city of Long Beach, post a beach when the single-sample standard of any
one of these three indicators is exceeded. In Marin County, beaches are posted if either the
enterococcus or fecal coliform standard is exceeded, but not when only the total coliform
standard is exceeded.  In San Francisco County, the single sample standard for total
coliform is 10,000 cfu/100 ml regardless of what the fecal coliform to total coliform ratio is,
and some beaches require confirmation, either from elevated results at nearby sites, from
more than one standard being exceeded, or from resampling, before a beach is posted.
Geometric mean standards are sometimes used to keep a beach posted after the single-
sample maximum has been exceeded but rarely trigger a posting by themselves.  If
geometric mean standards are exceeded, the state recommends that additional sanitary
surveys, more frequent sampling, and additional related evaluations be conducted.  Unless
adjacent sampling stations exceed water quality standards, notifications are issued for the
portion of the beach that extends 50 yards in either direction of the sampling location where
an exceedance of water quality standards is found.

After a posting is issued, samples must meet standards for two days before the beach can
be reopened.

Since 2003, San Diego County has used a predictive model to trigger beach closings at
three south county beaches near the outlet of the Tijuana River. These beaches are Imperial
Beach, Coronado Beach, and Silver Strand State Beach. The model assesses the need for
closures based on real-time information about ocean currents in addition to other
parameters. Use of the model allows the San Diego County Department of Environmental
Health to make more accurate and timely notifications to protect the health of beachgoers.
At 25 of California's other beaches, researchers at Stanford University and Heal the Bay are
developing statistical beachwater quality models that will make predictions of water quality
based on the history of fecal indicator bacteria densities and oceanic and atmospheric data
such as water temperature, current direction, and wind speed at each of the individual
beaches.  At the beaches whose models provide an adequate assessment of water quality,
swimmers will be notified of the beach's water quality status more rapidly than they would be
if traditional techniques for measuring fecal bacteria were used. The models will also help to
assess pollution trends and will identify the environmental variables with the greatest
influence on bacteria concentrations.

In addition to advisories triggered by indicator exceedances, three-day-long preemptive rain
advisories are automatically issued in five counties (Los Angeles, Monterey, Orange, San
Diego, and Santa Cruz counties) when rainfall exceeds predetermined levels, regardless of
whether bacterial monitoring samples have been collected and analyzed. These general
advisories affect all beaches in the county. As a general rule, the Los Angeles County
Recreational Waters Program issues a rain advisory when there is 0.1 inch or more of rainfall
at the University of Southern California rain gauge, but this varies depending on factors such
as how long it has been since the last rainfall, how sporadic the rainfall is, and where it is
falling; according to the agency, much of the watershed that feeds storm drain flow is in the
hills and mountains, which have rainfall levels different from those at the rain gauge. Orange
County issues preemptive countywide rain advisories, warning of elevated bacteria levels in
the ocean for a period of at least 72 hours after rain events of 0.2 inch or more. San Diego
County issues preemptive rain advisories for a period of up to 72 hours after a rain event of
0.2 inch or more.

Preemptive advisories are also issued for reasons other than rain, such as excessive debris
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on a beach. Finally, preemptive closings are issued when there is a known sewage spill or
when sewage is suspected of impacting a beach. Closings are issued immediately upon
notification by the agency responsible for the spill.

California 2011 Monitoring Results and Notice and Advisory Days

County Beach Tier
Assigned
Monitoring
Frequency

Total
Samples

% of
samples
exceeding
state
standards

Closing
or
Advisory
days 

View

Alameda Alameda Point Encinal Beach no
data no data 83 7% 32 view

Alameda Crown Beach, 2001
Shoreline Dr.

no
data once a week 44 9% 14 view

Alameda Crown Beach, Bath House no
data once a week 43 9% 16 view

Alameda Crown Beach, Bird
Sanctuary

no
data once a week 42 7% 32 view

Alameda Crown Beach, Sunset Rd. no
data once a week 41 2% 29 view

Alameda Crown Beach, Windsurfer
Corner

no
data once a week 41 2% 1 view

Contra
Costa Keller Beach no

data once a week 131 19% 42 (145) view

Del Norte Beachfront Park 1 four times a
year 0 n/a 0 view

Del Norte Clifford Kamph Memorial
Park 1 four times a

year 0 n/a 0 view

Del Norte Crescent Beach 1 four times a
year 0 n/a 0 view

Del Norte Enderts Beach 1 four times a
year 0 n/a 0 view

Del Norte High Bluff Beach 1 four times a
year 0 n/a 0 view

Del Norte Kellogg Beach 1 four times a
year 0 n/a 0 view

Del Norte Lake Earl Wildlife Area
Beaches 1 four times a

year 0 n/a 0 view

Del Norte Pebble Beach 1 four times a
year 0 n/a 0 view

Del Norte Pelican Bay State Beach 1 four times a
year 0 n/a 0 view

Del Norte Point St. George 1 four times a
year 0 n/a 0 view

Del Norte South Beach 1 four times a
year 0 n/a 0 view

Del Norte Wilson Creek Beach 1 four times a
year 0 n/a 0 view

Humboldt Agate Beach 1 four times a
year 0 n/a 0 view

Humboldt Baker Beach 1 four times a
year 0 n/a 0 view

Humboldt Big Lagoon 1 four times a
year 0 n/a 0 view

Humboldt Black Sands Beach 1 four times a
year 0 n/a 0 view

Humboldt Carruthers Cove Beach 1 four times a
year 0 n/a 0 view

Humboldt Centerville Beach 1 four times a
year 0 n/a 0 view

Humboldt
Clam Beach Co. Park, Clam

Beach near Strawberry
Creek

1 once a week 37 27% 25 view

Humboldt College Cove 1 four times a
year 0 n/a 0 view

Humboldt Crab Co. Park 1 four times a
year 0 n/a 0 view

Humboldt Dead Man's Beach 1 four times a
year 0 n/a 0 view

Humboldt Dry Lagoon 1 four times a
year 0 n/a 0 view

Humboldt Eel River State Wildlife Area 1 four times a
year 0 n/a 0 view

Humboldt Freshwater Lagoon 1 four times a
year 0 n/a 0 view

Humboldt Gold Bluffs Beach 1 four times a
year 0 n/a 0 view

Humboldt Hidden Beach 1 four times a
year 0 n/a 0 view

Humboldt Indian Beach 1 once a week 0 n/a 0 view

Humboldt Little Black Sands Beach 1 four times a
year 0 n/a 0 view

four times a
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Humboldt Little River State Beach 1 four times a
year 0 n/a 0 view

Humboldt Luffenholtz Beach near
Luffenholtz Creek 1 once a week 36 17% 5 view

Humboldt Mattole River Beach 1 four times a
year 0 n/a 0 view

Humboldt Moonstone Beach near Little
River 1 once a week 33 12% 9 view

Humboldt North Mad River Mouth, Clam
Beach near Mad River 1 once a week 32 6% 2 view

Humboldt Redwood Creek Beach 1 four times a
year 0 n/a 0 view

Humboldt Samoa Dunes Rec. Area 1 four times a
year 0 n/a 0 view

Humboldt Shelter Cove 1 four times a
year 0 n/a 0 view

Humboldt South Spit 1 four times a
year 0 n/a 0 view

Humboldt Stone Lagoon 1 four times a
year 0 n/a 0 view

Humboldt Trinidad Beach near Mill
Creek 1 once a week 33 9% 3 view

Los
Angeles

26610 Latigo Shore Dr,
Malibu in front of monitoring

well discharge
1 once a week 54 20% 37 view

Los
Angeles

26610 Latigo Shore Dr,
Malibu in front of Trivola Bay

Villa treatment plant
1 once a week 46 15% 16 view

Los
Angeles

Abalone Cove, Rancho
Palos Verdes

no
data once a week 52 0% 0 view

Los
Angeles Alamitos Bay Beach 1 once a week 0 n/a 12 view

Los
Angeles Armarillo Beach 1 once a week 0 n/a 0 view

Los
Angeles

Avalon Beach 50 feet east
of the Green Pleasure Pier 1 once a week 31 42% 82 (155) view

Los
Angeles

Avalon Beach 50 feet west
of the Green Pleasure Pier 1 once a week 32 72% 23 view

Los
Angeles

Avalon Beach 100 feet east
of the Green Pleasure Pier 1 once a week 32 22% 27 view

Los
Angeles

Avalon Beach 100 feet west
of the Green Pleasure Pier 1 once a week 32 63% 112 view

Los
Angeles

Avalon Beach East of the
Casino Arch at the steps 1 once a week 30 37% 86 (44) view

Los
Angeles Basin H 1 four times a

year 0 n/a 0 view

Los
Angeles

Big Rock Beach, Malibu in
front of storm drain 1 once a week 52 13% 21 view

Los
Angeles

Bluff Cove, Palos Verdes
Estates 1 once a week 51 0% 0 view

Los
Angeles Broad Beach 1 once a week 0 n/a 0 view

Los
Angeles Carbon Beach 1 once a week 0 n/a 0 view

Los
Angeles Colorado Lagoon 1 once a week 0 n/a 0 view

Los
Angeles Coral Beach 1 once a week 0 n/a 0 view

Los
Angeles

Corral Creek, East end of
Corral Beach (Puerco

Beach?), Malibu
1 once a week 53 9% 12 view

Los
Angeles Dan Blocker County Beach 1 once a week 0 n/a 0 view

Los
Angeles

Dockweiler State Beach in
front of Culver Blvd storm

drain
1 once a week 48 4% 9 view

Los
Angeles

Dockweiler State Beach in
front of the Imperial Hwy

storm drain
1 once a week 48 10% 21 (78) view

Los
Angeles

Dockweiler State Beach just
south of Ballona Creek 1 once a week 220 21% 76 view

Los
Angeles

Dockweiler State Beach, El
Segundo 50 yards south of

Grand Ave extended
1 once a week 49 6% 6 view

Los
Angeles

Dockweiler State Beach, El
Segundo Grand Ave

extended
1 once a week 51 12% 15 view

Los
Angeles

Dockweiler State Beach,
Playa del Rey in front of the

Beaches and Harbors
maintenance yard

1 once a week 51 8% 4 view

Los
Angeles

Dockweiler State Beach,
Playa del Rey opposite
Hyperion Plant, at 1 mile

marker
1 once a week 52 8% 4 view

Los
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Los
Angeles El Matador State Beach 1 once a week 0 n/a 0 view

Los
Angeles El Pescador State Beach 1 once a week 0 n/a 0 view

Los
Angeles El Segundo Beach 1 once a week 0 n/a 0 view

Los
Angeles Escondido Beach 1 once a week 0 n/a 0 view

Los
Angeles

Hermosa Beach 26th St
extended in front of storm

drain
1 once a week 51 4% 8 view

Los
Angeles

Hermosa Beach 50 yards
south of the Herosa Beach

Pier
1 once a week 48 8% 21 view

Los
Angeles Inner Cabrillo Beach 1 once a day 0 n/a 84 view

Los
Angeles

Inner Cabrillo Beach, San
Pedro in front of lifeguard

tower
1 once a day 0 n/a 135 view

Los
Angeles La Costa Beach 1 once a week 0 n/a 0 view

Los
Angeles La Piedra State Beach 1 once a week 0 n/a 0 view

Los
Angeles Las Flores Beach 1 once a week 0 n/a 0 view

Los
Angeles Las Tunas County Beach 1 once a week 0 n/a 0 view

Los
Angeles

Leo Carillo State Beach,
Malibu 50 yards east of

Arroyo Sequit Creek
1 once a week 48 38% 123 view

Los
Angeles

Leo Carillo State Beach,
Malibu in front of Arroyo

Sequit Creek
1 once a week 56 25% 33 view

Los
Angeles

Long Beach, 2nd St Bridge &
Bayshore 1 no data 0 n/a 4 view

Los
Angeles

Long Beach, 5th Place
Beach 1 once a week 58 17% 9 view

Los
Angeles

Long Beach, 10th Place
Beach 1 once a week 54 13% 5 view

Los
Angeles

Long Beach, 55th Place
Beach 1 once a week 53 11% 3 view

Los
Angeles

Long Beach, 56th Place-On
Bayside 1 no data 0 n/a 5 view

Los
Angeles

Long Beach, 72nd Place-
Beach 1 no data 0 n/a 4 view

Los
Angeles

Long Beach, Colorado
Lagoon-North 1 no data 0 n/a 4 view

Los
Angeles

Long Beach, Colorado
Lagoon-South 1 no data 0 n/a 10 view

Los
Angeles

Long Beach, Coronado Ave
Beach 1 once a week 54 13% 6 view

Los
Angeles

Long Beach, Granada Ave
Beach 1 once a week 52 10% 2 view

Los
Angeles

Long Beach, Molino Ave
Beach 1 once a week 51 12% 5 view

Los
Angeles Long Beach, Mothers' Beach 1 no data 0 n/a 6 view

Los
Angeles

Long Beach, Prospect Ave
Beach 1 once a week 54 13% 5 view

Los
Angeles

Long Beach, West side of
Belmont Pier 1 once a week 52 10% 3 view

Los
Angeles

Long Point, Rancho Palos
Verdes

no
data no data 53 2% 6 view

Los
Angeles

Malaga Cove, Palos Verdes
Estates 1 once a week 54 2% 4 view

Los
Angeles Malibu Lagoon State Beach 1 once a week 0 n/a 0 view

Los
Angeles

Malibu Lagoon, Malibu in
front of lifeguard tower 1 once a week 51 8% 6 view

Los
Angeles

Malibu Pier, Malibu 50 yards
east of the pier 1 once a week 62 44% 92 view

Los
Angeles Malibu Point 1 once a week 0 n/a 0 view

Los
Angeles

Manhattan Beach 28th St
extended in front of storm

drain
1 once a week 56 21% 31 view

Los
Angeles

Manhattan Beach 40th
Street extended 1 once a week 48 4% 7 view

Los
Angeles

Manhattan Beach 50 yards
south of 28th St extended, in

front of storm drain
1 once a week 49 12% 14 view

Los
Angeles

Manhattan Beach 50 yards
south of the Manhattan

Beach Pier
1 once a week 48 2% 7 view

Los Mother's Beach, Marina del
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Los
Angeles Rey in front of lifeguard

tower
1 once a week 245 15% 55 view

Los
Angeles

Nicholas Canyon County
Beach, Malibu 100 yards
west of Nicholas Creek

1 once a week 48 10% 9 view

Los
Angeles

Nicholas Canyon County
Beach, Malibu in front of

Nicholas Creek
1 once a week 50 8% 8 view

Los
Angeles No Name 1 once a week 0 n/a 0 N/A

Los
Angeles

Outer Cabrillo Beach, San
Pedro 1 once a week 54 2% 6 view

Los
Angeles

Palos Verdes Estates Arroyo
Circle extended (Torrance

Beach)
1 once a week 0 n/a 21 view

Los
Angeles

Paradise Cove, Malibu in
front of Ramirez Creek 1 once a week 60 33% 60 view

Los
Angeles Point Dume County Beach 1 once a week 0 n/a 0 view

Los
Angeles

Portuguese Bend, Rancho
Palos Verdes 1 once a day 54 4% 4 view

Los
Angeles

Puerco Beach, Malibu 50
yards east of creek 1 once a week 48 6% 14 view

Los
Angeles

Redondo Beach 50 yards
north of the Herondo storm

drain
1 once a week 49 14% 30 view

Los
Angeles

Redondo Beach 50 yards
south of the Redondo Beach

Pier
1 once a week 244 22% 70 view

Los
Angeles

Redondo Beach at the
Herondo storm drain 1 once a week 49 14% 32 view

Los
Angeles

Redondo Beach Avenue I
extended 1 once a week 48 2% 7 view

Los
Angeles

Redondo Beach Topaz St
extended, north side of jetty 1 once a week 52 13% 19 view

Los
Angeles

Robert Meyer Memorial State
Beach 1 once a week 0 n/a 0 view

Los
Angeles

Santa Monica State Beach
50 yards south of Montana

storm drain
1 once a week 49 8% 0 view

Los
Angeles

Santa Monica State Beach
50 yards south of Wilshire

storm drain
1 once a week 49 12% 23 view

Los
Angeles

Santa Monica State Beach at
the Santa Monica Pier 1 once a week 245 22% 78 view

Los
Angeles

Santa Monica State Beach in
front of Ashland storm drain 1 once a week 245 6% 18 view

Los
Angeles

Santa Monica State Beach in
front of Montana storm drain 1 once a week 49 8% 0 view

Los
Angeles

Santa Monica State Beach in
front of Pico/Kenter storm

drain
1 once a week 243 23% 68 view

Los
Angeles

Santa Monica State Beach in
front of Santa Monica
Canyon storm drain

1 once a week 245 22% 54 view

Los
Angeles

Santa Monica State Beach in
front of Wilshire storm drain 1 once a week 55 25% 35 view

Los
Angeles

Santa Monica State Beach
Strand St extended 1 once a week 51 8% 4 view

Los
Angeles South Topanga State Beach 1 once a week 0 n/a 0 view

Los
Angeles

South Will Rogers State
Beach 1 once a week 0 n/a 0 view

Los
Angeles

Surfrider Beach, Malibu at
the breech or last known

breech
1 once a week 243 55% 210 view

Los
Angeles

Topanga County Beach in
front of lifeguard

headquarters
1 once a week 245 40% 164 view

Los
Angeles Topanga State Beach 1 once a week 0 n/a 0 view

Los
Angeles

Trancas Beach (West Zuma
Beach), Malibu 50 yards
east of Trancas Bridge

1 once a week 0 n/a 7 view

Los
Angeles

Trancas Beach (West Zuma
Beach), Malibu in front of

Trancas Bridge
1 once a week 48 4% 35 view

Los
Angeles

Venice City Beach 50 yards
south of Brooks Avenue

storm drain
1 once a week 49 10% 14 view

Los
Angeles

Venice City Beach 50 yards
south of Venice Pier 1 once a week 50 8% 9 view

Los
Angeles

Venice City Beach in front of
Brooks Avenue storm drain 1 once a week 49 8% 0 view

Los
Angeles

Venice City Beach in front of
Windward storm drain 1 once a week 48 4% 28 view
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Los
Angeles

Venice City Beach Topsail St
extended 1 once a week 52 15% 13 view

Los
Angeles

Westward Beach (East
Zuma Beach), Malibu 50

yards east of Zuma Creek
1 once a week 48 10% 17 view

Los
Angeles

Westward Beach (East
Zuma Beach), Malibu in front

of Zuma Creek
1 once a week 53 25% 58 view

Los
Angeles White Point, San Pedro no

data once a day 55 5% 10 view

Los
Angeles

Wilder Addition Park, San
Pedro 1 once a week 53 2% 6 view

Los
Angeles

Will Rogers State Beach 50
yards south of Temescal

storm drain
1 once a week 49 10% 13 view

Los
Angeles

Will Rogers State Beach in
front of Temescal storm

drain
1 once a week 51 12% 6 view

Los
Angeles

Will Rogers State Beach,
17200 Pacific Coast Hwy,

Pacific Palisades at
staircase

1 once a week 49 4% 2 view

Los
Angeles

Will Rogers State Beach, Bel
Air Bay Club, Pacific

Palisades 50 yards south of
chain link fence

1 once a week 49 6% 0 view

Los
Angeles

Will Rogers State Beach, Bel
Air Bay Club, Pacific

Palisades at chain link fence
1 once a week 49 8% 2 view

Los
Angeles

Will Rogers State Beach,
Pacific Palisades in front of

Pulga storm drain
1 once a week 48 6% 16 view

Marin Bolinas Beach 1 once a week 29 10% 37 view

Marin Chicken Ranch Beach at
Creek 1 once a week 23 4% 0 view

Marin China Camp 1 once a week 29 7% 0 view

Marin Dillon Beach 1 once a week 30 7% 14 view

Marin Drake's Beach 1 once a week 30 3% 0 view

Marin Drake's Estero 1 once a week 14 0% 0 view

Marin Fort Baker, Horseshoe
Cove-Northeast 1 once a week 29 10% 37 view

Marin Fort Baker, Horseshoe
Cove-Northwest 1 once a week 29 10% 65 view

Marin Fort Baker, Horseshoe
Cove-Southwest 1 once a week 29 7% 16 view

Marin Golden Hinde 1 four times a
year 0 n/a 0 view

Marin Heart's Desire 1 once a week 29 7% 14 view

Marin Kehoe Beach no
data none 0 n/a 0 N/A

Marin Lawson's Landing 1 once a week 29 10% 28 view

Marin Limantour Beach 1 once a week 29 0% 0 view

Marin Marshall Beach 1 four times a
year 0 n/a 0 view

Marin McClures Beach no
data none 0 n/a 0 N/A

Marin McNears Beach 1 once a week 0 n/a 0 view

Marin Miller Point 1 once a week 30 13% 36 view

Marin Millerton Point 1 once a week 28 11% 21 view

Marin Muir Beach-Central 1 once a week 30 0% 0 view

Marin Muir Beach-North 1 once a week 30 7% 36 view

Marin Muir Beach-South 1 once a week 30 0% 0 view

Marin Paradise Cove 1 once a week 0 n/a 0 view

Marin Rodeo Beach (Chronkite)-
Central 1 once a week 28 0% 0 view

Marin Rodeo Beach (Chronkite)-
North 1 once a week 28 0% 0 view

Marin Rodeo Beach (Chronkite)-
South 1 once a week 28 0% 0 view

Marin Schoonmaker Beach 1 once a week 29 14% 28 view

Marin Shell Beach 1 once a week 30 10% 25 view

Marin Stinson Beach-Central 1 once a week 30 7% 13 view

Marin Stinson Beach-North 1 once a week 30 0% 0 view

Marin Stinson Beach-South 1 once a week 30 0% 0 view

Mendocino Albion River 1 four times a
year 0 n/a 0 view

Mendocino Anchor Bay 1 four times a
year 0 n/a 0 view

Mendocino Arena Cove 1 four times a
year 0 n/a 0 view
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Mendocino Big River-Mendocino Bay
Headlands SP 1 once a week 27 0% 0 view

Mendocino Casper Headlands 1 once a week 12 8% 0 view

Mendocino Chadbourne Gulch 1 once a week 0 n/a 0 view

Mendocino Greenwood SB 1 once a week 0 n/a 0 view

Mendocino Gualala River 1 four times a
year 0 n/a 0 view

Mendocino Hare Creek 1 once a week 11 9% 0 view

Mendocino Irish Beach 1 four times a
year 0 n/a 0 view

Mendocino Jug Handle State Reserve 1 four times a
year 0 n/a 0 view

Mendocino MacKerricher State Park 1 once a week 1 0% 0 view

Mendocino Manchester SB 1 four times a
year 0 n/a 0 view

Mendocino Navarro River Redwood SP 1 four times a
year 0 n/a 0 view

Mendocino Noyo River 1 four times a
year 0 n/a 0 view

Mendocino Pudding Creek Beach 1 once a week 29 0% 0 view

Mendocino Russian Gulch SP 1 four times a
year 0 n/a 0 view

Mendocino Schooner Gulch 1 four times a
year 0 n/a 0 view

Mendocino Ten Mile River 1 four times a
year 0 n/a 0 view

Mendocino Van Damme SP 1 once a week 29 3% 0 view

Mendocino Westport/Union Landing 1 four times a
year 0 n/a 0 view

Monterey Andrew Molera State Beach 1 four times a
year 0 n/a 0 view

Monterey Asilomar State Beach,
Sunset at Asilomar 1 once a week 36 6% 27 view

Monterey Carmel River State Beach 1 once a week 0 n/a 0 view

Monterey Fort Ord Dunes State Beach 1 four times a
year 0 n/a 0 view

Monterey Garrapata State Beach 1 four times a
year 0 n/a 0 view

Monterey Heritage Harbor 1 four times a
year 0 n/a 0 N/A

Monterey John Little State Beach 1 four times a
year 0 n/a 0 view

Monterey Julia Pfeiffer Burns State
Beach 1 four times a

year 0 n/a 0 view

Monterey Limekiln 1 once a week 0 n/a 0 view

Monterey Lovers Point 1 once a week 39 18% 41 view

Monterey Maccabee Beach 1 four times a
year 0 n/a 0 view

Monterey Marina State Beach 1 four times a
year 0 n/a 0 view

Monterey Monastery Beach 1 four times a
year 0 n/a 0 view

Monterey Monterey State Beach 1 once a week 0 n/a 0 view

Monterey Moss Landing State Beach 1 four times a
year 0 n/a 0 view

Monterey Pacific Grove City Beaches 1 four times a
year 0 n/a 0 N/A

Monterey Point Lobos State Reserve
State Beach 1 four times a

year 0 n/a 0 view

Monterey Point Sur SHP 1 four times a
year 0 n/a 0 view

Monterey Salinas River State Beach 1 four times a
year 0 n/a 0 view

Monterey San Carlos Beach 1 once a week 34 6% 0 view

Monterey Seal Rock, Pebble Beach 1 four times a
year 0 n/a 0 view

Monterey Seaside Beach 1 four times a
year 0 n/a 1 view

Monterey Spanish Bay Beach 1 once a week 36 6% 2 view

Monterey Stillwater Cove 1 once a week 37 30% 3 (51) view

Monterey Zmudowski State Beach 1 four times a
year 0 n/a 0 view

Orange Aliso Beach - 9th St/1000
Steps Beach

no
data no data 79 0% 0 view

Orange Aliso Beach - Camel Point no
data no data 79 0% 0 view

Orange Aliso Beach - Middle no
data no data 79 15% 25 view

Orange Aliso Beach - North no no data 79 0% 0 view
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Orange Aliso Beach - North data no data 79 0% 0 view

Orange Aliso Beach - South no
data no data 79 5% 2 view

Orange Aliso Beach - Table Rock no
data no data 79 0% 0 view

Orange Aliso Beach - Three Arch
Bay

no
data no data 79 3% 7 view

Orange Aliso Beach - Treasure
Island Pier

no
data no data 79 0% 0 view

Orange Aliso Beach - Treasure
Island Sign

no
data no data 79 0% 0 view

Orange Bolsa Chica Beach 1 once a day 207 1% 0 view

Orange Bolsa Chica Reserve 1 once a day 208 3% 4 view

Orange Capistrano Bay District 1 twice a week 0 n/a 0 N/A

Orange Capistrano Beach, 5000'
South Outfall 1 twice a week 66 11% 33 view

Orange Capistrano Beach, 7500'
South Outfall 1 twice a week 67 9% 8 view

Orange Capistrano Beach, 10000'
South Outfall 1 twice a week 66 11% 9 view

Orange Crystal Cove State Park 1 once a day 202 2% 2 view

Orange Crystal Cove State Park, Los
Tancos 1 once a day 33 0% 0 view

Orange Crystal Cove State Park,
Muddy Creek Downcoast 1 once a day 27 0% 0 view

Orange Crystal Cove State Park,
Muddy Creek Upcoast 1 once a day 12 0% 0 view

Orange Crystal Cove State Park,
Pelican Point Downcoast 1 once a day 25 0% 0 view

Orange Crystal Cove State Park,
Pelican Point Upcoast 1 once a day 11 0% 0 view

Orange Dana Point Harbor, Baby
Beach - Buoy Line 1 once a week 31 19% 29 view

Orange Dana Point Harbor, Baby
Beach - East End 1 once a week 27 11% 0 view

Orange Dana Point Harbor, Baby
Beach - Swim Area 1 once a week 33 12% 21 view

Orange Dana Point Harbor, Baby
Beach - West End 1 once a week 29 24% 39 view

Orange Dana Point Harbor, Fuel Dock 1 once a week 24 8% 0 view

Orange Dana Point Harbor, Guest
Dock 1 once a week 24 0% 0 view

Orange Dana Point Harbor, Harbor
Entrance 1 once a week 65 5% 0 view

Orange Dana Point Harbor, Harbor
Patrol Dock 1 once a week 24 0% 0 view

Orange Dana Point Harbor, M Dock
(East Basin) 1 once a week 24 4% 0 view

Orange Dana Point Harbor, North
Beach Downcoast 1 once a week 36 44% 0 view

Orange Dana Point Harbor, Pier 1 once a week 23 0% 0 view

Orange Dana Point Harbor, Pilgrim
Dock 1 once a week 24 13% 0 view

Orange Dana Point Harbor, Youth
Dock 1 once a week 24 0% 0 view

Orange Dana Point, Dana Strands 1 four times a
year 79 0% 0 view

Orange Dana Point, MSI Beach 1 four times a
year 66 2% 2 view

Orange Dana Point, Salt Creek
Beach 1 four times a

year 79 3% 0 view

Orange Doheny State Beach, 1000'
South Outfall 1 three times a

week 69 42% 0 view

Orange Doheny State Beach, 2000'
South Outfall 1 three times a

week 74 45% 11 view

Orange Doheny State Beach, 3000'
South Outfall 1 three times a

week 70 30% 70 view

Orange Doheny State Beach, 4000'
South Outfall 1 three times a

week 69 17% 2 view

Orange Doheny State Beach, North
Beach 1 three times a

week 7 57% 0 view

Orange Doheny State Beach, North
of San Juan Creek 1 three times a

week 70 43% 1 view

Orange Doheny State Beach, San
Juan Creek Mouth 1 three times a

week 8 100% 0 view

Orange Doheny State Beach,
Surfzone at Outfall 1 three times a

week 68 57% 0 (312) view

Orange Doheny State Beach, Upper
San Juan Creek 1 three times a

week 8 75% 0 view

Orange Emerald Bay (drain) 1 four times a
year 0 n/a 0 view
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Orange Huntington City Beach, 17th
Street 1 once a day 207 4% 5 view

Orange Huntington City Beach,
Beach Hut 1 once a day 207 4% 2 view

Orange Huntington City Beach,
Bluffs 1 once a day 207 5% 15 view

Orange Huntington City Beach,
Jack's Snack Bar 1 once a day 207 3% 2 view

Orange Huntington Harbour, 11th
Street 1 once a week 25 0% 0 view

Orange Huntington Harbour,
Admiralty Drive 1 once a week 25 0% 0 view

Orange Huntington Harbour, Anaheim
Bay - Gas Dock 1 once a week 25 0% 0 N/A

Orange Huntington Harbour,
Anderson Street Marina 1 once a week 26 8% 4 view

Orange Huntington Harbour,
Clubhouse Marina 1 once a week 25 4% 0 view

Orange Huntington Harbour, Coral
Cay Beach 1 once a week 27 7% 3 view

Orange Huntington Harbour,
Davenport Beach 1 once a week 25 0% 0 view

Orange Huntington Harbour, Harbour
Channel 1 once a week 26 12% 4 view

Orange Huntington Harbour,
Humboldt Beach 1 once a week 26 4% 2 view

Orange Huntington Harbour, Mothers
Beach 1 once a week 27 15% 6 view

Orange Huntington Harbour, Sea
Gate 1 once a week 25 0% 0 view

Orange Huntington Harbour, Sunset
Aquatic Park 1 once a week 25 4% 0 view

Orange Huntington Harbour, Trinidad
Lane Beach 1 once a week 25 0% 0 view

Orange Huntington State Beach, 50'
N of Santa Ana River 1 once a day 203 9% 17 view

Orange Huntington State Beach,
Brookhurst Street 1 once a day 204 5% 21 view

Orange Huntington State Beach,
Magnolia Street 1 once a day 204 6% 28 view

Orange Huntington State Beach,
Santa Ana River - North 1 once a day 202 19% 17 view

Orange Huntington State Beach, SCE
Plant 1 once a day 207 3% 20 view

Orange Laguna Beach, Blue Lagoon 1 twice a week 80 1% 2 view

Orange Laguna Beach, Bluebird
Canyon 1 twice a week 79 3% 1 view

Orange Laguna Beach, Crescent
Bay 1 twice a week 34 0% 0 view

Orange Laguna Beach, Emerald Bay 1 twice a week 1 0% 0 view

Orange Laguna Beach, Emerald Bay
Downcoast 1 twice a week 33 0% 0 view

Orange Laguna Beach, Emerald Bay
Upcoast 1 twice a week 1 0% 0 view

Orange Laguna Beach, Hotel Laguna 1 twice a week 79 5% 13 view

Orange Laguna Beach, Laguna Main
Bch Downcoast 1 twice a week 33 0% 0 view

Orange Laguna Beach, Laguna Main
Beach 1 twice a week 1 0% 20 view

Orange Laguna Beach, Laguna Main
Beach Upcoast 1 twice a week 8 0% 0 view

Orange Laguna Beach, Victoria
Beach 1 twice a week 79 0% 0 view

Orange Monarch Beach 1 once a day 29 10% 35 view

Orange Newport Bay, 10th Street 1 once a week 40 13% 2 view

Orange Newport Bay, 15th Street 1 once a week 39 5% 0 view

Orange Newport Bay, 19th Street 1 once a week 39 3% 2 view

Orange Newport Bay, 33rd Street 1 once a week 41 15% 15 view

Orange Newport Bay, 38th Street 1 once a week 42 12% 5 view

Orange Newport Bay, 43rd Street 1 once a week 42 14% 7 view

Orange Newport Bay, Abalone
Avenue 1 once a week 44 11% 2 view

Orange Newport Bay, Alvarado/Bay
Island 1 once a week 40 5% 2 view

Orange Newport Bay, Back Bay
Drive Drain Pipe 1 once a week 8 13% 0 view

Orange Newport Bay, Bayshore
Beach 1 once a week 41 10% 0 view

Orange Newport Bay, Bayside Drive
Beach 1 once a week 42 5% 6 view
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Orange Newport Bay, Big Canyon
Creek 1 once a week 8 100% 0 view

Orange Newport Bay, De Anza 1 once a week 41 10% 0 view

Orange Newport Bay, Garnet
Avenue 1 once a week 41 7% 2 view

Orange Newport Bay, Grand Canal 1 once a week 39 0% 0 view

Orange Newport Bay, Grant Street 1 once a week 25 4% 0 view

Orange Newport Bay,
Lancaster/62nd Street 1 once a week 26 4% 2 view

Orange Newport Bay, Lido Yacht
Club 1 once a week 42 10% 4 view

Orange Newport Bay, N Street
Beach 1 once a week 40 3% 0 view

Orange Newport Bay, Newport Blvd
Bridge 1 once a week 40 40% 0 view

Orange Newport Bay, Newport
Dunes East 1 once a week 45 20% 15 view

Orange Newport Bay, Newport
Dunes Middle 1 once a week 44 16% 4 view

Orange Newport Bay, Newport
Dunes North 1 once a week 42 14% 4 view

Orange Newport Bay, Newport
Dunes West 1 once a week 43 14% 5 view

Orange Newport Bay, North Star
Beach 1 once a week 42 14% 7 view

Orange Newport Bay, Onyx Avenue 1 once a week 40 3% 0 view

Orange Newport Bay, Park Avenue 1 once a week 41 5% 2 view

Orange Newport Bay, Promontory
Point 1 once a week 41 5% 2 view

Orange Newport Bay, Rhine Channel 1 once a week 41 5% 4 view

Orange Newport Bay, Rocky Point 1 once a week 40 0% 0 view

Orange Newport Bay, Ruby Avenue 1 once a week 41 7% 2 view

Orange Newport Bay, San Diego Crk
@ Campus Dr 1 once a week 8 63% 0 view

Orange Newport Bay, Santa Ana
Delhi Channel 1 once a week 8 75% 0 view

Orange Newport Bay, Sapphire
Avenue 1 once a week 41 7% 6 view

Orange Newport Bay, Ski Zone 1 once a week 9 56% 0 view

Orange Newport Bay, Vaughns
Launch 1 once a week 15 47% 0 view

Orange Newport Bay, Via Genoa 1 once a week 40 5% 0 view

Orange Newport Beach, 15th/16th
St. 1 once a day 202 2% 3 view

Orange Newport Beach, 38th Street 1 once a day 203 2% 3 view

Orange Newport Beach, 52nd/53rd
Street 1 once a day 202 1% 0 view

Orange Newport Beach, Balboa Pier 1 once a day 202 1% 3 view

Orange Newport Beach, Corona Del
Mar 1 once a day 202 2% 3 view

Orange Newport Beach, Liittle
Corona 1 once a day 3 0% 19 view

Orange Newport Beach, Little
Corona Downcoast 1 once a day 27 11% 0 view

Orange Newport Beach, Little
Corona Upcoast 1 once a day 27 0% 0 view

Orange Newport Beach, Orange
Street 1 once a day 203 5% 3 view

Orange Newport Beach, Santa Ana
River - South 1 once a day 202 38% 0 view

Orange Newport Beach, The Wedge 1 once a day 202 0% 0 view

Orange Poche County Beach 1 twice a week 66 58% 121 (94) view

Orange Salt Creek Beach Park no
data

three times a
week 0 n/a 0 view

Orange San Clemente City Beach,
450' North of Pier 1 twice a week 66 5% 6 view

Orange San Clemente City Beach,
North Beach 1 twice a week 66 12% 12 view

Orange San Clemente City Beach, T-
Street Beach Downcoast 1 twice a week 32 3% 0 view

Orange San Clemente City Beach, T-
Street Beach Upcoast 1 twice a week 3 0% 0 view

Orange San Clemente City Beach,
Trafalgar Street Beach 1 twice a week 1 0% 1 view

Orange San Clemente State Beach,
Avenida Calafia 1 twice a week 65 5% 2 view

Orange San Clemente State Beach,
Las Palmeras 1 twice a week 63 3% 0 view

Orange Seal Beach Surfside, 1st 1 once a week 43 12% 4 view
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Orange Street 1 once a week 43 12% 4 view

Orange Seal Beach Surfside, 8th
Street 1 once a week 42 5% 0 view

Orange Seal Beach Surfside, 14th
Street 1 once a week 42 2% 0 view

Orange Seal Beach Surfside, 100
yds South of Pier 1 once a week 42 2% 2 view

Orange Seal Beach Surfside, San
Gab R @ 1st St Pk Lot 1 once a week 8 25% 0 view

Orange Seal Beach Surfside, Sea
Way 1 once a week 41 0% 0 view

Orange South Laguna, Laguna Lido
Apartment 1 twice a week 79 0% 0 view

Orange Sunset Beach, Broadway 1 once a week 42 0% 0 view

San Diego Agua Hedionda Lagoon 1 four times a
year 0 n/a 0 view

San Diego Baja California, Mexico, el
Vigia 1 once a week 35 9% 0 N/A

San Diego Baja California, Mexico,
Playas Blanca 1 once a week 35 23% 0 N/A

San Diego Baja California, Mexico,
Playas De Tijuana 1 once a week 35 14% 0 view

San Diego Bayside Park no
data no data 0 n/a 0 N/A

San Diego Bird Rock (NR) 1 four times a
year 0 n/a 0 view

San Diego Border Field State Park,
Border Fence N side 1 once a week 40 13% 0 view

San Diego Border Field State Park,
Monument Rd. 1 once a week 42 21% 0 view

San Diego Buccaneer Beach, 500'N. of
Loma Alta outlet 1 four times a

year 38 5% 0 view

San Diego Buccaneer Beach, Loma
Alta Creek oultet 1 four times a

year 24 21% 22 view

San Diego Cardiff State Beach, Cardiff/
San Elijo Lagoon 1 once a week 56 0% 7 view

San Diego Cardiff State Beach,
Charthouse parking 1 once a week 39 8% 0 view

San Diego Cardiff State Beach, Las
Olas (Georges) 1 once a week 38 0% 0 view

San Diego Cardiff State Beach,
Seaside State Park 1 once a week 38 0% 0 view

San Diego Carlsbad City Beach, Buena
Vista Lagoon outlet 1 once a week 11 0% 11 view

San Diego Carlsbad Municipal Beach 1 once a week 0 n/a 0 N/A

San Diego Carlsbad State Beach,
Tamarack Av 1 once a week 27 0% 0 view

San Diego Carlsbad State Beach, Warm
Water Jetty 1 once a week 22 0% 0 view

San Diego Coronado Cays (NR) 1 four times a
year 0 n/a 0 N/A

San Diego Coronado City beaches,
Avd. del Sol 1 three times a

week 38 0% 0 view

San Diego Coronado, Central beach 1 twice a week 0 n/a 0 view

San Diego
Del Mar municipal beach
other Sea Orbit Ln, 12th

Street
1 once a week 2 0% 3 view

San Diego Dog Beach O.B. S.D. San
Diego River outlet 1 four times a

year 0 n/a 3 N/A

San Diego Fletcher Cove outlet 1 four times a
year 42 2% 0 view

San Diego Harbor Beach, San Luis Rey
River outlet 1 four times a

year 67 10% 68 view

San Diego Imperial Beach municipal
beach, Camp Surf jetty 1 once a week 2 50% 0 view

San Diego Imperial Beach municipal
beach, Carnation Ave. 1 once a week 47 17% 16 view

San Diego Imperial Beach municipal
beach, Cortez Ave 1 once a week 17 59% 0 view

San Diego Imperial Beach municipal
beach, End of Seacoast Dr 1 once a week 48 21% 56 view

San Diego
Imperial Beach municipal
beach, Imperial Beach

Boulevard
1 once a week 10 70% 0 view

San Diego Imperial Beach municipal
beach, Imperial Beach Pier 1 once a week 37 27% 0 view

San Diego Imperial Beach municipal
beach, Palm Ave 1 once a week 8 75% 0 view

San Diego La Jolla Community Beach 1 once a week 4 25% 0 view

San Diego La Jolla Cove 1 once a week 15 0% 0 view

San Diego La Jolla Shores Beach, Ave
De La Playa 1 once a week 28 0% 0 view
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San Diego Leucadia 1 four times a
year 0 n/a 0 view

San Diego Marine Street Beach 1 four times a
year 0 n/a 0 view

San Diego Mission Bay, Bahia Point 1 once a week 26 8% 2 view

San Diego
Mission Bay, Campland On

The Bay, Campland
swimming beach

1 once a week 26 4% 0 view

San Diego Mission Bay, Crown Point
drain 1 four times a

year 24 0% 0 view

San Diego
Mission Bay, Crown Point
Shores, Wildlife Refuge

fence
1 once a week 24 0% 0 view

San Diego Mission Bay, De Anza Cove,
1st drain east of swim area 1 once a week 26 4% 1 view

San Diego Mission Bay, Fanuel Park 1 once a week 24 0% 0 view

San Diego
Mission Bay, Leisure

Lagoon, comfort sta N of
Leisure

1 once a week 26 4% 3 view

San Diego
Mission Bay, Leisure

Lagoon, Leisure Lagoon
swim area

1 once a week 24 4% 0 view

San Diego Mission Bay, Mariners Basin,
Bonita Cove eastern shore 1 once a week 27 4% 1 view

San Diego Mission Bay, north pacific
passage 1 once a week 0 n/a 0 view

San Diego Mission Bay, Quivera Basin 1 four times a
year 0 n/a 0 view

San Diego Mission Bay, Riviera Shores 1 four times a
year 0 n/a 0 view

San Diego Mission Bay, Sail Bay,
Whiting Ct Catamaran 1 once a week 1 0% 0 view

San Diego Mission Bay, San Juan Cove 1 four times a
year 0 n/a 0 view

San Diego Mission Bay, Santa Barbara
Cove 1 four times a

year 0 n/a 0 view

San Diego Mission Bay, Tecolote
playground 1 four times a

year 25 4% 0 view

San Diego Mission Bay, Tecolote
Shores swim area 1 four times a

year 24 0% 0 view

San Diego
Mission Bay, Vacation Isle,
Mission Bay Vacation Isle

North Cove
1 once a week 17 0% 0 view

San Diego Mission Bay, Vacation Isle, S
side Vacation Isle 1 once a week 7 0% 0 view

San Diego Mission Bay, Vacation Isle,
Ski Beach 1 once a week 23 9% 0 view

San Diego Mission Bay, Ventura Cove 1 once a week 0 n/a 0 view

San Diego Mission Bay, Visitor's Center,
drain S of Visitor's Cntr 1 once a week 24 4% 2 view

San Diego Mission Beach, Belmont Park 1 once a week 43 0% 0 view

San Diego Moonlight Beach,
Cottonwood Creek outlet 1 twice a week 53 2% 12 view

San Diego North Imperial Beach 1 four times a
year 0 n/a 0 N/A

San Diego Ocean Beach 1 once a week 0 n/a 0 view

San Diego Oceanside Harbor 1 once a week 0 n/a 0 view

San Diego Oceanside municipal beach,
Cassidy Street 1 once a week 38 3% 0 view

San Diego Oceanside municipal beach,
Forester Street 1 once a week 37 3% 0 view

San Diego Oceanside municipal beach,
St. Malo Beach 1 once a week 39 3% 0 view

San Diego Oceanside municipal beach,
Tyson Street 1 once a week 37 3% 0 view

San Diego Oceanside Pier area 1 once a week 0 n/a 0 N/A

San Diego Pacific Beach 1 once a week 0 n/a 0 view

San Diego Powerhouse Park 15th
Street 1 four times a

year 30 0% 0 view

San Diego San Diego Bay Chula Vista
Bayside Park (J Street) 1 once a week 0 n/a 5 N/A

San Diego San Diego Bay Coronado
Cays 1 four times a

year 0 n/a 0 N/A

San Diego San Diego Bay Glorietta Bay 1 once a week 21 0% 0 view

San Diego San Diego Bay, Lawrence
St. outlet 1 four times a

year 19 0% 0 view

San Diego San Diego Bay, Shelter
Island Shoreline Park 1 once a week 0 n/a 1 view

San Diego San Diego Bay, Silver Strand
(bayside) 1 four times a

year 7 14% 3 view

San Diego San Diego Bay, Spanish
Landing 1 four times a

year 25 8% 1 view
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San Diego San Diego Bay, Sweetwater
River (NR) 1 four times a

year 1 0% 0 N/A

San Diego San Diego Bay, Tidelands
Park 1 four times a

year 25 4% 4 view

San Diego San Dieguito River Beach 1 twice a week 48 6% 0 N/A

San Diego
San Dieguito River Beach,
Del Mar, San Dieguito River

outlet
1 no data 0 n/a 1 view

San Diego San Elijo State Beach, Pipes 1 once a week 37 0% 0 view

San Diego San Elijo State Beach, stairs
near main entrance 1 once a week 38 0% 0 view

San Diego San Onofre State Beach 1 once a week 0 n/a 2 view

San Diego San Onofre State Beach Old
Man's north SO

no
data no data 0 n/a 4 N/A

San Diego Seascape Beach Park 1 once a week 27 4% 0 view

San Diego Shell Beach, Bermuda Ave 1 once a week 43 0% 2 view

San Diego Shell Beach, Newport Ave 1 once a week 43 0% 0 view

San Diego Shell Beach, O.B. pier @
Narrangaset 1 once a week 43 0% 0 view

San Diego Shell Beach, Stub Jetty
south side 1 once a week 42 0% 0 view

San Diego Silver Strand State Beach,
Silver Strand N end (ocean) 1 once a week 37 3% 4 view

San Diego Solana Beach City Beaches,
Tide Beach center 1 once a week 38 0% 0 view

San Diego South Carlsbad State Beach,
Batiquitos Lagoon outlet 1 once a week 31 0% 2 view

San Diego South Carlsbad State Beach,
Cerezo Drive 1 once a week 38 0% 0 view

San Diego South Carlsbad State Beach,
Encina Creek outlet 1 once a week 38 0% 0 view

San Diego South Carlsbad State Beach,
Palomar Airport 1 once a week 38 0% 0 view

San Diego South Carlsbad State Beach,
Poinsettia Lane 1 once a week 38 0% 0 view

San Diego South Carlsbad State Beach,
Ponto Drive 1 once a week 38 0% 0 view

San Diego South Casa Beach S.D. 1 four times a
year 17 0% 0 view

San Diego Spanish Landing Park 1 once a week 0 n/a 0 view

San Diego Sunset Cliffs Park, Ladera
Street 1 once a week 43 0% 0 view

San Diego Swami's Park, Swami's 1 once a week 24 0% 0 view

San Diego Tecolote Shores 1 once a week 0 n/a 0 view

San Diego Tide Beach Park 1 four times a
year 0 n/a 0 view

San Diego Tijuana River 1 once a week 0 n/a 0 N/A

San Diego
Tijuana Slough National

Wildlife Refuge, 3/4 mi. N of
TJ River

1 once a week 45 13% 0 view

San Diego
Tijuana Slough National
Wildlife Refuge, Tijuana

Estuary mouth
1 once a week 55 35% 56 (157) view

San Diego Torrey Pines City Beach 1 four times a
year 0 n/a 0 view

San Diego Torrey Pines State Beach,
Black's Beach 1 once a week 4 0% 0 view

San Diego Torrey Pines State Beach,
Los Peasquitos Lagoon 1 once a week 53 8% 5 view

San Diego Tourmaline Surfing Park 1 once a week 24 0% 0 view

San Diego USMC Camp Pendleton 1 once a week 0 n/a 0 view

San Diego Whispering Sands Nicholson
Pt., Coast Blvd gazebo 1 four times a

year 1 0% 0 view

San Diego Whispering Sands Nicholson
Pt., Ravina south 1 four times a

year 19 11% 0 view

San Diego WindanSea Beach, Playa Del
Norte 1 once a week 25 0% 0 view

San
Francisco

Aquatic Park, Hyde Street
Pier 1 once a week 52 0% 0 view

San
Francisco Aquatic Park, Mid-beach 1 once a week 63 17% 3 view

San
Francisco

Baker Beach, Lobos Creek
at Lower Parking Lot 1 once a week 63 10% 11 view

San
Francisco

Baker Beach, Opposite
Seacliff 2 Pumping Station 1 once a week 58 2% 6 view

San
Francisco

Baker Beach, Upper Parking
Lot 1 once a week 63 2% 6 view

San
Francisco

Candlestick Point, Jack
Rabbit Beach 1 once a week 68 24% 11 view

San Candlestick Point, Sunnydale 1 once a week 68 24% 13 view
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Francisco Cove 1 once a week 68 24% 13 view

San
Francisco

Candlestick Point,
Windsurfer Circle 1 once a week 71 27% 21 view

San
Francisco China Beach, China Beach 1 once a week 55 4% 3 view

San
Francisco Crissy Field West 1 once a week 55 5% 3 view

San
Francisco Crissy Field, New Beach 1 once a week 63 17% 9 view

San
Francisco Ocean Beach at Vicente St. 1 once a week 1 0% 2 view

San
Francisco Ocean Beach, at Balboa St. 1 once a week 53 0% 2 view

San
Francisco

Ocean Beach, at Lincoln
Ave. 1 once a week 53 0% 2 view

San
Francisco

Ocean Beach, at Pacheco
St. 1 once a week 1 0% 2 view

San
Francisco Ocean Beach, at Sloat Blvd. 1 once a week 54 2% 2 view

San
Francisco Ocean Beach, Fort Funston 1 once a week 4 50% 6 view

San Luis
Obispo

Avila Beach - Halfway
between San Luis Creek

and pier
1 once a week 56 11% 0 view

San Luis
Obispo

Avila Beach, 249 yds east
of pier by last steps on rock

wall
1 once a week 56 7% 1 view

San Luis
Obispo

Cayucos Beach, Farthest
swing set, near D street 1 once a week 52 10% 1 view

San Luis
Obispo

Cayucos Beach, Half way
between creek and pier 1 once a week 54 11% 2 view

San Luis
Obispo

Cayucos Beach, Studio
drive parking lot, south of

Old Creek
1 once a week 50 2% 0 view

San Luis
Obispo

Hearst Memorial State
Beach, 100 feet east of the

pier
1 four times a

year 0 n/a 0 view

San Luis
Obispo

Hearst Memorial State
Beach, 100 feet west of the

pier
1 four times a

year 0 n/a 0 view

San Luis
Obispo Leffingwell Beach 1 four times a

year 0 n/a 0 view

San Luis
Obispo

Montana De Oro - Hazard
Canyon

no
data once a week 51 0% 0 view

San Luis
Obispo Moonstone Beach 1 four times a

year 0 n/a 0 view

San Luis
Obispo

Morro Bay City Beach, 75 ft
north of main parking lot 1 once a week 48 0% 0 view

San Luis
Obispo

Morro Bay City Beach,
Atascadero Ave 1 once a week 55 11% 3 view

San Luis
Obispo

Morro Bay City Beach, Small
parking lot south side of

Morro Bay Creek
1 once a week 54 9% 3 view

San Luis
Obispo

Morro Strand State Beach,
Alva Paul-Beachcomber Dr

& Luzon South
1 once a week 49 0% 0 view

San Luis
Obispo N Morro Strand State Beach 1 four times a

year 0 n/a 0 view

San Luis
Obispo

Oceano Dunes State Rec
Area Post 4 1 four times a

year 49 2% 0 view

San Luis
Obispo

Oceano Dunes State Rec
Area, 350 yds north of Pier

Ave
1 four times a

year 49 2% 0 view

San Luis
Obispo

Oceano Dunes State Rec
Area, 571 yds south of Pier

Ave
1 four times a

year 49 2% 0 view

San Luis
Obispo

Oceano Dunes State Rec
Area, Pier Ave 1 four times a

year 50 2% 0 view

San Luis
Obispo Olde Port Beach-11 1 once a week 58 16% 0 view

San Luis
Obispo Olde Port Beach-12 1 once a week 58 16% 4 view

San Luis
Obispo

Pismo State Beach, 40 ft
south of pier 1 once a week 58 16% 5 view

San Luis
Obispo

Pismo State Beach, 302 yds
south of Pier-Sea Venture

green roof-Ocean
1 once a week 54 9% 2 view

San Luis
Obispo

Pismo State Beach, 338 yds
north of pier-Edgewater

Motel
1 once a week 51 4% 0 view

San Luis
Obispo Pismo State Beach, Oceano 1 once a week 0 n/a 0 view

San Luis
Obispo S Morro Strand State Beach 1 four times a

year 0 n/a 0 view

San Luis San Simeon Beach 1 once a week 51 4% 1 view

converted by Web2PDFConvert.com

RB-AR10241

http://www.web2pdfconvert.com?ref=PDF
http://www.web2pdfconvert.com?ref=PDF


Obispo San Simeon Beach 1 once a week 51 4% 1 view

San Luis
Obispo Sewers, Silver Shoals Drive 1 once a week 51 4% 1 view

San Luis
Obispo Shell Beach 1 four times a

year 0 n/a 0 view

San Luis
Obispo Spyglass Park 1 four times a

year 0 n/a 0 view

San Mateo Ano Nuevo State Refuge 1 four times a
year 0 n/a 0 view

San Mateo Aquatic Park 1 once a week 45 47% 90 view

San Mateo Bean Hollow State Beach 1 once a week 30 0% 0 view

San Mateo Capistrano Blvd. Beach 1 four times a
year 0 n/a 0 view

San Mateo Coyote Point County Park 1 once a week 44 5% 15 view

San Mateo Dunes State Beach 1 once a week 49 0% 0 view

San Mateo El Grandada 1 four times a
year 0 n/a 0 view

San Mateo Elmar Beach 1 four times a
year 0 n/a 0 view

San Mateo Fitzgerald Marine (Moss
Beach) 1 once a week 49 16% 84 view

San Mateo Francis State Beach 1 once a week 48 0% 7 view

San Mateo Gazos Creek Access 1 once a week 30 0% 0 view

San Mateo Gray Whale State Beach 1 four times a
year 0 n/a 0 view

San Mateo Kiteboard Beach no
data no data 32 22% 53 view

San Mateo Lakeshore Park 1 four times a
year 44 43% 97 (108) view

San Mateo Manor Beach 1 four times a
year 0 n/a 0 view

San Mateo Martin's Beach 1 once a week 0 n/a 0 view

San Mateo Maverick's Beach 1 four times a
year 0 n/a 0 view

San Mateo Miramar Beach 1 four times a
year 0 n/a 0 view

San Mateo Montara State Beach 1 once a week 49 0% 0 view

San Mateo Mori Point 1 four times a
year 0 n/a 0 view

San Mateo Naples Beach 1 once a week 0 n/a 0 view

San Mateo Oyster Point Marina no
data once a week 0 n/a 91 N/A

San Mateo Pacifica State Beach, Linda
Mar Beach #5 1 once a week 49 6% 22 view

San Mateo Pebble Beach 1 four times a
year 0 n/a 0 view

San Mateo Pescadero State Beach 1 once a week 30 3% 7 view

San Mateo Pigeon Point Beach 1 four times a
year 0 n/a 0 view

San Mateo Pillar Point #7 1 once a week 50 34% 135 (61) view

San Mateo Pillar point #8 1 once a week 49 18% 91 view

San Mateo Pomponio State Beach 1 once a week 30 0% 0 view

San Mateo Poplar Beach 1 four times a
year 0 n/a 0 view

San Mateo Redondo Beach 1 four times a
year 0 n/a 0 view

San Mateo Rockaway Beach 1 once a week 47 0% 0 view

San Mateo Roosevelt State Beach 1 once a week 49 0% 7 view

San Mateo Ross's Cove 1 four times a
year 0 n/a 0 view

San Mateo San Gregorio State Beach 1 once a week 30 7% 13 view

San Mateo Sand Beach 1 four times a
year 0 n/a 0 view

San Mateo Sharp Park 1 once a week 76 1% 0 view

San Mateo Surfers Beach 1 once a week 49 2% 16 view

San Mateo Thornton State Beach 1 four times a
year 0 n/a 0 view

San Mateo Tunitas Beach 1 four times a
year 0 n/a 0 view

San Mateo Vallejo Beach 1 four times a
year 0 n/a 0 view

San Mateo Venice State Beach 1 once a week 49 0% 0 view

Santa
Barbara 1000 Steps 1 once a week 0 n/a 0 view

Santa
Barbara Arroyo Burro 1 once a week 54 31% 50 view

Santa
Barbara Arroyo Quemado 1 four times a

year 0 n/a 0 view
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Santa
Barbara Butterfly Beach 1 once a week 45 16% 23 view

Santa
Barbara Campus Pt. 1 once a week 0 n/a 0 view

Santa
Barbara Carpinteria City 1 once a week 47 23% 0 view

Santa
Barbara Carpinteria State 1 once a week 0 n/a 42 view

Santa
Barbara Coal Oil Point 1 once a week 0 n/a 12 view

Santa
Barbara Depressions 1 once a week 0 n/a 0 view

Santa
Barbara Devereaux 1 once a week 0 n/a 0 view

Santa
Barbara East Beach Sycamore Creek 1 once a week 44 7% 10 view

Santa
Barbara East Beach- Mission Creek 1 once a week 53 42% 88 view

Santa
Barbara El Capitan State Beach 1 once a week 44 11% 21 view

Santa
Barbara Ellwood 1 once a week 0 n/a 0 view

Santa
Barbara Gaviota State Beach 1 once a week 39 15% 47 view

Santa
Barbara Goleta Beach 1 once a week 46 13% 21 view

Santa
Barbara Guadalupe Dunes Beach 1 once a week 6 17% 6 view

Santa
Barbara Hammonds 1 once a week 43 5% 7 view

Santa
Barbara Haskell's 1 once a week 0 n/a 0 view

Santa
Barbara Hope Ranch Beach 1 once a week 45 20% 36 view

Santa
Barbara Isla Vista Beach 1 once a week 0 n/a 0 view

Santa
Barbara Jalama Beach 1 once a week 42 14% 48 view

Santa
Barbara Leadbetter 1 once a week 44 7% 10 view

Santa
Barbara Loon Point 1 once a week 0 n/a 0 view

Santa
Barbara Mesa Lane 1 once a week 0 n/a 0 view

Santa
Barbara Miramar 1 once a week 0 n/a 0 view

Santa
Barbara Ocean Beach 1 once a week 0 n/a 0 view

Santa
Barbara Padaro Lane 1 once a week 0 n/a 0 view

Santa
Barbara Refugio State Beach 1 once a week 45 18% 35 view

Santa
Barbara Rincon at Bates Beach 1 once a week 0 n/a 0 view

Santa
Barbara

Sands Beach at Coal Oil
Point 1 once a week 0 n/a 0 view

Santa
Barbara Santa Claus Lane 1 once a week 0 n/a 0 view

Santa
Barbara Summerland Beach 1 once a week 43 2% 2 view

Santa
Barbara Surf Beach 1 once a week 0 n/a 0 view

Santa
Barbara West Beach 1 once a week 0 n/a 0 view

Santa
Cruz Beercan Beach 1 four times a

year 0 n/a 0 view

Santa
Cruz Capitola Beach east of Jetty 1 once a week 54 11% 0 view

Santa
Cruz Capitola Beach west of Jetty 1 once a week 58 22% 2 view

Santa
Cruz Corcoran Lagoon Beach 1 once a month 11 9% 0 view

Santa
Cruz Cowell Beach Stairs 1 once a week 52 2% 0 view

Santa
Cruz

Cowell Beach west of
Wharf 1 once a week 63 32% 26 (92) view

Santa
Cruz Hidden Beach 1 once a month 12 0% 0 view

Santa
Cruz Hooper's Beach 1 four times a

year 0 n/a 0 view

Santa
Cruz Lighthouse Beach 1 once a month 11 0% 0 view

Santa
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Santa
Cruz Main Beach at Boardwalk 1 once a week 60 10% 12 view

Santa
Cruz Main Beach at San Lorenzo 1 once a week 55 9% 21 view

Santa
Cruz Manresa State Beach 1 once a month 12 0% 0 view

Santa
Cruz Mitchells Cove Beach 1 once a month 12 0% 0 view

Santa
Cruz Moran Lake Beach 1 once a month 11 9% 0 view

Santa
Cruz Natural Bridges State Beach 1 once a week 54 9% 0 view

Santa
Cruz Neary Lagoon mouth 1 once a week 0 n/a 0 N/A

Santa
Cruz New Brighton State Beach 1 once a week 52 12% 0 view

Santa
Cruz Pajaro Dunes State Beach 1 once a week 13 0% 0 view

Santa
Cruz Pleasure Point Beach 1 once a month 12 8% 0 view

Santa
Cruz Rio del Mar Beach 1 once a week 53 8% 2 view

Santa
Cruz San Vicente Beach 1 once a month 11 0% 0 view

Santa
Cruz Schwan Lake 1 once a week 0 n/a 0 N/A

Santa
Cruz Scott Creek Beach 1 once a month 12 8% 0 view

Santa
Cruz Seabright State Beach 1 once a week 52 2% 0 view

Santa
Cruz Seacliff State Beach 1 once a week 60 7% 2 view

Santa
Cruz Seascape Beach 1 four times a

year 0 n/a 0 view

Santa
Cruz Sunny Cove Beach 1 once a month 12 8% 0 view

Santa
Cruz Sunset Beach 1 once a month 12 0% 0 view

Santa
Cruz Trestle Beach 1 four times a

year 0 n/a 0 view

Santa
Cruz Twin Lakes State Beach 1 once a week 52 4% 0 view

Santa
Cruz Waddell Creek Beach 1 once a month 11 9% 0 view

Sonoma Black Point Regional Park
Beach 1 once a week 30 0% 0 view

Sonoma Campbell Cove State Beach 1 once a week 35 11% 29 view

Sonoma Doran Regional Park Beach 1 once a week 30 0% 0 view

Sonoma Goat Rock State Beach 1 once a week 30 3% 5 view

Sonoma Gualala Regional Park Beach 1 once a week 30 0% 0 view

Sonoma Salmon Creek State Beach 1 once a week 34 0% 0 view

Sonoma Stillwater Regional Park
Beach 1 once a week 30 7% 5 view

Ventura County Line Beach 1 once a week 26 0% 1 view

Ventura Deer Creek Beach 1 once a week 0 n/a 0 view

Ventura Emma Wood State Beach 1 once a week 48 4% 6 view

Ventura Faria County Park 1 once a week 48 6% 6 view

Ventura Hobie Beach 1 once a week 50 12% 17 view

Ventura Hobson County Park 1 once a week 25 0% 0 view

Ventura Hollywood Bch-La Crescen. 1 once a week 26 0% 0 view

Ventura Hollywood Bch-Los Robles 1 once a week 50 2% 0 view

Ventura Kiddie Beach 1 once a week 51 6% 0 view

Ventura La Conchita Beach 1 once a week 0 n/a 0 view

Ventura Mandos Cove Beach 1 once a week 25 0% 0 view

Ventura Marina Park Beach 1 once a week 25 0% 0 view

Ventura McGrath State Beach,
station 2600 1 once a week 0 n/a 0 view

Ventura McGrath State Beach,
station 2700 1 once a week 0 n/a 0 view

Ventura McGrath State Beach,
station 2800 1 once a week 0 n/a 0 view

Ventura Mussel Shoals Beach 1 once a week 25 0% 0 view

Ventura Oil Piers Beach 1 once a week 49 4% 0 view

Ventura Ormond Bch-Indust. Drain 1 once a week 43 0% 9 view

Ventura Ormond Beach- J St. 1 once a week 51 8% 9 view

Ventura Ormond Beach-Arnold Rd. 1 once a week 43 0% 9 view

Ventura Oxnard Bch Pk-Falkirk Ave 1 once a week 35 3% 1 view
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Ventura Oxnard Bch Pk-Starfish Dr 1 once a week 34 0% 1 view

Ventura Oxnard Bch-5th St. 1 once a week 26 0% 0 view

Ventura Oxnard Bch-Outrigger Way 1 once a week 26 0% 0 view

Ventura Peninsula Bch/Harbor Cove 1 once a week 25 4% 1 view

Ventura Point Mugu Beach 1 once a week 26 0% 0 view

Ventura Port Hueneme Beach Pk. 1 once a week 51 8% 9 view

Ventura Promenade Pk-Calif. St. 1 once a week 25 0% 7 view

Ventura Promenade Pk-Figueroa St. 1 once a week 49 8% 7 view

Ventura Promenade Pk-Redwood
Apts 1 once a week 22 0% 7 view

Ventura Rincon Beach 1 once a week 51 8% 2 view

Ventura Rincon Parkway North 1 once a week 0 n/a 0 view

Ventura San Buenaventura State
Beach, Dover Lane 1 once a week 25 0% 1 view

Ventura San Buenaventura State
Beach, Kalorama St. 1 once a week 25 0% 1 view

Ventura San Buenaventura State
Beach, San Jon Rd. 1 once a week 49 6% 1 view

Ventura San Buenaventura State
Beach, Weymouth Ln. 1 once a week 25 0% 1 view

Ventura Seaside Wilderness Park
Beach 1 once a week 0 n/a 0 view

Ventura Silverstrand Beach, S. Paula 1 once a week 49 0% 21 view

Ventura Silverstrand Beach, San Nic. 1 once a week 50 4% 6 view

Ventura Silverstrand Beach,
Sawtelle 1 once a week 51 2% 3 view

Ventura Solimar Beach 1 once a week 49 6% 6 view

Ventura South Jetty Beach 1 once a week 0 n/a 0 view

Ventura Staircase Beach 1 once a week 26 0% 0 view

Ventura Surfer's Knoll Beach 1 once a week 49 8% 6 view

Ventura Surfer's Point at Seaside 1 once a week 50 4% 1 view

Ventura Sycamore Cove Beach 1 once a week 26 0% 0 view

Ventura Thornhill Broome Beach 1 once a week 26 0% 0 view

Ventura Ventura River 1 once a week 0 n/a 0 N/A

Notes
1. California State Water Resources Control Board, "California Beach Water Quality

Background Information," accessed at
www.swrcb.ca.gov/water_issues/programs/beaches/beach_water_quality/background.shtml,
December 2011.

2. Tam, W., "Infrastructure Improvements in the City of Los Angeles for Santa Monica Bay
Beaches," National Beach Conference, Huntington Beach, California, April 2009.

3. John Griffith, Southern California Coastal Water Research Project, personal
communication, March 2012.

4. Steve Weisberg, Southern California Coastal Water Research Project, personal
communication, March 2012.

5. U.S. Environmental Protection Agency, "Long Beach City Beaches and Los Angeles
River Estuary Total Maximum Daily Loads for Indicator Bacteria," March 26, 2012.

6. Michael Gjerde, California State Water Resources Control Board, personal
communication, March 2012.

7. Becky Valenti, County of Los Angeles Department of Public Health, personal
communication, June 2012.

8. Michael Fennessy, Orange County Environmental Health, personal communication, June
2012.

9. City of Long Beach Health and Human Services, "Water Quality Program Recreational
Water Monitoring," accessed at
http://www.longbeach.gov/health/eh/water/water_samples.asp, June 2012.

10. California State Water Resources Control Board, "Welcome to the California Beach
Water Quality Information Page," accessed at
www.swrcb.ca.gov/water_issues/programs/beaches/beach_water_quality, December
2011.

11. Robert Turner, Marin County Environmental Health Services, personal communication,
June 2012.

12. San Francisco Public Utilities Commission, "Beach Water Quality Monitoring Program,"
accessed at http://sfwater.org/index.aspx?page=87, June 2012.

13. California Department of Public Health, "Draft Guidance for Salt Water Beaches, Last
Update: April 10, 2006.

14. San Diego County Department of Environmental Health, "San Diego County 2004 Beach
Closure & Advisory Report," May 2008.

15. Amanda Griesbach, Heal the Bay, personal communication, March 2012.
16. Why don't the 2011 percent exceedance values in this summary match? The value at

the top of the first page reflects the proportion of samples exceeding the national single-
sample maximum standard for designated beach areas. The values in the "What Does
Beach Monitoring Show?" section reflects the proportion of samples exceeding the state
standard, which in California's case is more stringent than the designated beach
standard. Also, only samples from a common set of beaches monitored each year from
2007-2011 are included in the bar chart. Because some beaches were not monitored in
each of those years, the percent exceedance for this subset of beaches did not have
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executive summAry

Many communities in the United States face serious threats to a safe, 

steady supply of water. These include a longstanding reliance on 

centralized water delivery systems that results in urban areas and 

agencies largely overlooking opportunities to integrate alternate local sources 

of water to meet their water supply needs; the unnecessary use of potable 

water for non-potable uses, such as outdoor landscape irrigation and indoor 

toilet flushing; climate change; and continually increasing areas of impervious 

surfaces in our landscape that result in stormwater runoff carrying pollution to 

our rivers, lakes, and beaches. Although the problems of water supply and water 

pollution can be complex, practical solutions for both are available now, such as 

capturing and using rainwater from rooftops. 

Rooftop rainwater capture is a simple, cost-effective approach for supplying water that promotes sustainable water 
management. By using rainwater rather than allowing it to run off of paved surfaces to pick up pollutants and carry 
them to nearby surface waters. The practice provides numerous benefits: 

n   Inexpensive, on-site supply of water that can be used for outdoor non-potable uses with little, if any, treatment, or 
for a variety of additional uses including potable supply with appropriately higher levels of treatment 

n   Reduced (or no) energy and economic costs associated with treating and delivering potable water to end users 
because capture systems often use low-volume, non-pressurized, gravity fed systems or require only the use of a 
low power pump for supply 

n   Reduced strain on existing water supply sources 

n   Reduced runoff that would otherwise contribute to stormwater flows, a leading cause of surface water pollution 
and urban flooding

Water quality and its potential impact on human health is a consideration when using rooftop rainwater 
capture. While rooftop runoff may contain pollutants, these pollutants are generally found in significantly lower 
concentrations and without many of the toxic contaminants that may be picked up by the rooftop runoff after 
it mobilizes off-site and flows over other impervious surfaces such as streets and parking lots. Overall, limiting 
rainwater use to non-potable applications such as toilet or urinal flushing, or hose bibs (or wall spigots) for irrigation 
water “presents little human health risk,” according to the U.S. Environmental Protection Agency.1 With proper care, 
rooftop rainwater capture can be a useful part of a holistic 21st Century water policy.
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NRDC analyzed the total volume of rooftop 
rainwater potentially available for capture and use 
in eight U.S. cities, as well as the volume of water 
potentially available for use under various capture, 
storage and usage scenarios. The analyses shows that 
the volume of rainfall falling on rooftops, if captured in 
its entirety, would be enough to meet the annual water 
supply needs of between 21 percent and 75 percent 
of each city’s population. Even under conservative 
assumptions, the study demonstrates that each city 
modeled can capture hundreds of millions to billions 
of gallons of rainwater each year, equivalent to the 

total annual water use of tens to hundreds of thousands of residents. 
NRDC’s study shows that a substantial opportunity exists to use rooftop rainwater capture as an efficient, effective 

water resource management approach. 
 Several institutional barriers need to be addressed for rooftop rainwater capture to provide maximum benefit. 
In many locations, the use of rainwater is prohibited or is limited to outdoor non-potable uses, such as residential 
irrigation, for which it is generally accepted that little or no treatment of the rainwater is required. However, with 
proper treatment, the use of rainwater for indoor non-potable uses, such as toilet flushing, represents a substantial 
opportunity for the more efficient use of water resources. Yet few municipalities have defined standards and 
criteria for using rainwater for non-potable indoor applications, and overlapping or contradictory regulations and 
requirements of multiple agencies can make the use of rainwater overly complicated. NRDC recommends several 
policy options and incentives to promote rooftop rainwater capture and lower the barriers for the practice: 

n  Adopt stormwater pollution control standards that require on-site volume retention and allow rainwater  
harvesting and reuse, with appropriate health and safety standards, to be used to meet that requirement, thereby 
creating an incentive for on-site capture

n  Adopt standards that require or promote rainwater harvesting and/or water efficiency

n  Review building, health, and plumbing codes for barriers to capturing or reusing rainwater

n  Provide incentives for decreasing stormwater runoff and promoting water conservation

n  Require use of rainwater harvesting and reuse on all public properties

Rooftop runoff, often referred to as 
‘clean runoff’ may contain pollutants, 
but “generally in lower concentrations 
and absent many of the toxics present 
in runoff from other impervious 
surfaces.” – U.S. EPA Municipal Handbook 

on Rainwater Harvesting Policies 
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A sAfe, sufficieNt wAter suPPly is threAteNeD 
by outDAteD wAter mANAgemeNt PrActices, 
wAsteful use & PriciNg; climAte chANge; AND 
PollutioN from stormwAter ruNoff 
Monumental public works projects and groundwater extraction in arid areas of the United States, and substantial 
rainfall in other areas have provided a generally available water supply. This leads to the view that water is an abundant 
resource—and, perhaps, to its unnecessary waste. But the limited availability of water is becoming increasingly clear. 
The longstanding reliance on centralized water delivery systems means opportunities to integrate alternate local sources 
of water to meet local water demand are often overlooked. Distorted water pricing can lead to unnecessary waste, for 
example using potable water for non-potable uses such as outdoor landscape irrigation and indoor toilet flushing. 
Climate change will compound water resource challenges at the same time that increasing population will add demand 
to existing water supplies, and the increase in impervious surfaces from development accompanying population 
growth will result in even more stormwater runoff carrying pollution to our rivers, lakes, and beaches. These emerging 
water challenges only increase the stress on critical water supplies and demand a re-examination of current water 
management practices. Rooftop Rainwater Capture is a sustainable practice that can help address these challenges. 

high rates of water consumption strain Diminishing water supply 
Each day in the Unites States, 44 billion gallons of freshwater are drawn from surface and groundwater sources 
and delivered by public water systems to residential, commercial, and industrial users (see Figure 1: Uses of Daily 
Freshwater Withdrawals in the United States).

In fact, water demand in the United States is among the highest in the world, averaging 100 to 165 gallons per 
person per day—or as much as 4 times more than in some European countries (see Figure 2: Comparison of Daily 
Domestic Demand in North American and European Countries).2,3 

figure 1: uses of Daily freshwater withdrawals in 
the united states

30 billion gallons 
other (livestock, 
industrial, mining,  
and other uses)

48 billion gallons
public water systems 
and private wells for 
residential, commercial 
and industrial users

128 billion  
gallons
irrigation

143 billion  
gallons
cooling water for 
thermoelectric power 
generation plants, 
nearly all used for 
once-through cooling 
and returned to a 
waterbody

figure 2: comparison of Daily Domestic Demand 
in North American and european countries 

Source: A.Y. Hoekstra and A.K. Chapagain, Water Footprints of 
Nations: Water Use by People as a Function of Their Consumption 
Pattern, Water Resources Management (2007) 21:35-48, 
available at http://www.waterfootprint.org/Reports/Hoekstra_and_
Chapagain_2007.pdf (accessed october 2011).

Typical domestic indoor per person water use in the United States is 70 gallons per day (see Table 1: Typical Daily Water 
Use). However outdoor water use can constitute 30 to nearly 60 percent of overall domestic demand, increasing the average 
per person domestic use up to 165 gallons per day or more.4 While potable water is used almost exclusively for domestic 
uses, up to 80 percent of domestic demand may not require drinkable water. Similar trends exist for commercial water use, 
where, because contact uses such as cooking and showering are decreased, the percentage of use suitable for non-potable 
supply can be even higher. Both the domestic and commercial statistics show that potable water is most often used to 
supply non-potable needs.
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table 1: typical Daily water use

use

Domestic office buildings

Percent of Daily total (gallons per Person) Percent of Daily total

Potable indoor uses*
• Showers/Baths
• Dishwashers
• Kitchen
• Faucets
• Other uses, leaks

7.8% (12.8)
0.6% (1.0)

-
6.6% (10.9)
6.7% (11.1)

-
-

3%
1%

10%

subtotal potable 21.7% (35.8) 14%

Non-potable indoor uses
• Clothes washers
• Toilets/urinals
• Cooling

9.1% (15.0)
11.2% (18.5)

-

-
25%
23%

subtotal non-potable 20.3% (33.5) 48%

outdoor uses 58.0% (95.7) 38%

total non-potable indoor 
and outdoor uses 78.3% 86%

*Domestic kitchen use accounted for in dishwasher and faucet categories.

Source: American Waterworks Association Research Foundation (AWWARF), Residential End Uses of Water, Denver, CO, AWWARF, 1999. 
Pacific Institute, Waste Not, Want Not: The Potential for Urban Water Conservation in California, November 2003.

For example, 270 billion gallons of water are used each week—a significant portion of it potable—to water 23 
million acres of lawn in the United States. This watering bill costs $40 billion annually.5 In addition, more than 11 
percent of drinking water delivered to households—an estimated 6 billion gallons of water each day or more than 2 
trillion each year—and 25 percent of drinking water delivered to commercial buildings is flushed directly down the 
toilet,6 and along with it the money and energy used to treat and deliver the water.
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vast Amounts of energy Are used to treat, supply, and Dispose of water

Approximately 75 billion kilowatt-hours (kWh) of electricity are 
used each year—4 percent of total annual electricity consumption 
in the United States—for delivering drinking water and treating 
wastewater. Electricity constitutes approximately 75 percent of the 
cost of municipal water treatment and distribution,1 and nationally, 
it takes an average of 1,400 kilowatt hours (kWh) of electricity to 
supply 1 million gallons of drinking water.2

The water-energy link is particularly pronounced in drier regions 
of the country. In California, for instance, most of the state’s 
residents live where the state’s water isn’t. Two-thirds of the 
State’s population lives in Southern California while two-thirds of 
the precipitation falls in Northern California. This disparity requires 
Southern California to import approximately 50 percent of its water 
supply from the Colorado River or through the California State 
Water Project from the Sacramento-San Joaquin Delta in Northern 
California, at tremendous energy costs.3 Transporting water 

several hundred miles and lifting it more than 3,000 feet over the Tehachapi Mountains requires between approximately 
7,918 kWh to 9,930 kWh per 1,000,000 gallons of water or more, depending on the end delivery point. As a result, 
the State Water Project is the largest overall user of electricity in California;4 the energy needed to deliver water to its 
end users is six to seven times the national average, and nearly 50 times the amount needed to provide water in the 
northern part of the state.5,6,7 but even in a city such as baltimore, Maryland, supplying 240 million gallons of water each 
day to the city’s approximately 500,000 residents and its surrounding suburbs at the national average rate for energy use 
require the city to consume approximately 336,000 kWh per day, or enough electricity each month to power more than 
9,700 households.8,9 Nationwide, the electricity required to treat and deliver potable water creates a significant carbon 
footprint. The U.S. Environmental Protection Agency estimates that the water sector produces 45 million tons of CO2 
emissions annually, equivalent to the output of more than 8 million cars.10,11 The table following provides the emissions 
by fossil fuel source in relation to the energy used to deliver water.

Using the percentages of power plant types used statewide in Maryland12 as the basis of calculations, the City of 
baltimore emits 80,000 tons of Co2 each year to supply drinking water.13 Southern California imports, on average, 
more than 675 billion gallons of water each year from the Colorado River or Northern California.14 More than 2.5 
million kWh are required to supply this water to end users. Assuming that only natural gas is used to supply the 
required electricity, this results in the emission of more than 3.75 million tons of CO2 each year, just from imported 
water. viewed in this context, water use has a major impact on the sustainability of a region and on the ability not only 
to meet water supply needs, but also to substantially reduce electricity demand and carbon emissions.

Notes:
 1  U.S. Department of Energy, Energy Demands on Water Resources: Report to Congress on the Interdependency of Energy and Water, 

December 2006.
 2  Electric Power Research Institute, Water and Sustainability (Volume 4): U.S. Electricity Consumption for Water Supply & Treatment—

The Next Half Century, EPRI, Palo Alto, CA: 2000. 1006787.
 3 California Energy Commission, California’s Water—Energy Relationship, CEC-700-2005-011-SF, November 2005.
 4 California Energy Commission, Integrated Energy Policy Report, CEC-100-2005-007-CMF, November 2005, available at  
  http://www.energy.ca.gov/2005publications/CEC-100-2005-007/CEC-100-2005-007-CMF.PDF.
 5 Id. 
 6 Navigant Consulting, Refining Estimates of Energy Use In California, December 2006, prepared for California Energy Commission,  
  available at http://www.energy.ca.gov/2006publications/CEC-500-2006-118/CEC-500-2006-118.PDF.
 7 Robert Wilkinson, Methodology for Analysis of the Energy Intensity of California’s Water Systems and an Assessment of Multiple
  Potential Benefits Through Integrated Water-Energy Efficiency Measures, Ernest orlando Lawrence berkeley Laboratory & California
  Institute for Energy Efficiency, Agreement No. 4910110, January 2000.
 8  Average monthly household electricity use in Maryland is 1,038 kWh.
 9  Energy Information Administration, Electric Sales, Revenue, and Average Price 2008, January 2010, available at http://www.eia.doe.

gov/cneaf/electricity/esr/esr_sum.html (accessed March 2010).
10  US EPA, Sustainable Infrastructure for Water & Wastewater—Energy and Water, 2009, available at http://www.epa.gov/

waterinfrastructure/bettermanagement_energy.html#basicone (accessed August 2009).
11  based on a “typical passenger vehicle” output of 5.5 metric tons of Co2 per year. U.S. Environmental Protection Agency, February 2005. 

Emission Facts: Greenhouse Gas Emissions from a Typical Passenger Vehicle. http://www.epa.gov/OMS/climate/420f05004.pdf.
12  In Maryland, coal comprises 51%, natural gas 5%, and oil 12% of electric generating capacity. Nuclear power constitutes the remaining balance.
13  Constellation Generation Group, Generation Capacity Fact Sheet, 2007, available at http://www.bge.com/vcmfiles/Constellation/Files/

factsheet_generation.pdf (accessed october 2009).
14 David S. beckman, Noah Garrison, Robert Wilkinson, Richard Horner, A Clear Blue Future, NRDC, August 2009, available at http:// 
  www.nrdc.org/water/lid/. 

carbon Dioxide emissions from water 
treatment and Distribution.

fuel type

co2 
output 
rate 
(lbs 
co2/
kwh)

Drinking 
water 
energy 
Demand 
(kwh/
mg)

co2 output 
per mg 
Drinking 
water 
supplied 
(lbs)

Coal 2.117

1,406

2,960

Petroleum 1.915 2,680

Natural gas 1.314 1,840

Source: U.S. Department of Energy and U.S. EPA, Carbon  
Dioxide Emissions from the Generation of Electric Power  
in the United States, July 2000. EPRI. 
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Distorted Pricing encourages water waste 
Water use cannot be discussed without considering its price. Among industrialized countries, only Canada pays less 
for water than the United States; Canada is also the only country that uses more water per capita that the United 
States. The average cost of water in the United States is $3.53 per 1,000 gallons,7 ranging from $0.94 to $8.50 per 1,000 
gallons. One cent can buy anywhere from 1.2 to 10.6 gallons of tap water.8,9 By comparison, a 20-ounce bottle of water 
selling for $1.50 costs the equivalent of $9,600 for 1,000 gallons—2,700 times the average cost of tap water. 

A consequence of the underpricing of water is that water service as a public utility is frequently undervalued. A 
Government Accountability Office survey of utilities found that user fees and other funding sources do not generate 
enough revenue to cover the full cost of providing service in 29 percent of water utilities.10 The EPA advocates for full 
cost pricing of water that recovers the total expense of the capital and operating costs of treating and delivering water 
and signals the increasing scarcity of water resources, as a critical component of sustainable infrastructure. However, 
nearly one-third of utilities fail to achieve this goal. Water pricing can be tiered in an ascending block rate structure 
in order to maintain the affordability of essential uses of water (essential uses or necessity uses, at a residential scale 
for instance, are defined by Billings and Jones to include drinking, bathing, sanitation, cooking, and clothes and dish 
washing). This quantity is estimated to be approximately 3,000 gallons per household per month. Unfortunately, flat 
or declining rate structures remain in use and serve to undercut efficiency efforts, resulting in the waste of a valuable 
resource. 

A further consequence of the underpricing of water is that it discourages investment in practices that create 
alternative water supply, such as rooftop rainwater capture. At the same time, stormwater fees are often assessed at 
a flat rate rather than based on actual site discharges, giving property owners no incentive to reduce runoff through 
harvesting rainwater for on-site reuse. Pricing water to reflect its true cost will encourage efficient use, conservation, 
and the use of practices that create alternative water supply, such as rainwater harvesting. Rational pricing 
encourages rational use. 

climate change will compound Diminishing 
water supplies 
Climate change is predicted to compound population 
growth’s increased water demands by further 
constraining water resources throughout the United 
States. As warming increases, changes in the timing, 
volume, quality, and spatial distribution of available 
freshwater resources are expected, making access to 
already limited supplies increasingly unpredictable. 
While the effects of climate change will be experienced 

in all corners of the United States, the extent of these effects will vary with geographic location. In particular, many 
already water vulnerable regions of the country will be made more vulnerable, as warming alters supply patterns. 
 The climate impacts on water resources are projected to include:12,13,14

n   A decrease in the duration and extent of snow cover in most of North America

n   An increase in the frequency of heavy precipitation events across the United States

n   An increase in streamflow in the eastern United States

n   A decrease in annual precipitation in the Central Rockies and Southwest

n   A decrease in mountain snow water equivalent (the amount of water contained within the snowpack) in Western 
North America

n   A decrease in runoff and streamflow in the Colorado and Columbia River basins

n   A decrease in the proportion of precipitation falling as snow in the West

n   An increase in number and duration of droughts in the West

n   A decrease of 25 to 40 percent by 2050, and potentially 70 to 90 percent by 2100, of the Sierra snowpack, which 
forms California’s largest freshwater surface reservoir

Western watersheds will be especially susceptible to supply constraints due to climate change because of their 
reliance on snowmelt as a water source. Less precipitation overall, less precipitation as snow, and earlier onset of 
snowmelt will reduce the flow in Western rivers and the amount of available water overall. By 2050, reductions in 
available snowpack in the Western mountains and earlier melting of the snowpack are very likely. In snowmelt 

As a result of climate change, it is 
projected that “the Sierra snowpack will 
experience a 25 to 40 percent reduction 
from its historic average by 2050.”11 

– California Department of Water Resources, 

Managing an Uncertain Future
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dominated watersheds, winter and early spring flows will increase while summer flows substantially decrease, altering 
the expected pattern and availability of water supplies. Because western reservoirs are largely used for flood control 
early in the season and at that time must release water rather than store it to protect against flooding during later 
season storms, earlier-season snowmelt flows are unlikely to be available as a water supply in the drier summer and 
fall.15 Overall, with increased warming and evaporation, Colorado basin runoff is projected to decrease 10-25 percent 
during the 21st century.16 A 2011 interim report by the Bureau of Reclamation on the Colorado River Basin water supply 
estimated a 9 percent decrease in river flows on the Colorado River at Lee’s Ferry within a 50-year time frame.17 

California, Nevada, and five other states rely on water from the Colorado River to meet water supply needs18 and 
are vulnerable not only to climate change but also to additional strain from population growth. The State of Nevada’s 
population is projected to increase by up to 1.2 million people between 2009 and 2030.19 During this same period 
California is expected to see its population increase by more than 10 million people.20,21 At the current average 
per capita consumption rate of 185 gallons per day,22 an increase of 10 million people in California would create 
additional demand for more than 675 billion gallons per year, and exert a substantial additional strain on already 
over-allocated water supply systems. 

The Colorado River basin is an area with an already long history of water stress and jurisdictional conflicts over 
water rights. However, recent analysis has determined that the annual flow of the Colorado, upon which water 
allocation between the seven states, Mexico, and several Native American tribes is based, was overestimated by 
approximately 975 billion gallons,23,24 equivalent to the water use of more than 6 million households.25 

Beginning in October 1999, the southwest experienced a decade long drought, with the period from 2000—2004 
witnessing the lowest 5-year period of Colorado River flow on record.26 In October, 2010, the water level in Lake 
Mead reached its lowest point since the reservoir was first filled after the construction of Hoover Dam 75 years ago.27 
Unfortunately, recognition of the limits of the Colorado River has coincided with a rush of growth and development 
taking place in the Southwest. Because of demand, the Colorado River now flows only intermittently, if at all, all the 
way to its terminus in the Gulf of California.28 With more demand on the river and other sources in the region coming 
each year, water scarcity presents a real and present concern.

Water supply challenges are not limited to arid or western parts of the country. In 1999 the Tampa Bay water 
authority authorized construction of a 25-million-gallon-per-day ocean desalination plant to supply up to 15 percent 
of the area’s water needs.29 The plant, which was built primarily as a hedge against population growth and uncertain 
continued water supplies for a metropolitan area traditionally viewed as having a wet climate, ultimately experienced 
a series of significant technical and cost setbacks.30

In 2007 Lake Lanier, the primary water source for the 5 million residents of Atlanta and its surrounding 
metropolitan area, came within three months of going dry.31 The two-year drought that had created the crisis was 
sustained and severe, but was within historical norms. However, rapid population growth, additional agricultural 
irrigation, and increased water demand from power generation to meet the energy needs of the growing metropolitan 
region combined to create demand that outpaced supply. That this severe shortage occurred in the normally water-
rich Southeast (in non-drought years the average annual precipitation in Atlanta is approximately  
50 inches)32 only highlight the consequences of unchecked growth and high rates of water consumption.33

rain and stormwater runoff are major contributors to water Pollution 
The U.S. EPA views urban runoff as one of the greatest threats to water quality in the country.34 As development has 
altered the landscape, the movement of water through the environment has changed. Rain that once was absorbed 
by vegetation and the ground is now converted to stormwater by the presence of impervious surfaces such as roads, 
rooftops, and parking lots that prevent infiltration of water into soil and drastically increase the volume of runoff that 
results from precipitation. “[M]ost stormwater runoff is the result of the man-made hydrologic modifications that 
normally accompany development.”35 As this runoff flows over paved surfaces, it picks up proportionally higher levels 

of pollutants, including animal wastes, bacteria, pathogens, 
metals, oils and other automobile fluids, and carries them to 
streams, lakes, and the ocean.37 Degradation of waterways as a 
result of urban stormwater runoff is readily apparent across the 
country. The EPA’s latest assessment of the nation’s water quality 
finds significant impairment: 44 percent of assessed rivers and 
streams, 64 percent of assessed lakes, ponds, and reservoirs, 
and 30 percent of assessed bays and estuaries are impaired for 
one or more pollutant and are not supporting one of more of 
their intended uses, including swimming, fishing, or recreation. 
Stormwater runoff is identified as a leading source of pollution 
for each of these types of water bodies.38 

According to the U.S. EPA, 
“[urban runoff] is one of the most 
significant reasons that water  
quality standards are not being  
met nationwide.”36 

– U.S. General Accounting office 

Urban Runoff Programs Report
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Urban streams, located in areas with high levels of imperviousness and correspondingly higher volumes of 
stormwater runoff, have tended to fare worse than streams in non-urbanized areas of the country. USGS studies of 
urban streams find that concentrations of total phosphorus exceed the EPA’s goal for nuisance growth in 70 percent 
of streams. Insecticides in these streams are often found at a higher concentration than in even agricultural areas 
and levels of fecal coliform bacteria commonly exceed recommended standards for water recreation.39 Stormwater’s 
impacts in urban areas are compounded by aging and often inadequate infrastructure. Similarly, combined sewer 
systems, which collect stormwater in the same pipes as wastewater, discharge 850 billion gallons of untreated sewage 
overflows to urban waters in nearly 750 municipalities each year when their pipes are overwhelmed with the influx 
of stormwater from heavy rainfall events.40 In 2010, stormwater caused or contributed to 8,712 beach closing and 
advisory days nationwide (58 percent of the closing and advisory days for which a source was identified); and an 
additional 1,880 closing and advisory days were caused by sewage spills and overflows.41

In order to address the problems caused by stormwater runoff, the National Research Council (NRC) has found 
that using green infrastructure, or management measures that retain runoff on-site by harvesting, infiltrating, and 
evapotranspirating stormwater, are critical to reducing the volume and pollutant loading of small storms.42 When 
green infrastructure practices, such as bioswales, infiltration trenches, rain gardens, and rain barrels or cisterns that 
harvest rainwater prevent runoff from leaving the site, they also prevent 100 percent of the pollutants in that retained 
volume of water from ever reaching local rivers, lakes, or beaches and the ocean. Traditional methods of addressing 
runoff have involved use of “structural” or engineered solutions to transport stormwater away from developed sites 
as quickly as possible, through systems of curbs, gutters, pipes, and centralized storm sewers that offer little or no 
treatment of runoff, or through combined sewer systems that may be unequal to the task of handling large volumes 
of stormwater.43 Accordingly, the NRC’s recommendation presents a dual benefit—use of green infrastructure both 
reduces pollution in stormwater runoff, while increasing potential water supplies through infiltration to recharge 
groundwater supplies or harvesting practices to provide an on-site source of water supply. 

A rain barrel used to capture residential roof 
runoff in Santa Monica, CA.

A cistern used to capture rooftop runoff  
in Chicago.
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rooftoP rAiNwAter cAPture ProviDes A sAfe, 
efficieNt solutioN thAt cAN iNcreAse wAter 
suPPly AND DecreAse wAter PollutioN 

Harvested rainwater can be an ideal water source. Although collecting and storing rainwater is a simple practice 
employed for millennia, current systems for water supply overwhelmingly favor use of centralized infrastructure, 
which makes the practice challenging to incorporate. Accordingly, harvesting is an underutilized practice, but one 
that offers numerous benefits, including: 

n  Reducing strain on existing water supply sources at a time when providing adequate water supply is becoming an 
increasing challenge for many regions

n   Reducing or eliminating energy and economic expenditures associated with treating and delivering potable water 
to end users

n Providing an inexpensive, on-site supply of water that can often be used for non-potable uses with little, if any, 
treatment, or for a variety of additional uses including potable supply with appropriately higher levels of treatment44,45 

n  Reducing runoff that would otherwise mobilize contaminants and contribute to stormwater pollution, a leading 
cause of surface water pollution and flooding in urban areas throughout the country46 

As a result, harvesting and using the rain, rather than letting it run off, conserves other water resources and reduces 
stormwater pollution. 

In harvesting systems, cisterns or rain barrels are used to collect runoff from impervious surfaces, such as roofs. 
Roofs often constitute a significant percentage of impervious surfaces in urban areas, up to 25 percent or more 
of urban land cover,47 meaning that they generate a large amount of runoff. Downspout drains provide an easy 
location from which to collect runoff and therefore an optimal location from which to reduce stormwater volume. 
Until recently rooftop capture was most often practiced in dry climates or remote areas with limited access to 
water. However, as harvesting has re-emerged as a viable practice, it is increasingly being used in urban areas where 
reducing the volume of stormwater runoff is critical to improving water quality downstream.48 

Water quality and the potential impacts of polluted water on human health is a fundamental concern in 
considering use of captured rooftop rainwater. While rooftop runoff may contain pollutants (metals or hydrocarbons 
from roofing materials, nutrients from atmospheric deposition, bacteria from bird droppings), these pollutants are 
generally found in significantly lower concentrations, and the runoff is generally free of the toxic contaminants that 

may be picked up after the runoff mobilizes off-site.49 As 
a result, rooftop surfaces represent a preferred location 
for capture.

Treatment for rooftop runoff, where necessary, may 
include practices such as filtration or disinfection using 
ultraviolet disinfection, ozonization, or treatment with 
chlorine or iodine. Even use of simple devices such as 
first flush diverters, which divert the first amount of 
rain (which washes away much of the surface debris or 
contaminants on a roof surface) away from storage tanks 
can result in availability of high quality water for on-site 
non-potable uses.50 In all cases, when using captured 
rainwater it is important that appropriate consideration 
be given to health and environmental impacts. However, 
by limiting rainwater use to non-potable applications 
such as toilet or urinal flushing, or hose bibs for 
irrigation water, the use of captured rainwater “presents 
little human health risk.”51 

“Rainwater used for residential 
irrigation (on the scale of rain barrel 
collection) does not typically require 
treatment. Commercial applications 
and non-potable indoor uses require 
treatment but the type of use will 
determine the extent of treatment 
[necessary].” 
– U.S. EPA Municipal Handbook on 

Rainwater Harvesting Policies
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the volume of rooftop rainfall Available for capture is significant 
The sheer volume of rain falling on our rooftops is tremendous—into the billions and tens of billions of gallons per 
year for even small to mid-sized cities. Table 2: Total Rooftop Rainfall for eight U.S. Cities shows the total annual 
volume of rainwater falling on rooftops in eight U.S. cities, if captured in its entirety, would be enough to meet 
the water supply needs of between 21 percent and 75 percent of that city’s population each year. Capturing even 
a portion of this water for on-site reuse would substantially increase local water supplies, while simultaneously 
acting to reduce stormwater pollution. As a result, like many of the stormwater management practices considered 
as green infrastructure, rooftop capture presents significant potential for better pollution control and urban water 
management. 

table 2: total rooftop rainfall for eight u.s. cities

city
estimated 
2008 Pop.

land  
Area  
(mi2)

Acres of 
residential 

roof

Acres of 
Non-res. 

roof

Annual 
rainfall 

(in.)

Annual 
rooftop 
rainfall 
(billion 
gal.)

equivalent 
Number 

of People 
supplied 
Annually % of Pop.

Atlanta, GA 519,000 132 4,801 4,462 47.6 11.98 291,772 56.2%

Austin, TX 743,000 252 11,151 4,426 30.2 12.78 311,249 41.9%

Chicago, IL 2,837,000 227 17,288 12,099 39.0 31.10 757,493 26.7%

Denver, Co 588,000 153 7,252 4,260 14.5 4.54 110,548 18.8%

Fort Myers, FL 68,000 22 782 624 54.5 2.08 50,660 74.7%

Kansas City, Mo 476,000 314 2,315 3,874 35.1 5.90 143,666 30.2%

Madison, WI 229,000 67 - 2,491 29.5 1.99 48,566 21.2%

Washington, DC 588,000 61 1,318 7,081 39.4 8.99 218,968 37.2%

Source: Rooftop area data provided by case study cities. Rainfall data from NoAA National Climate Data Center. Population Data from Census 
2000.

To project the benefits that rooftop rainwater capture can provide on a large scale, modeling is often used. For 
example, a modeling analysis of Tucson, Arizona conducted by scientists at the University of Arizona that evaluated 
the city’s land uses and total annual rainfall found that rainfall captured from roofs and used on site for landscaping 
could reduce residential water use by 30 to 40 percent.52 In this paper, NRDC conducted similar analyses for eight U.S. 
cities: Atlanta, Austin, Chicago, Denver, Fort Myers, Kansas City, Madison, and Washington, D.C. For a description of 
NRDC’s methodology, see Appendix A. 

NRDC’s analysis shows the total volume of rainwater potentially available for capture and use, as well as the 
volume of water likely available for use under a variety of scenarios placing conservative assumptions and constraints 
on the ability to either capture or to use the volume of rainfall from different storm events. The analyses of multiple 
scenarios demonstrate that there is substantial potential to capture and use rainwater for non-potable activities and 
as a result, significant opportunity to reduce potable water demand. The results vary according to each city’s roof area 
and climate, but there is opportunity in each of the cities evaluated to capture hundreds or thousands of millions 
of gallons of rainwater each year, a quantity of water equivalent to the total annual water use of tens to hundreds of 
thousands of residents. 

Scenario 1: Capturing and Using All of the First Inch of Rainfall from Each Storm Event 
In the first scenario analyzed, we constrain the potential ability to capture rainwater by assuming that each site would 
have storage capacity to capture and use only the first one-inch of rainfall from each storm event. Any rainfall volume 
above the first one-inch of rain would not be captured and would instead bypass the storage system. We also assume 
that for any month in which the average temperature for a given city falls below 40 degrees Fahrenheit, rainwater 
systems at residential sites would be considered inoperable. However, we also assume that each site has the capacity 
to make use of the entire volume of captured rainwater before the next storm occurs, effectively emptying out any 
rain barrel or cistern completely before the next rainfall event. 
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Table 3: Total Annual Rooftop Rainfall Capture Assuming One-Inch Capacity shows the rooftop rainfall volume 
that could be captured for use in each city under these assumptions.53 We conducted analyses of scenarios assuming 
that 25 percent, 50 percent, and 75 percent of each city’s total available roof area would be used for capturing rainfall, 
presenting low, medium, and high estimates of potential rooftop capture. The substantial volumes of water that 
can be captured under these scenarios demonstrate the significant opportunity for increasing local water supplies 
through rooftop capture. 

table 3: total Annual rooftop rainfall capture Assuming one-inch capacity (scenario 1)

city
estimated 
2008 Pop.

Annual 
rooftop 
rainfall 
(million 

gal.)

Annual rw 
capture 

25% roof 
Area 

(million 
gal.)

equiv. 
People

Annual rw 
capture 

50% roof 
Area 

(million 
gal.)

equiv. 
People

Annual rw 
capture 

75% roof 
Area 

(million 
gal.)

equiv. 
People

Atlanta, GA 519,000 11,981 1,519 36,992 3,037 73,960 4,556 110,953

Austin, TX 743,000 12,780 1,337 32,560 2,675 65,145 4,012 97,705

Chicago, IL 2,837,000 31,104 4,148 101,017 8,295 202,009 12,443 303,026

Denver, Co 588,000 4,540 677 16,487 1,355 32,998 2,032 49,486

Fort Myers, 
FL

68,000 2,080 294 7,160 587 14,295 881 21,455

Kansas City, 
Mo

476,000 5,900 816 19,872 1,632 39,744 2,449 59,641

Madison, WI 229,000 1,994 340 8,280 679 16,536 1,019 24,816

Washington, 
DC

588,000 8,991 1,335 32,511 2,670 65,023 4,005 97,534

For example, NRDC’s modeling shows that capturing and using the first one-inch of rooftop rainfall from each 
storm event in Atlanta, GA could supply enough water for approximately 74,000 people, or nearly 15 percent of 
the city’s total population in even our mid-level estimate, which assumes only 50 percent of the city’s rooftops are 
available for capture. 

Scenario 2: Capturing and Using Only Some of the First Inch of Rainfall from Each Storm— 
and Associated Cost Savings 
The second scenario analyzed demonstrates that even if rooftop capture is further constrained by a conservative 
assumption of the rate at which end users can make use of captured water, rooftop capture still has the potential to 
provide enough water for tens to hundreds of thousands of people per year in each city. In this scenario, we limit the 
potential capture volume by assuming that residential sites use captured rainwater only for outdoor irrigation and 
that non-residential sites use it only for toilet flushing, and by then limiting the rate at which a site’s storage tanks can 
be emptied from these uses before the next storm event occurs (see Table 4: Total Annual Rooftop Rainwater Capture 
Assuming One-Inch Capacity and Limitations on Rate at Which Captured Water is Used for NRDC’s results). Again, 
using our mid-level benefit analysis for Atlanta as an example (assuming that 50 percent of the city’s existing rooftop 
area is available for capturing rainfall), even if rooftop harvesting is constrained by the rate at which the water is 
ultimately used before the storage tanks can refill, rooftop rainwater capture could still supply enough water for more 
than 48,000 people per year.
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table 4: total Annual rooftop rainwater capture Assuming one-inch capacity and limitations on rate at which 
captured water is used (scenario 2)

city
estimated 
2008 Pop.

Annual 
rooftop 
rainfall 
(million 

gal.)

Annual rw 
capture 

25% roof 
Area 

(million 
gal.)

equiv. 
People

Annual rw 
capture 

50% roof 
Area 

(million 
gal.)

equiv. 
People

Annual rw 
capture 

75% roof 
Area 

(million 
gal.)

equiv. 
People

Atlanta, GA 519,000 11,981 991 24,134 1,982 48,268 2,973 72,402

Austin, TX 743,000 12,780 1,077 26,228 2,155 52,481 3,232 78,709

Chicago, IL 2,837,000 31,104 2,708 65,948 5,416 131,896 8,124 197,845

Denver, Co 588,000 4,540 570 13,881 1,140 27,763 1,711 41,668

Fort Myers, 
FL

68,000 2,080 165 4,018 330 8,037 495 12,055

Kansas City, 
Mo

476,000 5,900 544 13,248 1,090 26,545 1,634 39,793

Madison, WI 229,000 1,994 241 5,869 483 11,763 724 17,632

Washington, 
DC

588,000 8,991 875 21,309 1,751 42,642 2,627 63,976

Scenario 2’s limits on assumed rate of use are further conservative in that, as discussed in the methodology 
attached as Appendix A, the model for Table 4 assumes that rooftop rainfall at residential properties will use 
captured water only for outdoor irrigation, even though residential properties could additionally use rooftop 
rainwater for toilet flushing and other non-potable applications. For non-residential properties, the analysis assumes 
that captured rainwater would be used only for toilet flushing, though water could additionally be used at non-
residential properties for applications including outdoor irrigation and building cooling system make-up. Based on 
the variability of possible end uses and of land uses within the non-residential building category, and to provide a 
conservative estimate of the potential for captured rooftop water use, these water demands were not factored into 
the model. However, these potential uses present significant additional opportunities for rainwater use in actual 
application that could greatly increase the total volume of rooftop rainwater captured and used for each city.

The results also demonstrate that identifying as many non-potable uses as possible for rainwater, especially 
consistent, predictable uses such as toilet flushing and cooling system make-up, and removing unnecessary 
impediments for use of rainwater, are important for maximizing the amount of rainwater captured and potable water 
conserved. With regard to the latter point, while outdoor irrigation represents one ideal use for rooftop rainwater, if 
it is the only use considered it can limit opportunities for capture. In areas such as Southern California, rainfall may 
occur primarily during the winter months while outdoor irrigation may be needed more in the summer, creating 
a partly mismatched supply and demand. However, irrigation during the winter months is practiced in Southern 
California, and by making use of opportunities to use winter rainfall for consistent non-potable indoor demands, the 
applicability of rooftop rainwater capture can be significantly increased. In general, rainwater harvesting will have 
applicability in any region of the country when non-potable indoor demands are allowed to be met using rainwater 
as a supply. These uses constitute a significant water demand and consume a high percentage of potable water. 
Equally important, the substitution of rainwater for potable water provides a cost savings to consumers from the 
resulting lower water bills. When residential and non-residential properties use potable water for outdoor irrigation, 
for instance, they are not only paying for the cost of the drinking water used, but also a cost for wastewater treatment 
for water that does not then enter the sewer system or flow to a treatment plant.54 NRDC’s analysis estimated the 
aggregated annual savings from reduced potable water purchases and reduced wastewater discharges55 for each 
modeled city, based on the total potential rooftop rainwater captured and used in the mid-level scenario presented 
in Table 4.56 Table 5 shows the estimated cost savings for ratepayers in each of the cities from the modeled rooftop 
rainwater capture volumes.
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table 5: estimated Annual cost savings from reduced Potable water use based on mid-level scenario Assuming 
one-inch rainfall capture capacity and limitations on rate at which captured water is used 

city
rainwater captured 
and used (mg/yr)

water rate
($/1,000 gal)

wastewater rate
($/1,000 gal)

combined rate
($/1,000 gal)

Potential cost 
savings ($)

Atlanta, GA1 1,982 $2.73 $10.33 $13.06 $25,885,000

Austin, TX2 2,155 $1.00 $3.43 $4.43 $9,545,000

Chicago, IL3 5,416 $2.01 $1.73 $3.74 $20,255,000

Denver, Co,45 1,140 $1.91 $1.95 $3.86 $4,400,000

Fort Myers, FL6 330 $3.93 $9.58 $13.51 $4,460,000

Kansas City, Mo7 1,090 $3.19 $3.05 $6.24 $6,800,000

Madison, WI8 483 $1.88 $1.78 $3.66 $1,770,000

Washington, DC9 1,751 $3.36 $4.83 $8.18 $14,325,000

Notes:
 Water and wastewater rates are based upon each municipality’s identified rates for the 2010 fiscal or calendar year.
The lowest residential water rates were used for the purposes of this cost analysis.  
Many municipalities use increasing block rate pricing, the first block prices were therefore used.
 Atlanta, Kansas City, and Washington, D.C. provide rates per 100 cubic feet of water purchased.  
Those rates were converted to the values presented.
Chicago provides its wastewater rate as a percentage of the water bill. For the 2010 calendar year,  
the wastewater rate is 86 percent of the water bill. For this analysis the wastewater rate used was 86 percent of the water rate.
Rates are for water usage only and do not include connection or service fees.
Sources:
1  City of Atlanta Department of Watershed Management, FY 2007-08 and Approved FY 2008-09 through FY 2011-12 Water and Sewer 

Rates. 
2  City of Austin, Texas Austin Water Utility, Water Service Rates—Retail Customers; Wastewater Service Rates—Retail Customers: 

Approved Rates Effective November 1, 2009.
3 City of Chicago, Water Rates and Sewer Rates—Effective 1/1/10.
4 Denver Water, Rate Schedule No. 1—Inside City.
5 Denver Wastewater Management Division, Sanitary Sewer Questions—How is my Sanitary Sewer Bill Calculated.
6 City of Fort Myers Utility Rates as of 10-01-09.
7 City of Kansas City, Missouri, Water Rates for 2009.
8 Madison Municipal Services, Billing Questions.
9 DC Water and Sewer Authority, Understanding Rates—Current Rates Effective 10/1/2009.

The goal of implementing rainwater harvesting practices on 50 percent of a city’s existing rooftop area is one 
that is achievable. The pace at which development and redevelopment the United States progresses means that 
“[i]n 2030, about half of the buildings in which Americans live, work, and shop will have been built after 2000.”57 
New development, redevelopment, and opportunities to retrofit existing structures create frequent opportunity to 
install and use rainwater harvesting systems. In addition to new development, existing buildings are “lost,” either 
redeveloped or destroyed and rebuilt, at the rapid rate of 1.37 percent per year for commercial buildings, and 0.63 
percent per year for residential structures nationwide.58 For examples of how rooftop rainwater capture can be 
integrated into new buildings and retrofits, see the two following case studies. 
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integrating rooftop rainwater capture in a retrofit:  
NrDc’s robert redford building in santa monica, california

NRDC’s renovation of a 1920s-era structure in downtown Santa Monica achieved LEED® New Construction, 
Version 2 Platinum certification. The water system in the 15,000 square foot building includes a combined 
graywater recycling and rooftop capture system. Rainwater is collected in two 40-foot long cylindrical cisterns 
buried beneath outdoor planters adjacent to the building, with a total storage capacity of approximately 3,000 
gallons. Collected rainwater is added to a graywater collection tank, which also receives water from the building’s 
sinks and showers. The combination of graywater and rainwater is treated in an 800 gallon per day on-site filtration 
and disinfection system and used for toilet flushing and irrigation.

 The Robert Redford Building demonstrates the potential of using 
several techniques to both capture and conserve water. The rooftop 
capture and graywater system allow water to be used multiple times  
for appropriate uses rather than in the typical single use fashion.  
High-efficiency water features such as dual-flush toilets, waterless 
urinals, and drought-tolerant plants reduce the building’s water 
demand for typical uses. The water reuse and efficient features 
combine to reduce the building’s potable water consumption by 
60 percent, conserving more than 60,000 gallons of water annually 
and demonstrating the water savings that can be achieved with an 
integrated approach to water use.1

 The Robert Redford Building also demonstrates the institutional 
barriers that may confront many rainwater harvesting and water 
efficiency projects. The local plumbing code prohibited waterless 
urinals, requiring a resolution that allowed the waterless urinals to 
be installed with water supply stubbed out behind the wall if needed 
for future use. This resolution made Santa Monica the first city in the 
country to allow the use of waterless urinals in its plumbing code,2 but 
by requiring the installation of unnecessary plumbing, existing plumbing 
codes reduced the cost-savings that could be achieved by use of the 
waterless urinals. The City is now seeking a change to City Code to 
allow for waterless urinals to be installed without an available water 

supply. Similarly, California’s graywater ordinance did not contain a provision for rainwater collection; an agreement 
was negotiated with the County Health Department after which the City’s building and Safety Division agreed to 
sign off on the plans.3,4 The agreement required that the collected rainwater be fully treated with the building’s 
graywater even though it was being used for non-potable applications.

Sources:
1  A. Griscom, Who’s the Greenest of Them All—NRDC’s New Santa Monica Building May be the Most Eco-Friendly in the U.S.,  
Grist, November 25, 2003.

2 City of Santa Monica, office of Sustainability and the Environment, Urinals, available at http://www.smgov.net/Departments/oSE/Green_  
 office_buying_Guide/Restroom/Urinals.aspx, accessed on october 31, 2011
3  Center for the built Environment, University of California, berkeley, The Natural Resources Defense Council—Robert Redford Building 
(NRDC Santa Monica Office), Mixed Mode Case Studies and Project Database, 2005.

4 Natural Resources Defense Council, Building Green—Case Study, NRDC’s Santa Monica Office, February 2006.

Rainwater Cistern at NRDC’s Santa Monica 
office (inset photo after planter planting).
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integrating rooftop rainwater capture in a New build:  
the solaire in battery Park city, New york, New york 

The Solaire demonstrates the potential water savings that can be gained by integrating water conservation features 
with reuse systems. The 357,000 square foot, 27 floor building contains 293 residential units and was the first 
high-rise residential structure in the United States to receive LEED® Gold certification. The Solaire was designed to 
comply with Battery Park City’s stormwater standards, which require more than 2 inches of runoff to be collected 
and treated on site. As part of meeting compliance with this standard, rainwater from the building’s roof is 
collected in a 10,000 gallon cistern located in the basement.

 The cistern system is one component of a larger 
water reuse system in the building. A 25,000 gallon 
per day wastewater treatment plant is located in the 
building to treat sewage. Rainwater collected in the 
cistern is treated along with the wastewater treatment 
plant effluent in a Uv/ozone unit prior to being sent to a 
combined water reuse tank. overflow from the cistern 
is sent to the storm sewer. Combined reuse water is 
used for toilet flushing and building make-up water 
(water used to replace cooling system water that is lost 
to evaporation) in addition to providing irrigation water 
for two green roofs on the building.1

 In conjunction with water efficient appliances 
installed in the building, the cistern system and 
blackwater reuse system decreased the building’s 
potable water use by 48 percent and wastewater 
discharge by 56 percent over conventional 
construction.2 because of its innovative environmental 
features, the Solaire earned New York State’s first-ever 
tax credit for sustainable construction.3,4

Sources:
1  Water Environment Research Foundation, 21st Century Sustainable Water Infrastructure: Smart, Clean, and Green, February 2009.
2 Natural Resources Defense Council, Case Study: The Solaire, building Green from Principle to Practice.
3  D. Talend, Model Citizens—High Rises in Manhattan’s Battery Park City are ahead of the Curve in Residential Water Treatment and Reuse, 
Onsite Water Treatment: The Journal for Decentralized Wastewater Treatment Solutions, September/October 2007.

4 M. Zavoda, NYC High-Rise Reuse Proves Decentralized System Works, WaterWorld, February 2006.

remAiNiNg iNstitutioNAl chAlleNges AND how stAtes Are overcomiNg them 
Although still in the early stages of adoption in many urban areas, rainwater harvesting has been used successfully 
in a number of applications around the country to decrease stormwater runoff and reduce the demand of potable 
water. Despite its growing use, in many locations rooftop rainwater capture faces barriers either directly, in the 
form of prohibitions against the use of rainwater or the use of rainwater for specific purposes, or indirectly through 
contradictory regulations and requirements of multiple agencies. For example, 

n   In Colorado, the state recently passed a bill to allow rooftop rainwater capture, under limited circumstances, for 
residential properties supplied by a well (or eligible for a well permit). But the practice remains broadly prohibited 
in the state for commercial or other developments, or where water in the area is provided by a water district or a 
municipality under a prior appropriation water rights doctrine.59 

n   In California, despite the success of pilot rain barrel and rainfall harvesting programs,60,61,62 the use of harvested 
rainwater for indoor applications is generally not permitted throughout the state. However, as a sign that such 
challenges are surmountable, in 2008 the City of San Francisco engineered a memorandum of understanding 
between the city’s Public Utilities Commission, Department of Building Inspection, and Department of Public 
Health to explicitly authorize the use of captured rainwater for indoor, non-potable uses like toilet flushing, 
irrigation, heating and cooling, and vehicle washing, without treatment other than preliminary filtering.63 The 
MOU also defines the roles of the participating agencies and establishes applicable standards, which remains an 

The cistern at the Solaire was integrated into the building  
during construction.
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important step for ensuring no unintentional impacts to public health or the environment occur.64 The City of 
Berkeley has similarly authorized the use of captured rainwater for indoor, non-potable applications.65 However, 
the Governor recently rejected legislation that would have helped authorize, with oversight of local agencies, the 
use of captured rooftop rainwater for indoor non-potable uses in urban areas throughout the state.66 

 In many states and municipalities barriers to rooftop capture prevent the application of captured rooftop  
rainwater for its full range of potential uses, but with proper evaluation and through establishing standards to ensure 
adequate water quality, these barriers can be overcome. In fact, several states and municipalities throughout the 
country have affirmatively permitted or incentivized the use of rooftop rainwater capture systems:

n   The State of Georgia, in 2009, after experiencing extreme drought conditions in 2007 and 2008, amended its state 
plumbing codes and issued detailed rainwater harvesting guidelines to authorize the use of captured rooftop 
rainwater for both indoor and outdoor non-potable applications.67 

n   The State of Texas established a Rainwater Harvesting Evaluation Committee in 2005 and directed the state’s Water 
Development Board and other agencies to formulate recommendations for minimum water quality standards for 
potable and non-potable indoor use and ways in which the state can further promote rainwater harvesting.68 

n   The City of Portland, Oregon allows the use of rainwater for indoor and outdoor non-potable applications, and, 
when properly treated, to replace potable water supply.69 

n   The City of Tuscon, Arizona, in 2010, put into effect a rainwater harvesting ordinance that requires new 
developments to meet 50 percent of their landscaping water requirements by harvesting rainwater.70 

n The states of Virginia, Oregon, and Washington have all also adopted guidelines for design and use of rainwater   
 harvesting systems,71 and an estimated 30,000 to 60,000 people in the state of Hawaii (up to nearly 5 percent of the   
 state’s population) rely on rainwater to meet their water supply needs.72

 In other states, permits issued under the federal Clean Water Act for the operation and discharge of stormwater 
from municipal storm sewer systems have increasingly required the use of green infrastructure practices that retain 
runoff on-site, such as capturing rooftop rainwater, to control stormwater. 

n   In West Virginia, a statewide permit was issued in 2009 that requires new development and redevelopment sites to 
retain up to one inch of rainfall on-site through use of green infrastructure practices.73 

n   In California, permits adopted in Ventura County, Orange County, the San Francisco Bay Area, and several other 
jurisdictions all require that new development and significant redevelopment projects retain the volume of 
runoff produced by the 85th percentile storm on-site (roughly ¾ of an inch of rain in coastal southern California) 
using green infrastructure practices, including capturing rooftop rainfall.74 Several California cities, such as San 
Francisco, Los Angeles, Santa Monica, and San Diego have also enacted successful pilot programs to incentivize 
use and demonstrate the effectiveness of rain barrel systems for reducing the impacts of stormwater runoff and 
capturing rooftop rainwater during dry periods.75,76,77,78 

Barriers preventing greater use of rooftop capture exist, but tend to be institutional rather than technological. 
Public health and plumbing codes designed for a centralized water approach often fail to adequately address 
rainwater reuse, or water is so undervalued that a financial incentive to conserve water is often lacking. While these 
oversights lead to missed opportunities to make use of an available source of water, they are also easily addressed, 
and substantial additional opportunities to make use of rainwater exist throughout the country.
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Policy recommeNDAtioNs
The simple practice of rooftop rainwater capture offers the potential to improve the sustainability of urban areas. 
While it is increasingly used in the urban environment, it is also often overlooked because of institutional and 
regulatory constraints, or because its benefits are not widely known. Several policy options and incentives can be 
used to promote rainwater harvesting and lower the barriers for the practice.

n  Adopt stormwater pollution control standards that require on-site volume retention. 
The renewed interest in rainwater harvesting is partially driven by its usefulness as a stormwater pollution 
management technique. On-site stormwater volume retention requirements which reduce pollution of surface waters 
are also effective at encouraging or even requiring the use of rainwater harvesting. Adopting stormwater standards 
that focus on the volume of discharges is often the first step in developing more protective water quality regulations 
and promoting sustainable use of water resources. The Environmental Protection Agency’s planned reforms to its 
national stormwater rules represents the best opportunity to apply these kinds of standards across the country.

n  Adopt standards that require or promote rainwater harvesting and/or water efficiency. 
Jurisdictions have begun requiring rainwater harvesting and better water management. Beginning in June 2010, 
Tucson, Arizona has required that all commercial development include a rainwater harvesting plan that includes 
a landscape water budget: harvested rainwater must be used to provide fifty percent of the landscape irrigation 
water. In addition to cisterns and rain barrels, the regulations allow berms and contoured slopes to be used to direct 
rainwater to trees and landscaped areas.79 

n  review building, health, and plumbing codes for barriers to reusing rainwater. 
National and international guidance is currently lacking for rainwater harvesting. This has led to the exclusion of the 
practice in some jurisdictions or the presence of more stringent requirements than necessary for rainwater harvesting 
systems. Rainwater used for rain barrel-scale residential irrigation does not typically require treatment, and U.S. EPA 
states that rainwater presents little human health risk if properly treated when used for larger scale outdoor landscape 
irrigation or indoor non-potable applications such as toilet or urinal flushing, or for building cooling make up water. 
Local plumbing codes and public health codes should be revised to include rainwater harvesting as an accepted 
practice, establish acceptable end uses of rainwater, and set appropriate treatment, design, construction, and 
maintenance standards. 

n  Provide incentives for decreasing stormwater runoff and promoting water conservation. 
Stormwater utility fee discounts, tax incentives, and grant programs have been used successfully to promote the 
adoption of innovative stormwater practices. For example, stormwater utility fee discounts based upon the actual 
amount of stormwater discharged or the amount of impervious surface rather than a flat fee, provide an incentive 
for stormwater management measures, such as rainwater harvesting, that retain stormwater on site. Dedicated grant 
programs have been successful in promoting innovative stormwater practices and administrative incentives such 
as expedited green permit reviews provide an indirect financial rationale for including sustainable environmental 
practices. Further opportunities exist to provide funding for public agencies and private entities to incorporate green 
infrastructure practices such as rainwater harvesting into building retrofit projects. These incentives coupled with 
the ability to reduce the amount of potable water purchased can provide the financial justification for the capital 
investment in rainwater harvesting systems.

n  require use of rainwater harvesting on all public properties. 
In order to encourage the use of rainwater harvesting within their jurisdictions, local, state, and federal agencies 
should take a leadership role in designing new, redeveloped, and retrofitted agency owned or leased facilities to 
incorporate rainwater harvesting strategies. 
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APPeNDix A: NrDc’s methoDology
Our analysis evaluated the available daily rainfall and conservatively estimated non-potable water demands to 
determine reasonable projections for the amount of potable water demand that could be replaced by using rainwater 
for eight selected U.S. cities. To determine the available amount of rooftop rainwater that could be captured in each 
of the cities, GIS data were used to identify the total land area of residential and non-residential roofs. These areas 
represented the total space available for rainwater capture. For the purposes of this assessment, three different 
capture scenarios were evaluated; rainwater capture results were calculated assuming that 25, 50, and 75 percent of 
both the residential and non-residential total roof area for each city was utilized for rainwater collection.  
In addition, daily rainfall data for time periods ranging from 27 to 60 years were obtained for each city to provide 
long-term estimates of available rainfall. The volume of rain that could be captured each day was determined using 
the following equation:a

V
gal 

= Square Feet of Roof x % of Total Roof Area Usedb x Inches of Rain x 1 ft/12 in x 7.48 gal/ft3 x 0.8 Capture Efficiencyc

Once the available supply was determined, the potential for rooftop rainwater capture was determined under two 
different modeling scenarios. Scenario 1 (see Table 3) was designed to examine the potential for rainwater capture 
under circumstances of limited storage capacity for water. The scenario assumed that residential and non-residential 
locations ability to capture rooftop rainwater was constrained by the ability to store only the first one-inch of rainfall 
per day from any storm event—any volume of rainfall over one inch would bypass the site’s storage system. However, 
the first scenario also assumed that each site would be able to use up to the full volume of captured rainfall from 
a one-inch storm prior to the next storm event occurring, meaning that a site’s rain barrels and cisterns would be 
emptied entirely before the next rainfall event occurs. For the analysis, it was assumed that when the average monthly 
temperature was less than 40 degrees Fahrenheit, outdoor irrigation would not be practiced at residential locations 
and rainwater would not be captured or used. A summary of the model assumptions is included below.

rainwater harvesting model Assumptions—maximum one-inch rainfall capture capacity

residential Non-residential

• 25, 50, or 75% of roof area used for harvesting
•  250 gallons of rain barrel storage per 500 square  

feet of roof
•  Up to one inch of captured rainwater used each  

day for non-potable uses
•  For months when the average monthly temperature 

was less than 40°F, the systems were assumed to be 
inoperable and rainwater was not collected or used.

• 25, 50, or 75% of roof area used for harvesting
•  500 gallons of cistern storage per 1,000 square  

feet of roof
•  Up to an inch of captured rainwater used each  

day for non-potable uses

Scenario 2 (see Table 4) was designed to examine the potential for rooftop rainwater capture under circumstances 
additionally constraining the ability to capture and store rainwater based on the rate at which the captured water 
can be used. Specific, conservative constraints on non-potable use of the collected rainwater were assumed for both 
residential and non-residential buildings. For residential locations, it was assumed that for every 500 square feet of 
roof area, 250 gallons of rainwater storage (two, 125-gallon rain barrels) could be used to provide outdoor irrigation 
of 25 gallons per day; for non-residential locations it was assumed that for every 1,000 square feet of roof, a 500 gallon 
cistern would supply 32 gallons of water per day for toilet flushing. All other model assumptions for the second 
scenario were identical to the first. A summary of the model assumptions is included below.
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rainwater harvesting model Assumptions—maximum one-inch rainfall capture capacity and limitations on rate 
at which captured water is used

residential Non-residential

• 25, 50, or 75% of roof area used for harvesting
•  250 gallons of rain barrel storage per 500 square feet  

of roof
•  Captured rainwater used for outdoor irrigation at a rate  

of 25 gallons per day per 500 square feet of roof area
•  For months when the average monthly temperature 

was less than 40°F, the systems were assumed to be 
inoperable and rainwater was not collected or used.

• 25, 50, or 75% of roof area used for harvesting
•  500 gallons of cistern storage per 1,000 square feet  

of roof
•  Captured rainwater used for toilet flushing at a rate of 

32 gallons per day per 1,000 square feet of roof area 
(assumed 4 persons per 1,000 square feet x 4 flushes  
per day x 2 gallons per flush)

For both conditions, a spreadsheet model was then used to conduct a comparative analysis of rainwater inflow 
versus outflow for each day of the historical rainfall data set. Inflow into the rainwater harvesting system occurred 
on any day in which there was rainfall. If the rainfall was in excess of the capacity of the storage system and the 
daily usage rate, the excess rainfall bypassed the system and was not captured. The assumed residential and non-
residential water demands were outflows from the rainwater harvesting systems each day provided there was 
available rainwater in the storage system. With the assumed demands and storage volumes presented in the first 
scenario both the rain barrels and cisterns used all of the collected rainwater each day. For the conditions presented 
in the second scenario, the residential rain barrels provided a 10-day supply of water and the non-residential cisterns 
provided a 16-day supply of water when not replenished with rainwater. 

Notes:
a  John Gould and Erik Nissen-Petersen, Rainwater Catchment Systems for Domestic Supply: Design, Construction, and Implementation 

(Southampton Row, London: ITDG Publishing, 2002), 312.
b Percent of total roof area used equaled 25, 50, or 75 percent.
c  An 80 percent capture efficiency accounts for water loses from incidents such as intentional first flush diversions to remove pollutants or 

spillage from gutters. The capture efficiency standard means that for every 1 inch of rain, 0.8 inches of rainfall will be captured.
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Executive Summary

LID Techniques Can Deliver Water and Energy Savings for Californians
The NRDC and UCSB analysis found that implementing LID practices that emphasize rainwater harvesting, which 
includes infiltration of water into the ground as well as capture in rain barrels or cisterns for later use onsite, at new and 
redeveloped residential and commercial properties in the urbanized 
areas of southern California and limited portions of the San Francisco 
Bay area has the potential to increase local water supplies by up to 
405,000 acre-feet (af ) of water per year by 2030. This volume 
represents roughly two-thirds of the volume of water used by the 
entire City of Los Angeles each year. The water savings translate 
into electricity savings of up to 1,225,500 megawatt hours (MWh), 
avoiding the release of as much as 535,500 metric tons of CO2 per 
year, as the increase in energy-efficient local water supply from LID 
results in a decrease in the need to obtain water from imported sources 
of water such as the California State Water Project (SWP) or the 
use of processes such as ocean desalination, both of which require 
tremendous amounts of energy. These benefits would increase in each 
year thereafter.

Natural Resources Defense Council  I 4

As global warming threatens our water resources, communities are faced with a 

need to respond quickly and economically to water supply shortfalls. Both the 

snowpack and surface runoff that form a critical supply of potable water for 

western states are being affected by higher temperatures. Low impact development, or 

LID, is a land planning and engineering design approach to stormwater management 

that enables cities, states, and individuals to increase access to safe and reliable 

sources of water while reducing the amount of energy consumed and global warming 

pollution generated by supplying the water. New NRDC and UCSB analysis shows 

that implementing LID practices at new and redeveloped residential and commercial 

properties in parts of California can increase water supplies by billions of gallons each 

year, providing an effective and much-needed way to mitigate global warming’s impact 

on California.

One acre-foot of water is the volume 
of water (325,851 gallons) that will 
cover an acre of land—or a football 
field to the 91 yard line—to a depth 
of one foot. An acre-foot is enough 
water to supply two families in 
California for a full year.
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And the true value of LID is likely much higher. 
Our analysis currently assumes a conservative figure 
for future development rates and does not account 
for the loss of water that currently occurs as it is 
conveyed from distant sources. Expanding the use 
of LID to industrial, government, public use, and 
transportation development and redevelopment in 
southern California has the potential to yield an 
additional 75,000 acre-feet of savings per year by 
2030, with corresponding reductions in energy use 
and CO2 emissions. 

Moreover, even greater overall water and electricity 
savings—and associated reductions in global 
warming pollution—would result from full 
application of LID practices statewide and in other 
areas of the United States where augmenting local 
water supplies may reduce the amount of energy 
required to supply water from more energy-
intensive sources.

The 1,225,500 megawatt hours of electricity 
savings that can be achieved each year through 
use of LID practices represents enough energy 
to power more than 102,000 single family 
homes for one full year.1 Emissions reductions 
of 535,500 metric tons of CO2 each year are the 
equivalent of taking more than 97,000 cars off 
the road.2 The analysis we present in this paper 
shows that LID can play a significant role in 
terms of addressing issues of water supply and 
climate change throughout California and the 
southwest United States.

Vegetated swale in a parking lot              CREDIT: Haan-Fawn CHau Green roof in Vista Hermosa Park, Santa Monica Mountains 
Conservancy, Los Angeles / Credit: Ken Weston and reza iranpour/
City of Los Angeles

LID Technologies Provide Multiple Benefits
LID was developed to ameliorate—and where possible, eliminate—the pollution and erosion problems generated by 
runoff from urban and suburban development at the source, where rain falls on paved surfaces, by maximizing the natural 
onsite infiltration and treatment abilities of soils and vegetation or by capturing water for later use. It provides important 
environmental benefits by reducing pollution of downstream rivers, lakes, and coastal waters.

Successful LID practices include: 
•	 maximizing infiltration, which recharges local and regional groundwater systems; 
•	 providing retention areas and slowing runoff, which reduce flooding and erosion; 
•	 minimizing the impervious footprint of a project through reducing paved surfaces; 
•	 directing runoff from impervious areas onto landscaping; and 
•	 capturing runoff in rain barrels or cisterns for beneficial use. 
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By preventing site runoff altogether in many situations, LID is substantially more effective at protecting water quality than 
many types of conventional water management practices that rely on structural treatment devices to remove a percentage of 
pollution after it has already entered stormwater runoff. In addition to serving as a superior method of stormwater pollution 
control, LID can increase water supply reliability in a region prone to natural disasters, serve to reduce flooding and erosion 
associated with urban runoff, reduce the “heat island” effect from solar radiation in urban settings, and provide green space 
and open land, enhancing property values. The use of LID can also reduce the costs of municipal stormwater infrastructure 
and decrease the frequency and severity of combined sewer overflow events.

LID Is Cost Effective
The U.S. Environmental Protection Agency (EPA) states that “LID practices can reduce project costs and improve environmental 
performance” of development and that, with few exceptions, LID has been “shown to be both fiscally and environmentally 
beneficial to communities.”3  As a result, LID practices can provide a targeted, cost-effective means of addressing issues of 
water pollution, water supply, and climate change all at once.

Current and Emerging Regulatory Policies Support the Implementation of LID
Federal and state regulatory policies already require that developed sites in larger and midsized cities control post-construction 
stormwater runoff. Requiring implementation of LID technologies can therefore reduce energy use and global warming 
pollution and serve as a cost-effective means of complying with existing mandates of federal and state laws. 

Groundwater’s Role in California’s Water Supply
By allowing more water to infiltrate the ground and recharge aquifers, LID can reduce demand for energy-intensive 
imported water or desalinated ocean water. Recharging these aquifers is particularly useful given that most areas of the 
state already have infrastructure in place to extract and distribute groundwater. California extracts more groundwater—
approximately 17 million acre-feet per year—than any other state in the country. As much as 50 percent of the state’s 
population receives some portion of their potable water supply from groundwater, including the vast majority of urbanized 
southern California areas that also receive a portion of their water from energy-intensive sources in northern California. 
In fact, nearly 50 percent of the total population of the United States depends on groundwater for some part of their 
water supply, meaning that LID practices can be used to help recharge local and regional groundwater aquifers across large 
portions of the country.

The reliance on groundwater is particularly strong in southern California where an average of 1.56 million acre-feet per 
year—or about 40 percent of the region’s total water needs—are met through local groundwater pumping. Rainwater is the 
primary source that recharges the aquifers, and the Metropolitan Water District of Southern California recently estimated 
that ground water basins in the southern California region have 3.2 million acre-feet of storage space available for possible 
recharge. This existing capacity underlines the potential for LID practices that emphasize infiltration to greatly enhance 
local groundwater supplies. The use of LID represents a practical solution to California’s water supply needs.

Capturing Rooftop Runoff
For areas where surface soil conditions, aquifer capacity, or traditional water supply patterns may favor capturing runoff 
rather than groundwater recharge, practices that promote capture and beneficial use provide a similar opportunity to 
reduce energy use and greenhouse gas (GHG) emissions. LID practices for capturing rainfall can reduce runoff volumes by 
as much as 75 percent, saving much of the water to be used onsite.

The Climate Challenge
Global warming is already affecting water resources in California, and temperatures are projected to rise by as much as 8 to 
10.5 degrees Fahrenheit in the state toward the end of the century. The Sierra snowpack, which forms California’s largest 
freshwater surface reservoir and serves as a critical source of drinking and agricultural irrigation water, is expected to shrink 
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by between 25 and 40 percent by 2050, and as much as 70 to 90 percent by the end of the century, drastically increasing 
the strain on a water management system that will be needed to supply an additional 24 million people by midcentury. 
Reservoirs along the Colorado River, which supply large portions of the southern California population, have slowly 
emptied to less than half their capacity as drought conditions grip the region. California must look for fresh and innovative 
ways to address climate change and reduce the emission of greenhouse gases that threaten its water supply.

The safe and sufficient supply of water in California is both a casualty of global warming and a contributor to it. Water 
must often be conveyed long distances and at great energy cost that results in substantial GHG emissions. In fact, water 
now constitutes one of the largest uses of energy in California, consuming an astonishing 19 percent of all electricity and 
33 percent of non-power-plant natural gas 
used in the state. A significant portion of 
the electricity, substantially more than the 
national average, is used for the conveyance 
of water. The California State Water Project 
(SWP), which pumps water a distance 
of 444 miles from the Sacramento-San 
Joaquin Delta to southern California, and 
lifts the water from just above sea level 
at the Delta nearly 3,000 feet over the 
Tehachapi Mountains in the process, is the 
single-largest individual user of electricity 
in the state. And as California confronts 
issues related to limited water supplies and 
a growing economy, 20 ocean desalination 
plants have been proposed statewide, 
each of which would supply water at an 
energy cost comparable to conveying water 
through the SWP. By contrast, the energy 
required to supply groundwater can be 5 to 
20 times less than that required to supply water through the SWP or ocean desalination, and the energy required for 
capture and onsite use of stormwater can be 8 to more than 25 times less—if there are any energy requirements at all. 
LID presents a way to augment local water supply and avoid the energy consumption and GHG emissions associated with 
transporting water over long distances.

The LID Solution
LID provides new ways to adapt to and mitigate the serious challenges to our water supply posed by global warming. Our 
study indicates that rainwater harvesting through use of LID can be of considerable help to California—and at bargain prices. 
LID can play a significant role in addressing water supply and global warming challenges throughout California and the 
southwestern United States.
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PHOtO Credit: Mike reyfman, Lake Powell.

The white "bathtub rings" show the pre-drought water level of Lake Powell in 
Arizona. In March 2008, the lake's water levels had fallen more than 100 feet 
below its corresponding levels a decade ago.
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Global warming is already affecting water resources throughout the western United States. The California Department 
of Water Resources (DWR) states that, although “the exact conditions of future climate change remain uncertain, 
there is no doubt about the changes that have already happened.”1  According to DWR, “[t]he average early 

spring snowpack in the Sierra Nevada decreased by about 10 percent during the last century, a loss of 1.5 million acre-feet 
of snowpack storage.”2  Forming the largest freshwater reservoir in California, the Sierra snowpack is a critical source of 
water for the entire state. “Snowmelt currently provides an annual average of 15 million acre-feet of water, slowly released 
between April and July each year. Much of the state’s water infrastructure was designed to capture the slow spring runoff 
and deliver it during the drier summer and fall months.”3  However, changes as a result of global warming threaten the 
continued viability of this vital water source. Largely because of temperature increase, the Sierra snowpack is projected to 
shrink by between 25 to 40 percent by 2050, and as much as 70 to 90 percent by the end of the century (see Figure 1).4,5 

The rise in temperatures in the Sierra Nevada Mountains has two major implications for California’s water supply. First, 
“more precipitation is falling as rain and less as snow.”6 An air temperature increase of  1.8°F (1°C)  is predicted to reduce 
the average annual volume of water produced from snowmelt by approximately 15 percent, while a 7.2°F (4°C) increase 
would result in about a 60 percent reduction in snowmelt.7 Second, snowmelt is occurring progressively earlier in the 
season.8 In the early spring, man-made reservoirs in California are operated for flood control purposes. Water must be 
released from the reservoirs, rather than stored, to protect against the possibility of storms or heavy precipitation events late 
in the wet season. As snowmelt and the resulting runoff shifts to earlier times in the year, it reduces the amount of water 
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GLOBAL WARMING

Figure 1:  Projected dry-climate reduction in the Sierra Nevada snowpack, from 2070–2099; from the California Climate Change 
Center, 2006. Projections are based on warming ranges of 3–5.5°F (1.7-3.3°C) (Lower Warming Range) and 5.5–8°F (3-4.4°C) (Medium 
Warming Range). The High Warming Range estimate, which projects a temperature increase of 8 to 10.5°F (4.4 to 5.8°C), is not 
shown.

SOUrCe:  California Climate Change Center.

RB-AR10279



A Clear Blue Future: How Greening California Cities Can Address Water Resources and Climate Challenges in the 21st Century

Natural Resources Defense Council  I 9

Figure 2. Projected changes in runoff for the period of 2041–2060 relative to 1901–1970. Modified from U.S. Climate Change 
Science Program, 2008. 

AND WATER
available for storage in California’s water supply system. An increase in the average temperature of 7.2°F (4°C) would shift 
the mean snowmelt runoff from mid-March to mid-February, when reservoirs must still release water. Thus, even if the 
same volume of snowmelt were to occur in the future, less of the water could be stored and later made available for use 
during the dry California summer.9 

Global warming is predicted to have a significant impact on surface streamflow and runoff as a result of the increased 
temperatures and altered precipitation patterns. The overall surface runoff in California could decrease by up to 10 
percent by midcentury, with far greater decreases in runoff in the intermountain Southwest (see Figure 2).10 With a rise 
in temperatures of between 5.5 and 8°F (3 to 4.4°C) by the century’s end, the medium warming range predicted by the 
California Climate Change Center, late spring streamflow could drop by as much as 30 percent.11

These changes come in addition to projected increases in sea level rise that threaten coastal aquifers with saltwater intrusion, 
an increase in the number and intensity of extreme storm events that cause erosion and flooding, warmer temperatures that 
increase evapotranspiration rates and therefore the amount of water needed for irrigation of crops and landscaping, and 
increased water pollution resulting from rising temperatures and decreased streamflow.12  There is an urgent need to both 
manage water and reduce GHG emissions, and LID offers a potential avenue for addressing these concerns. In addition 
to providing GHG emissions reductions (known as "mitigation" in climate discussions), LID also provides potentially 
valuable adaptation attributes such as improved water supply reliability and water quality.
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CHAPTER 1

LOW IMPACT DEVELOPMENT AND THE 
URBAN ENVIRONMENT 

Low Impact Development is a “comprehensive land planning and engineering 

design approach with a goal of maintaining and enhancing the pre-          

development hydrologic regime of urban and developing watersheds.”13  Low 

Impact Development evolved initially as a stormwater management approach aimed 

at eliminating—or at least ameliorating—the problems generated by runoff from 

urban and suburban development at the source. By maintaining or restoring natural 

hydrologic functions, LID can reduce the volume of runoff and associated pollution 

discharged from a site. LID incorporates a number of practices to accomplish this goal, 

including: maximizing infiltration, which recharges local and regional groundwater 

systems; providing retention areas and slowing runoff, which reduce flooding and 

erosion; minimizing the impervious footprint of a project; directing runoff from 

impervious areas into landscaping; and capturing water in rain barrels or cisterns for later 

use.14  Through the use of harvesting water, by either infiltration or capture, LID can 

increase the local supply of water and therefore decrease the need to obtain water from 

imported or other energy-intensive sources. The Los Angeles Economic Development 

Corporation has recently cited practices that infiltrate or capture stormwater as having 

the potential to provide “[h]undreds of thousands of acre-feet” of water.15   
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Benefits of LID 
LID provides important benefits with respect to water quality, pollution abatement, flooding, and erosion control, and it can 
be implemented under a wide variety of climactic and geographic settings. LID practices, such as green roofs, can additionally 
be designed to reduce the “urban heat island effect,” thereby reducing the need for air conditioning and other energy-intensive 
residential and commercial uses of electricity.16  By increasing green space in development projects, LID can improve overall 
urban aesthetics and provide natural-looking, pleasing cityscapes. The additional open space created by LID site designs can 
be especially important for low-income communities otherwise disadvantaged with regard to usable urban outdoor areas. 

LID techniques can be put into practice, and the above benefits realized, at a broad range of land use types and scales. The 
EPA has stated that, “LID can be applied to new development, redevelopment, or as retrofits to existing development. LID 
has been adapted to a range of land uses from high density ultra-urban settings to low density development.”17 Site specific 
conditions, which may include low permeability soils or the existence of shallow or contaminated groundwater, may mean 
that not every individual LID practice can be used at every site. But because of the breadth of available LID techniques and 
strategies, EPA has stated succinctly, “LID Works Everywhere.”18

Urbanization, Stormwater, and Pollution
Urbanization and development increase the percentage of impervious cover in the landscape (i.e., roads, rooftops, and 
parking lots that prevent the infiltration of water into soil). Greater impervious cover, in turn, increases the volume and 
velocity of runoff that results from precipitation.19  Overall, “most stormwater runoff is the result of the man-made 
hydrologic modifications that normally accompany development.”20 For example, a one-acre parking lot produces 16 
times more runoff than a one-acre meadow.21  This can lead to increasingly severe flooding and erosion and can greatly 
amplify levels of pollution in surface waterbodies.22  When the increased volume of runoff flows over paved surfaces, it 
picks up proportionally higher levels of automotive fluids and debris, pesticides, pet wastes, trash, and other contaminants 
and carries them to receiving waters.23   

As the population has grown across the western United States, an ever-increasing percentage of the landscape has been 
paved and covered with impervious surfaces, drastically altering the natural hydrologic regime of entire watersheds. Land 
use maps indicating changing activities and land surface cover in the Chino Basin in San Bernardino County, California 
exemplify this phenomenon, highlighting the type of rapid and intense urban development that has occurred over the last 
50 years (see Figure 3). The depicted large-scale shift from agrarian or open land to urban development is characteristic of 
many areas of the state, which has seen its population grow from 10.5 million in 1950, to more than 36.7 million in 2008, 
with a further 24 million expected to settle in the state by midcentury.24,25,26 With the increased impervious surface comes 
drastically increased runoff and increased stormwater-related pollution.

As a result, the EPA views urban runoff as one of the greatest threats to water quality in the country and considers it “one of 
the most significant reasons that water quality standards are not being met nationwide.”27  The EPA found that “54 percent of 
California’s impaired waterways are polluted by runoff.”28  California experienced 4,133 beach closing and advisory days in 2008, 
and “polluted urban stormwater runoff,” i.e., runoff from roads, roofs, lawns, construction sites, and other impervious surfaces, 
“continues to be the largest source of pollution in Santa Monica Bay and across California.”29

Natural Resources Defense Council  I 11
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CREDIT: wIlDERmuTH EnvIRonmEnTal, 2009

Figure 3b. 
Land cover and land 
use in the Chino Basin, 
2000

CREDIT: wIlDERmuTH EnvIRonmEnTal, 2009

Figure 3a. 
Land cover and land 
use in the Chino Basin, 

1957 
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Stormwater Regulation and Conventional Management Approaches
In order to prevent the pollution and other harms that result from urban runoff, the Federal Clean Water Act requires 
municipalities, counties, and other dischargers to impose “controls to reduce the discharge of pollutants to the maximum 
extent practicable.”30  Dischargers must use “management practices, control techniques and system, design, and 
engineering methods, and such other provisions which are appropriate.”31  To meet these conditions, dischargers apply 
for permits under the National Pollutant Discharge Elimination System (NPDES) program. Permittees in California have 
been increasingly required to treat a certain percentage of runoff that sites generate in order to prevent further pollution 
to the state’s waters.32  For example, in 2001, the California State Water Resources Control Board adopted Order WQ 
2000-11, which “created objective and measurable criteria for the amount of runoff that must be treated or infiltrated” 
and established a requirement that treatment or infiltration occur for “85 percent of the runoff from specified categories 
of development.”33   

One method of complying with such permit conditions has been to use conventional stormwater management practices 
to address water quality concerns (as opposed to addressing or limiting the volume of runoff generated at a site directly). 
With conventional practices, “structural” or engineered solutions are employed to transport runoff away from developed 
sites as quickly as possible—through curbs, gutters, buried drainage pipes, and centralized combined sewer systems—to 
treatment facilities or directly to receiving waters.34 Because treatment occurs in this system, if at all, only after pollutants 
have already entered stormwater, conventional practices are often less effective than LID at removing pollution in urban 
runoff and mitigating its impacts on surface waterbodies.35   

In combined sewer systems, stormwater runoff is collected and conveyed in the same pipe as domestic sewage and industrial 
wastewater. Under normal conditions, the wastewater is transported to a sewage treatment plant for treatment. However, 
during periods of heavy rainfall or snowmelt, “the wastewater volume in a combined sewer system can exceed the capacity of 
the sewer system or treatment plant.”36  For this reason, combined sewer systems are designed to overflow occasionally and 
discharge excess wastewater directly to nearby streams, rivers, or other waterbodies, resulting in “stormwater, . . . untreated 
human and industrial waste, toxic materials, and debris” pouring directly into receiving waters.37  Consequently, the EPA 
considers combined sewer overflows to be “a major water pollution concern for the approximately 772 cities in the U.S. 
that have combined sewer systems.”38  In municipalities that maintain separate sewer systems, which collect and convey 
stormwater independently of domestic sewage, “polluted stormwater runoff is commonly transported through [the storm 

sewer], from which it is often discharged 
untreated into local waterbodies.”39  Use 
of these conventional controls has been 
the dominant paradigm for addressing the 
challenges posed by stormwater across the 
United States for decades, with unfortunate 
consequences to the health of our nation’s 
surface waterbodies.

Stormwater Management 
through LID
The California Ocean Protection Council 
recently found that “LID is a practicable 
and superior approach” to stormwater 
management and that LID practices can 
be used “to minimize and mitigate increases 
in runoff and runoff pollutants and the 
resulting impacts on downstream uses, 

Natural Resources Defense Council  I 13

drainage swale as part of Seattle's SeA (Street edge Alternatives) Project / Credit: ePA/
Abby Hall
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coastal resources and communities” at a variety of development and redevelopment projects.40 LID uses improved design 
approaches such as strategically placed beds of native plants, rain barrels, green roofs, permeable or porous surfaces for 
parking lots and roads, and other features to reduce runoff by helping rainfall soak into the ground or to otherwise 
retain rainfall onsite, rather than allowing runoff to pollute the nearest waterbody. This aspect of LID mimics nature’s 
own infiltration and filtering systems;41 runoff accumulates less pollution because it flows over less impervious surface. 
Bioswales, basins, trenches, and other infiltration devices use absorption, settling, and the soil’s natural capacity to filter 
pollutants to achieve 70 to 98 percent contaminant removal.42  The result is less water pollution from stormwater runoff, 
reduced flooding, replenished water supplies, and more natural-looking, aesthetically pleasing cityscapes. One recent 
study concluded that through implementing “Green Solution” projects that “employ soil, plants, and natural processes to 
capture, filter and clean polluted urban and stormwater runoff” solely on existing public lands within Los Angeles County, 
nearly 40 percent of the county’s polluted runoff clean-up needs could be met.43  Furthermore, LID strategies that preserve 
existing vegetation and include vegetated and grassy swales and tree-box filters can help sequester GHG emissions and 
reduce the “heat island” effect in urban areas. 

Under the Clean Water Act, dischargers are required to control post-construction stormwater runoff. In some jurisdictions, 
use of LID has already become the required paradigm for addressing this runoff.44  Moving to require the implementation 
of LID practices simply represents a commonsense means of requiring compliance with the law. 

Cost Effectiveness of LID
In addition to the environmental benefits, implementation of LID practices instead of conventional stormwater controls 
often results in substantial financial savings and provides a valuable water supply at low cost. The EPA has stated that
 “[i]n the vast majority of cases…implementing well-chosen LID practices saves money for developers, property owners, and 
communities while protecting and restoring water quality.”45  Further, “LID…provides ecosystem services and associated 
economic benefits that conventional stormwater controls do not.”46  Our findings suggest that increased water supply, 
energy savings, and GHG emissions reductions should be added to the list of benefits.

Because traditional stormwater management approaches involve the construction of complex systems of infrastructure, 
they can entail substantial costs. Since LID attempts to mimic the predevelopment hydrology of a site, emphasizing 
storage and use, infiltration, and use of a site’s existing drainage conditions, “[c]ost savings are typically seen in reduced 
infrastructure because the total volume of runoff to be managed is minimized.”47  Although costs of LID implementation 
vary depending on site and/or project conditions and the specific practices or techniques implemented, with only “a few 
exceptions,” the EPA found that “total capital cost savings ranged from 15 to 80 percent when LID methods were used” 
instead of conventional stormwater management techniques.48,49  The City of Seattle found similar savings for street 
design or improvement projects, as projects that employ natural drainage techniques “cost about 10 to 20 percent less than 
traditional street redevelopment with curb, gutter, catch basins, asphalt, and sidewalks.”50  Further, because LID practices 
represent a new technology with initial costs for learning, design, and installation, costs are declining with time.51  The U.S. 
Department of Defense notes that, “As with any new approach, the cost of implementing LID will decrease as institutional 
experience increases and the benefits of using LID are realized in practice.”52 

The savings identified in studies documented by federal and other agencies are all the more noteworthy considering that 
they count only the costs of installation for LID and conventional controls. The savings identified do not reflect the 
additional economic benefits that LID provides. This is particularly relevant for projects that capture rainwater; the EPA 
study stated that for one of the “few exceptions” in the report, the cost of a rooftop runoff capture system installed at a site 
“was assumed to be offset somewhat by savings on stormwater utility bills” that were not calculated into the cost of the 
project.53  Further savings would be available in the form of reduced water bills resulting from the increased availability 
of onsite supply. In addition to offsetting project costs, LID can result in economically beneficial externalities including 
reduced costs of municipal infrastructure, greater control of combined sewer overflow (CSO) events, and increased value 
of real estate.54,55,56

Natural Resources Defense Council  I 14
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Figure 4. Example of a LID practice promoting infiltration (USDA/Iowa NRCS, 2008).57
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Vegetated swales: Vegetated swales are broad, shallow channels with 
dense stands of vegetation, such as trees, shrubs, or grasses, covering the 
side slopes and bottom. Swales are designed to trap or filter particulate 
pollutants, promote infiltration, and reduce the flow velocity and erosive 
impacts of storm water runoff.58

Rain gardens: Rain gardens are small gardens generally planted with 
native vegetation and designed to withstand extremes of moisture and high 
concentrations of nutrients such as nitrogen and phosphorous commonly 
found in stormwater runoff.  Rain gardens collect stormwater runoff both to 
slow the flow of water and give the water more time to infiltrate.59

Porous pavement and permeable pavers : Porous and permeable pavement 
surfaces absorb water and allow stormwater runoff to infiltrate into the soil 
beneath the paved surface. Porous pavements may include porous asphalts 
and porous concretes, which contain little fine grained material, leaving 
void spaces that allow for rapid percolation of runoff.60  Permeable pavers 
create networks of interlocking blocks that allow water to percolate through 
gaps between the paving blocks.61    

Rainbarrels and cisterns: Rainbarrels and cisterns are used to collect and 
store rainwater from rooftops or other paved surfaces  that would otherwise 
be diverted to storm sewer systems and lost.  The water can then be used 
for nonpotable purposes such as landscape irrigation or flushing toilets.  
Rainbarrels typically collect water from gutters and downspouts, and are 
small, generally inexpensive solutions for smaller residential buildings.  
Cisterns can vary in size from small household units to large, several 
thousand gallon tanks, and can be sited above ground or underground.

Natural Resources Defense Council  I 16

Examples of LID practices that promote infiltration or capture.
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CHAPTER 2

CALIFORNIA’S WATER SUPPLY, WATER 
HARVESTING, AND LID 

 

LID practices that emphasize harvesting rainwater, or redirecting and collecting runoff 

for beneficial use, include two general categories of techniques: use of infiltration to 

recharge groundwater supplies, or capture for onsite use. Groundwater forms when 

precipitation falling on land infiltrates the soil and percolates to depth, creating aquifers in 

water-bearing rock layers. In the natural hydrologic regime, up to 40 or 50 percent of this 

precipitation may be lost to evapotranspiration, a combination of evaporation from the soil 

and transpiration by plants, and up to 10 percent is converted to surface runoff that does 

not infiltrate.1 This still leaves up to 50 percent or more of the precipitation to infiltrate the 

ground surface, either as shallow infiltration or as deep percolation reaching the water table. 

However, as impervious surfaces such as roads, rooftops, and parking lots have increased 

dramatically with development, water is prevented from penetrating the ground surface, the 

volume of runoff increases, and the volume of infiltration decreases.2 
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When impervious cover reaches 75 percent and above, as it does in many urban areas, it may result in more than a five-
fold increase in surface runoff and a corresponding 70 percent drop in infiltration, with the greatest decrease seen in the 
quantity of water that percolates to sufficient depths to recharge groundwater.3 LID practices that maximize infiltration 
allow for natural recharge to augment local supplies of water despite the effects of urbanization. A fundamental LID 
technique is amending native soils to increase their ability to absorb and store water for subsequent infiltration, which can 
broaden opportunities to employ infiltrative LID practices. LID techniques that promote capture of rainfall, used either 
to augment or in conjunction with infiltration practices, can also offer a significant opportunity to increase local water 
supplies where the natural hydrologic regime has been altered by development. 

Groundwater Resources and Recharge in California
California is the nation’s largest producer of groundwater, extracting nearly twice as much as the next state, Texas.4 The 
average of 17 million acre-feet withdrawn in the state per year accounts for nearly 20 percent of all groundwater extracted 
in the United States annually.5 Approximately 30 percent of California’s urban and agricultural water needs are supplied by 
groundwater in an average year, a figure that rises to 40 percent or more during periods of drought.6 As such, groundwater 
is rightfully called “one of California’s greatest natural resources” and its continued supply is integral to California’s 
environmental, economic, and social well-being.7 

In southern California, groundwater has been used for over 150 years, and “the story of the growth of the region becomes 
the story of the utilization and application of its available waters.”8,9 Since settlers drilled the first groundwater wells, 
population has boomed, urban areas have sprawled, and the percentage of landscape covered with paved and impervious 
surfaces has expanded dramatically. This, in turn, has transformed the hydrologic regime that forms and replenishes 
groundwater upon which the region depends. Rainfall that would infiltrate the ground and recharge groundwater 
supplies under natural conditions is instead diverted and transported away by stormwater conveyance systems. Despite 
the diminishing recharge, groundwater continues to supply an average of 1.56 million acre-feet of water per year to 
the region.10 Approximately 40 percent of the Metropolitan Water District of Southern California’s (MWD) member 
agencies’ water supply consists of groundwater in an average year.11 Based on data from the most recent urban water 
management plans for each of the 26 member agencies located within the MWD service area, we created a map to 
illustrate the magnitude of southern California’s dependence on groundwater supply. Each pie chart on the map in Figure 
5 represents the overall water supply for an individual agency, with each sector of a chart indicating the percentage of 
water for that agency supplied from groundwater, the SWP, Colorado River, or other source. As the map illustrates, water 
agencies in a number of areas, including eastern Los Angeles, San Bernardino, and Orange counties, rely on groundwater 
as the principal source for municipal water supply. Even for the majority of those MWD agencies where groundwater is 
not the dominant source of water, it still forms a substantial percentage of the supply. 
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Figure 5: Water supply sources and classification for southern California (based on 2005 statistics) 
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Moreover, southern California is rich in groundwater potential, with a total estimated available basin capacity in 
MWD’s service area of 3.2 million acre-feet.12 Recharge of these basins is currently provided by imported water as well 
as local precipitation and runoff. Particularly where groundwater basins are currently or have historically been subject 
to overdraft (i.e., the amount of water withdrawn from the aquifer exceeds the amount of recharge it receives), such as 
the Chino Groundwater Basin or the Central and West Coast Groundwater basins on the coastal plain of Los Angeles, 
opportunities exist to restore natural hydrologic function that has been disrupted by development. Current trends are 
toward increased local rainwater recharge, and the LID strategies examined in this study would both follow and enhance 
this trend. Conditions for groundwater recharge are generally favorable throughout much of southern California, as 
soils underlying most of the region are highly permeable, allowing rapid infiltration into groundwater basins. 

In the San Francisco Bay Area, groundwater plays a more limited, yet still vitally important role in ensuring the safe, 
sufficient supply of water to the region’s population.  For example, the Santa Clara Valley Water District, which pro-
vides water to 1.7 million Californians, has stated that “[g]roundwater is our most critical local asset for ensuring 
adequate water supplies now and in the future.”13,14  About one-half of the water used in Santa Clara County each 
year comes from local groundwater supply, and the Water District there considers it to be the region’s “best protection 
against droughts.”15

Groundwater recharge potential further exists in areas not traditionally viewed as having ideal conditions for infiltration. 
In the Los Angeles-Orange County coastal plain aquifer system contrasting layers of highly permeable gravels and finer-
grained deposits that shape the region’s hydrologic characteristics have resulted in large deposits of relatively shallow 
groundwater separated from the deeper, regional groundwater systems by the finer-grained deposits.16 Generally, 
water managers have not utilized the shallow aquifers that characterize portions of the basin because of low yields, 
and in some places, poor water quality.17 The increasing need for viable water supplies has begun to shift thinking on 
the potential for obtaining water from these aquifers. According to Ted Johnson, chief hydrogeologist at the Water 
Replenishment District of Southern California, the water has not generally been used for domestic or irrigation supply 
in recent years, “but it could be done... the water could be extracted and treated as needed for use... reverse osmosis 
may be needed if the water is too mineralized, or activated carbon if there is volatile organic contamination, but these 
technologies exist. There are entities pumping out shallow groundwater right now for dewatering purposes and we are 
looking at putting that water to beneficial use instead of losing it to the ocean.”18  All told, there is significant potential 
for LID practices that emphasize infiltration of stormwater to replenish water supply in this area.

Capture
Capturing rainfall for use onsite offers a similar opportunity to increase local supply of water and may be used where 
soils or surface conditions, such as the presence of shallow groundwater or groundwater contamination, are not highly 
amenable to infiltration or may be used concomitant with infiltration. For example, where development occurs over 
relatively impermeable soils or in densely developed urban environments, LID techniques favoring capture can “reduce 
annual runoff volumes by almost half to more than 3/4…with much of the water saved available for a beneficial use.”19 
Water capture techniques are typically, though not exclusively, used to harvest rooftop runoff and can be applied at both 
large scale in commercial developments and residential subdivisions and at small scale using cisterns or rain barrels. 
Existing LID development has shown that capturing water is successful at reducing runoff discharged to storm drain 
systems and at conserving water for later use at all scales and under a variety of conditions. For example, the King 
Street Center in downtown Seattle uses water captured from roof runoff to supply over 60 percent of the building’s 
toilet flushing and irrigation requirements, saving approximately 4.3 acre-feet of potable water per year.20 On a smaller 
scale, the Carkeek Environmental Learning Center in Seattle drains rooftop runoff into a 3,500-gallon cistern to supply 
toilets.21 As the average urban roof at a residential or commercial development accounts for 40 to 60 percent of the site’s 
total impervious surface area (and therefore 40 to 60 percent of impervious surface runoff ), vast quantities of water are 
available for harvesting to offset the need for other, more energy-intensive sources of water. 
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Regardless of the method used, there is tremendous potential throughout California to increase local water supply and 
reduce reliance on imported water or desalinated ocean water sources that generate considerable GHG emissions.

 

Natural Resources Defense Council  I 21

rain barrel in Santa Monica, CA                  Credit: ePA/Abby Hall Cistern in Chicago                                                    Credit: ePA/Abby Hall
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CHAPTER 3

WATER SUPPLY AND ENERGY IN 
CALIFORNIA
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In California, water systems account for a staggering 19 percent of total electricity use 

and about 33 percent of non-power-plant natural gas use.1 A significant portion of the 

electricity is used in the conveyance of water, which in California requires electricity 

inputs “substantially above the national average.”2 Water is now recognized as one of the 

largest electricity users in California, and both the California Energy Commission (CEC) 

and the California Public Utilities Commission (CPUC) have concluded that the energy 

embedded in water presents large, untapped opportunities for cost effectively improving 

energy efficiency and reducing GHG emissions.3 Although the energy embodied in a unit 

of water varies with location and source, moving large quantities of water long distances 

and over mountain ranges, treating and distributing it within communities, water use and 

collecting and treating the resulting wastewater are each energy-intensive processes. Urban 

water use efficiency, groundwater management, and recycling or reuse have been identified by 

the Department of Water Resources (DWR) in its 2005 State Water Plan as the largest new 

water supply sources for the next quarter century. Capture presents an additionally significant 

opportunity to increase the energy-efficient supply of water. The following graph indicates 

the critical role these measures will play in California’s water future.
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Energy Intensity of Selected Water Supply Sources in Southern California
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Figure 6. Water management and supply options for the next 25 years. From the California State Water Plan 2005, California 
Department of Water Resources, 2005.4

The Energy Intensity of Water in California

Importing Water
California’s water systems are energy intensive due in part to the pumping requirements of major conveyance systems that 
move large volumes of water long distances and over thousands of feet in elevation. Certain interbasin transfer systems, 
such as California’s SWP and the Colorado River Aqueduct (CRA), require large amounts of electrical energy to convey 
water. 

Figure 7. Energy intensity of major water supply options in southern California. Robert Wilkinson, based on data from IEUA, West 
Basin MWD, DWR, and desalination estimates.
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Figure 7 shows the energy intensity of major water supply options for inland and coastal locations in southern California. Each 
bar represents the energy intensity, expressed in kilowatt-hours per acre-foot, of a specific water supply source delivered at 
selected locations in southern California. Since water efficiency requires no energy inputs for pumping or treatment, it is 
shown as zero. For all other water resources, there are energy inputs that depend on many factors, including the quality 
of source water; the energy intensity of technologies used to treat the source water to quality standards for end users; the 
distance water needs to be transported to reach end users; and the efficiency of the conveyance, distribution, and treatment 

facilities and systems.5

Water pumping plants employed in the supply of imported water account for some of the largest electrical loads in the 
state. For example, the SWP’s Edmonston Pumping Plant, situated at the foot of the Tehachapi Mountains, pumps water 
up 1,926 vertical feet, the highest single lift of any pumping plant in the world. It is the largest single user of electricity in 
the state.6 In total, the SWP is the largest overall user of electricity in California.7 Water use (based on embedded energy) 
is the second or third largest consumer of electricity in a southern California home after refrigerators and air conditioners,8 
and the electricity required to support water service in the typical home in southern California is estimated to be 14–19 
percent of total residential energy demand.9

Figure 8. State Water Project Energy Inputs and Recover . Robert Wilkinson, based on data from California Department of Water 
Resources. (kilowatt-hours per acre-foot pumped—includes energy recovery)

Figure 8 shows the cumulative net energy requirements and the incremental energy inputs or outputs at each of the 
pumping and energy recovery facilities of the SWP. Energy recovery is indicated with negative numbers, which reduce net 
energy at that point in the system.

Top figure = cumulative energy
Lower figure = facility energy
Measurement: kWh/AF
 

H.O.  Banks
296
296

Dos Amigos
434
136

Buena Vista
676
242

Wheeler Ridge
971
295

Wind Gap
1,610
639

A.D. Edmonston
3,846
2,236

Pearblossom
4,444
703

Mojave Siphon
4,349
-95

Devil Canyor
Variable
3,236
-1,113

Greenspot
4,107
871

Crafton Hill
5,194
1,087

Cherry Valley
5,418
224

Alamo
3,741
-105

Castaic
2,580
-973

W.E. Warme
3,553
-573

Oso
4,126
280

South Bay
1,093
797

San Luis Variable
Pumping (169-523)

Generating (105-287)

Del Valle
1,165

72

Las Perillas
511
77

Badger Hill
711
200

Polonio
2,825
705

Bluestone
2,121
705

Devil’s Den
1,416
705

RB-AR10295



A Clear Blue Future: How Greening California Cities Can Address Water Resources and Climate Challenges in the 21st Century

Natural Resources Defense Council  I 25                

As shown in Figure 8, approximately 2,580 kWh are required to pump one acre-foot of SWP water from the Sacramento-
San Joaquin Delta to Castaic on the West Branch of the SWP; 3,236 kWh/af are required to reach the Devil’s Canyon 
Power Plant on the East Branch.10 Additionally, approximately 2,000 kWh/af are required to pump Colorado River water 
to southern California.11 The water from these systems is delivered raw (untreated) to those points. From there, conveyance 
continues by gravity or pumping to treatment and distribution systems within individual service areas. In general, service 
areas at higher elevations have higher energy requirements. Thus, at Cherry Valley and other locations near the terminus of 
the East Branch, the energy intensity required for raw water supply is as high as 5,418 kWh/af. 

Ocean Desalination
Twenty individual seawater desalination plants have been proposed for operation in California. Four plants, with a com-
bined maximum proposed capacity of more than 100,000 acre-feet per year, have been proposed in the San Francisco 
Bay area alone. 

Figure 9. Planned seawater desalination plants as of 2006 (Cooley, Heather, Peter H. Gleick, and Gary Wolff, 2006).12   

Whereas ocean desalination is being 
pursued as a potential measure 
for supplying additional water, 
environmental and cost concerns 
regarding the desalination process 
remain controversial. Pacific Ocean 
salinity is 34–38 grams/Liter (g/L), 
while brackish water contains 0.5–3.0 
g/L. Potable water salt levels should 
be below 0.5 g/l. Using existing 
technologies to reduce salt levels from 
over 30 g/L to 0.5 g/L and lower 
(to meet drinking water standards) 
requires considerable amounts of 
energy for the pressure to drive water 
through extremely fine filters in the 
process of reverse osmosis (RO). (All 
of the desalination facilities proposed 
in California utilize RO technology.) 
As a result, ocean desalination requires 
an estimated 4,400 kWh/af to 
supply potable water. Improvements 
in desalination technology have 
lessened the amount of pumping 
energy required for this process, but 
high energy intensity is still an issue. 

Furthermore, the seawater intake process for many coastal plants raises significant ecological concerns, as impingement 
and entrainment can result in the deaths of large numbers of aquatic organisms, including fish, invertebrates, and their 
eggs and larvae.13   Disposal of highly concentrated brine resulting from the RO process also remains a concern.

Groundwater Recharge and Capture
Next to efficiency, recycled water and groundwater are lower energy-intensive options than other marginal (e.g., new) 
water resources in most heavily populated areas of California.14 Even with advanced treatment to remove salts and other 
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contaminants, recycled water and groundwater (the Reuse and GW columns in Figure 7) usually require far less energy 
than imported water (CO River and SWP) and seawater desalination (Desal), as does capture and onsite use. For example, 
even the Chino desalter, which uses an RO treatment process to provide high-quality potable water by removing dissolved 
solids such as salt from impaired groundwater in the inland Chino groundwater basin (GW (RO) in Figure 7), is far less 
energy intensive than any of the imported sources. From an energy standpoint, greater reliance on LID practices that 
emphasize groundwater recharge and capture provides considerable benefits. These energy benefits also include significant 
potential GHG emissions reductions.

Groundwater pumping energy requirements vary depending on the lift required. As illustrated in Figure 7, the energy 
required to produce groundwater in the West Basin municipal water district is approximately 350 kWh/af, while in the 
Inland Empire groundwater production requires 950 kWh/af. In the City of Los Angeles, groundwater requires 580 
kWh/af to produce.15 Analysis of different sources provides a reasonably consistent finding: local groundwater is less energy 
intensive than imported water from the SWP, CRA, or ocean desalination. 

Increasing the availability of energy-efficient, local water supply could therefore result in a savings for individual end 
users and an overall reduction in the energy required to supply water.

Figure 10. Energy intensity of marginal water supply sources in Southern California by area 

Figure 10 shows the energy intensity of marginal water supply in southern California, based on our review of water sup-
plies and corresponding energy requirements for water sources. In all of these areas, the increased use of groundwater or 
of water captured from rooftop runoff can be used to offset the more energy-intensive water supply. 
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CHAPTER 4

       

THE POTENTIAL FOR LOW IMPACT 
DEVELOPMENT IN CALIFORNIA 

We analyzed land use, water supply patterns, and the energy consumption of water 

systems in order to determine the benefits of LID, including: 1) the volume of 

additional water supply that could be provided through the implementation of 

LID practices; 2) the resulting savings of energy due to increased availability of local water 

supply; and 3) the associated reduction of GHG emissions. Our study represents one of 

the first attempts to quantify the water supply benefits of LID on a regional basis by using 

large-scale, GIS-based land use data. Further, it quantifies the connection between the energy 

intensity of water supply and LID water management practices that can serve to reduce energy 

use. In this section, we discuss the details of our analysis, as well as study parameters and the 

assumptions made in quantifying the water, energy, and GHG emissions reduction benefits 

that can be derived from LID. 
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Selection of Study Areas
In order to assess LID’s potential for water and energy benefits and emissions reductions, the study focused on coastal areas 
of urbanized southern California and the San Francisco Bay area. These regions represent the two most heavily urbanized 
and developed regions of California and incorporate the majority of the state’s population—approximately 50 percent of 
the state’s residents live in the counties located within the southern California study area and an additional 20 percent live 
in the San Francisco Bay region.1 The study areas include a wide range of energy use per unit of water delivered. Imported 
water accounts for roughly half of urban water supply in the southern California region, with energy inputs requiring 
between 2,000 kWh (Colorado Aqueduct) and 5,418 kWh (SWP at the terminus of the East Branch) per acre-foot deliv-
ered. (See Figures 5 and 10 detailing marginal supply of energy from imported sources.) The San Francisco Bay region, 
which relies heavily on imported surface water, is the site of four proposed ocean desalination plants with an estimated 
capacity of between 35,800 and 108,700 af/year and an embedded energy requirement of an estimated 4,400 kWh/af.2,3 
Rainfall averages roughly 10 to 15 inches annually in most portions of the southern California study area (Figure 11) and 
from 18 to more than 30 inches annually in the San Francisco Bay region.4 These areas are projected to see substantial 
population growth accompanied by development that could implement LID practices to maximize groundwater recharge 
and/or rainfall capture. 

Figure 11. Precipitation map of urbanized southern California (based on NRCS PRISM average annual precipitation, 1961-1990)

Coastal Urban Southern California
The southern California study area includes San Diego County, Orange County, and portions of Ventura, Los Angeles, 
San Bernardino, and Riverside counties (Figure 12). The study area is loosely defined by the Topatopa Mountains to the 
northwest, the San Gabriel Mountains and San Bernardino Mountains (which form a border between the greater Los 
Angeles area and San Bernardino and the Mojave desert) to the north, and the San Jacinto Mountains to the east.
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Figure 12. Map of land use within the southern California study area (based on SCAG 2005 and SANDAG 2007 land use data sets)
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San Francisco Bay Region
The San Francisco Bay region study area includes all or portions of San Francisco, Marin, Contra Costa, Alameda, Santa 
Clara, and San Mateo counties (Figure 12). 

Seawater desalination plants have been proposed to supplement water supply in areas serviced by agencies including Marin 
County, the East Bay Municipal Utilities District, Contra Costa Water Agency, San Francisco Public Utilities Commission, 
and Santa Clara Valley Water District. Because ocean desalination has not yet been proposed for supply in Sonoma, Napa, 
and Solano Counties, we do not include these areas in our analysis, though substantial opportunities to increase local water 
supply through groundwater recharge and capture do exist in these areas. 

Figure 13. Map of land use within the San Francisco Bay study area (based on ABAG 2006 planned land use data set)
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Results
Our analysis found that LID has a substantial potential to save both water and energy in California. In just the urbanized 
areas of southern California and limited portions of the San Francisco Bay area, LID could provide 229,000–405,000 
acre-feet of water per year by 2030, with a corresponding annual electricity savings of 573,000–1,225,500 megawatt-
hours and a reduction of 250,500–535,500 metric tons of CO2.

5 The wide ranges of potential water supply, energy, and 
GHG reductions reflect a set of variables and input values that include low, medium, and high estimates. These figures will 
increase with continued development and redevelopment after 2030. As much as an additional 75,000 acre-feet of water 
could be saved annually by 2030 through implementing LID practices at new industrial, government and public use, and 
transportation development or redevelopment in southern California alone. 

FINDINGS FOR SOUTHERN CALIFORNIA AND SAN FRANCISCO BAY REGION  WATER SAVINGS—2030 
(Acre-feet per year, af/yr)

Southern California San Francisco Bay TOTAL

FINDINGS FOR SOUTHERN CALIFORNIA AND SAN FRANCISCO BAY REGION  ENERGY SAVINGS—2030 
(Megawatt-hours per year, MWh/yr)

Southern California San Francisco Bay TOTAL

FINDINGS FOR SOUTHERN CALIFORNIA AND SAN FRANCISCO BAY REGION  CO2 SAVINGS—2030 
(Metric tons per year)

Southern California San Francisco Bay TOTAL

Methodology
The volume of water, associated energy savings, GHG emissions reductions were calculated based on analyses of urbanized 
southern California and portions of the San Francisco Bay area. Though LID practices are ultimately applicable to any 
land use or development type, we focused our initial analysis on commercial and residential development because of data 
availability regarding future new development and redevelopment rates, as discussed below. 
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Energy savings are calculated based on current and projected marginal water supply sources in each area. Although individual 
water suppliers will determine what source to take less of for supply if it is not required (for example, if additional water 
were to become available through use of LID practices), in general, suppliers will reduce supply of the most expensive 
source, which in California is usually the most energy intensive. Imported water and ocean desalination would be the 
sources for which demand would be reduced, and we compare the energy required to augment water supplies through 
LID to these marginal sources. The difference between energy requirements for LID applications (groundwater pumping, 
onsite capture and use, treatment, etc.) and current marginal water supplies (SWP, desalinated ocean water) is the basis for 
the calculations.

Land Use Analysis and Impervious Surface Cover
After establishing the study area boundaries, we conducted a GIS-based land use study of each area, broken down by 
county, to determine the total area occupied by each land use type—e.g., single-family residential home, high-rise office 
building, park and ride lot, etc.6 We selected land use types characterized by “urban” density, having greater than 20 percent 
impervious surface cover over contiguous areas, or for residential purposes, having greater than two single-family residential 
structures per acre. For each land use category we calculated the percentage of surface area covered by roads or streets. 
We then subtracted this area from the identified land use category in order to designate municipal road construction as a 
separate land use type for analysis of runoff.

Based on GIS analysis, we calculated the average percent of impervious surface cover and average annual precipitation for 
each land use type. We used these values to determine the total volume of rain falling over impervious surface for each land 
use category. For each identified land use type, we further subdivided our analysis to separately evaluate different land use 
subgroups based on: 1) those with moderate (less than 85 percent) impervious surface cover overlying soils with generally 
adequate infiltrative capacity; or 2) those for which capture may represent the preferred means of harvesting water, such 
as those characterized by high impervious surface area (greater than 85 percent impervious surface) or by D-soils that may 
exhibit decreased infiltrative capacity. 
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Figure 14. Map of impervious surface cover within the southern California study area (based on NLCD 2001 impervious surface data set)
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Runoff Volume
We evaluated land use data for all commercial and residential development within both study areas, as well as separately 
for industrial, government and public use, and transportation development in southern California, and determined the 
average percentage of impervious surface for each designated land use type. (See Figure 14, map of impervious surface in 
southern California. Note the increased impervious coverage in areas such as downtown Los Angeles, Santa Monica, and 
San Diego.) Impervious surface runoff from development at all land use types was calculated based on average rainfall 
compiled from the NRCS 1961–1990 data set and averaged across each of the designated land uses to determine the total 
volume of annual impervious surface runoff from the current distribution of specified land use types within the study 
area.7 Runoff from paved and other nonroof surfaces was calculated based on a runoff coefficient for impervious areas of 
C = (0.009) * I + 0.05, where I is the impervious percentage (with I = 100 percent for fully impervious areas).8 This is 
essentially equivalent to 95 percent of precipitation falling on paved surfaces mobilizing as runoff.

For calculating rooftop runoff directed to capture and use, our analysis assumed a runoff coefficient for rooftop surfaces of 
C = 0.9, meaning 90 percent of rainfall on roof surfaces will occur as runoff available for capture and use. Runoff coefficients 
for rooftop surfaces are generally estimated to vary between 0.75 and 0.95, reflecting differences in how materials, slope, 
and other variables of rooftop construction may affect runoff.9 Stormwater management agencies in California commonly 
differ in their selection of runoff coefficients. For example, the City of Salinas bases rooftop runoff on a coefficient of 
1.0, whereas the Santa Clara Valley Urban Runoff Pollution Prevention Program bases runoff at the low end of generally 
accepted values, using a coefficient of 0.75.10,11 However, many architectural and engineering experts treat rooftop runoff 
as occurring at the higher end of the accepted range, stating for example, “a built-up roof is considered to have a runoff 
coefficient of 0.95; in other words, about 95 percent of the water hitting a conventional roof will leave the surface and needs 
to be accounted for in the design of the building’s storm-water system” and many states and municipalities use a coefficient 
of 0.9 to determine runoff volumes from rooftop surfaces.12,13 As a result, we find a coefficient of 0.9 to represent a 
reasonable estimate for rooftop-runoff collection potential.

In addition to precipitation-based runoff, dry-weather runoff stemming from human activities, such as landscape irrigation 
and car washing, was calculated within the southern California study area and Santa Clara portion of the San Francisco 
Bay study area. Dry-weather runoff was calculated based on a figure of 0.152 gallons per acre of pervious surface per 
minute for residential and commercial land use types likely to include landscaped cover. This figure was derived from 
the “Residential Runoff Reduction Study” performed by the Irvine Ranch Water District and extrapolated to include 
commercial development for our study.14 

Recharge
Land use and impervious surface runoff totals were calculated based on the underlying soil type from a combination of 
U.S. Department of Agriculture Natural Resources Conservation Service Soil Survey Geographic (NRCS SSURGO) soil 
data and State Soil Geographic (STATSGO) soil data in order to determine infiltrative capacity of soil underlying each 
land use type. Areas were categorized as having soils in NRCS Hydrologic Soil Group A, B, C, or D, which refer to “soils 
grouped according to their runoff potential” and the soils’ infiltrative capacity.15 Where infiltration and groundwater 
recharge was selected as the preferred method for increasing local supply, such as for development with less than 85 percent 
impervious surface cover occurring over A, B, or C type soils, the study assumes that with adequate conditions capacity 
exists to infiltrate 100 percent of the impervious surface runoff generated at a given site, less the portion of runoff lost to 
evapotranspiration. 

Selection of Infiltration vs. Capture
For the purposes of this study, where impervious surface runoff occurred over areas characterized as having D soils, capture of 
rooftop runoff, rather than groundwater recharge, was selected as the method for increasing local water supply and reducing 
energy use. While local variation is likely to allow for some groundwater recharge to occur in many locations underlain by 
D soils, we uniformly based our model on capture in these circumstances to simplify the model parameters. Water from 
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rooftop runoff was also used as the primary basis for calculating the potential water savings in areas of high impervious 
surface cover, defined as areas greater than 10 acres in size and containing contiguous impervious cover of greater than 85 
percent (e.g., downtown Los Angeles, which is characterized by high percentage of impervious cover).  Though these areas 
may encompass sufficient pervious cover to infiltrate a large percentage, if not the total volume of associated impervious 
surface runoff, we assumed a conservative bias in characterizing the potential opportunities for groundwater recharge and 
selected capture as the preferred method, with only limited use of infiltration, under these conditions. We recognize as 
well that site-specific conditions that do not favor infiltration may exist, such as the presence of shallow groundwater that 
could pose a liquefaction hazard or already require dewatering, as well as the existence of groundwater contamination.16 
In order to address this possibility, certain of our model scenarios employ capture as the principal means of augmenting 
water supply for large portions of the southern California study area (see section on Assumptions and Variables, below).   

Finally, for all areas of the San Francisco Bay area other than the Santa Clara Valley, where extensive groundwater production 
does occur, we selected rooftop runoff as the preferred means of increasing local supply. Although opportunities for 
infiltration exist throughout the Bay area, outside of Santa Clara County and some other smaller regions, groundwater 
currently accounts for only about five percent (or 68,000 af/year) of the region’s average annual water supply.17 As a result, 
capture may provide greater opportunity to immediately increase local water supplies (and consequently, reduce energy 
consumption) on a wide scale.

Development and Redevelopment: New Construction and Changes to the Existing Built 
Environment.

Water supplies generated by LID for 2030 were calculated based on projected commercial and residential development 
rates for each county included within the study area (using commercial development rates as a proxy for industrial, 
government and public use, and transportation development). Development projections were provided by the Southern 
California Area Governments, San Diego Association of Governments, Association of Bay Area Governments, California 
Department of Finance, and national-scale land use data.18,19,20,21,22 Redevelopment rates were calculated based on an 
annual national “loss rate” of 1.37 percent for commercial buildings and 0.63 percent for residential structures.23 These 
numbers are likely conservative, as the rate of development in the selected study areas exceeds national rates. This is par-
ticularly the case because the report forming the basis for loss estimates states that, “In 2030, about half of the buildings 
in which Americans live, work, and shop will have been built after 2000.”24  However, based on these estimates, our study 
assumes that 100 percent of future development and redevelopment at each land use type would be constructed using 
LID practices. 

Reduction in Energy Use for Water Supply
Energy savings were calculated based on reducing the volume of supply from the marginal, or highest, energy-intensive 
source of water for each area. Within the southern California study area, SWP imports and projected ocean desalination 
are the marginal or most energy-intensive water supply sources (though for the purposes of this study we used only water 
from the SWP for calculating the marginal source in southern California). Projected use of ocean desalination water 
in the San Francisco Bay area is the marginal or most energy-intensive source in the San Francisco Bay study area. In 
each instance, the volume of imported or ocean desalination water to be offset was calculated based on the volume of 
water estimated to be either infiltrated for groundwater recharge or harvested through use of LID practices. In southern 
California, the marginal water source was determined based on a review of water agency Urban Water Management 
Plans. The marginal source was determined to be the West Branch of the State Water Project for Ventura and the western 
half of Los Angeles County; and the East Branch of the State Water Project for the eastern half of Los Angeles, Orange, 
San Bernardino, Riverside, and San Diego counties. Energy savings were calculated by determining the total amount of 
water to be recharged or captured within the study area, then calculating the energy required to treat and supply the same 
volume of water through the marginal supply source, less the energy required to supply the volume of water through either 
groundwater pumping or rainwater use.
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GHG Conversion Factor
Estimated reductions in GHG emissions were calculated based upon a conversion factor established by the California Air 
Resources Board for climate change measures to reduce electricity and natural gas use in California.  The reductions in 
GHG emissions are based on reduction of in-state natural gas electricity generation, with an emission factor of 
4.37x10-7 MMTCO2E/MWh (963 lbsCO2E/MWh).25  This is equal to 0.437 metric tons of carbon dioxide equivalent 
per MWh.

Conservative Bias in Assumptions
We note that the overall estimates for both water savings and resultant energy savings presented here are conservative. 
The analysis includes only a subset of the urban areas within California, as detailed above, and assumes a cautious figure 
for future development rates for these areas. Within the subset of commercial and residential development analyzed, the 
study does not incorporate the vast majority of existing development that could be retrofitted using LID practices. The 
analysis includes only new and redeveloped properties with a lesser percentage of retrofitted structures, while excluding the 
remaining built environment. For example, in the portion of Los Angeles County located within the study area, there were 
more than 540,000 acres of development as of 2005 in the land use categories selected for analysis. The study considers 
in its highest estimate that, by 2030, only approximately 135,000 of these developed acres will undergo redevelopment or 
retrofitting to incorporate LID practices, leaving 75 percent of the existing built environment (as of 2005) outside of the 
study’s parameters. As stated earlier, the estimates incorporate only commercial and residential development and do not 
consider the potential water and energy savings available from implementation of LID practices at industrial, government 
and public use, and transportation development or redevelopment. These land use types cover more than 100,000 acres 
within the southern California study area, adding a substantial area of impervious surface and corresponding runoff not 
included in the current analysis.

Finally, the estimates do not take into account the loss rates for water supplied through the State Water Project, Colorado 
River Aqueduct, or local distribution systems. These systems lose a portion of the total water conveyed through a 
combination of evaporation and leakage during the course of transport, and the additional energy required to transport or 
pump this water has not been factored into the above calculations. As a result, and given the additional opportunities for 
implementation of LID practices not considered by our analysis, these findings should be considered to be conservative 
estimates of the total savings that would result from implementation of LID statewide.

Assumptions and Variables in Estimates of Water and Energy Savings Due to LID
Following from the above methodology, we developed low, medium, and high savings estimates for the potential water, 
energy, and GHG emissions savings that LID can produce with implementation at new development and redevelopment 
within the study areas. This range reflects the unknowns and potential variability of individual factors that may affect water 
harvesting through both infiltrative and capture practices, as well as the energy requirements of local supply.   

Within this framework, we have considered the following factors in developing the estimates of water and energy savings. 
For each factor, we present the range of values used to calculate our low, medium, and high savings estimates. For a 
complete discussion of the parameters of each variable, including data sources, see Appendix A: 26 

•	 Percentage of runoff directed to infiltration and groundwater recharge but lost to evapotranspiration: For the 
study estimates, we base the estimated loss of groundwater recharge due to evapotranspiration on studies being 
conducted by the Los Angeles-San Gabriel Rivers Watershed Council, at a range of between 10 and 30 percent 
of total runoff generated.27

•	 Percentage of impervious surface comprised of rooftop: In six different case studies of southern California building 
permits, rooftop surface averaged between approximately 40 percent and 60 percent of total impervious surface 
area.28 
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•	 Percentage of retrofitted development employing LID principles: For properties that will undergo a substantial 
retrofit or redesign that does not include a complete rebuild or reconstruction of existing structures, we assume 
a construction rate equal to the overall redevelopment within each study area, but that only 25 to 50 percent of 
these retrofits will employ LID practices.29

•	 Energy required for extraction of infiltrated water by groundwater pumping: We base our energy requirements for 
water supplied through groundwater pumping on the range of energy intensity of groundwater supply that exists 
between groundwater sources for the West Basin Municipal Water District (350 kWh/af ) and Inland Empire 
Utilities Agency (950 kWh/af ). (See Figure 7.)  

•	 Energy required for capture and use of rooftop water:  As with groundwater production, a range of potential 
energy requirements exists in order to use water from rooftop capture, though it may require essentially no energy 
for low-volume, nonpressurized systems at single-family residences. We base our energy requirements for rooftop 
capture on an average of 186 kWh/af for use of drip-based irrigation in our high estimate and 338 kWh/af for 
sprinkler-based irrigation systems in our low estimate.30

•	 Percentage of roads to be developed as green streets: The study assumes that 50–80 percent of streets constructed 
in areas of new development and 25–50 percent of streets corresponding to redevelopment will be green streets.

•	 Local variation in groundwater conditions and infiltrative capacity: As a final variable, we recognize that there 
may be areas, such as those overlying shallow or contaminated groundwater, that we have initially identified as 
having the greatest potential savings available through infiltration, for which capture may ultimately prove to 
be a preferred method for augmenting water supply (these areas represent land use over and above those areas 
designated as having a high percentage of impervious surface or as underlain by D soils). In order to address this 
possibility, we assume for our low and medium savings estimates that up to 50 percent of Los Angeles County 
within the study area will augment water supplies through practices emphasizing use of capture rather than 
infiltration.

Given the framework within which we have considered these variables, we regard even our high savings estimate to be a 
reasonable calculation of the real-world savings that LID practices can achieve in California. Under these scenarios, and in 
light of the assumptions made in calculating each estimate, it can be seen that the ratio of energy saved per unit of water 
increases significantly from the low-end estimate (2,502 kWh saved per acre-foot) to the high-end estimate (3,025 kWh 
saved per acre-foot). This difference results from the lower requirements of energy supply for groundwater or capture 
assumed in the high savings estimate, which we consider to more accurately reflect likely real-world conditions overall. 
However, and regardless of the difference in total water savings, total energy savings, or energy saved per unit of water, the 
results compel the same conclusion to be drawn—the use of LID presents a significant and currently untapped opportunity 
to reduce the use of energy required to supply water in California or other regions reliant on energy-intensive sources of 
water. 

Conclusion
LID offers important opportunities to tackle climate change and its impacts on California, while simultaneously addressing 
vital issues of water quality and quantity. California, and other states in similar circumstances, must act rapidly to reduce 
global warming pollution. LID, by reducing the need to rely on energy-intensive sources of water, should be aggressively 
implemented. Indeed, our research has demonstrated that significant opportunities for increasing water supply while 
reducing the energy used to supply water exist at a wide variety of development types, in many different geographic loca-
tions. Given the multiple benefits LID provides and the robust contributions its use can make to reducing GHG emis-
sions, LID practices that emphasize water harvesting should be required for dischargers throughout California and in other 
jurisdictions where the energy and GHG intensity of water supply may be reduced by augmenting local groundwater or 
capturing runoff.  
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APPENDIX A
ASSUMPTIONS AND VARIABLES FOR LID QUANTIFICATION

•	 Percentage of runoff directed to infiltration and groundwater recharge but lost to evapotranspiration: A part 
of the Water Augmentation Study conducted by the Los Angeles and San Gabriel Rivers Watershed Council 
(LASGRWC) and partners based on the Ground Water Augmentation Model—a soil-moisture accounting model 
created by the U.S. Bureau of Reclamation—estimates that the evapotranspiration loss of water retained for onsite 
infiltration and groundwater recharge is minimal across various soil types and development patterns, often on 
the order of only 10 percent of the retained flow. For the most conservative savings estimate, we assumed that 
30 percent of the water infiltrated onsite will be lost through evapotranspiration (reflecting a situation closer to 
predevelopment conditions, in which 40 to 50 percent of water may be lost). For our middle estimate, we have 
assumed a 20-percent loss rate, and for the high savings estimate, a 10-percent loss rate.

•	 Percentage of roads to be developed as green streets: Surface roads and sidewalks account for as much as 20 
percent of the total impervious cover in residential and commercial developments within the study area. Using 
"green streets," or streetscapes designed according to LID principles, can significantly increase the volume of water 
available to augment local water supply through infiltration and recharge. While broad data were not available 
on the rate of green street development in California, we have assumed in our low-end savings estimate that 50 
percent of roads constructed in areas of new development will be engineered according to LID principles. In the 
medium estimate, we assume that 65 percent of roads in areas of new development and 25 percent of roads in areas 
of redevelopment will be engineered or resurfaced according to LID principles. In the high savings estimate, we 
assume that 80 percent of roads in areas of new development and 50 percent of roads in areas of redevelopment 
will be engineered using LID principles. 

•	 Percentage of retrofitted development employing LID principles: In addition to calculating a rate of redevelopment 
within the study areas, we include an estimate for properties that will undergo a substantial retrofit or redesign 
that does not include a complete rebuild or reconstruction of existing structures. We have assumed the rate of 
retrofitting of existing development to occur at the same rate as overall redevelopment within each of the study 
areas. In the low-end savings estimate, however, we assume that only 25 percent of these structures will employ 
LID practices, while in the medium- and high-end savings estimates we assume that 50 percent of the retrofitted 
structures are re-engineered to incorporate LID practices.

•	 Percentage of impervious surface comprised of rooftop: The percentage of impervious cover present as rooftop 
surface area at any individual site varies significantly. However, an analysis of six different case studies of building 
permits in southern California found that rooftop surface averaged between approximately 40 percent and 60 
percent of total impervious surface area at a given site.1 As a result, our low-end savings estimate assumes that water 
harvesting will occur from 40 percent of the impervious surface area onsite, the medium estimate assumes a 50 
percent rooftop scenario, and the high savings estimate assumes 60 percent of impervious surface as rooftop area. 

•	 Energy required for extraction of infiltrated water by groundwater pumping: The energy required to pump and 
produce potable water through groundwater supply is determined by numerous factors, including depth to 
groundwater, pump and motor efficiency, and other variables. Energy requirements for treatment are impacted by 
the presence of salts or other contaminants that may require treatment. Thus, uncertainty exists in calculating the 
specific energy requirements for augmenting water supply through groundwater recharge. Whereas pumping and 
treating groundwater in areas such as the West Basin require only a few hundred kWh/af, groundwater production 
may require greater than 1,500 kWh/af in the Chino Basin because of use of reverse osmosis. To be conservative, 
we have assumed a moderate-to-high overall embedded energy requirement for groundwater production. For the 
low savings estimate, we use the energy required to produce groundwater for the Inland Empire Utilities Agency 
(950 kWh/af, see Figure 7); for the middle estimate, the energy required to produce groundwater in Los Angeles 
(580 kWh/af ); and for the high savings estimate, the energy required in the West Basin Municipal Water District 
(350 kWh/af ).2  
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•	 Energy required for capture and use of rooftop water: As with groundwater production, a range of potential 
energy requirements exists in order to provide water through rooftop capture. We have reviewed a variety of 
rainwater capture systems and find that at low volumes for single-family residences there is essentially no energy 
required. However, for pressurized irrigation systems or internal building uses such as flushing toilets, use of a 
small sump may be required. We base our energy requirements for the low savings estimate on sprinkler-based 
systems requiring 338 kWh/af; for the middle estimate we assume a mixture of drip- and sprinkler-system use 
for irrigation requiring 262 kWh/af; and for the high savings estimate we assume use of drip-based irrigation 
requiring 186 kWh/af.3   

•	 Local variation in soil type and infiltrative capacity: As a final variable, we recognize there may be areas that we 
have identified as having the greatest potential savings supplied through infiltration and groundwater recharge 
(not including those areas designated as having a high percentage of impervious surface or as underlain by D soils) 
for which water harvesting may ultimately prove to be a preferred method for augmenting water supply. These 
may include areas underlain by shallow or contaminated groundwater. In order to demonstrate that LID is 
capable of achieving substantial water savings and corresponding reductions in energy use and GHG emissions 
regardless of what LID practice is employed, we assume, in our low savings estimate, that only 50 percent of Los 
Angeles County within the study area will augment water supply through infiltration, with 50 percent employing 
capture to augment water supply. The medium estimate assumes 75 percent infiltration and 25 percent capture, 
and only the high savings estimate assumes 100 percent use of LID practices that emphasize infiltration in areas 
overlying A, B, or C soils and containing less than 85-percent impervious surface.
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APPENDIX B
GIS DATA SOURCES AND METHODOLOGY

    GIS Data Sources
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GIS PROCESSING STEPS

Soils Data Processing:

1 Combine all SSURGO datasets that overlay the selected land use sets (2000/01 and 2005/07), and convert the 
mixed hydrologic groups (A/D, B/D, C/D) to D groups. Remove NO DATA records and records without a 
hydrologic group. Dissolve by hydrologic group.

2 Isolate STATSGO datasets that overlay the selected land use sets (2000/01 and 2005/07). Set a relate between 
the STATSGO map units and the STATSGO component table, and select all component records that corre-
spond to the isolated STATSGO units.

3 In the subset STATSGO component table, create a concatenated field of the MUID and the HYDGRP. Sum 
the COMPPCT (component percents) by this concatenated field to get a total percent in each hydrologic 
group by map unit.

4 Create a new summary table from the summed STATSGO component percent table by selecting the maxi-
mum component percent for each map unit. This will be the “dominant” hydrologic group for that map unit. 
Verify these maximums, and if the maximum percent was assigned a null hydrologic group (e.g., URBAN 
LANDS), then take the next highest percentage hydrologic group.

5 Join the cleaned and verified maximum hydrologic group table to the STATSGO layer and dissolve by hydro-
logic group.

6 Create a copy of the SSURGO dataset and merge all polygons into a smaller set of units (all together or, if that 
gives errors, in a few sections). Erase this layer from the STATSGO layer.

7 Merge the original SSURGO layer with the erased STATSGO layer to create a single combined soils layer.

Road Buffer Delineation:

1 Add buffer distance attribute to streets layer based on type. For road classes 0, 1, 2, and 3 assign a buffer of 
48ft (96ft total width) and for classes 4, 5, 6 assign a buffer of 24ft (48ft total width). Classes 7, 8, and 9 are 
dropped from the analysis. NOTE FOR BAY AREA ANALYSIS:  For classes 0 and 1 assign a buffer of 80ft 
(160ft total width) and remove completely from the land use layer to approximate a “Highways” land use class. 
The rest of the classes are the same as described.

2 Select roads that intersect the model (2005/07) land uses, and port to a new file.
3 Using the new roads subset, dissolve by the buffer distance field.
4 Buffer the dissolved roads layer using the buffer distance field. Do NOT opt to dissolve adjacent boundaries – 

this tends to cause problems when buffering the larger streets files. Repair Geometry.
5 Start editing completed buffer file, manually select all features and merge. If the number of features is very 

large, do this in batches. Once the feature merge is complete, explode multipart polygons – if you had to do 
the merge in batches, then port each batch to its own shapefile before attempting the explode multipart.

6 Union the completed road buffer sections into one file. Use this processed road buffer dataset for road surface 
acreage calculations.

Land Use / Soils Analysis:

1 Intersect the model land use layer with the soils layer – once using the 2000/01 data and once using the 
2005/07 data. In each new dataset, add a new text field that concatenates the county name, hydrologic soils 
group, and the land use group. Update the area and acres fields.

2 Run zonal statistics using the land use/soils intersected layer from 2000/01 and the imperviousness grid. Make 
sure to set the Spatial Analyst options to use the extent of the imperviousness grid, snap to the imperviousness 
grid, and use a cell size of 10m. The zone is the concatenated county/soils group/land use group field.

3 Create a summary table of the land use/soils 2005/07 attribute table by the concatenated county/soils group/
land use group field. Summarize the total acreage, first county, first soils group, and first land use group.

4 Intersect the land use/soils 2005/07 layer with the roads buffer layer. Repair Geometry. Update the area and 
acreage fields.
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5 Create a summary table of the intersected land use/soils and road buffer layer by the concatenated county/soils 
group/land use group field. Summarize the total acreage, first county, first soils group, and first land use group.

6 Run zonal statistics using the land use/soils intersected layer from 2005/07 and the precipitation grid. Make 
sure to set the Spatial Analyst options to use the extent of the precipitation grid, snap to the precipitation grid, 
and use a cell size of 10m. The zone is the concatenated county/soils group/land use group field.

Southern California High/Low Impervious Area Delineation:

1 Set the Spatial Analyst options to the extent of the imperviousness grid, snap to the imperviousness grid, and 
set the cell size to 10m. Run a reclassify to classify all areas less than 85 as NoData and all areas greater than or 
equal to 85 as 85.

2 Convert the reclassified grid to a polygon coverage. Add and update an acreage field, and delete all polygons 
less than 10 acres.

3 Union the high imperviousness polygons with the already intersected land use/soils layer, once for each year.
4 Select all polygons from the unioned layer that have a grid value of 85 and a land use value of greater than 0 

(or non-null) – these are the new high impervious areas.
5 Select all polygons from the unioned layer that have a grid value of 0 and a land use code value of greater than 

0 (or non-null) – these are the new low impervious areas.
6 Run steps 2-6 of the land use / soils analysis using the high and low imperviousness layers.

Bay Area High/Mid/Low Impervious Area Delineation:

7 Set the Spatial Analyst options to the extent of the imperviousness grid, snap to the imperviousness grid, and 
set the cell size to 10m. Run a reclassify to classify all cells less than or equal to 20 as 20, between 20 and 85 as 
NoData, and greater than or equal to 85 as 85.

8 Convert the reclassified grid to a polygon coverage. Add and update an acreage field, and delete all polygons 
with (a) a value of 20 and size less than 5 acres, or (b) a value of 85 and a size less than 10 acres.

9 Union the high/low imperviousness polygons with the already intersected land use/soils layer.
10 Select all polygons from the unioned layer that have a grid value of 85 and a land use value of greater than 0 

(or non-null). Export to new layer – these are the new high impervious areas.
11 Select all polygons from the unioned layer that have a grid value of 20 and a residential land use class. Export 

to new layer – these are the new low impervious areas.
12 Select all polygons from the unioned layer that have a non-null land use value and have not already been clas-

sified as either low or high impervious. Export to new layer – these are the new mid impervious areas.
13 Run steps 2-6 of the land use / soils analysis using the low, mid, and high imperviousness layers.
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APPENDIX C - Sample Calculations for Riverside County

Low Rise 
Apartments

Strip
Development

Total Calculation

Acres 
Development (dev.),
2007

percent impervious surface

Taken from land use data

Taken from land use data

Runoff Calculations for A,B, and C Soils
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Low Rise 
Apartments.

Strip 
Development

Total Calculation

redevelopment 
(redev.)

Runoff volume per acre of pervious surface per minute (0.152 gallons) × 
Total Pervious Acres from New Development and Redevelopment 
(Calculated by: ((Est. acres new dev. 2030 − Est. acres new redev. 
impervious surface 2030) + (Est. acres redev. 2030 − Est. acres new 
impervious redev. surface 2030)) x minutes per day (1440) × days 
without precipitation (335 in Riverside County) / gallons per acre-foot  
(325851 gallons)
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Total Calculation

(equal to redevelopment)

Water Calculations
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Calculation

Variables for calculations (all figures in MWh/af):
Groundwater energy requirement: West Basin: 0.35
Groundwater energy requirement: LA County : 0.58
Groundwater energy requirement: Inland Empire Utilities Agency: 0.95
Capture pump energy – Drip: 0.186
Capture pump energy – Mix:  0.262
Capture pump energy – Sprinkler: 0.338
West Branch SWP: 2.58
East Branch SWP: 3.236
Carlsbad desalination: 4.6
San Francisco Bay area desalination: 4.4

To calculate estimated CO2 reductions for each estimate, multiply the energy savings total (MWh) by 0.437 to determine metric tons CO2 equivalent.
     

Total (MWh)

Energy Calculations
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Executive Overview
NRDC’s annual analysis of water quality and public notification data at coastal U.S. beaches found that the number of 
beach closing and advisory days in 2011 reached the third-highest level in the 22-year history of our report, totaling 
23,481 days (a 3 percent decrease from 2010). More than two-thirds of closings and advisories were issued because 
bacteria levels in beachwater exceeded public health standards, potentially indicating the presence of human or animal 
waste in the water. The portion of all monitoring samples that exceeded national recommended health standards for 
designated beach areas remained stable at 8 percent in 2011, compared with 8 percent in 2010 and 7 percent for the 
four previous years. In addition, the number of beaches monitored in 2011 increased slightly (2 percent) from a five-year 
low in 2010. The largest known source of pollution was stormwater runoff (47 percent, compared with 36 percent last 
year). The 2011 results confirm that our nation’s beaches continue to experience significant water pollution that puts 
swimmers and local economies at risk. 
 NRDC continues to push for improvements in beachwater quality standards and test methods. Most recently, the 
Environmental Protection Agency proposed an action that could leave the public inadequately protected if it is not 
strengthened—one establishing recommended standards for beach officials to use to keep people from being exposed  
to unsafe levels of disease-causing bacteria and viruses. While beachwater quality standards are critical, ultimately the 
most important long-term action is to adopt 21st-century solutions that address the sources of beachwater pollution, 
particularly stormwater runoff. The most important of these solutions remains incentivizing and implementing green 
infrastructure in our cities, such as green roofs, porous pavement, and street plantings, which stop rain where it falls. 
Green infrastructure effectively reduces the amount of runoff that makes its way into beachwater or triggers harmful 
sewage overflows, transforming potential beach pollution into a tremendous local water supply resource.

POlluTEd BEAchWATEr MAkEs sWiMMErs sick And hurTs cOAsTAl EcOnOMiEs
The Environmental Protection Agency (EPA) has estimated that up to 3.5 million people become ill from contact with raw 
sewage from sanitary sewer overflows each year.1 Many public health experts believe that the number of illnesses caused by 
untreated sewage could be much higher than is currently recognized because people who get sick from swimming in polluted 
recreational waters are not always aware of the cause of their illness and do not report it to doctors or local health officials.

Illnesses associated with polluted beachwater include stomach flu, skin rashes, pinkeye, respiratory infections, meningitis, 
and hepatitis. Children are especially vulnerable, perhaps because they tend to submerge their heads more often than adults 
and are more likely to swallow water when swimming. The Centers for Disease Control and Prevention concluded that the 
incidence of infections associated with recreational water use has steadily increased over the past several decades:2 one study 
found that swimmers at polluted beaches in the Great Lakes region were more likely to have gastrointestinal illnesses than 
nonswimmers;3 another study found that fecal contamination at Los Angeles and Orange County beaches caused between 
627,800 and 1,479,200 excess gastrointestinal illnesses each year.4

Our coasts provide more than just local recreation—approximately 85 percent of all U.S. tourism revenue is received in 
coastal states. According to a 2009 report by the National Ocean Economics Program, the nation’s shoreline-adjacent counties 
contributed an estimated $6 trillion to the nation’s gross domestic product and 47 million jobs.5 With respect to beaches 
specifically, economists estimate that a typical swimming day is worth approximately $35 to each individual,6 so depending on 
the number of potential visitors to a beach, the “consumer surplus” loss on a day that the beach is closed or under advisory for 
water quality problems can be quite significant. For example, one study estimated that economic losses as a result of closing 
a Lake Michigan beach due to pollution could be as high as $37,030 per day.7 Similarly, the Los Angeles/Orange County study 
mentioned above concluded that the public health cost of the excess gastrointestinal illnesses caused by poor water quality 
was $21 million to $51 million per year.8
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clOsinGs And AdVisOriEs fOr 2011
In 2011, the number of closing and advisory days at ocean, bay, and Great Lakes beaches reached its third-highest level  
since NRDC began tracking these events 22 years ago: 23,481 days nationwide. This is a decrease of 3% (610 days) from the 
previous year. 

In addition, there were 56 closing and advisory events that lasted more than six but not more than 13 consecutive weeks 
(extended events), and 64 closing and advisory events that lasted more than 13 consecutive weeks (permanent events). 
Including closing and advisory days that occurred during extended events (3,440 days), the total number of beach closing  
and advisory days in 2011 comes to 26,921.

The BP oil disaster, which began with the April 20, 2010, explosion on the Deepwater Horizon rig and ended when the well 
was capped on July 15, 2010, continues to affect beaches along the Gulf of Mexico in Louisiana, Mississippi, Alabama, and 
Florida. Oil spill inspection and cleanup efforts continued throughout 2011 and into 2012, even at beaches whose oil spill 
closures, advisories, and notices were lifted. A total of 1,984 closing days at nine Louisiana beach segments and 360 oil spill 
notice days at two Florida beaches were issued due to the spill in 2011. Four beach segments in Louisiana were closed due to 
oil for a total of 528 days in the first part of 2012. Over the course of two years, the oil spill resulted in more than 10,000 beach 
closure, advisory, and notice days at 88 beaches and beach segments in four states. (NRDC includes all oil spill advisory, 
closure, and notice days at all beaches in its oil spill totals, including days at beaches that were not monitored for bacteria and 
days that occurred outside of the monitoring season.) 

The continued high level of closings and advisories is an indication that serious water pollution persists at our nation’s 
beaches. The most common reason officials cited for closing beaches or issuing advisories in 2011 was testing that revealed 
bacteria levels that exceeded beachwater quality standards, indicating the potential presence of human or animal waste in 
the beachwater. Advisories and closings issued as a precaution when poor water quality was suspected were the second-most 
common type of notification (see Figure EO-1: Reasons Officials Closed Beaches or Issued Advisories in 2011).

�  69% (16,240 days)
 Monitoring detected bacteria levels exceeding beachwater quality standards.
 

�  28% (6,559 days)
 Precautionary actions issued because of excessive rainfall, which, at 
 many beaches, leads to stormwater runoff that carries pollution to 
 swimming waters.

�  2% (582 days)
 Other precautionary actions, predominantly due to algae and storm-related 
 swimmer safety concerns such as riptides and high waves. 

�  1% (335 days)
 Known pollution events, such as sewage treatment plant failures or breaks in 
 sewage pipes; in these cases, localities did not wait for monitoring results 
 before deciding to close beaches or issue advisories.

�  Less than 1% (34 days)
 Preemptive, due to real-time computer modeling using readily measurable 
 physical parameters, such as wind speed and wave height, to predict indicator 
 bacteria levels.

figure EO-1: reasons Officials closed Beaches or issued Advisories in 2011

Totals exceed 100 percent and the number of closing and advisory days discussed in this section because 11 events in New York State were both 
preemptive (because of rain/poor water clarity) and due to monitoring that revealed high bacteria levels.
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POlluTiOn sOurcEs ThAT cAusEd clOsinGs And AdVisOriEs in 2011
Most beach closings are issued because beachwater monitoring detects unsafe levels of bacteria. These unsafe levels  
indicate the presence of pathogens—microscopic organisms from human and animal waste that pose a threat to human 
health. The key reported contributors of these contaminants are (1) stormwater runoff, (2) sewage overflows and inadequately 
treated sewage, (3) agricultural runoff, and (4) other sources, such as beachgoers themselves, wildlife, septic systems, and 
boating waste.
 Advisories may also be issued as precautionary measures when a pollution event is expected to occur, for instance  
during rainstorms. (See also Figure EO-2: Sources of Pollution That Caused Closings/Advisories, 2000–2011.)

 For advisory and closing days issued during events that lasted six weeks or less:

•	 		49	percent	(11,588	closing/advisory	days)	were	attributed	to	unknown	sources	of	pollution.

•	 		47	percent	(10,954	closing/advisory	days)	were	attributed	to	polluted	runoff	and	stormwater.	In	2010,	36	percent	of	 
closing advisory/days were attributed to polluted runoff and stormwater.

•	 		12	percent	(2,690	closing/advisory	days)	were	attributed	to	miscellaneous	pollution	sources,	such	as	boat	discharges.	 
Of those, 1,366 days were attributed to wildlife sources.

•	 		6	percent	(1,541	closing/advisory	days)	were	attributed	to	sewage	spills	and	overflows.	This	category	includes	combined	
sewer overflows, sanitary sewer overflows, breaks or blockages in sewer lines, and faulty septic systems.

(Totals exceed total closing/advisory days and 100 percent because more than one contamination source was reported  
for some events.)
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figure EO-2: sources of Pollution That caused closings/Advisories, 2000–2011

Total days shown are greater than annual totals because more than one pollution source may have contributed to each closing/advisory. 
key: (A) Sewage spills and overflows. (B) Polluted runoff, stormwater, or preemptive due to rain. (C) Unknown. (D) Other reasons (including 
closings/advisories with no source information provided).
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BEAchWATEr MOniTOrinG fOr 2011
In 2011, the portion of all monitoring samples exceeding national recommended health standards for designated beach areas, 
indicating the potential presence of human or animal waste, remained steady at 8 percent, the same level as in 2010 (7 percent 
in 2009, 2008, 2007, and 2006). Louisiana, Ohio, Illinois, Indiana, Connecticut, and Wisconsin had the highest percentage of 
samples exceeding the EPA’s recommended single-sample maximum for designated beach areas (see Table EO-1: Rank of 
States by Percentage of Beachwater Samples Received Exceeding the National Recommended Standard in 2011).9

Table EO-1: rank of states by Percentage of Beachwater samples received Exceeding the national recommended 
standard in 2011

rank Percent  
Exceedance state 2011 

Total samples

Beaches  
With reported 

Monitoring results

1 1% Delaware 523 25

2 1% New Hampshire 1,144 16

3 3% North Carolina 6,762 240

4 3% New Jersey 4,187 226

5 3% Florida 13,288 306

6 4% Virginia 901 47

7 4% Hawaii 4,107 158

8 5% Texas 7,267 66

9 5% Georgia 1,023 27

10 6% Washington 1,156 78

11 6% Maryland 772 70

12 6% Massachusetts 8,160 597

13 6% Alabama 991 25

14 6% Oregon 956 27

15 7% Pennsylvania 1,005 10

16 7% Rhode Island 1,752 70

17 8% South Carolina 2,389 22

18 8% Michigan 12,474 232

19 8% Mississippi 1,136 22

20 9% Maine 1,310 61

21 9% California 24,659 497

22 9% Minnesota 1,014 50

23 10% Alaska 208 12

24 10% New York 9,133 352

25 11% Wisconsin 4,428 114

26 11% Connecticut 2,322 72

27 11% Indiana 2,976 31

28 12% Illinois 4,056 51

29 22% Ohio 2,937 62

30 29% Louisiana 850 25

The percent exceedances shown in this table are rounded to the nearest whole number, but state ranks are based on percent exceedances to one or 
two decimal places. 
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Ways in Which nrdc’s report differs from the EPA’s Beach report

Most years, the U.S. Environmental Protection Agency (EPA) also issues a beach report summarizing closing/advisory 
information (see water.epa.gov/type/oceb/beaches/upload/national_facsheet_2011.pdf). NRDC’s report is much 
different from the EPA report.

1.  NRDC includes an analysis of monitoring data and compares states and beaches using the available water  
quality data.

2.  NRDC provides state-by-state reporting and analysis of individual beach programs.

3.  With respect to closings and advisories, NRDC reports the total number of days and focuses its analysis on events 
lasting up to six consecutive weeks. Events lasting longer are grouped as either extended or permanent events. EPA 
reports the number of beaches with closings or advisories and the percentage of total “beach days” that were affected.

4.  NRDC analyzes reported contamination sources associated with closings and advisories.

5.  NRDC reports closings and advisories beyond monitored beaches. (In 2011, excluding Hawaii, there were 404  
closing/advisory days at 19 non-monitored beaches in four states, plus 2 extended and 3 permanent events.  
Hawaii adds another 3,116 days at 209 beaches.)

Regionally, the Great Lakes had the highest exceedance rate (11 percent) in 2011, followed by western states (8 percent), 
New England (7 percent), the New York-New Jersey region (6 percent), the Gulf Coast (6 percent), the Delmarva region  
(4 percent), and the Southeast (3 percent).

For the sixth consecutive year, NRDC determined the number of beaches exceeding the national recommended daily 
standard more than 25 percent of the time. In 2011, this list included 159 beaches in 22 states, a decrease from 171 beaches  
in 22 states in 2010. Nineteen beach areas in 7 states (California, Illinois, Louisiana, New Jersey, New York, Ohio, and 
Wisconsin) made this list in each of the last five years, 2007 through 2011 (see Table EO-2: Repeat Offenders: Beaches With 
More Than 25 Percent of Samples Received Exceeding the EPA’s Applicable Recommended Single-Sample Maximum Bacteria 
Standards for Designated Beach Areas, Each Year, 2007–2011). Chronically high bacteria counts indicate that the beachwater  
is probably contaminated with human or animal waste.

It is important to note that while a high percent exceedance rate is a clear indication of contaminated coastal recreational 
waters, it is not necessarily an indication that the state’s beachwater quality monitoring program is deficient or fails to protect 
public health when beachwater quality is poor. For example, four of the five states with the highest exceedance rates always or 
almost always close a beach or issue an advisory when a sample exceeds the recommended standard. That is, they do not wait 
for the results of a resample or check other conditions first, as some other states do.
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Table EO-2: repeat Offenders: Beaches With More Than 25 Percent of samples received Exceeding the EPA’s 
Applicable single-sample Maximum Bacteria standards for designated Beach Areas, Each year, 2007–2011

state county Beach Tier 
Assigned 

Monitoring 
frequency 

Potential  
Pollution sources  
(reported by EPA) 

California Los Angeles
Avalon Beach 100 feet west 
of the Green Pleasure Pier

1 1/wk unknown

California Los Angeles
Avalon Beach 50 feet east  
of the Green Pleasure Pier

1 1/wk unknown

California Los Angeles
Avalon Beach 50 feet west  
of the Green Pleasure Pier

1 1/wk unknown

California Orange
Doheny State Beach,  
1000' South Outfall

1 3/wk unknown

California Orange
Doheny State Beach,  

North of San Juan Creek
1 3/wk unknown

California Orange
Doheny State Beach,  

Surfzone at Outfall
1 3/wk unknown

Illinois Cook Winnetka Elder Park Beach 1 Daily unknown

Illinois Lake North Point Marina Beach 1 4/wk unknown

Louisiana Cameron Constance Beach 2 1/wk unknown

Louisiana Cameron Gulf Breeze 2 1/wk unknown

Louisiana Cameron Little Florida 2 1/wk unknown

Louisiana Cameron Long Beach 2 1/wk unknown

Louisiana Cameron Rutherford Beach 2 1/wk unknown

New Jersey Ocean Beachwood Beach West 1 1/wk Stormwater, Wildlife

New York Erie
Woodlawn Beach -  

Woodlawn Beach State Park
1 1/wk

stormwater, combined sewer 
overflow, sanitary sewer  

overflow, wastewater  
treatment plants, other

New York Monroe Ontario Beach 1 Daily

stormwater, agriculture, 
concentrated animal feeding 
operations, combined sewer 

overflow, sanitary sewer  
overflow, wildlife, other

Ohio Cuyahoga Euclid State Park 1 Daily unknown

Ohio Cuyahoga Villa Angela State Park 1 Daily unknown

Wisconsin Milwaukee South Shore Beach 1 3/wk unknown

For 2011, the NRDC data set includes monitoring results for 123,886 samples at 3,325 beaches and beach segments (most 
state and local officials divide longer beaches into manageable sections for monitoring).10 Although more beaches were 
monitored in 2011 than in 2010, fewer samples were collected (131,389 samples were taken at 3,277 beaches and beach 
segments in 2010).
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METhOds BEAch OfficiAls usE TO sAMPlE, MOniTOr, And/Or PrEdicT  
BEAchWATEr QuAliTy 
Beach officials in all states continue to use traditional methods approved by the EPA that require about 24 hours to quantify 
bacterial indicator levels in beachwater samples. Because of this, swimmers do not know until the next day if the water 
they swam in was contaminated. Likewise, beaches may remain closed even after water quality meets standards. There is a 
great deal of interest in technologies that can provide same-day beachwater quality results. In 2010, pilot studies in Racine, 
Wisconsin, and in Orange County, California, made the first use of a rapid test method for issuing beachwater quality 
notifications at coastal beaches in the United States. Additional pilot projects using rapid test methods to issue notifications 
were conducted in 2011 in Los Angeles County, California; Ocean County, New Jersey; and Racine. All of these pilot studies 
were demonstrating quantitative polymerase chain reaction (qPCR), an analytical method that quantifies the presence 
of a targeted genetic sequence. Traditional methods were used to analyze the samples alongside qPCR analysis, and the 
qPCR results, either alone or in combination with culture method results, were used to determine whether warnings about 
beachwater quality would be issued and posted. Other states, including Ohio and Michigan, have conducted field research on 
rapid test methods but have not used them to issue notifications. 

Beachwater quality generally depends on many complex factors, but for some beaches, predictions of water quality can 
be calculated fairly accurately on the basis of measurements of a few physical conditions. Some states have taken advantage 
of this by creating computer models that rely on data such as rainfall level, wind speed and direction, tides, wave height, and 
currents. These models rapidly prepare predictions of beachwater quality and allow officials to close beaches or place them 
under advisory on the day that bacterial levels are expected to be high, rather than 24 hours later. States using computer 
models to inform closing and advisory decisions for at least some of their beaches in 2011 were California, Illinois, Indiana, 
New York, Ohio, and Wisconsin. Other states, including Michigan, Minnesota, and Pennsylvania, were building predictive 
models to use at some of their beaches in the future.

Because the water quality at many beaches is adversely impacted by contaminated stormwater runoff, another means of 
protecting public health—less sophisticated but often effective—is to preemptively close beaches or issue advisories when 
indicator bacteria levels are expected to be high after rainfall events. Many states report that they have developed standards 
for issuing preemptive rainfall advisories based on rainfall intensity or some other rain-related factor for at least some of their 
beaches. California, Connecticut, Delaware, Florida, Hawaii, Maine, Massachusetts, Michigan, New Jersey, New York, Rhode 
Island, South Carolina, and Wisconsin all have quantitative rainfall standards at some of their beaches, and New Hampshire 
is developing them. Ten states reported preemptive rainfall closures or advisories at specific beaches in 2011: California, 
Connecticut, Hawaii, Illinois, Maine, Massachusetts, Michigan, New Jersey, New York, and Wisconsin.

Some states, including California, Maryland, Minnesota, Mississippi, North Carolina, Rhode Island, South Carolina,  
and Washington, issue standing advisories warning the public to avoid beachwater contact after heavy rainfall or when  
storm drains are running. (These standing advisories are not reported in the closing and advisory data that the states send  
to the EPA.) For example, in North Carolina standing rainfall advisories take the form of permanent signs posted on either  
side of storm drain outfalls stating that swimming between the signs is not recommended when there is water flowing through 
the drain.
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fAcTOrs ThAT cOnfOund inTErPrETATiOn Of ThE rEsulTs
Although it is understandable to expect a correlation between year-to-year changes in water quality and the number of 
closing/advisory days, there are confounding factors that make such correlations unlikely. While year-to-year change in the 
percentage of monitoring samples that exceed health standards is an objective assessment of water quality, a year-to-year 
change in the total number of closing/advisory days is subject to differences in programs and practices. For example, some 
states or localities:

•	  Take multiple samples at each monitoring station. When making closing/advisory decisions, beach officials might use 
the average value of all samples taken that day. Using this method, the average value might not exceed the standard even 
though one (or more) of the multiple samples does. In such a case, the beach would not be closed or put under advisory. 
Despite this variety of practices, NRDC includes the results of every reported sample when calculating the percent of all 
samples that exceed the standard in a given year.

•	  resample a beach after an exceedance before issuing a closing or advisory. In some places, an exceedance triggers  
a resample, and if the resample does not exceed the standard, the beach is not put under closing or advisory.

•	  Preemptively close a beach or issue an advisory without waiting for the results of beachwater monitoring. In some 
places, officials may act without current monitoring information if they suspect that pollution has affected beachwater 
quality or if there are non-pollution reasons to close a beach or issue an advisory. The reasons for these preemptive actions 
may include heavy rainfall events, known sewage leaks, chemical spills, and high winds and waves.

•	  continue monitoring at beaches that are closed for more than six consecutive weeks during the reporting year. 
NRDC does not include extended or permanent beach closings or advisories when comparing closing/advisory days  
from year to year, but the monitoring data collected at these beaches are included in the percent exceedance analysis.

•	  continue monitoring at beaches that have been closed for reasons other than pollution. Some places collect 
monitoring data even at beaches that are closed due to factors such as budget cuts or low attendance. While routine 
samples continue to be collected and their results reported to the EPA, the beach closing days may not be reported, or  
they may occur during events that are classified as extended or permanent and excluded from NRDC’s analysis.

Also, year-to-year changes in beach monitoring frequency could impact the total number of closing/advisory days but 
not the percentage of samples that exceed health standards. For example, increasing routine monitoring from once every 
two weeks to once a week could decrease the number of closing/advisory days for the same number of events because the 
duration of many events could go from two weeks to one.

rEcOMMEndATiOns fOr iMPrOVinG BEAchWATEr QuAliTy
To improve beachwater quality nationwide, our leaders need to adopt policies that clean up the sources of beach pollution. 
There are numerous things that federal, state, and local officials can do to rein in the sources of beach contamination and  
to improve beachwater monitoring and public information. For example, the federal government can and should increase  
its contribution to the Clean Water State Revolving Fund, which provides critical assistance for projects that repair and  
rebuild failing water and wastewater infrastructure. However, there are two national actions that the Environmental  
Protection Agency (EPA) is undertaking that would have the most significant impact on efforts to make beaches cleaner  
and safer for swimming. 

EPA is working on a pair of initiatives—one establishing recommended standards for beach officials to use to keep people 
from being exposed to unsafe levels of disease-causing bacteria and viruses, and one that will curb a principal source of 
contaminants flowing to the nation’s waters and polluting our beaches. The agency will finalize its recreational water safety 
standards in October and will propose revisions to the national requirements for sources of polluted runoff in the next year.
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cleaning up Polluted runoff: Stormwater runoff is the most frequently identified source of beach closings and advisory  
days, and EPA estimates that more than 10 trillion gallons of untreated stormwater make their way into our surface waters 
each year.11

Often, the best way of avoiding runoff-related pollution is to reduce the volume of stormwater flowing into the storm 
drains that carry it to nearby water bodies or, in some cases, to sewage treatment plants. Green infrastructure, which restores 
or mimics natural conditions, allows rainwater to infiltrate into the soil, thereby reducing the volume of runoff. Green 
infrastructure includes the use of porous pavement, green roofs, parks, roadside plantings, and rain barrels to stop rain where 
it falls, either storing it or letting it filter into the ground naturally. This keeps stormwater runoff from overloading sewage 
systems and triggering overflows or from carrying pollutants into natural bodies of water.

These smarter water practices on land not only prevent pollution at the beach but also beautify neighborhoods, cool and 
cleanse the air, reduce asthma and heat-related illnesses, save on heating and cooling energy costs, boost economies, and 
support American jobs. Many cities and states have embraced green infrastructure practices. 

Consequently, EPA needs to make overdue changes to reform its water pollution regulations for stormwater sources. Strong 
stormwater retention requirements will help spur widespread implementation of green infrastructure and help keep urban 
and suburban runoff from reaching beaches. EPA’s rules must require new and redeveloped impervious areas—wherever they 
are located—to infiltrate, evaporate, or reuse the rain that falls on such sites, and must ensure that existing sources of runoff 
pollution are similarly controlled to meet water quality goals. 

Likewise, federal, state, and municipal leaders must use existing authorities—such as Clean Water Act permitting, 
development of sewage overflow control plans, and local planning responsibilities—to promote green infrastructure and 
reduce runoff-related contamination problems. NRDC’s recent report Rooftops to Rivers II 12 spotlights how numerous 
cities around the country are embracing green infrastructure to address runoff pollution and improve the health of our 
communities. These leaders have demonstrated the feasibility of green infrastructure solutions and are paving the way for 
policies that advance green infrastructure nationally.

standards to Protect Beachgoers: EPA is responsible for ensuring that recreational waters are safe for people. One element 
of this responsibility is establishing criteria—recommended standards—for contaminants in the water, which are supposed 
to be set at a level sufficient to protect public health. Unfortunately, EPA is proposing new allowable bacteria levels in 
recreational waters that miss a critical opportunity to better protect the public from the dangers of swimming in polluted 
water. In fact, in some respects the draft criteria are even less protective than the 25-year-old criteria they would replace. 
Sound science and good public policy demand better recreational water quality criteria than what EPA is proposing to finalize 
before October 15, 2012.

Most egregiously, the draft criteria are based on what EPA has determined is an acceptable gastrointestinal illness risk 
of 3.6 percent. That is, EPA believes it is acceptable for 1 in 28 swimmers to become ill with gastroenteritis from swimming 
in water that just meets its proposed water quality criteria. This risk is unacceptably high and is not protective of public 
health. Additionally, EPA does not adequately consider the risks of other health effects such as rashes and ear, eye, and sinus 
infections, all of which are commonly experienced by swimmers at U.S. beaches. EPA also fails to base the draft criteria on the 
most recent and best available science.

To address these flaws, EPA must revise the level of acceptable risk so that it is protective of public health. To do so, the 
latest and best scientific evidence needs to be utilized to determine appropriate water contamination “cut points,” above 
which the public is subject to unacceptable additional health risks on the order of 1 in 100 instead of 1 in 28. The criteria also 
must adequately address non-gastrointestinal illnesses, such as rash and ear infections. Other needed improvements are 
discussed in this report’s policy recommendations section.
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9 For the seventh consecutive year, NRDC used the BEACH Act’s single-sample maximum standards for designated beach areas to compare  
water quality at U.S. beaches. For marine waters, the standard for enterococcus density is 104 cfu per 100 milliliters; for freshwater, the standard  
is 235 cfu E. coli per 100 milliliters.

10 For this year’s report, NRDC began to count each managed beach segment of longer beaches in California as individual beaches themselves.  
This was prompted by California’s update of the beach identification system it uses to report beach monitoring and notification data to EPA. For 
purposes of comparison with previous years, however, NRDC used the older beach identification/counting system.

11 EPA, “Report to Congress: Impacts and Control of CSOs and SSOs,” April 26, 2004, EPA 833-R-04-001, pp. 4-29, available at cfpub.epa.gov/npdes/
cso/cpolicy_report2004.cfm.

12 Natural Resources Defense Council, Rooftops to Rivers II: Green Strategies for Controlling Stormwater and Combined Sewer Overflows 
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5 |  Rooftops to Rivers II

executIve summARy

An estimated 10 trillion gallons a year of untreated stormwater runs off roofs, roads, 
parking lots, and other paved surfaces, often through the sewage systems, into 
rivers and waterways that serve as drinking water supplies and flow to our beaches, 

increasing health risks, degrading ecosystems, and damaging tourist economies. But cities 
of all sizes are saving money by employing green infrastructure as part of their solutions to 
stormwater pollution and sewage overflow problems. 

Green infrastructure helps stop runoff pollution by 
capturing rainwater and either storing it for use or letting 
it filter back into the ground, replenishing vegetation and 
groundwater supplies. Examples of green infrastructure 
include green roofs, street trees, increased green space, 
rain barrels, rain gardens, and permeable pavement. 
These solutions have the added benefits of beautifying 
neighborhoods, cooling and cleansing the air, reducing 
asthma and heat-related illnesses, lowering heating and 
cooling energy costs, boosting economies, and supporting 
American jobs. 

NRDC’s Rooftops to Rivers II provides case studies 
for 14 geographically diverse cities that are all leaders 
in employing green infrastructure solutions to address 
stormwater challenges—simultaneously finding beneficial 
uses for stormwater, reducing pollution, saving money, 
and beautifying cityscapes. These cities have recognized 
that stormwater, once viewed as a costly nuisance, can 
be transformed into a community resource. These cities 
have determined that green infrastructure is a more cost-
effective approach than investing in “gray,” or conventional, 
infrastructure, such as underground storage systems and 
pipes. At the same time, each dollar of investment in green 
infrastructure delivers other benefits that conventional 
infrastructure cannot, including more flood resilience and, 
where needed, augmented local water supply. 
 NRDC identifies six key actions that cities should take to 
maximize green infrastructure investment and to become 
“Emerald Cities”:

n	 	Develop a long-term green infrastructure plan to lay 
out the city’s vision, as well as prioritize infrastructure 
investment. 

n	 	Develop and enforce a strong retention standard for 
stormwater to minimize the impact from development  
and protect water resources.

n	 	Require the use of green infrastructure to reduce, 
or otherwise manage runoff from, some portion of 
impervious surfaces as a complement to comprehensive 
planning.

n	 	Provide incentives for residential and commercial property 
owners to install green infrastructure, spurring private 
owners to take action. 

n	 	Provide guidance or other affirmative assistance to 
accomplish green infrastructure through demonstration 
projects, workshops and “how-to” materials and guides.

n	 	Ensure a long-term, dedicated funding source is available 
to support green infrastructure investment. 

Although cities and policy makers have taken enormous 
strides forward in their understanding and use of green 
infrastructure since the first Rooftops to Rivers report was 
published in 2006, much work remains at the local, state 
and federal levels. Local officials need better information 
about the benefits of green infrastructure and how to target 
investments to maximize benefits. States should undertake 
comprehensive green infrastructure planning, ensure 
permitting programs drive the use of green infrastructure, 
and eliminate hurdles (whether from building and 
development codes or funding) to ensure green infrastructure 
is adequately funded. 

Most importantly, the U.S. Environmental Protection 
Agency (EPA) must reform the national Clean Water Act 
rules that apply to stormwater sources to require retention 
of a sufficient amount of stormwater through infiltration, 
evapotranspiration, and rainwater harvesting to ensure water 
quality protection. The rules should apply throughout urban 
and urbanizing areas. The EPA should also require retrofits 
in already developed areas and as part of infrastructure 
reconstruction projects. In so doing, the EPA will embody 
the lessons learned from cities across this country and the 
leaders who understand that, from an environmental, public 
health, and economic perspective, green infrastructure is the 
best approach to cleaning up our waters. 
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table es-1: “emerald cities,” listed darkest to lightest by the number of key green infrastructure actions taken

city

long-term green 
infrastructure 
(GI) plan

Retention  
standard

Requirement to 
use GI to reduce 
some portion 
of the exist-
ing impervious 
surfaces

Incentives for 
private-party 
actions

Guidance or 
other affirmative 
assistance to 
accomplish GI 
within city

Dedicated fund-
ing source for GI

Philadelphia, PA H H H H H H

Milwaukee, WI H H H H H

New York, NY H H H H H

Portland, OR H H H H H

Syracuse, NY H H H H H

Washington, D.C. H H H H H

Aurora, IL H H H H

Toronto, Ontario, 
Canada H H H H

Chicago, IL H H H

Kansas City, MO H H H

Nashville, TN H H H

Seattle, WA H H H

Pittsburgh, PA H

Rouge River 
Watershed, MI H
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chAPteR 1: the GRowInG PRoblem  
of stoRmwAteR Runoff

DeveloPment AnD loss of  
PeRvIous suRfAces
Development as we have come to know it in the United 
States—large metropolitan centers, often situated next to 
waterways, surrounded by sprawling suburban regions—
contributes greatly to the pollution of the nation’s waters. 
As previously undeveloped land is paved over and built 
upon, the amount of stormwater running off roofs, streets, 
and other impervious surfaces into nearby waterways 
increases. The increased volume of stormwater runoff and 
the pollutants carried within it degrade the quality of local 
and regional waterbodies. As development continues, the 
watershed’s ability to maintain a natural water balance is lost 
to a changing landscape and new impervious surfaces. This 
problem is compounded by impacts of climate change on our 
stormwater systems.

Developed land use increased 56 percent from 1982 to 
2007; this increase represents one-third of all developed land 
in the continental United States.2 If this trend continues, 
there will be 68 million more acres of developed land by 
2025.3 And this is a strong possibility: urban land area 
quadrupled from 1945 to 2002, increasing at about twice the 
rate of population growth.4 

 The combination of developed land and the increased 
amount of impervious surfaces (roads, driveways, rooftops, 
etc.) that accompany it presents a primary challenge 
to stormwater mitigation. Existing stormwater and 
wastewater infrastructure is unable to manage stormwater 
to adequately protect and improve water quality, as it fails 
to reduce the amount of runoff from urban environments 
or effectively remove pollutants. Traditional development 
practices not only contribute pollution but also degrade 
freshwater ecosystems more generally. When the amount 
of impervious cover surrounding a stream segment reaches 

25 to 60 percent, it no longer performs hydrologic functions 
or meets habitat, water quality, or biological diversity 
standards.5 These streams are so degraded they can never 
fully recover their original function. Stream segments 
surrounded by more than 60 percent impervious cover are 
no longer considered functioning streams, but simply serve 
as a conduit for floodwaters.6 Some studies suggest that in 
California, impervious area should be capped at 3 percent to 
fully protect the biological habitat and physical integrity of 
waterbodies.7

The trees, vegetation, and open space typical of 
undeveloped land capture rain and snowmelt, allowing it to 
largely infiltrate or evaporate where it falls. Under natural 
conditions, the amount of rain converted to runoff is less 
than 10 percent of the rainfall volume, while roughly 50 
percent is infiltrated and another 40 percent goes back into 
the air.8 In the built environment, these processes are altered. 
Stormwater, no longer captured and retained by natural 
vegetation and soil, flows rapidly across impervious surfaces 
and into our waterways in short, concentrated bursts.9 
Not only does the increased stormwater volume increase 
susceptibility to flooding, but the runoff also picks up and 
carries with it a range of pollutants as it flows over impervious 
surfaces, including fertilizers, bacteria, pathogens, animal 
waste, metals, and oils, which degrade the quality of local 
and regional water.10 High stormwater volumes also erode 
natural streambanks. During storm events, large volumes 
of stormwater can also trigger overflows of raw sewage and 
other pollutants into waterways.

While only 3 percent of the United States is classified 
as urban, research shows that urban stormwater runoff 
is responsible for impairing, at a minimum, 13 percent of 
all impaired river miles, 18 percent of impaired lake acres, 
and 32 percent of impaired square miles of estuaries. These 
numbers are likely conservative, as they are based only on 

According to the National Research Council, “Stormwater runoff from the built 
environment remains one of the great challenges of modern water pollution control, 
as this source of contamination is a principal contributor to water quality impairment 

of waterbodies nationwide.”1 The challenges to handle stormwater are varied: shifting 
development patterns, a corresponding loss of pervious surfaces, deficiencies in stormwater 
infrastructure and regulatory structures, and impacts from both climate change and increasing 
population trends. This chapter explores those issues, and the next chapter describes 
solutions that more and more municipalities are turning to as a way of meeting these 
challenges: green infrastructure. 
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surveyed waters, not all waters.11 These impaired waters 
harm fish and wildlife populations, kill native vegetation, 
contribute to streambank erosion, foul drinking water 
supplies, and make recreational areas unsafe and unpleasant.

fouR fActoRs mAKe stoRmwAteR 
mAnAGement both DIffIcult AnD 
ImPoRtAnt
Throughout the United States, population growth, changing 
landscapes, aging infrastructure, and climate change are 
placing increasing pressures on stormwater management. 
The 2010 U.S. Census reported that 308.7 million people 
live in the United States; just under 84 percent live in 
metropolitan areas with 50,000 people or more. The 
population number reflects a 9.7 percent increase from the 
2000 Census, with the vast majority of that growth occurring 
in urban areas.12 Recent estimates based on the 2000 Census 
project that, by 2050, the U.S. population will grow to 439 
million, an increase of 42 percent,13 with population growth 
in the limited space of the nation’s coastal areas reflecting the 
overall rate of growth and imperiling critical habitat, green 
space, and biodiversity.14 

As our population shifts to a more urbanized setting, our 
landscape shifts as well. Grassland, prairie, and forestland 
are replaced with impervious surfaces, dramatically altering 
how water moves across and under the land and increasing 
the amount of pollutants flowing into our rivers, lakes, and 
estuaries. In some areas, roads and parking lots constitute 
up to 70 percent of the community’s total impervious cover, 
and most of these structures (up to 80 percent) are directly 
connected to the drainage system. Roads and parking 
lots also tend to capture and export more pollutants into 
the storm system and waterbodies than any other type of 
impervious area.15 

The nation’s water infrastructure—drinking water 
treatment plants, sanitary and stormwater sewer systems, 
sewage treatment plants, drinking water distribution lines, 
and storage facilities—is also aging, and much of it needs 
to be replaced. In some parts of the country, existing water 
infrastructure is literally falling apart. Washington, D.C., for 
example, averages one pipe break per day.16 The costs to 
repair and replace our nation’s aging water infrastructure 
are enormous, with investment needs of $298 billion or 
more over the next 20 years.17 In 2009, the American Society 
of Civil Engineers gave the nation’s wastewater facilities a 
grade of D-minus due to the billions of gallons of untreated 
wastewater discharged into U.S. surface waters each year.18 

Climate change will exacerbate the problems caused by 
aging and failing infrastructure and current development 

patterns. Higher temperatures; shifts in the time, location, 
duration, and intensity of precipitation events; increases 
in the number of severe storms; and rising sea levels are 
expected to shrink water supplies, increase water pollution 
levels, increase flood events, and cause additional stress to 
wastewater and drinking water infrastructure.19 A report 
issued by the United States Global Change Research 
Program finds that climate changes are already affecting 
water resources as well as energy supply and demand, 
transportation, agriculture, ecosystems, and health.20 NRDC 
recently released a report, Thirsty for Answers, that compiles 
findings from climate researchers about local, water-related 
climate changes and impacts to major cities.21 The report 
found that coastal cities such as New York, Miami, and 
San Francisco can anticipate serious challenges from sea 
level rise; that Southwest cities such as Phoenix face water 
shortages; and that Midwest cities such as Chicago and St. 
Louis, along with Northeast cities such as New York, should 
expect more intense storms and floods.22 Some cities, such 
as Chicago, New York, and Portland, are responding by 
developing their own climate change action plans.23

the DefIcIencIes of cuRRent uRbAn 
stoRmwAteR InfRAstRuctuRe
Since 1987, the prevention, control, and treatment of 
stormwater discharges have been regulated primarily by state 
permitting authorities and state environmental agencies 
through the National Pollutant Discharge Elimination System 
(NPDES) program under the federal Clean Water Act (CWA). 
Under these regulations, most stormwater discharges are 
treated as point sources and are required to be covered 
by an NPDES permit. Stormwater management in urban 
areas has traditionally focused on collecting and conveying 
stormwater rather than reducing its volume or substantially 
reducing pollutant loads carried with it. Two systems are 
currently used: separate stormwater sewer systems and 
combined sewer systems. Separate stormwater sewer systems 
collect only stormwater and transmit it with little or no 
treatment to a receiving waterbody, where stormwater and 
the pollutants it has accumulated are released. Combined 
sewer systems collect stormwater and convey it in the same 
pipes that are used to collect sewage, sending the mixture 
to a municipal wastewater treatment plant. During rainfall 
events, combined systems, unable to handle the tremendous 
increase in volume, commonly overflow at designated 
locations, dumping a blend of stormwater and sewage into 
waterways. Both types of sewer systems fail to protect water 
quality under ordinary conditions.
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separate stormwater sewer systems
Many communities across the country have separate systems 
for wastewater and rainwater collection. One system carries 
sewage from buildings to wastewater treatment plants; the 
other carries stormwater directly to waterways. The large 
quantities of stormwater that wash across urban surfaces and 
discharge from separate stormwater sewer systems contain 
a mix of pollutants, shown in Table 1-1: Urban Stormwater 
Pollutants, deposited from a number of sources.24,25 
Stormwater pollution from separate systems affects all types 
of waterbodies and continues to pose a largely unaddressed 
threat to the health of the nation’s waterways. Stormwater 
runoff is the most frequently identified source of
beach closings and advisory days; in 2010, 36 percent of 
all swimming beach advisory and closing days attributed 
to a known source were caused by polluted runoff and 
stormwater.26 Table 1-2: Urban Stormwater’s Impact on Water 
Quality shows the percentage of impaired waters in the 
United States for which stormwater has been identified as a 
significant source of pollution. Overall, the EPA views urban 
runoff as one of the greatest threats to water quality in the 
country, calling it “one of the most significant reasons that 
water quality standards are not being met nationwide.”27 

In Los Angeles, studies have found that concentrations 
of trace metals in stormwater frequently exceed toxic 
standards, and concentrations of fecal indicator bacteria 
frequently exceed bacterial standards.28 The studies show 
that fecal bacteria in particular can be elevated in the surf 
zone at beaches adjacent to storm drain outlets, and that the 
number of adverse health effects experienced by swimmers 
at beaches receiving stormwater discharges increases with 
rising densities of fecal bacteria indicators in the water.29 One 
study found that as a consequence of greater controls being 
placed on discharges from traditional point sources such as 
sewage treatment plants and industrial facilities, relatively 
uncontrolled discharges from stormwater runoff now 
contribute a “much larger portion of the constituent inputs to 
receiving waters and may represent the dominant source of 
some contaminants such as lead and zinc.”30

combined sewer systems
While pollution from separate sewer systems is a problem 
affecting a large majority of the country, pollution from 
combined sewer systems (CSSs) tends to be a more regional 
problem, concentrated in the older urban sections of the 
Northeast, the Great Lakes region, and the Pacific Northwest. 
Combined sewers were first built in the United States in the 
late 19th century as a cost-effective way to dispose of sewage 
and stormwater in burgeoning urban areas, the notion 
being that by diluting the wastewater, it would be rendered 
harmless. In the late 19th century, Louis Pasteur and John 

Snow demonstrated relationships between discharged 
wastewater and disease outbreaks;31 as a result, wastewater 
began to receive treatment prior to discharge.

During dry periods or small wet weather events, 
combined sewer systems carry untreated sewage and 
stormwater to a municipal wastewater treatment plant where 
the combination is treated prior to discharge. However, larger 
wet weather events can overwhelm a combined sewer system 
by introducing more stormwater than the collection system 
or wastewater treatment plant is able to handle. In these 
situations, rather than backing up sewage and stormwater 
into basements and onto streets, the system is designed 
to discharge untreated sewage and stormwater directly to 
nearby waterbodies through outfalls that release raw sewage 
and other pollutants. These are called combined sewer 
overflows (CSOs). Even small amounts of rainfall can trigger 
a CSO event; Washington D.C.’s combined sewer system can 
overflow with as little as 0.2 inch of rain.32 And in certain 
instances, despite the presence of sewer overflow points, 
basement and street overflows still occur. 

Because CSOs discharge a mix of stormwater and sewage, 
they are a significant environmental and health concern. 
They can lead to the contamination of drinking water 

table 1-1: urban stormwater Pollutants

Pollutant source

Bacteria Pet waste, wastewater, 
collection systems

Metals Automobiles, roof shingles

Nitrogen and phosphorous Lawns, gardens, atmospheric 
deposition

Oil and grease Automobiles

Oxygen depleted substances Organic matter, trash

Pesticides Lawns, gardens

Sediment Construction sites, roadways

Toxic chemicals Automobiles, industrial facilities

Trash and debris Multiple sources

Source: U.S. Environmental Protection Agency, Protecting Water Quality 
from Urban Runoff, Nonpoint Source Control Branch, EPA841-F-03-003, 
February 2003; and U.S. EPA, Report to Congress: Impacts and Control of 
CSOs and SSOs, Office of Water, EPA-833-R-04-001, August 2004.

table 1-2: urban stormwater’s Impact on water Quality

waterbody type stormwater’s Rank 
as Pollution source

% of Impaired
waters Affected

Ocean shoreline 1st 55% (miles)

Estuaries 2nd 32% (sq. miles)

Great Lakes 
Shoreline

2nd 4% (miles)

Lakes 3rd 18% (acres)

Rivers 4th 13% (miles)

Source: “Urban Stormwater’s Impact on Water Quality:,” U.S. EPA, 
National Water Quality Inventory, 2000 Report, Office of Water, EPA-
841-R-02-001, August 2002.
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supplies, water quality impairments, beach closures, shellfish 
bed closures, and other problems. CSOs contain pollutants 
from roadways, as well as pollutants typical of untreated 
sewage, such as bacteria, metals, nutrients, and oxygen-
depleting substances. CSOs pose a direct health threat in 
the areas surrounding the CSO discharge location because 
of the potential exposure to bacteria and viruses. In some 
studies, estimates indicate that CSO discharges are composed 
of approximately 89 percent stormwater and 11 percent 
sewage.33,34 Table 1-3: Pollutants in CSO Discharges shows  
the concentration of pollutants in CSO discharges.

Today, CSSs are present in 772 municipalities containing 
approximately 40 million people nationwide.35 As of 2002, 
CSOs discharged 850 billion gallons of raw sewage and 
stormwater annually, and 43,000 CSO events occurred 
per year. Under the NPDES program, CSSs are required to 
implement mitigation measures, such as infrastructure 
upgrades that increase the capacity to capture and 
treat sewage and runoff when it rains, and stormwater 
management measures that reduce the volume of runoff 
entering the system. However, approximately one-fifth of 
the CSS’s still lack enforceable plans either to reduce their 
sewage overflows sufficiently to meet water quality standards 
in the receiving waters, or to rebuild their sewer systems with 
separate pipes for stormwater and sewage.36 Many are years, 
or even decades, from full implementation.37

Clean Water Act
These extended compliance timelines were not envisioned 
by the Clean Water Act (CWA), passed in 1972. The goal of the 
CWA is “to restore and maintain the chemical, physical, and 
biological integrity of the Nation’s waters.”38 Subsequently, 
the law called for a national goal “that the discharge of 
pollutants into the navigable waters be eliminated by 1985.”39 
The 1994 CSO Policy, which Congress incorporated into 
the CWA in 2000, established a two-year rule of thumb for 
developing and submitting plans, and required that such 
plans be implemented “as soon as practicable”.

In 1987, Congress added Section 402(p) of the CWA, 
bringing stormwater control into the NPDES program. 
In 1990, the EPA issued the Phase I Stormwater Rules, 
which require NPDES permits for operators of municipal 
separate storm sewer systems (MS4s) serving more than 
100,000 people and for runoff associated with industry, 
including construction sites five acres or larger. The Phase II 
Stormwater Rule, issued in 1999, expanded the requirements 
to small MS4s and construction sites between one and five 
acres in size.

Most municipal stormwater discharges are regulated 
as point sources under the CWA and require an NPDES 
permit. However, end-of-pipe treatment and controls typical 
of other permitted point-source discharges are often not 
implemented to control the sometimes more significant 
pollution problems caused by runoff, for a variety of reasons, 
including the large volumes of stormwater generated and 
space constraints in urban areas. 

Many permits for urban stormwater require 
municipalities to develop a stormwater management plan 
and to implement best management practices, such as public 
education and outreach, illicit discharge detection and 
elimination, construction site runoff and post-construction 
controls, and other pollution prevention programs that keep 
pollutants from entering the nation’s waterways.40 These 
management measures have been typically used in lieu of 
specific pollutant removal requirements and quantified 
pollution limits; in other words, performance-based 
standards are generally not required. Instead, “minimum 
control measures,” that is, implementing specific practices 
for permit compliance is considered sufficient. 

Continuing local pollution problems, often very 
significant, have prompted some regulators to move to an 
improved, results-oriented approach more typical of how 
the CWA addresses other pollution sources—a positive 
development that improves outcomes and can make 
program implementation more efficient, targeted, and 
quantitative. For example, the NPDES Municipal Stormwater 
Permit for Los Angeles County prohibits “discharges from the 
[storm sewer system] that cause or contribute to the violation 
of Water Quality Standards or water quality objectives.”41 

table 1-3: Pollutants in cso Discharges

Pollutant median cso concentration treated wastewater concentration

Pathogenic bacteria, viruses, parasites
• Fecal coliform (indicator bacteria) 

215,000 colonies/100 mL < 200 colonies/100mL

Oxygen-depleting substances (BOD5) 43 mg/L 30 mg/L

Suspended solids 127 mg/L 30 mg/L

Toxins
• Cadmium
• Copper
• Lead  
• Zinc  

2 μg/L
40 μg/L
48 μg/L
156 μg/L

0.04 μg/L
5.2 μg/L
0.6 μg/L
51.9 μg/L

Nutrients
• Total phosphorus
• Total Kjeldahl nitrogen

0.7 mg/L
3.6 mg/L

1.7 mg/L
4 mg/L

Trash and debris Varies  None

Source: U.S. EPA, Report to Congress: Impacts and Control of CSOs and SSOs, Office of Water, EPA-833-R-04-001, August 2004.
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chAPteR 2: the multIPle benefIts of  
GReen InfRAstRuctuRe solutIons

Comprehensive urban stormwater and combined 
sewer overflows (CSOs) strategies that incorporate green 
infrastructure are more flexible, more effective, and often 
less costly than traditional approaches. Adopted across 
North America and other parts of the world, these strategies 
integrate conventional and greener alternatives, placing 
greater emphasis on the natural hydrologic processes of 
infiltration and evapotranspiration, and on rainwater reuse, 
to filter out pollutants and minimize the amount of runoff 
generated. These techniques address stormwater problems 
at the source by restoring some of the natural hydrologic 
functions of developed areas where impervious surfaces have 
replaced pervious ones. Green infrastructure can also involve 
protecting sensitive headwaters regions and groundwater 
recharge areas.

Green infrastructure can be applied in many forms and 
at many scales. At the larger, more regional scale, green 
infrastructure refers to the interconnected network of 
waterways, wetlands, woodlands, wildlife habitats, and 
other natural areas that maintain ecological processes 
by preserving, creating, or restoring vegetated areas and 
corridors such as greenways, parks, conservation easements, 
and riparian buffers.1 At this level, green infrastructure 
planning has traditionally been more focused on overall 
ecosystem services than on stormwater management; 
however, recent efforts such as “Nashville: Naturally,” the 
city’s 2011 open space plan, have begun to weave stormwater 
management goals and objectives into this larger context.2,3 
When linked through an urban environment, open areas, 
trees, forests, and riparian buffers provide rain management 
benefits similar to those offered by natural undeveloped 
systems, thereby reducing the volume of stormwater runoff. 

At the neighborhood and site-level scale, green 
infrastructure practices generally reflect those used on a 

larger scale, but focus more on restoration activities such as 
planting trees and bioswales, restoring wetlands, maintaining 
open spaces, and incorporating existing landscape features 
into site design plans. For example, the Village Homes 
community in Davis, California, uses a system of vegetated 
swales and meandering streams to manage stormwater. 
The natural drainage system infiltrates and retains a 
rainfall volume greater than that of a 10-year storm without 
discharging to the municipal storm sewer system. The leaf 
canopies and root systems of urban forests and native plants 
take up rainfall and prevent stormwater from entering sewer 
systems. The roots also help maintain soil porosity, which 
is crucial to increasing storage capacity for rainwater and 
infiltration. Mature deciduous trees can intercept 500 to 700 
gallons of water per year, and mature evergreens more than 
4,000 gallons per year.4

Most green stormwater controls are literally green, in that 
they consist of trees and plants, but other green controls, 
such as permeable pavements and cisterns, while not 
vegetated, also provide the water infiltration and retention 
capabilities of natural systems. Green infrastructure practices 
include design features such as narrower street widths to 
reduce impervious surface area; curbless streets and parking 
lots bordered by drainage swales; and green roofs.5 

stoRmwAteR volume contRol
The National Research Council noted that conventional 
stormwater management focuses on flood control to protect 
life and property from extreme rainfall events but does not 
adequately address the water quality problems it causes.6 
This approach also focuses on strategies for detention 
and/or diversion of water away from developed areas, 

Often the best way to avoid runoff-related pollution and overburdening water 
infrastructure is to reduce the volume of stormwater flowing to the storm drains. 
Green infrastructure restores or mimics natural conditions, allowing rainwater to 

infiltrate into the soil, or evapotranspirate into the air. Green infrastructure techniques include 
porous pavement, green roofs, parks, roadside plantings, and rain barrels. Such approaches 
keep stormwater runoff from overloading sewage systems and triggering raw sewage 
overflows or from carrying pollutants directly into bodies of water. These smarter water 
practices on land not only address stormwater runoff but also beautify neighborhoods, cool 
and cleanse the air, reduce asthma and heat-related illnesses, save on heating and cooling 
energy costs, boost economies, and support American jobs. 
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ultimately releasing it to local waterways, in contrast to 
green infrastructure approaches that keep runoff volumes 
out of sewers and waterways entirely, eliminating associated 
pollutant loads and protecting against streambank erosion.

Conventional systems ignore smaller, more frequent 
storm events, which, more and more, cities are challenged to 
handle. Capturing small storms, in the range of 85th-95th-
percentile events, retains a large percentile of the total annual 
runoff volume, reducing discharge volume and pollutant 
loads.

Whether from small or large storms, reducing runoff 
volume decreases the amount of stormwater discharged 
from separate stormwater sewer systems and supplements 
combined sewer systems by decreasing the overall volume 
of water entering them, thus reducing the number and size 
of overflows. When rainwater is retained in an area, it also 
provides critical recharge and base flow functions.7 

PollutAnt RemovAl
Green infrastructure does more than decrease pollutant loads 
by reducing runoff volumes. There is a growing body of work 
indicating that green infrastructure practices are effective 
at removing pollutants directly from stormwater. Using 
natural processes, green infrastructure filters pollutants or 
biologically or chemically degrades them, which is especially 
advantageous for separate storm sewer systems that do not 
provide additional treatment before discharging stormwater. 
The combination of volume reduction and pollutant removal 
is an effective means of reducing the total mass of pollution 
released to the environment. Consequently, open areas and 
buffer zones are often designated around urban streams and 
rivers to provide treatment and management of overland 
flow before it reaches the waterway. Two readily available 
sources for pollutant removal performance data for green 
infrastructure practices are the International Stormwater 
BMP Database8 and the Center for Water Protection’s National 
Pollutant Removal Performance Database for Stormwater 
Treatment Practices, Version 3.9 The Water Environment 
Research Foundation also regularly publishes information on 
best management practices performance.10 

wAteR conseRvAtIon
Green infrastructure practices such as rainwater harvesting 
techniques (cisterns and rain barrels) and drought-tolerant 
landscaping help capture and conserve water. Practices such 
as downspout disconnections, infiltration trenches, swales, 
rain gardens, and buffer strips, as well as curbless parking 

lots and narrower roads, can help replenish and sustain 
groundwater. These practices also give communities more 
flexibility to deal with projected population increases and 
climate change, both of which are forecast to exacerbate 
current or expected water supply shortfalls. Water 
conservation can help alleviate these threats by allowing 
communities to maximize their existing and planned water 
supply sources and prevent the need for costly expansion 
of water treatment, storage, and transmission facilities.11 
Particularly in the Southwest, where annual rainfall is low 
and water resources scarce, green infrastructure techniques 
are critical to both replenish groundwater and capture 
stormwater for beneficial use.12 

A study conducted by NRDC and the University of 
California, Santa Barbara, A Clear Blue Future, found that 
implementing green infrastructure practices that emphasize 
on-site infiltration or capture and reuse had the potential 
to increase local water supplies by up to 405,000 acre-feet 
per year by 2030 at new and redeveloped residential and 
commercial properties in Southern California and the San 
Francisco Bay area. This represents roughly two-thirds of the 
volume of water used by the entire city of Los Angeles each 
year. These water savings translate into electricity savings 
of up to 1,225,500 megawatt-hours—which would decrease 
the release of carbon dioxide (CO

2
) into the atmostphere 

by as much as 535,500 metric tons per year—because more 
plentiful local water reduces the need for energy-intensive 
imported water. And, perhaps most importantly, these 
benefits would increase every year.13 

This analysis led to the inclusion of green infrastructure 
as a strategy in California’s “Land Use Planning and 
Management,” signifying the state’s recognition of green 
infrastructure’s value in water supply planning in the State 
of California.14 Green infrastructure was also included as 
a strategy in California’s Global Warming Solutions Act 
of 2006 (AB 32), in recognition of its ability to to reduce 
energy demands associated with the transport of water.15 
Similar benefits, at least in terms of water supply quantity, 
are available throughout the country. An NRDC report on 
rainwater capture released at the same time as this report 
demonstrates that the volume of rain falling on rooftops 
in eight different cities, if captured in its entirety, would 
be enough to meet the annual water needs of 21 percent 
to 75 percent of each city’s population. Even under more 
conservative assumptions, the study demonstrated that each 
of the cities modeled could capture hundreds of millions 
to billions of gallons of rainwater each year—amounts 
equivalent to the total annual water use of tens of thousands 
to hundreds of thousands of residents.16
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non-wAteR benefIts 
Green infrastructure can be used to achieve multiple 
environmental, social, and economic goals in addition to 
reducing stormwater volume and pollution. This cannot be 
said about funds spent on conventional approaches, which 
ordinarily deliver only one benefit: stormwater management. 
The range of human health, social, and community benefits 
offered by green infrastructure include:

n  Improved air quality. Trees and plants literally filter the air, 
capturing pollution (including dust, ozone, and carbon 
monoxide) in their leaves and on their surfaces. In 1994, 
trees in New York City removed an estimated 1,821 metric 
tons of air pollution at an estimated value to society of  
$9.5 million.17

n  lower air temperature. Trees and plants cool the air 
through evapotranspiration, the return of moisture to 
the air through evaporation from soil and transpiration 
by plants.18 The shade provided by trees also reduces 
air temperatures and buildings’ energy use. The cooling 
savings from trees range from 7 percent to 47 percent.19

Source: Center for Neighborhood Technology (CNT) and American Rivers, The Value of Green Infrastructure: A Guide to Recognizing Its Economic, 
Environmental and Social Benefits (Chicago: CNT, 2011), p3. Available at cnt.org. Reprinted with permission.

figure 2-1: Green Infrastructure benefits and Practices
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n  Reduced urban heat island effect. An urban heat island 
is a metropolitan area that is significantly warmer than 
the surrounding suburban and rural areas due to its large 
amount of impervious surfaces. Green roofs and lighter-
colored surfaces in urban areas reflect more sunlight and 
absorb less heat, significantly reducing the heat island 
effect.

n  Reduced energy use. Additional insulation provided by 
the growing media of a green roof can reduce a building’s 
energy consumption by providing superior insulation 
compared with conventional roofing materials. When 
properly placed, trees provide shade, which can help cool 
the air and reduce the amount of heat reaching and being 
absorbed by buildings. In warm weather, this can reduce 
the energy needed for air-conditioning. Trees reduce wind 
speeds, which can have a significant impact on the energy 
needed for heating, especially in areas with cold winters. 

n  conservation of water. Green infrastructure creates 
organic matter on the soil surface, and tree and plant roots 
increase soil permeability, resulting in reduced surface 
runoff, reduced soil erosion, less sedimentation of streams, 
and increased groundwater recharge.

Because green infrastructure approaches provide multiple 
benefits, development projects using green infrastructure will 
frequently be more cost-effective than projects aimed solely 
at stormwater control. Cost savings in environmental, social, 
and health care services; reductions in energy use; and better 
adaptation to climate change can result in overall economic 
benefits to communities.20 “The Value of Green Infrastructure: 
A Guide to Recognizing Its Economic, Environmental and 
Social Benefits,” released by the Center for Neighborhood 
Technology, captures the range of benefits provided by green 
roofs, tree planting, bioretention, infiltration, permeable 
pavement, and water harvesting (see Figure 2-1: Green 
Infrastructure Benefits and Practices). 

Green infrastructure can be designed to achieve multiple 
environmental, economic, and social goals, allowing cities 
to use varied funding sources. And, as the analyses above 
show, green infrastructure’s ability to deliver multiple benefits 
makes it a better investment of taxpayer dollars, enabling 
governments to maximize the impact of their limited 
infrastructure funds.

the cost to ADDRess combIneD 
seweR oveRflows AnD stoRmwAteR 
PollutIon

The increased recognition of green infrastructure’s 
economic value couldn’t be timelier: mitigating CSOs and 
stormwater, especially using conventional infrastructure, 
is costly. The EPA’s 2008 Clean Watersheds Needs Survey 
(CWNS) estimated that $63.6 billion is needed to address 
CSOs nationwide over the next 20 years. In separately 
sewered areas, an additional $42.3 billion is required for both 
regulatory and non-regulatory stormwater management 
investments, reflecting an increase of $16.9 billion, or 67 
percent, since the 2004 projections. Much of this increase 
is due to better communication and documentation by 
states of their needs and to emerging efforts to utilize green 
infrastructure. More surprising, however, is that the CWNS 
reflects the needs of only 22 percent of the nation’s MS4 
facilities that responded,21 meaning that $42.3 billion is likely 
a sizeable underestimate. New Hampshire’s Department of 
Environmental Services, for example, has estimated that 
the state’s actual needs are likely three times the CWNS 
estimate.22

Moreover, the CWNS data do not include costs associated 
with flood control and drainage improvements, apart from 
water pollution control needs.23 Table 2-1: 2008 Clean Water 
Needs Survey breaks down the most recent figures.

table 2-1: 2008 clean water needs survey—total stormwater 
and cso correction needs (january 2008 dollars, in billions) 

category total need ($b)

Stormwater Managementa $42.3

General Stormwater Managementb $2.9

Conveyance Infrastructure $7.6

Treatment Systems $7.4

Green Infrastructure $17.4

CSO Prevention & Controlc,d $63.6

Source: U.S. EPA. “Clean Watersheds Needs Survey. Report to Congress. 
2008,” p. 2-18; http://water.epa.gov/scitech/datait/databases/cwns/upload/
cwns2008rtc.pdf.

Notes:
a Thirty-eight states submitted data for 1,500 municipal stormwater 
management facilities and 688 unregulated facilities. 
b In prior surveys, all needs were reported as “stormwater 
management.” Many of these needs are still valid, in additional to the 
$2.9 billion iidentified in this latest survey.
c CSO estimates were primarily obtained from completed Long Term 
Control Plans (LTCPs). Where LTCPs or other engineering documents 
were not available, states used cost curves. 
d CSO estimates do not include overflow control costs allocated to 
flood control, drainage improvements, or the treatment or control of 
stormwater in separate storm systems. 
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Separating combined sewer lines and building deep 
storage tunnels are the two traditionally preferred methods of 
CSO control. In Onondaga County, New York, which includes 
Syracuse, the cost to separate combined sewers, disconnect 
stormwater inlets from the combined sewer system and 
direct them to a newly installed separate storm sewer system 
ranged from $500 to $600 per foot of sewer separated, or 
$2.6 million to $3.2 million for each mile of combined sewer 
separated.24 When Minneapolis, Minnesota, separated its 
sewer systems, the city replaced more than 200 miles of storm 
sewers.25 However, while sewer separation can eliminate 
the release of untreated sewage through CSOs, exclusive 
reliance on that approach increases the volume of untreated 
stormwater discharges.

Communities with combined sewer systems also use 
large underground tunnels with millions of gallons of storage 
capacity to hold the excess surge of sewage and stormwater 
during wet weather events. These systems eventually direct 
the detained wastewater to the municipal treatment plant as 
combined sewer flow rates subside, although in some cases 
this wastewater still receives only partial treatment before 

discharge. If sized, constructed, and operated properly, 
deep tunnels can significantly reduce CSO discharges. 
However, deep tunnels take many years to build and are very 
costly; it is also difficult to adequately size the tunnels to 
accommodate for changing population patterns, increased 
impervious surfaces and climate change. Several cities have 
built or are in the process of building deep tunnel projects 
costing hundreds of millions or billions of dollars, as outlined 
in Table 2-2: Examples of Deep Storage Tunnel Projects. 

Conventional forms of infrastructure, such as deep 
tunnels, are an important part of the solution to manage 
stormwater. However, as noted by the National Research 
Council report, “individual controls on stormwater 
discharges [such as deep tunnels] are inadequate as 
the sole solution to stormwater in urban watersheds.”26 
That report calls for reshaping the regulatory system to 
reduce imperviousness and runoff volume and to create 
comprehensive solutions to stormwater that complement 
traditional approaches with natural systems that work with 
nature, rather than against it.

table 2-2: examples of Deep storage tunnel Projects

city Project Duration completion Date storage capacity cost

Chicago, ILa,b 40+ years 2029 17.5 billion gallonsg $4 billion

Milwaukee, WIc,d 17 years (Phase 1) 1994 405 million gallons $2.3 billion

8 years (Phase 2) 2005 88 million gallons $130 billion

Portland, ORe 20 years 2011 123 million gallons $1.4 billion

Washington, DCf 20 years 2025 194 million gallons $2.2 billion

Notes:
a Lydersen, K. “Pressure to Improve Water Quality in Chicago River.” The New York Times, May 19, 2011.
b Lydersen, K. “ 3 Environmental Groups to Sue Water District.” The New York Times, March 5, 2011. http://www.nytimes.com/2011/03/06/
us/06cncpulse.html.
c Milwaukee Metropolitan Sewerage District, Collection System: Deep Tunnel System, accessed at http://www.mmsd.com/projects/collection8.cfm.
d “Overflow Reduction Plan,” Milwaukee Metropolitan Sewerage District, accessed at http://v3.mmsd.com/overflowreductionplan.aspx.
e “Working for Clean Rivers,” Portland Bureau of Environmental Services, accessed at http://www.portlandonline.com/bes/index.cfm?c=31000 
f “Combined Sewer,” District of Columbia Water and Sewer Authority, accessed at http://www.dcwater.com/about/cip/cso.cfm. 
g “Tunnel and Reservoir Plan,” Metropolitan Water Reclamation District of Greater Chicago, accessed at http://www.mwrd.org/irj/portal/anonymous/tarp. 
This tunnel volume includes capacity to deal with flooding issues, not just CSOs.
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chAPteR 3: the economIcs of GReen 
InfRAstRuctuRe

As communities face significant costs to improve water quality and the infrastructure 
that supports it, they are increasingly turning to green infrastructure as a cost-effective 
investment. A 2007 U.S. EPA study found that “in the vast majority of cases…[green 

infrastructure] practices save money for developers, property owners and communities while 
protecting and restoring water quality.”1 The American Society of Landscape Architects 
released a survey in October 2011 that found green infrastructure reduced or did not influence 
costs 75 percent of the time.2 As outlined in the previous chapter, green infrastructure can 
create a range of water quality, supply, and other benefits, making it a powerful tool for 
community improvement.
 Because green infrastructure techniques are cost-effective pollution controls with multiple 
benefits, communities are designing programs to incentivize or finance the implementation 
of these approaches. This chapter explores the economics of green infrastructure, including 
how it can be less expensive than some conventional infrastructure investments and mitigate 
the costs of energy use and flooding. The chapter also identifies how green infrastructure is 
being woven into existing development and redevelopment. It concludes with a description 
of traditional and innovative financing mechanisms, including how community incentives spur 
additional green infrastructure investment.

GReen InfRAstRuctuRe ReDuces 
costs of ImPRovements to AGInG 
InfRAstRuctuRe 
According to U.S. Census Bureau estimates, state and 
local governments spent $46.7 billion in 2007–08 on the 
construction, operation, and maintenance of sanitary 
and stormwater sewer systems and sewage disposal and 
treatment facilities, including $18.8 billion in capital outlays. 
Nearly all of these expenditures were the responsibility of 
local governments.3 While the Census estimates did not 
break down the amount spent on stormwater alone, earlier 
estimates for 2002–2006, as reported by the 2008 Clean 
Watersheds Needs Survey, indicated that local governments 
spent approximately $15 billion per year to address capital 
wastewater needs and approximately $2 billion per year on 
capital stormwater needs.4 

Green infrastructure is often more cost-effective, able 
to reduce CSOs and stormwater runoff at a lower cost than 
conventional infrastructure alternatives alone. For example, 
Sanitation District No. 1 in Kentucky developed an integrated, 
watershed-based plan that includes green infrastructure. 
Officials expect this plan to save up to $800 million and 

reduce bacteria and nutrient pollution relative to the gray-
only plan initially developed.5 The green infrastructure 
components are expected to annually reduce the CSO burden 
by 12.2 million gallons. Philadelphia estimates that an all-
gray approach to reducing CSOs would have cost billions 
more than its state-approved green infrastructure plan, which 
will achieve comparable results.6

Preserving, restoring, and incorporating trees, meadows, 
wetlands, and other forms of soil and vegetation can also 
reduce stormwater management costs. For example, a study 
performed by the Urban Forest Coalition found that the 
existing tree cover in Boston reduces stormwater runoff by 
314 million gallons per year, helping the city avoid capital 
costs of more than $142 million.7 Preserving trees reduces 
polluted stormwater discharges and the need for engineered 
controls. Conversely, when trees are cut down and their 
functions are lost, those costs are passed on to municipal 
governments, which then pass them on to their citizens. 
These important services are predictable enough that 
today many communities use the “iTree” analytic program 
developed by the U.S. Forest Service to estimate the value of 
their urban tree systems, including stormwater management 
values.8
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GReen InfRAstRuctuRe cAn ReDuce 
costs of stoRmwAteR mAnAGement  
In new DeveloPment AnD 
ReDeveloPment
Incorporating green infrastructure into new development 
projects is almost always more efficient and cost-effective 
than using conventional stormwater management or 
centralized CSO approaches. Replacing curbs or gutters 
with vegetated swales or strips of permeable paving can 
be cheaper than using conventional paving. For example, 
studies in Maryland and Illinois in 2000 and 2005, 
respectively, indicate that new residential developments 
saved $3,500 to $4,500 per lot by utilizing green infrastructure 
stormwater technologies.9,10 In 2007, the U.S. EPA conducted 
an analysis of 17 developments and found that, in all 
but one, upfront costs of construction were lower when 
incorporating green infrastructure practices than when 
using gray approaches alone, with savings ranging from 
15 to 80 percent.11 These savings were separate from any 
achieved from the avoidance of other environmental costs, 
the increase in the number of units developed, or the 
expanded marketing potential, which would have driven 
the savings up even higher.12 A joint project undertaken 
by the University of New Hampshire Stormwater Center 
and Virginia Commonwealth University recently evaluated 
stormwater management options for new commercial and 
residential developments in New Hampshire. In both cases, 
the use of green infrastructure was calculated to provide 
more economic and environmental benefits, with stormwater 
management cost savings of 6 percent for residential 
development and 26 percent for commercial developments, 
compared with conventional stormwater management.13

The economics of integrating greener stormwater 
controls into redevelopment projects in existing urban 
areas differ slightly from new development, but there is 
little evidence that this practice raises costs. An analysis of 
three communities cosponsored by NRDC, Smart Growth 
America, American Rivers, and the Center for Neighborhood 
Technology found that developers are already incorporating 
stronger stormwater controls to meet strict volume-reduction 
and water-quality standards in both redevelopment and 
greenfield projects.14 While complying with such stormwater 
standards is a cost consideration, it is rarely, if ever, a driving 
factor in decisions to undertake redevelopment projects. 

There is a significant opportunity to incorporate green 
infrastructure into communities with large amounts of 
impervious surfaces and degraded land and water quality. 
Based on the results of pilot projects, Seattle officials expect 

that the cost of future green infrastructure installations will 
be lower, in most cases, than that of more conventional 
stormwater controls.15 Philadelphia anticipates it will achieve 
the majority of its targeted retrofits of impervious areas 
through the application of stormwater retention standards to 
redevelopment projects.16

GReen InfRAstRuctuRe cAn be 
InteGRAteD cost-effectIvely Into the 
DesIGns of otheR InfRAstRuctuRe 
PRojects
Incorporating green infrastructure into the scheduled 
replacement of existing infrastructure is often more cost-
effective than traditional approaches in both short and long 
time periods. On average, roofs are replaced every 15 to 30 
years, walkways every 20 to 25 years, and driveways every 10 
years.17 There are approximately 4.06 million miles of roads 
in the United States,18 with another 32,300 lane-miles added 
each year.19 Approximately 69 percent of these roads are local, 
with low traffic loads, providing opportunities for “green 
street” practices to be employed as they are paved or repaved. 
Driveways, pedestrian sidewalks, and parking lots provide 
similar opportunities.20 Cities like Philadelphia and New York 
are developing specifications for infrastructure projects in the 
public right-of-way that incorporate green infrastructure as a 
standard design element.21 

Unlike regular streets, green streets use a combination of 
narrower street widths, landscaping, permeable pavement, 
bioretention, and swales to reduce the amount of stormwater 
runoff that enters the public drainage system. In Portland, 
Oregon, green streets have been installed since 2003 and are 
more cost-effective in some cases than installing new sewer 
pipes because they avoid basement and creek flooding and 
the need for alterations to existing storm pipe infrastructure.
Comparison of the cost-effectiveness of green and gray 
approaches to CSO abatement in Portland found that 
downspout disconnections, curb extensions with vegetated 
swales, and parking lot infiltration are more cost-effective 
than conventional CSO abatement options.22 Costs can be 
further reduced by minimizing impacts to existing piped 
infrastructure, identifying sites with minimal constraints and 
maximum space, keeping designs simple, and combining 
greening projects with other planned improvements.23 It 
is also important to consider the ancillary benefits, such 
as traffic calming, safer pedestrian environment, and 
community aesthetics, when evaluating green streets and 
parking retrofit projects.24
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GReen InfRAstRuctuRe ReDuces 
eneRGy costs AnD flooDInG RIsK
It is important to look beyond comparative construction 
costs to consider the full range of benefits that green 
infrastructure provides, compared with conventional 
approaches.25 

The cost of reducing stormwater pollution before it fouls 
the nation’s waters, and the cost of replacing aging and failing 
infrastructure, often pale in comparison to the economic 
burden resulting from flood losses or water pollution. Data 
compiled from the private property insurance industry 
in a study conducted in 2008 revealed that, between 1972 
and 2006, 531 flood events resulted in $94 billion in losses, 
representing average losses of $2.67 billion annually and $176 
million per storm.26 The Federal Emergency Management 
Agency estimates that up to 25 percent of economic losses 
from flooding are the result of urban drainage, not from being 
located in a floodplain.27 

The cost of cleaning up polluted water is also significant. 
The EPA estimates that programs to clean up the nation’s 
waters (known as Total Maximum Daily Load, or TMDL, 
programs) could cost states $63 million to $69 million for 
planning, and between $900 million and $4.3 billion dollars 
annually for implementation over a 15-year period (in 2001 
dollars).28 

Additionally, under a business-as-usual scenario for 
climate change, it will cost $200 billion per year by 2025 to 
provide water to the western United States due to intensified 
drought conditions, and property owners will suffer $34 
billion per year in real estate losses due to rising sea levels.29 

If adopted widely, the economic benefits of green 
infrastructure can address many of these issues, especially 
in areas facing water supply constraints in the future. A 2010 
report by NRDC and Tetra Tech demonstrates the significant 
impact that climate change will have on the sustainability 
of water supplies in the coming decades. The study found 
that more than 1,100 counties—one-third of all counties in 
the lower 48 states—will face higher risks of water shortages 
by midcentury as the result of global warming. More than 
400 of these counties will face extremely high risks of water 
shortages.30 

Water-constrained areas, especially those with high water 
supply costs, benefit from infiltration practices that enhance 
local supplies. They also save on energy costs. A Clear 
Blue Future, a report issued by NRDC and the University 
of California Santa Barbara, quantified the ability of green 
infrastructure to save water (see page 2.2). NRDC’s report 
Energy Down the Drain quantified the connection between 
energy and water use. One example: San Diego could save 
enough energy to provide electricity for 25 percent of its 
households if it conserved 100,000 acre-feet of water instead 
of piping that amount in from Northern California.31 

table 3-1: city-wide present value benefits of key cso options: cumulative through 2049 (2009 millions usD)

benefit categories 50% lID optiona 30’ tunnel optionc

Increased recreational opportunities $524.5

Improved aesthetics/property value (50%) $574.7

Reduction in heat stress mortality $1,057.6

Water quality/aquatic habitat enhancement $336.4 $189.0

Wetland services $1.6

Social costs avoided by green collar jobs $124.9

Air quality improvement from trees $131.0

Energy savings/usage $33.7 $(2.5)

Reduced (increased) damage from SO2 and NOx emissions $46.3 $(45.2)

Reduced (increased) damage from CO2 emissions $21.2 $(5.9)

Disruption costs from construction and maintenance $(5.6)b $(13.4)

total $2,846.4 $122.0

Source: Stratus Consulting (2009). A Triple Bottom Line Assessment of Traditional and Green Infrastructure Options for Controlling CSO Events in 
Philadelphia’s Watersheds Final Report, p. S-2, accessed at http://www.phillywatersheds.org/ltcpu/Vol02_TBL.pdf.
Notes: 
a “Runoff from 50 percent of impervious surface in Philadelphia managed through green infrastructure.” 
b Parentheses indicate negative values.  
c “A system of storage tunnels with an effective diameter of 30 feet, serving all watersheds in Philadelphia.” 
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In addition, green infrastructure can provide value 
to recreational users of waterbodies. A 2011 study by 
Londoño and Ando estimated the willingness of households 
in Champaign-Urbana (Illinois) to pay for stormwater 
management that improves environmental quality. The 
households surveyed would achieve a combined annual 
benefit of $1.5 million for stormwater management that 
increases infiltration rates by 25 percent and improves water 
quality from boatable to fishable.32 

Together, the multiple benefits are significant. Stratus 
Consulting compared the full range of economic, social, 
and environmental benefits and external costs (i.e., costs 
not accounted for in capital, operations, and maintenance 
budgets) of a range of CSO control alternatives that were 
under consideration by the Philadelphia Water Department 
(PWD), including approaches based largely on green 
infrastructure. This “triple bottom line” analysis quantified 
the total social, economic, and environmental benefits from 
green infrastructure—such as additional recreational user-
days in the city’s waterways; reduction of premature deaths 
and asthma attacks caused by air pollution and excessive 
heat; increased property values in greened neighborhoods; 
the ecosystem values of restored or created wetlands; poverty 
reduction from the creation of local green jobs; and energy 
savings from the shading, cooling, and insulating effects of 
vegetation. It also quantified some external costs of a gray 
approach that are avoided under the green approach, such 
as carbon and other air pollution emissions associated with 
the energy needed, under gray alternatives, to manufacture 
and install concrete tunnels and to pump and treat runoff. 
The city selected a primarily green infrastructure–based 
approach, and the study’s conclusions indicate that, over 45 
years, the city will reap more dollar value in benefits than 
it invests.33 PWD estimates that achieving a similar amount 
of CSO reduction through gray infrastructure alone would 
cost billions of dollars more, without accruing the same 
non-water-quality benefits.34 As Table 3-1: City-wide present 
value benefits of key CSO options: Cumulative through 2049 
(2009 millions USD) shows, a green infrastructure approach 
provides a wide array of “important environmental and social 
benefits to the community, and … these benefits are not 
generally provided by the more traditional alternatives.”35

IncentIvIZInG GReen InfRAstRuctuRe 
thRouGh coDes AnD ZonInG chAnGes
Standards in planning and zoning ordinances, building 
codes, and design manuals are changing to support green 
infrastructure. The International Green Construction Code, 
the International Association of Plumbing and Mechanical 

Officials’ Green Code Supplement, and the U.S. Green 
Building Council’s Leadership in Energy and Environmental 
Design (LEED®) are incorporating green infrastructure into 
standard building practices.36 The Sustainable Sites Initiative 
(SITESTM) is creating national guidelines and performance 
benchmarks for sustainable land design, construction, and 
maintenance that reflect the latest practices and integrate 
the principles of green infrastructure. Just as the U.S. Green 
Building Council has, with LEED®, increased standardization 
and reduced uncertainty in green-building design, SITESTM 
aims to bring similar guidance to built landscapes.
In addition, many municipalities are revising existing 
stormwater and other land-use ordinances to allow—and 
in some cases, require—green infrastructure as the primary 
strategy to address stormwater. 

 Zoning and development rules that allow for and 
encourage greater density in order to reduce sprawl and 
associated environmental degradation, along with carefully 
selected green infrastructure practices, can help rebuild 
urban cores with more effective stormwater management.37 
Incorporating stormwater management requirements into 
green building programs can also be a simple and effective 
tool. Portland’s Green Building Policy requires that various 
levels of LEED® be met for city-constructed and -financed 
green building projects, as well as the use of green roofs for 
city-owned buildings needing roof replacement. The policy 
mandates that all future land purchases be evaluated to 
determine the property’s on-site stormwater mitigation, as 
well as vegetation and habitat-restoration capacity to reduce 
negative environmental and social impacts.38 

fInAncIAl tools to ImPlement  
GReen InfRAstRuctuRe
While the gaps between needs and funding levels have 
increased over time, states and municipalities have 
traditionally relied on federal contributions to State Revolving 
Funds (SRF) for both Drinking Water and Clean Water to help 
finance drinking and wastewater infrastructure. As outlined 
in other parts of this report, there is a need to invest nearly 
$300 billion over the next 20 years for water and wastewater 
infrastructure in the United States, of which $63.6 billion is 
needed for CSO correction.39 

In 2009, as part of the American Recovery and 
Reinvestment Act (ARRA), Congress provided an additional 
$6 billion for clean water and drinking water infrastructure, 
of which at least 20 percent—$1.2 billion—was targeted 
for a “Green Project Reserve,” to fund green infrastructure, 
water and energy efficiency, and environmental innovation. 
Unfortunately, this funding increase did not represent 
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the beginning of a trend. The Clean Water SRF (and its 
companion the Drinking Water SRF) has been a target for 
cuts during recent budget debates: funding was reduced 
dramatically in 2011, and additional cuts of nearly $1 billion 
have been proposed for fiscal year 2012.40 
 Besides state revolving funds, the EPA and other federal 
agencies support a number of targeted grant programs to 
encourage community-level efforts to address water quality, 
potentially through green infrastructure. 

n  The EPA funds local projects through the Community 
Action for a Renewed Environment (CARE) program.41 

n  The EPA’s Section 319 funds are intended to support 
efforts by state and local organizations to control nonpoint 
pollution sources and can be used for green infrastructure 
projects.42 

n  The EPA also funds the Targeted Watersheds Grants 
Program for innovative local approaches to community-
based water quality improvement.43 

n  The Department of Housing and Urban Development 
administers the Community Development Block Grant 
Program, which can be used for green infrastructure.44

Despite these federal resources, local ratepayers fund 
most wastewater treatment needs, and as these needs grow, 
the availability of an array of financing approaches helps 
communities identify mechanisms suited to local needs.45 
In addition to direct outlays from general funds, many 
communities have begun to rely on other sources, such as 
bonds, stormwater utilities and other public enterprises, 
taxes, and community assessments. A summary of funding 
sources is provided in Table 3-2: Funding Generation: 
Methods for raising funds for green infrastructure;46 
bonds and stormwater utility fees are explained in more 
detail below, followed by a discussion of incentives to 
spur private action. The chapter concludes with a look 
at four innovative approaches borrowed from the energy 
efficiency field that show great promise for financing green 
infrastructure (the Property Assessed Clean Energy [PACE] 
program, on-bill financing, off-balance-sheet financing, 
and credit enhancement to accelerate private investment 
in retrofits) and a summary of two additional mechanisms, 
environmental tax shifts and reverse auctions, that have been 
used in a limited way to finance green infrastructure. 

Selling bonds is a traditional approach to public capital 
project financing and has been used for stormwater 
investment funding. Functionally, it is the equivalent of 
taking loans from bond purchasers. As an example, on 
November 2, 2004, Los Angeles voters overwhelmingly 
passed Proposition O, authorizing the city to issue a series of 

general obligation bonds for up to $500 million. The measure 
funds improvements to safeguard water quality; provide 
flood protection; and increase water conservation, habitat 
preservation, and open space.47 

The popularity of stormwater utility fees has risen over 
recent years as a dedicated source of funding. These are fees 
charged to both taxpaying and tax-exempt properties, often 
based on the property’s total area or amount of impervious 
surface, that can be added to water, sewer, or utility bills, 
or charged separately. In 2008, on average, the quarterly 
fee charged to a single-family home is $11, though it can 
range from $2 to $40.48 In setting the price, it is important 
to first identify underlying goals and objectives—for 
example, installing green roofs on every building, reducing 
imperviousness, or increasing infiltration—and then set 
prices accordingly. Moreover, if one objective is behavior 
change, such as encouraging property owners to reduce 
imperviousness, the fee must be high enough to serve as an 
incentive to achieve such change.49

As stormwater fees and stormwater utilities gain 
popularity, an important consideration is the need to ensure 
that stormwater charges are equitable and based on the 
actual burden an individual property places on the sewer 
system. For example, the Philadelphia Water Department 
(PWD) is transitioning its monthly Stormwater Management 
Service charge, which had been based on the size of the 
water meter (reflecting the volume of potable water usage), 
to an impervious area–based charge for all nonresidential 
properties within city limits. This change in the rate structure 
is revenue-neutral and more accurately represents a fair 
cost of service. It also allows PWD to charge properties that 
contribute to the stormwater problem but are currently not 
customers (like parking lots, vacant lots, and others without 
water or sewer service). The new fee structure also provides 
property owners an opportunity to claim credits that reduce 
(or even nearly eliminate) their fees, if they retrofit their 
parcels to manage runoff on-site. NRDC is working with 
PWD to develop financing mechanisms that capitalize on 
this incentive structure to catalyze large-scale investments of 
private capital to underwrite the costs of retrofits.50 

Additional methods outlined in Table 3-2: Funding 
Generation: Methods for raising funds for green 
infrastructure include a number of one-time fees, including 
special assessments, which are similar to stormwater 
utility fees. Butler County, Ohio, charges certain property 
owners a user fee based on their contribution to stormwater 
runoff.51 Other types of charges that have been used to offset 
stormwater management costs include development fees, 
drinking water/wastewater fees, impact/facility fees, and 
permit and inspection fees. 
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IncentIvIZInG GReen InfRAstRuctuRe 
thRouGh GoveRnment-Run fInAncInG 
AnD InDucements
Incentives encourage developers and property owners to 
modify certain behaviors. For developers, key motivators 
include revenue increases, cost reductions, streamlined 
permitting and inspection processes, and reduced risk.52 
For property owners and the general public, cash rebates, 
discounts, tax credits, and small community grants motivate 
action.53 In the case of Philadelphia’s improved stormwater 
fee, property owners can receive credits for adding green 
stormwater infrastructure to their properties or for making 
their properties less impervious. Education, outreach, and 
technical assistance programs that engage communities, 
increase public understanding and acceptance, and train 
professionals are also critical to the success of green 
infrastructure programs.54 

When green infrastructure provides benefits for 
developers and homeowners, they are willing to share 
the costs and maintenance responsibilities. A survey of 
Portland residents found that they are more willing to 
invest in on-site stormwater projects that provide aesthetic 
and functional benefits for them than those that simply 
reduce sewer burdens.55 This survey found that private 
homeowners and business owners are willing to contribute 
increasing amounts as long as the city’s share of the total cost 
increases more. Some people view green infrastructure as 
personally beneficial, and they are willing to help maintain 
and pay for it when it is designed to provide benefits they 
appreciate. In a separate survey of Portland residents, more 
than half reported that they would be willing to donate one 
to three hours per month to maintain green infrastructure 
vegetation.56 Green infrastructure has the potential to be a 
neighborhood resource and point of pride that pipes and 
storage tanks cannot be.

InnovAtIve APPRoAches to cost-
effectIvely ImPlement GReen 
InfRAstRuctuRe
A new generation of innovative financing approaches, 
which have been deployed primarily in the energy efficiency 
and renewable energy financing sector to date, hold 
great potential for financing stormwater retrofits. These 
approaches depend upon a municipality having in place a 
stormwater billing structure that includes a credit for owners 
who install stormwater retrofits. Under such a fee structure, 
when the value of the credit is large enough, property owners 
can realize ongoing savings from investments in retrofits, 

and lenders, or third-party investors, can make available the 
necessary capital to fund retrofit installation by relying on 
the property owners’ savings as a “cash flow” that is available 
to pay back those up-front capital costs. Four financing 
approaches that rely on such a fee structure are summarized 
below: Property Assessed Clean Energy (PACE), on-bill 
financing, off-balance-sheet project financing, and credit 
enhancement to accelerate private investment in retrofits.57 

Property Assessed clean energy (PAce)
Under a typical PACE model, a municipality issues special 
revenue bonds, the proceeds are then used by participating 
property owners to pay for improvements to their property 
such as renewable energy installations, energy efficiency 
retrofits, or in this case, stormwater retrofits. Property owners 
who receive PACE financing agree to repay the costs of the 
retrofit through an assessment on their property taxes for 
the useful life of the improvements. Because the assessment 
is part of the property tax, it is attached to the property, 
not the individual owner. PACE thereby addresses two of 
the primary challenges in energy-related property retrofits: 
up-front cost, and the risk that the owner will not be able to 
recover the retrofit costs through energy savings by the time 
the property changes hands. As of October 2011, 27 states 
and the District of Columbia have PACE enabling legislation 
in place, providing legal authority for municipalities to 
implement PACE programs.58 To date, no PACE program 
has been established that allows the use of PACE funds for 
stormwater retrofits, although some state legislation does 
authorize financing for water efficiency improvements, and it 
is possible that some stormwater retrofits could be included 
under that umbrella. Most states, however, would likely need 
to amend PACE enabling legislation to explicitly include 
stormwater retrofits. 

on-bill financing
Under an on-bill financing structure, a utility provides 
the up-front capital for improvements to private property 
and the utility collects repayment, typically with no to low 
interest, through the monthly billing process.59 Financing 
for the retrofits can come from ratepayer funds, from other 
state or local funds, or from a private investor who relies 
on the history of ratepayer default rates as a yardstick for 
repayment of retrofit funds lent. In these cases, the investor 
would have a contractual agreement with the utility to receive 
a predetermined amount from each participating property 
owner’s utility bill, as a means to recoup the capital outlay. 
The loan repayment obligation can run such that, if the 
property is sold during the repayment period, the new owner 
would assume responsibility for paying the on-bill charges 
through the utility bill. 
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off-balance-sheet financing
Because commercial building owners are often unwilling or 
unable to encumber their balance sheets with additional debt 
to finance retrofits, a class of energy efficiency investment 
firms has arisen which provide “off balance sheet” financing 
for efficiency retrofits. These firms do not loan capital to the 
building owner but instead act as energy efficiency “project 
developers” or “energy solution providers.”60 With variations 
in precise structure, these firms cover all up-front costs for 
the energy retrofit (hence the project is taken off the building 
owner’s balance sheet). In exchange, the project developer 
enters into a contractual agreement with the building owner 
whereby the owner pays the developer in installments based 
on a portion of the energy savings resulting from the retrofit, 
with the owner retaining the balance of the savings. The 
project developer is also responsible for maintaining the 
retrofit installation and monitors and verifies subsequent 
energy savings. Unlike the PACE and on-bill financing 
models, municipalities or utilities need not be directly 
involved in the off-balance-sheet financing approach.

credit enhancement to accelerate private 
investment in retrofits
Credit enhancement refers to methods that provide a 
financial backstop for a specified percentage of losses 
in a portfolio of debt-financed projects. Because credit 
enhancement facilities take responsibility for initial losses, 
credit enhancement can go a long way toward bringing 
lenders to the table for projects that otherwise might be 
considered too risky, allowing a wider range of borrowers to 
gain access to capital at lower interest rates and with longer 
repayment periods than would otherwise be available. Credit 
enhancement facilities can be set up by private firms (who 
often take a fee from participating borrowers), public entities, 
or public-private partnerships. 

Additional financing tools
Two more concepts worth additional study and consideration 
are environmental tax shifts and reverse auctions. The former 
is an innovative funding alternative that, while not popular 
in the United States, has been successfully used in other 
countries to place taxes on things society wants to reduce, 
such as air pollution or stormwater runoff.61 One example 
of a creative environmental tax shift addressing stormwater 
runoff was a pay-to-pave tax proposal in Massachusetts that 
was identified but not implemented.62,63 

While the concept is still new and unproven in the 
application of stormwater management, some communities 
are using reverse auctions to encourage homeowners 
to implement green infrastructure techniques on their 
properties. In a reverse auction, homeowners compete to 

offer the lowest price at which they will implement green 
infrastructure, and then the stormwater authority pays the 
winning, lowest bid. An analysis of a procurement auction 
of rain gardens and rain barrels in the Midwest found 
that an auction can promote more participation in green 
infrastructure than education alone, and at a cheaper per-
unit control cost than a flat stormwater control plan.The 
study also found that relatively minimal financial incentives 
(approximately 55 percent of the bids were for $0) can result 
in homeowners’ willingness to accept green infrastructure 
techniques on their properties. The authors conclude that 
“in the absence of a strict regulatory cap, an auction is a 
cost-effective tool for implementing controls on stormwater 
runoff quantity at the parcel level.”64

Finally, Congress is currently considering a bill called 
the Green Infrastructure for Clean Water Act of 2011, which 
would, among other things, allow the EPA to finance federal 
cost-share grants for planning and implementation of 
green infrastructure programs and to establish incremental 
targets for stormwater management.65 Known as the Green 
Infrastructure Portfolio Standard, these targets would 
increase the use of green infrastructure over time, similar to 
renewable portfolio standards that most states have adopted 
to reach renewable energy targets.66 The creation of these 
standards, included in both the House and Senate versions of 
the bill, would move green infrastructure front and center as 
a stormwater management strategy. 
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table 3-2: funding Generation: methods for raising funds for green infrastructure

financing source General Description example

State & Federal Loans A number of federal and state programs provide 
low and no-interest loan options, including 
EPA’s Clean Water State Revolving Fund, which 
distribute federal funds to states and then 
communities.

Much of traditional water infrastructure.

General Fund Property and sales tax revenue paid into a 
general fund can be used for stormwater 
management activities. However, as 
stormwater needs increase, it puts more 
pressure on general fund budgets, which has 
led to more fee-based programs.

Much of traditional water infrastructure.

Bonds Selling bonds is a traditional approach for public 
financing of capital projects. Functionally, it 
is the equivalent of taking loans from bond 
purchasers. 

Voters in the City of Los Angeles passed a $500 
million bond initiative for water quality, flood 
protection, water conservation, and habitat 
protection.

Stormwater Utility Fees A type of public enterprise fee charged as part 
of a standard utility bill. Property owners are 
charged based on estimated contribution of 
stormwater runoff. 

Cities such as Philadelphia, Pennsylvania, 
Lenexa, Kansas and Portland, Oregon calculate 
user fees for commercial, multi-family 
residential and industrial properties by their total 
lot size and percentage of imperviousness.a 
When establishing user fees, it is important 
to set the price appropriately at the first 
opportunity, as it may be years before enough 
political support can be garnered to warrant a 
rate hike.b 

Special Assessments When a specific stormwater project is 
implemented and only benefits a particular area, 
property owners within that area can be levied 
an assessment in proportion to the benefit each 
receives. 

Butler County, Ohio enacted a stormwater 
district in order to fund required stormwater 
controls.c 

Development Fees System development charges or stormwater 
development fees are one-time fees which are 
assessed in connection with construction of a 
new impervious area or a new development 
to pay for necessary (new) stormwater 
infrastructure. 

The Southeast Metro Stormwater Authority 
in Colorado charges a System Development 
Fee to developers to pay for new stormwater 
infrastructure that the developers make 
necessary.d

Drinking Water/ Wastewater Fees Drinking water and wastewater fees are usually 
based on metered water flow, though this bears 
little relationship to stormwater runoff. 

Common financing tool.

Impact/Facility Fees Impact fees are one-time fees related to the 
impact generated by the new development 
project; they require special local enabling 
legislation. 

The Lenexa City Council adopted a Systems 
Development Charge, which requires new 
development to pay a one-time fee at the time 
of building permit as a means for recovering 
costs for capital improvement activities within 
the Rain to Recreation program so that growth 
pays for growth.e

Permit And Inspection Fees Local governments can set regulatory fees to 
cover the cost of permitting and inspection 
programs. 

The Sussex Conservation District in Delaware 
charges a construction inspection fee on all 
new development, both public and private, 
based on the size of the project to contribute to 
stormwater and erosion control.f

Property Assessed Clean Energy (PACE) 
Program

A municipality issues special revenue bonds; 
the proceeds are used by participating property 
owners to pay for improvements to their 
property. Payments are made through property 
taxes.

No example yet available for green 
infrastructure.

On-bill financing A utility provides the upfront capital for 
improvements to private property and the utility 
collects repayment, typically with low to no 
interest, through the monthly billing process.

No example yet available for green 
infrastructure.
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table 3-2: funding Generation: methods for raising funds for green infrastructure

financing source General Description example

Off balance sheet project financing An outside firm covers all upfront costs for 
a retrofit and the building owner repays this 
investment based on a portion of the savings 
resulting from the retrofit.

No example yet available for green 
infrastructure.

Credit enhancement to accelerate private 
investment in retrofits

Credit enhancement refers to methods that 
provide a financial backstop for a specified 
percentage of losses in a portfolio of debt-
financed projects. Because credit enhancement 
facilities take responsibility for initial losses, 
credit enhancement can help bring lenders to 
the table for projects that otherwise may be 
considered too risky, allowing a wider range 
of borrowers to gain access to capital at lower 
interest rates and with longer repayment 
periods than would otherwise be available. 

No example yet available for green 
infrastructure.

Environmental tax shifts Used in other countries to place taxes on things 
society wants to reduce, such as air pollution or 
stormwater runoff.g 

A “pay-to-pave” tax was introduced in 
Massachusetts, but not implemented.h,i

Reverse auction Homeowners compete to offer the lowest price 
at which they will install green infrastructure, 
and then the stormwater authority pays the 
winning, lowest bid. 

A procurement auction of rain gardens and rain 
barrels in the Midwest was found to promote 
more participation in green infrastructure than 
education alone and at a cheaper per-unit 
control cost than a flat stormwater control plan.j

funding Allocation: methods for implementing green infrastructure projects and targeting funding

Public Works The standard means for managing grey 
infrastructure, through public construction 
and ownership, is still likely the most direct 
approach for green infrastructure as well, 
particularly for large-scale projects on dedicated 
sites. 

Common.

Public-Public Collaborations There are opportunities for multiple public 
agencies to meet goals through green 
infrastructure, such as collaborations with 
parks, schools, and other publicly-owned 
potential sites. This is most promising when 
green infrastructure provides benefits such as 
education and aesthetics that are beneficial 
on-site. 

Schools, such as Thurston Elementary in Ann 
Arbor, Michigan, have installed rain gardens for 
both water quality and education benefits.k

 

Public-Private Collaborations Similar to public-public collaboration, many 
private institutions and businesses experience 
benefits sufficient to support on-site green 
infrastructure, which might be partially 
expanded via public cost-sharing. 

Businesses in Portland, Oregon’s Tabor to the 
River Corridor such as New Seasons Market 
and Fred Meyers have constructed rain gardens 
in their parking lots with support from the city.l 

Private Grants and Loans Public and private groups are providing low 
and deferred interest loans as well as grants to 
homeowners and businesses for on-site green 
infrastructure capital costs. Often, the private 
recipients stay involved by providing operation 
and maintenance. 

Lexington, Kentucky provides Stormwater 
Quality Project Incentive Grants to businesses, 
non-profits, and residences for onsite 
stormwater projects like installation of 
permeable pavements. The Water Quality 
Management Fee funds the program.m 

Tax Credits One-time or continuing tax reductions are a 
means to motivate private installation and 
maintenance of green infrastructure. 

Anne Arundel County, Maryland offers property 
tax credits for owners who implement onsite 
stormwater control such as removal of 
impervious surfaces.n

Fee Reductions Various fees, such as sewer fees, can be 
reduced as a means of motivating private 
green infrastructure. If the green infrastructure 
provides private benefits as well, there are 
opportunities for cost-sharing. 

In Philadelphia, Portland and Seattle, fee 
discounts and credits provide an opportunity for 
property owners to reduce the amount they pay 
by decreasing impervious surfaces or by using 
green infrastructure techniques that reduce the 
amount of stormwater runoff.
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chAPteR 4: PolIcy RecommenDAtIons foR locAl, 
stAte AnD nAtIonAl DecIsIon-mAKeRs

n April 29: EPA Deputy Administrator Bob 
Perciasepe announces the release of EPA’s 
“Strategic Agenda to Protect Waters and Build 
More Livable Communities Through Green 
Infrastructure,”1 a document that identifies 
how the agency will help communities 
implement green infrastructure approaches. 

n April 29: Deputy Administrator Perciasepe announces 
EPA’s green infrastructure community partnership effort. 
EPA will work with 10 communities on green infrastructure 
implementation issues.2

n April 20: EPA Assistant Administrator 
Cynthia Giles, Office of Enforcement and 
Compliance Assurance and Acting Assistant 
Administrator Nancy Stoner, Office of Water, 
release a joint memorandum, “Protecting Water 
Quality With Green Infrastructure in EPA Water 

Permitting and Enforcement Programs.” The document 
“strongly encourages and supports the use of green 
infrastructure approaches to manage wet weather through 
infiltration, evapotranspiration and rainwater harvesting.”3

n Feb 21: As part of the American Recovery 
and Reinvestment Act of 2009, Congress and 
President Obama target 20 percent of the Clean 
Water and Drinking Water State Revolving 
Funds to green infrastructure and other 
environmentally innovative projects.

n October 15: The National Research Council 
releases “Urban Stormwater Management in 
the United States,” which identifies a series of 
regulatory and other hurdles to stormwater 
management and recommends green 
infrastructure as a critical part of the solution.

n January 4: Congress passes the “Energy 
Independence and Security Act of 2007.” 
Section 438, “Stormwater Runoff Requirements 
for Federal Development Projects,” requires 
new and redevelopment projects “to maintain 
or restore, to the maximum extent technically 

feasible, the predevelopment hydrology of the property with 
regard to the temperature, rate, volume, and duration of flow.4

n April 19: EPA (with NRDC and other 
national organizations) is a signatory to 
the 2007 Green Infrastructure Statement of 
Intent “…to promote the benefits of using 
green infrastructure in protecting drinking 
water supplies and public health, mitigating 

overflows from combined and separate sewers and reducing 
stormwater pollution, and to encourage the use of green 
infrastructure by cities and wastewater treatment plants as 
a prominent component of their Combined and Separate 
Sewer Overflow (CSO & SSO) and municipal stormwater 
(MS4) programs.”5

n March 5: EPA Assistant Administrator 
Benjamin H. Grumbles issues a memorandum 
entitled, “Using Green Infrastructure to Protect 
Water Quality in Stormwater, CSO, Nonpoint 
Source and Other Water Programs,”6 identifying 
the cost-effectiveness of green infrastructure 

and the range of its benefits, outside of infiltration, 
evapotranspiration and/or reuse of stormwater.

n August 16: EPA Water Permits Division 
Director Linda Boornazian issues a 
memorandum entitled, “Use of Green 
Infrastructure in NPDES Permits and 
Enforcement,” describing how permittees  
can “utilize green infrastructure approaches, 

where appropriate, in lieu of or in addition to more 
traditional controls.”7

Since Rooftops to Rivers was first published in 2006, there has been a remarkable 
uptake of green infrastructure policy at the national and local levels. The U.S. EPA has 
issued multiple policies on integrating green infrastructure into regulatory programs 

and developed a national green infrastructure strategy. Congress set aside funding that could 
be used for green infrastructure through the Green Project Reserve as part of the additional 
State Revolving Loan funding made possible by the American Recovery and Reinvestment Act 
(ARRA). Key developments include:
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The EPA has followed guidance with action. As its 
Assistant Administrator for Enforcement and Compliance 
Assurance wrote in a letter to the U.S. Conference of Mayors:8

  The EPA and the Department of Justice strongly 
believe that green infrastructure presents an exciting 
opportunity for stormwater management approaches 
that help eliminate CSOs in a cost-effective manner, 
while simultaneously securing a host of important 
environmental and community benefits, including 
improved water and air quality, increased energy 
efficiency, green spaces and economic development.  
For these reasons, the EPA is committed to the use of  
green infrastructure projects in CSO settlements wherever 
it is feasible and appropriate. The EPA and the DOJ 
strongly encourage all CSO communities to consider  
green infrastructure, as part of an integrated approach  
to CSO control.
In the past five years, the EPA and the Department of 

Justice have negotiated consent decrees incorporating 
significant green infrastructure controls with Cincinnati, 
Louisville, Cleveland, Indianapolis, and Kansas City, among 
other cities. In the Cleveland area, the Northeast Ohio 
Regional Sewer District will invest $42 million over 10 years to 
implement green infrastructure projects to prevent 44 million 
gallons of sewage and stormwater from entering Lake Erie 
annually, with an opportunity to substitute more green in 
lieu of planned gray infrastructure in the future.9 States have 
also required significant green infrastructure investment in 
their own consent orders with municipalities, covering such 
places as Onondaga County (which includes Syracuse) and 
Philadelphia, as well as a proposed order in New York City.

As rapidly as national policy has evolved, many U.S.  
cities have gone even further, as identified by the case  
studies in this report. Many have set on-site stormwater 
retention standards to help manage stormwater and 
to address other regulatory and/or planning issues. In 
Philadelphia, the first inch of rainfall must be managed on-
site through infiltration (if feasible) in all new development 
and redevelopment projects with at least 15,000 square 
feet of earth disturbance;10 in Pittsburgh, the first inch 
of rainfall must be retained on-site through infiltration, 
evapotranspiration, or rain harvesting for new development 
and redevelopment larger than 10,000 square feet.11 Smaller 
cities have done so as well. Aurora, Illinois requires the first 
0.75 inch of rainfall to be stored or retained on-site.12 

On-site retention standards are not limited to individual 
cities; some states and counties have such requirements that 
apply as part of their MS4 permit obligations. South Carolina 
mandates the retention of the first 1.5 inches of rainfall in 
certain ecologically sensitive areas. Massachusetts and New 
Jersey require the on-site retention of the difference between 
the pre-development and post-development runoff volume. 
Vermont calls for the capture of 90 percent of annual storms, 
and several MS4 permits in California, including those for 
Ventura County, Orange County, and the San Francisco Bay 
Region, require the retention of the 85th percentile storm 
volume. While some of these requirements apply only in 
areas served by municipal storm sewer systems, some pertain 
to all developments over a certain size. New Hampshire, West 
Virginia, and Tennessee require the on-site retention of the 
first inch of rainfall.13

As detailed throughout this report, cities (and states) 
are encouraging green strategies using incentives, zoning 
and permitting programs, as well as investing their own 
money on public property. For example, Portland, Oregon 
has one of the most comprehensive city green programs 
in the country. From 2008 to 2013, the city budgeted $50 
million in stormwater management fees to invest on city 
property; this is expected to add 43 acres of ecoroofs, build 
920 green street facilities, plant 33,000 yard trees and 50,000 
street trees, reduce invasive weeds, and purchase 419 acres 
of high-priority natural areas.14 New York’s Department of 
Environmental Protection has committed more than $190 
million over the next four years to retrofit public spaces 
with green infrastructure across the city as well as install 
three focused, neighborhood-scale demonstration areas of 
18 to 40 acres each.15,16 As part of a $2.4 billion Long Term 
Control Plan, Philadelphia will invest at least $1.67 billion of 
public funds, while leveraging additional private investment 
through a performance standard for redevelopment projects, 
to transform 34 percent of impervious surfaces draining to its 
combined sewer system into greened acres that manage the 
first inch of runoff on-site. 

This progress provides many lessons that can be applied  
to address the full magnitude of stormwater and sewer 
overflow problems nationwide. More local and national 
policy progress can and must be made at the federal, state 
and local levels.
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RecommenDeD feDeRAl ActIon: ePA
It is clear that the EPA recognizes the value of green 
infrastructure. However, it can do more to fully integrate 
green infrastructure into its permitting and regulatory 
programs. 

Reform clean water Regulations and Guidance  
for stormwater sources 
As this report goes to press, the EPA is poised to take 
advantage of a once-in-a-generation opportunity to reform 
the minimum requirements applicable to urban and 
suburban runoff sources. Existing EPA regulations for sources 
of runoff pollution, designed more than 20 years ago, have 
not been implemented in a particularly rigorous way. As 
discussed elsewhere in this report, permits for stormwater 
systems historically have done a poor job of ensuring 
that discharges from those systems will not contribute to 
degraded water quality conditions. In particular, municipal 
sewer systems and private developers frequently have not 
been required to meet quantitative limits on stormwater 
runoff volumes and associated pollution levels from sites 
undergoing development or redevelopment, and have 
rarely been required to retrofit developed sites to reduce 
runoff pollution. Moreover, current requirements typically 
do not apply to rapidly-developing areas outside of existing 
urbanized areas. 

Fortunately, the EPA has initiated an effort to improve 
the requirements that govern how stormwater sources are 
controlled to protect water quality. In response to litigation 
filed by NRDC and the Waterkeeper Alliance several years 
ago over the EPA’s failure to update its standards for pollution 
from construction and development activities, the agency 
expects to update the requirements that apply to long-term 
runoff from developed sites by proposing a rule in winter 
2011 and finalizing it in November 2012.17

To adequately address water quality concerns posed by 
runoff pollution, the EPA’s new rules must adopt objective 
performance requirements for control of runoff volume from 
new development and redeveloped sites, which will create 
strong incentives for the deployment of green infrastructure 
approaches. The EPA should also require retrofits in 
existing public and private developed areas and as part of 
infrastructure reconstruction projects. Likewise, the agency 
needs to ensure that significant runoff sources are covered 
wherever they are located.

The EPA’s new rules can and should address new 
development and redevelopment in both combined sewer 
and separately sewered areas. Additionally, for combined 
sewer areas, the agency should update its 16-year-old 
guidance on the development of CSO Long Term Control 
Plans to make clear that, under the CSO Control Policy that 

Congress codified in 2000, CSO communities must conduct 
integrated planning that identifies opportunities to use green 
infrastructure in cost-effective combinations with (or, where 
appropriate, as substitutions for) gray infrastructure. The EPA 
should also provide detailed guidance to its regional offices 
and to states that explains how to draft enforceable green 
infrastructure requirements for inclusion in Clean Water Act 
permits and compliance orders pertaining to CSOs, MS4s, 
and sanitary sewer overflows (SSOs).

use Authority under the current law
Even before the EPA reforms its rules, the agency (and state 
agencies) should use their authority under the current 
law to ensure that communities implement strong green 
infrastructure-based plans that achieve critical water quality 
goals for receiving waters. For instance, communities 
developing CSO long-term control plans increasingly rely 
on enforceable commitments to install green infrastructure 
as a major component of reducing overflows. NRDC 
strongly encourages this approach. The Philadelphia Water 
Department and state environmental officials recently 
signed an ambitious agreement that commits the city to 
deploy, over the next 25 years, the most comprehensive 
network of green infrastructure found in any U.S. city; key 
performance metrics will also be incorporated into the city’s 
CWA permits.18 Cleveland, Cincinnati, Kansas City and other 
cities have similar requirements, which are focused initially 
on near-term investments in green infrastructure, with 
opportunities to substitute more green in lieu of planned gray 
infrastructure in future years.

Applicable CWA standards for reducing CSOs clearly require 
practicable steps like green infrastructure, and the EPA should 
ensure that all future CSO permits and orders incorporate 
green infrastructure as part of an integrated approach; the 
same should also apply to SSOs, wherever excessive inflow 
and infiltration are major contributors to overflows. Likewise, 
because green infrastructure commonly will be a cost-effective 
strategy for reducing pollution from separate stormwater 
systems, EPA and its state counterparts should develop CWA 
permits for these systems that promote green infrastructure 
by requiring on-site retention of stormwater, and that require 
green infrastructure directly, in the form of direct mandates 
to install specific practices throughout the service area. For 
example, under an EPA permit issued in October 2011, many 
development projects in the nation’s capital will soon be 
subject to a strong retention standard. The Washington, D.C. 
MS4 permit requires that the first 1.2 inches of rainfall be 
retained on-site on all new development and redevelopment 
sites that disturb an area greater than 5,000 square feet.19 The 
permit also specifies that the District must install at least 
350,000 square feet of green roofs on city properties and plant 
4,150 or more trees per year.20

RB-AR10367



34 |  Rooftops to Rivers II

RecommenDeD feDeRAl ActIon: 
DePARtment of tRAnsPoRtAtIon
The U. S. Department of Transportation (DOT) should 
provide guidance and funding to address the significant 
contributions of pollutants caused by road and highway 
construction. Contaminants from vehicles and activities 
associated with road and highway construction and 
maintenance are washed from roads and roadsides when 
it rains or when snow melts. A large amount of this runoff 
pollution is carried directly to waterbodies.

The DOT participates in the Partnership for Sustainable 
Communities along with the EPA and the U.S. Department 
of Housing and Urban Development (HUD); the Partnership 
awards grants to support livable and sustainable 
communities. The Partnership’s grants include DOT’s 
Transportation Investment Generating Economic Recovery 
(TIGER) grants, which are awarded on a competitive basis for 
capital investments in surface transportation projects that 
will have a significant impact on the nation, a metropolitan 
area, or a region. Since the TIGER grant program began, only 
a few projects have received funding to implement green 
infrastructure. One of these is the Mercer Corridor project in 
Seattle, which will use TIGER grant funds to reduce Mercer 
Street’s impervious area by 0.7 acre, install natural drainage 
using a “wet median” and rain gardens, and increase the 
tree canopy along the corridor.21 In the future, TIGER grants 
should go further, requiring that some percentage of highway 
funds be used for environmental protection. For example, 
recipients of federal transportation dollars should be required 
to use green infrastructure to protect waterbodies.

RecommenDeD feDeRAl ActIon: 
conGRess
fully fund ePA’s clean water state  
Revolving fund
As noted in Chapter 3, there is a need to invest nearly $300 
billion over the next 20 years in water and wastewater 
infrastructure; $63.6 billion is needed for CSO correction 
alone.22 In the long term, Congress should help states 
and local communities reach these investment levels by 
substantially increasing the federal resources available 
to meet clean water needs through the creation of a trust 
fund or other dedicated source of clean water funding. 
But Congress also needs to act today, by increasing annual 
funding to the Clean Water State Revolving Fund (CWSRF), 
which provides critical assistance for projects that repair 
and rebuild failing water and wastewater infrastructure, and 
which, in recent years, has also focused funding on green 
infrastructure projects. Unfortunately, the CWSRF has been 

a target for cuts during recent federal budget debates. Money 
for the revolving fund was cut dramatically for the current 
fiscal year, and President Obama has suggested cutting nearly 
$1 billion from the CWSRF and its companion program, the 
Safe Drinking Water State Revolving Fund.23

At a minimum, Congress should restore these critical 
funds. There is a strong case that they should be enhanced, 
not only because there are enormous unmet needs, but also 
because these investments yield tremendous economic 
benefits. In a recent letter, for example, 35 members of the 
Senate from across the political spectrum hailed the societal 
payback that comes from investments in water infrastructure: 

 “The U.S. Conference of Mayors notes that each public 
dollar invested in water infrastructure increases private 
long-term gross domestic product output by $6.35. The 
National Association of Utility Contractors estimates that 
every $1 billion invested in water infrastructure creates 
more than 26,000 jobs. In addition, the Department of 
Commerce estimates that each job created in the local 
water and sewer industry creates 3.68 jobs in the national 
economy and each public dollar spent yields $2.62 dollars 
in economic output in other industries. This is a highly 
leveraged Federal investment that results in significant job 
and economic benefits for every dollar spent.”24

Just before this report went to press in November, 2011, 
the “Water Quality Protection and Job Creation Act of 2011” 
was introduced by Representatives Tim Bishop (D-NY), Nick 
J. Rahall (D-WV), Tom Petri (R-WI) and Steven LaTourette 
(R-OH).25  The bill authorizes $13.8 billion over five years for 
wastewater infrastructure through the State Revolving Fund. 
The bill looks promising, although it lacks specifics. Projects 
that “will achieve water-efficiency goals, energy-efficiency 
goals, stormwater runoff mitigation, or environmentally 
sensitive project planning, design and construction”26 will 
receive additional subsidies, but the bill does not make 
clear what those subsidies are. The bill would also provide 
“economic incentives to encourage the adoption of energy- 
and water-efficient technologies and practices to maximize 
the potential for efficient water use, reuse, and conservation, 
and energy conservation, and realize the potential 
corresponding cost-savings for water treatment”27—again, 
promising language, but lacking in specifics. There is no 
direct mention of green infrastructure as a means to achieve 
the water quality benefits envisioned by the legislation.

The bill does establish a Clean Water Trust Fund, which 
can provide up to $10 billion annually that will encourage 
“projects that utilize green infrastructure approaches, 
energy- or water- efficiency improvements, and/or 
the implementation of best management practices.”28 
Unfortunately, the bill does not establish a long-term 
funding mechanism for the Trust Fund, but rather directs the 
Congressional Budget Office to study how to capitalize it. 
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Green Infrastructure for clean water Act
The goal of the Green Infrastructure for Clean Water Act 
(H.R. 2030 and S. 1115) is to help overcome barriers to wide-
scale green infrastructure implementation by improving 
the knowledge base about green infrastructure, supporting 
real-world demonstrations, and better integrating green 
infrastructure into the day-to-day regulatory structure with 
which communities and developers are already familiar. 
 Introduced by Representative Donna Edwards (D-MD)  
and Senators Tom Udall (D-NM) and Sheldon Whitehouse 
(D-RI), the Green Infrastructure for Clean Water Act would:

n  Establish three to five Centers of Excellence for Green 
Infrastructure in universities or research institutions 
located in various regions of the United States to 
investigate regionally relevant green infrastructure  
issues, develop manuals and best practices, and provide 
technical assistance to state and local governments.

n  Provide green infrastructure project grants to state and 
local governments and to stormwater and wastewater 
utilities to plan and develop green infrastructure projects, 
code revisions, fee structures, and/or training materials.

n  Direct the EPA to promote and coordinate the use of  
green infrastructure in permitting programs, research, 
technical assistance, and funding guidance. Notably, it 
would direct the EPA to incorporate green infrastructure 
into consent decrees (something the agency is increasingly 
doing today).

transportation legislation
n  Congress periodically passes bills that fund and authorize 

federal surface transportation projects around the country, 
and the federal transportation bill is due to be renewed. 
These bills provide a major opportunity to address runoff 
pollution from highways and roads; any new bill should 
require roadway projects to retain a certain amount of the 
runoff that their impervious surfaces generate. As noted 
above, in the Energy Independence and Security Act of 
2007, Congress previously required certain federal facilities 
to maintain the “predevelopment hydrology” of a site in 
undertaking specified development projects. This kind 
of approach could serve as a model for transportation 
legislation.

n  In addition, if Congress delays in passing a comprehensive 
transportation bill, or if it acts on a bill lacking needed 
stormwater standards, it can and should pass stand-alone 
legislation requiring federally funded roads and highways 
to control runoff pollution to an objective retention 

standard. Senator Ben Cardin (D-MD) has introduced such 
a bill, the Safe Treatment of Polluted Stormwater Runoff 
Act (S. 898, also known as the STOPS Runoff Act), which 
would require new highways and highway improvement 
projects to maintain or restore the predevelopment 
hydrology of the project site to the maximum extent 
technically feasible.

RecommenDeD locAl ActIon
NRDC’s Emerald City metric identifies six actions cities 
should undertake to fully realize their green infrastructure 
investment. Each action is identified below, along with 
specific policy recommendations for local leaders. Only one 
of the cities profiled in this report, Philadelphia, met all six 
criteria.

n  Develop a long-term green infrastructure plan 
A comprehensive plan lays out a vision for how green 
infrastructure will be implemented across a city. Reducing 
or preventing stormwater runoff remains the most 
effective way to minimize pollution because it prevents 
pollutants from being transported to waterbodies and it 
reduces the total volume that sewer systems must capture 
and treat. Cities that incorporate green infrastructure into 
the earliest stages of community development, and into 
redevelopment of already built-out areas, can negate or 
limit the need for larger-scale, more expensive stormwater 
controls.29 As reported in Chapter 3, a recent survey by the 
American Society of Landscape Architects (ASLA) found 
that green infrastructure reduced or had no impact on 
development costs 75 percent of the time.30 Minimizing 
imperviousness, preserving existing vegetation, and 
incorporating green space into designs all decrease the 
impact that urbanization has on water quality. 

   Six of the cities profiled have long-term green 
infrastructure plans in place (Aurora, Nashville, New York, 
Philadelphia, Syracuse and Toronto). Each plan is tailored 
for its city, although there are similarities. Although not 
a comprehensive plan, Milwaukee modeled part of its 
green infrastructure strategy, Fresh Coast Solutions31 (and 
the underlying analysis) on Philadelphia’s Green City, 
Clean Waters plan.32 Aurora modeled its plan on the 2006 
Rooftops to Rivers report, but tailored it by incorporating 
a number of neighborhood, open space and master 
planning efforts.
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n  Develop and enforce a strong retention standard  
for stormwater

  Cities should identify appropriate retention standards for 
new development and redevelopment to minimize the 
volume of runoff discharged from developed sites. State 
and local stormwater regulations should be revised to 
require retention of a sufficient amount of stormwater 
through infiltration, evapotranspiration, and rainwater 
harvesting to ensure water quality protection. Eight of 
the cities profiled have retention standards in place or 
will have them soon. They range from Washington, DC’s 
1.2-inch retention standard for new development and 
redevelopment, achieved through evapotranspiration, 
infiltration, and rainwater harvesting to Chicago’s half-inch 
standard for new development.  

n  Require the use of green infrastructure to reduce, or 
otherwise manage runoff from, some portion of the 
existing impervious surfaces

   In addition to planning for green infrastructure, cities 
must require its use, specifically to replace impervious 
surfaces or otherwise capture runoff from those areas, over 
a specified period. Six of the cities profiled in this report 
(Milwaukee, New York, Philadelphia, Portland, Syracuse 
and Washington, DC) have such a requirement. As part 
of Philadelphia’s 25-year Green City, Clean Waters plan, 
the city is committed to transform at least 34 percent of 
its impervious surface in combined sewer areas (about 
9,500 acres) into greened acres that manage the first 
inch of runoff onsite. The plan also includes binding 
interim targets in five-year increments. Portland also 
has a requirement to develop a retrofit plan for existing 
impervious surfaces, and has programs designed to 
replace city-owned impervious surfaces along streets and 
on municipal building roofs. 

    Local zoning requirements and building codes should 
also be revised to require or encourage the use of green 
infrastructure. New York City’s zoning rules prohibit 
buildings in low-density districts from paving over their 
entire front yards.33 Toronto will require mandatory 
downspout disconnections starting in November 201134 
and the city adopted construction standards in 2009 
requiring all new buildings and retrofits with more than 
2,000 square meters of floor area (roughly 21,500 square 
feet) to include a green roof.35 

n  Provide incentives for residential and commercial  
private party use of green infrastructure 
Communities should continue to develop innovative ways 
to incentivize the use of green infrastructure on private 
property. Ten of the cities profiled in this report (Chicago, 
Milwaukee, Nashville, New York, Philadelphia, Portland, 
Seattle, Syracuse, Toronto and Washington, DC) provide 
incentives in at least one of the following categories: 
permitting advantages or financial incentives. 

 Permitting Advantages
  Many communities offer advantages in the building and 

development permitting process to those projects that 
incorporate certain green infrastructure elements. For 
example, fast-track permitting procedures have been 
instituted in Chicago (for buildings with green roofs),36 
in Nashville (for buildings with various green features),37 
and in Philadelphia (for properties with 95 percent or 
more of their impervious area disconnected from the 
sewer system).38 Alternatively, communities often offer 
permitting “bonuses” to green infrastructure projects: 
Chicago gives density and building height bonuses for 
projects with green roofs in the city’s business district;39 
Portland has offered developers proposing buildings 
in the Central City Plan District floor area bonuses if a 
green roof is installed;40 and Washington, D.C. is planning 
to implement a “Green Area Ratio” incentive for bonus 
density and land uses, based on a sliding scale of green 
infrastructure practices.41 These permitting advantages 
provide an incentive for green infrastructure at little or no 
cost to the local government.

 Financial Incentives
 Cities around the United States implement grant 
programs that directly pay for the installation of 
green infrastructure practices on private land. New 
York City uses grants to stimulate innovation in green 
infrastructure, providing over $6 million thus far to non-
profit organizations, community groups, and private 
property owners.42 Syracuse developed a $3 million 
“Green Improvement Fund” offering grants for green 
infrastructure retrofits on private property in combined 
sewer drainage areas.43 While not a “grant program” per 
se, Philadelphia offers low-interest (1%) loans for green 
infrastructure retrofits on non-residential property.44

  Rather than directly paying private parties to 
install practices, some cities indirectly finance green 
infrastructure by reducing what private parties pay in 
taxes and fees. Chicago waives permitting fees up to 
$25,000 for developments with a particularly high level 
of green strategy implementation, including exceptional 
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water management.45 New York City and Philadelphia  
both offer a property tax credit for properties with  
green roofs.46,47 

    Additionally, many cities charge private properties 
a stormwater fee based on the amount of impervious 
surface area on the property, while providing a financial 
incentive, in the form of a credit or discount on the fee, 
if property owners install qualifying green infrastructure 
practices. Such systems have already been implemented 
in Kansas City,48 Nashville,49 Philadelphia,50 Portland,51 and 
Seattle.52 Washington D.C. is preparing to add a discount 
component to its imperviousness-based fee system.53 
However, as noted in Chapter 3, it is critical that the fee 
be set at a level such that the discount actually acts as an 
incentive for customers to invest in green infrastructure. 

n  Provide guidance or other affirmative assistance to 
accomplish green infrastructure

  Cities should proactively promote the use of green 
infrastructure through guidance and affirmative action. 
Guidance includes demonstration projects, planning 
workshops and technical manuals. Other activities include 
identifying and overcoming code and zoning barriers. 

    Downspout disconnections, rain barrels, rain gardens, 
and green roofs may individually manage a relatively 
small volume of stormwater but collectively can have a 
significant impact. Eight of our cities (Nashville, New York, 
Philadelphia, Portland, Seattle, Syracuse, Toronto and 
Washington, D.C.) undertake these programs. Portland 
and Toronto provide citizens with assistance and free labor 
as part of their downspout disconnection programs.54,55 
Portland’s downspout disconnection program, for 
example, now diverts 1 billion gallons of stormwater away 
from the combined sewer system each year.

   In Toronto, the municipal government issued 
management guidelines for implementing its Wet 
Weather Flow Master Plan in 2007; the previous year, it 
removed code barriers to allow for indoor rainwater use. 
Washington, D.C. passed a Green Building Act and has 
implemented a comprehensive zoning code review. It also 
provides design and construction assistance as part of its 
“River Smart Homes” program, which helps homeowners 
reduce stormwater runoff from their properties.56 Other 
cities actually go so far as to provide residents with tools 
and materials needed to complete green infrastructure 
projects. New York,57 Philadelphia,58 and Syracuse59 have all 
operated rain-barrel giveaway programs.

   A recent survey60 identified the most common technical 
barrier to more widespread use of green infrastructure 
as uneven knowledge, and lack of experience concerning 
green infrastructure design, maintenance, and benefits at 
the local, state, and even federal level. 

n  ensure dedicated funding source for green infrastructure 
Cities must ensure that adequate funding exists to 
support stormwater management programs. Ten of the 
cities profiled (Aurora, Kansas City, Milwaukee, Nashville, 
New York, Philadelphia, Portland, Seattle, Syracuse and 
Washington, D.C.) have a dedicated funding source 
for green infrastructure. Many cities charge private 
properties a stormwater fee based on the amount of 
impervious surface area on the property. These fee systems 
often include a credit or discount component where 
customers pay smaller fees if they install qualifying green 
infrastructure practices on their properties. As noted 
above, these fee structures also create a financial incentive 
for property owners to invest in green infrastructure.

RecommenDeD stAte ActIon
States also have a critical role in promoting green 
infrastructure by integrating it into state guidance and 
regulatory actions.

n  undertake state-wide green infrastructure planning 
In the same way that transportation planners link roads, 
highways and bridges, states should develop green 
infrastructure plans that connect natural systems to 
maximize ecological and environmental benefits. The 
goal of Maryland’s Green Infrastructure Assessment is to 
provide a “comprehensive strategy for land conservation 
and restoration.”61 Florida’s Statewide Greenways System is 
a physical plan to put such a system in place.62 

n  Develop and enforce permitting programs that require  
the use of green infrastructure 
Most states are authorized to implement the National 
Pollutant Discharge Elimination System (NPDES) program. 
States should use this authority, as well as inherent state 
authorities, to establish performance standards and 
green infrastructure requirements for new development, 
redevelopment, and retrofitting of existing developed 
areas. Some states, including California, Maryland, 
Maine, Minnesota, New Jersey, and Wisconsin, already 
incorporate green infrastructure into NPDES permitting 
requirements. Maine’s stormwater regulations include a 
retention standard that applies to developments over a 
certain size in the watershed of an impaired stream. It also 
“strongly encourages applicants to incorporate low-impact 
development [green infrastructure] measures where 
practicable.63

   And, as noted above, a number of states have on-site 
retention requirements that apply statewide.
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n  ensure that state building and other development- 
related codes and standards do not pose an  
unreasonable barrier to green infrastructure 
States play a central role in conditioning and setting 
standards applicable to development and redevelopment 
projects through state building codes and other 
regulations. These may include adopting green “stretch” 
codes developed by bodies like the International Code 
Council’s International Green Construction Code 
and the U.S. Green Building Council’s Leadership in 
Energy and Environmental Design (LEED®) standards. 
Green infrastructure practices such as swales, pervious 
pavement, cisterns and water reuse, among others, are 
more readily included in construction projects when 
standards and specifications are clear. When developers 
must surmount additional hurdles to gain approvals for 
green infrastructure elements in projects, or where each 
request to do so is dealt with on a case-by-case basis, these 
cost-saving approaches may be viewed as more trouble 
than they are worth. States can address this problem 
by adopting clear standards and guidelines for green 
infrastructure techniques, assuring that their inclusion in 
development and redevelopment will not be slowed by 
confusion surrounding applicable regulations.

n  eliminate hurdles to ensure availability of appropriate 
funding sources

  The Clean Water State Revolving Loan Fund (SRF) 
programs have always been available to fund stormwater 
management projects, although the vast majority of 
SRF money typically goes to wastewater treatment 
projects. States should ensure that no eligibility hurdles 
remain (Illinois’s statute previously limited eligibility of 
these funds to wastewater projects) for municipalities 
to implement a range of green infrastructure projects, 

including water reuse and the installation of graywater and 
rainwater systems. Other, specific revenue streams can also 
be dedicated to environmental improvements, including 
green infrastructure. For example, New York state’s 
Environmental Protection Fund is funded by a real estate 
transfer fee and supports programs such as Water Quality 
Improvement Project grants, which fund stormwater and 
green infrastructure projects.64 States can also establish 
their own dedicated sources of funding to support 
environmental improvements like green infrastructure, 
such as through bond acts (as in Los Angeles) and real 
estate transfer taxes (as in New York state).

   Additionally, states should ensure that local governments 
are authorized to establish self-sustaining stormwater 
utilities that can charge fees to property owners based 
on the size of their impervious areas and provide credits 
for retrofits that reduce impervious area or otherwise 
manage runoff onsite. Further, in combination with 
such fee structures that incentivize on-site stormwater 
management, states can authorize retrofit financing 
programs, such as on-bill financing and PACE-type 
mechanisms (described in Chapter 3), which can 
accelerate investment in green infrastructure retrofits. 

   State transportation agencies should also ensure that 
their regulations match or exceed federal guidelines. 
As with the recommendations made above for the U.S. 
Department of Transportation, state agencies should 
require state-funded roadway projects to retain a certain 
amount of the runoff generated by their impervious 
surfaces. They could require that some percentage of 
highway funds be used for environmental protection.  
For example, recipients of state transportation dollars 
should be required to use green infrastructure to protect 
waterbodies.
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AuRoRA, IllInoIs  
A CASE STUDY OF HOW GREEN INFRASTRUCTURE IS HELPING MANAGE URBAN STORMWATER CHALLENGES

tyPes of GReen InfRAstRuctuRe useD: Rain barrels/cisterns, permeable pavement, rain gardens, infiltration 
trenches or vaults, vegetated swales, street trees, planter boxes, downspout disconnection, naturalized storm basins

The city of Aurora based its green infrastructure plan on the 2006 
Rooftops to Rivers report. The city later developed a Naturalized 
Stormwater Management Corridor Plan (NSMCP) to address the 

role of green infrastructure as its single sewer pipe was replaced with 
two pipes. Aurora’s mayor, Tom Weisner, has successfully integrated 
green infrastructure (GI) into the planning done by all city departments. 
Aurora follows Kane County’s retention ordinance and has both dedicated 
funding and guidance on the use of green infrastructure. Unfortunately, 
the city has established few incentives for private-party actions, 

although it was instrumental in the passage of a revised stormwater ordinance for Kane County that 
provides incentives for developers to use green infrastructure best management practices (including 
rain gardens and permeable pavement) to reduce detention pond sizes. The city has no existing 
requirement to use GI to reduce existing impervious surfaces. 

bAcKGRounD
Aurora, the second-most populous city in Illinois, lies 35 
miles west of Chicago and straddles Kane, DuPage, Kendall, 
and Will counties. Aurora has a combined sewer system that 
dates back to the 1800s. To date, the city has spent more than 
$200 million to reduce combined sewer overflows as well as 
improve stormwater conveyance. In 2009 the city initiated a 
Rooftops to Rivers stormwater infrastructure project designed 
to provide a more comprehensive, integrated approach to 
citywide sustainability planning, with the 2006 Rooftops 
to Rivers publication serving as inspiration.1 The city is 
developing a 20-year Combined Sewer Overflow Long-
term Control Plan to address overflows. A draft of the plan, 
submitted to the Illinois EPA in 2010, identifies both green 
and conventional infrastructure approaches to stormwater 
control.2 Most recently, Aurora alleviated the impacts of wet 
weather on its combined sewer system in three target areas 
by constructing 16,000 linear feet of storm sewer at a cost of 
$3.8 million.3

A u R o R A ,  I l l I n o I s

emeRAlD cIty cRIteRIA*

 Existing requirement to use GI to reduce some 
portion of the existing impervious surfaces?

 Incentives for private-party actions?

n3  Long-term Green Infrastructure (GI) Plan?

n3 Retention Standard?

n3  Guidance or other affirmative assistance  
to accomplish GI within City?

n3  Dedicated funding source for GI?

total criteria score

4

Out of a possible 6

RB-AR10376



Aurora, Illinois 2 |  Rooftops to Rivers II

While Aurora occupies parts of four separate counties, 
the city adheres to Kane County’s Stormwater Management 
Ordinance. Adopted in 2002, the Kane County ordinance 
includes volume control measures that require runoff from 
up to a 0.75-inch rainfall event to be stored or retained 
on-site. While the runoff volume can evapotranspirate 
or infiltrate into a subsurface drainage system, no direct 
positive connection to downstream areas is allowed. Green 
infrastructure practices such as leaving soils undisturbed 
during construction and maximizing vegetation, which 
promotes infiltration and evapotranspiration, and may 
be used in lieu of traditional detention practices for 
developments requiring less than 1 acre-foot of detention. 
The stormwater manual was modified in 2009 to allow the 
use of permeable pavements, rain gardens, infiltration 
trenches, level spreaders and filter strips, and naturalized 
stormwater basins.4 

PlAnnInG
As mentioned earlier, Aurora used the 2006 Rooftops to Rivers 
report as a framework to bring together a range of plans 
and guidance documents that include land use controls 
and direction for the use of green infrastructure practices in 
recreational, development, redevelopment, and brownfields 
projects.5 In 2010 Aurora also completed a Naturalized 
Stormwater Management Corridor Plan (NSMCP) to 
address the role of green infrastructure as a single sewer 
pipe is replaced with two pipes. While the separation will 

reduce CSO occurrences, it will also increase the amount of 
stormwater flowing into the Fox River. To counteract this, 
green infrastructure will be used to reduce pollution and 
stormwater volumes. The NSMCP identifies a system  
of interconnected green infrastructure corridors and 
addresses stormwater strategies at the neighborhood, block, 
and site levels.

wAteR conseRvAtIon
The Fox River, which runs through downtown Aurora, is 
a primary source of drinking water for Aurora and several 
nearby towns. The health of the river, which is on the EPA’s 
list of impaired waters, is seen as critical not for just the 
revitalization of downtown Aurora but for the protection of 
drinking water for Aurora and communities downstream. 
Slowing flow and cleaning water prior to its reaching the 
stream also helps recharge groundwater, which is another 
source of drinking water for Aurora, and reduces treatment 
costs for the Aurora Water Treatment Plant. In light of this, in 
2006 the city implemented a year-round water conservation 
ordinance and water conservation education program.6 
In addition, Mayor Tom Weisner recently helped form the 
NorthWest Water Planning Alliance, which consists of elected 
county and municipal leaders from 79 communities and five 
counties. Their mission is to work collaboratively to address 
regional water supply and groundwater recharge issues in an 
economically and environmentally sound manner.7
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Aurora used the 2006 Rooftops to Rivers report as a planning framework to bring together a range of plans and guidance documents that include 
land use controls and direction for the use of green infrastructure practices in recreational, development, redevelopment, and brownfield projects.
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fInAnce stRAteGy
To finance the city’s green infrastructure and stormwater 
management projects, Aurora relies on stormwater funds, 
bonds, loans, and grants. Sewer separation projects, 
budgeted at $4 million for 2011, are financed through the 
Water and Sewer Fund, which for 2011 is supported largely 
by a 2006 water revenue bond and interest-free loans from 
the Illinois EPA. Sewer separation work performed in 2010 
was covered primarily through an American Recovery and 
Reinvestment Act grant and interest-free loans from the 
Illinois EPA.8 

Aurora ‘s Stormwater Management Fee Fund is financed 
primarily through a $6.90 bimonthly charge to each 
residential and business water and sewer service account. 
Other sources of funding include loans from the Illinois EPA 
and grants through the Clean Water Act.9 Over the past five 
years, the city has completed $68 million of transportation 
and utility projects (with $52 million from grant sources, 
some of which is specifically targeted for stormwater 
control).10 As a result of the Rooftops to Rivers planning 
process, the city also identified and completed three green 
infrastructure demonstration projects and developed a 
stormwater tool kit with funding from a Clean Water Act grant 
through the state.

The city does not currently utilize many incentives to 
encourage the use of green infrastructure. In 2010 a green 
permit program was developed to encourage and recognize 
green building construction. Under the plan, points are 
awarded for site-development and land-use measures that 
reduce water consumption, such as floodplain conservation, 
the addition of conservation areas, and graywater collection.11 
As part of the 2006 water conservation ordinance, developers 
are also provided educational materials on water-efficient 
measures during the construction process, and past efforts 
have included the distribution of water conservation kits. 
In addition, as part of its partnership with the state of 
Illinois to provide up to $20 million in tax incentives and 
funding to help revitalize its downtown riverfront, the River 
Edge Redevelopment Initiative also allocates EPA grants 
in the amount of $2 million to help with environmental 
remediation. 

*emeRAlD cIty RAtInG system 

Each of the cities profiled in Rooftops to Rivers II is a leader in green 
infrastructure investment—rethinking the design of municipal services 
and infrastructure. These cities leverage funding in creative ways. They 
provide tools to residential and commercial land owners to retrofit 
private properties and realize the multiple benefits provided by green 
infrastructure. In short, they are changing how cities look and function.

NRDC’s Emerald City Rating System identifies six actions cities should 
undertake to maximize their green infrastructure investment. Our metric 
does not directly compare one city to another, due to geographical, 
population, budgetary and other differences. Instead, it identifies the 
presence or absence of common factors of success that NRDC believes 
are essential elements of a robust green infrastructure commitment. 
Only one city profiled, Philadelphia, is undertaking each of the actions 
identified, although each city is undertaking at least one. 
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Chicago has been and continues to be a green infrastructure leader in 
many areas, including urban forestry, green roofs, and green alleys. Its 
Climate Action Plan recognizes the importance of green infrastructure 

in adapting to climate change and sets some ambitious goals in terms 
of canopy cover and green roofs, which the city is close to meeting. Its 
“Adding Green to Urban Design” manual provides guidance to implement 
green infrastructure, although many of its recommendations on ordinance 
changes have not occurred. Chicago has some challenges, most notably the 
lack of a comprehensive plan to integrate its GI programs and the absence 

of a requirement to use green infrastructure to reduce impervious surfaces. It also lacks a dedicated 
funding source, and although the city has successfully leveraged partners and outside funding sources 
to provide incentives and implement projects, those sources may not be available in the future. Chicago 
also has a new mayor, Rahm Emanuel (elected in May 2011), whose environmental agenda is still 
being formed. Mayor Emanuel’s challenge (and opportunity) is to take the individual green infrastructure 
successes the city has enjoyed over the past 20 years to the next level. For example, Chicago created 
a detailed sewer model that would allow the city to strategically place green infrastructure in areas to 
reduce basement flooding and (eventually) combined sewer overflows; however, there is currently no 
process to integrate green infrastructure into the sewer capital planning process.

chIcAGo, IllInoIs  
A CASE STUDY OF HOW GREEN INFRASTRUCTURE IS HELPING MANAGE URBAN STORMWATER CHALLENGES

tyPes of GReen InfRAstRuctuRe useD: Green roofs, rain barrels/cisterns, permeable pavement, rain gardens, 
infiltration trenches or vaults, vegetated swales, street trees, planter boxes, stream buffers

bAcKGRounD
The city of Chicago, the third most populous city in the 
United States, lies at the confluence of the Chicago River 
and Lake Michigan. In 1856, Chicago built a combined 
stormwater conveyance system to help reduce flooding in 
the burgeoning city.1 Worries about flooding were quickly 
followed by concerns about the water quality of Lake 
Michigan—the city’s source of drinking water—and in the 
early 1900s, city engineers from what is now known as the 
Metropolitan Water Reclamation District (MWRD) reversed 
the Chicago River’s natural flow to keep sewage and stockyard 
pollution from entering the lake. 

c h I c A G o ,  I l l I n o I s

emeRAlD cIty cRIteRIA*

 Long-term Green Infrastructure (GI) Plan?

 Existing requirement to use GI to reduce some 
portion of the existing impervious surfaces?

 Dedicated funding source for GI?

n3  Incentives for private-party actions?

n3 Retention Standard?

n3  Guidance or other affirmative assistance  
to accomplish GI within City?

total criteria score

3

Out of a possible 6
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chIcAGo’s GReen Roof PRoGRAm
A national leader in green roof installations, Chicago has 
nearly 500 green roofs totaling almost 5.5 million square 
feet either completed or under way.6 The city is completing 
an assessment using satellite imagery to more accurately 
calculate the total square footage of green roofs that have 
been built and to evaluate their health. Results are expected 
to be released later this year.7 

Chicago started its program in 2001 with the installation 
of a 20,000-square-foot green roof on City Hall. Since then, 
the city has initiated various incentives, including a density/
building height bonus for green roofs in Chicago’s business 
district, a fast-track permitting process (the Green Permit 
Program), and, for those developments with a particularly 
high level of green strategy implementation, including 
exceptional water management, a maximum waiver of 
$25,000 for processing the building permit and associated 
fees.8,9 Between 2005 and 2007, Chicago also had a Green 
Roof Grants Program that assisted with the costs of more than 
70 green roof projects.10 According to the Green Roofs for 
Healthy Cities 2011 Annual Industry Survey, Chicago was the 
leading U.S. city in installing green roofs in 2010.11

Chicago requires all new city buildings to have at a 
minimum a partial green roof and to achieve silver LEED® 
certification. The majority of green roofs have been installed 
under regulations requiring every developer receiving city 
assistance (either financial or zoning) to include a cool 
roof, per city code, or vegetated roof, per the Sustainable 
Development Policy, with the remainder of the roof meeting 
Energy Star–level reflectivity requirements.12 And with all the 
green roofs going up, Chicago has seen the cost of installation 
go down, with the average price dropping from $25 to $15 per 
square foot.13

GReen Alleys AnD sustAInAble 
stReets 
Greening strategies in the city are not limited to buildings. 
Another initiative, Greening Chicago’s Alleys, uses permeable 
pavements, as well as proper grading and pitch, in the city’s 
more than 13,000 alleys to improve infiltration and reduce 
runoff. As Chicago has grown, its originally gravel and dirt 
alleys, which allowed some water to infiltrate the soils, 
were paved over, increasing the likelihood of flooding both 
within the alleys and on surrounding properties during 
storm events.14 In 2006, the city conducted five pilot projects 
to see whether permeable pavements would provide an 
alternative to connecting sewer mains from the alleys to the 
city’s sewer system, which would be cost-prohibitive, create 
an increased burden on the combined sewer systems, and 

More than a century later, flooding and water quality still 
remain major issues for the city, and the River continues to 
receive CSO discharges following rain events of as little as 
0.67 inch in a 24-hour period.2 Additionally, MWRD currently 
does not disinfect the treated sewage effluent discharged 
to the river, as is done in virtually every other major U.S. 
city, although it recently agreed, under pressure from the 
U.S. EPA, to begin installation of disinfection equipment at 
two of its three major treatment plants.3 These plants also 
discharge large amounts of phosphorus, known to fuel algal 
blooms, impacting downstream waters all the way to the Gulf 
of Mexico, where the Chicago watershed is the largest single 
contributor to Gulf “dead zone” conditions.4 

The river also faces newer threats, such as climate change 
and invasive species. In fact, the most recent incursion of 
bighead and silver Asian carp is considered one of the most 
acute aquatic invasive species threats facing the Great Lakes 
region today.5 As a consequence of these various issues, 
the Chicago River was recently named one of the “most 
endangered rivers” by American Rivers. 

To tackle the flooding and CSO problems, the MWRD 
initiated the building of a $3.4 billion deep tunnel and 
reservoir system in 1972. However, the end date has 
continually been pushed back, and the system remains many 
years away from completion. 

While MWRD has been slow to consider the use of green 
infrastructure, the city of Chicago has embraced it since 1998 
under the leadership of former Mayor Richard M. Daley. At 
that time, Chicago’s stormwater management program, as 
well as other initiatives throughout the city, began placing 
greater emphasis on the utilization of green infrastructure, 
such as vegetated swales, infiltration trenches, rain gardens, 
and green roofs. Two of Chicago’s initiatives profiled in 
the 2006 Rooftops to Rivers report, green roofs and green 
alleys, have seen significant growth in the past five years. 
In addition, the city launched the Chicago Climate Action 
Plan (CCAP) in 2008. It outlines how Chicago will achieve 
its goals of reducing greenhouse gas emission to 25 percent 
below 1990 levels by 2020, and 80 percent by 2050. Two green 
infrastructure strategies are central to the effort: capturing 
stormwater on-site and cooling the city with green roofs  
and trees. 
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As of 2010, more than 215,000 square feet of permeable pavement 
have been installed in parking lots, sidewalks, parking lanes, bike 
lanes, and plazas.
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increase basement flooding.15 The Chicago Department of 
Transportation (CDOT) incorporated green alleys into a term 
contract for alley reconstruction going out for bid in 2007; on 
average, 20 to 40 alleys are reconstructed per year. There was 
just one green alley identified in the first Rooftops to Rivers 
report, but since then, more than 150 have been installed.16 
As for costs, CDOT saw prices come down as a market for 
permeable paving began to develop;17 the agency recently 
stated that the costs of constructing green streets is no more 
expensive than the cost of traditional alleys.18 

CDOT is now integrating green stormwater management 
techniques into its street improvement projects; as of 2010, 
more than 215,000 square feet of permeable pavement have 
been installed in parking lots, sidewalks, parking lanes, bike 
lanes, and plazas. CDOT recently started construction on 
a comprehensive Sustainable Streetscape demonstration 
project. This 1.5-mile-long pilot project on the city’s near 
southeast side demonstrates sustainable design techniques 
and associated benefits of green infrastructure for the urban 
ecosystem. The comprehensive streetscape project has 
established eight environmental performance goal areas. 
Background data and monitoring data are already being 
collected, and a final report will include pre-improvement 
conditions, predicted outcomes based on stormwater 
modeling, the monitoring plan, documentation of equipment 
installation, and monitoring results.19 

uRbAn foRests AnD RIveRbAnK 
PRotectIon
Annually, Chicago spends roughly $8 million to $10 million to 
plant 4,000 to 6,000 trees (with another 2,500 trees planted by 
the Chicago Park District), which has helped to increase the 
tree canopy from 11 percent in 1991 to 17.6 percent in 2008.20 
In 2009, Chicago created an Urban Forest Agenda to continue 
to strengthen the city’s natural environment by maintaining 
and conserving trees, expanding the urban forest, integrating 
green infrastructure, and fostering stewardship. The agenda, 
an effort to tie the maintenance and planting of street trees to 
stormwater management,21 sets a goal of achieving a citywide 
average tree canopy cover of 20 percent by 2020 through a 
public/private effort called the Chicago Trees Initiative.22 To 
account for the impacts of climate change, the city’s planting 
experts are also reevaluating their tree planting standards and 
plant lists, with an eye toward comprehensive tree diversity 
and the use of only those species able to endure future 
climate conditions.23 

Chicago has also made a concerted effort to protect 
land along the river from development. Since 1998, the city 
has built or expanded nine parks along the Chicago River, 

reconstructed 4,000 linear feet of riverbanks, and, with the 
assistance of the private sector, installed 13 miles of river 
walk. The Chicago Park District has also purchased 43 acres 
of new parkland along the river since 2005.24

fInAnce stRAteGy
Chicago does not have a dedicated stormwater fee. Its green 
infrastructure initiatives are embedded across a number of 
departments, each with its own finance stream, including the 
general fund, grants, the water enterprise fund, and the sewer 
enterprise fund. As a result, the costs and fees associated 
with green infrastructure are not separated out from those of 
traditional infrastructure services.25 

The absence of a dedicated stormwater fund limits 
opportunities for the city to provide incentives for reductions 
in impervious surfaces or the use of green infrastructure 
practices. Regardless, Chicago has done a good job over the 
years of offering incentives through various programs. The 
Department of Environment oversaw the promotion of green 
development, environmental enforcement activities and 
conservation and energy policies. However, as of January 1, 
2012, the Department will no longer exist as a stand-alone 
unit. Its functions will be absorbed by other departments 
and a Chief Sustainability Officer, reporting to the Mayor, 
will oversee and develop the City’s environmental policies.26 
Chicago’s Sustainable Backyard Program offers rebates to 
residents for up to 50 percent of the cost of trees, native 
plants, and rain barrels, building upon a rain barrel program 
that has offered nearly 7,000 subsidized barrels to residents 
since 2004.27 The Sustainable Development Division and 
pilot tax increment financing Green Roof Improvement 
Fund (GRIF) fall under the new Department of Housing and 
Economic Development. However, the Green Roof Grants 
Program and GRIF are currently unfunded.

Green permits, which include green buildings and 
buildings with exceptional water management, are a function 
of the Department of Buildings.28 A stormwater ordinance 
went into effect in 2008 (and was updated in 2011); while it 
places greater emphasis on reducing imperviousness and 
implementing green infrastructure techniques, it requires 
the capture of only the first half-inch of rain (or a 15 percent 
reduction in impervious surface29). Further, it applies only 
to developments of more than 15,000 square feet in size and 
impervious open-space areas (such as parking lots) of 7,500 
square feet or more.30 

Potable water, wastewater and stormwater runoff, 
and the cleaning and upgrading of sewer lines are the 
responsibility of the Department of Water Management, 
and revenues to support these services come primarily from 
two enterprise funds for water and sewer.31 Green alleys and 
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green streetscapes projects are managed by CDOT, and tree 
plantings are primarily the responsibility of the Department 
of Streets and Sanitation’s Bureau of Forestry, CDOT’s Green 
Streets, and the Chicago Park District. Funding for these 
sources comes largely from the Capital Improvements Funds 
and neighborhood capital improvement bonds, as well as 
the vehicle tax and motor fuel tax funds, which are both 
special revenue funds.32 As Chicago continues to advance 
its sustainability work, especially through increasing green 
infrastructure and permeable areas, the Chicago Climate 
Action Plan (CCAP) is intended to be an important tool for 
guiding next steps and prioritizing goals.

*emeRAlD cIty RAtInG system 

Each of the cities profiled in Rooftops to Rivers II is a leader in green 
infrastructure investment—rethinking the design of municipal services 
and infrastructure. These cities leverage funding in creative ways. They 
provide tools to residential and commercial land owners to retrofit 
private properties and realize the multiple benefits provided by green 
infrastructure. In short, they are changing how cities look and function.

NRDC’s Emerald City Rating System identifies six actions cities should 
undertake to maximize their green infrastructure investment. Our metric 
does not directly compare one city to another, due to geographical, 
population, budgetary and other differences. Instead, it identifies the 
presence or absence of common factors of success that NRDC believes 
are essential elements of a robust green infrastructure commitment. 
Only one city profiled, Philadelphia, is undertaking each of the actions 
identified, although each city is undertaking at least one.

RefeRences

1 City of Chicago, “Combined Sewers,” accessed at www.cityofchicago.
org/city/en/depts/bldgs/supp_info/combined_sewers.html. 

2  Metropolitan Water Reclamation District of Greater Chicago, “The 
District and its History,” accessed at http://www.mwrd.org/irj/portal/anon
ymous?NavigationTarget=navurl://138bf9fb3cd95634e37c28ef50eccef1;H
enderson, H., T. Cmar, and K. Hobbs (2010). “Re-Envisioning the Chicago 
River: Adopting Comprehensive Regional Solutions to the Invasive 
Species Crisis.” NRDC, accessed at www.nrdc.org/water/Chicagoriver/
files/Chicago%20River.pdf

3 Lyderson, K. “Pressures to Improve Water Quality in Chicago River,” 
The New York Times, May 19, 2011, accessed at http://www.nytimes.
com/2011/05/20/science/earth/20cncriver.html?_r=1.

4 United States District Court for the Northern District of Illinois. Natural 
Resources Defense Council, Inc., Sierra Club, Inc., and Prairie Rivers 
Network v. Metropolitan Water Reclamation District of Greater Chicago. 
Case No. 11-CV-2937. May 3, 2011. http://docs.nrdc.org/water/files/
wat_11050301a.pdf.

5 Henderson, H., T. Cmar, and K. Hobbs (2010). “Re-Envisioning the 
Chicago River: Adopting Comprehensive Regional Solutions to the 
Invasive Species Crisis.” NRDC, accessed at www.nrdc.org/water/
Chicagoriver/files/Chicago%20River.pdf. 

6 M. Berkshire, personal communication, September 28, 2011.

7 M. Berkshire, personal communication, May 18, 2011.

8 Taylor, D.A. (2007). “Growing Green Roofs, City by City,” 
Environmental Health Perspectives, 115(6): A306 – A311, accessed at 
http://ehp03.niehs.nih.gov/article/fetchArticle.action?articleURI=info:d
oi/10.1289/ehp.115-a306.

9 More information on Chicago’s green permits may be accessed at 
www.cityofchicago.org/city/en/depts/bldgs/provdrs/green_permit.html. 

10 City of Chicago. “Green Roof Grants Programs,” accessed at http://
www.cityofchicago.org/city/en/depts/doe/supp_info/green_roof_
grantsprograms.html.

11 Green Roofs for Healthy Cities (2011). “Annual Green Roof Industry 
Survey”, accessed at: http://www.greenroofs.org/resources/2011_GRHC_
Survey_Report.pdf, P. 5.

12 M. Berkshire, personal communication, May 18, 2011. 

13 Hawkins, K. (November 13, 2009). “Chicago Green Roofs: Seven 
Million Square Feet and Growing,” accessed at hpigreen.com/2009/11/13/
chicago-green-roofs-seven-million-square-feet-and-growing/. 

14 Buranen, M. (2008). “Chicago’s Green Alleys,” Stormwater 9(7), 
accessed at: http://www.stormh2o.com/october-2008/chicago-green-
alleys.aspx.

15 “Green Alleys,” City of Chicago, accessed at: www.cityofchicago.org/
city/en/depts/cdot/provdrs/alley/svcs/green_alleys.html. 

16 Attarian, J.L. (2010). “Greener Alleys,” Public Roads. 73(6). 
FHWA-HRT-10-004, accessed at www.fhwa.dot.gov/publications/
publicroads/10mayjun/05.cfm. 

17 “Green Alleys”.

18 Kaufman, L . “A City Prepares for a Warm Long-term Forecast,” 
The New York Times, May 22, 2011, accessed at http://www.nytimes.
com/2011/05/23/science/earth/23adaptation.html?pagewanted=all.

19 A. Durnbaugh, S. Abu-Absi, personal communication, May 20, 2011.

20 Kaufman, L. “A City Prepares for a Warm Long-term Forecast,” The 
New York Times, May 22, 2011.

21 City of Chicago (2009). “Chicago’s Urban Forest Agenda,” accessed 
at www.cityofchicago.org/city/en/depts/doe/supp_info/chicago_s_urban_
forestagenda.html.

22 City of Chicago (2009). “Chicago Tree Initiative,” accessed at http://
www.chicagotrees.net/.

23 Kaufman, L. “A City Prepares for a Warm Long-term Forecast,” The 
New York Times, May 22, 2011.

24 City of Chicago (2010). “Environment,” accessed at http://www.
cityofchicago.org/content/city/en/progs/env/supp_info.html. 

25 The Civic Federation (2007). “Managing Urban Stormwater with Green 
Infrastructure: Case Studies of Five U.S. Local Governments,” prepared 
for the Center for Neighborhood Technology, accessed at www.cnt.org/
repository/GreenInfrastructureReportCivicFederation%2010-07.pdf.

26 City of Chicago (2011). “Budget 2012 Overview,” p. 3, accessed 
at http://www.cityofchicago.org/content/dam/city/depts/obm/supp_
info/2012%20Budget/2012BudgetOverview.pdf.

27 City of Chicago (2011). “Department of Environment’s Chicago 
Sustainable Backyard Program”, accessed at www.cityofchicago.org/
rainbarrel. 

RB-AR10382



chicago, Illinois 5 |  Rooftops to Rivers II

28 The Civic Federation (2007). “Managing Urban Stormwater with Green 
Infrastructure: Case Studies of Five U.S. Local Governments,” prepared 
by the Center for Neighborhood Technology. 

29 Jaffe, M., et al. (June 24, 2010). “Using Green Infrastructure to 
Manage Urban Stormwater Quality: A Review of Selected Practices and 
State Programs,” draft report to the Illinois Environmental Protection 
Agency, accessed at http://www.epa.state.il.us/green-infrastructure/docs/
public-act-recommendations.pdf.

30 City of Chicago (2011). “Stormwater Management Ordinance Manual”, 
accessed at http://www.cityofchicago.org/content/dam/city/depts/water/
general/Engineering/SewerConstStormReq/2011StormwaterManual.pdf.

31 City of Chicago (2010). “Budget 2011: Overview and Revenue 
Estimates”, accessed at http://chicityclerk.com/citycouncil/
budget/2011/2011_Overview_and_Revenue_Estimates.pdf.

32 Kaufman, L. “A City Prepares for a Warm Long-term Forecast,” The 
New York Times, May 22, 2011.

RB-AR10383



Kansas city, missouri 1 |  Rooftops to Rivers II

KAnsAs cIty, mIssouRI  
A CASE STUDY OF HOW GREEN INFRASTRUCTURE IS HELPING MANAGE URBAN STORMWATER CHALLENGES

tyPes of GReen InfRAstRuctuRe useD: Green roofs, rain barrels/cisterns, permeable pavement, rain gardens, 
infiltration trenches or vaults, vegetated swales, street trees, stream buffers, downspout disconnection

Kansas City has only recently turned to green infrastructure as a 
means of reducing stormwater runoff and CSO events. The city 
broke ground in June 2011 on its first wide-scale pilot project, the 

Middle Blue River Basin Green Solutions Pilot Project. The project will 
focus on green infrastructure as the sole control for CSOs in a 100-acre 
residential area of the city’s Marlborough neighborhood and will serve 
as a model for future funding of projects to utilize green infrastructure 
as a CSO control method. The city had earlier kicked off a “10,000 Rain 
Gardens” initiative in 2005 to encourage residents to voluntarily install 

rain gardens on their property as a means of reducing stormwater runoff. Kansas City also added 
measures under its CSO Overflow Control Plan to integrate green infrastructure into city planning and 
to promote preservation and enhancement of green infrastructure in the city as a tool for economic 
development. The intended approach is based on adaptive management strategies to determine 
where and how much volume reduction can realistically be achieved. However, funding for initiatives 
such as future rain gardens and downspout disconnection campaign has been uncertain, the city has 
yet to offer strong incentive programs for private application of green infrastructure, and it has yet to 
fully integrate green infrastructure into its long-term planning overall. Hopefully Kansas City’s initial 
efforts will serve as a catalyst for further, and more comprehensive, efforts to incorporate the use of 
green infrastructure into its planning. 

bAcKGRounD
Kansas City, Missouri, sits at the confluence of the Kansas 
and Missouri rivers and is part of a metropolitan area that 
extends into the state of Kansas. Like those of many older 
cities in the United States, Kansas City’s sewer systems are 
aging. Each year, combined sewer overflows discharge 6.5 
billion gallons of untreated effluent, and sanitary sewer 
overflows discharge another 100 million gallons.1 During 
large storms, these systems can become overwhelmed by 
excess water, causing flow volume and bacteria levels to 
impact surrounding water quality,2 and the sewer systems to 
reach their conveyance capacity. This increases the likelihood 
of sewer backup and localized flood events. In 2010, as part 
of a Clean Water Act settlement, Kansas City entered into a 
consent decree with the U.S. EPA to eliminate all discharges 
from its sanitary sewer system and reduce discharges from 
CSOs by 5.4 billion gallons per year by 2025, at an estimated 
cost of $2.5 billion.3 

K A n s A s  c I t y,  m I s s o u R I

emeRAlD cIty cRIteRIA*

 Existing requirement to use GI to reduce some 
portion of the existing impervious surfaces?

 Long-term Green Infrastructure (GI) Plan?

Retention Standard?

n3  Incentives for private-party actions?

n3  Guidance or other affirmative assistance  
to accomplish GI within City?

n3  Dedicated funding source for GI?

total criteria score

3

Out of a possible 6
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The city submitted an Overflow Control Plan in 2008 
under which it would invest $28 million in pilot projects over 
five years to evaluate the effectiveness of green infrastructure 
as a widespread, systemic solution to sewer overflows, with 
allowances for gray infrastructure to be swapped with green 
if the pilot proved successful. Upon review, the city council 
directed the Water Services Department to move ahead 
with efforts to shift more emphasis onto green solutions,4 
and in 2009 the city submitted a plan that budgeted $78 
million for green infrastructure projects. In total, the plan 
includes the $28 million pilot project, plus, upon successful 
implementation of the pilot, an additional $40 million for 
green infrastructure controls, $5 million for rain garden and 
downspout disconnection incentives, and $5 million for 
green-collar jobs,5 making it one of the largest municipal 
green infrastructure projects in the nation to control 
combined sewer overflows.6 The plan has also budgeted 
$24 million for the monitoring and modeling necessary to 
evaluate the success of all project components.7 
 The development of both the Overflow Control Plan 
and management of stormwater fell under the Wet 
Weather Solutions Program of Kansas City’s Water Services 
Department. Under its 2008 Manual of Best Management 

Practices for Stormwater Quality, created for the Kansas City 
Metropolitan Area and the Mid-America Regional Council 
planning region, the city added volume controls and a 
treatment train approach to stormwater management that 
serves to filter pollution out of runoff and slow the flow of 
runoff so it can percolate into the soil.8 Over the past two 
years, Kansas City has also instituted additional measures 
in order to incorporate green concepts into the culture of all 
city operations and achieve the triple bottom line goals of 
environmental quality, social equity, and economic vitality. 
Highlights from a stormwater perspective include the 
adoption of:

n	 	a stream buffer ordinance with a minimum 100-foot  
buffer as measured from the edge of the stream; 

n	 	a goal to plant an additional 120,000 trees in streetscapes 
and parks;9 

n	 	a Green Solutions Policy to integrate green solutions—
including green infrastructure practices—into city 
planning and development processes;10 and

n	 	an Economic Development and Incentives Policy that 
promotes preservation and enhancement of the city’s 
green infrastructure as tools for economic development.11 
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Kansas City’s 10,000 Rain Gardens initiative began in 2005 to address existing stormwater and overflow control problems; its goal is to install 
10,000 rain gardens, vegetated swales, and rain barrels in the greater metropolitan area.
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mIDDle blue RIveR bAsIn  
PIlot PRoject 
The first green infrastructure pilot under Kansas City’s 
Overflow Control Plan is the 100-acre Middle Blue River Basin 
Green Solutions Pilot Project, located in a largely residential 
area of the city’s Marlborough neighborhood that drains into 
two combined sewer outfalls. While the city’s draft plan of 
2008 called for two underground tanks to store and transfer 3 
million gallons of overflow from the outfalls, in the final plan 
these tanks were replaced with at least 3.5 million gallons 
of storage through the use of gray and green infrastructure 
techniques.12 The Marlborough project represents the largest 
focused installation of green infrastructure as a sole control 
for CSOs in the nation. As such, its success or failure could 
have a large impact on other green infrastructure efforts 
throughout the country. In addition to providing valuable 
performance data regarding the ability of green infrastructure 
to reduce combined sewer overflows and stormwater runoff, 
this pilot will also evaluate socio-economic benefits, assess 
construction and maintenance techniques and costs, and 
develop preliminary green design standards for Kansas City. 
The project, which broke ground in June 2011, is scheduled 
to be completed by 2017.13 The Water Services Department 
estimates that implementing these green infrastructure 
practices will potentially save the city $10 million in capital 
costs, relative to what would have been spent if only gray 
infrastructure techniques were utilized.14 

10,000 RAIn GARDens
Kansas City’s 10,000 Rain Gardens initiative began in 2005 
to address existing stormwater and overflow control issues. 
Largely, the program’s goal was exactly what its name 
suggests: the installation of 10,000 rain gardens, vegetated 
swales, and rain barrels in the greater metropolitan area. 
However, it went beyond that goal to create awareness of the 
problem in a way that highlights how individuals, businesses, 
and municipal entities can be part of the solution. It also 
provided training to city employees, private landscapers, and 
retailers at a cost of $50 per participant. 

To keep costs low, the 10,000 Rain Gardens website was 
used as the primary method for relaying information. In 
the program’s first two years, the group gave 62 rain garden 
presentations; conducted two media campaigns using TV 
commercials and appearances, newspaper inserts, and radio 
ads; and distributed a quarterly electronic newsletter to 
almost 1,100 people. Through the media campaigns alone, it 
was estimated that the program reached more than 1 million 
people in 2006 and more than 3 million in 2007. As a result 
of these efforts, by July 2008, at the writing of the long-term 
CSO Control Plan, 303 rain gardens had been registered 

on the www.rainkc.com website.15 Unfortunately, progress 
has stalled since then, and efforts to register additional rain 
gardens have ceased.16 While the Overflow Control Plan 
itself budgets $5 million for an aggressive rain garden and 
downspout disconnection campaign,17 the money has yet to 
flow, leaving the program without capacity. 

fInAnce stRAteGy
Kansas City’s Wet Weather Solutions Program includes 
improvements to address wastewater and stormwater 
problems that occur when it rains. In order to help pay 
for the burgeoning costs of wet weather management and 
incentivize the use of green infrastructure, the city created 
a stormwater utility that began operation in 1999. Fees are 
based on the amount of a property’s total impervious surface, 
as determined primarily by the use of aerial photographs. A 
typical residential customer pays $2.50 per month, based on 
a fee of $0.50 per month for each 500 square feet (runoff unit) 
of impervious surface on a property.

Owners who maintain large pervious areas to absorb 
runoff (with a ratio of total property area to runoff surface 
area of at least 30:1), or who install properly maintained 
stormwater detention structures, can receive a credit not 
to exceed 75 percent of the total monthly fee.18 The city 
is working to amend this policy to allow property owners 
to distinguish between directly connected impervious 
surfaces and disconnected impervious surfaces that will not 
contribute to runoff. However, the rather small monthly fee 
does not appear to provide a strong enough incentive for 
property owner participation. The city does not currently 
provide credit for the inclusion of stormwater retention 
structures such as rain gardens because the administrative 
costs to the city would be too high relative to the low monthly 
stormwater fee.19

In a comprehensive stormwater management report, 
Kansas City identified funding as the primary obstacle 
to improved stormwater management and water quality, 
and cited a need to implement innovative approaches and 
solutions that combine local, state, and federal funding.20 
Both a stormwater fee and a dedicated sales tax exist to fund 
the city’s stormwater services; however, neither currently 
covers all operation, maintenance, and capital costs. Based 
on the city’s own review, doing so will require a “significant 
increase” in the stormwater utility fee that could be 
implemented through a transition period over several years. 
Other possible funding sources that were identified include 
system development charges and state and federal grant 
funding that can leverage local revenues.21 For fiscal year 
2010–2011, the city anticipated collecting $10.5 million in 
stormwater fees.22 
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*emeRAlD cIty RAtInG system 

Each of the cities profiled in Rooftops to Rivers II is a leader in green 
infrastructure investment—rethinking the design of municipal services 
and infrastructure. These cities leverage funding in creative ways. They 
provide tools to residential and commercial land owners to retrofit 
private properties and realize the multiple benefits provided by green 
infrastructure. In short, they are changing how cities look and function.

NRDC’s Emerald City Rating System identifies six actions cities should 
undertake to maximize their green infrastructure investment. Our metric 
does not directly compare one city to another, due to geographical, 
population, budgetary and other differences. Instead, it identifies the 
presence or absence of common factors of success that NRDC believes 
are essential elements of a robust green infrastructure commitment. 
Only one city profiled, Philadelphia, is undertaking each of the actions 
identified, although each city is undertaking at least one.
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mIlwAuKee, wIsconsIn  
A CASE STUDY OF HOW GREEN INFRASTRUCTURE IS HELPING MANAGE URBAN STORMWATER CHALLENGES

tyPes of GReen InfRAstRuctuRe useD: Green roofs, blue roofs, rain barrels/cisterns, permeable pavement,  
rain gardens, infiltration trenches or vaults, vegetated swales, street trees, planter boxes, downspout disconnection, 
stream buffer

The Milwaukee Metropolitan Sewerage District (MMSD) is a regional 
and national wastewater utility leader in its integration of green 
infrastructure into its combined sewer overflow reduction strategy. 

While MMSD has numerous green infrastructure planning projects 
under way, including specific targets within its 2035 plan to reduce the 
number of CSOs to zero and a triple-bottom-line analysis modeled on 
Philadelphia’s, it does not have a regional plan. In 2008 MMSD undertook 
a code and ordinance review for the communities in its service area and 
cataloged the efforts to date over the summer of 2011. It has dedicated 

capital funds to support green roof grants ($5 million in 2010–2011), rain barrels, and rain gardens, as 
well as resident education and an online cost-benefit tool. MMSD recognizes the value of partnering 
with local and national organizations and agencies to accomplish its goals, including a program to 
purchase and restore land upstream of Milwaukee to prevent flooding and overflow problems from 
occurring in the first place. 

bAcKGRounD
Like other cities with combined sewer systems, Milwaukee 
has a history of overflows. As a result, from 1977 to late 
1993, the regional wastewater treatment agency, Milwaukee 
Metropolitan Sewerage District (MMSD), invested 
approximately $1 billion to build a deep tunnel storage 
system to eliminate sanitary sewer overflows and limit 
combined sewer overflows to an average of 1.4 per year. 
While the tunnel reduced both the number and the volume 
of sanitary sewer outflows by more than 80 percent (from 8–9 
billion gallons to about 1 billion gallons annually), the district 
still experiences an average of 4.1 sanitary sewer overflows 
and 2.6 CSOs each year.1 

As noted in the first Rooftops to Rivers report, MMSD 
serves a combined population of approximately 1.1 
million people. The agency manages wastewater from 28 
municipalities, each with its own sewer system that drains 
into MMSD’s 300 miles of regional sewers. On a dry day, the 
district’s two wastewater treatment plants each process about 
50 million to 80 million gallons of wastewater.2 The treated 
wastewater is discharged into Lake Michigan, which is also 
the city’s drinking water supply.3 About 5 percent of MMSD’s 
service area, including parts of Milwaukee and the village of 

m I lwA u K e e ,  w I s c o n s I n

emeRAlD cIty cRIteRIA*

 Long-term Green Infrastructure (GI) Plan?

n3  Existing requirement to use GI to reduce some 
portion of the existing impervious surfaces?

n3  Incentives for private-party actions?

n3 Retention Standard?

n3  Guidance or other affirmative assistance  
to accomplish GI within City?

n3  Dedicated funding source for GI?

total criteria score

5

Out of a possible 6
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Shorewood, utilizes a combined sewer system, with overflow 
points located along rivers that flow into Lake Michigan. 
This area, which measures 14,338 acres, is about 30 percent 
impervious.4 The rest of MMSD’s service area has separate 
sewer systems for stormwater and wastewater. 

mmsD’s GReen InfRAstRuctuRe 
APPRoAch
To complement the deep tunnel system and reduce overflows 
and stormwater runoff even further, MMSD began to explore 
the potential of utilizing green infrastructure practices 
in 2002. It is notable that MMSD undertook its green 
infrastructure investments absent federal or state action. 
One of its first initiatives was a downspout disconnection 
program to redirect building downspouts to rain barrels. 
A second effort was a cooperative partnership with public 
entities and private businesses in the Village of Shorewood 
(which is adjacent to Milwaukee) to install 60 rain gardens. 
The combined cost of the two projects was approximately 
$170,000.5 

Nearly 10 years later, MMSD’s downspout disconnection, 
rain barrel, and rain garden programs are still going strong. 
In addition, since the first Rooftops to Rivers publication, 
MMSD’s stormwater management manual has been revised 
to include volume control, impervious surface reduction, 
and standard operating and maintenance requirements that 
encourage the use and long-term maintenance of green 
infrastructure practices. This manual is a guide to meet 
MMSD’s stormwater management rules, which are applicable 
to both new construction and redevelopment throughout 
the watersheds upstream of the estuary that drains into Lake 
Michigan.6,7 Between MMSD and the Housing Authority of 
the City of Milwaukee (HACM), 5.6 acres of green roofs have 
been installed as of May 2011; 1.2 acres were installed by 
HACM.8 Also, MMSD partners with The Conservation Fund 
on a land acquisition program called GreenseamsTM, further 
described below. 

The Water Quality Initiative,9 a joint effort of MMSD 
and the Southeastern Wisconsin Regional Planning 
Commission, identified the reduction of non-point sources 
of water pollution as the most important action, and green 
infrastructure as a tool to reduce peak stormwater flows from 
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Installation of porous pavers at the Energy Exchange (November 2009).
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the 100-year and smaller storm events. In 2009, MMSD’s 
vision for integrated watershed management set forth the 
laudable goal of becoming a model of sustainability, with 
a healthier Milwaukee region and a cleaner Lake Michigan 
accomplished through the agency’s leadership in attaining 
zero overflows, zero basement backups, and improved 
stormwater management. MMSD further noted that, to deal 
with stormwater issues during large storm events, a regional 
approach to planning was needed, with a shift in focus from 
political boundaries to watershed boundaries. Also in 2009, 
MMSD prepared a publication, Fresh Coast Green Solutions, 
to provide a triple-bottom-line assessment of green 
infrastructure’s benefits.10 

PRomotInG RAIn bARRels, RAIn 
GARDens, AnD GReen Roofs
Public education and outreach programs, such as MMSD’s 
downspout disconnection and rain garden installation 
programs are considered cost-effective approaches for 
managing stormwater and improving water quality. Along 
with the city of Milwaukee and 27 other communities, MMSD 
encourages businesses, municipalities, and homeowners to 
manage stormwater on site through the installation of green 
roofs and the redirection of downspouts into rain barrels and 
rain gardens. To do so, MMSD funds community workshops 
and pilot programs and provides cost-share partnership 
funding to support the costs of green roofs. From 2003 
to 2009, 1.7 acres of green roofs were installed through a 
partnership program.11 For 2010 and 2011, MMSD provided 
a matching-fund program to maximize resources and 
encourage engagement in shared stormwater outcomes. In 
2010, 2.6 acres of green roofs were installed through MMSD’s 
Regional Green Roof Initiative, and another 1.7 acres are 
pending completion in 2011.12 MMSD budgeted $5 million as 
a matching-fund program to retrofit building rooftops with 
green roof technology. As part of the program, MMSD will 
gather quantitative data on the impact of green roofs and 
qualitative data on the feasibility of green roofs in its service 
area.13 

As part of its public education and outreach efforts, 
MMSD recently launched H2OCapture.com to educate 
the region about green infrastructure and engage area 
residents and businesses to help reach a goal of capturing 
500 million gallons of rain—a quantity nearly equal to the 
storage capacity of its deep tunnels—during storm events. 
Besides information on performance and cost, the site 
includes a calculator, developed by NRDC, that individuals 
can use to determine how much rain is captured by different 
types of green infrastructure. The site also allows MMSD to 
highlight “signature projects” like the one in the Walnut Way 

community, where 38 downspout disconnections, 38 rain 
gardens priced at $1,200 each, and 4 cisterns were installed to 
divert about 552,000 gallons each year from the sewer system 
to natural infiltration.14 The site provides up-to-date news 
on events and incentives and is a cost-effective way for the 
district to engage the public.15

wAteRsheD-scAle InnovAtIons: 
PRotectInG lAnDs thRouGh 
GReenseAmstm

GreenseamsTM is a program that began in 2002 to provide 
nonstructural flood and stormwater management protection. 
Through it, MMSD partners with The Conservation Fund 
to acquire conservation easements on land along riparian 
corridors, wetlands, and floodplains to protect their natural 
functions. Since its inception, the program has acquired, 
restored as necessary, and placed development restrictions 
on 75 properties totaling more than 2,254 acres. Management 
of these properties is handled by either a local municipality 
or a land trust, subject to a conservation easement held 
by MMSD.16 For 2011, MMSD’s approved budget includes 
approximately $1.5 million for the GreenseamsTM project to 
cover the acquisition of 6 properties totaling 225 acres.17 

mIlwAuKee’s fIRst “GReen coRRIDoR”
MMSD’s green infrastructure commitment has also helped 
reinvent portions of the city. MMSD is working with the city 
of Milwaukee, American Rivers, Gateway to Milwaukee, and 
the Energy Exchange to transform a three-mile stretch of 6th 
Street, on Milwaukee’s south side, into the city’s first “green 
corridor.” A combination of bioswales (the city installed 15 
during the summer of 2011), planters, and porous pavement 
will help combat flooding and control stormwater in the 
neighborhood, and solar-powered bus stops and LED lighting 
will reduce energy use and greenhouse gas emissions. 

meAsuRInG the effectIveness of 
mIlwAuKee’s GReen InfRAstRuctuRe
MMSD has done an excellent job of monitoring the success 
of its green infrastructure pilot projects, both in terms of 
tracking distribution of rain barrels and implementation of 
practices such as rain gardens and permeable pavements, 
and in evaluating the large-scale impact of such projects. Of 
particular interest since the 2006 Rooftops to Rivers report 
is a study conducted to determine whether infiltration from 
green infrastructure practices might negatively affect leaky 
sanitary pipes. In 2005 and 2006, MMSD studies detected 
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no inflow and infiltration for large-scale stormwater ponds 
placed 60 feet or more from pipes. As for smaller-scale 
practices, the studies recommended that these be placed 
at least 10 feet from pipes but found that shorter distances 
were possible. MMSD determined that future research is 
needed to evaluate the impact of soil type on the ability of 
green infrastructure to complement inflow and infiltration 
reductions.18 

In addition to monitoring, MMSD has utilized modeling to 
evaluate the effectiveness of green infrastructure practices on 
a wider scale. In 2007, for example, the district evaluated the 
ability of select green infrastructure practices, implemented 
at varying densities, to reduce CSOs in a typical 6-acre section 
of Milwaukee that included both residential and commercial 
lots. It was found that, for residential areas, practices such as 
porous pavement, downspout disconnections, rain barrels, 
rain gardens, trees, and compost amendments could reduce 
CSO volume by 12 to 38 percent and could lessen peak 
flows by 5 to 36 percent. At 50 percent implementation, CSO 
volume effectiveness from baseline would drop to 20 percent, 
and at 12.5 percent implementation, it would diminish 
to 5 percent from baseline. The conclusion was that, to 
produce the greatest benefit, widespread implementation is 
necessary.19

fInAnce stRAteGy
MMSD’s capital budget is financed primarily through a tax on 
district properties based on their value, and a similar charge 
placed on 10 nonmember communities outside Milwaukee 
County that are also serviced by MMSD. The tax also funds 
acquisitions and improvements that enhance MMSD’s 
sewerage service.20 For 2011, tax revenue and nonmember 
billings are estimated to be $111 million. MMSD’s operating 
expenses are funded primarily through sewer service charges, 
which are an estimated $66.7 million for 2011. Revenue 
also comes from the sale of fertilizer manufactured from 

sewage sludge, with estimated net income of $7.8 million for 
2011. MMSD actively reviews ways to reduce expenses by 
implementing programs such as GreenseamsTM, described 
earlier, by providing incentives to achieve compliance, by 
public outreach and awareness programs, and by maximizing 
funding from private and government-sector grants and 
subsidies.21 

2010 was a particularly challenging year for MMSD. 
After a catastrophic storm in July, MMSD delayed its regular 
budget cycle as it evaluated options and strategies “to 
address what seem to be more frequent and expansive issues 
in wet weather management.”22 As a result, the district’s 
2011 budget expanded its “Private Property Infiltration 
and Inflow Reduction” program to address issues of aging 
or deteriorating infrastructure and improved stormwater 
management to make it more resilient in the future. In 
particular, the program is addressing issues related to clear 
water entering the system through infiltrating leaky pipes, 
which has been identified as one of the primary causes of 
system capacity problems.23 

To incentivize participation, MMSD places an emphasis 
on leading by example, offering public outreach and 
technical assistance, and developing grant and cost-sharing 
opportunities, as discussed above. In addition, MMSD’s 
2011 capital budget includes $1 million in funding for the 
28 communities it serves to help them implement various 
green infrastructure projects. The district allocates funding 
among all 28 communities, and in the two communities with 
combined sewer systems, at least 25 percent of the funding 
must be expended in the combined area.24 

The district has very few regulatory requirements for 
green infrastructure. For development or redevelopment 
projects that include an increase of one-half acre or more of 
impervious surface, porous pavement, or vegetated roof, or 
where the disturbed area is greater than 2 acres, the area is 
subject to runoff requirements.25 In reality, however, relatively 
few development or redevelopment projects exceed this 

Bio-retention swales for stormwater treatment along Grange Avenue in the Village of Greendale.
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threshold.26 One other potentially applicable requirement is 
Chapter NR 216 of the Wisconsin Administrative Code, which 
may require communities to reduce the total suspended 
solids in runoff from the developed urban area by 40 
percent.27

*emeRAlD cIty RAtInG system 

Each of the cities profiled in Rooftops to Rivers II is a leader in green 
infrastructure investment—rethinking the design of municipal services 
and infrastructure. These cities leverage funding in creative ways. They 
provide tools to residential and commercial land owners to retrofit 
private properties and realize the multiple benefits provided by green 
infrastructure. In short, they are changing how cities look and function.

NRDC’s Emerald City Rating System identifies six actions cities should 
undertake to maximize their green infrastructure investment. Our metric 
does not directly compare one city to another, due to geographical, 
population, budgetary and other differences. Instead, it identifies the 
presence or absence of common factors of success that NRDC believes 
are essential elements of a robust green infrastructure commitment. 
Only one city profiled, Philadelphia, is undertaking each of the actions 
identified, although each city is undertaking at least one.
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nAshvIlle, tennessee  
A CASE STUDY OF HOW GREEN INFRASTRUCTURE IS HELPING MANAGE URBAN STORMWATER CHALLENGES

tyPes of GReen InfRAstRuctuRe useD: Green roofs, rain barrels/cisterns, permeable pavement, rain gardens, 
vegetated swales, street trees, planter boxes, downspout disconnection, stream buffer, open space preservation

While Nashville’s green infrastructure programs are still getting 
up and running, the city has shown a commitment to increasing 
its requirements and incentives for green infrastructure in 

the near future. Nashville’s Green Infrastructure Master Plan analyzed 
the benefits that widespread green infrastructure implementation could 
achieve in the city’s combined sewer system area; identified potential 
projects the city can implement; and suggested incentives that Nashville 
can offer to private properties to install green infrastructure, such as 
stormwater fee discounts, rebates, installation financing, and awards and 

recognition programs. The city also developed a fairly robust public engagement initiative consisting 
of online resources and high-profile demonstration projects, and it has a stormwater user fee based 
on impervious surface area, with credit available for on-site mitigation. Despite this progress, Nashville 
faces significant work ahead. It has not established a retention standard (within the next four years, 
the city’s new MS4 permit will make on-site retention mandatory where possible). Nashville has 
no requirement to use green infrastructure to reduce impervious surfaces, nor has it established 
incentives for private actions. While the updated version of Nashville’s stormwater management 
manual, currently under development, will establish an alternative compliance path based on 
stormwater volume reduction, this approach will be voluntary. 

bAcKGRounD
Nashville, located on the Cumberland River in Tennessee, 
covers 526 square miles and has a metropolitan area that 
spans 13 counties. The Metro Nashville area still has 47 
percent of its urban tree canopy; in the city center, the 
figure dips to 13 percent.1 The city’s combined sewer system 
(CSS) was built in the late 1880s. It carried both stormwater 
and sewage to the Cumberland River without treatment 
until the late 1950s, when the city constructed the Central 
Wastewater Treatment Plant to treat wastewater prior to 
release. Today Nashville has a CSS servicing 7,878 acres, or 
12.3 square miles, in the core of the city. Its land cover is 46.5 
percent impervious and contains 19.5 percent of the urban 
tree canopy.2 Of the 2,500 miles of streams running through 
Nashville and Davidson County, 350 miles are on Tennessee’s 
official list of impaired waters.3

n A s h v I l l e ,  t e n n e s s e e

emeRAlD cIty cRIteRIA*

 Requirement to use GI to reduce some  
portion of the existing impervious surfaces?

 Incentives for private-party actions?

Retention Standard?

n3  Long-term Green Infrastructure (GI) Plan?

n3  Guidance or other affirmative assistance  
to accomplish GI within City?

n3  Dedicated funding source for GI?

total criteria score

3

Out of a possible 6
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nAshvIlle’s stoRmwAteR mAnAGement 
bAcKGRounD 
In August 2007, the Metropolitan Government of Nashville 
and Davidson County signed a consent decree with the 
United States and the state of Tennessee that called for 
a nine-year plan to reduce the estimated 765.2 million 
gallons of combined sewer overflow (CSO) discharged to the 
Cumberland River each year.4 In response, the Metropolitan 
Department of Water and Sewerage Services of Nashville 
and Davidson County (MWS) are currently leading efforts 
to develop a CSO long-term control plan. In 2008, Metro 
Nashville established a Stormwater Master Planning 
District covering the entire CSS area and directed MWS 
and other Metro Nashville departments to develop a green 
infrastructure plan for the area; it was completed in 2009 and 
is explained below.5 The remainder of Nashville is serviced by 
separate sewer systems that are regulated through a National 
Pollutant Discharge Elimination System (NPDES) Phase I 
MS4 permit.6 A new MS4 permit for Nashville is expected to 
be issued in late 2011 or early 2012.

Responsibility for Metro Nashville’s stormwater program 
also belongs to MWS,7 and in 2006 the agency updated Metro 
Nashville’s Stormwater Management Manual (SWMM). 
The manual provides the framework for site development, 

including erosion and sediment control during construction 
and post-development water quantity and quality 
requirements. The 2006 SWMM contains guidance for green 
infrastructure practices including green roofs, bioretention, 
and use of pervious pavement.8 MWS is currently in the 
process of developing a new volume of the SWMM designed 
to encourage the use of green infrastructure, which 
will establish an alternative compliance path based on 
stormwater volume reduction and will provide incentives 
for the use of bioretention, permeable pavements, trees, 
green roofs, cisterns, and other green infrastructure practices 
that reduce stormwater volume. The approach will remain 
voluntary until required under the city’s new MS4 permit. 

Under Mayor Karl Dean’s guidance, the use of green 
infrastructure to address stormwater and flooding concerns 
has taken on increased significance. In 2008 Metro Nashville 
joined a group of local governments promoting sustainability 
through peer-to-peer advice on stormwater issues. That 
same year, the mayor signed a green building permit and 
green certificate of occupancy ordinance; appointed an 
environmental sustainability manager; and created both a 
Green Ribbon Committee and a Green Team Committee, 
whose members, among other things, provided guidance on 
the use of green infrastructure to address stormwater runoff 
and commissioned a downtown Tree Master Plan. 
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Nashville completed one of the first green streets in the Southeast, transforming a major downtown road into a pedestrian-friendly  
corridor by incorporating sidewalk-level bioretention planters, bioretention curb bump-outs, a landscaped median, porous concrete sidewalks,  
and planting 102 shade trees.
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In 2009, the Green Ribbon Committee released a full 
report that set forth 16 goals, including the establishment of 
tree canopy and tree-planting objectives for various property 
types to achieve; the greatest reduction of stormwater runoff 
possible; the establishment of a dedicated source of funding 
for stormwater management; and the removal of all Nashville 
streams from the state’s list of impaired waters by 2020.9 In 
May 2010, these efforts were diverted for a time to deal with 
the aftermath of a catastrophic flood that caused the loss of 
11 lives and more than $2 billion of private property damage. 
As the city recovered from the experience, however, a new 
approach to open-space planning took shape. Since then, 
Nashville has moved forward with a plan to buy and remove 
more than 300 structures in the floodway to restore and 
preserve the land as open space. The city is also addressing 
stormwater by increasing the number of incentives and 
requirements that encourage the use of green infrastructure 
practices.10

nAshvIlle’s GReen InfRAstRuctuRe 
mAsteR PlAn
Downtown Nashville’s 12.3-square-mile CSS was designated 
a stormwater planning district in 2008 under an ordinance 
that directed MWS, the Metropolitan Planning Department, 
the Metropolitan Development and Housing Agency, and the 
Department of Public Works to create a Green Infrastructure 
Master Plan; the plan was finalized and approved in the fall of 
2009. In addition to identifying various green infrastructure 
practices in the stormwater planning district, the plan 
provides a detailed analysis of the impacts that four types of 
practices have on the volume of stormwater runoff: rainfall 
harvesting; green roofs; urban trees; and three infiltration 
practices (bioinfiltration areas, permeable surfaces, and  
tree planters). 

For rainfall harvesting, the plan evaluated the effect that 
capturing runoff from the 1,300 acres of rooftops in the CSS 
area would have on stormwater runoff. On average, rooftops 
in Nashville were estimated to generate 65.5 gallons per day 
per 1,000 square feet, for a total of 1.36 billion gallons of 
runoff per year. If all of the 708 buildings suitable for green 
roofs were converted, 112 million gallons of runoff could be 
removed from the annual total. Similarly, the plan evaluated 
the impact of additional tree plantings within the CSS area 
and found 51,800 acceptable new planting sites; these 
would add 811 acres of urban trees and increase the canopy 
coverage from 19.5 percent to 30 percent. By doing so, Metro 
Nashville could expect to reduce stormwater volume by 660 
million gallons annually. Similar evaluations were prepared 

for other green infrastructure practices. In addition, the 
plan identified 50 potential green infrastructure projects 
that MWS could implement and provided brief overviews 
of six. Under the ordinance, the list of green infrastructure 
projects must be updated annually, and MWS was authorized 
to promulgate and enforce rules and regulations for the 
implementation of green infrastructure techniques.11

nAshvIlle’s oPen-sPAce PlAn: 
Nashville: Naturally
In April 2011, Nashville released its first open-space plan, 
which aims to protect 22,000 acres over the next 25 years, 
including 10,000 acres of floodplain. The plan “Nashville: 
Naturally,” builds upon the lessons learned from the flood 
of 2010 by focusing protection efforts on land in each of the 
nine bends of the Cumberland River. The network of open 
spaces is intended to provide buffers against floodwaters, 
improve water quality, protect agricultural soils, and 
offer recreational opportunities. Other goals include the 
restoration of the endangered Nashville crayfish population 
and the removal of all area streams from the impaired waters 
list. The plan further aims to double the 85-acre downtown 
tree canopy within 10 years and to transition 110 acres, or 20 
percent, of the suitable impervious surfaces downtown to 
pervious or natural plantings.
 To help Nashville reach these goals, the plan makes 
numerous policy recommendations to connect wildlife and 
water networks, support urban and rural farming, connect 
people to green infrastructure, and preserve historic and 
iconic resources. From a stormwater perspective, some of the 
more important recommendations are to: 

n	 	integrate Metro department activities related to forest and 
water resource protection

n	 	create incentives that encourage green infrastructure 
stormwater management on private properties; 

n	 	establish a stronger stream buffer to protect and restore a 
riparian buffer system; 

n	 	institute a no-adverse-impact policy that restricts 
development in flood-prone areas and requires 
development that alters flooding conditions to mitigate  
the impact of such actions; and 

n	 	explore sustainable open space funding and incentive 
programs that could be offset by the creation of green 
spaces such as green roofs in dense urban areas.12 
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The Metro Council and Mayor Dean have already set aside 
$5 million from Metro Nashville’s capital spending budget to 
begin an acquisition fund; they expect to build the fund with 
private contributions. Additionally, they’ve taken the first step 
toward meeting the 22,000-acre green space goal by agreeing 
to purchase a 135-acre former private airport for $1.2 million. 
Doing so will serve to connect two adjacent parks, create 
a 936-acre swath of open space, and provide an additional 
buffer to surrounding neighborhoods to protect them from 
future flood events. To raise funds, Metro is partnering with 
the Land Trust for Tennessee and the Friends of Shelby Park.13

otheR GReen InfRAstRuctuRe 
InItIAtIves  
Metro Nashville and MWS have implemented several other 
projects to better engage and inform the general public on 
the purpose and utility of green infrastructure practices. 
To encourage rain gardens, MWS has partnered with the 
Nashville District of the Army Corps of Engineers and the 
Cumberland River Compact, a nonprofit organization that 
engages businesses, individuals, community organizations, 
and government in the restoration and protection of the 
Cumberland River, to create a resource guide.14 In the spring 
of 2011, the Cumberland River Compact, MWS, and Impact 
Nashville built 50 rain gardens on residential properties with 
the help of volunteers. The rain gardens were offered free to 
homeowners (or renters with owner permission) and were 
concentrated within the watershed of Brown’s Creek, one of 
Nashville’s most polluted small streams.15 Plans are in place 
for Nashville Metro to partner with the Cumberland River 
Compact, the Nashville Tree Foundation, the Nashville Earth 
Day Festival, and Sound Forest to plant shade trees with 
the greatest benefits for stormwater mitigation on selected 
residential properties and in community spaces around 
Davidson County. While individual websites exist for each 
program, Nashville has developed a unique site, Impact 
Nashville (impactnashville.net), aimed at engaging residents 
in various citywide initiatives. 

In 2009, Nashville completed a $4.5 million pilot 
“green street” project along Deaderick Street, converting a 
major downtown road into a pedestrian-friendly corridor 
by incorporating sidewalk-level bioretention planters, 
bioretention curb bump-outs, a landscaped median, and 
porous concrete sidewalks, and by planting 102 shade trees. 
It is also one of the first green streets constructed in the 
Southeast.16 

fInAnce stRAteGy 
In 2008, MWS prepared a stormwater business plan that 
found the stormwater program’s annual budget of $12 million 
was below projected needs; an additional $85 million was 
necessary just to resolve the backlog of projects, and to fully 
operate the stormwater program an annual operating budget 
of $25.8 million was required. To fill the gap, the business 
plan recommended that a dedicated user fee for stormwater 
drainage be developed, with the rate structure based on 
a property’s total impervious surface area. For customers 
with existing MWS water accounts, the fee would be billed 
monthly on the MWS utility bill. For customers without 
water accounts, a quarterly “stormwater only” bill would 
be issued.17 In 2009, a stormwater user fee came into effect 
for Metro Nashville. Currently, monthly rates for residents 
range from $0 to $4.50, with an average residential bill of 
$3.00.18 Nonresidential property rates range from $0 to $400, 
depending on the amount of impervious surface.19 Property 
owners can receive a credit for mitigating stormwater runoff 
impacts through education or the implementation of source 
controls for water quantity or quality (up to 20 percent for 
each practice, capped at 50 percent).20 However, the monthly 
stormwater fee does not appear to be significant enough to 
make much difference in customer behavior. In other words, 
the cost savings resulting from stormwater improvements 
seem unlikely to offset the cost of installing them.

In addition to the stormwater fee, Metro Nashville draws 
from its general fund, internal service fund, federal funds, 
and private funding to implement stormwater, open space, 
green building, and tree planting programs. And to encourage 
green buildings, the Metro Codes Department established 
a fast-track permitting process in 2009. To receive the green 
stamp of approval, units must be third-party certified.21 
However, no additional incentives other than fast-track 
permitting are offered at this time, nor has Metro Nashville 
included any stormwater management requirements that 
encourage the use of green infrastructure practices in their 
green building permitting process, such as requiring green 
roofs or the use of volume-based controls on-site. 

Like many of the original case studies in 2006, Nashville’s 
green infrastructure programs are still developing tools 
and incentives used to encourage green infrastructure 
practices are expected to increase over the years. The Green 
Infrastructure Master Plan, which provides a summary of 
various incentive practices that other cities use to encourage 
green infrastructure, provides some hints as to incentives 
Metro Nashville might implement to encourage participation. 
From these incentives, five were selected for further 
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consideration for Metro Nashville: stormwater fee discounts, 
rebates and installation financing, development incentives, 
grants, and awards and recognition programs.22 In addition, 
Metro Nashville is working to identify incentives that will be 
incorporated in the upcoming stormwater management low-
impact development manual.23 

*emeRAlD cIty RAtInG system 

Each of the cities profiled in Rooftops to Rivers II is a leader in green 
infrastructure investment—rethinking the design of municipal services 
and infrastructure. These cities leverage funding in creative ways. They 
provide tools to residential and commercial land owners to retrofit 
private properties and realize the multiple benefits provided by green 
infrastructure. In short, they are changing how cities look and function.

NRDC’s Emerald City Rating System identifies six actions cities should 
undertake to maximize their green infrastructure investment. Our metric 
does not directly compare one city to another, due to geographical, 
population, budgetary and other differences. Instead, it identifies the 
presence or absence of common factors of success that NRDC believes 
are essential elements of a robust green infrastructure commitment. 
Only one city profiled, Philadelphia, is undertaking each of the actions 
identified, although each city is undertaking at least one.
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new yoRK, new yoRK  
A CASE STUDY OF HOW GREEN INFRASTRUCTURE IS HELPING MANAGE URBAN STORMWATER CHALLENGES

tyPes of GReen InfRAstRuctuRe useD: Green roofs, blue roofs, rain barrels/cisterns, permeable pavement, 

vegetated swales, street trees 

New York City, facing one of the nation’s largest sewage overflow 
problems, is rapidly developing one of the most extensive  
programs of public investment in green infrastructure in the  

United States. In its least densely developed areas, the city already 
makes significant use of constructed or restored wetlands for stormwater 
management. Elsewhere, the city has installed and is monitoring a range 
of demonstration projects in the public right-of-way and on developed 
properties, both publicly- and privately-owned. Guided by a new Green 
Infrastructure Plan, New York is expanding the use of green infrastructure 

citywide, with an initial focus on greening municipal capital projects and implementing several 
neighborhood-scale demonstration projects. To encourage retrofits on private property, the city  
relies on incentives including a green roof tax credit, rain barrel giveaways, and a direct grant program. 
There is no runoff retention standard for new development and redevelopment projects. The city 
has proposed a draft stormwater management rule and accompanying technical guidelines that may 
create some incentives for runoff volume reduction but would not require it. The city funds its green 
infrastructure investments through bond financing and sewer rate revenues, supplemented by federal 
and other grants when available. A proposed new consent order with the state of New York includes 
binding near-term and long-term commitments to build green infrastructure to reduce CSOs, requiring 
a total anticipated investment of over $1 billion. Further, the city is developing CSO Long Term  
Control Plans that will integrate planning for green and gray projects in individual watersheds; these 
may result in additional, cost-effective green infrastructure investments to help satisfy Clean Water 
Act requirements.

bAcKGRounD
In New York City, one of the most densely developed cities 
in the nation, nearly three-quarters of the surface area is 
composed of impervious surfaces, such as streets, sidewalks, 
rooftops, and other paved spaces.1 Half of the city’s total land 
area, representing about two-thirds of the city’s sewered 
areas, is served by a combined sewer system. The other half 
is served by municipal separate sewers or drains directly to 
local waterways.2 

In dry weather an average of 1.3 billion gallons of sanitary 
sewage per day are channeled through more than 7,000 
miles of sewers and treated at 14 wastewater treatment 
plants (WWTPs).3 In wet weather, however, as little as one-
tenth of an inch of rain can overwhelm the combined sewer 
system, causing raw sewage from more than 400 outfalls to be 
dumped into virtually every waterway in the city—including 

n e w  y o R K ,  n e w  y o R K

emeRAlD cIty cRIteRIA*

n3  Long-term Green Infrastructure (GI) Plan?

n3  Existing requirement to use GI to reduce some 
portion of the existing impervious surfaces?

n3  Incentives for private-party actions?

Retention Standard?

n3  Guidance or other affirmative assistance  
to accomplish GI within City?

n3  Dedicated funding source for GI?

total criteria score

5

Out of a possible 6
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the iconic Hudson River and Long Island Sound; Jamaica 
Bay, home to the nation’s only wildlife refuge accessible 
by subway; and the long-neglected Bronx River, which 
public-private partnerships have been working for years to 
revitalize.4 

Over the past 20 years, the city has invested more than 
$1.5 billion in CSO upgrades, including sewer, regulator, and 
pumping station improvements as well as four major storage 
tanks.5 The system now captures about 72 percent of the 
annual wet-weather flow, up from a mere 30 percent annually 
in the 1980s.6 

Nonetheless, the city continues to discharge nearly 30 
billion gallons of CSO annually,7 with overflows in some areas 
occurring up to 75 times in a typical year.8 Even as the city 
moves ahead with a new “comprehensive waterfront plan” 
aimed at bringing residents back to local waterways, this 
untreated sewage poses a threat to people who use, or wish 
to use, the rivers, creeks, bays, and other waters along the 
city’s 600-plus miles of shoreline for recreation. Additionally, 
although the city’s public beaches along the Atlantic Ocean 
and Long Island Sound are usually unaffected by CSOs 
because of their distance from combined sewer outfalls, 
many private beaches are severely affected, and polluted 
runoff from municipal separate storm sewers and/or CSOs 
triggers occasional closures and advisories each year at 
public beaches.9 Polluted runoff from the separately sewered 
portions of the city also causes localized water quality 
impairments in some places.10 

Under a legal settlement with New York State, the city’s 
Department of Environmental Protection (DEP), which 
operates the city’s water, sewer, and wastewater systems, 
is currently developing Long Term Control Plans (LTCPs) 
to satisfy Clean Water Act requirements to reduce sewage 
overflows.11 DEP has extensive experience using green 
infrastructure for stormwater management in its Staten 
Island “Bluebelt,” a series of restored open spaces, such 
as wetlands that serve as natural treatment and drainage 

systems for stormwater runoff.12 Between 1997 and 2007, 
DEP created 10,000 acres of Bluebelt, which saved the 
city an estimated $80 million in infrastructure costs while 
increasing nearby property values and saving homeowners 
flood damage costs.13 However, in 2007, when DEP submitted 
a series of plans that serve as precursors to LTCPs, it became 
apparent that the city still viewed the more widespread 
use of green infrastructure in the more densely developed 
remainder of the city only as a subject for future study. Those 
plans relied entirely on traditional gray infrastructure for any 
quantifiable CSO volume reduction.14 

Since that time, New York City—urged on by advocates 
and energized by the formation of a mayoral Office of 
Long-Term Planning and Sustainability—has undertaken 
substantial planning and outreach to identify, and begin 
to implement, more sustainable means of managing its 
water and sewer infrastructure. As described later, the city 
now anticipates, among other things, investing more than 
$1 billion in green infrastructure over the next 20 years to 
achieve specific CSO reduction targets and advance overall 
sustainability goals.15 

GReen InfRAstRuctuRe As A tool foR 
lonG-teRm uRbAn sustAInAbIlIty
In 2007, Mayor Michael Bloomberg announced a long-term 
sustainability plan for New York City, known as “PlaNYC 
2030,” comprising more than 100 initiatives on a range of 
issues such as housing, open space, transportation, energy, 
climate change, and water quality. The main new water 
quality initiatives focused on using green infrastructure
to capture stormwater and reduce sewer overflows. These 
included expanding the Bluebelt program by 4,000 acres 
within Staten Island over 25 years and applying the Bluebelt 
approach, where possible, in other low-density areas of the 
city; installing and monitoring several pilot projects, such  
as enhanced tree pits with below-grade water catchments 
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Porous concrete sidewalk Paerdegat Basin, CSO Detention Facility, 
Brooklyn, New York. An enhanced tree pit on Autumn Avenue, Brooklyn, New York.
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and vegetated swales along parkways; amending zoning  
rules to require planted areas as part of any new parking  
lots; and creating a property tax credit for the installation  
of green roofs.16 

PlaNYC recognized the overlap between water quality 
initiatives and the city’s parks and open space initiatives. For 
example, it noted that an ongoing program to plant 1 million 
new trees would also provide stormwater capture benefits, 
adding to the estimated 870 million gallons of stormwater 
that existing street trees capture each year. It also estimated 
that planted areas in new “Greenstreets” (vacant traffic 
islands and medians converted into green spaces) would 
create a further 4 million gallons of stormwater retention 
capacity.17

To further investigate green infrastructure opportunities, 
PlaNYC established an “Interagency Best Management 
Practices (BMP) Task Force,” coordinated by the Mayor’s 
Office of Long-Term Planning and Sustainability, to oversee 
pilot projects and identify practices and designs that are 
well suited to New York City’s environment. The Task Force 
included many agencies that had not previously considered 
stormwater management a part of their mission, even though 
they are responsible for infrastructure or development that 
significantly affects storm runoff. In addition to DEP, the task 
force included the Departments of Design and Construction, 
Parks and Recreation, Sanitation, Transportation, Buildings, 
City Planning, and others.18 

In 2008, as a complement to PlaNYC, the City Council 
passed detailed legislation requiring the city to develop a 
“sustainable stormwater management plan.”19 Pursuant to 
that legislation, the mayor’s sustainability office, working 
with the interagency BMP Task Force, issued a Sustainable 
Stormwater Management Plan that analyzed the city’s land 
use patterns to identify green infrastructure potential; it also 
provided a preliminary analysis of the cost-effectiveness of 
various green infrastructure methods. This report identified 
substantial opportunities for using green stormwater 
infrastructure to reduce CSOs and established a green 
infrastructure agenda for the next several years that included, 
but also went beyond, the initiatives in PlaNYC. 

GReen InfRAstRuctuRe PRoGRAms 
unDeR wAy
The city has made significant progress with many of 
the initiatives set forth in PlaNYC and the Sustainable 
Stormwater Management Plan. In the last several years, 
city agencies have implemented (or planned) more than 30 
green infrastructure demonstration projects and added 65 
acres to the Bluebelt system on Staten Island while designing 
two new Bluebelt locations in Queens.20 Through the state 
Environmental Facilities Corporation’s Greening Innovation 
Grant Program,21 the city also secured $2 million in federal 
stimulus funding to install at least 26 Greenstreets designed 
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A green roof at Paerdegat Basin, CSO Detention Facility, Brooklyn, New York.
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specifically to maximize stormwater capture, and another $15 
million to restore 38 acres of wetlands and natural grasslands 
abutting Jamaica Bay, which will also serve to capture and 
filter stormwater.22

While city agencies worked on implementing pilots, 
DEP focused on developing a comprehensive approach 
to substantial, long-term, citywide investment in green 
infrastructure. The result was the NYC Green Infrastructure 
Plan, released in September 2010. In the plan, the city 
proposed to use decentralized stormwater retention and 
detention measures to manage, on-site, runoff from at least 
10 percent of the impervious surfaces in combined sewer 
watersheds. These decentralized measures would combine 
$1.6 billion in public investment with $900 million in private 
investment to reduce CSOs by an estimated 1.5 billion 
gallons. Most of the public investment ($1.1 billion) would be 
in the public right-of-way, where the city would rely primarily 
on vegetated approaches to retain runoff. The city estimates 
that, over a 20-year period, new vegetated spaces created 
under this approach would generate between $139 million 
and $418 million in benefits through reduced energy bills, 
increased property values, improved health, and mitigation 
of carbon dioxide emissions.23 

DEP immediately began putting into place some of 
the elements of its proposed 20-year plan. It established 
a new Green Infrastructure Task Force in December 2010, 
composed of city agencies, to identify the best opportunities 
to systematically incorporate green infrastructure into capital 
projects on an ongoing basis, using DEP capital funds and 
other available funding. The Task Force is also developing 
approved specifications for green infrastructure techniques 
to streamline design and permitting processes.24 By the end 
of 2012, the city plans to install more than 100 bioswales 
in combined-sewer areas and begin design on green 
infrastructure projects for public schools, New York Housing 
Authority (NYCHA) properties, and other publicly owned 
land.25 

The city has also used direct grants to stimulate 
innovation in green infrastructure, both on private property 
and in the public right-of-way. In two rounds of grant-
making, DEP has provided more than $6 million to nonprofit 
organizations, community groups, and private property 
owners for projects such as curbside bioswales, rain gardens, 
porous sidewalks and parking lots, and a number of green 
roofs, some of which will also serve as rooftop farms or 
gardens.26 

The city has adopted several new zoning requirements 
and incentive programs to promote green infrastructure on 
private property and in new developments. In 2008 the city 
adopted zoning rules to require new parking lots of more 

than 6,000 square feet, or with 18 or more parking spaces,  
to incorporate perimeter and interior landscaping, with 
paved spaces graded to drain into the planted areas.27 Further 
zoning code amendments require new developments in 
all districts to plant street trees and, in lower-density areas, 
install continuous planting strips along sidewalks; another 
amendment prohibits residential properties in lower- 
density districts from paving over their entire front yards  
for parking.28 

Within the past several years, city agencies have also 
developed design guidelines for public projects that promote 
green infrastructure principles. These include a Street Design 
Manual, High Performance Landscape Guidelines, and a 
Sustainable Urban Site Design Manual.29,30,31 

The City also instituted a pilot property tax credit of $4.50 
per square foot (up to a maximum of $100,000) for installing a 
green roof. To qualify, property owners must green 50 percent 
of their total roof surface and commit to maintaining the 
green roof for at least three years.32 

DEP also gave away 2,000 rain barrels to homeowners in 
Brooklyn, Queens, the Bronx, and Staten Island from 2008 
through 2011.33 

DEP established a green infrastructure advisory 
committee in February 2011 to help guide the agency’s 
efforts. It meets quarterly and is composed of representatives 
from the development community, environmental and other 
nonprofit groups, academia, and design professionals.34 Early 
next year the agency will convene a technical advisory group 
of independent experts to periodically review the city’s green 
infrastructure efforts and offer recommendations based 
on performance results from pilot programs and recently 
installed projects.35

looKInG AheAD: A 20-yeAR GReen 
InfRAstRuctuRe PlAn foR nyc

In October 2011, the DEP announced a proposed 
modification to its consent decree with New York State,  
which would modify existing gray infrastructure 
requirements and add new requirements to implement key 
aspects of the city’s Green Infrastructure Plan. The proposed 
order eliminates some planned gray projects and substitutes 
certain others, which are projected to achieve comparable 
CSO volume reductions on a citywide basis, for a net savings 
of $1.4 billion. It also defers until 2017 any decisions on  
two potential CSO detention tunnels, estimated to cost  
$2 billion, to allow the city an opportunity to develop green 
alternatives that could substitute for, or allow the downsizing 
of, those projects.36 
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 Under the order, much of the savings on gray investments 
would be reinvested to meet new green infrastructure 
requirements. Debt payments and operations and 
maintenance costs are funded through water and sewer rate 
revenues. By 2013, the city would be required to retrofit three 
neighborhood-scale demonstration areas (18 to 40 acres 
each) with an array of green infrastructure installations, in 
order to measure the cumulative effect of intensive greening 
efforts. Citywide, by 2015, the order would set a target of 
managing the first inch of runoff from at least 1.5 percent of 
the impervious surfaces in combined sewer areas citywide, 
at an anticipated cost to the city of $187 million. By 2016, 
the order would require the city to complete updated 
modeling analyses, using monitoring data from the three 
demonstration areas, to refine the Green Infrastructure Plan’s 
estimates of CSO volume reductions associated with green 
infrastructure. Over the next 20 to 25 years, the city would 
be required to meet the Green Infrastructure Plan’s target of 
managing the first inch of runoff from at least 10 percent of 
the impervious surfaces in combined sewer areas citywide—
and to achieve corresponding CSO volume reductions. 
Finally, on a rolling basis through 2017, the order would 
require DEP to complete Long-Term Control Plans for each 
of the combined sewer areas within the city. These plans, 
subject to review and approval by the state, would specify 
any additional green and gray infrastructure improvements 
necessary to meet the Clean Water Act’s water quality 
requirements, in each of the city’s waterways, as well as a 
compliance schedule to implement such projects.37,38

The DEP’s capital program, including both gray and green 
projects, is primarily financed with bonds. (Stormwater 
rates are currently based on potable water usage; however, 
in 2010, DEP instituted a pilot program that bases fees on 
impervious area, specifically for parking lots.39) DEP will also 
pursue other funding sources for green infrastructure, such 
as Clean Water Act State Revolving Fund monies and other 
federal funds, private funds, ecological restoration funding 
from the Army Corps of Engineers and other governmental 
partners, and other resource commitments from community 
and civic groups. As of September 2010, DEP was expecting 
to receive approximately $30 million a year in the State 
Revolving Fund’s Green Reserve, based on recent allocation 
levels.40 DEP recently updated its Ten-Year Capital Plan to 
include $735 million for its planned green infrastructure 
investments.41

DEP anticipates that over the next 20 years, the 
majority of impervious acreage to be retrofitted for on-site 
stormwater management will be on private property, where 
redevelopment projects will have to meet new performance 
standards that DEP is developing for the combined sewer 
portion of the city.42 For a half-acre property, the proposed 

performance standard would reduce short-term (6-minute) 
peak discharges into the system by 80 to 90 percent, and 
would reduce longer-term (1-hour) peak discharges into 
the system by 20 to 50 percent.43 However, the performance 
standard would limit the rate of release into the sewer 
system, rather than requiring any reduction in the volume of 
runoff through infiltration, evapotranspiration, or harvesting 
for reuse, as other cities require.44 While this detention-based 
approach should help reduce CSOs by limiting peak wet-
weather flows into the combined sewer system, the city’s 
preliminary analysis indicates that it would achieve less CSO 
reduction than would be achieved if runoff volume reduction 
measures were installed across a comparable number of 
acres.45 The city’s intended approach would also fail to 
ensure the full range of benefits that genuinely green—i.e., 
vegetated—stormwater infrastructure provides, although 
the proposed rule provides property owners with the option 
to satisfy some portion of their compliance obligations with 
volume reduction techniques like green infrastructure. As this 
report goes to press, DEP is accepting comment on its draft 
regulation.46

*emeRAlD cIty RAtInG system 

Each of the cities profiled in Rooftops to Rivers II is a leader in green 
infrastructure investment—rethinking the design of municipal services 
and infrastructure. These cities leverage funding in creative ways. They 
provide tools to residential and commercial land owners to retrofit 
private properties and realize the multiple benefits provided by green 
infrastructure. In short, they are changing how cities look and function.

NRDC’s Emerald City Rating System identifies six actions cities should 
undertake to maximize their green infrastructure investment. Our metric 
does not directly compare one city to another, due to geographical, 
population, budgetary and other differences. Instead, it identifies the 
presence or absence of common factors of success that NRDC believes 
are essential elements of a robust green infrastructure commitment. 
Only one city profiled, Philadelphia, is undertaking each of the actions 
identified, although each city is undertaking at least one.
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PhIlADelPhIA, PennsylvAnIA  
A CASE STUDY OF HOW GREEN INFRASTRUCTURE IS HELPING MANAGE URBAN STORMWATER CHALLENGES

tyPes of GReen InfRAstRuctuRe useD: Green roofs, rain barrels/cisterns, permeable pavement, infiltration 
trenches or vaults, vegetated swales, street trees, planter boxes, downspout disconnection, green streets, naturalized 
storm basins, wetland creation and restoration

Over the next 25 years, Philadelphia is committed to deploying the 
most comprehensive urban network of green infrastructure in 
the United States. Philadelphia’s Green City, Clean Waters plan, 

recently approved by state regulators, requires the retrofit of nearly 10,000 
acres (at least one-third of the impervious area served by a combined 
sewer system) to manage runoff on-site; relies on green infrastructure for 
a majority of the required CSO reductions; calls for the investment of more 
public funds in green infrastructure (at least $1.67 billion) than in traditional 
gray approaches; and leverages substantial investments from the private 

sector, primarily through application of a one-inch retention standard for new development and 
redevelopment projects citywide. The city will fund its share of the costs with a stormwater fee based 
on impervious area, supplemented by state and federal grants as available. To encourage retrofits 
on private property beyond that required by the retention standard, the city offers incentives such as 
reduced stormwater fees, free design assistance and low-interest loans to owners of large impervious 
properties, a green roof tax credit, rain barrel giveaways, and expedited permit reviews. Philadelphia 
also has installed dozens of green infrastructure demonstration projects, has published a technical 
design manual, and is developing a maintenance manual. 

bAcKGRounD
Like many burgeoning cities of the 19th century, Philadelphia 
experienced rapid population growth and increased 
industrial output in the mid 1900s. This surge in development 
resulted in the release of large amounts of untreated waste 
and sewage into local streams and rivers, which caused 
frequent widespread epidemics. In an attempt to safeguard 
public health, Philadelphia developed a series of sewer 
systems to transport waste away from its drinking water 
sources.1 

Today, 60 percent of the city is served by combined 
sewers and 40 percent by separate storm and sanitary 
sewers.2 The Philadelphia Water Department (PWD) oversees 
approximately 3,000 miles of sewer piping, 79,000 stormwater 

P h I l A D e l P h I A ,  P e n n s y lvA n I A

emeRAlD cIty cRIteRIA*

n3  Existing requirement to use GI to reduce some 
portion of the existing impervious surfaces?

n3  Incentives for private-party actions?

n3  Long-term Green Infrastructure (GI) Plan?

n3 Retention Standard?

n3  Guidance or other affirmative assistance  
to accomplish GI within City?

n3  Dedicated funding source for GI?

total criteria score

6

Out of a possible 6
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inlets, three sewage treatment plants, 164 CSO outfalls, and 
more than 450 stormwater outfalls.3 The combined sewer 
system serves more than three-quarters of the city’s residents, 
covers an area of about 40,000 acres (64 square miles), and 
discharges into the Delaware and Schuylkill rivers as well 
as the Cobbs, Pennypack, and Tacony-Frankford creeks.4 
Elsewhere, separate storm sewers discharge into additional 
waterbodies, such as Wissahickon Creek and its tributaries.5 

When it rains, runoff from the city’s vast impervious 
areas triggers CSO events, in some locations up to 85 times 
per year.6 The overflows inundate local waterways with 
pathogens, debris, and other pollutants that impair water 
quality and make area waters unsafe for recreational use 
following storms. Additionally, the high volume of polluted 
runoff carries high sediment loads and contributes to 
elevated water temperatures, low dissolved oxygen levels, 
and streambank erosion, degrading riparian and aquatic 
habitats.7 At least one local waterbody, Wissahickon Creek, is 
subject to a total maximum daily load (TMDL) for excessive 
sediment loadings.8 

In 1997, PWD completed a CSO Long Term Control Plan 
(LTCP), which addressed the “nine minimum controls” 
required by the U.S. EPA’s CSO Policy, as well as $150 million 
in capital improvements to the combined sewer system, such 
as installation of real-time controls, elimination of certain 
outfalls, and sewer conveyance improvements. Following 
the 1997 LTCP, the city also conducted detailed monitoring 
of water quality and overall stream health in much of the 
city. This monitoring supports, among other things, the 
development of integrated watershed management plans 
(IWMPs) to improve water quality during wet and dry 
weather and improve aquatic habitat in both combined 
and separate sewer areas.9 The IWMPs include further 
commitments by PWD, including $56 million in sewer 
rehabilitation and relining.10 

PRomotInG GReen InfRAstRuctuRe  
on PRIvAte PRoPeRty
Philadelphia is promoting the use of green stormwater 
infrastructure in new and existing development through a 
combination of local regulations and incentive programs. 
In 1978 Pennsylvania enacted the Stormwater Management 
Act (Act 167), which required municipalities to adopt 
and implement ordinances that regulate development 
in accordance with county watershed-based stormwater 
management plans.11 As a result, the Darby-Cobbs Watershed 
Stormwater Management Plan was developed in 2004. 
The stormwater management plan suggested capturing 
or infiltrating the first inch of stormwater runoff from 

all new impervious surfaces and was the impetus for the 
development of a new stormwater rule. 

In 2006, the city adopted new rules that require on-
site management of the first inch of rainfall in all new 
development and redevelopment projects with at least 
15,000 square feet of earth disturbance. This must be 
achieved through infiltration, unless it is demonstrated to 
be technically infeasible on the basis of specified criteria, 
in which case PWD allows alternative management for 
the portion of the inch that cannot be infiltrated.12 The 
rule does not require developers to exhaust opportunities 
for evapotranspiration or harvesting of the first inch of 
rainfall before resorting to alternative compliance methods. 
However, the alternative approaches do require that some 
(20 percent in combined sewer areas) or all (100 percent in 
separate sewer areas) of the non-infiltrated portion of the first 
inch of runoff be routed to an approved “volume reducing” 
stormwater management practice, such as planter boxes, 
bioretention with underdrains, green roofs, rain barrels, and 
cisterns. In combined sewer areas, any portion of the first 
inch of runoff that is not infiltrated must be released into 
the sewer system at a rate not to exceed 0.24 cubic foot per 
second, per acre of impervious drainage area.13 

There are also channel protection and flood control 
standards that require slow release of the one-year, 24-
hour storm event (which is larger than a one-inch storm); 
redevelopment projects are exempt if they reduce directly 
connected impervious area by at least 20 percent.14
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Although schools represent only 2 percent of impervious cover in the 
combined sewer area, Philadelphia’s Water Department believes the 
high visibility and educational opportunities associated with schools 
make them important places to showcase green infrastructure.
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Prior to any new development receiving its building 
permit, an Operation and Maintenance (O&M) Agreement is 
recorded against the land deed(s) of the project. This O&M 
agreement specifies the stormwater infrastructure used 
on the property as well as the maintenance practices and 
schedules for each type of infrastructure.15

Developers must submit stormwater plans early in 
the permitting process, which ensures that stormwater 
management is included in the overall site design. To simplify 
and streamline the process for permit review, inspection, and 
approval, PWD created a partnership with the Department of 
Licenses and Inspections and the City Planning Commission. 
Further, any project with 95 percent or more of its impervious 
area disconnected from the sewer system can qualify for a 
fast-track review, meaning that the stormwater management 
section of the project will be reviewed within five days of 
submittal.16 PWD estimates that projects approved under the 
rule, as of June 2011, will keep roughly 1 billion to 1.2 billion 
gallons of stormwater out of the city’s combined and separate 
sewer systems annually.17 

In 2007, Philadelphia instituted a tax credit for property 
owners who construct a green roof and commit to 
maintaining it for five years.18 Eligible green roofs must 
cover 50 percent of the total rooftop or 75 percent of the 
rooftop space that is structurally able to support a green 
roof. The one-time credit is for 25 percent of the total 
cost of installation, with a maximum credit of $100,000.19 
Maintenance obligations are written into the property’s deed, 
but the city retains the right to inspect the green roof. 

In 2010, Philadelphia adopted a new stormwater utility fee 
structure for nonresidential properties. Being phased in over 
four years, it creates incentives for using green infrastructure. 
Rather than charging a stormwater fee based on the size 
of a property owner’s water meter, PWD now charges for 
stormwater services based in part on the area of impervious 
surface on a property, which directly correlates with the 
amount of stormwater the property generates. The charge 
also applies to properties such as parking lots, which may not 
have a water meter at all. Property owners who utilize green 
infrastructure, such as permeable pavement and green roofs, 
can receive a credit of up to 100 percent of their impervious-
area-based fee.20 For customers with large lots who will see 
substantial increases in their stormwater fees, PWD will 
provide free assistance through site inspections and design 
recommendations to identify opportunities for property 
owners to decrease the size of their impervious area.21 In 
addition, PWD offers a low-interest (1 percent) loan program 
for green infrastructure retrofits on nonresidential property, 
administered by the Philadelphia Industrial Development 
Corporation.22

PWD offers other voluntary programs to promote green 
infrastructure, including a rain barrel give-away to residents 
who participate in a free workshop that includes instruction 
on proper installation and use. Initially, as a pilot project in 
2002, PWD distributed 215 rain barrels to residents in one 
targeted watershed. PWD later expanded the program city-
wide. As of 2009, the city had given away more than 2,000 
barrels.23 

DemonstRAtIon PRojects In  
PublIc sPAces
PWD has also built green infrastructure demonstration 
projects in public spaces. To date, the agency has installed 
dozens of such projects around the city, with dozens more in 
the construction or design phase.24 While a large majority of 
the demonstration sites are in combined sewer areas, some 
projects are located in separately sewered areas—especially 
in the Wissahickon Creek watershed, where they help reduce 
sediment from overland runoff and in-stream erosion 
sources, pursuant to a TMDL. A more comprehensive plan for 
implementing that TMDL is under development.25 

Among the demonstration sites is the Greenfield School 
in the Schuylkill watershed, which utilizes rain gardens, 
permeable pavers, and a porous safety surface. Another 
site, the Waterview Recreation Center in the Tacony-
Frankford watershed, showcases tree trenches, street 
runoff diversion, and a disconnected roof leader (gutter 
or pipe that drains runoff from a roof), rain barrel, and 
cistern.26 Additionally, the Model Neighborhoods program 
is a collaborative effort among PWD, nonprofit civic and 
environmental organizations, and other city agencies to focus 
demonstration projects in 14 communities. Four blocks in 
each neighborhood will be retrofit with green stormwater 
infrastructure, such as street tree trenches, sidewalk planters, 
and vegetated street bump-outs. PWD received a $30 million 
loan from PENNVEST (the Pennsylvania Infrastructure 
Reinvestment Authority, which administers the state’s 
Clean Water State Revolving Fund) to cover the design and 
construction costs in the first three neighborhoods.27

These and other demonstration projects have helped 
garner public support for green infrastructure and allowed 
the city to test different technical approaches to refine its 
overall program. The city continues to refine its technical 
designs, based on experience gained through scaled-up 
program implementation.28 
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GReen cIty, cleAn wAteRs
Building on the programs described above, the city is now 
organizing its CSO efforts around an ambitious, 25-year plan 
to reduce runoff in the combined sewer area by transforming 
at least one-third29 of impervious surfaces into “greened 
acres.” In every greened acre, stormwater practices, primarily 
green infrastructure, will be installed to manage on-site the 
first inch of rainfall in any given storm; on an annual basis, 
this amounts to 80 to 90 percent of runoff from these areas.30 

This plan, called Green City, Clean Waters, was approved 
by the Pennsylvania Department of Environmental 
Protection (PADEP) in June 2011. The plan—including targets 
for greened acres, CSO volume reduction, and pollutant 
loading reductions—now constitutes a legally enforceable 
update to the city’s CSO Long Term Control Plan under 
the Clean Water Act. It includes at least $1.67 billion of 
investments in greened acres and $345 million in expanded 
sewage treatment plant capacity. An additional $420 million 
is budgeted to be spent on whatever combination of 
additional green and gray infrastructure proves most cost-
effective to achieve the targeted CSO reductions.31 

The approved plan requires Philadelphia to reduce annual 
CSO volume by 7.96 billion gallons, with the majority of that 
reduction coming from green infrastructure. Enforceable 
numeric targets for green acres installed and annual gallons 
of CSO reduced by the 5-, 10-, 15-, 20-, and 25-year marks of 
the plan, as well as annual pollutant mass loading reductions 
by the 25-year mark, will be incorporated into the city’s Clean 
Water Act permits when they are renewed in 2012.32 PWD 
aims to complement all of these efforts with stream corridor 
restoration projects.33 

Philadelphia considers its green infrastructure efforts 
part of a broader strategy to provide “more equitable 
access to healthy neighborhoods” for its residents and 
make Philadelphia the “greenest city in America.”34 The city 
commissioned a “triple bottom line” analysis to quantify 
the total social, economic, and environmental benefits of 
these programs—such as additional recreational use of 
the city’s waterways; reduction of premature deaths and 
asthma attacks caused by air pollution and excessive heat; 
increased property values in greened neighborhoods; the 
ecosystem values of restored or created wetlands; poverty 
reduction from the creation of local green jobs; and energy 
savings from the shading, cooling, and insulating effects of 
vegetation. The city concluded that, over 45 years, it will reap 
more dollar value in benefits than it invests.35 PWD estimates 
that achieving a similar amount of CSO reduction through 
gray infrastructure alone would cost billions of dollars more, 
without accruing the same non-water quality benefits.36

A unique aspect of Philadelphia’s proposed plan is that it 
leverages private investment in green infrastructure to help 
satisfy Clean Water Act obligations. The plan takes advantage 
of stormwater improvements that private property owners 
will install over time, as private-sector redevelopment occurs 
and is subject to the city’s on-site stormwater management 
rules. The state-approved plan requires at least 9,564 
greened acres over the next 25 years.37 PWD estimates that 
at a roughly 1 percent projected annual redevelopment rate, 
the stormwater rule could generate roughly 2,500 to 5,500 
greened acres over the next 25 years.38 

The balance of the greened acres in the next 25 years 
would come mainly from PWD investments in retrofits on 
publicly owned land, such as city properties, streets, and 
right-of-ways, which collectively make up 45 percent of 
the entire city’s impervious area.39 PWD will coordinate 
other city agencies to incorporate green infrastructure 
designs as standard practice in city projects, using PWD’s 
budget (funded by stormwater fee revenues), along with 
any available state or federal grants, to supplement other 
agencies’ capital budgets.40 

As of August 2011, PWD had completed or was in the 
process of designing 91 stormwater tree trenches, 33 
downspout planters, 24 rain gardens, 12 porous paving 
projects, 9 stormwater bump-outs, 9 swales, 7 stormwater 
planters, 6 infiltration/storage trenches, 3 stormwater 
wetlands, and 1 stormwater basin. Each of these projects 
is identified on the city’s Green Stormwater Infrastructure 
Project Map.41

Looking ahead, in the first five years of the Green 
City, Clean Waters program, PWD initiatives will include 
implementation of a geographically concentrated array of 
green infrastructure retrofits in each of several “early action 
areas.”42 PWD will monitor wet weather flows in each area 
to assess the cumulative impact of green infrastructure on 
combined sewer system flows.43 

Over the 25-year life of the program, the primary focus of 
PWD’s green infrastructure investments will be streets and 
sidewalks, since they account for 38 percent of impervious 
cover in the combined sewer areas. The agency will focus on 
streets slated for capital improvements or routine repaving 
by the city Streets Department or state Department of 
Transportation; streets slated for repair or replacement of 
PWD’s existing water and sewer infrastructure or flood-
control-related construction; and streets where cable, gas, or 
phone infrastructure are being repaired and replaced. When 
such utility and road work is planned, PWD can also design 
and fund the installation of tree trenches and expanded tree 
pits, sidewalk planters and bump-outs, porous pavement, 
and other green infrastructure features to be installed 
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simultaneously. This will limit the project costs by avoiding 
the need to repeatedly dig up and replace portions of streets 
and sidewalks, making the stormwater improvements a small 
marginal cost of the overall capital improvement expenditure. 
It will also limit inconvenience to residents.44 

Although schools represent only 2 percent of impervious 
cover in the combined sewer area, PWD believes the high 
visibility and educational opportunities associated with 
schools make them important places to showcase green 
infrastructure.45 As of late 2009, PWD had completed 
projects at five schools, including a green roof, rain gardens, 
permeable pavers, and rainwater harvesting for reuse.46 
PWD aims to retrofit up to half of all schools over 20 years, 
with a special focus on using pervious pavement and trees 
in parking and recreation areas to transform heat-trapping 
asphalt surfaces into cooler, greener, more welcoming 
spaces.47

A central tenet of the city’s approach is adaptive 
management. The precise locations of the impervious areas 
to be converted to greened acres over a 25-year period 
cannot practicably be determined at the start, nor can the 
mix of green infrastructure investments. Through detailed 
tracking of individual retrofit installations, PWD will measure 
progress against 5-year incremental targets for greened acres 
and will make adjustments to stay on course for reaching 
the required number of greened acres over 25 years.48 The 
focus on streets will be supplemented, as needed, with 
programs aimed at retrofitting public facilities, parking lots, 
public open space, alleys, driveways, walkways, homes, and 
industrial, commercial, and institutional properties, using 
a combination of direct PWD investment and incentives for 
private investment.49

Adaptive management also includes monitoring 
the performance of green infrastructure at the site and 
sewershed scale, as well as the resulting CSO reductions 
and water quality improvements. PWD is developing a 
comprehensive monitoring plan to ensure that green 
stormwater infrastructure projects perform as expected. 
The plan will address monitoring of natural and engineered 
systems, including surface waters, groundwater, rainfall, 
CSO discharges, sewer flows, and green infrastructure 
performance. It will also describe performance-tracking 
protocols, including hydrologic and hydraulic modeling with 
verification using metered data.50

PWD is developing an operation and maintenance 
manual for all types of green stormwater infrastructure 
included in the Green City, Clean Waters plan. The manual 
is intended for use both by city agencies and by private 
property owners with responsibility for maintenance of 
green stormwater infrastructure.51 PWD plans to invest more 

than $200 million in operation and maintenance of green 
stormwater infrastructure on public property over the next 25 
years and upwards of $30 million each year thereafter.52 

PWD recognizes that implementation of this program 
will require extensive coordination with other city agencies, 
both on specific retrofit projects and on broader regulatory 
and policy changes needed to facilitate the widespread use 
of green infrastructure. For example, PWD is engaging with 
the Zoning Commission to clarify PWD’s ability to provide 
review and comment on stormwater impacts and mitigation 
measures prior to the approval of special district master 
plans. In addition, PWD has provided comments on planned 
revisions to the Open Space and Natural Resources section of 
the zoning code, especially regarding steep slope protection 
and stream buffers, and is working with the city Streets 
Department to develop a Green Streets Manual.53 

*emeRAlD cIty RAtInG system 

Each of the cities profiled in Rooftops to Rivers II is a leader in green 
infrastructure investment—rethinking the design of municipal services 
and infrastructure. These cities leverage funding in creative ways. They 
provide tools to residential and commercial land owners to retrofit 
private properties and realize the multiple benefits provided by green 
infrastructure. In short, they are changing how cities look and function.

NRDC’s Emerald City Rating System identifies six actions cities should 
undertake to maximize their green infrastructure investment. Our metric 
does not directly compare one city to another, due to geographical, 
population, budgetary and other differences. Instead, it identifies the 
presence or absence of common factors of success that NRDC believes 
are essential elements of a robust green infrastructure commitment. 
Only one city profiled, Philadelphia, is undertaking each of the actions 
identified, although each city is undertaking at least one.
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PIttsbuRGh, PennsylvAnIA  
A CASE STUDY OF HOW GREEN INFRASTRUCTURE IS HELPING MANAGE URBAN STORMWATER CHALLENGES

tyPes of GReen InfRAstRuctuRe useD: Green roofs, rain barrels/cisterns, permeable pavement, rain gardens, 
infiltration trenches or vaults, vegetated swales, street trees, downspout disconnection, open space preservation

Pittsburgh has attempted to incorporate green infrastructure projects 
and practices into its stormwater management program and its 
efforts to reduce CSOs in the region. However, its most tangible 

accomplishment toward full-scale green infrastructure implementation 
is the passage of a stormwater ordinance that establishes stormwater 
volume reduction standards, including a requirement that developments 
larger than 10,000 square feet retain the first inch of rainfall on-site. 
Pittsburgh lacks a long-term green infrastructure plan, although it has 
enacted a number of programs aimed at creating permanent green spaces 

or at greening vacant or abandoned lots throughout the city. It has also made an effort to encourage 
community participation in green infrastructure projects, particularly through use of Community 
Development Block Grants and support for individual greening projects. Yet the city has only a limited 
array of incentive programs or guidance available to the public or developers for incorporating green 
infrastructure, and does not have a dedicated funding source for green infrastructure. Pittsburgh’s 
work to promote green building practices and remove hurdles to green infrastructure (for instance, by 
changing city codes to allow for downspout disconnections) have fared well. But the city could benefit 
from a more integrated approach to incorporate green infrastructure in its long-term planning. 

bAcKGRounD
Pittsburgh is an older, post-industrial city struggling to 
repair years of environmental degradation wrought by its 
manufacturing past. The city, which lies at the confluence 
of three rivers—the Allegheny, the Monongahela, and the 
Ohio—has seen its population decline over the past several 
decades, due in part to the collapse of the steel industry. 
Left behind are pollution nuisances such as brownfields 
and slag heaps, as well as a shrinking urban center. Rather 
than leave abandoned properties sitting unused, Pittsburgh 
has redeveloped and reclaimed large parcels of land for 
greenways and parks.1 Today it is experiencing a rebirth as a 
technology industry hub, with nearly 2,400 high-tech firms 
employing more than 90,000 people.2

P I t t s b u R G h ,  P e n n s y lvA n I A

emeRAlD cIty cRIteRIA*

 Long-term Green Infrastructure (GI) Plan?

 Requirement to use GI to reduce some  
portion of the existing impervious surfaces?

 Incentives for private-party actions?

 Guidance or other affirmative assistance  
to accomplish GI within City?

 Dedicated funding source for GI?

n3 Retention Standard?

total criteria score

1

Out of a possible 6
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From late 1800s to the early 1900s, combined sewers 
were put in place throughout the Pittsburgh region. Today, 
the larger metropolitan area’s 4,000 miles of sewer pipes 
and at least 450 combined and separate sewer overflow 
structures3,4 release about 22 billion gallons of untreated 
municipal waste directly into receiving waters each year.5 As 
little as one-tenth of an inch of rainfall can cause overflows, 
and during the boating season (May 15 to September 30), 
river advisories are issued on an average of 70 days, or about 
50 percent of the season.6 Complicating matters is that 
Pittsburgh is one of 83 separate municipalities serviced by 
the Allegheny County Sanitary Sewer Authority (ALCOSAN), 
with each municipality responsible for its own collection 
system. Under a 2007 federal court consent decree, ALCOSAN 
must submit a detailed wet weather plan (addressing both 
SSOs and long-term control of CSOs) by 2013, and must 
complete implementation of that plan by 2026.7 ALCOSAN 
has estimated that to repair and expand the system using 
traditional stormwater management practices would cost 
more than $3 billion.8 More recently, city and county officials 
placed the cost at $10 billion to $50 billion.9 

Water and sewer services for the city of Pittsburgh and 
the surrounding area are provided by the Pittsburgh Water 
and Sewer Authority (PWSA). Overall, PWSA is responsible 
for a combined collection system that serves approximately 

80 square miles, includes 194 permitted CSO outfalls 
along the system’s approximately 1,230 miles of pipes, 
and discharges into a system of interceptors owned and 
operated by ALCOSAN.10 In 2004, the city of Pittsburgh and 
PWSA entered into a consent order and agreement with the 
Pennsylvania Department of Environmental Protection and 
the Allegheny County Health Department. The order required 
that the city and the sewer authority: inventory the collection 
system; assess the sewers and the performance of repairs; 
monitor the flow within the sewers and the implementation 
of an operation and maintenance plan for SSOs and Nine 
Minimum Controls for CSOs; and, collaborate with ALCOSAN 
to develop a long-term control plan.11,12 

Since the first Rooftops to Rivers report, Pittsburgh has 
added several programs and incentives to revitalize the 
city with a strong green undercurrent. Some programs and 
policies, which were pilot projects in the past, have been 
incorporated into the city’s operations. Pittsburgh encourages 
participation by individuals and the private sector by 
providing various incentives and by creatively engaging 
the public. However, CSO and stormwater issues are still 
prevalent, and local nonprofit organizations are working with 
the city and PWSA to encourage them to make greater use of 
green infrastructure practices for stormwater management.

The city’s Green Up Pittsburgh Initiative, which started with a $50,000 Community Development Block Grant, supports projects to transform 
city-owned vacant land into community gardens, parks and green spaces. It provides resources such as plants, pots, soil, and water, and covers 
liability, while residents are responsible for maintenance.
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GReen InfRAstRuctuRe In PIttsbuRGh
Since 2006, the city has enacted several new ordinances 
to enhance efforts to reduce CSOs and better prevent 
stormwater from entering sanitary sewer lines in separately 
sewered areas. First, in separately sewered areas, a local law 
requires that all illegal surface stormwater connections to 
city sanitary sewers be disconnected, allowing for dye testing 
of surface stormwater connections. Evidence of compliance 
is required as a condition of the sale of property and the 
issuance of city lien verification letters.13 

Second, in 2007, Pittsburgh enacted a citywide stormwater 
ordinance establishing stormwater volume reduction 
standards for properties greater than 10,000 square feet in 
size, including on-site retention of the first inch of rainfall 
through any combination of infiltration, evapotranspiration, 
and rainwater harvesting. The local law also promotes 
practices such as preserving natural drainage systems, 
maintaining or extending riparian buffers, minimizing 
soil disturbance and compaction, and disconnecting 
impervious surfaces by directing runoff to pervious areas.14 
In 2010, the city expanded its ordinance to apply a more 
protective standard to publicly subsidized projects, citing 
the performance standard Congress has adopted for 
federal facilities as a model. These projects must use green 
infrastructure techniques to retain, to the maximum extent 
technically feasible, all runoff produced by rainfall events less 
than or equal to the 95th-percentile storm (1.5 inches).15 

In addition, the Green Infrastructure Network, which is 
coordinated by the Pennsylvania Environmental Council 
and a nonprofit organization called 3 Rivers Wet Weather 
(3RWW), was formed as a voluntary partnership in 1998. 
It comprises more than 35 organizations, businesses, 
universities, authorities, and government entities (including 
the city of Pittsburgh and PWSA) that recognize the benefits 
of using green infrastructure in managing Allegheny County’s 
stormwater. The network encourages the use of green 
infrastructure over gray where feasible, by cataloging existing 
green infrastructure in the region (available at www.pag4g.
org) and developing standardized monitoring protocols 
to document its effectiveness.16 By early 2012, 3RWW 
expects to have an online database that identifies existing 
projects, in order to help identify locations where green 
infrastructure has the highest potential to reduce CSOs, and 
provide property owners with site-specific options and cost 
estimates.17  

Further, in 2010, Allegheny County—working with 
environmental groups including the Pennsylvania 
Environmental Council and 3RWW—modified its plumbing 
code to allow downspout disconnections. Property owners 

can now direct rooftop runoff to pervious areas so it will 
infiltrate into the ground, or to rain barrels or other capture 
devices so it can be stored and reused.18 Prior to the code 
revision, all downspouts were required to be connected to 
either a separate or a combined sewer system. 

utIlIZInG “GReen” to PRovIDe  
multIPle benefIts
The city has also begun utilizing green infrastructure 
in other ways. In 2007, Mayor Luke Ravenstahl began a 
Green Up Pittsburgh initiative to reduce blight and public 
safety hazards, inspire community pride, and promote 
environmental values. The initiative, which started as a 
pilot project with a $50,000 Community Development 
Block Grant,19 consisted of three parts: support for 
individual greening projects; post-demolition greening; and 
community-wide strategic greening. To support individual 
projects, the city provides resources such as plants, pots, soil 
and water, and covers liability, while residents are responsible 
for conducting maintenance. For buildings being torn down, 
the city invests Green Up resources into specific parcels and 
works with the contractor to provide clean fill and low-
maintenance grass. For community-wide efforts, the city 
works with community leaders to prioritize demolitions, 
identify potential garden sites, and create community-wide 
projects. 

In the pilot phase, the city successfully transformed 
40 city-owned vacant lots while engaging hundreds of 
volunteers. On the basis of the project’s success, it was 
expanded in 2008, doubling its demolition budget. It was 
also boosted by a $500,000 grant from the state’s Department 
of Community and Economic Development. To date, the 
program has transformed more than 120 vacant lots into 
functioning green spaces. Information on the application 
process and on existing and past projects (as well as an 
interactive map showing locations) is maintained online.20 
The city also encourages individuals to plant gardens in 
vacant city-owned lots through its Garden Waiver Program, 
which allows residents to maintain the land while the city 
maintains legal liability for the parcel.

Taking these efforts one step further, in 2010 a team of 
experts and neighborhood stakeholders helped the East 
Liberty Development Corporation finalize the nation’s 
first green overlay plan for a distressed urban district. The 
East Liberty Green Vision comprehensively inventories the 
environmental systems within the East Liberty community, 
creates guidelines and indicators for a sustainable 
neighborhood, and recommends strategies for currently 
blighted public spaces. Such strategies include the use of 
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green infrastructure practices such as street trees with larger 
tree pits, porous pavement, green roofs, and curb cutouts 
for better stormwater management. With this program, East 
Liberty is serving as a pilot site for green strategies within the 
city of Pittsburgh.21

GReen buIlDInGs
Pittsburgh is ranked eighth in the nation in the number of 
LEED® certified buildings. In 2003, its David L. Lawrence 
Center was built as the world’s first LEED® Gold certified 
green convention center. By incorporating rainwater 
harvesting features, the building also uses 60 percent less 
potable water than other similar, non-LEED® buildings. 
In 2005, the Phipps Conservatory and Botanical Gardens 
underwent a major expansion and installed the nation’s 
first LEED® certified visitor center, which included a rain 
garden, a 15,000-square-foot green roof, and a cistern to store 
rainwater for use in ornamental ponds.22 To encourage more 
green buildings, the city enacted a 20 percent height and floor 
density bonus for LEED® certified buildings in 2007. It also 
instituted a requirement that publicly financed development 
projects costing more than $2 million or measuring more 
than 10,000 square feet attain LEED® Silver certification. 
With these incentives, the city now has 39 LEED® certified 
buildings, and an additional 60 new city projects are pursuing 
certification.23 The city has not, however, taken the extra step 
to specifically incentivize green infrastructure stormwater 
controls as part of its green building program. 

GReenwAys, oPen sPAce, uRbAn tRee 
Assessments, AnD tRee vItAlIZe
Pittsburgh’s topography is dramatic, with hills adding beauty 
to the urban landscape. In total, hillsides account for nearly 
20 percent of Pittsburgh’s land area. Development in these 
areas, however, is less desirable due to the high cost of city 
services and potential slope instability. As a result, there 
are a high number of small tax-delinquent parcels in these 
areas. To provide a strategy for their use, Pittsburgh started 
the Greenways for Pittsburgh program in 1979 to designate 
select vacant parcels as permanent green space.24 Working 
with the city’s Real Estate Department, the Department of 
City Planning acquires designated properties as greenways 
and continues to expand the program to include contiguous 
parcels that are either tax delinquent or vacant.25 

The city views the Greenways program not just as a means 
of protecting natural, cultural, and scenic resources, but also 
as a way to enhance quality of life and stimulate economic 
development.26 Additionally, the city’s Department of City 

Planning is currently developing an Open Space, Parks, and 
Recreation Plan to address issues of connectivity, ownership, 
management, and maintenance. This plan will be one of 12 
components of PLANPGH, the city’s first-ever comprehensive 
plan, and will encompass the city’s vision and policy 
recommendations for future land use, infrastructure, and 
public services.27

In order to strategically identify areas with tree canopy 
needs, Tree Pittsburgh, in partnership with various city 
departments, performed a street tree inventory in 2005. With 
this information, the city completed a cost-benefit analysis 
that showed for every dollar spent on a municipal forestry 
program, three dollars in benefits are received in the form 
of stormwater control, reduced energy costs for cooling, 
increased property values, and more. In total, Pittsburgh’s 
street trees were estimated to provide $1.6 million in net 
annual benefits. In 2010 Tree Pittsburgh began creating an 
urban forest master plan. Information gathered in the master 
planning process is being used to develop a coordinated 
approach between public and private stakeholders to 
protect, maintain, and restore the city’s tree canopy.28 One 
result of this work has been the establishment of TreeVitalize 
Pittsburgh, a joint project of Allegheny County, the city of 
Pittsburgh, Tree Pittsburgh, the Pennsylvania Department 
of Conservation and Natural Resources, and the Western 
Pennsylvania Conservancy. TreeVitalize Pittsburgh has set a 
target to plant 20,000 trees by 2012 throughout the Pittsburgh 
region.29  

nIne mIle Run AnD PAntheR hollow 
wAteRsheD
In 2006, the city of Pittsburgh and the Army Corps of 
Engineers were near the completion of a $7.7 million 
restoration of Nine Mile Run, a highly degraded stream that 
runs through a 455-acre park and recreation area. (The city 
and the Three Rivers Wet Weather Demonstration Program 
contributed $2.7 million, while $5 million came from the 
Corps.) The stream is one of the few in the city that have not 
been encased in concrete. Now complete, the restoration 
involved not just the repair of the stream itself but reductions 
in sources of wet weather pollution to Nine Mile Run.30 

The Nine Mile Run Watershed Association (NMRWA) 
continues to ensure the protection of the restored stream, 
and in 2009, after a severe storm impacted a number of 
hydraulic features constructed during the 2006 restoration, 
the association secured funding for repairs.31 In addition, 
NMRWA has installed more than 1,320 rain barrels since 2004 
and is currently gathering data to measure their impact on 
runoff.32,33 
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One ecologically significant component of Nine Mile Run 
is the 384-acre Panther Hollow Watershed, an important 
natural and recreational area that encompasses the Panther 
Hollow Run and Phipps Run streams, which join above 
Panther Hollow Lake.34 In the fall of 2010, the Pittsburgh Parks 
Conservancy secured a $1 million grant from the Richard 
King Mellon Foundation to partly fund the restoration of the 
watershed by reducing stormwater runoff and preventing 
further degradation of the hollow and its man-made lake. The 
Pittsburgh Parks Conservancy, in partnership with the City of 
Pittsburgh, is considering green stormwater approaches such 
as residential rain gardens, street trees, and bioswales as part 
of the solution.35 

fInAncInG stRAteGy
The ways in which Pittsburgh encourages participation in 
city greening programs, such as converting vacant lots into 
garden areas, is unique, allowing community members 
to actively engage in turning public eyesores—rundown, 
vacant lots—into public goods. The city has also used other 
incentives to encourage investment in green infrastructure.36

Capital improvement programs such as distribution, 
sewer conveyance, water supply and filtration projects, 
dye tests, and the repair of aging infrastructure is the 
responsibility of PWSA. PWSA’s work is partly covered by a 
service charge, which increased 7.7 percent at the beginning 
of 2011. At the end of 2009, PWSA implemented a 5 percent 
Distribution Infrastructure System Charge on all water bills 
to cover a major investment in infrastructure upgrades.37 For 
2011, the fund’s budget was projected to be $6.3 million. In 
addition, the PWSA doubled its capital improvement budget 
from $20 million in 2009 to $41.7 million in 2010.38

*emeRAlD cIty RAtInG system 

Each of the cities profiled in Rooftops to Rivers II is a leader in green 
infrastructure investment—rethinking the design of municipal services 
and infrastructure. These cities leverage funding in creative ways. They 
provide tools to residential and commercial land owners to retrofit 
private properties and realize the multiple benefits provided by green 
infrastructure. In short, they are changing how cities look and function.

NRDC’s Emerald City Rating System identifies six actions cities should 
undertake to maximize their green infrastructure investment. Our metric 
does not directly compare one city to another, due to geographical, 
population, budgetary and other differences. Instead, it identifies the 
presence or absence of common factors of success that NRDC believes 
are essential elements of a robust green infrastructure commitment. 
Only one city profiled, Philadelphia, is undertaking each of the actions 
identified, although each city is undertaking at least one.
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PoRtlAnD, oReGon  
A CASE STUDY OF HOW GREEN INFRASTRUCTURE IS HELPING MANAGE URBAN STORMWATER CHALLENGES

tyPes of GReen InfRAstRuctuRe useD: Green roofs, rain barrels/cisterns, rain gardens, permeable pavement, 
infiltration trenches or vaults, vegetated swales, street trees, planter boxes, green streets

Portland has made a very strong community commitment to green 
infrastructure. Through a combination of requirements and voluntary 
measures the city has initiated, green infrastructure is a central 

component of the community’s program for reducing stormwater runoff 
and its efforts to address overflows from the parts of the city covered by 
the combined sewer system. In particular, a runoff retention standard with 
a priority for green infrastructure implementation is in place and applies 
to new and redevelopment projects involving as little as 500 square feet 
of impervious area. Portland also has a requirement to develop a retrofit 

plan for existing impervious areas, and has programs designed to replace city-owned impervious 
areas along streets and on municipal building roofs. Its 2011 Public Facilities Plan specifies particular 
intersections for green infrastructure installation—more than 2,200 facilities for green infrastructure 
are targeted. 

The city has an impressive array of incentives for private parties to implement green infrastructure, 
including its “treebate” program, development area bonuses and grant programs for ecoroofs, and 
the ability to reduce applicable stormwater fees by implementing green infrastructure practices. The 
city is working in a number of ways to facilitate green infrastructure. For instance, the city reviews 
local codes to identify and work to remove barriers to green infrastructure, conducts training programs 
for a variety of stakeholders whenever it updates its stormwater manual, and sponsors green-roof 
workshops to educate those working in the local markeplace: designers, suppliers, and contractors. 
Finally, there are sewer and stormwater fees paid by ratepayers and developers that help supply 
funding to keep these programs running. 

A key to the success of Portland’s program has been its willingness to experiment with green 
infrastructure initiatives, adapt its programs based on implementation experience, and explore 
solutions that are tailored to the needs of particular watersheds in the city.

bAcKGRounD
For years, Portland, Oregon, has been a leader in green 
infrastructure, actively promoting innovative stormwater 
management through various educational, funding, and 
incentive programs. The city promotes a wide range of 
green infrastructure technologies, including green roofs (or 
“ecoroofs”), permeable pavements, infiltration planters, 
rain gardens, street trees, landscaping requirements, and 
sustainable street design (“green streets”). One reason the city 
has remained at the leading edge of the green infrastructure 
movement is its focus on monitoring the effectiveness of 
decentralized stormwater management technologies. This 
has enabled city departments to further refine technologies 

P o Rt l A n D ,  o R e G o n

emeRAlD cIty cRIteRIA*

 Long-term Green Infrastructure (GI) Plan?

n3  Existing requirement to use GI to reduce some 
portion of the existing impervious surfaces?

n3  Incentives for private-party actions?

n3 Retention Standard?

n3  Guidance or other affirmative assistance  
to accomplish GI within City?

n3  Dedicated funding source for GI?

total criteria score

5

Out of a possible 6
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and give department employees the confidence to evaluate 
the effectiveness and promote the use of stormwater designs 
before they are put into place. 

As with many cities, part of Portland’s motivation to 
achieve more successful stormwater strategies comes from 
a history of pollution and a desire to repair local ecosystems. 
One of Portland’s primary ecological concerns is the 
Willamette River, which has been subjected to considerable 
industrial and urban pollution. A significant portion of this 
pollution has come from overflows of the city’s combined 
sewer system. In 2002 Portland experienced 50 overflow 
events and discharged 2.8 billion gallons of combined 
overflow into local waterways.1 In addition, a significant 
portion of Portland—roughly 22,000 acres—is served by 
a separate municipal storm sewer system (MS4), which 
discharges to area waterways.2

To alleviate its combined sewer overflow (CSO) problem, 
Portland has pursued a dual approach: improving upon 
its public gray infrastructure to add storage capacity to the 
overloaded sewer system, and pursuing lot- level green 
infrastructure strategies to manage stormwater. The Big 
Pipe project, Portland’s primary combined sewage control 
solution, is set to come online in late 2011, slightly ahead 
of schedule and within its $1.4 billion budget. Already, a 
combination of infrastructure improvements and private-
property stormwater management initiatives has virtually 
eliminated CSOs to the Columbia Slough, which discharges 
into the Willamette River, and has eliminated or controlled 
eight Willamette River CSO outfalls. Upon completion, the 
number of CSO events is expected to shrink to an average of 
four every winter and one every third summer.3 The project 

is being paid for by Portland residents via sanitary and 
stormwater utility fees.4 

Portland’s green infrastructure techniques are designed to 
address the region’s rainfall patterns, which are characterized 
by small, frequent storms. These storms produce the type of 
runoff events that green infrastructure technologies—such 
as vegetative infiltration and ecoroofs—are most successful 
at mitigating. More than half of Portland’s land area is 
impervious, with streets making up 25 percent of impervious 
surfaces and rooftops representing 40 percent. These surfaces 
create an opportunity and a need for green infrastructure 
development. 

Accordingly, Portland’s stormwater manual requires that 
new development and redevelopment projects with more 
than 500 square feet of impervious surface comply with 
pollution-reduction and flow-control standards, and requires 
the use of green infrastructure before other measures can be 
considered.5 The city launched a Grey to Green Initiative in 
2008 to encourage greater investment in green infrastructure 
and complement the city’s conventional pipe investment. 
In 2008, the city budgeted $50 million in stormwater 
management fees to invest in green infrastructure over five 
years; this is expected to add 43 acres of ecoroofs (a term 
coined to illustrate that, even in the dry season when very 
little is green, these roofs still perform well), build 920 “green 
street” components, plant over 80,000 trees in yards and 
along streets, and buy 419 acres of “high priority natural 
areas.6 

Portland encourages sustainable stormwater management 
through a series of policy initiatives. Its Green Building 
Policy, for example, requires green building principles to be 
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The City of Portland is taking a holistic approach toward improving the health of the local watershed with the Brooklyn Creek Basin Program.  
The program introduces the first prototype for “green” main streets in the country, manages more than 1 million gallons of stormwater runoff,  
and creates 126 jobs during construction.
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incorporated into all newly constructed city facilities and 
city-funded projects, and requires that all new city-owned 
buildings have at least 70 percent of their rooftop space 
covered by ecoroofs.7 In 2007 the Portland City Council 
approved a green street resolution, report, and policy to 
promote and incorporate the use of green street facilities 
in public and private development.8 And in 2009, the City 
Council and the Multnomah County Board approved a 
Climate Action Plan that calls for a 40 percent reduction in 
carbon emissions by 2030 and an 80 percent reduction by 
2050. The plan, which identifies products and services related 
to green infrastructure as one of its guiding visions, calls 
for the city to implement, by 2012, an outreach campaign 
to educate residents about the benefits of trees and green 
infrastructure. Also by 2012, the city must evaluate both green 
and gray alternatives for public infrastructure projects. In 
addition, the Climate Action Plan calls for the city to increase 
its tree canopy from 26 percent to 33 percent by 2030.9 

stoRmwAteR RetentIon AnD GReen 
InfRAstRuctuRe ReQuIRements
As noted earlier, a portion of Portland is served by a separate 
sewer system, which is covered by a discharge permit 
under the Clean Water Act. The Oregon Department of 
Environmental Quality issued a new permit for the system in 
January 2011; it contains important requirements that foster 
green infrastructure in the city.

Beginning in 2014, the stormwater system is required 
to have a post-construction program ensuring, among 
other things, that new and redevelopment projects with 
500 square feet or more of impervious area “[i]ncorporate 
site-specific management practices that target natural 
surface or predevelopment hydrologic functions as much 
as practicable.”10 Along those lines, projects are supposed 
to prioritize green infrastructure. In addition, the permit 
contains a performance-based site retention standard: 
projects must be designed to “[c]apture and treat 80 percent 
of the annual average runoff volume, based on a documented 
local or regional rainfall frequency and intensity.” Consistent 
with these requirements, the permit holder must also review 
existing barriers to minimize runoff and impervious area, 
with specific attention to green infrastructure, and must also 
have an enforceable stormwater management manual that 
provides guidance on implementing the permit mandates.

Portland’s permit also requires the MS4 to create a 
“stormwater quality retrofit strategy” to achieve water quality 
goals via retrofit projects. In particular, the plan must make 
progress toward any relevant cleanup plan for the receiving 
waterbody, describe efforts to implement retrofits, and 
identify priority areas for retrofit projects.11

DownsPout DIsconnectIons to 
PRIvAte PRoPeRty RetRofIts 
Portland recently wrapped up its nearly 20-year Downspout 
Disconnection Program, which provided free work or 
incentives to disconnect downspouts from its combined 
sewer system in targeted locations. The city is now focusing 
on designing and constructing stormwater management 
facilities on private property in areas with localized 
stormwater management problems. In total, the city 
disconnected more than 56,000 downspouts from over 
26,000 properties within its CSO area from 1993 to mid-
2011, allowing more than 1.2 billion gallons of stormwater 
to infiltrate into the ground annually.12,13 The Downspout 
Disconnection Program started out with a two-year pilot 
to provide Portland’s Bureau of Environmental Services 
(BES) time to identify and address safety concerns and/
or discrepancies with local building and plumbing codes, 
building setbacks, and right-of-way setbacks; to evaluate 
slopes, soils, and the amount of area necessary to allow water 
to infiltrate; and to define targeted residential areas that 
would benefit from such a system-wide approach. According 
to the BES, those two years were essential to ensure that the 
program identified and addressed safety concerns and target 
areas where downspout disconnections were an effective 
method of stormwater management.14 

Now, as the city shifts its focus from strict system-wide 
CSO concerns to more localized issues, such as basement 
flooding resulting from stormwater that exceeds local line 
capacity, its implementation strategy is shifting as well. 
Through the Private Property Retrofits program, BES is 
now offering a variety of partnership opportunities to 
manage stormwater on-site, including the design and 
implementation of multiple permanent solutions (such 
as rain gardens, stormwater planters, and ecoroofs) on 
participating private properties. The agency is currently 
focusing on projects within the Seven Corners stormwater 
retrofit area.15

PoRtlAnD GReen stReet PRoGRAm
In 2006, Rooftops to Rivers reported on two green street pilot 
projects Portland conducted. The first, installed in 2003, 
was a vegetated curb extension on N.E. Siskiyou Street that 
captures stormwater through an attractive landscaped 
area. The city conducted flow tests to ensure water would 
be infiltrated in the right-of-way and found that the 
vegetated curb extensions reduced peak flow from a 25-year 
storm event (approximately two inches in six hours) by 88 
percent—enough retention to protect local basements from 
flooding—and reduced total runoff to the combined sewer 
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system by 85 percent. The project took two weeks to install 
and cost $15,000. Portland also installed curb extensions on 
S.E. Ankeny Street and street projects at the intersection of 
S.W. 12th Avenue and S.W. Montgomery Street, and at the 
intersection of N.E. 131st Avenue and N.E. Fremont Street. 

Since that time, the pilot has become a comprehensive, 
city-wide program with the adoption of a Green Street Policy 
in 2007, which requires all city-funded development or 
redevelopment infrastructure projects involving the right-of-
way to manage stormwater runoff on-site at both the source 
and the surface. The use of vegetated practices that improve 
water quality and infiltration capacity are encouraged, and 
projects that do not manage stormwater are subject to an off-
site project or off-site management fee. Projects that do not 
trigger the use of the Stormwater Management Manual, such 
as retrofits or expansions, are required to pay 1 percent of the 
total construction cost into a fund that supports green street 
projects that are not otherwise required by the manual.16

This policy takes advantage of transportation corridors 
to capture and treat stormwater runoff, create green space 
and pedestrian areas, and create attractive streetscapes 
that enhance neighborhood livability. By the end of 
2010, approximately 950 green street facilities had been 
constructed.17 Data from the city’s 2010 Stormwater 
Management Facility Monitoring Report show that 
infiltration facilities, which include green streets, have 
tremendous potential to manage stormwater flow rates 
and flow volumes.18 Besides investments as part of its Grey 
to Green Initiative, the adopted FY2010-2011 budget also 
included $20 million in capital improvement expenditures 
to construct green street facilities along high-priority bicycle 
boulevards.19

Expanding on these efforts to take an integrated approach 
to stormwater management, Portland is planning to 
implement hundreds of sewer, stormwater, and watershed 
projects to improve the sewer and stormwater systems in 
a 1,400-acre section of the southeast quarter of the city. 
Under the “Tabor to the River” (T2R) program, the city will 
add more than 500 green street facilities such as vegetated 
curb extensions and streetside planters, plant approximately 
3,500 trees, work with private property owners to install 
vegetated areas or pervious pavement to capture runoff 
from disconnected downspouts and parking lots, conduct a 
comprehensive public involvement and outreach effort, and 
repair or replace 81,000 feet of sewer pipe.20 More than 135 
green street facilities were completed in 2010 and 2011. The 
city estimates that resolving flooding and other problems 
caused by runoff in the region using only conventional 
infrastructure and pipe solutions would have cost an 
estimated $144 million, compared with an estimated $86 
million price tag using largely green infrastructure which 

provide the added benefits of enhancing water quality  
and watershed health.21,22 Portland’s experience with the  
T2R program has increased the city’s confidence in 
implementing projects that blend watershed health  
and sewer improvements in other highly urbanized areas  
of the city.

PoRtlAnD’s ecoRoofs
The first green roof in Portland was installed in 1996. In 
2001 the city created a Green Building Policy requiring that 
green building principles and practices are incorporated 
in the construction of new city facilities (LEED® Silver) and 
city-funded projects (LEED®) to the fullest extent possible. 
The policy also requires that the city evaluate all future 
land purchases to reduce environmental impacts through 
such efforts as on-site stormwater mitigation, vegetation, 
and habitat restoration. It updated this policy in 2005 to 
strengthen the ratings to LEED® Gold and Silver for city 
facilities and city-funded projects, respectively, and to require 
new city-owned buildings and existing buildings in need of a 
roof replacement to install a green roof on at least 70 percent 
of the roof area, with any remaining area covered with Energy 
Star–rated roofing material.23 

Green roofs are required only on city-owned buildings, 
though Portland encourages their installation on private 
buildings through a number of incentives. In 2006, when 
the first Rooftops to Rivers publication went to print, the 
city offered developers proposing buildings in Portland’s 
Central City Plan District floor area bonuses if an ecoroof 
were installed. As a result, a dozen or so developers installed 
200,000 square feet of ecoroofs and earned almost 600,000 
square feet of additional floor area.24 Since then, the city 
launched an Ecoroof Grant Program that offers grants of up 
to $5 per square foot for ecoroof projects within city limits. 
To be eligible, the roofs must manage stormwater and have a 
designated project manager. An internal committee reviews 
applications twice a year.25 Since 2006, property owners have 
received discounts of up to 100 percent of the on-site portion 
of their stormwater utility fee by installing an ecoroof to 
retain stormwater (discussed below). In addition, Portland 
provides education and outreach on the design, installation, 
and maintenance of ecoroofs. A Portland Ecoroof Handbook 
was released in 2009, and a do-it-yourself guide for 
homeowners was released in 2010. As of May 2011, Portland 
had 288 ecoroofs totaling nearly 14 acres.26 

One motivation for developing ecoroofs in Portland is 
concern about reducing peak flows to retain capacity in 
combined sewers and protect local creeks and streams; 
accordingly, ecoroofs are a component of Portland’s Grey 
to Green Initiative. The city has continuously monitored 
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several ecoroofs for runoff over time, and in its most recent 
Stormwater Management Facility Monitoring Report 
Summary, issued in 2010, the city included data from three 
ecoroofs. It was found that all three did an excellent job of 
reducing peak flows. For the most intensive rain events, 
reductions of 85 percent to 100 percent were observed, which 
helps lower the risk of sewer backups. Volume retention 
was higher in the summer than during the winter months, 
and varied for individual storm events, depending upon 
rainfall intensity, duration, and pattern. Of the three ecoroofs 
studied, the one on the Portland Building had the highest 
annual and winter retentions. With only a three-inch soil 
depth, the difference in retention abilities was attributed 
to the three-inch foam roof insulation sheets on top of the 
membrane. Overall performance differences among the 
three ecoroofs were attributed to the soil media used and 
the irrigation applied, with soil mixed with fine particles 
appearing to better hold water against gravity. Phosphorus 
concentrations in the runoff appeared to be decreasing as 
the ecoroofs became more established but were still high in 
comparison with the water benchmarks (0.13-0.16 mg/L) 
established in some Portland watersheds. Zinc and copper 
levels in the runoff varied greatly, but all concentrations were 
well below human health guidelines.27

fInAnce stRAteGy
Portland’s adopted budget for FY2010-11 for the Bureau 
of Environmental Services included $1.5 million in capital 
improvement project funds to support innovative watershed 
enhancements over five years, with priority given to projects 
that leverage other funding, demonstrate new technologies, 
or address multiple goals. Under its Grey to Green initiative, 
the bureau also intends to invest $48 million over four 
years in ecoroofs, green street facilities, tree plantings, the 
protection of high-priority natural areas, and other priorities. 
It will spend another $20 million in capital improvement 
project funds for FY 2010-11 through FY2012-13 to construct 
green street facilities along high-priority bicycle boulevards.28

To pay for improved stormwater and wastewater control, 
Portland’s projects have been funded through operating 
capital; paid directly by ratepayers; debt, which is repaid 
through public utility fees on developed property; and 
system development charges, incurred when there is new 
development or a change in use. Stormwater management 
utility fees are based on rates per thousand square feet of 
impervious area. The city established fixed impervious area 
values for single-family residences and duplexes (2,400 
square feet) and for multifamily residential developments 
with less than five dwelling units (1,000 square feet per 

unit). All other multifamily residential and nonresidential 
properties, including industrial and commercial sites, are 
charged on the basis of measured impervious area.29 Portland 
residents pay among the highest combined sanitary and 
stormwater rates in the country, with average monthly fees 
increasing from $30 in 2001 to $53 in 2011. Average monthly 
fees are expected to reach $69 by 2016.30 

In addition, the city utilizes a Stormwater System 
Development Charge (SSDC) for new residential structures, 
ranging from $783 for one- or two-unit residences to $1,243 
for a four-family dwelling. For new commercial, industrial, 
and multifamily residential properties, developers are 
charged an SSDC of $164 per 1,000 square feet of impervious 
surface for on-site management; for off-site management 
the fee is $5.12 per linear foot of frontage and $2.68 per 
daily vehicle trip.31 These fees can be lowered, however, by 
reducing the number of square feet of impervious area by 
installing vegetation, porous pavement, or other measures.32 
Portland also supports construction of green streets through 
the One Percent for Green fund, created by the City Council 
in 2007.33

The Clean River Rewards program was implemented in 
2006 to offer a stormwater fee discount of up to 100 percent 
of the on-site portion of the bill, or up to 35 percent of the 
total stormwater charge, for retaining stormwater on-site 
through green infrastructure practices. For a single-family 
home, the discount is based on roof runoff management. 
Partial credit for residential properties can also be received 
for tree-planting, installing ecoroofs, and having less than 
1,000 square feet of impervious surfaces. For commercial, 
industrial, and multifamily residential properties, the 
discount is based on runoff managed from roofs and paved 
areas. The discount is applied on a sliding scale, depending 
on how much and how well runoff is managed in terms 
of flow control, water quality, and disposal location.34 In 
estimating the impact that an ecoroof installation could have 
on the average homeowner’s bill, one study found that a 
homeowner with a 2,000-square-foot house can save $69.30 
a year. For commercial and industrial properties with acres 
of impervious surface area, the credit becomes even more 
significant.35 

Looking beyond user fee and SSDC discounts, in 2005 
Portland undertook an EPA-funded study to evaluate the 
feasibility of implementing a credit trading system for 
stormwater volume controls. While the study determined 
that developing a stormwater trading program would be 
cost-prohibitive, it went on to identify several innovative 
market-based strategies, such as the Ecoroof Grant Program 
and development density bonuses, that the city could 
use to better motivate private investment in stormwater 
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management. Another city-run initiative is the Treebate 
program, started in 2010 and continuing to 2014 that 
provides homeowners with a credit of up to $50 on their 
utility bill for every tree planted. Without much overhead 
expense, the city persuaded local home and garden centers  
to publicize the program. In 2010, 1,000 trees were planted.36

*emeRAlD cIty RAtInG system 

Each of the cities profiled in Rooftops to Rivers II is a leader in green 
infrastructure investment—rethinking the design of municipal services 
and infrastructure. These cities leverage funding in creative ways. They 
provide tools to residential and commercial land owners to retrofit 
private properties and realize the multiple benefits provided by green 
infrastructure. In short, they are changing how cities look and function.

NRDC’s Emerald City Rating System identifies six actions cities should 
undertake to maximize their green infrastructure investment. Our metric 
does not directly compare one city to another, due to geographical, 
population, budgetary and other differences. Instead, it identifies the 
presence or absence of common factors of success that NRDC believes 
are essential elements of a robust green infrastructure commitment. 
Only one city profiled, Philadelphia, is undertaking each of the actions 
identified, although each city is undertaking at least one.
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RouGe RIveR wAteRsheD, mIchIGAn  
A CASE STUDY OF HOW GREEN INFRASTRUCTURE IS HELPING MANAGE URBAN STORMWATER CHALLENGES

tyPes of GReen InfRAstRuctuRe useD: Rain barrels/cisterns, permeable pavement, rain gardens,  
vegetated swales, street trees, downspout disconnection, wetland creation and restoration, stream buffers

Green infrastructure initiatives in the Rouge River watershed are in 
their beginning phases and vary somewhat due to the fact that the 
watershed contains 48 different communities and three counties. 

These jurisdictions share a watershed-based National Pollutant Discharge 
Elimination System permit that generally coordinates their activities, 
but each county maintains its own stormwater rules and ordinances, 
none of which require retention or the use of green infrastructure. An 
alliance of local jurisdictions prepares watershed-wide management 
plans which identify green infrastructure as one of several strategies 

to restore the watershed. These plans’ green infrastructure components have remained largely 
the same since 2006. Overall, most of the watershed’s communities seem to focus primarily on 
demonstration projects and guidance and have not yet developed strong incentives or requirements 
for green infrastructure. Detroit, the largest city in the watershed, faces financial challenges due to the 
recession and massive population decline; these challenges are leading the city to incorporate some 
limited green infrastructure retrofit programs into its combined sewer overflow control plan.

bAcKGRounD
As reported in the first Rooftops to Rivers report, the Rouge 
River Watershed in southeast Michigan covers nearly 450 
square miles, includes 127 miles of major streams, and is 
home to the historically industrial city of Detroit.1 Fifty 
percent of the watershed is urbanized, with more than 1.3 
million people in 48 communities and three counties living 
within its boundaries. The remainder of the watershed is 
characterized as either developing or rural.2 As a tributary 
and major source of pollution entering the Detroit River, 
the Rouge River was designated an Area of Concern by 
the International Joint Commission in the late 1980s due 
to its significant impact on the health of the Great Lakes. 
In the early 1990s, the Rouge River National Wet Weather 
Demonstration Project (Rouge Project) was initiated by the 
Wayne County Department of the Environment to address 
the existence of 168 combined sewer overflows (CSOs) in 
three distinct phases.3,4

R o u G e  R I v e R  wAt e R s h e D ,  m I c h I G A n

emeRAlD cIty cRIteRIA*

 Long-term Green Infrastructure (GI) Plan?

 Existing requirement to use GI to reduce some 
portion of the existing impervious surfaces?

 Incentives for private-party actions?

Retention Standard?

 Dedicated funding source for GI?

n3  Guidance or other affirmative assistance  
to accomplish GI within City?

total criteria score

1

Out of a possible 6
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While the early focus of water restoration efforts was on 
controlling CSOs, such controls alone were insufficient to 
reverse the river’s state of decline. Stormwater runoff, as well 
as discharges from illicit connections and failed on-site septic 
systems, had led to excessive flows into the Rouge River, 
eroding 60 to 90 percent of its banks, damaging riparian 
habitat, and introducing pollutants.5 Eight water quality 
monitoring stations were installed; then data showed that 
standards for dissolved oxygen were met only 30 percent 
of the time.6 Without addressing these issues, CSO controls 
alone would fail to solve the problem. Wayne County also 
determined that before the river could be fully restored, 
its wetlands, habitat, and lakes also had to be restored. In 
response, the county shifted its restoration focus in the 
early 1990s, expanding its wet weather pollution controls 
to include green infrastructure practices and wetland 
restoration projects and forming the Rouge River Project 
with funding support from the EPA.7 The overarching 
Alliance of Rouge Communities (ARC), which helps 
oversee implementation of the watershed-wide National 
Pollutant Discharge Elimination System (NPDES) permit for 
stormwater discharges, is maintained largely by membership 
dues of its participating communities and project grants,8 
with Michigan’s Wayne County playing a leadership role. 

Early in its formation, the Rouge River Project adopted a 
watershed-based approach for wet weather pollution control. 
In 1997, the communities, working with the Michigan 
Department of Environmental Quality (MDEQ), were issued 
NPDES watershed-based general stormwater permits that 
required them to develop a watershed management plan 
and individual stormwater pollution prevention initiatives. 
To handle this large task, the communities divided the 
watershed into seven sub-watersheds, forming an advisory 
group for each. In 2001 they completed planning and began 

implementing a series of goals, actions, and measures 
designed to address wet weather pollution in the sub-
watersheds. In addition to watershed-based stormwater 
permits, individual NPDES permits also established 
compliance schedules to control pollutant contributions 
from 168 permitted CSO outfalls in 17 Rouge River 
communities (see excerpt from 1990 Rouge River Remedial 
Action Plan as source of statistical information). Since the 
project’s creation, major progress has been made. CSO 
pollutant loads have been cut by 90 to 100 percent during 
most storm events, 89 of the 127 miles of larger streams are 
free of public health threats, the majority of the waters meet 
standards for dissolved oxygen (monitoring stations report 
meeting water quality standards for dissolved oxygen 99 
percent of the time), ecosystem health has improved, and, 
for the first time in decades, it is safe to consume certain 
types of fish caught in the Rouge River watershed.9 Numerous 
sanitary sewer overflows (SSOs), which were also discovered 
throughout the Rouge, have been controlled, and progress 
is being made on those remaining.10 Building upon these 
successes, the seven sub-watershed plans were updated 
and consolidated in 2008 and 2009 by the ARC, to lay the 
groundwork for future efforts, and a strategy to delist the 
Rouge River Watershed as an Area of Concern in the Great 
Lakes Basin Ecosystem is currently being finalized.11,12

While the river is generally improving, particularly with 
respect to control of CSOs and reduction of organic loading, 
certain challenges remain. Current data show a high rate 
of bacteria violations throughout the watershed in both 
dry and wet weather conditions. Many of the violations 
occur in areas unaffected by CSO discharges. Because the 
sources of dry weather violations have not been determined, 
bacteria violations will likely continue for the foreseeable 
future even after all the CSO, illicit connection removal, and 
stormwater management controls have been completed.13 
The watershed’s high level of urbanization also remains a 
challenge, with impervious areas such as parking lots, roads, 
and rooftops reducing the ability of rainfall to be retained 
and infiltrated back into the soils, resulting in significant 
contributions to excessive flows in the Rouge River and its 
tributaries.14 

wAteRsheD RestoRAtIon thRouGh 
GReen InfRAstRuctuRe
Over the years, various programs have been implemented 
under the Rouge River Project to restore the watershed. 
These include a focus on correcting SSOs and CSOs, an 
Illicit Discharge Elimination Program (IDEP), public 
education programs, community-specific projects, and 
green infrastructure projects. In its 2009-2013 Watershed 

The Rouge Project, the Alliance of Rouge Communities, and the 
Michigan Department of Environmental Quality advance the use of 
green infrastructure to address stormwater runoff in the Rouge River 
watershed by transporting excess stormwater through a second, 
“green” conveyance system.
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Management Plan (WMP), numerous structural and 
nonstructural green infrastructure practices are identified to 
help the ARC reach three overarching goals: reduce pollution 
sources that threaten public health; reduce the quantity and 
rate of runoff through sustainable stormwater management; 
and encourage partnerships between the ARC and local, 
state, and federal government.15

The green infrastructure practices listed in ARC’s 
updated WMP have not changed much since the original 
Rooftops to Rivers report was released in 2006. In addition 
to rain gardens, rain barrels, rainfall harvesting, and catch 
basin disconnect programs, ARC utilizes practices such as 
constructed wetlands/wetland retention (e.g., the 14-acre 
Inkster Wetlands demonstration project discussed in the 
2006 report) and dam modification or removal to reduce 
stormwater volume and pollution and improve hydrology, 
habitat, and aquatic diversity.16 Another focus of the Rouge 
River Project has been the use of grow zones along streams, 
where designated no-mow areas are planted with native 
species and allowed to grow naturally. Such areas help 
reduce flashiness and increase the stability of riverbeds 
while slowing and filtering stormwater before it reaches 
the waterways.17 The Rouge River WMP aims to reduce 
stormwater runoff volume by 300 million cubic feet over 
30 years through the use of various green infrastructure 
technologies.18

utIlIZInG GReen InfRAstRuctuRe to 
solve csos In DetRoIt
Over the years, efforts of the Rouge River Project, ARC, 
and Michigan DEQ have helped advance the use of green 
infrastructure to address CSO and stormwater runoff 
concerns in the Rouge River watershed. The concept is 
simple: keep the stormwater out of the sewer system, 
encourage infiltration, and transport the excess stormwater 
through a second, “green,” conveyance system. Its integration 
into existing CSO and stormwater programs, however, is 
ultimately the responsibility of local communities and the 
Detroit Water and Sewerage Department (DWSD). 

From 1994 to 2008, more than $750 million was spent 
in new “gray,” or conventional, infrastructure projects to 
construct CSO control facilities within the Rouge River 
watershed. Projects included the installation of 7 CSO 
retention/treatment basins, 5 vertical capture shafts, 1 
screening and disinfection facility, and 3 equalization basins; 
there were also 25 sewer separation projects, 12 in-system 
storage projects, and a major expansion of the wastewater 

plant’s capacity to pump and treat wet weather flows.19 By 
2008, the city of Detroit’s investments alone came to $421 
million.20 That same year, however, as the nation’s economic 
crisis worsened and major auto companies began feeling the 
financial crunch, Detroit’s population continued its dramatic 
decline and the city’s unemployment rate soared to 28.9 
percent, leaving the city unable to continue with many of its 
long-term CSO plans.21 In the face of massive debt service 
payments on two new major capital improvement projects 
totaling $1.3 billion, the city was forced to terminate those 
construction contracts. The city then began to develop 
less costly alternatives that focused on innovative green 
infrastructure solutions. 

Part of Detroit’s new plan focuses on the use of vacant lots 
throughout the city. Much like Pittsburgh, Detroit has seen its 
population decline over the years after peaking at 1.8 million 
in 1950. According to the most recent U.S. Census, between 
2000 and 2010 the city’s population declined from 951,270 
to 713,777 people—a staggering decrease of 25 percent.22 
DWSD’s plan calls for the removal of vacant structures, to 
be taken off the sewer system and replaced with pervious 
land covers. Other aspects of the $50 million plan, to be 
implemented over the next 20 years, include residential 
downspout disconnections, rain barrel installations, the 
use of bioswales and tree trenches to intercept runoff, tree 
plantings, and the management of stormwater runoff in 
underutilized parks. Officials estimate that the program will 
reduce stormwater inputs to the combined sewer system by 
at least 10 to 20 percent. The Southeast Michigan Council 
of Governments (SEMCOG) received funding to work with 
DWSD through 2012 to develop numeric goals and a long-
term strategy.23 

In total, the new CSO control plan calls for $832 million to 
be spent on a mix of gray and green infrastructure along the 
Rouge and Detroit Rivers over the next 25 years, averaging 
about $57 million in annual debt payments per year, much 
less than the annual debt payments of $115 million that the 
city planned to spend under its previous control program.24 
In addition to these efforts, SEMCOG has received a $2.58 
million Sustainable Communities Regional Planning Grant 
through HUD that supports the development of a green 
infrastructure vision for the entire seven-county region 
(much of which is served by DWSD). The vision includes 
a land cover mapping process; an analysis of how green 
infrastructure can be utilized to manage stormwater runoff, 
provide air quality benefits, and contribute to the economic 
vitality of the region; and a study of the potential to reuse 
vacant properties to increase green infrastructure within  
the watershed.25
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fInAnce stRAteGy
As a demonstration project, the Rouge River Project is 
supported largely by $300 million in federal grant funds, all 
of which was matched, dollar for dollar, by the communities. 
With the end of grant funding, much of the stormwater 
management programs are now supported through local 
budgets, membership dues to ARC, and community 
matching funds. For 2011, total local commitment to the  
ARC was $2.07 million (including $1 million of grant funds). 

In the case of the Detroit Water and Sewerage 
Department, funding for green infrastructure projects as part 
of its alternative CSO control program comes largely from 
debt financing, leveraged by state and federal funding, to 
take advantage of low-interest loans and government grant 
programs. Foundations and private parties also provide 
support.28 DWSD has committed $50 million over 20 years 
through its rate structure. To stretch its dollars further and 
ensure that efforts are not duplicated, DWSD’s strategy is to 
coordinate and complement existing programs. For instance, 
HUD operates a Neighborhood Stabilization Program (NSP) 
to demolish abandoned buildings in blighted areas. While 
NSP focuses on areas of the community where blight is 
an issue, DWSD focuses its greening efforts in areas of the 
community where neighborhood stabilization is key, such as 
around schools. In the spring of 2011, DWSD planted 1,000 
trees in such areas, with street trees accounting for roughly 
half of these, and the other half being placed in “stormwater 
forests”29 and parks.30 For the most part, DWSD and others are 
at the beginning stages of implementing green infrastructure 
projects as part of the long-term CSO control plan, and their 
finance strategy is not fully in place. 

*emeRAlD cIty RAtInG system 

Each of the cities profiled in Rooftops to Rivers II is a leader in green 
infrastructure investment—rethinking the design of municipal services 
and infrastructure. These cities leverage funding in creative ways. They 
provide tools to residential and commercial land owners to retrofit 
private properties and realize the multiple benefits provided by green 
infrastructure. In short, they are changing how cities look and function.

NRDC’s Emerald City Rating System identifies six actions cities should 
undertake to maximize their green infrastructure investment. Our metric 
does not directly compare one city to another, due to geographical, 
population, budgetary and other differences. Instead, it identifies the 
presence or absence of common factors of success that NRDC believes 
are essential elements of a robust green infrastructure commitment. 
Only one city profiled, Philadelphia, is undertaking each of the actions 
identified, although each city is undertaking at least one.
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seAttle, wAshInGton  
A CASE STUDY OF HOW GREEN INFRASTRUCTURE IS HELPING MANAGE URBAN STORMWATER CHALLENGES

tyPes of GReen InfRAstRuctuRe useD: Green roofs, rain barrels/cisterns, permeable pavement, rain gardens, 
vegetated swales, street trees, green streets

Seattle has been working at green infrastructure for over a decade, 
and its commitment over many years has resulted in a serious 
overall program. The city does not yet have a comprehensive 

citywide green infrastructure plan; its Comprehensive Drainage Plan 
is generally supportive of green infrastructure (which it dubs “natural 
drainage strategies”), but does not spell out an overall vision of its 
implementation. On the other hand, Seattle contains broadly-applicable 
requirements to use green infrastructure “to the maximum extent 
feasible,” for both new and redevelopment projects and the city requires 

certain projects to achieve specific numeric targets for peak runoff following development. Seattle 
has strong resources to assist private parties to implement green infrastructure and an equally 
major investment in implementing green infrastructure in practice to achieve stormwater and CSO 
reduction goals. Specifically, the city has stormwater and right-of-way improvement design manuals 
laying out stormwater design strategies for different kinds of projects, and it has demonstrated green 
infrastructure via numerous roadway improvement projects and green roofs. These initiatives now 
are accompanied by regulatory green infrastructure programs—Green Factor—which demands that 
development projects achieve minimum scores based on landscaping features that promote the use 
of green infrastructure, as well as the stormwater code, which requires for most projects the use of 
green stormwater infrastructure best management practices (BMPs) to mitigate stormwater where 
feasible. As a complement to these resources, Seattle also provides green infrastructure incentives—
rebates for installing rain barrels and cisterns to capture stormwater in a particular basin served by the 
combined sewer system. Other incentives are integrated into the city’s stormwater fees, which help 
pay for the implementation of stormwater control strategies; non-residential properties’ fee is directly 
related to the amount of on-site impervious area, and all property owners in the city can receive a 
parcel credit for installing green infrastructure features as well as other flow control and treatment 
BMPs. Additionally, city officials report that the CSO reduction strategy is committing to using 
green infrastructure, which will be formalized through the Long Term Control Plan efforts currently 
underway.

bAcKGRounD
Located between Puget Sound and Lake Washington, Seattle 
is a highly urbanized area that retains a strong connection 
to its waterways, many of which serve as salmon spawning 
grounds. Seattle is primarily located within the Lake 
Washington and Puget Sound watersheds and receives 
its drinking water from the Cedar River, the South Fork of 
the Tolt River, and three groundwater wells. Stormwater 
runoff has long been identified as a threat to the aquatic 
habitat of Puget Sound and the sensitive salmon streams. 
However, controlling stormwater volumes and flow rates is a 
complicated task in a city where the majority of development 
predated stormwater regulations. Consequently, water 
quality in the region is impaired and the hydrology of rivers 
and creeks is altered.

s e At t l e ,  wA s h I n G t o n

emeRAlD cIty cRIteRIA*

 Long-term Green Infrastructure (GI) Plan?

 Requirement to use GI to reduce some  
 portion of the existing impervious surfaces?

Retention Standard?

n3  Incentives for private-party actions?

n3  Guidance or other affirmative assistance  
to accomplish GI within City?

n3  Dedicated funding source for GI?

total criteria score

3

Out of a possible 6
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Seattle’s network of sewer and drainage systems is the 
responsibility of Seattle Public Utilities (SPU). The system 
includes approximately 968 miles of combined sewers with 
92 permitted CSO outfalls, 38 CSO control detention tanks/
pipes, 448 miles of sanitary sewers, and 460 miles of storm 
drains with 170 storm drain outfalls.1 During heavy rains, 
the combination of stormwater (about 90 percent of the 
volume) and sewage exceed the drainage system’s capacity, 
causing annual overflows of approximately 100 million 
gallons per year (down from 30 billion gallons in 1970).2 SPU’s 
approach to green infrastructure as it relates to stormwater 
and CSO control involves the testing of technologies or 
projects as pilots and then rolling out programs with 
broader application. SPU’s Green Stormwater Infrastructure 
(GSI) program also supports the use of GSI at the site level 
through full street right-of-way improvements with natural 
drainage systems and through larger development planning 
and design. Factors such as Seattle’s hilly topography, soil 
conditions, and street widths limit the sites for which GSI 
solutions are appropriate.

In September 2004, Seattle Mayor Greg Nickels introduced  
his “Restore Our Waters” (ROW) Strategy, a framework 
for coordinating and concentrating the city’s efforts to 
rehabilitate local waterways. The strategy requires updating 
the city’s stormwater code to include options for GSI 
alternatives to stormwater control. In response, SPU drafted a 
new Comprehensive Drainage Plan, broadening the scope  
to include infrastructure, public safety, and aquatic resource 
protection, and developed an SPU Urban Watershed Strategy  
to develop clear goals, indicators, and performance measures.

usInG nAtuRAl DRAInAGe systems  
to mAnAGe stoRmwAteR Runoff
In the late 1990s, the city began to install green stormwater 
infrastructure to mitigate urban stormwater runoff, and 
SPU developed pilot projects using the purpose of natural 
drainage system (NDS) strategies. The concept of NDS is to 
provide improved stormwater management by mimicking 
the natural hydrologic functions typically lost in an urban 
setting. NDS uses alternative street designs and vegetated 
BMPs to reduce the volume and rate of stormwater runoff, 
striving to replicate pre-development hydrologic function. 
In order to expedite the achievement of its water quality 
and flood mitigation goals, Seattle takes a proactive 
approach, retrofitting existing city streets using these green 
infrastructure techniques. NDS projects involve community 
members in all stages of implementation, from planning and 
construction to public education meetings on its importance 
and benefits. At one point, the program faced challenges from 
the city’s emergency and transportation departments, which 
questioned the system’s safety, integrity, and applicability. 
SPU worked with these departments to establish new road 
designs that met both the goals of the NDS program and 
the needs of emergency vehicles. The outcome has been 
innovative neighborhood and stormwater system designs 
with results exceeding expectations. Information obtained 
from NDS pilots has been used to develop the Seattle Right-
of-Way Improvement Manual and the Stormwater Flow 
Control and Water Quality Treatment Technical Requirement 
Manual.

Descriptions of the Viewlands Cascade, Second Avenue 
Street Edge Alternative (SEA), 110th Street Cascade, 
Broadview Green Grid, and Pinehurst Green Grid NSD pilots 
were included in the 2006 Rooftops to Rivers publication. 
More recent work includes the Swale on Yale, scheduled to 
be constructed in the fall of 2011 – 2013, and the Ballard 
Roadside Raingardens, which began in June 2010. When 
complete, the $10 million Swale on Yale will consist of four 
extra-wide planting areas, 270 feet long by 10.5 to 16.5 
feet wide, between the sidewalk and roadway. This area 

Seattle’s Green Factor Program, a landscape requirement designed 
to increase the quantity and quality of planted areas in parts of the 
city, was the first of its kind in the United States. While developers 
and designers have flexibility to meet the requirements, the 
program does encourage the use of large plants and green roofs 
in publicly visible areas. Its scoring system provides bonuses for 
food cultivation, native and drought-tolerant plants, and rainwater 
harvesting.
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will treat an average of 190 million gallons of stormwater 
annually, greatly reducing the amount of pollution flowing 
into Lake Union. A diversion vault under Yale Avenue North 
will divert stormwater into the biofiltration swales; it will 
also spin the stormwater to create a vortex so that large 
solids and trash can be separated and collected by a sump, 
which will be regularly cleaned by SPU crews. The project 
will require approximately 2,000 feet of new storm drain to 
convey untreated stormwater into the diversion vault, swirl 
concentration, and biofiltration swales. Treated stormwater 
will then go back into the storm drain to be discharged into 
the lake.3 

Recently, Seattle was reminded of the necessity of careful 
planning, design, construction, and community engagement 
when designing and installing GSI in a dense urban setting. 
Sewage and drainage from Seattle’s Ballard neighborhood 
flows into a combined sewer system that overflows into the 
Salmon Bay waterway approximately 70 to 80 times per year. 
To reduce the frequency of these overflows, SPU set out to 
install a series of rain gardens across 10 city blocks in the 
public right-of-way to treat 50,000 gallons of stormwater 
annually while providing attractive landscaping.4,5 The 
project, known as the Ballard Roadside Rain Gardens pilot 
project, was implemented on an expedited schedule in 2010 
when SPU received $1.4 million in federal stimulus money to 
initiate the $1.9 million project. 

Due to the fast-tracked schedule, technical risks such 
as the adequacy of infiltration rates and the presence of 
underground springs were not fully considered during the 
design phase of the project. As a result, several of the rain 
gardens did not drain properly after construction. Further, 
due to the expedited process, SPU conducted only limited 
community outreach activities during the project’s planning 
process, allowing insufficient time or opportunity to develop 
community acceptance, and leaving residents dissatisfied 
and concerned with the resulting standing water. SPU has 
recently been forced to spend another $500,000 to address 
the drainage issues.

The knowledge gained through this pilot project 
highlighted the need to allow adequate time to review 
data and technical assumptions and specifications, and 
the importance of community outreach and engagement. 
However, SPU emphasizes that bioretention is an effective 
technology for reducing flows when applied where conditions 
are appropriate. As a strategy, SPU will continue to value 
bioretention as a tool for reducing CSO volumes, as well as to 
provide flow control in creek basins, and expects to continue 
to construct roadside rain gardens for both purposes.

GReen fActoR PRoGRAm AnD  
GReen Roofs
Seattle’s Green Factor Program, the first of its kind in the 
United States, was instituted in 2006 and provides a flexible 
approach to GSI through development regulations. The 
Green Factor is a landscaping requirement for development 
intended to encourage design features such as large plants, 
green roofs, and vegetated walls to be installed in publicly 
visible areas. Developments are rated using a Green Factor 
Scorecard in order to ensure that a certain percentage of 
green (based on the development’s underlying zoning) is 
included in the design. Minimum required scores range from 
30 percent of a parcel in a commercial zone to 50 percent 
coverage in multifamily residential zones. Aesthetically, 
the scoring system promotes the implementation of GSI 
techniques in areas visible to the public, with bonuses 
provided for food cultivation, native and drought-tolerant 
plants, and rainwater harvesting. Besides reducing 
stormwater runoff and associated public infrastructure costs, 
such elements are intended to provide air quality benefits, 
create wildlife habitat, and alleviate the urban heat island 
effect.6 

The landscaping requirements of the Seattle Green Factor 
can be met in part through the use of green roofs, and the 
program is expected to increase the number of green roofs 
within the city. At the end of 2009, there were 62 known green 
roofs in the city, with a total area of 359,375 square feet. An 
additional four buildings have designated 3,631 square feet 
of area for food production in planter boxes, and eight large 
at-grade green ”lids” make up an additional 1,445,347 square 
feet of vegetated area. In all, 8.5 acres of the city’s total roof 
surface area of 13,150 acres was covered with a green roof or 
rooftop garden.7 

Besides the Green Factor Program, green roofs are 
encouraged by the 2009 Stormwater Code, which requires 
projects to implement GSI, including green roofs, to the 
maximum extent feasible, and through the LEED® green 
building certification program, which awards a point for a 
green roof.8 Seattle also currently provides an impervious 
surface reduction credit that lists green roofs and roof 
gardens as acceptable strategies.9 

Additionally, SPU is actively monitoring four green roof 
test projects to determine the extent to which the green 
roofs can absorb and delay stormwater flow. Starting in 2005, 
SPU began collecting information from green roofs at the 
Woodland Park Zoo’s Zoomazium, the Ballard Library, Fire 
Station 10, and the Ross Park Shelterhouse.10 With support 
from the King Conservation District, SPU and its partners 
have collected three years’ worth of data for each of the green 
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roofs and are now completing a data set that will eventually 
be used to calibrate local hydrological models for green roof 
stormwater flow performance.11

fInAnce stRAteGy 
For 2010–2015, Seattle has identified several GSI projects as 
part of its CSO control program. The overall CSO program 
for 2010–2015 is expected to reduce stormwater by a total of 
7,924,000 gallons at a cost of $88 million to $255 million.12 
Historically, combined sewer overflow funding through 
Seattle’s Drainage and Wastewater Fund (DWF) capital 
improvements project (CIP) has come primarily from the  
sale of revenue bonds. In 2003, DWF adopted a financial 
policy to gradually increase cash contributions from Seattle 
Public Utility to fund the CIP. Today, 25 percent of total CIP 
costs are funded by a cash contribution from SPU’s capital 
and operating budget, with the remaining capital needs  
debt financed.13 

The city of Seattle charges property owners a fee for 
stormwater management services based on each property’s 
estimated impact on the city’s drainage system. Instead of 
appearing on utility bills, these fees are billed as a separate 
line item on King County property tax statements. Prior to 
2008, all property owners were charged a flat fee. Starting in 
2008, Seattle changed the rate structure that underlies the 
calculation of drainage fees, in order to more closely tie such 
fees to customers’ actual impacts on the drainage system. 
Residential properties are now charged on the basis of 
parcel size, and nonresidential properties on the basis of the 
amount of impervious surface.13 In 2011, residential drainage 
bills ranged from $134.06 to $298.32 per year, regardless of 
the amount of impervious surface, and annual nonresidential 
bills ranged from $19.72 to $66.90 per 1,000 square feet, 
depending on the amount of impervious surface. In total, 
expected revenues from drainage fees were approximately 
$59 million for 2010 and $67.2 million for 2011,14 up from 
$31.6 million in 2005.15 

To incentivize GSI, Seattle Public Utilities has a 
Stormwater Facility Credit Program (SFCP) for property 
owners who have installed a fully functioning, well-
maintained stormwater system—with such features as 
vaults, rain gardens, green roofs, rooftop gardens, permeable 
pavements, and filtration systems—that provides water 
quality treatment and/or slows down stormwater runoff 
from impervious surfaces such as rooftops, driveways, and 
walkways. Systems that are in compliance with the city’s 
stormwater code standards16 can qualify for the program, 
which, while open to anyone, is most beneficial to parcels 

with large amounts of impervious surface being managed  
by a stormwater system.17 The maximum allowable parcel 
credit is 50 percent; the average awarded credit in 2008 was  
9 percent.18

In addition to this program, the city provides RainWise 
Rebates for cisterns and rain gardens in a target CSO basin 
in the Ballard neighborhood. There, the city pays for most of 
the costs of installing rain gardens and cisterns, depending 
on how many square feet of roof runoff is controlled.19 If 
successful, the city plans to extend the pilot project to other 
CSO target basins. While not currently active, Seattle Public 
Utilities has also provided Aquatic Habitat Matching Grants 
to individuals, business owners, nonprofits, and community 
groups wanting to protect or restore Seattle’s aquatic habitat. 
This project was cut, however, as a cost-saving measure. 

 

*emeRAlD cIty RAtInG system 

Each of the cities profiled in Rooftops to Rivers II is a leader in green 
infrastructure investment—rethinking the design of municipal services 
and infrastructure. These cities leverage funding in creative ways. They 
provide tools to residential and commercial land owners to retrofit 
private properties and realize the multiple benefits provided by green 
infrastructure. In short, they are changing how cities look and function.

NRDC’s Emerald City Rating System identifies six actions cities should 
undertake to maximize their green infrastructure investment. Our metric 
does not directly compare one city to another, due to geographical, 
population, budgetary and other differences. Instead, it identifies the 
presence or absence of common factors of success that NRDC believes 
are essential elements of a robust green infrastructure commitment. 
Only one city profiled, Philadelphia, is undertaking each of the actions 
identified, although each city is undertaking at least one.
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syRAcuse, new yoRK  
A CASE STUDY OF HOW GREEN INFRASTRUCTURE IS HELPING MANAGE URBAN STORMWATER CHALLENGES

tyPes of GReen InfRAstRuctuRe useD: Green roofs, rain barrels/cisterns, permeable pavement, rain gardens, 
vegetated swales, street trees, green streets, planter boxes

In 2009, when Onondaga County gained federal court approval of its 
new Save the Rain program, Syracuse became the first community in 
the United States with a legal requirement to reduce sewage overflows 

with green infrastructure. The county’s strategy integrates both green and 
gray approaches to meet binding CSO targets phased in over nine years. 
Green infrastructure investments, totaling nearly $80 million, will account 
for nearly two-thirds of future CSO reductions. The program is funded 
with a combination of sewer fees and low-interest loans and grants from 
the state. The county has installed a number of demonstration projects 

and expects to complete at least 50 projects by the end of 2011. To encourage green infrastructure 
on private property, the county has launched a comprehensive public outreach and education program 
and provides financial incentives in the form of a direct grant program and rain barrel giveaways. There 
is currently no retention standard for new development or redevelopment, but the county is working 
with the city of Syracuse on a new ordinance that may include such a standard.

bAcKGRounD
Onondaga Lake, located on the northern edge of Syracuse, 
was at one time “arguably the most polluted lake in the 
United States.”1 The roughly 4.6-square-mile lake, whose 
285-square-mile drainage area includes two counties, 
one city, 18 towns, six villages, and the Onondaga Nation 
Territory,2 has long suffered from pollution problems due to 
its highly urbanized surroundings.3,4 As a means of addressing 
this pollution, in 2009 Onondaga County (which includes the 
city of Syracuse) became the first metropolitan area in the 
United States with a binding legal obligation to build green 
infrastructure to achieve specific, quantitative reductions in 
combined sewer overflows (CSOs). 

Beginning in the 1800s, power plants, steel mills, and other 
manufacturers used the lake and its tributaries as a dumping 
ground for their waste.5 With little or no regulation, industrial 
pollution from mercury, PCBs, pesticides, creosotes, heavy 
metals, PHAs, and volatile organic compounds severely 
degraded the lake’s water quality.6 Parallel to the industrial 
discharges, wastewater from municipal sources has similarly 
been a problem since the late-19th century. In the 1940s the 

s y R A c u s e ,  n e w  y o R K

emeRAlD cIty cRIteRIA*

Retention Standard?

n3  Long-term Green Infrastructure (GI) Plan?

n3  Existing requirement to use GI to reduce some 
portion of the existing impervious surfaces?

n3  Incentives for private-party actions?

n3  Guidance or other affirmative assistance  
to accomplish GI within City?

n3  Dedicated funding source for GI?

total criteria score

5

Out of a possible 6
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lake was deemed unsuitable for swimming. In 1970, fishing 
was banned due to concern over the level of contaminants 
in fish.7,8 Although regulation of discharges after the passage 
of the Clean Water Act in 1972 helped to mitigate industrial 
pollution and improve the lake’s condition, the damage has 
been lasting. In 1994 the entire lake bottom as well as certain 
sites around the lake were added to the federal Superfund 
list.9 

As industrial pollution waned, water pollution from 
municipal sources came sharply into focus. One major 
pollution source was the discharge of excess ammonia and 
phosphorus from Onondaga County’s Metropolitan Sewage 
Treatment Facility. Another key source was—and continues 
to be—the county’s aging combined sewer infrastructure.10,11 

In 1988 the Atlantic States Legal Foundation (ASLF), 
joined by the state of New York and the New York State 
Department of Environmental Conservation (NYSDEC), 
brought a lawsuit against Onondaga County to prevent raw 
sewage overflows from polluting Onondaga Lake and to 
reduce pollutant loadings from the Metro plant. The case 
resulted in a consent judgment, in 1989, requiring the county 
to evaluate the need for upgrading Metro and providing 
treatment of the CSOs in the Metro service area.12 In 1998, 
the consent judgment was amended to incorporate a 15-year 
schedule to construct various upgrades to the Metro plant 
and the sewer system. At that time, the system was capturing 
and treating only 74 percent of the annual wet weather flow 
through the combined sewer system; the amended consent 
judgment required the county to achieve 95 percent capture 
and treatment.13 

syRAcuse’s 2009 AmenDeD  
consent juDGment
Over the next two decades, the county proceeded down a 
path that strictly used gray infrastructure to mitigate its water 
problems. While nutrient loading has been significantly 
reduced since the 1989 judgment,14 millions of gallons 
of sewage overflow continue to pollute the lake and its 
tributaries after storm events.15 Further, the county’s gray 
infrastructure approach to CSO abatement was met with 
increasing resistance from the community, especially after 
the first of four regional treatment facilities (RTFs) was built 
in 2007 amid much controversy in a low-income, primarily 
African-American neighborhood.16,17,18 Community groups 
and organizations had strongly objected to the construction 
of this RTF for fear it would put unfair burdens on the 
disadvantaged neighborhood and its residents, including 
being inconvenienced during construction and subjected to 
potential odors and stigma when it was completed. This local 
opposition, coupled with the potential for cost savings, was 
largely the impetus behind the decision to seek an alternative 
to the three additional RTFs slated for construction. 

With the election of new local officials in 2008, ASLF and 
the Onondaga Nation initiated talks about the alternatives 
with county and city officials, who then solicited input 
from local environmental and community groups, the State 
University of New York Environmental College of Science and 
Forestry (SUNY ESF), and the New York State Department 
of Environmental Conservation (DEC) to identify green 
alternatives for CSO mitigation.19 In November 2009, 
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The Connective Corridor showcases the diverse art and cultural assets of Syracuse, igniting a resurgence of economic development, tourism, and 
urban residential smart growth. In addition to its focus on culture, the Connective Corridor will feature creative lighting, sustainable transportation 
options, green infrastructure, technological hot spots, and more.
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with consensus among these stakeholders and an official 
statement of support from EPA,20 the federal court approved 
an amendment to the consent judgment that eliminated 
the three planned RTFs and explicitly required the use of 
green infrastructure technology to reduce sewer overflows 
to Onondaga Lake and its tributaries.21,22,23 Syracuse and 
Onondaga County thus became the first community in the 
United States to be legally required to meet binding targets 
for CSO reduction by using green infrastructure.

As of 2009, the county’s sewer system was capturing 
84.6 percent of wet weather flow in a typical year. The 
amended decree requires 95 percent capture by 2018 using 
a combination of green and gray approaches—resulting in 
more pollution reduction than the original decree, since 
the RTFs would have provided only partial treatment 
of combined sewage and stormwater, whereas green 
infrastructure both treats stormwater and frees up capacity 
for sewage treatment plants to accept, and fully treat,  
greater volumes of sanitary sewage.24 Nearly two-thirds  
of the future CSO reductions will come from the use of  
green infrastructure.25 

ononDAGA county’s sAve the  
RAIn cAmPAIGn
The county is now embracing the unique opportunity to meet 
its CSO reduction mandates by using green infrastructure 
practices. The County Executive’s office has launched 
Save the Rain, a comprehensive plan to incorporate green 
infrastructure into all types of land use in the city to manage 
stormwater, restore Onondaga Lake, and more generally 
to “cultivate a green urban culture in Syracuse,” while also 
including certain localized gray infrastructure improvements 
such as storage facilities and sewer separation.26 The use of 
green infrastructure will be divided into 10 program types, 
including streets, parks and open space, rooftops, public 
facilities, grants that will incentivize green infrastructure 
retrofits on private property, and a stormwater ordinance. 
Each program type has more than one strategy for 
implementing green infrastructure retrofits. The total 
2011–2018 green infrastructure budget for the Save the Rain 
program, with funding from sewer fees, state low-interest 
loans, and grants, is approximately $78 million.27,28 Notably, 
some estimates have indicated that Save the Rain, with its 
balance of gray and green infrastructure, will save the county 
as much as $20 million compared with traditional CSO 
mitigation programs.29,30 

A handful of projects have already been implemented. 
The Pearl Street parking lot retrofit project, completed in 
2010, transformed an existing 1-acre asphalt/gravel lot into 
a lot partially covered with porous pavement, including 

25,000 square feet of subsurface infiltration to capture an 
estimated 1.3 million gallons of stormwater runoff annually.31 
A stormwater retrofit project at City Parking Lot #3 included 
the conversion of a traditional lot into one with porous 
pavement, plus the planting of 26 trees in the interior of the 
lot and along its perimeter; an estimated 678,000 gallons of 
stormwater will be captured annually there.32 The Townsend 
Median stormwater retrofit project, completed in 2011, 
included redesigning the median to be below surface grade 
to allow approximately 317,000 gallons of stormwater runoff 
capture per year. The project also included the planting of 
four “stormwater trees,” with new inlets built into the existing 
curb to allow stormwater runoff to infiltrate the soil around 
the trees.33 

An AmbItIous PlAn foR GReen 
InfRAstRuctuRe: sAve the RAIn–
PRoject 50
After several years of extensive planning, Onodaga County 
began construction on a long list of green infrastructure 
projects. The county has identified 82 potential projects to 
date and has a goal of advancing 50 during calendar year 
2011: the Save the Rain–Project 50 campaign.34,35 Projects in 
the pipeline vary widely in their size and expense, ranging 
from a 3,500-square-foot porous sidewalk that will capture 
around 60,000 gallons of water annually to a 12-acre wetlands 
project that will capture an estimated 14.9 million gallons  
per year.36 

To meet its commitment to 95 percent total volume 
capture by 2018, the county will need to capture 250 million 
gallons per year. While it aims to achieve this capture for an 
average of about 35 cents per gallon, the county is willing to 
spend more on certain high-profile projects because “they 
will generate significant dialogue in the community, and 
also showcase the whole [green infrastructure program] 
nationwide.”37 One key example is the project planned for 
the War Memorial Arena, home to the Syracuse Crunch 
hockey team: the installation of a $1 million system to collect 
rainwater from the roof in cisterns and then filter, disinfect, 
and use the rainwater to make ice for the hockey rink. The 
collected rainwater will also be used for irrigation around 
the facility, and will potentially replace potable water in the 
facility’s heating/cooling system.38, 39,40 The county recently 
received a $712,000 grant for the system, which will capture 
around 366,000 gallons per year,41 through the New York State 
Environmental Facilities Corporation’s Green Innovation 
Grant Program.42

Another prominent project will be the construction of a 
massive green roof on top of the Nicholas J. Pirro Convention 
Center. Built for an estimated $1 million, the 1.5 acre green 
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roof will be one of the largest in the Northeast, absorbing 
an estimated 1 million gallons of rain annually that would 
otherwise run into the combined sewer system.43,44,45

ADDItIonAl PRoGRAms AnD stRAteGIes 
to ReDuce stoRmwAteR In syRAcuse
In addition to the short-term goal of advancing 50 green 
infrastructure projects in 2011, Save the Rain includes a 
number of longer-term programs that aim to implement, 
or promote the implementation of, green infrastructure 
on public and private property. For example, Onondaga 
County is initiating an Urban Forestry Program. Partnering 
with the city of Syracuse, the county will plant 8,500 trees 
in neighborhoods throughout the city.46 Tree species 
will be chosen on the basis of their appropriateness for 
the region and ability to sustain a canopy for maximum 
rainwater capture, and a long-term maintenance program 
will be implemented to ensure that these trees are being 
cared for appropriately. Additionally, a sophisticated asset 
management system called Maximo will be used to manage 
these trees.47,48 Onondaga County is also adding green 
infrastructure elements to its conventional storm water 
storage projects. Interceptor sewer construction restoration 
includes rain gardens, tree plantings and infiltration boxes, 
and more than 10 million gallons of constructed storm 
water storage facilities include rainwater reuse systems and 
bioretention.49

The county is also taking steps to encourage the use 
of green infrastructure on private property. A rain barrel 
program, funded in 2009 by grant money through New York 
State’s Green Innovation Grant Program, provides free rain 
barrels to homeowners in designated CSO sewer sheds in 
Syracuse. To receive a rain barrel, residents must attend a 
brief workshop on rain barrel installation and maintenance; a 
companion guide is available online. To date, the county has 
distributed more than 300 rain barrels to local residents50,51,52 
and aims to have more than 1,000 in use within the next two 
years. The county also aims to develop a more sophisticated 
tracking system for the rain barrel program, making use of 
GIS data to pinpoint where the barrels are located.53 

Additionally, the county has developed a multimillion-
dollar Green Improvement Fund (GIF) that offers grants for 
green infrastructure retrofits on private property, including 
businesses and nonprofits, in combined sewer drainage 
areas.54,55,56 Projects that have received funding include, but 
are not limited to, tree trenches, planter boxes, porous swales, 
rain gardens, green roofs, green streetscapes, and cisterns.57,58

Save the Rain has launched a comprehensive public 
outreach campaign that includes green infrastructure 
education at the neighborhood level, within the public 

school system, and via a new website (www.savetherain.us). 
Green infrastructure design charrettes, public meetings, and 
workshops are frequently held within local communities, 
and every third-grade glass in the city of Syracuse is learning 
about green infrastructure. The county has also partnered 
with a number of community-based organizations that offer 
additional support for green infrastructure. For example, 
some groups offer workshops for residents on creating 
rain gardens and constructing rain barrels. The county is 
considering fee structures based on impervious area for 
future implementation and is currently working with the 
city of Syracuse on revisions to the current ordinance that 
may ultimately require enhanced stormwater mitigation on 
redevelopment projects.59,60

GReen jobs tRAInInG In syRAcuse
While Onondanga County proceeds with its Save the Rain 
campaign and continues to identify and execute green 
infrastructure projects, two programs providing green 
jobs training for Syracuse residents, particularly those in 
underemployed demographic groups, have been established 
in the region. SUNY ESF operates a training program that 
partners with regional organizations to train unemployed 
or underemployed residents in development and 
implementation of green infrastructure projects such as rain 
gardens, permeable pavers, and urban forests.61 Additionally, 
in 2010 CNY Works won a $3.7 million grant from the U.S. 
Department of Labor to train up to 750 Syracuse residents in 
energy efficiency, renewable energy, and green infrastructure 
jobs over a two-year period.62

meAsuRInG the effectIveness of 
syRAcuse’s GReen InfRAstRuctuRe 
To satisfy the CSO reduction requirements of the amended 
consent judgment, the effectiveness of all green infrastructure 
projects must be quantifiable. Onondaga County uses a 
cost-effectiveness calculator on every project to compare 
the proposed project costs with actual costs of completed 
projects of similar scope, to ensure that the county is paying 
for the most cost-effective green infrastructure projects.63 
For every project undertaken with public funds, the Save 
the Rain website will include fact sheets detailing costs and 
stormwater capture volumes, as well as technical plans and 
specifications.64 After projects are completed, performance 
evaluations are used to monitor the effectiveness of different 
types of capture practices. Additionally, as mandated by 
the amended consent judgment, the county has developed 
a comprehensive Ambient Monitoring Program (AMP) for 
Onondaga Lake and its tributaries to assess the program’s 

RB-AR10438



syracuse, new york 5 |  Rooftops to Rivers II

overall performance and impact on the lake. If the green 
infrastructure projects undertaken under the Save the Rain 
program are functioning properly, then AMP data should 
demonstrate reduced nutrient loading from captured runoff 
as well as reduced contamination from CSO events.65 

Currently, metrics illustrating the ancillary benefits of 
green infrastructure are being developed. The county has 
partnered with a number of organizations to measure these 
additional benefits, including U.S. EPA, Syracuse University, 
and SUNY ESF. A few examples of the benefits that will be 
studied include air quality improvements, economic impacts, 
mitigation of the urban heat island effect, energy savings, 
and recreational and transportation improvements. Syracuse 
University recently approached the county about conducting 
on-site monitoring of the aforementioned Nicholas J. Pirro 
Convention Center green roof. In addition to measuring the 
roof’s stormwater capture, the university will also measure 
energy savings and the reduction of the heat island effect.66

On April 20, 2011, the EPA recognized Onondaga County’s 
efforts by selecting it as one of 10 green infrastructure 
partner communities in the United States. the EPA’s Green 
Infrastructure Partnership program focuses on identifying 
opportunities and providing technical assistance to 
communities implementing green infrastructure approaches 
to control stormwater runoff.67 The EPA will partner with 
Onondaga County to exchange information regarding 
green infrastructure best management practices utilized in 
Syracuse, highlighting the county’s program as a model for 
other municipalities on how to implement effective green 
infrastructure programs.

*emeRAlD cIty RAtInG system 

Each of the cities profiled in Rooftops to Rivers II is a leader in green 
infrastructure investment—rethinking the design of municipal services 
and infrastructure. These cities leverage funding in creative ways. They 
provide tools to residential and commercial land owners to retrofit 
private properties and realize the multiple benefits provided by green 
infrastructure. In short, they are changing how cities look and function.

NRDC’s Emerald City Rating System identifies six actions cities should 
undertake to maximize their green infrastructure investment. Our metric 
does not directly compare one city to another, due to geographical, 
population, budgetary and other differences. Instead, it identifies the 
presence or absence of common factors of success that NRDC believes 
are essential elements of a robust green infrastructure commitment. 
Only one city profiled, Philadelphia, is undertaking each of the actions 
identified, although each city is undertaking at least one.
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toRonto, ontARIo, cAnADA  
A CASE STUDY OF HOW GREEN INFRASTRUCTURE IS HELPING MANAGE URBAN STORMWATER CHALLENGES

tyPes of GReen InfRAstRuctuRe useD: Green roofs, blue roofs, rain barrels/cisterns, permeable pavement, rain 
gardens, infiltration trenches or vaults, vegetated swales, street trees, planter boxes, downspout disconnection

Toronto has made green infrastructure a central component 
in its efforts to reduce urban stormwater runoff and sewage 
overflows that contribute pollution to Lake Ontario. The city has 

enacted a long-term Wet Weather Flow Master Plan that establishes 
a comprehensive strategy to use both gray and green infrastructure 
approaches to eliminate adverse effects of wet weather runoff, with a 
focus on managing rainwater where it falls. The city has implemented 
programs for downspout disconnection, which became mandatory in 
2011, adopted construction standards to require buildings to include 

green roofs, established rainwater-capture pilot and demonstration projects, and provided funding for 
tree plantings to double the city’s existing tree canopy, among other initiatives. Toronto is also using 
green infrastructure to reduce the costs of implementing its Master Plan. The city estimates that 
its downspout disconnection program and initiative to increase tree cover will help reduce costs for 
stormwater infrastructure and capital improvement projects, and that further savings could be realized 
by replacing impervious surfaces in alleys and laneways with permeable pavements. 

bAcKGRounD
Toronto, the largest city in Canada, covers 248 square miles 
and is home to 2.5 million residents, with another 5 million 
people living within the larger metropolitan area. The city 
contains an extensive network of sewer infrastructure, 
including 2,800 miles of storm sewers with more than 2,600 
outfalls, and 807 miles of combined sewers with 79 CSOs.1,2 
Toronto’s urban stormwater is a leading cause of water 
pollution in Lake Ontario and its tributaries, and under 
a 1972 bilateral Canada-U.S. Great Lakes Water Quality 
Agreement, was identified as the primary cause for the city 
being listed as an Area of Concern for the Great Lakes. In 
response to this listing, Toronto established a Remedial 
Action Plan (RAP) in 1987 to develop plans for the restoration 
of drinkable, fishable, swimmable, and aesthetically pleasing 
water and habitat areas within the city and surrounding 
watersheds.3

t o R o n t o ,  o n tA R I o ,  c A n A D A

emeRAlD cIty cRIteRIA*

 Requirement to use GI to reduce some  
portion of the existing impervious surfaces?

 Dedicated funding source for GI?

n3  Incentives for private-party actions?

n3  Long-term Green Infrastructure (GI) Plan?

n3 Retention Standard?

n3  Guidance or other affirmative assistance  
to accomplish GI within City?

total criteria score

4
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Faced with the difficult challenge of limiting stormwater 
runoff and pollution, Toronto developed a unique policy 
approach for managing stormwater, with the goal of 
eliminating adverse effects of wet weather flows and 
achieving measurable improvement in ecosystem health 
within the watershed. In 2000, it established what was 
considered a stringent sewer-use bylaw to restrict what can 
be disposed of through the sewer and in what quantities.4 
Three years later, Toronto’s City Council approved a 25-year, 
$1.03 billion* stormwater plan, the Wet Weather Flow Master 
Plan, that sets forth a comprehensive strategy utilizing 
both traditional and green stormwater methods to deal 
with surface water quality and quantity, sewage overflows, 
and habitat and wildlife protection, with an emphasis on 
managing rainwater where it falls.5

The city adopted management guidelines in 2007 to 
provide further guidance for developers on the design and 
implementation of stormwater source control measures 
necessary to achieve the Wet Weather Flow Master Plan’s 
long-term goals. Instead of mandating specific best 
management practices, however, the plan provides a flexible 
framework for the city to consider any innovative approach 
that can demonstrate specific performance objectives with 
respect to controls for peak flows, flood management, water 
quality, and annual runoff volume.6 Specific water quality 
targets include removing 80 percent of total suspended solids 
annually over the entire site; specific runoff volume targets 
encourage infiltration, evapotranspiration, and rainfall 

harvesting. These include maintaining the pre-development 
volume of overland runoff, allowing a maximum runoff of 
50 percent of annual precipitation, and require a minimum 
retention of 5 millimeters per event, an equivalent of .20 
inches.7

DownsPout DIsconnectIons
Toronto’s Downspout Disconnection Program was 
established as a voluntary program in 1998. The program, 
which was adopted by the City Council, provided free 
downspout disconnections to property owners whose 
downspouts were legally and directly connected to either 
the combined or separate sewer system. Its objective was 
to reduce the amount of stormwater entering the systems 
and reduce pressures on flood-prone areas. The city’s 
2003 Wet Weather Flow Master Plan identified downspout 
disconnections as one of the most effective and readily 
available source control options. It estimated that 40 percent 
of all properties could be disconnected through a voluntary 
program and made this goal a focus of the implementation 
plan.8 

In 2003 and 2004, the Downspout Disconnection 
Program aimed its efforts at two particular neighborhoods 
and tributaries with combined sewer systems, as well as 
properties that were subject to basement flooding. The 
focus area was enlarged in 2004 and 2005. 9 In a review of 
the program in 2006, it was reported that a total of 26,000 
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Toronto’s City Council adopted construction standards in May 2009 that require all new buildings and retrofits with more than 2,000 square meters 
(approximately 21,528 square feet) of floor area to include a green roof; since the bylaw went into effect, approximately 1 million square feet of 
additional green roofs have entered the planning phase.

*All money figures are given in U.S. dollars.
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downspouts had been disconnected, at an average rate of 
2,300 downspouts disconnected each year with $1.5 million 
in annual funding.10 In November 2007, the City Council 
voted to move from a voluntary program to one that would 
be mandatory starting in November 2011, with all areas of the 
city phased in by the end of 2016.11 

toRonto’s GReen Roofs AnD GReen 
stAnDARD
In 2000, Toronto’s City Council adopted an environmental 
plan that recommended the city develop a strategy to 
encourage green roofs and rooftop gardens. In 2002, an 
official plan was approved that promoted green building 
designs and construction practices, such as green roofs and 
green spaces. After a Green Roof Task Force was formed in 
2003 to investigate and promote the benefits of green roofs, 
a 2005 Ryerson University study estimated that if a green 
roof were installed on every flat roof, the city would save 
nearly $270 million in municipal capital costs and more 
than $30 million annually.12,13 Subsequently, a Green Roof 
Task Force discussion paper identified a list of options and 
strategies, both financial and regulatory, to implement 
green roof technologies.14 This led to the development and 
approval of a green roofs strategy in 2006.15 As a result of this 
process, a two-year Green Roof Incentives Pilot Program 
was formed, with an initial budget of $200,000, to provide 
financial incentives of up to $20,000 per project to property 
owners through Toronto Water, the agency responsible for 
implementing the city’s Wet Weather Flow Master Plan.16,17

In 2006, Rooftops to Rivers reported that there were 100 
green roofs built or planned in Toronto. That same year, the 
passage of the City of Toronto Act gave the city the authority 
to mandate green roofs on new development. In May 2009, 
the Toronto City Council adopted construction standards 
requiring all new buildings and retrofits with more than 2,000 
square meters of floor area (roughly 21,500 square feet) to 
include a green roof. Today there are approximately 135 built 
green roofs, totaling about 120,000 square feet in the city.18 
Moreover, according to Stephen Peck, founder of Green Roofs 
for Healthy Cities, approximately 1 million square feet of 
additional new green roofs have entered the planning phase 
since the bylaw went into effect.19 

Toronto’s building certification program, the Toronto 
Green Standard, was originally adopted in 2006. It sets 
performance targets related to site and building design 
in order to promote more environmentally sustainable 
development. The system is broken into two tiers, with Tier 
1 being mandatory for all new planning applications as of 
January 31, 2010, and Tier 2 being voluntary and including 

higher levels of environmental performance. To encourage 
participation in Tier 2, Toronto refunds 20 percent of all 
development charges related to planning review and 
obtaining permits.20 The University of Toronto Faculty of 
Architecture, Landscape and Design found that the benefits 
of building greener under the Toronto Green Development 
Standard overwhelmingly outweigh the associated costs, 
and that stormwater management requirements bring no 
additional financial burden to developers, consumers, and 
municipalities.21 Instead, as compared with conventional 
systems, green stormwater management requirements lower 
initial and life-cycle costs while improving water quality, 
and reduce the need for stormwater systems to expand as 
quickly to accommodate growth and development. The 
study reported that water conservation requirements are 
also highly cost effective, when considering the avoided 
energy costs (for pumping, heating, and treatment) and the 
avoided costs for water treatment and sewage treatment 
plant expansion. 22 As part of the Toronto Green Development 
Standard, the city also put together design standards for 
greener parking lots and established green stormwater 
management standards for development.23 

RAIn bARRels, tRee PlAntInGs,  
AnD otheR GReen InItIAtIves
The number of green infrastructure demonstration projects 
and programs within Toronto continues to increase. Typically, 
each initiative starts out as a pilot, to provide the city time 
to evaluate and revise existing codes, measure success, 
and identify ways to expand the pilot into a full-fledged 
program. In 2006, for example, the Ontario Building Code 
was amended to allow the use of rainwater inside a building, 
and the city is currently piloting demonstration projects at 
the city’s Automotive Building at Exhibition Place and the 
Metro Zoo to evaluate the use of roof catchments with dual 
plumbing systems.24,25 The 5 millimeter minimum retention 
standard put forth by the Wet Weather Flow Master Plan has 
also acted as a driver for rainwater harvesting, particularly 
in the densely packed urban center.26 Additionally, the 
city’s Urban Forestry Services has initiated numerous 
tree planting efforts. In 2006, for example, Toronto Water 
provided $1 million to the Parks, Forestry and Recreation 
Division, to plant more than 11,000 trees.27 With the approval 
of its Climate Change Action Plan in 2008, the city made a 
commitment to double the existing tree canopy to increase 
shade, reduce the urban heat island effect, and reduce 
stormwater runoff.28
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fInAncInG stRAteGy
The City Council’s 2003 Wet Weather Master Plan was 
projected to cost $1 billion over 25 years. While population 
pressures, increased flooding events due to CSOs combined 
sewer overflows could push the cost higher, Toronto views 
green infrastructure as a means to bring costs down. 
For example, Toronto Water estimates that downspout 
disconnections thus far have saved the city about $140 
million in infrastructure costs. More than 350,000 residential 
downspouts were estimated to still be directly connected as 
of 2007, with each downspout costing the city from $1,000 
to $1,330 to disconnect. As a result, the cost for the city to 
maintain its voluntary disconnect program could have been 
substantial. But as the city moved to a mandatory program 
in 2007 to ensure that inflow into the system under extreme 
storm events would be controlled—effectively transferring 
costs of disconnection over to homeowners, where the cost 
of disconnection is considerably lower—the city is expected 
to save an additional $8 million in short-term capital costs 
over three years.29,30,31 A 2008 study on the Toronto Green 
Development Standard estimated that, at a cost of $36 
million over 10 years, borne largely by private building 
owners and developers, 6 percent of Toronto’s roofs can 
become green roofs, resulting in an annual savings of $100 
million in stormwater costs and $40 million in CSO capital 
costs. Replacing the city’s 1,864 miles of narrow alleys, or 
laneways, with permeable pavements would provide a 
net benefit of $27 million to $40.5 million in stormwater 
infrastructure savings. The study additionally estimated that 
by doubling its urban tree cover to 40 percent, Toronto could 
reduce stormwater flow by 20 to 30 percent, resulting in $7 
billion in stormwater infrastructure cost savings.32

Toronto Water established a Stormwater Management 
unit in 2005 to oversee the plan’s implementation.33 The city 
generally implements water, sewage, and stormwater projects 
using pay-as-you-go financing, with revenue coming from 
the sale of water, a wastewater levy, and other miscellaneous 
revenue. Reserve funds are used to fund capital projects and 
lessen water rate impacts when unforeseen circumstances 
arise; these funds come from a water rate charged to water 
customers, net operating surplus, development charges, 
and interest income. To continue its pay-as-you-go 
approach, since 2002 Toronto Water has issued annual rate 
increases of approximately 9 percent.34 One other source 
of funding available for green infrastructure projects is the 
Environmental Protection Reserve Fund, which the city 
created in January 2009 to fund the city’s Climate Change 
Action Plan and several other key projects. Money from this 
fund has been used toward meeting the city’s urban tree 
canopy goals.35 

*emeRAlD cIty RAtInG system 

Each of the cities profiled in Rooftops to Rivers II is a leader in green 
infrastructure investment—rethinking the design of municipal services 
and infrastructure. These cities leverage funding in creative ways. They 
provide tools to residential and commercial land owners to retrofit 
private properties and realize the multiple benefits provided by green 
infrastructure. In short, they are changing how cities look and function.

NRDC’s Emerald City Rating System identifies six actions cities should 
undertake to maximize their green infrastructure investment. Our metric 
does not directly compare one city to another, due to geographical, 
population, budgetary and other differences. Instead, it identifies the 
presence or absence of common factors of success that NRDC believes 
are essential elements of a robust green infrastructure commitment. 
Only one city profiled, Philadelphia, is undertaking each of the actions 
identified, although each city is undertaking at least one.
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wAshInGton, D.c.  
A CASE STUDY OF HOW GREEN INFRASTRUCTURE IS HELPING MANAGE URBAN STORMWATER CHALLENGES

tyPes of GReen InfRAstRuctuRe useD: Green roofs, rain barrels/cisterns, permeable pavement, rain gardens, 
street trees, downspout disconnection, green streets, vegetated swales

Thanks to its newly issued federal stormwater permit, Washington, 
D.C., has the makings of a very strong green infrastructure program. 
Containing a 1.2-inch retention standard for new development and 

redevelopment—to be achieved through evapotranspiration, infiltration, 
and harvesting—and numeric retrofit targets for street trees and green 
roofs, the permit will strongly encourage the use of green infrastructure 
on properties throughout the District. Washington’s Department of the 
Environment is considering implementing the permit’s retention standard 
through an innovative credit market that would be the first of its kind. 

Even prior to the new permit’s issuance, D.C. agencies had begun a vigorous public education and 
assistance campaign, providing subsidies and technical help for the installation of a wide array of 
green infrastructure practices. A stormwater fee based on impervious area, along with a proposed 
discount program for on-site retention of runoff, provide an additional incentive for green infrastructure 
implementation.

bAcKGRounD
Washington, D.C., which is bordered by Virginia and 
Maryland, encompasses 61.4 square miles. It is located at the 
confluence of the Potomac and Anacostia Rivers and includes 
two other major streams, Rock Creek and Oxon Run. While 
35 percent of the District’s area is covered by tree canopy,1 
its rivers are significantly affected by urbanization. About 39 
percent of the District was covered with impervious surfaces 
as of 2008, with the amount of imperviousness varying by 
neighborhood or ward from 30 to 60 percent.2 Development 
and urbanization have taken a toll on the natural features 
within Washington; over the past 30 years, the District has lost 
64 percent of its areas with heavy tree cover and experienced 
a 34 percent increase in stormwater runoff.3 

The District of Columbia Water and Sewer Authority (D.C. 
Water), which was established in 1996, operates 1,800 miles 
of sanitary and combined sewers.4 One-third of the city is 
served by a combined sewer system dating to the beginning 
of the 1900s and earlier. Today, an estimated 1.5 billion 
gallons of combined sewer overflows are discharged to the 

wA s h I n G t o n ,  D . c .

emeRAlD cIty cRIteRIA*

 Long-term Green Infrastructure (GI) Plan?

n3  Existing requirement to use GI to reduce some 
portion of the existing impervious surfaces?

n3  Incentives for private-party actions?

n3 Retention Standard?

n3  Guidance or other affirmative assistance  
to accomplish GI within City?

n3  Dedicated funding source for GI?

total criteria score

5

Out of a possible 6
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Anacostia River, 850 million gallons into the Potomac, and 
52 million gallons into Rock Creek each year.5,6 The Anacostia 
River, which has 15 outfall locations and receives 60 percent 
of the CSO discharges, is one of the most polluted in the 
nation. In one study, 50 percent of brown bullhead catfish 
collected from the river had cancerous liver tumors, and 
approximately 25 percent had cancerous skin tumors.7 

To correct the CSO problems, D.C. Water entered into 
a consent decree with the U.S. EPA in 2005 to build three 
huge tunnels over 15 years to hold combined stormwater 
and sewage during storm events, and then to slowly release 
the diluted sewage to the massive Blue Plains wastewater 
treatment plant after each storm subsides. Dubbed the Clean 
Rivers Project, the tunnels are now expected to cost the city 
$2.6 billion rather than the $1.9 billion reported in the 2006 
Rooftops to Rivers report.8 

While the city’s existing CSO control plan focuses 
primarily on the deep tunnel system and partial sewer 
separation, it also recognizes to a limited extent the 
importance of incorporating green infrastructure within the 
city. The current Long Term Control Plan includes a provision 
for $3 million to fund low-impact-development retrofits 

at D.C. Water facilities.9 D.C. Water has also conducted a 
rain barrel distribution pilot project. In addition, to meet 
its overarching water quality goals, the city and the District 
Department of the Environment (DDOE) have adopted 
the use of green infrastructure practices such as green 
roofs, rain barrels, rain gardens, “bayscaping” (landscape 
designed to help improve local streams and waterways 
within the Chesapeake Bay watershed), and pervious 
pavements to capture and slow stormwater before it hits the 
pipes,10 with combined sewer overflows identified as one of 
multiple motivators for incorporating green infrastructure 
practices.11 This includes funding for the D.C. Department 
of Transportation (DDOT) to plant more than 3,500 trees 
throughout the public right-of-way and to retrofit a major 
intersection in the city with green infrastructure.12 

The portions of the city without a combined sewer system 
are served by a Municipal Separate Storm Sewer System 
(MS4) that collects stormwater runoff for direct discharge 
to Rock Creek and the Potomac and Anacostia Rivers. The 
District’s existing MS4 permit, which went into effect in 2004 
and was scheduled to end in 2009, was modified in 2007 
to incorporate an aggressive schedule for implementing 
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To help incentivize privately financed green roofs, Washington, D.C.’s Department of the Environment initiated a green roof subsidy program. The 
Department provides a rebate of $3 per square foot for installed green roofs; as a result, more than 50,000 square feet of green roof projects are 
under construction. The rebate has since grown to $5 per square foot.
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pollution reduction technologies and policies throughout the 
District. Under a new MS4 permit finalized in October 2011, 
the city will be required to promote and install various green 
infrastructure practices such as tree plantings and green roofs 
with numeric goals attached to each. The MS4 permit also 
includes new performance standards requiring that the first 
1.2 inches of stormwater be retained on-site for  
all new development and redevelopment over 5,000 square 
feet; the District is also required to retrofit 18 million square 
feet of impervious surfaces to meet this standard. The permit 
also requires a new monitoring strategy for compliance 
with Total Maximum Daily Loads (TMDLs) for impaired 
waterways, which include the Potomac and Anacostia rivers 
and Rock Creek.13

Several significant planning and green development 
studies have helped drive the implementation of green 
infrastructure. The Green Build-Out Model (GBOM) 
developed by Casey Trees and Limnotech demonstrates 
the benefits of green infrastructure on a citywide basis. The 
original GBOM applied a scenario of significant additions 
of green roofs and trees throughout the District to study 
the potential stormwater and CSO reductions. A moderate 
greening scenario, which involves increasing the tree cover 
from 35 to 40 percent by adding trees and green roofs where 
practical and reasonable to do so, would prevent more than 
311 million gallons of stormwater from entering the sewer 
systems, reducing discharges to the river by 282 million 
gallons and reducing cumulative CSO frequency by 1.5 
percent (16 fewer CSO discharges per year). In total, D.C. 
Water could expect to save $1.4 million to $5.1 million per 
year due to reduced pumping and treatment costs.14 In April 
2009 the District adopted an Urban Tree Canopy Goal of 40 
percent by 2035.15

A subsequent Enhanced Green Build-Out Model, 
developed in 2009, added five more green practices: rain 
gardens, rain barrels, permeable pavement, and streetside 
and curb bump-out bioretention, to the green roofs and trees 
used in the original GBOM. These five additional modeled 
practices represent 107,500 individual retrofit practices 
deployed citywide. The Enhanced GBOM, assuming an 
average rainfall year and using an “intensive greening” 
scenario that applied all seven practices wherever physically 
possible, found that the enhanced model would prevent 
more than 4 billion gallons of stormwater each year from 
entering the sewer systems—a 26 percent annual runoff 
discharge reduction—including 2 billion gallons of reduced 
stormwater in the Anacostia watershed. The Enhanced 
GBOM also would reduce CSO discharges to the District’s 
rivers by close to 1 billion gallons. This would be a 43 percent 
reduction in total annual CSO discharge volume and would 
reduce cumulative CSO frequency by 14.7 percent (162 fewer 
CSO discharges per year).16

The upshot is that Washington’s water resource officials 
are working to establish green infrastructure as a significant 
solution to the District’s water resource needs, to work in 
tandem with gray infrastructure projects. The Director of 
D.C. Water, George Hawkins, has noted that he hopes an 
aggressive greening of the District will curtail the need for 
future CSO tunnels planned for Rock Creek and the Potomac 
(while construction proceeds on the Anacostia tunnel).17

low-ImPAct DeveloPment At the nAvy 
yARD on the AnAcostIA RIveR
The Washington Navy Yard along the banks of the Anacostia 
River was included as one of the case studies in the original 
2006 Rooftops to Rivers report. At that time, several significant 
green infrastructure pilot projects were being constructed 
at the Navy Yard. Since the release of the first Rooftops to 
Rivers report, many more projects have been constructed as 
parts of retrofits or as public works maintenance projects. 
This is primarily due to the Navy’s Low Impact Development 
(LID) Policy, which was adopted in 2007, as well as the 
commitment of the base commander.18 

The LID Policy, which affects both new construction 
projects in excess of $750,000 and renovation projects 
that cost more than $5 million at Navy and Marine bases 
across the country, required the incorporation of green 
infrastructure wherever possible in fiscal years 2008 to 
2010, and full implementation in 2011 and thereafter.19 
New projects have included bioretention planter boxes, 
bioretention parking lot retrofits, and permeable paver 
areas. Monitoring of the initial pilot projects has shown these 
practices to be extremely effective at removing metals and 
reducing the volume of runoff.20 

wAshInGton’s GReen Roofs AnD 
buIlDInGs
Washington’s first commercial green roof was installed in 
2004. The 3,500-square-foot green roof was a collaboration 
between two nonprofit organizations and the real estate 
company that owns the building. There have been several 
substantial privately and publicly funded green roof projects 
since then. For example, as part of a 2003 lawsuit settlement, 
D.C. Water provided more than $300,000 to the Chesapeake 
Bay Foundation to administer grants to design, install, 
and maintain green roof demonstration projects. More 
than 121,000 square feet of green roofs were constructed 
in connection with this effort, providing estimated annual 
stormwater retention of 1.8 million gallons.21 One project that 
was funded in part from the settlement program was a 3,000–
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square-foot green roof installed in 2006 at the headquarters 
of the American Society of Landscape Architects (ASLA). 
Subsequent monitoring over a 10-month period showed 
that the green roof was able to retain 75 percent of total 
rainfall.22 Although pollutant concentrations have gone up, 
total pollutant loads have gone down because the volume of 
stormwater leaving the site has been greatly reduced.23

To help incentivize privately financed green roofs, in 
2007 the District Department of the Environment (DDOE) 
initiated a green roof subsidy program offering a rebate of 
$3 per square foot, which resulted in the installation of 10 
green roof projects totaling 50,137 square feet.24 The rebate 
has since grown to $5 per square foot, with a maximum of 
5,000 square feet for new development and no maximum for 
retrofits.25 The District also administers grants that fund green 
infrastructure efforts by nonprofit groups and community 
organizations. 

Through June 2010, approximately 1 million square feet of 
green roofs have been installed or approved for construction 
in the District.26 Dr. Hamid Karimi, Deputy Director of the 
DDOE, noted in the spring of 2011 that “with more than 
100 green roofs installed, the District is demonstrating 
how a model green city should look and perform.”27 DDOE 
Director Christophe Tulou has announced that D.C. will soon 
challenge Chicago’s place as the top-ranking city for square 
footage of green roofs.28 In addition to the grant and incentive 
programs described above, much of this success has been 
spurred on by several laws and programs promoting more 
sustainable development, including the Green Building Act 
of 2006,29 the RiverSmart Homes program initiated in 2007 
(and discussed below), and the Clean and Affordable Energy 
Act of 2008.30 The Green Building Act of 2006 and subsequent 
amendments to the building code were particularly helpful 
in removing impediments to downspout disconnection 
and mandating green building practices that reduce urban 
heat island effects. The city is currently seeking to amend its 
zoning code to remove other impediments to green building 
practices by incorporating a Green Area Ratio (GAR) incentive 
for bonus density and land uses. The plan would provide 
a sliding scale of practices tailored to particular zones to 
reduce the amount of impervious area and encourage the use 
of green infrastructure techniques such as trees, permeable 
pavers, and green roofs.31 In addition, the DDOT has released 
a Low Impact Development Action Plan, with associated 
deadlines for incorporating green infrastructure and 
reducing the amount of impervious surfaces in right-of-way 
construction projects.32

RIveRsmARt homes
Another program initiated by DDOE in 2007 provides 
incentives to homeowners interested in reducing stormwater 
runoff from their properties. Known as RiverSmart Homes, 
the program provides outreach and education, design 
and construction assistance, materials and facilities, and 
incentives for communities, businesses, and homeowners. 
The program addresses some of the key roadblocks for 
implementation at the scale of the individual homeowner, 
including installation assistance so homeowners don’t have 
to transport materials or find knowledgeable contractors, 
and assistance in negotiating the regulatory system for 
construction permits.33

To date, the RiverSmart Homes program has audited 
more than 1,500 homes in D.C., installed 1,000 rain barrels, 
planted 700 trees, replaced 25 impervious surfaces, and 
installed 100 rain gardens and 175 BayScapes.34 This 
program includes using local vendors and contractors for 
designs and installations. Tree planting has been done in 
partnership with the Casey Trees Foundation, which provides 
training, inventory, and rebates for tree planting, as well 
as conducts its own tree planting efforts.35 The District has 
also partnered with the Rock Creek Conservancy to reach 
out to homeowners for intensive greening of two target 
neighborhoods; as of 2011 the Conservancy’s extensive 
and intensive outreach, including block meetings, has 
yielded requests by 40 percent of owners for a DDOE audit 
to determine whether their property was eligible for up to 
$5,000 in landscaping improvements.36

fInAncInG stRAteGy
To cover the costs of stormwater management under the 
city’s MS4 program and the federally mandated Long Term 
Control Plan, D.C. Water customers receive two charges 
on their utility bills. The stormwater fee, which is paid 
to the DDOE, was established in 2001; it was originally 
a flat fee to single-family residences and based on total 
water consumption for other customer classes.37 In 2009, 
legislation was enacted to allow DDOE to assess stormwater 
fees based on impervious cover. The District’s stormwater 
fee is structured to generate approximately $13.2 million 
annually. This revenue total addresses only the costs of the 
Stormwater Management Program required by the current 
MS4 permit. The costs of achieving compliance with the 
District’s Total Maximum Daily Load (TMDL) requirements 
and of addressing stormwater runoff impacts in general are 
likely to be orders of magnitude greater.38 The Impervious 
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Area Charge (IAC), also implemented in 2009, is paid to D.C. 
Water to recover costs related to the CSO Clean Rivers Project. 
All District property owners pay both fees.

By basing both the stormwater fee and the IAC on 
impervious surfaces, the intent was to shift costs from 
multifamily residential properties, such as apartment 
buildings, which typically have relatively small amounts 
of impervious area but consume larger amounts of water, 
to properties that generate larger volumes of stormwater 
runoff, such as large office complexes and parking lots. For 
the stormwater fee, this also served to increase the federal 
government’s burden from 15 to 24 percent of the total 
revenue collected.39 Basing the fees on imperviousness 
creates a market incentive for new development to pave less 
and for existing buildings to retrofit paved areas with greener 
stormwater management practices. To further incentivize 
practices that reduce stormwater runoff, the District is 
also developing a Stormwater Fee Discount Program for 
properties that install stormwater retention practices,40 and 
is considering revising its stormwater regulations to promote 
an innovative stormwater credit market that DDOE hopes 
will encourage the use of green infrastructure.41

Other grants and incentives for property owners to install 
green infrastructure on District, residential, and commercial 
buildings include subsidy programs for the installation of 
rain barrels, shade trees, rain gardens, and pervious pavers, 
as well as energy efficiency programs for homeowners, 
nonprofits, small businesses, and condominiums.42 In 2010, 
DDOE also gained access to a new source of revenue through 
the District’s disposable bag fee. This fee, enacted by the 
Anacostia River Clean Up and Protection Act of 2009, places 
a five-cent fee on disposable plastic and paper bags provided 
by any District retailer selling food or alcohol. Revenue 
generated by this fee is directed to a special-purpose fund 
dedicated to activities to clean up and protect the Anacostia 
River and other impaired waterways. Revenue projections 
from the bag fee are difficult to make; the District expects 
that over time the fee will discourage consumers from using 
disposable bags, resulting in a gradual decrease in revenue. 
Between January 2010 (when the bag fee went into effect) 
and January 2011, the District collected $2 million in revenue 
from the fee, and bag use dropped from 270 million bags in 
2009 to 55 million bags in 2010.43 

*emeRAlD cIty RAtInG system 

Each of the cities profiled in Rooftops to Rivers II is a leader in green 
infrastructure investment—rethinking the design of municipal services 
and infrastructure. These cities leverage funding in creative ways. They 
provide tools to residential and commercial land owners to retrofit 
private properties and realize the multiple benefits provided by green 
infrastructure. In short, they are changing how cities look and function.

NRDC’s Emerald City Rating System identifies six actions cities should 
undertake to maximize their green infrastructure investment. Our metric 
does not directly compare one city to another, due to geographical, 
population, budgetary and other differences. Instead, it identifies the 
presence or absence of common factors of success that NRDC believes 
are essential elements of a robust green infrastructure commitment. 
Only one city profiled, Philadelphia, is undertaking each of the actions 
identified, although each city is undertaking at least one.
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comPosIte cAse stuDIes

The preceding case studies illustrate that green infrastructure and low-impact 
development techniques are being applied in a variety of settings and climates, and on 
a variety of scales, all across the nation. As Nathan Gardner-Andrews of the National 

Association of Clean Water Agencies observes, “Clearly green infrastructure is the new 
wave—it’s the new thing that all cities are doing, not just because it’s trendy but because 
green infrastructure is actually working.” Many cities in the United States beyond those 
highlighted in this report are successfully incorporating green infrastructure and others are in 
the process of constructing and implementing their first green infrastructure pilots. Countless 
additional cities are in the nascent stages of planning for future green infrastructure projects. 
 This section discusses a number of community efforts that further illustrate the movement 
toward green infrastructure. The cities differ in how far along they are in their respective 
programs, but they are alike in doing interesting, innovative projects that warrant recognition.

InDIAnAPolIs, InDIAnA
In 2008 the wastewater treatment and sewer system in 
Indianapolis, Indiana, was averaging 7.8 billion gallons of 
overflow annually,1,2 overflowing 40 to 60 times per year.3 
The city was determined to meet the goals of a 2006 federal 
consent decree to reduce overflows more than 90 percent, 
to approximately 642 million gallons annually.4 Looking for 
opportunities to incorporate more sustainable solutions, the 
mayor’s office opted to revamp a project to expand the city’s 
wastewater treatment systems. At the time, the project was 
running $300 million over its $3.5 billion budget and was 
months behind schedule.5,6

In partnership with the city’s Public Works Department, 
the mayor’s office transformed the plan for managing 
wastewater. The new program’s chief components include 
an expansion of the sewer system and an improved sewage 
treatment facility design (including a 54-million-gallon Deep 
Rock Tunnel Connector extending between Indianapolis’s 
two wastewater treatment plants), combined with green 
infrastructure techniques to absorb stormwater runoff before 
it reaches the enhanced water treatment plants.7,8 The city’s 
early success in reducing the number and frequency of 
overflows led to a modification to the consent decree in 2010. 
Indianapolis must now reduce the volume of total annual 
overflows to approximately 414 million gallons; even as the 
project’s cost will be reduced by approximately $440 million. 
This cost reduction, coupled with driving down the original 
budget overrun, will result in a savings of approximately  

$740 million. Notably, the incorporation of green 
infrastructure and sustainable approaches helped achieve 
these savings.9 
 As part of the effort to enhance green infrastructure 
in Indianapolis, the mayor’s office created the Office of 
Sustainability, or SustainIndy. SustainIndy works to facilitate 
and integrate green infrastructure practices across all city 
agencies and departments. Before the creation of this office, 
there were few examples of green infrastructure within the 
city. Today, many projects have been implemented or are in 
development. These projects include:10

n  tree planting: In partnership with Keep Indianapolis 
Beautiful, six thousand trees will be planted in 2011, and 
a total of 100,000 will be planted by 2017. Stormwater 
reduction is a key goal: trees in urban areas can 
significantly reduce runoff by intercepting rainfall before 
it reaches the pavement. Models show that a mature 
deciduous tree can intercept 500 to 700 gallons of rain per 
year and that a mature evergreen can intercept up to 4,000 
gallons per year.11

n  Rain gardens: The city promotes rain gardens and native 
plantings, and the city’s Rain Garden Resource Center 
provides aid in the design and construction of rain 
gardens. Program participants who register their rain 
gardens with the city are exempted from a high weeds and 
grass ordinance. The resource center enables the city to 
estimate how much stormwater is being diverted from the 
combined sewer system. 
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n  the sustainable Infrastructure Initiative: This program 
encourages green infrastructure in private development. 
Its centerpiece, the Green Supplemental Document, 
provides guidance on incorporating green infrastructure 
into stormwater treatment design. Permit review is 
expedited for plans that meet necessary stormwater 
requirements and incorporate green infrastructure 
techniques.

n  the Green Infrastructure master Plan: Completed in 
December 2010, it targets green infrastructure investment 
to reduce CSOs.

n  the Green checklist: As of January 2011, all capital 
improvement projects in Indianapolis must include 
this checklist, which requires consideration of green 
infrastructure elements. The checklist has resulted in the 
incorporation of green infrastructure in public projects.

n  Pilot projects: A number of demonstration projects have 
been conducted throughout the city. For example, the 
Ohio Street project, located on a two-block CSO location 
with a history of flooding and overflow problems, replaced 
old sidewalks with porous pavement and installed rain 
gardens to improve drainage. The project has the potential 
to remove an estimated 1.3 million gallons of stormwater 
from the combined sewer system annually. Although 
porous concrete often costs more than traditional paving, 
the material serves a critical drainage function that 
would otherwise have to be accomplished using drains, 
pipes, and other structural BMPs. In that respect, the 
porous pavement is cost-effective: $37,500 was spent on 
Ohio Street, as opposed to the $85,150 that would have 
been required for traditional sidewalks plus the required 
drainage infrastructure.12

Although the Office of Sustainability is admittedly on 
a learning curve and still needs hard data to quantify the 
benefits of the city’s new green infrastructure projects, 
Indianapolis has been making progress to implement green 
infrastructure since SustainIndy’s inception in 2008.

clevelAnD, ohIo
Cleveland is also utilizing green infrastructure as part of 
the solution to its CSO problems, and now has a federal 
mandate to implement green infrastructure to help meet the 
requirements of the region’s consent decree.

On December 22, 2010, the EPA and the Department 
of Justice announced a landmark Clean Water Act (CWA) 
settlement with the Northeast Ohio Regional Sewer District 
(NEORSD) to address the flow of untreated sewage into 
Cleveland waterways and Lake Erie.13 At the time of the 
settlement, NEORSD was discharging between 4.5 billion and 

5 billion gallons of raw sewage annually from 126 combined 
sewer overflow locations, with some sites overflowing 70 to 80 
times per year.14

The settlement requires NEORSD to spend approximately 
$3 billion on traditional infrastructure to bring total annual 
discharges down to 537 million gallons. Significantly, the 
settlement also requires the sewer district to invest at least 
$42 million in green infrastructure projects to capture 
an additional 44 million gallons of CSO discharges. The 
settlement also enables NEORSD to look for opportunities 
to propose additional green infrastructure in exchange for 
reducing the scope of conventional, or “gray,” infrastructure 
projects.15,16 According to Kyle Dreyfuss-Wells, NEORSD’s 
manager of watershed programs, the district “will look across 
its [$3 billion] gray infrastructure program for opportunities 
to replace gray with green infrastructure.”17 Environmental 
justice considerations will play a considerable role in 
NEORSD’s green infrastructure work, which could have 
significant implications for addressing blight in Cleveland. 
Currently the city has a significant problem with vacant 
land and foreclosed properties, and the sewer district has 
the potential to transform these blighted areas with green 
infrastructure projects. Concentrating such projects in areas 
of need will connect the objectives of CSO control with 
planning and economic development opportunities.18

cIncInnAtI, ohIo
Another Ohio city looking to green infrastructure to help 
address its CSO problems is Cincinnati. A 2004 consent 
decree with the EPA mandated that the Metropolitan Sewer 
District (MSD) treat, capture, or remove 85 percent of the 
annual 14 billion gallons of CSOs in the district’s service area, 
as well as eliminate all sanitary overflows—approximately 100 
million gallons per year.19 In August 2010, the consent decree 
was amended, providing the sewer district the opportunity 
to substitute green infrastructure for gray infrastructure on a 
project-by-project basis; green for gray proposals will likely 
be submitted in 2012.20

 To meet EPA mandates, MSD launched Project 
Groundwork, a multiyear initiative composed of hundreds 
of sewer improvement and stormwater mitigation 
projects.21 Many of the strategies being evaluated for Project 
Groundwork include green infrastructure techniques; the 
most significant and large-scale effort is a three-year pilot 
in the Lick Run watershed. The watershed, located in Lower 
Mill Creek on Cincinnati’s west side, covers about 2,700 acres. 
The consent decree requires the development of a three-year 
action plan to determine how to achieve an initial 2-billion-
gallon reduction in CSOs within Lower Mill Creek by 2018.22 
The federal government identified a deep tunnel system as 
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the preferred remedy, but MSD has until December 2012 to 
an alternative, more sustainable way to achieve this reduction 
goal. Many subprojects featuring green infrastructure are 
already showing promise as alternatives to the deep tunnel 
system.23 

Importantly, MSD’s Communities of the Future initiative 
seeks to address the CSO problem while combining source 
control strategies and community revitalization. MaryLynn 
Lodor, environmental programs manager at MSD, explains 
that the aim is to “craft a project so that [MSD’s] investment 
can be the seed for further investments in the community 
to come about.” The Lick Run Basin is located in South 
Fairmount, an underserved community that suffers from a 
number of social and economic challenges. MSD designed 
Lick Run as its first “fully integrated effort to develop a 
sustainable solution for the community based on source 
control.”24 The Communities of the Future’s whole-system 
approach for Lick Run includes a mix of gray and green 
infrastructure; it combines the installation of 75,000 linear 
feet of storm sewer or reconstructed waterways and retention 
basins for storage with reforestation and downspout 
disconnections in selected areas.25 Ideally this watershed-
based approach will reduce CSO volume and also bolster the 
quality of life in South Fairmount by serving as a catalyst for 
revitalization. 

mInneAPolIs, mInnesotA
Minneapolis, with three streams and the Mississippi River 
running through it and a multitude of lakes nearby, has 
carried out projects to improve water quality for more than 
a decade. Its stormwater ordinance requires public and 
private redevelopment sites of 1 acre or more to include 
on-site stormwater management. Since the adoption of the 
ordinance, approximately 700 structural best management 
practices (BMPs) have been used at more than 370 sites 
within Minneapolis. The vast majority of these BMPs are 
rain gardens (an estimated 1,216 as of December 2010); 
other techniques include stormwater ponds/wetlands, 
underground infiltration, bioswales, manufactured BMPs, 
and green roofs. Additionally, properties in Minneapolis 
must pay a stormwater utility fee. The utility has a substantial 
credit program in place: a credit of up to 50 percent is granted 
to property owners who make water quality improvements, 
and a credit of up to 50 percent is available for properties 
designed to retain a 10-year, 24-hour storm event on-site. For 
retention of a 100-year event, a property is eligible for a credit 
of up to 100 percent.26

 Although green infrastructure is not mandated in 
Minneapolis, the Surface Water and Sewers division of 
Minneapolis’s Public Works Department seeks to include 

green infrastructure in some of its routine utility and street 
projects. Current pilots include the implementation of 
nearly 11,000 Silva cell frames along 24 blocks in downtown 
Minneapolis as a stormwater mitigation measure. Silva 
cells are rigid, stackable structures of glass and polystyrene 
compound with galvanized steel tube frames. Installed as 
a subsurface under sidewalks or other paved areas, they 
provide a maximum amount of soil volume for tree root 
growth in challenging urban environments. They also provide 
uncompacted soil “reservoirs” for storage of stormwater 
runoff.27,28 When Silva cells take in stormwater, the water 
either is taken up by the trees or infiltrates into the ground. 
By maximizing root growth, a large canopy of healthy, mature 
trees will also, in the future, provide stormwater management 
through significant interception and evapotranspiration. 
Models predict a 10 percent reduction in peak stormwater 
flows as a result of Silva cell installation, and research 
indicates that the filtration offered by the soil within the cells 
will potentially remove more than 80 percent of phosphorus, 
60 percent of nitrogen, and more than 90 percent of lead, 
copper, zinc, and iron.29

The city’s 143-acre Heritage Park development 
illustrates how green infrastructure can be implemented 
on a large-scale to transform communities. In 1992, the 
Minnesota Legal Aid Society and the National Association 
for the Advancement of Colored People brought a lawsuit 
against Minneapolis and the U.S. Department of Housing 
and Urban Development regarding segregation and 
concentration of poverty. An agreement was reached in 
a 1995 consent decree to demolish four public housing 
developments and rebuild the area as a mixed-income, 
mixed-density community now known as Heritage Park. 
The distressed public housing was originally constructed 
over filled wetlands and along the former alignment of 
Bassett Creek, which was rerouted to underground pipes. 
The project’s design accommodated the site’s variable soil 
conditions, using the most developable areas for housing 
and creating a system of interconnected ponds and trails 
in the more challenging areas, bringing parklike amenities 
to a previously underserved part of the city. The project’s 
green infrastructure features use stormwater captured both 
from the redevelopment area and from pipes that previously 
carried untreated stormwater toward the Mississippi River 
from the surrounding neighborhood.30 The stormwater 
treatment system is designed to remove 70 percent of 
suspended solids and also to reduce nutrients and metals, 
using a “treatment train” approach to remove pollutants. The 
process uses underground grit chambers, trench forebays 
or sedimentation basins, grass filter strips, level spreaders, 
a series of rain gardens planted with native plants, and 
stormwater ponds.31 
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jAcKsonvIlle, floRIDA
Jacksonville does not have CSOs, but it does have a 
number of stormwater-related pollution problems, 
including sanitary sewer overflows during severe rains and 
elevated nitrogen and phosphorus levels in multiple area 
waterways. Jacksonville is tackling the issue of nitrogen and 
phosphorus pollutant loading with a strategy that includes 
ordinances regulating fertilizer, irrigation, and pet waste and 
encouraging “Florida-friendly” landscaping that conserves 
water and reduces water pollution for all new developments. 
Additionally, Jacksonville is starting to focus on green 
infrastructure as an important component of reducing 
nitrogen and phosphorus pollution and improving the health 
of the Lower St. Johns River Basin tributaries. Efforts include 
implementation of a Basin Management Action Plan to meet 
total maximum daily loads for the river.32,33,34

Under the Basin Management Action Plan, governments, 
stakeholders, and the Florida Department of Environmental 
Protection regularly work together to develop strategies 
to address water quality problems in their watersheds. 
According to Franklin Baker, EPA Region 4 Florida Watershed 
Coordinator, when local interest groups come together 
to discuss water quality improvements, “LID and green 
infrastructure are tools that are regularly identified as being 
part of the answer.”35

Jacksonville’s public works department has started to 
incorporate green infrastructure into select road and flood 
improvement projects, and some private developers have 
incorporated green infrastructure components in their 
plans.36 Additionally, the city is currently developing a low-
impact-development procedure manual for the county, slated 
for completion in early 2012. Outlining green infrastructure 
practices and benefits, the manual will serve as an important 
tool for developers, architects, engineers, and government 
employees while providing clear specifications for those 
who seek permitting for green infrastructure construction. 
In a future iteration of the manual, the city plans to include 
design specifications for underground cisterns, pervious 
pavement systems, rain barrels, rain gardens, and other green 
infrastructure techniques.37 

The EPA has identified Jacksonville as a priority area, 
partnering with the city to focus resources on its historically 
underserved downtown urban core. Green infrastructure 
practices are being concentrated in this area for benefits to 
the community that extend beyond water quality.38 “We are 
doing green infrastructure for water quality improvement,” 
says Maryann Gerber, EPA’s Region 4 Green Infrastructure 
Coordinator, “but we also want to show how the quality of life 
for communities can be improved as you do these types of 
projects.”39

tucson, ARIZonA
Due to Tucson’s arid climate and average rainfall of only 
about 11 inches per year, the city necessarily views rainwater 
as a valuable resource. Tucson embraces rainwater harvesting 
to supplement other available water supplies.40 

The nation’s first municipal rainwater harvesting 
ordinance for commercial projects, Commercial Rainwater 
Harvesting Ordinance No. 10597, took effect in Tucson on 
June 1, 2010. Facilities that are subject to the ordinance 
must meet 50 percent of their landscape demand using 
harvested rainwater, prepare a site water harvesting plan 
and budget, meter outdoor water use, and use irrigation 
controls that respond to soil moisture levels. Facilities 
have three years to meet the 50 percent requirement, and 
the rule is waived during periods of drought. In general, 
commercial sites in Tucson should be able to comply using 
passive water harvesting systems,41,42 defined as systems 
that passively infiltrate rainwater into soil or porous 
pavement by use of vegetation.43 A Residential Gray Water 
Ordinance also took effect on June 1, 2010, requiring all new 
residential development to have the necessary plumbing to 
accommodate a gray water system44,45 

Educating Tucson’s residents about how to harvest 
rainwater is a critical endeavor, and the city is partnering with 
several nonprofits and organizations to provide technical 
assistance to individuals, neighborhoods, and businesses 
undertaking rainwater harvesting projects. A number of 
incentives are also in place to encourage rainwater harvesting 
and water conservation on private property. The city offers 
guidance schematics for Tucson residents who want to 
install curb cuts for street-runoff harvesting,46 and grants are 
made through Tucson’s water department for small-scale 
neighborhood water harvesting. Statewide tax incentives also 
exist: residents who install a water conservation system may 
take a one-time tax credit of up to 25 percent of the cost of 
the system, up to a maximum of $1,000.47
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TO: NRDC 
FROM: ECONorthwest 
SUBJECT: GREEN INFRASTRUCTURE ECONOMIC BENEFITS AND FINANCING 

LITERATURE REVIEW 
 

This memo provides a review of the recent literature on the economic benefits of green 
infrastructure. It also provides recent studies that provide insights into solutions for financing 
green infrastructure projects. The identified studies are generally sorted to highlight those that 
are themselves most heavily referenced, an indication of their relevance to the overall effort of 
gaining a better understanding of the potential benefits of green infrastructure. This review 
focused on studies from 2007 and after, because an earlier review on the topic by 
ECONorthwest addressed studies released prior to 2007. 

SUMMARY OF FINDINGS 
The most recent literature reiterates the now established notion that green infrastructure is not 
only a cost-effective way to reduce stormwater runoff, but that it also provides a number of 
additional economic benefits that grey infrastructure alternatives generally do not provide. We 
can also draw a number of common themes from this recent literature. 

• While each case is highly site-specific, the recent literature reaffirms the accepted view 
that green infrastructure can be a cost-effective tool in reducing stormwater runoff. 

• Green infrastructure can provide economic benefits that grey infrastructure alternatives 
do not. 

• In some cases, the most cost-effective approach to reducing stormwater runoff may be a 
blend of green and grey infrastructure. 

• Many of the economic benefits of green infrastructure are not quantifiable, but that 
doesn’t mean they don't have value.  

• Not all BMPs are created equal. The cost-effectiveness of green infrastructure varies by 
location and technique.  

• Households may value the direct and indirect benefits of green infrastructure, but many 
individuals and professionals do not recognize the value of green infrastructure itself. 
This may create social and attitudinal preference barriers to implementation. 
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BENEFIT-COST ANALYSES AND COST-EFFECTIVENESS 
Table 1 below presents a summary of the common economic benefits valued in the recent green 
infrastructure literature. 

Table 1: Common Economic Benefits Valued in Selected Literature 

 Stormwater 
Management 

Environmental 
Quality 

Community 
Livability 

Regulatory 
Management 

Ecosystem 
Services 

Londoño and Ando 
(2011) √ √    

EPA (2010) √ √ √ √ √ 

Roseen et al (2011) √ √ √   

CNT (2010) √ √ √  √ 

Gunderson et al (2011) √ √    

Gunderson et al 
(2011b) √   √  

Jaffe et al (2010) √ √    

Sullivan et al (2010)  √  √  

Montalto et al (2007)    √  
• Source: ECONorthwest staff 

• Notes: This list of economic benefits is not comprehensive. An interested reader may find a more comprehensive list of economic 
values of green infrastructure from CNT (2010). 

• Benefits of stormwater management include: reduced water treatment needs, reduced grey infrastructure needs, reduced flooding 
costs 

• Benefits of environmental quality include: increased groundwater recharge, improved air quality, improved air quality, reduced 
atmospheric CO2, reduced urban heat island, lower home cooling expenses, and climate change adaptation 

• Benefits of community livability include: improved aesthetics, increased public and educational opportunities, reduced noise 
pollution, improved community cohesion 

• Benefits of ecosystem services include: channel protection and integrity, increased recreational opportunities, improved habitat 

• Benefits of regulatory management include a municipalities’ increased ability to meet regulatory requirements, including CSOs 
under NPDES permits and TMDL restrictions. 

The following annotated bibliography provides a review of relevant recent reports on the 
economics of green infrastructure, with a particular focus on those studies on cost and benefit 
analyses. The bibliography is divided into three categories. First, we present cutting edge and 
foundational literature that either examines the economic benefits of green infrastructure in 
innovative ways or provides a comprehensive and rigorous analysis that policy makers and 
researchers will likely rely on in future discussions. Second, we present those studies which are 
of good quality and notable. These are recent studies with sound economic analysis, with 
findings that future research will likely build upon. Third, we present one study with findings 
that we should interpret with caution. 

Widely Known and Referenced 
Londoño, C. and A. Ando. 2011. “Valuing Preferences over Stormwater Management 
Outcomes Given State-Dependent Preferences and Heterogeneous Status Quo.” Agricultural 
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& Applied Economics Association’s 2011 AAEA & NAREA Joint Annual Meeting. 
Pittsburgh, Pennsylvania. July. 
Using a choice-experiment survey of households in Champaign-Urbana, Illinois, this paper 
estimates the values of multiple attributes of stormwater management outcomes and identifies 
households’ willingness-to-pay for different attributes of stormwater management controls. The 
paper finds that households have a positive willingness-to-pay for reductions in flooding 
frequency, and in particular basement flooding, and improved environmental quality. The 
paper also finds that an individuals’ WTP values depend on his or her status quo condition. 

Environmental Protection Agency. 2010. “Green Infrastructure Case Studies: Municipal 
Policies for Managing Stormwater with Green Infrastructure.” EPA-841-F-10-004. August. 
This report presents the common trends in how 12 local governments developed and 
implemented stormwater policies to support green infrastructure. The paper presents a range of 
benefits derived from green infrastructure for the social, economic, and environmental 
conditions of a community. The paper also presents and discusses a variety of municipal 
incentive programs. 

Stratus Consulting Inc. 2009. “A Triple Bottom Line Assessment of Traditional and Green 
Infrastructure Options for Controlling CSO Events in Philadelphia’s Watersheds.” Final 
Report. City of Philadelphia Water Department. August. 
This paper presents a cost-benefit analysis of Philadelphia’s grey and green infrastructure CSO 
control alternatives under consideration, with a particular emphasis on triple bottom line 
aspects, including their respective abilities to provide environmental, social, public health, and 
other goods. The paper focuses, in particular, on the benefits and external costs of these 
alternatives. The paper finds that LID-based green infrastructure approaches provide a wide 
array of important environmental and social benefits to the community, benefits which 
traditional infrastructure alternatives generally do not provide. 

Center for Neighborhood Technology. 2010. “The Value of Green Infrastructure: A Guide to 
Recognizing Its Economic, Environmental, and Social Benefits.” 
This guide outlines the full-range of potential economic benefits of green infrastructure 
investments, by type of practice. The guide examines the steps necessary to calculate the 
performance benefits of green infrastructure techniques and, where possible, demonstrates 
simplified examples that estimate the magnitude and value of these benefits. 

MacMullan, E. and S. Reich. 2007. “The Economics of Low-Impact Development: A Literature 
Review.” ECONorthwest. November. 
This report describes the methods economists use when measuring the costs and benefits of low 
impact development and conventional stormwater controls and summarizes the literature that 
identifies and measures the economic costs and benefits of managing stormwater using LID. 
The report’s intended audience is municipal officials, stormwater managers, ratepayer 
stakeholders and other non-economists. The review found that most economic studies of LID 
focused on comparing costs between green and grey projects. Many limited their comparison to 
installation and ignored O&M. Few studies attempted to compare apples to apples and 
recognize the additional benefits green infrastructure projects provide. 
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Good Quality and Notable 
Roseen, R., T. Janeski, J. Houle, M. Simpson, and J. Gunderson. 2011. “Forging the Link: 
Linking the Economic Benefits of Low Impact Development and Community Decisions.” 
University of New Hampshire Stormwater Center, the Virginia Commonwealth University, 
and Antioch University New England. July. 
This paper presents the economic benefits, including construction and project life-cycle costs, of 
green infrastructure to municipalities, commercial developers, and others. The paper also 
presents ways in which green infrastructure can build community resiliency in water 
management to climate change. 

Gunderson, J., R. Roseen, T. Janeski, J. Houle, and M. Simpson. 2011. “Cost-Effective LID in 
Commercial and Residential Development.” Stormwater. March-April. 
This paper examines the cost-effectiveness of two LID projects—one on a residential 
development and one on a large-scale commercial development. Both projects displayed 
environmental quality improvements, including a measurable improvement in water-quality 
and lower home cooling expenses, and stormwater management benefits, including reduced 
flooding costs and avoided grey infrastructure costs. 

Gunderson, J., R. Roseen, T. Janeski, J. Houle, and M. Simpson. 2011b. “Economical CSO 
Management.” Stormwater. May. 
Using case studies, this paper shows how green infrastructure can help cities and municipalities 
reduce stormwater runoff volumes entering combined systems and lower treatment costs. They 
conclude that using a blend of grey and green infrastructure strategies to manage CSOs can be 
more economically viable than using grey infrastructure alone. 

Jaffe, M., M. Zellner, E. Minor, H. Ahmed, M. Elberts, H. Sprague, S. Wise, and B. Miller. 
2010. “Using Green Infrastructure to Manage Urban Stormwater Quality: A Review of 
Selected Practices and State Programs.” Illinois Environmental Protection Agency. 
September. 
This paper reviews the peer-reviewed scientific reports and articles related to green 
infrastructure in Illinois and five other states. The authors examine whether green infrastructure 
is as effective as conventional controls in reducing total suspended solids and total nitrogen in 
receiving water bodies and the effectiveness of these techniques on reducing runoff volumes 
and peak flow discharge compared to conventional controls. The authors use an economic 
model to find green infrastructure techniques result in a substantial cost-savings in both 
construction and life-cycle costs compared to conventional controls. The authors also address 
some of the indirect benefits of green infrastructure, including ecosystem services. 

Sullivan, M., B. Busiek, H. Bourne, and S. Bell. 2010. “Green Infrastructure and NPDES 
Permits: One Step at a Time.” Water Environment Federation. 
This paper describes the benefits of green infrastructure, particularly in the context of NPDES 
permits and GI’s role in controlling CSOs. The paper provides several examples of case studies 
where municipalities are incorporating green infrastructure into requirements under their 
NPDES permits. 

Thurston, H., M. Heberling, and A. Schrecongost. 2009. Environmental Economics for 
Watershed Restoration. Boca Raton, FL: CRC Press, Taylor & Francis Group. 
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This book provides guidance to watershed groups interested in incorporating economic 
valuation for prioritizing watershed restoration projects or to justify the expenses of such 
projects. The book’s intended audience is stakeholders with little to no background in 
economics who are interested in these issues and want to understand the economics more fully. 

Montalto, F., C. Behr, K. Alfredo, M. Wolf, M. Arye, and M. Walsh. 2007. “Rapid assessment 
of the cost-effectiveness of low impact development for CSO control.” Landscape and Urban 
Planning doi: 10.1016/j.landurbplan.2007.02.004. 
This paper presents a model for assessing the cost-effectiveness of green infrastructure for 
reducing CSOs in municipalities. The paper does not present other types of economic benefits 
associated with green infrastructure. The paper finds differing level of cost-effectiveness 
between settings, but also concludes that under a variety of performance and cost scenarios, 
green infrastructure may be a cost-effective alternative for municipalities to consider in their 
efforts to reduce CSOs. 

LimnoTech and Casey Trees. 2007. “The Green Build-out Model: Quantifying the 
Stormwater Management Benefits of Trees and Green Roofs in Washington, DC.” EPA 
Cooperative Agreement CP-83282101-0. April. 
This paper presents the Green Build-out Model, a planning tool that quantifies the cumulative 
stormwater management benefits of trees and green roofs in the District of Colombia. The paper 
compares two planning scenarios with the Green Build-out Model: an “intensive greening” 
scenario, which considered putting trees and green roofs wherever physically possible, and a 
“moderate greening” scenario, which considered putting trees wherever practical and 
reasonable. With a variety of findings, the paper concludes that trees, green roofs, and large tree 
boxes provide substantial benefits to the District as reductions in stormwater runoff and 
untreated discharges in sewer systems. 

Sands, K. and T. Chapman. “Rain Barrels—Truth or Consequences.” Milwaukee 
Metropolitan Sewerage District. Milwaukee, Wisconsin. 
This paper describes the use and function of rain barrels. It also tests the performance of this 
green infrastructure technique against some benefit assumptions, including water quality 
issues. 

Eckles, K. “A Public Works Perspective on the Cost vs. Benefit of Various Stormwater 
Management Practices.” City of Woodbury. 
In this presentation, Karen Eckles evaluates the costs and benefits of various BMPs on a project 
level and site-specific basis. She finds pollutant loading that is direct to and treated by a 
particular BMP and the amount of time that BMP is physically treating stormwater heavily 
influence its cost-effectiveness. She also finds that passive systems are the least cost-effective 
BMP alternatives, while active systems are a very cost-effective way to remove phosphorous 
from stormwater at low levels. 

Needs More Attention 
Jaffe, M. 2010. “Reflections on Green Infrastructure Economics.” Environmental Practice 
12(4): 357-365. December. 
This paper uses economic modeling in Illinois to show that the benefits of green infrastructure 
related to flood and pollution risk-mitigation exceed their direct construction and maintenance 
costs. The paper also finds that green infrastructure is cost-effective in managing urban 
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stormwater when compared to conventional grey infrastructure under a number of 
development scenarios. The paper makes a case against valuing the indirect economic benefits 
when conducting benefit-cost analyses of green infrastructure, because of the uncertainty and 
analytical complexity of such studies. The author believes economic studies can find cost-
effectiveness in green infrastructure without examining indirect benefits.  

Note:  

We should interpret these conclusions with caution. While in many cases the direct economic 
benefits of green infrastructure may greatly outweigh their costs, there are cases where it is the 
indirect benefits that make green infrastructure a more cost-effective and viable alternative to 
traditional alternatives. Moreover, the fact that many of these indirect benefits are difficult or 
impossible to quantify does not mean that they do not have value nor does it preclude policy 
makers from considering these benefits qualitatively when they weigh alternatives. In fact, the 
accepted professional guidelines for conducting economic analyses require policy makers to 
consider the full range of non-market values, including indirect and unquantifiable values, in 
any economic valuation of a policy decision.1  

INCENTIVES AND FINANCIAL MECHANISMS 
The annotated bibliography below reviews reports and information sources on the financing of 
green infrastructure, including financing mechanisms, incentives, and programs.  

Thurston, H., M. Taylor, W. Shuster, A. Roy, and M. Morrison. 2010. “Using a reverse auction 
to promote household level stormwater control.” Environmental Science & Policy 13: 405-414. 
The paper hypothesizes that it may be more cost effective for smaller communities to use 
stormwater incentives, instead of traditional, large infrastructional best management practices, 
to control runoff at the parcel level. The paper tests the effectiveness of a procurement auction 
as the coordinating mechanism for encouraging installation of parcel-scale rain gardens and 
rain barrels in the Midwest. The paper finds that even relatively minimal financial incentives 
can result in homeowners’ willingness-to-accept stormwater management practices on their 
properties. 

Weston Solutions. 2010. “Rain Barrel/Downspout Disconnect Best Management Practice 
Effectiveness Monitoring and Operations Program: Final Report.” City of San Diego, 
Stormwater Department, Pollution Prevention Division. San Diego, CA. June. 
This paper uses six watershed management areas within the City of San Diego to test the 
effectiveness of a rain barrel downspout disconnect (RBDD) best management practices. The 
paper assess the effectiveness of the RBDD system and determines the cost-effectiveness of 
implementing RBDD systems as a qualifying watershed water quality activity under San 
Diego’s MS4 Permit. 

Huber, M., D. Willis, J. Haynes, and C. Privette. 2010. “Incentive Policies to Promote the Use 
of Enhanced Stormwater BMPs in New Residential Developments.” Southern Agricultural 
Economics Association Annual Meeting. Orlando, FL. February. 

                                                        
1 For more information on guidelines for conducting economic analysis, see: EPA. Guidelines for Preparing Economic 
Analysis. Washington, DC. 2010. 
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This paper presents the conceptual framework for the Stormwater Banking Program (SBP), 
which allows a developer to build at a greater density in exchange for paying a portion of their 
participation profits to the SBP and installing green infrastructure, as an alternative to 
traditional stormwater controls. The authors argue the SBP increases developers’ profits; raises 
additional revenue that officials can use to retrofit outdated and/or poorly functioning BMPs in 
existing developments; and achieves stormwater runoff control well above the minimum 
regulatory requirement on new developments. 

Environmental Protection Agency. 2009. “Managing Wet Weather with Green 
Infrastructure—Municipal Handbook: Incentive Mechanisms.” EPA-833-F-09-001. June. 
The paper comprehensively lists the types and places where municipalities around the United 
States are currently using incentive mechanisms. The paper organizes the types of these 
incentives in five categories, including: stormwater fee discount, development incentives, 
grants, rebates and installation financing, and awards and recognition programs. 

Meder, I. and E. Kouma. 2009. “Low Impact Development for the Empowered Homeowner: 
Incentive Programs for Single Family Residencies.” December. 
This paper outlines the experience of the City of Lincoln, which implemented three incentive 
programs to improve stormwater quality with green infrastructure techniques. The paper notes 
these programs have created a citywide awareness of and interest in green infrastructure 
among homeowners. 

Roy, A., S. Wenger, T. Fletcher, C. Walsh, A. Ladson, W. Shuster, H. Thurston, R. Brown. 
2008. “Impediments and Solutions to Sustainable, Watershed-Scale Urban Stormwater 
Management: Lessons from Australia and the United States.” Environmental Management 
42: 344-359. 
This paper compares the experiences of Australia and the United States to identify seven major 
impediments to sustainable urban stormwater management. The paper offers several examples 
of successful, regional green infrastructure techniques. The paper also identifies solutions to 
each of the listed impediments that should encourage implementation of green infrastructure 
techniques. 

Struck, S. 2008. “Incentives for Adoption of Low Impact Development Approaches on a 
Larger Scale.” ASCE Conference Proceedings. World Environmental and Water Resources 
Congress 2008: Ahupua’s Proceedings of the World Environmental and Water Congress 2008. 
This paper proposes developers use a watershed sustainability index based on holistic water 
management strategies that would provide a framework for evaluation and a transparent rating 
system for new and redevelopment projects. The watershed index, which an expert panel 
would develop, would define a set of standards and apply a numerical “credit” method to 
measure the degree to which a development meets these standards. The author also proposes 
that an independent, third-party verify the scoring process of a development’s design and 
incorporation of these techniques. 

Bitting, J. and C. Kloss. “Managing Wet Weather with Green Infrastructure—Municipal 
Handbook: Green Infrastructure Retrofit Policies.” 
This paper explores the policies and incentives that municipalities use to facilitate green 
infrastructure among homeowners and developers. The paper presents these policies by type of 
technology, but notes that approaches for one green infrastructure technique are applicable to 
another or there is overlap among goals and outcomes. The paper concludes with common 
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themes from successful green infrastructure retrofit policy and recommendations for policy 
makers looking to implement incentives through policy. 

Dietz, M., J. Clausen, and K. Filchak. 2004. “Education and Changes in Residential Nonpoint 
Source Pollution.” Environmental Management 34(5): 684-690. 
This paper examines whether educating homeowners and implementing best management 
practices can improve stormwater quality in a suburban neighborhood. The paper uses a paired 
watershed design to test the effectiveness of these practices. The paper finds some changes in 
measured behavior and some improvements in measurable water quality parameters.  

BARRIERS TO GREEN INFRASTRUCTURE 
The annotated bibliography below reviews papers that discuss the common economic and 
social barriers to widespread implementation of green infrastructure techniques.  

LaBadie, K. 2010. “Identifying Barriers to Low Impact Development and Green Infrastructure 
in the Albuquerque Area.” The University of New Mexico. Albuquerque, NM. May. 
Using a focus group of local professionals, this study identifies barriers to the widespread 
implementation of green infrastructure in the Albuquerque region. The study reveals these 
professionals display a preference for well-known, low cost techniques, but also that these 
professionals have a lack of knowledge about other techniques or an uncertainty over their 
effectiveness. Based on these discussions, the study makes six recommendations for overcoming 
barriers, particularly in the semi-arid conditions of New Mexico. 

Stockwell, A. 2009. “Analysis of Barriers to Low Impact Development in the North Coast 
Redwood Region, California.” Humboldt State University. December. 
Using a literature review and interviews with stormwater professionals, this paper examines 
the barriers to green infrastructure on the North Coast. It finds these barriers include: 
institutionalized conventional practices, budget and staff constraints, and challenging local 
conditions.  

Souto, L. 2009. “Overcoming Barriers to Changing the Landscape.” Managing Wet Weather 
with Green Infrastructure Conference. Ft. Myers, FL. June. 
In this presentation, Leesa Souto introduces a variety of social and attitudinal preference 
barriers to low impact development, including: appearance preferences, disconnection to 
landscape, perceived capability, and social norms. The author also discusses a variety of 
strategies to address these barriers. 

Godwin, D., B. Parry, F. Burris, S. Chan, and A. Punton. 2008. “Barriers and Opportunities for 
Low Impact Development: Case Studies from Three Oregon Communities.” Oregon State 
University, Sea Grant Extension Program. Corvallis, OR. 
This paper, based on discussions from a workshop involving local decision-makers and 
residents in three Oregon communities, addresses the barriers to implementing green 
infrastructure practices, the need for education on green infrastructure, and the audiences to 
which policy makers should direct these efforts. The paper presents several findings and 
opportunities based on themes that emerged from these discussions. 
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OTHER 
The annotated bibliography below presents some other useful and notable recent studies 
related to the economics of green infrastructure.  

Morgan, T., K. Riley, R. Tannebring, and L. Veldhuis. 2011. “Evaluating the Impacts of 
Small-Scale Urban Greenspace: A Case Study of Harlem Place in Los Angeles.” Donald Bren 
School of Environmental Science & Management, University of California, Santa Barbara. 
May. 
This paper examines the net effects of small-scale interstitial greenspace in downtown Los 
Angeles, where greenspace is nearly non-existent. The authors use literature reviews, GIS data, 
and modeling to assess the economic, ecological, and social effects of integrating small-scale 
greenspace into downtown LA. This project is not final. 

Vandermuelen, V., A. Verspecht, B. Vermeire, G. Van Huylenbroeck, and X. Gellynck. 2011. 
“The use of economic valuation to create public support for green infrastructure investments 
in urban areas.” Landscape and Urban Planning. Article in Press. 
This paper describes a model that municipal officials can use to describe the value of green 
infrastructure techniques in economic terms. The paper presents monetary valuation 
techniques, with an emphasis on site-specific considerations, including benefit-cost analysis and 
multiplier analysis. The paper concludes that using this model will help to justify policy 
support for and investment in green space. 

U.S. Green Building Council and Berkebile, Nelson, Immenschuh, McDowell. 2011. “Multi-
Variate Study of Stormwater BMPs: 2008 Green Building Research Fund Grants.” Final 
Report. Kansas State University. March. 
This paper presents the results of monitoring of several BMPs with the objective of improving 
these practices for effective onsite stormwater management. For each BMP, the paper 
documents water quality parameters, soil infiltration rates, soil sampling, facility sizing, 
performance baselines and measures, and costs. 
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April 10, 2009 

 
Via personal delivery and electronic mail 
 
Chair Lutz and Members of the Board 
Los Angeles Regional Water Quality Control Board 
320 4th Street, Suite 200 
Los Angeles, CA 90013 
VenturaMS4Comments041009@waterboards.ca.gov  
 

Re:   Comments on February 24, 2009, Tentative Order for Ventura County 
MS4 Permit 

 
Dear Chair Lutz and Members of the Board: 
 

We write on behalf of the Natural Resources Defense Council (“NRDC”) and 
Heal the Bay.  We have reviewed Tentative Order No. 09-xxx, NPDES Permit No. 
CAS004002—the latest draft of the Ventura County Municipal Separate Storm Sewer 
System NPDES Permit, released on February 24, 2009.  We appreciate the opportunity to 
submit the following comments on the Tentative Order.   

 
I. Introduction 

 
 NRDC and Heal the Bay are concerned that the Tentative Order weakens key 
requirements contained in previous drafts of the Permit without any basis articulated 
either in the record or otherwise.  We are troubled by the circumstances of these changes, 
which come after a series of meetings between Regional Board staff and some 
stakeholders.  While we believe that permit applicants, like any stakeholder, have every 
right to make their views known, it is incumbent on the Regional Board to ensure that 
pollution control language is based on more than simply the desire to accommodate these 
stakeholders.  The Regional Board has not done so, in our view, as described below; in 
many instances, staff have adopted submitted redline language verbatim or nearly so, 
typographic errors and all.  Without evidence in the record to support these changes, this 
approach is effectively a self-regulatory one that is poor public policy and legally 
prohibited. 
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II. Standards Governing the Adoption of the Tentative Order by the Regional 

Board  
 

 In considering the Tentative Order, the Regional Board must not only ensure 
compliance with substantive legal standards, but it must also ensure that it complies with 
well-settled standards that govern the Regional Board’s administrative decision-making.  
The Tentative Order must be supported by evidence that justifies the Regional Board’s 
decision to include, or not to include, specific requirements.  The Regional Board would 
be abusing its discretion if the Tentative Order ultimately fails to contain findings that 
explain the reasons why certain control measures and standards have been selected and 
others omitted.  Abuse of discretion is established if “the respondent has not proceeded in 
the manner required by law, the order or decision is not supported by the findings, or the 
findings are not supported by the evidence.”  (Cal. Code Civ. Proc. § 1094.5(b); see also 
Zuniga v. Los Angeles County Civil Serv. Comm’n (2006) 137 Cal.App.4th 1255, 1258 
(applying same statutory standard).)  “Where it is claimed that the findings are not 
supported by the evidence, … abuse of discretion is established if the court determines 
that the findings are not supported by the weight of the evidence.”  (Phelps v. State Water 
Resources Control Bd. (2007) 157 Cal.App.4th 89, 98-99.) 
 

The administrative decision must be accompanied by findings that allow the court 
reviewing the order or decision to “bridge the analytic gap between the raw evidence and 
ultimate decision or order.”  (Topanga Ass’n for a Scenic Cmty. v. County of Los Angeles 
(1974) 11 Cal.3d 506, 515.)  This requirement “serves to conduce the administrative body 
to draw legally relevant sub-conclusions supportive of its ultimate decision … to 
facilitate orderly analysis and minimize the likelihood that the agency will randomly leap 
from evidence to conclusions.”  (Id. at 516.)  “Absent such roadsigns, a reviewing court 
would be forced into unguided and resource-consuming explorations; it would have to 
grope through the record to determine whether some combination of credible evidentiary 
items which supported some line of factual and legal conclusions supported the ultimate 
order or decision of the agency.”  (Id. at 517 n.15.)  In the case of the Tentative Order, the 
findings and Tentative Order Fact Sheet provide no support for the Regional Board’s 
decision not to apply a 3% effective impervious area limitation to all regulated projects, 
nor any support for the Regional Board’s decision to allow redevelopment projects (and 
other projects where onsite implementation is a concern) to comply merely with the 
SUSMP treatment criteria. They also do not explain or substantiate the failure to address 
the other issues described in this letter. 
 
III. The Tentative Order Is Inadequate to Control Stormwater Pollution from 

New Development and Redevelopment and Fails to Ensure Compliance with 
the Maximum Extent Practicable Standard 

 
 The Tentative Order’s Planning and Land Development Program section remains 
legally inadequate.  As currently written, the Tentative Order would, as explained below, 
allow the implementation of relatively ineffective conventional treat-and-discharge 
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techniques at many development sites and is so confusingly drafted that some of its 
requirements are nearly impossible to discern.  Moreover, it has been weakened in almost 
every respect from prior versions of the Permit, without any supporting documentation to 
demonstrate why such serial weakening is necessary.  Without correction of the various 
problems in the Tentative Order, it cannot pass muster under the Clean Water Act. 
 

The Planning and Land Development Program section is particularly critical for 
addressing the root causes of stormwater pollution, which is why we have focused 
significant attention in our comments here and in previous letters on these requirements.  
As the U.S. EPA has noted:  

 
Most stormwater runoff is the result of the man-made hydrologic 
modifications that normally accompany development.  The addition of 
impervious surfaces, soil compaction, and tree and vegetation removal 
result in alterations to the movement of water through the environment.  
As interception, evapotranspiration, and infiltration are reduced and 
precipitation is converted to overland flow, these modifications affect not 
only the characteristics of the developed site but also the watershed in 
which the development is located.  Stormwater has been identified as one 
of the leading sources of pollution for all waterbody types in the United 
States.  Furthermore, the impacts of stormwater pollution are not static; 
they usually increase with more development and urbanization.1   
 
A. The Standard of Practice in the U.S. Requires the Imposition of Low 

Impact Development Techniques Implemented with Clear Metrics for 
Development and Redevelopment Activities2    

 
LID has been established as a superior and practicable strategy and, therefore, 

must be required.  Accordingly, the United States Environmental Protection Agency has 
called upon Regional Boards across California to prioritize the implementation of LID, 
recently threatening to “consider objecting to the [San Francisco Bay region’s] permit” if 
it does not include “additional, prescriptive requirements” for LID.3  Along with the 

                                                 
1 U.S. Environmental Protection Agency (December 2007) Reducing Stormwater Costs 
through Low Impact Development (LID) Strategies and Practices, at v. 
 
2 We have advocated a 3% effective impervious area (“EIA”) limitation, based on the 
technical work of Dr. Richard Horner.  We continue to support this as the appropriate 
standard—however, because the Tentative Order imposes a 5% EIA limitation, we refer 
to the 5% standard throughout the letter. 
 
3 Letter from Douglas E. Eberhardt, EPA, to Dale Bowyer, San Francisco Bay Regional 
Water Quality Control Board (April 3, 2009), at 1.   
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prioritization of LID implementation, “EPA’s primary objective for incorporating LID 
into renewed MS4 permits, especially for those that represent the third or fourth 
generation of permits regulating these discharges, is that the permit must include clear, 
measurable, enforceable provisions for implementation of LID….  [P]ermit[s] should 
[also] include a clearly defined, enforceable process for requiring off-site mitigation for 
projects where use of LID design elements is infeasible.”4  In South Orange County, EPA 
likewise observed that “the permit must include clear, measurable, enforceable provisions 
for implementation of LID….  We would not support replacing … approaches [such as 
EIA] with qualitative provisions that do not include measurable goals.”5 

 
Other government agencies in California and around the U.S. have come to the 

same conclusions.  The California Ocean Protection Council, for instance, strongly 
endorsed LID last year by “resolv[ing] to promote the policy that new developments and 
redevelopments should be designed consistent with LID principles” because “LID is a 
practicable and superior approach . . . to minimize and mitigate increases in runoff and 
runoff pollutants and the resulting impacts on downstream uses, coastal resources and 
communities.”6  In Washington State, the Pollution Control Hearings Board has found 
that LID techniques are technologically and economically feasible and must, therefore, be 
required in MS4 permits.7  The National Academy of Sciences recently issued a 
comprehensive report with the same recommendation for stormwater management 
programs: “Municipal permittees would be required under general state regulations to 
make [LID] techniques top priorities for implementation in approving new developments 
and redevelopments, to be used unless they are formally and convincingly demonstrated 
to be infeasible.”8 

 
Critically, as demonstrated in the EPA comments quoted above, the prioritization 

of LID practices is insufficient by itself to meet the MEP standard and must be paired 

                                                 
4 Id. at 1-2.  
 
5 Letter from Douglas E. Eberhardt, EPA, to Michael Adackapara, Santa Ana Regional 
Water Quality Control Board (February 13, 2009), at 2-3. 
 
6 California Ocean Protection Council (May 15, 2008) Resolution of the California 
Ocean Protection Council Regarding Low Impact Development, at 2.   
 
7 Puget Soundkeeper Alliance et al. v. State of Washington, Dept. of Ecology et al. (2008) 
Pollution Control Hearings Board, State of Washington, No. 07-021, 07-026, 07-027, 07-
028, 07-029, 07-030, 07-037, Phase I Final, at 6, 46, 57-58.   
 
8 National Academy of Sciences, Committee on Reducing Stormwater Discharge 
Contributions to Water Pollution, National Research Council (2008) Urban Stormwater 
Management in the United States, at 500. 
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with a measurable requirement for the implementation of LID.  Since its inception, the 
MS4 permitting program has been seriously hampered by a pervasive absence of numeric 
performance standards for the implementation of best management practices (“BMPs”) 
such as LID.  For this reason, in December 2007, the State Water Resources Control 
Board commissioned a report which found that “[t]he important concept across all of 
[the] approaches [described in the report] is that the regulations established a 
performance requirement to limit the volume of stormwater discharges.”9  The report 
also noted that “[m]unicipal permits have the standard of Maximum Extent Practicable 
(MEP) which lends itself more naturally to specifying and enforcing a level of 
compliance for low impact development.”10  Another study, completed for the Ocean 
Protection Council, recommended the following standard: “Regulated development 
projects shall reduce the percentage of effective impervious area to less than five percent 
of total project area by draining stormwater into landscaped, pervious areas.”11     

 
  While we appreciate the fact that the Tentative Order does require some 

implementation of LID and includes an effective impervious area limitation, which we 
support in concept, its requirements have been unacceptably weakened and confused, due 
to the wholesale insertion into this draft of pages of language drafted by the permit 
applicants.  The Regional Board must now reassert its regulatory role and make important 
revisions so as to issue a permit that meets the MEP standard and complies with the 
Clean Water Act.   
 

B. The Planning and Land Development Program Section Has Been 
Significantly Weakened Pursuant to the Requests of the Permittees 

 
 During the last round of comments, the Permittees submitted a redline of the 
Permit draft.12  Nearly every one of the Planning and Land Development Program 
suggestions in this document has been accommodated in the Tentative Order, with the 
effect of severely weakening the Permit.  Staff have not just accommodated conceptual 
criticism, they have instead adopted verbatim approximately 1,000 words from the 

                                                 
9 State Water Resources Control Board (December 2007) A Review of Low Impact 
Development Policies: Removing Institutional Barriers to Adoption, at 23 (emphasis 
added) (hereinafter “SWRCB LID Report”). 
 
10 Id. at 4. 
 
11 Ocean Protection Council of California (January 2008) State and Local Policies 
Encouraging or Requiring Low Impact Development in California, at 27. 
 
12 Letter from Gerhardt Hubner, Ventura Countywide Stormwater Management Program, 
to Tracy Egoscue, Los Angeles Regional Water Quality Control Board (May 27, 2008), 
Attachment A1 (“Permittees’ redline”). 
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Permittees’ redline of the Planning and Land Development Program section, rejecting 
only about 70 words of proposed changes.13  These unjustified revisions have had the 
impact of fundamentally altering the critical LID provisions and specifically affect the 
following:  
 

• The applicability of the Tentative Order’s numeric performance standard for 
post-construction controls (5% EIA) to all projects, including redevelopment 
(Tentative Order ¶ 5.E.III.1(b)); 

 
• The Planning and Land Development Program section’s applicability criteria, 

in terms of both square footage and whether only impervious surface counts 
toward the threshold (Tentative Order ¶ 5.E.II.1);  

 
• Exemptions for “routine maintenance activity” (Tentative Order ¶ 5.E.II.2(b));  
 
• The grandfather clause (Tentative Order ¶ 5.E.II.3);  
 
• The baseline for hydromodification analysis (“pre-development” vs. “pre-

project”) (Tentative Order ¶ 5.E.III.2(a));  
 
• The creation of an entirely new section that allows the Permittees to waive 

compliance with the hydromodification control requirements (Tentative Order 
¶ 5.E.III.2(a)(2));  

 
• The elimination of any interim hydromodification requirements for projects 

disturbing less than fifty acres of land (Tentative Order ¶ 5.E.III.2(a)(3)(i));  
 
• The revision of the interim hydromodification criteria for projects over fifty 

acres such that meeting an Erosion Potential of 1 is no longer strictly required 
(Tentative Order ¶ 5.E.III.2(a)(3)(ii)); and  

 
• The allowance for Permittees to create interim hydromodification criteria that 

do not have to meet any standard (Tentative Order ¶ 5.E.III.2(a)(3)(A)(4)—
this section number is not consecutive and appears to be mislabeled in the 
Tentative Order).   

 
The Permittees even eliminated the provisions that granted the Regional Board 
enforcement authority over the Planning and Land Development Program section of the 

                                                 
13 Compare Permittees’ redline ¶ 5.E with Tentative Order ¶ 5.E. 
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prior draft, and Regional Board staff accepted this deletion in whole.14  Some of these 
revisions are discussed in more detail below. 
 

The degree to which staff apparently have not critically reviewed the Permitees’ 
submissions (despite including them in the Permit) is evidenced by the Tentative Order’s 
incorporation of the same typographical and syntactical errors as the Permittees’ redline 
submission—e.g., “BMP pollutant removalperformance;”15 “[E]ach Permittee shall 
require that during the construction of a single-family home, the following measures to 
be implemented…”16  These facts suggest that Regional Board staff simply accepted the 
Permittees’ revisions verbatim and did not read these insertions critically.  The result: the 
Permittees have been allowed in the Tentative Order literally to write vast portions of 
their own permit.  This is a serious violation of law that undermines public confidence in 
the Regional Board.  To the extent that the apparent delegation of regulatory duties to the 
permit applicants is the result of an oversight or is otherwise explained, this error must be 
fully corrected prior to issuance of the Permit. 
 

Further reinforcing the self-regulation problem and lack of transparency in the 
permit-writing process, Regional Board staff have not—in the findings, Tentative Order 
Fact Sheet, or Response to Comments—provided any explanation of why weakening the 
Permit is necessary.  Indeed, the Response to Comments never mentions the numerous 
ways in which the Tentative Order has been enfeebled through the incorporation of the 
Permittees’ revisions, claiming instead in the vast majority of cases: “No changes 
required to address this comment.”  (Compare, e.g., Response to Comments at 29-36 with 
the many substantive changes listed above.)  In contrast, where Regional Board staff 
implemented some NGO suggestions for certain provisions, the Response to Comments 
specifically acknowledges the changes made.  (Response to Comments at 36.)   
 
 Taken as a whole, the LID provisions in the Permit have been significantly 
changed, in virtually each instance in ways that reduce environmental protection.  While 
we discuss many of the most important issues in separate sections below, the changes 
affect a wide range of key requirements.  For example, at the behest of the Permittees, 
Regional Board staff have rewritten the applicability section, as mentioned above, such 
that it now will fail to ensure pollution control at a large number of development and 
redevelopment projects.  Specifically, the Tentative Order doubled the number of square 
feet required for many development projects to be regulated (from 5,000 to 10,000) and 
now requires that only impervious surface be considered in calculating whether a project 

                                                 
14 Compare Tentative Order 08-xxx, NPDES No. CAS004002, Third Draft Ventura 
County MS4 Permit ¶ 5.E.IV.3 with Tentative Order ¶ 5.E.IV and Permittees’ redline at 
55.   
 
15 Tentative Order ¶ 5.E.IV.6(a)(1) (emphasis added); Permittees’ redline at 57. 
 
16 Tentative Order ¶ 5.E.II.1(a)(11) (emphasis added); Permittees’ redline at 47. 
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meets the threshold.  (Tentative Order ¶ 5.E.II.1.)  These new criteria could hardly be 
construed as meeting the MEP standard since both the San Francisco Bay and North 
Orange County Phase I MS4 permits under consideration for adoption contain more 
stringent applicability criteria.17  Additionally, the Tentative Order sets a catchall 
threshold of 1 acre (now with the additional requirement of at least 10,000 square feet of 
impervious surface), which is, arbitrarily, far higher than the catchall threshold for the 
San Francisco Bay permit.  (Tentative Order ¶ 5.E.II.1(a)(1).)  Even though NRDC 
mentioned this in our previous comment letter, the Response to Comments has not 
provided more than a cursory and unsupported explanation of staff’s reasoning.  
 
 A second specific example of how wide-ranging the weakening of the Tentative 
Order is involves unexplained edits to the “grandfathering” provision such that all 
projects that have been “deemed complete for processing” or are “without vesting 
tentative maps” need not comply with the permit.  (Tentative Order ¶ 5.E.II.3.)  This is an 
unjustifiably weak requirement which also compares unfavorably with approaches taken 
by other Regional Boards.  The draft San Francisco Bay regional MS4 permit, despite its 
many flaws, establishes a much more appropriate threshold: development projects must 
have received “final, major, staff-level discretionary review and approval for adherence 
to applicable local, state, and federal codes and regulation[s].”18  The draft North Orange 
County MS4 permit also surpasses the Tentative Order and requires that projects have 
received approval of their “Water Quality Management Plan.”19  The inadequate 
language adopted by staff is taken directly from the Permittees’ redline.   
  

C. The Weaker Planning and Land Development Program Requirements 
Are Inconsistent with Evidence in the Record and the Longstanding 
Position of the Regional Board 

 
 Although Regional Board staff have clarified that appropriate numeric sizing 
criteria must be applied to BMPs used to render impervious surfaces “ineffective,” 
various changes in ¶ 5.E.III.1 have created considerable internal inconsistency, arbitrary 
distinctions between projects, and impermissibly lacking requirements for large 
categories of projects.  These changes have weakened the Tentative Order, as discussed 
above, and represent a considerable shift from the prior three drafts of the permit.  Of all 
the revisions to the Planning and Land Development Program section requested by the 

                                                 
17 Tentative Order R8-2009-0030, NPDES Permit No. CAS618030, Orange County Draft 
MS4 Permit, at 47-49; Tentative Order R2-2009-00XX, NPDES Permit No. CAS612008, 
San Francisco Bay Draft MS4 Permit, at 16-19. 
 
18 Tentative Order R2-2009-00XX, NPDES Permit No. CAS612008, San Francisco Bay 
Draft MS4 Permit, ¶ C.3.c.ii. 
 
19 Tentative Order R8-2009-0030, NPDES Permit No. CAS618030, Orange County Draft 
MS4 Permit, ¶ XII.J. 
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Permittees and implemented by Regional Board staff, as noted above, every single one 
applies to a provision that has remained essentially unchanged through three drafts of the 
permit, with the exception of the grandfather provision, which came into being in the 
second draft.  (Compare First Draft, Second Draft, and Third Draft Ventura County MS4 
Permit with Tentative Order.)  This, combined with the apparent reassignment of the lead 
permit author who is a National Academy of Sciences-level expert on stormwater, 
highlights the extent to which the recent revisions to the permit are arbitrary and do not 
reflect the application of agency expertise.  (See, e.g., CBS Corp. v. F.C.C. (3rd Cir. 
2008) 535 F.3d 167, 188 (agency interpretation set aside because no reasoned basis for 
departure from prior policy was provided and agency conclusion, “even as an 
interpretation of its own policies and precedent, [was] ‘counter to the evidence before the 
agency’ and ‘so implausible that it could not be ascribed to . . . product of agency 
expertise.’”).)  Unfortunately, the effect of Regional Board staff’s weakening of the 
Tentative Order is that the many changes in the Planning and Land Development 
Program section are bound to lead to poorer water quality results and will not adequately 
address impaired waters in Ventura County, as discussed below. 
 

1. The New Development/Redevelopment Performance Criteria Have 
Been Weakened So that 5% EIA Is No Longer a General 
Requirement that Is Subject to Waiver Only in Situations of 
Technical Infeasibility 

 
 The Tentative Order states that reducing effective impervious area to 5% or less is 
a “goal.”  (Tentative Order ¶ 5.E.III.1(b).)  This creates potential uncertainty regarding 
whether the 5% EIA limitation is, in fact, a requirement for all regulated projects, and 
indeed, it appears that it is not such a requirement since all redevelopment projects and 
any other development projects for which “the 5% goal is infeasible” may simply comply 
with the state-law-backstop SUSMP treatment criteria.  (Tentative Order ¶ 5.E.III.1(b).)20  
Regional Board staff are essentially saying that LID techniques should not apply in 
redevelopment areas.21  There is, however, a wealth of technical information to 
demonstrate that this exemption is nonsensical and vastly over-inclusive.   

                                                 
20 It bears mention that the definition of “redevelopment” is extremely broad and could 
encompass sites anywhere in Ventura County that have experienced any sort of 
development.  Indeed, the only requirement to qualify as a redevelopment site is that the 
site must already have been “developed,” a term which is not defined in the Tentative 
Order.  (Tentative Order at 107.)  This could include suburban areas, as well as 
downtown centers, so Regional Board staff cannot here legitimately claim to base this 
exemption on concepts of “smart growth” (which NRDC advocates) since the 
redevelopment of a suburban strip mall, for example, would do nothing to reduce vehicle 
miles traveled or to encourage denser development patterns.   
 
21 This is an especially problematic result because the Tentative Order has gutted the 
hydromodification section and no longer requires any hydromodification controls for 
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a. Technical Studies and Other National Standards for 
LID Implementation in Redevelopment Areas 

 
A recent EPA report noted that “LID approaches can be used to reduce the 

impacts of development and redevelopment activities on water resources.”22  Similarly, a 
study completed for the State Water Board found that retention-based standards for LID 
implementation (like the 5% EIA limitation) are “appropriate models” for urbanized 
areas where most projects will involve redevelopment.23  The study went even further in 
recommending LID retrofits as “a critical need” for existing development.24  Another 
study analyzed one existing redevelopment site that had implemented LID, and not only 
was such implementation possible, but the authors found that “[t]he LID option produced 
a better return on initial investment, as measured by improvements to water quality, than 
did investments in conventional controls.”25   
 

The record for the Tentative Order even contains locality-specific analysis 
demonstrating that achieving 5% EIA is feasible for a wide range of sites in Ventura 
County, including a technical report by stormwater expert Dr. Richard Horner, which 
specifically addresses the feasibility and water quality and quantity benefits of imposing a 
5% EIA limitation on development projects in Ventura County.26  A recent study by 

                                                                                                                                                 
projects under 50 acres, referring instead to “LID and/or source or treatment BMPs” as if 
they are adequate to address hydromodification.  (Tentative Order ¶ 5.E.III.2(a)(3)(a)(i).)  
(This is a highly problematic assertion in the first place, as discussed below.)  Yet, at the 
same time, the Tentative Order has also gutted the LID section of the permit by waiving 
the retention-based 5% EIA standard for all redevelopment projects.   To the extent that 
this is not the result of an oversight, it resembles a “shell game” wherein one permit 
provision asserts that the required control elements exist in another section, but that 
section has been revised to delete the purported controls. 
 
22 U.S. Environmental Protection Agency (December 2007) Reducing Stormwater Costs 
through Low Impact Development (LID) Strategies and Practices, at 2. 
 
23 State Water Resources Control Board (December 2007) A Review of Low Impact 
Development Policies: Removing Institutional Barriers to Adoption, at 22-23. 
 
24 Id. at 23. 
 
25 ECONorthwest (November 2007) The Economics of Low-Impact Development: A 
Literature Review, at 14. 
 
26 R. Horner, Investigation of the Feasibility and Benefits of Low-Impact Site Design 
Practices (“LID”) for Ventura County (February 2007) (“Horner Report”). 
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consultants for the Permittees also demonstrated the feasibility of implementing LID 
techniques in Ventura County through a water quality volume-based standard on 
constrained redevelopment sites.27  The Tentative Order and its supporting documents, 
however, fail to provide any justification for the blanket waiver of the 5% EIA standard 
or any explanation for why no onsite maximization and accompanying offsite mitigation 
are required when a project cannot implement the 5% EIA “goal” onsite, which is 
effectively the recommendation of the United States Environmental Protection Agency in 
other similar scenarios in California: 

 
The permit should stipulate that use of these [LID] design elements must result in 
the onsite management of the total [water quality design storm] runoff…  [T]he 
permit should be clear that the use of [any] conventional means … would not be 
counted in determining whether projects meet the permit’s LID requirements….  
The permit should include a clearly defined, enforceable process for requiring off-
site mitigation for projects where use of LID design elements is infeasible.28 

 
The Tentative Order’s waiver, like the other loopholes in the Planning and Land 

Development Program section, is not only inconsistent with technical analyses, but it is 
also inconsistent with prior drafts of the permit, which applied the 5% EIA standard to all 
regulated projects, and with other standards from around the country.  In the Anacostia 
area of Washington, D.C., all projects must retain the first inch of rainfall onsite.29 In 
Philadelphia, all projects must infiltrate the first inch of rainfall.30  West Virginia’s draft 
MS4 permit also requires that the first inch of rainfall be retained onsite.  Additionally, 
Anacostia and Philadelphia face redevelopment constraints arguably much more 
challenging than Ventura County.  Nonetheless, in all three of these jurisdictions, projects 
cannot receive exemptions from the onsite retention requirement unless they demonstrate 

                                                 
27 Geosyntec Consultants et al., Low Impact Development Metrics in Stormwater 
Permitting (January 2009).  We have also attached separately a critique of this study by 
Dr. Horner, as well as our February 13, 2009, comment letter addressed to the Santa Ana 
RWQCB, which critiques this report and highlights several significant errors in its 
methodology and presentation—nonetheless, the report does show that implementing 
LID through a volume-based standard is feasible on the three case study sites. 
 
28 Letter from Douglas E. Eberhardt, EPA, to Dale Bowyer, San Francisco Bay Regional 
Water Quality Control Board (April 3, 2009), at 2. 
 
29 Anacostia Waterfront Corporation (June 1, 2007) Final Environmental Standards, at 
16. 
 
30 City of Philadelphia, Philadelphia Stormwater Regulations § 600.5; City of 
Philadelphia (2006) Philadelphia Stormwater Management Guidance Manual: Version 
2.0, at 1-1, Appendix F.4.1. 
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infeasibility, and in such cases, the relevant regulations call for offsite mitigation or in-
lieu fee payment, as discussed below.  Thus, even the most constrained redevelopment 
sites must achieve the same overall, watershed-wide results as other projects, even if they 
cannot comply with the onsite retention standards.  The evidence in the record, the 
position of EPA, and evidence from other jurisdictions all lead to the conclusion that the 
Tentative Order must do the same to pass legal muster. 

 
b. Water Quality Detriments from the Tentative Order’s 

Waiver of LID BMPs for Redevelopment Projects 
 
From the perspective of water quality, the most problematic aspect of the 

Tentative Order’s allowance for all redevelopment projects to implement mere SUSMP 
treatment is that it spurns the use of LID practices, which, as highlighted above, are 
superior stormwater management techniques and must be included in MS4 permits.31  
Indeed, in the new draft of the Tentative Order, there is no requirement at all for the type 
of BMPs that would have to be installed at projects exempted from the EIA limitation.  
(Tentative Order ¶¶ 5.E.III.1(b), 5.E.III.4.)  If conventional BMPs are used at 
redevelopment sites (which would likely be the case), water quality benefits will be 
severely diminished.  In keeping with the observations of the ECONorthwest report 
quoted above, Dr. Horner demonstrated in his Ventura County-based study that using 
CDS units, for instance, would result in pollutant loading reductions of between 0% and 
46%, whereas LID techniques would create reductions mostly in the 97% to 99% range.32  
This is in addition to the ancillary water supply benefits of retaining water onsite.  With 
evidence in the record showing the widespread applicability and feasibility of LID onsite 
retention practices in Ventura County specifically and around the entire U.S. generally, 
passing the Tentative Order as drafted would be an abuse of the Regional Board’s 
discretion.  The current draft would not reduce pollution and improve water quality to the 
maximum extent practicable. 

 
Overall, the Tentative Order’s “New Development/Redevelopment Performance 

Criteria” provisions do not establish a comprehensive, numeric performance standard—
they create, instead, a massive loophole for numerous projects in Ventura County, many 
of which would be able to comply with the 5% EIA standard onsite but are not required 
to by the Tentative Order.  This loophole would allow the installation of poor-performing 
BMPs when vastly superior BMPs are available, cost-effective, and feasible for 
implementation.  The criteria for granting an exemption from meeting the 5% EIA 
limitation onsite should be strictly based on technical infeasibility and not on an 
overbroad, blanket exemption for the very category of projects that may encompass most 

                                                 
31See, e.g., Letter from Douglas E. Eberhardt, EPA, to Dale Bowyer, San Francisco Bay 
Regional Water Quality Control Board (April 3, 2009). 
 
32 Horner Report at 12, 16. 
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of the development that takes place in Ventura County in coming years.  The Tentative 
Order must be revised to specify that 3% or less EIA is a requirement or design standard 
(not a “goal”) for all new development and redevelopment projects, and strict 
infeasibility criteria, paired with an alternative compliance/offsite mitigation requirement, 
must be imposed.  Only in this manner will the implementation of LID, and thus the 
improvement of water quality, be maximized.  

 
2. Whenever the Obligation for a Project to Meet the 5% EIA 

Limitation Onsite Is Waived for Infeasibility, the Project Must Be 
Required to Provide Offsite Mitigation for any Impacts Not 
Addressed Onsite. 

 
 Not only will the Tentative Order, as drafted, lead to inferior water quality results 
compared to those that are otherwise practicably attainable, but they will continue to 
allow watershed-wide degradation.   By gutting the 5% EIA limitation and ignoring 
evidence in the record that the technically-justified requirement is 3% EIA, the Tentative 
Order is inconsistent with evidence that, absent such control, watershed and aquatic 
ecosystem health will decline.  Dr. Horner explained the reasoning behind this concept in 
his report.33  The flexibility and benefits of this watershed-oriented approach are 
apparent: even if the implementation of retention-based BMPs on a given site might not 
meet the 5% EIA standard, the same positive effects can be achieved through offsite 
mitigation and/or in-lieu fees used to construct pollution-reducing facilities elsewhere.  
Thus, to meet the MEP standard, the Tentative Order must be revised so that any 
instances of LID infeasibility on a particular site results in mitigation offsite, a result 
consistent with the evidence in the record and with EPA recommendations and now 
implemented in a wide range of permits nationally.  This can be accomplished by the 
Permittees either through the RPAMP provision (¶ 5.E.IV.3) or through the otherwise 
applicable requirements of the Permit itself, such as the mitigation funding provision.     
 

A system that allows for onsite noncompliance but requires commensurate offsite 
mitigation would parallel other stormwater regulations in the rest of the country.  
Anacostia, for instance, requires either physical offsets (at 1.5 times the volume not 
retained onsite) or in-lieu payments (at 2 times the cost of mitigating the volume not 
retained onsite).34  The Philadephia Water Department has the discretion to accept offsite 
mitigation that provides water quality and/or quantity control equal to or greater than the 

                                                 
33 Horner Report, Attachment A. 
 
34 Anacostia Waterfront Corporation (June 1, 2007) Final Environmental Standards, at 
16. 
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onsite practices whose infeasibility has been demonstrated.35  The West Virginia draft 
permit allows offsite mitigation in the same sewershed/watershed at a ratio of 1:1.5—at 
least 0.6 inches of the original volumetric obligation must still be retained onsite, 
however.36  The same thrust guides the Tentative Order’s RPAMP provision, but this 
requirement only comes into play if the Permittees submit and receive approval for an 
RPAMP.   
 

In contrast to the standards outlined above, as currently written, the Tentative 
Order may allow all redevelopment projects, as well as other development projects where 
onsite compliance is infeasible, to avoid meeting the 5% EIA standard altogether.  These 
provisions must be revised such that whenever a project applicant demonstrates the 
technical infeasibility of implementing the 5% EIA limitation onsite, the project applicant 
is required to implement the standard through alternative compliance measures that could 
take the form of offsite mitigation, in-lieu fees to pay for achieving the same retention 
and pollution reduction benefits in the subwatershed, or whatever else would have the 
watershed-wide effect of reducing EIA to 5%.  The Tentative Order has already created 
provisions to address these various alternative compliance measures, and it already 
applies them to non-exempt projects.  (Tentative Order ¶ 5.E.III.1(b).)  Without requiring 
alternative compliance measures for all projects where onsite compliance is infeasible, 
the Tentative Order will be falling behind other parts of the country and granting 
unnecessary exemptions to many undeserving projects while allowing the 
implementation of BMPs that have been proven far less effective at pollutant removal 
than other available and appropriate practices.   

 
D. The Tentative Order’s Planning and Land Development Program 

Provisions Do Not Meet the Clean Water Act’s “Maximum Extent 
Practicable” Standard for Stormwater Pollution Reduction 

  
 As discussed above, the Tentative Order represents in many regards a significant 
weakening of the requirements that previous drafts of the permit would have imposed.  
Now, unfortunately, the Tentative Order’s provisions are far from legally adequate to 
meet the Clean Water Act’s MEP standard, and they must be revised accordingly.   
 

                                                 
35 City of Philadelphia, Philadelphia Stormwater Regulations § 600.5; City of 
Philadelphia (2006) Philadelphia Stormwater Management Guidance Manual: Version 
2.0, at 1-1, Appendix F.4.1. 
 
36 State of West Virginia (December 11, 2008) Department of Environmental Protection, 
Division of Water and Waste Management, Draft General National Pollution Discharge 
Elimination System Water Pollution Control Permit, NPDES Permit No. WV0116025 at 
13-14. 
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1. The MEP Standard Requires that the Tentative Order Impose More 
Stringent Stormwater Control Measures and Performance Criteria 

 
Section 402(p) of the Clean Water Act establishes the MEP standard as a 

requirement for pollution reduction in stormwater permits.  “[T]he phrase ‘to the 
maximum extent practicable’ does not permit unbridled discretion.  It imposes a clear 
duty on the agency to fulfill the statutory command to the extent that it is feasible or 
possible.”  (Defenders of Wildlife v. Babbitt (D.D.C. 2001) 130 F.Supp.2d 121, 131 
(internal citations omitted); Friends of Boundary Waters Wilderness v. Thomas (8th Cir. 
1995) 53 F.3d 881, 885 (“feasible” means “physically possible”).)  As one state hearing 
board held:  

 
[MEP] means to the fullest degree technologically feasible for the protection of 
water quality, except where costs are wholly disproportionate to the potential 
benefits….  This standard requires more of permittees than mere compliance with 
water quality standards or numeric effluent limitations designed to meet such 
standards….  The term “maximum extent practicable” in the stormwater context 
implies that the mitigation measures in a stormwater permit must be more than 
simply adopting standard practices.  This definition applies particularly in areas 
where standard practices are already failing to protect water quality… 

 
(North Carolina Wildlife Fed. Central Piedmont Group of the NC Sierra Club v. N.C. 
Division of Water Quality  (N.C.O.A.H. October 13, 2006) 2006 WL 3890348, 
Conclusions of Law 21-22 (internal citations omitted).)  The North Carolina board further 
found that the permits in question violated the MEP standard both because commenters 
highlighted measures that would reduce pollution more effectively than the permits’ 
requirements and because other controls, such as infiltration measures, “would [also] 
reduce discharges more than the measures contained in the permits.”  (Id. at Conclusions 
of Law 19.)   
 
 Similarly, in Ventura County, we have demonstrated that an onsite retention 
standard based on the effective impervious area of a site would be a technologically 
feasible approach that would reduce stormwater discharges and pollution far better than 
conventional BMPs, which are now allowed for a large class of projects under the 
Tentative Order.37  Additionally, the Tentative Order and its supporting documents have 
not offered concrete evidence that a single site in Ventura County could not meet the 
otherwise applicable 5% EIA standard or the 3% EIA standard supported by the record.  
The Tentative Order also has not justified the wholesale weakening of the permit’s 
requirements in many other respects, as set forth above, to the significant detriment of 
water quality.   

 

                                                 
37 Horner Report at 9-17. 
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2. Other Stormwater Permits and Regulatory Documents Around the 
Country Have Adopted Stronger, Practicable Requirements for the 
Implementation of Post-Construction Stormwater BMPs 

 
The widespread implementation of other far more stringent requirements (not to 

mention the technical reports that we have submitted) creates a presumption that such 
requirements would be practicable in Ventura County.  These standards do not contain 
wholesale waivers for redevelopment projects and require equivalent alternative 
compliance where onsite compliance is infeasible, as discussed in section III.C.2 of this 
letter, above.  The decision to waive the EIA requirement for many projects in Ventura 
County, with contrary examples elsewhere in the U.S. and without any technical 
justification for doing so or any obligation to provide equivalent offsite mitigation, 
evidences a disregard for the MEP standard.   
 

E. The Planning and Land Development Program Section Contains 
Many Provisions that Would Allow the Permittees, in Essence, to 
Regulate Themselves, a Result at Odds with Federal Law 

 
Permittee self-regulation and lack of direction are well-known and acknowledged 

problems.  As EPA recently stated, “In our review of MS4 programs across our Region, 
we have found that it is common for permits to rely on the development of plans to 
achieve certain permit objectives, rather than including prescriptive requirements in the 
permits….  [T]he plans often result in a reliance on qualitative provisions rather than 
specific measurable criteria.  As a result, we have found that there is often uncertainty 
among both the MS4 permittees and the permitting agencies as to specific permit 
expectations.”38  The Tentative Order must prevent this outcome by ensuring that the 
Regional Board exercises meaningful review authority over the Permittees’ stormwater 
management programs so that they meet the MEP standard and contain the requisite 
“specific measurable criteria” through which permit expectations can be understood and 
progress toward them measured.  This obligation is imposed by the Clean Water Act: 

 
[S]torm water management programs that are designed by regulated 
parties must, in every instance, be subject to meaningful review by an 
appropriate regulating entity to ensure that each such program reduces the 
discharge of pollutants to the maximum extent practicable. 

 
(Environmental Defense Center v. EPA, 344 F.3d 832, 856 (9th Cir. 2003; Waterkeeper 
Alliance, 399 F.3d at 501-502 (discussing importance of review of management plans for 
concentrated animal feeding operations).)  Meaningful review must mean ensuring that 
the MS4 permits are in fact designed to reduce pollutants in stormwater to the MEP.  (33 
U.S.C. § 1342(b) (States are allowed to issue NPDES permits only where, inter alia, the 

                                                 
38 Letter from Douglas E. Eberhardt, EPA, to Dale Bowyer, San Francisco Bay Regional 
Water Quality Control Board (April 3, 2009), at 2. 
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state permitting programs “apply, and insure compliance with, any applicable [effluent 
limitations and standards].”).)  Without regulatory oversight by the Regional Board to 
verify that the program contains the necessary specificity to meet legal requirements, the 
program amounts to “impermissible self-regulation.”  (EDC, 344 F.3d at 843.)   
 

The Tentative Order has, de facto, created an impermissible self-regulatory 
system (1) by failing to define a large number of operative terms and, relatedly, (2) by 
allowing the permittees to develop key control requirements without public review.  First, 
a large number of key terms and provisions that determine the level of control required 
by the development and redevelopment provisions are undefined and not susceptible to 
clear and common definition.  These are not minor drafting issues but, rather, create 
uncertainty about the scope of the requirements, thereby allowing misunderstanding of 
the Tentative Order’s requirements and the possibility of implementation at levels that do 
not meet the MEP standard:  
 

• The Tentative Order has not defined “land-disturbing activity,” yet this is a 
critical part of the criteria for determining when a redevelopment project is 
regulated. 

 
• The Tentative Order has not defined “developed site,” yet this also is a critical 

part of the criteria for determining when a redevelopment project is regulated. 
  

• Provision 5.E.III.1(d) defines how to render an impervious surface 
“ineffective,” but the methods outlined in this provision appear to conflict 
with Provisions 5.E.III.1(a) and (c)’s concepts of “percolation, infiltration, 
storage, or evapo-transpiration” and “infiltrate[ion] and stor[age] for 
beneficial reuse,” respectively, which are the acceptable methods (as NRDC 
supports) for reducing EIA; indeed, there is even a conflict between 
Provisions 5.E.III.1(a) and (c) insofar as percolation and evapotranspiration 
are included in one list and not in the other. 

 
• Provision 5.E.III.1(b) mentions that “stormwater mitigation credits” may be 

used to meet the 5% EIA standard, but such credits are nowhere described in 
the Tentative Order. 

 
• Provision 5.E.III.1(b) also states that exempt projects must meet the surface 

discharge requirements of 5.E.III.4, a section that does not exist in the 
Tentative Order (presumably, this refers to 5.E.III.3, the SUSMP treatment 
sizing criteria). 

 
• The “Mitigation Funding” provision, 5.E.IV.4, requires the creation of a 

“management framework” for “regional or subregional solutions to storm 
water pollution,” but the four enumerated reasons for which such a framework 
is required of Permittees are never explained in the text of the Tentative 

RB-AR10485



Chair Lutz and Members of the Board 
RWQCB Los Angeles Region 
April 10, 2009 
Page 18  
 

Order, and the descriptions of these four reasons leave the reader confused as 
to the requirements that trigger mitigation funding.  This provision—and other 
related provisions—should be changed to reflect the necessity for offsite 
mitigation or in-lieu payments whenever a project cannot meet the 5% EIA 
limitation onsite.  The other bases for mitigation funding need clarification. 

 
In each of these respects, there is nothing to stop a Copermittee from “misunderstanding 
or misrepresenting its own stormwater situation and proposing a set of minimum 
measures for itself that would reduce discharges by far less than the maximum extent 
practicable.”  (EDC, 344 F.3d at 855.)   

 
Second, the Tentative Order has given the Permittees discretion to develop many 

of the critical performance standards and BMP requirements that will apply to new 
development and redevelopment projects.  The Tentative Order, for instance, requires the 
Permittees to participate in the Southern California Storm Water Monitoring Coalition’s 
Hydromodification Control Study, which will then become the hydromodification control 
requirements for Ventura County.  (Tentative Order ¶ 5.E.III.2(a)(1)(E).)  The Tentative 
Order also allows the Permittees to grant exemptions from hydromodification controls for 
a large set of projects—this section, as discussed, was in fact written by the Permittees 
and added to the permit in this draft.  (Tentative Order ¶ 5.E.III.2(a)(2)(A).)  The 
Tentative Order even enables the Permittees (in collaboration with project proponents, if 
they so wish) to develop their own interim hydromodification control requirements.  
(Tentative Order ¶ 5.E.III.2(a)(3)(A)(ii).) 

 
Perhaps even more problematically, the Tentative Order does not require any 

Regional Board or public review at all of the many essential aspects of the Planning and 
Land Development Program section that have been left to the Permittees to determine.  
These aspects include: the abovementioned hydromodification provisions; the final 
hydromodification criteria to be developed by the Permittees (Tentative Order ¶ 
5.E.III.2(a)(4)); the Mitigation Funding provisions (Tentative Order ¶ 5.E.III.4); and the 
Ventura County Technical Guidance Manual, which is to include “LID principles and 
specifications, including the objectives and specifications for integration of LID 
strategies” (Tentative Order ¶ 5.E.III.5).39  These various documents and criteria are 
fundamentally necessary for assessing compliance with the permit, as well as the likely 
results of the permit’s requirements.  Without subjecting them to Regional Board and 
public review, the Tentative Order fails to meet the requirements of federal law, as 
described in EDC and Waterkeeper. 
 

                                                 
39 Notably, the only provision that does require Regional Board and public review is the 
RPAMP provision, which has been revised pursuant to our suggestions.  We appreciate 
this change and hope that the Regional Board will make similar, necessary revisions to 
the other provisions mentioned above.   
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F. The Hydromodification Control Provisions Have Been Significantly 
Weakened in Key Respects that Fail to Protect Water Quality and 
Are Not Supported by Evidence in the Record 

 
1. The Level of Protection Provided by the Hydromodification 

Control Criteria Has Been Weakened Arbitrarily and Is Not 
Scientifically or Technically Justifiable 

 
Previously, the hydromodification control criteria established the proper, 

scientifically defensible “pre-development” condition as the baseline for comparison.  
Pursuant to the Permittees’ comments, however, staff have changed this requirement to 
the “pre-project” condition.  (Tentative Order ¶ 5.E.III.2(a).)  The Tentative Order’s 
current standard is acceptable only for new development on land that has remained in its 
natural state until the time of construction, but it is wholly unacceptable for infill and 
redevelopment projects where the land has already been developed.   

 
Because of the prevalence of now-antiquated stormwater management practices 

that focused on peak flow and not on matching discharge rates and durations, pre-project 
rates and durations for infill and redevelopment sites will almost always represent 
measurements that we now want to avoid.  Imagine, for example, the redevelopment of a 
1950s-era surface parking lot: under the Tentative Order’s standard, a developer could 
comply with the permit by doing essentially nothing to mitigate the effects of 
hydromodification—after all, a parking lot constructed in the 1950s would shunt all 
runoff directly to storm drains as rapidly as possible, resulting in the early, high peak 
flows that are at the root of the hydromodification problem.  Nonetheless, under the 
Tentative Order, this unnatural hydrograph would be the standard against which the new 
project would be measured. 

 
Instead of requiring projects not to exceed pre-project runoff rates and durations, 

the Tentative Order should require projects not to exceed pre-development runoff rates 
and durations.  This will ensure that hydromodification criteria result in measurable 
progress and water quality benefits, rather than the institutionalization of detrimental, 
antiquated stormwater management practices.  Technical experts have supported this type 
of standard.  The Southern California Coastal Water Research Project, for instance, 
suggests that “attempting to have the post-development condition match pre-development 
runoff magnitude and duration should be an initial consideration for all circumstances.”40  
Dr. Horner has also recommended, for other MS4 permits, the following standard:  

 

                                                 
40 SCCWRP, Managing Runoff to Protect Natural Streams: the Latest Developments on 
Investigation and Management of Hydromodification in California (Dec. 2005), at 11 
(emphasis added). 
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Post-development peak flow rates and volumes shall not exceed pre-development 
peak flow rates and volumes for all storms from the channel-forming event to the 
100-year frequency stream flow. 

 
Los Angeles County has implemented a standard of this sort: “Mimic undeveloped 
stormwater and urban runoff rates and volumes in any storm event up to and including 
the ‘50-year capital design storm event.’”41   
 
 The Tentative Order must be revised to reflect the hydromodification control 
baseline that was included in previous drafts of the permit.  The backsliding that has 
taken place is ill-advised and unacceptable from the standpoint of stream ecology and 
geomorphology.   
 

2. The Hydromodification Control Criteria Section Now Waives 
Compliance for Most Development Projects on an Interim Basis, 
With No Justification 

 
 As in the discussion above, Regional Board staff have heeded the suggestions of 
the Permittees and substantially weakened the interim hydromodification control criteria 
such that they are now far from meeting the MEP standard.  While previous drafts of the 
permit imposed hydromodification requirements on projects disturbing less than 50 acres, 
the Tentative Order now would exempt all projects in this very large size range from 
hydromodification control altogether.  (Tentative Order ¶ 5.E.III.2(a)(3).)  Staff’s 
apparent reasoning is that the LID and other control requirements are considered 
adequate to address hydromodification impacts.  (Id.)  This is an untenable proposition.  
First, as discussed in previous sections, LID BMPs are no longer required in the main, 
since they are not required for “redevelopment” projects.  The hydromodification 
provision’s reference, then, to LID BMPs when those BMPs are not required is a 
significant oversight, at best. 
 
 Second, even where sites do comply with the 5% EIA standard, the LID BMPs 
utilized for such compliance are not intended to prevent hydromodification and will not, 
in fact, serve that purpose.  While LID BMPs, when required by the Tentative Order, may 
achieve some beneficial reduction in stormwater peak flows and volumes, their purpose 
is reducing pollution in stormwater runoff.  As Dr. Mark Gold has observed, the LID 
approach is designed to capture and infiltrate or reuse the runoff generated by the 85th 
percentile storm.  This approach will have negligible impact on flows generated by the 10 
year, 50 year, or 100 year storms.  These larger storms cause severe erosion, 
sedimentation and damage to riparian and wetland ecological communities.  One only has 
to look at the sedimentation impairment of Mugu Lagoon to see a local example of the 

                                                 
41 Los Angeles County Department of Regional Planning, LID Ordinance (effective Jan. 
1, 2009), amending Los Angeles County Code § 12.84.440. 
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need for a hydromodification provision that reduces peak flows during these large, 
intense storm conditions. The BMPs now relied on by the Tentative Order are simply not 
adequate or properly calibrated to allow complete exemptions from controlling adverse 
hydromodification on sites as large as 50 acres, especially since the Tentative Order, as 
mentioned above, does not even require many projects to meet more than the basic 
SUSMP treatment standards.   
 
 Nowhere else in the state are projects up to 50 acres in size exempted from 
hydromodification control criteria, as now proposed for Ventura County.42  This very 
misguided revision in the Tentative Order must be reversed and a range of larger storms 
must be considered, as noted above, or else the threshold for exemption in Provision 
5.E.III.2(a)(3)(A)(i) must be lowered by several orders of magnitude.  Currently, the 
Tentative Order requires far less than MEP in this arena.   
 
IV. The Tentative Order Fails to State Explicitly that Waste Load Allocations 

from Applicable TMDLs Must be Enforceable Permit Limitations   
 

TMDLs establish WLAs—or the maximum amount of a pollutant that each point 
source discharger may release into a particular waterway—that constitute a form of water 
quality-based effluent limitation.  (See 33 U.S.C. 1313(d)(4)(A); 40 C.F.R. § 130.2.)  
Once a TMDL has been adopted, NPDES permits are required to include WLAs and 
contain effluent limitations and conditions consistent with the assumptions and 
requirements of the TMDL from which they are derived.  (40 C.F.R. § 
122.44(d)(1)(vii)(B).) 

 
The Tentative Order incorporates numeric WLAs for TMDLs applicable to the 

permittees in Part 6.V.  Under Finding E.15, the Tentative Order identifies eight separate 
TMDLs that “have been or will be incorporated into the Basin Plan within the term of the 
Order.”  (Tentative Order finding E.15.)  TMDLs currently in effect in some Ventura 
County waters include those for toxicity, chlorpyrifos, and diazinon, for metals and 
selenium, and for organochlorine pesticides, PCBs and siltation in Calleguas Creek, its 
tributaries, and Mugu Lagoon; for trash in Revolon Slough and Beardsley Wash; and for 
bacteria in harbor beaches of Ventura County.  (See Tentative Order ¶¶ 6.V.1 through 
6.V.8.) 

 

                                                 
42 Tentative Order No. R8-2009-0030, NPDES Permit No. CAS618030, Orange County 
Draft MS4 Permit, ¶ XII.D; Order No. R9-2007-0001, NPDES No. CAS0108758, San 
Diego County MS4 Permit, ¶ D.1.g; Tentative Order R2-2009-00XX, NPDES Permit No. 
CAS612008, San Francisco Bay Draft MS4 Permit, ¶ C.3.g; Tentative Order No. R9-
2009-0002, NPDES No. CAS0108740, South Orange County Draft MS4 Permit, ¶ F.1.h.; 
Los Angeles County Department of Regional Planning, LID Ordinance (effective Jan. 1, 
2009), amending Los Angeles County Code § 12.84.    
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While the Tentative Order repeatedly states that it “incorporates provisions to 
assure that Ventura County MS4 permittees comply with WLAs and other requirements 
of TMDLs covering impaired waters impacted by the permittees’ discharges” (Tentative 
Order ¶ 6.I),43 it seems to allow Permittees to “attain the storm water WLAs . . . by 
implementing BMPs in accordance with the MS4 effluent quality workplan and source 
identification approved by the Executive Officer.”  (Tentative Order ¶ 6.II.)    This 
appears to be a requirement not fully consistent with the basic requirement that a permit 
must assure the imposition of adopted WLAs and compliance therewith as a basic and 
clearly stated condition of the permit. 

 
Further, while the Regional Board may view implementation of BMPs as a means 

of achieving WLAs, U.S. EPA policy requires that a permit “demonstrate that the BMPs 
are expected to be sufficient to comply with the WLAs.”44  There is nothing in the 
Tentative Order or its supporting documents to demonstrate that the management 
practices it requires will result in compliance with the WLAs, or even that the practices 
were designed to do so or to address specific pollutants of concern.45  Hence, even if the 
Regional Board means to require only compliance with specified management practices 
as a means of meeting a WLA (which we contend is a degree of separation that is flatly 
unlawful), it could in any case only do so based on evidence that it has not referenced and 
that does not exist regarding the expected control efficacy of the specifically required 
BMPs. 

 
For example, the Tentative Order’s implementation of the TMDL for 

Organochlorine (OC) Pesticides, Polychlorinated Biphenyls (PCBs) and Siltation for 
Calleguas Creek, its Tributaries, and Mugu Lagoon states only vaguely that Permittees 
“shall implement BMPs to achieve the interim WLAs” identified in the Tentative Order, 
and then requires only compliance monitoring, creation of a “Pesticide Collection 

                                                 
43 See also, Tentative Order finding F.2 (where adopted, “this Order requires Permittees 
to implement controls to achieve the WLAs within the compliance schedule provided in 
the TMDLs”); finding D.5 (“This Order incorporates applicable WLAs that have been 
adopted by the Regional Water Board and have been approved by the Office of 
Administrative Law and the U.S. EPA. The TMDL WLAs in the Order are expressed as 
water quality-based effluent limits in a manner consistent with the assumptions and 
requirements of the TMDL from which they are derived.”) 
 
44 Letter from Douglas E. Eberhardt, U.S. EPA, to Dale Bowyer, San Francisco Regional 
Water Quality Control Board (April 3, 2009), at 6.  
 
45 To the extent that the Tentative Order intends to condition implementation of BMPs on 
meeting requirements of previously adopted TMDL workplans, the workplans are not 
incorporated in the Order, nor are they readily available for review on the Los Angeles 
Regional Board’s website. 
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Program,” and performance of a series of future studies targeted at the pollutants 
addressed by the TMDL.  (Tentative Order ¶ 6.V.3.)  The specific implementation 
provisions for the TMDL for Bacteria in Harbor Beaches of Ventura County require even 
less since, while compliance monitoring must be conducted by the permittees, 
“compliance with the TMDL may be either through structural and non-structural BMPs 
or implementation of other measures,” and “[s]pecial studies are not required . . . though 
conducting special studies is within the discretion of the responsible parties.”  (Tentative 
Order ¶ 6.V.8.)  For both TMDLs, the Permit requires only the use of further BMPs in the 
event that WLAs are not achieved, stating “[i]f any WLA is exceeded at a compliance 
monitoring site, permittees shall implement BMPs in accordance with the TMDL 
Technical Reports Implementation Plans or as identified in the Basin Plan Amendment.”  
The Permit must state that compliance with the WLAs is required.  (Tentative Order ¶ 
6.V.3.(b)(2); ¶ 6.V.8.(b)(2).)   

 
The U.S. EPA has noted that, “given the uncertainties in the performance of many 

of the BMPs commonly used for stormwater pollution control, it is often difficult to make 
. . . a determination” that selected BMPs will comply with WLAs.46   The Tentative 
Order, in setting out a program of poorly defined requirements for TMDL 
implementation, does not demonstrate that BMPs to be implemented by the Permittees 
will achieve such compliance.  Thus, the Tentative Order must be revised to state 
explicitly that implementation of BMPs does not in itself constitute compliance with 
WLAs.  Effectively, the Order should “explicitly state that the wasteload allocations 
(WLAs) established by . . . TMDLs are intended to be enforceable permit effluent 
limitations and that compliance is a permit requirement.”47  The Tentative Order fails to 
meet this obligation, and should be revised accordingly. 

 
V.  The Tentative Order Allows the Discharge of Pollutants from New 

Dischargers and Sources 
 

Approval of the Tentative Order will authorize the discharge of pollutants to 
impaired water bodies from “new sources” or “new dischargers” in violation of the 
CWA’s implementing regulations.  40 C.F.R. § 122.4(i) explicitly prohibits discharges 
from these sources, stating that: 

 
No permit may be issued: 
 

                                                 
46 Letter from Douglas E. Eberhardt, U.S. EPA, to Dale Bowyer, San Francisco Regional 
Water Quality Control Board (April 3, 2009), at 6.  
 
47 Letter from Douglas E. Eberhardt, EPA, to Michael Adackapara, Santa Ana Regional 
Water Quality Control Board (February 13, 2009), at 3.   
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… (i) To a new source or a new discharger, if the discharge from its 
construction or operation will cause or contribute to the violation of water 
quality standards. The owner or operator of a new source or new 
discharger proposing to discharge into a water segment which does not 
meet applicable water quality standards or is not expected to meet those 
standards … and for which the State or interstate agency has performed a 
pollutants load allocation for the pollutant to be discharged, must 
demonstrate, before the close of the public comment period, that: 
 
(1) There are sufficient remaining pollutant load allocations to allow for 
the discharge; and  
 
(2) The existing dischargers into that segment are subject to compliance 
schedules designed to bring the segment into compliance with applicable 
water quality standards.  

 
(40 C.F.R. § 122.4(i).)  Under 40 C.F.R. § 122.2, a “new discharger” is defined as “any 
building, structure, facility, or installation: (a) From which there is or may be a ‘discharge 
of pollutants;’ . . . (c) Which is not a ‘new source;’ and (d) Which has never received a 
finally effective NDPES permit for discharges at that ‘site.’”  (40 C.F.R. § 122.2.)  A 
“new source” is defined as “any building, structure, facility, or installation from which 
there is or may be a ‘discharge of pollutants . . .’” that may be subject to applicable 
standards of performance under section 306 of the Clean Water Act.  (40 C.F.R. § 122.2.)  
Thus, the Tentative Order may not authorize the development or redevelopment of any 
building or structure, including, without limitation, a new subdivision, industrial facility, 
or commercial structure, within the Permittees’ jurisdiction, if runoff from the new 
discharge adds any pollutant to discharges from the MS4 that “will cause or contribute to 
the violation of water quality standards” for a water body impaired for that pollutant.  
Furthermore, the applicant for the permit must prove the availability of any exception to 
this provision, as set forth above. 
 

In Friends of Pinto Creek v. U.S. E.P.A., the Ninth Circuit Court of Appeals 
vacated an NPDES permit issued by the U.S. EPA to a new discharger on the grounds 
that the Permittees’ “discharge of dissolved copper into a waterway that is already 
impaired by an excess of the copper pollutant” would violate the CWA.  ((9th Cir. 2007) 
504 F.3d 1007, 1011.)  Citing 40 C.F.R. § 122.4(i), the court stated that “The plain 
language of the first sentence of the regulation is very clear that no permit may be issued 
to a new discharger if the discharge will contribute to the violation of water quality 
standards.”  (Id. at 1012.)  The court noted that a single exception to this rule exists where 
a TMDL has been performed, and the “new source can demonstrate that, under the 
TMDL, the plan is designed to bring the waters into compliance with applicable water 
quality standards.”  (Id.)  Thus, where no TMDL has been completed for a specified 
water body and pollutant, new discharges that add pollutants that will cause or contribute 
to a violation of water quality standards are prohibited absolutely.  Additionally, the court 
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in Friends of Pinto Creek observed that unless a TMDL explicitly provides that existing 
discharges into the impaired water body are “subject to compliance schedules designed to 
bring the segment into compliance with applicable water quality standards,” issuance of a 
permit for new discharge is also prohibited under 40 C.F.R. § 122.4(i).  (Id. at 1013.)  In 
effect, a permit for new discharges may not be issued, even when a TMDL for the 
relevant pollutant exists, unless it firmly establishes that “there are sufficient remaining 
pollutant load allocations under existing circumstances.”  (Id. at 1012.)   

 
For the reasons set forth, under the holding of Friends of Pinto Creek, the 

Regional Board is prohibited from approving a permit that allows new sources or 
dischargers of any pollutant to waterbodies already impaired by that pollutant, unless the 
Tentative Order demonstrates that an existing TMDL specifically provides sufficient 
waste load allocations for the discharge. 
  

As of 2002, there were “in excess of 160” waterbodies that exceeded water 
quality standards for at least one pollutant within the jurisdiction of the Los Angeles 
Regional Board.48  Many of these are located in jurisdictions and municipalities covered 
by the Tentative Order.49  Water bodies within the Permittees’ jurisdictions are impaired 
for, among other pollutants, PCBs, bacteria, nutrients, pesticides, and metals. 50  The 
Tentative Order acknowledges that “Municipal point source discharges of runoff from 
urbanized areas remain a leading cause of impairment of surface waters in California,” 
(Tentative Order finding B.3), and under finding B.1, states that “[b]ased on the Ventura 
Countywide Storm Water Monitoring Program's Water Quality Monitoring Reports . . . 
the dry weather and wet weather Pollutants of Concern (POC) in urban stormwater 
include an anion, bacteria, conventional pollutants, metals, a nutrient, organic 
compounds, and pesticides . . . Many of the POC listed are causing impairments 
identified on the federal Clean Water Act (CWA) § 303(d) list of impaired waterbodies.”  
(Tentative Order finding B.1.)51   

                                                 
48 Los Angeles Regional Water Quality Control Board (December 2002) Draft Strategy 
for Developing TMDLs and Attaining Water Quality Standards in the Los Angeles 
Region, at 3. 
http://www.swrcb.ca.gov/rwqcb4/water_issues/programs/tmdl/02_1210_strategy%20121
002.pdf. 
 
49 See 2006 CWA Section 303(d) List of Water Quality Limited Segments.  For example, 
in addition to the eight TMDLs identified in the Permit for Ventura MS4 permittees, the 
Ventura River and Ventura River Estuary are identified as impaired for algae, Calleguas 
Creek is identified as impaired for fecal coliform, and the Santa Clara River is identified 
as impaired for toxicity, bacteria, pesticides, chlorpyrifos and diazinon. 
 
50 Id. 
 
51 The Permit characterizes stormwater runoff generally under finding B.2., stating that 
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The Tentative Order Fact Sheet further elaborates on these concerns, stating that 

“[t]he water quality monitoring data submitted by the Ventura MS4 Permittees (Annual 
Monitoring Report 04-05) reveal that a number of constituents, such as metals, PAHs, 
[and] pesticides exceeded the receiving water quality standards during wet events.”  
(Tentative Order Fact Sheet at 27.)  The 2008 Annual Monitoring Report for the Ventura 
MS4 Permittees stated that “[e]levated pollutant concentrations were observed at all 
monitoring sites during one or more monitored wet weather storm events,” and at certain 
mass emission stations “during one or more dry weather events.”52  The 2008 Annual 
Report identified “[c]onstituent concentrations above Los Angeles Region Basin Plan, 
California Toxics Rule, and/or California Ocean Plan water quality objectives” for 
pollutants including bacteria, metals, nutrients, PAHs and other organic compounds, 
PCBs and pesticides.  (2008 Annual Report at 9-3 – 9-5.)  The 2004-2005 Annual Report 
demonstrated that samples from land use monitoring sites specifically “designed to 
characterize stormwater discharges”53 contained the same list of pollutants.54  The 
adopted Basin Plan Amendment for the Calleguas Creek Watershed Metals TMDL 
specifically identifies urban runoff as a “significant source[] of metals and selenium.”55 
 

These findings are further borne out by research that has consistently “identified 
stormwater runoff as a major contributor to water quality degradation in urbanizing 
watersheds.”56  Studies have repeatedly shown that “[s]tormwater runoff typically 

                                                                                                                                                 
“Common pollutants in urban storm water and their respective sources are: bacteria 
from animal droppings and illegal discharges; Polycyclic Aromatic Hydrocarbons 
(PAHs) from the products of internal combustion engine operation and parking lot 
sealants wash off; nitrates from fertilizer application; pesticides from pest mitigating 
applications and from plant mitigating applications; bis (2-ethylhexyl) phthalate from the 
break down of plastic products; mercury from atmospheric fallout and improper disposal 
of mercury switches; lead from fuels, paints and automotive parts; copper from brake pad 
wear and roofing materials, zinc from tire wear and galvanized sheeting and fencing; 
sediment from land disturbance and erosion; and dioxins as products of combustion.”  
(Tentative Order finding B.2.) 
 
52 2008 Annual Report at 9-3. 
 
53 2008 Water Quality Monitoring Report at 2. 
 
54 2004-2005 Annual Report at 9-5 – 9-6. 
 
55 Calleguas Metals TMDL at 4. 
 
56 Earl Shaver et al. (2007) Fundamentals of Urban Runoff Management: Technical and 
Institutional Issues, North American Lake Management Society, at 3-46. 
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contains dozens of pollutants that are detectable at some concentration,” including 
“sediment, nutrients, metals, hydrocarbons, bacteria and pathogens, organic carbon, 
MTBE, pesticides, and deicers.”57  In particular, studies show that “zinc, copper and 
cadmium pollution [were] found in urban runoff;”58 that “[m]icrobial pollution” such as 
bacteria, protozoa, and viruses “is almost always found in stormwater runoff;”59 that 
“cars and other vehicles contributed 75 percent of the total copper load to the lower San 
Francisco Bay through runoff;”60 and that “insecticides such as diazinon and malathion 
were commonly found in surface water and stormwater in urban areas … with urban 
runoff being the primary transport mechanism into urban streams.”61  
 

New discharges will only increase the mass of these pollutants entering impaired 
receiving waters.  In fact, the Tentative Order explicitly acknowledges that 
“[d]evelopment and urbanization increase pollutant loads,” and that “urban development 
creates new pollution sources as the increased density of human population brings 
proportionately higher levels of vehicle emissions, vehicle maintenance wastes, 
municipal sewage waste, pesticides, household hazardous wastes, pet wastes, trash, and 
other anthropogenic pollutants.”  (Tentative Order finding B.16.)  These conclusions are 
echoed by the U.S. EPA, which states that “the impacts of stormwater pollution are not 
static; they usually increase with more development and urbanization.”62 

 
There are water bodies in Ventura County identified by the Regional Board and 

U.S. EPA as impaired by pollutants including bacteria, nutrients, pesticides, PCBs and 
selenium, for which no TMDL has been adopted.  Any new discharge of these pollutants 
to such a water body resulting from increased urbanization would violate the terms of 40 
C.F.R. § 122.4(i) and the court’s holding in Friends of Pinto Creek.  Such discharges 
must be prohibited. 

 

                                                 
57 Center for Watershed Protection (March 2003) Impacts of Impervious Cover on 
Aquatic Systems, at 55. 
 
58 Earl Shaver et al. (2007) Fundamentals of Urban Runoff Management: Technical and 
Institutional Issues, North American Lake Management Society, at 3-48. 
 
59 Id. at 3-49. 
 
60 NRDC, Stormwater Strategies: Community Responses to Runoff Pollution, at Chapter 
2, available at http://www.nrdc.org/water/pollution/storm/stoinx.asp.  
 
61 Earl Shaver et al. (2007) Fundamentals of Urban Runoff Management: Technical and 
Institutional Issues, North American Lake Management Society, at 3-54. 
 
62 U.S. Environmental Protection Agency (December 2007) Reducing Stormwater Costs 
through Low Impact Development (LID) Strategies and Practices, at v. 
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Even where TMDLs have been adopted and are in effect for the Ventura MS4 
Permittees, following the court’s holding in Friends of Pinto Creek, a permit allowing 
new dischargers or sources of pollutants could be approved and issued only in the event 
that the applicable TMDL explicitly establishes that (1) existing discharges into the 
impaired water body are “subject to compliance schedules designed to bring the segment 
into compliance with applicable water quality standards,” and (2) additional allocations 
are available for the specified water body.  (Friends of Pinto Creek, 504 F.3d at 1013.)  
As the Tentative Order identifies, eight individual TMDLs “have been or will be 
incorporated into the Basin Plan within the term of the Order,” including TMDLs for 
toxicity, chlorpyrifos, and diazinon, for metals and selenium, and for organochlorine 
pesticides, PCBs and siltation in Calleguas Creek, its tributaries, and Mugu Lagoon; for 
trash in Revolon Slough and Beardsley Wash; and for bacteria in harbor beaches of 
Ventura County.  (See Tentative Order ¶¶ 6.V.1 through 6.V.8)  However, the Tentative 
Order does not establish that additional allocations for pollutants addressed by these 
TMDLs exist and are available.  As a result, new discharges to a waterbody impaired for 
these pollutants, or for any other contaminant for which a TMDL has been established, 
are prohibited and there is no authority for the Regional Board to issue the Tentative 
Order.  In order to be lawful, the Tentative Order must establish measures to ensure that 
stormwater discharges, from existing or future sources, do not cause or contribute to such 
impairments, and the Tentative Order has not done so. 

 
We stress that these concerns highlight the problems created by the Regional 

Board’s weakening of key provisions of the Tentative Order pertaining to implementation 
of controls on stormwater.  In order to ensure compliance with WLAs established by 
applicable TMDLs, the Tentative Order must require LID techniques to be implemented 
with clear performance metrics for both new development and redevelopment, including 
the imposition of a 3% EIA standard.  The Tentative Order must further place strict 
limitations on the use of waivers or alternative compliance measures for addressing 
stormwater control.  Mandating the proper implementation of LID practices is a critical 
means of ensuring that runoff from new sources or dischargers will not contribute 
additional pollutants to an impaired waterbody, and the Tentative Order must be revised 
to ensure that these practices are not rendered ineffectual. 
 
VI. The Tentative Order Fails to Include Provisions that Effectively Prohibit all 

Non-Stormwater Discharges, as Required by the Clean Water Act 
 
A. The Tentative Order Is Inconsistent with the Clean Water Act and  

  Regulations 
 
Federal law requires that MS4 permits “shall include a requirement to effectively 

prohibit non-stormwater discharges into the storm sewers.” (33 U.S.C. § 
1342(p)(3)(B)(ii).)  However, the Tentative Order and Tentative Order Fact Sheet state 
that “the federal regulations . . . included a list of specific non-storm water discharges that 
‘need not be prohibited.’”  (Tentative Order Fact Sheet at 15.)  This exception violates 
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the clear language of the CWA and its implementing regulations. Section 402(p)(3)(B)(ii) 
of the CWA requires that permits for discharge from municipal sewers “effectively 
prohibit non-stormwater discharges,” 33 U.S.C. § 1342(p)(3)(B)(ii), and does not create 
any authorization for exemption of such discharges. 

 
 The Tentative Order states that “[t]he Permittees shall, within their respective 
juridictions, effectively prohibit non-storm discharges into the MS4 and watercourses, 
except where such discharges . . . (b) Are covered by a separate individual or general 
NPDES permit, or conditional waiver for irrigated lands; or (c) Fall within one of the 
categories [identified in the Tentative Order], are not a source of pollutants that exceed 
water quality standards, and meet all conditions where specified by the Regional Water 
Board Executive Officer.”  (Tentative Order ¶ 1.A.1.)  However, section 402(p) places a 
clear, mandatory duty on the Permittee to prohibit non-stormwater discharges to the MS4 
system.  The Permittee, or Regional Board, has no discretion to deviate from this 
requirement.  In ascertaining the meaning of a statute, construction must begin with the 
text.  (Duncan v. Walker (2001) 533 U.S. 167, 172.)  “If there is no ambiguity, then we 
presume the lawmakers meant what they said, and the plain meaning of the language 
governs.”  (Day v. City of Fontana (2001) 25 Cal.4th 268, 272.)  There is no ambiguity 
present in the CWA’s requirement that a permit “effectively prohibit nonstormwater 
discharges,” and the Tentative Order’s provision of categorical exceptions stands in clear 
violation of its terms. 
 

Further, the Tentative Order’s attempt to allow exemptions from the prohibition 
against non-stormwater discharges to MS4 systems is not supported by the CWA’s 
implementing regulations under 40 C.F.R. § 122.26(d)(2)(iv)(B)(1), as the Tentative 
Order Fact Sheet implies. This provision states the circumstances under which the 
Permittee must specifically design a program to prevent certain illicit discharges:  “the 
following category of non-storm water discharges or flows shall be addressed where such 
discharges are identified by the municipality as sources of pollutants to waters of the 
United States.”  The cited regulation, providing for an enforcement program to “prevent 
illicit discharges,” does not support the construction, seemingly implemented by the 
Tentative Order, that such non-stormwater discharges “need not be prohibited.”  
(Tentative Order Fact Sheet at 15.)  Even if the regulations did allow some conditional 
exemption, they do not provide that non-stormwater discharges are permissible when 
they fall into a specified category and “are not a source of pollutants that exceed water 
quality standards.”  (Tentative Order ¶ 1.A.1(c) (emphasis added).)  The regulations 
explicitly state that the identified non-stormwater discharges “shall be addressed where 
such discharges are identified by the municipality as sources of pollutants to waters of 
the United States” in any quantity, whether or not they result in the exceedence of water 
quality standards.  (40 C.F.R. 122.26(d)(2)(iv)(B)(1).) 
 

Indeed, the interpretation adopted in the Tentative Order, allowing for categorical 
exemptions for non-stormwater discharges, is not found in the plain language of the 
regulation, and both the Tentative Order and staff’s gloss place the regulations in direct 
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conflict with the overlying statute.  As written, the entire scheme in the Tentative Order is 
inconsistent with both the regulations and the statute that they purport to implement.  
 

B. The Tentative Order Is Also Inconsistent with Facts in the Record 
 
Even if the Tentative Order’s non-stormwater scheme were conceptually lawful, 

the exemptions provided are unsupportable because they contradict facts in the record 
evidencing the pernicious water quality impacts of some of the exempted discharges and 
fail to impose controls adequate to ameliorate those impacts.  Of particular concern is the 
Tentative Order’s exemption of “reclaimed and potable landscape irrigation runoff” even 
though pollutants from theses sources are a known, significant source of impairment to 
waters in the Ventura region.  A finding that these discharges are “not []sources of 
pollutants to receiving waters,” as required under 40 C.F.R. 122.26(d)(2)(iv)(B)(1), 
simply has not been and cannot be made here, as it would be inconsistent with facts in the 
record. 
 

First, “a non-source of pollutants” finding would stand contrary to extensive 
research that has proved the opposite: studies have consistently shown that non-
stormwater discharges from irrigation water or lawn water are a significant source of 
pollutants for which Ventura area waters are impaired.  As the Calleguas Creek OC 
Pesticides & PCBs TMDL duly notes, “[u]rban runoff” is a “source[] of OC pesticides.”63  
Though many of the listed pesticides have been banned, urban growth and use still 
remain a source of pesticide pollution and related toxicity.  Further, garden use has been 
identified generally as one of the main sources of pesticides found in urban streams.64  
Lawns have further been identified as a “hot spot” for nutrient contamination in urban 
watersheds—lawns “contribute greater concentrations of Total N, Total P and dissolved 
phosphorus than other urban source areas … source research suggests that nutrient 
concentrations in lawn runoff can be as much as four times greater than other urban 
sources such as streets, rooftops or driveways.”65  Thus, any claim that irrigation water is 
unequivocally not a source of pollutants to receiving waters cannot be sustained, and this 
exemption should be removed from the Tentative Order. 

                                                 
63 Calleguas Creek Pesticides TMDL, at 4. 
 
64 Earl Shaver et al. (2007) Fundamentals of Urban Runoff Management: Technical and 
Institutional Issues, North American Lake Management Society, at 3-54. 
 
65 Center for Watershed Protection (March 2003) Impacts of Impervious Cover on 
Aquatic Systems at 69; See also, H.S. Garn (2002) Effects of lawn fertilizer on nutrient 
concentration in runoff from lakeshore lawns, Lauderdale Lakes, Wisconsin. U.S. 
Geological Survey Water-Resources Investigations Report 02-4130.  In an investigation 
of runoff from lawns in Wisconsin, runoff from fertilized lawns contained elevated 
concentrations of phosphorous and dissolved phosphorous. 
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Second, to the extent that the Tentative Order purports to allow the 

implementation of BMPs as a means of authorizing the conditional exemption of 
potentially, or in fact actually, polluted irrigation water,66 there has been no showing that 
the BMPs required by the Tentative Order under Part 1.A., Table 1, are sufficient to meet 
the regulatory requirements of the CWA.  The requirements of this section, such as the 
requirement that Permittees “[i]mplement conservation programs to minimize this type of 
discharge by using less water” (Tentative Order, ¶ 1.A., Table 1), are vague and fail to set 
out any measurable requirement, further underscoring that these provisions are not 
tantamount to actions that will result in non-stormwater irrigation flows free of pollutants 
as required under 40 C.F.R. § 122.26(d).  Indeed, they echo proposals that have been 
introduced in previous permits throughout California and that have been tried—and 
failed—to prevent impacts to receiving waters from irrigation runoff.67 

 
In total, the Tentative Order’s approach does not uphold the CWA’s mandate that 

Permittees “effectively prohibit non-stormwater discharges into the storm sewers.” (33 
U.S.C. § 1342(p)(3)(B)(ii).) Given the overwhelming evidence that pollution from 
pesticides, nutrients, and other contaminants constitutes a serious and ongoing problem in 
receiving waters under the jurisdiction of the Permittees, the conditional exemption of 
irrigation or lawn watering from prohibitions against non-stormwater discharge violates 
the clear requirements of the CWA and its implementing regulations.  As with our 
comments in Section III, we underscore that these concerns emphasize the need for LID-
based, onsite stormwater retention requirements, since these approaches will reduce non- 
stormwater runoff from new development to zero when properly implemented. 
 
VII. The Permit Application Is Incomplete for Failure to Include an Assessment 

of Controls 
 
A permit application for discharge from a large- or medium-sized MS4 must 

contain an assessment of controls, including “[e]stimated reductions in loadings of 
pollutants from discharges of municipal storm sewer constituents from municipal storm 
sewer systems expected as the result of the municipal storm water quality management 

                                                 
66 The Tentative Order states that it “incorporates BMPs to ensure that authorized Non-
Storm Water Discharges are not a source of pollutants to the MS4.”  (Tentative Order 
finding F.18.) 
 
67 Order No. 00-108, NPDES Permit No. CAS004002, Ventura County MS4 Permit; see 
also, Letter from Douglas E. Eberhardt, U.S. EPA, to Dale Bowyer, San Francisco 
Regional Water Quality Control Board (April 3, 2009), at 6 (EPA has recently 
acknowledged that there are significant “uncertainties in the performance of many of the 
BMPs commonly used for stormwater pollution control,” which make it difficult to 
determine that BMPs will achieve compliance with WLAs or other standards.) 
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program.”  (40 C.F.R. § 122.26(d)(2)(v).)  While the Permit explicitly states that “[t]he 
Regional Water Board has prepared this Order so that implementation of provisions 
contained in this Order by Permittees will meet the requirements of the federal NPDES 
regulations at 40 CFR 122.26,”  (Tentative Order finding C.4.), neither the application, 
the Tentative Order, the Tentative Order Fact Sheet, nor other supporting documents 
include any required information or other discussion of the amount of pollution that will 
be reduced through its controls.  The approval of the Tentative Order without this 
information fundamentally violates basic precepts of administrative procedure, not only 
because required evidence in the record is lacking, but also because the findings and 
related subfindings in the record are therefore devoid of necessary guideposts as to why 
and how provisions were included or rejected.  The Tentative Order does not provide 
sufficient evidence to demonstrate that the management practices included in the 
Tentative Order are adequate to meet relevant requirements and water quality standards. 

 
The U.S. EPA has previously released guidance purporting to “allow[] permitting 

authorities to develop flexible reapplication requirements that are site-specific.”  (61 F.R. 
41698.)  However, nothing in the CWA’s implementing regulations permits such 
flexibility, and this or other guidance cannot reduce or remove the regulatory requirement 
that the Tentative Order include estimated reductions in pollutant loadings.  It is 
axiomatic that where agency guidance is inconsistent with an unambiguous statutory 
scheme or its enabling regulations, the regulations must govern.  (See, e.g., Christensen v. 
Harris County (2000) 529 U.S. 576, 588 (“To defer to the agency’s position would be to 
permit the agency, under the guise of interpreting a regulation, to create de facto a new 
regulation”); Davis v. Florida Power & Light Co. (11th Cir. 2000) 205 F.3d 1301, 1307 
(rejecting agency policy guidance as inconsistent with its overlying statutory scheme).)  
In order for the Tentative Order application to meet the requirements of the CWA, the 
Tentative Order must include an estimate of the pollutant load reduction that it is 
expected to achieve.   
 

Even if the guidance were not in direct conflict with the regulations, the guidance 
does not in itself specifically exempt permits from including this information.  The 
guidance states that “as a practical matter, most first-time permit application requirements 
are unnecessary for purposes of second round MS4 permit application;” it does not state 
that all such information is unconditionally unnecessary.  (61 F.R. 41698 (emphasis 
added).)  The omitted pollutant reduction estimates represent a fundamentally different 
type of information from that required by most of the other provisions of 40 C.F.R. § 
122.26(d)(2), such as identifying already identified “major outfalls,” for which repeating 
the exercise “would be needlessly redundant,” especially “where it has already been 
provided and has not changed.”  (61 F.R. 41698.)  Instead, the required pollutant load 
reduction estimates are self-evidently relevant to crafting and assessing the core 
requirements of the new permit.  Such estimates are an essential means of determining 
whether or not the permit will ensure that water quality standards will be met and what 
improvements can be expected; they are not merely an administrative detail that has no 
effect on the permit’s functionality.  Tellingly, these estimates are not found in the Report 
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of Waste Discharge cited to in the Tentative Order as “partially complete” in their 
application process “under the reapplication policy for MS4s issued by the United States 
Environmental Protection Agency . . . (61 Fed. Reg. 41697).”  (Tentative Order findings 
C.3-4.)   

 
The missing information is further indispensable when, as here, the Tentative 

Order and the provisions included in it represent not only a substantial change from the 
previously adopted permit,68 but also a substantially weakened version in comparison to 
prior drafts of the current Tentative Order.  Given changes from both the prior Permit and 
prior drafts of this Tentative Order, the necessity of basing the Tentative Order on 
information about its estimated efficacy should be clear.  The Tentative Order and 
application must be revised to include the required estimates. 
 
XIII. Conclusion 
 
 For the many aforementioned reasons, the Tentative Order fails to meet the Clean 
Water Act’s requirements and needs revision.  We urge the Regional Board to improve 
the Tentative Order and provide staff with clear direction on the numerous modifications 
that are necessary, as discussed above.   
 
 
Sincerely,  

 
   

    
 
David S. Beckman   Mark Gold 
Bart Lounsbury   Kirsten James 
Noah Garrison   Heal the Bay 
Natural Resources Defense Council 
 
 

                                                 
68 Order No. 00-108, NPDES Permit No. CAS004002, Ventura County MS4 Permit. 
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exeCutive summAry

Southern California faces multiple threats stemming from the expansion of 

our urban and suburban environment. First, urbanization and development 

transform landscapes into impervious surfaces, increasing the volume of 

runoff that results from precipitation. More runoff means more pollution carried 

by stormwater to our rivers, lakes, and beaches. Second, climate change, brought 

about in part by increased energy use, threatens our water supply, particularly the 

availability of freshwater resources like the Sierra snowpack, jeopardizes progress in 

air quality, and endangers human health. Third, dark impervious surfaces in our cities 

absorb and radiate heat back into the surrounding atmosphere at a far greater rate 

than the natural landscape does, causing a heat island effect that raises ambient air 

temperatures in developed areas, resulting in human health problems and additional 

energy use for building cooling. Green roofs and cool roofs offer the potential to 

address many of these issues and improve the sustainability of urban areas in 

Southern California. 

Green roofs and cool roofs can help protect water resources 
adversely impacted by climate change by reducing electricity 
usage, improving air quality, and shrinking our carbon 
footprint. Green roofs can also greatly reduce the volume 
of stormwater runoff from rainfall events, helping to keep 
California’s coastal and inland waters clean. Together, these 
smart roofing practices can provide many benefits:

n   Green Roofs and cool roofs can save energy, reduce 
neighborhood temperatures, and protect human health. 
They have a strong regulating effect on the temperature of 
underlying roof surfaces and building interiors, reducing 
the energy needed for building cooling and the effects of 
the urban heat island effect.

    The plants and growing medium of a green roof provide 
shade, thermal mass, and evaporative cooling that 
reduces temperatures on the roof surface and in the 
building interior below. While temperatures on the 
surface of a conventional dark roof may exceed those of 
ambient air by 90°F (50°C) or more on a hot, sunny day, 
with much of the heat transferred into the building’s 
interior, the temperature of a green roof may actually be 
cooler than the surrounding ambient air. Though results 

have varied, studies have found that green roofs can 
reduce the energy needed for building cooling on the 
floor below the roof by upwards of 50 percent.

    Cool roofs use reflective materials, often but not  
always light colored, to reflect more of the sun’s energy 
than traditional dark roofs, and to more efficiently 
transmit heat from the building’s interior. Compared  
to conventional dark roofs, the surface of a cool roof  
can be 50° to 60°F (28° to 33°C) cooler on a hot, sunny 
day. Studies have found that cool roofs can produce a 
similar savings in building cooling energy demand as 
green roofs.

n   Green roofs can also protect our waters from pollution. 
They have substantial capacity to both absorb and delay 
rainfall runoff, reducing the volume of rainfall runoff 
and pollutants that flow to California’s rivers, lakes, and 
beaches. A green roof with a three- to four-inch soil layer 
can generally absorb between one-half to one inch of 
rainfall from a given storm event. Even when saturated, 
green roofs can substantially delay runoff, reducing 
flooding and erosion.
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This paper looks at the many benefits of green roofs and 
cool roofs for our communities and quantifies some of 
those benefits, including building cooling energy savings, 
greenhouse gas emissions reductions, and, for green roofs, 
stormwater volume reduction. The analysis shows that if 
green roofs or cool roofs were installed on 50 percent of the 
existing roof surfaces in urbanized Southern California, the 
resulting direct energy savings from reduced building cooling 
energy use could be up to 1.6 million megawatt-hours 
per year, saving residents up to $211 million in electricity 
costs and reducing greenhouse gas emissions by up to 465 
thousand metric tons of CO

2
 equivalent annually. Even 

considering the installation of green roofs and cool roofs on 
new construction and redevelopment only, using these roof 
types could result in savings of up to one million megawatt-
hours per year by 2035 (corresponding to $131 million in 
saved electricity costs based on 2012 rates), and greenhouse 
gas emissions reductions of up to 288 thousand metric  
tons of CO

2
 equivalent annually.

Green roofs absorb and evaporate or transpirate rainfall, 
and therefore can reduce stormwater runoff in Southern 
California by tens of billions of gallons each year. If green 
roofs were installed on 50 percent of existing roof surfaces 
in Southern California, stormwater runoff would be reduced 
by more than 36 billion gallons per year. Even if green roofs 
were installed only on 50 percent of new and redevelopment 
projects, by 2035, runoff could be reduced by 20 billion 
gallons annually, with a substantial reduction in the volume 
of pollution reaching our local waters.

The scale of these benefits is truly impressive and justifies 
a much more aggressive set of policies and incentives to help 
advance the adoption of green roofs and cool roofs in our 
region. Municipalities and counties should provide guidance 
and incentives for residential and commercial private party 
installations of green roofs and cool roofs to increase their 
use in our communities. To promote the use of green roofs in 
particular, municipalities and counties should adopt strong 
standards for stormwater pollution controls that require the 
on-site retention of runoff through use of practices like green 
roofs that stop stormwater runoff at its source. 

A green roof on the former headquarters of the gap, inc. (now the offices of you tube) in san bruno, California
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On April 30, 2012, the California Department of Water 
Resources reported that the Sierra snowpack, the source of 
up to one-third of the state’s freshwater supplies, was only 40 
percent of its normal level for this time of year.  Though well 
below historical levels, this reading may foreshadow major 
changes. Largely because of temperature increases from 
global warming, the snowpack is expected to shrink by 25 to 
40 percent by 2050, meaning less water will be available for 
the tens of millions of Californians that rely on its runoff for 
their water needs.  

Meanwhile, as our urban and suburban environments 
expand further outward in Southern California, we use more 
energy for lighting, vehicle traffic, and building cooling, 
among other uses. This results in greater emissions of the 
greenhouse gases that are contributing to the effects of  
global warming.  And when it rains over our expanding  
cities, rooftops and other paved surfaces create vastly more 
runoff than occurs in the natural landscape, which in turn 
picks up and carries vastly more pollution to our rivers,  
lakes, and beaches.  

Addressing all of these concerns will require judicious 
policies concerning growth and development that employ 
multiple practices, including the widespread use of green 
infrastructure—a term we use to mean a set of design 
principles and practices that restore or mimic natural 
hydrologic function. Green roofs, which are effectively 
living rooftops, can cost-effectively help solve many of these 
challenges at once, reducing energy used by buildings for 
cooling and heating, decreasing surface temperatures in 
cities, preventing stormwater runoff from carrying pollutants 
to surface waters, and providing other benefits. 

Cool roofs, like green roofs, use smarter materials to 
reduce energy demand and lower temperatures compared 
with traditional rooftops. They do not yield all of the benefits 
of green roofs, but where installing a green roof may be 
impractical due to site-specific constraints, cool roofs can 
help address many of these same climate and energy issues 
facing our region. 
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green roof in vista hermosa Park, santa monica mountains 
Conservancy, los Angeles

looking onto the green roof of the former headquarters  
of the gap, inc.
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Southern California is facing a complex, and mostly 
worsening, set of sustainability challenges. Green roofs  
and cool roofs can help to address these issues.

urbAn runoff AnD stormwAter
Stormwater runoff poses a threat both to our water supplies 
and to the health of our surface waters. Overall, “most 
stormwater runoff is the result of the man-made hydrologic 
modifications that normally accompany development.”1 
Increased impervious surface area drastically increases the 
volume of runoff that results from precipitation. Rain that 
would have, under pre-development conditions, soaked into 
the ground, been taken up by plants, or evaporated, instead 
hits paved surfaces and is converted to runoff. This can lead 
to increasingly severe flooding and erosion and can greatly 
amplify levels of pollution in surface water bodies. When 
the increased volume of runoff flows over paved surfaces, it 
picks up higher levels of automotive fluids and debris, metals, 
pesticides, pet wastes, trash, bacteria and pathogens, and 
other contaminants and carries them to nearby rivers, lakes, 
and beaches.2

The U.S. Environmental Protection Agency (EPA) views 
urban runoff as one of the greatest threats to water quality 

in the country, calling it “one of the most significant reasons 
that water quality standards are not being met nationwide.”3 
This is particularly the case in California, where, according 
to the State Water Board, polluted stormwater runoff 
continues to be a leading cause of pollution in Santa Monica 
Bay and throughout California.4 (See Figure 1, showing 
that Southern California contains hundreds of thousands 
of acres of impervious surface.) Statewide, more than half 
of all lakes, bays, wetlands, and estuaries fail to meet water 
quality standards, and more than 30,000 miles of shoreline 
and rivers are impaired by one or more pollutants. Worse, the 
number of rivers, streams, and lakes in California exhibiting 
overall toxicity increased by 170 percent from 2006 to 2010.5 
California experienced 5,756 beach closing and advisory days 
in 2010, and polluted urban stormwater runoff continues to 
be a major contributor.6 

In the vast majority of California’s municipalities, separate 
sewer systems are used to collect and convey stormwater 
independently of domestic sewage. A side effect of this 
practice is that “polluted stormwater runoff is commonly 
transported through [the storm sewer], from which it is often 
discharged untreated into local water bodies.”7 In combined 
sewer systems, such as the one used by the city of San 
Francisco, stormwater runoff is collected and conveyed in the 
same pipes as domestic sewage and industrial wastewater. 

environmentAl ChAllenges

figure 1: map of impervious surface cover in southern California

Source: NRDC “Clear Blue Future,” 2009.
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Under normal conditions the wastewater is transported 
to a sewage treatment plant, where it is treated before being 
discharged. However, during periods of increased rainfall 
or snowmelt, “the wastewater volume in a combined sewer 
system can exceed the capacity of the sewer system or 
treatment plant.”8 For this reason, combined sewer systems 
are designed to overflow during rain events over a certain 
size and discharge excess wastewater directly to nearby 
rivers, lakes, or beaches, resulting in “stormwater…untreated 
human and industrial waste, toxic materials, and debris” 

pouring directly into receiving waters.9 Consequently, the  
EPA considers combined sewer overflows to be “a major 
water pollution concern for the approximately 772 cities in 
the U.S. that have combined sewer systems.”10 

Use of these conventional, engineered controls has been 
the dominant paradigm for addressing the challenges posed 
by stormwater across the United States for decades, with 
unfortunate consequences to the health of our nation’s 
surface water bodies.

 

green infrastructure as a stormwater Control solution

though stormwater runoff presents a serious threat to the health of our country’s waters, there are practices that can 
help stop runoff at its source, before it can pick up pollutants and carry them to our rivers and beaches. In communities 
throughout the United States, use of green infrastructure—a set of design principles and practices that restore or mimic 
natural conditions, allowing rainwater to infiltrate into the soil or evapotranspire into the air—has begun to replace 
conventional, engineered solutions such as gutters, drains, and pipes, which do not reduce the volume of runoff, as a  
better way of addressing stormwater pollution.11 the California ocean Protection Council has called green infrastructure  
(or low impact development) “a practicable and superior approach” to stormwater management, stating that it can 
“minimize and mitigate increases in runoff and runoff pollutants and the resulting impacts on downstream uses, coastal 
resources and communities.”12 Green infrastructure techniques include use of porous and permeable pavements, parks, 
roadside plantings, rain barrels, and green roofs, to capture rain where it falls.
 one means of expanding the use of green infrastructure has been through permits issued under the federal Clean Water 
Act (CWA). the stated goal of the Act, passed by Congress in 1972, is “to restore and maintain the chemical, physical, 
and biological integrity of the Nation’s waters.”13 Under the CWA’s National Pollutant Discharge Elimination System 
(NPDES) program, municipalities are required to obtain permits for the discharge of stormwater from their separate storm 
sewer systems (MS4s). In California, and elsewhere in the country, these permits have increasingly required that new 
development and redevelopment projects use green infrastructure practices to retain rainfall on site, rather than allowing it 
to run off and enter storm sewer systems. Several MS4 permits in California, including those for Ventura County, orange 
County, and the San Francisco Bay Region, require retention of the 85th percentile storm volume (roughly three-quarters 
of an inch of rain in coastal Southern California).14 Many cities and states are also encouraging use of green infrastructure 
through incentives, zoning, and permitting programs, or by investing their own money on public property.15

A rain barrel in santa monica vegetated swale in a parking lot
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figure 2: Projected dry-climate reduction in the sierra nevada snowpack, from 2070–2099

Source: California Climate Change Center, 2006. Projections are based on warming ranges of 3° to 5.5°F (1.7°–3.3°C) (Lower 
Warming Range) and 5.5° to 8°F (3°–4.4°C) (Medium Warming Range). the High Warming Range estimate, which projects a 
temperature increase of 8° to 10.5°F (4.4°–5.8°C), is not shown.

ClimAte ChAnge AnD wAter suPPly 
Securing an adequate, reliable water supply will become 
increasingly difficult in the coming years and decades 
because of climate change. Carbon dioxide and other 
global warming pollutants, or greenhouse gases (GHGs), 
are collecting in the atmosphere like a thickening blanket, 
trapping the sun’s heat and causing the planet to warm. 
Changes in precipitation patterns, snowpack, groundwater 
viability, and increased water demands will all contribute to 
unstable water supplies in many major U.S. cities, especially 
those in the western U.S. Some of these changes are already  
being seen today, including increased temperatures and  
more frequent severe weather events and droughts.16  
Green roofs and cool roofs can help reduce the use of  
energy for building cooling and mitigate the effects of the 
urban heat island effect, resulting in less greenhouse gas 
emissions that contribute to global warming and threaten 
our water supplies. 

water supply, Precipitation, and the  
sierra snowpack
Most visibly, climate change threatens one of our main 
natural sources of water supply and storage: snowpack.  
Many areas of the country, including Southern California, 
rely on annual snowpack cycles to provide reliable storage 
of water during the winter months and, as the snow melts, 
abundant flowing water in warmer months. 

For example, snowpack in the Sierra Nevada range forms 
California’s largest freshwater reservoir and is a critical source 
of water for the entire state. “Snowmelt currently provides 
an annual average of 15 million acre-feet of water,” roughly 
40 percent of the state’s total annual freshwater supply, 
“slowly released between April and July each year. Much of 
the state’s water infrastructure was designed to capture the 
slow spring runoff and deliver it during the drier summer 
and fall months.”17 However, climate change threatens the 
continued viability of this vital water source. Largely because 
of temperature increases, the Sierra snowpack is projected 
to shrink 25 to 40 percent by 2050, and as much as 70 to 90 
percent by the end of the century.18 (Figure 2.)

In fact, impacts on the snowpack from climate change are 
already occurring. According to the California Department of 
Water Resources, the “average early spring snowpack in the 
Sierra Nevada decreased by about 10 percent during the last 
century, a loss of 1.5 million acre-feet of snowpack storage.”19 
This is in part because “more precipitation is falling as rain 
and less as snow.”20 These changes will have consequences for 
the state’s water supply that will worsen over time and with 
increases in warming.

Precipitation will also become a less reliable source of 
water because of climate change, with some regions likely 
to see significantly less rainfall than historical levels and 
an increase in drought events. For example, recent climate 
simulations for conditions in Sacramento, California, 
evaluated as part of a broader, statewide study, predict 30-
year precipitation averages that decline to more than  
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5 percent below historical levels by the end of this century.21 
(See Figure 3.) For the Los Angeles region, the figure is more 
than 10 percent below historical levels.22 The drying projected 
in these simulations rivals or exceeds the largest long-term 
dry periods observed in the region since the late 1800s.23 
Climate change is also likely to cause drought in areas outside 
of California that will affect the flow of the Colorado River,  
a source of up to 4.4 million acre-feet of water per year for  
the state.24

In places like Sacramento and the Los Angeles region, 
where climate change will likely reduce rainfall or contribute 
directly to drought, impacts on water supply are obvious. But 
even where precipitation levels are likely to rise over time 
because of global warming, the timing of that precipitation 
may make it more difficult to capture and use, with much of it 

falling in more frequent and intense storms.25 This may cause 
flooding and runoff on a scale that today’s infrastructure has 
not been designed to handle, as illustrated by the historic 
flood events seen across the country in 2011. 

Together, these effects—a reduction in snowpack, earlier 
snowmelt, and changes in precipitation patterns—will mean 
a less reliable and useful surface water supply. Overall surface 
runoff in California could decrease by up to 10 percent by 
mid-century, with far greater decreases in runoff in the 
intermountain Southwest.26 Under a median warming range 
scenario (5.5° to 8° F) by century’s end, late-spring streamflow 
could drop by as much as 30 percent.27 In the worst-case 
climate change scenario for water supplies, reflecting both 
hot and dry conditions, overall streamflow may decrease 
statewide by 27 percent by 2085.28 

figure 3: Differences in mean annual precipitation for 30-year periods in early, middle,  
and late 21st century, relative to 1961-to-1990 baseline for the sacramento region

Source: Adapted from Cayan et al., 2009. Projections from six global climate models for a medium-high emissions scenario  
(top, blue) and a low emissions scenario (bottom, purple).
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impacts to groundwater supplies

Unfortunately, climate change will also take a toll on 
groundwater supplies, which are often viewed as a safety net 
in California’s overall water supply picture. Approximately 
30 percent of California’s urban and agricultural water needs 
are supplied by groundwater in an average year, a figure 
that rises to 40 percent or more during periods of drought.29 
Groundwater basins are already stressed and overdrafted 
in many places throughout the state, such as in the Central 
Valley; basins in major population centers will be additionally 
threatened by increased salinity and saltwater intrusion as 
sea levels rise. 

Recent studies project that by 2100, sea levels will be, on 
average, 1 to 1.4 meters (3.3 to 4.6 feet) higher than they were 
in 1990.30 Freshwater flowing toward the ocean, whether 
at the earth’s surface or underground, normally prevents 
saltwater from moving far inland. But when freshwater 
is pumped from a groundwater aquifer, this balance is 
disrupted, allowing saltwater to intrude into freshwater 
aquifers.31 The combination of freshwater withdrawals 
from aquifers and rising sea levels increases the likelihood 
that the saltwater layer in coastal aquifers will move closer 
to the surface. Seawater intrusion is already a problem for 
coastal aquifers in Los Angeles County and Orange County, 
where water has historically been withdrawn from aquifers 
at rates higher than they are recharged.32 Sea level rise will 
increase saltwater intrusion into these coastal aquifers. It 
will also degrade the quality and reliability of the freshwater 
supply pumped from the southern edge of the Sacramento–
San Joaquin River Delta,33 from which much of Southern 
California gets its water.

In other words, excessive groundwater pumping and 
climate change will make our groundwater supplies less 
reliable. 

All of this suggests we should be doing more, today, to 
develop the capacity to use stormwater, which will make our 
communities more resilient to changes in water supply over 
time. Without such adaptations, these serious constraints in 
water supply are likely to come just as demand for water that 
accompanies development and population growth soars. We 
should also be making use of practices, like green roofs and 
cool roofs, that reduce energy use and the resulting release 
of greenhouse gases that cause climate change, to limit the 
overall impacts of climate change in the first place. 

water supply and energy in California

Increasing local supply of water through stormwater 
capture would have benefits beyond ensuring reliable 
supply. In California, almost 20 percent of our state’s total 
electricity and one-third of its non-power-plant natural 
gas usage are devoted to water systems.34 A significant 
portion of the electricity, “substantially above the national 
average,” is used in the conveyance of water, piping it 
from Northern California or the Colorado River across 
hundreds of miles and over mountain ranges into the 
relatively parched southern parts of the state.35 the 
California State Water Project, which pumps water 
a distance of 444 miles from the Sacramento-San 
Joaquin Delta to Southern California—lifting the water 
from just above sea level at the Delta nearly 3,000 feet 
over the tehachapi Mountains in the process—is the 
single-largest individual user of electricity in the state.36 
this energy use is itself a significant contributor to the 
state’s greenhouse gas emissions.37 throughout the 
country, but especially in the West and in Southern 
California, saving water or supplying the water locally 
(for example, by capturing and using stormwater) helps 
to save energy, which in turn helps to address the root 
causes of climate change that threaten the security of  
our water supply. 

greenhouse gas Pollution in southern California

Los Angeles County emits more carbon dioxide than any 
other county in the United States. A 2009 report found 
that the County of Los Angeles emits 21.4 million tons of 
carbon per year, handily beating out texas’s Harris County, 
the next-highest emitter at 19.4 million tons. San Diego, 
San Bernardino, and Riverside counties are all among the 
top 40 carbon-emitting counties—in fact, the six Southern 
California counties that form the focus of this study 
combine to account for 45 percent of California’s total 
annual carbon emissions.38 
 A substantial portion of these carbon emissions stems 
from the tremendous volume of vehicle traffic coursing 
through Southern California’s streets and freeways.  
A typical passenger vehicle in the United States emits  
5.1 metric tons of Co2 per year,39 and Los Angeles County 
alone has an estimated 5.8 million registered automobiles 
and 1.1 million trucks or commercial vehicles.40 Another 
significant portion of the region’s carbon dioxide 
emissions comes from electricity used to cool buildings. 
Green roofs and cool roofs can help to reduce this energy 
usage.
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ClimAte AnD energy use in  
southern CAliforniA 
Across the United States, roughly 20 percent of all electrical 
energy used is for space cooling.41 The average residence 
equipped with a central air-conditioning system in California 
(50 percent of existing residential structures, with another 
15 percent equipped with room air conditioners) uses 
approximately 766 kilowatt-hours (kWh) of electricity per 
year (roughly 0.49 kWh/ft2/year) for cooling,42 resulting in 
emissions of 483 pounds of CO

2
 per year per residence.43 

Commercial buildings in California on average use 2.04 kWh/
ft2/year for cooling, with specific commercial sectors such as 
retail (2.21 kWh/ft2), food stores (2.58 kWh/ft2), offices (3.23 
kWh/ft2), and restaurants (5.76 kWh/ft2) using substantially 
more electricity for cooling than others.44 Clearly, significant 
opportunity exists to reduce the amount of electricity used, 
and the GHG emissions that result from its production, by 
lessening the need to cool building interiors.

the urban heat island effect
In addition to increases in temperature that result from 
climate change, cities create their own heat islands—areas 
where surface and ambient air temperatures are higher than 
those in surrounding undeveloped or rural land. Urban 
development increases the percentage of impervious surface 
in the landscape (rooftops, roads, parking lots, and other 
paved surfaces). This greater amount of impervious cover, 
in turn, absorbs and radiates heat back into the surrounding 
atmosphere. This can have substantial effects not only for 
the area immediately around the impervious surface—for 

example, on a hot, sunny day the surface of a conventional 
roof can exceed the ambient air temperature by up to 
90°F (50°C)45—but also for the surrounding atmosphere 
on a citywide or region-wide scale. Cities with as few as 
100,000 people can be impacted by the effects of an urban 
heat island. For larger metropolitan areas, the effects can 
be severe: Over a recent 3 year period, temperatures in 
highly developed city cores in the Northeast like New York, 
Philadelphia, and Boston, were an average of 13° to 16°F 
(7° to 9°C) higher than temperatures in nearby rural areas.46 
Urban heat islands can also elevate nighttime temperatures 
significantly, with this effect sometimes exceeding the 
daytime effect.47 Southern California is equally susceptible 
to the urban heat island effect. For example, as Los Angeles 
has grown over the past 70 years, air temperatures in the city 
have steadily increased, with the extreme high temperature 
rising steadily from 97°F (36°C) in 1937 to 105°F (40°C) in the 
1990s.48 
 The increased temperature in our urbanized areas leads to 
a number of negative impacts:

n   Poor air quality. The South Coast Air Quality Management 
District states that Southern California’s air quality 
is “among the worst in the nation.”49 Maximum 
concentrations of fine particles, inhalable coarse 
particles, and ozone (or “smog”) that can cause a variety 
of significant health problems regularly exceed federal air 
quality standards.50 Increased air temperatures resulting 
from the urban heat island effect only exacerbate these 
conditions. In Los Angeles, the amount of smog pollution 
increases roughly 3 percent with every 1°F increase in 
temperature.51 Hotter days are dramatically smoggier,  

figure 4: urban heat island profile across a densely developed city

Source: National oceanic and Atmospheric Administration, modified by theNewPhobia, 2008.

RB-AR10513



PAge 11 | looking up

wwith ozone going from “acceptable to terrible” with 
an increase of only 10 to 15°C (18° to 27°F),52 resulting 
in additional cases of asthma and hospitalizations for 
respiratory ailments.

n   increased heat-related illness. Higher temperatures  
result in increased heat stress and other heat-related 
illnesses. Roughly 1,000 people die in the United States 
each year from extreme heat events,53 and a July 2006  
heat wave in California resulted in 147 deaths, a number 
the California Climate Change Center states is almost 
certainly underreported.54 A statistical analysis suggests 
that for every increase of 10°F, mortalities increased by  
4.3 percent in Los Angeles County and by 11.4 percent  
in San Bernardino County.55

n   increased energy use and ghg emissions. As urban 
temperatures increase, we use more electricity to cool 
buildings than would be necessary without the effects 
of urban heat islands or climate change. This results in 
correspondingly higher levels of greenhouse gas emissions. 
In Los Angeles, the peak energy load increases by 2 percent 
for every 1°F rise in outside air temperature.56 Additionally, 
since air conditioners and centralized HVAC systems vent 
heated air into the atmosphere, their added use can further 
increase outside air temperatures, resulting in increased 
need for building cooling, and more GHG emissions.57 

n   increased water consumption and stress on ecosystem 
health. Many plants and animals are sensitive to the 
increased temperatures that occur in urban cores—for 
example, increased temperatures can interfere with 
photosynthesis—and the warmer temperatures can  
result in more water being used for irrigation to support 
stressed vegetation.58

While the challenges presented by climate change, 
stormwater runoff, and the urban heat island effect are 
critical and complex, there are practical, green infrastructure-
based solutions that can address both their causes and their 
harmful effects. 

figure 4: urban heat island profile across a densely developed city

Source: National oceanic and Atmospheric Administration, modified by theNewPhobia, 2008.
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Both green roofs and cool roofs make sense for Southern 
California. The region has mild winters but hot summers, 
and, as described earlier, experiences a dramatic urban 
heat island. This results in wasted energy and money to 
cool building interiors, and in excess GHGs being released 
into the atmosphere. The region’s already worst-in-the-
nation air quality is a problem that is exacerbated by rising 
temperatures. Further, the region’s millions of acres of 
rooftops generate hundreds of thousands of acre-feet of 
stormwater runoff each year, contributing large amounts 
of pollution to local rivers, lakes, and beaches and adding 
to flood events. Green roofs offer an opportunity to address 
all of these challenges, and, where it may be impractical to 
install a green roof, cool roofs can help address the climate 
and energy issues facing our cities. 

To quantify the benefits these types of roofs can provide, 
we have analyzed land use, energy use patterns, and 
studies of green roof and cool roof performance in order 
to determine the energy savings that could result from a 
reduced need for building cooling in Southern California. 
We have also analyzed the potential volume of stormwater 
runoff and pollutant load that could be retained by green 
roofs. In this section, we discuss the properties of green roofs 
and cool roofs and the results of our analyses. We also discuss 
additional benefits that green roofs and cool roofs can 
provide for Southern California’s urban areas with respect to 
reducing the urban heat island effect. 

green roofs—bAsiCs AnD benefits
Green roofs are vegetated roof surfaces—essentially, rooftops 
covered partially or entirely with living plants. Green roofs 
can help preserve a building’s roof surface while providing 
substantial environmental benefits. The plants and growing 
medium (engineered soil) of a green roof shade and protect 
the underlying roof structure from sunlight, thereby 
reducing its temperature. Further, green roofs cool through 
evapotranspiration: Plants take water in through their root 
systems and release it through their leaves in a process called 
transpiration. At the same time, evaporation—the conversion 
of water from liquid to gas—occurs from plant surfaces and 
directly from the growing medium.59 Energy from incoming 
solar radiation that would otherwise heat the roof surface 
and increase ambient air temperatures is instead used in the 
evapotranspiration process, resulting in latent heat loss that 
lowers surrounding air temperatures.60 The summer surface 
temperature of a green roof can be significantly cooler than 
the surface of an adjacent conventional roof at midday. For 
instance, a study in New York City found that peak daytime 
temperatures on green roofs averaged 60°F (33°C) cooler than 
on standard black roofs.61

Green roofs are typically referred to as either “extensive” 
or “intensive.” Extensive green roofs, which are the focus of 
this report, generally use a simple, lightweight system that 
includes a vegetated layer, a thin layer (3 to 6 inches) of soil or 
other growing medium, a drainage system, a root protection 
system, and a waterproof membrane.62 With extensive green 
roofs, the goal is often performance with minimal input: 
Plant selections are typically hardy, drought-tolerant varieties 
that need little maintenance, no fertilizers or pesticides, and 
scant human intervention of any kind once established.63 
Intensive green roofs, on the other hand, generally serve as 
an amenity, acting more like a traditional garden or park 
space, with little limitation on the type of plant or tree that 
can be installed. While their purpose is usually shade and 
open space for the building’s occupants, intensive green 
roofs typically perform as well as, or better than, extensive 
green roofs in terms of stormwater runoff retention, urban 
heat island reduction, and air-conditioning energy savings. 
However, this performance for intensive green roofs generally 
comes at significant cost in terms of necessary structural 
support, initial investment, long-term maintenance, and 
irrigation water use.64

green roofs, Climate, and irrigation

A potential issue for green roof installation in Southern 
California is that the region receives most of its rainfall 
between November and March, when temperatures are 
cooler, meaning such roofs may require supplemental 
irrigation during the hotter summer months to achieve the 
maximum cooling benefit from evapotranspiration. the 
potential need for irrigation raises significant concerns 
for regions such as Southern California, where a principal 
goal is not to increase the strain on already over-allocated 
domestic water supplies, which themselves may require 
substantial energy to deliver to end users. one potential 
option is use of captured rainwater or graywater for 
irrigation, which can decrease or eliminate the need to 
use potable water supplies. However, unless a reliable 
source of nonpotable water is available, the preferred 
option may be the installation of non-irrigated green roofs 
made up of highly drought-resistant plants, coupled with 
a highly reflective aggregate in the growing matrix. (See 
discussion of roof properties such as solar reflectance, or 
albedo, below.) While evapotranspiration may be reduced 
in the summer months as a result of reduced irrigation, 
green roofs will still provide cooling as a result of shading 
and increased reflection of the sun’s energy.

benefits of green roofs AnD Cool roofs 
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A green roof on the California Academy of sciences
A cool roof being created on the flat roof of nrDC’s santa 
monica, California, office building

Green roofs can be installed on a wide range of buildings, 
including residential and commercial structures, educational 
and government buildings, offices, and industrial facilities; 
in new development, redevelopment, and retrofit projects; 
and on roof surfaces with a slope of up to 30 degrees, if not 
higher.65 As of June 2007, there were an estimated 6.6 million 
square feet of completed or ongoing green roof projects 
in the United States, including initiatives in Chicago, New 
York, Philadelphia, both Portland, Maine and Portland, 
Oregon, Birmingham, Tucson, and Southern California, 
demonstrating the breadth of conditions under which green 
roofs can be installed.66

 Green roofs can provide a number of benefits to both 
individual building owners and neighborhoods and cities  
as a whole. At the building level, green roofs:

n   increase the life span of a building’s roof;

n   reduce the energy used and associated costs necessary  
for cooling the building; and

n   improve aesthetics.

At the neighborhood or city level, green roofs: 

n   reduce greenhouse gas emissions by lessening the  
amount of energy needed to cool the building and, in  
some cases, by serving as a means of sequestering carbon;

n   reduce stormwater runoff volume and pollutant loading;

n   reduce the urban heat island effect;

n   improve air quality by reducing temperatures and 
capturing air pollutants, including ozone and particulate 
matter, thereby improving public health; and

n  provide habitat space.67

These benefits are discussed in greater detail below.

Cool roofs—bAsiCs AnD benefits
Cool roofs, like green roofs, make use of materials that will 
reduce energy demand and lower building and ambient 
air temperatures, as compared with traditional rooftops. 
Traditional roofs are typically dark in color and get warm  
in the sun, heating the building and the surrounding air. A 
cool roof stays cooler in the sun because of materials that 
reflect more of the sun’s light and efficiently emit heat. As a 
result, cool roofs reduce summer heat flux into buildings  
and the city. 

Cool roofs may be made from a wide variety of materials, 
including paints, roof tiles, coatings, and shingles. They can 
be installed on flat and sloped roofs, on commercial and 
residential buildings, in new construction and on existing 
structures. Although many cool roofs are light-colored or 
white, they are increasingly being created in a range of colors 
and can look nearly identical to traditional roofing materials.

A cool roof can be 50° to 60°F (28 to 33°C) cooler than a 
dark, conventional roof on a hot summer day.68 Thus, like 
green roofs, cool roofs help reduce energy use and GHG 
emissions, save money on air-conditioning costs, and 
improve air quality. When enough are installed on a citywide 
scale, cool roofs can also reduce the urban heat island 
effect—helping to lower temperatures across whole urban 
communities.
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green roof, Cool roof, or solar Power?

While cool roofs have many significant benefits, it is 
important to note their limitations. Unlike green roofs, 
cool roofs do not reduce surface water pollution or 
stormwater runoff; because they are impervious surfaces, 
they contribute to urban runoff in the same way as 
traditional roofs. Cool roofs also do not sequester carbon 
from the atmosphere or capture air pollutants. Further, 
cool roofs may result in a “winter heat penalty,” as they 
may require higher heating costs during colder weather 
due to their ability to transmit heat from the building 
interior through the roof surface, while green roofs will 
provide insulation that saves heating energy during cold 
weather as well. Cool roofs can, however, be combined 
with rooftop rainwater capture systems that can provide 
substantial benefits in terms of stormwater runoff volume 
reduction and increased water supply,69 or coupled with 
increased insulation to increase energy benefits during 
colder periods of the year. Given their cooling energy and 
other benefits (including improving air quality through the 
mitigation of climate change and the urban heat island 
effect), cool roofs provide an important “smart” roofing 
alternative, especially for applications where site-specific 
constraints, such as a building’s load-bearing capacity, 
may make installation of a green roof impractical. their 
energy-saving and urban-cooling benefits are immediate, 
and they can be installed easily and quickly on a host of 
building types at little cost. 
 Solar roofs are also a vast improvement over traditional 
roofs, providing building-cooling benefits through shading 
in addition to serving as a renewable energy source.70 
Increasing the number of rooftop solar installations in 
Southern California would help mitigate climate change, 
strengthen renewable and distributed en ergy generation 
capacity, and reduce peak energy demand. Solar roofs can 
also be installed in combination with green roofs or cool 
roofs. In fact, installing a solar roof in combination with a 
green roof, which provides evaporative cooling, actually 
improves electricity production because photovoltaic 
processes are more efficient in cooler conditions.71 
 though outside the scope of this report to quantify and 
compare the total benefits of all three roof types, based 
on the benefits each can provide we see the different 
types of roofing strategies as complementary. Policy 
initiatives for smarter rooftops should push for green 
roofs, cool roofs, and solar roofs to make our cities more 
healthy, livable, sustainable, and resilient to a changing 
climate. 

the benefits of green roofs AnD Cool 
roofs for southern CAliforniA
green roof energy benefits
Buildings use a tremendous amount of energy to cool interior 
environments, resulting in the release of large quantities of 
GHGs to the atmosphere. The thermal mass, shade cover, 
and evapotranspiration provided by green roofs have a strong 
regulating effect on the temperature of underlying building 
roofs and interiors. As stated earlier, on a hot, sunny day 
the surface immediately above a conventional rooftop can 
exceed ambient air temperatures by 90°F (50°C) or more,72 
with much of that heat transmitted into the building below. 
By contrast, even on a hot and sunny day, the temperature 
of the roof surface below a green roof can actually be cooler 
than the ambient air around it, greatly reducing the effects of 
the sun’s energy on the interior temperature of the building73 
(Figures 5 and 6). As a result, green roofs reduce energy use 
and costs for indoor climate control and resulting GHG 
emissions by insulating and cooling individual buildings.74

While energy savings will vary with several factors related 
to the building’s construction (including the roof’s insulation 
properties) and with the specific characteristics of the green 
roof, during the summer a green roof can reduce the average 
daily energy demand for cooling in a one-story building by 
more than 75 percent compared with a conventional roof.77 
(See Figure 7 for an example of energy used for cooling from a 
case study in Pennsylvania.) In general, a green roof’s impact 

figure 5: Comparison of average roof surface temperatures  
of buildings with conventional (non-green) and green roofs  
in hillsborough, California, in the fall of 2008
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on electricity use for cooling is greatest on the top floor, 
immediately below the roof surface, and declines with each 
additional story below the roof.78 A recent case study of a two-
story office building in Athens, whose Mediterranean climate 
is similar to Southern California’s (warm, dry summers, with 
the majority of precipitation falling in the cooler winter 
months), found that from May to September the presence of 
a green roof reduced the cooling load for the building’s top 
story by 27 to 58 percent per month, and the entire building’s 
cooling load by 15 to 39 percent per month.79 A similar study 
of a residential building in Athens estimated that installing 
a green roof reduced its cooling load by 11 percent but cited 
the building’s relatively low energy use to begin with as a 
factor in what the study considered a relatively low reduction 
in energy demand.80 
 Modeling results for green roof applications have shown 
similar, though varied, cooling energy savings, generally 
indicating overall annual (as opposed to monthly) building 
cooling load reductions of up to 25 percent, depending 
on building and green roof characteristics and the site’s 
climate.81 For example, in modeling analyses of extensive 
green roofs, researchers have estimated energy savings of: 

n   17 percent of the cooling load for a hypothetical five-story 
commercial building in Singapore with a turf roof, and a  
47 percent reduction for a rooftop covered by shrubs;82 

n   more than 10 percent for a one-story commercial building 
in Santa Barbara, California;83 and 

n   12 percent for a one-story building in Portland, Oregon, 
with an average energy savings of 0.17 kWh/ft2 (equivalent 
to about 35 percent of the electricity use of an average 
California residence with central air-conditioning).84 

Further, the tempered microclimate on a green roof 
can provide additional energy savings for buildings with 
rooftop air-conditioning or HVAC systems. In general, 
air-conditioning systems begin to decrease in operational 
efficiency at about 95°F.86 Green roofs tend to maintain a 
localized air temperature below that of ambient air, allowing 
cooler air to enter the air-conditioning system and reducing 
costs and energy used for cooling.

Cool roof energy benefits
Cool roofs, like green roofs, result in significant energy 
savings. By reflecting and emitting solar energy very 
efficiently, cool roofs directly reduce the energy required for 
air conditioning.87 Studies vary widely but have shown that 
cool roofs generate savings of 10 to 43 percent of a building’s 
cooling energy demand, with one case study documenting 
that a residence in Sacramento achieved a savings of 69 
percent.88 Because cool roofs generally maintain a local air 
temperature that is significantly lower in comparison with 
a conventional roof surface, like green roofs, they can also 
allow cooler air to enter a building’s air conditioning system, 
reducing building cooling costs.

These potential benefits have been recognized for many 
years, and cool roofs are already being mandated under 
certain conditions as an energy efficiency measure. In 
California, for example, the state’s Title 24 building efficiency 
standards mandate cool roofs for some buildings, depending 
on roof slope, building type, and climate zone.89

figure 6: Comparison of interior temperatures of buildings 
with conventional (non-green) and green roofs from a case 
study in Pennsylvania

figure 7: electricity used for air-conditioning by four small 
buildings in central Pennsylvania

10

20

30

40

Outside Air Temperature

Average Inside (Non-Greened)

Average inside (Greened)

6/24
0:00

6/25
0:00

6/26
0:00

6/27
0:00

6/28
0:00

6/29
0:00

6/30
0:00

Date

Te
m

pe
ra

tu
re

 (C
)

En
er

gy
 u

se
d 

(K
W

H
)

0

20

40

60

80

100

120

8/3 8/13 9/2 9/12 9/22 10/2
Date

Green

Non-Green

Source: Penn State Center for Green Roof Research, 2009.76 Source: Penn State Center for Green Roof Research, 2009.85

RB-AR10518



PAge 16 | looking up

Definitions of key roof properties relating to building 
temperature and the urban heat island effect

solar reflectance is the fraction of solar energy that is 
reflected by a surface, such as a roof, and is expressed 
as a number between zero and one. the higher the value, 
the better the roof reflects solar energy and the more 
it keeps cool. For example, a white reflective coating or 
membrane may have a reflectance value of 0.8 (i.e., it 
reflects 80 percent of incident solar energy and absorbs 
the remaining 20 percent), while asphalt concrete may 
have a reflectance of 0.1 (it reflects 10 percent while 
absorbing 90 percent). the solar reflectance of a material 
is similar to its albedo, which is a true field measurement 
of a material’s reflectivity in sunlight conditions. A 
material’s initial solar reflectance often weathers over 
time to a relatively stable aged solar reflectance.90 
Green roofs generally have a lower albedo than white 
or cool roofs (on the order of 0.25 or 0.3, which is still 
more reflective than traditional tar or gravel roofs, which 
have albedos of 0.08 to 0.18).91 Nevertheless, green 
roofs can cool as effectively as the brightest white roof 
surfaces; research indicates that vegetation may have a 
stronger influence on temperature than the albedo of built 
surfaces.92 As a result, the “equivalent albedo” of green 
roofs, accounting for latent heat loss from evaporative 
cooling, generally falls between 0.7 and 0.85.93

emittance (also called thermal emittance) is the amount 
of absorbed heat that is radiated from a roof, expressed 
as a number between zero and one. the higher the value, 
the better the roof radiates heat. Higher emittances 
help to keep building interiors cool and to lower energy 
demands. 

solar reflectance index (sri) is a measure of a surface’s 
ability to stay cool in the sun. It is defined so that a 
standard black surface has an SRI of 0 and a standard 
white surface has an SRI of 100. SRI is calculated from 
solar reflectance and thermal emittance.

Adapted from California’s “Flex Your Power” website.94

stuDy results
transforming existing roof space 
Table 1 shows the annual electricity savings, cost savings, 
and GHG emissions reductions that could be achieved by 
an aggressive program to adopt green roofs or cool roofs on 
existing rooftop surfaces in urbanized Southern California.95 
Given the overlapping range of potential building cooling 
energy savings observed for green roofs and cool roofs,  
we have elected to treat the energy savings for both types 
of roof as equivalent for the purposes of quantifying the 
potential region-wide energy savings that could be achieved. 
The results of this analysis are based on the following 
estimates and assumptions; for additional description of  
our methodology, see Appendix A:

n   Our analysis assumes, at the high end, that 50 percent of 
all existing rooftops for selected categories of development 
will have either green roofs or cool roofs installed; at 
the low end, our estimate is 30 percent. For cool roofs 
in particular, which can be added to a wide variety of 
buildings and roof types, 50 percent does not represent 
an upper bound for coverage area, and the percentage 
of roofs employing this technology could actually be 
significantly higher. The analysis further takes into account 
the percentage of existing buildings that use either central 
or room air-conditioning (up to 65 percent of residential 
buildings and roughly 75 percent of commercial and 
institutional buildings) such that installing a green roof  
or cool roof would provide an energy savings benefit.96 

n   Consistent with the range of observed and modeled 
building-cooling savings discussed above, our analysis 
assumes in its high-end estimate that both green roofs 
and cool roofs will result in a cooling energy savings of 25 
percent on the top floor below the roof and, for building 
types likely to have multiple stories (e.g., high rises, multi-
unit residential housing, office buildings), a 10 percent 
savings on the second floor below the roof. In our low-end 
estimate, to account for the potential that evaporative 
cooling may be reduced during dry summer months and 
the possibility that cool roofs may weather over time and 
reflect less solar energy, the analysis assumes a cooling 
energy savings of 15 percent on the top floor below the  
roof and 5 percent on the second floor below the roof. 

n   Our analysis assumes an average annual retail rate for 
electricity in Southern California of 13 cents/kWh97 and an 
emissions factor of 0.286 kg CO

2
 per kWh of electricity.98

table 1: electricity, cost, and greenhouse gas emissions savings per year, assuming coverage of 50 percent (high) or 30 percent 
(low) of existing southern California rooftops

scenario

roof Area 
(square feet,  
in millions)

roof Area over  
A/C space (square 

feet, in millions)

Direct elec. savings 
(in thousands  

of mwh)
Cost savings  
($, in millions)

Co2 reductions  
(in thousands of 

metric tons)

High 9,055 6,067 1,625 211 465

Low 5,433 3,640 565 73 162
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Using the high-end estimate, installing green roofs or cool 
roofs on 50 percent of existing rooftop surfaces for selected 
development types across urbanized Southern California 
would result in direct electricity savings on the order of 1.6 
million megawatt-hours per year, the removal of hundreds 
of thousands of metric tons of CO

2
 equivalent from the 

atmosphere, and a cost savings of up to $211 million for 
the region. The energy saved would be enough to power 
more than 127,000 single-family homes in California; the 
CO

2
 reductions would be equivalent to removing more than 

91,000 cars from the road each year.99

These results are conservative in that they assume only 
a low potential area of coverage, particularly for cool roofs. 
Moreover, for both green roofs and cool roofs, they do not 
account for the indirect electricity and GHG savings that 
could be achieved from a reduced need for building cooling 
due to an overall reduction in ambient urban temperatures or 
from increased air conditioning efficiency. This latter benefit 
is discussed below. Nor do these results account for potential 
reductions in heating energy required for buildings due to the 
insulating effects of a green roof, which can be substantial.100 

installing green roofs and Cool roofs on 
only new Development and redevelopment 
Even adopting policies that would require installing 
green roofs or cool roofs only on new development and 
redevelopment projects, rather than on the entire existing 
built environment, would offer substantial benefits over time. 
Table 2 shows the potential annual electricity savings, cost 
savings, and GHG emissions reductions that could result 
from requiring green roofs or cool roofs to be installed on 
new development and redevelopment projects in Southern 
California, where feasible, over the next 23 years by 2035. 
This model again assumes a conservative rate of installation 
for both green roofs and cool roofs compared with what 
is likely possible: 50 percent of all new or redevelopment 
roofs in the high-end estimate and 30 percent of all new or 
redevelopment roofs in the low-end estimate. 

reducing the urban heat island effect 
Studies have consistently shown that installing green 
roofs and cool roofs across urban landscapes can play a 
significant role in reducing the urban heat island effect. 
For example, one study found that adding irrigated green 
roofs to 50 percent of the available roof space in Toronto 
would reduce ambient air temperatures citywide by up 
to 3.8°F (2°C). Even non-irrigated green roofs would have 
a substantial effect, reducing city temperatures by 1.4°F 
(0.8°C).101 Studies simulating widespread cool roof adoption 
in Los Angeles have shown reductions in urban ambient 
temperatures on the order of 1° to 3.5°F on hot summer 
afternoons.102 Lowering temperatures citywide results in 
significant air quality improvements and cooling energy 
savings. Simulations have predicted, for example, a reduction 
in population-weighted smog in Los Angeles of 10 to 12 
percent resulting from a 2.7° to 3.6°F reduction in ambient 
temperature. For some scenarios, that is comparable to the 
effect of replacing all gasoline-powered vehicles with electric 
models.103 

Further, as discussed above, cooling ambient air 
temperatures both locally on the roof surface and on a 
citywide basis may produce a secondary cooling benefit:  
The lowered temperatures can increase the efficiency of  
roof-mounted central air-conditioning systems whose air 
intakes are located near the green roof or cool roof. 

Finally, cool roofs may help to cool the earth itself by acting 
as mini-reflectors and reducing the balance of heat in our 
atmosphere, directly counteracting the effects of greenhouse 
gases.104 Like the polar ice caps, higher-albedo roofs reflect 
energy out of the atmosphere and thereby have the potential 
to result in a cooler planet.105 By making use of white or  
light-colored aggregate in soil matrices, green roofs may be 
able to be designed to contribute some of this same benefit.

table 2: Annual electricity savings, cost savings, and greenhouse gas emissions savings in 2035 in southern California, assuming 
coverage of 50 percent (high) or 30 percent (low) of rooftops on new development and redevelopment only

scenario

roof Area 
(square feet,  
in millions)

roof Area over  
A/C space (square 

feet, in millions)

Direct elec. savings 
(in thousands  

of mwh)
Cost savings  
($, in millions)

Co2 reductions  
(in thousands of 

metric tons)

High 5,077 3,402 1,007 131 288

Low 3,046 2,041 350 46 100
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In all, substantial opportunity exists to use green roofs and 
cool roofs to reduce the urban heat island effect in Southern 
California. While we do not quantify those additional benefits 
here, they would be additive with the electricity and GHG 
savings resulting from reduced need for building cooling 
calculated above, and in combination could provide a strong 
means of protecting California and its water resources against 
the impacts of climate change and rising temperatures. 

Additional benefits—Carbon sequestration

Green roofs reduce the amount of carbon dioxide in the 
atmosphere through carbon sequestration. this is the 
removal of carbon dioxide and other forms of carbon 
from the air by plants through photosynthesis and the 
storage of that carbon in the plants and the soil in which 
they grow.120 Researchers at Michigan State University 
concluded that green roofs sequester approximately  
1.52 metric tons of carbon per acre over the two 
years of the study (375 grams of carbon per square 
meter).121 According to their findings, if all 36,409 acres 
of commercial and industrial rooftops in the Detroit 
metropolitan area were greened, over a two-year period 
their plants and growing media together would sequester 
55,252 metric tons of carbon, equivalent to taking more 
than 10,000 midsize sport utility vehicles or trucks off the 
road for a year.122

reducing stormwater runoff and Pollutant 
loading to local waters 
Because of their capacity to absorb and delay rainfall runoff, 
green roofs can serve as an effective tool for stormwater 
management, vastly reducing the quantity of stormwater 
runoff and the amount of pollutants that flow into Southern 
California’s rivers, lakes, and beaches.106 A green roof with a 
layer of soil 3 to 4 inches deep can generally absorb 0.5 to 1 
inch of rainfall from a storm event, preventing that volume  
of runoff from ever flowing to storm drains and contributing 
to surface water pollution.107 For larger storms or back-
to-back storm events, green roofs can delay runoff even 
after they become saturated and no longer absorb water, 
substantially reducing peak flow rates that contribute to 
stream erosion and flooding.108 By reducing the quantity of 
stormwater runoff, green roofs can also reduce strain on 
public storm sewer systems and the costs of operating and 
maintaining them.109 

Estimated stormwater retention rates for extensive green 
roofs across the U.S. are impressive, typically ranging from 
40 to 80 percent of total annual rainfall volume.110 A North 
Carolina study found that a green roof reduced total annual 
runoff from the roof’s surface by 60 percent and reduced 
runoff from peak rainfall events by 75 percent; a Portland, 
Oregon, study found that an extensive green roof with a soil 
depth of 4 inches (10 cm) reduced total runoff by nearly 
70 percent.111 In a study in New York, which found only 30 
percent annual rainfall retention by an extensive green roof, 
the roof was nevertheless able to retain roughly 10.2 gallons 
of rainfall per square foot per year, the equivalent of well over 
12 inches of rainfall annually. In that case, the study’s authors 
theorized that the lower retention value was the result of the 
green roof’s modular construction, which both reduced the 
volume of soil media and constrained the horizontal flow of 
water on the roof.112 

Retention of runoff can vary seasonally, with most studies 
demonstrating greater retention in summer months when 
plants are active and transpire greater volumes of water, 
but significant retention will still occur during cooler winter 
months. (In Southern California, seasonal variation may be 
minimal due to increased rainfall and mild temperatures in 
winter and spring.) A yearlong study in Pennsylvania found 
that despite the presence of snow and freezing conditions in 
winter months, which can reduce green roof performance, 
green roofs were still able to retain on the order of 20 percent 
of total monthly precipitation.113 During summer months, 
nearly all precipitation was retained.114

Table 3 shows the volume of stormwater runoff that could 
be retained by green roofs in Southern California under our 
various development scenarios. Our high-end estimates 
assume, again, that green roofs cover 50 percent of existing 
development or will be installed on 50 percent of roofs on 
new development and redevelopment occurring by 2035,  
and that the green roofs will retain 50 percent of the total 
annual rainfall. Our low-end estimates assume that green 
roofs cover 30 percent of existing development or will be 
installed on 30 percent of roofs on new development and 
redevelopment occurring by 2035, and that the green roofs 
will retain 35 percent of the total annual rainfall. In either 
scenario, the volume of captured water is substantial:  
billions of gallons per year, enough to fill more than 54,000 
Olympic-size swimming pools in our high estimate for 
existing development.
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table 3: green roof stormwater retention

scenario

roof Area  
(square feet,  
in millions)

Annual rooftop 
runoff Captured 

(gallons, in billions)

High—existing  
(50% capture)

9,055 36.1

Low—existing  
(35% capture)

5,433 15.2

High—2035  
(50% capture)

5,077 20.0

Low—2035  
(35% capture)

3,046 8.4

Green roofs can also filter pollutants from runoff, though 
research results regarding pollutant loading are mixed and 
inconclusive.115 Broadly, a study by the U.S. EPA found 
that “green roof runoff appears similar to what might be 
expected as leaching from any other planted system in the 
landscape.”116 Runoff from green roofs contained nitrate in 
concentrations that were similar to what would be found in 
traditional roof runoff, but there were higher concentrations 
of nutrients such as phosphorous and potassium, as well 
as of calcium and magnesium.117 The study noted that 
concentrations of nutrients may decrease with time after the 
initial fertilization of growing plants is completed, and that 
“newly planted roofs are likely to have much higher runoff 
loading rates than established roofs” in general.118 Installing 
green roofs that do not require fertilization is one means of 
significantly reducing potential pollutant loading rates.

Further, the study found that, while concentrations of 
some pollutants may be higher in green roof runoff than in 
runoff from traditional roofs, the overall pollutant load was in 
many cases lower, since the green roofs produced only about 
50 percent of the runoff of traditional roof surfaces.119 Thus, 
while care needs to be taken to ensure that green roofs are 
not over-fertilized or over-irrigated to produce unnecessary 
or wasteful runoff, they can serve as a tool for reducing the 
pollution entering local surface waters. 

the Cost of green roofs  
AnD Cool roofs
Both green roofs and cool roofs are cost-effective over 
their effective lifetimes when compared with traditional 
roofs. Although the construction and annual operation 
and maintenance costs of green roofs may exceed those 
of conventional roofs in the short run, green roofs 
have demonstrated longevity that is superior to that of 
conventional roof surfaces (on the order of two to three 
times), and the long-term costs associated with conventional 
roofs often exceed those of extensive green roofs.123 

A green roof’s growing medium and vegetation protect a 
roof’s waterproofing layers from temperature fluctuations 
and solar radiation and can extend their useful life by 20 
years or more, avoiding or delaying replacement costs.124 
A study from Germany reported that green roofs in Berlin 
have flourished for as much as 90 years with minimal 
repairs and upkeep.125 As a result, a net present value 
analysis determined that over a 40-year period the cost of 
an extensive green roof would be 20 to 25 percent less than 
the cost of conventional roofing,126 without even considering 
the cost savings from reduced building cooling energy use. 
Moreover, a recent study of stormwater mitigation controls 
in New York concluded that, of the practices considered, 
green roofs represented the most cost-effective means of 
retaining storm-water runoff and preventing combined sewer 
overflows in the city—and that the green roofs would provide 
additional positive benefits beyond stormwater mitigation.127

Studies tend to agree that initial construction costs of 
green roofs are greater than those of conventional roofs, 
though they differ greatly as to the extent of the increased 
cost. Estimates generally range from $10 to $25 or more per 
square foot for green roof installation.128 The city of Portland, 
Oregon, estimates that the installation cost of a green roof 
ranges from 5 to $20 per square foot.129 A second Portland 
study assumed construction costs for a basic extensive green 
roof were $5.75 per square foot greater than for conventional 
roofing,130 while an analysis in New York assumed an 
average cost of roughly twice that of a conventional 
roof ($18 per square foot for a green roof versus $9 for 
conventional roofing).131 Although neither conventional 
roofs nor green roofs (once plants are established) typically 
require significant maintenance, on average, green roofs 
may require slightly more maintenance than conventional 
roofs, including weed removal, irrigation, and plant care. 
Nonetheless, estimates comparing maintenance costs of 
extensive green roofs and conventional roofs have found no, 
or low, cost differences. Maintenance estimates range from 
$0.20 to $1.25 per square foot per year for a green roof and 
$0.10 to $0.25 for conventional roofs.132 Green roofs also may 
reduce costs for maintenance by protecting the roof surface 
from human traffic, dust, and debris. 

Cool roofs, as a less intensive option for development, are 
cost-competitive with conventional roofing, with prices on 
par with traditional roofs or ranging up to about $0.20 per 
square foot more, depending on roof type.133 Like green roofs, 
cool roofs also can extend the lifetime of roofing membranes 
due to dramatic reductions in surface temperature 
fluctuations.134 In air-conditioned buildings, any incremental 
costs of cool roofs are quickly recouped due to lower energy 
bills and other cost savings.135
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Green roofs and cool roofs offer the potential to improve 
the sustainability of urban areas in Southern California, 
protecting water resources and improving air quality 
by reducing the use of electricity for building cooling 
and resulting GHG emissions. Green roofs also offer the 
opportunity to greatly reduce the volume of stormwater 
runoff from rooftop surfaces, which can pick up and carry 
pollution to rivers, lakes, and beaches. While green roofs 
and cool roofs are increasingly finding acceptance in the 
urban environment, they are often overlooked as a solution 
to environmental challenges, particularly those related to 
water resources, because their benefits are not widely known. 
However, several policy options and incentives can be used to 
promote use of green roofs and cool roofs.

Provide incentives for residential and commercial 
private-party use of green roofs and cool roofs
n   Permitting incentives: Installing roofs in smart growth, 

infill, redevelopment, or even re-roofing projects can entail 
substantial permitting requirements. To reduce barriers 
to green roof or cool roof construction and conversions, 
communities can offer advantages in the permitting 
process to projects that incorporate green roofs or cool 
roofs. For example, fast-track permitting procedures have 
been instituted for buildings with green roofs in Chicago.136 
Alternatively, communities often offer permitting bonuses 
to projects incorporating green infrastructure practices: 
Chicago gives density and building height bonuses for 
projects with green roofs in the city’s business district,137 

ConClusion AnD PoliCy reCommenDAtions 
©

 C
alifornia A

cadem
y of S

ciences

A green roof on the California Academy of sciences building in san francisco

RB-AR10523



PAge 21 | looking up

and Portland, Oregon, has offered developers proposing 
buildings in the Central City Plan District floor-area 
bonuses if a green roof is installed.138 Communities can 
also reduce or waive certain permit fees for green roof 
or cool roof installations. These permitting advantages 
provide an incentive for smart practices at little or no cost 
to the local government.

n   Financial incentives: Construction or re-roofing projects 
often entail substantial permitting fees139 and other costs. 
To incentivize installation of green roofs and cool roofs, 
communities can reduce or waive these fees for green roof 
or cool roof projects. Communities can also implement 
grant programs that directly pay for the installation of 
green roofs or cool roofs on private land, or they can adopt 
tax rebate programs for green roofs and cool roofs that 
indirectly finance the cost of installation.

Adopt stormwater pollution control standards 
that require on-site volume retention
n   The growing interest in use of green roofs is partially driven 

by their utility for stormwater pollution management. 
On-site stormwater volume retention requirements that 
reduce pollution of surface waters are also effective at 
encouraging the use of green roofs. Adopting stormwater 
standards that focus on the volume of discharges is often 
the first step in developing more protective water quality 
regulations and promoting sustainable use of water 
resources.  

n   The Environmental Protection Agency is planning to 
reform the minimum requirements applicable to urban 
and suburban runoff sources nationwide. This is a once-
in-a-generation opportunity to ensure that runoff sources 
across the country have modern pollution controls—
which, in the case of urban runoff, is green infrastructure. 
If these national standards are sufficiently rigorous, they 
will help expand the use of green roofs. Additionally, 
regional permits and water quality improvement plans 
developed under the current federal requirements,140 as 
well as statewide regulations and local ordinances,141 offer 
strong opportunities to implement requirements to retain 
runoff on site, which in turn promotes the use of green 
roofs to absorb rainfall. Local ordinances and building 
codes can also set specific targets for installation of green 
roofs and cool roofs.
 

Provide guidance or other affirmative assistance 
for green roof and cool roof projects
n   Through guidance and policy reform, cities should 

proactively promote the use of green roofs and cool roofs 
to provide cooling energy savings, and green roofs to 
provide stormwater volume reduction benefits. Guidance 
includes demonstration projects, planning workshops, 
and technical manuals. Other assistance may include 
identifying and overcoming code and zoning barriers. 
Green roofs and cool roofs may individually 143reduce 
a relatively small portion of urban or suburban cooling 
energy use, and green roofs may individually manage only 
a relatively small volume of urban stormwater runoff, but 
collectively their installation can have a significant impact. 
As a result, cities should provide their residents with the 
knowledge and tools necessary to achieve their widespread 
installation.

Adopt and implement stormwater fee and  
rebate programs
n   Implementing a parcel-based stormwater fee can provide 

cities with funding to address stormwater using green 
infrastructure practices on a regional level. Implementing 
a concurrent rebate program for practices that reduce 
stormwater runoff can, in turn, incentivize private 
investment in making green infrastructure improvements 
like installing green roofs and can reduce strain on 
municipal stormwater infrastructure. In particular, 
stormwater rebate programs can provide strong incentives 
for property owners to retrofit existing development that 
might otherwise contribute to stormwater runoff pollution 
and flooding, gaining benefits in terms of building cooling 
energy at the same time. 

fully fund the u.s. ePA Clean water state 
revolving fund
n   Green roof projects and programs may be eligible to 

receive support via the Clean Water State Revolving 
Fund. This fund provides critical assistance for projects 
that repair and rebuild failing water and wastewater 
infrastructure, and it has increasingly focused on green 
infrastructure projects in recent years. Given the clear 
benefits that practices such as green roofs can provide to 
the community, Congress should ensure that this program, 
which has been the unfortunate target of cuts during 
recent federal budget debates, is fully funded.
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APPenDix A: ADDitionAl AssumPtions  
AnD vAriAbles in stuDy methoDology

seleCtion of stuDy AreAs
In assessing the potential for energy and stormwater 
reduction benefits from green roofs and cool roofs, this study 
focused on urbanized Southern California. The study area 
includes San Diego County, Orange County, and portions of 
Ventura, Los Angeles, San Bernardino, and Riverside counties 
(Figure A1). The study area is loosely defined by the Topatopa 
Mountains to the northwest, the San Gabriel Mountains and 
San Bernardino Mountains (which form a border between 
greater Los Angeles/San Bernardino and the Mojave Desert) 
to the north, and the San Jacinto Mountains to the east. 
This region represents one of the most heavily urbanized 
and developed regions of California, and approximately 50 
percent of the state’s residents live there.1 Despite recent 
economic conditions, this area is projected to see substantial 
population growth accompanied by development and 
redevelopment2 that could incorporate green roofs and cool 
roofs to maximize energy savings and stormwater pollution 
reduction benefits. 

lAnD use AnAlysis AnD imPervious 
surfACe Cover
After establishing the study area boundaries, we conducted 
a GIS-based land use study of each area, broken down by 
county, to determine the total area occupied by each land use 
type—e.g., single-family residential home, high-rise office 
building, park-and-ride lot, and so on.3 We then limited our 
analysis to selected residential, commercial, and government 
or public land use types. For Los Angeles County, data for 
area covered by buildings (roof surface area) was provided by 
the county from a digital surface model derived from LiDAR, 
applied to a digital ground elevation model to calculate 
building footprints.4 For other counties within the study area, 
we calculated the average percentage of impervious surface 
cover, based on U.S. Geological Survey National Land Cover 
Database (NLCD) data, for each land use category. We then 
calculated the percentage of surface area covered by roads or 
streets for each land use category and subtracted this from 
the calculated impervious surface cover in order to determine 
building coverage. There is potential for the resulting 
impervious surface area to include coverage by parking lots, 
pathways, or other non-building structures in addition to 
the area assigned to building spaces. However, we found that 
our analysis significantly underrepresented the area covered 
by buildings for Los Angeles County in comparison with the 
county’s LiDAR derived digital ground elevation model and 
thus was conservative in that regard.

figure A1: map of land use within the study area 

Source: NRDC et al., 2009. 
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DeveloPment AnD reDeveloPment:  
new ConstruCtion AnD ChAnges to 
the existing built environment
Available roof surface area for new development was 
calculated based on projected residential unit demand 
and non-residential space projections for 2035 for each 
county included within the study area. These projections 
were based on data provided by the Southern California 
Area Governments (SCAG) and San Diego Association of 
Governments (SANDAG), as analyzed by the Urban Land 
Institute,5 as well as on national-scale land use data.6 

Projected annual development rates for counties 
represented by SCAG were calculated as: 3.6 percent 
(multifamily housing units), 2.8 percent (townhouse/plex), 
3.5 percent (small single family), zero or negative (large/
rural single family), and 0.9 percent (non-residential).7 
Projected annual rates for SANDAG were calculated as 2.2 
percent (multifamily housing), 3 percent (townhouse/plex), 
4.9 percent (small single family), zero or negative (large/rural 
single family), and 1.4 percent (non-residential).8 

For counties represented by SCAG, the land use category 
designated as “high-density single family residential” is 
characterized as containing development of single family 
residences with a density greater than 2 units per acre. This 
density falls between the small single family and large/
rural single family projection categories identified in the 
Urban Land Institute report. (For SANDAG, the single family 
detached category is similarly situated.) As a result, we have 
used an average of development rates from the Urban Land 
Institute report (equivalent to 1.75 percent for SCAG and 
2.45 percent for SANDAG) to calculate new development for 
single family homes here. Further, while we recognize these 
projections represent a shift in development patterns toward 
an increase in the number of units per acre or in density of 
development overall, there is the potential for the amount of 
land or area used per unit within each land use designation  
to decrease over the period of the study as well. To maintain 
our conservative approach to this analysis, we assume that, 
on average over the 23 year study period, each category 
of land use will occupy 20 percent less land for new 
construction as compared with existing land use patterns—
e.g., if the current average density for existing multi-family 
housing is 10 units per acre, we assume over the course of  
the study that a 10 unit multi-family structure would occupy 
only 0.8 acres of land.

Projected redevelopment rates were calculated based on 
an annual “loss rate” of 0.59 percent for residential structures, 
and 2.22 percent for non-residential structures.9 

energy sAvings by DeveloPment 
CAtegory
Energy savings for each land use category were calculated 
based on electricity use rates for space cooling reported by 
the California Energy Commission: residential (average of 
0.49 kWh/ft2/year);10 retail commercial (2.21 kWh/ft2); office 
space (average of 3.23 kWh/ft2); warehouse (0.33 kWh/ft2); 
school (1.17 kWh/ft2); college (1.91 kWh/ft2); lodging (2.41 
kWh/ft2); and restaurants (5.76 kWh/ft2).11 Air conditioning 
saturation, such that installing a green roof or cool roof  
would provide an energy savings benefit, was estimated to  
be 65 percent for residential buildings and 75 percent for 
non-residential buildings.12

rooftoP runoff volume
Impervious surface runoff from development for all land use 
types was calculated on the basis of average rainfall compiled 
from the Natural Resources Conservation Service (NRCS) 
1971–2000 data set and averaged across total roof space 
for each of the designated land uses to determine the total 
volume of annual impervious surface runoff from roofs in 
the current distribution of specified land use types within the 
study area.13 For calculating rooftop runoff retained by green 
roofs over conventional roof surfaces, we employed a runoff 
coefficient for rooftop surfaces of C = 0.9, meaning 90 percent 
of rainfall on roof surfaces will occur as runoff. Runoff 
coefficients for rooftop surfaces are generally estimated to 
vary between 0.75 and 0.95, reflecting differences in how 
materials, slope, and other variables of rooftop construction 
may affect runoff.14 Stormwater management agencies 
in California commonly differ in their selection of runoff 
coefficients. For example, the city of Salinas bases rooftop 
runoff on a coefficient of 1.0, whereas the Santa Clara Valley 
Urban Runoff Pollution Prevention Program works at the 
low end of generally accepted values, using a coefficient 
of 0.75.15,16 However, many architectural and engineering 
experts treat rooftop runoff as occurring at the higher end 
of the accepted range, stating, for example, that “a built-up 
roof is considered to have a runoff coefficient of 0.95; in other 
words, about 95 percent of the water hitting a conventional 
roof will leave the surface and needs to be accounted for in 
the design of the building’s storm-water system.”17 Moreover, 
many states and municipalities use a coefficient of 0.9 to 
determine runoff volumes from rooftop surfaces.18 As a result, 
we find a coefficient of 0.9 to represent a reasonable estimate 
for rooftop-runoff collection potential.
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APPenDix b: gis DAtA sourCes AnD methoDology

table b1: gis Data sources

Data layer source type scale Date Description

Imperviousness National Land Cover 
Database (NLCD) 
Imperviousness Layer, 
U.S. Geological Survey

Raster 30 m cell size 2001 Estimates impervious surface 
coverage as a percent 
imperviousness (0-100%)  
by 30-m cell.

Land use—Solar potential 
for Los Angeles County

County of Los Angeles 
2006 Solar Radiation 
Model (http://solarmap.
lacounty.gov)

Polygon 5ft x 5ft 
grid cells 
aggregated to 
the LA County 
parcel GIS 
database

2006 total roof area and area suitable 
for solar by parcel, based on 
total amount of incoming solar 
insolation (direct—diffuse) 
calculated for each 25-sq-ft cell 
across LA County. 

Land Use – Los Angeles, 
orange, Riverside, San 
Bernardino, Ventura 
Counties

Existing Land Use, 
Southern California 
Association of 
Governments (SCAG)

Polygon Minimum 
2-acre mapping 
unit

2001 and 2005 Aerial-based existing land use 
survey across SCAG region.

Land Use –  
San Diego County

Existing Land Use, San 
Diego Association of 
Governments (SANDAG)

Polygon Unspecified 2000 and 2007 San Diego County land use 
information based on aerial 
photography, County Assessor 
Master Property Records file,  
and other ancillary information.

Roads U.S. Detailed Streets, 
StreetMap USA, ESRI

Line 1:50,000 2000 Enhanced tIGER 2000-based 
streets dataset, with road type 
classification.

Precipitation PRISM Average 
Annual Precipitation, 
U.S. Department of 
Agriculture, Natural 
Resources Conservation 
Service

Raster 30 arc-second 1971-2000 Average annual precipitation  
for the climatological period  
1971-2000, interpolated from 
station data.

gis ProCessing stePs
impervious surface Analysis:
NOTE 1: To estimate road area from linear features, we apply 
approximated average road widths by road type (e.g., local 
road vs. highway).

1.  Buffer streets layer based on road type. For road classes 
0, 1, 2, and 3 assign a buffer of 48ft (96ft total width) and 
for classes 4, 5, 6 assign a buffer of 24ft (48ft total width). 
Classes 7, 8, and 9 are dropped from the analysis. 

NOTE 2: Since the imperviousness dataset is from 2001, we use 
land use data from circa 2001 to calculate mean impervious 
percents by land use type, then apply these mean percents 
to the more recent land use dataset to determine “current” 
impervious area.

2.  Combine the 2001 (SCAG) and 2000 (SANDAG) land use 
layers and create a unique zone field that combines the 
county name and the land use type.

3.  Calculate zonal statistics using the combined 2000/01 land 
use layer (from Step 2) as zones and the imperviousness 
grid as values, at a 10-m cell resolution. This process yields 
a table of mean imperviousness (percent impervious 
surface) by zone, where each zone is a unique county/land 
use type combination.

4.  Combine the 2005 (SCAG) and 2007 (SANDAG) land use 
layers and create a unique zone field that combines the 
county name and the land use type.

5.  Create a summary table based on the 2005/07 land use 
attribute table (from Step 4) that summarizes total area by 
the combined county/land use type zones.

6.  Intersect the land use 2005/07 layer (from Step 4) with the 
roads buffer layer (from Step 1) and update area values.

7.  Create a summary table of the intersected land use and 
road buffer layer (from Step 6) by the unique county/land 
use type field, summarizing total area. 
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8.  Apply the mean imperviousness percent calculated for the 
2000/01 county/land use type zones (from Step 3) to the 
total area within each matching county/land use type zone 
in the 2005/07 land use layer (from Step 5). This process 
yields the “current” estimated impervious area within each 
unique county/land use type zone

9.  Subtract the total road buffer area (from Step 7) from the 
impervious surface area (from Step 8) for each county/land 
use type zone. This calculation yields the total non-road 
impervious area in each county by land use type.

Precipitation Analysis:
1.  Calculate zonal statistics using the land use layer from 

2005/07 (from Impervious Surface Analysis Step 4) as 
zones and the precipitation grid as values, at a cell size of 
10m. This process yields a table of mean precipitation by 
zone, where each zone is a unique county/land use type 
combination.

solar Data Analysis: 
NOTE: To convert the parcel-based solar suitability values 
to a raster for generating statistics by land use zone, we first 
normalize the absolute building and solar areas by parcel 
area, then convert to raster cells.

1.  Dissolve the parcel polygons by parcel ID number (AIN), 
resulting in multipart polygons where an AIN may have 
multiple, separate polygons. This step is necessary to avoid 
incorrect area calculations for discontinuous properties 
(since solar data is aggregated to a parcel unit and not a 
physical polygon). Update area values.

2.  In the dissolved parcel layer (from Step 1), divide Building 
Area and Optimal Area data fields by polygon area to 
yield Fraction Building Area and Fraction Optimal Area. 
If a fraction is greater than 1 (due to rounding in earlier 
processing), set to 1.

3.  Multiply both fractions by 1000 and convert to integer for 
conversion to grid.

4.  Convert dissolved parcel layer to two 10m-cellsize grids, 
one for Fraction Building Area x 1000 and one for Fraction 
Optimal Area x 1000.

5.  Calculate zonal statistics using the 2005/07 land use data 
layer (from Impervious Surface Analysis Step 4) as the 
zone coverage and the two solar grids (x1000) as the value 
grids. This process yields two tables of (a) mean fraction 
building area and (b) mean fraction solar area by county/
land use type combinations. Divide results by 1000 for final 
summary statistics.
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EXECUTIVE SUMMARY  
 

Most American states and metropolitan areas have some idea as to the amount of growth 
they expect over the next several decades, based on estimates of projected demographic, 
household, market and industry trends. These estimates form the foundation of public policies and 
are vital for use in goal setting, planning, and implementation of a variety of growth and development 
strategies. 

 
However, there is not a general sense of how the projected changes in demographic, 

household, and market trends will impact our nation's built environment—that is, how many new 
homes, office buildings, and other physical structures will need to be built to accommodate future 
growth.  To that end, this paper examines a series of projected trends at the national, state, and 
metropolitan level to determine the estimated demand for new housing, commercial, and industrial 
space over the next quarter century. 

 
In short, this paper finds that: 
 

• In 2030, about half of the buildings in which Americans live, work, and shop will have 
been built after 2000.  The nation had about 300 billion square feet of built space in 2000.  
By 2030, the nation will need about 427 billion square feet of built space to accommodate 
growth projections.  About 82 billion of that will be from replacement of existing space and 
131 will be new space.  Thus, 50 percent of that 427 billion will have to be constructed 
between now and then. 

 
• Most of the space built between 2000 and 2030 will be residential space.  The largest 

component of this space will be homes.  Over 100 billion square feet of new residential 
space will be needed by 2030.  However, percentage-wise, the commercial and industrial 
sectors will have the most new space with over 60 percent of the space in 2030 less than 30 
years old. 

 
• Overall, most new growth will occur in the South and the West.  There is tremendous 

variation in the total amount of buildings to be built between regions.  In the Northeast, for 
example, less than 50 percent of the space in 2030 will have been built since 2000, while in 
the West that figure is about 87 percent, a near doubling of built space.  Fast growing 
southern and western places—states like Nevada and Florida and metropolitan areas like 
Austin and Raleigh—will see the most dramatic growth. 

 
• Though a small component of overall growth, the projected demand for industrial 

space in the Midwest outpaces that of the other regions, unlike the other major land 
uses.  States with a strong industrial presence will see the largest amount of growth in 
industrial space even though other areas may witness faster growth.  After California, which 
far outpaces the nation in terms of absolute square feet of new industrial construction, the 
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next four largest producers of industrial space are all Rust Belt states in the Midwest: Ohio, 
Michigan, Illinois, and Indiana.  By 2030, 70 percent of the Midwest’s industrial space will be 
less than 30 years old. 

 
• While these projections may seem overwhelming, they also demonstrate that nearly 

half of what will be the built environment in 2030 doesn’t even exist yet, giving the 
current generation a vital opportunity to reshape future development.  Recent trends 
indicate that demand is increasing for more compact, walkable, and high quality living, 
entertainment, and work environments. The challenge for leaders is to create the right 
market, land use, and other regulatory climates to accommodate new growth in more 
sustainable ways. 
 
The challenges to accommodate future development vary by region of the country.  In 

general, Western states—like California, Washington, and Oregon—have a strong history of growth 
management and will need to continue to find ways to improve upon and implement existing laws 
and approaches.  However, neighboring states like Nevada and Arizona, where explosive growth is 
expected to occur, will need to find their own comprehensive solutions to manage the development 
boom, while facing limitations on land and water.  Overall, the West will not see reduced growth 
pressures, and will need to find innovative ways to accommodate growth on existing land, in cities 
and suburban areas.  By contrast, the rapidly-growing South is more resistant to regulating growth 
and must make some important choices about the kind of economic and overall quality of life it 
hopes to achieve.   

 
Although growth will not be as dramatic in the Northeast and Midwest, these places are not 

off the hook in needing to rethink its development future.  The modest growth in the Northeast, if left 
unchecked, will likely disrupt the small town tranquility and abundant outdoors that define much of 
the quality of life, tourism, and natural resource industries of that region.  For the Midwest, where 
state and local strategies to address patterns of sprawl and disinvestment have been uneven, the 
continued stagnation of cities with rapid land consumption in outlying areas will further erode the 
overall economic competitiveness of whole metropolitan areas.   

 
So the question for policy makers, planners, and ordinary citizens is clear: Should we 

maintain the status quo in terms of development patterns, or can we envision a different pattern of 
growth?  There may be no better time than now to plan the shape American landscape for the next 
generation. 

 

RB-AR10540



 vii

TABLE OF CONTENTS 
 

I. INTRODUCTION.................................................................................................. 1 
II. METHODOLOGY................................................................................................. 3 
III. ESTIMATES AND PROJECTIONS OF FUTURE GROWTH ......................................... 7 
IV. DISCUSSION OF TRENDS AND FIGURES ............................................................ 20 
V. IMPLICATIONS FOR THE NEW METROPOLIS AND CONCLUSION........................... 24 
APPENDIX TABLES ...................................................................................................... 26 
NOTES FOR TABLE CALCULATIONS .............................................................................. 40 
REFERENCES.............................................................................................................. 43 

 

 

 

 

 

 

 

 

 

 

 

RB-AR10541



 1

TOWARD A NEW METROPOLIS: 
THE OPPORTUNITY TO REBUILD AMERICA 

 
I.  INTRODUCTION 

 
In the one hundred years between 1900 and 2000, America’s population shifted from being 

mostly rural (60 percent) to mostly urban (80 percent).  Between 1960 and 2000, urbanized 
population grew by about 80 percent and urbanized land area grew by 130 percent resulting in 
urbanized land density dropping from 3,100 persons per square mile to 2,400.  Between 1985 and 
2001, America added 19 million housing units but 8 million or 40 percent of them were on lots of 
more than one acre (U.S. Census, 1985 and 2001).  And while population grew about 20 percent 
during this period, vehicle miles traveled grew more than 50 percent.  

 
Data from the American Housing Survey indicate that more than 3,000 square miles of land 

annually is converted to residential development over one acre in size.1  If this pattern is sustained 
for an additional 30 years, this would equal development of land area the size of the entire state of 
Colorado.  Unless managed wisely, much of this development could occur on prime farmland and 
forest land, in ecologically or environmentally sensitive areas, and perhaps on hazardous 
landscapes.  This low-density development is also the most expensive density to serve with 
infrastructure, which is estimated to be about $90,000 per home.2   Between 1997 and 2001, roughly 
350,000 such homes were built annually, implying a cost approaching $1 trillion in 30 years. 

 
However, this is an unlikely scenario.  Society is changing and so must its development 

patterns.  During the 1990s, most central cities that lost population since 1950 gained residents and 
urbanized land density increased 15 percent (HUD, 2000).  And, between 1997 and 2001, the share 
of new homes built on lots of one acre or larger fell to 27 percent, down almost half from the share 
seen between 1985 and 1997 (50 percent).3  These small changes may be further influenced by 
more significant changes yet to come.  For example, between 2000 and 2030, the number of people 
aged 65 and over will more than double (U.S. Census 2000). 

 
More interesting are the indications that household’s location preferences may be changing.  

There is growing evidence that the market demand for housing is shifting toward more compact 
forms.  For example, data from the National Association of Realtors (NAR) indicate that for the first 
time ever sales prices of attached homes is now on par with detached homes, a strong indicator of 
changing market demand for higher density, owner-occupied housing (NAR, 2004).  A recent survey 
of home buyer preferences conducted also by the NAR indicates that one-third of the respondents 
have a strong preference for “new urbanism” housing options and up to half may be attracted to 
these options once they see them (NAR, 2001).  Since another third of all households have always 

                                                           
1  Calculated by author from the 2001 American Housing Survey, Table 2-3. (U.S. Census, 2001). 
2  Figures updated to 2004 by the author from figures provided in Frank (1989).  The figure uses only costs for   
   a 1 acre lot; costs for a five acre fully served lot are $130,000. 
3  Calculated by author from the American Housing Survey, Table 2-3.  (U.S. Census, 1997, 2001). 
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rented (usually apartments), indications are that half to two-thirds of the demand for housing in the 
next generation may be for higher density opportunities, nearly a complete reversal of trends seen in 
the 1970s.   

 
Moreover, real estate tracking services advise investors to focus on centrally-located, mixed-

use opportunities with multi-modal access to realize the best returns  (ULI, 2004).   Another recent 
market study found that nearly 15 million households will demand housing near transit by 2025.  
That's double the demand that exists today (Center for Transit-Oriented Development, 2004). 

 
Now consider that the volume of development to be seen during the next generation will be 

nothing short of staggering, probably eclipsing the amount of development seen in any previous 
generation.  In 2030, about half of all existing development will have been built after 2000.  Growth-
related and replacement development will be more than two-thirds of all development existing in 
2000.  All told, perhaps $25 trillion in new development will occur between 2000 and 2030, maybe 
more.  In a very real sense, America’s built landscape can not only be rebuilt but reshaped. 

 
This discussion paper provides the overall numbers showing the estimated magnitude of 

development facing the next generation nationally, in the four major regions (Northeast, Midwest, 
South, and West), all 50 states and the District of Columbia, and 50 of the largest metropolitan 
areas.  The next section reviews the methodology used to make these projections and is followed by 
a section presenting the overall, aggregate numbers.  Then, in succession, there are sections 
reporting and commenting on development projections for residential, commercial and institutional, 
and industrial development.  The last two sections offer observations about the implications for 
public policy and planning. 
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II.  METHODOLOGY 
 
As far as we can determine, this paper is the first of its kind to project development needs on 

a national scale as well as for states, regions, and major metropolitan areas.  It is based on certain 
limiting assumptions, however, and we cannot of course warrant them to be precise; it is the nature 
of long-term projections to be subject to error.  Nonetheless, it provides a starting point to think about 
the future in ways that many may have not.  In all, three sets of development projections are made 
following the basic steps described below.  Results of the methodology are reported in the next three 
sections. 

 
A. Residential Development  

 
Residential land uses dominate the built landscape.  Where and in what configuration 

residential development will occur in the future is subject to debate.  This report estimates the 
magnitude of residential development facing the next generation.  The estimates of future residential 
dwelling unit needs are based on the following steps, which also reviews data sources and 
assumptions. 

 
1. Establish baseline conditions for population and housing units.  We use 2000 as the baseline.  

Population and housing data come from the 2000 Census for states and 50 of the largest 
metropolitan areas projected for 2030. (This means that Buffalo, Providence, and Rochester 
drop out of top-50 metro status between 2000 and 2030).  From this we get average persons 
per housing unit, including vacant units (total population divided by total housing units). 

 
2. Estimate units lost between 2000 and 2030.  Each year, hundreds of thousands of housing 

units are lost to fire, natural disasters, demolitions, and other reasons.   We estimate the 
average annual rate of loss during the 1990s by comparing units older than 10 years reported 
in the American Housing Survey 1999 to total units reported in the American Housing Survey 
1989 for the nation and the four Census divisions (Northeast, Midwest, South, and West).  
Loss rates will certainly vary by state and metropolitan area but we believe not by much.  The 
annual loss rate for the decade is multiplied by only the units in-place in 2000; this 
undercounts total potential units lost since it does not compound across the three decades 
but not by much, resulting in a slightly conservative figure for units lost.  The loss rate we 
derive implies that the typical residential unit lasts about 170 years.  We have no way of 
knowing for certain whether this is too high but we suspect it is. If it is too high, our estimates 
of lost units will be even more conservative. (This research was substantially completed 
before detailed census 2000 figures became available.  Fortunately, census figures for 1990 
and 2000 indicate that average annual loss rates are comparable to those used here.) 

 
3. Estimate population in 2030.  This is done by extrapolating projections to 2030 for states and 

50 of the largest metropolitan areas using in part data we acquired from a national forecasting 
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firm. 4  The estimates assume continuation of current fertility and immigration trends.  A 
change in national immigration policy can raise or lower the projections considerably, as can 
major changes in fertility rates. 

 
4. Estimate housing units needed in 2030.  This is our projected population in 2030 divided by 

the number of persons per housing unit in 2000.  We assume that household size will not 
change, the relationship of seasonal to total homes will not change, and there will be no 
substantive change in the underlying dynamics of the housing market. 5 

 
5. New residential units needed.  This is the total units in 2030 less total units in 2000 plus total 

units lost between 2000 and 2030.   
 

B. Commercial and Institutional Development 
 
Commercial and institutional development includes all building types surveyed by the Energy 

Information Administration of the U.S. Department of Energy, most recently in its Commercial 
Buildings Energy Consumption Survey for 1999.  This survey includes buildings ranging from the 
smallest corner grocery to the largest institutions such as universities.  It does not include industrial 
development (see next section).  Estimating commercial and institutional space involves the 
following calculations steps and assumptions: 

 
1. Estimate square feet of building space in 2000.  This is calculated using the mean square feet 

per commercial and institutional employee from the U.S. Department of Energy's Energy 
Information Administration (EIA) Commercial Buildings Energy Consumption Survey for 1999 
multiplied by the number of such workers in 2000 for each state and 50 of the largest 
metropolitan areas estimated by a commercial data source. 

 
2. Estimate square feet lost between 2000 and 2030.  There are no good estimates for this.  We 

use a loss rate assumption calculated by the EIA for the Nonresidential Buildings Energy 
Consumption Survey: Characteristics of Commercial Buildings, 1983.  The rate is applied 
annually to the square feet estimated by state and the 50 largest metropolitan areas for 2000.  
We do not compound the losses over time, meaning that our estimate is somewhat 
conservative.  Using Energy Information Administration data, we estimate the typical 
commercial and institutional structure lasts about 75 years.  This is far less than the life span 
of a typical residential structure.  Of course the life span of buildings varies considerably with 
many educational institutions lasting hundreds of years and most tall buildings lasting 
probably well over a hundred years.  On the other hand, expansive "big box" retail stores are 
cheaply built and designed for ease of replacement when the time comes to convert property 
to more intensive uses.  

                                                           
4  The data used for this research were adapted from Woods and Poole Econometrics, adjusted for 2000 

census data, and modified for extrapolation to 2030 
5  We do acknowledge that certain household types are changing.  Traditional, nuclear, families account for a 

much smaller percentage of all households than they did in 1970, for example.  (Frey and Berube, 2002).  
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3. Estimate commercial and institutional employment in 2030.  We extrapolate nonfarm and non-
industrial employment projections to 2030 for states and 50 of the largest metropolitan areas 
we acquired in part from a national forecasting firm.  Implicit is the assumption that there will 
be no major shifts in economic conditions that are not already anticipated. 

 
4. Estimate square feet needed in 2030.  For this, we multiply the square feet per commercial 

and institutional worker in 1999 by such workers projected in 2030. It is assumed that square 
feet per worker will not change during the period 2000 to 2030, and neither will their 
distribution. 

 
5. New commercial and institutional square feet needed.  This is square feet needed in 2030 

less square feet in 2000 plus square feet lost between 2000 and 2030. 
 

C. Industrial Development 
 
Demand for industrial development is much more subject to changes in technology and 

markets than residential or commercial and institutional development.  Manufacturing jobs peaked in 
1980 with 21.9 million workers accounting for 20.4 percent of all jobs.6  In the second quarter of 
2004, manufacturing accounted for only 14.4 million of an estimated 138.8 million jobs, or just 10.4 
percent (Bureau of Labor Statistics, 2004).  Moreover, the location of industrial jobs has shifted 
dramatically from Northern central cities and nearby urban areas to "exurban" locations in all regions 
(Nelson and others, 1995).  As manufacturing has become more automated the amount of space per 
worker has increased, since fewer workers but more machines are needed to produce more goods. 
Although in some ways it may be the least predictable of all major land uses, it is also the smallest in 
future development needs.  No federal agency collects data on industrial square feet, so estimating it 
involves the following calculations and assumptions: 
 

1. Estimate square feet of building space in 2000.  The Society of Industrial and Office Realtors 
provided us with data on industrial space as of 2000.  We divided this figure by the number of 
industrial workers in 2000 based on data from the U.S. Department of Commerce, Bureau of 
Economic Analysis to come up with industrial square feet per worker.  We multiplied this by 
the number of such workers in each state and each of the 50 largest metropolitan areas. 

 
2. Estimate square feet lost.  There is even less good information on loss rates for industrial 

space than for other development types.  We resorted to using an opinion contained in a 
report prepared for the National Association of Industrial and Office Properties: "According to 
the NAIOP membership and other sources, opinions on the rate of industrial obsolescence 
range from a conservative 50-year estimate . . . to a useful life as low as 25 years for some 
type of space,"  (Birch and others, 1989).  The assumption used here is the more 
conservative 50-year useful life, not compounded.  Industrial space has the lowest life span of 
buildings of all major land uses considered and, consequently, has the highest rates of 

                                                           
6 (Department of Commerce, 1993) table 647. 
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replacement among all major land uses. However, it is also the sector that is growing the 
least in terms of employment and space needs. 

 
3. Estimate industrial employment in 2030.  Similar to our estimate for commercial and industrial 

workers, we extrapolated projections of industrial workers to 2030 using data we acquired in 
part from a national forecasting firm for each state and 50 of the largest metropolitan areas.  
Although we concede there may be more volatility in industrial employment and associated 
projections than for other development, we note that because its share of total employment is 
small and projected to fall further by 2030 any major fluctuations in industrial employment will 
have a small overall effect on projections of total development needs. 

 
4. Estimate square feet space needed in 2030.  This is calculated simply as the square feet per 

industrial worker for 2000 times the projected industrial employment in 2030.  We assume 
that square feet per worker will not change during the period 2000 to 2030. 

 
5. New industrial square feet needed.  This is calculated as industrial square feet needed in 

2030 less square feet available in 2000 plus square feet lost between 2000 ad 2030. 
 
No effort has been made to refine the projections for individual types of development, nor are 

there adjustments for conditions specific to metropolitan areas.   We believe the figures give a 
reasonable indication of the order of magnitude of development that will be experienced between 
2000 and 2030.  These projections can certainly be refined for specific applications. 
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III.  ESTIMATES AND PROJECTIONS OF FUTURE GROWTH  
 
Overall, we find that total built space in this country will grow from an estimated 295.9 billion 

square feet in 2000 to 427.3 billion in 2030.  This increase in 131.4 billion square feet is in addition to 
the 82.0 billion square feet that will need to be replaced.  Thus, new space built may total 213.4 
billion square feet - about 72.1 percent of the space existing in 2000 (Figure 1). 
 

Figure 1. Amount of Square Feet of Built Space: 2000 and 2030 
 

 

 

 

 

 

 

 

 

 

 

 

 
Source: Author's Calculations 

 
In other words, in 2030 half of the built landscape will not have even existed in 2000.  

Assuming a modest $100 per square foot, new construction will come to about $20 trillion.7  Add 
another 25 percent for infrastructure costs and the total estimated investment in development 
between 2000 and 2030 is $25 trillion, maybe more. 

 
For the most part, development in the South and West will outpace the nation, together 

growing from 160.5 billion to 251.5 billion square feet (Table 1).  Including replaced space, about 
136.3 billion square feet of new space will be constructed, which is equivalent to about 84.9 percent 
of all space existing in 2000 or about 54.2 percent of all development seen in 2030.  Changing less 
rapidly will be the Northeast and Midwest, together growing from 135.3 to 175.7 billion square feet.  
At 77.2 billion square feet, new space will be equivalent to more than half (57.0 percent) of space in 
2000 and is estimated to be about 43.9 percent of all space projected in 2030. 
                                                           
7  The projections used in this report are based on current trends, technology, demographics, and consumer 

preferences using secondary data sources. They are not intended to be precise and are certainly not to be 
relied upon for investment or related decisions. 
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Table 1.  Summary of Total Development Needs: 2000–2030 
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Nation 295,874,358,000 427,250,696,000 213,449,209,000 72.1% 50.0% 
          
Northeast 60,418,404,000 75,097,600,000 29,659,046,000 49.1% 39.5% 
Midwest 74,917,390,000 100,621,685,000 47,537,211,000 63.5% 47.2% 
South 100,609,817,000 156,757,456,000 84,436,442,000 83.9% 53.9% 
West 59,928,747,000 94,773,955,000 51,816,510,000 86.5% 54.7% 
           
Northeast and Midwest 135,335,794,000 175,719,285,000 77,196,257,000 57.0% 43.9% 
South and West 160,538,564,000 251,531,411,000 136,252,952,000 84.9% 54.2% 

Source: Author's calculations.  Notes for the table calculations can be found in the appendix. 

 
The figures cited above are calculations for all types of development—residential, 

commercial and institutional, and industrial combined.  Let us now turn to the individual development 
categories. 
 
A. Residential Development 

 
In 2000, the nation had 115.9 million residential units.  Based on our calculations, we 

estimate there will be about 154.8 million units in 2030.  About 38.8 million units will be needed to 
accommodate new population.  An additional 20.1 million existing units will be lost.  So, this nation 
will need to build about 58.9 million new units between 2000 and 2030.  This is more than half the 
number of units in place in 2000.  Looking at this from another perspective, about 38.1 percent of all 
residential units that will exist in the U.S. in 2030 will be built after 2000. 

 
As can be clearly seen in Map 1, there is considerable variation between the regions.  The 

Northeast will see, by far, the least amount of change. Table 2 shows that the 6.4 million units built 
will be nearly one- third (29.2 percent) of the units in-place in 2000 (22.1 million).  The South and 
West will see the greatest change.  In the South, the 25.7 million new units seen by 2030 will be 
about 42.8 percent of the units in-place.  More impressive is that in the West new units built will be 
more than two-thirds (66.2 percent) of the number of units in-place in 2000. 
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Map 1. New Residential Units as a Percent of all Units in 2030 

 

 
Among the states, the greatest growth in residential units will be in Nevada because of rapid 

growth on a relatively small base.  In Nevada, more units will be built between 2000 and 2030 than 
existed in 2000.  Arizona will see the second fastest rate of growth with the construction of nearly 2.1 
million new units, or about as many units that currently exist in the state today.  The states with the 
largest projected number of new housing units are California, Florida, and Texas, and they will 
collectively see 18.7 million units built between 2000 and 2030 or about two-thirds of the 27.7 million 
units that existed in 2000.  In those states, 44.8 percent of all units projected in 2030 (40.7 million) 
will be built between 2000 and then. 

 
The dichotomy in growth between the Northeast and Midwest compared to the South and 

West is also seen clearly among the largest metropolitan areas.  In the South and West, almost all 
metropolitan areas will see half as many homes built by 2030 as existed in 2000; only five 
metropolitan areas in the Midwest have this distinction, and none in the Northeast. However, in 
sheer numbers, the Los Angeles metropolitan area will add the most number of units, 2.8 million 
(50.1 percent of those existing in 2000), ahead of New York at 2.6 million (31.6 percent of those 
existing in 2000).  The only other metropolitan area projected to add more than 2 million units is 
Washington (Table 3).     
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Table 2. Residential Unit Demand by Nation, Regions, and States Ranked  by the Percent 
of Housing Units in 2030 built since 2000 
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United States 115,904,641 154,756,268 38,851,627 20,087,433 58,939,060 50.9% 38.1% 

        

West 24,378,020 35,922,057 11,544,037 4,584,774 16,128,808 66.2% 44.9% 

South 42,382,546 60,173,882 17,791,336 7,953,582 25,744,922 60.7% 42.8% 

Midwest 26,963,635 33,026,601 6,062,966 4,695,716 10,758,682 39.9% 32.6% 

Northeast 22,180,440 25,594,225 3,413,785 3,052,917 6,466,703 29.2% 25.3% 

        

Top 10 States        

1.       Nevada 827,457 1,596,484 769,027 155,620 924,646 111.7% 57.9% 

2.       Arizona 2,189,189 3,863,065 1,673,876 411,721 2,085,596 95.3% 54.0% 

3.       Utah 768,594 1,326,928 558,334 144,549 702,883 91.5% 53.0% 

4.       Florida 7,302,947 11,396,531 4,093,584 1,373,465 5,467,049 74.9% 48.0% 

5.       Idaho 527,824 818,873 291,049 99,268 390,317 73.9% 47.7% 

6.       Colorado 1,808,037 2,792,037 984,000 340,038 1,324,038 73.2% 47.4% 

7.       Texas 8,157,575 12,457,257 4,299,682 1,534,195 5,833,877 71.5% 46.8% 

8.       New Mexico 780,579 1,162,857 382,278 146,803 529,081 67.8% 45.5% 

9.       Oregon 1,452,709 2,135,376 682,667 273,211 955,878 65.8% 44.8% 

10.    Washington 2,451,075 3,579,681 1,128,606 460,974 1,589,579 64.9% 44.4% 
        

Bottom 10 States        

42.    Iowa 1,232,511 1,413,117 180,606 214,642 395,247 32.1% 28.0% 

43.    Maine 651,901 779,991 128,090 89,728 217,817 33.4% 27.9% 

44.    North Dakota 289,677 331,898 42,221 50,447 92,668 32.0% 27.9% 

45.   Massachusetts 2,621,989 3,041,642 419,653 360,891 780,544 29.8% 25.7% 

46.    West Virginia 844,623 919,991 75,368 158,848 234,216 27.7% 25.5% 

47.    Rhode Island 439,837 503,068 63,231 60,539 123,771 28.1% 24.6% 

48.    New York 7,679,307 8,686,396 1,007,089 1,056,980 2,064,069 26.9% 23.8% 

49.    Connecticut 1,385,975 1,559,652 173,677 190,766 364,443 26.3% 23.4% 

50.    Pennsylvania 5,249,750 5,871,569 621,819 722,576 1,344,395 25.6% 22.9% 

51.   Dist. Columbia 274,845 259,585 -15,260 51,690 36,431 13.3% 14.0% 

Source: Author's calculations.  The full table can be found in the appendix. 
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Table 3. Residential Development Change by 50 Largest Metropolitan Areas in 2030 
Ranked by the Percent of Housing Units in 2030 built since 2000 
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Top 10 Metro Areas        

1.    Las Vegas 656 1,343 687 123 810 123.5% 60.3% 

2. Austin 496 983 487 93 580 116.9% 59.0% 

3. Phoenix 1,331 2,417 1,086 250 1,336 100.4% 55.3% 

4. West Palm Beach 556 980 424 105 529 95.1% 54.0% 

5. Orlando 684 1,204 520 129 649 94.9% 53.9% 

6. Raleigh-Durham 496 838 342 93 435 87.7% 51.9% 

7. Dallas-Fort Worth CMSA 2,031 3,344 1,313 382 1,695 83.5% 50.7% 

8. Salt Lake City 456 748 292 86 378 82.9% 50.5% 

9. Sacramento CMSA 715 1,161 446 134 580 81.1% 50.0% 

10. Charlotte 616 991 375 116 491 79.7% 49.5% 

        

Bottom 10 Metro Areas        

40. Chicago CMSA 3,486 4,335 849 607 1,456 41.8% 33.6% 

41. New Orleans 556 652 96 105 201 36.2% 30.8% 

42. Milwaukee CMSA 693 814 121 121 242 34.9% 29.7% 

43. Boston 2,417 2,870 453 333 786 32.5% 27.4% 

44. St. Louis 1,093 1,257 164 190 354 32.4% 28.2% 

45. New York CMSA 8,175 9,635 1,460 1,125 2,585 31.6% 26.8% 

46. Detroit CMSA 2,208 2,512 304 385 689 31.2% 27.4% 

47. Philadelphia CMSA 2,540 2,950 410 350 760 29.9% 25.8% 

48. Cleveland CMSA 1,246 1,338 92 217 309 24.8% 23.1% 

49. Hartford 483 512 29 67 95 19.7% 18.6% 

50. Pittsburgh 1,046 1,069 23 144 167 16.0% 15.6% 

Source: Author's calculations.  Notes for the table calculations and the full table can be found in the appendix.  All 
areas are MSAs unless otherwise indicated. 

 
In order to make these figures more meaningful we attempted to estimate the square feet of 

new residential development constructed between 2000 and 2030.  Unfortunately, comparable data 
on existing square feet and square feet of new construction for the states and metropolitan areas are 
not available.  Such data do exist, however, for the nation as a whole and the four regions.  We were 
thus able to estimate residential square feet for these geographic units in the following way: 
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First, we collected housing data from the 2000 Census.  This gave us owner-occupied and 
renter housing figures, along with vacancies.  We apportioned vacant units proportionately based on 
tenure.  We then estimated existing square feet by multiplying square feet per owner- and renter-
occupied units from the American Housing Survey 2001 to the housing units in 2000.  This gave us 
an overall estimate for the nation and the regions. 

 
Second, using data from the American Housing Survey 1999 and American Housing Survey 

1989, we estimated average rates of loss per decade for the nation and the regions.  We used this 
information to estimate square feet lost over the 30-year period 2000 to 2030. 

 
Third, we then estimated square feet of new units to be constructed based on the average 

size of owner- and renter-occupied units constructed during the past four years based the American 
Housing Survey 2001. Although housing unit size has been increasing steadily over the past few 
decades, we assume future units will be equivalent in size to units building between 1997 and 2001.  
Our figures are thus probably conservative. 

 
Finally, this simplistic calculation approach allowed us to estimate existing (2000), lost, new, 

and projected (2030) residential space. 
 
Table 4 reports the results.  More than 108 billion square feet of residential space will be built 

between 2000 and 2030 which is 61.5% of the space that existed in 2000 (176.7 billion square feet).  
About 42.7 percent of all residential square feet seen in 2030 will be built after 2000, assuming no 
further increases in average house size. 

 
In the Northeast and Midwest new residential square feet will be about 42.5 percent of the 

residential space in 2000 representing about a third (33.5 percent) of all such space seen in 2030.   
The story is much different in the South and West, however, where new residential construction will 
be about 77.0 percent of the square feet present in 2000 and will approach half (48.7 percent) of the 
space projected for 2030.  These two regions will see about 75 billion square feet of new residential 
square feet by 2030—again, assuming no change in the size of newly constructed homes. 
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Table 4.  Residential Square Feet For Nation and Regions: 2000-2030 
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United States 176,746,943 254,700,875 108,732,700 61.5% 42.7%
  
West 36,192,991 58,389,682 29,003,507 80.1% 49.7%
South 61,238,186 95,761,419 46,040,299 75.2% 48.1%
Midwest  42,121,732 55,264,713 20,478,480 48.6% 37.1%
Northeast 37,194,034 45,285,061 13,210,414 35.5% 29.2%
        
Northeast and Midwest 79,315,766 100,549,774 33,688,894 42.5% 33.5%
South and West 97,431,177 154,151,101 75,043,806 77.0% 48.7%

Source: Author's calculations.  Notes for the table calculations can be found in the appendix. 

 
B.   Commercial and Institutional Development 

 
For the nation as a whole, between 2000 and 2030 about 96.4 billion square feet of 

commercial and institutional square feet will be built, nearly as much as existed in 2000 (106.7 billion 
square feet).  The Northeast and Midwest will see the least amount of change but newly built space 
in these regions will still come to 72.6. and 85.0 percent, respectively, of all commercial and 
institutional space in 2000. 

 
Indeed, more than half of all commercial and institutional space projected for 2030 will be 

built after 2000.  The South and West will see the greatest change with new commercial and 
institutional square feet.  Overall, nearly two-thirds of the commercial and institutional square feet 
projected for 2030 in the South and West will be built after 2000.  In both regions, the amount of new 
space built between 2000 and 2030 will be as much as existed on the ground in 2000. 

 
As with residential development because of its small base, the state projected to have the 

largest rate of change in commercial and institutional development will be in Nevada where new 
space will be about 137.6 percent of that existing in 2000, and 70.0 percent of all such space 
projected for 2030.  Arizona will have the second largest percentage change; it will see construction 
of about 2.2 billion square feet of commercial and institutional space or 131.8 percent of the square 
feet we estimate was in-place in 2000.  This will be about 69.1 percent of all square feet projected 
for 2030.  The states with the largest projected growth—California, Florida, Texas—combined will 
add about 25 billion square feet of commercial and institutional square feet.  See Table 5. 

 
On the metropolitan level, Table 6 shows that, as with the figures for residential 

development, there is a substantial difference in projected development of commercial and 
institutional space between places in the Northeast and Midwest compared to the South and West. 
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However, in stark contrast to the residential figures, half of the top metropolitan areas will 

need to build as much or more commercial and industrial space as existed on the ground in 2000.  
Ten of the 12 metropolitan areas with more than 2 million residents in 2000 that will see the largest 
change in commercial and institutional square feet space are located in the South and West.   
Finally, although the New York metropolitan areas ranks last in terms of the percentage of new 
space built after 2000, it ranks first in terms of the sheer volume of new space projected to be 
constructed—nearly 6 billion. 
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Table 5.  Commercial and Institutional Square Feet Demand for Nation, Regions and State 
Ranked by the Percentage of Square Feet in 2030 Built Since 2000 
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United States 106,784,896 159,327,980 96,431,677 90.3% 60.5%
       
South 36,249,955 57,580,040 36,228,817 99.9% 62.9%
West 21,571,253 33,961,697 21,256,228 98.5% 62.6%
Midwest 27,407,296 39,431,917 23,289,021 85.0% 59.1%
Northeast 21,556,392 28,354,326 15,657,611 72.6% 55.2%
  
Top 10 States       
1. Nevada 775,324 1,523,379 1,066,713 137.6% 70.0%
2. Arizona 1,668,568 3,182,366 2,199,579 131.8% 69.1%
3. Utah 806,278 1,488,003 1,013,105 125.7% 68.1%
4. Florida 5,965,855 10,132,535 6,618,646 110.9% 65.3%
5. Idaho 414,194 693,517 449,557 108.5% 64.8%
6. Texas 7,580,685 12,572,490 8,107,467 106.9% 64.5%
7. South Carolina 1,352,400 2,237,095 1,440,531 106.5% 64.4%
8. North Carolina 2,817,500 4,641,630 2,982,123 105.8% 64.2%
9. Colorado 1,716,473 2,768,909 1,757,906 102.4% 63.5%
10. Tennessee 2,084,145 3,344,775 2,117,214 101.6% 63.3%

  
Bottom 10 States  
42.   Illinois 5,341,525 7,456,127 4,309,969 80.7% 57.8%
43. Maine 509,652 701,844 401,659 78.8% 57.2%
44. New Jersey 3,363,360 4,580,004 2,598,985 77.3% 56.7%
45. Massachusetts 2,859,714 3,855,852 2,171,480 75.9% 56.3%
46. Pennsylvania 4,639,206 6,241,950 3,509,458 75.6% 56.2%
47. Rhode Island 389,532 523,380 293,946 75.5% 56.2%
48. Connecticut 1,444,872 1,937,364 1,086,334 75.2% 56.1%
49. Hawaii 463,573 594,022 320,978 69.2% 54.0%
50. New York 7,583,004 9,381,372 4,914,983 64.8% 52.4%
51. Dist of Columbia 553,035 594,895 269,157 48.7% 45.2%

Source: Author's calculations.  The full table can be found in the appendix. 
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Table 6.  Commercial and Institutional Square Feet Demand by 50 Largest Metropolitan 
Statistical Areas in 2030 Ranked by the Percentage of Square Feet in 

2030 Built Since 2000 
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Top 10 Metro Areas  

1.  Las Vegas 573,386 1,205,732 868,008 151.4% 72.0%
2.  Austin 545,790 1,145,515 824,045 151.0% 71.9%
3.  Phoenix 1,157,090 2,266,275 1,584,749 137.0% 69.9%
4.  Orlando 741,405 1,409,555 972,867 131.2% 69.0%
5.  West Palm Beach 429,065 792,925 540,206 125.9% 68.1%
6.  Raleigh-Durham 536,935 955,535 639,280 119.1% 66.9%
7.  Charlotte 618,240 1,093,995 729,852 118.1% 66.7%
8.  Salt Lake City 535,062 941,886 626,734 117.1% 66.5%
9.  Nashville 564,305 980,490 648,114 114.9% 66.1%
10. Sacramento, CMSA 652,982 1,129,821 745,215 114.1% 66.0%
  
Bottom 10 Metro Areas  
41. Chicago, CMSA 4,064,144 5,699,155 3,305,374 81.3% 58.0%
42. Milwaukee, CMSA 778,533 1,081,143 622,587 80.0% 57.6%
43. Detroit, CMSA 2,193,464 3,032,519 1,740,569 79.4% 57.4%
44. Boston, CMSA 2,758,470 3,776,916 2,152,177 78.0% 57.0%
45. New Orleans 523,250 704,375 396,181 75.7% 56.2%
46. Philadelphia, CMSA 2,516,514 3,378,804 1,896,577 75.4% 56.1%
47. Cleveland, CMSA 1,274,630 1,701,952 951,195 74.6% 55.9%
48. Pittsburgh 950,664 1,235,520 675,579 71.1% 54.7%
49. New York, CMSA 8,637,486 10,972,104 5,884,625 68.1% 53.6%
50. Hartford 561,132 710,015 379,509 67.6% 53.5%

Source: Author's calculations.  The full table can be found in the appendix.  All areas are MSAs unless otherwise 
indicated. 

 
 
In many ways the location and scale of commercial and institutional development has 

perhaps the greatest potential to reshape America's future urban form.  This can happen for two 
reasons.  First, it is the most flexible because on the whole it has a relatively short life span.  Newly 
built projects in many suburban areas are easily replaced within a generation or less as markets 
change.  What will replace it?  Perhaps more intensive development because the location is 
probably reasonably central to markets, and transportation and infrastructure can support more 
intensive uses.  
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This leads to the second reason.  There is a gradual but growing acceptance of the benefits 
of mixing residential with commercial and institutional development.  Niche markets offering mixed 
uses, such as intown redevelopment projects and projects patterned after the "new urbanism," 
appear to be growing.  The combination of flexibility in construction and acceptance of mixed uses 
may lead to different development patterns than witnessed since the end of World War II.  Whether 
this trend will be accelerated by market forces or planning policies, or both, is subject to speculation. 

 
C. Industrial Development 

 
Lastly, for the nation as a whole, between 2000 and 2030 about 8.3 billion square feet of 

industrial square footage will be built:  67.1 percent of the 12.3 billion square feet present in 2000.  
Unlike the other major land uses, however, projections of industrial space demand for the Midwest 
will outpace the other regions.  The Midwest will see growth-related and replaced industrial space 
coming to 70.0 percent of the industrial square feet existing in 2000 (3.8 billion new square feet 
compared to 5.4 billion existing square feet); 63.6 percent of industrial space projected in 2030 will 
be built between 2000 and then.  The West will see new industrial square feet being about 71.9 
percent of all such space existing in 2000; 64.3 percent of the industrial square feet projected for 
2030 will be built between 2000 and then.  The South has a surprisingly large amount of this kind of 
space, although the region is not typically seen as industrial. 

 
States with a strong industrial presence will see the largest amount of growth even though 

other areas may witness faster growth.  After California, which far outpaces the nation in terms of 
new construction, the next four states are all Rust Belt states in the Midwest: Ohio, Michigan, Illinois, 
and Indiana.  As Table 7 shows, the places with the fastest growth all rank low with respect to overall 
number of workers as well as total square feet needed.   

 
Similarly, although some metropolitan areas will appear to see substantial growth in 

industrial space, the volume of new space is decidedly in established industrial centers.  For 
example, as seen in Table 8, the four leaders in growth rates are projected to be Austin (105.9 
percent growth with 44.4 million new square feet), Sacramento (105.2 percent and 40.0 million 
square feet), Las Vegas (98.5 percent and 15.7 million square feet), and Salt Lake City (93.7 percent 
and 51.1 million square feet). But growth in industrial space in these metropolitan areas will be 
dwarfed by the sheer volume of square feet to be built in such manufacturing centers as Cleveland 
(76.8 percent change with 208.4 million square feet), Los Angeles (63.9 percent and 426.6 million 
square feet), Detroit (62.3 percent and 309.5 million square feet), and Chicago (61.4 percent and 
395.8 million square feet). 

 
Perhaps more so than most other land uses, manufacturing is not likely to be mixed with 

residential land uses.  Manufacturing processes, their need for extensive land areas, traffic, and 
other features often make manufacturing land uses incompatible with residential and many types of 
commercial and institutional land uses.  Still, it is possible that some industrial development in the 
future may be mixed with other land uses.  Even if it does not, its share of total development will be 
quite small relative to residential and commercial/institutional development.  
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Table 7. Industrial Square Feet Demand for Nation, Regions, and States Ranked by the 
Percent of Square Feet in 2030 built since 2000 
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United States 12,342,519 13,221,841 8,284,832 67.1% 62.7% 
   
West 2,164,503 2,422,576 1,556,775 71.9% 64.3% 
Midwest 5,388,362 5,925,055 3,769,710 70.0% 63.6% 
South 3,121,676 3,415,997 2,167,326 69.4% 63.4% 
Northeast 1,667,978 1,458,213 791,021 47.4% 54.2% 
   
Top 10 States   
1.   Nevada 28,811 42,910 31,386 108.9% 73.1% 
2.  North Dakota 23,218 33,934 24,647 106.2% 72.6% 
3.  Utah 85,820 119,535 85,207 99.3% 71.3% 
4.  Wyoming 47,329 65,189 46,257 97.7% 71.0% 
5.  South Dakota 8,582 11,647 8,214 95.7% 70.5% 
6.  Idaho 50,879 66,817 46,465 91.3% 69.5% 
7.  Nebraska 109,839 138,415 94,479 86.0% 68.3% 
8.  Arizona 137,925 171,027 115,857 84.0% 67.7% 
9.  Arkansas 196,460 239,324 160,740 81.8% 67.2% 
10. Kansas 130,152 158,253 106,192 81.6% 67.1% 
   
Bottom 10 States   
42. Delaware 41,905 39,440 22,678 54.1% 57.5% 
43. West Virginia 30,073 28,101 16,072 53.4% 57.2% 
44. Pennsylvania 470,869 439,936 251,588 53.4% 57.2% 
45. Maine 46,154 42,717 24,255 52.6% 56.8% 
46. Hawaii 12,260 11,034 6,130 50.0% 55.6% 
47. Massachusetts 218,495 190,999 103,601 47.4% 54.2% 
48. New Jersey 232,243 193,945 101,048 43.5% 52.1% 
49. New York 448,774 373,160 193,650 43.2% 51.9% 
50. Connecticut 37,316 29,951 15,025 40.3% 50.2% 
51. Rhode Island 133,603 106,981 53,540 40.1% 50.0% 

Source: Author's calculations.  The full table can be found in the appendix.   
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Table 8.  Industrial Square Feet Demand for 50 Largest Metropolitan Statistical Areas 
Ranked by the Percent of Square Feet in 2030 built since 2000 
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Top 10 Metro Areas   
1.  Austin 41,905 61,132 44,370 105.9% 72.6% 
2.  Sacramento, CMSA 38,006 55,170 39,968 105.2% 72.4% 
3.  Las Vegas 15,938 22,068 15,693 98.5% 71.1% 
4.  Salt Lake City 54,557 72,947 51,124 93.7% 70.1% 
5.  Houston, CMSA 117,827 157,267 110,136 93.5% 70.0% 
6.  Phoenix 106,049 134,247 91,827 86.6% 68.4% 
7.  Portland, CMSA 106,662 132,408 89,743 84.1% 67.8% 
8.  Oklahoma City 28,594 34,510 23,072 80.7% 66.9% 
9.  Grand Rapids 148,238 178,600 119,305 80.5% 66.8% 
10. West Palm Beach 17,197 20,706 13,827 80.4% 66.8% 
   
Bottom 10 Metro Areas   
41. Kansas City 97,337 95,551 56,616 58.2% 59.3% 
42. Louisville 44,370 43,384 25,636 57.8% 59.1% 
43. Greenville 59,653 56,202 32,341 54.2% 57.5% 
44. Columbus 85,728 80,370 46,079 53.8% 57.3% 
45. Boston, CMSA 224,387 203,274 113,519 50.6% 55.8% 
46. Philadelphia, CMSA 183,143 162,521 89,264 48.7% 54.9% 
47. Pittsburgh 69,231 60,884 33,192 47.9% 54.5% 
48. St. Louis 174,135 147,345 77,691 44.6% 52.7% 
49. Hartford 45,663 35,322 17,056 43.3% 52.0% 
50. New York, CMSA 480,689 381,016 188,740 39.3% 49.5% 

 
Source: Author's calculations.  Notes for the table calculations and the full table can be found in the appendix.  All 

areas are MSAs unless otherwise indicated.
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IV.  DISCUSSION OF THE TRENDS AND FINDINGS 
 
Where will all this new construction go?  At first impression, one might expect that most of 

the 213.4 billion square feet in new construction will go into “greenfield” locations such as farms, 
forests, and other open spaces.  That is what the trend from the 1990s implies.  Assuming 5,000 
residential and 10,000 nonresidential square feet per acre, we would need to develop about 35 
million acres of land, about the same trend estimated earlier.8  In some parts of the nation, such as 
the Northeast and parts of the Midwest, it is possible that abandoned development will not be 
replaced but displaced farther out as appears to be occurring in many lagging areas.  In rapidly 
growing areas of the South, central locations may be revitalizing but substantial shares of all new 
development occur in ever-distant locations, as in Atlanta, Charlotte, Nashville, and other regions. 
 

Figure 2.  Total Square Feet, by Category, 2000 and 2030 
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Some of these patterns will certainly continue.  However, it is clear that much more will be 

redirected inward or into more compact, mixed-use suburban developments. 
 

                                                           
8 The 5,000–10,000 estimate is typical low-density suburban standard. It implies two residential units per acre 

and a commercial development floor-area-ration of about 0.20 to 0.25.  The 35 million acres is calculated 
as 112 billion square feet of residential space divided by 5,000 square feet per acre plus 105 billion square 
feet of nonresidential space divided by 10,000 square feet per acre, rounded up. 
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That rationale is based in emerging trends rooted in demographic changes combined with 
commercial and institutional market signals.  How much of the expected new development will be in 
conventional “sprawl” is difficult to say for certain, but our guess is not more than half and maybe 
only a quarter to  one-third.  While sprawl will continue, it will not dominate the market as it has for 
the past half-century.  Instead, pressure will be put on central cities (albeit not all of them), older 
suburbs, and second-tier suburbs that have large amounts of under-utilized land. 

 
One challenge facing these areas is where to put new development.  Certainly some of it will 

go on by-passed, vacant land and others on redeveloped sites but, what might be surprising to some 
is that, a very large share (maybe most of it) could go on surface parking lots.  Studies by the Urban 
Land Institute (ULI) indicate that suburban America is probably “over-parked” by about one-third; that 
is, we have about one-third more parking spaces around office buildings, shopping centers, 
institutional centers and the like than is needed (ULI, 1999). 

 
For example, in a metropolitan area of about 2 million people (such as Cincinnati, Orlando, 

Portland, and Sacramento) there will be about 1 million people working in single-level or low-rise 
locations with associated surface parking.  They work in about 800 million square feet of space.  A 
typical parking ratio, dictated by local zoning standards, calls for about 4 stalls per 1,000 square feet 
of space, resulting in about 3.2 million parking spaces in these sample metropolitan areas.  
According to ULI, about one-third (or over one million) of those spaces are not needed.  Assuming 
400 square feet per parking stall the excess parking area comes to about 400 million square feet 
which is nearly 10,000 acres or 15 square miles.9  At a floor-area-ratio of 1.010 and adjusting for new 
parking demands associated with new development (at lower rates reflective of ULI studies), up to a 
quarter of metropolitan Orlando’s, and third of metropolitan Portland’s and Sacramento’s, and all of 
metropolitan Cincinnati’s future development needs could be met on just this over-parked land. 

 
We may also see acceleration of redevelopment in some cases.  For example, the U.S. 

Department of Energy reports that the average age of buildings devoted to food sales is 19.5 years 
and that for retail space other than enclosed malls is 24.5 years.  (EIA, 2002)   With nearly 6 billion 
square feet devoted to these two building types in 2000, it is conceivable that most of it will be 
replaced by 2030, and some of it twice over.  

 
Industrial development is more problematic.  Modern industrial processes are mostly linear 

requiring low-rise buildings. They also tend to require remote areas in part for the land prices and in 
part to be away from potential conflicts with urban development.  It is conceivable that much of the 7 
billion square feet in industrial space that will need to be replaced and the 1 billion in new square 
feet needed to meet growth will occur away from where they presently exist.  Some become 
brownfields.  The redevelopment of abandoned industrial sites will likely continue to be a challenge 
for local governments.  New industrial construction locating farther out will certainly stimulate 

                                                           
9  A typical stall measures 8 to 9 feet by 18 to 20 feet.  Parking lot access lanes, buffer areas, and the like 

double this area. 
10 For a 40,000 square foot site this means a structure of 40,000 square feet would be built on it.  Allowing for 

setbacks, the building would be low-rise, just two or there floors. 
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population growth and associated residential, office, retail, and institutional development.  In terms of 
the overall scheme of new construction, industrial development will be very small – maybe less than 
4 percent – but its impact on communities beyond the suburban fringe may be significant especially 
considering spin-off development. 

 
The wild card in reshaping development patterns is new residential construction.  More of it 

appears headed to central cities, downtowns, and suburban mixed-use developments than seen in 
the past but no one really knows whether this trend will continue or accelerate, or even become a 
significant factor.   As noted earlier, changing demographics especially among the elderly may 
reorient housing markets; their number will double between 2000 and 2030, hitting 70 million by 
then.  This will be the fastest growing segment of the housing market.  With about 25 million new 
elderly households (assuming about 1.4 persons per elderly household), it will account for about half 
of the 40 million new households projected between 2000 and 2030. 

 
Meeting this housing need wisely can do a lot to reshape the built landscape.  For example, 

if only 10 percent of these elderly households could occupy “accessory dwelling units”, 4 million new 
housing units need not be constructed (in the conventional sense) and an area of land larger than 
Los Angeles would not have to be developed.11 

 
Another housing need to meet relates to immigrant households. In the 1990's 9.1 million 

immigrants arrived legally in the United States, joined by millions who entered illegally (Lindsay and 
Singer, 2003).  Location and housing choices of immigrants may not be as expected.  For example, 
while among all first-time home-buyers 46 percent chose central city locations, only a little more than 
a third of immigrant households did; indeed, first-time buyers among immigrants tended to choose 
suburban locations (60 percent).  On the whole, immigrant first-time buyers had larger families than 
native-born (3.87 to 2.75), purchased smaller homes (1,326 square feet to 1,400), and had fewer 
square feet per person (368 to 550). On the other hand, compared to native born first-time buyers, 
proportionately few foreign-born first-time buyers tend largely to locate outside metropolitan areas (4 
percent to 22 percent) (Drew, 2002).  A recent study by Brookings confirms this pattern for all 
immigrant households as a whole.  In 2000, more immigrants in metropolitan areas lived in suburbs 
than cities, and their growth rates there exceeded those in the cities. Most notably, immigrants in 
sunbelt states are far more likely to live in the suburbs than in central cities (Singer, 2004). 

 
States may become more active in managing future development patterns and minimizing 

negative effects of exclusionary zoning for their own statewide well-being.  Twin pressures are at 
work.  The recession of the first decade of the 21st Century is robbing states of fiscal resources 
needed to meet growing needs.  One cause of fiscal distress is low-density development patterns 
that cost more to serve than moderately dense ones (Burchell, 2002)  There is a growing body of 
literature suggesting that growth management leading to higher density development patterns 
improve prospects for economic development (Cervero, 2000; Nelson and Peterman, 2000; Muro 
and Puentes, 2004).  Fiscal burdens and economic development may be better served with more 

                                                           
11 Assuming 10 units per acre as the alternative average density for such households. 
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compact development patterns than observed since World War II.  With so much new construction to 
come, the current generation has an opportunity to improve fiscal and economic conditions for the 
next. 

 
Government can, however, accommodate these changing trends. Consider the example of 

Arlington County, Virginia.  In 1990 its population was about 171,000 and employment about 
197,000.  At nearly 7,000 people per square mile for its 25 square mile area, conventional wisdom 
was that it was built out.  By 2002, however, its population had grown to 192,000 and employment to 
200,000.   We estimate that in 2030 its population will be about 220,000 and employment 240,000.  
What’s happening?  The county is working with neighborhood groups and developers to 
choreograph a combination of transit-oriented infill, redevelopment, and brownfield development 
while preserving the integrity of stable neighborhoods, protecting sensitive landscapes, and 
maintaining open spaces.  Arlington's efforts have won it an award for excellence by the Urban Land 
Institute and, in 2002, the Environmental Protection Agency’s “smart growth” award in 2003. 

 
Can the example of Arlington County be replicated?  Probably in some places.  To do so, we 

must begin with an appreciation of the magnitude of growth that is about to occur.  The hope is that 
readers may grasp opportunities to shape imminent development into something better than would 
occur otherwise.  The figures may be staggering but they are based on reasonably conservative 
estimates using conservative assumptions.  It is possible and perhaps likely that more development 
will be seen than estimated but the overall magnitude of change will not.  
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V.  IMPLICATIONS FOR THE NEW METROPOLIS AND CONCLUSION 
 
For those who worry that the horse is out of the barn when it comes to shaping the future, 

this report should give pause.  Rebuilding the already built landscape will be challenging and in 
some respects the deck of cards are stacked against it.  For one thing, major federal, state, and local 
policies, spending programs, and tax expenditures fundamentally shape growth in metropolitan 
areas.  Taken together these policies facilitate the decentralization of metropolitan areas and provide 
business barriers and impediments to redevelopment and reinvestment (Katz, 2002). 

 
On the other hand, the opportunity cannot be denied.  With new development in 2030 

projected to be two-thirds or more of all existing development, the opportunity exists now to rebuild 
the built landscape in ways that improve the nation’s quality of life.    

 
What can be done now to facilitate this? 
 
Let us consider the plight facing a major metropolitan area: Washington-Baltimore.  This 

metropolitan area is projected to grow from 7.6 million in 2000 to 10.6 million people in 2030.  Its 
employment will grow from 4.4 million to 6.4 million workers.  Total nonresidential development will 
grow from 3.6 billion square feet to 5.2 billion.  Total new nonresidential construction will equal all 
that existed in 2000.  Taken as a whole, about 60 percent of development seen in 2030 will be built 
after 2000.  Where will it go?  That question can be answered through the following process: 

 
1. Detailed, long-term projections of all development needs.  This is the stuff of planning but all 

too often ignored.  Such projections must include not only urban and built-up parts of 
metropolitan areas but also nearby exurban areas.  The projections need to consider the 
range of changing demographic and market characteristics and to the extent possible the role 
of changing transportation technology in connecting land uses.  A minimum 20 year time 
period is recommended.  Some metropolitan areas are now engaging in 40 year planning 
horizons. 

 
2. Inventories and assessments of current land use patterns and development potential.  This 

exercise should identify areas that have large amounts of vacant or underutilized land, and 
areas where existing development is likely to become economically or functionally obsolete 
during the planning horizon.  Special attention should be paid to finding opportunities where 
future development needs may be accommodated. 

 
3. Public engagement in the projection, inventory, and assessment processes so the magnitude 

of the challenge ahead is broadly understood.  This process should also include education as 
to the fiscal, environmental, and social impacts of alternative development patterns. 

 
4. Visioning and goal setting to establish the desired form of metropolitan-wide development and 

land use interactions.  Consensus from all stakeholders is the desired end of the goal setting 
process, but it should come only after the data, analysis, and educational processes are 
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completed. 
 
5. Preparation of a metropolitan-wide framework plan for land uses and facilities designed to 

give general direction to all jurisdictions on how to manage the next generation of 
development.   

 
6. Negotiation among all jurisdictions to create a contract by which all jurisdictions agree to do 

their fair share in meeting future metropolitan demands.  This process may include tax base 
sharing, regional asset sharing (such as cultural centers and open spaces), low- and 
moderate-income housing allocations, and other measures designed to equitably distribute 
regional benefits and burdens.  The negotiations should include provisions for mediating 
disputes and a system of incentives to reward jurisdictions that meet their targets.  It should 
also include provisions for updating the framework and related plans periodically.  Planners 
like to recommend five-year periods but the reality is that the magnitude of public engagement 
plus costs makes a ten-year cycle more realistic. 

 
7. Benchmarking and evaluation of progress towards targets contained in the framework and 

related plans conducted regularly, perhaps annually but no later than every five years.  This 
information can gauge the extent to which development allocation targets are being met and 
to identify impediments to meeting desired development patterns and their reasons. 

 
8. Technical assistance to local governments in the form of data collection and analysis, model 

land use regulatory codes, financial assistance such as through bundled infrastructure 
financing bonds, support in securing state and federal funds, and other services designed to 
help meet metropolitan development objectives. 

 
9. Development of metropolitan-based funding mechanisms to improve the chances for meeting 

desired development patterns.  These mechanisms can help pay for such metropolitan-wide 
services as infrastructure, open space, affordable housing, transportation, and cultural and 
public facilities. 
 
Doing all this is hard work.  Is it worth it, especially since real change won’t be seen for many 

years?  Noted Philadelphia city planner and urban theorist Edmund Bacon observed that it takes a 
generation to realize the benefits of good planning.  The plan for metropolitan Portland, which many 
believe has become one of America's most livable large metropolitan areas, was crafted a 
generation ago.  A “New Metropolis” that is more sustainable and generates more benefits to more 
people is within grasp.  The data contained in this report can help to provide a foundation to reshape 
America’s metropolitan areas in a generation. 
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APPENDIX TABLES 
 
(Readers’ note: For ease of comparison, the appendix tables are numbered to reflect their 
abbreviated appearance in the text, e.g. Appendix Table 2 is the full version of Table 2.) 
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Appendix Table 2. Residential Unit Demand by Nation, Regions, and States Ranked  
by the Percent of Housing Units in 2030 built since 2000 
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United States  281,421,906 115,904,641 0.4119 375,755,479 154,756,268 38,851,627 0.58% 20,087,433 58,939,060 50.90% 38.10% 
             
West W 63,197,932 24,378,020 0.386 92,769,372 35,922,057 11,544,037 0.63% 4,584,774 16,128,808 66.2% 44.9% 
South S 100,236,820 42,382,546 0.423 142,417,277 60,173,882 17,791,336 0.63% 7,953,582 25,744,922 60.7% 42.8% 
Midwest MW 64,392,776 26,963,635 0.419 78,842,607 33,026,601 6,062,966 0.58% 4,695,716 10,758,682 39.9% 32.6% 
Northeast NE 53,594,378 22,180,440 0.414 61,833,333 25,594,225 3,413,785 0.46% 3,052,917 6,466,703 29.2% 25.3% 
             
1.       Nevada W 1,998,257 827,457 0.414 3,855,408 1,596,484 769,027 0.63% 155,620 924,646 111.7% 57.9% 
2.       Arizona W 5,130,632 2,189,189 0.427 9,053,564 3,863,065 1,673,876 0.63% 411,721 2,085,596 95.3% 54.0% 
3.       Utah W 2,233,169 768,594 0.344 3,855,421 1,326,928 558,334 0.63% 144,549 702,883 91.5% 53.0% 
4.       Florida S 15,982,378 7,302,947 0.457 24,941,118 11,396,531 4,093,584 0.63% 1,373,465 5,467,049 74.9% 48.0% 
5.       Idaho W 1,293,953 527,824 0.408 2,007,456 818,873 291,049 0.63% 99,268 390,317 73.9% 47.7% 
6.       Colorado W 4,301,261 1,808,037 0.420 6,642,166 2,792,037 984,000 0.63% 340,038 1,324,038 73.2% 47.4% 
7.       Texas S 20,851,820 8,157,575 0.391 31,842,364 12,457,257 4,299,682 0.63% 1,534,195 5,833,877 71.5% 46.8% 
8.       New Mexico W 1,819,046 780,579 0.429 2,709,899 1,162,857 382,278 0.63% 146,803 529,081 67.8% 45.5% 
9.       Oregon W 3,421,399 1,452,709 0.425 5,029,206 2,135,376 682,667 0.63% 273,211 955,878 65.8% 44.8% 
10.    Washington W 5,894,121 2,451,075 0.416 8,608,089 3,579,681 1,128,606 0.63% 460,974 1,589,579 64.9% 44.4% 
11.    Georgia S 8,186,453 3,281,737 0.401 11,857,569 4,753,392 1,471,655 0.63% 617,196 2,088,852 63.7% 43.9% 
12.     N Carolina S 8,049,313 3,523,944 0.438 11,638,771 5,095,389 1,571,445 0.63% 662,748 2,234,193 63.4% 43.8% 
13.    Tennessee S 5,689,283 2,439,443 0.429 7,982,886 3,422,891 983,448 0.63% 458,786 1,442,234 59.1% 42.1% 
14.     S Carolina S 4,012,012 1,753,670 0.437 5,623,704 2,458,148 704,478 0.63% 329,813 1,034,291 59.0% 42.1% 
15.    Virginia S 7,078,515 2,904,192 0.410 9,822,514 4,030,007 1,125,815 0.63% 546,191 1,672,007 57.6% 41.5% 
16.    California W 33,871,648 12,214,549 0.361 46,806,172 16,878,904 4,664,355 0.63% 2,297,190 6,961,545 57.0% 41.2% 
17.    Delaware S 783,600 343,072 0.438 1,082,083 473,752 130,680 0.63% 64,552 195,202 56.9% 41.2% 
18.    Alaska W 626,932 260,978 0.416 855,427 356,095 95,117 0.63% 49,082 144,199 55.3% 40.5% 
19.    Arkansas S 2,673,400 1,173,043 0.439 3,640,665 1,597,463 424,420 0.63% 220,614 645,034 55.0% 40.4% 
20.    Montana W 902,195 412,633 0.457 1,228,041 561,664 149,031 0.63% 77,604 226,635 54.9% 40.4% 
21.    Minnesota MW 4,919,479 2,065,946 0.420 6,742,736 2,831,627 765,681 0.58% 359,784 1,125,465 54.5% 39.7% 
22.    Maryland S 5,296,486 2,145,283 0.405 7,132,574 2,888,970 743,687 0.63% 403,463 1,147,150 53.5% 39.7% 
23.    Alabama S 4,447,100 1,963,711 0.442 5,713,896 2,523,092 559,381 0.63% 369,315 928,696 47.3% 36.8% 
24.    Oklahoma S 3,450,654 1,514,400 0.439 4,433,320 1,945,666 431,266 0.63% 284,813 716,079 47.3% 36.8% 
25.    Mississippi S 2,844,658 1,161,953 0.408 3,630,168 1,482,809 320,856 0.63% 218,529 539,384 46.4% 36.4% 
26.    Kentucky S 4,041,769 1,750,927 0.433 5,122,215 2,218,985 468,058 0.63% 329,297 797,355 45.5% 35.9% 
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27. New Hampshire NE 1,235,786 547,024 0.443 1,655,560 732,838 185,814 0.46% 75,292 261,107 47.7% 35.6% 
28.    Wisconsin MW 5,363,675 2,321,144 0.433 6,831,376 2,956,296 635,152 0.58% 404,227 1,039,379 44.8% 35.2% 
29.    Missouri MW 5,595,211 2,442,017 0.436 7,121,659 3,108,232 666,215 0.58% 425,277 1,091,492 44.7% 35.1% 
30.    Indiana MW 6,080,485 2,532,319 0.416 7,707,060 3,209,733 677,414 0.58% 441,003 1,118,417 44.2% 34.8% 
31.    Hawaii W 1,211,537 460,542 0.380 1,506,936 572,832 112,290 0.63% 86,614 198,904 43.2% 34.7% 
32.    South Dakota MW 754,844 323,208 0.428 951,912 407,588 84,380 0.58% 56,287 140,667 43.5% 34.5% 
33.    Nebraska MW 1,711,263 722,668 0.422 2,157,585 911,150 188,482 0.58% 125,853 314,335 43.5% 34.5% 
34.    Wyoming W 493,782 223,854 0.453 611,587 277,261 53,407 0.63% 42,100 95,507 42.7% 34.4% 
35.    Kansas MW 2,688,418 1,131,200 0.421 3,356,966 1,412,504 281,304 0.58% 196,998 478,302 42.3% 33.9% 
36.    Louisiana S 4,468,976 1,847,181 0.413 5,443,425 2,249,954 402,773 0.63% 347,399 750,173 40.6% 33.3% 
37.    Vermont NE 608,827 294,382 0.484 776,469 375,441 81,059 0.46% 40,519 121,578 41.3% 32.4% 
38.    Michigan MW 9,938,444 4,234,279 0.426 11,962,676 5,096,704 862,425 0.58% 737,400 1,599,825 37.8% 31.4% 
39.    Illinois MW 12,419,293 4,885,615 0.393 14,861,169 5,846,223 960,608 0.58% 850,830 1,811,438 37.1% 31.0% 
40.    New Jersey NE 8,414,350 3,310,275 0.393 10,278,451 4,043,628 733,353 0.46% 455,626 1,188,979 35.9% 29.4% 
41.    Ohio MW 11,353,140 4,783,051 0.421 13,058,534 5,501,529 718,478 0.58% 832,968 1,551,447 32.4% 28.2% 
42.    Iowa MW 2,926,324 1,232,511 0.421 3,355,132 1,413,117 180,606 0.58% 214,642 395,247 32.1% 28.0% 
43.    Maine NE 1,274,923 651,901 0.511 1,525,428 779,991 128,090 0.46% 89,728 217,817 33.4% 27.9% 
44.    North Dakota MW 642,200 289,677 0.451 735,802 331,898 42,221 0.58% 50,447 92,668 32.0% 27.9% 
45.   Massachusetts NE 6,349,097 2,621,989 0.413 7,365,279 3,041,642 419,653 0.46% 360,891 780,544 29.8% 25.7% 
46.    West Virginia S 1,808,344 844,623 0.467 1,969,707 919,991 75,368 0.63% 158,848 234,216 27.7% 25.5% 
47.    Rhode Island NE 1,048,319 439,837 0.420 1,199,026 503,068 63,231 0.46% 60,539 123,771 28.1% 24.6% 
48.    New York NE 18,976,457 7,679,307 0.405 21,465,090 8,686,396 1,007,089 0.46% 1,056,980 2,064,069 26.9% 23.8% 
49.    Connecticut NE 3,405,565 1,385,975 0.407 3,832,318 1,559,652 173,677 0.46% 190,766 364,443 26.3% 23.4% 
50.    Pennsylvania NE 12,281,054 5,249,750 0.427 13,735,712 5,871,569 621,819 0.46% 722,576 1,344,395 25.6% 22.9% 
51.   Dist. Columbia S 572,059 274,845 0.480 540,298 259,585 -15,260 0.63% 51,690 36,431 13.3% 14.0% 

Source: Author's calculations.  Notes for the table calculations follows the appendix.. 
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Appendix Table 3. Residential Development Change by 50 Largest Metropolitan Areas in  
2030 Ranked by the Percent of Housing Units in 2030 built since 2000 
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1. Las Vegas W 1,563 656 0.42 3,200 1,343 687 0.63% 123 810 123.5% 60.3% 
2. Austin S 1,250 496 0.397 2,478 983 487 0.63% 93 580 116.9% 59.0% 
3. Phoenix W 3,252 1,331 0.409 5,906 2,417 1,086 0.63% 250 1,336 100.4% 55.3% 
4. West Palm Beach S 1,131 556 0.492 1,994 980 424 0.63% 105 529 95.1% 54.0% 
5. Orlando S 1,645 684 0.416 2,896 1,204 520 0.63% 129 649 94.9% 53.9% 
6. Raleigh-Durham S 1,188 496 0.418 2,008 838 342 0.63% 93 435 87.7% 51.9% 
7. Dallas-Fort Worth CMSA S 5,222 2,031 0.389 8,599 3,344 1,313 0.63% 382 1,695 83.5% 50.7% 
8. Salt Lake City W 1,334 456 0.342 2,187 748 292 0.63% 86 378 82.9% 50.5% 
9. Sacramento CMSA W 1,797 715 0.398 2,918 1,161 446 0.63% 134 580 81.1% 50.0% 
10. Charlotte S 1,499 616 0.411 2,411 991 375 0.63% 116 491 79.7% 49.5% 
11. Nashville S 1,231 509 0.413 1,964 812 303 0.63% 96 399 78.4% 49.1% 
12. Tucson W 844 367 0.435 1,342 584 217 0.63% 69 286 77.9% 49.0% 
13. Atlanta S 4,112 1,590 0.387 6,540 2,529 939 0.63% 299 1,238 77.9% 49.0% 
14. Jacksonville S 1,100 467 0.425 1,725 732 265 0.63% 88 353 75.6% 48.2% 
15. Houston CMSA S 4,670 1,778 0.381 7,273 2,769 991 0.63% 334 1,325 74.5% 47.9% 
16. Portland CMSA W 2,265 919 0.406 3,468 1,407 488 0.63% 173 661 71.9% 47.0% 
17. Denver CMSA W 2,582 1,043 0.404 3,926 1,586 543 0.63% 196 739 70.9% 46.6% 
18. San Diego W 2,814 1,040 0.37 4,256 1,573 533 0.63% 196 729 70.1% 46.3% 
19. Fresno W 923 311 0.337 1,391 469 158 0.63% 58 216 69.5% 46.1% 
20. San Antonio S 1,592 600 0.377 2,398 904 304 0.63% 113 417 69.5% 46.1% 
21. Miami CMSA S 3,876 1,593 0.411 5,743 2,360 767 0.63% 300 1,067 67.0% 45.2% 
22. Minneapolis-St. Paul MW 2,969 1,170 0.394 4,387 1,729 559 0.58% 204 763 65.2% 44.1% 
23. Tampa-St. Petersburg S 2,396 1,144 0.477 3,491 1,667 523 0.63% 215 738 64.5% 44.3% 
24. Seattle CMSA W 3,555 1,467 0.413 5,148 2,124 657 0.63% 276 933 63.6% 43.9% 
25. Grand Rapids MW 1,089 423 0.388 1,584 615 192 0.58% 74 266 62.9% 43.3% 
26. Greenville S 962 411 0.427 1,354 578 167 0.63% 77 244 59.4% 42.2% 
27. Columbus MW 1,540 653 0.424 2,187 927 274 0.58% 114 388 59.4% 41.9% 
28. Washington-Baltimore CMSA S 7,608 3,894 0.512 10,637 5,444 1,550 0.63% 732 2,282 58.6% 41.9% 
29. Indianapolis MW 1,607 681 0.424 2,241 950 269 0.58% 119 388 57.0% 40.8% 
30. Richmond S 997 448 0.449 1,378 619 171 0.63% 84 255 56.9% 41.2% 
31. San Francisco CMSA W 7,039 2,651 0.377 9,678 3,645 994 0.63% 499 1,493 56.3% 41.0% 
32. Memphis S 1,136 455 0.401 1,547 620 165 0.63% 86 251 55.2% 40.5% 
33. Kansas City MW 1,776 741 0.417 2,433 1,015 274 0.58% 129 403 54.4% 39.7% 
34. Greensboro-W. Salem S 1,252 536 0.428 1,695 726 190 0.63% 101 291 54.3% 40.1% 
35. Norfolk-Virginia Beach S 1,570 682 0.434 2,076 902 220 0.63% 128 348 51.0% 38.6% 
36. Oklahoma City S 1,083 466 0.43 1,426 614 148 0.63% 88 236 50.6% 38.4% 
37. Los Angeles CMSA W 16,374 5,678 0.347 21,490 7,452 1,774 0.63% 1,068 2,842 50.1% 38.1% 
38. Cincinnati CMSA MW 1,979 821 0.415 2,519 1,045 224 0.58% 143 367 44.7% 35.1% 
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39. Louisville S 1,026 438 0.427 1,289 550 112 0.63% 82 194 44.3% 35.3% 
40. Chicago CMSA MW 9,158 3,486 0.381 11,388 4,335 849 0.58% 607 1,456 41.8% 33.6% 
41. New Orleans S 1,338 556 0.416 1,570 652 96 0.63% 105 201 36.2% 30.8% 
42. Milwaukee CMSA MW 1,690 693 0.41 1,986 814 121 0.58% 121 242 34.9% 29.7% 
43. Boston NE 5,819 2,417 0.399 7,193 2,870 453 0.46% 333 786 32.5% 27.4% 
44. St. Louis MW 2,604 1,093 0.42 2,995 1,257 164 0.58% 190 354 32.4% 28.2% 
45. New York CMSA NE 21,104 8,175 0.387 24,873 9,635 1,460 0.46% 1,125 2,585 31.6% 26.8% 
46. Detroit CMSA MW 5,456 2,208 0.405 6,206 2,512 304 0.58% 385 689 31.2% 27.4% 
47. Philadelphia CMSA NE 6,188 2,540 0.41 7,188 2,950 410 0.46% 350 760 29.9% 25.8% 
48. Cleveland CMSA MW 2,946 1,246 0.423 3,164 1,338 92 0.58% 217 309 24.8% 23.1% 
49. Hartford NE 1,183 483 0.408 1,253 512 29 0.46% 67 95 19.7% 18.6% 
50. Pittsburgh NE 2,359 1,046 0.443 2,411 1,069 23 0.46% 144 167 16.0% 15.6% 

Source: Author's calculations.  Notes for the table calculations follow the appendix. 

The Cincinnati, Louisville and Philadelphia metropolitan areas extend slightly into other census-defined regions.  The designations above reflect 
the primary region.  All areas are MSAs unless otherwise indicated. 
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Appendix Table 5.  Commercial and Institutional Square Feet Demand for Nation, Regions, and  
States Ranked by the Percentage of Square Feet in 2030 Built Since 2000. 
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United States  129,312 826 106,784,896 1.37% 43,888,593 193,657 159,327,980 96,431,677 90.3% 60.5%
              
South S 45,031 805 36,249,955 1.37% 14,898,732 71,528 57,580,040 36,228,817 99.9% 62.9%
West W 29,269 737 21,571,253 1.37% 8,865,784 46,081 33,961,697 21,256,228 98.5% 62.6%
Midwest MW 29,888 917 27,407,296 1.37% 11,264,400 43,001 39,431,917 23,289,021 85.0% 59.1%
Northeast NE 25,124 858 21,556,392 1.37% 8,859,677 33,047 28,354,326 15,657,611 72.6% 55.2%
              
1. Nevada W 1,052 737 775,324 1.37% 318,658 2,067 1,523,379 1,066,713 137.6% 70.0%
2. Arizona W 2,264 737 1,668,568 1.37% 685,781 4,318 3,182,366 2,199,579 131.8% 69.1%
3. Utah W 1,094 737 806,278 1.37% 331,380 2,019 1,488,003 1,013,105 125.7% 68.1%
4. Florida S 7,411 805 5,965,855 1.37% 2,451,966 12,587 10,132,535 6,618,646 110.9% 65.3%
5. Idaho W 562 737 414,194 1.37% 170,234 941 693,517 449,557 108.5% 64.8%
6. Texas S 9,417 805 7,580,685 1.37% 3,115,662 15,618 12,572,490 8,107,467 106.9% 64.5%
7. South Carolina S 1,680 805 1,352,400 1.37% 555,836 2,779 2,237,095 1,440,531 106.5% 64.4%
8. North Carolina S 3,500 805 2,817,500 1.37% 1,157,993 5,766 4,641,630 2,982,123 105.8% 64.2%
9. Colorado W 2,329 737 1,716,473 1.37% 705,470 3,757 2,768,909 1,757,906 102.4% 63.5%
10. Tennessee S 2,589 805 2,084,145 1.37% 856,584 4,155 3,344,775 2,117,214 101.6% 63.3%
11. Georgia S 3,724 805 2,997,820 1.37% 1,232,104 5,948 4,788,140 3,022,424 100.8% 63.1%
12. New Mexico W 794 737 585,178 1.37% 240,508 1,263 930,831 586,161 100.2% 63.0%
13. Oregon W 1,606 737 1,183,622 1.37% 486,469 2,552 1,880,824 1,183,671 100.0% 62.9%
14. Washington W 2,724 737 2,007,588 1.37% 825,119 4,311 3,177,207 1,994,738 99.4% 62.8%
15. Arkansas S 1,046 805 842,030 1.37% 346,074 1,637 1,317,785 821,829 97.6% 62.4%
16. South Dakota MW 382 917 350,294 1.37% 143,971 593 543,781 337,458 96.3% 62.1%
17. Virginia S 3,426 805 2,757,930 1.37% 1,133,509 5,263 4,236,715 2,612,294 94.7% 61.7%
18. Mississippi S 1,057 805 850,885 1.37% 349,714 1,617 1,301,685 800,514 94.1% 61.5%
19. Minnesota MW 2,562 917 2,349,354 1.37% 965,584 3,908 3,583,636 2,199,866 93.6% 61.4%
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20. Kentucky S 1,650 805 1,328,250 1.37% 545,911 2,498 2,010,890 1,228,551 92.5% 61.1%
21. Delaware S 393 805 316,365 1.37% 130,026 592 476,560 290,221 91.7% 60.9%
22. Montana W 440 737 324,280 1.37% 133,279 661 487,157 296,156 91.3% 60.8%
23. New Hampshire NE 596 858 511,368 1.37% 210,172 893 766,194 464,998 90.9% 60.7%
24. California W 15,222 737 11,218,614 1.37% 4,610,850 22,592 16,650,304 10,042,540 89.5% 60.3%
25. Alabama S 1,768 805 1,423,240 1.37% 584,952 2,622 2,110,710 1,272,422 89.4% 60.3%
26. Indiana MW 2,632 917 2,413,544 1.37% 991,967 3,871 3,549,707 2,128,130 88.2% 60.0%
27. West Virginia S 691 805 556,255 1.37% 228,621 1,014 816,270 488,636 87.8% 59.9%
28. Wisconsin MW 2,468 917 2,263,156 1.37% 930,157 3,619 3,318,623 1,985,624 87.7% 59.8%
29. Maryland S 2,607 805 2,098,635 1.37% 862,539 3,801 3,059,805 1,823,709 86.9% 59.6%
30. Oklahoma S 1,502 805 1,209,110 1.37% 496,944 2,189 1,762,145 1,049,979 86.8% 59.6%
31. Kansas MW 1,320 917 1,210,440 1.37% 497,491 1,920 1,760,640 1,047,691 86.6% 59.5%
32. Missouri MW 2,687 917 2,463,979 1.37% 1,012,695 3,908 3,583,636 2,132,352 86.5% 59.5%
33. Wyoming W 246 737 181,302 1.37% 74,515 356 262,372 155,585 85.8% 59.3%
34. Nebraska MW 901 917 826,217 1.37% 339,575 1,300 1,192,100 705,458 85.4% 59.2%
35. Michigan MW 4,181 917 3,833,977 1.37% 1,575,765 6,008 5,509,336 3,251,124 84.8% 59.0%
36. Louisiana S 1,883 805 1,515,815 1.37% 623,000 2,703 2,175,915 1,283,100 84.6% 59.0%
37. Vermont NE 298 858 255,684 1.37% 105,086 427 366,366 215,768 84.4% 58.9%
38. North Dakota MW 338 917 309,946 1.37% 127,388 483 442,911 260,353 84.0% 58.8%
39. Alaska W 307 737 226,259 1.37% 92,992 438 322,806 189,539 83.8% 58.7%
40. Iowa MW 1,429 917 1,310,393 1.37% 538,572 2,023 1,855,091 1,083,270 82.7% 58.4%
41. Ohio MW 5,163 917 4,734,471 1.37% 1,945,868 7,237 6,636,329 3,847,726 81.3% 58.0%
42. Illinois MW 5,825 917 5,341,525 1.37% 2,195,367 8,131 7,456,127 4,309,969 80.7% 57.8%
43. Maine NE 594 858 509,652 1.37% 209,467 818 701,844 401,659 78.8% 57.2%
44. New Jersey NE 3,920 858 3,363,360 1.37% 1,382,341 5,338 4,580,004 2,598,985 77.3% 56.7%
45. Massachusetts NE 3,333 858 2,859,714 1.37% 1,175,342 4,494 3,855,852 2,171,480 75.9% 56.3%
46. Pennsylvania NE 5,407 858 4,639,206 1.37% 1,906,714 7,275 6,241,950 3,509,458 75.6% 56.2%
47. Rhode Island NE 454 858 389,532 1.37% 160,098 610 523,380 293,946 75.5% 56.2%
48. Connecticut NE 1,684 858 1,444,872 1.37% 593,842 2,258 1,937,364 1,086,334 75.2% 56.1%
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49. Hawaii W 629 737 463,573 1.37% 190,529 806 594,022 320,978 69.2% 54.0%
50. New York NE 8,838 858 7,583,004 1.37% 3,116,615 10,934 9,381,372 4,914,983 64.8% 52.4%
51. Dist of Columbia S 687 805 553,035 1.37% 227,297 739 594,895 269,157 48.7% 45.2%

Source: Author's calculations.  Notes for the table calculations follow the appendix. 
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Appendix Table 6.  Commercial and Institutional Square Feet Demand by 50 Largest Metropolitan Statistical Areas in  
2030 Ranked by the Percentage of Square Feet in 2030 Built Since 2000. 
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1.  Las Vegas W 778 737 573,386 1.37% 235,662 1,636 1,205,732 868,008 151.4% 72.0% 
2.  Austin S 678 805 545,790 1.37% 224,320 1,423 1,145,515 824,045 151.0% 71.9% 
3.  Phoenix W 1,570 737 1,157,090 1.37% 475,564 3,075 2,266,275 1,584,749 137.0% 69.9% 
4.  Orlando S 921 805 741,405 1.37% 304,717 1,751 1,409,555 972,867 131.2% 69.0% 
5.  West Palm Beach S 533 805 429,065 1.37% 176,346 985 792,925 540,206 125.9% 68.1% 
6.  Raleigh-Durham S 667 805 536,935 1.37% 220,680 1,187 955,535 639,280 119.1% 66.9% 
7.  Charlotte S 768 805 618,240 1.37% 254,097 1,359 1,093,995 729,852 118.1% 66.7% 
8.  Salt Lake City W 726 737 535,062 1.37% 219,910 1,278 941,886 626,734 117.1% 66.5% 
9.  Nashville S 701 805 564,305 1.37% 231,929 1,218 980,490 648,114 114.9% 66.1% 
10. Sacramento, CMSA W 886 737 652,982 1.37% 268,376 1,533 1,129,821 745,215 114.1% 66.0% 
11. Tucson W 362 737 266,794 1.37% 109,652 624 459,888 302,746 113.5% 65.8% 
12. Dallas-Ft. Worth, CMSA S 2,737 805 2,203,285 1.37% 905,550 4,696 3,780,280 2,482,545 112.7% 65.7% 
13. San Antonio W 763 805 614,215 1.37% 252,442 1,289 1,037,645 675,872 110.0% 65.1% 
14. Atlanta S 2,231 805 1,795,955 1.37% 738,138 3,716 2,991,380 1,933,563 107.7% 64.6% 
15. Tampa-St. Petersburg S 1,219 805 981,295 1.37% 403,312 2,029 1,633,345 1,055,362 107.5% 64.6% 
16. Grand Rapids MW 482 917 441,994 1.37% 181,660 795 729,015 468,681 106.0% 64.3% 
17. Jacksonville S 578 805 465,290 1.37% 191,234 945 760,725 486,669 104.6% 64.0% 
18. San Diego W 1,311 737 966,207 1.37% 397,111 2,143 1,579,391 1,010,295 104.6% 64.0% 
19. Fresno W 317 737 233,629 1.37% 96,022 516 380,292 242,685 103.9% 63.8% 
20. Portland, CMSA W 1,103 737 812,911 1.37% 334,106 1,795 1,322,915 844,110 103.8% 63.8% 
21. Houston, CMSA S 2,213 805 1,781,465 1.37% 732,182 3,601 2,898,805 1,849,522 103.8% 63.8% 
22. Greensboro-Winston Salem S 422 805 339,710 1.37% 139,621 685 551,425 351,336 103.4% 63.7% 
23. Minneapolis-St. Paul W 1,690 917 1,549,730 1.37% 636,939 2,668 2,446,556 1,533,765 99.0% 62.7% 
24. Seattle, CMSA MW 1,821 737 1,342,077 1.37% 551,594 2,875 2,118,875 1,328,392 99.0% 62.7% 
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25. Miami, CMSA S 1,833 805 1,475,565 1.37% 606,457 2,887 2,324,035 1,454,927 98.6% 62.6% 
26. Denver, CMSA W 1,494 737 1,101,078 1.37% 452,543 2,341 1,725,317 1,076,782 97.8% 62.4% 
27. Columbus MW 892 917 817,964 1.37% 336,183 1,382 1,267,294 785,513 96.0% 62.0% 
28. Memphis S 610 805 491,050 1.37% 201,822 944 759,920 470,692 95.9% 61.9% 
29. Indianapolis MW 854 917 783,118 1.37% 321,861 1,314 1,204,938 743,681 95.0% 61.7% 
30. Greensboro S 585 805 470,925 1.37% 193,550 890 716,450 439,075 93.2% 61.3% 
31. Louisville S 542 805 436,310 1.37% 179,323 819 659,295 402,308 92.2% 61.0% 
32. Cincinnati, CMSA MW 971 917 890,407 1.37% 365,957 1,460 1,338,820 814,370 91.5% 60.8% 
33. Kansas City MW 985 917 903,245 1.37% 371,234 1,459 1,337,903 805,892 89.2% 60.2% 
34. San Francisco, CMSA W 3,774 737 2,781,438 1.37% 1,143,171 5,577 4,110,249 2,471,982 88.9% 60.1% 
35. Norfolk-VA  Beach S 714 805 574,770 1.37% 236,230 1,047 842,835 504,295 87.7% 59.8% 
36. Washington-Baltimore, CMSA S 4,369 805 3,517,045 1.37% 1,445,505 6,377 5,133,485 3,061,945 87.1% 59.6% 
37. Richmond S 546 805 439,530 1.37% 180,647 794 639,170 380,287 86.5% 59.5% 
38. Los Angeles, CMSA W 7,208 737 5,312,296 1.37% 2,183,354 10,178 7,501,186 4,372,244 82.3% 58.3% 
39. Oklahoma City S 556 805 447,580 1.37% 183,955 782 629,510 365,885 81.7% 58.1% 
40. St. Louis MW 1,299 917 1,191,183 1.37% 489,576 1,825 1,673,525 971,918 81.6% 58.1% 
41. Chicago, CMSA MW 4,432 917 4,064,144 1.37% 1,670,363 6,215 5,699,155 3,305,374 81.3% 58.0% 
42. Milwaukee, CMSA MW 849 917 778,533 1.37% 319,977 1,179 1,081,143 622,587 80.0% 57.6% 
43. Detroit, CMSA MW 2,392 917 2,193,464 1.37% 901,514 3,307 3,032,519 1,740,569 79.4% 57.4% 
44. Boston, CMSA NE 3,215 858 2,758,470 1.37% 1,133,731 4,402 3,776,916 2,152,177 78.0% 57.0% 
45. New Orleans S 650 805 523,250 1.37% 215,056 875 704,375 396,181 75.7% 56.2% 
46. Philadelphia, CMSA NE 2,933 858 2,516,514 1.37% 1,034,287 3,938 3,378,804 1,896,577 75.4% 56.1% 
47. Cleveland, CMSA MW 1,390 917 1,274,630 1.37% 523,873 1,856 1,701,952 951,195 74.6% 55.9% 
48. Pittsburgh NE 1,108 858 950,664 1.37% 390,723 1,440 1,235,520 675,579 71.1% 54.7% 
49. New York, CMSA NE 10,067 858 8,637,486 1.37% 3,550,007 12,788 10,972,104 5,884,625 68.1% 53.6% 
50. Hartford NE 654 858 561,132 1.37% 230,625 828 710,015 379,509 67.6% 53.5% 

Source: Author's calculations.  Notes for the table calculations and the full table follow the appendix. 
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Appendix Table 7. Industrial Square Feet Demand for Nation, Regions, and States Ranked 
by the Percent of Square Feet in 2030 built since 2000 
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United States  19,293 640 12,342,519 2.0% 7,405,510 20,485 13,221,841 8,284,832 67.1% 62.7%
     
West W 3,531 613 2,164,503 2.0% 1,298,702 3,952 2,422,576 1,556,775 71.9% 64.3%
Midwest MW 6,034 893 5,388,362 2.0% 3,233,017 6,635 5,925,055 3,769,710 70.0% 63.6%
South S 6,332 493 3,121,676 2.0% 1,873,005 6,929 3,415,997 2,167,326 69.4% 63.4%
Northeast NE 3,396 491 1,667,978 2.0% 1,000,786 2,969 1,458,213 791,021 47.4% 54.2%
     
1.   Nevada W 47 613 28,811 2.0% 17,287 70 42,910 31,386 108.9% 73.1%
2.  North Dakota MW 26 893 23,218 2.0% 13,931 38 33,934 24,647 106.2% 72.6%
3.  Utah W 140 613 85,820 2.0% 51,492 195 119,535 85,207 99.3% 71.3%
4.  Wyoming W 53 893 47,329 2.0% 28,397 73 65,189 46,257 97.7% 71.0%
5.  South Dakota MW 14 613 8,582 2.0% 5,149 19 11,647 8,214 95.7% 70.5%
6.  Idaho W 83 613 50,879 2.0% 30,527 109 66,817 46,465 91.3% 69.5%
7.  Nebraska MW 123 893 109,839 2.0% 65,903 155 138,415 94,479 86.0% 68.3%
8.  Arizona W 225 613 137,925 2.0% 82,755 279 171,027 115,857 84.0% 67.7%
9.  Arkansas S 220 893 196,460 2.0% 117,876 268 239,324 160,740 81.8% 67.2%
10. Kansas MW 264 493 130,152 2.0% 78,091 321 158,253 106,192 81.6% 67.1%
11. Minnesota MW 460 893 410,780 2.0% 246,468 549 490,257 325,945 79.3% 66.5%
12. Oregon W 261 613 159,993 2.0% 95,996 311 190,643 126,646 79.2% 66.4%
13. Texas S 1,136 493 560,048 2.0% 336,029 1,351 666,043 442,024 78.9% 66.4%
14. Montana W 193 493 95,149 2.0% 57,089 228 112,404 74,344 78.1% 66.1%
15. Oklahoma S 218 613 133,634 2.0% 80,180 256 156,928 103,474 77.4% 65.9%
16. Colorado W 270 893 241,110 2.0% 144,666 316 282,188 185,744 77.0% 65.8%
17. Iowa MW 30 613 18,390 2.0% 11,034 35 21,455 14,099 76.7% 65.7%
18. Wisconsin MW 641 893 572,413 2.0% 343,448 744 664,392 435,427 76.1% 65.5%
19. Georgia S 614 493 302,702 2.0% 181,621 702 346,086 225,005 74.3% 65.0%
20. Kentucky S 332 493 163,676 2.0% 98,206 375 184,875 119,405 73.0% 64.6%
21. Florida S 516 493 254,388 2.0% 152,633 573 282,489 180,734 71.0% 64.0%
22. New Mexico W 49 613 30,037 2.0% 18,022 54 33,102 21,087 70.2% 63.7%
23. Indiana MW 706 893 630,458 2.0% 378,275 778 694,754 442,571 70.2% 63.7%
24. Louisiana S 195 493 96,135 2.0% 57,681 214 105,502 67,048 69.7% 63.6%
25. Michigan MW 251 493 123,743 2.0% 74,246 271 133,603 84,106 68.0% 63.0%
26. Mississippi S 1,007 893 899,251 2.0% 539,551 1,085 968,905 609,205 67.7% 62.9%
27. California W 2,036 613 1,248,068 2.0% 748,841 2,184 1,338,792 839,565 67.3% 62.7%
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28. Ohio MW 1,129 893 1,008,197 2.0% 604,918 1,208 1,078,744 675,465 67.0% 62.6%
29. Alaska W 16 613 9,808 2.0% 5,885 17 10,421 6,498 66.3% 62.4%
30. North Carolina S 823 493 405,739 2.0% 243,443 868 427,924 265,628 65.5% 62.1%
31. Virginia S 409 493 201,637 2.0% 120,982 429 211,497 130,842 64.9% 61.9%
32. Washington W 392 613 240,296 2.0% 144,178 405 248,265 152,147 63.3% 61.3%
33. Alabama S 525 493 258,825 2.0% 155,295 536 264,248 160,718 62.1% 60.8%
34. Illinois MW 976 893 871,568 2.0% 522,941 996 889,428 540,801 62.0% 60.8%
35. New Hampshire NE 379 493 186,847 2.0% 112,108 386 190,298 115,559 61.8% 60.7%
36. Tennessee S 112 491 54,992 2.0% 32,995 114 55,974 33,977 61.8% 60.7%
37. Missouri MW 423 893 377,739 2.0% 226,643 425 379,525 228,429 60.5% 60.2%
38. Maryland S 13 493 6,409 2.0% 3,845 13 6,409 3,845 60.0% 60.0%
39. South Carolina S 185 493 91,205 2.0% 54,723 183 90,219 53,737 58.9% 59.6%
40. Dist. Columbia S 351 493 173,043 2.0% 103,826 342 168,606 99,389 57.4% 58.9%
41. Vermont NE 52 491 25,532 2.0% 15,319 50 24,550 14,337 56.2% 58.4%
42. Delaware S 85 493 41,905 2.0% 25,143 80 39,440 22,678 54.1% 57.5%
43. West Virginia S 61 493 30,073 2.0% 18,044 57 28,101 16,072 53.4% 57.2%
44. Pennsylvania NE 959 491 470,869 2.0% 282,521 896 439,936 251,588 53.4% 57.2%
45. Maine NE 94 491 46,154 2.0% 27,692 87 42,717 24,255 52.6% 56.8%
46. Hawaii W 20 613 12,260 2.0% 7,356 18 11,034 6,130 50.0% 55.6%
47. Massachusetts NE 445 491 218,495 2.0% 131,097 389 190,999 103,601 47.4% 54.2%
48. New Jersey NE 473 491 232,243 2.0% 139,346 395 193,945 101,048 43.5% 52.1%
49. New York NE 914 491 448,774 2.0% 269,264 760 373,160 193,650 43.2% 51.9%
50. Connecticut NE 76 491 37,316 2.0% 22,390 61 29,951 15,025 40.3% 50.2%
51. Rhode Island NE 271 493 133,603 2.0% 80,162 217 106,981 53,540 40.1% 50.0%

Source: Author's calculations.  Notes for the table calculations follow the appendix. 
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Appendix Table 8.  Industrial Square Feet Demand for 50 Largest Metropolitan Statistical 
Areas Ranked by the Percent of Square Feet in 2030 built since 2000 
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1.  Austin S 85 493 41,905 2.0% 25,143 124 61,132 44,370 105.9% 72.6%
2.  Sacramento, CMSA W 62 613 38,006 2.0% 22,804 90 55,170 39,968 105.2% 72.4%
3.  Las Vegas W 26 613 15,938 2.0% 9,563 36 22,068 15,693 98.5% 71.1%
4.  Salt Lake City W 89 613 54,557 2.0% 32,734 119 72,947 51,124 93.7% 70.1%
5.  Houston, CMSA S 239 493 117,827 2.0% 70,696 319 157,267 110,136 93.5% 70.0%
6.  Phoenix W 173 613 106,049 2.0% 63,629 219 134,247 91,827 86.6% 68.4%
7.  Portland, CMSA W 174 613 106,662 2.0% 63,997 216 132,408 89,743 84.1% 67.8%
8.  Oklahoma City S 58 493 28,594 2.0% 17,156 70 34,510 23,072 80.7% 66.9%
9.  Grand Rapids MW 166 893 148,238 2.0% 88,943 200 178,600 119,305 80.5% 66.8%
10. West Palm Beach S 35 493 17,197 2.0% 10,318 42 20,706 13,827 80.4% 66.8%
11. Atlanta S 236 493 116,348 2.0% 69,809 284 140,012 93,473 80.3% 66.8%
12. Tucson W 33 613 20,229 2.0% 12,137 39 23,907 15,815 78.2% 66.2%
13. Cleveland, CMSA MW 304 893 271,472 2.0% 162,883 355 317,015 208,426 76.8% 65.7%
14. Minneapolis-St. Paul MW 288 893 257,184 2.0% 154,310 330 294,690 191,816 74.6% 65.1%
15. San Antonio S 58 493 28,594 2.0% 17,156 66 32,538 21,100 73.8% 64.8%
16. Jacksonville S 41 493 20,213 2.0% 12,128 46 22,678 14,593 72.2% 64.3%
17. Dallas-Ft. Worth, CMSA S 377 493 185,861 2.0% 111,517 422 208,046 133,702 71.9% 64.3%
18. Raleigh-Durham S 90 493 44,370 2.0% 26,622 100 49,300 31,552 71.1% 64.0%
19. Orlando S 57 493 28,101 2.0% 16,861 63 31,059 19,819 70.5% 63.8%
20. San Diego W 141 613 86,433 2.0% 51,860 155 95,015 60,442 69.9% 63.6%
21. Denver, CMSA W 143 613 87,659 2.0% 52,595 157 96,241 61,177 69.8% 63.6%
22. Fresno W 34 613 20,670 2.0% 12,402 37 22,681 14,413 69.7% 63.5%
23. Richmond S 62 493 30,566 2.0% 18,340 67 33,031 20,805 68.1% 63.0%
24. Nashville S 100 493 49,300 2.0% 29,580 107 52,751 33,031 67.0% 62.6%
25. San Francisco, CMSA W 530 613 324,890 2.0% 194,934 566 346,958 217,002 66.8% 62.5%
26. Tampa-St. Petersburg S 94 493 46,342 2.0% 27,805 100 49,300 30,763 66.4% 62.4%
27. Greensboro-Winston Salem S 163 493 80,359 2.0% 48,215 171 84,303 52,159 64.9% 61.9%
28. Los Angeles W 1,090 613 668,170 2.0% 400,902 1,132 693,916 426,648 63.9% 61.5%
29. Charlotte S 143 493 70,499 2.0% 42,299 148 72,964 44,764 63.5% 61.4%
30. Norfolk-Virginia Beach S 70 493 34,510 2.0% 20,706 72 35,496 21,692 62.9% 61.1%
31. Cincinnati, CMSA MW 169 893 150,917 2.0% 90,550 173 154,489 94,122 62.4% 60.9%
32. Detroit, CMSA MW 556 893 496,508 2.0% 297,905 569 508,117 309,514 62.3% 60.9%
33. New Orleans S 51 493 25,143 2.0% 15,086 52 25,636 15,579 62.0% 60.8%
34. Miami S 116 493 57,188 2.0% 34,313 118 58,174 35,299 61.7% 60.7%
35. Chicago, CMSA MW 722 893 644,746 2.0% 386,848 732 653,676 395,778 61.4% 60.5%
36. Washington-Baltimore, CMSA S 218 493 107,474 2.0% 64,484 220 108,460 65,470 60.9% 60.4%
37. Indianapolis MW 130 893 116,090 2.0% 69,654 131 116,983 70,547 60.8% 60.3%
38. Milwaukee, CMSA MW 204 893 182,172 2.0% 109,303 203 181,279 108,410 59.5% 59.8%
39. Seattle, CMSA \W 263 613 161,219 2.0% 96,731 259 158,767 94,279 58.5% 59.4%
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40. Memphis S 65 493 32,045 2.0% 19,227 64 31,552 18,734 58.5% 59.4%
41. Kansas City MW 109 893 97,337 2.0% 58,402 107 95,551 56,616 58.2% 59.3%
42. Louisville S 90 493 44,370 2.0% 26,622 88 43,384 25,636 57.8% 59.1%
43. Greenville S 121 493 59,653 2.0% 35,792 114 56,202 32,341 54.2% 57.5%
44. Columbus MW 96 893 85,728 2.0% 51,437 90 80,370 46,079 53.8% 57.3%
45. Boston, CMSA NE 457 491 224,387 2.0% 134,632 414 203,274 113,519 50.6% 55.8%
46. Philadelphia, CMSA NE 373 491 183,143 2.0% 109,886 331 162,521 89,264 48.7% 54.9%
47. Pittsburgh NE 141 491 69,231 2.0% 41,539 124 60,884 33,192 47.9% 54.5%
48. St. Louis MW 195 893 174,135 2.0% 104,481 165 147,345 77,691 44.6% 52.7%
49. Hartford NE 93 491 45,663 2.0% 27,398 72 35,322 17,056 43.3% 52.0%
50. New York, CMSA NE 979 491 480,689 2.0% 288,413 776 381,016 188,740 39.3% 49.5%

 
Source: Author's calculations.  Notes for the table calculations follow the appendix. 
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NOTES FOR TABLE CALCULATIONS 
 
Table 1 
 
a. Total square feet estimated 2000 is the respective sum from Tables 3, 4 and 5. 
b. Total square feet estimated 2030 is the respective sum from Tables 3, 4 and 5. 
c. New and replaced square feet is the respective sum from Tables 3, 4 and 5. 
d. New square feet as a percent of units in 2000 is the estimated new square feet constructed 2000 

to 2030 divided by square feet in 2000. 
e. New square feet as a percent of units in 2030 is the estimated new square feet constructed 2000 

to 2030 divided by square feet in 2030. 
 
Tables 2 and 3 (refers to Appendix Tables) 
 
a. Population 2000 is from Summary File 2 data for nation and for states assembled into regions 

from www.census.gov for the 2000 Census. 
b. Housing Units 2000 is from Summary File 2 data for nation and for states assembled into regions 

from www.census.gov for the 2000 Census. 
c. Persons Per Unit 2000 is Housing Units 2000 divided by Population 2000. 
d. Population 2030 extrapolated by author from data provided by a national forecasting firm. 
e. Housing Units 2030 is Persons Per Unit 2000 times Population 2030. 
f. Growth-Related Units is Housing Units 2030 less Housing Units 2000. 
g. Annual Average Loss Rate/attrition analysis based on U.S. Department of Housing and Urban 

Development and U.S. Department of Commerce, American Housing Survey, 1989 and 1999, 
Table 2-1. Units present in 1989 are compared to those built before 1990 surviving in 1999.  
Annual average loss rates estimated in this way for the nation and all regions except the West 
for which comparable data are anomalous (the loss rate assumed in the West is that for the 
South). 

h. Units Lost 2000-2030 is calculated as 30 years times average annual loss rate times units in 
2000. 

i. New Housing Units Needed 2000-2030 is Growth-Related Units plus Units Lost 2000-2030. 
j. Percent Units Build After 2000 is How Housing Units Needed 2000-2030 divided by Housing 

Units 2000. 
k. Percent New Housing Units in 2030 is New Housing Units 2000-2030 divided by Housing Units 

2030. 
 
Table 4 
 
a. Square feet 2000 is existing units in 2000 from Census Summary File 2 by region divided into 

owner- and renter-occupied units with vacant units apportioned proportionately, times median 
unit size for owner- and renter-occupied units established by the American Housing Survey 2001 
in Tables 2-3 and 3-3 respectively.  

b. Square feet 2030 is square feet in 2000 less percent units lost calculated from Table 1 plus 
projected growth-related and replaced units from Table 1 apportioned into owner- and renter-
occupied units based on distribution reported in American Housing Survey 2001, times square 
feet per owner- and renter-occupied unit built in the past fours years in Tables 2-3 and 3-3 
respectively. 

c. Total Growth-Related & Replaced Square Feet (000s) is square feet in 2030 less square feet in 
2000 plus square feet lost 2000 to 2030 calculated pursuant to note b. 

d. New & Replaced Square Feet as Percent of 2000 is total growth-related and replaced square 
feet divided by square feet in 2000. 

e. Percent of 2030 square feet built Since 2000 is the total growth-related and replaced square feet 
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divided by square feet in 2030. 
 
Tables 5 and 6 (refers to Appendix Tables) 
 
a. Workers 2000 (000s) is an estimated extrapolation by author based on U.S. Department of 

Commerce, Bureau of Economic Analysis, Regional Economic Information System, 1999. 
b. Square Feet Per Worker is from the U.S. Department of Energy, Energy Information 

Administration Office, Commercial Building Energy Survey, 1999, Table B-1.  Figure includes all 
occupied and unoccupied space for all nonresidential and nonmanufacturing buildings. 

c. Estimated square feet in 2000 (000s) is workers in 2000 times mean square feet per worker in 
1999. 

d. The average annual rate of loss is calculated by author based on data in U.S. Department of 
Energy, Energy Information Administration, Nonresidential Buildings Energy Consumption 
Survey: Characteristics of Commercial Buildings, 1983, July 1995, Table S-2 ("Changes in the 
Stock of Commercial Buildings, 1979-1983").  This is the most current information according to 
staff of the EIA.  Figure assumes square feet lost is comparable to buildings lost on an average 
annual basis. 

e. Estimated loss, 2000 - 2030 is the estimated square feet in 2000 times average annual rate of 
loss times 30 years. 

f. Worker estimates for 2030 based on proprietary information acquired by the author for the period 
2000 to 2025 and extrapolated to 2030. 

g. Square feet needed in 2030 is the square feet per worker in 1999 times estimated workers in 
2030.  Assumes square feet per worker does not change. 

h. New and replaced square feet is the amount of square feet estimated in 2030 less square feet 
estimated in 2000 plus square feet lost 2000 to 2030. 

i. New as a percent of total in 2000 is the estimated new square feet constructed 2000 to 2030 
divided by square feet in 2000. 

j. New as a percent of total in 2030 is the estimated new square feet constructed 2000 to 2030 
divided by square feet in 2030. 

 
Tables 7 and 8 (refers to Appendix Tables) 
 
a. Workers 2000 is an estimated extrapolation by author based on U.S. Department of Commerce, 

Bureau of Economic Analysis, Regional Economic Information System, 1999. 
b. Square feet per worker is estimated from inventory of total industrial space (including vacant 

space) by nation and for regions in 2000 by Society of Industrial and Office Realtors acquired by 
author with permission August 2001, divided by estimated workers 2000. 

c. Estimated square feet in 2000 is workers in 2000 times square feet per worker in 2000. 
d. Average annual rate of loss is an assumption based on David Birch, Susan MacCracken Jain, 

Cognetics, Inc.  and Price Waterhouse for National Association of Office and Industrial Parks, 
America's Future Industrial Space Needs Preparing for the Year 2000, 1989, p. 39. The 
assumption used here is the conservative 50-year useful life (2% annually). 

e. Estimated loss 2000-2030 is the estimated square feet in 2000 times average annual rate of loss 
times 30 years. 

f. Worker estimates for 2030 based on proprietary information acquired by the author for the period 
2000 to 2025 and extrapolated to 2030. 

g. Square feet needed in 2020 is the square feet per worker in 2000 times estimated workers in 
2030.  Assumes square feet per worker does not change. 

h. New and replaced square feet is square feet estimated in 2030 less square feet estimated in 
2000 plus square feet lost 2000 to 2030. 

i. New as a percent of total in 2000 is estimated new square feet constructed 2000 to 2030 divided 
by square feet in 2000. 

j. New as a percent of total in 2030 is estimated new square feet constructed 2000 to 2030 divided 
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by square feet in 2030
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EXECUTIVE SUMMARY 
 
This model “Watershed Action Plan (WAP),” Appendix A of the Report of Waste Discharge 
(ROWD), was prepared to meet Section J and L of the municipal NPDES Stormwater Permit - 
Order R9-2002-0001 and was revised in 2005 to integrate the separate responses of the 
Watershed Permittees to Clean-Up and Abatement Order 99-211 (issued December 28, 1999) 
and California Water Code Section 13225 Directive (issued March 2, 2001).  This WAP is also 
discussed in Section 12.0 of the DAMP, and in commitments to watershed planning in Section 
3.0 of the DAMP. 
 
Within Orange County there are both jurisdictional and watershed-based efforts to improve 
water quality.  The jurisdictional efforts are captured as part of the DAMP/LIP.  The 
DAMP/WAP was created to capture the efforts that are undertaken to address priority 
constituents of concern in a specific watershed. 
 
The purpose of this document is to present a planning framework for the Aliso Creek 
Watershed to:  
 

● Identify the most significant water quality issues related to urban runoff sources that can 
be addressed at a multi-jurisdictional watershed-scale, 

● Focus jurisdictional pollution prevention and source control programs on local 
constituents, of concern, to identify treatment control opportunities, 

● Incorporate prior data from planning studies, 

● Identify indicators to track progress, and  

● Present an integrated plan of action for urban sources that results in meaningful water 
quality improvement in the Aliso Creek Watershed.    

● Describe the numerous existing programs related to water quality and the activities 
conducted by the Watershed Permittees at the watershed scale. 

 
The WAP comprises the following sections: 
 
Section 1.0 describes the environmental setting of the watershed, discusses program 
coordination between the Watershed Permittees, and outlines the approach taken in plan 
development.   
 
Section 2.0 provides an assessment of current water quality conditions and identifies issues and 
data gaps and constituents of concern.  The constituent of concern identified for this watershed 
is pathogen indictor bacteria. 
 
Section 3.0 provides information on the Directives issued for impaired segments of this 
watershed, and the development of existing total maximum daily load (TMDLs) and the 
schedule for future TMDLs.   
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Section 4.0 discusses pollution sources and provides an inventory of enhanced best 
management practices (BMPs) and restoration projects that have been implemented in the 
watershed. 
 
Section 5.0 focuses on the recommendations for actions to be taken to address the water quality 
issues of the watershed and discusses the annual means of assessment of the program 
effectiveness. 
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1.0 INTRODUCTION 

The designation of “Aliso Creek Watershed” refers to the hydrologic watershed that is defined 
by drainage and only minimally by jurisdictional boundaries.  The Aliso Creek Watershed 
encompasses portions of the cities of Aliso Viejo, Laguna Beach, Laguna Hills, Laguna Niguel, 
Laguna Woods, Lake Forest, and Mission Viejo, and unincorporated areas within the County of 
Orange.  More than a decade ago, the Watershed Permittees (the County of Orange, the cities of 
Aliso Viejo, Laguna Beach, Laguna Hills, Laguna Niguel, Laguna Woods, Lake Forest, and 
Mission Viejo, and the Orange County Flood Control District) recognized that Aliso Creek and 
the beach at the creek mouth were suffering from a variety of water quality problems and began 
an unprecedented program of collaboration to address these problems.  It was realized early on 
that the management of water quality was more appropriately dealt with within the hydrologic 
boundaries of the watershed, rather than solely on the jurisdictional basis of political 
boundaries.  
 
This Aliso Creek Watershed Action Plan (WAP) of the Drainage Area Management Plan 
(DAMP) has been developed to attain the following multiple objectives: 
 

● To meet the requirements for a Watershed Urban Runoff Management Plan (WURMP) 
contained in the municipal National Pollutant Discharge Elimination System (NPDES) 
stormwater permit; 

 
● To identify the most significant water quality issues and constituents of concern on a 

watershed scale and relate these to urban sources; 
 

● To focus the pollution prevention and source controls implemented at a individual 
jurisdiction level on the identified constituents of concern and to identify any 
jurisdiction-specific treatment control opportunities; 

 
● To identify the water quality issues that are most appropriately addressed through a 

multi-jurisdictional watershed-scale approach; 
 

● To incorporate information obtained from prior planning studies; 
 

● To present an integrated plan of action that results in meaningful water quality 
improvement in the Aliso Creek Watershed group at a watershed-scale that balances 
economic, social, and environmental constraints; and 

 
● To identify indicators to track progress. 

 
 
To achieve these objectives, the Aliso Creek Watershed Permittees will be building on the 
considerable work and studies that have been completed collaboratively over a multi-year 
period.  These initiatives include: 
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● Since 1990, the Watershed Permittees have developed and implemented common water 
quality programs within their own jurisdictions in response to the requirements of the 
municipal NPDES stormwater permit.  

 
● In February 2003, an updated version of the 2003 DAMP was provided to the San Diego 

Regional Water Quality Control Board (Regional Board), including Local 
Implementation Plans (LIPs – 2003 DAMP Appendix A).  The LIPs are detailed plans 
that focus on specific areas required by the NPDES permits, including the legal authority 
to regulate pollutant discharges; public education; enhanced standards for new 
development/significant re-development; implementation of BMPs at municipal 
facilities, construction sites, and commercial and industrial facilities; and, water quality 
monitoring. The BMPs can, in most cases, be focused on targeted constituents of concern 
to be identified through the monitoring program. 

 
● On December 28, 1999 the San Diego Regional Board issued a Clean-up and Abatement 

Order (CAO 99-211) to the County, Orange County Flood Control District, and the City 
of Laguna Niguel to address occurring bacteria indicators in the storm drain designated 
J03P02.  The CAO recipients have implemented an extensive program of monitoring and 
BMPs in this sub-watershed and reported progress in twenty-one quarterly progress 
reports.  The CAO was rescinded by the Regional Board on May 11, 2005.   

 
● On March  2, 2001, the Regional Board issued a Water Code Section 13225 Directive 

(Directive) to the Watershed Permittees in response to the elevated levels of bacterial 
indicators detected in many areas of the Aliso Creek Watershed that were attributed to 
urban sources.  The Directive required the Watershed Permittees to conduct extensive 
additional monitoring and to detect and eliminate the sources of the bacterial indicators. 
In response to the Directive, the Watershed Permittees collaborated to address this 
highly specific water quality problem. This collaboration included developing and 
implementing one of the most extensive bacterial monitoring programs attempted at a 
watershed-scale, and specific plans of action by each of the Watershed Permittees for 
addressing problem storm drains on a prioritized basis. The plans of action focus on 
many of the pollution prevention and source control approaches described in the LIPs, 
and include a number of collaborative actions between the Watershed Permittees, such 
as public education and treatment control BMP retrofits. 

 
● Since 1997, a multi-jurisdictional effort has been taking place to develop solutions to the 

watershed-scale problems in Aliso Creek.  The Corps of Engineers’ watershed 
management study process and a Clean Water Act Section 205(j) water quality planning 
grant were two of the key components of this effort.  The result of this effort has been 
the development of a Watershed Management Plan that identified problems, 
opportunities, and ultimately identified a series of water quality improvement 
recommendations.  Many of these recommendations are being pursued, with the County 
or, in some cases, individual Watershed Permittees as lead agency.  

 
The Aliso Creek Watershed Chapter borrows much of its organization, structure, and 
terminology from the 2003 DAMP of which it is an appendix, and also from the reports 
developed in response to the Directive: 
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Section 1.0 describes the watershed and environmental setting, the program management 
coordination between the Watershed Permittees and other stakeholders, and the approach 
taken to develop the plan. 
 
Section 2.0 assesses the water quality information available and identifies the water quality 
issues and the constituents of concern. 
 
Section 3.0 provides details on the existing Directives in the watershed and provides 
information on the schedule for future TMDLs. 
 
Section 4.0 discusses the urban sources of pollution, the available treatments for pollution 
control, and an inventory of Enhanced BMPs and stream system restoration projects that have 
been implemented in the watershed that address specific pollutants of concern. 
 
Section 5.0 focuses on the actions to be taken to address the water quality issues of the 
watershed and discusses the annual means of assessment of the program effectiveness.  
 
The Aliso Creek WAP is intended as a living document, one capable of being modified as new 
information becomes available and problems are addressed.  It identifies the current state of 
knowledge on the issues facing the Aliso Creek Watershed and also sets the stage for future 
activities intended to address water quality issues in various reaches of the Creek and its 
tributaries.  Figures enclosed represent available information in the GIS mapping format and 
some additional inventory information as supplied by the Watershed Permittees. The plan of 
action contained in this WAP will be reviewed for effectiveness and applicability annually 
through the annual progress reporting process required by the municipal NPDES stormwater 
permit. 
 

1.1 Watershed Setting 
 
The Aliso Creek Watershed is located in southern Orange County, approximately 50 miles 
south of Los Angeles and 65 miles north of San Diego (Figure 1).  Aliso Creek drains a long, 
narrow coastal canyon with headwaters in the Cleveland National Forest.  The creek ultimately 
discharges into the Pacific Ocean at Aliso Beach.  The approximately 36-square-mile watershed 
includes portions of the cities of Aliso Viejo, Laguna Beach, Laguna Hills, Laguna Niguel, 
Laguna Woods, Lake Forest, and Mission Viejo.  Figures 2 through 4 depict the breakdown of 
the watershed by Unified School District boundaries, city boundaries, water provider, and 
parks and open space, respectively.  
 
Major transportation arteries through the watershed include the San Joaquin Hills 
Transportation Corridor and Interstate 5.  Figure 5 shows the major transportation routes 
within the watershed. 
 
The Aliso Creek Watershed is largely developed, with the exception of the Cleveland National 
Forest in the upper watershed and the Aliso Wood Canyon Regional Park in the lower 
watershed.  Figure 6 shows the existing land use in the Aliso Creek Watershed and Figure 7 
shows the future planned land use. 
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1.2  Beneficial Uses 
 
The Aliso Creek Watershed is within the jurisdiction of the San Diego Regional Board.  The 
Regional Board has placed Aliso Creek under the Laguna subunit of the San Juan Hydrologic 
Basin (designated Hydrologic Sub Area 1.13). The Water Quality Control Plan (Basin Plan) also 
lists the English Canyon, Sulphur Creek, and Wood Canyon tributaries to Aliso Creek as 
receiving waters.  The following existing beneficial uses are designated in the Basin Plan for 
Aliso Creek, Sulphur Creek, Wood Canyon, and English Canyon: 
 

AGR – agricultural supply 
REC1 – contact water recreation 
REC2 – non-contact water recreation 
WARM – warm freshwater habitat 
WILD – wildlife habitat 

 
The following designations apply to the mouth of Aliso Creek: 
 

REC1 – contact water recreation 
REC2 – non-contact water recreation 
WILD – wildlife habitat 
RARE – rare, threatened, or endangered species 
MAR – marine habitat 

 
Table 1 shows the beneficial uses associated with each waterbody. 
 
 
Table 1:  Designated Beneficial Uses – Aliso Creek 

Inland Surface Water AGR REC-1 REC-2 WARM WILD 

Aliso Creek      
 English Canyon      
 Sulphur Creek      
 Wood Canyon      
Aliso Creek Mouth      
 
Existing -   Potential -  
 
Source:  http://www.waterboards.ca.gov/sandiego/programs/basinplan.html 
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The following is a description of the relevant beneficial use designations: 
 
Agricultural Supply (AGR) – Supports uses for farming, horticulture or ranching. Uses may 
include irrigation, stock watering, and support of vegetation for range grazing.  
 
Contact Water Recreation (REC1) – Includes uses of water for recreational activities involving 
body contact with water, where ingestion of water is reasonably possible. These uses include, 
but are not limited to, swimming, wading, water-skiing, skin and scuba diving, white water 
activities, fishing, or use of natural hot springs. 
 
Non-Contact Water Recreation (REC2) – Includes uses of water for recreational activities involving 
proximity to water, but not normally involving body contact with water where ingestion of 
water would be reasonably possible. These uses include, but are not limited to, picnicking, 
sunbathing, hiking, beach combing, camping, boating, tidepool and marine life study, hunting, 
sightseeing, or aesthetic enjoyment in conjunction with the above activities. 
 
Warm Freshwater Habitat (WARM) – Supports warm water ecosystems that may preserve and 
enhance aquatic habitats, vegetation, fish, and wildlife, including invertebrates. 
 
Wildlife Habitat (WILD) – Includes uses of water that support terrestrial ecosystems, including, 
but not limited to, preservation and enhancement of terrestrial habitats, vegetation, wildlife 
(mammals, birds, reptiles, amphibians, invertebrates), or wildlife water and food sources. 
 

1.3 Constituents of Concern 
 
As discussed in the Introduction, the focus of the WAP is to address the priority constituents of 
concern within the watershed.  At the time of its preparation, it was assumed that the 
DAMP/WAP would ultimately evolve into a TMDL implementation plan and the anticipated 
development of the Beaches and Creeks Pathogen Indicator Bacteria TMDL established 
pathogen indicator bacteria as the priority constituent of concern in the watershed. 
 

1.4 Watershed Program Management 
 
Watershed management is the term used for the approach to water quality planning that places 
an emphasis on the watershed (the area draining into a river system, ocean or other body of 
water through a single outlet) as the planning area and looks to solutions to problems that cut 
across programs and jurisdictions.  In Orange County, these efforts focus additional effort on 
the highest priority water quality constituents of concern in each watershed. 
 
The approach taken to develop the DAMP/WAP establishes the jurisdictional DAMP/LIPs and 
the DAMP/WAPs as the principal policy and program documents for two separate, but 
nonetheless similar and highly interdependent, water quality planning processes targeting the 
control of pollutants in urban runoff (see Section 3.0, 2007 DAMP).  In a number of watersheds 
these efforts are supportive of a third planning process that is focused on achieving broader 
objectives such as watershed habitat restoration and connectivity rather than specific water 
quality outcomes.   
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The Watershed Permittees coordinate the program management of the Aliso Creek Watershed 
through the program agreements and coordination meetings, which are described below. 
 
1.4.1 NPDES Countywide Coordination 
 
The Orange County Stormwater Program is underpinned by an Implementation Agreement 
between the County of Orange, the Orange County Flood Control District, and the 34 cities of 
Orange County.  The Agreement provides a funding formula and budgeting process for shared 
countywide costs and monitoring costs by Regional Board area. 
 
The Orange County Stormwater Program also has an extensive committee structure that is 
described in the DAMP (2003 DAMP Section 2) and in the LIPs of the Watershed Permittees 
(2003 DAMP Appendix A-2).  Each of the Watershed Permittees participates in the General 
Permittee meeting and, selectively, in the other oversight and technical committees. 
 
1.4.2 NPDES Watershed Coordination 
 
The Watershed Permittees also meet separately from the countywide program on a regular 
basis, typically quarterly, to coordinate activities in response to the Directive.  As the intent of 
the Directive becomes integrated into both the LIP and the Aliso Creek WAP, these meetings 
are anticipated to continue in order to maintain coordination.  The Watershed Permittees have 
developed a cost-sharing agreement for watershed monitoring costs to deal with those 
expenditures not covered by the countywide program.  
 
1.4.3 Corps of Engineers Watershed Management Study  
 
The County of Orange entered into an agreement with the Corps of Engineers in 1998 to 
conduct a Watershed Management Study focused on the broader goal of restoring watershed 
ecosystem integrity.  Subsequently, the County entered into individual agreements with each of 
the Watershed Permittees as well as other agency stakeholders (such as water/sewer districts) 
to cost-share the multi-year study. 
 
The Watershed Permittees, agency stakeholders, and others held meetings for more than five 
years in an effort to better define problems, opportunities, and roles and responsibilities within 
the study process and following its completion.  During that time, a broad range of problems 
were identified, one of which is water quality.  While the focus of the Corps of Engineers is on 
broader restoration issues, the focus of many of the members attending the meetings was on 
water quality improvement.  The Watershed Permittees, in particular, participated from the 
outset in actively guiding the studies, evaluating the results, and providing direction to future 
efforts including securing grant funding under the Clean Water Act Section 205(j) for additional 
water quality studies.  Participation in this group was voluntary, with numerous individuals 
donating their time and efforts toward the goal of improving water quality. 
 
An important component of the study management process was participation from the public, 
many of whom regularly attended meetings in an effort to provide input into the direction of 
study and addressing of problems.  While the meetings were announced in a variety of media, 
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continued public participation was also ensured through maintenance of an e-mail list/address 
list through which many of the participants were contacted on a systematic basis. 
 
The meetings included presentations on a wide variety of issues related to improvement of the 
entire watershed ecosystem.  Subjects included the effects of development on various watershed 
attributes, ecosystem damage and restoration, water quality assessment and improvement, 
flood damage reduction, coastal issues, alternative development and selection, the development 
of the Watershed Management Plan, prioritization and inclusion of alternatives in the Plan, and 
the progress of the Corps of Engineers study process.  Feedback from the participants actively 
guided the direction of future study efforts and provided valuable input into the issues related 
to each and every potential outcome.  In addition, the presenters were often educated by the 
public on issues that may not have been anticipated by the technical team. 
 

1.5 Governance 
 
1.5.1 Watershed Chapter Committee 
 
The Tier I/Cost Share Partners Stakeholder Group operates as the WAP Committee. This group 
includes representatives of the seven cities located within the watershed, representatives from 
the County of Orange, as well as representatives of interested agencies in the watershed. This 
group met four times in 2004-05. 
 
1.5.2 Stakeholder Group 
 
The Tier II/Public Stakeholders group provides for wider public participation and is comprised 
of representatives from the County, cities in the watershed, water districts, wastewater 
authorities, major landowners, and representatives of several environmental NGOs. The Tier II 
Group met four times in 2004-05. 
 

1.6 Watershed Action Plan Development 
 
Based upon the annual watershed assessment (discussed in Section 5.0), the Watershed 
Permittees and other participating jurisdictions will work together to address the priority water 
quality issues identified through the watershed planning processes. It is anticipated that water 
quality issues that are determined to be specific to a jurisdiction would be referred to that 
jurisdiction and thereafter be addressed as a jurisdictional program initiative through the LIP. 
Alternatively, the issue may originate from multiple jurisdictions within the watershed. In this 
instance, the problem would be addressed as a watershed cooperative effort.  
 
Updates to this program will be the subject of annual reporting each November, which will 
include a water quality assessment and revisions to the listed water quality improvement 
initiatives. 
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2.0 WATER QUALITY ASSESSMENT 

Urban discharges include surface runoff from residential, commercial, and industrial areas.  
Pollution sources that are not considered as part of the urban watershed planning 
responsibilities are atmospheric deposition and agricultural runoff.   
 
The NPDES permit includes the requirement to monitor and assess the water quality associated 
with urban runoff.  Within the Aliso Creek Watershed there have been several major initiatives 
to monitor and assess the water quality:  
 

● The NPDES Monitoring Program began in 1990 and is anticipated to continue into the 
foreseeable future.  

● The Clean Water Act Section 205(j) Water Quality Planning study began in 1998 and 
continued through October 2000. 

● The bacteria monitoring program in response to the Directive began in April 2001 and is 
ongoing at present.  It is the intention of the Watershed Permittees to integrate a revised 
Directive monitoring process within the program framework of the NPDES Monitoring 
Program.  

Additionally, historical water quality-related data has been collected under various efforts and 
by other agencies and districts. 
 

2.1 Water Quality Status  
 
Under section 303(d) of the 1972 Clean Water Act, states, territories, and authorized tribes are 
required to develop a list of water quality limited segments—waters that do not meet water 
quality standards, even after point sources of pollution have installed the minimum required 
levels of pollution control technology. The law requires that state or local jurisdictions establish 
priority rankings for water quality impairment on the list and develop action plans, referred to 
as TMDLs, to improve water quality. 
 
The SWRCB and the Regional Board staff have evaluated each addition, deletion, and change to 
section 303(d) based on all the data and information available for each water body and 
pollutant. These recommendations are based upon “all existing and readily available data and 
information” (40 CFR 130.7(b)(5)). In developing the recommendations, the SWRCB staff used 
the recommendations and analysis of the Regional Board as the basis of its analysis.  
 
A new listing policy was used to develop the 2006 draft 303(d) list.   Based on that policy, some 
data, for purposes of developing the section 303(d) list, are sufficient by themselves to 
demonstrate non-attainment of standards. Examples of these listing factors are (1) numeric data 
exceeding numeric water quality objectives, maximum contaminant levels, or 
California/National Toxics Rule water quality criteria and (2) use of numeric evaluation values 
focused on protection of consumption of aquatic species. Other data types require that multiple 
lines of evidence be used for listing and de-listing. The listing factors that require multiple lines 
of evidence are (1) toxicity, (2) health advisories, (3) nuisance, (4) beach postings, (5) adverse 
biological response, and (6) degradation of aquatic life populations or communities. Each of 
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these lines of evidence generally need evidence of the presence of the pollutant(s) that cause or 
contribute to the adverse condition. 
 
The 2002 303(d) list of impaired waters – approved by the State Water Resources Control Board 
– that could potentially be affected by activities occurring within the Aliso Creek Watershed is 
presented in Table 2.  It should be noted that this list is updated every 3 years and will be 
replaced within this Watershed Action Plan. 
 
Nineteen miles of Aliso Creek are listed as impaired for bacteria indicators, phosphorus, and 
toxicity on the 2002 303(d) list.  In addition, an area of about 0.29 acre of the Aliso Creek mouth 
is listed as impaired for bacteria indicators as is the Pacific Ocean shoreline at the mouth of 
Aliso Creek.  The listings were based on the following information: 
 

Bacteria indicators - Cumulative analyses of sampling data collected from 1998 to 1999 
along the entire reach of Aliso Creek and in several tributaries indicated elevated 
enterococci concentrations.  Subsequently, most of the hydrologic sub-area (HSA 1.13) 
was determined to be impaired for enterococci, including the tributaries of Aliso Hills 
Channel, English Canyon Creek, Dairy Fork Creek, Sulphur Creek, and Wood Canyon 
Creek.  The sampling data also indicated concentrations of fecal coliform that exceeded 
the Basin Plan objective.  These findings resulted in inclusion of the entire reach of Aliso 
Creek being listed as impaired due to fecal coliform.  
 
Phosphorus - Sampling data collected between 1997 and 2000 near the mouth of Aliso 
Creek (ACJ01) and further upstream at Country Club Road and at Pacific Park 
Drive/Oso Parkway showed phosphorus concentrations that exceeded the Basin Plan 
objective; this finding resulted in listing of Aliso Creek as impaired for phosphate in the 
lower four miles. 
 
Toxicity - Five stations, from the headwaters to the mouth of Aliso Creek, were sampled 
in 1998 and 1999, and all showed toxicity for one or both of the storm event samplings, 
thereby placing the entire reach on the list as impaired due to toxicity. 
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Table 2:  2002 303(d) List and TMDL Priority Schedule – Aliso Creek Watershed 
 

Type Name 
Hydro 
Unit Pollutant/Stressor Source Priority 

Estimated 
Size 
Affected 

Bacteria Indicators Urban Runoff/Storm Sewers 
Unknown point source 
Nonpoint/Point Source 

Medium 19 Miles 

Phosphorus 
Impairment located at 
lower 4 miles 

Urban Runoff/Storm Sewers 
Unknown point source 
Nonpoint/Point Source 

Low 19 Miles 
R Aliso Creek 1.13 

Toxicity Urban Runoff/Storm Sewers 
Unknown point source 
Nonpoint/Point Source 

Low 19 Miles 

E Aliso Creek (mouth) 1.13 Bacteria Indicators Nonpoint/Point Source Medium 0.29 Acres 
C Pacific Ocean 

Shoreline, Aliso HSA 
1.13 Bacteria Indicators 

Impairment located at 
Aliso Beach 

Nonpoint/Point Source Medium 0.65 Miles 

(Note: R – Rivers; E – Estuary; C – Coastal Shoreline/Beaches) 
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2.2 Summary of Monitoring Activities 
 
The major monitoring programs in the Aliso Creek watershed are described below. 
 
2.2.1 NPDES Monitoring and Assessment Program 
 
NPDES permits are issued for a five-year term and are issued on an area-wide basis.  The first 
municipal NPDES Stormwater Permit was for the period 1990-1996; the Second Term Permit 
covered 1996-2002; and the Third Term Permit covers 2002-2007.  Each of the permits has 
required the development and implementation of a monitoring program to support an effective 
County-wide urban stormwater management program. 
 
First Term Permit 
 
The monitoring program for the First Term consisted of four elements.  These elements were 
Field Screening, Channel Monitoring, Harbor/Bay Monitoring, and Sediment Sampling. 
 

● Field screening was performed to detect the presence of illegal discharges or illicit 
connections.  Physical and chemical analyses were conducted in the field.  The annual 
evaluation of each station included two dry-weather samplings and one storm sampling. 
Field screening monitoring stations within the Aliso Creek Watershed were: 

 
1) Aliso Creek Channel at Aliso Creek Road 

2) Aliso Creek Channel at Pacific Coast Highway 

3) Sulphur Creek Channel at Laguna Niguel Regional Park 

4) Narco Channel at Laguna Niguel Regional Park 

5) English Canyon Channel at Los Alisos Boulevard 

 
● Channel monitoring focused on specific watercourses with beneficial uses identified in 

the Basin Plan.  Stations were monitored monthly and/or during storms.  Samples were 
collected using automatic samplers.  Samples were analyzed for pH, electrical 
conductivity, turbidity, nutrients, total suspended solids, volatile suspended solids, and 
total recoverable metals.  Aliso Creek in Aliso/Wood Canyon was the station located in 
the Aliso Creek Watershed. 

 
● Harbor/Bay sites were monitored semiannually and during storms.  The monitoring 

included sampling for nutrients in the water column and trace metals and organics in 
the sediment.  No Harbor/Bay Monitoring was directly associated with the Aliso Creek 
Watershed.   

 
● Sediment sampling was conducted semiannually from designated channels and several 

bays and harbors.  Samples were evaluated for metals, pesticides, herbicides, PCBs, and 
PAHs. 
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Second Term Permit 
 
The First Term Permit monitoring program was continued into the second permit term.  
However, in 1999 the 99-04 Monitoring Plan was developed and implemented.  This plan 
revised the geographic focus of the monitoring effort by designating “warm spots” (where 
constituents are substantially above system-wide averages) and “Critical Aquatic Resources” or 
CARs. 
 
The monitoring objective for the Warm Spot segment of the program was to detect changes in 
the levels of the identified constituents over the long term.  The CARs were prioritized and 
additional monitoring stations selected to gather data at those sites.  A total of seven monitoring 
stations were established. In the Aliso Creek Watershed, the established station was located at 
Aliso Creek in Laguna/Wood Canyon Wilderness Park. 
 
Third Term Permit  
 
This current permit period is the most comprehensive monitoring effort to date.  It extends the 
monitoring program to a broader range of locations and to a wider array of methods for 
measuring impacts.  Investigation of the effects of stormwater plumes on the nearshore marine 
environment has been added to the program.  Inland, the monitoring program includes 
bioassessment of creeks, along with more consistent use of toxicity testing.  The bioassessment, 
toxicity testing, and measurement of chemical parameters are referred to as the “triad” 
approach.  The Wet Weather Monitoring Program and the Dry Weather Monitoring Program 
supercede the 99-04 Monitoring Plan. 
 
The four elements of the Wet Weather Monitoring Program are: 
 
Urban Stream Bioassessment Monitoring – includes 12 sites plus three reference sites.  Five sites 
are located in the Aliso Creek watershed, one is located in Wood Canyon, one is located on 
English Creek, and three are located on Aliso Creek. 
 
Long-Term Mass Loading Monitoring – includes measurements of key pollutants at 6 sites. 
Monitoring sites include the sites designated in the 99-04 monitoring program plus additional 
sites. A total of 6 stations were selected across Orange County.  Aliso Creek in Aliso/Wood 
Canyon is the only station in the Aliso Creek Watershed for this program element. 
 
Coastal Storm Drains Monitoring – based on a suite of bacterial indicators.  There are 36 sites, 
including the mouth of Aliso Creek. 
 
Ambient Coastal Receiving Waters Monitoring – uses a measure of runoff plume characteristics. 
Stations include the mouth of Aliso Creek and three sites in nearby Dana Point Harbor.  Testing 
will be done semi-annually and during two storms per year. 
 
The Dry Weather Monitoring Program is focused on detection of illicit discharges and illegal 
storm drain connections.  Figure 9 shows the subwatersheds and the monitoring locations 
within the Aliso Creek Watershed.   
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Pipes currently monitored as dry weather monitoring locations within the Aliso Creek 
Watershed include: 
 

1) J01P26 

2) J01P27 

3) J01P28 

4) J01P33 

5) J02P05 

6) J01P01 

7) J01P02 

8) J01P05 

9) J01P08 

10) J04P04 

11) J03P01 

12) J04@J03 

13) J01@Laguna Beach 

14) J01@ASVM 

15) J01P03 

16) J01P04 

17) J07P02 

 
This list will be modified over time. 
 
2.2.2 Bacteria Monitoring Program:  CAO 99-211 
 
On December 28, 1999 the Regional Board issued a Cleanup and Abatement Order (CAO 99-
211) due to preliminary 205(j) Study findings of elevated fecal coliform levels at a particular 
storm drain (J03P02).  CAO 99-211 required Orange County, the Orange County Flood Control 
District, and the City of Laguna Niguel to develop a workplan with a time schedule to cleanup 
the waste discharge from the J03P02 storm drain outfall into the Sulphur Creek tributary of 
Aliso Creek; abate the effects of the discharged waste; implement a weekly monitoring 
program; and, to submit quarterly progress reports.  This order was rescinded by the Regional 
Board on May 11, 2005.   
 
2.2.3 Bacteria Monitoring Program:  Directive 
 
On March 2, 2001, the San Diego Regional Board issued a directive pursuant to California Water 
Code Section 13225 ("Directive") to the Principal Permittee and the cities within the Aliso Creek 
Watershed ("Watershed Permittees") for an investigation of urban runoff in the watershed.  The 

RB-AR10611



MODEL ALISO CREEK WATERSHED ACTION PLAN 

Report of Waste Discharge:  Appendix A 2-8 August 18, 2006 
Proposed Model for 2007 DAMP  
Aliso Creek Watershed Action Plan 

Directive found that the Watershed Permittees may be discharging waste with high bacteria 
levels from municipal storm drain outfalls into Aliso Creek and its tributaries. To meet 
requirements of the Directive, the Watershed Permittees implemented a watershed-wide 
regional bacteriological monitoring program in April of 2001. 
 
A revised regional monitoring program that more efficiently allocates efforts to source 
identification and reduction was approved in October 2005 and began implementation in June 
2006.   The revised program focuses monitoring efforts on “status sites” and “trends sites” in the 
lower watershed and on a “BMP evaluation sites” at high-priority drains throughout the 
watershed.  

 
The monitoring of status and trend sites addresses two questions:  
 

1. Are conditions in receiving waters protective of beneficial uses? (status) 
2. Are conditions in receiving waters getting better or worse over time? (trends) 

 
Status and trends monitoring takes place at five core stations in the lower portion of the 
watershed, which past studies indicate is the area of highest recreation use and related concern 
about potential human health impacts. Despite some variability among them, the stations as a 
group provide a picture of conditions in the lower portion of the Creek. These five stations will 
be monitored during August and September, at a frequency of 10 samples per month. This 
period represents the most conservative sampling period because it captures the annual peak of 
bacteria levels in the watershed and the time of year that body contact recreation is most likely. 

 
The BMP evaluation monitoring focuses on answering three questions: 
 

1. Have bacteria loads from the high-priority drains decreased?  
2. Are BMPs having their intended effects on concentrations in and/or loads from the 

drains? 
3. Have impacts from high-priority drains on the receiving waters decreased? 

 
Data from the BMP evaluation sites will also be compared to the results of the status and trends 
monitoring in the lower sections of Aliso Creek. This will help to assess whether a reduction in 
loads at the high-priority drains is associated with improving conditions in the lower Creek. 

 
The revised program also contains important adaptive components that will ensure the 
monitoring program maintains its focus on key management questions, responds appropriately 
to monitoring findings, initiates new activities only when they are supported by the monitoring 
data, and reduces monitoring effort when it no longer provides useful information.  Data and 
results of the revised monitoring program will be submitted on an annual basis on November 
15th of each year.   
 
2.2.4 205(j) Water Quality Study 
 
The Aliso Creek 205(j) study was an effort led by the County of Orange to collect information 
throughout the Aliso Creek Watershed on a wide range of water quality parameters.  The initial 
water quality investigation included chemical, physical, bacteriological, and toxicity sampling. 
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Results of the initial water quality investigation indicated that elevated bacteria and aquatic 
toxicity were the most critical water quality issues in the watershed.  Elevated bacteria were 
viewed by a Watershed Technical Advisory Committee as requiring immediate attention. 
Further focused studies were undertaken to collect bacteriological data to determine those 
subwatersheds that should undergo more focused source identification efforts based on 
potential sources of the elevated bacteria levels.  Efforts undertaken in this study also included 
an aquatic life assessment, water temperature profiling, and recreational use analysis.  As a 
result of the water quality findings, several recommendations were made in the Corps study 
and Watershed Management Plan and have and are being pursued by the Watershed 
Permittees within the watershed (see later sections of this document). 
 
2.2.5 Pre-NPDES Monitoring Program 
 
Prior to the start of the NPDES Monitoring Program in 1991, a monitoring station was operated 
along Aliso Creek, a quarter mile upstream of the Pacific Coast Highway.  The monitored 
constituents included nutrients, total lead, copper, zinc, cadmium, and chromium.  Monitoring 
was also performed for dissolved oxygen, which was a concern because of the sand blocking 
that develops at the mouth of the creeks due to currents and tidal action.  When dissolved 
oxygen concentrations dropped below a critical level, the sand berm was breached to allow 
circulation. 
 
2.2.6 Orange County Health Care Agency 
 
Over the past 40 years, the Health Care Agency (also known as Environmental Health) and 
local sanitation agencies (Orange County Sanitation District and South Orange County 
Wastewater Authority) have been testing the coastal waters in Orange County for bacteria that 
indicate possible presence of human disease-causing organisms.  Samples are collected weekly 
at approximately 150 ocean, bay, and drainage locations throughout coastal Orange County. 
Within the Aliso Creek Watershed, there are sample locations at the mouth of Aliso Creek and 
on Aliso Beach (Figure 9). 
 
2.2.7 Stream Gage Information 
 
While the collection of data at the stream gages is not precisely a water quality monitoring 
program, it does provide valuable information in the overall knowledge of the flow history in 
the watershed and is therefore discussed throughout this section.  
 
Data consisting of periodic discharge measurements (instantaneous discharge in cubic feet per 
second) has been measured at one site on Aliso Creek from 1932 to the present.  This 
information indicated peak discharges for each water year and the average daily baseflow over 
the period of record.  Historically (pre-urbanization), Aliso Creek was an ephemeral creek. 
However, the Aliso Creek Watershed has yielded a steady increase in baseflow over the period 
of record.  This is believed to be due to irrigation throughout the watershed increasing the 
water available to infiltrate into subsurface and emerge as baseflow in the creek.  This baseflow 
currently supports vegetation and wildlife in a discontinuous riparian corridor from the 
headwaters to the ocean. 
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A second stream gage was installed in 2001 at the bridge to the treatment plant in Aliso/Wood 
Canyon Regional Park to allow further flow assessments in response to the 13225 Directive. 
 

2.3 Water Quality Monitoring Data Assessment 
 
2.3.1 Findings of the NPDES Monitoring Program 
 
While the priority constituent of concern in the Aliso Creek Watershed is pathogen indicator 
bacteria, the water quality issue of greatest public concern (see FY2002-03 Unified Report) is 
pollution of beaches.  Consequently, this discussion primarily considers, based upon the 
findings from analyses of the Wet Weather Monitoring Program - Coastal Storm Drain Outfall 
data, the impact of the Creek on coastal waters. These analyses, which were undertaken to 
identify on a regional basis the most potentially problematic outfalls, comprised: 
 

1. Comparing indicator levels at each drain to the State’s Ocean Water–Contact Sports 
Standards (also referred to as “AB411” standards); 

2. Ranking drains based upon the proportion of total possible exceedances of the AB411 
standards; 

3. Plotting indicator levels in the receiving water vs. those in the drain; and 
4. Ranking drains in terms of the slope of the linear regression of receiving indicator levels 

vs. those in the drain. 
 
More detailed discussion of these analyses and the analyses of data from the other monitoring 
program elements (Bioassessment, Mass Emissions, etc.) are presented in the 2004-2005 Unified 
Report Section C-11).  A summary of findings is depicted in tables and figures attached to this 
WAP (Attachment 1, Water Quality Monitoring Data).   
 
Attachment 1a shows the proportion of all samples exceeding AB411 standards in the receiving 
water upstream and downstream of coastal drains for the entire year and for the AB411 season.  
The exceedances were predominantly for Enterococcus and Monitoring Site ACM1 did not rank 
in the top 5 (10% or higher rate of exceedance) in either comparison. 
 
Exceedances of AB411 standards in the receiving waters were usually associated with elevated 
concentrations of indicator organisms in the outfall itself.  Attachment 1b provides a graphic 
illustration of this relationship.  Linear regression provides additional insight by quantifying the 
strength of the outfall/receiving water relationship (measured by the statistical significance – 
‘p’ value - of the regression slope).  Attachment 1b shows that site ACM1 ranks highest in terms 
of its influence on receiving water quality. 
 
Based upon these analyses, a number of overall patterns in the overall bacteria output of the 
watershed are evident: 
 

• The proportion of exceedances is generally lower in the AB411 season than in the entire 
year, implying that exceedance rates are highest in the rainy season; and 

• Regressions are generally less strongly significant in the AB411 season than in the entire 
year, implying that the relationship between drains and nearby receiving waters is 
tighter (i.e. a more influential determinant) in the rainy season. 
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2.3.2 Results of Bacteria Monitoring Program:  CAO 99-211 
 
Quarterly progress reports were submitted to the Regional Board from May 2000 to April 2005 
by the County, Orange County Flood Control District and the City of Laguna Niguel describing 
the results of the weekly sampling program and efforts to identify causes of elevated bacterial 
water quality in the storm drain identified as J03P02 in the Kite Hill area.   
 
Extensive investigations over the term of the CAO identified no broken or leaking sanitary 
sewer lines in the vicinity of J03P02 and no human pathogens in the discharge.  Instead, source 
investigations conducted pursuant to the CAO identified the predominant source of fecal 
bacteria as avian, with additional inputs from rabbits, dogs, and manure used as fertilizer.  
Source investigations conducted in 2000 indicate the following sources probably contribute to 
the levels of bacteria in the J03P02 system:  organic soil amendments, turfgrass areas, wildlife, 
domestic pets, accumulated organic debris in the surface and subsurface storm drain system, 
and street sweeping debris.  Regrowth of bacteria within the storm drain system was also 
identified as a potential contributor to the problem. 
 
To address the elevated bacterial levels, the City of Laguna Niguel constructed the Wetland 
Capture and Treatment Network (WetCAT), a system of three constructed wetlands and an 
inlet/piping system that captures and treats virtually all low-flow and first-flush runoff from 
the entire J03P02 watershed. This system has been effective at reducing bacterial levels. 
 
2.3.3  Results of the Aliso Creek Water Code 13225 Directive Monitoring Program 
 
Over the FY2004-05 reporting period, bacteriological concentration levels followed the expected 
seasonal pattern of increasing during the dry weather seasons (spring and summer) and 
decreasing during the wet weather seasons (fall and winter). Bacteria levels in the winter (16th 
quarter), Spring (17th quarter) and Summer (18th quarter) seasons indicated a decrease from 
levels from the same season of the previous year. This decrease is expected as the Watershed 
Permittees continue activities to abate bacteria or eliminate sources. Attachment 1c summarizes, 
by quarter, the geomean concentrations of fecal coliform in the stormdrains measured in the 
Directive Monitoring Program. 
 
The quarterly geomean concentrations of fecal coliform are plotted for each site in Attachment 
1d.  The graphs are positioned according to the relative position of the stormdrain in the 
watershed (i.e. J01P08 is the furthest upstream sampled drain).  From these graphs it appears 
that the stormdrains can be placed in one or more categories.  These categories include: 
 

• Stormdrains which show little impact on receiving water (e.g. J01TBN3, J01P05, J01P04, 
J05, J01TBN4, J01P33, J01P30 [last 2 years], J01P26, J01P25, J01P24, J01P22, J01P21, 
J03P05, J03P13, and J03P02 [except summers of 2003 and 2004]). 

• Stormdrains which appear to have a significant impact on their respective receiving 
waters (e.g. J01P08, J01P01, J01P03, J01P28, J03TBN2, J03P01, J04, J02TBN1, and J02P05). 

• Stormdrains in which the fecal coliform concentration in the discharge is consistently 
lower than their respective receiving water concentration (J01P24, J01P21). 
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It should be noted that the assignments of the stormdrains to the categories above were based 
solely on visual observations of the data patterns in the graphs. The impact of a drain on its 
respective receiving water is a function of many factors including: 
 

• Concentration of bacteria in the stormdrain discharge 
• Concentration of bacteria in the receiving water upstream of the discharge 
• Discharge rate of the stormdrain 
•  Volume of the receiving water relative to the discharge rate of the stormdrain 

(assimilative capacity) 
 
For example, J01P08 and J01P28 show very high concentrations of fecal coliform in their 
respective discharges. The estimated discharge rate of J01P28 is approximately twice that of 
J01P08. The graphs of the fecal coliform quarterly geomean appear to show that the impact of 
J01P08 on the Creek is much greater than the impact of J01P28.  The difference in the 
magnitudes of impact can be explained by second and fourth factors. The concentration of fecal 
coliform in the Creek is much lower upstream of J01P08 than upstream of J01P28. J01P08 is near 
the top of the watershed and J01P28 is in the lower third of the watershed. The volume of water 
in the Creek upstream of J01P08 is much lower than that upstream of J01P28. Hence the 
assimilative capacity of the Creek is much lower at J01P08 than at J01P28. 
 
Within the watershed, the monitoring is starting to provide a basis for stormdrain prioritization, 
specifically, that there are clearly: 
 

• Stormdrains which show little impact on receiving water; 
• Stormdrains which appear to have a significant impact on their respective receiving 

waters; and 
• Stormdrains in which the fecal coliform concentration in the discharge is consistently 

lower than their respective receiving water concentration. 
 
2.3.4 Conclusions of the 205(j) Water Quality Study 
 
The water quality analysis of data collected and analyzed as part of the 205(j) study led to the 
following conclusions: 
 

● Nutrient concentrations in Aliso Creek are low to moderate compared with similar 
regions in Orange County.  Basin Plan objectives were generally met for N:P ratios and 
for ammonia.  

 
● Orthophosphates were not analyzed during this study, but total phosphate levels 

indicate that orthophosphate may exceed Basin Plan objectives. 
 

● The samples collected had low to moderate turbidity levels that generally met the Basin 
Plan objectives. 

 
● Total recoverable metals were sampled and were shown to be below the California 

Toxics Rule.  The presence of high water hardness suppresses the potential toxic effects 
of trace metals by limiting the effective bio-availability of the metals. 
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● The percentage of sodium is within the guideline of 60 percent specified in the Basin 

Plan for inland surface waters. 
 

● Elevated levels of total dissolved solids, sulfate, iron, and manganese were noted 
throughout the watershed and may be partly attributable to high saltwater 
concentrations in the groundwater and/or related to soil types/geologic formations. 

 
● Analysis of dissolved oxygen, pH, and electrical conductivity showed that these 

parameters generally stayed within the objectives outlined in the Basin Plan. 
 

● Aquatic toxicity was noted in the watershed.  Possible sources include trace metals, 
polynuclear aromatic hydrocarbons, pesticides, herbicides, PCBs, and ammonia.  Based 
on other studies performed in Orange County, it is suspected that organophosphate 
pesticides may be a significant component of aquatic toxicity in the Aliso Creek storm 
samples. 

 
● Bacteriological studies show that elevated bacteria occur throughout this watershed. 

Samples in the watershed showed fecal coliform and E. coli levels exceeding 4,000 
MPN/100 ml.  Important management activities to decrease bacteria include (a) 
reduction of excess irrigation runoff, (b) additional research-level source investigations, 
and (c) creek restoration initiatives.  This study leads to the conclusion that more 
investigation efforts are needed to understand the impacts of bacteria to human health 
within the watershed, as well as the sources of bacteria within the basin.  
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3.0 TMDLS IN THE WATERSHED 

3.1 Directives 
 
On March 2, 2001, the San Diego Regional Board issued a directive pursuant to California Water 
Code Section 13225 ("Directive") to the Principal Permittee and the cities within the Aliso Creek 
Watershed ("Watershed Permittees") for an investigation of urban runoff in the watershed. The 
Directive found that the Watershed Permittees may be discharging waste with high bacteria 
levels from municipal storm drain outfalls into Aliso Creek and its tributaries. To meet 
requirements of the Directive, the Watershed Permittees implemented a watershed-wide 
regional bacteriological monitoring program in April of 2001. 
 

3.2 TMDLs 
 
Section 303(d) of the Clean Water Act requires that each state identify waters that are not 
meeting the water quality standards for their applicable beneficial uses.  This process involves 
requesting and compiling readily available data and comparing these data to the appropriate 
water quality objectives (WQOs).  The waterbody-pollutant combinations exceeding WQOs at 
predefined frequencies, which are specified in the Water Quality Control Policy for Developing 
California’s Clean Water Act Section 303(d) List, are placed on the 303(d) list of impaired 
waters.  Section 303(d) also requires states to establish a priority ranking for waterbody-
pollutant combinations on the 303(d) list and to subsequently establish TMDLs for each. 
The goal of the TMDL process is to attain water quality standards and protect the beneficial 
uses of water bodies.  It is defined as “the sum of the individual waste load allocations for point 
sources and load allocations for nonpoint sources and natural background” (40 CFR 130.2) and 
requires that the capacity of the water body to assimilate pollutant loadings (the loading 
capacity) is not exceeded.   
 
The TMDL process begins with the development of a technical analysis which includes the 
following seven components:  (1) a Problem Statement describing which WQOs are not being 
attained and which beneficial uses are impaired; (2) identification of Numeric Targets which 
will result in attainment of the WQOs and protection of beneficial uses; (3) a Source Analysis to 
identify all of the point and nonpoint sources of the impairing pollutant in the watershed and to 
estimate the current pollutant loading for each source; (4) a Linkage Analysis to calculate the 
Loading Capacity of the waterbodies for the pollutant; i.e., the maximum amount of the 
pollutant that may be discharged to the waterbodies without causing exceedances of WQOs and 
impairment of beneficial uses; (5) a Margin of Safety to account for uncertainties in the analyses; 
(6) the division and Allocation of the TMDL among each of the contributing sources in the 
watersheds, wasteload allocations (WLAs) for point sources and load allocations (LAs) for 
nonpoint and background sources; and (7) a description of how Seasonal Variation and Critical 
Conditions are accounted for in the TMDL determination.  The write-up of the above 
components is generally referred to as the technical TMDL analysis.   
 
In addition to a technical TMDL analysis, the state is required to incorporate the TMDLs and 
their appropriate implementation measures into the State Water Quality Management Plan (40 
CFR 130.6(c)(1), 130.7), such as the San Diego Regional Water Quality Control Plan (Basin Plan).  
After a TMDL is adopted as an amendment to the Basin Plan (amendments are initially 
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developed by the Regional Board staff, then approved by the Regional Board, State Water 
Resources Control Board, and State Office of Administrative Law), it is submitted to EPA and 
reviewed.  Approval from EPA is the last step in the TMDL process.   
 
3.2.1 TMDLs for Indicator Bacteria 
 
TMDLs for pathogen indicator bacteria have been developed to address 17 of the 38 bacteria-
impaired waterbodies in the San Diego Region identified on the 2002 Clean Water Act Section 
303(d) List of Water Quality Limited Segments.  This regulatory initiative is referred to as the 
Project I – Beaches and Creeks in the San Diego region.  The impaired beaches and creeks are 
located within or hydraulically downstream of five watersheds in Orange County (including 
Aliso Creek) and seven watersheds in San Diego County.  The TMDL documentation (draft 
Technical Report, December 9, 2005) notes that because bacteria loading within urbanized areas 
generally originates from urban runoff discharged from municipal storm drains, the primary 
mechanism for TMDL attainment will be increased regulation of the Watershed Permittees.  It is 
anticipated that TMDL provisions will be incorporated into the Fourth Term Permits in 2007. 
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4.0 BMP INVENTORY 

In developing a plan to address water quality within the Aliso Creek Watershed, it is important 
to (1) understand the sources of pollution within the watershed and (2) know the Enhanced 
BMPs and creek system restoration projects that have been implemented (or proposed to be 
implemented) within the watershed to deal with the watershed constituents of concern.  This 
section provides the available information for these areas. 
 

4.1 Watershed Pollution Sources 
 
Pollution sources in the Aliso Creek watershed include urban runoff, open space runoff, 
groundwater, permitted discharges, atmospheric deposition, agriculture, and wildlife.  Because 
the mandate of the Orange County Stormwater Program is to address urban runoff, this WAP 
and planning effort will focus mainly on the urban sources although it is inherently recognized 
that in many cases, such as sediment control, the Watershed Permittees have taken on a broader 
role as responsible stakeholders even though the urban contribution is limited. 
 
The urban sources in the watershed include runoff generated during storm events and non-
storm related runoff from municipal facilities, residential, commercial, and industrial areas and 
parks. 
 

4.2 Enhanced BMPs 
 
The DAMP/LIP and DAMP/WAP planning processes essentially result in Baseline BMPs and 
Enhanced BMPs, respectively. Baseline BMPs are based upon the model programs identified in 
the DAMP and are implemented on a countywide basis to contribute to the control of all 
pollutants. Enhanced BMPs generally target watershed priority constituents of concern 
(currently pathogen indicator bacteria).  The DAMP/WAP planning process also incorporates 
actions to comply with California Water Code (CWC) directives and abatement orders.  
Progress on DAMP/WAP implementation has been reported in the FY2003-04 and FY2004-05 
Annual Progress Reports. 
 
Examples of Enhanced BMP implementation efforts in the watershed targeting pathogen 
indicator bacteria include: 

 
• Provision of pet waste disposal bags in parks and on trails (LN-L3f); 
• Installation of municipal facility drain inlet debris screens (OC-L3a); 
• Installation of drain inlet debris screens (LH-L3b, LN-L3b, MV-L4b); 
• Installation of drain inlet filters (LF-L3a, MV-L3a); 
• Installation of bactericidal in-line storm drain filters (MV-L3c); 
• Installation of a hydro-dynamic separator (LF-L3a); 
• Installation of a stormwater treatment vault (MV-L4b); 
• Operation of a UV disinfection water treatment system on drain JO1P28 (OC-L3b); 
• Installation of stormdrain sand filter (LF-L3c); 
• Creation of wetland habitat within detention basins (AV-L3g); 
• Landscape irrigation control (LN-L3e); 
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• Operation of a constructed wetland treatment system (Wet CAT) in drain JO3PO2 
(LN-L2c). The Wet CAT system consists of three constructed multipurpose wetlands 
designed to capture and treat low-flow urban runoff from a suburban residential 
neighborhood. The wetlands were constructed in 2001-03 in response to the Clean-
up and Abatement Order issued to the City of Laguna Niguel and the County of 
Orange in December 1999; 

• Implementation of a trash enclosure retrofit program (MV-L3e); 
• Implementation of bio-retention devices (MV-L3f), and 
• Hosting Fats, Oils and Greases (FOG) seminars (LF-L3f). 

 
4.3 Restoration Projects 

 
The term “Restoration” is applied to projects and planning efforts that contribute to the re-
establishment of a more natural watershed hydrologic regime and which are focused on 
achieving broader objectives such as watershed habitat restoration and connectivity rather than 
specific water quality outcomes (Table 3). 
 
The US Army Corps of Engineers watershed planning studies, which incorporated many of the 
water quality recommendations of the 205(j) water quality study, form the basis of much of the 
multi-jurisdictional project implementation efforts in the watershed.  While the ecosystem 
restoration plans are not directed primarily at water quality improvement, but at larger-scale 
ecosystem improvement, they would be expected to have a positive impact on water 
temperature, turbidity, and oxygen content and potentially on bacteria reduction through the 
creation of vegetative buffering from urban landscaping. 
 
4.3.1 U.S. Army Corps of Engineers Watershed Planning Studies 
 

The Army Corps of Engineers has completed a comprehensive study of the creek and its 
watershed in order to develop a management plan that will accomplish stream stability, habitat 
restoration, flood and embankment protection, and improved water quality.   $45m in Section 
219 funds is being sought to support the Aliso Creek Water Quality SUPER project. 

 
Table 3:  Components of the Aliso Creek Watershed Management Plan 
 
Measure Component Description 

Ecosystem Restoration Alternatives 

1A Lower Aliso Creek 
Stabilization Plan 

Construct riffle structures; 
regrade side slopes riparian; 
vegetation 

1B Middle Aliso Creek 
Stabilization Plan 

Construct riffle structures; 
floodplain modifications; 
riparian vegetation 

Aliso Creek 
Mainstem 
Ecosystem 
Restoration 

1C Floodplain and Riparian 
Habitat 

Floodplain and riparian habitat 
upstream of ACWHEP 
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Measure Component Description 
 1D Off-channel Aquatic Habitat 

and Riparian Restoration 
Off-channel fish spawning and 
riparian habitat in abandoned 
horseshoe bend below Wood 
Canyon confluence 

2A Sulphur Creek along Crown 
Valley Parkway from 
treatment plant to community 
center access road 

Modify flow control structure 
and small basins at upstream and 
downstream end to restore 
natural hydrologic regime; re-
establish riparian vegetation 

Sulphur Creek 
Ecosystem 
Restoration 2B Sulphur Creek upstream of La 

Paz Road long Crown Valley 
Parkway between La Plata 
Drive and Moulton Parkway 

Remove concrete V-ditch and 
non-native species; restore 
riparian habitat 

3A Restoration of upstream-most 
detention basin 

Modify basin to retain water 
longer; reduce downstream 
erosion and revegetation 

3B Tributary from northeast side 
canyon (current gabion 
structure) 

Remove gabion structure, 
bioengineer slope with grading 
and revegetation 

Wood Canyon 
Ecosystem 
Restoration 3C Localized stream restoration Replacement of washed-out road 

crossings; removal of pipe in 
stream; placement of invert 
stabilizers, placement of water 
diversion bars 

English Canyon 
Ecosystem 
Restoration 

- Restoration of English Canyon 
immediately upstream of 
Aliso confluence 

Remove exotic vegetation; 
remove riprap and regrade 
streambanks; restore native 
riparian; excavate and create 
emergent marsh just stream of 
confluence 

Pacific Park Basin 
Ecosystem 
Restoration 

- Wetland/Riparian habitat 
restoration 

Removal of exotic vegetation; 
limited excavation and regarding 
of basin; covering riprap with 
soil and vegetation; restore 
native riparian vegetation 

Water Quality Improvement Projects 

BMPs - Best Management Practices Review and development of 
BMPs for Orange County and 
associated cities 

7A Dairy Fork Wetlands to reduce nutrients and 
bacteria in low-flows Water Quality 

Wetlands 7B English Canyon Wetlands to reduce nutrients and 
bacteria in low-flows 
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Measure Component Description 

Streambank Erosion Control 

SOCWA Treatment 
Plant Bridge 

 SCTP Invert Stabilization Stream stabilization at the 
SOCWA Treatment Plant Bridge 

9A Limited bank protection Limited bank protection between 
Los Alisos Boulevard and 
Trabuco Road English Canyon 

Erosion Control 
Sites 

9B Spot fixes Repair scour holes below Via 
Noveno, Vista del Lago, and 
Entidad; protect short section of 
streambank 

Floodproofing Plans 

Floodproofing - Floodproofing/Relocation of 
Aliso Creek Inn 

Floodproofing, relocation, and 
removal alternatives for the Aliso 
Creek Inn 

Comprehensive Plans 

Watershed 
Education 

- Watershed Education Plan 
Nonpoint Source Public 
Awareness 

Education plan for K-12 to teach 
watershed stewardship; public 
education on residential and/or 
commercial practices that affect 
the watershed 

Water Quality 
Monitoring Plan 

- Water Quality Monitoring 
Plan 

Monitor effectiveness of 
education program and BMPs 

Watershed-Wide 
Exotic Species 
Eradication 

- Watershed-wide removal of 
exotic species 

Removal of Arundo donax and 
several other non-native species 

 
The Aliso Creek Watershed Management Study is currently under evaluation for possible 
Corps funding for feasibility studies for the Mainstem Restoration.  The Aliso Creek Mainstem 
Ecosystem Restoration, which is the most expensive of all the recommended actions, is 
currently in the phase of preparation of a Project Management Plan.  
 
A number of projects recommended in the Watershed Management Study have been pursued 
by the Watershed Permittees as presented in Table 4 and discussed below. Several elements of 
the Sulphur Creek and Wood Canyon Ecosystem Restoration efforts have been implemented or 
are undergoing final design.  
 
Table 4:  Restoration/Retrofitting Projects in the Aliso Creek Watershed 
 

Project City/Sub-Watershed Status Performance 
Measures 

La Paz Park on-site 
wetlands 

Laguna Niguel Constructed 01-
02 

Habitat 
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Project City/Sub-Watershed Status Performance 
Measures 

Sulphur Creek Park 
enhancement 

Laguna Niguel  Constructed 02 Habitat 

Sulphur Creation @ 
Crown Valley Pk 

Laguna Niguel  Constructed 02 Habitat 

J03P01 restoration @ 
Crown Valley Pk 

Laguna 
Niguel/J03P01 

Constructed 02 Habitat 

East Wetland @ J03P02 Laguna 
Niguel/J03P02 

Constructed 02 Habitat, Water 
Quality 

Munger Storm Drain 
Filter 

J01P01 Under 
Construction 

Bacteria 

Laguna Hills Wetlands Laguna Hills/J01P04 Construction 
Complete 

Bacteria 

Aliso Viejo Wetlands Aliso Viejo/J02P08 Conceptual Bacteria 
ACHWEP County of 

Orange/J01 
Constructed Habitat 

 
 
Sulphur Creek Rehabilitation within the Laguna Niguel Regional Park 
 
The County of Orange completed a creek rehabilitation project along 3,000 feet of Sulphur 
Creek within the Laguna Niguel Regional Park. The project included (1) the removal of a low-
flow concrete liner that carried water from Sulphur Creek reservoir downstream through the 
Regional Park and replacement with a more natural channel constructed of gravel, buried 
riprap, and boulders; (2) regrading of the site; and (3) revegetation of the corridor with native 
riparian species. The project was completed in 1998 and has satisfied the performance criteria 
for the project established during the planning and design phase. 
 
Middle Sulphur Creek within the City of Laguna Niguel  
 
The City of Laguna Niguel is conducting restoration projects anticipated to have a positive 
effect on water quality in Sulphur Creek, Aliso Creek's largest single tributary, identified for 
improvement in previous studies. A joint effort with the Corps of Engineers, using funds 
available under Section 206 of the Continuing Authorities Program (CAP), began in 2001, with 
an expected completion date of November 2005.  Performance criteria include habitat expansion 
and quality improvement.  The restored stream should be more effective at bacteria removal 
and may reduce phosphorus and toxicity loads.  As the first Section 206 project completed by 
USACE in Southern California, it will be a demonstration project of interagency cooperation for 
restoration of beneficial use. 
 
Upper Sulphur Creek within the City of Laguna Niguel  
 
The Upper Sulphur Creek ecosystem restoration was awarded State of California funding 
through Proposition 13, and implementation began in 2004. The project includes a stream 
restoration component along 7,200 linear feet of Upper Sulphur Creek.  The restored stream, 
which includes replacement of concrete v-ditch with natural soft-bottom vegetated channel, 
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should be more effective at bacteria removal and low flow attenuation and may reduce 
phosphorus and toxicity loads.  The project demonstrates strategies for multi-agency funding 
and Homeowners Association cooperation, potentially applicable to other Aliso watershed sites.   
Performance criteria include habitat expansion and quality and water quality parameters. 
 
Wood Canyon 
 
Restoration efforts in Wood Canyon would also be funded under Section 206 of the Corps of 
Engineers’ CAP. This restoration is undergoing final design, but has no funding available at this 
time. Performance criteria include habitat quality and water quality parameters. 
 
Narco Channel Aquatic Ecosystem Restoration 
 
The City of Laguna Niguel is implementing a stream restoration project along 400’ feet of the 
Narco Channel tributary to Sulphur Creek.  The restored stream, which includes replacement of 
a dirt trapezoid with more natural soft-bottom vegetated channel, should be more effective at 
bacteria removal.  The project demonstrates strategies for outfall restoration and interagency 
cooperation, potentially applicable to other Aliso watershed sites.  Performance measures 
include habitat and water quality. 
 
English Canyon within the City of Mission Viejo 
 
A preliminary restoration plan has been developed by the Army Corps of Engineers to restore 
and enhance the degraded riparian and aquatic habitat along 3.11 km of English Creek, to 
reestablish conditions characteristic of natural riparian watersheds and stream channels.  
Performance criteria include enhancement of biological community structure, diversity and 
quality; reestablishment of stream flow and beneficial hydrology to a portion of the creek; and 
provision of riparian and costal sage scrub habitat for listed, threatened and endangered 
species. 
 

4.4 Estimating Load Reductions of Existing BMPs 
 
Understanding the load reduction of implemented BMPs is important in assessing whether or 
not those BMPs are improving the quality of the receiving waters.  Guidelines available through 
the DAMP (DAMP Appendix E-1, BMP Effectiveness and Applicability for Orange County) as 
well as California Stormwater Quality Association (CASQA) (CASQA BMP Handbook) 
associate wide ranges of estimates for the reduction in pollutants with various types of BMPs.  
Because the pollutant reductions are highly variable, actual monitoring data is often collected to 
assess the load reduction of the existing BMPs (see discussion of BMP evaluations in Section 
4.5).   
 

4.5 Recommendations for BMPs in the Watershed 
 
New candidate BMPs can be prevention or removal oriented and can be considered either for 
updating baseline BMPs or for incorporation as Enhanced BMPs.  New BMPs are generally 
identified from one or more of the following: 
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• A review of technical literature (such as the ASCE/EPA database); 

• A review of existing control programs; 

• Demonstration or research projects;  

• Input from consulting firms and municipalities already involved in new BMP 
implementation; or 

• Other sources. 

Consistent with DAMP Section 3.0, the process for BMP selection and implementation at the 
watershed scale involves consideration of a candidate BMP with respect to:   
 

• The Watershed Permittees’ needs, goals, and objectives 

• Consistency with federal and state programs 

• Economies from streamlined analysis and implementation procedures  

• Opportunities for flexibility in the development of management alternatives 

• Decision-making based on environmental and local considerations 

• Effective Capital Improvement Program planning and budgeting 

 
The Watershed Permittees, together with the Permittees County-wide, have coordinated with 
one another to complete a BMP effectiveness study.  In addition, there are several other studies 
underway or completed that are testing the efficacy and cost-effectiveness of various water 
quality improvement measures.  It is anticipated that these studies will result in proposed 
modifications to the list of recommended BMPs and other measures contained in the 2003 
DAMP and later incorporated into the Watershed Permittees LIPs.  
 
Studies directed at all jurisdictions within the watershed that are currently underway or have 
been completed include the following:  
 

● BMP Effectiveness Study/Orange County 

● Trash and Debris BMP Evaluation 

● Erosion Control BMP Effectiveness Evaluation 

● Septic System Assessment on Stormwater Quality Evaluation 

● Portable Toilet Oversight Program Evaluation 

● Fats, Oils, and Grease (FOG) Program for Restaurants Evaluation 

● Bacterial “Warm Spot” Elimination for City Storm Drains Evaluation 

 
In addition to these countywide studies, a number of the Watershed Permittees are undertaking 
direct investigation of BMP effectiveness within their own jurisdictions at the sub-watershed 
level (Table 5).  BMP effectiveness evaluations are generally directed toward High-Priority 
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sub-watersheds as determined by each Permittee based on the results of the monitoring under 
the Aliso Creek 13225 Directive. 
 
Table 5:  Watershed BMP Short-Term Effectiveness Studies  
 

Measure Site Performance Measures 
City of Laguna Hills 

Catch Basin Inserts Sub-watersheds J04P02,  
J04P03, J04P04 

Trash, Organics, TSS 

Laguna Hills Wetlands Sub-watershed J01P04 
Alicia & Moulton 

Bacteria, Nutrients, TSS 

City of Laguna Niguel 

Catch Basin Grate Screens Sub-watershed J04/J03P01* Trash, Nutrients 
Catch Basin Insert Retrofits Sub-watershed J04/J03P01* Trash, Nutrients, Bacteria 
Street Sweeping Frequency Sub-watershed J04/J03P05* Trash, Nutrients 
Treatment Wetlands Sub-watershed J03P02 Bacteria, Nutrients, TSS 
Stream Restoration J03TBN1* Bacteria, Nutrients, TSS, Flow 
Stream Restoration Sub-watershed area in 

upper J03* 
Habitat, Bacteria, Nutrients 

Irrigation Control Sub-watershed J03P05* Nutrients, Flow Rate 
Reduction 

* Indicates projects in High-Priority Sub-watersheds as determined by individual Watershed Permittees 
during two-Year Aliso Creek 13225 Directive monitoring program. 
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5.0 PLAN IMPLEMENTATION AND ASSESSMENT 

5.1 Plan Implementation 
 
Plan Implementation Strategy Tables have been developed for the Aliso Creek Watershed that 
identifies the specific actions that are being undertaken to improve urban water quality within 
the watershed.  These strategy tables are specific to the constituent of concern for the watershed 
and include information on past progress as well as the scheduled tasks to support this action.  
On an annual basis these tables will be updated to identify the progress made in that year as 
well as the schedule for the subsequent year.  The Aliso Creek Watershed Strategy Tables are 
included as Exhibit 2 to this WAP.    
 

5.2 Plan Assessment 
 
Effectiveness Assessment is the process that managers use to evaluate whether their programs 
are resulting in desired outcomes, and whether these outcomes are being achieved efficiently 
and cost-effectively (CASQA, 2003).  A principle objective of the Watershed Action Plan is to 
present an integrated plan of action that will result in meaningful water quality improvements 
in the Newport Bay Watershed while balancing economic, social and environmental constraints.  
This plan of action is laid out in the strategy tables which are referenced in Section 5.1 and 
included herein as Exhibit 2.  The program effectiveness assessment strategy requires the 
identification and thereafter annual consideration of measures that indicate whether progress is 
being made toward attainment of this objective and the other program objectives discussed in 
Section 1.0.   
 
Assessment measures that are pertinent to the WAP are related to the confirmation of progress 
on the actions identified in the strategy table.  The assessment of progress is integrated in the 
strategy tables through the annual update to the tables that require documentation on the 
progress that has been made on that specific action.  Reasonable progress on these action items 
indicates that the Watershed Action Plan is effective.  
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 Table 6:  Abbreviations/Definitions (Nomenclature) 
 
Abbreviation Definition 
BMP Best Management Practice 

CASQA California Stormwater Quality Association 

CAP Continuing Authorities Program 

CARs Critical Aquatic Resources 

CIAs Common Interest Areas 

CTR California Toxics Rule 

DAMP Drainage Area Management Plan 

FOG Fats, Oils, Grease 

ID/IC Illegal Discharge/Illicit Connection 

LIP Local Implementation Plan 

NPDES National Pollutant Discharge Elimination System 

OCHCA Orange County Health Care Agency 

OCSD Orange County Sanitation District 

RDMD Resources & Development management Department 

ROWD Report of Waste Discharge 

RWQCB Regional Water Quality Control Board 

SWRCB State Water Resources Control Board 

TMDL Total Maximum Daily Load 

USACE, ACOE United States Army Corps of Engineers 

USEPA / EPA United States Environmental Protection Agency 

WAP Watershed Action Plan 

WLA / LA Waste Load Allocation / Load Allocation 

WMP Watershed Management Plan 

WQO Water Quality Objective 

WURMP Watershed Urban Runoff Management Plan 
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1. Introduction 

Despite efforts to reduce coastal water pollution, bacterial contamination continues to 

affect beaches in Southern California; often these contamination events result in the 

closure of beaches to swimming. Between 1999 and 20021, Los Angeles and Orange 

Counties suffered an average of 147 beach closure days annually (where one beach 

closure day represents a closure of access to the water at one beach for one day). These 

closures represent 0.7 percent of all possible beach days. In addition, during 2000, 2001, 

and 2002, there were an average of 2456 days of beach postings in Los Angeles and 

Orange Counties (NRDC 2003)2 representing more than 12% of all possible beach days. 

The economic impacts of such closures, postings, and the contamination that leads to 

these closures could be substantial.  Beach closures reduce recreational opportunities for 

beach goers and deprive coastal businesses of revenues. Further, the methods for 

determining when beaches should be closed are imperfect; failures to quickly detect the 

bacterial contamination that leads to closures may result in serious exposure of beach 

goers to viruses and other human pathogens. 

Improved coastal monitoring, especially through improvements in the Coastal Ocean 

Observing System, could significantly improve the way in which coastal managers 

monitor beach water quality and mitigate the exposure of beach goers to potentially 

hazardous water quality conditions. In this paper, we briefly examine the most serious 

shortcomings of current beach water quality monitoring in Southern California and 

1 Data on closures are taken from Morton and Pendleton and the State Water Resource Control Board 
updated database on beach closures.
2 The State Water Board reports an average of 6819 days of beach postings for the period, including many 
Orange County beaches that were posted continuously through the period. 
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explore ways in which improved coastal water monitoring technologies could be used to 

improve coastal water management. 

1.1 The Economic Value of Beach Recreation in California 

Beach recreation is a cornerstone of the California coastal economy and even California 

culture. For at least four decades, Hollywood has carefully documented the California 

beach life. A more complete and accurate assessment of the number of actual beach 

users and the economic value of beach use, however, has only just begun.  Nevertheless, 

the emerging picture of beach visitation and the potential value of market and non-market 

economic impacts of beach use in California corroborate the obvious importance of beach 

visitation for the California coastal economy. 

The California Coastal Act protects access to public beaches throughout California. As a 

result, beaches are an important source of recreational open space for Californians with as 

many as 63.4% of all Californians making at least one visit to a California beach each 

year – 2.5 times the national average (California Department of Boating and Waterways 

2002). Philip King of the San Francisco State University conservatively estimates that as 

many as 378.5 million day trips were made to California beaches by Californians in 2001 

(California Department of Boating and Waterways, Chapter 3). The United States Life 

Saving Association estimates that as many as 146 million visitor days were made to 

southern California beaches alone (USLA 2002). In another study Morton and Pendleton 

(2001) estimate that total beach attendance in Los Angeles and Orange County in 2000 
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exceeded 79 million visits. Morton and Pendleton’s estimates, detailed in a report to the 

State Water Resources Control Board, are taken directly from lifeguard records. 

Day trips to beaches generate two distinct sources of economic value for the coastal and 

ocean economy: market expenditures and non-market consumer surplus values.  First, 

day visitors to beaches spend money locally on food, beverages, parking, and beach 

related activities and rentals (e.g. body boards, umbrellas, etc.). These expenditures 

partially represent a transfer of expenditures that may have been made elsewhere in the 

state (e.g. gas and auto), but are largely expenditures that would not have been made in 

the absence of the beach trip. We use two previous studies to estimate the average 

expenditures per person per day trip ($/trip/person) for visits to California beaches. A 

survey of beach goers in southern California (Hanemann et al.  2002) found that per 

person per trip expenditures on beach related items and services were $23.19 for beach 

goers that took at least one trip in the summer of 2000. In another study by King 

(California Department of Boating and Waterways 2002), average beach related 

expenditures (excluding gas and automobile costs) were $29.66. Based on these two 

studies, we conservatively estimate the average per trip per person beach related 

expenditure for California beach visits to be $25 and the total annual beach related 

expenditures to be $9.46 billion. We estimate the total annual expenditures for beach 

goers in Los Angeles and Orange Counties to be $1.8 billion. 

Visitors to beaches also place a value on beach visits above and beyond what they spend 

at the beach – the consumer surplus of beach visits.  Unlike many marketed goods, access 
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to the beach is largely free (aside from parking fees) in California. Because of the low 

cost of beach access and the importance of beach recreation to Californians, numerous 

studies have estimated the consumer surplus of beach going in California to better 

measure the true value of beaches and beach management in the state. Two primary 

methods were used to value consumer surplus estimates: the travel cost method and the 

contingent valuation method. Chapman and Hanemann (2001) argue that to date 

contingent valuation estimates of California beach visits have been flawed and generate 

unreliable estimates of beach values, largely because the contingent valuation surveys 

often are not site specific and fail to account for varying travel costs to beaches around 

the state. 

Travel cost estimates of consumer surplus for beach visits have been employed to 

estimate the value of visits to beaches, largely along the central and southern California 

coast. Table 1 provides estimates of consumer surplus values for visits to beaches in 

California. Consumer surplus estimates range from a low of $10.98 (in 2001 dollars) for 

visits to Cabrillo Beach in Los Angeles County (Leeworthy and Wiley 1993) to a high of 

greater than $70 (in 2001 dollars) per person per trip for visits to San Diego beaches 

(Lew 2002). In 1997, Michael Hanemann estimated the value of the consumer surplus of 

beach visits to Huntington Beach at $15/visit (Hanemann 1997).  Hanemann’s estimate of 

beach related consumer surplus was later discounted by ten percent and used as the basis 

for a jury award regarding lost beach recreation due to the American Trader oil spill 

(Chapman and Hanemann 2001). More recent results, still under review, by the Southern 

California Beach Valuation project indicate that in Southern California alone, the non
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market value of swimming at beaches may exceed $1 billion3 and the value of visits to 

beaches for swimming and non-swimming activities may exceed $2 billion. 

1.2 Current Procedures for Determining Beach Closures 

An improved and substantially modified in the Coastal Ocean Observing System could 

improve the accuracy of the system used to determine when and where beaches are 

closed in Southern California.  The state of California, through State Bill AB 411, 

mandates the closure of beaches that are thought to be contaminated by sewage and 

requires the “posting” of beaches that exceed specific levels of bacteriological 

concentrations.  Currently, the procedures used to close beaches to swimming rely on a 

notification of sewage spills by sanitation authorities or in situ measures of 

bacteriological water quality. Only rarely are sewage spills detected immediately and 

sometimes even known spills are not reported to the public.4  Heal the Bay reports that 

between April 2002 and March 2003 there were 222 sewage spills in Los Angeles 

county, none of which led to beach closures (including one spill that emitted 745 gallons 

of untreated sewage into the waters of Will Rogers State Beach) 5. More commonly, 

water quality impairment is discovered by the daily water sampling that is conducted at 

stations along California’s beaches; sewage spills are often reported by beach goers and 

residents.  These samples are collected in the surf zone and sent to labs for analysis. 

3 The estimates of Hanemann et al are not weighted to reflect sampling bias and so should be considered as 

an order of magnitude estimate for non-market swimming values.

4 For instance, on March 3, 2004 the Hyperion Treatment plant released more than 150,000 gallons of 

partially treated effluent into Santa Monica Bay, but the release was not reported publicly until March 5, 

2004.

5 See www.healthebay.org
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Three serious shortcomings exist in the methods used to monitor water quality and 

inform the public about water quality contamination. First, weekly and even daily water 

sampling is known to be an extremely imprecise means of detecting water quality 

contamination by bacteria (see for instance Leecaster and Wiesberg 2001 or Kim and 

Grant 2004.) The effects of tides, lunar cycles, and other vagaries in near shore 

oceanographic conditions can seriously impair the effectiveness of surf zone and “point 

zero” storm drain monitoring. Temporarily high bacteria readings may not indicate 

continued serious coastal water contamination while at other times a false negative 

reading may mask serious contamination problems.  Leecaster and Weisberg (2001) 

found that only thirty percent of positive first day readings were associated with 

significant water quality contamination during the following day. The findings of 

Leecaster and Weisberg indicate that by the time water quality contamination is detected, 

water quality has returned to normal in seventy percent of the cases. Kim and Grant 

(2004) estimate that at Huntington State Beach, current water quality methods result in 

errors of public posting that can reach forty percent at times.  

A second serious problem with current water quality monitoring efforts is that a 

significant time lag exists between water sample collection and the reporting of 

laboratory results; the time between sampling and the determination of water quality can 

take up to three days. This lag suggests that potentially harmful water quality conditions 

may exist for as long as three days before the public is notified. (The time lag is even 

longer for beaches that have only weekly sampling.)  Further, water quality conditions 

may have improved substantially by the time that results are reported. The practical 
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result of these time lags is that many beaches remain open when they should be closed 

and are closed after they should have been re-opened.  The economic impact of this 

dissonance between monitoring and closures is that a) beach goers may get sick from 

swimming at beaches where water quality has been shown to be impaired and b) 

recreational beach goers may be prevented from visiting beaches that are no longer 

contaminated and therefore need not be closed. 

Finally, the indicator bacteria currently monitored by water quality agencies provides an 

inexact determination of the source of water quality contamination. Indicator bacteria are 

not specific to human beings and may result from natural sources. The reliance on these 

indicator bacteria as proxies results in two types of monitoring errors. First, positive 

indications of water quality contamination may be inappropriately linked to human 

sources. This may have been the case at Huntington Beach during the closures of 1999. 

Second, without primary data indicating the presence of human pathogens, some 

contaminated beaches may remain open because the actual link between human sewage 

and bacteria levels remains undetected. Without knowledge of an active sewage spill or 

other source of contamination by human wastes, beaches may only be posted and not 

closed; the result is that bathers may continue to use posted waters believing that the 

contamination risk is less serious than during a closure6. 

Once a high level of bacteria has been detected, managers must determine the extent of 

beaches that may be impacted. If a sewage spill is known to be associated with high 

6 There are no empirical data that indicate the effect of postings on swimmer behavior. 
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levels of water borne bacteria, managers often close large sections of beach.  If two or 

more sampling stations indicate high-levels of potentially sewage-related bacteria, then 

beach areas adjacent to and between stations will be closed. Such extensive closures are 

intended to provide closures that err on the side of precaution. Nevertheless it is known 

that bacteria from point sources (e.g. stormdrains or breaks in sewer lines) are not 

dispersed uniformly throughout the surf zone. Instead, bacteria and pathogens follow 

local near shore currents. The results are hotspots of bacterial contamination that may 

affect only very small sections of the shoreline. Steve Weisberg, Director of the Southern 

California Coastal Water Research Project, estimates that the geographical imprecision of 

current beach closure protocols may result in the closure of as much as two times more 

shoreline than is needed to protect beach goers from coastal bacterial water pollution. 

The economic result of this imprecision is that beach goers are unnecessarily displaced 

from beaches; non-market values and expenditures are diminished unnecessarily. 

For the purposes of analysis, we group the policy errors associated with the shortcomings 

of the current protocol for monitoring and reporting water quality data into two types of 

errors in the execution of beach closure policy (we follow the example of Rabinovici et 

al. 2004). First, in some the current protocol causes beaches to be closed when these 

beaches are, in fact, in compliance with water quality standards; we refer to these types of 

errors as Type I errors and note that these errors largely impact the recreational value of 

beaches. Second, time lags in reporting and a failure to adequately identify human 

pathogens in coastal water quality leads to a Type II error in which beaches are not in 
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compliance with water quality standards for safe swimming, but beaches are not closed to 

swimming (in many cases these beaches may be posted with advisories). Type II errors 

result primarily in public health costs.  Of course, it is unlikely that Type I and II errors 

could ever be eliminated completely. Nevertheless, in the discussion that follows we 

begin to estimate an upper bound for the value of the elimination of these errors in the 

manage ment of beaches in Los Angeles and Orange Counties. 

1.3 Using the SCCOOS To Better Manage Beach Postings and Closures 

We use a basic framework of “models” to explore and evaluate the potential policy 

impacts of improvements in the SCCOOS that could improve the monitoring of coastal 

water quality. The first model in the framework begins with a description of the 

proposed technologies and the resulting data and analyses that would be part of the 

improved SCCOOS. We call this model “NOWCASTS AND FORECASTS.”  New raw 

data and analyses will become part of the portfolio of information that coastal managers 

use to make decisions regarding coastal water quality and beach closures. In the 

DECISION MODEL we describe these basic decisions and how they are affected by the 

information that could be generated by improvements in the SCCOOS. The decisions 

made by coastal managers in turn result in real changes in the behavior, health, and well 

being of beach goers. In the PHYSICAL MODEL, we describe the policy and behavioral 

outcomes of that result from better decision making. Finally, in the ECONOMIC 

MODEL we begin to put the physical outcomes in the context of potential economic 

changes that might result from this potential, but hypothetical, use of improved coastal 

ocean observing technology. 
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2. NOWCAST AND FORECASTS 
The Southern California Coastal Ocean Observing System could be modified to better 

detect, track, and monitor coastal ocean contamination; two primary technologies could 

be employed towards this end. First, several technologies, broadly known as Rapid 

Microbial Indicator Methods, now exist that permit the immediate detection and 

identification, and thus reporting, of bacteriological pathogens in coastal waters (ACT 

2003). In June 2004, the Southern California Coastal Water Research Project began a 

test of three principal types of rapid microbial indicator methods: Immunoassays, 

Chromogenic Substrate Analyzers, and Polymerase Chain Reaction Methods. These 

methods could improve beach water quality monitoring by a) providing continuous 

monitoring of water quality (thus providing more data to help overcome the temporal 

vagaries that affect water quality testing), b) more accurate detection of human 

pathogens, and c) real time (or near real time) notification of health risks (i.e. reduced 

time lag between sampling and reporting). Secondly, oceanographic buoy data (e.g. 

wind, waves, current, temperature) can be combined with satellite data to more accurately 

model, and thus predict, the fate of water borne pathogens near the coast.  Systems like 

the CODAR (personal communication, Eric Tyrell, Scripps Institute of Oceanography), 

already part of the Southern California Coastal Ocean Observing System, have 

demonstrated the potential for more accurately tracking the source and dispersion of 

contaminants in coastal areas of San Diego County including the Tijuana River outfall. 

Stanley Grant of the University of California, Irvine proposes a similar system in which 

HF Radar data, NEOCO data, mooring data, and ocean current modeling efforts will be 
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linked to existing water quality monitoring programs, to create a water quality forecasting 

algorithm suitable for deployment at coastal sites (personal communication). Better 

prediction of the fate of contaminants will allow managers to more narrowly target 

beaches for closure and also will allow authorities to close beaches that are likely to be 

affected by contaminant flows in advance of actual detection at those beaches. 

3. DECISION MODEL 

The data from the potential improvements in the SCCOOS, described above, will be used 

to inform three types of policy actions: 

1) when pathogens levels are sufficiently high to warrant beach closures, which 

beaches should be closed, 

2) the provision of accurate information to the public regarding the geographical 

extent and duration of water quality contamination events, and 

3) the determination of the existence of human pathogens in coastal waters. 

By better informing these three areas of policy decision making, the improved SCCOOS 

could substantially reduce the kinds of errors in identification and reporting of water 

quality contamination problems. 

4. PHYSICAL OUTCOMES MODEL 
4.1 General Outcomes 

The provision of more timely and accurate data about the extent and duration of coastal 

water quality contamination would result in a number of tangible policy outcomes. We 
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review these outcomes here and in the next section describe and begin to place a value 

upon the economic impacts of these outcomes. 

4.2 Type I and Type II Errors in Closing Beaches 

As described above, an improved SCCOOS could potentially improve the accuracy of 

water quality monitoring and in turn would improve the economic and public health 

efficiency of the current system of beach monitoring and closures. Following Rabinovici 

et al. (2004), we examine the ways in which an improved SCCOOS could reduce the two 

primary errors made by beach managers: Type I errors in which beaches are in 

compliance with water quality standards, but are inappropriately closed to swimming and 

Type II errors in which beaches are not in compliance with water quality standards, but 

are not closed to swimming. 

4.2.1 Type I Errors 
Specifically, the improved SCCOOS could potentially 

•	 reduce false positive pathogen indications that are caused by temporally 

varying water conditions and sampling regimes, 

•	 reduce false positives that are caused by non-human bacteria, and 

•	 improve the geographic accuracy of closures by using models and real 

time data collection to determine areas most likely to be contaminated 

following a detection. 

RB-AR10644



We begin our exploration of the economic benefit of reducing Type I errors by focusing 

on the gains from a better geographic understanding of the fate of waterborne pathogens 

and assume that the economic value of such improveme nts would come from reducing by 

half the spatial extent, and thus the number, of unnecessary closures. 

4.2.2 Type II Errors: 
Improvements in the SCCOOS could reduce the number of days in which beaches are 

contaminated and should be closed, but are not closed.  These Type II errors occur for 

two primary reasons: 1) the time lag between sampling and monitoring means that severe 

water quality impairment is not reported to the public until two or more days after the 

water quality event and 2) some contaminated beaches are not closed if authorities cannot 

determine a link between human sewage and high levels of bacteria. Type II errors 

primarily have public health impacts; swimmers on these days are likely to get sick more 

frequently than on uncontaminated days.  

Turbow, et al. (2003) show that most illnesses occur even when beaches remain open, but 

are posted. The deployment of rapid microbial indicators methods could lead to an 

improvement in the accuracy of detection of human pathogens and the ability to 

accurately differentiate between high levels of non-human fecal bacteria and the more 

virulent human pathogens. As noted at the beginning of this report, the NRDC reports 

that, on average, more than 2450 beach postings are made Los Angeles and Orange 

County.  In fact, the State Water Board’s beach posting database indicates as many as 

6000 postings on average over the period 1999-2002.  Many of these postings are likely 
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to represent serious human health hazards; with better pathogen identification many of 

these posting might become closures. (Postings are likely to be an imperfect means of 

eliminating swimming at contaminated beaches. Therefore, the conversion of postings to 

closures when appropriate would further reduce exposure to pathogens and represent a 

further decline in the number of Type II errors that are made by beach managers.) 

5. ECONOMIC OUTCOME MODEL 
5.1 Recreational Impacts 

We begin by examining an upper bound for the value of reducing Type I errors that 

create inappropriate closures and thus diminish recreational values associated with beach 

use. Beach closures represent a loss of recreational opportunities for beach goers in 

Southern California. Rabinovici et al (2004) show that for Great Lakes beaches, a beach 

closure represents a net economic loss to society even when the beach should have been 

closed under public health guidelines. In our analysis, we focus only on the value of 

beach closures during which visitors may have been prevented from swimming on days 

when water quality might have fallen within the range of bacteriological levels deemed 

safe by public health standards. As stated above, we limit our analysis here to the value of 

reducing by half the number of unnecessary beach closures in Los Angeles and Southern 

California. Under this scenario, there would be an additional 73.5 beach days available 

to beach goers in Southern California. 

Hanemann et al. (2004) show that the exact value of a beach closure in Southern 

California depends on the beach in question and the season of the closure.  Predicting 
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which beaches will close in the future, when, and how long those beaches might remain 

closed or open more often with an improved COOS is not possible. Nevertheless, we 

examine an upper bound for the potential value of reduced unnecessary beach closures by 

assuming that future unnecessary beach closures would be random. 

On average, in Los Angeles and Orange Counties there were 147 beach days lost to 

closures each year from 1999 to 2002. Based on 51 primary public beaches in Los 

Angeles County, these closures represent approximately 0.07% of all possible beach “day 

trip” recreational possibilities. In fact, the entire beach is rarely closed to visitors; instead 

isolated stretches of beach are closed and often these closures apply only to swimmers.  

As an upper bound, we assume that the entire beach is closed due to a beach closure, but 

we limit this closure to that proportion of visitors that would swim at the beach. 

Pendleton et al. (2001) found that 38.4 % of beach goers in Los Angeles planned to swim 

during their trip to the beach. In a more recent study, Hanemann et al. (2004) found that 

28% of all trips made to the beach by a panel of beach goers in four southern California 

counties include a water based activity. In this study, we assume that 28% of all beach 

day trips in Southern California include a water-based activity. 

We explore two methods for calculating the economic value of reduced unnecessary 

closures: 1) an estimation of the increase in total beach visitation and thus an increase in 

per trip non-market values and expenditures and 2) an estimation of a proportional 

increase in total non-market and expenditure values for Southern California beach 

visitation. 
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METHOD 1: VALUING AN INCREASE IN TOTAL BEACH VISITATION 

In the first method, we use an average daily attendance figure for beaches closed in 1999 

and 2000 to estimate the total number of beach visits that could be recovered. Average 

daily beach attendance, at all reporting beaches in Los Angeles and Orange Counties 

during 1999 and 2000 was 8,142 visitors/beach day. (The average daily attendance, two 

days before closure, at closed beaches in 1999 was 8,606 visitors/beach day6. This 

indicates that from an attendance perspective, the beaches that were closed in these years 

were slightly less more heavily visited than beaches on average; in other words, popular 

beaches were being closed.) Based on the assumptions outlined above, approximately 

167,500 new beach visits could have been made were there better geographic resolution 

of beach closures. As described earlier, we value a beach visit at $13.50/visit/beach day 

and the per person expenditures are estimated to be $25/visit/beach day. 

Method 1: Non-market valuation -

(Average visits/day) x (proportion of visitors that swim) x  (additional beach 

days) x (value of a beach day) = recreational value of reducing unnecessary 

closures. 

(8142 visits/beach day) x 28% (swimmers/total visitors) x 73.5 beach days x 

$13.50/visit = $2,262,000 
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Method 1: Market Valuation 

(8142 visits/beach day) x 28% x 73.5 beach days x $25/visit/beach day= 

$4,189,000 

METHOD 2: VALUING A PROPORTIONAL INCREASE IN TOTAL VALUES 

As a check on our estimates from Method 1, we consider the change in value that would 

have resulted had there been a proportional increase in the total non-market value and 

total expenditures associated with beach visits in Los Angeles and Orange Counties. In 

reality, a proportional increase assumes that the provision of more beach recreational 

opportunities would lead to a linear increase in value.  Such a proportional increase 

should be considered an upper bound on the potential impact of additional beach days. 

First, a proportional increase assumes that the non-market value of additional beach days 

is equal to the average value of all other beach days.  In fact, the value of these additional 

beach days depends on whether or not these additional beach days represent better than 

average or worse than average beach recreational opportunities. Second, it may be the 

case that a proportional increase in beach opportunities will not lead to a proportional 

increase in beach visits of the same size. Therefore, our estimates of the value of a 

proportional change in beach expenditures also should be considered an upper bound. 

Method 2: Non-market Valuation 

Current total non-market value of water related activities x (additional beach 

days/ total beach days) = change in non-market value 
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$1 billion7  x (0.0035) = $3,500,000 

Method 2: Market Valuation 

Current total expenditures x (swimmers/total visitors) x (additional beach days/ 

total beach days) = change in market value 

$9.46 billion x .28 x .0035 =$9,270,000 

Using the more conservative estimates from the two methods, we find that better 

geographic accuracy in closures could yield potential economic benefits of:  $2,262,000 

for non-market values and $4,189,00 for expenditures for a total of $6, 451,000/year.  

(We remind the reader that the above analysis focuses exclusively on beach closures. To 

date, the impact of beach postings on beach visitation has not been quantified.  If beach 

postings effectively eliminated beach visitation by swimmers, then our approach here 

could be applied to beach postings as well. The NRDC reports an average annual number 

of beach posting days in Los Angeles and Orange County of 2456.  This represents 

sixteen times more days than in the closure analysis above.) 

5.2 Public Health Impacts 

In the short run, public health benefits of an improved SCCOOS could come from the 

reduction in the ti me lag between sampling and reporting water quality impairments that 

would be possible with the deployment of telemetric rapid microbial indicators (i.e. 

7 The estimates of Hanemann et al are not weighted to reflect sampling bias and so should be considered an 
order of magnitude estimate for non-market swimming values. 
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microbial indicators that could transmit data in real time or near real time). Reducing this 

time lag, in turn, could reduce the number of days in which beaches are contaminated, but 

not closed (Type II errors in compliance). Further public health benefits would result 

from the deployment of rapid microbial indicators that could differentiate between human 

pathogens and non-human pathogens.  This more precise species identification of 

pathogens could potentially reduce closures that are mistakenly linked to sewage spills, 

but also could increase the overall number of closures by leading authorities to close 

beaches that might otherwise have been posted. (These increased closures would result in 

a loss of recreational values. Rabinovici et al., 2004, argue that even appropriate closures 

result in recreational value losses that may exceed gains in public health values.)  We 

focus only on the gains in public health values that could result from a reduction in Type 

II compliance errors. 

5.2.1 Cost of water related illnesses 

Recreational contact with marine bathing water has been shown to result in an increased 

likelihood of a suite of human illnesses including upper respiratory infections, 

gastrointestinal infection, ear and eye ailments, and fever. Prüss (1998) reviews the 

literature prior to 1998, while a number of more recent studies further explore and model 

these links (including Henrickson et al. 2001, Wymer and Dufour 2002). Even in the 

absence of known contamination by human sewage, coastal swimmers can be subject to 

elevated risk levels for disease (see Cabelli et al. 1982, Calderon et al. 1991, and Haile et 

al. 1999). Pathogens in bathing water can come from marshes (see Grant et al. 2004) and 

surface water run-off (see for instance Haile et al. 1999 and Jiang et al 2001).  Known 

RB-AR10651



contamination of coastal waters by human sewage has been shown to increase the relative 

rates of illness even more (see Fleisher 1996 and 1998). The literature does not indicate 

whether the rates of illness are additive or whether these symptoms appear in clusters 

(with swimmers getting one or more illness simultaneously). 

In this study, we focus exclusively on the public health impacts of bathing waters that 

should be closed to swimming due to contamination by human sewage (the principle 

criterion for beach closures in Los Angeles and Orange County). Specifically, we 

examine illnesses that may have resulted from a lag between sampling and the closure to 

swimming of beaches in Los Angeles and Orange Counties. To begin, we consider only 

excess illnesses that may have resulted exposure to sewage contamination. In Table 2, 

we provide adjusted relative risk rates for the most common categories of illness 

associated with swimming in coastal waters contaminated by sewage. Column 1 gives 

the proportion of swimmers that came down with illnesses after swimming in sewage 

contami nated waters in the United Kingdom (Fleisher et al. 1998).  For our purposes, the 

appropriate risk measure is that for the additional risk that comes from swimming in 

marine water contaminated by sewage compared to swimming in marine water generally. 

Haile et al. (1999) provide estimates for the risk of illness associated with swimming in 

the marine waters of Santa Monica Bay, California having very low concentrations of 

fecal bacteria. Column 3 gives the excess risk of swimming in sewage contaminated 

waters (based on Fleisher et al.) compared to non-contaminated waters (based on Haile et 

al.). Of course, it is likely that the populations considered in the studies by Fleisher et al. 

and Haile et al. have different background levels of illness, even for no n-swimmers.  In 
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fact, the rates of illness for swimmers in “clean” areas of Santa Monica Bay is generally 

equal to or lower than the background levels for non-swimmers in the study by Fleisher 

et al. Because the background levels of sickness differ between the two studies, we use 

assume the net excess risk associated with swimming vs. non-swimming in the sewage 

contaminated waters as a more conservative estimate of the potential excess illness that 

could result from swimming in sewage contaminated marine waters in Southern 

California. 

Gastrointestinal illness and ear ailments are the most common illness associated with 

recreational water contact when sewage contamination is present with excess rates of 

illness of 8.4 and 4.6 illnesses per 100 swimmers, respectively.  Eye ailments are also 

common more common when sewage is present, but at lower rates (2.5). 

The economic impact of swimming related illnesses has not been estimated directly. 

Rabinovici et al (2004) use the estimated willingness to pay of $280 (in real terms 

adjusted to year 2000 dollars) to avoid a mild case of food-related gastrointestinal illness 

(estimated originally by Mauskopf and French 1991.) Bloomquist et al. (2001) value 

illnesses associated with coastal bathing water by using the estimated costs of a case of 

influenza, $380 (including the willingness to pay for illness avoidance, cost of treatment, 

and lost wages) originally estimated by Nichol (2001). Because gastroenteritis is 2.5 

times more likely in beach goers than flu-like symptoms, we follow Rabinovici et al and 

use a figure of $280 for each case of excess illness. 
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We estimate the cost of Type II errors in compliance by assuming that bathers are 

exposed to contaminated water for up to two days before beaches are closed. The 

assumption of a two day exposure is conservative; in many cases the time delay is three 

days and sometimes as long as a week. Leecaster and Weisberg (2003) and Kim and 

Grant (2004) show that indications of water quality impairments on one day do not 

necessarily result in impairments on following days.  Given the unknown duration of 

water contamination during the two-day period between sampling and reporting, we 

assume that bathers would be exposed to contaminated water: a) for only the initial day 

of samp ling when a beach closure lasts for one day and b) for the two days preceding a 

closure when a beach closure lasts for two days or more. To estimate the number of 

bathers exposed, we combine beach attendance data and beach closure data for 1999, the 

only year for which both sets of data are available8. As before, we assume that 28% of 

beach goers went swimming and that water quality along the entire beach was impaired. 

We also assume that the swimmer may have gone swimming elsewhere had the beach in 

question been closed and thus are exposed only to the additional risk associated with 

swimming in sewage contaminated marine water as compared to background levels of 

risk from swimming in the same water. Following these assumptions, we find the cost of 

Type II errors that could be corrected by an improved SCCOOS at just over $1.25 

million, using the following formula: 

8 For 9 closure days, we did not have attendance data.  In these cases we used figures from the prior year or 
a nearby beach. 
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( � Visitsi, t-1  +Visits  + � Visitsi, t-2 ) x (proportion of swimmers) xi, t-2 

i, closed >1 day  j, closed 1 day


(adjusted excess risk x cost of illness) = cost of excess illness 

(313,760 Visits) x .28 x (5.1/100) x $280 =  $1,254,538 

While the previous analysis focuses entirely on the public health benefits of reducing 

Type II errors associated with beach closures, identical technology and analysis could be 

applied to beach postings. Turbow et al. (2003) show that most illnesses occur when 

beaches are not closed. Bacteria levels during postings are comparable to those during 

closures and potentially could lead to substantial exposure to gastrointestinal illness of a 

similar magnitude (see Cabelli et al 1982).  As stated earlier, there are approximately 16 

times more beach posting days than beach closure days in Los Angeles and Orange 

Counties. As a result, if the analysis were to be extended to beach postings and closures, 

the public health value would rise substantially (provided that beach postings lead to 

substantial declines in swimming at posted beaches). 

6. Conclusion 

The current protocol and method of monitoring recreational water quality in the United 

States is known to be imperfect. On site sampling, off site laboratory analysis, and a 

reliance on fecal indicator bacteria instead of human pathogens result in two principle 

types of errors associated with water quality monitoring (Rabinovici et al 2004): 1) Type 

I errors in which beaches are closed even though water quality parameters are within a 
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“compliance” range thought to be safe for swimming and 2) Type II errors in which 

water quality parameters exceed safe “compliance” levels yet beaches are not closed. 

The causes of these errors include a) precautionary beach closures when a source of 

contaminants are known, but the exact fate of contaminants in near shore waters is not 

known and b) lag times of two or more days between sampling and notification of water 

quality impairment. Type I errors lead to a loss of recreational value when beachgoers 

are prevented from swimming at safe beaches. Type II errors result in public health costs 

when swimmers are not adequately warned about water quality contamination. 

Water quality engineers in Southern California are now testing a number of technologies, 

including the use of rapid microbial indicator methods and oceanographic methods, that 

could potentially reduce the incidence of Type I and II errors in beach closure policy in 

Southern California.  These new technologies would require modifications of the current 

California Ocean Observation System including the deployment of rapid microbial 

indicator devices on nearshore buoys and better integration and analysis of oceanographic 

data from buoys and satellites.  

This study conservatively estimates the potential benefits of improving water quality 

monitoring methods in Southern California. A complete elimination of the most basic 

types of errors in water quality monitoring Los Angeles and Orange County could result 

in an annual economic savings of between $7.7million and $14.0million. These savings 

are conservative because they only consider the value of public health impacts and the 
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non-market values of current beach users.  In addition to current beach users, many 

residents and tourists are likely to avoid swimming at Southern California beaches 

because of concerns about water pollution (Pendleton 2001). Better water quality 

monitoring could have significant impacts on the public’s perception of beach water 

quality. Better monitoring could improve the public’s confidence that beaches that are 

open for swimming are, in fact, safe. This, in turn, could increase the number of people 

visiting Southern California beaches. The potential value of these changes in perceptions 

has, to date, remained undocumented, but could significantly add to the overall value of 

improvements in water quality monitoring. 

Finally, in Southern California, beach closures are limited to those days in which fecal 

indicator bacteria levels exceed safe standards and the source of bacteria is believed to be 

associated with human sewage. Beach closures represent less than six percent of the total 

number of incidences during which water quality contamination exceeds recommended 

“safe” levels for swimming, but beaches are only “posted” with warning signs. The 

improvements in the coastal ocean observing system described here could be extended to 

the monitoring and posting of beaches, even in the absence of sewage contamination.  A 

better understanding of the impacts of these “postings” on public health and recreational 

values is required before we can estimate the potential impacts of a reduction in Type I 

and II errors in the context of beach postings. 

RB-AR10657



7. Literature Cited 

Alliance for Coastal Technologies. 2003. Rapid Microbial Indicators Methods. An ACT 

2003 Workshop Report. Moss Landing, CA. May 14-16, 2003. 

Blomquist, W., Collins, H., and D. Friedman. 2001 Science, Risk, and the Public: 

Controlling Coastal Runoff in Southern California.  Workshop in Political Theory 

and Policy Analysis, Indiana University. 

Cabelli, V.J., Dufour, A.P., McCabe, L.J., and M.A. Levin. 1982. Swimming-Associated 

Gastroenteritis and Water Quality. American Journal of Epidemiology. 4(115): 

606-611. 

Calderon, R.L., Mood, E.W., and A.P. Dufour. 1991. Health Effects of Swimmers and 

Nonpoint Sources of Contaminated Water. International Journal of 

Environmental Health Research. 1:21-31 

California Department of Boating and Waterways and State Coastal Conservancy, 2002, 

California Beach Restoration Study. Sacramento California (references in the text 

as CDBW 2002) 

Chapman, David and Michael Hanemann. 2001. Environmental damages in court: the 

American Trader case, in The Law and Economics of the Environment, Anthony 

Heyes, Editor, pp. 319-367 

Fliesher, J.M., Kay, D. K., Wyer, M. D. and A.F. Godfree. 1998. Estimates of the 

severity of illnesses associated with bathing in marine recreational waters 

contaminated with domestic sewage. International Journal of Epidemiology, 

27:722-726. 

RB-AR10658



Grant, S.B., Sanders, B.F., Boehm, A.B., Redman, J.A., Kim, J.A., Mrše, R.D., Chu, 

A.K., Gouldin, M., McGee, C.D., Gardiner, N.A., Jones, B.H., Svejkovsky, J., 

Leipzig, G.V., and A. Brown. 2004. Generation of Enterocci Bacteria in a 

Coastal Saltwater Marsh and Its Impact on Surf Zone Water Quality. 

Environmental Science and Technology. GET VOLUME AND PAGES 

Hanemann, W. Michael. 1997. Final conclusions of Professor Michael Hanemann 

regarding lost recreational damages resulting from the American Trader Oil Spill. 

Report submitted to the State of California Attorney General’s Office. August 15, 

1997. 

Hanemann, M., Pendleton, L., Hilger, J., and D. Layton. 2002. Expenditure Report for 

the Southern California Beach Valuation Project.  Prepared for the National 

Ocean and Atmospheric Administration, Minerals Management Service 

(Department of the Interior), The California State Water Resources Control 

Board, and The California Department of Fish and Game. 

Hanemann, M., Pendleton, L., Mohn, C., Hilger, J.,  Kurisawa, K., Layton, D. and Felipe 

Vasquez. 2003. Interim Report on the Southern California Beach Valuation 

Project. Prepared for the National Ocean and Atmospheric Administration, 

Minerals Management Service (Department of the Interior), The California State 

Water Resources Control Board, and The California Department of Fish and 

Game. 

Hanemann, M., Pendleton, L., Mohn, C., Hilger, J., Kurisawa, K., Layton, D. and Felipe 

Vasquez. 2004. Using revealed preference models to estimate the affect of 

coastal water quality on beach choice in Southern California.  Prepared for the 

RB-AR10659



National Ocean and Atmospheric Administration, Minerals Management Service 

(Department of the Interior), The California State Water Resources Control 

Board, and The California Department of Fish and Game. 

Henrickson, S.E., Wong, W., Allen, P. Ford, T. and P.R. Epstein. 2001. Marine 

Swimming-Related Illness: Implications for Monitoring and Environmental 

Policy. 

Jiang, S., Noble, R. and W. Chu. 2001. Human Adenoviruses and Coliphages in Urban 

Runoff-Impacted Coastal Waters of Southern California.  Applied and 

Environmental Microbiology. 67(1):179-184. 

Kim, J.H. and S.B. Grant. 2004. Public Mis-notification of Coastal Water Quality: A 

Probabilistic Evaluation of Posting Errors at Huntington Beach, California.  

Environmental Science and Technology. Forthcoming 

King, Philip. 2001. The Economic Analysis of Beach Spending and the Recreational 

Benefits of Beaches in the City of San Clemente, mimeo, San Francisco State 

University. 

Leecaster, M.K. and S.B. Weisberg. 2003. Effect of Sampling Frequency on Shoreline 

Microbiology Assessments. Marine Pollution Bulletin. 42(11): 1150-1154. 

Leeworthy, Vernon R. 1995. Transferability of Bell and Leeworthy Beach stud y to 

Southern California Beaches” Memo to David Chapman, June 22 (Exhibited 939) 

reported in Chapman, David and Michael Hanemann 2001. Environmental 

damages in court: the American Trader case, in The Law and Economics of the 

Environment, Anthony Heyes, Editor, pp. 319-367. 

RB-AR10660



Leeworthy, Vernon R. and Peter C. Wiley. 1993. Recreational use value for three 

southern California beaches. Rockville, MD. NOAA Strategic Environmental 

Assessments Division. Office of Ocean Resources and Conservation, March. 

Lew, Daniel Kevin. 2002. Valuing recreation, time, and water quality improvements 

using non-market valuation:  an application to San Diego beaches. Doctoral 

Dissertation. University of California Davis. 

Mauskopf, J.A. and M.T. French. 1991. Estimating the Value of Avoiding Morbidity and 

Mortality of Food Borne Illnesses. Risk Analysis. 4:619. 

Morton, J. and L. Pendleton. 2001. A Database of Beach Closures and Historical Water 

Quality. Prepared for the State Water Resources Control Board. Sacramento, 

California. 

Nichol, K. L. (2001). Cost-Benefit Analysis of a Strategy to Vaccinate Healthy Working 

Adults Against Influenza. Arch Intern Med 161: 749-759 (in Blomquist et al. 

2001) 

Pendleton, L., Martin, N. and D.G. Webster. 2001. “Public Perceptions of Environmental 

Quality: A Survey Study of Beach Use and Perceptions in Los Angeles County.” 

Marine Pollution Bulletin 42: 1155-1160. 

Prüss, A. 1998. Review Of Epidemiological Studies On Health Effects From Exposure 

To Recreational Water. International Journal of Epidemiology. 27:1-9 

Rabinovici, S.J.M., Bernknopf, R.L., Coursey, D.L., Wein, A.M., and Whitman, R.L. 

Economic and Health Risk Trade-Offs of Swim Closures at a Lake Michigan 

Beach, Environ. Sci. Technol. 2004, 38 (10), 2737-2745. 

United States Lifesaving Association, 2002,  (USLA) http://www.usla.org/PublicInfo/ 

RB-AR10661



Wymer, L.J. and A.P. Dufour. 2002. A Model for Estimating the Incidence of 

Swimming-related Gastrointestinal illness as a function of water quality 

indicators. Environmetrics. 13:669-678. 

RB-AR10662



Tables 

RB-AR10663



Table 1: Estimates of the Consumer Surplus Value of Beach Visits in California 

Consumer 
Surplus/Trip US$(1990) US$ (2000) 
Cabrillo-Long Beach1 $8.16 $10.98 
Santa Monica1 $18.36 $24.71 
Pismo State Beach2 $26.20 $35.26 
Leo Carillo State 
Beach1 $51.94 $69.91 
San Onofre State 
Beach2 $57.31 $77.14 
San Diego 2 $60.79 $81.82 
Source: Environmental Damages in Court: The American Trader Case, published in 
The Law and Economics of the Environment, 2001, Anthony Heyes, Editor, pp. 319-367. 
The data are extracted from 1) Leeworthy and Wiley (1993) and 2) Leeworthy (1995). 

Consumer 
Surplus/Day US$ (2001) 
Individual Surplus/Day Carpinteria Encinitas San Clemente Solana Beach 
Method 1 $20.48 $18.84 $25.70 $14.58 
Method 2 $24.43 $22.17 $30.58 $17.35 
Source: Philip King, The Economic Analysis of Beach Spending and the Recreational Benefits of 
Beaches in the City of San Clemente, 2001. Note: Method 1 - dependent variable is a discrete random 
variable, CS calculated as the sum of a series of rectangles, each one day wide, touching the demand 
curve at its upper right corner. Method 2 - CS calculated as the sum of a rectangle for the area under 
the curve between zero and one, and the definite integral for the area between one and the average 
number of trips. 

Total Value of Beach Trip (San Diego) US$(2002) 
Statistic Two-step HeckmanTwo-step HFS Joint Heckman Joint HFS 
Mean $71.43 $74.86 $43.97 $33.70 
Median $74.03 $77.33 $46.31 $36.13 
Standard Deviation $10.57 $10.79 $9.70 $9.77 
Source: Dissertation by Daniel Kevin Lew, University of California Davis. Valuing Recreation, Time, and Water Quality 
Improvements Using Non-Market Valuation:  An Application to San Diego Beaches. 
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Table 2: Excess Rate of Illness Associated With Bathing Waters 

Illness Adjusted Rate of Excess Adjusted Rate Excess Adjusted Rate of Excess Duration of 

Illness (x/100) of Illness (x/100) when Illness (x/100) when Illnessa 

when water water contaminated water contaminated by 

contaminated by 

sewage a 

by sewage (compared 

to non-swimmers)a 

sewage (compared to 

swimmers in Santa 

Monica Bay where 

TC<1000cfu/100ml)a 

Gastroenteritis 14.8 5.1 8.4 .2 

Acute Febrile 5.0 2.0 0.1 0.6 

Respiratory 

Illness 

Ear ailments 8.2 5.4 4.6 2.7 

Eye Ailments 4.5 2.4 2.5 -1.3 
a From Fleisher et al. (1998). b From Haile et al. (1999). Bold indicates significantly different from background at < 0.10 level. 
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Abstract.  Weather delay is a common risk in offshore energy production, and the occurrence of 
tropical cyclones regularly force operators to shut-down production, cease drilling and 
construction activit ies, and evacuate personnel. Loop currents and eddies can also have a serious 
impact on offshore operations and may delay installation and drilling activities and reduce the 
effectiveness of oil spill response strategies. The purpose of this paper is to describe the manner 
in which weather and ocean currents impact hydrocarbon production and pollution management 
in the Gulf of Mexico. Physical outcome and decision models in support of production and 
development activities and oil spill response management are presented, and the expected 
economic benefits that may result from the implementation of an integrated ocean observation 
network in the region are summarized. For effective planning and decision-making, reliable 
forecasts of weather and ocean current conditions are required. Improved ocean observation 
systems are expected to reduce the uncertainty of forecasting and to enhance the value of 
ocean/weather information throughout the Gulf region. The source of benefits and the size of 
activity from which improved ocean observation benefits may be derived are estimated for energy 
development and production activities and oil spill response management. 
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1. Introduction 
The Outer Continental Shelf (OCS) 1 of the Gulf of Mexico (GOM) is the most 

extensively developed and mature offshore petroleum province in the world. More than 
40,000 wells have been drilled in the OCS since offshore production began in 1947, and 
there are currently over 4,000 active structures in water depths ranging up to 7,000 ft. 
About 25 percent of the United States domestic oil and gas supply comes from the OCS, 
and in 2002, OCS lands averaged daily production of about 1.6 million barrels (MMbbl) 
of oil and 14.5 billion cubic feet (Bcf/d) of natural gas. The Minerals Management 
Service estimates that oil production levels will rise to at least 2 MMbbl/d and perhaps as 
high as 2.5 MMbbl/d by 2006, while gas projections through 2006 offer contrasting 
scenarios2, with production estimated to range between 11 Bcf/d – 16.4 Bcf/d [1]. The 
deepwater GOM is America’s newest production frontier and now accounts for more than 
half of the Gulf’s total oil production [2]. 

Weather plays a major factor in human activities in the GOM, and extreme weather in 
particular, can have an enormous impact on the cost of “doing business.” Storms and 
hurricanes regularly challenge and endanger the coastal community and energy 
infrastructure throughout the Gulf region. Every year about 10 storms form over the 
tropical portions of the Atlantic Ocean, the Caribbean Sea, and the Gulf of Mexico, and 
about half of these storms will grow into 75 mph hurricanes (www.nws.gov). Of these 
five hurricanes, two-three are likely to strike the coast of the United States (Table 1, 
Figure 1). Tropical storms cause damage to physical, economic, biological, and social 
systems, but the severest effects tend to be highly localized. 

When a hurricane enters the GOM, oil production and transportation pipelines shut 
down, crews are evacuated, and refineries along the Gulf coast close. Drilling rigs pull 
pipe and move out of the projected path of the storm, if possible, or anchor down, and 
supply vessels, commercial ships, and barges may be moved into one of Louisiana’s 
many bayous where they have more protection from the storm. Ocean-going vessels 
transiting into or out of the GOM near the time of the event use hurricane forecasts to 
plot course to avoid the storm. The Louisiana Offshore Oil Port (LOOP), the biggest and 
only deepwater oil port in the country, closes to shipping and flows through on-shore 
pipelines are halted. Crude oil from the Gulf to the Midwest via the Capline pipeline, and 
the gasoline and distillate fuel conduit the Colonial Pipeline, also shut down ahead of the 
storm. 

Hurricanes are not the only extreme weather event that impacts offshore oil and gas 
production activities. As operators have pushed into deeper waters in the GOM in search 
for oil and gas, the impact of loop currents on operations have become increasingly 
problematic. The Loop Current is an offshoot of the Gulf Stream, a major North Atlantic 
Ocean boundary current located off the east coast of the United States. The loop is 

1 The OCS of each coastal state generally begins 3 nautical miles from shore for all but two states – Texas 
and Florida – which are 3 marine leagues (9 nautical miles), and extends at least 200 miles through the 
Exclusive Economic Zone. 
2 Although oil and gas production in the heavily leased shallow waters of the GOM has been steadily 
declining, the MMS estimates that there is up to 55 trillion cubic feet (Tcf) of natural gas still available in 
the deep shelf areas. 

1


RB-AR10667



formed when the Gulf Stream enters the Gulf of Mexico through the Yucatan Straights 
and “loops” through the basin in a clockwise direction before exiting through the Straits 
of Florida (Table 2, Figure 2). When the loop exits through the Florida Straight, it often 
becomes pinched and sheds some of its flow into a separate eddy of warm water which 
migrates backward, southwest across the GOM bringing strong loop current forces into 
active E&P areas [3]. Some oceanographers refer to the Loop Current as the equivalent of 
a hurricane beneath the water, and its impact on deepwater installations is increasing as 
operators have moved into deeper and more eddy prone areas. 

The Loop Current is a persistent feature in the GOM characterized by strong surface 
current velocities (2-4 knots) with its position and intensity varying over time. The warm-
core eddies that break away from the northern extremity of the Loop Current are 
characterized by intense current velocities which can cause serious impact to offshore 
operations. Typically, two to three eddies form each year. Currents influence rig 
selection, riser design, many aspects of offshore operational planning, and the design and 
installation of production systems, moorings, subsea components and pipelines. Of 
particular importance is fatigue associated with dynamic response to current loading [4]. 
For effective planning and decision making in the GOM, operators require reliable 
forecasting3  of future current conditions. 

The National Oceanographic Partnership Program (NOPP) formulated a plan for an 
Integrated, Sustained Ocean Observing System (ISOOS) in a 1999 report to Congress [5], 
intending to move the United States from what is now a largely ad hoc and fragmented 
approach to ocean observation to a coordinated and sustained activity similar to the 
existing national weather information system [6-8]. Implementation of ISOOS will 
require investments in infrastructure and ongoing support for new and existing 
observation systems in the open and coastal ocean, and the benefits of federal investment 
will depend on the expected costs and benefits of the resulting system. The importance of 
a national network of ocean observation systems has recently been reiterated by the U.S. 
Commission on Ocean Policy [9]. 

The purpose of this paper is to describe the manner in which weather and ocean data 
is used in planning and decision making activities in offshore energy development and 
production and oil spill response management, and to identify and quantify the expected 
economic benefits of improved weather/ocean forecasting on these activities. For a 
description of the capabilities of each system, the NOAA website (www.csc.noaa.gov) 
maintains links to each system. The reports [10-15] provide useful summaries of 
individual systems. 

The standard economic approach to valuing information requires: 

•	 A description of the information being valued and of the uncertainty in the 
phenomena it describes; 

3 A number of initiatives are underway by the academic, government and commercial scientific community 
to develop and verify current models of oil and gas basins around the world. The CASE (Climatology and 
Simulation of Eddies) joint industry project, Oceanweather’s WANE (West Africa Normals and Extremes) 
joint venture between Fugro and the Nansen Environmental and Remote Sensing Center at the University 
of Bergen, and the U.S. Navy are all wo rking on advanced ocean current modeling programs [4]. 
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• A model of how this information is used to make decisions; 

• A model of how these decisions affect physical outcomes; 

• A model of how physical outcomes can be translated into economic outcomes. 
User sector representatives were identified to define the base case and improved 
information scenarios, and then information was obtained regarding the natural variation 
of the phenomena being described, including critical variables to nowcast/forecast, the 
forecast horizon, spatial and temporal resolution. A decision model is then sketched 
describing how users incorporate information into their choices and decisions. The 
physical outcome describes how outcomes result from the decision parameters and the 
variation in the natural phenomena. Finally, a simple economic outcome model describes 
how the physical outcomes translate into economic changes. 

The outline of the paper is as follows. In §2, the me thodology of the economic 
valuation is presented. In §3-6, the decision, physical outcome, and potential benefits of 
improved observation systems to energy exploration, development, and production 
activities are described, and in §7, the decision, physical outcome and economic outcome 
models related to oil spill response management are discussed. In §8, conclusions 
complete the paper. 

2. Valuation Strategy 
The state of knowledge of ocean data is incomplete and uncertain, and so improved 

ocean/weather observation systems are expected to enhance the value of the information 
and create additional network externalities [6]. Weather information is valuable, and to 
the extent that improved ocean observation systems can improve the data on which 
weather/ocean forecasts is based, is potentially very beneficial to energy production 
activities and pollution management in the GOM. 

The potential impact of savings that may be incurred from improved ocean 
observation systems was first estimated by Kite-Powell and Colgan in a study focused on 
the Gulf of Maine [16]. Kite-Powell and Colgan performed order-of-magnitude 
assessments for general categories of benefits using the following methodology: 

Step 1. Value activity A that uses and/or is impacted by ocean forecasts, V(A). 

Step 2. Assume that the benefit of improved ocean observation systems is 
expressed by some small factor, e(A) > 0. 

Step 3. Compute the value of improved observation systems in region R, 
R V A V A ) ( = � e ) ( ) ( . 

A 

The valuation strategy is based on estimating V(A) from public sources of information 
and hypothesizing the value of e(A) for each activity identified. The selection of e(A) is 
hypothetical but not unreasonable within the framework of the model and the scope of the 
valuation. Ideally, it would be desirable to derive the value of e(A) from fundamental data 
or to ascertain the cost to achieve a desired level of e(A), but establishing such 
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relationships are beyond the state of knowledge of observation systems. Further, no direct 
link between e(A) and V(A) can be “derived” and it is difficult to “justify” e(A) on a 
fundamental level. The default condition is to assume e(A) “small” (e.g., 1%, 1 day, etc.), 
and this is considered a “reasonable,” and in all instances, a conservative estimate of the 
expected benefits to be incurred. 

3. Stages of Offshore Energy Development 
A four-stage sequence of activity is generally followed in offshore energy 

development projects: 

1. Exploration, 

2. Development, 

3. Production, and 

4. Decommissioning. 

In the exploration stage, areas that are considered to have prospects of containing oil and 
gas reserves are drilled with exploratory wells and stratigraphic test wells. In the 
development stage, the mineral deposit is prepared for commercial production. This 
includes the acquisition, construction, and installation of facilities to extract, treat, gather, 
and store the oil and gas. In contrast to a single exploratory well for which drilling can 
last anywhere from 2 weeks to 3 months, drilling the wells off a platform can last many 
months and extend over several years. Development activities typically include drilling 
and equipping development wells and service wells, and the construction and installation 
of production facilities. The ongoing operation of the facility is considered the production 
phase. In production, the oil and gas is gathered, lifted to the surface, treated, processed, 
and possibly, stored. When the useful life of a production platform is reached, the 
equipment and structure is removed and the well casing severed and closed below the 
seabed. 

4. Drilling Activities
4.1. Decision Model

Offshore drilling may be subject to significant delays caused by the weather, and 
weather downtime can play an important factor in the total costs of the operation. Waves 
are one of the most obvious environmental concerns for offshore operations and 
constitute the primary cause of downtime and reduced operating efficiency. Weather 
downtime can impact drilling operations in various ways; e.g., weather too severe for 
operations involving supply boats may lead to delay if stock levels on the rig decline to a 
critical level; weather may impact anchoring up and moving time; weather may be too 
severe for drilling to occur; and extreme weather may result in damaged or lost drill 
strings and risers. If operating limits are exceeded because wave heights, ocean currents, 
or eddies are too strong, drilling operations will be temporarily abandoned and resumed 
when conditions fall within the operating capabilities of the equipment. 
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Safe working conditions for many offshore operations may be approximately 
specified by the critical values of wind speed and wave height, and for deepwater drilling 
activities, current profile, as shown in Table 3. The GOM is a fairly benign operating 
environment for most of the year, but downtime due to weather can be an important 
factor in determining the total drilling costs, and in the deepwater, usually plays a more 
significant role because of the day rate of the drilling rig. Empirical evidence suggests 
that 1-3% of drilling cost is due to waiting on weather [17], although this is subject to 
significant variation depending on the time of year of drilling activity and the water depth 
of the operation. In deepwater, floating rigs are able to maintain position over the tops of 
wells through a dynamic positioning system that compensates for wind, waves, and 
currents to keep the vessel stationary relative to the seabed. 

Drilling activities generally follow three stages: 

1.	 Start limits. Weather must be below these limits before an operation will start (or 
restart after abandonment). 

2.	 Suspend limits. Work will be paused if the environment exceeds these limits. 
Work recommences as soon as weather conditions drop back below the threshold. 

3.	 Abandon limits. Task will be abandoned if these limits are exceeded. Work will 
not be restarted until weather conditions fall below the start limits. 

The occurrence of a hurricane warning or alarm is enough to disrupt drilling 
operations, and a significant amount of operating time can be lost to “false alarms” [18
20]. In deepwater operations, loop currents and eddies associated with them are also 
common phenomena that may damage drilling strings/risers and impact the drilling 
schedule [21]. In drilling operations, eddies may induce vortex-induced vibrations that 
reduce the fatigue life of equipment. Eddies can hold currents of four knots or more at the 
surface and extend several hundred meters deep and measure as wide as 250 miles in 
diameter. The operational limit for diver operations is half a knot or less, while 
deployment of tubulars and risers can usually be safely performed in currents up to 1.5 
knots. 

4.2. Physical Outcome

To a large extent, the impact of severe weather on drilling depends on the choice of 
rig the operator has chosen for the operation. Many different rigs can be used to drill an 
offshore well and rig selection depends upon factors such as the type of well being 
drilled, water depth and environmental criteria, the type and density of the seabed 
expected drilling depth, load capacity, frequency of moves, ability to operate without 
support and rig availability. 

If weather and environmental conditions are expected to be a problem, then 
sophisticated all-weather semis can be used to hedge against weather downtime. The 
increase in availability is achieved through the higher capital cost of the equipment; 
which in turn is passed to the operator in higher day rates. Jack-ups are cheaper but are 
more prone to weather delay. The choice is up to the operator: the trade-off is between 
drilling availability and day rate. 
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The cost of deepwater drilling can represent a significant portion of the total field 
development costs, perhaps as much as 20-40% of total costs, and so operators pay close 
attention to the environment to minimize the magnitude of the risk. Because of the 
potentially catastrophic effect a powerful eddy can have on a drilling riser, it is common 
to monitor the approach of an eddy and pull the riser or circulate the stroke pipe before 
the eddy actually reaches the platform. In April 2003, strong eddy currents and tropical 
storm Bill and hurricane Claudette impacted several deepwater operations; e.g., Shell’s 
Nakika was delayed 1 week; Total’s Matterhorn TLP was delayed 6 weeks; Heerema’s 
Balder experienced several delays in BP’s Mardi Gras pipeline installation [3]. 

“Eddy Watch” and “Eddy Net” are monitoring systems operated by Horizon Marine 
(www.horizonmarine.com) that provides real-time ocean current maps (Figure 2). 
Horizon Marine’s Eddy Watch is a weekly report published since 1984 that contains 
information on eddies in the GOM. The data is gathered through 45 drifting buoys 
equipped with Argos GPS satellite transmitters that float in the currents and track 
movements. The buoy data is combined with infrared satellite imagery, altimetry and 
remote sensing to compile the Eddy Watch report. Eddy Net is a real-time, rig-mounted 
ADCP system in 500-800 m water depth installed in 6 sites in the GOM (Figure 3) with 
plans to have 20 sites by 2005. Operators also directly monitor currents through their own 
site surveys of current meters installed on boats, rigs, and platforms; e.g., Shell uses the 
ADAM system (ADCP Data Acquisition Manager). ChevronTexaco, BP, and Marathon 
use ADCP on various active production facilities and drilling rigs. 

4.3. Economic Outcome Model

The Joint Association Survey on Drilling Costs estimated that the total cost of drilling 
in the GOM in 2000 was $4.6 billion [22], and over the past few years, the total annual 
offshore drilling cost ranged between $3-5B. If we assume 1-3% of the total drilling cost 
is due to waiting on weather and that improved ocean observation systems can mitigate 
1% of these costs, the expected annual savings due to improved ocean observation data is 
estimated to lie between $300,000 and $1.5M. 

5. Development Activities
5.1. Decision Model

One of the primary goals in any construction project is predictability, but because of 
the nature and location of the operation, offshore construction activities will always be 
uncertain and unpredictable. There are numerous independent uncontrollable variables in 
the offshore environment, such as adverse sea conditions and weather, availability and 
performance of equipment, defects in plans and specifications, and work conditions that 
result in delay, and often, significant financial repercussions. Delay is a common risk in 
offshore construction projects and the parties of the contract apportion risks for delays 
that may be encountered. In the case of weather risk, construction contractors will 
frequently quote a lump sum (base) bid that includes weather downtime, except 
downtime due to named tropical storms, for work during the prime season (May 15 to 
October 15). 
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There are a wide variety of construction vessels used in the GOM and contractors 
plan their operations using ocean/weather forecast to avoid adverse weather and 
operating conditions. Typical offshore construction craft include crane vessels, drill 
ships, dive support vessels, survey vessels, cable lay vessels, pipelay vessels, multi
purpose support vessels, dredging vessels, and trawling vessels. The vessels come in a 
variety of shapes and sizes, from rectangular barges to jack-ups and semi-submersibles. 

Offshore construction vessels differ from merchant ships because they do not trade 
cargo between ports and their most critical operations and loading conditions occur while 
working on the high seas (and not at the start or end of their voyage). Construction 
vessels also differ from passenger ships since they are much stronger and the design 
standards have to satisfy a multitude of strict safety regulations. 

There are guidelines for marine operations such as barge transportation, platform 
mating and lift-off, etc. In barge transportation for example, weather forecasts are 
normally provided at 12-hour intervals and contain forecasts for the next 24 and 48 hours, 
with the weather outlook for the coming 3-to-5 day period. Tows are designed to 
withstand a 10-year return period for extreme environmental conditions for the most 
exposed part of the route for the month or months during which the transportation takes 
place. For long duration tows passing through areas having different characteristic sea 
states, the worst sea state for the route is identified and used in the design of the cargo, 
grillage, and sea fastenings [23, 24]. In installation operations, time-sensitive equipment 
such as ROVs and heavy lift vessels may not be able to operate in high current. 

5.2. Physical Outcome 

During construction activities, a moving vessel is installing (or removing) something 
on a fixed seabed, which leads to the requirement that vessel motions be minimized as 
much as possible to maximize the operational window. There are typically two options by 
which major projects are installed and completed offshore: floatover, in which the unit is 
lowered into place from its transportation vessel, or heavy lift, in which the unit is lifted 
into place with large vessel-mounted cranes. The transportation and installation 
limitations of the construction approaches dictate the size, weight and weight distribution 
of the modules. The heavy-lift method of installation is able to complete installations in 
challenging sea-states but the use of such equipment is also more costly.  Lay barges for 
instance are designed to operate at different wave heights, allowing the operator to 
choose the barge to the sea conditions in the area. The prime risk factor is the weather, 
and specifically, wave heights. A barge that can operate in 2-m wave height cost about 
$250,000/day while the cost for a 5-m wave height lay barge cost about $500,000/day. 
The application of reliable ocean forecasting in pipe laying is obvious. If pipeline 
installation is finished late, or delayed by unexpected ocean conditions, the direct cost of 
delay expressed in terms of the day rates and the opportunity cost of nonproductive 
structures and wells is likely to be substantial. 

5.3. Economic Outcome Model 

Order-of-magnitude savings for construction and transportation activities in the GOM 
are estimated as follows. With the occurrence of a hurricane event, weather forecasting 
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model improvement is assumed to provide a 10% or more accurate prediction of the 
storm path and arrival time saving 3-5 days work time. 

(1) Operator Savings – Construction 

Assumptions: 

• Activity: 50 installed structures/yr, 50 removed structures/yr 

• Construction activity level at time of hurricane passage: 50% total structures 

• Number of structures in hurricane path: 50% total structures 

• Derrick barge cost: $100,000/day 

Expected Savings:


(50+50)(0.50)(0.50)(0.10)($100,000/day)(3-5 days) = $0.75-1.25M/yr.


(2) Operator Savings – Supply Vessel 

Assumptions: 

• Number of active supply vessels: 500/day 

• Number of supply vessels in hurricane path: 50% total structures 

• Supply vessel cost: $20,000/day 
Expected Savings:


(500)(0.50)(0.10)($20,000/day) (3 days) = $1.5-2.5M/yr.


6. Production Activities 
6.1. Decision Model

What is considered to be severe weather varies with each platform and drill site. 
Companies develop emergency procedures for each type of rig and manned platform they 
operate, and there is no standardized shutdown or evacuation procedure in the event of an 
extreme weather event or disaster. Shut-down and evacuation procedures vary from 
company to company and depend upon the rig type and design, the location of the 
operation, and the behavior of the weather. 

The decision to shutdown or evacuate and the actions taken by the crew ensure that 
no employees are injured, damage to the operation or rig is minimized, and 
drilling/production can be resumed as soon as possible after the event passes. The drilling 
superintendent and marine superintendent establish in writing specific procedures for the 
operation, evacuation, and securing of their particular rig or platform in adverse weather. 
The location and design of the rig determine the actions to be taken. Submersible, jack-up 
and semisubmersible rigs are usually not moved from location. On submersible rigs, the 
rig is typically moved across from the wellhead to prevent damage, and on jack-up rigs, 
the hull is jacked up to avoid high seas. On semisubmersible rigs, the drill string hangs 
off in the wellhead and the anchors are slackened to reduce tension. If weather is 
extremely severe and the rig rolls excessively, mud and bulk material may be dumped. 
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Drill ships and drilling barges follow most of the same procedures but may be moved to 
inland waters out of the storm’s path. 

The evacuation and shutdown action plan generally follow a well-defined sequence of 
activities: 

1.	 Regional tropical cyclone climatology is reviewed for area of operation. 

2.	 National Hurricane Center analysis/forecast charts are obtained, including surface, 
upper level, and sea state (wind/wave) charts. 

3.	 Tropical waves, disturbances, and tropical cyclones are located and plotted. 

4.	 The closest point of approach4 and time to tropical cyclone is calculated. 

5.	 Decisions on the course of action to follow on the latest safe departure time are 
made and executed. 

6.	 Actions are reviewed when new meteorological analysis and forecast information 
becomes available. 

Approximately 5-7 days before the expected arrival of the hurricane, the evacuation and 
shutdown action plan is initiated. Storm path, speed, and intensity forecast information is 
typically supplemented by in-house/consulting meteorologist and/or local weather service 
providers5. Team leaders, operational managers, and meteorologist meet twice a day to 
plan and schedule evacuation activities with primary consideration given to the latest safe 
departure time for personnel6. 

Operators are responsible for the safety of all personnel on their structures, and 2-5 
days prior to the arrival of the storm, all nonessential personnel are evacuated during 
daylight hours. Essential personnel are the last to go and are transported to shore after 
wells are closed and topside equipment secured 1-2 days before the storm is expected to 
hit. In the 1960’s operators considered 3 days the minimum time window to evacuate 
personnel and shutdown operations, while today with better and more reliable weather 
forecasting, 1-2 days is considered a safe window. Shut down can be performed 
automatically, in fact nearly instantaneously, using automatic control systems on wells 
where it is deployed, and for manned platforms, shut down is performed in stages 
according to facility requirements. 

4 The 1-2-3 Rule of Thumb is the most important aid in assessing “track error,” the distance between the 
predicted position of a storm’s center and its actual position. The 1-2-3 Rules of Thumb is derived from the 
latest 10-year average track error associated with hurricanes in the North Atlantic: 

1-100 mile error radius for 24-hr forecast 
2-200 mile error radius for 48-hr forecast 
3-300 mile error radius for 72-hr forecast 

5  The size of the private/commercial meteorological value added sector is estimated to employ 
approximately 4,000 people with $400-700M in annual gross receipts [26]. Most of the firms are sole 
proprietorships.
6 It is possible for crews on manned platforms to bunker down and weather out most hurricanes in the 
GOM, but for safety and family concerns, all personnel are usually evacuated. The safety record associated 
with offshore production has been exceptional over the past two decades. The last major event occurred 
with Hurricane Juan in 1985, where several rigs and boats capsized and in total nine lives were lost 
offshore. 
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6.2. Physical Outcome 

Severe weather procedures vary according to the type of rig [25]. 

Submersible and jackup rigs 

•	 On submersible rigs, move back enough from the wellhead to prevent 
wellhead damage, and increase ballast so that high seas will not move the rig 
off location. 

•	 On jackup rigs, jack up the hull to avoid high seas. Jackup rigs are usually not 
moved in severe weather. 

•	 Remove all drill pipe in the derrick on both submersible and jackup rigs. 
Semisubmersible rigs 

•	 Suspend drilling and hang off the drill string in the wellhead before the 
extreme weather arrives. 

•	 If waves are expected be extremely large, pull the upper package. Slacken lee 
anchors to reduce anchor tension on windward anchors. 

•	 Lay down and secure the cranes. 

•	 Deballast the rig to allow waves to pass beneath the rig. 

•	 Apply thrusters to relieve tension on the windward anchors. 

•	 Keep a constant check on anchor tension. 

•	 If the upper package was pulled, make sure the station-keeping equipment is 
monitoring a beacon attached to the lower package. 

•	 Make sure that the standby boat is kept downwind or abeam. 

•	 If the weather is extremely severe and the rig is rolling excessively, dump 
mud and bulk material. 

For drill ships and barges, most of the above procedures are followed but need to be 
performed sooner. Drill ships and drilling barges may be moved out of the path of the 
storm and to inland waters out of the storm’s range. 

Companies transport crews offshore in helicopters, crew boats, and workboats 
according to their operational guidelines. The major environmental parameters in 
offshore emergency evacuation are the wind speed and wave height, and safe working 
conditions for many offshore operations may be approximately specified by critical 
values of these parameters (recall Table 3). The limiting conditions for the operation of 
helicopters are usually defined in terms of wind speed (typically 40-50 mph), and visual 
flight rules specify that the operating minimum for single-engine helicopters is a 3-mile 
visibility with a 500-ft ceiling. The minimum operating conditions for multiengine 
helicopters is a 2-mile visibility with a 300-ft ceiling. Wave height must fall below a 
given threshold (typically 5-8 ft) to ensure safe transfer operations with the crew or 
workboat. Evacuations are performed in the daytime and the method of evacuation 
depends on the sea state, distance to shore, climatic conditions, and availability of 
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transportation equipment. Thunderstorm activity will restrict helicopter usage. The 
number of personnel involved in an evacuation depends on the type of structure: a small 
drilling rig may have a crew less than 10 while a large production platform could have 
over 100. In the GOM, there are currently about 25,000 offshore workers on any given 
day. 

Some of the large operators in the GOM own a fleet of helicopters and will maintain 
annual contracts with service boats moored at various offshore production sites. Smaller 
operators reserve space on crew boats and helicopters7 subject to availability, but there is 
usually sufficient capacity to ensure crews are transported in a safe and timely manner. 
For the planners and managers of evacuation activities, however, work conditions remain 
stressful and difficult during a hurricane event until all personnel arrive safely on-shore. 

The occurrence of an extreme weather event requires operators to decide what 
facilities to shut down and when personnel should be evacuated. Current GOM operating 
philosophy requires the evacuation of all personnel before the latest safe departure time 
and the shutdown of most, if not all, production activity. Shutting down production has 
an immediate negative economic impact on the operator, but because of the extreme risk 
involved with tropical storms, a “conservative” approach is normally taken in planning 
activity. The safety record associated with offshore evacuation has been exceptional over 
the past two decades8. 

6.2. Physical Outcome 

Immediately following a storm, the MMS will issue a Notice to Lessees requiring 
operators to conduct a Level X (X = I, II, III) survey for a Y-mile corridor around the 
storm path; e.g., Level I surveys are a visual inspection from the topside and the 
complexity of the inspection increases with the level specified. Damage can take many 
forms [28]: 

•	 Platforms, caissons, and flare piles can list (lean), topple, or are condemned. 
•	 Drilling rigs, barges, and workboats can be grounded or capsize. 
•	 Flowlines and pipelines can be damaged by a dragged anchor. 
•	 Topsides equipment such as pumps, tank batteries, power generators, etc. may 

have water damage. 

The damage incurred to a structure translates to a direct economic loss to the operator 
since many are self-insured. Operators, and to a lesser extent, insurers, absorb the cost of 
a hurricane, while service companies performing underwater inspections and emergency 
repair and construction and equipment suppliers benefit from the business derived from 
the event. The cost associated with a hurricane and borne by operators is thus “balanced” 
to some extent by the economic stimulus that follows in the wake of the storm. 

7 Typical dayrates for a 34 ft crew boat is $600-800/day, while for a 190 ft crew boat, $2,000-4,000/day. 

Typical helicopter rates are $1,000-1,500/hr. A crew boat can transport up to 90-130 people; a helicopter up 

to 25 depending on its size. Unscheduled, weather-related evacuations add approximately $10,000 per 

production facility and $50,000 per drilling rig over and above normal transportation cost [21].

8 The last major event occurred with Hurricane Andrew in 1992, where 164 structures were destroyed, 

including 22 major platforms [27]. 
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 Starting up production and re-pressurizing wells after shutdown can be 
problematic and usually takes a few days, especially when inspections need to be 
performed. Engineers must spend time inspecting pipes, pumps, and process facilities 
before the spigots are reopened. Wells that have been shut off can suffer from temporary 
shifts in the underground pressure, reducing initial output for weeks or months. In other 
fields, shutting down can help rebuild pressure and enhance production rates. The success 
of start-up operations depend in large measure on the damage caused by the storm, the 
characteristics of the geologic formation, and the complexity of the wellbores. Since most 
GOM crude oil is light and in primary production, start up activities are mostly 
performed without consequence, and assuming no storm damage, fixed structures may 
come back on-line within 48-72 hr of evacuation. Individual wells may be off production 
for several weeks or even months. Floating production systems, which operate in the 
deep waters of the GOM and where hydrates may form, may take up to one week to 
resume production. 

6.3. Economic Outcome Model

A company will typically include anywhere from 3-5 days of weather-related 
production losses each year in their business plans to account for the uncertainty of 
weather. Operators incur the cost associated with deferred production, evacuation cost, 
damage assessment, and facility repair, if any, prior to the resumption of production. 
Most of these costs, with the exception of deferred production and human life 
consequences, cannot be mitigated or reduced, since offshore production facilities cannot 
be moved out of the path of the storm or otherwise avoid the storm’s impact. 

The direct cost involved with a hurricane event includes shut-down cost, C1; 
evacuation cost, C2; downtime cost, C3; damage assessment cost, C4; facility repair cost, 
C5; and start-up cost, C6. Improved ocean observation systems are expected to allow 
some of these costs to be reduced, delayed, or possibly avoided – in particular C2 and C3 
– although it is clear that no observation system cannot mitigate the actual damage of the 
event unless boats and drilling vessels are moved out of the track of the storm that 
otherwise would not have been moved. Shut-down and start-up cost (C1, C6), damage 
assessment cost (C4), and facility repair (C5) depend on the track and strength of the 
storm and the amount of damage inflicted and are not influenced by improved ocean 
observation systems except in the development design stage 9. 

Hurricane motion is controlled by the state of the surrounding atmosphere, and 
forecasts based upon more accurate and timely measurements of that state are themselves 
more accurate. If the forecast associated with a hurricane event can be improved, then 
production can stay on-line a greater period of time without sacrificing safety or 
environmental considerations, and in the best case, perhaps not shutdown at all. Order-of 
magnitude estimates for evacuation and lost production savings are provided as follows.

 (1) Operator Savings – Evacuation 

9 The optimal design of an offshore facility, especially floating production facilities in the deepwater GOM, 
requires knowledge of the response of the structure to environmental loading, which in turn, is critically 
dependent on the acquisition of reliable data on current profile and wave height. It is important to assess 
seasonal and inter-annual variability in dynamic conditions , but it is seldom possible or cost-effective to 
undertake multiple-year site-specific measurement programs in support of field development. 
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Assumptions: 

•	 Manned platforms in hurricane path: 750 

•	 Rigs in hurricane path: 100 

•	 Evacuation cost: $10,000/platform, $50,000/rig 

•	 Weather forecasting model improvement: 10-20% more accurate prediction 
on hurricane path/zone to avoid evacuation 

Expected Savings: 

(750)(0.10-0.20)($10,000/platform) + (100)(0.10-0.20)($50,000/rig) = $1.25-2.5M/yr 

(2) Operator Savings – Lost production 

Assumptions: 

•	 Net income margin per BOE: $5/BOE 

•	 One-half of GOM production shut-in: 1.5 MMBOE/day 

• Weather forecasting model improvement: 0.5-1 day continued production  
Expected Savings: 

(1.5 MMBOE/day)($5/BOE) = $3.8-7.5M/yr 

7. Oil Spill Management and Response 
7.1. Decision Model

The risk of oil spills arise from activities associated with the exploration, 
development, production, and transportation of offshore oil and gas resources, as well as 
from the transport of oil across the ocean to port facilities [29, 30]. During the 1970s and 
early 1980s most of the crude oil and products moved by water was associated with 
inland barges or coastwise movement between U.S. production/processing and 
consumption regions. By the mid-1980s, waterborne commerce of foreign imports of 
crude oil and petroleum production exceeded coastwise transportation, and today is 
completely dominated by foreign imports. 

Oil spills in coastal waters are especially damagi ng and clean up can be very 
expensive. The Oil Pollution Act of 1990 [31] requires that response activities deal with 
the legal constraints and interest of various political entities as it attempts to minimize 
ecological damage and the quality of human life. Better knowledge of wind and water 
currents will assist in the management and clean up of oil spills. 

Four factors influence oil spill response: the type of oil (e.g., heavy crude, distillate 
fuel, etc.); the amount of oil spilled; the spill conditions, which are described by sea 
temperature, ocean current, wind and weather conditions; and proximity to ecologically 
sensitive areas. Once notice has been received that a spill has occurred all of these factors 
are assessed to determine the spill response. 
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Information to support operational decisions during an oil spill is provided through a 
variety of sources. Typically, decision-making is aimed at supporting a “minimum 
regret” as opposed to a “maximum win” strategy [14]. In a “maximum win” strategy, the 
best estimates of wind, currents, and the initial distribution of the pollutant is collected 
and the resulting forecast taken as the threat. A “minimum regret” strategy on the other 
hand uses whatever analysis techniques are available as input data. The situation unit 
presents the command with not only the “best guess” of where the oil will go but also 
with alternate possibilities that might present a significant threat. Reliable near-time data 
on the wind and wave conditions is essential for good decision-making. 

7.2. Physical Outcome 

Oil spill response is site specific and occurs within a complex, dynamic, and 
uncertain environment. The environmental effects of oil spills vary widely depending on 
factors such as the amount and type of oil spilled, weather conditions, the location of the 
spill relative to natural resources, the quality and sensitivity of effected resources, 
seasonal factors, and the thoroughness and speed of cleanup and restoration efforts 
(Figure 4). 

Clean up operations employ one or more methods such as mechanical systems, 
chemical dispersants, burning, and bioremediation depending on prevailing spill 
conditions. Timing is critical to effective clean up. Floating oil spreads rapidly, and a 
slow response may allow oil to spread over a large area so that boom is not effective in 
containment. Floating oil also emulsifies as it mixes with water lending treatment with 
dispersants ineffective after a given time window has passed. 

7.3. Economic Outcome Model

There are many social costs associated with an oil spill. Many costs can be measured 
as direct economic cost such as the cost of clean up, while indirect cost such as damage 
or harm to wildlife cannot be measured in a market transaction. Indirect social costs are 
typically valued using “willingness-to-pay” techniques or an assessment of the loss in 
consumer surplus. The estimated unit cost of a barrel of oil spilled or reaching shore 
across the OCS planning areas is summarized in Table 4 [32]. The total estimated cost for 
the GOM region is assume d to range between $(888, 1445) per barrel of oil spilled. 

The number of spills in the U.S. Coast Guard District 8, which includes Texas, 
Louisiana, Mississippi, Alabama, and the Florida panhandle, and the volume of spills is 
shown in Table 5. Roughly one half of the volume spilled came from tank vessels, and 
60% of the volume involved crude or heavy oil. The 8th District was responsible for 
nearly 40% of the spills and 38% of the total volume across the United States. Eleven 
percent of the total volume of oil spill occurred in the open ocean (12-200 miles), which 
would normally not realize a significant improved response with enhanced ocean 
forecasting. 

The impact of a 1% improvement in oil spill response is estimated to result in the 
following cost savings: 

(74,000 bbl/yr)$(888/bbl, 1445/bbl)(1-0.11)(0.01)=$(0.58M/yr, 0.95M/yr). 
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8. Conclusion
Oil and gas technological advancements over the past two decades have been 

remarkable, but no matter how ingenious, operators still cannot overcome extreme 
weather events. Weather information is valuable, and to the extent that improved ocean 
observation systems can improve the data on which weather/ocean forecasts is based, is 
potentially very beneficial to energy production and pollution management in the GOM. 
Primary applications of ocean observation data are to provide nowcasts/forecasts of 
weather, wind speed, surface wave, current, and general circulation patterns. Order of 
magnitude benefits derived from ocean observation systems to energy related activities in 
the GOM are conservatively estimated to range between $8.3-15.3M (Table 6). The 
actual benefits derived are expected to be a positive multiple of this factor. 
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Table 1. Tropical Storm and Hurricane Events in the Gulf of Mexico 
Hurricane Year Magnitude 

0aLarry 2003 
Henri 2003 0 
Grace 2003 0 
Erika 2003 1 
Claudette 2003 4 
Bill 2003 0 
Lili 2002 4 
Isidore 2002 3 
Hanna 2002 0 
Fay 2002 0 
Edouard 2002 0 
Bertha 2002 0 
Gabrielle 2001 1 
Barry 2001 0 
Allison 2001 0 
Keith 2000 4 
Gordon 2000 1 

Source: National Climatic Data Center 
Footnote: (a) A tropical storm is denoted by a magnitude of 0. 

Table 2. Eddy Events in the Gulf of Mexico 
Eddy Year Size 

Titantic 2003 Huge 
Sargassum 2003 Huge 
Rebel 2002 Small 
QE-2 2002 Small 
Quick 2002 Huge 
Pela gic 2002 Huge 
Odessa 2001 Medium 
Nansen 2001 Medium 
Millenium 2001 Huge 
Lazy 2000 Small 
Kinetic 2000 Small 
Juggernaut 1999 Huge 
Indigo 1999 Small 
Haskell 1999 Small 
Gyre 1999 Small 

Source: Horizon Marine, Inc. 
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Table 3. Limiting Conditions for Offshore Weather-Sensitive Activities in the GOM 
Activity Limiting Conditions 

Evacuation by crew boat WH a < 5 ft, Daylight 
Evacuation by helicopter (fixed structure) WS b < 40 mph, Daylight 
Deepwater drilling WS < 80 mph, WH < 8 ft, CVc < 2 knots 
Tubular and riser deployment WS < 80 mph, WH < 8 ft, CV < 1.5 knots 
Lifting and coupling WH < 5 ft 
Evacuation by helicopter (floating structure) WS < 50 mph, WH < 5 ft, Daylight 
Diving operations CV < 0.5 knots 
Boom containment WH < 1 ft 

Footnote: 	a) WH = Wave height  

b) WS = Wind speed 

c) CV = Current velocity


Table 4. Estimated Unit Cost Elements per Barrel Spilled and Reaching Shore 

OCS Planning Area Controla 

($) 
Cleanup 

($) 
Property Lost 

($) 

Recreation 
and Tourism 

($) 

Wildlife and 
Ecologicala 

($) 
Straights of Florida (64, 99) (565, 872) 272 (133, 448) b  30b 

Eastern GOM (66, 103) (546, 843) 46 (90, 320) 154 

Central GOM (55, 85) (650, 1002) 46 (52, 190) 154 

Western GOM (58, 90) (249, 385) 46 (143, 514) 116 

AVERAGE (61, 94) (503, 776) 103 (107, 368) 114

 Source: MMS
 Footnote: a) Per barrel spilled
                 b) Mid-Atlantic region 
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Table 5. Number and Volume of Spills for the 8th Coast Guard District 

Year Number of Spills Volume of Spills 
(1000 barrels) 

1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

3,205 
3,572 
3,616 
3,477 
3,465 
3,363 
4,678 
4,699 
4,224 
3,836 
4,177 

117 
14 
23 
15 
26 
36 
19 
15 
11 
18 
21 

Average 
(1973-2000) 3,132 74 

Source: U.S. Coast Guard 

Table 6. Summary of Potential Benefits of Improved Ocean Observation Systems to 
Energy Development Activities and Oil Spill Response Management in the GOM 

Application Nature of Benefit Annual Potential Benefits 
($M) 

Drilling activity 
Construction activity 
Supply vessels 
Evacuation 
Lost production 
Oil Spill response 

Improved operations
Improved operations 
Improved operations 
Improved operations 
Reduced production 
Improved response

    (0.3-1.5) 
(0.8, 1.3) 
(1.5, 2.5) 
(1.3, 2.5) 
(3.8, 7.5) 
(0.6, 1.0) 

TOTAL      (8.3, 15.3) 
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Figure 1. Continental United States Landfalling Hurricanes (1950-2000) and Hurricane 
Andrew (August 1992). Source: National Climate Data Center 
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Figure 2. Loop Current Pattern and Eddy Sargassum (September 2003). Source: Horizon 
Marine, Inc. 
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Figure 3. EddyNet Data Collection Sites. Source: Horizon Marine, Inc. 
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Figure 4. Oil Spill Response Strategies 
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1 Introduction 

Alaskan commercial fisheries can be expected to realize benefits from enhancements to 
the Alaska Ocean Observing System (AOOS). We have identified and attempted to 
quantify potential benefits in three areas: 

1) Increased harvests 

2) Avoidance of overfishing 

3) Enhanced business planning 

In working towards an assessment of the value of improved coastal ocean observing 
systems (COOS) to the commercial fisheries of the Alaska region we have found that the 
use of COOS data in research, stock assessment and ultimately fisheries management 
varies considerably from fishery to fishery. As such we have generated a case study 
approach where we look at 3 specific Alaska fisheries. These include: (1) Bering Sea and 
Gulf of Alaska groundfish; and (2) Kodiak king crab and (3) Bristol Bay salmon. These 
case studies offer a qualitative discussion of the current and optimal COOS information 
scenario, decision-making and physical outcomes and a quantitative analysis of economic 
outcomes based on plausible scenarios. All assumptions and limitations to the economic 
assessment of the value of improved COOS are stated explicitly. 

The analysis and final conclusions of this report were generated using information 
provided through interviews with Directors of the Alaska Ocean Observing System 
(AOOS) and Northwest Association of Networked Ocean Observing Systems 
(NANOOS) and over 25 biologists, oceanographers, fisheries managers, and fishers. We 
also relied on scientific studies, North Pacific Fisheries Management Council Stock 
Assessment Fishery Evaluation reports, and relevant secondary literature (please see 
literature cited section). 

2 Overview of Commercial Fisheries in Alaska 

This section provides a general overview of the commercial fisheries in Alaska and 
documents the importance of Alaska fisheries within the US. It provides a summary table 
showing the five major fisheries by species in Alaska and goes on to provide additional 
details for groundfish, salmon and crab, the top three fisheries by weight and value. 
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These three fisheries are likely to benefit most from an enhanced ocean observing 
program. 

Commercial fisheries of Alaska are among the largest in the world and contribute the vast 
majority of US commercial fishery products and value. As seen in Table 1, landings of 
commercial fisheries in Alaska were 53 percent all US commercial landings by weight in 
both 2000 and 2001, and 26 percent of harvested value (or ex-vessel value). In addition, 
the top three Alaska ports with respect to landed weight—Dutch Harbor/Unalaska, 
Kodiak and Akutan—consistently rank in the top 6 of all US fishing ports, and the top 10 
Alaska ports all rank among the top 50 US fishing ports1 [NMFS, and NPFMC]. 

Table 1. US Commercial Fishing Landings and Value 

2001 2002 
Thousand Thousand Thousand Thousand 

Regions and States Pounds Dollars Pounds Dollars 
New England 635 646 584 685 
Middle Atlantic 835 347 702 342 
South Atlantic 200 176 215 173 
Gulf of Mexico 1,606 798 1,716 693 
Pacific (WA, OR, CA, HI) 24 55 24 52 
Great Lakes 19 18 18 16 
Alaska 5,036 870 5,066 812 
Total, United States 9,492 3,228 9,397 3,092 

Percent of US Total 
Alaska Percent of US 53.1 26.9 53.9 26.2 
Source: NMFS, 2003. Adapted from information contained in Fisheries of the United States, 2002. 

Alaska’s fisheries are very diverse in terms of geography, species, the types of vessels 
and gears used and the way the fisheries are managed. That diversity makes it very 
difficult to generalize the effects of an improved ocean observation system. For example, 
biological and oceanographic data that is beneficial for stock assessments for one species 
may not be that useful for other species. Table 2 provides a detailed list of Alaska 
commercial fisheries by geographic location, species, and gear type. 

1 The ports of Akutan, King Cove, and Sand Point are typically not listed among top US ports because each 
has only one fish processor/buyer, and therefore, data regarding total landed weight and value at these ports 
are confidential. However, the American Fisheries Act of 1998 opened data associated with BS Pollock 
fisheries to public scrutiny, and based on Bering Sea pollock data alone, the three communities would all be 
in the top 50 in terms of landed weight with Akutan ranking number 5 in front of Kodiak. Other ranked 
Alaska ports include Ketchikan (14), Sitka (15), Cordova (20), Petersberg (22), Homer (29), and Kenai 
(37). 
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Table 2. Major Commercial Fisheries in Alaska 

Region	 Fishery 
Southeast 
Alaska—10 
Fisheries 

Troll Fisheries for King and Silver Salmon 
Wild Seine Fisheries for Pink and Chum Salmon 
Hatchery Seine Fisheries for Pink and Chum Salmon 
Statewater Longline Fisheries for Sablefish 
Federal Water Longline Fishery for Sablefish 
Longline Fishery for Halibut 
Sitka Herring Fishery (and possibly other herring fisheries) 
Southeast AK King Crab Fisheries 
Shellfish Dive Fisheries (Geoduck, Oyster, Urchin, Sponge) 
Oyster and Mussel Mariculture Fisheries 

Prince William 
Sound and 
Cook Inlet— 
9 Fisheries 

Wild Seine Fisheries for Sockeye, Silver and Pink Salmon 
Hatchery Fisheries for Sockeye, Silver and Pink Salmon 
Drift Gillnet Fisheries for King, Sockeye, and Silver Salmon 
Set Gillnet Fisheries for King, Sockeye, and Silver Salmon 
Statewater Longline Fisheries for Sablefish 
Federal Water Longline Fishery for Sablefish 
Longline Fishery for Halibut 
PWS Herring Fishery 
Oyster and Mussel Mariculture Fisheries 

Central and 
Western Gulf of 
Alaska— 
10 Fisheries 

Trawl Fisheries for Pollock, Pacific Cod, Rockfish, Deep- & Shallow-water 
Flatfish 

Federal Water Longline Fishery for Sablefish 
Longline Fishery for Halibut 
Statewater Pot and Jig Fisheries for Pacific Cod 
Kodiak Seine Fisheries for Sockeye and Pink Salmon 
Kodiak Setnet Fisheries for Sockeye Salmon 
Chignik Seine Fisheries for Sockeye and Pink Salmon 
Alaska Peninsula Seine Fishery for Sockeye, Pink, Chum, and Silver 
Salmon 
Alaska Peninsula Drift Fishery for Sockeye 
Alaska Peninsula Setnet Fishery for Sockeye 

Bering Sea and 
Aleutian Islands— 
6 Fisheries 

Trawl Fisheries for Pollock, Pacific Cod, Atka Mackerel, Rockfish, Flatfish, 
including fisheries off Adak for Pollock and Pacific Cod 

Federal Water Longline Fishery for Pacific Cod 
Longline Fishery for Halibut 
Statewater Pot and Jig Fisheries for Pacific Cod 
Pot Fisheries for Red King Crab, Opilio Crab in Bering Sea and Pribilofs 
Pot Fisheries for Brown King Crab in Aleutians 

Western Alaska—	 Bristol Bay Drift Sockeye 
7 Fisheries	 Bristol Bay Setnet Sockeye 

Kuskokwin River Chum, Silver and King Salmon 
Yukon River Chum, Silver and King Salmon 
Togiak Herring 
Norton Sound Red King Crab 
Kotzebue/Arctic Chum Salmon 
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In 2001 the ex-vessel value (the amount paid to fish harvesters) of Alaska commercial 
fisheries totaled nearly $1 billion. Typically, the fisheries are divided into 5 major 
species groups including groundfish, crab, salmon, halibut and herring. Table 3 shows the 
value of raw fish (ex-vessel value) in Alaska by species group for the years 1993-2002.  
Table 4shows estimates of participation, employment and payments to labor in the 
groundfish fisheries for 2001. 

The major Alaska crab fisheries are now primarily in the Bering Sea (opilio tanner crab) 
and Bristol Bay (red king crab) and currently constitute approximately 15 percent of the 
total ex-vessel value of Alaska fisheries. The relative value of the crab fisheries is down 
from 1993 when it generated 28 percent of total value. Historically there were major king 
crab fisheries in Kodiak and significantly larger king crab fisheries in Pribilof and St. 
Matthews Islands, but these have declined in recent years. The Kodiak fishery has been 
closed since 1983. Smaller fisheries for both king and dungeness crab continue in 
Southeast Alaska. 

The salmon fisheries have the greatest number of participants and generate high levels of 
employment. However, in recent years the salmon fisheries have become less valuable 
because huge increases in farmed salmon—primarily from Chile and Norway—have 
saturated markets and reduce prices. In 1993 salmon generated 1/3 of the ex-vessel value 
of Alaska fisheries, but in 10 years prior to 1993 salmon accounted for as much as 67 
percent of the value of raw fish from Alaska. Currently salmon accounts for 
approximately 20 percent of ex-vessel value. 

In 1991 groundfish surpassed salmon as the largest fishery in Alaska in terms of ex-
vessel value, and now generates over 50 percent of the value of Alaska fisheries. The 
groundfish fishery consists primarily of bottom fish including Alaska Pollock, Pacific 
cod, Black Cod, rockfish and Atka Mackerel and flatfish, including rock sole and 
yellowfin sole as well as several other types of flounders and soles. 

While Pacific Halibut is technically a flatfish it is managed and reported separately from 
other groundfish species. Most participants in the halibut fisheries also participate in 
either the groundfish fisheries or the salmon fisheries. The Halibut fishery has increased 
in value since 1995 when it was rationalized from a one-day derby fishery to an 
individual quota fishery. Currently halibut accounts for over 10 percent the ex-vessel 
value from Alaska’s fisheries. 

Herring while much smaller in terms of value than the other fisheries, continues to be an 
important fishery supplementing incomes for participants in other fisheries. 
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Table 3. Ex-Vessel Value of Major Alaska Fisheries, 1993-2002 

Year Crab/Shellfish Salmon Herring Halibut Groundfish Total 
Ex-Vessel Value $ Millions 

1993 386.1 459.7 16.6 63.0 477.9 1,403.2 
1994 369.5 488.2 24.8 97.4 565.6 1,545.7 
1995 318.8 558.8 44.1 67.0 646.0 1,634.6 
1996 193.6 382.9 49.5 82.0 552.9 1,261.0 
1997 186.7 268.8 17.2 115.5 619.9 1,208.0 
1998 234.3 260.0 11.6 100.8 411.1 1,017.8 
1999 286.5 365.3 15.0 123.5 487.8 1,278.1 
2000 147.4 255.0 9.9 139.4 612.9 1,164.7 
2001 124.4 189.9 10.5 120.2 546.9 992.0 
2002 148.8 129.9 9.1 128.9 566.4 983.1 
Average 239.6 335.9 20.8 103.8 548.7 1,248.8 
Source: Economic Status of the Groundfish Fisheries Off Alaska, 2002, by Terry Hiatt et al. Al. 

Note: Values shown are not adjusted for inflation. 

Alaska’s fisheries are an important source of employment not only in the harvesting 
sector, but also in fish processing. Because of its remoteness, relatively little of the output 
of Alaska commercial fishery harvests is sold fresh. Most is processed into frozen or 
canned products. The additional value added by Alaska’s seafood processing sector 
brings the total output of Alaska’s commercial Seafood industry to over $2.4 billion 
annually (Northern Economics, 2003). As seen in Table 4, fish harvesting generated 
employment of over 10 thousand full time equivalent (FTE) jobs while fish processing 
added an additional 15,000 FTEs. Overall it is estimated that direct payments to labor and 
owners exceeded $1.3 billion in 2001. 

Table 4. Direct Economic Effect of Alaska’s Commercial Fisheries, 2001 

Estimated Estimated First Estimated 

Species 
Permits 
Fished 

Harvesting 
Employment 

(FTE) 

Ex-Vessel 
Value 

($ Millions) 

Processing 
Employment 

(FTE) 

Wholesale 
Value 

($ Millions) 

Payments to 
All Labor 

($ Millions) 
Crab & Shellfish 1,699 560 123.5 1,390 194.1 98.5 
Salmon 7,372 4,400 188.5 6,090 537.5 290.4 
Herring 815 220 10.4 190 171.2 72.6 
Halibut 2,461 580 109.0 1,230 108.6 87.0 
Groundfish 1,959 4,430 542.8 6,190 1,391.8 773.8 
Total 14,306 10,190 974.2 15,090 2,403.2 1,322.4 
Source: Northern Economics, Inc. 2003. Data provide by Alaska Department of Fish and Game and 

reported in Impact of the Seafood Industry on Alaska’s Economy. 

2.1 Alaska Groundfish Fisheries 

This section provides an overview of the Alaska groundfish fisheries and summarizes 
catch by species, ex-vessel and wholesale values, and employment. Also briefly 
discussed are the methods used to set annual harvest amounts. Annual harvest are 
currently very conservative and take into account the uncertainty of many predictive 
variables, are likely to benefit directly from an enhanced ocean observation program. 
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With better information a less conservative harvest policy could be used, and quotas 
could be set higher with resulting increases in catch and values. The benefit estimates of 
the enhanced ocean observation program in the groundfish fisheries are discussed in 
Section 5. 

Alaska’s groundfish fisheries are managed primarily by the Federal government (the 
National Marine Fisheries Service (NMFS) and the North Pacific Fishery Management 
Council (NPFMC or Council)).2 Management of the groundfish fisheries are based on 
Fishery Management Plans (FMP) (one FMP for the Bering Sea and Aleutian Islands 
(BSAI) and one FMP for the Gulf of Alaska (GOA)) summarized in the Alaska 
Groundfish Fisheries Final Programmatic Supplemental Environmental Impact Statement 
(SEIS) (NMFS, 2004). Much of the information used in this summary of the groundfish 
fishery is drawn from the 2004 SEIS. 

The Alaska groundfish fisheries are dominated by harvests of walleye pollock, which 
since 1998 have been between 60 to 75 percent of harvests by volume (Table 5). During 
that same period harvests of Pacific cod and flatfish have averaged roughly 12 percent 
while harvests of other species are much smaller by volume. 

Table 5. Alaska Groundfish Harvests by Species Group, 1998-2002 

Atka 
Year Pollock Black Cod Pacific Cod Flatfish Rockfish Mackerel Total 

Alaska Total -- millions of pounds 
1998 2,756.2 36.2 568.6 491.8 76.9 126.5 4,056.2 
1999 2,395.1 33.7 534.6 534.6 97.9 124.6 3,720.5 
2000 2,668.2 38.6 541.4 541.4 83.6 104.5 3,977.8 
2001 3,220.7 33.3 481.5 379.2 86.2 135.8 4,336.7 
2002 3,387.0 31.9 515.8 391.2 94.1 105.3 4,525.3 
Source: Economic Status of the Groundfish Fisheries off Alaska, 2002, by Terry Hiatt et al. Al. 

Ex-vessel and processed product values of Alaska groundfish from 1998-2002 are shown 
in Table 6. Ex-vessel value of harvests (the estimates value of raw fish harvested)3 

increased significantly from 1998 – 2000 primarily because of the rationalization of the 
pollock fishery under the 1998 American Fisheries Act (AFA). AFA allowed vessels to 
form cooperatives and effectively ended the “race for fish” in the pollock fishery. A 
similar increase in the wholesale values is seen over the same period. The additional 
value of the pollock fishery can be attributed to efficiency gains achieved through the 
reduction of active vessels in the pollock fishery and the coordination of effort through 
the cooperative system. A full report on the effects of the AFA can be found in a report to 
Congress compiled by the NPFMC in 2001. 

2 The State of Al aska has some management authority over Pacific cod and black cod when they are 
harvested in state waters. 
3 Estimates of ex-vessel value include an implicit value for fish harvested by vessels that both catch and 
process groundfish (catcher processors or CPs). In reality there is no monetary transaction of involving raw 
fish with CPs, and therefore no actual ex-vessel value is recorded. Implicit values are estimated using the 
prices received for raw fish by catcher vessels when they deliver fish to processors. 
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Table 6. Value of Alaska Groundfish by Species Group, 1998-2002 

Atka 
Year Pollock Black Cod Pacific Cod Flatfish Rockfish Mackerel Total 

Ex-Vessel Value of Harvest ($ Millions) 1 

1998 179.6 52.9 98.8 36.2 8.0 7.9 383.6 
1999 211.2 57.0 141.9 30.2 11.0 9.8 461.4 
2000 298.0 75.8 157.7 41.1 9.8 9.5 592.5 
2001 295.2 61.9 124.8 31.5 7.9 21.1 542.6 
2002 321.6 64.4 121.7 37.2 9.7 11.2 566.2 

First Wholesale Value of Processed Products ($ Millions) 2 

1998 492.3 68.3 213.6 83.4 18.7 17.5 1024.8 
1999 690.2 73.0 273.6 70.7 20.7 21.9 1178.1 
2000 814.3 87.1 285.9 91.9 19.0 21.2 1345.8 
2001 929.8 79.5 235.4 61.5 15.6 44.6 1390.8 
2002 987.0 81.5 245.2 86.1 22.5 24.9 1482.8 
Source: Economic Status of the Groundfish Fisheries off Alaska, 2002, by Terry Hiatt, et. Al. 

1. Estimates of ex-vessel value include an implicit value for fish harvested by catcher processors. 

2. Estimates of wholesale value are based on values reported by processors as product leaves the plant. 

Note: Values shown are not adjusted for inflation. 

It should be noted that both ex-vessel and wholesale product values are reported in Table 
6. Reporting only the value of raw fish (ex-vessel value) significantly understates the 
value of the fisheries, particularly in the case of the fisheries that include catcher 
processors (CPs). CPs, which both catch and process fish account for approximately 54 
percent of the wholesale value of Alaska groundfish harvests. In addition, motherships, 
large processing ships that take deliveries of raw fish at sea, account for approximately 6 
percent of the wholesale value. The remaining 40 percent of wholesale value is generated 
by traditional shore-based processing plants. As seen in Table 7 Alaska groundfish 
fisheries generated over $600 million in direct income for fishing crews and processing 
labor, and boat and facility owners, and employ over 10,000 FTE in 2001. 

Table 7. Value, Payments to Labor and Employment in Alaska Groundfish Fisheries by Sector, 2001 

Sector 
Value 

($ Millions) 
Payments to Labor 

($ Millions) 
Employment 

(FTE) 
Catcher Processors 743.9 265.9 3,876.7 
Motherships and Shore-based Processors 682.9 266.9 4,490.5 
Catcher Vessels 288.5 115.4 2,015.7 
All Sectors 1,426.9 648.2 10,383.0 
Source: Alaska Groundfish Final Programmatic SEIS. NMFS, 2004. 

Note the total value of all sectors does not add the value earned by catcher vessels—those values are a 

cost to motherships and shore-based processors and are included in the total wholesale value. 

2.1.1 Groundfish Stocks Assessment and Annual Harvest Quotas 

In general, the groundfish fisheries are quota-based fisheries. The annual harvest quotas, 
or Total Allowable Catch (TAC), are determined on a species by species basis within 
each FMP. Each summer and fall, fisheries scientists review new data and augment 
predictive models to assess stocks of each species and to determine how much can be 
harvested without putting the stocks at risk of falling below the Maximum Sustainable 
Stock Threshold (MSST). The level at which each species may be harvested is known as 
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the Allowable Biological Catch (ABC). The scientist’s recommendations for ABCs, 
which are generally quite risk averse are based on the “best available scientific data” and 
the amount of uncertainty, are forwarded to the NPFMC where they are reviewed by the 
senior scientists comprising the Council’s Scientific and Statistical Committee (SSC). 
The Council’s Advisory Panel (AP), comprised of representatives from the public and the 
seafood industry, takes the ABCs forwarded by the SSC and recommends TAC levels for 
each species. The AP’s TAC recommendations take into consideration factors such as the 
level of demand for specific species and other business/political factors. In the GOA, the 
recommended TACs are often very similar to recommended ABCs. In the BSAI 
however, a 2 million metric ton (MT) cap (4,409.2 billion pounds) limits the overall 
harvest of groundfish, even though the sum of ABCs of the various species in the BSAI 
far exceeds the cap.4 

Table 8 shows estimates of the total biomass, spawning bioma ss, the ABC and actual 
total catch and exploitation rates of Alaska groundfish by major species groups in 2002. 
The estimates (Ianelli, 2003) demonstrate the relatively conservative harvest policy 
employed in the North Pacific. Overall exploitation is less than 8.5 percent of total 
biomass, but more importantly harvests are 70 percent of ABCs. 

Table8. Biomass, Allowable Biological Catch, and Catch of Alaska Groundfish, 2002 
Total Spawning 

Species Biomass Biomass ABC Catch Exploitation 2 

Group (millions of lbs.) (millions of lbs.) (millions of lbs.) (millions of lbs.) (percent) 
Bering Sea and Aleutian Islands 

Pollock 28,586 8,114 3,843 3,276 11.46 
Black cod 181 65 16 4 1.99 
Pacific cod 4,260 892 644 403 9.47 
Flatfish 1 11,143 4,080 778 320 2.87 
Rockfish 1 826 303 62 46 5.58 
Atka mackerel 1,057 261 144 105 9.92 
BSAI Total 46,054 13,715 5,492 4,155 9.02 

Gulf of Alaska 
Pollock 1,502 300 388 111 7.40 
Black cod 449 161 40 28 6.30 
Pacific cod 1,253 216 164 112 8.97 
Flatfish 1 4,002 2,455 399 71 1.79 
Rockfish 1 1,105 401 70 48 4.34 
Atka mackerel NA NA 1 0 NA 
GOA Total 8,311 3,533 1,183 438 5.27 

Alaska Total 
Grand Total 54,365 17,247 6,675 4,594 8.45 
Source: Ianelli, James, 2003. “North Pacific Multi-Species Management Model” in NMFS 2004. 

1. Biomass estimates of several species in this group are unavailable. 

2. Exploitation is calculated by dividing catch into total biomass. 

2.2 Alaska Salmon Fisheries 

This section provides a summary of Alaska’s salmon fisheries. The summary provides 
information on the ex-vessel and wholesale value of salmon fisheries by species and 
management area, and then summarizes the forecasts of salmon returns in Bristol Bay to 

4 This “optimum yield” cap was approved as part of Amendment 1 to the BSAI Groundfish FMP by the 
Council and the Secretary of Commerce and implemented in 1984 to insure that fisheries would not be 
over-harvested. 
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demonstrate the levels of uncertainty under which salmon harvesters and processors 
operate. It is surmised in Section 5 that reducing this uncertainty through an enhanced 
ocean observation program can significantly improve the value of the salmon fisheries. 

Alaska’s salmon fisheries are among the worlds largest, and are managed by the Alaska 
Department of Fish and Game (ADF&G). As shown in Table 9, although the value of 
salmon has declined in recent years, the fisheries still generate over $500 million in 
processed product. Sockeye salmon are the most important species in terms of value, but 
pink and chum salmon are also very important. In 2002, sockeye generated 43 percent of 
the wholesale value of Alaska’s salmon fisheries while pinks accounted for 29 percent 
and chum 19 percent. 

Table 9. Wholesale Value of Salmon Fisheries by Species, 2001 – 2003 

Species 2000 2001 2002 2003 
Wholesale Value ($ Millions) 

Chinook 15.5 15.5 19.2 NA 
Chum 166.9 96.6 84.0 NA 
Coho 41.8 33.6 36.5 NA 
Pink 165.6 219.9 154.3 NA 
Sockeye 333.3 230.7 219.0 NA 
All Species 723.1 596.3 513.0 NA 
Source: ADF&G Commercial Operator Annual Report Data, provided by ADF&G in June 2004. 

Note: Values shown are not adjusted for inflation. 

ADF&G manages the salmon fisheries on a regional basis with limits on the number of 
vessels or operations that can participate. The ex-vessel value generated in the major 
salmon management areas in recent years are shown in Table 10 for the years 2000-2003, 
and graphically for selected areas from 1993 – 2002 in Figure 1. As seen in Figure 1, the 
value of salmon fisheries has declined significantly since 1993 in all areas. The largest 
relative declines have come in Bristol Bay. Prior to 1997 Bristol Bay accounted for more 
value than any other management area. Now both Southeast Alaska and Prince William 
Sound generate as much value as Bristol Bay. Estimates of wholesale value are shown in 
Table 11. In 2 of the 3 years shown Southeast Alaska have generated more wholesale 
value from salmon than other management areas. 
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Figure 1. Ex-vessel Value of Salmon by Management Areas, 1993 – 2002 
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Source: Basic Information Tables from Commercial Fishing Entry Commission Internet site at 

www.cfec.state.ak.us. Accessed in June 2004. 

Note: Values are shown in nominal dollars. 

Table 10. Ex-Vessel Value of Salmon Fisheries by Management Area, 2001 – 2003 
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Management Area 2000 2001 2002 
Ex-Vessel Value ($ Millions) 

Alaska Peninsula 24.3 8.6 7.6 
Bristol Bay 84.4 40.9 29.4 
Chignik 12.6 8.4 4.6 
Kodiak 23.1 22.1 12.2 
Cook Inlet 9.8 8.5 13.0 
Prince William Sound 39.3 35.4 25.9 
Southeast 66.1 79.6 34.6 
Other 2.4 1.2 2.0 

Source: Basic Information Tables from Commercial Fishing Entry Commission internet site at 

www.cfec.state.ak.us. Accessed in June 2004. 

Note: Values shown are not adjusted for inflation. 

Table 11. Wholesale Value of Salmon Fisheries by Management Area, 2001 – 2003 

Management Area 2000 2001 2002 2003 
Wholesale Value ($ Millions) 

Alaska Peninsula 61.6 34.3 33.0 NA 
Bristol Bay 181.8 121.2 104.6 NA 
Chignik 18.4 16.5 12.3 NA 
Kodiak 72.7 72.1 43.8 NA 
Cook Inlet 52.8 46.2 49.9 NA 
Prince William Sound 111.0 83.5 100.9 NA 
Southeast 219.8 208.7 167.1 NA 
Other 4.9 13.8 1.5 NA 
All Areas 723.1 596.3 513.0 NA 
Source: ADF&G Commercial Operator Annual Report Data, provided by ADF&G in June 2004. 

Note: Values shown are not adjusted for inflation. 
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2.2.1 Bristol Bay Salmon Fishery and Forecasts 

The Bristol Bay sockeye salmon fishery is the world’s largest wild salmon fishery (Link, 
2002). The fishery is also highly variable in terms of run size, and yet extremely 
compressed in terms of the amount of time fish are available for harvest. Typically, 
harvests begin in earnest the third week in June and peak on Jul y 4th. . By the end of the 
second week in July most of the fish have escaped the fishery and entered their spawning 
rivers. The fishery is also relatively remote. Bristol Bay is accessible only by air or by 
boat. The remoteness of the area, the compressed season, and the variability makes the 
fishery relatively expensive to prosecute. Processing companies have to bring in by barge 
all of their cans and other packing material for the year. Because of the compact season 
there is no time to attain additional supplies while the fishery is underway. Furthermore, 
all of the processing labor must be flown in, and again because of the compact season, it 
is impractical to increase or decrease the amount of labor in-season. The processing 
materials and labor are major components of the costs of processing.  If plant managers 
guess wrong about the size of the harvest, too much or too little labor or material can 
spell financial disaster (Van Vacter, 2004). Thus the accuracy and the reliability of run 
forecasts can make or break the year for processors and, because the processors create 
markets for the harvesters, the harvesters incur costs as well. 

Table12 shows the run forecasts and harvests for Bristol Bay from 1997 – 2004. Of 
particular importance are the range of potential run sizes and the differences between 
forecast inshore harvests and actual harvests. In 1997 for example, harvests of 24.8 
million fish were forecast, but actual harvest came in at only 50 percent of that level. A 
similar shortfall was seen in 1998. In 1999 the opposite occurred—harvests were forecast 
at 13.8 million fish, but nearly twice that amount was actually harvested. Since 2000 
forecasts have been more accurate, but the long-term record of relatively unreliable run 
forecasts mean processors will likely continue to operate very conservatively. 

Table 12. Forecasts of Bristol Bay Sockeye Salmon Runs, 1997 – 2004 

1997 1998 1999 2000 2001 2002 2003 2004 
Millions of Fish 

Forecast Total Run: 35.8 32.1 26.2 35.4 24.3 16.8 24.1 46.6 
Escapement Goal: 8.8 9.6 11.1 11.1 7.3 7.3 7.3 11.9 
Forecast Inshore Harvest: 24.8 20.6 13.8 22.3 15.6 9.7 16.8 34.7 
Range of Potential Run Size NA 11 – 54 9 – 43 18 – 53 9 – 39 5 – 29 11 – 37 36 – 58 
Actual Harvest 12.2 10.0 25.7 20.5 14.2 10.6 14.9 NA 
Source: Bristol Bay Historical Information from ADF&G Division of Commercial Fisheries at 

www.cf.adfg.state.ak.us. 

2.3 Alaska Crab Fisheries 

This section provides a summary of Alaska’s crab fisheries with a focus on its notable 
booms and busts. The section shows historical values of the fisheries back through 1993, 
and then looks at harvests over successively longer periods to depict the precipitous 
increases and subsequent collapses of various crab fisheries in the state. In Section 5 we 
discuss arguments of fishery scientists that information attained in an enhanced ocean 
observation program could reduce or eliminate major crab fishery collapses such as those 
experienced in Alaska. 
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Historically, Alaska’s crab fisheries have generated ex-vessel values approaching those 
generated in the salmon and groundfish fisheries (see Table 33). Table13 shows ex-vessel 
values of Alaska crab harvests by species for 1993 – 2002.  During the 1990’s the tanner 
crab has been the primary species, but since 2000, the value of king crab harvests have 
surpassed the value of other species. 

Table 13. Ex-Vessel Value of Alaska Crab Fisheries by Species, 1993 – 2002 

Year King Crab Dungeness Crab Tanner Crab Other Crab All Crab Species 

Ex-Vessel Value ($ Millions) 

1993 93.5 5.0 219.4 3.1 321.0 

1994 59.9 5.5 241.7 5.8 312.9 

1995 48.6 9.2 192.8 5.4 256.1 

1996 67.8 6.0 94.4 1.9 170.1 

1997 60.3 10.7 92.9 2.1 166.0 

1998 60.6 4.3 139.7 0.8 205.5 

1999 92.4 6.6 188.8 0.7 288.5 

2000 62.2 4.5 56.7 0.0 123.5 

2001 64.7 7.5 37.7 0.0 109.8 

2002 81.3 8.6 42.0 0.0 132.0 

Source: Basic Information Tables from Commercial Fishing Entry Commission internet site at 

www.cfec.state.ak.us. Accessed in June 2004. 

Note: Values are shown in nominal dollars. 

Figure 2 looks at the crab harvests by species over a 30-year period. The figure shows 
that king crab harvests peaked in 1980 and then fell to approximately 25 percent of peak 
levels. The tanner crab fishery (also known as snow crab) peaked in 1991 and then fell 
dramatically, peaked again in 1998 and since 2000 has been harvested at levels less than 
15 percent of record harvests. As shown in Figure 3 that offers an even longer 
perspective, demonstrates how different king crab fishery areas have seen different peaks 
and declines. During the 1960’s the Kodiak area was a major producer of king crab with 
a peak in 1965 and a precipitous decline by the end of the decade. The Kodiak fishery 
continued at low levels until 1982 when the fishery was closed. It has remained closed 
ever since. Following the collapse of the Kodiak fishery in the late 1960s, fishing effort 
migrated into Bristol Bay. The Bristol Bay fishery expanded rapidly during the 1970s and 
peaked in 1980, then collapsed similar to the Kodiak fishery. The Bristol Bay fishery has 
continued albeit at relatively low levels and with periodic closures. 
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Figure 2. Pounds Landed in Alaska Crab Fisheries by Species, 1975 – 2002 
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Source: Basic Information Tables from Commercial Fishing Entry Commission Internet site at 
www.cfec.state.ak.us. Accessed in June 2004. 

Figure3. The Rise and Fall of Major King Crab Fisheries in Alaska, 1960 – 2002 
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Source: Westward Region Shellfish Report, 2002. ADF&G. Kodiak Alaska, 2003. 

Phenomena and Now/Forecasts 

The Alaska Ocean Observing System (AOOS) is part of a growing national net work of 
integrated ocean observing systems that should improve the ability to rapidly detect 
changes in marine ecosystems and living resources, and predict future changes and their 
consequences for the public good (http://www.aoos.org). While AOOS is just in its 
developmental stage the system covers three zones including (1) the Gulf of 
Alaska/Southeastern Alaska; (2) the Aleutian Islands/Bering Sea; (3) the Artic 
Ocean/Beaufort Sea/Chukchi Sea. Currently data collected in these zones by various 
institutions and programs include atmospheric measurements (Doppler radars, wind 
profilers, meteorological stations, FAA Weathercams, and Satellite), oceanic 
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measurement (NOAA buoys, UAF buoys, CODAR, tide gauges, NOS/NDBC water 
temps, and satellite), and river, soil and snow measurements (USDA SNOTEL Met 
Stations, Toolik Lake Research Station, USGS Streamflow data, USDA SCAN Met 
Stations, NWS/USGS River Stage and Flow Data, and NWS/USGS Snow Data Sites). 
Related programs include DOE/Atmospheric Radiation Measurement Program PWSSC 
Nowcast/Forecast Project, GEM Project, SALMON Project, GLOBTEC, and the Alaska 
Sea Life Center Research. The types of measurement and level of coverage varies across 
the three Alaskan zones (Please see http://www.ims.uaf.edu:8000/caos/zone_1.html; 
zone_2.html; zone_3.html for details.) 

AOOS represents a partnership that has been formed to develop a regional program in 
Alaska. Partners include the State of Alaska; federal agencies such as the National 
Oceanic and Atmospheric Administration and the Department of Interior; Academic 
institutions including the University of Alaska and University of Washington; research 
organizations such as the North Pacific Research Board, the Alaska SeaLife Center, the 
Prince William Sound Science Center, and the Barrow Artic Science Consortium; and 
industry groups including fisheries and aquaculture associations. AOOS’ goal is to 
provide a centralized location for (1) new buoys, proving wind and current speed and 
direction, wave height, sea temperature, and salinity, (2) enhancements to existing 
NOAA weather buoy data for specialized local needs; (3) processed satellite data 
providing Alaska-wide information on sea-surface temperature, ocean color (chlorophyll) 
and wind; (4) geographically comprehensive surface current data from high frequency 
radar; and (5) data about fish, birds and marine mammals, the environmental effects of 
human activities, and any other information that can be used with the physical data to 
predict future changes to ocean ecosystems.  

In general, from our research we have found that a fully developed AOOS has the 
potential to provide fishery managers with the tools to maximize the sustained use of 
fishery resources. In particular, enhanced data collection and dissemination will reduce 
the uncertainty (increase confidence) in establishing exploitations rates by, among other 
things improved predictions of recruitment failures or successes. It is well known and 
accepted that errors in forecasts of fish populations are in part due to environmental 
unknowns. The parameters that appear to be of most concern among fishery stock 
assessment scientists and managers are upwelling, temperature, currents (including tidal 
currents), salinity, chlorophyll, and the strength of oceanfronts.  These are all factors that 
affect rates of maturation and migration and are more or less important depending on the 
fishery in question. In addition, it is felt that more precise5 data, that is, more data points 
both spatially (throughout the entire North Pacific Rim) and temporally would translate 
some unknowns into knowns and would enhance understanding of fish growth and 
predictions of productivity and migration patterns. 

For the past several years stock assessment scientists (Ianelli et al, 2003) have been 
evaluating the effect of bottom temperature (Tt) on survey catchability of pollock in 
year t: 

Q(t)= U(q) +BqTt 

5 Some of the North Pacific fisheries scientific community would love to have data collected throughout the 
year by means of an establish grid system of permanent monitoring buoys throughout the Pacific Rim 
which collect data on currents, temperature, salinity, and chlorophyll. 
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Where Uq is the mean catchability and Bq represents the slope parameter. Bottom 
temperature was collected during the NMFS summer bottom-trawl surveys.  It was 
shown that temperature affects the distribution of pollock on the shelf and by extension 
could affect the availability of the stock to survey. That is, temperature may affect the 
proportion of the stock that is within or outside of the standard survey area.  These 
patterns were further examined by comparing Pollock density with selected on-bottom 
isotherms. This shows that 2002 was warmer than usual and that, in general, pollock 
densities are rare at temperatures lower than 0 degrees.  The latter illustrates the 
significant value of the understanding of the effect of this physical parameter on the 
evaluation and determination of allowable biological catch in fisheries management. 

Another growing body of scientific evidence supports hypotheses about the direct and 
indirect effects of the environmental change on salmon production (NPAFC Science Plan 
2001-2005, BASIS).  For example there is a strong correspondence between salmon catch 
and climate indices. In addition, there appears to be a correlation between water 
temperature, blooms of coccolithophorid and salmon survival (Jack Helle, Alaska 
Fisheries Science Center, Auk Bay Lab May, 2004). Over the last 6 years there have 
been two significant long-term blooms in the Bering Sea (the blooms being an indication 
of sterile ocean conditions). According to Helle, coccolithophorid blooms appear to be 
water temperature related. If the scientists have better forecasts on water temperature 
they could better predict the occurrence of these blooms and thus be better able to predict 
juvenile salmon survival. 

It is also hypothesized by Alaska Department of Fish and Game that physical 
oceanographic data can improve management of Cook Inlet sockeye salmon through 
improvements in season salmon run projections (Willette and Pegau, 2002).  In 1999, the 
Alaska Board of Fisheries adopted a sliding range of inriver escapement goals for late-
run Kenai River Sockeye salmon that were based upon preseason and inseason 
projections of the annual return of this salmon stock.  The ADF&G offshore test fishing 
(OTF) provides the primary source of information used to project the return of this stock 
inseason. Achievement of inriver escapement goals and allocation of salmon to 
commercial, personal use and recreational user groups is thus largely dependent on the 
accuracy of these projections. The accuracy of the population estimates provided by OTF 
typically increases as the season processes. Projections made on July 20 have ranged 
from –5.4% to +103% of the actual run.  Errors in OTF program estimates or run size 
appear to be due to interannual changes in migratory timing and catchability. 

The OTF program often fails to accurately predict runs that are earlier than normal. 
Failure to accurately predict very large runs can result in large escapements, loss of 
revenue to the commercial fishery, and reduced production in future years due to 
overgrazing of plankton stocks by large fry populations in rearing lakes. Failure to 
accurately predict weak runs can result in over harvest by the commercial fishery and 
reduced production in future years. Errors in OTF program estimates of run size appear 
to be due to interannual changes in migratory timing and catchability. Migratory timing 
is defined as abundance as a function of time in a fixed geographic reference frame 
(Mundy, 1982). The sockeye run entering the Cook Inlet normally peaks on July 15, but 
peak migratory timing has varied from Jul6 to July 19. According to Willette and Pegau, 
variations in migratory timing are likely due to a range of biotic and physical factors that 
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affect rates of maturations and migrations. Ocean temperature (Burgner, 1980), the 
strength of oceanic fronts (Mundy, 1982), and tidal currents (Stasko et al., 1973) are all 
likely important physical factors affecting both the rate of maturation and migration of 
salmon. Catchability is defined as the fraction of the population captured by a unit of 
fishing gear. The OTF program estimates cumulative catchability to date from the ratio 
of cumulative catch per unit of effort (CPUE) obtained from the test fishing vessel and 
estimates of total return to date. Cumulative catchability varies by a factor of 2 among 
years. Variations in catchability are likely due to biotic factors (e.g. fish size) as well as 
physical factors that affect the vertical and horizontal distribution and migration rate of 
salmon (Hakoyama, 1995). 

The migration of salmon into the Cook Inlet is clearly influenced by the strength and 
location of tiderips. Fishermen working the inlet are very aware of the tiderips and use 
the rips to locate and capture migrating salmon (Wilson and Tomlins, 1999). Salmon 
have likely evolved behaviors that allow them to use rip tides and associated current 
structures to minimize the energy expended to reach their natal rivers (Scholz et al. 
1972). According to Willette and Pegau, (2004) although tiderips clearly result from 
strong velocity gradients, they also represent boundaries between water masses and may 
be associated with strong salinity gradients.   

Willette and Pegau have proposed to test several hypotheses regarding the effects of 
changing oceanographic conditions on the migratory behavior and catchability of salmon 
entering Cook Inlet. Better understanding of these effects may allow for improvement in 
the accuracy of inseason sockeye salmon populations estimates and thus improved 
accuracy of short and long-term forecasts of salmon runs.  The latter suggests that with 
ongoing oceanographic data collection through AOOS ADF&G might be able to better 
manage for inriver escapement goals and maximize sustained yield thus benefiting the 
economy of the Upper Cook Inlet area and nation as a whole. 

Currently, OOS information is not readily used in the crab industry. Sometimes fisheries 
managers use weather data to adjust fishing seasons (for safety reasons).  In addition, 
bottom temperature information is sometimes used as an indicator of species distribution 
and correlated over time to stock size. However, in general, according to our sources, the 
greatest benefit to the Alaskan king and tanner crab industry from enhanced AOOS 
would be in the long term with the collection of appropriate time series data. Biological 
and oceanographic data could be correlated with trawl surveys and allow fisheries 
biologists to better predict crab recruitment and productivity. This information could be 
used to develop harvest rate models that more adequately reflect the state of the 
ecosystem. According to Gordon Kruse (ADF&G) oceanographic conditions (upwelling, 
temperature and currents) are critical to the development of larvae for nearly all species 
of crab. For example, egg and larvae development are temperature sensitive. Larvae feed 
on phytoplanktons that are light sensitive. If winter/spring is cold then it is likely that 
phytoplankton blooms will occur before the crab larvae are developmentally ready. 
Better oceanographic data would allow fisheries scientists and fisheries managers to 
better predict poor and good recruitment and thus allow for more accurate determinations 
about when to close and or open a fishery. 

In addition to the above, we have learned that the value of AOOS will probably be 
highest in the rationalized fisheries. The fleet may benefit from more detailed knowledge 
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of the distribution of fish by age and season.  This would allow them to minimize 
unintended catch of non-targeted species (an unintended consequence but of significant 
value to society) minimizing fuel and crew costs. For example, if scientists knew enough 
to state that during the summer months, adult pollock will follow a particular frontal 
feature and can identify where that front is located they could provide the fleet with 
forecasts of prime fishing locations for target species. 

Finally, we have learned that there are also benefits or value from enhanced data 
collection and dissemination through AOOS to fisheries managers as relates to Essential 
Fish Habitat Provisions, Marine Protected Areas and marine mammal protection. 
Fisheries managers need and want better data to allow them to now deal with the 
complex spatial and temporal dimensions associated with ecosystem-based management 
tools that are the underpinnings of the above management tools. 

One scenario that we have not explored but for which potential economic benefits of 
enhanced OOS may be accrued is the shellfish aquaculture industry and human health 
and safety more generally. If, for example, scientists could more accurately predict 
blooms of PSP (paralytic shellfish poisoning) industry would know to terminate 
production activities and thus avoid significant health and safety consequences. PSP is a 
fairly significant issue in the Washington aquaculture industry and better information 
about the timing and extent of algal blooms could have measurable economic benefits in 
the near future as opposed to the relatively more speculative and long term future benefits 
of better recruitment forecasts and stock assessments as described above. 

Qualitative Discussion of Fishery Management Decision Making 

Prediction of fish stocks or population levels plays a critical role in fisheries management 
decision-making.  Prediction of stock size is critical to the underlying principals or goals 
of sustainable fisheries management. As such the role of fishery scientists is great in the 
overall decisions about harvest strategies. However, there continues to be tremendous 
uncertainty in stock size projections and thus continued potential for less than perfect 
decision making at the management level. Authors such as Solow et al (1998) have been 
able to use data on enhanced forecasts of oceanographic conditions to formulate 
predictions of crop yields which are then used by farmers to optimize cropping patterns. 
The Bayesian decision theory approach that they use could potentially provide a 
methodology to aid fisheries managers in optimizing fish harvest (given the constraints of 
provisions of the MSFMCA and other pertinent legislation and regulation and fishery 
management objectives through the ten National Standards for Fishery Conservation and 
Management). The Bayesian approach could be used as a management tool to make 
predictions and explore the consequences of alternative scenarios for a particular fishery 
within a particular ecosystem. The aim of this approach would be to develop a model as 
a tool for guiding decision making in a variety of areas including the conduct of a fishery, 
and the targeted collection of information to improve understanding of the system and its 
response to change (Goodman et al, 2002). 

That said it is instructive to qualitatively outline the decision model that is used in 
fisheries management decision-making in the Alaska region. Goodman et al (2002 pp.1-
2) provides an excellent guide for lay persons of the very complex process by which 
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harvest strategies are chosen.  The following is taken from that report which explicitly 
focuses on Alaska groundfish species management. 

The current harvest decision making strategy is essentially a maximum sustainable yield 
(MSY) single-species approach, modified by some formal safeguards incorporated to 
ward against overfishing as defined from the single-species stand point, and with 
opportunities of a less-structured nature for reducing harvest rates further in response to 
perceived social, economic and ecological concerns.  No quantitative standards or 
specific decision rules are stated for these latter considerations, except as they are 
imposed, from outside the MSFCMA, by the Endangered Species Act or the Marine 
Mammal Protection Act. 

The overfishing level (OFL) set for each stock is an estimate either of the fishing 
mortality rates associated with MSY (Fmsy) or an estimate of a surrogate for Fmsy. The 
OFL is treated in the management system as a limit that should not be exceeded except 
with a very low probability.  The acceptable biological catch (ABC) set for each stock is 
an estimate of a target rate, which is intended to establish some margin between it and the 
OFL. The hope is that managing so as to achieve this target on average will accomplish 
the desired compliance with exceeding the limit (OFL) only rarely. The ad hoc 
downward adjustments of harvest in response to other social, economic, and ecological 
considerations takes place in the deliberations where the total allowable catch (TAC) is 
set subject to the constraint that it be less than or equal to the ABC. 

The formulaic component of the reduction of harvest rate from the theoretical MSY 
harvest rate (from OFL to ABC) is by an amount that is often modest, when expressed as 
a fraction of the harvest rate; but in terms of the total tonnage involved, or its dollar 
value, the amount is considerable. The margin is also small relative to real natural 
variation, and small relative to the practical uncertainty about stock status or population 
parameters for many of the target stocks and indeed for most of the ecosystem.  By 
contrast, in actual practice, the reduction in TAC from ABC has for some stocks and 
some years been quite large, but there is no explicit and general formula for this 
reduction. Many stock assessment scientists believe that this buffer should be better 
linked to uncertainty in both the measurement and process error (Anne Hollowed, 
personal conversation 2004). 

The formal and standardized quantitative portions of the process for determining OFL 
and ABC begin with the assignment of each stock to one of six “Tiers” based on the 
availability of information about that stock. Tier 1 has the most information, and Tier 6 
the least. The so-called F40% construct plays a prominent role in some of the Tiers but 
not others. F40% is the calculated fishing mortality rate at which equilibrium spawning 
biomass per recruit is reduced to 40% of its value in the equivalent unfished stock. This 
is an esoteric, but useful, measure of the amount by which the associated fishing rate 
reduced the stock size, in the long run. The useful features of this particular measure are 
two-fold.  First, its calculation is less sensitive to the details of the stock-recruitment 
relationship than is the calculation of Fmsy, so it is practical to estimate F40% for stocks 
that are not well enough studied for estimation of Fmsy. The second is that for a range of 
dynamics encompassing many, but not all, of the BSAI/GOA target groundfish stocks, 
for example, modeling studies have shown that harvesting at F35% accomplishes about 
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the same thing as harvesting at Fmsy, so harvesting at the slightly lower rate, F40% 
established a modest margin of safety. 

Currently management of king and Tanner crab fisheries are under the jurisdiction of the 
Alaska Department of Fish and Wildlife and National Marine Fisheries Service. An 
annual stock assessment and fishery evaluation (SAFE) report is required of them by the 
North Pacific Fisheries Management Council. The SAFE summarizes among other 
things, guideline harvest levels (GHL) and analytical information used for management 
decisions or changes in harvest strategies. According to the 2003 SAFE for King and 
Tanner Crab Fisheries sin the Bearing Sea and Aleutian Islands, the Federal requirements 
for determining the status of the stocks are the minimum stock size threshold (MSST) and 
the maximum fishing mortality threshold (MFMT). These requirements are contained in 
the Fisheries Management Plan (FMP). The MSST is 50% of the man total spawning 
biomass (SB or TMB= total mature biomass) for the period 1983-1997, upon which the 
maximum sustainable yield (MSY) was based. A stock is overfished if the SB is below 
the MSST. The MFMT is represented by the sustainable yield (SY) in a given year, 
which is the MSY rule applied to the current SB (the MSY control rule is F=0.2 for king 
crabs and F=0.3 for Tanner and snow crabs). Overfishing occurs if the harvest level 
exceeds the SY in one year. GHLs are developed from joint NMFS and ADF&G 
assessment of stock conditions based on harvest strategies developed by ADF&G.  

Regular trawl and hydoraccoustic survey results for five stocks (Pribilof blue king crab, 
St. Matthew blue king crab, Bristol Bay red king crab, eastern Bering Sea Tanner crab (c. 
bairdi), and eastern Bering Sea snow crab (c. opilio) are compared to thresholds 
established by the State of Alaska harvest strategies and regulations. ADF&G uses these 
thresholds to determine if a fishery should be opened and to calculate GHL. For 
example, the Bering Sea Tanner crab fishery was closed in 1997 due to near record low 
stock abundance in the 1997 NMFS survey and poor performance in the 1996 fishery. 
ADF&G will reopen the fishery when the female biomass is above the threshold and the 
fishery GHL is above the minimum identified in the rebuilding harvest strategy or MSY 
biomass defined in the FMP as 189.6 million pounds of total mature biomass. 

The traditional approach to fishery science, that is, the primary input to the harvest 
strategy outlined above, has been to assess the state of the stocks on a single-species 
basis, using catch and biological data as input to the models and then forecast what will 
happen if things (usually total catches) stay as they are or get changed somewhat. This 
leads to decisions being made based on expected outcomes.  Some sense of the 
robustness of decisions can be made by running the forecasts with different assumptions 
or from different starting points but this sort of exploration has traditionally been limited 
and ad hoc. A more recent approach is instead to create models of the fishery systems 
and to use computer simulations to test systematically what would happen if different 
management strategies (combinations of data collection, assessment and decisions 
following specific rules) were adopted.  This sort of analysis is aimed at systematically 
revealing how different management approaches compare in meeting sets of objectives. 
Unfortunately given the scope of this work we are not able to explore and impleme nt this 
approach at this time. In general, however, we have been able to ascertain that enhanced 
AOOS offers the potential greatest benefits at the scientific level where science can 
monitor, assesses forecasts within bounds and generally inform and support decision 
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making. At this point stock assessment scientists feel limited in their capabilities and feel 
that more atmospheric, oceanic, biological and ecosystem data would be of tremendous 
benefit. Once such data is made more available they feel several years of improved 
predictions (better than correct 60% of the time) will be required in order to gain the trust 
of fisheries managers and the fishing community and ultimately have their 
recommendations for such metrics as total allowable catch (TAC) to be readily accepted.  

5	 Assessment of the Economic Value of an Enhanced Ocean Observation 
Program 

An enhanced ocean observation program has the potential to provide significant benefits 
to Alaska commercial fisheries. This section discusses three areas where better 
information and less uncertainty could generate higher values: 

1) Better information could improve the reliability of forecasts that in turn will 
enhance the ability of fishery businesses to plan their fishing seasons and 
profitably prosecute their fisheries. In Alaska salmon fisheries it is estimated that 
reducing the uncertainty due to unreliable run size and timing forecasts, would 
lead to increases in net revenues for salmon processors by $77 million per year 

2) Better information and more certainty could allow a more aggressive harvest 
policy in the Alaska groundfish fisheries without placing stocks under undue risk 
of overfishing. Improvements due to better information could generate an 
estimated $504 million in additional wholesale value per year. 

3) Better information and more certainty could allow a more aggressive harvest 
policy in the Alaska groundfish fisheries without placing stocks under undue risk 
of overfishing. Improvements due to better information could generate an 
estimated $504 million in additional wholesale value per year. 

5.1 Enhanced Business Planning – Alaska Salmon Fisheries 

Analysts at Northern Economics interviewed key informants at three of the top five 
Alaska salmon processors—Don Giles at Icicle Seafoods, Terry Gardiner at Norquest, 
and Norm Van Vacter at Peter Pan Seafoods. Processors were asked to describe how 
improved certainty in run forecasts would help their operations with particular reference 
to Bristol Bay. All three agreed separately, that if an enhanced ocean observation system 
could significantly improve run size and timing forecasts, then the benefits to their 
bottom lines would be very significant. In general it was felt that improvement in profits 
from Bristol Bay could range from $25 to $50 million per year. 

Improvements would come in three areas: 1) from cost savings and efficiency gains, 2) 
from increased processing amounts when forecast runs are high, and 3) from higher 
wholesale prices on average. 

Cost savings and efficiency gains would be generated if processors could rely on run size 
and run timing forecasts, and if the range of the forecasts was smaller. The savings would 
be realized in the amount of processing materials and labor that are deployed to the 
facility. With greater certainty the amount of material and labor can be optimized. 
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With high levels of uncertainty processors tend to be conservative in their planning. In 
years with high run size forecasts most processors will plan on harvests in the low end of 
the forecast range. The costs of underestimating labor and material needs are lower than 
the costs of overestimating. Once the material and labor is acquired and deployed they 
become sunk costs, and if the runs fail to materialize then operating losses are likely. 
Thus if there is greater certainty and reliability in the forecasts, processors will learn to be 
more aggressive in their planning and will be able to process additional volumes rather 
than letting harvestable salmon escape. 

Finally, the lack of certainty on run size and timing reduces processors’ ability to work 
with buyers. The inability to guarantee a buyer that a certain quantity of product will be 
delivered on a certain date limits the price that buyers are willing to pay. Currently 
Bristol Bay processors are generally unable to pre-sell the majority of their product. 

For purposes of this study, we assume that the enhanced ocean observation system can in 
fact lead to improved reliability of run forecasts, and that improved net revenues for 
processors in the Bristol Bay salmon fishery will amount to at least $25 million per year. 
Similar improvements can also be expected for salmon fisheries in other areas, but the 
magnitude of those improvements will depend on several factors. In particular we believe 
that five key factors determine the potential for improved net revenue resulting from 
greater certainty. These are: 

1) The relative remoteness of the area 
2) The length of the season 
3) The current variability in run forecasts 
4) The need for non-resident labor 
5) The ability of the particular fishery to improve 

For each of these factors, we scored the major salmon fisheries in Alaska on a scale of 0 
to 4 relative to Bristol Bay. A score of ‘4’ indicate a factor is on par with that factor in 
Bristol Bay. A lower score means the factor is less important for the particular area. Each 
factor was assigned an equal weighting and the average score was calculated to determine 
the relative increase in wholesale value. For example the Alaska Peninsula fishery was 
assigned an overall average score of 3, and therefore the increase in wholesale value is 75 
percent of the increase assumed for Bristol Bay where increases were 24 percent. Thus 
the wholesale value of Alaska Peninsula fisheries is expected to improve by $5.9 million 
per year ($33 million × 75 percent ×24 percent = $5.9 million). Over all areas it is 
estimated that improved certainty could add $77 million annually in wholesale net 
revenues for salmon processors. 
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Table 14. Estimated Improvement in Salmon Processor Annual Net Revenues Due to Improved 
Certainty of Run Size 

Prince 
Bristol Alaska Cook William 

Management Area Bay Peninsula Chignik Kodiak Inlet Sound Southeast All Areas 
Factor Score (0 to 4, with 4 meaning the factor is equivalent to Bristol Bay) 
Remoteness 4 4 4 2 1 1 1 2.4 
Short season 4 3 1 1 1 1 0 1.6 
Variability 4 2 1 2 1 2 2 2.0 
Non-Resident Labor 4 3 2 0 2 1 2 2.0 
Room for Improvement 4 3 0 2 1 2 2 2.0 
Overall Average 4 3 1.6 1.4 1.2 1.4 1.4 2.0 
Proportional Score 100 75 40 35 30 35 35 63 
Results Annual Wholesale Value ($ Millions) 
Base Case Wholesale 
Value 104.6 33 12.3 43.8 49.9 100.9 167.1 511.6 
Net Revenue Increase 
from Improved Certainty 25.0 5.9 3.7 6.1 5.2 10.6 20.5 77.0 
Source: Developed by Northern Economics, Inc. Estimates of wholesale value are from Table 11. 

These benefits are measures of producer surplus as most of the improvement would be a 
result of reduced costs to harvesters and producers. There might also be some 
improvement in product quality as fish are harvested earlier in the season and a shift to 
fillets (with greater value added) from headed and gutted (lower value added) also 
leading to improvements in both producer and consumer surplus. Finally, because of 
increased product quality and greater value added, total processed product output (1st 

wholesale value) from the region would increase resulting also in increased regional 
economic impacts. 

5.2 Increased Harvests – Alaska Groundfish Fisheries 

As indicated in Section 2, stock assessments and harvest quotas for groundfish take into 
account the amount of uncertainty in each of the utilized species. Scientists recommend 
relatively low ABCs for species with high levels of uncertainty in key variables, but will 
recommend relatively high ABCs for species where there is more certainty. It is 
suggested (Anne Hollowed, NMFS/REFM) that use of temperature data can be used to 
reduce stock size forecast error. Currently NMFS is correct only 60% of the time in their 
annual pollock stock assessment. The risk adverse nature of groundfish harvest strategies 
is furthered by an absolute limit on TACs in the Bering Sea of 2 million metric tons. 
Without this “OY Cap” harvests in the Bering Sea could significantly increase. 

For purposes of this study fishery scientists from NOAA’s Alaska Fishery Science Center 
were asked what harvests levels of groundfish might look like if enhancements to AOOS 
led to significant improvements in their ability to accurately predict (on a relative scale) 
stock sizes and recruitment of major groundfish species. Scientists indicated that 
constraints imposed within their stock assessment models to account for uncertainty 
could be reduced and that recommended ABCs would increase significantly for many of 
the groundfish species. Furthermore if there was a longer track record of improved stock 
assessments it is surmised that political decisions to limit overall harvests would 
eventually be removed and that TACs would approach recommended ABCs. 
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While not developed specifically for this study the “North Pacific Multi-Species 
Management Model” developed by Dr. James Ianelli includes an assessment of 
groundfish harvests under the assumption that uncertainty in stock levels and recruitment 
are greatly reduced, and that artificial caps on harvests are eliminated. The model was 
originally developed for use in the Alaska Groundfish Fisheries Final Programmatic 
Supplemental Environmental Impact Statement (NMFS 2004) and the assessment of 
harvests with the assumption of high levels of certainty corresponds to Alternative 2.1 in 
the SEIS. The model results for the base case and the case with improved information are 
shown in Table 15. The results demonstrate the possibility that with improved 
information catch and value in the fisheries can be improved significantly. The long run 
average increase in wholesale value projecting out 20 years from the base year (2002) is 
over $500 million annually. While projections of overall biomass are expected to decline, 
constraints in the model assures that exploitation rates do not cause stocks to fall below 
sustainable levels. 

Table 15. Estimated Value of Improved Information in Alaska Groundfish Fisheries 

Scenario Base Case 
Total Whsle. 

With Improved Information 
Total Whsle. 

Difference 
Total Whsle. 

Biomass Catch Value Biomass Catch Value Biomass Catch Value 
Pounds Pounds Pounds Pounds Pounds Pounds 

Year (Millions) (Millions) $ Millions (Millions) (Millions) $ Millions (Millions) (Millions) $ Millions 
2003 43.3 4.4 1,360.7 43.3 6.3 2,048.5 0.0 1.9 687.8 
2004 42.0 4.4 1,354.9 38.5 5.4 1,768.5 -3.5 1.0 413.6 
2005 41.8 4.1 1,262.9 37.0 4.9 1,629.9 -4.8 0.8 367.0 
2006 42.0 4.0 1,224.5 37.0 5.0 1,638.2 -4.9 1.0 413.6 
2007 42.4 3.9 1,204.1 37.5 5.2 1,705.9 -4.9 1.3 501.8 
6-year Avg. 42.3 4.2 1,281.4 38.7 5.4 1,758.2 -3.6 1.2 476.8 
Long-Run Avg. NA 4.1 1,248.3 NA 5.4 1,753.1 NA 1.3 504.8 
Source: Biomass and catch estimates are taken from Alaska Groundfish Final Programmatic SEIS. NMFS, 

2004; estimates of wholesale value are estimated by Northern Economics based on the average 
wholesale value per ton of harvest from 2002 as shown in Table 6 

In order to assess the benefits from improvements in coastal ocean observing systems for 
the groundfish fisheries we assume that better data results in stock assessments that are 
significantly more accurate and that scientists are better able to make long range (3-10 
year) projections because of the enhanced ability to predict spawning success. This 
would greatly increase the confidence that scientists, decision makers, and the interested 
public (including environmentalists) have in the process.  We assume as a result that 
decision makers can drop the 2 million OY Cap in the Bering Sea and Aleutian Islands 
(BSAI) and allow TAC in both the Gulf of Alaska (GOA) and BSAI to rise to Maximum 
Sustainable Yield levels (currently MSY levels are generally higher than ABC levels).  
Harvest of groundfish could nearly double under this scenario. Therefore, our initial 
model results for groundfish (which assumes no price effect with significantly increased 
harvest supply; i.e., wholesale prices are perfectly elastic in our model) indicate that 
wholesale groundfish revenues of total output (gross revenues) would increase by over 
$1 billion per year for the first five years. Over time the increase would stabilize at levels 
of approxima tely $400 million greater than the current fishery is projected to generate as 
the stocks are fished down to stable MSY levels. Please note that additional increases in 
wholesale value may also result from reductions in incidental catch and subsequent 
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discards as well.  We have not been able to measure this affect. Regardless, because of 
the assumption of perfect elasticity, our total estimate is an upper-end estimate. There 
would most likely be a price effects resulting from such a significant increase in 
harvests. 

5.2.1 Avoidance of Overfishing -- Kodiak King Crab Fishery 

The chief crab scientist for ADFG, Gordon Kruse, indicates that an aggressive harvest 
policy in the face of uncertainty about recruitment is the primary culprit in the collapses 
of crab fisheries (Kruse, 2004). According to Kruse, successful reproduction of various 
crab stocks requires not only sufficient numbers of spawning adults, but also on favorable 
ocean conditions, currents and temperatures in particular. While estimates of spawning 
adults can be attained using catch data and trawl surveys, ocean conditions linked to 
successful reproduction are not easily monitored. An enhanced ocean observation 
program would significantly improve scientists’ ability to successfully predict 
reproduction events. 

Kruse goes on to say that the collapse of king and tanner stocks can be linked to 
recruitment failures that occurred over several successive years. Even though the 
spawning biomass was adequate for sustainable harvests, ocean current and temperatures 
caused reproduction failures. Because new year classes were not being produced as 
assumed, overfishing resulted. The first major failure occurred in the Kodiak king crab 
fishery. By the time scientists realized that recruitment failures were occurring, the stock 
was fished below minimum stock size thresholds levels from which the stock has never 
recovered. In the case of the Bristol Bay king crab collapse, scientists and managers 
recognized the pattern from Kodiak and scaled back harvests enough to keep the stock 
above the minimum threshold, and thus the fishery continues albeit at much lower levels. 

Kruse believes that an enhanced ocean observation system could have provided scientists 
with enough additional information, that the total closure of the Kodiak king crab fishery 
could have been avoided. At a minimum, with the additional information, a scaled back 
king crab fishery could have been maintained at levels proportional to current levels in 
Bristol Bay. Thus this study assumes that an enhanced ocean observation system could 
have prevented overfishing in Kodiak and that the Kodiak fishery would continue today. 

Figure 4 is a copy of Figure3 except that hypothetical harvests are assigned to the Kodiak 
fishery assuming they are proportional (based on peak harvest years) to harvests in the 
Bristol Bay king crab fishery. The heavy dashed line shows the projected catches. The 
additional catches would have generated approximately $62.7 million annually in 
wholesale value per year at 2002 prices. While this estimate is relatively speculative (the 
collapse of the Kodiak crab fishery cannot be prevented after the fact) it does provide 
insight into the potential benefits of enhanced oceanographic information syste ms if it 
results in overfishing. 
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Figure 4. Projected Kodiak King Crab Harvests if Better Information Were Available 
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Source: Data from Westward Region Shellfish Report, 2002. ADF&G. Kodiak Alaska, 2003. Projections of 
Kodiak from 1982 – 2002 were developed by Northern Economics. 

Conclusions

 Our estimates of the potential value of an enhanced AOOS to Alaska commercial 
fisheries include: 

•	 $77 million annually in increased net revenue in Alaska salmon fisheries, 

•	 $504 million annually in increased total wholesale value in Alaska groundfish 
fisheries, and 

•	 $63 million annually in lost wholesale value that might have been avoided. 
These three types of improvement should not be viewed as additive. The groundfish 
figure is an estimate of increased value of total output to processors, of which perhaps 20 
25%6 might be considered a net increase in revenues above costs to both harvesters and 
processors. The remaining 75-80% represents economic impacts that potentially could be 
generated throughout the region. The estimate of benefits to the salmon industries 
reflects cost reductions and higher output values, or a change in net revenues or producer 
surplus. The value assigned to the crab fishery is an estimate of foregone output or 
avoided cost/losses of which again, only 20-25 percent might be considered a net increase 
in revenues above costs to both processors and harvesters. 

6 The 20-25 percent is a rule of thumb estimate of the portion of total output that is likely 
to be considered a “return on investment” by owners of the processing facilities and 
harvesting vessels, after fixed (including facility maintenance and replacement of 
production units—e.g. machinery, engines, etc) and variable costs. 
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Furthermore it should be noted that in developing our estimates of the value of enhanced 
AOOS information we found it difficult to specify quantitative decision and physical 
outcome models. Many of the scientists we talked to were able to speculate about the 
benefits of more/better defined and accessible AOOS data but were only in early stages 
of considering how to add oceanographic parameters to their stock 
assessment/recruitment/escapement models. Regardless, these scenarios are very difficult 
to model due to the complexity of nonlinear interactions in biological systems and the 
broad array of influential parameters. Development of management decision making 
that takes environmental, ecological and ecosystem effects into account will require 
considerable amounts of monitoring, understanding of the behavioral relations among 
fishers, the fish they catch and the prey of the harvested species (Langton and Haedrich, 
1997). As such our analysis takes a significant leap between decisions to open or close a 
fishery and economic outcomes and it is difficult to say, therefore, with confidence that 
additional biological and oceanographic data generated through enhanced AOOS will 
with complete certainty lead to better decision outcomes in fisheries management. In 
addition, in the long term, as the complexity of information requested from fisheries 
scientists increases, and as more and more complex models are utilized, predictability and 
certainty may not necessarily increase. In fact, the more complex the models, the more 
they have to depend, in practice, on assumptions and presumptions rater than data. This 
may have implications for the value of information provided by AOOS overtime.  

That said, in the spirit of this project, as illustrated in the previous sections, we have 
attempted to estimate the benefits that improvements in AOOS could generate. In 
particular we have shown that enhanced AOOS could generate over $500 million 
annually in additional value in select Alaska’s commercial fisheries (e.g. Alaska 
groundfish fisheries). However, there are several factors, as explicitly outlined below, 
that may lead to the uncertainty around those estimates. 

1) It is unknown whether the proposed changes to the ocean observation program 
will actually deliver more and “better” data. 

2) Assuming better data is delivered, it is unknown whether or when those data will 
be integrated into stock assessment and run forecast models. 

3) Assuming better data are integrated into the models it is unknown whether the 
new data will actually improve the reliability of the models. 

4) Assuming the reliability of the models is improved, it is unknown whether or 
when the improvements will be accepted by managers or industry members. 

These types of uncertainties lead to a more conservative expected value of information 
estimate. To assess benefits to the Alaska groundfish fishery, for example, of enhanced 
data, a value of information model (using hypothetical probabilities) might be expressed 
as follows: 

1) There is a 75% probability that groundfish scientists will be able to use the data to 
refine their analyses 

2) There is a 50% probability that what scientists think today will be borne out by 
their further analyses and data 
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3)	 There is a 50% probability that the NPFMC and NOAA NMFS will lift the 2 
million MT TAC cap, once a track record is established 

4) There is a 50% probability that groundfish stocks will be in the same shape they 
are in 25 years from now 

An expected value model combines the above probabilities multiplicatively. Thus based 
on the hypothetical probabilities described above, there is only a 9 percent chance (0.75 × 
0.5 × 0.5 × 0.5), that the improvements generating $504 million (in today’s dollars) will 
be realized. 

In addition to the probabilistic model described above, the fact that the benefits of the 
enhanced ocean observation system are not expected to be realized for many years after 
the system is upgraded means that the cost and benefits stream must be discounted to 
present values. If we assume conservatively, for example, that: 

1) The cost of the observation system upgrades in Alaska are $100 million and occur 
in 2005, 

2) The cost of operating and maintaining the system for the next 50 years (until 
2055) are $10 million per year, 

3) The benefits of the program to the groundfish fishery ($504 million per year) 
begin to accrue 15 years (in 2020) after the system is upgraded and continue until 
2055, 

4) The social discount rate is 7.5 percent; 

Given the above assumptions, the net present value of enhancements to AOOS to Alaska 
groundfish fisheries is reduced to only $17.5 million. If we further assume there is only a 
9 percent probability that the benefits of an enhanced system for the groundfish fishery 
will be realized then, the net present value becomes negative. 

Transferability of Models and Results 

While the approach taken in this analysis may be transferred to other fisheries around the 
U.S. it is not necessarily appropriate to transfer the estimates generated.  Fisheries around 
the nation are each unique and managed as such. In addition the uncertainties inherent in 
value of information models across fisheries will be unique. We have learned that the 
complexity of the biological and stock assessment models that are the basis for harvest 
rates and fisheries management generally make it very difficult to transfer applications 
even between fisheries within a region. We believe that best approach to modeling the 
value of enhanced COOS to fisheries across the United States will be through explicit 
case examples that illustrate the sign and potential magnitude of benefits. 
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Executive Summary 

The Great Lakes Forecasting System (GLFS) provides lake surface and wave height 
forecasts for each of the Great Lakes. 

Based on the assumption that GLFS forecast accuracy can be further improved through 
the deployment of enhanced ocean observing technologies and / or analytical practices, 
this study posits a decision model to estimate the economic value of better information 
(improved forecast accuracy) for Great Lakes recreational boaters. 

Per Table 1, the decision model indicates that for every 1% of additional forecast 
accuracy, Great Lakes recreational boaters can be expected to enjoy 97,000 additional 
boating days and $21 million of incremental economic benefits. 

On the basis of conservative assumptions, improving forecast accuracy from 80% to 85% 
could result in 483,000 additional boating days and $ 103.5 million of incremental 
economic benefits. 

Table 1: Economic Impact of Improved GLFS Forecast Accuracy ($ Million) 

FORECAST 
ACCURACY 

ADDITIONAL 
BOATING DAYS 

INCREMENTAL 
ECONOMIC BENEFIT 

80% BASELINE BASELINE 

81% 96,689 $ 20,711,000 

82% 193,377 $ 41,421,000 

83% 290,066 $ 62,132,000 

84% 386,755 $ 82,843.000 

85% 483,444 $ 103,554,000 
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Wave Phenomena and Wave Forecasts 

Discussions with marina operators, staff of recreational boating associations, and editors 
of recreational boating journals and outlets indicate that weather forecasts are considered 
to be very important by Great Lakes recreational boaters. In particular wave heights and 
wave periodicity (choppiness) are key concerns relative to safety and enjoyment. 

While the type of vessel (sailing vs. motor boat), the size of the vessel, and the skill and 
experience of the operator are important sources of variation, expert input would indicate 
that in seas with 18” wave heights and higher, coupled with choppy conditions, amateur 
sailors and motor boaters will have a less than pleasurable experience and may find 
conditions unsafe. 

Since recreational motorboats are generally less seaworthy than sailing vessels and are 
“made to go fast”, wave height is a particularly important constraint relative to enjoyable 
recreation. We therefore posited that 

- “Good” surface conditions are associated with wave heights under 18” and 
- “Bad” surface conditions are associated with wave heights at or over 18”. 

Wave height along with wave periodicity information is forecasted by the NOAA Great 
Lakes Forecasting System (GLFS), on an hourly basis, for a 5 km grid (except for Lake 
Superior where the grid is 10 km). 

The initial implementation of the GLFS for Lake Erie was completed in 1993. GLFS has 
since been extended to the other four Great Lakes. GLFS operates with two components 
(1) an atmospheric input module (a step coordinate Eta model) to force a (2) numerical 
ocean module (Princeton Ocean Model). 

Great Lakes marine forecasting is relatively difficult due to “the presence of small scale 
coastal features which can generate local convergence / divergence regions and the 
presence of strong air-lake fluxes, rapid upwelling, and seiches. The Great Lakes 
Forecasting System uses the output from the Eta model as input to the wave or ocean 
model and there is no feedback between the waves that develop and the winds that 
generate them” (Sousounis). 
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Wave Height Observations 

The National Buoy Data Center (NBDC) operates 12 moored buoys in coastal and 
offshore waters of the five Great Lakes. Additional surface information is also collected 
by on-shore C-MAN stations (Figure 1) 

Figure 1: Great Lakes Surface Data Collected by NDBC Buoy’s 

Based on NDBC 1981 to 2001 time-series of empirically observed wave patterns, the 
arithmetic mean wave heights for the Great Lakes during the five and half month 
recreational boating season have a tendency to exceed 18 inches 70 percent of the time 
(Table 2). 
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Table 2: Mean Wave Heights for Great Lakes May 1- October 15, 1981-2001 
(Inches) 

MAY JUNE JULY AUGUST SEPT 
OCT 

(1-15) 

Lake Erie 
Sandusky 15.76 11.82 15.76 19.7 27.58 31.52 

Lake Michigan 
South 15.76 11.82 19.7 23.64 35.46 39.4 

Lake Michigan 
North 19.7 15.76 19.7 23.64 35.46 43.34 

Lake Huron 
Central 19.7 15.76 19.7 23.64 35.46 43.34 

Lake Superior 
Central 19.7 15.76 11.82 19.7 35.46 47.28 

Source: National Data Buoy Center, Historical Time Series 

However, when reviewing actual (as opposed to mean wave heights), 2002 and 2003 
hourly data for three of the twelve NDBC buoys, only 40 percent of hourly readings 
(during the May to October period) exceeded 18”. 

Since it can be further assumed that the bulk of recreational boating takes place during 
the months of June, July, and August, hourly readings for these 3 months indicate that 
wave height exceeds 18” only 31.5 percent of the time. 

Accordingly, on the basis of the above empirical evidence, we assumed that lake 

surface conditions are “Good” 68.5 % of the time and “Bad” 31.5 % of the time. 
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Decision Model and Physical Outcome Model 

The following assumptions were used for a base-case decision model. 

- GLFS forecasts are able to correctly identify “Good” lake surface conditions 80% 
of the time and fail to do so 20% of the time. 

- GLFS forecasts are able to correctly identify “Bad” lake surface conditions 80% 
of the time and fail to do so 20% of the time. 

- During subsequent analysis, forecast accuracy was deemed the independent 
variable and frequency of “Good” forecasts was stepped in 1% increments from 
80% to 85% 

In addition, three decision rules were posited to drive recreational boater behavior: 

- Forecast of “Good” lake surface conditions will result in a decision to “go out” by 
100% of boaters, planning to go boating or inclined to go boating any particular 
day (this is equivalent to a condition of “all other things being equal”. 

- 15% of boaters who have appropriate expertise to navigate in difficult lake 
conditions or who lack such expertise and recklessly ignore forecasts of “Bad” 
lake surface conditions and “go out” anyway. 

- 85% of boaters, who tend to be more cautious or realize that “Bad” wave 
conditions do not make for an enjoyable experience, will act in conformity with 
available forecasts. When the forecast indicates “Bad” lake surface condition, 
these 85% of boaters will stay in harbor. 

Finally, as “the Great Lakes Forecasting System uses outputs from the Eta model as input 
to the wave (or ocean) model and there is no feedback between the waves that develop 
and the winds that generate them” (Sousounis), for purposes of modeling recreational 
boater behavior, we assumed a condition of independence between wave forecasts and 
observed wave conditions. 

Reflecting the above assumptions, a base-case decision model is indicated in 

Figure 2. 

As forecast accuracy is incremented (relative to a base case decision model) for each one 
percent improvement in forecast accuracy, the probability of the combination “Good” 
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Surface Conditions – Incorrect Forecast – Decision to Stay in Harbor (i.e., the probability 
of lost boating days) decreases as indicated in Table 3 

Figure 2: Decision Model, Boater Behavior as Function of Forecast Accuracy 

Wave Height  Wave Wave Decision  Boater  Probability 
(Empirically Forecast Forecast Parameter  Behavior of Physical 
Observed and  Accuracy  (Physical Outcome 
Given)  (Independent  Outcome)

 Variable) 

0.15 Go Out Anyway 0.0378 

Correct F/C 
0.80 

“Bad” 0.85 Stay in Harbor 0.2142 
Over 18” 
(0.315) 

0.20 Incorrect F/C Follow F/C & Go Out 0.0630 
1.00 

0.80 Correct F/C Follow F/C & Go Out 0.5480 
1.00 

“Good” 
Under 18” 
(0.685)  0.15 Go Out Anyway 0.02055

 0.20 
Incorrect F/C

 0.85 Stay in Harbor 0.11645 
Forego Enjoyable 
Boating Day 

Table 3: Improving Fo recast Accuracy and the Probability of Lost Boating Days 

Forecast Accuracy Probability of Lost Boating Days 
Base-case 80% 0.11645 

81% 0.1106275 
82% 0.104805 
83% 0.0989825 
84% 0.09316 
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85% 0.0873375 

Economic Outcome Model 

The Economic Outcome Model incorporates the following additional assumptions: 

- For Michigan, Ohio, Wisconsin, and Illinois, Great Lakes boating days are 
derived from the number of recreational boats registered statewide. It is assumed 
that these boats average 12.1 boating days per year (NSRE) and that 50 percent of 
boating days are spent on the Great Lakes, as opposed to rivers and smaller lakes. 

- For New York, Pennsylvania, Indiana and Minnesota, boating days are derived 
from the number of boats registered in Great Lake coastal counties. It is assumed 
that these boats average 12.1 boating days per year (NSRE) and that 90% of 
boating days are spent on the Great Lakes. This adjustment is due to the extensive 
saltwater component in New York and Pennsylvania and to the very large internal 
(non-Great Lake) component in Indiana and Minnesota. 

- Based on the above approach, boating days for the five Great Lakes are estimated 
at 16.6 million days per year (Table 4, Column 4). 

Based on a 1999 Study of the economic impact of recreational boating in Ohio (Hus hak), 
daily expenses for travel, meals, boat-fuel, marina fees, etc. are assumed to average $ 187 
per day for all Great Lakes boating days. This average value excludes capital investments 
for boat acquisition and major upgrades and is adjusted to 2003 dollars to yield $ 214 per 
day. 

Table 4: Economic Impact as a Function of Forecast Accuracy 
Forecast 
Accuracy 

Probability 
of Lost 
Boating 
Days 

Delta: 
Decreased 
Probability 
Lost Days 

Great 
Lakes 
Boating 
Days Per 
Year 

Increase 
in Great 
Lakes 
Boating 
Days 

Average 
Value of 
Boating 
Day ($) 

Economic 
Benefits 
from 
Improved 
Forecasts) 

(1) ((2) (3) (4) (5) (6) (7) 

80% 0.11645 0 16,606,049 0 214.2 0 

81% 0.1106275 0.0058225 16,606,049 96,689 214.2 $ 20,711,000 

82% 0.104805 0.011645 16,606,049 193,377 214.2 $ 41,421,000 

83% 0.0989825 0.0174675 16,606,049 290,066 214.2 $ 62,132,000 
0.09316 0.02329 16,606,049 386,755 214.2 $ 82,843,000 
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84% 

85% 0.0873375 0.0291125 16,606,049 483,444 214.2 $ 103.55mill 
Table 4, Columns 5 and 7 indicate that for every 1% of additional wave height forecast 
accuracy, Great Lakes recreational boaters are likely to enjoy 97,000 additional boating 
days corresponding to $21 million in incremental economic benefits. 

On the basis of conservative assumptions, improving current wave height forecast 
accuracy from 80% to 85% would thereby generate 483,000 additional boating days and 
$ 103.5 million of incremental economic benefits. 

Applicability to Other Regions 

The above approach may be applied to other coastal regions if the assumptions, 
appropriate for the Great Lakes region, are adjusted to reflect conditions in other coastal 
regions. In particular, 

- Assumptions about feedback loops in ocean surface forecasting systems, 
- Wave height time-series observations for a relevant recreational season, 
- Assumptions about number of boating days and the value of boating days, etc. 
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THE FTL CURRICULUM DEMONSTRATES: 

1 . The ecological benefits of LID with respect to protection  

of water quality, aquatic habitat and watershed health

2 . The economic benefits of using both traditional and  

innovative infrastructure to manage stormwater

3 . The capability of LID to be used as a climate change  

adaptation planning tool to minimize the stress to urban 

stormwater infrastructure .

FORGING THE LINK
Linking the Economic Benefits 
of Low Impact Development 
and Community Decisions

The guiding principle of this project is to illustrate the  

advantages of Low Impact Development (LID) in the economic  

terms of how municipal land use decisions are commonly made .

In addition to the environmental and water quality benefits 

for which Low Impact Development (LID) is so commonly 

known, considerable economic, infrastructure, and adaptation 

planning benefits are also being realized through the 

incorporation of LID-based strategies .

Forging the Link demonstrates the substantive economic 

benefits—for both construction budgets and project life-cycle 

costs—that are increasingly being observed by municipalities, 

commercial developers, and others when using Green 

Infrastructure for stormwater management . 

In addition, the FTL curriculum demonstrates the use of LID 

as a means for building community resiliency to changing 

climates in a water resources management context . 

The FTL curriculum was 

developed in partnership with 

the Nonpoint Education for 

Municipal Officials (NEMO), 

Coastal Training Programs (CTP), 

Sea Grant Coastal Community 

Development Specialists, 

Cooperative Extension Agents, 

National Estuary Program (NEP) 

Staffs, and numerous volunteer 

municipal decision makers. 
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IMPACTS DUE TO CL IMATE CHANGE EFFECTS  ON RAINFALL  AND RUNOFF 

BENEFITS OF LOW IMPACT 
DEVELOPMENT

Low Impact Development (LID) is an 

innovative approach to stormwater 

management that is based upon the 

principle of managing rainfall at the 

source . The goal of LID is to mimic the 

predevelopment hydrology of a site 

using a combination of site planning 

and structural design 

strategies to control 

runoff rate and volumes . 

LID can be applied to 

new development, urban 

retrofitting, and redevelopment, and helps communities achieve 

a balance between public safety, economic development and  

ecological protection .
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ECONOMICS AND LID

While better known for its capacity to 

reduce pollution and manage stormwater 

more sustainably, LID designs are also 

economically beneficial and more cost-

effective as compared to conventional 

stormwater controls . LID is commonly 

misperceived as only adding expense to 

a project; however, this perspective fails 

to acknowledge the broader benefits that 

can be observed in terms of whole project 

costs for new construction, and in some 

instances, increased life-cycle benefits as 

well . By combining both gray (traditional) 

and a green (LID) approaches, the added 

expense of LID are offset by the reductions 

in other traditional practices such as curb 

and gutter or detention ponds . 

Not LID

LID

LID can be applied to 

new development, 

urban retrofitting, and 

redevelopment, and 

helps communities 

achieve a  

balance between 

public safety, economic 

development and 

ecological protection .

A case study of a large retail 

development in Greenland, NH 

demonstrates how utilizing an LID 

approach that featured porous 

asphalt and a gravel wetland 

resulted in a cost-competitive 

drainage system.
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HISTORIC AND PROJECTED CLIMATE CHANGE 

The state of the earth’s climate has been a topic of extreme debate . 

However, there is near consensus that climate change is expected to 

continue through 

the 21st century, 

and that for many 

regions of North 

America, projections 

are for an increase 

in the depth, frequency and duration of 

precipitation events . Concurrently, there 

are projections indicating sea level rise . 

Historically, many communities have 

made anecdotal observations regarding 

the timing of spring thaw or first frost 

and recent data has confirmed those 

observations to be accurate . 

LID AS A CLIMATE CHANGE ADAPTATION TOOL

Low Impact Development planning and structural controls have the ability to manage 

increased stormwater flows from a changing climate . The same strategies that are 

applied to managing increased runoff volume from impervious surfaces can be used 

to manage increased storm size from climate change . The use of Green Infrastructure 

for adding distributed storage and infiltration throughout a project can also have a 

cumulative positive effect in a watershed and be used as a climate change adaptation 

tool for building resiliency to extreme precipitation events .

Scientists from around  

the globe have recorded 

changes in the  

hydrologic cycle, a 

decline in glaciers and 

polar ice, and shifts in 

precipitation intensity 

and trends . 

Average Precipitation Changes for the US (NOAA Climatic Data Center)

IMPACTS DUE TO CL IMATE CHANGE EFFECTS  ON RAINFALL  AND RUNOFF 

 PRIMARY IMPACTS SECONDARY IMPACTS TERTIARY IMPACTS

Increased
Rainfall

Increased 
Runoff 

and 
Flooding

Increased 
Erosion

Algae 
Blooms

Decreased
H2O  

Oxygen

Aquatic
Organism
Die-Off

Increased 
Nutrient 
Mobility

Increased 
H2O 

Nutrient 
Levels
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FORGING THE LINK
is a science-based curriculum targeting the primary barrier to  

implementation of LID, identified as cost, as the core of the project . 

THE FTL CURRICULUM CONTAINS: 

• Scripted PowerPoint Presentation (modifiable by the end user)

• PowerPoint Presentation Delivery Guide

• Post Presentation Facilitated Discussion Process

• Resource Manual

• Executive Summaries of each chapter

• Web-Based Materials: www .unh .edu/unhsc/forgingthelink

Presentations may be delivered by staff of the UNHSC, upon request .

FORGING THE LINK: Linking the Economic Benefits of Low Impact Development and Community Decisions  •  www.unh.edu/unhsc/forgingthelink

PRINCIPAL INVESTIGATOR: 
Robert M. Roseen, Ph.D. P.E., D.WRE  •  Director, The UNH Stormwater Center  
Environmental Research Group, Department of Civil Engineering, 35 Colovos Road, UNH, Durham, NH 03824  ph 603-862-4024  fx 603-862-3957  robert .roseen@unh .edu 

PROJECT INVESTIGATORS AND CONTRIBUTING AUTHORS:
Todd V. Janeski  •  Environmental Scientist, Virginia Commonwealth University 
1000 West Cary St, PO Box 843050, Richmond, VA 23284  ph 804-371 .8984  fx: 804-786-1798  tvjaneski@vcu .edu  

James J. Houle, CPSWQ  •  Outreach Coordinator and Program Manager, The UNH Stormwater Center  
Environmental Research Group, Department of Civil Engineering, 35 Colovos Road, UNH, Durham, NH 03824  ph 603-767-7091  fx 603-862-3957  james .houle@unh .edu 

Michael H. Simpson  •  Director, Resource Management & Conservation Program 
Environmental Studies Department, Antioch University New England, Keene, NH 03431 ph 603-283-2331  msimpson@antiochne .edu

Jeff Gunderson  •  Professional Content Writer  jeffgun@earthlink .net

OVERCOMING THE  
BARRIERS TO THE 
IMPLEMENTATION OF LID

During the 2000 census, many coastal 

communities experienced as much 

as 25 percent population growth and 

are expected to increase by another 

5 percent by 2015 . This tremendous 

growth pressure is forcing municipalities and other 

watershed stakeholders to develop strategies for 

managing growth while maintaining watershed 

health . In addition shrinking local budgets, due to 

challenging economic climates, reduces the ability 

of many municipalities to respond to their local 

demands . Overcoming these challenges require 

significant effort in outreach, communication 

and resource development . 

IDENTIFIED BARRIERS 

• Cost

• Education and Training

• Language

• Political WIll

• Lack of Capacity  
to Build Social Capital

• Credibility

• Maintenance and 
Operations Plans

This project was funded by a grant from NOAA/UNH Cooperative Institute for Coastal  
and Estuarine Environmental Technology, NOAA Grant Numbers NA06NOS4190167
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 F O R G I N G  T H E  L I N K  1-1

The guiding principle of the Forging the Link project is to illustrate the 

advantages of Low Impact Development (LID) in the economic terms of 

how municipal land use decisions are commonly made. In addition to the 

environmental and water quality benefits for which LID is so commonly known, 

considerable economic, infrastructure, and adaptation planning benefits are also 

being realized through the incorporation of LID-based strategies. 

The project was grounded with direct interviews and market surveys with municipal 

decision makers from the regions of the Western and Eastern Great Lakes and 

New England. These participants provided valuable insight in the identification 

of the barriers many have faced in making informed 

decisions. Those participants confirmed that municipal 

decision making is faced with the stark economic reality 

of shrinking budgets coupled with increasing financial 

demands. The financial demands are driven by the need 

for permits (TMDLs, MS4 GPs, etc). Regulatory demands 

are increasing at the same time municipal budget are 

decreasing. 

Forging the Link aims to demonstrate the substantive 

economic benefits—for both construction budgets and 

project life-cycle costs—that are increasingly being 

observed by municipalities, commercial developers, and 

others when using Green Infrastructure for stormwater 

management. This manual presents background and 

case studies for commercial development and municipal 

infrastructure projects. It also includes information on the use of Low Impact 

Development as an adaptation planning tool, and, in particular, as a means for 

building community resiliency in managing water resources.

Guiding Principles

Considerable economic, 

infrastructure, and adaptation 

planning benefits are 

being realized through the 

incorporation of LID-based 

strategies . 

CHAPTER 1
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G U I D I N G  P R I N C I P L E S

LID is widely recognized as a highly 

effective strategy for the protection of 

water quality and watershed health. 

The 2007 EPA Green Infrastructure 

Statement of Intent indicates a 

programmatic commitment to 

implementing Green Infrastructure as 

a means for protecting drinking water 

supplies, public health and reducing 

stormwater pollution. Also, the National 

Research Council (NRC) report entitled 

Urban Stormwater Management in the 

United States (2008) details the failings 

of the current standard of practice for 

both stormwater management and 

regulatory permitting. In particular, 

the NRC report identifies widespread 

urbanization, increases in impervious 

surface, nonpoint source derived 

pollution, and increased runoff volumes 

as the primary issues that need to be 

addressed. Remedies include the use of a 

combination of innovative stormwater 

management practices that are targeted 

at both pollutant and runoff volume 

reduction and through protection 

of buffers and undisturbed natural 

resources and public education.

LOW IMPACT DEVELOPMENT BENEFITS FOR THE  
PROTECTION OF WATER QUALITY AND WATERSHED HEALTH

FIGURE 1-1

An example  

of an effective 

Green Infrastructure 

element,  

Portland, Oregon

The value of LID within the context of Forging the Link has three parts: 

1 . LID protects water quality, aquatic habitat and watershed health . 

2 . LID has demonstrated cost savings for developers and municipalities . 

3 . LID helps protect communities from threats of increased flooding through increased resiliency .
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G U I D I N G  P R I N C I P L E S

Less widely known are the potential eco-

nomic benefits of using a combination of 

Green Infrastructure (or LID) and Gray 

Infrastructure (conventional) for storm-

water management. LID is commonly 

misperceived as only adding expense to 

a project; however, this perspective fails 

to acknowledge the broader benefits 

that can be observed in terms of whole 

project costs for new construction, and 

in some instances, increased life-cycle 

benefits as well. 

The misperception generally focuses 

on budget line item increases, such 

as the added expense associated with 

incorporating bioretention instead of 

standard landscaping, or the additional 

costs of utilizing porous pavements over 

traditional pavement. 

While individually, Green 

Infrastructure elements will add 

expense to a project, at the same time, 

costs savings are often realized on an 

overall project basis as the need for 

conventional stormwater infrastructure 

such as curbing, catch-basins, piping, 

ponds, and other hydraulic controls are 

reduced. 

Of course, cost savings are not 

observed when compared with a 

complete lack of stormwater manage-

ment, but rather for projects consistent 

with new state and federal permitting 

requirements addressing volume and 

pollutant reduction. Basic stormwater 

management strategies such as ponds 

and swales are generally cheaper to 

design and install, but may not meet 

regulatory guidelines with respect to 

water quality treatment (Ballestero, 

2006, NURP, 1999). 

This project focuses on 

project costs that are typi-

cally the basis for most 

municipal budgeting 

decisions. LID structural 

controls will rarely be  

less expensive than mini-

mal stormwater manage-

ment and cost benefits 

may not be possible for 

retrofitting of existing 

stormwater man agement 

facilities. The greatest 

potential economic bene-

fit exists for management 

of combined sewer over-

flow, which is often the 

single greatest municipal 

expense for communities 

that are required to sepa-

rate stormwater and wastewater sewers. 

However, there are ecological services 

and benefits that provide cost savings 

by protecting adjacent and downstream 

abutters from property loss by storing 

and treating the water before it leaves 

the site.

LID is commonly 

misperceived as only 

adding expense to a 

project . This perspective 

fails to acknowledge the 

broader benefits that can 

be observed in terms of 

whole project costs for 

new construction, and in 

some instances, increased 

life-cycle benefits as well .

THE ECONOMIC BENEFITS OF GRAY AND GREEN 
INFRASTRUCTURE FOR STORMWATER MANAGEMENT
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G U I D I N G  P R I N C I P L E S

LID AS A CLIMATE CHANGE ADAPTATION PLANNING TOOL

Another under-realized benefit to 

LID planning and LID structural 

controls is the ability 

to manage increased 

stormwater flows from a 

changing climate. The 

same strategies that are 

applied to managing 

increased runoff volume 

from impervious surfaces 

can be used to manage 

increased storm size from 

climate change. The use 

of Green Infrastructure 

for adding distributed 

storage and infiltration 

throughout a project can 

also have a cumulative 

positive effect in a 

watershed and be used as a climate 

change adaptation tool for building 

resiliency to extreme precipitation 

events. A 2010 report from the 

 Communities that 

actively engage in hazard 

and resiliency planning 

are less prone to disaster, 

recover faster from 

disasters which do occur, 

and endure less economic 

hardship than those 

communities that  

do not .

FIGURE 1-2

Climatic records for the 

US collected from 48 

states since the early 

20th century indicating 

increases in average 

precipitation (NOAA 

Climatic Data Center)

National Oceanic and Atmospheric 

Administration entitled Hazard and 

Resiliency Planning: Perceived Benefits 

and Barriers Among Land Use Planners 

identifies “communities that actively 

engage in hazard and resiliency 

planning are less prone to disaster, 

recover faster from disasters which 

do occur, and endure less economic 

hardship than those communities that 

do not.” Preparedness includes an 

emphasis on non-structural controls 

such as land use planning and buffer 

protection, as well as structural controls 

like LID. Additionally, there is the 

potential for LID implementation to 

yield economic benefits by reducing 

the maintenance burden on existing 

municipal infrastructure and 

preventing the need for costly repairs 

and replacement while building 

community resilience to impacts from 

land use changes and climate change. 
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The Benefits of  
Low Impact Development

The goal of LID is to mimic the 

predevelopment hydrology of a site using a 

combination of site planning and structural 

design strategies to control runoff rate and 

volumes .

LID approaches can be used in any type of  

development scenario:

• new development, 

• redevelopment, or 

• existing condition retrofitting.

Low Impact Development (LID) is an innovative approach  
to stormwater management that is based on the principle of  
managing runoff at the source . 

WHY LID, WHY NOW?

Historically, wetlands, rivers, lakes, and 
estuaries provided the work of cleaning and 
protecting water resources . 

Intense development can significantly impair 
water quality and change how surface and 
groundwater interact . 

Increases in impervious surfaces result in 
increased runoff, making it harder and harder 
to protect receiving waters .

Not LID

F A C T  S H E E T

LID IS:
• A balanced watershed approach to  

managing altered hydrology

• A science-based solution to mitigating  

the impacts of smart development

• A way to decentralize and integrate  

stormwater best management

LID IS NOT:
• A silver bullet 

• A substitute for proper planning

• A way to permit unfavorable  

development

• A single best management  

practice

LID
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OLD DESIGN APPROACHES

Detention basins do an effective job of addressing flood protection requirements by detaining 

larger volumes of runoff from high levels of impervious surfaces . However, research has shown 

that sole reliance upon basins to manage stormwater has proven to be ineffective in protecting 

water resources .

TOWARD A BETTER APPROACH

The work of community board members and 

municipal decision makers in towns and cities 

throughout the country is critically important for 

shaping community character and protecting local 

natural, cultural and economic resources . This can 

be done by requiring effective LID designs that:

• attempt to decentralize drainage infrastructure,

• maximize onsite storage filtration and infiltration

• make use of natural landscape features to best 

manage runoff

• reduce the need for large detention structures

DEVELOPED WATERSHED

Evapo-Transpiration 
25%

Precipitation

Groundwater
32%

Surface Runoff
43%

NATURAL WATERSHED

Precipitation

Evapo-Transpiration 
40%

Surface Runoff
10%

Groundwater
50%

TYP ICAL  PRE -  AND POST-DEVELOPMENT HYDROLOGY PATTERNS
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 F O R G I N G  T H E  L I N K  2-1

Low Impact Development (LID) is an innovative approach to stormwater  

management that is based upon the principle of managing rainfall at the 

source. The goal of LID is to mimic the predevelopment hydrology of a site 

using a combination of site planning and structural design strategies to control 

runoff rate and volumes. LID can be applied to new development, urban retrofit-

ting, and redevelopment, and helps communities achieve a balance between public 

safety, economic development and ecological protection. 

Traditionally, stormwater has been managed using drainage networks to effi-

ciently move rainwater away from residential areas for the purpose of protecting 

the public from the effects of flooding. Stormwater has been 

managed as a nuisance and threat to growing communi-

ties. The first modern approach to managing stormwater 

appeared in the 1970s where the primary objectives of man-

agement were to reduce the effects of downstream flooding 

by slowing the peak discharge rates (Debo, T.N., Reese, 

A.J., 2002). In developing urban areas, the addition of new 

roads, buildings, and parking lots increases the percentage 

of impervious cover and decreases the landscape’s ability 

to absorb rainwater. The streams that receive runoff from 

these newly developed areas respond through increases in 

channel width and depth in order to compensate for the 

increases in impervious areas, causing erosion and property 

loss. This is because more water is carried directly to the streams as less water is 

absorbed into the ground from the impervious surface increase. A stream channel 

will naturally adjust to the volume, intensity and duration of water it receives. 

Historically, stormwater swales and basins are the most common approach used for 

managing peak runoff rates from developed areas. Swales simply convey stormwater 

runoff to offsite locations and are only adequate for small drainage areas. Detention 

basins do an effective job of addressing flood protection requirements by detaining 

larger volumes of runoff from high levels of impervious surfaces. Unfortunately, sole 

The Benefits of  
Low Impact Development

LID can be applied to new 

development, urban retrofitting, 

and redevelopment, and helps 

communities achieve a  

balance between public safety, 

economic development and 

ecological protection .

CHAPTER 2
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T H E  B E N E F I T S  O F  L O W  I M P A C T  D E V E L O P M E N T

reliance upon basins to manage storm-

water has proven to be ineffective to 

protect water resources. 

Reliance on stormwa-

ter basins and swales to 

manage runoff problems 

has led to water quality 

and altered urban hydrol-

ogy. Common stormwater 

basin designs were typi-

cally targeted for a single 

large storm such as a 

10- 25- 50- or 100-yr event. 

The majority of smaller, 

more frequent storm 

events aren’t handled as 

effectively because they 

were not considered as 

part of the flood control design and are 

typically passed through the treatment 

structure. These more frequent and 

smaller storms have tremendous stream 

channel forming capacities and the 

ability to alter channel dimensions and 

also affect the availability and condi-

tion of aquatic habitat. The focus on 

runoff rate control rather than volume 

based hydrology results in increases in 

the width and depth of stream channels, 

and ultimately changes and decreases 

biological habitat indices dramatically. 

The focus on runoff rate control rather 

than volume-based hydrology results 

in increases in the width and depth 

of stream channels, and ultimately 

changes and decreases in biological 

habitat indices, bank erosion, property 

loss, and damage to infrastructure.

Conventional stormwater basins often 

fail to protect water resources because 

of poor design, inadequate construction 

and installation, or a lack of mainte-

nance. Outlet structures can be under- or 

oversized resulting in minimal treatment 

for the majority of flows or increased 

incidences of high flow by-pass. Many 

conventional stormwater treatment 

systems fail at least two-thirds of the 

time for some water quality constituents 

(Ballestero et al 2006). Failure can be 

simply defined as runoff leaving the 

stormwater system that is dirtier than 

when it entered. The use of stormwa-

ter basins to manage runoff rates has 

resulted in longer durations and higher 

frequencies of channel forming flows 

leading to heavy erosion and deteriora-

tion of receiving streams.

LID uses predevelopment hydrology 

measures of runoff rate and volume as 

the hydrologic management goals for a 

development project. The same targets 

are useful whether considering a new 

developed site or a redevelopment proj-

ect. In theory, the water that leaves a 

project site should match the same rate, 

quality and quantities that existed in a 

predevelopment condition. Effective LID 

designs attempt to make use of natural 

landscape features to best manage 

runoff and maximize onsite storage and 

infiltration. LID incorporates soil filtra-

tion/infiltration, biological uptake of 

water and nutrients, and cultivation of 

useful microbe populations in natural 

soils to transform many of the com-

plex contaminants that can be found 

in stormwater. The use of LID strate-

gies reduces the need for downstream 

structural practices that concentrate 

stormwater flows and contaminants 

into large basins at the end of a pipe. 

Effective LID designs 

attempt to decentralize 

drainage infrastructure, 

maximize onsite storage 

and infiltration, and  

make use of natural 

landscape features to  

best manage runoff .
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 F O R G I N G  T H E  L I N K  2-3

T H E  B E N E F I T S  O F  L O W  I M P A C T  D E V E L O P M E N T

The combination of Gray 

Infrastructure (typical pipe and drain-

age) with Green LID Infrastructure 

can effectively manage both extreme 

storm events and provide treatment 

and usage of the smaller more frequent 

storm events. Research has shown that 

conventional stormwater manage-

ment approaches limit groundwater 

recharge; can degrade receiving water 

quality; increase runoff volumes, peak 

discharges, and flow velocities; and can 

lead to municipal infrastructure vulner-

ability. As research, technology, and 

information transfer have improved, 

alternative approaches are being 

sought by the public and regulators to 

reduce the adverse environmental and 

economic impacts from development. 

Integrating LID management strate-

gies has emerged as an effective way to 

address these issues through better site 

planning and design processes and the 

incorporation of multiple stormwater 

management strategies early on in 

the planning process to provide runoff 

reduction, water quality treatment, and 

flood control. 

NATURAL RESOURCE-BASED 
PLANNING CONCEPTS

LID strategies do not replace compre-

hensive resource based land planning. 

LID management strategies such as 

environmental site design, porous pave-

ment, and filtration/infiltration practices 

provide important hydrologic benefits 

but do not replace the ecological value 

of greenspace. Clean water supplies are 

essential to life, yet many factors threaten 

water resources. In particular, increases 

in impervious surfaces and reduction 

of natural lands disrupt the connection 

between surface and groundwater and 

impair overall water quality. As seen in 

A BRIEF WORD ABOUT WATER QUANTITY, FLOOD CONTROL, AND WATER QUALITY

The recent shift of focus toward water quality management does not lessen the importance of flood 

control . For the last 40 years the primary purpose of stormwater management programs was to 

avoid flooding while providing quick and efficient drainage for all storms except the largest most 

infrequent events . Today’s drainage designs still require water quantity control to address flooding 

concerns . Matching modeled pre and post development peak flow rates has been the most 

common management measure to date . 

Water quality management represents a broadening of the overall objectives of drainage design 

and is in line with the objectives of the very first Clean Water Act in 1972 . Treating for water quality 

is most effective when starting at the source of the stormwater and implementing techniques that 

promote intercepting, infiltrating, filtering and evaporating to the maximum extent practicable . 

Employing an integrated treatment mechanism that addresses stormwater quality will reduce the 

end-of-pipe treatments necessary, thus resulting in smaller and cleaner volumes of rainfall runoff . 
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T H E  B E N E F I T S  O F  L O W  I M P A C T  D E V E L O P M E N T

W A T E R S H E D  I M P E R V I O U S  C O V E R
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Figure 2-1, there is a direct correlation 

between increasing impervious surfaces 

and water quality impairment. 

Effective water resource management 

requires local governments, businesses, 

community organizations, and residents 

to not only work together, but also adopt 

integrated approaches to stormwater 

impacts. Stormwater management is 

just one of a range of strategies at their 

disposal. Foremost are policies, programs, 

and regulations designed to protect water-

shed function, manage developed areas, 

and to protect natural resources. 

Balancing Development

Historically, our wetlands, rivers, lakes, 

and estuaries have provided the work 

of cleaning and protecting our water 

resources, referred to as ecosystem 

services. Intense development can 

significantly impair water quality and 

change how surface and groundwater 

interact. With increases in impervi-

ous surfaces, the landscape’s ability to 

absorb rainwater runoff decreases thus 

reducing the amount of groundwater 

recharge. A variety of strategies exist 

for protecting water resources includ-

ing non-structural approaches such as 

buffer conservation and stormwater 

ordinance adoption; decentralized 

structural controls such as rain gardens 

and porous pavements; and centralized 

strategies like subsurface infiltration 

chambers. Figure 2-2 represents the 

relative complexity and costs involved 

when trying to balance the negative 

impacts of land development with 

water quality. Table 2-1 further  

illustrates important components of 

balancing development.

FIGURE 2-1

Relationship between 

Impervious Cover and 

Stream Quality

(adapted from  

Schueler, et al ., 2009)
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T H E  B E N E F I T S  O F  L O W  I M P A C T  D E V E L O P M E N T

LOW IMPACT  
DEVELOPMENT GOALS 

The primary goal of LID is to mimic 

predevelopment hydrology of a given 

development site. This is achieved by 

maximizing site design techniques that 

intercept, evaporate, filter, store, and 

infiltrate runoff. Ultimately LID is a 

development strategy that preserves as 

much of nature’s original development 

plan as possible. Where human impacts 

are necessary, LID can restore, to a 

degree, nature’s approach to stormwa-

ter runoff management by dealing with 

rainfall as close to the source as possible 

using decentralized controls. A site’s 

predevelopment hydrology is preserved 

by using design techniques 

based on the premise that 

water is a resource that 

should be preserved and 

maintained on site as 

much as possible. Instead 

of centralizing runoff from 

impervious surfaces into 

traditional pipe and pond management 

controls located at the bottom of drain-

age areas, LID addresses stormwater 

through smaller, cost-effective land-

scape features distributed throughout a 

development landscape. 

FIGURE 2-2

Counterbalance of 

development with 

management strategies . 

The weights represent 

management strategies 

that will compensate 

or counterbalance the 

degree of development . 

The shelves represent 

a tiered approach with 

respect to both cost 

and complexity .

Counterbalancing Development with Management Strategies

Most P
ro

te

ct
ed

Least Protected
Degree of Management

Degree of Development

DEVELOPMENT & REGULATORY

CONSERVATION/RESTORATION

Higher
Cost

Options

Lower
Cost

Options
Land

Conservation

Natural 
Resource 

Buffer 
Protection

IC Reduction
LID Planning

Regulations
LID

LID Retrofit

Stormwater
Utilities

C O U N T E R W E I G H T  O P T I O N S

LID does not replace the 

need for proper planning 

and zoning .
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T H E  B E N E F I T S  O F  L O W  I M P A C T  D E V E L O P M E N T

Preservation of hydrologic 

soils best suited for 

infiltration practices 

will help reduce runoff 

volumes, preserving 

the quality of adjacent 

waterbodies, minimizing 

erosion, and recharging 

groundwater resources . 

SITE DESIGN 

LID design principles have many names 

including environmental site design, 

conservation design, and 

sustainable site design. 

Regardless of name, the 

principles are relatively 

simple and are part of a 

low impact approach. Any 

design should begin with 

identifying and trying to 

conserve sensitive resource 

areas such as wetlands, 

springs or seeps; forest and 

riparian buffers; significant 

stands of trees or valuable 

upland wildlife habitat; 

aquifers and source waters. 

Soils should be assessed 

beyond the SCS/NRCS or county con-

servation district soil survey maps and 

every effort should be made to preserve 

soils suitable for infiltration in order to 

protect groundwater recharge and allow 

for stormwater practices that infiltrate. 

During the planning stages, road loca-

tions should be made to avoid crossing 

streams or wetlands and to keep away 

from steep slopes or floodplain wetlands. 

During construction, cut and fill should 

be minimized and grading should mimic 

natural land contours to the maximum 

extent practicable. 

In the land planning and design 

stage, efforts should be made to mini-

mize impervious surfaces by shorten-

ing driveways, placing homes closer to 

roadways, minimizing street widths, 

reducing the amount of parking in retail 

locations, as well as shrinking residential 

lot sizes in order to lower the amount 

of roadway needed. When considering 

stormwater management, the designs 

should evaluate the predevelopment 

condition. Where impervious surface 

cannot be minimized through land plan-

ning approaches and where drainage 

infrastructure is necessary, LID strategies 

should be implemented to decentralize 

infrastructure by disconnecting flow 

paths. Decentralizing infrastructure, dis-

connecting flow paths, will help retain 

a runoff rate similar to the predevelop-

ment hydrology. Delaying the rate by 

which stormwater leaves a development 

site will maximize the water quality 

treatment. LID principles include:

· Resource conservation (watershed 

and site)

· Minimize cut and fill and reduce 

effective impervious cover (site level)

· Strategic timing and decentralization 

of runoff (watershed and site level)

· Integrated management practices 

(site level)

· Pollution prevention 

Resource Conservation and 
Minimizing Cut and Fill

Local ordinances and regulations 

can require conservation of sensitive 

resources such as buffers, shoreland, 

wetlands and aquifers. There are many 

other resources to consider when plan-

ning for growth. Preservation of buffers 

and forested areas helps delay, treat 

and infiltrate runoff as well as provide 

habitat for wildlife. Preservation of 

hydrologic soils best suited for infiltra-

tion practices will help reduce runoff 
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T H E  B E N E F I T S  O F  L O W  I M P A C T  D E V E L O P M E N T

volumes, preserving the quality of adja-

cent waterbodies, minimizing erosion, 

and recharging groundwater resources. 

Soils classified as hydrologic soil groups 

A and B are considered well drained 

and are typically sand or silty loamy 

soils that easily infiltrate water. 

Site development considerations 

should involve evaluation of the topog-

raphy of the site to integrate a phased 

grading plan that retains the natural 

characteristics of the landscape, where 

possible. Use of existing site topography 

for location of structures can aid in 

the control of runoff by preserving the 

natural landscape’s ability to retain 

stormwater and release it slowly into 

the environment. Minimizing cut and 

fill operations and preserving these 

natural drainage patterns can translate 

into construction cost savings and lead 

to a more sustainable development.

Reduce Effective Impervious  
Cover (EIC)

Impervious land cover or impervi-

ous surface refers to areas that do not 

allow water to infiltrate into the soil. 

The greater the amounts of impervious 

cover within a watershed, the greater 

the potential for degraded waters. 

Impervious cover accelerates the accu-

mulation, flow and contamination of 

water over the landscape, and is increas-

ingly causing pollutant loading overall. 

However, not all impervious cover is 

created equal. An important distinction 

should be made between Impervious 

Cover (IC) and Effective Impervious 

Cover (EIC). IC is the total land area 

that is covered with impervious 

materials, while EIC is that portion of 

the total amount of impervious cover 

on a building site that drains directly 

to the storm drain 

system. EIC includes 

street surfaces, paved 

driveways connected to 

the street, parking lots, 

rooftops, and heavily 

compacted soils that 

drain into local storm-

water treatment systems. 

Impervious cover that 

drains to vegetated areas 

where stormwater can 

be infiltrated, filtered, 

and stored is not con-

sidered part of the EIC. 

Some methods used for 

disconnecting impervious cover from 

the storm drain network include redi-

recting downspouts away from paved 

surfaces and onto vegetated zones, and 

installing rain gardens or bioretention 

cells between paved surfaces and storm 

systems. Another mechanism for reduc-

ing EIC is the use of porous pavements 

that provide a hard surface but allow 

stormwater to infiltrate into the soil, 

thereby disconnecting it from the drain-

age system. An additional benefit of 

porous pavements is that they typically 

require much less road salt for de-icing 

in northern winter climates as compared 

to conventional pavements. This is a 

considerable benefit for water quality 

in cold climate regions, where chloride 

levels in many surface waters are ris-

ing, and to municipal and commercial 

managers seeking to reduce property 

maintenance costs (UNHSC 2010).

D E F I N I T I O N
Impervious Cover  

Effective Impervious Cover

Impervious Cover (IC) is the total 

land area that is covered with 

impervious materials .

Effective Impervious Cover (EIC)  

is that portion of the total amount  

of impervious cover on a building  

site that drains directly to the  

storm drain system . 
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Strategic Timing and  
Decentralized Runoff Flow

Over the past 50 years, conventional 

stormwater drainage design preferred 

using curbs, catch basins and pipes to 

efficiently convey storm-

water offsite. As urban 

and suburban density 

increases, “offsite” can rep-

resent an adjacent prop-

erty, or an already over-

burdened municipal storm 

drainage network. Today, 

much more emphasis is 

being placed on managing 

stormwater onsite, before it 

enters the receiving waters. 

Collecting and concen-

trating flow from a development site 

into a centralized treatment system, 

such as a stormwater pond or basin, 

does not necessarily yield the water 

quality treatment required by federal 

regulations. Removing curb structures 

and allowing water to flow to treat-

ment and infiltration areas can mimic 

the natural flow patterns that predated 

the development. The use of decentral-

ized infiltration areas, both structural 

(i.e. raingardens, infiltration trenches, 

porous pavements) and non-structural 

(buffers and high infiltration capacity 

soils) will reduce runoff volumes and 

slow runoff rates. Small-scale, distrib-

uted approaches may provide better 

treatment and be able to approximate 

predevelopment timing and flow pat-

terns. This approach uses natural site 

storage and can yield a more protective 

and sustainable approach to managing 

runoff. A decentralized approach can 

also often have lower capital costs.

Integrated Management Practices

LID offers an innovative approach to 

urban stormwater management that is 

very different than conventional pipe 

and pond strategies. Instead of concen-

trating runoff into a single location or 

treatment, LID strategically integrates 

stormwater controls throughout the 

urban landscape. As there are no 100 

percent effective strategies when it 

comes to stormwater management, an 

integrated approach incorporates mul-

tiple treatments that work cooperatively 

to address contaminants of concern. 

As Figure 2-3 illustrates, this integrated 

approach involves the use of site design 

and structural controls to manage 

runoff. There will be water quality and 

water quantity treatment objectives for 

any site, however, each of the inte-

grated approaches – whether it is envi-

ronmental site design or a structural 

Best Management Practice – will treat 

and reduce a certain amount of the 

overall runoff volume to be managed. 

For instance, although water quality 

management usually involves treat-

ment of a smaller volume of water, that 

volume of runoff that is detained and 

infiltrated can reduce the overall vol-

ume that remains to be treated. Thus, 

with sufficient infiltration and runoff 

reduction, an integrated approach may 

not require large detention systems to 

treat larger storm events. If detention 

is still required, the structure will be far 

smaller and less costly than a conven-

tional strategy would require. 

Instead of concentrating 

runoff into a single 

location or treatment,  

LID strategically 

integrates stormwater 

controls throughout the 

urban landscape . 
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FIGURE 2-3

An integrated approach 

to stormwater 

management considers 

non-structural site 

design and structural 

controls to manage and 

reduce runoff . Through 

these measures the 

volume and rate of 

runoff treated at the 

end of the pipe  

can be reduced . 
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BEST MANAGEMENT 
PRACTICE NOMENCLATURE

Municipal decision makers must try to 

make the most informed decisions with 

the best available information. Often, 

confusing names and nomenclature 

associated with the 

variety of BMPs imply 

a process or perfor-

mance expectation 

that does not exist. To 

add to the confusion, 

criteria for pollutant 

or effluent treatment 

is often changing. The 

functional treatment 

mechanism for each 

stormwater treatment 

practice that removes a 

certain type and level of 

pollutants from the run-

off is referred to as the 

unit operations and processes (UOPs). 

Pollutant removal capacities of BMPs 

follow the same principles of physics, 

biology and chemistry that are used to 

design municipal water treatment facili-

ties. Consideration of the UOP presents 

a classification of stormwater treatment 

technologies which communicate the 

system’s treatment capacity.

Introduction to  
Treatment Process 

Table 2-1 illustrates the major catego-

ries of treatment practices that most 

stormwater management systems utilize 

to treat runoff (NCHRP 2006). 

Hydrologic Operations

Hydrologic operations are defined as 

methods of treatment involving altera-

tions in the movement and distribution 

of water. Most every stormwater man-

agement system utilizes these mecha-

nisms to some extent. Longer retention 

of stormwater volumes enhances the 

function of the practice as it allows more 

time for other removal mechanisms  

to act on pollutants. The primary  

hydrologic operations employed by 

stormwater BMPs are flow diversion, 

retention, and infiltration. Flow diversion 

TABLE 2-1

The major categories  

of unit operations  

and processes (UOPs)  

of stormwater 

management systems .

CATEGORY UOP TARGET BMP TYPES

HYDROLOGIC Flow alteration Divert flow All BMPs

Volume reduction Infiltration
Filtration/Infiltration BMPs,  
Most LID systems

PHYSICAL Sedimentation Sediment
Retention/Detention Systems and Filtration/
Infiltration Systems with sufficient volume

Enhanced  
sedimentation

Sediment
Hydrodynamic  
Devices

Filtration Sediment
Filtration/Infiltration BMPs, 
Most LID systems

BIOLOGICAL Microbial Nitrogen
Many LID systems that have sufficient  
organic materials and microbes .

Vegetative
Nitrogen/

Phosphorus
Most LID Systems,  
systems with vegetation

CHEMICAL Sorption Phosphorus
Some Media Filters with sufficient  
amount of organics

The functional treatment 

mechanism for each 

stormwater treatment 

practice that removes  

a certain type and level  

of pollutants from the 

runoff is referred to as 

the unit operations and 

processes (UOPs) . 
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and retention is usually accomplished 

by placing hydraulic control structures 

to slow runoff velocities and delay peak 

flows. Infiltration operations involve 

the use of storage in combination with 

native soils capable of recharging runoff 

into the ground, thus reducing the over-

all volume of runoff.

Physical Operations

Physical operations are defined as 

methods of treatment in which the 

removal of contaminants is brought 

about by physical means. The two 

major physical operations employed 

by stormwater BMPs are sedimenta-

tion and filtration. Sedimentation is an 

operation by which particles fall out of 

suspension and to the bottom of a water 

column due to a difference in density 

between water and solids. Many BMPs 

use sedimentation as a fundamental 

treatment mechanism. 

Filtration is an operation dictated 

by the physical straining of particles 

through a porous media. Treatment 

effectiveness is largely determined by 

the void space of the filter media; hence 

the logic that fine sand provides better 

filtration than coarse sand, and coarse 

sand is more efficient at removal of 

particulates than coarse gravel. Unlike 

settling operations, the amount of time 

stormwater is stored in a device (often 

referred to as residence time) generally 

does not dictate removal efficiencies for 

pollutants such as sediments, hydrocar-

bons and metals. Residence time has a 

positive impact on the removal of nutri-

ents that are generally treated by other 

functional characteristics. Residence time 

can also have a major impact on other 

UOPs such as biological processes where 

the longer the residence time, the more 

opportunity plants and microorganisms 

have to process nutrients in the runoff.

FIGURE 2-4

Wastewater  

Treatment Plant
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Biological Processes

Biological processes are defined as 

methods of treatment in which the 

removal of contaminants is brought 

about by biological reactions. The two 

major biological processes employed by 

stormwater BMPs are vegetative uptake 

and microbially-mediated transforma-

tions. Vegetative uptake refers to the 

removal of pollutants by plants through 

bioaccumulation. Through bioaccu-

mulation, substances are incorporated 

into the living tissue of the plant and 

become part of the overall biomass of 

the vegetation. It is important to note 

that vegetative uptake is a temporary 

storage mechanism. Plants undergo 

a period of aging, vegetative loss and 

decomposition of a portion of their 

biomass. This can be clearly seen in 

cold climates where above ground 

biomass dies off and decomposes every 

winter. Through decomposition, the 

constituents retained in the vegetative 

matter can make their way back into 

the environment, unless the vegetation 

is routinely removed from the system.

Microbially-mediated transforma-

tions involve the respiration process 

of microorganisms. These processes 

include degradation of organic pollut-

ants as well as the oxidation or reduc-

tion of inorganic materials such as 

nitrate, iron, manganese, and sulfate. 

This process occurs in wetlands where 

the nitrate reduction produces nitrogen 

gas. The use of anaerobic denitrification 

is very important for the removal of 

nitrogen from stormwater. 

Chemical Processes

Chemical processes are defined as meth-

ods of treatment in which the removal 

of contaminants is brought about by 

chemical reactions. The major chemical 

process employed by stormwater BMPs 

is sorption, coagulation/flocculation 

and disinfection. Sorption can be both 

a physical and a chemical process and 

encompasses the processes of absorption 

and adsorption simultaneously, where 

the materials to be removed adhere 

to the surface of a specific molecule. 

The reverse process is desorption. Both 

sorption and desorption are highly 

affected by chemical characteristics 

such as pH and the ionic strength of the 

runoff. Generally, absorption refers to 

the uptake or removal of constituents 

without altering the chemical nature 

of the absorbing substance. The best 

FIGURE 2-5

Top: Biological 

Processing;

Bottom: Chemical 

Processing
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example would be a sponge absorbing 

water, where the water is retained or 

absorbed by the sponge without chemi-

cally altering the makeup of the sponge. 

Adsorption refers to the chemical bind-

ing of a dissolved constituent to the sur-

face of a solid. The binding to the surface 

is usually weak and reversible and is best 

illustrated by the types of removals seen 

in charcoal based home water filters.

COMPARING PERFORMANCE 
OF TREATMENT PROCESSES

Over the past decade much has been 

learned regarding the water quality 

treatment capacity of structural storm-

water management systems. Systems 

can be designed to treat for peak flow, 

volume reduction, and water quality 

control. Though each system design can 

be unique, pollutant removal capabilities 

are highly correlated to the unit opera-

tions and treatment processes the 

systems incorporate. Rigorous scientific 

research, evaluating the range of storm-

water management treatment strate-

gies, has produced an overwhelming 

amount of evidence that pipe and pond 

stormwater treatment strategies do not 

meet general water quality objectives. 

Research clearly indicates that structures 

designed without explicit consideration 

for stormwater quality improvements 

are generally ineffective. This research 

also indicates that many water quality 

issues are regional, highly complex, and 

require studied approaches and case by 

case solutions.

The majority of stormwater manage-

ment systems control sediment to some 

degree. That said, LID devices (indicated 

in green in Figure 2-6) are much more 

effective at controlling sediments and 

FIGURE 2-6

Total Suspended 

Solids (TSS) 

removal efficiencies 

for a range of 

stormwater BMPs; 

red line indicates 

commonly required 

performance 

treatment 

(Adapted from  

UNHSC 2010) .
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the range of other associated contami-

nants from non-point source pollution. 

LID strategies should be required to the 

maximum extent reasonable. 

Nitrogen removal is very complex. 

Fundamentally, there are two primary 

mechanisms for nitrogen removal or 

sequestration. One mechanism includes 

vegetative uptake which temporarily 

stores nitrogen within the biomass of 

the vegetation. The other treatment 

mechanism involves permanent trans-

formation through microbially-medi-

ated processes into nitrogen gas. As 

Figure 2-7 indicates, nitrogen removal 

does not occur with great frequency in 

most studied systems, and should be 

directly designed for where treatment is 

applicable.

Total phosphorus removal is associ-

ated with organic content in a filtration 

media. In many cases, since up to 75 

percent of the TP is sediment-associated, 

one should expect that any system 

that adequately removes TSS should 

also have a correspondingly adequate 

TP removal. It seems evident that TP 

removal is primarily a chemical sorption 

phenomenon that relies upon appro-

priate soil chemistry, cation exchange 

capacity (CEC), and seasonal variations 

such as dissolved oxygen levels.

MAINTENANCE

Historically, the responsibility for 

maintenance of stormwater infrastruc-

ture has fallen on the owner of the 

system or the discharge pipe. This is 

in contrast to maintenance for other 

water resource management systems, 

namely drinking water supply systems 

and wastewater treatment systems, 

where consumers are charged per unit 

FIGURE 2-7

Nitrogen removal 

efficiencies for a range 

of stormwater BMPs; 

red line indicates 

commonly required 

performance treatment

(Adapted from  

UNHSC 2010)
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supplied or treated, which includes 

necessary maintenance and operations 

costs. While assigning maintenance 

responsibility to stormwater treatment 

systems is different than water sup-

ply or sewer systems, there are many 

physical and operational similarities. 

The advancement of federal, state 

and local regulations is bringing these 

similarities to the forefront for water 

resource managers to consider. 

The approaches to maintenance 

of stormwater management systems 

are diverse and range from proac-

tive to reactive maintenance, to no 

maintenance at all. Historically, many 

stormwater management systems may 

have required maintenance plans that 

rarely were followed. This trend, while 

inexpensive, poses a significant threat 

to water quality, community resilience, 

and public safety.

Local governments should consider 

it a priority to develop and pass main-

tenance requirements 

to help ensure the long 

term operation and per-

formance of permitted 

stormwater management 

Best Management Practices 

(BMPs). Any new regula-

tion should include the 

following maintenance-

specific components:

1. Inspection Frequency

All stormwater manage-

ment systems require 

maintenance to perform properly. Most 

systems should be inspected annu-

ally at the very least. For most cases 

this maintenance is unenforced and 

little information exists with respect 

to post construction BMP operation 

FIGURE 2-8

Phosphorus removal 

efficiencies for a range 

of stormwater BMPs; 

red line indicates 

commonly required 

performance treatment 

(Adapted from  

UNHSC 2010) .
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The approaches 

to maintenance of 

stormwater management 

systems are diverse and 

range from proactive to 

reactive maintenance, to 

no maintenance at all . 
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and maintenance. Maintenance and 

inspection frequency would typically 

vary across similar watershed condi-

tions largely depending on size, relative 

system effectiveness, 

accessibility and main-

tenance plan objectives 

(reactive vs. proactive 

approaches). Some gen-

eralities include: surface 

systems are easier to 

inspect than subsurface 

systems; larger systems 

with higher storage 

capacities require less 

frequent inspection than 

smaller systems with lower capacities; 

and more effective systems require more 

frequent inspections than lower effi-

ciency or less effective systems.

2. Maintenance Complexity

Maintenance complexity is a combina-

tion of a municipality’s familiarity with 

certain maintenance procedures and 

the availability of updated tools and 

equipment to ensure performance. For 

many, the maintenance procedures 

for stormwater BMPs are an evolving 

process. There has often been minimal 

guidance provided to ensure perfor-

mance; however, over time new guide-

lines have been developed and may 

continue to do so as new information 

is collected. Maintenance guidelines 

for porous pavement systems or gravel 

wetlands are currently under develop-

ment and recommendations may call 

for specialty equipment such as vacuum 

sweepers. Maintenance complexity 

also involves the specific type of main-

tenance activity that may be obscured 

by historical standards of practice. 

For instance, most vegetated-media 

filtration systems require maintenance 

activities more in line with routine 

landscaping approaches. These may 

be less familiar to many Department 

of Public Works (DPW) personnel but 

may be affordably subcontracted. 

Other maintenance practices such as 

catch basin cleaning or pond dredging 

FIGURE 2-9

Example of a  

vegetated media 

system requiring 

specialized 

maintenance

The conventional wisdom 

that an ounce of prevention 

is worth a pound of cure 

applies directly to the 

selection and long-term 

maintenance of stormwater 

management BMPs . 
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may be readily achievable but use of 

such systems has proven less efficient 

at achieving permit and water quality 

requirements.

3. Maintenance Cost

Cost estimates of annual maintenance 

activities vary. Published literature 

exists for dry ponds, wet ponds, con-

structed wetlands, rain gardens and 

vegetated swales as a percentage of 

total system construction cost (Erickson, 

et al., 2009). What is not evaluated 

is the cost of compliance with current 

stormwater regulations, environmental 

services (related to pollutant removal 

and watershed health) and total system 

lifecycle costs. The conventional wisdom 

that an ounce of prevention is worth 

a pound of cure applies directly to the 

selection and long-term maintenance 

of stormwater management BMPs. 

This becomes increasingly apparent as 

municipalities continue to wrestle with 

complex regulations over impaired 

receiving waters. It is much more effi-

cient to keep our watersheds clean than 

restoring them after they cease to meet 

designated uses. 

LAND USE REGULATIONS  
AND ORDINANCES

Planning for better stormwater man-

agement is challenging because water 

resources are not confined to municipal 

boundaries and watershed plans are not 

always integrated into master plans. In 

addition, the visions supported by mas-

ter plans are not always implemented 

through regulations or zoning. Sound 

planning should help communities 

(and their neighbors within the water-

shed) set the groundwork for sound poli-

cies and ultimately better stormwater 

management. While most communities 

have a master plan or comprehensive 

plans outlining a vision for the com-

munity, many land use decisions are 

made on a parcel-by-parcel basis. These 

parcel-by-parcel decisions can have 

cumulative impacts on water resources, 

stormwater infrastructure, and munici-

pal budgets.

A growing trend is emerging where 

municipalities are updating local regu-

lations and developing guidelines to 

reflect the higher treatment standards 

of today. This is being accomplished 

PRACTICE USEPA (1999) WEISS et al. (2005)
TABLE 2-2

Expected and reported 

annual maintenance 

cost as a percentage of 

total BMP construction 

cost . 

Disparity in costs are due  

to a lack of available data.

(Adapted from  

Erikson, et al . 2009)

Sand Filters 11% – 13% 0 .9% – 9 .5%

Infiltration Trenches 5% – 20% 5 .1% – 126%

Infiltration Basins 1% – 10% 2 .8% – 4 .9%

Wet Ponds Not reported 1 .9% – 10 .2%

Dry Ponds <1% 1 .8% – 2 .7%

Rain Gardens 5% – 7% 0 .7% – 10 .9%

Constructed Wetlands 2% 4% – 14 .2%

Swales 5% – 7% 4% – 178%

Filter Strips $320/acre (maintained) —
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through the following processes (in 

descending order of effectiveness):

1.  Protection of Critical  
 Resource Areas
The most permanent and assured 

protection of sensitive resource areas is 

achieved through the use of conserva-

tion easements and conservation land 

acquisitions. Sensitive areas can also 

be effectively protected or buffered from 

development impacts by establishing 

overlay districts that prohibit or restrict 

development in drinking water or well-

head source areas, wetlands, shoreland 

buffers, wildlife corridors, cold water 

streams, and other critical natural 

resource areas.

2. Advanced Stormwater 
 Management
Updated stormwater ordinances typically 

reflect a BMP toolbox which now includes 

many systems capable of advanced 

stormwater management. These systems 

typically incorporate some form of filtra-

tion and/or infiltration. Unfortunately, 

many toolboxes include ineffective 

practices as part of the accepted list. 

Rather, the trend is to add BMPs and 

TABLE 2-3 Water resource management strategies in a developing landscape . Adapted from UNHSC (2007) .

    VOLUNTARY STRATEGIES                                                                               REGULATORY STRATEGIES

LAND  
CONSERVATION BUFFERS

LOW IMPACT 
DEVELOPMENT

STORMWATER  
UTILITIES

LAND USE  
REGULATIONS

Many communities are 
using voluntary land 

conservation strategies, 
such as easements, to 
permanently protect 

parcels of natural land . 
However, since it is 

highly unlikely that most 
communities can secure 

sufficient funding to 
acquire conservation 

easements or ownership 
for all lands identified as 
critical for protection, it’s 
safe to assume that the 
remaining unprotected 

areas will face 
development pressure 
in the near future . As 
a result, it’s important 

for communities to 
also adopt land use 

regulations that provide 
guidance and tools to 
limit the impacts of 

development that does 
occur .

A buffer is a naturally 
vegetated area along 
a shoreline, wetland, 

or stream where 
development is restricted 
or prohibited . Its primary 
function is to physically 
protect the water body 
from future disturbance 

or encroachment . 
Benefits of buffers are 
plentiful and include 

protection of municipal 
infrastructure and 

private property from 
floods and erosion; 

recharge of aquifers and 
groundwater resources; 
prevention of erosion; 

and water quality 
protection for surface 

waters including takes, 
streams, and wetlands .

Low impact 
development (LID) is 

an innovative approach 
that uses natural, 

or predevelopment 
hydrology, as a guide 

for design . In the 
area of stormwater 

management, LID uses a 
combination of processes 

– infiltration, filtration, 
and detention/storage – 
to manage rainfall at the 
source (ideally) and to 
mimic predevelopment 

hydrology . LID 
stormwater strategies 

are applicable in 
nearly all locations . 
However, infiltration 

into groundwater is only 
appropriate in certain 
situations . LID is most 
effective when used in 
conjunction with land 
conservation efforts

Stormwater utilities  
are a way for 

communities to collect 
user fees to fund a 

range of stormwater 
management 

activities such as 
catchbasin cleaning, 
street sweeping, and 

stormwater infrastructure 
upgrades required 
by the Clean Water 
Act . User fees are 

generally proportional 
to the amount of runoff 
generated by a parcel . 

There are many different 
types of stormwater 

utilities, ranging from 
taxes to user fees . A 

common stormwater 
utility strategy used 

in the Northeast 
incorporates a dedicated 
enterprise fund, similar 

to those used to manage 
water and sewer utilities . 

An enterprise fund is 
based on a flat fee per 

unit of impervious area .

Land use regulations 
are the second essential 
component in a two-
pronged approach 
to protecting water 

resources in a developing 
landscape . When paired 
with land conservation 

practices, the regulation 
of the location, 

density, and design of 
development can help 
reduce the negative 
impacts on water 

resources . For example, 
land use ordinances may 
include environmental 
characteristics zoning, 
cluster/ conservation 
development, and 

performance standards .
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leave the selection to the designer. Cost 

is a primary reason simple conventional 

practices are still widely used despite 

the availability of more effective prac-

tices. Until these ineffective practices 

are removed from consideration, their 

widespread usage will remain.

3. Stormwater Utilities
When reviewing development 

proposals, long-term and cumulative 

costs for municipal stormwater 

infrastructure should be considered. 

Communities pay for maintaining, 

replacing, and upgrading aging 

infrastructure. Many municipalities, 

while already burdened with aging 

and inadequate infrastructure, are 

facing new federal requirements for 

managing stormwater to higher levels 

and are unsure as to how to finance 

these necessary upgrades. Some 

communities are addressing costs by 

implementing stormwater utility fees. 

The stormwater utility fee is similar to 

those paid for electricity or drinking 

water that is based on usage and 

supports stormwater infrastructure and 

management. The funds are dedicated 

exclusively to stormwater needs. Fees 

are typically based on lot characteristics 

such as impervious area, and reductions 

in the fee are often offered for practices 

that reduce discharges and treat for 

water quality. These fee reductions can 

serve as an incentive to encourage more 

innovative and effective stormwater 

management practices. Stormwater 

utility fees are commonly based on 

an equivalent residential unit (ERU) 

that represents the average impervious 

area of a single family lot, usually 

several thousand square feet. Land 

uses with higher impervious areas, 

such as commercial developments, 

would pay an ERU multiple as higher 

levels of impervious area require more 

maintenance and management. In 

areas of the US, fees in the range of 

$2-$6 per ERU per month have been 

documented for residential properties 

and range from $25-$75 per month per 

acre of impervious area for commercial 

properties. Stormwater utilities are 

an essential element to successful 

municipal compliance with federal 

stormwater regulations. 

4. Adoption of Innovative  
 Land Use Ordinances
Land use ordinances can be used to help 

protect water resources by incorporating 

environmental characteristics in zoning, 

or requirements, or by providing incen-

tives for conservation developments, 

as well as establishing environmental 

protection performance standards that 

development proposals must meet. 

Watershed-based zoning is a land 

use management technique that iden-

tifies specific permitted uses within a 

defined watershed boundary as opposed 

to political boundaries. Typically, 

watershed-based zoning is conducted as 

part of a larger land use or watershed 

planning effort that protects specific 

resources by setting limits on the level 

of impervious surfaces and density 

within a zone. To achieve the success 

of watershed-based zoning necessary 

to reach water quality protection, land 

planning zoning standards are often 
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required. Successful watershed-based 

zoning may typically require an initial 

assessment of existing conditions, that 

may include a natural resources inven-

tory; an analysis of existing impervious 

surfaces and future conditions/ build 

out; and the development of Master 

Plan language consistent with the zone 

recommendations, with specific pre-

scriptive actions to mitigate the impacts 

of land use changes in the zone and 

long term monitoring (CWP, 2008).

Overlay zones, such as the County of 

York, VA Overlay District (Appendix C) 

are a zoning district that is placed on 

top of the base zoning district to impose 

additional restrictions beyond the 

underlying zoning standards. In an LID 

context, the goal is to protect natural 

resources while retaining the underlying 

zone. The result is a cumulative effect 

of zoning standards due to the layer-

ing of requirements which may include 

impervious surface limits, density limits, 

or additional stormwater manage-

ment requirements. Overlay zones may 

include: resource conservation districts, 

aquifer protection districts, watershed 

protection districts, shoreland or ripar-

ian protection areas, agricultural 

districts, and historic resources districts.

An Urban Growth Boundary, such 

as the City of Portland, Oregon Urban 

Boundary (Appendix D) is a locally 

adopted, mapped line that separates 

an urban development area from its 

adjacent greenspace. The urban growth 

boundary is intended to direct growth 

to population service centers while 

retaining rural character and agrarian-

based industry. Typically, urban growth 

boundaries have a defined life span 

with specific language identifying their 

duration of use. This tool is often used to 

encourage a more compact development 

pattern in order to achieve a reduction 

in infrastructure, roadways, and unnec-

essary additional service areas. The 

adjacent greenspace areas may include 

forest protection boundaries, agricul-

tural or natural areas and is intended 

to maintain the diversity of uses and 

habitat within an urban area. In an LID 

context, the concept of directing growth 

to areas already growing provides for 

concentrated impervious areas and a 

reduction in infrastructure needs while 

maintaining a reduced impervious cover 

in other areas of a watershed.

Open Space Development, such as 

the examples shown in Figure 2-10, 

also called clustered development or 

conservation subdivision design, is an 

alternative site planning technique 

that concentrates dwelling units in a 

compact area to reserve undeveloped 

space elsewhere on the site while still 

allowing the maximum number of 

lots for the zone. In this technique, lot 

sizes, setbacks, and frontage distances 

are reduced in order to minimize the 

impervious surfaces on the individual 

lot and meet some Smart Growth design 

goals by making communities that are 

more connected. Typical open space 

development creates less impervious 

cover and reduces the need to clear 

and grade sites. Open space areas are 

often used for neighborhood recreation, 

stormwater management facilities, or 

conservation purposes. Open space, 

preserved in a natural condition, needs 
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little maintenance and helps to reduce 

and sometimes to treat stormwater 

runoff from development while provid-

ing urban wildlife habitat.

Another landuse approach to lower-

ing the amount of stormwater runoff 

is to reduce the amount of impervi-

ous surface associated with roadways 

and parking lots. One of the keys to 

successfully minimizing these impervi-

ous surfaces is finding a compromise 

between fire and rescue needs, parking 

limits, appropriate vehicle volume, 

as well as access. Often, residential 

roadway widths are established from 

outdated local codes based upon higher 

than necessary volume criteria, over-

estimates of on-street parking demands, 

and extra width to ensure fire and 

rescue vehicle needs. Evaluating actual 

needs and projected uses for the road-

way can significantly reduce the width 

for some smaller neighborhoods. For 

most low traffic roads, widths less than 

24 feet may be sufficient to accom-

modate two-way traffic (Table 2-4). 

To further reduce roadway width and 

impervious surfaces, queuing streets or 

placing parking on only one side or the 

road may be utilized. This configuration 

has one lane of travel and two lanes for 

either parking or queuing. Cul-de-sacs 

FIGURE 2-10

Examples of 

Conservation 

Subdivision 

Designs
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are common in newer subdivisions and 

are often sources of excessive impervi-

ous surfaces. Cul-de-sacs may often be 

designed up to 80 feet in diameter and 

can generate large amounts of runoff. A 

simple approach to reducing the imper-

vious cover is to install a landscaped 

island in the middle of the circle while 

still accommodating turning space for 

large vehicles. These islands may be 

further designed as bioretention areas 

to treat runoff from the adjacent proper-

ties and roadway. Additional alterna-

tives include reducing the radii of the 

cul-de-sac or creating a loop road in 

place of a circle. 

Many communities build overly 

large parking areas to accommodate 

requirements for seasonal use. These 

large impervious surfaces are signifi-

cant contributors to stormwater runoff. 

Minimizing the effects of parking areas 

can be accomplished through a few 

strategies that include providing for the 

actual need of parking based upon local 

or regional studies, or by providing for 

compact car spaces. Parking require-

ments may be reduced based upon access 

to mass transit relative to the project 

site, or through the integration of transit 

stops. Additional installation of bioreten-

tion areas, porous pavement, vegetated 

swales, or other LID approaches can 

treat stormwater on site and minimize 

the need for large catch basins or costly 

underground pipe storage. 

There are many tools for understand-

ing how local policies, codes and ordi-

nances may encourage additional imper-

vious surfaces and/or discourage the use 

of LID. Two complimentary tools are the 

Center for Watershed Protection’s Code 

and Ordinance Worksheet and Better Site 

Design Guidebook and the USEPA Water 

Quality Scorecard. These tools provide an 

easy scoring system for understanding 

C gnidliuBB gnidliuBA gnidliuB

Gravel
Wetland

Limits of Porous 
Pavement and
Gravel Reservoir

Greenland Meadows
Greenland, New Hampshire

Commercial LID
Stormwater Management

Drainage
Infrastructure

Approximate Scale in Feet

0 90 180 360360

Limits of Porous 
Pavement and
Gravel Reservoir

Buildings B and C Rooftop 
Drainage Discharges to Gravel
Reservoir

Building A Rooftop
Drainage Discharges 
to Gravel Wetland

FIGURE 2-11

Example of a commercial 

development designed 

to reduce amount of 

impervious surface: 

Greenland Meadows

(UNHSC)
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policy actions that the communities may 

need to improve to better implement 

innovative practices in the development 

process. These tools compare the commu-

nity’s standards, ordinances, and codes 

to a set of model standards that encour-

age innovative approaches. The Code 

and Ordinance Worksheet can be found 

in Appendix A. The tool outlines twelve 

areas that will be evaluated through the 

Code and Ordinance Worksheet process, 

as identified below: 

1. Zoning Ordinances

2. Subdivision Ordinances

3. Street Standards or Road Design 

Manual

4. Parking Requirements

5. Building and Fire Regulations/

Standards

6. Stormwater Management or 

Drainage Criteria

7. Buffer or Floodplain Regulations

8. Environmental Regulations

9. Tree Protection or Landscaping 

Ordinances

10. Erosion and Sediment Control 

Ordinances

11. Public Fire Defense Master Plans

12. Grading Ordinances

The USEPA Water Quality Scorecard has 

two main goals: to help communities 

protect water quality by identifying 

ways to reduce the amount of stormwa-

ter flows in a community. and educate 

stakeholders on the wide range of 

polices and regulations that have water 

quality implications. A sample of the 

Scorecard can be found in Appendix B 

and the entire document can be found 

at: http://www.epa.gov/smartgrowth/

water_scorecard.htm.

UPDATING SITE PLAN AND 
SUBDIVISION REVIEW 
REGULATIONS
More effective stormwater management 

strategies and performance requirements 

need to be outlined in town regula-

tions and considered by developers and 

municipal staff early in the development 

planning process. Promoting the latest 

state and federal standards such as water 

quality treatment and infiltration is the 

best way to prevent problems before 

they happen. If not already detailed in 

a land use ordinance, these regulations 

should specify the standards developers 

need to meet. Developers should submit 

designs that meet performance standards, 

have requirements for inspections, and 

WIDTH (FEET) SOURCE
TABLE 2-4

Recommended  

Minimum  

Street Widths 

(CWP, 1998)

20 National Fire Protection Administration

18 (minimum) Massachusetts State Fire Marshall

22 American Association of State Highway  
and Transportation Officials

24 (on-street parking) 
16 (no on-street parking) Baltimore County, Maryland

20 Prince George’s County, Maryland

18 (one lane of parking) 
26 (parking both sides) Portland, Oregon
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incorporate financial sureties that storm-

water, erosion, and sediment control 

measures will be built and maintained as 

proposed.
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Economics and  
LID Practices

Economic benefits are being realized through the 

incorporation of LID-based strategies by municipalities, 

commercial developers, and others . There are increasing 

numbers of case studies that demonstrate the substantive 

economic benefits for commercial development and municipal 

infrastructure projects—for both construction budgets 

and project life-cycle costs . These economic benefits are 

increasingly being observed when using a combination of 

Gray and Green Infrastructure for stormwater management . 

WISE LAND-USE PLANNING DECISIONS

have the potential to ease some of the financial demands 

driven by regulatory compliance . While individually, green 

infrastructure elements may add expense to a project, costs 

savings are often realized on an overall project basis as the need 

for conventional stormwater infrastructure—such as curbing, 

catch-basins, piping, ponds, and other controls—is reduced .

The economic advantages of Low Impact Development are  
often not well understood and are deserving of close attention  
to inform municipal land use decisions . 

ECONOMIC BENEFITS  
ASSOCIATED WITH THE USE OF LID:

• Whole project cost savings for new development  

by reduction of drainage infrastructure

• Land development savings from a reduced amount  

of disturbance

• Higher property values of 12 to 16 percent

• Reduction in home cooling by 33 to 50 percent  

from the use of natural vegetation and reduced  

pavement area .

Utilizing an LID approach that  

featured porous asphalt and a 

gravel wetland, a cost-competitive 

drainage system was designed 

for a large retail development in 

Greenland, NH. 
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Three LID Case Studies that identify the scales at which there are clear economic incentives:

CONVENTIONAL DEVELOPMENT

LID DEVELOPMENT

RESIDENTIAL SITE: Boulder Hills  

This LID condominium community features 

a porous asphalt road and incorporated 

porous pavements and rooftop infiltration 

systems . The benefits included: improved 

local permitting, positive exposure for 

the developers, an 11 percent reduction 

in the amount of disturbed land and a 

stormwater management cost savings of 

6 percent compared to a conventional 

design . Although porous asphalt was more 

costly, cost savings are realized through 

the reduction in 

drainage piping, 

erosion control 

measures, catch 

basins, and the 

elimination of 

curbing, outlet 

control structures, 

and stormwater 

detention ponds .

FORGING THE LINK: Linking the Economic Benefits of Low Impact Development and Community Decisions  •  www.unh.edu/unhsc/forgingthelink
Chapter 3: Economics and LID Practices

PRINCIPAL INVESTIGATOR: 
Robert M. Roseen, Ph.D. P.E., D.WRE  •  Director, The UNH Stormwater Center  
Environmental Research Group, Department of Civil Engineering, 35 Colovos Road, UNH, Durham, NH 03824  ph 603-862-4024  fx 603-862-3957  robert .roseen@unh .edu 

PROJECT INVESTIGATORS AND CONTRIBUTING AUTHORS:
Todd V. Janeski  •  Environmental Scientist, Virginia Commonwealth University 
1000 West Cary St, PO Box 843050, Richmond, VA 23284  ph 804-371 .8984  fx: 804-786-1798  tvjaneski@vcu .edu  

Jeff Gunderson  •  Professional Content Writer  jeffgun@earthlink .net

COMMERCIAL SITE: Greenland Meadows  
This retail shopping center features the 

largest porous asphalt installation in the 

Northeast . The 56-acre development 

includes porous asphalt, landscaping 

areas, a large gravel wetland and other 

advanced stormwater management . Costly 

conventional strategies were avoided, and 

there was a cost savings of 26 percent for 

stormwater management . 

COMBINED SEWER OVERFLOW

On a larger scale, communities are faced with 

the challenges of managing their combined 

sewer overflows to reduce the discharge 

of untreated sewage into waterways . 

These large often outdated systems carry 

price tags in the billions of dollars to store, 

separate and treat . By combining a gray 

and green approach the costs and volumes 

of stormwater are significantly reduced . For 

example, the city of Portland, Oregon was 

able to save an estimated $63M as compared 

to an estimated $144M, by considering a 

green approach, and the city of Chicago, 

Illinois, was able to divert over 70M gallons 

of stormwater from their CSO, in one year .
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Low Impact Development (LID) represents one of the most progressive  

trends in the area of stormwater management and water quality. This 

approach involves utilizing strategies to control precipitation as close to 

its source as possible in order to reduce runoff volumes, promote infiltration, and 

protect water quality. While better known for its capacity to reduce pollution and 

manage stormwater more sustainably, LID designs are also economically beneficial 

and more cost-effective as compared to conventional stormwater controls. 

In the vast majority of cases, the U.S. Environmental Protection Agency (EPA) has 

found that implementing well-chosen LID practices saves money for developers, 

property owners, and communities while also protecting and restoring water quality 

(USEPA, 2007). Specifically, utilizing LID designs can result 

in project cost savings by decreasing the amount of expen-

sive below ground drainage infrastructure required, as well 

as reducing or eliminating the need for other stormwater 

management-related facilities including curbs, erosion con-

trol measures, catch basins, and outlet control structures. 

LID designs also have space-saving advantages and can 

reduce the amount of land disturbance required during 

construction, saving money on site preparation expenses. 

In northern Frederick County, Maryland, a number of cost 

saving benefits were realized by redesigning a conventional 

subdivision with LID designs. This included eliminating two 

stormwater ponds representing a reduction in infrastructure 

costs of roughly $200,000; increasing the number of build-

able lots from 68 to 70, which added roughly $90,000 in value; and allowing the site 

design to preserve approximately 50 percent of the site in undisturbed wooded condi-

tion, which reduced clearing and grubbing costs by $160,000 (Clar, 2003). Also, an 

infill site in northern Virginia was able to save over 50 percent in cost for infrastruc-

ture by minimizing impervious surfaces, protecting sensitive areas, reducing setback 

requirements, and treating stormwater at the source (CWP et al., 2001).

Economics  
and LID Practices

In the vast majority of  

cases, the EPA has found that 

implementing well-chosen 

LID practices saves money for 

developers, property owners, and 

communities while also protecting 

and restoring water quality .

CHAPTER 3
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Additional economic 

benefits of LID include 

reduced flooding costs 

as well as lower home 

cooling expenses. 

For example, natural 

vegetation and reduced 

pavement area in the 

Village Homes LID 

development in Davis, 

CA helped lower home 

energy bills by 33 to 50 

percent as compared to 

surrounding neighbor-

hoods (MacMullan, 

2007). Further economic 

incentives to develop-

ers for LID inclusion 

include the potential for higher property 

values as well as a reduction in permit-

ting fees; in Dane County, WI, permit fees 

for development are calculated based on 

the amount of impervious area in a site, 

providing an incentive for developers to 

use LID. In another example, an analysis 

of 184 lots in one community found that 

conservation subdivisions were more prof-

itable than conventional subdivisions. 

Lots in the conservation subdivisions cost 

an average of $7,000 less to produce, 

resulted in a 50 percent decrease in selling 

time, and had a value of 12 to 16 percent 

more as compared to lots in conventional 

subdivisions (Mohamed, 2006).

Additionally, incentives encouraging 

the implementation of LID may include 

the means to support new construction. 

This may include a range of incentives 

such as an increase in floor to area ratio 

(FAR), rebates, and tax credits. The City 

of Portland, OR has a Green Roof bonus 

that provides an additional three square 

feet of floor area for every one square foot 

of green roof, provided the roof is covered 

by at least 60 percent. Some cities offer 

builders a cost-share and/or rebates when 

they install green infrastructure such as 

in the case of King County, WA that pays 

50 percent of the costs, up to $20,000. 

Similarly Austin, Chicago and Santa 

Monica provide discounts for homes that 

employ LID. Reducing taxes is another 

strategy employed to encourage imple-

mentation. In New York City a project can 

earn a one year tax credit up to $100,000 

for inclusion of a green roof on 50 percent 

of the structure, and in Maryland green 

building credits are being used to offset 

property taxes and can be carried forward 

for ten years (MacMullan, 2010).

Traditionally, land planning and 

development projects are often based 

upon on fundamental economic deci-

sions: costs versus benefits. The costs are 

the real and documented costs of mobiliz-

ing, constructing, landscaping, compli-

ance, and marketing. The benefits are the 

real project income. However, there are 

other costs that exist and these burdens 

are either born by the landowner, known 

as lost opportunity costs or the public as 

natural and social capital. Lost oppor-

tunity costs are associated with other 

options for the land rather than what was 

built. For example, a land development 

project may have generated benefits 

greater than economic costs, whereas 

alternative options might have generated 

more net benefits. Since opportunity costs 

are primarily borne by the landowner, it 

is certainly within the landowner’s right 

to develop the parcel to their desire, as 

Lots in the conservation 

subdivisions cost an  

average of $7,000 less to 

produce, resulted in a 50 

percent decrease in selling 

time, and had a value of 

12 to 16 percent more 

as compared to lots in 

conventional subdivisions .
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long as it complies with State and local 

codes and regulations. However, the 

expenditure of natural and social capital 

is usually borne by the public: in essence 

the land developer passes off costs to 

the public. Natural capital represents 

the ecological value of the goods and 

services provided by the environment. 

In the case of stormwater, if streams are 

degraded because of poor stormwater 

management, that is an expenditure of 

natural capital. If the degraded stream 

is in need of restoration, often this is 

done by the expenditure of public funds. 

Just as water quality and water quantity 

affect the health of an ecosystem, the 

built environment affects and reflects 

the community. Healthy environments, 

foster stronger community connections: 

whether through community groups, 

recreational activities, or social gather-

ings. Societies that have demonstrated 

stronger community connections (social 

capital) reduce community costs, such as 

crime, emergency response, transporta-

tion, etc (Knack and Keefer, 1997). Better 

stormwater management at the site level 

ultimately minimizes the expenditures of 

natural and social capital which trans-

lates to less long term adverse impacts to 

community budgets. 

While these additional benefits are 

recognized, the focus of this section is to 

clearly articulate, through case studies 

and detailed examples, the hard cost 

benefits of implementing LID. 
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BOULDER HILLS 

In addition to more effective stormwater management, an economic benefit  

was gained by utilizing an LID approach that featured porous asphalt for a  

residential development.

FIGURE 3-1

Boulder Hills

Boulder Hills is a 24-unit active adult 

condominium community in Pelham, 

New Hampshire that features the state’s 

first porous asphalt road. The develop-

ment was built by Stickville LLC on 14 

acres of previously undeveloped land 

CASE STUDIES

ECONOMIC BENEFITS  
OF LID PRACTICES
The following case studies show how utilizing an LID approach to  

site drainage engineering, specifically with porous asphalt installation,  

led to more cost-effective site and stormwater management designs. 

and includes a total of 5 buildings, a 

community well, and a private septic 

system. In addition to the roadway, all 

driveways and sidewalks in the devel-

opment are also composed of porous 

asphalt. Located along the sides and 
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FIGURE 3-2

Comparison of Two 

Designs, LID Design 

(top) and Conventional 

(bottom) for Boulder 

Hills, Pelham, NH

(SFC, 2009)
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the backs of the buildings are fire lanes 

consisting of crushed stone that also 

serve as infiltration systems for rooftop 

runoff. 

SFC Engineering Partnership Inc. 

designed the project site and develop-

ment plan including all drainage. The 

University of New Hampshire (UNH) 

Stormwater Center advised the project 

team and worked with Pelham town offi-

cials, providing guidance and oversight 

with the installation and the monitoring 

of the porous asphalt placements. 

Prior to development, 

the project site was an 

undeveloped woodland 

area sitting atop a large 

sand deposit. Soils on 

the parcel were charac-

terized with a moder-

ate infiltration rate 

and consisted of deep, 

moderately well to well 

drained soils. Wetland 

areas were located in the 

south and east sections 

of the parcel, with a por-

tion of the site existing 

in a 100-year flood zone. 

The benefits of 

implementing an LID 

design as compared to 

a conventional develop-

ment and stormwater 

management plan 

included cost savings 

and positive exposure 

for the developers, improved water 

quality and runoff volume reduction, as 

well as less overall site disturbance and 

the ability to stay out of wetland and 

flood zone areas. Over time, the porous 

asphalt placements are also antici-

pated to require less salt application for 

winter de-icing, resulting in additional 

economic and environmental benefits. 

By the end of the first winter 2009-

2010, the project owners reported using 

substantially less salt for winter ice 

management.

DESIGN PROCESS

Initially, SFC Engineering Partnership 

began designing a conventional devel-

opment and stormwater management 

plan for the project. However, according 

to David Jordan, P.E., L.L.S., manager 

of SFC’s Civil Engineering Department, 

difficulty was encountered because of 

the site’s layout and existing conditions. 

“The parcel was burdened by lowland 

areas while the upland areas were 

fragmented and limited,” Jordan said. 

“Given these conditions, it was challeng-

ing to make a conventional drainage 

design work that would meet town regu-

lations. We found ourselves squeezing 

stormwater mitigation measures into the 

site design in order to meet criteria. The 

parcel also did not have a large enough 

area that could serve as the site’s single 

collection and treatment basin. Instead, 

we were forced to design two separate 

stormwater detention basins, which was 

more expensive. This approach was also 

cost prohibitive because of the necessity 

of installing lengthy underground drain-

age lines.” 

When LID and specifically, porous 

asphalt, emerged as a possible stormwa-

ter management option for the site, the 

developer, Stickville LLC, was receptive. 

The benefits of 

implementing an LID 

design as compared to a 

conventional development 

and stormwater 

management plan included 

cost savings and positive 

exposure for the developers, 

improved water quality and 

runoff volume reduction, 

as well as less overall site 

disturbance and the ability 

to stay out of wetland and 

flood zone areas . 
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Stickville was aware of the advantages 

of LID and porous pavement and was 

interested in utilizing these measures as 

a possible marketing tool which could 

help differentiate them as green-oriented 

developers. SFC advised Stickville LLC to 

pursue this option. Jordan had attended 

a seminar on porous pavement pre-

sented by The UNH Stormwater Center 

which covered the multiple benefits of 

utilizing this material, including its effec-

tiveness for being able to meet stormwa-

ter quantity and quality requirements.

 “Per regulations, the amount of storm-

water runoff from the site after develop-

ment could not be any greater than what 

it was as an undeveloped parcel,” Jordan 

said. “In addition to controlling runoff, 

stormwater mitigation measures also had 

to be adequate in terms of treatment. 

Porous pavement allows us to do both. 

For a difficult site such as Boulder Hills, 

that represents a huge advantage.” 

According to Jordan, the Town of 

Pelham responded very favorably to 

the idea of incorporating LID with the 

project. “The planning board was on 

board from the very beginning,” he 

said. “They were very supportive of 

utilizing porous asphalt and recognized 

the many benefits of this option.” 

ECONOMIC COMPARISONS 

SFC Engineering Partnership designed 

two development options for the proj-

ect. One option was a conventional 

development and drainage plan that 

included the construction of a tradi-

tional asphalt roadway and driveways. 

The other option, an LID approach, 

involved replacing the traditional 

asphalt in the roadway and driveways 

with porous asphalt and using sub-

surface infiltration for rooftop runoff, 

essentially eliminating 

a traditional pipe and 

pond approach. 

Although porous 

asphalt was more 

costly as compared to 

traditional asphalt, 

the engineers found 

that by utilizing this 

material, cost savings 

in other areas could be 

realized. For one, install-

ing porous asphalt 

significantly lowered the 

amount of drainage piping and infra-

structure required. Using porous asphalt 

also reduced the quantity of temporary 

and permanent erosion control mea-

sures needed while cutting in half the 

amount of rip-rap, and lowering the 

number of catch basins from 11 to 3. 

Additionally, the LID option completely 

eliminated the need to install curb-

ing, outlet control structures, as well as 

two large stormwater detention ponds. 

Another benefit was a 1.3 acre reduc-

tion in the amount of land that would 

need to be disturbed, resulting in less 

site preparation costs. 

Table 3-1 shows the construction esti-

mate cost comparisons between the con-

ventional and the low impact develop-

ment options. As shown, the LID option 

resulted in higher costs for roadway 

and driveway construction. However, 

considerable savings were realized for 

site preparation, temporary and perma-

nent erosion control, curbing, and most 

Although porous asphalt was 

more costly as compared 

to traditional asphalt, the 

engineers found that by 

utilizing this material, cost 

savings in other areas could 

be realized . 
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Overall, the LID option 

was calculated to save 

the developers $49,128 

or nearly 6 percent of the 

stormwater management 

costs as compared to the 

conventional option . 

noticeably, drainage. Overall, the LID 

option was calculated to save the devel-

opers $49,128 ($789,500 vs. LID cost of 

$740,300) or nearly 6 

percent of the stormwa-

ter management costs as 

compared to the conven-

tional option. 

CONCLUSIONS

Beyond its effectiveness 

at reducing stormwater 

runoff, facilitating more 

groundwater infiltration, 

and promoting water 

quality benefits, porous 

asphalt was shown in 

this case study to be capable of bringing 

positive economic results. Primarily, cost 

savings were achieved in the Boulder 

Hills site development design through 

a significant reduction in the amount 

of drainage infrastructure and catch 

basins required, in addition to com-

pletely eliminating the need for curb-

ing and stormwater detention ponds. 

Moreover, with considerably less site 

clearing needed, more economic and 

environmental benefits were realized. 

Compared to a conventional develop-

ment plan, an option utilizing LID 

featuring porous asphalt was shown in 

this example to be more economically 

feasible.

TABLE 3-1 

Comparison of Unit  

Costs for Materials 

for Boulder Hills LID 

Subdivision

(SFC, 2009)

ITEM CONVENTIONAL LID DIFFERENCE

Site Preparation $23,200 .00 $18,000 .00 –$5,200 .00

Temp . Erosion Control $5,800 .00 $3,800 .00 –$2,000 .00

Drainage $92,400 .00 $20,100 .00 –$72,300 .00

Roadway $82,000 .00 $128,000 .00 $46,000 .00 

Driveways $19,700 .00 $30,100 .00 $10,400 .00 

Curbing $6,500 .00 $0 .00 –$6,500 .00

Perm . Erosion Control $70,000 .00 $50,600 .00 –$19,400 .00

Additional Items $489,700 .00 $489,700 .00 $0 .00 

Buildings $3,600,000 .00 $3,600,000 .00 $0 .00 

PROJECT TOTAL $4,389,300 .00 $4,340,300 .00 –$49,000 .00
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OVERVIEW

Greenland Meadows is a retail shop-

ping center built in 2008 by Newton, 

Mass.-based Packard Development in 

Greenland, New Hampshire that fea-

tures the largest porous asphalt installa-

tion in the Northeast. The development 

is located on a 55.95-acre parcel and 

includes three, one-story retail buildings 

(Lowe’s Home Improvement, Target, 

and a future supermarket), paved park-

ing areas consisting of porous asphalt 

and non-porous pavements, landscap-

ing areas, a large gravel wetland, as 

well as advanced stormwater manage-

ment facilities. The total impervious 

area of the development – mainly 

from rooftops and non-porous parking 

areas – is approximately 25.6 acres, 

considerably more as compared to 

pre-development conditions. Prior to 

development, the project site contained 

an abandoned light bulb factory with a 

majority of the property vegetated with 

grass and trees. 

Framingham, Mass.-based Tetra 

Tech Rizzo provided all site engineer-

ing services and design work for the 

stormwater management system, which 

included two porous asphalt installa-

tions covering a total of 4.5 acres along 

with catch basins, sub-surface crushed 

stone reservoir, sand filter, and under-

ground piping and catch basins. Dr. 

Roseen of the UNH Stormwater Center 

provided guidance and oversight with 

FIGURE 3-3

Greenland Meadows

GREENLAND MEADOWS 

Utilizing an LID approach which featured porous asphalt, a cost-competitive drain-

age system was designed for a large retail development.
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the porous asphalt installations and 

supporting designs. 

This case study will show how a com-

bination porous asphalt and standard 

pavement design with 

a sub-surface gravel 

reservoir management 

system was more eco-

nomically feasible as 

compared to a standard 

pavement design with 

a conventional sub-

surface stormwater 

management detention 

system. Additionally, 

this analysis will cover 

some of the site-specific 

challenges, as well as 

the environmental 

issues with this develop-

ment that mandated 

the installation of an 

advanced LID-based 

stormwater manage-

ment design. 

ENVIRONMENTAL CONCERNS 

During the initial planning stage, 

concerns arose about potential adverse 

water quality impacts from the proj-

ect. The development would increase 

the amount of impervious surface on 

the site resulting in a higher amount 

of stormwater runoff as compared to 

existing conditions. These concerns were 

especially heightened given the fact 

that the development is located imme-

diately adjacent to Pickering Brook, 

an EPA-listed impaired waterway that 

connects the Great Bog to the Great 

Bay. One group that was particularly 

interested in the project’s approach 

to managing stormwater was the 

Conservation Law Foundation (CLF), an 

environmental advocacy organization. 

According to Austin Turner, a senior 

project civil engineer with Tetra Tech 

Rizzo, CLF feared that a conventional 

stormwater treatment system would not 

be sufficient for protecting water quality. 

“Since there was interest in this project 

from many environmental groups, espe-

cially CLF, permitting the project proved 

to be very challenging,” Turner said. 

“We were held to very high standards 

in terms of stormwater quality because 

Pickering Brook and the Great Bay are 

such valuable natural resources. The 

CLF wanted this project to have the gold 

standard in terms of discharge.” 

In order to ensure a high level 

of stormwater treatment as well as 

gain project approval, Tetra Tech 

Rizzo worked closely with Packard 

Development, the UNH Stormwater 

Center, the New Hampshire Department 

of Environmental Services, and CLF on 

the design of an innovative stormwater 

management system with LID designs. 

HYDROLOGIC CONSTRAINTS 

Brian Potvin, P.E., director of land 

development with Tetra Tech Rizzo, said 

one of the main challenges in designing 

a stormwater management plan for the 

site was the very limited permeability of 

the soils. “The natural underlying soils 

are mainly clay in composition, which 

is very prohibitive towards infiltration,” 

Potvin said. “Water did not infiltrate 

well during site testing and the soils 

were determined to not be adequate for 

Since there was interest 

in this project from many 

environmental groups, 

especially CLF, permitting 

the project proved to be 

very challenging . We  

were held to very high 

standards in terms of 

stormwater quality because 

Pickering Brook and the 

Great Bay are such valuable 

natural resources .
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receiving runoff.” As such, Tetra Tech 

Rizzo focused on a stormwater man-

agement design that revolved around 

stormwater quantity attenuation, stor-

age, conveyance, and treatment. 

ECONOMIC COMPARISONS 

Tetra Tech Rizzo prepared two site work 

and stormwater management design 

options for the Greenland Meadows 

development:

1. Conventional
This option included standard asphalt 

and concrete pavement along with 

a traditional sub-surface stormwater 

detention system consisting of a gravel 

sub-base and stone backfill, stormwater 

wetland, and supporting infrastructure. 

2. LID
This option included the use of porous 

asphalt and standard paving in 

addition to a sub-surface crushed stone 

reservoir, sand filter beneath the porous 

asphalt, a subsurface gravel wetland, 

and supporting infrastructure.

The western portion of the property 

would receive a majority of the site’s 

stormwater prior to discharge into 

Pickering Brook. Table 3-2 compares the 

total construction cost estimates for the 

conventional and the LID option. 

As shown, paving costs were esti-

mated to be consider-

ably more expensive (by 

$884,000) for the LID 

option because of the 

inclusion of the porous 

asphalt, sand filter, and 

porous asphalt crushed 

stone reservoir layer. 

However, the LID option 

was also estimated to 

save $71,000 in earth-

work costs as well as 

$1,743,000 in total 

stormwater manage-

ment costs, primarily 

due to piping for stor-

age. Overall, comparing 

the total site work and 

stormwater manage-

ment cost estimates for each option, 

the LID alternative was estimated to 

save the developers a total of $930,000 

compared to a conventional design, or 

about 26 percent of the overall total 

cost for stormwater management.

Item
Conventional 

Option
LID  

Option
Cost  

Difference TABLE 3-2

Comparison of  

Unit Costs for  

Materials for  

Greenland Meadows 

Commercial  

Development

Mobilization / Demolition $555,500 $555,500 $0

Site Preparation $167,000 $167,000 $0

Sediment / Erosion Control $378,000 $378,000 $0

Earthwork $2,174,500 $2,103,500 –$71,000

Paving $1,843,500 $2,727,500 $884,000

Stormwater Management $2,751,800 $1,008,800 –$1,743,000

Addtl Work-Related Activity  
(Utilities, Lighting, Water & Sanitary Sewer 
Service, Fencing, Landscaping, Etc .)

$2,720,000 $2,720,000 $0

Project Total $10,590,300 $9,660,300 –$930,000

 * Costs are engineering estimates and do not represent actual contractor bids . 

Overall, comparing the total 

site work and stormwater 

management cost estimates 

for each option, the LID 

alternative was estimated to 

save the developers a total 

of $930,000 compared 

to a conventional design, 

or about 26 percent of 

the overall total cost for 

stormwater management .
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Tables 3-3 and 3-4 further break 

down the differences in stormwater 

management costs between the conven-

tional and LID designs by comparing 

the total amount of piping required 

under each option. 

Although distribution costs for the 

LID option were higher by $159,440, 

the LID option also 

completely removed 

the need to use large 

diameter piping for 

subsurface stormwater 

detention. The elimi-

nation of this piping 

amounted to a savings 

of $1,356,800. “The 

piping was replaced by 

the subsurface gravel 

reservoir beneath the 

porous asphalt in the 

LID alternative,” Potvin 

said. “Utilizing void 

spaces in the porous 

asphalt sub-surface 

crushed stone reservoir 

to detain stormwater 

allowed us to design a system using sig-

nificantly less large diameter pipe. This 

represented the most significant area of 

savings between each option.” 

CONSERVATIVE LID DESIGN 

Although the developers were familiar 

with the benefits of porous asphalt, 

Potvin said they were still concerned 

about the possibility of the systems clog-

ging or failing. “The developers didn’t 

have similar projects they could refer-

ence,” he said. “For this reason, they 

were tentative on relying on porous 

asphalt alone.”

In order to resolve this uncertainty, 

the Tetra Tech Rizzo team equipped the 

porous pavement systems with relief 

valve designs: additional stormwater 

infrastructure including leaching catch 

basins. “This was a conservative ‘belt 

and suspenders’ approach to the porous 

asphalt design,” Potvin said. “Although 

the porous pavement system is not 

anticipated to fail, this design and 

strategy provided the developers with a 

safety factor and insurance in the event 

of limited surface infiltration.” 

To further alleviate concerns, a 

combination paving approach was 

utilized. Porous asphalt was limited to 

passenger vehicle areas and installed 

at the far end of the front main park-

ing area as well as in the side parking 

area, while standard pavement was 

TABLE 3-3

Conventional  

Option Piping

TYPE QUANTITY COST

Distribution 6 to 30-inch piping 9,680 linear feet $298,340

Detention 36 and 48-inch piping 20,800 linear feet $1,356,800

TABLE 3-4

LID Option Piping

TYPE QUANTITY COST

Distribution 4 to 36-inch piping 19,970 linear feet $457,780

Detention* — 0 $0

*Costs associated with detention in the LID option were accounted for under “earthwork” in Table 3-2 . 

The LID option completely 

removed the need to use 

large diameter piping for 

subsurface stormwater 

detention, which amounted 

to a savings of $1,356,800 . 

“The piping was replaced 

by the subsurface gravel 

reservoir beneath the 

porous asphalt in the LID 

alternative,” Potvin said . 
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put in near the front and more visible 

sections of the retail center and for the 

loop roads, delivery areas expected 

to receive truck traffic. “This way, 

in case there was clogging or a fail-

ure, it would be away from the front 

entrances and would not impair access 

or traffic into the stores,” Potvin said. 

LID SYSTEM FUNCTIONALITY 

The two porous asphalt drainage 

systems – one in the main parking lot 

and one in the side parking area – serve 

to attenuate peak flows, while the 

aggregate reservoirs, installed directly 

below the two porous asphalt place-

ments, serve as storage. The aggregate 

reservoirs are underlain by sand filters 

which provide an additional means of 

stormwater treatment. Runoff from the 

sand filters flows through perforated 

underdrain pipes that converge to a 

large header pipe. Peak flow attenua-

tion is attained by controlling the rate 

at which runoff exits the header pipe 

with an outlet control structure.

After being collected in catch 

basins, a majority of the stormwater 

runoff from rooftops and nonporous 

pavement areas flow to particle sepa-

rator units, which treat stormwater 

prior to discharging into the crushed 

stone reservoir layers below the porous 

asphalt. 

Outlet from the smaller aggregate 

reservoir, located underneath the side 

parking area, flows to an existing 

wetland on the east side of the site, 

while outlet from the larger aggregate 

reservoir flows to the gravel wetland 

on the west side of the site. The gravel 

wetland is designed as a series of flow-

through treatment cells providing an 

anaerobic system of crushed stone with 

wetland soils and plants. This innova-

tive LID design works to remove pollut-

ants as well as mitigate 

the thermal impacts of 

stormwater. 

CONCLUSIONS 

Although the use of 

porous asphalt in 

large-scale commercial 

and residential develop-

ment is still a relatively 

new application, this 

case study showed how 

porous asphalt systems, 

if designed correctly and 

despite significant site 

constraints, can bring 

significant water quality 

and economic ben-

efits. With Greenland 

Meadows, an advanced 

LID-based stormwater 

design was implemented given the 

proximity of the development to the 

impaired Pickering Brook waterway. 

But in addition to helping alleviate 

water quality concerns, the LID option 

featuring porous asphalt systems 

eliminated the need to install large 

diameter drainage infrastructure. This 

was estimated to result in significant 

cost savings in the site and stormwater 

management design. 

Although the use of porous 

asphalt in large-scale 

commercial and residential 

development is still a 

relatively new application, 

this case study showed how 

porous asphalt systems, 

if designed correctly and 

despite significant site 

constraints, can bring 

significant water quality and 

economic benefits . 
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LID RETROFIT: UNH PARKING LOT BIORETENTION

A bioretention retrofit was performed at the University of New Hampshire (UNH) for a site 

consisting of a landscaped area with existing stormwater infrastructure . Existing infrastruc-

ture consisted of curbing, catch-basins, and a drainage network that directed stormwater 

runoff offsite . The system was designed by UNH Stormwater Center in conjunction with 

the Maine Department of Environmental Protection (MEDEP) . The system is a conversion 

of an existing landscape island into a bioretention and used as a source control measure to 

manage water quantity and improve water quality for parking lot run-off . 

for retrofitting existing infrastructure. In 

these instances retrofit expenses are lim-

ited to design and materials costs only, 

while installation expenses for labor, 

equipment, and some infrastructure can 

be avoided provided the labor is idle 

and/or municipal operations are already 

engaged in infrastructure updates or 

replacements. Public Works Department 

personnel training for construction of 

many LID structural controls such as 

bioretention can be simple. Training 

often consists of simply having quali-

fied installation oversight to instruct 

OVERVIEW

Retrofitting of stormwater infrastructure 

is commonly considered to be very costly 

compared to new construction. However, 

in certain instances using existing 

resources, simple retrofits can be per-

formed at minimal expense. Typically 

Gray Infrastructure represents the largest 

expense for construction of stormwater 

controls, and in combination with labor 

and equipment, may represent the bulk 

of project costs. Institutions such as 

municipalities that have a Public Works 

can provide both labor and equipment 

FIGURE 3-4

Bioretention retrofit 

installation at the 

University of New 

Hampshire, 2008 

(UNHSC, 2008)
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and train personnel at system construc-

tion. The following example details the 

process and expenses associated with 

the installation of a bioretention system 

for an existing parking area on the 

University of New Hampshire campus.

PROJECT LOCATION

The bioretention system is installed 

in an existing commuter parking lot 

located on-campus in Durham, New 

Hampshire with routine commuter and 

bus traffic. The parking lot is a standard 

design consisting of parking stalls and 

landscaped islands that are raised, 

curbed, and vegetated. These islands 

are approximately 500 feet long, 9 feet 

wide, and are designed to shed rain-

water onto the adjacent impervious 

surface while the curbing directs run-off 

to storm drains. Existing stormwater 

management consists of a conventional 

catch basin and pipe network draining 

to a swale. Two catch basins are located 

near the center of the island, one on 

each side, draining approximately one 

acre each with a 12 inch concrete pipe 

running under the island. 

PROJECT DESCRIPTION

The bioretention was designed to treat 

runoff from a one-inch rainfall on 

0.8 acres of pavement over a 24 hour 

period, and includes a filter area that is 

30 feet long and 9 feet wide. The cross-

sectional layout of the system from the 

bottom up consists of native soil; 10 

inches of crushed stone; three inches 

of ¾-inch pea gravel; 24 inches of an 

engineered bioretention soil mix (BSM); 

and a 2-inch layer of hardwood mulch. 

The top layer was planted with several 

varieties of native perennial wild flowers. 

The BSM mix was based upon a design 

develop to meet the State of Maine 

regulatory requirements 

for bioretention areas. 

The system was under-

drained and includes an 

infiltration reservoir, and 

high-flow bypass. All 

drainage was connected 

to the existing drainage 

infrastructure by coring 

into the adjacent catch-

basin underneath the 

retrofit. The sides of the 

system were fitted with 

an impermeable liner 

to prevent runoff from 

migrating under the 

existing pavement as well as to prevent 

migration of adjacent soils into the 

system. Bioretention construction took 

three working days and included a con-

struction team consisting of two skilled 

contractors in addition to an engineering 

staff which provided oversight. 

PROJECT COST

Total project cost per acre was $14,000. 

With labor and install provided, costs 

are limited to materials and plantings 

at $5,500 (see Table 3-5). Costs could be 

further reduced with onsite preparation 

of the BSM saving additional materials 

and trucking expenses.

In addition to this example, numer-

ous municipal projects have been 

implemented utilizing bioretention, dry 

well, tree filter, and porous pavement 

retrofit installations. In these instances 

Institutions such as 

municipalities that have a 

Public Works can provide 

both labor and equipment 

for retrofitting existing 

infrastructure . In these 

instances retrofit expenses 

are limited to design and 

materials costs only .
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FIGURE 3-5

Completed 

Bioretention Retrofit 

Installation 2008

(UNHSC, 2008)

minimal expenses were incurred by the 

municipal partner beyond contribution 

of labor and equipment. Expenses were 

typically limited to materials, design, 

and installation oversight (which 

doubled as training of municipal 

personnel and is not expected to be a 

TABLE 3-5

Project Cost  

per Acre 

ITEM COST PER ACRE

Labor and Installation $8,500 

Materials  $4,675 

Plantings  $825 

Total $14,000

recurring expense for future installs). 

In all instances, community partners 

(such as university cooperative exten-

sions and watershed groups) contrib-

uted both expertise in plant selection 

and installation, and often donated 

materials as well.
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 F O R G I N G  T H E  L I N K  3-17

T H E  E C O N O M I C S  O F  L O W  I M PA C T  D E V E L O P M E N T:  C A S E  S T U D I E S

Combined sewer overflows (CSOs) 

represent major water quality threats to 

hundreds of cities and communities in 

the U.S. that are served by a combined 

sewer system (CSS). CSO events cause 

the release of untreated stormwater 

and wastewater into receiving rivers, 

lakes, and estuaries, causing a host of 

environmental and economic-related 

problems. Costs associated with CSO 

management are expensive. The U.S. 

Environmental Protection Agency (EPA) 

estimates the costs of controlling CSOs 

throughout the U.S. are approximately 

$56 billion (MacMullan, 2007). 

The traditional approach to CSO 

management involves the develop-

ment of a separate drainage system to 

convey stormwater flows or the use of 

gray infrastructure and conventional 

stormwater controls for enhancing the 

storage and conveyance capacity of 

combined systems. These approaches 

can include the construction of large 

underground storage tunnels that store 

sewage overflows during rain events 

for later treatment, as well as neces-

sary improvements and upgrades to 

municipal treatment facilities in order 

to handle increasing volumes. Both 

approaches, while effective for CSO 

controls, are very expensive. 

Integrating Green Infrastructure 

strategies and LID designs into a CSO 

mitigation plan can help communities 

achieve CSO management require-

ments at lower costs. In addition to 

many benefits including groundwater 

recharge, water quality improvements, 

and reduced treatment costs, the use 

of LID can help minimize the num-

ber of CSO events and the volume of 

contaminated flows by 

managing more storm-

water on site and keep-

ing volumes of runoff 

out of combined sewers 

(MacMullan, 2007).

Utilizing a combina-

tion approach of gray 

and Green Infrastructure 

strategies can be a 

considerably more 

cost-effective method for 

CSO management as 

compared to a traditional gray infra-

structure approach alone. Indeed, LID 

methods can cost less to install, can 

have lower operations and maintenance 

(O&M) costs, and can provide more cost-

effective stormwater management and 

water quality services than conventional 

stormwater controls (MacMullan, 2007). 

Some LID alternatives are also being 

initiated by the private sector. While 

municipalities may provide oversight 

and consultation, as is the case with 

the City of Portland, OR, these projects 

are not controlled by municipalities in 

regards to implementation, operation, 

and maintenance. The purpose of this 

study is to show the cost-benefits of 

integrating Green Infrastructure strate-

gies with traditional gray infrastructure. 

Integrating Green 

Infrastructure strategies 

and LID designs into a CSO 

mitigation plan can help 

communities achieve CSO 

management requirements 

at lower costs .

CASE STUDIES

LID PRACTICES FOR CSO MANAGEMENT
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Although communities rarely attempt 

to quantify and monetize the avoided 

treatment costs from the use of LID 

designs, the benefits of these practices for 

decreasing the need for CSO storage and 

conveyance systems should be factored 

into any economic analyses (EPA, 2007).

The following case studies are pre-

sented to develop an economic context 

for the use of Green Infrastructure 

and LID designs as a strategy for CSO 

compliance. The case studies will also 

identify and contrast historical gray 

infrastructure approaches to CSO 

management using store, pump, and 

treat with approaches using Green 

Infrastructure/LID designs that focus on 

reduced stormwater runoff volumes.

NARRAGANSETT BAY COMMISSION

A Baseline Gray Infrastructure Approach to CSO Management

The Narragansett Bay Commission 

(NBC) in Providence, Rhode Island, 

oversees the operation and maintenance 

of approximately 89 miles of combined 

sewer interceptors, including two waste-

water treatment facilities. These systems 

serve a total of 10 different communi-

ties, including 360,000 residents, 8,000 

businesses, and 160 major industrial 

users. According to the NBC, approxi-

mately 66 CSO events occur each year 

in the NBC service area, accounting 

for an estimated 2.2 billion gallons of 

untreated combined sewage released 

into Narragansett Bay and its tributaries. 

In order to mitigate these CSOs and 

protect the Narragansett Bay and the 

region’s urban rivers from sewage over-

flows, the NBC initiated a three-phase 

CSO Abatement Plan. Phase I of the 

project, which began in 2001, was com-

pleted and went on-line in November 

2008. The chief component of Phase 

I includes a three-mile long, 30-foot 

FIGURE 3-6

Narragansett Bay
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diameter deep rock tunnel 250 feet below 

the surface. The Phase I tunnel system 

has a 62 million gallon capacity and is 

anticipated to effectively reduce overflow 

volumes by approximately 40 percent. 

ECONOMIC CONTEXT 

The total capital costs for Phase I of the 

NBC’s CSO Abatement plan were $365 

million. The associated operational and 

maintenance costs of Phase I, the bulk 

of which are attributed to electrical costs 

for pumping, are $1 million per every 

one billion gallons of stormwater and 

sewage flow, or $1 for every 1000 gal-

lons (Brueckner, 2009). Phase II of the 

CSO abatement plan, which will begin 

in 2011, includes two near-surface inter-

ceptors that will convey additional flow 

to the Phase I tunnel. The estimated 

capital costs for the Phase II project are 

$250 million. 

The NBC’s regulations regarding 

stormwater management require 

developers to execute stormwater 

mitigation plans if required by the 

NBC. These plans encourage the use 

of LID strategies, BMPs, and other 

methods to eliminate or reduce storm 

flows. Between 2003 

and 2008, a total of 67 

stormwater mitigation 

plans were approved 

and implemented which 

accounted for 8.9 mil-

lion gallons of storm-

water diverted from the 

combined system (Zuba, 

2009). Calculating in 

2009 dollars, the 67 

LID projects can save 

approximately $9,000/

yr in operating costs for 

CSO abatement. Over 

time, as electricity costs 

increase, the avoided 

cost of the 67 projects 

also increases. With 

increased implementa-

tion of LID projects, 

we can expect those cost savings to be 

realized in the same manner.

Between 2003 and 2008, 

a total of 67 stormwater 

mitigation plans were 

approved and implemented 

which accounted for 

8 .9 million gallons of 

stormwater diverted from 

the combined system . 

Calculating in 2009 dollars, 

the 67 LID projects can save 

approximately $9,000/year 

in operating costs for  

CSO abatement . 

FIGURE 3-7

Phase I  

Tunnel System
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BACKGROUND 

The City of Portland, Oregon is consid-

ered a national leader in the implemen-

tation of innovative stormwater man-

agement strategies and designs. Included 

among the city’s Sustainable Stormwater 

Management Programs is the Innovative 

Wet Weather Program, the Green 

Street Program, the Portland Eco-Roof 

Program, and individual case studies 

and projects that include commercial 

and multifamily stormwater retrofits and 

porous pavement placements. 

With Portland receiving an average 

of 37 inches of precipitation annually, 

creating roughly 10 billion gallons of 

stormwater runoff per year, these pro-

grams are very important for helping 

reduce flooding and erosion as well as 

minimizing CSO events. 

Innovative Wet Weather Program
This city-wide program encourages 

the implementation of stormwater 

projects that improve water quality and 

watershed health, reduce CSO events 

and stormwater pollution, and control 

stormwater runoff peaks and volumes. 

The program goals include: 

•	 Capturing	and	detaining	stormwater	

runoff as close to the source as possible;

•	 Reducing	the	volume	of	stormwater	

entering the combined sewer system;

•	 Filtering	stormwater	to	remove	

pollutants before the runoff enters 

groundwater, streams, or wetlands;

•	 Using	and	promoting	methods	that	

provide multiple environmental 

benefits; and

•	 Using	techniques	that	are	less	costly	

than traditional piped solutions.

PORTLAND, OREGON

Economic Benefits of Utilizing Green Infrastructure Programs  
for CSO Management 

FIGURE 3-8

Portland, Oregon  

street scene;  

inset: CSO Tunnel 

system
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Green Streets Program
Portland’s Green Street Program 

promotes the use of natural above-

ground and vegetated stormwater 

controls in public and private 

development in order to reduce the 

amount of untreated stormwater 

entering Portland’s rivers, streams, and 

sewers. The program is geared towards 

diverting stormwater from the city’s 

overworked combined system and 

decreasing the amount of impervious 

surface so that stormwater can infiltrate 

and recharge groundwater systems. 

The program takes a sustainable and 

blended approach to finding the most 

optimal solution for storm and sani-

tary sewer management. This includes 

overlaying and integrating green and 

sustainable stormwater strategies with 

traditional gray infrastructure to main-

tain or improve the city’s sewer capacity 

(Dobson, 2008).

 Green streets have been demon-

strated to be effective tools for inflow 

control of stormwater to Portland’s 

CSO system. Two such green street 

designs, the Glencoe Rain Garden and 

the Siskiyou Curb Extension facilities, 

were shown to reduce peak flows that 

cause basement sewer backups and aid 

compliance with CSO regulations by 

reducing runoff volumes sent to the CSO 

Tunnel system (Portland, 2007).The City 

of Portland also conducted simulated 

storm event modeling for basement 

sewer back-ups and determined that two 

green street project designs would reduce 

peak flows from their drainage areas 

to the combined sewer by at least 80 to 

85 percent. The City of Portland also 

ran a simulation of a CSO design storm 

and found that the same two green 

street project designs retained at least 60 

percent of the storm volume, which is 

believed to be a conservative estimate.

ECONOMIC BENEFIT 

The following sections of this case study 

communicate the economic context 

for both the application of LID strate-

gies in Portland, as well as the city’s 

programs that promote the use of Green 

Infrastructure designs for stormwater 

management. 

Green Streets Program
For the City of Portland, utilizing 

green streets is the preferred strategy 

for helping relieve 

sewer overflow condi-

tions because it is the 

most cost-effective and 

eliminates the need 

for expensive below-

ground repairs, which 

often involve replacing 

infrastructure (Dobson, 

2008). As an example, a 

basement flooding relief 

project that was under 

design was projected to 

cost 60 percent less than 

what would have been 

the cost of a traditional pipe upsize and 

replacement project. This is because the 

solution, a mix of green streets and pri-

vate system disconnects, intercepts and 

infiltrates the water before it enters the 

public storm system thereby reducing the 

need to dig up and upsize the existing 

piped infrastructure (Portland, 2007).

For the City of Portland, 

utilizing green streets is 

the preferred strategy 

for helping relieve sewer 

overflow conditions 

because it is the most cost-

effective and eliminates 

the need for expensive 

below-ground repairs .
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COST COMPARISONS 

BETWEEN GRAY AND GREEN 

INFRASTRUCTURE STRATEGIES 

Tabor to the River:  
The Brooklyn Creek Basin Program

In June of 2000, prior to implemen-

tation of the Green Street Program, 

the City of Portland was faced with 

the need to upgrade an undersized 

sewer pipe system in the Brooklyn 

Creek Basin, which extends from the 

Willamette River to Mt. Tabor between 

SE Hawthorne and SE Powell boule-

vards, and covers approximately 2.3 

square miles. Upgrades were needed 

in order to improve the sewer system 

reliability, contain street flooding, stop 

sewer backups from occurring in base-

ments, and help control CSOs to the 

Willamette River. 

At that time, the city considered con-

structing a new separated stormwater 

collection system to support the exist-

ing undersize pipes in this basin. The 

original cost estimate for constructing 

this new system using traditional gray 

infrastructure was $144 million (2009 

dollars). However, following this pro-

posal, a second plan was developed that 

included a basin redesign using a com-

bined gray and Green Infrastructure 

approach. Including a total of $11 

million allocated for green solutions, 

the cost estimate for this integrated 

approach was $81 million, a savings of 

$63 million for the city (Portland, 2009).

The combined gray and green 

approach was chosen as the 2006 

Recommended Plan for the Brooklyn 

Creek Basin, and includes project objec-

tives of reducing CSO events, improving 

surface and groundwater hydrology, 

protecting and improving sewer infra-

structure, optimizing cost-effectiveness, 

boosting water quality, and enhancing 

community livability. 

The approved basin improvement 

plan consists of 35 public and private 

sector projects over the next 10-20 

FIGURE 3-9

Tabor raingarden 

planting

RB-AR10846



 F O R G I N G  T H E  L I N K  3-23

T H E  E C O N O M I C S  O F  L O W  I M PA C T  D E V E L O P M E N T:  C A S E  S T U D I E S

years. Gray infrastructure upgrades 

include repairing or replacing 81,000 

feet of combined sewer pipes, while the 

Green Infrastructure strategies include 

building green roofs, retrofitting park-

ing lots with sustainable stormwater 

controls, planting nearly 4,000 street 

trees, and adding more than 500 green 

streets with vegetated curb extensions 

and stormwater planters. 

GREEN INFRASTRUCTURE FOR CSO 
COMPLIANCE: COST COMPARISONS

Portland’s combined sewer system 

covers 26,000 acres and contains 

4,548,000 linear feet (861 miles) of 

gravity drained, combined sewer 

pipe. The city’s combined system also 

includes 42 separate basins connected 

via three major interceptor systems and 

served by three major pump stations. 

The City of Portland, under federal 

and state requirements as well as 

stipulations from the Clean Water Act 

to comply with regulations regarding 

CSO management, initiated the con-

struction of a new pump station and 

two CSO tunnels (West Side and East 

Side CSO Tunnels) which would serve as 

the primary means to protect the city’s 

receiving waters from future CSO events. 

However, in addition to these initiatives, 

more projects and programs were needed 

for providing additional CSO mitigation. 

PROJECT TOTAL CAPITAL 
COSTS

ANNUAL O&M 
COSTS

TABLE 3-6

CSO Infrastructure  

Costs for City of 

Portland, Oregon

East Side CSO Tunnel $624,892,000 $22,700

Swan Island CSO Pump Station – Phase 2 $7,500,000 $3,100,000

Portsmouth Force Main $55,306,000 $12,000

Balch Consolidated Conduit $22,052,000 $3,900

In December of 2005, the City of Portland’s Bureau of Environmental Services prepared a report (Portland, 

2005) charged with sizing of the East Side CSO Tunnel and providing recommendations for long-term opera-

tions and flow management of the Willamette CSO system . The city’s final recommendations included the 

following for the Willamette CSO tunnels and supporting infrastructure: 

East Side CSO Tunnel This storage facility will be constructed with a 22-foot diameter and will have a capacity 

of 83 MG . Total length is 29,145 linear feet; annual O&M costs are $0 .78 per linear foot . Design life is 50 years .

Swan Island CSO Pump Station This facility pumps approximately 500 MG per year with an annual O&M 

cost of $0 .0002 per gallon for pump station operations and $0 .006 per gallon for Columbia Boulevard 

Wastewater Treatment Plant treatment . Design life is 50 years . 

Portsmouth Force Main This infrastructure is 66 inches in diameter and 15,000 feet in length . Annual O&M 

costs are $0 .80 per linear foot . Design life is 50 years . 

Balch Consolidated Conduit This infrastructure is 84 inches in diameter and 4,900 linear feet . Annual O&M 

costs are $0 .80 per linear foot . Design life is 50 years . 
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The City’s goal was to determine which 

project/program alternatives would be 

the most cost-effective for long-term 

CSO management. The basic metric 

common to the projects identified for 

CSO control was the amount of storm-

water volume that could be removed 

from the CSO tunnel system. The city’s 

final evaluation was based on the 

relationship between project capital 

costs and stormwater volume that 

could be removed from the system. This 

analysis took into account cumulative 

capital costs, marginal costs for gal-

lons removed, and cumulative volume 

removed from the system. 

Table 3-6 shows all stormwater 

separation and watershed health proj-

ects/programs considered by the City 

of Portland. The projects/programs are 

sorted by dollars per gallons of storm-

water that can be removed (marginal 

cost). Project staff agreed that cost-effec-

tiveness was determined by an inflection 

point, or knee-of-the-curve point, on a 

graph that compared costs to stormwa-

ter volume that could be diverted from 

the CSO system. This inflection point 

was determined to be approximately  

$4 per gallon removed the system. 

Projects/programs costing at or below 

$4 per gallon were the ones recom-

mended for further design and eventual 

implementation for long-term CSO 

control. These projects/programs are the 

first seven listed in Table 3-7.

The projects/programs chosen on 

the basis of cost-effectiveness included 

the Eastside curb extension projects 

(vegetated swales), the Eastside roof and 

Along with determining the final 

recommendations for the East Side CSO 

Tunnel and supporting infrastructure, 

the city considered a range of pos-

sible alternatives for additional CSO 

mitigation. This included 12 different 

stormwater separation projects as well 

as a number of watershed health initia-

tives, some of which involved Green 

Infrastructure strategies including:

Eastside Curb Extensions 

Involved the use of vegetated swales at a  

cost of $50,000 per acre and O&M costs of 

$2,000/year/acre . 

Eastside Roof & Parking Inflow Control  

Parking retrofits use vegetated infiltration basins 

at a cost of $90,000 per acre and O&M costs of 

$1,100/year/acre . Rooftop stormwater controls 

use either stormwater planters ($40,000 per acre; 

O&M costs of $600/year/acre), or vegetated 

infiltration basins . 

Green Roof Legacy Project 

Retrofit 20 acres of rooftop in an industrial district 

with eco-roofs . Project costs include $285,000/

acre/year for design/construction and $935/acre/

year for O&M activities . 

Extended Downspout  

Disconnection Program (DDP) 

Continues the city’s successful existing DDP  

at the cost of $22,300 per acre and O&M  

costs of $7/year/downspout . Depending on  

site conditions, this can include the use of LID 

strategies including rain gardens and soakage 

trenches built by private citizens with City of 

Portland consultation . 
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TABLE 3-7  CSO Control Alternatives Costing for Portland, Oregon .

Project/Program

Effective 
Imp. Acres 
Controlled

Est. 3-year 
Volume 

Removed 
(MG)

Capital  
Cost

Marginal 
Cost ($/
Gallon)

Cumulative 
Volume 

Removed 
(MG)

Cumulative  
Capital Cost

Extended Downspout 
Disconnection Program (can 
include LID)

284 7 .45 $6,633,000 $0 .89 7 .45 $6,633,000

School Disconnection* 68 1 .77 $1,954,000 $1 .10 9 .22 $8,587,000

Church Disconnection* 32 0 .96 $2,031,000 $2 .12 10 .18 $10,618,000

Beech-Essex Sewer 
Separation

37 1 .40 $3,889,000 $2 .78 11 .58 $14,507,000

ES Curb Extensions (LID) 349 4 .29 $12,323,000 $2 .87 15 .87 $26,830,000

Tanner Phase 3 Sewer 
Separation

85 3 .10 $10,767,616 $3 .47 18 .97 $37,598,000

ES Roof & Parking IC (LID) 475 17 .64 $72,047,000 $4 .08 36 .61 $109,645,000

NWN Pre-design – Tanner 
North Sewer Separation 

14 0 .22 $1,127,000 $5 .12 36 .83 $110,772,000

Carolina Stream & Storm 
Separation

93 1 .02 $5,319,000 $5 .21 37 .85 $116,091,000

NWN Pre-design – Tanner 
South Sewer Separation

13 0 .26 $1,602,000 $6 .16 38 .11 $117,693,000

NWN Pre-design – Tanner 
Central Sewer Separation

2 0 .04 $269,000 $7 .60 38 .14 $117,962,000

NWN Pre-design – Nicolai/
Outfall Sewer Separation

34 0 .54 $6,321,000 $11 .76 38 .68 $124,283,000

NWN Pre-design – Nicolai/
Outfall 13 Sewer Separation

52 0 .68 $8,217,000 $12 .04 39 .36 $132,500,000

Green Roof Legacy Project 
(LID)

20 1 .04 $14,179,000 $13 .65 40 .40 $146,679,000

NWN Pre-design – Nicolai/
Outfall 15 Sewer Separation

24 0 .36 $6,546,000 $17 .98 40 .77 $153,225,000

Holladay Sewer Separation 125 0 .69 $14,360,000 $20 .94 41 .45 $167,585,000

NWN Pre-design – Balch 
Neighborhood Sewer 
Separation 

8 0 .14 $7,664,000 $55 .06 41 .59 $175,249,000

NWN Pre-design – Balch/
Forest Park Storm Separation

5 0 .13 $12,026,000 $93 .82 41 .72 $187,275,000

* Church and School Disconnection programs assumed downspout disconnection and drywells would remove this stormwater volume .  
The former is an LID method .
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parking inflow control projects (veg-

etated infiltration basins & stormwater 

planters), three disconnection programs 

(which can include LID strategies) and 

two stormwater separation projects. 

LID AVOIDANCE COSTS

The City of Portland recognizes two 

avoidance costs for incorporating LID 

strategies with combined sewer systems. 

One of these avoidance costs is 

annual O&M costs to pump and 

convey stormwater through the exist-

ing combined sewer system. The city 

measures this by applying a rate of 

$0.0001 per gallon treated and $0.0001 

per gallon pumped. This equates to 

an annual O&M avoidance cost of 

$0.0002 per gallon.   

Secondly, the City of Portland recog-

nizes an avoidance cost that benefits 

the CSO system. This is based on the 

relationship between project capital 

costs and stormwater volume removed 

from the CSO system, which was 

described above. The cost-effectiveness 

point for projects/programs that remove 

stormwater volume from the CSO 

system ($4 per gallon) is also considered 

as the avoidance cost of constructing 

a larger CSO tunnel. In life-cycle cost 

analyses, this “savings” can reduce the 

capital costs of other LID facilities that 

the city builds for objectives other than 

CSO control (e.g. water quality improve-

ments, basement flooding relief), but 

still removes stormwater from entering 

the CSO tunnels (Owen, 2009).

KANSAS CITY, MISSOURI 

ECONOMIC BENEFITS OF INTEGRATING GREEN SOLUTIONS WITH GRAY 
INFRASTRUCTURE FOR CSO COMPLIANCE 

FIGURE 3-10

Raingarden,  

Kansas City,  

Missouri
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BACKGROUND 

The City of Kansas City, Missouri has 

committed to implementing a green 

design initiative that will be considered 

a community amenity and will work 

to reduce the amount of water entering 

the city’s combined system. 

Under a USEPA mandate, the City 

of Kansas City, Missouri is required to 

update its network of aging sewer infra-

structure in order to address overflows 

from its combined and separate sewer 

systems. Kansas City’s 318-square mile 

sewer system includes 58 square miles 

of a combined system and 260 miles of 

a separated system. The overall system 

serves 668,000 people and includes 7 

wastewater treatment plants with a 

total capacity of 153 million gallons per 

day (MGD). 

Overflows in the combined system 

amount to 6.4 billion gallons in a typi-

cal year, and on average, 12 rain events 

per year are responsible for 67 percent 

of this total overflow. This contributes to 

the poor water quality of Kansas City’s 

streams, urban lakes and rivers.

The original planned improvements 

associated with upgrading the city’s 

combined system include 310 MGD of 

additional treatment capacity, 25 mil-

lion gallons (MG) of in-line storage, 10 

separation areas, neighborhood sewer 

rehabilitations, as well as pump sta-

tion and treatment plant modifications. 

Three storage tunnels from 16 to 26 feet 

in diameter are also proposed which 

would run between 1.4 and 3.4 miles in 

length and would be capable of stor-

ing 78 MG of overflow. The goals of the 

improvements in the combined sewer 

system are to capture 88 percent of flows, 

reduce the frequency of overflow events 

by 65 percent, and lower 

the 6.4 billion gallons of 

overflow per year down 

to 1.4 billion gallons 

(KCWSD(a), 2009).

The original esti-

mated capital costs asso-

ciated with overhauling 

Kansas City’s total sewer 

system is $2.4 billion 

dollars, of which $1.4 

billion would go towards 

the combined system. 

The yearly operations 

and maintenance costs 

(O&M) of this total upgrade are esti-

mated at $33 million per year.

GREEN SOLUTIONS

In developing a plan for the combined 

sewer system upgrade, Kansas City 

began exploring the possibility of incor-

porating Green Infrastructure strategies 

in combination with gray infrastructure 

improvements. The city formed a green 

solutions subcommittee and later devel-

oped a green solutions position paper, 

which eventually resulted in a city 

council resolution directing city staff 

to develop a plan to implement Green 

Infrastructure strategies. 

GREEN OVERFLOW CONTROL PLAN

In May of 2008 the Kansas City Water 

Services Department proposed $30 mil-

lion in green solutions during the first 

five years of the proposed $1.4 billion 

overflow control plan. This plan included 

Under a USEPA mandate, 

the City of Kansas City, 

Missouri is required to 

update its network of aging 

sewer infrastructure in order 

to address overflows from 

its combined and separate 

sewer systems . 
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language to allow green solutions to 

replace gray infrastructure. Upon review, 

however, the city council determined 

that additional Green Infrastructure 

strategies were needed in the overflow 

control plan and directed the water ser-

vices department to request a 6-month 

extension for submittal 

of the plan. The exten-

sion was granted by the 

Missouri Department of 

Natural Resources and 

EPA Region 7. 

The city moved ahead 

in developing a more 

green-orientated over-

flow control plan and 

conducted reviews of 

basins located within 

the combined system in 

order to identify areas 

where green solutions could replace 

gray infrastructure in whole or in-

part. High altitude desktop analyses 

were performed in order to assess the 

potential for shifting from gray storage 

to green solutions for storage in three 

major basins. The types of green solu-

tions considered included catch basin 

retrofits, curb extension swales, pervious 

pavement, street trees, green roofs and 

stormwater planters. 

Two principal assumptions were 

included with these considerations. 

Firstly, storage volume in green solutions 

would replace an equal volume in con-

ventional storage facilities; and secondly, 

each 1-MG of green storage would result 

in 0.5 MGD reduction in capacity of 

downstream pumping stations and treat-

ment facilities due to infiltration and 

evaporation (KCWSD, 2009). Following 

revisions, the city’s submitted a new plan 

that proposed a total of $80 million in 

green solutions programs. 

ECONOMIC BENEFIT 

Based on city analyses, it was deter-

mined that replacing gray infrastruc-

ture with green solutions would be 

cost-effective in portions of the Middle 

Blue River Basin (MBRB), a 744-acre 

region with 34 percent impervious 

surface. Based on calculations, the city 

estimated that it should be possible to 

completely replace two CSO storage 

tanks with distributed green solutions 

without increasing costs or reducing 

CSO control performance (Leeds, 2009).

The original MBRB Plan was based 

on a traditional gray infrastructure 

design with controls capable of prov-

ing 3 MG of storage. The capital costs 

associated with these upgrades were 

estimated at $54 million, an average of 

$18 per gallon, and would be capable 

of reducing overflows in the MBRB to 

less than 6 per year, on average. 

The revised MBRB Plan is a non-

traditional design that includes gray 

infrastructure projects as well as Green 

Infrastructure strategies and will provide 

distributed storage of at least 3.5 MG. The 

revised plan would also eliminate the 

need for storage tanks while still achiev-

ing the goal of reducing the amount 

of overflows to less than 6 per year. 

The projected costs associated with this 

revised plan are $35 million, potentially 

$19 million less than the original gray 

infrastructure plan. However, because of 

uncertainties, the green solutions project 

The city estimated that 

it should be possible to 

completely replace two 

CSO storage tanks with 

distributed green solutions 

without increasing costs 

or reducing CSO control 

performance .
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budget has been set at $46 million. Note: 

Construction uncertainties are a routine 

consideration in the planning of any 

construction budget. The uncertainties 

will be reduced overtime as developers, 

contractors, and practitioners become 

more familiar with these practices.

MIDDLE BLUE RIVER BASIN GREEN 
SOLUTIONS PILOT PROJECT

A large-scale study was needed to test 

the city’s key assumptions regarding 

the performance of green solutions. As 

such, the city initiated a pilot project 

within a 100-acre area of the MBRB. The 

MBRB Green Solutions Pilot Project will 

help determine the effects of widespread 

implementation of distributed storage 

utilizing green solutions, infiltration, and 

inflow rehabilitation on combined sewer 

overflows and is potentially the larg-

est green solutions-based CSO control 

project in the nation (KCWSD(b) 2009).

Green-based strategies in the pilot 

area will be installed on both residential 

and commercial areas and will need to 

provide at least 0.5 MG of distributed 

storage, replacing an equal amount 

of stormwater stored in conventional 

concrete tanks. Following implementa-

tion, post-construction monitoring will 

be conducted to determine functionality 

and performance. 

GREEN SOLUTIONS UNIT COSTS 

In developing unit costs for green 

solutions, the city used a number of 

assumptions including: 

•	 Green	roofs	have	incremental	costs	

above normal roof replacements with 

3 to 4 inches of growth media provid-

ing 1 inch of storage. Incremental 

capital costs associated with green 

roofs are $14 per square foot. 

•	 Deciduous	street	trees	have	inter- 

ception storage of 0.032 inches, 20-foot 

crown radius, with 25 gallons per tree. 

•	 Porous	pavements	would	provide	

effective storage for an area approxi-

mately 3 times its surface area. 

Table 3-8 presents unit costs, in dollars 

per gallon, used by the city for each 

type of green solution.

The results of the pilot project will 

be used to guide work in the remaining 

644 acres as well as other future green 

solutions projects. 

GREEN SOLUTION UNIT COST ($/GAL)
TABLE 3-8

Unit Costs for  

Green Solutions

Catch Basin Retrofits in Road and Street ROW $2 .28-$7 .13 (avg $5 .00) 

Porous Pavement $4 .62

Street Trees (Residential) $10 .80

Street Trees (Commercial) $23 .36

Curb Extension Swales $10 .86

Replacement of Sidewalks in ROW with porous pavement $11 .62

Conversion of Roof Areas to Green Roofs $22 .68

Stormwater Planters $26 .83

Presentation at the Midwest AWMA Annual Technical Conference (January 2009) by Terry Leeds,  
Overflow Control Program Manager, Kansas City Water Services Department .
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BACKGROUND 

The City of Chicago has implemented 

a number of innovative plans geared 

towards building community resiliency 

toward climate change, while promot-

ing sustainability and conservation and 

is recognized as a worldwide leader in 

terms of its environmental initiatives. In 

addition to green building and energy 

efficiency, Chicago has implemented 

advanced city-wide programs that 

address water quality, water efficiency, 

and stormwater management. 

As part of the Chicago Water 

Agenda, the city is committed to man-

aging stormwater more sustainably and 

encourages the use of BMPs that include 

a range of Green Infrastructure designs 

such as green roofs, permeable pav-

ing, filter strips, rain gardens, drainage 

swales, naturalized detention basins, 

as well as the use of rain barrels and 

natural landscaping. These measures 

are important strategies for facilitating 

infiltration, improving water quality 

and minimizing the potential for base-

ment flooding. BMP strategies which 

divert water away from the combined 

sewer system also reduce the energy 

demands associated with pumping and 

treating the combined sewage. 

Chicago’s gravity based combined 

collection system includes 4,400 miles of 

sewer main lines that flow to interceptor 

sewers that are owned and operated by 

the Metropolitan Water Reclamation 

District of Greater Chicago (MWRDGC). 

The interceptor sewers are a pumped 

system which conveys dry weather flow 

to the MWRDGC’s treatment plants. 

During storm events, excess flows are 

diverted to the MWRDGC’s Tunnel and 

CHICAGO, ILLINOIS

UTILIZING GREEN INFRASTRUCTURE FOR REDUCING CSS VOLUMES 

Figure 3-11

City Hall, 

Chicago, Illinois
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Reservoir Plan system for storage, which 

is intended to prevent combined sewer 

overflows to the city’s waterways. This 

tunnel reservoir system is the largest 

in the world and includes 109 miles of 

30-foot diameter pipes that is gener-

ally located 200 feet below the Chicago 

River system. 

CSO events occur with regular fre-

quency each year, causing untreated 

wastewater and stormwater to be 

released into the city’s river systems 

as well as Lake Michigan. Green 

Infrastructure controls and other BMP 

measures are needed in order to limit 

inflow stormwater volumes to the sys-

tem, thus reducing the frequency and 

intensity of CSO events. 

Chicago Green Alley Program
One of the city’s more progressive Green 

Infrastructure initiatives is the Chicago 

Green Alley Program, which has been 

developed to alleviate flooding in the 

city’s extensive alley network, which 

consists of approximately 1,900 miles 

of public alleys and roughly 3,500 acres 

of impervious surface. The program 

encourages the use of porous pavements 

in order to reduce the city’s quantity 

of impervious surface, as well as filter 

runoff, and recharge groundwater. 

In addition to facilitating infiltra-

tion and diverting stormwater from 

Chicago’s combined system, the Green 

Alley Program brings environmental 

benefits such as heat reduction, mate-

rial recycling, energy conservation, and 

glare reduction. 

ECONOMIC BENEFIT 

The City of Chicago actively records 

the ongoing number or coverage area 

of various green BMP designs that are 

added within city limits. This includes 

the year-to-date number of rain gardens 

and rain barrels added / downspouts 

disconnected, as well as the effective 

square footage of green roofs, green pav-

ing, turf to native grass, and Stormwater 

Management Ordinance (SMO) permits. 

Each of these BMP designs has been 

assigned an equivalence factor by the 

City of Chicago, which, when multiplied 

by the actual number or amount of 

square footage of each BMP, will calcu-

late a more accurate shed of capture for 

each representative design. 

Table 3-9 presents data that shows 

estimated year-to-date numbers or 

BMP
Actual SF  

or number 

Annual volume (gals)  
diverted from  

combined system

TABLE 3-9

City of Chicago  

Volume Reductions  

and Square Footage  

for CSO Controls

City of Chicago draft 

Stormwater Carbon  

Calculator

Green Paving (SF) 182,000 4,832,000

Green Roofs (SF) 100,000 1,907,000

Rain Gardens (#) 5  53,000

Rain Barrels/Downspout Disconnections (#) 2,220 8,281,000

Turf to Native Grass (SF) 1,701,000 23,426,000

SMO Permits (SF) 1 1,869,000 31,684,000

* SMO permits can include any number of BMP designs . SMO permit data does not overlap with data from individual BMPs .
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square footage totals (as of November, 

2009) for each type of BMP measure 

that has been implemented. 

In order to calculate the volume of 

stormwater that is diverted from the 

combined system, the City of Chicago 

uses a conversion factor of 21.19 that is 

multiplied by the SF equivalence of each 

corresponding BMP design. Based on the 

above BMPs, equivalent factors, and cal-

culations, a total of 70,182,236 gallons 

of stormwater is estimated to have been 

diverted from Chicago’s combined sys-

tem in 2009 through November, 2009. 

FIGURE 3-12

The Brookly Bridge 

spanning the East River .

NEW YORK CITY, NEW YORK

IMPLEMENTING A GREEN INFRASTRUCTURE PLAN FOR CSO REDUCTION 

towards a cleaner, greener city, will 

employ a hybrid approach towards 

controlling Combined Sewer Overflows 

(CSO) and improving water quality. 

The NYC Green Infrastructure Plan 

will employ such practices as porous 

pavements, green streets, green and 

blue roofs, swales, rain gardens, street 

trees, constructed wetlands, and other 

strategies. The City of New York has 

already built or planned to build over 

$2.9B in grey infrastructure specifically to 

reduce CSO volumes. In the NYC Green 

BACKGROUND 

The City of New York, facing the 

need to improve the water quality 

of New York City’s waterways and 

coastal waters, has developed a 

multi-tiered, long-term plan that 

will draw upon green infrastructure 

strategies towards managing 

stormwater more sustainably. The 

NYC Green Infrastructure Plan, an 

extension of the City’s Sustainable 

Stormwater Management Plan and 

Mayor Bloomberg’s PlaNYC initiative 
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Infrastructure Plan, these are referred to 

as the Cost-Effective Grey Infrastructure 

Investments and are the most cost 

beneficial practices to achieve their goal. 

In addition, the City will also implement 

measures to optimize the performance 

of the existing system reduce CSO events 

and reduce stormwater runoff volumes.

According to analyses by the New 

York City Department of Environmental 

Protection (DEP), which examined areas 

of the New York Harbor where water 

quality standards have not been met, 

the biggest remaining challenge is to 

further reduce CSOs. Since 2005, the 

City has spent over $1.5 billion towards 

CSO reduction including infrastructure 

improvements and CSO storage facility 

upgrades. A conventional approach 

for CSO reduction would include the 

construction of large piping networks 

to store or separate stormwater and 

wastewater. However, according 

to the September 2010 NYC Green 

Infrastructure Plan report, these types 

of CSO reduction projects are very 

expensive and do not provide the 

sustainability benefits that New Yorkers 

have come to expect from multi-

billion dollar public fund investments. 

Furthermore, officials feel that while 

meeting water quality goals is the 

primary consideration for future DEP 

investments, the long-range alternatives 

it considers should also be consistent 

with the City’s sustainability goals. CSO 

reduction strategies, according to the 

report, would be more valuable if they 

incorporated a sustainable approach, 

managing stormwater at its source 

through the creation of vegetated 

filtration (i.e. rain gardens, street 

trees, constructed wetlands) and green 

infrastructure. 

Conclusions formulated in the City’s 

Sustainable Stormwater Management Plan 

found that green infrastructure could 

be more cost-effective than certain large 

infrastructure projects such as CSO 

storage tunnels. DEP modeling efforts 

demonstrated that the use of green 

infrastructure in combination with 

other strategies would be more effective 

at controlling CSOs as compared to grey 

strategies alone, but would also provide 

the additional benefits of cooling 

the city, reducing energy costs, and 

increasing property values. Moreover, 

green-based strategies would provide 

further economic benefits in terms of 

lower operations and maintenance 

(O&M) costs, a greater distribution of 

O&M costs towards jobs potentially 

resulting in job creation, improved air 

quality, and reducing CO2 emissions. 

PERFORMANCE COMPARISONS 
BETWEEN GREEN AND  
GREY STRATEGIES

DEP evaluated and compared two 

different infrastructure investment 

plans for long-term CSO management 

and reduction. These two plans 

included a Green Strategy and a Grey 

Strategy. The main components of each 

respective strategy include: 

Green Strategy 

•	 Green	Infrastructure		

•	 Cost-Effective	Grey	Infrastructure	

Investments 

•	 System	Optimization	and	 

Reduced Flow 
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Grey Strategy 

•	 Cost-Effective	Grey	Infrastructure	

Investments

•	 Potential	Tanks,	Tunnels,	and	

Expansions 

Utilizing an InfoWorks computer model 

to estimate future City CSO flows, 

DEP modeled CSO volume projections 

under both strategies in order to access 

and compare future CSO control 

performances for each alternative. 

One of the assumptions made 

by DEP in reference to modeling of 

Green Infrastructure – which would 

be implemented as a combination of 

infiltration and detention technologies 

– included the capture and infiltration 

of the first inch of rainfall on 10 percent 

of existing impervious surfaces in each 

combined sewer watershed in the city. 

According to predictions by DEP, 

implementation of the Green Strategy 

over a 20-year time frame will reduce 

CSO volumes from approximately 

30 billion gallons per year (bgy) to 

approximately 17.9 bgy. This is nearly  

2 bgy more of CSO reduction as 

compared to the Grey Strategy, which 

was estimated to reduce CSO volumes 

down to 19.8 bgy. 

ECONOMIC BENEFIT 

In addition to significant citywide 

CSO reductions every year, DEP also 

predicted considerable economic 

FIGURE 3-13

Citywide Costs of  

CSO Control Scenarios 

(after 20 years)

(NYC Green  
Infrastructure  
Plan, 2010)
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benefits in several areas that would 

result from implementation of a Green 

Strategy as compared to a Grey Strategy. 

Total Citywide Costs

According to DEP estimates compiled 

in the Green Infrastructure report, costs 

associated with full implementation of 

the Green Strategy are anticipated to be 

considerably less as compared to costs 

for the Grey Strategy. Figure 3-13, taken 

directly from the Green Infrastructure 

Plan report, depicts the estimated total 

citywide costs after 20 years under both 

the Green and Grey Strategy scenarios. 

As shown, the total cost of the 

Grey Strategy is approximately $6.8 

billion (2010 dollars), which includes 

$3.9 billion for the potential tanks, 

tunnels, and expansions component 

of the plan. The cost for the city-wide 

Green Strategy, however, is estimated 

at approximately $5.3 billion, of which 

$2.4 billion would be allocated towards 

green infrastructure programs for 

capturing 10 percent of the combined 

sewer watersheds’ impervious areas. In 

total, the Green Strategy is forecasted 

by DEP to save the City $1.5 billion over 

the next 20 years. 

The costs for each strategy were 

also broken down for comparison 

on a unit cost basis. This is shown in 

Figure 3-14, borrowed from the Green 

Infrastructure Plan. Examining the cost 

per gallon of CSO reduction for each 

FIGURE 3-14

Estimated Citywide 

Costs per Gallon of 

CSO Reduced

(NYC Green  
Infrastructure  

Plan, 2010)
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respective alternative, the Grey Strategy 

is estimated to be the more expensive 

option ($0.62 per gallon for Grey 

Strategy vs. $0.45 per gallon for Green 

Strategy). 

Figure 3-14 also further breaks down 

the cost per gallon of CSO reduction 

for each component of both strategies. 

These unit costs include: 

Green Strategy ($0.45) 

•	 Cost-Effective	Grey	Investments	

•	 Reduced	Flow

•	 Green	Infrastructure

•	 Optimize	Existing	System

Grey Strategy ($0.62) 

•	 Cost-Effective	Grey	Investments	

•	 Potential	Tanks,	Tunnels	and	

Expansions 

As displayed, the cost per gallon of CSO 

reduced for the Green Infrastructure 

component is estimated to be 

considerably less than the cost per 

gallon of CSO reduced for the potential 

tanks, tunnels, and expansions of the 

Grey Strategy. Also, as discussed in the 

report, the overall Green Strategy is 

more of an affordable alternative as 

compared to the Grey Strategy in part 

because optimizing the existing system 

– a part of the Green Strategy – is the 

most cost-effective component-strategy. 

Operations and Maintenance  
Cost Estimates
DEP also estimated and compared 

long-term operations and maintenance 

(O&M) costs to the City under both 

Green and Grey Strategy scenarios. 

O&M expenses evaluated included 

salaries, electricity and natural gas, 

contracts, supplies and equipment, 

as well as fringe costs. As shown in 

Figure 3-15, borrowed from the Green 

Infrastructure report, O&M costs for 

the Green Strategy would be higher in 

the initial years as green infrastructure 

controls are implemented relatively 

quickly. However, according to the 

estimates, O&M costs for the Grey 

Strategy would eventually outrun 

those of the Green Strategy as tanks, 

tunnels and expansions are completed 

and come online. Another factor 

contributing to this cost difference is 

energy costs, including electricity and 

natural gas expenses, which are not 

needed for green infrastructure but 

would weigh in much heavier under a 

Grey Strategy scenario.

Economic Sustainability Benefits
Further value-added advantages 

predicted by DEP as a result of 

implementation of the Green 

Infrastructure Plan include benefits 

related to a reduced urban heat 

island effect, greater recreational 

opportunities, energy savings, 

improved air quality, and higher 

property values. In addition, the 

Green Infrastructure Plan shows a 

greater distribution of funds to support 

maintenance-related activities in 

the form of salaries and benefits. For 

every year scenario, there is a greater 

distribution of monies to support jobs 

rather than to pay for utilities (electric 

and gas). This is an important finding 

as job creation is one element of 

sustainability that is often overlooked.
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Figure 11: O&M Costs to the City of CSO Control Scenarios 
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In order to estimate these dollar-

based benefits, DEP first generated 

a working model to anticipate the 

amount of land that would be 

converted from impervious surfaces to 

planted areas. DEP’s modeling efforts 

forecasted that the amount of total 

city-wide vegetated surface area by 

2030 would range from 1,085 acres 

up to 3,255 acres. Of this range, DEP 

assumed that half of all planted green 

infrastructure would be fully vegetated 

(such as green roofs), with the other 

half partially vegetated (to account for 

a lower ratio of surface area in order to 

drain impervious surfaces in the right-

of-way). 

Next, DEP estimated a dollar per 

acre benefit for both fully and partially 

vegetated infrastructure controls. For 

this process, DEP used the economic 

values for street trees located in the New 

York Municipal Forest Resource Analysis 

(MFRA) as well as the energy benefit 

assumptions for green roofs in Green 

Roofs in the New York Metropolitan Region, 

as cited in the Green Infrastructure 

Plan. Utilizing these data, DEP 

estimated the annual economic benefits 

resulting from fully and partially 

FIGURE 3-15

O&M Costs to  

the City of CSO  

Control Scenarios

(NYC Green 
Infrastructure 
Plan, 2010 )
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vegetated infrastructure controls on a 

dollar per acre basis in the year 2030. 

The results of DEP’s analysis are 

displayed in Table 3-10, which is taken 

directly from the Green Infrastructure 

Plan report. As displayed in the table, 

DEP estimates that in the year 2030, 

every fully vegetated acre will result in 

a total annual benefit of $14,457, with 

partially-vegetated acres $7,771 per 

year. This includes annual economic 

benefits from reduced energy demand, 

reduced CO2 emissions, improved air 

quality, and increased property values. 

DEP also estimated a 

range of accumulated 

economic benefits from 

new green infrastructure 

controls over a 20-year 

implementation time 

frame. According to 

DEP’s modeling efforts, 

the total accumulated 

sustainability benefits 

(through lower energy 

costs, reduced CO2, 

better air quality and 

increased property 

values) will range from 

$139 to $418 million, depending on the 

amount of vegetation used in the source 

controls.

CONCLUSIONS

The previous examples show how 

incorporating a green infrastructure 

strategy with LID can help cities and 

municipalities reduce stormwater runoff 

volumes entering combined systems, 

lowering treatment costs. Also, as 

shown, utilizing a combination of grey 

and green infrastructure strategies for 

CSO management can be considerably 

more economically viable than using 

grey infrastructure alone. 

This was clearly demonstrated in 

the City of Portland’s Tabor to the River 

plan, which showed a cost benefit of 

$63 million to the city by the inclusion 

of green strategies in combination 

with a grey infrastructure approach for 

upgrading an undersized sewer pipe 

system in order to help control CSOs 

and improve sewer system reliability. An 

economic benefit potentially as much 

as $19 million was also estimated by 

the City of Kansas City for incorporating 

green infrastructure strategies along 

with a traditional grey infrastructure 

approach for the Middle Blue River Basin 

Plan, a part of Kansas City’s city-wide 

Overflow Control Program. 

An economic context for the use 

of LID was also established for the 

Utilizing a combination 

of grey and green 

infrastructure strategies  

for CSO management  

can be considerably  

more economically 

viable than using grey 

infrastructure alone . 

TABLE 3-10

New York City Annual  

Benefits of Vegetated 

Source Controls in 2030 

($/acre)

Fully Vegetated Partially Vegetated

Energy 8,522 2,504

CO2 166 68

Air Quality 1,044  474

Property Value 4,725 4,725

Total 14,457 7,771
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City of Portland’s overall approach 

for CSO management. The City of 

Portland determined that watershed 

health initiatives, which included LID 

and green infrastructure strategies, 

were cost-effective project alternatives 

for the city to implement as part 

of its approach for long-term CSO 

management. 

Chicago’s initiatives demonstrate 

the city’s commitment to using green 

infrastructure for the purpose of CSO 

control. Although economically-based 

information depicting the future cost 

of construction for CSO separation was 

not available, the City of Chicago has 

shown a major reduction of stormwater 

volume to its combined system as a 

result of LID. 

Additionally, New York City 

forecasted long-term performance and 

economic benefits by incorporating 

a CSO reduction plan that includes 

green infrastructure in combination 

with cost-effective grey infrastructure 

investments. New York City’s estimates 

also included future economic 

sustainability benefits in the form of 

lower energy costs, reduced  emissions, 

improved air quality, increased property 

values, as well as a greater distribution 

of operations and maintenance costs 

leading to the potential for more 

employment opportunities. 

The projects and plans presented 

in this article establish an economical 

and performance-based benefit for LID 

and green infrastructure. Shown in 

the context of actual project designs, 

incorporating these strategies alongside 

grey infrastructure improvements can 

result in significant cost savings for 

cities pursuing and implementing CSO 

management. This article demonstrates 

the beneficial economic context for the 

implementation of green infrastructure 

and LID design for future CSO 

compliance projects. 
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Historic and Projected  
Climate Change

F A C T  S H E E T

This evidence strongly indicates that the 

earth’s climate is changing (Bates et al ., 2008, 

Clark et al ., 2009, and Lawler et al ., 2009) . 

Scientists from around the globe and across the US have  
recorded changes in the hydrologic cycle, a decline in glaciers  
and polar ice, and shifts in precipitation intensity and trends . 

LONG-TERM CLIMATE RECORDS

Since last mid-century, CO2 concentrations 

have increased dramatically . In the 1990s, 

global CO2 emissions increased 1 .3 percent 

per year, but since 2000, this rate has 

jumped to 3 .3 percent per year . Data 

from the Mauna Loa Observatory, located 

on the island of Hawaii, indicates that 

current atmospheric CO2 levels have risen 

approximately 138 percent above those of 

the pre-industrial period (Tans, 2010) .

NATURAL AND HUMAN INFLUENCES

The long record of climate evidence found 

in ice cores, tree rings, and other natural 

records show that earth’s climate patterns 

have undergone rapid shifts from one stable 

state to another within as short of a period 

as a decade . Paralleling the rise in global and 

regional temperatures are increases in the 

associated average precipitation and number of 

extreme storm events across the U .S .’s northern 

latitudes . Since the early 20th century, average 

precipitation has increased 6 .1 percent . In New 

England from 1979 to 2000, there was a 20 to 

28 percent increase in the average amount of 

rain that fell in a twenty-four hour period (Stack 

et al ., 2005; Simpson et al ., 2008) . 

A widespread consensus of research 

amongst the world’s scientists indicates that:

•  Human activities are changing the 

composition of the Earth’s atmosphere . 

Since pre-industrial times, increasing 

atmospheric levels of GHGs (greenhouse 

gasses) like carbon dioxide (CO2) are 

well-documented .

•  The atmospheric buildup of CO2 and 

other GHGs is largely the result of  

human activities such as the burning  

of fossil fuels .

•  A warming trend of about 1.0 to 1.7°F 

occurred from 1906-2005 . Warming 

occurred in both the Northern and 

Southern Hemispheres .

•  Major GHGs emitted by human activities 

remain in the atmosphere from decades 

to centuries leading to a high degree of 

certainty that concentrations will con-

tinue to rise over the next few decades .

•  Increasing GHG concentrations tend to 

warm the planet .
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According to multiple research efforts and studies, by  

mid-century across the northern tier of the U .S ., the 

following can be expected: 

•  Temperatures will rise, with winters warming the fastest.

•  The number of summer days exceeding 90oF will increase .

•  Winter precipitation will increase with more precipitation 

falling in the form of rain as compared to snow . 

•  Summer precipitation will remain relatively the same.

•  Snow-pack will not last as long and will melt earlier in  

the spring .

•  The frequency of intense storms and storms with greater 

amounts of precipitation will increase .

•  Rising temperatures will cause evaporation rates to 

increase, reducing soil moisture .

•  The frequency of short-term summer droughts will 

increase . 

The northern states have shown trends over the 

last few decades that are associated with global 

temperature and precipitation change, including: 

•  Increase in frequency of intense storms

•  Warmer winters

•  Decreased snowfall

•  Fewer days with snow on the ground

•  Earlier spring runoff and later date of first 

frost

•  Lake ice-out 9-16 days earlier

•  Shifts in U.S. Department of Agriculture plant 

Hardiness Zones and earlier spring flower 

bloom dates

•  More frequent summer drought periods
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INCREASE IN HEAVY RAINFALL EVENTS 1958-2007 (KARL 2009)

Based on building evidence 

from around the world, the 

United Nations created the 

Intergovernmental Panel on 

Climate Change (IPCC) in 

1988 . The IPCC released its 

Fourth Assessment Report 

(2007) assessing current 

climatic changes and 

projecting future climatic 

changes . This IPCC report is 

a culmination of decades of 

research and contributions 

from more than 1,200 

authors and 2,500 scientific 

expert reviewers from over 

130 countries . 

PROJECTED CHANGES IN CLIMATE (PRECIPITATION AND INTENSITY)

This project was funded by a grant from NOAA/UNH Cooperative Institute for Coastal  
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Historic and Projected  
Climate Change 

Scientists attribute observed global 

and regional temperature rises to 

the increase of greenhouse gas 

concentrations in the atmosphere, 

including CO2 . A warming 

atmosphere allows it to hold greater 

amounts of water vapor, which in 

turn influences both the increase in 

average precipitation as well as the 

associated increase in the frequency 

of large pre-cipitation events .

CHAPTER 4

Since 1990 scientists have clearly demonstrated the increasing evidence of  

climatic impacts from increasing heat trapping greenhouse gases (GHG). 

Scientists from the U.S. and around the globe have registered “abrupt and rapid” 

changes that are occurring over decades including sustained 

modifications in the hydrologic cycle, rapid decline of glaciers 

and ice fields, shifts in major ocean currents, as well as signifi-

cant increases in the rate of release of GHG and methane that 

had been trapped in the permafrost of the northern latitudes. 

This evidence strongly indicates that the earth’s climate is 

changing (Bates et al. 2008, Clark et al. 2009, and Lawler et 

al. 2009).

The United Nations created the Intergovernmental Panel 

on Climate Change (IPCC) in 1988. The IPCC recently released 

its Fourth Assessment Report (2007) assessing current climatic 

changes and projecting future climatic changes. This IPCC 

report is a culmination of decades of research and contribu-

tions from more than 1,200 authors and 2,500 scientific expert 

reviewers from over 130 countries. 

Recent research by Bates et al., Clark et al., and Lawler 

et al. (2008, 2009, 2009, respectively) indicates widespread 

consensus amongst the world’s scientists that there is a virtual 

certainty that:

•		 Human	activities	are	changing	the	composition	of	Earth’s	

atmosphere. Since pre-industrial times, increasing atmospheric levels of heat 

trapping gasses like carbon dioxide (CO2) are well-documented and understood.

•		 The	atmospheric	buildup	of	CO2 and other heat trapping gasses is largely the 

result of human activities such as the burning of fossil fuels.

•		 An	“unequivocal”	warming	trend	of	about	1.0	to	1.7°F	occurred	from	1906-2005.	

Warming occurred in both the Northern and Southern Hemispheres, and over the 

oceans.
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FIGURE 4-1

Concentrations of CO2

 
(IPCC, 2007)

•	Major	GHGs	emitted	by	human	activi-

ties remain in the atmosphere for 

time periods ranging from decades to 

centuries. It is therefore virtually cer-

tain that atmospheric concentrations 

of GHGs will continue to rise over the 

next few decades.

•	Increasing	GHG	concentrations	tend	

to warm the planet.

LONG-TERM  
CLIMATE RECORDS
The Pew Center on Global Climate 

Change defines “greenhouse effect” 

as the insulating effect of atmospheric 

greenhouse gases that maintains the 

Earth’s temperature. This effect is not 

only related to the concentration of CO2 

in the atmosphere, but also gases such as 

nitrous oxide, ozone, methane and even 

water vapor. These gases, in addition to 

others, have the capability of trapping 

heat within the atmosphere. 

CO2 concentrations as far back as 

400,000 years can be explained by look-

ing at historical concentrations of CO2 

gas trapped in Greenland and Antarctic 

ice. While historically, CO2 levels very 

seldom exceeded a concentration of 

280 parts per million (ppm), since last 

mid-century, a dramatic increase has 

occurred. A similar trend has been 

recorded for other gases as well, including 

methane (CH4) and nitrous oxide (N20) 

(Petit et al., 1999). 

Once in the atmosphere, carbon 

derived gases can persist for only a few 

days or weeks, while others can remain 

a long time, continuing their influence 

on global warming. As an example, 

methane can last for decades, while CO2 

can persist for thousands of years (Archer, 

2005). In the 1990s, global CO2 emissions 

increased 1.3 percent per year, but since 

2000 this rate has jumped to 3.3 percent 

per year. The latest data from the Mauna 

Loa observatory, located on the big 
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island of Hawaii, indicates that current 

CO2 atmospheric levels have risen to a 

yearly average of 385 ppm, an increase 

of approximately 138 percent above the 

long-term, pre-industrial high of 80 ppm 

(Tans, 2010) (see Figure 4-1). 

Over the last 1000 years, there has 

been a paralleling of global temperature 

fluctuations in concert with changes in 

CO2. Examining oxygen isotopes and 

GHGs found trapped in ice cores of the 

Vostok Ice Sheet in the Antarctic, the 

relationship between global temperature 

and CO2 is visible as far back as 400,000 

years (Petit et al., 1999). 

Scientists attribute observed global 

and regional temperature rises to the 

increase of GHG concentrations in the 

atmosphere, including CO2. A warming 

atmosphere can hold greater amounts 

of water vapor, which in turn influences 

both the increase in average precipitation 

as well as the associated increase in the 

frequency of large precipitation events 

(Solomon et al., 2009).

NATURAL AND HUMAN 
INFLUENCES 
At both the national and regional scale, 

yearly fluctuations in weather patterns 

occur that do not reflect the longer term 

trends seen in temperature or precipita-

tion. Such fluctuations can be influenced 

by cyclical changes in ocean current tem-

peratures or the eruption of volcanoes. 

Recently, scientists conducted a modeling 

experiment simulating GHG concen-

trations and the resulting impacts on 

temperature over the last century under a 

scenario without human influences. The 

modeling results indicated that by remov-

ing human influences, the atmosphere 

would have experienced cooling, rather 

than the observed rise in global tem-

peratures due to anthropogenic sources 

(Hegerl et al., 2007).

EVIDENCE OF A CHANGING 
CLIMATE 
The long record of climate evidence 

found in ice cores, tree rings, and other 

natural records show that Earth’s climate 

patterns have undergone rapid shifts 

from one stable state to another within 

as short of a period as a decade. The 

occurrence of abrupt changes in climate 

becomes increasingly likely as human 

disturbance of the climate system grows 

(Meehl et al., 2007). 

The NASA Goddard Institute for Space 

recently released a report which consid-

ers the climate close to a “tipping point,” 

which is defined as a concentration 

of GHG in the atmosphere which can 

have disastrous impacts worldwide due 

to abrupt and dramatic changes in the 

climate (NASA, 2010).

Increases in Precipitation, Storm 
Intensity and Temperature

Paralleling the rise in global and regional 

temperatures are increases in the asso-

ciated average precipitation and the 

number of extreme storm events across 

the U.S.’s northern latitudes. According to 

NOAA climatic records for the U.S., which 

has been collected from stations across 

the 48 contiguous states, average pre-

cipitation has increased 6.1 percent since 

the early 20th century. Figure 4-2, from 
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the NOAA Climatic Data Center, shows 

where the greatest increases in average 

precipitation have occurred across the 

country. As depicted, the Midwest, North 

Central, South, and Northeast regions 

have experienced increases in precipita-

tion of 10 to 20 percent since the early 

20th century (Figure 4-2).

In looking at a more recent time 

frame, researchers from Antioch 

University New England analyzed 

weather records for specific locales in 

New England from 1979 to 2000. Over 

this time span, there was a 20 to 28 

percent increase in the average amount 

of rainfall in a twenty-four hour period 

(Stack et al., 2005; Simpson et al., 2008).

Additional localized data analyzed in 

the northern states has shown similar 

trends over the last few decades that are 

associated with rising global tempera-

ture and precipitation changes. These 

include:

•		 Warmer	winters

•		 Decreased	snowfall

•		 Fewer	days	with	snow	on	the	ground

•		 Earlier	spring	runoff

•		 Lake	ice	out	9-16	days	earlier

•		 Earlier	lilac	and	honeysuckle	bloom	

dates

•		 Shifts	in	U.S.	Department	of	

Agriculture plant Hardiness Zones

•		 More	frequent	summer	drought	 

periods

(Hodgkins et al., 2002, 2006; Wolfe et 

al., 2005; Wake and Markham, 2005; 

Hayhoe, 2006; Frumhoff et al., 2008; 

Backlund et al., 2008)

FIGURE 4-2

Average Precipitation 

Changes for the US

(NOAA Climatic  
Data Center)
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Steadily rising average and extreme 

temperatures observed in the record of 

historical data, combined with increases 

in average precipitation and the number 

of extreme storm events (especially rain 

storms in the Northeast and Midwest 

regions), provide strong evidence of 

measureable changes in climate. The 

World Meteorological Organization 

(WMO) states that no single storm can 

be attributed directly to the increase in 

overall global temperatures. However, 

in looking at recent trends in New 

England data, there is a higher fre-

quency of storms with greater amounts 

of precipitation which parallels trends 

over the same time period for increases 

in regional average temperatures and 

associated average rainfall. Figure 4-3 

shows the percent increase of the largest 

one percent of all storm events in the 

U.S. over the last 50 years. 

Since 2005, researchers in New 

England have documented 6 major 

storms crossing the states of New 

Hampshire, Vermont and Maine that 

have all exceeded the amount of rain-

fall expected for the 100-Year Storms, 

based on historical precipitation records. 

Two of those storms, one in the fall 

of 2005 and another in the spring of 

2006, caused more than $1,300,000 in 

related property damage from associated 

flooding. Since 2005, record breaking 

storm events with associated flooding 

have also occurred in the Midwest, Great 

Lakes, and Northeast regions (Simpson, 

2008; Wake, 2009; Karl, 2009). 

FIGURE 4-3

Increase in the  

Heavy Rainfall Events  

1958-2007 

(Karl 2009)
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FIGURE 4-4

IPCC Future Scenarios

(Nakicenovic  
et al . 2000)

PROJECTED CHANGES  
IN CLIMATE

The IPCC considered a series of possible 

future outcomes in regards to energy, 

technology and land use in concert 

with various economic and population 

growth scenarios. (Nakicenovic et al. 

2000) The following graph shows how 

these future scenarios would influence 

the release of CO2 (Figure 4-4). A1Fi is 

considered “business as usual” or the 

FIGURE 4-5

Midwest Shift in 

Seasonal Precipitation, 

Late 21st century

(Kling et al ., 2003)
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FIGURE 4-6 

Midwest US 

Precipitation Scenarios 

(Bates, 2008)
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“fossil fuel-intensive” economic growth 

scenario, and projects CO2 concentra-

tions reaching 940 ppm by the end of 

this century – three times today’s levels. 

B1 is also a high economic growth sce-

nario but also includes economic shifts 

to less intensive fossil fuel use as well 

as introductions of resource efficiency 

strategies and technologies. Under this 

scenario, CO2 atmospheric concentra-

tions are projected to be at 550 ppm by 

2100 (NECIA 2006).

The Kling et al. and the Union of 

Concerned Scientists determined the 

projected rainfall changes in the Great 

Lakes states, under a highly fossil fuel 

intensive scenario, is likely to bring 

wetter winters with more precipita-

tion as rain by the second half of the 

century(Kling et al, 2003). Figure 4-5 

shows that while the total annual aver-

age precipitation levels are unlikely to 

change, the seasonal distribution of 

rainfall amounts will shift. The projec-

tions include increasing precipitation 

as rainfall during winter seasons and 

summer months are forecasted to expe-

rience decreasing rainfall.

Overall, the Great Lakes region 

may eventually grow drier because 

increases in rain or snow are unlikely 

to compensate for the drying effects of 

increased evaporation and transpira-

tion in a warmer climate. Under a high 

CO2 emissions scenario, the Union 

of Concerned Scientists projects a 30 

percent reduction in soil moisture as 

well as lower long-term average lev-

els of surface and ground water. The 

paradox is that even in a considerably 

drier summer climate, the frequency of 

24-hour and multi-day downpours, and 

thus flooding, may continue to increase 

(Kling et al., 2003).

Figure 4-6 depicts possible future 

scenarios developed by the IPCC in 

relation to precipitation patterns for 

the northern tier of the U.S. through 

the year 2099. As shown, this region 

will experience significant increases in 
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the frequency and intensity of extreme 

precipitation events, especially under a 

higher emissions scenario. 

The possible effects of a changing 

climate also include the potential 

for climate migration. According 

to a study by Kling, et al. using the 

IPCC scenarios, summer weather 

patterns characteristic of the North 

Central region are anticipated to have 

migrated south by the year 2095. As 

such, and illustrated in Figure 4-7, 

summer temperature and precipita-

tion levels normally representative of 

Michigan could eventually be found in 

Arkansas (Kling et al, 2003). 

CONCLUSIONS
Climate research provides evidence that, 

by mid-century across the northern tier 

and other parts of the U.S., the following 

can be expected to occur: 

•		 Temperatures	will	rise,	with	winters	

warming the fastest.

•		 The	number	of	summer	days	exceed-

ing 90 degrees F will increase. In cities, 

which are heat-sinks, the number of 

summer days exceeding 100 degrees F 

will increase.

•		 Winter	precipitation	will	increase	with	

more precipitation falling in the form 

of rain as compared to snow, increas-

ing the likelihood of high flow events 

in the winter months.

•		 Summer	precipitation	will	remain	

similar.

•		 Snow-pack	will	not	last	as	long	and	

will melt earlier in the spring, resulting 

in increasing spring-runoff.

•		 Higher	summer	temperatures	and	

corresponding increases in evaporation 

rates will result in extended low-flow 

conditions in streams.

•		 The	frequency	of	intense	storms	and	

storms with greater amounts of precipi-

tation will increase.

•		 Rising	temperatures	will	cause	evapo-

ration rates to increase, reducing soil 

moisture in summer.

•		 The	frequency	of	short-term	summer	

droughts will increase.

•		 The	combination	of	sea-level	rise	and	

increasing storm intensities will result in 

a greater frequency of coastal flooding.

FIGURE 4-7 

Minnesota’s  

Migrating Climate 

(Kling, 2005)
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Through this century, climate projections show 

an increased frequency of larger precipitation 

events . This projected increase in higher rainfall 

events must be considered in the context of 

continued development of a watershed . 

Low Impact Development can play an important role in  

climate adaptation planning for municipalities . Through the  

use of LID practices, resiliency can be planned into a watershed .

Increase in Heavy Rainfall Events:
Annual Number of Days, 1958-2007

NOAA indicates that average 

precipitation has increased by 

approximately 6% in the lower 

48 contiguous states . In regions 

of the Northeast and Midwest, 

the increase has been 10-20% 

since the beginning of the 21st 

century . Research has shown that 

an increase in average precipitation 

translates to a disproportional 

increase in frequency of larger 

precipitation events .

As watersheds are developed, the increase in impervious surfaces 

results in a decrease in the ability of precipitation to infiltrate into soils . 

The addition of the dynamics of climate change to watershed build-out 

will result in increased runoff and in more frequent and higher flood 

waters, which can threaten both natural systems and  

built infrastructure . 

At the municipal level, planning decisions should incorporate design capacities that can 

assimilate these projections . The option of not doing anything to prepare for climate change 

will increase risk to the community . 

ADAPTATION
Any action or strategy that 

reduces vulnerability to the 

impacts of climate change .  

The main goal of adaptation 

strategies is to improve local 

community resilience .

RESILIENCE 
The ability of a system to absorb 

and rebound from weather 

extremes and climate variability 

and continue to function . 

LID as a Climate  
Change Adaptation Tool
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The implementation of LID practices 

reduced the number of culverts determined 

to be undersized by 29 to 100 percent . 

Additionally, when considering the marginal 

cost increase to replace such undersized 

culverts, LID approaches were projected to 

reduce the total marginal cost increase across 

the watershed by one-third .

Primary, Secondary, and Tertiary Impacts Due to Climate Change Effects on Rainfall and Runoff 

 PRIMARY IMPACTS SECONDARY IMPACTS TERTIARY IMPACTS

Increased
Rainfall

Increased 
Runoff 

and 
Flooding

Increased 
Erosion

Algae 
Blooms

Decreased
H2O  

Oxygen

Aquatic
Organism
Die-Off

Increased 
Nutrient 
Mobility

Increased 
H2O 

Nutrient 
Levels

Culverts Analyzed Within the Oyster River Basin;  
red symbols indicate vulnerability .

LID systems can mitigate impacts 

from increased precipitation by 

• increasing infiltration, 

• reducing runoff volumes, and 

• delaying the runoff peak.

One study in New England provided an 

analysis of the changes in climate and related 

impacts to culverts, whose capacity had 

been designed 

based on historic 

designs storms . 

The study 

examined the use 

of LID to mitigate 

future impacts 

from increased runoff caused by both climate 

change and watershed development . 

Per-Culvert Marginal Costs by Land-use Scenario, 
with Recent Precipitation Amount

Land Use
Marginal Cost 

Per Culvert
% Increase Over  
Current Land Use

Current $2,952 —

Build-Out $3,596 22%

LID $3,372 14%

FORGING THE LINK: Linking the Economic Benefits of Low Impact Development and Community Decisions  •  www.unh.edu/unhsc/forgingthelink
Chapter 5: LID as a Climate Change Adaptation Tool

PRINCIPAL INVESTIGATOR: 
Robert M. Roseen, Ph.D. P.E., D.WRE  •  Director, The UNH Stormwater Center  
Environmental Research Group, Department of Civil Engineering, 35 Colovos Road, UNH, Durham, NH 03824  ph 603-862-4024  fx 603-862-3957  robert .roseen@unh .edu 

PROJECT INVESTIGATORS AND CONTRIBUTING AUTHORS:
Todd V. Janeski  •  Environmental Scientist, Virginia Commonwealth University 
1000 West Cary St, PO Box 843050, Richmond, VA 23284  ph 804-371 .8984  fx: 804-786-1798  tvjaneski@vcu .edu  

Michael H. Simpson  •  Director, Resource Management & Conservation Program 
Environmental Studies Department, Antioch University New England, Keene, NH 03431 ph 603-283-2331  msimpson@antiochne .edu 

These results indicate that in addition to 

the water quality benefits of LID, wide-scale 

implementation can also build community 

resiliency and reduce the economic impacts 

from build out and increased precipitation 

trends .

This project was funded by a grant from NOAA/UNH Cooperative Institute for Coastal  
and Estuarine Environmental Technology, NOAA Grant Numbers NA06NOS4190167
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LID as a Climate  
Change Adaptation Tool

There is near consensus that climate 

change is expected to continue 

through the 21st century, and that 

the magnitude of warming will 

disproportionately impact rainfall 

rates closer towards the poles, as 

opposed to the equatorial latitudes .

CHAPTER 5

Low Impact Development approaches are one type of adaptation tool that  

can be used to mitigate increases of runoff from changes in the intensity of 

extreme storm events. Projected changes in climate through this century and 

their impacts should be considered when planning for development and increased 

impervious surfaces in a watershed. LID stormwater management can add storage to 

the built landscape and maintains robustness of natural systems and contributes to 

the resiliency of the built infrastructure. LID approaches can play a key role to reduce 

the scale of impact of this projected increase in runoff. 

INTRODUCTION

The state of the earth’s climate has been a topic of 

extreme debate. However, there is near consensus that 

climate change is expected to continue through the 

21st century, and that the magnitude of warming will 

disproportionately impact rainfall rates closer towards the 

poles, as opposed to the equatorial latitudes. For many 

regions of North America, projections are for an increase in 

the depth, frequency and duration of precipitation events. 

Concurrently, there are projections indicating sea level 

rise. Both of these projected changes can translate into 

significant environmental impacts to natural and human 

built systems (NRC, 2001). 

One reason for the debate about this issue is the misperception that climate 

change refers solely to human induced change. Rather, climate change is defined 

as: “…changes in long-term trends in the average climate, such as changes in average 

temperatures”. The Intergovernmental Panel on Climate Change (IPCC) defines 

climate change as ”…any change in climate over time, whether due to natural variability 

or as a result of human activity” (Pew Center on Global Climate Change). Climate 

change scenarios run by peer reviewed scientific research suggests that if current 
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water resource management policies 

remain unchanged, the risk of flooding, 

infrastructure collapse, and damaging 

erosion will increase greatly over time 

(Miller and Yates, 2006; Simpson, 2006; 

Backlund et al., 2008; Falco et al., 2009; 

Brekke et al., 2009). Many municipalities 

are currently facing decisions about the 

construction or reconstruction of water 

resource infrastructure that will have 

a profound impact on the size, scope, 

cost of drainage, and relative risk years 

into the future. Many communities are 

looking for information as to how to 

allocate funds and how to implement 

guidance for incorporating climate 

change projections into their planning.

Hydrologic response from land 

use and climate change can vary 

from year to year and are often 

hard to differentiate. While land use 

change patterns are 

progressing towards 

higher percentages 

of impervious cover, 

historic climate change 

patterns have shown 

variation from decadal 

to thousands of years. 

However, the future 

changes being projected 

by scientists through 

the 21st century 

have implications 

to community water 

resource planning today. 

For most water resource 

planning, infrastructure development 

has a fixed design life. The concern is 

whether the capacity of this design will 

be adequate to assimilate the rapid 

changes in precipitation being currently 

projected by scientists. 

Stormwater infrastructure is usually 

designed to safely pass the flows 

generated from a design watershed 

area for a 10-, 25-, 50- or 100-year 

storm event depending on the degree 

of importance of the site and the 

local regulations. The return interval 

for a given storm, within a specific 

geographical location, has an associated 

depth of rainfall. Specific storm sizes 

have a given possibility of occurrence 

in any one year, and are determined 

statistically based on regional historic 

precipitation records. Since any choice 

of a storm to drive water infrastructure 

decisions is based on probability, such 

a choice means designers are accepting 

a given amount of risk of failure with 

respect to the design capacity. The 

probability of having a storm event 

equaling or exceeding the design 

storm in a 24-hour period is known as 

a return period (T) and is associated 

with theories of acceptable risk. For 

example, driveway culvert installation 

may require designers and contractors to 

consider rainfall amount associated with 

a design storm with a 10-year return 

period. Often such requirements are 

incorporated in subdivision regulations 

at the municipal level. In this instance, 

the probability of a storm event equaling 

or exceeding the 10-year design storm 

in a 24-hour period in any given year is 

1/T or 10 percent. If the infrastructure 

was associated with an arterial road and 

a culverted stream crossing with a large 

population center downstream, the risk 

associated with that same 10-year storm 

Many municipalities are 

currently facing decisions 

about the construction or 

reconstruction of water 

resource infrastructure that 

will have a profound impact 

on the size, scope, cost of 

drainage, and relative risk 

years into the future .
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would not be acceptable and a larger 

design storm would be required such as 

a 50- or 100-year event.

NOAA Rainfall Frequency Atlases 

have not been updated for the 

northeastern United States since 1963, 

thus infrastructure design today relies on 

precipitation records that do not account 

for the last half century of rainfall 

patterns. However, Cornell University 

has begun to include rainfall data for 

this time period and has concluded 

that many of the design storms are 

significantly under estimating the actual 

volume of rainfall (Wilks, 1993).

Comparing the precipitation data 

from the first and second half of the last 

century in the Chicago area, Angel and 

Huff (1997) concluded that the rainfall 

intensities for the storm durations 

of interest would require statistically 

significant changes to infrastructure 

design. Increases of 28, 36, 43, 50, 

and 60 percent were observed based 

on modeling for return 

periods of 2-, 5-, 10-, 

25-, and 50-years, 

respectively, when recent 

rainfall data was used 

over older data sets 

(Guo, 2006). According 

to Stack et al. (2005), 

who studied rainfall 

data for southwest New-

Hampshire, and based 

on conservative climate 

change projections, the 

10- and 25-year storms 

of the late 20th century 

(1970-2000) will become 25- and 100-

year storms, respectively, by mid-21st 

century (2075).

Predictions of change in the design 

storm depths for the mid-21st century 

as well as changes observed from 

precipitation data over the half century 

from presently available literature are 

summarized in Figure 5-1.

FIGURE 5-1

Changes in design 

storm depths 

predicted from 

different models of 

climate change

NOAA Rainfall Frequency 

Atlases have not been 

updated for the northeastern 

United States since 1963, 

thus infrastructure design 

today relies on precipitation 

records that do not account 

for the last half century of 

rainfall patterns .
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At the municipal decision-

making level, local decisions should 

incorporate design capacities that 

can accommodate future rainfall 

projections, doing otherwise leaves 

a community unprepared. Scheraga 

(2003) noted that climate change 

adaptation need not wait for “perfect” 

science. Community leaders are adept 

at decision-making under conditions of 

uncertainty; indeed this is a defining 

characteristic of leadership.

CLIMATE CHANGE 
ADAPTATION, RESILIENCY 
AND VULNERABILITY

Adaptation is defined as any action 

or strategy that reduces vulnerability 

to the impacts of climate change. 

Resilience is defined as the ability 

of a system to absorb and rebound 

from weather extremes and climate 

variability and continue 

to function. This applies 

to natural systems as 

well as institutional 

structures (ASCE 2007; 

Moser et al., 2007). The 

main goal of adaptation 

strategies is to improve 

local community 

resilience, or the ability 

of a community to 

bounce back quickly 

from climate impacts. For society, 

the projected changes to climate will 

directly affect water supply and water 

quality and will require community 

preparation. Such preparation requires 

an assessment of the critical natural 

resource assets that should be preserved 

in order to mitigate potential future 

impacts. Additionally, infrastructure 

vulnerability studies and planning 

assessments of both institutional and 

technical options should be prepared

Major cities such as New York City, 

Chicago, and Seattle are assessing 

where their water supply, sewer, and 

waste water systems are vulnerable, 

while smaller cities, including Keene, 

NH and Alexandria, VA, have 

developed plans that reflect short and 

long term goals (Georgetown Climate 

Center, 2010). State and community 

initiatives are also expanding to address 

potential impacts to water supply and 

water quality as a result of sea level rise. 

Communities that choose not to plan 

for and institute adaptation strategies 

potentially accept a higher risk for their 

citizens into the future.

The initial step to any community 

adaptation plan is to identify the 

natural features that may provide 

resiliency for specific projected impacts. 

For example, increasing runoff has 

secondary and tertiary impacts to 

natural habitats, water quality, and 

built infrastructure. An assessment 

of the watershed properties that 

contribute to mitigating runoff should 

be identified and preserved. This may 

include recommendations that range 

from limiting development on steep 

slopes, to preserving wetland systems, to 

conserving areas with permeable soils 

and forested cover. 

In addition to assessing the resiliency 

of natural systems, communities should 

determine infrastructure vulnerabilities. 

D E F I N I T I O N
Resilience 

The ability of a system to 

absorb and rebound from 

weather extremes and  

climate variability and 

continue to function . 
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This requires community leaders 

and citizens to work with scientists to 

understand the scale of the potential 

impacts. For example, this could 

include a determination of the capacity 

of a combined sewer system to handle 

increasing flows due to a higher 

number of rainfall events (Johnson 

2008). In other instances, the variability 

of the climate may require communities 

to reassess the capacity of their 

reservoirs to withstand longer periods 

of drought or to determine the ability of 

their agricultural networks to support 

specific crops due to decreased water 

tables (USGS, 2009).

Vulnerability also translates into 

economic viability. Due to potential 

changes in climate on the timing and 

lengths of seasons, specific economic 

activities may be vulnerable. For 

example, 71 ski areas in 21 states 

have voiced concern to congress in 

regards to climate change-related 

impacts to their operations including 

lower natural snow bases, a decreased 

ability to create snow, as well as a 

reduction in operating days (NSAA 

2010). The projection 

for a changing climate 

indicates that maple, 

beech, and birch forest 

types will be shifted 

further north. This will 

have a major impact to 

areas in New England 

where Maple sugar 

products contribute 

to local and state 

economies (Frumhoff 

et al., 2008). Trout, 

salmon and other cold water fishes are 

especially vulnerable to climate change, 

and the ecotourism and food industries 

dependent on these species may see 

a decrease in revenue coupled with 

increased costs over time (Williams, 

2007). 

The projected impacts to natural 

systems, human infrastructure, and 

FIGURE 5-2

Mill Pond Road 

after dam failure at 

Nottingham Lake, 

Nottingham, NH, 

4/18/2007 . Hanging  

in the picture is  

the guard rail and 

support posts for the 

washed-out road .

Communities that choose 

not to plan for and  

|institute adaptation 

strategies potentially 

|accept a higher risk for 

their citizens into the future .
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economic viability necessitates the 

need for a concurrent process of 

stakeholder education, networking, 

and coordination of efforts from the 

science, business, and community-level 

sectors to address adaptation planning 

and implementation. This adaptation 

planning must be in parallel with 

efforts to reduce emissions. The former 

effort is responding to impacts from 

past behavior, the latter is to mitigate 

how extreme those impacts will be into 

the future.

To assist communities with the 

challenges of climate change, the 

International 

Council of Local 

Environmental 

Initiatives (ICLEI): 

Local Governments 

for Sustainability 

developed the Cities 

for Climate Protection, 

a curriculum that 

outlines a framework 

for creating local 

climate protection 

plans. As part of 

this effort, the U.S. 

Department of 

Commerce, NOAA 

supported the 

development of the 

Climate Resilient 

Communities as a 

network to help local 

governments develop 

capacity to identify and 

reduce vulnerabilities 

from the threats of 

climate change.

Municipalities, with their focus on 

health, safety, and welfare, can consider 

three main response options when 

approaching changes in climate and 

the resultant impacts to the community. 

These include:

1. Protect resources/systems from changes

2. Accommodate/adapt to expected 

changes

3. Abandon or retreat when accommo-

dation or protection is not feasible. 

The ICLEI Climate Resilient Communities 

report identifies milestones necessary 

for municipalities to achieve in order to 

establish a successful climate adaptation 

planning process. These include:

1. Study and assess climate information 

and resilience—collect local climate 

and weather data to determine if the 

community is capable of adjusting to 

changes in climate

2. Establish a community vision for 

future climate adaptation strategies.

3. Develop and implement an action 

plan—one that describes the actions 

and policies to be carried out includ-

ing the timing, financing, and 

responsible parties

4. Monitor the efforts and re-evaluate 

the plan

Several communities have begun the 

process to create climate resiliency 

plans; focusing on the impacts to water 

resources and community response. 

The cities of Milwaukee, WI., Chicago 

IL., and New York City, NY., focused 

many of their efforts on stormwater 

infrastructure and invested in options 

that included increased Green 

Successful adaptation requires:

• Strong political leadership

• Institutional organization and 

coordination

• Active stakeholder involvement, 

including cross-cutting advisory 

groups 

• Education and outreach 

programs 

• Citizen engagement

• Appropriate and relevant 

climate change information

• Decision making tools,  

including consideration of 

barriers and challenges to 

adaptation approaches

• Funding for implementation of 

adaptation planning and actions

• Research into future impacts

• A continuous adaptive 

management approach
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Infrastructure, additional storage for 

their Combined Sewer Overflow (CSO), 

and inlet control to reduce the volume 

of water entering the CSO.

CLIMATE CHANGE IMPACTS 
UPON WATER RESOURCES

A changing climate will alter the 

timing, duration, and frequency of 

extreme events. These changes will 

be of concern to municipal planners 

and local officials due to the resulting 

impacts to infrastructure and ecological 

health, as well as the associated 

financial costs to the community. 

For example, as shown in Figure 

5-3, increasing rainfall due to climate 

change will result in increased runoff. 

This, in turn, will lead to secondary 

impacts including increased erosion 

potential and a higher mobility 

of nutrients, such as nitrogen and 

phosphorus, into water bodies. Tertiary 

impacts may include an increase in 

nutrients, leading to algae blooms, 

reduced dissolved oxygen levels, and the 

possible loss of sensitive aquatic species.

Increasing Runoff, Erosion and 
Decreasing Water Quality

Runoff is an obvious immediate impact 

from an increase in rainfall and winter 

precipitation. Based on 

projections for certain 

regions of the country, 

there will be larger 

flows overland, as well 

as higher stream and 

river flows during storm 

events. This increased 

runoff will have 

secondary and tertiary 

impacts on both natural 

systems and man-made 

infrastructure.

As watersheds are 

developed, there is a 

corresponding increase 

in impervious surfaces 

and a decrease in the 

ability of precipitation 

to infiltrate into soils. 

Increased impervious surface results 

in an increase in runoff, larger stream 

flows, and a greater potential for 

FIGURE 5-3

Primary, Secondary, 

and Tertiary 

Impacts Due to 

Climate Change 

 PRIMARY IMPACTS SECONDARY IMPACTS TERTIARY IMPACTS

Increased
Rainfall

Increased 
Runoff 

and 
Flooding

Increased 
Erosion

Algae 
Blooms

Decreased
H2O 

Oxygen

Aquatic
Organism
Die-Off

Increased 
Nutrient 
Mobility

Increased 
H2O 

Nutrient 
Levels

A changing climate will 

alter the timing, duration, 

and frequency of extreme 

events . These changes will 

be of concern to municipal 

planners and local officials 

due to the resulting impacts 

to infrastructure and 

ecological health, as well 

as the associated financial 

costs to the community . 
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more frequent and higher flood waters 

associated with intense storms. 

Figure 5-4 shows potential impacts to 

culvert and road crossings from increased 

runoff from impervious surfaces and 

climate change. Red areas indicate catch-

ments where culverts are inadequately 

sized to handle projected increases in 

runoff. The figure on the left indicates 

those catchments that drain into culverts 

for current conditions of land use and cur-

rent rainfall amounts, in this case for the 

25yr-24hr storm event. The middle figure 

indicates vulnerable catchments draining 

into culverts when the watershed is built 

out to 75% of its capacity with current 

rainfall amounts. The figure on the right 

indicates which catchments become vul-

nerable with both a 75% build-out and 

projected mid-century rainfall amounts 

for the 25yr-24hr storm event. 

Undersized culverts at road crossings 

can be impacted by an increase in 

erosion and sedimentation, which can 

affect downstream aquatic organisms 

and wetland habitat. Undersized 

culverts also contribute to road and 

associated infrastructure damage 

during large precipitation events 

because of the inability to convey 

increased volumes of water. In some 

cases, this may result in life threatening 

flash flooding events (Simpson, 2008).

Another secondary impact from 

increasing runoff from climate change 

is a greater amount of sediment from 

erosion. Where rainfall is projected to 

increase, the corresponding increase in 

erosion will be greater, and even in areas 

with projected decreases in precipitation, 

there will be a greater susceptibility to 

erosion due to increased storm intensity 

(Pelzhen et al., 2001; Yang et al., 2003; 

Nearing et al., 2004). Increased runoff 

causes stream instabilities, most notably 

incision and bank failures. This then 

causes property loss, loss of aquatic 

habitat, loss of aquatic passage, and 

FIGURE 5-4

Potential impact to 

culverts from increased 

runoff due to land use 

and climate change 

(Simpson 2011)

 Current Build-Out With Build-Out With 
 Conditions Current Rainfall Future Projected Rainfall

Culvert Catchments Vulnerability to Change in Landuse and Increased Precipitation 
Lake Sunapee, NH Watershed, 2011

Undersized

Transitional 

Adequate

CULVERT CAPACITY
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impairments to infrastructure. Most of 

these will need to be addressed when 

they happen, often with public funds, 

making the case for resiliency all the 

more important.

The primary affect of increased 

soil erosion includes direct impacts 

upon natural habitats and associated 

sensitive species as a result of higher 

levels of scouring and sedimentation. 

There is a strong correlation between 

the movement of sediment and the 

mobility of nutrients and pollutants. 

The transport of nutrients and other 

pollutants into surface and ground water 

can have ecological and human health.

As the potential for erosion increases, 

so will nutrient and pollutant transport 

to the waters of the United States. Coping 

with the resulting physical, chemical 

and biological damages are anticipated 

to bring substantial financial costs to 

communities. One estimate, attributed to 

sediment impact, included financial costs 

of $16 billion to the country as a whole 

for addressing issues such as property 

damage, fish deaths, and degradation of 

drinking water sources. Sediment-related 

impacts will only increase with higher 

levels of precipitation into the future 

(Osterkamp et al., 1998). 

LAND USE AND CLIMATE 
CHANGE RUNOFF HYDROLOGY 

The design and planning community 

is becoming aware of the need to 

update design criteria information for 

municipal infrastructure. Changing 

storm depths, longer periods of record, 

and improved statistical evaluation of 

the frequency and duration of rainfall 

events is prompting updates in absence 

of information from the National 

Weather Service. 

The Southeastern 

Wisconsin Regional 

Planning Commission 

recently updated design 

storm data (depth, 

duration, and frequency) 

after only 10 years of 

a previous update in 

recognition in part of 

the need to incorporate 

extreme rainfall events. 

The update provides 

information that in 

general increases design 

storm depths for use 

in stormwater and 

floodplain management and in the 

design of water infrastructure.

The City of Alexandria, Virginia 

has completed a study as part of 

their Storm Sewer Infrastructure 

Planning Program. Alexandria has 

experienced increasingly frequent 

flooding attributable in part to old 

infrastructure, and extreme rainfall 

events reflective of a changing climate. 

The city has commissioned a study to 

develop a flood control program which 

includes updated design storm data, 

evaluation of climate change risk, and 

identification of solutions that includes 

a combination of planning and Gray 

and Green Infrastructure.

An example of a Green Infrastructure 

project and climate change resiliency is 

Boulder Hills. This site is a low impact 

development (LID) adult condominium 

As the potential for erosion 

increases, so will nutrient 

and pollutant transport to 

the waters of the United 

States . Coping with the 

resulting physical, chemical 

and biological damages 

are anticipated to bring 

substantial financial costs to 

communities .
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community in Pelham, New Hampshire 

which incorporates widespread 

infiltration measures including the state’s 

first porous asphalt road and rooftop 

infiltration. With widespread sandy soils, 

the 14-acre site is ideal for infiltration 

and includes 5 buildings, a community 

well, and a private septic system, 

with a portion of the site containing 

wetlands in a 100-year flood zone. The 

roadway, all driveways, and sidewalks 

in the development are composed of 

porous asphalt, while the fire lanes, 

which consist of crushed stone, serve as 

infiltration systems for rooftop runoff. 

Prior to this LID design, a conventional 

site drainage plan was first proposed. 

These two designs (Figure 5-5) were 

compared side to side in order to perform 

an engineering costing study as well as 

model runoff hydrology. The modeled 

runoff hydrology is presented below to 

compare the impacts upon stormwater 

runoff for both post-development and for 

FIGURE 5-5

Comparison of Two 

Site Drainage Designs, 

LID Design (top) and 

Conventional (bottom) 

for Boulder Hills, 

Pelham, NH

(SFC, 2009)

LID Design

Conventional
Design 
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increased storm depths under potential 

climate change scenarios.

With Boulder Hills, LID planning 

and structural controls were used to 

minimize increases in runoff volumes 

due to development. However, this 

approach can also be used to manage 

increased storms size due to climate 

change. The same strategies that are 

used to provide infiltration and storage 

for land use changes can be used 

to mitigate impacts from changing 

storm depths. The usage of Green 

Infrastructure to add distributed storage 

and infiltration throughout a project 

has a cumulative effect on a watershed 

and can be used as an adaptation 

tool for building resiliency to extreme 

events. As will be illustrated here, 

increased resiliency can be achieved 

affordably by a combination of 

planning and structural controls.

Modeling

A conventional, event-based 

engineering hydrology analysis was 

performed for the pre-development, 

conventional, and LID designs. The 

hydrologic models are typical of 

standard civil engineering site design, 

and were used as part of the project 

design and permit. The authors are 

cognizant of the limitations of event 

based models, which are not intended 

to be reflective of the highest level 

of accuracy that is possible with 

continuous simulation, but rather, are 

indicative of engineering tools common 

to the permitting and design process.

The results in Figure 5-6 demonstrate 

both volume of runoff (blue) and 

volume infiltrated (orange). For the 

Boulder Hills site design, the recharge 

volumes for pre-development and the 

LID design are very similar, whereas 

the conventional design demonstrates 

a tremendous increase in storm runoff 

volumes. For the water quality volume 

(in most regions equivalent to the 

1-inch, 24 hour rainfall event), many 

LID designs yield no additional runoff 

replicating pre-development conditions. 

FIGURE 5-6

Benefits of LID as an 

adaptation measure . 

Comparing runoff and 

recharge depths for 

Pre-Development,  

Post-Development 

and Low Impact 

Development,  

Boulder Hills,  

Pelham, NH

Benefits of LID as an adaptation measure. Comparing runoff and recharge depths for 
Pre-Development, Post-Development and Low Impact Development, Boulder Hills, Pelham, NH
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This is significant because in the New 

Hampshire region, 92 percent of the 

storms are less than 1-inch from which 

no runoff would be generated. For 

larger storms, runoff is observed, and 

it is notable that the volume retained 

with the LID condition is actually 

greater than pre-development. This 

impact is most notable with increasing 

storm depth, and in part, is due to 

added infiltration and storage built 

into the LID landscape as well as the 

tremendous lag time that occurs using 

porous pavements. These effects will be 

proportional to the storage provided. 

For example, using systems with less 

storage (i.e. rain gardens) would result 

in proportionally less storage. 

Through the use of structural 

and nonstructural LID practices, the 

hydrologic characteristics of the Boulder 

Hills site were improved over that of a 

conventionally designed site by providing 

for additional storage in the LID systems, 

increasing infiltration, reducing runoff 

peaks, and delaying the runoff peak. 

The longer residence time of water in the 

stormwater systems allows groundwater 

recharge over a longer period, which 

in turn results in higher total volumes 

recharged per storm event. This is in 

contrast to conventional stormwater 

management practices, which are meant 

to collect, concentrate, and convey runoff 

off site. LID systems are commonly 

designed to retain, treat, and infiltrate the 

first inch of rainfall runoff while higher 

storm depths are by-passed. However, 

the use of porous pavement systems adds 

substantial storage capacity because 

they are usually designed to serve for 

transportation function (load capacity 

and resistance to frost depth in cold 

climate zones) as well as for stormwater 

management. In most cases, the sub-

base designed for these structural criteria 

allows for retention of as much as 10 

inches of direct rainfall for the pavement 

surface. This represents additional 

resiliency and explains why the peak 

flow rates and runoff volumes for the 

LID site are lower than pre-development 

conditions. Similar improvements could 

also be expected to a varying degree for 

higher density sites with similar system 

and site characteristics.

The modeling results shown here 

have not been calibrated, as the site 

is not monitored. The site appears to 

function at least as well as modeled. 

With the exception of a small swale 

on the perimeter of the site, no runoff 

from the site has been observed since 

its installation in the fall of 2009. This 

includes storm events exceeding 3 

inches over a 24 hour period.

TABLE 5-1

Values of design storm 

depths for present 

conditions and those 

predicted for the  

climate change scenario .

Design storm (year) 2 10 100

Climate Change Depth Increase (%) 17 28 45

Current depth in cm (in) 7 .53 (3 .01) 10 .86 (4 .35) 15 .75 (6 .3)

Increased depth in cm (in) 8 .8 (3 .52) 13 .93 (5 .57) 22 .85 (9 .14)
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FIGURE 5-7

Keene , NH

Photo by  
Michael Hussey

CLIMATE CHANGE ADAPTATION &  
WATER RESOURCES MANAGEMENT
The following examples are two New England communities faced  

with addressing the challenges of changes in climate: Keene, NH  

and the Oyster River basin in New Hampshire’s Great Bay watershed. 

KEENE, NH

Piloting the ICLEI Local Governments for Sustainability,  
Climate Resilient Communities Program

The Town of Keene, NH is a community 

of approximately 23,000 residents 

in the southwestern portion of the 

state and is home to both Keene State 

College and Antioch University New 

England. Keene has a total land area of 

approximately 38 square miles and is 

in the Connecticut River valley between 

the Green Mountains of Vermont and 

White Mountains. 

The Town of Keene signed on to pilot 

the ICLEI Cities for Climate Protection 

Campaign in April of 2000 to develop a 

Local Action Climate Plan and was the 

first of five U.S. cities to participate in 

the ICLEI Climate Resilient Community 

(CRC) Program. The Plan is intended 

to address changes in climate that will 

continue to affect the community, and 

to identify the necessary steps that 

are needed to mitigate and adapt to 

those changes. ICLEI’s CRC Program 

partnership with Keene provided 

valuable technical assistance to the 

CASE STUDIES
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ICLEI - Local Governments for Sustainability is an 

international association of local governments as well as 

national and regional local government organizations who 

have made a commitment to sustainable development .

ICLEI provides technical consulting, training, and 

information services to build capacity, share knowledge, 

and support local government in the implementation 

of sustainable development at the local level . The basic 

premise is that locally designed initiatives can provide an 

effective and cost-efficient way to achieve local, national, 

and global sustainability objectives . 

community to conduct the process 

necessary to develop their plan. 

The Town of Keene felt it was their 

responsibility to address community 

health, safety, and welfare issues 

associated with changes in climate 

and identified their plan to include 

areas that would affect short and long-

term energy security, food security, air 

quality, public health, employment, 

and economic welfare. The town 

accomplished the first step of the 

resiliency plan by initiating the plan 

development effort. 

The Town of Keene followed the CRC 

plan development process by conducting 

a vulnerability and risk analysis of the 

existing community resources. This 

included identifying community resource 

assets of the built social and natural 

environments. Community participation 

was very important in the development 

of these categories and in determining 

relative importance. 

The town followed with an assessment 

to determine the vulnerability of each 

category to changes in climate, and 

defined a set of goals, targets, and 

actions relevant to each. To establish 

ranked priorities for actions and begin 

the formal goal setting process, the town 

and stakeholders placed each target 

against a series of criteria to determine 

relative value. Upon completion, the 

ranking permitted the development 

of the actual plan, which identified 

the actions and policies needed to 

establish the town as a climate resilient 

community. The final stages of the 

process included the implementation 

of the plan (with identified roles and 

responsibilities) and the monitoring of 

progress of implementation. 

Overall, the plan addressed a wide 

range of categories for the community 

to address over time to become a 

climate resilient community. The plan 

included the categories of: the Built, the 

Natural, and the Social Environments 

with detailed targets respective to each. 

The category relevant for the purpose of 

this case study was the considerations 

to the Built Environment in the 

areas of Buildings, Transportation 

Infrastructure, and Stormwater 

and Wastewater Infrastructure. The 

recommendations (specifically identified 

below) include language supporting 

the implementation of increased 

stormwater capacity, LID, Green 

Infrastructure, smart growth principles, 

and LEED standards. 
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SECTOR 1: THE BUILT ENVIRONMENT

OPPORTUNITY: Building and Development

GOAL: Reduce the likelihood of structural damage resulting from predicted increases in 

severe weather events .

TARGET: Identify a 200-year floodplain and prevent future development in these 

areas . 

GOAL: Make all new development in Keene “green” (i .e . sustainable)

TARGET: Incorporate sustainable stormwater design and management techniques 

to lessen the ecological footprint of new development, and take into account the 

potential for greater storm loads, by 2012 .

GOAL: Lower the ecological footprint of existing buildings .

TARGET: Update City code to include green building standards for all major 

renovations, in a fashion consistent with Goal A outlined above, by 2012 . 

Update the City’s Infrastructure Standards to ensure public safety in the event of major 

flooding or severe storm events .

GOAL: Reduce sprawl and promote infill development/redevelopment .

TARGET: Identify areas within the City that have infill or redevelopment potential 

and are outside an area of potential significant impact to flooding . Aim to have 50 

percent of these areas developed by 2027 . Adopt smart growth principles in the 

comprehensive master plan to support this goal, which provide for growth boundaries 

to avoid new or continued development in areas that are deemed high risk through a 

vulnerability assessment .

TARGET: Revise conservation subdivision regulations to create incentive for the 

developer to provide greater densities and community services in this type of 

development, while achieving open space conservation . Devise incentives to foster infill 

development in areas within the City that have been identified as being at low risk for 

flooding .

OPPORTUNITY: Transportation Infrastructure

GOAL: Design and reconstruct roadways to handle changes in temperature and 

precipitation as a result of a change in climate .

TARGET: Change design requirements for new or refurbished roadways to include 

different pitches combined with stormwater design and/or use of more permeable 

surfaces to effectively remove water from the roadway .
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D E F I N I T I O N
A Green Street is a street right-

of-way that, through a variety 

of design and operational 

treatments, gives priority to 

pedestrian circulation and open 

space over other transportation 

uses . The treatments may include 

sidewalk widening, landscaping, 

traffic calming, and other 

pedestrian-oriented features . The 

purpose of a Green Street is to 

enhance and expand public open 

space, and to reinforce desired 

land use and transportation 

patterns on appropriate City 

street rights-of-way .

 OPPORTUNITY: Stormwater Systems

GOAL: Safely and efficiently remove stormwater from the built environment .

TARGET: Work with the Regional Planning Commission to create a 

regional management plan for future stormwater runoff levels . Aim 

to develop and have all municipalities endorse or adopt the plan by 

2015 . 

Research, create, and begin the implementation of a green streets 

and a sustainable infrastructure program in Keene, similar to those 

developed by the City of Portland, Oregon and the City of Seattle, 

Washington by 2012 . 

Adequately assess the need for new culvert capacity in the City; 

identify where capacity and infrastructure upgrades are needed; and 

begin a replacement program . 

Include the reassessment of stormwater infrastructure into the City’s 

Comprehensive Master Plan and Capital Improvement Program to 

replace failing or antiquated infrastructure (inclusive of Three Mile 

Reservoir, Ashuelot River, Surry Mountain, and Otter Brook dams) .

Approach Army Corps of Engineers for reassessment, using climate 

change scenarios, of the capacity of existing dams and recommend 

changes to ensure the ability of these systems to withstand increases 

in precipitation by 2009 .

Devise and implement a process for coordination of stormwater, 

utility, and streetscape improvements to occur in sync with the City’s 

capital improvement schedule for road repairs by 2009 .

Identify stormwater treatment and management standards 

to minimize discharge from private property and from public 

improvement projects .

GOAL: Decrease stormwater runoff and flash flooding .

TARGET: Foster innovative storm water design requirements (on and off site) and 

include these in site plan requirements . 

Adopt a Net Zero Runoff site plan requirement . 

Identify areas where increased infrastructure capacity is needed to hold/divert water 

and include replacement or upgrade in Capital Improvement Program .
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FIGURE 5-8

Relief of Oyster  

River Basin

Durham

Madbury

Dover
Barrington

LeeNottingham Newington

Key Stats:
Elevation High: 383 ft
Elevation Low: 4 ft

Elevation Profile of Watershed
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OYSTER RIVER BASIN 

An Analysis of the Cost Impact to Water Conveyance Infrastructure 

The Oyster River Watershed is a 19,857-

acre watershed and is a significant source 

of freshwater for the Great Bay estuary on 

the New Hampshire coast. The watershed 

is within coastal New Hampshire, and 

includes portions of six townships, 

although only four have significant land 

area within the watershed. 

In 2000, the population density was 

304 persons per square mile (United 

States Census Bureau, 2010). Population 

growth, at 8.6 percent, has been 

vigorous, for the eight years ending 

2008, equaling 10.8 percent per decade. 

This exceeds the growth rate through 

the 1990s of 0.8 percent per decade. 

At this rate, the population will be 40 

percent greater by 2046, the beginning 

of the thirty-year climate-changed 

period modeled in this study, and 70 

percent greater by 2075, the end of the 

thirty-year climate-changed period. 

Durham has the largest population 

among towns in the watershed. The 

Durham 2000 Master Plan projects 

that full build-out will occur by 2028 

(Town of Durham, 2000). The negative 

impact of recent growth on hydrology is 

indicated by the change in percentage of 

impervious surface from 1990 to 2005. 

This increase signifies significant impacts 

for the installed drainage system, 
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FIGURE 5-10

Actual and Projected 

Imperviousness in 

Oyster Basin

FIGURE 5-9

Oyster River Watershed, 

New Hampshire

elevating the importance of quantifying 

these impacts and investigating the 

potential for techniques such as LID to 

mitigate increased runoff.

Antioch University of New England 

initiated a study in order to provide 

an analysis of the changes in climate 

and related impacts to stormwater 

conveyance infrastructure. In 

collaboration with the UNH Stormwater 

Center the project examined land use 

impacts and the use of Low Impact 

Development as an adaptation tool. The 

University worked with the towns within 

the watershed to develop a climate 

change scenario, which included costing 

estimates for improving the conveyance 

system to compensate for the changes 

in hydrology. Two dams on the Oyster 

River have insignificant storage capacity 

and little impact on river hydrology. 

However, the lower dam creates a 

boundary between freshwater and tidal 

portions of the river.

PROJECT DESIGN

The study utilized a geographic informa-

tion system (GIS)-based watershed model-

ing approach to examine the hydrologi-

cal impact on existing culvert infrastruc-

ture of several climate change and land 

use scenarios. Field data was collected on 

culvert capacity, vegetation cover, slope, 

soils, permeability, roads, and land use. 

The project applied standard hydrologi-

cal assessment methods, including the 

Natural Resources Conservation Service 

(NRCS) NRCS Curve Number and TR-55 

methods, to estimate runoff volumes and 

peak flows under current and projected 

future precipitation and land-use patterns 

(Stack et al., 2010). 

The project consisted of five separate 

analyses: runoff/peak-flow under current 
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25-YEAR, 24-HOUR PRECIPITATION (IN .)
TABLE 5-2

Rainfall Design  

Depths from Climate 

Change for Oyster  

River Infrastructure 

Vulnerability Assessment

TP-40 1971-2000
(Baseline)

2046-2075
(A1b)

2046-2075
(A1fi)

+95% c .i . 

5 .1

7 .46 9 .53 12 .22

“most likely” 5 .37 6 .86 8 .35

-95% c .i . 3 .85 4 .92 5 .66

conditions; recent and climate-changed 

design storm; culvert reverse-engineering 

and required future capacity; 100 

percent build-out under current and 

LID influenced zoning standards; and 

replacement cost analysis.

Two full build-out analyses were 

developed to form the basis for the 

scenarios, both of which were based 

on current zoning ordinances. The first 

scenario assumed future development 

consistent with existing construction 

practices that minimally limit runoff 

and impervious surfaces. The second 

scenario factored in a built-out 

condition based on the application of 

a realistic set of LID methods to the 

existing zoning ordinances. 

Changes to runoff rates were 

estimated from a build-out analysis of 

the study area to the current minimum 

zoned lot size, and from a build-out 

based on the application of a realistic 

set of LID methods. To estimate drainage 

system functioning, these results were 

measured against the present capacity 

of the existing system of culverts. For 

culverts identified as undersized, a 

simple modeled approach that used 

standard civil engineering principles 

was conducted to achieve the estimated 

runoff rate and construction costs. 

Because up-sizing of drainage 

systems has been shown as the most 

costly method for managing increased 

runoff from climate change, a second 

build-out scenario applied a set of 

realizable LID techniques to determine 

the capacity of runoff management 

methods for reducing adaptation costs 

(Blankensby et al., 2003). 

Replacement and marginal costs 

were developed using standard con-

struction cost estimating procedures and 

unit cost rates. Individual culverts were 

ranked according to vulnerability and 

potential hazard to the community, in 

order to provide leaders with a priori-

tized schedule for guiding the planning 

of LID ordinances and culvert upgrades.

PRECIPITATION 

The adequacy of the existing drainage 

system is a function of several hydro-

logical variables, including the precipita-

tion intensity-duration-frequency 

(IDF) relationship. This relationship is 

specified by New Hampshire Department 

of Public Works and Highways 

regulations (NHDPWH, 1996) and 

states the design storm must meet the 4 

percent probability (once-in-25-year) of 

rainfall to be received within 24 hours.

Table 5-2 indicates the design  

rain-fall depths used in the runoff 

model for current conditions (baseline) 

as well as projections for climate 

change (A1b–Balanced Growth and 
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FIGURE 5-11

Culverts Analyzed 

Within the Oyster River 

Basin; red symbols 

indicate vulnerability

A1Fi–Fossil Fuel Intensive Growth) in 

the Northeast. 

For the study site, 25-year, 24-hour 

precipitation for recent and climate-

changed scenarios (A1b & A1Fi) were 

modeled. As seen in the previous table, 

the Baseline is the actual recorded 

data from 1970 to 2000 illustrating 

an increase in precipitation, and 

also demonstrates the A1b and A1fi 

projected changes to both volume of 

rainfall and rate of increase. 

CULVERT DATA

Culverts are designed to convey flows 

of water through (usually) manmade 

obstructions, such as roadways or railway 

embankments. Typically, a culvert is 

designed to convey the maximum or 

peak flow (QP) from a specified design 

storm, established by New Hampshire 

standards as the once-in-25-year, 24-

hour precipitation amount. 

An inventory of culverts in the Oyster 

River was conducted to determine 

the model culvert capacity. For each 

catchment in the watershed and each 

precipitation and land-use scenario, the 

culvert model estimated the minimum 

required cross-sectional area needed to 

safely pass estimated QP. The required 

cross-section was compared with the 

actual cross-section of the culvert 

currently in place in order to determine 

the adequacy of the current culvert. 

BUILD-OUT PROJECTION

Population growth is evident on the 

landscape as demonstrated by the 

increase in development of commercial 

and residential real estate. The future 

development condition is determined by 

zoning plans and regulations enacted 

at the municipal level. By referencing 

the existing zoning map, a community 

build out scenario may be developed. 

To better understand the impact of 

population growth on hydrology, a 

modeling effort was performed using 

a complete build-out of the Oyster 
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FIGURE 5-12

Curve Number 

Spacial Analysis for a 

Built-out Watershed
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CURRENT CN Values within the Oyster River Watershed
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River watershed to current zoning 

standards. This scenario permitted the 

development of an estimate for the 

adequacy of the existing culvert system 

to accommodate projected impacts 

from population growth. Additionally, 

it allowed the creation of a baseline 

standard development to which LID 

methods for new development could be 

applied. 

Utilizing a combination of GIS and 

aerial photo interpretation, current 

building practices were determined 

to establish the typical development 

conventions within the various zoning 

density districts. These photos had 

enough resolution to identify key 

features associated with each land-

cover attribute, including the footprint 

of primary and secondary structures on 

a site, impervious surfaces (e.g. patios, 

driveway, etc), semi-impervious surfaces 

(e.g. unpaved driveways), lawns, as 

well as forests. Landscape and building 

features identified by these analyses 

were mapped to standard land cover 

categories and combined with soil 

hydrologic classification. The output 

was the curve number calculation, 

which drove the calculation of runoff 

for particular rainfall depths.

LOW IMPACT DEVELOPMENT 
ANALYSIS

In order to study the capacity of runoff 

reduction methods for mitigating 

impacts of climate change and 

population growth, results from the 

standard build-out were modified by 

applying LID principles. 

In essence, the incorporation of LID 

at the parcel level for each zoning 

district within the study area effectively 

changes the curve number that dictates 
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TABLE 5-3

Estimated Runoff 

Coefficients  

with LID

C U R V E  N U M B E R S  B Y  S O I L  G R O U P

Zoning District Lot Size (sq ft 000) A B C D

Commercial/Business 62 74 83 88

Industrial 62 74 83 87

Residential Acres:

1/8 5 .4 61 74 82 85

1/4 10 .9 50 68 78 82

1/3 14 .5 48 66 77 82

1/2 21 .8 44 63 75 80

1 43 .6 43 62 74 80

2 87 .1 42 61 74 80

5 212 .8 42 61 74 80

FIGURE 5-13

Curve Number 

Adjustment for  

a Built-out  

Watershed with LID 

how much runoff occurs for different 

precipitation amounts.

The goal was to assume a set of LID 

techniques with a realistic expectation 

of adoption within the economic and 

political constraints of the community. 

In most cases, a set of LID regulations 

likely to be enacted by towns in the 

study site will be constrained by resource 

limitations and political realities. 

For the different sized parcels 

specified by zoning districts, a set of LID 

practices was created that achieved this 

standard. The impact of these practices 

on the curve number (CN) value for 

each catchment was computed and 

served as an input to the precipitation-

runoff model.

The reduction in runoff and resulting 

QP were compared for scenarios 
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U N D E R S I Z E D  C U L V E R T S
TABLE 5 -4

Impact of LID  

on Culvert Capacity  

under Built-Out 

Conditions

B U I L D O U T  S C E N A R I O

Scenario Standard w/LID Difference % Difference

LATE SPRING

Baseline, AMC II 4 0 4 100%

A1b, AMC II 4 2 2 50%

A1fi, AMC II 7 5 2 29%

A1b, AMC III 10 7 3 30%

A1fi, AMC III 15 12 3 20%

FALL

Baseline, AMC II 8 6 2 25%

A1b, AMC II 16 12 4 25%

A1fi, AMC II 19 18 1 5%

A1b, AMC III 20 19 1 5%

A1fi, AMC III 25 23 2 8%

FIGURE 5-15

Culvert Capacity under 

Different Land-use 

Scenarios without 

Climate Change; red 

symbols indicating 

vulnerability

Lee

Durham

Madbury

Dover
Barrington

Nottingham

MAP KEY
Oyster River Watershed Boundary (HUC12 Def)
NH DOT Roads
NH Town Boundaries

1st Order Streams
2nd Order Streams
3rd Order Streams
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FALL A1Fi Comparison of the Buildout Scenarios, 25yr Return Period

Replace Culvert?
NO

YES

Result Position

BUILDOUT LID

CURRENT

of build-out with and without the 

application of LID techniques. The 

difference between the number of 

undersized culverts with and without 

LID was used as an indicator of the 

value of LID methods.

CLIMATE CHANGE
Table 5-15 summarizes the impact of 

realizable LID methods on the rates of 

undersized culverts for the various climate 

change precipitation scenarios as well 

as for normal and wet antecedent 

RB-AR10901
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Upgrading existing 

drainage systems is 

considered to be the 

most expensive means of 

accommodating increased 

peak flow resulting from 

climate change . More 

economical adaptation 

strategies reduce peak flow 

through application of  

LID, Best Management 

Practices, Sustainable Urban 

Drainage methods, or 

Smart Growth lot designs .

moisture conditions. When soils are 

saturated (or frozen), as given by Type 

III antecedent moisture conditions 

(AMC III), the efficacy of 

LID is reduced. However, 

even for the most 

pessimistic precipitation 

projections, the Fall A1fi 

(Fossil Fuel Intensive 

scenario)/AMC-II, 

A1b (Balanced growth 

scenario)/AMC-III, and 

A1fi/AMCIII conditions 

still had a 5 to 8 percent 

reduction in projected 

undersized culverts as a 

result of LID practices. 

With the more moderate 

precipitation increases, 

the potential benefit of 

LID methods is greater, 

ranging from 25 to 100 

percent. 

COST ANALYSIS

Based upon the 

analysis that identified 

undersized culverts for the various 

climate change and build-out 

scenarios, the goal of this analysis 

was to determine the cost of removing 

the existing culvert and replacing it 

with one that is adequately-sized. The 

quantities of materials required for each 

upgrade were calculated based on field 

data that established existing culvert 

type, cross-sectional area, length, 

elevation below the road, and road and 

shoulder dimensions.

For the purposes of this study, the 

costing results are intended to be 

indicative, and for planning purposes 

only. For more accurate estimates 

sufficient to support capital budgeting it 

would be essential to conduct a formal 

engineering design process for each 

culvert. To maximize the accuracy of 

results, costs were estimated only for 

tasks and components with a high 

degree of predictability. Therefore, 

total estimated replacement costs 

per culvert likely understate actual 

replacement costs. Excluded were costs 

for engineering design, excavation of 

the stream course, bank stabilization 

that may be incurred from culvert 

enlargement, and headwall demolition 

and replacement.

The additional cost resulting from 

upgrading a culvert to a larger size 

rather than replacing it with one of 

equal size is referred to as marginal cost. 

For the pessimistic A1fi scenario with 

build-out, marginal costs averaged an 

additional 49 percent per culvert. For 

individual culverts, the factors that most 

influence marginal cost are the extent 

of increase in culvert cross-section, the 

height-to-road-surface, and the culvert 

length.

When the data in Table 5-5 are 

aggregated by a land-use scenario 

(Table 5-6), the cost differential between 

build-out and build-out with LID is 

apparent. The additional runoff from 

build-out increases the per-culvert 

marginal cost by 22 percent. The 

additional runoff from build-out with 

LID also increases the per-culvert 

marginal cost, but only by 14 percent. 

LID methods reduce the marginal cost 

per culvert by 8 percent, or one third.
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Land Use Marginal Cost Per Culvert % increase Over “Current” Land Use TABLE 5-6 

Per-Culvert Marginal  

Costs by Land-use 

Scenario, with Recent 

Precipitation Amount

Current 2,952 —

Build-Out 3,596 22%

LID 3,372 14%

TABLE 5-5 Summary of Cost Analysis across Precipitation, Land-use and Antecedent Soil Conditions

Moisture 
Condition

Precipitation 
Scenario

Land-Use 
Scenario

Precipitation 
(in)

Undersized 
Culverts

Replacement 
Cost

Upgrade 
Cost

Marginal 
Cost

%  
Difference 

Cost  
per Culvert

AMC II Baseline Current 5 .4 4 16,824 24,582 7,758 46% 1,940

Build-Out 5 .4 8 56,542 88,264 31,722 56% 3,965

LID 5 .4 6 28,894 50,446 21,553 75% 3,592

A1b Current 6 .9 9 75,621 101,184 25,562 34% 2,840

Build-Out 6 .9 16 145,786 204,293 58,507 40% 3,657

LID 6 .9 12 110,832 152,590 41,757 38% 3,480

A1fi Current 8 .3 17 147,118 203,726 56,608 38% 3,330

Build-Out 8 .3 19 171,521 234,356 62,835 37% 3,307

LID 8 .3 18 160,695 222,267 61,572 38% 3,421

AMC III A1b Current 6 .9 18 151,344 208,859 57,516 38% 3,195

Build-Out 6 .9 20 175,746 239,488 63,742 36% 3,187

LID 6 .9 19 164,921 227,400 62,479 38% 3,288

A1fi Current 8 .3 22 191,817 273,192 81,375 42% 3,699

Build-Out 8 .3 25 224,761 321,339 96,578 43% 3,863

LID 8 .3 23 200,912 269,803 68,891 34% 2,995

+95% c .i .: 48% 3,565

Mean: 42% 3,317

-95% c .i .: 37% 3,070

SUMMARY

For the study site, climate change is 

estimated to have a profound impact 

on the precipitation intensity-duration-

frequency relationship, resulting in 

undersized culverts, increased flooding, 

increased hazard to life and property, 

and an increase in maintenance costs. 

The study estimates that the “most 

likely” 25-year event for the mid-

21st century A1b (Balanced Growth) 

scenario will be 35 percent greater 

than the 25-year TP-40 event, while 

the “most likely” 25-year A1fi (Fossil 

Fuel Intensive) scenario will be 64 

percent greater than the 25-year TP-40 

event. For comparison, the TP-40 100-

year precipitation event for a 24-hour 

duration was 24 percent greater than 

the 25-year event.

This study found that existing 

culverts in the study site vary widely in 

their adequacy for a given precipitation 

event, with 5 percent of culverts 

currently undersized based on the TP-40 

design storm to which they presumably 

should have been constructed. When 

build-out is considered, an additional  
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7 percent are already undersized for the 

“most likely” 25-year, 24-hour event 

experienced during the 1971-2000 

interval. Thirty-five (35) percent of 

culverts are undersized under full build-

out with no LID methods, and with the 

most pessimistic precipitation estimate. 

Upgrading existing drainage systems 

is considered to be the most expensive 

means of accommodating increased 

peak flow resulting from climate 

change (Blankensby et al., 2003). 

More economical adaptation strategies 

reduce peak flow through application 

of LID, Best Management Practices, 

Sustainable Urban Drainage methods, 

or Smart Growth lot designs (Coffman, 

2005; Urbonas and Starhre, 1993; 

Butler, 2000; Daniels, 2001). Although 

LID methods can potentially maintain 

pre-development runoff rates, the set of 

methods that are likely to be achievable 

in the near future in the study site can 

be expected to be limited. Based on 

current development patterns, a set of 

achievable LID methods was generated 

and the impact of this set on post build-

out rates of peak flow was measured.

Study findings indicate that a set 

of LID methods that is modest but 

achievable can significantly mitigate 

the impacts of climate change and 

population growth. Across all modeled 

catchments, the mean curve number 

increases from 67 to 72 due to build-

out, but decreases from 72 to 70 with 

the incorporation of achievable LID 

methods. For moderate precipitation 

increases and “average” antecedent 

moisture conditions, achievable LID 

methods reduce the number of culverts 

undersized due to build-out by 25 to 100 

percent. For more extreme precipitation 

increases, or “wet” antecedent 

conditions, achievable LID methods 

reduce the number of undersized 

culverts due to build-out by 5 to 8 

percent. 

The effect of LID methods can also 

be seen in the cost of adaptation. 

Under recent precipitation (1971-2000) 

conditions, LID methods reduced the 

marginal upgrade cost per culvert by 

8 percent as compared to the build-out 

with no LID scenario. The marginal 

upgrade cost for the A1b scenario with 

LID ($41,757), is 29 percent less than 

the marginal cost for the A1b scenario 

without LID methods ($58,507). 

Due to the extent of land cover, 

zoning regulations, and catchment 

hydrology, catchments do not respond 

equally the application of LID 

treatments. LID may be more effective 

for certain catchments as compared 

to others, based on existing land 

cover and land use. For two culverts 

in the study, the application of LID 

treatments were shown to be adequate 

for mitigating impacts from the most 

pessimistic climate change precipitation 

scenarios, specifically, the upper-95 

percent confidence limit A1fi scenario 

for the mid-century.

Combining the results of the LID 

analysis with the risk-prioritized 

upgrade schedule, certain culverts 

benefit more from the application of 

LID methods, either due to the extent of 

mitigation provided by LID, or due to 

the relatively higher risk assigned to a 

culvert in relation to other culverts. 
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COST

LID is often perceived as a more expensive option than traditional 

stormwater management . LID can be a cost-effective solution 

to a community’s stormwater 

management challenges due to the 

treatment of runoff at the source 

helping reduce the downstream 

infrastructure impacts during 

flooding events . LID can also reduce 

the development costs due to 

reductions in curbing and clearing for large detention basins 

and can introduce significant cost savings when separating 

storm sewers . 

EDUCATION AND TRAINING

Many local officials identified the need to be informed as an important 

component to making good decisions for their community . Valuable 

outreach in innovative and cost effective stormwater management can 

be conducted by Nonpoint Education for Municipal Officials (NEMO), 

Coastal Training Programs (CTP), Extension Programs, Universities or 

NGOs . Consider hands-on exercises, field activities or planning charrettes .

Overcoming the Barriers  
to the Implementation of LID

In 2009, Project Investigators conducted a market survey of over  

700 local decision makers representing localities in Minnesota,  

Ohio, Massachusetts, New Hampshire and Maine to understand  

the common barriers to implementing low impact development 

in their communities . The surveys showed that there were similar 

barriers in all of the communities . 

A survey of local decision makers provided important  
insight into the barriers to implementation of low impact 
development practices in communities .

THE FOUR MOST 
COMMON BARRIERS

1  The perceived costs 
associated with LID 
practices .

2  The need for additional 
education on specific  
topics directed to local  
officials and secondarily  
the general public .

3  Lack of political will  
to implement LID .

4 Concerns with  
long-term function  
and maintenance .

F A C T  S H E E T

Connections between high 

levels of development and 

declining water quality are 

well established, and can 

result in financial impacts 

through the loss of natural 

resources within the 

community if they are not 

controlled or mitigated .
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LANGUAGE
The translation of technical materials for local 

officials is a key component to successful 

outreach activities . 

The backgrounds 

of local officials are 

often varied, and 

their understanding 

of stormwater 

management is not 

often equal between officials . Using terminology 

and communication formats that reach a 

broader audience improves comprehension 

of the outreach activity . Consider testing 

the message or materials with the intended 

audience to confirm understanding . 

POLITICAL WILL
Local officials are representatives of their 

communities and need the support of  

their constituents 

when making 

decisions . 

Public outreach 

campaigns assist in 

the development 

of the political 

will necessary to implement innovative or 

alternative approaches . 

LACK OF CAPACITY TO BUILD 
SOCIAL CAPITAL
Environmental educators are tasked with 

informing wide ranging audiences on ground 

breaking information regarding resource 

FORGING THE LINK: Linking the Economic Benefits of Low Impact Development and Community Decisions  •  www.unh.edu/unhsc/forgingthelink
Chapter 6: Overcoming the Barriers to the Implementation of LID
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protection . However, those educators are often 

limited in their ability to lead group discussions 

to develop local policy changes in favor of 

innovative approaches . Consider improving the 

capacity to lead and nurture group process . 

CREDIBILITY
Environmental educators are provided a 

short window of time to inform local decision 

makers about new information that could 

assist in their role . Providing information that 

is timely, relevant and unbiased are means 

to ensure successful delivery . Universities, 

NEMO, CTP, Sea Grant Cooperative 

Extension, and NGOs can be effective tools 

for implementing local change . 

MAINTENANCE AND  
OPERATION PLANS
Stormwater management structures, both 

traditional and innovative require regular 

maintenance to be performed to maximize 

performance during their life span . Effective 

maintenance and operation plans outline the 

specific steps necessary to keep stormwater 

practices operating to the maximum benefit . 

Local officials tend to obtain 

most of their environmental 

information through the use 

of the Web and from direct 

trainings or presentations . 

While many educators would 

hope that local decisions are 

made based upon factual, logical 

information, many decisions are 

influenced by emotional and 

personal bias .

ADDITIONAL BARRIERS 
•  negative perceptions of  

“new technologies”

• concerns over long-term  

performance and liability 

• doubt as to the performance and 

function of the technology . 
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Overcoming  
the Barriers to the   
Implementation of LID

To overcome many of the 

challenges at the local level, 

education of local officials and key 

decision makers is a critical element 

to successful implementation of 

innovative practices .

CHAPTER 6

Water pollution associated with increasing development is perhaps  

the most pressing problem facing our surface waters today. During the  

last census, many coastal communities experienced as much as 25 

percent population growth. This tremendous growth pressure is forcing municipali-

ties and other watershed stakeholders to develop strategies for managing growth 

while maintaining watershed health. Population growth also corresponds to an 

increase in demands on infrastructure. In challenging economic times, revenue 

reductions can significantly impact a municipality’s ability to implement innova-

tive approaches to managing stormwater. To overcome many of the challenges at 

the local level, education of local officials and key decision 

makers is a critical element to successful implementation of 

innovative practices (Goodwin, 2008).

IDENTIFIED BARRIERS AND 
RECOMMENDATIONS TO OVERCOME

In 2009, Project Investigators conducted a market survey 

of over 700 local decision makers from different coastal 

regions to determine the barriers to implementing LID. 

Participants were from Minnesota, Ohio, Massachusetts, 

New Hampshire, and Maine and represented elected and 

appointed officials, volunteer board members, and munici-

pal staff. Data collection also came from a series of focus 

groups that included representatives from each region. 

The focus groups were comprised of a subset of the survey 

participants in order to obtain more detailed information than the survey could pro-

vide. Participation in the focus group was requested through the survey and through 

direct contact. Despite geographic and demographic differences, consistent topics 

came into view in the identification of barriers as well as suggestions for solutions. 

RB-AR10909
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Connections between high 

levels of development and 

declining water quality are 

well established, and can 

result in financial impacts 

through the loss of natural 

resources within the 

community if they are not 

controlled or mitigated .

COST

Cost is often identified as a significant 

barrier to the implementation of LID. 

Local governments are facing decreas-

ing revenues and are seeking solutions 

for addressing water resource manage-

ment concerns on a 

community-wide scale. 

The up front costs of 

designing an LID system 

are often seen as one 

of the primary hurdles 

to implementation, 

especially when several 

redesigns may be neces-

sary to obtain a final 

design. However, those 

costs may get recouped 

by the developer 

through the leaseholder 

or the end consumer. 

The education of costs should extend 

beyond the up-front initial costs and 

include a discussion on the cost ben-

efits of specific LID practices as well 

as the savings that can be realized 

through the elimination of structures 

such as pipes and catch basins. 

Often, demonstrating the cost 

savings of implementing LID on a 

land development scale, as opposed 

to single practice costs, permits the 

audience to realize the savings in 

specifics aspects of the development 

process. For example, a development 

project in the mid-Atlantic region 

was able to demonstrate considerable 

cost savings by implementing LID 

principles (ACB, 2005). Numerous  

case studies present cost savings from 

both commercial, residential, and 

municipal implementation of LID. Life 

cycle costs are rarely considered  

in development plans. 

Connections between high levels 

of development and declining water 

quality are well established, and can 

result in financial impacts through 

the loss of natural resources within the 

community if they are not controlled 

or mitigated. Over time, communities 

will need to bear the costs of restoration 

and clean up, or risk federal fines. Even 

worse, they risk their economic vitality 

through lost revenue as a result of 

declining fishing, tourism, and other 

water-dependent industries. 

The primary barriers to implementing LID were identified as: 

1 . The perceived costs associated with the practices; 

2 . the need for education, training, or resources on the subject, primarily for 

the focus group participants, but secondarily for the general public; 

3 . a lack of political will to implement LID strategies due to the previous two 

points; and 

4 . concerns with respect to long-term function and maintenance . 
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EDUCATION AND TRAINING

The 2009 market survey and direct 

interviews indicated many local officials 

voiced their need of information and 

training to better perform their role for 

the municipality, and indicated that 

they are likely to incorporate what they 

have learned into their decision making 

process. Based on the results of a mar-

ket survey, local officials tend to obtain 

most of their environmental informa-

tion through the use of the Web and 

from direct trainings or presentations. 

Additional research has identified other 

communication mediums such as radio 

or television as the most effective means 

to inform an audience as opposed to 

topic specific workshops (CWP, 2000). 

While the use of television may be most 

effective at behavior change, it can be 

cost prohibitive and is often general-

ized to meet the needs of a larger and 

more diverse audience. However, that 

audience may include key stakeholders 

that support locally elected officials. 

Intensive training through workshops 

conveys detailed information to a 

smaller audience that is seeking more 

complex information. The workshops 

can also be tailored to the specific 

needs of the immediate audience, 

though this requires more dedicated 

time from the trainer. Partner organiza-

tions such as the Nonpoint Education 

for Municipal Officials (NEMO), 

Coastal Training Programs (CTP) at the 

National Estuarine Research Reserves, 

and the Sea Grant Marine Extension 

provide detailed workshops on water 

quality programs and integrating land 

conservation strategies. These organi-

zations are experienced in providing 

various approaches to communicating 

the science of LID to various audiences. 

Often, local officials have a vision 

for what they hope their community 

will look like, but may be focused on 

immediate issues such as declining 

budgets, road maintenance, and new 

school construction. One tool to assist 

in communicating the future is visual 

representation of a 

community built out in 

differing future scenarios 

based upon input from 

community leaders. 

These future scenarios 

provide the community 

an immediate ability to 

see the affects of local 

decisions. 

Other types of 

engagement strategies may involve 

leading local officials, staff, and the 

public through a charrette process. 

Planning charrettes are collaborative 

processes in which a group of stakehold-

ers develops a solution to a challenging 

problem. Planning charrettes utilize 

various scenarios to communicate 

possible outcomes and reach solutions 

through the exchange of dialogue 

between participants. These structured, 

hands on activities provide an opportu-

nity for a group of people with a diverse 

background to share their perspective 

and provide solutions. 

Additionally, the use of field activities 

for local officials provides an opportu-

nity to dispel misunderstandings about 

LID through an outdoor classroom. 

Local officials tend to obtain 

most of their environmental 

information through the use 

of the Web and from direct 

trainings or presentations . 
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Basic functional properties and the 

aesthetics of LID practices are often 

key factors that prevent local officials 

and the public from accepting and 

implementing LID (Nowacek, 2003). By 

offering a site-based experience for local 

officials that is less formal from their 

typical setting, the ability to communi-

cate some of the aspects of LID can be 

successful. Understanding the design, 

functional features, and expectations 

for performance can be very effective 

for local officials. 

LANGUAGE

During the direct interviews with 

Municipal decision makers, it 

became apparent that there was 

a misunderstanding of how LID 

is typically defined. Focus group 

participants indicated that LID was 

not an applicable technique because 

the community had completely built 

out its jurisdictions with no “new 

developments” planned. LID, as 

defined, is a stormwater management 

strategy that emphasizes conservation 

and the use of existing natural site 

features integrated with distributed, 

small scale stormwater controls to 

more closely mimic natural hydrologic 

patterns in residential, commercial, 

and industrial settings (Goodwin, 

2008). Upon further conversation and 

clarification, the techniques of LID 

were determined to be completely 

applicable in a built out scenario 

and are now currently being used as 

a water quality protection strategy. 

Using information and language 

that is relevant to the audience is 

the most effective method to being 

understood by local officials and 

managers, often referred to as science 

translation (TNC, 2009). Science 

FIGURE 6-1

Discussion Group
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translation moves the conversation 

to the core values that individuals 

share, and permits the acceptance of 

the information more readily. While 

many educators would hope that 

local decisions are made based upon 

factual, logical information, many 

decisions are significantly influenced 

by emotional and personal bias (Feurt, 

2006). In the case of the confusion as 

to the definition of LID, the relevant 

point was that despite the technical 

terminology, it was an approach to 

maintain clean water. Clean water, 

in this example, is the root interest 

of most communities, but for reasons 

more personal than practical. 

POLITICAL WILL

A barrier often limiting the imple-

mentation of LID at the local level is a 

lack of political will by local officials. 

Leaders are often reluctant to support 

a new concept without proper knowl-

edge of the issue and backing from 

constituents. Many leaders may not 

understand the topic or have a misper-

ception of it based upon limited or false 

information. Educational programs 

directed towards them can help clarify 

the issue but educational programs 

directed towards the general public 

are important, as elected officials are 

representatives of their constituents. 

This is the beginning of the develop-

ment of social capital, a concept that 

Robert Putnam (2000) catalyzed as a 

means for public discussions around 

policy issues. Social capital is built 

upon community networks that each 

individual has established and recog-

nized, such as community assets. The 

development of social capital builds 

communities by allowing individuals 

to begin functioning as 

a group to form a social 

fabric, and not operate 

as a single individual. 

The process builds the 

ability for a community 

to share common values 

and ideas, furthering the 

growth of that commu-

nity and enabling it to 

solve collective chal-

lenges. Social capital 

builds trust between 

those within a commu-

nity because community 

members begin to see that their perspec-

tive is similar to those around them. 

To create political will, local officials 

need their constituents to support their 

decisions, and good, informed decisions 

require local officials to support collab-

orative public discourse. 

LACK OF CAPACITY  
TO BUILD SOCIAL CAPITAL

Building social capital requires a 

dedication to process and willingness 

to expend the time to reach the desired 

outcome. Social capital can be fostered 

through the use of public workshops, 

public dialogues, or collaborative 

problem solving activities that encour-

ages public participation and discourse 

around specific issues or policy devel-

opment relevant to the community. 

It also requires local decision makers 

While many educators 

would hope that local 

decisions are made based 

upon factual, logical 

information, many decisions 

are significantly influenced 

by emotional and  

personal bias .
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to support and request the concept of 

public engagement. Stakeholder partici-

pation can bring about delays and new 

challenges to in the decision making 

process, which can be costly and cause 

tension when discuss-

ing a specific policy or 

action. 

Advocates, extension 

agents, education and 

outreach staff need to 

consider building their 

repertoire by facilitat-

ing collaborative public 

discourse processes. 

The concept of public 

issues education is a 

commonly accepted 

approach for engag-

ing the public around 

public policy issues. 

The success of stake-

holder participation is predicated 

upon the invitation of participants 

with ranging viewpoints to participate 

in structured, facilitated dialogues 

to reach an outcome that is relevant 

to the community. A successfully led 

public issues education process requires 

an approach somewhat dissimilar to 

traditional educational programs. A 

typical outreach or educational pro-

gram will present technical informa-

tion followed by a question and answer 

session that relies upon the presenter to 

provide responses to directed requests 

for additional information. While this 

approach is successful for improving 

the comprehension of the material pre-

sented, it limits the audience’s opportu-

nity to understand various perspectives 

from their neighbors. A public issues 

educational approach establishes 

ground rules for participants and 

outlines expectations for their par-

ticipation in a dialogue regarding the 

topic. Following the presentation and 

brief questioning session, a series of 

questions to the audience begins the 

dialogue between the participants. This 

process may require the organizer of 

the session to obtain the assistance of 

an objectively removed facilitator. Or, 

the organizer may accept the addi-

tional role to facilitate the process and 

dialogue. In either case, the organizer 

has accepted the role of convener and 

program planner. 

There is not a single means to build 

social capital and foster stakeholder par-

ticipation. The tools used are based upon 

the desired outcome. If the outcome is 

to reach a policy decision, consensus or 

democratic-based voting may be the best 

approach. However, if the intent is to 

further the policy changes necessary and 

advance local change, the use of a facili-

tated discussion following the presenta-

tion may be useful to actively recruit 

participation. The Canadian Institute 

for Cultural Affairs developed a guide 

entitled The Art of Focused Conversation, 

which identifies several engagement 

strategies and processes. Several of these 

outcome-based processes are identified 

which seek to obtain workgroup partici-

pation through thorough questioning 

that follows a four level process frame-

work. The intent is to employ the whole 

framework as a single tool approach to 

obtain community buy-in in the devel-

opment of a solution. 

The success of stakeholder 

participation is predicated 

upon the invitation of 

participants with ranging 

viewpoints to participate 

in structured, facilitated 

dialogues to reach an 

outcome that is relevant to 

the community . 
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CREDIBILITY

The results of the market survey which 

asked local officials who they most 

trusted in terms of providing credible 

environmental information, identified 

universities as the top choice for reliable 

information. The survey placed relative 

equal value on state agency personnel 

and non-governmental organizations 

(NGOs). Upon further discussion with 

the focus groups, the consensus held 

that universities provide scientific, 

peer-reviewed information, but that the 

same level of information could also 

be delivered through other educational 

organizations. The groups identified 

previously, NEMO, CTP and the NEPs, 

were recognized by local officials as 

credible and reliable. 

MAINTENANCE AND 
OPERATIONS PLANS

Stormwater management practices 

often fail due to a lack of maintenance 

because the expense of maintaining 

most stormwater BMPs is relatively 

significant when compared to original 

construction costs. Improper mainte-

nance decreases the efficiency of BMPs 

and may also detract from the aesthetic 

qualities of the practice. Proper opera-

tion and maintenance language within 

a stormwater ordinance can ensure that 

designs facilitate and require regular 

maintenance. However, here is often a 

disconnection between the requirements 

of the ordinance and what actually hap-

pens in the field. Some important ele-

ments of effective stormwater operation 

and maintenance ordinance language 

include specification of an entity 

responsible for long-term maintenance, 

as well as reference to regular inspec-

tion visits. The ordinance should also 

address design guidelines that can help 

ease the maintenance burden, such as 

maintenance easements, pretreatment 

forebays, minimum side slopes (3:1), and 

clean-out processes. Other information 

that is in support of the ordinance, such 

as maintenance agreements and inspec-

tion checklists, are equally important to 

ensuring that stormwater BMPs perform 

well over time.

OTHER IDENTIFIED 
BARRIERS

Additional barriers have been identified 

through survey results and feedback 

from the focus group process. These 

barriers include: negative perceptions of 

“new technologies”; concerns over long-

term performance and liability; as well 

as reasonable doubt as to the perfor-

mance and function of the technology. 

Overcoming the negative perception 

of new technologies is a major chal-

lenge. Culturally, we often question new 

approaches because they are seen as 

untested or unproven. On a develop-

ment project in the Town of Greenland, 

NH, local officials felt challenged by 

their lack of knowledge and experience 

with LID. The local officials and munici-

pal staff considered requiring long-term 

performance bonds to be posted by the 

developer and held by the leaseholder to 

ensure performance of the technologies. 

This scenario raises the issue of whether 
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or not to hold innovative practices to a 

higher standard than existing practices. 

Volumes of data exist confirming the 

failure rates of conventional practices 

for protecting water quality, yet many 

local governments require long-term 

performance bonds for 

innovative practices. 

However, with the case 

in Greenland, NH, after 

the developers/engineers 

illustrated a performance 

record that consisted of 

over a decade of in-the-

field application and 

research verifying the 

performance of LID, the 

community agreed to 

proceed without perfor-

mance bonds. The com-

munity also requested 

an indemnification of responsibility for 

the town, despite the fact that the LID 

application was being implemented on 

private property. Liability remains a 

concern for many local decision makers. 

For example, after acceptable winter 

performance data was established for a 

project in Pennsylvania incorporating 

porous pavement, the subject of reduc-

ing the need for deicing was raised. In 

order to reduce their legal responsibility 

in case of slip and fall accidents, the 

locality and the property leaser agreed to 

a limited liability waiver. Implementing 

proper designs, appropriate engineer-

ing oversight, and adequate long-term 

operations and maintenance plans can 

help overcome liability-based challenges 

and ensure success.

Additional barriers include 

negative perceptions 

of “new technologies”; 

concerns over long-term 

performance and liability; 

and reasonable doubt as 

to the performance and 

function of the technology . 
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Mixed use developments, like main street in Cedar Falls, Iowa, allow for the co-locating 
of land uses, which decreases impervious surfaces and stormwater runoff problems. 

1 Executive Summary  

Many communities across the United States face the challenge of balancing 
water quality protection with the desire to accommodate new growth and 
development. These cities and counties are finding that a review of local 
ordinances beyond just stormwater regulations is necessary to remove barriers 
and ensure coordination across all development codes for better stormwater 
management and watershed protection. Local policies, such as landscaping 
and parking requirements or street design criteria, should complement strong 
stormwater standards and make it easier for developers to meet multiple 
requirements simultaneously. 

EPA’s Water Quality Scorecard was developed to help local governments 
identify opportunities to remove barriers, and revise and create codes, 
ordinances, and incentives for better water quality protection. It guides 
municipal staff through a review of relevant local codes and ordinances, 
across multiple municipal departments and at the three scales within the 
jurisdiction of a local government (municipality, neighborhood, and site),1 to 
ensure that these codes work together to protect water quality goals. The two 
main goals of this tool are to: (1) help communities protect water quality by 
identifying ways to reduce the amount of stormwater flows in a community 
and (2) educate stakeholders on the wide range of policies and regulations that 
have water quality implications. 

The scorecard is for municipalities of various sizes in rural, suburban, and 
urban settings, including those that have combined sewers, municipal separate 
storm sewers, and those with limited or no existing stormwater infrastructure. 
It can help municipal staff, stormwater managers, planners, and other 
stakeholders to understand better where a municipality’s2 land development 
regulations and other ordinances may present barriers or opportunities to 
implementing a comprehensive water quality protection approach. The 
scorecard provides policy options, resources, and case studies to help 
communities develop a comprehensive water quality program. 

1  While the watershed scale is the best scale at which to look regionally at water quality 
protection strategies, it can be difficult to align policies, incentives, and regulations across 
political boundaries. For purposes of implementation, the largest scale the scorecard uses is 
the municipality.  

2  The term “municipality” as used by the International City/County Management Associa-
tion (ICMA) refers to local government at both the city and county levels. 

2 Background  

Growth and development expand communities’ opportunities by bringing in 
new residents, businesses, and investments. Growth can give a community the 
resources to revitalize a downtown, refurbish a main street, build new schools, 
and develop vibrant places to live, work, shop, and play. The environmental 
impacts of development, however, can make it more difficult for communities 
to protect their natural resources. The U.S. Census Bureau projects that the 
U.S. population will reach 400 million people by about 2040, which will add 
continued development pressure on local communities and the environment. 
Many communities are asking where and how they can accommodate this 
growth while maintaining and improving their water resources. 

Land development directly affects watershed functions. When development 
occurs in previously undeveloped areas, the resulting alterations to the land 
can dramatically change the transportation and storage of water. Residential 
and commercial development creates impervious surfaces and compacted 
soils that filter less water, which increases surface runoff and decreases 
groundwater infiltration. These changes can increase the volume and velocity 
of runoff, the frequency and severity of flooding, and peak storm flows. 

1 
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Many communities are already struggling with degraded water bodies and 
failing infrastructure. For example, EPA’s National Water Quality Inventory: 
1996 Report to Congress indicated that 36 percent of total river miles assessed 
were impaired.3  In EPA’s 2004 Report to Congress, that percentage increased 
to 44 percent.4  Further, a report by the National Academy of Sciences found 
urban stormwater is estimated to be the primary source of impairment for 13 
percent of assessed rivers, 18 percent of lakes, and 32 percent of estuaries— 
significant numbers given that urban areas cover only 3 percent of the land 
mass of the United States.5 

Urban runoff also affects existing wastewater and drinking water systems. 
EPA estimates that between 23,000 and 75,000 sanitary sewer overflows 
occur each year in the United States, releasing between 3 and 10 billion 
gallons of sewage annually.6 Many of these overflow problems stem from 
poor stormwater management. Many municipalities—both large and 
small—must address the impact of existing impervious areas, such as parking 
lots, buildings, and streets and roads, that have limited or no stormwater 
management while at the same time trying to find effective and appropriate 
solutions for new development. 

These water quality impairments exist, in part, because historically stormwater 
management—and indeed stormwater regulation—has focused primarily at 
the site level. The reasoning was sound: manage stormwater well at the site, 
and water bodies in the community will be protected. However, as the findings 
of EPA’s National Water Quality Inventory demonstrated, this strategy has not 
been effective for two main reasons. 

First, the site-level approach does not take into account the amount of off-
site impervious surfaces. During the development boom from 1995-2005, 
rain-absorbing landscapes, such as forests, wetlands, and meadows, were 
transformed into large areas of houses, roads, office buildings, and retail 
centers. This development created vast areas of impervious cover, which 

3  U.S. EPA National Water Quality Inventory: 1996 Report to Congress: http://www.epa.
gov/305b/96report/index.html

4  U.S. EPA National Water Quality Inventory: 2004 Report to Congress: http://www.epa.
gov/owow/305b/2004report/

5  Urban Stormwater Management in the United States, National Research Council of the 
National Academy of Sciences, 2008: http://dels.nas.edu/dels/rpt_briefs/stormwater_dis-
charge_final.pdf

6  U.S. EPA National Water Quality Inventory: 2004 Report to Congress: http://www.epa.
gov/owow/305b/2004report/

generated significant increases in stormwater runoff. However, the amount 
of development in the watershed is not simply the sum of the sites within it. 
Rather, total impervious area in a watershed is the sum of sites developed plus 
the impervious surface of associated infrastructure supporting those sites, such 
as roads and parking lots. 

Second, federal stormwater regulations focus on reducing pollutants in the 
runoff—the sediments from roads, fertilizers from lawns, etc.—and not on 
the amount of stormwater coming from a site. Nevertheless, the increased 
volume of runoff coming into a municipality’s water bodies scours streams, 
dumps sediments, and pushes existing infrastructure past its capacity limits. 
Failure to consider the cumulative impact—this loss of natural land, increased 
imperviousness, and resulting stormwater runoff volumes— on regional 
water quality and watershed health has led communities to seek stormwater 
solutions that look beyond site-level approaches. 

Communities are recognizing the importance of managing water quality 
impacts of development at a variety of scales, including the municipal, the 
neighborhood, and site levels. A range of planning and development strategies 
at the municipal and neighborhood scales is necessary to address stormwater 
management comprehensively and systematically. At the same time that 
stormwater management is moving beyond the site level, it is also evolving 
beyond hardscaped, engineered solutions, such as basins and curb-and-gutter 
conveyance, to an approach that manages stormwater through natural processes. 

A green infrastructure approach provides a solution to thinking at all three 
scales as well as addresses the need to change the specific types of practices 
used on the site. Green infrastructure is a comprehensive approach to water 
quality protection defined by a range of natural and built systems that can 
occur at the regional, community, and site scales. At the larger regional 
or watershed scale, green infrastructure is the interconnected network 
of preserved or restored natural lands and waters that provide essential 
environmental functions. Large-scale green infrastructure may include habitat 
corridors and water resource protection. At the community and neighborhood 
scale, green infrastructure incorporates planning and design approaches such 
as compact, mixed-use development, parking reductions strategies and urban 
forestry that reduces impervious surfaces and creates walkable, attractive 
communities. At the site scale, green infrastructure mimics natural systems 
by absorbing stormwater back into the ground (infiltration), using trees and 
other natural vegetation to convert it to water vapor (evapotranspiration), and 
using rain barrels or cisterns to capture and reuse stormwater. These natural 
processes manage stormwater runoff in a way that maintains or restores the 
site’s natural hydrology.  

2 
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At the municipal scale, decisions about where and how our towns, cities, 
and regions grow are the first, and perhaps most important, development 
decisions related to water quality. Preserving and restoring natural landscape 
features (such as forests, floodplains, and wetlands) are critical components 
of green infrastructure. By choosing not to develop on and thereby protecting 
these ecologically sensitive areas, communities can improve water quality 
while providing wildlife habitat and opportunities for outdoor recreation. In 
addition, using land more efficiently reduces and better manages stormwater 
runoff by reducing total impervious areas. Perhaps the single most effective 
strategy for efficient land use is redevelopment of already degraded sites, such 
as abandoned shopping centers or underused parking lots, rather than paving 
greenfield sites. 

At the intermediate or neighborhood scale, green infrastructure includes 
planning and design approaches such as compact, mixed-use development, 
narrowing streets and roads, parking reduction strategies, and urban forestry 
that reduce impervious surfaces and better integrate the natural and the 
built environment. 

At the site scale, green infrastructure practices include rain gardens, porous 
pavements, green roofs, infiltration planters, trees and tree boxes, and rainwater 
harvesting for non-potable uses such as toilet flushing and landscape irrigation. 

Street retrofits can integrate green infrastructure, like this bioswale along Sandy 
Boulevard in Portland, Oregon, into standard roadway maintenance and upgrades. 

These processes represent a new approach to stormwater management that is 
not only sustainable and environmentally friendly, but cost-effective as well. 

Municipalities are realizing that green infrastructure can be a solution to the 
many and increasing water-related challenges facing municipalities, including 
flood control, combined sewer overflows, Clean Water Act requirements, and 
basic asset management of publicly owned treatment systems. Communities 
need new solutions and strategies to ensure that they can continue to grow 
while maintaining and improving their water resources. This Water Quality 
Scorecard seeks to provide the policy tools, resources, and case studies to both 
accommodate growth and protect water resources. 

3 The Water Quality Scorecard 

EPA worked with numerous water quality experts, local government staff, 
developers, urban designers, and others working on land use and water quality 
issues to develop this Water Quality Scorecard. The purpose of the scorecard 
is to address water quality protection across multiple scales (municipality, 
neighborhood, and site) and across multiple municipal departments. This 
scorecard can help municipal staff, stormwater managers, planners, and other 
stakeholders to understand better where a municipality’s land development 
regulations and other ordinances may present barriers or opportunities to 
implementing a comprehensive green infrastructure approach. The tool’s two 
main goals are to: (1) help communities protect water quality by identifying 
ways to reduce the amount of stormwater flows in a community and (2) 
educate stakeholders on the wide range of policies and regulations that have 
water quality implications. 

Communities throughout the U.S. are implementing stormwater regulations that 
require or encourage the use of green infrastructure for managing stormwater 
on site. These cities and counties are finding that, to better manage stormwater 
and protect watersheds, green infrastructure policies require a review of many 
other local ordinances to remove barriers and ensure coordination across 
all development codes. Local policies, such as landscaping and parking 
requirements or street design criteria, should complement strong stormwater 
standards and make it easier for developers to meet multiple requirements 
simultaneously. At the same time, if these policies support water quality goals, 
they can independently reduce and better manage stormwater runoff. 
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How to Use the Scorecard 

This scorecard is a locally controlled self-assessment and guide for better 
incorporating green infrastructure practices at the municipal, neighborhood, 
and site scales. While one department or agency could complete the tool, the 
effectiveness of this tool will increase if an interagency process is established 
to review all local codes and policies that might affect water quality. 

Completing the Water Quality Scorecard requires different documents, 
plans, codes, and guidance manuals. While the legal structure for stormwater 
management and land development regulation varies among municipalities, 
the following list contains the most common and relevant documents to 
complete this scorecard and describes how they can create impervious cover.  

•  Zoning ordinances specify the type and intensity of land uses allowed 
on a given parcel. A zoning ordinance can dictate single-use low-density 
zoning, which spreads development throughout the watershed, creating 
considerable excess impervious surface. 

•  Subdivision codes or ordinances specify development elements for a parcel: 
housing footprint minimums, distance from the house to the road, the width 
of the road, street configuration, open space requirements, and lot size—all 
of which can lead to excess impervious cover. 

•  Street standards or road design guidelines dictate the width of the road, 
turning radius, street connectivity, and intersection design requirements. 
Often in new subdivisions, roads tend to be too wide, which creates excess 
impervious cover. 

•  Parking requirements generally set the minimum, not the maximum, 
number of parking spaces required for retail and office parking. Setting 
minimums leads to parking lots designed for peak demand periods, such 
as the day after Thanksgiving, which can create acres of unused pavement 
during the rest of the year. 

•  Setbacks define the distance between a building and the right-of-way or lot 
line and can spread development out by leading to longer driveways and 
larger lots. Establishing maximum setback lines for residential and retail 
development will bring buildings closer to the street, reducing impervious 
cover associated with long driveways, walkways, and parking lots. 

•  Height limitations limit the number of floors in a building. Limiting height 
can spread development out if square footage is unmet by vertical density. 

•  Open space or natural resource plans detail land parcels that are or will be 
set aside for recreation, habitat corridors, or preservation. These plans help 
communities prioritize their conservation, parks, and recreation goals. 

•  Comprehensive plans may be required by state law, and many cities, towns, 
and counties prepare comprehensive plans to support zoning codes. Most 
comprehensive plans include elements addressing land use, open space, 
natural resource protection, transportation, economic development, and 
housing, all of which are important to watershed protection. Increasingly, 
local governments are defining existing green infrastructure and outlining 
opportunities to add new green infrastructure throughout the community. 

An initial step in using this tool is to convene appropriate staff to review 
various sections of the tool and coordinate to both identify opportunities 
for change and address the potential inconsistencies between policies. The 
approaches described in this scorecard may be under the control of a number 
of different local government agencies, including: 

•  Parks and Recreation 

•  Public Works 

•  Planning 

•  Environmental Protection 

•  Utilities 

•  Transportation 

The scorecard’s review of land use and development policies provides 
guidance for implementing a range of regulatory and non-regulatory 
approaches, including land use planning elements, land acquisition efforts, 
and capital investment policies that can help various municipal agencies 
integrate green infrastructure into their programs. Internal agency policies and 
practices, such as maintenance protocols or plan review processes, may be 
potential barriers as well. 

Each policy or approach is described in the context of its potential for 
providing water quality benefits, although most of the policies have many 
additional benefits for community livability, human health, air quality, energy 
use, wildlife habitat, and more. This tool does not provide model ordinance 
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language. It emphasizes best practices and helps municipalities understand the 
incremental steps for changing specific policies and internal agency practices. 
The scorecard divides the tools and policies into four categories: 

1. Adopt plans/Educate 

2. Remove barriers 

3. Adopt incentives 

4. Enact regulations 

These four categories provide greater structure to the compiled tools by 
organizing the policies or approaches as incremental changes and updates. 
These categories may help municipal staff prioritize which tools to work on 
based on local factors like resources, time, and political support. For example, 
an appropriate first step in the process of updating local regulations may be to 
remove a barrier rather than enacting a new regulation. Most policy options 
avoid specific performance guidance so that the tool is useful to a range of 
municipalities in different contexts. However, the case studies and resources 
provide locally appropriate performance measures where possible. 

To highlight the diverse nature of green infrastructure approaches, as well 
as the fact that oversight over these policies resides in various municipal 
agencies, the scorecard has five sections: 

1. Protect Natural Resources (Including Trees) and Open Space 

2. Promote Efficient, Compact Development Patterns and Infill 

3. Design Complete, Smart Streets that Reduce Overall Imperviousness 

4. Encourage Efficient Provision of Parking 

5. Adopt Green Infrastructure Stormwater Management Provisions 

The five sections organize green infrastructure approaches based on drivers 
of impervious cover at the municipal, neighborhood, and site scales. Yet all 
three scales may be in any single section. For example, the parking section 
will have questions that address the municipal, neighborhood and site level 
considerations. 

The scorecard describes alternative policy or ordinance information that, when 
implemented, would support a comprehensive green infrastructure approach, 
and will allow the municipality to determine where, in the broad spectrum of 
policy implementation, their policies fall. 

A Note about the Point System 

The tool includes a point system to make it easier to evaluate and improve 
local programs. The municipality can decide whether to use the point system 
at all. If the point system is used, municipalities can set locally appropriate 
thresholds and goals. 

Governments could choose to use the point system in many different ways, 
including: 

•  State governments could require municipalities to complete the Water 
Quality Scorecard and establish measures for improvement over different 
permit cycles. For example, a municipality might have to improve its score 
by some number of points before the next permit cycle. 

•  Local governments could determine a score based on existing programs 
and policies and then set goals from this baseline. Local targets may 
include incremental yearly improvements or achieving additional points 
in a particular section, such as “Encourage Efficient Parking Supply” or 
“Protect Natural Resources and Open Space.” 

•  Stakeholders such as watershed groups or environmental organizations 
could complete the scorecard and then provide feedback and information 
assistance to the local government about sections within the scorecard that 
received few points and might be an area for improvement. 

•  The total score or scores in certain sections could educate elected officials, 
decision makers, and others about the importance of these issues and the 
role of local policies in addressing them. 

•  A lack of points in one section may alert a municipality that a certain area, 
such as parking, lacks local ordinances that support green infrastructure and 
may be ripe for improvement. 

•  Variation in the number of points achieved across the five sections may 
help a municipality to better assess local sources of impervious cover and 
potential for the introduction of green infrastructure. 

Because the scorecard is intended for use by a range of community types and 
sizes in locations throughout the U.S., please note that no single municipality 
will be able to receive every point. Some questions and points may only be 
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How to Use the Scorecard 

This scorecard is a locally controlled self-assessment and guide for better 
incorporating green infrastructure practices at the municipal, neighborhood, 
and site scales. While one department or agency could complete the tool, the 
effectiveness of this tool will increase if an interagency process is established 
to review all local codes and policies that might affect water quality. 

Completing the Water Quality Scorecard requires different documents, 
plans, codes, and guidance manuals. While the legal structure for stormwater 
management and land development regulation varies among municipalities, 
the following list contains the most common and relevant documents to 
complete this scorecard and describes how they can create impervious cover.  

•  Zoning ordinances specify the type and intensity of land uses allowed 
on a given parcel. A zoning ordinance can dictate single-use low-density 
zoning, which spreads development throughout the watershed, creating 
considerable excess impervious surface. 

•  Subdivision codes or ordinances specify development elements for a parcel: 
housing footprint minimums, distance from the house to the road, the width 
of the road, street configuration, open space requirements, and lot size—all 
of which can lead to excess impervious cover. 

•  Street standards or road design guidelines dictate the width of the road, 
turning radius, street connectivity, and intersection design requirements. 
Often in new subdivisions, roads tend to be too wide, which creates excess 
impervious cover. 

•  Parking requirements generally set the minimum, not the maximum, 
number of parking spaces required for retail and office parking. Setting 
minimums leads to parking lots designed for peak demand periods, such 
as the day after Thanksgiving, which can create acres of unused pavement 
during the rest of the year. 

•  Setbacks define the distance between a building and the right-of-way or lot 
line and can spread development out by leading to longer driveways and 
larger lots. Establishing maximum setback lines for residential and retail 
development will bring buildings closer to the street, reducing impervious 
cover associated with long driveways, walkways, and parking lots. 

•  Height limitations limit the number of floors in a building. Limiting height 
can spread development out if square footage is unmet by vertical density. 

•  Open space or natural resource plans detail land parcels that are or will be 
set aside for recreation, habitat corridors, or preservation. These plans help 
communities prioritize their conservation, parks, and recreation goals. 

•  Comprehensive plans may be required by state law, and many cities, towns, 
and counties prepare comprehensive plans to support zoning codes. Most 
comprehensive plans include elements addressing land use, open space, 
natural resource protection, transportation, economic development, and 
housing, all of which are important to watershed protection. Increasingly, 
local governments are defining existing green infrastructure and outlining 
opportunities to add new green infrastructure throughout the community. 

An initial step in using this tool is to convene appropriate staff to review 
various sections of the tool and coordinate to both identify opportunities 
for change and address the potential inconsistencies between policies. The 
approaches described in this scorecard may be under the control of a number 
of different local government agencies, including: 

•  Parks and Recreation 

•  Public Works 

•  Planning 

•  Environmental Protection 

•  Utilities 

•  Transportation 

The scorecard’s review of land use and development policies provides 
guidance for implementing a range of regulatory and non-regulatory 
approaches, including land use planning elements, land acquisition efforts, 
and capital investment policies that can help various municipal agencies 
integrate green infrastructure into their programs. Internal agency policies and 
practices, such as maintenance protocols or plan review processes, may be 
potential barriers as well. 

Each policy or approach is described in the context of its potential for 
providing water quality benefits, although most of the policies have many 
additional benefits for community livability, human health, air quality, energy 
use, wildlife habitat, and more. This tool does not provide model ordinance 

4 

RB-AR10938



 F O R G I N G  T H E  L I N K  AP-23

A P P E N D I X  B

language. It emphasizes best practices and helps municipalities understand the 
incremental steps for changing specific policies and internal agency practices. 
The scorecard divides the tools and policies into four categories: 

1. Adopt plans/Educate 

2. Remove barriers 

3. Adopt incentives 

4. Enact regulations 

These four categories provide greater structure to the compiled tools by 
organizing the policies or approaches as incremental changes and updates. 
These categories may help municipal staff prioritize which tools to work on 
based on local factors like resources, time, and political support. For example, 
an appropriate first step in the process of updating local regulations may be to 
remove a barrier rather than enacting a new regulation. Most policy options 
avoid specific performance guidance so that the tool is useful to a range of 
municipalities in different contexts. However, the case studies and resources 
provide locally appropriate performance measures where possible. 

To highlight the diverse nature of green infrastructure approaches, as well 
as the fact that oversight over these policies resides in various municipal 
agencies, the scorecard has five sections: 

1. Protect Natural Resources (Including Trees) and Open Space 

2. Promote Efficient, Compact Development Patterns and Infill 

3. Design Complete, Smart Streets that Reduce Overall Imperviousness 

4. Encourage Efficient Provision of Parking 

5. Adopt Green Infrastructure Stormwater Management Provisions 

The five sections organize green infrastructure approaches based on drivers 
of impervious cover at the municipal, neighborhood, and site scales. Yet all 
three scales may be in any single section. For example, the parking section 
will have questions that address the municipal, neighborhood and site level 
considerations. 

The scorecard describes alternative policy or ordinance information that, when 
implemented, would support a comprehensive green infrastructure approach, 
and will allow the municipality to determine where, in the broad spectrum of 
policy implementation, their policies fall. 

A Note about the Point System 

The tool includes a point system to make it easier to evaluate and improve 
local programs. The municipality can decide whether to use the point system 
at all. If the point system is used, municipalities can set locally appropriate 
thresholds and goals. 

Governments could choose to use the point system in many different ways, 
including: 

•  State governments could require municipalities to complete the Water 
Quality Scorecard and establish measures for improvement over different 
permit cycles. For example, a municipality might have to improve its score 
by some number of points before the next permit cycle. 

•  Local governments could determine a score based on existing programs 
and policies and then set goals from this baseline. Local targets may 
include incremental yearly improvements or achieving additional points 
in a particular section, such as “Encourage Efficient Parking Supply” or 
“Protect Natural Resources and Open Space.” 

•  Stakeholders such as watershed groups or environmental organizations 
could complete the scorecard and then provide feedback and information 
assistance to the local government about sections within the scorecard that 
received few points and might be an area for improvement. 

•  The total score or scores in certain sections could educate elected officials, 
decision makers, and others about the importance of these issues and the 
role of local policies in addressing them. 

•  A lack of points in one section may alert a municipality that a certain area, 
such as parking, lacks local ordinances that support green infrastructure and 
may be ripe for improvement. 

•  Variation in the number of points achieved across the five sections may 
help a municipality to better assess local sources of impervious cover and 
potential for the introduction of green infrastructure. 

Because the scorecard is intended for use by a range of community types and 
sizes in locations throughout the U.S., please note that no single municipality 
will be able to receive every point. Some questions and points may only be 
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A green roof located on the Friends Center in downtown Philadelphia, Pennsylvania 
provides stormwater management capacity and adds aesthetic value to this dense 
urban environment. 

available to urban municipalities while others may only be available to those 
in a suburban or rural setting. 

Tips for Building Relationships Between Stormwater Managers, 
Land Use Planners, and Other Local Officials 

Effective stormwater management requires coordination and collaboration 
across many different municipal departments and processes. Below are 
some ideas for incorporating stormwater management in traditional planning 
processes and programs. 

•  Include both land use planners and stormwater managers in pre-concept 
and/or pre-application meetings for potential development projects. 

•  Use local government sites (e.g., schools, regional parks, office buildings, 
public works yards) as demonstration projects for innovative land use 
strategies and stormwater management. Form a team that includes land use 
planners, stormwater managers, parks and school officials, etc. to work out 
the details. 

•  Include stormwater managers in the comprehensive plan process to 
incorporate overall watershed and stormwater goals. 

•  Make sure that both land use planners and stormwater managers are 
involved in utility and transportation master planning. 

•  Allow stormwater managers to be involved in economic development 
planning, especially for enterprise zones, Main Street projects, and other 
projects that involve infill and redevelopment. Encourage stormwater 
managers to develop efficient watershed-based solutions for these plans. 

•  Develop cross training and joint activities that allow land use planners, 
stormwater managers, and transportation, utility, and capital projects 
planners to explore the improved integration of various land use and 
stormwater processes. 

•  Hold staff trainings with speakers that are knowledgeable about smart 
growth and stormwater management. Alternately, encourage land use 
planners, stormwater managers, and other local officials to attend trainings 
on this topic as a team.
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Table 1: Water Quality Scorecard Quick Reference Guide 

Incorporating Green Infrastructure Practices at the Municipal, Neighborhood, and Site Scales (SUMMARy) 

Policy Question Goal 

Protect Natural Resources (Including Trees) and Open Space 

1A. Natural Resource Protection 
Are development policies, regulations, and incentives in place to protect natural resource 
areas and critical habitat? 

Protect natural resource areas (e.g., forests, prairies) and critical habitat (e.g., conservation 
corridors, buffer zones, wildlife preserves) from future development. 

Are no-development buffer zones and other protective tools in place around wetlands, riparian 
areas, and floodplains to improve/protect water quality? 

Protect critical areas such as wetlands, floodplains, lakes, rivers, and estuaries with a 
mandatory no-development buffer. 

Does the community have protection measures for source water protection areas through land 
use controls and stewardship activities? 

Protect source water areas from current or potential sources of contamination. 

1B. Open Space Protection 
Does the jurisdiction have adequate open space in both developed and greenfield areas of the 
community? 

Create open networks throughout a community that serve a dual function of providing 
recreational areas and assisting in management of stormwater runoff. 

1C. Tree Preservation 
Does the local government have a comprehensive public urban forestry program? Protect and maintain trees on public property and rights-of-way and plant additional trees to 

enhance the urban tree canopy. 

Has the community taken steps to protect trees on private property? Preserve trees on private property and require replacement when trees are removed or 
damaged during development. 

Do local codes encourage or require street trees as part of road and public right-of-way 
capital improvement projects? 

Leverage existing capital funds to plant more street trees and add multiple benefits to the 
public right-of-way. 

Promote Efficient, Compact Development Patterns and Infill 

2A. Infill and Redevelopment 
Are policy incentives in place to direct development to previously developed areas? Municipalities implement a range of policies and tools to direct development to specific areas. 

2B. Development in Areas with Existing Infrastructure 
Is the jurisdiction directing growth to areas with existing infrastructure, such as sewer, water, 
and roads? 

Adopt policies, incentives, and regulations to direct new development to areas that have 
infrastructure, such as water and sewer. 

2C. Mixed-Use Development 
Are mixed-use and transit-oriented developments allowed or encouraged? Revise codes and ordinances to allow for the “by right” building of mixed-use and transit-

oriented developments. 
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Incorporating Green Infrastructure Practices at the Municipal, Neighborhood, and Site Scales (SUMMARy) continued 

Policy Question Goal 

Design Complete, Smart Streets That Reduce Overall Imperviousness 

3A. Street Design 
Do local street design standards and engineering practices encourage streets to be no wider 
than is necessary to move traffic effectively? Do policies allow narrow neighborhood streets 
designed to slow traffic and create safer conditions for pedestrians and bicyclists? 

Appropriate street widths allow narrower lanes for certain street types, thereby reducing 
overall imperviousness. 

Are shared driveways, reduced driveway widths, two-track driveways, and rear garages and 
alleys encouraged for all single-family developments? 

Encourage alternative forms and decreased dimensions of residential driveways and parking 
areas. 

3B. Green Infrastructure Elements and Street Design 
Are major street projects required to integrate green infrastructure practices as a standard 
part of construction, maintenance, and improvement plans? 

Formally integrate green infrastructure into standard roadway construction and retrofit 
practice. 

Do regulations and policies promote use of pervious materials for all paving areas, including 
alleys, streets, sidewalks, crosswalks, driveways, and parking lots? 

Build and retrofit these surfaces with pervious materials to reduce stormwater runoff and its 
negative impacts. 

Encourage Efficient Provision of Parking 

4A. Reduced Parking Requirements 
Does your local government provide flexibility regarding alternative parking requirements (e.g., 
shared parking, off-site parking) and discourage over-parking of developments? Do parking 
requirements vary by zone to reflect places where more trips are on foot or by transit? 

Match parking requirements to the level of demand and allow flexible arrangements to meet 
parking standards. 

4B. Transportation Demand Management Alternatives 
Does the municipality allow developers to use alternative measures such as transportation 
demand management or in-lieu payments to reduce required parking? 

Provide flexibility to reduce parking in exchange for specific actions that reduce parking 
demands on site. 

4C. Minimizing Stormwater From Parking Lots 
Are there requirements for landscaping designed to minimize stormwater in parking lots? Require substantial landscaping to help reduce runoff. 

Adopt Green Infrastructure Stormwater Management Provisions 

5A. Green Infrastructure Practices 
Are green infrastructure practices encouraged as legal and preferred for managing 
stormwater runoff? 

Make all types of green infrastructure allowed and legal and remove all impediments to using 
green infrastructure (including for stormwater requirements), such as limits on infiltration in 
rights-of-way, permit challenges for green roofs, safety issues with permeable pavements, 
restrictions on the use of cisterns and rain barrels, and other such unnecessary barriers. 

Do stormwater management plan reviews take place early in the development review 
process? 

Incorporate stormwater plan comments and review into the early stages of development 
review/site plan review and approval, preferably at pre-application meetings with developers. 
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Incorporating Green Infrastructure Practices at the Municipal, Neighborhood, and Site Scales (SUMMARy) continued 

Policy Question Goal 

Do local building and plumbing codes allow harvested rainwater use for exterior uses such as 
irrigation and non-potable interior uses such as toilet flushing? 

Ensure that the municipality allows and encourages stormwater reuse for non-potable uses. 

Are provisions available to meet stormwater requirements in other ways, such as off-site 
management within the same sewershed or “payment in lieu” of programs, to the extent that 
on-site alternatives are not technically feasible? 

Allow off-site management of runoff while still holding developers responsible for meeting 
stormwater management goals. 

5B. Maintenance/Enforcement 
Does your stormwater ordinance include monitoring, tracking, and maintenance requirements 
for stormwater management practices? 

Incorporate monitoring, tracking, and maintenance requirements for stormwater management 
practices into your municipal stormwater ordinance. 

9 

Incorporating Green Infrastructure Practices at the Municipal, Neighborhood, and Site Scales (SUMMARy) continued 

Policy Question Goal 

Do local building and plumbing codes allow harvested rainwater use for exterior uses such as 
irrigation and non-potable interior uses such as toilet flushing? 

Ensure that the municipality allows and encourages stormwater reuse for non-potable uses. 

Are provisions available to meet stormwater requirements in other ways, such as off-site 
management within the same sewershed or “payment in lieu” of programs, to the extent that 
on-site alternatives are not technically feasible? 

Allow off-site management of runoff while still holding developers responsible for meeting 
stormwater management goals. 

5B. Maintenance/Enforcement 
Does your stormwater ordinance include monitoring, tracking, and maintenance requirements 
for stormwater management practices? 

Incorporate monitoring, tracking, and maintenance requirements for stormwater management 
practices into your municipal stormwater ordinance. 
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County of York, VA

ARTICLE III. DISTRICTS

DIVISION 7. OVERLAY DISTRICTS

Sec. 24.1-376. WMP-Watershed management and protection area overlay district.

(A). Statement of intent.

In accordance with the objectives of the comprehensive plan, the Watershed 
Management and Protection Area Overlay regulations are intended to ensure the 
protection of watersheds surrounding current or potential public water supply 
reservoirs. The establishment of these regulations is intended to prevent the 
causes of degradation of the water supply reservoir as a result of the operation or 
the accidental malfunctioning of the use of land or its appurtenances within the 
drainage area of such water sources.

(B). Applicability.

The special provisions established in this section shall apply to the following areas:

(1) Areas designated on the Watershed management and protection area overlay 
district map, dated May 15, 1991, and made a part of this chapter by reference. 
(See Map III-2 in Appendix A)

(2) Such other areas as may be determined by the zoning administrator through 
drainage, groundwater and soils analyses conducted by the department of 
environmental and development services to be essential to protection of such 
existing or potential reservoirs from the effects of pollution or sedimentation.

(C). Definitions.

For the purposes of this section, the following terms shall have the following meanings:

Bulk storage. Storage equal to or exceeding 660 gallons [2500L] in a single 
aboveground container
Development. Any construction, external repair, land disturbing activity, 
grading, road building, pipe laying, or other activity resulting in a change in the 
physical character of any parcel or land.
Reservoir. Any impoundment of surface waters designed to provide drinking 
water to the public.
Tributary stream. Any perennial or intermittent stream, including any lake, 
pond or other body of water formed therefrom, flowing either directly or indirectly 
into any reservoir. Intermittent streams shall be those identified as such on the 
most recently published United States Geological Survey Quadrangle Map, or 
the Soil Conservation Service Soil Survey of James City and York Counties and 
the City of Williamsburg, Virginia, or as determined and verified upon field 
investigation approved by the zoning administrator.
Watershed. Any area lying within the drainage basin of any reservoir.

Appendix C
COUNTY OF YORK, VA OVERLAY DISTRICT
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(D). Use regulations.

Permitted uses, special permit uses, accessory uses, dimensional standards and 
special requirements shall be as established by the underlying zoning district, unless 
specifically modified by the requirements set forth herein.

The following uses shall be specifically prohibited within the WMP areas:

(1) Storage or production of hazardous wastes as defined in either or both of the 
following:

a. Superfund Amendment and Reauthorization Act of 1986; and

b. Identification and Listing of Hazardous Wastes, 40 C.F.R. §261 (1987).

(2) Land applications of industrial wastes.

(E). Special requirements.

(1) Except in the case of property proposed for construction of an individual 
single-family residential dwelling unit, any development proposal, including the 
subdivision of land, in WMP areas shall be accompanied by an impact study 
prepared in accordance with the requirements set forth in subsection (f) below.

(2) A two hundred foot (200’) [60m] wide buffer strip shall be maintained along 
the edge of any tributary stream or reservoir. The required setback distance shall 
be measured from the centerline of such tributary stream and from the mean 
high water level of such reservoir. Such buffer strip shall be maintained in its 
natural state or shall be planted with an erosion resistant vegetative cover. In 
the case of tributary streams located upstream from a stormwater management 
facility designed to provide water quality protection, no buffer shall be required 
if such facility has been designed to accommodate and manage the quality of 
runoff from the subject site.

The zoning administrator may authorize a reduction in the two hundred 
foot (200’) [60m] wide buffer down to an absolute minimum of fifty feet (50’) 
[15m] upon presentation of an impact study, as defined herein, which provides 
documentation and justification, to the satisfaction of the zoning administrator, 
that even with the reduction, the same or a greater degree of water quality 
protection would be afforded as would be with the full-width buffer. In granting 
such authorization, the zoning administrator may require such additional 
erosion control and runoff control measures as deemed necessary.

Except as provided below, all development shall be located outside of the required 
buffer strip. 

a. The buffer strip requirement shall not apply to development which is 
appurtenant to the production, supply, distribution or storage of water by a 
public water supplier.

b. Encroachment into or through the required buffer by roads, main-line 
utilities, or stormwater management structures may be permitted by the 
zoning administrator provided the following performance standards are met:

1. Road and main-line utility crossings will be limited to the shortest path 
possible and that which causes the least amount of land disturbance and 
alteration to the hydrology of the watershed.
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2. Stormwater management facilities located within the buffer must be 
designed to be apart of a watershed stormwater management program.

3. No more land shall be disturbed than is necessary.

4. Indigenous vegetation shall be preserved to the maximum extent possible.

5. Wherever possible, disturbed areas shall be planted with trees and shrubs.

6. The post-development non-point source pollutant loading rate shall be no 
greater than ninety percent (90%) of the pre-development pollutant loading 
rate.

7. Non-essential elements of the road or utility project, as determined by the 
zoning administrator, shall be excluded from the buffer.

c. When the property where an encroachment is proposed is owned by the 
entity owning and operating the water supply reservoir being protected, 
and such entity specifically and in writing authorizes and approves the 
encroachment, it shall be allowed.

(3) In the case of permitted non-residential uses within the WMP areas, 
performance assurances shall be provided to guarantee that all runoff control 
and reservoir protection measures proposed in the impact study shall be 
constructed, operated and maintained so as to meet the performance criteria 
set forth in the study. The form of agreement and type of letter of credit or other 
surety shall be approvedby the county attorney. The amount of the letter of credit 
or other surety and designated length of completion time shall be set by the 
zoning administrator.

(4) The following uses shall not be permitted within the buffer strip required 
above or within five hundred feet (500’) [150m] of the required buffer strip: 

a. septic tanks and drainfields;

b. feed lots or other livestock impoundments;

c. trash containers and dumpsters which are not under roof or which are 
located so that leachate from the receptacle could escape unfiltered and 
untreated;

d. fuel storage in excess of fifty (50) gallons [200L];

e. sanitary landfills;

f. activities involving the manufacture, bulk storage or any type of distribution of 
petroleum, chemical or asphalt products or any materials hazardous to a water 
supply (as defined in the Hazardous Materials Spills Emergency Handbook, 
American Waterworks Association, 1975,as revised) including specifically the 
following general classes of materials:

1. oil and oil products;

2. radioactive materials;

3. any material transported in large commercial quantities (such as in 
55-gallon [200L] drums), which is a very soluble acid or base, causes 
abnormal growth of an organ or organism, or is highly biodegradable, 
exerting a severe oxygen demand;

4. biologically accumulative poisons;

5. the active ingredients of poisons that are or were ever registered in 
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accordance with the provisions of the Federal Insecticide, Fungicide, and 
Rodenticide Act, as amended(7 USC 135 et seq.); or

6. substances highly lethal to mammalian or aquatic life.

(F). Impact study.

(1) The impact study shall be performed or reviewed by a registered professional 
engineer who shall certify that the study has been conducted in accordance with 
good engineering practices. The study shall address, at a minimum, the following 
topics:

a. Description of the proposed project including location and extent of 
impervious surfaces; onsite processes or storage of materials; the anticipated 
use of the land and buildings; description of the site including topographic, 
hydrologic, and vegetative features.

b. Characteristics of natural runoff on the site and projected runoff with the 
proposed project, including its rate, and chemical composition including 
phosphorus concentration, nitrogen concentration, suspended solids, and other 
chemical characteristics as deemed necessary by the zoning administrator to 
make an adequate assessment of water quality.

c. Measures proposed to be employed to reduce the rate of runoff and pollutant 
loading of runoff from the project area, both during construction and after.

d. Proposed runoff control and reservoir protection measures for the project and 
performance criteria proposed to assure an acceptable level and rate of runoff 
quality. Such measures shall be consistent with accepted best management 
practices and shall be designed with the objective of ensuring that the rate of 
surface water runoff from the site does not exceed predevelopment conditions 
and that the quality of such runoff will not be less than pre-development 
conditions. Special emphasis shall be placed on the impacts of proposed 
encroachments into the required buffer.

e. Proposed methods for complete containment of a spill or leaching of any 
materials stored on the property which would or could cause contamination of 
drinking water sources.

f. Where the developer of property which is subject to the terms of this overlay 
district desires to utilize existing or planned off-site stormwater quality 
management facilities, the developer shall provide a written certification to 
the zoning administrator that the owner of the off-site facilities will accept the 
runoff and be responsible for its treatment to a level of treatment acceptable to 
the county and consistent with the requirements of this chapter.

(2) Such study shall be submitted to the zoning administrator for review and 
approval concurrent with the submission of applications for review and approval 
of site or subdivision plans or applications for land disturbing or erosion and 
sediment control permits. A copy of the impact study shall also be forwarded 
to the agency which owns or manages the subject watershed for review and 
comments.
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State of West Virginia 
Department of Environmental Protection 

Division of Water and Waste Management 
601 57th Street, SE 

Charleston, WV  25304-2345 
 

General 
National Pollution Discharge Elimination System 

Water Pollution Control Permit 
 
 
Permit No.: WV0116025     Issue Date:  June 22, 2009 
 
Subject: Stormwater Discharges   Effective Date:   July 22, 2009 
   From small Municipal Separate 
   Storm Sewer Systems   Expiration Date:  July 22, 2014 
 
         Supersedes: WV/NPDES General Water  
         Pollution Control Permit No.   
         WV0116025, issued March 7, 2003 
To Whom It May Concern: 
 
This is to certify that operators of small municipal separate storm sewer systems (MS4s) located in the 
State of West Virginia who have satisfied the registration requirements and agreeing to be regulated 
under the terms and conditions of this general permit are hereby granted coverage under the General 
WV/NPDES Water Pollution Control Permit to discharge stormwater into waters of the State. 
 
All operators of regulated small municipal separate storm sewer systems are required to apply for and 
obtain coverage in accordance with this permit, unless waived in accordance with  CFR § 122.32(a).  
 
This permit is subject to the following terms and conditions: 
 
The information submitted on and with the site registration application form, once approved, will hereby 
be known as the stormwater management program (SWMP).  The information submitted on and with the 
site registration application, also known as the SWMP, once approved, will hereby be made terms and 
conditions of the permit with like effect as if all such information were set forth herein, and other 
conditions set forth in Parts I, II, III, IV,  Appendices A through D and the SWMP approval letter. 
 
The validity of this permit is contingent upon the payment of the applicable annual permit fee, as 
required by Chapter 22, Article 11, Section 10 of the Code of West Virginia. 
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Part I 
Coverage under this General Permit 
 
A. Permit Area 
 
 1. This permit covers all areas of the State of West Virginia. 
 
B. Eligibility 
 
 1. Jurisdictions including, but not limited to; municipalities, counties, transportation   
  facilities, Federal and State owned prison systems, and universities that are located within 
  the boundaries of a Bureau of the Census defined “Urbanized Area” (UA) based on the  
  latest decennial census. 
 
 2. Municipalities that are designated by the Division of Water and Waste Management  
  (DWWM) under 40 CFR 122.32(a)(2).  Designation criteria are included in Appendix D  
  of this general permit.  
       
C. This permit authorizes the following non-stormwater discharges provided they have been 

determined not to be substantial contributors of pollutants to a particular small MS4 applying for 
coverage under this permit.  However, the DWWM recommends that your stormwater 
management program include public education and outreach activities directed at reducing these 
discharges even if they are not substantial contributors of pollutants to your system.  

 
 1. Uncontaminated water line flushing 
 2. Landscape irrigation, 
 3. Diverted stream flows, 
 4. Uncontaminated ground water infiltration (as defined at 40 CFR 35.2005(20)), 
 5. Uncontaminated pumped groundwater, 
 6. Discharges from potable water sources, 
 7. Foundation drains, 
 8. Air conditioning condensate, 
 9. Irrigation water, 
 10. Springs, 
 11. Water from crawl space pumps, 
 12. Footing drains, 
 13. Lawn watering runoff, 
 14. Water from individual residential car washing, 
 15. Flows from riparian habitats and wetlands, 
 16. Residual street wash water, 
 17. Discharges or flows from fire fighting activities, and 
 18. A discharge authorized by a separate National Pollutant Discharge Elimination System  
  (NPDES) permit. 
 
D. This permit does not relieve entities that cause illicit discharges, including spills, of oil or 
 hazardous substances, from responsibilities and liabilities under State and Federal law and 
 regulations pertaining to those discharges. 
 
E. This permit does not authorize a violation of West Virginia State Water Quality Standards  (Title 

47 CSR Series 2) and West Virginia Ground Water Quality Standards (Title 47 CSR Series 58).   
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F. Continuation of this general permit 
 

If this general permit is not reissued or replaced prior to the expiration date, it will be 
administratively continued in accordance with 47 CSR 10 and remain in force and effect. If you 
were authorized to discharge under this general permit prior to the expiration date, any discharges 
authorized under this permit will automatically remain covered by this general permit until the 
earliest of: 
 

 • Your authorization for coverage under a reissued general permit or a replacement of this 
general permit following your timely and appropriate submittal of a complete application 
requesting authorization to discharge under the new general  permit and compliance with 
the requirements of the new permit; or 

 
 • Your submittal of notification that the facility has ceased operations; or issuance or denial 

of an individual permit for the facility’s discharge; or 
 

• A formal permit decision by DWWM not to reissue this general permit, at which time 
DWWM will identify a reasonable time period of covered dischargers to seek coverage 
under an alternative general permit or individual permit. Coverage under this permit will 
cease at the end of this time period. 

 
Part II 

 
 Notice of Intent (NOI) and Stormwater Management Program (SWMP) Applications 
 

A. Applications 
 
Within thirty (30) days of the effective date of this permit, all operators of small MS4s shall submit a 
Notice of Intent (NOI) on the form provided in Appendix A of this permit.   
 
Within six months of the effective date of this permit, all operators of regulated small MS4s shall submit 
on a site registration application their stormwater management program (SWMP) to the DWWM. A 
SWMP can be submitted on the site registration application form provided by DWWM, or in a 
prescribed manner acceptable to the DWWM that contains all necessary components. 
 
 NOIs and SWMPs shall be submitted to: 
 
 WVDEP - Division of Water and Waste Management 
 MS4 / NPDES Stormwater Permitting  
 601 57th Street, SE 
 Charleston, WV 25304 

 
B. Requirements of SWMP 

 
1. The permittee must develop a stormwater management program designed to reduce the 

discharge of pollutants from its small municipal separate storm sewer system to the 
maximum extent practicable (MEP), to protect water quality, and satisfy the appropriate 
requirements of the Clean Water Act. 

 
2. The permittee shall, to the maximum extent practicable, use known, available, and 

RB-AR10953



4 
 

reasonable methods of prevention, control and treatment to prevent and control stormwater 
pollution from entering waters of the State.  

 
3. In order to meet public notice requirements of NPDES permits, the permittee shall make 

available to the public, in accordance with Code of State Regulations; Title 47, Series 10, 
Section 12, the opportunity to comment on MS4 stormwater management programs. 

 
4. The SWMP must include the minimum control measures described in Section C of this part 

along with measurable goals and milestones appropriate for each measure and justifications for 
each milestone. Information about developing measureable goals can be found on the USEPAs 
website: http://cfpub.epa.gov/npdes/stormwater/measurablegoals/part3.cfm 

 
5. Subject to the five-year limitation noted below in this paragraph, extension of milestones 

will be granted for good cause shown. Failure to implement effective best management 
practices (BMPs) is not good cause to extend milestones. 

 
6. The SWMP must also provide details on how the permittee will implement and enforce the 

program. The terms and conditions of this permit and the permittees approved SWMP must 
be fully implemented, except where noted, within five years of the effective date of this 
permit. 

 
 7. The SWMP shall include an ongoing program for gathering, tracking, maintaining, and  
  using information to evaluate the stormwater management program development,    
  implementation and permit compliance.  
 

8. If the permittees small MS4 discharges into waters listed on the Clean Water Act Section 
303(d) list of impaired waters or waters with an approved Total Maximum Daily Load 
(TMDL), the SWMP must document how the proposed BMP’s will control the discharge 
of the pollutants of concern, as described in Part III.D. Permittees discharging to waters 
with an approved TMDL shall meet the applicable wasteload allocations of that TMDL. 

 
 9. An annual report prescribed in Part IV.D of this permit shall be submitted to DWWM  
  each year on the anniversary of the SWMP approval. 
 

10. In instances where this permit specifies that the MS4 regulate public projects and facilities, 
the MS4 is expected to only regulate those entities where they have jurisdiction and/or 
authority.  It is understood that there are some public entities that are not subject to the 
authority of the MS4.  

 
C. Stormwater Management Program for small MS4s 

 
a. Requirements 
 

1. Permittees implementing BMPs specific to their current SWMP shall continue to do so 
until such time as their SWMP with new and updated BMPs is approved. However, 
permittees should begin implementation of the terms and conditions of this permit as 
soon as this permit becomes effective, as full implementation is required within five 
years.    

 
2.        a.       Coordination among entities covered under the small MS4 general permit may be 

necessary to comply with certain conditions of the SWMP. The SWMP shall 
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include, when applicable, coordination mechanisms among entities covered under 
the small MS4 general permit to encourage coordinated stormwater related policies, 
programs and projects within adjoining or shared areas. Entities covered under the 
small MS4 permit include, but are not limited to, municipalities, transportation 
agencies, universities, colleges, hospitals, prisons, and military bases. 

 
 b. Coordination mechanisms shall specify roles and responsibilities for the control of 

stormwater and its associated pollutants between physically interconnected MS4s 
covered by the small MS4 general permit.  

 
 c. Coordination mechanisms shall coordinate stormwater management activities for 

shared water bodies among permittees with the goal of avoiding conflicting plans, 
policies and regulations. 

 
b. Minimum Control Measures 
 

The SWMP shall include all components described in Part II, Sections B and C. In accordance 
with 40 CFR 122.35(a), a small MS4 may rely on another entity to implement one or more of the 
components in this section. If the permittee is relying on another entity to implement any 
component of the SWMP, that entity must be fully disclosed in the SWMP. 

 
1. Public Education and Outreach 
 
 The SWMP shall include an education program aimed at residents, businesses, industries, elected 
 officials, policy makers, planning staff and other employees of the permittee.  The goal of the 
 education program is to reduce or eliminate behaviors and practices that cause or contribute to 
 adverse stormwater impacts. An education program may be developed locally or regionally.   
 
 The minimum performance measures are: 
 
 a. The permittee shall continue to implement their education and outreach program for the 

area served by the MS4 that was established during the previous permit cycle.  The 
outreach program shall be designed to achieve measurable improvements in the target 
audience’s understanding of stormwater pollution and steps they can take to reduce their 
impacts.  Newly permitted MS4s shall begin implementation of the requirements contained 
in Part II.C.1. within six months of the approval of their SWMP.   

 
  Education and outreach efforts shall target the following audiences and subject areas: 
 
  i. General public 

 
• General impacts of stormwater flows into surface waters. 
• Impacts from impervious surfaces. 
• Source control BMPs and environmental stewardship actions and opportunities in 

the areas of pet waste, vehicle maintenance, landscaping, and rain water reuse. 
 
  ii. General public, businesses, including home-based and mobile businesses 
   

• BMPs for use and storage of automotive chemicals, hazardous cleaning supplies, 
carwash soaps and other hazardous materials. 

• Impacts of illicit discharges and how to report them. 
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  iii. Homeowners, landscapers and property managers 
 

• Yard care techniques that protect water quality. 
• BMPs for use and storage of pesticides and fertilizers. 
• BMPs for carpet cleaning and auto repair and maintenance. 
• Runoff reduction techniques, including site design, pervious paving, retention of 

forests and mature trees. 
• Stormwater pond maintenance. 

 
  iv. Engineers, contractors, developers, review staff and land use planners 
 

• Technical standards for construction site sediment and erosion control. 
• Runoff reduction techniques, including site design, pervious pavement, alternative 

parking lot design, retention of forests and mature trees. 
• Stormwater treatment and flow control BMPs. 
• Impacts of increased stormwater flows into receiving water bodies. 

 
 b. Each permittee shall measure the understanding and adoption of the targeted behaviors  
  among the targeted audiences. The resulting measurements shall be used to direct   
  education and outreach resources most effectively, as well as to evaluate changes in  
  adoption of the targeted behaviors. 
 
 c. Each permittee shall track and maintain records of public education and outreach   
  activities. 
 
2. Public Involvement and Participation 
 
 The SWMP shall include ongoing opportunities for public involvement through advisory  councils, 

watershed associations and/or committees, participation in developing rate structures, stewardship 
programs, environmental activities or other similar activities.  The permittee shall  facilitate 
opportunities for direct action, educational, and volunteer programs such as riparian planting, 
volunteer monitoring programs, storm drain marking or stream cleanup programs.  Each permittee 
shall comply with any applicable State and local public notice requirements when developing their 
SWMP. 

 
 The minimum performance measures are: 
 
 a. No later than six months from the effective date of this permit, all permittees shall create  
  opportunities for the public to participate in the decision making processes involving the  
  development, implementation and update of the permittees SWMP. Each permittee shall  
  develop and implement a process for consideration of public comments on their SWMP. 
 
 b. No later than six months from the effective date of this permit, all permittees shall establish 

a method of routine communication to groups such as watershed associations and 
environmental organizations that are located in the same watershed/s as the permittee, or 
organizations that conduct environmental stewardship projects located in the same 
watershed/s or in close proximity to the permittee.  This is to make these groups aware of 
opportunities for their direct involvement and assistance in stormwater activities that are in 
their watershed.   

 
 c. Each permittee shall make their SWMP and their annual report required under this permit 
  available to the public when requested. The current SWMP and the latest annual report  
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  shall be posted on the permittees website.  To comply with the posting requirement, a  
  permittee that does not maintain a website may submit the updated SWMP and annual  
  report in electronic format to the DWWM for electronic distribution when it is requested. 
 
3. Illicit Discharge Detection and Elimination 
 

The SWMP shall include an ongoing program to detect and remove illicit connections, discharges 
as defined in 40 CFR 122.26(b)(2), and improper disposal, including any spills not under the 
purview of another responding authority, into the municipal separate storm sewers owned or 
operated by the permittee. Newly permitted MS4s shall begin implementation of the requirements 
contained in Part II.C.3 of this permit within one year of the approval of their SWMP. 
 

 The minimum performance measures are: 
 
 a. The Permittees existing municipal storm sewer system map/s that were created during the 

first permit cycle shall be updated on an annual basis and shall include the following 
information: 

 
 i. The location of all known storm sewer outfalls, receiving waters and structural 

stormwater BMPs owned, operated or maintained by the permittee. The location 
and type of all other stormwater conveyances located within the boundaries of the 
permittees MS4 watershed. The permittee may opt to include land use on the map 
also. In the process of updating the map, when stormwater outfalls become known, 
they are to be added to the permittees map. 

 
 ii. An update of known connections to the municipal separate storm sewer authorized 

or allowed by the permittee after the effective date of this permit. 
 
  iii. Geographic areas that discharge stormwater into the permittees MS4, which may  
   not be located within the municipal boundary.  
 
 iv. Each permittee shall maintain their storm sewer system map at their local office, 

and make it available upon request.  Any paper maps submitted to DWWM shall be 
a scale of 1” = 500 ft. and on pages sized 24”x36” or 22”x36” and folded to 8 x 11 
inches.  

 
 b. Each permittee shall implement a program or system to review and update their Illicit 

Discharge Detection and Elimination (IDDE) Ordinance or other regulatory mechanism to 
effectively prohibit and eliminate non-stormwater, illegal discharges, and/or dumping into 
the permittees municipal separate storm sewer system to the regulatory extent allowable 
under State and Local law. The ordinance or other regulatory mechanism shall be reviewed 
on an annual basis and updated when necessary. The IDDE program shall be adequately 
funded to fulfill the general permit requirements.  

 
  i. The regulatory mechanism does not need to prohibit the following categories of non-

stormwater discharges, unless they are identified to be significant sources of 
pollutants to waters of the State:  

 
• Diverted stream flows, 
• Rising ground waters, 
• Uncontaminated ground water infiltration (as defined at 40 CFR 35.2005(20)), 
• Uncontaminated pumped groundwater, 
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• Foundation drains, 
• Air conditioning condensation, 
• Irrigation water from agricultural sources 
• Springs, 
• Water from crawl space sump pumps, 
• Footing drains, 
• Flows from riparian habitats and wetlands, 
• Non-stormwater discharges covered by another NPDES permit, 
• Discharges or flows from fire fighting activities 
 

 
  ii. The regulatory mechanism shall prohibit the following categories of non-  
   stormwater discharges unless the stated conditions are met: 
 

• Discharges from potable or non-potable water sources, including but not limited 
to; hyperchlorinated water line flushing, pipeline hydrostatic test water and other 
water discharges with a potential to violate water quality standards. For planned 
discharges to the MS4, the discharge shall be dechlorinated to a concentration of 
0.1ppm or less, pH adjusted, if necessary, and volumetrically and velocity 
controlled to prevent resuspension of sediments in the MS4. 

 
• Discharges from lawn watering and other irrigation runoff. These shall be 

minimized through; at a minimum, public education activities described in Part II, 
Section C.1. of this permit. 

 
• Street, parking lot and sidewalk wash water, water used to control dust, and 

routine external building wash down, that does not use detergents.  The permittee 
shall reduce these discharges through; at a minimum, public education activities 
described in Part II, Section C.1. of this permit. To avoid washing pollutants into 
the MS4, permittees must minimize the amount of street wash and dust control 
water used.  At active construction sites, street sweeping must be performed prior 
to washing the street.   

 
  iii. The permittees SWMP shall, at a minimum, address each category in ii above in  
   accordance with the conditions stated therein. 
 
  iv. The SWMP shall further address any category of discharges in i or ii above if the  
   discharges are identified as significant sources of pollutants to waters of the State. 
 
  v. The ordinance or other regulatory mechanism shall include escalating   
   enforcement procedures and actions. 
   
  vi. The permittee shall develop an enforcement strategy and implement the   
   enforcement provisions of the ordinance or other regulatory mechanism. 
 
 c. Each permittee shall continue to assess, update and implement their ongoing program to 

detect and address non-stormwater discharges, spills, illicit connections and illegal 
dumping into the permittees MS4. New permittees shall develop the aforementioned 
program.  This program shall include: 

 
  i. Procedures for locating priority areas likely to have illicit discharges, including at  
   a minimum, evaluating land uses associated with business/industrial activities  
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   present; areas where complaints have been registered in the past; and areas with  
   storage of large quantities of materials that could result in spills. 
 
  ii. Field assessment activities, including visual inspection of priority outfalls   
   identified in i, above, during dry weather and for the purposes of verifying outfall  
   locations, identifying previously unknown outfalls, and detecting illicit   
   discharges. 
 

• Receiving waters shall be prioritized for visual inspection no later than three 
years from the effective date of this permit, including a field assessment of 
at least two water bodies. At a minimum, one field assessment shall be made 
each year thereafter. 

 
• Screening for illicit connections shall be conducted consistent with: Illicit 

Discharge Detection and Elimination: A Guidance Manual for Program 
Development and Technical Assessments, Center for Watershed Protection, 
October 2004, or another methodology of comparable effectiveness. 

  
  iii. Procedures for characterizing the nature of, and potential public or environmental  
   threat posed by, any illicit discharges found by or reported to the Permittee.  
   Procedures shall include detailed instructions for evaluating whether the discharge 
   must be immediately contained and steps to contain the discharge. 
 

Compliance with this provision shall be achieved by investigating within fifteen 
(15) days, any complaints, reports or monitoring information that indicates a 
potential illicit discharge, spill, or illegal dumping, and immediately investigating 
problems and violations determined to be emergencies or otherwise judged to be 
urgent or severe. In some instances, when imminent water quality impairments are 
deemed severe or urgent, the incident should be referred to WVDEP.  

 
  iv. Procedures for tracing the source of an illicit discharge; including visual   
   inspections, and when necessary, opening manholes, using mobile cameras,  
   collecting and analyzing water samples, and/or other detailed inspection   
   procedures. 
 
 v. Procedures for removing the source of the discharge; including notification of 

appropriate authorities; notification of the property owner; follow up inspections,  
and if necessary; escalating enforcement and legal actions if the discharge is not 
eliminated. 

 
Compliance with this provision shall be achieved by initiating an investigation 
within fifteen (15) days of a report or discovery of a suspected illicit connection to 
determine the source of the connection, the nature and volume of discharge through 
the connection, and the party responsible for the connection. The permittee shall 
establish a system to prioritize responding to and verifying elimination of illicit 
connections.  The permittee shall assign a higher priority on illicit connections that 
pose an imminent threat to water quality.  

 
 d. Permittees shall inform public employees, businesses, and the general public of hazards  
  associated with illegal discharges and improper disposal of waste. 
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 i. Distribute appropriate information to target audiences pursuant to Part II, Section 
C.1. of this permit. 

 
 ii. Publicly list and publicize a hotline or other local telephone number for public 

reporting of spills and other illicit discharges.  Keep a record of calls received and 
follow-up actions taken in accordance with Part II, Section C.3. of this permit; 
include a summary in the annual report. 

 
 e. Permittees shall adopt and implement procedures for program evaluation and assessment, 

including tracking the number and type of spills or illicit discharges identified, inspections 
made; and any feedback received from public education efforts.  A summary of this 
information shall be included in the Permittees annual report. 

 
 f. Each permittee shall provide appropriate training for municipal staff on the   
  identification and reporting of illicit discharges into MS4s.  
 
 i. Permittees shall ensure that all municipal field staff who are responsible for 

identification, investigation, termination, cleanup, and reporting illicit discharges, 
including spills, improper disposal and illicit connections are trained to conduct 
these activities. Follow up training shall be provided on an annual basis to address 
changes in procedures, techniques or requirements. Permittees shall document and 
maintain records of the training provided and the staff trained. 

 
 ii. Permittees shall develop and implement an ongoing training program for all 

municipal staff, which, as part of their normal job responsibilities, might come into 
contact with or otherwise observe an illicit discharge or illicit connection to the 
storm sewer system.  Employees shall be trained on the identification of an illicit 
discharge/connection, and on the proper procedures for reporting and responding to 
the illicit discharge/connection.  Follow up training shall be provided on an annual 
basis to strengthen knowledge of illicit discharges/connections and to address 
changes in procedures, techniques or requirements. Permittees shall document and 
maintain records of the training provided and the staff trained. 

 
4. Controlling Runoff from Construction Sites 
 

The SWMP shall include an ongoing program to assess, implement, and enforce the existing 
program to reduce pollutants in stormwater runoff to your small MS4 from construction site 
activities that result in a land disturbance of one acre or greater. Reduction of stormwater 
discharges from construction activity disturbing less than one acre must be included in your 
program if that construction activity is part of a larger common plan of development or sale that 
will disturb one acre or more. Permittee may opt to include in this program construction sites that 
are less than one acre. Newly permitted MS4s shall begin implementation of the requirements 
contained in Part II.C.4 of this permit within one year of the approval of their SWMP. 
 

 The minimum performance measures are: 
 

a. Permittees shall implement a program or system to review and update their ordinance or 
other regulatory mechanism that addresses stormwater runoff from construction sites one 
acre or greater. Newly permitted MS4s that do not yet have an ordinance in place shall 
begin development an ordinance or other regulatory mechanism within twelve months of 
the effective date of this permit. The ordinance or other enforceable mechanism shall 
include, at a minimum:  
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i. Implementation of erosion and sediment control BMPs at regulated construction 

sites.  Sediment and erosion control BMPs shall be consistent with the BMPs 
contained in West Virginia’s Erosion and Sediment Control Best Management 
Practices Manual and/or other State manuals, as appropriate, listed in Appendix E. 

 
  ii. Requirements for construction site operators to implement appropriate erosion  
   and sediment control BMPs. More stringent requirements may be used, and  
   certain  requirements may be tailored to local circumstances through the use of  
   basin or watershed plans or other similar water quality and quantity planning  
   efforts. Such local requirements shall provide equal protection of receiving waters 
   and equal levels of pollutant control to those provided by DWWM WV/NPDES  
   stormwater permits. 
 
  iii. Requirements for construction site operators to control waste such as discarded  
   building materials, concrete truck washout, chemicals, litter, and sanitary waste at 
   the construction site that may cause adverse impacts to water quality.  
 
  iv. Requirements for demonstration that registration under the WV/NPDES   
   construction stormwater general permit has been obtained for those sites one acre  
   and greater. Provided that the DWWM has not approved the permittee as a  
   ‘Qualifying Local Program’ in which coverage under WV/NPDES construction  
   stormwater permit will be issued by the permittee and not by the DWWM. 
 
  v. Establishment of authority for site plan review, which incorporate consideration  
   of potential water quality impacts and review of individual pre-construction site  
   plans to ensure consistency with local and State sediment and erosion control  
   requirements.  
 

vi. Establishment of authority for receipt and consideration of comments and 
information submitted by the public. 

  
 vii. Establishment of authority for site inspections and enforcement of control  measures 

including steps to identify priority sites for inspection and enforcement based on the 
nature of the construction activity, topography, and the characteristics of soils and 
receiving water quality. 

 
viii. Adequate funding for site inspections and enforcement of control measures. 

 
ix. Measures to provide educational and training measures for construction site 

operators, including requiring a stormwater pollution prevention plan for 
construction sites within your jurisdiction.  

   
 b. The program shall include a permitting and/or approval process with plan review, 

inspection and enforcement capability, for both private sector and public sector 
construction sites. At a minimum, the construction site runoff program shall be applied to 
all sites that disturb a land area of one acre or greater, including projects less than one acre 
that are part of a larger common plan of development. For newly permitted MS4s the 
permitting and/or approval process shall be in place no later than two years from the 
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approval date of their SWMP. In addition to an Ordinance described in Part II, Section 
C.4.a, the following elements shall be incorporated into this program: 

 
  i. Procedures to incorporate plan review of new and redevelopment projects with  
   the planning and approval process of these same projects with other municipal  
   departments within the permittees MS4. 
 
 ii. Procedures for routine inspections of permitted construction sites during 

construction to verify proper installation and maintenance of required erosion and 
sediment controls. Enforcement shall be conducted as necessary based on the 
inspection. 

 
  iii. Development of an enforcement strategy to respond to issues of non-compliance.  
 
  iv. Procedures for providing educational and training measures for construction site  
   operators and the permittees inspectors.   
 
  v. Development of an application process whereby the construction site operator will 
   describe the sediment and erosion control measures to be taken on the site. This  
   application process can include submittal of the stormwater pollution prevention  
   plan that was used to obtain registration under DWWM WV/NPDES construction 
   stormwater permit. The application shall include a listing of all water bodies into  
   which the construction site will discharge and whether or not they are on the  
   303(d) list for impaired waters. 
 
  vi. Development of procedures for keeping records of all regulated construction  
   activities within your MS4, inspection reports, warning letters, and any other  
   enforcement documentation. A summary of inspection and enforcement activities  
   that are conducted shall be included in the annual report. 
 
5. Controlling Runoff from New Development and Redevelopment 
   

The SWMP shall include an ongoing program to develop, assess, implement, and enforce their 
program to reduce pollutants in stormwater runoff to your small MS4 from new development and 
redevelopment activities. This program shall be applied to all sites that disturb a land area one acre 
or greater, including projects less than one acre that are part of a larger common plan of 
development or sale. The program shall apply to private sector and public sector development, 
including roads.  The program must ensure that controls are in place that will increase groundwater 
recharge of stormwater runoff where and when possible, and would protect water quality and 
reduce the discharge of pollutants. Except where otherwise stated, newly permitted MS4s shall 
begin implementation of the requirements contained in Part II.C.5 of this permit within two years 
after the approval date of their SWMP. 
 

 The program shall include the following measures: 
 
 a. Long-term Stormwater Controls 
 

The permittee shall protect the physical, chemical and biological integrity of receiving 
waters, and their designated uses, from the impacts of stormwater discharges through the 
implementation of watershed protection elements and site and neighborhood design 
elements. The purpose of watershed protection elements is to manage the impacts of 
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stormwater on receiving waters that occur because of regional or watershed-scale 
management decisions.  The primary purpose of site and neighborhood design elements is 
to manage the impacts of stormwater on receiving waters that occur because of site and 
neighborhood design management decisions.  The technical principles of these 
management practices have many complementary similarities, and must be implemented in 
tandem.   

 
All elements and standards are required, and must be described in the stormwater 
management program plan. 

 
i. Watershed Protection 
 

The permittee shall incorporate watershed protection elements into the subdivision ordinance or 
equivalent document.  In addition, the permittee shall incorporate watershed protection elements 
into all relevant policy and/or planning documents as they come up for regular review.  If a 
relevant planning document is not scheduled for review during the term of this permit, the 
permittee must identify the elements that cannot be implemented until that document is revised, 
and provide the DWWM a schedule for incorporation and implementation that cannot exceed 
seven years from the effective date of this permit.  Planning documents include, but are not limited 
to; comprehensive or master plans, subdivision ordinances, general land use plan, zoning code, 
transportation master plan, specific area plans, such as sector plan, site area plans, corridor plans, 
or unified development ordinances. 

 
 A.  Watershed protection elements.  As relevant, policy and/or planning documents must 

include the following, except where noted: 
 

(1) Minimize the amount of impervious surfaces (roads, parking lots, roofs, etc.) within 
each watershed, by minimizing the creation, extension and widening of parking 
lots, roads and associated development. 

 
 (2) Preserve, protect, create and restore ecologically sensitive areas that provide water 

quality benefits and serve critical watershed functions.  These areas may include, 
but are not limited to; riparian corridors, headwaters, floodplains and wetlands.  

 
 (3) Implement stormwater management practices that prevent or reduce thermal 

impacts to streams, including requiring vegetated buffers along waterways, and 
disconnecting discharges to surface waters from impervious surfaces such as 
parking lots. 

 
 (4) Seek to avoid or prevent hydromodification of streams and other water bodies 

caused by development, including roads, highways, and bridges. 
 
 (5) Implement standards to protect trees, and other vegetation with important 

evapotranspirative qualities. 
 
 (6) Implement policies to protect native soils, prevent topsoil stripping, and prevent  
   compaction of soils. 
  
 B. Measurable Goals.  For each of the six watershed elements in i.A, the permittee shall 

develop quantifiable objectives that include a time frame for achieving them.  Short-term 
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objectives (less than five years) and long-term objectives (greater than five years) are 
appropriate for many of these elements. 

 
C.  Reporting.  Annual reports must include status of implementation of these elements with  

  respect to incorporation into relevant documents and implementation via relevant   
  policies.  Reports should include proposed time frames, changes and measurable goals. 
 
ii. Site and Neighborhood Design 
 

The permittee shall develop a program to protect water resources by requiring all new and 
redevelopment projects to control stormwater discharge rates, volumes, velocities, 
durations and temperatures.  These standards shall apply at a minimum to all new 
development and redevelopment disturbing one acre or greater, including projects less than 
one acre that are part of a larger common plan of development or sale. The permittee shall 
begin implementation of the requirements contained in Part II.C.5.a.ii [other than Part 
II.C.5.a.ii.A(3) and Part II.C.5.a.ii.A.(4)] within four years after the approval of the SWMP. 
 

A. Performance Standards. The permittee must implement and enforce via ordinance and/or 
other enforceable mechanism(s) the following requirements for new and redevelopment: 

 
1. Site design standards for all new and redevelopment that require, in combination or 

alone, management measures that keep and manage on site the first one inch of rainfall 
from a 24-hour storm preceded by 48 hours of no measurable precipitation.  Runoff 
volume reduction can be achieved by canopy interception, soil amendments, 
evaporation, rainfall harvesting, engineered infiltration, extended filtration and/or 
evapotranspiration and any combination of the aforementioned practices. This first one 
inch of rainfall must be 100% managed with no discharge to surface waters, except 
when the permittee chooses to implement the conditions in paragraph 4 below. This can 
be achieved through on site utilization of practices to include dry swales, bioretention, 
rain tanks and cisterns, soil amendments, roof top disconnections, permeable pavement, 
porous concrete, permeable pavers, reforestation, grass channels, green roofs and other 
practices that alone or combined will capture the first one inch of rainfall runoff 
volume. Extended filtration practices that are designed to capture and retain up to one 
inch of rainfall may discharge volume in excess of the first inch through an under drain 
system.  An Underground Injection Control permit may be required when certain 
conditions are met. 

   
2. The following additional water quality requirements, as applicable: 

 
i. A project that is a potential hot spot with reasonable potential for pollutant 

loading(s) must provide water quality treatment for associated pollutants (e.g., 
petroleum hydrocarbons at a vehicle fueling facility) before infiltration. 

  
ii. A project that is a potential hot spot with reasonable potential for pollutant 

loading(s) that cannot implement adequate preventive or water quality treatment 
measures to ensure compliance with groundwater and/or surface water quality 
standards, must properly convey stormwater to a NPDES-permitted wastewater 
treatment facility or via a licensed waste hauler to a permitted treatment and 
disposal facility. 
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iii. A project that discharges or proposes to discharge to any surface water or ground 
water that is used as a source of drinking water must comply with all applicable 
requirements relating to source water protection.   

 
3. When considered at the watershed scale, certain types of development can either reduce 

existing impervious surfaces, or at least create less ‘accessory’ impervious surfaces.  
Incentive standards may be applied to these types of projects.  A reduction of 0.2 inches 
from the one inch runoff reduction standard may be applied to any of the following 
types of development.  Reductions are additive up to a maximum reduction of 0.75 
inches for a project that meets four or more criteria.  The permittee may choose to be 
more restrictive and allow a reduction of less than 0.75 inches if they choose. In no case 
will the reduction be greater than 0.75 inches.  

 
a) Redevelopment  
b) Brownfield redevelopment  
c) High density (>7 units per acre)  
d) Vertical Density, (Floor to Area Ratio (FAR) of 2 or >18 units per acre)  
e) Mixed use and Transit Oriented Development (within ½ mile of transit) 

 
4. For projects that cannot meet 100% of the runoff reduction requirement on site, two 

alternatives are available: off-site mitigation and payment in lieu. If these alternatives 
are chosen, then the permittee must develop and fairly apply criteria for determining the 
circumstances under which these alternatives will be available. A determination that 
standards cannot be met on site may not be based solely on the difficulty or cost of 
implementing measures, but must include multiple criteria that would rule out an 
adequate combination of the practices set forth in section 1, above, such as: too small a 
lot outside of the building footprint to create the necessary infiltrative capacity even 
with amended soils;  soil instability as documented by a thorough geotechnical 
analysis; a site use that is inconsistent with capture and reuse of stormwater; too much 
shade or other physical conditions that preclude adequate use of plants. In instances 
where alternatives to complete on site management of the first inch of rainfall are 
chosen, technical justification as to the infeasibility of on site management is required 
to be documented.  

 
These alternatives are available, in combination or alone, for up to 0.6 inches of the 
original obligation at a 1:1.5 ratio, i.e., mitigation or payment in lieu must be for 1.5 
times the amount of stormwater not managed on site. If, as demonstrated to the 
permittee, it is technically infeasible to manage on site a portion of all of the remaining 
0.4 inches, off site mitigation or payment in lieu will be applied at a 1:2 ratio for that 
portion.  For any of these options to be available, the permittee must create an inventory 
of appropriate mitigation projects, and develop appropriate institutional standards and 
management systems to value, evaluate and track transactions.  
 

i. Off-site mitigation.  Runoff reduction practices may be implemented at another 
location in the same sewershed/watershed as the original project, approved by the 
permittee.  The permittee shall identify priority areas within the sewershed/watershed 
in which mitigation projects can be completed.  Mitigation must be for retrofit or 
redevelopment projects, and cannot be applied to new development. The permittee 
shall determine who will be responsible for long term maintenance on mitigation 
projects. 

RB-AR10965



16 
 

  
ii. Payment in lieu.  Payment in lieu may be made to the permittee, who will apply the 

funds to a public stormwater project. MS4s shall maintain a publicly accessible 
database of approved in lieu projects. 

 
5. When public (local or otherwise) streets or parking lots, that are greater than 5000 

square feet but less than one acre, are modified or reconstructed runoff reduction 
practices shall be included in the design work.  These requirements apply only to 
projects begun after the effective date of this permit. 

 
B. Plan Review, Approval and Enforcement.  To ensure that all new development and 

redevelopment projects conform to the standards stipulated in Part II, Section C.5.ii, the 
permittee shall develop project review, approval and enforcement procedures. The review, 
approval and enforcement procedures shall apply at a minimum to all new development 
and redevelopment disturbing greater than or equal to one acre, including projects less than 
one acre that are part of a larger common plan of development or sale, and shall include: 

 
(1) Requirements to submit for review and approval a pre-application concept plan that 

describes how the performance standards will be met.  A pre-application meeting 
attended by a project land owner or developer, the project design engineer, and 
municipal planning staff to discuss conceptual designs may also meet this 
requirement. 

 
(2) Development of procedures for the site plan review and approval process(es) that 

include inter-departmental consultations, as needed, and a required re-approval 
process when changes to an approved plan are desired. 

 
(3) A requirement for submittal of ‘as-built’ certifications within 90 days of completion 

of a project. 
 

(4) A post-construction verification process to ensure that stormwater standards are 
being met, that includes enforceable procedures for bringing noncompliant projects 
into compliance. 

 
(5) A description of a program to educate both internal staff and external project 

proponents of the requirements of Part II, Section C.5 of this permit. 
 

C. Maintenance Agreements.  The permittee shall require that all development subject to the 
requirements of Part II, Section C.5.ii. of this permit develop a maintenance agreement and 
maintenance plan for approved stormwater management practices.  The permittee shall 
require that property owners or operators provide verification of maintenance for the 
approved stormwater management practices. These agreements shall allow the permittee, 
or its designee, to conduct inspections of the stormwater management practices and also 
account for transfer of responsibility in leases and/or deed transfers. The agreement shall 
also allow the permittee, or its designee, to perform necessary maintenance or corrective 
actions neglected by the property owner/operator, and bill or recoup costs from the 
property owner/operator when the owner/operator has not performed the necessary 
maintenance within thirty (30) days of notification by the permittee or its designee. 
Verification shall include one or more of the following as applicable: 
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(1) The owner/developer's signed statement accepting responsibility for maintenance 
until the maintenance responsibility is legally transferred to another party; and/or 

 
(2) Written conditions in the sales or lease agreement that require the recipient to 

assume responsibility for maintenance; and/or 
 

(3) Written conditions in project conditions, covenants and restrictions for residential 
properties assigning maintenance responsibilities to a home owner’s association, or 
other appropriate group, for maintenance of structural and treatment control 
stormwater management practices; and/or 

 
  (4) Any other legally enforceable agreement that assigns permanent responsibility for 
   maintenance of structural or treatment control stormwater management practices. 
 

D. Inventory and Tracking of Management Practices. The permittee shall develop a system 
designed to track stormwater management practices deployed at new development and 
redevelopment projects. Tracking of stormwater management practices shall begin during 
the plan review and approval process with a database or geographic information system 
(GIS). The database or tracking system shall include information on both public and private 
sector projects that are within the jurisdiction of the permittee. In addition to the standard 
information collected for all projects (such as project name, owner, location, start/end date, 
etc.), the tracking system shall also include: 

 
1. Source control stormwater management practices (type, number, design or performance 

specifications) 
 

2. Treatment control stormwater management practices (type, number, design or performance 
specifications) 

 
3. Latitude and longitude coordinates of stormwater BMP controls using a global positioning 

system 
 

4. Digital photographs of stormwater management practice controls 
 

5. Maintenance requirements of stormwater management practices (frequency of required 
maintenance and inspections) 

 
6. Inspection information (date, findings, follow up activities, compliance status) 

 
E. Stormwater BMP Inspections. In order to ensure that all stormwater BMPs are operating 

correctly and are properly maintained, the permittee shall, at a minimum:  
 

1. Develop an inspection calendar for stormwater BMPs. Inspections should be performed so 
that all stormwater BMP’s are inspected at least once during the permit cycle.     

 
2. Complete inspection reports shall include:  

 
i. Facility type,  
ii. Inspection date,  
iii. Name and signature of inspector,  
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iv. GIS location and nearest street address,  
v. Management practice ownership information (name, address, phone number, fax, and 

email),  
vi. A description of the stormwater BMP condition including the quality of: vegetation and 

soils; inlet and outlet channels and structures; embankments, slopes, and safety 
benches; spillways, weirs, and other control structures; and sediment and debris 
accumulation in storage and forebay areas as well as in and around inlet and outlet 
structures, 

vii. Photographic documentation of all critical stormwater BMP components, and  
viii. Specific maintenance items or violations that need to be corrected by the stormwater 

BMP owner along with deadlines and reinspection dates. 
  

3. Develop an enforcement and response plan to ensure that stormwater BMPs are properly 
maintained. This plan shall include procedures to enforce correction orders and include a 
contingency plan if correction orders are not followed through by the responsible party.  
The permittee shall promptly notify the stormwater BMP owner or operator of any 
deficiencies discovered during a maintenance inspection. The permittee shall follow its 
enforcement response plan to ensure that management practices are maintained. The 
permittee must conduct a subsequent inspection to ensure completion of all required 
repairs.  

 
F. Reporting. The permittee shall demonstrate compliance with the requirements for post-

construction controls by summarizing the following in the Annual Report: 
 

(1) A description of how the permittees legal authority addresses the watershed protection 
elements in Part II, Section C.5. 

 
(2) A summary of the number and types of projects that the permittee reviewed for new and 

development considerations. 
 

(3) A summary of the number and types of stormwater BMPs approved in new and 
redevelopment projects, including the number of approved projects that qualified for each 
of the incentives described in Part II, Section C.5.a.ii.A.3, and that qualified for each of the 
alternatives described in Part II, Section C.5.a.ii.A.4.  

 
(4) A summary of the number and types of maintenance agreements approved.  

 
(5) A summary of stormwater BMP maintenance inspections conducted by the permittee, 

including a summary of the number requiring maintenance or repair, the number brought 
into compliance and the number of enforcement actions taken.  

 
(6) A summary of any evaluation data collected for long-term stormwater controls, including 

water quality information, stormwater BMP performance, and model results. 
* 
b.  Assessments  
 
The permittee shall conduct the following assessment to provide a foundation for program 
improvements to be implemented during the next permit term. 
 

1.  Street/Parking Design Assessment. 
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Permittee shall submit to DWWM a report assessing current street design guidelines and 
parking requirements that affect the creation of impervious cover, with the third year 
annual report.  The assessment shall include recommendations and proposed schedules for 
incorporating policies and standards into relevant documents and procedures to maximize 
vegetation and to minimize impervious cover attributable to parking and street designs.  
The local planning commission and the local transportation commission should be involved 
in the assessment.  

 
6. Pollution Prevention & Good Housekeeping for Municipal Operations 
 

Each permittee shall continue to implement their operations and maintenance (O&M) program that 
includes a training component and has the ultimate goal of preventing or reducing polluted runoff 
from municipal operations. Newly permitted MS4s shall have one year from the approval date of 
their SWMP to begin implementation of the requirements contained in Part II.C.6 of this permit. 
 

 The minimum performance measures are: 
 
a. Develop and implement an operation and maintenance program that incorporates good 

housekeeping components at all municipal facilities, including but not limited to; municipal waste 
water treatment facility, potable drinking water facility, municipal fleet operations, maintenance 
garages, parks and recreation, street and infrastructure maintenance, and grounds maintenance 
operations. 

 
 i. Each permittee shall develop and establish maintenance standards at all municipal facilities 

that will help protect the physical, chemical and biological integrity of receiving waters. 
 
 ii. Each permittee shall establish an inspection schedule in which to perform inspections to 

determine if maintenance standards are being met. Inspections shall be performed no less 
than once per calendar year. 

 
 iii. Each permittee shall develop procedures for record keeping and tracking inspections and 

maintenance at all municipal facilities. 
 
b. Establish and implement policies and procedures to reduce the discharge of pollutants in 

stormwater runoff from all lands owned or maintained by the permittee and subject to this permit, 
including but not limited to: parks, open space, road right-of-way, maintenance yards, water/sewer 
infrastructure and stormwater treatment and flow practices. These policies and procedures shall 
address, but are not limited to: 

 
 i. Application of fertilizer, pesticides, and herbicides including the development of nutrient 

management and integrated pest management plans. 
 
 ii. Sediment and erosion control. 
 
 iii. Landscape maintenance and vegetation disposal. 
 
 iv. Trash management. 
 
 v. Building exterior cleaning and maintenance. 
 
 vi. Chemical and material storage. 
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 vii. Street sweeping and inlet/catch basin cleaning. 
 
 c. Using training materials that are available from WVDEP, USEPA or other organizations, develop 

and implement an on-going training program for employees of the permittee whose construction, 
operations or maintenance job functions may impact stormwater quality. The training program 
shall include, but is not limited to, employees who work in the following areas: 

  
• Street/sewer and right-of-way construction and maintenance, 
• Water and sewer departments, 
• Parks and recreation department, 
• Municipal water treatment and waste water treatment, 
• Fleet maintenance, 
• Fire departments,  
• Building maintenance and janitorial,  
• Garage and mechanic crew, 
• Contractors and subcontractors who may be contracted to work in the above described areas, 
• Personnel responsible for answering questions about the permittees stormwater program, this   

includes persons who may take phone calls about the program, 
• Any other department of the permittee that may impact stormwater runoff 
 
 i. The training program shall address the importance of protecting water quality, the 

requirements of this permit, operation and maintenance standards, inspection procedures, 
selecting appropriate BMPs, ways to perform their job activities to prevent or minimize 
impacts to water quality, and procedures for reporting water quality concerns, including 
potential illicit discharges.  Follow-up and refresher training shall be provided at a 
minimum of once every twelve months, and shall include any changes in procedures, 
techniques or requirements.  Permittees shall document and maintain records of training 
provided.  

 
d. Industrial Stormwater coverage for Municipal Operations 
 

Each permittee that owns or operates a publicly owned treatment works, including sanitary boards, 
maintenance garages and/or any other industrial activity must obtain coverage for their stormwater 
discharges, unless coverage is already granted under DWWM WV/NPDES General Permit for 
Storm Water Discharges associated with Industrial activity, or an individual WV/NPDES permit.  

 
 The following monitoring requirements apply: 
 
Pollutants of Concern   Cut-off Concentration  Measurement Frequency     
       
BOD-5     30 mg/l   Once/Six months 
COD      120 mg/l   Once/Six months 
TSS      100 mg/l   Once/Six months 
Ammonia Nitrogen    4 mg/l    Once/Six months 
Oil & Grease    15 mg/l   Once/Six months 
pH      6.0 – 9.00 s.u.   Once/Six months 
 

Permittees that receive discharges into their small MS4 from their sewage treatment works must, in 
addition to the above listed monitoring requirements, also meet the following monitoring 
requirements for those discharges: 
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Pollutants of Concern   Cut-off Concentration  Measurement Frequency 
 
Fecal Coliform, General   400 counts/100 ml  Once/Six months 
 
Samples shall be collected once every six months, during the spring and fall seasons.  Monitoring results 
shall be submitted to the DWWM with the annual report. 
 
Stormwater samples shall be collected during the “first flush” of rainfall runoff, at least twenty minutes, 
but not more than fifty minutes after rainfall of at least 0.5 inches has begun, preceded by a period of dry 
weather of at least 48 hours. 

 
Part III.     Special Conditions 

  
A. Sharing Responsibility 
 

If you are relying on another MS4 regulated under the stormwater regulations to satisfy one or 
more of your permit obligations, you must note that fact in your stormwater management program. 
This other entity must, in fact, implement the control measure(s); the measure of component 
thereof, must be at least as stringent as the corresponding WV/NPDES permit requirement; and the 
other entity must agree to implement the control measure on your behalf.  This agreement between 
the two or more parties must be documented in writing in the stormwater management plan and be 
retained by the permittee for the duration of this permit, including any automatic extensions of the 
permit term. 

 
B. Discharge Compliance with Water Quality Standards 
 

This general permit requires, at a minimum, that permittees develop, implement and enforce a 
stormwater management program designed to reduce the discharge of pollutants to the maximum 
extent practicable, to protect water quality, and satisfy the appropriate requirements of the Clean 
Water Act. If stormwater discharges have a reasonable potential to cause or contribute to violations 
of water quality standards in the receiving water, additional controls are required. Full 
implementation of selected BMPs, using known, available, and reasonable methods of prevention, 
control and treatment to prevent and control stormwater pollution from entering waters of the State 
of West Virginia is considered an acceptable effort to reduce pollutants from the municipal storm 
drain system to the maximum extent practicable.  

 
C. Requiring an Individual Permit 
 

The DWWM may require any person authorized by this permit to apply for and/or obtain an 
individual WV/NPDES permit.  Where the DWWM requires application for an individual 
WV/NPDES permit, the DWWM will notify the permittee in writing that a permit application is 
required.  This notification shall include a brief statement of the reasons for this decision, an 
application form and a statement setting a deadline for the permittee to file the application. 

 
D. Discharge to Impaired Waters 
 
1.  303(d) Listed Waters: 
 

This permit does not authorize new sources or new discharges of pollutants of concern to impaired 
waters unless consistent with an approved Total Maximum Daily Load (TMDL) and applicable 
state law. Impaired waters are those that do not meet applicable water quality standards. Impaired 
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waters are identified on the West Virginia, Section 303(d) list until a TMDL is developed and 
approved by USEPA. Pollutants of concern are those pollutants for which the water body is listed 
as impaired. A list of impaired water bodies in West Virginia can be found at: 
http://www.wvdep.org/item.cfm?ssid=11&ss1id=720 

 
a. MS4s that discharge into a receiving water which has been listed on the West Virginia 

Section 303(d) list of impaired waters, and with discharges that contain the pollutant(s) for 
which the water body is impaired, must document in the SWMP how the BMPs will 
control the discharge of the pollutant(s) of concern, and must demonstrate that there will be 
no increase of the pollutants of concern.   

 
b. If a TMDL is approved during this permit cycle by USEPA for any waterbody into which 

an MS4 discharges, the MS4 must review the applicable TMDL to  see if it includes 
requirements for control of stormwater discharges. Within six (6) months of the TMDL 
approval, the MS4 must modify its stormwater management program to include best 
management practices specifically targeted to achieve the wasteload allocations prescribed 
by the TMDL.  The MS4 must include a monitoring component in the SWMP to assess the 
effectiveness of the BMPs in achieving the wasteload allocations. Monitoring shall be 
specifically for the pollutants of concern and be of sufficient frequency to determine if the 
stormwater BMPs are adequate to meet wasteload allocations. Monitoring can entail a 
number of activities including but not limited to; outfall monitoring to in-stream 
monitoring to modeling.  For more information see the USEPA/State guidance titled: 
Evaluating the effectiveness of municipal stormwater programs and Understanding 
Impaired Waters and Total Maximum Daily Load (TMDL) Requirements for Municipal 
Stormwater Programs. Both of these guidance documents can be found on WVDEP’s 
website: http://www2.wvdep.org/dwwm/stormwater/MS4_docs.htm 

 
 After monitoring results are carefully considered, the permittee shall ascertain if the SWMP 

and the mix of BMPs need to be modified to comply with wasteload allocations. 
 
2. Discharging into Waters with Approved TMDLs 
 

If a MS4 discharges into a water body with an approved TMDL, and the TMDL contains 
requirements for control of pollutants from the MS4 stormwater discharges, then the 
SWMP must include BMPs specifically targeted to achieve the wasteload allocations 
prescribed by the TMDL. A monitoring component to assess the effectiveness of the BMPs 
in achieving the wasteload allocations must also be included in the SWMP. Monitoring 
shall be specifically for the pollutants of concern and be of sufficient frequency to 
determine if the stormwater BMPs are adequate to meet wasteload allocations. Monitoring 
can entail a number of activities including but not limited to; outfall monitoring to in-
stream monitoring to modeling.  For more information see the USEPA/State guidance 
titled: Evaluating the effectiveness of municipal stormwater programs and Understanding 
Impaired Waters and Total Maximum Daily Load (TMDL) Requirements for Municipal 
Stormwater Programs. Both of these guidance documents can be found on WVDEP’s 
website: http://www2.wvdep.org/dwwm/stormwater/MS4_docs.htm 

 
After monitoring results are carefully considered, the permittee shall ascertain if the SWMP 
and the mix of BMPs need to be modified to comply with wasteload allocations.  

 
* 
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E. Endangered and Threatened Species 
 

If a MS4 discharges to a stream where federally endangered or threatened species or its habitat are 
present, the applicant shall contact the US Fish and Wildlife Service to insure that requirements of 
the Federal Endangered Species Act are met. 

 
Part IV. Monitoring, Recordkeeping, Reporting and Program Review 

 
A. Evaluating the Stormwater Management Program 
 

MS4s shall evaluate the effectiveness of their stormwater management programs and BMPs 
implemented to comply with this general permit. The permittee shall use a sufficient number of 
known, available, and reasonable methods necessary to evaluate the effectiveness of the SWMP.  
This information shall be submitted in the annual report in accordance with Part IV, Section D.  
For more information about evaluating your stormwater management program see the 
USEPA/States guidance titled:  Evaluating the effectiveness of municipal stormwater programs. 
This guidance document can be found on WVDEP’s website: 
http://www2.wvdep.org/dwwm/stormwater/MS4_docs.htm 

* 
*B. Stormwater Monitoring              
  

The permittee shall monitor stormwater from a minimum of one outfall that is representative of the 
stormwater discharge from the MS4. A representative outfall is one located in the most densely 
populated section of the MS4. The permittee shall, at a minimum, monitor one outfall for the 
following parameters: 
 
 Parameter                      EPA Method No.      Method Detection Limit (mg/l) 

 
 Total Kjeldahl Nitrogen       351.4                           0.03 
 Nitrate Nitrogen                   300.0                           0.002 
 Nitrite Nitrogen                   300.0                            0.004 
 Total Phosphorous                 365.4                            0.01 
 

The DWWM recognizes there is not an EPA approved method to directly test for Total Nitrogen.  
The Total Nitrogen value to be reported on the permittees Discharge Monitoring Reports’ (DMRs) 
shall be the sum of the following parameters; Total Kjeldahl Nitrogen, Nitrate, and Nitrite. 

  
 If all three constituents of total nitrogen are not detected at its method detection limit (MDL), the 
 permittee shall sum the actual MDLs for each constituent and report the result as less than the 
 calculation. 
  

When calculating the sum of the constituents for total nitrogen, the permittee shall use actual 
analytical results when these results are greater than or equal to the MDL for a particular 
constituent and should use zero (0) for a constituent if one or two of the constituents are less than 
the MDL. 

  
The methods and detection levels in the table above are recommended to be used unless the 
permittee desires to use an EPA approved method with a detection level equal to or lower than 
those specified above.   
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 Stormwater samples shall be collected once every six months, during the spring and fall seasons. 
 

Stormwater samples shall be collected during the “first flush” of rainfall runoff, at least twenty  
minutes, but not more than fifty minutes after rainfall of at least 0.5 inches has begun, preceded by 
a period of dry weather of at least 48 hours. 

 
C. Recordkeeping and Public Availability of SWMP and Annual Report 
 

The permittee shall keep records under this general permit for at least three years after termination 
of this general permit.  Records shall be submitted to the DWWM only when permittees are 
specifically asked to do so. 

 
The permittee shall make their SWMP and their annual report available to the public at reasonable 
times during regular business hours.  In addition, the SWMP and the annual report shall be posted 
on the permittees website. If the permittee does not maintain or utilize a website, an electronic 
copy of the SWMP and annual report shall be submitted to DWWM for distribution when it is 
requested.   

* 
D. Reporting 
 
 Annually, the permittee shall submit a report to the DWWM. The report shall include: 
 
1. A description of the activities undertaken and implemented for each of the minimum control 

measures; 
 
2. An explanation of how the permittee measured the effectiveness of each of the activities 

implemented;  
 
3. The status of compliance with each of the BMPs that were specified in the permittees stormwater 

management program; 
 
4. An assessment of the progress toward achieving the identified measurable goals for each of the 

minimum control measures; 
 
5. Results of information collected and analyzed, including monitoring data, during the annual 

reporting period; 
 
6. A summary of the stormwater activities the permittee plans to undertake during the next annual 

reporting period; 
 
7. A change in any identified measurable goals that apply to the minimum control measures; 
 
8. A description of the status of the street and parking design assessment; 
 
9. A description of the coordination efforts with other MS4’s, County Governments, colleges, 

universities, correctional facilities, prisons, and any other entity regarding the implementation of 
the minimum control measures including the status of any memorandum of understanding (MOU) 
or other agreement executed between the permittee/s and any other entity;  

 
10. A summary of construction site inspections and enforcement activities as described in Part II, 

Section C.4.b.vi.; 
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11. A summary of post construction controls as described in Part II, Section C.5.a.ii.F., and Part II, 

Section C.5.a.i.C., 
 
12. A description of specific BMPs that were implemented in order to reduce pollutants of concern in 

impaired receiving waters and waters in which a TMDL has been developed, and 
 
13. A fiscal analysis of capital and operating expenditures to implement the minimum control 

measures. The fiscal analysis shall include only those expenditures by the locality seeking 
coverage under this general permit and not those for minimum control measures implemented by 
other entities. 

 
 
* 
* 
 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
** 
* 
* 
* 
* 
* 
* 
 
* 
* 
* 
* 
* 
* 
* 
* 
** 
** 
 
* 
* 
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E. Program Review 
 

In order to assess the effectiveness of the permittees NPDES program for eliminating non-storm 
water discharges and reducing the discharge of pollutants to the maximum extent possible, the 
DWWM will review program implementation and annual reports. Additional periodic evaluations 
may be conducted to determine compliance with permit conditions.  

 
 
 
* 
The permittee must comply with all terms and conditions of this permit. Permit noncompliance 
constitutes a violation of the federal Clean Water Act (CWA) and State Act, Chapter 22, Article 11 & 
Article 12 and is grounds for enforcement action; for permit modification, suspension or revocation.  
 
Failure to comply with the terms and conditions of this permit, with the plans and specifications 
submitted with the site registration application, the most currently approved SWMP, and the appropriate 
appendices shall constitute grounds for the revocation or suspension of this permit and for the invocation 
of all the enforcement procedures set forth in Chapter 22, Article 11 of the Code of West Virginia. 
 
This permit is issued in accordance with the provisions of Chapter 22, Article 11 of the Code of West 
Virginia 
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_________________________ 
Scott G. Mandirola 

** 

** 

 

      
      BY:   ______

Acting Director 
* 
* 
* 
* 

* 
* 
* 

* 
* 
* 
* 
* 
 

* 
 

* 
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Appendix A 

WV/NPDES GENERAL PERMIT NUMBER WV0116025 

SM S 

 
1.   MS4 Operator Information: 

Name of city, county, or other jurisdiction that operates a Phase II MS4: 

       

 

 
ALL MUNICIPAL SEPARATE STORM SEWER SYSTEM

 
NOTICE OF INTENT (NOI) 

________________________________________________________________________    

Contact Person:          Telephone: ____________________ 

E-mail address of contact person: _____________________________________________            

V/NPDES MS4 General Permit. 
it requires the permittee to submit their Stormwater Management Program within six months 

 
N THIS FORM.  I AM ALSO AWARE THAT THE 

N, INCLUDING THE POSSIBILITY OF FINE AND IMPRISONMENT. 

      Address: _________________________________________________________________ 

      City: ___________________________________ State:_________ Zip Code: __________ 

2. Receiving stream(s): ________________________________________________________ 

3. Fee - $17.50 per acre of area served by the MS4.  Maximum fee is $1750.00 

      Amount enclosed: _____________________________ 

NOTE: 

The Notice of Intent provides MS4 entities initial coverage under the W
This perm
of the issuance date of the General Permit. 
 
I CERTIFY UNDER PENALTY OF LAW THAT I HAVE PERSONALLY EXAMINED AND AM FAMILIAR

ITH THE INFORMATION SUBMITTED OW
STORMWATER MANAGEMENT PROGRAM/SITE REGISTRATION APPLICATION MUST BE 
SUBMITTED WITHIN SIX MONTHS OF THE ISSUANCE DATE OF THE GENERAL PERMIT NO. 
WV0116025. 
 
I AM AWARE THAT THERE ARE SIGNIFICANT PENALTIES FOR SUBMITTING FALSE 
NFORMATIOI

 
OFFICIAL SIGNATURE         DATE     
 
PRINT NAME             
 
Return To: WVDEP - DWWM 
MS4/NPDES 
601 57  Stre t, SE 

V 25304 
th e

* 
* 

** 

Charleston, W

* 

 
* 
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*Appendix B 
 
Definitions 
 

ccessory Impervious Surfaces means those additional impervious surfaces that are created to service 
ment; including roads, shopping centers, office parks and parking lots.  

ce the pollution of 
aters of the State of West Virginia.  BMP’s also include treatment requirements, operating procedures, 

orage. 

nd soils for the removal of pollution 
om stormwater runoff. 

n 
il. 

76; U.S.C. 1251 et seq.  

different times on different schedules but under 
ne plan.  The “plan” is broadly defined as any announcement or piece of documentation or physical 

on 

 

tal Protection, or his/her designated representative. 

d slowly 
 soil tests that define the 

filtration rate.  

vapotranspiration means the sum of evaporation and transpiration of water from the earth’s surface to 
 transpiration from plants.  

stem which slowly releases it after the storm is over. 

 
ning, or relocating existing, natural stream 

hannels.  It can also involve excavation of borrow pits or canals, building of levees, streambank 

A
new develop
 
Best Management Practices (BMP’s) means schedules of activities, prohibitions of practices, 
maintenance procedures, policies, and other management practices to prevent or redu
w
and practices to control site runoff, spillage or leaks, waste disposal or drainage from material st
BMP’s can include structural as well as non-structural practices. 
 
Bioretention is the water quality and water quantity stormwater management practice using the 
chemical, biological and physical properties of plants, microbes a
fr
 
Canopy Interception is the interception of precipitation, by leaves and branches of trees and vegetatio
that does not reach the so
 
Clean Water Act (CWA) means Public Law 92-500, as amended by Public Law 95-217, Public Law 
97-117 and Public Law 95-5
 
Common Plan of Development is a contiguous construction project where multiple separate and 
distinct construction activities may be taking place at 
o
demarcation indicating construction activities may occur on a specific plot; included in this definiti
are most subdivisions and industrial parks. 
 
Cut off concentration is a concentration at which stormwater could potentially impair, or contribute to
impairing water quality.   
 
Director means the Director of the Division of Water and Waste Management, West Virginia 
Department of Environmen
 
Engineered Infiltration is an underground device or system designed to accept stormwater an
exfiltrates it into the underlying soil. This device or system is designed based on
in
 
Evaporation means rainfall that is changed or converted into a vapor. 
 
E
the atmosphere.  It includes evaporation of liquid or solid water plus the
 
Extended Filtration is a structural stormwater practice which filters stormwater runoff through 
vegetation and engineered soil media.  A portion of the stormwater runoff drains into an underdrain 
sy
 
Hydromodification means the alteration of the natural flow of water through a landscape, and often
takes the form of channel straightening, widening, deepe
c
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e State 
ed non-stormwater discharges 

overed under a NPDES permit. 

and Use means the way in which land is used, especially in farming and municipal planning. 

aintenance Agreement means a formal agreement or contract between a local government and a 

 of 

asins, curbs, gutters, ditches, 
uman made channels or storm drains owned or operated by any municipality, sewer or sewage board, 

otice of Intent (NOI) means a notification of intent to seek coverage under this general permit, to 

t 
ed States.  This federally mandated 

ermit program is used for regulating point source discharges.  

irginia, or to another MS4. 

lude, but 
lan, zoning 

ode, transportation master plan, specific area plans, such as sector plan, site area plans, corridor plans, 

) 

e provisions of WV DEP stormwater construction program in accordance with 
0 CFR 122.44(s).   

, 
, system complexity, purpose, and end uses vary from rain barrels for garden irrigation in 

rban areas, to large-scale collection of rainwater for all domestic uses. 
 

erosion, or other conditions or practices that change the depth, width or location of waterways.  
Hydromodification usually results in water quality and habitat impacts. 
 
Illicit Discharge means any non-permitted discharge to a regulated small MS4 or to waters of th
of West Virginia that does not consist entirely of stormwater or authoriz
c
 
Infiltration is the process by which stormwater penetrates into soil. 
 
L
 
M
property owner designed to guarantee that specific maintenance functions are performed.  
 
Municipal Field Staff means employees of the municipality and its departments that spend a portion
their employment in the marketplace, outside of the company office. 
 
Municipal Separate Storm Sewer System (MS4) means conveyances for stormwater, including, but 
not limited to, roads with drainage systems, municipal streets, catch b
h
State agency or Federal agency or other public entity that discharges directly to surface waters of the 
State of West Virginia. 
 
Municipal Staff means employees of the municipality and its departments. 
 
N
discharge stormwater into waters of the State of West Virginia.   
 
NPDES means National Pollutant Discharge Elimination System, a provision of the Clean Water Ac
which prohibits the discharge of pollutants into waters of the Unit
p
 
Outfall means the point source where the MS4 discharges from a pipe, ditch or other discreet 
conveyance directly or indirectly to water of the State of West V
 
Planning documents are documents a municipality or jurisdiction uses for planning.  They inc
are not limited to; comprehensive or master plans, subdivision ordinances, general land use p
c
or unified development ordinances. 
 
Pollutants of Concern are those pollutants which cause a water body to be placed on the Section 303(d
list of impaired waters. 
 
Qualifying Local Program means a WV DEP formally recognized state, municipal or county program 
that meets or exceeds th
4
 
Rainfall and Rainwater Harvesting is the collection, conveyance, and storage of rainwater. The scope
method, technologies
u
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unoff Reduction practices and/or techniques are the collective assortment of stormwater practices that 

apotranspirate and reuse stormwater on site. 

ite Registration Application means the forms designed by the Director for the purpose of obtaining 

becomes the “stormwater management program” for the permittee. 

us 
n 

aintaining water quality. 

e 

tormwater Hotspots are commercial, industrial, institutional, municipal, or transportation related 

s. Hotspots may include: gas stations, petroleum wholesalers, vehicle 
aintenance and repair, auto recyclers, recycling centers and scrap yards, landfills, solid waste facilities, 

tormwater Management Practice means practices that manage stormwater, including structural and 

otal Maximum Daily Load (TMDL): A calculation of the maximum amount of a pollutant that a 

s for nonpoint sources and natural background (LA), and 
ust consider seasonal variation and include a margin of safety. The TMDL comes in the form of a technical 

asteload allocation (WLA): The portion of a receiving water’s loading capacity that is allocated to one of 

Receiving waters or receiving water means the ‘water resources’ that receive the discharge from the 
permittee.  
 
R
reduce the volume of stormwater from discharging off site.  These include stormwater practices that 
infiltrate, ev
 
Secretary means the Secretary of the West Virginia Department of Environmental Protection, or his/her 
designated representative. 
 
S
coverage under the small MS4 general permit.  The information contained on the site registration 
application once approved 
 
Soil amendments are components added to in situ or native soils to increase the spacing between soil 
particles so that the soil can absorb and hold more moisture. The amendment of soils changes vario
other physical, chemical and biological characteristics so that the soils become more effective i
m
 
Source control stormwater management means practices that control stormwater before pollutants hav
been introduced into stormwater.  
 
S
operations that may produce higher levels of stormwater pollutants, and/or present a higher potential risk 
for spills, leaks, or illicit discharge
m
wastewater treatment plants, airports, railroad stations and associated maintenance facilities, and 
highway maintenance facilities. 
 
Stormwater Pollution Prevention Plan (SWPPP) means the erosion and sediment control plan for a 
construction site. 
 
S
vegetative components of a stormwater system.  
 
T
waterbody can receive and still meet water quality standards. A TMDL is the sum of individual wasteload 
allocations for point sources (WLA), load allocation
m
document or plan. (40 CFR 130.2 and 130.7) 
 
Treatment control stormwater management means practices that ‘treat’ stormwater after pollutants 
have been incorporated into the stormwater. 
 
W
its existing or future point sources of pollution. WLAs constitute a type of water quality-based effluent 
limitation (40 CFR 130.2(h)). 
 
Water Quality Treatment means any passive or active process that removes pollutants from 
stormwater, and/or prevents pollutants from encountering stormwater. 
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the 
artially within this state, or 

ordering this state and within its jurisdiction, and includes, without limiting the generality of the 
onds, 

 
 

* 
* 

** 

* 

Water Resources, ‘Water’ or ‘Waters’ means any and all water on or beneath the surface of 
ground, whether percolating, standing, diffused or flowing, wholly or p
b
foregoing, natural or artificial lakes, rivers, streams, creeks, branches, brooks, ponds (except farm p
industrial settling basins and ponds and water treatment facilities), impounding reservoirs, springs, 
wells, watercourses and wetlands. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

* 
* 
* 
* 
* 
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Appendix C 
I.  MANAGEMENT CONDITIONS: 
 
1.  Duty to Comply 

onditions of this permit. ermit noncompliance constitutes a violation of the CWA and State 
r permit modification, revocation and reissuance, suspension or revocation; or for denial of a 

ation. 

it 
ay 

s, or information submitted to the Chief shall be signed and certified as required in Title 47, Series 10 , Section 4.6 

e 

 in 

 records must be kept under the 

by the State Act, 
 su

 

ementing sections 301, 302, 306, 307, or 308 of the Clean Water Act is subject to a fine of not less than $2,500 nor more 

 

itted or 

 

a) The permittee must comply with all c
Act and is grounds for enforcement action; fo

 P

permit renewal applic
b) The permittee shall comply with all effluent standards or prohibitions established under Section 307(a) of the CWA for toxic 
pollutants within the time provided in the regulations that establish these standards or prohibitions, even if the permit has not yet been 
modified to incorporate the requirement. 

Dut2.  y to Reapply 
If the permittee wishes to continue an activity regulated by this permit after the expiration date of this permit, the permittee must apply for 
a new permit at least 180 days prior to expiration of the permit. 
3.  Duty to Mitigate 
The permittee shall take all reasonable steps to minimize or prevent any discharge in violation of this permit, which has a reasonable 
likelihood of adversely affecting human health or the environment. 
4.  Permit Actions 
This permit may be modified, revoked and reissued, suspended, or revoked for cause.  The filing of a request by the permittee for perm
modification, revocation and reissuance, or revocation, or a notification of planned changes or anticipated noncompliance, does not st

. any permit condition
5.  Property Rights 
This permit does not convey any property rights of any sort or any exclusive privilege. 
6.  Signatory Requirements 

rtAll applications, repo
of the West Virginia Legislative Rules. 
7.  Transfers   
This permit is not transferable to any person except after notice to the Chief.  The Chief may require modification or revocation and 
reissuance of the permit to change the name of the permittee and incorporate such other requirements as may be necessary.  .  

vide Information 8.  Duty to Pro
The permittee shall furnish to the Chief, within a reasonable specified time, any information which the Chief may request to determin
whether cause exists for modifying, revoking and reissuing, suspending, or revoking this permit, or to determine compliance with this 

rnish to the Chief, upon request, copies of records required to be kept by this permit. permit.  The permittee shall also fu
9.  Other Information 
Where the permittee becomes aware that it failed to submit any relevant facts in a permit application, or submitted incorrect information
a permit application or in any report to the Chief, it shall promptly submit such facts or information. 

ry 10. Inspection and Ent
The permittee shall allow the Chief, or an authorized representative, upon the presentation of credentials and other documents as may be 
required by law, to: 

ittee's premises in which an effluent source or activity is located, or wherea) Enter upon the perm
conditions of this permit; 
b) Have access to and copy at reasonable times, any records that must be kept under the conditions of this permit; 
c) Inspect at reasonable times any facilities, equipment (including monitoring and control equipment), practices, or operations 
regulated or required under this permit; and 
d) Sample or monitor at reasonable times, for the purposes of assuring permit compliance or as otherwise authorized 

bany stances or parameters at any location. 
11. Permit Modification 
This permit may be modified, suspended, or revoked in whole or in part during its term in accordance with the provisions of Chapter 22-
11-12 of the Code of West Virginia. 
12. Water Quality 
The effluent or effluents covered by this permit are to be of such quality so as not to cause violation of applicable water quality standards 
adopted by the Environmental Quality Board. 

 13. Outlet Markers
A permanent marker at the establishment shall be posted in accordance with Title 47, Series 11, Section 9 of the West Virginia Legislative
Rules. 
14. Liabilities 
a) Any person who violates a permit condition implementing sections 301, 302, 306, 307, 308, 318, or 405 of the Clean  Water Act is 
subject to a civil penalty not to exceed $10,000 per day of such violation.  Any person who willfully or negligently violates permit 
conditions impl
than $25,000 per day of violation, or by imprisonment for not more than 1 year, or both. 
b) Any person who falsifies, tampers with, or knowingly renders inaccurate any monitoring device or  method required  to be 
maintained under this permit shall, upon conviction, be punished by a fine of not more than $10,000 per violation, or by imprisonment for
not more than 6 months per violation, or by both. 
c) Any person who knowingly makes any false statement, representation, or certification in any record or other document subm
required to be maintained under this permit, including monitoring reports or reports of compliance or noncompliance shall, upon 
conviction, be punished by a fine of not more than $10,000 per violation, or by imprisonment for not more than 6 months per violation, or 

 bothby . 
d) Nothing in I.14 a), b), and c) shall be construed to limit or prohibit any other authority the Chief may have under the State Water 
Pollution Control Act, Chapter 22, Article 11. 
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II.  OPERATION AND MAINTENANCE: 
 
1.  Proper Operation and Maintenance 
The permittee shall at all times properly operate and maintain all facilities and systems of treatment and control (and related appurtenances) 
which are installed or used by the permittee to achieve compliance with the conditions of this permit.  Proper operation and maintenance 
also includes adequate laboratory controls, and appropriate quality assurance procedures.  Unless otherwise required by Federal or State 
law, this provision requires the operation of back-up auxiliary facilities or similar systems which are installed by the permittee only when 
the operation is necessary to achieve compliance with the conditions of the permit. For domestic waste treatment facilities, waste treatment 
operators as classified by the WV Bureau of Public Health Laws, W. Va. Code Chapter 16-1, will be required  except that in circumstances 
where the domestic waste treatment facility is receiving any type of industrial waste, the Chief may require a more highly skilled operator. 
 
2.  Need to Halt or Reduce Activity Not a Defense 
It shall not be a defense for a permittee in an enforcement action that it would have been necessary to halt or reduce the permitted activity 
in order to maintain compliance with the conditions of the permit. 
 
3. Bypass 
a) Definitions 
(1) "Bypass" means the intentional diversion of waste streams from any portion of a treatment facility; and 
(2) "Severe property damage" means substantial physical damage to property, damage to the treatment facilities which causes them to 
become inoperable, or substantial and permanent loss of natural resources which can reasonably be expected to occur in the absence of a 
bypass.  Severe property damage does not mean economic loss caused by delays in production. 
b) Bypass not exceeding limitations.  The permittee may allow any bypass to occur which does not cause effluent limitations to be 
exceeded, but only if it also is for essential maintenance to assure efficient operation.  These bypasses are not subject to the provision of 
II.3.c) and II.3.d) of this permit. 
c) (1) If the permittee knows in advance of the need for a bypass, it shall submit prior notice, if possible at least ten (10) days 
before the date of the bypass; 
(2) If the permittee does not know in advance of the need for bypass, notice shall be submitted as required in IV.2.b) of this permit. 
d) Prohibition of bypass 
(1) Bypass is permitted only under the following conditions, and the Chief may take enforcement action against a permittee for a 
bypass, unless; 
(A) Bypass was unavoidable to prevent loss of life, personal injury, or severe property damage; 
(B) There were no feasible alternatives to the bypass, such as the use of auxiliary treatment facilities, retention of untreated wastes, or 
maintenance during normal periods of equipment downtime.  This condition is not satisfied if adequate backup equipment should have 
been installed in the exercise of reasonable engineering judgement to prevent a bypass which occurred during normal periods of equipment 
downtime or preventative maintenance; and  
(C) The permittee submitted notices as required under II.3.c) of this permit. 
(2) The Chief may approve an anticipated bypass, after considering its adverse effects, if the Chief determines that it will meet the three 
conditions listed in II.3.d.(1) of this permit. 
 
4.  Upset 
a) Definition.  "Upset" means an exceptional incident in which there is unintentional and temporary noncompliance with technology-
based permit effluent limitations because of factors beyond the reasonable control of the permittee.  An upset does not include 
noncompliance to the extent caused by operational error, improperly designed treatment facilities, inadequate treatment facilities, lack of 
preventative maintenance, or careless or improper operation. 
 
b) Effect of an upset.  An upset constitutes an affirmative defense to an action brought for noncompliance with such  technology-based 
permit effluent limitation if the requirements of II.4.c) are met.  No determination made during administrative review of claims that 
noncompliance was caused by upset, and before an action for noncompliance, is final administrative action subject to judicial review. 
 
c) Conditions necessary for a demonstration of upset.  A permittee who wishes to establish the affirmative defense of upset shall 
demonstrate, through properly signed, contemporaneous operating logs, or other relevant evidence that: 
(1) An upset occurred and that the permittee can identify the cause(s) of the upset; 
(2) The permitted facility was at the time being properly operated; 
(3) The permittee submitted notice of the upset as required in IV.2.b) of this permit. 
(4) The permittee complied with any remedial measures required under I.3. of this permit. 
 
d) Burden of proof.  In any enforcement proceeding the permittee seeking to establish the occurrence of an upset has the burden of 
proof. 
 
5.  Removed Substances 
Where removed substances are not otherwise covered by the terms and conditions of this permit or other existing permit by the Chief, any 
solids, sludges, filter backwash or other pollutants (removed in the course of treatment or control of wastewaters) and which are intended 
for disposal within the State, shall be disposed of only in a manner and at a site subject to the approval by the Chief.  If such substances are 
intended for disposal outside the State or for reuse, i.e., as a material used for making another product, which in turn has another use, the 
permittee shall notify the Chief in writing of the proposed disposal or use of such substances, the identity of the prospective disposer or 
users, and the intended place of disposal or use, as appropriate.   
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III.  MONITORING AND REPORTING 
 
1.  Representative Sampling 
Samples and measurements taken for the purpose of monitoring shall be representative of the monitored activity. 
 
2.  Reporting 
a) Permittee shall submit, according to the enclosed format, a Discharge Monitoring Report (DMR) indicating in terms of 
concentration, and/or quantities, the values of the constituents listed in Part A analytically determined to be in the plant effluent(s). DMR 
submissions shall be made in accordance with the terms contained in Section C of this permit. 
b) Enter reported average and maximum values under "Quantity" and "Concentration" in the units specified for each   parameter, as 
appropriate. 
c) Specify the number of analyzed samples that exceed the allowable permit conditions in the columns labeled "N.E." (i.e., number 
exceeding). 
d) Specify frequency of analysis for each parameter as number of analyses/specified period (e.g.,3/month is equivalent to 3 analyses 
performed every calendar month).  If continuous, enter "Cont.".  The frequency listed on format is the minimum required. 
 
3.  Test Procedures 
Samples shall be taken, preserved and analyzed in accordance with the latest edition of 40 CFR Part 136, unless other test procedures have 
been specified elsewhere in this permit. 
 
4.  Recording of Results 
For each measurement or sample taken pursuant to the permit, the permittee shall record the following information. 
a) The date, exact place, and time of sampling or measurement; 
b) The date(s) analyses were performed; 
c) The individual(s) who performed the sampling or measurement; 
d) The individual(s) who performed the analyses; if a commercial laboratory is used, the name and address of the laboratory; 
e) The analytical techniques or methods used, and 
f) The results of such analyses.  Information not required by the DMR form is not to be submitted to this agency, but is to be retained 
as required in III.6. 
 
5.  Additional Monitoring by Permittee 
If the permittee monitors any pollutant at any monitoring point specified in this permit more frequently than required by this permit, using 
approved test procedures or others as specified in this permit, the results of this monitoring shall be included in the calculation and 
reporting of the data submitted in the Discharge Monitoring Report Form.  Such increased frequency shall also be indicated.  Calculations 
for all limitations which require averaging of measurements shall utilize an arithmetic mean unless otherwise specified in the permit. 
 
6.  Records Retention 
The permittee shall retain records of all monitoring information, including all calibration and maintenance records and all  original chart 
recordings for continuous monitoring instrumentation, copies of all reports required by this permit, and records of all data used to complete 
the application for the permit, for a period of at least three (3) years from the date of the sample, measurement, report or application.  This 
period may be extended by request of the Chief at any time. 
 
7.  Definitions 
a) "Daily discharge" means the discharge of a pollutant measured during a calendar day or within any specified period that reasonably 
represents the calendar day for purposes of sampling.  For pollutants with limitations expressed in units of mass, the daily discharge is 
calculated as the total mass of the pollutant discharged over the day.  For pollutants with limitations expressed in other units of 
measurement, the daily discharge is calculated as the average measurement of the pollutant over the day. 
b) "Average monthly discharge limitation" means the highest allowable average of daily discharges over a calendar month, calculated 
as the sum of all daily discharges measured during a calendar month divided by the number of daily discharges measured during that 
month. 
c) "Maximum daily discharge limitation" means the highest allowable daily discharge. 
d) "Composite Sample" is a combination of individual samples obtained at regular intervals over a time period.  Either the volume of 
each individual sample is proportional to discharge flow rates or the sampling interval (for constant volume samples) is proportional to the 
flow rates over the time period used to produce the composite.  The maximum time period between individual samples shall be two hours. 
e) "Grab Sample" is an individual sample collected in less than 15 minutes. 
f) "is" = immersion stabilization - a calibrated device is immersed in the effluent stream until the reading is  stabilized. 
g) The "daily average temperature" means the arithmetic average of temperature measurements made on an hourly basis, or the mean 
value plot of the record of a continuous automated temperature recording instrument, either during a calendar month, or during the 
operating month if flows are of shorter duration. 
h) The "daily maximum temperature" means the highest arithmetic average of the temperatures observed for any two (2) consecutive 
hours during a 24 hour day, or during the operating day if flows are of shorter duration. 
i) The "daily average fecal coliform" bacteria is the geometric average of all samples collected during the month. 
j) "Measured Flow" means any method of liquid volume measurement, the accuracy of which has been previously demonstrated in 
engineering practice, or which a relationship to absolute volume has been obtained. 
k) "Estimate" means to be based on a technical evaluation of the sources contributing to the discharge including, but not limited to 
pump capabilities, water meters and batch discharge volumes. 
l) "Non-contact cooling water" means the water that is contained in a leak-free system, i.e., no contact with any gas, liquid, or solid 
other than the container for transport; the water shall have no net poundage addition of any pollutant over intake water levels, exclusive of 
approved anti-fouling agents. 
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IV.  OTHER REPORTING 
 
1.  Reporting Spills and Accidental Discharges 
Nothing in this permit shall be construed to preclude the institution of any legal action or relieve the permittee from any  
responsibilities, liabilities or penalties established pursuant to Title 47, Series 11, Section 2 of the West Virginia Legislative 
Rules promulgated pursuant to Chapter 22, Article 11.  
 
                Attached is a copy of the West Virginia Spill Alert System for use in complying with Title 47, Series 11, Section 2 of 
the Legislative rules                  as they pertain to the reporting of spills and accidental discharges. 
 
2.  Immediate Reporting 
a) The permittee shall report any noncompliance which may endanger health or the environment immediately after 
becoming aware of the circumstances by using the Agency's designated spill alert telephone number.  A written submission shall 
be provided within five (5) days of the time the permittee becomes aware of the circumstances.  The written submission shall 
contain a description of the noncompliance and its cause; the period of noncompliance, including exact dates and times, and if the 
noncompliance has not been corrected, the anticipated time it is expected to continue; and steps taken or planned to reduce, 
eliminate, and prevent recurrence of the noncompliance. 
b) The following shall also be reported immediately: 
(1) Any unanticipated bypass which exceeds any effluent limitation in the permit; 
(2) Any upset which exceeds any effluent limitation in the permit; and 
(3) Violation of a maximum daily discharge limitation for any of the pollutants listed by the Chief in the permit to be reported 
immediately.  This list shall include any toxic pollutant or hazardous substance, or any pollutant specifically identified as the 
method to control a toxic pollutant or hazardous substance.  
c) The Chief may waive the written report on a case-by-case basis if the oral report has been received in accordance with the 
above. 
d) Compliance with the requirements of IV.2 of this section shall not relieve a person of compliance with Title 47, Series 11, 
Section 2. 
 
3.  Reporting Requirements 
a) Planned changes.  The permittee shall give notice to the Chief of any planned physical alterations or additions to the 
permitted facility which may affect the nature or quantity of the discharge.  Notice is required when: 
(1) The alteration or addition to a permitted facility may meet one of the criteria for determining whether a facility is a new 
source in Section 13.7.b of Series 10, Title 47; or 
(2) The alteration or addition could significantly change the nature or increase the quantity of pollutants discharged. This 
notification applies to pollutants which are subject neither to effluent limitations in the permit, nor to notification requirements 
under IV.2 of this section. 
b) Anticipated noncompliance.  The permittee shall give advance notice to the Chief of any planned changes in the permitted 
facility or activity which many result in noncompliance with permit requirements. 
c) In addition to the above reporting requirements, all existing manufacturing, commercial, and silvicultural discharges must 
notify the Chief in writing as soon as they know or have reason to believe: 
(1) That any activity has occurred or will occur which would result in the discharge, on a routine or frequent basis, or any 
toxic pollutant which is not limited in the permit, if that discharge will exceed the highest of the following "notification levels": 
(A) One hundred micrograms per liter (100 ug/l); 
(B) Two hundred micrograms per liter (200 ug/l) for acrolein and acrylonitrile; five hundred micrograms per liter (500 ug/l) 
for 2,4-dinitro phenol; and for 2-methyl 4,6-dinitrophenol; and one milligram per liter (1 mg/l) for antimony; 
(C) Five (5) times the maximum concentration value reported for that pollutant in the permit application in accordance with 
Section 4.4.b.9 of Series10, Title 47. 
(D) The level established by the Chief in accordance with Section 6.3.g of Series 10, Title 47; 
(2) That any activity has occurred or will occur which would result in any discharge (on a non-routine or infrequent basis) of 
a toxic which is not limited in the permit, if that discharge will exceed the highest of the following "notification levels": 
(A) Five hundred micrograms per liter (500 ug/l); 
(B) One milligram per liter (1 mg/l) for antimony; 
(C) Ten (10) times the maximum concentration value reported for that pollutant in the permit application in accordance with 
Section 4.4.b.7 of Series 10, Title 47; 
(D) The level established by the Chief in accordance with Section 6.3.g of Series 10, Title 47. 
(3) That they have begun or expect to begin to use or manufacture as an intermediate or final product or by-product of any 
toxic pollutant which was not reported in the permit application under Section 4.4.b.9 of Series 10, Title 47 and which will result 
in the discharge on a routine or frequent basis of that toxic pollutant at levels which exceed five times the detection limit for that 
pollutant under approved analytical procedure. 
(4) That they have begun or expect to begin to use or manufacture as an intermediate or final product or by-product of any 
toxic pollutant which was not reported in the permit application under Section 4.4.b.9 of Series 10, Title 47 and which will result 
in the discharge on a non-routine or infrequent basis of that toxic pollutant at levels which exceed ten times the detection limit for 
that pollutant under approved analytical procedure. 
 
4.  Other Noncompliance 
The permittee shall report all instances of noncompliance not reported under the above paragraphs at the time monitoring reports 
are submitted.  The reports shall contain the information listed in IV.2.a).  Should other applicable noncompliance reporting be 
required, these terms and conditions will be found in Section C of this permit. 
      
 
 
 

 
 

RB-AR10985



 

36 
 

Appendix D 
 
Designation Criteria for small MS4s with a population greater than 1,000. 
 
The DWWM will use the following designation criteria to evaluate and determine if the subject 
MS4s require permit coverage: 
 
1. Discharge to sensitive waters 
 
2. High growth or growth potential 
 
3. High population density 
 
4. Contiguity to an urbanized area 
 
5. Significant contributor of pollutants to waters of the State 
 
6. Ineffective protection of water quality by other programs 
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Appendix E 
 
 
Sediment and Erosion Control BMP manuals: 
 
1. West Virginia BMP manual; http://www.wvdep.org/dwwm/stormwater/BMP/index.html 
 
2. Maryland Soil Erosion and Sediment Control BMP manual;   
http://www.mde.state.md.us/Programs/WaterPrograms/SedimentandStormwater/erosionsediment
control/standards.asp 
 
3. Virginia Erosion and Sediment Control Handbook; 
http://www.dcr.virginia.gov/soil_&_water/e&s-ftp.shtml 
 
4. USEPA has a listing of available state stormwater manuals here; 
http://yosemite.epa.gov/R10/WATER.NSF/0/17090627a929f2a488256bdc007d8dee?OpenDocu
ment 
 
5. West Virginia Department of Transportation, Division of Highways, Erosion and Sediment 
Control Manual, March 1, 2003. http://www.wvdot.com/engineering/TOC_engineering.htm 
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SECTION I: INTRODUCTION 
 
As directed by the State Water Resources Control Board (State Water Board), staff members 
are working to replace the toxicity control provisions established in Section 4 of the Policy for 
Implementation of Toxics Standards for Inland Surface Waters, Enclosed Bays, and Estuaries of 
California (SIP) with a standalone policy.  The provisions proposed in the draft Policy for Toxicity 
Assessment and Control (Policy) include a consistent statistical approach to determine the 
toxicity of discharges, statewide numeric objectives, and further standardization of toxicity 
provisions for National Pollutant Discharge Elimination System (NPDES) dischargers and 
facilities subject to Waste Discharge Requirements (WDR) or conditional waivers. 
 
Toxicity occurs when the effects of pollutants negatively impact beneficial uses; when 
originating from an effluent, these effects are typically referred to as “whole effluent toxicity” 
(WET).  Toxicity tests estimate the effects of discharges on the survival, growth and 
reproduction of test species, and are used to determine compliance with the objectives for 
toxicity established in the ten Regional Water Quality Control Plans (Basin Plans) adopted by 
the nine Regional Water Quality Control Boards (Regional Water Boards).  Each Basin Plan 
contains narrative toxicity objectives that require all waters to be maintained free of toxic 
substances in concentrations that produce detrimental physiological responses in humans, 
plants, terrestrial animals, and aquatic organisms. 
 
Toxicity monitoring provides a vital tool to assess the chronic and acute effects of a given 
discharge.  Toxicity tests alert dischargers to the presence of undefined pollutants that may later 
be determined through a toxicity identification evaluation (TIE).  Additionally, toxicity testing can 
demonstrate the aggregate effects of pollutant mixtures, which cannot be done with current 
chemical methodologies.  The necessity of toxicity monitoring is further underscored in a report 
compiled by the State Water Board’s Surface Water Ambient Monitoring Program or SWAMP.  
Of the 922 water bodies sampled, 473 (48%) produced at least one sample (water or sediment) 
that demonstrated toxicity, while 129 of these were classified as “high toxicity sites” based on 
the average result of the most sensitive test species (State Water Board 2010) 
 
Toxicity Control Provisions in the SIP 
 
The current toxicity provisions in Section 4 of the SIP briefly establish minimum chronic toxicity 
control requirements for implementing the narrative toxicity objectives found in the Basin Plans.  
Chronic toxicity tests measure the lethal and sublethal effects (e.g. reduced growth, 
reproduction, etc.) of a given discharge on specified test organisms.  The SIP requires that the 
Regional Water Boards determine compliance with narrative chronic toxicity objectives using 
United States Environmental Protection Agency (U.S. EPA) methodology for all inland surface 
waters, enclosed bays, and estuaries.  Some Basin Plans also require permitted facilities to 
determine the acute toxicity of an effluent or receiving water.  Acute toxicity tests determine the 
concentration of a discharge that is lethal to a group of test organisms during a short-term 
exposure.  While the SIP does not address these particular tests, the U.S. EPA has published 
approved methodology and recommendations for acute toxicity monitoring (U.S. EPA 2002a). 
 
The SIP requires chronic toxicity tests to be conducted on at least one species of aquatic plant, 
one invertebrate, and one vertebrate during an initial screening period; after which the most 
sensitive organism may be used for monitoring purposes.  If repeated tests reveal toxicity or if a 
discharge causes or contributes to toxicity in a receiving water body, then a toxicity reduction 
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evaluation (TRE) must be performed.  The TRE process, used to determine the cause(s) of 
toxicity, may include a TIE if needed.  The SIP allows multiple dischargers to coordinate TRE 
implementation when discharging to the same water body.  Failure to comply with required 
toxicity testing and TRE studies within a designated period will result in appropriate enforcement 
action (State Water Board 2005b). 
 
Project Background 
 
In 2002, NPDES permits for two publicly owned treatment works (POTW) in the Los Angeles 
County Sanitation District (Los Coyotes Water Reclamation Plant and Long Beach Water 
Reclamation Plant) came up for renewal.  In rewriting the permits, Los Angeles Regional Water 
Board staff included numeric effluent limitations intended to implement the narrative chronic 
toxicity objectives established in the Basin Plan.  In response, the Los Angeles County 
Sanitation District filed a petition challenging these limits and other permit requirements (Los 
Coyotes Water Reclamation Plant Order Nos. R4-2002-0121 and R4-2002-0122; and Long 
Beach Water Reclamation Plant Order Nos. R4-2002-0123 and R4-2002-0124).  In 2003, the 
State Water Board ruled on the petition in Order No. 2003-0012, stating that the “propriety of 
including numeric effluent limitations for chronic toxicity in NPDES permits for publicly-owned 
treatment works that discharge to inland waters should be considered in a regulatory setting, in 
order to allow for full public discussion and deliberation.”  As a result, the State Water Board 
passed Resolution No. 2005-0019, which required staff to amend the toxicity provisions 
established in the SIP by January 2006.  In the interim, the two POTWs were required to adhere 
to narrative toxicity effluent limitations with numeric benchmarks that would trigger accelerated 
monitoring and TREs. 
 
Scoping Meeting 
 
A California Environmental Quality Act (CEQA) scoping meeting was conducted to provide a 
forum for early public consultation on the preparation of this Staff Report.  The scoping meeting 
was held on January 17, 2006 at the California Environmental Protection Agency Headquarters 
Building in Sacramento.  Comments, both written and oral were provided by stakeholders to 
help determine the scope and content of the environmental information required by federal and 
state regulations.  The scoping meeting helped to identify the range of actions, alternatives, 
mitigation measures, and significant effects found within this document. 
 
Purpose of the Draft Policy 
 
The draft Policy was developed to fulfill Item 4 of State Water Board Resolution No. 2005-0019, 
and to improve upon existing toxicity regulations established in the Basin Plans and the SIP.  
Although the SIP establishes minimum chronic toxicity testing requirements, numerous 
inconsistencies persist among permits, while many dischargers are not required to monitor 
toxicity at all.  The draft Policy seeks to resolve these discrepancies by creating a consistent, yet 
flexible regulatory framework for monitoring toxicity in discharges to inland surface waters, 
enclosed bays, and estuaries statewide.  Through incorporation of U.S. EPA’s new statistical 
approach, the draft Policy will also improve toxicity data interpretation and improve incentives 
for high quality laboratory work.  Lastly, the numeric objectives and permit limitations proposed 
in the draft Policy will provide a compliance-driven approach to toxicity regulation that stands to 
improve efficiency and afford greater protection to aquatic life beneficial uses (see Section IV for 
an in-depth analysis of the provisions proposed in the draft Policy).  
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Purpose of the Staff Report 
 
Pursuant to California Code of Regulations, title 23, section 3777, this Staff Report is a 
component of the substitute environmental documentation required for the adoption of statewide 
policies and plans under the California Environmental Quality Act (CEQA).  The purpose of this 
Staff Report is to present the State Water Board’s analysis of the need for and the effects of the 
Policy for Toxicity Assessment and Control.  
 
CEQA authorizes the Secretary for Natural Resources to certify that state regulatory programs 
meeting certain environmental standards are exempt from CEQA chapters 3 and 4; the 
requirements for preparing environmental impact reports, negative declarations, and initial 
studies.  The Secretary for Natural Resources has certified the following regulatory programs of 
the State Water Board as exempt: the adoption or approval of standards, rules, regulations, or 
plans to be used in the Basin/208 Planning program for the protection, maintenance, and 
enhancement of water quality in California (Cal. Code Regs., tit.14, §15251, subd. (g)).  This 
exemption includes the State Water Board’s process to adopt this proposed Policy.  All certified 
regulatory programs must still conduct a meaningful review of a project’s environmental 
impacts.  Any environmental impacts that may result from the proposed actions are addressed 
in Section V, and summarized in the “Environmental Check List Form” contained within 
Appendix A. 
 
Regulatory Background 
 
In 1969, the Porter-Cologne Water Quality Control Act (Porter-Cologne, Wat. Code, § 13000 et 
seq.) was adopted as the principal law governing water quality in California.  Named after the 
late Los Angeles Assemblymember Carley V. Porter and then-Senator Gordon Cologne, Porter-
Cologne instituted a comprehensive program to protect the quality and “beneficial uses” (or 
“designated uses” under federal parlance) of the state’s water bodies.  Beneficial uses include, 
but are not limited to, “domestic, municipal, agricultural, and industrial supply; power generation; 
recreation; aesthetic enjoyment; navigation; and preservation and enhancement of fish, wildlife, 
and other aquatic resources or preserves” (Wat. Code §13050, subd. (f)).  Regulatory protection 
of beneficial uses is carried out, in part, through water quality objectives established in each 
Basin Plan (Wat. Code §13241). 
 
In 1972, Congress enacted the federal Clean Water Act with the goal to “restore and maintain 
the chemical, physical, and biological integrity of the Nation’s waters” (33 U.S.C., §1251(a)).  To 
achieve this goal, the Clean Water Act established the NPDES Permit Program to regulate point 
source discharges of pollutants to waters of the United States (33 U.S.C. §1342).  In California, 
the State and Regional Boards issue and administer NPDES permits under a program approved 
by the U.S. EPA (Wat. Code §13377).  NPDES permits are required to contain effluent 
limitations reflecting pollution reduction achievable through technological means, as well as 
more stringent limitations necessary to ensure that receiving waters meet state water quality 
standards (33 U.S.C. § 1311(b)(1)(A)-(C)).  State water quality standards include the beneficial 
uses of water bodies, water quality objectives designed to protect those uses, a corresponding 
implementation plan, and an antidegradation policy. 
 
Section 303, subdivision (c)(2)(B) of the Clean Water Act requires states to adopt water quality 
criteria for all priority pollutants established in section 307(a).  To comply with section 303, 
subdivision (c)(2)(B), the State Water Board adopted both the Inland Surface Waters Plan and  
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Enclosed Bays and Estuaries Plan in April 1991.  In 1992, the U.S. EPA promulgated the 
National Toxics Rule to bring states into compliance with section 303, subdivision (c)(2)(B). 
In 1993, the State Water Board amended the 1991 plans to achieve compliance with the 
National Toxics Rule.  However, in September 1994, the State Water Board rescinded the two 
plans in response to a Sacramento County Superior Court ruling in favor of several dischargers 
that challenged the means by which the 1991 plans were adopted.  To reestablish water quality 
criteria for priority pollutants and to effectively bring California into compliance with the Clean 
Water Act, U.S. EPA promulgated the California Toxics Rule in May 2000.  The SIP was then 
adopted to provide a mechanism to implement the water quality criteria established in the 
California Toxics Rule. 
 
Mandatory Minimum Penalties 
 
Porter-Cologne requires the imposition of Mandatory Minimum Penalties (MMP) for specified 
violations of NPDES permits.  However, MMPs do not apply to chronic or acute toxicity 
violations unless an NPDES permit is devoid of pollutant-specific effluent limitations.  For 
applicable violations, the Regional Water Boards must either assess an administrative civil 
liability for an MMP or assess an administrative civil liability for a greater amount if appropriate.  
Water Code section 13385, subdivision (i)(1) requires the Regional Water Boards to assess 
MMPs of $3,000 per non-serious violation, only after three such violations have been accrued.  
A non-serious violation occurs if the discharger does any of the following four or more times in 
any period of six consecutive months: violates an NPDES effluent limitation; fails to file a report 
of waste discharge pursuant to Water Code section 13260; files an incomplete Report of Waste 
Discharge pursuant to section 13260 or; violates a toxicity effluent limitation where the permit 
does not contain pollutant specific effluent limitations for toxic pollutants. 
 
Water Quality Enforcement Policy 
 
On February 19, 2002, the State Water Board adopted Resolution No. 2002-0040, approving 
the revised Water Quality Enforcement Policy (Enforcement Policy) on July 30, 2002.  An 
amended Enforcement Policy was subsequently adopted on November 17, 2009 (Resolution 
No. 2009-0083) and approved on May 20, 2010.  The primary goal of the Enforcement Policy is 
to create a framework for identifying and investigating instances of noncompliance, for taking 
enforcement actions that are appropriate in relation to the nature and severity of the violation, 
and for prioritizing enforcement resources to achieve maximum environmental benefit.  Under 
the amended Enforcement Policy, violations of acute or chronic toxicity requirements, where the 
discharge may adversely affect fish or wildlife, are considered Class II violations.  Class II 
violations are those violations that pose a moderate, indirect, or cumulative threat to water 
quality and, therefore, have the potential to cause detrimental impacts on human health and the 
environment (see State Water Board, Water Quality Enforcement Policy (2009), p. 5). 
 
Regional Water Board Basin Plans - Toxicity Objectives 
 
The following is a summary of each Regional Water Board Basin Plan regarding water quality 
objectives for toxicity.  It is important to note that each permit is tailored to account for the 
details of a specific discharge.  Therefore, language between the permit and corresponding 
Basin Plan may differ. 
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Region 1 
 

All waters shall be maintained free of toxic substances in concentrations that are toxic to, 
or that produce detrimental physiological responses in human, plant, animal, or aquatic 
life.  Compliance with this objective will be determined by use of indicator organisms, 
analyses of species diversity, population density, growth anomalies, bioassays of 
appropriate duration, or other appropriate methods as specified by the Regional Water 
Board. 
 
The survival of aquatic life in surface waters subjected to a waste discharge, or other 
controllable water quality factors, shall not be less than that for the same water body in 
areas unaffected by the waste discharge, or when necessary for other control water that 
is consistent with the requirements for “experimental water” as described in Standard 
Methods for the Examination of Water and Wastewater, 18th Edition (1992).  As a 
minimum, compliance with this objective as stated in the previous sentence shall be 
evaluated with a 96-hour bioassay. 
 
In addition, effluent limits based upon acute bioassays of effluents will be prescribed.  
Where appropriate, additional numerical receiving water objectives for specific toxicants 
will be established as sufficient data become available, and source control of toxic 
substances will be encouraged (North Coast Regional Water Board (1994), p. 3-4.00). 

 
Region 2 
 

All waters shall be maintained free of toxic substances in concentrations that are lethal 
to or that produce other detrimental responses in aquatic organisms.  Detrimental 
responses include, but are not limited to, decreased growth rate and decreased 
reproductive success of resident or indicator species. 
 
There shall be no acute toxicity in ambient waters.  Acute toxicity is defined as a median 
of less than 90%, or less than 70%, 10% of the time, of test organisms in a 96-hour 
static or continuous flow test.  There shall be no chronic toxicity in ambient waters.  
Chronic toxicity is a detrimental biological effect on growth rate, reproduction, fertilization 
success, larval development, population abundance, community composition, or any 
other relevant measure of the health of an organism, population, or community. 
 
Attainment of this objective will be determined by analyses of indicator organisms, 
species diversity, population density, growth anomalies, toxicity tests, or other methods 
selected by the Water Board.  The Water Board will also consider other relevant 
information and numeric criteria and guidelines for toxic substances developed by other 
agencies as appropriate. 
 
The health and life history characteristics of aquatic organisms in waters affected by 
controllable water quality factors shall not differ significantly from those for the same 
waters in areas unaffected by controllable water quality factors (San Francisco Bay 
Regional Water Board (1995), §3.3.18). 
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Region 3 
 

All water shall be maintained free of toxic substances in concentrations which are toxic 
to, or which produce detrimental physiological responses in human, plant, animal, or 
aquatic life.  Compliance with this objective will be determined by use of indicator 
organisms, analyses of species diversity, population density, growth anomalies, toxicity 
bioassays of appropriate duration, or other appropriate methods as specified by the 
Regional Water Board. 
 
Survival of aquatic life in surface waters subjected to a waste discharge or other 
controllable water quality conditions, shall not be less than that for the same water body 
in areas unaffected by the waste discharge, or when necessary, for other control water 
that is consistent with the requirements for “experimental water” as described in 
Standard Methods for the Examination of Water and Wastewater, latest edition.  As a 
minimum, compliance with this objective as stated in the previous sentence shall be 
evaluated with a 96-hour bioassay. 
 
In addition, effluent limits based upon acute bioassays of effluents will be prescribed 
where appropriate, additional numerical receiving water objectives for specific toxicants 
will be established as sufficient data becomes available, and source control of toxic 
substances will be encouraged (Central Coast Regional Water Board (1994), p. III-4). 

 
Region 4 
 

Toxicity is the adverse response of organisms to chemical or physical agents.  When the 
adverse response is mortality, the result is termed acute toxicity.  When the adverse 
response is not mortality, but instead reduced growth in larval organisms or reduced 
reproduction in adult organisms (or other appropriate measures), a critical life stage 
effect (chronic toxicity) has occurred.  The use of aquatic bioassays (toxicity tests) is 
widely accepted as a valid approach to evaluating toxicity of waste and receiving waters. 
 
All water shall be maintained free of toxic substances in concentrations that are toxic to, 
or that produce detrimental physiological responses in, human, plant, animal, or aquatic 
life.  Compliance with this objective will be determined by use of indicator organisms, 
analyses of species diversity, population density, growth anomalies, bioassays of 
appropriate duration or other appropriate methods as specified by the State or Regional 
Board. 
 
The survival of aquatic life in surface waters, subjected to a waste discharge or other 
controllable water quality factors, shall not be less than that for the same water body in 
areas unaffected by the waste discharge or, when necessary, other control water. 
 
There shall be no acute toxicity in ambient waters, including mixing zones.  The acute 
toxicity objective dictates that the average survival in undiluted effluent for any three 
consecutive 96-hour static or continuous flow bioassay tests shall be at least 90%, with 
no single test having less than 70% survival when using an established U.S. EPA, State 
Board, or other protocol authorized by the Regional Board. 
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There shall be no chronic toxicity in ambient waters outside mixing zones.  To determine 
compliance with this objective, critical life stage tests for at least three species with 
approved testing protocols shall be used to screen for the most sensitive species.  The 
test species used for screening shall include a vertebrate, an invertebrate, and an 
aquatic plant.  The most sensitive species shall then be used for routine monitoring.  
Typical endpoints for chronic toxicity tests include hatchability, gross morphological 
abnormalities, survival, growth, and reproduction. 
 
Effluent limits for specific toxicants can be established by the Regional Board to control 
toxicity identified under Toxicity Identification Evaluations (TIEs) (Los Angeles Regional 
Water Board (1995), p. 3-16 – 3-17). 

 
Region 5 
 

All waters shall be maintained free of toxic substances in concentrations that produce 
detrimental physiological responses in human, plant, animal, or aquatic life.  This 
objective applies regardless of whether the toxicity is caused by a single substance or 
the interactive effect of multiple substances.  Compliance with this objective will be 
determined by analyses of indicator organisms, species diversity, population density, 
growth anomalies, and biotoxicity tests of appropriate duration or other methods as 
specified by the Regional Boards.  The Regional Water Board will also consider all 
material and relevant information submitted by the discharger and other interested 
parties and numerical criteria and guidelines for toxic substances developed by the State 
Water Board, the California Office of Environmental Health Hazard Assessment, the 
California Department of Health Services, the U.S. Food and Drug Administration, the 
National Academy of Sciences, the U.S. EPA, and other appropriate organizations, to 
evaluate compliance with this objective. 
 
The survival of aquatic life in surface waters subjected to a waste discharge or other 
controllable water quality factors shall not be less than that for the same water body in 
areas unaffected by the waste discharge, or, when necessary, for other control water 
that is consistent with the requirements for “experimental water” as described in 
Standard Methods for the Examination of Water and Wastewater, latest edition.  As a 
minimum, compliance with this objective as stated in the previous sentence shall be 
evaluated with a 96-hour bioassay. 
 
In addition, effluent limits based upon acute biotoxicity tests of effluents will be 
prescribed where appropriate; additional numerical receiving water quality objectives for 
specific toxicants will be established as sufficient data becomes available; and source 
control of toxic substances will be encouraged (Central Valley Regional Water Board, 
Sacramento and San Joaquin River Basin Plan (1995), p. III-8.01 – III-9.00; Tulare Lake 
Basin Plan (1995), p. III-6 – III-7).  
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Region 6 
 

All waters shall be maintained free of toxic substances in concentrations that are toxic to, 
or that produce detrimental physiological responses in human, plant, animal, or aquatic 
life.  Compliance with this objective will be determined by use of indicator organisms, 
analyses of species diversity, population density, growth anomalies, bioassays of 
appropriate duration and/or other appropriate methods as specified by the Regional 
Board. 
 
The survival of aquatic life in surface waters subjected to a waste discharge, or other 
controllable water quality factors, shall not be less than that for the same water body in 
areas unaffected by the waste discharge, or when necessary, for other control water that 
is consistent with the requirements for “experimental water” as defined in Standard 
Methods for the Examination of Water and Wastewater (Lahontan Regional Water Board 
(1995), p. 3-6). 

 
Region 7 
 

All waters shall be maintained free of toxic substances in concentrations which are toxic 
to, or which produce detrimental physiological responses in human, plant, animal, or 
indigenous aquatic life.  Compliance with this objective will be determined by use of 
indicator organisms, analyses of species diversity, population density, growth anomalies, 
96-hour bioassay or bioassays of appropriate duration or other appropriate methods as 
specified by the Regional Board.  Effluent limits based upon bioassays of effluent will be 
prescribed where appropriate, additional numerical receiving water objectives for specific 
toxicants will be established as sufficient data become available, and source control of 
toxic substances will be encouraged. 
 
The survival of aquatic life in surface waters subjected to a waste discharge or other 
controllable water quality factors, shall not be less than that for the same water body in 
areas unaffected by the waste discharge, or other control water which is consistent with 
the requirements for “experimental water” as described in Standard Methods for the 
Examination of Water and Wastewater, 18th Edition.  As a minimum, compliance with this 
objective as stated in the previous sentence shall be evaluated with a 96-hour bioassay. 
 
As described in Chapter 6, the Regional Board will conduct toxic monitoring of the 
appropriate surface waters to gather baseline data as time and resources allow 
(Colorado River Basin Regional Water Board (1994), p. 3-2). 
 

Region 8 
 

Toxic substances shall not be discharged at levels that will bioaccumulate in aquatic 
resources to levels which are harmful to human health.  The concentration of toxic 
substances in the water column, sediments or biota shall not adversely affect beneficial 
uses. 
 
The Regional Board requires the initiation of a Toxicity Reduction Evaluation (TRE) if a 
discharge consistently exceeds its chronic toxicity effluent limit.  The Regional Board, to 
date, has interpreted the “consistently exceeds” trigger as the failures of three 
successive monthly toxicity tests, each conducted on separate samples.  Initiation of a
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TRE has also been conditioned on a determination that a sufficient level of toxicity exists 
to permit effective application of the analytical techniques required by a TRE.  The 
Regional Board also encourages the development of scientifically sound toxicity test 
quality control and standardized interpretation criteria to improve the accuracy and 
reliability of chronic toxicity determinations (Santa Ana Regional Water Board (1995), p. 
4-17, 6-18). 

 
Region 9 
 

All waters shall be maintained free of toxic substances in concentrations that are toxic to, 
or that produce detrimental physiological responses in human, plant, animal, or aquatic 
life.  Compliance with this objective will be determined by use of indicator organisms, 
analyses of species diversity, population density, growth anomalies, bioassays of 
appropriate duration, or other appropriate methods as specified by the Regional Board. 
 
The survival of aquatic life in surface waters subjected to a waste discharge or other 
controllable water quality factors shall not be less than that for the same water body in 
areas unaffected by the waste discharge or, when necessary, for other control water that 
is consistent with requirements specified in U.S. EPA, State Water Resource Control 
Board, or other protocol authorized by the Regional Board.  As a minimum, compliance 
with this objective as stated in the previous sentence shall be evaluated with a 96-hour 
acute bioassay. 
 
In addition, effluent limits based upon acute bioassays of effluents will be prescribed 
where appropriate, additional numerical receiving water objectives for specific toxicants 
will be established as sufficient data become available, and source control of toxic 
substances will be encouraged (San Diego Regional Water Board (1995), p. 3-29). 
 

If adopted, the Policy will supersede Section 4 of the SIP, as well as the Basin Plan provisions 
establishing specific toxicity test methods and data analysis approaches.  However, the policy 
will not supersede the narrative toxicity objectives established in each of the ten Basin Plans 
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SECTION II: PROJECT DESCRIPTION 
 
This Policy will establish new toxicity objectives, a standardized method of data analysis, 
corresponding monitoring and reporting requirements, and provisions for compliance 
determination.  The Policy will apply to NPDES permits, WDRs, and conditional waivers that 
discharge to inland surface waters, enclosed bays, and estuaries, excluding ocean waters of 
California; ocean discharges are addressed in the California Ocean Plan (State Water Board 
2005a). 
 
The State Water Board’s goals for this project are to have the Regional Water Boards convert 
the Policy’s toxicity objectives into effluent limitations in order to: protect aquatic life beneficial 
uses; provide regulatory consistency; provide a basis for equitable enforcement; and fulfill the 
requirements of State Water Board Resolution No. 2005-0019. 
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SECTION III: ENVIRONMENTAL SETTING 
 
For the purposes of water quality management, Water Code section 13200 divides the State 
into nine different hydrologic regions.  Brief descriptions of these Regions and the water bodies 
addressed by this Staff Report are presented below.  The information provided in this Section is 
derived from the ten Basin Plans. 
 
North Coast Region (Region 1) 
 
The North Coast Region comprises all regional basins (including Lower Klamath Lake and Lost 
River Basins) draining into the Pacific Ocean from the California-Oregon state line, southern 
boundary and includes the watershed of the Estero de San Antonio and Stemple Creek in Marin 
and Sonoma Counties (Figure 1).  The North Coast Region is divided by two natural drainage 
basins, the Klamath River Basin and the North Coastal Basin.  This Region covers all of Del 
Norte, Humboldt, Trinity, and Mendocino Counties, as well as major portions of Siskiyou and 
Sonoma Counties and small portions of Glenn, Lake, and Marin Counties.  It encompasses a 
total area of approximately 19,390 square miles, including 340 miles of coastline and remote 
wilderness areas, as well as urbanized and agricultural areas. 
 
Beginning at the Smith River in northern Del Norte County and heading south to the Estero de 
San Antonio in northern Marin County, the North Coast Region incorporates a large number of 
major river estuaries.  Other North Coast streams and rivers with significant estuaries include 
the Klamath River, Redwood Creek, Little River, Mad River, Eel River, Noyo River, Navarro 
River, Elk Creek, Gualala River, Russian River, and Salmon Creek (this creek mouth also forms 
a lagoon).  Northern Humboldt County coastal lagoons include Big Lagoon and Stone Lagoon.  
The two largest enclosed bays in the North Coast Region are Humboldt Bay and Arcata Bay 
(both in Humboldt County).  Another enclosed bay, Bodega Bay, is located in Sonoma County 
near the southern border of the Region. 
 
Distinct temperature zones characterize the North Coast Region.  Along the coast, the climate is 
moderate and foggy with limited temperature variation.  Inland, however, seasonal temperature 
ranges in excess of 100°F have been recorded.  Precipitation is greater here than any other part 
of California, and damaging floods are frequent hazards.  Particularly devastating flooding 
occurred in the North Coast area in December 1955, December 1964, and February 1986.  
Ample precipitation in combination with the mild climate found over most of the North Coast 
Region has provided a wealth of fish, wildlife, and scenic resources.  The mountainous nature of 
the Region, with its dense coniferous forests interspersed with grassy or chaparral covered 
slopes, provides shelter and food for deer, elk, bear, mountain lion, fur bearers, and many 
upland bird and mammal species.  The numerous streams and rivers of the Region contain 
anadromous fish and the reservoirs, although few in number, support both cold water and warm 
water fish. 
 
Tidelands and marshes are extremely important to many species of waterfowl and shore birds, 
both for feeding and nesting.  Cultivated land and pasturelands also provide supplemental food 
for many birds, including small pheasant populations.  Tideland areas along the north coast 
provide important habitat for marine invertebrates and nursery areas for forage fish, game fish, 
and crustaceans.  Offshore coastal rocks are used by many species of seabirds as nesting 
areas.  
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Figure 1: North Coast Region Hydrologic Basin 
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The major components of the economy are tourism and recreation, logging and timber milling, 
aggregate mining, commercial and sport fisheries, sheep, beef and dairy production, and 
vineyards and wineries.  In all, the North Coast Region offers a beautiful natural environment 
with opportunities for scientific study and research, recreation, sport, and commerce. 
 
San Francisco Bay Region (Region 2) 
 
The San Francisco Bay Region comprises San Francisco Bay, Suisun Bay beginning at the 
Sacramento River, and the San Joaquin River westerly, from a line which passes between 
Collinsville and Montezuma Island (Figure 2).  The Region’s boundary follows the borders 
common to Sacramento and Solano Counties and Sacramento and Contra Costa Counties west 
of the Markely Canyon watershed in Contra Costa County.  All basins west of the boundary, 
described above, and all basins draining into the Pacific Ocean between the southern boundary 
of the North Coast Region and the southern boundary of the watershed of Pescadero Creek in 
San Mateo and Santa Cruz Counties are included in the Region. 
 
The Region comprises most of the San Francisco Estuary to the mouth of the Sacramento-San 
Joaquin Delta.  The San Francisco Estuary conveys the waters of the Sacramento and San 
Joaquin Rivers to the Pacific Ocean.  Located on the central coast of California, the Bay system 
functions as the only drainage outlet for waters of the Central Valley and it marks a natural 
topographic separation between the northern and southern coastal mountain ranges.  The 
Region’s waterways, wetlands, and bays form the centerpiece of the fourth largest metropolitan 
area in the United States, including all or major portions of Alameda, Contra Costa, Marin, 
Napa, San Francisco, San Mateo, Santa Clara, Solano, and Sonoma Counties. 
 
The San Francisco Bay Regional Water Board has jurisdiction over the part of the  
San Francisco Estuary that includes all of the San Francisco Bay segments extending east to 
the Delta, including Winter Island near Pittsburg.  The San Francisco Estuary sustains a highly 
dynamic and complex environment.  Within each section of the Bay system lie deepwater areas 
that are adjacent to large expanses of very shallow water.  Salinity levels range from 
hypersaline to freshwater, and water temperature varies widely.  The Bay system’s deepwater 
channels, tidelands, marshlands, and freshwater streams and rivers provide a wide variety of 
habitats within the Region.  Coastal embayments, including Tomales Bay and Bolinas Lagoon, 
are also located in this Region.  The Central Valley Regional Water Board has jurisdiction over 
the Delta and rivers extending further eastward. 
 
The Sacramento and San Joaquin Rivers enter the Bay system through the Delta at the eastern 
end of Suisun Bay and contribute almost all of the freshwater inflow into the Bay.  Many smaller 
rivers and streams also convey freshwater to the Bay system.  The rate and timing of these 
freshwater flows are among the most important factors influencing physical, chemical, and 
biological conditions in the Estuary.  Flows in the region are highly seasonal, with more than 
90% of the annual runoff occurring between November and April. 
 
The San Francisco Estuary is made up of many different types of aquatic habitats that support a 
great diversity of organisms.  Suisun Marsh in Suisun Bay is the largest brackish-water marsh in 
the United States.  San Pablo Bay is a shallow embayment strongly influenced by runoff from 
the Sacramento and San Joaquin Rivers. 
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Figure 2: San Francisco Bay Region Hydrologic Basin 
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Central Coast Region (Region 3) 
 
The Central Coast Region comprises all basins (including Carrizo Plain in San Luis Obispo and 
Kern Counties) draining into the Pacific Ocean from the southern boundary of the Pescadero 
Creek watershed in San Mateo and Santa Cruz Counties, to the southeastern boundary of the 
Rincon Creek watershed, located in western Ventura County (Figure 3).  The Region extends 
over a 300-mile long by 40-mile wide section of the state’s central coast.  Its geographic area 
encompasses all of Santa Cruz, San Benito, Monterey, San Luis Obispo, and Santa Barbara 
Counties as well as the southern one-third of Santa Clara County, and small portions of San 
Mateo, Kern, and Ventura Counties.  Included in the region are urban areas such as the 
Monterey Peninsula and the Santa Barbara coastal plain; prime agricultural lands such as the 
Salinas, Santa Maria, and Lompoc Valleys; National Forest lands; extremely wet areas such as 
the Santa Cruz Mountains; and arid areas such as the Carrizo Plain. 
 
Water bodies in the Central Coast Region are varied.  Enclosed bays and harbors in the Region 
include Morro Bay, Elkhorn Slough, Tembladero Slough, Santa Cruz Harbor, Moss Landing 
Harbor, San Luis Harbor, and Santa Barbara Harbor.  Several small estuaries also characterize 
the Region, including the Santa Maria River Estuary, San Lorenzo River Estuary, Big Sur River 
Estuary, and many others.  Major rivers, streams, and lakes include San Lorenzo River, Santa 
Cruz River, San Benito River, Pajaro River, Salinas River, Santa Maria River, Cuyama River, 
Estrella River and Santa Ynez River, San Antonio Reservoir, Nacimiento Reservoir, Twitchel 
Reservoir, and Cuchuma Reservoir.  The economic and cultural activities in the basin have 
been primarily agrarian.  Livestock grazing persists, but it has since been combined with hay 
cultivation in the valleys.  Irrigation, using local groundwater, is very significant in intermountain 
valleys throughout the basin.  Mild winters result in long growing seasons and continuous 
cultivation of many vegetable crops in parts of the basin. 
 
While agriculture and related food processing activities are major industries in the Region, oil 
production, tourism, and manufacturing contribute heavily to its economy.  The northern part of 
the Region has experienced a significant influx of electronic manufacturing, while offshore oil 
exploration and production have heavily influenced the southern part. 
 
Water quality problems frequently encountered in the Central Coastal Region include excessive 
salinity or hardness of local groundwater.  Increasing nitrate concentration is a growing problem 
in a number of areas, in both surface water and groundwater.  Surface waters suffer from 
bacterial contamination, nutrient enrichment, and siltation in a number of watersheds.  
Pesticides are a concern in agricultural areas and associated downstream water bodies. 
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Figure 3: Central Coast Region Hydrologic Basin 
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Los Angeles Region (Region 4) 
 
The Los Angeles Region comprises all basins draining into the Pacific Ocean between the 
southeastern boundary of the watershed of Rincon Creek, located in western Ventura County, 
and a line which coincides with the southeastern boundary of Los Angeles County, from the 
Pacific Ocean to San Antonio Peak, and follows the divide between the San Gabriel River and 
Lytle Creek drainages to the divide between Sheep Creek and San Gabriel River drainages 
(Figure 4). 
 
The Region encompasses all coastal drainages flowing into the Pacific Ocean between Rincon 
Point (on the coast of western Ventura County) and the eastern Los Angeles County line, as 
well as the drainages of five coastal islands (Anacapa, San Nicolas, Santa Barbara, Santa 
Catalina and San Clemente).  In addition, the Region includes all coastal waters within three 
miles of the continental and island coastlines.  Two large deepwater harbors (Los Angeles and 
Long Beach Harbors) and one smaller deepwater harbor (Port Hueneme) are contained in the 
Region.  There are small craft marinas within the harbors, as well as tank farms, naval facilities, 
fish processing plants, boatyards, and container terminals.  Several small-craft marinas also 
exist along the coast (Marina del Ray, King Harbor, Ventura Harbor); these contain boatyards, 
other small businesses, and dense residential development. 
 
Several large, primarily concrete-lined rivers (Los Angeles River, San Gabriel River) lead to 
unlined tidal prisms which are influenced by marine waters.  Salinity may be greatly reduced 
following rains since these rivers drain large urban areas composed of mostly impermeable 
surfaces.  Some of these tidal prisms receive a considerable amount of freshwater throughout 
the year from POTWs discharging tertiary-treated effluent.  Lagoons are located at the mouths 
of other rivers draining relatively undeveloped areas (Mugu Lagoon, Malibu Lagoon, Ventura 
River Estuary, and Santa Clara River Estuary).  There are also a few isolated brackish coastal 
water bodies receiving runoff from agricultural or residential areas. 
 
Santa Monica Bay, which includes the Palos Verdes Shelf, dominates a large portion of the 
open coastal water bodies in the Region.  The Region’s coastal water bodies also include the 
areas along the shoreline of Ventura County and the waters surrounding the five offshore 
islands in the Region. 
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Figure 4: Los Angeles Region Hydrologic Basin 
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Central Valley Region (Region 5) 
 
The Central Valley Region includes approximately 40 percent of the land in California stretching 
from the Oregon border to the Kern County/Los Angeles County line.  The Region is divided into 
three basins.  For planning purposes, the Sacramento River Basin and the San Joaquin River 
basin are covered under one Basin Plan, and the Tulare Lake Basin is covered under another. 
 
The Sacramento River Basin covers 27,210 square miles and includes the entire area drained 
by the Sacramento River (Figure 5).  The principal streams are the Sacramento River and its 
larger tributaries: the Pitt, Feather, Yuba, Bear, and American Rivers to the East; and 
Cottonwood, Stony, Cache, and Putah Creek to the west.  Major reservoirs and lakes include 
Shasta, Oroville, Folsom, Clear Lake, and Lake Berryessa. 
 
The San Joaquin River Basin covers 15,880 square miles and includes the entire area drained 
by the San Joaquin River (Figure 6).  Principal streams in the basin are the San Joaquin River 
and its larger tributaries: the Consumnes, Mokelumne, Calaveras, Stanislaus, Tuolumne, 
Merced, Chowchilla, and Fresno Rivers.  Major reservoirs and lakes include Pardee, New 
Hogan, Millerton, McClure, Don Pedro, and New Melones. 
 
The Tulare Lake Basin covers approximately 16,406 square miles and comprises the drainage 
area of the San Joaquin Valley south of the San Joaquin River (Figure 7).  The planning 
boundary between the San Joaquin River Basin and the Tulare Lake Basin is defined by the 
northern boundary of Little Pinoche Creek Basin eastward along the channel of the San Joaquin 
River to Millerton Lake in the Sierra Nevada foothills, and then along the southern boundary of 
the San Joaquin River drainage basin.  Main Rivers within the basin include the King, Kaweah, 
Tule, and Kern Rivers, which drain to the west face of the Sierra Nevada Mountains.  Imported 
surface water supplies enter the basin through the San Luis Drain- California Aqueduct System, 
Friant- Kern Channel, and the Delta Mendota Canal. 
 
The two northern most basins are bound by the crests of the Sierra Nevada on the east and the 
Coast Range and Klamath Mountains on the west.  They extend about 400 miles from the 
California-Oregon border southward to the headwaters of the San Joaquin River.  These two 
river basins cover about one fourth of the total area of the State and over 30 percent of the 
State’s irrigable land.  The Sacramento and San Joaquin Rivers furnish roughly two-thirds of the 
State’s water supply. 
 
Surface waters from the two drainage basins meet and form the Delta, which ultimately drains 
into the San Francisco Bay. 
 
The Delta is a maze of river channels and diked islands covering roughly 1,150 square miles, 
including 78 square miles of water area.  Two major water projects located in the South Delta, 
the Federal Central Valley Project and the State Water Project, deliver water from the Delta to 
Southern California, the San Joaquin Valley, Tulare Lake Basin, and the San Francisco Bay 
Area, as well as within the Delta boundaries.  The legal boundary of the Delta is described in 
Water Code, section 12220. 
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Figure 5: Central Valley Region, Sacramento Hydrologic Basin 
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Figure 6: Central Valley Region, San Joaquin Hydrologic Basin 
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Figure 7: Central Valley Region, Tulare Lake Hydrologic Basin 
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Lahontan Region (Region 6) 
 
The Lahontan Region has historically been divided into North and South Lahontan Basins at the 
boundary between the Mono Lake and East Walker River watersheds (Figures 8 and 9).  It is 
about 570 miles long and has a total area of 33,131 square miles.  The Lahontan Region 
includes the highest point (Mount Whitney) and lowest point (Death Valley) in the contiguous 
United States.  The topography of the remainder of the Region is diverse, and includes the 
eastern slopes of the Warner, Sierra Nevada, San Bernardino, Tehachapi and San Gabriel 
Mountains, and all or part of other ranges including the White, Providence, and Granite 
Mountains.  Topographic depressions include the Madeline Plains, Surprise, Honey Lake, 
Bridgeport, Owens, Antelope, and Victor Valleys. 
 
The Region is generally in a rain shadow; however, annual precipitation amounts can be 
significant (up to 70 inches) at higher elevations.  Most precipitation in the mountainous areas 
falls as snow.  Desert areas receive relatively little annual precipitation (less than 2 inches in 
some locations), but this can be concentrated and lead to flash flooding.  Temperature extremes 
recorded in the Lahontan Region range from – 45oF at Boca (Truckee River watershed) to 
134oF in Death Valley.  The varied topography, soils, and microclimates of the Lahontan Region 
support a corresponding variety of plant and animal communities.  Vegetation ranges from 
sagebrush and creosote bush scrub in the desert areas to pinyon-juniper and mixed conifer 
forest at higher elevations.  Alpine and subalpine communities occur on the highest peaks.  
Wetland and riparian plant communities (including marshes, meadows, sphagnum bogs, 
riparian deciduous forest, and desert washes) are particularly important for wildlife, given the 
general scarcity of water in the Region. 
 
The Lahontan Region is rich in cultural resources (archaeological and historic sites), including 
remnants of Native American irrigation systems, Comstock mining era ghost towns (Bodie), and 
1920s resort homes at Lake Tahoe and Death Valley (Scotty’s Castle).  Much of the Lahontan 
Region is in public ownership, with land use controlled by agencies such as the U.S. Forest 
Service, National Park Service, Bureau of Land Management, various branches of the military, 
the California State Department of Parks and Recreation, and the City of Los Angeles 
Department of Water and Power.  While the permanent resident population (about 500,000 in 
1990) of the Region is low, most of it is concentrated in high-density communities in the South 
Lahontan Basin.  In addition, millions of visitors use the Lahontan Region for recreation each 
year.  Rapid population growth has occurred in the Victor and Antelope Valleys and within 
commuting distance of Reno, Nevada.  Principal communities of the North Lahontan Basin 
include Susanville, Truckee, Tahoe City, South Lake Tahoe, Markleeville, and Bridgeport.  The 
South Lahontan Basin includes the communities of Mammoth Lakes, Bishop, Ridgecrest, 
Mojave, Adelanto, Palmdale, Lancaster, Victorville, and Barstow.  Recreational and scenic 
attractions of the Lahontan Region include Eagle Lake, Lake Tahoe, Mono Lake, Mammoth 
Lakes, Death Valley, and portions of many wilderness areas.  Segments of the East Fork 
Carson and West Walker Rivers are included in the State Wild and Scenic River system.  Both 
developed recreation (e.g. camping, skiing) and undeveloped recreation (e.g. hiking, fishing) are 
important components of the Region’s economy.  In addition to tourism, other major sectors of 
the economy include resource extraction (mining, energy production, and silviculture), 
agriculture (mostly livestock grazing), and defense-related activities.  There is relatively little 
manufacturing industry in the Region in comparison to major urban areas of the State.  
Economically valuable minerals, including gold, silver, copper, sulfur, tungsten, borax, and rare 
earth metals have been or are currently being mined at various locations within the Lahontan 
Region.  
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Figure 8: Lahontan Region, North Lahontan Hydrologic Basin 
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Figure 9: Lahontan Region, South Lahontan Hydrologic Basin  
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The Lahontan Region includes over 700 lakes, 3,170 miles of streams, and 1,581 square miles 
of groundwater basins.  There are 12 major watersheds (called “hydrologic units” under the 
Department of Water Resources’ mapping system) in the North Lahontan Basin.  Among these 
are the Eagle Lake, Susan River/Honey Lake, Truckee, Carson, and Walker River watersheds.  
The South Lahontan Basin includes three major surface water systems (the Mono Lake, Owens 
River, and Mojave River watersheds) and a number of separate closed groundwater basins.  
Water quality problems in the Lahontan Region are largely related to nonpoint sources 
(including erosion from construction, timber harvesting, and livestock grazing), storm water, and 
acid drainage from inactive mines and individual wastewater disposal systems. 
 
Colorado River Basin Region (Region 7) 
 
The Colorado River Basin Region covers approximately 13 million acres (20,000 square miles) 
in the southeastern portion of California (Figure 10).  It includes all of Imperial County and 
portions of San Bernardino, Riverside, and San Diego Counties.  It shares a boundary for 40 
miles on the northeast with the State of Nevada; on the north by the New York, Providence, 
Granite, Old Dad, Bristol, Rodman, and Ord Mountain ranges; on the west by the San 
Bernardino, San Jacinto, and Laguna Mountain ranges; on the south by the Republic of Mexico; 
and on the east by the Colorado River and State of Arizona.  Geographically, the Region 
represents only a small portion of the total Colorado River drainage area, which includes 
portions of Arizona, Nevada, Utah, Wyoming, Colorado, New Mexico, and Mexico. A significant 
geographical feature of the Region is the Salton Trough, which contains the Salton Sea and the 
Coachella and Imperial Valleys.  The two valleys are separated by the Salton Sea, which covers 
the lowest area of the depression.  The trough is a geologic structural extension of the Gulf of 
California. 
 
Much of the agricultural economy and industry of the Region is located in the Salton Trough. 
There are also industries associated with agriculture, such as sugar refining, as well as 
increasing development of geothermal industries.  In the future, agriculture is expected to 
experience little growth in the Salton Trough, but there will likely be increased development of 
other industries (such as construction, manufacturing, and services).  The present Salton Sea, 
located on the site of a prehistoric lake, was formed between 1905 and 1907 by overflow of the 
Colorado River.  The Salton Sea serves as a drainage reservoir for irrigation return water and 
storm water from the Coachella Valley, Imperial Valley, and Borrego Valley, and also receives 
drainage water from the Mexicali Valley in Mexico.  The Salton Sea is California’s largest inland 
body of water and provides a very important wildlife habitat and sport fishery.  Development 
along California’s 230 mile reach of the Colorado River, which flows along the eastern boundary 
of the Region, includes agricultural areas in Palo Verde Valley and Bard Valley; urban centers at 
Needles, Blythe, and Winterhaven; several transcontinental gas compressor stations; and 
numerous small recreational communities.  In addition, mining operations are located in the 
surrounding mountains, and the Fort Mojave, Chemehuevi, Colorado River, and Yuma Indian 
Reservations are located along the river. 
 
This Region has the driest climate in California.  The winters are mild and summers are hot. 
Temperatures range from below freezing to over 120°F.  In the Colorado River valleys and the 
Salton Trough, frost is a rare occurrence and crops are grown year round.  Snow falls in the 
Region’s higher elevations, with mean seasonal precipitation ranging from 30 to 40 inches in the 
upper San Jacinto and San Bernardino Mountains.  The lower elevations receive relatively little 
rainfall.  An average of four inches of precipitation occurs along the Colorado River, with much 
of this coming from late summer thunderstorms moving north from Mexico.  Typical mean
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seasonal precipitation in the desert valleys is approximately 3.2 inches at Indio, and three 
inches at El Centro.  Precipitation over the entire area occurs mostly from November through 
April, and August through September, but its distribution and intensity are often sporadic.  Local 
thunderstorms may contribute to the entire average seasonal precipitation at one time or only a 
trace of precipitation may be recorded at any locale for the entire season. 
 
The Region provides habitat for a variety of native and introduced species of wildlife.  Increased 
human population and its associated development have adversely affected the habitats of some 
species, while conversely enhancing others.  Animals tolerant of arid conditions, including small 
rodents, coyotes, foxes, birds, and a variety of reptiles, inhabit large areas within the Region.  
Along the Colorado River and in the higher elevations of the San Bernardino and San Jacinto 
Mountains, where water is more abundant, deer, bighorn sheep, and a diversity of small animals 
exist.  Practically all of the fishes inhabiting the Region are introduced species.  The most 
abundant species in the Colorado River and irrigation canals include largemouth bass, 
smallmouth bass, flathead and channel catfish, yellow bullhead, bluegill, redear sunfish, black 
crappie, carp, striped bass, threadfin shad, red shiner, and, in the colder water above Lake 
Havasu, rainbow trout.  Grass carp have been introduced into sections of the All American 
Canal system for aquatic weed control.  Fish inhabiting agricultural drains in the Region 
generally include mosquito fish, mollies, red shiners, carp, and tilapia, although locally 
significant populations of catfish, bass, and sunfish occur in some drains.  A considerable sport 
fishery exists in the Salton Sea, with orangemouth corvina, gulf croaker, sargo, and tilapia 
predominating.  The Salton Sea National Wildlife Refuge and State Waterfowl Management 
Areas are located in and near the Salton Sea.  The refuge supports large numbers of waterfowl 
in addition to other types of birds.  Located along the Colorado River are the Havasu, Cibola 
and Imperial National Wildlife Refuges.  The Region provides habitat for certain 
endangered/threatened species of wildlife including desert pupfish, razorback sucker, Yuma 
clapper rail, black rail, least Bell’s vireo, yellow billed cuckoo, desert tortoise, and peninsular 
bighorn sheep.  
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Figure 10: Colorado River Region Hydrologic Basin 
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Santa Ana Region (Region 8) 
 
The Santa Ana Region comprises all basins draining into the Pacific Ocean between the 
southern boundary of the Los Angeles Region and the drainage divide between Muddy and 
Moro Canyons; from the ocean to the summit of San Joaquin Hills; along the divide between 
lands draining into Newport Bay and Laguna Canyon to Niguel Road; along Niguel Road and 
Los Aliso Avenue to the divide between Newport Bay and Aliso Creek drainages; along the 
divide and the southeastern boundary of the Santa Ana River drainage to the divide between 
Baldwin Lake and Mojave Desert drainages; and to the divide between the Pacific Ocean and 
Mojave Desert drainages (Figure 11).  Geographically, the Santa Ana Region is the smallest of 
the nine regions in the state (2,800 square miles) and is located in southern California, roughly 
between Los Angeles and San Diego.  The climate of the Santa Ana Region is classified as 
Mediterranean: generally dry in the summer with mild, wet winters.  The average annual rainfall 
in the Region is about 15 inches, with most precipitation occurring between November and 
March.  The enclosed bays in the Region include Newport, Bolsa (including Bolsa Chica Marsh), 
and Anaheim Bay.  Principal rivers include Santa Ana, San Jacinto and San Diego.  Lakes and 
reservoirs include Big Bear, Hemet, Mathews, Canyon Lake, Lake Elsinore, Santiago Reservoir, 
and Perris Reservoir. 
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Figure 11: Santa Ana Region Hydrologic Basin
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San Diego Region (Region 9) 
 
The San Diego Region comprises all basins draining into the Pacific Ocean between the 
southern boundary of the Santa Ana Region and the California-Mexico boundary (Figure 12).  
The San Diego Region is located along the coast of the Pacific Ocean from the Mexican border 
to north of Laguna Beach.  The San Diego Region is rectangular in shape and extends 
approximately 80 miles along the coastline and 40 miles eastward towards the crest of the 
mountains.  This Region includes portions of San Diego, Orange, and Riverside Counties, and 
the population of the Region is heavily concentrated along the coastal strip.  Two harbors, 
Mission Bay and San Diego Bay, support major recreational and commercial boat traffic.  
Coastal lagoons are found along the San Diego County coast at the mouths of creeks and 
rivers. 
 
Weather patterns are Mediterranean in nature with an average rainfall of approximately ten 
inches per year occurring along the coast during the winter.  The Pacific Ocean generally has 
cool water temperatures due to upwelling, and this nutrient-rich water supports coastal beds of 
giant kelp.  The cities of San Diego, National City, Chula Vista, Coronado, and Imperial Beach 
surround San Diego Bay in the southern portion of the Region. 
 
San Diego Bay is long and narrow; 15 miles in length and approximately one mile across.  A 
deep-water harbor capable of mooring up to 9,000 vessels, San Diego Bay has experienced 
waste discharge from former sewage outfalls, industries, and urban runoff.  San Diego Bay also 
hosts four major U.S. Navy bases with approximately 80 surface ships and submarines.  
Coastal waters include bays, harbors, estuaries, beaches, and open ocean.  Deep draft 
commercial harbors include San Diego Bay and Oceanside Harbor, and shallower harbors 
include Mission Bay and Dana Point Harbor.  Tijuana Estuary, Sweetwater Marsh, San Diego 
River Flood Control Channel, Kendal-Frost Wildlife Reserve, San Dieguito River Estuary, San 
Elijo Lagoon, Batiquitos Lagoon, Agua Hedionda Lagoon, Buena Vista Lagoon, San Luis Rey 
Estuary, and Santa Margarita River Estuary are the important estuaries of the Region. 
 
There are thirteen principal stream systems in the Region originating in the western highlands 
and flowing to the Pacific Ocean.  From north to south these are Aliso Creek, San Juan Creek, 
San Mateo Creek, San Onofre Creek, Santa Margarita River, San Luis Ray River, San Marcos 
Creek, Escondido Creek, San Dieguito River, San Diego River, Sweetwater River, Otay River, 
and the Tijuana River.  Most of these streams are interrupted in character having both perennial 
and ephemeral components due to the rainfall pattern in the Region.  Surface water 
impoundments capture flow from almost all the major streams. 
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Figure 12: San Diego Region Hydrologic Basin 
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SECTION IV: ANALYSES OF ISSUES AND ALTERNATIVES 
 
 
This Section presents analyses of the issues being considered in the development of the 
proposed Policy. 
 
 
ISSUE 1: OBJECTIVES FOR TOXICITY 
 
 
This Issue describes and compares the alternatives that State Water Board staff has identified 
for developing toxicity objectives. 
 
The toxicity provisions contained in the ten Basin Plans establish requirements for narrative 
toxicity permit limits.  Chronic toxicity test requirements for these limits are derived from Section 
4 of the SIP.  However, the current regulatory framework lacks a consistent approach to toxicity 
control and monitoring that has ultimately weakened the protection of aquatic life beneficial uses 
in water bodies throughout California.  In order to provide regulatory consistency, provide a 
basis for equitable enforcement, and protect aquatic organisms, State Water Board staff 
proposes the adoption of statewide numeric objectives and enhanced monitoring procedures for 
chronic and acute toxicity. 
 
 
Issue 1A: Toxicity Monitoring 
 
 
Present Statewide Policy 
 
Chapter 4 of the SIP requires dischargers to conduct chronic toxicity tests using the procedures 
established by the U.S. EPA.  These procedures are dependent upon the inclusion of toxicity 
provisions in the applicable Regional Water Board’s Basin Plan. 
 
Issue Description 
 
Discrepancies exist in NPDES wastewater permits and point source WDRs between, and within, 
Regions.  Some dischargers are permitted to conduct only chronic or acute toxicity tests, while 
others are required to monitor both forms of toxicity.  There are also a number of dischargers 
that are not subject to any toxicity limits at all.  Such inconsistencies compromise water quality 
and perpetuate an inequitable distribution of costs among dischargers.  It is therefore necessary 
to establish a uniform approach to toxicity monitoring that can be applied on a statewide level. 
 
Alternatives 
 
1. No action.  If the status quo is upheld, the Regional Water Boards will continue to 

implement the toxicity provisions established in their Basin Plans and individual permits.  
The aquatic life beneficial uses of receiving waters might be compromised under this option 
because some permits are currently devoid of toxicity provisions, while others require only 
acute toxicity testing.  The omission of toxicity monitoring requirements in permits prevents 
Regional Water Board staff from assessing the aggregate effects of multiple pollutants; 
acute toxicity testing, though effective, fails to account for the sublethal effects of the 

RB-AR11024



  Policy for Toxicity Assessment and Control 
Staff Report - Public Review Draft 

 

State Water Resources Control Board  Page 36 
June 2012 

multiple constituents in wastewater effluent.  Additionally, the widely divergent requirements 
for toxicity monitoring in current NPDES wastewater permits and point source WDRs are 
unnecessarily promoting an inequitable distribution of costs and penalties among facilities 
that discharge at comparable frequencies. 

 
2. Require statewide toxicity monitoring.  This option would establish uniform toxicity 

monitoring requirements for all non-storm water NPDES permits and WDRs in California 
upon issuance, reissuance, or reopener after the effective date of the Policy.  At a minimum, 
dischargers would be required to conduct routine chronic toxicity testing at a frequency 
determined by the volume of discharge (see Issue 2D).  The State and Regional Water 
Boards, however, would be granted the authority to establish supplemental acute toxicity 
monitoring requirements at their discretion (see Issue 2B). 

 
 A standardized approach to toxicity monitoring would improve the level of protection to 

aquatic life beneficial uses because current discrepancies between Basin Plans and permits 
have resulted in regulatory gaps and inequities.  Furthermore, a provision requiring chronic 
toxicity testing would ensure that the most sensitive form of toxicity monitoring is used, while 
the optional acute toxicity monitoring program would provide an additional means of effluent 
characterization when needed. 

 
Recommendation 
Adopt Alternative 2. 
 
 
Issue 1B: Statistical Method 
 
 
Present Statewide Policy 
 
The State Water Board has not established a policy requiring specific statistical methods or 
endpoints for toxicity test analyses.  These decisions are currently up to the discretion of the 
Regional Water Boards. 
 
Issue Description 
 
Toxicity test compliance is determined by statistical methods that are expressed as biological 
measurements known as “endpoints.”  These endpoints are derived from hypothesis tests (e.g. 
Dunnett’s Test, Steel’s Many-One Rank Test) to generate the no observed effect concentration 
(NOEC), lowest observed effect concentration (LOEC), no observed adverse effect 
concentration (NOAEC), or a pass/fail result, as well as point estimate techniques (e.g. Probit 
analysis, Spearman-Karber, Trimmed Spearman-Karber, linear Interpolation, and graphical 
approaches) to generate the effect concentration (U.S. EPA 1995; U.S. EPA 2002a; U.S. EPA 
2002b; U.S EPA 2002c).  NOEC and NOAEC results describe the highest tested concentration 
of effluent or toxicant that has no adverse effect on a test organism, while LOEC values denote 
the lowest effluent concentration that produces an adverse effect on a test organism.  Effect 
concentrations (EC) describe the specific toxicant concentration that causes a given percent 
reduction in a continuous biological measurement (e.g. biomass) or survival, and are denoted 
as the inhibition concentration (IC) and lethal concentration (LC), respectively. 
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Use of the traditional hypothesis method for determining compliance with toxicity provisions has 
become a topic of frequent discussion as several studies have raised concerns about the 
limitations of this approach and offered various alternatives to the hypothesis approach (Grothe 
et al. 1995; Shukla et al. 2000; Erickson and McDonald 1995).  The effects of large and small 
within-test variability are at the center of the debate, as the statistical power of hypothesis-based 
toxicity testing will, as a result, decrease or increase respectively.  These issues are of particular 
importance because the toxicity test methodologies promulgated by U.S. EPA do not establish 
an acceptable rate of false negative results (Type II or β errors) to control test power.  β errors 
pose a significant threat to water quality as false negatives result in unidentified toxic samples.  
A false positive (α error) rate of 0.05, however, has been established by U.S. EPA for all 
hypothesis tests. 
 
Although a β error rate has not been established, the U.S. EPA requires the calculation of a 
minimum significant difference (MSD) value to measure within-test variability in order to 
document (and improve) statistical power (U.S. EPA 2000).  The MSD describes the magnitude 
of difference from a control that can be detected statistically.  This value is based on the 
established alpha error rate, number of replicates, and within-test variability.  In toxicity testing, 
the MSD is expressed as the percentage of the toxicological endpoint in the control response 
and denoted as the percent minimum significant difference (PMSD).  The PMSD is determined 
by multiplying the MSD by 100 and dividing the product by the control mean.  The consequent 
value is then compared to the PMSD bounds derived from numerous toxicity test results 
compiled by the U.S. EPA. 
 
In order to address the concerns associated with traditional hypothesis testing, U.S. EPA has 
developed a new approach for analyzing toxicity test data: the “Test of Significant Toxicity” 
(TST).  Drawing heavily from the bioequivalence approach used by the Food and Drug 
Administration and researchers worldwide, this modified hypothesis test compares the organism 
response in the instream waste concentration to a percentage of the response in the control.  
This percentage-based effect threshold, denoted as b, is set at differing levels for chronic and 
acute toxicity tests.  Chronic toxicity tests are assigned a b value of 0.75 so as to establish a 
percent effect consistent with the IC25 endpoint (i.e. 25%), while the b value for acute toxicity is 
set at 0.80 in order to provide aquatic biota with added protection from lethal discharges.  These 
values, which are also referred to as regulatory management decisions (RMD), provide a clear 
threshold for declaring an unacceptable level of toxicity in a given sample (U.S. EPA 2010a). 
 
The TST utilizes a restated null hypothesis that assumes an effluent is not bioequivalent to the 
control (i.e. toxic) and, in turn, reverses α and β errors.  Restating the null hypothesis provides 
dischargers with positive incentive to generate high quality data and improve test performance 
(i.e. lower within-test variability).  The TST uses a fixed false positive (β) rate of 0.05 (the same 
as the alpha rate used in the current approach) to ensure that acceptable organismal responses 
are deemed non-toxic and a test-specific false negative rate (α), which has not been established 
thus far, and provides incentives to ensure adequate statistical power. 
 
Results obtained from the TST are reported as either a “pass” or “fail,” further simplifying 
compliance determination (U.S. EPA 2010a).  Moreover, an established α error rate will ensure 
that toxic events are detected.  The following “Alternatives” section provides brief descriptions of 
chronic and acute toxicity endpoints calculated using hypothesis and point estimate methods.  
Examples of these procedures can be found in Appendix D. 
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Alternatives 
 
1. No action.  The permitting authority (State or Regional Water Board) would continue to 

determine the correct method and endpoint to use for toxicity evaluations.  Under this 
option, inaccuracies and false negative results will likely persist if the permitting authority 
does not incorporate the TST approach into permits.  Inadequate protection of aquatic life in 
receiving waters will therefore continue if the use of the traditional hypothesis testing method 
is maintained.  The advantage of this option resides in the flexibility it offers the permitting 
authority. 

 
2. Adopt a traditional hypothesis test method as a statewide provision.  Current 

hypothesis testing procedures offer several means of determining compliance with toxicity 
objectives.  The following is a brief summary of these methods.  Additional information can 
be found in Methods for Measuring the Acute Toxicity of Effluents and Receiving Waters to 
Freshwater and Marine Organisms (5th Edition), Short-term Methods for Estimating the 
Chronic Toxicity of Effluents and Receiving Waters to Freshwater Organisms (4th Edition), 
and Short-term Methods for Estimating the Chronic Toxicity of Effluents and Receiving 
Waters to West Coast Marine and Estuarine Organisms (1st Edition); all of which are 
published by the U.S. EPA. 

 
 Pass/Fail 
 A multi-step pathway is used to identify chronic or acute toxicity in a single-concentration 

effluent test design.  Analysis begins by transforming the raw data (expressed as the 
proportion unaffected) by the arcsine square root, if the toxicity data are proportional (e.g. 
percent survival, percent fertilization).  This calculation is recommended in U.S. EPA toxicity 
test methodology for proportional data and is commonly used to stabilize the variance, 
satisfy the normality requirement, and is typically completed with the Shapiro-Wilk test.  If 
the data set does not meet the normality requirements, the non-parametric Wilcoxon Rank 
Sum Test can be used to analyze the data.  If the data is normal, an F-test is performed to 
determine the homogeneity of variance.  Should the data exhibit homogeneity, a normal t-
test will be used for evaluation.  If the data is not homogeneous, a modified t-test (that 
adjusts the pooled variance for equal variance) is used (U.S. EPA 2002a). 

 
NOEC and LOEC 

 The NOEC endpoint can be derived for multi-concentration chronic toxicity tests.  The 
NOEC is calculated using Dunnett’s Procedure or Bonferroni's adjustment for multiple 
comparisons when an unequal number of replicates are used.  If normality assumptions are 
not met, Steel's Many-One Rank Test is used in place of Dunnett’s Procedure, and the 
Wilcoxon Rank Sum test is paired with Bonferroni's adjustment.  The NOEC endpoint is 
obtained from the highest concentration of an effluent that does not cause an observable, 
adverse effect on the test organisms.  Derived in conjunction with the NOEC, the LOEC 
denotes the lowest concentration of effluent at which the test species are adversely affected 
(U.S. EPA 1995; U.S. EPA 2002a; U.S. EPA 2002b; U.S.EPA 2002c).  Results are typically 
reported as chronic or acute “toxicity units” (denoted as TUc and TUa respectively) that are 
calculated by dividing 100 by the NOEC. 

 
Utilizing the endpoints based upon the hypothesis test method provides several advantages.  
Traditional hypothesis tests are computationally simple and well-suited for comparing 
treatments to controls, consequently facilitating a schedule of frequent monitoring.  
Significant disadvantages associated with this method, however, overshadow these
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benefits.  The NOEC, LOEC, and NOAEC endpoints rely upon a prior determination of 
effluent concentrations which can impede attempts to find a response range.  Furthermore, 
confidence intervals cannot be calculated for hypothesis tests, and non-monotonic data sets 
can be difficult to interpret.  The most problematic aspect of traditional hypothesis testing, 
however, has been the lack of established statistical power.  Insufficient statistical power 
significantly influences test sensitivity thereby resulting in a higher rate of β errors (inability 
to declare a truly toxic sample as “toxic”).  This shortcoming can, however, be mitigated 
somewhat by setting acceptable upper and lower bounds of PMSDs (U.S. EPA 2000). 

 
NOAEC  

 This hypothesis testing approach employs the same statistical procedures as those of the 
NOEC and LOEC endpoints, but can be utilized for multi-concentration acute toxicity tests. 

 
3. Adopt a point estimate method as a statewide provision.  Point estimate techniques are 

another option for determining compliance with toxicity objectives.  A brief summary of these 
calculations follow.  Additional information can be found in Methods for Measuring the Acute 
Toxicity of Effluents and Receiving Waters to Freshwater and Marine Organisms (5th 
Edition), Short-term Methods for Estimating the Chronic Toxicity of Effluents and Receiving 
Waters to Freshwater Organisms (4th Edition), Short-term Methods for Estimating the 
Chronic Toxicity of Effluents and Receiving Waters to Marine and Estuarine Organisms (3rd 
Edition), and Short-term Methods for Estimating the Chronic Toxicity of Effluents and 
Receiving Waters to West Coast Marine and Estuarine Organisms (1st Edition); all of which 
are published by the U.S. EPA. 

  
 EC 
 The EC refers to the concentration of a sample at which a certain percentage of a given 

number of test organisms exhibit a negative quantal response (e.g. death or immobilization).  
The effect level for chronic endpoints is denoted in the acronym (e.g. 25% is represented as 
EC25).  This method is akin to a linear regression, but rather than exhibiting a linear fit, the 
data are analyzed using a log-normal function, if possible.  Due to the complexity of this 
method, a Probit software program is typically used for data that meet the required 
assumptions of that model.  Spearman-Karber, Trimmed Spearman-Karber, and graphical 
methods may be used in place of Probit for data sets that do not meet the assumptions of 
the Probit analysis, however, both Spearman-Karber and Trimmed Spearman-Karber 
methods also require certain concentration-response assumptions (U.S. EPA 2002b). 

 
 LC 
 The LC endpoint measures the quantity of an effluent that causes death in a predetermined 

percentage of test organisms.  Similar to the EC, this quantity is identified in the acronym.  
Probit software is frequently utilized to perform the difficult calculations required for the LC 
endpoint.  Acute toxicity data that meets neither the normality assumption nor contains at 
least two concentrations with partial mortality cannot be analyzed using Probit analyses.  
For these data sets, the Spearman-Karber, Trimmed Spearman-Karber, and graphical 
approaches are employed (Denton et al. 2010). 

 
 IC 
 The IC is used to measure the chronic, non-quantal effects of an effluent, and is computed 

using tested effluent concentrations at which negative effects are observed.  Similar to the 
EC and LC, the formula for calculating the IC (linear interpolation) is dependent upon the
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characteristics of the available data, and the percentage of test organisms affected by 
effluent samples is also designated in the acronym. 

 
Point estimate techniques offer benefits over traditional hypothesis testing.  The endpoints 
are not dependent upon pre-determined effluent concentrations, so effect values can be 
interpolated at any point in the concentration-response dataset depending on the pattern.  
These values can be used to quantify precision within and between tests, and intra-
laboratory and inter-laboratory variability can be determined by calculating the coefficient of 
variation (CV) percentage (U.S. EPA 1991; U.S. EPA 2002b).  The EC, LC and IC endpoints 
also provide a wide selection of regression models that can be used for numerous 
applications including risk assessment and effect-based, probabilistic modeling.  
Additionally, certain models may be successfully applied to non-monotonic results arising 
from hormesis, and datasets affected by outliers (Grothe et al. 1995). 

 
 The limitations associated with point estimate techniques have, in part, reduced their use in 

toxicity test analyses.  Bias may be introduced into point estimate interpolations through the 
use of poorly chosen dilution series, ill-fitting parametric regression models, and the data 
“smoothing” procedures used in nonparametric methods and linear interpolation.  Current 
statistical models require specific procedures to generate confidence intervals and test 
power needs to be considered.  Additionally, Probit analyses cannot be conducted with 
fewer than two partial responses, and the Spearman-Karber, Trimmed Spearman-Karber, 
and graphical approaches are incapable of calculating endpoints below a 50 percent effect 
level (Grothe et al. 1995; U.S. EPA 2002b).  Furthermore, a recent study published in the 
journal Environmental Toxicology and Chemistry showed that outlier data points increased 
the false positive rate of Probit analyses by as much as 20 percent (Robert et al. 2009). 

 
4. Adopt the TST approach as a statewide provision.  The TST was designed to statistically 

compare a test species response to the instream waste concentration and a control.  Data 
are analyzed using Welch’s t-test with quantal data appropriately transformed prior to doing 
so.  This form of t-test is robust to heterogeneous variances and non-normal data.  If the 
calculated t-value is less than the critical t-value (or table t-value), a sample is declared 
“toxic” and the test result is a “fail.”  Conversely, a sample is deemed “not toxic” and the test 
result is a “pass” if the calculated t-value is greater than that of the critical t-value. 

 
 The b values incorporated into the TST define unacceptable risks to aquatic organisms and 

substantially decrease the uncertainties associated with the applicability of results obtained 
from the NOEC and LOEC endpoints.  Furthermore, the TST reduces the need for multiple 
test concentrations which, in turn, reduces laboratory costs for dischargers and concurrently 
improves data interpretation.  The most significant improvement the TST offers over that of 
traditional hypothesis testing, however, is the inclusion of an acceptable false negative rate.  
While calculating a range of PMSDs provides an indirect measure of power for traditional 
hypothesis tests, setting an appropriate β level (α level using the TST approach) establishes 
explicit test power and provides motivation to decrease within-test variability, which 
significantly reduces the risk of unreported toxic events (U.S. EPA 2010a).  In addition to its 
benefits over traditional hypothesis test methods, the TST is simpler to use than point 
estimate methods as it is less computationally intensive and not model-fit dependent 
(Grothe et al. 1995; Diamond et al., 2011).  Taken together, these refinements simplify 
toxicity analyses, provide dischargers with the positive incentive to generate high quality 
data, and afford greater protection to aquatic life.  
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5. Adopt two methods as a statewide protocol.  A dual endpoint approach is another option 
available to the State Water Board.  Under this alternative, dischargers would be required to 
analyze each sample using two different statistical methods, such as traditional hypothesis 
testing and point estimates.  While this comparison-based approach may provide an 
additional means of substantiating results, reconciling endpoints from differing methods 
would likely prove challenging for the permitting authority and ultimately unnecessary 
complexity to the program for analyzing the data and interpretation of the test results. 

 
Recommendation 
Adopt Alternative 4. 
 
 
Issue 1C: Objective Type 
 
 
Present Statewide Policy 
 
Currently, the Regional Water Boards’ Basin Plans contain narrative objectives for toxicity 
control provisions.  While the SIP and these narrative objectives provide the basis for regulating 
toxicity in applicable permits, the requirements vary between dischargers. 
 
Issue Description 
 
Toxicity testing is a necessary means to evaluate the effects of combined and non-regulated 
pollutants on the overall ecosystem (U.S. EPA 1991).  To adequately protect California’s aquatic 
biota, it is appropriate for the State Water Board to replace the current toxicity control provisions 
in the SIP with statewide numeric objectives for both chronic and acute toxicity.  Staff intends 
each Regional Water Board to uniformly apply these objectives as effluent limits in permits in 
order to provide statewide consistency and ensure the protection of aquatic life beneficial uses 
throughout California. 
 
Alternatives 
 
1. No action.  Under this option, the Regional Water Boards will continue to implement their 

respective Basin Plan objectives.  Despite the toxicity provisions established in the SIP, this 
approach has led to regulatory inconsistency, enforcement difficulties, and potential impacts 
to aquatic life beneficial uses.  If the State Water Board does not act, and the Regional 
Water Boards are required to amend their respective Basin Plans in order to comply with 
Resolution No. 2005-0019, the workload for staff will be significant and burdensome.  
Amendments require research, fieldwork, document preparation, CEQA compliance, and an 
extensive public process.  Moreover, regulatory inconsistencies among the Regions would 
likely arise, effectively undermining one of the primary goals of the Policy. 

 
2. Adopt statewide narrative objectives for toxicity control.  Narrative objectives used to 

control toxicity generally state that toxic substances must not be present in toxic amounts in 
receiving waters.  Narrative toxicity objectives are frequently accompanied by a numeric 
monitoring trigger which, when exceeded, requires a regimen of accelerated toxicity testing 
and possibly a TRE to reduce and control the source(s) of toxicity.  Therefore, dischargers 
found to have reasonable potential to cause or contribute to instream toxicity would be 
issued permits containing the narrative toxicity objectives, numeric monitoring triggers,
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accelerated monitoring requirements, and TRE implementation.  The primary benefit of 
narrative objectives is the reduced number of violations assigned to dischargers that are 
genuinely attempting to reduce toxicity.  Narrative objectives, however, do not provide a 
clear measurement of compliance and ultimately obligate the permitting authority to prove 
that a violation occurred before enforcement actions can be taken.  This approach 
represents an oversight-driven model of toxicity control that essentially requires the 
regulatory agency to manage the dischargers’ efforts to reduce and control toxicity.  
Furthermore, the significant amount of resources that would be required to ensure water 
quality objectives are met under such a policy would encumber the Regional Water Boards, 
and ecological protections would continue to be compromised by such vague objectives. 

 
3. Adopt statewide numeric objectives for toxicity control.  Drawing from the U.S. EPA’s 

National Pollutant Discharge Elimination System Test of Significant Toxicity Implementation 
Document, statewide numeric objectives for toxicity would be based on percent effect of test 
species used and expressed as a null hypothesis using the U.S. EPA’s regulatory 
management decisions: “mean response [IWC] < 0.75 × mean response [control]” for 
chronic toxicity, and “mean response [IWC] < 0.80 × mean response [control]” for acute 
toxicity (the term “response” refers to the biological endpoint(s) in a given toxicity test).  
Therefore, an instream waste concentration exhibiting an effect level at or above 0.25 of the 
control would demonstrate chronic toxicity, and acute toxicity would be confirmed at or 
above an effect level of 0.20.  Use of a 0.25 effect threshold for chronic toxicity is consistent 
with the IC25 endpoint established by the U.S. EPA, while a lower effect threshold is 
warranted for the more severe impacts of acute toxicity.  These objectives can be expressed 
as permit limits in multiple ways (see Issues 2B and 2C). 

 
 Numeric toxicity objectives are an efficient regulatory tool when expressed as effluent limits 

because the measurement of compliance is clearly defined.  In this scenario, the duty of 
achieving and maintaining compliance lies with the discharger.  Once a permit limit is 
exceeded, the discharger must implement accelerated monitoring, the TRE process, and 
any other steps necessary to avoid further violations (see Issue 2F).  Numeric objectives 
represent a compliance-driven model of toxicity control that provides clearly defined and 
consistently applied requirements to determine the protection of aquatic life. 

 
 A discharger with an NPDES permit that relies solely on toxicity limits to control pollution (i.e. 

contains no pollutant-specific limitations) could potentially receive an MMP of $3,000 after 
the fourth violation, and each violation thereafter, within any consecutive six-month period 
(Wat. Code, §13385, subd. (i)).  Such permits, however, are a rarity among wastewater 
dischargers.  The application of numeric effluent limits to storm water and non-NPDES 
dischargers, however, is not currently practicable (see Issues 1D and 1E).  Despite these 
aspects, a Policy that sets forth statewide numeric toxicity objectives would provide an 
efficient means of regulation that will assure the protection of aquatic life beneficial uses. 

 
Recommendation 
Adopt Alternative 3. 
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Issue 1D: Storm Water Dischargers 
 
 
Present Statewide Policy 
 
Clean Water Act section 402, subdivision (p) and Water Code section 13376 authorize the State 
Water Board to issue individual and general NPDES permits for storm water discharges.  
Municipalities serving between 100,000 and 250,000 people are required to apply for Phase I 
Municipal Separate Storm Sewer System (MS4) permits, while smaller municipalities are issued 
Phase II MS4 permits.  Storm water discharges arising from projects carried out by the 
California Department of Transportation (Caltrans) require a unique MS4 permit, while general 
permits are issued to most industries and construction projects that disturb one or more acres of 
soil.  Individual permits are issued to industries that are either ineligible for the Industrial 
Activities Storm Water General Permit or require an individual permit in addition to the general 
permit. 
 
State-issued NPDES storm water permits require toxicity monitoring in varying degrees.  For 
example, MS4 dischargers are expected to control pollutants to the “maximum extent 
practicable” using structural and nonstructural mitigation measures known as “management 
practices.”  Industrial storm water dischargers are instructed to control toxicants released from 
their facilities using the “best available technology economically achievable” and the “best 
conventional pollutant control technology.”  Dischargers of storm water associated with 
construction and land disturbance activities are required to conduct acute toxicity testing 
whenever use of an active treatment system is required. 
 
The SIP does not apply to any storm water dischargers. 
 
Issue Description 
 
Storm water discharges are a major source of impairment in water bodies throughout the United 
States.  Urban runoff, resulting from roads, bridges, and other impermeable surfaces, carries 
pollutants through municipal conveyances and discharges them to receiving waters untreated.  
In California, storm water discharges from MS4s and industries have been identified as a 
probable source of impairment in an estimated 1,326.27 miles of rivers, streams, and creeks 
(U.S. EPA, updated 2010 Sept. 7).  Presently, only a portion of MS4 and individually permitted 
industrial storm water dischargers are required to conduct toxicity monitoring, and these 
monitoring requirements vary among dischargers. 
 
Alternatives 
 
1. No action.  If the State Water Board remains silent on this issue, toxicity provisions will 

continue to be established at the permit level.  While this approach does not resolve the 
regulatory discrepancies that exist amongst the various municipalities, it enables the 
permitting authorities to individually tailor monitoring requirements to each storm water 
discharger. 

 
2. Require NPDES permits for MS4 and individual industrial storm water dischargers to 

include numeric effluent limitations for chronic toxicity.  This option would require the 
permitting authority to include the proposed chronic toxicity objective as a numeric effluent 
limitation in all Phase I and II MS4 permits (including the Caltrans General Permit), and

RB-AR11032



  Policy for Toxicity Assessment and Control 
Staff Report - Public Review Draft 

 

State Water Resources Control Board  Page 44 
June 2012 

individual permits issued to industrial storm water dischargers that do not discharge to a 
permitted MS4 (referred to in the Policy as “individual industrial storm water dischargers”); 
inclusion of the proposed acute toxicity objective as a numeric effluent limitation would be 
left to the discretion of the applicable Water Board.  Due to the highly variable nature of 
storm water runoff, these dischargers would be assigned reasonable potential to exceed the 
proposed chronic toxicity objective, or be required to conduct a reasonable potential 
analysis using the TST approach. 

 
Should reasonable potential exist, MS4 and individual industrial storm water dischargers 
would be required to monitor chronic toxicity during each year of their permit using a 
minimum of two wet season samples, two dry season samples, and the test species 
demonstrating the highest level of sensitivity (determined by the method outlined in the 
recommended alternative for Issue 2A).  Dischargers would be obligated to retrieve samples 
from monitoring locations established by the applicable Water Board, while data analysis 
would necessitate the use of the TST.  As compliance with numeric limitations may prove to 
be a significant hardship for many MS4 and individual industrial storm water dischargers, the 
option to grant compliance schedules to eligible permit holders would be included.  In 
addition, exceptions may be granted to specific categories of storm water dischargers (see 
Issue 2G). 
 
A toxicity test resulting in a “fail” would be considered a violation of effluent limitations, 
requiring implementation of a TRE Work Plan approved by the applicable Water Board.  
Dischargers would be required to conduct the TRE using samples from the same storm 
event that caused the exceedance (if practicable), or the event immediately following it. 

 
 With continual monitoring requirements and compulsory TREs for violators, the application 

of numeric chronic toxicity effluent limitations may help reduce the effects of toxicity in urban 
storm water runoff.  However, the inclusion of numeric effluent limitations in storm water 
permits has proven to be a contentious issue, punctuated by regulatory amendments, water 
quality orders, and court cases. 

 
In 1990, the State Water Board received two petitions from environmental advocacy groups 
seeking review of MS4 permits issued by the San Francisco and Los Angeles Regional 
Water Boards.  The petitioners argued that the permits violated federal law by failing to 
include numeric effluent limits.  In response, the State Water Board issued two water quality 
orders refuting the claims made in both petitions.  The State Water Board contended that 
permits, storm water discharge prohibitions, management practices, and SWMPs 
constituted “effluent limitations” and were therefore in accordance with the Clean Water Act.  
The State Water Board also determined that the inherent variability of storm water 
discharges, in addition to the limited number of treatment technologies and extremely high 
costs to implement them, made numeric effluent limits impractical (State Water Board Order 
Nos. 91-03 (Citizens for a Better Environment); 91-04 (Natural Resources Defense Council).  
In 1999, the Ninth Circuit Court of Appeals held that MS4 permit compliance was to be 
based solely on the maximum extent practicable standard unless the State or Regional 
Water Boards specifically required a stricter adherence to water quality standards 
(Defenders of Wildlife v. Browner (9th Cir. 1999) 191 F.3d 1159). 

 
 Remaining a controversial issue, the State Water Board convened a panel of experts to 

reexamine the feasibility of numeric effluent limits in storm water permits in 2005 and 2006.  
In regards to municipal storm water discharges, the panel identified several drawbacks to
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the current regulatory approach, including a lack of management practice oversight and 
evaluation, maintenance concerns, and the difficulty associated with identifying factors 
contributing to beneficial use impairment.  In order to resolve these issues, the panel 
suggested a more rigorous approach to the selection and design of management practices, 
as well as an enforceable maintenance program.  Even with these suggested 
improvements, however, the panel deemed numeric effluent limits infeasible for MS4 
permits, citing management practice shortcomings and a high level of variation among storm 
water discharges.  Conversely, the panel determined that numeric limits are still feasible for 
some industrial storm water dischargers, provided that a more appropriate method of 
industry classification is established in addition to a reliable database detailing emissions 
and management practice performance (Currier et al. 2006). 
 
Given the significant difficulty associated with numeric effluent limit compliance, MS4 
dischargers and individual industrial storm water dischargers run the risk of accruing MMPs 
and other violations despite their best efforts to control toxic runoff.  While a compliance 
schedule might aid implementation efforts, the highly variable nature of storm water, coupled 
with the multitude of point sources within a municipality would likely render such preparation 
ineffective.  Furthermore, storm water conveyances may require extensive upgrades and 
alterations in order to meet the proposed numeric effluent limits which may, in turn, place an 
unreasonable financial burden upon municipalities.  While numeric effluent limits are 
technically feasible for most industrial storm water dischargers, the Water Board would likely 
need to develop a detailed database, as recommended by the expert panel.  Establishing 
such a database, however, would require a significant amount of the Water Boards’ 
resources and would likely take several years to complete. 

 
3. Require MS4 and individual industrial storm water dischargers to include chronic 

toxicity monitoring.  Under this option, all individual industrial storm water dischargers and 
Phase I and II MS4s that discharge to inland surface waters, enclosed bays, and estuaries 
would be subject to minimum toxicity monitoring requirements.  As opposed to requiring 
numeric effluent limitations, the permitting authority would have greater flexibility imposing 
minimum monitoring requirements because it would be responsible for establishing 
remediation measures required for compliance with the proposed objectives.  This may or 
may not result in changes to the abatement and mitigation measures currently contained in 
MS4 and individual industrial storm water permits. 

 
 The monitoring requirements proposed by staff would be applied in two separate stages.  

Phase I and II MS4 dischargers, and individual industrial storm water dischargers that are 
currently required to monitor for toxicity would be sent Water Code section 13383 letters 
requiring the use of the TST approach for all toxicity data analyses within one year from the 
effective date of the Policy during this first stage of implementation.  Phase I and II MS4 
dischargers, and individual industrial storm water dischargers not subject to toxicity 
monitoring provisions on the effective date of the Policy would be exempt from this 
requirement for the remainder of their current permit cycles.  Permits that are issued, 
reissued, or reopened after the Policy is adopted would be required to include a toxicity 
monitoring program for the second stage of implementation.  These monitoring programs 
would, at a minimum, require each discharger to conduct four chronic toxicity tests during 
each year of the permit cycle using samples from the first storm event of the wet season, a 
subsequent storm event, and two dry season samples using the most sensitive test species.  
Toxicity test results would require TST analyses, and the applicable Water Board would  
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have discretion to apply compliance schedules to assist dischargers in implementing this 
monitoring program (see Issue 2E). 

 
 Apart from improving toxicity data interpretation, this alternative provides three important 

benefits.  First, a statewide toxicity monitoring program for urban runoff will ensure that all 
municipalities and industries are assessing the environmental impact of their storm water 
discharges and taking appropriate action when necessary.  Such an approach provides a 
feasible alternative to numeric effluent limitations and increases protections for aquatic life 
beneficial uses.  Second, minimum monitoring requirements allow the permitting authority to 
tailor implementation plans to each MS4 and individual industrial storm water discharger.  
This monitoring framework could also be applied to storm water discharges from 
construction and industrial sites subject to the general NPDES permit.  Third, this option 
avoids the imposition of MMPs if MS4 dischargers exceed the proposed objectives despite 
meeting maximum extent practicable requirements.  Nevertheless, this option will not 
preclude the Water Boards from establishing numeric effluent limits for toxicity in Phase I 
and II MS4 permits, and individual industrial storm water permits if it is deemed appropriate. 

 
 Despite the aforementioned benefits, this alternative harbors the potential to be under 

protective of aquatic life beneficial uses as it fails to establish standardized methods of 
remediation.  Permits without management practice design requirements may result in 
unsatisfactory or inappropriate implementation measures, and the omission of management 
practice performance standards could lead to poor maintenance and neglect.  In addition, 
dischargers may have difficulty determining the source of toxicity in storm water runoff if 
clear and concise TRE requirements are omitted from permits.  Lastly, a monitoring program 
may prove to be economically burdensome to municipalities that are not currently required 
to conduct toxicity tests. 

 
4. Require the use of the TST for toxicity monitoring.  Given the compliance difficulties 

associated with numeric effluent limitations, and the potential cost of monitoring programs, 
staff may choose to only require the use of the TST for individual industrial storm water and 
Phase I and II MS4 dischargers that are required to conduct toxicity testing under a permit.  
While this option would not establish a statewide monitoring program, use of the TST is 
expected to improve test precision and toxicity data interpretation which will, in turn, direct 
the permitting authorities to appropriately address toxic events. 

 
Recommendation: 
Adopt Alternative 4. 
 
 
Issue 1E: Channelized Dischargers 
 
 
Present Statewide Policy 
 
Nonpoint source (NPS) discharges are a significant cause of water pollution in California and 
the U.S.  Diffuse in nature, NPS pollution originates primarily from land use activities such as 
those associated with agriculture, silviculture, and hydromodification, and it is generally 
transported via rainfall, snowmelt, and irrigation water.  Agricultural operations are one of the 
primary sources of NPS pollution in California, contributing to the impairment of approximately 
34,099.01 miles of rivers, streams, and creeks; 706,990.47 acres of lakes, ponds, and 
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reservoirs; and 646.32 square miles of bays and estuaries (U.S. EPA, updated 2010 Sept. 7).  
Chronic and acute toxicity has also been directly linked to pesticide in agricultural runoff 
(Anderson et al. 2003a; Anderson et al 2003b; Anderson et al. 2006).  In order to control 
polluted runoff and comply with section 1329 of the Clean Water Act, the State Water Board 
developed the NPS Management Plan in 1988.  While NPS discharges are not regulated under 
the NPDES Permit Program, the State and Regional Water Boards are required under Water 
Code sections 13269 and 13369, and the Policy for Implementation and Enforcement of the 
Nonpoint Source Pollution Control Program, section 2, subsection C to issue WDRs, conditional 
waivers, and conditional prohibitions that require the implementation of various management 
measures. 
 
Issue Description 
 
While some agricultural operations and other NPS dischargers are required to conduct toxicity 
monitoring, there are presently no statewide toxicity requirements that apply to these 
dischargers.  Toxicity monitoring may be infeasible for inconspicuous NPS runoff, but 
addressing the effects of perceptible NPS discharges directed or conveyed through channels or 
other defined pathways (referred to in the Policy as “channelized dischargers regulated 
exclusively under Porter-Cologne” or “channelized dischargers”) is necessary if the Policy is to 
adequately protect aquatic life beneficial uses in California’s water bodies. 
 
Alternatives 
 
1. No action.  The Water Boards will continue to establish toxicity monitoring requirements on 

an individual or program-wide level.  While this approach affords a high degree of flexibility 
to Water Board staff, toxicity provisions may remain absent from many NPS WDRs, 
conditional prohibitions, and conditional waivers.  Such omissions further erode regulatory 
consistency and are not protective of aquatic life beneficial uses. 

 
2. Require WDRs, conditional prohibitions, and conditional waivers for channelized 

dischargers to include numeric limitations for chronic toxicity.  Under this option, the 
permitting authority would be required to apply the proposed chronic toxicity objective as a 
numeric limitation to all channelized dischargers.  Application of the acute toxicity objective 
as a permit limitation would be left to the discretion of the applicable Water Board, while 
reasonable potential would be assigned, due to the numerous, unknown constituents and 
diffuse sources of these discharges.  At a minimum, channelized dischargers would be 
required to conduct four chronic toxicity tests during each year of the WDR, conditional 
prohibition, or conditional waiver cycle, but the sampling times and locations would be 
determined on a case-by-case basis due to the widely varying nature of NPS discharges.  
Test species sensitivity would be assessed, and the TST approach would be required for all 
toxicity data analyses.  Given the potential for financial hardships stemming from monitoring 
costs and possible fines, compliance schedules would be granted to eligible channelized 
dischargers.  In addition, exemptions may be granted to eligible storm water dischargers 
(see Issue 2F).  A toxicity test resulting in a “fail” would be interpreted as a violation, 
requiring implementation of a TRE Work Plan approved by the applicable Water Board. 

 
 Numeric limitations would establish a compliance-driven approach to toxicity control and 

provide channelized dischargers with further incentive to reduce toxicity.  The ability of these 
dischargers to meet numeric limits, however, remains questionable.  For example, NPS 
pollution often results from numerous, diffuse sources that may be difficult to locate and
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control.  Coordinating with the more than 20 other state agencies responsible for various 
aspects of NPS pollution would also be challenging for Water Board staff.  While some 
channelized dischargers may successfully identify and reduce nonpoint source pollution, the 
costs to do so may be unduly burdensome on some operations. 

 
3. Require WDRs, conditional prohibitions, and conditional waivers for channelized 

dischargers to include chronic toxicity monitoring requirements.  Rather than requiring 
WDRs and conditional waivers to include numeric limitations, State Water Board staff may 
choose to establish minimum monitoring requirements for chronic toxicity.  Similar to the 
provisions outlined in Alternative 3 of Issue 1D, channelized dischargers presently obligated 
to carry out toxicity testing would be sent Water Code section 13267 letters requiring the use 
of the TST approach for all toxicity data analyses within one year of the effective date of the 
Policy.  Compliance schedules would not be granted to these dischargers as a change in 
the methodology used for data analysis is not expected to pose a significant hardship.  
Channelized dischargers devoid of chronic toxicity monitoring provisions would be exempt 
from this requirement for the remainder of their current WDR, conditional prohibition, or 
conditional waiver cycle; after which they would be required to adhere to a chronic toxicity 
monitoring program developed by the appropriate Regional Water Board.  Dischargers 
would be obligated to use the most sensitive test species for routine monitoring, and results 
would be analyzed using the TST.  A minimum of four toxicity tests would be required during 
each year of the WDR, conditional prohibition, or conditional waiver cycle.  The permitting 
authority would determine sampling times and locations, as well as the management 
practices, oversight procedures, and remediation measures to be employed by the 
discharger.  The applicable Water Board would also be provided discretion to apply 
compliance schedules to assist dischargers implementing this monitoring program (see 
Issue 2E). 
 
The advantages and disadvantages of this approach are similar to those listed in Alternative 
3 of the previous Issue.  Requiring the use of the TST approach will improve data 
interpretation, while minimum monitoring requirements will facilitate permit consistency.  In 
addition, the Water Boards would retain the authority to establish numeric limitations as 
deemed appropriate.  This discretion will prevent unnecessary enforcement actions against 
dischargers incapable of meeting the proposed objectives despite their best attempts to do 
so.  However, this approach harbors the potential to be less protective because minimum 
requirements for management practices, oversight procedures, and remediation measures 
for toxicity may or may not be specified in a WDR, conditional prohibition, or conditional 
waiver. 
 

4. Require the use of the use of the TST for toxicity monitoring.  Given the compliance 
difficulties associated with numeric effluent limitations, and the potential cost of monitoring 
programs, staff may choose to only require the use of the TST for channelized dischargers 
that are required to conduct toxicity testing under a WDR, conditional prohibition, or 
conditional waiver.  While this option would not establish a statewide monitoring program, 
use of the TST would provide a simple, transparent, and consistent approach to toxicity data 
interpretation across programs. 
 

Recommendation: 
Adopt Alternative 4. 
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ISSUE 2: COMPLIANCE DETERMINATION 
 
 
The following Alternatives explore the options available to the State Water Board for 
establishing a uniform approach to toxicity monitoring and enforcement. 
 
 
Issue 2A: Reasonable Potential 
 
 
Present Statewide Policy 
 
Section 1 of the SIP outlines a procedure to determine whether a discharge causes, or has 
reasonable potential to cause or contribute to an excursion above applicable objectives for 
priority pollutants.  In this process, data is reviewed to determine the observed maximum 
effluent concentration for a given pollutant (facilities are required to obtain the necessary 
monitoring data prior to conducting this analysis).  If the maximum effluent concentration is 
greater than or equal to the pollutant objective, then an effluent limit is required.  If the maximum 
effluent concentration is less than the applicable objective, the ambient data is reviewed to 
determine the observed maximum ambient background concentration for the pollutant.  If the 
maximum background concentration of the pollutant is found to be above the pollutant objective, 
and any amount of the pollutant is detected in the effluent, then an effluent limit is required for 
the discharge.  Periodic monitoring may be required if the pollutant is not detected in the effluent 
or if the ambient background sample and applicable detection limit are greater than or equal to 
the receiving water concentration.  For a more detailed description of this procedure, see 
Section 1.3 of the SIP. 
 
Issue Description 
 
The reasonable potential formula established in the SIP was developed for quantifiable 
chemical constituents and is, therefore, difficult to apply to toxicity objectives.  Designation of a 
new reasonable potential assessment that is both consistent and simple to use would greatly 
aid the Regional Water Boards during the permit writing process. 
 
The following “Alternatives” section provides brief descriptions of three methods for assessing 
reasonable potential.  Examples of these procedures can be found in Appendix F.  In addition to 
determining the toxicity of a discharge, a reasonable potential assessment also detects the test 
species with the highest degree of sensitivity to chronic or acute toxicity.  As such, each of the 
five alternatives presented will continue the U.S. EPA’s recommended use of one vertebrate, 
one invertebrate, and one aquatic plant for chronic toxicity assessments, while one vertebrate 
and one invertebrate will continue to be utilized for acute toxicity assessments (Denton et al. 
2010). 
 
Alternatives 
 
1. No action.  Under this option, the reasonable potential assessment, as outlined in Chapter 

1 of the SIP, will continue to be used.  This analysis is designed explicitly for individual 
pollutants with a measurable concentration.  The inherent difficulty of quantifying toxicity into 
a measurable unit would require an extensive amount of time, effort, and expertise on behalf 
of the Water Boards. 
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2. Adopt the California Ocean Plan guidelines.  Appendix VI of the California Ocean Plan 
provides an outline of the steps needed to determine whether a pollutant causes, or has the 
reasonable potential to cause or contribute to an excursion above ocean water quality 
objectives, in accordance with Code of Federal Regulations, title 40 section 122.44(d)(1)(iii).  
The Ocean Plan requires the Regional Water Boards to utilize all available information to 
characterize pollutant discharges using a statistical method that accounts for the limitations 
associated with sparse data sets and non-detects.  In addition to freshwater and marine 
discharges, this method applies to both toxicity and individual pollutants.  The Ocean Plan 
also includes suggestions for assessing the reasonable potential of facilities devoid of 
toxicity monitoring data, and requirements for each outcome of the test. 

 
3. Adopt the recommendations in the Technical Support Document for Water Quality-

based Toxics Control (TSD).  Incorporating effluent variability data, this method relies upon 
the use of a CV that is either calculated or assigned (depending upon the quantity of toxicity 
test results), and a probability-based maximum effluent value derived from a list of 
multipliers.  The TSD also provides guidance for evaluating the reasonable potential of 
facilities lacking toxicity monitoring data.  This approach would enable Water Board staff to 
assess the need for permit limitations for toxicity in an accurate and comprehensive manner.  
The intricacy of this analysis, however, would require a substantial amount of time and 
resources from Water Board staff. 

 
4. Assign reasonable potential for all large-scale POTWs.  Because POTWs accept a 

steady, voluminous flow of effluent from a variety of municipal discharges containing 
numerous unknown constituents, these facilities harbor the potential to adversely impact 
aquatic biota.  A Policy provision that assumes reasonable potential for all POTWs with an 
average daily discharge greater than one million gallons per day would provide a higher 
level of ecological protection from the voluminous discharges of these facilities than that of 
an isolated test.  Selecting this alternative, however, would require the concurrent adoption 
of a reasonable potential screening method for all other dischargers. 

 
5. Adopt the recommendations in the TST.  Reasonable potential analyses are conducted in 

a manner similar to routine toxicity testing under U.S. EPA’s TST approach  The TST 
requires dischargers to conduct a minimum of four, single-concentration toxicity tests, after 
which the TST approach is used to determine the results.  The data from each test resulting 
in a “pass” must then be used in another formula that calculates the  percent effect of the 
test organisms (and determines the most sensitive test species) by comparing the mean 
effect level at the instream waste concentration to a 10 percent mean effect threshold.  
Regardless of the initial outcome of the toxicity tests, reasonable potential to cause or 
contribute to acute or chronic toxicity is demonstrated when a test sample exhibits a mean 
effect above the 10 percent threshold.  This reasonable potential analysis is simpler to use 
than that of the California Ocean Plan or the TSD, yet highly accurate.  Furthermore, 
adoption of this approach will maintain consistency with routine TST analyses, and the 
reduction in sample concentrations will save dischargers money. 

 
Recommendation: 
Adopt Alternatives 4 and 5. 
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Issue 2B: Effluent Limitation Derivation 
 
 
Present Statewide Policy 
 
A statewide effluent limitation derivation method has not been developed. 
 
Issue Description 
 
The narrative toxicity objectives established in the Basin Plans are currently expressed as 
permit triggers that, if exceeded, can result in an accelerated monitoring schedule and/or TRE 
implementation.  The adoption of numeric toxicity objectives will necessitate a formula from 
which numeric effluent limitations can be calculated.  Establishing a statewide method to do so 
will further promote uniformity among dischargers and the Regional Water Boards. 
 
Alternatives 
 
1. No action.  Should the current permitting process remain unchanged, the Regional Water 

Boards will continue to impose narrative chronic and acute permit limitations.  As a result, 
data interpretation and enforcement measures may vary between Regions.  These 
inconsistencies would hamper the Policy’s goal of regulatory uniformity and may ultimately 
weaken protections to aquatic life beneficial uses. 

 
2. Adopt U.S. EPA’s two-value steady state model.  Under this option, the Regional Water 

Boards would be required to calculate waste load allocations (WLA) using the mass balance 
equation to establish effluent limitations for chronic and acute toxicity.  A WLA, when derived 
from water quality standards, defines the appropriate effluent discharge level that 
subsequently determines the target long-term average for a facility.  When applied in 
conjunction with the CV of a given discharge, the target long-term average can be used to 
establish effluent limits.  These permit limits, in turn, are expressed as both maximum daily 
limits (MDL) and average monthly limits (AML) for all dischargers, excluding POTWs (which 
supplant MDLs for weekly averages).  When using the statistical method to impose limits for 
chronic and acute toxicity, however, the MDL is interpreted as the maximum result for the 
calendar month, while the AML serves as the average of individual toxicity test results 
obtained over a calendar month (required for accelerated monitoring and the TRE process).  
MDL derivation relies upon the CV of the monthly or quarterly discharge, and the most 
stringent long-term average (obtained from two or three-value, steady-state WLAs) would be 
translated into upper bound percentile values for effluent quality (U.S. EPA 1991).  
Examples of this method can be found in Appendix G. 

 
This approach would further standardize toxicity control provisions throughout the state in a 
manner that effectively accounts for the variation in effluent discharges, and it would provide 
sufficient protection for aquatic life.  However, applying this procedure to such a broad 
spectrum of facilities would require a substantial amount of effluent data and Regional Water 
Board resources.  Additionally, quantifying toxicity in this manner may prove difficult 
because such data is derived exclusively from biological responses. 

 
3. Adopt the statistical method established in the SIP.  Nearly identical to the U.S. EPA’s 

steady-state model, the effluent limitation formula detailed in Section 1.4 of the SIP is based 
upon an effluent concentration allowance, rather than a WLA.  An effluent concentration
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allowance calculation tends to be simpler than that of a WLA, as evidenced by the example 
in Appendix G.  Another minor difference exists in the parlance used for effluent limitations, 
as the SIP refers to MDLs as MDELs (maximum daily effluent limitations), and AMLs as 
AMELs (average monthly effluent limitations). 

 
Adopting the effluent concentration allowance method would simplify the process of 
calculating effluent limitations because it requires less data accumulation than that of a WLA 
and the Policy would remain consistent with the current methodology required in the SIP.  
The lack of information regarding upstream and critical flows, however, may produce effluent 
limitations that are less accurate than those calculated from WLAs.  Moreover, this approach 
is not readily applied to toxicity data. 

 
4. Directly apply the objectives as effluent limits.  Rather than establishing an effluent 

limitation formula based upon WLAs or effluent concentration allowances, the State Water 
Board may decide to directly translate the proposed objectives as effluent limits.  Under this 
option, the application of the proposed chronic objective would be required under the Policy, 
while the proposed acute objective would be applied to permits and WDRs at the discretion 
of the permitting authority.  Dischargers would be obligated to meet these objectives at the 
instream waste concentration through a permit limit that may be expressed in a number of 
ways (see Issue 2C).  By foregoing the use of long-term averages, this alternative enables 
facilities to maintain their current rate of discharge and provides State Water Board staff with 
a range of options for permit limit expression. 

 
Recommendation: 
Adopt Alternative 4. 
 
 
Issue 2C: Effluent Limitation Expression 
 
 
Present Statewide Policy 
 
Although daily maximums and monthly averages are frequently used in permits, a statewide 
method of expressing effluent limitations for toxicity has not been established. 
 
Issue Description 
 
The direct application of the proposed objectives to permits allots several options for effluent 
limitation expression.  If the method of this expression is not established in the draft Policy, 
compliance determination may be inconsistent among Regions and permits. 
 
Alternatives 
 
1. No action.  If the draft Policy does not establish proposed effluent limits for chronic and 

acute toxicity, the Regional Water Boards will ultimately decide the method of compliance.  
While this approach would offer permit writers the flexibility to adjust compliance 
requirements to fit specific dischargers, the resulting inconsistencies could lead to an 
inequitable distribution of enforcement actions.  
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2. Direct Application with established replicates.  Under this option, the chronic and acute 
null hypotheses, established in the TST approach, would be directly applied as MDELs, so 
that a sample producing a result of “fail” would demonstrate toxicity.  Provisions increasing 
the minimum number of test replicates beyond what are promulgated in Code of Federal 
Regulations, title 40, section 136.3 would be established in the Policy for each test method 
in order to reduce the potential number of tests being declared toxic with a percent effect 
below the respective unacceptable RMD. 

 
Direct application of the proposed objectives would afford a sufficient level of protection for 
aquatic life uses as a single exceedance would trigger accelerated monitoring.  In addition, 
this alternative would likely reduce unwarranted determinations of toxicity that may lead to 
unnecessary accelerated monitoring schedules, violations, and TREs.  However, the TST 
has been vetted by U.S. EPA’s Whole Effluent Toxicity Test Drive Analysis of the Test of 
Significant Toxicity (TST) report (U.S. EPA 2011), and external peer reviewers requested by 
both U.S. EPA (U.S. EPA 2008) and the State Water Board.  Therefore, such a provision 
may prove to be unnecessary. 

 
3. Adopt RMDs with a tiered accelerated monitoring schedule.  This approach would also 

express the acute and chronic null hypotheses as MDELs.  A discharger that “fails” a TST 
analysis, yet does not exceed the RMDs would be required to implement the first tier of a 
two-tiered accelerated monitoring schedule.  This initial tier would obligate the discharger to 
conduct two additional toxicity tests within the same calendar month.  Should either of these 
tests “fail,” the discharger would then be required to implement the second tier of the 
accelerated monitoring schedule and conduct four, five-concentration tests over a period of 
eight weeks (see Issue 2F).  Dischargers would also be obligated to initiate these second 
tier requirements whenever the chronic or acute RMDs are exceeded. 

 
Functionally similar to Alternative 4, his approach would help mitigate the potential for 
within-test variability to influence the outcome of the TST.  However, the inclusion of an 
AMEL, discussed in alternative 4, would be more consistent with the permitting requirements 
established in Code of Federal Regulations, title 40, part 122.45. 

 
4. Establish statewide MDELs and AMELs for toxicity.  Rather than relying solely upon a 

single ”pass” or “fail” result, State Water Board staff may choose to express the proposed 
limitations as both MDELs and AMELs.  This alternative would establish the percent effect of 
the acute and chronic RMDs as MDELs that, if exceeded, would trigger an accelerated 
monitoring schedule.  Because the MDEL would be based on a percent effect, a TST 
analysis that results in a “fail” below the RMD-based percent effect would not exceed the 
MDEL, but would obligate the discharger to conduct two additional tests within the calendar 
month.  Should the average percent effect exceed the RMD, the discharger would be in 
exceedance of the AMEL. 

 
While this option would temper the limited instances that the TST results in a “fail” below an 
RMD-based percent effect, an AMEL is ultimately impracticable for this statistical approach.  
The primary output of the TST is a statistical determination of “pass” or “fail;” non-numeric 
values that cannot be averaged.  The percent effects that accompany this determination are 
secondary outputs that ignore the statistical aspects of the TST approach.  Furthermore, an 
AMEL may confound compliance determinations as an exceedance of the monthly average 
would mathematically necessitate an exceedance of the MDEL (i.e. an average percent 
effect of 0.30 would essentially exceed both the MDEL and AMEL).  Conversely, scenarios
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may arise where a percent effect from one of the additional tests exceeds the MDEL, but the 
resulting average complies with the AMEL. 
 

5. Establish statewide MDELs and median monthly effluent limitations for toxicity.  
Alternately, State Water Board staff may propose the pairing of MDELs with median monthly 
effluent limitations (MMELs) to regulate acute and chronic toxicity.  Similar to Alternative 4, 
dischargers would be required to conduct two additional toxicity tests, within the same 
calendar month, to determine compliance with this monthly limitation.  However, the MMEL 
would be exceeded when the median result (i.e. two out of three) is a “fail.”  Compliance 
with an MMEL would be required whenever a TST analysis results in a “fail” below the 
MDELs, which would be established as twice the RMD-based percent effect for acute and 
chronic toxicity (0.40 and 0.50 respectively). 

 
This option affords several benefits over the other alternatives for Issue 2C.  This regulatory 
combination provides a means of mitigating the effects of test sensitivity and variability, 
while establishing unique values for these limitations prevents the potential for redundancy 
found in Alternative 4. Furthermore, the inclusion of the proposed MMEL will retain the 
statistical rigor of the TST approach. 

 
Recommendation: 
Adopt Alternative 5. 
 
 
Issue 2D: Monitoring Frequency 
 
 
Present Statewide Policy 
 
A statewide toxicity testing schedule for dischargers has not been established. 
 
Issue Description 
 
As it stands, monitoring frequency for toxicity limits varies widely among the numerous 
dischargers located throughout the state.  These inconsistencies harbor the potential to 
undermine the aquatic life beneficial uses of receiving waters and may offer unfair economic 
advantages to those dischargers that are seldom required to conduct toxicity tests.  In addition 
to establishing a consistent regulatory framework, a uniform quantity of routinely scheduled 
toxicity tests would improve the biological integrity of receiving waters and strive to balance the 
costs associated with toxicity monitoring. 
 
Alternatives 
 
1. No action.  The permitting authority would retain the discretion to establish the frequency of 

toxicity testing for all dischargers.  While the Regional Water Board staff members can 
individually tailor monitoring schedules based upon their in-depth knowledge of the water 
bodies located within their jurisdiction, requirements will continue to vary among 
dischargers.  As a result, an unequal distribution of costs associated with toxicity monitoring 
will persist.  Furthermore, these discrepancies may not provide adequate protection for 
aquatic biota. 
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2. Establish minimum statewide monitoring requirements.  Under this option, the State 
Water Board would require uniform monitoring for dischargers found to have reasonable 
potential to cause, or contribute to excursions of the toxicity objectives.  Facilities that 
continuously discharge at a rate equal to or greater than one million gallons per day (or 
POTWs with a dry weather design capacity of one million gallons per day) would be required 
to conduct monthly monitoring, while facilities that continuously discharge at a lower rate 
would be obligated to conduct quarterly monitoring.  Monthly monitoring would also be 
required of facilities that discharge at a rate equal to or greater than one million gallons per 
day, but do so non-continuously.  For these facilities, monthly monitoring would be required 
for discharges lasting more than two days, but only during each period of discharge.  
Facilities that non-continuously discharge at a rate less than one million gallons per day 
would be obligated to conduct one toxicity test per three month discharge period, rounding 
up whenever the discharge period is not a multiple of three (a calendar quarter would be 
counted whenever the discharge period lasts seven or more days during a calendar month).  
The permitting authorities, however, would retain the ability to require additional testing 
whenever a given discharge warrants more frequent monitoring.  Monthly toxicity tests are 
necessary to protect aquatic organisms from the discharges of facilities that harbor the 
potential to release a high volume of toxic constituents, such as major POTWs.  Quarterly 
monitoring is appropriate for smaller dischargers as the reduced volume of discharge from 
these facilities pose less of a threat to aquatic biota than their larger counterparts. 

 
The establishment of statewide standards for monitoring frequencies will further strengthen 
the Policy by promoting a consistent approach to toxicity testing that will help reduce cost 
discrepancies between facilities of similar size. 

 
3. Adopt more stringent/less stringent statewide monitoring requirements.  With this 

alternative, toxicity testing frequency would be increased to weekly requirements for facilities 
discharging a million gallons a day or more, while smaller dischargers would be required to 
initiate a monthly monitoring schedule.  While such stringent requirements might offer a 
higher level of ecological protection, the costs associated with this quantity of tests would 
place an unreasonable financial burden upon many dischargers.  Moreover, the limited 
volumes of effluent discharged by smaller facilities are unlikely to warrant such high levels of 
monitoring. 

 
Conversely, decreasing the required frequency of toxicity tests would negatively impact 
receiving water bodies.  Large facilities, such as major POTWs, continuously discharge vast 
quantities of effluent that frequently contain unknown constituents that fluctuate and react in 
unpredictable ways.  Responses from wastewater treatment systems, as well as their overall 
efficacy, may also influence effluent variation.  While provisions requiring major POTWs to 
conduct quarterly, semi-annual, or annual toxicity monitoring would reduce the costs 
dischargers incur to comply with the proposed toxicity objectives, the potential to degrade 
aquatic life beneficial uses would greatly increase as the toxicity present in the effluent 
matrix may exceed effluent limits prior to scheduled testing.  While minor POTWs and 
comparably sized facilities independently discharge smaller volumes of effluent, a cluster of 
these dischargers can have the same effect on a water body as that of a large facility 
(Denton et al. 2010).  Therefore, reducing the monitoring frequency of smaller dischargers to 
a semi-annual or annual basis may compromise aquatic life uses in some water bodies. 

 
Recommendation: 
Adopt Alternative 2. 
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Issue 2E: Compliance Schedules 
 
 
Present Statewide Policy 
 
In accordance with provisions detailed in the SIP, and later revised in the Policy for Compliance 
Schedules in NPDES Permits (Compliance Schedule Policy 2008), compliance schedules are 
granted at the discretion of the Regional Water Boards to existing dischargers capable of 
demonstrating the infeasibility of achieving immediate compliance with new or revised water 
quality standards.  Compliance schedules are included in permits and WDRs, and are 
comprised of a series of enforceable actions, each with a specific deadline that must be met in 
order to demonstrate compliance.  Interim requirements, consisting of temporary numeric limits, 
are added to compliance schedules that are in excess of one year.  Depending upon whichever 
is the more stringent of the two, these requirements are either determined by the capabilities of 
the facility or the limitations established in the existing permit.  In either instance, no more than 
one year will be allotted between interim assignment dates.  The duration of a compliance 
schedule itself, however, varies among permits and WDRs, but cannot exceed ten years.  
Those contained within the five-year cycle include the final effluent limitations in the permit 
provisions, while schedules that exceed permit length incorporate effluent limits in the permit 
findings.  The purpose of these findings is to document the water quality objective to be 
achieved, an explanation as to why the final effluent limitation will not presently be established 
as an enforceable permit requirement, and a statement confirming the intent to create a final 
water quality-based effluent limit in a succeeding permit (State Water Board 2005b). 
 
Issue Description 
 
Compliance schedules remain an option for existing dischargers that are incapable of 
immediately meeting the objectives established in the proposed Policy.  Therefore, it is 
necessary to determine the means by which the Water Boards will or will not incorporate 
compliance schedules into existing NPDES wastewater permits and point source WDRs. 
 
Alternatives 
 
1. No action.  Pursuant to the Compliance Schedule Policy, existing dischargers that 

successfully demonstrate their need for additional time to comply with “a permit limit more 
stringent than the effluent limitation previously imposed” may be granted a compliance 
schedule upon permit renewal, reopener, or revision.  In order to qualify, dischargers must 
provide records documenting, among other things: efforts made to quantify pollutant levels 
and control the sources of pollution; an evaluation of facility performance to determine the 
stringency of interim effluent limitations; and the highest quality of discharge that can 
reasonably be achieved until final compliance is met.  The Water Boards would retain the 
ability to require immediate compliance with this, or any other policy.  The various means by 
which the Water Boards can establish compliance schedules, however, have the propensity 
to create discrepancies among dischargers and may postpone compliance with the 
proposed objectives. 

 
2. Adopt a statewide compliance schedule for NPDES wastewater dischargers and point 

source WDR dischargers.  This alternative would designate a specific amount of time 
during which NPDES wastewater dischargers and point source WDR dischargers would be 
required to achieve compliance.  Dischargers that are not presently required to monitor 
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toxicity would have the opportunity to receive a compliance schedule of up to two years.  
Given that the proposed provisions do not specifically require substantive changes to 
infrastructure or test procedures, the option to receive a two-year compliance schedule 
would expire ten years from the effective date of the Policy.  Facilities discharging under an 
NPDES permit or WDR that contain toxicity monitoring provisions during the effective date of 
the Policy would not be eligible to receive a compliance schedule.  This approach would 
expedite the implementation process for dischargers, thereby strengthening the protections 
afforded to aquatic biota at a faster pace. 

 
3. Prohibit compliance schedules for the Policy.  The State Water Board may decide to 

prohibit compliance schedules for the Policy altogether.  This alternative may burden 
dischargers that have never conducted toxicity monitoring before as immediate compliance 
could prove difficult to achieve.  Inability to meet the proposed objectives may result in 
enforcement actions that might otherwise have been avoided through the adoption of 
compliance schedules. 

 
Recommendation: 
Adopt Alternatives 2. 
 
 
Issue 2F: Exceedances 
 
 
Present Statewide Policy 
 
As established in the SIP, dischargers must conduct a TRE if repeated toxicity tests reveal 
chronic or acute toxicity in receiving waters.  Multiple facilities that discharge to the same 
receiving water body may be allowed to coordinate TREs at the discretion of the applicable 
Water Board.  Additionally, permits must include a provision that requires a discharger to take 
every reasonable step to control toxicity once the source is identified, and a statement 
addressing potential enforcement action for any facility that fails to conduct a TRE. 
 
Issue Description 
 
Current provisions maintain only a loose framework of actions required of facilities that exceed 
chronic toxicity limitations.  While this approach has provided a great deal of flexibility for Water 
Board staff, many regulatory discrepancies have arisen among dischargers as a result, 
including the use and duration of accelerated monitoring schedules prior to TRE 
implementation.  The establishment of statewide provisions to manage toxicity exceedances will 
promote uniformity and reduce these disparities. 
 
Alternatives 
 
1. No action.  If no action is taken on this aspect of the Policy, the existing provisions in the 

SIP will be maintained and deadlines for TRE proposals and accelerated monitoring 
schedules will continue to vary between permits.  As a result, certain facilities may enjoy 
unfair economic advantages while lenient compliance provisions and deadlines may weaken 
protections for aquatic biota.  This approach, however, affords a great deal of flexibility to 
the permitting authority.  
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2. Establish statewide excursion/exceedance provisions.  Under this alternative, the State 
Water Board would impose uniform requirements for NPDES wastewater dischargers and 
point source discharges subject to WDRs.  Dischargers that exceed their applicable effluent 
limitations would be in violation and required to implement an accelerated monitoring 
schedule included in the NPDES permit or WDR.  At a minimum, an accelerated monitoring 
schedule would consist of four toxicity tests, conducted at approximately two-week intervals, 
over a 12-week period.  In order to better characterize the discharge and fulfill federal 
requirements, accelerated monitoring would necessitate the use of five effluent 
concentrations and a control (multi-concentration test) with the test species used for routine 
monitoring.  However, dischargers would only be required to report compliance with the IWC 
as determined with the TST approach.  Should the IWC result in a “fail” with a percent effect 
at or above 0.25 for chronic toxicity tests or 0.20 for acute, the discharger would then be 
required to initiate a TRE in accordance with a Work Plan approved by the applicable Water 
Board1.  Although these provisions may reduce the compliance options currently available to 
Water Board staff and dischargers, the consistency achieved through this alternative would 
further strengthen the proposed Policy’s goal of regulatory uniformity.  Additionally, this 
provision would improve the health of aquatic ecosystems by ensuring TREs are 
implemented by all NPDES wastewater dischargers and point source WDR dischargers in 
violation of the proposed objectives and limits. 

 
Recommendation: 
Adopt Alternative 2. 
 
 
Issue 2G: Exceptions 
 
 
Present Statewide Policy 
 
Section 5.3 of the SIP authorizes the Water Boards to grant categorical and case-by-case 
exceptions to priority pollutant objectives.  Under this SIP provision, eligible dischargers can 
fulfill statutory requirements if they receive short-term or seasonal categorical exceptions to 
manage pests, weeds, vectors, or fisheries.  Additionally, categorical exceptions may be 
granted to eligible dischargers in order to comply with the federal Safe Drinking Water Act, the 
California Health and Safety Code, and/or for maintenance of structures related to municipal 
water supply and conveyance.  To obtain a categorical exception, eligible dischargers must 
submit the following documentation to the Executive Officer of the appropriate Water Board for 
approval: a detailed description of the proposed action, including the proposed method of 
completing the action; a time schedule; a discharge and receiving water quality monitoring plan 
(before project initiation, during the project, and after project completion, with the appropriate 
quality assurance and quality control procedures); CEQA documentation; contingency plans; 
identification of alternate water supply (if needed); and residual waste disposal plans.  Eligible 
dischargers must also notify the affected public and governmental agencies.  Upon completion 
of each project, dischargers are required to provide certification by a qualified biologist that the 
beneficial uses of the receiving waters have been restored.  Case-by-case exceptions to priority 
pollutant objectives may be granted to facilities discharging to water bodies that differ 
significantly from statewide conditions, provided that the public interest will be served and the

                                                 
1 The language addressing TRE Work Plan requirements has been removed from the Policy and, 
consequently, this Staff Report. 
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exception will not compromise the beneficial uses of enclosed bay, estuarine, and inland 
surface waters.  These exceptions also require compliance with CEQA, a public hearing, and 
U.S. EPA approval (State Water Board 2005b). 
 
Issue Description  
 
The Water Boards acknowledge that certain discharge activities pose little risk to beneficial uses 
when properly conducted.  In addition to those activities eligible for exceptions under the SIP, 
dischargers categorized as being “low threat” are often granted some form of exception by the 
Water Boards.  Generally, low threat discharges are episodic in nature, of minimal volume, and 
not dependent upon dilution to be protective of beneficial uses.  Examples include, but are not 
limited to, construction dewatering, geothermal well maintenance, and hydrostatic testing.  It is 
necessary to consider whether or not the exceptions currently granted by the Water Boards, if 
any, should apply to the Policy. 
 
Alternatives 
 
1. No action.  In accordance with the SIP, all wastewater dischargers subject to the Policy 

would be eligible to file for a categorical or case-by-case exception to the proposed 
provisions.  Necessary for pest management and compliance with the Safe Drinking Water 
Act and the California Health and Safety Code, categorical exceptions allow public agencies 
to conduct critical services for the state without unnecessary impedance.  Case-by-case 
exceptions allow facilities to work with the Water Boards to determine whether or not 
compliance with an objective is appropriate, given the conditions of the receiving waters.  
When properly applied, these exceptions can exempt qualifying dischargers from the 
provisions of the Policy without posing a threat to aquatic life beneficial uses. 

 
2. Allow exceptions for insignificant dischargers.  This option would grant the applicable 

Water Board the discretion to exempt low threat dischargers (referred to as “insignificant 
dischargers” in the Policy) from the provisions proposed in the Policy.  Unlike the categorical 
or case-by-case exceptions set forth in the SIP, the permitting authority would have the 
discretion to determine insignificant discharger status, provided the dischargers meet the 
minimum qualifications proposed in the Policy.  In order to be eligible, NPDES wastewater 
dischargers and point source WDR dischargers must discharge less than one million gallons 
a day, on a non-continuous basis, and the effluent must not significantly impact water 
quality.  In essence, this approach would preserve the guidelines the Water Boards currently 
use to exempt low threat dischargers from Basin Plan requirements.  Apart from the high 
degree of flexibility this discretionary authority yields, granting insignificant discharger status 
reduces the costs associated with the requirements of Section 5.3 of the SIP, and expedites 
the approval process for these minor discharges. 

 
Recommendation: 
Adopt Alternatives 1 and 2. 
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Issue 2H: Small Communities 
 
 
Present Statewide Policy 
 
Small communities, as recognized in State Water Board Resolution No. 2004-0038, are towns 
and rural areas that have a population of 20,000 or fewer, and a median household income 
(MHI) that is less than 80 percent of the statewide annual MHI.  Communities with a population 
of 20,000 persons or less, and an MHI above 80 percent of the statewide median may also be 
considered disadvantaged on a case-by-case basis by the applicable Water Board, provided 
that a minimum of four percent of their MHI is paid toward wastewater infrastructure.  
Communities fitting this definition are eligible for the Small Community Wastewater Grant 
program and are given special consideration when enforcement actions are necessary.  
Additionally, Water Code section13385, subdivision (k) grants the Regional Water Boards the 
ability to waive MMPs for POTWs serving small communities and require these facilities, 
instead, to spend an equivalent amount on a compliance project designed to correct the 
problem from which the violation stems.  Under the Water Code, however, eligible communities 
have a different set of qualifying factors than those of Resolution No. 2004-038.  To be 
considered a “small community,” under Water Code section13385, subdivision (k), a POTW 
must be serving a population of 10,000 or less, or serving a community located in one or more 
rural counties.  In addition, 20 percent of the community’s population must live below the 
poverty level, or the community must have an unemployment rate of 10 percent or more. 
 
Issue Description 
 
While the provisions proposed in the draft Policy will not impose a significant economic burden 
upon most of California’s dischargers, some small community-based POTWs may be 
disproportionately affected.  As such, it is appropriate to consider a provision to mitigate 
possible financial impacts for these communities.  (Note: each of the following alternatives is 
based upon the small community definition set forth in State Water Board Resolution No. 2004-
0038, as it is the more inclusive of the two definitions.) 
 
Alternatives 
 
1. No action.  Small POTWs would be required to conduct monitoring according to the 

requirements proposed in the draft Policy if no action is taken on this matter.  The current 
grant program, while helpful for start-up costs, does not offer long-term financial assistance 
for permit requirements.  In addition, the usefulness of Water Code section13385 is limited, 
given that MMPs can only be applied to dischargers operating under permits absent of 
effluent limitations for specific pollutants (Wat. Code, §13385, subd. (i)). 

 
2. Grant discretionary authority to the permitting authority.  Under this alternative, the 

applicable Water Board would develop their own criteria for determining which communities 
would qualify for exemption from the provisions of the draft Policy.  While such 
determinations would ultimately be based upon the “small community” definition established 
in State Water Board Resolution No. 2004-0038, the permitting authority would retain the 
ability to grant and exclude communities that may or may not meet all of the requirements.  
This approach would offer a high degree of flexibility to both the Water Boards and the 
permittees at the cost of further uniformity and equitable permitting practices. 
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3. Modify discharger classification.  Rather than assigning the responsibility of developing 
exemption guidelines to the permitting authority, staff may choose to alter the discharger 
classification provisions proposed in the Policy that require monthly monitoring for facilities 
that discharge one million gallons a day or more, and quarterly monitoring for facilities that 
discharge less.  In so doing, new monitoring schedules would be developed for these 
expanded classifications that would afford provisional exemptions or a significant reduction 
in the quantity of toxicity tests to small POTWs.  Although this alternative would address 
small communities and promote consistency throughout the state, it may not be inclusive 
enough to support most of the small, disadvantaged communities in California. 

 
4. Exempt small communities.  Another option available to the State Water Board is to 

simply exempt small communities from the draft Policy altogether unless the applicable 
Water Board finds them to have an impact on receiving water quality.  While some toxic 
discharges may go unreported, a blanket exemption would eliminate any financial hardship 
that may arise from compliance costs, while still allowing the Regional Water Boards to 
address high priority discharges regardless of community type. 

 
Recommendation: 
Adopt Alternative 4.
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SECTION V: ENVIRONMENTAL EFFECTS OF PROPOSED POLICY 
 
 
This Section provides an analysis of the potential adverse environmental effects that may arise 
from the adoption of the “Policy for Toxicity Assessment and Control.”  In accordance with the 
requirements of CEQA, an Environmental Checklist Form is included in Appendix A. 
 
Antidegradation 
 
Any relaxation of water quality standards that may occur as a result of the Policy must comply 
with U.S. EPA’s Antidegradation Policy, which requires the full protection of all existing 
beneficial uses (40 C.F.R. § 131.12).  If the initial water quality exceeds that which is necessary 
to fully protect every beneficial use, the water quality can be lowered as long as certain criteria 
are met.  Dischargers are not allowed to degrade water bodies to levels below that which is 
necessary to protect existing beneficial uses.  In addition to antidegradation requirements, the 
Policy must comply with all other applicable state and federal water quality standards. 
 
The toxicity provisions presently in the SIP provide minimal protection of aquatic life beneficial 
uses because they lack numeric objectives and a comprehensive methodology.  Additionally, 
the inconsistencies that exist among the toxicity requirements established in NPDES permits, 
WDRs, and Basin Plans have the potential to further weaken water quality standards.  As noted 
in a 2008 study of 42 major dischargers in the Los Angeles Region, there were 15 permits 
containing numeric limits, nine containing narrative limits, 15 incorporating monitoring triggers, 
and three possessing no limits at all (Stevenson et al. 2009).  Furthermore, toxicity has been 
observed in each of the nine Regions from 2001 to 2009 (State Water Board 2010).  The 
proposed Policy seeks to resolve permit discrepancies by establishing uniform numeric 
objectives for chronic and acute toxicity.  Doing so will improve water quality and increase the 
protection of aquatic biota inhabiting the state’s inland surface waters, enclosed bays, and 
estuaries. 
 
Effects on Existing Environmental Conditions 
 
No adverse environmental effects are expected to result from the implementation of the Policy, 
as its principal goal is to protect aquatic biota from the effects of toxicity.  The numeric 
objectives and methodology proposed in the Policy will improve upon the toxicity provisions 
established in the SIP and further reduce the negative impacts of effluent discharges on 
receiving water bodies by providing an accurate and reliable means to measure toxicity.  
Requiring all dischargers with reasonable potential to regularly conduct applicable toxicity 
testing will also ensure that effluent will be monitored consistently.  Furthermore, adopting a 
statewide remediation program for violators will hasten compliance with the proposed 
objectives. 
 
Reasonable Means of Compliance 
 
Adverse environmental impacts will not directly result from the provisions established in the 
Policy.  While compliance with the proposed objectives may necessitate facility upgrades that 
negatively affect the surrounding environment in some manner, such assumptions are purely 
speculative and would be addressed during project level CEQA analyses (see Appendix A for 
more information). 
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Growth-Inducing Impacts 
 
Defined under section 15126, subdivision (g) of the CEQA guidelines (Cal. Code Regs., tit. 14, § 
15000 et seq.), growth-inducing impacts are either direct or indirect conditions that could foster 
economic development, an increase in population size, or the construction of housing in the 
surrounding environment.  State Water Board staff has determined that the Policy would not 
affect any of these parameters. 
 
Cumulative Impacts 
 
CEQA guidelines section 15355 provides the following definition of cumulative impacts: 
 
“… two or more individual effects which, when considered together, are considerable or which 
compound or increase other environmental impacts. 
 

a. The individual effects may be changes resulting from a single project or a number of 
separate projects. 

 
b. The cumulative impact from several projects is the change in the environment which 

results from the incremental impact of the project when added to other closely 
related past, present, and reasonably foreseeable probable future projects.  
Cumulative impacts can result from individually minor but collectively significant 
projects taking place over a period of time.” 

 
In order to comply with these CEQA guidelines, a list of past, present, and reasonably 
foreseeable future projects related to the Policy must be developed if any have the potential for 
cumulative impacts.  Given that the Policy is specifically developed to enhance the protection of 
aquatic life beneficial uses, State Water Board staff has found no possibility of cumulative 
impacts arising from the implementation of the Policy. 
 
Regional Impacts 
 
In accordance with Water Code, section13241, the Water Boards are required to “ensure the 
reasonable protection of beneficial uses and the prevention of nuisance” when adopting water 
quality objectives.  In doing so, the following effects are to be considered: past, present, and 
probable future beneficial uses of water; environmental characteristics of the hydrographic unit 
under consideration, including the quality of water available thereto; water quality conditions that 
could reasonably be achieved through the coordinated control of all factors which affect water 
quality in the area; economic considerations; the need for developing housing within the region; 
and the need to develop and use recycled water. 
 
Under the Policy, aquatic life beneficial uses of California’s water bodies will be protected from 
the effects of toxicity.  The beneficial uses associated with aquatic biota include, but are not 
limited to: warm freshwater habitat; cold freshwater habitat; wildlife habitat; estuarine habitat; 
commercial and sport fishing; marine habitat; inland saline water habitat; and wetland habitat.  
The Policy will have no detrimental impact upon any past, present or probable future beneficial 
uses of water. 
 
The environmental characteristics of the state’s nine hydrologic regions are provided in Section 
III of this document.  Water quality, throughout California, is expected to improve if the Policy is
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implemented as written. The potential economic impacts of the Policy are not expected to 
extend beyond the dischargers subject to the proposed provisions (see Appendix H for a 
detailed analysis of these impacts).  In addition, small communities will be exempt from the 
Policy unless the permitting authority determines otherwise.  The Policy will not affect the 
development of housing or the use of recycled water. 
 
Greenhouse Gas Impacts 
 
Compliance with CEQA guidelines section 15064.4 requires the State Water Board to address 
aspects of the Policy that may result in an increase or reduction of greenhouse gas emissions, 
as well as any provisions that may conflict with existing statewide, regional, or local greenhouse 
gas regulations.  State Water Board staff has determined that the Policy will have little, if any 
effect on greenhouse gas emissions, and will have no effect on existing greenhouse gas 
regulations.  An increase in vehicle omissions may occur as the toxicity monitoring requirements 
established in the Policy could require some dischargers to transport samples to laboratories on 
a more frequent basis.  An increase in omissions may also result from the construction of facility 
upgrades that might be necessary to achieve compliance.  However, the variability of facility 
monitoring schedules, laboratory locations, and the modifications required for compliance make 
further examination purely speculative.  In addition, climate change resulting from greenhouse 
gas emissions will not affect the proposed Policy because the toxicity objectives contained 
therein are to be directly applied as effluent limitations regardless of critical low flow periods or 
variation.  
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APPENDIX A: Environmental Checklist 
(State Water Board CEQA Regulations, Cal. Code Regs., tit 23, § 3720 et seq.) 
 
 
PROJECT 
1. Project title: 

Policy for Toxicity Assessment and Control 
 

2. Lead agency name and address: 

State Water Resources Control Board 
Division of Water Quality 
1001 I Street, 15th Floor 
Sacramento, CA 
95814 
 

3. Contact person and phone number: 

Brian Ogg 
Environmental Scientist 
(916) 323-9689 
 

4. Project location: 

California 
 

5. Description of project: 

In response to the State Implementation Policy revisions required by Resolution No. 2005-
0019, staff has developed a stand-alone policy to protect California’s aquatic life uses from 
the deleterious effects of toxicity.  The draft Policy for Toxicity Assessment and Control 
proposes numeric objectives and uniform monitoring requirements for chronic and acute 
toxicity, as well as provisions requiring the use of U.S. EPA’s new statistical method, the 
Test of Significant Toxicity. 

 
EVALUATION OF THE ENVIRONMENTAL IMPACTS IN THE CHECKLIST 
 

1. The State Water Board must complete an environmental checklist prior to adoption of 
plans or policies.  The checklist becomes a part of the Substitute Environmental 
Documentation (SED). 

2. For each environmental category in the checklist, the State Water Board must determine 
whether the project will cause any adverse impact.  If there are potential impacts that are 
not included in the sample checklist, those impacts should be added to the checklist. 

3. If the State Water Board determines that a particular adverse impact may occur as a 
result of the project, then the checklist boxes must indicate whether the impact is 
“Potentially Significant,” “Less than Significant with Mitigation Incorporated,” or “Less 
than Significant.”  “Potentially Significant Impact” applies if there is substantial evidence 
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that an effect may be significant.  If there are one or more “Potentially Significant Impact” 
entries on the checklist, the SED must include, for instance, an examination of feasible 
alternatives and mitigation measures for each such impact, similar to the requirements 
for preparing an Environmental Impact Report.  “Less than Significant with Mitigation 
Incorporated” applies where the board incorporates, or another agency will incorporate 
mitigation measures that will reduce an effect from “Potentially Significant Impact” to a 
“Less than Significant Impact.”  The State Water Board must either require the specific 
mitigation measures or be certain of application by another agency.  “Less than 
Significant” applies if the impact will not be significant, and mitigation is therefore not 
required.  If there will be no impact, check the box under “No impact.” 

4. The State Water Board must provide a brief explanation for each “Potentially 
Significant,” “Less than Significant with Mitigation Incorporated,” “Less than Significant,” 
or “No Impact” determination in the checklist.  The explanation may be included in the 
written report described in section 3777(a)(1) or in the checklist itself.  The explanation 
of each issue should identify: (a) the significance criteria or threshold, if any, used to 
evaluate each question; and (b) the specific mitigation measure(s) identified, if any, to 
reduce the impact to “Less than Significant.”  The State Water Board may determine the 
significance of the impact by considering factual evidence or agency standards or 
thresholds.  If the “No Impact” box is checked, the State Water Board should briefly 
provide the basis for that answer.  If there are types of impacts that are not listed in the 
checklist, those impacts should be added to the checklist. 

 
5. The State Water Board must include mandatory findings of significance if required by 

CEQA Guidelines section15065. 
 

6. The State Water Board should provide references used to identify potential impacts, 
including a list of information sources and individuals contacted. 
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ISSUES 

 
 

 
Potentially 
Significant 

Impact 

Less Than 
Significant 

with 
Mitigation 

Incorporated 

 
Less Than 
Significant 

Impact 

 
No 

Impact 

 
I. AESTHETICS -- Would the project:   

 
  

 
a) Have a substantial adverse effect on a scenic vista? 

 
 

 
 

 
 

 
X 

 
b) Substantially damage scenic resources, including, but 
not limited to, trees, rock outcroppings, and historic 
buildings within a state scenic highway? 

 
 

 
 

 
 

 
X 

 
c) Substantially degrade the existing visual character or 
quality of the site and its surroundings? 

 
 

 
 

 
 

 
X 

 
d) Create a new source of substantial light or glare which 
would adversely affect day or nighttime views in the area? 

 
 

 
 

 
 

 
X 

     
    

 
II. AGRICULTURE AND FOREST RESOURCES: In 
determining whether impacts to agricultural resources are 
significant environmental effects, lead agencies may refer 
to the California Agricultural Land Evaluation and Site 
Assessment Model (1997) prepared by the California Dept. 
of Conservation as an optional model to use in assessing 
impacts on agriculture and farmland. In determining 
whether impacts to forest resources, including timberland, 
are significant environmental effects, lead agencies may 
refer to information compiled by the California Department 
of Forestry and Fire Protection regarding the state’s 
inventory of forest land, including the Forest and Range 
Assessment Project and the Forest Legacy Assessment 
Project; and forest carbon measurement methodology 
provided in Forest Protocols adopted by the California Air 
Resources Boards.  Would the project: 

 
 

 
 

 
 

 
 

 
a) Convert Prime Farmland, Unique Farmland, or Farmland 
of Statewide Importance (Farmland), as shown on the 
maps prepared pursuant to the Farmland Mapping and 
Monitoring Program of the California Resources Agency, to 
non-agricultural use? 

 
 

 
 

 
 

 
X 

 
b) Conflict with existing zoning for agricultural use, or a 
Williamson Act contract? 

 
 

 
 

 
 

 
X 

c) Conflict with existing zoning for, or cause rezoning of, 
forest land (as defined in Public Resources Code section 
12220(g)), timberland (as defined by Public Resources 
Code section 4526), or timberland zoned Timberland 
Production (as defined by Government Code section 
51104(g))? 

 
 

 
 

 
 

 
X 
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Potentially 
Significant 

Impact 

Less Than 
Significant 

with 
Mitigation 

Incorporated 

 
Less Than 
Significant 

Impact 

 
No 

Impact 

 
d) Result in the loss of forest land or conversion of forest 
land to non-forest use?   

 
 X 

 
e) Involve other changes in the existing environment which, 
due to their location or nature, could result in conversion of 
Farmland, to non-agricultural use or conversion of forest 
land to non-forest use? 

 
 

 
 

 
 

 
X 

     
    

 
III. AIR QUALITY -- Where available, the significance 
criteria established by the applicable air quality 
management or air pollution control district may be relied 
upon to make the following determinations. Would the 
project: 

 
 

 
 

 
 

 
 

 
a) Conflict with or obstruct implementation of the applicable 
air quality plan? 

 
 

 
 

 
 

 
X 

 
b) Violate any air quality standard or contribute 
substantially to an existing or projected air quality violation? 

 
 

 
 

 
 

 
X 

 
c) Result in a cumulatively considerable net increase of any 
criteria pollutant for which the project region is non-
attainment under an applicable federal or state ambient air 
quality standard (including releasing emissions which 
exceed quantitative thresholds for ozone precursors)? 

 
 

 
 

 
 

 
X 

 
d) Expose sensitive receptors to substantial pollutant 
concentrations? 

 
 

 
 

 
 

 
X 

 
e) Create objectionable odors affecting a substantial 
number of people? 

 
 

 
 

 
 

 
X 

     
    

 
IV. BIOLOGICAL RESOURCES -- Would the project:   

 
  

 
a) Have a substantial adverse effect, either directly or 
through habitat modifications, on any species identified as 
a candidate, sensitive, or special status species in local or 
regional plans, policies, or regulations, or by the California 
Department of Fish and Game or U.S. Fish and Wildlife 
Service? 

 
 

 
 

 
 

 
X 

 
b) Have a substantial adverse effect on any riparian habitat 
or other sensitive natural community identified in local or 
regional plans, policies, regulations or by the California 
Department of Fish and Game or US Fish and Wildlife 
Service? 

 
 

 
 

 
 

 
X 
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Potentially 
Significant 

Impact 

Less Than 
Significant 

with 
Mitigation 

Incorporated 

 
Less Than 
Significant 

Impact 

 
No 

Impact 

 
c) Have a substantial adverse effect on federally protected 
wetlands as defined by Section 404 of the Clean Water Act 
(including, but not limited to, marsh, vernal pool, coastal, 
etc.) through direct removal, filling, hydrological 
interruption, or other means? 

 
 

 
 

 
 

 
X 

 
d) Interfere substantially with the movement of any native 
resident or migratory fish or wildlife species or with 
established native resident or migratory wildlife corridors, or 
impede the use of native wildlife nursery sites? 

 
 

 
 

 
 

 
X 

 
e) Conflict with any local policies or ordinances protecting 
biological resources, such as a tree preservation policy or 
ordinance? 

 
 

 
 

 
 

 
X 

 
f) Conflict with the provisions of an adopted Habitat 
Conservation Plan, Natural Community Conservation Plan, 
or other approved local, regional, or state habitat 
conservation plan? 

 
 

 
 

 
 

 
X 

     
    

 
V. CULTURAL RESOURCES -- Would the project:   

 
  

 
a) Cause a substantial adverse change in the significance 
of a historical resource as defined in § 15064.5? 

 
 

 
 

 
 

 
X 

 
b) Cause a substantial adverse change in the significance 
of an archaeological resource pursuant to § 15064.5? 

 
 

 
 

 
 

 
X 

 
c) Directly or indirectly destroy a unique paleontological 
resource or site or unique geologic feature? 

 
 

 
 

 
 

 
X 

 
d) Disturb any human remains, including those interred 
outside of formal cemeteries? 

 
 

 
 

 
 

 
X 

     
    

 
VI. GEOLOGY AND SOILS -- Would the project: 

 
 

 
 

 
 

 
 

 
a) Expose people or structures to potential substantial 
adverse effects, including the risk of loss, injury, or death 
involving: 

 
 

 
 

 
 

 
X 

 
i) Rupture of a known earthquake fault, as delineated on 
the most recent Alquist-Priolo Earthquake Fault Zoning 
Map issued by the State Geologist for the area or based on 
other substantial evidence of a known fault? Refer to 
Division of Mines and Geology Special Publication 42. 

 
 

 
 

 
 

 
X 
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Potentially 
Significant 

Impact 

Less Than 
Significant 

with 
Mitigation 

Incorporated 

 
Less Than 
Significant 

Impact 

 
No 

Impact 

 
ii) Strong seismic ground shaking? 

 
 

 
 

 
 

 
X 

 
iii) Seismic-related ground failure, including liquefaction? 

 
 

 
 

 
 

 
X 

 
iv) Landslides? 

 
 

 
 

 
 

 
X 

 
b) Result in substantial soil erosion or the loss of topsoil? 

 
 

 
 

 
 

 
X 

 
c) Be located on a geologic unit or soil that is unstable, or 
that would become unstable as a result of the project, and 
potentially result in on- or off-site landslide, lateral 
spreading, subsidence, liquefaction or collapse? 

 
 

 
 

 
 

 
X 

 
d) Be located on expansive soil, as defined in Table 18-1-B 
of the Uniform Building Code (1994), creating substantial 
risks to life or property? 

 
 

 
 

 
 

 
X 

 
e) Have soils incapable of adequately supporting the use of 
septic tanks or alternative waste water disposal systems 
where sewers are not available for the disposal of waste 
water? 

 
 

 
 

 
 

 
X 

     
    

 
VII. GREENHOUSE GAS EMISSIONS -- Would the project:  

 
 

 
 

 
 

 
 
a) Generate greenhouse gas emissions, either directly or 
indirectly, that may have a significant impact on the 
environment? 
 

 
 

 
 

 
 

 
X 

 
b) Conflict with any applicable plan, policy or regulation of 
an agency adopted for the purpose of reducing the 
emissions of greenhouse gases? 
 

 
 

 
 

 
 

 
X 

     
    

 
VIII. HAZARDS AND HAZARDOUS MATERIALS -- Would 
the project: 
 

    
 
a) Create a significant hazard to the public or the 
environment through the routine transport, use, or disposal 
of hazardous materials? 

 
 

 
 

 
 

 
X 
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Potentially 
Significant 

Impact 

Less Than 
Significant 

with 
Mitigation 

Incorporated 

 
Less Than 
Significant 

Impact 

 
No 

Impact 

 
b) Create a significant hazard to the public or the 
environment through reasonably foreseeable upset and 
accident conditions involving the release of hazardous 
materials into the environment? 

 
 

 
 

 
 

 
X 

 
c) Emit hazardous emissions or handle hazardous or 
acutely hazardous materials, substances, or waste within 
one-quarter mile of an existing or proposed school? 

 
 

 
 

 
 

 
X 

 
d) Be located on a site which is included on a list of 
hazardous materials sites compiled pursuant to 
Government Code Section 65962.5 and, as a result, would 
it create a significant hazard to the public or the 
environment? 

 
 

 
 

 
 

 
X 

 
e) For a project located within an airport land use plan or, 
where such a plan has not been adopted, within two miles 
of a public airport or public use airport, would the project 
result in a safety hazard for people residing or working in 
the project area? 

 
 

 
 

 
 

 
X 

 
f) For a project within the vicinity of a private airstrip, would 
the project result in a safety hazard for people residing or 
working in the project area? 

 
 

 
 

 
 

 
X 

 
g) Impair implementation of or physically interfere with an 
adopted emergency response plan or emergency 
evacuation plan? 

 
 

 
 

 
 

 
X 

 
h) Expose people or structures to a significant risk of loss, 
injury or death involving wildland fires, including where 
wildlands are adjacent to urbanized areas or where 
residences are intermixed with wildlands? 

 
 

 
 

 
 

 
X 

     
    

 
IX. HYDROLOGY AND WATER QUALITY -- Would the 
project: 

 
 

 
 

 
 

 
 

 
a) Violate any water quality standards or waste discharge 
requirements? 

 
 

 
 

 
 

 
X 

 
b) Substantially deplete groundwater supplies or interfere 
substantially with groundwater recharge such that there 
would be a net deficit in aquifer volume or a lowering of the 
local groundwater table level (e.g., the production rate of 
pre-existing nearby wells would drop to a level which would 
not support existing land uses or planned uses for which 
permits have been granted)? 

 
 

 
 

 
 

 
X 
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Potentially 
Significant 

Impact 

Less Than 
Significant 

with 
Mitigation 

Incorporated 

 
Less Than 
Significant 

Impact 

 
No 

Impact 

 
c) Substantially alter the existing drainage pattern of the 
site or area, including through the alteration of the course of 
a stream or river, in a manner which would result in 
substantial erosion or siltation on- or off-site? 

 
 

 
 

 
 

 
X 

 
d) Substantially alter the existing drainage pattern of the 
site or area, including through the alteration of the course of 
a stream or river, or substantially increase the rate or 
amount of surface runoff in a manner which would result in 
flooding on- or off-site? 

 
 

 
 

 
 

 
X 

 
e) Create or contribute runoff water which would exceed 
the capacity of existing or planned stormwater drainage 
systems or provide substantial additional sources of 
polluted runoff? 

 
 

 
 

 
 

 
X 

 
f) Otherwise substantially degrade water quality? 

 
 

 
 

 
 

 
X 

 
g) Place housing within a 100-year flood hazard area as 
mapped on a federal Flood Hazard Boundary or Flood 
Insurance Rate Map or other flood hazard delineation map?

 
 

 
 

 
 

 
X 

 
h) Place within a 100-year flood hazard area structures 
which would impede or redirect flood flows? 

 
 

 
 

 
 

 
X 

 
i) Expose people or structures to a significant risk of loss, 
injury or death involving flooding, including flooding as a 
result of the failure of a levee or dam? 

 
 

 
 

 
 

 
X 

 
j) Inundation by seiche, tsunami, or mudflow? 

 
 

 
 

 
 

 
X 

     
    

 
X. LAND USE AND PLANNING - Would the project: 

 
 

 
 

 
 

 
 

 
a) Physically divide an established community? 

 
 

 
 

 
 

 
X 

 
b) Conflict with any applicable land use plan, policy, or 
regulation of an agency with jurisdiction over the project 
(including, but not limited to the general plan, specific plan, 
local coastal program, or zoning ordinance) adopted for the 
purpose of avoiding or mitigating an environmental effect? 

 
 

 
 

 
 

 
X 

 
c) Conflict with any applicable habitat conservation plan or 
natural community conservation plan? 

 
 

 
 

 
 

 
X 
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Significant 

Impact 

Less Than 
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Less Than 
Significant 

Impact 

 
No 

Impact 

 
XI. MINERAL RESOURCES -- Would the project:   

 
  

 
a) Result in the loss of availability of a known mineral 
resource that would be of value to the region and the 
residents of the state? 

 
 

 
 

 
 

 
X 

 
b) Result in the loss of availability of a locally-important 
mineral resource recovery site delineated on a local 
general plan, specific plan or other land use plan? 

 
 

 
 

 
 

 
X 

     
    

 
XII. NOISE -- Would the project result in:   

 
  

 
a) Exposure of persons to or generation of noise levels in 
excess of standards established in the local general plan or 
noise ordinance, or applicable standards of other 
agencies? 

 
 

 
 

 
 

 
X 

 
b) Exposure of persons to or generation of excessive 
groundborne vibration or groundborne noise levels? 

 
 

 
 

 
 

 
X 

 
c) A substantial permanent increase in ambient noise levels 
in the project vicinity above levels existing without the 
project? 

 
 

 
 

 
 

 
X 

 
d) A substantial temporary or periodic increase in ambient 
noise levels in the project vicinity above levels existing 
without the project? 

 
 

 
 

 
 

 
X 

 
e) For a project located within an airport land use plan or, 
where such a plan has not been adopted, within two miles 
of a public airport or public use airport, would the project 
expose people residing or working in the project area to 
excessive noise levels? 

 
 

 
 

 
 

 
X 

 
f) For a project within the vicinity of a private airstrip, would 
the project expose people residing or working in the project 
area to excessive noise levels? 

 
 

 
 

 
 

 
X 

     
    

 
XIII. POPULATION AND HOUSING -- Would the project:   

 
  

 
a) Induce substantial population growth in an area, either 
directly (for example, by proposing new homes and 
businesses) or indirectly (for example, through extension of 
roads or other infrastructure)? 

 
 

 
 

 
 

 
X 
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Significant 
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Less Than 
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Less Than 
Significant 
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No 

Impact 

 
b) Displace substantial numbers of existing housing, 
necessitating the construction of replacement housing 
elsewhere? 

 
 

 
 

 
 

 
X 

 
c) Displace substantial numbers of people, necessitating 
the construction of replacement housing elsewhere? 

 
 

 
 

 
 

 
X 

     
    

 
XIV. PUBLIC SERVICES   

 
  

 
a) Would the project result in substantial adverse physical 
impacts associated with the provision of new or physically 
altered governmental facilities, need for new or physically 
altered governmental facilities, the construction of which 
could cause significant environmental impacts, in order to 
maintain acceptable service ratios, response times or other 
performance objectives for any of the public services: 

 
 

 
 

 
 

 
 

 
Fire protection? 

 
 

 
 

 
 

 
X 

 
Police protection? 

 
 

 
 

 
 

 
X 

 
Schools? 

 
 

 
 

 
 

 
X 

 
Parks? 

 
 

 
 

 
 

 
X 

 
Other public facilities? 

 
 

 
 

 
 

 
X 

     
    

XV. RECREATION 
 
 

 
 

 
 

 
 

 
a) Would the project increase the use of existing 
neighborhood and regional parks or other recreational 
facilities such that substantial physical deterioration of the 
facility would occur or be accelerated? 

 
 

 
 

 
 

 
X 

 
b) Does the project include recreational facilities or require 
the construction or expansion of recreational facilities which 
might have an adverse physical effect on the environment? 

 
 

 
 

 
 

 
X 

     
    

 
XVI. TRANSPORTATION/TRAFFIC -- Would the project:   
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Potentially 
Significant 

Impact 

Less Than 
Significant 

with 
Mitigation 

Incorporated 

 
Less Than 
Significant 

Impact 

 
No 

Impact 

 
a) Conflict with an applicable plan, ordinance or policy 
establishing measures of effectiveness for the performance 
of the circulation system, taking into account all modes of 
transportation including mass transit and non-motorized 
travel and relevant components of the circulation system, 
including, but not limited to intersections, streets, highways 
and freeways, pedestrian and bicycle paths, and mass 
transit? 

 
 

 
 

 
 

 
X 

 
b) Conflict with an applicable congestion management 
program, including, but not limited to level of service 
standards and travel demand measures, or other standards 
established by the county congestion management agency 
for designated roads or highways? 

 
 

 
 

 
 

 
X 

 
c) Result in a change in air traffic patterns, including either 
an increase in traffic levels or a change in location that 
results in substantial safety risks? 

 
 

 
 

 
 

 
X 

 
d) Substantially increase hazards due to a design feature 
(e.g., sharp curves or dangerous intersections) or 
incompatible uses (e.g., farm equipment)? 

 
 

 
 

 
 

 
X 

 
e) Result in inadequate emergency access? 

 
 

 
 

 
 

 
X 

 
f) Conflict with adopted policies, plans, or programs 
regarding public transit, bicycle, or pedestrian facilities, or 
otherwise decrease the performance or safety of such 
facilities? 

 
 

 
 

 
 

 
X 

     
    

 
XVII. UTILITIES AND SERVICE SYSTEMS -- Would the 
project: 

 
 

 
 

 
 

 
 

 
a) Exceed wastewater treatment requirements of the 
applicable Regional Water Quality Control Board? 

 
 

 
 

 
 

 
X 

 
b) Require or result in the construction of new water or 
wastewater treatment facilities or expansion of existing 
facilities, the construction of which could cause significant 
environmental effects? 

 
 

 
 

 
 

 
X 

 
c) Require or result in the construction of new storm water 
drainage facilities or expansion of existing facilities, the 
construction of which could cause significant environmental 
effects? 

 
 

 
 

 
 

 
X 
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No 
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d) Have sufficient water supplies available to serve the 
project from existing entitlements and resources, or are 
new or expanded entitlements needed? 

 
 

 
 

 
 

 
X 

 
e) Result in a determination by the wastewater treatment 
provider which serves or may serve the project that it has 
adequate capacity to serve the project’s projected demand 
in addition to the provider’s existing commitments? 

 
 

 
 

 
 

 
X 

 
f) Be served by a landfill with sufficient permitted capacity 
to accommodate the project’s solid waste disposal needs? 

 
 

 
 

 
 

 
X 

 
g) Comply with federal, state, and local statutes and 
regulations related to solid waste? 

 
 

 
 

 
 

 
X 

     
    

 
XVIII. MANDATORY FINDINGS OF SIGNIFICANCE 

 
 

 
 

 
 

 
 

 
a) Does the project have the potential to degrade the 
quality of the environment, substantially reduce the habitat 
of a fish or wildlife species, cause a fish or wildlife 
population to drop below self-sustaining levels, threaten to 
eliminate a plant or animal community, reduce the number 
or restrict the range of a rare or endangered plant or animal 
or eliminate important examples of the major periods of 
California history or prehistory? 

 
 

 
 

 
 

 
X 

 
b) Does the project have impacts that are individually 
limited, but cumulatively considerable? ("Cumulatively 
considerable" means that the incremental effects of a 
project are considerable when viewed in connection with 
the effects of past projects, the effects of other current 
projects, and the effects of probable future projects)? 

 
 

 
 

 
 

 
X 

 
c) Does the project have environmental effects which will 
cause substantial adverse effects on human beings, either 
directly or indirectly? 

 
 

 
 

 
 

 
X 

 
 
Explanations of Impact Assessment  
 
I. a, b, c, e 
The Policy, addressing numeric objectives and test methodology for toxicity, does not require 
land alteration.  While excursions of the proposed objectives may necessitate facility upgrades, 
it is unlikely that the aesthetics of the natural environment would be adversely affected by 
improvements to existing infrastructure.  Compliance may, however, require some facilities to 
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expand their operations.  Given the uniqueness of facilities, their locations, and necessary 
modifications, further examination of these potential scenarios would be purely speculative. 
 
II. a, b, c, d 
The Policy will not affect agriculture or farmland in this manner as it does not alter zoning laws 
or require land use. 
 
III. a, b, c 
It is unlikely that the Policy will adversely affect air quality.  An increase in vehicle omissions 
may occur as the toxicity monitoring requirements established in the Policy may require some 
dischargers to transport samples to laboratories on a more frequent basis.  An increase in 
omissions may also result from the construction of facility upgrades that might be necessary to 
achieve compliance.  However, the variability of facility monitoring schedules, laboratory 
locations, and the modifications required for compliance make further examination purely 
speculative. 
 
IV. a, b, c, d, e, f 
The purpose of the Policy is to improve current toxicity provisions and, in turn, extend greater 
protection to aquatic organisms inhabiting California’s inland surface waters, enclosed bays, 
and estuaries.  The Policy, therefore, poses no threat to biological resources. 
 
V. a, b, c, d 
The provisions contained in the Policy will neither change nor destroy any cultural resources. 
 
VI. a, b, c, d, e 
It is unlikely that the Policy will adversely affect the integrity of soils or earthquake faults as it 
does not address land alteration.  Facility upgrades intended to reduce toxicity may, however, 
result in erosion or fault ruptures.  The variability of facilities, locations, and the modifications 
required for compliance make further examination purely speculative. 
 
VII. a, b 
The Policy will not conflict with a plan, policy, or regulation adopted for the purpose of reducing 
greenhouse gas emissions. 
 
VIII. a, b, c, d, e, f, g, h 
The Policy will have no effect on hazardous material transportation, handling, accidents, or 
hazardous emissions.  Moreover, the proposed TST method will improve the interpretation of 
toxicity data if an upset occurs at a facility. 
 
IX. a, b, c, d, e, f, g, h, i, j 
Hydrology, storm water drainages, and groundwater supplies would not be altered through 
implementation of the Policy.  In addition, the Policy will not affect housing in any way, nor 
would it increase the risk of flooding.  Current toxicity requirements would change through the 
Policy, but no existing water quality standards will be violated as a result.  Furthermore, the 
quality of inland surface waters, enclosed bays, and estuaries will likely improve if the Policy is 
adopted. 
 
X. a, b, c 
The Policy would not affect communities, land use plans or policies, or conservation plans. 
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XI. a, b 
Mineral resources will not be impacted by the Policy. 
 
XII. a, b, c, d, e, f 
Implementation of the Policy will not directly result in an increase in noise levels.  Whether or 
not additional noise would result from treatment upgrades necessary to comply with the 
proposed objectives is unknown, and further exploration would be purely speculative. 
 
XIII. a, b, c 
The Policy will not induce population growth, affect housing, or displace individuals. 
 
XIV. a 
The Policy will not adversely impact public facilities or services. 
 
XV. a, b 
Recreational facilities will not experience an increase or decrease in size, or the number of 
visitors as a result of the Policy. 
 
XVI. a, b, c, d, e, f 
The Policy will not affect transportation, roadways, air traffic, or emergency access. 
 
XVII. a, b, c, d, e, f, g 
The Policy will strengthen, not exceed, the wastewater treatment requirements of the Regional 
Water Boards. 
 
Compliance with the proposed numeric objectives may necessitate treatment upgrades at some 
facilities.  While it is likely that such upgrades would be built upon existing infrastructure with 
minimal environmental effects, the numerous factors influencing a discharger’s course of action 
(e.g. facility uniqueness, location, treatment technology) render further explorations purely 
speculative. 
 
Although MS4 dischargers are required to remediate toxicity excursions, such efforts are 
unlikely to result in the construction or expansion of storm water drainage facilities.  The State 
and Regional Water Boards may, however, require some municipalities to upgrade their storm 
water conveyances in order to reduce toxicity, but analyzing the potential for such a scenario 
would be purely speculative, given the multiple variables involved. 
 
The State or Regional Water Boards may require NPS dischargers to carry out remediation 
efforts as well.  Because these mitigation measures are expected to vary widely, any attempts 
to analyze the effects of their implementation would be purely speculative. 
 
The Policy will not affect water supplies, POTW capacity, or solid waste. 
 
XVIII. a, b, c 
Intended to protect aquatic biota from toxic discharges, the Policy will neither degrade the 
environment nor harm plant or animal communities. 
 
Adoption of the Policy will not result in cumulatively considerable impacts. 
 
The Policy will not, in any way, cause substantial adverse effects on human beings. 
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PRELIMINARY STAFF DETERMINATION 
  

X 
 
The proposed project COULD NOT have a significant effect on the environment, and, 
therefore, no alternatives or mitigation measures are proposed.  

 
 
The proposed project MAY have a significant or potentially significant effect on the 
environment, and therefore alternatives and mitigation measures have been evaluated. 

 
Note:  Authority cited:  Sections 21083 and 21087, Public Resources Code.  Reference:  Sections 
21080(c), 21080.1, 21080.3, 21082.1, 21083, 21083.3, 21093, 21094, 21151, Public Resources Code; 
Sundstrom v. County of Mendocino, 202 Cal.App.3d 296 (1988); Leonoff v. Monterey Board of 
Supervisors, 222 Cal.App.3d 1337 (1990). 

RB-AR11069



  Policy for Toxicity Assessment and Control 
Staff Report - Public Review Draft 

 

State Water Resources Control Board  Page 81 
June 2012 

APPENDIX B: Acronyms 
 
 
AMEL  average monthly effluent limitation  
AML  average monthly limitation 
CEQA  California Environmental Quality Act 
CFR  Code of Federal Regulations 
CV  coefficient of variation 
EC  effect concentration 
IC  inhibition concentration 
IWC  instream waste concentration 
LC  lethal concentration 
LOEC  lowest observed effect concentration  
MDEL  maximum daily effluent limitation 
MDL  maximum daily limitation 
MHI  median household income 
MMEL  median monthly effluent limitation 
MMP  mandatory minimum penalty 
MS4  municipal separate storm sewer system 
MSD  minimum significant difference 
NOAEC no observed adverse effect concentration 
NOEC  no observed effect concentration 
NPDES national pollutant discharge elimination system 
NPS  nonpoint source 
PMSD  percent minimum significant difference 
POTW  publicly owned treatment works 
RMD  regulatory management decision 
SED  Substitute Environmental Documentation 
SIP  Policy for Implementation of Toxics Standards for Inland Surface Waters,   
  Enclosed Bays, and Estuaries of California (State Implementation Policy) 
TIE  toxicity identification evaluation 
TRE  toxicity reduction evaluation 
TST  Test of Significant Toxicity 
TUa  toxicity units—acute 
TUc  toxicity units—chronic 
U.S. EPA United States Environmental Protection Agency 
WDR  Waste Discharge Requirements 
WET   whole effluent toxicity 
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APPENDIX C: Definition of Terms 
 
 
Acute toxicity test 
A test to determine the concentration of effluent or receiving water that is lethal to a group of 
test organisms during a short-term exposure (e.g. 24, 48, or 96 hours). 
 
Average monthly limit (AML) / average monthly effluent limitation (AMEL) 
The highest allowable average of daily discharges over a calendar month, calculated as the 
sum of all daily discharges measured during a calendar month divided by the number of daily 
discharges measured during that month. 
 
Channelized discharger 
Dischargers subject to waste discharge requirements (WDR), conditional waivers, or conditional 
prohibitions where the discharge is directed through a channel, including the Irrigated Lands 
Regulatory Program, into surface waters not regulated under the NPDES permit program. 
 
Chronic toxicity test 
A short-term test, typically four to seven days in duration, in which sublethal effects (e.g. 
significantly reduced growth, reproduction, etc.) are measured.  Certain chronic toxicity tests 
include an additional measurement of lethality. 
 
Coefficient of variation (CV) 
A standard statistical measure of the relative variation of a distribution or set of data, defined as 
the standard deviation divided by the mean, (also referred to as the relative standard deviation).  
The CV can be used as a measure of precision within and between laboratories, or among 
replicates for each treatment concentration. 
 
Effect concentration (EC) 
A point estimate of the toxicant concentration that would cause an observable adverse effect 
(e.g. death, immobilization, or serious incapacitation) in a given percentage of the test 
organisms, calculated from a continuous model (e.g. Probit Model). 
 
Hypothesis testing  
A statistical technique (e.g. Dunnett’s test) used to determine whether a tested concentration 
results in a statistically different response from that observed in the control.  The endpoints 
derived from hypothesis testing are the No Observed Effect Concentration (NOEC), Lowest 
Observed Effect Concentration (LOEC), No Observed Adverse Effect Concentration (NOAEC), 
and Pass/Fail. 
 
Inhibition concentration (IC) 
A point estimate of the toxicant concentration that would cause a given percent reduction in a 
sublethal, biological measurement of the test organisms, such as reproduction or growth. 
 
Instream waste concentration (IWC) 
Also referred to as the receiving water concentration, the instream waste concentration 
describes the concentration of a toxicant in the receiving water after mixing. 
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Lethal concentration (LC) 
The concentration of effluent or receiving water that causes death in a pre-determined 
percentage of test organisms over a specified period of time. 
 
Lowest observed effect concentration (LOEC) 
The lowest tested concentration of an effluent or receiving water sample that causes 
observable, adverse effect on the test organisms 
 
Management practice 
Any program, process, siting criteria, operating method, measure or device which controls, 
prevents, removes, or reduces nonpoint source pollution. 
 
Maximum daily limit (MDL) / maximum daily effluent limitation (MDEL) 
The highest allowable discharge measured during a calendar day or a 24-hour period 
representing a calendar day.  When used to impose limits for chronic and acute toxicity, the 
MDL is frequently interpreted as the maximum result for the calendar month. 
 
Minimum significant difference (MSD) 
The measure of test sensitivity that establishes the minimum difference required between a 
control and a test treatment in order for that difference to be considered statistically significant. 
 
Median monthly effluent limitation (MMEL) 
The highest allowable median of “daily discharges” over a calendar month, calculated as the 
middle value of all “daily dischargers” measured during a calendar month.  
 
Municipal separate storm sewer system (MS4) 
A conveyance or system of conveyances (including roads with drainage systems, municipal 
streets, catch basins, curbs, gutters, ditches, man-made channels, or storm drains) designed or 
used for collecting or conveying storm water, which is not a combined sewer; and which is not 
part of a publicly owned treatment works.  
 
Nonpoint source (NPS) 
A category of waste discharge that does not emanate from a single, identifiable point source. 
 
No observed adverse effect concentration (NOAEC) 
A hypothesis test endpoint expressing the highest effluent or receiving water concentration at 
which the survival of the test organisms is not significantly different from that of the control. 
 
No observed effect concentration (NOEC) 
The highest tested concentration of an effluent or receiving water sample that causes no 
observable, adverse effect on the test organisms. 
 
National Pollutant Discharge Elimination System (NPDES) 
The U.S. EPA program responsible for regulating discharges to the nation’s waters.  Discharge 
permits issued under this program are required by U.S. EPA regulation to contain, where 
necessary, effluent limitations based on water quality criteria for the protection of aquatic life 
and human health. 
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Point estimate 
A statistical inference that estimates the true value of a parameter by computing a single value 
of a statistic from a set of sample data. 
 
Publicly owned treatment works (POTW) 
A wastewater treatment facility owned by a public entity, such as a city, a county, or a special 
sanitary district. 
 
Regulatory management decision (RMD) 
The decision that represents the maximum allowable error rates and thresholds for toxicity and 
non-toxicity that would result in an acceptable risk to aquatic life.  Regulatory management 
decisions are denoted as b values in the Test of Significant Toxicity and are expressed as 0.80 
for acute toxicity methods, and 0.75 for chronic toxicity methods. 
 
Response 
The measured biological endpoint(s) (e.g. survival, growth, and reproduction) used in a toxicity 
test method.  The responses from the control and the IWC are quantified using statistical 
approaches to determine if toxicity is present. 
 
Small Community 
A town or rural area that has a population of 20,000 or fewer, and a median household income 
(MHI) that is less than 80 percent of the statewide annual MHI.  Communities with a population 
of 20,000 persons or less, and an MHI above 80 percent of the statewide median may also be 
considered disadvantaged on a case-by-case basis by the applicable Water Board, provided 
that four percent or more of their MHI is paid toward wastewater infrastructure. 
 
Test of Significant Toxicity (TST) 
A statistical approach used to analyze toxicity test data.  The TST incorporates a restated null 
hypothesis, Welch’s t-test, and biological effect thresholds for chronic and acute toxicity. 
 
Toxicity identification evaluation (TIE) 
A set of site-specific procedures used to identify the specific chemical(s) causing toxicity. 
 
Toxicity reduction evaluation (TRE) 
A site-specific study conducted in a step-wise process to identify the causative agents of 
toxicity, isolate the source of toxicity, evaluate the effectiveness of toxicity control options, and 
then confirm the reduction in toxicity after the control measures are put in place. 
 
Toxicity units—acute (TUa) 
A measure of toxicity that is 100 times the reciprocal of the effluent or receiving water 
concentration that causes 50 percent of the organisms to die in an acute toxicity test (TUa = 
100/LC50).  The larger the TUa value, the greater the acute toxicity. 
 
Toxicity units—chronic (TUc) 
A measure of toxicity that is 100 times the reciprocal of the effluent or receiving water 
concentration that causes no observable effect on the test organisms in a chronic toxicity test 
(TUc = 100/NOEC or 100/EC25).  The larger the TUc value, the greater the chronic toxicity. 
 
Type I error (α Error) 
The rejection of the null hypothesis (H0) when it is, in fact, true.  
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Type II error (β Error) 
The acceptance of the null hypothesis (H0) when it is, in fact, not true. 
 
Waste Discharge Requirement (WDR) 
Regulations pertaining to various categories of discharges to State waters.  A WDR is 
equivalent to the term “permit” as defined in the Federal Water Pollution Control Act. 
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APPENDIX E: Endpoint Examples 
 
Pass/Fail Method 
 
Sample Calculation taken from U.S. EPA 2002a. 
 
Table: Acute single-concentration toxicity test data from Ceriodaphnia dubia. 
 

PROPORTION SURVIVNG
 Replicate Control 100% Effluent 

Concentration

Raw Data 
A 1.00 0.40 
B 1.00 0.30 
C 0.90 0.40 
D 0.90 0.20 

Arc Sine Transformed Data 
A 1.412 0.685 
B 1.412 0.580 
C 1.249 0.685 
D 1.249 0.464 

                                 X  1.330 0.604 
                                 

2S  0.0088 0.0111 
 
The data presented in this graph is the response proportion (RP) for each replicate: 
 
  RP = (number of surviving organisms) / (number exposed) 
 
Transform each RP to arc sine based on the following scenarios: 
 
a)  For 0 < RP < 1 
  Angle (in radians, rad) = arc sine )RP(  
 
  For replicate A (100% effluent) = 0.40 
 
  Angle (rad) = sine-1 )40.0( = 0.685 rad 
 
b)  For RP = 0  
  Angle (in radians, rad) = arc sine n4/1  
 
  Where n = number of organisms used for each replicate  
  (e.g., n = 10, angle (rad) sine-1 )104/(1 ∗ = 0.159 rad 
 
c)  For RP = 1 
  Angle = 1.5708 rad – (radians for RP = 0) 
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  Angle (rad) = 1.5708 – 0.159 = 1.412 rad 
 
Next, determination of normality is completed using the Shapiro-Wilk equations 
 

  D = ( )∑ −
=

8

1i
XiX

2
 

 
Where 
 
Xi = the i th centered observation = (replicate # – mean) 
X  = overall mean of centered observations = ( 1X …. 8X ) / 8 
D  = denominator of test statistic 
 
For this example, D = 0.06. 
 
Then, the test statistic W, is calculated by 
 

  W = ( ) ( )( )
2

1k

1i

1in XXia
D
1

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
∑ −
=

+−   

           
Where 
 

ia  =  table value based on n and i  
 

( )1inX +− – ( )1X = differences between the centered observations, i.e. ( )8X – ( )1X  
 
For this example, W = 0.807.  The table value for α = 0.01 and n = 8 is W = 0.749.  Because the 
experimental W is greater than the table value, the data set is normally distributed.  With a 
normal distribution, it is acceptable to continue to an F-test to verify the two data sets for 
homogeneity of variance. 
 

  F = 2

2

control

%100
S
S

=
0088.0
0111.0 = 2614.1  

 
At a 0.01 level of significance and 3 degrees of freedom, F = 47.467, which is much greater 
than the experimental F-value.  Therefore, the data is homogeneous.  Finally, the t-test is 
completed for this data set and compared to a table value. 
 
Calculate the following test statistic: 
 

  t = 

21 n
1

n
1S

XX

p

21

+

−  
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Where 
 

1X  =  mean for the control 

2X  =  mean for the effluent concentration 
  

  pS = 
( ) ( )

2nn
S1nS1n

21

2
22

2
11

−+
−+−

 

  
2
1S  =  variance for the control 
2
2S  =  variance for the effluent concentration 

1n  =  number of replicates for control  

2n  =  number of replicates for effluent concentration 
 
The calculated t-value is 10.298 and the critical t-value is 1.9432.  As the calculated t-value is 
greater it is assumed that the control and 100% effluent sample are significantly different with 
respect to survival. 
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NOAEC Method 
 
Sample Calculation taken from U.S. EPA 2002a. 
 
Table: Pimephales promelas survival data. 
 

EFFLUENT CONCENTRATION (μg/L)
 Replicate Control 32 64 128 256 512 

Raw Data 
A 1.00 0.80 0.90 0.90 0.70 0.40 
B 1.00 0.80 1.00 0.90 0.90 0.30 
C 0.90 1.00 1.00 0.80 1.00 0.40 
D 0.90 0.80 1.00 1.00 0.50 0.20 

Arc Sine 
Transformed 

Data 

A 1.412 1.107 1.249 1.249 0.991 0.685 
B 1.412 1.107 1.412 1.249 1.249 0.580 
C 1.249 1.412 1.412 1.107 1.412 0.685 
D 1.249 1.107 1.412 1.412 0.785 0.464 

          iY  1.330 1.183 1.371 1.254 1.109 0.604 
          

2
1S   0.0088 0.0232 0.0066 0.0155 0.0768 0.0111 

          i 1 2 3 4 5 6 
 
The arcsine transformed value was calculated in a similar manner to the single-concentration 
example above.  To test for normality, the Shapiro-Wilk test is utilized.  The centered 
observations for arc sine results are presented in the following table. 
 

EFFLUENT CONCENTRATION (μg/L) 
Replicate Control 32 64 128 256 512 

A 0.082 -0.076 -0.122 -0.005 -0.118 0.081 
B 0.082 -0.076 0.041 -0.005 0.140 -0.024 
C -0.081 0.229 0.041 -0.147 0.303 0.081 
D -0.081 -0.076 0.041 0.158 -0.324 -0.140 

 
      Note:  Centered observations = Yi – Y, where Yi is the individual and Y is the average.   
      For example, the centered observation for Replicate A, Control is 1.412 – 1.330 = 0.082. 
 
Based on this data, the calculated D value is 0.4265. 
 
The centered observations are then ordered from smallest to largest to calculate the W statistic 
for the Shapiro-Wilk test.  This gives a W value of 0.974.  The table value for n = 24 and a 
significance value of 0.01 is 0.884.  As the calculated W value is greater than the table value, 
the data set is considered to be normally distributed. 
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In order to determine the homogeneity of variance across all concentration levels and control, 
Bartlett’s Test is used. 
 

  B = 
C
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Where 
 
Vi  =  degrees of freedom for each toxicant and control, Vi = (ni – 1) 
ni  = the number of replicates for concentration i 
ln  =  loge 
i =  1, 2, …., p where p is the number of concentrations including control 
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For the data in this example, all data types have the same number of replicates (ni = 4 for all i) 
so Vi = 3 for all i.  After substituting the correct information into the equation, B = 6.036.  The 
critical value (table value) at a significance level of 0.01 and 5 degrees of freedom is 15.086.  
Because the calculated value of B is less than the table value, the data is considered 
homogeneous with respect to variance. 
 
As a result of this information, the data is now processed via Dunnett’s Procedure.  If this step 
proved to have non-homogeneous variance, the non-parametric Steel’s Many-one Rank test 
would be employed. 
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Dunnett’s Procedure uses pooled variance, which requires the construction of an ANOVA table. 
 

Source Degrees of 
Freedom (DF) 

Sum of Squares 
(SS) 

Mean Square  
(SS / DF) 

Between p – 1 SSB SB
2 = SSB / (p – 1) 

Within N – p SSW SW
2 = SSW / (N – p)

Total N – 1 SST  

 
Where 
 
p = number of toxicant concentrations including the control 
N  = total number of observations n1 + n2….. + nP 
ni = number of observations in concentration i 
 

  SST = 
N
GijY

2
2

p

1i

in

1j
−∑∑

= =
 Total sum of squares 

 

  SSB = 
n

G
n
T 2

i

2
i

p

1i
−∑

=
  Between sum of squares 

 
  SSW = SST – SSB  Within sum of squares 
 

G = the grand total of all sample observations, G = ∑
=

p

1i
iT  

Ti = the total of the replicate measurements for concentration “i” 
Yij = the jth observation for concentration “i” (represents the proportion surviving for  
  toxicant concentration i in test chamber j) 
 
For this example: 
 
n1 = n2 = n3 = n4 = n5 = n6 = 4 
 
N = 24 
 
T1 = Y11 + Y12 + Y13 + Y14 = 5.322 
 
T2 = Y21 + Y22 + Y 23 + Y 24 = 4.733 
 
T3 = Y 31 + Y 32 + Y 33 + Y 34 = 5.485 
 
T4 = Y 41 + Y 42 + Y 43 + Y 44 = 5.017 
 
T5 = Y 51 + Y 52 + Y 53 + Y 54 = 4.437 
 
T6 = Y 61 + Y 62 + Y 63 + Y 64 = 2.414 
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G = T1 + T2 + T3 + T4 + T5 + T 6 = 27.408 
 
SST = 33.300 – (27.408)2 / 24 = 2.000 
 
SSB = (131.495) / 4 – (27.408)2 / 24 = 1.574 
 
SSW = 2.000 – 1.574 = 0.4260 
 

2
BS = 1.574 / (6 – 1) = 0.3150 

 
2
WS = 0.426 / (24 – 6) = 0.024 

 
The ANOVA information is needed to calculate the t statistic for this data set.  In order to 
interpret the data, each individual concentration is compared to the control with the following 
equation: 
 

  ti = 
( ) ( )[ ]i1W

1

n/1n/1S
iYY

+
−

 

 
Where 

    

iY  = mean proportion surviving for concentration i 

1Y  = mean proportion surviving for the control 

wS  = square root of the within mean square 

1n  = number of replicates for control 

in  = number of replicates for concentration i 
 

Effluent Concentration (μg/L) i ti 

32 2 1.341 
64 3 -0.374 

128 4 0.693 
256 5 2.016 
512 6 6.624 

 
The goal of these calculations is to test for a reduction in proportion surviving.  For this reason, 
a one-sided test is appropriate.  For an overall α of 0.05, 18 degrees of freedom for error and 5 
concentrations (excluding the control), the critical value is 2.41.  The mean proportion surviving 
is significantly different when the calculated t value is greater than the critical value.  This occurs 
at 512 μg/L.  Hence, the NOAEC for survival is 256 μg/L. 
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Lastly, the sensitivity of the test is quantified with the minimum significant difference (MSD).  
 
  MSD = ( ) ( )[ ]n/1n/1dS 1w +  
 
Where 
 
d = the critical value for the Dunnett’s procedure 
Sw = the square root of the within mean square 
n = the common number of replicates at each concentration (assuming equal   
  replication at each concentration) 
n1 = the number of replicates in the control 
 
In the case of this example, 
 
   MSD = )4/14/1()155.0(41.2 +  = 0.264 
 
This answer is in transformed units.  To transform it to survival units, use the following steps: 
 
1) Subtract the MSD from the transformed control mean. 
   
  1.330 – 0.264 = 1.066 
 
2) Obtain the untransformed values for the control mean and difference calculated in step 1). 
  
  [sine (1.330)]2 = 0.943 
 
  [sine (1.066)]2 = 0.766 
 
3) The untransformed MSD (MSDu) is determined by subtracting the untransformed values 

from 2.   
 
  MSDu = 0.943 – 0.766 = 0.177 
 
This indicates that minimum difference in mean proportion surviving between the control and 
any toxicant concentration that can be detected as statistically significant is 0.177.  This 
represents a decrease in survival of 19% from the control. 

RB-AR11085



  Policy for Toxicity Assessment and Control 
Staff Report - Public Review Draft 

 

State Water Resources Control Board  Page 97 
June 2012 

NOEC Method 
 
Sample Calculation taken from U.S. EPA 2002b. 
 
Table: Pimephales promelas larval growth data. 
 

EFFLUENT CONCENTRATION (μg/L) 
Replicate Control 32 64 128 256 

A 0.711 0.517 0.602 0.566 0.455 
B 0.662 0.501 0.669 0.612 0.502 
C 0.646 0.723 0.694 0.410 0.606 
D 0.690 0.560 0.676 0.672 0.254 

Mean )iY(   0.677 0.575 0.660 0.565 0.454 
Total )iT(  2.709 2.301 2.641 2.260 1.817 

 
One way to obtain an estimate of the pooled variance is to construct an ANOVA table including 
all sums of squares, using the following formulas: 
 
Where 
 
p = number of effluent concentrations including: 
 
  SST =∑ −

ij

22
ij N/GY   Total sum of squares 

 
  SSB = N/Gn/T

i

2
i

2
i∑ −  Between sum of squares 

 
  SSW = SSBSST −   Within sum of squares 
 

G = the grand total of all sample observations; G =∑
=

P

1i
iT  

iT  = the total of the replicate measures for concentration i 
 
N = total sample size; N =∑

i
in  

in  = the number of replications for concentration i 
 

ijY  = the jth observation for concentration i 
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For the data in this example: 
 
n1 = n2 = n3 = n4 = n5 = 4 
 
N = 20 
 
T1 = Y11 + Y12 + Y13 + Y14 = 2.709 
 
T2 = Y21 + Y22 + Y23 + Y24 = 2.301 
 
T3 = Y31 + Y32 + Y33 + Y34 = 2.641 
 
T4 = Y41 + Y42 + Y43 + Y44 = 2.260 
 
T5 = Y51 + Y52 + Y53 + Y54 = 1.817 
 
G = T1 + T2 + T3 + T4 + T5 = 11.728 
 
SST = 7.146 – (11.728)2 / 20 = 0.2687 
 
SSB = 

4
3 (28.017 – 11.728)2 / 20 = 0.1270 

 
SSW = 0.2687 – 0.1270 = 0.1417 
 
Dunnett’s Procedure uses pooled variance, which requires the construction of an ANOVA table 
(see NOAEC example). 
 

Source Degrees of 
Freedom  Sum of Squares  Mean Square  

Between 5 – 1 = 4 0.1270 0.0318 
Within 20 – 5 = 15 0.1417 0.0094 
Total 19 0.2687  

 
To perform the individual comparisons, calculate the t-statistic for each concentration and 
control combination as follows: 
 

  t = 
( ) ( )[ ]i1W

1

n/1n/1S
iYY

+
−

 

Where 
    

iY  = mean for concentration i 

1Y  = mean for the control 

wS  = square root of the within mean square 

1n  = number of replicates for control 

in  = number of replicates for concentration i 
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Table: Calculated t-values. 
 

Effluent Concentration (μg/L) i ti 

32 2 1.487 
64 3 0.248 

128 4 1.633 
256 5 3.251 

 
Since the purpose of the test is only to detect a decrease in growth from the control, a one-sided 
test is appropriate.  The critical value for the one-sided comparison (2.36), with an overall α level 
of 0.05, 15 degrees of freedom and four concentrations excluding the control is read from the 
table of Dunnett's t-values (Table C.5 in U.S. EPA 2002b).  The mean weight for concentration i 
is considered significantly less than the mean weight for the control if ti is greater than the 
critical value.  Since T5 is greater than 2.36, the 256 μg/L concentration has significantly lower 
growth than the control.  Hence the NOEC and LOEC for growth are 128 μg/L and 256 μg/L, 
respectively. 
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TST Method 
 
Sample Calculations taken from U.S. EPA 2010. 
 
Example 1: Chronic Ceriodaphnia dubia reproduction test with low within-test variability. 
 

Replicate/Statistic Control Treatment 
1 29 31 
2 38 28 
3 31 25 
4 34 28 
5 36 22 
6 35 21 
7 30 27 
8 31 26 
9 36 29 

10 34 30 
Mean 33.4 26.7 

Standard 
Deviation 2.989 3.268 

# of Replicates (n) 10 10 
 
Each endpoint must be calculated independently (e.g. reproduction, survival, etc.) 
 
1) Transform data with arcsine square root transformation if applicable (not necessary for this 

data). 
 
a)  For 0 < RP < 1 
  Angle (in radians, rad) = arc sine )RP(  
 
  For replicate A (100% effluent) = 0.40 
 
  Angle (rad) = sine-1 )40.0( = 0.685 rad 
 
b)  For RP = 0  
  Angle (in radians, rad) = arc sine n4/1  
 
  where n = number of organisms used for each replicate  
  (e.g., n = 10, angle (rad) sine-1 )104/(1 ∗ = 0.159 rad 
 
c)  For RP = 1 
  Angle = Angle = 1.5708 rad – (radians for RP = 0) 
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2) Conduct Welch’s t-test. 
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3. Adjust the degrees of freedom. 
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4. Compare the calculated t-value with the critical t-value. 
 
Given 15 degrees of freedom and an alpha level set at 0.20, the critical t-value = 0.86 (obtained 
from Table E-1 in U.S. EPA 2010). 
 
5. 1.32 > 0.86 = pass 
 
The calculated t-value is greater than the critical t-value.  Therefore, the effluent is declared “not 
toxic” and the test result is a “pass.” 
 
Example 2: Chronic Ceriodaphnia dubia reproduction test with high within-test 
variability. 
 

Replicate/Statistic Control Treatment 
1 27 32 
2 38 28 
3 27 25 
4 34 28 
5 37 20 
6 35 15 
7 30 27 
8 31 31 
9 36 31 

10 39 30 
Mean 33.4 26.7 

Standard 
Deviation 4.402 5.417 

# of Replicates (n) 10 10 
 
Each endpoint must be calculated independently (e.g. reproduction, survival, etc.) 
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1) Transform data with arcsine square root transformation if applicable (not necessary for this 
data). 

 
2) Conduct Welch’s t-test. 
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3) Adjust the degrees of freedom. 
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4) Compare the calculated t-value with the critical t-value.  
 
Given 15 degrees of freedom and an alpha level set at 0.20, the critical t-value = 0.87 (obtained 
from Table E-1 in U.S. EPA 2010). 
 
5) 0.82 < 0.87 = fail 
 
The calculated t-value is less than the critical t-value.  Therefore, the effluent is declared “toxic” 
and the test result is a “fail.” 
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APPENDIX F: Reasonable Potential Analysis 
 
 
California Ocean Plan Method 
 
Step 1: Identify Co; the applicable water quality objective for the pollutant. 
 
Step 2: Does the information about the receiving water body or the discharge support a 
reasonable potential assessment (RPA) without characterizing facility-specific effluent 
monitoring data?  If yes, go to Step 13 to conduct an RPA based on best professional judgment 
(BPJ). Otherwise, proceed to Step 3. 
 
Step 3: Is facility-specific effluent monitoring data available?  If yes, proceed to Step 4.  
Otherwise, go to Step 13. 
 
Step 4: Adjust all effluent monitoring data Ce, including censored (Non-detect (ND) or Detected, 
but not quantified (DNQ)) values to the concentration X expected after complete mixing.  For 
pollutants, use X = (Ce + DmCs) / (Dm + 1); for acute toxicity use X = Ce / (0.1Dm + 1); where Dm 
is the minimum probable initial dilution expressed as parts seawater per part wastewater and Cs 
is the background seawater concentration.  For ND values, Ce is replaced with <MDL; for DNQ 
values Ce is replaced with <ML.  Go to step 5. 
 
Step 5: Count the total number of samples n, the number of censored (ND or DNQ) values, c 
and the number of detected values, d, such that n = c + d. 
 
Is any detected pollutant concentration after complete mixing greater than Co?  If yes, the 
discharge causes an excursion of Co; go to Endpoint 1.  Otherwise, proceed to Step 6. 
 
Step 6: Does the effluent monitoring data contain three or more detected observations (d ≥ 3)?  
If yes, proceed to Step 7 to conduct a parametric RPA. Otherwise go to Step 11 to conduct a 
nonparametric RPA. 
 
Step 7: Conduct a parametric RPA.  Assume data are lognormally distributed, unless otherwise 
demonstrated.  Does the data consist entirely of detected values (c/n =0)?  If yes, calculate 
summary statistics ML and SL, the mean and standard deviation of the natural logarithm 
transformed effluent data expected after complete mixing, ln(X), and go to Step 9.  Otherwise, 
proceed to Step 8. 
 
Step 8: Is the data censored by 80% or less (c/n ≤ 0.8)?  If yes, calculate summary statistics ML 
and SL using the censored data analysis method of Helsel and Cohn (1988) and go to Step 9.  
Otherwise, proceed to Step 11. 
 
Step 9: Calculate the UCB i.e. the one-sided, upper 95% confidence bound for the 95th 
percentile of the effluent distribution after complete mixing.  For lognormal distributions, use 
UCBL (0.95,0.95) = exp(ML + SLg’(0.95,0.95, n), where g’ is a normal tolerance factor obtained from 
the table (Ocean Plan, Table VI-1).  Proceed to Step 10. 
 
Step 10: Is the UCB greater than Co?  If yes, the discharge has a reasonable potential to cause 
an excursion of Co; go to Endpoint 1.  Otherwise, the discharge has no reasonable potential to 
cause an excursion of Co; go to Endpoint 2. 
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Step 11: Conduct a non-parametric RPA.  Compare each data value X to Co.  Reduce the 
sample size n by 1 for each tie (i.e. inconclusive censored value result) present.  An adjusted 
ND value Co < MDL is a tie.  An adjusted DNQ value having Co < ML is also a tie. 
 
Step 12: Is the adjusted n > 15?  If yes, the discharge has no reasonable potential to cause an 
excursion of Co; go to Endpoint 2.  Otherwise, go to Endpoint 3. 
 
Step 13: Conduct an RPA based on BPJ.  Review all available information to determine if a 
water quality-based effluent limitation is required, notwithstanding the above analysis in Steps 1-
12, to protect beneficial uses.  Information that may be used includes: the facility type, the 
discharge type, solids loading analysis, lack of dilution, history of compliance problems, 
potential toxic impact of discharge, fish tissue residue data, water quality and beneficial uses of 
the receiving water, CWA 303(d) listing for the pollutant, the presence of endangered or 
threatened species or critical habitat, and other information. 
 
Is data or other information unavailable or insufficient to determine if a water quality-based 
effluent limitation is required?  If yes, go to Endpoint 3.  Otherwise, go to either Endpoint 1 or 2 
based on BPJ. 
 
Endpoint 1: An effluent limitation must be developed for the pollutant.  Effluent monitoring for the 
pollutant, consistent with the monitoring frequency (State Water Board 2005a, Appendix III), is 
required. 
 
Endpoint 2: An effluent limitation is not required for the pollutant.  Effluent monitoring is not 
required for the pollutant; the Regional Board, may require occasional monitoring for the 
pollutant or for whole effluent toxicity as appropriate. 
 
Endpoint 3: The RPA is inconclusive.  Monitoring for the pollutant or whole effluent toxicity 
testing, consistent with the monitoring frequency (State Water Board 2005a, Appendix III), is 
required.  An existing effluent limitation for the pollutant shall remain in the permit, otherwise the 
permit shall include a reopener clause to allow for subsequent modification of the permit to 
include an effluent limitation if the monitoring establishes that the discharge causes, has the 
reasonable potential to cause, or contributes to an excursion above a water quality objective. 
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TSD Method 
 
Determining reasonable potential for excursions above ambient criteria using factors 
other than facility-specific effluent data monitoring data 
 
When determining the “reasonable potential” of a discharge to cause an excursion above a 
state water quality standard, the regulatory authority must consider all the factors listed in 40 
CFR part 122.44(d)(1)(ii).  Examples of the types of information relating to these factors are 
listed below. 
 
Existing controls on point and nonpoint sources of pollution 
 
• Industry type: Primary, secondary, raw materials used, products produced, best 

management practices, control equipment, treatment efficiency, etc. 
 
• Publicly owned treatment work type: Pretreatment, industrial loadings, number of taps, unit 

processes, treatment efficiencies, chlorination/ammonia problems, etc. 
 
Variability of the pollutant or pollutant parameter in the effluent 
 
• Compliance history 
 
• Existing chemical data from discharge monitoring reports and applications 
 
Sensitivity of the species to toxicity testing 
 
• Adopted state water quality criteria or EPA criteria 
 
• Any available instream survey data applied under independent application of water quality 

standards 
 
• Receiving water type and designated/existing uses 
 
Dilution of the effluent in the receiving water 
 
• Dilution calculations 
 
Determining reasonable potential for excursions above ambient criteria using effluent 
data only 
 
Step 1: Determine the number of total observations (n) for a particular set of effluent data 
(concentrations or toxic units [TUs]), and determine the highest value from that data set. 
 
Step 2: Determine the coefficient of variation for the data set.  For a data set where n<10, the 
coefficient of variation (CV) is estimated to equal 0.6, or the CV is calculated from data obtained 
from a discharger.  For a data set where n>10, the CV is calculated as the standard 
deviation/mean.  For less than 10 items of data, the uncertainty in the CV is too large to 
calculate a standard deviation or mean with sufficient confidence. 
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Step 3: Determine the appropriate ratio from the Table (in this case, it is Table 3-1 or Table 3-2 
in the TSD). 
 
Step 4: Multiply the highest value from a data set by the table ratio value.  Use this value with 
the appropriate dilution to project a maximum receiving water concentration (RWC). 
 
Step 5: Compare the projected maximum RWC to the applicable standard (criteria maximum 
concentration, criteria continuous concentration [CCC], or reference ambient concentration).  
The U.S. EPA recommends that permitting authorities find reasonable potential when the 
projected RWC is greater than the ambient criterion. 
 
Example: Consider the following results of toxicity measurements of an effluent that is being 
characterized: 5 TUc, 2 TUc, 9 TUc and 6 TUc.  Assume that the effluent is diluted to 2% at the 
edge of the mixing zone.  Further assume that the CV is 0.6, the upper bound of the effluent 
distribution is the 99th percentile, and the confidence level is 99%. 
 
Step 1: There are four samples, and the maximum value of the sample results is 9 TUc. 
 
Step 2: The value of the CV is 0.6. 
 
Step 3: The value of the ratio for 4 pieces of data and a CV of 0.6 is 4.7. 
 
Step 4: The value that exceeds the 99th percentile of the distribution (ratio times xmax) after 
dilution is calculated as: 
 
    [9 TUc x 4.7 x 0.02] = 0.85 TUc 
 
Step 5: 0.85 TUc is less than the ambient criteria concentration of 1.0 TUc.  There is no 
reasonable potential for this effluent to cause an excursion above the CCC. 
 
Outcome 1: The discharge causes or contributes to an excursion above a numeric or narrative 
water quality criterion for WET and a WQBEL for WET is required; 

Outcome 2: The discharge has the reasonable potential to cause or contribute to an excursion 
above a numeric or narrative water quality criterion for WET and a WQBEL for WET is required; 

Outcome 3: The discharge does not [have the reasonable potential to] cause or contribute to an 
excursion above a numeric or narrative water quality criterion for WET and a WQBEL for WET 
is not required; however, WET permit triggers used in conjunction with accelerated monitoring 
and TREs are recommended by EPA; or 

Outcome 4: There is inadequate information to determine whether or not the discharge causes, 
has the reasonable potential to cause, or contributes to an excursion above a numeric or 
narrative water quality criterion for WET and a WQBEL for WET is not required; however, WET 
permit triggers used in conjunction with accelerated monitoring and TREs are recommended by 
EPA. 
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TST Method 
 
All valid WET test data generated during the current permit term and any additional valid data 
are analyzed, according to the TST approach, using the instream waste concentration (IWC) 
and control test concentrations.  If the TST indicates that the instream waste concentration is 
toxic in any WET test, reasonable potential has been demonstrated.  In order to further address 
reasonable potential concerns, a second test is applied even if all TST test results initially pass: 
 

100
ResponseControlMean

IWCatResponseMeanResponseControlMeanIWCatEffect% •
−

=  

 
The regulatory management decision threshold for non-toxicity is 10% effect at the instream 
waste concentration.  At or below this percent effect level, the TST approach is designed to 
declare a test sample not toxic, at least 95% of the time, to help control for false positives.  
Therefore, a test sample with an effect level greater than 10% at the instream waste 
concentration demonstrates reasonable potential to cause toxicity. 
 
The current TST approach results in four outcomes with respect to reasonable potential at the 
instream waste concentration: 
 
1) Caused (sample is toxic): Reasonable potential is demonstrated if any one test fails. 
 
2) Potential to Cause (sample has reasonable potential to cause toxicity): If any test sample 
exhibits an effect at the instream waste concentration higher than 10%, as compared to the 
control response, reasonable potential is demonstrated (regardless of the initial test result). 
 
3) No reasonable potential (sample is not toxic at the instream waste concentration): Effluent 
does not cause or have potential to cause toxicity if the tests pass and the effect at the IWC is 
always less than 10%. 
 
Table: Various outcomes of the TST reasonable potential approach using data from 
Ceriodaphnia chronic survival and reproduction WET tests. 
 

Example 
Pass Fail 
Based on 

TST 
Analysis 

Mean 
Control 

Response 

Mean 
Response at 

IWC 
% Effect at 

IWC 
Reasonable 
Potential? 

A Fail 26.3 17.0 35.4 Yes 
B Pass 26.3 23.4 11.0 Yes 
C Pass 28.6 22.0 23.1 Yes 
D Pass 22.4 20.9 6.7 No 
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APPENDIX G: Permit Limit Derivation 
 
 
U.S. EPA Method 
 
The following examples, adopted from EPA Region 9 and 10 Toxicity Training Tool demonstrate 
the method for calculating chronic and acute toxicity WLAs. 
 
 Mass Balance Equation 
 

Cr Qr  = Ce Qe + Cs Qs 
 
 Where 
             C  = critical value for WET (in units of TUc or TUa) 

            Q  = critical value for flow (in units of cfs or MGD) 
            r  =  effluent plus upstream after discharge 
            e  = effluent discharge 
            s  = upstream before discharge 

 
 Sa  = critical dilution factor authorized by Permitting   
    Authority 

  = (1 + Qs / Qe) or output from dilution model 
 

Ce  = wasteload allocation (WLA) in units of TUc, TUa, or TUa,c 
  = Cr + [(Qs / Qe) (Cr – Cs)] 
  = Cr + [(Sa – 1) (Cr – Cs)] 

 
 The wasteload allocation (WLAc) for chronic toxicity in the effluent discharge is calculated 

using the mass-balance equation. 
 

Cr  = criterion continuous concentration (CCC) to protect against 
chronic effects 

  = 1.0 TUc 
 

 Cs  = critical value for WET upstream before discharge 
  = 0 TU 

 Sac  = chronic critical dilution factor 
   = (1 + Qs7Q10 (or 4B3) / Qe) 

  = 8 
 

 Ce  = WLA in units of TUc 
  = Cr + (Sa – 1) (Cr – Cs) 
  = 1 + (8 – 1) (1 – 0) 
  = 8 TUc 
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 The wasteload allocation for acute toxicity in the effluent discharge is expressed in chronic 
toxic units (WLAa,c) and calculated using the mass-balance equation and an acute-to-
chronic ratio. 

 
ACR  = acute-to-chronic ratio in TSD Section 1.3.4 
  = LC50 / NOEC 
  = TUc / TUa 
  = 10 

 
TUa,c  = 10 × TUa, where acute toxicity is expressed 
    in chronic toxic units (TUa,c) 

 
Cr  = criterion maximum concentration (CMC) to protect against 

acute effects 
  = 0.3 TUa 

 
 Cs  = critical value for WET upstream before discharge 

  = 0 TU 
 

 Saa  = acute critical dilution factor 
   = (1 + Qs1Q10 (or 1B3) / Qe) 

  = 1 
 

Ce  = WLA in units of TUa,c 
  = [Cr +  (Sa – 1) (Cr – Cs)] × ACR 
  = [0.3 + (1 – 1) (1 – 0)] × 10 
  = 3 TUa,c 

 
 The following is an example of the two-value steady state WLA permit limit formula adapted 

from Box 5-2 of the U.S. EPA’s Technical Support Document for Water Quality-based Toxics 
Control. 

 
 Where              
 

CV  = coefficient of variation 
σ  = standard deviation 
WLAa,c          = acute wasteload allocation in chronic toxic units 
WLAa  = acute wasteload allocation in acute toxic units 
WLAc  = chronic wasteload allocation in chronic toxic units 
LTAa,c  = acute long-term average wasteload in chronic units 
LTAc  = chronic long-term average wasteload 
TUa  = acute toxic units 

  TUc  = chronic toxic units 
ACR               = acute-to-chronic ratio 

  MDL  = maximum daily limit 
  AML = average monthly limit 
  z  = z statistic 
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 Step 1: 
 
  WLAac (in TUc) = WLAa (in TUa) × ACR 
 
 Step 2: 
 
  LTAa,c = WLAa,c × e [0.5 σ2 – zσ] 
 Where  
      σ2 = 1n (CV2 + 1)  
  z = 1.645 for 95th percentile probability basis and, 
  z = 2.326 for 99th percentile probability basis 
 
  LTAc = WLAc × e [0.5 σ4

2 – zσ4] 
 
 Where 
  σ4

2 = 1n (CV2 / 4 + 1) 
  z = 1.645 for 95th percentile probability basis and, 
  z = 2.326 for 99th percentile probability basis 
 
 Step 3: 
   
  LTA = min (LTAc, LTAa,c) 
 
 Step 4: 
 
  MDL = LTA × e [zσ – 0.5σ2] 
 
 Where 
  σ2 = 1n (CV2 + 1)  
  z = 1.645 for 95th percentile probability basis and, 
  z = 2.326 for 99th percentile probability basis 
 
  AML = LTA × e [zσn

 – 0.5σn
2] 

 
 Where 
  σn

2 = 1n (CV2 / n + 1) 
  z = 1.645 for 95th percentile probability basis and, 
  z = 2.326 for 99th percentile probability basis 
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SIP Method 
 
Effluent Concentration Allowance = C + D (C – B) when C ≥ B, and 
Effluent Concentration Allowance = C  when C ≤ B 
 
 Where 
 

C = the priority pollutant criterion/objective, adjusted (as described in 
Section 1.2 of the SIP), if necessary, for hardness, pH, and 
translators (as described in Section 1.4.1 of the SIP). 

  
D = the dilution credit (as determined in Section 1.4.2 of the SIP)  

 
B = the ambient background concentration. The ambient background 
  concentration shall be the observed maximum (as determined in 
  accordance with Section 1.4.3.1 of the SIP) with the exception that 

an effluent concentration allowance calculated from a priority 
pollutant criterion/objective that is intended to protect human 
health from carcinogenic effects shall use the ambient background 
concentration as an arithmetic mean (determined in accordance 
with Section 1.4.3.2. of the SIP). 
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APPENDIX H: Economic Impacts 
 
State Water Board staff previously contracted with Scientific Applications International 
Corporation (SAIC) to complete the economic analysis required by Water Code, section 13241.  
The following report, prepared by Abt Associates, is a revised version of the December 2009 
analysis that was included in the draft Staff Report released in October 2010. 
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1 Introduction 

This report updates the 2008 analysis by Science Applications International Corporation (SAIC) 
on the  economic considerations associated with the State Water Resources Control Board’s 
(State Water Board) proposed statewide numeric whole effluent toxicity (WET) objectives for 
aquatic life beneficial use protection and minimum requirements for implementation (the Policy). 

1.1 Background 

The Clean Water Act (CWA) directs states, with oversight by the U.S. Environmental Protection 
Agency (EPA), to adopt water quality standards to protect the public health and welfare, enhance 
the quality of water, and serve the purposes of the CWA. Under Section 303, state water quality 
standards must include: (1) designated uses for all water bodies within their jurisdictions, (2) 
water quality criteria sufficient to protect the most sensitive of the uses, and (3) an 
antidegradation policy consistent with the regulations at 40 CFR 131.12. The CWA also requires 
states to hold public hearings once every three years for the purpose of reviewing applicable 
water quality standards and, as appropriate, modifying and adopting standards. The results of this 
triennial review must be submitted to EPA, and EPA must approve or disapprove any new or 
revised standards.  

In implementing the CWA, the State Water Board and the Regional Water Quality Control 
Boards (Regional Water Boards; together the Water Boards) follow the integrated approach to 
water quality-based toxics control recommended by EPA. This approach combines the use of 
chemical-specific and WET limits to control the discharge of toxics to surface waters. Chemical-
specific limits provide control of known pollutants in a discharge; WET limits provide control of 
unknown pollutants and the aggregate effects of combined pollutants in a discharge. Both 
chemical-specific and WET limits are crucial to water quality-based control in California. 

The California Toxics Rule (CTR) establishes chemical-specific criteria applicable to inland 
surface waters, enclosed bays, and estuaries. The Policy for Implementation of Toxics Standards 
for Inland Surface Waters, Enclosed Bays, and Estuaries of California (SIP) provides procedures 
for implementing the criteria in National Pollutant Discharge Elimination System (NPDES) 
permits. The SIP also addresses toxicity control. As directed by the State Water Board, the 
Policy will supersede the toxicity control provisions in the SIP to clarify the appropriate form of 
WET effluent limits in NPDES permits and standardize implementation in the permitting 
process. The Policy also applies to Waste Discharge Requirements (WDR) and the irrigated 
lands regulatory program, and supersedes existing Basin Plan requirements. 

1.2 Scope of the Analysis 

The California Water Code (CWC) requires the Regional Water Boards to take “economic 
considerations,” among other factors, into account when they establish water quality objectives. 
In doing so, State Water Board (1999; 1994) concluded that, at a minimum, the Water Boards 
must analyze: 

 Whether the proposed objective is currently being attained 
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 If not, what methods are available to achieve compliance 
 The cost of those methods. 

If the economic consequences of adoption are potentially significant, the Regional Water Boards 
must explain why adoption is necessary to ensure reasonable protection of beneficial uses or 
prevent nuisance. The Regional Water Boards can adopt objectives despite significant economic 
consequences; there is no requirement for a formal cost-benefit analysis.  

Consistent with State Water Board (1999; 1994) guidance, this report provides analysis of 
whether dischargers are likely to be able to comply with the Policy, the potential control methods 
to achieve compliance for dischargers that would be in violation, and the potential cost of such 
controls. The evaluation is based on currently available data only, and needed controls and costs 
reflect only incremental expenditures associated with the Policy (not controls needed to comply 
with existing regulatory requirements). This analysis does not address potential benefits of the 
policy.  

1.3 Organization of Report 

The remainder of this report is organized as follows: 

 Section 2: Current Regulatory Framework – describes the current applicable 
toxicity criteria and implementation procedures that provide the baseline for the 
analysis of the incremental impact of the Policy.  

 Section 3: Proposed Policy – describes the toxicity control policy. 
 Section 4: Method for Evaluating Compliance and Costs – describes the method 

for evaluating compliance under the current regulatory framework and the Policy, and 
estimating potential incremental Policy costs. 

 Section 5: Results of the Analysis – provides the estimates of compliance and costs, 
and discusses the uncertainties associated with the estimates.  

 Section 6: References – provides the references used in the analysis.  

 Appendix A: Facility Analyses: provides information on individual sample facilities 
and the detailed compliance analyses.  
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2 Current Regulatory Framework 

This section identifies the current framework for regulating discharges to inland surface waters, 
enclosed bays, and estuaries. The current regulatory framework is the baseline against which cost 
changes associated with the Policy are determined. Thus, only costs that are greater or less than 
the costs associated with the baseline (i.e., incremental costs) would be attributable to the Policy. 

2.1 Existing Toxicity Provisions 

Exhibit 2-1 shows the toxicity provision in existing Regional Water Board Basin Plans. 

Exhibit 2-1. Existing Regional Water Board Toxicity Provisions 
Regional 

Water Board Basin Plan Toxicity Provisions 

North Coast (1) 

 All waters shall be maintained free of toxic substances in concentrations that are 
toxic to, or that produce detrimental physiological responses in human, plant, 
animal, or aquatic life.  
 The survival of aquatic life in surface waters subjected to a waste discharge, or 
other controllable water quality factors, shall not be less than that for the same 
water body in areas unaffected by the waste discharge, or when necessary for 
other control water that is consistent with the requirements for “experimental 
water” as described in Standard Methods for the Examination of Water and 
Wastewater. As a minimum, compliance with this objective shall be evaluated 
with a 96-hour bioassay. 
 Effluent limits based on acute bioassays of effluents will be prescribed. Where 
appropriate, additional numerical receiving water objectives for specific toxicants 
will be established as sufficient data become available, and source control of toxic 
substances will be encouraged. 

San Francisco 
Bay (2) 

 All waters shall be maintained free of toxic substances in concentrations that are 
lethal to or that produce other detrimental responses in aquatic organisms, 
including but not limited to, decreased growth rate and reproductive success of 
resident or indicator species.  
 There shall be no acute toxicity in ambient waters, defined as a median of less 
than 90% survival, or less than 70% survival, 10% of the time, of test organisms 
in a 96-hour static or continuous flow test. 
 There shall be no chronic toxicity in ambient waters, defined as a detrimental 
biological effect on growth rate, reproduction, fertilization success, larval 
development, population abundance, community composition, or any other 
relevant measure of the health of an organism, population, or community. 
 The health and life history characteristics of aquatic organisms in waters affected 
by controllable water quality factors shall not differ significantly from those in 
areas unaffected by controllable water quality factors. 
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Exhibit 2-1. Existing Regional Water Board Toxicity Provisions 
Regional 

Water Board Basin Plan Toxicity Provisions 

Central Coast 
(3) 

 All waters shall be maintained free of toxic substances in concentrations which 
are toxic to, or which produce detrimental physiological responses in, human, 
plant, animal, or aquatic life.  
 Survival of aquatic life in surface waters subjected to a waste discharge or other 
controllable water quality conditions, shall not be less than that for the same 
water in areas unaffected by the waste discharge or, when necessary, for other 
control water that is consistent with the requirements for “experimental water” 
described in Standard Methods for the Examination of Water and Wastewater. As 
a minimum, compliance with this objective shall be evaluated with a 96-hour 
bioassay.  
 Effluent limits based on acute bioassays of effluents will be prescribed; where 
appropriate, numeric receiving water objectives for specific toxicants will be 
established as sufficient data become available, and source control of toxic 
substances is encouraged. 

Los Angeles 
(4) 

 All waters shall be maintained free of toxic substances in concentrations which 
are toxic to, or which produce detrimental physiological responses in, human, 
plant, animal, or aquatic life. 
 Survival of aquatic life in surface waters subjected to a waste discharge or other 
controllable water quality conditions shall not be less than that for the same water 
in areas unaffected by the discharge or, when necessary, for other control water. 
 There shall be no acute toxicity in ambient waters, including mixing zones. The 
acute toxicity objective for discharges dictates that the average survival in 
undiluted effluent for any 3 consecutive 96-hour static or continuous flow 
bioassay tests shall be at least 90%, with no single test having less than 70% 
survival when using an established EPA, State Board, or other protocol 
authorized by the Regional Water Board. 
 There shall be no chronic toxicity in ambient waters outside of mixing zones. To 
determine compliance with this objective, critical life stage tests for at least three 
test species with approved testing protocols shall be used to screen for the most 
sensitive species. The test species used for screening shall include a vertebrate, 
an invertebrate, and an aquatic plant. The most sensitive test species shall then 
be used for routine monitoring.  
 Effluent limits for specific toxicants can be established by the Regional Water 
Board to control toxicity identified under TIEs.  
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Exhibit 2-1. Existing Regional Water Board Toxicity Provisions 
Regional 

Water Board Basin Plan Toxicity Provisions 

Central Valley 
(5) 

 All waters shall be maintained free of toxic substances in concentrations that 
produce detrimental physiological responses in human, plant, animal, or aquatic 
life. This objective applies regardless of whether the toxicity is caused by a single 
substance or the interactive effect of multiple substances. 
 The survival of aquatic life in surface waters subjected to a waste discharge or 
other controllable water quality factors shall not be less than that for the same 
water in areas unaffected by the waste discharge, or, when necessary, for other 
control water consistent with the requirements for “experimental water” as 
described in Standard Methods for the Examination of Water and Wastewater. As 
a minimum, compliance with this objective shall be evaluated with a 96-hour 
bioassay. 
 In addition, effluent limits based on acute biotoxicity tests of effluents will be 
prescribed where appropriate; additional numerical receiving water quality 
objectives for specific toxicants will be established as sufficient data become 
available; and source control of toxic substances will be encouraged. 

Lahontan (6) 

 All waters shall be maintained free of toxic substances in concentrations that are 
toxic to, or that produce detrimental physiological responses in human, plant, 
animal, or aquatic life.  
 The survival of aquatic life in surface waters subjected to a waste discharge, or 
other controllable water quality factors, shall not be less than that for the same 
water in areas unaffected by the waste discharge, or when necessary, for other 
control water consistent with the requirements for “experimental water” as defined 
in Standard Methods for the Examination of Water and Wastewater. 
 For acute toxicity, compliance shall be determined by short-term toxicity tests on 
undiluted effluent using an established protocol. 
 For chronic toxicity, compliance shall be determined using the critical life stage 
toxicity tests. At least three approved species shall be used to measure 
compliance with the toxicity objective: a vertebrate, an invertebrate, and an 
aquatic plant. After an initial screening period, monitoring may be reduced to the 
most sensitive species.  

Colorado River 
(7) 

 All waters shall be maintained free of toxic substances in concentrations which 
are toxic to, or which produce detrimental physiological responses in, human, 
plant, animal, or indigenous aquatic life.  
 Effluent limits based on bioassays of effluent will be prescribed where 
appropriate, additional numerical receiving water objectives for specific toxicants 
will be established as sufficient data become available, and source control of toxic 
substances will be encouraged. 
 The survival of aquatic life in surface waters subjected to a waste discharge or 
other controllable water quality factors, shall not be less than that for the same 
water in areas unaffected by the waste discharge, or other control water which is 
consistent with the requirements for “experimental water” as described in 
Standard Methods for the Examination of Water and Wastewater. As a minimum, 
compliance with this objective shall be evaluated with a 96-hour bioassay. 
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Exhibit 2-1. Existing Regional Water Board Toxicity Provisions 
Regional 

Water Board Basin Plan Toxicity Provisions 

Santa Ana (8) 

 Toxic substances shall not be discharged at levels that will bioaccumulate in 
aquatic resources to levels which are harmful to human health. 
 The concentrations of toxic substances in the water column, sediments, or biota 
shall not adversely affect beneficial uses. 
 The Regional Water Board requires the initiation of a TRE if a discharge 
consistently exceeds its chronic toxicity effluent limit. The Regional Water Board, 
to date, has interpreted the “consistently exceeds” trigger as the failures of three 
successive monthly toxicity tests, each conducted on separate samples. Initiation 
of a TRE has also been conditioned on a determination that a sufficient level of 
toxicity exists to permit effective application of the analytical techniques required 
by a TRE.  

San Diego (9) 

 All waters shall be maintained free of toxic substances in concentrations that are 
toxic to, or that produce detrimental physiological responses in human, plant, 
animal, or aquatic life. 
 The survival of aquatic life in surface waters subjected to a waste discharge or 
other controllable water quality factors, shall not be less than that for the same 
water in areas unaffected by the waste discharge or, when necessary, for other 
control water consistent with requirements specified in EPA, State Water Board, 
or other protocol authorized by the Regional Water Board. As a minimum, 
compliance with this objective shall be evaluated with a 96-hour acute bioassay. 
 Effluent limits based on acute bioassays of effluents will be prescribed where 
appropriate, additional numerical receiving water objectives for specific toxicants 
will be established as sufficient data become available, and source control of toxic 
substances will be encouraged. 

 

In addition, the provisions in the SIP supplement Basin Plan requirements; they do not supersede 
existing Regional Water Board toxicity requirements. 

The SIP contains minimum chronic toxicity control requirements for implementing the narrative 
toxicity objectives for aquatic life protection contained in Regional Water Board Basin Plans. 
Under the SIP, Regional Water Boards impose chronic toxicity limits for discharges that have 
the reasonable potential (RP) to cause instream chronic toxicity. Compliance with toxicity 
objectives and limits is determined through short-term chronic toxicity tests performed on at 
least three test species (a plant, an invertebrate, and a vertebrate) during a screening period, after 
which the most sensitive species can be used alone.  

If repeated toxicity tests reveal toxicity or if a discharge causes or contributes to chronic toxicity 
in a receiving water body, the SIP requires that dischargers perform a toxicity reduction 
evaluation (TRE) study, which may include a toxicity identification evaluation (TIE). The TRE 
study is used to identify the sources of toxicity, after which the discharger must take all 
reasonable steps necessary to eliminate the toxicity. Permit writers should then assign chemical-
specific permit limits for pollutants identified by the TRE. Failure to comply with required 
toxicity testing and TRE studies within a designated period will result in the addition of chronic 
toxicity limits in the permit or appropriate enforcement action. 
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2.2 Affected Dischargers 

The types of discharges potentially affected by the Policy include NPDES-permitted dischargers 
(municipal and industrial wastewater dischargers, storm water discharges, and irrigated 
agriculture. 

2.2.1 Municipal and Industrial Wastewater Dischargers 

In municipal wastewater effluents, toxicity has been attributed to several chemicals commonly 
found in or added during treatment including chlorine used for disinfection, and ammonia 
produced from the breakdown of organic substances (SETAC, 2004). Indirect industrial or 
commercial dischargers may also contribute to effluent toxicity if discharging toxic chemicals in 
violation of pretreatment limits or that are not removed with conventional wastewater treatment 
controls. In addition, toxicity may result from household chemicals that are improperly disposed 
of down the drain, including organic solvents and pesticides or commonly used soaps and 
detergents that can be highly toxic if inadequately treated prior to discharge.  

In industrial wastewater, effluent toxicity can result from the use of chemicals known as biocides 
(e.g., chlorine) added to control nuisance biological growth in plumbing or cooling water 
systems (SETAC, 2004). Also, ions such as potassium, magnesium, and calcium can be toxic 
when the ions are added or taken out of water during various industrial processes (SETAC, 
2004). Industrial chemicals or byproducts, if not treated properly, can cause effluent toxicity as 
well. 

Most pollutants in the effluents of municipal and industrial wastewater treatment facilities that 
may cause instream acute or chronic toxicity are currently regulated through the NPDES permit 
program. However, effluents may still be toxic despite compliance with existing permit limits 
due to interactions of regulated pollutants as well as the presence of unregulated pollutants (alone 
or in combination). 

There are 465 individually permitted facilities (not including storm water) that discharge to 
inland surface waters, enclosed bays, and estuaries in California (U.S. EPA, 2012). Of these 
facilities, approximately 60% are minor discharges. Data in EPA’s integrated compliance 
information system (ICIS-NPDES) database indicate that most major dischargers have effluent 
limits and/or monitoring requirements for acute and chronic toxicity in their NPDES permits; 
data on limits and effluent data in ICIS-NPDES for minor dischargers is limited. However, the 
form of the effluent limits (e.g., narrative or numeric) and the monitoring frequencies vary 
significantly among dischargers.  

Exhibit 2-2 summarizes these facilities. 

Exhibit 2-2. Summary of Potentially Affected Facilities 

Discharger Category Number of Dischargers1 

Major Dischargers Minor Dischargers 
Municipal Wastewater 148 70 
Chemicals and Allied Products 1 3 
Metals Manufacturing and Finishers 1 1 
Petroleum Refineries 9 11 
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Exhibit 2-2. Summary of Potentially Affected Facilities 

Discharger Category Number of Dischargers1 

Major Dischargers Minor Dischargers 
Pulp and Paper 1 12 
Other Industrial 27 181 
Total 187 278 
1. Source: U.S. EPA (2012). 

 

2.2.2 Storm Water Dischargers 

Regional Water Boards regulate most storm water discharges under general permits. General 
permits often require compliance with standards through an iterative approach based on storm 
water management plans (SWMP), rather than through the use of numeric effluent limits. In 
other words, permittees implement management practices and best management practices 
(BMPs) identified in their SWMPs. Then, if those BMPs do not result in attainment of water 
quality standards, Regional Water Boards would require additional practices until pollutant 
levels are reduced to the necessary levels. Because Regional Water Boards use this iterative 
approach that increases requirements until water quality objectives are met, current levels of 
implementation may not reflect the maximum level of control required to meet existing 
standards. The State Water Board has four existing programs for controlling pollutants in storm 
water runoff to surface waters: municipal, industrial, construction, and California Department of 
Transportation (Caltrans).   

The State Water Board’s municipal program regulates storm water discharges from municipal 
separate storm sewer systems (MS4s). The MS4 permits require the discharger to develop and 
implement a SWMP, with the goal of reducing the discharge of pollutants to the maximum 
extent practicable (MEP). MEP is the performance standard specified in Section 402(p) of the 
Clean Water Act. The management programs specify BMPs addressing public education and 
outreach; illicit discharge detection and elimination; construction and post-construction; and 
good housekeeping. In general, medium and large municipalities must conduct chemical 
monitoring, but not small municipalities. 

Larger MS4s usually represent a group of copermittees encompassing an entire metropolitan 
area. There are 22 area-wide medium and large MS4 permitted discharges in California that 
discharge, at least in part, to inland waters, enclosed bays, or estuaries (SWRCB, 2012). Some of 
the permittees monitor chronic and/or acute toxicity in receiving waters; others monitor specific 
pollutants identified as causing toxicity (e.g., diazinon and chlorpyrifos). Exhibit 2-3 shows 
existing toxicity requirements in permits for large and medium MS4s. 

Exhibit 2-3. Toxicity Requirements in Large and Medium MS4 Permits1 

Region Name (NPDES #) Requirements 

1 Santa Rosa and County of 
Sonoma (CA0025038) 

Chronic tests twice per year during storm events, three 
locations in receiving waters and downstream from discharge 
outfalls; test species shall be Pimephales promelas, 
Ceriodaphnia dubia, and Selenastrum capricornutum. 
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Exhibit 2-3. Toxicity Requirements in Large and Medium MS4 Permits1 

Region Name (NPDES #) Requirements 

2 San Francisco Bay Regional 
(CAS612008) 

U.S. EPA three species toxicity tests: Selenastrum growth and 
Ceriodaphnia and Pimephales with lethal and sublethal 
endpoints; also Hyalella azteca with lethal endpoint twice per 
year (1 dry season and 1 storm event). If toxicity results < 
50% of control results, repeat sample. If 2nd sample yields < 
50% of control results, initiate a TRE. 

3 Salinas (CA0049981) 

Monitoring background and receiving water sites for chronic 
toxicity once during the first runoff of the wet season, one 
more runoff event, and twice during dry weather for 
Ceriodaphnia dubia, Pimephales promelas, and Selenastrum 
capricornutum. If receiving water samples are toxic, the 
permittee shall conduct a TRE. 

4 Long Beach (CAS004003) 

Multiple species toxicity testing (Americamysis bahia, 
Ceriodaphnia dubia, and (Strongylocentrotus purpuratus) and 
TIE studies as part of study of Los Angeles and San Gabriel 
River Watersheds. 

4 County of Los Angeles 
(CAS004001) 

Multiple concentration chronic WET tests from two storm 
events and two dry weather events from each station per year 
for one freshwater (Ceriodaphnia dubia) and one marine 
(Strongylocentrotus purpuratus) species. A TIE should be 
conducted if any sample is above 1 TUc. Once pollutants 
causing at least 50% of toxic responses are identified through 
TIE, a TRE should be conducted. 

4 Ventura County 
(CAS004002) 

Toxicity monitoring during at least one storm per year until 
baseline information has been collected, and then discontinue. 
A TIE shall be performed when acute toxicity results are 
greater than 1 TUa (conducted on the most sensitive of 
fathead minnow and Ceriodaphnia dubia) or chronic toxicity 
tests result in exceedances in (1) two consecutive wet 
weather samples or (2) any dry weather flow sample. 

5 Bakersfield-Kern County 
(CA00883399) 

Narrative receiving water limit; no specific toxicity monitoring 
requirements. 

5 Contra Costa Clean Water 
(CA083313) 

Toxicity monitoring twice per year with one event during dry 
season and one event during a storm event at a minimum of 
two sites. If toxicity results < 50% of control results, repeat 
sample. If 2nd sample yields < 50% of control results, conduct 
a TRE. 

5 Fresno (CA0083500) Narrative receiving water limit; no specific toxicity monitoring 
requirements. 

5 Modesto (CAS083526) 

Chronic toxicity monitoring of Pimephales promelas and 
Ceriodaphnia dubia. If 100% mortality is detected, must 
conduct dilution series; if statistically significant toxicity is 
detected and a greater than or equal to 50% increase in either 
mortality, or reduction in reproduction compared to the control 
is observed, then TIEs shall be conducted on the initial 
sample that caused toxicity. 

5 Port of Stockton 
(CAS084077) 

Chronic toxicity monitoring of Pimephales promelas and 
Ceriodaphnia dubia. If 100% mortality is detected, must 
conduct dilution series; if statistically significant toxicity is 
detected, then TIEs shall be conducted on the initial sample 
that caused toxicity. 
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Exhibit 2-3. Toxicity Requirements in Large and Medium MS4 Permits1 

Region Name (NPDES #) Requirements 

5 Sacramento (CAS082597) 

Conduct toxicity testing at each receiving water station during 
two of the five fiscal years of the Order including samples from 
two storm events and one during the dry season from each 
receiving water station; species should be Pimephales 
promelas and Ceriodaphnia dubia. If 100% mortality is 
detected within 24 hours of test initiation, then a dilution series 
shall be initiated. If statistically significant toxicity is detected 
and there is more than a 50% increase in mortality compared 
to the laboratory control, then TIEs shall be conducted; a TRE 
shall be conducted whenever a toxicant is successfully 
identified through the TIE. 

5 Stockton and San Joaquin 
County (CAS083470) 

Chronic toxicity monitoring of Pimephales promelas and 
Ceriodaphnia dubia. If 100% mortality is detected, must 
conduct dilution series; if statistically significant toxicity is 
detected and a greater than or equal to 50% increase in either 
mortality, or reduction in reproduction compared to the control 
is observed, then TIEs shall be conducted on the initial 
sample that caused toxicity. 

6 
South Lake Tahoe, El 

Dorado and Placer County 
(CAG616001) 

Narrative toxicity provision. For acute toxicity, compliance 
shall be determined by short-term toxicity tests on undiluted 
effluent using an established protocol. For chronic toxicity, 
compliance shall be determined using the critical life stage 
toxicity tests. At least three approved species shall be used to 
measure compliance with the toxicity objective. If possible, 
test species shall include a vertebrate, an invertebrate, and an 
aquatic plant. After an initial screening period, monitoring may 
be reduced to the most sensitive species. Dilution and control 
waters should be obtained from an unaffected area of the 
receiving waters. 

7 Riverside County 
(CAS617002) No toxicity provisions. 

8 Orange County 
(CAS618030) 

Ceriodaphnia dubia and Strongylocentrotus purpuratus shall 
be used to evaluate toxicity from the first rain event, plus one 
other wet weather sample and two dry weather samples; TIEs 
and TREs if monitoring indicates studies are needed. 

8 Riverside County 
(CAS618033) 

Ceriodaphnia dubia, Pimephales promelas, and Selenastrum 
capricornutum shall be used to evaluate toxicity on the sample 
from the first rain event, plus one other wet weather sample. 
In addition, where applicable, collect two dry weather samples 
or propose equivalent procedures in the CMP. Identify criteria 
which will trigger the initiation of TIEs and TREs. 

8 San Bernardino County 
(CAS618036) 

Collect a minimum of one sample per year during the dry 
weather index period using Ceriodaphnia dubia or Hyalella 
azteca if conductivity is too high for survival of control 
organisms. 

9 Orange County 
(CAS108740) 

Toxicity testing must be conducted for each monitoring event 
at each station.  
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Exhibit 2-3. Toxicity Requirements in Large and Medium MS4 Permits1 

Region Name (NPDES #) Requirements 

9 Riverside County 
(CAS108766) 

The Permittees shall analyze all storm samples (at least three 
annually) using three species: Ceriodaphnia dubia (water 
flea); Hyalella azteca (freshwater amphipod); and 
Pseudokirchneriella subcapitata, (unicellular algae). TIEs shall 
be used to determine the cause of toxicity, and TREs shall be 
used to identify sources and implement management actions 
to reduce pollutants in urban runoff causing toxicity. 

9 San Diego (CAS108758) 

The following toxicity testing shall be conducted for each 
monitoring event at each station as follows: (1) 7-day chronic 
test with Ceriodaphnia dubia (2) Chronic test with the 
freshwater algae Selenastrum capricornutum (3) Acute 
survival test with amphipod Hyalella azteca. TIEs shall be 
conducted to determine the cause of toxicity. 

CMP = Coordinated Monitoring Program 
NPDES = National Pollutant Discharge Elimination System 
RMP = Regional Monitoring Program 
SFEI = San Francisco Estuary Institute 
TIE = Toxicity identification evaluation 
TRE = Toxicity reduction evaluation 
TU = toxicity unit (chronic or acute) 
1. Permits at http://www.swrcb.ca.gov/water_issues/programs/stormwater/phase_i_municipal.shtml. 
Accessed May 2012. 
 
The State Water Board adopted a general permit for smaller municipalities, including 
nontraditional small MS4s such as military bases, public campuses, and prison and hospital 
complexes. To date, 206 of the over 211 small MS4s covered by the statewide general permit 
have submitted SWMPs to Regional Boards or the State Water Board for approval. Few of these 
permittees currently monitor for toxicity as part of their SWMPs. 

Under the industrial program, the State Water Board issues a general NPDES permit that 
regulates discharges associated with ten broad categories of industrial activities. This general 
permit requires the implementation of management measures that will achieve the performance 
standard of best available technology economically achievable (BAT) and best conventional 
pollutant control technology (BCT). The permit also requires that dischargers develop a Storm 
Water Pollution Prevention Plan (SWPPP) and a monitoring plan. Through the SWPPP, 
dischargers are required to identify sources of pollutants, and describe the means to manage the 
sources to reduce storm water pollution. For the monitoring plan, facility operators may 
participate in group monitoring programs to reduce costs and resources. 

The construction program requires dischargers whose projects disturb one or more acres of soil 
or whose projects disturb less than one acre but are part of a larger common plan of development 
that in total disturbs one or more acres to obtain coverage under the storm water general permit 
for construction activity. The construction general permit requires the development and 
implementation of a SWPPP that lists BMPs the discharger will use to protect storm water runoff 
and the placement of those BMPs. Additionally, the SWPPP must contain a visual monitoring 
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program; a chemical monitoring program for nonvisible pollutants to be implemented if there is a 
failure of BMPs; and a sediment monitoring plan if the site discharges directly to a water body 
impaired for sediment.   

The permit also contains specific toxicity provisions for active treatment system1 dischargers. 
Any of these dischargers operating in batch treatment mode must initiate acute toxicity testing 
using Pimephales promelas or Oncorhynchus mykiss for effluent samples representing effluent 
from each batch prior to discharge. The permit does not contain specific toxicity requirements 
for any other discharger types. 

Caltrans is responsible for the design, construction, management, and maintenance of the state 
highway system, including freeways, bridges, tunnels, Caltrans’ facilities, and related properties. 
Before July 1999, storm water discharges from Caltrans’ storm water systems were regulated by 
individual NPDES permits issued by the Regional Water Boards. On July 15, 1999, the State 
Water Board issued a statewide permit (Order No. 99-06-DWQ) which regulated all storm water 
discharges from Caltrans-owned MS4s, maintenance facilities and construction activities.  

The existing permit allows Caltrans to implement BMPs rather than require compliance with 
numeric effluent limits. The BMPs must reflect pollutant reduction based on either MEP (MS4s) 
or BAT/BCT (construction activities), whichever is applicable. In addition, if receiving water 
quality standards are exceeded, Caltrans is required to submit a written report providing 
additional BMPs or other measures to be taken that will be implemented to achieve water quality 
standards. The permit also requires Caltrans to develop and implement a SWMP describing the 
procedures and practices used to reduce or eliminate the discharge of pollutants to storm 
drainage systems and receiving waters.  

2.3 Irrigated Agricultural Lands 

Agricultural activities that may affect aquatic life can be caused by (SWRCB, 2006b): 

 Farming activities that cause excessive erosion, resulting in sediment entering 
receiving waters 

 Improper use and over application of pesticides 
 Over application of irrigation water resulting in runoff of sediments and pesticides. 

Agricultural dischargers do not receive NPDES permits. In California, the Water Boards regulate 
discharges from irrigated land including storm water runoff, irrigation tailwater, and tile drainage 
through WDRs or waivers of WDRs. CWC Section 13269 allows the Regional Water Boards to 
waive WDRs if it is in the public interest.  

Most historical waivers require that discharges not cause violations of water quality objectives, 
but do not require water quality monitoring. In 1999, Senate Bill 390 amended CWC Section 
13269 and required Regional Water Boards to review and renew waivers or replace them with 
WDRs by January 1, 2003; otherwise, the waivers expired.  
                                                 
1 An active treatment system is a treatment system that employs chemical coagulation, chemical flocculation, or 
electro-coagulation in order to reduce turbidity caused by fine suspended sediment 
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The Central Coast, Los Angeles, Central Valley, and San Diego Regional Water Boards have 
established conditional waivers for agricultural discharges. Central Coast Regional Water 
Board’s waiver requires monitoring focused on nutrients and toxicity. Toxicity testing is used to 
determine if applied pesticides and other constituents are impacting beneficial uses. More 
detailed characterization, involving additional toxicity testing, chemical analysis, analysis of 
pesticide application data, and/or TIEs are required as necessary in areas where toxicity problems 
are documented (CCRWQCB, 2012).  

The Los Angeles Regional Water Board’s conditional waiver requires dischargers to determine 
the most sensitive species for toxicity monitoring and use the results to trigger further 
investigations into the cause of toxicity. Dischargers must implement a TIE when there is more 
than 50% mortality in any test. In addition, if Basin Plan or CTR objectives or total maximum 
daily load (TMDL) allocations are not attained, the waiver requires that the discharger submit a 
Corrective Action Plan that identifies time-specific management modifications (LARWQCB, 
2010).  

Central Valley Regional Water Board issues both group and individual waivers for agricultural 
growers with emphasis on group participation. Under the group and individual waivers, growers 
must implement management practices, as necessary, to improve and protect water quality and to 
achieve compliance with applicable water quality standards. The waivers require that water 
column toxicity analyses be conducted on 100% (undiluted) samples for the initial screening. If 
toxicity is detected, the grower must initiate, at a minimum, a Phase I TIE to determine the 
general class (e.g., metals, non-polar organics, and polar organics) of the chemical causing 
toxicity (CVRWQCB 2006a; 2006b). Growers may also use Phase II TIEs to confirm and 
identify toxicant(s).  

The San Diego Regional Water Board adopted a conditional waiver for agricultural and nursery 
operations requiring these dischargers to implement BMPs to minimize or eliminate the 
discharge of pollutants and form or join a monitoring group by December 31, 2010. Operators 
must also prevent the direct or indirect discharge of products used in operations (e.g., pesticides) 
into surface waters (SDRWQCB, 2007).  

The Santa Ana Regional Water Board is proposing that all operators of irrigated or dry-farmed 
land, and other agricultural or livestock operations not already regulated by the Regional Water 
Board, enroll in the Conditional Waiver for Agricultural Discharges (CWAD) program. The 
CWAD program allows agricultural operators to discharge waste to waters of the state from their 
operations, provided they also comply with TMDLs by paying implementation fees, taking steps 
to implement BMPs to reduce the pollutant load of their discharge, and regularly report and 
monitor water quality (SARWQCB, 2009). The CWAD program will allow some conditions to 
be met through the collective action of a group or groups of agricultural operators who are 
enrolled in the program, or by a third party representing a coalition of enrollees. Agricultural 
operators who do not enroll in the program will be required to apply for individual WDRs, and 
will have full responsibility for their own compliance (SARWQCB, 2009).  
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The North Coast Water Board is developing a program to include irrigated lands in the North 
Coast Region and address discharges of waste to waters of the State. The State Water Board 
expect the Program to address, at a minimum, waste discharges from lands uses such as irrigated 
row crops, vineyards, orchards, and irrigated pasture. This effort is intended to augment, but not 
supersede, existing Regional Water Board programs addressing discharges from irrigated lands, 
such as the TMDL programs. 

San Francisco Bay Water Board staff is developing a conditional waiver for vineyard properties 
in the Napa and Sonoma watersheds to require that effective management practices be 
implemented to control human-caused discharges of pollutants from vineyard facilities. The 
vineyard waiver would cover existing vineyards, vineyard replants, as well as new vineyard 
development. The Regional Water Board also adopted a conditional waiver for grazing 
operations in the Napa River and Sonoma Creek watersheds on September 14, 2011. The goals 
of the waiver are to reduce the discharge of sediment and pathogens to the Napa River and 
Sonoma Creek, and to protect stream and riparian areas. This program is a key element to 
implementing TMDLs for these two watersheds. 

The Colorado Regional Water Board has a conditional prohibition for agriculture in its Basin 
Plan as part of TMDL implementation, and the Lahontan Regional Water Board does not have 
waivers for agricultural discharges. 
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3 Description of Proposed Policy 

This section describes the toxicity Policy which supersedes the numeric toxicity objectives and 
implementation provisions for toxicity in the Basin Plans and the SIP. The Policy does not 
supersede the narrative toxicity objectives established in the Basin Plans. 

3.1 Objectives 

The Policy establishes toxicity objectives applicable to all inland surface waters, enclosed bays, 
and estuaries to protect freshwater and saltwater aquatic life.  

3.1.1 Chronic Toxicity 

The chronic toxicity objective is expressed as a null hypothesis and a regulatory management 
decision (RMD) of 0.75 for chronic toxicity methods, where the following null hypothesis is 
used:  

Ho:  Mean response (IWC) < 0.75 • mean response (control) 

Attainment of the water quality objective is demonstrated by rejecting this null hypothesis in 
accordance with the TST statistical approach. 

3.1.2 Acute Toxicity  

The acute toxicity objective is expressed as a null hypothesis and an RMD of 0.80 for acute 
toxicity methods, where the following null hypothesis is used:  

Ho:  Mean response (IWC) < 0.80 • mean response (control) 

Attainment of the water quality objective is demonstrated by rejecting this null hypothesis in 
accordance with the TST statistical approach. 

3.2 Implementation Procedures 

The Policy establishes minimum requirements for implementing the numeric toxicity objectives 
that apply to discharges to inland surface waters, enclosed bays, and estuaries covered under 
NPDES permits, WDRs, or the irrigated lands regulatory program. The requirements supersede 
existing Regional Water Board Basin Plan requirements. 

3.2.1 Reasonable Potential 

The Policy requires all dischargers to conduct a minimum of four WET tests for each species 
prior to permit issuance and reissuance. Chronic WET test species must, at a minimum, include 
one aquatic plant, one vertebrate, and one invertebrate. Acute WET tests may also be required by 
the applicable Water Board; these tests must, at a minimum, include one vertebrate and one 
invertebrate. WET test results must be analyzed using the Test of Significant Toxicity (TST; 
U.S. EPA, 2010), and dischargers must send the results to the appropriate Regional Water Board 
for RP determination. Dischargers may submit any WET data generated during the current 
permit term provided it meets all Policy requirements to the Regional Water Boards for the RP 
analysis. 
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Due to the uncertainty of influent constituents and volume of discharges, all major (i.e., greater 
than 1 mgd) wastewater treatment plants (WWTPs) have reasonable potential (RP) under the 
Policy. Thus, the RP monitoring results serve to identify or confirm the test species most 
sensitive to these fluctuating discharges. 

For industrial dischargers and minor WWTPs, if a WET test result is a “fail,” or the test result is 
a “pass” and the mean effect is greater than 10%, the discharger has RP and will receive a 
numeric permit limit for chronic or acute WET and a requirement for routine effluent monitoring 
for WET. If the WET test result is a “pass” and the mean effect is 10% or less, a  numeric 
effluent limit  is not required. The mean effect is calculated as the difference between the mean 
control response and the mean response at the IWC divided by the mean control response. 

3.2.2 Effluent Limits 

The Policy requires that Regional Water Boards apply the objectives for chronic WET directly in 
permits as numeric limits expressed as a maximum daily effluent limitation (MDEL), and a 
median monthly effluent limitation (MMEL) for dischargers with RP. The Water Board also 
may, at its discretion, include a numeric limit for acute toxicity, also to be expressed as an 
MDEL and an MMEL. MDEL is an effluent limit based on the outcome of the TST statistical 
test and the percent effect.  The MDEL is exceeded when a toxicity test, using the TST, results in 
a fail, and the percent effect is greater than or equal to 50% for chronic toxicity tests or 40% for 
acute toxicity tests. MMEL is an effluent limit based on the median TST statistical results of 
three independent toxicity tests taken within the same calendar month.  The MMEL is exceeded 
when the median TST result (i.e. two out of three) is “Fail.” 

3.2.3  Mixing Zones 

To the extent authorized by the applicable Basin Plan, a permitting authority may grant a mixing 
zone for toxicity. Allowance of a mixing zone is discretionary. If a Regional Water Board grants 
a mixing zone, the objectives for toxicity shall be met throughout the receiving water except 
within the mixing zone.  

3.2.4 Routine Monitoring 

The Policy requires dischargers with RP to conduct routine WET monitoring using the test 
species that demonstrates the highest level of sensitivity during RP screening. Routine WET 
monitoring includes a minimum of a single test consisting of the IWC and a control. Continuous 
dischargers categorized as major facilities, must conduct one short-term, chronic WET test every 
calendar month; major seasonal and intermittent dischargers must conduct monthly testing only 
during periods of discharge. Minor facilities must monitor for WET on a quarterly basis, with 
seasonal and intermittent dischargers conducting quarterly WET tests only during periods of 
discharge. Acute toxicity monitoring intervals are set at the discretion of the applicable Water 
Board. Water Boards also may, at their discretion, require periodic monitoring for chronic or 
acute toxicity of NPDES wastewater and point source WDR dischargers even in the absence of 
RP.  
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Rates of discharge are calculated based on daily rates for a representative period of time prior to 
permit reissuance or reopening. New POTW permits will use dry weather design capacity as a 
flow rate value, and existing sources will use the highest expected rate of discharge. Calculation 
of non-continuous dischargers’ rates of discharge will not include any days where discharge does 
not occur.  

3.2.5 Compliance 

A chronic toxicity test result indicating a “fail” with a percent effect at or above 0.50 is an 
exceedance of the chronic MDEL.  An acute toxicity test result indicating a fail with a percent 
effect at or above 0.40 is an exceedance of the acute MDEL.  Upon exceedance of an MDEL, 
dischargers may implement corrective action if the source of toxicity is known (e.g. operational 
upset) and confirm the corrective action with an additional toxicity test, conducted within the 
same calendar month.  The verification test must result in a “pass”.   If this toxicity test fails at 
any percent effect, the discharger will proceed to accelerated monitoring. 

If a toxicity test results in a “fail,” but the percent effect is below the MDEL, dischargers shall 
conduct two additional toxicity tests within the same calendar month in order to determine 
compliance with the MMEL.  If either of these two additional tests results in a “fail,” the median 
monthly result is “fail” and the discharger will be in exceedance of the MMEL. 

At a minimum, an accelerated monitoring schedule must consist of four multiple-concentration 
WET tests, conducted at approximately two-week intervals, over an eight-week period. The test 
species used for accelerated monitoring must be the most sensitive species used during routine 
toxicity monitoring.  

If a test “fails” during accelerated monitoring with a percent effect at or above 0.25 for chronic 
tests or 0.20 for acute tests, the discharger is obligated to conduct a TRE in order to characterize 
and control the toxic constituents in the discharge The discharger must conduct a TRE in 
accordance with a TRE Work Plan developed pursuant to the requirements of the applicable 
Water Board.  

3.2.6 Compliance Schedules 

The applicable Water Board has the discretion to grant a compliance schedule to NPDES 
wastewater and point source WDR dischargers in order to achieve the objectives. Compliance 
schedules must be consistent with the State Water Board’s Policy for Compliance Schedules in 
National Pollutant Discharge Elimination System Permits, with the exception that the duration of 
the compliance schedule may not exceed two years from the date of permit issuance, reissuance, 
or reopening to address toxicity requirements after the effective date of the Policy. The discretion 
to grant compliance schedules, however, will expire ten years after the effective date of the 
Policy. In addition, dischargers operating under existing NPDES wastewater permits or point 
source WDRs containing toxicity monitoring requirements are not eligible to receive a 
compliance schedule. 
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3.2.7 Exemptions 

The Policy exempts small communities and insignificant dischargers from the effluent limits, 
routine monitoring, and compliance provisions of the Policy unless the applicable Water Board 
finds them to have an impact on receiving water quality.2 Small communities are communities 
with populations of 20,000 or less, and a median household income (MHI) below 80% of the 
statewide MHI. Communities with an MHI above 80% can also be considered by their Water 
Board if they pay at least four percent of their MHI towards wastewater infrastructure.  
Insignificant dischargers have an insignificant impact on receiving water quality and must 
discharge less than one mgd on a non-continuous basis. 

The Policy also allows the Water Boards, after compliance with CEQA, to grant short-term or 
seasonal exceptions from meeting the toxicity objectives if determined to be necessary to 
implement control measures either: 

 For resources or pest management (e.g. vector or weed control, pest eradication, or 
fishery management) conducted by public entities or mutual water companies to 
fulfill statutory requirements, including, but not limited to, those in the California 
Fish and Game, Food and Agriculture, Health and Safety, and Harbors and 
Navigation codes; or 

 Regarding drinking water conducted to fulfill statutory requirements under the federal 
Safe Drinking Water Act or the California Health and Safety Code. Such categorical 
exceptions may also be granted for draining water supply reservoirs, canals, and 
pipelines for maintenance, for draining municipal storm water conveyances for 
cleaning or maintenance, or for draining water treatment facilities for cleaning or 
maintenance. 

In addition, where site-specific conditions in individual water bodies or watersheds differ 
sufficiently from statewide conditions and those differences cannot be addressed through other 
provisions of this Policy, the State Water Board may, in compliance with CEQA, subsequent to a 
public hearing, and with the concurrence of the U.S. EPA, grant an exception to meeting the 
toxicity objectives or any other provision of the Policy where the State Water Board determines: 

 The exception will not compromise protection of enclosed bay, estuarine, and inland 
surface waters for beneficial uses; and 

 The public interest will be served. 
 
3.2.8 Storm Water 

Under the Policy, all MS4s and individual industrial storm water dischargers subject to existing 
toxicity monitoring requirements will be required to analyze toxicity data using the TST 
approach and to report results as a “pass” or “fail.” In addition, the policy recommends, but does 
not require, the implementation of chronic toxicity monitoring programs for MS4 and individual 
industrial storm water dischargers not currently required to do so. The recommended program 
                                                 
2 However, nothing in the Policy precludes the applicable Water Board from requiring periodic toxicity testing for 
small communities. 
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consists of four single-concentration toxicity tests conducted each year , based on two storm 
events and two non-storm event flows (if the latter exist). Remediation is recommended if these 
dischargers “fail” a test. 

3.2.9 Channelized Dischargers 

Under the Policy, channelized dischargers subject to existing toxicity monitoring requirements 
under a conditional waiver or nonpoint source WDR will be required to analyze toxicity data 
using the TST approach and to report results as a “pass” or “fail.” In addition, the policy 
recommends, but does not require, the implementation of chronic toxicity monitoring programs 
for these channelized dischargers not currently required to do so. The recommended program 
consists of four single-concentration toxicity tests conducted each quarter. Remediation is 
recommended if these dischargers “fail” a test.
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4 Method for Evaluating Compliance and Costs 

This section describes the method for evaluating compliance with the Policy and estimating 
incremental cost impacts. Appendix A contains the detailed analyses for NPDES point sources 
and the attached spreadsheets provide the data used in the analyses.  

4.1 Municipal and Industrial Wastewater 

The method for evaluating potential impacts of the Policy for municipal and industrial 
wastewater dischargers is based on a sample of facilities and involves determining RP, 
evaluating compliance with revised effluent limits based on analyzing existing data using the 
TST, determining the necessary compliance mechanisms, and estimating the cost of those 
mechanisms.  

4.1.1 Identifying Potentially Affected Facilities 

There are a total of 465 (218 municipal WWTP and 247 industrials) individually-permitted 
NPDES dischargers that discharge wastewaters to inland surface waters, enclosed bays, and 
estuaries in California. However, some of these dischargers are exempt from routine monitoring, 
sensitive species testing, and effluent limit requirements in the Policy. For example, small 
communities, defined as having populations less than 20,000 and MHI less than 80% of the state 
average MHI or wastewater infrastructure costs exceeding four percent of MHI, are exempt from 
the Policy (although permit writers may require periodic monitoring for toxicity). Abt Associates 
excluded small communities from this analysis as unlikely to incur incremental costs associated 
with the Policy. 

To identify small communities, Abt Associates first assumed that any municipal WWTP with a 
flow (as reported in EPA’s PCS database in August 2008) greater than three mgd is likely 
serving more than 20,000 people based on a maximum of 150 gallons of water per day per 
person (typical water consumption is 75 to 130 gallons per person per day; Metcalf and Eddy, 
2003). Abt Associates then used facility names to match Census population and MHI data to 
identify small communities. To err on the side of overestimating potential costs associated with 
the Policy, Abt Associates assumed that any community with less than 20,000 people and MHI 
greater than 80% of the state average MHI would not be small even though wastewater 
infrastructure costs could exceed four percent of the MHI for some of these municipalities. Thus, 
Abt Associates identified 53 municipal WWTPs (21 majors and 32 minors) likely to be classified 
as small communities and exempt from the Policy. 

4.1.2 Selecting a Sample 

Most of the dischargers potentially affected by the Policy currently have WET provisions in their 
permits. However, minor dischargers are not as likely as majors to discharge toxic pollutants in 
toxic amounts. For example, the State Water Board and EPA are reclassifying one major 
industrial facility as a minor discharger because it had substantially improved operations and 
effluent quality. Minor municipal dischargers have, by definition, capacities below 1 million 
gallons per day (mgd); they also treat wastewater primarily from the residential sector which is 
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not likely to contain as many toxics as indirect industrial and commercial dischargers, if any. 
Thus, compliance analysis of the affected major dischargers is likely to capture most, if not all, 
of the potential compliance-related costs.3   

Factors that may affect the potential magnitude of compliance costs include: 

 Facility type (municipal/industrial) 
 Flow (for process controls) 
 Industrial processes 
 Dilution allowances.  

The CWA requires municipal dischargers to have secondary treatment or an equivalent, and most 
major WWTPs treat wastewater from a combination of residential, commercial, and industrial 
sources. Thus, treatment controls are likely to be similar across municipal dischargers. Larger 
flows are typically associated with the largest treatment costs, although per-unit costs may 
decrease due to economies of scale. 

For industrial dischargers, minimum treatment requirements vary based on the type of industry. 
Treatment processes and potential effluent quality also vary based on industry type. Categories 
of concern for WET include chemical manufacturers, metal manufacturers and finishers, 
petroleum refineries, and pulp and paper mills. Indeed, effluent data from major dischargers in 
California in EPA’s ICIS-NPDES database indicate that some of the facilities in these categories 
have violated current toxicity permit limits. 

The availability of dilution may also be indicative of compliance costs. In waters for which 
mixing zones would not be allowed (e.g., ephemeral and low flow streams, impaired water 
bodies), the IWC would be based on 100% effluent samples. Ephemeral and low flow streams 
are more common in the southern region of the state due to a drier climate. However, 
impairments in the San Francisco and Delta region may also preclude mixing zones.   

Given these considerations, to evaluate potential compliance costs Abt Associates evaluated the 
potential impact of the Policy on major facilities using the sample SAIC selected for analysis of 
the draft Policy. For major municipal dischargers, SAIC selected the largest facility in the north 
and the largest facility in the south to incorporate the facilities with highest potential for cost in 
the two regions.4 For remaining municipal facilities, SAIC selected a representative sample 
based on flow (five facilities).  

To reflect the importance of industrial type for major industrial discharges, SAIC selected a 
stratified random sample using five industrial categories: chemicals products, metals 
manufacturers and finishers, petroleum refineries, pulp and paper mills, and other industries.  

                                                 
3 Analysis of major facilities also likely captures the bulk of incremental monitoring costs. Available permits from 
different Regions indicate a wide range of existing WET monitoring requirements for minors, including frequencies 
of none to monthly; for either acute or chronic to both; and using single- and multiple-concentration tests. Under the 
Policy, requirements are standardized to include quarterly single-concentration monitoring of either chronic or 
chronic and acute tests. 
4 Because the probability of selecting each of the facilities was one (100%), these two facilities represent a certainty 
sample. 
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Exhibit 4-1 summarizes the facilities by discharge category.  

Exhibit 4-1. Summary of Potentially Affected Facilities and Sample 

Discharger Category Number of Dischargers 
Total Major Dischargers1 Sample for Evaluation 

Municipal Wastewater 127 7 
Chemicals and Allied Products 1 1 
Metals Manufacturing and Finishers 1 1 
Petroleum Refineries 9 2 
Pulp and Paper 1 1 
Other Industrial 27 2 
Total 166 14 
1. Source: U.S. EPA (2008). 
 
Exhibit 4-2 lists the sample facilities. 

Exhibit 4-2. Summary of Sample Facilities 
NPDES 
Number Name Discharge Category Flow (mgd)1 

Certainty Sample 
CA0077682 Sacramento Regional Sanitation District WWTP Municipal 181 

CA0053911 LA County Sanitation District, San Jose Creek 
WRP (East and West) Municipal 100 

Municipal Wastewater 
CA0105392 San Bernardino WWTP Municipal 28 
CA0102822 Victor Valley Regional WWTP Municipal 14 
CA0079049 Davis WWTP Municipal 7.5 
CA0048127 Lompoc Regional WWTP Municipal 5 
CA0059501 Camrosa Water District WWTP Municipal 1.5 

Industrial Wastewater 

CA0004910 Dow Chemical Corporation, Pittsburg Plant Chemicals and Allied 
Products 0.5 

CA0005002 USS POSCO Industries Metal Manufacturing and 
Finishing 20 

CA0005789 Shell Oil, Martinez Refinery Petroleum Refinery 2.7 
CA0005134 Chevron, Richmond Refinery Petroleum Refinery 13 
CA0004821 Pactiv Corporation, Molded Pulp Mill Pulp and Paper 20 

CA0004111 Aerojet General Corporation, Sacramento 
Facility2 Other 35.8 

CA0059188 Department of Water Resources, Warne Power 
Plant Other 1.75 

mgd = million gallons per day 
WRP = water reclamation plant 
WWTP = wastewater treatment plant 
1. Source: U.S. EPA (2008). 
2. Compliance not evaluated due to data issues. 

 

4.1.3 Evaluating Compliance with Existing Requirements 

The method for evaluating compliance with existing WET requirements for the sample facilities 
involves obtaining NPDES permits and toxicity test results, evaluating existing monitoring 
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requirements, and determining the frequency of toxicity violations, exceedance of monitoring 
triggers, and exceedance of TIE/TRE triggers, if applicable. 

Current permit requirements range from narrative or numeric acute and/or chronic limitations to 
accelerated monitoring and/or TIE/TRE triggers only. The expression of limits and triggers also 
range from thresholds for single test results to median values for a series of consecutive tests. 
Limits and triggers for some facilities reflect dilution credits while those for other facilities do 
not.  

Evaluation of existing permit requirements is necessary to determine the incremental impacts of 
the Policy. Baseline compliance actions would need to be undertaken even in the absence of the 
Policy. Thus, only those actions above and beyond baseline activities are attributable to the 
Policy. 

4.1.4 Determining Reasonable Potential under the Policy 

Under the Policy, all major WWTPs have RP to cause or contribute to instream toxicity. For 
major industrial facilities, Abt Associates estimated RP based on data from 2006 through 2008 
analyzed using the TST (as a proxy for the potential outcome of the acute or chronic WET tests 
submitted to the Regional Water Board for RP determination under the Policy) and the mean 
effect. Under the Policy, mean effects greater than 10% indicate potential to contribute to 
instream toxicity and thus, RP.  

4.1.5 Evaluating Compliance under the Policy 

For all WWTPs and industrial facilities in the sample with RP, Abt Associates evaluated 
potential compliance with chronic effluent limits under the Policy based on three years of 
existing data (2006 through 2008) analyzed using the TST. For those facilities that may receive 
dilution, Abt Associates evaluated compliance based on the percent of effluent that corresponds 
to the dilution ratio. For example, for 10:1 dilution, compliance is based on comparing the 10 
percent effluent sample to the control using the TST approach. In cases of data not reflecting the 
exact IWC, Abt Associates evaluated the effluent percentages closest to the actual IWC and 
estimated a range of compliance scenarios if necessary. 

Under the Policy, any chronic test evaluated using the TST approach that results in a “fail” with 
a percent effect greater than 50% is an exceedance of the chronic MDEL. Assessing compliance 
with the chronic MMEL is only necessary when tests result in a “fail” with a percent effect less 
than 50%.  

4.1.6 Estimating Potential Compliance Mechanisms 

The potential for incremental actions under the Policy reflects a comparison of compliance with 
current permit requirements compared to the Policy. Under the Policy, there may be incremental 
differences in monitoring frequencies and test types (e.g., chronic or acute; single-concentration 
or multiple-concentration tests) that could result in additional costs or cost savings. For example, 
under the Policy, only chronic monitoring is required; permit writers have the discretion to 
include acute monitoring if they deem such testing necessary.  
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However, current NPDES permit regulations indicate that effluent limits should be based on the 
more stringent of acute or chronic long term averages. With toxicity, long term averages based 
on chronic toxicity tests are the more stringent in most cases. In addition, the Policy requires 
permit writers to justify in the permit why both acute and chronic toxicity limits would be 
necessary which would result in the permit being subject to petition and review by the State 
Board. Thus, for this analysis Abt Associates assumed that dischargers will only receive chronic 
toxicity monitoring requirements.  

In addition to changes in monitoring requirement, incremental differences in test evaluation may 
result from use of the TST compared to the statistical evaluations currently in use. For the 
sample facilities, Abt Associates compared the current (baseline) and Policy results to identify 
potential changes in compliance status.   

To identify compliance actions under the Policy, Abt Associates first identified all samples that 
could exceed the chronic MDEL (i.e., “fail” with percent effect at or above 50%) or result in the 
need to assess compliance with the MMEL (i.e., “fail” with percent effect below 50%). Then, 
depending on data availability, Abt Associates evaluated whether verification monitoring (to 
determine compliance with the MDEL)_or additional monthly monitoring (to determine 
compliance with the MMEL) indicated a need for accelerated monitoring. Because accelerated 
monitoring results are not typically available for the sample facilities, Abt Associates 
conservatively (i.e., erring on the side of higher costs) assumed that accelerated monitoring 
results would indicate the need for a TRE. Abt Associates then compared the compliance actions 
under the Policy with those that would be required under the existing permit; only those actions 
that would not also be needed for compliance with existing permit requirements are attributable 
to the Policy. 

Abt Associates also estimated the potential for the sample facilities to add replicates if necessary 
to an analysis. The TST is designed to declare a chronic test toxic (i.e., a “fail”) when the percent 
effect at the IWC is ≥25% compared to the control and non-toxic (i.e., a “pass”) a sample when 
the mean percent effect at the IWC is ≤10% compared to the control. At effects between these 
boundaries (10% and 25% effect for chronic tests), TST is designed to “pass” most tests if 
within-test variability is at or below the national average for the method. One way to lower 
within-test variability is for laboratories to test additional replicates. However, the few cases of 
the TST indicating toxicity at effects less than the toxic RMD but above the non-toxic RMD 
were due to high variability between replicates in the controls and/or IWC treatments (State 
Water Board, 2011). Addition of a minimal number of replicates to these tests usually resulted in 
the sample being declared non-toxic using the TST procedure. Thus, Abt Associates assumed 
that incremental costs associated with the addition of replicates would be minimal. 

Incremental monitoring costs could result from routine, verification/follow-up, or accelerated 
monitoring. The California Department of Health Services (DHS) has accredited 75 laboratories 
under the Environmental Laboratories Accreditation Program (ELAP) to perform WET tests. 
These laboratories have demonstrated capability to analyze environmental samples using 
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approved methods (CA DHS, 2012). The accredited laboratories include both commercial and 
university testing facilities.  

Unit costs vary with species and test type (e.g., acute or chronic, single-concentration or multiple 
dilutions). In addition, laboratories may offer discounts related to the number of tests or longer 
turnaround times, or charge additional fees related to delivery charges, shorter turnaround times, 
or the type of control water (laboratory water versus ambient water).  

Some municipal and industrial dischargers with DHS-accredited laboratories collect samples and 
perform toxicity tests onsite. These dischargers may not keep record of per sample testing costs; 
rather, testing costs may be rolled up into the facility’s operating budget. Presumably, both 
municipal and private industrial dischargers perform in-house testing because it is less expensive 
than contracting the work out to a commercial or university laboratory, or they want to perform 
the tests themselves. Thus, price information from commercial and university laboratories 
establishes market costs relevant to the potential impacts of changes in WET test requirements; 
these prices may overstate costs to dischargers using in-house laboratories. 

Exhibit 4-3 shows acute and chronic toxicity test species and methods for fresh and marine 
waters.  

 
Exhibit 4-3. Aquatic Toxicity Test Types 

Common Name (Species) EPA 
Method Endpoint Test Type 

Freshwater Acute Tests 
Fathead minnow (Pimephales 
promelas) 2000.0 Mortality Static, renewal, or flow-

through 

Water flea (Ceriodaphnia dubia) 2002.0 Mortality Static, renewal, or flow-
through 

Rainbow trout (Oncorhynchus 
mykiss) 2019.0 Mortality Static, renewal, or flow-

through 

Brook trout (Salvelinus fontinalis) 2019.0 Mortality Static, renewal, or flow-
through 

Water flea (Daphnia magna) 2021.0 Mortality Static, renewal, or flow-
through 

Water flea (Daphnia pulex) 2021.0 Mortality Static, renewal, or flow-
through 

Freshwater Chronic Tests 
Fathead minnow (Pimephales 
promelas) 1000.0 Larval survival and growth Renewal 

    
Water flea (Ceriodaphnia dubia) 1002.0 Survival and reproduction Renewal 
Green alga (Selenastrum 
capricornutum) 1003.0 Growth Static 

Marine Acute Tests 
Sheepshead minnow (Cyprinodon 
variegatus) 2004.0 Mortality Static, renewal, or flow-

through 
Bannerfish shiner (Cyprinella 
leedsi) 2004.0 Mortality Static, renewal, or flow-

through 

Inland silverside (Menidia beryllina) 2006.0 Mortality Static, renewal, or flow-
through 
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Exhibit 4-3. Aquatic Toxicity Test Types 

Common Name (Species) EPA 
Method Endpoint Test Type 

Silverside (Menidia menidia) 2006.0 Mortality Static, renewal, or flow-
through 

Silverside (Menidia peninsulae) 2006.0 Mortality Static, renewal, or flow-
through 

Mysid (Mysidopsis bahia) 2007.0 Mortality Static, renewal, or flow-
through 

Topsmelt (Atherinops affinis) NA Mortality Static, renewal, or flow-
through 

West Coast mysid (Holmesimysis 
costata) NA Mortality Static, renewal 

Marine Chronic Tests 
Pacific Oyster (Crassostrea gigas) 
and Mussel (Mytilus sp.) 1005.0 Larval development Renewal 

Topsmelt (Atherinops affinis) 1006.0 Survival and growth Renewal 
West Coast Mysid (Holmesimysis 
costata) 1007.0 Survival and growth Renewal 

Purple Urchin (Strongylocentrotus 
purpuratus) 1008.0 Fertilization Static 

Giant Kelp (Macrocystis pyrifera) 1009.0 Germination and germ 
tube growth Static 

Purple Urchin (Strongylocentrotus 
purpuratus) NA Embryo development Static 

Red abalone (Haliotis rufescens) NA Larval development Static 
Sources: U.S. EPA (2002a); U.S. EPA (2002b); U.S. EPA (2002c); U.S. EPA (1995). 
NA = not applicable. 

 

Abt Associates collected toxicity test price information from a number of the California DHS-
accredited laboratories, as summarized in Exhibit 4-4 
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Exhibit 4-4: Summary of WET Test Costs 

Test Method and Species 
Multiple-Concentration Single-Concentration 

N Range (2012 $) Average 
(2012 $) N Range (2012 $) Average 

(2012 $) 
Acute 

EPA Method 2000.0 - Cyprinodon 
variegatus 2 $370 - $410 $390 4 $260 - $420 $330 

EPA Method 2000.0 - Oncorhynchus 
mykiss 2 $370 - $410 $390 4 $260 - $420 $330 

EPA Method 2000.0 - Pimephales 
promelas 11 $225 - $800 $527 19 $180 - $600 $352 

EPA Method 2002.0 - Ceriodaphnia 
dubia 9 $275 - $800 $590 12 $180 - $600 $372 

EPA Method 2004.0 - Cyprinodon 
variegatus 3 $500 - $750 $667 1 $300 $300 

EPA Method 2006.0 - Menidia 
beryllina 6 $390 - $850 $686 4 $195 - $638 $421 

EPA Method 2006.0 - Menidia menidia 2 $750 $750  0 ND ND  
EPA Method 2006.0 - Menidia 
peninsulae 2 $750 $750  0 ND ND  

EPA Method 2007.0 - Mysidopsis 
bahia 5 $500 - $775 $675 3 $300 - $500 $383 

EPA Method 2019.0 - Oncorhynchus 
mykiss 5 $400 - $959 $712 11 $260 - $450 $387 

EPA Method 2019.0 - Salvelinus 
fontinalis 2 $750 $750   ND ND  

EPA Method 2021.0 - Daphnia magna 2 $450 - $750 $600 8 $250 - $563 $402 
EPA Method 2021.0 - Daphnia pulex 1 $900 $900 1 $675 $675 
N/A - Atherinops affinis 4 $395 - $850 $655 4 $200 - $638 $422 
N/A - Holmesimysis costata 2 $750 $750   ND ND  

Chronic 
EPA Method 1000.0 - Pimephales 
promelas 2 $1,200 - $1,250 $1,225 1 $600 $600 

EPA Method 1002.0 - Ceriodaphnia 
dubia 7 $1,071 - $1,450 $1,237 5 $450 - $1,088 $674 

EPA Method 1003.0 - Selenastrum 
capricornutum 6 $700 - $1,250 $920 4 $350 - $938 $547 

EPA Method 1005.0 - Crassostrea 
gigas or Mytilus sp. 3 $1,400 - $2,200 $1,817 2 $1,050 - $1,300 $1,175 

EPA Method 1006.0 - Atherinops 
affinis 6 $1,070 - $1,450 $1,237 5 $550 - $1,088 $698 

EPA Method 1007.0 - Holmesimysis 
costata 2 $1,250 - $1,850 $1,550 1 $500 $500 

EPA Method 1008.0 - 
Strongylocentrotus purpuratus 4 $855 - $1,500 $1,078 3 $430 - $825 $562 

EPA Method 1009.0 - Macrocystis 
pyrifera 4 $1,200 - $1,850 $1,438 3 $600 - $1,125 $808 

N/A - Haliotis rufescens 5 $960 - $2,000 $1,502 4 $480 - $1,200 $845 
N/A - Strongylocentrotus purpuratus 3 $1,400 - $2,200 $1,700 3  $430 - $1,300 $927 
ND = not cost data available 
N/A = no method number specified 
N = number of per test costs available from certified commercial and university labs performing WET tests 
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In addition, costs for three-species chronic WET testing to determine the most sensitive species 
are needed for those sample facilities not currently conducting such tests. Exhibit 4-5 

summarizes these costs based on average species type costs for freshwater and marine tests. 

Exhibit 4-5. Average Costs for Three-Species Chronic WET Tests 
Test Type Single-Concentration Multiple-Concentration 

Freshwater 3-species1 $1,542 $3,344 
Marine 3-species2 $2,322 $4,227 

1. Based on the sum of average costs of Ceriodaphnia dubia, Pimephales promelas, and Selenastrum 
capricornutum 
2. Based on the sum of average costs of Atherinops affinis, Macrocystis pyrifera, and the combined 
average of Crassostrea gigas or Mytilus sp,, Haliotis rufescens, Holmesimysis costata, and 
Strongylocentrotus purpuratus. 

 

If accelerated monitoring indicates a fail at or above the toxic RMD of 0.20 for acute or 0.25 for 
chronic then the Policy requires dischargers to conduct a TRE. EPA defines a TRE as a site-
specific study conducted in a stepwise process designed to identify the causative agents of 
effluent toxicity, isolate the sources of toxicity, evaluate the effectiveness of toxicity control 
options, and confirm the reduction in effluent toxicity (U.S. EPA, 1991). TREs comprise all 
measures taken to reduce WET to required levels. TREs can involve many steps and are seldom 
the same for all situations. Major components of a TRE include (U.S. EPA, 1999): 

 Information and data acquisition 
 Facility performance evaluation  
 Toxicity identification evaluation  
 Toxicity source evaluation 
 Toxicity control evaluation  
 Toxicity control implementation. 

The exact components of a TRE will vary for each discharger. For example, if toxicity occurred 
after the addition of a new treatment chemical or process change, the investigation can likely be 
conducted in-house and for a minimal cost. However, in many situations simply examining 
operational records is of little value without knowledge of the specific toxicant causing the 
problem (Pillard and Hockett, 2002). Identifying the toxicant of concern often increases 
treatment and control options while decreasing total control costs.  

A TIE is a set of procedures that uses physical and chemical treatments to identify or classify the 
specific chemical compounds causing toxicity in an effluent sample (U.S. EPA, 2001). EPA 
recommends that permittees conduct TIEs early in the TRE process (U.S. EPA, 2001). TIE 
procedures are commonly performed in three phases: characterization, identification, and 
confirmation. The phases can be performed sequentially (using the results of one phase to 
influence the next) or simultaneously. TIE costs vary based on effluent complexity and the 
number of phases conducted. For example, Nautilus Environmental (2012) indicates that a Phase 
I TIE would cost $5,000 to $7,000; however, costs for Phase II and III TIEs are site-specific. 
GEI Consultant indicates that Phase I TIE costs vary, but are approximately an additional $100 
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to $250 per test, depending on effluent manipulations required, data review needs, etc. (GEI 
Consultants, 2012). 

The difficulty in conducting a TIE, and the time required to complete it, will likely increase in 
direct proportion to the complexity of toxicants in wastewater. As the number of chemical 
constituents in wastewater increases, the interactions of those chemicals (e.g., with biological 
and analytical systems and with each other in the wastewater) can increase the difficulty of 
identifying toxicants (U.S. EPA, 2001). However, TIE studies do not need to be prohibitively 
expensive. ENSR indicates that relatively low-cost investigations can be extremely useful in 
providing cost-effective solutions to effluent toxicity problems (Pillard and Hockett, 2002). 

Based on TIE results, the permittee may decide to conduct treatability tests on the effluent or 
source investigations to determine the appropriate control actions. However, not all TREs need 
to include TIEs. In some cases, dischargers may first conduct treatability tests that use bench-
scale treatment units to identify process changes that reduce toxicity through changes in 
treatment type, arrangement, or method. While these tests may not identify which toxicant is 
being removed or reduced, they can still be effective in reducing WET. 

Costs for a TRE (not including implementation of specific control actions) can range from 
$25,000 to $40,000 (Pillard and Hockett, 2002). For example, the City of Bryan (Texas) received 
bids from two laboratory service providers to perform a TRE of $36,222 and $28,560, plus up to 
an additional $5,000 for all 3 phases of a TIE. For this analysis, Abt Associates used a TRE cost 
of $40,000 to be conservative (i.e., err on the side of higher costs). 

EPA considers any technically reasonable actions taken to resolve WET as TRE activities (EPA, 
2001). Such actions may include chemical substitution/addition, process optimization or 
enhancements, pretreatment modifications, or treatment of process streams. 

Chemical substitution removes the source of toxicity in effluents. Common chemicals for which 
substitution may be an option include cooling tower slimicides, ammonia nutrients, lime, 
polymers, and oxidizing agents (U.S. EPA, 1989). Adding chemicals to the treatment process 
may also improve toxicant or toxicity removal. EPA (1999) provides a number of examples: 

 Nutrients can be added to influent wastewaters that have low nutrient levels (relative 
to their organic strength) to improve biological treatment 

 Lime or caustic chemicals can be used to adjust wastewater pH for optimal biological 
treatment or for coagulation and precipitation treatment 

 Other chemical coagulants are used to aid in removal of insoluble toxicants and to 
improve sludge settling 

 Powdered activated carbon may be applied in activated sludge systems to remove 
toxic organic compounds.  

Process optimization entails modifying existing operations and facilities to improve operation, 
maintenance, and performance (Metcalf and Eddy, 2003). Optimization usually involves two 
main steps: process analysis and process modifications. Process analysis is an investigation of 
the performance-limiting factors of the treatment process and is a key factor in achieving 
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optimum treatment efficiency. Process modifications include activities short of adding new 
treatment technology units (conventional or unconventional) to the treatment train. For example, 
modifications could include modifying baffles, adding chemicals to enhance coagulation and 
solids removal, equalizing flow, training operators, and installing automation equipment 
including necessary hardware and software. Potential modifications vary based on the type of 
facility and existing treatment train. 

The primary advantages of pretreatment control of toxicity are that a smaller volume of waste 
can be managed by addressing individual sources and the costs are usually the responsibility of 
the industrial users. Pretreatment requirements may involve a public education effort or the 
implementation of narrative or numerical limitations for dischargers to WWTPs. If the problem 
toxicant is not already regulated under the existing pretreatment program, municipalities may 
need to (U.S. EPA, 1999): 

 Investigate public education approaches, if the toxicant is widely used in the service 
area (e.g., organophosphate insecticides) 

 Perform an allowable headworks loading analysis 
 Decide whether to establish local limits or implement a more directed approach, such 

as industrial user management or case-by-case requirements 
 Develop a monitoring program to evaluate compliance with the requirements. 

Treatment of wastewater is another option for controlling effluent toxicity. However, end-of-pipe 
treatment can be costly, making dischargers more likely to first pursue lower cost options such as 
process optimization and pollution prevention (e.g., chemical substitution and pretreatment 
modifications). The treatment technology selected will depend on the toxicant of concern. For 
example, enhanced biological nutrient removal technologies target reductions in nutrients such as 
ammonia, whereas, reverse osmosis primarily removes dissolved contaminants (e.g., mercury 
and pesticides).  

Exhibit 4-6 provides examples of the types of control actions that may be necessary for different 
discharger categories. Note that unit costs for these actions are not readily available, and Abt 
Associates could not develop unit costs for these specific actions due to a lack of site-specific 
data for each facility and activity. 
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Exhibit 4-6. Examples of WET Control Actions 
Discharger 
Category 

Pollutants of 
Concern Control Actions Source 

Municipal 
wastewater Copper Implemented additional pretreatment 

controls/requirements 
U.S. EPA 
(1999) 

Municipal 
wastewater 

Diazinon and 
chlorpyrifos 

Public awareness program; source control 
program; identify processes and operations 
that remove organophosphate insecticides 

U.S. EPA 
(1999) 

Municipal 
wastewater Surfactants Pretreatment to minimize or eliminate 

industrial chemicals 
U.S. EPA 
(1999) 

Municipal 
wastewater 

Ammonia, non-polar 
organic compounds, 
surfactants 

Developed pretreatment limits specific to 
ammonia and general toxicity limits for 
non-ammonia pollutants 

U.S. EPA 
(1999) 

Municipal 
wastewater 

Bacteria regrowth in 
effluent samples 

Replaced old auto samplers; revised 
sample tubing replacement protocol; 
optimized sample collection to reduce 
bacterial growth 

SRCSD 
(2008) 

Petroleum refinery Organic chemicals 
Installed granular activated carbon to treat 
5-10 mgd (in addition to existing biological 
treatment) 

Calgon 
Carbon (no 
date) 

Petroleum refinery 

Semi-volatile 
aromatics, high MW 
aliphaties, substituted 
phenols, aromatic 
amine and indole 
compounds, long-
chain fatty acid esters, 
and substituted PAHs 

Added more aeration horsepower to 
combined equalization/aeration tank; 
modified secondary clarifiers; and added 
new permanent pumps, piping, 
instrumentation, and controls for return and 
waste activated sludge flow control 

Stover and 
Walls (2004) 

Petroleum refinery Neutral organic 
Chemicals 

Ammonia recovery and foul water stripper; 
preliminary bench scale testing indicated 
that activated carbon will reduce final 
effluent toxicity to acceptable levels 

U.S. EPA 
(1989) 

Steel production Bacteria 
Improved housekeeping and increased 
frequency of clarifier cleaning and floc 
removal 

Hall and 
Lockwood 
(2004) 

Latex production Mixture of nitrite and 
ammonia 

Upgrades in solids pretreatment and the 
biological nitrification system (i.e., an 
anoxic basin and additional nitrification) 

Hall and 
Lockwood 
(2004) 

Organic chemicals Calcium and chloride 
salts Implemented source controls 

Hall and 
Lockwood 
(2004) 

Gas-fired power 
plant Copper Using commercial additive containing 

EDTA chelating agent ENSR (2008) 

 
Control costs are highly site-specific. However, in general, pretreatment modifications, source 
controls, and process optimization are less costly to implement than end-of-pipe treatment. As 
shown in the exhibit, in certain cases, such as removal of organics from petroleum refinery 
wastewater, end-of-pipe treatment may be the most technologically and economically feasible 
alternative for compliance. 
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4.1.7 Estimating Potential Incremental Statewide Costs 

To estimate total statewide costs, Abt Associates calculated average per facility costs for each 
discharger category by dividing total compliance costs for the sample facilities by the number of 
sample facilities in each discharger category. Abt Associates then multiplied average per facility 
costs by the total number of facilities in the applicable category. Note that because WET 
monitoring costs are not likely to vary based on flow, Abt Associates did not extrapolate the 
estimated incremental costs for the sample facilities to all facilities based on a cost per mgd of 
flow. In comparison, costs for compliance technologies to reduce WET would likely be related to 
flow. However, Abt Associates did not estimate process control costs for the sample facilities. 

4.2 Storm Water Discharges 

Under the Policy, the only change to permit requirements for MS4 permittees and individual 
industrial storm water dischargers with existing toxicity monitoring requirements is that toxicity 
data must be analyzed using the TST approach. There are no toxicity monitoring data from storm 
water dischargers from which to determine the change in compliance actions for storm water 
dischargers under the Policy and thus, the incremental controls that may be needed under the 
Policy. However, the State Water Board (2011) evaluated storm water samples collected during 
dry weather, storm events, and irrigation seasons in agricultural areas and found that using the 
TST approach is not expected to result in a change in the number of enforcement actions 
compared to use of the current toxicity methods.   

While enforcement actions may not change under the Policy, monitoring requirements could 
increase for certain dischargers. For example, for those storm water dischargers without existing 
toxicity monitoring requirements, the Policy recommends they implement a chronic monitoring 
program. For Phase I MS4s, only three of the 21 permittees do not currently have toxicity 
monitoring provisions. Assuming permit writers would require yearly chronic toxicity 
monitoring consisting of four single-concentration tests for the Phase I MS4s without existing 
monitoring provisions, incremental annual costs could be approximately $2,900 per year per 
permittee, or $8,700 per year total for all three permittees. Exhibit 4-7 summarizes these 
potential incremental costs. 

Exhibit 4-7: Potential Incremental Phase I MS4 Monitoring Costs 

Name (NPDES #) Existing Toxicity 
Monitoring Requirements 

Annual Incremental 
Cost1 

Santa Rosa and County of Sonoma (CA0025038) Yes $0 
San Francisco Bay Regional (CAS612008) Yes $0 

Salinas (CA0049981) Yes $0 
Long Beach (CAS004003) Yes $0 

County of Los Angeles (CAS004001) Yes $0 
Ventura County (CAS004002) Yes $0 

Bakersfield-Kern County (CA00883399) No $2,900 
Contra Costa Clean Water (CA0083313) Yes $0 

Fresno (CA0083500) No $2,900 
Modesto (CAS083526) Yes $0 

Port of Stockton (CAS084077) Yes $0 
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Exhibit 4-7: Potential Incremental Phase I MS4 Monitoring Costs 

Name (NPDES #) Existing Toxicity 
Monitoring Requirements 

Annual Incremental 
Cost1 

Sacramento (CAS082597) Yes $0 
Stockton and San Joaquin County (CAS083470) Yes $0 
South Lake Tahoe, El Dorado and Placer County 

(CAG616001) Yes $0 

Riverside County (CAS617002) No $2,900 
Orange County (CAS618030) Yes $0 

Riverside County (CAS618033) Yes $0 
San Bernardino County (CAS618036) Yes $0 

Orange County (CAS108740) Yes $0 
Riverside County (CAS108766) Yes $0 

San Diego (CAS108758) Yes $0 
Total  $8,700 

1. Represents average of chronic toxicity test prices ($717) multiplied by 4 samples per year for those 
permittees without existing toxicity monitoring requirements. 

 

Phase II MS4s are covered under a statewide general permit that contains specific water quality 
monitoring requirements based on the impairment status or sensitivity of the receiving waters. 
Thus, Abt Associates assumed that specific monitoring requirements would not likely change 
under the Policy. 

In addition, costs associated with incremental changes to monitoring requirements for individual 
industrial storm water dischargers are already captured in the industrial costs described above.  

4.3 Channelized Dischargers 

Under the Policy, the only change to permit requirements for channelized dischargers regulated 
exclusively under the Porter-Cologne Water Quality Control Act required to monitor for toxicity 
under existing requirements is that toxicity data must be analyzed using the TST approach. 
However, the State Water Board (2011) evaluated storm water samples collected during dry 
weather, storm events, and irrigation seasons in agricultural areas and found that using the TST 
approach is not expected to result in a change in the number of enforcement actions compared to 
use of the current toxicity methods. Thus, potential incremental costs associated with the Policy 
are most likely to be related to a change in toxicity monitoring requirements. 

The conditional waivers in the Central Coast, Los Angeles, and Central Valley regions already 
contain toxicity monitoring requirements and TRE/TIE provisions for addressing potential 
toxicity. Thus, to the extent that toxicity results analyzed using the TST method would remain 
unchanged, incremental compliance costs could be minimal in these regions.  

The North Coast, San Francisco, Colorado River and San Diego Regional Water Boards’ 
conditional waivers for agriculture do not contain any specific monitoring or control 
requirements for toxicity. Thus, if permit writers require specific toxicity provisions in the 
waiver as a result of the Policy, there could be some incremental cost associated with 
compliance. However, the magnitude of this incremental cost, if any, is uncertain due to 
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uncertainty associated with baseline activities for individual growers and estimates of the number 
of growers covered by each waiver. 

The Santa Ana Regional Water Board’s conditional agriculture waiver is still being developed 
and implemented. Thus, it is uncertain whether baseline conditions would include toxicity 
monitoring provisions and whether incremental costs are likely. In addition, it is uncertain how 
many farmers are covered by the waiver and whether they would participate in the group or 
individual monitoring programs. 

The Lahontan Regional Water Board does not currently have conditional waivers for agricultural 
lands. However, because all of the Regional Boards are required to implement an agriculture 
discharge program, the Policy will apply to this region in the future. Whether those waivers 
would have included toxicity monitoring in the absence of the Policy or whether permit writers 
will revise waivers to include monitoring provisions is uncertain. 
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5 Results 

This section summarizes the potential incremental policy actions and statewide costs. 
Incremental impacts represent the costs of activities above and beyond those that would be 
necessary in the absence of the policy under baseline conditions. This section also discusses the 
limitations and uncertainties associated with the analysis. 

5.1 Municipal and Industrial Wastewater 

Exhibit 5-1 summarizes the potential incremental costs to the sample facilities of complying 
with the Policy. Negative values represent cost savings associated with reduced WET testing 
requirements, and reduced accelerated monitoring and TRE activities associated with the change 
in statistical method, under the Policy. Reduced monitoring costs are typically attributable to 
removing acute WET testing requirements. Reduced TRE costs may result if effluent data 
analyzed under existing methods trigger permit requirements to implement a TRE and no such 
requirements are triggered under the Policy using the TST method.  

Exhibit 5-1. Potential Incremental Policy Costs for the Sample Facilities 

Name Monitoring1 Compliance 
Actions2 Total 

Municipal Wastewater 
Sacramento Regional County Sanitation 
District WWTP -$52,600 $0 -$52,600 

Los Angeles County Sanitation District, 
San Jose Creek WRP (East and West) -$3,900 -$15,000 -$18,900 

Camrosa Water District WWTP $0 $0 $0 
Colton/San Bernardino RIX -$6,400 -$14,400 to $400 -$20,800 to -$6,000 
Davis WWTP -$23,200 -$14,200 to $400 -$37,400 to -$22,800 
Lompoc Regional WWTP -$3,400 $0 -$3,400 
Victor Valley Regional WWTP $5,800 $400 to $15,200 $6,200 to $21,000 

Industrials 

Aerojet $4,800 ND $4,800 
Chevron, Richmond Refinery -$25,900 $0 -$25,900 
Pactiv Corporation, Molded Pulp Mill -$5,500 $0 -$5,500 
Dow Chemical Company -$7,300 $0 -$7,300 
DWR, Warne Power Plant -$2,000 to $12,600 $0 -$2,000 to $12,600 
Shell Oil, Martinez Refinery -$20,300 $300 to $15,700 -$20,000 to -$4,600 
USS POSCO Industries -$6,800 -$1,500 to $13,900 -$8,300 to $7,100 
ND = No data to evaluate compliance 
WRP = water reclamation plant 
WWTP = wastewater treatment plant 
1. Includes cost of routine monitoring and species sensitivity screening. 
2. Includes cost of follow-up monitoring, accelerated monitoring, and TREs. 
 
Based on the number of dischargers in each category (e.g., municipal wastewater, chemicals 
products, metals manufacturers and finishers, petroleum refineries, pulp and paper mills, and 
other industries), the results from the sample facilities can be extrapolated to estimate the 
potential incremental statewide costs associated with the Policy.  

Exhibit 5-2 shows the calculation of incremental statewide costs. 
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Exhibit 5-2. Extrapolation of Compliance Costs for Major Dischargers  

Discharger 
Category 

Total Cost to 
Sample 

Dischargers 

Number of 
Sample 

Dischargers 

Average 
Cost per 

Discharger 

Number of 
Dischargers 
Statewide 

Total Statewide 
Cost 

Certainty Sample2 -$71,500 2 NA 2 -$71,500 
Municipal 
Wastewater 

-$53,800 to  
-$9,600 5 -$10,800 to  

-$1,900 125 -$1,350,000 to  
-$237,500 

Chemicals and Allied 
Products -$7,300 1 -$7,300 1 -$7,300 

Metals Manufacturing 
and Finishers 

-$7,400 to  
$7,900 1 -$7,400 to  

$7,900 1 -$7,400 to  
$7,900 

Petroleum Refineries -$45,900 to  
-$30,500 2 -$23,000 to  

-$15,300 9 -$207,000 to  
-$137,700 

Pulp and Paper -$5,500 1 -$5,500 1 -$5,500 

Other Industrial $2,800 to 
$17,400 2 $1,400 to 

$8,700 27 $37,800 to 
$234,900 

Total NA 14 NA 166 -$1,610,900 to  
-$216,700 

Note: detail may not add to total due to independent rounding. 
NA = not applicable 
1. Includes cost of routine monitoring, follow-up monitoring, accelerated monitoring, and TRE 
implementation; does not include cost of treatment controls because information on specific pollutant(s) 
causing toxicity is not available. 
2. Represents the largest facility in the north and the largest facility in the south to incorporate the 
facilities with highest potential for cost in the two regions. 

 

5.2 Storm Water Dischargers 

Incremental compliance costs to storm water discharges associated with additional enforcement 
actions due to a change in test analysis methods under the Policy are unlikely based on the State 
Water Board (2011) comparison of toxicity results for storm water data using the TST method 
and current toxicity methods. However, there could be incremental costs to storm water 
dischargers that do not currently have toxicity monitoring requirements if permit writers 
implement a recommended monitoring program under the Policy of approximately $8,700 per 
year. 

5.3 Channelized Dischargers  

Incremental costs to discharges from channelized dischargers associated with additional 
enforcement actions due to a change in test analysis methods under the Policy are unlikely based 
on the State Water Board (2011) comparison of toxicity results for storm water runoff from 
agriculture areas using the TST method and current toxicity methods. In addition, it is uncertain 
whether monitoring requirements would change under the Policy.  

5.4 Limitations and Uncertainties  

There are a number of uncertainties associated with the analysis of potential compliance and 
costs under the Policy due to data limitations. Exhibit 5-3 summarizes the key uncertainties and 
the potential effect on estimated costs. 
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Exhibit 5-3. Key Limitations and Uncertainties in the Analysis of Compliance and Costs 
Issue or Assumption Impact on 

Estimated Costs 
Comments 

Treatment costs not estimated. – 

If a TRE is necessary, dischargers could 
incur some costs for reducing effluent 
toxicity. However, without information on 
the pollutants causing the toxicity, the 
magnitude of those costs cannot be 
estimated. 

Compliance with Policy and thus 
estimated costs based on WET tests 
from 2006 through 2008. 

? 

Dischargers may test different species (due 
to rescreening and changes in acceptable 
test species) under the Policy, which could 
change compliance results. Effluent quality 
may have changed over time. 

Incremental costs associated with a 
change in monitoring requirements are 
not estimated for channelized 
discharges. 

? 

Costs to dischargers with existing toxicity 
provisions may be minimal or there may be 
cost savings. Dischargers with no existing 
toxicity provisions could incur costs if 
permit writers choose to include the 
recommended monitoring programs in 
permits; however, such costs could be 
offset by potential cost savings from other 
dischargers.  

‘?’ = uncertain 
 ‘-‘ = estimated costs may be understated 
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The following sections document the incremental compliance analysis for the sample facility. 

The following exhibit summarizes general information about the facility. 

Name Aerojet-General Corporation 
NPDES No. CA0004111 
Category Major industrial (other) 
Flow (mgd) 35.8 
Receiving water Buffalo Creek (Outfalls 001, 002, 003, and 004) 
Existing treatment level Primary 
Existing treatment train Retention ponds 

 

The following exhibit summarizes the existing permit requirements related to WET testing for 
the sample facility. 

Permit issue date 7/31/2008 
Permit expiration date 7/31/2013 
Dilution None 
Acute monitoring Twice per year; 1 species (Pimephales promelas) 
Acute limits None 
Chronic monitoring Annually; three species (Ceriodaphnia dubia, survival and reproduction 

test; Pimephales promelas, larval survival and growth test; Selenastrum 
capricornutum, growth test); 100% effluent 

Chronic limits None 
Accelerated monitoring 
trigger 

The numeric toxicity monitoring trigger is > 1 TUc (where TUc = 
100/NOEC). 

TIE/TRE trigger If the result of any accelerated toxicity test exceeds the monitoring 
trigger, the Discharger shall cease accelerated monitoring and initiate a 
TRE to investigate the cause(s) of, and identify corrective actions to 
reduce or eliminate effluent toxicity.  

Resume regular testing 
condition 

If the results of four consecutive accelerated monitoring tests do not 
exceed the monitoring trigger, the Discharger may cease accelerated 
monitoring and resume regular chronic toxicity monitoring. 

 

Data are not available from which to evaluate compliance with baseline or Policy requirements.  

Abt Associates assumed that permit writers would not require routine acute monitoring under the 
Policy, as shown in the table below. Chronic monitoring will be monthly, but with one species 
(most sensitive). In addition, there is no incremental cost associated with initial RP monitoring 
(chronic three-species testing) because the permit already requires three-species testing annually. 
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Component Baseline Policy Incremental 
Acute 

Frequency 2/yr NA NA 
# Species 1 NA NA 
Test type Single concentration NA NA 
Unit cost $352 (Pimephales promelas) NA NA 

Annual cost $700 NA -$700 
Chronic 

Frequency 1/yr 12/yr NA 
# Species 3 1 NA 
Test type Single concentration Single concentration NA 

Unit costs 
$674 (Ceriodaphnia dubia) 

$600 (Pimephales promelas) 
$547 (Selenastrum capricornutum) 

$607 (Uncertain1) NA 

Annual cost $1,800 $7,300 $5,500 
Total 

Annual cost $2,500 $7,300 $4,800 
NA = not applicable. 
1. Most sensitive species is uncertain; cost represents the average unit cost of single-concentration tests 
for Ceriodaphnia dubia, Pimephales promelas, and Selenastrum capricornutum. 

  

Thus, total incremental costs for the discharger may be $4,800 per year. 

Routine 
Monitoring 

3-Species Sensitivity 
Monitoring Permit Limit Compliance Total Annual 

$4,800 $0 $0 $4,800 
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The following sections document the incremental compliance analysis for the sample facility. 

The following exhibit summarizes general information about the facility. 

Name Camrosa WRP 
NPDES No. CA0059501 
Category Major municipal 
Flow (mgd) 1.5 
Receiving water Calleguas Creek 
Existing treatment level Tertiary 

Existing treatment train 
Bar screen, headworks lift station, denitrification extended aeration 
system, anoxic denitrification, secondary clarification, upflow sand 
filtration, chlorination, and impoundment for reclamation. 

 

The following exhibit summarizes the existing permit requirements related to WET testing for 
the sample facility. 

Permit issue date 12/4/2003 
Permit expiration date 11/10/2008 
Dilution Not applicable 
Acute monitoring Quarterly; 1 species (Pimephales promelas); 100% effluent 

Acute limits 
Survival of aquatic organisms in 96-hour bioassays of undiluted waste 
shall be no less than 70% for one bioassay, and the average for any 
three or more consecutive bioassays shall be no less than 90%. 

Chronic monitoring Monthly; 1 species with re-screening every 15 months (Ceriodaphnia 
dubia, Pimephales promelas, Selenastrum capricornutum); 100% effluent 

Chronic limits Monthly median of 1.0 TUc (100/NOEC) 
Accelerated monitoring 
trigger Exceed either acute or chronic limits 

TRE trigger 

Any 2 of the 6 accelerated acute tests are less than 90% survival; the 
initial acute test and any of the additional 6 acute toxicity bioassay tests 
result in less than 70 % survival; or any 3 out of the initial chronic tests 
and the 6 accelerated tests exceed 1.0 TUc 

Resume regular testing 
condition 

If implementation of the initial investigation TRE Work Plan indicates the 
source of toxicity (e.g., a temporary plant upset, etc.), toxicity is in 
compliance with the limitations in all of the 6 additional tests required, or 
a TRE/TIE is initiated prior to completion of the accelerated testing 
schedule then the Discharger shall return to the normal sampling 
frequency 

 

There are no effluent toxicity data available for this facility because it has not discharged since 
1998. 
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There are no data available from which to determine compliance with the Policy because the 
facility has not discharged to surface water since 1998. 

The potential for compliance with WET requirements is similar under the Policy compared to the 
current permit. Thus, incremental control costs are zero. In addition, monitoring costs are zero 
because the facility is not currently discharging. 
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The following sections document the incremental compliance analysis for the sample facility. 

The following exhibit summarizes general information about the facility. 

Name Chevron, Richmond Refinery 
NPDES No. CA0005134 
Category Major industrial (petroleum refining) 
Flow (mgd) 13 
Receiving water San Pablo Bay 
Existing treatment level Tertiary 

Existing treatment train 

The treatment system first consists of oil and water separators. 
Wastewater is then routed to a bioreactor that consists of 4 quadrants. 
The first 2 quadrants provide biological treatment through aeration, while 
the next 2 quadrants are used as settling basins. After the settling basins, 
the Discharger routes a portion of bioreactor effluent to its water 
enhancement wetland. The remaining bioreactor effluent, and typically all 
wetland effluent, is routed through granular activated carbon before 
discharge through a deepwater diffuser. 

 

The following exhibit summarizes the existing permit requirements related to WET testing for 
the sample facility. 

Permit issue date 9/1/2011 
Permit expiration date 8/31/2016 
Dilution 10:1 
Acute monitoring Weekly; 1 species (Oncorhynchus mykiss) 

Acute limits 
The survival of organisms in undiluted effluent not less than an 11-
sample median of not less than 90%, and an 11-sample 90th percentile 
value of not less than 70%. 

Chronic monitoring 

Quarterly; 1 species (Ceriodaphnia dubia); 100%, 50%, 25%, 10%, and 
5%, and 2.5% dilutions; screening phase monitoring data from within 5 
years of permit expiration date required in application for permit 
reissuance 

Chronic limits 3-sample median < 10 TUc, and a single-sample value < 20 TUc. 
Accelerated monitoring 
trigger 

3-sample median >=10 TUc, or single-sample value >= 20 TUc. 
Accelerate frequency to monthly. 

TRE trigger Submit TRE work plan based on required generic Work Plan within 30 
days of exceeding an accelerated monitoring trigger 

Resume regular testing 
condition 

If data from accelerated monitoring data points are found to be in 
compliance with the evaluation parameter, then regular monitoring shall 
be resumed. 
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The following tables summarize WET data from 8/23/06 – 5/7/08. The 2011 permit revised 
chronic monitoring requirements to specify tests based on Ceriodaphnia dubia instead of 
Macrocystis pyrifera, however, due to a lack of more recent effluent data Abt Associates 
evaluated compliance with baseline permit requirements based on Macrocystis pyrifera data. 

Species Oncorhynchus mykiss 

Test Survival 
# of tests 9 
# exceeding limit1 0 
1. Based on incomplete data from PCS. 

 

Species Macrocystis pyrifera 
Test Germination and growth 
# of tests 8 
# exceeding limit 0 
# exceeding accelerated monitoring trigger 0 
Exceeding TRE trigger? (Y/N) N 
 

The discharger is in compliance with existing permit limits and requirements. 

Regional Water Boards can allow dilution at their discretion. However, assuming that the facility 
would receive a dilution ratio of 10:1 as in the existing permit, the IWC would represent a 10% 
effluent sample. 

The following table summarizes WET data from 8/23/06 – 5/7/08 under the Policy based on 
comparison of 10% effluent sample to a control. 

Species Macrocystis pyrifera 
Test Germination and growth 
# of tests 8 
# of fails 0 
# with mean effect >10% 0 
“fail” = statistically significant using the TST method 
 
Based on existing chronic monitoring data, the discharger would not have RP under the Policy 
because there are no “fail” results and all of the test mean effects are below 10%.  

The discharge is in compliance with baseline requirements and would not have RP (and thus, 
would not receive effluent limits or need controls) under the Policy. Thus, incremental control 
costs are zero.  
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Abt Associates assumed that permit writers would not require routine acute monitoring under the 
Policy, as shown in the table below, and no routine monitoring is needed because the discharger 
does not have RP under the Policy. In addition, incremental cost savings associated with initial 
RP monitoring (chronic three species testing) would likely be minimal because the permit 
already requires at least three multiple dilution tests per species for permit renewal (the policy 
requires four single concentration tests per species). 

Component Baseline Policy Incremental 
Acute 

Frequency 52/yr NA NA 
# Species 1 NA NA 
Test type Single concentration NA NA 
Unit cost $387 (Oncorhynchus mykiss) NA NA 

Annual cost $20,100 NA -$20,100 
Chronic 

Frequency 4/yr NA NA 
# Species 1 NA NA 
Test type Multiple dilutions NA NA 
Unit costs $1,438 (Macrocystis pyrifera) NA NA 

Annual cost $5,800 NA -$5,800 
Total 

Annual cost $25,900 $0 -$25,900 
NA = not applicable. 

  

Thus, total incremental cost savings for the discharger may be approximately $25,900 per year. 

Routine 
Monitoring 

3-Species Sensitivity 
Monitoring Permit Limit Compliance Total Annual 

-$25,900 $0 $0 -$25,900 
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The following sections document the incremental compliance analysis for the sample facility. 

The San Bernardino WWTP is a secondary plant that discharges (along with the Colton WWTP) 
to the Colton-San Bernardino Regional Tertiary Plant. Toxicity monitoring is required for the 
regional plant and not the individual plants. The following exhibit summarizes general 
information for the regional treatment facility. 

Name Colton/San Bernardino Regional Tertiary Treatment Facility 
NPDES No. CA0105392 
Category Major municipal 
Flow (mgd) 28 
Receiving water Santa Ana River 
Existing treatment level Tertiary 

Existing treatment train 

The treatment system at the San Bernardino WWTP consists of 
screening, grit removal, primary clarification, secondary activated sludge 
(biological oxidation) with nitrification and denitrification, secondary 
clarification, and chlorination. Treatment at the regional tertiary facility is 
rapid infiltration and extraction (RIX), which consists of infiltration into a 
series of ponds, and extraction along with native groundwater for 
discharge. 

 

The following exhibit summarizes the existing permit requirements related to WET testing for 
the sample facility. 

Permit issue date 9/30/2005 
Permit expiration date 9/1/2010 
Dilution None 
Acute monitoring None 
Acute limits None 

Chronic monitoring Monthly; 1 species (Ceriodaphnia dubia); at least five dilutions (within 
60% to 100% effluent concentration) and a control 

Chronic limits None 
Accelerated monitoring 
trigger Any single test > 1 TUc  

TIE/TRE trigger 2-month median test value >1 TUc for survival or reproduction endpoint; 
any single test value >1.7 TUc for survival endpoint 

Resume regular testing 
condition 

2 consecutive data points result in 1.0 TUc, or when the results of the 
Initial Investigation Reduction Evaluation have adequately addressed the 
identified toxicity problem 

 

The following table summarizes WET data from 6/5/06 – 6/3/08. 
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Species Ceriodaphnia dubia 

Test Survival and reproduction 
# of tests 27 
# exceeding accelerated monitoring trigger 2 
Exceeding TRE trigger? (Y/N) Y 

 

The discharger exceeded accelerated monitoring and TIE/TRE triggers over the period of the 
data. 

The discharger has RP under the Policy because it is a major WWTP. The following table 
summarizes WET data from 6/5/06 – 6/3/08 under the Policy.  

Species Ceriodaphnia dubia 

Test Survival and reproduction 
# of tests 27  
# of potential exceedances of MDEL 1 
Failure of MDEL verification test No 
# of potential exceedances of MMEL  2* 
 “fail” = statistically significant using the TST method 
*Uncertain because there were no additional tests in the same calendar month to determine compliance. 

 

Under the Policy, the discharger will have to conduct three-species screening to determine the 
most sensitive species for chronic monitoring. Existing data is only available for Ceriodaphnia 

dubia. In addition, the existing data indicate that there is one exceedance of the MDEL, however 
the verification test indicates that accelerated monitoring would not be necessary for the 
exceedance because the test passed. If a toxicity test result is a “fail,” but the percent effect is 
below the MDEL, dischargers must conduct two additional toxicity tests within the same 
calendar month in order to determine compliance with the MMEL.  If either of these two 
additional tests results in a “fail,” the median monthly result is “fail” and the discharger will be 
in exceedance of the MMEL. Because the data to assess compliance with the MMEL are not 
available, Abt Associates estimated potential compliance based on both potential outcomes: 1) 
monitoring indicates exceedance of the MMEL and 2) monitoring indicates compliance with the 
MMEL. 
 

Under the scenario in which additional monitoring indicates that the facility is exceeding the 
MMEL, the compliance actions under the Policy would be similar to those required under the 
existing permit. That is, the facility would need to conduct accelerated monitoring and a TRE. 
Thus, incremental costs would only reflect the additional monitoring associated with determining 
compliance with the MMEL, or approximately $400 per year.  
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Under the scenario in which additional monitoring indicates that the facility is in compliance 
with the MMEL, there could be a cost savings under the Policy because there would no longer be 
a requirement to conduct accelerated monitoring and a TRE. Potential cost savings could be 
approximately $14,400 per year. 

Scenario 
Potential 

to 
Exceed 
MDEL  

Verification 
Test Costs 

Total Incremental Costs Incremental 
Annual 
Costs2 

MMEL 
Monitoring1  

Accelerated 
Monitoring  TRE 

Comply with 
MMEL No $0 $1,200 -$4,500 -$40,000 -$14,400 

Exceed 
MMEL No $0 $1,200 $0 $0 $400 

1. Represents unit cost of $607 per test (average of 3 freshwater species tests) multiplied by 2 follow-up 
tests for MMEL monitoring trigger. 
2. Total incremental costs divided by period of which data were evaluated (three years). 

  

In addition, routine monitoring requirements would change under the Policy in that chronic 
monitoring will be monthly with one species (most sensitive), but with a single-concentration 
test.  

Routine Monitoring Costs:   
 Baseline Policy Incremental 

Frequency 12/yr 12/yr NA 
# Species 1 1 NA 
Test type Multiple dilutions Single concentration NA 
Unit costs $1,237 (Ceriodaphnia dubia) $607 (Uncertain1) NA 
Annual cost $14,800 $7,300 -$7,600 
NA = not applicable. 
1. Sensitive species is uncertain because facility only has monitoring data for a single species; cost 
represents average of three freshwater species. 

 

Incremental cost savings associated with routine monitoring would be approximately $7,600 per 
year.  

There will also be an incremental cost associated with initial RP monitoring (chronic three-
species testing) of approximately $6,200 (based on four samples per species and average single-
concentration chronic test costs for freshwater vertebrates, invertebrates, and aquatic plants) at 
the beginning of each permit cycle, or $1,200 per year (assuming a 5-year permit cycle).  

Thus, total incremental cost savings may range from approximately $20,800 to $6,000 per year. 

Routine 
Monitoring 

3-Species Sensitivity 
Monitoring Permit Limit Compliance Total Annual 

-$7,600 $1,200 -$14,400 to $400 -$20,800 to -$6,000 
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The following sections document the incremental compliance analysis for the sample facility. 

The following exhibit summarizes general information about the facility. 

Name Davis WWTP 
NPDES No. CA0079049 
Category Major municipal 
Flow (mgd) 7.5 

Receiving water Willow Slough Bypass (Outfall 001) and Conaway Ranch Toe Drain 
(Outfall 002) 

Existing treatment level Secondary 

Existing treatment train 

The treatment system consists of a mechanical bar screen, an aerated 
grit tank, three primary sedimentation tanks, a primary anaerobic 
digester, a secondary anaerobic digester, three sludge lagoons, two 
aeration ponds (typically used in winter), three facultative oxidation 
ponds, a Lemna pond, an overland flow system, a chlorine contact tank, 
and restoration wetlands (used when discharging to Conaway Toe 
Drain). Biosolids are dewatered in on-site lagoons and the dried biosolids 
are land applied on-site in the overland flow fields. 

 

The following exhibit summarizes the existing permit requirements related to WET testing for 
the sample facility. 

Permit issue date 10/25/2007 
Permit expiration date 10/1/2012 
Dilution None 
Acute monitoring Monthly; 1 species (Oncorhynchus mykiss); 100% effluent 

Acute limits 
Survival of aquatic organisms in 96-hr bioassays of undiluted waste shall 
be no less than: 70%, minimum for any one bioassay; and 90%, median 
for any three consecutive bioassays. 

Chronic monitoring 
Quarterly; 3 species (Ceriodaphnia dubia, Pimephales promelas, 
Selenastrum capricornutum) control plus 5 dilutions (100%, 75%, 50%, 
25%, 12.5%) 

Chronic limits None 
Accelerated monitoring 
trigger 1 TUc (where TUc = 100/NOEC) 

TRE trigger 1 TUc (where TUc = 100/NOEC) 

Resume regular testing 
condition 

If the results of 4 consecutive accelerated monitoring data points do not 
exceed the monitoring trigger, the Discharger may cease accelerated 
monitoring and resume regular chronic toxicity monitoring. However, 
notwithstanding the accelerated monitoring results, if there is adequate 
evidence of a pattern of effluent toxicity, the Executive Officer may 
require that the Discharger initiate a TRE. 
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The following tables summarize WET data from 5/31/06 – 7/8/08 for Outfall 001 and Outfall 
002. 

Species Oncorhynchus mykiss 
Test Survival 
# of tests 7 
# exceeding limit 0 
# exceeding accelerated monitoring trigger 0 
Exceeding TRE trigger? (Y/N) N 

 

Species Oncorhynchus mykiss 
Test Survival 
# of tests 7 
# exceeding limit 0 
# exceeding accelerated monitoring trigger 0 
Exceeding TRE trigger? (Y/N) N 

 

Ceriodaphnia dubia 

Test Survival and reproduction 
# of tests 7 
# exceeding accelerated monitoring trigger 1 
Exceeding TRE trigger? (Y/N) Y 

Pimephales promelas 

Test Survival and growth 
# of tests 7 
# exceeding accelerated monitoring trigger 1 
Exceeding TRE trigger? (Y/N) Y 

Selenastrum capricornutum 

Test Growth 
# of tests 7 
# exceeding accelerated monitoring trigger 1 
Exceeding TRE trigger? (Y/N) Y 

Ceriodaphnia dubia 

Test Survival and reproduction 
# of tests 2 
# exceeding accelerated monitoring trigger 1 
Exceeding TRE trigger? (Y/N) Y 

Pimephales promelas 

Test Survival and growth 
# of tests 2 
# exceeding accelerated monitoring trigger 0 
Exceeding TRE trigger? (Y/N) N 
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Selenastrum capricornutum 

Test Growth 
# of tests 1 
# exceeding accelerated monitoring trigger 1 
Exceeding TRE trigger? (Y/N) Y 

 

The discharger exceeded both accelerated monitoring and TRE triggers for chronic toxicity at 
both outfalls over the period of the data. 

The discharger has RP under the Policy because it is a major WWTP. The following tables 
summarize WET data from 5/31/06 – 7/8/08 under the Policy for Outfall 001 and Outfall 002. 

Ceriodaphnia dubia 

Test Survival and reproduction 
# of tests 7 
# of potential exceedances of MDEL 0 
# of potential exceedances of MMEL 0 

Pimephales promelas 

Test Survival and growth 
# of tests 7 
# of potential exceedances of MDEL 0 
# of potential exceedances of MMEL 0 

Selenastrum capricornutum 

Test Growth 
# of tests 7 
# of potential exceedances of MDEL 0 
# of potential exceedances of MMEL 1* 
 “fail” = statistically significant using the TST method 
*Uncertain because there were no additional tests in the same calendar month to determine compliance. 

 

Ceriodaphnia dubia 

Test Survival and reproduction 
# of tests 2 
# of potential exceedances of MDEL 0 
# of potential exceedances of MMEL 0 

Pimephales promelas 

Test Survival and growth 
# of tests 2 
# of potential exceedances of MDEL 0 
# of potential exceedances of MMEL 0 
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Selenastrum capricornutum 

Test Growth 
# of tests 1 
# of potential exceedances of MDEL 0 
# of potential exceedances of MMEL 1* 
*Uncertain because there were no additional tests in the same calendar month to determine compliance. 

 

Based on the analysis of effluent data under the Policy, Selenastrum capricornutum may be the 
most sensitive for Outfall 001 and Outfall 002. The analysis also indicates that there may be 
exceedances of the chronic MMEL for both outfalls because there is one “fail” result for each 
with a percent effect less than 50%. Under the Policy additional monitoring to assess compliance 
with the MMEL (two additional samples in the same calendar month) would be needed. Because 
the data to assess compliance with the MMEL are not available, Abt Associates estimated 
potential compliance based on both potential outcomes: 1) monitoring indicates exceedance of 
the MMEL and 2) monitoring indicates compliance with the MMEL.  

Under the scenario in which additional monitoring indicates that the facility is exceeding the 
MMEL, the compliance actions under the Policy would be similar to those required under the 
existing permit. That is, the facility would need to conduct accelerated monitoring and a TRE. 
Thus, incremental costs would only reflect the additional monitoring associated with determining 
compliance with the MMEL, or approximately $400 per year.  

Under the scenario in which additional monitoring indicates that the facility is in compliance 
with the MMEL, there could be a cost savings under the Policy because there would no longer be 
a requirement to conduct accelerated monitoring and a TRE. Potential cost savings could be 
approximately $14,200 per year. 

Scenario 
  

Exceed 
MDEL 

  
Verification 
Test Costs 

Total Incremental Costs Incremental 
Annual 
Costs2 

MMEL 
Monitoring1  

Accelerated 
Monitoring  TRE 

Comply with 
MMEL No $0 $1,100 -$3,700 -$40,000 -$14,200 

Exceed 
MMEL No $0 $1,100 $0 $0 $400 

1. Represents unit cost of $547 per test (for Selenastrum capricornutum) multiplied by 2 follow-up tests 
for exceedances of MMEL monitoring triggers at each outfall. 
2. Total incremental costs divided by period of which data were evaluated (three years). 

 

In addition, routine monitoring requirements would change under the Policy in that Abt 
Associates assumed that permit writers would not require routine acute monitoring under the 
Policy, as shown in the table below. Chronic monitoring will be monthly, but with one species 
(most sensitive) and single-concentration tests.  
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Component Baseline Policy Incremental 
Acute 

Frequency 12/yr (at 2 outfalls) NA NA 
# Species 1 NA NA 
Test type Single concentration NA NA 
Unit cost $387 (Oncorhynchus mykiss) NA NA 

Annual cost $9,300 NA -$9,300 
Chronic 

Frequency 4/yr (at 2 outfalls) 12/yr (at 2 outfalls) NA 
# Species 3 1 NA 
Test type Multiple dilutions Single concentration NA 

Unit costs 
$1,237 (Ceriodaphnia dubia) 

$1,225 (Pimephales promelas) 
$920 (Selenastrum capricornutum) 

$547 (Selenastrum 
capricornutum

 1) NA 

Annual cost $27,100 $13,100 -$14,000 
Total 

Annual cost $36,400 $13,100 -$23,200 
NA = not applicable. 
Note: Detail may not add to total due to independent rounding. 
1. Based on Selenastrum capricornutum as most sensitive species for both outfalls. 

  

Incremental cost savings associated with routine monitoring would be approximately $23,200 
per year. 

There is no incremental cost associated with initial RP monitoring (chronic three-species testing) 
because the permit already requires such testing quarterly. 

Thus, total incremental cost savings for the discharger may range from approximately $37,400 to 
$22,800 per year. 

Routine 
Monitoring 

3-Species Sensitivity 
Monitoring Permit Limit Compliance Total Annual 

-$23,200 $0 -$14,200 to $400 -$37,400 to -$22,800 
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The following sections document the incremental compliance analysis for the sample facility. 

The following exhibit summarizes general information about the facility.  

Name Dow Chemical Company, Pittsburg Plant 
NPDES No. CA0004910 
Category Major industrial (chemicals) 
Flow (mgd) 0.5 
Receiving water Suisun Bay 
Existing treatment level Tertiary 
Existing treatment train Clarification, filtration, pH adjustment, and reverse osmosis 

 

The following exhibit summarizes the existing permit requirements related to WET testing for 
the sample facility. 

Permit issue date 11/28/2001 
Permit expiration date 10/31/2006 
Dilution 10:1 
Acute monitoring Quarterly; 1 species (most sensitive) 

Acute limits 
The survival of organisms in undiluted effluent 11-sample median of not 
less than 90% survival, and 11-sample 90th percentile value not less than 
70%. 

Chronic monitoring 
Quarterly; 1 species (Thalassiosira pseudonana); 100%, 75%, 50%, 
25%, and 12.5% dilutions; rescreening for sensitive species each permit 
cycle 

Chronic limits None 
Accelerated monitoring 
trigger 

Monthly (accelerated) monitoring upon 3-sample median exceeding 10 
TUc or single sample >= 20 TUc 

TRE trigger If accelerated monitoring confirms consistent toxicity above either 
“trigger”, initiate TRE/TIE 

Resume regular testing 
condition 

Return to routine monitoring after appropriate elements of TRE Work 
Plan are implemented and either the toxicity drops below “trigger” levels, 
or, based on the results of the TRE, the Executive Officer authorizes a 
return to routine monitoring. 

 

The following tables summarize acute and chronic monitoring data for the facility from 7/25/06 
to 4/21/08. 
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Pimephales promelas 

Test Survival 
# of tests 9 
# exceeding limit 0 
# exceeding accelerated monitoring trigger 0 

Oncorhynchus mykiss 

Test Survival 
# of tests 8 
# exceeding limit 0 
# exceeding accelerated monitoring trigger 0 
NA = not applicable. 

 

Thalassiosira pseudonana 

Test Growth 
# of tests1 7 
# exceeding accelerated monitoring trigger 0 
Exceeding TRE trigger? (Y/N) N 
NA = not applicable. 
1. One test result is for Selenastrum capricornutum. 

 

Evaluation of WET results indicates that the discharger is in compliance with the current permit 
over the period of data. 

Permit writers can allow dilution at their discretion. However, assuming that the facility would 
receive a dilution ratio of 10:1 as in the existing permit, the IWC would represent a 10% effluent 
sample.  

The following table summarizes WET data from 7/28/06 to 1/24/08 under the Policy based on 
comparison of 10% effluent sample to a control.  

Thalassiosira pseudonana 

Test Growth 
# of tests1 7 
# fails2 0 
# with mean effect >10% 0 
1. One test result is for Selenastrum capricornutum. 
2. TST analysis based on b and α values for Selenastrum capricornutum. 
“fail” = statistically significant using the TST method 

 

The discharger would not have RP under the Policy because there are no “fail” results and all of 
the results have a mean effect less than 10%. 
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The discharger is in compliance with baseline requirements and would not have RP under the 
Policy. Thus, it is likely that incremental costs associated with permit limits would be zero. 

There will be no routine acute or chronic monitoring under the Policy because the discharge does 
not have RP, as shown in the table below. In addition, incremental cost savings associated with 
initial RP monitoring (chronic three species testing) would likely be minimal because the permit 
already requires at least three multiple dilution tests per species for permit renewal (the policy 
requires four single concentration tests per species). 

Routine Monitoring Costs:  
Component Baseline Policy Incremental 

Acute 
Frequency 4/yr NA NA 
# Species 1 NA NA 
Test type Single concentration NA NA 
Unit cost $370 (most sensitive1) NA NA 

Annual cost $1,500 NA -$1,500 
Chronic 

Frequency 4/yr NA NA 
# Species 1 NA NA 
Test type Multiple dilutions NA NA 
Unit costs $1,438 (Thalassiosira pseudonana)2 NA NA 

Annual cost $5,800 NA -$5,800 
Total 

Annual cost $7,300 NA -$7,300 
NA = not applicable. 
1. Represents average of Pimephales promelas and Oncorhynchus mykiss. 
2. No unit costs available for Thalassiosira pseudonana; cost represents unit costs for Macrocystis pyrifera 
(marine aquatic plant). 

  

Thus, total incremental cost savings for the discharger under the Policy may be approximately 
$7,300 per year. 

Routine 
Monitoring 

3-Species Sensitivity 
Monitoring Permit Limit Compliance Total Annual 

-$7,300 $0 $0 -$7,300 
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The following sections document the incremental compliance analysis for the sample facility. 

The following exhibit summarizes general information about the facility. 

Name California Department of Water Resources, Warne Power Plant 
NPDES No. CA0059188 
Category Major industrial (other) 
Flow (mgd) 1.752 
Receiving water Pyramid Lake (Outfalls 001 and 002) 
Existing treatment level Secondary 
Existing treatment train Chlorination, polymer flocculation, and filtration 

 

The following exhibit summarizes the existing permit requirements related to WET testing for 
the sample facility. 

Permit issue date 7/3/2010 
Permit expiration date 6/10/2015 
Dilution None 

Acute monitoring 
Annually; 1 species (Pimephales promelas for fresh water, Atherinops 
affinis for brackish water; Menidia beryllina optional if salinity 1 to 32 ppt);  
100% effluent 

Acute limits 
Survival of aquatic organisms in 96-hr bioassays of undiluted waste shall 
be no less than: 70%, minimum for any one bioassay; and 90%, average 
for any three consecutive bioassays. 

Chronic monitoring Annually; vertebrate, invertebrate, plant initial test for 3 consecutive 
months; most sensitive species thereafter. 

Chronic limits >1.0 TUc 

Accelerated monitoring 
trigger 

Average survival in undiluted effluent of 3 consecutive 96-hr bioassay 
data points < 90% OR single test less than 70% survival (acute); Monthly 
median toxicity exceeds 1.0 TUc (chronic).  

TIE/TRE trigger 

If the initial test and any of the additional six acute toxicity bioassay data 
points result in less than 70% survival, including the initial test, OR if the 
results of any two of the six accelerated data points are less than 90% 
survival, the Discharger shall immediately begin a TIE. For chronic 
toxicity, if any three of the initial test plus the six follow-up tests exceeds 
1 TUc, Discharger must begin a TRE. 

Resume regular testing 
condition 

If the additional data points indicate compliance with acute toxicity 
limitation, the Discharger may resume regular testing. Executive Officer 
may end accelerated schedule once TRE/TIE initiated if no longer 
needed. 

 

The following table summarizes acute WET data from 2/22/07 – 4/23/08. Chronic monitoring 
requirements and limits were added to the 2010 permit. Thus, due to a lack of more recent 
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effluent data, Abt Associates could not evaluate compliance with baseline chronic toxicity 
requirements.  

Species Pimephales promelas 

Test Survival 
# of tests 14 
# exceeding limit2 1 
# exceeding accelerated monitoring trigger 1 
Exceeding TRE trigger? (Y/N)3 N 
1. It is uncertain which outfall(s) the data represent. 
2. Average of 3 consecutive observations from 2/22/07 was 83% survival. 
3. Accelerated monitoring data have survivals of greater than 95%. 

 

The discharger exceeded the limit and accelerated monitoring trigger over the period of the data. 

There are no chronic WET test data with which to evaluate potential compliance under the 
Policy for this facility. Thus, it is uncertain whether the discharger would have RP or be in 
compliance with effluent limits under the Policy. 

Because there are no chronic data from which to assess compliance, Abt Associates assumed that 
the compliance actions under the Policy would be the same as those under the baseline (i.e., 
accelerated monitoring).  

Abt Associates assumed that permit writers would not require routine acute monitoring under the 
Policy. In addition, if the discharger does not have RP, there will not be routing chronic 
monitoring. However, if the discharger has RP, chronic monitoring will be monthly, with one 
species (most sensitive) and single-concentration tests, as shown in the exhibit below.  

Routine Monitoring:  
Component Baseline Policy Incremental 

Acute 
Frequency 1/yr at 2 outfalls NA NA 
# Species 1 NA NA 
Test type Single concentration NA NA 
Unit cost $352 (Pimephales promelas) NA NA 

Annual cost $700 NA -$700 
Chronic 

Frequency 1/yr at 2 outfalls 12/yr at 2 outfalls NA 
# Species 1 (after determining most sensitive) 1 NA 
Test type Single concentration Single concentration NA 
Unit costs $607 (average of 3 species) $607 (Uncertain1) NA 

Annual cost $1,200 $14,600 $13,300 
Total 

Annual cost $1,900 $14,600 $12,600 
NA = not applicable. 
Note: detail may not add to total due to independent rounding. 
1. The most sensitive species is uncertain; costs represent average across freshwater species. 
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Incremental routine monitoring costs may be approximately $12,600 per year if the discharger 
has RP or a cost savings of $2,000 per year if the discharger does not have RP.  

There is also no cost of initial RP monitoring because the permit already requires single-
concentration chronic test costs for freshwater vertebrates, invertebrates, and aquatic plants for 
Outfalls 001 and 002 at the beginning of each permit cycle.  

Thus, total incremental costs may range from a cost savings of approximately $2,000 per year if 
there is no RP to approximately $12,600 per year under a scenario of RP. 

Routine 
Monitoring 

3-Species Sensitivity 
Monitoring Permit Limit Compliance Total Annual 

-$2,000 to $12,600 $0 $0 -$2,000 to $12,600 
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The following sections document the incremental compliance analysis for the sample facility. 

The following exhibit summarizes general information about the facility. 

Name LACSD San Jose Creek WWRP 
NPDES No. CA0053911 
Category Major municipal 
Flow (mgd) 100 (62.5 mgd East Plant and 37.5 mgd West Plant) 

Receiving water San Gabriel River (Outfalls 001 and 003) and San Jose Creek (Outfall 
002) 

Existing treatment level Tertiary 

Existing treatment train 

Facility consists of two treatment plants with separate sewer systems. 
Treatment trains for both plants are the same and consist of primary 
sedimentation, nitrification-denitrification activated sludge biological 
treatment, secondary sedimentation with coagulation, inert media 
filtration, chlorination and dechlorination. Sewage solids separated from 
the wastewater are returned to the trunk sewer for conveyance to Joint 
Water Pollution Control Plant for treatment and disposal. 

 

The following exhibit summarizes the existing permit requirements related to WET testing for 
the sample facility. 

Permit issue date 7/24/2009 
Permit expiration date 5/10/2014 
Dilution None 

Acute monitoring 
Annually; 1 species (Pimephales promelas for fresh water discharges, 
Atherinops affinis for brackish discharges, and Menidia beryllina for 
brackish waters with salinity of 1 to 32 ppt) 

Acute limits 
Average survival in undiluted effluent for any 3 consecutive 96-hr static, 
static-renewal, or continuous flow bioassay data points of at least 90%, 
and no single test producing <70% survival.  

Chronic monitoring 
Monthly; 1 species with re-screening for most sensitive species every 24 
months (Ceriodaphnia dubia, Pimephales promelas, Selenastrum 
capricornutum); 100% effluent and control 

Chronic limits 1.0 TUc (where 1 TUc = 100/NOEC) 

Accelerated monitoring 
trigger 

Average survival in undiluted effluent of 3 consecutive 96-hr bioassay 
data points < 90% or single test <70% survival (acute) or monthly median 
chronic toxicity greater than 1.0 TUc. 

TRE trigger 
Any two of the six accelerated tests are less than 90% survival (acute, 
TIE); Any three out of the initial test and the six additional tests results 
exceed 1.0 TUc (chronic, TRE) 

Resume regular testing 
condition 

If the additional data points indicate compliance with acute toxicity 
limitation, the Discharger may resume regular testing.  
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The following tables summarize WET data from 5/11/06 – 6/5/08 for each of the treatment 
plants. 

Species Pimephales promelas 

Test Survival 
# of tests 2 
# exceeding limit 0 
# exceeding accelerated monitoring trigger 0 
Exceeding TRE trigger? (Y/N) N 

 

Species Pimephales promelas 

Test Survival 
# of tests 2 
# exceeding limit 0 
# exceeding accelerated monitoring trigger 0 
Exceeding TRE trigger? (Y/N) N 

 

Ceriodaphnia dubia 

Test Survival and reproduction 
# of tests 2 
# exceeding limit  0 
# exceeding accelerated monitoring trigger 0 
Exceeding TRE trigger? (Y/N) N 

Pimephales promelas 

Test Survival and growth 
# of tests 27 
# exceeding limit 1 
# exceeding accelerated monitoring trigger 1 
Exceeding TRE trigger? (Y/N) N 

Selenastrum capricornutum 

Test Growth 
# of tests 2 
# exceeding limit 0 
# exceeding accelerated monitoring trigger 0 
Exceeding TRE trigger? (Y/N) N 
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Ceriodaphnia dubia 

Test Survival and reproduction 
# of tests 4 
# exceeding limit 1 
# exceeding accelerated monitoring trigger 1 
Exceeding TRE trigger? (Y/N) N 

Pimephales promelas 

Test Survival and growth 
# of tests 32 
# exceeding limit 4 
# exceeding accelerated monitoring trigger 4 
Exceeding TRE trigger? (Y/N) Y 

Selenastrum capricornutum 

Test Growth 
# of tests 3 
# exceeding limit 0 
# exceeding accelerated monitoring trigger 0 
Exceeding TRE trigger? (Y/N) N 

 

The discharger exceeded limits, accelerated monitoring triggers, and TRE triggers for chronic 
toxicity under the existing permit. 

The discharger has RP under the Policy because it is a major WWTP. The following table 
summarizes WET data from 5/11/06 – 6/5/08 under the Policy. 

Ceriodaphnia dubia 

Test Survival and reproduction 
# of tests 2 
# of potential exceedances of MDEL 0 
# of potential exceedances of MMEL 0 

Pimephales promelas 

Test Survival and growth 
# of tests 27 
# of potential exceedances of MDEL 0 
# of potential exceedances of MMEL 0 

Selenastrum capricornutum 

Test Growth 
# of tests 2 
# of potential exceedances of MDEL 0 
# of potential exceedances of MMEL 0 
“fail” = statistically significant using the TST method 
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Ceriodaphnia dubia 

Test Survival and reproduction 
# of tests 4 
# of potential exceedances of MDEL 1 
Failure of verification test for MDEL No 
# of potential exceedances of MMEL 0 

Pimephales promelas 

Test Survival and growth 
# of tests 32 
# of potential exceedances of MDEL 0 
# of potential exceedances of MMEL 0 

Selenastrum capricornutum 

Test Growth 
# of tests 3 
# of potential exceedances of MDEL 0 
# of potential exceedances of MMEL 0 

 

Based on the analysis of effluent data under the Policy, Ceriodaphnia dubia may be the most 
sensitive species and would be used to assess compliance with the Policy. The available data 
indicate that the discharger would not be in exceedance of either the MDEL or MMEL based on 
100% effluent samples for the East and West plants. 

Effluent data indicate that under the baseline the discharger would need to conduct accelerated 
monitoring at both treatment plants and a TRE at the West plant. However, under the Policy, the 
discharger would likely be in compliance with projected effluent limits. Thus, there could be 
incremental cost savings under the Policy of approximately $15,000 per year (-$4,900 for 
accelerated monitoring + -$40,000 for TRE ÷ 3 year period of data). 

Scenario 
  

Exceed 
MDEL 

  

Verification 
Test Costs 

  

Total Incremental Costs Incremental 
Annual 
Costs2 

MMEL 
Monitoring1  

Accelerated 
Monitoring  TRE 

Comply with 
Limits No $0 $0 -$4,900 -$40,000 -$15,000 

1. Represents unit cost of $1,237 per test (for Ceriodaphnia dubia) multiplied by 4 tests.  
2. Total incremental costs divided by period of which data were evaluated (three years). 

 

Abt Associates assumed that permit writers would not require routine acute monitoring under the 
Policy, as shown in the table below. Chronic monitoring will be monthly, but with one species 
(most sensitive) and single-concentration tests. In addition, there is no incremental cost 
associated with initial RP monitoring (chronic three-species testing) because the permit already 
requires such testing biannually. 
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Routine Monitoring:   
Component Baseline Policy Incremental 

Acute 
Frequency 1/yr at 3 outfalls NA NA 
# Species 1 NA NA 
Test type Single concentration NA NA 
Unit cost $352 (Pimephales promelas) NA NA 

Annual cost $1,100 NA -$1,100 
Chronic 

Frequency 
12/yr for most sensitive species; 3 
samples every 2 years for other 2 

species; for 3 outfalls 
12/yr at 3 outfalls NA 

# Species Varies 1 NA 
Test type Single concentration Single concentration NA 

Unit costs 
$674 (Ceriodaphnia dubia) 

$600 (Pimephales promelas) 
$547 (Selenastrum capricornutum) 

$674 (Ceriodaphnia dubia) NA 

Annual cost $27,100 $24,200 -$2,800 
Total 

Annual cost $28,200 $24,200 -$3,900 
NA = not applicable. 

  

Incremental cost savings associated with routine monitoring would be approximately $3,900 per 
year.  

Thus, total incremental cost savings may be approximately $18,900 per year. 

Routine 
Monitoring 

3-Species Sensitivity 
Monitoring Permit Limit Compliance Total Annual 

-$3,900 $0 -$15,000 -$18,900 
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The following sections document the incremental compliance analysis for the sample facility. 

The following exhibit summarizes general information about the facility. 

Name Lompoc Regional WWTP 
NPDES No. CA0048127 
Category Major municipal 
Flow (mgd) 5 
Receiving water Santa Miguelito Creek 
Existing treatment level Secondary 

Existing treatment train Mechanical bar screens, primary clarifiers, biotower, aeration tank, 
secondary clarifiers, and a chlorine contact tank. 

 

The following exhibit summarizes the existing permit requirements related to WET testing for 
the sample facility. 

Permit issue date 1/13/2012 
Permit expiration date 1/13/2017 
Dilution None 
Acute monitoring Monthly; 1 species (Pimephales promelas); 100% effluent 
Acute limits No differential mortality between 100% effluent and controls. 

Chronic monitoring 
Quarterly; 3 species screening (Ceriodaphnia dubia, Pimephales 
promelas, Selenastrum capricornutum), after which may be reduced to 
most sensitive; dilutions of 100%, 85%, 70%, 50%, and 25% 

Chronic limits 1.0 TUc 
Accelerated monitoring 
trigger 

Statistically different at 95% confidence (acute) or chronic toxicity in 
effluent > 1.0 TUc 

TRE/TIE trigger If 2 of three accelerated toxicity tests are failed, perform TIE 
Resume regular testing 
condition 

If accelerated monitoring indicates that toxicity triggers are not exceeded, 
return to regular monitoring. 

 

The following tables summarize WET data from 6/7/06 – 9/13/08. 
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Pimephales promelas 

Test Survival 
# of tests 24 
# exceeding limit 1 
# exceeding accelerated monitoring trigger 1 
Exceeding TRE trigger? (Y/N) N 

Ceriodaphnia dubia 

Test Survival 
# of tests 3 
# exceeding limit 0 
# exceeding accelerated monitoring trigger 0 
Exceeding TRE trigger? (Y/N) N 

 

Ceriodaphnia dubia 

Test Survival and reproduction 
# of tests1 1 
# exceeding limit 0 
# exceeding accelerated monitoring trigger 0 
Exceeding TRE trigger? (Y/N) N 

Pimephales promelas 

Test Survival and growth 
# of tests 1 
# exceeding limit 0 
# exceeding accelerated monitoring trigger 0 
Exceeding TRE trigger? (Y/N) N 

Selenastrum capricornutum 

Test Growth 
# of tests 11 
# exceeding limit 11 
# exceeding accelerated monitoring trigger 11 
Exceeding TRE trigger? (Y/N) Y 

 

The discharger is out of compliance for chronic toxicity under the existing permit over the period 
of the data. 

The discharger has RP under the Policy because it is a major WWTP. The following table 
summarizes WET data from 6/7/06 – 9/13/08 under the Policy. 
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Ceriodaphnia dubia 

Test Survival and reproduction 
# of tests 1 
# of potential exceedances of MDEL 0 
# of potential exceedances of MMEL 0 

Pimephales promelas 

Test Survival and growth 
# of tests 1 
# of potential exceedances of MDEL 0 
# of potential exceedances of MMEL 0 

Selenastrum capricornutum 

Test Growth 
# of tests 11 
# of potential exceedances of MDEL 5 
Failure of verification tests Not available 
# of potential exceedances of MMEL 5* 
“fail” = statistically significant using the TST method 
*Uncertain because there were no additional tests in the same calendar month to determine compliance. 

 

Based on the analysis of effluent data under the Policy, Selenastrum capricornutum is the most 
sensitive species and would be used to assess compliance with the projected effluent limit. The 
data indicate that the discharger is exceeding both the chronic MDEL and MMEL based on 
100% effluent sample. 

Given exceedances of both the MDEL and MMEL under the Policy, the facility would likely 
need accelerated monitoring and a TRE. However, given the Selenastrum capricornutum results, 
the discharger would likely need to conduct accelerated monitoring and a TRE under the baseline 
as well. Thus, incremental controls costs are likely zero.  

Abt Associates assumed that permit writers would not require routine acute monitoring under the 
Policy. Chronic monitoring will be monthly, but with single-concentration tests. In addition, 
incremental cost savings associated with initial RP monitoring (chronic three species testing) 
would likely be minimal because the permit already requires at least three multiple dilution tests 
per species (the policy requires four single concentration tests per species). 
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Component Baseline Policy Incremental 
Acute 

Frequency 12/yr NA NA 
# Species 1 NA NA 
Test type Single concentration NA NA 
Unit cost $352 (Pimephales promelas) NA NA 

Annual cost $4,200 NA -$4,200 
Chronic 

Frequency 4/yr for most sensitive species; 2 
additional species for 1st quarter 12/yr NA 

# Species Varies (Selenastrum 
capricornutum most sensitive) 1 NA 

Test type Multiple dilutions Single concentration NA 

Unit costs 
$1,237 (Ceriodaphnia dubia) 

$1,225 (Pimephales promelas) 
$920 (Selenastrum capricornutum) 

$547 (Selenastrum 
capricornutum) NA 

Annual cost $4,200 $6,600 $2,400 
Total 

Annual cost $8,400 $6,600 -$1,800 
NA = not applicable. 

  

Thus, total incremental cost savings for the discharger may be $1,800 per year. 

Routine 
Monitoring 

3-Species Sensitivity 
Monitoring Permit Limit Compliance Total Annual 

-$1,800 $0 $0 -$1,800 
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The following sections document the incremental compliance analysis for the sample facility. 

The following exhibit summarizes general information about the facility. 

Name Pactiv Corporation Molded Pulp Mill, Tehama County 
NPDES No. CA0004821 
Category Major industrial (pulp and paper) 
Flow (mgd) 2.7 
Receiving water Lake Red Bluff, Sacramento River 
Existing treatment level Secondary 
Existing treatment train Primary settling, clarification and aeration 

 

The following exhibit summarizes the existing permit requirements related to WET testing for 
the sample facility. 

Permit issue date 6/10/2011 
Permit expiration date 6/1/2016 
Dilution None  
Acute monitoring Twice per month; 1 species (Oncorhynchus mykiss) 

Acute limits 
Survival of aquatic organisms in 96-hour bioassays of undiluted waste 
shall be no less than 70% for one bioassay, and the median for any three 
or more consecutive bioassays shall be no less than 90%. 

Chronic monitoring Annually; 3 species (Pimephales promelas, Ceriodaphnia dubia, and 
Selenastrum capricornutum); 12.5% 6.25% and 3.125% dilutions. 

Chronic limits None 

Accelerated monitoring 
trigger 

If a sample exhibits toxicity of > 1 TUc, the Discharger shall perform four 
chronic toxicity tests in a six week period using species that exhibited 
toxicity. 

TIE/TRE trigger 

If a pattern of toxicity is demonstrated, specifically if any of the four 
chronic toxicity tests subsequent to the initial failure demonstrates 
toxicity, a TRE is required. Executive Officer may also require a TRE if 
other evidence indicates toxicity occurs >20% of the time. A TIE may be 
required if appropriate.  

Resume regular testing 
condition 

If source of toxicity is readily identified, four consecutive accelerated tests 
that do not exceed the monitoring trigger will be considered sufficient to 
assume regular monitoring 

 

The following tables summarize WET data from 8/8/06 – 8/14/07. 
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Species Oncorhynchus mykiss 
Test Survival and reproduction 
# of tests 32 
# exceeding limits 0 

 

Ceriodaphnia dubia 

Test Survival and reproduction 
# of tests 2 
# exceeding accelerated monitoring trigger 2 
Exceeding TRE trigger? (Y/N) No data to evaluate 

Pimephales promelas 

Test Survival and growth 
# of tests 3 
# exceeding accelerated monitoring trigger 3 
Exceeding TRE trigger? (Y/N) No data to evaluate 

Selenastrum capricornutum 

Test Growth 
# of tests 2 
# exceeding accelerated monitoring trigger 2 
Exceeding TRE trigger? (Y/N) No data to evaluate 

 

The discharger exceeded the accelerated monitoring trigger for chronic toxicity for all species 
over the period of the data. In addition, although there are no accelerated monitoring data from 
which to determine whether a TRE would be needed under the existing permit, given that all 
observations exceed the chronic monitoring trigger, it is likely that a TRE would be needed 
under baseline requirements. 

The previous permit (2006) allowed an 8:1 dilution ration, which represents and IWC of 12.5% 
effluent. However, the 2011 permit does not allow for dilution, resulting in an IWC representing 
a 100% effluent sample. Due to a lack of more recent data, Abt Associates evaluated compliance 
with the Policy based on the highest percent effluent data available, 50%. 

The following table summarizes WET data from 8/8/06 – 8/14/07 under the Policy based on 
comparison of 50% effluent sample to a control. 
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Ceriodaphnia dubia 

Test Survival and reproduction 
# of tests 2 
# of fails 0 
# with mean effect >10% 0 

Pimephales promelas 

Test Survival and growth 
# of tests 3 
# of fails 1 
# with mean effect >10% 2 
# of potential exceedances of MDEL  0 
# of potential exceedances of MMEL 1* 

Selenastrum capricornutum 

Test Growth 
# of tests 2 
# of fails 0 
# with mean effect >10% 0 
“fail” = statistically significant using the TST method 
*Uncertain because there were no additional tests in the same calendar month to determine compliance. 

 

Based on the analysis of effluent data under the Policy, the discharger would have RP because 
two of the test results for Pimephales promelas have a mean effect above 10%.  

The single “fail” result with percent effect below 50% would trigger monitoring to assess 
compliance with the MMEL. However, the data to assess compliance with the MMEL are not 
available. Given that the analysis reflects a dilution ratio of 2:1 (50% effluent samples) and the 
facility does not currently receive dilution in its existing permit, Abt Associates estimated 
potential compliance based on the assumption that accelerated monitoring indicates exceedance 
of the MMEL.  

Under the scenario in which additional monitoring indicates that the facility is exceeding the 
MMEL, compliance actions under the baseline are likely the same as those under the Policy (i.e., 
accelerated monitoring and a TRE). Thus, incremental costs would be zero.  

In addition, routing monitoring requirements would change in that Abt Associates assumed that 
permit writers would not require routine acute monitoring under the Policy, as shown in the table 
below. Chronic monitoring will be monthly, but with one species (most sensitive) and single-
concentration tests.  

RB-AR11178



June 2012        Appendix A A-35 

Component Baseline Policy Incremental 
Acute 

Frequency 24/yr NA NA 
# Species 1 NA NA 
Test type Single concentration NA NA 
Unit cost $387 (Oncorhynchus mykiss) NA NA 

Annual cost $9,300 NA -$9,300 
Chronic 

Frequency 1/yr 12/yr NA 
# Species 3 1 NA 
Test type Multiple dilutions Single concentration NA 

Unit costs 
$1,237 (Ceriodaphnia dubia) 

$1,225 (Pimephales promelas) 
$920 (Selenastrum capricornutum) 

$600 (Pimephales promelas) NA 

Annual cost $3,400 $7,200 $3,800 
Total 

Annual cost $12,700 $7,200 -$5,500 
NA = not applicable. 

  

Total incremental cost savings associated with routine monitoring for the discharger may be 
approximately $5,500. 

There is also no incremental cost associated with initial RP monitoring (chronic three-species 
testing) because the permit already requires three-species testing annually.  

Thus, total incremental cost savings may be approximately $5,500 per year. 

Routine 
Monitoring 

3-Species Sensitivity 
Monitoring Permit Limit Compliance Total Annual 

-$5,500 $0 $0 -$5,500 
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The following sections document the incremental compliance analysis for the sample facility. 

The following exhibit summarizes general information about the facility. 

Name Sacramento Regional WWTP 
NPDES No. CA0077682 
Category Major municipal 
Flow (mgd) 181 
Receiving water Sacramento River 
Existing treatment level Secondary 

Existing treatment train 
Treatment operation consists of coarse screening, aerated grit chambers, 
primary sedimentation, pure oxygen activated sludge, secondary 
clarification, and disinfection using chlorination/dechlorination systems. 

 

The following exhibit summarizes the existing permit requirements related to WET testing for 
the sample facility. 

Permit issue date 12/1/2010 
Permit expiration date 12/1/2015 
Dilution None 
Acute monitoring Weekly; 1 species (Oncorhynchus mykiss, as of July 1, 2011) 

Acute limits 
Survival of aquatic organisms in 96-hour bioassays of undiluted waste of 
no less than 70%, minimum for any one bioassay; and 90%, median for 
any 3 consecutive bioassays. 

Chronic monitoring 
Monthly; 3 species (Pimephales promelas, Ceriodaphnia dubia, 
Selenastrum capricornutum); standard 5 dilution series (ranging 
from 100 to 6.25% sample) 

Chronic limits None 
Accelerated monitoring 
trigger TUc >= 8 

TRE trigger Follow-up chronic test within 9 days >= 8 TU 

Resume regular testing 
condition 

If the follow up sample demonstrates an NOEC of < 8 TUs, the 
Discharger shall conduct 2 additional weekly chronic tests from the same 
sample location on the affected test species to check for persistent 
toxicity. If there is no further significant toxicity shown on the follow up 
samples, the accelerated monitoring can be discontinued and event 
monitoring will resort to the regular schedule. 

 

The following tables summarize WET data from 1/2/06 to 7/21/08. Note that the 2010 permit 
changed the acute species from Pimephales promelas to Oncorhynchus mykiss as of July 2011. 
Thus, due to a lack of more recent effluent data, the analysis below is based on Pimephales 

promelas for acute toxicity. 
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Species Pimephales promelas 
Test Survival 
# of tests 134 
# exceeding limit 7 

 

Ceriodaphnia dubia 

Test Survival and reproduction 
# of tests 10 
# exceeding accelerated monitoring trigger 4 
Exceeding TRE trigger? (Y/N) Y 

Pimephales promelas 

Test Survival and growth 
# of tests 10 
# exceeding accelerated monitoring trigger 1 
Exceeding TRE trigger? (Y/N) N 

Selenastrum capricornutum 

Test Growth 
# of tests 12 
# exceeding accelerated monitoring trigger 0 
Exceeding TRE trigger? (Y/N) N 

 

The discharger exceeded limits and both accelerated monitoring and TRE triggers for acute and 
chronic toxicity over the period of the data. 

The discharger has RP under the Policy because it is a major WWTP. The following table 
summarizes WET data from 1/2/06 to 7/21/08 under the Policy. 

Ceriodaphnia dubia 

Test Survival and reproduction 
# of tests 13 
# of potential exceedances of MDEL 13 
Failure of verification tests Yes 

Pimephales promelas 

Test Survival and growth 
# of tests 10 
# of potential exceedances of MDEL 2 
Failure of verification tests Not available 
# of potential exceedances of MMEL 4* 

Selenastrum capricornutum 

Test Growth 
# of tests 12 
# of potential exceedances of MDEL 0 
# of potential exceedances of MMEL 1* 
 “fail” = statistically significant using the TST method 
*Uncertain because there were no additional tests in the same calendar month to determine compliance. 
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Based on the analysis of effluent data under the Policy, Ceriodaphnia dubia is the most sensitive 
species and would be used to assess compliance with the projected effluent limit. All of the test 
results exceed the projected chronic MDEL based on 100% effluent sample.  

Given the number of exceedances under the Policy, the facility would likely need to conduct 
accelerated monitoring and a TRE. However, as a result of baseline toxicity, the facility has been 
conducting a TRE since April 2004 (SRCSD, 2008). Thus, incremental controls costs are likely 
zero.  

However, Abt Associates assumed that permit writers would not require routine acute 
monitoring under the Policy, as shown in the table below. Chronic monitoring will be monthly, 
but with one species (most sensitive) and single-concentration tests. In addition, there is no 
incremental cost associated with initial RP monitoring (chronic three-species testing) because the 
permit already requires such testing quarterly. 

Component Baseline Policy Incremental 
Acute 

Frequency 52/yr NA NA 
# Species 1 NA NA 
Test type Single concentration NA NA 
Unit cost $387 (Oncorhynchus mykiss) NA NA 

Annual cost $20,100 NA -$20,100 
Chronic 

Frequency 12/yr 12/yr NA 
# Species 3 1 NA 
Test type Multiple dilutions Single concentration NA 

Unit costs 
$1,237 (Ceriodaphnia dubia) 

$1,225 (Pimephales promelas) 
$920 (Selenastrum capricornutum) 

$674 (Ceriodaphnia dubia) NA 

Annual cost $40,600 $8,100 -$32,500 
Total 

Annual cost $60,700 $8,100 -$52,600 
NA = not applicable. 
Note, details may not add to total due to independent rounding. 

  

Thus, total incremental cost savings for the discharger may be $52,600 per year. 

Routine 
Monitoring 

3-Species Sensitivity 
Monitoring Permit Limit Compliance Total Annual 

-$52,600 $0 $0 -$52,600 
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The following sections document the incremental compliance analysis for the sample facility. 

The following exhibit summarizes general information about the facility. 

Name Shell Oil, Martinez Refinery 
NPDES No. CA0005789 
Category Major industrial (petroleum refining) 
Flow (mgd) 6.7 
Receiving water Carquinez Strait 
Existing treatment level Tertiary 

Existing treatment train 

The treatment system consists of 3 oil-water separators, 4 dissolved 
nitrogen flotation units, a number of equalization and diversion tanks, 2 
activated sludge biological treatment systems, a number of ponds, a 
chemical precipitation unit for the removal of selenium, and a GAC 
adsorption system for polishing treated wastewater. 

 

The following exhibit summarizes the existing permit requirements related to WET testing for 
the sample facility. 

Permit issue date 10/11/2006 
Permit expiration date 10/31/2011 
Dilution 10:1 
Acute monitoring Weekly; 1 species (Oncorhynchus mykiss) 

Acute limits 
The survival of organisms in undiluted effluent 11-sample median value 
of not less than 90%, and 11-sample 90th percentile value of not less 
than 70%. 

Chronic monitoring 
Quarterly; 1 species (Americamysis bahia); 100%, 50%, 25%, 10%, and 
5%, and 2.5% dilutions; 3-species screening for sensitive species at 
permit reissuance. 

Chronic limits A single-sample value of <= 10 TUc 
Accelerated monitoring 
trigger 

A single-sample value > 10 TUc. Accelerated monitoring shall consist of 
monthly monitoring. 

TRE trigger If accelerated monitoring data points continue to exceed the evaluation 
parameter, then the Discharger shall initiate a chronic TRE. 

Resume regular testing 
condition 

If data from accelerated monitoring data points are found to be in 
compliance with the evaluation parameter, then regular monitoring shall 
be resumed. 

 

The following tables summarize WET data from 5/6/06 to 5/31/08 under the existing permit.  
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Species Oncorhynchus mykiss 
Test Survival 
# of tests 109 
# exceeding limit 0 
# exceeding accelerated monitoring trigger 0 

 

Species Americamysis bahia 
Test Growth and Survival 
# of tests 9 
# exceeding limit 0 
# exceeding accelerated monitoring trigger 0 
Exceeding TRE trigger? (Y/N) N 

 

The discharger is in compliance under the existing permit for the period of data. 

Permit writers can allow dilution at their discretion. However, assuming that the facility would 
receive a dilution ratio of 10:1 as in the existing permit, the IWC would represent a 10% effluent 
sample.  

The following table summarizes WET data from 5/6/06 to 5/31/08 under the Policy based on 
comparison of 10% effluent sample to a control.  

Species Americamysis bahia 
Test Growth and Survival 
# of tests 9 
# of fails 1 
# with mean effect >10% 2 
# of potential exceedances of MDEL 0 
# of potential exceedances of MMEL 1* 
“fail” = statistically significant using the TST method 
*Uncertain because there were no additional tests in the same calendar month to determine compliance 

 

The permit indicates that Americamysis bahia is the most sensitive species. Based on these data, 
the discharger would have RP under the Policy because two samples have a mean effect greater 
than 10%.  

Compliance with the projected chronic limits is based on 10% effluent sample. The monitoring 
data in the table indicate that the one “fail” result with percent effect below 50% would result in 
the need for additional monitoring to assess compliance with the MMEL. Because the data to 
assess compliance with the MMEL are not available, Abt Associates estimated potential 
compliance based on both potential outcomes: 1) monitoring indicates exceedance of the MMEL 
and 2) monitoring indicates compliance with the MMEL.  
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Under the scenario in which additional monitoring indicates that the facility is exceeding the 
MMEL under the Policy, the discharger could incur incremental costs associated with 
accelerated monitoring and a TRE (the discharger is in compliance with baseline limits). Thus, 
incremental costs could be approximately $15,700 per year (as shown in the table below).  

Under the scenario in which additional monitoring indicates that the facility is in compliance 
with the MMEL, incremental costs reflect the cost of additional monitoring of $300 per year. 

Scenario 
  

Exceed 
MDEL 

  

Verification 
Test Costs 

  

Total Incremental Costs Incremental 
Annual 
Costs2 

MMEL 
Monitoring1  

Accelerated 
Monitoring  TRE 

Comply with 
MMEL No $0 $1,000 $0 $0 $300 

Exceed 
MMEL No $0 $1,000 $6,200 $40,000 $15,700 

1. Represents unit cost of $500 per test (Holmesimysis costata) for follow-up tests. 
2. Total incremental costs divided by period of data evaluated (three years). 

 

In addition, routine monitoring requirements would change under the Policy in that Abt 
Associates assumed that permit writers would not require routine acute monitoring, as shown in 
the table below. Chronic monitoring will be monthly, but with single-concentration tests.  

Component Baseline Policy Incremental 
Acute 

Frequency 52/yr NA NA 
# Species 1 NA NA 
Test type Single concentration NA NA 
Unit cost $387 (Oncorhynchus mykiss) NA NA 

Annual cost $20,100 NA -$20,100 
Chronic 

Frequency 4/yr 12/yr NA 
# Species 1 1 NA 
Test type Multiple dilutions Single concentration NA 
Unit costs $1,550 (Americamysis bahia)1 $500 (Americamysis bahia

1,2) NA 
Annual cost $6,200 $6,000 -$200 

Total 
Annual cost $26,300 $6,000 -$20,300 

NA = not applicable. 
1. EPA WET test methods for Americamysis bahia and Holmesimysis costata are the same; costs 
represent WET test for Holmesimysis costata survival and growth. 
2. Assumed most sensitive species per existing permit. 

 

Total incremental cost savings associated with routine monitoring for the discharger may be 
$20,300.  
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Also, incremental cost savings associated with initial RP monitoring (chronic three species 
testing) would likely be minimal because the permit already requires at least three multiple 
dilution tests per species prior to permit reissuance (the policy requires four single concentration 
tests per species). 

Thus, total incremental cost savings may range from approximately $4,600 to $20,000 per year. 

Routine 
Monitoring 

3-Species Sensitivity 
Monitoring Permit Limit Compliance Total Annual 

-$20,300 $0 $300 to $15,700 -$20,000 to -$4,600 
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The following sections document the incremental compliance analysis for the sample facility. 

The following exhibit summarizes general information about the facility. 

Name USS-POSCO Industries 
NPDES No. CA0005002 
Category Major industrial (metals) 
Flow (mgd) 20 
Receiving water Suisun Bay 
Existing treatment level Secondary 
Existing treatment train Oil separation, flocculation, clarification, and final pH adjustment 

 

The following exhibit summarizes the existing permit requirements related to WET testing for 
the sample facility. 

Permit issue date 9/1/2011 
Permit expiration date 8/31/2016 
Dilution 4:1 

Acute monitoring Biweekly; 1 species (Oncorhynchus mykiss); 96 hour continuous flow-
through bioassay using dechlorinated effluent 

Acute limits 
The survival of organisms in undiluted effluent shall be an 11-sample 
median value of not less than 90% survival, and an 11-sample 90 
percentile value of not less than 70% survival. 

Chronic monitoring Quarterly; 1 species (Haliotis rufescens); multiple concentrations; 
screening for most sensitive species at permit reissuance 

Chronic limits A three-sample median value of equal to or less than 5 TUc; and a 
single-sample maximum value of equal to or less than 10 TUc. 

Accelerated monitoring 
trigger 

Single-test value greater than 8 TUc or three-sample median of 4 TUc. 
Accelerated monitoring is monthly. 

TRE trigger 
If accelerated monitoring data points continue to exceed chronic toxicity 
limitation(s) then the discharger shall initiate a chronic toxicity reduction 
evaluation and continue accelerated monitoring. 

Resume regular testing 
condition 

If data from accelerated monitoring data points are found to be in 
compliance with the chronic toxicity effluent limitations, then regular 
monitoring shall be resumed. 

 

The following tables summarize WET data from 3/1/06 to 5/28/08.  
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Species Oncorhynchus mykiss 

Test Survival 
# of tests 58 
# exceeding limit 5 

 

Species Haliotis rufescens 

Test Larval development 
# of tests 8 
# exceeding limit 2 
# exceeding accelerated monitoring trigger 2 
Exceeding TRE trigger? (Y/N) N 

 

The discharger has exceeded acute and chronic limits over the period of data. 

Permit writers can allow dilution at their discretion. However, assuming that the facility would 
receive a dilution ratio of 4:1 as in the existing permit, the IWC would represent a 25% effluent 
sample.  

The following table summarizes WET data from 3/1/06 to 5/28/08 under the Policy. The analysis 
is based on comparison of 25% effluent sample to a control.  

Species Haliotis rufescens 

Test Larval development 
# of tests 8 
# of fails 1 
# with mean effect >10% 2 
# of potential exceedances of MDEL 0 
# of potential exceedances of MMEL 1* 
 “fail” = statistically significant using the TST method 
*Uncertain because there are no additional tests in the same calendar month to determine compliance 

 

Based on the 25% effluent sample the discharger would have RP because 2 test results have 
mean effects greater than 10%. The single “fail” result with a percent effect below 50% would 
trigger monitoring to assess compliance with the MMEL. Because the data to assess compliance 
with the MMEL are not available, Abt Associates estimated potential compliance based on both 
potential outcomes: 1) monitoring indicates exceedance of the MMEL and 2) monitoring 
indicates compliance with the MMEL. 

Under the scenario in which additional monitoring indicates that the facility is exceeding the 
MMEL, the facility may need to conduct accelerated monitoring and a TRE; under baseline 
requirements the facility only exceeded the accelerated monitoring trigger (and not the TRE 
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trigger). Thus, incremental costs would reflect the additional monitoring associated with 
determining compliance with the MMEL and the potential for a TRE, or approximately $13,900 
per year.  

Under the scenario in which additional monitoring indicates that the facility is in compliance 
with the MMEL, there could be a cost savings under the Policy because there would no longer be 
a requirement to conduct accelerated monitoring. Potential cost savings could be approximately 
$1,400 per year. 

Scenario 
  

Exceed 
MDEL 

  

Verification 
Test Costs 

  

Total Incremental Costs Incremental 
Annual 
Costs2 

MMEL 
Monitoring1  

Accelerated 
Monitoring  TRE 

Comply with 
MMEL No $0 $1,700 -$6,000 $0 -$1,400 

Exceed 
MMEL No $0 $1,700 $0 $40,000 $13,900 

1. Represents unit cost of $845 per test (Haliotis rufescens) multiplied by 2 follow-up tests for the 
exceedance of the MMEL monitoring trigger. 
2. Total incremental costs divided by period of which data were evaluated (3 years). 

 

In addition, routing monitoring requirements would change in that Abt Associates assumed that 
permit writers would not require routine acute monitoring under the Policy, as shown in the table 
below. Chronic monitoring will be monthly if there is RP.  

Component Baseline Policy Incremental 
Acute 

Frequency 26/yr NA NA 
# Species 1 NA NA 
Test type Single concentration NA NA 
Unit cost $387 (Oncorhynchus mykiss) NA NA 

Annual cost $10,100 NA -$10,100 
Chronic 

Frequency 4/yr 12/yr NA 
# Species 1 1 NA 
Test type Multiple dilutions Single concentration NA 
Unit costs $1,502 (Haliotis rufescens) $845 (Haliotis rufescens

 1) NA 
Annual cost $6,000 $10,100 $4,100 

Total 
Annual cost $16,100 $10,100 -$6,000 

NA = not applicable. 
1. Based on Haliotis rufescens as most sensitive species under the Policy because the permit indicates 
that it is the most sensitive species under the baseline. 

 

Total incremental cost savings associated with routine monitoring for the discharger may be 
$6,000 per year.  

Also, incremental cost savings associated with initial RP monitoring (chronic three species 
testing) would likely be minimal because the permit already requires at least three multiple 
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dilution tests per species for permit renewal (the policy requires four single concentration tests 
per species). 

Thus, total incremental cost savings may range from a cost savings of approximately $7,400 to a 
cost of approximately $7,900 per year. 

Routine 
Monitoring 

3-Species Sensitivity 
Monitoring Permit Limit Compliance Total Annual 

-$6,000 $0 -$1,400 to $13,900 -$7,400 to $7,900 
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The following sections document the incremental compliance analysis for the sample facility. 

The following exhibit summarizes general information about the facility. 

Name Victor Valley Regional WWTP 
NPDES No. CA0102822 
Category Major municipal 
Flow (mgd) 14 
Receiving water Mojave River 
Existing treatment level Tertiary 

Existing treatment train 
The treatment system consists of headworks, primary clarifiers, flow 
equalization, aeration basins, secondary clarifiers, coagulation/flocculation, 
filtration, and chlorination/dechlorination, and sludge handling. 

 

The following exhibit summarizes the existing permit requirements related to WET testing for 
the sample facility. 

Permit issue date 2/14/2008 
Permit expiration date 4/4/2013 
Dilution None 
Acute monitoring Quarterly; 1 species (Pimephales promelas) 

Acute limits 
< 90% survival of Pimephales promelas in undiluted effluent in 50% of 
the samples in a calendar year; or < 70% survival of Pimephales 
promelas in undiluted effluent in 10% of the samples in a calendar year. 

Chronic monitoring Annually; 2 species (Ceriodaphnia dubia, Pimephales promelas); 100% 
effluent 

Chronic limits None 

Accelerated monitoring 
trigger 

Acute: survival of < 90% in 2 consecutive quarterly samples, increase 
frequency to once per month.  
Chronic: statistically significant difference between sample of 100% 
effluent and a control, increase frequency to once per month. 

TRE trigger 
If acute or chronic toxicity is detected during accelerated testing, the 
Discharger shall initiate a TRE within 15 days of receipt of the final acute 
or chronic toxicity test results in order to reduce the causes of toxicity. 

Resume regular testing 
condition 

Acute: When 3 consecutive monthly tests demonstrate a survival rate of 
>90%, the Discharger may resume acute WET testing at a frequency of 
once per calendar quarter. 
Chronic: When 3 consecutive accelerated monthly tests demonstrate no 
chronic toxicity, which is defined as WET test results not exceeding 1.0 
TUc, the Discharger may resume regular chronic WET testing at a 
frequency of once per calendar year. 

 

The following tables summarize WET data from 1/30/07 – 4/10/08 under the existing permit. 
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Species Pimephales promelas 
Test Survival 
# of tests 6 
# exceeding limit  0 
# exceeding accelerated monitoring trigger 0 
Exceeding TRE trigger? (Y/N) N 

 

Ceriodaphnia dubia 

Test Survival and reproduction 
# of tests 2 
# exceeding accelerated monitoring trigger 0 
Exceeding TRE trigger? (Y/N) N 

Pimephales promelas 

Test Survival and growth 
# of tests 3 
# exceeding accelerated monitoring trigger 0 
Exceeding TRE trigger? (Y/N) N 
 

The discharger is in compliance with WET requirements in the current permit. 

The discharger has RP under the Policy because it is a major WWTP. The following table 
summarizes WET data from 1/30/07 – 4/10/08 under the Policy. 

Ceriodaphnia dubia 

Test Survival and reproduction 
# of tests 2 
# of potential exceedances of MDEL 0 

Pimephales promelas 

Test Survival and growth 
# of tests 3 
# of potential exceedances of MDEL1 0 
# of potential exceedances of MMEL 2* 
1. Based on survival results only. 
*Uncertain because there were no additional tests in the same calendar month to determine compliance 
 

Under the Policy, the discharger will have to conduct three-species screening to determine the 
most sensitive species for chronic monitoring. Existing data are only available for Ceriodaphnia 

dubia and Pimephales promelas.  

Two “fail” results with percent effects below 50% for Pimephales promelas would trigger 
monitoring to assess compliance with the MMEL. Because the data to assess compliance with 
the MMEL are not available, Abt Associates estimated potential compliance based on both 
potential outcomes: 1) monitoring indicates exceedance of the MMEL and 2) monitoring 
indicates compliance with the MMEL.  
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Under the scenario in which confirmatory monitoring indicates that the facility is exceeding the 
MMEL, the facility would likely incur incremental costs under the Policy for additional 
monitoring associated with determining compliance with the MMEL and to conduct accelerated 
monitoring and a TRE. Thus, incremental costs would be approximately $15,200 per year.  

Under the scenario in which additional monitoring indicates that the facility is in compliance 
with the MMEL, there would only be incremental costs associated with additional monitoring to 
determine compliance with the MMEL of approximately $400 per year. 

Scenario 
  

Exceed 
MDEL 

  

Verification 
Test Costs 

  

Total Incremental Costs Incremental 
Annual 
Costs2 

MMEL 
Monitoring1  

Accelerated 
Monitoring  TRE 

Comply with 
MMEL No $0 $1,200 $0 $0 $400 

Exceed 
MMEL No $0 $1,200 $4,500 $40,000 $15,200 

1. Represents unit cost of $607 per test (average of 3 freshwater species tests) for follow-up tests for 2 
exceedances of MMEL monitoring triggers. 
2. Total incremental costs divided by the period of the data evaluated (3 years). 

 

In addition, routine monitoring requirements would change under the Policy in that Abt 
Associates assumed that permit writers would not require acute monitoring under the Policy, as 
shown in the table below. Chronic monitoring will be monthly, but with one species (most 
sensitive) and single-concentration tests.  

Component Baseline Policy Incremental 
Acute 

Frequency 4/yr NA NA 
# Species 1 NA NA 
Test type Single concentration NA NA 
Unit cost $352 (Pimephales promelas) NA NA 

Annual cost $1,400 NA -$1,400 
Chronic 

Frequency 1/yr 12/yr NA 
# Species 2 1 NA 
Test type Single concentration Single concentration NA 

Unit costs $674 (Ceriodaphnia dubia) 
$600 (Pimephales promelas) $607 (Uncertain1) NA 

Annual cost $1,300 $7,300 $6,000 
Total 

Annual cost $2,700 $7,300 $4,600 
NA = not applicable. 
1. Sensitive species is uncertain; cost represents average of all freshwater species. 
Note detail may not add to totals due to independent rounding. 

 

Incremental costs associated with routine monitoring would be $4,600 per year.  
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There will also be a cost of initial RP monitoring of approximately $6,200 at the beginning of 
each permit cycle (based on four samples per species and average single-concentration chronic 
test costs for freshwater vertebrates, invertebrates, and aquatic plants), or $1,200 per year 
(assuming a five-year permit cycle).  

Thus, total incremental costs for compliance with the Policy may range from $6,200 to $21,000 
per year. 

Routine 
Monitoring 

3-Species Sensitivity 
Monitoring Permit Limit Compliance Total Annual 

$4,600 $1,200 $400 to $15,200 $6,200 to $21,000 
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American Recovery and Reinvestment Act (ARRA)
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Project 
Number Recipient 1511 

Certification Project Title Total CWSRF 
Project $

Disadvantaged 
Communities 
Wastewater

Urban 
Stormwater

Stopped 
"Bond" 
Grants

 Loan @ 1% 
(ARRA)

Loan @ 0% 
(ARRA)

Loan @ 1%      
(CWSRF)

Loan @ 1/2
GO Bond Rate

(CWSRF)

Green Value 
(ARRA) Date Executed Start 

Construction County Assembly Senate Congress Est'd 
Jobs 

4242-110 Delano, City of 1511 
Certification Wastewater Plant Upgrade and Expansion $33,418,792 $2,000,000 $7,854,698 $23,564,094 5/22/09 1/8/09 Kern 30 16 20 40-60

4502-110 Brawley, City of 1511 
Certification

Wastewater Treatment Plant Upgrade 
Project $24,595,000 $10,000,000 $14,595,000 7/21/09 12/7/09 Imperial 80 40 51 50

4556-120 Plymouth, City of 1511 
Certification

Plymouth Wastewater Treatment Plant 
Improvements-Phase 1, and Collection 
System Rehabilitation Project

$2,817,274 $2,817,274 9/28/09 2/10/10 Amador 10 1 3
11

4593-110 Kelseyville County Waterworks 
District

1511 
Certification Kelseyville Wastewater System Upgrade $3,066,534 $1,766,781 $1,299,753 6/23/09 10/5/09 Lake 1 2 1 23-39

4655-140 Piedmont, City of 1511 
Certification Sewer Rehabilitation Project $1,900,188 $568,177 $1,332,011 10/1/09 1/14/10 Alameda 16 9 9 10

4680-120 Ventura County Service Area 34 1511 
Certification El Rio Sewer Project, Phase 5B-5D $13,000,000 $8,436,500 $4,563,500 9/30/09 11/11/09 Ventura 35 23 23 26

4682-110 Merced, City of 1511 
Certification Wastewater Plant Upgrade and Expansion $34,980,632 $2,000,000 $32,980,632 6/9/09 4/21/09 Merced 17 12 18 30-40

4831-110 Santa Cruz County Sanitation 
District

1511 
Certification Aptos Transmission Main Relocation Project $13,707,609 $1,725,699 $11,981,910 10/30/09 1/4/10 Santa Cruz 27 11 17 16-20

4922-110 Rio Dell, City of 1511 
Certification Solids and Disinfection Management Project $2,176,657 $2,176,657 8/17/09 11/10/09 Humboldt 1 2 1 4.5

4926-110 Garberville Sanitary District 1511 
Certification

Wastewater Treatment Plant Improvement 
and Inflow and Infiltration Reduction Project $2,290,415 $2,290,415 8/13/09 11/2/09 Humboldt 2 4 1

29

4946-110 Ventura County Waterworks 
District No. 16

1511 
Certification

Piru Wastewater Treatment Plant Design-
Build Upgrade and Expansion Project $14,109,542 $8,554,771 $5,554,771 6/5/09 4/3/09 Ventura 37 17 24 31

4965-110 Amador Water Agency 1511 
Certification Gayla Manor Leachfield Expansion Project $375,612 $375,612 9/29/09 10/28/09 Amador 10 1 3 5

4971-250 Redding, City of 1511 
Certification

Clear Creek Wastewater Treatment Plant 
Expansion & Upgrade Bid Package 6 $12,122,280 $2,000,000 $10,122,280 9/29/09 1/12/10 Shasta 2 4 2

30-40

4997-120 Chico, City of 1511 
Certification

City of Chico Water Pollution Control Plant 
Outfall Replacement Project, also known as 
Chico Water Pollution Control Plant 
Expansion (Phase 2)

$5,422,120 $2,000,000 $3,422,120 7/16/09 6/23/09 Butte 3 4 2

8

5017-110 Millbrae, City of 1511 
Certification

Water Pollution Control Plant  Renovations 
Project $28,397,180 $8,500,000 $19,897,180 6/5/09 10/14/09 San Mateo

6, 7, 11, 12, 
13, 14, 16, 
18, 19, 20, 

21

2, 3, 7, 8, 9, 
10, 11

1, 6, 7, 8, 9, 
12, 13, 14, 

15 70

5042-110 Live Oak, City of 1511 
Certification

Live Oak Wastewater Treatment Plant 2007 
Upgrade Project $16,000,000 $10,000,000 $6,000,000 8/4/09 8/24/09 Sutter 2 4 2 45

5063-110 Wasco, City of 1511 
Certification 2009 Wastewater Centrifuge Project $2,000,000 $2,000,000 8/28/09 9/28/09 Kern 30 16 20 5

5098-110 Linda County Water District 1511 
Certification

Linda County Wastewater Treatment Plant 
Upgrade and Expansion Project $36,541,671 $10,000,000 $26,541,671 8/13/09 12/29/09 Yuba 3 4 2 30

5100-110 Eastern Municipal Water District 1511 
Certification

Moreno Valley Regional Water Reclamation 
Facility - Secondary Clarifiers and Tertiart 
Treatment (SCATT)

$38,076,320 $9,590,723 $28,485,597 6/23/09 5/26/09 Riverside 65 37 49
25

5150-110 Kerman, City of 1511 
Certification

Wastewater Treatment Plant Expansion 
and Upgrade $6,957,479 $2,000,000 $4,957,479 7/8/09 10/6/09 Fresno 31 14 20 25

5176-110 Inland Empire Utilities Agency 1511 
Certification

Northeast Project Area Package 1- 1299E 
Recycled Water Pipeline $3,493,463 $3,107,326 $386,137 $3,107,326 7/1/09 8/13/09 San 

Bernardino
59, 60, 61, 
63, 69, 71

29, 31, 32, 
35, 37

42, 43, 44, 
46 76

5176-120 Inland Empire Utilities Agency 1511 
Certification

Northeast Package Area 1 – 1630E Pump 
Station & 1299E Reservoir Projects $5,789,720 $5,004,817 $784,903 $5,004,817 7/1/09 8/13/09 San 

Bernardino
59, 60, 61, 
63, 69, 71

29, 31, 32, 
35, 37

42, 43, 44, 
46 74

5176-130 Inland Empire Utilities Agency 1511 
Certification

Northeast Package Area 1 – 1630E 
Recycled Water Pipeline Project $5,658,238 $4,446,949 $1,211,289 $4,446,949 7/1/09 8/13/09 San 

Bernardino
59, 60, 61, 
63, 69, 71

29, 31, 32, 
35, 37

42, 43, 44, 
46 71

5176-140 Inland Empire Utilities Agency 1511 
Certification

Northeast Package Area 1 – Church Street 
Lateral Project $1,688,745 $1,562,991 $125,754 $1,562,991 7/1/09 12/9/09 San 

Bernardino
59, 60, 61, 
63, 69, 71

29, 31, 32, 
35, 37

42, 43, 44, 
46 11

5177-110 Delta Diablo Sanitation District 1511 
Certification Antioch Recycled Water Project $6,405,136 $5,910,046 $495,090 $5,910,046 7/8/09 7/29/09 Contra Costa 11 7 10 60

5179-110 San Andreas Sanitary District 1511 
Certification

2008 Wastewater Treatment Plant Upgrade 
Project $10,575,496 $5,840,314 $4,735,182 5/27/09 5/29/09 Calaveras 25 1 3 30

5311-110 Eastern Municipal Water District 1511 
Certification

Moreno Valley Regional Water Reclamation 
Facility - Acid Phase Anaerobic Digestion 
(APAD)

$43,546,128 $1,477,804 $25,143,997 $16,924,327 $25,143,997 9/15/09 7/20/09 Riverside 65 37 45
30

5327-110 Inland Empire Utilities Agency 1511 
Certification RP-1 Dewatering Facility Expansion Project $27,434,811 $14,823,874 $12,610,937 $14,823,874 8/25/09 11/20/09 San 

Bernardino
59, 60, 61, 
63, 69, 71

29, 31, 32, 
35, 37

42, 43, 44, 
46 193
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Number Recipient 1511 

Certification Project Title Total CWSRF 
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Wastewater

Urban 
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Loan @ 1/2
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(CWSRF)

Green Value 
(ARRA) Date Executed Start 
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Jobs 

CWSRF & ARRA LoansARRA Grants

5332-110 Inland Empire Utilities Agency 1511 
Certification Wells & Lysimeters Project $1,285,987 $375,000 $910,987 6/19/09 9/30/09 San 

Bernardino
59, 60, 61, 

63, 66 29, 31, 32 42, 43, 44, 
46 10.5

5379-110 Fresno, City of 1511 
Certification

Herndon Town and Cortland/Fountain Way 
Sewer System $865,386 $865,386 9/30/09 2/9/10 Fresno 31 14 19 20

5385-110 Colfax, City of 1511 
Certification

Colfax Sewer Lift Station and Inflow and 
Infiltration Elimination Project $3,370,830 $3,370,830 10/6/09 1/15/10 Placer 4 1 4 20

5554-110 Covelo Community Services 
District

1511 
Certification

Wastewater Treatment Plant Improvement 
Project Phases 1&2 $1,694,356 $1,694,356 9/30/09 2/15/10 Mendocino 1 2 1 28

5675-110 London Community Services 
District

1511 
Certification Wastewater Facility Improvement Project $1,652,940 $1,652,940 9/17/09 3/15/10 Tulare 30 16 21 21

5706-110 Angels, City of 1511 
Certification Wastewater Improvement Project Phase III $3,372,800 $3,086,400 $286,400 9/30/09 9/22/09 Calaveras 25 1 3 20

5710-110 Big Bear Lake, City of 1511 
Certification Rehabilitation of Lift Station 2 and 2A $721,408 $721,408 9/30/09 2/3/10 San 

Bernardino 65 31 41 15

5948-110 Big Bear Lake, City of 1511 
Certification Tahoe Sewer Main Replacement $649,278 $649,278 9/30/09 2/4/10 San 

Bernardino 65 31 41 30

6109-110 South Lake Tahoe, City of 1511 
Certification Al Tahoe Erosion Control Project 1 $1,500,000 $1,500,000 $1,500,000 9/28/09 9/8/09 El Dorado 4 1 4 20

6117-110 Alameda, City of 1511 
Certification

Installation of Mechanical Trash Racks at 
three Storm Water Pump Stations $750,000 $750,000 10/1/09 11/20/09 Alameda 16 9 13 9

6135-110 Hermosa Beach, City of 1511 
Certification Pier Avenue Improvement $1,265,000 $1,265,000 $1,265,000 10/12/09 12/10/09 Los Angeles 53 28 36 96

6166-110 Selma, City of 1511 
Certification Stormwater Projects $3,918,620 $3,918,620 10/6/09 11/23/09 Fresno 31 16 20 20

6199-110 Oakland, City of 1511 
Certification

Removal of Stormwater Pollutants at Lake 
Merritt and the Oakland Estuary $3,450,000 $3,450,000 8/25/09 11/13/09 Alameda

6, 7, 11, 12, 
13, 14, 16, 
18, 19, 20, 

21

2, 3, 7, 8, 9, 
10, 11

1, 6, 7, 8, 9, 
12, 13, 14, 

15 74

6202-110 Santa Barbara, City of 1511 
Certification

Catch Basin Inlet Storm Drain Screens $1,789,388 $1,789,388 8/19/09 7/23/09 Santa 
Barbara 35 19 23 41

6207-110 Santa Barbara, City of 1511 
Certification

Upper Las Positas Creek Restoration & 
Storm Water Management Project $1,652,197 $1,652,197 8/19/09 7/28/09 Santa 

Barbara 35 19 23 30

6222-110 Santa Monica Bay Restoration 
Foundation

1512 
Certification

Ballona Creek Low Impact Development 
(LID) Rain Gardens Project $1,889,662 $1,889,662 $1,889,662 10/19/09 12/10/09 Los Angeles 53 28 36 28

6302-110 South Lake Tahoe, City of 1511 
Certification

Sierra Tract Erosion Control Project, Phase 
1b $1,675,000 $1,675,000 $1,675,000 9/21/09 8/25/09 El Dorado 4 1 4 47

6320-110 Town of Hillsborough 1511 
Certification Mobile Filtration System $300,000 $300,000 $300,000 9/29/09 11/30/09 San Mateo 19 8 12 10

6350-110 Fresno Metropolitan Flood 
Control District

1511 
Certification

Fresno Stormwater Collection, Treatment 
and Surface Water Recycling Project $3,892,600 $3,892,600 10/26/09 11/30/09 Fresno 29, 31 16 20

45

6418-110 Mission Viejo, City of 1511 
Certification Oso Creek Restoration & Protection Project $1,045,000 $1,045,000 10/12/09 11/25/09 Orange 70, 71 33, 35 42, 48 5

6420-110 Thousand Oaks, City of 1511 
Certification Stormwater Drainage Improvement $907,500 $907,500 9/29/09 11/19/09 Ventura 37 19 24 20

6430-110 Placer County 1511 
Certification

Kings Beach Watershed Improvement 
Project $3,000,000 $3,000,000 9/25/09 9/10/09 Placer 3 1 4 25

6431-110 Anaheim, City of 1511 
Certification Public Utilities Pilot Infiltration Project $230,000 $230,000 10/14/09 9/30/09 Orange 69 34 47 2

6433-110 American Rivers 1511 
Certification Stormwater Management in the Yuba River $375,000 $375,000 $375,000 10/20/09 11/30/09 Multiple 

Counties 4 4 4 27

6439-110 Gateway IRWM Authority 1511 
Certification

Gateway IRWM Authority Storm Drain 
Catch Basin Retrofit Project $10,000,000 $10,000,000  9/1/09 11/30/09 Los Angeles

37, 42, 45, 
46,  47, 48, 
50, 52, 54, 

55   

19,22, 23, 
26, 25, 27, 

28, 30  

28, 30, 31, 
33, 34, 37, 

38, 39 100

6440-110 Association of Bay Area 
Governments

1511 
Certification El Cerrito Green Streets $392,000 $392,000 $392,000 10/6/09 10/13/09 Contra Costa 14 7 10 20

6441-110 Association of Bay Area 
Governments

1511 
Certification

Bay Area-Wide Trash Capture 
Demonstration Project $5,000,000 $5,000,000 10/15/09 11/24/09 Multiple 

Counties 

6, 7, 8, 11, 
12, 13, 14, 
15, 16, 18, 
19,  20, 21, 
22, 23, 24, 

27, 28 

2, 3, 5, 7, 8, 
9, 10, 11, 13, 

15

1, 6, 7, 8, 9, 
10, 11, 12, 
13, 14, 15, 

16
75

6443-110 Oakland, City of 1511 
Certification Rainwater Harvesting Program $1,300,000 $1,300,000 $1,300,000 9/22/09 11/23/09 Alameda 16 9 9 74

6444-110 Redondo Beach, City of 1511 
Certification Alta Vista Park Diversion and Reuse Project $2,200,000 $2,200,000 $2,200,000 10/6/09 1/6/10 Los Angeles 53 28 36 15
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Clean Water State Revolving Fund (CWSRF)
American Recovery and Reinvestment Act (ARRA)

Final Status Report -  Upated May 5, 2010

Project 
Number Recipient 1511 

Certification Project Title Total CWSRF 
Project $

Disadvantaged 
Communities 
Wastewater

Urban 
Stormwater

Stopped 
"Bond" 
Grants

 Loan @ 1% 
(ARRA)

Loan @ 0% 
(ARRA)

Loan @ 1%      
(CWSRF)

Loan @ 1/2
GO Bond Rate

(CWSRF)

Green Value 
(ARRA) Date Executed Start 

Construction County Assembly Senate Congress Est'd 
Jobs 

CWSRF & ARRA LoansARRA Grants

6500-110 Literacy for Environmental 
Justice (EcoCenter)

1511 
Certification EcoCenter at Heron's Head Park $350,160 $350,160 $350,160 10/29/09 11/30/09 San 

Francisco 13 3 12 35

6902-110 Regents of the U. of California 1511 
Certification La Jolla Shores ASBS $2,644,400 $2,644,400 $2,644,400 7/6/09 2/17/09 San Diego 75, 76 38, 39 50, 51, 53 21-30

6906-110 Santa Cruz County Sanitation 
District (Aptos Esplanade)

1511 
Certification Aptos Esplanade $485,136 $485,136 6/17/09 10/30/09 Santa Cruz 27 15 17 15

6907-110 Los Angeles (Santa Monica Bay), 
City of

1511 
Certification

Santa Monica Bay Low Flow Diversions 
Upgrades $4,361,106 $4,361,106 6/25/09 7/27/09 Los Angeles 41, 53, 54 23, 25, 28 30, 36, 46 31-40

6909-110 Santa Cruz County Sanitation 
District (Aptos Beach)

1511 
Certification Aptos Beach at Valencia Creek $168,750 $168,750 6/25/09 11/30/09 Santa Cruz 27 11 17 15

6913-110 Santa Cruz, City of 1511 
Certification

Dry Weather Diversion at San Lorenzo 
River Pump Stations 1b and 3 $489,308 $489,308 7/13/09 4/17/09 Santa Cruz 27 15 17 10

6914-110 California Sportfishing Protection 
Alliance

1511 
Certification Suisun Creek Watershed Program $109,963 $109,963 $109,963 9/1/09 11/22/09 Alameda 7 5 10 15

6915-110 Conservation Corps North Bay 1511 
Certification Olema Creek Sediment Reduction Project $394,468 $394,468 $394,468 6/12/09 7/13/09 Marin 6 3 6 21-30

6917-110 Plumas Corp. 1511 
Certification Upper Middle Fork Feather River Complex $173,577 $173,577 $173,577 6/5/09 9/10/09 Plumas 3, 5 4 4 16-20

6918-110 Chico, City of 1511 
Certification

Big Chico Creek and Lindo Channel 
Floodplain, Wetland and Riparian 
Restoration

$596,109 $596,109 $596,109 6/16/09 12/18/08 Butte 3 4 2
8

6919-110 Community Alliance w/Family 
Farmers Foundation

1511 
Certification

BMP's for Reducing Sediment and 
Pesticides in runoff from Colusa County 
Almond Orchards

$519,780 $519,780 8/26/09 8/28/09 Colusa 2 4 2
15-20

6920-110 San Mateo County Resource 
Conservation District

1511 
Certification

Improving Water Quality in Coastal San 
Mateo County Watersheds $221,984 $221,984 8/27/09 8/25/09 San Mateo 19 8 12 10

6921-110 Association of Bay Area 
Governments

1511 
Certification

Taking Action for Clean Water Bay Area 
TMDL Implementation $1,817,010 $1,817,010 8/20/09 8/25/09 Alameda 

6, 7, 8, 11, 
12, 13, 14, 
15, 16, 18, 
19,  20, 21, 
22, 23, 24, 

27, 28 

2, 3, 5, 7, 8, 
9, 10, 11, 13, 

15

1, 6, 7, 8, 9, 
10, 11, 12, 
13, 14, 15, 

16
16-20

6922-110 Marin Resource Conservation 
District

1511 
Certification

Conserving Our Watersheds Ranch Water 
Quality Improvement Project $620,523 $620,523 8/3/09 9/14/09 Mutiple 

Counties 6 3 6 21-30

6923-110 Western Shasta Resource 
Conservation District

1511 
Certification

Integrated Ecosystem Improvements for 
Shasta County Watersheds $102,985 $102,985 $102,985 7/8/09 7/8/09 Shasta 2 4 2 5

6924-110 County of Napa 1511 
Certification Napa River - Rutherford Reach Restoration $977,307 $977,307 $977,307 7/27/09 8/5/09 Napa 7 2 1 10

6925-110 California Land Stewardship 
Institute

1511 
Certification

Fish Friendly Farming Program Agricultural 
Clean Water Implementation $375,542 $375,542 8/3/09 8/3/09 Multiple 

Counties 7 2 1 10

6926-110 Tomales Bay Watershed Council 1511 
Certification

Tomales Bay Wetlands Restoration/ 
Monitoring Plan $807,129 $807,129 $807,129 6/5/09 6/5/09 Marin 6 3 6 11-15

6927-110 Central Coast Agricultural Water 
Quality Coalition

1511 
Certification

Demonstrating Compatibility of Water 
Quality and Food Safety through Research 
and Implementation

$430,269 $430,269 7/13/09 5/17/09 San Luis 
Obispo 27, 28 13, 15 14, 15, 16, 

17 5

6930-110 County of Santa Cruz 1511 
Certification

Reducing Nonpoint Source (NPS) Sediment 
and Pesticide Pollution in County Road 
Maintenance Operations

$287,532 $287,532 7/16/09 5/17/09 Santa Cruz 27 11 17
15

6931-110 Resource Conservation District of 
Santa Cruz

1511 
Certification

Permit Coordination & Agricultural Water 
Quality Implementation Program in the 
Pajaro Watershed

$174,479 $174,479 7/16/09 5/17/09 Santa Cruz 27 11 17
15

6932-110 Resource Conservation District of 
Santa Cruz

1511 
Certification

Integrated Watershed Restoration Program 
Phase II $1,578,774 $1,578,774 7/16/09 9/9/09 Santa Cruz 27 11 17 51-100

6933-110 Central Coast Vineyard Team 1511 
Certification

Implementation of BMP's To Protect Water 
Quality $138,302 $138,302 7/6/09 7/6/09 San Luis 

Obispo 33 15 22 5

6934-110 The Foundation of Morro Bay 1511 
Certification

Implementation Effectiveness Assessment 
for the Morro Bay Watershed $278,296 $278,296 6/12/09 6/12/09 San Luis 

Obispo 15 33 23
5

6935-110 Gold Ridge Resource 
Conservation District

1511 
Certification

Estero Americano Sediment Reduction 
Project $232,456 $232,456 6/4/09 6/3/09 Sonoma 1, 6 3 6 16-20

6936-110 Gold Ridge Resource 
Conservation District

1511 
Certification

Estero Americano Rangeland Water Quality 
Enhancement Project $684,590 $684,590 6/4/09 6/3/09 Sonoma 1, 6 3 6 16-20

6940-110
Pacific Coast Fish, Wildlife, and 
Wetlands Restoration 
Association

1511 
Certification Redwood Creek Erosion Control $1,417,318 $1,417,318 7/21/09 8/17/09 Multiple 

Counties 2 2 1
10

6942-110 Humboldt County Resource 
Conservation District

1511 
Certification

Humboldt Agricultural Enhancement 
Program Phase 4 $180,000 $180,000 6/17/09 7/1/09 Humboldt 1 2 1 15
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Clean Water State Revolving Fund (CWSRF)
American Recovery and Reinvestment Act (ARRA)

Final Status Report -  Upated May 5, 2010

Project 
Number Recipient 1511 

Certification Project Title Total CWSRF 
Project $

Disadvantaged 
Communities 
Wastewater

Urban 
Stormwater

Stopped 
"Bond" 
Grants

 Loan @ 1% 
(ARRA)

Loan @ 0% 
(ARRA)

Loan @ 1%      
(CWSRF)

Loan @ 1/2
GO Bond Rate

(CWSRF)

Green Value 
(ARRA) Date Executed Start 

Construction County Assembly Senate Congress Est'd 
Jobs 

CWSRF & ARRA LoansARRA Grants

6944-110 Mendocino County Department of 
Transportation

1511 
Certification

Tomki Road Feasibility Study and Prototype 
Vented Low Water Crossing $149,450 $149,450 6/5/09 7/20/09 Mendocino 1 2 1 6-10

6946-110 Tahoe RCD 1511 
Certification

Lake Tahoe Watershed Improvement 
Project $1,478,057  $1,478,057 $1,478,057 6/17/09 6/1/09 El Dorado 4 1 4 15

6947-110 Port of San Francisco (Pier 45) 1511 
Certification

Pier 45 Drainage Improvement/Herring 
Water Discharge $1,548,645 $1,548,645 8/19/09  10/19/09 San 

Francisco

6, 7, 11, 12, 
13, 14, 16, 
18, 19, 20, 

21

2, 3, 7, 8, 9, 
10, 11

1, 6, 7, 8, 9, 
12, 13, 14, 

15 15

6948-110 Sierra Nevada Alliance 1511 
Certification Evaluating Land Use Practices… $196,561 $196,561 6/30/09 6/22/09 El Dorado 4 1 4 10

6949-110 Tahoe RCD 1511 
Certification Polaris Creek $220,090 $220,090 $220,090 7/13/09 9/10/09 Placer 4 1 4 15

6950-110 Truckee River Watershed Council 1511 
Certification Perazzo Meadows Restoration $373,153 $373,153 $373,153 6/25/09 8/4/09 Sierra 3 1 4 15

6951-110 Long Beach, City of 1511 
Certification Colorado Lagoon Beaches Restoration $4,319,107 $4,319,107 6/23/09 9/1/09 Los Angeles 54 25 37 10-15

6952-110 Western Riverside County Ag 
Coalition

1511 
Certification

Implementation of TMDL Agricultural 
Operator Voluntary Program with 2 BMPs 
implemented

$115,153 $115,153 7/16/09 12/18/08 Riverside 71 37 44
21-30

6954-110 Western Municipal Water District 
(Chino)

1511 
Certification Chino II Desalter Ultimate Expansion $4,479,326 $4,479,326 8/12/09 10/30/09 Riverside 56 31 26 16-20

6956-110 Inland Empire Utilities Agency 
(Magnolia Channel)

1511 
Certification Magnolia Channel $773,045 $773,045 7/13/09 10/28/09 San 

Bernardino
59, 60, 61, 
63, 69, 71

29, 31, 32, 
35, 37

42, 43, 44, 
46 21-30

6959-110 Inland Empire Utilities Agency 
(Greater Prado Basin)

1511 
Certification

Greater Prado Basin Clean-Up & 
Restoration $298,244 $298,244 9/8/09 10/21/09 San 

Bernardino
59, 60, 61, 
63, 69, 71

29, 31, 32, 
35, 37

42, 43, 44, 
46 21-30

6960-110 Inland Empire Utilities Agency 
(Chino Creek)

1511 
Certification Chino Creek Cleanup and Restoration $1,471,491 $1,471,491 $1,471,491 9/28/09 10/21/09 San 

Bernardino
59, 60, 61, 
63, 69, 71

29, 31, 32, 
35, 37

42, 43, 44, 
46 21-30

6962-110 Hermosa Beach, City of 1511 
Certification Hermosa Strand Infiltration Trench $950,850 $950,850 6/24/09 10/27/09 Los Angeles 53 28 36 10

6963-110 Long Beach (Los Angeles River 
Trash Nets), City of

1511 
Certification Los Angeles River Trash Nets $403,200 $403,200 7/13/09 12/29/09 Los Angeles

37, 42, 45, 
46,  47, 48, 
50, 52, 54, 

55   

19,22, 23, 
26, 25, 27, 

28, 30  

28, 30, 31, 
33, 34, 37, 

38, 39 10

6964-110 Los Angeles Department of 
Public Works, City of

1511 
Certification Mar Vista Recreation Center Retrofit $1,777,838 $1,777,838 7/13/09 5/11/09 Los Angeles 46 22 34 10

6966-110 Friends of the Santa Clara River 1511 
Certification

Hendrick Ranch Nature Area Wetland & 
Riparian Restoration $217,818 $217,818 $217,818 8/19/09 8/26/09 Ventura 38, 61 32 24, 25 20

6969-110 Malibu, City of 1511 
Certification

Paradise Cove Storm Water Treatment 
System $820,096 $820,096 8/3/09 9/30/09 Los Angeles 41 23 30 21

6970-110 Redondo Beach, City of 1511 
Certification Sapphire Storm Drain Low Flow Diversion $202,000 $202,000 6/10/09 10/29/09 Los Angeles 53 28 36 5

6971-110 Long Beach, City of 1511 
Certification Los Angeles River VSS Unit $539,634 $539,634 7/6/09 12/29/09 Los Angeles

37, 42, 45, 
46,  47, 48, 
50, 52, 54, 

55   

19,22, 23, 
26, 25, 27, 

28, 30  

28, 30, 31, 
33, 34, 37, 

38, 39 10

6972-110 Long Beach (Los Angeles River 
Trash SD), City of

1511 
Certification

Los Angeles River Trash Separation Device 
- SD13 $551,845 $551,845 7/13/09 12/29/09 Los Angeles

37, 42, 45, 
46,  47, 48, 
50, 52, 54, 

56

19,22, 23, 
26, 25, 27, 

28, 31

28, 30, 31, 
33, 34, 37, 

38, 40 10

6973-110 Cher-Ae Heights Indian 
Community of Trinidad Rancheria

1511 
Certification Trinidad Harbor and Beach $1,790,107 $1,790,107 7/13/09 12/31/09 Humboldt 1 2 1

10

6974-110 Los Penasquitos Lagoon 
Foundation

1511 
Certification Los Penasquitos Sedimentation Basin $1,237,656 $1,237,656 7/29/09 7/23/09 San Diego 75, 76, 77 38, 39 50, 53 31-40

6975-110 Mission Resource Conservation 
District

1511 
Certification Arundo Control-San Luis Rey Watershed $294,746 $294,746 $294,746 6/23/09 6/24/09 San Diego 66, 73, 74 36, 38 49, 50 16-20

7034-110 Del Norte County Service Area 
No. 1

1511 
Certification

Sewer Collection System Rehabilitation 
Project $1,326,013 $1,326,013 9/30/09 4/5/10 Del Norte 1 4 1 30

Total Executed: $502,843,372 $87,624,935 $46,882,127 $46,200,904 $28,366,402 $60,000,000 $221,787,094 $11,981,910 $81,108,115
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Recycled Water Policy 

1. Preamble 

 California is facing an unprecedented water crisis. 

The collapse of the Bay-Delta ecosystem, climate change, and continuing population 
growth have combined with a severe drought on the Colorado River and failing levees in 
the Delta to create a new reality that challenges California’s ability to provide the clean 
water needed for a healthy environment, a healthy population and a healthy economy, 
both now and in the future. 

 
These challenges also present an unparalleled opportunity for California to move 
aggressively towards a sustainable water future.  The State Water Resources Control 
Board (State Water Board) declares that we will achieve our mission to “preserve, 
enhance and restore the quality of California’s water resources to the benefit of present 
and future generations.”  To achieve that mission, we support and encourage every region 
in California to develop a salt/nutrient management plan by 2014 that is sustainable on a 
long-term basis and that provides California with clean, abundant water.  These plans 
shall be consistent with the Department of Water Resources’ Bulletin 160, as appropriate, 
and shall be locally developed, locally controlled and recognize the variability of 
California’s water supplies and the diversity of its waterways.  We strongly encourage 
local and regional water agencies to move toward clean, abundant, local water for 
California by emphasizing appropriate water recycling, water conservation, and 
maintenance of supply infrastructure and the use of stormwater (including dry-weather 
urban runoff) in these plans; these sources of supply are drought-proof, reliable, and 
minimize our carbon footprint and can be sustained over the long-term. 

 
We declare our independence from relying on the vagaries of annual precipitation and 
move towards sustainable management of surface waters and groundwater, together with 
enhanced water conservation, water reuse and the use of stormwater.  To this end, we 
adopt the following goals for California: 

 
 Increase the use of recycled water over 2002 levels by at least one million acre-

feet per year (afy) by 2020 and by at least two million afy by 2030. 

 Increase the use of stormwater over use in 2007 by at least 500,000 afy by 2020 
and by at least one million afy by 2030. 

 Increase the amount of water conserved in urban and industrial uses by 
comparison to 2007 by at least 20 percent by 2020. 

 Included in these goals is the substitution of as much recycled water for potable 
water as possible by 2030. 

The purpose of this Policy is to increase the use of recycled water from municipal 
wastewater sources that meets the definition in Water Code section 13050(n), in a manner 
that implements state and federal water quality laws.  The State Water Board expects to 
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develop additional policies to encourage the use of stormwater, encourage water 
conservation, encourage the conjunctive use of surface and groundwater, and improve the 
use of local water supplies. 

 
When used in compliance with this Policy, Title 22 and all applicable state and federal 
water quality laws, the State Water Board finds that recycled water is safe for approved 
uses, and strongly supports recycled water as a safe alternative to potable water for such 
approved uses.  

 
2. Purpose of the Policy 

a.  The purpose of this Policy is to provide direction to the Regional Water Quality 
Control Boards (Regional Water Boards), proponents of recycled water projects, 
and the public regarding the appropriate criteria to be used by the State Water 
Board and the Regional Water Boards in issuing permits for recycled water 
projects. 

b.  It is the intent of the State Water Board that all elements of this Policy are to be 
interpreted in a manner that fully implements state and federal water quality laws 
and regulations in order to enhance the environment and put the waters of the 
state to the fullest use of which they are capable. 

c.  This Policy describes permitting criteria that are intended to streamline the 
permitting of the vast majority of recycled water projects.  The intent of this 
streamlined permit process is to expedite the implementation of recycled water 
projects in a manner that implements state and federal water quality laws while 
allowing the Regional Water Boards to focus their limited resources on projects 
that require substantial regulatory review due to unique site-specific conditions. 

d.  By prescribing permitting criteria that apply to the vast majority of recycled water 
projects, it is the State Water Board’s intent to maximize consistency in the 
permitting of recycled water projects in California while also reserving to the 
Regional Water Boards sufficient authority and flexibility to address site-specific 
conditions. 

e.  The State Water Board will establish additional policies that are intended to assist 
the State of California in meeting the goals established in the preamble to this 
Policy for water conservation and the use of stormwater. 

f.  For purposes of this Policy, the term “permit” means an order adopted by a 
Regional Water Board or the State Water Board prescribing requirements for a 
recycled water project, including but not limited to water recycling requirements, 
master reclamation permits, and waste discharge requirements. 

3. Benefits of Recycled Water 

The State Water Board finds that the use of recycled water in accordance with this Policy, 
that is, which supports the sustainable use of groundwater and/or surface water, which is 
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sufficiently treated so as not to adversely impact public health or the environment and 
which ideally substitutes for use of potable water, is presumed to have a beneficial 
impact. Other public agencies are encouraged to use this presumption in evaluating the 
impacts of recycled water projects on the environment as required by the California 
Environmental Quality Act (CEQA). 

4. Mandate for the Use of Recycled Water 

a.  The State Water Board and Regional Water Boards will exercise the authority 
granted to them by the Legislature to the fullest extent possible to encourage the 
use of recycled water, consistent with state and federal water quality laws. 

(1) The State Water Board hereby establishes a mandate to increase the use of 
recycled water in California by 200,000 afy by 2020 and by an additional 
300,000 afy by 2030.  These mandates shall be achieved through the 
cooperation and collaboration of the State Water Board, the Regional 
Water Boards, the environmental community, water purveyors and the 
operators of publicly owned treatment works. The State Water Board will 
evaluate progress toward these mandates biennially and review and revise 
as necessary the implementation provisions of this Policy in 2012 and 
2016. 

(2) Agencies producing recycled water that is available for reuse and not 
being put to beneficial use shall make that recycled water available to 
water purveyors for reuse on reasonable terms and conditions.  Such terms 
and conditions may include payment by the water purveyor of a fair and 
reasonable share of the cost of the recycled water supply and facilities. 

(3) The State Water Board hereby declares that, pursuant to Water Code 
sections 13550 et seq., it is a waste and unreasonable use of water for 
water agencies not to use recycled water when recycled water of adequate 
quality is available and is not being put to beneficial use, subject to the 
conditions established in sections 13550 et seq.  The State Water Board 
shall exercise its authority pursuant to Water Code section 275 to the 
fullest extent possible to enforce the mandates of this subparagraph.   

b.  These mandates are contingent on the availability of sufficient capital funding for 
the construction of recycled water projects from private, local, state, and federal 
sources and assume that the Regional Water Boards will effectively implement 
regulatory streamlining in accordance with this Policy. 

c.  The water industry and the environmental community have agreed jointly to 
advocate for $1 billion in state and federal funds over the next five years to fund 
projects needed to meet the goals and mandates for the use of recycled water 
established in this Policy.   
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d.  The State Water Board requests the California Department of Public Health 
(CDPH), the California Public Utilities Commission (CPUC), and the California 
Department of Water Resources (CDWR) to use their respective authorities to the 
fullest extent practicable to assist the State Water Board and the Regional Water 
Boards in increasing the use of recycled water in California. 

5. Roles of the State Water Board, Regional Water Boards, CDPH and CDWR 

The State Water Board recognizes that it shares jurisdiction over the use of recycled 
water with the Regional Water Boards and with CDPH.  In addition, the State Water 
Board recognizes that CDWR and the CPUC have important roles to play in encouraging 
the use of recycled water. The State Water Board believes that it is important to clarify 
the respective roles of each of these agencies in connection with recycled water projects, 
as follows: 

a.  The State Water Board establishes general policies governing the permitting of 
recycled water projects consistent with its role of protecting water quality and 
sustaining water supplies.  The State Water Board exercises general oversight 
over recycled water projects, including review of Regional Water Board 
permitting practices, and shall lead the effort to meet the recycled water use goals 
set forth in the Preamble to this Policy.  The State Water Board is also charged by 
statute with developing a general permit for irrigation uses of recycled water. 

b.  The CDPH is charged with protection of public health and drinking water supplies 
and with the development of uniform water recycling criteria appropriate to 
particular uses of water.  Regional Water Boards shall appropriately rely on the 
expertise of CDPH for the establishment of permit conditions needed to protect 
human health. 

c.  The Regional Water Boards are charged with protection of surface and 
groundwater resources and with the issuance of permits that implement CDPH 
recommendations, this Policy, and applicable law and will, pursuant to 
paragraph 4 of this Policy, use their authority to the fullest extent possible to 
encourage the use of recycled water. 

d.  CDWR is charged with reviewing and, every five years, updating the California 
Water Plan, including evaluating the quantity of recycled water presently being 
used and planning for the potential for future uses of recycled water.  In 
undertaking these tasks, CDWR may appropriately rely on urban water 
management plans and may share the data from those plans with the State Water 
Board and the Regional Water Boards.  CDWR also shares with the State Water 
Board the authority to allocate and distribute bond funding, which can provide 
incentives for the use of recycled water. 

e.  The CPUC is charged with approving rates and terms of service for the use of 
recycled water by investor-owned utilities. 
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6. Salt/Nutrient Management Plans 

a. Introduction.   

(1) Some groundwater basins in the state contain salts and nutrients that 
exceed or threaten to exceed water quality objectives established in the 
applicable Water Quality Control Plans (Basin Plans), and not all Basin 
Plans include adequate implementation procedures for achieving or 
ensuring compliance with the water quality objectives for salt or nutrients.  
These conditions can be caused by natural soils/conditions, discharges of 
waste, irrigation using surface water, groundwater or recycled water and 
water supply augmentation using surface or recycled water.  Regulation of 
recycled water alone will not address these conditions. 

(2) It is the intent of this Policy that salts and nutrients from all sources be 
managed on a basin-wide or watershed-wide basis in a manner that 
ensures attainment of water quality objectives and protection of beneficial 
uses.  The State Water Board finds that the appropriate way to address salt 
and nutrient issues is through the development of regional or subregional 
salt and nutrient management plans rather than through imposing 
requirements solely on individual recycled water projects. 

b. Adoption of Salt/ Nutrient Management Plans. 

(1) The State Water Board recognizes that, pursuant to the letter dated 
December 19, 2008 and attached to the Resolution adopting this Policy, 
the local water and wastewater entities, together with local salt/nutrient 
contributing stakeholders, will fund locally driven and controlled, 
collaborative processes open to all stakeholders that will prepare salt and 
nutrient management plans for each basin/sub-basin in California, 
including compliance with CEQA and participation by Regional Water 
Board staff.   

(a) It is the intent of this Policy for every groundwater basin/sub-basin 
in California to have a consistent salt/nutrient management plan.  
The degree of specificity within these plans and the length of these 
plans will be dependent on a variety of site-specific factors, 
including but not limited to size and complexity of a basin, source 
water quality, stormwater recharge, hydrogeology, and aquifer 
water quality.  It is also the intent of the State Water Board that 
because stormwater is typically lower in nutrients and salts and can 
augment local water supplies, inclusion of a significant stormwater 
use and recharge component within the salt/nutrient management 
plans is critical to the long-term sustainable use of water in 
California.  Inclusion of stormwater recharge is consistent with 
State Water Board Resolution No. 2005-06, which establishes 
sustainability as a core value for State Water Board programs and 
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also assists in implementing Resolution No. 2008-30, which 
requires sustainable water resources management and is consistent 
with Objective 3.2 of the State Water Board Strategic Plan Update 
dated September 2, 2008.   

(b) Salt and nutrient plans shall be tailored to address the water quality 
concerns in each basin/sub-basin and may include constituents 
other than salt and nutrients that impact water quality in the 
basin/sub-basin.  Such plans shall address and implement 
provisions, as appropriate, for all sources of salt and/or nutrients to 
groundwater basins, including recycled water irrigation projects 
and groundwater recharge reuse projects. 

(c) Such plans may be developed or funded pursuant to the provisions 
of Water Code sections 10750 et seq. or other appropriate 
authority. 

(d) Salt and nutrient plans shall be completed and proposed to the 
Regional Water Board within five years from the date of this 
Policy unless a Regional Water Board finds that the stakeholders 
are making substantial progress towards completion of a plan.  In 
no case shall the period for the completion of a plan exceed seven 
years. 

(e) The requirements of this paragraph shall not apply to areas that 
have already completed a Regional Water Board approved salt and 
nutrient plan for a basin, sub-basin, or other regional planning area 
that is functionally equivalent to paragraph 6(b)3. 

(f) The plans may, depending upon the local situation, address 
constituents other than salt and nutrients that adversely affect 
groundwater quality. 

(2) Within one year of the receipt of a proposed salt and nutrient management 
plan, the Regional Water Boards shall consider for adoption revised 
implementation plans, consistent with Water Code section 13242, for 
those groundwater basins within their regions where water quality 
objectives for salts or nutrients are being, or are threatening to be, 
exceeded. The implementation plans shall be based on the salt and nutrient 
plans required by this Policy. 

(3) Each salt and nutrient management plan shall include the following 
components: 

(a) A basin/sub-basin wide monitoring plan that includes an 
appropriate network of monitoring locations. The scale of the 
basin/sub-basin monitoring plan is dependent upon the site-specific 
conditions and shall be adequate to provide a reasonable, 
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cost-effective means of determining whether the concentrations of 
salt, nutrients, and other constituents of concern as identified in the 
salt and nutrient plans are consistent with applicable water quality 
objectives.  Salts, nutrients, and the constituents identified in 
paragraph 6(b)(1)(f) shall be monitored.  The frequency of 
monitoring shall be determined in the salt/nutrient management 
plan and approved by the Regional Water Board pursuant to 
paragraph 6(b)(2). 

(i) The monitoring plan must be designed to determine water 
quality in the basin. The plan must focus on basin water 
quality near water supply wells and areas proximate to 
large water recycling projects, particularly groundwater 
recharge projects.  Also, monitoring locations shall, where 
appropriate, target groundwater and surface waters where 
groundwater has connectivity with adjacent surface waters. 

(ii) The preferred approach to monitoring plan development is 
to collect samples from existing wells if feasible as long as 
the existing wells are located appropriately to determine 
water quality throughout the most critical areas of the 
basin. 

(iii) The monitoring plan shall identify those stakeholders 
responsible for conducting, compiling, and reporting the 
monitoring data.  The data shall be reported to the Regional 
Water Board at least every three years. 

(b) A provision for annual monitoring of Emerging Constituents/ 
Constituents of Emerging Concern (e.g., endocrine disrupters, 
personal care products or pharmaceuticals) (CECs) consistent with 
recommendations by CDPH and consistent with any actions by the 
State Water Board taken pursuant to paragraph 10(b) of this 
Policy. 

(c) Water recycling and stormwater recharge/use goals and objectives. 

(d) Salt and nutrient source identification, basin/sub-basin assimilative 
capacity and loading estimates, together with fate and transport of 
salts and nutrients. 

(e) Implementation measures to manage salt and nutrient loading in 
the basin on a sustainable basis. 

(f) An antidegradation analysis demonstrating that the projects 
included within the plan will, collectively, satisfy the requirements 
of Resolution No. 68-16. 
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(4) Nothing in this Policy shall prevent stakeholders from developing a plan 
that is more protective of water quality than applicable standards in the 
Basin Plan.  No Regional Water Board, however, shall seek to modify 
Basin Plan objectives without full compliance with the process for such 
modification as established by existing law. 

7. Landscape Irrigation Projects  

a. Control of incidental runoff.  Incidental runoff is defined as unintended small 
amounts (volume) of runoff from recycled water use areas, such as unintended, 
minimal over-spray from sprinklers that escapes the recycled water use area.  
Water leaving a recycled water use area is not considered incidental if it is part of 
the facility design, if it is due to excessive application, if it is due to intentional 
overflow or application, or if it is due to negligence.  Incidental runoff may be 
regulated by waste discharge requirements or, where necessary, waste discharge 
requirements that serve as a National Pollutant Discharge Elimination System 
(NPDES) permit, including municipal separate storm water system permits, but 
regardless of the regulatory instrument, the project shall include, but is not limited 
to, the following practices: 

(1) Implementation of an operations and management plan that may apply to 
multiple sites and provides for detection of leaks, (for example, from 
broken sprinkler heads), and correction either within 72 hours of learning 
of the runoff, or prior to the release of 1,000 gallons, whichever occurs 
first, 

(2) Proper design and aim of sprinkler heads, 

(3) Refraining from application during precipitation events, and 

(4) Management of any ponds containing recycled water such that no 
discharge occurs unless the discharge is a result of a 25-year, 24-hour 
storm event or greater, and there is notification of the appropriate Regional 
Water Board Executive Officer of the discharge. 

b. Streamlined Permitting 

(1) The Regional Water Boards shall, absent unusual circumstances (i.e., 
unique, site-specific conditions such as where recycled water is proposed 
to be used for irrigation over high transmissivity soils over a shallow (5’ 
or less) high quality groundwater aquifer), permit recycled water projects 
that meet the criteria set forth in this Policy, consistent with the provisions 
of this paragraph.  

(2) If the Regional Water Board determines that unusual circumstances apply, 
the Regional Water Board shall make a finding of unusual circumstances 
based on substantial evidence in the record, after public notice and 
hearing.  
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(3) Projects meeting the criteria set forth below and eligible for enrollment 
under requirements established in a general order shall be enrolled by the 
State or Regional Water Board within 60 days from the date on which an 
application is deemed complete by the State or Regional Water Board.  
For projects that are not enrolled in a general order, the Regional Water 
Board shall consider permit adoption within 120 days from the date on 
which the application is deemed complete by the Regional Water Board.   

(4) Landscape irrigation projects that qualify for streamlined permitting shall 
not be required to include a project specific receiving water and 
groundwater monitoring component unless such project specific 
monitoring is required under the adopted salt/nutrient management plan.  
During the interim while the salt management plan is under development, 
a landscape irrigation project proponent can either perform project specific 
monitoring, or actively participate in the development and implementation 
of a salt/nutrient management plan, including basin/sub-basin monitoring.  
Permits or requirements for landscape irrigation projects shall include, in 
addition to any other appropriate recycled water monitoring requirements, 
recycled water monitoring for CECs on an annual basis and priority 
pollutants on a twice annual basis.  Except as requested by CDPH, State 
and Regional Water Board monitoring requirements for CECs shall not 
take effect until 18 months after the effective date of this Policy.  In 
addition, any permits shall include a permit reopener to allow 
incorporation of appropriate monitoring requirements for CECs after State 
Water Board action under paragraph 10(b)(2). 

(5) It is the intent of the State Water Board that the general permit for 
landscape irrigation projects be consistent with the terms of this Policy. 

c. Criteria for streamlined permitting.  Irrigation projects using recycled water that 
meet the following criteria are eligible for streamlined permitting, and, if 
otherwise in compliance with applicable laws, shall be approved absent unusual 
circumstances: 

(1) Compliance with the requirements for recycled water established in 
Title 22 of the California Code of Regulations, including the requirements 
for treatment and use area restrictions, together with any other 
recommendations by CDPH pursuant to Water Code section 13523. 

(2) Application in amounts and at rates as needed for the landscape (i.e., at 
agronomic rates and not when the soil is saturated).  Each irrigation 
project shall be subject to an operations and management plan, that may 
apply to multiple sites, provided to the Regional Water Board that 
specifies the agronomic rate(s) and describes a set of reasonably 
practicable measures to ensure compliance with this requirement, which 
may include the development of water budgets for use areas, site 
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supervisor training, periodic inspections, tiered rate structures, the use of 
smart controllers, or other appropriate measures. 

(3) Compliance with any applicable salt and nutrient management plan. 

(4) Appropriate use of fertilizers that takes into account the nutrient levels in 
the recycled water.  Recycled water producers shall monitor and 
communicate to the users the nutrient levels in their recycled water.  

8. Recycled Water Groundwater Recharge Projects 

a. The State Water Board acknowledges that all recycled water groundwater recharge 
projects must be reviewed and permitted on a site-specific basis, and so such 
projects will require project-by-project review. 

b. Approved groundwater recharge projects will meet the following criteria: 

(1) Compliance with regulations adopted by CDPH for groundwater recharge 
projects or, in the interim until such regulations are approved, CDPH’s 
recommendations pursuant to Water Code section 13523 for the project 
(e.g., level of treatment, retention time, setback distance, source control, 
monitoring program, etc.). 

(2) Implementation of a monitoring program for constituents of concern and a 
monitoring program for CECs that is consistent with any actions by the 
State Water Board taken pursuant to paragraph 10(b) of this Policy and 
that takes into account site-specific conditions.  Groundwater recharge 
projects shall include monitoring of recycled water for CECs on an annual 
basis and priority pollutants on a twice annual basis. 

c.  Nothing in this paragraph shall be construed to limit the authority of a Regional 
Water Board to protect designated beneficial uses, provided that any proposed 
limitations for the protection of public health may only be imposed following 
regular consultation by the Regional Water Board with CDPH, consistent with 
State Water Board Orders WQ 2005-0007 and 2006-0001.  

d.  Nothing in this Policy shall be construed to prevent a Regional Water Board from 
imposing additional requirements for a proposed recharge project that has a 
substantial adverse effect on the fate and transport of a contaminant plume or 
changes the geochemistry of an aquifer thereby causing the dissolution of 
constituents, such as arsenic, from the geologic formation into groundwater. 

e.  Projects that utilize surface spreading to recharge groundwater with recycled 
water treated by reverse osmosis shall be permitted by a Regional Water Board 
within one year of receipt of recommendations from CDPH.  Furthermore, the 
Regional Water Board shall give a high priority to review and approval of such 
projects. 
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9. Antidegradation   

a.  The State Water Board adopted Resolution No. 68-16 as a policy statement to 
implement the Legislature’s intent that waters of the state shall be regulated to 
achieve the highest water quality consistent with the maximum benefit to the 
people of the state. 

b.  Activities involving the disposal of waste that could impact high quality waters 
are required to implement best practicable treatment or control of the discharge 
necessary to ensure that pollution or nuisance will not occur, and the highest 
water quality consistent with the maximum benefit to the people of the state will 
be maintained.  

c.  Groundwater recharge with recycled water for later extraction and use in 
accordance with this Policy and state and federal water quality law is to the 
benefit of the people of the state of California.  Nonetheless, the State Water 
Board finds that groundwater recharge projects using recycled water have the 
potential to lower water quality within a basin.  The proponent of a groundwater 
recharge project must demonstrate compliance with Resolution No. 68-16.  Until 
such time as a salt/nutrient management plan is in effect, such compliance may be 
demonstrated as follows:  

(1) A project that utilizes less than 10 percent of the available assimilative 
capacity in a basin/sub-basin (or multiple projects utilizing less than 
20 percent of the available assimilative capacity in a basin/sub-basin) need 
only conduct an antidegradation analysis verifying the use of the 
assimilative capacity.  For those basins/sub-basins where the Regional 
Water Boards have not determined the baseline assimilative capacity, the 
baseline assimilative capacity shall be calculated by the initial project 
proponent, with review and approval by the Regional Water Board, until 
such time as the salt/nutrient plan is approved by the Regional Water 
Board and is in effect.  For compliance with this subparagraph, the 
available assimilative capacity shall be calculated by comparing the 
mineral water quality objective with the average concentration of the 
basin/sub-basin, either over the most recent five years of data available or 
using a data set approved by the Regional Water Board Executive Officer.  
In determining whether the available assimilative capacity will be 
exceeded by the project or projects, the Regional Water Board shall 
calculate the impacts of the project or projects over at least a ten year time 
frame. 
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(2) In the event a project or multiple projects utilize more than the fraction of 
the assimilative capacity designated in subparagraph (1), then a Regional 
Water Board-deemed acceptable antidegradation analysis shall be 
performed to comply with Resolution No. 68-16.  The project proponent 
shall provide sufficient information for the Regional Water Board to make 
this determination.  An example of an approved method is the method 
used by the State Water Board in connection with Resolution No. 2004-
0060 and the Regional Water Board in connection with Resolution 
No. R8-2004-0001.  An integrated approach (using surface water, 
groundwater, recycled water, stormwater, pollution prevention, water 
conservation, etc.) to the implementation of Resolution No. 68-16 is 
encouraged. 

d.  Landscape irrigation with recycled water in accordance with this Policy is to the 
benefit of the people of the State of California.  Nonetheless, the State Water 
Board finds that the use of water for irrigation may, regardless of its source, 
collectively affect groundwater quality over time.  The State Water Board intends 
to address these impacts in part through the development of salt/nutrient 
management plans described in paragraph 6. 

(1) A project that meets the criteria for a streamlined irrigation permit and is 
within a basin where a salt/nutrient management plan satisfying the 
provisions of paragraph 6(b) is in place may be approved without further 
antidegradation analysis, provided that the project is consistent with that 
plan.  

(2) A project that meets the criteria for a streamlined irrigation permit and is 
within a basin where a salt/nutrient management plan satisfying the 
provisions of paragraph 6(b) is being prepared may be approved by the 
Regional Water Board by demonstrating through a salt/nutrient mass 
balance or similar analysis that the project uses less than 10 percent of the 
available assimilative capacity as estimated by the project proponent in a 
basin/sub-basin (or multiple projects using less than 20 percent of the 
available assimilative capacity as estimated by the project proponent in a 
groundwater basin). 

10. Emerging Constituents/Chemicals of Emerging Concern 

a. General Provisions 

(1) Regulatory requirements for recycled water shall be based on the best 
available peer-reviewed science.  In addition, all uses of recycled water 
must meet conditions set by CDPH.  

(2) Knowledge of risks will change over time and recycled water projects 
must meet legally applicable criteria.  However, when standards change, 
projects should be allowed time to comply through a compliance schedule. 
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(3) The state of knowledge regarding CECs is incomplete.  There needs to be 
additional research and development of analytical methods and surrogates 
to determine potential environmental and public health impacts.  Agencies 
should minimize the likelihood of CECs impacting human health and the 
environment by means of source control and/or pollution prevention 
programs.  

(4) Regulating most CECs will require significant work to develop test 
methods and more specific determinations as to how and at what level 
CECs impact public health or our environment.  

b.  Research Program.  The State Water Board, in consultation with CDPH and 
within 90 days of the adoption of this Policy, shall convene a “blue-ribbon” 
advisory panel to guide future actions relating to constituents of emerging 
concern. 

(1) The panel shall be actively managed by the State Water Board and shall be 
composed of at least the following:  one human health toxicologist, one 
environmental toxicologist, one epidemiologist, one biochemist, one civil 
engineer familiar with the design and construction of recycled water 
treatment facilities, and one chemist familiar with the design and operation 
of advanced laboratory methods for the detection of emerging 
constituents.  Each of these panelists shall have extensive experience as a 
principal investigator in their respective areas of expertise. 

(2) The panel shall review the scientific literature and, within one year from 
its appointment, shall submit a report to the State Water Board and CDPH 
describing the current state of scientific knowledge regarding the risks of 
emerging constituents to public health and the environment.  Within six 
months of receipt of the panel’s report the State Water Board, in 
coordination with CDPH, shall hold a public hearing to consider 
recommendations from staff and shall endorse the recommendations, as 
appropriate, after making any necessary modifications. The panel or a 
similarly constituted panel shall update this report every five years. 

(3) Each report shall recommend actions that the State of California should 
take to improve our understanding of emerging constituents and, as may 
be appropriate, to protect public health and the environment. 

(4) The panel report shall answer the following questions:  What are the 
appropriate constituents to be monitored in recycled water, including 
analytical methods and method detection limits?  What is the known 
toxicological information for the above constituents?  Would the above 
lists change based on level of treatment and use?  If so, how?  What are 
possible indicators that represent a suite of CECs?  What levels of CECs 
should trigger enhanced monitoring of CECs in recycled water, 
groundwater and/or surface waters?  
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c.  Permit Provisions.  Permits for recycled water projects shall be consistent both 
with any CDPH recommendations to protect public health and with any actions by 
the State Water Board taken pursuant to paragraph 10(b)(2). 

11. Incentives for the Use of Recycled Water 

a. Funding 

The State Water Board will request CDWR to provide funding ($20M) for the 
development of salt and nutrient management plans during the next three years 
(i.e., before FY 2010/2011).  The State Water Board will also request CDWR to 
provide priority funding for projects that have major recycling components; 
particularly those that decrease demand on potable water supplies.  The State 
Water Board will also request priority funding for stormwater recharge projects 
that augment local water supplies.  The State Water Board shall promote the use 
of the State Revolving Fund (SRF) for water purveyor, stormwater agencies, and 
water recyclers to use for water reuse and stormwater use and recharge projects.  

b. Stormwater 

The State Water Board strongly encourages all water purveyors to provide 
financial incentives for water recycling and stormwater recharge and reuse 
projects.  The State Water Board also encourages the Regional Water Boards to 
require less stringent monitoring and regulatory requirements for stormwater 
treatment and use projects than for projects involving untreated stormwater 
discharges. 

c. TMDLs 

Water recycling reduces mass loadings from municipal wastewater sources to 
impaired waters. As such, waste load allocations shall be assigned as appropriate 
by the Regional Water Boards in a manner that provides an incentive for greater 
water recycling. 
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1. INTRODUCTION 
 
Purpose of this Staff Report 
 
This staff report serves as the substitute environmental document for the proposed 
policy (see Appendix A) that would establish statewide uniformity in authorizing 
compliance schedules and provide consistency in the implementation of these 
provisions in the state’s National Pollutant Discharge Elimination System (NPDES) 
permit program. 
The State Water Resources Control Board (State Water Board) is subject to the 
California Environmental Quality Act (CEQA) when adopting state policy for water 
quality control, but has been certified1 by the Secretary of the California Resources 
Agency as exempt from the requirements of preparing an Environmental Impact Report, 
Negative Declaration, or an Initial Study, if certain conditions are met2.  This document 
fulfills the requirements of CEQA for preparation of a substitute environmental 
document by including a description of the proposed policy, the need for the policy, an 
analysis of reasonable alternatives to lessen or mitigate potentially significant 
environmental impacts of the policy, and the identification of the environmental impacts 
of the reasonably foreseeable methods of compliance.  The environmental impacts that 
could occur as a result of the proposed actions are discussed in “Environmental 
Considerations” (Chapter 7) and summarized in the “Environmental Checklist Form” 
(Appendix D). 
 
Need for the Proposed Policy 
 
Both federal3 and state water law recognize compliance schedules4 as a discretionary 
regulatory tool for bringing dischargers into compliance with new, revised, or newly 
interpreted water quality standards, without being in violation of their permits.  The 
purpose of a compliance schedule is to give an existing discharger time to make 
necessary changes in the facilities or operations in order to comply with a more 
stringent water quality-based permit limitation without subjecting them to enforcement 
proceedings.  A compliance schedule is included in the discharger’s permit and lays out 
an enforceable sequence of actions or operations to be taken by the discharger in order 
to comply with permit limitations as rapidly as possible. The essential effect of including 
a compliance schedule in a permit is to allow a discharger a specific period of time, that 
is as short as possible and that includes appropriate interim limits, to achieve 
compliance with an effluent limit that is established to implement a water quality 
standard.  By including the compliance schedule in the permit, the effective date of the 
effluent limit is postponed; however, in no circumstances would a compliance schedule 

                                            
1 See Cal. Code Regs., Title (Tit.) 14, §15251(g). 
2 See Cal. Code Regs., Tit. 23, §3720 et seq. 
3 See 40 Code of Federal Regulations (C.F.R.) §§122.47 &131.38. 
4 The Clean Water Act (CWA) at §502(17) defines a compliance schedule as “a schedule of 

remedial measures including an enforceable sequence of actions or operations leading to 
compliance with an effluent limitation, other limitation, prohibition, or standard.” 
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authorize an increase in pollutant discharges above existing levels because of state and 
federal antidegradation and antibacksliding requirements. 
 
Compliance schedules may be included in NPDES permits only if there is explicit 
authorization in the state’s water quality standards or implementing regulations5.  In the 
absence of such explicit authorization, compliance schedules can be specified only in 
enforcement orders [i.e., “Time Schedule Orders” (TSOs)].  The issuance of an 
enforcement order may engender a negative perception of the discharger, which may 
be unwarranted based on the circumstances.   An enforcement order furthermore does 
not stay NPDES permit requirements, making the discharger vulnerable to citizen 
lawsuits6 and, under certain circumstances, mandatory minimum penalties.7   
 
The State Water Board has adopted specific compliance schedule provisions for 
California Toxics Rule (CTR) criteria for toxic pollutants, which are contained in the 
statewide “Policy for Implementation of Toxics Standards for Inland Surface Waters, 
Enclosed Bays, and Estuaries of California” (SIP).  In addition, six of the nine Regional 
Water Quality Control Boards (Regional Water Boards) have individually adopted 
compliance schedule authorizations for NPDES permits into their water quality control 
plans (Basin Plans) that vary in their coverage, authorized length, and other provisions.   
 
At a meeting on October 25, 2006 to consider compliance schedule authorizations for 
the San Diego Region, the State Water Board identified a need for statewide uniform 
compliance schedule provisions and consistency in implementation of these provisions 
in the state’s NPDES permit program.  The State Water Board directed staff to develop 
a statewide policy that would meet this need.  The purpose of the policy is to make 
better use of both stakeholder and State and Regional Water Board (collectively Water 
Boards) resources by providing clear guidance on the appropriate use of compliance 
schedules in NPDES permits.  This proposed policy is not intended to limit the Water 
Boards’ discretion to take any enforcement action authorized by law for violations of the 
terms and conditions of NPDES permit requirements, including compliance schedules.  
Nor is the proposed policy intended to limit the ability of citizens to bring enforcement 
action if a discharger is not in compliance with NPDES permit requirements. 
 
On October 31, 2007, USEPA released the “California Permit Review Report on 
Compliance Schedules” (Report), as required to fulfill the terms of a settlement 
agreement, dated June 7, 2007, between USEPA, Baykeeper, Humboldt Baykeeper, 
Ecological Rights Foundation, and Communities for a Better Environment.  The Report 
contains a USEPA review of twelve, randomly selected, permits with compliance 
schedules issued by the San Francisco Bay, Los Angeles, and Central Valley Water 
Boards.  As stipulated by the settlement, USEPA evaluated in the Report whether the 

                                            
5 See the 1990 Star-Kist Caribe administrative decision issued by the United States 

Environmental Protection Agency (USEPA) Administrator (In the Matter of Star-Kist Caribe, 
Inc., NPDES APPEAL No. 88-5).   

6 See CWA §505. 
7 See California Water Code (Cal. Wat. Code) §13385. 
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compliance schedules in the permits met five specific requirements of the CWA and 
implementing regulations.   
 
USEPA concluded in the Report that the permits reviewed did not adequately document 
the need for and duration of the compliance schedules granted to the dischargers.  
USEPA further found that some of the permits appeared to lack an enforceable 
sequence of actions leading to compliance with the final WQBEL or a final effluent 
limitation, and that some permits inappropriately included time to develop Total 
Maximum Daily Loads (TMDLs), site-specific objectives (SSOs), or use attainability 
analysis (UAAs).   
 
USEPA stated in the letter transmitting the Report to the Water Boards, that, based on 
the conclusions in the Report, it recommends that California NPDES permits with 
compliance schedules be strengthened by including explanations as to why compliance 
schedules are appropriate and how they provide for achieving compliance with the 
permit’s final effluent limitations as soon as possible, as required by USEPA regulations 
at 40 CFR §122.47.  USEPA also recognizes in the letter that the State Water Board 
has already directed staff to draft a uniform statewide policy on compliance schedules in 
NPDES permits that addresses these shortfalls.  USEPA further stated that it supports 
this effort. 
 

 
2. REGULATORY BACKGROUND  
 
Federal and State Water Law 
 
In 1972, Congress enacted the federal CWA to restore and maintain the chemical, 
physical, and biological integrity of the Nation’s waters8.   Under §303(c) of the CWA, 
the states are primarily responsible for the adoption and periodic review of water quality 
standards for all waters within their boundaries.  Water quality standards consist of 
designated uses for state waters, water quality criteria (objectives in California) to 
protect those uses, and an antidegradation policy9.  The State Water Board is 
designated as the state water pollution control agency for all purposes under the CWA.  
The state Porter-Cologne Water Quality Control Act10 of 1969 authorizes the State 
Water Board to adopt statewide water quality control plans and requires each of the 
nine Regional Water Boards to adopt Basin Plans that provide the basis for protecting 
water quality in each Region. 
 
Both statewide plans and regional Basin Plans are subject to triennial review, which 
may lead to periodic updates11.  Triennial reviews are comprehensive and include a 
public hearing to identify issues to be addressed.  The State or Regional Water Board 

                                            
8  See 33 United States Code (U.S.C.) §1251 et seq.  
9 See 33 U.S.C. §1313(c); 40 C.F.R. §131.6.  
10 See Wat. Code §13000 et seq. 
11 See CWA §303 ( c)(1). 
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evaluates all available information at the hearing to determine whether revisions to the 
plans are needed and the nature of any necessary revisions. 
 
Amendments to a statewide plan or Basin Plan are initiated by the appropriate Regional 
Water Board, and follow state and federal requirements for public participation and for 
environmental and economic consideration.  Amendments adopted by a Regional Water 
Board must be approved by the State Water Board.  Regulatory provisions of 
amendments must further be approved by the State Office of Administrative Law (OAL).  
Amendments to surface water quality standards must also be approved by USEPA in 
order to be effective. 
 
In addition, the State Water Board is responsible for adopting statewide policies for 
water quality control, which all nine Regional Water Boards must conform to.  The 
Regional Water Boards are primarily responsible for implementing statewide water 
quality control plans and polices, and their individual Basin Plans.  Water quality 
standards contained in these plans are translated into effluent limitations written into 
NPDES permits and waste discharge requirements (WDR)12. 
 
The NPDES Permit Program 
 
The federal NPDES permit program was created to regulate point source discharges of 
pollutants to navigable surface waters of the United States.  The CWA and 
implementing federal regulations require that NPDES permits contain effluent 
limitations13 reflecting the pollution reduction that is achievable through technology 
(known as “technology-based effluent limitations”)14.  NPDES permits must also include 
effluent limitations as stringent as necessary to ensure that receiving waters meet water 
quality standards [known as “water quality-based effluent limitations” (WQBELs)]15.  
NPDES permits may also include enforceable limits that must be met in the affected 
receiving waters (known as “receiving water limitations”) and other provisions necessary 
to assure attainment of water quality standards.    
 
The state Porter-Cologne Water Quality Control Act authorizes the Water Boards to 
regulate discharges through the issuance of WDRs, waivers of WDRs, or prohibitions.  
Both point and nonpoint source discharges are regulated under state law.  Regulation is 
not limited to discharges to navigable surface waters, but includes discharges to land 
                                            
12 See Wat. Code §13263.  
13 Effluent limitation means, “any restriction established by a state or the (USEPA) Administrator 

on quantities, rates, and concentrations of chemical, physical, biological, and other 
constituents which are discharged from point sources into navigable waters, the waters of the 
contiguous zone, or the ocean, including schedules of compliance.”  (See 33 U.S.C. 
§1362(11.) 

14 Technology-based limits are based on secondary treatment or its equivalent for publicly-
owned treatment works or prescribed technology levels for industry.  (See 33 U.S.C. 
§1311(b).) 

15 See 33 U.S.C. §1311(b)(1)(C).  Water quality-based effluent limits are required when 
technology-based effluent limits fail to attain or maintain acceptable water quality (as 
measured by water quality standards).  
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and groundwater.  California is one of the states authorized to issue NPDES permits in 
lieu of direct regulation by USEPA.  Chapter 5.5, Division 7 of the California Water Code 
provides the statutory authority for the Water Boards to implement the NPDES permit 
program.  WDRs issued pursuant to Chapter 5.5 (known as “NPDES permits”) 
implement the applicable federal NPDES regulations and serve in lieu of federally 
issued NPDES permits. 

All NPDES permits issued by Regional Water Boards include self-monitoring programs 
which require the permittee to collect pertinent water quality data and to submit it to the 
Regional Water Board for evaluation of compliance with the terms of the permit.  In 
addition, Regional Water Board staff conducts periodic inspections of each permitted 
discharge to monitor permit compliance.  The CWA limits the length of NPDES permits 
to five years.  Therefore, NPDES permits in California are usually renewed (and expire) 
on a five-year schedule.  If the permittee submits a timely renewal application, the 
respective facility may continue to operate under its existing permit until a new permit is 
issued, even after the permit’s expiration date16.  Consideration of the terms and 
conditions of NPDES permit requirements, including any proposed compliance 
schedules, must occur at a public hearing.  The public is able to comment not only on 
the propriety of granting a compliance schedule, but also on the interim limits, the 
duration of the compliance period, and whether the discharger made the appropriate 
showing that the compliance schedule was as short as practicable taking into account 
the relevant factors.   

Compliance Schedules as a Regulatory Tool 
 
Both federal and state law recognize compliance schedules as a discretionary 
regulatory tool for bringing dischargers into compliance with new, newly revised, or 
newly interpreted water quality standards.  Compliance schedules are presently 
authorized statewide by the Cal. Wat. Code § 13263(c) for WDRs that do not implement 
federal NPDES regulations17.  The CWA also recognizes that compliance schedules are 
an appropriate tool to be used by permitting agencies18.  The CWA defines a 
compliance schedule as “a schedule of remedial measures including an enforceable 
sequence of actions or operations leading to compliance with an effluent limitation, 
other limitation, prohibition, or standard.”19  
 
The purpose of a compliance schedule is to give an existing discharger time to make 
necessary changes in facilities or operations in order to comply with a more stringent20 
water quality-based permit limitation implementing a new, revised, or newly interpreted 
water quality objective or criterion in a water quality standard without subjecting the 
discharger to enforcement proceedings.  In certain situations, it may be reasonable to 

                                            
16 See 40 Code of Federal Regulation (C.F.R.) §122.6; Cal. Code Regs., tit. 23, §2235.4. 
17 See Cal. Code Regs., Tit. 23, §2231. 
18 See 33 U.S.C. §1313(e)(3)(F). 
19 See 33 U.S.C. §1362(17). 
20 A permit limitation more stringent than the limitation previously imposed includes a new permit 

limitation for a pollutant that was not limited in prior permits. 
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consider including a time schedule in the discharger’s permit and lay out an enforceable 
sequence of actions or operations to be taken by the discharger in order to comply with 
permit limitations as rapidly as possible.  For example, a discharger may not be able to 
immediately meet a newly adopted water quality objective that has resulted in more 
stringent permit limitations, but may need time to design, build, and put into operation 
additional wastewater treatment facilities in order to achieve compliance.   
 
Authorization for compliance schedules in NPDES requirements can be provided in a 
number of ways, including: 1) by incorporating general compliance schedule 
authorization language in statewide plans or regional Basin Plans, 2) by incorporating 
compliance deadlines as part of a specific water quality standards action, and 3) by 
incorporating compliance dates in the implementation sections of Total Maximum Daily 
Load (TMDL) implementation plans.  In the absence of such explicit authorization, 
compliance schedules can only be specified in enforcement orders. 
 
Legal Restrictions on the Use of Compliance Schedules in NPDES Permits 
 
Under §303(e) of the CWA, compliance schedules may be included in NPDES permits 
only for water quality-based limitations (effluent and/or receiving water limitations), not 
for technology-based effluent limitations.  Technology-based limitations cannot be 
relaxed and must be met immediately21.  Technology-based effluent limitations apply to 
all point sources and represent the degree of control that can be achieved by point 
sources using various levels of pollution control technology that are defined by USEPA 
for various categories of discharges and implemented on a nationwide basis.  USEPA is 
responsible for developing regulations implementing CWA requirements for technology-
based effluent limitations which specify the maximum allowable levels of pollutants that 
may be discharged by facilities within an industrial category or subcategory and the 
schedule for implementation.  The compliance dates for meeting existing technology-
based effluent limitations set by USEPA have long since passed.  Water quality-based 
effluent limitations are required when technology-based effluent limitations are not 
sufficient to ensure that water quality standards will be attained and maintained in the 
receiving waters. 
 
In general, NPDES permits must comply with all requirements in CWA §30122.  An 
exception to this rule is for some storm water permits.  While industrial storm water 
permits must comply with all requirements in CWA §30123, storm water permits for 
municipal separate storm sewer systems (MS4s) are not required to comply with 
CWA §301.  In California, MS4s are required to comply with water quality standards, but 
through an iterative approach24.   
 

                                            
21 See 33 U.S.C. §1311(b).  
22 See 33 U.S.C. §1342(a).  
23 Id. §1342(p)(3)(A). 
24 See Building Industry Association v State Water Board (2004) 124 Cal. App. 4th 866. 
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USEPA’s regulations25 additionally specify that the first NPDES permit issued to a new 
discharger may contain a compliance schedule only under very limited circumstances – 
when necessary to allow a reasonable opportunity to attain compliance with 
requirements issued or revised after beginning construction but less than three years 
before discharging waste.  Federal regulation defines a “new discharger” as any 
discharger that began discharging after August 13, 1979 and never had an NPDES 
permit.  Under these provisions, a discharger currently operating under non-NPDES 
WDRs, who under new interpretation of the law is newly required to comply with 
NPDES permitting requirements, is considered a “new discharger”.26  Dischargers that 
are not “new dischargers” are considered “existing dischargers”.  An “existing 
discharger” includes an increasing discharger (i.e., an existing facility with treatment 
systems in place for its current discharge that is or will be expanding, upgrading, or 
modifying its existing permitted discharge).  
 
The 1990 Star-Kist Caribe decision27 further established limits on the use of compliance 
schedules in water quality-based NPDES requirements through its interpretation of 
CWA §301(b)(1)(C).  This section of the CWA provides that, by July 1, 1977, NPDES 
permits must include effluent limitations as stringent as necessary to ensure immediate 
compliance with water quality standards.  The Star-Kist Caribe decision provides that 
immediate compliance must be achieved for any applicable state water quality 
standards that were adopted before July 1, 1977 and that have not been substantively 
revised after that date.  Accordingly, water quality-based effluent limitations and 
receiving water limitations that implement water quality standards adopted before 
July 1, 1977 would be ineligible for compliance schedules in NPDES permits.  The Star-
Kist Caribe decision also addressed water quality standards adopted or revised after 
July 1, 1977.  A compliance schedule may be included in NPDES permits for state 
water quality standards adopted or revised after July 1, 1977, only if the state has 
specifically authorized the establishment of compliance schedules in the state water 
quality standards, or in its regulations that implement the standards.   
 
USEPA has also stated that water quality standards that were adopted prior to July 1, 
1977 can reasonably be treated in the same manner as new or revised standards 
adopted after July 1, 1977, if the state has adopted a new interpretation of the pre-
July 1, 1977 standard28.  If, for example, a narrative objective is for the first time 
interpreted as requiring a numerical limit for a specific pollutant, compliance schedules 
may be appropriate.  However, a mere re-adoption of a pre-July 1, 1977 standard 
without any substantive revisions would not qualify as a new or revised standard29. 
 

                                            
25 Pursuant to 40 C.F.R. §122.47. 
26 As stated in USEPA’s letter dated November 29, 2006 partially approving the amendment to 

the Water Quality Control Plan for the North Coast Region authorizing compliance schedules 
under Resolution R1-2004-0011. 

27 See In the Matter of Star-Kist Caribe, Inc., NPDES APPEAL No. 88-5.   
28 1994 Whole Effluent Toxicity Policy (EPA-833-B-94-002). 
29 See In the Matter of Star-Kist Caribe, Inc., NPDES APPEAL No. 88-5.   
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As previously stated, the term of a NPDES permit in California is five years.  However, 
the CWA and federal regulations do not limit the duration of an otherwise permissible 
compliance schedule to the five-year term30.  Rather, the CWA simply requires that 
water quality standards be met as soon as possible.  If a permitting authority (i.e., Water 
Board) wants to authorize a compliance schedule that exceeds the normal five-year 
permit term, and it is possible that the permit will continue in effect after it has expired, 
the Water Board will need to ensure that all interim and final milestones in the 
compliance schedule are enforceable.  USEPA has stated31 that inclusion of the entire 
compliance schedule as an enforceable provision of the NPDES permit (including all 
interim requirements and the final effluent limitation) will ensure that the permittee must 
meet all compliance schedule milestones and that the permit is consistent with the 
definition of a compliance schedule in the CWA and federal regulations32.   
 
Compliance Schedules to Implement TMDLs 
 
As mentioned earlier in this staff report, state authorization for compliance schedules in 
NPDES permits can be provided in several ways, including as compliance dates 
incorporated in the implementation chapters of the Basin Plan, for example in TMDL 
implementation plans.   
 
Section 303(d) of the CWA requires each state to identify the waters within its 
boundaries that do not meet applicable water quality standards and develop a plan 
(known as a TMDL) to control the identified pollution such that standards are met.  A 
numeric target for the problem pollutant must be specified for the impaired water body, 
which accounts for seasonal variation and includes a margin of safety to account for 
uncertainty and lack of knowledge.  Each TMDL allocates the total allowable load of the 
problem pollutant to the affected receiving water among the various sources of the 
pollutant, including point and nonpoint source discharges, based on calculations on how 
much of the pollutant the water body can receive without being in violation of standards.  
Allocations assigned to point sources are known as “waste load allocations.”   
 
In California, TMDLs typically are incorporated into Basin Plans through the Basin Plan 
amendment process.  A TMDL Basin Plan amendment must include an implementation 
plan for achieving reductions of pollutant mass, which commonly specifies a compliance 
schedule for achieving the assigned allocations.  Interim allocations may also be 
specified.   
 
Strategies to attain water quality standards, such as TMDLs, do not change the fact that 
enforcement of the CWA against point source dischargers is primarily through their 
NPDES permits.  A TMDL’s numeric target is not directly enforceable against 
dischargers absent a corresponding permit provision.  Nonetheless, a TMDL may be 

                                            
30 See USEPA approval of the North Coast Region’s compliance schedule provisions dated  

November 29, 2006. 
31 See USEPA approval of the North Coast Region’s compliance schedule provisions dated  

November 29, 2006. 
32 See CWA §122.44(d)(1) 2. 
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achieved, in part, by establishing and enforcing water quality-based limitations in 
NPDES requirements that are consistent with the assumptions and requirements of the 
TMDL waste load allocations.  Note that federal regulations do not require that TMDL-
based effluent limitations for a discharger be set equal to the allotted waste load 
allocations, but do require that NPDES permits be issued consistent with the 
assumptions and conditions of any TMDL in effect for the receiving water.   
 
Not all TMDLs in California are incorporated into Basin Plans.  Some TMDLs are 
adopted as single permitting actions.  This is possible where a single discharger is 
responsible for the impairment or where a single order by the Regional Water Board can 
address the impairment.  Because the TMDL can both be established and implemented 
through a single action, the Regional Water Board has the authority to issue a permit 
and enforcement action without first adopting the TMDL into the Basin Plan33.  
Implementing a TMDL through a single permitting action saves considerable Water 
Board resources and allows the TMDL to be implemented sooner.  However, while a 
TMDL adopted as a single permitting action may not require a Basin Plan amendment, 
it may still need an implementation schedule longer than what is authorized (if 
authorized) in the Basin Plan due to the sometimes complex approaches needed to 
meet waste load allocations and ensure that water quality standards are no longer 
impaired.  Two Regional Water Boards (the North Coast and the Los Angeles Regional 
Water Boards) have adopted authorization for extended compliance schedules for 
TMDLs established through a single permitting action. 
 
As stated earlier, the CWA and federal regulations do not limit the duration of an 
otherwise permissible compliance schedule to the five-year term, but simply require that 
water quality standards be met as soon as possible.  Note that compliance schedules to 
attain water quality-based NPDES limitations based on TMDLs must also meet all other 
CWA compliance schedule requirements. 
 
Statewide Provisions Authorizing Compliance Schedules in NPDES Permits 
 
USEPA promulgated new criteria for toxic pollutants through the National Toxics Rule 
(NTR) in 1992, which was amended in 199534.  On May 18, 2000, USEPA promulgated 
criteria for priority toxic pollutants specifically for California under the California Toxics 
Rule (CTR)35 .  The rule includes provisions authorizing compliance schedules of up to 
five years in NPDES permits held by existing dischargers.   
 
On March 2, 2000, the State Water Board adopted the “Policy for Implementation of 
Toxics Standards for Inland Surface Waters, Enclosed Bays, and Estuaries of 
California” (SIP) that includes implementation provisions for priority pollutant criteria 
promulgated through the NTR and CTR criteria and for priority pollutant objectives 

                                            
33 However, all TMDLs must be incorporated either directly or by reference into a water quality 

control plan (i.e., Basin Plan) as required by CWA §303(d)(2).  This incorporation can be done 
as a change without regulatory effect. 

34 See 40 C.F.R. §131.36. 
35 See 40 C.F.R. §131.38. 
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established by Regional Water Boards in their Basin Plans36.  The SIP includes specific 
language authorizing the inclusion of compliance schedules in NPDES permits for 
effluent limitations established to achieve compliance with the promulgated criteria for 
CTR priority pollutants. The SIP implementation provisions for the CTR criteria were 
approved by USEPA on May 18, 2000, the same day as USEPA finalized the CTR.  The 
SIP compliance schedule provisions can be found in Appendix B, in the back of this 
document. 
 
The SIP restricts compliance schedules to existing dischargers.  The compliance 
schedule must contain a final compliance date based on the shortest practicable time 
required to achieve compliance.  When a compliance schedule exceeds one year, the 
schedule must include a series of required interim actions with deadlines that reflects a 
realistic assessment of the shortest practicable time required to perform each task.  If 
the final compliance date needs to extend beyond the permit term, the final compliance 
date and supporting explanation must be included in the permit findings. 
 
Under the SIP, a discharger applying for a compliance schedule must submit 
documentation to the Water Boards that diligent efforts have been made to quantify and 
control pollutant sources and discharges and that immediate compliance is not feasible.  
The discharger must also submit a proposed schedule for additional source control 
measures, pollutant minimization actions, facility upgrades, etc., and demonstrate that 
the proposed schedule to achieve compliance is as short as practicable.   
 
Specifically, the SIP allows a Water Board to grant a discharger up to five years 
maximum from the date of a NPDES permit issuance, re-issuance, or modification to 
comply with effluent limitations based on CTR criteria.  Effluent limitations that are 
based on waste load allocations allotted through a TMDL are also eligible for 
compliance schedules under this provision.  These SIP-authorized compliance 
schedules expire on May 18, 2010, ten years after the SIP’s effective date. 
 
The SIP further specified that in no case should a compliance schedule exceed twenty 
years to develop and adopt a TMDL and establish and comply with waste load 
allocations derived from a TMDL for a CTR criterion.37   However, this specific SIP 
provision was disapproved by USEPA on October 23, 2006, and is therefore no longer 
in effect.  USEPA stated that one reason this provision was disapproved was that 
developing and adopting a TMDL does not constitute a remedial action by a permittee 
to achieve compliance, but is rather a state process and responsibility38 and, therefore, 
not an appropriate application of compliance schedules.  USEPA further found that it is 
not appropriate to defer the establishment of a WQBEL until a TMDL has been 
developed.  Finally, USEPA noted in its letter disapproving this provision that 

                                            
36 If a water quality objective and a CTR criterion are in effect for the same priority pollutant, the 

more stringent of the two applies. 
 
37 That is, a compliance time schedule could allow up to 15 years to complete the TMDL and up 

to five years to comply with the TMDL-derived effluent limitation. 
38 See 33 U.S.C. §1313(d). 
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compliance schedules must provide for achievement of water quality-based effluent 
limitations as soon as possible39.  USEPA found it inappropriate to base the length of a 
compliance schedule on the time needed to develop and adopt a TMDL, rather than on 
the time needed for achieving compliance with applicable effluent limitations. 
 
The SIP compliance schedule provisions are summarized in Table 1, below, and 
compared to Region-specific provisions authorizing compliance schedules (discussed 
below).  
 
Region-Specific Provisions in Basin Plans Authorizing Compliance Schedules in 
NPDES Permits 
 
In 1990, USEPA held in the Star-Kist Caribe decision that compliance schedules can be 
included in NPDES permits only if the states’ water quality standards or implementing 
regulations contain explicit authorization.  Since 1990, five of the nine Regional Water 
Boards have successfully amended their Basin Plans to authorize incorporation of 
compliance schedules in NPDES permit requirements.  Basin Plan amendments that 
authorize compliance schedules in NPDES permits must be approved by the State 
Water Board, OAL, and USEPA before becoming effective.  The Regions with effective 
general compliance schedule provisions in Basin Plans are listed below in order of 
effective date: 
 
Region:      Effective Date:     
Central Valley (Region 5):     September 25, 1995 
San Francisco Bay (Region 2):   November 13, 1995  
Santa Ana (Region 8):    July 15, 2002 
Los Angeles (Region 4)     February 18, 2004 
North Coast (Region 1)    February 27, 2006      
 
In addition, the San Diego Water Board (Region 9) adopted compliance schedule 
authorization provisions on November 9, 2005, which the State Water Board and OAL 
have approved.  However, USEPA has yet to approve this Basin Plan amendment.  The 
Lahontan Water Board (Region 6) adopted a compliance schedule Basin Plan 
amendment on April 12, 2006 that was later withdrawn from State Water Board 
consideration.  The Central Coast Water Board (Region 3) and the Colorado River 
Basin Water Board (Region 7) have not adopted compliance schedule authorization 
provisions.  Regional Water Board resolutions and language authorizing compliance 
schedules for their respective Regions are found in Appendix C in the back of this 
document.  Table 1, below, summarizes the various adopted regional compliance 
schedule provisions and compares them to the SIP. 
 
All of the existing Basin Plan compliance schedule provisions state that compliance 
schedules must be as short as possible/practicable/feasible, which is in compliance with 
CWA regulations requiring that water quality standards be met as soon as possible.  
Four of the five approved Region-specific compliance schedule provisions allow up to a  
                                            
39 USEPA cited 40 C.F.R. §122.47(a)(1). 
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Table 1. Comparison of Statewide and Regional Compliance Schedule 
Authorization Provisions.  
  

 
 

Compliance 
Schedule 
Provision 

State Water 
Board Action 

USEPA 
Approval 

Maximum Length of 
Compliance Schedule Applicability Circumstances 

Statewide Plans: 

SIP 

(a) Five 
years 

 Adopted 
3/2/2000 

Yes As short as practicable, 
up to five years from 
permit issuance, re-
issuance, or modification, 
but not to exceed 
5/18/2010. 

Applies only to CTR-
based effluent 
limitations. 

Discharger must 
demonstrate 
infeasible to obtain 
immediate compliance 
with effluent 
limitations; show that 
the schedule is as 
short as practicable; 
document current and 
proposed source 
control/pollutant 
minimization efforts, 
etc. 
 

(b) 15-
years 

 Adopted 
3/2/2000 

Dis-
approved 
on 
10/23/06; 
no longer 
in effect. 

As short as practicable, 
up to 15 years from 
5/18/2000, or until 
5/18/2015, to develop 
and adopt a TMDL & 
establish waste load 
allocations derived from 
TMDL and up to five 
years to comply w/ 
TMDL-derived effluent 
limitations, not to exceed 
5/18/2020. 

Applied only to 
discharges to waters 
impaired for a CTR 
pollutant. 

Discharger had to 
demonstrate 
infeasibility; that the 
discharger had made 
appropriate 
commitments to 
support and expedite 
TMDL development; 
that the schedule was 
as short as 
practicable; document 
current and proposed 
source 
control/pollutant 
minimization efforts, 
etc. 
 
 
 
 
 
 
 

12 

RB-AR11230



Final Staff Report, NPDES Compliance Schedule Policy, April 15, 2008 

Compliance State Water USEPA Maximum Length of Schedule Applicability Circumstances 
Provision Board Action Approval Compliance Schedule 

Region 1 – North Coast 
a) 
Standard 

Approval 
 

Yes Shortest feasible time, 
up to five years from 
permit issuance, re-
issuance or modification 
with an additional up-to-
five-year extension, but 
not to exceed ten years 
from permit issuance, 
re-issuance or 
modification. 

Applies to effluent or 
receiving water 
limitations that 
implement new, 
revised, or newly 
interpreted 
objectives, criteria, 
or prohibitions after 
2/27/2006. 

Discharger must 
demonstrate 
infeasibility, document 
current and proposed 
source control efforts, 
show that the schedule 
is as short as 
technically and 
economically feasible, 
etc. 
 

(b) New 
Permittees 

Approval No, dis-
approved; 
not in 
effect. 

Shortest feasible time, 
up to five years from 
date of permit issuance, 
with an up-to-five-years 
extension, but not to 
exceed ten years from 
the permit’s effective 
date. 

Applied to existing 
non-NPDES 
dischargers that, 
under a new 
interpretation of law, 
were newly required 
to comply with new 
NPDES permit 
requirements.  
Included any newly 
imposed effluent or 
receiving water limits 
necessary to 
implement 
objectives, criteria, 
or prohibitions 
adopted, revised, or 
reinterpreted after 
7/1/1977, and that 
were not included in 
the non-NPDES 
permit. 
 

As for the standard 
provision, above.  
Demonstrate, with 
supporting data and 
analysis of technical or 
economic infeasibility 
to achieve immediate 
compliance with new 
NPDES permitting 
requirements. 

(c) TMDL-
derived 
limits 

Approval Yes Shortest feasible time 
period, but may extend 
beyond ten years from 
date of permit issuance. 

Applies to TMDL-
derived effluent or 
receiving water 
limitations that 
implement new, 
revised, or newly 
interpreted water 
quality objectives, 
criteria, or 
prohibitions adopted 
as a single 
permitting action. 
 

As for the standard 
provision, above. 
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Compliance State Water USEPA Maximum Length of Schedule Applicability Circumstances 
Provision Board Action Approval Compliance Schedule 

Region 2 – San Francisco Bay 

Standard Approval Yes As soon as possible, but 
not to exceed ten years 
after new objectives or 
standards take effect.   

Applies to effluent 
limitations that 
implement new 
objectives or 
standards after 
11/13/1995. 
 

See SIP. 

Region 4 – Los Angeles 

Standard Approval Yes (1) shortest possible 
time, not to exceed five 
years from the date of 
permit issuance, re-
issuance or modification, 
and no later than ten 
years after the adoption, 
revision, or interpretation 
of an applicable 
standard, whichever 
time is shorter; (2) as 
short as possible, but 
may exceed five years 
for a TMDL adopted as 
a single permitting 
action. 
 
 

(1) applies to effluent 
limitations 
implementing new, 
revised, or newly 
interpreted water 
quality standards 
after 2/18/2004; 
“newly interpreted 
standard” defined to 
mean a narrative 
standard that is 
interpreted to require 
numeric effluent 
limitations that are 
more stringent than 
limits in prior permit; 
(2) TMDL–derived 
limitations that 
implement new, 
revised, or newly 
interpreted 
standards after 
2/18/2004 that are 
adopted as a single 
permitting action. 
 

Similar to SIP. 

Region 5 – Central Valley 

Standard Approval Yes Shortest practicable 
time, not to exceed ten 
years from the date of 
adoption of objectives or 
criteria. 

Applies to effluent 
limitations 
implementing criteria 
or objectives 
adopted after 
9/25/1995. 
 

Infeasibility to achieve 
immediate compliance. 
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Region 6 – Lahontan 
Standard Not 

applicable, 
withdrawn 

 Shortest practicable time. Applies to objectives, 
criteria, or effluent 
limitations based on 
the objectives or 
criteria; applies to 
NPDES storm water 
permits where an 
iterative approach is 
necessary to develop 
strategies and 
controls to meet 
water quality 
standards. 

Infeasibility. 

Region 8 – Santa Ana 
Standard Approval Yes Shortest practicable time, 

not to exceed ten years 
after the adoption of new, 
revised or newly 
interpreted objectives. 
 

Applies to new, 
revised, or newly 
interpreted objectives 
after 7/15/2002. 
 

Similar to SIP. 

Region 9 – San Diego 
Standard Approval  Shortest practicable time, 

not to exceed five years 
from issuance, re-
issuance or modification 
of permit; one additional 
extension of up to five 
years allowed; in no case, 
can schedule exceed ten 
years from the adoption, 
revision, or interpretation 
of objective. 

Applies to effluent or 
receiving water limits 
implementing new, 
revised, or newly 
interpreted objectives 
after 11/9/2005, and 
to limits that result 
from new knowledge 
about the discharge’s 
characteristics and 
impacts for any 
pollutant for which an 
objective was 
adopted, revised, or 
newly interpreted 
after 7/1/1977. 
 

Similar to SIP. 
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maximum of ten years for compliance with non-TMDL derived NPDES effluent 
limitations.  For example, the San Francisco Bay, Central Valley, and Santa Ana 
Regions’ provisions all state that compliance must be achieved as soon as  
possible, but not to exceed ten years after adoption of new objectives or criteria.  The 
Santa Ana Region’s provisions further allow compliance schedules for revised or newly 
interpreted objectives or criteria.  The North Coast Region’s provision is slightly different 
in that compliance must be achieved no later than ten years from inclusion of the 
compliance schedule into the NPDES permit.  The Los Angeles Region’s compliance 
schedule provisions are most like the SIP provisions (and the provisions of the 
proposed policy in Appendix A) by specifying that the length of a compliance schedule 
shall be the shortest possible time, not to exceed five years from the date of permit 
issuance, re-issuance or modification, and no later than ten years after the adoption, 
revision, or interpretation of an applicable standard, whichever time is shorter.   
 
Additionally, both the Los Angeles and the North Coast Regions have provisions in their 
Basin Plans authorizing extended compliance schedules to meet effluent or receiving 
water limitations derived from TMDLs that are adopted through a single permitting 
action.  Allowing extended compliance schedules for TMDLs that are adopted through a 
single permitting action is consistent with allowing extended compliance schedules for 
TMDLs that are adopted as Basin Plan amendments.  
 
Some of the Regions with compliance schedule authorization provisions have detailed 
descriptions in their Basin Plans regarding the implementation of compliance schedules.  
For example, the San Diego Region’s adopted compliance schedule provisions specify 
the type of documentation that must be submitted by a discharger applying for a 
compliance schedule: “To document the need for and justify the duration of any such 
compliance time schedule, a discharger must submit the following information, at a 
minimum: (1) the results of a diligent effort to quantify pollutant levels in the discharge 
and the sources of the pollutant(s) in the waste stream; (2) Identification of the sources 
of the pollutant in the waste stream, documentation of source control efforts currently 
underway or completed, including compliance with any pollution prevention programs 
that have been established, and a proposed schedule for additional source control 
measures or waste treatment needed to meet the WQBELs and/or receiving water 
limitations; (3) evidence that the discharge quality is the highest that can reasonably be 
achieved until final compliance is attained; and (4) a demonstration that the proposed 
schedule is as short as practicable, taking into account economic, technical and other 
relevant factors.  The need for additional information and analyses will be determined by 
the Regional Board on a case-by-case basis.  The need for and justification of the 
duration of any such compliance time schedule will be subject to Regional Board review 
and approval.” 
 
Other Regions do not have this level of specificity in their adopted compliance schedule 
provisions. 
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Use of Compliance Schedules in Water Board-issued Enforcement Orders 
 
In the absence of explicit authorization in the state’s Basin Plans, compliance schedules 
can only be issued by the Water Boards in enforcement orders (i.e., TSOs) when an 
existing discharger cannot achieve immediate compliance with effluent or receiving 
water limitations in NPDES permit requirements. These enforcement orders have 
compliance schedules which provide interim timelines and actions (including findings 
that the schedule is as short as possible to achieve compliance).  The enforcement 
orders are based on a finding that the discharger is in violation of NPDES requirements.  
The issuance of an enforcement order with a compliance schedule does not stay 
NPDES permit requirements and does not bar third-party citizen suits for such 
violations, pursuant to CWA §505.  Mandatory minimum penalties may also be imposed 
under state law under certain circumstances.  
 
 
3. PROJECT DESCRIPTION 
 
This project is a state water quality control policy (“Statewide Policy on Compliance 
Schedules in NPDES Permits”) that would establish uniform, statewide compliance 
schedule authorization provisions, authorize compliance schedules in NPDES permits 
for those Regions currently without authorization, and provide for consistent 
implementation of these provisions in the state’s NPDES permit program.  The project is 
found in its entirety in Appendix A of this staff report. 
 
The State Water Board’s goals for this project are to: 
 
1. Provide statewide uniformity in authorizing compliance schedules in NPDES permits;  
2. Provide statewide consistency in the implementation of these provisions; 
3. Provide a basis for equitable regulation; 
4. Utilize stakeholder and Water Board resources better by providing clear guidance on 

the appropriate use of compliance schedules in NPDES permits. 
 
 
4. ENVIRONMENTAL SETTING 
 
California encompasses a vast variety of environmental conditions ranging from the 
snow-covered peaks of the Sierra Nevada Mountains to the hot dry desert of Death 
Valley, with almost unlimited climatic variations and precipitation patterns between 
these two extremes.  The Pacific Ocean shoreline presents the western boundary, while 
the eastern boundary consists of mountain ranges bordering basin and range 
topography.  Between the western coastal ranges and the eastern mountains are 
troughs and valleys aligned in a general north-south direction.  The state is divided into 
nine separate hydrologic regions for water quality management purposes40.  Brief 
descriptions of the regions and the water bodies affected by the proposed policy are 

                                            
40 Pursuant to Cal. Wat. Code, §13200(a). 
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presented below. The information provided in this section was extracted from the Basin 
Plans.  
 
North Coast Region (Region 1) 
 
The North Coast Region comprises all regional basins, including Lower Klamath Lake 
and Lost River Basins, draining into the Pacific Ocean from the California-Oregon state 
line southern boundary and includes the watershed of the Estero de San Antonio and 
Stemple Creek in Marin and Sonoma Counties (Figure 1). Two natural drainage basins, 
the Klamath River Basin and the North Coastal Basin, divide the Region.  The Region 
covers all of Del Norte, Humboldt, Trinity, and Mendocino Counties, major portions of 
Siskiyou and Sonoma Counties, and small portions of Glenn, Lake, and Marin Counties. 
It encompasses a total area of approximately 19,390 square miles, including 340 miles 
of coastline and remote wilderness areas, as well as urbanized and agricultural areas.  
 
Beginning at the Smith River in northern Del Norte County and heading south to the 
Estero de San Antonio in northern Marin County, the Region encompasses a large 
number of major river estuaries, including the Klamath River, Redwood Creek, Little 
River, Mad River, Eel River, Noyo River, Navarro River, Elk Creek, Gualala River, 
Russian River, and Salmon Creek. Northern Humboldt County coastal lagoons include 
Big Lagoon and Stone Lagoon. The two largest enclosed bays in the Region are 
Humboldt Bay and Arcata Bay in Humboldt County.  Another enclosed bay, Bodega 
Bay, is located in Sonoma County near the southern border of the Region.  
 
Distinct temperature zones characterize the North Coast Region. Along the coast, the 
climate is moderate and foggy with limited temperature variation. Inland, however, 
seasonal temperature ranges in excess of 1000F (Fahrenheit) have been recorded. 
Precipitation is greater than for any other part of California, and damaging floods are a 
fairly frequent hazard.  Ample precipitation in combination with the mild climate found 
over most of the North Coast Region has provided a wealth of fish, wildlife, and scenic 
resources.  The mountainous nature of the Region, with its dense coniferous forests 
interspersed with grassy or chaparral covered slopes, provides shelter and food for 
many upland bird and mammal species. The numerous streams and rivers of the 
Region contain anadromous fish, and the reservoirs, although few in number, support 
both cold water and warm water fish. 
 
Tidelands and marshes are extremely important to many species of waterfowl and 
shore birds, both for feeding and nesting. Cultivated land and pasturelands also provide 
supplemental food for many birds, including small pheasant populations. Tideland areas 
along the north coast provide important habitat for marine invertebrates and nursery 
areas for forage fish, game fish, and crustaceans. Offshore coastal rocks are used by 
many species of seabirds as nesting areas.  Major components of the economy are 
tourism and recreation, logging and timber milling, aggregate mining, commercial and 
sport fisheries, sheep, beef and dairy production, and vineyards and wineries. The 
largest urban centers are Eureka in Humboldt County and Santa Rosa in Sonoma 
County.  
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Figure 1: North Coast Region Hydrologic Basin 
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San Francisco Bay Region (Region 2) 
 
The San Francisco Bay Region comprises San Francisco Bay, Suisun Bay beginning at 
the Sacramento River, and San Joaquin River westerly, from a line which passes 
between Collinsville and Montezuma Island (Figure 2).  The Region’s boundary follows 
the borders common to Sacramento and Solano Counties and Sacramento and Contra 
Costa Counties west of the Markely Canyon watershed in Contra Costa County. All 
basins west of the boundary, described above, and all basins draining into the Pacific 
Ocean between the southern boundary of the North Coast Region and the southern 
boundary of the watershed of Pescadero Creek in San Mateo and Santa Cruz Counties 
are included in the Region.  
 
The Region comprises most of the San Francisco Estuary to the mouth of the 
Sacramento-San Joaquin Delta.  The San Francisco Estuary conveys the waters of the 
Sacramento and San Joaquin Rivers to the Pacific Ocean.  Located on the central coast 
of California, the Bay functions as the only drainage outlet for waters of the Central 
Valley.  It also marks a natural topographic separation between the northern and 
southern coastal mountain ranges.  The Region’s waterways, wetlands, and bays form 
the centerpiece of the fourth largest metropolitan area in the United States, including all 
or major portions of Alameda, Contra Costa, Marin, Napa, San Francisco, San Mateo, 
Santa Clara, Solano, and Sonoma Counties.  
 
The San Francisco Bay Water Board has jurisdiction over the part of the San Francisco 
Estuary, which includes all of the San Francisco Bay segments extending east to the 
Delta (Winter Island near Pittsburg). The San Francisco Estuary sustains a highly 
dynamic and complex environment. Within each section of the Bay system lie 
deepwater areas that are adjacent to large expanses of very shallow water. Salinity 
levels range from hypersaline to fresh water and water temperature varies widely. The 
Bay system’s deepwater channels, tidelands, marshlands, fresh water streams, and 
rivers provide a wide variety of habitats within the Region.  Coastal embayments 
including Tomales Bay and Bolinas Lagoon are also located in this Region.  The Central 
Valley Water Board has jurisdiction over the Delta and rivers extending further 
eastward.  
 
The Sacramento and San Joaquin Rivers enter the Bay system through the Delta at the 
eastern end of Suisun Bay and contribute almost all of the fresh water inflow into the 
Bay. Many smaller rivers and streams also convey fresh water to the Bay system. The 
rate and timing of these fresh water flows are among the most important factors 
influencing physical, chemical, and biological conditions in the Estuary. Flows in the 
Region are highly seasonal, with more than 90 percent of the annual runoff occurring 
during the winter rainy season between November and April.  
 
The San Francisco Estuary is made up of many different types of aquatic habitats that 
support a great diversity of organisms. Suisun Marsh in Suisun Bay is the largest 
brackish-water marsh in the United States. San Pablo Bay is a shallow embayment 
strongly influenced by runoff from the Sacramento and San Joaquin Rivers. 
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Figure 2: San Francisco Bay Region Hydrologic Basin 
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The Central Bay is the portion of the Bay most influenced by oceanic conditions. The 
South Bay, with less freshwater inflow than the other portions of the Bay, acts more like 
a tidal lagoon. Together these areas sustain rich communities of aquatic life and serve 
as important wintering sites for migrating waterfowl and spawning areas for anadromous 
fish.  
 
Central Coast Region (Region 3)  
 
The Central Coast Region comprises all basins (including Carrizo Plain in San Luis 
Obispo and Kern Counties) draining into the Pacific Ocean from the southern boundary 
of the Pescadero Creek watershed in San Mateo and Santa Cruz Counties; to the 
southeastern boundary of the Rincon Creek watershed, located in western Ventura 
County (Figure 3).   
 
The Region extends over a 300-mile long by 40-mile wide section of the state’s central 
coast.  Its geographic area encompasses all of Santa Cruz, San Benito, Monterey, San 
Luis Obispo, and Santa Barbara Counties as well as the southern one-third of Santa 
Clara County, and small portions of San Mateo, Kern, and Ventura Counties.  Included 
in the Region are urban areas such as the Monterey Peninsula and the Santa Barbara 
coastal plain; prime agricultural lands such as the Salinas, Santa Maria, and Lompoc 
Valleys; National Forest lands; extremely wet areas such as the Santa Cruz Mountains; 
and arid areas such as the Carrizo Plain.  
 
Water bodies in the Central Coast Region are varied. Enclosed bays and harbors in the 
region include Morro Bay, Elkhorn Slough, Tembladero Slough, Santa Cruz Harbor, 
Moss Landing Harbor, San Luis Harbor, and Santa Barbara Harbor. Several small 
estuaries also characterize the region, including the Santa Maria River Estuary, 
San Lorenzo River Estuary, Big Sur River Estuary, and many others. Major rivers, 
streams, and lakes include San Lorenzo River, Santa Cruz River, San Benito River, 
Pajaro River, Salinas River, Santa Maria River, Cuyama River, Estrella River and Santa 
Ynez River, San Antonio Reservoir, Nacimiento Reservoir, Twitchel Reservoir, and 
Cuchuma Reservoir.  
 
The economic and cultural activities in the basin have been primarily agrarian. Livestock 
grazing persists but has been combined with hay cultivation in the valleys. Irrigation, 
with pumped local groundwater, is very significant in intermountain valleys throughout 
the basin. Mild winters result in long growing seasons and continuous cultivation of 
many vegetable crops in parts of the basin.  
 
While agriculture and related food processing activities are major industries in the 
Region, oil production, tourism, and manufacturing contribute heavily to its economy. 
The northern part of the Region has experienced a significant influx of electronic 
manufacturing; while offshore oil exploration and production have heavily influenced the 
southern part. 
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Figure 3: Central Coast Region Hydrologic Basin 
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Water quality problems frequently encountered in the Central Coast Region include 
excessive salinity or hardness of local groundwater. Increasing nitrate concentration is a 
growing problem in a number of areas, in both groundwater and surface water. Surface 
waters suffer from bacterial contamination, nutrient enrichment, and siltation in a 
number of watersheds. Pesticides are a concern in agricultural areas and associated 
downstream water bodies.  
 
Los Angeles Region (Region 4)  
 
The Los Angeles Region comprises all basins draining into the Pacific Ocean between 
the southeastern boundary of the watershed of Rincon Creek, located in western 
Ventura County, and a line which coincides with the southeastern boundary of 
Los Angeles County, from the Pacific Ocean to San Antonio Peak, and follows the 
divide, between the San Gabriel River and Lytle Creek drainages to the divide between 
Sheep Creek and San Gabriel River drainages (Figure 4).  
 
The Region encompasses all coastal drainages flowing into the Pacific Ocean between 
Rincon Point (on the coast of western Ventura County) and the eastern Los Angeles 
County line, as well as the drainages of five coastal islands (Anacapa, San Nicolas, 
Santa Barbara, Santa Catalina, and San Clemente).  In addition, the Region includes all 
coastal waters within three miles of the continental and island coastlines.  Two large 
deepwater harbors (Los Angeles and Long Beach Harbors) and one smaller deepwater 
harbor (Port Hueneme) are contained in the Region.  There are small craft marinas 
within the harbors, as well as tank farms, naval facilities, fish processing plants, 
boatyards, and container terminals.  Several small-craft marinas also exist along the 
coast (Marina del Ray, King Harbor, Ventura Harbor); these contain boatyards, other 
small businesses, and dense residential development.  
 
Several large, primarily concrete-lined rivers (Los Angeles River, San Gabriel River) 
lead to unlined tidal prisms which are influenced by marine waters.  Salinity may be 
greatly reduced following rains since these rivers drain large urban areas composed of 
mostly impermeable surfaces.  Some of these tidal prisms receive a considerable 
amount of freshwater throughout the year from publicly-owned treatment works 
(POTWs) discharging tertiary-treated effluent.   
 
Lagoons are located at the mouths of other rivers draining relatively undeveloped areas 
(Mugu Lagoon, Malibu Lagoon, Ventura River Estuary, and Santa Clara River Estuary).  
There are also a few isolated coastal brackish water bodies receiving runoff from 
agricultural or residential areas.  Santa Monica Bay, which includes the Palos Verdes 
Shelf, dominates a large portion of the open coastal water bodies in the Region.  The 
Region's coastal water bodies also include the areas along the shoreline of Ventura 
County and the waters surrounding the five offshore islands in the Region.  
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Figure 4: Los Angeles Region Hydrologic Basin 
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Central Valley Region (Region 5)  
 
The Central Valley Region includes approximately 40 percent of the land in California 
stretching from the Oregon border to the Kern County/ Los Angeles County line.  The 
region is divided into three basins.  For planning purposes, the Sacramento River Basin 
and the San Joaquin River Basin are covered under one Basin Plan and the 
Tulare Lake Basin is covered under a separate distinct one.  
 
The Sacramento River Basin covers 27,210 square miles and includes the entire area 
drained by the Sacramento River (Figure 5).  The principal streams are the Sacramento 
River and its larger tributaries: the Pitt, Feather, Yuba, Bear, and American Rivers to the 
East; and Cottonwood, Stony, Cache, and Putah Creek to the west.  Major reservoirs 
and lakes include Shasta, Oroville, Folsom, Clear Lake, and Lake Berryessa.  
 
The San Joaquin River Basin covers 15,880 square miles and includes the entire area 
drained by the San Joaquin River (Figure 6).  Principal streams in the basin are the 
San Joaquin River and its larger tributaries: the Consumnes, Mokelumne, Calaveras, 
Stanislaus, Tuolumne, Merced, Chowchilla, and Fresno Rivers.  Major reservoirs and 
lakes include Pardee, New Hogan, Millerton, McClure, Don Pedro, and New Melones.  
 
The Tulare Lake Basin covers approximately 16,406 square miles and comprises the 
drainage area of the San Joaquin Valley south of the San Joaquin River (Figure 7).  The 
planning boundary between the San Joaquin River Basin and the Tulare Lake Basin is 
defined by the northern boundary of Little Pinoche Creek Basin eastward along the 
channel of the San Joaquin River to Millerton Lake in the Sierra Nevada foothills, and 
then along the southern boundary of the San Joaquin River drainage basin.  Main 
Rivers within the basin include the King, Kaweah, Tule, and Kern Rivers, which drain to 
the west face of the Sierra Nevada Mountains.  Imported surface water supplies enter 
the basin through the San Luis Drain-California Aqueduct System, Friant-Kern Channel, 
and the Delta Mendota Canal.   
 
The two northernmost basins are bound by the crests of the Sierra Nevada on the east 
and the Coast Range and Klamath Mountains on the west.  They extend about 
400 miles from the California-Oregon border southward to the headwaters of the 
San Joaquin River.  These two river basins cover about one fourth of the total area of 
the state and over 30 percent of the state's irrigable land. The Sacramento and 
San Joaquin Rivers furnish roughly 50 percent of the state's water supply.   
 
The Sacramento and San Joaquin Rivers meet and form the Delta, which ultimately 
drains into the San Francisco Bay.  The Delta is a maze of river channels and diked 
islands covering roughly 1,150 square miles, including 78 square miles of water area. 
Two major water projects located in the South Delta, the Federal Central Valley Project 
and the State Water Project, deliver water from the Delta to Southern California, the 
San Joaquin Valley, Tulare Lake Basin, the San Francisco Bay Area, as well as within 
the Delta boundaries.  
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Figure 5: Central Valley Region, Sacramento Region Hydrologic Basin 
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Figure 6: Central Valley Region, San Joaquin Hydrologic Basin 
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Figure 7: Central Valley Region, Tulare Lake Hydrologic Basin 
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Lahontan Region (Region 6)  
 
The Lahontan Region has historically been divided into North and South Lahontan 
Basins at the boundary between the Mono Lake and East Walker River watersheds 
(Figures 8 and 9).  It is about 570 miles long and has a total area of 33,131 square 
miles. The Lahontan Region includes the highest (Mount Whitney) and lowest (Death 
Valley) points in the contiguous United States.  The topography of the remainder of the 
region is diverse.   
 
The Region is generally in a rain shadow; however, annual precipitation amounts can 
be high (up to 70 inches) at higher elevations.  Most precipitation in the mountainous 
areas falls as snow.  Desert areas receive relatively little annual precipitation (less than 
2 inches in some locations) but this can be concentrated and lead to flash flooding.  
Temperature extremes recorded in the Lahontan Region range from –45oF at Boca to 
134oF in Death Valley.  The varied topography, soils, and microclimates of the Lahontan 
Region support a corresponding variety of plant and animal communities.  Vegetation 
ranges from sagebrush and creosote bush scrub in the desert areas to pinyon-juniper 
and mixed conifer forest at higher elevations.  Subalpine and alpine communities occur 
on the highest peaks.  Wetland and riparian plant communities, including marshes, 
meadows, “sphagnum” bogs, riparian deciduous forest, and desert washes, are 
particularly important for wildlife, given the general scarcity of water in the Region.   
 
Much of the Lahontan Region is in public ownership, with land use controlled by 
agencies such as the U.S. Forest Service (USFS), National Park Service, Bureau of 
Land Management, various branches of the military, the California State Department of 
Parks and Recreation, and the City of Los Angeles Department of Water and Power.  
While the permanent resident population of the Region is low, most of it is concentrated 
in high-density communities in the South Lahontan Basin.  In addition, millions of 
visitors use the Lahontan Region for recreation each year.  Other major sectors of the 
economy are resource extraction, agriculture, and defense-related activities.   
 
The Lahontan Region includes over 700 lakes, 3,170 miles of streams and 
1,581 square miles of groundwater basins. There are twelve major watersheds in the 
North Lahontan Basin. Among these are the Eagle Lake, Susan River/Honey Lake, 
Truckee, Carson, and Walker River watersheds. The South Lahontan Basin includes 
three major surface water systems (the Mono Lake, Owens River, and Mojave River 
watersheds) and a number of separate closed groundwater basins.  Segments of the 
East Fork Carson and West Walker Rivers are included in the State Wild and Scenic 
River system.   
 
Water quality problems in the Lahontan Region are largely related to nonpoint sources 
(including erosion from construction, timber harvesting, and livestock grazing), storm 
water, and acid drainage from inactive mines, and individual wastewater disposal 
systems (septic tanks).  

30 

RB-AR11248



Final Staff Report, NPDES Compliance Schedule Policy, April 15, 2008 

Figure 8: Lahontan Region, North Lahontan Hydrologic Basin 
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Figure 9: Lahontan Region, South Lahontan Hydrologic Basin 
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Colorado River Basin Region (Region 7)  
 
The Colorado River Basin Region covers approximately 13 million acres (20,000 square 
miles) in the southeastern portion of California (Figure 10).  It includes all of Imperial 
County and portions of San Bernardino, Riverside, and San Diego Counties.  It shares a 
boundary for 40-miles on the northeast with the State of Nevada, on the north by the 
New York, Providence, Granite, Old Dad, Bristol, Rodman, and Ord Mountain ranges, 
on the west by the San Bernardino, San Jacinto, and Laguna Mountain ranges, on the 
south by the Republic of Mexico, and on the east by the Colorado River and State of 
Arizona.   
 
Geographically, the Region represents only a small portion of the total Colorado River 
drainage area, which includes portions of Arizona, Nevada, Utah, Wyoming, Colorado, 
New Mexico, and Mexico.  A significant geographical feature of the Region is the Salton 
Trough, which contains the Salton Sea and the Coachella and Imperial Valleys.  The 
two valleys are separated by the Salton Sea, which covers the lowest area of the 
depression.  The trough is a geologic structural extension of the Gulf of California.  
Much of the agricultural economy and industry of the Region is located in the Salton 
Trough.  There are industries associated with agriculture, as well as increasing 
development of geothermal industries.   
 
The present Salton Sea was formed between 1905 and 1907 by overflow of the 
Colorado River.  The Salton Sea serves as a drainage reservoir for irrigation return 
water and storm water from the Coachella Valley, Imperial Valley, and Borrego Valley, 
and also receives drainage water from the Mexicali Valley in Mexico.  The Salton Sea is 
California's largest inland body of water and provides a very important wildlife habitat 
and sport fishery.  Development along California's 230 mile reach of the Colorado River, 
,includes agricultural areas in Palo Verde Valley and Bard Valley, urban centers at 
Needles, Blythe, and Winterhaven, and numerous small recreational communities.  
Some mining operations are located in the surrounding mountains.   
 
The Region has the driest climate in California. The winters are mild and summers are 
hot. Temperatures range from below freezing to over 120 oF.  Snow falls in the Region's 
higher elevations, with mean seasonal precipitation ranging from 30 to 40 inches in the 
upper San Jacinto and San Bernardino Mountains. The lower elevations receive 
relatively little rainfall.  An average four inches of precipitation occurs along the 
Colorado River, with much of this coming from late summer thunderstorms moving north 
from Mexico.  Precipitation over the entire area occurs mostly from November through  
April, and August through September, but its distribution and intensity are often 
sporadic.   
 
The Region provides habitat for a variety of native and introduced species of wildlife. 
Animals tolerant of arid conditions, including small rodents, coyotes, foxes, birds, and a 
variety of reptiles, inhabit large areas within the Region.  Along the Colorado River and 
in the higher elevations of the San Bernardino and San Jacinto Mountains where water 
is more abundant, deer, bighorn sheep, and a diversity of small animals exist.   
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Figure 10: Colorado River Region Hydrologic Basin 
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Practically all of the fishes inhabiting the Region are introduced species.  The most 
abundant species in the Colorado River and irrigation canals include largemouth bass, 
small-mouth bass, flathead and channel catfish, yellow bullhead, bluegill, red-ear 
sunfish, black crappie, carp, striped bass, threadfin shad, red shiner, and, in the colder 
water above Lake Havasu, rainbow trout.  Grass carp have been introduced into 
sections of the All American Canal system for aquatic weed control.  Fish inhabiting 
agricultural drains in the Region generally include mosquito fish, mollies, red shiners, 
carp, and tilapia, although locally significant populations of catfish, bass, and sunfish 
occur in some drains.  A considerable sport fishery exists in the Salton Sea, with 
orange-mouth corvina, gulf croaker, sargo, and tilapia predominating.    
 
The Salton Sea National Wildlife Refuge and state waterfowl management areas are 
located in or near the Salton Sea. Located along the Colorado River are the Havasu, 
Cibola, and Imperial National Wildlife Refuges.  The Region provides habitat for certain 
endangered/threatened species of wildlife including desert pupfish, razorback sucker, 
Yuma clapper rail, black rail, least Bell's vireo, yellow billed cuckoo, desert tortoise, and 
peninsular bighorn sheep. 
 
Santa Ana Region (Region 8)  
 
The Santa Ana Region comprises all basins draining into the Pacific Ocean between the 
southern boundary of the Los Angeles Region and the drainage divide between Muddy 
and Moro Canyons, from the ocean to the summit of San Joaquin Hills; along the divide 
between lands draining into Newport Bay and Laguna Canyon to Niguel Road; along 
Niguel Road and Los Aliso Avenue to the divide between Newport Bay and Aliso Creek 
drainages; and along the divide and the southeastern boundary of the Santa Ana River 
drainage to the divide between Baldwin Lake and Mojave Desert drainages; to the 
divide between the Pacific Ocean and Mojave Desert drainages (Figure 11).   
 
The Santa Ana Region is the smallest of the nine Regions in the state (2,800 square 
miles) and is located in southern California, roughly between Los Angeles and 
San Diego.  Although small geographically, the Region’s four-plus million residents 
(1993 estimate) make it one of the most densely populated Regions.  The climate of the 
Santa Ana Region is classified as Mediterranean: generally dry in the summer with mild, 
wet winters.   The average annual rainfall in the Region is about fifteen inches, most of it 
occurring between November and March.  The enclosed bays in the Region include 
Newport Bay, Bolsa Bay (including Bolsa Chica Marsh), and Anaheim Bay.  Principal 
rivers include Santa Ana, San Jacinto and San Diego.  Lakes and reservoirs include 
Big Bear, Hemet, Mathews, Canyon Lake, Lake Elsinore, Santiago Reservoir, and 
Perris Reservoir.  
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Figure 11: Santa Ana Region Hydrologic Basin 
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San Diego Region (Region 9)  
 
The San Diego Region comprises all basins draining into the Pacific Ocean between the 
southern boundary of the Santa Ana Region and the California-Mexico boundary 
(Figure 12).  The San Diego Region is located along the coast of the Pacific Ocean from 
the Mexican border to north of Laguna Beach.  The Region is rectangular in shape and 
extends approximately 80-miles along the coastline and 40 miles east to the crest of the 
mountains.  The Region includes portions of San Diego, Orange, and Riverside 
Counties.  The population of the Region is heavily concentrated along the coastal strip. 
Six deepwater sewage outfalls and one across the beach discharge from the new 
border plant at the Tijuana River and empties into the ocean.  Two harbors, Mission Bay 
and San Diego Bay, support major recreational and commercial boat traffic. Coastal 
lagoons are found along the San Diego County coast at the mouths of creeks and 
rivers.   
 
Weather patterns are Mediterranean in nature with an average rainfall of approximately 
ten inches per year occurring along the coast.  Almost all the rainfall occurs during wet 
cool winters.  The Pacific Ocean generally has cool water temperatures due to 
upwelling.  This nutrient-rich water supports coastal beds of giant kelp. The cities of 
San Diego, National City, Chula Vista, Coronado, and Imperial Beach surround 
San Diego Bay in the southern portion of the Region.  
 
San Diego Bay is long and narrow, 15 miles in length and approximately one mile 
across. A deep-water harbor, San Diego Bay has experienced waste discharge from 
former sewage outfalls, industries, and urban runoff. Up to 9,000 vessels may be 
moored there. San Diego Bay also hosts four major U.S. Navy bases with 
approximately 80 surface ships and submarines.  Coastal waters include bays, harbors, 
estuaries, beaches, and open ocean.  Deep draft commercial harbors include 
San Diego Bay and Oceanside Harbor and shallower harbors include Mission Bay and 
Dana Point Harbor.  Tijuana Estuary, Sweetwater Marsh, San Diego River Flood 
Control Channel, Kendal-Frost Wildlife Reserve, San Dieguito River Estuary, San Elijo 
Lagoon, Batiquitos Lagoon, Agua Hedionda Lagoon, Buena Vista Lagoon, San Luis 
Rey Estuary, and Santa Margarita River Estuary are the important estuaries of the 
Region.  
 
There are thirteen principal stream systems in the Region originating in the western 
highlands and flowing to the Pacific Ocean.  From north to south these are Aliso Creek, 
San Juan Creek, San Mateo Creek, San Onofre Creek, Santa Margarita River, San Luis 
Ray River, San Marcos Creek, Escondido Creek, San Dieguito River, San Diego River, 
Sweetwater River, Otay River, and the Tijuana River.  Most of these streams have both 
perennial and ephemeral components due to the rainfall pattern in the Region.  Surface 
water impoundments capture flow from almost all the major streams.  
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Figure 12: San Diego Region Hydrologic Basin 
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5. ANALYSES OF POLICY ISSUES AND ALTERNATIVES 
 
ISSUE 1: SCOPE  
 
Existing Regulatory Conditions 
 
Currently, lacking a cohesive statewide policy, there is no statewide uniformity in 
authorizing compliance schedules in NPDES permits; nor is there statewide consistency 
in the implementation of these provisions.  The use of compliance schedules as a 
regulatory tool has instead been addressed in piecemeal fashion, both statewide and 
regionally.  The resulting regulatory patchwork is complicated for stakeholders to 
understand and for regulators to apply. 
 
Existing statewide and regional compliance schedule provisions are discussed in detail 
in the “Regulatory Background” section, above, and have been summarized and 
compared in Table 1.   
 
The State Water Board has adopted several statewide water quality control plans, 
including the “Water Quality Control Plan for Ocean Waters of California” 41, the “Water 
Quality Control Plan for Control of Temperature in the Coastal and Interstate Waters 
and Enclosed Bays and Estuaries of California”42, and the “Water Quality Control Plan 
for the San Francisco Bay/Sacramento-San Joaquin Delta Estuary”43, which contain 
enforceable standards for the waters they address.  None of these statewide plans 
specifically authorize compliance schedules in NPDES permits, although the plans may 
be implemented in part through NPDES permits.   
 
The State Water Board has also adopted a number of water quality policies.  The SIP is 
the only one of these policies that authorizes compliance schedules in NPDES permits.  
The SIP authorizes compliance schedules only for effluent limitations established to 
achieve compliance with CTR promulgated criteria for priority pollutants.  The SIP 
specifies that such compliance schedules must contain a final compliance date based 
on the shortest practicable time required to achieve compliance.  The SIP allows an 
existing discharger to be granted a compliance schedule of up to five years from the 
date of a NPDES permit issuance, re-issuance, or modification based on a 
demonstration that it is infeasible for the discharger to achieve immediate compliance 
with a CTR criterion.   
 
Where a compliance schedule exceeds one year, the SIP requires the schedule to 
include a series of required interim actions with deadlines that reflects a realistic 
assessment of the shortest practicable time required to perform each task.  If the final 
compliance date needs to extend beyond the permit term, the SIP requires the final 
compliance date and supporting explanation to be included in the permit findings.  SIP-
authorized compliance schedules expire on May 18, 2010.    
                                            
41 Known as the “Ocean Plan”. 
42 Known as the “Thermal Plan”. 
43 Known as the “Bay-Delta Plan”. 
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Several Regional Water Board Basin Plans contain general compliance schedule 
provisions that allow schedules in NPDES permits for new, revised, or newly interpreted 
water quality standards.  Five of the nine Regional Water Boards (the North Coast, 
San Francisco Bay, Los Angeles, Central Valley, and the Santa Ana Water Boards) 
have successfully amended their Basin Plans to authorize incorporation of compliance 
schedules in NPDES permit requirements, which are discussed in more detail in the 
“Regulatory Background” section, above.  In addition, the San Diego Water Board 
adopted compliance schedule authorization provisions on November 9, 2005, which the 
State Water Board and OAL have approved (the USEPA has yet to approve this Basin 
Plan amendment).  The Lahontan Water Board adopted a compliance schedule policy 
on April 12, 2006 that was later withdrawn from State Water Board consideration.   
 
Regional Water Board resolutions and language authorizing compliance schedules for 
their respective Regions are found in Appendix C in the back of this staff report.  
Table 1 summarizes the various adopted regional compliance schedule provisions and 
compares them to the SIP. 
 
Alternatives for State Water Board Action 
 
The alternatives below are listed in order of increasing scope. 
 
Alternative 1.a:  No action.   
 
This alternative would continue the status quo.  The State Water Board would not adopt 
a comprehensive statewide policy on compliance schedules in NPDES permits. The 
existing NPDES compliance schedule provisions contained in the SIP and the individual 
Basin Plans would remain in effect.  NPDES compliance schedules would continue to 
be authorized and implemented differently from Region to Region.   
 
Those Regional Water Boards that do not have explicit NPDES compliance schedule 
authorization in their Basin Plans would be required to issue NPDES permits requiring 
immediate compliance with new, revised, or newly interpreted water quality standards 
and to use enforcement orders when it is not possible for a discharger to immediately 
comply with the specified water quality-based limitations.  As a result, some dischargers 
would be in violation of their permits and subject to potential citizen enforcement action, 
even when the Regional Water Board found that immediate compliance with a new or 
revised water quality standard is not practicable. 
 
This alternative would allow Regional Water Boards the greatest flexibility in authorizing 
and implementing compliance schedules in NPDES permits to best fit the needs of their 
respective Regions.  Under this alternative, Regional Water Boards may change their 
Basin Plans as desired to allow for compliance schedules tailored to meet Region-
specific needs (while still meeting the CWA requirements).   
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However, this alternative would not meet the project’s stated goals of promoting 
statewide consistency in authorizing and implementing NPDES compliance schedules, 
and providing a more equitable basis for regulation.  Furthermore, the process for 
adopting Region-specific Basin Plan amendments to include (or update) authorization 
and implementation provisions for NPDES compliance schedules is lengthy and 
requires a large commitment of both stakeholder and Water Board resources.   
 
Alternative 1.b:  Adopt a compliance schedule policy that only applies to the 
Regions without explicit NPDES compliance schedule authorization in their Basin 
Plan.  
 
The State Water Board would adopt a statewide policy on compliance schedules in 
NPDES permits that would apply only to regions that do not have NPDES compliance 
schedule provisions incorporated into their respective Basin Plan (currently, the Central 
Coast, Lahontan, Colorado River Basin, and San Diego Regions).  This policy 
alternative would not supersede existing Regional Water Board compliance schedule 
provisions, but would extend the ability to use NPDES compliance schedules as a 
regulatory tool to all nine Regional Water Boards, at their discretion.   
 
The Regions with existing NPDES compliance schedule provisions would be able to 
continue to issue and implement NPDES compliance schedules as already authorized 
by their respective Basin Plans, and would also have the option of further refining the 
existing compliance schedule provisions through the Basin Plan amendment process.  
Regions without existing NPDES compliance schedule provisions would now be able to 
(but not be required to) include compliance schedules in NPDES permits.  The inclusion 
of a compliance schedule in a permit would be considered by the Regional Water Board 
on a case-by-case basis, taking into account the documentation submitted by the 
discharger to demonstrate that the schedule is justified and as short as possible.  
Regional Water Boards may choose to issue an enforcement order instead, if 
appropriate.  Regions now without existing NPDES compliance schedule provisions 
would also have the option of adopting Region-specific compliance schedule provisions 
in the future, should they choose to do so.   
 
Overall, this alternative would provide Regional Water Boards even more flexibility in 
authorizing and implementing NPDES compliance schedules than the “no action” 
alternative because all Regions under this alternative would have the authority to issue 
compliance schedule in NPDES permits.  This policy alternative would not apply to 
Regions with existing NPDES compliance schedule authorization, and these Regions 
would therefore continue to be able to tailor their compliance schedule provisions to 
meet Region-specific needs.  Regional Water Boards without existing NPDES 
compliance schedule authorization would, under this alternative, now be allowed to 
issue compliance schedules in NPDES permits in accordance with the proposed policy.  
These Regional Water Boards could also choose to adopt Region-specific compliance 
schedule provisions at a later date into their Basin Plans. 
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Alternative 1.b would provide more statewide consistency in authorizing NPDES 
compliance schedules than the “no action” alternative, because NPDES compliance 
schedules as a regulatory tool would become available to all dischargers and Regional 
Water Boards throughout the state (although varying from Region to Region in coverage 
and length).  However, because all Regions would be left with different compliance 
schedule provisions, this alternative would not provide more statewide consistency in 
the implementation of NPDES compliance schedules than the “no action” alternative.  
Some stakeholder and Water Board resources would likely be preserved under this 
alternative, because three Regions (the Central Coast, Lahontan, and Colorado River 
Basin Regions) would be authorized to include compliance schedules in NPDES 
permits without being required to go through a lengthy Basin Plan amendment process 
first.   
 
Alternative 1.c:  Adopt a compliance schedule policy that supersedes compliance 
schedule provisions in all Basin Plans, except for effective TMDLs, but does not 
supersede any statewide plans.  
 
Under this alternative, the State Water Board would adopt a statewide policy on 
compliance schedules in NPDES permits that would apply to all Regions and that would 
supersede existing regional compliance schedule provisions in Basin Plans.  The 
Regional Water Boards would be required to follow the proposed policy when 
establishing compliance schedules for any new, revised, or modified NPDES permit.  
Under the proposed policy, a compliance schedule already incorporated into a NPDES 
permit would remain in effect until the permit was reissued or modified44.  Existing 
compliance schedule provisions in TMDLs that are in effect as of the effective date of 
the proposed policy would not be superseded. 
 
Regions without effective NPDES compliance schedule authorization (the Central 
Coast, Lahontan, Colorado River Basin, and San Diego Regions) would, under this 
alternative, now be able, but not required, to incorporate compliance schedules into 
NPDES permits.  The inclusion of a compliance schedule in a permit would be 
considered by the Regional Water Board on a case-by-case basis, taking into account 
the documentation submitted by the discharger to demonstrate that the schedule is 
justified and as short as possible.  Regional Water Boards may choose to issue an 
enforcement order instead, if appropriate. 
 
This alternative would give Regional Water Boards with existing NPDES compliance 
schedule authorization much less flexibility in authorizing and implementing NPDES 
compliance schedules than Alternatives 1.a and 1.b, above, since Regional Water 
Boards would need to follow the proposed policy when establishing compliance 
schedules in NPDES permits.  However, the Regional Water Boards without existing 
NPDES compliance schedule authorization would under this alternative now be allowed 
to issue compliance schedules in NPDES permits, at their discretion, thus giving them 
greater regulatory flexibility than the “no action alternative.” 
                                            
44 The proposed policy applies to all permits that are modified or reissued after the effective date 

of the policy. 
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This alternative would provide much more statewide consistency in both authorizing and 
implementing NPDES compliance schedules than Alternatives 1.a and 1.b, because the 
proposed policy establishes uniform provisions regarding authorization and 
implementation of NPDES compliance schedules that would apply to all regions.   As 
such, this alternative would meet the project’s stated goals of promoting statewide 
consistency in authorizing and implementing NPDES compliance schedules, and 
providing a more equitable basis for regulation.  The compliance schedule provisions 
would be identical throughout the state, providing clear guidance to regulators, the 
regulated community, and other stakeholders on the appropriate use of compliance 
schedules.  Some stakeholder and Water Board resources would additionally be 
preserved under this alternative, because the Central Coast, Colorado River Basin, and 
Lahontan Regions would be authorized to include compliance schedules in NPDES 
permits without first being required to go through a lengthy Basin Plan amendment 
process.   
 
Alternative 1.d:  Adopt a compliance schedule policy that supersedes compliance 
schedule provisions in all regional and statewide plans and policies, with the 
exception of effective TMDLs and the SIP. 
 
The State Water Board would adopt a statewide policy on compliance schedules in 
NPDES permits that would supersede all existing NPDES compliance schedule 
provisions in regional and statewide plans and policies, with the exception of the SIP.  
Existing compliance schedule provisions in TMDLs that are in effect as of the effective 
date of the proposed policy would also not be superseded.  This alternative is similar to 
Alternative 1.c, above, except that the scope is expanded to also include most statewide 
plans. 
 
As discussed earlier, none of the existing statewide water quality control plans 
(including the Ocean Plan, the Thermal Plan, and the Bay-Delta Plan) specifically 
authorize or address compliance schedules in NPDES permits, although these plans 
may be partly implemented through NPDES permits.  This alternative would provide 
authorization and guidance for incorporating compliance schedules into eligible NPDES 
permits implementing these existing statewide plans. 
 
Of existing statewide water quality control policies, the SIP is the only one to include 
specific provisions for authorizing and incorporating compliance schedules in NPDES 
permits.  The SIP authorizes compliance schedules only for effluent limitations 
established to achieve compliance with CTR-promulgated criteria for priority pollutants.  
The SIP-authorized compliance schedule provisions became effective on May 18, 2000, 
will expire on May 18, 2010, and are available only for existing dischargers.  An existing 
discharger may be granted a compliance schedule of up to five years from the date of a 
NPDES permit issuance, re-issuance, or modification.  Because the length of a NPDES 
permit term is five years, all NPDES permittees should by now either have met the CTR 
criteria or have a compliance schedule incorporated into their permit requiring them to 
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meet the CTR criteria by May 18, 2010.  Under this alternative, compliance schedules in 
NPDES permits based on the SIP would not be affected.   
 
This alternative would provide more statewide consistency in both authorizing and 
implementing NPDES compliance schedules than the previously discussed alternatives 
(Alternatives 1.a, 1.b, and 1.c) because the proposed policy would supersede all 
regional and statewide plans and policies, with the exception of the SIP.  
 
Alternative 1.e:  Adopt a compliance schedule policy that supersedes compliance 
schedule provisions in all regional and statewide plans and policies, except for 
the SIP’s final compliance date.  
 
This alternative is the same as Alternative 1.d., above, except that, under this 
alternative, the statewide proposed policy would supersede the SIP’s compliance 
schedule provisions.  The statewide proposed policy would not, however, supersede the 
SIP’s final compliance deadline of May 18, 2010, which is the final compliance date 
authorized under the CTR. 
 
As mentioned under Alternative 1.d, above, the SIP is the only one of existing statewide 
water quality control plans or policies to include specific provisions for authorizing and 
incorporating compliance schedules in NPDES permits.  The SIP authorizes compliance 
schedules only for effluent limitations established to achieve compliance with CTR 
promulgated criteria for priority pollutants.  The SIP’s compliance schedule provisions 
became effective on May 18, 2000.  They authorize compliance schedules only for 
existing discharges, schedules may not exceed five years, and the final date for 
compliance cannot exceed May 18, 2010.  All NPDES permittees should by now either 
have met the CTR criteria, or have a compliance schedule incorporated into their permit 
requiring them to meet the CTR criteria by May 18, 2010.   
 
Under the proposed policy, a compliance schedule already incorporated into a NPDES 
permit would remain in effect until the permit is reissued or modified.  Thus, even 
though this alternative would supersede the SIP’s compliance schedule provisions, 
existing compliance schedules already incorporated in NPDES permits based on the 
SIP would not be affected (unless the permit is reissued or modified before the 
compliance schedule ends).  All NPDES permittees eligible for a SIP compliance 
schedule should at this time either have been granted or denied such a schedule.  In 
the unlikely event that a discharger exists that is eligible for a SIP compliance schedule, 
but has not yet received one, that discharger could apply for a compliance schedule 
under the proposed policy.  The discharger, however, would not be granted a 
compliance schedule for CTR criteria that extended beyond May 18, 2010. 
 
For practical purposes, this alternative is similar to Alternative 1.d, because (1) existing 
SIP compliance schedules in NPDES permits would not be affected by the proposed 
policy; (2) all NPDES permittees eligible for a SIP compliance schedule should at this 
time either have been granted or denied such a schedule; and (3) the proposed policy 
provisions are very similar to SIP provisions.   
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Recommended Alternative:  Alternative 1.d. 
 
Staff recommends that the State Water Board adopt Alternative 1.d because this 
alternative best meets the project goals of providing statewide uniformity in authorizing 
and implementing NPDES compliance schedules; providing a basis for equitable 
regulation; and providing clear guidance on the appropriate use of compliance 
schedules in NPDES permits.  In addition, staff believes that Alternative 1.d provides 
more clarity to regulators and the regulated community than Alternative 1.e because it 
states directly that the SIP’s compliance schedule provisions for CTR criteria would not 
be not affected. 
 
 
ISSUE 2: DURATION OF COMPLIANCE SCHEDULES  
 
Existing Regulatory Conditions 
 
Although the CWA limits the length of NPDES permits to five years, the CWA and 
federal regulations do not specifically limit the duration of an authorized NPDES 
compliance schedule to a five-year permit term45, but simply require that compliance 
schedules be as short as possible.  USEPA has, however, stated that experience has 
shown that five years is the maximum amount of time existing dischargers need to 
complete the necessary planning, funding, and facility upgrades to achieve compliance 
with more stringent WQBELs46.  The federally-promulgated CTR allowed up to five 
years, or up to the length of the permit, to comply with effluent limitations derived from 
CTR criteria.47  The Great Lakes Guidance allows up to five years from the date of 
permit issuance or modification to comply with more stringent effluent limitations derived 
from that rule.48  Under the Great Lakes Guidance, the compliance schedule may 
extend beyond the term of the permit. 
 
In California, NPDES permits are usually renewed (and expire) on a five-year schedule.  
However, an expired permit may continue in effect until the effective date of a new 
permit if the permittee submits a timely renewal application. If the Water Board wants to 
include a compliance schedule that exceeds the normal five-year permit term, but it is 
possible that the permit will continue in effect beyond its expiration date, the Water 
Board will need to ensure that all interim and final milestones in the compliance 
schedule are enforceable.  USEPA has stated that inclusion of the entire compliance 
schedule as an enforceable provision of the NPDES permit (including all interim 
requirements and the final effluent limitation) is necessary to ensure that the permit is 

                                            
45 See USEPA approval of the North Coast Region’s compliance schedule provisions, dated 

November 29, 2006. 
46 See USEPA’s letter, dated February 10, 2004, approving the amendment to the Water Quality 

Control Plan for the Los Angeles Region authorizing compliance schedules under Resolution 
No. 2003-001. 

47 See 40 C.F.R. §131.38(e). 
48 See 40 C.F.R. part 132, app. F., procedure 9. 
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consistent with the definition of compliance schedules in the CWA and federal 
regulation.   
 
The compliance schedule provisions in the Los Angeles Region’s Basin Plan and the 
SIP allow up to five years from permit issuance, re-issuance, or modification to meet 
final permit limitations.  The proposed provisions of the San Diego Water Board are 
similar, except the San Diego Water Board’s provisions allow one additional five-year 
extension of the compliance schedule, where the discharger has demonstrated 
satisfactory progress toward achieving compliance.  The North Coast Region’s 
provisions also allow up to five years from permit issuance, re-issuance, or modification, 
with one additional five-year extension of the compliance schedule possible.  However, 
the North Coast Region’s provisions specify that the discharger must have 
demonstrated satisfactory progress toward achieving compliance, met all permit 
conditions, and demonstrated that unforeseen circumstances beyond the control of the 
permittee have arisen that preclude compliance (such as a new treatment system not 
functioning as anticipated or a natural disaster).   
 
The compliance schedule provisions of the San Francisco Bay, the Central Valley, and 
the Santa Ana Regions are tied to the adoption (or revision) of applicable standards 
rather than to the permit issuance, re-issuance, or modification.  These three latter 
regions specify that compliance must be achieved within ten years of the adoption (or 
revision) of applicable standards.  Similar ten-year deadlines are also included in the 
compliance schedule provisions in the Los Angeles and the San Diego Region’s Basin 
Plans, and the SIP.  
 
Alternatives for State Water Board Action  
 
In order to meet the CWA requirement that the duration of compliance schedules be as 
short as possible, the proposed policy states that “Any compliance schedule must 
require compliance as soon as possible, taking into account the amount of time 
reasonably required for the discharger to design and construct facilities or implement 
new or significantly expanded programs and secure financing, if necessary, to support 
these activities…”  [Emphasis provided].  As discussed above, the CWA does not 
restrict the maximum duration of an otherwise permissible compliance schedule.  A 
reasonable range of alternatives for the maximum duration of compliance schedules is 
discussed below. 
 
Alternative 2.a: Five Years. 
Adopt a compliance schedule policy that restricts the duration of a compliance 
schedule to five years after the inclusion of the compliance schedule into the 
NPDES permit, not to exceed the term of the NPDES permit.    
 
Under this alternative, the maximum duration of a compliance schedule is limited to five 
years.  No extension is possible for any reason.  Because NPDES permits in California 
are usually renewed on a five-year schedule, almost all dischargers would be required 
to be in compliance with an applicable standard within ten years under this alternative.  
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However, in rare cases it is possible that more than ten years could pass before the 
applicable standard was met (i.e., a discharger whose permit was renewed just prior to 
the adoption, revision, or new interpretation of a standard, the permit was then 
continued in effect after the permit expired, and the permittee was later granted a full 
five-year compliance schedule).    
 
This alternative is similar to the CTR, the Great Lakes Guidance, the SIP, and the 
Los Angeles Region’s Basin Plan’s compliance schedule provisions, which also limit the 
length of the compliance schedule to five years.  This alternative is simple for permitting 
authorities to administer because dischargers must comply within one permit term.  
Under this alternative, in the absence of final compliance deadline, as discussed in 
Issue 3, below, ultimate compliance with applicable standards could exceed ten years. 
 
Alternative 2.b: Five Years with a Possible Five-Year Extension.  
Adopt a compliance schedule policy that restricts the duration of a compliance 
schedule to five years after the inclusion of the compliance schedule into the 
NPDES permit, not to exceed the term of the NPDES permit; with the possibility of 
a five-year extension (not to exceed two permit terms) if unforeseen 
circumstances beyond the control of the discharger arise.   
 
This alternative is similar to the North Coast Region’s provisions for maximum duration 
of compliance schedules.  Under this alternative, NPDES permittees are required to 
meet final water quality-based limitations within five years after being granted a 
compliance schedule.  However, a five-year extension of the compliance schedule may 
be granted where the discharger has met all the conditions of the permit including 
interim milestones, but unforeseen circumstances beyond the control of the permittee 
have arisen that preclude compliance with final permit limitations.  Unforeseen 
circumstances include, but are not limited to, a natural disaster, failure of a new 
treatment system to function as anticipated, or a court ruling arising from a third-party 
lawsuit.   
 
Under this alternative, in the absence of a final compliance deadline as discussed in 
Issue 3 below, more than ten years could pass before all NPDES dischargers were in 
compliance with an applicable standard (i.e., if the initial permit was issued just prior to 
adoption, revision, or new interpretation of a standard; the permit continued in effect 
after its expiration; a five-year compliance schedule was granted; and an additional 
five-year extension was approved).   
 
While similar to Alternative 2.a, this alternative is less stringent and more flexible 
because it allows for a five-year extension of a compliance schedule under certain 
restricted conditions.  This alternative would be slightly more complex to administer than 
Alternative 2.a (due to the additional documentation and process needed for a schedule 
extension) and, therefore, require more resources from dischargers and regulators.  
However, since only a very small portion of NPDES permittees would be eligible for an 
extension, the additional resources required would probably be minor.      
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Alternative 2.c: Ten Years. 
Adopt a compliance schedule policy that restricts the duration of a compliance 
schedule to ten years after the initial inclusion of the compliance schedule into 
the NPDES permit, not to exceed two NPDES permit terms.    
 
Under this alternative, the duration of a compliance schedule is limited to ten years or 
less, with no extension possible.  However, in the absence of a final compliance 
deadline, as discussed in Issue 3 below, it is conceivable that more than fifteen years 
could pass before all dischargers would be in compliance with the applicable standard 
(if the initial permit for a discharger was issued just prior to adoption, revision, or new 
interpretation of an applicable standard and the discharger was given a ten-year 
compliance schedule).   
 
This alternative is more lenient than Alternative 2.a because it allows for a longer 
compliance schedule.  This alternative is also less stringent and more flexible than 
Alternative 2.b, because a longer compliance schedule is possible without the 
limitations specified in Alternative 2.b.  This alternative is also less strict than existing 
compliance schedule provisions in the SIP and the Basin Plans, because compliance 
with applicable standards may in some cases exceed ten years after the adoption, 
revision, or new interpretation of the applicable standard.  This alternative is somewhat 
similar to the San Diego Region’s provisions; however, the San Diego Region’s 
provisions include an absolute deadline for meeting applicable standards.  Because a 
compliance schedule is allowed to extend beyond one permit term, this alternative is 
likely to require more resources to administer than Alternatives 2.a and 2.b. 
 
Recommended Alternative:  Alternative 2.c. 
 
Staff recommends that the State Water Board adopt Alternative 2.c, because this 
alternative is more flexible than Alternatives 2.a and 2.b. However staff notes that 
although Alternative 2.c provides more flexibility than the other alternatives, longer 
schedules are not appropriate in most cases.  Alternative 2.c could encourage 
dischargers to expect longer compliance schedules as a matter of course, even where 
longer schedules are unnecessary.  Staff believes that five years is in most cases 
sufficient time for a permittee to comply with a more stringent permit limitation 
implementing a new, revised or newly interpreted objective or criterion.  However, 
additional time may in some cases be needed for very complex or large projects.  
Unforeseen circumstances beyond the control of the discharger may also prevent 
compliance with final permit limitations within five years, even though the discharger has 
met the conditions of the permit up to that point.  Nonetheless, staff recommends 
Alternative 2.c. coupled with Alternative 3.b, which provides a final compliance deadline 
of ten years for attaining water quality standards. 
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ISSUE 3: DEADLINES FOR COMPLYING WITH APPLICABLE STANDARDS 
  
Existing Regulatory Conditions 
 
The compliance schedule provisions adopted by the San Francisco Bay, Los Angeles, 
Central Valley, Santa Ana, and San Diego Water Boards and the provisions in the SIP 
all include absolute ten-year deadlines for complying with applicable standards.  The 
North Coast Region does not have a similar absolute compliance deadline in the Basin 
Plan, and it is not required by the CWA (the CWA simply requires that compliance 
schedules be as short as possible).  Reasonable alternatives for including absolute 
deadlines in compliance schedule provisions are presented below. 
 
Alternatives for State Water Board Action  
 
Alternative 3.a:  No deadline. 
Adopt a compliance schedule policy with no absolute deadline for meeting 
applicable standards.  
 
This alternative does not provide an absolute date for when an applicable standard 
must be met.  This alternative is similar to the North Coast Region’s provisions, where 
the maximum duration of compliance schedules is tied to the date when the schedule 
was included in the permit, rather than to the date when the standard was adopted, 
revised, or newly interpreted.   
 
Under this alternative, final compliance with the applicable standard may vary 
depending on the dates of the inclusion of the compliance schedules into the NPDES 
permit, the length of the compliance schedule, and whether any schedule extensions 
are granted (see the discussion of the alternatives for Issue 2, above).  Final 
compliance for the alternatives identified under Issue 2 ranged from ten to fifteen years. 
 
This alternative allows NPDES permittees to be granted the full permissible duration for 
their schedule, regardless of when the applicable standard was adopted, revised, or 
newly interpreted.  This is advantageous for dischargers as it allows them to know 
exactly how a new standard affects their permit limitations before they need to take 
corrective action to meet the new permit limitations.  This may save money and 
resources.  However, this alternative may also lead to a delay in final compliance with 
applicable standards, as a discharger may be encouraged to postpone any corrective 
action until a compliance schedule is incorporated into the NPDES permit. 
 
Alternative 3.b:  Ten years. 
Adopt a compliance schedule policy that restricts the duration of a NPDES 
compliance schedule to no more than ten years after the adoption, revision, or 
new interpretation of applicable standards.  
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This alternative is similar to the provisions adopted by the San Francisco Bay, 
Los Angeles, Central Valley, Santa Ana, and San Diego Water Boards.  The SIP 
likewise specifies a ten-year deadline for compliance with applicable standards.  
 
This alternative provides more regulatory certainty than Alternative 3.a, above, because 
it specifies that final compliance with the applicable standard must occur by a certain 
known date.  Because permit terms are five years in California, most dischargers should 
(if justified) under Alternative 3.b be able to apply for a full five-year compliance 
schedule (the recommended alternative under Issue 2).  The rare exception would be 
where a permit had been issued just prior to when a new, revised, or newly interpreted 
standard became effective, and then continued in effect after its expiration.  This 
scenario would leave less than five years for a compliance schedule.  However, nothing 
would prevent that discharger from taking necessary corrective actions earlier.  
Because all dischargers must be in compliance by a certain date, this alternative is 
more equitable than Alternative 3.a.  This alternative would also likely lead to earlier 
final compliance than under Alternative 3.a, because there would be no incentive for 
dischargers to delay corrective action.   
 
Alternative 3.c:  Fifteen years. 
Adopt a compliance schedule policy that restricts the duration of a NPDES 
compliance schedule to no more than fifteen years after the adoption, revision, or 
new interpretation of applicable standards.  
 
This alternative would allow a longer deadline for final compliance with applicable 
standards than the ten years that current regional and statewide plans and policies 
allow (with the exception of the North Coast Region Basin Plan, which specify no 
absolute deadline in its compliance schedule provisions).  This alternative would easily 
accommodate the preferred Alternative 2.c (a maximum ten-year compliance schedule), 
above.  It would also easily accommodate the other alternatives listed under Issue 2, 
but may be so long as to be pointless as a deadline.  Final compliance with standards 
may be longer than under Alternatives 3.a or 3.b. 
 
Recommended Alternative:  Alternative 3.b. 
 
Staff recommends that the State Water Board adopt Alternative 3.b.  Alternative 3.b 
best meets the stated project goals because:  (1) it is the alternative most similar to 
existing regional and statewide compliance schedule provisions, thus providing 
regulatory continuity and uniformity; and (2) it strikes a reasonable and equitable 
balance between giving dischargers sufficient time to comply with new requirements 
and the need to comply with applicable standards as soon as possible.   
 
Alternative 3.b provides more regulatory certainty and equity than Alternative 3.a, 
because it specifies that all dischargers must be in compliance by a certain known date.    
Alternative 3.c is too long to be a meaningful deadline. 
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ISSUE 4: EXTENDED COMPLIANCE SCHEDULES FOR TMDL-BASED    
PERMIT LIMITATIONS 

 
Existing Regulatory Conditions 
 
In California, TMDLs typically are incorporated into regional Basin Plans through the 
Basin Plan amendment process.  A TMDL adopted as a Basin Plan amendment must 
include an implementation plan for achieving reductions of pollutant mass, which often 
specifies and authorizes a compliance time schedule for achieving the specified 
allocations.  The compliance schedule found in a TMDL implementation plan is better 
known as an “implementation schedule.”   
 
The adoption of a TMDL implementation plan is not required under CWA §303(d); 
however, if an implementation plan includes compliance schedule-authorizing 
provisions, these provisions must be submitted to USEPA for approval under 
CWA §303(c).  The TMDL may be achieved, in part, through water quality-based 
limitations in NPDES permits that are consistent with the assumptions and requirements 
of the TMDL waste load allocations.  It is important to note that compliance schedules to 
attain water quality-based NPDES permit limitations based on TMDLs must be as short 
as possible (as determined in the TMDL support document), and otherwise consistent 
with the CWA’s definition of compliance schedule.  
 
Not all TMDLs in California are incorporated into the Basin Plans; some are adopted as 
a single permitting action.  This is possible where a single discharger is responsible for 
the impairment or where a single order by the Regional Water Board can address the 
impairment.  Because the TMDL can both be established and implemented through a 
single action, the Regional Water Board has the authority to issue a permit and 
enforcement action without first adopting the TMDL into the Basin Plan49.   
 
Implementing a TMDL through a single permitting action saves considerable Water 
Board resources and allows the TMDL to be implemented sooner.  While a TMDL 
adopted as a single permitting action may not require a Basin Plan amendment, it may 
still need an implementation schedule longer than what may be authorized in the Basin 
Plan due to the sometimes complex approaches needed to meet waste load allocations 
and to ensure that water quality standards are no longer impaired.  The North Coast 
and the Los Angeles Water Boards have adopted authorization in their Basin Plans that 
allows for extended compliance schedules for water quality-based NPDES permit 
limitations based on TMDLs established through a single permitting action. 
 

                                            
49 However, all TMDLs must be incorporated either directly or by reference into a water quality 

management plan (i.e., Basin Plan) as required by CWA §303(d)(2).  This incorporation can 
be done as a change without regulatory effect. 
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Alternatives for State Water Board Action  
 
Alternative 4.a:  No special provisions for TMDLs. 
Adopt a compliance schedule policy that does NOT specifically allow additional 
time to comply with NPDES permit limitations that are based on TMDLs.   
 
This alternative is similar to the compliance schedule provisions adopted by the 
San Francisco Bay, Central Valley, Santa Ana, and San Diego Regional Water Boards, 
which do not specifically address compliance with TMDL-based NPDES permit 
limitations.  Under this alternative, Regional Water Boards may authorize extended 
compliance schedules for TMDL-based NPDES permit limitations by incorporating 
TMDLs with implementation schedules into the Basin Plans through the Basin Plan 
amendment process.  This process requires USEPA review and approval. 
 
This alternative would not authorize longer compliance schedules for NPDES permit 
limitations based on TMDLs adopted as a single-permitting action.  Existing compliance 
schedule provisions in TMDLs that are in effect as of the effective date of the proposed 
policy would not be superseded. 
 
 
Alternative 4.b:  Allow extra time to comply with a single permitting action TMDL. 
Adopt a compliance schedule policy that specifically allows additional time to 
comply with NPDES permit limitations that are based on TMDLs adopted as a 
single-permitting action.   
 
This alternative would give Water Boards the authority to issue compliance schedules 
for NPDES permit limitations based on TMDLs adopted as a single-permitting action 
that could extend beyond the maximum timeframe otherwise provided in the proposed 
policy (if justified by the TMDL).  This alternative would not establish any maximum 
timeframe or ultimate deadline for compliance under this specific circumstance.  
 
This alternative is similar to the compliance schedule provisions adopted by the 
North Coast and the Los Angeles Water Boards.  These Regional Water Boards have 
adopted provisions in their Basin Plans that authorize longer compliance schedules for 
NPDES permit limitations based on TMDLs adopted as a single-permitting action.  Both 
Regions’ provisions require compliance in the shortest possible/feasible period of time, 
but allow a schedule to extend beyond the otherwise specified maximum length of time.  
Neither Regions’ Basin Plans set a maximum timeframe for complying with NPDES 
permit limitations based on TMDLs adopted as a single-permitting action.   
 
Under this alternative, Regional Water Boards may also authorize longer compliance 
schedules for TMDL-based permit limitations by incorporating TMDLs with 
implementation schedules into the Basin Plans through the Basin Plan amendment 
process.  Existing compliance schedule provisions in TMDLs that are in effect as of the 
effective date of the proposed policy would not be superseded. 
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Alternative 4.c:  Allow extra time to comply with any TMDL. 
Adopt a compliance schedule policy that specifically allows additional time to 
comply with NPDES permit limitations that are based on a TMDL.   
 
This alternative would give Water Boards the authority to issue compliance schedules 
for NPDES permit limitations based on TMDLs that, if justified by the TMDL, would be 
allowed to extend beyond the maximum timeframe otherwise provided in the proposed 
policy.  This alternative would not establish any maximum timeframe or ultimate 
deadline for compliance.  
 
This alternative is similar to Alternative 4.b, above, except that the Water Boards’ 
authority to grant extended compliance schedules for NPDES permit limitations would 
not be limited to TMDLs adopted as a single-permitting action, but would also extend to 
those TMDLs with implementation schedules that are incorporated into the Basin Plans 
through the Basin Plan amendment process.  The extended applicability that this 
alternative would provide is not as useful as it appears, because the Regional Water 
Boards already provide the authorization for longer compliance schedules for TMDL-
based permit limitations by incorporating TMDLs with implementation schedules into the 
Basin Plans.  However, this alternative would provide the benefit that a TMDL adopted 
as a Basin Plan amendment would not need to have an implementation schedule 
approved by USEPA under CWA § 303(c).  This would conserve some Water Board 
and USEPA resources.  This alternative may also provide more clarity and guidance on 
the appropriate use of compliance schedules in NPDES permits than Alternative 4.b, 
because it addresses all types of TMDLs.  
 
Recommended Alternative:  Alternative 4.c. 
 
Staff recommends that the State Water Board adopt Alternative 4.c because this 
alternative best meets the project goals of providing statewide uniformity in authorizing 
and implementing NPDES compliance schedules; providing a basis for equitable 
regulation; and providing clear guidance on the appropriate use of compliance 
schedules in NPDES permits.   
 
By authorizing longer compliance schedules for TMDL-based permit limitations, 
Alternatives 4.b and 4.c are more equitable to dischargers than Alternative 4.a because 
TMDLs often require complex, coordinated, and long term strategies in order to meet 
waste load allocations and ensure that water quality standards are attained.  
Alternatives 4.b and 4.c also provide greater statewide uniformity in authorizing NPDES 
compliance schedules than Alternative 4.a, because all regions will be able to issue 
compliance schedules for NPDES permit limitations based on TMDLs adopted as a 
single-permitting action.  Note that existing compliance schedule provisions in TMDLs 
that are in effect as of the effective date of the proposed policy would not be 
superseded under the recommended alternative. 
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While Alternatives 4.b and 4.c do not differ much on a practical basis, Alternative 4.c 
does provide slightly more clarity and guidance because it states directly that longer 
compliance schedules are authorized for NPDES permit limitations based on TMDLs, if 
justified by the TMDL.  Alternative 4.c would further save some Water Board and 
USEPA resources, because future TMDL implementation schedules need not be 
approved by USEPA, if already authorized through this proposed policy. 
 
 
ISSUE 5: DISCHARGER ELIGIBILITY 
  
Existing Regulatory Conditions 
 
As discussed earlier, USEPA’s regulations50 generally restrict compliance schedules to 
existing NPDES dischargers.  Most new NPDES dischargers must attain water quality 
standards upon initiating discharge.  However, the first NPDES permit issued to a new 
discharger may contain a compliance schedule when necessary to allow a reasonable 
opportunity to attain compliance with requirements issued or revised after beginning 
construction but less than three years before discharging waste51.   
 
Federal regulations52 define a “new discharger” as any discharger that began 
discharging after August 13, 1979 and never had an NPDES permit.  Dischargers that 
are not “new dischargers” are considered “existing dischargers.”  An “existing 
discharger” includes an increasing discharger (i.e., an existing facility with treatment 
systems in place for its current discharge that is or will be expanding, upgrading, or 
modifying its existing permitted discharge).”   
 
USEPA modeled the definitions of new and existing dischargers in the CTR after these 
definitions.  Accordingly, the definition for a new discharger in the CTR is “any building, 
structure, facility, or installation from which there is or may be a ‘discharge of pollutants’ 
(as defined in 40 C.F.R. 122.2) to the State of California’s inland surface waters or 
enclosed bays and estuaries, the construction of which commences after May 18, 
2000.”53  The CTR was promulgated on May 18, 2000, which is why this particular date 
is used as the cutoff date to define “new discharger” in the CTR. 
 

                                            
50 See 40 C.F.R. §122.47. 
51 40 C.F.R. §122.47(a)(2) states:  “The first NPDES permit issued to a new source or a new 

discharger shall contain a schedule of compliance only when necessary to allow a reasonable 
opportunity to attain compliance with requirements issued or revised after commencement of 
construction but less than three years before commencement of the relevant discharge. For 
recommencing dischargers, a schedule of compliance shall be available only when necessary 
to allow a reasonable opportunity to attain compliance with requirements issued or revised 
less than three years before recommencement of discharge.” 

52 See 40 C.F.R. §122.2. 
53 See 40 C.F.R. §131.38(e)(2). 
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The definition for “new discharger” in the SIP is virtually identical to the CTR definition.  
Under both the CTR and the SIP, an “existing discharger” is a discharger that is not a 
“new discharger” and includes an increasing discharger.    
 
Compliance schedule provisions adopted by the San Francisco Bay, Central Valley, and 
Santa Ana Water Boards do not define “new” or “existing” discharger or specify which 
dischargers are eligible for compliance schedules.  Compliance schedule provisions 
adopted by the Los Angeles and the San Diego Water Boards are similar to the SIP 
definition, except that a “new discharger” is defined as “any building, structure, facility, 
or installation from which there is or may be a “discharge of pollutants” (as defined in 
40 CFR §122.2) to surface waters of the …region, the construction of which 
commences after a new, revised, or newly interpreted water quality objective 
becomes applicable” [emphasis added].  The Los Angeles and San Diego Regions’ 
Basin Plans tie the definition of “new” and “existing” discharger to the date when the 
new, revised, or newly interpreted water quality objective becomes applicable.  These 
definitions track the CTR and SIP definitions, which define new and existing dischargers 
in relation to the effective date of the CTR criteria.   
 
The North Coast Region’s compliance schedule provisions define a “new discharger” as 
“any building, structure, facility, or installation from which there is, or may be, a 
discharge of pollutants, the construction of which commenced after November 29, 2006” 
[the effective date of the provisions54].  The number of “existing dischargers” under 
North Coast Region’s provisions will therefore remain constant or decrease slightly (if 
existing dischargers cease to discharge). 
 
Alternatives for State Water Board Action  
 
Alternative 5.a:  Do not define “new” and “existing” discharger.   
This alternative is similar to the provisions adopted by the San Francisco Bay, Central 
Valley, and Santa Ana Water Boards.  Under this alternative, “new” and “existing” 
discharger would simply not be defined.  This alternative would not meet the project 
goal of providing clear guidance on the appropriate use of compliance schedules in 
NPDES permits.    
 
Alternative 5.b:  Define “new” and “existing” discharger based on the SIP 
definitions.   
 
“Existing discharger” would be defined as “any discharger who is not a new 
discharger.  An existing discharger includes an increasing discharger (i.e., an owner or 
operator of an existing facility with treatment systems in place for its current discharge 
that is or will be expanding, upgrading, or modifying its existing permitted discharge 
after a new, revised, or newly interpreted water quality standard becomes applicable).”  
A “new discharger” would be defined as  “the owner or operator of any building, 
structure, facility, or installation from which there is or may be a “discharge of pollutants” 
(as defined in 40 C.F.R. § 122.2) to surface waters of the United States, the 
                                            
54 The extension provision was approved later, on November 29, 2006. 
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construction of which commences after a new, revised, or newly interpreted water 
quality standard becomes applicable.” 
 
This alternative is consistent with the SIP and CTR and with provisions adopted by the 
Los Angeles and the San Diego Water Boards.   
 
Recommended Alternative:  Alternative 5.b. 
Staff recommends that the State Water Board adopt Alternative 5.b because this 
alternative is most similar to already existing regional and state compliance schedule 
provisions, while meeting the project goals of providing statewide uniformity in 
authorizing and implementing NPDES compliance schedules; providing a basis for 
equitable regulation; and providing clear guidance on the appropriate use of compliance 
schedules in NPDES permits.    
 
 
ISSUE 6: QUALIFYING PERMIT LIMITATIONS 
  
Existing Regulatory Conditions 
 
As stated previously, compliance schedules may be included in NPDES permits only for 
water quality-based limitations (effluent and/or receiving water limitations), but not for 
technology-based effluent limitations.  Water quality-based effluent limitations are 
required when technology-based effluent limitations are not sufficient to ensure that 
water quality standards will be attained and maintained in the receiving waters. 
 
In general, NPDES permits must comply with all requirements in CWA §30155.  An 
exception to this rule is for some storm water permits.  While industrial storm water 
permits must comply with all requirements in CWA §30156, storm water permits for 
MS4s are not required57 to comply with CWA §30158.  In California, MS4s are required 
to comply with water quality standards, but through an iterative approach59.  Thus, 
the proposed policy does apply to industrial storm water permits (which 
include construction permits pursuant to 40 C.F.R. 122.26), but not to MS4 permits.  
 
The 1990 Star-Kist Caribe decision60 further established limits on the use of compliance 
schedules in water quality-based NPDES requirements through its interpretation of 
CWA §301(b)(1)(C).  This section of the CWA provides that by July 1, 1977, NPDES 
permits must include effluents limitations as stringent as necessary to ensure 
compliance with water quality standards.  The Star-Kist Caribe decision provides that 
immediate compliance must be achieved for any applicable state water quality 
standards adopted before July 1, 1977 and that have not been substantively revised 

                                            
55 See CWA §402(a). 
56 See CWA §402(p)(3)(A). 
57 See Defenders of Wildlife v Browner (9th Cir. 1999) 191 F.3d 1159. 
58 See CWA §402(p)(3)(B). 
59 See Building Industry Association v State Water Board (2004) 124 Cal. App. 4th 866. 
60 In the Matter of Star-Kist Caribe, Inc., NPDES APPEAL No. 88-5.   
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after that date.  Accordingly, water quality-based effluent limitations and receiving water 
limitations that implement water quality standards adopted before July 1, 1977 would be 
ineligible for compliance schedules in NPDES permits.  The Star-Kist Caribe decision 
also addressed water quality standards adopted or revised after July 1, 1977.  A 
compliance time schedule may be included in NPDES permits for state water quality 
standards adopted or revised after July 1, 1977, only if the state has specifically 
authorized the establishment of compliance schedules in the state’s water quality 
standards or implementing regulations.   
 
USEPA has also stated that compliance schedule authorizations can include water 
quality standards that were adopted prior to July 1, 1977, if the state has adopted a new 
interpretation of the pre-July 1, 1977 standard61.  If, for example, a narrative objective is 
for the first time implemented in a permit with a numerical limit for a specific pollutant, a 
compliance schedule may be appropriate.  However, a mere re-adoption of a pre-July 1, 
1977 standard without any substantive revisions would not qualify as a new or revised 
standard62. 
 
Various state and regional restrictions on the use of compliance schedules in NPDES 
permits are described below and summarized in Table 1, above.  The SIP authorizes 
compliance schedules for water quality-based NPDES permit limitations that are based 
on CTR criteria63.   
 
Compliance schedule provisions in the North Coast Region’s Basin Plan authorize 
compliance schedules in NPDES permits for water quality-based limitations (effluent 
and/or receiving water limitations) based on water quality objectives, criteria, or 
prohibitions that are adopted, revised, or newly interpreted after February 27, 2006.  
Objectives and criteria may be numeric or narrative.  “Newly interpreted” is not defined.  
The compliance schedules may also apply to water quality-based NPDES limitations 
derived from TMDLs adopted as a single permitting action. 
 
The San Francisco Bay Region’s provisions authorize compliance schedules for effluent 
limitations in NPDES permits that implement objectives or standards adopted after 
November 13, 1995. 
 
Compliance schedule provisions in the Los Angeles Region’s Basin Plan authorize 
compliance schedules for effluent limitations in NPDES permits based on water quality 
objectives or criteria that are adopted, revised, or newly interpreted after February 18, 
2004.  Objectives and criteria may be numeric or narrative.  “Newly interpreted water 
quality standard” is defined as “a narrative water quality objective that, when interpreted 
by the Regional Water Board during NPDES permit development (using appropriate 
scientific information and consistent with state and federal law) to determine the 
numeric effluent limits necessary to implement the narrative objective, results in a 
numeric effluent limitation more stringent than the prior NPDES permit issued to the 
                                            
61 1994 Whole Effluent Toxicity (WET) Control Policy (EPA-833-B-94-002). 
62 See In the Matter of Star-Kist Caribe, Inc., NPDES APPEAL No. 88-5.   
63 See Table 1. 
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discharger.”  Compliance schedules may also apply to water quality-based NPDES 
permit limitations derived from TMDLs adopted as a single permitting action. 
 
Compliance schedules for the Central Valley Region are authorized for NPDES effluent 
limitations implementing water quality objectives or criteria adopted after September 25, 
1995. 
 
Compliance schedule provisions for the Santa Ana Region authorize compliance 
schedules in NPDES permits for effluent limitations based on water quality objectives or 
criteria that are adopted, revised, or newly interpreted after July 15, 2002.  Objectives 
and criteria may be numeric or narrative.  “Newly interpreted” is not defined.   
 
The San Diego Region’s Basin Plan authorizes compliance schedules for new or more 
stringent effluent and/or receiving water limitations that implement water quality 
objectives issued, revised, or newly interpreted after November 9, 2005 (note that this  
amendment is not effective yet), or that resulted from new knowledge on the 
characteristics and impacts of the discharge for any pollutant for which a water quality 
objective was issued, revised, or newly interpreted after July 1, 1977.  These provisions 
specified that new knowledge about the characteristics and impacts of the discharge 
that can result in new or more stringent effluent or receiving water limitations include, 
but are not limited to, the following situations: 
 
• Pollutants previously unregulated in an existing discharge are newly regulated 

because the new information indicates a reasonable potential for the discharge to 
exceed an applicable water quality objective in the receiving water; 

• Pollutants are newly detected in an existing discharge due to improved analytical 
techniques; 

• The point of compliance for a receiving water limitation is changed; and 
• The dilution allowance for an existing discharge is changed.  
 
Objectives and criteria may be numeric or narrative.  “Newly interpreted” is not defined 
in the San Diego Region’s compliance schedule provisions.   
 
In summary, the Regions’ compliance schedule provisions vary greatly in coverage and 
in restricting the use of compliance schedules.  
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Alternatives for State Water Board Action  
 
Compliance schedules would only be authorized for more stringent NPDES 
permit limitations that are: 
 
Alternative 6.a:  Based on water quality objectives or criteria in water quality 
standards that are adopted or revised: 
 

1.  After the effective date of this policy.  
Under this alternative, existing compliance schedules in NPDES permits that were 
authorized by the Water Boards prior to the effective date of this policy would no 
longer be authorized.  Water Boards would have the option of issuing TSOs instead 
to affected dischargers.  This would require additional Water Board resources and 
expose affected dischargers to mandatory minimum penalties and citizen lawsuits.  
Compliance schedules would not be authorized for NPDES permit limitations 
implementing “newly interpreted” water quality standards under this alternative. 
 
2.  After the effective date of this policy with the exception that the following 
dates shall apply instead in the Regions specified below: 
 

i. North Coast:  February 27, 2006 
ii. San Francisco Bay:  November 13, 1995 
iii. Los Angeles:  February 18, 2004 
iv. Central Valley:  September 25, 1995 
v. Santa Ana:  July 15, 2002 
vi. San Diego:  [effective date of San Diego Region's compliance schedule provisions 

or effective date of this policy, whichever occurs first] 
 

Compliance schedules would not be authorized for permit limitations implementing 
existing NTR or CTR criteria.  Compliance schedules for the existing CTR criteria 
would only be authorized under the SIP.  This alternative would ensure that existing 
compliance schedules in NPDES permits that were authorized by the Regional 
Water Boards after the dates specified above continue to be authorized (unless they 
are implementing “newly Interpreted” water quality standards).  All provisions of this 
proposed policy would apply to these permits when they are modified or reissued.  
 
Existing compliance schedules granted for permit limitations implementing “newly 
interpreted” water quality standards would no longer be authorized under this 
alternative.  This would affect the North Coast, Los Angeles, and Santa Ana Regions 
that have compliance schedules provisions for NPDES permit limitations 
implementing “newly interpreted” water quality standards. 
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Alternative 6.b:  Based on water quality objectives or criteria in water quality 
standards that are adopted, revised, or newly interpreted after [date as specified 
in either Alternatives 6.a.1 or 6.a.2 above]. 
 
The North Coast, Los Angeles, Santa Ana, and San Diego Water Boards have all 
adopted provisions authorizing compliance schedules for NPDES permit limitations 
implementing “newly interpreted” water quality standards.  However, these provisions 
differ in their definitions of “newly interpreted.” 
 

1.  Do not define “newly interpreted” water quality standard. 
This alternative would leave the definition to the discretion of the Water Boards.  
This alternative is similar to the provisions adopted by the North Coast and Santa 
Ana Water Boards.   
 
2.  A “newly interpreted” water quality standard means a narrative water quality 
objective that, when interpreted during NPDES permit development (using 
appropriate scientific information and consistent with state and federal law) to 
determine the permit limitations necessary to implement the objective, results in a 
numeric permit limitation more stringent than the limit in the prior NPDES permit 
issued to the discharger. 
 
This alternative is similar to the provisions adopted by the Los Angeles Water Board.  
This alternative is also consistent with USEPA’s WET Control Policy, which 
determined that states could authorize compliance schedules in permits for new or 
revised interpretations of narrative water quality criteria for toxicity, which were 
adopted prior to July 1, 1977. 
 
3.  “Newly interpreted” water quality standard means a narrative or numeric water 
quality objective that, when interpreted during NPDES permit development (using 
appropriate scientific information and consistent with state and federal law) to 
determine the NPDES permit limitations necessary to implement the objective, 
results in a numeric NPDES permit limitation more stringent than the limit in the prior 
NPDES permit issued to the discharger. This interpretation includes new knowledge 
about the characteristics and impacts of the discharge that result in more stringent 
NPDES permit limitations.  Examples include the following situations: 
 

• Pollutants previously unregulated in an existing discharge are newly regulated 
because the new information indicates a reasonable potential for the 
discharge to exceed an applicable water quality objective in the receiving 
water; 

• Pollutants are newly detected in an existing discharge due to improved 
analytical techniques; 

• The point of compliance for a receiving water limitation is changed; and 
• The dilution allowance for an existing discharge is changed.  
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This alternative is similar to the provisions adopted by the San Diego Water Board.  
Under this alternative, compliance schedules could be included in NPDES permits to 
implement numeric objectives or criteria that have not been revised since their 
effective date.  This alternative would authorize compliance schedules for limits 
implementing numeric criteria and objectives any time new information resulted in 
more stringent effluent limits, even though the criteria or objective remained 
unchanged.   
 

Recommended Alternative:  Alternative 6.a.2 combined with Alternative 6.b.2. 
Staff recommends that the State Water Board adopt Alternative 6.a.2 combined with 
Alternative 6.b.2.  Under this scenario, the majority of NPDES compliance schedules 
already established by the Regional Water Boards will remain in effect, until the affected 
permits are reissued or renewed.  This would conserve Water Board resources.  
Furthermore, affected dischargers would not be subjected to mandatory minimum 
penalties and citizen lawsuits.  This scenario is also very similar to already existing 
regional compliance schedule provisions, while meeting the project goals of providing 
statewide uniformity in authorizing and implementing NPDES compliance schedules; 
providing a basis for equitable regulation; and providing clear guidance on the 
appropriate use of compliance schedules in NPDES permits.  
 
 
ISSUE 7: APPLICABILITY TO PROHIBITIONS  
  
Existing Regulatory Conditions 
 
The CWA allows the authorization of NPDES compliance schedules to meet waste 
discharge prohibitions.  Section 13243 of the Porter-Cologne Water Quality Control Act 
authorizes a Regional Water Board to specify certain conditions or areas where the 
discharge of waste, or certain types of waste, will not be permitted. 
 
Section 502(17) of the CWA defines a compliance schedule as “a schedule of remedial 
measures including an enforceable sequence of actions or operations leading to 
compliance with an effluent limitation, other limitation, prohibition, or standard.” 
[Emphasis provided].  Federal NPDES permit regulations at 40 C.F.R. §122.2 includes 
prohibitions under its definition for “applicable standards and limitations.” 
 
Of the five Regions’ Basin Plans with effective compliance schedule authorizations, only 
the North Coast Region’s Basin Plan specifically authorizes compliance schedules in 
NPDES permits for water quality-based limitations based on prohibitions.  However, all 
Regional Water Boards have the option of adopting conditional prohibitions, including 
prohibitions with a delayed effective date.  The Regional Water Boards may also include 
exceptions to the prohibition provisions. 
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Alternatives for State Water Board Action  
 
Alternative 7.a:  Do not specifically authorize compliance schedules for NPDES 
permit limitations implementing prohibitions. 
This alternative is similar to the provisions adopted by the San Francisco Bay, 
Los Angeles, Central Valley, Santa Ana, and San Diego Water Boards.   
 
Alternative 7.b:  Authorize compliance schedules for NPDES permit limitations 
implementing prohibitions after [date as specified in either Alternatives 6.a.1 or 
6.a.2 above].  
This alternative is similar to the provisions adopted by the North Coast Water Board.   
 
Recommended Alternative:  Alternative 7.a 
Staff recommends that the State Water Board adopt Alternative 7.a because this 
alternative is most similar to already existing regional compliance schedule provisions 
and is more conservative than Alternative 7.b.  As discussed above, this alternative 
does not preclude Regional Water Boards from adopting conditional prohibitions, 
including prohibitions with a delayed effective date. 
 
 
ISSUE 8: APPLICATION REQUIREMENTS  
  
Existing Regulatory Conditions 
 
The proposed policy would authorize the Water Boards to grant compliance schedules 
in NPDES permits in accordance with the policy, where appropriate and justified.  This 
authorization is not a commitment to automatically grant a compliance schedule to 
every individual discharger that applies for or even qualifies for a compliance schedule.  
It only provides a Water Board the flexibility to do so where the Water Board finds that it 
is appropriate and justified.  Toward that end, a discharger who wishes to be considered 
for a compliance schedule must submit an application along with requested information 
to the Water Board and must demonstrate to the Water Board’s satisfaction that a 
compliance schedule is necessary, appropriate, and justified.  
 
The SIP specifies the documentation that an existing discharger must provide when 
applying for a compliance schedule to meet CTR criteria.  Under the SIP, a discharger 
applying for a compliance schedule must submit documentation to the appropriate 
Water Board that diligent efforts have been made to quantify and control pollutant 
sources and discharges and that immediate compliance is not feasible.  The discharger 
must also submit a proposed schedule for additional source control measures, pollutant 
minimization actions, facility upgrades, etc., and demonstrate that the proposed 
schedule to achieve compliance is as short as practicable.  The SIP states: “The 
discharger shall submit to the RWQCB the following justification before compliance 
schedules may be authorized in a permit: (a) documentation that diligent efforts have 
been made to quantify pollutant levels in the discharge and the sources of the pollutant 
in the waste stream, and the results of those efforts; (b) documentation of source control 
and/or pollution minimization efforts currently underway or completed; (c) a proposed 
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schedule for additional or future source control measures, *pollutant minimization 
actions, or waste treatment (i.e., facility upgrades); and (d) a demonstration that the 
proposed schedule is as short as practicable.” The SIP application requirements are 
consistent with the conditions established by USEPA under the CTR64 for compliance 
schedules.  
 
Requirements for applying for compliance schedules vary somewhat among the 
Regional Water Boards that have existing authorization in their Basin Plans.  
Compliance schedule provisions adopted by the Central Valley Water Board do 
not specify application requirements.  The provisions in the San Francisco Bay 
Basin Plan are quite similar to the SIP application requirements. 
 
The Santa Ana Basin Plan states: “To document the need for and justify the 
duration of any such compliance schedule, a discharger must submit the 
following information, at a minimum:  (1) the results of a diligent effort to quantify 
pollutant levels in the discharge and the sources of the pollutant(s) in the waste 
stream;  (2) documentation of source control efforts currently underway or 
completed, including compliance with any Pollution Prevention programs that 
have been established;  (3) a proposed schedule for additional source control 
measures or waste treatment; (4) the discharge quality that can reasonably be 
achieved until final compliance is attained; and (5) a demonstration that the 
proposed schedule is as short as possible, taking into account economic, 
technical and other relevant factors.  The need for additional information and 
analyses will be determined by the Regional Board on a case-by-case basis.”  
Note that these provisions are also very similar to the SIP provisions, but have 
been expanded slightly.  Item (4) was added and Item (5) further defined.  The 
application requirements in the Los Angeles Basin Plan are identical to those in 
the Santa Ana Basin Plan.   
 
The San Diego Water Board adopted provisions that were very similar, but combined 
Items (2) and (3) and changed Item (4) slightly:  “To document the need for and justify 
the duration of any such compliance time schedule, a discharger must submit the 
following information, at a minimum: (2) Identification of the sources of the pollutant in 
the waste stream, documentation of source control efforts currently underway or 
completed, including compliance with any pollution prevention programs that have been 
established, and a proposed schedule for additional source control measures or waste 
treatment needed to meet the WQBELs and/or receiving water limitations; (3) Evidence 
that the discharge quality is the highest that can reasonably be achieved until final 
compliance is attained;...” 
 
The North Coast Basin Plan contains some of the most detailed application 
requirements for compliance schedules:   
 
1) A written request, and demonstration, with supporting data and analysis, that it is 

technically and/or economically infeasible to achieve immediate compliance with 
                                            
64 See 40 C.F.R. §131.38(e). 
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newly adopted, revised, or newly interpreted water quality objectives, criteria, or 
prohibitions. 

2) Results of diligent efforts to quantify pollutant levels in the discharge and the sources 
of the pollutant in the waste stream.  

3) Documentation of source control efforts currently underway or completed, including 
compliance with any pollution prevention programs that have been established. 

4) A proposed schedule for additional source control measures or waste treatment. 
5) The highest discharge quality that is technically and economically feasible to achieve 

until final compliance is attained. 
6) A demonstration that the proposed schedule of compliance is as short as technically 

and economically feasible. 
7) Data demonstrating current treatment facility performance to compare against 

existing permit effluent limits, as necessary to determine which is the more stringent 
interim limit to apply if a schedule of compliance is granted. 

8) Additional information and analyses, to be determined by the Regional Water Board 
on a case-by-case basis. 

 
These requirements differ from the other regional application requirements by including 
the concept of “technically and economically feasible” in Items (1), (5), and (6), above.  
The North Coast Region’s provisions state that “Technical and economic feasibility shall 
be determined consistent with State Board Order 92-49.” 

It should be emphasized that all consideration of the terms and conditions of NPDES 
permit requirements, including any proposed compliance schedules, must occur at a 
public hearing.  The public is able to comment not only on the propriety of granting a 
compliance schedule, but also on the interim limits, the duration of the compliance 
period, and whether the discharger made the appropriate showing that the compliance 
schedule was as short as practicable taking into account the relevant factors.   

Alternatives for State Water Board Action  
 
Alternative 8.a:  Do not specify application requirements. 
 
This alternative would leave it to the discretion of the Water Boards to specify 
application requirements.  This alternative is similar to the Central Valley Region’s 
provisions.  While allowing for Regional Water Board differences in establishing NPDES 
permits, this alternative would not meet the project goals of providing statewide 
uniformity in implementing NPDES compliance schedules; providing a basis for 
equitable regulation; and providing clear guidance on the appropriate use of compliance 
schedules in NPDES permits.    
 
Alternative 8.b:  Specify application requirements based on the SIP provisions. 
 
The State Water Board would adopt a statewide policy on compliance schedules in 
NPDES permits that would require a discharger seeking a compliance schedule to 
demonstrate to the satisfaction of the Water Board that the discharger needs additional 
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time to design and construct facilities or implement new or significantly expanded 
programs and secure financing, if necessary, to support these activities in order to 
comply with a permit limitation specified to implement a new, revised, or newly 
interpreted water quality standard.  In addition, the discharger must provide the 
following documentation: 
 
1) Documentation that diligent efforts have been made to quantify pollutant levels in the 

discharge and the sources of the pollutant in the waste stream, and the results of 
those efforts;  

2) Documentation of source control and/or pollution minimization efforts currently 
underway or completed;  

3) A proposed schedule for additional or future source control measures, *pollutant 
minimization actions, or waste treatment (i.e., facility upgrades); and  

4) A demonstration that the proposed schedule is as short as practicable. 
 
This alternative is also similar to the provisions in the San Francisco Bay Basin Plan. 
 
Alternative 8.c:  Specify application requirements based on the 
requirements in the Los Angeles and the Santa Ana Basin Plans.   
 
The State Water Board would adopt a statewide policy on compliance schedules in 
NPDES permits that would require a discharger seeking a compliance schedule to 
demonstrate to the satisfaction of the Water Board that the discharger needs additional 
time to design and construct facilities or implement new or significantly expanded 
programs and secure financing, if necessary, to support these activities in order to 
comply with a permit limitation specified to implement a new, revised, or newly 
interpreted water quality standard.  In addition, the discharger must provide the 
following documentation: 
 
1) The results of a diligent effort to quantify pollutant levels in the discharge and the 

sources of the pollutant(s) in the waste stream;   
2) Documentation of source control efforts currently underway or completed, including 

compliance with any pollution prevention programs that have been established;   
3) A proposed schedule for additional source control measures or waste treatment;  
4) the discharge quality that can reasonably be achieved until final compliance is 

attained;  
5) A demonstration that the proposed schedule is as short as possible, taking into 

account economic, technical, and other relevant factors; and 
6) Additional information and analyses as determined by the Water Board on a case-

by-case basis.   
 
Alternative 8.d:  Specify application requirements based on the requirements in 
the San Diego Basin Plan.   
 
The State Water Board would adopt a statewide policy on compliance schedules in 
NPDES permits that would require a discharger seeking a compliance schedule to 
demonstrate to the satisfaction of the Water Board that the discharger needs additional 

65 

RB-AR11283



Final Staff Report, NPDES Compliance Schedule Policy, April 15, 2008 

time to design and construct facilities or implement new or significantly expanded 
programs and secure financing, if necessary, to support these activities in order to 
comply with a permit limitation specified to implement a new, revised, or newly 
interpreted water quality standard.  In addition, the discharger must provide the 
following documentation: 
 
1) The results of a diligent effort to quantify pollutant levels in the discharge and the 

sources of the pollutant(s) in the waste stream;  
2) Identification of the sources of the pollutant in the waste stream, documentation of 

source control efforts currently underway or completed, including compliance with 
any pollution prevention programs that have been established; 

3) A proposed schedule for additional source control measures or waste treatment 
needed to meet the water quality-based limitations;  

4) Evidence that the discharge quality is the highest that can reasonably be achieved 
until final compliance is attained;  

5) A demonstration that the proposed schedule is as short as practicable, taking into 
account economic, technical, and other relevant factors; and 

6) Additional information and analyses as determined by the Water Board on a case-
by-case basis.   

 
Alternative 8.e:  Specify application requirements based on the requirements in 
the North Coast Basin Plan. 
 
The State Water Board would adopt a statewide policy on compliance schedules in 
NPDES permits that would require a discharger seeking a compliance schedule to 
demonstrate to the satisfaction of the Water Board that the discharger needs additional 
time to design and construct facilities or implement new or significantly expanded 
programs and secure financing, if necessary, to support these activities in order to 
comply with a permit limitation specified to implement a new, revised, or newly 
interpreted water quality standard.  In addition, the discharger must provide the 
following documentation: 
 
1) A written request, and demonstration, with supporting data and analysis, that it is 

technically and/or economically infeasible to achieve immediate compliance with 
newly adopted, revised, or newly interpreted water quality objectives or criteria; 

2) Results of diligent efforts to quantify pollutant levels in the discharge and the sources 
of the pollutant in the waste stream;  

3) Documentation of source control efforts currently underway or completed, including 
compliance with any pollution prevention programs that have been established; 

4) A proposed schedule for additional source control measures or waste treatment; 
5)  the highest discharge quality that is technically and economically feasible to achieve 

until final compliance is attained; 
6) A demonstration that the proposed schedule of compliance is as short as technically 

and economically feasible; 
7) Data demonstrating current treatment facility performance to compare against 

existing permit effluent limits, as necessary to determine which is the more stringent 
interim limit to apply if a schedule of compliance is granted; and 
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8) Additional information and analyses, to be determined by the Water Board on a 
case-by-case basis. 

 
Alternative 8.f:  Specify application requirements based on a combination of all 
the various Basin Plan application requirements.   
 
The State Water Board would adopt a statewide policy on compliance schedules in 
NPDES permits that would require a discharger seeking a compliance schedule to 
demonstrate to the satisfaction of the Water Board that the discharger needs additional 
time to design and construct facilities or implement new or significantly expanded 
programs and secure financing, if necessary, to support these activities in order to 
comply with a permit limitation specified to implement a new, revised, or newly 
interpreted water quality standard.  In addition, the discharger must provide the 
following documentation: 
 
1) Diligent efforts have been made to quantify pollutant levels in the discharge and the 

sources of the pollutant in the waste stream, and the results of those efforts;  
2) Source control efforts are currently underway or completed, including compliance 

with any pollution prevention programs that have been established; 
3) A proposed schedule for additional source control measures or waste treatment;  
4) Data demonstrating current treatment facility performance to compare against 

existing permit effluent limits, as necessary to determine which is the more stringent 
interim limit to apply if a schedule of compliance is granted;  

5) The highest discharge quality that can reasonably be achieved until final compliance 
is attained;  

6) The proposed schedule is as short as practicable, given the type of facilities being 
constructed or programs being implemented, and industry experience with the time 
typically required to construct similar facilities or implement similar programs; and 

7) Additional information and analyses as determined by the Water Board on a case-
by-case basis.   
  

Recommended Alternative:  Alternative 8.f. 
 
Staff recommends that the State Water Board adopt Alternative 8.f.  This alternative is 
very similar to already existing regional compliance schedule provisions, while meeting 
the project goals of providing statewide uniformity in authorizing and implementing 
NPDES compliance schedules and providing a basis for equitable regulation.  By 
including a significant level of detail, it provides clear requirements for applying for a 
compliance schedule.    
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ISSUE 9: PERMIT REQUIREMENTS  
 
Existing Regulatory Conditions 
 
The federal CWA defines a compliance schedule as “a schedule of remedial measures 
including an enforceable sequence of actions or operations leading to compliance with 
an effluent limitation, other limitation, prohibition, or standard.” Implementing USEPA 
regulations further require that a compliance schedule that exceeds one year from the 
date of permit issuance include interim requirements and the dates for their 
achievement.  The time between interim dates must not exceed one year. 
 
USEPA has stated that inclusion of the entire compliance schedule as an enforceable 
provision of the NPDES permit (including all interim requirements and the final effluent 
limitation) will ensure that the permittee must meet all compliance schedule milestones 
and that the permit is consistent with the definition of compliance schedules in the CWA 
and federal regulation.   
 
USEPA approved the SIP’s compliance schedule provisions because they are 
consistent with comparable provisions in the CTR65.  Under the SIP, the compliance 
schedule must include a series of required actions to be undertaken for the purpose of 
compliance, along with a date for completing each task that reflects a realistic 
assessment of the shortest practicable time required.  The compliance schedule must 
also include a final compliance date.  If the final compliance date extends beyond the 
permit term, the final date and supporting explanation must be included in the permit 
findings.  The compliance schedule with interim requirements and dates and the final 
compliance deadline, if the final compliance date is within the permit term, must be 
incorporated into the NPDES permit as enforceable provisions. The interim 
requirements must state that the discharger shall notify the Water Board, in writing, no 
later than 14 days following each interim date, of its compliance or noncompliance with 
the interim requirements. 
 
Under the SIP, when a compliance schedule exceeds one year from the date of permit 
issuance, interim numeric limitations with specific compliance dates must also be 
included in the NPDES permit.  Numeric interim limitations for the pollutant must be 
based on current treatment facility performance or on existing permit limitations, 
whichever is more stringent.  If the existing permit limitations are more stringent, and the 
discharger is not in compliance with those limitations, the noncompliance under the 
existing permit must be addressed through appropriate enforcement action before the 
permit can be reissued, unless antibacksliding provisions are met.   
 
The San Francisco Bay Region’s Basin Plan does not specify permit requirements in its 
compliance schedule provisions.  The Central Valley Region’s provisions require that a 
compliance schedule include “…a time schedule for completing specific actions that 
demonstrate reasonable progress toward the attainment of the objectives or criteria and 
                                            
65 See 40 C.F.R. §131.38(e). 
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shall contain a final compliance date, based on the shortest practicable time 
(determined by the Regional Water Board) required to achieve compliance.”  The 
Santa Ana and San Diego Regions’ provisions are very similar to the Central Valley 
Region’s provisions, except that the San Diego Region’s Basin Plan provisions require 
that “…the findings of the NPDES requirements shall specify the final effluent 
limitations.”  
 
The Los Angeles Region’s Basin Plan further requires that interim limits be included in 
the compliance schedule: “The compliance schedule shall include a time schedule for 
completing specific actions (including interim effluent limits) that demonstrate 
reasonable progress toward attainment of the effluent limitations and, thereby, water 
quality standards.”  The North Coast Region’s provisions also require that interim limits 
be included in a compliance schedule. 
 
Alternatives for State Water Board Action  
 
Alternative 9.a:  Do not specify permit requirements. 
 
This alternative would leave it to the discretion of the Water Boards to specify permit 
requirements.  This alternative is similar to the San Francisco Bay Region’s Basin 
Plan’s provisions.  While allowing for Regional Water Board differences in establishing 
NPDES permits, this alternative would not meet the project goals of providing statewide 
uniformity in implementing NPDES compliance schedules; providing a basis for 
equitable regulation; and providing clear direction on the appropriate use of compliance 
schedules in NPDES permits. 
    
Alternative 9.b:  Specify permit requirements based on the SIP provisions. 
 
The State Water Board would adopt a statewide policy on compliance schedules in 
NPDES permits that would specify the following permit requirements: 
 
1) If the Water Board authorizes a compliance schedule in the permit, the Water Board 

shall include interim requirements and dates for their achievement. 
2) If the compliance schedule exceeds one year, the Water Board shall establish 

interim numeric limitations for the pollutant in the permit; and may also impose 
interim requirements to control the pollutant, such as pollutant minimization and 
source control measures.  Numeric interim limitations for the pollutant must be 
based on current treatment facility performance or on existing permit limitations, 
whichever is more stringent.  If the existing permit limitations are more stringent and 
the discharger is not in compliance with those limitations, the noncompliance under 
the existing permit must be addressed through appropriate enforcement action 
before the permit can be reissued, unless the antibacksliding provisions in 
CWA §402(o) are met. 

3) There shall be no more than one year between interim dates.  The interim 
requirements shall state that the discharger must notify the Water Board, in writing, 
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no later than 14 days following each interim date, of its compliance or 
noncompliance with the interim requirements. 

 
Alternative 9.c:  As Alternative 9.b, above, but require that the entire schedule be 
included as enforceable permit terms. 
 
The State Water Board would adopt a statewide policy on compliance schedules in 
NPDES permits that would specify the following permit requirements: 
 
1) If the Water Board authorizes a compliance schedule in the permit, the Water Board 

shall include interim requirements and dates for their achievement. 
2) If the compliance schedule exceeds one year, the Water Board shall establish 

interim numeric limitations for the pollutant in the permit; and may also impose 
interim requirements to control the pollutant, such as pollutant minimization and 
source control measures.  Numeric interim limitations for the pollutant must be 
based on current treatment facility performance or on existing permit limitations, 
whichever is more stringent.  If the existing permit limitations are more stringent and 
the discharger is not in compliance with those limitations, the noncompliance under 
the existing permit must be addressed through appropriate enforcement action 
before the permit can be reissued, unless the antibacksliding provisions in CWA 
§402(o) are met. 

3) There shall be no more than one year between interim dates. The interim 
requirements shall state that the discharger must notify the Water Board, in writing, 
no later than 14 days following each interim date, of its compliance or 
noncompliance with the interim requirements. 

4) The entire compliance schedule, including interim requirements and final permit 
limitations, shall be included as enforceable terms of the permit, whether or not the 
final compliance date is within the permit term. 

 
Alternative 9.c is based on the SIP provisions, but differs by requiring the entire 
compliance schedule to be included as enforceable terms of the permit whether or not 
the final compliance date is within the permit term.  This alternative also incorporates 
the compliance schedule provisions adopted by the North Coast and the Los Angeles 
Water Boards by requiring that interim limits be included in a compliance schedule.   
 
Alternative 9.d:  As Alternative 9.c, above, but do not require interim numeric 
limitations.  
 
The State Water Board would adopt a statewide policy on compliance schedules in 
NPDES permits that would specify the following permit requirements: 
 
1) If the Water Board authorizes a compliance schedule in the permit, the Water Board 

shall include interim requirements and dates for their achievement. 
2) There shall be no more than one year between interim dates. The interim 

requirements shall state that the discharger must notify the Water Board, in writing, 
no later than 14 days following each interim date, of its compliance or 
noncompliance with the interim requirements. 
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3) The entire compliance schedule, including interim requirements and final permit 
limitations, shall be included as enforceable terms of the permit, whether or not the 
final compliance date is within the permit term. 

 
This alternative is identical to Alternative 9.c above, except that interim numeric 
limitations are not required.  In this aspect, Alternative 9.d is similar to the provisions 
adopted by the Santa Ana, San Diego, and Central Valley Water Boards. 

 
Recommended Alternative:  Alternative 9.c. 
 
Staff recommends that the State Water Board adopt Alternative 9.c, above.  This 
alternative is very similar to the SIP compliance schedule provisions, but differs by 
requiring the entire compliance schedule to be included as enforceable terms of the 
permit, whether or not the final compliance date is within the permit term.  This 
alternative is consistent with USEPA’s current position that the entire compliance 
schedule should be included in the permit to ensure that the permit is consistent with 
the definition of a compliance schedule in the CWA and implementing regulations.  
 
Alternative 9.c provisions are also comparable to provisions adopted by the North Coast 
and Los Angeles Water Boards by stipulating that interim limitations must be included in 
the compliance schedule if the compliance schedule exceeds one year.  Alternatives 9.b, 
9.c, and 9.d all meet the project goals of providing statewide uniformity in authorizing 
and implementing NPDES compliance schedules and providing clear direction on the 
appropriate use of compliance schedules in NPDES permits.  However, staff believes 
that Alternative 9.c provides for more equitable regulation than Alternatives 9.b and 9.d 
because under Alternative 9.c the discharger is held accountable for meeting the interim 
numeric limitations in the compliance schedule.  The requirements that the discharger 
must meet are also more transparent to the discharger, the public, and the Water 
Boards under Alternative 9.c than under Alternative 9.b because the interim numeric 
limitations must be included as enforceable terms in the permit.  
 
 
6. RECOMMENDED ALTERNATIVES  
 
Alternatives  1.d, 2.c, 3.b, 4.c, 5.b, 6.a.2 and 6.b.2, 7.a, 8.f, and 9.c. 
 
These alternatives were chosen as recommended alternatives because they best meet 
the project goals of: 
 
1. Providing statewide uniformity in authorizing compliance schedules in NPDES 

permits;  
2. Providing statewide consistency in the implementation of these provisions; 
3. Providing a basis for equitable regulation; 
4. Improving use of stakeholder and Water Board resources better by providing clear 

guidance on the appropriate use of compliance schedules in NPDES permits. 
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The recommended alternatives also incorporates recommendations made by USEPA in 
a letter, dated October 31, 2007, that NPDES permits with compliance schedules 
include explanations as to why compliance schedules are appropriate and how they 
provide for achieving compliance with the permit’s final effluent limitations as soon as 
possible.   
 
The recommended alternatives have been incorporated into the proposed policy, which 
is shown in Appendix A of this document.  
 
 
7. ENVIRONMENTAL CONSIDERATIONS 
 
Introduction   
 
In California, protection of the quality of waters of the state is entrusted by law to the 
State Water Board and the nine Regional Water Boards.  As authorized by the Cal. Wat. 
Code, the State Water Board has adopted statewide water quality control plans and 
policies, such as the Ocean Plan and the SIP.  Consistent with and complementary to 
these statewide plans and policies, each Regional Water Board has adopted a Basin 
Plan that contains specific water quality standards and implementation provisions for its 
Region.  The Regional Water Boards are primarily responsible for implementing 
statewide water quality control plans and polices, and their individual Basin Plans.  
 
Under provisions of CEQA, certified state regulatory programs are exempt from certain 
CEQA requirements, including preparation of an initial study, negative declaration, and 
environmental impact report.   A certified program remains subject to other provisions in 
CEQA such as the policy of avoiding significant adverse effects on the environment 
where feasible.  (Cal. Code Regs., Tit. 14, §15250) 

 
The water quality planning process of the Water Boards, by which the boards prepare, 
adopt, review, and amend the statewide and regional water quality control plans and 
policies, has been certified by the Secretary for Resources.   While the planning process 
is exempt from certain CEQA requirements, it is subject to the substantive requirements 
in the Cal. Code Regs., Tit. 23, § 3777.  Section 3777 requires a written report that 
includes a description of the proposed activity, an analysis of reasonable alternatives, 
and an identification of mitigation measures to minimize any significant adverse 
environmental impacts.  Section 3777 also requires that the State Water Board 
complete an environmental checklist as part of the substitute environmental 
documentation.  This report and environmental checklist contained in Appendix D fulfill 
these requirements. 
 
Growth-Inducing Impacts   

 
The CEQA Guidelines66 provide the following direction for the examination of growth-
inducing impacts:  “Growth-Inducing Impact of the Proposed Project.  Discuss the ways 
                                            
66 Pursuant to Cal. Code Regs., Tit. 14, §15126.2(d). 
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in which the proposed project could foster economic or population growth, or the 
construction of additional housing, either directly or indirectly, in the surrounding 
environment.  Included in this are projects which would remove obstacles to population 
growth (a major expansion of a waste water treatment plant might, for example, allow 
for more construction in service areas).  Increases in the population may tax existing 
community service facilities, requiring construction of new facilities that could cause 
significant environmental effects.  Also discuss the characteristic of some projects which 
may encourage and facilitate other activities that could significantly affect the 
environment, either individually or cumulatively.  It must not be assumed that growth in 
any area is necessarily beneficial, detrimental, or of little significance to the 
environment.” 
 
The proposed actions contemplated are described in their entirety in Appendix A of this 
staff report.  Alternatives to these actions are analyzed in Chapter 5 above.  
Implementation of any of the proposed alternatives is not expected to induce additional 
growth as a result of perceived lessening of water quality protection requirements.   
 
Cumulative Impacts   
 
The CEQA Guidelines67 provide the following definition of cumulative impacts:  
 
“’Cumulative impacts’ refers to two or more individual effects which, when considered 
together, are considerable or which compound or increase other environmental impacts. 

(a) The individual effects may be changes resulting from a single project or a 
number of separate projects. 

(b) The cumulative impact from several projects is the change in the environment 
which results from the incremental impact of the project when added to other 
closely related past, present, and reasonably foreseeable probable future 
projects.  Cumulative impacts can result from individually minor but collectively 
significant projects taking place over a period of time.” 

 
The fundamental purpose of the cumulative impact analysis is to ensure that the 
potential environmental impacts of any individual project are not considered in isolation.  
Impacts that are individually less than significant on a project-by-project basis could 
pose a potentially significant impact when considered with the impacts of other projects.  
The cumulative impact analysis need not be performed at the same level of detail as a 
“project level” analysis but must be sufficient to disclose potential combined effects that 
could constitute a significant adverse impact.   
 
Implementation of any of the proposed alternatives is not expected to contribute to a 
significant environmental impact, either cumulatively or individually.  
 

                                            
67 Pursuant to Cal. Code Regs., Tit. 14, §15355. 
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Resolution of Environmental Checklist Items   
 
Pursuant to Cal. Code Regs., Tit. 23, §3777(a), an environmental checklist (see 
Appendix D of this staff report) was completed for evaluating potential environmental 
effects due to implementation of the proposed policy.  Staff found that there would be 
no adverse environmental impacts resulting from the actions proposed in the policy.  
    
Six Regional Water Boards have adopted compliance schedule authority into their Basin 
Plans, five of which have been approved by USEPA.  The proposed policy incorporates 
the effective dates of these authorities and there are only minor changes in the process 
outlined in the proposed policy and the existing Basin Plan compliance schedule 
processes. The only exception is that the Los Angeles Water Board does not allow an 
extension beyond the first permit cycle that includes a compliance schedule. Since the 
goal of the existing Basin Plan authorities and the proposed policy is to bring NPDES 
dischargers into compliance in the shortest time practicable, whenever there is a new, 
revised, or newly interpreted water quality standard, adding the allowance of an 
extension to the Los Angeles Water Board’s process will not have a significant effect on 
the environment. Furthermore, the proposed policy and the existing authorities all 
require that compliance be met within ten years after the adoption, revision, or 
interpretation of an applicable water quality standard. 
 
The proposed policy will only apply prospectively to the remaining Regional Water 
Boards, currently without compliance schedule provisions. They will have the choice of 
utilizing the policy or continue to adopt compliance schedules under enforcement 
orders. Again, the proposed policy will not result in any change to the physical 
environment. Whenever there is a new, revised, or newly interpreted water quality 
standard, existing NPDES dischargers need time to come into compliance, whether it 
be under a permit schedule or an enforcement order schedule. 
 
TMDLs typically incorporate implementation schedules with varying time schedules. The 
proposed policy does not change the existing practices and will not result in any change 
to the physical environment. 
 
Finally, from an environmental standpoint, the proposed policy is intended to ensure 
that new, revised, or newly interpreted water quality standards are met in the shortest 
time possible by existing NPDES dischargers. The proposed policy will not result in an 
adverse change to the environment. Instead, the proposed policy provides a process 
whereby existing NPDES dischargers can come into compliance with new, revised, or 
newly interpreted water quality standards, and thereby improve the water quality of the 
state. 
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8. ECONOMIC CONSIDERATIONS 
 

The adoption of this proposed policy will not result in any additional economic burden 
for dischargers.  Actions taken by the discharger to comply with a compliance schedule 
issued in NPDES permit requirements will be the same actions taken to comply with a 
time schedule issued in an enforcement order.  In fact, the dischargers may realize a 
net economic benefit if mandatory minimum penalties are avoided because a Water 
Board is not required to make a finding of violation as a prerequisite to incorporating 
compliance schedules in NPDES permit requirements.    
 
 
9. STAFF RECOMMENDATION   
 
 
Staff recommends that the State Water Board adopt Resolution No. 2008-xxx (see 
Appendix A of this document), which incorporates all the recommended alternatives 
described in Chapter 5 of this Staff Report.  
 
The proposed Policy authorizes compliance schedules for existing dischargers in all 
NPDES permits adopted by the Water Boards that must comply with CWA § 
301(b)(1)(C).  The proposed Policy supersedes all existing provisions authorizing 
compliance schedules with the exception of:  (1) existing compliance schedule 
provisions in TMDL implementation plans in Basin Plans that are in effect as of the 
effective date of the proposed Policy; and (2) the provisions authorizing compliance 
schedules for CTR criteria in the SIP.  The proposed Policy authorizes a Water Board to 
include a compliance schedule in a permit for an existing discharger to implement a 
new, revised, or newly interpreted water quality objective or criterion in a water quality 
standard that results in a permit limitation more stringent than the limitation previously 
imposed.   
 
Existing compliance schedules in permits that are in effect on the effective date of the 
Policy are not required to be modified to comply with the proposed Policy.  However, 
under no circumstances may a compliance schedule that is in effect on the effective 
date of the Policy exceed ten years from the initial date that the compliance schedule 
was first included in the permit, except where the compliance schedule is consistent 
with the wasteload allocations and implementation schedule or compliance schedule in 
a TMDL, which was approved by USEPA under Clean Water Act §303(c). 
 
A discharger who seeks a compliance schedule must demonstrate to the satisfaction of 
the applicable Water Board that additional time is needed to implement actions such as 
designing and constructing facilities or implementing new or significantly expanded 
programs and securing financing, if necessary, to comply with a more stringent permit 
limitation specified to implement a new, revised, or newly interpreted water quality 
objective or criterion in a water quality standard.  If the Water Board determines that an 
existing discharger has met the application requirements for a compliance schedule, 
then the Water Board has the discretion to include an appropriate schedule in the 
NPDES permit.   
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A compliance schedule must include interim requirements and dates for their 
achievement and, if the compliance schedule exceeds one year, must also include 
interim numeric limitations for the pollutant.  Numeric interim limitations for the pollutant 
must be based on current treatment facility performance or on existing permit 
limitations, whichever is more stringent. The entire compliance schedule, including 
interim requirements and final permit limitations, must be included as enforceable terms 
of the NPDES permit. 
 
Any compliance schedule must require compliance as soon as possible. The proposed 
Policy specifies that, in general, the duration of the compliance schedule may not 
exceed ten years from the date of adoption, revision, or new interpretation of the 
applicable water quality objective or criterion in a water quality standard.  However, an 
extended compliance schedule may be established in a permit that has a permit 
limitation that implements waste load allocations specified in a TMDL.  Water Boards 
must document in the permit findings that the compliance schedule is necessary and 
that the schedule requires compliance as soon as possible.  The permit fact sheet must 
adequately describe the basis for these findings. 
 
Nothing in this proposed policy prevents a Water Board from requiring immediate 
compliance with NPDES permit limitations if a Water Board finds that immediate 
protection of beneficial uses of waters of the United States or California is in the best 
interest of the people of the state.  However, in such an event, the Water Board shall 
make a finding stating the beneficial uses and specific interests of the people of the 
state that are being protected or promoted.  Water Boards retain the discretion to issue 
an enforcement order with a time schedule, to compel compliance when the discharger 
has not acted responsibly to achieve compliance.     
 
Issuance of compliance schedules in NPDES requirements would not limit public 
participation and comment on proposals to allow a compliance schedule in NPDES 
permit requirements rather than take an enforcement action to achieve compliance with 
water quality objectives.  Consideration of the terms and conditions of NPDES permit 
requirements, including any proposed compliance schedules, must occur at a public 
hearing.  The public would be able to comment not only on the propriety of granting a 
compliance schedule, but also on the interim limits, the duration of the compliance 
period, and whether the discharger made the appropriate showing that the compliance 
schedule was as short as practicable taking into account the relevant factors.   
 
Further, the administrative and judicial remedies afforded under the Cal. Wat. Code 
remain fully available to those who object to a Water Board’s issuance of a time 
schedule in NPDES permit requirements.  In addition, this policy would not limit a 
Regional Water Board’s ability to take any enforcement action authorized by law for 
violations of the terms and conditions of NPDES permit requirements.  Because a 
compliance schedule is part of NPDES permit requirements, citizens may still bring an 
enforcement action pursuant to CWA §505 if a discharger does not meet a compliance 
schedule.   
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COMMENTS LISTED BY ISSUE: 
 
A. General Comments  
 
Comment A.1:  
We support the proposed Policy because it is all encompassing and it incorporates the best 
pieces of the existing compliance schedules from the various Regional Water Boards. 
(Comment letter 3.01). 

 
Response A1:   
The support for the proposed Policy is appreciated.  Staff sought input from all the Regional 
Water Boards with the goal of incorporating the best pieces of the existing compliance 
schedules from the various regional Basin Plans. 
 
Comment A.2:  
We commend the State Water Board for its thoughtful and comprehensive NPDES compliance 
schedule provisions and agree that a consistent approach to authorizing compliance schedules 
is desirable to promote certainty and to conserve State and federal resources. 
 
Response A2:   
Comment noted. The support for the proposed Policy is appreciated.   
 
Comment A.3: 
We support the intent of the Policy, which is to provide a fair and consistent statewide policy for 
including compliance schedules in NPDES permits.  Furthermore, we strongly support the use 
of compliance schedules as an effective tool to provide permittees with sufficient time to bring 
their facility/operations into compliance with water quality-based limitations while assuring that 
appropriate water quality objectives are achieved and that beneficial uses of the waters of the 
state are protected.  In addition, they assure both the public and the regulated community that 
reasonable and necessary controls will be implemented in a timely and cost-effective fashion, 
thus conserving state and federal resources. (Comment letters 5.01, 8.01, and 11.01).  
 
Response A.3: 
The support is appreciated.  Staff agrees that the use of NPDES compliance schedules can be 
an effective compliance tool for the reasons stated by the commenters.  
 
Comment A.4: 
I strongly recommend that the State Water Board not adopt the proposed Policy, after reading 
that NPDES compliance schedules are discretionary tools and that enforcement orders can still 
do the job, that wetlands protection has been diminished, that California has the highest 
percentage of facilities exceeding their permit limits, that the Regions who would be most 
affected by the Policy were the Regions currently without compliance schedule authorization, 
and that the Policy is modeled on the Los Angeles Basin Plan when facilities in that Region has 
some of the worst compliance rates in the country. (Comment letter 15.01).  
 
Response A.4: 
Comment noted. The commenter is correct that that compliance schedules can be issued to 
NPDES permittees in enforcement orders, even if the proposed Policy is not adopted by the 
State Water Board.  An enforcement order is an effective compliance tool that is already 
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currently available to all Regions, even those Regions without specific NPDES compliance 
schedule authorizations in their Basin Plans.  An enforcement order is, however, not part of a 
NPDES permit, so even if a permittee is operating fully within the constraints of the enforcement 
order, the permittee is considered in violation of the NPDES permit until final permit limitations 
are met. This can potentially lead to penalties, citizen’s suits and lowered bond ratings for the 
permittee, even if the permittee is moving towards permit compliance as soon as possible.  
While the proposed Policy would not affect the Water Boards’ ability to impose enforcement 
orders where needed, the proposed Policy would give the Water Boards without current NPDES 
compliance schedule authorization the additional option (under certain prescribed 
circumstances) of including compliance schedules within the NPDES permits themselves.  The 
proposed Policy would furthermore provide statewide uniformity to the authorization and 
implementation of NPDES compliance schedules throughout the Regions, thus providing 
greater regulatory clarity for the public, dischargers and regulators alike.  Also, because the 
proposed Policy requires the permittee to be in compliance with water quality standards (WQS) 
“as soon as possible”, staff does not believe that the proposed Policy would lead to a greater 
percentage of facilities exceeding their final permit limits.  In addition, by authorizing compliance 
schedules in NPDES permits, more NPDES permittees would actually be expected to be in 
compliance with their permits since the NPDES compliance schedule is required to be 
incorporated as enforceable terms in the permit itself.  Staff therefore recommends that the 
State Water Board adopt the proposed Policy. 
 
Comment A.5: 
We recognize the challenge of developing a consistent statewide policy for compliance 
schedules, while trying to reconcile the various existing Basin Plan compliance schedules 
provisions. Nevertheless, it appears that the Proposed Policy seeks to take the most restrictive 
provisions from the various Basin Plans and collectivize them into a single, extremely restrictive 
policy that is likely to have many substantial negative consequences for municipal wastewater 
treatment agencies.  The proposed Policy could place NPDES permittees in jeopardy of non-
compliance with future NPDES permit limits, and therefore expose them to unwarranted 
monetary penalties and third-party "citizen suits”.  (Comment letter 16.01).  
 
Response A.5: 
While staff agrees that the proposed policy is more restrictive than some of the compliance 
schedule provisions in the regional Basin Plans, staff does not agree that the Policy is extremely 
restrictive.  In fact, several of the Regions have more restrictive existing provisions and three 
Regions do not authorize compliance schedules at all.  Staff believes that the proposed Policy 
strikes an appropriate balance between providing firm guidance, yet allowing needed flexibility.  
Staff does agree that the Policy places NPDES permittees in jeopardy of non-compliance with 
future NPDES permit limits; furthermore, NPDES compliance schedules are a discretionary 
regulatory tool that is not appropriate for all permittees. 
 
Comment A.6: 
The Policy should ensure that compliance schedules are not used simply to shield dischargers 
from liability while failing to bring timely compliance with WQBELs. While we commend the Draft 
Staff Report's recognition that compliance schedules must not be automatically granted, but 
must instead be narrowly issued to only to dischargers that meet the policy's terms, the 
proposed Policy is not adequate in this regard.  The new policy must be sufficiently narrowly 
framed to avoid past, proven abuses of such compliance schedules.  Decisive State Water 
Board action giving firm guidance to the Regional Water Boards on proper issuance of 
compliance schedules is obviously needed.  We request that the proposed Policy either be 
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rejected in light of the illegality of compliance schedules, or at a minimum be amended as 
recommended.  (Comment letter 7.03).  
 
Response A.6: 
Comment noted. Staff believes that the proposed Policy strikes an appropriate balance between 
providing firm guidance, yet allowing needed flexibility. (See also comment A.4 above and the 
corresponding staff response). 
 
Comment A.7:  
What is meant by the wording "Compliance are discretionary tools, not mandatory”? Compliance 
is already written into the State Regulations, and enforcement order does not say NPDES.  It 
sounds like you are grandfathering in the last six Regions out of the nine that are noncompliant, 
rather than imposing enforcement measures for failure to comply.  And who are the 
stakeholders, you refer to? (Comment letter 14.01).  
 
Response A.7: 
Staff did not find the wording referred to by the commenter in either the proposed Policy, fact 
sheet or Draft Staff Report, but believes that the commenter may have misunderstood the 
following wording in the fact sheet “Both federal and state law recognize compliance schedules 
as a discretionary regulatory tool for bringing NPDES dischargers into compliance with new, 
revised, or newly interpreted WQS, without being in violation of their permit.”  Staff agrees that 
compliance with applicable WQSs is mandatory; however, NPDES compliance schedules are 
discretionary regulatory tools, which means that a Water Board are not obligated to issue 
NPDES compliance schedules even where a discharger meets all requirements, but may 
choose another regulatory option, such as issuing an enforcement order, instead. Also, because 
the proposed Policy requires the permittee to be in compliance with WQS “as soon as possible”, 
staff does not believe that the proposed Policy would lead to a greater percentage of facilities 
exceeding their final permit limits or being out of compliance with their permit.   
 
Staff did not refer to “stakeholders” in the Policy or fact sheet, but this term is often used to refer 
to people interested in or affected by an action. 
 
Comment A.8: 
Regarding “making the discharger vulnerable to mandatory minimum penalties (MMPs) under 
certain circumstances and citizen lawsuits - compliance is very dear to my heart. The lack of 
enforcement by the State Water Board has caused the drinking water for the Sepulveda Basin, 
Simi Valley and Ventura County to be contaminated.  The failure to enforce water regulations 
has caused my family to suffer grievous hardship and harassment by simply reporting this 
noncompliance to the State Water Board.  I personally would like to see compliance be 
enforced.  I am in opposition to just slapping the violators on the hand! (Comment letter 14.02).  
 
Response A.8: 
Staff agrees that ensuring that dischargers comply with applicable WQSs is of utmost 
importance.  However, a discharger may not be able to comply with a new, revised, or newly 
interpreted criteria or objective immediately, because, for instance, a new facility must first be 
built or a new program implemented to treat the effluent.  This Policy is not intended in any way 
to shield dischargers from complying with WQSs; it is intended to allow a discharger (where a 
Water Board consider it appropriate) a specific period of time to comply that is as short as 
possible without being subject to enforcement proceedings.   
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Comment A.9: 
We commend the State Water Board for reviewing California's current patchwork of compliance 
schedules policies. These policies vary widely, leading to confusion for permit writers, regulated 
dischargers, public interest organizations, and other members of the public.  More significantly, 
they also have led to a significant number of illegal actions by permit writers to extend the dates 
for dischargers to comply with WQBELs and thus to delay the dates for achieving the State's 
basic standards for clean water.  Indeed, a 2007 U.S. Environmental Protection Agency 
(USEPA) audit concluded that the Regional Water Boards had failed to comply with federal law 
in issuing compliance schedules in every single NPDES permitting action.

   
The State Water 

Board found that the San Francisco Regional Water Board issued specious compliance 
schedules after being forced to take up the issue on its own motion.  The State Water Board 
must curb the abuse of compliance schedules fostered by the current confusing web of state 
policies by adopting a single, consistent policy that complies with both state and federal laws. 
(Comment letter 7.01).  
 
Response A.9: 
Staff disagrees with the statement that the 2007 USEPA audit concluded that the Regional 
Water Boards had failed to comply with federal law in issuing compliance schedules in every 
single NPDES permitting action; however, staff believes that Regional Water Boards had failed 
to document the justification for a compliance schedule in some of the permits. Staff agrees that 
a statewide consistent compliance schedule policy is needed to provide uniform authorization 
and clear guidance on implementation, and further believes that the proposed Policy provides a 
fair and consistent statewide policy for including compliance schedules in NPDES permits.

 

 
Comment A.10: 
We support adoption of a statewide policy on NPDES compliance schedules because a uniform 
statewide policy on compliance schedules will bring consistency to the state's NPDES program 
and because a statewide policy will allow for compliance schedules in regions where there is no 
current explicit authorization for such schedules. The availability of compliance schedules is 
critically important to the Publicly Owned Treatment Works (POTW) community, as it is often 
physically impossible for a POTW to meet adopted, revised, or newly interpreted WQSs at the 
time a new permit limit becomes effective.  In the absence of a NPDES compliance schedule, a 
POTW can only be given time to comply through an enforcement order such as a Time 
Schedule Order (TSO) or a Cease and Desist Order.  Issuance of such an order does not shield 
the POTW from citizen suits pursuant to the CWA, even if the POTW is in full compliance with 
the order. (Comment letter 12.01). 
 
Response A.10: 
Please see responses to comment A.2 and A.3. 
 
Comment A.11: 
Why can’t the State Water Board wait to implement this statewide policy until May 18, 2010, 
when the Policy for Implementation of Toxics Standards for Inland Surface Waters, Enclosed 
Bays, and Estuaries of California (SIP) expires?  A statewide compliance schedule policy should 
have been hashed out back in 2000, not two years before the SIP expires; then the Regional 
Water Boards would all have been on the same page now.  If the proposed Policy is adopted, I 
recommend that all Regional Basin Plans include the type of descriptive detail that the San 
Diego Water Board put in its amendment to reach the “equitable regulation” goal. (Comment 
letter 15.13). 
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Response A.11: 
Staff agrees that it would have been beneficial to have adopted this Policy back in 2000, as the 
Regional Water Boards would have been saved the work of adopting individual compliance 
schedule provisions into their Basin Plans, all Regional Water Boards would have been 
consistently authorizing and implementing compliance schedules, and there would have been 
no need to adopt the proposed Policy now.  However, back in 2000 the immediate need was for 
compliance schedule provisions to implement the new California Toxics Rule (CTR) criteria.  A 
more encompassing statewide policy was envisioned to be adopted at a later date (though 
earlier than 2008).  The State Water Board could wait to implement the proposed Policy until 
May 18, 2010, when the SIP compliance schedule provisions expires, but there would be no 
advantage to waiting since the proposed Policy does not apply to CTR constituents. 
 
Staff did pattern some of the language in the proposed Policy after the San Diego Water Board 
compliance schedule amendment, but used language from all the Regional Water Board’s 
compliance schedule provisions. See also the response to Comment A.1. 
 
Comment A.12:  
We believe that the CWA requires that WQBELs be immediately effective and enforceable, and 
compliance schedules cannot legally delay the effective date of WQBELs.  The Draft Staff 
Report references an administrative decision, In the Matter of Star-Kist Caribe, that concluded 
that compliance schedules can delay the effective date of a WQBEL so long as the WQBEL is 
derived from a WQS set after 1977. However, this decision conflicts not only with the plain 
meaning of the CWA, but also with its applicable legislative history and relevant federal court 
case law - all of which trump the administrative decision. Numerous courts have held that 
neither the USEPA nor the states have authority to extend the deadlines for compliance 
established by CWA section 301(b)(1).  The fact that Congress explicitly authorized certain 
extensions of CWA section 301(b)(I)(C)'s deadline indicates that it did not intend to allow others 
which it did not explicitly authorize (see United States v. Homestake Mining Co.).  The proposed 
Policy should be revised to make it clear that WQBELs are enforceable from the date of permit 
issuance.   Any issued compliance schedules must be limited to specifying the remedial actions 
that a permittee must take to comply with these WQBELs, within the time frame of the permit.  
The Regional Water Boards could issue administrative enforcement orders/TSOs instead that 
give the dischargers a reasonable schedule for implementing the actions needed to comply with 
WQBELs. (Comment letter 7.02).  
 
Response A.12: 
Staff disagrees.  USEPA has long taken the position that the Clean Water Act (CWA) authorizes 
the states to adopt compliance schedule provisions for WQSs that are adopted, revised, or 
newly interpreted after July 1, l977.  Consistent with this position, USEPA has approved 
compliance schedule authorization provisions in regional water quality control plans and the 
State Water Board’s Policy for Implementation of Toxics Standards for Inland Surface Waters, 
Enclosed Bays, and Estuaries of California.  In addition, USEPA has itself authorized use of 
compliance schedules in NPDES permits to meet permit limitations based on new or revised 
criteria adopted by the agency.  See Great Lakes Water Quality Guidance (40 C.F.R. part 132, 
appendix F, procedure 9.B.2), the CTR (40 C.F.R. §131/38(e)(7)), and the BEACH Act Rule (40 
C.F.R. §131.41(f)(7)).  See also the enclosure to USEPA’s letter to Tom Howard, Acting 
Executive Director, State Water Board, from Alexis Strauss, Director, Water Division (November 
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29, 2006) and Communities for a Better Environment v. State Water Resources Control Board 
(2005) 132 Cal. App. 4th 1313 [34 Cal. Rptr. 3d 396]. 
 
Comment A.13:  
Staff's rationale for compliance schedules is improper. Three reasons are offered in the Draft 
Staff Report for granting compliance schedules which delay the effective, enforceable date of 
WQBELs: (I) insulating dischargers from CWA citizen suits, (2) insulating dischargers from 
MMPs, and (3) avoiding a negative perception of the discharger as a CWA violator. Though the 
Draft Staff Report does not say so, such compliance schedules also insulate dischargers from 
enforcement by the USEPA.  None of these purposes are legitimate or lawful, however, and all 
directly prevent the Water Boards from achieving their mandate of ensuring fishable, swimmable 
waters - by 1983.  By blocking USEPA and citizens groups from lawfully seeking court 
enforceable orders directing dischargers to comply with clean water laws, such compliance 
schedules rob EPA and citizens of the oversight tool and stakeholder status that Congress 
intended for them to have.  The Regional Water Boards also have typically justified compliance 
schedules as a means to promote discharger compliance. Making a law more lax certainly 
makes it easier to comply with, but hardly advances the purposes of that law. Congress 
mandated that WQBELs must be set at a level necessary to ensure WQS attainment regardless 
of economic and technological restraints. (Comment letter 7.06). 
 
Response A.13: 
We disagree.  Authorizing compliance schedules in appropriate cases is a fair and equitable tool 
to bring dischargers into compliance.  Further, USEPA is in agreement as evidenced by the 
inclusion of compliance schedule authorizing provisions in the BEACH Act Rule, the Great 
Lakes Guidance, and the CTR.   
 
Comment A.14:  
Since California Water Code section 13360 precludes the Regional Water Board from specifying 
the manner of compliance, we request that Resolve 7 of the proposed Policy be modified as 
follows: "This Policy authorizes a Water Board to include a compliance schedule in a permit for 
an existing discharger to implement a new, revised, or newly interpreted water quality standard 
where the Discharger, following the compliance schedule application requirements 
referenced in Resolve 3, has demonstrated to the satisfaction of the Water Board that a 
compliance schedule is warranted per the Policy, the Water Board determines that the 
discharger must design and construct facilities or implement new or significantly expanded 
programs and secure financing, if necessary, to support these activities in order to comply with 
a permit limitation specified to implement the standard.”  (Comment letter 3.08).  
 
Response A.14: 
To clarify that the Water Boards are not specifying the manner of compliance with permit 
limitations, staff has revised the wording of this paragraph to authorize a compliance schedule 
where the discharger “has demonstrated that the discharger needs additional time to implement 
actions to comply with the limitation.  These actions may include, but are not limited to, 
designing and constructing facilities . . . .” 
 
Comment A.15:  
Finding 1 of the proposed Policy says the State Water Board is designated as the state water 
pollution control agency for all purposes under the federal CWA. However, some agencies (e.g. 
the Board of Forestry) are also designated management agencies for certain CWA purposes. 
This ambiguity could be clarified. (Comment letter 17.03). 
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Response A.15: 
The language for Finding 1 is taken from Water Code section 13160.  The suggested 
clarification is not relevant to this proposed Policy. 
 
Comment A.16:  
Compliance schedules are only available for use if authorized in State WQSs and/or 
implementing regulations, as discussed in “In the Matter of Star-Kist Caribe, Inc.”  We therefore 
recommend the State Water Board clarify how the new compliance schedule policy complies 
with this aspect of the Star-Kist decision. (Comment letter 17.02). 
 
Response A.16: 
The proposed compliance schedule policy is a state policy for water quality control.  The 
regulatory provisions of the policy must be approved by the state Office of Administrative Law 
under the California Administrative Procedure Act.  Once approved by the California Office of 
Administrative Law, the policy will become part of the state’s approved regulations. 
 
Comment A.17:  
None of the Regional Water Boards are comprehensively tracking how many compliance 
schedules they have issued nor assessing in any fashion the cumulative impact of such 
compliance schedules on the waters in their jurisdiction.  Our citizen database represents the 
only information that the Water Boards has on the cumulative issuance of compliance schedules 
statewide.  Our database indicates that the Regional Water Boards are making very widespread 
use of compliance schedules, and that the majority of the dischargers with compliance 
schedules discharge to CWA section 303(d) listed waters. Thus, many compliance schedules 
are legalizing discharges which are adding to the pollution woes of waters that the State 
officially recognizes to be impaired (more than 2000 instances). This is a recipe for adding more 
impaired waters and thus the need to develop Total Maximum Daily Loads (TMDLs).  
Accordingly, the State Water Board should be very hesitant to continue an approach likely to 
add to the number of impaired waters in California.  (Comment letter 7.05). 
 
Response A.17:  
The only import of the compliance schedule policy is to authorize a compliance schedule in a 
permit, as opposed to a schedule in a separate enforcement order.  If a new, revised, or newly 
interpreted water quality objective or criterion results in a more stringent permit limitation with 
which the permittee cannot comply, the permittee will necessarily need time to come into 
compliance.  The permittee’s inability to comply immediately is not due to any compliance 
schedule but rather is a reflection of reality.  As such, staff does not agree that proposed Policy 
is likely to add to the number of impaired waters in California.  In fact, the proposed Policy 
requires that water quality-based limitations be met “as soon as possible”.  Tracking of the 
number of compliance schedules issued is currently performed by the individual Regional Water 
Boards that have compliance schedule authorizations in the Basin Plans. 
 
B. Scope  
 
Comment B.1:  
We support the recommended Alternative 1.d in the Draft Staff Report, in which the compliance 
schedule policy supersedes compliance schedule provisions in all regional and statewide plans 
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and policies, with the exception of effective TMDLs in the Basin Plans and the SIP. (Comment 
letter 11.02). 
 
Response B.1:   
Comment noted.  The support for the recommended alternative is appreciated. 
 
Comment B.2:  
We believe that the Policy should supersede compliance schedule provisions in all regional and 
statewide plans and policies, including the SIP, and also address issuance of compliance 
schedules for effective TMDLs.  It would provide better guidance to all stakeholders if there was 
but a single umbrella statewide compliance schedule policy.  However, compliance schedules 
for WQBELs derived from the CTR should not be permissible, or at the very least, not allowed to 
extend past May 18, 2010.  We see no reason not to treat a TMDL as the equivalent of a new 
WQS and apply the same rules (e.g., compliance schedules can last no more than five years 
from the date the TMDL was adopted). (Comment letter 7.07). 
 
Response B.2: 
Staff considered the option of superseding the SIP in the Draft Staff Report and addressing 
issuance of compliance schedules for permit limitations based on existing CTR constituents.  
However, because the CTR and the SIP has been in effect since 2000, all NPDES permits 
should have been reissued during this timeframe (given five-year permit terms) and all NPDES 
permittees should either already be meeting the CTR criteria or have compliance schedules in 
place that requires compliance with the existing CTR criteria no later than May 18, 2010 (which 
is not far off).  Staff does not generally believe that it is good use of Regional Water Board 
resources, nor fair to permittees, to reopen permits with existing compliance schedules for the 
sole purpose of ensuring that these schedules meet all requirements of the proposed Policy.  
Also, because SIP requirements are very similar to the proposed Policy’s requirements, there 
would be little to gain by doing so.  The Policy does, however, apply to CTR criteria that are 
revised by the USEPA after the effective date of the Policy.  If a Water Board adopts a 
substantially different objective for one of the existing CTR constituents, the proposed Policy 
would also apply.   
 
The proposed Policy also does not supersede existing compliance schedule authorizations 
included in TMDLs (in Basin Plans) that are in effect on the effective date of the Policy.  
However, the proposed Policy states that the compliance schedule included in the NPDES 
permits for the individual permittees cannot extend beyond the implementation schedule 
provided in the TMDL and must be as short as possible (this would vary depending on the 
individual permittees’ situation).  The supporting documentation for the TMDL itself should 
provide the reason for why the water body is not meeting WQSs and why a longer time 
timeframe (than otherwise provided) may be needed for compliance.  Often, the implementation 
of a TMDL demands complex regulatory solutions, which may take longer to implement. 
  
Comment B.3:  
We support Alternative 1.b in the Draft Staff Report, which would not affect those Regions with 
existing NPDES compliance schedule authorization in their Basin Plan.  We have serious 
concerns about any policy that would nullify regional approaches that were carefully crafted in a 
public process with substantial stakeholder input and resources and have been approved by the 
USEPA.  We question the need for a new and, in most instances, more restrictive, statewide 
policy.  (Comment letters 2.01, 4.01, and 9.04). 
 

9 

RB-AR11307



FINAL 
Response B.3: 
It is a policy decision as to whether the proposed Policy should supersede existing compliance 
schedule provisions in the Basin Plans.   However, the State Water Board has stated that 
statewide, uniform provisions authorizing compliance schedules are needed in order to make 
better use of discharger, interested party, and Water Board resources.  On this basis, staff 
selected Alternative 1.d in the Draft Staff Report as the alternative that best met these goals. 
 
Comment B.4:  
We are concerned that the proposed Policy would invalidate existing compliance schedules 
contained in NPDES permits already adopted by Regional Water Boards under existing Basin 
Plan compliance schedule provisions.  Arguably, a third party could request that such permits 
be reopened and modified to comport with the proposed Policy.  We believe this issue could 
easily be resolved in one of two manners: (1) adopt Alternative1b in the Draft Staff Report which 
makes the proposed Policy applicable only to those Regions that have not yet adopted 
compliance schedule provisions into their Basin Plans; or (2) add a separate section that 
specifically provides the proposed Policy is applicable only to permits adopted after the 
proposed Policy is adopted by the State Water Board. (Comment letters 2.05 and 4.07). 
 
Response B.4: 
 
Staff does not generally believe that it is good use of Water Board resources, nor fair to 
permittees, to reopen permits with existing compliance schedules for the sole purpose of 
ensuring that these schedules meet all requirements of the proposed Policy.  Staff is therefore 
proposing to add a clause to the Policy (a new Resolve 3) that specifically states that “The 
Policy shall not apply to existing compliance schedules in permits that are in effect on the 
effective date of the Policy.  Under no circumstances, however, can a compliance schedule that 
is in effect on the date of the Policy exceed ten years from the initial date that the compliance 
schedule was first included in the permit.”   See also response to Comment B.3. 
 
C. Duration and Deadline 
 
We prefer a maximum duration of five years or less: 
 
Comment C.1:  
Even if the Water Boards could delay the effective date of some WQBELs, they cannot delay 
the effective date of WQBELs derived from the CTR.   Pursuant to 40 C.F.R. section 
131.38(e)(8), the CTR compliance schedule authorization expressly expired on May18, 2005.  
The State Water Board may contend that the USEPA Federal Register Preamble effectively 
extended this compliance schedule authority by observing "[I]f the State Water Board adopts, 
and USEPA approves, a statewide authorizing compliance schedule provision significantly prior 
to May 18, 2005, USEPA will act to stay the authorizing compliance schedule provision in 
today's rule."  It is true that the State Water Board subsequently adopted the SIP, which 
provides for WQBEL-delaying compliance schedules without imposing a May 18, 2005 cutoff.  
However, USEPA has not acted to stay 40 C.F.R. section I31.38(e)(8) by the only means it can 
lawfully do so: notice and comment rulemaking that amends 40 C.F.R. section 131.38(e)(8).  
Without such a rulemaking, 40 C.F.R. section 13138(e)(8) remains the law, and it unequivocally 
ends authorization to issue compliance schedules for CTR-based effluent limitations on May18, 
2005.  (Comment letter 7.04).  
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Response C.1: 
The proposed Policy does not apply to CTR criteria.  Consequently, this comment is not within 
the scope of this proposed action. 
 
Comment C.2: 
We agree with the Draft Staff Reports' recommendations that compliance schedules should not 
be allowed to last longer than a specified number of years from the date of permit issuance or 
from the date that WQS are adopted (but not merely reinterpreted).  However, the suggested 
time frames are unduly lenient.  Given the adverse environmental consequences of delaying the 
effective date of WQBELs, and the preclusion of citizen and agency enforcement options 
perpetrated by WQBEL-delaying compliance schedules, such compliance schedules should be 
strictly limited to no more than five years from the date of NPDES permit issuance or five years 
from the date a WQS is issued, whichever comes first.  After a WQS is issued, all affected 
dischargers are effectively put on notice of what their final WQBELs will be once their permits 
are renewed given that WQBELs must be derived from the WQS.  Five years is long enough to 
give dischargers to comply with new WQS. (Comment letter 7.08). 
 
Response C.2: 
Staff believes that five years is in most cases sufficient time for a permittee to comply with a 
more stringent permit limitation implementing a new, revised or newly interpreted objective or 
criterion.  However, additional time may in some cases be needed for very complex or large 
projects.  Unforeseen circumstances beyond the control of the discharger may also prevent 
compliance with final permit limitations within five years, even though the discharger has met 
the conditions of the permit up to that point.  Staff further believes that while a discharger can 
immediately take steps to assess levels of the applicable pollutant in the influent and effluent 
and embark on source control measures if needed, that in some cases it can nevertheless be 
difficult for a discharger to accurately calculate what a future permit limitation would be based 
solely on the new WQS.  The limitation could be affected by calculation methods, averaging 
period, mixing zones, hardness, pH, etc.  Thus, staff believes that it may be too restrictive to 
require that WQSs be fully met five years from the date a WQS is issued.  The maximum 
duration of a NPDES compliance schedule is largely a policy decision for the State Water Board 
to make.  Based on public comments stating that more than five years may be needed for 
compliance in some cases, the State Water Board directed staff at the March 18, 2008 Public 
Hearing to change the proposed Policy to allow for a ten-year compliance period, but stressing 
that the Water Boards must require NPDES permittees to comply as soon as possible given the 
adverse environmental consequences of not meeting WQS. 
 
Comment C.3:  
I support Alternative 2.a of the Draft Staff Report (a maximum of five years). (Comment letter 
15.04). 
 
Response C.3: 
Please see response to Comment C.2. 
 
We prefer a maximum duration of five years or longer: 
 
Comment C.4:  
The wording "unforeseen circumstances beyond the control of the discharger" needs to be 
better defined. Dischargers need to have some confidence that compliance schedules for 
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certain situations that would require extensive design and construction would be allowed more 
time than just one permit term. (Comment letter 11.04). 
 
Response C.4: 
Please see response to Comment C.2.   
 
Comment C.5:  
We are concerned that the policy does not allow sufficient flexibility for small, disadvantaged 
communities (SDCs) that may have difficulty raising resources to upgrade treatment plants.  
Often, SDCs cannot increase fees and taxes to cover necessary wastewater treatment plant 
upgrades and expansions and need grants and loans in order to afford planning and 
construction. Financial assistance is highly competitive and there are no assurances that these 
communities will successfully obtain funds within the time constraints in the proposed policy. 
These communities, which have the greatest need for funding, are often the least able to 
identify funding opportunities and develop and submit competitive funding applications. 
Therefore, we recommend that Resolve 5.c., which describe the allowable lengths of 
compliance schedule, include an exception to allow compliance schedules beyond one 
additional permit term or ten years for SDCs that have been unable to secure financing for the 
planning and construction of wastewater treatment upgrades as long as the discharger shows 
good faith efforts in securing necessary financing. (Comment letter 10.01). 
 
Response C.5: 
Please see response to Comment C.2.  The Policy now allows for a ten-year compliance period.  
However, staff believes that a longer compliance schedule should not be allowed for SDCs 
strictly for economic reasons, because people, wildlife, and the environment would be exposed 
to pollution longer.  Many SDCs are located in upstream locations in the watershed.  Allowing a 
SDC in an upstream location to discharge above standards, could greatly affect the water 
quality of the entire watershed and negate the effects of larger facilities complying with 
standards.  Many SDCs are also located in fairly pristine areas, where the negative effects of 
polluted discharge could be sizable.  However, staff recommends that adequate funding and 
assistance should be made available to SDCs to help them comply with new, revised, or newly 
interpreted WQSs.  
 
Comment C.6:  
We strongly oppose the establishment of numeric effluent limitations for storm water discharges, 
but recognize that the State Water Board has approved the use in some facilities (e.g., the 2006 
Boeing Order).  Given the wide variation in storm water quality and difficulty with compliance 
with numeric limits, the proposed Policy should allow compliance schedules longer than five 
years for implementation of numeric effluent limitations for storm water discharges. (Comment 
letter 18.04). 
 
Response C.6: 
The maximum duration of a NPDES compliance schedule for storm water dischargers is largely 
a policy decision for the State Water Board to make.  Please see response to Comment C.2. 
 
Comment C.7:  
Presumably, as new WQSs, the newly adopted sediment quality objectives (SQOs) will be 
subject to the proposed Policy.  If so, the proposed Policy should allow compliance schedules 
longer than five years for implementation of these newly adopted SQOs because of the many 
uncertainties in implementation of that novel program.  The State Water Board should allow 
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Regional Water Boards to develop compliance schedules for SQOs on a case-by-case basis (as 
the SQO Policy dictates) by exempting SQOs from this Policy.   (Comment letter 18.05). 
 
Response C.7: 
If USEPA approves the SQOs before this proposed Policy, the Policy will not apply to receiving 
water limits implementing the objectives.  However, the Policy will likely apply to TMDLs 
developed in the future implementing the objectives, and the proposed Policy authorizes 
compliance schedules longer than ten years in TMDL implementation plans.  Under the SQOs 
plan, receiving water limits implementing the objectives can be included in permits only under 
limited circumstances.  Further, the plan requires data from three lines of evidence, station 
assessment, and stressor identification before a permittee can be determined in violation of the 
receiving water limits.  If the Water Board determines, after following these procedures, that 
discharger is in violation of the receiving water limits, the Water Board can issue a separate 
enforcement order to provide the discharger time to come into compliance.  
 
Comment C.8:  
In some instances, a new limitation may require the development of new technology to treat 
contaminants in the discharge, which may require more than the allotted five years.  The 
proposed Policy should include special provisions for these limited cases, or clarify if the 
discharger might qualify for additional time due to "unforeseen circumstances, beyond the 
control of the discharger". (Comment letter 3.05). 
 
Response C.8: 
Please see response to Comment C.2.  
  
Comment C.9:  
The five-year time period for compliance schedules in the proposed Policy would conflict with 
other State Water Board policies and strategies.  The new statewide Recycled Water Policy 
would allow up to ten years for compliance.  The Central Valley basin-wide salinity management 
plan is expected to be implemented over a ten-year period.  (Comment letter 4.04). 
 
Response C.9: 
Please see response to Comment C.2.  Staff disagrees that the proposed Policy would conflict 
with other State Water Board policies.  The State Water Board has adopted plans and policies 
in the past that did not authorize compliance schedules, authorized schedules of up to ten 
years, and authorized five-year schedules.  Whether to authorize compliance schedules and the 
authorized length of schedules are within the State Water Board's sound discretion. The State 
Water Board's proposed recycled water policy is not relevant to the issue addressed in this 
proposed Policy.  The draft recycled water policy primarily addresses discharges to 
groundwater.  The Water Code already authorizes compliance schedules of unspecified length 
in non-NPDES waste discharge requirements (WDRs).  (Wat. Code sec. 13263(c).)  This 
proposed Policy addresses only discharges regulated under NPDES permits. 
 
We prefer a maximum duration of ten years or longer: 
 
Comment C.10:  
The County Sanitation Districts of Los Angeles County (Districts) believe that the State Water 
Board has the legal authority to allow for compliance schedules lasting greater than five years.  
The Districts entered into a federal consent decree with USEPA that authorized eight years to 
construct facilities to attain full secondary treatment at the Districts’ Joint Water Pollution Control 
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Plant. Therefore, we recommend that the maximum compliance schedule duration be set at ten 
years after inclusion of the compliance schedule in an NPDES permit, with the possibility of a 
five-year extension should unforeseen circumstances arise.  Unforeseen circumstances should 
be defined more broadly than in the Proposed Policy to allow flexibility to address a variety of 
circumstances. (Comment letter 12.05). 
 
Response C.10: 
Staff agrees that the State Water Board has the legal authority to allow for compliance 
schedules lasting greater than five years, and that in some cases, where large or complex 
facilities or programs need to be constructed or implemented, more than five years may be 
needed.  Please see response to Comment C.2.   
 
Comment C.11: We do not support the recommended Alternative 2.b but prefer Alternative 2.c, 
which allows for the duration of a compliance schedule of up to ten years (two permit terms) 
after initial inclusion of the compliance schedule in the NPDES permit.  We believe that a facility 
will need more than one permit term of five years when there are committed resources to 
modify, upgrade its operations to increase efficiencies, and/or meet tougher permit 
requirements. Particularly when the project includes the restoration or reconfiguration of multiple 
units and structural components of the intakes, thus requiring phased construction. Alternative 
2.b as written does not allow for the need of phased construction. (Comment letter 11.03). 
 
Response C.11: 
Please see response to Comment C.2. 
 
Comment C.12:  
We recommend that the proposed Policy be amended to allow for compliance schedules up to 
ten years, with provisions for an extension under specified conditions. (Comment letter 9.02). 
 
Response C.12: 
Please see response to Comment C.2. 
 
Comment C.13:  
We prefer Alternative 3.c. which restricts the duration of a NPDES compliance schedule to no 
more than 15 years after the adoption, revision, or new interpretation of applicable standards. 
We believe that as long as certain criteria and/or milestones are met, then the 15-year deadline 
is not pointless or "too long to be meaningful" if that amount of time was required to complete 
phased construction of a facility with multiple units and outfalls. Alternative 3.b may in most 
cases prove to be adequate; however, it may not be sufficient for extensive facility modifications 
necessary to meet compliance with statewide policies such as 316 b where not only design and 
construction is necessary but also years of verification monitoring after construction is complete. 
(Comment letter 11.05). 
 
Response C.13: 
Please see response to Comment C.2.   
 
Comment C.14:  
We recommend that the maximum compliance schedule duration not be tied to the date when 
the applicable WQS was adopted, revised, or newly interpreted, but rather be solely tied to 
when effluent limitations are placed in an NPDES permit because there are a number of 
different ways to interpret a WQS.  For example, ammonia standards depend upon pH and 
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temperature and depending on where pH and temperature are measured, and depending on the 
statistics used to derive the pH and temperature used to set a permit limit, the resulting 
ammonia limitations can vary significantly.  The averaging period associated with an effluent 
limitation can also make a substantial difference with respect to attainment of compliance with 
an effluent limitation.  Effluent limitations that can be met on a monthly-average or annual-
average basis cannot necessarily be met on an instantaneous basis, due to fluctuations in the 
content of wastewater entering a treatment plant.  Until an actual effluent limit and averaging 
period is known, it is extremely difficult to design and build the appropriate level of treatment 
and in some cases even to determine if treatment is necessary. (Comment letter 12.06). 
 
Response C.14: 
Please see response to Comment C.2.  Staff agrees that in some cases it may be difficult to 
determine permit limitations well in advance of the permit being reissued.  Even so, in most 
cases, five years should be sufficient time for a permittee to comply with a more stringent permit 
limitation implementing a new, revised or newly interpreted objective or criterion.  With a ten-
year final deadline for complying with a new, revised, or newly interpreted criterion or objective, 
most permittees should have the possibility (if otherwise eligible) of a five-year (or longer) 
compliance schedule. 
 
Comment C.15:  
We recommend that the compliance schedule be set for a time period that is "as short as 
practicable." The terminology proposed in the Draft Policy ("as soon as possible") fails to 
consider practical considerations such as financing, rules governing public contracts, 
compliance with the California Environmental Quality Act (CEQA), and other processes 
associated with major public capital improvement projects. (Comment letter 9.03). 
 
Response C.15: 
The proposed Policy states that compliance schedules can be granted for designing and 
constructing facilities or implementing new or significantly expanded programs.  The proposed 
Policy further states that  “Construction includes related activities such as the purchase of 
property needed for the construction, performance of the environmental studies and reviews, 
identification of social and environmental mitigation, and purchase and installation of necessary 
equipment.”  Thus, the wording “as soon as possible”  takes into account  considerations such 
as financing, rules governing public contracts, compliance with CEQA, and other processes 
associated with major public capital improvement projects.  However, staff has further revised 
the Policy to make it clearer that such practical actions are included: “The State Water Board 
recognizes that a compliance schedule may be appropriate, in some cases, when a discharger 
must implement actions to comply with a more stringent permit limitation, such as 
designing and constructing facilities or implementing new or significantly expanded programs 
and securing financing, if necessary, to support these activities in order to comply with permit 
limitations implementing new, revised, or newly interpreted water quality objectives or criteria 
in WQSs.”   
 
Comment C.16:  
The proposed Policy unreasonably limits compliance periods to five years (with two extremely 
limited exceptions), unlike some of the existing regional compliance schedule provisions that 
potentially allow for ten-year compliance schedules.  There is no evidence or analysis in the 
Draft Staff Report that justifies limiting compliance schedules to five years.  In fact, the Division 
of Clean Water Programs at the State Water Board determined in 1994 that the entire timeline 
for a POTW to process a major treatment plant upgrade or construction project was about 11.8 
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years.  The proposed five-year limit sets dischargers up for failure and also severely constrains 
regional Water Board flexibility for addressing pollutants on a watershed-basis.  The most 
appropriate compliance choice would be to simply require “compliance as soon as possible” 
without arbitrarily limiting the length of compliance schedules by imposing an absolute time limit; 
however, we can support Alternatives 2.c and 3.c in the Draft Staff Report, which would allow up 
to 15 years for compliance.  (Comment letters 2.03, 4.02, 5.05, 6.03, 8.04, 9.01, 12.02, 16.02, 
and 18.01). 
 
Response C.16: 
Please see response to Comment C.2.  Furthermore, Water Boards always have the option of 
issuing enforcement orders for periods longer than the duration that is specified in this Policy. 
 
D. Eligible Dischargers  
 
Comment D.1:  
We agree with the Draft Staff Report's recommendation that new dischargers not be eligible for 
compliance schedules.  We also agree with the proposed Policy’s definition of new and existing 
discharger with the following change: the words ", or new interpretation" should be deleted from 
both of these definitions.  The mere new interpretation of an existing WQS should not trigger 
eligibility for compliance schedules. (Comment letter 7.10). 
 
Response D.1: 
Staff believes that it is reasonable to allow a NPDES compliance schedule to comply with a 
narrative water quality objective or criterion that, when interpreted during NPDES permit 
development to determine the permit limitations necessary to implement the objective, results in 
a numeric permit limitation more stringent than the limit in the prior NPDES permit issued to the 
discharger.  Staff is further proposing to expand the definition of newly interpreted water quality 
objective or criterion to also includes a numeric or narrative water quality objective or criterion 
that is implemented with a permit limitation with which the discharger cannot comply because 
the pollutant was newly detected in the discharger’s effluent due to new analytical techniques 
that were developed after the prior permit was issued. 
 
Comment D.2:  
We support the recommended Alternative 5.b, defining "new" and "existing" dischargers based 
on the SIP definitions, which removes any ambiguity, providing clear guidance on the 
appropriate use of compliance schedules. (Comment letter 11.07). 
 
Response D.2: 
The support for the recommended Alternative 5.b is appreciated. 
 
Comment D.3:  
We recommend that the definition for "new dischargers" be revised to be consistent with federal 
regulations, so that compliance schedules are uniformly applied to new dischargers.  A new 
discharger under federal law includes a discharger that has never received a finally effective 
NPDES permit. We recommend that the proposed Policy specify that discharges regulated by 
WDRs which are then required to be regulated by an NPDES permit (due to changes in the law 
or regulatory interpretation of what constitutes a "water of the United States/' rather than 
changes in discharge location) be allowed reasonably needed time to comply with any 
discharge requirements imposed under the NPDES permit that are more stringent than those in 
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the WDR. In such a situation, a compliance schedule would be appropriate. (Comment letter 
12.09). 
 
Response D.3: 
Staff believes that it is more appropriate for the Policy definition for "new dischargers" to be 
based on the SIP definition, which has been widely used by permit writers throughout the State.  
The SIP definition for "new dischargers" was approved by USEPA, and is thus considered to be 
consistent with federal regulations. 
 
The North Coast Water Board adopted a similar compliance schedule provision in 2004 that 
allowed NPDES compliance schedules for the situation described by the commenter (existing 
non-NPDES dischargers (operating under WDRs) that, under a new interpretation of law, are 
newly required to comply with new NPDES permit requirements).  However, this provision was 
disapproved by USEPA, because they found that it was inconsistent with federal regulations at 
40 CFR §122.47, which specifies the conditions for including a NPDES compliance schedule in 
the first NPDES permit.  Staff agrees with USEPA’s analysis, and is therefore not proposing to 
revise the Policy to allow for compliance schedules under this specified circumstance. 
 
Comment D.4:  
I suggest adding an Alternative 5.c to the Draft Staff Report, which would define “new” and 
“existing discharger” based on the USEPA definition.  (Comment letter 15.07). 
 
Response D.4: 
Please see the response to Comment D.3, above. 
 
E. Qualifying Standards and Limitations  
 
Comment E.1:  
Please clarify the terms "water quality standard" and "water quality objective", as the proposed 
definitions in the Policy could lead to confusion and legal wrangling (e.g., it is unclear whether a 
compliance schedule is appropriate following a new use designation for a receiving water). 
(Comment letter 1.01). 
 
Response E.1: 
Staff agrees that the use of the term "water quality standard" in the proposed Policy may be too 
broadly used and could be misinterpreted. We have therefore revised the Policy, where 
appropriate, to make it clear that compliance schedules are authorized to implement a new, 
revised, or newly interpreted “water quality objective or criterion in a water quality 
standard”. 
 
Comment E.2:  
For metals, please clarify whether a compliance schedule would be allowed under the proposed 
policy when: (1) new water quality objectives are developed; (2) site-specific translators are 
developed; (3) new hardness data changes objectives for hardness-dependent metals; and (4) 
site-specific water quality objectives are established. (Comment letter 1.02). 
 
Response E.2: 
In California, most metals of concern are regulated under the CTR, which was promulgated by 
the USEPA in 2000.  A few metals, such as aluminum, are regulated under narrative objectives 
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in regional Basin Plans.  Compliance schedules for all CTR constituents, including metals, are 
authorized only under the SIP and cannot be extended beyond 2010. This Policy does not 
authorize compliance schedules for permit limitations implementing existing CTR metals criteria 
under any circumstance, even when the application of new hardness data or site-specific 
translators result in more stringent permit limitations.  The Policy does authorize compliance 
schedules for CTR criteria that are revised by the USEPA after the effective date of the Policy, if 
they result in more stringent permit limitations.  The Policy also authorizes compliance 
schedules for new, revised, or newly interpreted non-CTR metals objectives (including site-
specific objectives (SSOs) that result in more stringent permit limitations.  Note that the Policy 
does not preclude a Water Board from authorizing a compliance schedule as part of a new or 
revised standard that is longer than what is authorized in the Policy, provided that the Water 
Boards adequately justify the compliance schedule length and the State Water Board and 
USEPA approve the standards action.   
 
Comment E.3:  
The proposed Policy should allow compliance schedules for permit limits that implement WQSs 
adopted under the National Toxics Rule (NTR) and the CTR and should extend the compliance 
deadline for CTR-based limits beyond May 18, 2010.  NTR and CTR constituents pose some of 
the most problematic issues in NPDES permitting, and compliance schedules for these 
pollutants are just as important as for conventional pollutants.  Having different compliance 
schedules for different pollutants promotes confusion and inconsistency.   
 
Of special concern are CTR pollutants, such as PCBs and pesticides that have criteria that are 
orders of magnitude more stringent than currently approved test methods.  As technology in 
analytical methods improves, these previously undetected pollutants may show up in detectable 
amounts and dischargers given an effluent limit – yet dischargers will not be eligible for 
compliance schedules, which is clearly unreasonable and unfair.    
 
A possible solution would be for the State Water Board to adopt Alternative 6.b.3 in the Draft 
Staff Report and change the proposed Policy definition of "newly interpreted water quality 
standard" to: "a narrative or numeric water quality objective that, when interpreted during 
NPDES permit development...results in a new or more stringent numeric permit limitation 
more stringent than the limit in the prior NPDES permit issued to the discharger." (Comment 
letters 2.04, 4.05, 5.06, 6.06, 12.07, and 16.05). 
 
Response E.3: 
The NTR has been in effect since December 22, 1992 and dischargers have now had a period 
of 16 years to comply with these criteria.  To allow additional time to meet NTR criteria does not 
seem reasonable, and would be in conflict with the SIP, which was adopted in 2000 and which 
specifically stated that compliance schedules are not allowed for NTR constituents.  In the SIP, 
the State Water Board considered and expressly rejected authorizing compliance schedules for 
NTR criteria, since the NTR criteria had at that time been in effect eight years and the State 
Water Board concluded that additional time was unnecessary.   
 
The CTR was promulgated by USEPA on May 18, 2000.  The SIP authorizes five-year 
compliance schedules for existing CTR constituents, which must be met by May 18, 2010.  As 
discussed in the Draft Staff Report, staff considered whether the proposed Policy should 
supersede the SIP, but did not recommend it because (1) there is only two years left before the 
SIP compliance schedule provisions sunset; (2); the SIP and the proposed Policy are very 
similar, thus possibly revising existing SIP compliance schedules to conform with the proposed 
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Policy would yield very little benefit, but require Water Board and stakeholder resources;  (3) 
revising existing SIP compliance schedules seemed unfair and confusing to permittees who are 
well underway towards reaching compliance.  
 
The proposed Policy specifically states that compliance schedules are not authorized for permit 
limitations implementing existing NTR criteria.  The Policy also very clearly states that 
compliance schedules for existing CTR criteria are only authorized under the SIP.  The Policy 
also specifies that compliance schedules for permit limitations implementing a water quality 
objective that is identical to a CTR criterion and that was adopted after promulgation of the CTR 
may not extend beyond May 18, 2010.  The proposed Policy furthermore does not authorize 
compliance schedules to comply with permit limitations that become more stringent due to “new 
interpretation” of numeric objectives OR criteria – including CTR criteria.   
 
Nevertheless, to address the commenter’s concern about pollutants newly detected in the 
effluent due to new analytical techniques or methods,  staff proposes to expand the definition of 
“newly interpreted water quality objective or criterion in a water quality standard” as follows:  
“Newly interpreted water quality objective or criterion in a WQS also includes a numeric or 
narrative water quality objective or criterion that is implemented with a permit limitation with 
which the discharger cannot comply because the pollutant was newly detected in the 
discharger’s effluent due to new analytical techniques that were developed after the prior permit 
was issued.” 
 
Comment E.4:  
The proposed Policy allows compliance schedules only under very limited circumstances.  
Compliance schedules applies only to permits adopted or modified after the effective date of the 
Policy in situations where design, construction, or other major programs are necessary to 
comply with effluent limits based on new, revised, or newly interpreted WQSs.  The Policy 
defines "newly interpreted” WQS as being limited to narrative standards that based on the 
interpretation during permit renewal result in more stringent effluent limits than in the prior 
permit.  Compliance schedules would not be available for permits for new dischargers, permits 
limits based on NTR and CTR criteria, and permits where Regional Water Board compliance 
schedule policies were previously adopted.  Compliance schedules would not be allowed for 
compliance with NTR or CTR waste load allocations (WLAs) or load allocations (LAs).  Since 
very few standards would qualify as new or revised under the Policy’s definition, it is anticipated 
that the Policy would allow compliance schedules only in the case of new interpretation of 
narrative standards.  No compliance schedules would be allowed for existing numeric 
objectives, except in very few cases.  It follows that compliance schedules will primarily be 
contained in Cease and Desist or TSOs, subjecting permittees to potential citizen suits and, 
after five years maximum, MMPs. Thus, in total this draft policy does little to provide for a 
constructive and effective statewide policy.  We recommend modifying the Policy to allow permit 
compliance schedules whenever a new effluent limit that is more stringent than the prior limit is 
placed into the permit, and for any WQSs, irrespective of when they were adopted and including 
the CTR and NTR criteria. We also recommend modifying the definition for newly interpreted 
WQSs to include all water quality objectives not just narrative water quality objectives, including 
but not limited to basin plan, NTR and CTR objectives. (Comment letter 8.03). 
 
Response E.4: 
Please see response to Comment E.3, above.  Staff believes that the proposed Policy would 
indeed provide an effective and consistent regulatory tool for allowing eligible dischargers more 
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time, where appropriate, to comply with new, revised, or newly interpreted water quality 
objectives or criteria. See also response to comment F3. 
 
Comment E.5:  
We recommend that that the Proposed Policy authorize NPDES compliance schedules for CTR 
criteria beyond May 2010 to accommodate newly imposed permit limitations and changing 
beneficial uses.  The SIP authorizes compliance schedules only through May 18, 2010.  New or 
more stringent permit limitations based on CTR criteria may be imposed in NPDES permits after 
May 2010 due to a variety of potential causes that are beyond the control of POTWs.  Because 
it is our understanding that action on the part of USEPA would be needed to remove the 2010 
sunset date under the CTR, we also recommend that the State Water Board request that the 
USEPA address this issue as well. (Comment letter 12.07). 
 
Response E.5: 
Please see response to Comment E.3, above.   
 
Comment E.6:  
We support Alternative 6.b.3 of the Draft Staff Report, rather than the recommended Alternative 
6.b.2, because it provides the necessary discretion to the Regional Water Board to address 
situations in the foreseeable future.  We are in agreement with the examples provided in the 
staff report, but are especially concerned about the situation where the technology in analytical 
methods or instrumentation improves to the point where previous undetected pollutants show up 
in detectable amounts.  This could be the case for PCBs and pesticides, which have CTR 
criteria that are orders of magnitude more stringent than currently approved test methods.  A 
discharger may lack the incentive to pursue more sensitive test methods if a compliance 
schedule is not available. (Comment letters 3.07a and 12.08). 
 
Response E.6: 
Comment noted.  Staff has addressed the issue of more sensitive analytical methods or 
instrumentation improving to the point where previous undetected pollutants show up in 
detectable amounts by revising the Policy (please see response to Comment E.3, above).  If the 
permittee does not qualify for a NPDES compliance schedule, the Regional Water Board may 
issue a compliance schedule in an enforcement order to the permittee, if appropriate. 
 
Comment E.7:  
We urge the State Water Board to select either Alternative 6.b.1 or 6.b.3 in the Draft Staff 
Report, instead of Alternative 6.b.2, which applies only to newly interpreted narrative standards. 
The proposed Policy too narrowly defines a "newly interpreted” WQS to mean only those 
situations where narrative standards are replaced with numeric limits.  As pointed out in the 
Draft Staff Report, this would prohibit compliance schedules for permits in which: (1) previously 
unregulated pollutants in a discharge are newly regulated because new data indicates 
reasonable potential for that pollutant; (2) improved analytical techniques result in new 
detections of a given pollutant in an existing discharge; (3) point of compliance for a receiving 
water limitation is changed; or (4) the dilution allowance for an existing discharge is changed.  
All of the examples above are situations where a specific discharger would either receive an 
effluent limit for the first time, or a more restrictive limit than in its existing permit. In neither 
circumstance has the discharger been given an opportunity to achieve compliance with the 
newly-interpreted numeric limit, and it is both reasonable and fair to provide a compliance period 
to enable the discharger to meet it. Not allowing a compliance schedule for these situations is 
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akin to adopting a new standard altogether, and expecting the discharger to meet it 
immediately. (Comment letters 4.08 and 5.03). 
 
Response E.7: 
Comment noted.  Please see response to Comment E.3, above, regarding the situation where 
improved analytical techniques resulting in new detections of a given pollutant in an existing 
discharge.  Staff revised the proposed Policy to accommodate this situation.  Under the other 
scenarios described by the commenter (and as noted in the Draft Staff Report), a permittee 
would not qualify for a NPDES compliance schedule, but the Regional Water Board would have 
the option of  issuing a compliance schedule in an enforcement order to the permittee instead (if 
appropriate otherwise). 
 
Comment E.8:  
The proposed Policy should allow compliance schedules for new narrative standards imposed 
through industrial storm water permits, which are subject to all requirements of CWA Section 
301.  These permits are customarily not expressed in terms of storm water dischargers meeting 
a numeric limit at a given discharge point, but are based upon implementing best management 
practices (BMPs) through an iterative process.  What constitutes BMPs may change with time 
and experience and, if new or modified BMPs are indicated, it may take time to develop and 
implement them.  Compliance schedules may therefore be necessary.  However, the definition 
of "newly interpreted” WQS in the proposed Policy would mean that an industrial storm water 
discharger would be eligible for a compliance schedule only for a permit limit where a narrative 
standard results in a numeric permit limit, not when it results in more stringent narrative 
standards - including imposition of new BMPs to achieve those standards.  It seems appropriate 
for the discharger to receive a reasonable amount of time to develop, construct, implement and 
confirm effectiveness of those new measures. We believe this issue could be accomplished by 
revising Finding 1.e of the proposed Policy as follows:  “’Newly interpreted water quality 
standard’ means a narrative water quality objective that, when interpreted or applied during 
NPDES permit development…to determine the permit limitations necessary to implement the 
objective, results in a new permit limitation or a numeric permit limitation more stringent than 
the limit in the prior NPDES permit issued to the discharger.” (Comment letters 4.09, 5.02). 
 
Response E.8: 
Comment noted.  However, staff do not believe it appropriate for this Policy to authorize NPDES 
compliance schedules to implement BMPs.     
 
Comment E.9:  
The proposed Policy applies to all NPDES permits required to comply with CWA §301.  This 
includes industrial storm water permits (including the General Industrial Permit and General 
Construction Permit), but not municipal storm water permits (MS4s).  We recommend that the 
State Water Board, upon the adoption of this Policy, consider the complex issue of shaping a 
compliance schedule policy to address municipal storm water management and, in the interim, 
consistent with Orders WQ 99-05 and 2001-15, through an addition to this Policy or otherwise, 
expressly authorize the continued use of the iterative process in addressing WQS compliance in 
the context of MS4 permits (unless a superseding pollutant-specific, compliance schedule has 
been adopted in a TMDL). (Comment letter 8.02). 
 
Response E.9: 
Comment noted.  Addressing compliance schedule provisions for municipal storm water permits 
is, however, outside the scope of this particular Policy. 
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Comment E.10:  
Resolves 2.b. and 2.c of the proposed Policy appears to exclude from consideration for 
compliance schedules any NPDES permit regulating NTR and CTR toxic pollutants, including 
storm water discharge permits.  However, storm water discharges are not subject to the CTR 
implemented through the SIP.  Therefore, Resolve 2 of the proposed Policy should clarify that 
storm water discharges regulated by NPDES permit will be eligible for compliance schedule 
consideration even if the discharge may contain CTR constituents. (Comment letter 13.01). 
 
Response E.10: 
The proposed Policy explicitly does not authorize compliance schedules for permit limitations 
based on existing NTR and CTR criteria for the reasons described in response to Comment E.3.  
This includes permit limitations for storm water discharges regulated by NPDES permits. 
 
Comment E.11:  
We are concerned that the proposed Policy would limit the use of compliance schedules to 
where the new, revised, or newly interpreted WQS is more stringent than the existing standard. 
The proposed Policy and Draft Staff Report provides no justification or authority for limiting the 
use of compliance schedules in this manner.  The CWA does not limit the application of 
compliance schedules to new or revised water quality objectives that are more stringent. 
USEPA has approved Basin Plan compliance schedule provisions that do not limit compliance 
schedules to new or revised objectives that are more stringent.  In Communities for a Better 
Environment v. State Water Resources Control Board (2005), the California Court of Appeal 
upheld a trial court decision that found compliance schedules are authorized when the State 
adopts a new or revised interpretation of an existing WQS without caveats to the relative 
stringency of the new or existing objectives.  The key consideration for allowing compliance 
schedules in NPDES permits should be if the newly revised, interpreted or applied standard 
results in a new or more stringent effluent limit than what was in the previous NPDES permit, 
not that there is a new, more stringent standard.   
 
As such, we recommend that the State Water Board select Alternative 6.b.3 in the Draft Staff 
Report and include the examples identified under this alternative in the Policy definition for 
“newly interpreted” WQS.  In addition, we recommend that the list of examples be expanded to 
include a scenario where the beneficial use designations for a specific receiving water may be 
newly applied or interpreted resulting in newly applied numeric limitations to a permittee for the 
first time. (Comment letter 6.02). 
 
Response E.11: 
Staff  generally agrees that the key consideration for allowing compliance schedules in permits 
is whether the new, revised, or newly interpreted WQS results in a new or more stringent permit 
limitation.  We have revised the policy language to state that schedules are authorized where 
new, revised or newly interpreted WQSs result in more stringent permit limitations.  We have 
also added a definition of "more stringent" to clarify that "more stringent" limitations include new 
permit limits for pollutants that were previously not limited.  However, from a policy standpoint, 
the State Water Board considers it inappropriate to authorize compliance schedules where a 
standard has been relaxed and the new permit limitations are less stringent that limitations 
based on the prior, more stringent standard.  Therefore, Resolve Clause #2.e. has been revised 
to state that schedules are not authorized for permit limitations implementing revised standards 
where the new limitations are less stringent than limitations based on the prior standard. 
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The commenter also requests that the definition of "newly interpreted" WQS be expanded to 
include newly interpreted numeric objectives.  Based on the comments received, staff proposes 
to revise the definition to include the new interpretation of numeric objectives, under the limited 
circumstance where a discharger cannot comply with a permit limitation because a pollutant 
was newly detected in the discharger's effluent due to new analytical techniques.  The State 
Water Board has the discretion to further expand the definition; however, this is a policy call. 
 
Comment E.12:  
The fact sheet states that the policy applies to permits implementing “new, revised, or newly 
interpreted water quality standards that are more stringent than water quality standards 
previously in effect." The policy itself states that compliance schedules are not authorized for 
permit limitations implementing new, revised, or newly interpreted WQSs that are less stringent 
than WQSs previously in effect. This may be a subtle distinction, but we would recommend that 
the language be the same.  Additionally, in some situations it could be difficult to determine 
whether a new standard is more stringent, e.g., a change from dissolved to total metals or vice-
versa, a change from fecal coliform to e. coli or enterococcus, a change from a water-column 
standard to a fish-tissue standard.  It is not clear whether a compliance schedule would be 
allowed for these situations.  Please clarify. (Comment letter 17.05). 
 
Response E.12: 
We have revised the language in the proposed Policy to state that compliance schedules are 
allowed for new, revised, or newly interpreted water quality objectives or criteria that result in 
permit limitations that are more stringent than the previously-imposed limitation.  In addition, the 
language has been revised to preclude compliance schedules where a water quality objective or 
criterion is relaxed and the resulting permit limitations are less stringent than limitations based 
on the prior more stringent objective or criterion.  The Water Boards will have to determine 
whether a permit limitation is more stringent on a permit-specific basis.  See also response to 
Comment E.11 above. 
 
Comment E.13:  
The proposed Policy would apply to permits within existing permit term, if reopened. In such 
cases, the proposed Policy does not clarify if the new compliance schedule provisions would 
only apply to changes to the reopened permit or if the new provisions would apply to all 
provisions within the permit. Under the latter scenario, many existing permits with legally valid 
compliance schedules could be reopened and the legally adopted schedules could be 
eliminated or revised to reflect the limitations contained in the proposed Policy. At the very least, 
the proposed Policy should apply only prospectively and all existing compliance schedules 
should be recognized and grand-fathered in by the proposed Policy. To do otherwise, creates 
uncertainty and may constitute a violation of due process. (Comment letters 6.04 and 18.07). 
 
Response E.13: 
Staff does not generally believe that it is good use of Water Board resources, nor fair to 
permittees, to reopen permits with existing compliance schedules for the sole purpose of 
ensuring that these schedules meet all requirements of the proposed Policy.  Staff is therefore 
proposing to add a clause to the Policy (a new Resolve 3) that specifically states that “The 
Policy shall not apply to existing compliance schedules in permits that are in effect on the 
effective date of the Policy.  Under no circumstances, however, can a compliance schedule that 
is in effect on the date of the Policy exceed ten years from the initial date that the compliance 
schedule was first included in the permit.”    
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Comment E.14:  
I suggest adding an Alternative 6.c to the Draft Staff Report, which would state that existing 
compliance schedules in NPDES permits that were authorized by the Water boards prior to the 
effective date of this Policy will continue to be authorized with a “newly interpreted” WQS 
definition.  (Comment letter 15.09). 
 
Response E.14: 
Staff is not sure what this comment means.  Please see response to Comment E. 13, above.  
 
Comment E.15:  
Because of prior abuse, compliance schedules should not be allowed for newly interpreted 
WQS. (Comment letter 7.09). 
 
Response E.15: 
Comment noted.  Staff believes that the definition for “newly interpreted water quality objective 
or criterion” is sufficiently narrowly framed to avoid being abused. 
 
Comment E.16:  
We support the combined recommendations of Alternatives 6.a.2 and 6.b.2, which will assure 
that any compliance schedules that are already established will remain in effect for most of the 
regions and clearly defines what is meant by "newly interpreted" WQSs. (Comment letter 
11.08). 
 
Response E.16: 
Comment noted.  The support for the staff recommended alternatives is appreciated. 
 
Comment E.17:  
The proposed Policy should not exclude alternative compliance strategies, such as 
development of TMDLs, SSOs, use attainability analyses (UAAs), water effects ratio (WER) 
analyses, translator studies and similar approaches that better define WQSs for a specific water 
body.  The proposed Policy only allows compliance schedules when the discharger must design 
and construct facilities or implement new or significantly  expanded programs and secure 
financing, if necessary, to support these activities in order to comply with permit limitations.  This 
restriction, which is not required under federal law, would be a substantial change to existing 
Regional Water Board policies, which merely require a discharger to demonstrate that it is not 
feasible to achieve immediate compliance.  This is a critical issue for many dischargers around 
the state.  The State Water Board should favor a statewide policy that encourages non-
construction, alternative means of compliance with WQSs, particularly at a time when state and 
local budgets are exacerbated and reduction of greenhouse gas emissions is of paramount 
concern.  We acknowledge that USEPA Region IX has opined that granting compliance 
schedules to dischargers to allow time to pursue these types of alternative compliance 
strategies does not meet federal requirements, but there is nothing in the CWA or the Federal 
Regulations which support this opinion.  Furthermore, the State Water Board has issued two 
precedential decisions that go against USEPA's opinion and supports the use of alternative 
compliance strategies to achieve WQSs (In re: Tosco, (2001) and In re: City of Vacaville 
(2002)). The State Water Board has historically recognized that alternative compliance 
strategies have a place in water quality compliance efforts, and by extension, that these efforts 
should be given appropriate time periods within which to be pursued.  We therefore suggest that 
the following language be added to Resolve Nos. 6 and 9 and Findings Nos.  2, 3, and 4:  "... or 
to gather additional data or conduct additional studies necessary to evaluate alternative means 
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of establishing and meeting appropriate effluent limitations."  (Comment letters 2.02, 4.03, 5.04, 
6.01, 8.05, 12.03, 16.03, and 18.02).  
 
Response E.17: 
The CWA defines a compliance schedule as "a schedule of remedial measures including an 
enforceable sequence of actions or operations leading to compliance with an effluent limitation . 
. . ."  (33 U.S.C. sec. 1362(17).)  USEPA interprets this definition to contemplate "an 
enforceable series of actions by the permittee that will result in compliance with a final water 
quality-based effluent limitation in an NPDES permit."  (Letter, dated October 23, 2006, from 
Alexis Strauss, Director, Water Division, USEPA, Region IX, to Celeste Cantu, former Executive 
Director, State Water Board re "California SIP, compliance schedule provisions" (Strauss letter), 
p. 3.)   As the commenter acknowledges, USEPA has now clearly taken the position that 
compliance schedules based solely on the time needed to develop a TMDL, UAA or SSO are 
inconsistent with the statutory definition and are not allowed.  (See "California Permit Quality 
Review Report on Compliance Schedules," USEPA, Region IX (October 31, 2007); Strauss 
letter.) 
  
To the extent that prior State Water Board orders suggested that compliance schedules are 
appropriate to allow time for WQSs-related actions, those orders are inconsistent with USEPA's 
current position.   Nevertheless, the proposed Policy has been revised to clarify that schedules 
are authorized when the discharger must implement actions to comply with permit limits 
implementing a new, revised or newly interpreted standard.  The actions may consist of design 
and construction, operational measures, source control or other actions by the discharger.  The 
permissible actions do not preclude the development of WERs by a discharger on a permit-
specific basis. 
  
Further, nothing in the proposed Policy should be construed as precluding or discouraging 
alternative compliance strategies.  The discharger is free to pursue any permissible means of 
achieving compliance with permit requirements, including participating in studies to support 
UAAs, TMDLs, or SSOs to revise the applicable WQS, if appropriate.  The policy addresses 
only when compliance schedules are appropriate in a permit.  If a discharger wishes to pursue 
another regulatory strategy, the discharger is free to do so.  If a compliance schedule in a permit 
is not viable, the Water Board can issue an enforcement order, if appropriate, to provide the 
discharger the needed time to complete the alternate strategy.  
 
Comment E.18:  
As the Draft Staff Report underscores, USEPA disapproved the provision of the SIP that 
authorized compliance schedules to allow for time to develop TMDLs.  To ensure that the 
Regional Water Boards do not in the future unlawfully issue compliance schedules to allow for 
time to develop TMDLs, SSOs, or UAAs, the proposed Policy should be amended to expressly 
forbid the issuance of compliance schedules on this basis. (Comment letter 7.14). 
 
Response E.18: 
Please see response to comment E.17, above.  The Policy has been revised to state that 
“compliance schedules are not authorized based solely on the time needed to develop a TMDL, 
use attainability analysis, or site specific objective”. 
 
Comment E.19:  
The Fact Sheet and Finding 9 of the proposed Policy implies that if a discharger does not have 
plans to design or construct facilities, a compliance schedule is not warranted.  In some cases, 
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the health and safety of nearby residents is best served by allowing the discharge, even when 
the discharger has no plans to construct facilities. (Comment letter 3.03). 
 
Response E.19: 
Please see response to comment E.20, above. 
 
F. TMDLs  
 
Comment F.1:  
We support the recommended Alternative 4.c, which adopts a compliance schedule policy that 
specifically allows additional time to comply with the NPDES permit limitations that are based on 
a TMDL. This will facilitate needed data gathering efforts, which often take many years to 
complete which is essential for TMDL compliance. (Comment letter 11.06). 
 
Response F.1: 
The support for the recommended policy alternative is appreciated. 
 
Comment F.2:  
I support Alternative 4.a of the Draft Staff Report. (Comment letter 15.06). 
 
Response F.2: 
Comment noted.  The commenter did not specify a reason for the support of Alternative 4.a. 
 
Comment F.3:  
Resolve 2.c of the proposed Policy states that compliance schedules are not authorized under 
the Policy for permit limitations implementing criteria promulgated in the CTR, as those are 
covered by the SIP. This suggests, but does not specify that if a discharger receives a WQBEL 
based on a WLA in a TMDL implementing a CTR criterion, and that WQBEL is more stringent 
than a previous CTR-based WQBEL, a compliance schedule would not be available.  We 
recommend this be clarified. (Comment letter 17.04). 
 
Response F.3: 
The proposed Policy does not authorize compliance schedules for permit limitations based on 
CTR criteria.  If a TMDL is adopted to achieve compliance with a CTR criterion, the TMDL 
implementation plan may include a compliance schedule provision.  That provision would have 
to be separately approved by USEPA because it would not fall under the proposed Policy.   
 
Comment F.4:  
Page 51 of the Draft Staff Report states that “Compliance schedules to achieve water-quality 
based NPDES permit limitations based on TMDLs must be as short as possible (as determined 
in the TMDL support document)...." USEPA agrees that all compliance schedules must be as 
short as possible, as required by USEPA regulations at 40 CPR 122.47.  However, as 
discussed in USEPA's recent permit audit, the "as soon as possible" determination should be 
made at the permit stage.  In some cases, it may be that the "as soon as possible" analysis in 
the TMDL implementation plan will serve as the basis for the "as soon as possible" 
determination for a particular permit. However, given the time that can pass between TMDL and 
permit adoption, along with the possibility that meeting effluent limitations “as soon as possible” 
may differ among different permittees, the permitting authority should revisit the "as soon as 
possible" determination when each specific permit is developed. (Comment letter 17.08). 
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Response F.4: 
Staff agrees that the "as soon as possible" determination should be made at the permit stage, 
as this may well differ for each permittee and facility, and could be significantly shorter than the 
maximum length specified in the TMDL implementation plan for compliance schedules.  Staff 
will revise the Draft Staff Report to clarify this intent. 
 
Comment F.5:  
We strongly support allowing more than ten years to comply with permit limits that implement or 
are consistent with WLAs in a TMDL.  However, the Policy is ambiguous as to the allowable 
duration of such compliance schedules. The Policy indicates that the compliance schedule in a 
permit cannot exceed that maximum length specified in the TMDL for compliance schedules. 
However, it appears that Regional Water Boards would have discretion to depart from the 
duration of compliance schedules as already set forth in the adopted TMDL implementation 
plan, under the general rule that compliance schedules "must be as short as possible."  We 
believe that Regional Water Boards and others should not be able to revisit the issue under the 
rubric of keeping compliance schedules “as short as possible” or establishing interim limits or 
milestones.  We therefore recommend that the Policy just simply states that the duration and 
requirements be consistent with the TMDL and its implementation plan. (Comment letter 18.06). 
 
Response F.5: 
Staff believes that it is appropriate for the "as soon as possible" determination to be made at the 
permit stage, as this may well differ widely for each permittee and facility (see also Comment F. 
4, above, and staff’s response).  As noted by the commenter, the Policy further specifies that 
compliance schedule in a permit cannot exceed that maximum length specified in the TMDL for 
compliance schedules. 
 
Comment F.6:  
The State Water Board Executive Director stated in 2000 that additional time should be granted 
NPDES permittees while developing TMDLs, so that the high cost of “physical plant 
improvements required to comply with effluent limits may be delayed until such limits are 
confirmed or revised by establishment of a TMDL.”  Likewise, the SIP included a pre-TMDL 
compliance schedule provision allowing up to 15 years to complete a TMDL and another five 
years to comply with TMDL-derived effluent limits, with performance-based interim limits and 
commitment to support TMDL development as interim requirements during the course of the 
compliance schedule.  Yet the proposed Policy limits compliance schedules to five years (with 
the possibility of a limited five-year extension).  We recognize that this is based on USEPA's 
2006 letter disapproving the pre-TMDL compliance schedule provisions of the SIP,  but this 
represents a change in that agency's previous position on this issue. Indeed, the idea of pre-
TMDL compliance schedules appears to have originated with USEPA (see the Tasco Order). 
The interpretation of the law by the State Water Board, the Court and even USEPA, at that time, 
remains correct. It is true that USEPA eventually in 2006 rejected the pre-TMDL compliance 
schedule provisions of the SIP, though only after the agency was sued by Baykeeper et al. in 
August 2006.  Since that suit was settled, however, without adjudication of the plaintiffs' claims, 
the CBE v. State Board decisions remain the controlling case law. (Comment letter 18.03). 
 
Response F.6: 
Please see response to comment E.20. Under the proposed Policy, a Water Board may 
establish a compliance schedule that exceeds ten years for permit limitations based on WLAs in 
a TMDL, with the caveat that the compliance schedule in the permit cannot exceed that 
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maximum length specified in the TMDL for compliance schedules.  If a TMDL has not yet been 
established, it is true that the proposed Policy limits NPDES compliance schedules to ten years.  
However, enforcement orders may contain longer compliance schedules. 

 
G. Prohibitions 
 
Comment G.1:  
We support the recommended Alternative 7.a, which does not specifically authorize compliance 
schedules for NPDES permit limitations implementing prohibitions.  This is a very reasonable 
decision that does not preclude the Water Boards from adopting conditional prohibitions at a 
later date.  (Comment letters 7.11, 11.09, and 15.10).  

 
Response G.1:   
Comment noted.  Staff appreciates the support for the recommended alternative. 
 
Comment G.2: 
As the Draft Staff Report points out, most compliance schedule authorizing provisions in Basin 
Plans do not allow compliance schedules for NPDES permit limitations implementing 
prohibitions and the State Water Board should not backslide to create more polluter-generous 
provisions than currently exist.  To the extent that current prohibitions in Basin Plans are seen 
as unduly stringent, the proper response is to amend them, following the rigorous public 
participation procedures for such amendments, rather than create compliance schedule 
loopholes for ignoring their dictates. (Comment letter 7.11). 
 
Response G.2:   
As the commenter points out, the proposed Policy does not apply to prohibitions.  However, to 
clarify why the proposed Policy does not apply to prohibitions, staff has added the following 
Finding to the draft Resolution: “This Policy does not specifically authorize compliance 
schedules for prohibitions.  The State Water Board finds that it is unnecessary to authorize 
compliance schedules for prohibitions because the Water Boards are authorized to adopt 
prohibitions that are not effective immediately, but rather at a specified future date.” 
 
Comment G.3: 
We urge the State Water Board to select Alternative 7b.  The proposed Policy should apply to 
prohibitions if they are imposed to achieve WQSs.  Both the CWA and Porter-Cologne 
recognize that prohibitions imposed by a Regional Water Board in a permit are, by nature, limits 
that are intended to protect or meet WQSs.  This issue has widespread application beyond the 
North Coast Region and there is no compelling reason to exclude prohibitions from the 
application of the Proposed Policy.  The rationale offered by staff - because it "is most similar to 
already existing regional compliance schedule provisions and is more conservative" – is hardly 
persuasive. (Comment letter 4.10). 
 
Response G.3: 
Please see response to Comment G.2, above.   
 
Comment G.4: 
The proposed Policy definition of “permit limitation” eliminates the use of compliance schedules 
for other permit provisions including compliance with prohibitions.  The proposed approach is 
not mandated by federal law or regulation and conflicts with the CWA definition of compliance 
schedule, which is "a schedule of remedial measures including an enforceable sequence of 
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actions or operations leading to compliance with an effluent limitation, limitation, prohibition, or 
standard."  The Draft Staff Report justifies the narrowing of existing federal authority because it 
is more conservative and Regional Water Boards may adopt conditional prohibitions with 
delayed effective dates.  We do not believe this reasoning supports narrowing existing federal 
authority, and thus unnecessarily eliminating Regional Water Board flexibility when it adopts 
NPDES permits.  We recommend that the proposed Policy be revised to be consistent with 
federal authority. (Comment letter 6.05). 
 
Response G.4:   
Please see response to Comment G.2, above.  By not specifically authorizing compliance 
schedules for prohibitions, the proposed Policy is not limiting the flexibility of Regional Water 
Boards to issue NPDES compliance schedules for prohibitions, but is rather allowing the 
Regional Water Boards more flexibility.  When adopting a future prohibition, the Regional Water 
Boards may choose when the prohibition goes into full effect.   
 
H. Application Requirements  
 
Comment H.1:  
I support Alternative 8.f of the Draft Staff Report. (Comment letter 15.11). 
 
Response H.1: 
Comment noted.  Staff appreciates the support for the recommended alternative. 
 
Comment H.2:  
We do not support the recommended Alternative 8.f, because we do not believe that a 
discharger will not be able to provide the following required information:  "The highest discharge 
quality that can reasonably be achieved until final compliance is attained".  It is not feasible to 
expect data on the highest discharge quality without first conducting pilot-tests.  The time 
required to test and gather data may pre-empt facilities from meeting the time constraints in the 
compliance schedule, especially for complicated or phased projects. (Comment letter 11.10). 
 
Response H.2: 
If a discharger cannot supply data regarding the highest discharge quality that can reasonably 
be achieved until final compliance is attained, interim limitations cannot be set, and an 
enforcement order may be more appropriate for this discharger.  
 
Comment H.3:  
We do not support the recommended Alternative 8.f, because we do not believe that a 
discharger will not be able to provide the following required information:  "The proposed 
schedule is as short as practicable, given the type of facilities being constructed or programs 
being implemented, and industry experience with the time typically required to construct similar 
facilities or implement similar programs". This statement has left out the ability for the discharger 
to consider the economic, technical, and other relevant factors. The omission of economic, 
technical, and other relevant factors, creates a broad, undefined gap as to what is as short as 
practicable and how can this be determined. (Comment letter 11.11). 
 
Response H.3: 
To make it more clear that the Water Boards are not specifying the manner of compliance with 
permit limitations and that time may be allowed to finance construction, etc., staff has revised 
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the wording of Finding 9 to read “It is the intent of the State Water Board that compliance 
schedules for NDPES permits only be granted when the discharger must implement actions to 
comply with a more stringent permit limitation, such as designing and constructing facilities or 
implementing new or significantly expanded programs and securing financing, if necessary, to 
comply with permit limitations implementing new, revised, or newly interpreted water quality 
objectives or criteria in water quality standards, and that any schedules be granted for the 
minimum amount of time necessary to achieve compliance.”  The Policy further states in a 
footnote that “Construction includes related activities such as the purchase of property needed 
for the construction, performance of the environmental studies and reviews, identification of 
social and environmental mitigation, and purchase and installation of necessary equipment.”   
  
Comment H.4:  
We support Alternative 8.c., which is based on the current Los Angeles Basin Plan and allows 
for the documentation of discharge quality that can reasonably be achieved until final 
compliance and also allows for consideration of "economic, technical, and other relevant 
factors" in order to prove that the schedule is as short as practicable.  (Comment letter 11.12). 
 
Response H.4: 
Comment noted.  Please see response to Comment H.3 above.  
 
Comment H.5:  
We agree that the proposed Policy should specify detailed criteria that a discharger must meet 
to be eligible for compliance schedules. However, the proposed Policy is insufficiently detailed 
and prescriptive in this respect. As both the USEPA Permit audit and the State Water Board's 
EBMUD Decision underscore, the Regional Water Boards have been routinely issuing 
compliance schedules to dischargers that have failed to demonstrate eligibility for such 
compliance schedules under existing compliance schedule provisions in the SIP or Basin Plans.  
 
We therefore urge the State Water Board to add the following additional provisions to the 
proposed Policy to ensure that Regional Water Boards only issue compliance schedules when 
clear evidence in the administrative record shows: (a.) The discharger cannot immediately 
comply with the WQBEL given specific technical and/or financial obstacles to immediate 
compliance; (b.) The discharger will comply with the WQBEL at the end of the compliance 
schedule requested, i.e., the discharger has a planned course of remedial action to come into 
compliance with the WQBEL; (c.) The compliance schedule has been limited to the shortest 
possible time for the discharger to implement its planned course of remedial action for 
complying with its WQBEL; (d.) Issuance of a compliance schedule is "appropriate" within the 
meaning of 40 CFR section 122.47(a) taking into account the following factors: (i) the time the 
discharger has already had to meet a comparable WQBEL under a prior permit; (ii) the extent to 
which the discharger has made good faith efforts to comply with its prior NPDES permit; (iii) 
whether there is any need for modifications to the discharger's existing treatment facilities, 
operations or measures to meet the WQBEL or whether the discharger could instead better use 
its existing treatment facilities, operations, etc.; and (iv) whether allowing the discharger to 
discharge pollutants above its WQBEL for the length of the compliance schedule will cause 
substantial environmental harm (as is presumptively the case if the discharge would be of a 
pollutant to water already listed as impaired); and (e.) The compliance schedule requires the 
discharger, by (a) specified date(s), to limit its interim pollutant discharge until final compliance 
is attained to the lowest level possible for the discharger (possibly including a series of 
staggered reductions in pollutant discharge level).  (Comment letter 7.12). 
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Response H.5 
Staff does not believe that the suggested language would add further clarity to the 
recommended application requirements in the proposed Policy.  Staff believes that the factors 
mentioned by the commenter are already addressed clearly in the Policy.  Regarding the 
possibility of a series of staggered reductions in pollutant discharge level, please see response 
to Comment I.5 below. 
 
Comment H.6:  
We agree that the Regional Water Board should do a thorough job in evaluating information 
submitted by the discharger in its application; however, we believe the burden of proof should 
be on the Discharger to provide adequate justification for the need to obtain a compliance 
schedule.  Therefore, we request that Resolve 4 be modified as follows: “The Water Board is 
responsible for thoroughly evaluating the information submitted by the discharger in its 
application and, in particular, The Discharger is responsible for ensuring that the discharger 
information provided in the application has adequately demonstrated the need for time to 
design and construct facilities; or implement new or significantly expanded programs; and, 
secure financing, if necessary...” (Comment letter 3.10). 
 
Response H.6: 
While staff agrees that it is the responsibility of the discharger to provide the application 
information, staff does not recommend changing the Policy language. 
 
Comment H.7:  
Please clearly address the timing of discharger requests for compliance schedules and interim 
limits. With the time and labor burdens of reopening permits, it would be good to limit that 
window to the period of permit issuance or reissuance. (Comment letter 1.03). 
 
Response H.7: 
In general, the State Water Board anticipates that the Water Boards will address compliance 
schedules when permits are reissued.  However, the Water Boards have the discretion to 
consider compliance schedules when permits are reopened.  We believe that it is preferable for 
the Water Boards to retain the flexibility to addresses schedules either upon permit reissuance 
or when reopening permits.  Note that, under the federal permit regulations, permit modification 
is discretionary, not mandatory. 
 
Comment H.8:  
We would like clarification regarding the time when the Discharger is supposed to apply for a 
compliance schedule. Is it at the time of submittal of their Report of Waste Discharge (ROWD) 
for their permit renewal, or is it as soon as analytical data shows that a pollutant is persistently 
present in their effluent at levels that exceed a water quality objective? Also, how long will 
Regional Water Board staff have to review the Discharger's request for a compliance schedule? 
ROWDs have to be reviewed for completeness within 30 days of receipt. (Comment letter 3.11). 
 
Response H.8: 
Please see response to Comment H.7, above. 
 
Comment H.9:  
The Policy should specifically address whether compliance schedules and interim limits are 
appropriate for general permits. If so, the Policy should specifically state that a permit writer 
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must have enough information about the group of dischargers to satisfy the application 
requirements (Comment letter 1.05). 
 
Response H.9: 
The proposed Policy does not preclude the use of compliance schedules for general permits.  
However, it is unlikely that compliance schedules would be used in a general permit because it 
is unlikely that the entire regulated group would need or qualify for a schedule.  If a schedule 
were authorized, the Water Board would have to have sufficient information to conclude that the 
group met the application requirements. 
 
Comment H.10:  
The proposed Policy does not allow sufficient flexibility for situations that implement TMDLs and 
other specific basin planning actions.  Specifically, the application requirements do not allow for 
situations where studies are required prior to identification of treatment or control measures.  
For example, under the proposed [Sacramento Delta]methylmercury TMDL, dischargers cannot 
propose time schedules to meet methylmercury requirements for at least eight years after the 
TMDL is adopted because the proposed implementation plan requires dischargers to participate 
in studies on how to control their methylmercury. Until those studies are completed, the 
dischargers will not know when or how they will comply.  We therefore recommend that Resolve 
3.c. be revised as follows:  “A proposed schedule for additional source control measures or 
waste treatment.  If the discharge is subject to a TMDL or Basin Plan implementation 
program that contains a compliance schedule or implementation schedule requiring 
specified actions that must be taken before the discharger can determine what additional 
source control measures or waste treatment are necessary to meet LAs or other 
requirements, the proposed schedule need not identify additional measures or treatment 
nor propose due dates for completion of the additional  measures or treatment:  In such 
case the permit shall include an appropriate reopener, or the Water Board shall adopt 
revised schedules in future permits in accordance with 5.c or d, as applicable; (Comment 
letter 10.02). 
 
Response H.10: 
Staff believes that the application requirements of the proposed Policy is flexible enough to 
accommodate most situations that implement TMDLs.  However, NPDES compliance schedules 
are intended for situations where interim numeric limitations can be established, where the final 
permit limitations are known, and a timetable can be laid out for completing specific actions 
needed to comply with these final permit limitations.  While studies can be part of the 
compliance schedule, the schedule must lay out a timetable for the actions necessary to 
achieve compliance.  If this cannot be accomplished, an enforcement order is more appropriate. 
 
I. Permit Requirements 
 
Comment I.1:  
I support the recommended Alternative 9.c of the Draft Staff Report. (Comment letter 15.12). 
 
Response I.1: 
Comment noted.  The support of the recommended alternative is appreciated. 
 
Comment I.2:  
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We do not support the recommended Alternative 9.c in the Draft Staff Report due to ambiguous 
wording and unclear ramifications. Alternative 9.c states that "the entire compliance schedule, 
including interim requirements and final permit limitations, shall be included as enforceable 
terms of the permit, whether or not the final compliance date is within the permit term."  It is our 
understanding that interim requirements and final permit limitations are always enforceable 
when written into a permit. The wording is ambiguous and can be understood to mean that the 
old permit is still enforceable even if the permit has been renewed and the old permit rescinded.  
We believe that if a permit is renewed and another permit adopted in its place, then the permit 
requirements, if not met within the first permit term, need to be renegotiated or carried over to 
the renewed permit and all terms in the old permit expire.  Please clarify the intended meaning. 
We support Alternative 9.b., because it complies with the stated objectives of the State Water 
Board, without inclusion of language that is unclear. (Comment letter 11.13-14). 
 
Response I.2: 
Comment noted. Staff does not believe the wording "the entire compliance schedule, including 
interim requirements and final permit limitations, shall be included as enforceable terms of the 
permit, whether or not the final compliance date is within the permit term"  to be ambiguous.  
Clearly, when an old permit is rescinded, it is no longer enforceable. 
 
Comment I.3:  
Often there are no existing limits, and limited data reflecting treatment performance, when 
deriving interim limits for CTR pollutants for smaller dischargers. A single data point may result 
in a finding of reasonable potential and a need for limits. Please consider circumstances of 
limited data and indicate whether the limited data should be used to establish an interim limit or 
whether there is an alternative. (Comment letter 1.04). 
 
Response I.3: 
The State Water Board may, in the future, consider developing more detailed guidance on the 
calculation of interim limits.  For now, however, the Water Boards will have to use any 
available, credible data to develop interim limits.  
 
Comment I.4:  
Regional Water Board staff requests clarification as to the appropriate method for calculating 
numeric interim limits, with respect to Resolve 6.b.  Regional Water Board staff has in the past 
used the 95th percentile or the 99th percentile to calculate performance-based numeric interim 
limits, or used the maximum effluent concentration detected, but Dischargers have raised the 
issue of not being able to recreate our calculations.  It would be helpful if the State Water Board 
could standardize a methodology for calculating numeric interim limits, so that the process is 
uniform in all of the Regions.  (Comment letter 3.12a). 
 
Response I.4: 
Please see response to Comment I.3, above. 
 
Comment I.5:  
The proposed Policy states that numeric interim limitations must be based on current treatment 
facility performance or on existing permit limitations, whichever is more stringent, and that the 
interim requirements must be included as enforceable terms of the permit.  Often as a facility 
implements phased upgrades, or as technologies are brought online, the option of "stepping 
down" the interim effluent limitations toward the final effluent limitation is available.  However, 
under the proposed Policy, the only apparent way to adjust the interim limitations downward 
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(which will benefit the receiving water), is to reopen the permit. The Policy should be revised or 
clarified to allow a Regional Water Board multiple, phased, interim limitations consistent with the 
expected performance of phased upgrades (where phased upgrades are planned). (Comment 
letters 3.04 and 7.12-3). 
 
Response I.5: 
Staff agrees.  Staff revised the proposed Policy (Resolve 7.b) to allow a Water Board multiple, 
phased, interim limitations by specifying that “Numeric interim limitations for the pollutant must, 
at a minimum, be based on current treatment facility performance or on existing permit 
limitations, whichever is more stringent.” 
 
Comment I.6:  
Interim milestones should be flexible enough to accommodate changes that may occur over the 
compliance schedule period. While we do not per se object to the imposition of general interim 
requirements (including interim effluent limitations), we are concerned about the impact of 
unforeseeable changes on a permittee's ability to comply with detailed, inflexible interim 
requirements.  Water Code section 13360 prohibits the Regional Water Boards from specifying 
a permittee's manner of compliance; therefore, we presume that interim limitations will not set 
forth enforceable detailed requirements as to how a permittee is to comply with final limitations, 
with corresponding dates for completion of each step. Given the fluid nature of construction 
projects, which are prone to daily/monthly scheduling changes, permittees need some relief 
from inflexible internal deadlines, as long as final limitations are met by the conclusion of the 
compliance schedule. We would appreciate clarification on this issue. (Comment letter 12.10). 
 
Response I.6: 
We agree that Water Code section 13360 prohibits the Regional Water Boards from specifying 
a permittee's manner of compliance; however, compliance is not optional.  Furthermore, the 
proposed compliance schedule with suggested interim actions and deadlines is provided by the 
permittee when applying for a NPDES compliance schedule, not the Regional Water Board.  
NPDES compliance schedules are optional, not required, and a permittee may choose to not 
apply for a NPDES compliance schedule with the restrictions that it involves.  However, staff 
agrees that some flexibility is needed in the compliance schedule to accommodate minor 
changes; this can be provided by requesting/allowing sufficient time for each interim stage. 
 
Comment I.7:  
We agree with the Draft Staff Report's recommendation that compliance schedules in NPDES 
permits must include interim requirements and dates for their achievement, but these 
requirements could be strengthened and clarified.  As written, it is unclear whether NPDES 
permits must include not only interim effluent limits, but also specific remedial measures. The 
Draft Policy also does not clearly state that setting interim effluent limits equal to a discharger's 
current performance is not permissible if the discharger can feasibly meet more stringent interim 
limits.  We urge the State Water Board to amend Finding 6 of the proposed Policy to specify (1) 
that any compliance schedule should mandate a specific schedule for implementing the actions 
that comprise the discharger's planned course of remedial action for complying with its WQBEL, 
and, (2), if a compliance schedule exceeds one year, interim numeric effluent limits must be 
included that are set equal to the most stringent level that the discharger can meet (Comment 
letter 7.13). 
 
Response I.7: 
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Please see Comments I.5 and I.6, above, and staff’s responses to those comments.  Please 
also see the response to Comment I.9, below.  The Policy states that interim requirements may 
be imposed by the Regional Water Boards in addition to interim numeric limitations.  Staff 
agrees that the permittee should be held to the highest discharge quality that can be reasonable 
achieved during the interim period until final compliance is attained.  This is the reason that this 
information is requested in the Policy’s application requirements.  Staff has furthermore revised 
the Policy to make it clear that Water Boards are free to impose stepped-down interim numeric 
limitations, consistent with the expected performance of phased upgrades, where appropriate. 
 
Comment I.8:  
Interim numeric limitations for a pollutant should only be applied to non-storm water discharges. 
Specifically, we recommend that Resolve 6.b. be revised to indicate that the Water Board would 
establish interim numeric limitations only on waste discharges and shall not apply interim 
numeric limitations to storm water discharges resulting from industrial, construction, or municipal 
sources. (Comment letter 13.02). 
  
Response I.8: 
Numeric effluent limitations are not usually included in NPDES permits for storm water 
permittees, and the Policy does not apply to municipal sources.  However, if for some reason, 
numeric effluent limitations are included in a NPDES permit for a storm water permittee, it may 
be reasonable to also include interim numeric limitations.  Staff therefore does not propose to 
change the Policy language. 
 
Comment I.9:  
It is unclear how backsliding concerns would be triggered in Section 6.b of the proposed Policy. 
The Policy or the supporting documentation should explain the differences, in terms of 
enforceability and backsliding implications, between interim and final limits. Please clarify if the 
change in status from "final limit" to "interim limit" triggers a backsliding analysis. (Comment 
letter 1.06). 
 
Response I.9: 
Both interim and final limits are enforceable.  Interim limits are enforceable upon the effective 
date of the permit; final limits are enforceable upon their effective date.  When a permit contains 
final enforceable limits and the permit is revised or reissued to include a compliance schedule 
with new final limits, the permitting authority must address the antibacksliding proscription 
in section 402(o) of the CWA.  Section 402(o) contains a number of exceptions from the 
proscription for water quality-based effluent limitations. 
  
Comment I.10:  
The final statement of Resolve 6.b. requires that permits that are prepared for Regional Water 
Board consideration are postponed until the enforcement actions have culminated.  This will 
create more backlogged expired permits. Our recommendation is that the noncompliance under 
the existing permit should be addressed through appropriate enforcement action as soon as 
possible. (Comment letter 3.12b). 
 
Response I.10: 
Comment Noted.  Enforcement action is required only if the prior permit limit cannot be relaxed 
due to the CWA’s antibacksliding proscription. 
 
Comment I.11:  
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As part of compliance schedules, Regional Water Boards typically set so-called "interim 
performance-based limits," which ironically have often lasted the entire life of the permit, that are 
calculated to allow pollutant discharges as high as the polluter has ever discharged, plus an 
added margin of safety for the discharger, to ensure that the polluter has no risk of violating its 
permit. Such compliance schedules have repeatedly allowed dischargers to legally spew high 
concentrations of toxic pollutants such as dioxins, mercury, copper, lead, nickel, selenium, 
PCBs, and pesticides into waters officially listed as having impaired water quality for those very 
same pollutants.  Such an approach undermines environmental protection, the mission of the 
Water Boards, and the public's confidence. Our database indicates that the Regional Water 
Boards are making very widespread use of compliance schedules, and that the majority of the 
dischargers with compliance schedules discharge to CWA section 303(d) listed waters. Thus, 
many compliance schedules are legalizing discharges which are adding to the pollution woes of 
waters that the State officially recognizes to be impaired (more than 2000 instances). This is a 
recipe for adding more impaired waters and thus the need to develop TMDLs.  Accordingly, the 
State Water Board should be very hesitant to continue an approach likely to add to the number 
of impaired waters in California.  (Comment letter 7.05). 
 
Response I.11: 
Please see response to Comment A.17, above. 
 
J. Environmental Considerations 

 
Comment J.1:  
Because the proposed Policy limits the issuance of compliance schedules to situations when 
the discharger must “design and construct facilities or implement new or significantly expanded 
programs” to comply with new, more stringent permit limitations, the State Water Board is 
creating a policy preference for construction-based compliance solutions, to the exclusion of the 
alternative compliance strategies.  The Draft Staff Report is required under CEQA to analyze 
various environmental impacts associated with the proposed Policy, but fails to consider any 
potential air quality, energy or greenhouse gas emissions impacts, and simply concludes that 
there would be no adverse environmental impacts resulting from the actions proposed in the 
policy. This analysis is woefully inadequate under CEQA and court decisions interpreting the 
agency's obligations.  We believe that the State Water Board should produce evidence and 
analysis regarding the types of actions that might be required on a statewide scale to comply 
with all of the differing statewide and/or regional Basin Plan provisions (narrative and numeric) 
to demonstrate whether all of these actions are feasible to complete within five years.  Such an 
analysis will also assist the State Water Board in a more complete analysis of potential CEQA 
impacts that will occur as a result of the proposed Policy. 
(Comment letters 4.06, 6.07, 12.04, 16.04, and 18.08). 
 
Response J.1: 
Staff does not agree that the State Water Board is creating a policy preference for construction-
based compliance solutions, to the exclusion of the alternative compliance strategies.  The 
proposed Policy authorizes compliance schedules to provide time for the discharger to 
implement actions to comply, and the discharger is free to select any appropriate action that will 
result in compliance.  These actions can, but are not required to, be design and construction, 
source control, operational measures, or any other appropriate actions selected by the 
discharger. 
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Further, nothing in the proposed Policy precludes a discharger from pursuing alternative 
compliance strategies, such as conducting special studies to change the applicable WQS.  The 
only effect of the proposed Policy is to clarify that compliance schedules in a permit are not 
appropriate to allow a discharger time to pursue changing the standard.  Rather, the CWA and 
USEPA guidance indicate that compliance schedules in permits are permissible only to provide 
the discharger time to implement actions that will achieve compliance with the standard.  In 
particular, USEPA has advised the state that compliance schedules are not appropriate solely to 
provide time to develop TMDLs, UAAs, or SSOs.  The discharger can still conduct these 
studies; however, the discharger will not qualify for a compliance schedule in the permit.  
Rather, the Water Board can issue an enforcement order, if appropriate, to provide the 
discharger the needed time to complete the alternate strategy.   
 
In addition, staff does not believe that adoption of the proposed Policy will have any significant 
adverse effects on the environment.  Any potential air quality, energy or greenhouse gas 
emissions impacts, etc. stemming from any compliance actions undertaken by a discharger are 
due to the adoption, revision, or new interpretation of the objective or criterion in the WQS, 
rather than from the proposed compliance schedule policy.  The adoption, revision, or new 
interpretation of a water quality objective or criterion and its subsequent implementation in a 
permit gives rise to the need for a discharger to comply.  The only effect of a compliance 
schedule is to provide the discharger some protection from citizen’s suits and MMPs while the 
discharger is implementing measures to comply, for the term of the compliance schedule.  If a 
separate enforcement order is issued, in lieu of a compliance schedule in the permit, the 
discharger may be exposed to penalties.  This may result in economic impacts, but these 
impacts do not rise to the level of environmental impacts. 
 
It should also be noted that the proposed Policy will have no impact on existing compliance 
schedules due to the grandfather clause.  The proposed Policy will authorize compliance 
schedules in permits for four regions that currently do not have authorization.  In those regions, 
dischargers will now be able to obtain compliance schedules in permits, whereas previously 
schedules were permissible only in separate enforcement orders.  For the remaining regions 
that currently authorize compliance schedules, the proposed Policy is in some respects more 
restrictive with respect to the conditions under which schedules are authorized.  These 
differences do not result in potential significant adverse environmental consequences for the 
reasons explained above.  The proposed Policy addresses only the circumstances under which 
a compliance schedule may be included in a permit.  The discharger’s need to comply with a 
new, revised, or newly interpreted water quality objective or criteria is not driven by the 
compliance schedule policy, but rather by the adoption, revision or new interpretation of the 
underlying standard. 
 
Commenters contend that it is reasonably foreseeable that POTWs will construct new treatment 
works or larger facilities if the proposed Policy is adopted.  Staff disagrees.  These contentions 
are hypothetical and speculative.  It is not reasonably foreseeable that a POTW will select the 
most capital- and construction-intensive compliance alternative when other less expensive 
alternatives are available.  Again, a POTW or other discharger that needs time to comply with a 
more stringent permit limitation is free to select whatever compliance alternative is most 
appropriate.  The proposed Policy addresses only whether the POTW will be given time in the 
permit or in a separate enforcement order.     
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K. Economic Considerations 

 
Comment K.1:  
Because the proposed Policy limits the issuance of compliance schedules to situations when 
the discharger must “design and construct facilities or implement new or significantly expanded 
programs” to comply with new, more stringent permit limitations, the State Water Board is 
creating a policy preference for construction-based compliance solutions, to the exclusion of the 
alternative compliance strategies.  The Draft Staff Report fails to present any information on the 
costs associated with the construction-based compliance solution.  A well planned, logical 
compliance strategy for a new permit limit will consist of consideration of source control, 
optimization of current treatment plant performance, adjustments to water quality objectives, 
and/or refinement of analytical techniques prior to expenditure of significant public funds for 
planning, design, financing, and construction of capital improvements.  Without such logical 
evaluations of new permit limits, not only may public funds be expended unnecessarily, but 
unnecessary treatment processes may be built. (Comment letters 4.06, 6.07, 12.04, 16.04, and 
18.08). 
  
Response K.1: 
Staff does not agree that the State Water Board is creating a policy preference for construction-
based compliance solutions, to the exclusion of the alternative compliance strategies (see 
response to Comment J.1, above). Actions that a discharger need to take to comply with a 
compliance schedule issued in a NPDES permit will be the same actions taken to comply with a 
time schedule in an enforcement order.   
 
L. Minor Changes and Typographical Errors 
 
Comment L.1: 
A typographical error on Page 2 of the Fact Sheet should be corrected to reference section 
"301" of the CWA, rather than the nonexistent section "1301." (Comment letter 3.02). 
 
Response L.1: 
Staff agrees.  Staff will correct this typographical error. 
 
Comment L.2: 
Finding 7 of the proposed Policy should be revised as follows to be consistent with page 2 of the 
Staff Report: "The State Water Board has adopted compliance schedule provisions for 
California Toxics Rule (CTR) criteria in the Policy for Implementation of Toxics Standards 
for Inland Surface Waters, Enclosed Bays, and Estuaries of California (SIP); and six of the 
nine Regional Water Quality Control Boards..." (Comment letter 3.06). 
 
Response L.2: 
Staff agrees that this proposed change would make the Policy more consistent with the Draft 
Staff Report.  The Policy has been changed accordingly. 
 
Comment L.3: 
We request clarification on Resolve 2.b and 2.c, with respect to the "revised as of July 1, 2005" 
date, as the significance of the date eludes us.  We suggest that the date be replaced by the 
dates in which the NTR and CTR were promulgated. (Comment letter 3.09). 
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Response L.3: 
July 1, 2005, is the date when the CTR was last revised (i.e., the latest edition).  This date is 
more appropriate to include in the proposed Policy than the date the CTR was promulgated 
(May 18, 2000). 
 
Comment L.4: 
There is an error on page 45, under “Recommended Alternative: Alternative 1.d” of the Draft 
Staff Report.  (Comment letter 15.03). 
 
Response L.4: 
Staff was unable to identify the error. 
 
Comment L.5: 
The third paragraph on page 10 of the Draft Staff Report discusses portions of the SIP that 
USEPA disapproved in 2006. We recommend that this paragraph state more clearly that, as a 
result of USEPA's disapproval this provision is not in effect. We recommend that in the first line, 
the word "specifies" be changed to "specified." Similarly, please clarify in Table 1 that this 
disapproved SIP provision does not apply anywhere.   We also recommend clarifying on page 
13 of the Draft Staff Report that the North Coast provision regarding new permittees was 
disapproved by USEPA and does not apply. (Comment letter 17.07). 
 
Response L.5: 
Staff will make these clarifying changes to the Staff Report.  
 
Comment L.6: 
Page 59 of the Draft Staff Report states that "Compliance schedules would not be authorized for 
permit limitations implementing NTR or CTR criteria (SIP provisions would apply)."  This 
language could be interpreted to suggest that the SIP provisions authorize compliance 
schedules for NTR criteria.  Please clarify that SIP compliance schedule provision explicitly 
excludes NTR criteria.  (Comment letter 17.09). 
 
Response L.6: 
Staff agrees that the SIP does not authorize compliance schedules for NTR criteria, and will 
revise the Draft Staff Report to make this point absolutely clear. 
 
Comment L.7: 
The Draft Staff Report cites Section 303(d) of the CWA indicating that states must develop 
TMDLs, and states: "A numeric target for the problem pollutant must be specified for the 
impaired water body, which when met should ensure attainment of WQSs.” We assume that the 
term "numeric target" in that sentence and elsewhere in the paragraph refers to the TMDL 
specifically (the total allowable load).  Use of the term "numeric target" is ambiguous here 
because in practice, calculation of different numeric targets may be performed as a part of the 
TMDL development process. In some cases, a TMDL has several numeric targets, and the 
target may not be the same as the eventual total maximum daily load (allowable load).  
Therefore, we recommend that the staff report replace "numeric target" with "total allowable 
load”, which is the term used elsewhere in this paragraph.  (Comment letter 17.06). 
 
Response L.7: 
Staff will make these clarifying changes to the Staff Report. 
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Comment L.8:  
The discussion under Issue 5 (Discharger Eligibility) of the Draft Staff Report needs further 
clarification regarding USEPA’s “cut-off date modified to reflect the CTR”. (Comment letter 
15.08). 
 
Response L.8: 
Staff will discuss USEPA’s “cut-off date modified to reflect the CTR” further in the Draft Staff 
Report.   
 
Comment L.9:  
I do not agree with the CEQA checklist’s conclusion that there would be no adverse 
environmental impacts.  The checklist contained no boxes for “no impact”, “potentially significant 
impact”, “less than significant impact”, or “less than significant impact with mitigation 
incorporated”. (Comment letter 15.02). 
 
Response L.9: 
The CEQA checklist inadvertently left off the headings above the check boxes which explain 
what the level of impact is.  However, it is clear from the discussion what these boxes represent.  
Staff will correct this typographical error.   
 

RB-AR11338



STATE WATER RESOURCES CONTROL BOARD 
RESOLUTION NO. 2008-0025 

 
POLICY FOR COMPLIANCE SCHEDULES IN 

NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM PERMITS 
 
 
WHEREAS: 
 
1. The State Water Resources Control Board (State Water Board) is designated as the state 

water pollution control agency for all purposes under the federal Clean Water Act. 
 
2. Under section 303(c) of the Clean Water Act, the states are primarily responsible for 

establishing water quality standards. 
 
3. Under section 301(b)(1)(C) of the Clean Water Act, not later than July 1, 1977, National 

Pollutant Discharge Elimination System (NPDES) permits must include effluent limits as 
stringent as necessary to achieve water quality standards. 

 
4. For new or revised water quality standards adopted after July 1, 1977, the states can 

include compliance schedules in NPDES permits to achieve effluent limitations 
implementing the new or revised standards when the applicable water quality standards or 
the states’ implementing regulations authorize compliance schedules. 

 
5. For water quality standards adopted on or before July 1, 1977, the states can include 

compliance schedules in NPDES permits if the states are authorized to include compliance 
schedules in permits and if the states have adopted a new interpretation of the pre-July 1, 
1977 standard. 

 
6. The State Water Board recognizes that a compliance schedule may be appropriate, in some 

cases, when a discharger must implement actions to comply with a more stringent permit 
limitation, such as designing and constructing facilities or implementing new or significantly 
expanded programs and securing financing, if necessary, to comply with permit limitations 
implementing new, revised, or newly interpreted water quality objectives or criteria in water 
quality standards.   

 
7. The State Water Board has adopted compliance schedule provisions for California Toxics 

Rule (CTR) criteria in the Policy for Implementation of Toxics Standards for Inland Surface 
Waters, Enclosed Bays, and Estuaries of California (SIP), and six of the nine Regional 
Water Quality Control Boards (Regional Water Boards) have adopted NPDES compliance 
schedule authorizations in their water quality control plans (Basin Plans).  The compliance 
schedule authorizations vary in their coverage, authorized length, and other provisions. 

 
8. The State Water Board has identified a need for uniform provisions authorizing compliance 

schedules and for statewide consistency in the implementation of these provisions in the 
state’s NPDES permit program.  Failure to address this need will perpetuate the inefficient 
use of discharger, interested party, and Water Board resources, which has resulted from the 
lack of clear policy guidance on the appropriate use of compliance schedules.  The United 
States Environmental Protection Agency (U.S. EPA) conducted an analysis of compliance 
schedule implementation by the  Regional Water Boards (the U.S. EPA California Permit 
Quality Review Report on Compliance Schedules, issued to the State Water Board on 
October 31, 2007) and it found that 11 out of 12 randomly selected NPDES permits had 
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compliance schedules that did not adequately document, either within the NPDES permit or 
the administrative record, that the schedule was as short as possible.  It is the State Water 
Board's intent to implement the recommendations in the U.S. EPA California Permit Quality 
Review Report on Compliance Schedules.   

 
9. It is the intent of the State Water Board that compliance schedules for NDPES permits only 

be granted when the discharger must implement actions to comply with a more stringent 
permit limitation, such as designing and constructing facilities or implementing new or 
significantly expanded programs and securing financing, if necessary, to comply with permit 
limitations implementing new, revised, or newly interpreted water quality objectives or 
criteria in water quality standards, and that any schedules be granted for the minimum 
amount of time necessary to achieve compliance. 

 
10. Nothing in this Policy precludes the Water Boards from authorizing compliance schedules as 

part of a new or revised standard that are longer than those authorized in this Policy, 
provided that the Water Boards adequately justify the compliance schedule length and that 
the State Water Board and the U.S. EPA approve the new or revised standard. 

 
11. This Policy does not specifically authorize compliance schedules for prohibitions.  The State 

Water Board finds that it is unnecessary to authorize compliance schedules for prohibitions 
because the Water Boards are authorized to adopt prohibitions that are not effective 
immediately, but rather at a specified future date. 

 
12. Water Code section 13140 provides that the State Water Board shall formulate and adopt 

state policy for water quality control. 
 
13. The State Water Board issued the draft Policy and Staff Report, including an environmental 

checklist, for public comment on December 11, 2007. 
 
14. The State Water Board, in compliance with California Water Code section 13147, held a 

public hearing in Sacramento, California, on March 18, 2008 on the draft Policy and Staff 
Report and carefully considered all testimony and comments received.   

 
15. The State Water Board finds that adoption of the Policy will not have any significant or 

potentially significant effects on the environment and, therefore, no alternatives or mitigation 
measures are proposed to avoid or reduce any significant effects on the environment. 

 
THEREFORE BE IT RESOLVED THAT: 
 
1) Definitions.  The following definitions apply to this Policy: 
 

a) “Compliance schedule” means a schedule of remedial measures, including an 
enforceable sequence of actions or operations leading to compliance with an effluent 
limitation, other limitations, prohibition, or standard. 

 
b) “Existing discharger” means any discharger who is not a new discharger.  An existing 

discharger includes an increasing discharger (i.e., an owner or operator of an existing 
facility with treatment systems in place for its current discharge that is or will be 
expanding, upgrading, or modifying its existing permitted discharge after a new, revised, 
or newly interpreted water quality standard becomes applicable). 
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c) “New discharger” means the owner or operator of any building, structure, facility, or 
installation from which there is or may be a “discharge of pollutants” (as defined in 40 
C.F.R. § 122.2) to surface waters of the United States, the construction of which 
commences after a new, revised, or newly interpreted water quality objective or criterion 
in a water quality standard becomes applicable. 

 
d) “New, revised, or newly interpreted water quality objective or criterion in a water 

quality standard” means a water quality objective or criterion in a water quality standard 
that is adopted, revised, or newly interpreted after the effective date of this Policy, except 
that the following dates shall apply instead of the effective date of this Policy in the 
Regions specified below: 

 
i) North Coast:  February 27, 2006 
ii) San Francisco Bay:  November 13, 1995 
iii) Los Angeles:  February 18, 2004 
iv) Central Valley:  September 25, 1995 
v) Santa Ana:  July 15, 2002 
vi) San Diego:  [November 9, 2005, if U.S. EPA approves the San Diego Water Board's 

compliance schedule provisions, or the effective date of this Policy] 
 

e) “Newly interpreted water quality objective or criterion in a water quality standard” 
means a narrative water quality objective or criterion that, when interpreted during 
NPDES permit development (using appropriate scientific information and consistent with 
state and federal law) to determine the permit limitations necessary to implement the 
objective, results in a numeric permit limitation more stringent than the limit in the prior 
NPDES permit issued to the discharger.  Newly interpreted water quality objective or 
criterion in a water quality standard also includes a numeric or narrative water quality 
objective or criterion that is implemented with a permit limitation with which the 
discharger cannot comply because the pollutant was newly detected in the discharger’s 
effluent due to new analytical techniques that were developed after the prior permit was 
issued. 

 
f) “Permit limitation” means a water quality-based effluent limitation (WQBEL).  A permit 

limitation also includes a receiving water limitation.  
 

g) “Single permitting action” is an action in which a Regional Water Board incorporates 
all the requirements to implement a total maximum daily load (TMDL), developed 
pursuant to Clean Water Act section 303(d), in one NPDES permit. 

 
h) “Water Board(s)” means either the State Water Board or a Regional Water Board, or 

both. 
 
2) Scope and Applicability.  Except as provided in paragraph 3 of this Policy, this Policy shall 

apply to all NPDES permits adopted by the Water Boards that must comply with Clean 
Water Act section 301(b)(1)(C) and that are modified or reissued after the effective date of 
the Policy.  This Policy authorizes a Water Board to include a compliance schedule in a 
permit for an existing discharger to implement a new, revised, or newly interpreted water 
quality objective or criterion in a water quality standard that results in a permit limitation 
more stringent than the limitation previously imposed where the Water Board determines 
that the discharger has complied with the application requirements in paragraph 4 of this 
Policy and has demonstrated that the discharger needs additional time to implement actions 
to comply with the limitation.  These actions may include, but are not limited to, designing 
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and constructing1 facilities or implementing new or significantly expanded programs and 
securing financing, if necessary, to comply with a permit limitation specified to implement the 
standard.  A “permit limitation more stringent than the limitation previously imposed” includes 
a new permit limitation implementing a new, revised, or newly interpreted water quality 
objective or criterion in a water quality standard for a pollutant that was not limited in prior 
permits. 

 
Compliance schedules, however, are not authorized under the following circumstances: 

 
a) Compliance schedules are not authorized in permits for new dischargers. 

 
b) Compliance schedules are not authorized for permit limitations implementing criteria 

promulgated for California in the National Toxics Rule, as amended (40 C.F.R. §131. 36, 
revised as of July 1, 2005). 

 
c) Compliance schedules are not authorized under this Policy for permit limitations 

implementing criteria promulgated in the CTR, as amended (40 C.F.R. section 131.38, 
revised as of July 1, 2005).  Compliance schedules for existing CTR criteria are 
authorized only under the SIP.  However, this Compliance Schedule Policy authorizes 
compliance schedules for permit limitations implementing CTR criteria that are revised 
by the USEPA after the effective date of this Policy. 

 
d) Compliance schedules for permit limitations implementing a water quality objective that 

is identical to a CTR criterion and that was adopted after promulgation of the CTR may 
not extend beyond May 18, 2010. 

 
e) Compliance schedules are not authorized where a water quality objective or criterion in a 

water quality standard has been relaxed and the new permit limitations are less stringent 
that limitations based on the prior, more stringent objective or criterion. 

 
f) Compliance schedules are not authorized based solely on the time needed to develop a 

TMDL, use attainability analysis, or site specific objective. 
 
3) Grandfather Clause.  This Policy shall not apply to existing compliance schedules in 

permits that are in effect on the effective date of this Policy.  Under no circumstances, 
however, can a compliance schedule that is in effect on the effective date of this Policy 
exceed ten years from the initial date that the compliance schedule was first included in the 
permit, except where the compliance schedule is consistent with the wasteload allocations 
and implementation schedule or compliance schedule in a TMDL, which was approved by 
USEPA under Clean Water Act §303(c).  

 
4) Application Requirements.  A discharger who seeks a compliance schedule must 

demonstrate to the satisfaction of the Water Board that the discharger needs time to 
implement actions, such as designing and constructing facilities or implementing new or 
significantly expanded programs and securing financing, if necessary, to comply with a more 
stringent permit limitation specified to implement a new, revised, or newly interpreted water 
quality objective or criterion in a water quality standard.  In addition, the discharger must 
provide the following documentation: 

                                                           
1 Construction includes related activities such as the purchase of property needed for the construction, 
performance of the environmental studies and reviews, identification of social and environmental 
mitigation, and purchase and installation of necessary equipment. 
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a) Diligent efforts have been made to quantify pollutant levels in the discharge and the 

sources of the pollutant in the waste stream, and the results of those efforts;  
 

b) Source control efforts are currently underway or completed, including compliance with 
any pollution prevention programs that have been established; 

 
c) A proposed schedule for additional source control measures or waste treatment; 

 
d) Data demonstrating current treatment facility performance to compare against existing 

permit effluent limits, as necessary to determine which is the more stringent interim 
permit effluent limit to apply if a schedule of compliance is granted. 

 
e) The highest discharge quality that can reasonably be achieved until final compliance is 

attained;  
 

f) The proposed compliance schedule is as short as possible, given the type of facilities 
being constructed or programs being implemented, and industry experience with the 
time typically required to construct similar facilities or implement similar programs; and 

 
g) Additional information and analyses to be determined by the Regional Water Board on a 

case-by-case basis. 
 
5) Review of Application.  The Water Board is responsible for thoroughly evaluating the 

information submitted by the discharger in its application and, in particular, for ensuring that 
the discharger has adequately demonstrated the need for time to implement actions, such 
as designing and constructing facilities or implementing new or significantly expanded 
programs and securing financing, if necessary, to comply with a more stringent permit 
limitation specified to implement a new, revised, or newly interpreted water quality objective 
or criterion in a water quality standard. 

 
6)  Maximum Compliance Schedule Length and Conditions for Renewal of Compliance 

Schedules.  If the Water Board determines that an existing discharger has met the 
application requirements for a compliance schedule, then the Water Board has the 
discretion to include an appropriate schedule in the permit.   

 
a)  Any compliance schedule must require compliance as soon as possible, taking into 

account the amount of time reasonably required for the discharger to implement actions, 
such as designing and constructing facilities or implementing new or significantly 
expanded programs and securing financing, if necessary, to comply with a more 
stringent, permit limitation specified to implement a new, revised, or newly interpreted 
water quality objective or criterion in a water quality standard. 

   
b)  The duration of the compliance schedule may not exceed ten years from the date of 

adoption, revision, or new interpretation of the applicable water quality objective or 
criterion in a water quality standard, except as provided in paragraph (c.) below. 
 

c)  A Water Board may establish a compliance schedule that exceeds ten years in a permit 
that either:  (1) is a single permitting action, as defined in this Policy, or (2) has a permit 
limitation that implements or is consistent with the waste load allocations specified in a 
TMDL that is established through a Basin Plan amendment, provided that the TMDL 
implementation plan contains a compliance schedule or implementation schedule.  

 -5-

RB-AR11343



Notwithstanding 1.e. above, a Water Board may include a compliance schedule in an 
implementation plan for a TMDL that is established to achieve either a numeric or 
narrative objective in a water quality standard. 

 
i) The TMDL implementation plan shall include a maximum length for compliance 

schedules for attaining water quality based effluent limitations based on the 
assumptions of waste load allocations in the TMDLs. 
 

ii) The compliance schedule in the permit must be as short as possible.  The 
compliance schedule in the permit cannot, under any circumstances, exceed the 
maximum length for compliance schedules or implementation schedules contained in 
the TMDL implementation plan.  

 
7) Interim Permit Requirements and Dates. 
 

a) If the Water Board authorizes a compliance schedule in the permit, the Water Board 
shall include interim requirements and dates for their achievement. 

 
b) If the compliance schedule exceeds one year, the Water Board shall establish interim 

numeric limitations for the pollutant in the permit; and may also impose interim 
requirements to control the pollutant, such as pollutant minimization and source control 
measures.  Numeric interim limitations for the pollutant must, at a minimum, be based on 
current treatment facility performance or on existing permit limitations, whichever is more 
stringent. If the existing permit limitations are more stringent, and the discharger is not in 
compliance with those limitations, the noncompliance under the existing permit must be 
addressed through appropriate enforcement action before the permit can be reissued, 
unless the anti-backsliding provisions in Clean Water Act section 402(o) are met. 

 
c) There shall be no more than one year between interim dates. The interim requirements 

shall state that the discharger must notify the Water Board, in writing, no later than 14 
days following each interim date, of its compliance or noncompliance with the interim 
requirements. 

 
8) Final Permit Limitation Requirements.  The entire compliance schedule, including interim 

requirements and final permit limitations, shall be included as enforceable terms of the 
permit, whether or not the final compliance date is within the permit term. 

 
9) Permit Findings:  The permit shall include appropriate findings that the compliance 

schedule is necessary, as provided in paragraphs 4 and 5, and that the schedule requires 
compliance as soon as possible, as provided in paragraph 6.  The permit fact sheet shall 
adequately describe the basis for these findings. 

 
10) Over-Riding Considerations.  Nothing in this Policy shall prevent a Water Board from 

requiring immediate compliance with permit limitations if a Board finds that immediate 
protection of beneficial uses of waters of the United States or California is in the best 
interest of the people of the state.  However, in such an event, the Water Board shall make 
a finding stating the beneficial uses and specific interests of the people of the state that are 
being protected or promoted. 
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11) Supersession.  This Policy supersedes all existing provisions authorizing compliance 

schedules in Basin Plans, except for existing compliance schedule provisions in TMDL 
implementation plans that are in effect as of the effective date of this Policy. 
 

 
CERTIFICATION 

 
The undersigned, Clerk to the Board, does hereby certify that the foregoing is a full, true, and 
correct copy of a resolution duly and regularly adopted at a meeting of the State Water Board 
held on April 15, 2008. 
 
AYE:   Chair Tam M. Doduc 

  Vice Chair Gary Wolff, P.E., Ph.D 
  Charles R. Hoppin 

  Frances Spivy-Weber 

NAY:  None 

ABSENT: Arthur G. Baggett, Jr. 

ABSTAIN: None 

 
             

Jeanine Townsend 
Clerk to the Board 
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SUBJECT: COMPLIANCE SCHEDULE AUTHORITY FOR CALIFORNIA TOXICS RULE 
(CTR) CONSTITUENTS UNDER THE STATE POLICY FOR 
IMPLEMENTATION OF TOXICS STANDARDS FOR INLAND SURFACE 
WATERS, ENCLOSED BAYS, AND ESTUARIES OF CALIFORNIA (SIP) 

 
 

ISSUE 
 
The compliance schedule provisions in the federal California Toxics Rule (CTR)1 expired on 
May 18, 2005.  Under the “Alaska Rule” 2, does expiration of the CTR compliance schedule 
provisions resurrect the longer, fifteen-year compliance schedule provisions in the state Policy 
for Implementation of Toxics Standards for Inland Surface Waters, Enclosed Bays, and 
Estuaries of California (SIP)3? 
 

BRIEF ANSWER 
 
No.  The CTR contained more stringent compliance schedule authority that, absent United 
States Environmental Protection Agency (EPA) approval, precluded the SIP’s fifteen-year 
compliance schedule authority from taking effect.  Further, the expiration of authority to issue 
compliance schedules under the CTR did not have the effect of withdrawing the federal 
regulation or resurrecting the SIP’s fifteen-year compliance schedule authority.  To become 
effective, EPA would have had to both approve the longer compliance schedule provisions in 
the SIP and withdraw the corresponding CTR provisions.  EPA did neither. 
 

                                                 
1 The CTR is codified in 40 C.F.R. §  131.38.  The compliance schedule provisions are found in 
paragraph (e). 
2 The Alaska Rule is codified at 40 C.F.R. § 131.21(c).  See discussion infra.  
3 See Cal. Code Regs., tit. 23, §  2914.  SIP sections 2.1 through 2.2.1 contain compliance schedule 
provisions.  Section 2.1.B and portions of 2.1 and 2.2.1 relate specifically to the longer compliance 
schedule provisions discussed in this memorandum. 
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DISCUSSION 
 
I. Background 
 
In 1987 Congress amended the Clean Water Act4 to require that the states adopt numeric water 
quality criteria for priority toxic pollutants for which EPA had issued criteria guidance and which 
could reasonably be expected to interfere with maintaining a water’s designated uses.5  To 
comply, the State Water Resources Control Board (State Water Board) adopted water quality 
control plans in the early 1990’s containing water quality objectives (the state equivalent of 
criteria) for priority pollutants for inland surface waters and enclosed bays and estuaries. 
 
After a state court overturned the plans, EPA promulgated the CTR on May 18, 2000 to bring 
the state back into compliance.  The State Water Board concurrently adopted the SIP to 
implement the priority pollutant criteria in the CTR, applicable National Toxics Rule (NTR) 6 
criteria, and priority pollutant objectives in regional water quality control plans (basin plans).7 
 
In the CTR, EPA promulgated a regulation at title 40, Code of Federal Regulations, section 
131.38(e) authorizing the use of compliance schedules in existing dischargers’ National 
Pollutant Discharge Elimination System (NPDES) permits.  Under the rule, permits can include 
a compliance schedule of up to five years to enable existing dischargers to meet new or more 
stringent effluent limits implementing CTR criteria.  The regulation also included a sunset 
provision, providing that the compliance schedule provisions “shall expire on May 18, 2005.” 8 
 
An existing discharger’s first opportunity to obtain a compliance schedule occurred when the 
discharger’s permit was first issued, reissued, or modified after the CTR’s effective date.  The 
maximum term for an NPDES permit is five years.9  Hence, the effect of the CTR’s sunset 
provision was to “limit the longest time period for compliance to ten years after the effective date 
of [the CTR]”, which is May 18, 2010.10 
 
The SIP included comparable compliance schedule provisions for CTR criteria.  Like the CTR, 
the SIP authorized schedules of up to five years in the permits of existing dischargers to comply 
with effluent limits based on CTR criteria.  The SIP also stated that no schedule can exceed ten 

                                                 
4 33 U.S.C. § 1251 et seq.  
5 See id. § 1313(c)(2)(B); Pub.L. No. 100-4 (February 4, 1987) 101 Stat. 39.  
6 40 C.F.R. § 131.36(d)(10). 
7 The State Water Board adopted the SIP on March 2, 2000 in Resolution No. 2000 -015 and amended it 
on April 26, 2000 in Resolution No. 2000-030.  The SIP took effect with respect to the NTR and basin 
plan priority pollutant objectives, on April 28, 2000.  The portion implementing the CTR went into effect on 
May 18, 2000.  In 2005 the State Water  Board amended portions of the SIP, although the amendments 
did not involve SIP provisions germane to this analysis.  
8 40 C.F.R. § 131.38(e)(8). 
9 33 U.S.C. § 1342(a)(3) and (b)(1)(B).  
10 65 Fed.Reg. 31682-31719 (May 18, 2000) at 31704.  
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years from the SIP’s effective date, which was May 18, 2000 for CTR-related provisions of the 
SIP.11  The effects of the CTR’s compliance schedule authority and the SIP’s five-year 
compliance schedule authority were the same for existing dischargers:  final water quality-based 
effluent limitations had to implement water quality standards no later than May 18, 2010.  
 
The SIP also included alternate provisions for compliance schedules for effluent limitations 
based on the development of total maximum daily loads (TMDLs) for CTR criteria and 
accompanying waste load allocations (WLAs).12  A TMDL is a written plan for an impaired water 
body that is established to ensure that water quality standards will be attained and maintained 
throughout the water body.13  It is defined as the sum of WLAs for point sources and load 
allocations for nonpoint sources and background for the impairing pollutant. 14  The SIP allowed 
up to fifteen years from its effective date, or until May 18, 2015, to develop and adopt a TMDL 
and up to five additional years to comply with a TMDL-derived effluent limitation. 
 
Under the Clean Water Act, the states must submit revised or new water quality standards to 
EPA for approval.15  Water quality standards consist of designated uses, water quality criteria to 
protect the uses, an antidegradation policy, and, at the states’ discretion, policies generally 
affecting the application and implementation of standards, such as mixing zones.16  To the 
extent a state authorizes compliances schedules, compliance schedules are a component of 
state water quality standards subject to EPA approval.17  Much of the SIP specifies policies 
generally affecting the application and implementation of the CTR; consequently, California 
submitted the SIP to EPA for approval in May 2000. 
 
By letter dated May 1, 2001, EPA took action on those portions of the SIP that EPA determined 
were subject to EPA’s approval authority under the Clean Water Act, including the compliance 
schedule provisions.18  In particular, EPA approved the SIP provisions allowing compliance 
schedules of up to five years for effluent limitations based on CTR criteria.  EPA found that 
these provisions were “virtually identical to the corresponding elements of the CTR’s authorizing 
compliance schedule provision at 40 C.F.R. § 131.38(e).”19 
 
                                                 
11 SIP, § 2.1; see also “Note” at SIP p.1.  
12 Id. § 2.1. 
13 See 33 U.S.C. § 1313(d); 40 C.F.R. §§ 130.2(i), 130.7. 
14 40 C.F.R. § 130.2(i). 
15 33 U.S.C. § 1313(c).  See also 40 C.F.R. § 131.21. 
16 See 33 U.S.C. § 1313(c)(2)(A) and (d)(4)(B); 40 C.F.R. §§  131.6, 131.13. 
17 See Communities for a Better Environment v. State Water Resources Control Bd.  (2005) 132 
Cal.App.4th 1313, 1334 (recognizing compliance schedules as part of the water quality standards); In re 
City of Moscow, Idaho (Jul. 27, 2001) 10 E.A.D. 135, 153; see also, 40 C. F.R. § 131.6(f) (identifying water 
quality standards submission requirements).  
18 Letter, dated May 1, 2001, from Alexis Strauss, Water Division Director, EPA, to Edward C. Anton, 
former Acting Executive Director, State Water Board.  
19 Ibid. 
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EPA did not act, however, on those compliance schedule provisions that related to the longer 
schedules based on TMDL development.  The letter stated that those provisions continued to be 
under EPA review and “are not addressed by today’s action.”  In this regard, the letter noted 
“that the CTR authorizing compliance schedule provision at 40 C.F.R. §131.38(e) continues to 
apply unless and until it is withdrawn by EPA.”20 
 
To date, EPA has not acted on the TMDL-based compliance schedule provisions.  The CTR 
compliance schedule provision at title 40, Code of Federal Regulations, section 131.38(e) was 
never withdrawn and the authority contained in paragraph (e) has now expired by its own terms.  
Given these circumstances, is the TMDL-based compliance schedule now in effect? 
 
II. Analysis 
 
 A. The Alaska Rule 
 
Under Clean Water Act section 303(c), once a state has submitted a water quality standard to 
EPA for approval, EPA must either notify the state within 60 days of the state’s submission that 
the standard has been approved or indicate within 90 days that it has been disapproved. 21  EPA 
regulations in effect prior to May 30, 2000, however, provided that, after the state submitted its 
water quality standards revisions to EPA, the standards remained in effect, even though 
disapproved by EPA, until the state revised the standard or EPA promulgated a rule 
superseding the state standard.22  Under this regulation, state standards became effective 
immediately upon adoption for Clean Water Act purposes until revised by the state or 
superseded by an EPA rule. 
 
In 1996 environmental groups sued EPA, challenging the validity of the regulation as applied to 
new and revised standards adopted by Alaska.  The district court ruled that, despite the 
regulation, the plain meaning of section 303(c) was that new or revised state standards did not 
become effective for Clean Water Act purposes until approved by EPA. 23  In response, EPA 
entered into a settlement agreement with the litigants under which EPA agreed to revise the 
regulation consistent with the opinion.  The outcome was the “Alaska Rule,” which was 
promulgated by EPA on April 27, 2000, and became effective on May 30, 2000. 24 
 
The rule provides that if a state adopts a water quality standard on or after May 30, 2000, the 
standard becomes the applicable standard under the Clean Water Act when EPA approves it, 
unless or until EPA has promulgated a more stringent standard.  The rule also contains a 
transition provision for standards adopted before May 30, 2000.  It states that if a state has 

                                                 
20 Ibid. 
21 See also 40 C.F.R. § 131.21(a). 
22 48 Fed.Reg. 51400-51413 (November 8, 1983) at 51408, formerly codified at 40 C.F.R. §  131.21(c). 
23 Alaska Clean Water Alliance v. United States Environmental Protection Agency (July 8, 1997, C96-
1762R) (W.D.Wash.) [nonpub. opn.]. 
24 See 65 Fed.Reg. 24641 -24653, codified at 40 C.F.R. § 131.21. 
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adopted a standard that is effective under state law and has been submitted to EPA before 
May 30, 2000, then: 
 

“the State . . . water quality standard is the applicable water quality standard for 
purposes of the Act [u]nless or until EPA has promulgated a more stringent water quality 
standard for the State . . . that is in effect [i]n which case the EPA promulgated water 
quality standard is the applicable water quality standard for purposes of the Act until 
EPA withdraws the Federal water quality standard.”25 

 
 B. Applicability of the Alaska Rule to the SIP 
 
The SIP went into effect before May 30, 2000.  Under the Alaska Rule, the SIP’s TMDL-based 
compliance schedule provisions did not become the applicable Clean Water Act standard, at 
that time, because the CTR contained a more stringent applicable federal compliance schedule 
provision.  The CTR’s compliance schedule provision requires final water quality-based effluent 
limitations that implement the water quality standard no later than May 18, 2010.  In contrast the 
unapproved TMDL-based compliance schedule provision would have allowed up to an 
additional ten years until May 18, 2020.  As stated by EPA in its approval lette r on the SIP, “the 
CTR  authorizing compliance schedule provision at 40 C.F.R. §131.38(e) continues to apply 
unless and until it is withdrawn by EPA.” 
 
The CTR’s compliance schedule provision was never withdrawn.  EPA did, in fact, contemplate 
withdrawing the CTR provision, but did not do so.  The preamble to the CTR states that “if the 
State [Water] Board adopts, and EPA approves, a [Regional Water Quality Control Board 
(regional water board)] authorizing compliance schedule provision significantly prior to May 18, 
2005, EPA will act to stay the authorizing compliance schedule provision in today’s rule.”26  
Similarly, the preamble notes that two regional water boards had adopted compliance schedule 
provisions, which were before EPA for approval.  “If and when EPA approves of either Regional 
Basin Plan, EPA will expeditiously act to amend the CTR, staying its compliance schedule 
provision, for the appropriate geographic region.”27  These compliance schedule provisions 
authorized permit schedules of up to ten years. 
 
EPA did approve the SIP’s five-year compliance schedule provisions, but concluded that they 
were virtually identical to the CTR provision.  Hence, both the SIP and the CTR provisions were 
in effect concurrently until May 18, 2005. 
 
Because the CTR compliance schedule provision was not withdrawn, the State Water Board 
has consistently advised the regional water boards that they cannot authorize schedules longer 
than five years for CTR-based effluent limits.  Further, the Office of Chief Counsel has 
previously advised regional water boards that EPA’s approval of the SIP’s five-year compliance 
schedule provision provides continuing authority to issue compliance schedules, so long as the 
compliance schedule terminates on or before May 18, 2010 consistent with the CTR.  The 
                                                 
25 40 C.F.R. § 131.21(c). 
26 65 Fed.Reg. at 31704.  
27 Id. at 31705.  
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regional water boards were instructed that they could not use either basin plan provisions 
authorizing longer compliance schedules or the TMDL-based compliance schedule provisions in 
the SIP to justify schedules longer than five years to achieve effluent limitations for CTR 
pollutants.  To address the need for longer compliance schedules to achieve WLAs in the TMDL 
context, the regional water boards have generally included time schedules in the TMDL 
implementation program.28  Unless these schedules are consistent with a compliance schedule-
authorizing provision already in a basin plan or the SIP, the TMDLs and implementation 
programs are to be submitted to EPA for review under Clean Water Act section 303 paragraphs 
(c) and (d). 
 
 C. Applicability of the Alaska Rule to the SIP’s TMDL-based Compliance Schedule 

Provision 
 
The Alaska Rule cannot reasonably be read to now resurrect the SIP’s TMDL-based 
compliance schedule provisions.  First, the Alaska Rule plainly prevented the SIP’s TMDL-
based compliance schedule provisions from taking effect.  This is so because there was a more-
stringent CTR provision that limited compliance schedules to no later than May 18, 2010.  The 
CTR’s provision required final compliance ten years earlier than the maximum allowed by the 
SIP’s TMDL-based compliance.29  Under the Alaska Rule, the SIP’s TMDL-based compliance 
schedule provisions did not become the “applicable water quality standard” in 2000 because 
EPA had already “promulgated a more stringent water quality standard.”30 
 
Second, expiration of the CTR compliance schedule provision cannot be viewed in a vacuum.  
Rather, the effect of expiration was “to limit the longest time period for compliance to ten years 
after the effective date of [the CTR].”31 This was also the effect of EPA approving the SIP’s five-
year compliance schedule provisions.  The CTR preamble states that “[t]he sunset applies to 
the authorizing provision” in the CTR.32  The sunset clause ended the CTR’s authorization to 
include compliance schedules in permits under section 131.38(e) after May 18, 2005.  This is 
not the same as “withdraw[ing] the Federal water quality standard” as required by the Alaska 
Rule.33 
 
Nothing evinces an affirmative act by EPA to withdraw the federal standard to make way for the 
state standard.  Withdraw means “to retract or recall.”34  EPA did not recall the federal water 
quality standard.  In fact, the federal water quality standard required final compliance by no later 

                                                 
28 A regional water board or the State Water Board can also issue a companion enforcement order under 
the Water Code that establishes a schedule of compliance outside of the NPDES permit. 
29 In contrast, the SIP’s five -year compliance schedule authority approved by EPA requires final 
compliance by May 18, 2010—the same date as the CTR.  
30 40 C.F.R. § 131.21(c). 
31 65 Fed.Reg. at 31704.  
32 Ibid. 
33 40 C.F.R. § 131.21(c). 
34 Random House Webster’s College Dict. (2d ed. 1997) p. 1476.  
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than May 18, 2010, and the effect of expiring the authority to delay compliance did not change 
the May 18, 2010 final compliance date. 35  As a result, there is no credible argument that the 
expiration of the compliance schedule authority in the CTR had the effect of withdrawing the 
standard, because the May 18, 2010 deadline continues to be the consequence of the CTR.  
Under the Alaska Rule, the CTR’s May 18, 2010 final compliance date remains in effect. 
 
An interpretation of EPA’s inaction that resurrects the TMDL-based compliance schedules 
would effectively allow an additional ten-year delay in implementing the CTR’s criteria contrary 
to authority provided by EPA and without EPA’s affirmative consideration.  Such an 
interpretation of EPA’s inaction would allow relaxation of the federal water quality standard 
contrary to the May 18, 2010 deadline that effectively remains in the CTR.  This de facto 
relaxation of the federal water quality standard would be contrary to both the Alaska Rule and 
antidegradation principles36 without any consideration or analysis by EPA. 
 

CONCLUSION 
 
In sum, the SIP’s TMDL-based compliance schedule provisions did not go into effect upon 
adoption under the Alaska Rule because a more stringent federal standard applied.  Expiration 
of the authority provided by the federal standard to delay compliance with the CTR criteria did 
not change this result.  The federal standard was never withdrawn, and its expiration ended the 
authority to include compliance schedules in permits under the federal standard. 
 
 
cc: Tom Howard (Exec) 

Beth Jines (Exec) 
OCC WQ Attorneys 

  

                                                 
35 However, EPA’s affirmative approval of the SIP’s five -year compliance schedule authority allows the 
water boards to continue issuing compliance schedules, so long as they expire on or befo re May 18, 
2010.  The foregoing is consistent with the CTR, the SIP, and EPA’s approval of the SIP’s five -year 
compliance schedule. 
36 See 33 U.S.C. § 1313; 40 C.F.R. § 131.12. 
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Executive Summary 

Objectives 

The City of Philadelphia Water Department (PWD) is considering a wide array of options for 
controlling Combined Sewer Overflow (CSO) events in its four relevant watershed areas. The 
options range from traditional infrastructure-based approaches (e.g., storage tunnels) to more 
innovative “green infrastructure” approaches based largely on Low Impact Development (LID) 
elements (e.g., tree planting, permeable pavement, green roofs).  

PWD is especially interested in gaining a more complete understanding of the Triple Bottom 
Line (TBL) implications of the green and traditional infrastructure approaches in terms of their 
respective ability to provide environmental, social, public health, and other values. Accordingly, 
this report provides a TBL-oriented benefit-cost assessment of the CSO control alternatives 
under consideration by PWD. The focus here is on the benefits and external costs of the 
alternatives. Ultimately, the TBL benefit results from this report, and the engineering cost 
information from Camp, Dresser and McKee (CDM), will be combined to provide insights as to 
the estimated net benefits of the alternatives. 

Key Findings 

The key finding of this TBL assessment is that the LID-based green infrastructure approaches 
provide a wide array of important environmental and social benefits to the community, and that 
these benefits are not generally provided by the more traditional alternatives. Tables S.1 and S.2 
provide a summary of the numeric findings for two of the CSO control options under 
consideration: the 50% LID, or green infrastructure option [meaning runoff from 50% of 
impervious surface in the City of Philadelphia (the City) is managed through green 
infrastructure], and the 30’ Tunnel option (a system of storage tunnels with an effective diameter 
of 30 ft, serving all watersheds). These options were chosen to demonstrate the difference in net 
benefits between green and traditional infrastructure. The reporting of these results is not 
intended to indicate that a final PWD decision will be based on these two alternatives. 

The results shown below reflect benefits (and external costs) accrued over the 40-year study 
period (from 2010 to 2049). Table S.1 describes the outcomes in terms of the physical outcomes 
obtained, and the second table provides the estimated monetary value for these outcomes, in 
present value terms.  
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Table S.1. City-wide natural unit benefits of key CSO options: Cumulative through 2049
a
 

Benefit categories 50% LID option 30’ Tunnel option
b
 

Additional creekside recreational user days 247,524,281  

Additional non-creekside recreational user days 101,738,547  

Reduction in number of heat-related fatalities 196  

Annual willingness to pay (WTP) per household for water quality 
and aquatic habitat improvementsc $9.70−$15.54 $5.63−$8.59 

Wetlands created or restored (acres) 193  

Green collar jobs (job years) 15,266  

Change in particulate matter (PM2.5) due to increased trees (µg/m3) 0.01569  

Change in seasonal ozone due to increased trees (ppb) 0.04248  

Electricity savings due to cooling effect of trees (kWh) 369,739,725  

Natural gas savings due to cooling effect of trees (kBtu) 599,199,846  

Fuel used (vehicles for construction and operation and 
maintenance) (gallons) 493,387 1,132,409 

Sulfur dioxide (SO2) emissions (metric tons) (1,530)d 1,452 

Nitrogen oxides (NOx) emissions (metric tons) (38) 6,356,083 

Carbon dioxide (CO2) emissions (metric tons) (1,091,433) 347,970 

Vehicle delay from construction and maintenance (hours of delay) 346,883 796,597 

a. The 50% LID and 30’ Tunnel options were chosen as example alternatives to illustrate the differences 
between green and traditional infrastructure approaches. This does not imply that a final decision has been 
made by PWD regarding the implementation of these options. 
b. 28’ Tunnel option in Delaware River Watershed.  
c. WTP per household in Philadelphia, MA, including Bucks, Chester, Delaware, Montgomery, and 
Philadelphia counties. 
d. Parentheses indicate negative values. 

 

Relevant TBL Benefit Categories 

A summary of the key benefit (and external costs) categories included in this TBL assessment is 
provided below. Most of these benefits accrue only with the LID-oriented green infrastructure 
options, and not under the traditional infrastructure alternatives. 

Recreation. Under the LID-based options, streamside recreational opportunities will be 
increased as a result of stream restoration and riparian buffer improvements. Recreation will also 
improve in non-creekside parts of the City due to the general increase in vegetated and treed 
acreage in the City. These recreational benefits are not anticipated under the traditional 
infrastructure approaches.  
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Table S.2. City-wide present value benefits of key CSO options: Cumulative through 2049 

(2009 million USD)  

Benefit categories 50% LID option 30’ Tunnel option
a
 

Increased recreational opportunities $524.5  

Improved aesthetics/property value (50%)  $574.7  

Reduction in heat stress mortality $1,057.6  

Water quality/aquatic habitat enhancement  $336.4 $189.0 

Wetland services $1.6  

Social costs avoided by green collar jobs $124.9  

Air quality improvements from trees $131.0  

Energy savings/usage $33.7 $(2.5) 

Reduced (increased) damage from SO2 and NOx emissions $46.3 $(45.2) 

Reduced (increased) damage from CO2 emissions $21.2 $(5.9) 

Disruption costs from construction and maintenance $(5.6) $(13.4) 

Total $2,846.4 $122.0 

a. 28’ Tunnel option in Delaware River Watershed.  

 

Increased Community Aesthetics, Reflected in Higher Property Values. Trees and plants 
improve urban aesthetics and community livability and studies show that property values are 
higher when trees and other vegetation are present.  

Heat Stress Reduction. Green infrastructure (trees, green roofs, and bio-retention areas) creates 
shade, reduces the amount of heat absorbing materials and emits water vapor – all of which cool 
hot air. This cooling effect will be sufficient to reduce heat stress-related fatalities in the City 
during extreme heat wave events.  

Water Quality and Aquatic Ecosystem Improvements. The traditional infrastructure options 
(e.g., plant expansions, tunnels) are aimed at reducing the number of overflow episodes, but do 
little to directly improve the physical riparian area environment (i.e., riparian and aquatic 
ecosystems and habitat areas) or otherwise enhance living resources in many of the City’s 
watershed environments. In contrast, the LID options, in conjunction with the related watershed 
restoration efforts, are expected to generate important improvements to these living natural 
resources. 
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Wetland Creation and Enhancement. The watershed restoration and related efforts, as 
associated with the LID options, are expected to create or enhance over 190 acres of wetlands in 
the relevant watersheds. These added and enhanced wetland acres will provide a range of 
services in the urban area watersheds. 

Poverty Reduction from Local Green Jobs. Specialized labor is required for construction of 
conventional stormwater management solutions (e.g., boring, tunneling). Such skilled laborers 
might typically be already employed in the construction field. Green infrastructure creates the 
opportunity to hire local unskilled – and otherwise unemployed – laborers for landscaping and 
restoration activities. Thus the benefits of providing these local green jobs include the avoided 
costs of social services that the City would otherwise provide on behalf of the same people if 
they remained unemployed.  

Energy Savings and Carbon Footprint Reduction. Green space helps lower ambient 
temperatures and, when incorporated on and around buildings, helps shade and insulate buildings 
from wide temperature swings, decreasing the energy needed for heating and cooling. In 
addition, diverting stormwater from wastewater collection, conveyance, and treatment systems 
reduces the amount of energy needed to pump and treat the water. Reduced energy demands in 
buildings, and increased carbon sequestration by added vegetation, result in a lower carbon 
footprint (reduced CO2 emissions).  

Air Quality Improvement. Trees and vegetation also improve air quality by filtering some 
airborne pollutants (e.g., particulate matter and ozone). Likewise, reduced energy consumption 
results in decreased emissions (e.g., SO2 and NOx) from power generation facilities. These air 
quality improvements can reduce the incidence and severity of respiratory illness.  

Construction- and Maintenance-Related Disruption. All of the CSO options will result in 
some level of disruption due to construction and/or program activities. Social costs of disruption 
can include traffic delays, limited access to places of business, increased noise and pollution, and 
other inconveniences. Under all of the CSO alternatives, construction activities will likely result 
in occasional delays and increased travel times for passenger and commercial vehicle travelers in 
Philadelphia; however the level of disruption will be considerably less for the LID options than 
many of the traditional infrastructure alternatives.  
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1. Introduction 

1.1 Background 

There are numerous ways of managing stormwater runoff and combined sewer overflow (CSO) 
events in urban areas. These include traditional engineering approaches that rely largely on 
physical infrastructure such as large-scale concrete collection and storage systems 
(e.g., excavating and building large diameter tunnels), and pumping collected stormwater to 
wastewater treatment plants for treatment and discharge. Alternatively, there are more “natural” 
and environmentally friendly approaches that rely more on “green infrastructure,” or Low Impact 
Development (LID) techniques, to help divert, store, and promote infiltration of stormwaters so 
that they help restore and enhance natural systems rather than overload traditional wastewater 
collection and treatment facilities. There are various possible levels and combinations of the 
traditional and green approaches that can be considered.  

Both the traditional and green infrastructure approaches to stormwater and CSO management can 
be very expensive to retrofit within older urban areas (e.g., costing several billion dollars for a 
city like Philadelphia). Both approaches can also generate important environmental, social, and 
other benefits to local watersheds and urban-area communities. However, the green 
infrastructure, LID-oriented approaches may generate a broader and more valuable array of 
environmental, public health, and social benefits than do traditional CSO control strategies. In 
order to gain a clearer appreciation of which option (or mix of approaches) may be most valuable 
to a community, it is important to assess the types and levels of benefits associated with the 
alternative approaches. These benefits can then be compared to the costs of each option, so that 
community leaders can discern which approach will yield the largest net benefit to the 
community (where net benefits refer to present value benefits minus present value costs).  

1.2 Objectives 

The Philadelphia Water Department (PWD) currently is giving serious consideration to a wide 
array of options for controlling CSO events. PWD is especially interested in gaining a more 
complete understanding of the Triple Bottom Line (TBL) implications of green infrastructure 
approaches, and of more traditional approaches, in terms of their respective environmental, 
social, and other values. PWD, in concert with its engineering support contractor − Camp, 
Dresser and McKee (CDM) − retained Stratus Consulting to evaluate the benefits and external 
costs (i.e., costs beyond engineering cost estimates for building and operating the various control 
options) associated with a number of alternative approaches for controlling CSO events in the 
City of Philadelphia (the City).  
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Accordingly, this report provides a TBL-oriented benefit-cost assessment of the CSO control 
alternatives under consideration by PWD. The focus here is on the benefits and external costs of 
the alternatives. CDM is developing a separate report to describe the engineering design and 
performance aspects − and engineering cost estimates − for the alternatives. Ultimately, the TBL 
benefit results from this report, and the engineering cost information from CDM, will be 
combined to provide insights as to the estimated net benefits of the alternatives. 

Throughout this report, we refer to the green infrastructure CSO control options as LID-based 
approaches. We categorize the different options based on different levels of implementation 
(e.g., the 50% LID option would manage runoff from 50% of impervious surfaces in 
Philadelphia through green infrastructure). Green infrastructure and LID are used 
interchangeably throughout the following chapters and appendices.  

We also refer to the traditional infrastructure options according to different levels of 
implementation. For example, throughout the report we draw upon the “30’ Tunnel” option as an 
example alternative. This option includes a system of storage tunnels serving all watersheds with 
an effective diameter of 30 ft. Alternative tunneling options (e.g., 15’, 20’, 25’, and 35’ options), 
are also being evaluated by PWD and the impacts of all alternatives are examined here.  

1.3 Report Organization 

This report is structured as follows:  

� First, this main portion of the report provides a brief overview of the four PWD 
watershed areas addressed by the policy options, as well as abbreviated descriptions of 
the 16 CSO control options being considered for each area. More detailed descriptions of 
the watersheds and CSO control options are provided in the main body of the PWD Long 
Term CSO Control Plan Update (LTCPU).  

� Second, a general description is provided of the data and methods used to conduct our 
TBL-oriented benefit-cost assessment of the alternatives. Also provided is an overview of 
the types of benefits and external costs we address within this assessment. 

� Third, more detailed descriptions are offered of the estimated levels of benefits (and 
external costs) for each major benefit-cost category. An overview of the methods, data, 
and limitations associated with these estimates is also provided. (Detailed category-
specific appendices, described below, furnish additional detail on the methods, data, 
findings, and limitations of the analysis for each type of benefit or external cost).  
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� Fourth, summaries are provided of the benefit estimates for two of the prominent CSO 
control options under consideration, aggregated across the four watershed areas. These 
summaries thus provide a city-wide overview of the physical and economic magnitude of 
benefits (and external costs) for two highlighted CSO control alternatives. The two 
highlighted CSO control options are the LID-50% option (reflecting a green 
infrastructure approach), and the 30’ Tunnel option (reflecting a more traditional 
infrastructure approach). 

� Fifth, a suite of detailed tables are provided that indicate watershed-specific estimates for 
each benefit and external cost category, for each CSO control option evaluated. 

� Sixth, the key uncertainties inherent in this type of TBL-oriented benefit-cost analysis are 
discussed, and the results of several sensitivity analyses are provided to provide insights 
as to the level of stability of the estimates to alternative input values and assumptions.  

The main body of this report is then followed by a series of detailed technical appendices – one 
for each benefit or external cost category assessed. These appendices describe the methods, data, 
findings, and caveats relevant to each endpoint, and also contain relevant reference citations. The 
appendices correspond to the following categories of assessed impacts: 

� Appendix A: Recreational use and values (both creekside and non-creekside) 

� Appendix B: Property values, as enhanced by the LID options 

� Appendix C: Heat stress and related premature fatalities avoided 

� Appendix D: Water quality and aquatic habitat enhancements and values  

� Appendix E: Wetland enhancement and creation  

� Appendix F: Poverty reduction benefits of local green infrastructure jobs  

� Appendix G: Energy usage and related changes in carbon and other emissions  

� Appendix H: Air quality pollutant removal from added vegetation 

� Appendix I: Construction- and maintenance-related disruption impacts. 
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2. Relevant Watersheds and CSO Control Options 

PWD’s CSO program area covers about 40,500 acres (63 square miles) within the City. The 
boundaries of the CSO area fall within the watersheds of Tacony-Frankford Creek, Cobbs Creek, 
the Lower Schuylkill River, and the tidal portion of the Delaware River (Delaware Direct 
Watershed). The City’s CSO program is managed on a watershed-basis and our analysis of CSO 
control options includes the evaluation of management alternatives in each of the four CSO 
watersheds.  

The following sections provide a brief description of each CSO watershed and outlines the 
different CSO control options being considered by PWD.  

2.1 Philadelphia’s CSO Watersheds 

The Tookany/Tacony-Frankford Watershed  

The Tookany/Tacony-Frankford Watershed encompasses approximately 20,000 acres, or 
29 square miles, within the north central portion of Philadelphia County and the southeastern 
portion of Montgomery County. The creek is referred to as Tookany Creek until it enters 
Philadelphia County at Cheltenham Avenue. It is then called Tacony Creek from the 
Montgomery County border until it meets with the historical Wingohocking Creek in Juniata 
Park. The section of stream from Juniata Park to the Delaware River is referred to as Frankford 
Creek. 

The hydrology of the Tacony-Frankford system is highly modified. Most of the tributary system 
of Tacony Creek has been converted into sewers. Below what is now Juniata Park, the Tacony 
joins with buried tributaries to form Frankford Creek. In order to deal with flooding associated 
with large influxes of stormwater, the Frankford Creek was channelized and straightened in 
concrete a number of years ago. The concrete channel prevents interaction between Frankford 
Creek and the groundwater system and eliminates streambed habitat needed to support aquatic 
life. The area surrounding Frankford Creek is highly industrialized and much of the creek is 
inaccessible. 

The Philadelphia County portion of the watershed accounts for about 62% (12,200 acres) of total 
watershed land area, and PWD’s CSO program area covers almost all of this. The population 
within this part of the watershed is approximately 285,000, which results in an average 
population density of about 23 persons per acre. There are about 6.3 miles of stream along 
Tacony-Frankford Creek targeted for improvements under the different CSO control options 
(mainstem creek). 
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Cobbs Creek Watershed 

Cobbs Creek is a subwatershed of the larger Darby-Cobbs Watershed, which encompasses 
approximately 80 square miles of land that drain to the mouth of Darby Creek or below, to its 
confluence with the Delaware Estuary. Cobbs Creek drains approximately 14,500 acres or 27% 
of the total Darby-Cobbs Watershed area. The upper portions and headwaters of Cobbs Creek, 
including East and West Branch Indian Creek, contain portions of Philadelphia, Montgomery, 
and Delaware Counties. The lower portion of Cobbs Creek Watershed, including the lower 
mainstem and Naylors Run, drain parts of Philadelphia and Delaware Counties. Cobbs Creek 
discharges to Darby Creek. 

The Philadelphia County portion of the Cobbs Creek Watershed is about 3,600 acres, and falls 
almost entirely within PWD’s CSO program area. This area encompasses about 11.5 miles of 
stream, including about 8.2 miles of mainstem creek and 3.3 miles of major tributaries. The 
population of the Philadelphia County portion of the watershed is about 107,000 (U.S. Census 
Bureau, 2000), which yields a population density of almost 30 persons per acre. Similar to the 
Tacony-Frankford Watershed, Cobbs Creek is very urbanized and its hydrologic system has been 
highly modified. 

Lower Schuylkill River Watershed 

The Schuylkill River Watershed includes portions of 11 counties, and encompasses an area of 
approximately 2,000 square miles. The river travels approximately 130 miles from its headwaters 
at Tuscarora Springs in Schuylkill County to its mouth at the Delaware River in Philadelphia. 
The Schuylkill River is the largest tributary to the Delaware River and is a major contributor to 
the Delaware Estuary.  

The Philadelphia County portion of the Schuylkill River Watershed is approximately 
23,000 acres. About half of this area falls within PWD’s CSO area, which includes the tidal 
portion of the Schuylkill River, or the approximately 7 miles of river upstream of the confluence 
with the Delaware River. 

Much of the land outside of the Schuylkill River CSO area is characterized by large open space 
areas and recreational amenities (e.g., East and West Fairmount Parks and Boathouse row). 
However, in the lower portion of the watershed, which coincides with the CSO boundaries, there 
is a significant amount of industrial land uses. 

Within the CSO area, there are numerous active and inactive rail lines directly adjacent to the 
river, including the large and active East Side Yard for CSX Transportation Corporation 
(CSXT). Several major road corridors also run adjacent to and through the river, including I-95, 
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I-76 (Schuylkill Expressway), I-676, Route 291/Passyunk Avenue, Grays Ferry Avenue, 
University Avenue, South Street, Walnut Street, Chestnut Street, and Market Street. 

The population of the Philadelphia County portion of the Lower Schuylkill River Watershed is 
about 353,000 (U.S. Census Bureau, 2000), which yields a population density of about 16 
persons per acre, on average. The majority of residents (about 82%) live within the CSO area, 
where population density is almost 30 persons per acre. 

Lower Delaware River (Delaware Direct Watershed) 

The 300-mile long Delaware River winds its way through four states on the eastern coast of the 
United States, encompassing 42 counties and 838 municipalities. The river serves a variety of 
important residential, commercial, and industrial functions, including fishing, transportation, 
power cooling, and recreational purposes. The river also serves as an important source of 
drinking water for PWD and other utilities in the regions through which it passes. 

The Delaware Direct Watershed encompasses the lower 20 miles of the Delaware River, before 
it discharges to the ocean. The watershed is located entirely within the City. About 70% of total 
land area in the watershed falls within PWD’s CSO boundaries, which includes the tidal portion 
of the Delaware River, or about 15.6 stream miles.  

The population of the Delaware Direct Watershed is approximately 500,000 and close to 99% of 
residents live within the CSO area. Like all the CSO watersheds, this area is highly urbanized, 
however, it does not support the level of industrial activity as seen within the Schuylkill River 
CSO area. Residential and commercial uses account for about 63% of total land uses in the 
watershed, while industrial uses account for close to 9%. 

2.2 CSO Control Options 

For each watershed, PWD has developed a suite of CSO control options based on four primary 
approaches, including: 

� Low-Impact Development  
� Tunneling 
� Transmission, Plant Expansion and Treatment 
� Transmission and Satellite Treatment. 

LID (green infrastructure approaches) 

For each watershed, PWD has developed a range of LID CSO control options (e.g., 25, 50, 75, 
and 100% of runoff from impervious surfaces managed through green infrastructure), 
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representing different levels of implementation. The LID approach focuses on restoring a more 
natural balance between stormwater runoff and infiltration, reducing pollutant loads, and 
controlling runoff rates at levels that minimize stream bank erosion. A variety of controls are 
incorporated into the different LID options, including disconnection of impervious cover, 
bioretention, subsurface storage and infiltration, green roofs, swales, and tree canopy. Land-
based measures are a key part of this approach because they provide benefits to the community 
beyond water quality improvement (e.g., recreational opportunities, improved aesthetics, and 
increased home values).  

The LID options also include a variety of water-based approaches to CSO control, including bed 
and bank stabilization and reconstruction, aquatic habitat creation, plunge pool removal, 
improvement of fish passage, and floodplain reconnection. The ultimate goal of this component 
of the LID program is to restore designated uses and ultimately remove CSO streams from the 
state’s list of impaired waters. Similar to the land-based approaches described above, stream 
restoration will provide a number of benefits beyond water quality improvement.  

Traditional Infrastructure-based Management Measures  

The Tunneling, Transmission, Plant Expansion and Treatment, and Transmission and Satellite 
Treatment options for CSO control include traditional storage, conveyance, and treatment 
measures within the collection and treatment system. For each watershed, PWD has developed a 
number of variations based on these three infrastructure-based approaches. For example, in each 
watershed, a range of different Tunneling options is currently being evaluated, along with a 
range of options for both Satellite Treatment and Plant Expansion.  

The traditional infrastructure-based measures have two main drawbacks. First, as noted above, 
the LID-oriented measures provide several important environmental, social, and public health 
benefits to the community beyond water quality improvement. Traditional infrastructure-based 
measures typically do not provide these benefits.  

Second, traditional infrastructure-based measures may not address the root causes of impairment 
in Philadelphia’s urban streams, where the primary causes of impairment are modified flow 
patterns and habitat degradation. Infrastructure-based measures are typically focused on 
removing loads of specific pollutants rather than restoring natural flow conditions and habitat. As 
such, they may assist in meeting some specific water quality parameters (e.g., reducing the 
number of overflow events), but do not necessarily support or enhance/restore the living 
resources (i.e., the aquatic and riparian ecosystems) of the watersheds.  

To obtain maximum benefits and CSO control, PWD is currently considering many of the 
traditional infrastructure options (particularly the Plant Expansion options), in combination with 
LID measures. Traditional infrastructure options are expected to play an important role in 
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developing cost-effective and feasible solutions. For more detailed information on the suite of 
CSO management options currently being considered by PWD, see LTCPU. 
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3. General Methodology and Data 

3.1 Overview of the TBL Approach 

The TBL approach reflects the fact that society and its enterprises – including the institutions 
that work specifically in the public interest (e.g., water and wastewater utilities) – typically are 
engaged in activities intended to provide the greatest total value to the communities they serve. 
These values extend well beyond the traditional financial bottom line that portrays only cash 
flows (i.e., revenues and expenditures) of a standard financial analysis. PWD and similar utilities 
that serve the public interest also need to consider their stewardship and other responsibilities, 
and to thus account for how they may generate values that contribute towards the “social” and 
“environmental” bottom lines. Hence, a more complete and meaningful accounting of PWD 
activities needs to provide a TBL perspective that reflects all three bottom lines: financial, social, 
and environmental.  

In many ways, this TBL perspective is very similar to how an economist would define a 
comprehensive benefit-cost analysis that attempts to account for the full range of internal and 
external costs and benefits of an activity (project, or program), including nonmarket outcomes. 
The TBL approach provides an organizing framework within which the broad array of benefits 
and costs can be portrayed and communicated. This TBL approach should include both those 
outcomes that can be quantified and reasonably well monetized in dollar terms, as well as 
outcomes that are less amenable to reliable valuation and instead require qualitative discussion.  

Accordingly, this TBL assessment of the benefits and external costs of the various relevant CSO 
control options for Philadelphia relies to a large extent on the tools and methods deployed by 
natural resource economists to estimate market and nonmarket values for a broad array of 
relevant environmental and social impacts. The sections below, and the more technically-
oriented appendices, provide additional detail for the broad range of impacts that are assessed in 
this TBL evaluation of the PWD’s CSO control options.  

3.2 Key Inputs to the TBL Analysis 

As noted above, the TBL analysis evaluates CSO control options that have been defined by PWD 
and CDM. Accordingly, most of the key physical inputs to our analyses (e.g., number and 
general location of trees planted, the number of stream miles impacted, the types of vehicles used 
on various construction and maintenance activities, power requirements associated with 
construction, the timing of various project activities) were provided by CDM. 
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3.3 General Overview of Methods and Key Assumptions  

Key assumptions and basic methodological approaches used for the overall TBL analysis are 
detailed below. Assumptions and methods associated with each specific benefit and external cost 
category are discussed in the subsequent section. 

External costs and benefits. As part of our analysis, we evaluate the “external” or ancillary costs 
and benefits associated with each of the CSO options (i.e., costs that are not included in 
traditional engineering estimates of the expense to build and operate facilities). External costs 
include, for example, time spent and fuel lost in construction-related traffic delays, and air 
quality impacts associated with construction and implementation activities (including the carbon 
footprint of concrete requirements under the traditional infrastructure alternatives). Under the 
LID alternatives, many of the air quality and energy impacts result in ancillary benefits in the 
form of carbon sequestration, air pollutant removal, and energy savings due to the cooling effect 
and other impacts provided by adding trees and other vegetation.  

General methods for quantifying and/or valuing outcomes. The benefit and external cost 
estimates are derived from standard approaches as developed and used by environmental impact 
and valuation professionals and organizations. Many of the key methods, models and data are 
developed and deployed routinely by the U.S. Environmental Protection Agency (EPA) and 
other relevant federal agencies. For example, the air quality impacts of added trees is based on a 
model developed and applied by the U.S. Forest Service for Philadelphia. The resulting estimates 
of projected changes in ambient air quality (i.e., ozone and particulate matter concentrations) is 
then analyzed using EPA’s Environmental Benefits Mapping and Analysis Program (BenMAP), 
which estimates reductions in health risks and associated monetary values for the given change 
in ambient air quality. Similar reliance on well established federal and other models, methods, 
and data underlie most of the key benefit estimates derived in this study. 

Time path for realizing benefits. Results presented below represent the discounted sum of 
annual values over the 40-year planning horizon (2010–2049). For each benefit and cost 
category, we applied a time path over which the different benefits and costs accrue. Our 
timelines are based on implementation, construction, and maintenance schedules provided by 
CDM, as well as on a tree growth model that applies to benefits dependent on the number of 
additional trees to be planted in the watershed. For example, the benefits associated with air 
pollutant removal from trees will not be fully realized in the first year of project implementation. 
Our analysis takes into account the percentage of trees planted each year as well as the rate at 
which the trees grow and mature (assumed here to be 20-years after they are planted).  
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Present value estimates. Our monetary results are in present value terms [2009 U.S. dollars 
(USD)] and are based on an inflation rate of 4% and a nominal discount rate of 4.875% applied 
over the 40-year planning horizon. Later in this report, we present the results of sensitivity 
analyses that were conducted to evaluate the impact of using alternative escalation and discount 
rates. 

Additivity versus double-counting. The benefits presented below are additive, meaning they can 
be added together to generate a total value. However, the results of the property value analysis 
are likely to include some overlap and double-counting of benefits measured under several of the 
other benefit categories. For example, the anticipated energy savings enjoyed at tree-shaded 
properties are likely to be capitalized into the property values for those residences (depending on 
the extent to which current and prospective owners take anticipated energy costs into account 
when valuing properties). Likewise, enhanced greenspace-related recreational opportunities in 
the neighborhood are also likely to be capitalized (at least in part) in property values. At the same 
time, the property value analysis does reflect some unique values that are not embodied in the 
other estimated categories (e.g., aesthetics). Thus, the interpretation of the property value 
estimates needs to be carefully considered. For the purposes of this analysis, we include 50% of 
the estimated property value benefits to avoid this potential double-counting. 

Omissions, biases, and uncertainties. Analyses of social and environmental benefits invariably 
require the use of assumptions and approaches (e.g., benefits transfer) that interject uncertainty 
about the accuracy or comprehensiveness of the empirical results. Throughout our analysis, and 
as detailed in the appendices, we have attempted to be explicit and reasonable about what 
assumptions and approaches we are adopting. We also provide summaries in each appendix of 
the key omissions, biases, and uncertainties (OBUs) that we believe are embedded in our work, 
and describe how the results of the analysis would likely have been impacted (e.g., whether 
benefits would have increased, decreased, or changed in an uncertain direction) if the omission 
or data limitation had been avoidable.  

Sensitivity analyses. In conjunction with the OBU issues, we conducted several sensitivity 
analyses to explore how changing some of the key assumptions would impact our findings. The 
results of these sensitivity analyses are summarized in Chapter 6 (and are also described in 
relevant appendices). 
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4. The Benefits and External Costs of PWD’s 

CSO Control Options 

The TBL analysis of benefits and external costs is organized according to a series of benefit 
categories. The general approach and results for each category are described below. Considerable 
additional detail can be found in the associated appendices. It is important to note that not all 
options generate every type of benefit described below. Likewise, some options create external 
costs (negative benefits, such as added energy consumption and carbon emissions) within some 
of the categories.  

4.1 Recreational Use and Values (creekside and non-creekside) 

The green infrastructure, or LID-based, options include stream restoration and riparian buffer 
improvements, which will result in an anticipated increase in creekside (i.e., near stream) 
recreational opportunities in green areas along and adjacent to the impacted waters. Most of this 
added activity is anticipated for land-based, near water activities such as jogging, biking, 
walking, picnicking, and so forth. Little or no increases are expected in in-stream recreation 
(direct water contact or angling is not anticipated or encouraged in some relevant watershed 
areas). 

Under the LID options, recreational opportunities will also improve in non-creekside areas, due 
to the general increase in vegetated and treed acreage in the relevant portions of the City. These 
non-creekside recreational benefits also are included in the analysis. 

The more traditional infrastructure approaches (e.g., tunnels) are not expected to generate any 
appreciable changes in these types of recreational levels or values. While these approaches are 
aimed at reducing CSO overflow events – which will yield some water quality improvement – 
these options do not result in improved streamside or urban landscape conditions. Thus, there are 
no projected recreational benefits estimated for these options.  

Total recreational benefits associated with improvements made under the LID options are a 
function of the additional recreational trips (“user days”) taken as a result of these improvements, 
and the benefit (or direct use value) derived from each trip. To estimate additional recreational 
use and associated direct use benefits, we relied on a recent report prepared for the Philadelphia 
Parks Alliance by the Trust for Public Lands. The 2008 report, How Much Value Does the City 
of Philadelphia Receive from its Park and Recreation System? (Parks Report), provides 
visitation data and direct use values for a variety of recreational uses and activities at 
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Philadelphia’s parks. We tailored these data to individual watersheds based on conversations 
with park staff, detailed watershed and park management plans, and on-site visits 

Based on these methods and data, we estimate an increase of nearly 350 million outings over the 
40-year period (i.e., 2010–2049) for the 50% LID option. Over 70% of these outings are for 
near-stream activities, and the balance are non-creekside. The monetized present value of these 
added activities over the 40-year period amounts to over $520 million (these and all other dollar 
values described in this report are in 2009 USD, unless otherwise noted). Additional detail is 
provided in Appendix A.  

4.2 Enhanced Aesthetics (reflected in residential property values) 

Trees and plants improve urban aesthetics and community livability, and several empirical 
studies show that property values are higher when trees and other vegetation are present in urban 
neighborhoods. Applying a benefits transfer approach to interpret the relevant body of LID-
related published hedonic valuation literature, coupled with neighborhood-specific baseline 
property values, we derive an estimated aggregate increase in property values for each LID 
option and impacted city area. The literature used includes a Philadelphia-specific study 
published by Wachter and Wong (2006).  

For the 50% LID option applied city-wide to all four watershed areas, the estimated value of 
enhanced residential property values amounts to over $1.1 billion. We reduce this by 50% to 
avoid potential double-counting with several of the other benefit categories, since our objective 
here is to capture aesthetics-related benefits only. The resulting $575 million in present value 
benefits only accounts for residential properties; enhanced values for nonresidential properties 
are not included in this analysis. Additional detail is provided in Appendix B. 

4.3 Heat Stress-Related Premature Fatalities Avoided 

The City has endured several excessive heat events (EHEs), with numerous documented cases of 
premature fatality attributed to heat stress in some summer periods (e.g., over 100 premature 
fatalities attributed to heat stress in the EHEs of 1993). The episodes have been studied 
extensively by the City, the federal Centers for Disease Control (CDC), and EPA.  

Green infrastructure (trees, green roofs, and bio-retention areas) – such as would be implemented 
under the LID-oriented options − creates shade, reduces the amount of heat absorbing materials 
and emits water vapor – all of which cool hot air and reduce the urban heat island (UHI) effect. 
This cooling effect will be sufficient to actually reduce heat stress-related fatalities in the City 
during extreme heat wave events.  
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Applying the standard methods developed and applied for relevant federal agencies, our analysis 
(supported by Dr. Larry Kalkstein and his associates) links increases in vegetated areas to 
potential reductions in summer temperatures and, ultimately, to projected cases of heat stress 
fatalities avoided. City-wide, we estimate 196 premature fatalities avoided over the 40-year 
project planning horizon, for the 50% LID option.  

Standard EPA methods and values (i.e., value of statistical life, VSL, estimates) were then used 
to monetize these reductions in premature fatalities. For the 50% LID option, the present value of 
the reduced risk of premature fatality from heat stress amounts to nearly $1.1 billion. This 
estimate does not include the avoided medical costs and reduced suffering of morbidity impacts 
(i.e., the costs associated with those individuals who would otherwise suffer adversity from heat 
stress, but would not be projected to die from the impact). As such, the omission of morbidity 
events means that our premature mortality-oriented estimates are probably a lower-bound of the 
total public health benefit attributable to the LID options. Additional detail is provided in 
Appendix C. 

4.4 Water Quality and Aquatic Habitat Enhancements and Values  

A core objective of any CSO control option is to improve water quality and aquatic ecosystems 
in the impacted watersheds. The traditional infrastructure options (e.g., plant expansions, 
tunnels) are aimed at reducing the number of overflow episodes, but do little to directly improve 
the physical riparian area environment (i.e., riparian and aquatic ecosystems and habitat areas) or 
otherwise enhance living resources in many of the City’s watershed environments. In contrast, 
the LID options, in conjunction with the related watershed restoration efforts, are expected to 
generate improvements to these natural resources.  

To estimate the value of these improvements, a benefits transfer approach was applied, drawing 
on a meta analysis of nonuse value estimates associated with different potential baseline levels 
and improvements in water quality. A primary objective of this meta-analysis was to develop a 
tool (regression model), based on existing (primary) studies, that could be used to predict what 
individual households would be willing to pay for improvements in water quality to a specified 
level. Using the regression tool, we were able to apply information related to the Philadelphia 
CSO control options (e.g., demographic data and expected water quality/habitat improvements 
under each option) to estimate total willingness to pay (WTP) for water quality improvements.  

Due to differences in demographics and location (distance from the resource), we separately 
evaluated WTP for households within Philadelphia and nearby households outside of the City. 
The households outside of Philadelphia included in this analysis fall within the greater 
Philadelphia Metropolitan Area (MA; including Bucks, Chester, Delaware and Montgomery 
counties).  
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The results for the 50% LID option indicate an estimated annual WTP of approximately $10 to 
$15 per household per year, when the water quality and related habitat enhancements are fully 
realized. Over the 40-year analysis period, this amounts to an estimated city-wide value of over 
$330 million. Additional detail is provided in Appendix D.  

4.5 Wetland Enhancement and Creation  

Under the LID options, watershed restoration and related efforts are expected to create or 
enhance over 190 acres of wetlands in the relevant watersheds. We monetized these added and 
enhanced wetland acres according to the range of services they are expected to provide in the 
urban area watersheds, using a benefits transfer approach based on the relevant published 
literature of wetland values.  

For the 50% LID option, these added wetland acres and related services are estimated to provide 
over $1.6 million in added value city-wide, in present value terms, over the 40-year project 
planning period. Additional detail is provided in Appendix E.  

4.6 Poverty Reduction Benefits of Local Green Infrastructure Jobs  

Jobs associated with large civil works projects, such as CSO control options, are not typically 
counted within an economically sound benefit-cost analysis. This is because the labor retained in 
such projects typically would be gainfully employed in other ventures (private or public 
investments), meaning that there typically is a transfer of employment across potential activities 
rather than a real net gain in jobs. Therefore, in this analysis of PWD’s CSO control options, we 
are not counting jobs under any of the options as new employment creation benefits. 

However, there are some relevant considerations to be taken into account for some of the CSO 
control options. Specifically, there are likely to be social benefits (e.g., avoided social costs) 
when jobs can be steered to local citizens who are typically unemployed (or under-employed) 
due to a lack of education and training and other social circumstances. 

Specialized labor is required for construction of conventional stormwater management solutions 
(e.g., boring, tunneling). Such skilled laborers might typically be already employed in the 
construction field. In contrast, green infrastructure projects, as embodied in the LID options, 
creates the opportunity to hire unskilled – and otherwise unemployed – laborers for landscaping 
and restoration activities. Thus the benefits of providing these green jobs include the avoided 
costs of social services that the City would provide on behalf of the same people if they remained 
unemployed. These “green infrastructure jobs” therefore have the unique capability to provide 
not just employment, but a crucial stepping stone to help people escape from poverty. The 
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benefits of providing “green infrastructure jobs” include the avoided costs of social services that 
the City would provide on behalf of the same unskilled people if they remained unemployed, 
outside the workforce, and trapped in poverty.  

For the 50% LID option, we project over 15,000 job years will be created for low-skilled local 
workers, over the 40-year period, across the four watershed areas. Based on the avoided costs of 
social services linked to these added job years, we estimate a present value benefit of nearly 
$125 million. For addition detail, see Appendix F. 

4.7 Energy Use and Related Changes in Carbon and 

Other Emissions  

Green space helps lower ambient temperatures and, when incorporated on and around buildings, 
helps shade and insulate buildings from wide temperature swings, decreasing the energy needed 
for heating and cooling. In addition, diverting stormwater from wastewater collection, 
conveyance and treatment systems reduces the amount of energy needed to pump and treat the 
water, which in turn reduces emissions of greenhouse gases (GHG, including carbon dioxide, 
CO2) and other air pollutants (e.g., sulfur dioxide, SO2, and nitrogen oxides, NOx) from power 
plants. Reduced energy demands in buildings, and increased carbon sequestration by added 
vegetation, also result in a lower carbon footprint (reduced CO2 emissions).  

Our analysis calculates the amount of energy consumption added (or reduced) by the various 
CSO control options, and calculates the value of the added energy costs (or the energy cost 
savings), at current energy prices. The energy use levels include, for example, the home energy 
cost savings provided by the shading offered by trees added under the LID options. Also 
included is the increased consumption of motor fuel associated with construction-related vehicle 
traffic delays imposed by any of the options. Some CSO control options generate net energy 
savings (i.e., the LID options), and others result in a net increase in energy use and costs 
(e.g., the tunnel options). It is important to note that our analysis includes only those energy costs 
that are external to engineering cost estimates. The cost of fuel used by construction and 
maintenance vehicles, and electricity costs associated with excavation and other construction 
activities are reflected in the cost estimates developed by CDM. 

In addition to the direct expense of added energy consumed (or savings from use of less energy), 
we also assess the level of CO2 emissions added (or reduced or sequestered) by each option. 
Thus, for example, the LID options reduce CO2 emissions at power plants by providing energy 
savings at shaded homes, plus the added trees sequester some CO2 as well. These reductions 
more than offset the added emissions associated with implementation-related activities, such as 
added vehicle fuel use during the installation of green infrastructure. The net savings in 
emissions are valued using a “social cost of carbon” estimate derived from the Intergovernmental 
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Panel on Climate Change (IPCC) of the climate change damages contributed by each metric ton 
(MT) of CO2 equivalent (CO2e) emitted. The value used is $12/MT.  

In contrast, traditional infrastructure options tend to increase net CO2 emissions, because they 
require extensive excavation activity and concrete, and also required added energy use in 
pumping and treating the collected and stored stormwaters. Again, the direct cost of the energy 
used in constructing and operating the traditional infrastructure approaches are not included in 
our cost estimates, because they are internal costs that are reflected in the capital and operation 
and maintenance (O&M) costs developed for each of those CSO control options (i.e., the energy 
cost is included in the engineering cost estimates provided by CDM). However, in our work, we 
do include the external costs associated with the added energy use required by these options.  

Finally, the changes in energy use also change the amount of SO2 and NOx emitted from power 
plants. These changes in emissions are estimated based on region-specific data from EPA, and 
assigned monetary values based on EPA methods that reflect the average health benefit (or cost) 
associated with each ton of emission reduced (or added).  

For the 50% LID option, our analysis indicates a net energy savings over the 40-year planning 
period of nearly 370 million kilowatt hours (kWh) of electricity and nearly 600 million British 
thermal units (Btus) of natural gas. The 50% LID option will result in close to 0.5 million gallons 
of “wasted” motor fuel consumed by vehicles delayed by construction activities. Emissions 
reductions over that period include over 1,500 MT of SO2, 1.1 million MT of CO2, and a small 
reduction in NOx emissions of 38 MT.  

The monetized present value of these changes from the 50% LID option amount to nearly 
$34 million for energy savings, over $21 million for reduced CO2 emissions, and over 
$46 million for reduced net damages from SO2 and NOx emissions. For additional detail, see 
Appendix G. 

4.8 Air Quality Pollutant Removal from Added Vegetation 

Trees and vegetation improve air quality by filtering some airborne pollutants (particulate matter 
and ozone). Likewise, reduced energy consumption results in decreased emissions (SO2 and 
NOx) from power generation facilities (as described and evaluated in the previous section). These 
air quality improvements can reduce the incidence and severity of respiratory illness.  

To evaluate the air quality impacts of added trees, we used a model developed by the U.S. Forest 
Service, for application in Philadelphia. We analyzed the resulting estimates of projected 
changes in ambient air quality (i.e., ozone and particulate matter concentrations) using software 
developed by the EPA to calculate the avoided health effects from the contribution of trees to 
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reducing ozone and PM2.5 concentrations, and to estimate the economic value of the avoided 
health effects. EPA’s BenMAP (Ver. 3.0.15), was used to conduct this analysis. 

The avoidable air pollution-related health effects estimated in this analysis are: 

� Premature mortality (from ozone and PM2.5) 

� Onset of irreversible chronic bronchitis (PM2.5) 

� Heart attacks (non-fatal acute myocardial infarctions) (PM2.5) 

� Hospital admissions (non-fatal) for respiratory and cardiovascular conditions (from ozone 
and PM2.5) 

� Emergency room visits for asthma (from ozone and PM2.5) 

� Respiratory symptoms (days of illness) (from ozone and PM2.5) 

� Work loss days (PM2.5) and school absence (ozone). 

The quantified estimates are then monetized using standard EPA dollar values for each 
applicable adverse health endpoint. 

For the 50% LID option, applied across the four watershed areas, we estimate that after full 
implementation and tree maturation, the health effects avoided will include between 1 and 
2.4 premature fatalities avoided per year, 1.2 heart attacks avoided per year, and over 700 cases 
of other respiratory illness days avoided per year. The present value of the associated monetized 
benefits is over $130 million over the 40-year period. Additional detail is provided in 
Appendix H.  

4.9 Construction- and Maintenance-Related Disruption Impacts 

All of the CSO options will result in some level of disruption due to construction and program 
activities. Social costs of disruption can include traffic delays, limited access to places of 
business, increased noise and pollution, and other inconveniences. Under all of the CSO 
alternatives, construction activities will likely result in occasional delays and increased travel 
times for passenger and commercial vehicle travelers in Philadelphia. Travel time delays can be 
caused by: 
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� General traffic slowdowns associated with an increase in the number of trucks and 
construction equipment on the road 

� Slowdowns from trucks entering and exiting construction or landscaping sites 

� Lane or road closures associated with construction in the roadway or road right-of-way.  

In addition to the value of “lost” time spent in traffic, construction-related delays can result in 
increased costs associated with additional fuel used by vehicles as a result of slower speeds and 
occasional vehicle stops and idling.  

Using standard methods and data for estimating traffic delays and associated fuel use and time 
loss, we estimated the 40-year present value of these external costs for each CSO control option. 
City-wide, the present value of these external costs for the 50% LID option is $5.6 million, and 
for the 30’ Tunnel option, it is more than 200 times larger, at over $13.4 billion. Additional detail 
is provided in Appendix I. 
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5. Summary of Results 

The following sections summarize the benefits and external costs of the CSO control options 
currently being considered by PWD. We first present the results of our analysis on a City-wide 
basis, highlighting the benefits and costs across the CSO watersheds. More detailed tables, 
providing benefits and costs in each watershed by category, are provided at the end of this 
chapter.  

Again, it is important to note that throughout the following sections, we refer to the green 
infrastructure CSO control options as LID-based approaches. We categorize the different options 
based on different levels of implementation (e.g., the 50% LID option would manage runoff 
from 50% of impervious surfaces in Philadelphia through green infrastructure). Green 
infrastructure and LID are used interchangeably throughout the next chapter and appendices.  

We also refer to the traditional infrastructure options according to different levels of 
implementation. For example, throughout the report we draw upon the “30’ Tunnel” option as an 
example alternative. This option includes a system of storage tunnels serving all watersheds with 
an effective diameter of 30 ft. Alternative tunneling options (e.g., 15’, 20’, 25’, and 35’ options), 
are also being evaluated by PWD and the impacts of all alternatives are examined here.  

5.1 Benefits of LID CSO Control Options 

Figure 5.1 presents the total net benefits (defined here as benefits minus the external costs of 
construction disruption) for the LID CSO control options over the 40-year project evaluation 
period. City-wide, total present value benefits range from about $1,935 million (2009 USD) 
under the 25% LID option to more than $4,466 million under the 100% LID option.  

The relative make up of total benefits by watershed is consistent across LID options. As shown 
in Figure 5.1, the Tacony-Frankford Creek Watershed accounts for about 20 to 22% of total 
benefits under each option. Cobbs Creek makes up about 8 to 11%, while the Schuylkill and 
Delaware River Watersheds account for about 25 to 27% and 42 to 44% of total net benefits, 
respectively.  

Figure 5.2 shows the breakdown of total City-wide benefits by benefit category for the 50% LID 
option. As shown, reduced heat-stress fatalities, increased property values, and increased 
recreational opportunities make up the majority of total benefits. These categories account for 
37, 20, and 18% of total benefits, respectively.  
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Figure 5.1. City-wide net benefits for LID options by watershed. 
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Figure 5.2. Shares of City-wide present value benefits of key CSO options:  

Cumulative through 2049. 
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The benefits associated with improved water quality and aquatic habitat also account for a 
substantial portion of total benefits (12%), while net energy savings, reduced NOx and SO2 
emissions, and carbon sequestration all account for less than 2%. “Green jobs” and air quality 
improvements due to pollutant removal from trees, both account for about 5% of total benefits. 
The percent breakdown of benefit categories shown in Figure 5.2 is consistent across the LID 
options. 

5.2 Benefits and External Costs of Example CSO Options 

To show a more direct comparison of benefits and external costs of the different CSO control 
options, Figure 5.3 provides City-wide estimates for the LID and tunneling CSO Control options. 
These options were chosen to demonstrate the difference in net benefits between green and 
traditional infrastructure. The reporting of these results is not intended to indicate that a final 
PWD decision will be based on these two alternatives. 

0 1,000 2,000 3,000 4,000 5,000

15' Tunnel

20' Tunnel

25' Tunnel

30' Tunnel

35' Tunnel

25%

50%

75%

100%
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Figure 5.3. City-wide present value benefits/external costs of the LID and tunneling 

CSO control options, over 40-year project period (2009 USD). 
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As shown in Figure 5.3, on a City-wide basis, the net external costs of the tunneling options 
ranges from about $61.6 million under the 15’ Tunneling option, to more than $140 million 
under the 35’ Tunneling option. This compares to the range of net present value benefits for the 
LID options of $1,935 million to $4,466 million, as reported in Section 5.1 above. 

Table 5.1 shows City-wide estimates for total net benefits (benefits minus external costs) of the 
50% LID and 30’ Tunnel options over the 40-year project period. This comparison is intended to 
provide a bit more detail into the break down of the individual options. The ratio of the external 
costs of the tunneling options to the net benefits of the LID options varies considerably by 
watershed. Section 5.3 provides a comparison of the costs and benefits of these different options 
for each watershed. 

As discussed earlier in this report, the physical unit measures associated with the monetary 
values presented above are an important component of our discussion of total benefits. For the 
LID options, for example, physical unit measures include the number of lives saved as a result of 
reduced heat stress, the number of new recreational visitor days, and the energy and carbon 
savings associated with increased vegetated area, among others.  

Table 5.2 presents City-wide estimates for the physical unit measures associated with the 50% 
LID and 30’ Tunneling options. The measures shown below can be directly tied to the monetary 
values provided in Table 5.1. 

5.3 Detailed Results by Watershed 

The following tables provide detailed results for the CSO control options being evaluated in each 
of the CSO watersheds. Tables 5.3–5.6 show the present value estimates (2009 USD) for each 
benefit/external cost category, while Tables 5.7–5.10 provide the physical unit measures 
associated with these values. Finally, for comparison purposes, Figures 5.4–5.7 provide a visual 
depiction of the present value net benefits/external costs for the tunneling versus LID options 
within each watershed. The tables and figures included in the following pages include options in 
the Delaware River Watershed. 
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Table 5.1. City-wide present value benefits of key CSO options: Cumulative through 2049 

(2009 million USD)  

Benefit categories 50% LID option 30’ Tunnel option
a
 

Increased recreational opportunities $524.5  

Improved aesthetics/property value (50%)  $574.7  

Reduction in heat stress mortality $1,057.6  

Water quality/aquatic habitat enhancement  $336.4 $189.0 

Wetland services $1.6  

Social costs avoided by green collar jobs $124.9  

Air quality improvements from trees $131.0  

Energy savings/usage $33.7 $(2.5) 

Reduced (increased) damage from SO2 and NOx emissions $46.3 $(45.2) 

Reduced (increased) damage from CO2 emissions $21.2 $(5.9) 

Disruption costs from construction and maintenance $(5.6)b $(13.4) 

Total $2,846.4 $122.0 

a. 28’ Tunnel option in Delaware River Watershed. 
b. Parentheses indicate negative values.  

 

Table 5.2. City-wide natural unit benefits of key CSO options: Cumulative through 2049 

Benefit categories 50% LID option 30’ Tunnel option
a
 

Additional creekside recreational user days 247,524,281  

Additional non-creekside recreational user days 101,738,547  

Reduction in number of heat-related fatalities 196  

Annual WTP per household for water quality and aquatic habitat 
improvementsb $9.70−$15.54 $5.63−$8.59 

Wetlands created or restored (acres) 193  

Green collar jobs (job years) 15,266  

Change in particulate matter (PM2.5) due to increased trees (µg/m3) 0.01569  

Change in seasonal ozone due to increased trees (ppb) 0.04248  

Electricity savings due to cooling effect of trees (kWh) 369,739,725  

Natural gas savings due to cooling effect of trees (kBtu) 599,199,846  

Fuel used (vehicles for construction and O&M) (gallons) 493,387 1,132,409 

SO2 emissions (metric tons) (1,530) 1,452 

NOx emissions (metric tons) (38) 6,356,083 

CO2 emissions (metric tons) (1,091,433) 347,970 

Vehicle delay from construction and maintenance (hours of delay) 346,883 796,597 

a. 28’ Tunnel option in Delaware River Watershed.  
b. WTP per household in Philadelphia, MA, including Bucks, Chester, Delaware, Montgomery, and 
Philadelphia counties. 
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Table 5.3. Present value benefits of key CSO options in Tacony-Frankford Watershed: 

Cumulative through 2049 (2009 million USD) 

Benefit categories 50% LID option 30’ Tunnel option
a
 

Increased recreational opportunities $161.2  

Improved aesthetics/property value (50%)  $85.0  

Reduction in heat stress mortality $249.9  

Water quality/aquatic habitat enhancement  $23.7 $13.3 

Wetland services $0.3  

Social costs avoided by green collar jobs $27.0  

Air quality improvements from trees $28.3  

Energy savings/usage $7.3 $(0.4) 

Reduced (increased) damage from SO2 and NOx emissions $10.0 $(8.8) 

Reduced (increased) damage from CO2 emissions $4.6 $(1.1) 

Disruption costs from construction and maintenance $(1.2) $(2.2) 

Total $596.0 $0.8 

a. 28’ Tunnel option in Delaware River Watershed.  

 

Table 5.4. Present value benefits of key CSO options in Cobbs Creek Watershed: 

Cumulative through 2049 (2009 million USD) 

Benefit categories 50% LID option 30’ Tunnel option
a
 

Increased recreational opportunities $100.2  

Improved aesthetics/property value (50%)  $24.8  

Reduction in heat stress mortality $89.8  

Water quality/aquatic habitat enhancement  $30.6 $17.2 

Wetland services $0.3  

Social costs avoided by green collar jobs $8.6  

Air quality improvements from trees $9.0  

Energy savings/usage $2.3 $(0.5) 

Reduced (increased) damage from SO2 and NOx emissions $3.2 $(6.5) 

Reduced (increased) damage from CO2 emissions $1.5 $(1.0) 

Disruption costs from construction and maintenance $(0.4) $(2.8) 

Total $270.0 $6.5 

a. 28’ Tunnel option in Delaware River Watershed.  
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Table 5.5. Present value benefits of key CSO options in Schuylkill River Watershed: 

Cumulative through 2049 (2009 million USD) 

Benefit categories 50% LID option 30’ Tunnel option
a
 

Increased recreational opportunities $90.1  

Improved aesthetics/property value (50%)  $193.7  

Reduction in heat stress mortality $297.1  

Water quality/aquatic habitat enhancement  $86.2 $48.5 

Wetland services $0.3  

Social costs avoided by green collar jobs $28.9  

Air quality improvements from trees $30.4  

Energy savings/usage $7.8 $(0.6) 

Reduced (increased) damage from SO2 and NOx emissions $10.7 $(14.2) 

Reduced (increased) damage from CO2 emissions $4.9 $(1.7) 

Disruption costs from construction and maintenance $(1.3) $(3.4) 

Total $748.9 $28.5 

a. 28’ Tunnel option in Delaware River Watershed.    

 

Table 5.6. Present value benefits of key CSO options in Delaware River Watershed: 

Cumulative through 2049 (2009 million USD) 

Benefit categories 50% LID option 30’ Tunnel option
a
 

Increased recreational opportunities $173.0  

Improved aesthetics/property value (50%)  $271.2  

Reduction in heat stress mortality $420.9  

Water quality/aquatic habitat enhancement  $195.8 $110.0 

Wetland services $0.7  

Social costs avoided by green collar jobs $60.4  

Air quality improvements from trees $63.4  

Energy savings/usage $16.3 $(0.9) 

Reduced (increased) damage from SO2 and NOx emissions $22.4 $(15.7) 

Reduced (increased) damage from CO2 emissions $10.3 $(2.1) 

Disruption costs from construction and maintenance $(2.7) $(5.1) 

Total  $1,231.6   $86.2  

a. 28’ Tunnel option in Delaware River Watershed.  
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Table 5.7. Natural unit benefits of key CSO options in Tacony-Frankford Watershed: 

Cumulative through 2049 

Benefit categories 50% LID option 30’ Tunnel option
a
 

Additional creekside recreational user days 80,527,887  

Additional non-creekside recreational user days 22,714,215  

Reduction in number of heat-related fatalities 46  

Annual WTP per household for water quality and aquatic habitat 
improvementsb $9.70−$15.54 $5.63−$8.59 

Wetlands created or restored (acres) 35  

Green collar jobs 3,303  

Electricity savings due to cooling effect of trees 79,771,661  

Natural gas savings due to cooling effect of trees 129,277,877  

Fuel used (vehicles for construction and O&M) 106,449 184,336 

SO2 emissions (metric tons) (330) 283 

NOx emissions (metric tons) (8) 1,082,609 

CO2 emissions (metric tons) (235,478) 63,986 

Disruption delay from construction and maintenance 74,840 129,672 

a. 28’ Tunnel option in Delaware River Watershed.  
b. WTP per household in Philadelphia, MA, including Bucks, Chester, Delaware, Montgomery, and 
Philadelphia counties. 

 
Table 5.8. Natural unit benefits of key CSO options in Cobbs Creek Watershed: 

Cumulative through 2049 

Benefit categories 50% LID option 30’ Tunnel option
a
 

Additional creekside recreational user days 50,478,407  

Additional non-creekside recreational user days 8,629,946  

Reduction in number of heat-related fatalities 17  

WTP per household for water quality and aquatic habitat 
improvementsb $9.70−$15.54 $5.63−$8.59 

Wetlands created or restored (acres) 39.93  

Green collar jobs 1,050  

Electricity savings due to cooling effect of trees 25,475,530  

Natural gas savings due to cooling effect of trees 41,285,620  

Fuel used (vehicles for construction and O&M) 33,995 235,991 

SO2 emissions (metric tons) (105) 208 

NOx emissions (metric tons) (3) 1,256,965 

CO2 emissions (metric tons) (75,201) 59,809 

Disruption delay from construction and maintenance 23,901 166,009 

a. 28’ Tunnel option in Delaware River Watershed.  
b. WTP per household in Philadelphia, MA, including Bucks, Chester, Delaware, Montgomery, and 
Philadelphia counties. 
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Table 5.9. Natural unit benefits of key CSO options in Schuylkill River Watershed: 

Cumulative through 2049 

Benefit categories 50% LID option 30’ Tunnel option
a
 

Additional creekside recreational user days 40,371,870  

Additional non-creekside recreational user days 22,991,914  

Reduction in number of heat-related fatalities 55  

Annual WTP per household for water quality and aquatic 
habitat improvementsb $9.70−$15.54 $5.63−$8.59 

Wetlands created or restored (acres) 30  

Green collar jobs 3,535  

Electricity savings due to cooling effect of trees 85,676,380  

Natural gas savings due to cooling effect of trees 138,847,060  

Fuel used (vehicles for construction and O&M) 114,328 285,414 

SO2 emissions (metric tons) (355) 456 

NOx emissions (metric tons) (9) 1,653,470 

CO2 emissions (metric tons) (252,908) 98,814 

Disruption delay from construction and maintenance 80,380 200,775 

a. 28’ Tunnel option in Delaware River Watershed.  
b. WTP per household in Philadelphia, MA, including Bucks, Chester, Delaware, Montgomery, and 
Philadelphia counties. 

 

Table 5.10. Natural unit benefits of key CSO options in Delaware River Watershed: 

Cumulative through 2049 

Benefit categories 50% LID option 28’ Tunnel option
a
 

Additional creekside recreational user days 76,146,118  

Additional non-creekside recreational user days 47,402,472  

Reduction in number of heat-related fatalities 78  

Annual WTP per household for water quality and aquatic 
habitat improvementsb $9.70−$15.54 $5.63−$8.59 

Wetlands created or restored (acres) 88  

Green collar jobs 7,379  

Electricity savings due to cooling effect of trees 178,816,154  

Natural gas savings due to cooling effect of trees 289,789,289  

Fuel used (vehicles for construction and O&M) 238,615 426,667 

SO2 emissions (metric tons) (740) 505 

NOx emissions (metric tons) (18) 2,363,038 

CO2 emissions (metric tons) (527,847) 125,361 

Disruption delay from construction and maintenance 167,762 300,141 

a. 28’ Tunnel option in Delaware River Watershed.  
b. WTP per household in Philadelphia, MA, including Bucks, Chester, Delaware, Montgomery, and 
Philadelphia counties. 
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Figure 5.5. Benefits less external costs for key CSO options in the Cobbs Creek 

Watershed. 
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Figure 5.4. Benefits less external costs for key CSO options in the Tacony-Frankford 

Creek Watershed. 
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Figure 5.7. Benefits less external costs for key CSO options in the Delaware River 

Watershed. 
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Figure 5.6. Benefits less external costs for key CSO options in the Schuylkill River 

Watershed. 
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6. Key Uncertainties and Sensitivity Analyses 

As detailed in the appendices of this report, there are a number of uncertainties (e.g., discount 
rate, social cost of carbon) and potential sources of variability (e.g., changes in energy costs) 
surrounding our analysis. To explore the impacts of these uncertainties on our overall results, we 
implemented a series of sensitivity analyses. The results of these analyses are discussed below.  

Sensitivity analysis involves systematically changing the value of a key input or variable to see 
how it affects the outcome of the analysis. The change in results shows how sensitive the project 
outcome is to changes in individual factors. Sensitivity analysis is often performed by varying a 
particular input by equal amounts greater to and less than the current value (e.g., +/- 50%). The 
ultimate purpose of sensitivity analysis is to understand which assumptions are important to the 
choice of a particular policy or project option, and what those assumptions would have to be to 
change the decision on which option to pursue. 

As part of the sensitivity analysis, we have explored the effect of a number of key assumptions 
on our overall results, including: 

� Discount rate. It is common practice to perform a sensitivity analysis on the discount rate 
used to determine the present value of costs and benefits. We therefore evaluated the 
benefits and external costs of the CSO options under alternative discount rate scenarios. 
Under the first scenario, we raised the nominal discount rate to 6.5%, (up from 4.875% in 
the current analysis) to reflect a 2.5% real discount rate, given the cost escalator 
(i.e., general inflation rate) of 4%. As a second scenario, we lowered the real discount 
rate to 0% (because of intergenerational equity aspects associated with the LID options). 
This entails lowering the nominal discount rate to 4% (i.e., setting discount rate to same 
value as the price escalator). Table 6.1 shows the results of this analysis for the 50% LID 
and 30’ Tunnel options. 

As shown in Table 6.1, under the 50% LID option, net benefits decrease by 27% city-
wide when the discount rate is increased to 6.5% (i.e., future benefits are “discounted” at 
a higher rate). Under the 4% discount rate scenario, benefits increase by about 21% city-
wide from the baseline analysis (where the discount rate is equal to 4.875%).  

Under the 30’ Tunneling option, relative impacts are larger and more varied across 
watersheds. For example, in the Tacony-Frankford Watershed, increasing the discount 
rate to 6.5% results in a 66% decrease in net benefits. In dollar terms, this represents a 
decrease of about $550,000. The large percentage decrease is due to the relatively low net 
benefits associated with this option in the Tacony-Frankford Watershed. City-wide, net 
benefits decrease by 34% and increase by 27% under the 6.5% and 4% discount rate 
scenarios, respectively. 

RB-AR11393



   

Stratus Consulting  Uncertainties and Sensitivity Analysis (Final, 8/24/2009) 

Page 6-2 
SC11737 

Table 6.1. Sensitivity analysis: Discount rates  

Present value net benefits (millions, 2009 USD) % change from baseline estimate* 

Discount rate 4.875% 6.5% 4.0% 6.5% 4.0% 

50% LID option 

Tacony  $596.0   $416.2  $737.0  -30% 24% 

Cobbs  $270.0   $185.6  $335.7  -31% 24% 

Schuylkill  $748.9   $551.9  $903.8  -26% 21% 

Delaware  $1,231.6  $895.1  $1,495.4  -27% 21% 

City-wide  $2,846.4  $2,048.7  $3,471.9  -27% 21% 

30’ Tunnel option 

Tacony  $0.8   $0.3   $1.3  -66% 59% 

Cobbs  $6.5   $3.7   $8.7  -42% 34% 

Schuylkill  $28.5   $18.9   $36.0  -34% 26% 

Delaware  $86.2   $57.2   $108.6  -34% 26% 

City-wide $122.0   $80.1   $154.6  -34% 27% 

 

� Social cost of carbon. There is currently quite a debate among experts and in the 
literature regarding the true social cost of carbon. For our analysis, we assume a cost of 
$12 per ton (MT), as reported by the IPCC. To evaluate how an increase in the social cost 
of carbon would impact our results for the different CSO control options, we conducted a 
sensitivity analysis comparing benefits and external costs with a higher social cost of 
carbon of $48 versus the IPCC’s average of $12. The $48 per ton is about half of the 
high-level estimates reported by the IPCC (which include values of $85 to $98 per MT). 
Table 6.2 shows the results of this analysis for the 50% LID and 30’ Tunnel options. 
More detailed results are included in Appendix G of this report. 

As shown below, changing the social cost of carbon does not significantly impact the net 
benefits of the 50% LID option on a percentage basis. This is because the benefits 
associated with carbon sequestration and reduced emissions make up a very small 
component of the total net benefits (e.g., < 1% under the 50% LID option). In dollar 
terms, the change in net benefits under the 50% LID option amounts to more than 
$63 million.  

Under the 30’ Tunnel option, the impact of an increased social cost of carbon has a much larger 
relative effect on overall results. City-wide, net benefits decrease by about 15% with an increase 
in the social cost of carbon from $12/MT to $48 MT. In dollar terms, this change amounts to 
about $18 million. 
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Table 6.2. Sensitivity analysis: Social cost of carbon 

Present value net benefits  

(millions, 2009 USD) 

Social cost of carbon $12/MT $48/MT 

% change from 

baseline estimate 

50% LID option    

Tacony  $596.0   $609.7  2.30% 

Cobbs  $270.0   $274.3  1.62% 

Schuylkill  $748.9   $763.6  1.97% 

Delaware  $1,231.6   $1,262.3  2.50% 

City-wide  $2,846.4   $2,910.0  2.23% 

30’ Tunnel option    

Tacony $0.8 $(2.5) (400.25)% 

Cobbs $6.5 $3.5 (45.54)% 

Schuylkill $28.5 $23.4 (18.06)% 

Delaware $86.2 $79.9 (7.35)% 

City-wide $122.0 $104.3 (14.53)% 

 

� Electricity prices. Electricity and other fossil fuel-based energy prices are expected to 
increase if a federal climate policy is introduced. Energy prices can also increase in the 
future due to a number of other factors (as evident by the price volatility seen in recent 
years). For our analysis, we assume a conservative estimate of $0.10 per kWh of 
electricity. This assumption affects the benefits associated with electricity savings under 
the LID CSO control options (electricity costs associated with power use within any CSO 
control option are not included in our analysis, because they are included in engineering 
cost estimates).  

To evaluate the impact of our assumption for the current rate of electricity, we conducted 
a sensitivity analysis that doubled this rate (e.g., up to $0.20 per kWh). The analysis 
shows that the rate of electricity has a very small impact on net benefits of the LID 
options. In all cases, net benefits increased by close to 1% as a result of the additional 
savings that would occur with higher electricity rates. 

� WTP for water quality improvements. As reported in Appendix D, we conducted a 
sensitivity analysis to evaluate how WTP per household fluctuates in response to changes 
in baseline water quality and the level of water quality/habitat improvement (as defined 
by the WQ10). The results of this sensitivity analysis (reported in Appendix D) indicate 
that within the reasonable range of assumptions related to these variables, WTP per 
household does not vary appreciably as these input values change, but seem to follow a 
reasonable progression. WTP is more sensitive to the actual improvement in water 
quality as opposed to the baseline index value used in the analysis. 
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A. Recreational Use and Values 

The LID CSO control options currently being evaluated by PWD would provide (and enhance) 
recreational amenities within PWD’s CSO watersheds. The LID options include a substantial 
increase in vegetated acreage (including “treed” acreage) throughout the City. Much of this 
“green” acreage would be in the form of trees planted along streets in residential areas or will be 
planted in areas that are currently vacant or abandoned. This “greening” of Philadelphia would 
increase enjoyment and participation in neighborhood activities such as walking, biking or 
jogging on sidewalks, bench sitting, and/or other general outdoor recreation. 

In addition, under all of the LID options, PWD would implement a stream restoration program 
intended to improve aquatic habitat in affected water bodies. The program is focused on physical 
in-stream improvements (primarily within the main stem water body associated with each 
watershed), as well as on improvement and expansion of riparian areas. In some watersheds, this 
would include improving riparian lands located within Fairmount Park and/or other open space 
areas. Activities in these areas might include trail construction and restoration, removal of 
invasive species, and other activities that would improve access along streams and rivers within 
the combined sewer area. In other areas, access to water bodies would be improved through key 
land and trail connections, enhancing recreational use in these areas.  

The following sections outline Stratus Consulting’s methodology for estimating the benefits 
associated with the increased recreational opportunities that will be available under the LID 
options for CSO control. Estimates of total benefits within each watershed are also provided. As 
described below, this analysis addresses “direct use” benefits only. Nonuse values associated 
with increased recreational opportunities are addressed in a subsequent analysis (see 
Appendix D). 

A.1 General Methodology 

To estimate total benefits of increased recreational activity under the LID options, we separately 
evaluated the benefits derived from improvements made as part of the stream restoration 
program (which are planned for implementation under all of the LID options) and those 
associated with a general increase in vegetated acreage throughout the CSO watersheds. For the 
purposes of this analysis, we refer to these benefits as “creekside” and “non-creekside” benefits, 
respectively.  

The following sections describe the general methodology used to evaluate creekside and non-
creekside recreational benefits. Subsequent sections provide more detailed descriptions of how 
our analyses were tailored to each watershed.  
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A.1.1 Recreational use 

As a first step to our analyses, we estimated the additional recreational use expected to occur 
under the different LID options in each watershed. To do this, we relied heavily on a recent 
report prepared for the Philadelphia Parks Alliance by the Trust for Public Lands. The 2008 
report, How Much Value Does the City of Philadelphia Receive from its Park and Recreation 
System? (Parks Report), provides visitation data for a variety of recreational uses and activities at 
Philadelphia’s parks.1  

The Parks Report provides data for visitation to parks in Philadelphia in general, and does not 
report recreational use at individual parks. We therefore used a per-acre estimate (number of 
visits per acre of Philadelphia park land) to evaluate potential changes in recreational activity 
under the different LID options in each watershed. We tailored these per-acre estimates to 
individual watersheds based on conversations with park staff, detailed watershed and park 
management plans, and on-site visits. We also made assumptions related to per-acre recreational 
use in non-park areas (e.g., on residential streets). Assumptions related to per-acre use in each 
watershed are described in detail in subsequent sections.  

Finally, the recreational use values reported in the Parks Report are for Philadelphia residents 
only. Our estimates therefore do not include recreational use (or benefits) for non-Philadelphia 
residents.  

A.1.2 Direct use values 

The total recreational benefits associated with improvements made under the LID options are a 
function of the additional recreational trips (“user days”) taken as a result of these improvements, 
and the benefit (or direct use value) derived from each trip.  

Because recreational activities are not traded in the market (i.e., there is no fee for participation), 
it can be difficult to establish the direct use values associated with them. However, economists 
have developed a number of techniques for valuing “non-market” goods and resources, such as 
recreation. For example, economists have often determined the value of a recreational experience 
based on the consumer’s WTP for the recreational experience in the private marketplace.  

                                                 

1. The number of park visits reported in the Parks Report were determined via a professionally conducted 
telephone survey of 600 Philadelphia residents. (The random-digit-dialed survey had an accuracy level of plus 
or minus 4%.) Residents were asked to answer for themselves; for those adults with children under the age of 
18, a representative proportion were also asked to respond for one of their children. 
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For this analysis, we were able to rely on direct use values for specific recreational activities, as 
reported in the Parks Report. The model used to quantify these values is based on the “Unit Day 
Value” method as documented in Water Resources Council recreation valuation procedures by 
the U.S. Army Corps of Engineers. The Unit Day Value model counts park visits by specific 
activity, and assigns each activity a dollar value, based on WTP for park activities. For example, 
playing in a playground is worth $3.50 each time to each user. Running, walking, or 
rollerblading on a park trail is worth $4.00. For a more detailed description of how direct use 
values were calculated, see the Parks Report. 

A.2 Non-creekside Recreation 

To estimate benefits associated with a general increase in vegetated acreage (including treed 
acreage), we relied on inputs from CDM regarding the planned increase in vegetated acreage 
under the LID options for each watershed. We modified the number of vegetated acres provided 
by CDM to reflect only those acres that would result in additional or enhanced recreational 
activity. For example, we subtracted out the estimated number of acres expected to be planted in 
green roofs (also an input provided by CDM). 

In addition to accounting for green roofs, we also subtracted the number of vegetated acres 
estimated for implementation in parking lots. To do this, we assumed that the vegetated acreage 
would be distributed based on the current pattern of impervious surface area in each watershed. 
For example, in the Tacony-Frankford Watershed, approximately 17% of impervious area (not 
including roofs) can be attributed to parking lots. We therefore assumed that 17% of the 
vegetated acreage planned under each alternative would be planted in parking lots. Thus, after 
accounting for green roofs, 17% of the remaining vegetated acreage planned for the Tacony-
Frankford Watershed would not result in recreational benefits.  

For the Schuylkill River Watershed, we also subtracted the number of acres identified in the 
Schuylkill River Master Plan (EDAW, 2003) as being available for recreational development 
(150 acres). This area was evaluated as part of the creekside recreational analysis. We assumed a 
similar area, on a per-stream mile basis, would be available for recreational development along 
the Delaware River and accounted for this in our analysis. 

Table A.1 shows the planned increase in vegetated acreage assumed to result in recreational 
benefits for the LID CSO options in each watershed. 
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Table A.1. Planned increase in vegetated acreage assumed to result in recreational 

benefits under the LID options 

 Tacony-Frankford Cobbs Creek Schuylkill Delaware 

25% LID 231 87 126 236 

50% LID 822 312 832 1,715 

75% LID 1,169 445 1,247 2,584 

100% LID 1,404 534 1,528 3,171 

 

Our next step was to estimate the number of recreational visits, or “user days,” per acre for 
specific recreational activities that would occur as a result of the increases in vegetated acreage. 
We used visitation data for specific activities (e.g., walking the dog, walking on sidewalks/trails, 
and picnicking or bench sitting) from the Parks Report as the basis for this estimate. We then 
assumed that on a per-acre basis, the vegetated acreage planted under the LID options would 
support about 10% of the recreational activity seen at an average park in Philadelphia.  

Table A.2 presents the annual additional recreational activity (in terms of “user days”) under the 
LID CSO options in each watershed, assuming full program implementation. Table A.3 shows 
total additional recreational user days over the 40-year project evaluation period. The estimates 
shown in Table A.3 take into account the LID implementation timeline provided by CDM. 

Table A.2. Additional non-creekside recreational user days under LID CSO control 

options each year (at full program implementation) 

 Tacony-Frankford Cobbs Creek Schuylkill Delaware 

25% LID 310,000 117,300 169,200 317,300 

50% LID 1,104,100 419,500 1,117,600 2,304,100 

75% LID 1,571,300 597,500 1,676,300 3,472,900 

100% LID 1,886,700 717,000 2,053,400 4,261,400 

 

Table A.3. Additional non-creekside recreational user days under LID CSO control 

options over 40-year project period 

 Tacony-Frankford Cobbs Creek Schuylkill Delaware 

25% LID 6,376,780 2,413,061 3,481,727 6,528,626 

50% LID 22,714,215 8,629,946 22,991,914 47,402,472 

75% LID 32,326,746 12,292,929 34,486,588 71,448,114 

100% LID 38,815,401 14,751,738 42,245,022 87,670,535 
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A.2.1 Direct use value of additional recreational visits 

To estimate the monetary value of additional recreational activity, we applied direct use values 
from the Parks Report for the recreational activities described above. We used 50% of the direct-
use values reported in the Parks Report to account for differences in the value of recreational 
activities in parks versus non-park areas (i.e., walking on a sidewalk).  

To estimate total benefits over the 40-year project life, we scaled annual benefits based on the 
LID implementation timelines provided by CDM. Table A.4 shows the present value benefits 
associated with non-creekside recreational activity expected to occur under the LID CSO options 
in each watershed. 

Table A.4. Direct-use benefits associated with non-creekside recreational visits under LID 

CSO control options (present value estimates for 40-year project period) 

 Tacony-Frankford Cobbs Creek Schuylkill Delaware 

25% LID $4,499,952 $1,702,843 $2,456,977 $4,684,956 

50% LID $16,028,916 $6,089,960 $16,224,881 $34,016,111 

75% LID $22,812,265 $8,674,846 $24,336,416 $51,271,313 

100% LID $27,391,164 $10,409,972 $29,811,370 $62,912,556 

 

A.3 Creekside Recreation 

The following sections describe Stratus Consulting’s approach for estimating recreational 
benefits associated with the stream restoration component of the LID CSO options. For this 
evaluation, we adapted our methodology to account for differences in current and expected 
changes in recreational use in each watershed. Further, the stream restoration program is 
assumed to be implemented under all of the LID alternatives, therefore total benefits are the 
same at each level of LID (25–100%). 

Our methodology and assumptions are based on an extensive review of watershed and park 
management/master plans (documented at the end of this appendix), on-site visits with PWD 
staff, and discussions with Fairmount Park representatives.  

A.3.1 Tacony-Frankford Watershed 

Tacony Creek Park, a unit of the Fairmount Park System, accounts for the majority of creekside 
recreational lands in the Tacony-Frankford Watershed. The park consists of 302 acres of land 
(including Juniata Park Golf Course) that form a narrow corridor of park along Tacony Creek 
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from the Montgomery/Philadelphia County border through Juniata Park. The park offers 
2.5 miles of creekside trails and is reportedly used by residents for picnicking, running, walking, 
and fishing. Although an illegal activity, people do swim in the Tacony Creek Park section of the 
creek. Unsanctioned uses of the park include all terrain vehicle (ATV) use, dumping, graffiti, and 
drug activity.  

Below Juniata Park Golf Course, the Tacony joins with now buried tributaries to form Frankford 
Creek. In order to deal with flooding and large influxes of stormwater, Frankford Creek has been 
completely channelized in concrete. The concrete channel prevents interaction between 
Frankford Creek and the groundwater system and eliminates streambed habitat needed to support 
aquatic life. The area surrounding Frankford Creek is highly industrialized and much of the creek 
is inaccessible.  

Stream restoration activities in the Tacony-Frankford Watershed are focused on in-stream 
restoration and riparian area improvements along the 2.6 miles of stream through Tacony Creek 
Park and the 3.5 miles of Frankford Creek (south of Juniata Park through to the Frankford’s 
confluence with the Delaware River). Major improvements related to recreational use include 
trail construction and restoration, expanded riparian areas, and improved access to the Tacony-
Frankford main stem. Implementation of the Frankford Creek Greenway (as described in the 
Frankford Greenway Master Plan) is expected to include 3.1+ miles of trail and a number of 
recreational amenities. 

Baseline recreational use  

We first established a baseline estimate for current recreational activity in Tacony Creek Park. 
We limited the baseline to activity within the park because it is currently the only area in the 
Philadelphia County portion of the watershed that provides direct access to the main stem creek.  

Our baseline estimate of recreational activity relies on survey data from the Tacony-Frankford 
River Conservation Plan (RCP), and qualitative descriptions from Fairmount Park Staff and the 
Tacony Creek Park Natural Lands Restoration Master Plan. We also used the Parks Report to 
help determine the mix of recreational activities occurring in the park.  

The RCP survey reports stream-related recreational activity for the entire watershed (including 
tributaries). We therefore used geographic information systems (GIS) land use data to estimate 
the percentage of creek-related recreational activity that occurs along the Tacony main stem in 
Tacony Creek Park. We estimate that Tacony Creek Park currently supports about 70% of total 
creek-related recreation in the watershed. The remaining 30% is assumed to occur in tributaries 
and other areas of the watershed not relevant to our analysis. 
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Table A.5 shows the inputs and data sources used to establish a baseline estimate for recreational 
use along the creek. As shown below, the majority of residents in the Tacony-Frankford 
Watershed report that they rarely, if ever, spend recreational time along the creek. Conversations 
with park staff also indicate that this park gets very little use.  

Table A.5. Assumptions and inputs used to establish baseline recreational use along 

Tacony-Frankford Creek  

  Data source 

General inputs   

2007 watershed population 
(Philadelphia County portion) 

285,405 EPA BenMap 2007; Tacony-Frankford Integrated 
Watershed Management Plan (IWMP) 

Percent of population less than 18 years old 26% 2000 Census 

Recreational activities along the creek    

Percent of watershed residents under the age of 
18 that recreate along the creek 

12% Tacony-Frankford RCP survey data as reported in 
the Tacony-Frankford IWMP 

Percent of watershed residents over the age of 
18 that recreate along the creek 

39% Tacony-Frankford RCP survey data as reported in 
the Tacony-Frankford IWMP 

Average number of visits per year (both groups) 3 Tacony-Frankford RCP survey data as reported in 
the Tacony-Frankford IWMP 

Mix of recreational activities   

Walk along creek 53% Tacony-Frankford RCP survey data as reported in 
the Tacony-Frankford IWMP 

Other non-contact activities 38% Tacony-Frankford RCP survey data as reported in 
the Tacony-Frankford IWMP; Parks Report 

Fishing  8% Tacony-Frankford RCP survey data as reported in 
the Tacony-Frankford IWMP 

Based on the assumptions and inputs shown above, we estimate that Tacony-Frankford Creek 
supports approximately 192,320 recreational visits to the creek each year. This amounts to about 
$406,000 in annual direct-use benefits.  

Additional recreational visits under LID options 

To estimate total creekside recreational benefits in the Tacony-Frankford Watershed, we 
separately evaluate recreational use under the LID CSO control options in the following 
locations: 

� Tacony Creek Park 
� Juniata Creek Golf Course  
� The planned Frankford Creek Greenway.  
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Tacony Creek Park. As a first step to our analysis of recreational activity in Tacony Creek 
Park, we calculated the average number of per-acre visits to all Philadelphia parks for specific 
activities expected to occur in Tacony Creek Park. These activities include:  

� Visits to playgrounds and tot lots 
� Picnicking or bench-sitting 
� Walking on trails 
� Walking dog in park 
� Birdwatching/nature 
� Bicycling on trails 
� Running on park trails 
� Fishing. 

We then assumed that under the LID/stream restoration improvements, Tacony Creek Park 
would likely support about 40% of the per-acre visitation experienced at an average park in 
Philadelphia. To estimate total visitation to the park, we therefore applied 40% of the average 
number of recreational visits per acre of park land in Philadelphia to the 174 acres of Tacony 
Park (excluding Juniata Park Golf Course). Our 40% assumption is based on the relative “local” 
nature of the park (e.g., compared to the regional appeal of East and West Fairmount parks), 
surrounding neighborhood demographics, and discussions with Fairmount Park representatives.  

Based on these assumptions, we estimate that approximately 2.1 million people would visit 
Tacony Park each year under the LID options (at full program implementation). This includes 
the baseline estimate of individuals who already visit the park, as well as visits from individuals 
who would have visited a park elsewhere in Philadelphia if the improvements along Tacony 
Creek had not taken place. These factors are accounted for in our estimate of total benefits, as 
described below. 

Juniata Park Golf Course. We based our estimate of additional visits to Juniata Park Golf 
Course on data reported in the Juniata Park Golf Course Land Use and Feasibility Study 
(EDAW, 2008). This report indicates that odors associated with CSO events in Tacony Creek are 
one of many limiting factors for increasing visitation to the course. 

EDAW reports that there are currently about 11,350 rounds of golf played at Juniata Park each 
year (2007 estimate). This compares to an average of 28,375 rounds reported for other public 
courses in Philadelphia, or 40% of average use. We assume that under the LID options, use 
might increase to about 50% of the average use at other courses, or to 14,190 rounds of golf (an 
additional 2,800 rounds).  

RB-AR11403



   

Stratus Consulting  Appendix A (Final, 8/24/2009) 

Page A-9 
SC11737 

Based on an average of 3 golfers per round, we estimate that as a result of the CSO 
improvements, approximately 8,500 individuals will golf at Juniata Park Golf Course that 
otherwise would not have. This includes individuals who would have golfed elsewhere in the 
City (and are therefore not included in the overall benefit estimates reported below).  

We use a conservative estimate for increase in use of the course as a result of CSO 
improvements because the park is plagued by non-CSO related problems such as graffiti and 
vandalism. In addition, Juniata Park is smaller than many other public courses and does not have 
the same historic or regional appeal as some of the other more well-used courses (e.g., Cobbs 
Creek Golf Course).  

Frankford Creek Greenway. The planned Frankford Creek Greenway is a massive public 
works project that would include 3.1+ miles of trail construction along Frankford Creek and 
would restore much of Frankford Creek to its natural stream bottom. To estimate the number of 
visits to the new greenway, we relied on the same methodology described above for our analysis 
of increased use at Tacony Creek Park.  

We first estimated the total area (acres) of the greenway, based on 3.5 stream miles and an 
assumed greenway width from the stream zone. Based on our assumptions, we estimate that the 
greenway would be approximately 190 acres. We then estimated per-acre visitation for activities 
expected to occur along the greenway.  

With the exception of fishing and playgrounds/tot lots, the activities within the greenway were 
assumed to be the same as those included in the Tacony Creek Park analysis. We did not include 
fishing as a specific recreational activity because the concrete walls on the side of the stream 
channel are assumed to prevent direct contact with the stream. Additionally, it is unclear whether 
playgrounds and tot lots would be included as part of the greenway (they were not described in 
the Frankford Greenway Master Plan). As with the Tacony Creek Park analysis, we assumed that 
the Frankford Greenway would support about 40% of the recreational use of an average park in 
Philadelphia, on a per-acre basis.  

Based on these inputs, we estimate that more than 1.9 million individuals will visit the greenway 
each year, once it is fully constructed. 

Total additional recreational visits. We assume that under the LID options, approximately 70% 
of the recreational visits reported above would be “new” visits, meaning they would not have 
occurred if the LID stream restoration program had not been implemented. This assumption 
implies that the remaining 30% of recreational visits would have occurred at parks or golf 
courses elsewhere in the City if the LID improvements had not taken place. Although there is a 
marginal benefit associated with these visits (otherwise individuals would continue to visit the 
other parks), these benefits are not included in our analysis. 
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Table A.6 provides a summary of total additional recreational visits in the Tacony-Frankford 
Watershed under the LID options. The number of additional visits is reported on an annual basis 
(assuming full program implementation) as well as in terms of total visits over the 40-year 
project period. Total visits over the project period were determined based on the stream 
restoration implementation timeline provided by CDM. 

Table A.6. Summary of total additional recreational visits in the Tacony-

Frankford Watershed under LID options 

Additional visits to Tacony Creek Park under LID options (minus baseline) 1,934,000 

Visits to Frankford Greenway  1,910,000 

Additional (person) visits to Juniata Park Golf Course 8,500 

Percent of visits that are new recreational visits 70% 

Additional annual recreational user days s 2,696,800 

Additional recreational user days over 40-year project period 80,527,887 

 

Direct use value of additional recreational visits 

To estimate the monetary value of additional creekside recreational visits under the LID CSO 
control options, we applied direct-use values from the Parks Report, weighted by specific 
recreational activity. Based on these values, we estimate that the increased recreational activity 
will result in approximately $6.1 million each year (2009 USD), at full program implementation. 
This amounts to more than $145 million in direct use benefits over the 40-year project period, in 
present value terms (2009 USD). Present value estimates were determined based on the stream 
restoration implementation timeline provided by CDM. 

A.3.2 Cobbs Creek Watershed 

Cobbs Creek Park, located on the western edge of Philadelphia, accounts for the majority of 
recreational/park land in the Cobbs Creek Watershed. The Park’s 220 acres encompass nearly 
13 miles of stream that eventually drain to the Delaware River. The main stem, which is 
8.2 miles, accounts for the majority of total stream length. The remaining stream length is made 
up of tributaries such as Indian Creek, and smaller, un-named streams.  

For the purposes of this analysis, we focus solely on recreational use along the Cobbs Creek 
mainstem, as this will be the focus of PWD’s stream restoration program. All improvements 
along the creek are expected occur within Cobbs Creek Park, which borders the creek throughout 
most of the CSO area. No additional recreational amenities are planned (i.e., nothing similar to 
the Frankford Creek Greenway). Stream restoration program activities are expected to result in 
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improved water quality, restored and expanded trails, and improved access to the creek via 
expanded riparian areas.  

To estimate recreational use along Cobbs Creek, we employed a methodology similar to the 
methodology used for our analysis of the Tacony-Frankford Watershed. Our methodology and 
results are described below. 

Baseline recreational use  

In the absence of data for current recreational use at Cobbs Creek Park, we relied on the per-acre 
baseline use established for Tacony Creek Park. We applied this baseline estimate to the 
220 acres of Cobbs Creek Park, assuming that per-acre use is about 15% higher at Cobbs Creek 
Park than at Tacony Creek Park. This assumption was based on on-site visits and qualitative 
descriptions of each park. Based on our per-acre use application (with the 15% adjustment), we 
estimate that currently, Cobbs Creek Park supports about 280,000 visits each year.  

Additional recreational visits to Cobbs Creek under the LID options 

Similar to our analysis of recreational benefits in Tacony Creek Park, we calculated the average 
number of per-acre visits to all Philadelphia parks for specific activities expected to occur in the 
park under the LID options. We assumed the same mix of recreational activities for Cobbs Creek 
as we did for Tacony Creek Park.  

We applied the per-acre estimates for specific recreational activities to Cobbs Creek Park and 
assumed that under the LID/stream restoration improvements, Cobbs Creek Park would likely 
support about 40% of the per-acre visitation experienced at an average park in Philadelphia. This 
assumption is based on the relative “local” nature of the park (e.g., compared to the regional 
appeal of East and West Fairmount parks), surrounding neighborhood demographics, and 
discussions with Fairmount Park representatives.  

Based on these assumptions, we estimate that approximately 2.7 million people would visit 
Cobbs Creek Park each year under the LID options (at full program implementation). This 
includes the baseline estimate of individuals who already visit the park, as well as visits from 
individuals who would have visited a park elsewhere in Philadelphia if the improvements along 
Cobbs Creek had not taken place.  

To estimate the number of additional visits under the LID options, we subtract out the baseline 
visits and assume that about 70% of the total visits are new visits (rather than visits that would 
otherwise have taken place at other city parks). Based on these assumptions, we estimate that 
improvements under the LID options will result in approximately 1.7 million additional visits 
each year, at full program implementation. This amounts to an additional 50.5 million visits over 
the 40-year project period, based on the implementation timeline provided by CDM. 
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Direct use value of additional recreational visits  

To estimate the monetary value associated with these increased visits, we applied direct-use 
values from the Parks Report, weighted by specific recreational activity. We estimate that 
improvements under the LID options will result in approximately $3.9 million recreation-related 
benefits each year, at full program implementation. This amounts to $94 million in present value 
benefits (2009 USD) over the 40-year project period. 

A.3.3 Schuylkill River Watershed 

Our analysis of recreational benefits in the Schuylkill River Watershed relies on the information 
and data reported in the Tidal Schuylkill River Master Plan (EDAW, 2003). The study area of 
the Master Plan includes the eight-mile stretch of the tidal Schuylkill River (and adjacent land) 
from the Fairmount dam to the Delaware River. This area consists of a significant amount of 
industrial land uses that are adjacent to residential, open space, institutional, and other public 
uses such as the Philadelphia International Airport.  

There are numerous active and inactive rail lines in the area, including the large and active East 
Side Yard for CSXT. Several major road corridors also run adjacent to and through the study 
area including I-95, I-76 (Schuylkill Expressway), I-676, Route 291/Passyunk Avenue, Grays 
Ferry Avenue, University Avenue, South Street, Walnut Street, Chestnut Street, and Market 
Street. 

Land use data reveal that over half of the Master Plan study area (54.75%) is currently devoted to 
manufacturing, utilities, parking, and transportation (rail and street rights-of-way). Another 29% 
of land is categorized as wooded, vacant, or water (water associated with industrial uses, not the 
river and canals). Only 2.52% is currently categorized as recreation and 2.81% as residential of 
all types. 

The Master Plan proposes a number of major public investments in the revitalization of the tidal 
Schuylkill River. These investments include greenway and trail improvements, including 
neighborhood linkages to the river and “streetscapes,” as well as infrastructure improvements. 
Based on the Master Plan’s full implementation, the potential development program for the study 
area could include the development of: 

� Over 3,270 residential units 
� Over 1,600,000 square feet of retail uses 
� Over 11,300 square feet of restaurants 
� Over 1,000,000 square feet of office space 
� Over 2,000,000 square feet of flex/industrial space 
� Over 100,000 square feet of cultural facilities 
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� Over 150 acres of new green space and park land 
� Over 8 miles of new multi-purpose trails 
� Marinas and boat storage for about 400 boats. 

Improvements made as part of the LID CSO control options in the Lower Schuylkill River will 
play a role in the implementation of the Tidal Schuylkill River Master Plan. For our analysis of 
recreational benefits, we focus on the development opportunities described above that can be 
directly tied to LID CSO control implementation. Based on our understanding of the LID 
options, this includes the implementation of 150 “creekside” acres of new open space and park 
land, including trails and streetscape improvements, and the opportunities for new marinas and 
boat storage. The benefits associated with these improvements are described in the following 
sections. 

Additional recreational visits associated with new green space  

To evaluate recreational benefits, we first estimate per-acre visitation for specific recreational 
activities associated with the additional open space and park land, based on the Parks Report. We 
then assume that recreational areas in the Lower Schuylkill River would support about 60% of 
the use of an average Philadelphia Park. This is higher than the 40% estimate used for the 
Tacony and Cobbs Creek parks due to the park’s more regional nature. However, due to the 
abundance of recreational opportunities just upstream of the CSO area (e.g., East and West 
Fairmount parks, Boathouse Row) and the heavy industrial nature of the area, this area will 
likely see less use than many other parks in the region.  

Additionally, we also assume that only about 50% of recreational visits to the Lower Schuylkill 
open space areas will be “new” visits (i.e., visits would not have taken place at another park in 
the region). This is also based on the abundance of recreational opportunities located just 
upstream of the Schuylkill CSO area.  

Based on these assumptions, we estimate that the improvements identified in the Schuylkill 
River Master Plan (associated with green space, trails, and pedestrian linkages only) will amount 
to about 1.3 million new recreational visits per year, assuming full program implementation. This 
amounts to about 40.2 million new visits over the 40-year project period, taking into account the 
stream restoration implementation timeline provided by CDM. Our analysis assumes no baseline 
level of visitation to this area due to its highly industrial nature and current land uses. 

Additional recreational visits for boating and fishing  

In addition to the benefits associated with new green space, the Master Plan identifies 
opportunities for the development of marinas and boat storage for about 400 boats. We include 
this in our analysis of recreational benefits because it can be directly tied to improvements in 
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water quality as well as the implementation of aesthetic and recreational amenities 
(e.g., additional open space) under the LID CSO control options. 

To estimate the number of new trips to the Lower Schuylkill River for fishing and boating, we 
rely on original survey data from the Parks Report, provided by the Trust for Public Lands.2 We 
used these data to determine the number of average trips per year taken by Philadelphians who 
engage in fishing and/or boating. We then assume an average of 3 people per boat/fish trip and 
that about 60% of the trips taken on the Lower Schuylkill River would be “new trips” 
(i.e., would not have taken place elsewhere). Based on these assumptions, we estimate an 
additional 4,400 trips each year at full program implementation. This amounts to about 
131,600 trips over the 40-year project period. 

Direct use value of additional recreational visits 

Similar to our analysis of Tacony and Cobbs Creek watersheds, we used direct-use values for 
specific recreational activities from the Parks Report to determine total benefits. Based on these 
values, we estimate the annual value of new recreational visits resulting from the implementation 
of 150 acres of open space, including trails and pedestrian linkages to the river, to be about 
$3.1 million (2009 USD) at full program implementation. Based on the implementation timeline 
provided by CDM, this amounts to more than $73.4 million in present value benefits 
(2009 USD) over the 40-year project period. Increased participation in boating and fishing in the 
Lower Schuylkill will provide an additional $19,172 in annual direct-use benefits, or a total of 
$460,000 in present value benefits over the 40-year project period. 

A.3.4 Delaware River Watershed 

In absence of specific data for the Delaware River Watershed, we assume that on a per-stream 
mile basis, the LID CSO control options for the Delaware River will include the same amount of 
open/green space area as planned for the Schuylkill River. 

As noted above, there are about 150 acres (or about 21 acres per stream-mile) of open/green 
space planned for the Lower Schuylkill area, which encompasses about 8.7 miles of river. 
Applying this to the 15.6 miles of the Delaware River within PWD’s CSO area, we estimate 
there will be about 341 acres of new open/green space under the LID CSO options. Similar to the 
Schuylkill Watershed, this additional acreage is separate from the vegetated acreage planned for 
areas throughout the watershed, as reported in the section on “non-creekside” recreational 

                                                 

2. The raw survey data is unweighted and does not account for differences in demographic characteristics of 
the study population and the population of Philadelphia County. 
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benefits. For our evaluation of non-creekside benefits, we subtracted out the open/green space 
acreage planned for the area along the river. 

We used the same methodology as described for the Schuylkill River to estimate the recreational 
benefits associated with this new area. Based on this methodology, we estimate that 
implementation of the stream restoration program under the LID CSO control options will result 
in about 2.6 million additional creekside recreational visits each year, at full program 
implementation. This amounts to about 76.1 million visits over the 40-year project period, taking 
into account the project implementation timeline. 

In terms of direct use benefits, additional recreational visits to the Delaware River will result in 
an annual benefit of $5.8 million (2009 USD), at full program implementation. Over the 40-year 
project period, this amounts to $139 million in present value benefits (2009 USD).  

A.4 Summary of Results  

Tables A.7 and A.8 provide a summary of total recreational benefits associated with the LID 
CSO control options. Table A.7 shows the additional number of recreational visits and the direct-
use benefits, in present value terms, associated with additional non-creekside recreation. 
Table A.8 shows the same results for the creekside recreational analysis. 

Table A.7. Summary of additional recreational visits under the LID CSO control options, 

over the 40-year project period 

 Tacony Cobbs Schuylkill  Delaware 

Non-creekside recreation     

25% LID 6,376,780 2,413,061 3,481,727 6,528,626 

50% LID 22,714,215 8,629,946 22,991,914 47,402,472 

75% LID 32,326,746 12,292,929 34,486,588 71,448,114 

100% LID 38,815,401 14,751,738 42,245,022 87,670,535 

Creekside recreationa 80,527,887 50,478,407 40,371,870 76,146,118 

a. Applies to all LID options. 
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Table A.8. Summary of monetized recreational benefits under the LID CSO control options, 

over the 40-year project period (present value
a
) 

 Tacony Cobbs Schuylkill  Delaware 

Non-creekside recreation     

25% LID $4,499,951 $1,702,843 $2,456,977 $$4,684,956 

50% LID $16,028,916 $6,089,960 $16,224,881 $34,016,111 

75% LID $22,812,264 $8,674,846 $24,336,416 $51,271,313 

100% LID $27,391,163 $10,409,972 $29,811,370 $62,912,556 

Creekside recreationb $145,154,937 $94,100,602 $73,900,681 $138,970,735 

a. Present value estimates presented in 2009 USD, assuming a 4% inflation rate and 4.875% discount rate. 
b. Applies to all LID options. 

 

A.5 Omissions, Biases, and Uncertainties 

To estimate the total recreational benefits under the LID alternatives, it was necessary to make a 
number of assumptions in the absence of specific data. In addition, a number of data omissions 
and uncertainties surrounding the analysis have been identified throughout this report. Table A.9 
provides a summary of these assumptions and uncertainties and their likely impact on our 
estimation of recreational benefits.  

Table A.9. Omissions, biases, and uncertainties  

Assumption/methodology 

Likely 

impact on 

net benefits
a
 Comment/explanation 

Only “new” visits are 
included in the analysis 

- Our analysis only includes visits that would not have occurred 
elsewhere if the LID improvements had not been implemented. 
However, there is a marginal benefit associated with the trips that 
would have occurred in another location (or the individuals would 
continue to make trips to this location under the LID alternatives). 
Given the relatively low direct-use values, the exclusion of these 
benefits does not likely make a significant impact on overall 
benefits.  

Further, the percentage of total visits that are “new” is based on 
qualitative discussions and on-site visits. A degree of uncertainty 
surrounds these assumptions. 
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Table A.9. Omissions, biases, and uncertainties (cont.) 

Assumption/methodology 

Likely 

impact on 

net benefits
a
 Comment/explanation 

Non-Philadelphia residents 
are not included in the 
analysis 

+/++ The Parks Report includes park visitation data for Philadelphia 
residents only. Non-Philadelphia residents are therefore not included 
in our analysis due to lack of data on how often they visit 
Philadelphia Parks. Inclusion of these visitors would increase 
overall benefits, most likely in the Schuylkill and Delaware River 
watersheds, which have a more regional appeal.  

Direct use values do not 
take into account the 
quality of the recreational 
experience 

U If the quality of recreational visits to CSO watersheds is higher (or 
lower) than for visits to an average park in Philadelphia, users might 
experience a higher (or lower) value per outing. Locational factors 
(e.g., proximity to existing parks or neighborhood demographics) 
may also affect the quality of the recreational experience. 

The direct-use values used 
in this analysis are low 
compared to similar studies  

+ The direct use values in the Parks Report are relatively low. 
However, in Philadelphia, recreational values are not expected to 
amount to as much as those in more remote areas. In the City, most 
people do not have to travel far to reach the parks, and residents 
spend a shorter time recreating once they get to the park.  

Further, based on qualitative descriptions of parks in the watershed, 
the quality of the experience seems to be lower than in other areas 
used in many valuation studies. 

Analysis relies on average 
per-acre visitation estimates 
for all parks in Philadelphia 

U- Our analysis assumes that parks/recreational land in CSO 
watersheds support a certain percentage of recreational use of an 
average park in Philadelphia on a per-acre basis. This is based on 
on-site visits, review of park master plans, and discussions with park 
staff. Increasing/decreasing this assumption would impact net 
benefits. 

Locational factors (e.g., proximity to existing parks or neighborhood 
demographics) and the amount of contiguous land in improved areas 
may also affect per-acre use. 

On-the ground 
implementation 

U There is a large degree of uncertainty surrounding planned activities 
under the LID options (e.g., location in the watershed) and how 
these activities will affect recreational use. It is therefore difficult to 
estimate the benefits associated with them. Our estimates are 
intended to provide an approximation of total benefits, based on our 
understanding of program implementation and the best available 
data for current recreational activity in Philadelphia. 

a. Indicating how addressing the assumption or overcoming the omission would probably impact the analysis, 
using the following key: + would likely increase net benefits; ++ would increase net benefits significantly; 
U direction of change in net benefit is uncertain; - would diminish net benefits; -- would diminish net benefits 
significantly. 
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B. Property Values, as Enhanced by the LID Options 

B.1 Summary 

Residential property value benefits are calculated for properties within the four watersheds 
relevant to this analysis: Cobbs Creek, Delaware Direct, Lower Schuylkill River, and Tacony-
Frankford Creek. Specifically, benefits are quantified separately for properties within PWD’s 
combined sewer area and those outside of the area; and the analysis is limited to the City. 
Benefits to properties outside of the combined sewer area and within the Lower Schuylkill River 
Watershed are excluded from the analysis because this area already has a considerable amount of 
LID, including East and West Fairmount Parks, and we do not anticipate any significant 
additional benefits to properties in this area. An estimate is provided for each of the other seven 
geographic areas using a range of benefits found in the literature. These estimates are meant to 
account for benefits that accrue to property owners from implementation of the LID options, or a 
significant aspect of the LID options (e.g., trees), that are unique from other benefit estimates 
presented in this report. Estimates of property value benefits from the green infrastructure LID 
options are summarized in Tables B.1 through B.4. Details on the derivation of these estimates 
are presented below. 

B.2 Data and Methods 

Estimates are calculated using neighborhood-level property count and price data from the 
Philadelphia “NIS neighborhoodBase,” a database of spatial and numerical data maintained by 
the University of Pennsylvania’s Cartographic Modeling Lab (CML, 2005). The total number of 
properties within a watershed (both within and outside of the combined sewer area) is compiled 
using GIS data obtained on neighborhood boundaries, watershed boundaries, and combined 
sewer area boundaries. The neighborhood data contain census housing unit counts, which are 
used to aggregate counts over several neighborhoods within a given watershed. 

Using 2007 median sales price data from the NIS neighborhoodBase, a weighted average market 
value is derived for properties sold within a given geographic area of interest (e.g., within the 
combined sewer area for a given watershed). Each neighborhood has a portion of the total 
properties sold for a given geographic area in 2007. Multiplying each of these neighborhood 
proportions by its median sales price for 2007 and summing over all neighborhoods, we derive a 
weighted average market value. Using the median selling price data helps to mitigate sensitivity 
to extreme selling prices, since only a fraction of properties sell within a given year. Moreover, if 
a certain type of property sold more heavily in 2007, relative to a historical baseline of sales by 
property type (e.g., condominiums vs. single family homes), the median will be less sensitive to 
this. It is for these reasons that median selling price is favored over the mean.  
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Table B.1. Summary of residential property value benefits from 25% LID program 

elements (2009 USD) 

 Within combined 

sewer area 

Outside combined 

sewer area Total 

Total residential properties 503,882 48,544 552,426 

Weighted average median sales price $128,307 $152,920 $130,470 

Estimated total market value of affected 
residential properties  $16,162,924,000 $1,855,841,000 $18,018,765,000 

Low-end estimate of one-time increase in 
residential property value for 25% LID $161,629,000 $2,941,000 $164,570,000 

Average estimate of one-time increase in 
residential property value for 25% LID $282,851,000 $5,146,000 $287,997,000 

High-end estimate of one-time increase in 
residential property value for 25% LID $404,073,000 $7,352,000 $411,425,000 

 

Table B.2. Summary of residential property value benefits from 50% LID program 

elements (2009 USD) 

 Within combined 

sewer area 

Outside combined 

sewer area Total 

Total residential properties 503,882 48,544 552,426 

Weighted average median sales price $128,307 $152,920 $130,470 

Estimated total market value of affected 
residential properties  $32,325,848,000 $3,711,682,000 $36,037,530,000 

Low-end estimate of one-time increase in 
residential property value for 50% LID $323,258,000 $5,881,000 $329,140,000 

Average estimate of one-time increase in 
residential property value for 50% LID $565,702,000 $10,292,000 $575,995,000 

High-end estimate of one-time increase in 
residential property value for 50% LID $808,146,000 $14,703,000 $822,850,000 
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Table B.3. Summary of residential property value benefits from 75% LID program 

elements (2009 USD) 

 Within combined 

sewer area 

Outside combined 

sewer area Total 

Total residential properties 503,882 48,544 552,426 

Weighted average median sales price $128,307 $152,920 $130,470 

Estimated total market value of affected 
residential properties  $48,488,771,000 $5,567,523,000 $54,056,294,000 

Low-end estimate of one-time increase in 
residential property value for 75% LID $484,888,000 $8,822,000 $493,710,000 

Average estimate of one-time increase in 
residential property value for 75% LID $848,554,000 $15,438,000 $863,992,000 

High-end estimate of one-time increase in 
residential property value for 75% LID $1,212,219,000 $22,055,000 $1,234,274,000 

 

Table B.4. Summary of residential property value benefits from 100% LID program 

elements (2009 USD) 

 Within combined 

sewer area 

Outside combined 

sewer area Total 

Total residential properties 503,882 48,544 552,426 

Weighted average median sales price $128,307 $152,920 $130,470 

Estimated total market value of affected 
residential properties  $64,651,695,000 $7,423,364,000 $72,075,059,000 

Low-end estimate of one-time increase in 
residential property value for 25% LID $646,517,000 $11,763,000 $658,280,000 

Average estimate of one-time increase in 
residential property value for 25% LID $1,131,405,000 $20,585,000 $1,151,989,000 

High-end estimate of one-time increase in 
residential property value for 25% LID $1,616,292,000 $29,407,000 $1,645,699,000 

 

The literature suggests a range of benefits from green storm water infrastructure, or LID, from 
0% to 7%. This implies the average property value will increase anywhere from 0% to 7% due to 
LID additions to the surrounding landscape. A further discussion of the literature is provided 
later in this appendix. For the calculations below, we tighten this range to 2–5% for properties 
within the combined sewer area, with a mean increase of 3.5%, given that most of the studies 
provide estimates within this inner range. 
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In the absence of spatial data that outline the specific location and magnitude of LID 
installments, we calculate total market value of affected residential properties under four LID 
scenarios: 25%, 50%, 75%, and 100% LID coverage. Under the 50% scenario, for example, the 
total market value of affected residential properties for a given area is calculated as 50% of the 
total number of properties in that area times its weighted average median selling price. 

Given that LID will be implemented within the combined sewer area, properties in the near 
vicinity of these changes will capitalize the greatest benefit (i.e., those properties within the 
combined sewer area). However, properties outside the combined sewer area will arguably 
accrue some benefit, though perhaps at a diminished rate. A number of studies reflect this 
“decay” in benefit as distance from the amenity increases (see Correll et al., 1978; Tyrvainen and 
Miettinen, 2000; Morancho, 2003; Wachter and Wong, 2006). For properties outside the 
combined sewer area, we adjust the benefit estimates range downward from 2%–5% to 1%–
2.5%. This downward adjustment reflects the decay of benefits as indicated by the literature. 
Calculations for properties both within and outside the combined sewer area assume benefits 
accrue uniformly among affected properties. 

Property value estimates from the literature encompass a wide range of benefits associated with 
LID. Many of these are not distinct from other benefits presented in this report (e.g., anticipated 
energy cost savings are likely to be capitalized, to some extent, in the increased property values 
of tree-shaded properties). In theory, changes in property values should reflect associated 
differences in air quality, water quality, energy usage (often relating to heat stress), flood control, 
and perhaps other benefits (particularly those qualitative in nature). For example, a property in an 
area with good air quality should sell for a higher amount relative to another property in an area 
with low air quality, all else equal. Thus, to simply add property value benefits with the benefits 
from improved air quality would be double-counting. This applies to most benefit categories in 
this report. Therefore, only a portion of the literature estimates should be considered unique from 
other benefits in this report, such as those stemming from aesthetic improvements. To account 
for this, we adjust estimates from the literature downward by 50% to arrive at a range of 1–2.5% 
for properties within the combined sewer area and 0.5–1.25% for properties outside the 
combined sewer area.  

Tables B.1 through B.4 show the projected benefits under the four LID scenarios, within and 
outside of the combined sewer area. Under each scenario, the total market value of affected 
properties is multiplied by the endpoints of the corresponding benefit estimates range, along with 
the mean. This yields aggregated benefit estimates for increases in property values. For example, 
the estimated average benefits for properties within the combined sewer area under the 50% LID 
scenario is a one-time increase of $565.7 million. 
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Total property value benefits range, on average, from $282.9 million to $1.13 billion for 
properties within the combined sewer area and between $5.1 and $20.6 million for properties 
outside the combined sewer area, depending on the LID scenario. This leads to a total estimate of 
average benefits ranging from $288.0 million for 25% LID to $1.15 billion for 100% LID.1 

B.3 Literature Used in the Benefits Transfer 

The “benefits transfer” methodology is used to calculate the above estimates. Due to the high 
costs of carrying out original research, primarily in terms of time, existing estimates for property 
benefits associated with LID or specific aspects of LID are applied to the Philadelphia context. 
As Sample et al. (2003) and Powell et al. (2005) point out, more research is needed in 
quantifying the benefits of LID; therefore, the pool of studies from which to choose is somewhat 
small. However, a number of studies were reviewed and six studies were selected as good 
candidates for a benefits transfer, given their similar context and scope. All six studies estimate a 
bundle of benefits associated with trees/LID/green storm water management in general. These 
studies are summarized in Table B.5. A brief summary is offered for each study, along with the 
estimate itself.  

Table B.5. Studies used in benefits transfer 

Study Summary of study 

Estimate  

(% increase in value) 

Ward et al. 
(2008) 

Estimates effect of LID on adjacent properties relative to those 
farther away, in King County (Seattle), WA. 

3.5−5.0% 

Shultz and 
Schmitz (2008) 

Proxies LID effects by looking at differentials for neighborhoods 
with clustered open spaces and greenways, etc., in Omaha, NE. 

Greenways: 1.1−2.7%;  
clustered open space: 

0.7−1.1% 

McPherson 
et al. (2006) 

References an uncited study that looks at the differentials between 
properties with ample trees vs. none or few trees (few details). 

3−7% 

Wachter and 
Wong (2006) 

Estimates the effect of tree plantings on property values for select 
neighborhoods in Philadelphia. 

2%  
(intrinsic value of trees) 

Anderson and 
Cordell (1988) 

Uses sales data from Athens-Clarke County (GA) to estimate the 
value of trees on residential property. Looks at differences between 
houses with five or more front yard trees and those that have fewer. 

3.5−4.5% 

Braden and 
Johnston (2003) 

Uses meta-analysis of studies to estimate several benefit categories 
related to on-site storm water retention (green approach/LID) for 
managing storm water. 

0−5% 

 

                                                 

1. Watershed-specific estimates are provided in Section B.4.  
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B.4 Watershed-Specific Results 

The tables that follow (Tables B.6 through B.12) show the property value results, by watershed 
and LID option. The benefit estimates reported here reflect the 50% reduction in increased 
property values described above, so as to focus on the aesthetic value of improvements provided 
by the added vegetation (i.e., reflecting a conservative approach to precluding possible double 
counting of energy savings and other benefits that might be embedded within the property value 
estimates). 

Table B.6. Summary table of estimates (within combined 

sewer area; Tacony-Frankford Creek Watershed) 

LID option (% increase) Low % increase High % increase 

25% $22,160,000.00 $55,399,000.00 

50% $44,319,000.00 $110,798,000.00 

75% $66,479,000.00 $166,197,000.00 

100% $88,639,000.00 $221,596,000.00 

 

Table B.7. Summary table of estimates (within combined 

sewer area; Cobbs Creek Watershed) 

LID option (% increase) Low % increase High % increase 

25% $7,010,000  $17,525,000  

50% $14,020,000  $35,049,000  

75% $21,030,000  $52,574,000  

100% $28,040,000  $70,099,000  

 

Table B.8. Summary table of estimates (within combined 

sewer area; Delaware Direct Watershed) 

LID option (% increase) Low % increase High % increase 

25% $77,123,000 $192,808,000 

50% $154,246,000 $385,615,000 

75% $231,369,000 $578,423,000 

100% $308,492,000 $771,230,000 
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Table B.9. Summary table of estimates (within combined 

sewer area; Lower Schuylkill River Watershed) 

LID option (% increase) Low % increase High % increase 

25% $55,337,000  $138,342,000  

50% $110,673,000  $276,683,000  

75% $166,010,000  $415,025,000  

100% $221,347,000  $553,367,000  

 

Table B.10. Summary table of estimates (outside combined 

sewer area; Tacony-Frankford Creek Watershed) 

LID option (% increase) Low % increase High % increase 

25% $2,133,000  $5,333,000  

50% $4,266,000  $10,666,000  

75% $6,399,000  $15,998,000  

100% $8,532,000  $21,331,000  

 

Table B.11. Summary table of estimates (outside combined 

sewer area; Cobbs Creek Watershed) 

LID option (% increase) Low % increase High % increase 

25% $81,000  $203,000  

50% $162,000  $406,000  

75% $244,000  $609,000  

100% $325,000  $812,000  

 

Table B.12. Summary table of estimates (outside combined 

sewer area; Delaware Direct Watershed) 

LID option (% increase) Low % increase High % increase 

25% $726,000  $1,816,000  

50% $1,453,000  $3,632,000  

75% $2,179,000  $5,447,000  

100% $2,905,000  $7,263,000  
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B.5 Omissions, Biases, and Uncertainties 

To estimate property value benefits under the LID alternatives, it was necessary to make a 
number of assumptions in the absence of specific data. In addition, a number of data omissions 
and uncertainties surrounding the analysis have been identified throughout this report. 
Table B.13 provides a summary of these assumptions and uncertainties and their likely impact on 
our estimation of property value benefits.  

Table B.13. Omissions, biases, and uncertainties 

Assumption/ 

methodology 

Likely impact 

on net benefits
a
 Comment/explanation 

Focuses only on 
residential properties 

++ Property values for commercial, industrial, and other non-
residential properties are excluded from the analysis. Including 
the benefits to these properties would increase net benefits. 

Based on benefits 
transfer approach, using 
range of 2–5% 

U The literature provides estimates for increases in residential 
property values from 0–7% due to LID implementation. We 
narrow this range to 2–5%. A Philadelphia-specific study, 
Wachter and Wong (2006), estimates the benefits to residential 
properties from tree plantings at 2%. Estimates used in this 
benefits transfer are assumed to be, on average, for a similar 
population and scale. Studies were chosen with these 
considerations. 

Estimates are based on 
marginal changes to land 
market 

U Estimates used in the benefits transfer are based largely on 
hedonic analyses, which reflect benefits associated with marginal 
changes in a land market. We assume the aggregation of benefits 
over multiple properties around the City is a marginal change. 

Reducing property value 
benefits to reflect 
potential double-counting 

U To avoid double-counting, we adjust property value benefits 
downward by 50%. This adjustment is ad hoc, but is used to 
estimate unique benefits to residential properties that are not 
estimated in other parts of the report. For example, enhanced 
aesthetics is a unique benefit, while reduced heat stress is not.  

Number of affected 
properties 

U The number of residencies impacted depends on the LID option 
for which benefits are calculated. These range from 25%–100% as 
presented in Tables B.1–B.4. 

Affected properties 
accrue benefits uniformly 

U All affected properties are assumed to accrue benefits uniformly. 
Considerations for baseline conditions or precise locations of LID 
implementations could not be made reliably in the absence of 
better data.  
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Table B.13. Omissions, biases, and uncertainties (cont.) 

Assumption/ 

methodology 

Likely impact 

on net benefits Comment/explanation 

Average property price is 
the weighted average of 
median prices from the 
affected neighborhoods 

U, but small The average property price for a given geographic area (used to 
derive total market value for that area) is calculated by taking the 
sales price for each neighborhood and multiplying by the share of 
residential properties sold within those neighborhoods, summing 
over all neighborhoods.  

a. Indicating how addressing the assumption or overcoming the omission would probably impact the analysis, 
using the following key: + would probably increase net benefits; ++ would increase net benefits significantly; 
U direction of change in net benefit is uncertain; - would diminish net benefits; -- would diminish net benefits 
significantly.  
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C. Heat Stress and Related Premature 

Fatalities Avoided 

This appendix describes the methodology used to evaluate the benefits associated with the 
reduction in EHEs and heat-related fatalities under the LID CSO control options currently being 
considered by the PWD. Results of our analysis are also provided. 

C.1 Introduction 

EHEs have a well documented history of adverse public health impacts. Relatively recent 
demonstrations of this heat-health relationship include the loss of roughly 15,000 lives in France 
during the 2003 European EHE (Koppe et al., 2004; Valleron and Mendil, 2004) and over 
700 deaths in Chicago, Illinois, in a July 1995 EHE (Kaiser et al., 2007). In addition to causing 
increased mortality, EHEs have also been associated with a range of morbidity impacts including 
increased emergency room use (NOAA, 1995) and hospitalizations (Semenza et al., 1999). 

Philadelphia has its own tragic history of adverse public health impacts from EHEs. Notably, in 
1991 and 1993, the county coroner determined EHEs were responsible for over 20 and 
100 deaths, respectively (CDC, 1994; U.S. EPA, 2006). These findings drew significant attention 
to the heat-health relationship in Philadelphia and resulted in a number of formal responses 
including: 

� The establishment of Philadelphia’s Heat Task Force to help develop and implement 
EHE notification and response plans. 

� Interest from the City in developing a meteorological warning system to predict when 
threatening conditions were expected. This ultimately led to the development of 
Philadelphia’s Heat Watch Warning System, which predicts daily mortality increases 
based on forecast weather conditions (Kalkstein et al., 1996).  

Concern about the heat-health issue continued to build and drive research from the late 1980s 
through the 1990s. A similar pattern developed with respect to examining how the urban 
environment can increase the severity and/or duration of residents’ exposure to elevated 
temperatures. These associated health concerns, combined with interest in reducing the electrical 
demand within urban areas, helped spur research into what is commonly known as UHI issues, 
particularly the potential for different mitigation actions (U.S. EPA, 2008a). Within this field, 
one studied UHI mitigation strategy involves increasing the reflectiveness (i.e., albedo) of urban 
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surfaces and/or increasing the acreage of urban vegetation (e.g., Hudischewskyj et al., 2001; 
Sailor, 2003).  

The LID CSO control options are expected to increase the City’s vegetated acreage. Thus, the 
envisioned LID programs will mimic urban revegetation programs focused on addressing the 
UHI. As a result, the LID options are expected to generate ancillary health benefits by reducing 
urban summer temperatures.  

This appendix first provides a summary of results from studies that have estimated urban 
temperature reductions associated with increasing urban vegetation. As described below, these 
results are used to define a range of plausible scenarios for how the increase in vegetated acreage 
under the LID CSO control options could affect urban weather conditions in Philadelphia. The 
meteorological changes defined in these scenarios are then used to estimate the potential benefit 
of the LID programs in terms of avoided heat-attributable deaths. The appendix concludes with a 
series of final comments and considerations including a review of potential omissions, biases, 
and uncertainties in the study methods and results. 

C.2 Modeled and Predicted Urban Temperature Reductions from 

Increased Urban Vegetation 

Complex spatial models have been used to estimate how increasing urban vegetation can affect 
solar energy absorption and ultimately local meteorological values such as temperature and 
humidity. In these applications, the study area is first divided into grid cells. Each grid cell is 
then assigned to a land category class that has its own unique combination of attribute values 
(e.g., solar reflectivity/absorption, moisture, roughness). The impact of a program that increases 
urban vegetation is then accounted for by recalculating and reassigning attribute values in cells 
where the policy would be implemented.  

For example, in the simplest approach, each grid cell would be assigned to one of two land 
categories, nonvegetated or vegetated. A policy to increase urban vegetation would then describe 
a percentage increase in vegetation, for example, a 10% increase in the study area. To simulate 
the effects of this policy, a new set of attribute values would be calculated for all cells initially 
assigned to the nonvegetated category. These new attribute values would reflect a weighted 
average of the nonvegetated and vegetated attribute values. In this hypothetical scenario, the new 
attribute value in previously nonvegetated cells would now be equal to 90% of the original 
nonvegetated attribute value plus 10% of the vegetated attribute. Values for cells originally 
categorized as vegetated would remain unchanged in this example. The policy’s impact on urban 
conditions is then calculated by running an urban meteorology model for the base case and the 
policy case and calculating the difference between meteorological values of interest 
(e.g., average daily temperature).  
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This approach has previously been used to estimate the impact of a 10% increase in urban 
vegetated acreage for a number of U.S. cities, including Philadelphia (Hudischewskyj et al., 
2001; Sailor, 2003), over a limited number of days. In the Hudischewskyj et al. (2001) study, the 
modeling was limited to considering the period July 14–15, 1995. Sailor (2003) modeled a 
number of multi-day events from June through August 1991–2001. Table C.1 presents the results 
of both studies with respect to changes in various air temperature measures.  

Table C.1. Summary of urban temperature impact results from increasing urban 

vegetation in Philadelphia 

Study 

Vegetation 

scenario 

Modeled temperature 

change result (°F) Notes 

0.39 (average temperature) Average temperature is the 
average of hourly differences 
calculated from 8 a.m. to 7 p.m. 

Sailor (2003) 10% increase in 
urban vegetation 
from increased 
deciduous broadleaf 
tree cover 

0.49 (maximum temperature) Maximum temperature is the 
difference between the 
maximum daily temperatures in 
the control and policy cases 

0.70 (maximum temperature 7/14) Hudischewskyj 
et al. (2001) 

10% increase in 
urban vegetation 
(type of vegetation 
not clearly 
specified) 

0.40 (maximum temperature 7/15) 

Difference in maximum surface 
temperatures in base and policy 
case 

 

The results in Table C.1 suggest that increasing vegetation by 10% in Philadelphia might reduce 
urban temperatures by between 0.40°F and 0.70°F depending on the temperature measure 
(i.e., maximum vs. average temperature). 

A similar study (Columbia University Center for Climate Systems Research et al., 2006) 
evaluated a number of potential changes to the urban landscape in New York City. The study 
estimated that there would be a 0.40°F reduction in temperature at 3 p.m. in New York City if 
6.7% of the total city area represented were to receive shading by adding trees along streets. The 
study also estimated a potential 1.10°F reduction at 3 p.m. if 31% of the city area were converted 
from its current mix of grass areas, streets without trees, and impervious roofs to areas with trees 
and living (i.e., vegetated) roofs. 
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C.3 The Meteorological Impact of the LID Scenarios 

The green CSO compliance alternatives are expected to reduce daily maximum temperatures in 
the watershed area as a result of increased shading and replacement of dark paved surfaces with 
vegetation that absorbs less solar radiation. However, the increase in vegetated acreage is also 
expected to increase humidity due to increased evapotranspiration. Collectively, this would 
increase the dewpoint temperature.  

Depending on the LID option implemented, the resulting increase in vegetated acreage would be 
equivalent to a 6% to 31% increase in vegetated acreage measured as a percentage of the original 
impervious acreage across all CSO areas in the watersheds. This is similar to how the vegetated 
acreage increase was measured in Sailor (2003). The vegetation increase under the LID options 
is also roughly equivalent to a 4% to 21% increase in vegetated area when measured as a 
percentage of the total area covered by combined sewers across all watersheds. This is similar to 
how the change in vegetation was measured in the Columbia University Center for Climate 
Systems Research et al. (2006) study.  

Because the increases in vegetation planned for implementation under the LID options are 
similar to the increases in vegetation evaluated in Sailor (2003) and Columbia University Center 
for Climate Systems Research et al. (2006), we used these studies to estimate the meteorological 
changes that would occur under the LID options. Specifically, the values of the temperature 
reductions in the temperature-only scenarios in Table C.2 bound the temperature change results 
reported in these earlier studies (see Table C.1 and associated discussion). The scenario results 
that incorporate changes in temperature and dewpoint are intended to increase the overall reality 
of the LID option impacts by addressing the expected increase in the dewpoint with the 
additional vegetation while hopefully providing an additional set of realistic estimates for 
consideration. 

Table C.2. Alternative heat and relative humidity scenarios for Philadelphia LID 

compliance heat-mortality modeling 

Scenario 

Reduction in daily max 

temperature (°°°°F) 

Increase in daytime dew 

point temperature (°°°°F) 

1. Temperature only: minimum 0.25 0.00 

2. Temperature only: maximum 1.75 0.00 

3. Temperature and relative humidity: minimum 0.75 0.25 

4. Temperature and relative humidity: maximum 1.25 0.50 
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C.4 Estimating Future Health Benefits from Reduced EHE 

Temperatures in Philadelphia 

Our current analysis reflects an expansion in scope from our previous work that estimated 
potential public health benefits for a program that reduced EHE-attributable health impacts in 
Philadelphia during selected EHEs, by increasing urban vegetation (based on Kalkstein and 
Sheridan, 2003). Because a similar method is used for this effort, we first begin this section with 
a review of Kalkstein and Sheridan (2003) to present critical methods. The rest of this section 
provides an overview of how the meteorological scenario changes for analyses selected in 
Section C.2 were applied to the available regionally downscaled climate change data and the 
associated heat-mortality calculation system encompassed in Philadelphia’s Heat Health Watch 
Warning System.  

C.4.1 A review of Kalkstein and Sheridan (2003)  

Kalkstein and Sheridan (2003) used a five-step process to estimate how a hypothetical change in 
urban temperature could affect heat-attributable mortality by evaluating a subset of summertime 
days specifically selected because they represented EHE conditions. The study is particularly 
relevant because Philadelphia was one of the study cities evaluated.  

In the first step, each selected day was assigned to an air mass category based on available 
meteorological data. Air mass categories characterize weather conditions based on the values for 
a set of meteorological variables including temperature, dew point, wind speed, and cloud cover. 
Specific air mass categories include: 

� Dry moderate (DM): A warm, comfortable air mass that occurs in Philadelphia frequently 
in summer. 

� Dry polar (DP): Cooler than DM, but still quite warm in the summertime. Usually occurs 
immediately after the passage of a cold front. 

� Dry tropical (DT): The hottest air mass in the summer, with temperatures usually 
exceeding 95 degrees and sometimes topping 100. Little cloud cover and low humidity 
lead to potentially rapid dehydration. 

� Moist moderate (MM): A cloudy, mild air mass that may sometimes be associated with 
fog and light rain. 

� Moist polar (MP): Usually a winter, rather than summer, air mass, this situation is often 
associated with storms moving up the East Coast. 
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� Moist tropical (MT): Very warm and humid air mass, sometimes associated with summer 
thunderstorms. Sticky and uncomfortable, and quite common in summer. 

� Moist tropical plus (MT+) and Moist tropical plus plus (MT++): These are particularly 
hot and humid subsets of the MT air mass. Dewpoint temperatures are very high, 
temperatures are in the 90s, and overnight temperatures are the warmest of any air 
masses. These hot, humid conditions have historically led to increased mortality in 
Philadelphia. 

� Transition (T): Associated with a frontal passage, when temperature, dewpoint, and other 
meteorological factors are changing rapidly. 

In the second step, the study days with offensive air masses are identified. In short, those air 
masses that have daily mortality values that are consistently larger than longer-term averages are 
labeled offensive. The identification of offensive air masses relies on the evaluating time series 
data over multiple years to evaluate the relationships between daily mortality totals and air mass 
categories. In Philadelphia, the offensive air mass categories include: DT, MT+, and MT++.  

In the third step, the heat-attributable mortality for each offensive air mass day is calculated. 
These calculations are completed using mortality algorithms developed using an iterative process 
to identify the regression equation that provides the best explanation of the observed difference 
in mortality from the longer term trends (i.e., the heat-attributable mortality). In this iterative 
process, meteorological variables and factors such as the timing of the offensive air mass day 
within the summer season and the persistence of the EHE are evaluated as potential explanatory 
variables.  

The fourth step repeats the process for the study day while also accounting for the predicted 
change in temperature as a result of the increased urban vegetation. In the fifth step, the 
difference in mortality from the two scenarios is calculated and reported to indicate the impact of 
the increased urban vegetation.  

Kalkstein and Sheridan (2003) found that the impact of increased vegetation varied according to 
the EHE event, and often day-to-day. Overall, the study reported a net reduction in the estimate 
of heat-attributable deaths with the increase in urban vegetation. However, the mortality 
reductions were not evenly distributed across days and some days showed an increase in the 
mortality estimates. The strength of the conclusions and ability to generalize the results across 
longer time periods are constrained by the limited number of summertime days and EHEs 
considered.  
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C.4.2 New study of increased vegetation with climate change 

To develop a more detailed assessment of the potential heat-health impacts of the LID scenarios, 
the possible changes in temperature and relative humidity presented in Table C.2 were evaluated 
using the same general approach as in Kalkstein and Sheridan (2003) and described above in 
Section C.4.1. However, because the LID programs are expected to take a number of years for 
the vegetation targets to be fully achieved, the meteorological data used for the evaluation was 
provided by regionally downscaled General Circulation Model (GCM) results from a 
compilation of the A1 family of climate change emissions scenarios.  

The downscaled meteorological results are produced for each day, from April 1 through 
August 31, in a representative year using a deterministic method that incorporates linear monthly 
regressions to help adjust the GCM results and ensure the probability distributions for the values 
for a baseline period in the 1990s are generally consistent with observed values during this time. 
This approach has been used for similar assessments of potential future heat impacts 
(e.g., Hayhoe et al., 2004). To try and capture inter-annual variability and provide results at 
different points in the LID project lifecycle, downscaled results were calculated for two future 
decades: 2020–2030 and 2045–2055. To help provide a point of reference, similar calculations 
were made for the 1990–2000 period.  

The results of this evaluation are presented in Tables C.3 and C.4 in terms of the estimated 
number of heat-attributable deaths and offensive air mass days in each decade using the 
downscaled GCM data alone (the control results), and when accounting for the temperature and 
dewpoint temperature changes being evaluated for the LID scenarios.  

Looking at the results a number the general conclusions can be drawn:  

� Any measurable cooling provided by implementing an LID scenario is likely to provide 
some reduction in EHE-attributable mortality  

� EHE-attributable mortality reductions are roughly proportional to the relative magnitude 
of the assumed temperature change 

� The health benefits of the LID scenario implementation are relatively constant across the 
different decades, comparing the lives lost in the scenario to the control with the 
exception of the 1.75°F temperature reduction which has a noticeable increase in lives 
saved moving from the 2020s to the 2045–2055 period 

� EHEs are likely to become an increasing risk to public health in Philadelphia without 
continued adaptation. 
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Table C.3. Estimated heat-attributable deaths assuming alternative temperature and dewpoint impacts from LID options 

Year Control Year Control 

Scenario 

1 

Scenario 

2 

Scenario 

3 

Scenario 

4 Year Control 

Scenario 

1 

Scenario 

2 

Scenario 

3 

Scenario 

4 

Total surplus heat-related mortality 

1990 75 2020 90 85 66 79 75 2045 121 118 86 97 93 

1991 70 2021 50 47 34 39 36 2046 117 114 90 102 94 

1992 32 2022 52 48 36 41 38 2047 98 91 75 82 78 

1993 47 2023 155 150 122 135 127 2048 94 87 64 78 70 

1994 120 2024 128 122 105 112 109 2049 138 130 111 121 116 

1995 53 2025 61 55 43 51 47 2050 85 79 62 77 69 

1996 69 2026 98 95 74 83 79 2051 171 165 149 158 154 

1997 93 2027 86 83 63 77 71 2052 72 63 47 56 50 

1998 56 2028 54 49 41 46 45 2053 105 97 74 87 78 

1999 116 2029 117 105 83 93 91 2054 89 87 73 82 77 

2000 60 2030 47 45 33 40 37 2055 147 143 110 134 122 

Mean 72 Mean 85 80 64 72 69 Mean 112 107 85 98 91 
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Table C.4. Estimated offensive air mass days assuming alternative temperature and dewpoint impacts from LID options in 

various time periods 

Year Control Year Control 

Scenario 

1 

Scenario 

2 

Scenario 

3 

Scenario 

4 Year Control 

Scenario 

1 

Scenario 

2 

Scenario 

3 

Scenario 

4 

Total number of offensive days 

1990 54 2020 59 56 49 53 52 2045 73 72 60 62 61 

1991 44 2021 43 41 35 36 35 2046 62 62 53 59 55 

1992 32 2022 37 35 32 33 32 2047 61 58 53 56 54 

1993 33 2023 76 75 69 72 69 2048 57 54 44 50 47 

1994 67 2024 61 58 55 55 55 2049 74 71 67 69 67 

1995 44 2025 46 44 37 40 38 2050 56 53 45 53 46 

1996 45 2026 62 61 52 56 54 2051 76 74 70 70 70 

1997 51 2027 61 61 52 59 55 2052 47 44 35 40 35 

1998 41 2028 38 35 32 33 34 2053 60 58 51 55 53 

1999 64 2029 65 62 56 57 57 2054 55 55 49 52 50 

2000 42 2030 42 42 37 39 38 2055 79 78 69 76 74 

Mean 47 Mean 54 52 46 48 47 Mean 64 62 54 58 56 
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Underlying most of the mortality estimates and most of the summary results identified above is 
the actual mortality algorithm that was incorporated for the offensive air mass days. This 
algorithm is presented as Equation 1.  

Equation 1. Daily heat-attributable mortality  

Daily heat attributable mortality = [-22.904+(1.79 × DIS)+(1.198 × Tmax) –  
(0.054 × Julian)] / 4.722 

where: 

DIS = day in sequence value, where 1 is the first day of an offensive air mass, 
2 is the second consecutive day, etc. 

Tmax =  daily maximum temperature in °C 
Julian =  time of year variable, with April 1 =1, April 2 = 2 … August 31 = 153 
4.722 scalar = adjustment value used so that the GCM 1990 control scenario mortality 

estimates match actual heat attributable mortality estimates for the decade. 

The mortality algorithm shows why, because Tmax is the only meteorological variable in the 
equation, the mortality results can generally be sorted by in terms of the associated temperature 
changes. It also demonstrates why, with a coefficient value on maximum temperature of roughly 
1, the results are generally proportional to the assumed temperature changes. However, this 
emphasis on the maximum temperature in the mortality algorithm overlooks that the assumed 
changes in dewpoint temperature do play an important role in the results as they influence the air 
mass categories a day is assigned to and thus, in some cases, whether it falls into an offensive or 
non-offensive category.  

Perhaps the most important feature of both the mortality and EHE day estimates in Tables C.3 
and C.4 is to note the significant variability within the year-by-year results for a scenario and 
across scenarios. Expressed as a percentage of the mean values for estimated EHE-attributable 
deaths, the standard deviation of the decadal results is roughly 45% in the 2020–2030 estimates 
and roughly 30% in the period 2045–2055. Within years, results for scenarios can be roughly  
2–3 times as large when comparing the largest estimates to the smallest. In short, while the 
results show the benefits of pursuing an LID program in terms of reducing EHE-attributable 
mortality in Philadelphia, predicting the exact nature of benefits in any given time period is 
complicated and becomes increasingly uncertain if narrower time windows are considered.  
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C.5 Application to Philadelphia LID Option Scenarios 

We used the temperature and relative humidity changes identified in Table C.2 to estimate 
changes in heat-related mortality under the LID alternatives. First, based on estimated increases 
in vegetated acreage, we assumed that Scenarios 1 and 3 represent a range of the changes that 
would occur under the 25% LID option. We also assumed that changes under the 100% LID 
option are best represented by Scenarios 2 and 4. 

Based on these assumptions, we estimated the average number of lives each year, for three 
10-year periods: 2020–2029, 2030–2039, and 2040–2049 under the 25% and 100% LID options. 
We then scaled the percent of benefits realized each year based on the timeline for program 
implementation provided by CDM and the effective tree model developed by Stratus Consulting 
(see Appendix H). We assume that no heat-reduction benefits are realized prior to 2020.  

To estimate the number of lives saved under the 50% and 75% LID options, we scaled results for 
the 25% and 100% LID options based on the level (percentage) of LID for each option. We then 
estimated the monetary value associated with the number of lives saved under each LID option 
based on EPA’s recommended VSL ($7,000,000). Table C.5 presents the results of this analysis 
on a City-wide basis. 

Table C.5. City-wide benefits associated with reduced urban 

temperatures under the LID alternatives 

CSO option 

Number of lives saved,  

over 40-year period 

Present value of lives saved 

(based on EPA’s 

recommended VSL) 

(millions, 2009 USD) 

25% LID 137 $739.4 

50% LID 196 $1,057.6 

75% LID 255 $1,375.9 

100% LID 314 $1,694.1 

 

To estimate benefits for each watershed, we allocated the City-wide estimates shown above 
based on watershed population. Table C.6 presents the present value benefits (for 40-year project 
period, 2009 USD) associated with reduced heat-related fatalities, by watershed. 
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Table C.6. Present value benefits associated with reduced heat-related fatalities under LID 

CSO options, allocated by watershed (millions, 2009 USD) 

CSO option 

% of total 

population in 

CSO watersheds Tacony Cobbs Schuylkill Delaware 

25% LID 8% $174.7 $62.8 $207.7 $294.2 

50% LID 24% $249.9 $89.8 $297.1 $420.9 

75% LID 28% $325.1 $116.8 $386.5 $547.5 

100% LID 40% $400.3 $143.8 $475.9 $674.2 

 

C.6 Omissions, Biases, and Uncertainties Associated with Health 

Benefit Conclusions 

The following sections provide a summary of the impact of critical assumptions and calculation 
approaches used to develop the results of this analysis.  

C.6.1 Accuracy of any single temperature and dewpoint scenario result 

Well-understood basic physical principles underlie the assumption that significantly increasing 
the vegetated acreage in Philadelphia through an LID program should reduce ambient 
temperatures and increase the relative humidity and dewpoint temperature. The extent of this 
change, however, is uncertain. 

Past experiments calculate possible values using complex integrated models that also take the 
unrealistic step of instantaneously changing the nature of a significant portion of an urban area. 
The more realistic scenario is that these changes occur and are fully realized over time. What 
complicates calculating the associated impact of these changes is that they are also likely to be a 
function of other changes in the urban landscape. This uncertainty prevents assigning a likely 
direction of bias in the current estimates.  

What the results and the mortality algorithm make clear though is that larger temperature 
reductions will, all else equal, increase the health benefit of LID implementation.  
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C.6.2 Uncertainty of climate change 

Philadelphia has a long history of being adversely affected by EHEs. All else equal, climate 
change is likely to increase the public risks and impacts associated with future EHEs as shown in 
the results. However, while acceptance of climate change impacts continues to grow there is still 
considerable uncertainty over what the future climate will look like. 

In particular, researchers have begun to note how several climate change-related impacts that 
were anticipated to begin appearing later in the century may have already begun and how the 
pace of climate change may be more rapid than previously anticipated. In this study, further 
warming would increase the number of EHE days. This would increase the mortality estimates 
across the control and LID scenarios and may have little impact on the estimate of lives saved 
with the LID scenarios. More importantly, increased warming could fundamentally alter the 
nature of the EHE-mortality relationship in Philadelphia. If tolerance/infrastructure thresholds 
are crossed in an increasingly warm climate before the population can adapt there is the chance 
that the mortality estimates presented could be conservative.  

C.6.3 Changing population size, demographics and response to heat 

Heat is a well-recognized public health threat in Philadelphia and the City has an active and 
aggressive education, notification, and response program to address EHE conditions. The current 
estimates assume that the future rate of EHE-attributable deaths in response to EHE conditions 
will remain unchanged. To the extent future heat programs become more effective or factors that 
make those most currently vulnerable to EHEs become less of an issue (e.g., better access and 
use of air conditioning), the current heat mortality estimates could be overstated. However, the 
potential benefits of the LID program, all else equal, could remain unchanged in this situation if 
the impact is relatively small. In addition, these estimates hold the City’s population at a constant 
size for all time periods evaluated. The bias introduced as a result will result in an overstatement 
of impacts, all else equal, if the future population is expected to decline compared to 2000 levels. 
Results would similarly be understated if future populations are expected to grow relative to 
2000 levels.  

Heat has and will continue to be a public health threat in Philadelphia. By offering the potential 
to reduce urban temperatures, the envisioned LID scenarios directly address the fundamental 
nature of the risk associated with EHE conditions and hold the potential to help prevent lives 
being lost to future EHEs.  
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C.6.4 The benefits of nonfatal heat stress cases avoided are not included 

This analysis has focused solely on the number of premature fatalities avoided due to the impact 
that LID options are projected to have on urban temperatures and heat stress deaths. The cooling 
anticipated from the green infrastructure approaches also will generate public health benefits for 
individuals who would otherwise suffer nonfatal heat stress-related episodes. For example, the 
LID approaches will reduce the number of nonfatal heat stress episodes, thereby reducing the 
pain, suffering, medical expenses, and other losses incurred by individuals who otherwise would 
have become ill or temporarily disabled by heat stress. Thus, the total anticipated value of 
reduced heat stress is underestimated here, because it focuses exclusively on mortality events and 
omits morbidity episodes.  
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D. Water Quality and Aquatic Habitat 

Enhancements and Values 

Under all of the CSO control options currently being evaluated by the PWD, water quality will 
be improved in streams and rivers within the City’s CSO service area. Under the LID CSO 
options, stream restoration, wetlands, and increased vegetated area will also result in substantial 
aquatic habitat enhancements.  

As described below, individuals in Philadelphia not only benefit from the direct use of these 
improved resources (e.g., through recreation), but also from knowing that these resources exist at 
a given level of quality. In environmental economics, this is referred to as “nonuse” value. 

The following sections provide further background on nonuse values and outline Stratus 
Consulting’s methodology for estimating nonuse values for improved water quality and aquatic 
habitat under the different CSO control options. Estimates for the benefits associated with these 
improvements are also provided. 

D.1 Nonuse Values and Benefit Transfer 

The different CSO control options yield different types and levels of water quality-related 
benefits. For example, stream restoration and water quality improvements under LID options will 
result in recreational benefits for many Philadelphia residents (see Appendix A). Recreational 
benefits accrue to individuals who actually participate in recreational activities, and are therefore 
quantified based on “use values” associated with different types of stream-side recreation. 

For most residents in the greater Philadelphia area (including those who rarely or never 
participate in stream-related recreational activities), the different CSO control options will also 
result in some level of “nonuse” benefits. These nonuse benefits stem from the inherent value 
that individuals place on environmental goods and resources (in this case, water quality and 
habitat improvements). A frequently discussed basis for nonuse value is the desire to maintain 
the functioning of specific ecosystems.  

In environmental economics, nonuse values are often referred to as existence and bequest values 
(King and Mazzotta, 2005). Existence value is the benefit generated today by knowing that a 
resource exists even if no use of the resource is anticipated. Bequest value is the value 
individuals gain from the preservation of the resource for use by their heirs. The term nonuse 
value is typically used in a more general manner to encompass both of these constructs 
(Harpman et al., 1994).  
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Nonuse values can only be estimated using techniques called “stated preference” methods. 
Contingent valuation (CV) has been the most commonly used stated preference method for 
estimating nonuse value, although more sophisticated variants (such as conjoint or choice set 
approaches) are now sometimes applied. In its simplest terms, CV is a survey-based technique 
used to elicit the maximum amount (in dollar terms) that an individual would be willing to pay 
for a resource (or an improvement to a resource) of a specified quality. Stated preference 
methods for conducting economic analysis are so named because values are obtained based on 
the stated preferences of individual survey respondents. An original stated preference study 
typically requires a significant amount of time and financial resources, because there are several 
important design and sampling features that need to be developed and pre-tested to ensure the 
reliability of the values derived from the survey instrument. For this reason, researchers often use 
the benefits transfer approach to estimate “willingness to pay” values.  

Bergstrom and De Civita (1999, p. 79) offer the following definition of benefits transfer:  

Benefits transfer can be defined practically as the transfer of existing economic 
values estimated in one context to estimate economic values in a different context 
…. In the case of natural resource and environmental policies and projects, 
benefits transfer involves transferring value estimates from a “study site” to a 
“policy site” where sites can vary across geographic space and or time. 

Benefits transfer is commonly used in economics, and there is a well-developed literature on 
how to correctly apply this method (e.g., Rosenberger and Loomis, 2003). Federal guidelines for 
economic analysis discuss how and when benefits transfer should be applied (U.S. EPA, 2000; 
U.S. OMB, 2003).  

In the present case, we use benefits transfer to estimate average WTP per household in the 
greater Philadelphia Metropolitan Area (MA) for water quality and aquatic habitat improvements 
under each of the CSO control options. Our estimates are based on a meta-analysis, conducted by 
Van Houtven et al. (2007), of 131 WTP estimates from 18 studies (21 publications) conducted 
between 1977 and 2003. The WTP estimates included in the meta-analysis were all derived using 
stated preference methods.  

D.2 Methodology 

As noted above, to estimate WTP values for water quality and aquatic habitat improvements in 
Philadelphia, we relied on a meta-analysis of water quality valuation studies conducted by Van 
Houtven et al. (2007). A primary objective of the meta-analysis was to develop a tool (regression 
model), based on existing (primary) studies that could be used in benefits transfer analysis to 
predict WTP estimates for different policy scenarios. The following sections summarize the 
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methodology used to conduct the meta-analysis and the assumptions made to transfer results of 
the analysis to Philadelphia.  

D.2.1 Meta-analysis: data collection and common influences on WTP estimates 

The studies included in the Van Houtven et al. analysis were limited to stated preference studies 
conducted in the United States and to studies that described water quality in terms that could be 
converted to a common 10-point scale. Once studies that met these criteria were selected, the 
authors identified common variables across the studies that were likely to influence WTP 
estimates. In general, these variables can be categorized as follows: 

� The water quality “commodity.” The authors converted the water quality changes 
evaluated in each study into a common metric. To do this, they constructed a 10-point 
water quality index, WQI10. This index is based in part on the water quality ladder 
(WQL) developed by Vaughan (1986) as a way of conveying water quality to the general 
public, particularly survey respondents. Vaughan defined the ladder such that, for 
example, a water quality index value of 2.5 (out of 10) was “boatable,” 5.1 was 
“fishable,” and 7.0 was “swimmable.” Many researchers (e.g., Desvousges et al., 1987 
and others) have used Vaughan’s WQL to obtain WTP estimates for changes in the 
“steps” of the ladder. Van Houtven et al.’s WQI10 maps water quality characteristics not 
specifically related to recreational use (e.g., habitat suitability) to the WQL. Figure D.1 
shows a schematic of Vaughan’s original WQL. Table D.1 shows some specific water 
quality measures associated with the different use levels identified. 

� Study population characteristics. WTP relates primarily to individuals’ preferences, 
which are determined at least in part by personal characteristics. For example, individuals 
who are active recreational users of water resources are also likely to have stronger 
preferences for improving freshwater quality. Thus, users typically place higher values on 
water quality changes than nonusers, all else equal.  

Further, individual values for water quality changes reflect both their willingness and 
their ability to pay. The economic conditions that affect an individual’s perceived ability 
to pay for water quality changes can be captured (at least in part) through personal or 
household income. If water quality is a normal good, then increasing income is expected 
to have a positive effect on WTP. 
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Table D.1. Water quality characteristics for 5 classes of water use 

 Fecal coliform 

(no./100 mL) 

Dissolved oxygen 

(mg/L) 

5-day BOD 

(mg/L) 

Turbidity 

(NTU) pH 

Acceptable for drinking 
without treatment 0 7.0 0 5 7.25 

Acceptable for swimming 200 6.5 1.5 10 7.25 

Acceptable for game fishing 1,000 5.0 3 50 7.25 

Acceptable for rough fishing 1,000 4.0 3 50 7.25 

Acceptable for boating 2,000 3.5 4 100 4.25 

Source: Russell et al., 2001. 

 

10
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5

4

3

2

1

0

Becomes acceptable for boating; 
Suitable for pleasure craft navigation

Becomes acceptable for rough fishing; 
Satisfactory habitat for some wildlife and some 
common food fish indigenous to the region

Becomes acceptable for game fishing; 
Good fish and wildlife habitat

Becomes acceptable for swimming; 
Suitable for water-contact sports; acceptable for 
public water supply with appropriate treatment

Becomes acceptable for drinking without treatment;
Character uniformly excellent for ingestion and 
all other uses

 

Figure D.1. Vaughan’s (1986) water quality ladder. 
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� Valuation method. The magnitude of the value estimates for water quality changes is 
also expected to depend on the way in which the estimates were derived. As noted above, 
all of the WTP estimates included in the analysis are based on stated preference methods 
(either the CV method or conjoint analysis). However, a number of methodological 
differences have the potential to influence WTP. One potentially significant difference is 
the type of value elicitation format used (e.g., open-ended vs. dichotomous choice 
questions). WTP may also be influenced by whether the stated preference survey is 
conducted in person, over the phone, through a mailed questionnaire, or in another 
format. These variables are controlled for in the Van Houtven et al. (2007) analysis. 

� Other study characteristics. WTP estimates may also be influenced by the overall 
quality of the methods and results of the study. Two potential indicators of study quality 
are the survey response rate and the publication outlet. Higher response rates and 
publication in peer-reviewed outlets are generally considered to reflect better quality 
studies. However, the publication selection process may result in estimation bias if, for 
example, reviewers and editors are more inclined to accept higher value estimates or if 
analysts are less likely to submit lower estimates (Stanley, 2001). Thus, while the 
expected effect of these characteristics on WTP is indeterminate, it is important to control 
for them in meta-analysis. 

D.2.2 Meta-regression analysis  

To evaluate societal preferences for water quality changes, Van Houtven et al. (2007) 
incorporated data from the 18 selected water valuation studies (based on the categories described 
in Section D.2.1 above) into a meta-regression analysis.  

Table D.2 describes the specific variables used to estimate the author’s final regression models. 
The two primary variables of interest are WTP2000 (dependent variable), which is the estimated 
mean WTP per household for a defined change in water quality [converted to 2000 dollars using 
the consumer price index (CPI)], and WQI10CHANGE, which captures the corresponding change 
in water quality in terms of the WQI10.  

The authors estimated the model using three different functional forms – linear, semi-log, and 
log-linear. Although all three of these forms are reasonable for approximating the relationship 
between WTP and the other variables, the log-linear approach has at least two conceptual 
advantages. First, it implies that, as changes in water quality approach zero, WTP also 
approaches zero. Second, it implies that the marginal effect of a water quality change on WTP 
depends on income. The semi-log model shares this second advantage; however, it also implies 
that if WTP increases with larger improvements in water quality, then it does so at an increasing 
rate. 
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Table D.2. Variables included in Van Houtven et al. meta-regression analysis 

Variable Description 

WTP2000  Annual WTP for water quality change (in 2000 dollars) 

WQI10CHANGE Water quality change (based on 10-point WQI) 

WQ_REC_USE = 1 if the water quality change described in the study includes a reference to 
recreational use support (e.g., suitable for recreational fishing) 

WQI10BASE Baseline level of water quality from which water quality improves 

ESTUARY = 1 if the water quality change occurs in an estuary 

LOCAL_FWATER = 1 if the water quality change is restricted to freshwater in the local area (i.e., within 
a single waterbody, county, or metro area) 

MIDWEST = 1 if the affected waterbodies are in the Midwest region of the United States 

SOUTH = 1 if the affected waterbodies are in the Southern region of the United States 

INCOME2000 Average household income (in thousands of 2000 dollars) 

INCOME_APPROX = 1 if average household income was approximated based on local Census data 

PERCENT_USER Percent of the sample population that are users of the affected water resource 

PUBLISHED = 1 if the study is published in a peer-reviewed book or journal 

OPEN_ENDED = 1 if the value was estimated from an open-ended valuation question 

RESPONSE_RATE Response rate for the survey used in the study  

IN_PERSON = 1 if the survey used in the study was administered with an in-person interview 

STUDY_YR73 = Year SP survey was fielded (minus 1973) 

Source: Van Houtven et al., 2007. 

 

Van Houtven et al. report two similar model specifications for each functional form. The first is a 
full model with all of the main explanatory variables included, while the second is a restricted 
model using a more parsimonious specification. The restricted models exclude variables that are 
not individually significant at 0.10 level or less (based on t-statistics). As shown in Table D.2, 
the dropped variables include ESTUARY, LOCAL_FWATER, MIDWEST, SOUTH, 
OPEN_ENDED, and the interacted variable for INCOME2000 and INCOME_APPROX. Due to 
their conceptual and economic importance in the model, all water quality variables were retained 
in the restricted models regardless of their statistical significance.  

Table D.3 shows the results of log-linear (full and restricted) models estimated by Van Houtven 
et al. The log-linear model is shown because this is the functional form we decided to use for our 
benefits transfer analysis. Although the numbers presented below are not inherently intuitive 
(because they are in logged form), the magnitude and sign of the coefficients provide a relative 
idea of how the different variables influence WTP estimates. 
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Table D.3. Meta-analysis regression results 

Variables 

Model coefficient 

(full model) 

Model coefficient 

(restricted model) 

Ln(WQI10CHANGE) 0.343 0.358 

Ln(WQI10CHANGE)xWQ_REC_USE 0.414* 0.465** 

WQI10BASE 0.091 0.08 

ESTUARY 0.025  

LOCAL_FWATER -0.11  

MIDWEST 0.329  

SOUTH -0.052  

Ln(INCOME2000) 0.964* 0.897* 

Ln(INCOME2000)xINCOME_APPROX -0.008  

PERCENT_USER 0.011** 0.011** 

PUBLISHED 0.960** 0.898** 

OPEN_ENDED 0.051  

RESPONSE_RATE -0.014 -0.013* 

IN_PERSON 0.315 0.43 

STUDY_YR73 -0.041** -0.029** 

CONSTANT -0.399 -0.227 

Note: ** and * respectively denote statistical significance at the 5% (p = 0.05) and 
10% level (p = 0.10). 

Source: Van Houtven et al., 2007. 

 

As shown in Table D.3, most variables included in the model have a positive influence on WTP 
estimates (e.g., an individual with higher income will report higher WTP) to relative degrees. 
The negative effect of STUDY_YR73 indicates that, controlling for income and price effects, 
estimates of average real (inflation-adjusted) WTP for water quality improvements has declined 
over time. It is possible that this decline reflects changes in preferences over time; however, it 
may also be the result of other factors, such as possible changes in publication selection 
processes (e.g., by authors or editors) or in estimation methods, that tend to favor lower WTP 
estimates. 

The effect of RESPONSE_RATE is also negative. The authors report that although there are no 
strong priors for how response rates should affect the magnitude of WTP estimates, these results 
suggest that surveys with lower response rates might exclude individuals with lower average 
WTP for water quality improvements. 
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For benefits transfer, the model coefficients shown above are multiplied by their respective input 
variable (the value of which is determined by the specific policy scenario). The sum of these 
products is then used to estimate WTP2000. For example, WTP estimates for the restricted 
model would be calculated as follows: 

Ln(WTP2000) = -0.227 + (0.358 × Ln[WQI10CHANGE])  
+ (0.465 × Ln(WQI10CHANGE) × WQ_REC_USE) + (0.08 × WQI10BASE)  
+ (0.897 × Ln(INCOME2000)) + (0.011 × PERCENT_USER)  
+ (0.898 × PUBLISHED) + (0.013 × RESPONSE_RATE) + (0.43 × IN_PERSON)  
+ (-0.029 × STUDY_YR73) 

D.2.3 Benefits transfer 

As noted above, we used the log-linear model specification to predict WTP for the LID and 
non-LID CSO control options. We first estimated benefits associated with water quality/habitat 
changes under the 100% LID, 35’ Tunnel, and RTB HR01 alternatives. To estimate benefits 
associated with the less aggressive alternatives under each option (LID, Tunneling, Satellite 
Treatment), we scaled downwards based on the scope of the different alternatives. Further, we 
assumed the level of improvement under the Plant Expansion options to be equal to those of their 
corresponding LID component (e.g., benefits under the 100% LID + 215 MGD option will be the 
same as those estimated for the 100% LID option alone).  

To provide a range of benefit values, we estimated results using both the full and restricted 
models from Van Houtven et al. We made the following assumptions in applying these models to 
Philadelphia: 

� Benefits are estimated based on an average baseline water quality for all affected 
waterbodies (i.e., not by individual watershed). This is consistent with most studies 
included in the meta-analysis, which were conducted on a more regional scale. These 
estimates would be difficult to allocate across watersheds.  

� We separately evaluate WTP per household for households within the City and 
households within the greater Philadelphia, MA but not within the City limits (including 
households in Bucks, Chester, Delaware, Montgomery counties). A number of factors led 
to this separate evaluation: 

� Households outside of the City have much higher incomes (on average) than 
households within Philadelphia. This affects WTP for water quality and 
ecological habitat improvements.  

� Distance from the water bodies being improved is expected to decrease WTP to 
some degree. 
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� Households outside of the City are expected to have a much higher WTP for 
improvements in the Schuylkill and Delaware rivers (given their regional 
importance), as opposed to the more local Tacony and Cobbs creeks.  

� To account for these factors, we scaled WTP estimates for households outside of 
the City by 0.80 to account for distance and then multiplied these estimates by 
0.61 (percent of CSO area stream miles in the Schuylkill and Delaware River 
watersheds).  

� We assumed the baseline water quality in the affected streams and rivers (Cobbs Creek, 
Tacony Creek, and the tidal portions of the Schuylkill and Delaware rivers) to be 
4.3 units. This score was determined based on knowledge of the WQI and affected 
streams. At 4.3, the water quality and habitat in the water body is assumed to support 
some “rough” fishing (not for game species), and is considered boatable.  

� Under the 100% LID option, water quality is expected to improve by 2.5 units, up to 6.8. 
At this level, habitat (and fishing) is greatly improved but water quality levels do not 
allow for swimming.  

� Under the most aggressive tunneling and satellite treatment options, water quality is 
assumed to improve by 1.2 units. This accounts for improved water quality but little 
change in aquatic habitat. 

� In each case, we assumed that the stream restoration and water quality improvements will 
improve recreational opportunities in most areas (WQ_REC_USE equals 1). Although 
many residents do not use these areas for in-stream recreation, we can estimate the 
nonuse value they hold for these amenities. 

� The variable PERCENT_USER is set at 0 because we are looking to capture only nonuse 
values in this part of the analysis. 

� The variable INCOME_2000 is set at median household income for the City, which was 
estimated by the Census as $30,746 annually (lower than the 2000 national average). For 
households outside of the City but within the Philadelphia, MA, the model was estimated 
with INCOME_2000 equal to $64,736 (U.S. Census Bureau, 2000).  

� The variables ESTUARY and LOCAL_FWATER were both set equal to 0.61 to reflect 
the percent of stream miles within PWD’s CSO boundaries that are considered “tidal” 
rather than freshwater. 

� The study year is assumed to be 2009. 
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� Finally, consistent with Van Houtven et al., PUBLISHED was set at 0.5 (due to the 
uncertainties regarding whether this variable reflects study quality or publication bias). 
All other variables related to study format were set at the Van Houtven et al. sample 
means.  

Based on these assumptions, Table D.4 shows the inputs used for each CSO control alternative 
for WTP for households within the City. 

Table D.4. Meta-regression analysis inputs for Philadelphia CSO control options 

 
Variable input  

LID option 

Variable input 

non-LID option 

WQI10CHANGE 2.5 1.2 

WQI10CHANGExWQ_REC_USE 2.5 1.2 

Ln(WQI10CHANGE) 0.916 0.182 

Ln(WQI10CHANGE)xWQ_REC_USE 0.916 0.182 

WQI10BASE 4.3 4.3 

ESTUARY 0.61 0.61 

LOCAL_FWATER 0.61 0.61 

MIDWEST 0 0 

SOUTH 0 0 

INCOME2000 30.746 30.746 

INCOME2000xINCOME_APPROX 30.746 30.746 

Ln(INCOME2000) 3.426 3.426 

Ln(INCOME2000)xINCOME_APPROX 3.426 3.426 

PERCENT_USER 0 0 

PUBLISHED 0.5 0.5 

OPEN_ENDED 0.6 0.6 

RESPONSE_RATE 58.02 58.02 

IN_PERSON 0.31 0.31 

STUDY_YR73 36 36 

 

Based on these inputs, Tables D.5 and D.6 show the results of the meta-analysis. Table D.5 
shows estimated WTP in the greater Philadelphia, MA (per household) for water quality 
improvements under the 100% LID and most aggressive non-LID options. Table D.6 shows total 
present value estimates (over the 40-year project time period) for all CSO options within each 
watershed.  
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Table D.5. Estimated WTP (per household and total annual) for water quality 

improvements under the 100% LID and most aggressive non-LID options 

 WTP per 

household  

per year  

(full model) 

WTP per 

household per 

year (restricted 

model) 

Total 

annual 

WTP  

(full model) 

Total annual 

WTP  

(restricted 

model) 

100% LID option     

City/County of Philadelphia $11.48 $18.28 $6,774,451 $10,791,199 

Philadelphia, MA (excluding 
Philadelphia County)a $11.41 $17.40 $9,917,607 $15,119,047 

Total annual WTP   $16,692,057 $25,910,246 

Non-LID (most aggressive options)     

City/County of Philadelphia $6.58 $9.99 $3,886,634 $5,898,359 

Philadelphia, MA (excluding 
Philadelphia County)a $6.55 $9.51 $5,689,925 $8,263,918 

Total annual WTP   $9,576,559 $14,162,277 

Note: Based on 1,459,331 households in Philadelphia, MA (2000 Census). Values adjusted to 2009 current 
year dollars based on percent increase in CPI from 2000.  

a. Scaled to account for distance from waterbodies and WTP estimates for Delaware/Schuylkill only. 

 

To estimate total benefits associated with the 24 different CSO alternatives, we applied a scalar 
based on the scope of each option compared to the most aggressive LID, Tunneling, or Satellite 
Treatment option. Consistent with our analysis of other benefits, we allocated benefits over the 
40-year project time period based on construction and implementation timelines provided by 
CDM. We assumed that stream restoration and riparian improvements would occur under all the 
LID alternatives (25%−100% LID Options). Thus, at each level of LID, 75% of the maximum 
water quality/ecological habitat benefits will be realized (as a result of the stream restoration 
program). The remaining 25% of maximum benefits will vary based on the level of LID 
implemented.  

To estimate WTP for water quality and ecological habitat improvements for each watershed, we 
allocated total WTP for households the City by restored stream mile within each affected CSO 
area. For households outside of Philadelphia County, but within the greater Philadelphia, MA, 
we allocated total WTP by restored stream mile within the Schuylkill and Delaware River CSO 
watersheds only. Thus, we assume $0 WTP by these households for improvements to Tacony-
Frankford and Cobb creeks. 
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Table D.6. Total WTP in the Philadelphia, MA for water quality and ecological habitat 

improvements under different CSO control options (present value 2009 USD)  

 Tacony Cobbs Schuylkill Delaware 

LID options/Transmission and new treatment capacity with LID component
a 

25% LID  $21,576,660 $27,912,663 $78,631,310 $178,551,447 

50% LID $23,664,723 $30,613,888 $86,240,792 $195,830,619 

75% LID  $25,752,787 $33,315,114 $93,850,273 $213,109,791 

100% LID  $27,840,851 $36,016,339 $101,459,755 $230,388,963 

Tunnel options
b 

15’ Tunnel $6,646,639 $8,598,429 $24,230,834 $55,021,981 

20’ Tunnel $8,862,185 $11,464,573 $32,307,779 $73,362,642 

25’ Tunnel  $11,077,731 $14,330,716 $40,384,724 $91,703,302 

30’ Tunnel $13,293,277 $17,196,859 $48,461,668 $110,043,963 

35’ Tunnel $15,508,824 $20,063,002 $56,538,613 $128,384,623 

Transmission and satellite treatment options 

25 Ofs $15,508,824 $20,063,002 $56,538,613 $128,384,623 

10 Ofs $8,840,029 $11,435,911 $32,227,009 $73,179,235 

4 Ofs $2,481,412 $3,210,080 $9,046,178 $20,541,540 

1 Ofs  $642,016 $2,985,239  

a. Analysis assumes that transmission treatment options will be combined with LID components to reach target 
level of water quality associated with each LID option. 
b. Tunnel options in Delaware River Watershed are 15, 18, 21, 23, 28, and 31’. 

 

Table D.6 shows total WTP (in present value terms) in the greater Philadelphia, MA (including 
Philadelphia City/County) for water quality and ecological improvements under each CSO 
control option. The benefit estimates shown below reflect total WTP based on the average WTP 
estimates per household as reported in Table D.5. Total benefits also reflect the aggregation of 
WTP by households within the City and those outside of the City but within the Philadelphia, 
MA.  

D.3 Sensitivity Analysis 

Stratus Consulting conducted a sensitivity analysis to evaluate how WTP per household 
fluctuates in response to changes in baseline water quality and the level of water quality/habitat 
improvement (as defined by the WQ10). The results of this analysis (as summarized in Table D.7) 
indicate that within the reasonable range of assumptions related to these variables, WTP per 
household does not vary wildly as these inputs change but seem to follow a reasonable 
progression. WTP is more sensitive to the actual improvement in water quality as opposed to the 
baseline index value used in the analysis. 
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Table D.7. Summary of sensitivity analysis of household WTP for water quality 

improvements 

Household WTP  

within Philadelphia 

Household WTP  

within Philadelphia, MA 

Scenario 

Baseline 

WQI 

Increase in 

WQI 

Endpoint 

WQI 
Full  

model 

Restricted 

model 

Full 

model 

Restricted 

model 

1 4.3 2.5 6.8 $11.48 $18.28 $23.39 $35.65 

2 4.3 1.9 6.2 $ 9.32 $14.59 $19.00 $28.44 

3 4.8 2 6.8 $10.14 $15.84 $20.67 $30.88 

4 4.8 1.4 6.2 $7.74 $11.81 $15.78 $23.02 

5 5 1.8 6.8 $9.54 $14.75 $19.44 $28.77 

6 5 1.2 6.2 $7.02 $10.57 $14.30 $20.61 

7 4.3 1.2 5.5 $6.58 $9.99 $13.42 $19.49 

 

Numerous studies have examined water quality issues using a variety of techniques including 
CV (Hurley et al., 1999; Loomis et al., 2000; Whitehead, 2000; Stumborg et al., 2001; Eisen-
Hecht and Kramer, 2002; Brox et al., 2003; Collins et al., 2005). To further validate our results, 
we reviewed many of these studies in order to obtain a range of current estimates. However, we 
found very few studies that evaluated water quality improvements within a context similar to the 
Philadelphia policy case. Very few studies have been conducted in urban areas and most studies 
include use values, as well as non-use values, in the stated WTP. The estimates for WTP per 
household reported in Table D.5 therefore reflect the lower end of the range of WTP values 
reported in most studies. However, we feel that these estimates represent a reasonable WTP per 
household. 

D.4 Omissions, Biases and Uncertainties 

In the absence of site-specific data, it was necessary to make a number of assumptions in order to 
estimate WTP per household for water quality and habitat improvements under the CSO control 
options. In addition, a number of data omissions and uncertainties surrounding the analysis have 
been identified throughout this report. Table D.8 provides a summary of these assumptions and 
uncertainties and their likely impact on total benefits. 
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Table D.8. Omissions, biases and uncertainties  

Assumption/ 

methodology 

Likely impact 

on net benefits
a
 Comment/explanation 

Analysis of improvements 
in the Schuylkill and 
Delaware River 
watersheds include 
households in the 
Philadelphia, MA region 
(i.e., more than City 
residents). 

-- The inclusion of households in Bucks, Chester, Delaware, and 
Montgomery counties substantially increases total WTP due to 
(1) the large number of households in these counties, and 
(2) the high average income of households in these counties, 
which is correlated with estimated WTP. In contrast, 
households in the City have a relatively low average income 
and, thus, a lower estimated WTP for water quality/habitat 
improvements. 

No adjustment is made to WTP estimates for these households 
even though they do not live close by. A distance adjustment 
would serve to decrease overall benefits. 

In the absence of a study 
specific to the Philadelphia 
area, we relied on a meta-
analysis of WTP for water 
quality/habitat 
improvements to estimate 
total benefits. 

U There are limitations of using the meta-regression model as a 
benefits transfer tool. For example, results provide very limited 
evidence about how WTP is related to the spatial characteristics 
of water quality changes. The meta-regression does not 
measure how WTP varies with respect to the proportion or 
amount of waters that are improved or the distance of the water 
quality changes from populations. This lack of specificity 
imposes limitations on the precision of policy-relevant benefits 
transfer, since policies almost always impact waterbodies in 
spatially non-uniform ways.  

There are uncertainties 
surrounding the baseline 
WQI and estimated 
improvements under CSO 
options.  

U It is difficult to estimate the WQI index improvements in each 
watershed under the different CSO options. However, as 
demonstrated through sensitivity analysis (see Table D.7), this 
is not likely to have a significant impact on total benefits within 
the reasonable range of WQI estimates. 

Additionally, we currently assume that the 
Transmission/Treatment options combined with the LID 
options, will not achieve water quality and habitat benefits 
beyond those that would be achieved through the 
implementation of LID alone. Revising this assumption would 
serve to increase total benefits. 

a. Indicating how addressing the assumption or overcoming the omission would probably impact the analysis, 
using the following key: + would likely increase net benefits; ++ would increase net benefits significantly; 
U direction of change in net benefit is uncertain; - would diminish net benefits; -- would diminish net benefits 
significantly. 
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E. Wetland Enhancement and Creation 

As described in the main body of this report, PWD is currently evaluating a number of LID 
options for controlling CSO events. A major component of these LID alternatives is an 
aggressive stream restoration program intended to improve water quality and aquatic habitat 
within affected streams. As part of the stream restoration program, PWD has planned for the 
enhancement and creation of a number of wetlands within each of the CSO watersheds. 

Long regarded as wastelands, wetlands are now recognized as important features in the 
landscape that provide numerous beneficial services to people and to fish and wildlife. Some of 
these services include improved water quality, groundwater recharge, shoreline anchoring, flood 
control, and habitat for species. In addition, wetlands, like other natural resources such as 
streams and lakes, can provide positive amenity values for nearby residents. These include open 
space, enhanced views, increased wildlife, and a buffer against noise and other forms of 
pollution.  

Increased awareness of the value of wetlands has resulted in a number of studies to determine the 
value of their services. However, determining the value of individual wetlands is difficult 
because they differ widely and do not all perform the same functions or perform functions 
equally well. Further, a number of factors can influence how a wetland is valued, including 
wetland size, location, surrounding environment, characteristics of the surrounding population, 
and others. 

Despite these uncertainties, we provide estimates for the benefits associated with the 
enhancement and creation of wetlands in the CSO watersheds under the LID CSO options. Our 
analysis is based on a review of the wetland valuation literature. As shown below, our per-acre 
benefit estimates represent the lower end of the range from most studies. This is because many of 
the benefits associated with wetlands are captured in the other analyses described in this report 
(e.g., recreation and water quality – to some extent).  

The following sections provide a summary of Stratus Consulting’s approach to assigning a value 
(or range of benefits estimates) to the wetlands planned for implementation as part of the LID 
CSO control options. The results of this analysis are also provided. 

E.1 Acres of Wetlands Planned  

The first step to this analysis was to determine the number of wetland acres that would be 
restored or created in each of the CSO watersheds. For the Schuylkill and Delaware River 
Watersheds, this information was provided by PWD and CDM.  
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To obtain estimates for planned wetland acres in the Cobbs Creek Watershed, we relied on a 
November 2008 report provided by CDM: “Cobbs Creek: A Gateway to Many Places and to 
Cleaner Water.” This report was completed by CDM in partnership with PWD.  

In the absence of specific data for Tacony-Frankford Creek, we determined the number of 
wetland acres per restored stream mile in Cobbs Creek and applied that ratio to the number of 
restored stream miles planned for the Tacony-Frankford.  

Table E.1 presents the number of wetland acres planned for enhancement/creation in each CSO 
watershed as part of the LID CSO stream restoration program. 

Table E.1. Wetland acres restored and created under LID CSO options 

 Tacony-Frankford Cobbs Schuylkill Delaware 

Wetland areas in need of vegetative 
enhancement (acres) 8.4 9.7  26.7 

Wetland creation (acres) 26.3 30.3 30.1 61.3 

Total acres (may not add due to rounding) 34.8 39.9 30.1 88.0 

 

E.2 Wetland Value 

To assign a range of per-acre values to the wetland acres planned for enhancement or creation, 
we conducted a literature review of wetland valuation studies. Although a number of these 
studies have been conducted, we did not find any studies that could be directly applied to the 
Philadelphia policy case. Very few valuation studies have been conducted in urban areas. In 
addition, many studies include very high per-acre or WTP estimates based on services that will 
not be provided by the relatively small number of wetland acres planned in Philadelphia 
(e.g., flood control is not a relevant service anticipated from the wetlands created or enhanced in 
this study area).  

As described below, we therefore relied on estimates from two meta-analyses to obtain an 
average value per wetland acre. This approach allows us to provide a reasonable, yet 
conservative estimate for specific wetland functions. 

RB-AR11456



   

Stratus Consulting  Appendix E (Final, 8/24/2009) 

Page E-3 
SC11737 

E.2.1 Brief review of wetland valuation literature 

The range of estimates associated with wetland valuation studies is remarkable. For example, 
Woodward and Wui (2001) report per-acre values from 39 different studies ranging from $5 to 
$1,877 (updated to 2009 USD). In a recent meta-analysis, Borisova-Kidder (2006) estimated per-
acre values for wetlands in different regions of the United States ranging from $93 to $1,935 
(2009 USD). The meta-analysis incorporated 72 separate observations of wetland value from 
33 studies. 

A broad range of valuation methodologies has been applied to value wetlands. The method most 
commonly used in the literature has been to observe the market prices of products related to 
wetland services and then ascribe the total revenue from the sale of such products as the value of 
the wetland (Brander et al., 2003). This methodology is not applicable to the situation in 
Philadelphia, where the wetlands planned for implementation are not expected to provide 
market-related products to any extent. 

The contingent valuation method (CVM) (see Appendix D) has also been widely used. For 
example, a common method is to use a hypothetical referendum, where households are asked if 
they would vote in favor of a particular resource protection action, if it cost their household $X. 
The amount of $X varies across households, so that a demand curve can be traced. From this 
demand curve, WTP is calculated. WTP values are commonly reported in dollars per year (or per 
month or other specified period of time) per household.  

As expected, different valuation methodologies have been applied to value different wetland 
services. For example, CVM, hedonic pricing, and the travel cost method (TCM) have been 
applied to value amenity and recreational values. Replacement cost has largely been used to 
value the role of wetlands in improving water quality, and the production function approach has 
been used to value the habitat and nursery services of wetlands. Further, wetland values have 
been reported in the literature in many different metrics, currencies, and referring to different 
years (e.g., WTP per household per year, capitalized values, marginal value per acre).  

To exemplify the differences and range of value estimates associated with wetland valuation 
studies, Tables E.2 and E.3 present some observations from the literature.  
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Table E.2. Examples of values of wetlands 

Value 

(April 2009 USD) Description Source 

$14,047 per wetland 
acre  

Using a discount rate of 3%, this study estimated that present values 
per wetland acre are: commercial fishery = $846; trapping = $401; 
recreation = $181; storm protection = $7,549; total of these values = 
$8,977/acre (1983$).  

Costanza et al., 
1989 

$74 annually per 
household 

This study examined what Ohio residents were willing to pay for 
increased protection of wetlands of the Maumee River and Western 
Lake Erie basins in Ohio. 

De Zoysa, 1995 

$10−−−−$38 per household 
per year 

This study estimated WTP for wetland preservation benefits in 
western Kentucky.  

Dalecki et al., 
1993 

$1,392 per acre per 
year for 30 years 
($381,401 per acre  
over 15 years) 

This study estimated economic benefits of wetlands for wastewater 
treatment use, in terms of savings over conventional wastewater 
treatment methods. 

Breaux et al., 
1995 

$8 and $27 annually 
per household  

This study estimated WTP for preserving the Clear Creek wetland 
in western Kentucky. 

Whitehead and 
Bloomquist, 1991 

$169−$2,688 per acre 
lump sum  

Values reflect the range of restoring wetlands from croplands, by 
estimating easement costs, restoration costs, and the present 
discounted value of perpetual crop production. 

Heimlich, 1994  

$106−−−−$164 annually 
per respondent 

Values reflect what respondents are willing to pay for protection of 
wetlands in New England. 

Stevens et al., 
1995 

$56 annually per 
household  

This study is a meta-analysis of 30 studies. The largest mean WTP 
by wetland function was in terms of flood control ($84), with the 
smallest for water generation ($20). 

Brouwer et al., 
1997 

$657−−−−$11,830 per acre 
for residents of the 
drainage basin, and 
from $9,463 to $80,380 
across residents of the 
State of Michigan. 

The study estimated wetland benefits for Saginaw Bay, Michigan. Cangelosi et al., 
2001 

$4−$1,877 per acre 
annually  

The predicted values per acre of single-service wetlands range from 
$4 for presence of amenities to $1,868 for presence of birdwatching 
opportunities, with most services having predicted values in the 
$275−$600 range (see Table E.3 for breakdown of all values). 

Woodward and 
Wui, 2001 

$93−$1,935 per 
wetland acre 

This range of values is from a meta-analysis of 72 observations of 
wetland values from 33 studies. This range represents predicted 
values for different regions in the United States. 

Borisova-Kidder, 
2006 
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Table E.3. Per acre annual values of wetland services 

Service 

Mean value per acre
a 

(April 2009 USD) 

Flood $641 

Quality $681 

Quantity $207 

Recreational fishing $583 

Commercial fishing $1,270 

Bird hunting $114 

Bird watching $1,978 

Amenity $5 

Habitat $498 

Storm $387 

a The predicted values are obtained at the means of year and acre 
variables. It must be emphasized that the values do not represent 
marginal values and cannot be summed to obtain the value of 
multiple function wetlands. 

Source: Woodward and Wui, 2001. 

 

E.2.2 Applying wetland value estimates to PWD’s LID options 

As noted above, we relied on two meta-analyses to estimate the value of the wetlands planned 
for implementation under the LID CSO control options. The meta-analyses allowed us to assign 
a per-acre value to area of wetlands within each watershed. 

The first analysis was conducted in 2006 by Borisova-Kidder as part of a Master’s thesis. All of 
the studies included in this analysis (1) evaluated wetlands within the United States, and 
(2) allowed for the calculation of wetland value on a per-acre basis. Based on this criteria, the 
meta-analysis incorporated 72 separate observations of wetland value from 33 studies. The 
studies include 22 journal articles, seven research reports or academic papers, two chapters in a 
book, one PhD dissertation, and one Master’s thesis.  

Rather than apply the results of Borisova-Kidder’s meta-regression analysis, which allows for 
valuation of wetlands with only one primary function (e.g., flood control, recreation), we use the 
average value of the 72 estimates included in the study. This amounts to about $303.38 per acre 
in 2009 USD (adjusted from 2003 USD based on the CPI). We applied this value to obtain a 
lower bound estimate for the value of each new acre of wetlands created. For restored wetlands, 
we used half of this amount, or $151.69 (2009 USD). 
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As an upper bound for per-acre value estimates, we relied on the results of Woodward and Wui’s 
(2001) meta-regression analysis of the value of a single service wetland. Woodward and Wui’s 
analysis focuses on two types of variation in wetland values: deviations from the valuation 
function due to bias or errors in estimation, and variations along the valuation function 
attributable to different wetland characteristics (e.g., whether it is suitable for flood control, 
habitat, water quality). These factors were controlled for through a number of variables included 
in the regression analysis (e.g., through dummy variables for wetland services as well as the 
valuation method).  

The dependent variable in Woodward and Wui’s regression model is the natural log of the value 
per acre of wetland converted to 1990 dollars. In addition to the variables discussed above, the 
regression analysis includes variables for the year the study was conducted, whether the wetland 
was a coastal wetland, whether the value was an estimate of producer’s surplus, and whether the 
results had been published. Three additional dummy variables were included in the analysis to 
indicate whether the data, theory, or econometrics used in the study were deemed highly 
questionable (see Woodward and Wui, 2001, for more detail).1  

The results of the meta-analysis are shown in Table E.3. As an upper bound for the value of 
wetlands in Philadelphia, we applied the value estimate for a single service wetland providing 
habitat. We chose to use the single service value for habitat because it represents a middle 
ground for the single service wetlands evaluated and it excludes values that are accounted for in 
other areas of our analysis (e.g., recreation) or that are not applicable to the Philadelphia policy 
case (e.g., flood control). As shown in Table E.3, Woodward and Wui estimate that the value of 
a single service wetland providing habitat amounts to about $498 per acre (2009 USD). To value 
restored wetlands (as opposed to newly created wetlands), we applied half this amount on a per-
acre basis. 

Based on the values described above, Table E.4 shows the range of annual benefit estimates for 
the new and restored wetlands planned under the LID options within each watershed. Present 
value estimates for the 40-year project period are also provided. These values were obtained 
based on the stream restoration timeline provided by CDM. The stream restoration program is 
expected to be fully implemented by 2025. 

                                                 

1. The authors recognize that important variables that determine a wetland’s value are omitted from their 
model. For example, characteristics of the population near a wetland are particularly likely to influence the 
value placed on the area. However, such data could not be identified in most of the studies included in the 
analysis and these types of variables were therefore not included in the model. According to the authors, while 
the absence of these variables no doubt diminishes the explanatory power of the analysis, it need not bias the 
estimated coefficients if these variables are uncorrelated with the included set (Kennedy, 1986). 
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Table E.4. Total benefits provided by wetland services under LID options 

(2009 USD) 

 Total annual wetland 

benefits (range of 

estimates assuming full 

program implementation) 

Present value 

wetland benefits  

(range of estimates) 

Delaware River (tidal wetlands)     

Wetlands restored  $4,055 $6,657 $97,320 $159,751 

Wetlands created  $18,585 $30,507 $445,910 $731,964 

Total commitment $22,640 $37,164 $543,230 $891,715 

Schuylkill River (tidal wetlands)     

Wetlands created  $9,134 $14,994 $219,170 $359,769 

Total commitment $9,134 $14,994 $219,170 $359,769 

Cobbs Creek     

Wetlands restored  $1,465 $2,405 $35,157 $57,711 

Wetlands created  $9,183 $15,074 $220,335 $361,681 

Total commitment $10,649 $17,480 $255,492 $419,392 

Tacony-Frankford Creek     

Wetlands restored  $1,276 $2,094 $30,608 $50,243 

Wetlands created  $7,991 $13,117 $191,728 $314,723 

Total commitment $9,267 $15,211 $222,336 $364,966 

 

E.3 Omissions, Biases, and Uncertainties 

Although the economic literature on wetland valuation is relatively expansive, very few wetland 
valuation studies have been conducted in urban areas on wetlands similar to those planned for 
implementation in Philadelphia. We therefore relied on two meta-analyses reporting wetland 
value on a per-acre basis. Table E.5 identifies the key issues and uncertainties associated with 
this approach.  
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Table E.5. Omissions, biases, and uncertainties  

Assumption/methodology 

Likely impact 

on net 

benefits
a
 Comment/explanation 

Wetland valuation studies are 
remarkably diverse in terms of the 
values obtained, the wetlands 
evaluated, and the characteristics 
of the studies. 

U Although we use an average estimate, as well as an estimate 
derived through meta-regression analysis, the 
characteristics of the wetlands in Philadelphia may be quite 
different than those of wetlands included in the base 
estimates.  

This could serve to increase or decrease overall benefits 
depending on the nature of these characteristics, however, 
we feel our estimates provide a reasonable range of benefits 
per acre given that they are intended to exclude the more 
“high-dollar” benefits associated with wetland services such 
as recreation and flood control. 

The wetlands planned under the 
LID CSO control options are 
smaller in size than wetlands 
evaluated in most studies (and are 
not contiguous).  

U It is difficult to determine how this might impact overall 
benefits. On one hand, the scarcity of wetlands in the City 
may result in a higher value associated with them. On the 
other hand, larger wetlands can often provide additional 
ecosystem benefits that cannot be supported by wetlands of 
smaller size.  

Our benefits transfer does not take 
into account demographic 
characteristics of surrounding 
communities. 

- Several of the wetland valuation studies included in the two 
meta-analyses are based on household WTP estimates, 
which are almost always correlated with average household 
income of the study population. Given the relatively low 
average income of households in Philadelphia 
(e.g., compared to the national average), the inclusion of 
demographic characteristics would likely slightly decrease 
the overall benefits.  

a. Indicating how addressing the assumption or overcoming the omission would probably impact the analysis, 
using the following key: + would likely increase net benefits; ++ would increase net benefits significantly; 
U direction of change in net benefit is uncertain; - would diminish net benefits; -- would diminish net benefits 
significantly. 
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F. Poverty Reduction Benefits of Local Green 

Infrastructure Jobs 

Benefit-cost analysis of public infrastructure investment projects does not traditionally consider 
job creation as a category of project benefits. Although creating jobs is universally perceived as 
beneficial, it is reasoned that jobs created by public investment are no more beneficial than jobs 
created by the private sector.  

A public investment project must be funded with revenues drawn from the private sector – in this 
case, from PWD rate revenues collected from customers. If these funds were instead allowed to 
remain in private hands and be used for other private purposes, it is argued that an equivalent 
level of jobs would be supported. Stated another way, any jobs created by public investment are 
generally created at the expense of jobs in the private sector, so there is no net benefit in the 
overall level of employment arising from public expenditures (instead, under normal conditions, 
there is simply a transfer of employment across locations and sectors). 

The only exception to this reasoning is the special case of a severe economic downturn in which 
private demand is so depressed that job creation is more assured through public expenditures. 
Despite the fact that recent economic events actually reflect this special case, the approach 
adopted here does not attempt to evaluate benefits of job creation in that context. Instead, we 
examine the value of specific types of job opportunities created within a certain socioeconomic 
niche. 

In the popular media, “green jobs” or “green collar jobs” are described as encompassing many 
diverse job categories that have a bearing on environmental improvement in one way or another. 
In contrast, this analysis focuses only on the unique character of jobs created in the construction 
and maintenance of green infrastructure systems installed for purposes of urban stormwater 
management as part of an aggressive campaign to transform urban landscapes and 
neighborhoods. “Green infrastructure jobs” as defined here are essentially landscaping jobs, 
suitable for unskilled laborers and requiring no experience. There are significant social benefits 
that result from creating these specific types of jobs in an urban setting as part of a greening 
campaign. Such jobs can serve as a crucial stepping stone out of poverty for otherwise 
unemployed persons who reside in the very same neighborhoods in which the greening is 
targeted. The stabilizing and transforming effects of the green infrastructure on these 
neighborhoods reinforces and supports the benefits of providing employment to this population 
that is outside the labor force and trapped in poverty. 
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Traditional infrastructure – consisting of multi-billion dollar concrete tunnels – produces no such 
benefits. When the large construction contractors engage in large-scale traditional infrastructure 
projects, they have pre-negotiated labor agreements with all of the appropriate trade unions that 
enable them to expedite the project with no obstacles to obtaining the required labor when and 
where it is needed. For the most part, traditional stormwater infrastructure requires skilled 
laborers such as those represented by the trade unions. As implied by their status as union 
members, these are also people who are already in the labor force. When a city water department 
implements a traditional infrastructure project in this manner, the net effect is just to bid these 
already employed workers away from other construction projects.  

This appendix presents some additional background on the connections between green 
infrastructure and poverty. The methodology employed in evaluating the poverty reduction 
benefits of “green infrastructure jobs” is described, and results are summarized and discussed. 

F.1 Urban Poverty and Green Infrastructure 

Most large older cities have been faced with long-standing problems in coping with poverty in 
their midst. Philadelphia is a typical example, as made clear in results of the U.S. Census 
Bureau’s 2005–2007 American Community Survey (U.S. Census Bureau, 2008). 

� Median household income in 2007 was $34,767 in Philadelphia, compared to $50,007 for 
the nation as a whole – 30% less household income at the median.  

� Using a household income of $25,000 per year as a measure of poverty status, there were 
212,093 households below this level in Philadelphia in 2007 – 38% of all households in 
the City. Nationally, the proportion of households with incomes below $25,000 per year 
was 25%. 

� In Philadelphia, 57.8% of people over age 16 were in the labor force, compared to 64.7% 
for the nation as a whole. 

Cities incur many types of costs in coping with poverty. Many types of assistance programs are 
supported to help people in poverty. But one of the greatest expenditure categories is 
unfortunately coping with crime, for which the poverty trap is a major causative factor. In this 
regard, Philadelphia is incurring relatively high costs (Heller, 2008). 

� Philadelphia has the highest incarceration rate of any big U.S. city. The recidivism rate is 
80% and the annual cost per inmate is among the highest at $30,000 per year. 

� The City spends about $1 billion per year on the criminal justice system, which is about a 
quarter of the City budget. 
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The growing movement to transform urban landscapes with green infrastructure in the name of 
stormwater management and energy conservation holds the promise of a number of spillover 
benefits in reducing poverty. The installation and maintenance of green infrastructure requires 
large amounts of unskilled labor in what is essentially landscaping work. Large amounts of the 
work is to be performed in neighborhoods where many unemployed and relatively unskilled 
people live in poverty. Moreover, the transforming effect of green infrastructure on these 
neighborhoods can provide a foundation to stabilize troubled communities, reduce crime rates, 
and set a course for further progress against poverty. In the words of a leading green 
infrastructure activist, “If you give opportunities to the young men and women of this 
community to support themselves and their families, the need to build a jail goes away” (Carter, 
2007).  

Proof of these broader spillover benefits of green infrastructure is provided in the experience of 
the “Weed and Seed” program of the Community Capacity Development Office of the 
U.S. Department of Justice (U.S. DOJ, 2009). Launched in 2003, this program is now being 
demonstrated in 300 sites across the country. The strategy involves a two-pronged approach: law 
enforcement agencies and prosecutors cooperate in “weeding out” violent criminals and drug 
abusers, and public agencies and community-based private organizations collaborate to “seed” 
much-needed human services, including prevention, intervention, treatment, and neighborhood 
restoration programs. Through coordinated use of federal, state, local, and private-sector 
resources, neighborhood restoration strategies focus on economic development, employment 
opportunities for residents, and improvements to the housing stock and physical environment of 
the neighborhood. In the period between 2003 and 2006, major crimes decreased 2% within 
Weed and Seed areas (Baker, 2009).  

F.2 Estimating Poverty Reduction Benefits of “Green 

Infrastructure Jobs” 

The methodology for estimating benefits of “green infrastructure jobs” is based on the 
expectation that providing such jobs to unskilled residents within the targeted neighborhoods will 
provide these individuals with an important stepping stone on the path out of poverty which 
would not otherwise exist. The presence of the green infrastructure in these neighborhoods will 
enhance the opportunity for community stabilization and recovery that can further support 
progress against poverty.  

As discussed above, society spends large amounts every year in its efforts to cope with the 
effects of poverty. If PWD chooses an LID approach to CSO control providing “green 
infrastructure jobs” to unskilled and unemployed residents who are currently living in poverty, 
they will be less impoverished and impose a lower level of societal costs. If PWD chooses a 
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traditional infrastructure approach, the jobs created will be much less likely to be filled by 
unskilled workers who are currently not in the workforce, yielding no benefits in reducing the 
societal cost of poverty. 

The benefits of “green infrastructure jobs” are estimated by multiplying the total number of jobs 
created by an assumed per-employee amount of societal costs that will be avoided due to the 
altered poverty status of the new employee. The number of labor hours required for construction 
and maintenance of the LID alternatives was estimated as part of the engineering cost analysis. It 
is further assumed that one-quarter of these hours will be supervisory positions and therefore less 
likely to result in the hiring of unskilled and otherwise unemployed people. The avoided societal 
cost of poverty per non-supervisory employee used to value this benefit is estimated to be about 
$10,000 per year. This figure is derived from a review of different sources, as described below. 

A 1993 analysis produced by the Institute for the Study of Civic Values reviewed local budget 
data sources for Philadelphia and produced an estimate of the total public cost of poverty shown 
in Table F.1. This estimate seems low because it does not include an element relating to coping 
with crime.  

Table F.1. Estimate of the cost of poverty in Philadelphia  

Element 

Estimated annual cost  

(1992 USD millions) 

Income, Medicaid, food stamps 1,000 

Health and social services 400 

Public housing 150 

Community development 100 

Homeless expenditure 15 

Education 200 

Total 2,000 

Source: Schwartz, 1993. 

 

A 1998 analysis by Wharton researchers also employed a bottom-up approach to identify direct 
poverty related expenditures in the City’s 1996 budget amounting to about a billion dollars 
(Summers and Jakubowski, 1996). This study left out additional costs of crime and education, 
although acknowledging their potential significance. It also omitted direct expenditures by the 
Federal government that were estimated to be on the order of another billion dollars by Schwartz.  
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In a landmark study in the mid-1990s, econometric research was applied to a survey of 
U.S. cities and demonstrated statistically that a high incidence of urban poverty not only 
increases direct poverty expenditures of city governments, but also significantly increases the 
cost of many other seemingly unrelated city services (Pack, 1998). Applying the approaches of 
Summers and Jakubowski as well as those of Pack to the Philadelphia 2009 city budget, implies 
that as much as $3.5 billion of the $4 billion total is attributable to poverty. That total still omits 
additional direct poverty related outlays in Philadelphia by the Federal government. 

A top-down national analysis of the “avoidable costs of poverty” was developed in a study 
prepared for the Entergy Corporation (Oppenheim and MacGregor, 2006), yielding the estimates 
shown in Table F.2.  

Table F.2. National estimate of the avoidable costs of poverty  

Element  Description 

Estimated annual cost 

(2005 USD millions) 

Crime Cost of criminal activity, including property losses, costs of 
the judicial and correctional system, and security costs. 

660,791 

Health Costs of health care, including costs that are preventable by 
improving health care and costs of low-income health care 
that are spread through society. 

335,841 

Unemployment/ 
underemployment 

Costs of unemployment and underemployment, including 
unemployment compensation, job training, and the multiplier 
effects of lost economic activity. 

222,492 

Anti-poverty 
investments 

Costs of current anti-poverty investments, including costs for 
social services, elderly services, income supports, affordable 
housing, food, education, energy and utility supports, and 
block grants for community services and community 
development. 

270,053 

Total 1,489,178 

Source: Oppenheim and MacGregor, 2006. 

 

Another top-down analysis developed by the Center for American Progress (Holzer et al., 2007) 
produced a national estimate of the cost of poverty from a different perspective. Their approach 
was to compute the costs to society resulting from having children grow up in poverty. They 
focused on the individual as a means of capturing both lost economic productivity and additional 
costs associated with higher crime and poorer health later in life. Although this is a different 
approach to the analysis, it covers many of the same impacts in arriving at an estimate of the 
total cost of poverty. They summarize their results in terms of the net impact on the U.S. Gross 
Domestic Product (GDP), as shown in Table F.3. 
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Table F.3. Economic costs of poverty in the United States  

Element 

Estimated annual cost  

(% of GDP) 

Foregone earnings 1.3 

Crime 1.3 

Health 1.2 

Total 3.8 

Source: Holzer et al., 2007. 

 

Their indicated percentage of GDP attributable to poverty (3.8%) translates into a national cost 
estimate of about $500 billion per year which is only about one-third the national cost estimate 
developed in the previously discussed study for the Entergy Corporation. The differences lie in 
the approaches used to assign part of the cost of crime to poverty and also in the lack of 
accounting for the costs of social assistance programs in the work by the Center for American 
Progress which the Entergy study showed to be 18% of the total. In addition, the authors of the 
Center for American Progress study stressed that it was their very deliberate analytical objective 
to produce a lower bound estimate of the cost of poverty. In contrast to their results, another 
interesting study of the cost of poverty in Ontario (Laurie, 2008) produced an estimate that 
poverty expenditures accounted for between 5.5 and 6.6% of the provincial GDP. 

The Philadelphia region (including the suburbs) is the fourth largest urban area in the United 
States in terms of GDP (PricewaterhouseCoopers, 2006). Apportioning the $500 billion national 
estimate from the Center for American Progress study on the basis of the Philadelphia share of 
national GDP yields an estimate of the cost of poverty to the region of $12 billion per year. 
Apportioning the $500 billion instead on the basis of the share of the nation’s low-income 
households that lie within the City yields an estimate of about $3 billion per year. If a higher 
percentage of GDP (e.g., ~6% found in Ontario) is applied, the Philadelphia share of the 
$500 billion would be closer to $5 billion per year.  

This latter range of “top-down” estimates is similar to the $2.0 to $3.5 billion per year range 
derived from the several “bottom-up” estimates for Philadelphia described earlier. However, the 
bottom-up studies mostly omitted direct Federal expenditures. The Entergy study described 
above is judged to provide the most complete top-down estimate of the total annual cost of 
poverty in the United States. Apportioning their $1.5 trillion per year national estimate on the 
basis of the share of the nation’s low-income households that lie within the City yields an 
estimate of about $9 billion per year.  
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In estimating the spillover benefits of “green collar jobs” in reducing the costs of poverty, it is 
assumed that currently unemployed people living in poverty would be hired into the unskilled, 
non-supervisory positions. By the latest Census figures, there are about 227,500 such people 
residing in the City. If the $12 billion per year estimate of the cost of poverty is correct, it 
implies an annual cost of $57,000 per unemployed person in Philadelphia. An estimate of 
$9 billion per year implies about $45,000 per unemployed person per year. An estimate of 
$5 billion per year implies $25,000 per unemployed person per year. An estimate of $3 billion 
per year implies $15,000 per unemployed person per year. 

The benefit assumed here is $10,000 per year in offsets to all the societal costs of coping with 
poverty. Hence an estimated savings of $10,000 per year is multiplied times the number of work 
years in “green infrastructure jobs” provided by each LID option. 

F.3 Results 

Table F.4 presents a summary of the total number of work years in “green infrastructure jobs” 
provided by each of the LID options in each watershed over the 40-year implementation period. 
Table F.5 presents a similar summary of the total present value (over 40 years) of the avoided 
societal cost of poverty attributable to the provision of these “green infrastructure jobs.”  

Table F.4. Total work years in “green infrastructure jobs” provided by LID alternatives 

LID % Delaware Schuylkill Cobbs Tacony Totals 

25 3,341 1,607 476 1,490 6,914 

50 7,379 3,535 1,050 3,303 15,266 

75 11,307 5,409 1,608 5,040 23,364 

100 14,778 7,081 2,105 6,590 30,554 

 

Table F.5. Total present value (2009 USD millions) of “green infrastructure jobs” 

provided by LID alternatives 

LID % Delaware Schuylkill Cobbs Tacony Totals 

25 28 13 4 12 57 

50 60 29 9 27 125 

75 93 44 13 41 192 

100 121 58 17 54 251 
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F.4 Omissions, Biases, and Uncertainties 

The analysis of poverty reduction benefits of “green infrastructure jobs” is straightforward; 
multiplying the number of work years provided times the estimated amount of avoided social 
costs. The basis for the estimate of the societal costs of poverty is the largest area of uncertainty 
in this procedure, as described further in Table F.6. 

Table F.6. Omissions, biases, and uncertainties affecting valuation of “green 

infrastructure jobs” 

Assumption/ 

methodology 

Likely impact 

on net benefits
a
 Comment/explanation 

It is assumed that LID 
options can be implemented 
in a manner that makes 
most non-supervisory 
“green infrastructure jobs” 
available to the target 
population. 

- If it is not possible to make many of the “green infrastructure 
jobs” available to the target population of unskilled and 
otherwise unemployed people living in poverty, then the 
spillover benefits of poverty reduction will be correspondingly 
reduced. We have assumed 75% of the job hours can be targeted 
to the relevant population.  

The estimated value of the 
societal costs of poverty is 
supported by only a half 
dozen studies that were 
designed for different 
purposes. 

U Despite extensive research on poverty, the total social cost of 
poverty is not as well studied as a concept. We found only a few 
studies. Although they seem to bound a roughly comparable 
overall order of magnitude, confidence would be enhanced if 
there were a few more estimates to draw from. 

It is assumed that the 
societal costs of poverty are 
reduced by $10,00 if a 
targeted recipient obtains a 
“green infrastructure job.” 

U There is evidence that an unskilled job, alone, is inadequate to 
boost a person out of poverty. A skilled job is required. Thus, 
“green infrastructure jobs” are just a stepping stone on the path 
out of poverty. We assumed a $10,000 reduction in the avoided 
societal costs of coping with poverty. 

a. Indicating how addressing the assumption or overcoming the omission would probably impact the analysis, 
using the following key: + would probably increase net benefits; ++ would increase net benefits significantly; 
U direction of change in net benefit is uncertain; - would diminish net benefits; -- would diminish net benefits 
significantly.  
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G. Energy Usage and Related Changes in Carbon 

and Other Emissions 

This appendix provides a summary of Stratus Consulting’s approach for estimating the net 
energy use, and associated external costs, of the CSO control options currently being evaluated 
by the PWD. As described below, we have identified several key categories related to energy use 
(and associated emissions) for quantitative assessment, including: 

� Electricity and natural gas savings due to cooling effect under the LID CSO 
control options 

� “Wasted” fuel consumed by vehicles stuck in traffic delays caused by construction and 
maintenance activities  

� Resulting energy costs and/or cost savings  

� Carbon emissions/offsets associated with energy use (including fuel used by construction 
and maintenance vehicles) and/or savings under each option 

� Estimated social value of carbon emissions and/or savings 

� NOx and SO2 emissions/offsets, and associated health costs, related to energy use and/or 
savings under each option.  

The following sections identify key inputs and assumptions used in our analysis and describe the 
general methodology employed to evaluate energy-related benefits and external costs. Final 
results for each CSO watershed are also presented. 

G.1 Key Inputs and Assumptions  

To estimate the energy-related benefits and external costs under each CSO control option, we 
employed standard industry methodology. In the absence of specific data, it was also necessary 
to make a number of assumptions based on our understanding of the different program 
components. Key inputs and assumptions are detailed below. Individual assumptions related to 
specific program components are provided in subsequent sections. 

����    Energy costs. To estimate the monetary benefits of electricity and natural gas savings 
under the LID options, we used PECO estimated electricity rates and natural gas rates 
provided by CDM ($0.10/kWh and $0.0135/MM Btu, respectively). The electricity rates 
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used in this analysis are relatively conservative. Section G.4.2 discusses how our overall 
results change as electricity rates are increased. To estimate the cost of additional fuel 
consumed in construction -related traffic delays, we assumed a cost of $2.50 per gallon of 
gasoline. 

� Energy-related emissions factors. We evaluate emissions of CO2, SO2, and NOx 
associated with net energy use under each CSO option. To do this, we use average air 
pollution emission factors for the State of Pennsylvania’s electricity sector [in terms of 
tons of emissions per megawatt hour (MWh); EIA, 2007]. When the specific generating 
plants cannot be determined for an electricity grid like Philadelphia’s, these estimated 
emissions are used at the state or regional level. The EIA estimates that Pennsylvania’s 
CO2 emission factor is 0.574 MT/MWh. SO2 and NOx factors at Pennsylvania power 
plants are estimated at 0.0041 and 0.00076 MT/MWh, respectively. To estimate 
emissions related to the use of natural gas, we use the CO2 emission factor of 0.0527 MT 
of CO2/MM Btu (EIA, 2007). 

� Social cost of carbon. Another input used for this analysis is the dollar value assigned to 
GHG emissions, measured in CO2e. The social cost of carbon is estimated as the 
aggregate net economic value of damages from climate change across the globe, and is 
expressed in terms of future net benefits and costs that are discounted to the present 
(IPCC, 2007). The most recent IPCC Assessment Report contained peer-reviewed 
estimates of the social cost of carbon. The IPCC found an average value of $12 per 
MT CO2, but added that the range around this mean is large. For example, in a survey of 
100 estimates, the values ran from USD $-3 per MT CO2 up to $95 per MT CO2. The 
often-cited Stern Review on the Economics of Climate Change estimates a social cost of 
carbon at $85 per MT CO2 (Stern, 2006).  

For this analysis, the IPCC’s average value of $12 was used when calculating social 
benefits and costs, which produces conservative estimates for the benefits and costs 
associated with GHG emissions (a conservative estimate). To determine total costs over 
the 40-year project period, we escalated the social cost of carbon by 2.4% per year,1 
above the general rate of inflation. 

� Cooling effect and carbon sinks of green infrastructure. To estimate the benefits 
associated with the cooling effect and carbon sinks under the LID options, we relied on 
previous studies by the U.S. Department of Agriculture (USDA) Forest Service. The 
Urban Forest Effects Model (UFORE) provides estimates of energy savings via shading 

                                                 

1. The United Kingdom has established an official estimate of the social cost of carbon for use in many of its 
project evaluations and models the growth rate of the cost at 2.4% per year. 
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of trees and insulation by green roofs. It also provides carbon storage and sequestration 
data by species of tree. For our research, we used one type of tree of average size and 
average storage capabilities for all the cooling and carbon sinks. We also assumed that 
30% of trees planted would be close enough to buildings to provide shading. Our results 
can easily be adjusted for specific species of trees. 

� Engineering estimates versus external costs. The amount of energy required for 
excavation and other construction activities serves as a key input into our analysis. 
However, the costs associated with this energy use (i.e., electricity costs and the cost of 
fuel for construction and maintenance vehicles) are not included in our estimate of total 
benefits and external costs. The cost of energy used for these purposes is assumed to be 
included in the engineering cost estimates for each CSO option. However, we estimate 
and include the external costs associated with the energy consumption [e.g., CO2, sulfur 
oxides (SOx), and NOx emissions and costs].  

G.2 Methods 

G.2.1 Estimating the external costs of traditional infrastructure CSO control options 

We first estimated total energy use (electric and gasoline) under each of the non-LID CSO 
control options. Total electrical energy use was calculated based on power requirements for 
excavation, building, equipment, and pumping, as provided by CDM. Total fuel use was 
determined based on the estimated number of vehicle miles traveled (VMT) by construction and 
maintenance vehicles throughout the course of the project. Total fuel use also took into account 
the additional fuel used by individuals traveling on Philadelphia roadways as a result of 
construction-related traffic delays (see Appendix I).  

Based on estimated total energy use, we were able to estimate total NOx, SO2, and carbon 
emissions (and associated monetary costs) under each CSO option. The individual components 
of our analysis are described below.  

Emissions associated with energy used for excavation, building, equipment, and pumping. 
CDM provided estimates of the power needed for excavation, building, equipment, and pumping 
under each of the traditional infrastructure CSO control option (i.e., tunneling, plant expansion, 
and satellite treatment). We used these inputs to estimate total emissions generated under each 
option.  

To determine total carbon emissions, we used average air pollution emission factors for the State 
of Pennsylvania’s electricity sector (0.574 MT of CO2/MWh) (EIA, 2007). We applied these 
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estimates to total power use required under each option. The monetary cost of these emissions 
was then estimated based on IPCC’s average estimate for the social cost of carbon ($12/MT).  

In addition to carbon emissions, we also evaluated the SOx and NOx emissions associated with 
electricity use under the different CSO control options. This analysis was also based on average 
air pollution emission factors for Pennsylvania power plants (EIA, 2007). We applied these 
emission factors (0.00414 MT SO2/MWh and 0.000766 MT NOx/MWh) to total electricity use 
under each option.  

We then estimated the human health costs of SO2 and NOx emissions based on EPA-generated 
national averages. These estimates reflect the change in health risks, and associated values, of a 
typical ton of emissions for each pollutant (U.S. EPA, 2008b). They do not reflect only benefits 
in the local area, but take into account long-range transport of the pollution (emissions in one 
location spread over a wide area).  

EPA estimates that the health-related costs of SOx emissions from electricity-generating sources 
ranges from $25,234 to $53,985 per ton. For NOx emissions, these costs range from $2,681 to 
$5,733 per ton. To determine total costs of SOx and NOx under the CSO control options, we 
applied the midpoints of these estimates to total emissions.  

It should be noted that the power requirements provided by CDM for excavation, building, and 
equipment were provided as totals over the 40-year period, and the power requirements for 
pumping were provided as annual estimates. It is difficult to estimate energy-related costs far 
into the future due to a number of significant variables. These include a change in the generation 
mix for electricity, a change in retail energy prices, changes in both the social costs of carbon 
emissions and air pollution, and the change in the price of carbon emissions under a federal or 
regional carbon policy.  

Emissions associated with fuel used by heavy construction vehicles. To evaluate fuel use and 
emissions associated with construction activities, we relied on CDM’s estimate for the number of 
heavy-duty truck trips under each CSO control option. We estimated the total gallons of diesel 
fuel consumed by heavy-duty trucks based on an average distance of 20 miles per truck trip and 
an average mile per gallon of 6.6 (U.S. EPA, 2007).  

We then calculated CO2, SOx, and NOx emissions associated with heavy-duty vehicles based on 
emission factors for heavy-duty trucks (lbs CO2/mile) as determined by the South Coast Air 
Quality Management District (SCAQMD, 2007). The social cost of carbon was used to measure 
the costs of carbon emissions from these truck trips. For SOx and NOx emissions, we applied the 
midpoint of EPA’s estimates for health-related costs of SO2 and NOx from mobile sources. 
EPA’s estimates range from $13,200 to $28,264 and $4,357 to $9,350 for SOx and NOx, 
respectively. 
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Emissions associated with fuel use by concrete delivery trucks. To determine the external costs 
associated with heavy-duty trucks used to deliver concrete materials, we used the same approach 
mentioned above. Because the number of concrete trucks under each option was not an input 
provided by CDM, we assumed the number of these trucks to equal half of the number of heavy-
duty trucks used for excavation and construction.  

Concrete manufacturing. One of the most energy-intensive industrial processes in the world is 
the production of cement, a key ingredient in the large amounts of concrete used in construction 
of traditional CSO infrastructure. The cement manufacturing process uses both electricity and a 
significant amount of fossil fuels directly in a heating process. While the direct energy costs of 
cement manufacturing do not affect this benefit-cost analysis, the carbon and air pollution costs 
that result do play a role. We were able to analyze the energy used and resulting carbon 
emissions and air pollution that result from this process.  

First, using the total cubic feet of concrete (an input provided by CDM), we estimated the 
amount of cement used for each non-LID scenario based on standard concrete-cement 
conversion methods. We estimate the energy and emissions associated with the cement 
manufacturing process for each of the non-LID scenarios based on standard energy/emissions 
factors (Worrell and Galitsky, 2004, and as described above).  

Traffic disruption. Under all of the CSO control options, construction and maintenance activities 
will cause traffic delays on Philadelphia roadways. There is an increase in fuel use associated 
with these delays due to increased time spent idling and traveling at slower speeds. The methods 
used to estimate additional fuel used as a result of construction-related delays are detailed in 
Appendix I. However, actual fuel use and associated costs are reported in the energy use/cost 
category in Tables G.1 through G.8.  

We used standard emissions conversion factors, as described above, to estimate tons of CO2, 
SOx, and NOx emitted into the atmosphere as a result of this additional fuel use. 

G.2.2 Estimating the external costs and benefits of green infrastructure 

Emissions associated with energy used for excavation. Similar to the traditional infrastructure 
options, the LID options will require large amounts of power (electricity) to excavate areas for 
LID coverage. This input was provided by CDM. We use the same methods as described above 
to estimate the external costs of emissions associated with this energy use.  

Emissions associated with fuel used by construction and operation vehicles. For the 
development of green infrastructure, heavy-duty vehicles will be needed during the construction 
process. For the LID options, we used the same techniques and assumptions described above to 
estimate emissions associated with these vehicles. As part of this analysis, we also included the 
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emissions generated by operations and maintenance vehicles. For these trucks, we assume an 
average truck trip of 15 miles and an average mile per gallon of 20.2.  

Table G.1. Energy-related benefits and external costs of CSO control options in the Tacony-

Frankford Creek Watershed, over 40-year project period (present value, 2009 USD) 

 

Energy savings 

(costs) 

Air quality health-related 

improvements  

(costs) 

Carbon footprint 

reduction benefit 

(cost of increase) 

LID options 

25% LID $2,994,995 $4,380,801  $2,022,051  

50% LID $7,274,893  $9,989,179  $4,574,863  

75% LID $10,164,800  $13,920,497  $6,955,968  

100% LID $12,671,820  $17,492,296  $8,790,891  

Plant expansion options (excluding LID component)
a
 

215 MGD  ($32,635)   ($240,406)   ($36,526)  

298 MGD  ($37,299)   ($262,233)   ($41,239)  

490 MGD  ($55,050)   ($600,679)   ($79,752)  

820 MGD  ($81,063)   ($840,455)   ($120,971)  

Tunneling options 

15’ Tunnel  ($124,142)   ($4,127,396)   ($469,015)  

20’ Tunnel  ($194,652)   ($5,461,468)   ($644,125)  

25’ Tunnel  ($286,028)   ($ 6,988,847)   ($851,115)  

30’ Tunnel  ($401,457)   ($8,781,757)   ($1,098,570)  

35’ Tunnel  ($538,551)   ($10,722,019)   ($1,376,390)  

Satellite treatment options 

25 Ofs  ($ 2,152)   ($108,395)   ($12,248)  

10 Ofs  ($8,748)   ($443,600)   ($49,884)  

4 Ofs  ($36,550)   ($1,945,197)   ($212,250)  

1 Ofs  ($104,928)   ($5,620,441)   ($608,916)  

a. Plant expansion options are not planned for implementation on their own but will be combined with some 
level of LID. 
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Table G.2. Energy-related benefits and external costs of CSO control options in the Cobbs 

Creek Watershed, over 40-year project period (present value, 2009 USD) 

 

Energy savings 

(costs) 

Air quality health-related 

improvements  

(costs) 

Carbon footprint 

reduction  

(increase) 

LID options 

25% LID   $956,469   $1,399,034   $645,753  

50% LID  $2,323,278   $3,190,101   $1,461,008  

75% LID   $3,246,186   $4,445,589   $2,221,428  

100% LID   $4,046,817   $5,586,264   $2,807,421  

Plant expansion options (excluding LID component)
a
 

63 MGD ($17,580) ($363,341) ($60,090) 

233 MGD ($19,353) ($497,537) ($73,871) 

404 MGD ($19,851) ($539,720) ($82,551) 

Tunneling options 

15’ Tunnel ($189,398) ($2,946,459) ($409,049) 

20’ Tunnel ($265,640) ($3,918,187) ($558,469) 

25’ Tunnel ($389,503) ($5,202,623) ($771,474) 

30’ Tunnel ($513,954) ($6,450,870) ($979,242) 

35’ Tunnel ($661,099) ($7,745,230) ($1,206,602) 

Satellite treatment options 

25 Ofs ($1,500) ($113,581) ($12,967) 

10 Ofs ($7,119) ($626,085) ($67,436) 

4 Ofs ($19,703) ($1,889,297) ($197,383) 

1 Ofs  ($33,685) ($3,307,472) ($341,548) 

a. Plant expansion options are not planned for implementation on their own but will be combined with some 
level of LID. 
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Table G.3. Energy-related benefits and external costs of CSO control options in the 

Schuylkill River Watershed, over 40-year project period (present value, 2009 USD) 

 

Energy savings 

(costs) 

Air quality health-related 

improvements  

(costs) 

Carbon footprint 

reduction  

(increase) 

LID options 

25% LID   $3,216,685   $4,705,069   $2,171,724  

50% LID  $7,813,382   $10,728,581   $4,913,495  

75% LID   $10,917,201   $14,950,896   $7,470,850  

100% LID   $13,609,791   $18,787,081   $9,441,595  

Plant expansion options (excluding LID component)
a
 

157 MGD ($15,316) ($349,321) ($57,000) 

747 MGD ($33,322) ($727,346) ($119,692) 

1,336 MGD ($49,501) ($988,837) ($172,595) 

Tunneling options 

15’ Tunnel ($272,527) ($7,429,041) ($842,353) 

20’ Tunnel ($362,014) ($9,537,170) ($1,100,347) 

25’ Tunnel ($478,079) ($11,840,716) ($1,394,327) 

30’ Tunnel ($621,589) ($14,238,048) ($1,715,633) 

35’ Tunnel ($793,412) ($16,506,514) ($2,045,052) 

Satellite treatment options 

25 Ofs ($6,648) ($705,765) ($70,845) 

10 Ofs ($20,567) ($2,224,732) ($220,716) 

4 Ofs ($51,597) ($5,728,678) ($563,893) 

1 Ofs  ($115,829) ($12,774,988) ($1,256,428) 

a. Plant expansion options are not planned for implementation on their own but will be combined with some 
level of LID. 
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Table G.4. Energy-related benefits and external costs of CSO control options in the 

Delaware River Watershed, over 40-year project period (present value, 2009 USD) 

 

Energy savings 

(costs) 

Air quality health-related 

improvements  

(costs) 

Carbon footprint 

reduction  

(increase) 

LID options 

25% LID   $6,713,580   $9,820,003   $4,532,630  

50% LID  $16,307,399   $22,391,744   $10,255,012  

75% LID   $22,785,416   $31,204,186   $15,592,497  

100% LID   $28,405,151   $39,210,732   $19,705,661  

Plant expansion options (excluding LID component)
a
 

225/130 ($130,530) ($1,259,852) ($179,991) 

225/250 ($134,230) ($1,690,557) ($207,334) 

495/950 ($221,295) ($2,439,859) ($278,522) 

495/1250 ($228,070) ($2,848,114) ($305,397) 

Tunneling options 

15’ Tunnel ($408,423) ($9,101,348) ($1,115,480) 

18’ Tunnel ($489,540) ($10,503,691) ($1,304,735) 

23’ Tunnel ($682,323) ($12,903,993) ($1,670,979) 

28’ Tunnel ($929,218) ($15,726,970) ($2,112,658) 

31’ Tunnel ($1,089,041) ($17,824,366) ($2,422,831) 

Satellite treatment options 

25 Ofs ($8,811) ($438,766) ($49,371) 

10 Ofs ($24,959) ($1,167,302) ($133,045) 

4 Ofs ($64,856) ($3,331,932) ($367,354) 

1 Ofs   ($137,147)   ($6,784,880)   ($750,802)  

a. Plant expansion options are not planned for implementation on their own but will be combined with some 
level of LID. 
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Table G.5. Non-monetized energy-related benefits and external costs of CSO control 

options in the Tacony-Frankford Creek Watershed, over 40-year project period 

Air quality – emissions 

(reductions) 

Energy use 
(savings) 

 
SO2  

(MT) 

NOx  

(MT) 

Natural gas 

(kBtu) 

Fuel  

(gallons) 

Electricity 

(kWh) 

CO2 

emissions 

(reductions) 

LID options 

25% LID (145.05) 3.41  (38,028,191) 59,440  (35,046,202) (105,045) 

50% LID (330.20) (8.24) (129,277,877) 106,449  (79,771,661) (235,478) 

75% LID (463.54) 5.56  (183,776,322) 182,578  (111,990,066) (358,536) 

100% LID (583.72) 16.55  (221,563,669) 247,575  (141,029,264) (453,597) 

Plant expansion options
a
 

215 MGD 6.67  11.19   14,985   2,361  

298 MGD 7.29  12.78   17,126   2,666  

490 MGD 17.39  21.10   25,277   5,155  

820 MGD 24.95  32.03   37,222   7,819  

Tunneling options 

15’ Tunnel 133.56  375,913.37   57,002   26,553  

20’ Tunnel 176.62  561,135.30   89,378   36,885  

25’ Tunnel 225.74  793,910.46   131,335   49,197  

30’ Tunnel 283.22  1,082,609.31   184,336   63,986  

35’ Tunnel 345.42  1,421,147.25   247,285   80,737  

Satellite treatment options 

25 Ofs 3.55  1.75   988   720  

10 Ofs 14.57  6.93   4,017   2,868  

4 Ofs 63.47  28.51   16,783   12,071  

1 Ofs 183.27  80.61   48,179   34,379  

a. Plant expansion options are not planned for implementation on their own but will be combined with some 
level of LID. 
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Table G.6. Non-monetized energy-related benefits and external costs of CSO control 

options in the Cobbs Creek Watershed, over 40-year project period 

Air quality – emissions 

(reductions) 

Energy use 

(savings) 

 
SO2 

(MT) 

NOx  

(MT) 

Natural gas 

(kBtu) 

Fuel  

(gallons) 

Electricity 

(kWh) 

CO2 

emissions 

(reductions) 

LID options 

25% LID (46.32) 1.09  (12,144,517) 18,983  (11,192,203) (33,547) 

50% LID (105.45) (2.63) (41,285,620) 33,995  (25,475,530) (75,201) 

75% LID (148.03) 1.78  (58,690,006) 58,307  (35,764,660) (114,501) 

100% LID (186.42) 5.29  (70,757,609) 79,064  (45,038,492) (144,859) 

Plant expansion options
a
 

63 MGD 12.71  12.26   8,072   3,884  

233 MGD 16.93  14.35   8,886   4,775  

404 MGD 18.68  15.83   9,115   5,336  

Tunneling options 

15’ Tunnel 94.69  475,999.78   86,965   24,465  

20’ Tunnel 126.19  665,540.02   121,974   33,620  

25’ Tunnel 167.55  962,260.15   178,847   46,873  

30’ Tunnel 207.52  1,256,965.47   235,991   59,809  

35’ Tunnel 248.74  1,598,573.93   303,556   74,109  

Satellite treatment options 

25 Ofs 3.81  1.65   689   739  

10 Ofs 20.74  7.94   3,269   3,761  

4 Ofs 62.20  22.23   9,047   10,887  

1 Ofs 108.61  37.85   15,467   18,756  

a. Plant expansion options are not planned for implementation on their own but will be combined with some 
level of LID. 
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Table G.7. Non-monetized energy-related benefits and external costs of CSO control 

options in the Schuylkill River Watershed, over 40-year project period 

Air quality – emissions 

(reductions) 

Energy use 

(savings) 

 
SO2  

(MT) 

NOx  

(MT) 

Natural gas 

(kBtu) 

Fuel  

(gallons) 

Electricity 

(kWh) 

CO2 

emissions 

(reductions) 

LID options 

25% LID (156) 4  (40,843,047) 63,840  (37,640,331) (112,820) 

50% LID (355) (9) (138,847,060) 114,328  (85,676,380) (252,908) 

75% LID (498) 6  (197,379,493) 196,092  (120,279,600) (385,075) 

100% LID (627) 18  (237,963,870) 265,900  (151,468,287) (487,172) 

Plant expansion options
a 

 

157 MGD 12  11   7,033   3,684  

747 MGD 26  24   15,300   7,737  

1,336 MGD 35  35   22,729   11,156  

Tunneling options 

15’ Tunnel 237  742,003   125,136   47,605  

20’ Tunnel 305  987,092   166,225   62,539  

25’ Tunnel 379  1,291,300   219,519   79,755  

30’ Tunnel 456  1,653,470   285,414   98,814  

35’ Tunnel 528  2,069,410   364,310   118,737  

Satellite treatment options 

25 Ofs 23  8   3,053   3,850  

10 Ofs 72  23   9,444   11,937  

4 Ofs 186  58   23,692   30,399  

1 Ofs 415  129   53,185   67,707  

a. Plant expansion options are not planned for implementation on their own but will be combined with some 
level of LID. 
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Table G.8. Non-monetized energy-related benefits and external costs of CSO control 

options in the Delaware River Watershed, over 40-year project period 

Air quality – emissions 

(reductions) 

Energy use 

(savings) 

 
SO2  

(MT) 

NOx  

(MT) 

Natural gas 

(kBtu) 

Fuel  

(gallons) 

Electricity 

(kWh) 

CO2 

emissions 

(reductions) 

LID options 

25% LID (325) 8  (85,243,992) 133,241  (78,559,566) (235,468) 

50% LID (740) (18) (289,789,289) 238,615  (178,816,154) (527,847) 

75% LID (1,039) 12  (411,953,001) 409,267  (251,036,931) (803,695) 

100% LID (1,308) 37  (496,657,118) 554,963  (316,131,196) (1,016,782) 

Plant expansion options
a
 

225/130 MGD 37  49   59,935   11,634  

225/250 MGD 49  52   61,634   13,402  

495/950 MGD 67  77   101,611   18,003  

495/1,250 MGD 78  80   104,722   19,740  

Tunneling options 

15’ Tunnel 292  1,089,554   187,535   64,559  

18’ Tunnel 337  1,298,714   224,781   75,805  

23’ Tunnel 415  1,770,355   313,301   98,203  

28’ Tunnel 505  2,363,038   426,667   125,361  

31’ Tunnel 572  2,754,184   500,053   144,203  

Satellite treatment options 

25 Ofs 14  7   4,046   2,875  

10 Ofs 38  19   11,460   7,689  

4 Ofs 109  50   29,780   20,947  

1 Ofs 222  103   62,973   42,744  

a. Plant expansion options are not planned for implementation on their own but will be combined with some 
level of LID. 
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Energy savings and emissions offsets: trees. When properly placed, trees can affect energy 
consumption by shading buildings, providing evaporative cooling, and by blocking winter winds 
(USDA, 2007). Using data obtained from the USDA, we calculated the energy savings from 
trees based on average heating and cooling per building. This allowed us to estimate savings in 
energy costs for the entire community of shaded buildings. We also estimated the reduction in 
emissions (offsets) associated with these savings.  

Energy savings and emissions offsets: green roofs. Green roofs provide insulation and shade for 
buildings, thus reducing their need for both heating and cooling costs. Using energy savings 
estimates confirmed by two separate studies, we quantified the energy savings associated with 
green roofs under each LID CSO control option. To estimate electricity savings (from reduced 
cooling), we applied an average savings of 0.39 kWh/sq ft of green roof. For natural gas savings 
(from reduced heating), we used an estimate of 123 MM Btu per building (Doshi, 2005; Green 
Roofs for Healthy Cities, Undated).  

Green sinks −−−− trees. Trees provide a valuable resource for green infrastructure projects by 
removing (sequestering) CO2. Trees therefore act as a carbon sink by removing the carbon and 
storing it as cellulose in their trunk, branches, leaves, and roots while releasing oxygen back into 
the air. The USDA’s UFORE model estimates the CO2 storage capacity for many species of 
trees. For our analysis, we used the storage capacity associated with the average-sized tree from 
the UFORE model as a model for all trees planted under the LID options. We estimated carbon 
stored simply by multiplying the storage capacity of an average tree according to the USDA by 
the number of total trees planted.  

Green sinks −−−− green roof and bioretention. Green roofs and vegetated bioretention areas also 
store large amounts of CO2. The United Kingdom’s Department of Environment, Food and Rural 
Affairs (DEFRA) provides an estimate of sequestered CO2 per 1,000 square meters 
(U.K. DEFRA, 2007). Using this rule of thumb, we calculated CO2 sinks based on the total 
estimated new green acreage under each LID scenario.  

G.3 Summary of Results  

Tables G.1 through G.8 show the energy-related benefits and external costs for the different CSO 
control options in each watershed. Tables G.1 through G.4 show results in physical units 
(e.g., tons of emissions, energy savings). Tables G.5 through G.8 show the monetary values tied 
to the physical units in Tables G.1 through G.4. As shown, the largest benefits and costs (in 
terms of monetary value) under each option can generally be attributed to a reduction of SOx and 
NOx emissions (or net emissions). Under some of the LID options, reductions in NOx emissions 
do not completely offset the NOx emissions associated with energy use (thus, there are positive 
net emissions). 
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G.4 Uncertainties and Sensitivity Analysis 

G.4.1 Omissions, biases, and uncertainties 

To estimate energy savings, costs, and emissions under the different CSO control options, it was 
necessary to make a number of assumptions. In addition, a number of data omissions and 
uncertainties surrounding the analysis have been identified throughout this report. Table G.9 
provides a summary of these assumptions and uncertainties and their likely impact on the results 
of our analysis.  

Table G.9. Omissions, biases, and uncertainties 

Assumption/ 

methodology 

Likely impact 

on net benefits
a
 Comment/explanation 

Estimates of the 
social cost of 
carbon are wide 
ranging and 
uncertain 

+ The IPCC evaluated a range of cost estimates and found an average of 
$12/MT CO2. Many recent estimates of the social cost of carbon are 
found in the upper bound of IPCC’s range, including the Stern estimate 
of $85. Section G.4.2 shows the results of a sensitivity analysis in 
which a higher social cost of carbon of $48 is used. 

Electricity prices 
are conservative 

+ A federal climate policy could increase fossil fuel based energy prices 
at a much higher rate than the estimates provided in this study. 
However, an economy-wide policy that would limit GHG emissions is 
expected, but not a certainty. Section G.4.2 shows the results of a 
sensitivity analysis in which higher electricity rates are used. 

GHG emissions 
associated with 
electricity 
generation in 
Pennsylvania vary 

U GHG emission factors from power plants vary from plant to plant and 
from region to region. The actual emissions from the CSO options may 
be higher or lower than the average emissions factor for the State of 
Pennsylvania used in this analysis. The emissions factors used in this 
analysis are the best available option. 

Transportation fuel 
costs 

U An average cost of gasoline and diesel fuel were chosen based on 
recent prices and adjusted to rise with inflation. It should be noted that 
fuel prices are volatile and many experts expect fuel prices will rise 
faster than inflation during the life of this project life. These increases 
would be expected to be even larger under a federal climate policy. 
However, technology gains in vehicle efficiency could ease any price 
increases. 

Reduction of 
energy usage from 
the planting of 
trees 

- The blocking of wind in the winter and the shading of buildings during 
summertime depend on the type of tree planted and the distance and 
direction from the building. This analysis assumed an estimate of 30% 
of total trees planted were properly placed to shade during the summer 
and block wind during the winter. The analysis may be sensitive to this 
assumption. Benefits would be decreased if 30% is too high. 
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Table G.9. Omissions, biases, and uncertainties (cont.) 

Assumption/ 

methodology 

Likely impact 

on net benefits
a
 Comment/explanation 

Carbon 
sequestration from 
trees are based on 
USDA’s UFORE 
analysis of the 
benefits of 
Philadelphia’s 
urban forest 

U Different species of trees at different stages of life are able to sequester 
carbon in varying amounts. This analysis used an average sized tree to 
calculate total carbon sequestration. A tree growth model was used to 
simulate the different stages of sequestration as the trees grow over 
time. 

a. Indicating how addressing the assumption or overcoming the omission would probably impact the analysis, 
using the following key: + would likely increase net benefits; ++ would increase net benefits significantly; 
U direction of change in net benefit is uncertain; - would diminish net benefits; -- would diminish net benefits 
significantly. 

 

G.4.2 Sensitivity analysis 

We conducted a sensitivity analysis to evaluate the effect of electricity rates and the social cost 
of carbon on our overall results. This sensitivity analysis compares the benefits and external 
costs of two CSO control options (50% LID and 30’ Tunnel) when a higher social cost of carbon 
($48/MT CO2) versus the IPCC’s average ($12/MT CO2) is used. Our analysis also evaluates the 
effect on energy savings under the LID options if a doubling in the price of electricity is 
assumed. Table G.10 shows the results of this analysis. 

Table G.10. Sensitivity analysis for city-wide present value benefits of key CSO options: 

Cumulative through 2049 

 50% LID option 30’ Tunnel option 

Social cost of carbon increase Total benefits minus external costs 

$12  $2,846.4  $122.0 

$48  $2,910.0  $104.3 

Percent change in overall results 2.23% -14.53% 

Electricity rate increase resulting from 
a enacted federal climate policy 

Energy savings (usage) 

$0.1 kWh  $2,846.4  $122.0 

$0.2 kWh  $2,874.9  $122.0 

Percent change in overall results 1.00% 0% 

a. Our external cost analysis does not include higher electricity costs associated with the engineering costs for 
the 30’ Tunnel option, but it is assumed that electricity costs would double in this scenario as well. This 
would be reflected in engineering cost estimates for this option. 
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H. Air Quality Pollutant Removal from 

Added Vegetation 

The LID CSO control options currently being evaluated by the PWD would provide (and 
enhance) recreational amenities within PWD’s CSO watersheds. Under the LID options, PWD 
plans to substantially increase vegetated acreage (including “treed” acreage) throughout the City. 
Expanding the amount of trees and vegetated acres in Philadelphia will help improve 
Philadelphia’s air quality by removing air pollutants from the atmosphere. Conventional air 
pollution is a persistent problem for most cities in the United States. Even after decades of 
concerted federal and state efforts to improve air quality, the majority of the U.S. population 
lives in areas with ambient air quality above the National Ambient Air Quality Standards 
(NAAQS). The two air pollutants most damaging to human health are ozone (a gaseous pollutant 
that is a primary ingredient of smog) and fine particulate matter (PM2.5, aerosol particles less 
than 2.5 microns in diameter, commonly referred to as soot).  

The following sections outline Stratus Consulting’s methods for estimating the health benefits 
associated with the improved air quality due to increasing the number of trees that will be 
planted under the LID options for CSO control. Estimates of total health benefits deriving from 
trees planted within each watershed are also provided. Additional benefits of air quality relating 
to avoiding certain air emissions (such as sulfur dioxide and hydrocarbons) related to 
construction and changes in vehicle traffic are presented in Appendix G.  

H.1 Impacts of Trees on Ozone and Particulate Matter 

Trees and shrubs have an important effect on reducing important air pollutants including ozone 
and particulate matter. In addition to other benefits, trees reduce air pollution concentrations. 
Increased plantings of some tree species (especially trees that naturally emit low levels of 
biogenic volatile organic compounds) can be a viable component of an air pollution control 
strategy because trees remove small but significant amounts of ozone and particulate matter from 
the ambient air. Trees thus can help reduce the air pollution exposure levels of the local 
population, and help urban areas meet air quality goals. 

Ozone (and other gaseous pollutants) are taken into the leaves of trees through stomata 
respiration. Once inside the leaf, ozone diffuses into intercellular spaces and reacts with inner-
leaf surfaces (Nowak et al., 2006). Additional ozone and particulate matter are removed from the 
ambient air by direct interaction with the leaf surface. Although some particles are absorbed into 
the leaves, most particles are retained on the surface of the leaf, with 50% assumed to be re-

RB-AR11493



   

Stratus Consulting  Appendix H (Final, 8/24/2009) 

Page H-2 
SC11737 

released to the atmosphere. The remainder is washed off during rain events, or deposited during 
autumn leaf drop, effectively removing the particulate matter from the air. 

A U.S. Forest Service report on the benefits of the Philadelphia urban forests (USDA, 2007) 
estimates that the existing forest cover in Philadelphia removes 0.33% of the annual mean ozone, 
and 0.38% of the annual mean particulate matter (PM10), from Philadelphia’s air. This removal is 
from the entire amount of trees and shrubs in Philadelphia. There are an estimated 2.1 million 
trees covering 15.7% of the land area of Philadelphia; an additional 5.9% of the land area is 
covered by shrubs. 

These Forest Service estimates of the impact of Philadelphia’s trees are used as the basis for the 
air pollution-related health analysis, and the subsequent economic benefit analysis, reported in 
this appendix. This analysis assumes that PM2.5 is reduced by the same proportion (0.38%) as 
total respirable particulate matter (PM10), and calculates the avoidable health effects from 
reducing PM2.5 levels.  

H.2 Philadelphia Air Quality Situation 

Like most major cities in the United States, EPA currently classifies Philadelphia County (and 
the entire greater Philadelphia metropolitan area) as exceeding the current NAAQS for both 
ozone and PM2.5. Recent ozone levels1 in Philadelphia exceed the current ozone standard by 
19%. Philadelphia County’s PM2.5 levels are below the national fine particle standards 
(maximum 2008 monitor value in Philadelphia County had an annual mean of 13.49 µg/m3, 
compared with the NAAQS of 15.0 µg/m3), although higher PM2.5 levels in adjoining counties 
result in the Philadelphia metropolitan area being classified as a PM2.5 non-attainment area. As a 
designated non-attainment area, Philadelphia must develop and periodically update their State 
Implementation Plan, identifying additional control measures that will allow Philadelphia to 
achieve attainment by 2015, and maintain the level of the standards thereafter. 

Air pollution levels in Philadelphia vary year to year, reflecting variability both in meteorology 
and economic activity. Non-attainment designations are based on three years of monitoring data 
to accommodate the year-to-year variability. Philadelphia’s air quality has been generally getting 
better over time, as numerous federal, state, and local emission control requirements take effect.  

This analysis of the air pollution impacts of increasing the number of trees in Philadelphia 
County uses monitor data from 2007 (the most recent complete year at the time of the analysis). 
In 2007, the highest monitor in Philadelphia County had a second highest 8-hour ozone level (the 

                                                 

1. The three-year (2006−2008) ozone fourth highest maximum for eight hour ozone in Philadelphia County is 
89 ppb. The 2008 revision to the ozone NAAQS set the standard (as measured by the same metric) at 75 ppb.  
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averaging time of the NAAQS) of 110 parts per billion (ppb); the lowest monitor was 87 ppb (all 
exceeding the NAAQS). The 2007 annual mean PM2.5 levels at the highest monitor in 
Philadelphia County was 14.83 µg/m3 (below the standard of 15.0 and the lowest monitor 
was 12.77).  

The initial air pollution levels in this analysis are derived from the 2007 ozone and PM2.5 air 
quality monitors in Philadelphia County. In this analysis the county-wide population-weighted 
average annual average PM2.5 level is 13.60 µg/m3. The county-wide population-weighted seven 
month (April through October) seasonal average of the daily 8-hour maximum ozone is 
42.4 ppm. Changes in the seasonal average of ozone are the determinates of ozone’s impact on 
human health, rather than changes in peak daily values used to determine attainment of the ozone 
NAAQS. 

As described above, increasing the size of the urban forest in Philadelphia County is expected to 
lower the ambient ozone and PM2.5 concentrations. Using the relationship from the Forest 
Service report (USDA, 2007) that the current 2.1 million tree urban forest reduces ozone by 
0.33% and PM2.5 by 0.38%, an increase in the number of trees planted in the 50% LID option2 
would reduce recent (2007) ozone levels by 0.04 ppb, and PM2.5 by 0.02 µg/m3 when the trees 
are fully mature. The benefits analysis assumes that future ozone and PM2.5 levels will be 
reduced by the same amount (for the same number of planted trees). Varying the number of trees 
planted, such as in other LID options, is assumed to proportionally effect the changes in ozone 
and PM2.5 levels. 

H.3 Human Health Effects of Ozone and PM2.5 Exposure 

The adverse health effects of ozone and PM2.5 are well established, and are extensively 
documented in recent EPA documents such as EPA’s Regulatory Impact Analysis (RIA) for the 
2008 revisions to the ozone NAAQS (U.S. EPA, 2008b). Adverse human health effects that can 
be avoided by reducing ambient levels of ozone and PM2.5 include premature mortality and a 
broad array of respiratory and cardiovascular health effects. Health effects occur not only above 
the level of the NAAQS, but also below the level of the standards.  

The avoidable air pollution-related health effects estimated in this analysis are: 

� Premature mortality (from ozone and PM2.5) 

� Onset of irreversible chronic bronchitis (PM2.5) 

                                                 

2. The 50% LID option includes planting 637,000 trees if implemented in all four watersheds, or an increase of 
30% in the total number of trees in Philadelphia County. 
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� Heart attacks (non-fatal acute myocardial infarctions) (PM2.5) 

� Hospital admissions (non-fatal) for respiratory and cardiovascular conditions (from ozone 
and PM2.5) 

� Emergency room visits for asthma (from ozone and PM2.5) 

� Respiratory symptoms (days of illness) (from ozone and PM2.5) 

� Work loss days (PM2.5) and school absence (ozone). 

This analysis uses software developed by the EPA to calculate the avoided health effects from 
the contribution of trees to reducing ozone and PM2.5 concentrations, and to estimate the 
economic value of the avoided health effects. EPA’s BenMAP (U.S. EPA, 2008a), the 
Environmental Benefits Mapping and Analysis Program (Ver. 3.0.15), was used to conduct this 
analysis. 

H.4 Methods of Estimating Health Effects of Improvements in Air 

Pollution from an Increase in the Number of Trees 

The fundamental method used in this analysis is to calculate the avoided health effects associated 
with “rolling-back” the air quality levels recorded by Philadelphia monitors in 2007 by the Forest 
Service’s estimate of the percentage that trees reduce air pollution. As a first step in the analysis, 
BenMAP estimated the health effects associated with reducing 2007 monitor levels of both 
ozone and PM2.5 by 1%. These estimated health effects are proportionally adjusted to estimate 
the health effects associated with the specific estimated air pollution changes resulting from 
increasing the amount of urban forest in Philadelphia by the amounts associated with tree 
planting in each of the LID options.  

The BenMAP closest monitor algorithm was used to estimate the population-weighted average 
change in ozone and PM2.5 by assigning the population in Philadelphia (BenMAP forecast for 
2010 = 1,438,198, based on 2000 tract level Census data and EPA forecasts of county-level 
population changes) to the closest monitor to their point of residence. There are four EPA 
monitors in Philadelphia County; all four monitors record ozone and PM2.5 levels. 

The health effects analysis methods are adopted from the methods used by EPA in the 2008 
ozone NAAQS RIA (U.S. EPA, 2008b). BenMAP was used to estimate the avoided health 
effects using a concentration-response function from each of the individual concentration-
response functions that EPA used in the 2008 ozone NAAQS RIA.  
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Because the benefits calculations are dominated by premature mortality associated with PM2.5, 
the benefit estimates are made using two different estimates of PM2.5-related adult premature 
mortality. This use of two estimates creates a high estimate and a low estimate for the benefits. 
The high estimate is from a concentration-response function derived from a long-term cohort 
tracking epidemiology study in six eastern U.S. cities (Laden et al., 2006). The low estimate is 
from a long-term cohort tracking epidemiology study of 50 cities nationwide (Pope et al., 2002). 

The health analysis estimates the annual cases in Philadelphia of each category of avoided health 
effects associated with implanting each of the four LID options. Table H.1 presents a 
representative result; the numbers of avoided cases for implementing the 50% LID option in all 
four watersheds (e.g., the health benefits of planting 637,000 trees, when the trees reach mature 
size).  

Table H.1. Avoided cases in Philadelphia County for the 50% LID option 

implemented in all four watersheds (assuming 2010 population) 

Health effect Avoided cases  

Premature mortality 1.0 deaths/year (low estimate from Pope et al., 2002) 

2.4 deaths/year (high estimate from Laden et al., 2006) 

New cases of chronic bronchitis 0.4 cases/year 

Heart attacks  1.2 cases/year 

Hospital admissions (all types) 1.0 cases/year 

Asthma attacks 23 cases/year 

Respiratory illness days 708 days of illness/year 

Work loss days and school absence 250 days/year 

 

Varying the number of trees planted, such as in other LID options, is assumed to proportionally 
effect the health benefits of the changes in ozone and PM2.5 levels. 

H.5 Economic Valuation of the Avoided Health Effects 

In order to include the air quality-related health effects in a benefit-cost analysis containing other 
benefit categories (energy savings, cooling effects, etc.), it is useful to estimate the economic 
value of the health effects. For purposes of air pollution policy analysis, the EPA estimates the 
value of avoiding a case of each estimated health effect, and these estimates (expressed in terms 
of 2006 prices and forecasted 2010 income levels) are used in this analysis. The EPA valuation 
estimates are included in the BenMAP software (U.S. EPA, 2008a), which was used to conduct 
both the health and valuation analyses. 

RB-AR11497



   

Stratus Consulting  Appendix H (Final, 8/24/2009) 

Page H-6 
SC11737 

According to economic theory, the best measure of the value of reducing the risk of an adverse 
health effect is the average that individuals are WTP to reduce the risk a small amount. EPA’s 
methods for valuing air pollution health effects use WTP valuation measures wherever possible, 
relying on periodic EPA reviews of existing economic studies. However, for certain endpoints 
reliable WTP studies are not available. EPA has developed alternative methods for valuing the 
health effects without WTP valuations. The alternative methods produce a lower value estimate 
than a WTP method because they only consider a portion of the total demand (WTP) for 
avoiding a health risk. For example, hospital admissions are valued using the medical costs 
incurred during the stay in the hospital; this ignores the pain and suffering components of value 
that would be included in WTP. Heart attacks are valued using a combination of medical cost 
information plus the lost stream of income from people not able to re-enter the workforce (or 
who must work at a reduced level of income) after a heart attack. The heart attack valuation thus 
also ignores the pain and suffering components of WTP, and does not include lost income for 
people assumed to be out of the workforce (e.g., retirees and unemployed adults). 

Background and detailed sources of all values used in this analysis are available in the BenMAP 
documentation and technical appendices (U.S. EPA, 2008a). The values for each health effect 
are presented in Table H.2. 

Table H.2. Values for one case of each health effect 

Health effect Value per case (2006 prices, 2010 income) 

Premature mortality $7,000,000 

Chronic bronchitis $196,000 

Heart attack $141,000 to $233,000 (varies by age) 

Hospital admission $15,000 to $33,000 (varies by cause of hospitalization and age) 

Emergency room visit $336 

Asthma attack $189 

Illness day $18 to $59 (varies by illness) 

Work loss days $143 

School absence $89 

 

Using the methods described above, the total annual health value implementing the 50% LID 
option in all four watersheds (an increase of 30% in the number of trees in Philadelphia County) 
is between $12.5 million (based on the low estimate of PM2.5 adult mortality from Pope et al., 
2002) and $20.5 million (with the high estimate of PM2.5 adult mortality from Laden et al., 
2006). The corresponding annual benefits per tree planted are between $19 (low estimate) and 
$45 (high estimate). The mean per tree annual benefit is $32. Varying the number of trees 
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planted, such as in other LID options, is assumed to proportionally affect the total health benefits 
of the changes in ozone and PM2.5 levels, but the benefit per tree will remain constant. 

As described in the following sections however, these benefit estimates are not realized 
immediately when a tree is planted. The schedule in planting trees, plus the time required for a 
tree to grow to maturity, significantly reduce the present value of planting each tree due to 
discounting of the value of the avoided health effects. 

H.6 Estimates of Trees Planted, the Timeline for Planting Trees, 

and Time to Reach Maturity 

The number of trees planted under each LID option in each of the four watersheds are presented 
in Table H.3. 

Table H.3. Number of trees planted in each watershed under the LID options 

 Tacony-Frankford Cobbs Creek Schuylkill Delaware 

25% LID 38,612 12,331 41,470 86,553 

50% LID 137,537 43,923 147,718 308,304 

75% LID 195,743 62,511 210,231 438,776 

100% LID 235,032 75,059 252,429 526,848 

 

There are two assumptions about trees that influence the benefits estimation: the schedule for 
tree planting, and the time it takes for trees to grow to maturity. Both of these factors result in the 
full air quality health benefits of the increased number of trees being realized well after the LID 
program activities begin.  

The timeline of program activities provided by CDM shows the total number of trees planted in 
each LID option will be planted over a 35-year period. Approximately 10% of the trees will be 
planted over the first 6 years of the planting program, 35% planted over the following 14 years, 
and 55% planted over the final 15 years. Planting begins in 2010, and is not completed until 
2045. 

When initially planted trees are not fully mature, and cannot produce the full air quality 
improvement benefits immediately. For the purpose of this analysis, each newly planted tree is 
assumed to take 20 years to reach maturity in terms of improving air quality. Newly planted trees 
are assumed to grow at a uniform rate (in air quality removal terms) throughout the 20-year 
growth period. After the 20-year growth period, the air quality improving characteristics of a 
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planted tree are assumed to remain constant, with urban forestry management practices replacing 
the trees as necessary to maintain the same effective level of air pollution improvements. 

The combination of the 35 year planting schedule and the 20-year tree growth assumption results 
in the full benefits of air quality improvements for an LID option not being realized until 
55 years after the planting begins. The effect of the time delays in the planted trees reaching their 
full effect on air quality and human health is reflected in the benefit cost analysis through 
discounting the value of the health effects from the year the health effects are realized back to the 
time the LID program begins. The discount rate (4.875%) and project initiation year (2008) are 
the same as used in all portions of the benefits analysis. 

H.7 Estimated Economic Benefits 

Table H.4 presents a summary of the present value of the health related benefits deriving from 
air quality improvements resulting from the trees planted in each LID option.  

Table H.4. Present value of air quality-related health benefits from tree planting under 

the LID options (USD millions) 

 Tacony-Frankford Cobbs Creek Schuylkill Delaware Total 

25% LID $7.9 $2.5 $8.5 $17.8 $36.8 

50% LID $28.3 $9.0 $30.4 $63.4 $131.0 

75% LID $40.2 $12.8 $43.2 $90.2 $186.5 

100% LID $48.3 $15.4 $51.9 $108.3 $223.9 

 

H.8 Omissions, Biases, and Uncertainties 

To estimate the health benefits from air quality improvements associated with planting trees 
under the LID alternatives, it was necessary to make a number of assumptions in the absence of 
specific data. In addition, a number of data omissions and uncertainties surrounding the analysis 
have been identified throughout this report. Table H.5 provides a summary of these assumptions 
and uncertainties and their likely impact on our estimation of our air quality related health 
benefits from tree planting.  
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Table H.5. Omissions, biases, and uncertainties  

Assumption/methodology 

Likely impact 

on net benefits Comment/explanation 

Air quality improvements 
are based on the Forest 
Service analysis of the air 
quality benefits of the 
existing Philadelphia urban 
forest 

U The ozone and PM2.5 improvements from increasing the number 
of trees in Philadelphia’s urban forest is projected to increase 
proportionally as the size of the urban forest is increased. 
Changes in species composition of the planted trees may make 
the relationship nonlinear, making the impact on benefits 
uncertain. 

Non-Philadelphia residents 
are not included in the 
analysis 

+ Planting trees in Philadelphia County will likely improve air 
quality in adjoining counties as well. Air quality improvements in 
the densely populated adjoining locations are not included in the 
analysis, and would increase the benefits.  

Trees are assumed to 
decrease PM2.5 the same 
amount that the USDA 
UFORE analysis estimated 
PM10 is reduced by the 
existing Philadelphia urban 
forest 

-- PM2.5 is more toxic than an equal amount of PM10. If trees are 
less effective at reducing PM2.5 concentrations than in reducing 
PM10, the tree planting will result in smaller PM2.5 changes than 
estimated in this report. PM2.5 contributes more to the total 
benefit value than ozone, so a smaller change in PM2.5 levels 
would reduce benefits more than a comparable degree of change 
in ozone. 

Trees are assumed to have 
the same reductions in ozone 
and PM levels in the future 
as they do now 

- Over the past several decades air quality levels in Philadelphia 
have been improving steadily since air pollution programs began 
to substantially reduce emissions. This trend will generally 
continue as older cars are retired, additional control programs are 
implemented, etc. If air quality is cleaner in the future, the impact 
of additional trees could be less, resulting in smaller 
improvements in PM2.5 and ozone levels than modeled here. 

+ would increase benefits; ++ would increase net benefits significantly; U uncertain direction of change; - would 
diminish net benefits; -- would diminish net benefits significantly 
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I. Construction- and Maintenance-Related 

Disruption Impacts 

Under all of the CSO options, construction activities will likely result in occasional delays and 
increased travel times for passenger and commercial vehicle travelers in Philadelphia. Travel 
time delays can be caused by: 

� General traffic slowdowns associated with an increase in the number of trucks and 
construction equipment on the road 

� Slowdowns from trucks entering and exiting construction or landscaping sites 

� Lane or road closures associated with construction in the roadway or road right-of-way.  

In addition to the value of “lost” time spent in traffic, construction-related delays can result in 
increased costs associated with additional fuel used by vehicles as a result of slower speeds and 
occasional vehicle stops and idling.  

The following sections outline Stratus Consulting’s approach for estimating the costs associated 
with travel time delay and additional fuel used under the different CSO options. Cost estimates 
associated with construction-related delays are also provided. 

I.1 Impact of Additional Construction and Maintenance Vehicles 

on Philadelphia Roadways 

To estimate travel time delay caused by an increase in the number of construction and 
maintenance vehicles on Philadelphia’s roadways, we first estimated the number of miles 
traveled by these vehicles under the different CSO alternatives. We calculated total VMT based 
on inputs received from CDM, including the number of heavy truck trips over the construction 
period and total person-hours of O&M labor per year. We made several assumptions regarding 
average trip length per vehicle, number of concrete trucks under the non-LID alternatives, and 
the average number of employees per truck (crew size) for O&M vehicles.  

Table I.1 shows the inputs and assumptions used to determine additional truck miles traveled 
under the different CSO options. 
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Table I.1. Inputs and assumptions for estimating additional VMT under CSO options 

 LID alternatives 

Heavy truck trips  

Vehicle trips (heavy trucks/construction) Provided by CDM for each alternative 

Vehicle trips (concrete trucks) For non-LID alternatives, assumed to equal ½ of 
heavy vehicle construction trips 

Average trip length (miles) 20 

Light truck trips (LID options only)  

Person-hours of O&M labor per year Provided by CDM for each LID alternative 

Working hours per year 2,000 

Persons per truck (crew size) 4 

Number of additional trucks on the road each day Number of employees divided by crew size 

Average trip length (miles) 15 

 

Using the total VMT by construction and maintenance vehicles under each option, we were able 
to estimate the travel time delay caused by these vehicles based on methodology developed by 
the Texas Transportation Institute (TTI) (Schrank and Lomax, 2007). The following sections 
outline our general approach and provide monetary and non-monetary cost estimates for 
construction-related impacts under each of the CSO alternatives. Non-monetary estimates are 
presented in terms of total hours of delay. 

Step 1: Determine congested peak period VMT. This first step is based on the assumption that 
an increase in the number of construction vehicles on Philadelphia’s roadways will only affect 
vehicles already traveling in congested conditions. Thus, vehicles traveling in uncongested 
conditions would continue to travel at “free-flow” speeds despite the addition of extra vehicles. 
We assume that congestion is typically only experienced during certain times of the day 
(i.e., during “peak” periods).  

Based on the TTI’s Annual Mobility Report (Schrank and Lomax, 2007), peak period travel 
accounts for 50% of DVMT. Further, TTI estimates that in Philadelphia, 63% of peak period 
travel is spent in congested conditions. Thus, approximately 32% (50% × 63%) of DVMT is 
considered to be congested, peak period travel.  

Step 2: Determine VMT impacted. Only a small percentage of congested peak period travel will 
experience traffic delays or slow downs due to an increase in the number of trucks on the road. 
To determine total VMT affected, we assume that for each heavy construction vehicle mile 
traveled, an additional 30 vehicle miles (or 30 vehicles) are impacted. Thus, if 10 million vehicle 
miles are traveled under a given CSO option, we assume that 300 million passenger and/or 
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commercial vehicle miles are traveled at slower speeds. In the absence of specific roadway data, 
this assumption is intended to serve as a benchmark to provide an order of magnitude of costs.  

Step 3: Estimate impact on traffic speed. We assume construction vehicle travel to be consistent 
with current traffic patterns, with approximately 42% of travel taking place on highways and 
58% on arterial roads (Schrank and Lomax, 2007). TTI reports that during peak periods, the 
average highway speed in Philadelphia is about 45.6 miles per hour (mph). On arterial roads, the 
average speed is approximately 27.5 mph. We estimate that the speed of affected vehicles will 
decrease by approximately 8 and 10% on highways and arterial roads, respectively (to 42 and 
24.8 mph). Again, in the absence of specific roadway data, this assumption is intended to serve 
as a benchmark to provide an order of magnitude for potential impacts. 

Step 4: Estimate travel time and determine annual delay. The fourth step involves calculating 
the amount of time it would take to travel the affected vehicle miles at decreased speeds and at 
current (or baseline) speeds. This calculation yields travel time on an hourly basis and was 
performed separately for arterials and freeways under each scenario. Total annual vehicle delay 
was then determined by comparing travel time under decreased speeds for each alternative to 
travel times at current speeds.  

To determine total person delay, we distinguish between heavy truck travel and passenger 
vehicle travel. Based on TTI data, we assume that 5% of total travel can be attributed to heavy 
trucks and that these vehicles typically have only one passenger (the truck driver). Passenger 
vehicles are assumed to contain an average of 1.25 passengers per vehicle, including the driver 
(Schrank and Lomax, 2007). 

Based on the steps described above, we were able to estimate travel time delay caused by 
construction and implementation activities under each CSO option. Our estimates reflect total 
delay over the 40-year project period. To estimate annual delay over the project life, we allocated 
total delay based on construction and implementation timelines provided by CDM.  

Table I.2 provides total person-delay estimates (accounting for 1.25 persons per passenger 
vehicle) for the CSO options in each watershed.  

Table I.2. Total vehicle delay caused by additional construction and maintenance vehicles 

on Philadelphia roadways under PWD’s CSO options (person-hours) 

 Tacony Cobbs Schuylkill Delaware 

LID options 

25% LID  41,801 13,349 44,895 93,701 

50% LID  74,840 23,901 80,380 167,762 

75% LID  128,378 40,998 137,881 287,772 

100% LID  174,087 55,596 186,973 390,233 
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Table I.2. Total vehicle delay caused by additional construction and maintenance vehicles 

on Philadelphia roadways under PWD’s CSO options (person-hours) (cont.) 

 Tacony Cobbs Schuylkill Delaware 

Transmission and new treatment capacity (excluding LID component)
a
 

Level 1  10,541 5,678 4,947 42,162 

Level 2  12,048 6,251 10,763 43,357 

Level 3  17,781 6,412 15,989 71,479 

Level 4  26,184   73,667 

Tunnel options
b
 

15’ Tunnel 40,098 61,176 88,027 131,922 

20’ Tunnel 62,873 85,803 116,932 158,123 

25’ Tunnel  92,388 125,811 154,421 220,393 

30’ Tunnel 129,672 166,009 200,775 300,141 

35’ Tunnel 173,954 213,537 256,275 351,764 

Transmission and satellite treatment options 

25 Ofs 695 485 2,147 2,846 

10 Ofs 2,826 2,299 6,643 8,062 

4 Ofs 11,806 6,364 16,666 20,949 

1 Ofs 33,892 10,880 37,413 44,299 

a. Levels 1–4 correspond to the different capacity options within each watershed (e.g., for Tacony-Frankford 
Watershed, Levels 1–4 are 215, 298, 490, and 820 MGD, respectively. 
b. Tunnel options in Delaware River Watershed are 15, 18, 21, 23, 28 and 31’.  

 

I.2 Wasted Fuel 

To calculate wasted fuel due to vehicles moving at slower speeds, we again draw upon 
methodology developed by TTI. We first calculate average fuel economy based on a linear 
regression applied to a modified version of fuel consumption reported by Raus (1981), as 
follows: 

Average fuel economy = 8.8 + 0.25 (average speed) 

This equation is applied to average speeds for arterials and freeways. Annual fuel consumed as a 
result of the delay under each CSO option is then calculated: 

Annual fuel consumed = Travel delay (vehicle hours) × Average speed /  
Average fuel economy  
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The additional fuel use associated with construction-related delay is reported under the “energy 
usage/savings” category for each CSO alternative (Appendix G). The value of this “wasted” fuel 
is also reported as part of this category (in terms of total energy costs). However, we can provide 
an idea of total costs associated with additional fuel used as a result of construction-related delay. 
At $3.00 per gallon, additional fuel use amounts to about 16% of the total costs estimated for 
travel time delay, which is reported below. 

I.3 The Value of Travel Time Delay Caused by Additional 

Construction Vehicles on the Roadways 

To determine the value of extra time spent in traffic, we applied hourly rates used by the 
U.S. Department of Transportation and TTI to value an individual’s time. Hourly rates for 
passenger vehicle travelers are weighted by a standard to account for both leisure and work-
related travel (approximately $16.00 per hour). Heavy truck travel (assumed to be commercial 
truck travel) represents hourly wage plus fringe benefits (approximately $84 per hour). These 
values are based on 2005 TTI estimates and inflated by 3% to reflect 2008 values. 

Table I.3 shows the total value of travel time delay caused by additional vehicles on Philadelphia 
roadways. The values shown here represent present value estimates for the 40-year project 
timeline. Similar to hours of delay, these costs were allocated by year based on construction and 
implementation timelines provided by CDM. 

Table I.3. Monetary value of total vehicle delay caused by additional construction and 

maintenance vehicles on Philadelphia roadways under PWD’s CSO options (present value, 

2009 USD) 

 Tacony Cobbs Schuylkill Delaware 

LID options 

25% LID  $677,244 $216,282 $727,374 $1,518,111 

50% LID  $1,210,066 $386,441 $1,299,636 $2,712,484 

75% LID  $2,077,509 $663,464 $2,231,286 $4,656,943 

100% LID  $2,818,088 $899,972 $3,026,684 $6,317,026 

Transmission and new treatment capacity (excluding LID component)
a
 

Level 1  $177,872 $95,815 $83,479 $711,433 

Level 2  $203,292 $105,483 $181,616 $731,600 

Level 3  $300,043 $108,195 $269,800 $1,206,134 

Level 4  $441,823 NA NA $1,243,061 
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Table I.3. Monetary value of total vehicle delay caused by additional construction and 

maintenance vehicles on Philadelphia roadways under PWD’s CSO options (present value, 

2009 USD) (cont.) 

 Tacony Cobbs Schuylkill Delaware 

Tunnel options
b
 

15’ Tunnel $676,617 $1,032,283 $1,485,367 $2,226,049 

20’ Tunnel $1,060,923 $1,447,835 $1,973,102 $2,668,168 

25’ Tunnel  $1,558,954 $2,122,931 $2,605,699 $3,718,904 

30’ Tunnel $2,188,081 $2,801,233 $3,387,882 $5,064,569 

35’ Tunnel $2,935,292 $3,603,223 $4,324,377 $5,935,660 

Transmission and satellite treatment options 

25 Ofs $11,731 $8,177 $36,234 $48,025 

10 Ofs $47,680 $38,799 $112,099 $136,036 

4 Ofs $199,213 $107,387 $281,222 $353,488 

1 Ofs $571,892 $183,593 $631,312 $747,498 

a. Levels 1–4 correspond to the different capacity options within each watershed (e.g., for Tacony-Frankford 
Watershed, Levels 1–4 are 215, 298, 490, and 820 MGD, respectively. 
b. Tunnel options in Delaware River Watershed are 15, 18, 21, 23, 28, and 31’.  

 

I.4 Delay Associated with Temporary Lane/Road Closures 

To estimate annual vehicle delay associated with detours and temporary lane and/or road 
closures, we would ideally know the location and duration of each closure as well as the number 
of travelers affected and their speed over the impacted area. Because we are uncertain of how 
these variables might vary under each alternative, we do not include the impact of lane and road 
closures in our overall analysis.  

In the absence of this detailed information, we can provide a rough benchmark estimate of 
annual delay caused by construction activities in the roadway based on the following 
assumptions: 

� Five percent of travelers are impacted 

� Each affected traveler experiences an average of a 5-minute delay per lane/road closure 
and/or detour 

� Affected travelers experience the delay twice a day, an average 250 days each year (total 
working days in a year) 
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� Vehicles will experience these delays on arterial streets as opposed to freeways 

� Travelers can experience delays throughout the day (not just during peak periods) 

� Heavy trucks account for approximately 5% of total traffic and typically contain only one 
person (the driver) 

� Passenger vehicles have an average of 1.25 persons per vehicle. 

Based on these assumptions, we estimate that increased construction activities under the different 
CSO options could delay Philadelphia truck drivers and passenger vehicle occupants by an 
additional 12,200 hours each year (about 15,100 person-hours). If this is assumed to be the 
average impact each year over the 40-year project, total vehicle delay would amount to about 
490,000 hours.  

The key variables here are the percent of travelers affected and the amount of time and frequency 
that each vehicle is delayed. Again, it is uncertain how these variables might vary across the 
different options. The assumptions described above are intended to provide a benchmark 
estimate from which to gauge potential impacts. 

Table I.4 shows the inputs and the order-of-magnitude estimate associated with this city-wide 
impact.  

Table I.4. Inputs and preliminary estimates for total delay caused by 

lane closures and/or detours 

 Input/preliminary estimate 

Daily vehicle-miles of travel (1,000s) on arterial roads 48,235 

Arterial road lane miles 8,240 

Total number of vehicles on arterial roads per day 5,850 

Percent of total travelers affected 5% 

Total travelers affected 290 

Daily hours of delay 49 

Number of days delay is experienced 250 

Annual hours of vehicle delay 12,200 

Annual hours of delay for heavy trucks 610 

Annual hours of passenger vehicle person-delay 14,480 

Total annual hours of person delay 15,100 
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This estimate will vary each year depending on the level of activity in any given year. In the 
absence of this information, it is difficult to estimate the present value of this benefit. Further, 
due to lack of more detailed information, we were unable to calculate the cost of wasted fuel due 
to idling and slower speeds associated with this type of delay.  

I.5 Other Non-quantifiable Impacts 

I.5.1 Neighborhood and business access issues  

In some cases, access to residential areas and local businesses may be made difficult by 
construction and maintenance activities. In residential areas, access issues can result in increased 
travel time for residents having to choose alternate routes in traveling to and from their homes. 
Employees and customers of local businesses may also experience increased travel times from 
having to choose alternate routes or visit other businesses. Some local businesses may 
temporarily see a decline in the number of customers visiting their businesses.  

I.5.2 Temporary construction impacts 

Other public impacts from construction and maintenance can include mitigation or repair of 
construction-related damage due to tunneling settlement and vibration or equipment damage to 
private property. Additional impacts may include noise, dust, vibration, and safety issues 
associated with construction activities. These impacts are typically experienced by residents and 
businesses within the project area, including those located on streets where detours have been 
routed. These miscellaneous other social costs will not likely represent a large portion of overall 
project costs and in the absence of specific data, they are described qualitatively. 

I.6 Omissions, Biases, and Uncertainties 

As detailed throughout this report, to estimate traffic-related impacts associated with the 
different CSO control options, it was necessary to make a number of assumptions. Many of these 
assumptions are based on Philadelphia-specific data (average speeds, annual VMT, etc.) or 
represent standard industry estimates (e.g., number of person per vehicle, wage rates). Although 
there is a degree of uncertainty surrounding these assumptions, they are developed based on 
well-accepted methodology (see Schranx and Lomax, 2007) that has been used to evaluate 
mobility and traffic patterns in urban areas for a number of years. 

Additional uncertainties surrounding our analysis of construction-related costs generally stem 
from a lack of specific data related to on-the-ground implementation of the CSO options 
(location, expected road closures, etc.). Table I.5 provides a summary of these assumptions and 
uncertainties and their likely impact on total benefits. 
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Table I.5. Omissions, biases and uncertainties  

Assumption/ 

methodology 

Likely 

impact on 

net benefits
a
 Comment/explanation 

Analysis does not 
include the impact of 
temporary lane and/or 
road closures during 
construction. 

++ Depending on their timing and location, temporary lane and road 
closures could significantly increase the overall costs associated with 
construction disruption, in terms of additional time spent in traffic and 
wasted fuel.  

Further, individual businesses could experience significant impacts if 
they are located on a closed road. This would not likely result in 
substantial impacts on a city-wide basis (e.g., residents would continue 
to shop, just in different locations). 

Analysis assumes miles 
traveled by additional 
construction vehicles on 
highways versus arterial 
roads, follows current 
traffic patterns. 

U It is unclear how this assumption affects our current estimates. If 
construction vehicles spend more time driving on arterial roads, impacts 
would be greater because we assume a larger impact on arterial roads 

for each vehicle. (e.g., we estimate that the speed of affected vehicles 
will decrease by approximately 8 and 10% on highways and arterial 
roads, respectively) 

Analysis includes 
assumption for VMT 
impacted by additional 
construction vehicles. 

U To determine total VMT affected, we assume that for each heavy 
construction vehicle mile traveled, an additional 30 vehicle miles (or 
30 vehicles) are impacted. In the absence of specific roadway data, this 
assumption is intended to serve as a benchmark to provide an order of 
magnitude of costs.  

a. Indicating how addressing the assumption or overcoming the omission would probably impact the analysis, 
using the following key: + would likely increase net benefits; ++ would increase net benefits significantly; 
U direction of change in net benefit is uncertain; - would diminish net benefits; -- would diminish net benefits 
significantly. 
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1.0   EXECUTIVE SUMMARY 
 

The U.S. Federal Regulations under the Clean Water Act (CWA) of 1972 require 
States to develop a list of impaired waters and the pollutants for which they are 
impaired, also known as the 303 (d) List.  Subsequently, States must establish a 
watershed-based pollutant specific Total Maximum Daily Load (TMDL) to bring 
impaired water bodies into compliance with the water quality standards necessary for 
its beneficial uses.  This TMDL is then incorporated as an amendment to the regional 
Basin Plan.  The designated responsible jurisdictions and responsible agencies must 
then reduce their discharges to meet these waste load allocations according to a 
compliance schedule. 
 
The Santa Monica Bay beaches were designated as impaired and included on 
California’s 1998 CWA 303(d) list of impaired waters due to excessive amounts of 
coliform bacteria.  The presence of high coliform bacteria concentrations in surface 
waters is an indication that water quality may not be sufficient to maintain the 
beneficial use of these waters for human body contact recreation (REC-1).  The 
California Regional Water Quality Control Board, Los Angeles Region (Regional 
Board) released a first draft of the Santa Monica Bay Beaches Bacterial TMDL 
(SMBBB TMDL) on November 9, 2001.  Later, the Regional Board staff decided to 
bifurcate the SMBBB TMDL into two TMDLs, one for dry and one for wet weather.  
Both the SMBBB dry- and wet-weather TMDLs were approved by EPA in June 2003 
and became effective on July 15, 2003. 
 
The SMBBB TMDLs require responsible jurisdictional groups and responsible 
agencies within the Malibu Creek and Ballona Creek subwatersheds to achieve 
compliance with the TMDLs according to specified schedules1.  Four years after the 
effective date of the TMDLs the Regional Board will re-open the TMDLs to re-
consider certain provisions based on new data, some of which will be collected under 
this monitoring plan, including: 

 
• the number of allowable winter dry-weather exceedance days; 
• re-evaluation of the Arroyo Sequit Canyon and Leo Carrillo Beach 

reference system; 
• estimated number of wet-weather exceedance days in the critical year 

at all beach locations, including the reference system(s); and 
• final allowable wet-weather exceedance days for each beach location 

and their future adjustment. 

                                                 
1 According to the SMBBB TMDLs, responsible jurisdictions and agencies are defined as: (1) local 
agencies that are responsible for discharges from a publicly owned treatment works to the Santa 
Monica Bay watershed or directly to the Bay, (2) local agencies that are permittees or co-permittees on 
a municipal storm water permit [within  the SMB Watershed Management Area], (3) local or state 
agencies that have jurisdiction over a beach adjacent to Santa Monica Bay, and (4) the California 
Department of Transportation pursuant to its storm water permit.  
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• the need for clarification or revision of the geometric mean 
compliance requirements 

 
The TMDLs’ compliance dates are as follows:   
 

• summer dry-weather period: three years; 
• winter dry-weather period: six years; and 
• wet-weather period: up to 10 or up to 18 years, depending on whether an 

integrated water resources implementation approach is used. 
 
Compliance dates are measured from the TMDLs’ effective date of July 15, 2003. 
 
Coordinated Shoreline Monitoring Plan Development 
 
This Coordinated Shoreline Monitoring Plan is developed by a Technical Steering 
Committee, which is co-chaired by the County and City of Los Angeles and consists 
of representatives from many of the TMDLs’ responsible agencies.  Valuable 
feedback is also generously provided by staff from the Regional Board, Heal the Bay, 
Santa Monica BayKeeper, and the Sanitation Districts of Los Angeles County 
(LACSD).  
 
The plan is designed to comply with the monitoring requirements of both the dry- and 
wet-weather TMDLs by proposing a single Coordinated Shoreline Monitoring Plan, 
and to provide some of the data to support the re-evaluations that will be made when 
the TMDLs are re-considered in four years.  
 
The TMDLs establish multi-part numeric targets based on three bacteriological 
analytical parameters:  Total coliform density, fecal coliform density and 
enterococcus density, with density reported in bacteria counts per 100 milliliters of 
water sampled.  These numerical targets have been set based on the Los Angeles 
Basin Plan objectives for body-contact recreation (REC-1) and are equivalent to the 
State bacteriological standards set pursuant to Assembly Bill 411. 
  
Requirements of Coordinated Shoreline Monitoring Plan 

 
Both the dry- and wet-weather TMDLs require that, within 120 days of their 
respective effective dates, the responsible agencies submit a coordinated shoreline 
monitoring plan to be approved by the Regional Board’s Executive Officer.  The 
TMDLs prescribe criteria by which compliance monitoring locations are to be 
established, but the responsible agencies have the option of conducting either daily or 
weekly sampling.  The TMDLs compliance monitoring sites are to be established as 
follows: 
 
All existing monitoring sites, in their present locations or moved to the wave wash of 
a “major drain,” are to become compliance monitoring locations.  Existing sites are 
those shoreline locations monitored by the City of Los Angeles, County Sanitation 
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Districts of Los Angeles County, and the Los Angeles County Department of Health 
Services at the time of adoption of the TMDLs by the Regional Board.  “Major 
drains” are defined as those publicly owned and observed to have persistent, 
measurable dry-weather flow 
 
All major drains are to be considered for monitoring.   
 
Subwatersheds without an existing shoreline monitoring location must have a new 
site added at the wave wash of any “major drain” or creek.  If no major drain or fresh 
water creek exists, the new site is to be added at the midpoint of a beach listed in the 
TMDL.   
 
Sampling Schedule in the Coordinated Shoreline Monitoring Plan 
 
The monitoring program will begin as soon as all Memorandums of Agreements have 
been executed between the City of Los Angeles and those agencies using the City’s 
services, but no later than November 1, 2004.  Monthly updates on the progress of the 
Memorandum of Agreements will be provided to the Regional Board.   
 
The proposed compliance monitoring program consists of 67 sampling sites 
monitored on a weekly basis.  Fifty of the 67 sites are existing monitoring sites; the 
remaining 17 are newly added sites.  All routine samples are scheduled to be 
collected on Mondays: 32 by the City of Los Angeles Bureau of Sanitation, 
Environmental Monitoring Division (EMD), 26 by the County of Los Angeles 
Department of Health Services (LACDHS), and nine by the Sanitation Districts of 
Los Angeles County.  
 
In addition to the 67 monitoring sites, the proposed program also includes nine sites 
where routine dry-weather flow observations will be made.  One year from the 
initiation of the monitoring program, the Regional Board will evaluate the 
accumulated flow observation data to determine whether any of the nine observation 
sites warrants being added to the list of compliance monitoring sites.    
 
Procedures following Elevated Bacterial Levels (Exceedances) 

 
For the first three years of the summer dry-weather period and the first six years of 
the winter dry-weather period, EMD, LACDHS and LACSD will conduct accelerated 
testing 48 hours, and if necessary, 96 hours following the initial bacterial exceedance.  
All three indicators, and not just the exceeding indicator, will be tested during 
accelerated testing.  For those sites monitored by the EMD, not all sites showing 
exceedances may be selected for accelerated sampling due to operational constraints.  
When this occurs, EMD will randomly select locations where accelerated sampling 
will be done.  However, if a site is deemed chronically problematic by the responsible 
agencies within that jurisdictional group, the jurisdictional group may select that site 
for accelerated sampling.   
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Analytical Methodology 
 

Seawater samples will be tested for specific indicator bacteria concentrations whose 
presence indicates that enteric pathogenic microorganisms may also be present.  
These indicator bacteria (i.e., total coliforms, fecal coliforms or E. coli, and 
enterococcus) can be isolated and quantified by relatively simple microbiological 
techniques.  Sampling and analytical procedures as specified in Standard Methods for 
the Examination of Water and Wastewater, 18th – 20th Edition (APHA 1992, 1998, 
respectively), EPA or Regional Board approved methods, will be used. 

 
Quality assurance and quality control procedures will be conducted to confirm that 
the analytical data collected are valid and that they are comparable among all 
participating laboratories.   
 
Data from several laboratories (agencies) will be utilized to comply with the 
monitoring requirements of the Santa Monica Bay Beaches Bacterial TMDLs.  At a 
minimum, EMD, LACSD, and LACDHS will be involved.  In order to ensure that 
these data are comparable relative to the level of quality, the participating laboratories 
will be requested to participate in inter-laboratory calibration exercises.   
 
Data Management and Reporting 
 
Monthly data summary reports will be submitted to the Regional Board by the last 
day of each month for data collected during the previous month.  Two agencies will 
submit the monthly reports on behalf of all responsible agencies: EMD on behalf of 
Jurisdictional Groups 1 through 6, 8, and 9; and LACSD on behalf of Jurisdictional 
Group 7.  LACDHS will submit its data to EMD for compilation and submittal to the 
Regional Board.  Copies of the monthly reports will be distributed to the lead agency 
of the appropriate jurisdictional group.  If requested, the lead agency of each 
jurisdictional group will distribute the monthly reports to the responsible agencies 
within their respective jurisdictional group. 
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2.0   INTRODUCTION 
 
This monitoring proposal is submitted to fulfill the 120-day requirement for 
developing a coordinated shoreline monitoring plan for both the Dry-Weather and 
Wet-Weather Santa Monica Bay Beaches Bacteria Total Maximum Daily Loads 
(SMBBB TMDLs).  These TMDL regulations can be found in Appendix K of this 
document as reference; or, they can be found on the Los Angeles Regional Water 
Quality Control Board’s website at http://www.swrcb.ca.gov/rwqcb4/. 
 
2.1 Background 
 
Federal Regulations under the Clean Water Act require States to develop a list of 
impaired waters and the pollutants for which they are impaired, also known as the 
303(d) List.  The States must then establish what the assimilative capacity of the 
water body is for the impairing pollutants in the form of a Total Maximum Daily 
Load (TMDL) of the pollutant that the water body can receive and still achieve the 
water quality objectives necessary to protect its beneficial uses (e.g., REC-1).  The 
sources must then reduce their discharges to meet these waste load allocations 
according to a compliance schedule.  This Total Maximum Daily Load (TMDL) is 
incorporated as an amendment to the regional Water Quality Control Plan (Basin 
Plan). 
 
The Santa Monica Bay beaches were designated as impaired and included on 
California’s 1998 CWA §303(d) list of impaired waters due to excessive amounts of 
coliform bacteria.  The presence of coliform bacteria in surface waters is an indicator 
that water quality may not be sufficient to maintain the beneficial use of these waters 
for human body contact recreation (REC-1).  To allow more time to consider the 
extensive public comments on the wet-weather elements of the TMDL, the Regional 
Board staff decided to bifurcate the Santa Monica Bay Beaches Bacterial TMDL into 
two TMDLs, one for dry and one for wet weather.2  Both the SMBBB dry- and wet-
weather TMDLs were approved by EPA in June 2003 and became effective on July 
15, 2003 with the following actions required: 
  

• Both TMDLs require the responsible jurisdictions and responsible 
agencies to submit a coordinated, shoreline monitoring plan within 120 
days of the effective date of the TMDLs.   

• The Dry Weather TMDL further requires that within the same 120 
days of the effective date the responsible jurisdictions and agencies 
identify and provide documentation on 342 potential discharges to 
Santa Monica Bay beaches, including those within the Area of Special 
Biological Significance in northern Santa Monica Bay from Latigo 
Point to the Los Angeles/Venture county line. 

                                                 
2 See Appendix A Development History of SMBBB TMDL 
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• The TMDLs require responsible jurisdictions and agencies to achieve 
compliance with the TMDL according to specified schedules, with a 
longer schedule allowed for achieving the Wet Weather TMDL.   

• The Wet Weather TMDL requires the responsible agencies and 
jurisdictions to develop an implementation plan for meeting the 
compliance schedule.   

• Four years after the effective date of the TMDLs the Regional Board 
will re-consider the TMDLs, including certain provisions based on 
new data, some of which will be collected under this monitoring plan, 
including: 

 
o the number of allowable winter dry weather exceedance days 
o reevaluation of the reference system 
o reevaluation of the reference year 
o estimated number of wet-weather exceedance days in the 

critical year at all beach locations, including the reference 
system(s) 

o final allowable wet weather exceedance days for each beach 
location 

o reconsideration of whether the number of allowable wet 
weather exceedance days should be adjusted annually 
dependant on rainfall 

o the need for clarification or revision of the geometric mean 
compliance requirements 

 
This monitoring proposal is submitted to fulfill the first of the above listed 
requirements, the coordinated shoreline monitoring plan for the SMBBB TMDLs to 
be submitted within 120 days of the effective date.   
 
2.2 Compliance Targets 
 
This Coordinated Shoreline Monitoring Plan proposes 67 locations where compliance 
with the TMDLs will be measured.  Additionally, data collected prior to the 
compliance deadlines will be used when re-evaluating the TMDLs in four years.  A 
brief discussion on how the Regional Board intends to measure the Responsible 
Agencies’ compliance with the TMDLs’ waste load allocations should help the reader 
to better understand the proposed monitoring program.  Detailed information on the 
TMDLs requirements, including the waste load allocations, can be found in 
Appendix K. 
 
The TMDLs establish multi-part numeric targets based on three bacteriological 
analytical parameters:  Total coliform density, fecal coliform density and 
enterococcus density, with density reported in bacteria counts per 100 milliliters of 
water sampled.  These numerical targets and the corresponding waste load allocations 
have been set based on the Los Angeles Basin Plan objectives for body-contact 
recreation (REC-1) along with the implementation provisions for these objectives. 
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The SMBBB TMDLs divide the year into three separate periods for compliance 
purposes, each with specific requirements.  The three periods are as follows: 
 

• summer dry-weather (April 1 – October 31),  
• winter dry weather (November 1 – March 31), and  
• wet weather.   

 
Wet weather days are those days with rain events of ≥ 0.1 inches of precipitation and 
the three days following the end of the rain event.   
 

2.2.1 Rolling 30-day Geometric Mean Limits 
 
The Geometric Mean Limits may not be exceeded at any time and must be achieved 
within three (3) years of the effective date of the TMDL for summer dry weather, 
within six (6) years of the effective date for winter dry weather, and for wet weather 
the geometric mean limits must be achieved by the final compliance date in 
accordance with the implementation plan.  These limits are:  
 

• Total coliform density shall not exceed 1,000/100 mL 
• Fecal coliform density shall not exceed 200/100 mL 
• Enterococcus density shall not exceed 35/100 mL 

 
The geometric mean is defined in Webster's Dictionary as "the nth root of the product 
of n numbers."  Thus, the 30-day geometric mean calculation for the SMBBB 
TMDLs will be calculated as the 30th root of the product of 30 numbers (the most 
recent 30 day results).  For weekly sampling, the 30 numbers are obtained by 
assigning the weekly test result to the remaining days of the week.  If more samples 
are tested within the same week, each test result will supersede the previous result 
and be assigned to the remaining days of the week until the next sample is collected.  
This rolling 30-day geometric mean must be calculated for each day, regardless of 
whether a weekly or daily schedule is selected.   

2.2.2 Single Sample Limits 
 

• Total coliform density shall not exceed 10,000/100 mL 
• Fecal coliform density shall not exceed 400/100 mL 
• Enterococcus density shall not exceed 104/100 mL 
• Total coliform density shall not exceed 1,000/100 mL if the ratio of 

fecal-to-total coliform exceeds 0.1 
 
During summer dry weather the single sample limits may not be exceeded at any time 
and must be achieved within three (3) years of the effective date of the TMDL. 
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The single sample targets for winter dry weather and year-round wet weather allow a 
certain number of exceedance days that are established using a dual reference 
system/anti-degradation approach.  The allowable number of exceedance days at each 
monitoring site must be no greater than the number of historical exceedance days 
measured at a reference beach site that has been selected as being representative of 
natural background water quality from coastal creeks or runoff from undeveloped 
areas.  Because the bacterial indicators used as targets in the TMDL are not specific 
to human sewage, storm water runoff from undeveloped areas may also be a source 
of elevated bacterial indicator densities.  For example, storm water runoff from 
natural areas may convey fecal matter from wildlife and birds or bacteria from soil.  
This is supported by the finding that, at the reference beach, the probability of 
exceedance of the single sample targets during wet weather is 0.22 (i.e., 22%).3  The 
reference system selected by the Regional Board is the Arroyo Sequit Canyon 
watershed and the corresponding historical monitoring site at Leo Cabrillo Beach. 
 
The maximum allowable number of exceedance days per year based on the reference 
system during winter dry weather is three days per year based on a daily sampling 
schedule or one day per year based on weekly sampling. 
 
The maximum allowable number of exceedance days based on the reference system 
during year-round wet weather is seventeen (17) exceedance days per year under a 
daily sampling schedule.  If a weekly sampling schedule is employed, the number of 
allowable exceedance days is scaled back accordingly to three (3) exceedance days 
per year for year-round wet weather. 
 
For compliance monitoring sites that exhibit historically fewer exceedance days than 
the reference beach site, there can be no degradation of water quality and for these 
compliance monitoring sites the allowable exceedance days will be set equal to the 
historical exceedance days at the same compliance monitoring site.  In effect, certain 
compliance monitoring sites/watersheds are to be held to a higher standard than 
others per federal and state anti-degradation requirements.   
 
2.3 Coordinated Monitoring Plan Development 
 

This monitoring plan is developed by the Technical Steering Committee (TSC), 
which is co-chaired by the County and City of Los Angeles, and consists of 
representatives from all seven jurisdictional groups plus those responsible agencies 
within the Malibu Creek and Ballona Creek watersheds4.  The Ballona Creek and 
                                                 
3 Attachment A to Resolution No.  2002-022, page 4, Source Analysis 
4 Jurisdictional groups were not created for responsible jurisdictions and agencies in the Ballona Creek 
and Malibu Creek subwatersheds, because the Regional Board recognized that it would be premature 
to set interim compliance targets for beaches impacted by discharges originating within these 
watersheds in light of the fact that separate bacteria TMDLs would strongly affect implementation 
schedules for these beaches.  Nevertheless, the responsible jurisdictions and agencies within these two 
watersheds are responsible under the SMBBB TMDLs (see letter from Dennis Dickerson, LARWQCB 
to responsible agencies dated October 28, 2003 for clarification).  Therefore, these jurisdictions and 
agencies are also responsible for submitting a coordinated shoreline monitoring plan for those beaches 
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Malibu Creek watersheds are designated as Jurisdictional Groups 8 and 9, 
respectively, in this document for ease of reference.   
 
The TSC originated as a subcommittee of the Ballona Creek Watershed Management 
Area municipal NPDES permittee group under the Los Angeles County Municipal 
Storm Water NPDES Permit.  More than a year before the TMDLs were finalized, 
this subcommittee began gathering information and meeting with representatives of 
the various agencies that had historically conducted shoreline monitoring along the 
Santa Monica Bay beaches, namely the City of Los Angeles Environmental 
Monitoring Division (EMD), Los Angeles County Department of Health Services 
(LACDHS), and Los Angeles County Sanitation Districts (LACSD).  The 
subcommittee met in May 2002 with representatives of the City of Los Angeles, the 
Los Angeles County Department of Public Works, and Caltrans to assess their plans 
for monitoring relative to the developing SMBBB TMDLs.  The subcommittee held 
monthly meeting and gradually expanded to include representatives from all seven 
jurisdictional groups, and was renamed as the Technical Steering Committee for the 
SMBBB TMDLs.  Once the TMDLs were approved by the U.S.  EPA in June 2003, 
RWQCB staff and environmental stakeholder representatives began attending TSC 
meetings to provide feedback as work on the coordinated monitoring plan progressed.  
A list of participants in the TSC is provided in Appendix N.   

 
2.4 Requirements of Coordinated Shoreline Monitoring Plan 
 
Both the Dry and Wet Weather TMDLs require that within 120 days of the effective 
date: 
 

“Responsible jurisdictions and responsible agencies must submit 
coordinated shoreline monitoring plan(s), including a list of new 
sites and/or sites relocated to the wave wash at which time 
responsible jurisdictions and responsible agencies will select 
between daily and weekly shoreline sampling5.  Monitoring sites 
are those shoreline locations currently monitored by the City of 
Los Angeles [EMD], County Sanitation Districts of Los Angeles 
County [LACSD], and the Los Angeles County Department of 
Health Services [LACDHS] at the time of adoption of this TMDL 
by the Regional Board.6”  

 
The three above-mentioned agencies currently conduct routine monitoring at fifty 
(50) shoreline locations in Santa Monica Bay7.  Additionally, the TMDLs also require 
additional monitoring sites:   
 
                                                                                                                                           
and associated compliance monitoring locations that are primarily impacted by discharges originating 
within the Ballona Creek and Malibu Creek watersheds.   
5 Resolution 2002-004, Attachment A, Table 7-4.3, Resolution 2002-022, Table 7-4.7 
6 Resolution 2002-022, Attachment A, Table 7-4.6, footnote *** 
7 Resolution 2002-022, Attachment A, Table 7-4.6  
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“For those subwatersheds without an existing shoreline monitoring 
site, responsible jurisdictions and agencies must establish a 
shoreline monitoring site if there is measurable flow from a creek 
or publicly owned storm drain to the beach during dry weather8.” 

 
This last sentence is further clarified by the additional statement that responsible 
jurisdictions and agencies “shall conduct daily or systematic weekly sampling in the 
wave wash at all major drains and creeks or at existing monitoring sites at beaches 
without storm drains or freshwater outlets.9”  
 
The term wave wash is defined as the point at which the storm drain or creek empties 
and the effluent from the storm drain initially mixes with the receiving ocean water, 
this term is also referred to as “point zero.”  Major drains are described in the Wet 
Weather TMDL as those that are publicly owned and have measurable flow to the 
beach during dry weather10.  See Appendix K for more details on the TMDLs’ 
requirements for the monitoring plan. 
 

                                                 
8 Resolution 2002-022, Attachment A, Table 7-4.7 
9 Resolution 2002-022, Attachment A, page 9, Compliance Monitoring 
10 Resolution 2002-022, Attachment A, page 9, Compliance Monitoring, footnote 7 
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3.0   COMPLIANCE MONITORING SITES 
 
The section of coastline to be monitored under the Santa Monica Bay Beaches Bacterial 
TMDLs stretches from the Los Angeles/Ventura county line at the northwest, down to 
Outer Cabrillo Beach in San Pedro, just south of the Palos Verdes Peninsula.  This 
stretch covers approximately 55 miles of shoreline along Santa Monica Bay.  A total of 
67 monitoring locations, including both historical11 and new sampling sites, are being 
proposed to measure compliance with the TMDLs.  In addition to the monitoring sites, 
routine dry-weather flow observations will also be made at nine locations along the Bay.   
 
The monitoring sites and observation sites are discussed in detail in this section, as well 
as summarized in Appendix B.  Approximate locations of these sites are illustrated in 
Appendix P.  Table 3.1 below breaks down the 67 compliance monitoring locations into 
historical and new sites: 
 
Table 3.1 Summary of compliance monitoring sites. 

TYPE OF SITE J1 J2 J3 J4 J5 J6 J7 J8 J9  
Historical sites, open beach 1 6 1 0 3 3 8 0 2 23 
Historical sites, moved to point zero 7 5 7 1 2 2 0 1 1 27 
New sites, open beach 2 0 0 0 0 0 0 0 0 2 
New sites, point zero 8 4 1 0 0 1 1 0 0 15 
Total 18 15 9 1 5 6 9 1 3 67 
 
These sampling sites have been selected by all responsible agencies within each 
Jurisdictional Group with guidance from the Technical Steering Committee (TSC) 
and input from the Regional Board staff.  Guidance from the TSC took the form of a 
set of site selection guidelines listed below.  These site selection guidelines were 
intended as overarching parameters for use by Jurisdictional Groups to establish 
compliance locations.  The guidelines do not consider all the specific conditions that 
may arise at each and every location along the 55 miles of highly variable geography 
that is the Santa Monica Bay coastline.  Final selection of sampling locations required 
the exercise of professional judgment at the Jurisdictional Group level.   
   
3.1 Site Selection Guidelines 
 
To assist each jurisdictional group select compliance monitoring sites, the TSC 
developed the following set of guidelines as a screening tool.  Notwithstanding these 
guidelines, where a publicly owned storm drain was observed to have persistent, 
measurable dry weather flow, it was considered for monitoring consistent with 
TMDL requirements.  Each of the guidelines was not necessarily relevant or 
applicable at every monitoring location. 

                                                 
11 Historical sites are listed in Resolution 2002-022, Attachment A, Table 7-4.5.  Six of these sites were 
not proposed as compliance locations, because LACDHS indicated they were not being monitored at 
the time of the adoption of the TMDL by the Regional Board.  These six  sites are DHS001a, 
DHS003a, DHS005a, DHS010a, DHS104a, and DHS106a.   
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1. Sampling will be conducted in the wave wash at major drains and creeks or at 
existing monitoring sites at beaches without storm drains or freshwater 
outlets.   

a. Major drains are those that are publicly owned and have measurable 
flow to the beach at the wave wash during dry weather.  Storm drain 
pipes having inside diameter of 36 inches or more or its equivalent 
(discharges from a single conveyance other than a circular pipe which 
is associated with a drainage area of more than 50 acres) [per 40 CFR 
122.26(b)(5)] will be evaluated for monitoring. 

b. A beach is an accessible area of coastline regularly used for wading 
and swimming.   

2. At least one (1) monitoring site will be located in each subwatershed listed in 
Attachment A Table 7-4.6 to Resolution No.  2002-022, SMBBB Wet 
Weather TMDL  In addition, at least one (1) monitoring site will be located at 
a beach impacted by discharges originating within the Ballona Creek 
watershed and at least one (1) monitoring site will be located at a beach 
impacted by discharges originating within the Malibu Creek watershed. 

3. For subwatersheds lacking a storm drain or freshwater outlet that meets the 
guidelines for a monitoring location, a monitoring site will be located at the 
midpoint between its up and down coast boundaries or at the historical site(s).   

4. Monitoring locations must have safe access for sampling. 

5. Historical monitoring locations listed in Attachment A, Table 7-4.5 to 
Resolution 2002-002, SMBBB Wet Weather TMDL, except for those 
described in footnote number 11, shall be used as a starting point to establish 
compliance monitoring locations.   

Notwithstanding the “beach” definition presented here, it is acknowledged that (1) all 
beaches listed in TMDL are covered by this monitoring plan, (2) all existing sites will 
continue to be monitored unless they are being relocated to point zero, and (3) there is 
at least one monitoring site in each subwatershed identified in the TMDL. 
 
Each of the seven Jurisdictional Groups conducted storm drain and beach surveys and 
consulted Santa Monica BayKeeper's list of drains potentially discharging into Santa 
Monica Bay as part of the evaluation process.  The final list of compliance monitoring 
sites has been selected based on the TMDLs and these guidelines; these sites are 
described in Sections 3.3 through 3.10 of this plan and summarized in Appendix B.   
 
Should additional “major drains” be identified after approval of this plan, they will be 
evaluated for routine monitoring per TMDL requirements and if appropriate, added to 
this coordinated monitoring plan.  Similarly, a monitoring site may be removed from 
this plan if it is shown through regular observations that the storm drain in question 
does not qualify as a “major drain” as defined by the TMDL.   
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3.2 Observation Sites 
 
In addition to the compliance monitoring sites, this plan also includes nine locations 
where weekly or monthly dry-weather flow observations will be made.  One year 
following the start of observations, the Regional Board will determine whether each 
of the nine locations warrants being added to the current list of compliance 
monitoring sites.  The nine observation sites are listed in Table 3.2 below, and a 
discussion of each can be found in the subsequent sections.   
 
Table 3.2.  Summary of observation sites. 
OBSERVATION 

SITE ID 
SM BAYKEEPER 

DRAIN ID 
OUTLET SIZE JURISDICTIONAL 

GROUP 
SMB-O-1 S1D40 Creek type drain JG1 
SMB-O-2 S2D140 70 in. JG1 
SMB-O-3 S3D280 36 in. JG1 
SMB-O-4 S6D50 24 in. JG2 
SMB-O-5 S6D90 46 in. JG2 
SMB-O-6 S10D20 24 in. JG5 
SMB-O-7 S13D40 36 in. JG6 
SMB-O-8 S14D70 32 in. JG6 
SMB-O-9 S15D40 72 in. JG7 

 
 
3.3 Jurisdiction 1 
 
Setting 
 
Jurisdiction 1 is comprised of seven responsible agencies: County of Los Angeles 
(lead agency), County of Ventura, California Department of Parks and Recreation, 
Caltrans, and Cities of Los Angeles, Malibu, and Calabasas.  The jurisdiction covers 
the entire Malibu Watershed Management Area as defined by the Regional Board, 
minus the Nicholas Canyon watershed (Jurisdiction 4) and Malibu Creek watershed.  
The combined size of the 16 subwatersheds in Jurisdiction 1 is approximately 47,338 
acres; however, 5,997 acres of State park land are considered by the Regional Board 
to be background, leaving 41,341 acres of effective watershed area.  The effective 
watershed area falls under the jurisdiction of the following responsible agencies: 
 

County of Los Angeles (lead agency) 29,838 acres 
City of Malibu    9,799 acres 
County of Ventura   905 acres 
Caltrans    497 acres 
California Department of Parks and 
Recreation (beaches only)  

150 acres 

City of Calabasas 131 acres 
City of Los Angeles  21 acres 
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Compliance Locations 
 
Jurisdiction 1 has 18 sites where compliance will be measured.  Of the 18, eight are 
existing monitoring sites currently sampled by the City of Los Angeles and the 
Department of Health Services, the remaining ten are new sites.  Jurisdiction 1 also 
has three observation sites.  Approximate locations of the monitoring and observation 
sites are shown in Figures 2 through 4 in Appendix P.  A description of each 
compliance location and justification for its selection follows:  
 
Site Id: SMB-1-1 Status: Moved Type: Point Zero 
Historical Site Id: DHS010 Subwatershed: Arroyo 

Sequit 
BayKeeper Id: sad 50 

Comments: This relocated site is situated at the mouth 
of Arroyo Sequit Creek on Leo Carrillo State Beach.  
Relocation is required because the creek periodically 
discharges to the ocean during dry weather.  LACDHS 
has agreed to move its existing station DHS010 to point 
zero.  See Thomas Guide page 625 H6.   

 
Site Id: SMB-1-2 Status: New Type: Open Beach 
Historical Site Id: N/A Subwatershed: Los 

Alisos 
BayKeeper Id:  N/A 

Comments: This new site is situated on El Pescador 
State Beach.  The creeks likely to impact water quality 
at this monitoring site are Lachusa Creek (BayKeeper 
ID “sad320”) and Los Aliso Creek.  Lachusa Creek 
exhibits a small, but consistent flow to the ocean during 
dry weather, but the location can not be accessed for 
sampling.  See Thomas Guide page 626 D7. 

 
Site Id: SMB-1-3 Status: New Type: Open Beach 
Historical Site Id: N/A Subwatershed: Encinal BayKeeper Id: N/A 
Comments: This new site is situated on El Matador 
State Beach at base of access stairs.  There are no creeks 
or historical monitoring sites in the Encinal Canyon 
subwatershed.  See Thomas Guide page 626 F7. 
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Site Id: SMB-1-4 Status: Moved Type: Point Zero 
Historical Site Id: DHS008 Subwatershed: Trancas BayKeeper Id: sad920 
Comments: The existing site DHS008 is moved to the 
wave wash of Trancas Creek on Broad Beach year-
round.  See Thomas Guide page 667 grid A1.  Access 
this site through the Zuma Beach entrance.  The TMDL 
also listed another existing site at Broad Beach named 
DHS010a, which through discussions with LACDHS 
was discovered not to be a currently monitored site for 
at least the past 12 years and therefore is not proposed as 
a compliance monitoring site in this plan.   

 
Site Id: SMB-1-5 Status: Moved Type: Point Zero 
Historical Site Id: DHS007 Subwatershed: Zuma BayKeeper Id: sad1070 
Comments: The existing site DHS007 is moved to the 
mouth of Zuma Creek at Zuma Beach year-round.  See 
Thomas Guide page 667 C3. 

 
Site Id: SMB-1-6 Status: New Type: Point Zero 
Historical Site Id: N/A Subwatershed: Ramirez BayKeeper Id: S1D30 
Comments:  This new site is situated at the wave wash 
of “Walnut Creek.”  Access to this site is through private 
property and requires prior approval from property 
owners.  See Thomas Guide page 667 G3. 

Photograph unavailable 

 
Site Id: SMB-O-1 Status: Observation Frequency: TBD 
Historical Site Id: N/A Subwatershed: Ramirez BayKeeper Id: S1D40 
Comments:  This observation site is situated near Little 
Point Dume. To access the site, head north on PCH. 
Turn right on Zumirez Drive.  The access gate is located 
at the end of the street; an access card is required to 
enter.  This site is located between compliance 
monitoring sites S1D30 and S1D50.  One year after the 
initiation of the flow observation program, the Regional 
Board will evaluate the data to determine whether this 
location should be added as a compliance monitoring 
site.  See Thomas Guide page 667 G3. 
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Site Id: SMB-1-7 Status: Moved Type: Point Zero 
Historical Site Id: DHS006 Subwatershed: Ramirez BayKeeper Id: s1d50 
Comments: The existing site DHS006 is moved to the 
mouth of Ramirez Canyon at Paradise Cove Pier.  The 
photograph shows runoff from Ramirez Canyon, with 
the pier in the background.  To access the site, turn left 
onto Paradise Cove Road from northbound Pacific 
Coast Highway.  See Thomas Guide page 667 G2. 

 

 
Site Id: SMB-1-8 Status: New Type: Point Zero 
Historical Site Id: N/A Subwatershed: 

Escondido 
BayKeeper Id: s1d150 

Comments: This is a new site located at the wave wash 
of Escondido Creek, just east of Escondido State Beach 
and west of the Malibu Cove Colony.  See Thomas 
Guide page 668 A1. 

 
Site Id: SMB-1-9 Status: Moved Type: Point Zero 
Historical Site Id: DHS005 Subwatershed: Latigo BayKeeper Id: s1d240 
Comments: The existing station DHS005 in front of the 
Tivoli Bay Villa Treatment Plant (pink building on the 
right side of the photograph) is moved to the wave wash 
of Latigo Canyon (box structure on the left side of the 
photograph).  See Thomas Guide page 668 B1. 

 
Site Id: SMB-1-10 Status: New Type: Point Zero 
Historical Site Id: N/A Subwatershed: Solstice BayKeeper Id: s1d290 
Comments: This new site is situated at the mouth of 
Solstice Creek at Dan Blocker County Beach.  The creek 
exhibits small, but consistent flows during dry weather.  
There are no existing monitoring sites on this beach.  
Access to the site is located across the street from 26025 
Pacific Coast Highway.  See Thomas Guide page 628 
C7.   
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Site Id: SMB-1-11 Status: Moved Type: Point Zero 
Historical Site Id: DHS004 Subwatershed: Corral BayKeeper Id: s1d320 
Comments: The historical site DHS004 on Puerco State 
Beach is moved to the wave wash of this un-named 
creek.  See Thomas Guide page 628 D7.   

 

Photograph unavailable 

 
Site Id: SMB-O-2 Status: Observation Frequency: TBD 
Historical Site Id: N/A Subwatershed: Corral BayKeeper Id: S2D140 
Comments:  This site is located west of S2D170 (Marie 
Canyon) also within the Corral Canyon subwatershed.  
The site can be accessed through public access stairway 
next to 24822 Malibu Road.  One year after the initiation 
of the flow observation program, the Regional Board 
will evaluate the data to determine whether this location 
should be added as a compliance monitoring site.  See 
Thomas Guide page 628  G7. 

 
Site Id: SMB-1-12 Status: New Type: Point Zero 
Historical Site Id: N/A Subwatershed: Corral BayKeeper Id: s2d170 
Comments:  This new site is situated in front of the 
Marie Canyon storm drain on Puerco Beach.  To access 
the site, turn right onto Malibu Road from Stuart Ranch 
Road/Web Way.  The storm drain outlet is located under 
24572 Malibu Road; limited public parking is available 
on Malibu Road.  See Thomas Guide page 628 G7. 

 

 
Site Id: SMB-1-13 Status: New Type: Point Zero 
Historical Site Id: N/A Subwatershed: Carbon BayKeeper Id: s3d10 
Comments:  This new site is situated in front of 
Sweetwater Canyon on Carbon Beach.  See Thomas 
Guide page 629 B6.   
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Site Id: SMB-1-14 Status: New Type: Point Zero 
Historical Site Id: N/A Subwatershed: Las 

Flores 
BayKeeper Id: s3d150 

Comments: This new site is situated at the mouth of 
Las Flores Creek on Las Flores State Beach.  Although 
the creek does not exhibit dry-weather flows, a new site 
is added at this location because the existing monitoring 
location noted in the TMDL, DHS001a, through 
conversations with LACDHS was found to be a site that 
is not currently monitored and has not been for at least 
the past 12 years.  See Thomas Guide page 629 G7. 

 

Photograph unavailable 

 
Site Id: SMB-O-3 Status: Observation Frequency: TBD 
Historical Site Id: N/A Subwatershed: Piedra 

Gorda 
BayKeeper Id: s3d280 

Comments:  This observation site is a 36” storm drain 
situated just west of Moonshadows Restaurant.  Access 
is between 20340 PCH and Moonshadows Restaurant.  
High tide may impede access to this location.  The 
public access is currently closed due to construction.  
One year after the initiation of the flow observation 
program, the Regional Board will evaluate the data to 
determine whether this location should be added as a 
compliance monitoring site. 

 

 
Site Id: SMB-1-15 Status: Existing Type: Open Beach 
Historical Site Id: DHS001 Subwatershed: Piedra 

Gorda 
BayKeeper Id: N/A 

Comments: Same as existing station DHS001 on Big 
Rock Beach, located in front of the stairs adjacent to 
19948 Pacific Coast Highway.  No new sites are added 
in this watershed due to lack of creeks or storm drains 
exhibiting dry-weather flows.  See Thomas Guide page 
629 J6. 

 

Photograph unavailable 

 
Site Id: SMB-1-16 Status: New Type: Point Zero 
Historical Site Id: N/A Subwatershed: Pena BayKeeper Id: s4d60 
Comments: This is a new site at the mouth of Pena 
Creek on Las Tunas County Beach.  A new site is 
proposed at this location despite the lack of observed 
dry-weather flows from the creek because this 
subwatershed does not have an existing shoreline 
sampling site.  See Thomas Guide page 630 B6. 

 

Photograph unavailable 
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Site Id: SMB-1-17 Status:  New Type: Point Zero 
Historical Site Id: N/A Subwatershed: Tuna BayKeeper Id: s5d175 
Comments: This is a new site at the wave wash of Tuna 
Canyon.  Although Tuna Canyon does not discharge 
onto a public beach, this location is added to fulfill the 
TMDLs’ requirement of having at least one compliance 
monitoring location in every coastal subwatershed.  See 
Thomas Guide page 630 C6.   

 

Photograph unavailable 

 
Site Id: SMB-1-18 Status: Moved Type: Point Zero 
Historical Site Id: S2 Subwatershed: Topanga BayKeeper Id: s5d315 
Comments: The existing station S2 is moved to the 
wave wash of Topanga Canyon on Topanga State 
Beach.  See Thomas Guide page 630 D6.   

 
 
3.4 Jurisdiction 2 
 
Setting 
 
Jurisdiction 2 is comprised of six responsible agencies: City of Los Angeles (lead 
agency), County of Los Angeles, Caltrans, California Department of Parks and 
Recreation, and cities of Santa Monica and El Segundo.  The jurisdiction 
encompasses the Castle Rock, Dockweiler, Venice Beach, Pulga Canyon, Santa 
Monica Canyon, and Santa Ynez watersheds as defined by the Regional Board.  The 
combined size of the six subwatersheds in Jurisdiction 2 is approximately 18,590 
acres.  The area breakdown by responsible agency is as follows: 
 

City of Los Angeles (lead agency) 16,154 acres 
City of El Segundo   1,124 acres  
California Department of Parks and 
Recreation (beaches only)       

462 acres 

County of Los Angeles   435 acres 
City of Santa Monica    256 acres 
Caltrans   159 acres 

 
Compliance Locations 
 
Jurisdiction 2 has 15 sites where compliance will be measured; of the 15, three are 
new, and the remaining 12 are existing beach monitoring locations currently sampled 
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by the City of Los Angeles or the Los Angeles County Department of Health 
Services.  Five of the 12 existing stations will be moved to the wave wash of a fresh 
water outlet.  Approximate locations of these sites are shown in Figures 5 and 6 in 
Appendix P.  A description of each compliance location and justification for its 
selection follows: 
 
Site Id: SMB-2-1 Status: New Type: Point Zero 
Historical Site Id: N/A Subwatershed: 

Castlerock 
BayKeeper Id: s5d480 

Comments:  This is a new site located in front of the 
Castlerock storm drain, or also known as Parker Mesa 
storm drain, which is a 60”x 96” box structure.  A low-
flow diversion for this storm drain is scheduled to be 
constructed by Summer 2006.  See Thomas Guide page 
630 F6. 
 

 

 
Site Id: SMB-2-2 Status: New Type: Point Zero 
Historical Site Id: N/A Subwatershed: Santa Ynez BayKeeper Id: s6d30 
Comments: A second new site is located at the mouth of 
the Santa Ynez storm drain, which is a 72”x 240” box 
outlet.  The County of Los Angeles is planning to 
construct a low-flow diversion for this drain by the 
Summer of 2006.  See Thomas Guide page 630 G6. 

 

 
Site Id: SMB-2-3 Status: Existing Type: Open Beach 
Historical Site Id: DHS101 Subwatershed: Santa Ynez BayKeeper Id: N/A 
Comments:  The is an open beach location on Will 
Rogers  State Beach, at 17200 Pacific Coast Hwy., 
Pacific Palisades , 1/4 mile east of Gladstone’s restaurant 
parking lot and the Sunset storm drain.  See Thomas 
Guide page 630 H6.   

 
Photograph unavailable 
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Site Id: SMB-O-4 Status: Observation Frequency: TBD 
Historical Site Id: N/A Subwatershed: Santa 

Ynez 
BayKeeper Id: s6d50 

Comments:  This is a 24” corrugated metal pipe near 
Gladstones restaurant and site SMB-2-3 (DHS101).  One 
year after the initiation of the flow observation program, 
the Regional Board will evaluate the data to determine 
whether this location should be added as a compliance 
monitoring site. 

 

 
Site Id: SMB-O-5 Status: Observation Frequency: TBD 
Historical Site Id: N/A Subwatershed: Santa 

Ynez 
BayKeeper Id: s6d90 

Comments:  The Marquez storm drain is a 46” concrete 
drain on Sunset Beach, a few hundred feet east of the 
observation site SMB-O-4.  Lifeguard tower #4 is shown 
in the accompanying photograph.  Access is just north of 
the drain at the wooden stairs.  This drain can also be 
observed from the street.  One year after the initiation of 
the flow observation program, the Regional Board will 
evaluate the data to determine whether this location 
should be added as a compliance monitoring site. 

 

 
Site Id: SMB-2-4 Status: Moved Type: Point Zero 
Historical Site Id: S3 Subwatershed: Santa Ynez BayKeeper Id: s6d109, 

110 
Comments: The historical sampling site S3 is moved to 
the wave wash of Pulga storm drain on Will Rogers State 
Beach.  This outlet structure is made up of two 72” x 96” 
boxes.  A low-flow diversion structure is currently under 
construction and is expected to become operational in 
Summer 2004.  See Thomas Guide page 630 H6.   
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Site Id: SMB-2-4 Status: Moved Type: Point Zero 
Historical Site Id: DHS103 Subwatershed: Pulga 

Canyon 
BayKeeper Id: s6d140 

Comments: LACDHS has agreed to moved its historical 
Location DHS103 to the wave wash of the Temescal 
Canyon storm drain on Will Rogers State Beach.  This  
outlet structure is a 72” x 72” outlet box.  See Thomas 
Guide page 630 J6.   

 

 
Site Id: SMB-2-5 Status: Moved Type: Point Zero 
Historical Site Id: DHS102 Subwatershed: Santa Ynez BayKeeper Id: s6d100 
Comments: The Bay Club storm drain outlet is located 
on Will Rogers State Beach, in front of the Bel Air Bay 
Club, located at 16801 Pacific Coast Highway., Pacific 
Palisades (at the chain link fence just east of the Bay 
Club).  The Bay Club has granted permission for water 
sampling at this location.  See Thomas Guide page 630 
H6.   

 
Photograph unavailable 
 
 

 
Site Id: SMB-2-7 Status: Moved Type: Point Zero 
Historical Site Id: S4 Subwatershed: S.M.  

Canyon 
BayKeeper Id: s6d230 

Comments:  The historical sampling site S4 is moved to 
the wave wash of Santa Monica Canyon.  The 
outletstructure is a 480” x 144” channel.  A low-flow 
diversion has been constructed for this channel.  See 
Thomas Guide page 631 B7.   

 

 
Site Id: SMB-2-8 Status: Existing Type: Open Beach 
Historical Site Id: DHS108 Subwatershed: Venice 

Beach 
BayKeeper Id: N/A 

Comments: This location is located on Venice Beach,  
Venice Pier, 50 yards south of the pier.  See Thomas 
Guide page 671 H7 .   

 
Photograph unavailable 
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Site Id: SMB-2-9 Status: Existing Type: Open Beach 
Historical Site Id: DHS109 Subwatershed: Venice 

Beach 
BayKeeper Id: N/A 

Comments: The location is located at Venice Beach at  
Topsail Street, Venice.  No new sites were added in this 
watershed due to the lack of creeks or storm drains 
exhibiting dry weather flows.  See Thomas Guide page 
701 J2.   

 
Photograph unavailable 

 
Site Id: SMB-2-10 Status: Moved Type: Point Zero 
Historical Site Id: S11 Subwatershed: Dockweiler BayKeeper Id: s9d10 
Comments: The historical sampling site S11 is moved 
to the wave wash of Culver storm drain.  N33 57.24, 
W118 27.05.  See Thomas Guide page 702 A3.   
 

 

 
Site Id: SMB-2-11 Status: New Type: Point Zero 
Historical Site Id: N/A Subwatershed: Dockweiler BayKeeper Id: s9d50 
Comments: A new site added at the mouth of the North 
Westchester storm drain.  The outlet structure  is a 120” 
x 144” concrete box structure as see in the photograph.  
A low-flow diversion structure is currently under 
construction and is expected to become operational in 
Summer 2004.  See Thomas Guide page 702 B4. 

 

 
Site Id: SMB-2-12 Status: Existing Type: Open Beach 
Historical Site Id: DHS110 Subwatershed: Dockweiler BayKeeper Id: N/A 
Comments: The location is located on Dockweiler  
Beach, World Way extended, Playa del Rey, about 0.15 
miles south of maintenance building, south of jetty.  See 
Thomas Guide page 702 G2.   

  
Photograph unavailable 
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Site Id: SMB-2-13 Status: Moved Type: Point Zero 
Historical Site Id: S12 Subwatershed: Dockweiler BayKeeper Id: s9d70 
Comments: The location is located at an existing City 
monitoring site at the Imperial Highway storm drain.  
The outlet structure is across from lifeguard tower 56 
and is an 84” x 120” box.  A low-flow diversion has 
been constructed for this drain.  See Thomas Guide page 
702 C7.   

 

 
Site Id: SMB-2-14 Status: Existing Type: Open Beach 
Historical Site Id: DHS111 Subwatershed: Dockweiler BayKeeper Id: N/A 
Comments: The location is located on Dockweiler  
Beach, opposite of Hyperion plant, Playa del Rey (at the 
one mile outfall pipe).  See Thomas Guide page 702 C7.  

 
Photograph unavailable 

 
 
Site Id: SMB-2-15 Status: Existing Type: Point Zero 
Historical Site Id: DHS112 Subwatershed: Dockweiler BayKeeper Id: N/A 
Comments: DHS112 is located on Dockweiler Beach, at 
the outlet of Grand Ave. storm drain, which is an 18” 
drain with no observed dry weather flows.  Discharges 
from the Chevron Refinery in El Segundo may 
potentially influence bacterial counts at this location.  
See Thomas Guide page 732 D2.   

 
Photograph unavailable 

 
 
3.5 Jurisdiction 3 
 
Setting 
 
Jurisdiction 3 is comprised of five responsible agencies: City of Santa Monica (lead 
agency), City of Los Angeles, California Department of Parks and Recreation, 
Caltrans, and the County of Los Angeles.  The jurisdiction covers a small section 
from Santa Monica Canyon and north of the Santa Monica Freeway at the ocean to 
north of Marina del Rey, i.e., Venice.  The Santa Monica subwatershed, which makes 
up Jurisdiction 3, is approximately 9,182 acres.  The area breakdown by responsible 
agency is as follows: 
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City of Santa Monica (lead agency)  4,664 acres 
City of Los Angeles  4,308 acres 
California Department of Parks and 
Recreation (beaches only) 

163 acres 

Caltrans 47 acres 
County of Los Angeles 0 acres 

 
Compliance Locations 
 
Jurisdiction 3 has nine sites where compliance will be measured; of the nine, one is 
new, and the remaining eight are existing monitoring locations currently sampled by 
the City of Los Angeles or the Department of Health Services.  All but one of the 
existing monitoring locations is moved to the wave wash of a fresh water outlet.  
Approximate locations of these sites are show in Figure 7 in Appendix P.  A 
description of each compliance location and justification for its selection follows:  
 
Site Id: SMB-3-1 Status: Moved Type: Point Zero 
Historical Site Id: 
DHS104 

Subwatershed: Santa 
Monica 

BayKeeper Id: s6d232 

Comments: Montana Storm Drain, located at the end 
of Montana Avenue on Santa Monica State Beach, 
adjacent to Pacific Coast Highway.  LACDHS has 
agreed to move its station DHS104 to this new 
location at the wave wash year-round.  This storm 
drain is buried from June until the first large rain 
event.  This location is scheduled to have a diversion 
installed in Fall of 2005 to divert dry-weather runoff 
into the sanitary sewer system.  See Thomas Guide 
page 671 C1.   

 
Photograph unavailable 

 
Site Id: SMB-3-2 Status: Moved Type: Point Zero 
Historical Site Id: 
DHS105 

 Subwatershed: Santa 
Monica 

BayKeeper Id: s6d235 

Comments: Wilshire Storm Drain, located at the end 
of Wilshire Boulevard on Santa Monica State Beach,  
Adjacent to Pacific Coast Highway.  LACDHS has 
agreed to move its station DHS105 to this new 
location at the wave wash year-round.  This storm 
drain is buried from June to the first large rain event.  
This location scheduled to have a diversion installed 
in Fall of 2005 to divert dry-weather  runoff into the 
sanitary sewer system.  See Thomas Guide page 671 
D2 .   
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Site Id: SMB-3-3 Status: Moved Type: Point Zero 
Historical Site Id: S5  Subwatershed: Santa 

Monica 
BayKeeper Id: s7d5 

Comments: Santa Monica Pier Storm Drain: This 
existing site is situated under the Pier on Santa 
Monica State Beach.  City of Los Angeles tests water 
quality south of the end of the Pier.  This storm drain 
is generally blocked from June to the first large storm 
event.  It also has a diversion to the Santa Monica 
Urban Runoff Treatment Facility to minimize flows 
during winter dry weather.  See Thomas Guide page 
671 E3.   

 
Photograph unavailable 

 
Site Id: SMB-3-4 Status: Moved Type: Point Zero 
Historical Site Id: S6  Subwatershed: Santa 

Monica 
BayKeeper Id: s7d10 

Comments: This site is situated at the wave wash of 
Pico-Kenter Storm Drain.  The Pico-Kenter Storm 
Drain is generally blocked by sand from June to the 
first large storm event.  It also has a diversion to the 
Santa Monica Urban Runoff Treatment Facility to 
minimize flows during winter dry weather.  See 
Thomas Guide page 671 E3. 

 

 
Site Id: SMB-3-5 Status: Moved Type: Point Zero 
Historical Site Id: S7 Subwatershed: Santa 

Monica 
BayKeeper Id: s7d20 

Comments: This site is situated at the wave wash of 
Ashland Storm Drain.  Sampling is proposed at the 
wave wash because dry-weather flow is observed 
periodically from this storm drain, despite an existing 
diversion structure.  The County is currently 
designing a new diversion structure for this storm 
drain; it is scheduled to become operational in 
Summer 2005.  See Thomas Guide page 671 F5. 
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Site Id: SMB-3-6 Status: New Type: Point Zero 
Historical Site Id: N/A Subwatershed: Santa 

Monica 
BayKeeper Id: s7d50 

Comments: This is a new site at the wave wash of 
Rose Avenue Storm Drain.  The storm drain outlet is 
located at the end of Rose Avenue on Venice Beach.  
The County is currently designing a diversion 
structure for this storm drain; it is scheduled to 
become operational in Summer 2005.  See Thomas 
Guide page 671 F5. 

 

 
Site Id: SMB-3-7 Status: Moved Type: Point Zero 
Historical Site Id: 
DHS107 

Subwatershed: Santa 
Monica 

BayKeeper Id: s7d70 

Comments: This site is situated at the wave wash of 
Brooks storm drain.  LACDHS has agreed to move its 
station DHS107 to the wave wash of the storm drain 
year-round.  The storm drain outlet is located at the 
end of Brooks Ave on Venice Beach.  The existing 
non-operational diversion structure is scheduled to be 
upgraded by the end of 2004.  See Thomas Guide 
page 671 G6. 

 

 
Site Id: SMB-3-8 Status: Moved Type: Point Zero 
Historical Site Id: S8 Subwatershed: Santa 

Monica 
BayKeeper Id: s7d80 

Comments: This site is an existing site currently 
monitored by the City of Los Angeles at Venice 
Pavillion and outlets at the end of Windward Ave.  
See Thomas Guide page 671 G6. 

 

 
Site Id: SMB-3-9 Status: Existing Type: Open Beach 
Historical Site Id: 
DHS106 

Subwatershed: Santa 
Monica 

BayKeeper Id: N/A 

Comments: This site is an existing site at Santa 
Monica State Beach at Strand St, in front of the 
restrooms.  See Thomas Guide page 671 F4. 

 

Photograph unavailable 
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3.6 Jurisdiction 4 
 
Setting 
 
Jurisdiction 4 is comprised of three responsible agencies: City of Malibu (primary), 
County of Los Angeles, and Caltrans.  The Jurisdiction covers the Nicholas Canyon 
watershed as defined by the Regional Board.  The limits of this area range from the 
southern edge of Leo Cabrillo State Beach to Los Aliso Creek.  The Nicholas Canyon 
subwatershed encompasses approximately 1,212 acres, which fall under the 
jurisdiction of the responsible agencies as follows: 
 

City of Malibu (lead agency)   961 acres 
County of Los Angeles 232 acres 
Caltrans    19 acres 

 
Compliance Location 
 
Jurisdiction 4 has one site where compliance will be measured.  The approximate 
location of this site is shown in Figure 8 in Appendix P.  The site is an existing beach 
monitoring locations currently sampled by LACDHS.   
 
Site Id: SMB-4-1 Status: Moved Type: Point Zero 
Historical Site Id: 
DHS009 

Subwatershed: Nicholas BayKeeper Id: N/A 

Comments:  The historical station DHS009 on 
Nicholas Beach is moved to the wave wash of San 
Nicholas Canyon.  This is site mug114 in the State 
Water Resources Control Board report “Discharges 
into State Water Quality Protection Areas”. See 
Thomas Guide page 626 B6. 

 
 
3.7 Jurisdiction 5 
 
Setting 
 
Jurisdiction 5 is comprised of five responsible agencies: City of Manhattan Beach 
(lead agency), City of El Segundo, City of Hermosa Beach, County of Los Angeles, 
and Caltrans.  The jurisdiction covers the Hermosa subwatershed as defined by the 
Regional Board.  The limits of this area range from the north boundary of Manhattan 
Beach to just south of the Hermosa Beach Pier.  The Hermosa subwatershed 
encompasses approximately 2,718 acres.  The area breakdown by responsible agency 
is as follows: 
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Manhattan Beach (lead agency) 1,971 acres 
Hermosa Beach  602 acres 
County of Los Angeles  100 acres 
Caltrans 24 acres 
El Segundo   21 acres 

 
Compliance Locations 
 
Jurisdiction 5 has five sites where compliance will be measured.  Of the five, two are 
historical sites being moved to point zero, and the remaining three are unmoved 
historical beach monitoring locations sampled by the City of Los Angeles or 
LACDHS.  The approximate locations of these sites are shown in Figure 9 in 
Appendix P.  A description of each compliance location and justification for its 
selection follows: 
 
Site Id: SMB-5-1 Status: Existing Type: Open Beach 
Historical Site Id: S13 Subwatershed: Hermosa BayKeeper Id: N/A 
Comments: This is an existing site monitored by the 
City of Los Angeles at the end of 40th Street in 
Manhattan Beach.  This site is monitored because it is a 
located between 36th and 45th Streets at the frequently 
visited El Porto beach.  There are no major drains at 
this location.  All of the boxes that discharge to the 
beach are small area drains that only handle runoff 
from the El Porto parking lot.  Discharges from the 
Chevron Refinery in El Segundo may potentially 
influence bacterial counts at this location.  See Thomas 
Guide page 732 E4.   

 

 
Site Id: SMB-O-6 Status: Observation Frequency: TBD 
Historical Site Id: N/A Subwatershed: Hermosa BayKeeper Id: s10d20 
Comments:  This is a 24” storm drain on Manhattan 
Beach, a couple of hundred feet north of SMB-5-2 
(DHS113).  One year after the initiation of the flow 
observation program, the Regional Board will evaluate 
the data to determine whether this location should be 
added as a compliance monitoring site. 
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Site Id: SMB-5-2 Status: Moved Type: Point Zero 
Historical Site Id: 
DHS113 

Subwatershed: Hermosa BayKeeper Id: s10d30 

Comments: This relocated site is situated at the 
terminus of the 28th Street drain in Manhattan Beach.  
The outlet is a 6’ wide by 4’ high box structure and has 
a drainage area of 1,473 acres.  LACDHS has agreed to 
move its station DHS113 to the wave wash of this drain 
year-round.  A low-flow diversion structure for this 
storm drain is currently under construction and is 
expected to become operational in Summer 2004.  See 
Thomas Guide page 732 E5.  
 
Site Id: SMB-5-3 Status: Moved Type: Point Zero 
Historical Site Id: S14 Subwatershed: Hermosa BayKeeper Id: s11d002 
Comments: This is a relocated historical site monitored 
by the City of Los Angeles at the Manhattan Beach pier.  
There are two storm drain outfalls at this location.  Both 
drains are less than 36” in diameter, but southern one 
(s11d002), at the wave wash of which the sample is to 
be collected, has a drainage area of 70 acres.  This drain 
is equipped with a low-flow diversion that diverts dry-
weather flow to the sanitary sewer system.  See Thomas 
Guide page 732 F6. 

 
 
Site Id: SMB-5-4 Status: Existing Type: Open Beach 
Historical Site Id: 
DHS114 

Subwatershed: Hermosa BayKeeper Id: N/A 

Comments: This is an existing site monitored by 
LACDHS at an open beach near 26th Street on Hermosa 
Beach.  No new site is proposed because no dry weather 
flows were observed during field surveys.  See Thomas 
Guide page 762 F1. 
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Site Id: SMB-5-5 Status: Existing Type: Open Beach 
Historical Site Id: S15 Subwatershed: Hermosa BayKeeper Id: N/A 
Comments: This is an existing site monitored by the 
City of Los Angeles at the Hermosa Beach pier.  No 
new site is proposed because no dry weather flows were 
observed during field surveys.  See Thomas Guide page 
762 G2. 

 
 
 
3.8 Jurisdiction 6 
 
Setting 
 
Jurisdiction 6 is comprised of six responsible agencies: Cities of Manhattan Beach, 
Hermosa Beach, Redondo Beach (lead agency) and Torrance, County of Los Angeles, 
and Caltrans.  The jurisdiction covers the Redondo sub-watershed as defined by the 
Regional Board.  The limits of this area range from just north of the south boundary 
of Hermosa Beach and just south of Artesia Blvd. in Redondo Beach to the south city 
limits of Torrance.  The combined size of the jurisdiction is approximately 5,377 
acres.  The area breakdown by responsible agency is as follows: 
 

City of Redondo Beach (lead agency) 2,632 acres 
City of Torrance  2,289 acres 
City of Hermosa Beach 299 acres 
County of Los Angeles  72 acres 
City of Manhattan Beach  52 acres 
Caltrans  42 acres 

 
Compliance Locations 
 
Jurisdiction 6 has five sites where compliance will be measured.  Of the five, one is 
new, two are historical sites moved to point zero, and the remaining two are historical 
sties not being moved.  The approximate locations of these sites are shown in Figure 
10 in Appendix P.  A description of each compliance location and justification for its 
selection follows: 
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Site Id: SMB-6-1 Status: Moved Type: Point Zero 
Historical Site Id: 
DHS115 

Watershed: Redondo BayKeeper Id: s12d30 

Comments:  Herondo storm drain, which drains the 
most northerly sub-watershed of Jurisdiction Group 6.  
This outlet is observed to have significant flow during 
dry weather.  The County has constructed a dry-
weather diversion that diverts a part of the dry-weather 
flow.  The outlet is a 14’ by 12’ box structure and has a 
drainage area of 2,823 acres.  LACDHS has agreed to 
move its station DHS115 to this new location.  See 
Thomas Guide page 762 G4.  

 
Site Id: SMB-O-7 Status: Observation Frequency: TBD 
Historical Site Id: 
N/A 

Subwatershed: 
Redondo 

BayKeeper Id: s13d40 

Comments:  This is the outlet of a 36” storm drain 
under the Redondo Beach Pier.  One year after the 
initiation of the flow observation program, the 
Regional Board will evaluate the data to determine 
whether this location should be added as a compliance 
monitoring site.   

 
Site Id: SMB-6-2 Status: Existing Type: Open Beach 
Historical Site Id: S16 Subwatershed: Redondo BayKeeper Id: N/A 
Comments:  This is an existing site monitored by the 
City of Los Angeles near the Redondo Beach pier.  
Two storm drain outfalls drain to the beach at this 
monitoring location however, neither outlet meets the 
definition of a major drain.  The site is located 
approximately 100 yards south of the pier in front of 
life guard station shown in the accompanying 
photograph.  See Thomas Guide page 762 H5. 
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Site Id: SMB-6-3 Status: New Type: Point Zero 
Historical Site Id: N/A Subwatershed: Redondo BayKeeper Id: S14d30 
Comments:  The outlet is located on the projection of 
Sapphire Street.  This outlet has a small amount of 
dry-weather flow.  The outlet is a 4’ x 4’ box structure 
with a watershed area of 148 acres.  This site is 
influenced by tidal conditions and therefore will 
subject to special sampling requirements described in 
Section 4.1 Sampling Schedule.  See Thomas Guide 
page 762 H6. 

 
 
Site Id: SMB-6-4 Status: Existing Type: Open Beach 
Historical Site Id: 
DHS116 

Subwatershed: Redondo BayKeeper Id: N/A 

Comments:  This is an existing site monitored by 
LACDHS approximately 120 feet north of the Topaz 
groin.  There are no storm drain outlets near this site.  
See Thomas Guide page 762 H6. 

 
 
Site Id: SMB-6-5 Status: Moved Type: Point Zero 
Historical Site Id: S17 Subwatershed: Redondo BayKeeper Id: s14d50 
Comments:  This is a relocated historical site.  The 
original location, City of Los Angeles’ station S17 at 
Avenue I, has been moved to the wave wash of a 48”-
storm drain located on the projection of Avenue I.  
The storm drain, which drains 212 acres, exhibits a 
small amount of dry-weather flow.  During non-
raining periods, the outlet is covered with sand and is 
marked by a yellow pole.  A  low-flow diversion for 
this storm drain is scheduled to be constructed by 
Summer 2005.  See Thomas Guide page 792 H1.   
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Site Id: SMB-O-8 Status: Observation Frequency: TBD 
Historical Site Id: 
N/A 

Subwatershed: 
Redondo 

BayKeeper Id: s14d70 

Comments: This is the outlet of a 32” storm drain on 
Torrance Beach near Via Riviera.  The parking lot 
shown in the accompanying photograph is located at 
the end of S. Esplanade Ave.  One year after the 
initiation of the flow observation program, the 
Regional Board will evaluate the data to determine 
whether this location should be added as a compliance 
monitoring site.   

 
Site Id: SMB-6-6 Status: Existing Type: Open Beach 
Historical Site Id: S18 Subwatershed:  

Redondo 
BayKeeper Id: N/A 

Comments: This open beach site is currently 
monitored by the City of Los Angeles Bureau of 
Sanitation in Malaga Cove.  See Thomas Guide page 
792 H3. 

 
Photograph unavailable 

 
 
3.9 Jurisdiction 7 
 
Setting 
 
Jurisdiction 7 has unique characteristics that differentiate it from other Santa Monica 
Bay Watershed groups.  Many of the storm drains on the Palos Verdes Peninsula 
outfall along steep bluff faces up to one hundred feet high.  Some storm drains outfall 
at rocky points without safe access to the shoreline. 
 
Jurisdiction 7 is comprised of six responsible agencies: the cities of Rancho Palos 
Verdes (lead agency), Palos Verdes Estates, Los Angeles, Rolling Hills, Rolling Hills 
Estates, and County of Los Angeles.  The Jurisdiction covers a single subwatershed 
of the Palos Verdes Peninsula encompassing approximately 10,308 acres.  The area 
breakdown by responsible agency is as follows12: 

                                                 
12 July 25, 2003 letter from Dennis A.  Dickerson, Executive Officer, LARWQCB to Responsible 
Jurisdictions and Responsible Agencies under the Santa Monica Bay Beaches Bacteria TMDLs.  In 
addition, this listing reflects the redrawing of the Jurisdiction 6 and 7 boundary, which moves the City 
of Redondo Beach, City of Torrance, and Caltrans from Jurisdiction 7 to Jurisdiction 6.   
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City of Rancho Palos Verdes (lead 
agency) 

5,837 acres 

City of Palos Verdes Estates  2,790 acres  
City of Los Angeles   957 acres 
City of Rolling Hills  426 acres 
City of Rolling Hills Estates  298 acres 
County of Los Angeles 48 acres 

 
Jurisdiction 7 employed a number of resources and techniques to identify, locate and 
evaluate major drains in accordance with the Guidelines for Establishing Monitoring 
Site Locations.  These included: 
 

• Reviewing available storm drain maps 
• Reviewing the Dry Weather Characterization Study prepared by the County 

Sanitation Districts of Los Angeles 
• Conducting field reconnaissance where safe access could be made 
• Discussions with field personnel at City of Los Angeles EMD 
• Examining aerial photographs of the Palos Verdes coastline 

 
Compliance and Observation Locations 
 
Jurisdiction 7 has identified nine sites where compliance will be monitored .  Of the 
nine compliance monitoring sites, one is new and eight are historical shoreline 
monitoring locations.  Jurisdiction 7 also has one observation site, which will be 
observed weekly for dry-weather flow.  The approximate locations of the JG7 
compliance and observation sites are shown in Figure 11 in Appendix P.  A 
description of each compliance monitoring site and basis for selection follow: 
 
Site Id: SMB-7-1 Status: Existing Type: Open Beach 
Historical Site Id: 
LACSDM 

Subwatershed:   
Palos Verdes Peninsula 

BayKeeper Id: N/A 

Comments: This Los Angeles County Sanitation 
District’s (LACSD) historical monitoring site was 
proposed for relocation to the zero point of the stream 
where it outfalls through a drainage control structure 
immediately adjacent and up coast of the Palos Verdes 
Beach Club, however for safety reasons LACSD does 
not advise moving the monitoring location closer to 
the mouth.  This open beach site is located at 300 
Paseo Del Mar, Palos Verdes Estates.  To access the 
site, turn from Paseo Del Mar into the Malaga Cove 
International School parking lot.  Follow the asphalt 
footpath down to the base of the trail.  Sample is 
collected at the base of the Malaga Cove sign.  See 
Thomas Guide page 792 grid G3. 
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Site Id: SMB-O-9 Status: Observation Frequency: TBD 
Historical Site Id: N/A Subwatershed: Palos 

Verdes Peninsula 
BayKeeper Id: s15d40 

Comments: This site is located at 300 Paseo Del Mar, 
Palos Verdes Estates.  To access the site, turn from 
Paseo del Mar into the Malaga Cove International 
School parking lot.  Follow the asphalt footpath down 
to base of the trail.  The stormdrain is located 
approximately 50 yards southwest of the Palos Verdes 
Swim/Beach Club.  One year after the initiation of the 
flow observation program, the Regional Board will 
evaluate the data to determine whether this location 
should be added as a compliance monitoring site.  See 
Thomas Guide Page 792 Grid G3.   

 

 
Site Id: SMB-7-2 Status: Existing Type: Open Beach 
Historical Site Id: 
LACSDB 

Subwatershed:  
Palos Verdes Peninsula 

BayKeeper Id: N/A 

Comments: This open beach site is located at Bluff 
Cove: 600 Paseo del Mar, Palos Verdes Estates.  To 
access the site, park on the 700 block of Paseo del Mar 
and follow the footpath down to the base of the trail.  
Sample is collected where the path meets the 
shoreline.  See Thomas Guide page 792 grid G4.   

 
 
Site Id: SMB-7-3 Status: Existing Type: Open Beach 
Historical Site Id: 
LACSD1 

Subwatershed:  
Palos Verdes Peninsula 

BayKeeper Id: N/A 

Comments: This open beach site is at 7200 Palos 
Verdes Drive South, Rancho Palos Verdes, located 
along the private beach at Long Point.  To access the 
site, turn from Palos Verdes Drive South into the Long 
Point driveway and follow the left perimeter of the 
parking lot to the southeast corner.  By foot, follow the 
pathway past the chain link fence down to the 
shoreline.  Sample is collected directly in front of the 
concrete building.  See Thomas Guide page 822 grid 
H5. 
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Site Id: SMB-7-4 Status: Existing Type: Open Beach 
Historical Site Id:  
LACSD2 

Subwatershed:  
Palos Verdes Peninsula 

BayKeeper Id: N/A 

Comments: This open beach site is located at 6000 
Palos Verdes Drive South, Rancho Palos Verdes.  To 
access the site, turn from Palos Verdes Drive South 
into the locked gate driveway.  Alternatively, turn into 
the Abalone Cove parking lot approximately 100 yards 
northwest of the site.  Follow the unpaved road down 
past the nursery school to the lifeguard tower.  Next to 
the lifeguard tower is a stairway that leads directly 
onto the shoreline where the sample is collected.  See 
Thomas Guide page 822 grid H5.   

 

 
Site Id: SMB-7-5 Status: Existing Type: Open Beach 
Historical Site Id:  
LACSD3 

Subwatershed:  
Palos Verdes Peninsula 

BayKeeper Id: N/A 

Comments: This open beach site is located along the 
private beach fronting the Portuguese Bend Club at 
4100 Palos Verdes Drive South, Rancho Palos Verdes.  
To access this site, turn from Palos Verdes Drive South 
into the Portuguese Bend  Club driveway.  Bear right 
once past the guard and take Yacht Harbor Drive past 
the paddle tennis courts directly in front of the parking 
lot where sample is collected.  See Thomas Guide page 
823 grid C6.    
 
Site Id: SMB-7-6 Status: Existing Type: Open Beach 
Historical Site Id: 
LACSD5 

Subwatershed:  
Palos Verdes Peninsula 

BayKeeper Id: N/A 

Comments: This open beach site is located at White’s 
Point/Royal Palms County Beach: 1801 Paseo Del 
Mar, San Pedro.  To access this site, turn from Paseo 
Del Mar into the facility and follow the driveway past 
the kiosk down to the parking lot.  Walk to the right of 
the lifeguard tower.  Sample is collected just to the 
right of the jetty.  See Thomas Guide page 853 grid G1.  
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Site Id: SMB-7-7 Status: New Type: Point Zero 
Historical Site Id: -NA- 
 

Subwatershed:  
Palos Verdes Peninsula 

BayKeeper Id: N/A 

Comments: This new compliance monitoring site is 
located approximately midway between White Point 
County Beach and the Wilder Annex, at the wave wash 
of storm drain outfall shown in the photograph.  To 
access the site, park on South Paseo Del Mar, enter the 
gated driveway and follow it down.  At the end of the 
road, take the footpath down and located on the left 
side is the concrete drain.  Sample is collected where 
the stormdrain flow meets, or would meet, the waves.  
When safety is a concern, sample is collected up to 10 
meters down current.  See Thomas Guide page 853 grid 
H1.   

 

 
Site Id: SMB-7-8 Status: Existing Type: Open Beach 
Historical Site Id:  
LACSD6 

Subwatershed:  
Palos Verdes Peninsula 

BayKeeper Id: N/A 

Comments: This open beach site is located at the Point 
Fermin/Wilder Annex: 825 Paseo Del Mar,  San Pedro.  
To access the site, park on the South Paseo Del Mar 
adjacent to Meylor Street.  Follow the driveway past 
the public restroom to the bottom of the lot, go down 
the steps to another footpath that leads to a stairway.  
Sample is collected at the bottom of the stairway.  See 
Thomas Guide page 854 grid B2.   

 
 
Site Id: SMB-7-9 Status: Existing Type: Open Beach 
Historical Site Id:  
LACSD7 

Subwatershed:  
Palos Verdes Peninsula 

BayKeeper Id: N/A 

Comments: This open beach site is located at outer 
Cabrillo Beach: 3720 Stephen White Drive, San Pedro.  
To access the site, turn from Stephen M. White Drive 
into the Cabrillo gateguard driveway.  Follow the road, 
bear right past the old museum, to the lifeguard 
building.  Sample is collected directly in front of the 
lifeguard building.  See Thomas Guide page 854 grid 
C2.   
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3.10 Jurisdiction 8 (Ballona Creek Watershed) 
 
Setting 
 
Jurisdiction 8 is comprised of eight responsible agencies: Cities of Los Angeles (lead 
agency), Beverly Hills, Culver City, Inglewood, West Hollywood, Santa Monica, 
County of Los Angeles, and Caltrans.  The jurisdiction encompasses the West Los 
Angeles, Westwood Village, Culver City, Hollywood, Cienega, and Windsor Hills 
watersheds as defined by the Regional Board.  The combined size of the six 
subwatersheds in Jurisdiction 8 is approximately 82,850 acres; however, 13 acres of 
National Park Service and 414 acres of Miscellaneous State land are currently 
excluded.  The RWQCB recommended that these areas be excluded at this time, since 
the Miscellaneous State land will be covered by a separate NPDES permit issued by 
the Regional Board and the National Park Service land is accounted for in the 
reference system approach.  Leaving 82,422 acres of the effective watershed area13.  
The effective watershed area fall under the jurisdiction of the following responsible 
agencies: 
 

City of Los Angeles (lead agency) 67,024 acres 
County of Los Angeles  3,927 acres 
City of Beverly Hills   3,630 acres 
Culver City 3,234 acres 
City of Inglewood 1,935 acres 
Caltrans 1,206 acres 
City of West Hollywood  1,201 acres 
City of Santa Monica  265 acres 

 

Compliance Location 
 
Jurisdiction 8 has one site where monitoring data will be collected.  In a letter dated 
October 28, 2003, the Regional Board clarified that this location should be included 
in this Plan as a compliance site.  Refer to page 3, conclusion that was noted in the 
subject letter, “Therefore, Regional Board staff believes that it would be premature to 
require submittal of TMDL compliance plans and set interim compliance targets for 
these beach locations prior to developing the overall TMDL compliance plans and 
schedules for the proposed Malibu Creek Watershed Bacteria TMDL and the 
forthcoming Ballona Creek Watershed Bacteria TMDL.”  Thus indicating their 
implementation will be highly dependent upon the overall implementation plans 
developed to comply with the upcoming Ballona Creek Bacteria TMDLs.  The 
approximate location of this site is shown in Figure 12 in Appendix P.  A description 
of the compliance location follows: 
 

                                                 
13 The overall effective watershed area may change depending on how the Regional Board decides to 
enforce National Parks Service and Miscellaneous State area to comply with the TMDLs. 
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Site Id: SMB-BC-1 Status: Moved Type: Point Zero 
Historical Site Id: S10 Subwatershed: Ballona 

Creek 
BayKeeper Id: N/A 

Comments: The City of Los Angeles’s historical site 
S10 is to be moved to the wave wash of Ballona Creek.  
However, due to the width of the channel, the exact 
location where the sample will be collected remains to 
be determined. 

 

 

 

 
 
3.11 Jurisdiction 9 (Malibu Creek Watershed) 
 
Setting 
 
Jurisdiction 9 is comprised of 12 responsible agencies: County of Los Angeles (lead 
agency), County of Ventura, Cities of Agoura Hills, Calabasas, Hidden Hills, Malibu, 
Simi Valley, Thousand Oak, and West Lake Village; Las Virgenes Municipal Water 
District (LVMWD), California Department of Parks and Recreation, and Caltrans.  
However, only eleven are participating in this coordinated shoreline monitoring 
program.   
 
Although it is named a responsible agency under the SMBBB TMDLs, the LVMWD 
has its own waste load allocation of zero days assigned to one specific discharge 
point.  Consequently, the LVMWD’s compliance monitoring has been included in its 
NPDES permit for the Tapia Water Reclamation Plant; and therefore, participation in 
this shoreline monitoring program is not required for the LVMWD.   
 
The jurisdiction encompasses twelve subwatersheds and covers an effective area of  
approximately 55,698 acres.   
 

County of Los Angeles (lead agency) 19,890 acres 
County of Ventura  15,360 acres 
City of Thousand Oaks    6,292 acres 
City of Agoura Hills  5,178 acres 
City of Calabasas  4,279 acres 
City of West Lake Village    3,540 acres 
City of Malibu 536 acres 
Caltrans   342 acres 
City of Simi Valley  123 acres 
City of Hidden Hills  105 acres 
California Department of Parks and 
Recreation (beaches only)  

53 acres 

 

3-30  

RB-AR11592



 
 

Compliance Locations 
 
Jurisdiction 9 has three sites where compliance will be measured; all of which are 
historical sampling sites.  In a letter dated October 28, 2004, Regional Board staff 
stated that although these three sites are compliance locations for the SMBBB 
TMDLs, implementation at these sites will be highly dependent upon the overall 
implementation plan developed to comply with the recently adopted Malibu Creek 
Bacteria TMDL.  The approximate locations of the three JG9 compliance sites are 
shown in Figure 13 in Appendix P.  A description of each compliance location 
follows: 
 
Site Id: SMB-MC-1 Status: Existing Type: Open Beach 
Historical Site Id: 
DHS003 

Subwatershed: Malibu 
Creek 

BayKeeper Id:  N/A 

Comments: This existing site is situated at Malibu 
Point on Malibu State Beach.  See Thomas Guide page 
629 grid B7.   
 
 
  
 

Site Id: SMB-MC-2 Status: Existing Type: Point Zero 
Historical Site Id: S1 Subwatershed: Malibu 

Creek 
BayKeeper Id: s2d290 

Comments: This existing site is situated at the breach 
point of Malibu Lagoon on Malibu State Beach.  See 
Thomas Guide page 629 grid B7. 

 
 

Site Id: SMB-MC-3 Status: Existing Type: Open Beach 
Historical Site Id: 
DHS002 

Subwatershed: Malibu 
Creek 

BayKeeper Id: N/A 

Comments: This existing site is situated by the Malibu 
pier on Carbon Beach near the mouth of Malibu Creek.  
See Thomas Guide page 629 grid B7. 
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4.0   MATERIALS AND METHODS 
 

This section is intended to provide a uniform methodology for conducting field 
sampling and laboratory analysis of the compliance monitoring sites.  Data reporting 
procedures are also discussed.   
 
4.1 Sampling Schedule 
 
The monitoring program will begin as soon as all Memoranda of Agreement have 
been executed between the City of Los Angeles and those agencies using the City’s 
services, but no later than November 1, 2004.  Monthly updates on the progress of the 
Memorandum of Agreements will be provided to the Regional Board.   
 
The proposed compliance monitoring program comprises 67 sites monitored on a 
weekly basis.  All routine samples will be collected on Mondays, and accelerated 
samples collected on Wednesdays and Fridays.  For those sites where daily samples 
are currently collected, all data will be submitted to the Regional Board.  As of March 
2004, three agencies are prepared to handle sample collection and analysis for the 
proposed program: City of Los Angeles Environmental Monitoring Division (EMD), 
County of Los Angeles Department of Health Services (LACDHS), and Sanitation 
Districts of Los Angeles County (LACSD).  Table 4-1 below shows the sites for 
which each monitoring agency is responsible. 
 
In addition to the 67 sampling sites, the proposed program also includes nine 
observation sites as discussed in Section 3.2.  Observations will be made weekly or 
monthly at each observation site, depending on the observation site’s proximity to a 
compliance monitoring site.  Observations are expected to be made by EMD and 
LACSD.   
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Table 4-1.  Sampling Responsibilities.   

Compliance Monitoring Sites Sampling 
Agency J1 J2 J3 J4 J5 J6 J7 J8 J9 

EMD 1-02, 
1-03, 
1-06, 
1-08, 
1-10, 
1-12, 
1-13, 
1-14, 
1-16, 
1-17, 
1-18 

2-01, 
2-02, 
2-04, 
2-07, 
2-10, 
2-11, 
2-13 

3-03, 
3-04, 
3-05, 
3-06, 
3-08,

none 5-01, 
5-03, 
5-05,

6-02, 
6-03, 
6-05, 
6-06 

none BC-1 MC-2 

LACDHS 1-01, 
1-04, 
1-05, 
1-07, 
1-09, 
1-11, 
1-15,  

2-03, 
2-05, 
2-06, 
2-08, 
2-09, 
2-12, 
2-14, 
2-15 

3-01, 
3-02, 
3-07, 
3-09 

4-01 5-02, 
5-04 

6-01, 
6-04 

none none MC-1, 

MC-3 

LACSD none none none none none none 7-01, 
7-02, 
7-03, 
7-04, 
7-05, 
7-06, 
7-07, 
7-08,  
7-09 

none none 

 
 
Tidal Influence 
 
At a few freshwater outlets and storm drains, the tide may push the freshwater discharge 
back into the drain during high tide conditions.  Per an assessment done by EMD, late 
fall and winter months are most affected by the prevalence of high tides lasting more 
than a week, for possibility of sampling at an alternate time or day in the week.  For 
the five sites submerged during +3 tides  (SMB-2-2, 2-5, 2-10, 2-11, and 2-13), the 
TSC would determine in advance whether these sites can be monitored on a different 
day of the week or at a different time on the scheduled sampling day in order to avoid 
problematic tides.  During periods when it is not possible to avoid the +3 tide by 
sampling on another day or later in the morning on the same day, the sampling 
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agencies (EMD and LACDHS) should not sample.  Simply note in the database that 
this site was submerged due to a +3 tide, and could not be rescheduled within the day 
or week.   
 
In addition to the five sites that are submerged during +3 tides, other sites may 
experience reverse flow during high tides (i.e., ocean water is flowing into the drain 
or creek at point zero).  To determine tidal influence, field personnel will record tide 
height at the time of sampling and note whether reverse flow was observed.  Once in 
the lab, lab personnel will measure and record conductivity in the database.  The TSC 
and jurisdictional groups shall evaluate this data to determine what tidal level 
interferes with obtaining a sample at these sites.  It is important for purposes of 
TMDL compliance to know whether the storm drain or creek was tidally influenced, 
since the REC-1 beneficial use must be met at all times, not just during the morning 
hours when samples are collected. 
 
Shoreline samples will be collected every morning.  Sample collection must be 
conducted during daylight hours after sunrise and before sunset.  Sampling staff will 
check the weekly schedule before departure.  Samples will be collected usually 
between 7:00 a.m. and 11:00 a.m.  It is more dangerous to sample at night both due to 
an increased probability of assault and poorer vision, especially during stormy 
periods. 

 
4.2 Sampling Procedures 
 
The objective of a sampling program is to provide a representative sample for 
bacterial analysis following defined safety and quality assurance guidelines.  The 
quality assurance guidelines shall include sampling protocol as well as sample 
documentation, preservation and holding time requirements.  All contracted samplers 
or agencies (EMD, LACDHS, and LACSD) shall submit a sampling SOP for review 
by Regional Board staff.  This SOP shall be specific about safety considerations, 
sampling protocol, and quality assurance guidelines.  Appendix C (Field Sampling 
Equipment and Supply List), Appendix D (Field Sampling SOP) and Appendix L 
(Safety) provide examples of EMD’s protocols. 
 
Each sample shall be associated with recorded observations of site conditions, which 
should minimally include sample ID, collection date and time, weather conditions 
including rain measurement, sample characteristics (color and turbidity) and 
sampler's name, refer to Appendix E.  Additional information shall be recorded at the 
time of sampling of point zero freshwater outlets to provide useful site 
characterization data for the TMDL re-opener.  This should include whether the drain 
flowed, an estimation of flow, if flow reached the surf zone and whether sample 
location was moved the allowable 10 meters during wet weather.  Since samples 
collected by agencies such as City of Los Angeles-EMD, LACDHS and LACSD are 
usually associated with recorded observations of site conditions (requirement of 
POTW-NPDES permits) these forms can also be used as chain of custody 
documentation.   
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Sampling should only occur when conditions can be assessed as SAFE.  The safety of 
the sample collector is the top priority and should preclude scheduled sampling.   
 
At all sampling sites, samples will be taken at ankle depth and on an incoming wave.  
Point zero sites will have samples collected at the wave wash of the associated 
freshwater outlet year-round, except during storms or other unsafe conditions, when 
samples will be collected as close as safely possible to the wave wash, but no further 
away than 10 meters down current of the storm drain or outlet.  Also, refer to Section 
4.1 “Sampling Procedures” for how to handle tidally influenced drains.   

Procedures for missed samples 
 

For occasions when a regularly scheduled site is inaccessible causing a missed 
sample, or a sample analysis is compromised resulting in a missed sample, the site 
should be reoccupied and sampled on the earliest convenient day within the week of 
the originally scheduled sampling date.   

Procedures during Rainfall Events 
 

During rain events, the zero point sampling may be moved to a maximum of 10 
meters away from zero point for safety reasons. 

Numeric Targets 
 

The numeric targets for the SMBBB TMDLs are those specified in the Basin Plan 
amendment adopted by the Regional Board on October 25, 2001, which are the same 
as the limits specified by AB411 bathing standards and bacteriological standards for 
recreational waters (See Table 2 below).   

Waste Load Allocations 
 

Waste load allocations in the SMBBB TMDLs are expressed as an allowed number of 
exceedance days.  The number of allowable exceedance days at a given location is 
determined by the number of projected exceedance days during the 90th percentile 
year at either the designated reference site or historically at the location in question, 
whichever is lower.  Allowable exceedance days, as determined by the reference site 
method, relative to a weekly monitoring schedule, are as follows:   
 

• Summer dry-weather period = 0 allowable exceedance days; 
• Winter-dry-weather period = 1 allowable exceedance day; and 
• Wet-weather period = 3 allowable exceedance days 

Procedures following Elevated Bacterial Levels (Exceedances) 
 

For the first three years of the summer dry-weather period and the first six years of 
the winter dry-weather period, EMD, LACDHS and LACSD will conduct accelerated 
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testing 48 hours after the initial bacterial exceedances, and if necessary, EMD and 
LACSD will conduct accelerated testing 96 hours for those sites still exceeding 
bacterial indicators after 48 hours.  For locations monitored by EMD, LACDHS, and 
LACSD, accelerated sampling, if necessary, will take place on Wednesdays and 
Fridays.  Concerning analysis, all three indicator bacteria will be analyzed during 
accelerated monitoring.  For those sites monitored by the responsible agencies, not all 
sites showing exceedances may be selected for accelerated sampling due to 
operational constraints.  When this occurs, a systematic random selection of eight 
stations out of total stations showing bacterial exceedances will be made.  However, 
if a site is deemed chronically problematic by the responsible agencies within that 
jurisdictional group, the group may select that site for accelerated sampling.   
 
 
Table 4-2.  Summary of Los Angeles Basin Plan bacteriological standards for recreational waters  
(REC-1). 
 
Standard Bacterial limits 
Single sample for water 
contact1 

Density of Bacteria on a Single Sample Shall Not Exceed: 
 10,000 total coliform bacteria/100mL; or  
 400 fecal coliform bacteria/100mL; or  
 104 enterococcus bacteria/100mL; or 
 1,000 total coliform bacteria/100mL, if ratio of fecal/total 

coliform exceeds 0.1 
Rolling 30-day geometric 
mean2 

Geometric Mean of Bacteria Density over a 30-day Period Shall Not 
Exceed: 

 1,000 total coliform bacteria/100mL; or  
 200 fecal coliform bacteria/100mL; or  
 35 enterococcus bacteria/100mL 

1Regional Board Resolution 01-018 
2CA Basin Plan Res 2002-002 

 

 

The purpose of the increased monitoring is to identify the persistence of an 
exceedance, especially during dry weather when source identification will be a 
priority.  This accelerated monitoring may not be as critical during wet weather at 
every location when the source of the exceedance is known to be storm water runoff.  
Accelerated testing during wet weather will not be conducted until the fourth year re-
opener since this would not be a compliance issue until that time.   

Equipment 
 
Equipment and supplies needed for shoreline sample collection are listed in Appendix C. 

Safety 
 
In an effort to improve employee safety and health awareness and prevent occupational 
related injury and illness, the EMD and other participating laboratories have developed a 
safety program with the intention of satisfying the applicable federal, state, and local 
regulations.  For example, EMD’s Safety and Health Program is composed of specific 
elements required by Cal/OSHA General Industry Safety Order Section 5191: 
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Occupational Exposure to Hazardous Chemicals in Laboratories, and section 3203: The 
Injury and Illness Prevention Program, and any other applicable regulations.  The 
written safety plan, titled The Chemical Hygiene Plan, is available to all employees for 
review, and should be recognized as management's commitment to ensure that all 
employees carry out their work in the safest and most efficient manner possible.  EMD 
employees will be kept familiar with the division's written Chemical Hygiene Plan 
(CHP) through training, annual review and monthly staff safety meetings. 
 
It is EMD’s policy and the policy of other participating agencies to have a safe 
working environment for all of its employees and that all field and laboratory work be 
performed in a manner that provides the highest level of safety for the protection of 
every employee.  See Appendix L for detailed safety protocols. 
 
4.3 Analytical Methodology 
 
For the purpose of bacterial TMDL monitoring, seawater samples shall be tested for 
the presence of total coliform, fecal coliform, or Escherichia coli (E.  coli), and 
enterococcus bacteria.  All three of these indicator groups shall be quantified from a 
single sample collected at each designated monitoring site.  Necessary dilutions or 
aliquot volumes shall be processed to insure that reportable values can be determined.  
Bacterial results are reported as organism type per 100 mL of sample.  When 
selecting analytical bacterial methods for TMDL monitoring, the importance of fast 
recovery times (24 hours or less) should be emphasized.   
 
All laboratories performing analysis for TMDL bacterial monitoring shall maintain 
Environmental Laboratory Accreditation Program certification (ELAP administered 
by California Department of Health Services) for specified methods from ELAP's 
"Field of Testing 126: Microbiology of Recreational Water".  Additionally, all 
laboratories shall submit detailed SOPs for review by Regional Board staff.  
Appendix G provides an example of a SOP developed by the City of Los Angeles-
EMD.  Each analytical method used for the TMDL monitoring program shall be an 
approved EPA or Standard Methods for the Examination of Water and Wastewater, 
18th-20th edition (APHA 1992-98) method.  Laboratories receiving Regional Board 
approval may use other analytical bacterial methods for marine recreational and 
TMDL monitoring.  Each laboratory shall be qualified for specific methods by 
participating in an inter-calibration exercise currently being developed by SCCWRP. 

Quality Assurance/Quality Control 
 
All laboratories must employ a program that associates quality assurance with the 
laboratory facility, staff, instrumentation and equipment, materials and methods, 
media and reagents, and data validation.  These QA/QC measures may be included in 
the submitted SOPs or defined in a separate QA/QC document such as Appendix I.  
The quality assurance procedures shall be in accordance with Standard Methods for 
the Examination of Water and Wastewater, 18-20th Editions (APHA 1992-98).  All 
participating laboratories must maintain ELAP certification, provide QA/QC 
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documentation as required by Regional Board, and participate in periodic inter-
calibration exercises.   

Interlaboratory Calibration 
 
Data from several laboratories (agencies) will be utilized to comply with the 
monitoring requirements of the Santa Monica Bay Beaches Bacterial TMDLs.  At a 
minimum, the EMD, LACSD, and LACDHS laboratories will participate in this 
monitoring program.  In order to ensure that these data are comparable relative to the 
level of quality, the participating laboratories will be requested to participate in 
quality assurance exercises.  These QA exercises are meant to ensure standardization 
of sampling, analytical, and data handling/reporting methodologies and procedures, as 
well as intercalibration of the laboratories. 
 
For the inter-laboratory calibration exercise, a performance-based approach will be 
used to ensure that data from participating laboratories are comparable.  A calibration 
exercise utilizing a common sample will be analyzed by each laboratory.  All 
participating labs will be required to fall within a +/- 0.5 median log count 
comparability goal (Noble et al. 1999) 
 
Data Translation 
 
The IDEXX chromogenic substrate method E. coli  results will be converted to fecal 
coliform data by implementing a 1:1 translator.  The application of a 1:1 translator 
was  approved by the Los Angeles Regional Water Quality Control Board in October 
2002  after review of the  IDEXX and Membrane Filtration Study conducted by the 
City of Los Angeles (approval letter dated October 16, 2002, from Dennis Dickerson, 
Executive Officer). 
 
4.4 Data Management and Reporting 

Data Tabulation  
 
Results will be entered into Excel spreadsheets that automatically compute results 
(MPN/100 mL for CS analysis and CFU/100 mL for MF analysis).  These results will 
be given secondary review, corrected as needed, to ensure error-free data entry.  
Examples of microbiology’s data worksheets can be found in Appendix E.  Data 
acquisition, validation, reduction, and reporting procedures can be found in 
Appendix H.   

Data Format and Archive  
 
All data collected will be archived within the City of Los Angeles’ Environmental 
Monitoring Division (EMD) LIMS database or comparable database.  For non-City of 
Los Angeles monitoring agency performing bacteriological analyses, data will need 
to be submitted to EMD electronically in a comma-separated value (CSV) format on 
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a daily basis that contains the following table structure (Table 3) and syntax provided 
in Appendix J.  The City of Los Angeles’ ICSD staff will ensure electronic 
submissions of data are parsed and stored correctly into the LIMS database.   

“Wet Weather” Determination 
 
The SMBBB Wet Weather TMDL defines “wet weather” as “days with 0.1 inch of 
rain or greater and the three days following the rain event (Attachment A to 
Resolution No.  2002-022, Page 4); however, the TMDL does not specify where the 
0.1 inch of rain is to be measured.  For clarification, the Technical Steering 
Committee has proposed, in Table 4-3, a set of rainfall gages this shoreline 
monitoring program will use to determine wet weather days.  The locations of these 
rain gages are illustrated in Figure 14 in Appendix P. 
 
Table 4-3.   Summary of rainfall gages to be used for the proposed shoreline monitoring program.   

Jurisdictional Group Rainfall Gages Comment 

1a (Corral subwatershed and 
west)) 

Lechuza Patrol (454) 

 

LACDPW “ALERT” 
Station 

1b (Carbon subwatershed 
and east) 

Big Rock Mesa (320) 

 

LACDPW “ALERT” 
Station 

2a (north) Big Rock Mesa (320) LACDPW “ALERT” 
Station 

2b (south) LAX National Weather Service 

3 Ballona Creek (370) LACDPW “ALERT” 
Station 

4 Lechuza Patrol (454) LACDPW “ALERT” 
Station 

5 LAX National Weather Service 

6 Redondo Beach City 
Hall (42C) 

LACDPW non-recording 
gage  

7  LACSD – Inside Paseo 
del Mar pumping station 
at Western and Paseo del 
Mar,   

LACSD  non-recording 
gage 

8 (Ballona Creek watershed) Ballona Creek (370) LACDPW “ALERT” 
Station 

9 (Malibu Creek watershed) Agoura (317) 

 

LACDPW “ALERT” 
Station 
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The proposed gages include four ALERT (Automatic Local Evaluation in Real-Time) 
stations and one non-recording rain gage station owned and operated by the County 
of Los Angeles.  The ALERT stations use tipping buckets with electronic datalogger 
and real-time radio frequency data telemetry.  Data can be obtained at 
http://www.ladpw.org/wrd/precip/ under “Near Real-Time Precipitation Map.”  The 
webpage displays 1, 3, 6, 12, 24, 36, 48, and 72 hours accumulated precipitation as 
well as the last 30 days of precipitation data for all of the County’s 62 ALERT 
rainfall gages, and is updated every 10 minutes.  The City of Redondo Beach will 
provide data from the non-recording gage to the City of Los Angeles Environmental 
Monitoring Division.  When data from Redondo Beach is not available, data from the 
LAX rain gage will be used as an alternative.  Data from the LAX rain gage can be 
accessed on the internet at http://www.nwsla.noaa.gov/climate/climate.html.   
 
It is important to note that the LACDHS will continue to issue rain advisories based 
on data from the National Weather Service’s rain gage at USC.  EMD will coordinate 
with LACDHS, when necessary, to schedule accelerated sampling at LACDHS 
sampling sites.   
 
EMD intends to monitor rainfall data  from the USC, LAX and two north Santa 
Monica Bay rain gages (454 and 318) to assess whether the multi-rain gage approach 
truly has merit, or if it should be modified or eliminated to streamline the data 
management process.  EMD and the TSC will work with Regional Board staff to 
make that determination.   

Exceedance Determination and Accelerated Sampling 
 
Bacteriological data will be summarized in tabular form on a daily basis by EMD’s 
Microbiology Unit.  Exceedances will be clearly notated and triggers indicating 
“accelerated monitoring needed” will be programmed into the report.  Summer dry 
weather, winter dry weather, and Wet-Weather spreadsheets with triggers will be 
created.  When bacterial levels no longer exceed AB411 standards, a trigger to return 
to weekly sampling will be programmed.   
 
Each monitoring agency (EMD, LACDHS, and LACSD) will be responsible for 
performing its own compliance checking against AB411 standards and accelerating 
monitoring as required.  The 96-hour accelerated testing will be conducted by EMD 
and LACSD.   
  

Data Reporting  
 
Monthly data summary reports will be submitted to the Regional Board by the last 
day of each month for data collected during the previous month.  Two agencies will 
submit the monthly reports on behalf of all responsible agencies: EMD on behalf of 
Jurisdictional Groups 1 through 6, 8, and 9; and LACSD on behalf of Jurisdictional 
Group 7.  LACDHS will submit its data to EMD for compilation for submittal to the 
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Regional Board.  Copies of the monthly reports will be distributed to the lead agency 
of the appropriate jurisdictional group.  If requested, the lead agency of each 
jurisdictional group will distribute the monthly reports to the responsible agencies 
within their respective jurisdictional group.   
 
For EMD, laboratory results will be entered into Microsoft Excel spreadsheets that 
automatically compute results (MPN/100 mL or CFU/100 mL).  All monitoring 
agencies (EMD, LACSD, and LACDHS) will archive their own data within LIMS or 
a comparable database.  Please see Appendix H, “Data Acquisition, Reduction, 
Validation, and Reporting Procedures.” 
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APPENDIX A 
Development History of SMBBB TMDLs 

 
In December 1997, the Natural Resources Defense Council (NRDC), acting as legal 
representative for Heal the Bay, Inc., and Santa Monica BayKeeper, Inc., filed a Notice 
of Intent to sue the United States Environmental Protection Agency (EPA) over failure of 
the Regional Water Quality Control Board, Los Angeles (RWQCB), to adequately 
implement the 303(d)/TMDL Program.  In December 1998, NRDC and BayKeeper 
entered into a Federal Consent Decree with EPA.  The Consent Decree established 92 
TMDL analytical units, which are water quality limited segments and associated 
pollutants for which TMDLs must be developed.  Specific dates were established for 
development of some of these TMDL analytical units.  The Santa Monica Bay Beaches 
Bacterial TMDL (SMBBB TMDL) unit had a required completion date of March 2002.  
During development of the SMBBB TMDL, the Regional Board bifurcated the TMDL 
into two – one for dry weather periods and one for wet weather periods.  The SMBBB 
TMDLs were not completed by the March 2002 deadline.  The Consent Decree then 
allowed USEPA one year to promulgate the TMDLs.  That one-year date, March 2003, 
was missed also, but the TMDLs were so close to EPA approval that no objections were 
raised.  EPA approved the two SMBBB TMDLs and both became effective July 15, 
2003.  Both TMDLs require the responsible jurisdictions and responsible agencies to 
submit a coordinated, shoreline monitoring plan within 120 days after the effective date 
of the TMDLs (see Resolution 2002-004, attachment A, Table 7-4.3 and Resolution 
2002-022, attachment A, Table 7-4.7). 

The Santa Monica Bay beaches were designated as impaired and included on California’s 
1998 CWA §303(d) list of impaired waters due to excessive amounts of coliform 
bacteria.  In July 1999, a committee was formed to oversee the wet-weather dynamic 
modeling program for the Los Angeles River and Santa Monica Bay watersheds.  The 
purpose of this committee was to design and initiate a wet-weather land use study for 
both watersheds in order to develop fate and transport models for several pollutants in the 
watersheds.  Its members included representatives from the RWQCB, Southern 
California Coastal Water Research Project (SCCWRP), Heal the Bay, the City of Los 
Angeles, the County of Los Angeles, County Sanitation Districts of Los Angeles County, 
and the Santa Monica Bay Restoration Project (TMDL Draft – Version 4, footnote 3).  
Many of the responsible jurisdictions, notably the smaller beach cities, were not 
represented on this committee.  This wet-weather, land use study committee last met in 
2001. 

In October 2001, Resolution 2001-018, revising bacteriological water quality standards 
for Water Contact Recreation (REC-1) beneficial use in the Los Angeles Basin Plan, was 
adopted by the LARWQCB.  The full significance of this REC-1 revision was not fully 
understood by most beach cities until the first draft of the SMBBB TMDL was released 
for public review and comment a month later in November 2001, too late for comment on 
the REC-1 standard.  The TMDL divided the year into three separate periods for 
compliance purposes, each with specific requirements.  The periods were summer dry-
weather (April 1 – October 31), winter dry-weather (November 1 – March 31), and wet-
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weather (days with ≥ 0.1 inches of precipitation and the three days following the end of 
the rain event). 

By January 2002, it became apparent that more work needed to be done for the wet-
weather period.  The RWQCB then bifurcated the wet- and dry-weather portions of the 
TMDL, and only the dry-weather portion was adopted in January 2002.  In April 2002, 
the RWQCB staff briefed responsible jurisdictions on the proposed wet-weather TMDL.  
The RWQCB staff agreed to utilize the City of Los Angeles’ cost estimates for end-of-
pipe treatment facilities.  Additionally, the Regional Board staff was receptive to the City 
of Los Angeles’s Integrated Resources Approach as an implementation option and to 
allowing an implementation schedule of more than 10 years, provided the proposal had 
well defined milestones to achieve compliance. 

A preliminary draft of the Santa Monica Bay beaches wet-weather bacterial TMDL was 
released in June 2002 by the RWQCB and a “final” draft in August 2002.  These drafts 
included an Integrated Resources Approach as a viable implementation option, and 
proposed an 18-year compliance schedule with interim compliance milestones and 2020 
as the final implementation deadline.  At a Public Hearing in September 2002 before the 
Los Angeles RWQCB, there was much criticism by environmental stakeholders of the 
18-year compliance schedule.  The Board wanted to reduce it to 10 years, but they and 
the environmental groups liked the concept of an Integrated Resources Approach to 
capture and beneficially use stormwater runoff.  To encourage this approach, the Board 
directed RWQCB staff to revise the TMDL compliance schedule so that a longer, up to 
18 years, compliance schedule could be granted to those dischargers proposing to use the 
Integrated Resources Approach, but the compliance schedule would remain up to 10 
years for those dischargers not proposing to beneficially use the water.  The SMBBB 
TMDL for wet weather finally was adopted in December 2002.   

Both the SMBBB dry- and wet-weather TMDLs were approved by EPA in June 2003 and 
became effective on July 15, 2003.  The final staff report for the dry-weather TMDL is 
dated January 14, 2002, and November 7, 2002, for the wet-weather TMDL. 
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APPENDIX B 
Compliance Monitoring Sites and Observational Sites 

Table  B-1.  Jurisdictional Group 1 compliance monitoring sites
STATION 

NAME
TYPE

BAYKEEPER 

ID

DESCRIPTION (including 

historical site ID, if any)

LOW FLOW 

DIVERSION
SUBWATERSHED

SAMPLING 

AGENCY

SMB-1-1 Point Zero sad50 Arroyo Sequit Creek at Leo 

Carrillo State Beach (DHS010)

No 34.04558 -118.93336 Arroyo Sequit LACDHS

SMB-1-2 Open Beach N/A El Pescador State Beach -- TBD TBD Los Aliso EMD

SMB-1-3 Open Beach N/A El Matador State Beach -- TBD TBD Encinal EMD

SMB-1-4 Point Zero sad920 Trancas Creek at Broad Beach 

(DHS008)

No TBD TBD Trancas LACDHS

SMB-1-5 Point Zero sad1070 Zuma Creek at Zuma Beach 

(DHS007)

No TBD TBD Zuma LACDHS

SMB-1-6 Point Zero s1d30 "Walnut Creek" in Paradise 

Cove

No 34.01375 -118.79100 Ramirez EMD

SMB-1-7 Point Zero s1d50 Ramirez Canyon at Parasise 

Cove Pier (DHS006)

No 34.02032 -118.78600 Ramirez LACDHS

SMB-1-8 Point Zero s1d150 Escondido Creek, just east of 

Escondido State Beach

No 34.02551 -118.76500 Escondido EMD

SMB-1-9 Point Zero s1d240 Latigo Canyon, adjacent the 

Tivoli Bay Villa Treatment Plant 

(DHS005)

No 34.02895 -118.75300 Latigo LACDHS

SMB-1-10 Point Zero s1d290 Solstice Creek at Dan Blocker 

County Beach

No 34.03297 -118.74100 Solstice EMD

SMB-1-11 Point Zero s1d320 Un-named creek at Puerco 

Beach (DHS004)

No 34.03328 -118.73300 Corral LACDHS

SMB-1-12 Point Zero s2d170 Marie Canyon storm drain at 

Puerco Beach

No 34.03072 -118.71000 Corral EMD

SMB-1-13 Point Zero s3d10 Sweetwater Canyon on Carbon 

Beach

No 34.03811 -118.67300 Carbon EMD

SMB-1-14 Point Zero s3d150 Las Flores Creek at Las Flores 

State Beach

No 34.03684 -118.63600 Las Flores EMD

SMB-1-15 Open Beach N/A Big Rock Beach (DHS001) -- 34.03670 -118.61012 Piedra Gorda LACDHS

SMB-1-16 Point Zero s4d60 Pena Creek at Las Tunas 

County Beach

No 34.03933 -118.59600 Pena EMD

SMB-1-17 Point Zero s5d175 Tuna Canyon No 34.03936 -118.58900 Tuna EMD

SMB-1-18 Point Zero s5d315 Topanga Canyon at Topanga 

State Beach (S2)

No 34.03814 -118.58200 Topanga EMD
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Table  B-2.  Jurisdictional Group 2 compliance monitoring sites
STATION 

NAME
TYPE

BAYKEEPER 

ID

DESCRIPTION (including 

historical site ID, if any)

LOW FLOW 

DIVERSION
SUBWATERSHED

SAMPLING 

AGENCY

SMB-2-1 Point Zero s5d480 Castlerock (Parker Mesa) 

storm drain

Summer 

2006

34.04135 -118.56600 Castlerock EMD

SMB-2-2 Point Zero s6d30 Santa Ynez storm drain Summer 34.03801 -118.55500 Santa Ynez EMD

SMB-2-3 Open Beach N/A Will Rogers State Beach, 1/4 

mile east of Gladstone's 

restaurant (DHS101)

-- 34.03934 -118.55052 Santa Ynez LACDHS

SMB-2-4 Point Zero s6d109, 110 Pulga storm drain (S3) Summer 34.03757 -118.54200 Santa Ynez EMD

SMB-2-5 Point Zero s6d100 Bay Club Storm drain in front of 

the Bel Air Bay Club (DHS102)

No 34.03837 -118.54400 Santa Ynez LACDHS

SMB-2-6 Point Zero s6d140 Temescal Canyon storm drain 

(DHS103)

Yes 34.03473 -118.53600 Pulga LACDHS

SMB-2-7 Point Zero s6d230 Santa Monica Canyon Yes 34.02784 -118.51800 S.M. Canyon EMD

SMB-2-8 Open Beach N/A Venice Beach, 50 yards south 

of the pier (DHS108)

-- 33.97826 -118.46714 Marina Del Rey LACDHS

SMB-2-9 Open Beach N/A Venice Beach at Topsail Street 

(DHS109)

-- 33.96768 -118.45994 Marina Del Rey LACDHS

SMB-2-10 Point Zero s9d10 Culver storm drain (S11) No 33.95641 -118.45100 Dockweiler EMD

SMB-2-11 Point Zero s9d50 North Westchester storm drain Summer 33.94447 -118.44400 Dockweiler EMD

SMB-2-12 Open Beach N/A Dockweiler Beach at World 

Way (DHS110)

-- 33.94064 -118.44226 Dockweiler LACDHS

SMB-2-13 Point Zero s9d70 Imperial storm drain (S12) Yes 33.93005 -118.43600 Dockweiler EMD

SMB-2-14 Open Beach N/A Dockweiler Beach opposite the 

Hyperion Treatment Plant 

(DHS111)

-- 33.92331 -118.43326 Dockweiler LACDHS

SMB-2-15 Point Zero N/A Dockweiler Beach, at the wave 

wash of Grand Avenue storm 

drain outlet (DHS112)

-- 33.91592 -118.42926 Dockweiler LACDHS

COORDINATES
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Table  B-3.  Jurisdictional Group 3 compliance monitoring sites
STATION 

NAME
TYPE

BAYKEEPER 

ID

DESCRIPTION (including 

historical site ID, if any)

LOW FLOW 

DIVERSION
SUBWATERSHED

SAMPLING 

AGENCY

SMB-3-1 Point Zero s6d232 Montana storm drain (DHS104) Fall 2005 34.02061 -118.50900 Santa Monica LACDHS

SMB-3-2 Point Zero s6d235 Wilshire storm drain (DHS105) Fall 2005 34.01535 -118.50200 Santa Monica LACDHS

SMB-3-3 Point Zero s7d5 Santa Monica Pier storm drain 

(S5)

Yes 34.00870 -118.49600 Santa Monica EMD

SMB-3-4 Point Zero s7d10 Pico-Kenter storm drain (S6) Yes 34.00615 -118.49100 Santa Monica EMD

SMB-3-5 Point Zero s7d20 Ashland storm drain (S7) Summer 33.99702 -118.48400 Santa Monica EMD

SMB-3-6 Point Zero s7d50 Rose storm drain Summer 33.99398 -118.48100 Santa Monica EMD

SMB-3-7 Point Zero s7d70 Brooks storm drain (DHS107) Yes 33.98946 -118.47700 Santa Monica LACDHS

SMB-3-8 Point Zero s7d80 Windward storm drain (S8) Yes 33.98520 -118.47600 Santa Monica EMD

SMB-3-9 Open Beach N/A Santa Monica Beach at Strand 

Street (DHS106)

-- 34.00199 -118.48979 Santa Monica LACDHS

Table  B-4.  Jurisdictional Group 4 compliance monitoring site
STATION 

NAME
TYPE

BAYKEEPER 

ID

DESCRIPTION (including 

historical site ID, if any)

LOW FLOW 

DIVERSION
SUBWATERSHED

SAMPLING 

AGENCY

SMB-4-1 Point Zero N/A Nicholas Canyon Creek at 

Nicholas Beach (DHS009)

No 34.04241 -118.91559 Nicholas LACDHS

Table  B-5.  Jurisdictional Group 5 compliance monitoring sites
STATION 

NAME
TYPE

BAYKEEPER 

ID

DESCRIPTION (including 

historical site ID, if any)

LOW FLOW 

DIVERSION
SUBWATERSHED

SAMPLING 

AGENCY

SMB-5-1 Open Beach N/A Manhattan Beach at 40th 

Street (S13)

-- 33.90390 -118.42250 Hermosa EMD

SMB-5-2 Point Zero s10d30 28th Street storm drain at 

Manhattan Beach (DHS113)

Summer 

2004

33.89444 -118.41800 Hermosa LACDHS

SMB-5-3 Point Zero s11d002 36" storm drain under the 

Manhattan Beach Pier (S14)

No 33.88422 -118.41100 Hermosa EMD

SMB-5-4 Open Beach N/A Hermosa Beach at 26th Street 

(DHS114)

-- 33.87146 -118.40663 Hermosa LACDHS

SMB-5-5 Open Beach N/A Hermosa Beach Pier (S15) -- 33.86112 -118.40270 Hermosa EMD

COORDINATES

COORDINATES

COORDINATES
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 Table  B-6.  Jurisdictional Group 6 compliance monitoring sites
STATION 

NAME
TYPE

BAYKEEPER 

ID

DESCRIPTION (including 

historical site ID, if any)

LOW FLOW 

DIVERSION
SUBWATERSHED

SAMPLING 

AGENCY

SMB-6-1 Point Zero s12d30 Herondo storm drain (DHS115) Yes 33.85199 -118.39800 Redondo LACDHS

SMB-6-2 Open Beach N/A Redondo Beach, 100 yards 

south of the pier (S16)

-- 33.83908 -118.39000 Redondo EMD

SMB-6-3 Point Zero s14d30 4' x 4' box structure at 

Redondo Beach

No 33.83378 -118.39000 Redondo EMD

SMB-6-4 Open Beach N/A Redondo Beach, approximately 

120 feet north of Topaz groin 

(DHS116)

-- 33.83207 -118.39071 Redondo LACDHS

SMB-6-5 Point Zero s14d50 Avenue I storm drain at 

Redondo Beach (S17)

Summer 

2005

33.81944 -118.39000 Redondo EMD

SMB-6-6 Open Beach N/A Malaga Cove (S18) No 33.80440 -118.39424 Redondo EMD

Table  B-7.  Jurisdictional Group 7 compliance monitoring sites
STATION 

NAME
TYPE

BAYKEEPER 

ID

DESCRIPTION (including 

historical site ID, if any)

LOW FLOW 

DIVERSION
SUBWATERSHED

SAMPLING 

AGENCY

SMB-7-1 Open Beach N/A Malaga Cove (LACSDM) -- 33.80500 -118.39470 P. V. Peninsula LACSD

SMB-7-2 Open Beach N/A Bluff Cove (LACSDB) -- 33.80330 -118.39589 P. V. Peninsula LACSD

SMB-7-3 Open Beach N/A Long Point (LACSD1) -- 33.79362 -118.40684 P. V. Peninsula LACSD

SMB-7-4 Open Beach N/A Abalone Cove (LACSD2) -- 33.73872 -118.39394 P. V. Peninsula LACSD

SMB-7-5 Open Beach N/A Portuguese Bend Club 

(LACSD3)

-- 33.74183 -118.37912 P. V. Peninsula LACSD

SMB-7-6 Open Beach N/A White's Point/Royal Palms 

County Beach (LACSD5)

-- 33.73630 -118.36000 P. V. Peninsula LACSD

SMB-7-7 Point Zero N/A Storm drain outlet halfway 

between White Point County 

Beach and te Wilder Annex

No 33.71773 -118.32182 P. V. Peninsula LACSD

SMB-7-8 Open Beach N/A Point Fermin/Wilder Annex 

(LACSD6)

-- 33.71415 -118.31642 P. V. Peninsula LACSD

SMB-7-9 Open Beach N/A Outer Cabrillo Beach 

(LACSD7)

-- 33.71010 -118.29901 P. V. Peninsula LACSD

COORDINATES

COORDINATES
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Table  B-8.  Ballona Creek watershed shoreline compliance monitoring site
STATION 

NAME
TYPE

BAYKEEPER 

ID

DESCRIPTION (including 

historical site ID, if any)

LOW FLOW 

DIVERSION
SUBWATERSHED

SAMPLING 

AGENCY

SMB-BC-1 Point Zero N/A Ballona Creek (S10) No 33.96077 -118.45550 Ballona EMD

Table  B-9.  Malibu Creek watershed shoreline compliance monitoring sites
STATION 

NAME
TYPE

BAYKEEPER 

ID

DESCRIPTION (including 

historical site ID, if any)

LOW FLOW 

DIVERSION
SUBWATERSHED

SAMPLING 

AGENCY

SMB-MC-1 Open Beach N/A Malibu Point on Malibu State 

Beach (DHS003)

-- 34.03143 -118.68204 Malibu LACDHS

SMB-MC-2 Point Zero s2d290 Breach point of Malibu Lagoon 

(S1)

No 34.03244 -118.67900 Malibu EMD

SMB-MC-3 Open Beach N/A Malibu Pier on Carbon Beach 

(DH002)

-- 34.03757 -118.67631 Malibu LACDHS

Table  B-10.  Observational sites
STATION 

NAME

JURIS. 

GROUP

BAYKEEPER 

ID

DESCRIPTION (including 

historical site ID, if any)

LOW FLOW 

DIVERSION
FREQUENCY

OBSERVING 

AGENCY

SMB-O-1 1 s1d40 Paradise Cove No 34.01690 -118.78900 TBD TBD

SMB-O-2 1 s2d140 Puerco Canyon storm drain No 34.03160 -118.71300 TBD TBD

SMB-O-3 1 s3d280 36" storm drain No 34.03776 -118.62000 TBD TBD

SMB-O-4 2 s6d50 24" corrugated metal pipe near 

Gladstones restaurant and site 

SMB-2-3 (DHS101)

No 34.03897 -118.55000 TBD TBD

SMB-O-5 2 s6d90 46" concrete storm drain a few 

hundred feet east of SMB-O-4

No 34.03931 -118.549 TBD TBD

SMB-O-6 5 s10d20 24" storm drain on Manhattan 

Beach, a couple of hundred 

feet north of SMB-5-2 

(DHS113)

No 33.89718 -118.41800 TBD TBD

SMB-O-7 6 s13d40 36" storm drain under the 

Redondo Beach pier

No 33.83908 -118.39000 TBD TBD

SMB-O-8 6 s14d70 32" storm drain on Torrance 

Beach

No 33.81123 -118.39100 TBD TBD

SMB-O-9 7 s15d40 70" storm drain outlet located 

50 yards southwest of the 

Palos Verdes Swim/Beach 

Cl b

No 33.80220 -118.39700 TBD TBD

COORDINATES

COORDINATES

COORDINATES
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APPENDIX C 
Field Sampling Equipment and Supply List 

 
The following equipment is needed for shoreline sample collection. 
 

• Sterile wide-mouth polypropylene sample bottles - 125 mL, 500 mL and 1000 
mL sampling poles - 125 mL, 500 mL and 1000 mL size  

• Special samplers, such as those for Ballona Creek/Centinela Bridge and Pacific 
Ave Bridge sampler 

• Flopper bottle sampler 
• Thermometer 
• Wind Meter 
• Rubber boots  
• Compaq Pocket PC , data sheets, and beach observation sheet  
• Watch 
• Ice Chest with ice 
• Cell Phone 
• Shovel and tow strap 
• Thomas Guide map book 
• First Aid kit 
• Tire gauge 
• Accident forms 
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APPENDIX D 
Field Sampling Standard Operating Procedures 

 
Preparation 
 

 Shoreline samples are collected every morning.  Sample collection must be 
conducted during daylight hours after sunrise and before sunset. 

 
 Check the posted monthly sample calendar for the day's duplicate stations, 

zero point samples, and any other special samples to be collected.   
 

 Check the sterility results of the sample bottles that will be used.  Use only 
sample bottles that have passed the sterility control QA check.  (Also, make 
sure that the stripes on the autoclave tape are black). 

 
o The sterility results are recorded in an Equipment/Media Prep Log 

book under the date that the bottles are autoclaved. 
 

o The autoclave date will be written on the autoclave tape on top of the 
sample bottles.  Record this date in the Equipment/Media Prep Log 
book for the date the sample bottles are used. 

 
 Using a black lab marker, label the autoclave tape on the sterile sample 

bottles with the station number or sample name. 
 

o The North Beach Run includes stations XX-XX  
 
o The Central Beach Run includes stations XX-XX 
 
o The South Beach Run includes stations XX-XX, as well as the Palos 

Verdes Peninsula and Cabrillo Beach stations.  
 

o Use 250 mL bottles for shoreline samples. 
 

 Extra sample bottles should be stored in each vehicle in case the sample 
collector needs them. 

 
 Place sample bottles in the ice chest and fill the chest with ice until the 

bottom half of the sample bottles are covered. 
 
Sample Collection 
 

 When collecting a sample, make sure the sample is taken from the point in 
direct line with the sample location landmark.  If a sample location is 
inaccessible or deemed to be unsafe and you cannot sample, please note this 
on the beach observation sheet.  REMEMBER, Safety Is Important! 
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 For collecting samples at locations where there is a freshwater outlet,  
collect samples as close as safely possible to  point zero (wave wash), but 
no further away than 10 meters down current of the storm drain or outlet. 

 
 At open beaches without freshwater outlets (storm drains or coastal creeks), 

collect samples at ankle depth and on an incoming wave. 
 

 Place the appropriate size sample bottle in the sampling pole.  Just before 
collecting the sample, unscrew the bottle cap, being careful not to touch the 
lip of the bottle or the inside of the cap.  Use aseptic techniques to avoid any 
contamination (i.e., do not touch the inner surfaces or lip edges of the bottle 
or cap). 

 
 Hold the mouth of the bottle towards the surf and collect the sample from an 

incoming wave.  Try to get as little sand in the sample bottle as possible.  
Leave enough headspace (about 1 inch) for later mixing of the sample.  
Avoid collecting sample in multiple sweeps and avoid refilling of the 
sample bottle. 

 
 Tightly screw the cap back on the bottle, avoiding contamination.  Record 

the time of sample collection on the Compaq Pocket PC or beach 
observation sheet. 

 
 Place the sample bottle back into the ice chest.  Make sure at least one-third 

of the bottom of the bottle is immersed in the ice.  The maximum allowable 
transport time (time of sample collection to sample analysis) is 6 hours. 

 
 Storm Drains and Zero-point Stations (see Appendix B: Sampling 

Stations/Locations) 
 
Collect Reference Site Sample (Leo Carrillo/SMB-1-1)  
 

 LACDHS will collect Leo Carrillo zero-point samples each Monday 
throughout the year. 

  
Post Sample Collection 
 

 Place samples in the refrigerator in the lab.  Empty and clean out the ice 
chest and put it away. 

 
 Log in the samples in the sample log-in book.  Write the sample collection 

time and your initials for each sample collected. 
 

 Make sure the beach observation sheet is completely filled out for that day.  
Do not forget the date and your initials. 

 

SMBBB TMDLs CSMP D-2 Rev. April 7, 2004 

RB-AR11620



 

  
 Vehicle maintenance: 

 
o Sweep out sand. 
o Remove trash. 
o Wash exterior and clean windows inside and out. 
o Gas vehicle if below half full. 

 
QA/QC 
 

• Please refer to Appendix I Quality Assurance/Quality Control for QA/QC 
procedures. 
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APPENDIX E 
Field and Data Entry Worksheets 

 
Examples of worksheets for Chain of Custody sheets (2 pages) and recording analytical results used by the City of Los Angeles’ 
Environmental Monitoring Division are provided herein.  They include shoreline beach observations, Chromogenic Substrate data 
entry, and Membrane Filtration data entry.  Once completed, data are then entered into the LIMS database.
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 EMD

Department of Public Works           Sample Chain of Custody LIMS #:

Bureau of Sanitation

Environmental Monitoring Division
   EMD Sample ID:
   Project Name:

Sampling Information:

Sampling Agency: Sampling Program:

Agency Sample ID#:

Phone Number:

Fax Number: Purpose of program:

Contact Person:

email address:

Report Time Frame:

Sampler's Name:

Sampler's Title

Sampler's Signature:

Witness: Name Sample Date:

              Title

Sampling Time:

              Name

              Title

Sample Location: Sampling Address:

Requested Analysis: Metals: Micro Biological:

Organics: Toxicity:

Conventional Chemistry: Air Testing:

                       See back of page for specifics analyses

Sample Notification:

Toxicity:     Date:

PC:        Date:

Metals:     Date:

Wet:        Date:

Semi-Vol:     Date:

Micro:        Date:

Volatile:     Date:

Received Date

Released 

Date  SignatureCurrent Holder Name Title Received Time

       Date:

   Analysis to be performed on the Sample(s):
EMD

LIMS #:

Locator: Collection Time: Locator:        Collection Time:

-1 -6

-2 -7

-3 -8

-4 -9

-5 -10

Sample Information: Liquid: Solid:         Other: Temperature

Grab Composite:

Start time: Finish time: pH

Container: Glass Size:     Color: Number:

Plastic Size:     Color: Number: Residual Cl2

Preservative       Number of samples:

Metals:

Ag Cu Pb Other:

Al Fe Sb

As Hg Se

Ba K Sn

Be Mg Sr Total

85 Ca Mn Tl Dissolved

Cd Mo V

Co Na Zn

Cr Ni

Organics:

       VOC Pesticides/PCB    Clopyralid           Air VOC

       BNA Dioxin - screen    Dioxin - low resolution           Fixed Gases

       TOX Other:    Dioxin - high resolution           GC Sulfur

       Herbicides    Tributyltin           Siloxanes

Conventional Chemical:

Alkalinity MBAS Solids:

BOD Nitrogen:    Total Solids

Boron    Ammonia Nitrogen    Total Dissolved Solids

Chloride    Nitrate-N    Total Suspended Solids

COD    Nitrite-N    Settleable Solids

Conductivity    Organic-N    Volatile Suspended Solids

Cyanide (Free)    Kjeldahl Nitrogen    Volatile Total Solids

Cyanide (Total) Oil & Grease Sulfates

Flashpoint pH Sulfides, Total

Fluoride Phenols Sulfides, Dissolved

Grain Size Phosphate, Total Thiosulfate

Hardness Phosphate, Dissolved TOC

Hexavalent Chromium Radioactivity Turbidity

H2S Salinity Other:

Biological:

Total Coliform Salmonella            Other:

Fecal Coliform Acute Toxicity (Fresh water)

E. coli Chronic Toxicity (Sea water)

Enterococcus Chronic Toxicity (Fresh water)

Remarks:
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APPENDIX F 
Laboratory Equipment and Supply List 

 
 
Chromogenic Substrate Method 
 

 Materials and Equipment 
 

o Sterile, transparent, non-fluorescent container - 125 mL volume (use 
containers provided by Colilert kit if available) 

o Colilert-18 reagent packets 
o Enterolert reagent packets 
o Quantitray/2000 trays 
o Graduated cylinder, sterile - 100 mL (optional) 
o Quantitray/2000 rubber tray insert 
o UV cabinet or lamp - long wave, 366nm 
o Deionized water – sterile 
o Colilert Quantitray/2000 color/fluorescence comparators 

 
Membrane Filtration Method  
 

 Materials and Equipment 
 

o Plate Labeling 
 Indelible marking pen 
 Kimwipes 
 Prepared mEndo, mFC, and mE agar plates 
 Agar plate carrier with dark cover 

o Filtration 
 1 mL and 10 mL sterile, bacteriological or Mohr disposable 

pipets 
 Pipet biohazard container 
 Vacuum pump 
 Filtration manifold 
 Microfil vacuum support base 
 Microfil filter screen disc (in 95% alcohol jar) 
 Sterile, disposable Microfil funnels 
 Membrane filters - sterile, white, grid-marked, 7 mm 

diameter filters with 0.45µM pore size 
 Labeled mEndo, mFC, and mE agar plates in covered plate 

carrier 
 Alcohol lamp 
 95% and 70% ethanol 
 Glass safety jar with lid 
 Paper towels 
 Sterile, plastic squirt bottle 
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 Forceps - smooth-tipped stainless steel 
 Pipet bulb 
 Alcohol pads 
 Incubator, 35.0 ± 0.5�C 
 Water bath, 44.5 ± 0.2�C 
 Incubator, 41.0 ± 0.5�C 
 Solid heat-sink fecal coliform incubator, 44.5 ± 0.2�C 
 Matches 
 Long-handled forceps 
 Sterile, phosphate-buffered rinse water 
 Sterile, phosphate-buffered water dilution tubes 

 
o Colony Counting 

 Binocular, stereoscopic microscope with fluorescent lamp 
 Disposable gloves 
 Data worksheets 
 Large biohazard container 
 Incubated mEndo, mFC, and mE agar plates 
 EIA agar plates 
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APPENDIX G 
Laboratory Standard Operating Procedures (City of Los Angeles) 

 
Chromogenic Substrate Method: Shoreline/Marine Samples 
 
 Procedure 

o Disinfect the workbench area with 70% ethanol.  Let air-dry. 
o Preparation of sample container 

 You will need one sterile container per sample.  Label each sample 
container with station name and test to be performed (e.g., Container 
1: S01, TC/EC, Container 2: S01, Entero). 

 Remove the outer plastic ring/label seal around the container cap.  
Remove the container cap, being careful not to touch the inside of the 
cap.  Pour sterile deionized water from a flask into each container.  
Be careful not to touch the rim of the deionized flask or the 
container.  Pour the D.I. water to the 100 mL mark on each container 
and replace the cap.  Replace the cap back onto the D.I. water flask if 
there is any D.I. water left in the flask. 

 If a 10 mL sample aliquot is to be used, remove 10 ml of D.I. water 
from all sample containers using a sterile 10 ml pipet.  If only 1 ml of 
sample is to be analyzed, skip this step of removing 10 ml of D.I. 
water.    

 You will need one Coli-18 reagent pak for each sample container 
labeled TC/EC and one Enterolert reagent pak for each container 
labeled Entero.  Carefully separate one reagent snap pak from the 
strip, taking care not to accidentally open the adjacent pak.  Tap the 
snap pak to ensure that all of the reagent powder is in the bottom part 
of the pack. 

 Open the pak by snapping back the top at the score line.  Do not 
touch the opening of the pak. 

 Add the reagents to the appropriate sample containers filled with D.I. 
water.  Replace the cap on the container, tighten, and gently mix until 
the reagent is dissolved.  Note that when the Coli-18 reagent is added 
to the D.I. water in the container, the solution is a clear color and 
when Enterolert reagent is added to the D.I. water, the solution is a 
yellow color. 

 Pipet 10 mL of each sample into the appropriate sample containers.  
Place the used pipets into the pipet biohazard container.  Replace the 
sample container caps and mix gently. 

 
o Quanti-tray/2000 

 Turn on Quanti-tray® sealer at the start of sample preparation. 
 You will need one Quanti-tray for each labeled sample container. 
 Check to see that the green Ready Light (above the amber power 

light) is illuminated on the sealer.  The sealer will not operate until 
both the amber power light and the green Ready Light are 
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illuminated. 
 Using one hand, hold a Quanti-tray upright with the well side 

(plastic) facing your palm.  Squeeze the upper part of the Quanti-tray 
so that it bends towards the palm of your hand.  Using your other 
hand, gently pull the foil tab at the top of the tray to separate the foil 
from the top of the tray, creating an open pouch.  Avoid touching the 
inside of the foil or tray and be careful not to tear the foil. 

 Pour the reagent/sample mixture directly into the Quanti-tray, 
avoiding contact with the foil tab at the top of the tray.  Tap the small 
wells at the bottom of the tray to release any air bubbles.  Allow any 
foam present to settle. 

 Place the sample-filled tray onto the rubber insert of the sealer with 
the well side (plastic) of the tray facing down.  Align the small and 
large wells with their corresponding holes in the rubber insert.  Make 
sure the tray is properly seated in the rubber insert.  With your hand, 
gently press on the back of the tray to distribute some of the liquid 
into the larger wells. 

 Slide the rubber insert into the sealer until the motor grabs the rubber 
insert and begins to draw it into the sealer. 

 In approximately 15 seconds, the tray will be sealed and partially 
ejected from the rear of the sealer.  Remove the rubber insert and tray 
from the rear of the sealer. 

 If a misaligned tray is accidentally fed into the sealer, press and hold 
the “reverse” button (located on the top, front center of the sealer).  
This will reverse the motor and you can then remove the tray.  Do 
not reverse the motor once the rubber insert has been drawn fully 
into the input slot of the sealer. 

 Repeat for each labeled tray.  Turn off the sealer and unplug the unit 
when you are finished sealing all the trays. 

 Using a felt-tipped marker, label the front of each tray with the 
incubation time. 

 Place all Quanti-trays labeled "TC/EC" into the 35°C (Total 
coliform) incubator for 18 hours. 

 Place all Quanti-trays labeled "Entero" into the 41°C (Enterococcus) 
incubator for 24 hours. 

 
o QA Controls 

 Refer to QA/QC SOP 
o Clean-up 

• Dispose of the empty, used sample container in the large, red 
biohazard containers. 

• Dispose of all pipet wrappers and empty reagent packs in the regular 
trash receptacle.  Return all lab supplies to their proper storage areas. 

• Disinfect the workbench area with 70% ethanol.  Let air-dry. 
• Discard original sample remaining in sample bottle (can discard 

down sink drain).  Rinse with tap water and place empty bottles on 
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trash cart for later cleaning. 
 

 Reading Quanti-Tray Sample Results 
o Disinfect the workbench area with 70% ethanol.  Let air-dry. 
o TOTAL COLIFORMS - read 18 hours after incubation. 

 Remove the Quanti-trays from the 35°C (Total coliform) incubator.   
 Record the date, time, and analyst name or initials on the sample data 

sheet for the reading of Total Coliforms. 
 Compare the intensity of the yellow color of the sample wells to the 

intensity of the yellow color of the Comparator Quanti-tray.  Any 
well with a yellow color of equal or greater intensity than the 
Comparator is considered a "positive" well.  Wells with a clear color 
or a yellow intensity less than the Comparator are considered as 
"negative.”  If reaction is unclear or borderline yellow, replace 
the tray in incubator for further incubation up to a total of 22 
hours. 

 Count the number of positive large wells.  Remember that the single, 
large well at the very top of the Quanti-tray should also be included 
in the count if it is positive.  Record the number of positive large 
wells on the sample data sheet.  Count and record the number of 
large positive wells for each sample dilution that was set. 

 Count the number of positive small wells.  Record the number of 
positive small wells on the sample data sheet.  Count and record the 
number of small positive wells for each sample dilution that was set. 

 
o E. COLI - read 18-22 hours after incubation. 

 These results are read from the Total coliform Quanti-trays. 
 Record the date, time, and analyst name or initials on the sample data 

sheet for the reading of E. coli. 
 Place Quanti-tray under a UV cabinet or lamp. 
 Press the red button on the top of the UV lamp to turn the lamp on.  

Make sure the lamp is pointed away from you. 
 Count the number of large and small fluorescent wells for each 

sample dilution.  Remember that the single, large well at the very top 
of the Quanti-tray should also be included in the count for the large 
wells if it is positive.  Record the results on the sample data sheet. 

 If in doubt as to the fluorescence of a well, compare it to the negative 
fluorescence of the Quanti-tray Comparator.  This Comparator is 
"negative" for fluorescence.  If fluorescence on the well(s) is/are 
still questionable, mark the well(s) with an indelible pen or 
marker and re-incubate Quanti-tray for an additional 2 - 4 
hours.  Read Quanti-tray again following the incubation period. 
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 ENTEROCOCCUS - read 24-28 hours after incubation 
 

 Remove the Quanti-trays from the 41°C (Enterococcus) incubator. 
 Record the date, time, and analyst name or initials on the sample data 

sheet for the reading of Enterococcus. 
 Place Quanti-tray under a UV cabinet or lamp 
 Press the red button on the top of the UV lamp to turn the lamp on.  

Make sure the lamp is pointed away from you. 
 Shine the UV lamp directly on the sample Quanti-tray within five 

inches of the tray.  Count the number of large and small fluorescent 
wells for each sample dilution.  Remember that the single, large well 
at the very top of the Quanti-tray should also be included in the count 
for the large wells if it is positive.  Record the results on the sample 
data sheet.  Record the results on the sample data sheet. 

 If in doubt as to the fluorescence of a well, compare it to the negative 
fluorescence of the Quanti-tray Comparator.  This Comparator is 
"negative" for fluorescence.  If fluorescence on the well(s) is/are 
still questionable, mark the well(s) with an indelible pen or 
marker and re-incubate Quanti-tray for an additional 2 – 4 
hours.  Read Quanti-tray again following the incubation period. 

o When finished reading all the Quanti-trays, turn off UV lamp and dispose of 
all trays into the large red biohazard containers. 

o Disinfect the workbench area with 70% ethanol.  Let air dry. 
o Leave the sample data sheets on the clipboard by the Quanti-tray sealer. 

 
 Quanti-Tray Calculations 

o Enter the number of positive large and small wells into the Idexx generator 
or read from the Idexx MPN table.  Multiply the number given in the table 
by the dilution factor used.  If more than one dilution generates a result, 
take the average. 

 
Example # Positive large wells: 23 

   # Positive small wells: 16 

   Idexx MPN table: 52.7 

 

Calculation (10 ml aliquot of sample): 

52.7 (number from table) x 10 (Result based on a 100 ml sample size) 
= 530 MPN/100 ml 

 
Membrane Filtration Method (for Enterococci analysis) 
 
 Media Preparation 

o mEndo Agar LES 
 To rehydrate the medium, suspend 51 grams in 1 liter deionized 
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water containing 20 mL 95% ethanol and heat to boiling to 
dissolve completely.  Cool to 45-50�C.  (If using the agarmatic, 
follow the agarmatic directions for making mEndo.)  Aseptically 
dispense 4-5 mL amounts into the lower halves of 60x15 mm 
sterile, disposable Petri dishes and allow to solidify.  Final pH 7.2 
± 0.2.  Record pH results in the media prep logbook. 

 
 Set QA media controls. 

• Refer to QA/QC SOP 
 Place agar plates in a labeled media container and refrigerate until 

needed.  The holding time for agar plates is two weeks. 
o mFC Agar 

 To rehydrate the medium, suspend 52 grams in 1 liter deionized 
water and heat to boiling to dissolve completely.  Add 10 mL of a 
1% solution of rosolic acid in 0.2 N NaOH.  Continue heating 
for 1 minute.  Cool to 45 -50�C.  (If using the agarmatic, follow 
the agarmatic directions for making mFC.)  Aseptically dispense 4-
5 mL amounts into the lower halves of 50-60x15 mm tight-fitting 
sterile, disposable Petri dishes and allow to solidify.  Final pH 7.4 
± 0.2.  Record pH results in the media prep logbook.  

 1% Rosolic Acid Solution - Add 0.1 grams rosolic acid to 10 mL 
of stock 0.2 N NaOH.  Mix well. 

 
 Stock 0.2 N NaOH - Add 0.8 grams NaOH to 100 mL deionized 

water.  Mix to dissolve.  Store in a labeled polyethylene reagent 
bottle. 

 
 Set QA media controls. 

• Refer to QA/QC SOP 
 Place agar plates in a labeled Tupperware container and refrigerate 

until needed.  The holding time for agar plates is two weeks. 
o mE Agar 

 To rehydrate the medium, suspend 7.12 grams in 100 mL of 
deionized water.  Heat to boiling to dissolve completely.  
Autoclave for 15 minutes at 121�C.  Promptly remove from the 
autoclave and cool to 45-50�C.  Add 0.024 grams Nalidixic Acid 
and 1.5 mL of a 1% solution of triphenyl tetrazolium chloride 
(TTC).  (If using the agarmatic, follow the agarmatic directions for 
making mE.)  Aseptically dispense 4-5 mL amounts into the lower 
halves of 60x15 mm sterile, disposable Petri dishes and allow to 
solidify.  Final pH 7.1 ± 0.2.  Record pH results in the media prep 
logbook.   

 
1% TTC Solution - Add 1 gram TTC to 100 mL of deionized 
water.  Mix well.  Using a sterile 0.22µm Millex-GS filter, filter-

SMBBB TMDLs CSMP G-5 Rev. April 7, 2004 

RB-AR11635



 

sterilize the solution into a sterile, labeled 500 mL reagent bottle.  
Store in the refrigerator. 
 

 Set QA media controls. 
• Refer to QA/QC SOP 

 Place agar plates in a labeled Tupperware container and refrigerate 
until needed.  The holding time for agar plates is two weeks. 

o Esculin Iron Agar (EIA) 
 To rehydrate the medium, suspend 1.65 grams in 100 mL of 

deionized water.  Heat to boiling to dissolve completely.  
Autoclave for 15 minutes at 121�C.  Promptly remove from the 
autoclave and cool to 45-50�C.  (If using the agarmatic, follow the 
agarmatic directions for making EIA.)  Aseptically dispense 4-5 
mL amounts into the lower halves of 60x15 mm sterile, disposable 
Petri dishes and allow to solidify.  Final pH 7.1 ± 0.2.  Record pH 
results in the media prep logbook. 

 Set QA media controls. 
• Refer to QA/QC SOP 

 Place agar plates in a labeled Tupperware container and refrigerate 
until needed.  The holding time for agar plates is two weeks. 

o Phosphate-Buffered Water 
 1 N NaOH - Carefully add 4 grams NaOH to 100 mL deionized 

water.  Mix to dissolve.  Store in a labeled polyethylene reagent 
bottle. 

 Stock Phosphate Buffer Solution - add 34.0 grams potassium 
dihydrogen phosphate (KH2PO4) to 500 mL deionized water and 
mix to dissolve.  Adjust pH to 7.2 ± 0.5 with 1 N NaOH and bring 
volume to 1 liter, using a 1-liter volumetric flask.  Transfer to a 
reagent bottle and autoclave for 15 minutes at 121�C.  Let cool and 
refrigerate.  Discard if turbidity is present. 

 Stock Magnesium Chloride Solution - add 81.1 grams 
MgCl2�6H2O to 1 liter deionized water and mix to dissolve.  
Transfer to a reagent bottle and autoclave for 15 minutes at 121�C.  
Let cool and refrigerate.  Discard if turbidity is present. 

 Working Solution of Phosphate-Buffered Dilution/Rinse Water 
• Add 1.25 mL stock phosphate buffer solution and 5 mL 

stock magnesium chloride solution to 1 liter deionized 
water.  Adjust pH to approximately 7.6-7.7 with 1 N 
NaOH.  Mix and dispense approximately 9.5 mL into 
specially marked dilution test tubes.  Autoclave at 121�C 
for 15 minutes.  If phosphate-buffered rinse water is 
needed, autoclave 1-2 L volumes in large flasks for 45 
minutes at 121�C. 

• Cool and check that buffered water level is at the marked 
line (9 mL) on the test tube.  Aseptically adjust water level 
if necessary.  Tightened test tube or flask caps and store at 
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room temperature.  Holding time for screw-capped media is 
3 months.  Final pH 7.2 ± 0.1. 

• Sterility control - test the sterility of the buffered dilution 
water by aseptically pouring 2 test tubes of dilution water 
into a sterile bottle containing 100 mL of Tryptic Soy 
Broth.  Test the sterility of the liter flasks of rinse water by 
aseptically adding 20 mL buffer to a sterile bottle 
containing 100 mL TSB.  Incubate the bottle for 48 hours at 
35.0 ± 0.5�C.  Record pH and sterility check results in the 
media prep logbook. 

o Tryptic Soy Broth (TSB) 
 To rehydrate the medium, suspend 30 grams in 1 liter of deionized 

water and mix to dissolve completely.  Dispense 100 mL of broth 
into 125 mL Nalgene bottles.  Autoclave for 15 minutes at 121�C.  
Promptly remove from the autoclave when done.  Let cool and 
then tighten caps.  Final pH 7.3 ± 0.2.  Record pH results in the 
media prep logbook. 

 Set QA media controls. 
• Refer to QA/QC SOP 

 Place TSB bottles in the refrigerator until needed.  The holding 
time for screw-capped media is three months. 

 
 Plate Labeling Procedure 

o Clean and wipe the bench-top work area with 70% ethanol and let air dry. 
o Check the monthly sample calendar for the samples and duplicates 

scheduled for the day.   
o Check the QA results of the prepared agar plates to be used.  These results 

are recorded in the media prep logbook.  Use only media that have passed 
the sterility, positive control, and negative control checks. 

o Record the media preparation dates for all the agar plates being labeled.  
The dates are recorded in the media prep logbook under "Prep Date of 
Media in Use.” 

o Inspect all agar plates. 
 Discard any plates that have bubbles that will interfere with 

bacterial growth when the membrane filter is placed on the agar 
surface. 

 Check plates for contamination of any kind (bacterial growth, 
mold, or strange color).  Discard any contaminated plates into a 
biohazard bag. 

o Using an indelible marking pen or pre-printed labels, label each plate with 
the station name or location at the top of the Petri dish, sample volume or 
dilution in the middle, and sample date at the bottom of the dish. 
 Consult the Sample Dilution Table for the necessary dilutions for 

each sample type. 
 mEndo and mFC agar plates are labeled on the bottom (agar side) 

of the Petri dish. 
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 mE agar plates are labeled on the top (lid side) and the bottom 
(agar side) of the Petri dish. 

o Stack all the agar plates for the same station together after the plates are 
labeled.  Stack plates by ascending volume order (smallest volume on 
top). 

o When stacking, be sure to place all plates, agar side up. 
o Place the stack of plates for each sample into a slot in one of the agar plate 

carriers. 
o Add a small stack of unlabelled mEndo agar plates to the carrier.  These 

plates will be used for QA blanks as needed during filtering. 
o Label the cover of each plate carrier with the sample stations or locations 

for all plates in the carrier.  Include duplicate stations on the label for all 
boat plate carriers. 

o If plates are labeled one day in advance of use, refrigerate the plate 
carriers.  Labeled plates that are refrigerated need to be taken out of the 
refrigerator on the day of use. 

o If plates are labeled on the day of use, the plate carriers can be left out at 
room temperature until needed. 

 
 Filtration Procedure 

o Clean and wipe the bench top work area with 70% ethanol and let air dry. 
o Gather the necessary filtration equipment. 
o Aseptically transfer sterile, phosphate-buffered rinse water into a sterile 

squirt bottle. 
o Select samples to be filtered.  Select the proper agar plates for the samples 

and check the plate stacking order to make sure sample volumes are in 
ascending order. 

o Make 1:10 serial dilutions (if needed). 
 Shake the sample vigorously for several seconds (about 25 - 30 

times) to break up any bacterial cell aggregates, to separate cells 
from particulate matter, and to make the sample homogenous. 

 Aseptically pipet 1 mL of the sample into a sterile 9 mL dilution 
test tube and shake or vortex vigorously.  This is a 1:10 (10-1) 
dilution of the sample. 

 Aseptically pipet 1 mL of the 10-1 dilution into a second 9 mL 
dilution tube and shake or vortex vigorously.  This is a 1:100 (10-2) 
dilution. 

 Aseptically pipet 1 mL from the second (10-2) dilution tube into a 
third 9 mL dilution tube and shake or vortex vigorously.  This is a 
1:1000 (10-3) dilution. 

 Continue making 1:10 serial dilutions as needed. 
o Fill the alcohol lamp with 95% ethanol and light it. 
o Prepare filtration equipment, one filtration unit per sample. 

 Wipe the Microfil support base with an alcohol pad.  Let dry. 
 Remove filter screen disc from the 95% alcohol jar using the long-

handled forceps.  Gently shake the disc over the alcohol jar to 
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remove any excess alcohol.  Flame-sterilize the disc.  Allow flame 
to self-extinguish.  Place disc onto the Microfil support base. 

 Squirt the disc with a small amount of sterile buffer to wash any 
residual alcohol off the disc.  Apply vacuum to drain the buffer off 
the disc. 

 Aseptically remove a membrane filter from the filter dispenser, 
using an alcohol flame-sterilized forceps.  Place the filter, grid-
side-up on filter support base. 

 Aseptically remove a sterile, disposable Microfil funnel from the 
funnel dispenser. 

 Put the funnel over the filter on the support base.  Place thumbs 
and index fingers of both hands on the upper, outside ridge of the 
funnel.  Evenly push down on the funnel to securely lock it into 
place. 

o Shake sample vigorously for several seconds (about 25 - 30 times) to 
break up any bacterial cell aggregates, to separate cells from particulate 
matter, and to make the sample homogenous.  Place bottle at a slant to let 
any sand or debris in the sample settle to the bottom sides of the bottle. 

o Record filtering start time and initials in the LIMS "Micro Log-in" Excel 
worksheet on the PC computer.  Move the cursor to the appropriate cell 
for the sample being filtered. 
 If the starting time is the current time, press "CTRL+T.” 
 Alternately, enter the time using a colon, ex. "10:25 or 14:00.” 

o Before filtering the sample, determine if a QA sterility blank needs to be 
done. 
 Refer to QA/QC SOP 

o Wet the membrane filter with an adequate amount of sterile rinse water 
before adding sample aliquots delivered with a pipet.  Add the sample 
aliquot to the filter according to the plate stacking order.  Use a new filter 
for each sample aliquot. 

o Use sterile pipets for sample volumes < 20 mL.  If the pipet is to be used 
again, rest the pipet tip against the inner lip of the sample bottle.  Do not 
let the pipet tip rest on the bottom of the sample bottle.  Discard used 
pipets into the pipet biohazard container. 

o For sample volumes of 50 mL or 100 mL, aseptically pour the sample to 
the measured lines on the Microfil funnel.  If an excess amount of sample 
is poured into the funnel, use a sterile pipet to remove the excess.  Discard 
the excess sample along with the pipet into the pipet biohazard container. 

o Before applying the vacuum, swirl the sample in Microfil funnel by 
moving the funnel in a gentle circular motion to evenly distribute bacterial 
cells on the membrane filter surface. 

o Apply vacuum, letting the sample drain through the filter. 
o Thoroughly rinse down the walls of the funnel two times with a generous 

amount of sterile buffer water.  This will wash down any bacteria that may 
adhere to the sides of the funnel. 

o With one hand on the outside walls of the funnel, use a backwards and 
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upwards motion to pop the funnel off the support base.  Continue to hold 
the funnel with your hand.  Use your other hand to remove aseptically the 
filter with a flame-sterilized forceps (one sterile forceps per membrane 
filter).  Aseptically replace the funnel back on the support base. 

o Aseptically place the filter on the surface of the appropriate agar plate, 
using a rolling motion to avoid trapping air between the agar and the filter 
that will result in the formation of bubbles.  If any air is trapped under the 
filter, reset the membrane filter onto the agar surface.  Place the used 
forceps into the jar of ethanol. 

o Stack finished plates by sample and media type.  Remember to always 
position finished plates agar (bottom) side up.  This is to avoid any 
condensation dripping onto the surface of the filter during incubation, 
which may interfere with or distort bacterial growth. 

o Continue filtering the sample, following the steps detailed above for each 
sample volume or dilution labeled on the stack of plates. 

o If a duplicate sample is being filtered, the same pipets and dilution tubes 
(if needed) may be used for both the regular sample and the duplicate 
sample. 

o When the sample is finished being filtered, place mEndo and mE agar 
plates in a covered incubation container (with moist sponges) according to 
media type.  Total coliform mEndo agar plates are incubated for 24 ± 2 
hours at 35.0 ± 0.5 �C.  Fecal coliform mFC agar plates are incubated for 
24 ± 2 hours at 44.5.0 ± 0.2 �C.  It is important that these plates be 
incubated within 20 minutes of filtration to ensure heat-shock of the non-
fecal bacteria.  Plates are incubated in either the dry heat-sink incubators 
or sealed in waterproof bags and placed in the 44.5 ± 0.2�C water bath.  
Enterococcus mE agar plates are incubated for 48 ± 2 hours at 41.0 ± 
0.5�C. 

o Record filtration finish time, initials, and incubation time in the LIMS 
"Micro Log-in" Excel worksheet on the PC computer. 

o The incubation containers should be labeled with the indicator bacteria, 
test date, and incubation time.   

o Place used Microfil funnels in the biohazard bag for the funnels.  Place 
sample bottles, empty buffer flasks, and used squirt bottles (if not being 
used for filtering more samples) in a tub for later washing.  

o Wipe down the bench-top work area with 70% ethanol and let air dry. 
o To filter another set of samples, wipe the Microfil support base and filter 

screen disc with a new alcohol pad.  Rinse the disc with sterile rinse water.  
Repeat procedure as detailed in the above sections. 

o When taking a long break between filtering samples, wipe the Microfil 
support base and filter screen disc with a new alcohol pad.  Leave the 
alcohol pad on the screen disc.  Place an alcohol-wiped cap over the 
Microfil unit.  Before filtering again, remove the cap and re-wipe the 
Microfil unit and filter screen disc with the alcohol pad.  Rinse the disc 
with sterile rinse water.  Repeat procedure as detailed in the above 
sections. 
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o When all samples have been filtered, remove the filter screen disc from 
the Microfil support base and put in the 95% alcohol jar.  Wipe the 
Microfil support base with a new alcohol pad.  Leave the alcohol pad in 
the empty disc space.  Place an alcohol-wiped cap over the Microfil unit. 

 
 Colony Counting Procedure 

o Check the LIMS "Micro Log-in" Excel worksheet for the incubation times 
of the plates that need to be read that day.  Determine when the plates can 
be read according to their required incubation times. 

o Gather the necessary data worksheets for all samples to be read.  Each test 
and sample type has separate data worksheets. 

o Record the time the plates are read and analyst initials in the LIMS "Micro 
Log-in" Excel worksheet and on the data worksheets. 
 If the read time is the current time, press "CTRL+T.” 
 Alternately, enter the time using a colon, ex. "10:25 or 14:00.” 

o If desired, wear disposable gloves when handling and reading the plates. 
o Remove plates from the incubator when it is time to read them and arrange 

them in ascending volume order for each station. 
o Use the stereoscopic microscope with a fluorescent lamp to aid in 

identifying and counting colonies. 
o Starting with the control blank plate if one was done, examine the filter for 

bacterial contamination or any notable changes on the filter or agar media. 
o Examine and count all the plates set for a single sample, starting with the 

smallest sample volume filtered or the most dilute sample. 
o Colonies that have grown into each other should be counted individually.  

Separate nuclei or a fine line of contact may usually be seen. 
o Colonies in every filter grid square within the filtering area are to be 

counted. 
o To make counting easy and simple, start counting at the top of the filter.  

Count from left to right, following the grid lines, and continue to the 
bottom of the filter. 

o Countable ranges - Due to the possible adverse effect of colony crowding 
on sheen or color development on the filter membrane, and to be assured 
of a statistically valid colony count, minimum and maximum bacterial 
levels have been set for each of the indicator bacteria. 
 Total bacteria:  <200 total colonies (background and indicator 

bacteria). 
 Total Coliform:  20 - 80 coliform colonies 
 Fecal Coliform:  20 - 60 fecal coliform colonies 
 Enterococcus:  20 - 60 Enterococcus colonies 

o Colony Morphology 
 Total Coliforms 

• The typical colony has a pink to dark-red color with a 
shiny, greenish-gold, metallic surface sheen.  The sheen 
may cover the entire colony, or it may appear only in the 
central area or on the periphery.  
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• This sheen is produced as a by-product of lactose 
fermentation (acid aldehyde complex) in combination with 
the Schiff's reagent (fuschin sulfite) in the mEndo media. 

 Fecal Coliforms 
• Any colony exhibiting any light or dark blue color, whether 

covering the entire colony or only in or on part of the 
colony.   

• This blue color is a result of the acid produced by the 
fermentation of lactose combining with the aniline blue dye 
in the mFC media. 

•  Colonies exhibiting a cream or grey color are not fecal 
coliforms. 

 Enterococcus 
• After 48 ± 2 hours incubation, mE filters with growth on 

them are transferred to room temperature EIA plates. 
• Using forceps, remove the filter (handling the filter by its 

edge, outside of the filtration area) from the mE plate and 
roll it onto the agar surface of the EIA plate. 

• Replace the top of the EIA plate with the labeled top lid of 
the original mE plate. 

• Incubate the EIA plates for 20 minutes at 41.0 ± 0.5�C. 
• Enterococci are pink to carmine-red colonies with black or 

reddish-brown precipitate or halos on the underside of the 
filter when placed on EIA agar. 

• The colony color is due to the reduction of the vital 
indicator TTC (2,3,5-Triphenyl tetrazolium chloride) to 
non-reversible formazin.  The dark precipitate or halo is the 
result of the hydrolysis of esculin. 

o Record all colony counts and any other notable information on the data 
worksheet.  Comments should include information about unusual 
conditions on the filter, such as the presence of solids, artifacts, or high 
background counts.  The condition of the growth on the filter should also 
be noted, such as confluent areas or confluent growth over the filter. 
 CG = confluent bacterial growth with indistinct or non-discrete 

colonies. 
 TNTC = Too Numerous To Count 
 >200 = greater than 200 background and indicator colonies on a 

filter.   
o If there are any questions regarding counting colonies or any unusual or 

suspicious  plates, save all plates for that sample and show them to a 
microbiologist. 

o Dispose of all plates and gloves in a biohazard container.  Autoclave at the 
end of the day. 
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 Calculations 
o Due to the possible adverse effect of colony crowding or color 

development on the filter membrane, and to be assured of a statistically 
valid colony count, minimum and maximum bacterial levels have been set 
for each of the indicator bacteria. 
 Total bacteria:  <200 total colonies (background and indicator 

bacteria). 
 Total Coliform:  20 - 80 coliform colonies 
 Fecal Coliform:  20 - 60 fecal coliform colonies 
 Enterococcus:  20 - 60 Enterococcus colonies 

o Indicator bacteria are expressed as bacterial density (CFU) per 100 mL of 
sample. 

o The raw bacterial counts from the data worksheets are entered into LIMS 
"Sample Data Entry" Excel worksheets on the PC computer by a 
technician.  The computer calculates the final bacterial densities for each 
sample and prints a copy of the data worksheet.  See the LIMS Data Entry 
SOP for more details. 

o The supervisor verifies the daily-calculated bacterial densities.  Daily 
bacterial density reports are printed out by the computer and E-mailed to 
the primary leads of the jurisdictional groups, who in turn will 
communicate this data to its jurisdictional members.  The data reports are 
kept in a labeled notebook and the original data worksheets are kept in the 
data file cabinet.  See the LIMS Data Validation SOP for more details. 

o If the final bacterial densities need to be calculated by hand, the following 
guidelines should be used.  All calculated values should have only 1 or 2 
significant figures, depending on the colony counts. 

 
 Countable Range (Standard Methods., EPA): 

 
     Countable range number of colonies  x  100  =  (value) CFU/100                             

                            mL filter volume 
       

 
    Disregard non-countable range counts and volumes. 

 
     Volume Count 
     blank    0 
      0.5    0 
      5.0    6  35 x 100 = 180 CFU/100 mL  
      20   35  20 
      50   95     

 
 Two volumes in the countable range (EPA): 

 
     Calculate each count independently as in 6.4.1. above and then 

average the results. 
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     Volume Count 
      blank    0  20  x 100 = 100    60 x 100 = 120 
       0.5    0  20        50 
      5.0    6 
      20   20 100 + 120 = 110 CFU/100 mL 
      50   60     2 

 Counts less than the countable range (Standard Methods): 
 

     Add all colonies   x 100 = (value) CFU/100 mL 
     Total all volumes 

 
     Volume Count 
     blank    0 
      0.5    0 
      5.0    1  19 + 4 + 1 + 0       x 100 = 32 CFU/100 mL 
      20    4 50 + 20 + 5 + 0.5 
       50   19 

  
 No counts on any filter volume (EPA): 

 
                     1 x 100      =  < (value) CFU/100 mL 
     Largest volume filtered 

 
     Volume Count 
     blank    0 

   0.5    0 1  x 100 =  <2 CFU/100 mL 
      5.0    0 50 
      20    0 
      50    0 

 
 Counts greater than the countable range - too numerous to count 

(TNTC) or confluent growth (CG) (EPA): 
 

    Highest upper limit count x 100 =  >(value) CFU/ 100 mL 
    Smallest volume filtered 

 
    Volume Count   For Total Coliforms: 
    blank  0    80 x 100 = >16,000 CFU/100 mL 
     0.5*  TNTC or CG  0.5 
     5.0  TNTC or CG  For Fecal Coliforms or Enterococci: 
     20  TNTC or CG  60 x 100 = >12,000 CFU/100 mL 
     50  TNTC or CG  0.5 
         
    *NOTE:  If the count at the lowest dilution is TNTC, try to estimate the 
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count on the plate.  Estimate the count in a quadrant if necessary.  
Use this number to calculate the count per 100 mL. 

 
 Confluent Growth Counts (Standard Methods, EPA): 

 
     Disregard all dilution volumes that are confluent growth. 
     Analyze remaining counts and volumes. 

 
    Volume Count    Volume Count 
               blank    0    blank    0 
   0.5    0    0.5    3   
   5.0   CG    5.0   20   
   20   CG    20   CG  
   50   CG    50   CG 
 
 1  x 100 = <200 CFU/100 mL   20 x 100 = 400 CFU/100 mL 
 0.5      5.0 
 

 Total bacterial count (background bacteria plus indicator bacteria) 
greater than 200 colonies (Std. Methods.): 

 
     Analyze counts and volumes.  Report as a greater than value. 

  
  Volume Count    Volume Count 
  blank    0    blank    0 
  0.5    0 (>200)    0.5    0  
  5.0    0 (>200)    5.0    3 
  20    CG     20    18 (>200) 
  50    CG     50    60 (>200) 
 

    1  x 100 =  >20 CFU/100 mL  60 x 100 = >120 CFU/100 mL 
    5     50 

   
 Total colonies less than 200, but indicator bacteria greater than 

upper limit (Std. Methods.): 
 

     If plate has well isolated, discrete colonies that can be easily 
counted, use the higher count. 

 
  Volume Count    Volume Count 
  blank    0    blank    0 
  0.5    85     0.5    2 
  5.0   TNTC     5.0    95 
  20   TNTC     20   TNTC 
  50   TNTC     50    CG 
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   85  x 100 = 17,000 CFU/100 mL  95 x 100 = 1,900 CFU/100 mL  
    0.5          5 

SMBBB TMDLs CSMP G-16 Rev. April 7, 2004 

RB-AR11646



 

APPENDIX H 
Data Acquisition, Reduction, Validation, and Reporting SOPs 

 
When performing analyses, results are generally tabulated onto laboratory worksheets (see 
Appendix E, Field and Laboratory Worksheets) but sometimes are generated electronically 
via instrumentation.  Data on laboratory worksheets are entered into the Laboratory 
Information Management System using an Excel interface.  These data are then validated 
through a quality assurance process that checks for correctness of data entry and validity of 
results.  The analyst who generates the data has the initial and primary responsibility for the 
completeness and correctness of the data.  The data are then checked by the unit supervisor 
(or designee).  The following procedures describe the data acquisition and entry process then 
the quality assurance and quality control procedures. 
 
Data Acquisition 
 
Both raw and calculated data are acquired in the laboratory by manual, electronic, or direct 
computer acquisition.  Acquired data are properly and securely stored for the duration 
specified by regulatory agencies or the customer.  Guidelines for documentation and 
recording of information are as follows: 
 

 Manual (Hand-written) Data Entry 
 

o Data are entered directly into the notebook or worksheet with non-
erasable ink. 

o Data entries are signed and dated by the analyst making the entry.  If 
the entry is more than one page, each page is signed and dated. 

o Mistakes are canceled by drawing a line through the entry, entering 
the correct value, and signing and dating the correction.  The use of 
correction fluid is not acceptable. 

o Blank pages or substantial portions of pages with no entries are 
marked with a large "X" to indicate that they were intentionally left 
blank. 

 
 Direct Computer Acquisition 

 
o In EMD’s Microbiology Unit, the program/software used to generate 

results is prepared internally.  A designated staff member of the 
Information & Control System Division (ICSD) at Hyperion has the 
responsibility of preparing the program and maintaining the 
supporting documents. 

o The laboratory relies on vendor-supplied information for the validity 
and integrity of instruments equipped with significant computer 
functions as an integral part of the system. 
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Data Reduction 
 
Data reduction, where applicable, is described in specific SOP's.  It involves reporting 
values with the appropriate significant figures in the concentration units established by the 
regulatory agency or the data user. 
 
Procedure for Entering Microbiology Data into LIMS 
 

 Log-On to LIMS Computer System 
o To log onto the LIMS system, double-click on the "Data Entry" icon on the 

PC computer screen. 
o A Microsoft Excel dialog box will appear.  Select the "Enable Macros" 

button. 
o Wait until the "Microbiology Laboratory Worksheet StartDialog" dialog box 

appears. 
 

 Data Entry for CS 
o Enter the sample date in the dialog box.  Please note that current date is filled 

in by default. 
o Select the sample type.  There is a list of sample locations from which to 

choose.  (E.g. 5-Mile, Ballona Creek, Cabrillo Beach, LAH Plume, SMB 
Plume Day1, Shoreline, Inshore, and so on.) 

o Dilutions for the CS method are not modified for rain events.  For this 
method always make sure the "No" button is selected. 

o Select the "OK" button. 
o A computer form similar to the raw data worksheet will appear.  Select the 

Excel worksheet tab for the type of test data to be entered.  (ex. Total, E. coli, 
or Total & E. coli) 

o Enter analyst initials, date, and time into the computer in the designated 
cells. 

o Check to make sure the sample volumes or dilutions in the computer match 
the volumes or dilutions on the raw data worksheet.  In the case of Ballona 
Creek, make changes to the volumes on the computer form, if necessary. 

o Enter the number of large and small positive wells. 
o Check to make sure all data has been entered correctly.  If a calculated value 

does not appear for a sample, notify a microbiologist or the supervisor. 
o At the top of the computer worksheet, select the "Send Data to 

LIMS/Wisard" button. 
o Select the "Print" button at the top of the computer worksheet.  A printed 

hardcopy of the raw data worksheet will print out on the printer in the micro 
lab. 

o Select the "New Worksheet" button at the top of the computer screen if 
entering data for another sample location.  Select the "Save/Exit" button if all 
the data entry has been done. 

o If there are any problems or error messages regarding sending the data to 
LIMS, please contact LIMS staff at 55749 or 55120. 
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 Data Entry for MF 
o Enter the sample date in the dialog box.  Please note that current date is filled 

in by default. 
o Select the sample type.  There is a list of sample locations from which to 

choose.  (E.g. 5-Mile, Ballona Creek, Cabrillo Beach, LAH Plume, SMB 
Plume Day1, Shoreline, Inshore, and so on.) 

o If rain dilutions were used on the data worksheet, select "Yes" in the small 
"Rain" box.  If normal dilutions were used, make sure the "No" button is 
selected. 

o Select the "OK" button. 
o A computer form similar to the raw data worksheet will appear.  Select the 

Excel worksheet tab for the type of test data to be entered.  (ex. Total, Fecal, 
Entero, or Total & Fecal) 

o Enter analyst initials, date, and time into the computer in the designated 
cells. 

o Check to make sure the sample volumes or dilutions in the computer match 
the volumes or dilutions on the raw data worksheet.  In the case of Ballona 
Creek, make changes to the volumes on the computer form, if necessary. 

o Enter the bacterial colony counts. 
o Check to make sure all data has been entered correctly.  If a calculated value 

does not appear for a sample, notify a microbiologist or the supervisor. 
o At the top of the computer worksheet, select the "Send Data to 

LIMS/Wisard" button. 
o Select the "Print" button at the top of the computer worksheet.  A printed 

hardcopy of the raw data worksheet will print out on the printer in the micro 
lab. 

o Select the "New Worksheet" button at the top of the computer screen if 
entering data for another sample location.  Select the "Save/Exit" button if all 
the data entry has been done. 

o If there are any problems or error messages regarding sending the data to 
LIMS, please contact LIMS staff at 55749 or 55120. 

 
Review and Validation 
 
Review 
 
Data review is the process of comparing results to all available information, such as sample 
preparation and QC sample data, to evaluate the validity of the results.  It supports the 
contention that the data are: 
 

 Reasonable (experience with similar situations, common sense), and 
 Capable of supporting a defensible decision. 

 
The analyst and the unit supervisor (or designee) are responsible for reviewing the data 
relative to the following: 
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 Method blanks and QC sample 
 Raw data 
 Calculations 
 Transcription 

  
Validation 
  
Data validation is the systematic procedure of reviewing data against a set of criteria to 
provide assurance of its validity before reporting the data.  It is accomplished through 
routine examination of data collection, flow procedures, and QC sample results.  It uses QC 
criteria to reject or accept specific data 
 

 Validation includes the following: 
 

o Dated and signed entries by analysts on the worksheets and logbooks used 
for all samples. 

o Use of QC criteria to reject or accept specific data. 
o Checking of LIMS data entry and reporting 

 
 Validation Guidelines include the following: 

 
o Documentation of methods used and QC applied. 
o Maintenance performed on instruments. 
o Documentation of sample preservation, transport, and storage. 
o Review of QC sample data.  

 
Data validation is performed, signed, and dated by the analyst, the unit supervisor (or 
designee), and where applicable, the laboratory manager. 
 
Reporting 
 
Monthly data summary reports will be submitted to the Regional Board by the last day of 
each month for data collected during the previous month.  Two agencies will submit the 
monthly reports on behalf of all responsible agencies: EMD on behalf of Jurisdictional 
Groups 1 through 6, 8, and 9; and LACSD on behalf of Jurisdictional Group 7.  
LACDHS will submit its data to EMD for compilation and submittal to the Regional 
Board.  Copies of the monthly reports will be distributed to the lead agency of the 
appropriate jurisdictional group.  If requested, the lead agency of each jurisdictional 
group will distribute the monthly reports to the responsible agencies within their 
respective jurisdictional group.  Electronic data storage (archiving) will be performed by 
each agency for its own monitoring data. 
 
EMD’s Microbiology Unit will generate EMD’s monthly routine and accelerated sampling 
report for the bacterial TMDL compliance.  Regulatory limitation calculations will be 
applied to the data set and exceedances clearly listed.  If stations are out-of-compliance, 
accelerated monitoring will be indicated.  The data report prepared for release to the Legal 
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Reporting Unit are checked and approved by the Micro unit supervisor (or designee) by the 
10th of the following month for the previous month’s data.  The report is again scanned by 
DSM for missing data and outliers.  Any regulatory required summary reports of source 
identification findings or sanitary surveys will be included.  The report is signed by the 
Division Manager before distribution and may include the following: 
 

 Sample ID used by the laboratory and the client (if available). 
 Sample matrix type, description, and method number. 
 The chemical/physical/biological parameters analyzed with the reported values 

and units of measurement.  
 Data for all parameters reported with consistent number of significant figures.  
 Results of QC samples, if appropriate. 
 Footnotes referenced to specific data, if required, to explain reported values. 
 If there are regulatory limits applicable to specific analyses, then limits are 

clearly notated and exceedances listed. 
 Discussion on non-compliance data  
 Report transmittal letter or memorandum identifying the person sending the 

report and the person(s) receiving the data. 
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APPENDIX I 
Quality Assurance/Quality Control 

 
The quality assurance objectives for measurement of data are unique to the particular 
program for which the data are collected and utilized.  They describe the overall uncertainty 
that the data user is willing to accept in order to make decisions for environmental or other 
concerns.  This uncertainty describes the data quality that is needed, which are usually 
expressed in terms of precision, bias, representativeness, comparability, and completeness. 
 
The participating laboratories will use approved and recognized test methods, and comply 
with uncertainty requirements of the method.  Quality control samples are measured, 
uncertainties are assessed, and results must be within the range prescribed by the 
methods.  Internal acceptance criteria are established by analyzing laboratory control 
samples on a daily basis.  The participating laboratories will strive to meet the QA/QC 
goals described in this section and, therefore, be able to attest to the integrity of the 
sampling and analytical process. 
 
The following QA/QC procedures will be conducted for shoreline sample collection, 
laboratory analyses, and data management to ensure the production of reliable and 
defensible data. 
 
Sample Collection 
 
Only trained laboratory staff will be assigned to collect samples using proper sampling 
procedures, appropriate sampling equipment, required containers, and proper preservation 
techniques.   
 
General guidelines for sample collection by laboratory staff are as follows: 
 
 Assure sterility check on sample bottles and avoid contamination. 
 Label sample containers with sample date, sample time, sampling point, sample type 

(grab/composite), preservatives added (if needed), the name of the sampler, and 
analyses needed. 

 Use aseptic technique when collecting samples to prevent contamination (e.g. the 
inner surfaces or lip edges of the bottle or cap are not to be touched). 

 Avoid collecting sample in multiple sweeps and no refilling of the sample bottle. 
 Once the sample is collected, immerse at least one-third of the sample bottle in 

ice. 
 Do not exceed maximum allowable transport time (time of sample collection to 

sample analysis) of 6 hours.  
 Once received, log the samples into the laboratory system as soon as possible, 

 assigned a unique login number, and properly stored. 
 Sample preparation steps done prior to analysis, such as sample preservation are 

described in individual test SOP's. 
 

Sample Handling  
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Chain-of-Custody 
 

The purpose of the chain-of-custody is to establish detailed written and legal 
documentation of all transactions in which samples are transferred from the custody of 
one individual to another.  The custody procedure is also used whenever samples are 
submitted to a laboratory within the division or to a contract laboratory.  The chain-of-
custody begins at the sample collection site and includes couriers or messengers who 
handle the sample in transit.  It follows the sample in the laboratory until its ultimate 
disposal.  It is a form of proof used to establish the authenticity and integrity of the 
sample, since the results will be used to show compliance with the TMDL requirements, 
i.e., numeric targets and wasteload allocations.  
 
A Chain-of-Custody (COC) must accompany each sample submitted to a participating 
laboratory.  If a COC has not been filled out prior to delivery of the sample, a form will 
be provided to the delivery person prior to acceptance of said sample.  The COC will be 
reviewed to make sure that all of the needed information has been supplied.  As an 
example, the Chain-of-Custody Form being used at EMD is attached (Appendix E). 
 
Samples that are collected by EMD’s Microbiology Unit staff for bacteriological testing are 
delivered directly to the microbiology laboratory.  A COC sheet is not required since 
technically there is no sample exchange, i.e., the sample collection staff and the analytical 
staff are the same. 
 
Sample Holding & Preservation 
 
Samples must meet EPA holding time requirements for each testing parameter.  The 
sample refrigeration and holding time of six hours until analyses are performed are 
crucial for microbiological testing.  Microbiological samples must be handled and stored 
under contamination free environments. 
  
After the sample is received, the participating laboratory will enter the sample 
information into the Laboratory Information Management System (LIMS) or comparable 
database and a unique laboratory registration number will be generated for that sample. 
 
Sample Disposal 
 
After the analyses are completed the sample will be retained as legal evidence or legally 
disposed of as determined by the microbiological analysis of the sample.  Analyzed 
samples and standards used in analyses are disposed of in accordance with the laboratories 
written procedures, e.g., EMD's Chemical Hygiene Plan. 
 
Analytical Procedures 
 
Analyses 
 
Analyses performed at EMD laboratories are generally driven by regulatory concerns and 
plant operations' requirements.  There are many different analytical methods applicable to 
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environmental analyses.  EMD’s methods are generally based on those specified by EPA, 
Federal and State regulatory agencies, or professional organizations.  As a guide, 
references for the microbiological procedures are listed below.  
 
"Standard Methods for the Examination of Water and Wastewater,” 18th edition, 1992, 

APHA, AWWA, WPCF, Washington, DC. 
 

"Microbiological Methods for Monitoring the Environment, Water, and Wastes,” EPA-
600/8-78-017. 

 
Standard Operating Procedures (SOPs) 

 
Routine analyses are defined in Standard Operating Procedures (SOPs), which are 
detailed descriptions of how to use and what to expect from a method.  They contain 
method-specific QC criteria (i.e., instrument calibration, reagent blank, method blank, 
calibration standards, etc.), and QC requirements such as duplicate analysis, spike 
recoveries, holding time, etc.  EMD follows a standardized SOP format, its content and 
application is presented in Appendix H of this document.  

 
Microbiological Analyses 
 
The following methods and target organisms are used in analysis of shoreline samples: 

 
o Membrane Filtration 

 Total coliform 
 Fecal coliform 
 Enterococcus 

 
o Chromogenic Substrate 

 Total coliform 
 E. coli 
 Enterococcus 

 
For the SMB Beaches Bacterial TMDL Monitoring Program, the chromogenic substrate 
method will be used in the determination of total coliforms/E. coli, while either the 
chromogenic substrate method or membrane filtration will be used for total coliforms, fecal 
coliforms, and Enterococcus. 

 
The following QA/QC checklist is applicable for the chromogenic substrate and 
membrane filtration methods. 
 
Chromogenic Substrate 
 

- QC Checks on Idexx Reagent 
o Colilert-18 and Enterolert –sterility check performed with each use; 

autofluorescence, positive and negative controls; performed on each new 
lot of reagent 
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o Monthly QC verification of at least 10 positive wells/target organism 
 

- Quanti-trays: 
o Leak test performed on each new lot of trays 

 
- DI Water 

o Sterility check performed with each autoclaved batch 
o Heterotrophic plate count performed monthly 
o Amm-N, Org-N, and TOC performed monthly 
o Heavy metals, total and single, performed annually 
o Total chlorine performed with each use 

 
- Equipment and Laboratory Environment:  

o Incubator temperatures checked twice daily (morning and late afternoon) 
o Refrigerator temperatures checked twice daily (morning and late 

afternoon) 
o Thermometers calibrated semiannually 
o Autoclaves calibrated semiannually; preventative maintenance performed 

quarterly 
o Air and Rodac testing for laboratory air and surface environments 

performed monthly. 
o Balances calibrated semiannually; weight check with each use 
o PH meters- calibrated semiannually; standardized with each use 
o Quanti-tray sealers checked and cleaned weekly 

 
- Personnel QA checks 

o Reagents blanks  
o Sample duplicates (done on 10% of the samples per month) 
o Standard sample analysis and comparison count performed monthly 
 

Membrane Filtration  
 

- QC Checks on Media (mEndo, mFC, mE, EIA; phosphate buffered water): 
o mEndo, mFC, mE, EIA: pH, sterility check and positive, and negative 

controls with each new batch 
o Phosphate buffered water: pH and sterility check with each new batch 
o Monthly QC verification of at least 10 positive colonies/target organism 

 
- Equipment and Laboratory Environment:  

o Incubator temperatures checked twice daily (morning and late afternoon) 
o Refrigerator temperatures checked twice daily (morning and late 

afternoon) 
o Thermometers calibrated semi-annually 
o Autoclaves calibrated semi-annually; preventative maintenance performed 

quarterly 

SMBBB TMDLs CSMP I-4 Rev. April 7, 2004 

RB-AR11656



 

o Air and Rodac testing for laboratory air and surface environments 
performed monthly. 

o Balances calibrated semi-annually; weight check with each use 
o PH meters- calibrated semi-annually; standardized with each use) 
o Residue on glass- performed annually for glassware and Petri dishes 

 
- Personnel QA checks (performed by all technical lab staff) 

o Reagents blanks  
o Sample duplicates (done on 10% of the samples per month) 
o Standard sample analysis and comparison count performed monthly for 

MF analysis: 
 
System and Performance Audits 
 
An audit is a periodic check to ensure that the laboratory operates according to the policies 
and procedures described in the Quality Assurance Manual, complies with good laboratory 
practices, and meets the requirements of regulatory agencies.  It may be either a system or a 
performance audit.   
 
System Audit 
 
A system audit is a review of laboratory operations conducted to verify that the 
laboratory has the necessary facilities, equipment, staff, and procedures in place to 
generate acceptable data.  It is an on-site inspection of the laboratory's system of 
operations.  It may be an internal or external audit.  Internal inspections may be 
performed by quality assurance personnel.  External audits are generally laboratory 
certification-related activities. 
 
 1. Internal 
 
  Periodically, the QA Officer (or designee) audits the laboratories and reports 

the results to the Division Manager (or laboratory director), laboratory 
managers, and unit supervisors. 

 
 2. External 
 
  State-certified laboratories are site visited every two years by auditors from 

the Environmental Laboratory Accreditation Program (ELAP) of the 
California Department of Health Services (CA DOHS).  Accreditation is by 
scientific discipline or field of testing.  Non-compliances with good 
laboratory practices are identified and reported as deficiencies and are 
subject to corrective action before accreditation is renewed. 
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Performance Audit 
 
A performance audit is a review to evaluate the laboratory's analytical activities as well as 
the data produced by analysts.  It verifies the ability of the laboratory to correctly identify 
and quantify compounds in unknown samples submitted by the auditing entity.  The purpose 
of these audits is to determine the laboratory's capability to generate scientifically sound 
data. 
 
 1. Internal 
 
  Periodically, the QA staff submits unknown samples to most of the 

laboratories.  These samples are usually from the inventory of previous 
Performance Evaluation (PE) samples from EPA.  Analysis of these samples 
is also a corrective action requirement for Discharge Monitoring Report 
(DMR) and/or Water Pollution (WP) samples evaluated with "unacceptable 
results.”  The QA staff may also conduct intra- and inter-comparison studies. 

 
 2. External 
 
  All laboratory units, including the Microbiology laboratory, at EMD 

participate in mandatory QA Performance Evaluation (PE) Study Programs.   
 
  a. Mandatory PE Programs 
 
   * Water Pollution QA Study Program (WP) serves a dual 

purpose.  It satisfies EPA's wastewater testing laboratory 
requirements and meets one of ELAP's laboratory 
certification criteria.  Test samples are analyzed for 
parameters listed under each field of testing on our 
certifications and are specified in the WP Program following 
certified procedures.  A laboratory can participate in a WP 
Study twice a year. 

 
   * For the Microbiology Performance Evaluation (PE) Study, 

Drinking Water/Wastewater Enumeration is required for 
ELAP certification.  Like all the other PE programs, the 
samples are acquired from NIST-approved vendors and 
analyses are done for certified analytes.   

 
  b. Voluntary PE Program 
   
   The Microbiology Unit also takes part in the interlaboratory 

calibration studies with EPA.  These programs are performance 
based. 
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Assessment of Precision and Accuracy 
 
Data quality may be assessed in terms of precision, accuracy, representativeness, 
completeness, and comparability.  The latter three are usually determined outside of the 
laboratory operations and with limited involvement of laboratory staff.  These measures 
are not included in this section.  The internal quality control measures (i.e., precision and 
accuracy) that are performed in the laboratory to evaluate data quality are described in 
this section.   
 
 Precision 
 
 Precision is the agreement among a set of replicate measurements without 

knowledge of the true value.  It is the degree to which a measurement is 
reproducible.  Precision, expressed as Relative Percent Difference (RPD), is 
determined for each laboratory unit by analyzing replicates of the same sample, a 
number of duplicate pairs, or matrix-spiked duplicate samples.  

 
 Accuracy  
 
 Accuracy is a measurement of how close the result is to the true value.  Each 

laboratory unit establishes its accuracy of measurement by analyzing QC check 
samples (spiked samples, standard reference materials from a reliable source, etc).  
The results of the QC samples are correlated to documented, certified values.  
Results of spiked samples are calculated as Percent Recovery.  Actual Percent 
Recovery is compared to established reference data.  The degree of closeness of the 
QC check sample contributes to the general assurance that the accuracy of the data is 
within acceptable limits. 

 
Corrective Action 
 
Laboratory events and data that fall outside established quality acceptance criteria may 
require investigation or corrective action.  The corrective action implemented depends on 
the type of analysis, the extent of the error, and whether the error can be determined and 
corrected.  The purpose of the corrective action is to resolve the problem and to restore the 
system to proper operation.  Investigative steps and corrective actions implemented are 
documented.   
 
Corrective Action Procedures 
 

1. The initial corrective action procedures may be handled at the bench level.  The unit 
supervisor is immediately notified of the deviation.  The analyst reviews the sample 
preparation for possible errors and checks the instrument calibration, calibration and 
spike solutions, instrument sensitivity, etc. 
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2. If the error cannot be resolved by the analyst, the unit supervisor has the 
responsibility of resolving the problem with assistance, if needed, from the 
laboratory manager and/or the QA Officer. 

 
3. The corrective action adopted may be determined by the analyst, the unit supervisor, 

the laboratory manager, the QA Officer, or through a consensus.  If needed, the final 
decision for corrective action rests with the laboratory manager after consultation 
with the QA Officer. 

 
4. The unit supervisor shall maintain an accurate and up-to-date record of corrective 

actions taken in the unit.  A corrective action report form (included herein as an 
attachment) is available for use. 

 
5. The laboratory manager shall periodically review corrective action records and plan 

for system improvement by involving analysts, unit supervisors, and QA personnel.  
 
General Guidelines for Initiating a Corrective Action 
 

1. Identify/define the problem. 
 

2. Assign responsibility for investigating the problem. 
 

3. Investigate and determine the causes. 
 

4. Develop corrective action to eliminate the problem. 
 

5. Measure the effectiveness of the corrective action. 
 

6. Analyst, unit supervisor, laboratory manager, and the QA Officer meet to review and 
evaluate the process, if necessary. 

 
7. Document the process by filling out the Corrective Action Report Form. 
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APPENDIX J 
City of Los Angeles Environmental Monitoring Division’s Data Archival Format 

 
 
Data Format and Archive 
 
 

Field Name              Type Required Description 
 

Agency Text Y A unique code used by the submitting agency 
    (luAgency) 
Account Text Y Place-holder code to contain “TMDL.” 
Program Text Y Place-holder code to contain “SMBBB TMDL.” 
StationID Text Y The station name from the list of stations provided in 
   lookup list (luStations). 
AgencySampleID Text N The laboratory internal sample identifier  
SampleDate Date/Time Y The date the sample was analyzed (must be the same 
   date as when the sample was taken) expressed as  
   dd-mmm-yyyy 
SampleTime Number Y The time the sample was collected expressed as hh:mm
SamplerID Text Y Name of person collecting sample 
AnalysisDate Date/Time Y The date the sample was analyzed (must be the same 
    date as when the sample was taken) expressed as  
   dd-mmm-yyyy 
AnalysisTime Number Y The time the testing was started expressed as hh:mm 
AnalystID Text Y Name of person analyzing sample 
ParameterCode Text Y What type of bacteria are being tested  
Qualifier Text N Qualifier for the result 
Result Number Y The numerical results of the test 
ResultUnits Text Y The units for the results  
TextValue Text Y Explanation for sample not analyzed, default None, 
   luAnalyticalFailure 
Dilution Number Y The dilution factor associated with the result. 
LabRep Text Y The count of the lab replicate. 
AnalysisMethod Text Y The Method used to do the analysis  
Comments Text N Additional comments 

Data format.  List of fields, type of data, whether it is required, and description of data format
to be used for submission for archival by EMD. 
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APPENDIX K 
Santa Monica Bay Beaches Bacteria TMDLs 
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APPENDIX L 
Safety 

 
Driving Safety & Reporting Vehicle Accidents 
 

            During  beach sample collection, 4-wheel drive mode should be used on the sand.  It is best 
to use 4-lo when driving on the sand in 4-wheel drive (4WD).  Tire pressure should equal 
20-25 psi for the small beach truck, and 35 psi for the large truck.  If there is some 
problem driving on the sand (i.e., stuck or barely moving) the tire pressure is decreased to 15 
psi then when off the sand re-inflated to 20 psi.  When the sampler arrives back at the lab, 
the tire pressure is increased back up to 25 psi.  The sampler needs to exit 4WD when 
leaving the sand for street driving.  When driving with tires at minimum activation 
pressure range (as recommended by the National Highway Traffic Safety 
Administration), one should not exceed 65 MPH on the freeway and drive for no longer 
than 60 minutes at high speed.  Safety issues related to tires and tire pressure may be found 
at this website: http://www.nhtsa.dot.gov/cars/rules/rulings/TirePresFinal. 
 

The Life Guard speed limit on the sand is 15 MPH, dependent upon conditions.  At no 
time is driving faster than 15 MPH allowable.  Observe the beach speed limit and 
anticipate the possibility of people covered in sand or otherwise obscured from view.  Be 
extremely cautious when children are present. 

 

The following are additional precautions for City of L.A.’s EMD and participating 
laboratories’ personnel to use as guidelines while driving a 4WD vehicle to collect beach 
samples:  

1. Drivers of city vehicles must have a valid operating license. 

2. If persons in vehicle observe a potential unsafe condition with the vehicle, 
discontinue operation, return the vehicle, and report the problem to management 
and Fleet Services. 

3. Vehicle occupants must wear safety belts and ensure the vehicle contains an 
accident-reporting envelope.   

4. Cargo items should not be stacked above seat level; if they are, a safety screen 
should be installed. 

5. Employee responsibility: 

6. It is the responsibility of every City employee who drives, is in control of, or is 
responsible for any City-owned, rented or mileage vehicle which is involved in an 
accident (no matter how slight) to notify the proper authorities and to fill out the 
proper forms in case of a vehicle accident. 

7. Detailed instructions on what to do are contained in the packet (form Gen. 84) 
which is kept in the glove compartment of every City-owned or mileage vehicle.  
If the vehicle you are using does not contain a packet, you may obtain one by 
calling any Fleet Services facility where City vehicles are maintained.  Included 
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in the packet is form Gen. 88, which is the automobile accident report.  This form 
has five copies, which are to be distributed to the locations printed on the top of 
the form.  This written report must be filed with the City Attorney within 24 hours 
of the accident. 

8. If a vehicle accident occurs, the driver must report the accident to the police by 
notifying the Police Complaint Board at 213-485-2683 or 213-623-3311.  For 
emergencies, dial 911.  Additionally, if any injury or death has occurred, you 
must report the accident by phone to the City Attorney, Automobile Liability 
Division, at 213-485-3634.  If no one answers, have the City Hall Chief Operator, 
at 213-485-5500, relay your call.  If an EMD employee is injured, contact the 
Workers’ Compensation Division at 213-847-9405 to report the injury.  All 
City/EMD vehicles involved in accidents must be brought to Fleet Services (213-
485-4985) for inspection within five working days. 

 
a. All accidents must be reported including: 

• When an accident occurs in a County or incorporated area, 
• When a driver is accused of being in an accident but has no knowledge 

of same, 
• When an animal is seriously injured or killed.  Search for the owner 

and report the incident. 
• When two City vehicles are involved in an accident, 
• When the accident occurs on a freeway. 
 

The Occupational Safety Office must be notified if there is death or serious 
injury caused by the vehicular accident.  The City of Los Angeles’ 
Occupational Safety Office telephone number is 213-485-4691.  Call The City 
Hall Chief Operator at 213-485-5500 and ask for a safety engineer if the 
accident occurs after working hours. 

 
The driver must remain on the scene of the accident and obtain information 
from other persons involved.  The driver should also have witnesses fill out 
the witness cards located in the packet of information and forms in the glove 
compartment. 
 

b. Supervisor’s Responsibility: 
• Ensure that the driver has made all the required notifications and has 

properly filled out all the forms. 
• Investigate the accident and attempt to determine what may have lead 

to the incident. 
• Discuss your finding of the investigation with the driver and co-

workers so that these types of incidents can be avoided in the futures. 
 

c. Vehicle Accident Reporting Procedure 
The EMD employee involved in the accident must: 

• First: 
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o Stop immediately and provide needed first aid. 
o Call for an ambulance if necessary 
o Avoid obstructing traffic. 
o Place emergency flags or flares if available. 
o Notify the Police Complaint Board. 
o If a death or serious injury has occurred, call the Occupational 

Safety Office. 
• Second: 

o Follow “Accident Reporting Instructions” in the form Gen. 88 
packet. 

o Be courteous; avoid arguments. 
o Ask witnesses to sign witness cards. 
o Sign no statements. 
o Admit no negligence or fault. 
o Assume no liability for yourself or the City. 

• Third: 
o Notify your supervisor that you have been involved in an accident. 
o Completely fill out form Gen. 88.  The carbon copies of the form 

must not contain information on the back portion of the original or 
City Attorney’s copy.  The form must be signed, dated, and turned 
in to the employee’s supervisor. 

o If a death or serious injury has occurred, call the City Attorney. 
o Contact Worker’s Compensation if a City employee has been 

injured 
 
Field Sampling 

 
For employees who have been assigned the duty of sample collection, there must be an 
awareness of the potential hazards involved at both the site and in the sampling subject.  
The following are general precautions to be observed during beach and storm drain 
sample collection. 

 
a. Use proper equipment for the job.  This includes personal protective gear such 

as eye protection, gloves, boots, or hardhat, when necessary; and equipment 
required to aid in sampling such as poles and holders for the bottles.  While 
moving around Hyperion Treatment Plant, hardhats must be worn at all times. 

b. No Laboratory Technician should sample alone along the beach prior to 
proper training; if possible bring someone along to assist.   

c. Be sure samples are secure in the vehicle or mode of transport to avoid the 
risk of contamination and the possibility of spillage resulting in exposure. 

d. Never deliberately touch the water or waste being sampled.  Remember that 
these substances could pose a risk to your health. 

e. Disinfect hands and exposed body parts after sampling, and be sure to clean 
off utensils, gloves, and boots to protect others. 
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During shoreline sampling, safety of the sampler is of prime importance.  If a sample 
location is inaccessible or deemed to be unsafe, no sample is required to be collected and 
comments noted on the beach observation sheet.  During wet weather, safety consideration 
may preclude collection of a wave-wash sample.  Samples at historical sites may be 
collected, if deemed safe. 
 
Laboratory Safety 

 
The collection and analysis of environmental samples involves contact with samples that 
may contain agents that pose a microbiological hazard.  The primary means of exposure to 
these microbiological hazards involve body contact during sample collection and hand-
mouth or nose contact while handling the samples.  Personal protective measures are 
mandatory while working in the field and laboratory.  Following are some key steps to be 
followed by all laboratory analysts: 
 

1. Assure that appropriate eye protection is worn by all persons, when toxic 
materials (chemicals or biochemicals) are handled.  Contact lenses should not be 
worn when working with chemicals. 

2. Wear appropriate gloves when the potential for contact with toxic materials 
exists; inspect gloves before each use, wash them before removal, and replace 
them periodically. 

3. Persons doing sampling must wear boots.  The boots must be cleaned before 
entering the building.  Boots cannot be worn in the lunchroom, under any 
circumstances.  Steel-toed chemical resistant boots should be worn for the 
harshest environments, where there is also risk of injury to the foot and toes. 

4. Use any other protective and emergency apparel and equipment as appropriate. 

5. Remove laboratory coats immediately on significant contamination. 

In addition, persons who work in biological laboratories are often at risk of exposing 
themselves to a number of infectious agents, especially those known to be indigenous to 
wastewater.  Most persons trained in biological and especially microbiological fields 
usually are aware of the risks involved, and even if precautions are taken, most of the 
work-related infections are due to certain practices conducted in the laboratory resulting 
in the generation of aerosols or through cutaneous pathways.  The following guidelines 
are designed to prevent any exposure of personnel to infectious agents. 

1. General chemical hygiene practices apply as well to the biological laboratories. 

2. All work areas must be disinfected before and after all laboratory operations. 

3. Hazardous areas and receptacles of contaminated items are to be marked with a 
biohazard sign. 

4. No eating or drinking in the laboratory.  No food or drink may be stored in 
laboratory refrigerators, incubators or on bench tops. 
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5. Store personal effects outside the microbiology laboratory area to prevent 
contamination.  Manager and supervisors are responsible for enforcing this rule. 

1. It is policy to wear a lab coat while working in the microbiology lab.  Lab coats 
and street clothes should be stored separately.  Lab coats are prohibited in the 
lunchroom. 

2. Latex or plastic gloves are to be provided and used by employees. 

3. Always wash your hands thoroughly after handling sewage, sludge, or receiving 
water samples of any source before handling food or leaving the lab.  “All” 
samples should be treated as potentially hazardous.  Germicidal soap is to be 
available to all employees, and should be kept in stock. 

4. Laboratory workers should not touch their hands to their face, especially the eyes, 
nose, and mouth when working with wastewater and sludge samples. 

5. For workers who handle wastewater and its byproducts, it is recommended that 
they have been vaccinated for polio and tetanus.  Persons in poor health and at 
risk of infection should inform their supervisor, and arrange for an improvement 
in their personal protection. 

6. Handle all microorganisms as if they are pathogenic.  The principle of sterile 
technique should be understood and applied during the handling of cultures and 
their related equipments. 

7. Never pipette by mouth.  Use bulbs or other mechanical means to draw up the 
liquid.  Discard all used pipettes into a jar containing disinfectant solution for 
decontamination before washing them. 

8. Avoid generation of aerosols during operations such as inoculation, pipetting, 
mixing, or centrifuging. 

9. Equipment: 

10. Microscopes, colony counters, etc. are to be kept in the work area and be dust 
free; they are to be cleaned after use. 

11. Water baths should be kept free of growth deposits. 

12. Autoclaves, hot air sterilizing ovens, and water distilling equipment and 
centrifuges should be cleaned regularly to ensure safe operating. 

13. Employees are to be trained in autoclave operation and operating instructions 
posted near each instrument. 

14. Performance checks of autoclaves and hot air sterilizers should be conducted with 
the use of spore strips, spore ampoules, indicators, etc. 

15. Safety cabinets of the appropriate type and class are to be supplied, maintained, 
and used. 

16. Personnel are to be trained in the proper procedures for handling lyophilized 
(freeze-dried) cultures when used. 
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17. Employees should use the provided bottle carriers when moving reagents, acids, 
and solvents through the building. 

18. Laboratory personnel must follow labeling protocols in the laboratory to prevent 
mix-ups of reagents, and when possible use the pre-labeled or permanently 
labeled bottles.  Secondary containers are to be labeled as well. 

19. In the event of a spill, all possible contaminated surfaces and tools are to be 
disinfected and the absorbent material placed in a biohazard bag for disposal. 

20. All contaminated plates and Quanti-trays are to be autoclaved in biohazard bags at 
the end of the analysis and then disposed of in the labeled bags as regular trash. 

21. Sterilize biological waste materials and contaminated equipment (cultures, 
glassware, etc.) before washing, storage, or disposal by autoclaving or 
decontaminating. 

22. Eliminate flies and other insects to prevent contamination vectors of sterile 
equipment, media, samples, cultures, and infection of personnel (i.e., provide 
screens on windows and doors to outside if there is no air conditioning). 
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APPENDIX M 
LACDHS Follow-up Monitoring Protocol 

 
(This protocol is attached as reference only.  See Section 4.2 for accelerated testing 
procedures following an exceedance.  )  
 
A. All information and actions taken shall be recorded in a log maintained by the 

Recreational Health Program.  In addition, the information shall be entered into a 
State Water Control Resource Board, Microsoft Access database. 

B. Elevated bacterial levels exist when any of the single sample standards are exceeded. 
C. When a sampling station exhibits elevated bacterial levels, when practicable, a 

resample shall be taken between 24-48 hours after the initial sample. 
D. When there is an elevated bacterial level the following guidelines shall be followed: 
 

• All storm drains continually discharging or intermittently discharging into the 
ocean during dry weather shall be posted with a white “Warning” (storm drain) 
sign at the point where the discharge meets the surf zone. 

• When a sampling station, in front of, or in proximity to a storm drain, exceeds 
single State standards, white ”Warning” (storm drain) signs shall be posted at 50 
and 100 yards on either side of the storm drain or where the point of discharge 
meets the surf zone.  If not already posted, a white ”Warning” (storm drain) sign 
shall be posted directly in front of the storm drain or where the point of discharge 
meets the surf zone.  Posting patterns and distances may vary depending on 
bacteria levels and local geographic conditions. 

• When a sampling station, not in proximity to a storm drain, exceeds single State 
standards, a beige “Warning” sign shall be posted at the sampling station and 50 
yards either side of the sampling station.  Posting patterns and distances may vary 
depending on bacteria levels and local geographic conditions. 

• Areas with a chronic history of elevated bacteria levels exceeding State standards, 
may be posted continuously with either a beige or white “Warning” sign. 
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APPENDIX N 
Participating Organizations and Contacts (Monitoring) 

 

Table N-1        

JURISDICTIONAL GROUP 1 

Responsible 
Agency 

Primary 
Contact 

Phone      Fax Email Secondary
Contact 

Phone Email

County of Los 
Angeles (lead) 

Frank Wu (626) 458-4358 (626) 457-1526 fwu@ladpw.org Bill DePoto (626) 458-4313 bdepoto@ladpw.org 

County of 
Ventura 

Darla Wise (805) 654-3942   darla.wise@mail.co.ventura.ca.us       

Caltrans Bob Wu (213) 897-8636 (213) 897-0205 robert_wu@dot.ca.gov Paul Thakur (213) 897-7546 jai_paul_thakur@dot.ca.gov 

Calif. Dept. of 
Parks & Rec. 

 Nat Cox     nscox@aol.com       

Calabasas Robin Hull (818) 878-4242 
x306 

(818) 878-4205 rhull@ci.calabasas.ca.us Roxanne 
Hughes 

(800) 491-1720 RHughes@WILLDAN.com 

City of Los 
Angeles 

Mas Dojiri (310) 648-5610 (310) 648-5731 mdojiri@san.lacity.org Farhana 
Mohamed 

(310) 648-5923 fym@san.lacity.org 

Malibu Melanie Irwin (310) 456-2489 
x275 

(310) 456-3356 mirwin@ci.malibu.ca.us       
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Table N-2        

JURISDICTIONAL GROUP 2 

Responsible 
Agency 

Primary 
Contact 

Phone      Fax Email Secondary
Contact 

Phone Email

City of Los 
Angeles (lead) 

Mas Dojiri (310) 648-5610 (310) 648-5731 mdojiri@san.lacity.org Farhana 
Mohamed 

(310) 648-5923 fym@san.lacity.org 

County of Los 
Angeles 

Frank Wu (626) 458-4358 (626) 457-1526 fwu@ladpw.org Bill DePoto (626) 458-4313 bdepoto@ladpw.org 

Caltrans Bob Wu (213) 897-8636 (213) 897-0205 robert_wu@dot.ca.gov Paul Thakur (213) 897-7546 jai_paul_thakur@dot.ca.gov 

Calif. Dept. of 
Parks & Rec. 

Nat Cox    nscox@aol.com        

El Segundo Paul Giera (310) 524-2742   pgiera@elsegundo.org       

Santa Monica Neal 
Shapiro 

(310) 458-8223   neal-shapiro@santa-monica.org       
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Table N-3        

JURISDICTIONAL GROUP 3 

Responsible 
Agency 

Primary 
Contact 

Phone      Fax Email Secondary
Contact 

Phone Email

Santa Monica 
(lead) 

Neal 
Shapiro 

(310) 458-
8223 

  neal-shapiro@santa-monica.org       

City of Los 
Angeles 

Mas Dojiri (310) 648-5610 (310) 648-5731 mdojiri@san.lacity.org Farhana 
Mohamed 

(310) 648-5923 fym@san.lacity.org 

County of Los 
Angeles 

Frank Wu (626) 458-4358 (626) 457-1526 fwu@ladpw.org Bill DePoto (626) 458-4313 bdepoto@ladpw.org 

Caltrans Bob Wu (213) 897-8636 (213) 897-0205 robert_wu@dot.ca.gov Paul Thakur (213) 897-7546 jai_paul_thakur@dot.ca.gov 

Calif. Dept. of 
Parks & Rec. 

Nat Cox    nscox@aol.com       
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Table N-4        

JURISDICTIONAL GROUP 4 

Responsible 
Agency 

Primary 
Contact 

Phone      Fax Email Secondary
Contact 

Phone Email

Malibu (lead) Melanie Irwin (310) 456-2489 
x275 

(310) 456-3356 mirwin@ci.malibu.ca.us       

County of Los 
Angeles 

Frank Wu (626) 458-4358 (626) 457-1526 fwu@ladpw.org Bill DePoto (626) 458-4313 bdepoto@ladpw.org 

Caltrans Bob Wu (213) 897-8636 (213) 897-0205 robert_wu@dot.ca.gov Paul Thakur (213) 897-7546 jai_paul_thakur@dot.ca.gov 
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Table N-5        

JURISDICTIONAL GROUP 5 

Responsible 
Agency 

Primary 
Contact 

Phone      Fax Email Secondary
Contact 

Phone Email

Manhattan 
Beach (lead) 

Steve Didier (310) 802-5363 (310) 802-5351 sdidier@citymb.info       

El Segundo Paul Giera (310) 524-2742   pgiera@elsegundo.org       

Hermosa 
Beach 

Sheila 
Kennedy 

(562) 802-7880 
x29 

(562) 802-2297 skennedy@jlha.net Homayoun 
Behboodi 

(310) 318-0212 hbehboodi@hermosabch.org 

Redondo 
Beach 

Mike Shay (310) 318-0661 
x2455 

(310) 374-4828 mike.shay@redondo.org       

County of Los 
Angeles 

Frank Wu (626) 458-4358 (626) 457-1526 fwu@ladpw.org Bill DePoto (626) 458-4313 bdepoto@ladpw.org 

Caltrans Bob Wu (213) 897-8636 (213) 897-0205 robert_wu@dot.ca.gov Paul Thakur (213) 897-7546 jai_paul_thakur@dot.ca.gov 
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Table N-6        

JURISDICTIONAL GROUP 6 

Responsible 
Agency 

Primary 
Contact 

Phone      Fax Email Secondary
Contact 

Phone Email

Redondo 
Beach (lead)  

Mike Shay (310) 318-0661 
x2455 

(310) 374-4828 mike.shay@redondo.org       

El Segundo Paul Giera (310) 524-2742   pgiera@elsegundo.org       

Hermosa 
Beach 

Sheila 
Kennedy 

(562) 802-7880 
x29 

(562) 802-2297 skennedy@jlha.net Homayoun 
Behboodi 

(310) 318-0212 hbehboodi@hermosabch.org 

Manhattan 
Beach  

Steve Didier (310) 802-5363 (310) 802-5351 sdidier@citymb.info       

Torrance Wendell 
Johnson 

(310) 618-5951 (310) 618-2822 wjohnson@torrnet.com       

County of Los 
Angeles 

Frank Wu (626) 458-4358 (626) 457-1526 fwu@ladpw.org Bill DePoto (626) 458-4313 bdepoto@ladpw.org 

Caltrans Bob Wu (213) 897-8636 (213) 897-0205 robert_wu@dot.ca.gov Paul Thakur (213) 897-7546 jai_paul_thakur@dot.ca.gov 
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Table N-7        

JURISDICTIONAL GROUP 7 

Responsible 
Agency 

Primary 
Contact 

Phone      Fax Email Secondary
Contact 

Phone Email

Rancho Palos 
Verdes (lead) 

John Hunter (562) 802-7880 
x25 

(562) 802-2297 jhunter@jlha.net Dean Allison   deana@rpv.com 

City of Los 
Angeles  

Mas Dojiri (310) 648-5610 (310) 648-5731 mdojiri@san.lacity.org Farhana 
Mohamed 

(310) 648-5923 fym@san.lacity.org 

Palos Verdes 
Estates 

Kimberly 
Colbert 

(310) 212-5778 (310) 212-0993 kimberlycolbert@caaprofessiionals.com Allan Rigg   Arigg@pvestates.org 

Rolling Hills Yolanta 
Schwartz 

(310) 377-1521 (310) 377-7288 YSchwartz@cityofRH.net Kathleen 
McGowan 

(310) 373-0330 kathleen.enve@verizon.net 

Rolling Hills 
Estates 

Gregg 
Grammer 

(310) 377-1577 (310) 377-4468 gregg@rhe.org Kathleen 
McGowan 

(310) 373-0330 kathleen.enve@verizon.net 

County of Los 
Angeles 

Frank Wu (626) 458-4358 (626) 457-1526 fwu@ladpw.org Bill DePoto (626) 458-4313 bdepoto@ladpw.org 
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Table N-8        

"JURISDICTIONAL GROUP 8" (BALLONA CREEK WATERSHED) 

Responsible 
Agency 

Primary 
Contact 

Phone      Fax Email Secondary
Contact 

Phone Email

City of Los 
Angeles  

Mas Dojiri (310) 648-5610 (310) 648-5731 mdojiri@san.lacity.org Farhana 
Mohamed 

(310) 648-5923 fym@san.lacity.org 

Beverly Hills Vincent Chee (310) 285-2507   vchee@beverlyhills.org       

Culver City Lee Torres (310) 253-5623 (310) 253-5626 lee.torres@culvercity.org Sheila 
Kennedy 

(562) 802-
7880 x29 

skennedy@jlha.net 

Inglewood  Eric Escobar  (310) 412-5383   eescobar@cityofinglewood.org       

Santa Monica Neal 
Shapiro 

(310) 458-8223   neal-shapiro@santa-monica.org       

West 
Hollywood 

Jan Harmon (323) 848-6499   jharmon@weho.org       

County of Los 
Angeles 

Frank Wu (626) 458-4358 (626) 457-1526 fwu@ladpw.org Bill DePoto (626) 458-4313 bdepoto@ladpw.org 

Caltrans Bob Wu (213) 897-8636 (213) 897-0205 robert_wu@dot.ca.gov Paul Thakur (213) 897-7546 jai_paul_thakur@dot.ca.gov 
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Table N-9        

"JURISDICTIONAL GROUP 9" (MALIBU CREEK WATERSHED) 

Responsible 
Agency 

Primary 
Contact 

Phone      Fax Email Secondary
Contact 

Phone Email

County of Los 
Angeles  

Frank Wu (626) 458-4358 (626) 457-1526 fwu@ladpw.org Bill DePoto (626) 458-4313 bdepoto@ladpw.org 

County of 
Ventura 

Darla Wise (805) 654-3942   darla.wise@mail.co.ventura.ca.us       

Caltrans Bob Wu (213) 897-8636 (213) 897-0205 robert_wu@dot.ca.gov Paul Thakur (213) 897-7546 jai_paul_thakur@dot.ca.gov 

Calif. Dept. of 
Parks & Rec. 

              

(LVMWD)               

Agoura Hills Jed Ireland     JIreland@ci.agoura-hills.ca.us       

Calabasas Robin Hull (818) 878-4242 
x306 

(818) 878-4205 rhull@ci.calabasas.ca.us Roxanne 
Hughes 

(800) 491-1720 RHughes@WILLDAN.com 

Hidden Hills Mark Smith (310) 548-8454   envirosmith@earthlink.net       

Malibu Melanie Irwin (310) 456-2489 
x275 

(310) 456-3356 mirwin@ci.malibu.ca.us       

Simi Valley  Ann Shubert 
Reyes 

            

Thousand Oaks Arne Anselm (805) 449-2386   aanselm@toaks.org       

Westlake 
Village 

Roxanne 
Hughes 

(800) 491-1720 (805) 643-0791 RHughes@WILLDAN.com       
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Table N-10        

OTHER PARTICIPATING AGENCIES/ORGANIZATIONS 

Responsible 
Agency 

Primary 
Contact 

Phone      Fax Email Secondary
Contact 

Phone Email

County of Los 
Angeles DHS 

Richard 
Kebabjian 

(626) 430-5370   rkebabjian@dhs.co.la.ca.us Eric Edwards (626) 430-5360 eedwards@dhs.co.la.ca.us 

LACSD Kathy Walker (310) 830-2400  
x5514 

  kwalker@lacsd.org Alex Steele     

RWQCB Renee
DeShazo 

 (213) 576-6783   rdeshazo@rb4.swrcb.ca.gov Jon Bishop   jbishop@rb4.swrcb.ca.gov 

Santa Monica 
BayKeeper 

Angie Bera (310) 305-9645 
x3 

(310) 305-7985 octopus@smbaykeeper.org Tracy 
Egoscue 

(310) 305-9645 
x1 

baykeeper@smbaykeeper.org 

Heal the Bay Mitzy Taggert     mtaggart@healthebay.org       
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APPENDIX O 
Basin Plan 

 
The Los Angeles Regional Water Quality Control Board's (Regional Board) Basin 
Plan is designed to preserve and enhance water quality and protect the beneficial uses of 
all regional waters.  Specifically, the Basin Plan (i) designates beneficial uses for surface 
and ground waters, (ii) sets narrative and numerical objectives that must be attained or 
maintained to protect the designated beneficial uses and conform to the state's 
antidegradation policy, and (iii) describes implementation programs to protect all waters 
in the Region.  In addition, the Basin Plan incorporates (by reference) all applicable State 
and Regional Board plans and policies and other pertinent water quality policies and 
regulations.  Those of other agencies are referenced in appropriate sections throughout 
the Basin Plan. 
 
The Basin Plan is a resource for the Regional Board and others who use water and/or 
discharge wastewater in the Los Angeles Region.  Other agencies and organizations 
involved in environmental permitting and resource management activities also use the 
Basin Plan.  Finally the Basin Plan provides valuable information to the public about 
local water quality issues. 
 
The Basin Plan is reviewed and updated as necessary.  Following adoption by the 
Regional Board, the Basin Plan and subsequent amendments are subject to approval by 
the State Board, the State Office of Administrative Law (OAL), and the United States 
Environmental Protection Agency (USEPA).  
 
The Basin Plan can be downloaded from the Regional Board’s website:  
 
http://www.swrcb.ca.gov/rwqcb4/html/meetings/tmdl/Basin_plan/basin_plan.html 
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Figure 1.  Santa Monica Bay Beaches Bacterial TMDLs, Jurisdictional Overview. 
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Figure 2.  Jurisdiction 1. 
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Figure 3.  Jurisdiction 1 (Continued). 
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Figure 4.  Jurisdiction 1 (Continued). 
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Figure 5.  Jurisdiction 2.
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Figure 6.  Jurisdiction 2 (Continued). 
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Figure 7.  Jurisdiction 3. 
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Figure 8.  Jurisdiction 4. 
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Figure 9.  Jurisdiction 5.  
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Figure 10.  Jurisdiction 6. 
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Figure 11.  Jurisdiction 7. 
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Figure 12.  Jurisdiction 8. 
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Figure 13.  Jurisdiction 9. 
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Figure 14.  Rain Gage Locations. 
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PATH (Partnership for Advancing Technology in Housing) is a private/public effort to develop, demonstrate, and 
gain widespread market acceptance for the “Next Generation” of American housing. Through the use of new or 
innovative technologies, the goal of PATH is to improve the quality, durability, environmental efficiency, and 
affordability of tomorrow’s homes. 
 
PATH is managed and supported by the U.S. Department of Housing and Urban Development (HUD). In addition, 
all federal agencies that engage in housing research and technology development are PATH Partners, including the 
Departments of Energy, Commerce, and Agriculture, as well as the Environmental Protection Agency (EPA) and the 
Federal Emergency Management Agency (FEMA). State and local governments and other participants from the 
public sector are also partners in PATH. Product manufacturers, home builders, insurance companies, and lenders 
represent private industry in the PATH Partnership. 
 
To learn more about PATH, please contact 
 

 
 
451 7th Street, SW 
Washington, DC 20410 
202-708-4277 (phone) 
202-708-5873 (fax) 
e-mail: pathnet@pathnet.org  
website: www.pathnet.org  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Visit PD&R's website 
www.huduser.org 
to find this report and others sponsored by 
HUD's Office of Policy Development and Research (PD&R). 
 
Other services of HUD USER, PD&R's Research Information Service, include listservs; special interest, bimonthly 
publications (best practices, significant studies from other sources); access to public use databases; and a hotline 
1-800-245-2691 for help accessing the information you need. 
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PREFACE 

This U.S. Department of Housing and Urban Development (HUD) document, The 
Practice of Low Impact Development (LID), is intended to assist the housing industry 
during the land development process. It complements the 1993 HUD publication Model 
Land Development Standards and Accompanying Model State Enabling Legislation, 
which simultaneously promoted safe, high-quality housing and eliminated needless 
requirements that add to a home’s final cost. 

The HUD Office of Policy Development and Research (PD&R) supports the 
Department's overall mission of helping to create affordable housing and assisting 
communities with meeting their development needs.  In particular, PD&R is responsible 
for monitoring the nation's housing needs, conducting research on significant community 
development issues, and providing reliable and objective analysis to our nation's 
policymakers.  This publication underscores PD&R's commitment to delivering timely 
and accurate research to our nation's housing professionals. 

The document focuses specifically on technologies that affect both the cost impacts and 
environmental issues associated with land development.  It provides a brief introduction 
to low impact development and discusses conventional and alternative techniques and 
technologies that developers can integrate into their existing land development practices.  
By continually examining the land development process, the home building industry can 
continue to provide America with built environments that enhance the natural 
environment. 
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EXECUTIVE SUMMARY 

Building professionals and municipal planning officials each have numerous goals and 
try to satisfy many needs during land development.  Private developers are interested in 
profitable business ventures that also effectively address environmental concerns and 
meet regulatory requirements.  Public sector officials ensure that development projects 
mesh with applicable zoning ordinances and help improve the surrounding community. 
This publication is intended to assist these groups by 1) providing basic conventional and 
innovative land development technology information, and 2) encouraging the amendment 
of existing development codes to facilitate the use of those technologies. 

In an effort to help meet both groups’ needs, the publication provides ways to 
simultaneously incorporate economic and environmental considerations into the land 
development process. This approach to land development, called Low Impact 
Development (LID), uses various land planning and design practices and technologies to 
simultaneously conserve and protect natural resource systems and reduce infrastructure 
costs.  LID still allows land to be developed, but in a cost-effective manner that helps 
mitigate potential environmental impacts.  LID is best suited for new, suburban 
development.  

Some developers are already using some LID technologies in their projects, however this 
publication can help building professionals and municipal officials who are interested in 
learning more about LID. Lastly, developers do not have to incorporate all of the LID 
technologies noted herein into every development, rather, it is suggested developers 
carefully select the technologies appropriate to a site’s unique regulatory, climatic, and 
topographic conditions. Some of the key LID recommendations are presented below. 

Project Planning & Design 

While the LID approach can result in a myriad of benefits for the developer, the 
municipality, and the environment, the proposed use of LID is likely to spawn questions 
during the development process.  However, careful project planning, close collaboration 
with the local municipality, and education programs can minimize the challenges and 
effectively answer the questions.   

Developers who have used LID practices and technologies have indicated that one of the 
keys to a successful project is to invest additional time and money in the initial planning 
stages of development.  While this idea may be unpopular because of increased up-front 
costs, the expenditures are often recouped in the form of rapid home sales, enhanced 
community marketability, and higher lot yields. 

Storm Water Management 

Conventional storm water management systems rely on collection and conveyance 
systems to remove water safely from developed areas and to protect life, property, and 
health.  The systems are engineered and designed according to estimates of post- 
development storm water flows and volumes from pervious and impervious areas. 
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Low impact development storm water management systems can reduce development 
costs through the reduction or elimination of conventional storm water conveyance and 
collection systems.  LID systems can reduce the need for paving, curb and gutter, piping, 
inlet structures, and storm water ponds by treating water at its source instead of at the end 
of the pipe.  However, developers are not the only parties to benefit from the use of LID 
storm water management techniques.  Municipalities also benefit in the long term 
through reduced maintenance costs. 

Wastewater Management 

Wastewater can affect natural resources; all wastewater coming from a home must be 
sent to an effective treatment site or public treatment system in order to limit adverse 
environmental and health impacts.  Nitrogen and phosphorus are two nutrients in 
wastewater that, either in excess or through cumulative effect, can adversely affect 
receiving waterbodies.  When septic systems fail to operate as designed, excess nutrients 
in untreated wastewater can enter the environment.   

In most cases, either municipal sewer or private on-site wastewater treatment systems 
(i.e., septic systems) can handle wastewater treatment needs. However, there are 
exceptions. For instance, in some circumstances, sewer systems cannot be used because 
of cost considerations; it might be too costly to run pipes long distances to link a 
proposed development’s wastewater system to existing municipal sewer connections.  In 
other cases, a municipality might have specific health or environmental concerns that 
make the use of septic systems unacceptable. Via the LID approach, developers can 
consider a variety of on-site wastewater treatment system options either as alternatives or 
enhancements to conventional septic systems.  Some on-site treatment alternatives to 
conventional systems, such as recirculating sand filters and evapotranspiration systems, 
are “add-ons” to a traditional septic tank system.  The additional treatment unit is 
connected in-line with the septic tank and provides an extra level of treatment.   

Circulation & Design 

As the struggle to decrease nonpoint source pollution in our nation’s waters continues, 
municipalities have begun to reexamine the connection between circulation design and 
storm water management practices.  New designs for streets, sidewalks, and driveways 
can maintain the functions of circulation while helping to reduce expanses of impervious 
surfaces that can alter local hydrology and degrade water quality.  In turn, new street 
designs can influence the layout of lots and help to increase the volume of open space in 
new residential developments.   

When coupled with narrower, open-section streets, a well-designed street layout can 
eliminate hundreds of square feet of impervious surface.  Depending on the density, 
location, and type of subdivision, different types of street layouts may easily lend 
themselves to a cluster arrangement, conserving natural features, maintaining open space, 
and protecting water quality. 
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 INTRODUCTION 
 

What if you could simultaneously reduce your residential development and infrastructure 
costs, conserve and protect the environment, increase the marketability of your projects, 
and improve housing affordability?  It may sound too good to be true, but many 
developers throughout the nation have been able to meet these ambitious goals.  How?  
By incorporating a growing collection of innovative practices and technologies into their 
existing land development processes and practices. 

Low Impact Development (LID) is an approach to land development that uses various 
land planning and design practices and technologies to simultaneously conserve and 
protect natural resource systems and reduce infrastructure costs.  LID still allows land to 
be developed, but in a cost-effective manner that helps mitigate potential environmental 
impacts. 

There are numerous design practices and technologies developers can use through the 
LID approach. For instance, developers can work together with municipal officials and 
the general public during the initial planning stages of development to identify 
environmental protection opportunities. Examples of opportunities include saving trees 
on the site, not building on designated sensitive areas, orienting roads and lots to allow 
for passive solar orientation of homes, and enhancing the effectiveness of on-site 
wastewater treatment systems. Such efforts have resulted in rapid home sales, enhanced 
community marketability, and higher-than-average lot yields.  

This publication often refers to “technologies.”  For the purposes of the discussion, an 
LID technology can be structural or nonstructural.  Equipment such as a sand filter is an 
example of a structural technology used to treat wastewater.  Nonstructural LID 
technologies often use natural features or are land use strategies.  An example of a 
nonstructural technology is the disconnection of rain gutters from storm water drains and 
redirection of rainwater toward rain gardens or 
grass swales. 

Definition of LID 
Low Impact Development (LID) is an 

approach to land development that uses 
various land planning and design practices 

and technologies to simultaneously conserve 
and protect natural resource systems and 
reduce infrastructure costs.  LID still allows 
land to be developed, but in a cost-effective 

manner that helps mitigate potential 
environmental impacts. 

 

To developers, LID can offer both 
infrastructure savings and a way to respond to 
increasingly stringent environmental 
regulations.  For municipalities, LID can help 
contain burgeoning street and storm water 
management costs.  For community residents, 
LID can encourage local environmental 
stewardship.  And, for the environment, the 
benefits speak for themselves. 
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 SCOPE 
  
In 1993, the U.S. Department of Housing and Urban Development published Proposed 
Model Land Development Standards and Accompanying Model State Enabling 
Legislation to support its mission of providing decent, safe, and suitable living 
environments for all Americans.  This important publication focused on the identification 
and elimination of unnecessary land development practices that add to a home’s final 
cost.  Many of the standards also offered ancillary environmental benefits. As an 
indication of the publication’s impact on land development, the volume led many states 
and municipalities to consider, and in the case of New Jersey directly adopt, some of the 
standards.  Indeed, the publication’s recommendations are as applicable today as they 
were in 1993. Appendix D contains the 1993 
publication’s Table of Contents. HUD USER 
(Telephone: 800-245-2691) can provide the 
entire 1993 publication to anyone interested in 
obtaining it.  

This current effort by HUD’s Office of Policy 
Development and Research is intended to 
complement and build on the information 
presented in the 1993 HUD document.  It 
provides users with state-of-the-art information 
on relevant technologies that can help address 
both economic and environmental issues 
related to land development.  Specifically, this document is designed to: 

1993 HUD Publication 
In 1993, the U.S. Department of Housing and

Urban Development published Proposed 
Model Land Development Standards and 

Accompanying Model State Enabling 
Legislation to support its mission of providing 

decent, safe, and suitable living 
environments for all Americans.  This 
important publication focused on the 

identification and elimination of unnecessary 
land development practices that add to a 

home’s final cost.   

• Increase developer and public official awareness of LID opportunities;  
• Discuss the alternative technologies available to developers; 
• Encourage flexibility in local development codes; 
• Continue to promote housing affordability; and 
• Reduce land development’s environmental impacts. 

While LID may benefit all types of development, it is best suited for new, suburban 
residential development.  Moreover, the LID practices and technologies are best 
integrated into a developer's existing land development process and practices.  With some 
planning, the technologies described in this document can be integrated into today’s land 
development projects.  Based on a comprehensive site analysis (see Section 1.5.3), 
developers can decide which technology or combination of technologies will offer the 
best cost and environmental benefits taking into account the local ordinances. Developers 
do not have to incorporate all of the LID technologies noted herein into every 
development, rather, it is suggested developers carefully select the technologies 
appropriate to a site’s unique regulatory, climatic, and topographic conditions. 
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 HOW TO USE THIS DOCUMENT 
 
This publication consists of two parts (see Table 1).  Part I outlines the objectives of LID 
and explains how the approach can be easily integrated into a developer's project 
planning and design process.  Part II presents the alternative practices and technologies 
that can be integrated into the land development process.  In accordance with project 
objectives, site designers should explore the application of either an individual 
technology or a combination of technologies.  For instance, planning for the conservation 
and protection of water resources on a project site may involve the integration of both 
storm water and wastewater management technologies.  In sum, developers can first learn 
the objectives of LID (Part I) and then identify the practices and technologies (Part II) 
that can maximize the project's economic and environmental goals. 

Part II of the document contains the following sections:  Storm Water Management, 
Wastewater Treatment, and Circulation and Design, each of which was selected for its 
potential to offer the greatest LID benefits.  Lastly, Appendix A contains a glossary, 
while Appendix B contains case studies that provide builders with real-world success 
stories of projects that used LID, Appendix C provides a list of references, and Appendix 
D provides the 1993 US HUD publication Proposed Model Land Development Standards 
and Accompanying Model State Enabling Legislation’s table of contents. 

The Practice of Low Impact Development 

Introduction Part I Part II 

Definition of LID 
Relationship to 1993 Publication 

LID Objectives 
Project Planning and Site Design 

Alternative Technologies 
• Storm Water Management 

• Wastewater Treatment 
• Circulation and Design 

TABLE 1. OVERVIEW OF DOCUMENT 
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 AUDIENCE 
 
This document is intended primarily for residential building professionals as they work 
through the initial stages of project planning and design.  In addition, municipal planning 
officials benefit as the document can help them during various stages of the project 
development process.   

Building professionals such as builders/developers, engineers, planners, and landscape 
architects using the LID approach indicate that successful projects require meticulous 
planning and design.  Consulting this document before initiating the planning process can 
help building professionals identify and implement a range of LID practices and 
technologies and thus maximize a project's potential. 

Municipal planning officials can also benefit from the use of this document.  Reference to 
the document during the review and permitting stages of development can help officials 
understand the use of LID practices and technologies.  Municipal planning officials are 
often responsible for drafting and enforcing local development codes and reviewing and 
approving preliminary site plans.  Therefore, in addition to helping to educate municipal 
officials on the LID approach, the document can help encourage the amendment of 
existing development codes to facilitate the use of LID practices and technologies. 

Section 1.4 discusses the challenges involved in implementing LID.  The success of 
developments such as the Somerset community in Prince George’s County, Maryland, 
and the Kensington Estates community in Pierce County, Washington, proves that 
developers and public officials can work together to integrate LID practices and 
technologies into today’s projects.  These communities have received praise for reducing 
strains on land, water, air, and soil resources. 
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 SECTION 1. LOW IMPACT DEVELOPMENT (LID) PRIMER 
 
 
 
 
 
 
 
 
 
 
 
 
 

The LID approach to land development uses various 
 land planning and design practices and technologies  

to simultaneously conserve and protect  
natural resource systems and  
reduce infrastructure costs. 
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1.1 OVERVIEW 
In the mid 1990s, the Prince George's County, Maryland, Department of Environmental 
Resources outlined an approach for addressing suburban storm water management.  That 
approach, termed Low Impact Development (LID), uses certain technology-based 
practices to ensure that a site's post-development hydrologic functions mimic those in its 
pre-development state.  These functions include groundwater recharge, infiltration, and 
frequency and volume of discharges. 

For the purposes of this document, we have expanded the concept of LID to include site 
planning and design considerations as well as wastewater management considerations. 

1.2 BENEFITS OF LOW IMPACT DEVELOPMENT 
LID reexamines traditional development practices and technologies and focuses on 
identifying project-specific site solutions that benefit the municipality, the developer, the 
home buyer, and the environment.  Elements of the approach are also known by other 
names, such as conservation design, environmentally friendly design, resource-efficient 
design, and better site design.  In addition to the fact that LID makes good sense, low 
impact development techniques can offer many benefits to a variety of stakeholders (see 
Table 2). 

1.3 GOALS OF LOW IMPACT DEVELOPMENT 
Many developers are aware that incorporating low impact development into their existing 
practices helps them systematically balance environmental and cost issues. In particular, 
residential building professionals using the LID approach seek to do the following: 

Preserve Open Space and Minimize Land Disturbances 
Successful LID communities recognize the value of open space, mature landscapes, and 
native vegetation.  Open-space tracts incorporated into community designs and planned 
as components of larger, contiguous areas are highly desirable; in fact, homeowners 
frequently seek assurances that their community enjoys easy access to undeveloped areas 
located nearby.  Minimizing land disturbance helps dampen the impacts to ecological and 
biological processes both on and off the site. 

Protect Sensitive Natural Features and Natural Processes 
Protection of a site’s sensitive natural features and natural processes is paramount to 
planning for LID.  Judicious application of information gained in a site analysis can help 
identify developable and nondevelopable areas of a site and minimize impacts to air, 
water, soil, and vegetation (see Section 1.5.3). 

Identify and Link On- and Off-Site “Green Infrastructure” 
Green infrastructure represents the planned and managed network of wilderness, parks, 
greenways, conservation easements, and working lands with conservation value that 
support native species, maintain natural ecological processes, and sustain air and water 
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resources.  Site planners should strive to identify on-site opportunities to support and 
expand regional green infrastructure. 

Developers 

• Reduces land clearing and grading costs  

• Reduces infrastructure costs (streets, curbs, gutters, sidewalk) 

• Reduces storm water management costs 

• Increases lot yields and reduces impact fees 

• Increases lot and community marketability 

Municipalities 

• Protects regional flora and fauna  

• Balances growth needs with environmental protection 

• Reduces municipal infrastructure and utility maintenance costs (streets, curbs, gutters, sidewalks, storm 
sewers) 

• Fosters public/private partnerships 

Home Buyer 

• Protects site and regional water quality by reducing sediment, nutrient, and toxic loads to waterbodies 

• Preserves and protects amenities that can translate into more salable homes and communities 

• Provides shading for homes and properly orients homes to help decrease monthly utility bills 

Environment 

• Preserves integrity of ecological and biological systems 

• Protects site and regional water quality by reducing sediment, nutrient, and toxic loads to waterbodies 

• Reduces impacts to local terrestrial and aquatic plants and animals 

• Preserves trees and natural vegetation 

TABLE 2. BENEFITS TO STAKEHOLDERS 

Incorporate Natural Features (Wetlands, Riparian Corridors, Mature Forests) into 
Site Designs 
LID takes advantage of natural resources for both their functional and aesthetic qualities.  
For instance, when designed correctly, wetlands and pond systems can provide storm 
water management solutions as well as aesthetic and recreational benefits for the entire 
community, thus increasing lot and community marketability. 

Customize Site Design According to the Site Analysis 
Planning for LID communities relies on the performance of a thorough site analysis.   
Site planners can use the information gathered during the site analysis to create the best 
balance between development and the conservation of natural resources.  By identifying 
buildable and nonbuildable areas of a site, planners can direct development into areas that 
will experience the least impacts on air, soil, and water. 
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Decentralize and Micromanage Storm Water at Its Source 
Understanding the difference between pre- and 
post-development hydrologic patterns is 
critical to LID.  The use of best management 
practices to reduce the amount of impervious 
surfaces, disconnect flow paths (i.e., 
downspouts connected to storm sewers), and 
treat storm water at its source all help minimize 
the impacts to local hydrology.  Attainment of 
these goals can lead to the protection of water 
quality, reduction of impervious surfaces, increased open space, protection of trees, 
reduced land disturbance, decrease in infrastructure costs, and reduced homeowner 
energy bills. 

Associated Benefits of LID 
Protection of Water Quality 

Reduction of Impervious Surfaces 
Increased Open Space 

Protection of Trees 
Reduced Land Disturbance 

Decrease in Infrastructure Costs 
Reduced Homeowner Energy Bills 

 

1.4 CHALLENGES TO USING LOW IMPACT DEVELOPMENT 
While the LID approach can result in a myriad of benefits for the developer, the 
municipality, and the environment, the proposed use of LID is likely to spawn questions 
during the development process.  Two of the most frequent challenges facing developers 
who contemplate the use of LID center around restrictive local ordinances and local 
officials’ and citizens’ opposition to the approach.  However, careful project planning, 
close collaboration with the local municipality, and education programs can reduce the 
challenges.  Appendix B includes several case studies that developers can use to support 
their decisions to use LID. 

Local ordinances guide the design and construction of new development.  Often, a 
community drafted and adopted its ordinances years ago such that the regulations no 
longer reflect today’s development practices, especially those of LID.  In many cases, 
developers wishing to use LID may have to obtain some type of variance or waiver from 
their local planning agency until local codes are updated to reflect current practice.  
Unfortunately, variances can create delays in the approval and permitting process, and 
those delays often translate into more debt service on the loans secured for the original 
land purchase. 

Helping Communities Permit the Use of LID 
Developers work within the local land 
development regulations. If a municipality would 
like developers use the LID approach in future 
projects, then the zoning ordinances should 
encourage such a change.  However, municipal 
officials are looking for information on how to best 
provide flexibility in the local development 
regulations.  Municipal officials have asked for a 
nationwide database containing information on 
sample zoning ordinances that support the use of 
LID. Since such a database does not currently 
exist, creating and updating an information 
clearinghouse would address one of the 
significant challenges in front of people interested 
in using the LID approach. 

As a pure business decision, it usually does 
not make sense for a developer to go through 
the potentially time consuming steps of the 
variance process.  One way to address this 
issue is to have municipalities reword their 
zoning ordinances in order to allow LID in 
residential land development projects.  One 
thing that would help facilitate the ordinance 
revision process is the development of a 
nationwide database containing information 
on ordinances supporting the use of LID.  
This database would provide the entire 
development industry, including local 
planning officials, with a centralized resource 
that would provide examples of ordinances 
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that encourage the LID approach. 

Ideally, the time to obtain permit approval for an innovative land design should be at least 
equal to the time needed to develop that same parcel of land under the provisions of 
existing regulations.  Developers incorporating LID practices and technologies into their 
projects should ask for expedited permitting or pre-development assurances that review 
and permitting times will not be extended.  In fact, public officials that want developers 
to use LID technologies can tie incentives, such as expedited permitting process times, to 
developments incorporating those technologies. Until development ordinances are 
amended to allow innovative practices and technologies by-right, other incentives, such 
as density bonuses and reduced impact, application, or development fees can also be 
negotiated between developers and municipal officials to help offset additional costs. . 

Local citizens may also show resistance to accepting the proposed use of LID within their 
communities.  Misconceptions and minimal data regarding the safety and long-term 
viability of LID systems have led to questions concerning the practices’ and 
technologies’ efficacy, particularly in terms of flood control and public health and safety.  
To help homeowners, and sometimes even municipal officials, understand the benefits of 
LID techniques, developers may find it helpful to prepare brief educational presentations 
or publications on LID for both the general public and municipal officials.  Studies have 
shown that once residents understand the benefits to local water quality, they are more 
likely to support and accept alternative technologies.  Often, homeowners view practices 
such as bioretention cells as extra builder landscaping. 

1.5 PLANNING FOR LOW IMPACT DEVELOPMENT 
Proper team development and collaboration, (see Section 1.5.1), careful coordination 
with the public reviewing agency (see Section 1.5.2), and the performance of a thorough 
site analysis (see Section 1.5.3) are essential ingredients for successfully incorporating 
LID concepts into development plans. 

Table 3 highlights some of the ways in which LID differs from conventional 
development.  Developers who have used LID practices and technologies have indicated 
that one of the keys to a successful project is to invest additional time and money in the 
initial planning stages of development.  While this idea may be unpopular, the 
expenditures are often recouped in the form of rapid home sales, enhanced community 
marketability, and higher lot yields. 

Due to the iterative and phased nature of construction, both the collaboration and 
ordinance review/outreach phases should be conducted continuously from project 
commencement through completion.  For example, changes to one aspect of the project 
(e.g., lot layout) can affect other aspects of the project (e.g., storm water management).  
During site construction, the site should be continuously monitored for potential impacts 
to vegetation, soils, or sensitive water features such that appropriate protective measures 
can be implemented. 
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 Collaboration Ordinance Review/Outreach Site Review and 
Analysis 
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• Often uses an 
engineering team and 
one or two other 
experts. 

• Uses experts 
sequentially, i.e., 
conducts one phase 
of development 
process and then 
passes project details 
to the next expert. 

 • Limits interaction with 
public officials to 
permitting meetings. 

• Does not actively seek out 
public’s input on design 
options. 

• Meets existing 
ordinances. 

• Uses pre-development 
meetings to review 
preliminary site plans. 

 • Analyzes the 
land use 
ordinances to 
identify 
regulatory 
barriers. 

• Conducts review 
with the goal of 
developing one 
design plan. 

• Meets the 
regulatory 
requirements. 

Lo
w 

Im
pa

ct
 D

ev
elo

pm
en

t P
ra
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• Uses experts such as 
landscape architects, 
engineers, 
hydrologists, 
geologists, and 
biologists to 
collaborate, perform 
site analysis, and 
identify innovative 
solutions.   

• Encourages 
collaborative effort 
among all site design 
professionals to 
maximize natural 
resource benefits.    

 • Proactively seeks public 
officials’ input in pre-
development meetings to 
identify project 
opportunities.  

• Works with the community 
to include its interests in 
project design. 

• Conducts resource 
analysis first to determine 
what the site offers.  
Reviews the ordinances to 
determine potential 
barriers to proposed 
designs.  Design must 
meet ordinances or 
developer obtains a 
variance. 

 • Analyzes the 
land and 
ordinances to 
identify resource 
opportunities and 
constraints. 

• Reviews all 
inputs to create 
multiple land 
design options 
for consideration. 

• Works together 
with public 
officials to gain 
flexibility in the 
design phase. 

TABLE 3.  COMPARISON BETWEEN LOW IMPACT DEVELOPMENT AND TRADITIONAL LAND  
DEVELOPMENT PROCESSES 

1.5.1 COLLABORATION 
Historically, engineers have assumed primary responsibility for identifying a site’s 
natural resources and integrating them into project designs.  These professionals, 
however, may or may not have undergone the specialized training necessary to carry out 
their assigned tasks in the context of the LID approach.  Engineers working on LID 
projects have benefited from the input of a variety of natural resource and land 
development professionals, including planners, architects, landscape architects, 
biologists, ecologists, and hydrologists. 

Conducting the site planning process with the assistance of the above professionals 
increases the likelihood that the design process will disclose all opportunities for low 
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impact development.  For instance, a site located in a headwaters area for sensitive 
wetlands may need the assistance of a hydrologist to identify strategies to protect local 
water resources. A landscape architect could help orient houses and lots to take advantage 
of passive solar heating.  Section 1.6 discusses the process of incorporating these 
opportunities into project goals during the project design phase. 

Developers’ use of these professionals should obviously reflect a project’s size and 
budget.  In fact, the expertise offered by the above professionals may be available from 
several sources other than the professionals themselves.  For instance, project engineers 
can consult the Internet, periodicals, and local governments to gain insights into efficient 
natural resource use and land planning practices.1

1.5.2 ORDINANCE REVIEW/OUTREACH 
Before commencing work on any site design, developers committed to integrating LID 
practices and technologies into their designs should meet with local officials to review 
current development ordinances.  Ordinance review meetings between developers and 
planning staff can help identify ways in which the public and private sectors can work 
together to build communities that minimize development impacts.  Similar to the pre-
development meetings that are now required in many municipalities throughout the 
country, ordinance review meetings should focus on the ways in which LID practices and 
technologies can further the intent of current ordinances.  Developers should not view the 
meetings as opportunities for local municipalities to exert added regulatory control, but 
rather as forums in which the two parties can work together to identify mutually 
beneficial solutions. 

Items to Consider During an Ordinance Review/Outreach Meeting 

• Street Design and Parking Requirements  

• Lot Layout and Setback Requirements 

• Storm Water Management and Wastewater Treatment Practices and Technologies 

• Bonus Densities or Other Development Incentives 

• Options for Waivers or Variances 

TABLE 4.  ITEMS TO CONSIDER 

Before the ordinance review meetings, developers should familiarize themselves with the 
relevant local regulations and the specific LID practices and technologies that they wish 
to implement.  For instance, even though current zoning and storm water management 
regulations may prohibit the LID approach, a developer might be interested in integrating 
open-section roadways and grassed swales into a development.  At the ordinance review 
meeting, the developer and the municipality might negotiate a compromise that will 
allow the developer to implement the practice on certain local streets in exchange for 
setting aside additional stream buffers elsewhere on the site.  Developers can then apply 
for a variance that will likely be looked upon favorably by municipal officials since it 
was negotiated earlier between the developer and public official. This win-win situation 

                                            
1 Additional resources are listed at the end of each section in Part II. 
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reduces the developer’s street construction costs and storm water management burden 
and increases municipal protections for riparian systems. 

1.5.3 SITE ANALYSIS 
Highly attractive and marketable developments begin with a thorough site analysis that 
takes into consideration a site’s natural features.  A site analysis is a process by which a 
developer or one or more members of the development team inventories a site’s natural 
features and attributes to identify development opportunities and constraints.  Soils, water 
resources, vegetative patterns, topography, microclimate, solar orientation, viewsheds, 
and access are just a few of the site attributes that go into a thorough analysis.  Many may 
view the site analysis as a way to identify and plan for potential constraints that can 
sideline a project or increase development time or costs.  However, as environmental 
awareness continues to increase, developers have realized that identifying and 
strengthening potential opportunities can be just as important.  Table 5 provides some site 
analysis considerations that relate to Part II. 

Storm Water Management 

• Topography (low points, high points, ridgelines, swales) 

• Hydrology  (natural drainage patterns, surface and groundwater, wetlands, sensitive water resources) 

• Vegetation (existing vegetation, tree-save areas, aquatic buffers) 

Wastewater Management 

• Soils (porosity, depth to bedrock, groundwater table) 

• Topography (slopes conducive to drain fields) 

• Natural Water Features/Sensitive Waterbodies 

• Aesthetics (siting) 

• Vegetation (sensitive areas) 

Circulation and Design 

• Hydrology (natural drainage) 

• Topography (ridgelines/steep slopes) 

• Natural Features (viewsheds, waterbodies, forested areas) 

• Soils (hydric) 

 TABLE 5.  SITE ANALYSIS CONSIDERATIONS FOR TECHNOLOGIES DISCUSSED IN PART II 

Before even purchasing a piece of property, a developer usually conducts or commissions 
some type of feasibility study to identify possible physical, legal, or political barriers to 
developing the site.  A feasibility study differs from a site analysis in that it is not usually 
conducted to assist in site design.  In many instances, lending institutions may require an 
environmental assessment to identify any potential for site contamination that could 
increase liability for remediation and raise development costs.  The data collected for a 
feasibility study should by no means be considered complete.  Many other sources of 
public and private information are available (see Table 6).  Information gathered from 
different sources should be synthesized into a single, usable map and taken to the site for 
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verification, especially given that many public maps do not accurately reflect current 
local site conditions. 

However, a site analysis is about more than just preparing a base map and verifying site 
conditions.  A good site analysis can help site designers integrate the built and natural 
environments into a functioning whole while ensuring identification of the processes, 
both natural and man-made, that occur on and off site.  Armed with an understanding of a 
site’s various attributes and functions, site designers can create developments that 
enhance the site’s ecological integrity. 

One of the first concepts to understand about the site analysis is that it can rarely be 
completed during one site visit.  If time permits, the process should involve several site 
visits at different times to observe the effects of seasonal and climatologic changes on the 
property.  For instance, site hydrology may change drastically from the spring to the 
summer or views may differ radically during the winter months when trees shed their 
leaves.  Designers should also examine on- and off-site connections such as wildlife 
corridors, riparian areas, or valley systems.  The value of these systems should be 
considered in terms of both their intrinsic value and their connection to their counterparts 
in the regional environment.  Site analysis usually brings together three primary areas of 
interest: water, vegetation, and soils/topography as discussed below. 

Possible Sources of Information for a LID Site Analysis 

• City/County/State/Federal Maps 

• National Flood Insurance Program (NFIP) Floodplain Maps 

• Aerial Photographs 

• National Wetlands Inventory (NWI) Maps 

• Topography/Soils (U.S. Geological Survey/Soil Conservation Service / Natural Resources Conservation 
Service - USGS/SCS/NRCS) 

• Local Tax/Plat Maps 

• Seismic Maps 

• Hazard Maps 

• Coastal Zone Management Maps 

TABLE 6.  SOURCES OF INFORMATION 

Water 
Increasingly, public officials are evidencing concern over water quality and quantity.  
When properly protected and enhanced, water features can make a project highly 
marketable.  Studies indicate that homebuyers will pay premiums not only for waterfront 
lots but also for lots with water views or lots in communities with desirable water 
features such as lakes or streams. 

Many different water resources can exist on a given site, and all should be inventoried 
and their hydrologic relationships understood.  It is important to keep in mind that the 
connectivity of hydrologic systems means that impacts to one resource may affect 
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another.  For instance, sheetflow regime changes may affect a wetlands system, which 
may in turn affect both groundwater recharge rates and baseflows to streams. 

In addition to surface water sources such as streams, rivers, and lakes, other less evident 
sources of water are equally important and must be identified and protected.  Wetlands, 
seeps, and springs are groundwater-based sources that in most instances fall under the 
jurisdiction of the federal Clean Water Act.  Since they are fed by groundwater, these 
features may ultimately determine the location of roads, lots, structures, and on-site storm 
water management or wastewater treatment systems. 

Site designers should consider sheetflow characteristics and seasonally inundated areas.  
Sheetflow is the movement of rainwater across the surface of landscape or, in other 
words, how the site drains.  Flow paths should be identified and natural channels 
inventoried and protected.  Seasonally inundated areas, which are temporarily ponded 
shallow depressions that exist during rainy seasons, provide habitat for aquatic and 
migratory species and should be protected. 

Vegetation Tree-save areas are areas 
preserved on a development 
tract to meet tree ordinance 

requirements and/or to protect 
healthy vegetation from site 

development activities.   

Trees can be valuable resources on project sites.  They 
can significantly increase the value of individual lots by 
moderating temperatures within and outside structures, 
acting as wind buffers, and benefiting water quality.  
Vegetated riparian buffers and forested areas have the 
capacity to reduce storm water volumes, remove pollutants, and slow erosive flows.  
Current national trends indicate that buyers seek lots with mature vegetation.  Builders 
now realize that the preservation of mature trees and stands of trees can mean more 
attractive communities.  Viable tree areas should be inventoried and protected by a 
comprehensive tree preservation plan implemented before site clearing and grading.  
Most municipalities now mandate some form of tree protection and may offer credits for 
preservation of existing stands.  Tree-save areas should be incorporated into both 
buildable and nonbuildable areas of a site. 

Soils/Topography 
Soils and topographic studies can help determine the placement of streets, lots, buildings, 
wells, drainfields, and other site amenities.  A thorough analysis of all related soils 
information, including percolation and other geotechnical studies, is an essential 
component of the site analysis.  Given that federal government soil surveys are highly 
generalized, planners should not rely on them for site-specific soils information.  Hydric, 
or wetland soils, should be delineated by a certified wetlands professional and verified by 
the local U.S. Army Corps of Engineers field office. 

1.6 SITE DESIGN FOR LOW IMPACT DEVELOPMENT 
Once the planning phase is complete, the resultant information can be used in the 
formulation of the final site design. Often, standardized residential templates are overlaid 
on a site without regard to a site’s natural features and environmental sensitivities.  These 
“forced” patterns cause unnecessary impacts to local water, vegetation, and soils and can 
artificially inflate the infrastructure costs associated with clearing and grading. 
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Given that land development projects vary as widely as the parcels of land to be 
developed, it is difficult to prescribe an exact design process for every situation.  The 
three topics discussed below, site area classification, circulation design, and infrastructure 
and natural resources design, are part of an LID approach that should embrace the various 
design determinants and variables identified in Figure 1.  The list of design determinants 
and variables identified in the figure is by no means exhaustive.  Site designers should 
identify a complete list of these items based on each site’s characteristics. 

 

Infrastructure  & Natural 
Resource Design 

 
Circulation Design 

SOME ISSUES TO CONSIDER 

• Access/ egress 

• Costs 

• Lot orientation 

• Lot and street layout 

• Infrastructure 
technologies/techniques 

• Aesthetics/views 

• Local planning and zoning ordinances 

• Land use priorities / Public input 

• Climate and soils 

• Federal/State regulations 

• Sensitive natural areas 

• Topography 

• Easements 

• Hydrology 

Site Area Classification 

FIGURE 1.  LOW IMPACT DEVELOPMENT SITE DESIGN 
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1.6.1 SITE AREA CLASSIFICATION 
Once the site analysis is complete, site designers should analyze and classify areas of the 
site by suitability of use.  During the process of site area classification, it is important to 
keep in mind that maximizing a site’s development potential does not necessarily mean 
that the entire site needs to be developed.  Compact forms of development make it 
possible to conserve open space and protect habitat and water quality while promoting 
housing affordability and a sense of community. 

Even though open, nonvegetated areas are usually seen as prime development areas, site 
designers should remain flexible and take into account all natural resource information 
collected during the site analysis.  For instance, a field might serve as a headwaters area 
for sensitive wetlands or be better developed into recreational fields for a park system. 

Buildable Areas 
Buildable areas of a site are the areas that are optimal for conversion into finished lots.  
Buildable areas usually have the fewest limitations in terms of access, regulatory 
restrictions, sensitive natural features, and zoning concerns.  The process of identifying a 
site’s buildable areas may point to the advisability of clustering development into several 
small areas rather than spreading it throughout one large area.  While clustering can 
protect sensitive site features, it can contribute to infrastructure costs by increasing the 
excavation and construction costs for streets and utility lines.  Yet, narrower streets and 
rights-of-way and smaller lot sizes mean that less land needs to be developed, permitting 
the achievement of lower development costs. 

Nonbuildable Areas 
Nonbuildable areas of a site should remain undeveloped in response to regulatory, natural 
resource, planning, or other development concerns.  These areas can easily be 
incorporated into either community open space or larger regional systems.  During site 
construction, nonbuildable areas should be protected with silt or tree protection fences, 
and equipment and materials should not be stored in them.  Even though the areas are 
intended to remain undeveloped, site designers should examine opportunities to use the 
areas to accommodate the innovative technologies discussed in Part II (see Section 1.5.3 
for additional information on the integration of infrastructure and natural resources). 

1.6.2 CIRCULATION DESIGN 
As discussed in Section 4 - Circulation and Design, a well-designed pedestrian and 
vehicular circulation system is critical to the success of a development project.  The 
construction of roads is typically one of the largest infrastructure expenses for land 
development projects.  It is estimated that the cost of paving a road averages $15 per 
square yard (The Center for Watershed Protection, 1999).  The use of efficient road 
layouts, street types, and pavement treatments can significantly reduce the cost of 
roadway construction, decrease the quantity of runoff from a site, potentially increase lot 
yield and open space amounts, and protect natural resources. 

After identifying buildable and nonbuildable areas, site designers should lay out an 
efficient circulation system that provides for access, parking, and circulation.  To 
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minimize the amount of impervious surfaces, plans should maximize lot frontages and 
minimize pavement widths. 

To minimize grading and to protect riparian channels, roadways should be located on 
topographic high points and should follow the natural contours of the land, within safe 
grade tolerances.  Grade changes and curves in roadways can add visual interest to streets 
and communities and to help slow traffic.  For additional road design standards, refer to 
AASHTO’s Green Book (AASHTO, 1994). 

1.6.3 INFRASTRUCTURE AND NATURAL RESOURCES DESIGN 
The efficient blending of infrastructure and natural resources on a development site 
requires a thorough understanding of the natural processes that characterize the site and 
the infrastructure practices and technologies proposed as part of the land development 
process.  Use of many of the practices and technologies discussed in Part II may allow for 
an entirely different set of site planning and design considerations.  For instance, 
alternative wastewater treatment systems that use smaller drainfields may permit smaller 
lot sizes, which in turn can affect lot, road, and open-space layouts.  All of the alternative 
practices and technologies discussed in this publication, whether related to storm water, 
wastewater, or circulation, affect water, soils, and vegetation.  Site designers should use 
the best combination of systems based on individualized natural resource objectives for a 
given site. 
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 SECTION 2: STORM WATER MANAGEMENT 
 
 
 
 
 
 
 
 
 
 
 
 
 

Implementing nontraditional, decentralized methods for 
handling storm water can significantly reduce site development

costs, regional expenditures for storm water and planning, 
construction, and maintenance outlays while protecting 

 the environment. 
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2.1 INTRODUCTION 
Planning for storm water management in the initial stages of land development can yield 
significant cost and environmental benefits for developers, municipalities, and residents.  
Traditionally approached during site development as an obligation to satisfy state and 
federal regulatory requirements, storm water management has increasingly come under 
reexamination in light of its potential to function as a project opportunity and site design 
element.  When correctly planned for and accommodated, storm water management 
systems can simultaneously satisfy regulatory requirements, act as site design elements, 
protect the environment, and reduce infrastructure costs—all the attributes of low-impact 
development. 

The development of land, whenever and 
wherever it occurs, affects soils, vegetation, and 
water.  After land is developed, rainwater that 
would have infiltrated into the ground, been 
absorbed by plant roots and transpired, or 
evaporated into the air instead becomes surface 
runoff.  Runoff often picks up urban pollutants 
such as grease, oil, nutrients, metals, and debris 
and deposits them into local waterbodies.  In 
addition to water quality impacts, post-
development storm water runoff has other 
impacts, including changes to the peak flow characteristics of streams, degradation of 
habitat and aquatic species, and fluctuations in local groundwater tables. 

Definition of LID 
Low Impact Development (LID) is an 

approach to land development that uses 
various land planning and design practices

and technologies to simultaneously 
conserve and protect natural resource 

systems and reduce infrastructure costs.  
LID still allows land to be developed, but in
a cost-effective manner that helps mitigate 

potential environmental impacts. 
 

Stricter federal water quality requirements under the Clean Water Act have caused both 
municipalities and developers to seek out more environmentally efficient, cost-effective 
storm water management alternatives that are compatible with hydrologic and watershed 
objectives.  At the same time, traditional methods for addressing storm water 
management have brought to the fore other considerations such as cost and maintenance 
issues, liability issues, and the need for education and outreach programs for local 
officials and residents. 

Prince George’s County, Maryland has 
pioneered several new tools and practices 

in LID. The Prince George's County 
Maryland Department of Environmental 

Resources Programs and Planning 
Division (PGDER) created two 

publications: 1) Low-Impact Development 
Design Strategies An Integrated Design 
Approach (EPA 841-B-00-003), and 2) 
Low-Impact Development Hydrologic 
Analysis (EPA 841-B-00-002). These 

publications describe how LID can achieve
storm water control through 

the creation of a hydrologically functional 
landscape that mimics the natural 

hydrologic regime. 
 

History of Low Impact Development 
Initially developed and implemented by Prince 
George’s County, Maryland, in the early 1990s 
as an innovative way to handle storm water 
runoff, LID techniques have rapidly spread 
across the country.  The overall goal of LID 
storm water treatment is to mimic pre-
development hydrologic conditions through the 
use of a variety of structural and nonstructural 
practices that detain, retain, percolate, and 
evaporate storm water.  This publication is not 
intended as a comprehensive guide to LID storm 
water treatment strategies but merely aims at 
providing an overview of alternative storm water 
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management practices and technologies.  For a comprehensive look at the LID process, 
readers should consult the Prince George’s County, Maryland, Department of 
Environmental Resources for copies of its LID publications (Telephone: 301-883-5810). 

Cost Benefits 

Low impact development storm water management systems can reduce development 
costs through the reduction or elimination of conventional storm water conveyance and 
collection systems.  LID systems can reduce the need for paving, curb and gutter, piping, 
inlet structures, and storm water ponds by treating water at its source instead of at the end 
of the pipe.  However, developers are not the only parties to benefit from the use of LID 
storm water management techniques.  Although more data is needed on the maintenance 
of LID technologies, recent history has indicated that municipalities may also benefit in 
the long term through reduced maintenance costs. 

Environmental Benefits 
As storm water drains from urban areas, it picks up nutrients and pollutants such as 
nitrogen, phosphorus, oil, grease, heavy metals, and trash.  These pollutants impair water 
quality and degrade the riparian systems that many plant and animal species depend on 
for survival.  LID practices remove pollutants from storm water naturally and restore a 
site’s pre-development hydrology.  The alternative practices discussed later can recharge 
local groundwater tables, reduce domestic water use for lawns and vegetation, and 
provide habitat for a variety of species. 

Storm Water Management Techniques 

LID Practices can Reduce Development Costs by: 
Reducing the use of roadways, curbs and gutters, and sidewalks 

Decreasing the use of traditional storm sewer appurtenances 
Eliminating the use of or downsizing storm water ponds 

This section briefly discusses 
the different conventional and 
alternative storm water 
management techniques 
available to site designers, 
briefly highlighting the 
environmental and economic benefits that each can offer.  It is important to keep in mind 
that regional differences in land characteristics, climatologic conditions, soils, and local 
ordinances will dictate the availability, type, and effectiveness of options for a given site.  
Regardless of the practices and technologies ultimately chosen, developers should ensure 
that they are consistent with the goals of  regional storm water management plans.  Table 
7 lists objectives for alternative storm water management techniques. 

Decentralizing Storm Water Management Involves: 
Reducing storm water quantities 

Disconnecting hydrologic elements, such as downspouts 
 and storm drains 

Treating storm water at its source by using alternative techniques 

Finally, designers should remember that an integrated site storm water management 
system can use several combinations of conventional and alternative techniques to meet 
site environmental and watershed objectives.  Given that each development site has its 
own characteristics and 
constraints, the value of a 
thorough site analysis and 
conceptual design phase should 
not be underestimated.  While 
the complete decentralization of 
storm water operations is the 
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most desirable option for cost savings and environmental benefits, designers may still 
wish to rely on conventional systems such as wetlands or ponds to promote aesthetic or 
recreational opportunities. 

Objective 1 
Reduce the amount of impervious surfaces on the development site. 

Objective 2 
Manage storm water at the source instead of at centralized collection points. 

Objective 3: 
Use “chains” of natural treatment systems to reduce storm water quantities and pollutant loadings. 

TABLE 7.  STORM WATER MANAGEMENT OBJECTIVES 

2.2 CONVENTIONAL APPROACHES TO STORM WATER MANAGEMENT 
Conventional storm water management systems rely on collection and conveyance 
systems to remove water safely from developed areas and to protect life, property, and 
health.  The systems are engineered and designed according to estimates of post- 
development storm water flows and volumes from pervious and impervious areas. 

Conveyance Systems 
Conveyance systems comprise curbs and gutters, inlet and outlet structures, and buried 
concrete (or other) piping systems that move water from source areas to centralized 
control areas.  Costs for installing a conventional drainage system extend to material, 
labor, planning, and design costs.  Research has indicated that the cost of a conventional 
conveyance system typically ranges between $40 and $50 per linear foot (MNCBIA, 
2001).  Assuming $45 per linear foot as an average, the elimination of one mile of curb 
and gutter can decrease infrastructure and storm conveyance costs by approximately 
$230,000. 

Collection Systems 
Collection systems consist of wet and dry ponds that retain and detain storm flows until 
they can be safely discharged into local receiving waters.  While these systems have 
functioned well, other strategies for managing storm water that use ecological approaches 
are gaining popularity.  Moreover, traditional ponds are increasingly seen as expensive to 
design, construct, and maintain.  In one residential community in Prince George’s 
County, Maryland, one developer (and, ultimately, residents) saved nearly $300,000 
when the use of individual-lot bioretention practices alleviated the need for a pond.  
Table 8 provides a summary of some of the current pond types used in residential 
developments. 

It is estimated that storm water ponds in new, suburban developments consume 
approximately 10 percent of a project’s developed land area (England et al, 2000).  The 
elimination of ponds, however, can permit the preservation of additional land as 
permanent open space or allow for the platting of additional lots.  In the example from 
Prince George’s County, the developer was able to recover six lots that would have been 
lost to the area required for the storm water pond.  Beyond the environmental benefits, 
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studies have indicated that residents are willing to pay premiums for the enjoyment of 
living next to permanent water bodies, even storm water ponds.  At one condominium 
community in Virginia, the developer was able to receive premiums of up to $10,000 for 
waterfront lots (Friends of the Rappahannock, 2000). 

 

Type of Pond Cost Advantages Disadvantages 

Dry Retention Approximately $25,000 per 
acre of pond. Maintenance 
costs $100 to $500 per 
mowed acre. 

High pollutant removal 
efficiencies. 

Groundwater recharge. 

 

Proper design and 
construction critical to 
success. 

Periodic maintenance 
costs can be high. 

Wet Detention Approximately $90,000 per 
acre of pond. Maintenance 
costs variable. 

Proper design can increase 
community and property 
values. 

 

Large land areas needed 
to accommodate pond. 
Nitrogen and phosphorus 
removal capacities limited. 

Wet Detention with 
Filtration 

$100,000 per acre of pond. 
Maintenance costs variable. 

Underdrain pipes with sand 
filters offer good removal of 
suspended solids and 
attached pollutants. 

Significant maintenance 
required. Poor nitrogen 
and phosphorus removal. 

Source: England et al, 2000. 

TABLE 8.  TYPES OF PONDS CURRENTLY USED IN RESIDENTIAL DEVELOPMENTS 

2.3 ALTERNATIVES TO CONVENTIONAL SYSTEMS 
Hydrologic alternatives to conventional storm water management systems can result in 
economic and environmental savings.  Instead of piping the water to a central location, 
these alternatives try to treat the water at its source by infiltrating it into the ground.  
Some of the alternatives discussed include infiltration systems, filtering systems, alternate 
conveyance systems, and a few non-structural practices.  Often used in support of site 
design principles that advocate the reduction of impervious surfaces, alternatives aim to 
mimic natural hydrologic cycles characteristic of forests and woodlands. In fact, 
hydrologic alternatives help decentralize storm water treatment thereby eliminating the 
need for expensive conveyance and collection systems such as pipes and ponds (see 
Table 9).  

Hydrologic alternatives to conventional storm water management treat storm water at its 
source with small, cost-effective cells that use a combination of engineered soils and 
vegetation to evaporate, transpire, and percolate the storm water.  Though significantly 
less costly to design, install, and maintain than conventional systems, the alternatives are 
also effective in filtering urban pollutants, recharging groundwater, and maintaining pre-
development flows. 
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Description 
Storm water Management 

Pond/Curb and Gutter 
Design 

Bioretention System 

Engineering Redesign $0 $110,000 

Land Reclamation (6 lots x $40,000 net) $0 ($240,000) 

Total Costs $2,457,843 $1,541,461 

Total Costs--Land Reclamation plus Redesign Costs $2,457,843 $1,671,461 

Total Cost Savings = $916,382 

Cost Savings per Lot = $4,604 

Source: Derek Winogradoff, 2003. 

TABLE 9.  COST COMPARISON: CLOSED (CONVENTIONAL) SYSTEM VERSUS BIORETENTION 

2.3.1 INFILTRATION SYSTEMS 
Infiltration systems encourage the downward movement of water into the underlying soil 
to reduce the total quantity of overland runoff and pollutants from impervious surfaces.  
The systems discussed include trenches, drainfields, drywells, bioretention systems, and 
level spreaders.  In comparison with conventional conveyance systems, infiltration 
systems are inexpensive to design and construct.  Their use can reduce the amount and 
size of storm piping, inlet and outlet structures, and pond systems.  However, as is the 
case with any LID technology, infiltration 
systems must be carefully engineered to the 
site’s conditions. Table 10 provides a partial list 
of pollutant removal effectiveness. It is 
important to keep in mind that these systems are 
designed primarily for water infiltration and not 
necessarily for pollutant removal. For vegetated 
swales and filter/buffer strips there are 
situations where those systems are not always effective in removing pollutants, and can in 
fact increase the levels of phosphorus. In fact, a study conducted for the National 
Association of Home Builders (NAHB) indicates that those system’s pollutant removal 
efficiencies are highly variable (NAHB, 2002b). Thus, building professionals should look 
at the site’s climatic, soil, and other conditions to determine if a certain technology is 
right for the application. 

“First flush” pollutants are higher-concentration 
pollutant loadings that initially run off 

impervious areas.  As the duration of the rainfall
event increases, pollutant loadings usually 

decrease as compared to the  
“first flush” levels. 

 

Infiltration Trenches 
Infiltration trenches are excavated trenches that are backfilled with an aggregate material 
to permit the filtration and percolation of water into subsoils.  Storm water from 
impervious areas, including rooftops, parking areas, and driveways, is routed into the 
trenches for treatment (see Figure 2).  Infiltration trenches are usually most effective at 
treating “first-flush” pollutant loadings in storm water and are extremely effective in 
recharging groundwater tables that contribute to stream baseflows.  It is estimated that the 
trenches can remove between 80 and 100 percent of total suspended solids, zinc, and lead 

THE PRACTICE OF LOW IMPACT DEVELOPMENT (LID) 
33

RB-AR11778



from storm water as well as between 40 and 60 percent of total phosphorus and nitrogen. 
(Prince George’s County, 2001).  In areas with high concentrations of pollutants such as 
sediment, oil, grease, or grit, pretreatment mechanisms such as grassed filter strips should 
be installed upstream of the system to filter such pollutants before they enter the trench.  
This linked system concept is considered a “treatment train” approach to storm water 
management. 

 

System Total 
Suspended 
Solids (TSS) 

Total 
Phosphorus 

(P) 

Total Nitrogen 
(N) 

Zinc Lead 

Bioretention - 81 43 99 99 

Dry Well 80–100 40–60 40–60 80–100 80–100 

Infiltration Trench 80–-100 40–60 40–60 80–100 80–100 

Filter/Buffer Strip 20–100 0–60 0–60 20–200 20–200 

Vegetated Swale 30-65 10–25 0–15 20–50 20–50 

Infiltration Swale 90 65 50 80–90 80–90 

Wet Swale 80 20 40 40–70 40-70 

Rain Barrel NA NA NA NA NA 

Cistern NA NA NA NA NA 

 Source:  Prince George’s County Bioretention Manual, 2001. 

TABLE 10.  REPORTED POLLUTANT REMOVAL EFFICIENCY OF BEST MANAGEMENT PRACTICE (BMP) 

Infiltration Drainfields 
An infiltration drainfield is generally the same as an infiltration trench except that it 
functions in a manner similar to a drainfield for a septic system.  It consists of a 
pretreatment structure , a perforated manifold-type arrangement of drain lines, and a 
permeable drainfield.  The drainfield itself consists of layers of topsoil, aggregate stone, 
sand, and filter fabric.  An observation well is usually located in one corner of the system 
to permit the monitoring of flows.  Infiltration drainfields are extremely effective in 
maintaining hydrologic functions such as infiltration and groundwater recharge and in 
improving water and stream quality by filtering pollutants and attenuating runoff 
volumes. 
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FIGURE 2.  INFILTRATION TRENCH 

Dry Wells 
In residential communities, rooftops account for a significant source of runoff from 
impervious surfaces.  Dry wells, sometimes referred to as “French drains,” are usually 
sited near downspouts to manage rooftop runoff by infiltrating it into the ground (see 
Figure 3).  Dry wells are excavated pits filled with aggregate stone to hold water until it 
can infiltrate into the ground.    Similar to infiltration trenches, dry wells should be 
designed with emergency overflow structures that drain to public storm water 
conveyances to accommodate runoff from major storms.  The drainage pathways should 
be well maintained and stabilized to prevent erosion. 
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Dry wells are extremely effective in removing sediment, zinc, and lead from storm water 
and mildly effective in reducing quantities of nitrogen and phosphorus.  During 
construction, developers should take care to avoid excessive compaction of soils around 
the trenches and the accumulation of silt around the drainfield.  Depending on the type of 
pollutants filtered, drainfields need to be maintained regularly for optimum performance. 

FIGURE 3.  DRY WELL 

Bioretention 
Bioretention is possibly one of the most recognized alternative storm water management 
practices.  Used in residential, commercial, and certain industrial settings, bioretention 
has the potential to offer developers significant cost savings and environmental benefits 
over conventional storm water management systems.  Bioretention areas are shallow, 
topographic depressions filled with engineered soils and vegetation that retain, treat, and 
infiltrate water.  Figure 4 depicts a typical bioretention area. 

Bioretention systems are designed for the temporary storage of rainwater. They 
successfully remove pollutants through increased contact time with soils and plant 
materials.  As compared with conventional storm water management systems, 
bioretention areas more closely mimic the natural hydrologic cycle, allowing soils and 
plants to filter pollutants from storm water and permitting the processes of infiltration, 
evaporation, and transpiration to occur.   The systems can also create wildlife habitat, 
minimize erosion, and recharge local groundwater supplies. 
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In parking lots, storm water should be conveyed directly to the bioretention area through 
a system of grassed swales.  For residential applications, treatment areas are generally 
located some distance away from houses to increase flow paths and treat runoff from 
rooftops and driveways.  In either case, bioretention systems route storm water to 
bioretention areas that are designed to accumulate water to depths not exceeding six to12 
inches.  In the event that storm water volumes exceed treatment capacities, bioretention 
areas are usually equipped with overflow drop inlets routed to municipal storm water 
systems.  In certain industrial and commercial areas, pollutant loadings may be too 
concentrated for the successful use of bioretention areas.  In such areas, termed 
“hotspots,” the use of structural practices to infiltrate storm water may be deleterious to 
groundwater supplies.  In these instances, designers are advised to use alternative 
practices, such as exfiltration trenches, to convey filtered water into a conventional storm 
water management system for proper treatment. 

On average, bioretention costs approximately $3 to $4 per square foot of size, depending 
on the quantity of water to be treated and excavation costs.  Plant materials are 
approximately $6.40 per cubic foot of storm water treated.   
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Source: Prince George’s County Bioretention Manual, 2001. 

FIGURE 4.  TYPICAL BIORETENTION AREA 

Level Spreaders 
Level spreaders are mechanisms that convert concentrated runoff into sheetflow and slow 
the erosive velocities of storm water.   Constructed by excavating a wide, shallow trench 
and filling it with crushed stone, a level spreader must be built with its lower edge 
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completely flat to ensure the even disbursement of water.  Level spreaders are most 
effective in helping to convey sheetflow to bioretention areas.   While not typically 
viewed as treatment mechanisms, level spreaders can help increase detention storage and 
time of concentrations and thus assist with pollutant and sediment removal functions.  
They should be used as part of an integrated, decentralized storm water management 
system. 

 

 

FIGURE 5.  LEVEL SPREADER 

2.3.2 FILTERING SYSTEMS 
Filtering systems use soils and vegetation to remove pollutants from storm water.  They 
function mainly as pre-treatment devices to remove sediment before water enters 
infiltration devices such as bioretention areas. 

Filter Strips 
Filter strips are low-grade vegetated areas that permit sediment deposition during 
sheetflow (see Figure 6).  Usually used as one component of a storm water management 
system, filter strips are considered pre-treatment devices, meaning that water is routed 
through them before entering systems such as bioretention areas.  For the systems to be 
fully effective, slopes should be minimal (0 to 2 percent), with channelized flows 
eliminated.  Pollutant removal efficiency depends largely on the quantity of water treated, 
flow path and length, type of vegetation, and the soil infiltration rate.  Depending on the 
amount and type of vegetation planted and the need for replacement or amendment of 
soils, filter strips can be inexpensive to construct and maintain. 
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Source: Prince George’s County Bioretention Manual, 2001. 

FIGURE 6.  TYPICAL GRASS FILTER STRIP 

Exfiltration Trench/Dry Swale 
Exfiltration trenches function in a manner similar to infiltration trenches except for an 
underdrain system built into the bottom of the trench (see Figure 7).  After water has 
percolated through the soil media and pollutants have been removed, the water enters 
perforated drain tile and is conveyed to a local storm water drain system. 
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Exfiltration trenches are low-cost, low-maintenance systems that are highly effective in 
removing pollutants, especially sediment, from storm water.  The perforated underdrain 
in the system protects groundwater supplies from contamination in areas with high 
pollutant loadings.  These areas, usually termed “storm water hotspots,” are usually 
located in industrial or commercial areas dominated by vehicular traffic. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

FIGURE 7.  EXFILTRATION TRENCH/DRY SWALES 

Wetlands 
Constructed wetlands systems use soils, vegetation, and hydrology to remove pollutants 
from storm water.  The systems are effective in attenuating flood flows, reducing 
pollutant loadings, and providing wildlife habitat (see Figure 8).   From a community 
design standpoint, wetlands systems can create open space, offer improved aesthetics 
over traditional treatment systems, and provide recreational and educational 
opportunities. 

Most natural and artificial wetlands systems are regulated by the Clean Water Act and 
fall under the jurisdictional authority of the U.S. Army Corps of Engineers (Corps).  A 
recent U.S. Supreme Court decision concerning isolated wetlands has limited the 
jurisdiction of the Corps to navigable waters, their tributaries, and wetlands adjacent to 
these navigable waters and their tributaries. 

THE PRACTICE OF LOW IMPACT DEVELOPMENT (LID) 
41

RB-AR11786



Similar to their natural counterparts, constructed wetlands types can vary from seasonally 
inundated to year-round, open-water systems.  To optimize pollutant removal capacities, 
design engineers usually aim to maximize flow paths through wetlands systems to 
prolong exposure to soils and vegetation, thereby facilitating nutrient and pollutant 
uptake, retention, and settling.  Given the delicate hydrologic balance of wetlands 
systems, unmanaged storm water should never be discharged into jurisdictional wetlands, 
or wetlands under the direct control of the Corps.  Therefore, constructed wetlands should 
be designed with water quality and quantity pre-treatment mechanisms, such as sediment 
forebays or gabion walls, which attenuate storm flows and protect sensitive wetlands 
vegetation. 

FIGURE 8.  STORM WATER WETLANDS 

As compared with other alternative systems, construction costs for wetlands systems may 
be high.  The cost of a constructed storm water wetlands can exceed $300,000 per acre 
(JSPPOH, 2001), although shallow groundwater levels, shallow depth to bedrock, and 
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sloping topography can drive up construction costs further.  In instances where the depth 
to groundwater is shallow, a clay liner should be used to prevent contamination of local 
aquifers.  The quality and quantity of imported soils and plant material are also a factor 
when considering the total cost of built systems.  However, while construction costs may 
be higher for constructed wetlands than for other BMP systems, operation and 
maintenance costs may be relatively low. 

2.3.3 CONVEYANCE SYSTEMS 
Alternate conveyance systems, such as vegetated channels and grassed swales, carry 
water to areas for treatment.  Unlike conventional conveyance systems, such as curbs and 
gutters, these systems slow the erosive velocity of storm water, increase time of 
concentrating, and filter pollutants such as sediment. 

Vegetated Channels/Grassed Swales 
Vegetated channel systems and grassed 
swales are low-cost alternatives for 
conveying water away from streets, 
downspouts, and structures.  They are low-cost alternatives to conventional conveyance 
systems, such as curbs or concrete channels.  These alternatives reduce storm water 
velocities and allow sediment and pollutants contained within storm water to be filtered. 

Curb and gutter can cost upwards of 
 $12.50 per linear foot. 

Source:  Friends of the Rappahannock Study, 2000. 

In residential settings, swales are an effective way to convey water to bioretention areas 
sited a short distance away from structures and foundations.  When used in conjunction 
with bioretention areas, swales function as pre-treatment mechanisms that filter 
sediments from storm water.  For health, safety, and maintenance reasons, minimum 
longitudinal slopes on swales should be 1 percent to avoid stagnation of water and to 
ensure proper drainage. 

Wet swale systems are variants of dry swales and function similarly to a wetlands system.  
Slightly more expensive to construct than a vegetated channel or dry swale, wet swales 
are designed with a permanent pool structure and planted with wetlands vegetation for 
pollutant treatment.  Due to health and safety concerns over potential mosquito breeding, 
wet swales have limited applicability in residential or commercial settings. 

2.3.4 OTHER SYSTEMS 

Rain Barrels 
Rain barrels are low-cost retention devices placed below roof downspouts to collect water 
during storms (see Figure 9).  Although rain barrels offer no primary pollutant removal 
benefits during collection times, they act as quantity controls and can help reduce the 
cumulative effects of storm water on downstream systems.  As an example, one 42-gallon 
rain barrel can provide storage for 0.5 inch 
of runoff from a rooftop measuring 133 
square feet (Prince George’s County, 
2001). 

One inch of rain on a 1,000-square-foot roof yields 
approximately 623 gallons of water. 
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During dry periods, water from the barrels can be used to irrigate lawns and vegetation.  
Rain barrels should be equipped with some type of overflow device that routes overflow 
to a bioretention area for treatment during major storms.  Rain barrels can be purchased 
online from a variety of municipal natural resources departments and environmental 
organizations.  They are available in a variety of colors and sizes to match architectural 
styles. 

 
FIGURE 9.  RAIN BARRELS 

Cisterns 
Cisterns are premolded plastic storage devices that are usually sited underground in 
proximity to rooftop downspouts.  They function in a manner similar to rain barrels but 
offer storage capacities from 100 to 1,400 gallons.  Water from cisterns is stored and 
released during dry periods, promoting water conservation for lawn and garden irrigation.  

2.4 ADDITIONAL RESOURCES 
Additional resources that provide detail on individual storm water management topics are 
listed below. The resources are not provided as endorsements, merely as educational and 
reference tools.  Given regional variations in climate and land development needs, we 
have tried to include region- specific resources.  It is important to note, however, that 
addresses, especially Internet links, are subject to change.  This list contains the latest 
links and addresses as of the date of this publication. 

Storm Water Management Manuals and Best Management Practices 
City of Alexandria, Virginia  
http://ci.alexandria.va.us/solidwaste/stormwater.html  
Information on Virginia storm water ordinances and directions on acquiring publications 
such as The Alexandria Supplement to the Northern Virginia BMP Handbook and The 
Virginia Storm Water Management Manual. 
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City of Austin, Texas  
http://www.ci.austin.tx.us/watercon/default.htm 
Details of the city of Austin's Water Conservation Program as well as information about 
the city's rain barrel program (follow links to Single-family, Multi-family, and 
Commercial). 

Friends of Bassett Creek, Minnesota  
http://www.mninter.net/~stack/bassett/gardens.html  
A comprehensive guide to the creation of rain gardens for runoff management, habitat 
creation, and aesthetic value is provided with design and construction information and 
recommendations on plant material. 

F.X. Browne, Inc.  
http://www.fxbrowne.com/html/gs-facts/gs_primers.htm  
A fact sheet entitled Bioretention Systems for Storm Water Management is available for 
downloading at the homepage of the F.X. Browne environmental consulting firm. 

National Association of Home Builders  
http://www.toolbase.org/tertiaryT.asp?TrackID=&CategoryID=1438& 
DocumentID=2007 
An online report from the association's Technology Inventory entitled Bioretention Sites 
for Storm Water Management includes installation details, a short benefit/cost analysis, 
and a short list of bioretention links. 

Pennsylvania Association of Conservation Districts 
http://www.pacd.org/products/bmp/bioretention.htm  
A Web site devoted to providing information on the bioretention BMPs for storm water 
pollution prevention. 

Prince George's County, Maryland  
http://www.epa.gov/nps/lid/index.html 
The Prince George's County Maryland Department of Environmental Resources 
Programs and Planning Division (PGDER) created two publications with assistance from 
the U.S. Environmental Protection Agency (EPA): 1) Low-Impact Development Design 
Strategies An Integrated Design Approach (EPA 841-B-00-003), and 2) Low-Impact 
Development Hydrologic Analysis (EPA 841-B-00-002).  

State of Maryland Department of Environment  
http://www.mde.state.md.us/environment/wma/stormwatermanual/ 
This link provides updates on Maryland's Storm Water Management Program, including 
information on obtaining copies of The 2000 Maryland Storm Water Design Manual 
(Vols. I & II). 

State of Massachusetts Bureau of Resource Protection 
http://www.state.ma.us/dep/brp/ww/wwpubs.htm#storm  
Downloadable versions of Massachusetts Storm Water Policy Handbook, Storm Water 
Technical Handbook, and Storm water Management Policy. 

Storm Water Center  
http://www.stormwatercenter.net/Assorted%20Fact%20Sheets/Tool6_Storm 
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water_Practices/Filtering%20Practice/Bioretention.htm 
A comprehensive document entitled Storm Water Management Fact Sheet: Bioretention 
provides detailed information on bioretention practices, including applicability, design 
considerations, and benefit/cost analysis. 

Texas Natural Resources Conservation Service  
http://www.txnpsbook.org  
Texas Nonpoint Sourcebook, a site designed to provide storm water management 
information to public works professionals and other interested parties both in Texas and 
elsewhere, provides information ranging from basic to technical. 

University of Washington Center for Urban Water Resources Management 
http://depts.washington.edu/cuwrm/  
A downloadable version of a publication from a research project investigating the use of 
permeable pavement entitled The University of Washington Permeable Pavement 
Demonstration Project--Background and First-Year Results is available under the Land 
Cover and Imperviousness section of the research link at the center's homepage. 

U.S. Environmental Protection Agency  
http://www.epa.gov/owm/mtbfact.htm  
The Office of Wastewater Management in the Office of Water provides downloadable 
fact sheets on BMPs for urban storm water management, including bioretention, porous 
pavement, wet detention ponds, and more. 

Washington State Department of Ecology  
http://www.ecy.wa.gov/biblio/9911.html 
The Storm Water Management Manual for Western Washington describes the storm 
water management standard for all new development and redevelopment projects in the 
Puget Sound area.  

Organizations and Internet Resources 
American Forests  
http://www.americanforests.org/  
The American Forests home page includes news, links, publications, and information on 
the use of trees to protect the environment. Included in the site is a link to the Trees, 
Cities and Sprawl section, which contains information and resources on urban forestry 
and resource protection. 

American Society of Civil Engineers  
http://www.bmpdatabase.org  
The society and the U.S. Environmental Protection Agency provide an online, searchable 
database of over 90 studies evaluating the effectiveness of various storm water BMPs for 
surface water quality protection. 

Center for Watershed Protection's Storm Water Center  
http://www.stormwatercenter.net/  
The Storm Water Center offers resources to assist decision makers and the public on 
storm water management issues. Resources include publications and manuals, slide 
shows, ordinance information, monitoring and assessment methods, and BMP fact sheets. 
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One publication, Better Site Design: A Handbook for Changing Development Rules in 
Your Community, could prove useful to municipal officials interested in revising their 
zoning ordinances. 

Friends of the Rappahannock 
http://for.communitypoint.org/pages/LID.htm 
Friends of the Rappahannock, a nonprofit organization, highlights five existing 
commercial projects in the Fredericksburg, Virginia, area that were redesigned on paper 
to incorporate LID practices. 

Low Impact Development Center, Inc.  
http://www.lowimpactdevelopment.org  
The Low Impact Development Center is a nonprofit water resources research group with 
a mission of conducting research and training on low impact development and sustainable 
storm water management. Publications, pictures, and other resources are available on the 
site. 

Pennsylvania Housing Research/Resource Center  
http://www.engr.psu.edu/phrc  
Part of the Resource Center’s work is in conducting research related to “smart growth” 
and sustainable site design.  A workshop conducted March 2003 by Scott Brown entitled, 
“Understanding Management Practices for Post Construction Storm Water Control” 
provided information on the impact of development on runoff response. 

Urban Land Institute  
http://www.uli.org  
The home page of the Urban Land Institute, an organization committed to providing 
responsible leadership in the use of land toward enhancing the environment, offers design 
resources for housing, retail, office, and transportation development. 

U.S. Department of the Navy, Environmental Department  
http://www.nfesc.navy.mil  
A list of links to the Navy's pollution prevention program includes information about 
equipment, implementation, and planning. Also included is the Joint Service Pollution 
Prevention Library, a searchable database of prevention documents. 

U.S. Environmental Protection Agency  
http://www.epa.gov/OW/index.html 
The Office of Water provides an immense amount of information on the protection and 
conservation of our nation’s water resources.   

Regional-Specific Resources 
Northeastern United States 

Cornell Cooperative Extension of Onondaga County  
http://www.cce.cornell.edu/onondaga/fingerlakeslan/default.htm  
The Web site presents information and design suggestions for landscaping property in a 
manner that reduces the risk of pollution to surface waters. The information is oriented to 
the Finger Lakes, New York region but is applicable to many other areas. 
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Minnesota Pollution Control Agency  
http://www.mnerosion.org/tools.html  
A comprehensive manual available online entitled Protecting Water Quality in Urban 
Areas highlights technical information about BMPs for protecting lakes, streams, and 
groundwater from storm water-related pollution. 

New York State Department of Environmental Conservation 
http://www.dec.state.ny.us/website/dow/swmanual/swmanual.html 
The New York State Storm Water Management Design Manual provides designers with a 
general overview on how to size, design, select, and locate storm water management 
practices at a development site in compliance with state storm water performance 
standards. 

Southeastern United States 

Mississippi State University Agricultural and Biological Engineering Department  
http://abe.msstate.edu/csd/NRCS-BMPs/pdf/water/quality/bioretentsys.pdf  
A downloadable, two-page fact sheet providing descriptions and diagrams of a shallow-
depression bioretention system. 

Northern Virginia Regional Commission  
http://www.novaregion.org/es_pubs.htm  
A list of publications for purchase and downloading, including documents on BMPs such 
as The Northern Virginia BMP Handbook and Nonstructural Urban BMP Handbook and 
publications on Virginia's watersheds. 

NRDC’s Storm Water Strategies: Strategies in the Southeast 
http://www.main.nc.us/riverlink/content/07chap/chap07.htm 
Case studies for addressing storm water management techniques in new development and 
redevelopment. 

Western United States 

Built Green Colorado 
http://www.builtgreen.org/sites/green.htm 
The Built Green Colorado Web page with links to many green building resources. Built 
Green Colorado is a public/private partnership created to encourage home builders to use 
technologies, products, and practices that enhance energy efficiency, reduce pollution, 
provide healthier indoor air, reduce water usage, preserve natural resources, improve 
durability, and reduce maintenance. 

Caltrans Storm Water Management Program 
http://www.dot.ca.gov/hq/env/stormwater/index.htm 
Information on current monitoring studies, publications, conferences, and links are 
presented in the context of  California’s Storm Water Management Program. The site is 
oriented to reducing the impact of California roadways on aquatic resources. 

City of Seattle  
http://www.ci.seattle.wa.us/util/surfacewater/bmp/default.htm 
Information on simple and effective BMPs for homeowners and businesses provided by  
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Seattle Public Utilities. The information includes everyday tips for protecting surface 
water. 

U.S. Environmental Protection Agency Region 10  
http://www.epa.gov/region10 
The Region 10 home page provides general information on the region’s resources as well 
as links to its programs. This site also includes regularly updated information on 
environmental issues in the local news.  

Utah Association of Conservation Districts 
http://www.ci.north-
logan.ut.us/Information/Low%20Impact%20Report/Low%20Impact%20Report.html 
The community of North Logan developed LID roadway design standards. The site 
includes documentation of the process, exhibits, standards, and specifications. 

Southwestern United States 

Arizona Department of Water Resources 
http://www.adwr.state.az.us/ 
A variety of information on all aspects of water resources for the state of Arizona.  

Pima County Department of Environmental Quality 
http://www.deq.co.pima.az.us/water/storm.htm  

Provides information on Tucson and the surrounding area’s storm water management 
program and components.  

Pima County Flood Control District  
http://www.dot.co.pima.az.us/flood/wh/index.html  
Methods for collecting, storing, and distributing rainwater to reduce residential runoff 
loads as well as information on harvesting system maintenance. 
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SECTION 3:  WASTEWATER TREATMENT 

 
 
 
 
 
 
 
 
 
 
 
 

Properly designed, installed, and maintained  
on-site wastewater treatment systems 

 can cost effectively treat wastewater and 
 protect the watershed from pollutant overloads. 
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3.1 INTRODUCTION 
Section 2 addressed storm water management issues and explained how rainwater could 
be used as an asset instead of viewed as a liability in new developments.  As we 
mentioned in Part I, we have expanded LID to include wastewater management.  We now 
turn to the methods and systems that developers can use for effectively treating 
wastewater generated at residential sites. 

It is becoming increasingly popular to protect the nation’s surface water and groundwater 
and prevent further stress from a variety of pollution sources.  Approximately 300,000 
miles of rivers and shorelines and approximately 5 million acres of lakes are polluted by 
harmful microorganisms, sediment, and excess nutrients. 
(http://www.epa.gov/owow/tmdl/overviewfs.html). Wastewater can contain nutrients 
(e.g., nitrogen, phosphorus), pathogens (e.g., disease organisms), and chemicals (e.g., 
ammonia, medical byproducts).  Thus, developers must ensure that equipment and 
management methods effectively treat wastewater before it is released into the 
environment. 
 
Table 11 lists current conventional wastewater management practices and technologies 
and the alternative systems discussed in this chapter.  The 1993 HUD Proposed Model 
Land Development Standards and Accompanying Model State Enabling Legislation 
publication addressed some of the conventional technologies, which are briefly noted 
below.  To put current technology use into perspective, Figure 10 shows that a vast 
majority of homes in the United States rely on municipal sewer systems. 

Wastewater Management Options Discussed in Chapter 

Conventional 
Municipal Sewer 

Single Septic 
Community Septic 

Combined On-Site Systems and Sewer 
Storage and Removal 

 

Alternative 
Aerobic 

Sand Filters 
Mound  

Trickling Filter 
Evapotranspiration  
Low-Pressure Pipe 

TABLE 11.  WASTEWATER MANAGEMENT OPTIONS 

Although only 23 percent of homes in the United States are on individual septic systems, 
such systems can be a significant source of water pollution.  Moreover, the average age 
of a home with a septic system exceeds 30 years.  Further, of those homes on septic 
systems, an estimated 403,000 experienced system breakdowns in a three-month period 
in 1997 ( Bureau of the Census, 1999). 
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Septic 23% 

77% 
Sewer 

FIGURE 10.  HOW HOMES HANDLE WASTEWATER 

The management of residential wastewater is a process fraught with technological and 
regulatory issues.  For instance, some communities limit the use of traditional septic 
systems because improperly maintained systems can release untreated effluent into the 
soils; in other instances, communities have experienced a number of system 
malfunctions.  Effluent contains excess nutrients and harmful organisms that can 
adversely affect water quality.  Regulatory officials respond to the need to protect our 
water by adopting progressively stringent wastewater treatment regulations.  More 
specifically, in some cases, communities turn to rigorous regulation of conventional 
systems as a means of curtailing development, yet they fail to recognize that water 
quality issues can be addressed by using alternative wastewater management systems. 

It is important to keep in mind that septic systems are still used effectively and approved 
throughout the country.  However, in response to the problems noted above, private 
industry continues to develop alternative systems designed to overcome some of the 
issues that can plague the performance of conventional septic systems. 

This chapter briefly describes the environmental, cost, and regulatory issues associated 
with wastewater treatment.  It then explains how conventional residential developments 
deal with wastewater management.  The last part of the chapter discusses some of the 
more common alternative means of wastewater management.  Table 12 presents the 
chapter’s overall objectives. 

 
 
 
 
 
 

 

 

Objective 1: 
Explain how the use of alternative systems and combinations of systems can reduce on-site infrastructure costs 

and loadings to municipal sewer systems. 
Objective 2: 

Demonstrate alternative lot and site layouts to accommodate a variety of system types. 
Objective 3: 

Show how the use of alternative systems and combinations of systems can reduce pollutant loadings to 
waterways. 

TABLE 12.  WASTEWATER MANAGEMENT OBJECTIVES 
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3.1.1 ENVIRONMENTAL ISSUES 

• Heavy Equipment--Heavy-duty trucks and other equipment passing 
over a septic system or drainfield may damage the pipes or  system 
parts. 

• Clogging--Systems are designed to keep solids, e.g., sludge and 
scum, out of the final effluent.  However, if those elements make it to 
the drainage field, they can cause premature soil clogging such that the 
effluent from the septic tank has trouble percolating into the soil and 
can pond. 

• Roots--Tree and bush roots can enter the system. It is essential to 
keep large plants away from the septic system. 

• Improper Sizing/Design--The system must be large enough for the 
load and installed in suitable soils as well as in as shallow a trench as 
possible so that it does not interfere with groundwater. 

• Improper/Lack of Maintenance--Septic systems need routine 
maintenance, including tank pumping and cleaning and inspection by a 
licensed professional.  Properly maintaining a tank keeps solids from 
accumulating and clogging the leach field. 

LID is an approach that 
uses technologies to 
simultaneously conserve 
and protect natural 
resource systems and 
reduce infrastructure 
costs.  Wastewater can 
affect natural resources; 
all wastewater coming 
from a home must be sent 
to an effective treatment 
site or public treatment 
system in order to limit 
adverse environmental 
and health impacts.  One 
of the reasons that public 
officials prefer to rely on 
municipal sewer systems 
for wastewater treatment 
is that many of the systems 
are operated by trained 
technicians who 
continuously monitor the treatment process to ensure that discharge waters meet local 
permit or other regulatory requirements. 

TABLE 13.  COMMON REASONS FOR SEPTIC SYSTEM FAILURE 

In most cases, wastewater treatment can be handled by one of the four conventional 
methods noted in Table 11.  However, there are exceptions. For instance, in some 
circumstances, sewer systems cannot be used because of cost considerations; it might be 
too costly to run pipes long distances to link a proposed development’s wastewater 
system to existing municipal sewer connections.  In other cases, a municipality might 
have specific health or environmental concerns that make the use of septic systems 
unacceptable.  

Nitrogen and phosphorus are two nutrients in wastewater that, either in excess or through 
cumulative effect, can adversely affect receiving waterbodies.  When septic systems fail 
to operate as designed, excess nutrients in untreated wastewater can enter the 
environment.  Excess nitrogen in streams, lakes, and estuaries stimulates the growth of 
plants (algae and phytoplankton).  Algae in turn consume oxygen, and the decomposition 
of dense algal blooms leads to anoxia (no oxygen) and hypoxia (low oxygen).  
Eventually, the aging process of the waterbody is accelerated through a complex chain of 
events known as eutrophication. Indicators of eutrophic conditions include odors, poor 
water clarity, stressed marine organisms, and, in severe cases, dead fish. 

From a public health point of view, conventional septic system failure is one of the main 
reasons for increased interest in alternative on-site wastewater treatment systems.  Table 
13 lists some common causes of septic system failure.  Conventional septic system 
failures potentially can contaminate groundwater and surface water with bacteria harmful 
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to humans.  Further, septic systems with poor nitrogen removal can overload nearby 
waterways, resulting in algal blooms and adverse impacts on aquatic life. 

Numerous communities nationwide are attempting to address general water 
contamination and, in particular, nitrogen loading.  For instance, when studies showed 
that septic systems were threatening groundwater supplies in the Los Angeles area, the 
Los Angeles Regional Water Quality Control Board voted in 1999 to prohibit the 
installation of any new septic systems in Ventura County and required the use of septic 
systems to cease by January 1, 2008 (California EPA Press Release, August 17, 1999).  
Studies showed that the prohibition was necessary to safeguard the public health and 
protect the local water supply; community drinking water is pumped from groundwater 
beneath the discharge area of the septic systems.  As part of its overall water conservation 
plan, Milford, New Hampshire, prohibits septic system use near waterbodies 
(http://www.ci.milford.nh.us/conservation/streams.html).  The Chesapeake Bay 
watershed is an area greatly affected by water pollutants.  The Chesapeake Bay Program, 
which is designed to protect the bay, determined that between 55 and 85 percent of the 
nitrogen entering an on-site wastewater treatment system could be discharged into 
groundwater (U.S. Environmental Protection Agency, 1993).  As noted in a U.S. 
Environmental Protection Agency (EPA) report, “Hydraulically functioning systems can 
create health and ecological risks when multiple treatment units are installed at densities 
that exceed the capacity of local soils to assimilate pollutant loads” (U.S. Environmental 
Protection Agency, 2002).  Thus, the concern over septic systems extends to both the 
inability of septic systems to remove nitrogen and the increased number of septic tanks 
installed in any one area. 

Phosphorus is another nutrient that, if discharged from septic systems, can lead to 
eutrophication of nearby waterbodies, although it is considered less of a threat than 
nitrogen to groundwater and surface contamination via conventional septic systems.  
Septic systems are generally effective in adequately removing phosphorus; furthermore, 
soil particles adequately adsorb soluble phosphorus and extract soluble phosphorus 
compounds from septic tank effluent as it leaches through the soil profile, thus limiting 
the movement of phosphorus through the soil. 

3.1.2 COST ISSUES 

Municipal Sewer Connection Fees 
In addition to environmental issues, economic factors play a role in the selection of an 
appropriate wastewater treatment system.  To connect a home or community to a 
municipal sewer system, developers must pay certain fees.  A community that operates a 
municipal sewer system often combines the potable water tap fee with the sewer 
connection fee.  In addition, communities sometimes charge developers impact fees to 
help offset new homeowner impacts on community resources. 

Impact fees are not new; they have existed since enactment of the Standard Planning 
Enabling Act of 1922.  However, both the number and dollar amount of impact and 
connection fees have risen dramatically since the early 1900s. In some communities, 
sewer connection fees have risen to help municipalities pay for system operation and 
maintenance costs and system expansions.  Fees can range from $1,500 per house to over 
$14,000 per house.  Fee increases have exacerbated the affordable housing problem 
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currently plaguing portions of the United States.  In a related matter, some communities 
report that their wastewater treatment facility is at or near capacity, hindering further 
residential development until facility expansion can accommodate additional growth.  In 
response, HUD's Office of Policy Development and Research created the Regulatory 
Barriers Clearinghouse to examine how impact fees and other issues affect the creation 
and maintenance of affordable housing (http://www.huduser.org/rbc/). 

Conventional Septic Installation and Maintenance Costs 
The cost of installing septic systems depends on system size, treatment capacity, 
occupancy, and land issues such as the type of on-site soil.  For example, in Minnesota, 
the costs of installing a septic system can range from $2,000 to $7,000.  The average cost 
to pump the tank’s sludge ranges from $75 to $150.  Pumping the tank at the appropriate 
frequency is less costly than replacing the system’s leach field, which would be needed if 
solids enter the field from an overloaded septic tank.  If a septic system and 
corresponding leach field need to be replaced in Minnesota, the costs are equal to that of 
installing a new system -
http://www.extension.unm.edu/distribution/naturalresources/components/DD6946c.html. 

3.1.3 REGULATORY ISSUES 
Currently, most local regulations are prescriptive and limit the introduction and use of 
alternative on-site wastewater treatment systems (OWTS).  Public health officials, 
however, can facilitate the use of alternative OWTSs by revising the applicable codes. 

The use of alternative systems can reduce the capacity strain on an existing wastewater 
treatment facility.  In fact, some local officials may be willing to allow alternative 
OWTSs on some but not all lots within a parcel.  For instance, some lots may have the 
appropriate soil composition for the use of conventional septic systems while the soils on 
other lots in the development may not lend themselves to such systems.  Thus, a 
community that needs to increase the capacity of the local wastewater treatment system 
could allow a mix of alternative and traditional OWTSs on a single site instead of relying 
exclusively on alternative systems.  This is an example of how LID is flexible in its 
application. 

3.1.4  GENERAL PERFORMANCE STANDARDS 
In general, wastewater treatment systems take in wastewater, treat it, and release it to the 
environment.  It is difficult, however, for prescriptive codes to specify the full range of 
technological options appropriate for a given site and anticipate the different sensitivities 
of the site’s water and land resources.  Although the topic is beyond the scope of this 
publication, public officials could use performance codes to address site-specific natural 
resource needs while meeting health requirements. 

In 2002, the National On-Site Wastewater Recycling Association (NOWRA) received a 
grant to develop draft national on-site performance standards 
(http://www.nowra.org/model_code.html).  The underlying issue and impetus for the 
project is that local wastewater regulations are usually prescriptive.  Although alternative 
OWTSs have worked elsewhere in the country, local code officials are often reluctant to 
approve the use of these systems in their jurisdiction when a site does not meet the 
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prescriptive requirements.  The goal of the NOWRA project is to create a set of national 
OWTS standards that local officials could use for approving the use of innovative 
systems (Small Flows Quarterly, Winter 2002). 

The U.S. EPA states in a March 28, 2003 Federal Register notice regarding Voluntary 
National Guidelines for Management of On-site and Cluster (Decentralized) Wastewater 
Treatment Systems, “State agencies report that some of these systems have failed because 
of inappropriate siting or design or inadequate long-term maintenance. Historically high 
failure rates in some areas indicate a need for better management of these systems to 
protect public health and water quality.” U.S. EPA has thus developed the Management 
Guidelines that are designed to enhance system performance through improving the 
quality of management programs (Federal Register, 2003). You may access this Federal 
Register notice electronically through the EPA Internet under the Federal Register 
listings at http://www.epa.gov/fedrgstr/T.  

3.2 CONVENTIONAL APPROACHES TO WASTEWATER TREATMENT 
Developers typically have four options regarding residential wastewater treatment 
systems: tying into a municipal or public sewer system, providing homeowners with an 
on-site septic system, using a community septic system, or using a combination of on-site 
systems and tying into the municipal system.  Centralized municipal systems, often 
available in urban and many suburban areas, are often the most cost-effective option 
when municipal system connections are proximate to the land to be developed.  
Municipal systems consist of a series of pipes and pump stations leading to a wastewater 
treatment facility.  The facility treats the water before releasing it to a body of water.  In 
many instances, however, homes in a development cannot connect to a municipal 
treatment system.  It may be cost-prohibitive to connect to a municipal system because of 
distance to conveyance pipes, or a municipal system already at capacity cannot treat 
additional effluent.  In these cases, developers have traditionally turned to septic systems. 

A conventional septic system normally treats a home’s wastewater in an underground 
septic tank located on the property.  The life of septic systems depends on the quality of 
the installation, correct usage, and the frequency of maintenance.  With appropriate 
maintenance, many systems can last for 20 years or more. 

Two primary factors in a septic system’s successful operation include proper installation 
and appropriate operation and maintenance.  Assuming proper installation, homeowners 
must ensure that the tank is pumped out as frequently as needed.  In addition, given that 
the bacteria within the tank are sensitive to the wastewater inputs, homeowners should 
not use the system for the disposal of chemicals such as turpentine, alcohol, and bleach as 
well as for large volumes of grease and animal fats; such items can clog the system.  
Developers should provide homeowners with a list of “things to do and not to do”.  The 
National Small Flows Clearinghouse sells The Homeowner On-Site System 
Recordkeeping Folder (Item #WWBLPE37) and the Homeowner Septic Tank 
Information Package (Item #WWPKPE28) to help homeowners record and store 
information about their septic system and to educate homeowners on system care and 
system (http://www.nesc.wvu.edu/nsfc/nsfc_septicnews.htm#septic). In addition, the U.S. 
EPA has created a free, one-page Homeowner Septic System Checklist to highlight the 
homeowner’s septic system maintenance needs (U.S. EPA, 2003). 
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Another wastewater management option sometimes used by developers is a 
communitywide wastewater treatment system.  Although the vast majority of today’s 
homes either use single septic systems or are connected to public sewer, some developers 
have installed communitywide septic systems.  The systems treat wastewater for a group 
of homes in a manner similar to a septic system for a single home.  Small community 
cluster systems often try to take the best attributes of municipal sewers and septic systems 
and use them to reduce wastewater treatment system installation costs while meeting 
environmental goals.  The systems transport wastewater from homes via sewer pipes to 
either a conventional treatment plant or a pre-treatment facility.  The effluent is then 
discharged to soils similar to those required in the last stage of a single septic system’s 
treatment process. 

Some communities install a centrally located package wastewater treatment plant that 
connects each home in that community to the plant.  The package system is similar to 
public wastewater treatment facility except that the effluent from the homes travels to a 
privately owned and operated treatment plant located in the community (sometimes 
referred to as “small community sewer” or “distributed sewer”). 

A small number of jurisdictions are using natural open spaces, golf courses, and soccer 
fields as areas for drip irrigation of semitreated effluent.  Such uses of open space allow 
effluent to be effectively disposed of across large areas.  Another benefit of  is that the 
systems can be created as needed.  The developer can calculate how much effluent the 
entire development will likely generate and then phase in the system as homes are built.  
The system’s potential drawbacks include a perception that odor will be a problem or that 
public health will be compromised. 

In several communities, community systems have proven themselves a feasible 
alternative.  For example, in Warren Village, Vermont, nearby streams had become 
polluted in part because of a combination of dense development, small lot sizes, and 
failed single septic systems.  When residents determined that a municipal sewer system 
was too expensive, the town used two parcels--a soccer field and a vacant lot-- as 
common leaching fields with a total capacity of 30,000 gallons per day.  Homeowners 
whose lots lacked adequate wastewater disposal capacity could pay the newly formed 
wastewater management district $250 per user per year to discharge to the community 
system (http://www.daylor.com/projects/Gloucester/CommunityWastwater.htm). 

Community systems can also facilitate the use of smaller house lots.  Single septic 
systems need an adequate land area for the leach field.  With community systems, the 
final treatment location is consolidated into one large leach field instead of relegated to 
several individual fields.  Allowing for smaller lots can help the developer preserve open 
space, furthering the goals of low-impact development. 

Some instances warrant a combination of sewer hook-up and septic system installation.  . 
For example, a municipal sewer system may be able to serve only an additional 50 
homes, yet a proposed development calls for 200 homes.  Public officials and the 
developer might agree to hook up 50 of the new homes to the public system and serve the 
rest of the homes with an on-site septic tank system. 

A combination system might also be warranted when soils on part of the development are 
not suitable for septic tank installation.  In this instance, the lots that cannot accommodate 
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septic systems could be connected to the municipal system while the rest of the lots could 
be served by septic systems or municipal connections.  

Clearly, each parcel of land is often suited to a variety of options available to the 
developer.  Developers can help create cost-effective developments by weighing all the 
wastewater management options and determining which will yield the best performance 
at the least cost.  The LID approach helps increase the number of wastewater 
management system options available to the developer. 
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3.3 ALTERNATIVES TO CONVENTIONAL SYSTEMS 
Table 14 contains a brief description of the OWTSs highlighted in this chapter.  Listed 
below are expanded explanations of the alternative systems that provide secondary 
treatment and that might allow for on-site wastewater treatment (U.S. Environmental 
Protection Agency, 2002). 

OWTS Type Key Components Situations Where Its Use Might Be 
Appropriate 

Sand Filters 
• Septic tank, sand  filter, and 

sometimes a recirculation 
tank  

• Where soil conditions do not allow 
for percolative beds/trenches 

• High groundwater 

Mound 
• Pre-treatment unit(s), dosing 

(pumping) chamber, and 
elevated mound 

• Slow- or fast-permeability soils 
• Shallow rock cover over creviced or 

porous bedrock 
• High groundwater 

Trickling Filter 
• Circular bed of coarse or 

plastic material and rotating 
distributor 

• High concentrations of organic 
material in wastewater 

Evapotranspiration 

• Pre-treatment unit, 
evapotranspiration sand bed, 
bed liner, fill material, 
monitoring, overflow 
protection, and surface cover 

• Annual evaporation rate exceeds 
annual rate of precipitation and 
wastewater applied 

Low-Pressure Pipe 
• Septic tank, pumping (dosing) 

chamber, and small-diameter 
pipes 

• Where soils would become clogged 
as a result of localized overloading 

• High groundwater 
• Anaerobic conditions due to 

continuous saturation 

Aerobic 
• Aeration compartment, 

settling chamber,  pre-
treatment compartment 
(optional) 

• Where septic systems have failed 
• Where lot size is not sufficiently 

large to accommodate a standard 
septic system drainfield 

Proprietary Systems • Varied • Where conventional septic systems 
or sewer hook-ups are not feasible 

TABLE 14.  ON-SITE WASTEWATER TREATMENT SYSTEM ALTERNATIVES 

Alternative systems can use anaerobic bacterial action, i.e., the bacteria decomposes 
waste in the absence of oxygen, while other systems need oxygen (i.e., aerobic) to 
operate properly.  In addition, hybrid systems use a combination of aerobic and anaerobic 
processes. 

Developers can consider a variety of on-site wastewater treatment system options either 
as alternatives or enhancements to conventional septic systems.  By using the LID 
approach, developers often uncover information and options that can help facilitate the 
development approval process. 
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While municipal sewer or on-site septic systems may be the most recognized wastewater 
treatment options, some sites might lack both sewer access and the ability to 
accommodate a septic system.  Some of the limiting factors for septic systems include lot 
size (an ample soil absorption field is necessary), groundwater level, depth of bedrock, 
and on-site soil types.  For example, dense clay or rocky soils can inhibit the use of septic 
systems.  Recognition of various limitations has led to increased interest in and the 
development of alternative on-site wastewater treatment systems. 

Alternative on-site wastewater treatment 
systems range from adding treatment steps 
(e.g., intermittent sand filter) to a conventional 
septic system to the reliance on proprietary 
systems that omit the use of traditional septic 
tanks.  In fact, as technology grows more 
sophisticated, , it is often more important to 
establish an operation and maintenance plan 
for an alternative OWTSs than for an ordinary 
septic system. 

Examples Where a Septic System May 
Not Be Allowed on a Lot 

Lot size too small 
Wrong types of soils 

High groundwater level 
Shallow soils/Depth of bedrock 

Steep slopes 
Soil does not percolate 

 

When lots cannot be developed to take advantage of conventional wastewater 
management techniques (e.g., municipal sewer or on-site septic systems), the use of 
alternative OWTSs (discussed below) can make those lots suitable for development.  
Before using an alternative OWTS, however, developers are advised to familiarize 
themselves with the local public health criteria related to wastewater effluent and to 
recognize that, as opposed to municipal sewer systems, which are usually regulated by 
codes at the state level, local public health officials regulate on-site systems.  The lack of 
information on the systems and absence of third-party verification of alternative system 
performance make public health officials reluctant to alternative OWTS.  In general, 
public officials are most concerned with ensuring a certain level of public health, not with 
facilitating land development; therefore, officials often need to be educated about the 
efficacy of alternative systems. 

On a related note, some public officials and environmental groups have expressed 
concern that the use of septic and/or alternative OWTSs will foster sprawl.  The use of 
OWTSs by themselves does not lead to unchecked growth; indeed, the best way to 
manage growth effectively is through prudent zoning, not by eliminating potential 
wastewater treatment solutions or creating barriers for the adoption of alternative 
technologies related to development. 

3.3.1 PROCESS FOR IDENTIFYING POTENTIAL ON-SITE WASTEWATER TREATMENT 
SYSTEM ALTERNATIVES 
Each parcel of land is unique in terms of its size, shape, and soil types.  If public health 
officials indicate that an alternative OWTS is a feasible option, then developers should 
consider several factors to identify the types of systems that might be used.  For instance, 
OWTSs are more complex than septic systems and thus require a higher level of 
maintenance and supervision and may need additional excavation during installation to 
accommodate the various systems’ several components.  Table 15 briefly describes the 
various factors to be considered. 
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Costs can vary for different OWTS options.  For instance, community wastewater 
treatment systems that rely on gravity to transport wastewater can require deep and thus 
costly excavations, but the use of pressurized systems with small-diameter plastic pipes 
can minimize excavation costs. 

Some OWTS alternatives to conventional systems, such as recirculating sand filters and 
evapotranspiration systems, are “add-ons” to a traditional septic tank system.  The 
additional treatment unit is connected in-line with the septic tank and provides an extra 
level of treatment.  Although it may seem more costly to add another layer of treatment, 
alternative treatment systems may be less costly if conventional wastewater management 
methods require the hauling of extra fill material or the construction of a retaining wall. 

As for other cost issues, alternative OWTSs may need electricity to operate the pumps 
that are sometimes required as part of the treatment system itself and that are sometimes 
needed to move wastewater from the house to the treatment area.  In addition, the 
inclusion of other features such as recirculation piping, aeration, and an increased need 
for cleaning/pumping may increase an alternative system’s operation and maintenance 
costs. 

Another economic issue associated with the use of an alternative OWTS is the long-term 
operation and maintenance (O&M) costs and related organizational framework required  

• Aesthetics--Both the general public and public officials will be most aware of aesthetic concerns.  In short, 
potential insect problems and odor issues must be addressed and mitigated. 

• Capacity--The system must be able to handle the home’s capacity; the approval process will consider both 
rate and volume of sewage flow.  In addition, public officials may want the system to be able to handle more 
than the current load to accommodate changing uses of the home. 

• Cost--The upfront costs of alternative OWTSs can often be higher than the costs of traditional septic systems.
In addition, the complexity of alternative systems yield somewhat higher operation and maintenance costs 
(e.g., the alternative systems usually need electricity to treat waste). 

• Efficiency and Reliability--The community at large will be interested in any third-party reports and data 
indicating how well the proposed systems treat or remove potentially harmful wastewater components.  In 
addition, the system must have adequate safeguards to warn the occupant of system failure. 

• Environmental and Public Health--A system must maintain or improve environmental quality and 
adequately address public health issues. 

• Operation and Maintenance (O&M)--As an emerging issue in the on-site wastewater treatment field, 
OWTSs require more monitoring than standard septic systems; thus, the local jurisdiction or a third party must 
ensure the proper maintenance of equipment. 

• Siting--Soil type and lot size are often determining factors when siting OWTSs.  For instance, only about one-
third of the land area in the United States has soils suitable for conventional subsurface soil absorption fields.  

Source:  U.S. EPA, 2002. 

TABLE 15.  FACTORS TO CONSIDER WHEN EVALUATING ON-SITE WASTEWATER TREATMENT SYSTEMS  

with the systems.  Given that innovative systems usually require more frequent and 
ongoing O&M than conventional systems, developers, public officials, and communities 
must work together to develop an O&M plan and establish an entity that will ensure 
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effective system performance.  Such an entity can oversee O&M activities, reduce 
liabilities, and establish service boundaries (Jones et al., 2001). 

The following list offers criteria for determining situations in which an alternative OWTS 
could be most helpful: 

• When sewer is not located nearby. If a given plot of land is not located close to 
existing infrastructure, thus making it costly to establish public sewer connections, 
then OWTS might be an effective option. 

• When the wastewater treatment facility is at capacity. In some locales, the 
wastewater treatment facility is at capacity and cannot accept any more connections.  
In these instances, either a new facility will have to be built or the existing facility 
will have to be expanded.  Either option will require the public’s investment and time 
and will potentially delay land development. 

• When a lot is too small. If local ordinances dictate that a lot is too small to 
accommodate a septic field, an alternative OWTS might help reduce the size of the 
required absorption field. 

• When a watershed requires higher-quality effluent. In some instances, a watershed 
has effluent requirements that exceed the effluent characteristics normally produced 
by septic systems.  Once again, the enhanced wastewater treatment available with 
some alternative OWTSs may help provide a solution. 

• When groundwater supply is limited. Instead of pumping water off site through a 
sewer, an OWTS keeps water on the site; properly treated effluent from an alternative 
OWTS can help recharge the local groundwater aquifer. 

• When deep excavation is needed for a septic system. Some alternative systems do 
not require as much excavation as septic systems, thus reducing initial costs. 

Another way to look at the system selection process is through a variety of stakeholders’ 
lenses.  Figure 11 provides an overview of some of the groups interested in the process of 
selecting an appropriate OWTS and their relevant concerns (U.S. Environmental 
Protection Agency, 1997). 
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Economic Concerns 
▪  Fiscal Equity 
▪  Ability to Pay 
▪  Ability to Generate 

Necessary 
    Revenue 
▪  Grant/Loan Availability 
▪  Accountability 
▪ Borrowing Capacity 
▪ Future Growth Potential 

Administrative Concerns 
▪  Record-keeping 
Practices 
▪  Decision-making Process 
▪  Staffing Capability 
▪  Regulatory Requirements
▪  Formal and Informal 

Interagency 
Relationships 

Legislative Concerns 
▪  Adequacy of Existing 

Institutional 
Arrangements 

▪  Legal Requirements 
(Federal/State) 

▪  Relationships Among 
Affected Agencies 

▪ Planning/Enforcement/ 
 Operating Capabilities 
 

Ownership Status 
Operational Procedures 
Regulatory Provisions 

Financial Planning 

Environmental Concerns 
▪  Physical Conditions 
▪ Climatic Conditions 
▪  Water Quality 
▪ Adequacy of Treatment 

Maintenance Requirements 
Improvements/Repairs 

Surveillance Needs 

INSTITUTIONAL ISSUES TECHNICAL ISSUES 

Engineering Concerns 
▪  Suitable Design 
▪ Appropriate Technology 
▪  Operating Condition 
▪ Performance/Reliability 
▪ Residuals Volume/ 
 Characteristics 

Social Concerns 
▪  Willingness to Assume 
Responsibility 
▪  Public Support 
▪  Educational Program 

 
Source: Response to Congress On Use of Decentralized Wastewater Treatment Systems, 
http://www.epa.gov/owm/decent/response. 

FIGURE 11. OVERVIEW OF PARTIES INTERESTED IN WASTEWATER TREATMENT DECISION MAKING 

In some situations, conditions do not permit the installation of septic systems, particularly 
if soils are not appropriate or lot sizes are not sufficiently large to support a leach field.  
For example, the Floyd County, Kentucky, Plan Commission recently proposed a zoning 
ordinance amendment that would use soil conditions to dictate how many homes could be 
built per acre with septic systems (The Courier-Journal, Louisville, KY, May, 2002).  In 
the worst soil and topographic conditions, the proposed amendment would limit 
development to one house with a septic system per 20 acres. 

As previously noted, there are a variety of alternative systems available to developers.  
Below are descriptions of the different systems.  Also included are considerations 
developers can take into account when deciding which systems to include in a new 
development. 
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3.3.2 SAND FILTERS 

Intermittent Sand Filters 
Sand filter systems treat the effluent downstream from a conventional septic tank.  Two 
of the more common sand filter systems are the single-pass system (i.e., intermittent) and 
the recirculating system.  In the single-pass system, the wastewater first undergoes 
primary treatment in a septic tank.  The effluent is then applied intermittently to the top 
of a bed of sand (or other suitable media) that sits on an impermeable liner and percolates 
through the sand into drains located at the bottom of the bed (see Figure 12).  As the 
wastewater passes through the sand filter, both physical and chemical processes treat the 
effluent, although microorganisms attached to the fixed media primarily treat the effluent.  
The effluent is then piped to the leach field for further treatment and disposal.  
Bottomless systems have no impermeable liner and do not discharge to a drainfield but 
rather to the soil below the filter. 

 
 

Source:  National Small Flows Clearinghouse Fact Sheet, 1998. 

FIGURE 12.  TYPICAL CROSS-SECTION OF AN INTERMITTENT SAND FILTER 

Intermittent sand filters produce a high-quality effluent by removing a high percentage of 
contaminants.  The filter’s ability to perform adequately depends on the filter’s design 
and composition and, hence, the biodegradability of the wastewater and the 
environmental factors within the filter.  The most important environmental factors 
include media re-aeration and temperature.  Re-aeration makes oxygen available for the 
wastewater’s aerobic decomposition.  Temperature directly affects the rate of microbial 
growth, chemical reactions, and other factors that contribute to the stabilization of 
wastewater within the system. 

System pumps and controls should be checked every three months while the sludge 
build-up in the septic tank should be checked as needed.  Installation costs of intermittent 
sand filters, including labor and materials, generally range from $7,000 to $10,000.  Daily 
energy costs for pumping the wastewater onto the filter bed run between $0.03 and $0.06. 

Recirculating Sand Filters 
In situations without sufficient land area for a single-pass filter system, recirculating sand 
filter systems are an option.  In a recirculating system, wastewater first undergoes 
treatment in a septic tank.  The pre-treated effluent then flows into a recirculation tank 
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along with some of the water that has already passed through the sand filter.  A pump 
transports the wastewater mixture from the tank to the sand filter, where microorganisms 
attached to the filter media carry out treatment.  The treated effluent collects at the 
bottom of the filter; some of the effluent is sent back to the recirculation tank for further 
treatment and some is sent out for disposal or another type of treatment disinfection.  In 
this type of system, the sand is periodically changed (see Figure 13). 

 
 

Source:  National Small Flows Clearinghouse Fact Sheet, 1998. 

FIGURE 13.  TYPICAL RECIRCULATING SAND FILTER SYSTEM 

• Peat Filters--Organic particles and suspended 
solids are removed by passing wastewater 
through a peat bed. 

• Batch Reactors--To increase nitrogen-removal 
efficacy, batch reactors alternate between 
oxygen-rich and oxygen-poor cycles and treat 
one batch of wastewater at a time. 

• Activated Sludge Systems and Aerobic 
Treatment--Biooxidation (aerating wastewater) 
and oxygen-poor settling areas improve 
treatment. 
  

Recirculating sand filters are relatively low-maintenance systems whose operating costs 
are generally modest.  Operation and 
maintenance costs were under $5,000 for a 
135-home septic tank system in Elkton, 
Oregon, including $780 for electricity and 25 
to 30 labor hours per month.  The 
replacement of the media represents one of 
the system’s most expensive maintenance 
items.  Thus, it is prudent to use locally 
available materials.  For example, the capital 
cost (land not included) for a 5,000 gallon per 
day system with black beauty™ sand media 
that was not locally available totaled about 
$68,600.  That same system cost $36,000  
with standard sand media. 

TABLE 16.  SECONDARY TREATMENT 
Other types of filters provide secondary wastewater treatment (see Table 16). 

3.3.3 MOUND 
On lots with high water tables or soils unsuited to septic systems, a mound of suitable 
soils is placed on top of the soils that do not permit the use of a septic system.  The 
primary treatment takes place in the septic tank.  The wastewater from the tank passes 
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through a filter (to eliminate additional solids) and discharges to a dosing chamber.  The 
effluent is then spread uniformly on the mound, which acts as an elevated or above-
ground drain field.  Typically, a mound system requires a pump that sends the effluent 
from the septic tank upward into perforated pipes that are located in the mound within a 
layer of fabric-covered coarse-gravel aggregate.  The mound is often a soil cover that can 
support vegetation (see Figure 14). 

 
 

Source:  National Small Flows Clearinghouse Fact Sheet, 1998. 

FIGURE 14.  SCHEMATIC OF A WISCONSIN MOUND SYSTEM 

The mound’s height should be sufficient to treat the effluent effectively before it reaches 
the limiting soils, bedrock, or high water table.  In general, codes require a mound height 
between one and four feet.  Mound slopes can be up to 25 percent.  Mounds should be 
sited well away from flood plains, drainage ways, or depressions unless flood protection 
is provided. 

Sand suitable for a mound system should contain 20 percent or less material greater than 
2.0 mm and 5 percent or less finer than 0.053 mm.  Mound design depends on several 
additional factors, including the number of rooms in a home; up to 150 gallons per day 
per bedroom are allowed.  In addition, to minimize the number of solids entering the 
mound filter, the septic tank and dosing chamber must be watertight.  In Wisconsin, the 
mound system success rate is more than 95 percent. 

A typical mound system in Wisconsin costs approximately $9,000 to construct, with 
another $750 in site evaluation, design, and permitting costs.  The operation and 
maintenance costs range from $125 to $200 per year. 

3.3.4 TRICKLING FILTER 
Trickling filters are effective in removing nitrogen from wastewater.  They trickle 
wastewater over a fixed medium (coarse stones or plastic material) covered with a 
bacterial mat that removes nitrogen from the effluent.  A rotating distributor, which is a 
rotating pipe containing several holes, evenly distributes the wastewater from above the 
filter medium.  Microorganisms on the medium break down the organic materials in the 
wastewater as it passes through the medium (see Figure 15). 
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Source:  National Small Flows Clearinghouse Fact Sheet, 1998. 

FIGURE 15.  SCHEMATIC OF A TRICKLING FILTER 

Trickling filter systems are especially effective when the receiving waterbodies are 
highly sensitive to nitrogen loading.  The filters successfully remove ammonia nitrogen 
by oxidizing it to nitrate nitrogen.  The nitrate nitrogen is then converted into nitrogen gas 
that is vented to the atmosphere.  The filters can accomplish ammonia nitrogen removal 
in one- or two-stage systems.  In a single-stage unit, carbon oxidation (removal of organic 
material) and nitrification occur in the same unit.  In two-stage systems, separate stages 
operate independently to complete the organic removal and nitrification steps.  Trickling 
filters are highly sensitive to how much oxygen is available and to nitrogen loading rates. 

3.3.5 EVAPOTRANSPIRATION 
The two primary types of evapotranspiration (ET) systems are the standard ET system 
and an ET/absorption system (ETA).  The more common is the ET system, which 
comprises a septic tank, an ET sand bed with wastewater distribution piping, a bed liner, 
fill material, monitoring wells, overflow protection, and a surface cover.  Vegetation 
grows on the cover to facilitate the transpiration process. 

Evapotranspiration systems are especially important on sites in need of surface and 
groundwater protection.  An ET system can operate solely as a system that disposes of 
wastewater into the atmosphere through evaporation from the soil surface and/or 
transpiration by plants, or it can combine such treatment with seepage. 
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Source:  National Small Flows Clearinghouse Fact Sheet, 1998. 

FIGURE 16.  CROSS-SECTION OF A TYPICAL EVAPOTRANSPIRATION BED 

In a system that does not seep, the effluent flows from the septic tank into the lower 
portion of the sealed ET bed, which contains continuous impermeable liners and sand.  
Capillary action in the fine sand causes the wastewater to rise to the surface and escape 
into the atmosphere via evaporation.  At the same time, vegetation brings wastewater 
from plant roots to the leaves, where it is transpired.  An ET incorporates an unsealed 
bed, which allows for evaporation, transpiration, and percolation (see Figure 16). 

To prevent overloading (with undersized systems) or excessive capital costs (with 
oversized systems), the design of ET systems requires accurate estimates of wastewater 
flow rates.  The availability of land can limit the size of ET systems:  up to 4,000 to 6,000 
square feet of area is typically needed for a single-family home.  However, the most 
important factor for ET systems is climate.  Precipitation, humidity, wind speed, 
temperature, and the amount of solar radiation must are important considerations.  For 
instance, system overloading can occur if large amounts of rainfall enter the system over 
a short period of time.  Thus, ET systems are most suitable for use in arid to semi-arid 
locations such as the western and southwestern parts of the United States.  The typical 
minimum cost for an ET system for a three-bedroom residence is $10,000. 

3.3.6 LOW-PRESSURE PIPE 
A low-pressure pipe (LPP) system is a shallow, pressure-dosed soil absorption system 
with a network of small-diameter perforated pipes placed in narrow trenches (see Figure 
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17).  LPP systems can be used to address septic system issues such as soil clogging from 
localized overloading, mechanical sealing of the soil trench during construction, 
anaerobic conditions resulting from continuous saturation, and a high water table. 

A typical LPP system consists of a septic tank for primary treatment.  Partially treated 
effluent then flows by gravity to a pumping chamber, where it is stored until it reaches 
the level of the upper float control.  Once the water reaches that level, the pump turns on 
and usually sends one to two batches of wastewater per day to the trenches via the 
distribution pipes.  During each dosing cycle, the depth of wastewater in the trenches 
does not exceed two to three inches of the total trench depth. 

 
Source:  National Small Flows Clearinghouse Fact Sheet, 1998. 

FIGURE 17.  LOW-PRESSURE PIPE SYSTEM 

Two critical factors affecting LLP system performance are the dosing and distribution of 
the effluent.  The dosing must be correct to maintain aerobic conditions in the trench, and 
effluent must be evenly distributed to avoid localized overloading. 

A properly designed and installed LPP system needs little maintenance.  For instance, 
North Carolina requires LPP systems to be inspected at least once every six months.  The 
septic tank and pumping chamber should be checked periodically for sludge and scum 
build-up as needed.  Watertight pumping tanks are necessary to ensure that drainfields do 
not inadvertently become hydraulically overloaded. 

In a 1989 study of LPP use in North Carolina, the average cost to install an LPP system 
for a three-bedroom home was $2,600.  The more LPP systems used in a county, the less 
is the average cost per system.  In counties with several systems, the cost was 
approximately $1,500 per system as compared with $5,000 per system in counties with 
few LPP systems. 

3.3.7 AEROBIC SYSTEMS 
Similar to conventional septic systems, aerobic systems also use natural processes to treat 
wastewater.  However, septic treatment does not require oxygen (anaerobic), whereas 
aerobic treatment does need oxygen.  Thus, aerobic units include a device that injects air 
into and circulates it inside the treatment tank. 

According to U.S Environmental Protection Agency, aerobic treatment units can range in 
size from 400 to 1,500 gallons and usually include an aeration compartment and a settling 
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chamber.  Some units also include a pre-treatment compartment to remove garbage and 
grease (U.S. Environmental Protection Agency, 2000b).  In addition, electrical service is 
required for the aeration equipment and pumps. 

The two types of aerobic systems most often used for single-family homes are fixed-film 
and suspended-growth systems.  Fixed-film systems are not available commercially and, 
as proprietary devices, are not described in detail here.  Suspended-growth systems use 
microorganisms suspended in the waste stream to break down the wastes. 

An aerobic system’s application is limited primarily by soil conditions and topography.  
A site should have a percolation rate of less than 60 minutes per inch, its depth to the 
water table or bedrock should be two to four feet, and it should have level or slightly 
sloping topography. 

Aerobic systems vary in cost, from $2,500 to $9,000 installed.  In addition, the units must 
be maintained more frequently than a septic system.  The recommended quarterly 
servicing costs about $350 per year. 

3.3.8 PROPRIETARY SYSTEMS 
Proprietary technologies are designed to provide turnkey solutions to developers’ 
wastewater treatment needs. 

Below are brief descriptions of the proprietary systems available today as well as the 
latest Web sites containing more information on the systems. 

• Alascan--http://www.alascanofmn.com/  
Alascan offers a variety of wastewater treatment options and systems to meet different 
needs, including source separation systems that separate blackwater from greywater and 
low-flush toilets that, according to the manufacturer, can reduce a home’s water usage by 
40 to 80 percent. 

• Bio-Microbics, Inc.--http://www.biomicrobics.com/  
Bio-Microbics, Inc., has created a Fixed Activated Sludge Treatment (FAST®) process.  
suited for use in single-family dwellings, clustered residential developments, and 
subdivisions. It can also be used to retrofit a failed conventional septic system. 
• Cromaglass-- http://www.americanpump.com/croma3.htm  
One of the more notable Cromaglass systems is the Cromaglass Batch Treat Process.  
The manufacturer claims that biological oxygen demand (BOD) and total suspended solid 
(TSS) removal rates exceed 90 percent and that independent laboratory research verifies 
system efficacy. 

• E/One Sewer Systems--http://www.eone.com/sewer/intro/index.html  
E/One offers several wastewater treatment systems sized to meet a customer’s unique 
conditions.  For instance, the GP 2010 is designed for single-family homes, whereas the 
GP 2016 is suited for multiple dwellings.  The Web site provides brief case studies. 
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• Global Water Systems-- http://www.globalwater.com/encampment.htm 
Global’s source separation systems treat greywater for reuse in toilet flushing or 
irrigation.  

• MicroSepTec, Inc.--
http://www.microseptec.com/  

The MicroSepTec (MST) system is an on-site 
wastewater treatment system that can be used 
for residential applications.  In addition, MicroSepTec, Inc., is a full-service septic 
solution provider and will assist with permits, engineering, project management, 
maintenance, and monitoring. 

• Blackwater-- Toilet wastes in wastewater 

• Greywater--Washwater excluding toilet  
wastes 

• Orenco Systems, Inc.--http://www.orenco.com/  
Orenco Systems® offers on-site (decentralized) treatment solutions for many types of 
residential properties for small flows and large flows, household-strength waste and high-
strength waste, poor soils, and high groundwater.  The company provides a variety of 
package solutions. 

• Waterloo Biofilter Systems, Inc.--http://www.waterloo-biofilter.com/  
The Waterloo Biofilter ® is a patented trickle-filter–type treatment system that uses a 
filter medium to treat residential and industrial wastewater.  Wastewater is sprayed 
intermittently onto the medium and allowed to drain through by gravity. 

3.4 ADDITIONAL RESOURCES 
Additional resources with more detail on wastewater treatment are included below.  They 
are not provided as endorsements, merely as educational and reference tools.  Given 
regional variations in climate and land development needs, we have tried to include 
region-specific resources.  It is important to note, however, that addresses, especially 
Internet links, are subject to change.  This list contains the latest links and addresses as of 
the printing of this publication. 

Wastewater Manuals and Best Management Practices 
National On-Site Demonstration Program 
http://www.nesc.wvu.edu/nodp/nodp_index.htm 
The National On-Site Demonstration Program (NODP), established in 1993, was 
developed to encourage the use of alternative on-site wastewater treatment technologies 
to protect the public health, ensure water quality, and sustain the environment in small 
and rural communities.  Funded through the U.S. Environmental Protection Agency 
(EPA) and directed by the National Environmental Services Center of the National 
Research Center for Coal and Energy at West Virginia University, the NODP provides 
communities throughout the country with information on cost-effective alternatives to 
centralized wastewater treatment systems. 

U.S. Environmental Protection Agency 
http://www.epa.gov/ORD/NRMRL/Pubs/625R00008/625R00008.htm 
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The 2002 On-site Wastewater Treatment Systems Manual is the U.S. Environmental 
Protection Agency’s latest publication covering on-site wastewater technologies.  As an 
update of the 1980 On-Site Wastewater Treatment and Disposal Systems, it provides 
supplemental and new information for wastewater treatment professionals in the public 
and private sectors.  This manual is not intended to replace the previous manual but rather 
to explore further and discuss recent developments in treatment technologies, system 
design, and long-term system management. 

Washington State Department of Ecology 
http://www.ecy.wa.gov/biblio/9911.html 
Washington's Storm Water Management Manual for Western Washington describes the 
storm water management standard for all new development and redevelopment projects 
in the Puget Sound region. 

Organizations and Internet Resources 
Canadian Housing Information Center (CHIC)  
http://www.cmhc-schl.gc.ca/publications/en/rh-pr/tech/01-138-E.htm 
Innovative On-Site Wastewater Treatment 
The Canadian Housing Information Center has researched problems with residential 
septic systems across Canada and found surface breakouts, back-ups into houses, and 
contamination of groundwater supplies as evidence of system failures.  Such problems 
arise from excessive water usage and lack of maintenance; inadequate site assessment, 
especially in marginal soils; outdated design practices; or poor construction. 
http://www.cmhc-schl.gc.ca/en/imquaf/himu/wacon/wacon_001.cfm 
Water conservation has been at the forefront of resource efficiency issues in Canada.  In 
an effort to reduce water consumption, CMHC has conducted research into residential 
water reuse and innovative wastewater treatment technologies.  Case Study of the Month 
presents water projects either supported by CMHC or undertaken by the private sector. 
 
Hazen and Sawyer 
http://www.co.sarasota.fl.us/environmental_services/pcssrp/pdfs/40075r048.pdf 
Evaluation of On-site Wastewater Treatment and Wastewater Collection System 
Alternatives (TM No.7) 
An assessment of available and applicable OWTS and collection system technologies 
determines the technologies’ ability to improve current wastewater treatment and disposal 
practices in the Sarasota, Florida area. 
 
NAHB Research Center 
http://www.toolbase.org/tertiaryT.asp?TrackID=&DocumentID=3789&CategoryID= 
1843 
On-site wastewater treatment systems can allow the construction of new homes on 
otherwise vacant infill lots in neighborhoods whose centralized wastewater treatment 
systems are beyond capacity.  To find the best and most cost-effective aerobic treatment 
system, the Research Center is working with Anne Arundel County, Maryland, and will 
monitor the installation of several innovative on-site aerobic wastewater treatment 
systems on residential field sites.  Approximately 25 percent of all homes in the county 
use on-site wastewater treatment systems, most of which are septic tanks. 
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Rocky Mountain Institute 
http://www.rmi.org/images/other/W-ComDecMakWstwtrSys.pdf 
Case Studies of Economic Analysis and Community Decision Making for Decentralized 
Wastewater Systems 
The Rocky Mountain Institute is conducting an 18-month project to increase 
understanding of how communities consider and value the benefits and costs of different- 
scale wastewater facility options (on-site, cluster, and centralized options) in dollar or 
other terms.  The project also is examining the driving issues, motivations, thought 
processes, and decision-making methods of stakeholders relative to choices of 
wastewater system scale. 
 
Small Flows Quarterly 
http://www.nesc.wvu.edu/nsfc/nsfc_index.htm 
The National Small Flows Clearinghouse (NSFC), funded by the U.S. Environmental 
Protection Agency, helps America's small communities and homeowners solve their 
wastewater problems and thereby protect the public health and the environment.  The 
successful long-term operation of wastewater systems protects drinking water sources 
from contaminants and natural systems from pollutants.  The NSFC assists in planning, 
operating, financing, and managing new or existing sewage systems, both for individual 
households and communities of less than 10,000 people.  One of the Small Flows 
Quarterly’s most recent peer-reviewed articles, “Proposed National On-Site Standards:  
A Broad Assessment of Their Relative Benefits to Industry,” proposes ideas about on-site 
wastewater treatment management in small communities.  In most states, regulatory 
systems dominated by prescriptive codes restrict the activities of on-site wastewater 
treatment system manufacturers and suppliers. 
 
The Home Inspection and Construction Information Website 
http://www.inspect-ny.com/septic/lockwood.htm 
Septic Systems--An Engineer’s View 
The Home Inspection and Construction Information Web site describes septic systems, 
their operation, and the reasons for system failure.  Contributed by Lockwood, 
Dietershagen Associates Licensed Professional Engineers, Clifton Park, New York. 
 
U.S. Environmental Protection Agency  
http://www.epa.gov/OW/index.html 
The Office of Water provides an immense amount of information on the protection and 
conservation of our nation’s water resources. 

Regional-Specific Resources 

Northeastern United States 
Cornell Local Government Program 
http://www.cardi.cornell.edu/clgp/septics/Exec_Summ.PDF  
Increasingly, rural communities, unsewered subdivisions, and responsible agencies are 
aware of issues and concerns associated with treating and managing human waste 
products with on-site wastewater treatment systems (OWTSs or septic systems).  This 
guide provides an information framework for those seeking change. 
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The New England Interstate Water Pollution Control Commission Regulatory 
Cooperation Project 
http://www.neiwpcc.org/iatech.html 
An interstate effort to evaluate innovative/alternative (I/A) on-site technologies capable 
of protecting the public health and the environment.  The project provides states with an 
efficient review process for I/A technologies.  By bringing together the interests of 
regulators and end users, the effort facilitates independent evaluation of environmental 
technology performance. 

Southeastern United States 

Commonwealth of Virginia State Board of Health 
http://www.vdh.state.va.us/formfeed/VDH88.PDF 
Regulations Governing Application Fees for Construction Permits for On-Site 
Sewage Disposal Systems and Private Wells 

Western United States 

City of Oregon City--Development Services Department Engineering Division 
http://www.orcity.org/public-works/design-standards/sewer/index.html 
Sanitary Sewer Design Standards 
Oregon City Development Services (Oregon) created sewer design standards to provide a 
consistent policy under which certain physical aspects of sanitary sewer design will be 
implemented. 

Orenco Systems Incorporated 
http://www.orenco.com/ccs/ccs_caseStudy.asp 
Orenco Case Study--Diamond Lake, Washington:  12-Year-Old Effluent Sewer 
Requires Little Maintenance 
The community of Diamond Lake, in northeast Washington, protected an 800-acre lake 
by replacing all the community’s old, leaking septic tanks and inadequate disposal 
systems with watertight tanks and an Orenco effluent sewer system. 
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SECTION 4:  CIRCULATION AND DESIGN 

Reconsidering traditional methods for planning and 
accommodating pedestrian and vehicular circulation is part of 
a cadre of better site design techniques that can simultaneously
reduce development costs, protect the environment, and create 
win-win situations for builders, municipalities, and residents.
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4.1 INTRODUCTION 
As the struggle to decrease nonpoint source pollution in our nation’s waters continues, 
municipalities have begun to reexamine the connection between circulation design and 
storm water management practices.  New designs for streets, sidewalks, and driveways 
can maintain the functions of circulation while helping to reduce expanses of impervious 
surfaces that can alter local hydrology and degrade water quality.  In turn, new street 
designs can influence the layout of lots and help to increase the volume of open space in 
new residential developments.  These considerations all contribute to creating low impact 
developments.  This section examines alternative street and lot layouts and their 
associated environmental and cost benefits. 

Vehicular and pedestrian circulation systems have always played an important role in 
organizing and defining residential communities.  Traditionally, residential or local 
streets have been designed with a focus on accommodating community access, 
circulation, and parking.  In the years before World War II, older, close-in suburban 
neighborhoods were designed with narrow streets that were wide enough for one travel 
lane and parking on one side of the street. 

In the years after World War II, suburbanization 
and highway construction grew at a rapid pace.  As 
reliance on the automobile increased, transportation 
planners identified the need for a hierarchy of safe 
and efficient transportation routes linking suburban 
residences with urban employment centers, retail 
concentrations, and recreation opportunities.  They 
developed a hierarchy of highways, arterials, collectors, and local streets.  The 
classification system sought to strike a balance between providing mobility and access. 

• Mobility--A measure of long-distance 
travel at relatively higher speeds.  
Mobility usually characterizes 
highways. 

• Access--A measure of service to 
origins and destinations. Access  
usually relates to local streets. 

Unfortunately, at some point during post-war suburban expansion, the classes within the 
hierarchy blurred.  Communities started to design local streets according to standards  
more appropriate to arterial road and highway construction.  Many areas of the country 
saw pavement widths widened to accommodate increased vehicle trips, ensure access for 
larger emergency vehicles, and provide parking spaces on both sides of the street (even 
though most neighborhoods accommodate off-street parking in driveways).  The larger 
impervious areas created by wide streets have led to increased storm water runoff, 
reduced water quality, and riparian habitat and species degradation.  They have also 
translated into increased design, construction, and maintenance costs for both developers 
and municipalities.  Low impact development practices can help to alleviate these 
concerns. 
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What is the cost of an excessively wide street? 

Not only do excessive street widths affect the livability of a community, but they also give rise to additional costs that 
must be paid by homeowners.  The figures cited here are for 2001 based on unit costs of contractor services for a 

project in northern California.  For this project, a section of street 100 feet long would cost about $9,500 to build to a 
width of 24 feet compared with $13,500 for a 36-foot-wide street.  Paving widths are 20 feet and 32 feet, 

respectively, with an additional two-foot gutter on each side.  Moreover, in this area where lots sell for $300,00 per 
acre, land costs exceed street construction costs, even for narrower streets.  Total land and construction costs for a 

100-foot section of a 36-foot-wide street amount to almost $40,000 compared with $26,000 for a narrower  
24-foot-wide street. 

Cost per 100 Feet of Street 

 24 Feet 36 Feet 

5-Inch Asphalt Paving/6-Inch Base $6,800 $10,880 
6-Inch Curb and Gutter $1,265 $1,265 
4-Inch Sidewalk $1,400 $1,400 

Total Construction Costs $9,465 $13,545 

Land (at $300,000 per acre) $16,800 $25,200 

Total Cost $26,265 $38,745 

TABLE 17.  TYPICAL STREET CONSTRUCTION COSTS 

This chapter begins by providing a brief overview of the environmental and economic 
benefits of LID circulation and design.  It briefly discusses conventional approaches to 
circulation and design and then concludes by considering some alternatives to 
conventional approaches.  Table 18 provides some overall objectives of community 
circulation and design systems. 

 

 
 
 
 
 
 

Objective 1: 
Maximize open space by using alternative street and lot layouts. 

Objective 2: 
Reduce impervious surfaces by considering alternative street widths, types, and amenities. 

Objective 3: 
Site lots and houses to maximize solar orientation, reduce vehicular trips, and create a sense of community. 

TABLE 18. CIRCULATION AND DESIGN OBJECTIVES 

4.1.1 ENVIRONMENTAL BENEFITS 
Properly designed and sited streets and street systems can conserve and protect site and 
regional environmental systems and resources.  Most street standards are the result of 
compromises among engineers, planning staffs, and local emergency management 
professionals (police and fire and rescue services).  To provide two travel lanes, access 
for emergency vehicles, and parking on both sides of the street, communities have long 
required streets that are much wider than necessary.  However, research and experience 
show that compact street layouts, narrower street widths, and alternative pavement edge 
treatments can minimize clearing and grading, reduce storm water runoff, and protect 
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water quality while providing ample access for emergency vehicles, residential vehicles, 
and parking.  

Paved streets create impervious surfaces that prevent storm water from infiltrating into 
the ground.  As storm water travels across streets and other impervious areas, it picks up 
motor oils, grease, fuel residues, nutrients, and sediment, all of which are then carried to 
local receiving waterbodies where they adversely affect aquatic species and their habitats.  
Impervious areas are major contributors to the urban nonpoint source pollution problems 
that impair the nation’s water quality. 

4.1.2 ECONOMIC BENEFITS 
Where density and zoning allow, redesigned vehicular and pedestrian circulation routes 
can reduce final infrastructure and development costs by limiting street lengths and the 
expanse of pavement.  At the same time, reworked street types and layouts can mean 
reduced costs associated with planning and design, clearing and grading, and storm water 
management.  Table 4-3 provides information on various subdivision development costs. 

Subdivision Improvement Unit Cost 

Roads, Grading $22.00 per linear foot 

Roads, Paving (26-foot width) $71.50 per linear foot 

Roads, Curb and Gutter $12.50 per linear foot 

Total Cost of Road $106.00 per linear foot 

Sidewalks $10.00 per linear foot 

Storm Sewer (24 inches) $23.50 per linear foot 

Driveway Aprons $500 per apron 

Parking Spaces $1,100 per parking space ($2.75 per square foot) 

Clearing (forest) $4,000 per acre 

Sediment Control $800 per acre 

Storm water Management $5,000 to $60,000 per impervious acre 

Water/Sewer $5,000 per lot (variable) 

Well/Septic $5,000 per lot (variable) 
Source:  Center for Watershed Protection, 1998. 

TABLE 19.  UNIT COST ESTIMATES OF TYPICAL SUBDIVISION DEVELOPMENT 

4.2 CONVENTIONAL APPROACHES TO CIRCULATION AND DESIGN 

4.2.1 RIGHTS-OF-WAY 
A street right-of-way is a measure of the total width needed to accommodate the street 
pavement, sidewalk(s), drainage, street trees, and utility easements.  Current street rights-
of-way range from 30 feet to over of 60 feet to accommodate parking and sidewalks on 
both sides of the street.  Excessive rights-of-way create wide and often visually 
uninteresting streets that promote speeding and undermine safety.  Wider street rights-of-
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way require land to be set aside to accommodate street systems, leaving less land 
available for lots and community open space.  At the same time, given that safety and 
maintenance concerns require the removal of vegetation and trees within the right-of-
way, road construction results in the removal of many mature trees and vegetation, 
potentially leading to soil erosion and siltation problems in local waterways. 

Street rights-of-way should be the minimum width necessary to accommodate the 
pavement, sidewalk(s), street trees, and utilities.  Where zoning and density allow, 
communities should permit open-section roadways with sidewalks on one side of the 
roadway only.  Open-section roadways consist of a variable-width gravel shoulder, 
usually wide enough to accommodate a parked car, and an adjoining grassed swale that 
conveys storm water.  Street pavements should be adjusted accordingly depending on off-
street parking availability and shoulder requirements.  To encourage the preservation of 
existing vegetation, only those trees within approximately five feet of the pavement edge 
should be cleared.  Utilities should be located under street pavements to eliminate 
conflicts with tree roots, grassed swales, and bioretention areas.  In northern climates, the 
right-of-way should be wide enough to accommodate snow storage. 

4.2.2 STREETS 
Besides rooftops and driveways, residential streets account for an enormous share of a 
community’s impervious surfaces.  A reevaluation of residential street standards to 
address the expanse of impervious surfaces and enhance the environment can also reduce 
infrastructure costs, improve pedestrian and vehicular safety, and increase community 
aesthetics.  Many municipalities have already begun the difficult process of reevaluating 
their residential street standards.  The process requires the involvement of many different 
stakeholders, including emergency personnel (police and fire and rescue services)(See 
Table 20), public works departments, school boards, homeowner associations, and safety 
advocates.  Indeed, disagreements can be easily resolved by examining the current 
research on the use of narrower streets. 

Width (feet) Source 

18 to 20 U.S. Fire Administration 

24 (on-street parking) 
16 (no on-street parking) Baltimore County, Maryland 

18 (minimum) Virginia State Fire Marshal 

20 Prince George’s County, Maryland 

18 (on-street parking on one side) 
26 (parking both sides) Portland, Oregon 

Source: Center for Watershed Protection, 1998. 

TABLE 20.  MINIMUM STREET WIDTHS FOR FIRE VEHICLES 

Most municipalities’ standards for street pavement widths usually specify streets at least 
36 feet wide—a width that usually accommodates two travel lanes and parking on both 
sides of the street (see Table 21).  Given that most homes are built with either garages 
and/or driveways that accommodate up to three cars, municipalities should consider 
eliminating one or both of a street’s seven-foot-wide parking lanes.  Even a new street 
width of 22 feet can still accommodate parking on one side of the roadway and leave 
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ample room for a safe travel lane that is generous enough to accommodate most fire 
trucks, school buses, and garbage trucks.  Consistent with low impact development 
practices, the new standards reduce infrastructure construction and maintenance costs 
while reducing impervious surfaces within the community (See Section 4.3.2 on queuing 
streets for additional information). 

Local Streets 

     No On-Street Parking 18 feet 

     Parking on One Side 22 to 24 feet 

     Parking on Both Sides 24 to 26 feet 

Collector Streets 

 32 to 36 feet 
Source:  Residential Streets, NAHB, 2001. 

TABLE 21.  SUGGESTED PAVEMENT WIDTHS 

Where density and zoning allow, open-section roadways can reduce the need for costly 
curb and gutter sections and encourage the filtering and infiltration of storm water.  
Open-section roadways consist of a variable-width gravel shoulder, usually wide enough 
to accommodate a parked car, and an adjoining grassed swale that conveys storm water.  
The grassed swales are usually pitched at a minimum of 1 percent to prevent standing 
water and end at a drop-inlet storm structure or waterbody.  Historically, improperly 
designed swales posed health concerns because they served as breeding areas for insects 
and caused flooding.  However, if communities follow current engineering standards for 
the design of swales, they no longer have to concern themselves with the associated 
health and flooding issues (see Section 2.3.3.1 for additional information on grassed 
swales). 

4.2.3 INTERSECTIONS 
Intersections create large areas of impervious surface 
within residential subdivisions.  Reducing the overall 
size and width of intersections can decrease the volume of storm water runoff.  
Depending on the class of street entering the intersection, the number of travel lanes, and 
the dimensions of the curb radii, intersection diameters can become overly wide.  The 
larger the curb radii, the larger the intersection.  Recommended ranges for curb radii are 
contained in Table 22.  Smaller, tighter radii can slow turning traffic and make the 
intersection safer for pedestrians while limiting the expanse of impervious surface. 

A curb radius is the radius of the 
circle formed by the curve of the 
curb at the intersection corners. 

 

 
Type of Intersections Curb Radius (in feet) 

Local/Local 10 to15 

Local/Collector 15 to 20 

Collector/Collector 15 to 25 
Source: AASHTO. 

TABLE 22:  RECOMMENDED RANGES FOR CURB RADII 
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One of the best ways to reduce the impacts of impervious areas within intersections is to 
incorporate a traffic circle into the middle of the intersection.  A traffic circle in the 
center of an intersection serves a variety of functions.  First, it can slow traffic through 
the intersection and community, making the area safer for pedestrians and vehicles.  
Second, storm water generated by the impervious areas of the intersection can be routed 
to a bioretention area sited in the center of the traffic circle where it is detained and 
treated.  Finally, traffic circles can add character to a neighborhood and create visual 
interest along the streetscape. 

Traffic circles are usually smaller than their counterparts, the traffic roundabout.  While 
traffic circles are more appropriate for lower-speed, smaller-volume residential 
intersections, roundabouts are better suited for collector streets that serve higher traffic 
volumes.  Generally, traffic circles are 15 to 20 feet in diameter and require no additional 
street space than standard intersections.  The center can be planted with a variety of 
native plants that are well suited for harsher street conditions and whose root structures 
will tolerate periodic inundation with water and provide superior nutrient uptake. 

4.2.4 CUL-DE-SACS 
Cul-de-sacs are dead-end streets that terminate in bulb-shaped paved areas, with lots cited 
around the perimeter of the street (see Figure 18).  Given homebuyer preferences for 
residential cul-de-sac properties, many developers try to incorporate as many cul-de-sacs 
as possible into new developments.  Depending on a subdivision’s lot size and street 
frontage requirements, five to ten houses can usually be located around a standard cul-de-
sac perimeter.  The bulb shape allows vehicles up to a certain turning radius to navigate 
the circle.  To allow emergency vehicles to turn around, cul-de-sac radii can vary from as 
narrow as 30 feet to upwards of 60 feet, with right-of-way widths usually extending ten 
feet beyond these lengths. 

 
 
 
 
 
 
 
 

                 FIGURE 18.  STANDARD CUL-DE-SAC  FIGURE 19.  STANDARD BIORETENTION CUL-DE-SAC 

Unfortunately, cul-de-sacs create excessive amounts of pavement that generate large 
volumes of storm water runoff.  However, to reduce the expanse of paved surface and 
treat the runoff from the remaining pavement, cul-de-sacs can be designed with center 
vegetated islands (see Figure 19).  As with intersections, the islands can be constructed as 
bioretention areas that detain storm water and filter urban pollutants such as grease, oils, 
hydrocarbons, and nutrients.  For safety reasons, bioretention areas should be designed 
with underdrain and emergency overflow systems that safely convey peak flows into 
conventional storm drains. 
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Cul-de-sac designs with center bioretention islands should, at a minimum, retain 18-foot 
pavement widths around the island.  To accommodate emergency vehicles, school buses, 
and sport utility vehicles, the portion of the travel way at the top of the island, which is 
directly opposite the entry, may be widened by several feet.  Curb aprons can replace 
curb and gutter systems for the islands and allow water from the street to enter the system 
easily. 

For dead-end streets serving fewer than ten houses, another option for reducing the 
expanse of impervious surface is "T-" or "Y-"turnarounds or auto courts (see Figure 20).  
These designs function much as cul-de-sacs but, due to a reduction in the area of paved 
surface, cannot accommodate bioretention areas in their centers.  However, given that a 
standard 60-foot by 20-foot T- or Y-turnaround yields a paved area only 43 percent as 
large as the smallest (30-foot radius) circular turnaround, the turnaround generates much 
less storm water runoff (National Association of Home Builders, 2001) than that 
associated with traditional cul-de-sacs.  Runoff could even undergo treatment in curbside 
swales located within the right-of-way. 

 
 
 
 
 
 
 
 

FIGURE 20.  STANDARD “T-”TURNAROUND FIGURE 21.  STANDARD LOOP TURNAROUND 

An auto court is a functional automobile and pedestrian area that is surrounded by a 
cluster of homes and usually paved with decorative brick or stone pavers.  Individual 
shortened driveways or garages are located immediately off the court.  Auto courts use 
permeable paving systems, allowing runoff to percolate into and undergo filtration by the 
subsoil underlying the pavers.  The systems help recharge local groundwater tables and 
reduce the need for conventional storm water management improvements.  It should be 
noted, however, that the labor and material costs associated with the individually placed 
pavers exceed the cost of conventional asphalt paving.  Costs may also be incurred for 
regular maintenance to remove any sediment and silt that accumulate in spaces between 
the pavers. 

Looped turnarounds (see Figure 21) are another option for providing access to a small 
number of lots while limiting the expanse of impervious surface.  Looped roads offer the 
same private and emergency vehicle access as standard cul-de-sacs, but without the 
added asphalt and construction costs.  Similar to cul-de-sacs with center bioretention 
areas, the pavement width on a loop road should be no less than 18 feet to accommodate 
buses, emergency vehicles, and sport utility vehicles.   

4.2.5 PARKING 
No other decision can affect the final width of streets and ultimately the generation of 
storm water runoff as much as parking requirements.  Most local ordinances require at 
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least 2 to 2.5 parking spaces per residence, either accommodated in a garage, in a 
driveway, or on the street.  Current residential street standards tend to accommodate 
street parking on both sides of the street when in fact, the houses served by the street 
usually provide ample parking either in a driveway or garage.  Most on-street parking 
spaces are 8 feet by 20 feet, resulting in long, underused street sections outside the 
general path of travel and excessively wide streets that are both expensive to construct 
and generate considerable quantities of storm water runoff.  It is estimated that each 
seven- to eight-foot on-street parking lane can increase a street’s impervious cover by 25 
percent (Sykes, 1989).  Given that most municipalities require post-development 
stormflows not to exceed pre-development flows, compliance with parking standards can 
translate into added costs for storm inlets, piping, and detention basin sizing. 

From a water quality standpoint, water temperature can increase as storm water runoff 
moves across heated asphalt.  As elevated-temperature water flows to a waterbody, it can 
damage sensitive aquatic environments, especially cold-water fisheries.  The reduction of 
on-street parking, however, allows for narrower streets that can take advantage of the 
cooling effects of shade trees. 

4.3 ALTERNATIVE APPROACHES TO CIRCULATION AND DESIGN 

4.3.1 ALTERNATIVE DESIGN CONSIDERATIONS 
Just as alternative street types and pavements can reduce infrastructure costs and 
environmental impacts, so, too, can alternative residential street layouts.  When coupled 
with narrower, open-section streets, a well-designed street layout can eliminate hundreds 
of square feet of impervious surface.  Depending on the density, location, and type of 
subdivision, different types of street layouts may easily lend themselves to a cluster 
arrangement, conserving natural features, maintaining open space, and protecting water 
quality. 

 
 
 
 
 
 

 

Rethinking traditional circulation designs within residential subdivisions can result in: 

• Decreased storm water quantities and nonpoint source pollution; 

• Increased groundwater recharge; and 

• Increases in community open space. 

Traditional grid, curvilinear, and hybrid street patterns each have different characteristics 
that affect traffic movement, environmental values, and community aesthetics (see Figure 
22).  Grid patterns are typical of older, densely settled urban areas and are particularly 
effective in expediting traffic flow. Yet, research has indicated that they require 20 to 25 
percent greater total street length than traditional, suburban curvilinear patterns and are 
most appropriate for flat sites with several access points.  Given that densities in grid 
areas are often high, parking is generally needed on at least one side of the street.
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FIGURE 22. STREET LAYOUT EXAMPLES 

 
Curvilinear patterns are best suited for larger-lot communities or communities with 
undulating topography.  They are most popular in suburban settings and usually 
maximize the use of long cul-de-sacs that concentrate clusters of houses around natural 
resource areas, such as waterbodies.  While the use of longer, winding streets and cul-de-
sacs translates into greater expanses of impervious surface, communities can narrow their 
streets by limiting parking to only on one side of the street. 

Possibly the best choice for suburban systems are hybrid layouts.  Hybrid systems 
provide a balance between conventional grid and curvilinear patterns and are well suited 
to developments characterized by a mix of housing types and styles.  They also permit the 
creation of open space.  Hybrid systems can minimize the need for clearing and grading 
and help protect forests, wetlands, and trees. 

Traffic Calming 
Traffic calming refers to a set of measures designed to mitigate the effects of unmanaged 
traffic on urban and suburban roadways.  While the use of traffic calming as a traffic 
mitigation strategy is beyond the scope of this publication, the practice is discussed here 
in terms of its relationship to low impact development and storm water management. 

Certain traffic-calming measures, such as roundabouts or traffic islands, can be designed 
as vegetated bioretention islands that retain and treat street runoff.  A traffic roundabout 
is a circle centered in an intersection; it slows traffic entering the intersection and directs 
it to exit points around the circle.  Usually, a roundabout is raised and includes curbs and 
areas planted with grass or vegetation.  Where street grades allow, roundabouts can be 
converted into bioretention areas. 

Bioretention areas can be bordered by either curb cuts or flush-mount curbs that allow 
water to exit an intersection efficiently and enter the treatment system.  Either treatment 
method allows for a transition between the street pavement and vegetated and mulched 
areas.  As storm water enters the system, specially selected vegetation and engineered 
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soils retain and treat it.  For reasons of safety, roundabouts designed for bioretention 
should incorporate underdrains and/or emergency overflow areas to prevent excessive 
ponding or flooding.  

Clustering 
With respect to lot layout, developers can turn to methods such as clustering to preserve 
open space, reduce infrastructure costs, and accommodate growth.  This strategy 
concentrates small pockets of homes around the site in the least environmentally sensitive 
areas.  In a clustered community, homes may be 
built on lots as small as 8,000 square feet, 
allowing developers to preserve unique land 
forms, trees, and vistas.  Developers may need 
to work with local zoning officials to allow the 
use of clustering, if current zoning ordinances 
do not allow it.  In addition, potential 
homeowners may need to be persuaded that 
cluster development creates a community that 
offers ample amounts of open space within 
walking distance of their homes. 

More than half of the 1,350 real estate agents 
surveyed by Bank of America thought that trees

have a positive impact on potential buyers’ 
impressions of homes and neighborhoods.  In 
addition, 84 percent of agents indicated that a 

home with trees would be as much as 20 
percent more salable than  

a home without trees. 
Source:  Building Greener Neighborhoods.  

Tree-Save Areas 

Native trees should be identified during a project’s 
planning stage.  The Building With Trees (BWT) 

program offers more details on how best to preserve 
appropriate trees.  The National Arbor Day 
Foundation, with support from the National 

Association of Home Builders, created the BWT 
program to help developers streamline the process of 

saving natural resources during land development.  
Program details can be found at 

http://www.arborday.org/programs/buildingwithtrees/ 
 

Many parcels of land offer an array of 
natural resources that ingenious developers 
can capitalize on and transform into 
desirable design features.  While most of 
this section of the publication has focused 
on ways to protect the water supply and 
thus enhance the environment, trees are a 
feature that homeowners value for their 
aesthetic and environmental benefits.  
Trees can shade homes, streets, parking 
areas, sidewalks, and paths, adding to the 
visual appeal of communities and helping to reduce heat island effects.  Developers are 
beginning to recognize that lots with mature trees often sell for more than comparable 
lots without such trees. 

Solar Orientation 
In an effort to maximize energy efficiency for homeowners, some developers are building 
resource-efficient communities by orienting streets and lots to take advantage of passive 
solar design.  Passive solar design optimally uses the sun’s energy for heating and 
cooling.  During the design process, builders aim to orient as many lots as possible to 
take advantage of solar benefits.  The optimum position for maximum passive solar 
orientation is to orient the façade of the house directly south, however, the axis can vary 
within 20 degrees of true south with minimal detrimental effect on solor gain.  Streets 
should be oriented on an east-west axis. 
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4.3.2 ALTERNATIVE STREET TYPES 
To meet the multiple and sometimes competing goals of creating affordable, 
environmentally friendly, and aesthetically pleasing communities, developers are 
incorporating alternative street designs into their plans.  Each alternative street and path 
type has unique characteristics that help it fit into one part of the community, but not the 
other.  One street type does not fit all situations. 

Queuing Streets 
Queuing streets are narrower street types that 
contain one parallel parking lane and a travel 
lane sufficiently wide to accommodate the 
passage of larger emergency and service 
vehicles.  In instances where cars park along the 
roadway, queuing streets require one car to wait temporarily in “queue” until the 
oncoming car passes (see Figure 23).  Traditionally used in older, closer-in suburban 
neighborhoods, queuing streets are enjoying a renaissance 

Prairie Crossing, a development near Chicago, 
focused on creating a community that 

embraces environmental protection, a sense of 
place, and resource conservation.  Sales for 
Prairie Crossing homes are at a 40 percent 
premium over comparable homes nearby. 

Typically, queuing streets range between 20 and 26 feet wide, with a 12- to 13-foot travel 
lane and a seven-foot parallel parking lane.  Compared to a typical 36-foot-wide street, 
queuing streets can reduce planning and design costs as well as other infrastructure costs, 
such as those associated with storm water management.  It has been estimated that the 
elimination of parking on one side of the street can reduce storm water runoff by 25 
percent (Center for Watershed Protection, 1998). 
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Source:  Portland (OR) Office of Transportation, 1994. 

FIGURE 23.  A COMPARISON OF QUEUING STREETS VERSUS TRADITIONAL STREETS 

From an environmental standpoint, narrower street rights-of-way can limit the amount of 
land areas  subject to clearing and grading, make more land available for open space, and 
protect natural resource areas.  Smaller streets also provide safer environments for 
pedestrians, which encourages walking and reduces dependence on the automobile. 

Alleys 
Alleys are considered a neotraditional design element that can be incorporated into 
residential designs to provide garage access and parking while accommodating functions 
such as utility maintenance and refuse collection.  Alleys can also alleviate the need for 
on-street parking, which can increase street widths and the expanse of impervious 
surface.  To limit the expanse of impervious surface, alleys should be no wider than 12 
feet and constructed without curbs.  An inverted crown that channels water to the center 
of the alley and then to either a storm drain or bioretention area can accommodate 
drainage. 

Open-Section Streets 
Instead of sending storm water to curbs and gutters, open-section roads drain storm water 
into grassed swales, where vegetation and soils treat pollutants.  It has been estimated 
that, compared with any other residential design feature, streets contribute the highest 
volume of pollutants to urban storm water (Bannerman et al., 1993).  Accordingly, where 
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density and traffic flow allow, streets with curb and gutter sections should be designed as 
open-section roadways. 

For public works departments in most communities, maintenance concerns dictate a 
preference for curb and gutter roads in place of grassed swales.  Grassed swales are more 
likely to be damaged by cars, erosion, and so forth while curb and gutter streets are easier 
to clean and provide a clear transition between pavement and lawn.  However, in many 
localities, curbs and gutters drain directly to streams, lakes, and rivers, where they deposit 
harmful urban pollutants. 

Open-section streets are less expensive to construct than curb and gutter systems.  One 
study for a project in northern California in 2001 suggested that each linear foot of six-
inch curb and gutter added approximately $12.65 to street construction costs (NAHB 
Residential Streets, 2001). 

4.3.3 SHARED DRIVEWAYS 
Shared driveways, sometimes referred to as pipestems, are another design tool that can 
help reduce the expanse of impervious surfaces.   Driveways account for as much as 20 
percent of the impervious cover in a residential subdivision (Center for Watershed 
Protection, 1995).  Similar to a cul-de-sac, a shared driveway provides access to several 
houses from a single egress point off the local street.  However, unlike cul-de-sacs, 
shared driveways terminate at the last house served instead of at a large impervious 
turnaround area.  Table 23 provides several objectives for reducing impervious areas in 
driveways. 

 
 
 
 
 

• Shorten driveway length through reduced front yard setback requirements. 

• Reduce driveway widths or encourage driveway sharing between two or more homes. 

• Use permeable pavements or a two-track surface with grass in between to facilitate water infiltration. 

TABLE 23.  DRIVEWAY CONSIDERATIONS FOR REDUCING IMPERVIOUS AREA 

Where used in the appropriate situation and correctly designed, shared driveways can be 
functional, attractive, and environmentally friendly.  In fact, alternative pavement 
materials such as bricks or pavers can further reduce a shared driveway’s storm water 
runoff. 

4.3.4 SIDEWALKS AND PATHS 
While sidewalks and paths are an integral part of a community’s transportation and 
circulation design, their impervious surface nonetheless contributes to the community’s 
overall volume of storm water runoff (see Table 24).  Depending on the density of the 
community and the type of street classification, sidewalks on only one side of the street 
might be appropriate; in the case of rural residential streets (250 average daily trips, 
sidewalks might not be needed at all.  In rural residential instances, rights-of-way with a 
sufficiently wide gravel path can accommodate pedestrian and bicycle travel.  Where 
used in combination with open-section roadways, sidewalks should be located several 
feet back from the outside crest of the grassed swale to allow for maintenance of the 
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swale and snow storage.  Sidewalks should be horizontally sloped to drain toward 
roadside grassed swales and away from front yards. 
 
 
 
 
 
 
 
 
 

• Shorten sidewalk length from the house to the street by reducing front yard setback requirements. 

• Maximize sidewalk widths at four feet, depending on density. 

• Increase the distance between the street and sidewalk to increase the likelihood that the grassy strip will be 
able to capture and absorb sheetflow from the sidewalk.  Similarly, grade the sidewalk such that runoff drains 
toward the front yard and not the street. 

• Place sidewalks in areas with pedestrian traffic. 

TABLE 24.  SIDEWALK CONSIDERATIONS FOR IMPERVIOUS AREAS 

To reduce further the total expanse of a site’s impervious surface, the use of pervious 
materials for sidewalks and paths might be considered in place of traditional concrete or 
asphalt.  When properly maintained, alternative materials such as brick, compacted stone 
dust, and wood chips all accommodate safe passage of pedestrians and bicycles and, in 
most cases, still meet Americans with Disabilities Act (ADA) requirements.  Permeable 
materials reduce the volume of slow runoff, allowing it to recharge groundwater. 

4.3.5 ALTERNATIVE PAVEMENTS 
Alternative pavements for streets, alleys, sidewalks, paths, and driveways should be 
considered along with traditional asphalt and concrete.  Brick, block, concrete, and stone 
pavers reduce the percentage of site’s impervious surface as well as the demand for 
conventional storm water management facilities.  Unlike conventional pavements, pavers 
encourage groundwater recharge and reduce the runoff of pollutants such as oil, grease, 
hydrocarbons, and nutrients.  A variety of alternative pavements can also meet different 
traffic, regulatory, climatologic, and aesthetic concerns.  In addition to their 
environmental benefits, alternative pavements such as brick can add visual appeal and 
character to residential properties. 
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Material Initial Cost Maintenance Cost Water Quality Benefits 

Asphalt/Concrete Medium Low Low 

Pervious Concrete High High High 

Porous Asphalt High High High 

Turf Block Medium High High 

Brick High Medium Medium 

Natural Stone High Medium Medium 

Concrete Unit Paver Medium Medium Medium 

Gravel Low Medium High 

Wood Mulch Low Medium High 

Cobbles Low Medium Medium 
Source: Bay Area Storm Water Management Agencies Association (BASMAA),  Start at the Source:  Residential 
Site Planning & Design Guidance Manual for Storm Water Quality Protection, 1997. 

TABLE 25.  FUNCTIONAL COMPARISON OF VARIOUS TYPES OF ALTERNATIVE PAVEMENTS 

Compared with conventional paving systems, material and installation costs can be 
higher for alternative paving systems (see Table 25).  It is estimated that, while asphalt 
paving costs between $0.50 and $1.00 per square foot installed, interlocking concrete 
paving blocks can range anywhere from $5.00 to $10.00 per square foot.  However, given 
that porous asphalts can help reduce overall storm water infrastructure costs, the total 
costs of site development can be significantly reduced, especially when considering the 
savings associated with potentially eliminating storm water management ponds.  Clearly, 
any comparison of the costs of alternative versus traditional pavements should factor in 
total land development costs. 

Some manufacturers are now producing pervious concrete products that decrease runoff 
and encourage infiltration.  Pervious pavement such as porous asphalt or concrete can 
also decrease storm water conveyance costs and increase environmental quality.  It is 
estimated that pervious pavements such as porous asphalt cost approximately 10 percent 
more that conventional nonporous asphalts.  To maintain their efficiency and porosity, 
pervious pavements and pavers require regular maintenance to remove accumulated 
sediment and dirt. 

4.3.6 ALTERNATIVE LOT SHAPES 
Individual house lots are usually regularly shaped, that is, rectangular or square, and each 
lot has direct access to the street.  In their attempt to conserve open space and reduce 
developed areas, low impact developments sometimes call for alternative lot shapes, 
including flag, zero-lot-line, Z- and angled Z-, or zipper lots.  Figure 24 provides basic 
diagrams of alternative lot designs. 

Flag lots, sometimes referred to as pipestem lots, mesh well with the concept of shared 
driveways.  They accommodate a house or houses built behind another house, with one 
common driveway leading to the street.  Flag lots are sometimes used to give developers 
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access to unused, landlocked spaces that are not preferred agricultural or conservation 
areas.  The Center for Urban Policy Research defines a flag lot as a large lot not meeting 
minimum road frontage requirements and where access to the public road is by a narrow, 
private right-of-way or driveway.  Zero-lot-line lots provide for greater usable yard space 
on each lot.  The lots locate one side of the house on the lot line while the other side of 
the house faces the usable space.  Interspersing various innovative lot types in a 
community can help developers incorporate passive solar design into house designs. 

Z- or angled Z-lots are similar to zero-lot-line lots except that they are angled by about 30 
to 40 degrees, allowing developers to alternate side- and front-loaded garages.  In a 
zipper lot, the minimum rear setback is zero, and the rear yard depth varies to concentrate 
usable space on the side of the lot. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 

 

FLAG LOT 

Z- OR ANGLED Z-LOT 

ZERO-LOT-LINE LOT ZIPPER LOT 

FIGURE 24.  ALTERNATIVE LOT DESIGNS 
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4.4 ADDITIONAL RESOURCES 
Additional resources that provide more detail on circulation and design are listed below. 
The resources are not provided as endorsements, merely as educational and reference 
tools.  Given regional variations in climate and land development needs, we have 
included regional-specific resources.  It is important to note, however, that addresses, 
especially Internet links, are subject to change.  This list contains the latest links and 
addresses as of the printing of this publication. 

Circulation Design and Resources 
City of Portland Department of Transportation 
http://www.trans.ci.portland.or.us/trafficcalming/devices/skinnystreets. 
Information on Portland’s Skinny Streets Program, including local traffic streets, queuing 
streets, and traffic-calming measures. 

Geometric Design Practices for European Roads 
http://international.fhwa.dot.gov/Pdfs/Geometric_Design.pdf 
Practices and procedures in roadway geometric design and contextual design that seek a 
balance among safety, mobility, and community interests. 

Sierra Club 
http://www.sierraclub.org/sprawl/articles/narrow.asp 
Web site discusses the value of narrow streets for slowing traffic, reducing vehicular 
crashes, and increasing neighborhood safety. 

Organizations and Internet Resources 
Center for Livable Communities 
http://lgc.org/clc 
Guidebook on how to implement designs for safe, efficient, and aesthetically pleasing 
streets. 

Institute of Transportation Engineers 
http://www.ite.org 
Publications focusing on traditional neighborhood design and circulation patterns, 
including street space, connectivity, emergency access, parking, safety, and geometric 
design.  

Local Government Commission 
http://lgc.org/clc/ 
Publication on local communities’ insight into how to implement local street.initiatives. 

The Conservation Fund 
http://www.conservationfund.org/  
In partnership with the Urban Land Institute (http://www.uli.org), a workshop entitled 
“The Practice of Environmentally Sensitive Development”  covers the full range of 
project planning, design, and construction. 
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Walkable Communities, Inc. 
http://walkable.org 
A nonprofit group that helps Florida communities become more walkable and pedestrian-
friendly. 

Publications 
Longmont, Colorado, Street Study 
A study by Swift and Associates correlating 20,000 accident reports over an eight-year 
period with 13 variables associated with the street.   http://members.aol.com/phswi/swift-
street.html 

Residential Streets 
A comprehensive design publication for residential streets published jointly by the 
National Association of Home Builders (NAHB), American Society of Civil Engineers 
(ASCE), and the Urban Land Institute (ULI). (800) 321-8050. 
http://www.builderbooks.com 

Roundabouts: An Informational Guide  
A comprehensive source of information on modern roundabouts and their uses. (301) 
577-0818. 

Street Design Guidelines for Healthy Neighborhoods  
http://lgc.org/clc 
A publication of the Center for Liveable Communities to help communities implement 
guidelines for safe, efficient, and aesthetically pleasing streets for vehicular and 
pedestrian traffic. 

Traditional Neighborhood Development Design Guidelines: Recommended Practice 
A publication of the Institute of Transportation Engineers on neighborhood  and street 
design, including sections on street space, connectivity, emergency access, parking, 
safety, and geometric design. 

Regional-Specific Resources 
Northeastern United States 

Conservation Law Foundation 
“Take Back Your Streets” focuses on the history of road design and its legal aspects in 
New England.  (617) 350-0990. 

Southeastern United States 

Montgomery County, Maryland 
Residential traffic-calming program to help reduce speeding and improve the residential 
environment. 
http://www.dpwt.com/TraffPkgDiv/triage.htm 

Walkable Communities 
A 12-step program by the Florida Department of Transportation to encourage safe travel 

THE PRACTICE OF LOW IMPACT DEVELOPMENT (LID) 
96

RB-AR11841



for pedestrians and vehicles. 
http://www.sustainable.doe.gov/pdf/walkable.pdf 

Western United States 

Citizens for Sensible Transportation 
http://cfst.org/ 
A nonprofit group in Oregon that offers several publications on traffic calming and 
neighborhood livability. 

Reclaiming Our Streets Task Force 
http://www.trans.ci.portland.or.us/trafficcalming/reports/ArterialProgram/cover.htm 
Community action plan to implement neighborhood transportation- calming techniques in 
the Portland, Oregon, area. 
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 APPENDIX A - GLOSSARY 

Aerobic--Having molecular oxygen as a part of the environment or growing or occurring 
only in the presence of molecular oxygen, as in aerobic microorganisms. 
Anaerobic--Characterized by the absence of molecular oxygen or growing in the absence 
of molecular oxygen (as in anaerobic bacteria). 
Best Management Practice (BMP)--A structural device or practice designed to mitigate 
the effects of storm water runoff to attenuate flooding, reduce erosion, and reduce 
pollution.  BMPs include a variety of Low impact development practices such as 
bioretention, sand filters, and infiltration trenches. 
Bioretention--A structural storm water practice that uses soils and vegetation to treat 
pollutants in urban runoff and to encourage infiltration of storm water into the ground. 
Buffer--Area in its natural state left between development and a shoreline, wetlands, or 
stream to protect water quality.  Development is restricted in a buffer zone. 
Community Wastewater Treatment System--Term commonly used to describe an 
aerobic treatment unit serving multiple dwellings or an education, health care, or other 
large facility. 
Cul-de-Sac--A residential street terminating in a closed, circular dead end that allows 
vehicles to turn around. 
Curvilinear Street Pattern--A street layout that follows the natural contours of the site 
and relies on curving roadways and cul-de-sacs to reduce vehicle speeds and cut-through 
traffic. 
Environmentally Sensitive Development--Development intended to conserve, protect, 
and enhance a site’s natural resource systems through careful planning and design of site 
elements. 
Eutrophication--A phenomenon caused by excessive plant nutrients in which 
waterbodies are deprived of oxygen and become uninhabitable for aquatic life.  Streams 
and lakes receive excessive amounts of plant nutrients (primarily phosphorus, nitrogen, 
and carbon) in various ways.  Runoff from agricultural fields, field lots, urban lawns, and 
golf courses are common sources of the nutrients.  Untreated or partially treated domestic 
sewage is another major source. 
Green Infrastructure--A strategically planned and managed network of wilderness, 
parks, greenways, conservation easements, and working lands with conservation value 
that supports native species, maintains natural ecological processes, sustains air and water 
resources, and contributes to the health and quality of life for America's communities and 
people (see http://www.greeninfrastructure.net/Intro/Definition.htm). 
Groundwater--Water that is underground in cracks and spaces in soil, sand, and rocks.  
The layers of soil, sand, and rocks are also known as aquifers.  Groundwater is used for 
drinking water by more than 50 percent of the U.S. population, including almost all 
residents of rural areas. 
Hybrid Street Network--A street layout that is a mix between a traditional grid pattern 
and a curvilinear pattern.  It can reduce a community’s overall street length while still 
providing the functions of access, circulation, and parking. 
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Impervious Area--Any area in the landscape that cannot effectively allow the absorption 
and infiltration of rainwater into the ground. 
Impervious Cover--Any surface in the built environment that prohibits the percolation 
and infiltration of rainwater into the ground. 
Jurisdictional Wetlands--A wetlands or other water of the United States regulated under 
the Clean Water Act. 
Low Impact Development (LID)--An approach to land development that uses various 
land planning and design practices and technologies for simultaneously conserving and 
protecting natural resource systems and reducing infrastructure costs. 
Nonpoint Source Pollution--Water pollution caused by rainfall washing over and 
through land surfaces and carrying with it pollutants from the human environment.  The 
Clean Water Act regulates nonpoint source pollution, which differs from point-source 
pollution. 
Open-Section Roadway--A roadway that is constructed with gravel shoulders and 
grassed swale systems, instead of with curb and gutter systems, to convey storm water. 
Open Space--Land set aside to remain undeveloped for a community’s public use and 
enjoyment. 
On-Site Wastewater Treatment System (OWTS)--A system that relies on natural 
processes and/or mechanical components to collect, treat, and disperse/discharge 
wastewater from individual dwellings or buildings. 
Queuing Street--A street sufficiently wide for one travel lane and one parking lane that 
forces one of two passing automobiles to yield temporarily.  These streets accommodate 
all the functions of normal streets, including emergency access, and reduce impervious 
areas and therefore storm water runoff. 
Resource-Efficient Development (RED)--An innovative land development approach 
that incorporates environmental considerations into the land planning and design process 
to minimize impacts on local resources. 
Right-of-Way--The width of the total land area required for street paving, curb and 
gutter, utilities, sidewalks, and street trees.  Right-of-way widths should be the smallest 
measurement possible that accommodates these uses. 
Riparian--Of or pertaining to stream systems or stream corridors.  Riparian areas usually 
include a stream channel, its banks, the floodplain, and associated vegetated buffers. 
Sand Filter--A packed-bed filter of sand or other granular material used to provide 
advanced secondary treatment of settled wastewater or septic tank effluent.  Sand/media 
filters consist of a lined (e.g., impervious PVC liner on sand bedding) excavation or 
structure filled with uniform washed sand that is placed over an underdrain system.  The 
wastewater is dosed onto the surface of the sand through a distribution network and 
allowed to percolate through the sand to the underdrain system, which collects the filter 
effluent for further processing or discharge. 
Sedimentation--The transport, deposit, and accumulation of soil material by wind and 
water.  Sedimentation is usually associated with the accumulation of soil material in 
waterbodies. 
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Septic Tank--A buried tank, designed to be watertight, that is constructed to receive and 
partially treat raw wastewater.  The tank separates and retains settleable and floatable 
solids suspended in the raw wastewater.  Settleable solids form a sludge layer at the tank 
bottom. Grease and other light materials float to the top to form a scum layer.  The 
removed solids are stored in the tank, where they undergo liquefaction, which partially 
breaks down organic solids into dissolved fatty acids and gases.  Gases generated during 
liquefaction are normally vented through a building’s plumbing stack vent. 
Setback--The minimum distance that design elements must be placed from other 
elements.  For example, houses usually have front, side, and rear yard setbacks from 
streets and other buildings. 
Sheetflow--The movement of rainwater across the surface of the landscape in response to 
topographic conditions. 
Storm water Management--An integrated system of practices and techniques for 
managing the safe and efficient handling of post-development rainwater. 
Subdivision--The process of dividing land into smaller parcels to accommodate housing, 
roads, open spaces, and utilities. 
Swale--A small, linear topographic depression used to move water from one location to 
another. 
Variance--A request to a zoning authority to deviate from the approved development 
ordinances of a particular area.  For instance, a variance might be requested to waive a 
40-foot front yard setback so that houses might be sited closer to the street. 
Wastewater Treatment Facility--A wastewater treatment facility collects waste streams 
from residential, commercial, and industrial sources through sewer systems and treats the 
water to prescribed levels before release into a waterbody. 
Zoning--Regulations governing the use, placement, spacing, and size of land and 
structures within a specific area. 
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APPENDIX B—CASE STUDIES 

Appendix B contains the following case studies: 

 Chancery on the Lake 

 Duke Street Square 

 Kensington Estates 

 Phillippi Creek Septic System Replacement Program 

 Ron Tyne and Associates 

 Somerset Community 
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CHANCERY ON THE LAKE 

Chancery on the Lake is a condominium development centered around a 14-acre wet 
pond.  The lake is marketed as a feature of the development, resulting in an increased 
sales pace relative to that of competitors.  In fact, the developer realizes a premium of 
$7,000 to $10,000per lakefront unit. 

 
VIEW OF THE WALKWAY, PICNIC AREA, AND LAKE 

Specifics 
• Seven-acre, 170-unit condominium development in Alexandria, Virginia, centered 

around a large urban runoff pond.  
• Prices for the condominiums range from $129,990 to $139,990 (Frederick et al., 

1995). 
• 14-acre pond surrounded by picnic tables, a gazebo, and a walking trail, with a 

fishing pier planned for construction (Frederick et al., 1995).  
• $7,000 to $10,000 premium for condominiums fronting on the lake (Flora, 1997).  
• Above-average sales pace for the area and the condominium market; a significant 

number of sales from buyers who shopped around and then were attracted to 
Chancery because of the lake (Flora, 1997).  

• Pond marketed as a selling point (Flora, 1997). 
• Lake constructed by damming an existing creek, with some excavation of the 

surrounding area to achieve the desired shape and volume. 
• No maintenance required other than mowing grassed areas, visual inspections of the 

dam and lake, and sediment removal from the rip-rap outfall structure (Scalia, 1997). 

THE PRACTICE OF LOW IMPACT DEVELOPMENT (LID) 
104 

RB-AR11849



 

References 
• Debora Flora, Sales Manager, Chancery Associates Limited Partnership. Alexandria, 
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DUKE STREET SQUARE 

Duke Street Square uses a sand filter, which is a best management practice, to filter 
pollutants out of storm water runoff.  At this urban site, buildable land was at a premium. 
An underground sand filter satisfied storm water management requirements without 
consuming buildable land area.  The developer was able to add five to seven townhomes 
that would have been lost to land for a pond. 

 
VIEW OF THE INSIDE OF A SAND FILTER SIMILAR TO THE ONE  

INSTALLED AT DUKE STREET SQUARE 

Specifics 
• 40-unit townhouse development in Alexandria, Virginia.  
• Off-line sand filter system serves 1.38 impervious acres.  
• Parking lot designed with grate inlets connected to underground pipes that carry 

storm water to the sand filter.  Flows in excess of 0.5 inches of rainfall in a single 
event are diverted to the city sewer system.  

• The filter's concrete chamber was cast in place (Keller, 1997).  
• Underdrains transport filtered water to the city storm sewer system (Keller, 1997).  
• Northern Virginia land prices of approximately $40 per square foot make it costly to 

install dry ponds, wet ponds, or storm water wetlands (Bell, 1997); the sand filter 
system uses no buildable area.  

• Townhouse total includes between five and seven townhouses that normally would 
have been lost to land needed for a dry pond (Teets, 1997). 

Cost Data 
• Construction of the sand filter totaled $41,030, including the dry vault sand filter, two 

monitoring manholes, pipes with connections, and the sand filter itself ($35,197).  
The entire system cost $29,732 per impervious acre while the sand filter alone cost 
$25,505 per impervious acre. 

THE PRACTICE OF LOW IMPACT DEVELOPMENT (LID) 
106 

RB-AR11851



 

• Filter's sand bed will need replacement approximately every five years. 
• System will need periodic inspection and removal of accumulated trash from grate 

inlets, pre-treatment structure, and filter bed. 

Community Acceptance 
• The homeowner association has set aside money for routine and nonroutine 

maintenance. 

References 
• Glenn Teets, Project Manager, Wills Company. Vienna, VA. (703) 760-9600. 
• R.J. Keller, L.S. Project Manager, R.C. Fields, Jr., and Associates, P.C. Alexandria, 

VA. (703) 549-6422.  
• Warren Bell, City Engineer, City of Alexandria. Alexandria, VA. (703) 838-4327. 
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KENSINGTON ESTATES 
At Kensington Estates the use of LID technologies in a conventional, 103-lot single-
family development planned on 24 acres in unincorporated Pierce County were 
evaluated.  The site was characterized by poor soils. The development took advantage of 
the new Western Washington Storm Hydrology Model (WWHM) to illustrate the full 
range of LID technologies in the site’s redesign. 

Specifics 
• Maintained lot yield of 103 lots. 
• Designed a roadway system adequate for emergency vehicles. 
• Achieved "zero" effective impervious surfaces. 
• Incorporated full range of LID techniques, including soil rehabilitation, rain gardens, 

bioretention, and pervious pavement; 
• Provided adequate off-street parking.  
• Reduced total project impervious pavement. 
• Minimized piped conveyance. 

Cost Data 
A cost evaluation of the redesign further illustrated the potential benefits of LID.  
Overall, the LID project permitted construction cost savings of over 20 percent over the 
conventional project.  It achieved the largest share of savings by reducing the size of the 
storm pond structures and eliminating catchments and piped storm conveyance.  
Excavation and erosion control costs were also significantly reduced. 

Even though the LID design called for a roadway width of 20 feet, the proposed use of 
porous paving material and of "looped" cul-de-sac clusters designed for emergency 
vehicle access made the costs associated with roadways and utilities roughly equal to or 
slightly higher than the costs for conventional materials and design. 
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In Sarasota, Florida, available and applicable on-site wastewater treatment and collection 
technologies were evaluated (see Figure 25) to determine their potential for improving 
current wastewater treatment and disposal practices in Phillippi Creek. 

PHILLIPPI CREEK SEPTIC SYSTEM REPLACEMENT PROGRAM 

Specifics 
• Available technologies were grouped into three major categories for evaluation: 

natural systems (e.g., conventional septic tank and subsurface wastewater infiltration 
systems [SWIS] and septic tank and subsurface drip irrigation [SDI] systems); 
engineered biological systems (e.g., suspended growth systems, submerged biofilters, 
and unsaturated biofilters); and waste segregation systems (e.g., nonwater carriage 
toilets and on-site greywater treatment systems). 

• Based on the number of connections, total flow, and available treatment plant and 
transmission capacities, the project area was previously divided into sixteen (16) 
manageable areas referred to as Wastewater Project Improvement Areas (WPIA). 

• The cost analysis addressed natural systems and engineered biological systems but, 
because of a variety of implementation problems, including community acceptance, 
did not address waste segregation systems. 

 

 
FIGURE 25.  EVALUATION PROCESS FOR COMPARING COLLECTION AND ON-SITE WASTEWATER 

TREATMENT SYSTEM ALTERNATIVES 

Cost Data 
• The capital cost of a septic tank with a mound with 12-inch fill was $6,000. 
• The capital cost of a septic tank with subsurface drip irrigation with 12-inch fill was 

$7,900. 
• In terms of uniform annual cost, the septic tank with SWIS mound was the most cost-

effective alternative in a low-density area.  In medium- and high- density areas, the 
vacuum sewer system was the most cost-effective alternative. 
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RON TYNE AND ASSOCIATES 
Terry Paff, president of Metropolitan Realty and Development in Sherwood, Arkansas, 
wanted to create a development that appealed to both the general public and permitting 
and review officials.  He approached Ron Tyne of Tyne & Associates with his idea and 
hired the consultant to redesign a conventional site plan developed for a 130-acre parcel.  
The case study underscores two important points.  First, at project inception, developers 
must formulate a vision of what they want to achieve.  They then need to communicate 
that vision to everyone involved in and affected by the project.  Second, by reducing 
infrastructure costs and collaborating with public officials, a developer can realize a net 
increase in a project’s lot yield. 

Specifics 
• The new design worked with the land’s features.  For instance, streets flowed with the 

terrain, minimizing excavation needs; drainage areas were preserved and buffered by 
greenbelts. 

• Existing drainage courses form a network of green spaces called greenbelts that are 
connected by neighborhood hiking trails. 

• Maximizing the number of lots that backed up to the greenbelts addressed concerns 
about privacy. 

• The original plan’s collector street was changed to include green space buffers and 
traffic-calming circles, thus allowing the developer to reduce street widths from 36 to 
27 feet.  In addition, trees were allowed to stay close to the curb line. 

• The site uses native vegetation such as buffalo grass.  Cleared trees were transformed 
into mulch. 

• The original plan preserved 1.5 acres of green space while the revised plan saved 23.5 
acres. 

• Some of the development cost savings went to fund a neighborhood park with picnic 
facilities, a pavilion, and ball fields. 

Cost Data 
• Overall, the developer made an additional profit of $2.2 million on the project by 

using the practices above. 

References: 
• “Bridging the Gap: Developers Can See Green,” Land Development Magazine, 

Spring/Summer 2000, pp. 27-31. 
• The ToolBase PATH Technology Inventory provides information on low impact 

development: 
http://www.toolbase.org/tertiaryT.asp?CategoryID=1008&DocumentID=2007 
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SOMERSET COMMUNITY 
In a typical suburban development in Prince George’s County, MD, the developer 
incorporated shallow landscaped depressions called bioretention areas, also known as 
rain gardens (see Figure 26), into each lot to control storm water quantity and quality.  
The bioretention areas eliminated the need for a storm water pond, allowed the 
development of six extra lots, and resulted in a cost savings of more than $4,000 per lot. 

 

 

A TYPICAL BIORETENTION AREAIN SOMERSET 

Specifics 
• 80-acre site in Prince George's County, Maryland, undergoing development into 199 

homes on 10,000-square-foot lots.  
• Prices begin at $160,000. 
• Bioretention areas range between 300 and 400 square feet, with one to two 

bioretention areas per lot (Daniels, 1995). 
• Bioretention areas located at low points on lots (see Figure 27). 
• Water allowed to pool to a depth of six inches in the bioretention areas after each rain 

event; complete infiltration of ponded water achieved within 48 hours (Daniels, 
1995). 

• Bioretention areas combined with grassed swales to replace curbs and-gutters. 
Marketing Be 

• Total cost approximately $100,000 compared with nearly $400,000 for the storm 
water ponds originally planned (Daniels, 1995). 

• Six more lots added to the development, thus increasing revenue (Daniels, 1995).  
• Eliminated traditional curbs and gutters and storm water pond by using the less 

expensive alternative of bioretention areas and grassed swales. 
• Development marketed as environmentally friendly. When told that they were 

helping preserve the Chesapeake Bay, homeowners and potential buyers became 
excited and interested in helping (Coffman, 1997).  

• Bioretention areas perceived by homeowners as free landscaping (Coffman, 1997).  
• Total cost for each bioretention area is $500 ($150 for excavation and $350 for 

plants) (Daniels, 1995). 
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INDIVIDUAL BIORETENTION AREA 

Cost Data 

Description Storm water Management 
Pond/Curb and Gutter 

Design 

Bioretention System 

Engineering Redesign $0 $110,000 
Land Reclamation (6 lots x $40,000 net) $0 <$240,000> 

Total Costs $2,457,843 $1,541,461 
Total Costs--Land Reclamation plus Redesign 

Costs 
$2,457,843 $1,671,461 

Total Cost Savings = $916,382 
Cost Savings per Lot = $4,604 

Source: Winogradoff, 1997. 
Table 26. Cost Comparison of Conventional Storm Water System versus Bioretention 

Community Acceptance 
Somerset residents have enthusiastically accepted their bioretention areas. Homeowners 
are actively maintaining them and have lodged few complaints.  Only one bioretention 
area has experienced functional problems, which probably resulted from the diversion of 
too much water. Safety issues or mosquitoes have not been a problem. 

References 
• Ayres Associates. “Evaluation of On-Site Wastewater Treatment and Wastewater 

Collection System Alternatives.” TM No. 7 report. 
http://www.co.sarasota.fl.us/environmental_services/pcssrp/pdfs/40075r048.pdf 

• Larry Coffman, Department of Environmental Resources. Prince George's County, 
MD. (301) 883-5834. 

• L. Daniels.  “Maryland Developer Grows ‘Rain Gardens’ to Control Residential 
Runoff,” Nonpoint Source News-Notes, 42 (August/September) 1995. 

• W.K. Curry. and S.E. Wynkoop, eds.  How Does Your Garden Grow?: A Reference 
Guide to Enhancing Your Rain Garden. Landover, MD: Prince George's County 
Department of Environmental Resources, 1995. 
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FACT SHEET 
 
      National Pollutant Discharge Elimination System (NPDES) 
      Municipal Separate Storm Sewer System (MS4) 
      Permit No. DC0000221 (Government of the District of Columbia) 

Draft Modification #1 
 
NPDES PERMIT NUMBER:  DC0000221, Modification #1 
 
FACILITY NAME AND MAILING ADDRESS: 
 
      Government of the District of Columbia 
      The John A. Wilson Building 
      1350 Pennsylvania Avenue, N.W. 
      Washington, D.C. 20004  
  
MS4 ADMINISTRATOR NAME AND MAILING ADDRESS: 
 
      Director, District Department of the Environment 
      1200 First Street, N.E., 6th Floor 
      Washington, D.C. 20002   
 
FACILITY LOCATION: 
  
      District of Columbia’s Municipal Separate Storm Sewer System (MS4)              
       
RECEIVING WATERS: 
 
      Potomac River, Anacostia River, Rock Creek, and Stream Segments Tributary     
      To Each Such Water Body   

 
INTRODUCTION: 

  
Today’s action proposes a limited modification of the District of Columbia Municipal Separate 
Storm Sewer System (MS4) Permit. On September 30, 2011, the U.S. Environmental Protection 
Agency (EPA) issued the Phase I National Pollutant Discharge Elimination System (NPDES) 
permit for the District of Columbia Municipal Separate Storm Sewer System, Permit No. 
DC0000221. The permit became effective October 7, 2011. 

 
On November 4, 2011, the Friends of the Earth, Anacostia Riverkeeper, Inc., Potomac 
Riverkeeper Inc., and Natural Resources Defense Council, Inc. (collectively, the Environmental 
Petitioners) filed a petition requesting the Environmental Appeals Board (EAB) to review the 
permit (appeal 11-06).  On the same day, the District of Columbia Water and Sewer Authority 
(DC Water) and the Wet Weather Partnership (WWP) also jointly filed a petition requesting the 
EAB to review the permit (appeal 11-05).   
 

RB-AR11865



2 
 

On November 17, 2011, the District Department of the Environment (DDOE) filed a motion with 
the EAB requesting permission to intervene and file a response to both petitions for review. On 
February 2, 2012 the EAB granted DDOE’s motion. 
 
On December 20, 2011, the EPA provided notification to DDOE of its determination of which 
permit elements would be stayed pending resolution of the appeals. The stay was limited only to 
certain provisions. The remainder of the permit remained in effect, and continues to remain in 
effect. 
 
All parties agreed to attempt to resolve the appeals through Alternative Dispute Resolution 
(ADR) and on March 8-9, 2012 convened with an EAB judge and a representative of the EAB to 
agree upon the issues that would be discussed in negotiations. The parties conducted subsequent 
discussions over the following two months to attempt to reach agreement on relevant issues. 
 
On May 18, 2012, the EPA and the Environmental Petitioners (appeal 11-06) signed a settlement 
agreement in which the EPA agreed to propose modifications to language in several sections of 
the permit and to provide certain clarifications in the draft fact sheet for those proposed 
modifications.  The petition for review filed by DC Water and the Wet Weather Partnership 
(appeal 11-05) was not resolved via ADR; that petition is pending before the EAB. 
 
For additional information on the appeal proceedings the EAB docket is available at: 
http://yosemite.epa.gov/oa/EAB_Web_Docket.nsf/f22b4b245fab46c6852570e6004df1bd/a4dedd
0575d39c4f852579420055a56a!OpenDocument 
 
ACTION TO BE TAKEN: 

 
The EPA is today proposing specific and limited modifications, consistent with the settlement 
agreement and ADR discussions described above, to the District of Columbia NPDES MS4 
Permit No. DC0000221, issued on September 30, 2011. Pursuant to 40 C.F.R. § 122.62 and 40 
C.F.R. § 124.19, the EPA is taking comments only on the proposed language changes identified 
in draft Modification #1. The remaining portions of the permit are not open for comment or 
modification. 

 
The following conventions are used to show proposed changes to the existing permit language: 
deleted language is indicated in strikethrough font and added language is indicated in underline 
font. 
 
I.  MINOR MODIFICATIONS 
 
References to two section numbers were erroneously cited in the final permit. Pursuant to 40 
C.F.R. 122.63(a), those section numbers are being corrected as follows: 
 

1. On page 9, Table 1, the part number for the Retrofit Program will be corrected to 4.1.5. 
 

2. On page 53, within the definition for “TMDL Implementation Plan", the erroneous 
reference to section 8.1.4 will be replaced with the correct reference to section 4.10.3. 
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II.  PROPOSED MODIFICATIONS 
 
Pursuant to 40 C.F.R. §§ 122.62 and 124.19, the EPA is proposing several modifications to the 
permit. In general the proposed modifications are intended to serve several purposes:  
 
1) To provide additional public notice and input on the District's development of its 
Consolidated TMDL Implementation Plan. The proposed modifications specifically provide 
for public participation in the development of the Consolidated Total Maximum Daily Load 
(TMDL) Implementation Plan (see II.E), and also add six (6) months to the schedule for 
submitting the Plan to the EPA for approval, in order to facilitate public participation and an 
adequate public notice period for the draft Plan.  
 
The EPA is also taking comment on a provision to require public notification of sanitary sewer 
overflows to the MS4 (see II.C) in section 4.3.1.3 of the permit.  
 
2) To provide additional clarity and accountability for specific water quality-related 
outcomes. The proposed modifications to discharge limitations (see II.B), content requirements 
for the Consolidated TMDL Implementation Plan (see II.E), and the specific addition of 
definitions for the terms “benchmarks” and “milestones” used for TMDL planning (see II.G) are 
to clarify what are to be enforceable permit requirements. The EPA clarifies that final dates for 
attainment of wasteload allocations (WLAs) must be specified in the Plan and that the EPA will 
incorporate interim and final milestones for attainment as enforceable permit provisions. 
 
The EPA also clarifies that all provisions of this permit are enforceable. The permittee must 
comply with all conditions of this permit. The EPA intends each provision of the permit to be 
enforceable. Compliance with any provision of this permit does not relieve the permittee from 
compliance with any other provision of the permit. 
 
3) To provide clarity that the Government of the District of Columbia is the sole permittee. 
To eliminate any possible confusion about who the "permittee" is, the EPA is proposing 
modifications of the definition of "permittee" and standardization of language throughout the 
permit. Specifically, the EPA is proposing to remove a reference to DC Water (see II.C), to 
simplify the definition of permittee (see II. G), and to replace the term "District" with "permittee" 
in many places throughout the permit (see II.A). 
 
The EPA recognizes that the Government of the District of Columbia has the institutional 
policies, regulations and agreements to make internal determinations about which District 
entities shall implement the various provisions of the permit. The EPA realizes that a number of 
departments, agencies and authorities of the Government of the District of Columbia will be 
engaged in carrying out particular responsibilities under the permit. However, the permit does 
not purport to identify which of these entities are responsible for any particular requirement, as 
this does not fall within the EPA's purview as the permitting authority. The EPA will continue to 
work directly with DDOE, the current stormwater administrator.  
 
The following describe the specific proposed modifications: 
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A. PERMITTEE 

To simplify and clarify the definition of "permittee", the EPA is proposing to replace the term 
"District" with "permittee" in all places in the permit where the term "District" has been used in 
the context of a mandate to the permittee to carry out a provision. The term "District" or "District 
of Columbia" continues to be used when the reference is to the specific geographical area. 
 
Consistent with simplification of the definition of "permittee" (see II.G) these changes are 
intended to clarify that there is a single permittee, i.e., the Government of the District of 
Columbia. As stated in Part 2.3 of the permit, the specific duties and obligations under the permit 
may ultimately be carried out by particular agencies, departments or authorities with the 
Government of the District of Columbia. DC law recognizes that implementing the MS4 permit 
involves a number of agencies, as outlined in the Comprehensive Stormwater Management 
Enhancement Amendment Act of 2008.1

 

 Section 151(a), which was enacted as part of the 2008 
law, established a Stormwater Administration within DDOE, and provides that the Stormwater 
Administration “shall be responsible for monitoring and coordinating the activities of all District 
agencies, including the activities of the District of Columbia Water and Sewer Authority . . . 
which are required to maintain compliance with the Stormwater Permit” (referring to the MS4 
permit). Section 151(c) further requires various agencies “and any other District agency 
identified by the Director” of DDOE to comply “with all requests made by the Director relating 
to stormwater related requests . . .”. Therefore, while the permit stipulates the requirements to be 
fulfilled, determination of which agency or entity will be charged with bringing those tasks to 
fruition is governed by the DC statute and not a determination made by the permitting authority.  

B. DISCHARGE LIMITATIONS 

In Part 1.4 of the permit the EPA proposes to modify the final sentence to read: 
 

"Compliance with the performance standards and provisions contained in Parts 2 through 
8 of this permit, including milestones and final dates for attainment of applicable WLAs, 
shall constitute adequate progress toward compliance with DCWQS and WLAs for this 
permit term." 

 
The purpose of the proposed modification is to emphasize the importance of robust and timely 
progress towards implementation of the applicable wasteload allocations and attainment of water 
quality standards within defined timeframes. 

 
C. SANITARY SEWAGE SYSTEM MAINTENANCE OVERFLOW AND SPILL 

PREVENTION RESPONSE 

 1. Modification to Part 4.3.1 
 

                     
1 Draft Modification #1 Administrative Record, Document #18 (District of Columbia, Comprehensive Stormwater 
Management Enhancement Amendment Act of 2008, DC Law 16-51; DC Official Code §8.151.01 et seq.) 
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In Part 4.3.1 of the permit the EPA proposes the following modification: 
 

"The permittee shall coordinate with DC Water to implement an effective response 
protocol for overflows of the sanitary sewer system into the MS4." 

 
The EPA had not originally included the phrase "coordinate with DC Water to" in the draft 
permit proposed in April 2010, but added it to the final permit per the request of DC Water in 
their comments on the proposed permit2

 

. The EPA has subsequently concluded that this provided 
more confusion than clarity, and is now proposing to delete the phrase consistent with the 
modifications described above (see II.A) emphasizing that the Government of the District of 
Columbia is the permittee, and that the permittee will coordinate implementation of the permit 
according to its policies and regulations. 

 2.  Public Comment on Part 4.3.1.3 
 
In addition the EPA solicits public comment on the provision in the final permit that the 
permittee shall provide public notification of sanitary sewer overflows to the MS4. The final 
permit provided that the permittee would have procedures for: 
 

"Notifying appropriate sewer, public health agencies and the public within 24 hours when 
the sanitary sewer overflows to the MS4." 

 
In the draft permit provision, the EPA did not originally include the phrase "and the public." 
However, in response to comments for more public notification and review generally3,4,5,6, the 
EPA included it in the final permit as a logical outgrowth of the draft permit provision. The draft 
permit included requiring notice to appropriate public health agencies, and the rationale for 
notifying the public directly is the same: to ensure that people know to stay out of waterways in 
which untreated domestic sewage has been discharged. Notification of the public directly is also 
consistent with agency policy and guidance7,8,9,10,11,12,13,14

                     
2 Final Permit Administrative Record Document #14 (District of Columbia Water & Sewer Authority, George 
Hawkins, Comment Letter (June 4, 2010)).  

 on sanitary sewer overflow (SSO) 

3 Final Permit Administrative Record Document #3 (Alice Ferguson Foundation, Inc., Tracy Bowen, Comment 
Letter (June 4, 2010)).  
4 Final Permit Administrative Record Document #5 (Anacostia Watershed Society (50 form letters) (May – June 
2010)).  
5 Final Permit Administrative Record Document #8 (Chesapeake Bay Foundation, Lee Epstein, Comment Letter 
(June 4, 2010)).  
6 Final Permit Administrative Record Document #16 (Friends of Rock Creek’s Environment, Beth Mullin, Comment 
Letter (June 4, 2010)).  
7 Draft Modification #1 Administrative Record, Document #1 (U.S. EPA, Report to Congress: Impacts and Control 
of CSOs and SSOs, August 2004, EPA 833-R-04-001). 
8 Draft Modification #1 Administrative Record, Document #2 (U.S. EPA, Why Control Sanitary Sewer Overflows?, 
fact sheet). 
9 Draft Modification #1 Administrative Record, Document #3 (U.S. EPA, National Pollutant Discharge Elimination 
System Permit Requirements for Peak Wet Weather Discharges from Publicly Owned Treatment Works Treatment 
Plants Serving Separate Sanitary Sewer Collection Systems, December 2005). 
10 Draft Modification #1 Administrative Record, Document #4 (U.S. EPA, Guide for Evaluating Capacity, 
Management, Operation and Maintenance (CMOM) Programs at Sanitary Sewer Collection Systems, January 
2005). 
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notification. Nonetheless, in order to be sure that the public has an opportunity to comment on 
this provision, the EPA seeks public comment on the requirement to include notice to the public 
when sanitary sewers overflow to the MS4. Upon receipt of those public comments, the EPA 
will decide whether to retain the requirement for public notification of SSOs to the MS4, remove 
it, or include a variation on this provision in the permit. The EPA emphasizes that, because this is 
an MS4 permit, this provision includes only those SSOs that reach the MS4. 
 

D. PUBLIC INVOLVEMENT AND PARTICIPATION 

In Part 4.9.4.1 of the permit the EPA proposes to add the following:  
 

"The permittee shall continue to create opportunities for the public to participate in the 
decision making processes involving the implementation of the permittee's SWMP. In 
particular the permittee shall provide meaningful opportunity for the public to participate 
in the development of the permittee's Consolidated TMDL Implementation Plan. The 
permittee shall continue to implement its process for consideration of public comments 
on their SWMP." 

 
The purpose of this modification is to ensure that all parties with an interest in TMDL 
implementation have ample opportunity to participate in the planning process. Other 
modifications are also being proposed to Part 4.10.4 of the permit (see II.E) to achieve that 
purpose. 
 

E. TOTAL MAXIMUM DAILY LOAD (TMDL) WASTELOAD ALLOCATION 
(WLA) PLANNING AND IMPLEMENTATION 

A number of changes to Parts 4.10.3 and 4.10.4 are being proposed, which are summarized here. 
For the specific modifications to the permit language being proposed, please refer to the 
proposed modifications document. 
 
1. The EPA is proposing to extend the compliance schedule for development of the 

Consolidated TMDL Implementation Plan (the Plan) from 24-months to 30-months to allow 
for adequate public involvement and public notification. The permit requirement to develop 
the Plan has been stayed due to permit appeal. Under 40 CFR § 124.19(d) the EPA is 
proposing to withdraw the original permit requirement and replace it with the modified 
provision. Therefore, the 30-month period would begin with the effective date of the permit 
modification. (Part 4.10.3) 

                                                                  
11 Draft Modification #1 Administrative Record, Document #5 (U.S. EPA, Sanitary Sewer Capacity, Management, 
Operation and Maintenance Self-Assessment Check-list, (see Overflow Emergency Response Plan, page 22)). 
12 Draft Modification #1 Administrative Record, Document #6 (American Society of Civil Engineers, Sanitary 
Sewer Overflow Solutions, Guidance Manual, April 2004). 
13 Draft Modification #1 Administrative Record, Document #7 (U.S. EPA, Model NPDES Permit Language for 
Sanitary Sewer Overflows, August 2007 Draft). 
14 Draft Modification #1 Administrative Record, Document #8 (U.S. EPA, NPDES Permit Requirements for 
Municipal Sanitary Sewer Collection Systems and SSOs, August 2007 Draft). 
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2. The EPA is proposing to remove the reference to the 2002 TMDL for Total Suspended 
Solids in the Upper and Lower Anacostia River from the permit because that TMDL has 
been superseded by the 2007 TMDL for Sediment/Total Suspended Solids for the Anacostia 
River Basin. (Part 4.10.3) 

3. The EPA is proposing modifications that provide additional clarification that the EPA will 
take action to incorporate milestones and final WLA attainment dates into the permit as 
enforceable requirements of the program. (Part 4.10.3)  

4. The EPA is proposing modifications that clarify when and how modifications to the Plan 
must be submitted to the EPA. (Part 4.10.3) 

5. The EPA is proposing modifications that clarify what the interim and final elements of the 
Plan must be, including benchmarks, milestones and final attainment objectives (also see, 
II.G). (Part 4.10.3) 

6. The EPA is proposing to add a requirement that the Plan include adequate narrative to ensure 
that there is clear understanding of the rationale for TMDL implementation schedules and 
controls. (Part 4.10.3) 

7. The EPA is proposing modifications that clarify that all TMDLs with WLAs assigned to the 
MS4 that are in effect, e.g., haven't been withdrawn, reissued, or the water delisted, must be 
included in the Plan. (Part 4.10.3) 

8. The EPA is proposing modifications that clarify that the most current version of the Plan 
must be posted on the permittee's website. (Part 4.10.3) 

9. The EPA is proposing modifications to the language describing actions the permittee must 
take should the permittee make insufficient progress toward attaining any WLA. (Part 4.10.4) 

In the event the permittee does not submit a Consolidated TMDL Implementation Plan, submits 
a plan that fails to address one or more applicable TMDLs, or submits a plan that the EPA 
disapproves, the EPA will initiate action to set the relevant milestones and final dates for 
attainment by which the permittee will meet applicable WLAs, pursuant to section 4.10.3 of the 
permit, within 6 months of the failure and finalize those requirements within 2 years of the 
failure. The EPA will incorporate those elements as enforceable permit provisions.  
 
The EPA believes these modifications would improve the transparency of the process with 
respect to implementing the various, and to some extent overlapping, TMDLs that apply to the 
receiving waters in question. Moreover, the clarifications should make it easier for both the 
permittee and the public to identify the enforceable elements of the permit. 
 

F. DESIGN OF THE REVISED MONITORING PROGRAM 

The final permit aligned the schedules for development of the Consolidated TMDL 
Implementation Plan and the Revised Monitoring Program (Part 5.1.1) because of the importance 
of tailoring monitoring to support TMDL implementation. Since the EPA is proposing to extend 
the compliance date for submittal of the Consolidated TMDL Plan to 30 months, the EPA also 
proposes to extend the compliance date for submittal of the Revised Monitoring Strategy to 30 
months to maintain the alignment between the two schedules.  Both 30 month schedules would 
start with the effective date of this permit modification. 
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G.   DEFINITIONS 

 
In conjunction with the changes to 4.10.3 and 4.10.4, the EPA proposes two new definitions to 
support and clarify the expectations for TMDL planning and implementation: 
 

"'Benchmark' as used in this permit is a quantifiable goal or target to be used to assess 
progress toward “milestones” (see separate definition) and WLAs, such as a numeric goal 
for BMP implementation. If a benchmark is not met, the permittee should take 
appropriate corrective action to improve progress toward meeting milestones or other 
objectives. Benchmarks are intended as an adaptive management aid and generally are 
not considered to be enforceable." 
 
"'Milestone'  as used in this permit is an interim step toward attainment of a WLA that 
upon incorporation into the permit will become an enforceable limit or requirement to be 
achieved by a stated date. A milestone should be expressed in numeric terms, i.e. as a 
volume reduction, pollutant load, specified implementation action or set of actions or 
other objective metric, when possible and appropriate."  

 
In addition, the EPA proposes to simplify the definition of "permittee" as follows: 
 

"'Permittee' refers to the Government of the District of Columbia and all subordinate 
District and independent agencies, such as the District of Columbia Water and Sewer 
Authority, directly accountable and responsible to the City Council and Mayor as 
authorized under the Stormwater Permit Compliance Amendment Act of 2000 and any 
subsequent amendments for administrating, coordinating, implementing, and managing 
stormwater for MS4 activities within the boundaries of the District of Columbia." 

 
As explained above (see, II.A), under District of Columbia law, it is the responsibility of DDOE 
to coordinate implementation of the MS4 permit.  
 
WHERE TO SEND COMMENTS: 
 
Comments on the proposed modifications may be sent via electronic mail or regular mail to: 
 

Ms. Kaitlyn Bendik 
U.S. Environmental Protection Agency 
Region 3 
NPDES Permits Branch, Mailcode 3WP41 
1650 Arch Street 
Philadelphia, PA  19103-2029 
bendik.kaitlyn@epa.gov 

 
Comments must be postmarked (if regular mail) or sent (if electronic mail) on or before 
August 27, 2012. 
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NOTICE AND DISCLAIMER 

This document provides the basis for implementing the Test of Significant Toxicity (TST) 
approach under the National Pollutant Discharge Elimination System (NPDES) for permitting 
authorities (states and Regions) and persons interested in analyzing whole effluent toxicity 
(WET) test data using the traditional hypothesis testing approach as part of the NPDES Program 
under the Clean Water Act (CWA). This document describes what the U.S. Environmental 
Protection Agency (EPA) believes is another statistical option to analyze valid WET test data for 
NPDES WET reasonable potential and permit compliance determinations. The document does 
not, however, substitute for the CWA, an NPDES permit, or EPA or state regulations applicable 
to permits or WET testing; nor is this document a permit or a regulation itself. The TST approach 
does not result in changes to EPA’s WET test methods promulgated at Title 40 of the Code of 
Federal Regulations Part 136. The document does not and cannot impose any legally binding 
requirements on EPA, states, NPDES permittees, or laboratories conducting or using WET 
testing for permittees (or for states in evaluating ambient water quality). EPA could revise this 
document without public notice to reflect changes in EPA policy and guidance. Finally, mention 
of any trade names, products, or services is not and should not be interpreted as conveying 
official EPA approval, endorsement, or recommendation. 

RB-AR11875



NPDES Test of Significant Toxicity Implementation Document  June, 2010 

iii 

CONTENTS 
 
EXECUTIVE SUMMARY .............................................................................................................v 
ACRONYMS AND ABBREVIATIONS ...................................................................................... xi 
GLOSSARY ................................................................................................................................ xiii 
 

1.0 INTRODUCTION ............................................................................................................... 1 
1.1 Terminology and Concepts ............................................................................................. 1 
1.2 Background on the TST Approach ................................................................................. 3 

2.0 TST METHODOLOGY ...................................................................................................... 5 
2.1 Regulatory Management Decisions for the TST Approach ............................................ 5 
2.2 Setting the Test Method-Specific Alpha Level ............................................................... 6 

3.0 USING THE TST APPROACH IN WET DATA ANALYSES ......................................... 9 
3.1 Summary of Test Method-Specific Alpha Values .......................................................... 9 
3.2 Calculating Statistics for Valid WET Data Using the TST Approach.......................... 10 

4.0 IMPLEMENTING THE TST APPROACH IN WET NPDES PERMITS ....................... 13 
4.1 Reasonable Potential (RP) WET Analysis .................................................................... 13 
4.2 NPDES WET Permit Limits ......................................................................................... 14 

5.0 RECOMMENDATIONS FOR NPDES IMPLEMENTATION OF THE TST   
 APPROACH ...................................................................................................................... 15 

5.1 EPA Regions and NPDES States (Permitting Authorities) .......................................... 15 
5.2 NPDES Permittees ........................................................................................................ 15 

6.0 SUMMARY OF THE TST APPROACH.......................................................................... 17 

7.0 LITERATURE CITED ...................................................................................................... 19 
 
APPENDICES 

A Step-by-Step Procedures for Analyzing Valid WET Data Using the TST Approach 
B Critical t Values for the TST Approach 
C Application of the TST Approach to Ambient Toxicity Programs 
D Example NPDES Permit Language Using the TST Approach 
E WET Reasonable Potential Analysis Using the TST Approach 

 
 
 
 
 

RB-AR11876



NPDES Test of Significant Toxicity Implementation Document  June, 2010 

iv 

TABLES 
 
Table Page 
 
  1 Expression of null and alternative hypotheses used in traditional hypothesis testing 
 and resulting decisions based on this approach ......................................................................3 
 
  2 Expression of null and alternative hypotheses using the TST approach and relationships 
 between error rates and resulting decisions ............................................................................4 
 
  3 Summary of alpha ( ) levels or false negative rates recommended for different WET  
 test methods using the TST approach .....................................................................................9 
 

 

RB-AR11877



NPDES Test of Significant Toxicity Implementation Document  June, 2010 

v 

EXECUTIVE SUMMARY 
The U.S. Environmental Protection Agency (EPA or the Agency) has developed a new statistical 
approach that assesses the whole effluent toxicity (WET) measurement of wastewater effects on 
specific test organisms’ ability to survive, grow, and reproduce. The new approach is called the 
Test of Significant Toxicity (TST) and is a statistical method that uses hypothesis testing 
techniques based on research and peer-reviewed publications. The TST approach examines 
whether an effluent, at the critical concentration (e.g., in-stream waste concentration or IWC, as 
recommended in EPA’s Technical Support Document (TSD) (USEPA 1991) and implemented 
under EPA’s WET National Pollutant Discharge Elimination System (NPDES) permits program 
and the control within a WET test differ by an unacceptable amount (the amount that would have 
a measured detrimental effect on the ability of aquatic organisms to thrive and survive). EPA 
Regions and their NPDES states can still use EPA’s TSD approaches. The TST approach is 
another statistical option to analyze valid WET test data. 

Since the inception of EPA’s NPDES WET Program in the mid 1980s, the Agency has striven to 
advance and improve its application and implementation under the NPDES Program. The TST 
approach explicitly incorporates test power (the ability to correctly classify the effluent as non-
toxic, also see reference in the glossary under power) and provides a positive incentive to 
generate valid, high quality WET data to make informed decisions regarding NPDES WET 
reasonable potential (RP) and permit compliance determinations. Once the WET test has been 
conducted (using multiple effluent concentrations and other requirements as specified in the EPA 
WET test methods), the TST approach can be used to analyze the WET test results to assess 
whether the effluent discharge is toxic at the critical concentration. Performing the EPA WET 
test where the minimum five required test concentrations (pursuant to the EPA WET test 
methods) can establish a concentration-response curve. The TST approach is designed to be used 
for a two concentration data analysis of the IWC or a receiving water concentration (RWC) 
compared to a control concentration. Using the TST approach, permitting authorities will have 
more confidence when making NPDES determinations as to whether a permittee’s effluent 
discharge is toxic or non-toxic. Use of the TST approach does not result in any changes to EPA’s 
WET test methods; however, a facility might desire to modify its future WET tests by increasing 
the number of replicates over the minimum required (USEPA 1995, 2002a, 2002b, 2002c) by the 
approved EPA WET test method to increase test power, which is the probability of declaring an 
effluent non-toxic if the organism response at the IWC is truly acceptable. If WET tests have 
already been performed, the WET data generated cannot be modified to increase the number of 
test replicates because the TST analysis is done on valid WET data generated within a WET test. 

The TST approach was developed on the basis of extensive analyses and detailed research. EPA 
used valid WET data from more than 2,000 WET tests to develop and evaluate the TST 
approach. The TST approach was tested using nine different WET test methods comprising 
twelve biological endpoints (e.g., reproduction, growth, survival) and representing most of the 
different types of WET test designs currently in use. More than one million computer 
simulations were also used to select error rates achieving EPA’s regulatory management 
decisions for the TST approach. 
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Background 
In the NPDES Program, an effluent sample is declared toxic relative to a permitted WET limit if 
the no observed effect concentration (NOEC) is less than the permitted IWC using a hypothesis 
statistical approach. In that traditional hypothesis approach, the question being answered is, ―Is 
the mean response of the organisms the same in the control and at the IWC?‖ The hypothesis 
testing approach has four possible outcomes: (1) the IWC is truly toxic and is declared toxic, (2) 
the IWC is truly non-toxic and is declared non-toxic, (3) the IWC is truly toxic but is declared 
non-toxic, and (4) the IWC is truly non-toxic but is declared toxic. The latter two possible 
outcomes represent decision errors that can occur with any hypothesis testing approach. In the 
NPDES WET Program, those two types of errors can occur when test control replication is very 
good (i.e., test is very precise) so that a very small difference between IWC and control is 
declared toxic (outcome [4] above), and when test control replication is poor (i.e., the test is very 
imprecise) so that even large differences in organism response between the IWC and control 
cannot be distinguished as statistically different, and the effluent is incorrectly classified as non-
toxic (outcome [3] above). 

Organism responses to the IWC and control are unlikely to be exactly the same. The difference 
might be so small that even if statistically significant, it would be considered biologically 
negligible. Another approach for assessing an effluent’s toxicity on the basis of collected WET 
data might be to rephrase the question, ―Does the mean WET test response in the control and the 
IWC differ by a defined biological amount?‖ That approach is known as the test of 
bioequivalence, which the Food and Drug Administration has successfully used to evaluate 
drugs, as have many researchers in other biological fields. Using the TST approach, the question 
is, ―Is the organism response at the IWC less than or equal to a fixed fraction of the control 
response (e.g., 75 percent of the control mean response)?‖ That fixed fraction, expressed as a 
decimal between 0.00 and 1.00, is termed ―b” in the TST approach. Thus, the hypothesis being 
tested is written as follows: mean response [IWC]  b × mean response [control]. 

The TST approach requires defining what is considered toxic. For chronic testing (i.e., for both 
lethal and sublethal toxicity test endpoints) in EPA’s NPDES WET Program, the b value in the 
TST analysis is set at 0.75, which means that a 25 percent effect (or more) is considered 
evidence of unacceptable chronic toxicity. IWC responses substantially less than a 25 percent 
effect would be interpreted to have a lower risk potential. The regulatory management decision 
(RMD) for acute WET methods is set at 0.80, which means that a 20 percent effect (or more) is 
considered evidence of unacceptable acute toxicity. The acute RMD toxicity threshold is higher 
than that for chronic WET methods because of the severe environmental implications of acute 
toxicity (lethality or organism death). For more discussion on the b values of 0.75 (chronic 
toxicity) and 0.80 (acute toxicity), see Section 2.1 of this document. 

EPA’s RMDs using the TST approach identify true toxicity in WET tests most of the time when 
it occurs, while also minimizing the probability that the IWC is declared toxic when in fact it is 
not. That objective requires additional RMDs regarding acceptable maximum false positive (  or 
beta using a TST approach) and false negative rates (  or alpha using a TST approach). In the 
TST approach, the RMDs are defined as (1) declare a sample toxic at least 75 percent of the time 
(alpha,  < 0.25) when there is unacceptable toxicity (20 percent effect for acute and 25 percent 
effect for chronic test methods), and (2) declare an effluent non-toxic no more than 5 percent 
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(beta,  < 0.05) of the time when the mean effect at the critical effluent concentration is  10 
percent for both acute and chronic WET tests (including for sublethal endpoints). For more 
discussion on the RMDs, see Section 2.1 of this document. 

On the basis of EPA’s analyses, the alpha levels shown in Table ES-1 are recommended for the 
nine WET test methods examined using the TST approach. An important feature of the TST 
approach is that the false negative error rate (rate of declaring a toxic effluent to be non-toxic) is 
established, which, under the traditional hypothesis testing approach, had not been established by 
EPA previously. For more discussion on the inclusion of the beta error rate in the TST approach, 
see Section 1.2 of this document and Section 1.1 on the current approach in EPA’s 1991 TSD. A 
demonstrated benefit of the TST approach is that increasing within-test replication (the test 
power) results in a lower rate of WET tests being declared toxic using the TST approach when 
the IWC is truly non-toxic. 

Results obtained from the TST analyses using the nine EPA test methods should be applicable to 
other EPA WET methods not examined. For example, results generated under this project for the 
fish Pimephales promelas survival and growth test is extrapolated to other EPA fish survival and 
growth tests (e.g., Menidia sp., Cyprinus variegatus, Atherinops affinis) because those test 
methods use a similar test design (e.g., number of replicates, number of organisms tested) and 
measure the same endpoints. 

Summary 
More than 2,000 WET test results and more than one million simulations were conducted to 
develop the technical basis for the TST approach. The approach builds on the strengths of the 
traditional hypothesis testing approach, including use of robust statistical analyses and published 
EPA documents regarding WET data analysis and interpretation. The TST approach yields a 
rigorous statistical interpretation of valid WET data by incorporating transparent RMDs and 
established alpha and beta error rates, which can provide incentives to generate test results 
having greater test power. Because the approach considers statistical test power, its use will 
result in greater confidence in WET regulatory decisions. In addition, the TST approach provides 
a positive incentive for the permittee to generate valid, high quality WET data by either 
increasing the number of test replicates for the IWC and the control within a test and/or 
achieving better precision within a test through improved WET test method performance (e.g., a 
high level of quality assurance and quality control). 

Permitting authorities should consider the practical programmatic shift from the traditional 
hypothesis testing approach to the TST approach by opening a dialogue with their regulated 
community. In addition, they might want to begin to identify what changes might be needed to 
assimilate the TST approach into any regulations, policy, guidance, and training in their 
respective NPDES WET Programs. Again, the traditional hypothesis testing approach under 
EPA’s TSD is still considered valid as applied; however, that approach can now be advanced 
through the TST approach by providing new incentives to permittees to provide valid, high 
quality WET data. 
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Table ES-1. Summary of alpha ( ) levels or false negative rates recommended for different WET test 
methods using the TST approach  

EPA WET test method b value 

Probability of declaring a 
toxic effluent non-toxic 

False negative ( ) errora 

Chronic Freshwater and East Coast Methods 
Ceriodaphnia dubia (water flea) survival and 
reproduction 

0.75 0.20
 

Pimephales promelas (fathead minnow) survival 
and growth 

0.75 0.25 

Selenastrum capricornutum (green algae) growth 0.75 0.25 

Americamysis bahia (mysid shrimp) survival and 
growth 

0.75 0.15 

Arbacia punctulata (Echinoderm) fertilization 0.75 0.05 

Cyprinodon variegatus (Sheepshead minnow) and 
Menidia beryllina (inland silverside) survival and 
growth 

0.75 0.25 

Chronic West Coast Marine Methods 

Dendraster excentricus and Strongylocentrotus 
purpuratus (Echinoderm) fertilization 

0.75 
0.05 

Atherinops affinis (topsmelt) survival and growth 0.75 0.25 

Haliotis rufescens (red abalone), Crassostrea gigas 
(oyster), Dendraster excentricus, 
Strongylocentrotus purpuratus (Echinoderm) and 
Mytilus sp (mussel) larval development methods 

0.75 0.05 

Macrocystis pyrifera (giant kelp) germination and 
germ-tube length 

0.75 0.05 

Acute Methods 

Pimephales promelas (fathead minnow), 
Cyprinodon variegatus (Sheepshead minnow), 
Atherinops affinis (topsmelt), Menidia beryllina 
(inland silverside) acute survival

b 
 

0.80 

 

0.10 

 

Ceriodaphnia dubia, Daphnia magna, Daphnia 
pulex, Americamysis bahia acute survival

b
 

0.80 0.10 

Notes: 

a. (1) declare a sample toxic at least 75 percent of the time (alpha < 0.25) when there is unacceptable toxicity (20 
percent effect for acute and 25 percent effect for chronic test methods) and (2) declare an effluent non-toxic no more 
than 5 percent of the time (beta < 0.05) when the mean effect at the critical effluent concentration is 10 percent for 
both acute and chronic WET tests (including sublethal endpoints). For more discussion on the RMDs, see Section 2.1 
of this document. 

b. Based on four replicate test design 

 

In addition, EPA recommends the following: 
 Permitting authorities should decide up front which approach (the EPA’s 1991 TSD 

approach, the TST approach, or another scientifically defensible approach that is sufficient 
to meet the statutory and regulatory requirements) they will follow (including for their RP 
procedures) and use the selected approach consistently in all their state NPDES permits. 
Permitting authorities should ensure that the most environmentally protective approach is 
consistently used across all permits when assessing valid WET data (e.g., WET RP) for 
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NPDES permit requirements (e.g., WET limits, monitoring frequencies, toxicity 
identification evaluation/toxicity reduction evaluation) and avoid selecting the approach 
that underestimates the true toxicity of the permitted effluent discharge. 

 Where a small data set exists (fewer than four valid WET tests performed and reported in 
the previous 5 years), permitting authorities should use the TSD approach for determining 
RP. With small WET data sets, the TSD’s RP multiplying factor is more conservative for 
environmental water quality protection purposes than the TST. The TST approach is 
intended for larger data sets (four or more) because it does not use an RP multiplying 
factor. 

 If WET tests have already been performed, the WET data generated cannot be modified to 
increase the number of test replicates within a test. The decision to increase the number of 
within test replicates is a decision that needs to be made before conducting the WET tests. 

 Where a permittee has concerns about WET data quality, EPA recommends increasing the 
number of replicates in tests, even if the permitting authority has not yet adopted the TST 
approach. 
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ACRONYMS AND ABBREVIATIONS 

CFR Code of Federal Regulations 
CV coefficient of variation 
CWA 
DMR 

Clean Water Act 
discharge monitoring report 

EC effect concentration 
EPA U.S. Environmental Protection Agency 
IC25 25 percent inhibition concentration 
IWC in-stream waste concentration 
LC50 50 percent lethal concentration  
LOEC lowest observed effect concentration 
MDL 
NOEC 

maximum daily limit 
no observed effect concentration 

NPDES National Pollutant Discharge Elimination System 
QA/QC quality assurance/quality control 
RMD 
RP 
RPMF 
RWC 
SWAMP 

regulatory management decision 
reasonable potential 
reasonable potential multiplying factor 
receiving water concentration 
Surface Water Ambient Monitoring Program (California) 

TAC 
TIE 
TRE 

test acceptability criteria 
toxicity identification evaluation 
toxicity reduction evaluation 

TSD Technical Support Document for Water Quality-Based Toxics Control 
TST Test of Significant Toxicity 
TU 
WET 

toxicity unit 
whole effluent toxicity 
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GLOSSARY 
Acute Toxicity Test is a test to determine the concentration of effluent or ambient waters that 
causes an adverse effect (usually mortality) on a group of test organisms during a short-term 
exposure (e.g., 24, 48, or 96 hours). Acute toxicity is determined using statistical procedures 
(e.g., point estimate techniques or a t-test). 

Ambient Toxicity is measured using a toxicity test on a sample collected from a receiving 
waterbody. 

Chronic Toxicity Test is a short-term test in which sublethal effects (e.g., reduced growth or 
reproduction) are usually measured in addition to lethality. 

Coefficient of Variation (CV) is a standard statistical measure of the relative variation of a 
distribution or set of data, defined as the standard deviation divided by the mean. The CV can be 
used as a measure of precision within and between laboratories, or among replicates for each 
treatment concentration. 

Confidence Interval is the numerical interval constructed around a point estimate of a 
population parameter. 

Effect Concentration (EC) is a point estimate of the toxicant concentration that would cause an 
observable adverse effect (e.g., mortality, fertilization). EC25 is a point estimate of the toxicant 
concentration that would cause an observable adverse effect in 25 percent of the test organisms. 

False Negative is when the in-stream waste concentration is declared non-toxic but in fact is 
truly toxic. In the traditional hypothesis approach, false negative error rate is denoted by Beta 
( ). In the TST approach, false negative error rate is denoted as Alpha ( ), which applies when 
the percent effect in the critical effluent concentration is > 25% for a given test. 

False Positive is when the in-stream waste concentration is declared toxic but in fact is truly 
non-toxic. In the traditional hypothesis approach, false positive error rate is denoted by Alpha 
( ). In the TST approach, false positive error rate is denoted as Beta ( ), which applies when the 
percent effect in the critical effluent concentration is < 10% for a given test. 

Hypothesis Testing is a statistical approach (e.g., Dunnett’s procedure) for determining whether 
a test concentration is statistically different from the control. Endpoints determined from 
hypothesis testing are no observed effect concentration and lowest observed effect concentration 
(LOEC). The two hypotheses commonly tested in WET are: 

Null hypothesis (Ho): The effluent is non-toxic. 

Alternative hypothesis (Ha): The effluent is toxic. 

Inhibition Concentration (IC) is a point estimate of the toxicant concentration that would cause 
a given percent reduction in a nonlethal biological measurement (e.g., reproduction or growth), 
calculated from a continuous model (i.e., Interpolation Method). IC25 is a point estimate of the 
toxicant concentration that would cause a 25 percent reduction in a nonlethal biological 
measurement. 
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In-stream Waste Concentration (IWC) is the concentration of a toxicant or effluent in the 
receiving water after mixing. The IWC is the inverse of the dilution factor. It is sometimes 
referred to as the receiving water concentration (RWC). 

Lethal Concentration, 50 percent (LC50) is the toxicant or effluent concentration that would 
cause death to 50 percent of the test organisms. 

Lowest Observed Effect Concentration (LOEC) is the lowest concentration of an effluent or 
toxicant that results in statistically significant adverse effects on the test organisms (i.e., where 
the values for the observed endpoints are statistically different from the control). 

No Observed Effect Concentration (NOEC) is the highest tested concentration of an effluent 
or toxicant that causes no observable adverse effect on the test organisms (i.e., the highest 
concentration of toxicant at which the values for the observed responses are not statistically 
different from the control). 

National Pollutant Discharge Elimination System (NPDES) is the national program for 
issuing, modifying, revoking and reissuing, terminating, monitoring and enforcing permits, and 
imposing and enforcing pretreatment requirements, under the Clean Water Act sections 307, 318, 
402, and 405. 

Power (or test power) in the context of the Test of Significant Toxicity approach, is the 
probability of correctly declaring an effluent non-toxic when, in fact, it has an acceptably low 
level of toxicity. 

Precision is a measure of reproducibility (which is a statistical term about the ability to 
reproduce similar results across test replicates with in a test treatment) within a data set. 
Precision can be measured both within a laboratory (within-laboratory) and between laboratories 
(between-laboratory) using the same test method and toxicant. 

Quality Assurance (QA) is a practice in toxicity testing that addresses all activities affecting the 
quality of the final effluent toxicity data. QA includes practices such as effluent sampling and 
handling, source and condition of test organisms, equipment condition, test conditions, 
instrument calibration, and replication, use of reference toxicants, recordkeeping, and data 
evaluation. 

Quality Control (QC) is the set of more focused, routine, day-to-day activities carried out as 
part of the overall QA program. 

Reasonable Potential (RP) is where an effluent is projected or calculated to cause an excursion 
above a water quality standard based on a number of factors including the four factors listed in 
Title 40 of the Code of Federal Regulations Part 122.44(d)(1)(ii). 

Reference Toxicant Test is a check of the sensitivity of the test organisms and suitability of the 
test methodology using the reference toxicant required by the EPA WET test methods. Reference 
toxicant data are part of a routine QA/QC program to evaluate the performance of laboratory 
personnel and the robustness and sensitivity of the test organisms. 
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Regulatory Management Decision (RMD) is the decision that represents the maximum 
allowable error rates and thresholds for toxicity and non-toxicity that would result in an 
acceptable risk to aquatic life. 

Replicate is two or more independent organism exposures of the same treatment (i.e., effluent 
concentration) within a WET test. Replicates are typically separate test chambers with 
organisms, each having the same effluent concentration. 

Sample is defined as a representative portion of a specific environmental matrix that is used in 
toxicity testing. For this document, environmental matrices could include effluents, surface 
waters, groundwater, stormwater, and sediment. 

Significant Difference is defined as a statistically significant difference (e.g., 95 percent 
confidence level) in the means of two distributions of sampling results. 

Statistic is a computed or estimated quantity such as the mean, standard deviation, or coefficient 
of variation. 

Test Acceptability Criteria (TAC) are test method-specific criteria for determining whether 
toxicity test results are acceptable. The effluent and reference toxicant must meet specific criteria 
as defined in the test method (e.g., for the Ceriodaphnia dubia survival and reproduction test, the 
criteria are as follows: the test must achieve at least 80 percent survival and an average of 15 
young per surviving female in the control and at least 60% of surviving organisms must have 
three broods). 

t-test (formally Student’s t-Test) is a statistical analysis comparing two sets of replicate 
observations—in the case of WET, only two test concentrations (e.g., a control and IWC). The 
purpose of this test is to determine if the means of the two sets of observations are different (e.g., 
if the IWC or ambient concentration differs from the control [i.e., the test result is pass or fail]). 

Type I Error (alpha ) is the error of rejecting the null hypothesis (Ho) that should have been 
accepted. 

Type II Error (beta ) is the error of accepting the null hypothesis (Ho) that should have been 
rejected. 

Toxicity Test is a procedure to determine the toxicity of a chemical or an effluent using living 
organisms. A toxicity test measures the degree of effect on exposed test organisms of a specific 
chemical or effluent. 

Welch’s t-test is an adaptation of Student’s t-test intended for use with two samples having 
unequal variances. 

Whole Effluent Toxicity (WET) is the total toxic effect of an effluent measured directly with a 
toxicity test. 
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1.0 INTRODUCTION 
Whole effluent toxicity (WET) test methods are laboratory procedures that measure biological 
effects (e.g., survival, growth, reproduction) on aquatic organisms exposed to effluents or storm 
water discharged to receiving waters in implementing the National Pollutant Discharge 
Elimination System (NPDES) Program under the Clean Water Act (CWA) section 402. Since the 
publication of EPA’s Technical Support Document for Water Quality-based Toxics Control 
(TSD) (USEPA 1991), permitting authorities have requested alternative approaches for 
analyzing WET test data that would provide increased confidence in the data assessment and 
simplify the NPDES permit decision-making process with respect to WET. In response to those 
requests, EPA developed the TST approach as another statistical option to analyze valid WET 
test data. This document presents the NPDES programmatic features of the TST statistical 
approach for analyzing valid WET data and how it can be used to support permitting authorities 
and permittees when analyzing and interpreting WET test data. Use of the TST approach does 
not result in any changes to EPA’s WET test methods, nor does it preclude the use of EPA’s 
TSD approaches for analyzing valid WET data, or another scientifically defensible approach that 
is sufficient to meet the statutory and regulatory requirements. 

1.1 Terminology and Concepts 
This section briefly summarizes the major statistical concepts and terminology involved in WET 
analysis so as to give the reader a context with which to understand the TST approach and how it 
differs from current statistical approaches used to analyze valid WET data. This TST 
implementation document is not intended to provide a detailed discussion of WET test methods, 
data interpretation, or statistics, and it is assumed that the reader will consult EPA’s TSD, WET 
test method documents, and other WET-related documents (e.g., Understanding and Accounting 
for Method Variability in Whole Effluent Toxicity Applications, USEPA 2000). 

In the NPDES Program, WET tests examine organism responses to effluent, typically along a 
dilution series (USEPA 1995, 2002a, 2002b, 2002c). Acute WET methods measure the lethal 
response of test organisms exposed to effluent (USEPA 2002c). The principal response 
endpoints for those methods are the effluent concentration that is lethal to 50 percent of the test 
organisms (LC50) or the effluent concentration at which survival is significantly lower than the 
control. Chronic WET methods often measure both lethal and sublethal responses of test 
organisms. The statistical endpoints used in chronic WET testing are the no observed effect 
concentration (NOEC) and the 25 percent inhibition concentration (IC25). The NOEC endpoint 
is determined using a hypothesis testing approach that identifies the maximum effluent 
concentration at which the response of test organisms is not significantly different from the 
control. From a regulatory perspective, an effluent sample is declared toxic if the NOEC is less 
than the in-stream waste concentration (IWC) specified through the WET limitations in the 
permit. The IC25, by contrast, is a point estimation approach. It identifies the concentration at 
which the response of test organisms is 25 percent below that observed in the control 
concentration, and it interpolates the effluent concentration at which this magnitude of response 
is expected to occur. From a regulatory perspective, an effluent sample is declared toxic if the 
IC25 is less than the IWC specified through the WET limitations in the permit. This document 
focuses only on the hypothesis testing approach and not on point estimation approaches for 
analyzing and interpreting WET data. 
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In any hypothesis testing approach, two hypotheses are stated: the null hypothesis and the 
alternative hypothesis. The statistical concepts associated with the traditional hypothesis testing 
approach currently used in WET analysis are summarized in Table 1. Using that approach, the 
null hypothesis is that the IWC is non-toxic (i.e., the organism response at the IWC is equal to or 
better than the response in the test control). The alternative hypothesis is that the IWC is toxic 
(i.e., the organism response is worse in the IWC than in the control). With any hypothesis testing 
approach, two types of decision errors occur: (1) conclude that the null hypothesis is correct 
when in fact it is not or (2) conclude that the null hypothesis is incorrect (i.e., reject the null 
hypothesis) and thereby declare that the alternative hypothesis is correct, when in fact the null 
hypothesis is correct. In WET testing, the first type of error above is referred to as a false 
negative, meaning that the IWC is declared non-toxic when in fact it is toxic. The second type of 
error above is referred to as a false positive in WET testing, meaning that the IWC is declared 
toxic when in fact it is not. 

In the traditional hypothesis testing approach summarized in Table 1, statisticians have assigned 
Greek letters to the two types of errors identified above. Alpha (or ) refers to the false positive 
error rate. Beta (or ) refers to the rate of false negatives. In the EPA WET test methods 
supporting the NPDES WET Program (USEPA 1995, 2002a, 2002b),  was established but  
was not. Therefore, the application of  from the EPA test methods and implemented under 
EPA’s TSD, recommended that the maximum rate of false positives that should be observed 
should be low (no more than 5 percent or  = 0.05), but the rate of false negatives was not 
similarly controlled and is not currently evaluated in WET testing. As a result, the rate of false 
negatives in the NPDES WET Program has not been controlled. Put another way, the statistical 
power of these tests, the ability to correctly classify the IWC as toxic (where power is defined as 
1- , Table 1) has not been controlled. 

As noted previously in this section, a hypothesis testing approach determines whether the 
organism response at the IWC is significantly worse than that in the control. In practice, this 
statistical approach relies on two properties of the data: the average values in the control and the 
IWC (e.g., average fish weight in each test concentration), and the variability observed among 
replicates (i.e., organisms’ responses from multiple replicates) within the IWC and the control. 
Whether the IWC is considered toxic depends on both of those data properties, which in many 
cases results in a well-established, statistically rigorous way to evaluate WET data. However, 
there are two types of situations in which the traditional hypothesis testing approach can yield 
equivocal results in WET testing: (1) in tests where within-test variability is high and (2) in tests 
where within-test variability is exceptionally low. In the first case, because within-test variability 
is high, it will be difficult to determine statistically whether the organism response to the IWC is 
worse than the control. That could result in more false negatives than would otherwise be the 
case. In the second case above, because within-test variability is very low, it will be relatively 
easy to show statistically significant differences in organism response between the IWC and the 
control. That could result in more false positives (as defined in the TST approach) than would 
otherwise be the case. 
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Table 1. Expression of null and alternative hypotheses used in traditional hypothesis testing and 
relationships between error rates and resulting decisions based on this approach. Entries correspond to 
the probability decision given in parentheses. The probability of a false positive (i.e., rejecting a null 
hypothesis that should not have been rejected) is represented by α and the probability a false negative 
(i.e., failing to reject the null hypothesis when it should have been rejected) is represented by β. 

Decision 

True condition 
Null hypothesis 

Treatment mean ≥ Control mean 
Sample is non-toxic 

Alternative hypothesis 
Treatment mean < Control mean 

Sample is toxic 
Treatment mean ≥ Control 
mean 

Sample is non-toxic 

Correct decision (1- ) False negative ( ) 

Treatment mean < Control 
mean 

Sample is toxic 

False positive ( ) Correct decision 

(1 – ) (power) 

 

1.2 Background on the TST Approach 
The TST is an alternative statistical approach for analyzing and interpreting valid WET data that 
also uses a hypothesis testing approach but in a different way, building on previous work 
conducted by EPA in the NPDES WET Program (USEPA 2000) and other researchers (Erickson 
and McDonald 1995; Shukla et al. 2000; Berger and Hsu 1996). The TST approach is based on a 
type of hypothesis testing referred to as bioequivalence testing. Bioequivalence is a statistical 
approach that has long been used in evaluating clinical trials of pharmaceutical products 
(Anderson and Hauck 1983) and by the Food and Drug Administration (Hatch 1996; Aras 2001; 
Streiner 2003). The approach has also been used to evaluate the attainment of soil cleanup 
standards for contaminated sites (USEPA 1989) and to evaluate effects of pesticides in 
experimental ponds (Stunkard 1990). In the context of the NPDES WET Program, the TST 
approach assesses whether the response of test organisms at the IWC (e.g., fish weight or number 
of neonates per female) is less than a predetermined proportion of the control response that is 
considered unacceptably toxic. Once the WET test has been conducted (using multiple effluent 
concentrations and other requirements have been met as specified in the EPA methods), the TST 
approach is designed to be used for a two concentration data analysis of the in-stream waste 
concentration (IWC) or a receiving water concentration (RWC) compared to a control 
concentration. 

The null hypothesis using the TST approach is that the IWC is significantly more toxic (i.e., 
results in a worse organism response) compared to the control (see Table 2). The alternative 
hypothesis using the TST approach is that the IWC is non-toxic. Thus, the null and alternative 
hypotheses using the TST approach are opposite of what they are under the traditional hypothesis 
testing approach described in Section 1.1. In addition, the meaning of  and  are also opposite 
from what they represent in the traditional hypothesis approach. Under the TST approach,  is 
associated with false negatives, and  is associated with false positives. Statistical power using 
the TST approach is the ability to correctly classify the IWC as non-toxic (Table 2). The 
proportion or fraction of the control response that represents the toxicity threshold is denoted as 
b in the equations in Table 2 and is expressed as a decimal between 0.00 and 1.00. For example, 

RB-AR11892



NPDES Test of Significant Toxicity Implementation Document  June, 2010 

4 

a b value set at 0.85 would mean that a response at the IWC that is at least 85 percent of the 
control response in the test (i.e., no more than a 15 percent effect) would be considered a lower 
risk for environmental impacts. 

Using the TST hypothesis approach in the NPDES WET Program has several benefits. By 
incorporating b in the hypothesis equation, using the TST approach, there is explicit 
acknowledgement of the fact that the organism response at the IWC can be less than the control 
organism response by a certain amount and still be considered acceptable (i.e., non-toxic). In that 
way, truly non-toxic samples (as defined in the TST approach) can be addressed in a clearer 
manner than is possible with the traditional hypothesis testing approach as practiced in the 
NPDES WET Program. A low false positive rate in the TST approach is further addressed by 
having a low  (   0.05), which means more statistical power to identify an acceptable effluent 
(as defined by EPA’s regulatory management decisions [RMDs]) as non-toxic in the NPDES 
WET Program. In addition, because the null hypothesis in the TST approach is opposite to what 
is used in the traditional hypothesis testing approach, false negatives are explicitly addressed (  
in the TST approach addresses the false negative rate). As mentioned previously, the current 
NPDES WET Program does not control for false negatives. Thus, the TST approach allows 
permitting authorities to minimize the occurrence of false negatives (i.e., declaring the IWC non-
toxic when it is actually exhibiting unacceptable toxicity), while also minimizing the occurrence 
of false positives (i.e., declaring the IWC toxic when it is actually acceptable). The TST 
approach has the added advantage of providing permittees with a clear incentive to improve the 
precision of test results (e.g., decrease within-test variability and/or use more replicates within a 
WET test than the minimum required in the EPA WET test method) to reach a definitive 
conclusion as to whether unacceptable toxicity is observed in a test. Thus, using the TST 
approach, a permittee can in fact prove a negative, i.e., that their effluent is acceptable (non-
toxic). 

Table 2. Expression of null and alternative hypotheses using the TST approach and relationships 
between error rates and resulting decisions based on this approach. Entries correspond to the probability 
decision given in parentheses. The probability of a false positive (i.e., rejecting a null hypothesis that 
should not have been rejected) is represented by α and the probability a false negative (i.e., failing to 
reject the null hypothesis when it should have been rejected) is represented by β. 

Decision 

True condition 
Null hypothesis 

Treatment mean ≤ b × Control mean 

Sample is toxic 

Alternative hypothesis 
Treatment mean > b × Control mean 

Sample is non-toxic 
Treatment mean ≤ b × 
Control mean 

Sample is toxic 

Correct decision (1- )  False positive ( ) 

Treatment mean > b × 
Control mean 

Sample is non-toxic 

False negative ( ) Correct decision 

(1- ) (power) 

 

RB-AR11893



NPDES Test of Significant Toxicity Implementation Document  June, 2010 

5 

2.0 TST METHODOLOGY 

2.1 Regulatory Management Decisions for the TST Approach 
Toxicity is not an absolute quantity but rather an effect that is determined relative to a control or 
reference sample using a given WET test method. In the TST approach, what is considered 
unacceptable or acceptable toxicity are explicit RMDs. For chronic testing in EPA’s NPDES 
WET Program, the b value in the TST null hypothesis is set at 0.75, which means that a 25 
percent effect (or more) is considered a demonstration of unacceptable toxicity in a given WET 
test. Using a 25 percent effect threshold as the b coefficient is consistent with EPA’s use of a 25 
percent inhibition concentration (IC25) as an acceptable WET endpoint for examining chronic 
WET data. Responses substantially less than a 25 percent effect would be interpreted as a lower 
risk potential. The unacceptable toxicity RMD threshold for acute WET methods is set higher 
than that for chronic WET methods because of the severe environmental implications of acute 
toxicity (lethality or organism death). Therefore, for acute WET tests, the b value in the TST 
approach is set at 0.80 (i.e.,  20 percent effect in the effluent in acute WET tests is considered 
unacceptable). 

For both acute and chronic WET test methods, the low-risk RMD threshold is set at a 10 percent 
mean effect at the IWC within a WET test. Thus, one can prove the negative (i.e., an effluent is 
acceptable or considered non-toxic under NPDES) if that condition is met in a WET test. For 
mean effect levels greater than 10 percent but less than the unacceptable toxicity RMD threshold 
(20 percent for acute and 25 percent for chronic WET tests), the TST approach will still declare 
the IWC non-toxic depending on within-test variability: the lower the variability in the WET test, 
the more likely the sample will be declared non-toxic on the basis of the mean responses 
observed under these test conditions. 

EPA’s RMDs using the TST approach are used to specify unacceptable toxicity in WET tests 
most of the time when it occurs (i.e., a low false negative rate). As mentioned previously, under 
the traditional hypothesis testing approach currently used in the NPDES WET Program, the false 
negative rate was not controlled. Using the TST approach, the false negative rate RMD is 0.05  

 < 0.25, which translates to at least 75 percent probability that an effluent causing unacceptable 
toxicity will be declared toxic. As noted in the previous paragraph, the unacceptable toxicity 
RMD threshold is defined as  20 percent effect of the IWC in acute WET tests and  25 percent 
effect of the IWC in chronic WET tests. 

EPA also desires to minimize the probability that the IWC is declared toxic when in fact it is 
acceptable (i.e., low false positive rate). Under the traditional hypothesis testing approach 
currently used in the NPDES WET Program, the false positive rate is set at 0.05 or 5 percent. 
Therefore, in the TST approach, the desired false positive rate is also set at 0.05 or 5 percent (  < 
0.05). A  = 0.05 in the TST approach means that 95 percent of the time, a truly acceptable 
effluent (  10 percent mean effect at the IWC) will be declared non-toxic in the NPDES WET 
Program. Depending on the minimum WET test design required in the EPA methods (e.g., 
number of replicates and number of organisms per test concentration) and achievable laboratory 
control precision for a WET test method,  will be set between 0.05 and 0.25 while still 
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maintaining a   0.05. Extensive analyses were used to identify the lowest  for a given WET 
test method for which  = 0.05 and all other RMDs are met. 

The RMD thresholds above represent boundaries in terms of desired  and  rates. An  = 0.20 
for a chronic test method, for example, means that the Type I error rate will be approximately 20 
percent at a mean effect of 25 percent. At higher levels of effect in the IWC, actual Type I error 
rates would be lower; at lower mean effect levels in the IWC, Type I error rate would be 
somewhat higher, depending on the test method. Therefore, at mean effect levels between the 10 
percent non-toxic RMD boundary and the unacceptable toxicity RMD boundary (20 percent for 
acute and 25 percent for chronic WET test methods), there are differing probabilities of an 
effluent being declared toxic depending on within-test variability and the difference in mean 
responses observed between control and IWC. As a result, there will be some instances in which 
TST will declare a test toxic, whereas the traditional hypothesis approach would declare that test 
non-toxic (particularly when within-test variability is high or the mean effect at the IWC is near 
25 percent, as explained in Section 1.1). Similarly, there will be some instances in which TST 
will declare an effluent non-toxic but the traditional hypothesis approach would declare that test 
toxic (when within-test variability is low and the mean effect at the IWC is less than the 20 
percent toxicity RMD threshold for acute test methods or 25 percent for chronic toxicity test 
methods, as explained in Section 1.1). 

WET test design and the types of WET endpoints measured influence test sensitivity (e.g., 
control coefficient of variation or CV). Therefore, TST  error rates are identified for different 
types of test designs. For example, all fish chronic WET test methods that use a similar test 
design and have the same type of test endpoints (e.g., growth and survival) would have the same 

 value. Varying  by WET test design is appropriate for the TST approach. Given the way that 
the hypotheses are formulated in the TST approach (see Table 2),  represents what is 
considered  in the traditional hypothesis testing approach, and an acceptable  error was not 
identified in the current EPA TSD’s approach to the EPA NPDES WET Program. Setting  as 
well as  in the TST approach addresses both false positives and false negatives. 

2.2 Setting the Test Method-Specific Alpha Level 
Several types of analyses were conducted to determine the appropriate  level for each WET test 
method. First, representative effluent and reference toxicant data meeting EPA WET test 
method’s test acceptability criteria (TAC) were obtained from several state databases, which 
included multiple laboratories and wastewater effluents. Valid effluent WET data that met the 
following data selection requirements were considered to be a representative sample. 

 Cover a range of NPDES permitted facility types, including both industrial and municipal 
permittees 

 Represent many facilities for a given EPA WET test method (i.e., no one facility 
dominates the data for a given WET test method) 

 Cover a range of target (design) effluent dilutions on which WET reasonable potential 
(RP) and NPDES permit compliance are based, ranging from 10 percent to 100 percent 
effluent concentrations 

 Generated by several laboratories for a given EPA WET test method 
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 Cover a range of observed effluent toxicity for each EPA WET test method (e.g., NOECs 
range from < 10 percent to 100 percent effluent) 

 
For each of the nine EPA WET test methods examined, control precision was calculated on the 
basis of valid WET data compiled in this project. A similar analysis was performed for the 
control response for each of the nine test methods (e.g., mean number of offspring per female in 
the chronic Ceriodaphnia dubia test method) to characterize typical achievable test performance 
in terms of control response. 

A Monte Carlo simulation analysis (a statistical method) was used to estimate the percentage of 
WET tests that would be declared toxic using the TST approach as a function of different  
levels, within-test variability (control and effluent variability), and different effect levels. That 
analysis identified probable false positive error rates (i.e., declaring an effluent toxic when in fact 
it is not) under all WET test scenarios encountered. Using the RMDs defined above, an 
appropriate  level was then identified for each WET test design given a desired  error of < 5 
percent (0.05) when there is a 10 percent mean effect at the IWC. By simulating thousands of 
WET tests for a given scenario (mean percent effect and control CV), the percentage of tests 
declared toxic under a given effluent assessment scenario could be calculated and compared with 
other scenarios. 
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3.0 USING THE TST APPROACH IN WET DATA ANALYSES 

3.1 Summary of Test Method-Specific Alpha Values 
On the basis of all the analyses conducted in this project, EPA recommends the following alpha 
levels when using the TST approach in a two concentration (i.e., two treatments) data analysis 
comparison (e.g., IWC and control) (see Table 3). 

Table 3. Summary of alpha ( ) levels or false negative rates recommended for different WET test 
methods using the TST approach 

EPA WET test method b value 

Probability of declaring a 
toxic effluent non-toxic 

False negative ( ) errora 

Chronic Freshwater and East Coast Methods 
Ceriodaphnia dubia (water flea) survival and 
reproduction 

0.75 0.20
 

Pimephales promelas (fathead minnow) survival 
and growth 

0.75 0.25 

Selenastrum capricornutum (green algae) growth 0.75 0.25 

Americamysis bahia (mysid shrimp) survival and 
growth 

0.75 0.15 

Arbacia punctulata (Echinoderm) fertilization 0.75 0.05 

Cyprinodon variegatus (Sheepshead minnow) and  
Menidia beryllina (inland silverside) survival and 
growth 

0.75 0.25 

Chronic West Coast Marine Methods 

Dendraster excentricus and Strongylocentrotus 
purpuratus (Echinoderm) fertilization 

0.75 
0.05 

Atherinops affinis (topsmelt) survival and growth 0.75 0.25 

Haliotis rufescens (red abalone), Crassostrea gigas 
(oyster), Dendraster excentricus, 
Strongylocentrotus purpuratus (Echinoderm) and 
Mytilus sp (mussel) larval development methods 

0.75 0.05 

Macrocystis pyrifera (giant kelp) germination and 
germ-tube length 

0.75 0.05 

Acute Methods 

Pimephales promelas (fathead minnow), 
Cyprinodon variegatus (Sheepshead minnow), 
Atherinops affinis (topsmelt), Menidia beryllina 
(inland silverside) acute survival

b 
 

0.80 

 

0.10 

 

Ceriodaphnia dubia, Daphnia magna, Daphnia 
pulex, Americamysis bahia acute survival

b
 

0.80 0.10 

Notes: 

a. (1) declare a sample toxic at least 75 percent of the time (alpha < 0.25) when there is unacceptable toxicity (20 
percent effect for acute and 25 percent effect for chronic test methods) and (2) declare an effluent non-toxic no more 
than 5 percent of the time (beta < 0.05) when the mean effect at the critical effluent concentration is 10 percent for 
both acute and chronic WET tests (including sublethal endpoints). For more discussion on the RMDs, see Section 2.1 
of this document. 

b. Based on four replicate test design 
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3.2 Calculating Statistics for Valid WET Data Using the TST Approach 
Appendix A includes a step-by-step guide for using the TST approach to analyzing WET test 
data. The appendix also includes a statistical flowchart and several examples. Note that the WET 
test method should follow the test condition requirements as specified in EPA’s approved WET 
methods (USEPA 1995, 2002a, 2002b, 2002c). 

The TST approach is used to statistically compare organism responses from two concentrations 
(i.e., treatments) of the WET test, the IWC and the control. Percent data (quantal data), such as 
percent survival or percent germination from a WET test, is first transformed as required in the 
EPA WET test manuals. Other types of WET data (e.g., growth or reproduction data) are not 
transformed. Data are then analyzed using Welch’s t-test, a well-known modification of the 
standard t-test (Zar 1996), which is appropriate for the TST approach (see Appendix A). 

Appendix B lists the critical t values that apply to WET testing using the TST approach given the 
number of degrees of freedom and the  level that applies for a given WET test method from 
Table 3 of this document. If the calculated t value for the WET test is greater than the critical t 
value (see Table B-1), the null hypothesis is rejected, i.e., the test result is Pass and the effluent 
is declared non-toxic. If the calculated t value is less than the critical t value in Appendix B, the 
null hypothesis is not rejected, i.e., the test result is Fail and the effluent is declared toxic. 
Appendix A contains examples that demonstrate the formulae used in the TST approach and are 
designed to illustrate how the outcome is influenced by within-test variability and the mean 
effect of the IWC using the TST approach. Four different case examples are presented, three of 
which have equal variances between control and IWC: (1) Ceriodaphnia reproduction data 
having relatively high within-test variability, (2) Ceriodaphnia reproduction data having 
relatively low within-test variability and the same effect as in Example 1, (3) growth data from 
two fathead minnow chronic WET tests, both with relatively high within-test variability but 
small mean effect at the IWC; one test was conducted with the minimum number of replicates 
required in the EPA WET test method (four replicates) and the other test was conducted a priori 
with six replicates per concentration; and (4) calculations using the TST approach for an acute 
fathead minnow WET test. 

Case Example #1 in Appendix A: Demonstrates a benefit of the TST approach by addressing 

false negatives. A WET test that has relatively high within-test variability for a given WET test 
method and has an effect at the IWC approaching the RMD threshold (25 percent in this case 
because it is a chronic WET test) is declared toxic using the TST approach. Using the traditional 
hypothesis testing approach as recommended in the TSD, such test data typically lead to a 
conclusion that the effluent is not toxic (i.e., a false negative). 

Case Example #3 in Appendix A: Demonstrates the benefits of increased within-test 

replication using the TST approach. Increasing the replication before conducting the test, which 
thereby improves the precision and power of the WET test, increases the chances of rejecting the 
null hypothesis and declaring a truly acceptable effluent as non-toxic using the TST approach. 
That increases the ability to prove the negative, i.e., that an effluent is declared not toxic. 
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The TST approach can also be used for ambient toxicity (i.e., receiving water) tests and 
stormwater toxicity testing programs because the TST approach compares two treatments (for 
application of the TST approach to ambient toxicity testing, see Appendix C). 
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4.0 IMPLEMENTING THE TST APPROACH IN WET NPDES PERMITS 
The TST approach is an alternative approach for analyzing and interpreting valid WET data. Use 
of the TST approach does not result in any changes to EPA’s WET test methods. WET limits are 
simpler to communicate and understand (for example permit language for acute and chronic 
WET monitoring using the TST statistical analysis approach, see Appendix D) than the TSD 
approach. EPA recommends that permitting authorities decide up front which approach (the 
1991 TSD approach, the TST approach, or another scientifically defensible approach that is 
sufficient to meet the statutory and regulatory requirements) they will incorporate and 
consistently use in their state’s NPDES implementation procedures, including their RP 
procedures. The permitting authority should use the selected WET statistical approach 
consistently in all of their state NPDES permits. 

4.1 Reasonable Potential (RP) WET Analysis 
NPDES permitting authorities conducting an RP analysis must follow Title 40 of the Code of 
Federal Regulations (CFR) section 122.44(d)(1) to determine whether a discharge will ―cause, 
have the [RP] to cause, or contribute to‖ an excursion of a numeric criterion or a narrative WET 
criterion. Some states have state-specific WET RP approaches in their water quality control plan 
or other NPDES policy or guidance. 

For RP calculations using the TST approach, EPA recommends that permitting authorities use all 
valid WET test data generated during the current permit term and any additional valid data that 
are submitted as part of the permit renewal application. The TST RP approach necessitates 
having at least a minimum of four valid WET tests to address effluent representativeness (see 
EPA’s TSD, Chapter 3, p. 57, under Step 2 in the section Steps in Whole Effluent 
Characterization Process). EPA also recommends that states request that their permittees 
provide the actual test endpoint responses for the control (i.e., control mean) and IWC 
concentration (i.e., IWC mean) for each WET test conducted to make it easier for permit writers 
to find the necessary WET test results when determining WET RP. WET test data are then 
analyzed according to the TST approach using the IWC and control test concentrations for all the 
valid WET test data available. For data sets with fewer than four valid WET data points, RP 
should be assessed using EPA’s TSD RP approach because it addresses small WET data sets by 
incorporating an RP multiplying factor (see Section 3.3.2 of the TSD, p. 54) to account for 
effluent variability in small WET data sets. If WET test data are available and the TST statistical 
approach indicates that the IWC is toxic in any WET test, RP has been demonstrated (40 CFR 
122.44(d)(1)(i)). Similar to the TSD approach, the TST approach can establish the existence of 
RP for WET even when no tests have been declared toxic using the TST to address concerns 
regarding the ―potential to cause or contribute to toxicity.‖ Appendix E presents the approach 
used to determine RP using the TST approach. 

Note that using the TST approach might be to the permittee’s advantage. If the permittee decides 
to incorporate additional replicates for the control and the IWC within a WET test, beyond the 
minimum required in the WET test method, the test power is increased. More test replicates 
increases test power, which means a higher probability of declaring a sample as non-toxic using 
the TST approach if the effluent is truly non-toxic. A demonstration is provided in Appendix A 
(Case Example #3), which illustrates that as an intended consequence of the TST approach 
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methodology. Thus, using the TST approach, a permittee has a greater ability to prove the 
negative (i.e., their effluent does not have RP). 

In those cases where the WET RP outcome is yes, a WET limit is expressed in the permit. In 
those situations where the RP outcome is no, WET monitoring requirements should still be 
incorporated in the permit. Also in the permit, a test result of Fail (i.e., sample declared toxic) 
during monitoring, would trigger additional steps in the permit. In either of those situations—
either a WET limit or a WET monitoring requirement, if toxicity is demonstrated—states should 
specify an approach to address toxicity in the permit. Doing so often includes increased 
frequency of WET testing and additional permit requirements to perform a toxicity reduction 
evaluation. 

4.2 NPDES WET Permit Limits 
Using the TST approach, WET NPDES permit limits would be expressed as no significant 
toxicity of the effluent at the IWC using the TST analysis approach. A test result of Pass is when 
the calculated t value is greater than the critical t value. A test result of Fail is when the 
calculated t value is less than the critical t value. 

Beyond assessing WET data for the NPDES Program, WET tests are used to assess toxicity of 
receiving water (watershed assessment for CWA section 303(d) determinations) and stormwater 
samples. Often as a first assessment of receiving or stormwater toxicity, researchers test a control 
and a single concentration (e.g., 100 percent receiving water or stormwater). In such cases, the 
TST approach can be used in the same way a t-test is used. Such analysis is used to determine 
whether organism response in a specified ambient concentration is significantly different than the 
control organism response (for further information, see Appendix C). 
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5.0 RECOMMENDATIONS FOR NPDES IMPLEMENTATION OF THE 
TST APPROACH 

5.1 EPA Regions and NPDES States (Permitting Authorities) 
Permitting authorities should consider adding the TST approach to their implementation 
procedures for analyzing valid WET data for their current NPDES WET Program. Permitting 
authorities should consider the practical programmatic shift from the traditional hypothesis 
testing approach to the TST approach by opening a dialogue with their regulated community. In 
addition, they might want to begin to identify what changes might be needed to assimilate the 
TST approach into any regulations, policy, guidance, and training within their respective NPDES 
WET Programs. EPA also recommends that permitting authorities decide up front which RP 
approach (the 1991 TSD approach, the TST approach, or another scientifically defensible 
approach that is sufficient to meet the statutory and regulatory requirements) the permitting 
authority will incorporate and consistently use in their state’s NPDES implementation 
procedures. The permitting authority should then use the WET statistical approach (either the 
TSD approaches or the TST data analysis approach) selected throughout all its state NPDES 
permits. Again, the traditional hypothesis testing approach recommended in EPA’s TSD is still 
considered valid as applied; however, that approach can now be advanced through the TST 
approach by providing new incentives to permittees to generate valid, high quality WET data. 

The RMDs incorporated into the TST approach were selected on the basis of considerable 
research and analysis involving several of the EPA WET test methods. Lower b values (i.e., for 
chronic test methods using a 0.70 instead of 0.75 b is unacceptable) are not recommended 
because it would mean that a lower fraction of test control response (i.e., greater effect at the 
IWC) is considered acceptable. EPA chose the acute and chronic b values to minimize effects on 
aquatic ecosystems. Likewise, the alpha values identified by EPA using the TST approach were 
determined on the basis of the predetermined b values and therefore should not be altered. 

The permitting authority should consider carefully how the TST approach will be implemented 
in NPDES permits. Example permit language is shown in Appendix D. In consideration of 
maintaining NPDES WET Program implementation consistency, the TST approach should be 
used in place of, and not in addition to, the traditional hypothesis testing (NOEC) approach for 
WET analysis. 

5.2 NPDES Permittees 
One of the intended benefits of the TST approach is that increasing the precision and power of 
the WET test increases the chances of declaring a truly acceptable effluent as non-toxic. The 
permittee has greater control over the interpretation of WET test results using the TST approach 
because the RMDs are transparent, and the level of WET data quality needed to obtain 
unequivocal results can be determined beforehand. For example, conducting tests with more test 
replicates improves the power of the WET test, which can then support and provide a defensible 
basis for a permittee’s demonstration that its effluent is acceptable (i.e., in compliance with the 
permit) if the mean effect is truly within the RMDs as defined in the TST approach. Using the 
TST approach, there is a lower rate of WET tests declared toxic for tests that are truly acceptable 
because of the increased power of the WET test when the permittee increases its number of 
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replicates in a WET test or achieves better replication within a test through improved test method 
performance. Thus, the TST approach increases the ability of the permittee to prove the negative, 
that the effluent is non-toxic if it is truly acceptable. Where a permittee has concerns about WET 
data quality, EPA recommends increasing the number of replicates in tests, even if the permitting 
authority has not yet adopted the TST approach. 
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6.0 SUMMARY OF THE TST APPROACH 
EPA’s TSD approaches are valid and can still be used by EPA Regions and their NPDES states. 
The TST approach is another statistical option for analyzing valid WET test data. The TST 
approach can be applied to acute (survival) and chronic (sublethal) endpoints and is appropriate 
to use for both freshwater and marine EPA WET test methods. The TST approach requires no 
more time or expertise than is presently expended when using the TSD hypothesis testing 
statistical approach and can be used with a well-recognized statistical test. Below is a brief 
outline of both the TST and TSD hypothesis testing approaches relevant to the information in 
this document and a short list of the benefits derived when using the TST approach. 

TST Approach 
 Considered additional guidance only—TST is a statistical approach for analyzing WET 

test data as an alternative option to the traditional hypothesis testing approach provided in 
EPA’s TSD 

 Expresses NPDES WET permit limit ―as no significant toxicity of the effluent at the in-
stream waste concentration‖ using the TST analysis approach 

 Provides a positive incentive to NPDES permittees to generate valid, high quality WET 
data to the permitting authority by improving test performance or increasing the number 
of replicates within a WET test (which increases statistical power of WET test) 

 Addresses both false negative (declared non-toxic when actually toxic) and false positive 
(declared toxic when actually non-toxic) error rates in a WET test 

Traditional Hypothesis Test (EPA TSD) 
 Existing approaches remain valid and can still be used by NPDES permitting authorities 
 In existing guidance, WET permit limits are expressed as no observed effect 

concentration (NOEC) at the IWC 

 Provides relatively less incentive to permittees to generate high quality valid, WET data 
or to increase the number of replicates within a WET test to increase statistical power of a 
WET test 

 False negative error rate in a WET test is not addressed 

Benefits When Using the TST Approach in WET Data Analysis 
 The TST approach is similar to statistical concepts used in other EPA programs and at 

other federal agencies 
 Transparent RMDs. RMDs are transparent because they are incorporated into the WET 

data analysis process, e.g., what effect level is considered toxic and what effect level is 
considered acceptable. 

 WET test method-specific alpha and beta error rates. Both error rates are directly 
incorporated into the TST statistical approach, thereby increasing confidence in WET test 
interpretation. 

 High quality WET test data incentive. Provides a positive incentive for the permittee to 
generate valid, high quality WET data; better test performance (lower within-test 
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variability) helps ensure appropriate WET decisions using the TST approach (e.g., a truly 
acceptable effluent will be declared non-toxic). 

 Streamlined, simpler statistical analysis. Flowchart for analyzing valid WET data under 
the TST approach is much simpler because fewer statistical tests are needed. 

 RP analysis is simpler. Because the calculation of the individual test result, using the 
TST statistical approach, incorporates both error rates in the analysis, the RP 
determinations can rely on a direct calculation of the percent effect at the IWC.  Thus, the 
RP procedures are much simpler to use than the RP statistical procedures recommended 
in the TSD. 
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APPENDIX A 

STEP-BY-STEP PROCEDURES FOR ANALYZING VALID WHOLE 
EFFLUENT TOXICITY DATA USING THE TEST OF SIGNIFICANT 

TOXICITY APPROACH 
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APPENDIX A: STEP-BY-STEP PROCEDURES FOR ANALYZING VALID 
WET DATA USING THE TST APPROACH 

The following is a step-by-step guide for using the TST approach to analyze valid WET data for 
the NPDES Program. This guide is applicable for a two-concentration valid WET data analysis 
of an in-stream waste concentration (IWC) or a receiving water concentration (RWC) compared 
to a control concentration. For further information regarding conducting WET tests and proper 
quality assurance/quality control needed, see the EPA WET test method manuals. Refer to the 
flowchart shown in Figure A-1 in this appendix as you proceed through this guide. 

Step 1:  Conduct WET test following procedures in the appropriate EPA WET test method 
manual. That includes following all test requirements specified in the method (USEPA 1995 for 
chronic west coast marine methods, USEPA 2002a for chronic freshwater test methods, USEPA 
2002b for chronic east coast marine test methods, and USEPA 2002c for acute freshwater and 
marine WET test methods). 

Step 2:  For each test endpoint specified in the WET test method manual (e.g., survival and 
reproduction for the Ceriodaphnia chronic WET test method), follow Steps 3–7 below. Note that 
the guide refers to an effluent concentration tested, which is assumed to be the IWC as specified 
in the permit or a receiving water concentration for ambient testing. For example, if no mixing 
zone is allocated, the IWC is 100 percent effluent. 

Note: If there is no variance (i.e., zero variance) in the endpoint in both concentrations being 
compared (i.e., all replicates in each concentration have the same exact response), then skip the 
remaining steps in the flowchart and do the following. Compute the percent difference between 
the control and the other concentration (e.g., IWC) and compare the percent difference against 
the RMD values of 25% for chronic and 20% for acute endpoints.  Percent mean effect is 
calculated as: 

100
ResponseControlMean

IWCat ResponseMeanResponseControlMeanIWCatEffect%  

If the percent mean response is > the RMD, the sample is declared toxic and the test is ―Fail‖.  If 
the percent mean response is < the RMD, the sample is declared non-toxic and the test is ―Pass‖. 

Step 3: For data consisting of proportions from a binomial (response/no response; live/dead) 
response variable, the variance within the ith treatment is proportional to Pi (1 – Pi), where Pi is 
the expected proportion for the treatment. That clearly violates the homogeneity of variance 
assumption required by parametric procedures such as the TST procedure because the existence 
of a treatment effect implies different values of Pi for different treatments, i. Also, when the 
observed proportions are based on small samples, or when Pi is close to zero or one, the 
normality assumption might be invalid. The arcsine square root (arcsine ) transformation is 
used for such data to stabilize the variance and satisfy the normality requirement. The square root 
of percent data (e.g., percent survival, percent fertilization), expressed as a decimal fraction 
(where 1.00 = 100 percent) for each treatment, is first calculated. The square root value is then 
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arcsine transformed before analysis in Step 4. Note: Excel and most statistical software packages 
can calculate arcsine values. 

Step 4: Conduct Welch’s t-test (Zar 1996) using Equation 1: 

Equation 1    
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n
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222

 

where 
cY  = Mean for the control 

tY  = Mean for the IWC 
2

cS  = Estimate of the variance for the control 
2

tS  = Estimate of the variance for the IWC 

cn  = Number of replicates for the control 

tn  = Number of replicates for the IWC 

b = 0.75 for chronic test methods; 0.80 for acute test methods 
 

Note on the use of Welch’s t-test: Welch’s t-test is appropriate to use when there are an unequal 
number of replicates between control and the IWC.  When sample sizes of the control and 
treatment are the same (i.e., nt = nc), Welch’s t-test is equivalent to the usual Student’s t-test (Zar 
1996). 

Step 5: Adjust the degrees of freedom (df) using Equation 2: 

Equation 2   
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For tests using Welch’s t-test, df is the value obtained for v in Equation 2 above. Because v is 
most likely a non-integer, round v to the next smallest integer, and that number is the df. 

Step 6: Using the calculated t value from Step 4, compare that t value with the critical t value 
table in Appendix B using the test method-specific alpha values shown in Table A-1. To obtain 
the correct critical t value, look across the table for the alpha value that corresponds to the WET 
test method (for the alpha value, see Appendix A, Table A-1) and then look down the table for 
the appropriate df. 

Step 7: If the calculated t value is less than the critical t value, the IWC is declared toxic and the 
test result is Fail. If the calculated t value is greater than the critical t value, the IWC is not 
declared toxic and the test result is Pass. 
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Figure A-1. Statistical flowchart for analyzing valid WET data using the TST approach for control and  the 
IWC, receiving water, or stormwater. 

 

Pass 

IWC is NOT Toxic 

Fail 

IWC IS Toxic 

Conduct WET test 

Apply arcsine square root transformation for percent data 
(e.g., survival); do not transform other types of WET data 

(e.g., growth or reproduction) 

Calculate t value using 
TST Welch’s t-test 

Calculated t value > critical t value? 

YES NO ―Pass‖ 

IWC is NOT Toxic 

―Fail‖ 

IWC IS Toxic 
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Table A-1. Summary of alpha ( ) levels or false negative rates recommended for different WET test 
methods using the TST approach 

EPA WET test method b value 

Probability of declaring a 
toxic effluent non-toxic 

False negative ( ) errora 

Chronic Freshwater and East Coast Methods 
Ceriodaphnia dubia (water flea) survival and 
reproduction 

0.75 0.20
 

Pimephales promelas (fathead minnow) survival 
and growth 

0.75 0.25 

Selenastrum capricornutum (green algae) growth 0.75 0.25 

Americamysis bahia (mysid shrimp) survival and 
growth 

0.75 0.15 

Arbacia punctulata (Echinoderm) fertilization 0.75 0.05 

Cyprinodon variegatus (Sheepshead minnow) and 
Menidia beryllina (inland silverside) survival and 
growth 

0.75 0.25 

Chronic West Coast Marine Methods 

Dendraster excentricus and Strongylocentrotus 
purpuratus (Echinoderm) fertilization 

0.75 
0.05 

Atherinops affinis (topsmelt) survival and growth 0.75 0.25 

Haliotis rufescens (red abalone), Crassostrea gigas 
(oyster), Dendraster excentricus, 
Strongylocentrotus purpuratus (Echinoderm) and 
Mytilus sp (mussel) larval development methods 

0.75 0.05 

Macrocystis pyrifera (giant kelp) germination and 
germ-tube length 

0.75 0.05 

Acute Methods 

Pimephales promelas (fathead minnow), 
Cyprinodon variegatus (Sheepshead minnow), 
Atherinops affinis (topsmelt), Menidia beryllina 
(inland silverside) acute survival

b 
 

0.80 

 

0.10 

 

Ceriodaphnia dubia, Daphnia magna, Daphnia 
pulex, Americamysis bahia acute survival

b
 

0.80 0.10 

Notes: 

a. (1) declare a sample toxic at least 75 percent of the time (alpha < 0.25) when there is unacceptable toxicity (20 
percent effect for acute and 25 percent effect for chronic test methods) and (2) declare an effluent non-toxic no more 
than 5 percent of the time (beta < 0.05) when the mean effect at the critical effluent concentration is 10 percent for 
both acute and chronic WET tests (including sublethal endpoints). For more discussion on the RMDs, see Section 2.1 
of this document. 

b. Based on four replicate test design 
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Step 1: Conduct WET test 
Replicate/statistic Control Treatment 
1 27 32 

2 38 28 

3 27 25 

4 34 28 

5 37 20 

6 35 15 

7 30 27 

8 31 31 

9 36 31 

10 39 30 

Mean 33.4 26.7 

Std. deviation 4.402 5.417 

N (# of replicates) 10 10 
 
Step 2: Follow Steps 3–7 for each endpoint required in the test method 
 The following example is for chronic Ceriodaphnia dubia reproduction endpoint only. 
Step 3: Transform data using an arcsine square root transformation, if necessary 
 Not necessary because reproduction is not percent data. 
Step 4: Conduct Welch’s t-test 

82.0

10
)38.19()75.0(

10
34.29

)4.3375.0(7.26
2222

c

c

t

t

ct

n
Sb

n
S

YbYt  

Step 5: Adjust the df 
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Step 6: Calculated t value > critical t value? 15 df and test method alpha = 0.20 (Table A-1) 
 Critical t value = 0.87 
 0.82 < 0.87 
Step 7: Declare effluent toxic or not 
 Calculated t < critical t value. Therefore, effluent is declared toxic; test result is FAIL.

Case Example 1:  Chronic Ceriodaphnia Reproduction 
Test with High Within-Test Variability 
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Step 1: Conduct WET test 
Replicate/statistic Control Treatment 
1 29 31 

2 38 28 

3 31 25 

4 34 28 

5 36 22 

6 35 21 

7 30 27 

8 31 26 

9 36 29 

10 34 30 

Mean 33.4 26.7 

Std. deviation 2.989 3.268 

N (# of replicates) 10 10 

Step 2: Follow Steps 3–7 for each endpoint required in the test method 
 The following example is for chronic Ceriodaphnia dubia reproduction endpoint only. 
Step 3: Transform data using an arcsine square root transformation, if necessary 
 Not necessary because reproduction is not percent data. 
Step 4: Conduct Welch’s t-test 
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Step 5: Adjust the df 
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Step 6: Calculated t value > critical t value? 16 df and test method alpha = 0.20 (Table A-1) 
 Critical t value = 0.86 
 1.32 > 0.86 
Step 7: Declare effluent toxic or not 
 Calculated t > critical t value. Therefore, effluent is declared Non-Toxic; test result is 

PASS.

Case Example 2:  Chronic Ceriodaphnia Reproduction 
Test with Low Within-Test Variability 
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Step 1: Conduct WET test 

Replicate/statistic Control Treatment 
1 0.366 0.303 

2 0.399 0.379 

3 0.354 0.311 

4 0.422 0.236 

Mean 0.385 0.307 

Std. deviation 0.031 0.058 

N (# of replicates) 4 4 

Step 2: Follow Steps 3–7 for each endpoint 
required in the test method 
Step 3: Transform data using an arcsine square 
root transformation, if necessary 
Not necessary because growth is not percent data. 
Step 4: Conduct Welch’s t-test 
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Step 5: Adjust the df 
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Step 6: Calculated t value > critical t value? 4 df, 
alpha = 0.25 (Table A-1); Critical t value = 0.74 
0.58 < 0.74 

Step 7: Effluent is declared toxic, test result is 

FAIL. 

Step 1: Conduct WET test 

Replicate/statistic Control Treatment 
1 0.366 0.303 

2 0.399 0.379 

3 0.354 0.311 

4 0.422 0.236 

5 0.343 0.364 

6 0.407 0.247 

Mean 0.382 0.307 

Std. deviation 0.032 0.058 

N (# of replicates) 6 6 

Step 2: Follow Steps 3–7 for each endpoint 
required in the test method 

Step 3: Transform data using an arcsine square 
root transformation, if necessary 
Not necessary because growth is not percent data. 
Step 4: Conduct Welch’s t-test 
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Step 5: Adjust the df 
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Step 6: Calculated t value > critical t value? 7 df, 
alpha = 0.25 (Table A-1); Critical t value = 0.71       
0.79 > 0.71 

Step 7: Effluent is declared Non-Toxic; test result 

is PASS. 

Case Example 3:  Benefit of Increased Replication in Chronic Fish 
Growth Test with Low Mean Effect and High Within-Test Variability 
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Step 1: Conduct WET test 

Replicate/statistic Control Treatment 
1 10 10 

2 10 8 

3 10 9 

4 10 8 

Mean 10 8.75 

Variance 0.000 0.917 

N (# of replicates) 4 4 

Step 2: Follow Steps 3–7 for each endpoint required in the test method 
 The following example is for acute Pimephales promelas survival endpoint only. 
Step 3: Transform data using an arcsine square root transformation 

Replicate/statistic Control Treatment 
1 1.412 1.412 

2 1.412 1.107 

3 1.412 1.249 

4 1.571 1.107 

Mean 1.412 1.218 

Variance 0.000 0.021 

N (# of replicates) 4 4 
Step 4: Conduct Welch’s t-test 
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Step 5: Adjust the df 
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Step 6: Calculated t value > critical t value? 3 df, alpha = 0.10 (Table A-1) 
 Critical t value = 1.64 
 1.229 < 1.64 
Step 7: Declare effluent toxic or not 

Therefore, effluent is declared toxic; test result is FAIL. 

Case Example 4: Fish Acute Toxicity Test Example 
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APPENDIX B 

CRITICAL t VALUES FOR THE TEST OF SIGNIFICANT TOXICITY 
APPROACH 
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Table B-1. Critical values of the t distribution. One tail probability is assumed. 

Degrees of 
freedom 

 Alpha 

0.25 0.20 0.15 0.10 0.05 

1 1 1.3764 1.9626 3.0777 6.3138 

2 0.8165 1.0607 1.3862 1.8856 2.92 

3 0.7649 0.9785 1.2498 1.6377 2.3534 

4 0.7407 0.941 1.1896 1.5332 2.1318 

5 0.7267 0.9195 1.1558 1.4759 2.015 

6 0.7176 0.9057 1.1342 1.4398 1.9432 

7 0.7111 0.896 1.1192 1.4149 1.8946 

8 0.7064 0.8889 1.1081 1.3968 1.8595 

9 0.7027 0.8834 1.0997 1.383 1.8331 

10 0.6998 0.8791 1.0931 1.3722 1.8125 

11 0.6974 0.8755 1.0877 1.3634 1.7959 

12 0.6955 0.8726 1.0832 1.3562 1.7823 

13 0.6938 0.8702 1.0795 1.3502 1.7709 

14 0.6924 0.8681 1.0763 1.345 1.7613 

15 0.6912 0.8662 1.0735 1.3406 1.7531 

16 0.6901 0.8647 1.0711 1.3368 1.7459 

17 0.6892 0.8633 1.069 1.3334 1.7396 

18 0.6884 0.862 1.0672 1.3304 1.7341 

19 0.6876 0.861 1.0655 1.3277 1.7291 

20 0.687 0.86 1.064 1.3253 1.7247 

21 0.6864 0.8591 1.0627 1.3232 1.7207 

22 0.6858 0.8583 1.0614 1.3212 1.7171 

23 0.6853 0.8575 1.0603 1.3195 1.7139 

24 0.6849 0.8569 1.0593 1.3178 1.7109 

25 0.6844 0.8562 1.0584 1.3163 1.7081 

26 0.684 0.8557 1.0575 1.315 1.7056 

27 0.6837 0.8551 1.0567 1.3137 1.7033 

28 0.6834 0.8546 1.056 1.3125 1.7011 

29 0.683 0.8542 1.0553 1.3114 1.6991 

30 0.6828 0.8538 1.0547 1.3104 1.6973 

inf 0.6745 0.8416 1.0364 1.2816 1.6449 
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APPENDIX C 

APPLICATION OF THE TEST OF SIGNIFICANT TOXICITY APPROACH 
TO AMBIENT TOXICITY PROGRAMS 
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APPENDIX C: APPLICATION OF THE TST APPROACH TO AMBIENT 
TOXICITY PROGRAMS 

In ambient and stormwater toxicity testing, a laboratory control and a single concentration (i.e., 
100 percent ambient water or stormwater) are often tested. In these two-concentration WET 
tests, the objective is to determine if a given sample or site water is toxic, as indicated by a 
significantly different organism response compared to the control. In the WET testing design, the 
determination of Pass or Fail (i.e., non-toxic or toxic) is ascertained using a traditional t-test 
(USEPA 2002c). EPA test methods recommend (USEPA 1995, 2002a, 2002b, 2002c) that the 
statistical significance (i.e., Pass/Fail) of a two-sample test design for ambient and stormwater 
toxicity testing be determined only using either a modified t-test (if homogeneity of variance is 
not achieved) or a traditional t-test (if homogeneity of variance is achieved). 

To demonstrate the value of the TST approach in ambient toxicity programs, ambient toxicity 
test data from California’s Surface Water Ambient Monitoring Program (SWAMP) was used for 
409 chronic tests for Ceriodaphnia dubia and 256 chronic tests for Pimephales promelas using 
EPA’s 2002 WET test methods (USEPA 2002a). Valid WET data for each EPA WET test 
method were subjected to the same statistical analyses as described in Section 2 of this 
document. 

Chronic Ceriodaphnia dubia Ambient Toxicity Tests 

Table C-1 summarizes results of the 409 Ceriodaphnia dubia ambient toxicity tests analyzed and 
an  = 0.20 for this test method. Although the majority of the tests examined resulted in the same 
decision using either the TST or the traditional t-test approach, approximately 6 percent of the 
tests (24 tests) would have been declared non-toxic using the traditional t-test approach with 
mean effect levels > 25 percent. In addition, 2 percent of the tests (7 tests) would have been 
declared toxic using the traditional t-test approach at mean effect levels < 15 percent and as low 
as 7 percent. 

Table C-1. Comparison of results of chronic Ceriodaphnia ambient toxicity tests using the TST approach 

and the traditional t-test analysis.  = 0.20 and b value = 0.75 for the TST approach.  = 0.05 for the 
traditional hypothesis testing approach 

Both approaches 
declare toxic 

Only TST declares 
toxic 

Only traditional 
approach declares 

toxic 
Both approaches 
declare non-toxic 

19.8% 5.9% 1.7% 72.6% 

 

Figure C-1 shows ranges of CV values observed in Ceriodaphnia dubia ambient toxicity tests for 
those samples declared toxic using either the TST approach or the traditional t-test, but not both 
approaches. As expected, within-test variability was relatively high (higher CVs) for those tests 
found non-toxic using a t-test but toxic using the TST approach. The results demonstrate the lack 
of control of false negative rates using the traditional hypothesis testing approach when control 
variability is relatively high. Under those conditions, the traditional t-test did not have the power 
to detect toxicity when it was present. Figure C-1 also demonstrates that the TST approach 
recognizes a negligible effect as non-toxic when within-test variability is relatively low and the 
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mean percent effect is well below the risk management level of 25 percent. Under such 
conditions, the traditional t-test declared some samples toxic using this WET test method, even 
when the mean effect was as little as 7 percent. The TST approach, however, declared all such 
samples non-toxic using the recommended  = 0.20. Thus, the TST approach reduces the 
number of tests declared as toxic when effects are actually well below the risk management 
decision. 

Chronic Ceriodaphnia ambient WET tests that are identified as non-toxic (Pass) using the 
traditional hypothesis approach (NOEC) generally have high within-test variability (high 
control CVs) as compared to using the TST approach. 
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Figure C-1. Range of CV values observed in chronic C. dubia ambient toxicity tests for samples that were 
found to be non-toxic using the standard t-test but toxic using the TST approach (NOEC Pass) and for 
those samples declared toxic using t-test but not the TST approach (TST Pass). California’s SWAMP 
WET test data. 

Similar to the Ceriodaphnia ambient test data, within-test variability was higher in those chronic 
fathead minnow ambient tests found non-toxic using a t-test but toxic using the TST approach 
(Figure C-2). Similarly, those tests declared non-toxic by the TST approach but toxic using t-test 
had lower within-test variability and mean effect levels < 25 percent (Figure C-2). Thus, similar 
to the chronic Ceriodaphnia ambient tests, data from chronic fathead minnow ambient tests 
demonstrate that the TST approach can provide as much protection as the traditional t-test 
approach while also identifying those samples that are truly acceptable from a regulatory 
management decision. 
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Fish ambient WET tests that are identified as non-toxic using the traditional hypothesis 
approach (NOEC) generally have high within-test variability (high control CVs) as 
compared to using the TST approach. 
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Figure C-2. Range of CV values observed in chronic P. promelas ambient toxicity tests for samples that 
were declared to be non-toxic using the standard t-test but toxic using the TST approach (NOEC Pass) 
and for those samples declared toxic using t-test but not the TST approach (TST Pass). California’s 
SWAMP WET test data. 
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APPENDIX D: EXAMPLE NPDES PERMIT LANGUAGE USING THE TST 
APPROACH 

ACUTE WHOLE EFFLUENT TOXICITY (WET) NPDES PERMIT LANGUAGE 

xx. Acute Whole Effluent Toxicity (WET) Requirements 

1. Monitoring Frequency 

The permittee must conduct monthly/quarterly/semiannual acute toxicity tests on 24-
hour composite effluent samples. Once each calendar year, at a different time of year 
from the previous years, the permittee must split a 24-hour composite effluent sample and 
concurrently conduct two toxicity tests using a fish and an invertebrate species; the 
permittee must then continue to conduct routine monthly/quarterly/semiannual toxicity 
testing using the single, most sensitive species. 

Acute toxicity test samples must be collected for each point of discharge at the designated 
NPDES sampling station for the effluent (i.e., downstream from the last treatment 
process and any in-plant return flows where a representative effluent sample can be 
obtained). During years 1, 2, 3, 4, and 5 of the permit, a split of each sample must be 
analyzed for all other monitored parameters at the minimum frequency of analysis 
specified by the effluent monitoring program. 

2. Freshwater Species and WET Test Methods 

Species and short-term WET test methods for estimating the acute toxicity of NPDES 
effluents are in the fifth edition of Methods for Measuring the Acute Toxicity of Effluents 
and Receiving Waters to Freshwater and Marine Organisms (EPA/821/R-02/012, 2002; 
Table IA, 40 CFR Part 136). The permittee must conduct 96-hour static renewal toxicity 
tests with the following vertebrate and invertebrate species, respectively: 

 Vertebrate: The fathead minnow, Pimephales promelas (Acute Toxicity Test Method 
2000.0) 

 Invertebrate: The daphnid, Ceriodaphnia dubia (Acute Toxicity Test Method 2002.0) 

3. Acute WET Permit Triggers 

a. There are no acute toxicity effluent limits for this discharge. For this permit, the 
determination of Pass or Fail from a multiple-effluent concentration acute toxicity test 
at the IWC is determined using the Test of Significant Toxicity (TST) approach that 
is described in the National Pollutant Discharge Elimination System Test of 
Significant Toxicity Implementation Document (EPA/833/R-10-003). The acute WET 
permit trigger is any one WET test where a test result is Fail (during the monthly 
reporting period) at the acute in-stream waste concentration (IWC). For this 
discharge, the IWC is XXX percent (e.g., either is 100 percent or an effluent at the 
mixing zone to be determined at the time of permit issuance) effluent. To calculate 
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either a Pass or Fail of a multiple-effluent concentration acute toxicity test at the 
IWC, follow the instructions in Appendix A in the National Pollutant Discharge 
Elimination System Test of Significant Toxicity Implementation Document. A Pass 
result indicates no toxicity of the multiple-effluent concentration test at the IWC, and 
a Fail result indicates toxicity of the multiple-effluent concentration test at the IWC. 
The permittee must report either a Pass or a Fail on the Discharge Monitoring Report 
(DMR) form. If a result is reported as Fail, the permittee must follow Section 6 
(Accelerated Toxicity Testing and TRE/TIE Process) of this permit. 

 - OR -  

3. Acute WET Permit Limit 

b. There is an acute toxicity effluent limit for this discharge. For this permit, the 
determination of Pass or Fail from a multiple-effluent concentration acute toxicity test 
at the IWC is determined using the Test of Significant Toxicity (TST) approach 
which is described in the National Pollutant Discharge Elimination System Test of 
Significant Toxicity Implementation Document (EPA/833-R-10-003). The acute WET 
permit trigger is any one WET test where a test result is Fail (during the monthly 
reporting period) at the chronic in-stream waste concentration (IWC). For this 
discharge, the IWC is XXX percent (e.g., either is 100 percent or an effluent at the 
mixing zone to be determined at time of permit issuance) effluent. To calculate either 
a Pass or Fail of the multiple-effluent concentration acute toxicity test at the IWC, 
follow the instructions in Appendix A in the National Pollutant Discharge 
Elimination System Test of Significant Toxicity Implementation Document. A Pass 
result indicates no toxicity of the multiple-effluent concentration at the IWC and a 
Fail result indicates toxicity of the multiple-effluent concentration test at the IWC. 
The permittee must report either a Pass or a Fail on the DMR form. If a result is 
reported as Fail, the permittee must follow Section 6 (Accelerated Toxicity Testing 
and TRE/TIE Process) of this permit. 

4. Quality Assurance – EPA WET Test Methods 

a. Quality assurance measures, instructions, and other recommendations and 
requirements are in the EPA 2002 WET test methods manual previously referenced. 

b. This permit is subject to a determination of Pass or Fail from a multiple-effluent 
concentration acute toxicity test at the IWC (for statistical flowchart and procedures, 
see Appendix A, Figure A-1 of the National Pollutant Discharge Elimination System 
Test of Significant Toxicity Implementation Document). The acute in-stream waste 
concentration (IWC) for this discharge is XXX percent effluent. 

c. Effluent dilution water and control water should be prepared and used as specified in 
the EPA WET test methods manual Methods for Measuring the Acute Toxicity of 
Effluents and Receiving Waters to Freshwater and Marine Organisms (EPA/821/R-
02/012, 2002). 
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d. If organisms are not cultured in-house, concurrent testing with a reference toxicant 
must be conducted. If organisms are cultured in-house, monthly reference toxicant 
testing is sufficient. Reference toxicant tests and effluent toxicity tests must be 
conducted using the same test conditions (e.g., same test duration). 

e. If either the reference toxicant or effluent toxicity tests do not meet all test 
acceptability criteria in the EPA WET test methods manual, the permittee must 
resample and retest within 14 days. 

f. If the discharged effluent is chlorinated, chlorine must not be removed from the 
effluent sample before toxicity testing without written approval by the permitting 
authority. 

5. Initial Investigation TRE Work Plan 

Within 90 days of the permit effective date, the permittee must prepare and submit to the 
permitting authority a copy of its Initial Investigation Toxicity Reduction Evaluation 
(TRE) Work Plan (1–2 pages) for review. That plan must include steps the permittee 
intends to follow if toxicity is measured above an acute WET permit limit or trigger and 
should include the following, at minimum: 

a. A description of the investigation and evaluation techniques that would be used to 
identify potential causes and sources of toxicity, effluent variability, and treatment 
system efficiency. 

b. A description of methods for maximizing in-house treatment system efficiency, good 
housekeeping practices, and a list of all chemicals used in operations at the facility. 

c. If a Toxicity Identification Evaluation (TIE) is necessary, an indication of who would 
conduct the TIEs (i.e., an in-house expert or outside contractor). 

6. Accelerated Toxicity Testing and TRE/TIE Process 

a. If an acute WET permit limit or trigger is exceeded and the source of toxicity is 
known (e.g., a temporary plant upset), the permittee must conduct one additional 
toxicity test using the same species and EPA WET test method. This WET test must 
begin within 14 days of receipt of WET test results exceeding an acute WET permit 
limit or trigger. If the additional toxicity test does not exceed an acute WET permit 
limit or trigger, the permittee may return to the regular testing frequency. 

b. If an acute WET permit limit or trigger is exceeded and the source of toxicity is not 
known, the permittee must conduct six additional toxicity tests using the same species 
and EPA WET test method, approximately every two weeks, over a 12-week period. 
This testing must begin within 14 days of receipt of WET test results exceeding an 
acute WET permit limit or trigger. If none of the additional toxicity tests exceed an 
acute WET permit limit or trigger, the permittee may return to the regular testing 
frequency. 
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c. If one of the additional toxicity tests (in paragraphs 6.a or 6.b) exceeds an acute WET 
permit limit or trigger, within 14 days of receipt of this WET test result, the permittee 
must initiate a TRE using, according to the type of treatment facility, EPA WET TRE 
manual, Toxicity Reduction Evaluation Guidance for Municipal Wastewater 
Treatment Plants (EPA/833/B-99/002, 1999) or EPA WET TRE manual, Generalized 
Methodology for Conducting Industrial Toxicity Reduction Evaluations (EPA/600/2-
88/070, 1989). In conjunction, the permittee must develop and implement a Detailed 
TRE Work Plan that must consist of the following: further actions undertaken by the 
permittee to investigate, identify, and correct the causes of toxicity; actions the 
permittee will take to mitigate the effects of the discharge and prevent the recurrence 
of toxicity; and a schedule for such actions. 

d. The permittee may initiate a TIE as part of a TRE to identify the causes of toxicity 
using the same species and EPA WET test method and, as guidance, EPA WET 
TIE/TRE method manuals: Methods for Aquatic Toxicity Identification Evaluations: 
Phase I Toxicity Characterization Procedures (EPA/600/6-91/003, 1991); Methods 
for Aquatic Toxicity Identification Evaluations, Phase II Toxicity Identification 
Procedures for Samples Exhibiting Acute and Chronic Toxicity (EPA/600/R-92/080, 
1993); Methods for Aquatic Toxicity Identification Evaluations, Phase III Toxicity 
Confirmation Procedures for Samples Exhibiting Acute and Chronic Toxicity 
(EPA/600/R-92/081, 1993). 

7. Reporting of Acute Toxicity Monitoring Results 

a. The permittee must submit a full laboratory report for all toxicity testing as an 
attachment to the Discharge Monitoring Report (DMR) for the month in which the 
toxicity test was conducted; the laboratory report must contain the following: the 
toxicity test results, the dates of sample collection and initiation of each toxicity test; 
all results for effluent parameters monitored concurrently with the toxicity test(s); and 
progress reports on TRE/TIE investigations. 

b. The permittee must provide the actual test endpoint responses for the control (i.e., 
control mean) and IWC concentration (i.e., IWC mean) for each WET test conducted 
to make it easier for permit writers to find the necessary WET test results when 
determining WET RP. 

c. The permittee must notify the permitting authority in writing within 14 days of 
exceedance of an acute WET permit limit or trigger. Such notification must describe 
actions the permittee has taken or will take to investigate, identify, and correct the 
causes of toxicity; the status of actions required by this permit; and schedule for 
actions not yet completed; or reason(s) that no action has been taken. 

8. Permit Reopener for Acute Toxicity 

In accordance with 40 CFR Parts 122 and 124, this permit may be modified to include 
effluent limitations or permit conditions to address acute toxicity in the effluent or 
receiving waterbody, as a result of the discharge; or to implement new, revised, or newly 
interpreted water quality standards applicable to acute toxicity. 
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CHRONIC WET NPDES PERMIT LANGUAGE 

xx. Chronic Whole Effluent Toxicity (WET) Requirements 

1. Monitoring Frequency 

The permittee must conduct monthly/quarterly/semiannual chronic toxicity tests on 24-
hour composite effluent samples. Once each calendar year, at a different time of year 
from the previous years, the permittee must split a 24-hour composite effluent sample and 
concurrently conduct three toxicity tests using a fish, an invertebrate, and an alga species; 
the permittee must continue to conduct routine monthly/quarterly/semiannual toxicity 
testing using the single, most sensitive species. 

Chronic toxicity test samples must be collected for each point of discharge at the 
designated NPDES sampling station for the effluent (i.e., downstream from the last 
treatment process and any in-plant return flows where a representative effluent sample 
can be obtained). During years 1, 2, 3, 4, and 5 of the permit, a split of each sample must 
be analyzed for all other monitored parameters at the minimum frequency of analysis 
specified by the effluent monitoring program. 

2. Freshwater Species and EPA WET Test Methods 

Species and short-term EPA WET test methods for estimating the chronic toxicity of 
NPDES effluents are in the fourth edition of Short-term Methods for Estimating the 
Chronic Toxicity of Effluents and Receiving Waters to Freshwater Organisms 
(EPA/821/R-02/013, 2002; Table IA, 40 CFR Part 136). The permittee must conduct 
static renewal toxicity tests with the following: 

 Fathead minnow, Pimephales promelas (Larval Survival and Growth Test Method 
1000.0) 

 Daphnid, Ceriodaphnia dubia (Survival and Reproduction Test Method 1002.0);  

 Green alga, Selenastrum capricornutum (also named Raphidocelis subcapitata) 
(Growth Test Method 1003.0). 

3. Chronic WET Permit Triggers 

a. There are no chronic toxicity effluent limits for this discharge. The chronic WET 
permit trigger is any one WET test (either biological endpoint of survival or 
sublethal) where a test result is Fail (during the monthly reporting period) at the 
chronic in-stream waste concentration (IWC). For this discharge, the IWC is XXX 
percent (e.g., either is 100 percent or an effluent at the mixing zone to be determined 
at time of permit issuance) effluent. To calculate either a Pass or Fail of the multiple-
effluent concentration chronic toxicity test at the IWC, follow the instructions in 
Appendix A in the National Pollutant Discharge Elimination System Test of 
Significant Toxicity Implementation Document (EPA/833-R-10-003). A Pass result 
indicates no toxicity at the IWC, and a Fail result indicates toxicity at the IWC. The 
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permittee must report either a Pass or a Fail on the DMR form. If a result is reported 
as Fail, the permittee must follow Section 7 (Reporting of Chronic Toxicity 
Monitoring Results) of this permit. 

 - OR -  

3. Chronic WET Permit Limits 

b. There is a chronic toxicity effluent limit for this discharge. The chronic WET permit 
trigger is any one WET test (either biological endpoint of survival or sublethal) where 
a test result is Fail (during the monthly reporting period) at the chronic in-stream 
waste concentration (IWC). For this discharge, the IWC is XXX percent (e.g., either 
is 100 percent or an effluent at the mixing zone to be determined at time of permit 
issuance) effluent. To calculate either a Pass or Fail of the multiple-effluent 
concentration chronic toxicity test at the IWC, follow the instructions in Appendix A 
in the National Pollutant Discharge Elimination System Test of Significant Toxicity 
Implementation Document (EPA/833-R-10-003). A Pass result indicates no toxicity at 
the IWC, and a Fail result indicates toxicity at the IWC. The permittee must report 
either a Pass or a Fail on the DMR form. If a result is reported as Fail, the permittee 
must follow Section 7 (Reporting of Chronic Toxicity Monitoring Results) of this 
permit. 

4. Quality Assurance – EPA WET Test Methods 

a. Quality assurance measures, instructions, and other recommendations and 
requirements are in the EPA WET test methods manual previously referenced in this 
permit. 

b. This permit is subject to a determination of Pass or Fail from a multiple-effluent 
concentration chronic toxicity test at the IWC (for statistical flowchart and 
procedures, see National Pollutant Discharge Elimination System Test of Significant 
Toxicity Implementation Document, Appendix A, Figure A-1). The chronic in-stream 
waste concentration (IWC) for this discharge is XXX percent (e.g., either is 100 
percent or an effluent at the mixing zone to be determined) effluent. 

c. Effluent dilution water and control water should be standard synthetic dilution water 
as described in the EPA WET test methods manual, Short-term Methods for 
Estimating the Chronic Toxicity of Effluents and Receiving Waters to Freshwater 
Organisms (EPA/821/R-02/013, 2002). If the dilution water is different from test 
organism culture water, a second control using culture water must also be used. 

d. If organisms are not cultured in-house, concurrent testing with a reference toxicant 
must be conducted. If organisms are cultured in-house, monthly reference toxicant 
testing is sufficient. Reference toxicant tests and effluent toxicity tests must be 
conducted using the same test conditions (e.g., same test duration). 
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e. If either the reference toxicant or effluent toxicity tests do not meet all test 
acceptability criteria in the EPA WET test methods manual, the permittee must 
resample and retest within 14 days. 

f. Following Paragraph 10.2.6.2 of the freshwater EPA WET test methods manual, all 
chronic toxicity test results from the multi-concentration tests required by this permit 
must be reviewed and reported according to EPA guidance on the evaluation of 
concentration-response relationships in Method Guidance and Recommendations for 
Whole Effluent Toxicity (WET) Testing (40 CFR Part 136) (EPA/821/B-00-004, 
2000). 

g. If the discharged effluent is chlorinated, chlorine must not be removed from the 
effluent sample before toxicity testing without written approval by the permitting 
authority. 

5. Initial Investigation TRE Work Plan 

Within 90 days of the permit effective date, the permittee must prepare and submit to the 
permitting authority a copy of its Initial Investigation Toxicity Reduction Evaluation 
(TRE) Work Plan (1–2 pages) for review. That plan must contain steps the permittee 
intends to follow if toxicity is measured above a chronic WET permit limit or trigger and 
should include the following, at minimum: 

a. A description of the investigation and evaluation techniques that would be used to 
identify potential causes and sources of toxicity, effluent variability, and treatment 
system efficiency. 

b. A description of methods for maximizing in-house treatment system efficiency, good 
housekeeping practices, and a list of all chemicals used in operations at the facility. 

c. If a Toxicity Identification Evaluation (TIE) is necessary, an indication of who would 
conduct the TIEs (i.e., an in-house expert or outside contractor). 

6. Accelerated Toxicity Testing and TRE/TIE Process 

a. If a chronic WET permit limit or trigger is exceeded and the source of toxicity is 
known (e.g., a temporary plant upset), the permittee must conduct one additional 
toxicity test using the same species and EPA WET test method. This WET test must 
begin within 14 days of receipt of WET test results exceeding a chronic WET permit 
limit or trigger. If the additional toxicity test does not exceed a chronic WET permit 
limit or trigger, the permittee may return to their regular testing frequency. 

b. If a chronic WET permit limit or trigger is exceeded and the source of toxicity is not 
known, the permittee must conduct six additional toxicity tests using the same species 
and EPA WET test method, approximately every two weeks, over a 12 week period. 
This testing must begin within 14 days of receipt of WET test results exceeding a 
chronic WET permit limit or trigger. If none of the additional toxicity tests exceed a 
chronic WET permit limit or trigger, the permittee may return to their regular testing 
frequency. 
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c. If one of the additional toxicity tests (in paragraphs 6.a or 6.b) exceeds a chronic 
WET permit limit or trigger, within 14 days of receipt of this WET test result, the 
permittee must initiate a TRE using as guidance, according to the type of treatment 
facility, the EPA TRE manual, Toxicity Reduction Evaluation Guidance for 
Municipal Wastewater Treatment Plants (EPA/ 833/B-99/002, 1999) or EPA TRE 
manual, Generalized Methodology for Conducting Industrial Toxicity Reduction 
Evaluations (EPA/600/2-88/070, 1989). In conjunction, the permittee must develop 
and implement a Detailed TRE Work Plan that must contain the following: further 
actions undertaken by the permittee to investigate, identify, and correct the causes of 
toxicity; actions the permittee will take to mitigate the effects of the discharge and 
prevent the recurrence of toxicity; and a schedule for such actions. 

d. The permittee may initiate a TIE as part of a TRE to identify the causes of toxicity 
using the same species and EPA WET test method and, as guidance, EPA WET 
TIE/TRE method manuals: Toxicity Identification Evaluation: Characterization of 
Chronically Toxic Effluents, Phase I (EPA/600/6-91/005F, 1992); Methods for 
Aquatic Toxicity Identification Evaluations, Phase II Toxicity Identification 
Procedures for Samples Exhibiting Acute and Chronic Toxicity (EPA/600/R-92/080, 
1993); Methods for Aquatic Toxicity Identification Evaluations, Phase III Toxicity 
Confirmation Procedures for Samples Exhibiting Acute and Chronic Toxicity 
(EPA/600/R-92/081, 1993). 

7. Reporting of Chronic Toxicity Monitoring Results 

a. The permittee must submit a full laboratory report as an attachment to the DMR for 
all toxicity testing for the month in which the toxicity test was conducted; the 
laboratory report must contain the following: the toxicity test results, the dates of 
sample collection and initiation of each toxicity test; all results for effluent parameters 
monitored concurrently with the toxicity test(s); and progress reports on TIE/TRE 
investigations. 

b. The permittee must provide the actual test endpoint responses for the control (i.e., 
control mean) and IWC concentration (i.e., IWC mean) for each WET test conducted 
to make it easier for permit writers to find the necessary WET test results when 
determining WET RP. 

c. The permittee must notify the permitting authority in writing within 14 days of 
exceedance of a chronic WET permit limit or trigger. The notification must describe 
actions the permittee has taken or will take to investigate, identify, and correct the 
causes of toxicity; the status of actions required by this permit; and schedule for 
actions not yet completed; or reason(s) that no action has been taken. 

8. Permit Reopener for Chronic Toxicity 

In accordance with 40 CFR Parts 122 and 124, this permit may be modified to include 
effluent limitations or permit conditions to address chronic toxicity in the effluent or 
receiving waterbody, as a result of the discharge; or to implement new, revised, or newly 
interpreted water quality standards applicable to chronic toxicity. 
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APPENDIX E: WET RP ANALYSIS USING THE TST APPROACH 

For reasonable potential (RP) calculations using the TST approach, EPA recommends that 
permitting authorities use all the valid WET test data generated during the current permit term 
and any additional valid data that are submitted as part of the permit renewal application. The 
permitting authority should be using at least a minimum of four valid WET tests to address 
effluent representativeness using the TST RP approach. WET test data are then analyzed 
according to the TST approach using the IWC and control test concentrations for all valid WET 
test data available. For the RP approach, data sets with fewer than four valid WET data points 
should be assessed using EPA’s Technical Support Document (TSD) RP approach because it 
addresses small WET data sets by incorporating an RP multiplying factor (see Section 3.2.2 of 
the TSD, p. 54) to account for effluent variability in small WET data sets. 

EPA also recommends that states request that their permittees provide the actual test endpoint 
responses for the control (i.e., mean of control) and IWC concentration (i.e., mean of IWC) for 
each WET test conducted to make it easier for permit writers to find the necessary data with 
which to calculate WET RP with this approach. EPA recommends that permitting authorities 
decide up front which approach (the 1991 TSD approach, the TST approach, or another 
scientifically defensible approach that is sufficient to meet the statutory and regulatory 
requirements) they will incorporate and consistently use in their state’s NPDES implementation 
procedures, including for their RP procedures. Permitting authorities should consistently use the 
selected WET statistical approach in all the state NPDES permits. 

All valid WET test data are then analyzed according to the TST approach using the IWC and 
control test concentrations. If WET test data are available and the TST statistical approach 
indicates that the IWC is toxic in any WET test (―effluent cause(s) toxicity‖), RP has been 
demonstrated (40 CFR 122.44(d)(1)(i)). For example, if results of five WET tests are available 
using the TST approach and the results are Pass, Pass, Fail, Pass, Pass, because at least one test 
was a Fail (i.e., TST declared the effluent toxic in at least one test), RP has been demonstrated. 

To address concerns regarding the ―potential to cause or contribute to toxicity,‖ a second 
assessment is applied to determine whether the effluent has RP even if all test results are Pass 
using the TST approach. 

The current TST approach results in four outcomes with respect to RP at the IWC: 

1. Caused (effluent is toxic): RP is demonstrated if any one test using the TST approach 
indicates a test result is Fail (i.e., using the statistical test (Appendix A) and t table 
(Appendix B), the test result is Fail; see Example A below in Table E-1); 

2. Potential to Cause: Effluent has reasonable potential to cause (RP is demonstrated) if any 
test exhibits a mean effect at the IWC > 10 percent as compared to the mean control 
response, even if the test result is Pass using TST (see examples B-D, Table E-1); and 

3. No RP (effluent is non-toxic at the IWC): Effluent does not cause or have reasonable 
potential to cause if the tests are each a Pass using the TST approach and the mean effect at 
the IWC is always < 10 percent. 
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4. Insufficient valid WET data (fewer than 4 tests or no data): If fewer than four valid 
WET data are available, follow the TSD RP procedure for WET. 

The second outcome is where the determination of RP is critical to demonstrate that the 
discharge has the reasonable potential to cause an excursion above the state toxicity water 
quality standards. In the TST approach, the regulatory management decision threshold for non-
toxicity in WET tests under the NPDES WET Program is 10 percent mean effect at the IWC. At 
or below that mean effect level, the TST approach is designed to declare a WET test as non-toxic 
(i.e., Pass) most (at least 95 percent) of the time to help control for false positives. For purposes 
of RP assessment then, a 10 percent mean effect level at the IWC is used as a threshold, above 
which potential to cause is indicated, and the effluent has demonstrated RP. Any test with a mean 
effect at the IWC > 10 percent would demonstrate a potential for RP even if the TST test result is 
Pass. Equation E-1 below demonstrates how the effluent effect is calculated at the IWC. 

100
ResponseControlMean

IWCatResponseMeanResponseControlMeanIWCatEffect%          Equation E-1 

Table E-1. Examples illustrating the reasonable potential approach using TST and data from 
Ceriodaphnia chronic survival and reproduction WET tests 

Example 
Pass/Fail based 
on TST analysis 

Mean 
control 

response 

Mean 
response @ 

IWC 
% effect at 

IWC 
Reasonable 
potential? 

A Fail 26.3 17.0 35.4% Yes 

B Pass 26.3 23.4 11.0% Yes 

C Pass 28.6 22.0 23.1% Yes 

D Pass 22.4 20.9 6.7% No 
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FOREWORD 

One of the most exciting new trends in water quality management today is the movement 
by many cities, counties, states, and private-sector developers toward the increased use of 
Low Impact Development (LID) to help protect and restore water quality. LID comprises 
a set of approaches and practices that are designed to reduce runoff of water and 
pollutants from the site at which they are generated. By means of infiltration, 
evapotranspiration, and reuse of rainwater, LID techniques manage water and water 
pollutants at the source and thereby prevent or reduce the impact of development on 
rivers, streams, lakes, coastal waters, and ground water. 

Although the increase in application of these practices is growing rapidly, data regarding 
both the effectiveness of these practices and their costs remain limited. This document is 
focused on the latter issue, and the news is good. In the vast majority of cases, the U.S. 
Environmental Protection Agency (EPA) has found that implementing well-chosen LID 
practices saves money for developers, property owners, and communities while 
protecting and restoring water quality. 

While this study focuses on the cost reductions and cost savings that are achievable 
through the use of LID practices, it is also the case that communities can experience 
many amenities and associated economic benefits that go beyond cost savings. These 
include enhanced property values, improved habitat, aesthetic amenities, and improved 
quality of life. This study does not monetize and consider these values in performing the 
cost calculations, but these economic benefits are real and significant. For that reason, 
EPA has included a discussion of these economic benefits in this document and provided 
references for interested readers to learn more about them. 

Readers interested in increasing their knowledge about LID and Green Infrastructure, 
which encompasses LID along with other aspects of green development, should see 
www.epa.gov/npdes/greeninfrastructure and www.epa.gov/nps/lid. It is EPA’s hope that 
as professionals and citizens continue to become more knowledgeable about the 
effectiveness and costs of LID, the use of LID practices will continue to increase at a 
rapid pace. 

RB-AR11950



iv 

EXECUTIVE SUMMARY 

This report summarizes 17 case studies of developments that include Low Impact Development 
(LID) practices and concludes that applying LID techniques can reduce project costs and improve 
environmental performance.  In most cases, LID practices were shown to be both fiscally and 
environmentally beneficial to communities.  In a few cases, LID project costs were higher than 
those for conventional stormwater management practices.  However, in the vast majority of cases, 
significant savings were realized due to reduced costs for site grading and preparation, 
stormwater infrastructure, site paving, and landscaping.  Total capital cost savings ranged from 15 
to 80 percent when LID methods were used, with a few exceptions in which LID project costs 
were higher than conventional stormwater management costs. 

 

EPA has identified several additional areas that will require further study.  First, in all cases, there 
were benefits that this study did not monetize and did not factor into the project’s bottom line.  
These benefits include improved aesthetics, expanded recreational opportunities, increased 
property values due to the desirability of the lots and their proximity to open space, increased 
total number of units developed, increased marketing potential, and faster sales.  Second, more 
research is also needed to quantify the environmental benefits that can be achieved through the 
use of LID techniques and the costs that can be avoided.  Examples of environmental benefits 
include reduced runoff volumes and pollutant loadings to downstream waters, and reduced 
incidences of combined sewer overflows.  Finally, more research is needed to monetize the cost 
reductions that can be achieved through improved environmental performance, reductions in 
long-term operation and maintenance costs, and/or reductions in the life cycle costs of replacing 
or rehabilitating infrastructure.  
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INTRODUCTION 

BACKGROUND 

Most stormwater runoff is the result of the man-made hydrologic modifications that 
normally accompany development.  The addition of impervious surfaces, soil 
compaction, and tree and vegetation removal result in alterations to the movement of 
water through the environment. As interception, evapotranspiration, and infiltration are 
reduced and precipitation is converted to overland flow, these modifications affect not 
only the characteristics of the developed site but also the watershed in which the 
development is located.  Stormwater has been identified as one of the leading sources of 
pollution for all waterbody types in the United States.  Furthermore, the impacts of 
stormwater pollution are not static; they usually increase with more development and 
urbanization.  

Extensive development in the United States is a relatively recent phenomenon. For the 
past two decades, the rate of land development across the country has been twice the rate 
of population growth. Approximately 25 million acres were developed between 1982 and 
1997, resulting in a 34 percent increase in the amount of developed land with only a 15 
percent increase in population.1,2 The 25 million acres developed during this 15-year 
period represent nearly 25 percent of the total amount of developed land in the 
contiguous states. The U.S. population is expected to increase by 22 percent from 2000 to 
2025. If recent development trends continue, an additional 68 million acres of land will 
be developed during this 25-year period.3  

Water quality protection strategies are often implemented at three scales: the region or 
large watershed area, the community or neighborhood, and the site or block. Different 
stormwater approaches are used at different scales to afford the greatest degree of 
protection to waterbodies because the influences of pollution are often found at all three 
scales. For example, decisions about where and how to grow are the first and perhaps 
most important decisions related to water quality. Growth and development can give a 
community the resources needed to revitalize a downtown, refurbish a main street, build 
new schools, and develop vibrant places to live, work, shop, and play. The environmental 
impacts of development, however, can pose challenges for communities striving to 
protect their natural resources. Development that uses land efficiently and protects 
undisturbed natural lands allows a community to grow and still protect its water 
resources.  

Strategies related to these broad growth and development issues are often implemented at 
the regional or watershed scale. Once municipalities have determined where to grow and 
where to preserve, various stormwater management techniques are applied at the 
neighborhood or community level. These measures, such as road width requirements, 
often transcend specific development sites and can be applied throughout a 
neighborhood. Finally, site-specific stormwater strategies, such as rain gardens and 
infiltration areas, are incorporated within a particular development. Of course, some 
stormwater management strategies can be applied at several scales. For example, 
opportunities to maximize infiltration can occur at the neighborhood and site levels.  
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Many smart growth approaches can decrease the overall amount of impervious cover 
associated with a development’s footprint. These approaches include directing 
development to already degraded land; using narrower roads; designing smaller parking 
lots; integrating retail, commercial, and residential uses; and designing more compact 
residential lots. These development approaches, combined with other techniques aimed at 
reducing the impact of development, can offer communities superior stormwater 
management.  

Stormwater management programs have struggled to provide adequate abatement and 
treatment of stormwater at the current levels of development. Future development will 
create even greater challenges for maintaining and improving water quality in the 
nation’s waterbodies. The past few decades of stormwater management have resulted in 
the current convention of control-and-treatment strategies. They are largely engineered, 
end-of-pipe practices that have been focused on controlling peak flow rate and suspended 
solids concentrations. Conventional practices, however, fail to address the widespread 
and cumulative hydrologic modifications within the watershed that increase stormwater 
volumes and runoff rates and cause excessive erosion and stream channel degradation. 
Existing practices also fail to adequately treat for other pollutants of concern, such as 
nutrients, pathogens, and metals.  

LOW IMPACT DEVELOPMENT 

Low Impact Development (LID)4 is a stormwater management strategy that has been 
adopted in many localities across the country in the past several years. It is a stormwater 
management approach and set of practices that can be used to reduce runoff and pollutant 
loadings by managing the runoff as close to its source(s) as possible. A set or system of 
small-scale practices, linked together on the site, is often used. LID approaches can be 
used to reduce the impacts of development and redevelopment activities on water 
resources. In the case of new development, LID is typically used to achieve or pursue the 
goal of maintaining or closely replicating the predevelopment hydrology of the site. In 
areas where development has already occurred, LID can be used as a retrofit practice to 
reduce runoff volumes, pollutant loadings, and the overall impacts of existing 
development on the affected receiving waters.  

In general, implementing integrated LID practices can result in enhanced environmental 
performance while at the same time reducing development costs when compared to 
traditional stormwater management approaches. LID techniques promote the use of 
natural systems, which can effectively remove nutrients, pathogens, and metals from 
stormwater. Cost savings are typically seen in reduced infrastructure because the total 
volume of runoff to be managed is minimized through infiltration and evapotranspiration. 
By working to mimic the natural water cycle, LID practices protect downstream 
resources from adverse pollutant and hydrologic impacts that can degrade stream 
channels and harm aquatic life.  

It is important to note that typical, real-world LID designs usually incorporate more than 
one type of practice or technique to provide integrated treatment of runoff from a site. For 
example, in lieu of a treatment pond serving a new subdivision, planners might 
incorporate a bioretention area in each yard, disconnect downspouts from driveway 
surfaces, remove curbs, and install grassed swales in common areas. Integrating small 
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practices throughout a site instead of using extended detention wet ponds to control 
runoff from a subdivision is the basis of the LID approach.  

When conducting cost analyses of these practices, examples of projects where actual 
practice-by-practice costs were considered separately were found to be rare because 
material and labor costs are typically calculated for an entire site rather than for each 
element within a larger system. Similarly, it is difficult to calculate the economic benefits 
of individual LID practices on the basis of their effectiveness in reducing runoff volume 
and rates or in treating pollutants targeted for best management practice (BMP) 
performance monitoring.  

The following is a summary of the different categories of LID practices, including a brief 
description and examples of each type of practice.  

Conservation designs can be used to minimize the 
generation of runoff by preserving open space. Such 
designs can reduce the amount of impervious surface, 
which can cause increased runoff volumes. Open 
space can also be used to treat the increased runoff 
from the built environment through infiltration or 
evapotranspiration. For example, developers can use 
conservation designs to preserve important features 
on the site such as wetland and riparian areas, 
forested tracts, and areas of porous soils. 
Development plans that outline the smallest site 
disturbance area can minimize the stripping of topsoil 
and compaction of subsoil that result from grading 
and equipment use. By preserving natural areas and 
not clearing and grading the entire site for housing lots, less total runoff is generated on 
the development parcel. Such simplistic, nonstructural methods can reduce the need to 
build large structural runoff controls like retention ponds and stormwater conveyance 
systems and thereby decrease the overall infrastructure costs of the project. Reducing the 
total area of impervious surface by limiting road widths, parking area, and sidewalks can 
also reduce the volume of runoff that must be treated. Residential developments that 
incorporate conservation design principles also can benefit residents and their quality of 
life due to increased access and proximity to communal open space, a greater sense of 
community, and expanded recreational opportunities.  

Infiltration practices are engineered structures or 
landscape features designed to capture and infiltrate 
runoff. They can be used to reduce both the volume 
of runoff discharged from the site and the 
infrastructure needed to convey, treat, or control 
runoff. Infiltration practices can also be used to 
recharge ground water. This benefit is especially 
important in areas where maintaining drinking water 
supplies and stream baseflow is of special concern 
because of limited precipitation or a high ratio of 
withdrawal to recharge rates. Infiltration of runoff can also help to maintain stream 
temperatures because the infiltrated water that moves laterally to replenish stream 
baseflow typically has a lower temperature than overland flows, which might be subject 

Examples of Conservation 
Design 
• Cluster development 
• Open space preservation 
• Reduced pavement widths 

(streets, sidewalks) 
• Shared driveways 
• Reduced setbacks (shorter 

driveways) 
• Site fingerprinting during 

construction 

Examples of Infiltration 
Practices 
• Infiltration basins and trenches 
• Porous pavement 
• Disconnected downspouts 
• Rain gardens and other 

vegetated treatment systems 
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to solar radiation. Another advantage of infiltration practices is that they can be integrated 
into landscape features in a site-dispersed manner. This feature can result in aesthetic 
benefits and, in some cases, recreational opportunities; for example, some infiltration 
areas can be used as playing fields during dry periods. 

Runoff storage practices. Impervious surfaces are a 
central part of the built environment, but runoff from 
such surfaces can be captured and stored for reuse or 
gradually infiltrated, evaporated, or used to irrigate 
plants. Using runoff storage practices has several 
benefits. They can reduce the volume of runoff 
discharged to surface waters, lower the peak flow 
hydrograph to protect streams from the erosive forces 
of high flows, irrigate landscaping, and provide 
aesthetic benefits such as landscape islands, tree 
boxes, and rain gardens. Designers can take 
advantage of the void space beneath paved areas like parking lots and sidewalks to 
provide additional storage. For example, underground vaults can be used to store runoff 
in both urban and rural areas. 

Runoff conveyance practices. Large storm events 
can make it difficult to retain all the runoff generated 
on-site by using infiltration and storage practices. In 
these situations, conveyance systems are typically 
used to route excess runoff through and off the site. 
In LID designs, conveyance systems can be used to 
slow flow velocities, lengthen the runoff time of 
concentration, and delay peak flows that are 
discharged off-site. LID conveyance practices can be 
used as an alternative to curb-and-gutter systems, and 
from a water quality perspective they have 
advantages over conventional approaches designed to 
rapidly convey runoff off-site and alleviate on-site 
flooding. LID conveyance practices often have rough 
surfaces, which slow runoff and increase evaporation and settling of solids. They are 
typically permeable and vegetated, which promotes infiltration, filtration, and some 
biological uptake of pollutants. LID conveyance practices also can perform functions 
similar to those of conventional curbs, channels, and gutters. For example, they can be 
used to reduce flooding around structures by routing runoff to landscaped areas for 
treatment, infiltration, and evapotranspiration. 

Examples of Runoff Storage 
Practices 
• Parking lot, street, and sidewalk 

storage 
• Rain barrels and cisterns 
• Depressional storage in 

landscape islands and in tree, 
shrub, or turf depressions 

• Green roofs 

Examples of Runoff 
Conveyance Practices 
• Eliminating curbs and gutters 
• Creating grassed swales and 

grass-lined channels 
• Roughening surfaces 
• Creating long flow paths over 

landscaped areas 
• Installing smaller culverts, 

pipes, and inlets 
• Creating terraces and check 

dams 
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Filtration practices are used to treat runoff by 
filtering it through media that are designed to 
capture pollutants through the processes of physical 
filtration of solids and/or cation exchange of 
dissolved pollutants. Filtration practices offer many 
of the same benefits as infiltration, such as 
reductions in the volume of runoff transported off-
site, ground water recharge, increased stream 
baseflow, and reductions in thermal impacts to receiving waters. Filtration practices also 
have the added advantage of providing increased pollutant removal benefits. Although 
pollutant build-up and removal may be of concern, pollutants are typically captured in the 
upper soil horizon and can be removed by replacing the topsoil.  

Low impact landscaping. Selection and distribution 
of plants must be carefully planned when designing a 
functional landscape. Aesthetics are a primary 
concern, but it is also important to consider long-term 
maintenance goals to reduce inputs of labor, water, 
and chemicals. Properly preparing soils and selecting  
species adapted to the microclimates of a site greatly 
increases the success of plant establishment and 
growth, thereby stabilizing soils and allowing for 
biological uptake of pollutants. Dense, healthy plant 
growth offers such benefits as pest resistance 
(reducing the need for pesticides) and improved soil 
infiltration from root growth. Low impact 
landscaping can thus reduce impervious surfaces, 
improve infiltration potential, and improve the 
aesthetic quality of the site. 

Examples of Low Impact 
Landscaping 
• Planting native, drought-

tolerant plants 
• Converting turf areas to shrubs 

and trees 
• Reforestation 
• Encouraging longer grass 

length 
• Planting wildflower meadows 

rather than turf along medians 
and in open space 

• Amending soil to improve 
infiltration 

Examples of Filtration 
Practices 
• Bioretention/rain gardens 
• Vegetated swales 
• Vegetated filter strips/buffers 
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EVALUATIONS OF BENEFITS AND COSTS  

To date, the focus of traditional stormwater management programs has been concentrated 
largely on structural engineering solutions to manage the hydraulic consequences of the 
increased runoff that results from development. Because of this emphasis, stormwater 
management has been considered primarily an engineering endeavor. Economic analyses 
regarding the selection of solutions that are not entirely based on pipes and ponds have 
not been a significant factor in management decisions. Where costs have been 
considered, the focus has been primarily on determining capital costs for conventional 
infrastructure, as well as operation and maintenance costs in dollars per square foot or 
dollars per pound of pollutant removed.  

Little attention has been given to the benefits that can be achieved through implementing 
LID practices. For example, communities rarely attempt to quantify and monetize the 
pollution prevention benefits and avoided treatment costs that might accrue from the use 
of conservation designs or LID techniques. To be more specific, the benefits of using LID 
practices to decrease the need for combined sewer overflow (CSO) storage and 
conveyance systems should be factored into the economic analyses. One of the major 
factors preventing LID practices from receiving equal consideration in the design or 
selection process is the difficulty of monetizing the environmental benefits of these 
practices. Without good data and relative certainty that these alternatives will work and 
not increase risk or cost, current standards of practice are difficult to change.  

This report is an effort to compare the projected or known costs of LID practices with 
those of conventional development approaches. At this point, monetizing the economic 
and environmental benefits of LID strategies is much more difficult than monetizing 
traditional infrastructure costs or changes in property values due to improvements in 
existing utilities or transportation systems. Systems of practices must be analyzed to 
determine net performance and monetary benefits based on the capacity of the systems to 
both treat for pollutants and reduce impacts through pollution prevention. For example, 
benefits might come in the form of reduced stream channel degradation, avoided stream 
restoration costs, or reduced drinking water treatment costs.  

One of the chief impediments to getting useful economic data to promote more 
widespread use of LID techniques is the lack of a uniform baseline with which to 
compare the costs and benefits of LID practices against the costs of conventional 
stormwater treatment and control. Analyzing benefits is further complicated in cases 
where the environmental performance of the conservation design or LID system exceeds 
that of the conventional runoff management system, because such benefits are not easily 
monetized. The discussion below is intended to provide a general discussion of the range 
of economic benefits that may be provided by LID practices in a range of appropriate 
circumstances. 

OVERVIEW OF BENEFITS 

The following is a brief discussion of some of the actual and assumed benefits of LID 
practices. Note that environmental and ancillary benefits typically are not measured as 
part of development projects, nor are they measured as part of pilot or demonstration 
projects, because they can be difficult to isolate and quantify. Many of the benefits 
described below are assumed on the basis of limited studies and anecdotal evidence.  
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The following discussion is organized into three categories: (1) environmental benefits, 
which include reductions in pollutants, protection of downstream water resources, ground 
water recharge, reductions in pollutant treatment costs, reductions in the frequency and 
severity of CSOs, and habitat improvements; (2) land value benefits, which include 
reductions in downstream flooding and property damage, increases in real estate value, 
increased parcel lot yield, increased aesthetic value, and improvement of quality of life 
by providing open space for recreation; and (3) compliance incentives.  

Environmental Benefits 

Pollution abatement. LID practices can reduce both the volume of runoff and the 
pollutant loadings discharged into receiving waters. LID practices result in pollutant 
removal through settling, filtration, adsorption, and biological uptake. Reductions in 
pollutant loadings to receiving waters, in turn, can improve habitat for aquatic and 
terrestrial wildlife and enhance recreational uses. Reducing pollutant loadings can also 
decrease stormwater and drinking water treatment costs by decreasing the need for 
regional stormwater management systems and expansions in drinking water treatment 
systems.  

Protection of downstream water resources. The use of LID practices can help to prevent 
or reduce hydrologic impacts on receiving waters, reduce stream channel degradation 
from erosion and sedimentation, improve water quality, increase water supply, and 
enhance the recreational and aesthetic value of our natural resources. LID practices can 
be used to protect water resources that are downstream in the watershed. Other potential 
benefits include reduced incidence of illness from contact recreation activities such as 
swimming and wading, more robust and safer seafood supplies, and reduced medical 
treatment costs.  

Ground water recharge. LID practices also can be used to infiltrate runoff to recharge 
ground water. Growing water shortages nationwide increasingly indicate the need for 
water resource management strategies designed to integrate stormwater, drinking water, 
and wastewater programs to maximize benefits and minimize costs. Development 
pressures typically result in increases in the amount of impervious surface and volume of 
runoff. Infiltration practices can be used to replenish ground water and increase stream 
baseflow. Adequate baseflow to streams during dry weather is important because low 
ground water levels can lead to greater fluctuations in stream depth, flows, and 
temperatures, all of which can be detrimental to aquatic life.  

Water quality improvements/reduced treatment costs. It is almost always less expensive 
to keep water clean than it is to clean it up. The Trust for Public Land5 noted Atlanta’s 
tree cover has saved more than $883 million by preventing the need for stormwater 
retention facilities. A study of 27 water suppliers conducted by the Trust for Public Land 
and the American Water Works Association6 found a direct relationship between forest 
cover in a watershed and water supply treatment costs. In other words, communities with 
higher percentages of forest cover had lower treatment costs. According to the study, 
approximately 50 to 55 percent of the variation in treatment costs can be explained by the 
percentage of forest cover in the source area. The researchers also found that for every 10 
percent increase in forest cover in the source area, treatment and chemical costs 
decreased approximately 20 percent, up to about 60 percent forest cover.  
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Reduced incidence of CSOs. Many municipalities have problems with CSOs, especially 
in areas with aging infrastructure.  Combined sewer systems discharge sanitary 
wastewater during storm events. LID techniques, by retaining and infiltrating runoff, 
reduce the frequency and amount of CSO discharges to receiving waters.  Past 
management efforts typically have been concentrated on hard engineering approaches 
focused on treating the total volume of sanitary waste together with the runoff that is 
discharged to the combined system.  Recently, communities like Portland (Oregon), 
Chicago, and Detroit have been experimenting with watershed approaches aimed at 
reducing the total volume of runoff generated that must be handled by the combined 
system.   LID techniques have been the primary method with which they have 
experimented to reduce runoff.  A Hudson Riverkeeper report concluded, based on a 
detailed technical analysis, that New York City could reduce its CSO’s more cost-
effectively with LID practices than with conventional, hard infrastructure CSO storage 
practices. 7 

Habitat improvements. Innovative stormwater management techniques like LID or 
conservation design can be used to improve natural resources and wildlife habitat, 
maintain or increase land value, or avoid expensive mitigation costs.  

Land Value and Quality of Life Benefits 

Reduced downstream flooding and property damage. LID practices can be used to 
reduce downstream flooding through the reduction of peak flows and the total amount or 
volume of runoff. Flood prevention reduces property damage and can reduce the initial 
capital costs and the operation and maintenance costs of stormwater infrastructure. 
Strategies designed to manage runoff on-site or as close as possible to its point  of 
generation can reduce erosion and sediment transport as well as reduce flooding and 
downstream erosion. As a result, the costs for cleanups and streambank restoration can be 
reduced or avoided altogether. The use of LID techniques also can help protect or restore 
floodplains, which can be used as park space or wildlife habitat.8  

Real estate value/property tax revenue. Homeowners and property owners are willing to 
pay a premium to be located next to or near aesthetically pleasing amenities like water 
features, open space, and trails. Some stormwater treatment systems can be beneficial to 
developers because they can serve as a “water” feature or other visual or recreational 
amenity that can be used to market the property. These designs should be visually 
attractive and safe for the residents and should be considered an integral part of planning 
the development. Various LID projects and smart growth studies have shown that people 
are willing to pay more for clustered homes than conventionally designed subdivisions. 
Clustered housing with open space appreciated at a higher rate than conventionally 
designed subdivisions. EPA’s Economic Benefits of Runoff Controls9 describes numerous 
examples where developers and subsequent homeowners have received premiums for 
proximity to attractive stormwater management practices.  

Lot yield. LID practices typically do not require the large, contiguous areas of land that 
are usually necessary when traditional stormwater controls like ponds are used. In cases 
where LID practices are incorporated on individual house lots and along roadsides as part 
of the landscaping, land that would normally be dedicated for a stormwater pond or other 
large structural control can be developed with additional housing lots.  
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Aesthetic value. LID techniques are usually attractive features because landscaping is an 
integral part of the designs. Designs that enhance a property’s aesthetics using trees, 
shrubs, and flowering plants that complement other landscaping features can be selected. 
The use of these designs may increase property values or result in faster sale of the 
property due to the perceived value of the “extra” landscaping. 

Public spaces/quality of life/public participation. Placing water quality practices on 
individual lots provides opportunities to involve homeowners in stormwater management 
and enhances public awareness of water quality issues. An American Lives, Inc., real 
estate study found that 77.7 percent of potential homeowners rated natural open space as 
“essential” or “very important” in planned communities.10  

Compliance Incentives 

Regulatory compliance credits. Many states recognize the positive benefits LID 
techniques offer, such as reduced wetland impacts. As a result, they might offer 
regulatory compliance credits, streamlined or simpler permit processes, and other 
incentives similar to those offered for other green practices. For example, in Maryland 
the volume required for the permanent pool of a wet pond can be reduced if rooftop 
runoff is infiltrated on-site using LID practices. This procedure allows rooftop area to be 
subtracted from the total impervious area, thereby reducing the required size of the 
permanent pool. In addition, a LID project can have less of an environmental impact than 
a conventional project, thus requiring smaller impact fees.  

COST CONSIDERATIONS 

Traditional approaches to stormwater management involve conveying runoff off-site to 
receiving waters, to a combined sewer system, or to a regional facility that treats runoff 
from multiple sites. These designs typically include hard infrastructure, such as curbs, 
gutters, and piping. LID-based designs, in contrast, are designed to use natural drainage 
features or engineered swales and vegetated contours for runoff conveyance and 
treatment. In terms of costs, LID techniques like conservation design can reduce the 
amount of materials needed for paving roads and driveways and for installing curbs and 
gutters. Conservation designs can be used to reduce the total amount of impervious 
surface, which results in reduced road and driveway lengths and reduced costs. Other 
LID techniques, such as grassed swales, can be used to infiltrate roadway runoff and 
eliminate or reduce the need for curbs and gutters, thereby reducing infrastructure costs. 
Also, by infiltrating or evaporating runoff, LID techniques can reduce the size and cost of 
flood-control structures. Note that more research is needed to determine the optimal 
combination of LID techniques and detention practices for flood control.  

It must be stated that the use of LID techniques might not always result in lower project 
costs. The costs might be higher because of the costs of plant material, site preparation, 
soil amendments, underdrains and connections to municipal stormwater systems, and 
increased project management. 

Another factor to consider when comparing costs between traditional and LID designs is 
the amount of land required to implement a management practice. Land must be set aside 
for both traditional stormwater management practices and LID practices, but the former 
require the use of land in addition to individual lots and other community areas, whereas 
bioretention areas and swales can be incorporated into the landscaping of yards, in rights-
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of-way along roadsides, and in or adjacent to parking lots. The land that would have been 
set aside for ponds or wetlands can in many cases be used for additional housing units, 
yielding greater profits. 

Differences in maintenance requirements should also be considered when comparing 
costs. According to a 1999 EPA report, maintenance costs for retention basins and 
constructed wetlands were estimated at 3 to 6 percent of construction costs, whereas 
maintenance costs for swales and bioretention practices were estimated to be 5 to 7 
percent of construction costs.11 However, much of the maintenance for bioretention areas 
and swales can be accomplished as part of routine landscape maintenance and does not 
require specialized equipment. Wetland and pond maintenance, on the other hand, 
involves heavy equipment to remove accumulated sediment, oils, trash, and vegetation in 
forebays and open ponds. 

Finally, in some circumstances LID practices can offset the costs associated with 
regulatory requirements for stormwater control. In urban redevelopment projects where 
land is not likely to be available for large stormwater management practices, developers 
can employ site-dispersed BMPs in sidewalk areas, in courtyards, on rooftops, in parking 
lots, and in other small outdoor spaces, thereby avoiding the fees that some municipalities 
charge when stormwater mitigation requirements cannot otherwise be met. In addition, 
stormwater utilities often provide credits for installing runoff management practices such 
as LID practices.12  
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CASE STUDIES 

The case studies presented below are not an exhaustive list of LID projects nationwide. 
These examples were selected on the basis of the quantity and quality of economic data, 
quantifiable impacts, and types of LID practices used. Economic data are available for 
many other LID installations, but those installations often cannot be compared with 
conventional designs because of the unique nature of the design or the pilot status of the 
project. Table 1 presents a summary of the LID practices employed in each case study. 

Table 1. Summary of LID Practices Employed in the Case Studies 

LID Techniques 
Reduced 

Name 
Biore-
tention 

Cluster 
Building 

Impervious 
Area Swales 

Permeable 
Pavement 

Vegetated 
Landscaping Wetlands 

Green 
Roofs 

2nd Avenue SEA 
Street         
Auburn Hills         
Bellingham 
Parking Lot 
Retrofits 

        

Central Park 
Commercial 
Redesigns 

        

Crown Street         
Gap Creek         
Garden Valley         
Kensington 
Estates         

Laurel Springs         
Mill Creek         
Poplar Street 
Apartments         
Portland 
Downspout 
Disconnection* 

        

Prairie Crossing         
Prairie Glen         
Somerset         
Tellabs 
Corporate 
Campus 

        

Toronto Green 
Roofs         
*Although impervious area stays the same, the disconnection program reduces directly connected impervious area. 

 

The case studies contain an analysis of development costs, which are summarized in 
Table 2. Note that some case study results do not lend themselves well to a traditional vs. 
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LID cost comparison and therefore are not included in Table 2 (as noted). Conventional 
development cost refers to costs incurred or estimated for a traditional stormwater 
management approach, whereas LID cost refers to costs incurred or estimated for using 
LID practices. Cost difference is the difference between the conventional development 
cost and the LID cost. Percent difference is the cost savings relative to the conventional 
development cost.  

Table 2. Summary of Cost Comparisons Between Conventional and LID Approachesa 

Project 

Conventional 
Development 

Cost LID Cost 
Cost 

Differenceb 
Percent 

Differenceb 
2nd Avenue SEA Street $868,803 $651,548 $217,255 25% 
Auburn Hills $2,360,385 $1,598,989 $761,396 32% 
Bellingham City Hall  $27,600 $5,600 $22,000 80% 
Bellingham Bloedel Donovan Park  $52,800 $12,800 $40,000 76% 
Gap Creek $4,620,600 $3,942,100 $678,500 15% 
Garden Valley $324,400 $260,700 $63,700 20% 
Kensington Estates $765,700 $1,502,900 –$737,200 -96% 
Laurel Springs $1,654,021 $1,149,552 $504,469 30% 
Mill Creekc $12,510 $9,099 $3,411 27% 
Prairie Glen $1,004,848 $599,536 $405,312 40% 
Somerset $2,456,843 $1,671,461 $785,382 32% 
Tellabs Corporate Campus $3,162,160 $2,700,650 $461,510 15% 
a The Central Park Commercial Redesigns, Crown Street, Poplar Street Apartments, Prairie Crossing, Portland Downspout 
Disconnection, and Toronto Green Roofs study results do not lend themselves to display in the format of this table. 
b Negative values denote increased cost for the LID design over conventional development costs. 
c Mill Creek costs are reported on a per-lot basis. 

2ND AVENUE SEA STREET, SEATTLE, WASHINGTON 

The 2nd Avenue Street Edge Alternative (SEA) 
Street project was a pilot project undertaken by 
Seattle Public Utilities to redesign an entire 660-foot
block with a number of LID techniques. The goals 
were to reduce stormwater runoff and to provide a 
more “livable” community. Throughout the design 

 

and construction process, Seattle Public Utilities worked collaboratively with street 
residents to develop the final street design.13  

The design reduced imperviousness, included retrofits of bioswales to treat and manage 
stormwater, and added 100 evergreen trees and 1,100 shrubs.14 Conventional curbs and 
gutters were replaced with bioswales in the rights-of-way on both sides of the street, and 
the street width was reduced from 25 feet to 14 feet. The final constructed design reduced 
imperviousness by more than 18 percent. An estimate for the final total project cost was 
$651,548. A significant amount of community outreach was involved, which raised the 
level of community acceptance. Community input is important for any project, but 
because this was a pilot study, much more was spent on communication and redesign 
than what would be spent for a typical project.  

2nd Avenue 
SEA Street 
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The costs for the LID retrofit were compared with the estimated costs of a conventional 
street retrofit (Table 3). Managing stormwater with LID techniques resulted in a cost 
savings of 29 percent. Also, the reduction in street width and sidewalks reduced paving 
costs by 49 percent.  

Table 3. Cost Comparison for 2nd Avenue SEA Street 15 

Conventional Percent of 

Item 
Development 

Cost SEA Street Cost Cost Savings* 
Percent 
Savings* 

Total 
Savings* 

Site preparation $65,084 $88,173 –$23,089 –35% –11% 
Stormwater management $372,988 $264,212 $108,776 29% 50% 
Site paving and sidewalks $287,646 $147,368 $140,278 49% 65% 
Landscaping $78,729 $113,034 –$34,305 –44% –16% 
Misc. (mobilization, etc.) $64,356 $38,761 $25,595 40% 12% 
Total $868,803 $651,548 $217,255 –– –– 
* Negative values denote increased cost for the LID design over conventional development costs. 

 

The avoided cost for stormwater infrastructure and reduced cost for site paving accounted 
for much of the overall cost savings. The nature of the design, which included extensive 
use of bioswales and vegetation, contributed to the increased cost for site preparation and 
landscaping. Several other SEA Street projects have been completed or are under way, 
and cost evaluations are expected to be favorable. 

For this site, the environmental performance has been even more significant than the cost 
savings. Hydrologic monitoring of the project indicates a 99 percent reduction in total 
potential surface runoff, and runoff has not been recorded at the site since December 
2002, a period that included the highest-ever 24-hour recorded rainfall at Seattle-Tacoma 
Airport.16 The site is retaining more than the original design estimate of 0.75 inch of rain. 
A modeling analysis indicates that if a conventional curb-and-gutter system had been 
installed along 2nd Avenue instead of the SEA Street design, 98 times more stormwater 
would have been discharged from the site.17  

AUBURN HILLS SUBDIVISION, SOUTHWESTERN 
WISCONSIN 

Auburn Hills in southwestern Wisconsin is a 
residential subdivision developed with conservation
design principles. Forty percent of the site is 
preserved as open space; this open space includes 
wetlands, green space and natural plantings, and 
walking trails. The subdivision was designed to 

 

include open swales and bioretention for stormwater management. To determine potential 
savings from using conservation design, the site construction costs were compared with 
the estimated cost of building the site as a conventional subdivision.18  Reduced 
stormwater management costs accounted for approximately 56 percent of the total cost 
savings. A cost comparison is provided in Table 4. Other savings not shown in Table 4 
were realized as a result of reduced sanitary sewer, water distribution, and utility 
construction costs. 

Auburn Hills 
Subdivision 

RB-AR11964



14 

Table 4. Cost Comparison for Auburn Hills Subdivision 19 
Conventional Percent of 

Item 
Development 

Cost 
Auburn Hills LID 

Cost 
Cost 

Savings* 
Percent 
Savings* 

Total 
Savings* 

Site preparation $699,250 $533,250 $166,000 24% 22% 
Stormwater management $664,276 $241,497 $422,779 64% 56% 
Site paving and sidewalks $771,859 $584,242 $187,617 24% 25% 
Landscaping $225,000 $240,000 –$15,000 -7% -2% 
Total $2,360,385 $1,598,989 $761,396 — — 
* Negative values denote increased cost for the LID design over conventional development costs. 

 

The clustered design used in the development protected open space and reduced clearing 
and grading costs. Costs for paving and sidewalks were also decreased because the 
cluster design reduced street length and width. Stormwater savings were realized 
primarily through the use of vegetated swales and bioswales. These LID practices 
provided stormwater conveyance and treatment and also lowered the cost of conventional 
stormwater infrastructure. The increase in landscaping costs resulted from additional 
open space present on-site compared to a conventional design, as well as increased street 
sweeping. Overall, the subdivision’s conservation design retained more natural open 
space for the benefit and use of the homeowners and aided stormwater management by 
preserving some of the site’s natural hydrology.20 

BELLINGHAM, WASHINGTON, PARKING LOT RETROFITS 

The City of Bellingham, Washington, retrofitted two 
parking lots––one at City Hall and the other at Bloedel 
Donovan Park––with rain gardens in lieu of installing 
underground vaults to manage stormwater.21  At City 
Hall, 3 parking spaces out of a total of 60 were used for 
the rain garden installation. The Bloedel Donovan Park 
retrofit involved converting to a rain garden a 550-
square-foot area near a catch basin. Both installations 
required excavation, geotextile fabric, drain rock, soil amendments, and native plants. 
Flows were directed to the rain gardens by curbs. An overflow system was installed to 
accommodate higher flows during heavy rains.  

The City compared actual rain garden costs to estimates for conventional underground 
vaults based on construction costs for similar projects in the area ($12.00 per cubic foot 
of storage). Rain garden costs included labor, vehicle use/rental, and materials. Table 5 
shows that the City Hall rain garden saved the City $22,000, or 80 percent, over the 
underground vault option; the Bloedel Donovan Park installation saved $40,000, or 
76 percent.  

Table 5. Cost Comparison for Bellingham’s Parking Lot Rain Garden Retrofits22 

Bellingham 
Parking Lot 
Retrofits 

Conventional Vault 
Project Cost Rain Garden Cost Cost Savings Percent Savings 

City Hall $27,600 $5,600 $22,000 80% 
Bloedel Donovan Park $52,800 $12,800 $40,000 76% 
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Central Park
Commercial 

Redesign 

CENTRAL PARK COMMERCIAL REDESIGNS, 
FREDERICKSBURG, VA (A MODELING STUDY) 

The Friends of the Rappahannock undertook a cost 
analysis involving the redesign of site plans for 
several stores in a large commercial development 
in the Fredericksburg, Virginia, area called Central 
Park.23,24 Table 6 contains a side-by-side analysis 
of the cost additions and reductions for each site 
for scenarios where LID practices (bioretention 
areas and swales) were incorporated into the existing, traditional site designs. In five of 
the six examples, the costs for the LID redesigns were higher than those for the original 
designs, although they never exceeded $10,000, or 10 percent of the project. One 
example yielded a $5,694 savings. The fact that these projected costs for LID were 
comparable to the costs for traditional designs convinced the developer to begin 
incorporating LID practices into future design projects.25  

Table 6. Site Information and Cost Additions/Reductions Using LID Versus Traditional Designs  
Total 

Name 
Total BMP 
Area (ft2) 

Impervious 
Area Treated 

(ft2) 

Percent of 
Impervious 

Area Treated 
Cost 

Additionsa 
Cost 

Reductionsb 

Change in 
Cost After 
Redesign 

Breezewood Station 
Alternative 1 4,800 64,165 98.4% $36,696 $34,785 + $1,911 

Breezewood Station 
Alternative 2 3,500 38,775 59.5% $24,449 $21,060 + $3,389 

Olive Garden 1,780 31,900 59.1% $14,885 $11,065 + $3,790 
Kohl’s, Best Buy, & 
Office Depot 14,400 354,238 56.3% $89,433 $80,380 + $9,053 

First Virginia Bank 1,310 20,994 97.7% $6,777 $1,148 + $5,629 
Chick-Fil-Ac 1,326 28,908 82.2% $6,846 $12,540 – $5,694 
a Additional costs for curb, curb blocks, storm piping, inlets, underdrains, soil, mulch, and vegetation as a result of the redesign. 
b Reduced cost for curb, storm piping, roof drain piping, and inlets as a result of the redesign. 
c Cost reduction value includes the cost of a Stormceptor unit that is not needed as part of the redesign. 

 

CROWN STREET, VANCOUVER, BRITISH COLUMBIA 

In 1995 the Vancouver City Council adopted a 
Greenways program that is focused on introducing 
pedestrian-friendly green space into the City to 
connect trails, environmental areas, and urban space. 
As a part of this program, the City has adopted 
strategies to manage stormwater runoff from 
roadways. Two initiatives are discussed here. 

The Crown Street redevelopment project, completed 
in 2005, retrofitted a 1,100-foot block of traditional 
curb-and-gutter street with a naturalized streetscape modeled after the Seattle SEA Street 
design. Several LID features were incorporated into the design. The total imperviousness 
of the street was decreased by reducing the street width from 28 feet to 21 feet with one-

Crown Street 
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way sections of the road narrowed to 10 feet. Roadside swales that use vegetation and 
structural grass (grass supported by a grid and soil structure that prevents soil compaction 
and root damage) were installed to collect and treat stormwater through infiltration.26 

Modeling predicts that the redesigned street will retain 90 percent of the annual rainfall 
volume on-site; the remaining 10 percent of runoff will be treated by the system of 
vegetated swales before discharging.27,28 The City chose to use the LID design because 
stormwater runoff from Crown Street flows into the last two salmon-bearing creeks in 
Vancouver.29 Monitoring until 2010 will assess the quality of stormwater runoff and 
compare it with both the modeling projections and the runoff from a nearby curb-and-
gutter street. 

The cost of construction for the Crown Street redevelopment was $707,000. Of this, 
$311,000 was attributed to the cost of consultant fees and aesthetic design features, which 
were included in the project because it was the first of its kind in Vancouver. These 
added costs would not be a part of future projects. Discounting the extra costs, the 
$396,000 construction cost is 9 percent higher than the estimated $364,000 conventional 
curb-and-gutter design cost.30 The City has concluded that retrofitting streets that have an 
existing conventional stormwater system with naturalized designs will cost marginally 
more than making curb-and-gutter improvements, but installing naturalized street designs 
in new developments will be less expensive than installing conventional drainage 
systems.31,32 

One goal of Vancouver’s Greenways program is to make transportation corridors more 
pedestrian-friendly. A method used to achieve this goal is to extend curbs at intersections 
out into the street to lessen the crossing distance and improve the line of sight for 
pedestrians. When this initiative began, the City relocated stormwater catch basins that 
would have been enclosed within the extended curb. Now, at certain intersections, the 
City uses the new space behind the curb to install “infiltration bulges” to collect and 
infiltrate roadway runoff. The infiltration bulges are constructed of permeable soils and 
vegetation. (The City of Portland, Oregon, has installed similar systems, which they call 
“vegetated curb extensions.”) The catch basins are left in place, and any stormwater that 
does not infiltrate into the soil overflows into the storm drain system.33 

The infiltration bulges have resulted in savings for the City. Because the stormwater 
infiltration bulges are installed in conjunction with planned roadway improvements, the 
only additional costs associated with the stormwater project are the costs of a steel curb 
insert to allow stormwater to enter the bulge and additional soil excavation costs. These 
additional costs are more than offset by the $2,400 to $4,000 cost that would have been 
required to relocate the catch basins. To date, the City has installed nine infiltration 
bulges, three of which are maintained by local volunteers as part of a Green Streets 
program in which local residents adopt city green space.34 
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GAP CREEK SUBDIVISION, SHERWOOD, ARKANSAS 

Gap Creek’s original subdivision plan was revised 
to include LID concepts. The revised design 
increased open space from the originally planned Gap Creek 
1.5 acres to 23.5 acres. Natural drainage areas Subdivision 

were preserved and buffered by greenbelts. 
Traffic-calming circles were used, allowing the 
developer to reduce street widths from 36 to 27 
feet. In addition, trees were kept close to the curb 
line. These design techniques allowed the development of 17 additional lots. 

The lots sold for $3,000 more and cost $4,800 less to develop than comparable 
conventional lots. A cost comparison is provided in Table 7. For the entire development, 
the combination of cost savings and lot premiums resulted in an additional profit to the 
developer of $2.2 million.35,36 

Table 7. Cost Comparison for Gap Creek Subdivision37 
Total Cost of 

Conventional Design 
Gap Creek  
LID Cost Cost Savings Percent Savings Savings per Lot 

$4,620,600 $3,942,100 $678,500 15% $4,800 
 

GARDEN VALLEY, PIERCE COUNTY, WASHINGTON  
(A MODELING STUDY) 

The Garden Valley subdivision is a 9.7-acre site in 
Pierce County, Washington. A large wetland on the 
eastern portion of the site and a 100-foot buffer 
account for 43 percent of the site area. Designers 
evaluated a scenario in which roadway widths were 
reduced and conventional stormwater management 
practices were replaced with swales, bioretention, and soil amendments. The use of these 
LID elements would have allowed the cost for stormwater management on the site to be 
reduced by 72 percent. A cost comparison is provided in Table 8.38 Other costs expected 
with the LID design were a $900 initial cost for homeowner education with $170 required 
annually thereafter. Annual maintenance costs for the LID design (not included above) 
were expected to be $600 more than those for the conventional design, but a $3,000 
annual savings in the stormwater utility bill was expected to more than offset higher 
maintenance costs. 

 

Garden 
Valley 
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Table 8. Cost Comparison for Garden Valley Subdivision39 

Item 
Conventional 

Development Cost 
Garden Valley LID 

Cost Cost Savings* Percent Savings* 
Stormwater management $214,000 $59,800 $154,200 72% 
Site paving $110,400 $200,900 –$90,500 –82% 
Total $324,400 $260,700 $63,700 — 
* Negative values denote increased cost for the LID design over conventional development costs. 

 

The design incorporated the use of narrower roadways coupled with Grasscrete parking 
along the roadside, which increased the overall site paving costs. However, this added 
cost was more than offset by the savings realized by employing LID for stormwater 
management. The LID practices were expected to increase infiltration and reduce 
stormwater discharge rates, which can improve the health and quality of receiving 
streams. 

KENSINGTON ESTATES, PIERCE COUNTY, 
WASHINGTON (A MODELING STUDY) 

A study was undertaken to evaluate the use of LID 
techniques at the Kensington Estates subdivision, 
a proposed 24-acre development consisting of 
single-family homes on 103 lots. The study 
assumed that conventional stormwater 
management practices would be replaced entirely 
by LID techniques, including reduced imperviousness, soil amendments, and bioretention 
areas. The design dictated that directly connected impervious areas on-site were to be 
minimized. Three wetlands and an open space tract would treat stormwater discharging 
from LID installations. Open space buffers were included in the design. The LID 
proposal also included rooftop rainwater collection systems on each house.40,41 

The proposed LID design reduced effective impervious area from 30 percent in the 
conventional design to approximately 7 percent, and it was approximately twice as 
expensive as the traditional design. A cost comparison is provided in Table 9.  

Table 9. Cost Comparison for Kensington Estates Subdivision42 

Kensington 
Estates 

Item 
Conventional  

Development Cost 
Kensington Estate  

LID Cost Additional Cost 
Stormwater management $243,400 $925,400 $ 682,000 
Site paving $522,300 $577,500 $55,200 
Total $765,700 $1,502,900 $737,200 

 

Although the study assumed that roadways in the LID design would be narrower than 
those in the conventional design, site paving costs increased because the LID design 
assumed that Grasscrete parking would be included along the roadside to allow 
infiltration. The use of Grasscrete increased the overall site paving costs.  
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The avoidance of conventional stormwater infrastructure with the use of LID afforded 
significant cost savings. The LID measures eliminated the need for a detention pond and 
made more lots available for development. The significant cost for the rooftop rainwater 
collection systems was assumed to be offset somewhat by savings on stormwater utility 
bills.43 

The study also anticipated that the use of LID would reduce stormwater peak flow 
discharge rates and soil erosion. Furthermore, greater on-site infiltration increases ground 
water recharge, resulting in increased natural baseflows in streams and a reduction in dry 
channels. Proposed clustering of buildings would allow wetlands and open space to be 
preserved and create a more walkable community. The reduced road widths were 
anticipated to decrease traffic speeds and accident rates.  

LAUREL SPRINGS SUBDIVISION, JACKSON, 
WISCONSIN 

The Laurel Springs subdivision in Jackson, 
Wisconsin, is a residential subdivision that was 
developed as a conservation design community. 
The use of cluster design helped to preserve open 
space and minimize grading and paving. The use 
of bioretention and vegetated swales lowered the 
costs for stormwater management.  

The costs of using conservation design to develop the subdivision were compared with 
the estimated cost of developing the site with conventional practices (Table 10).44 The 
total savings realized with conservation design were just over $504,469, or approximately 
30 percent of the estimated conventional construction cost. Savings from stormwater 
management accounted for 60 percent of the total cost savings. Other project savings 
were realized with reduced sanitary sewer, water distribution, and utility construction 
costs. 

Table 10. Cost Comparison for Laurel Springs Subdivision45 

Laurel 
Springs 

Conventional Percent of 

Item 
Development 

Cost 
Laurel Springs 

LID Cost Cost Savings 
Percent 
Savings 

Total 
Savings 

Site preparation $441,600 $342,000 $99,600 23% 20% 
Stormwater management $439,956 $136,797 $303,159 69% 60% 
Site paving and sidewalks $607,465 $515,755 $91,710 15% 18% 
Landscaping $165,000 $155,000 $10,000 6% 2% 
Total $1,654,021 $1,149,552 $504,469 — — 

 

In addition to preserving open space and reducing the overall amount of clearing and 
grading, the cluster design also reduced street lengths and widths, thereby lowering costs 
for paving and sidewalks. Vegetated swales and bioswales largely were used to replace 
conventional stormwater infrastructure and led to significant savings. Each of these 
factors helped to contribute to a more hydrologically functional site that reduced the total 
amount of stormwater volume and managed stormwater through natural processes.  
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Mill Creek 
Subdivision 

MILL CREEK SUBDIVISION, KANE COUNTY, ILLINOIS 

The Mill Creek subdivision is a 1,500-acre, mixed-
use community built as a conservation design 
development. Approximately 40 percent of the site 
is identified as open space; adjacent land use is 
mostly agricultural. The subdivision was built 
using cluster development. It uses open swales for 
stormwater conveyance and treatment, and it has a 
lower percentage of impervious surface than 
conventional developments. An economic analysis compared the development cost for 40 
acres of Mill Creek with the development costs of 30 acres of a conventional 
development with similar building density and location.46 

When compared with the conventional development, the conservation site design 
techniques used at Mill Creek saved approximately $3,411 per lot. Nearly 70 percent of 
these savings resulted from reduced costs for stormwater management, and 28 percent of 
the savings were found in reduced costs for site preparation. A cost comparison is 
provided in Table 11. Other savings not included in the table were realized with reduced 
construction costs for sanitary sewers and water distribution. 

Table 11. Cost Comparison for Mill Creek Subdivision47 
Conventional Percent Percent of 

Item 
Development 
Cost per Lot 

Mill Creek  
LID Cost per Lot 

Cost Savings 
per Lot 

Savings 
per Lot 

Total 
Savings 

Site preparation $2,045 $1,086 $959 47% 28% 
Stormwater management $4,535 $2,204 $2,331 51% 68% 
Site paving and sidewalks $5,930 $5,809 $121 2% 4% 
Total $12,510 $9,099 $3,411 — — 

 

The use of cluster development and open space preservation on the site decreased site 
preparation costs. The majority of the cost savings were achieved by avoiding the 
removal and stockpiling of topsoil. In addition to cost savings from avoided soil 
disturbance, leaving soils intact also retains the hydrologic function of the soils and aids 
site stormwater management by reducing runoff volumes and improving water quality. 
The site’s clustered design was also responsible for a decrease in costs for paving and 
sidewalks because the designers intentionally aimed to decrease total road length and 
width. 

The designers used open swales as the primary means for stormwater conveyance. 
Coupled with other site techniques to reduce runoff volumes and discharge rates, 
significant savings in stormwater construction were avoided because of reduced storm 
sewer installation; sump pump connections; trench backfill; and catch basin, inlet, and 
cleanout installation.  

In addition to the cost savings, the conservation design at Mill Creek had a positive effect 
on property values: lots adjacent to walking/biking trails include a $3,000 premium, and 
lots adjacent to or with views of open space include a $10,000 to $17,500 premium. The 
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600 acres of open space on the site include 127 acres of forest preserve with quality 
wetlands, 195 acres of public parks, and 15 miles of walking/biking trails.48 

POPLAR STREET APARTMENTS, ABERDEEN, NORTH 
CAROLINA  

The use of bioretention, topographical depressions, 
grass channels, swales, and stormwater basins at the 
270-unit Poplar Street Apartment complex improved 
stormwater treatment and lowered construction 
costs. The design allowed almost all conventional 
underground storm drains to be eliminated from the 
design. The design features created longer flow paths, reduced runoff volume, and 
filtered pollutants from runoff. According to the U.S. Department of Housing and Urban 
Development, use of LID techniques resulted in a $175,000 savings (72 percent).49 

PORTLAND DOWNSPOUT DISCONNECTION PROGRAM, 
PORTLAND, OREGON 

The City of Portland, Oregon, implemented a 
Downspout Disconnection Program as part of its 
CSO elimination program.  Every year, billions of 
gallons of stormwater mixed with sewage pour into 
the Willamette River and Columbia Slough through 
CSOs.  When roof runoff flows into Portland’s 
combined sewer system, it contributes to CSOs.  The City has reduced the frequency of 
CSOs to the Columbia Slough and hopes to eliminate 94 percent of the overflows to the 
Willamette River by 2011.50  

The Downspout Disconnection Program gives homeowners, neighborhood associations, 
and community groups the chance to work as partners with the Bureau of Environmental 
Services and the Office of Neighborhood Involvement to help reduce CSOs. Residents of 
selected neighborhoods disconnect their downspouts from the combined sewer system 
and allow their roof water to drain to gardens and lawns. Residents can do the work 
themselves and earn $53 per downspout, or they can have community groups and local 
contractors disconnect for them. Community groups earn $13 for each downspout they 
disconnect. (Materials are provided by the City.)  

More than 44,000 homeowners have disconnected their downspouts, removing more than 
1 billion gallons of stormwater per year from the combined sewer system. The City 
estimates that removing the 1 billion gallons will result in a $250 million reduction in 
construction costs for an underground pipe to store CSOs by reducing the capacity 
needed to handle the flows. The City has spent $8.5 million so far to implement this 
program and will continue to encourage more homeowners and businesses to disconnect 
their downspouts to achieve additional CSO and water quality benefits. 

Poplar Street
Apartments 

Portland 
Downspout 
Disconnection 
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Prairie Crossing 
Subdivision 

PRAIRIE CROSSING SUBDIVISION, GRAYSLAKE, 
ILLINOIS 

The Prairie Crossing subdivision is a conservation 
development on 678 acres, of which 470 acres is 
open space. The site was developed as a mixed-use 
community with 362 residential units and 73 acres 
of commercial property, along with schools, a 
community center, biking trails, a lakefront beach, 
and a farm. The site uses bioretention cells and vegetated swales to manage stormwater.51 

A cost analysis was performed to compare the actual construction costs of Prairie 
Crossing with the estimated costs of a conventional design on the site with the same 
layout. Cost savings with conservation design were realized primarily in four areas: 
stormwater management, curb and gutter installation, site paving, and sidewalk 
installation. The total savings were estimated to be almost $1.4 million, or nearly $4,000 
per lot (Table 12). Savings from stormwater management accounted for approximately 15 
percent of the total savings. The cost savings shown are relative to the estimated 
construction cost for the items in a conventional site design based on local codes and 
standards. 

Table 12. Cost Comparison for Prairie Crossing Subdivision52 
Item Cost Savings Percent Savings 

Reduced Road Width $178,000 13% 
Stormwater Management $210,000 15% 
Decreased Sidewalks $648,000 47% 
Reduced Curb and Gutter $339,000 25% 
Total $1,375,000 — 

 

Reduced costs for sidewalks accounted for nearly half of the total cost savings. This 
savings is attributed in part to the use of alternative materials rather than concrete for 
walkways in some locations. In addition, the design and layout of the site, which retained 
a very high percentage of open space, contributed to the cost savings realized from 
reducing paving, the length and number of sidewalks, and curbs and gutters. The use of 
alternative street edges, vegetated swales, and bioretention and the preservation of natural 
areas all reduced the need for and cost of conventional stormwater infrastructure.53  
Benefits are associated with the mixed-use aspect of the development as well: residents 
can easily access schools, commercial areas, recreation, and other amenities with minimal 
travel. Proximity to these resources can reduce traffic congestion and transportation costs. 
Also, mixed-use developments can foster a greater sense of community and belonging 
than other types of development. All of these factors tend to improve quality of life. 
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Prairie Glen 

PRAIRIE GLEN SUBDIVISION, GERMANTOWN, 
WISCONSIN 

The Prairie Glen subdivision is nationally 
recognized for its conservation design approach. A 
significant portion of the site (59 percent) was 
preserved as open space. Wetlands were constructed 
to manage stormwater runoff, and the open space 
allowed the reintroduction of native plants and 
wildlife habitat. The site layout incorporated hiking trails, which were designed to allow 
the residents to have easy access to natural areas.54 

To evaluate the cost benefits of Prairie Glen’s design, the actual construction costs were 
compared with the estimated costs of developing the site conventionally. When compared 
with conventional design, the conservation design at Prairie Glen resulted in a savings of 
nearly $600,000. Savings for stormwater management accounted for 25 percent of the 
total savings. Table 13 provides a cost comparison. Other savings not included in the 
table were realized with reduced sanitary sewer, water distribution, and utility 
construction costs. 

Table 13. Cost Comparison for Prairie Glen Subdivision55 
Conventional Percent of 

Item 
Development 

Cost 
Prairie Glen  

LID Cost 
Cost 

Savings* 
Percent 
Savings* 

Total 
Savings* 

Site preparation $277,043 $188,785 $88,258 32% 22% 
Stormwater management $215,158 $114,364 $100,794 47% 25% 
Site paving and sidewalks $462,547 $242,707 $219,840 48% 54% 
Landscaping $50,100 $53,680 –$3,580 –7% –1% 
Total $1,004,848 $599,536 $405,312 — — 
* Negative values denote increased cost for the LID design over conventional development costs. 

 

The cluster design and preservation of a high percentage of open space resulted in a 
significant reduction in costs for paving and sidewalks. These reduced costs accounted 
for 54 percent of the cost savings for the overall site. Reduced costs for soil excavation 
and stockpiling were also realized. The use of open-channel drainage and bioretention 
minimized the need for conventional stormwater infrastructure and accounted for the 
bulk of the savings in stormwater management. Landscaping costs increased due to the 
added amount of open space on the site.  
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Somerset
Subdivision 

SOMERSET SUBDIVISION, PRINCE GEORGE’S COUNTY, 
MARYLAND 

The Somerset subdivision, outside Washington, 
D.C., is an 80-acre site consisting of nearly 200 
homes. Approximately half of the development was 
built using LID techniques; the other half was 
conventionally built using curb-and-gutter design 
with detention ponds for stormwater management. 
Bioretention cells and vegetated swales were used in the LID portion of the site to replace 
conventional stormwater infrastructure. Sidewalks were also eliminated from the design. 
To address parking concerns, some compromises were made: because of local 
transportation department concern that roadside parking would damage the swales, roads 
were widened by 10 feet.56 (Note that there are alternative strategies to avoid increasing 
impervious surface to accommodate parking, such as installing porous pavement parking 
lanes next to travel lanes.)   

Most of the 0.25-acre lots have a 300- to 400-square-foot bioretention cell, also called a 
rain garden. The cost to install each cell was approximately $500––$150 for excavation 
and $350 for plants. The total cost of bioretention cell installation in the LID portion of 
the site was $100,000 (swale construction was an additional cost). The construction cost 
for the detention pond in the conventionally designed portion of the site was $400,000, 
excluding curbs, gutters, and sidewalks.57,58 By eliminating the need for a stormwater 
pond, six additional lots could be included in the LID design. A comparison of the overall 
costs for the traditional and LID portions of the site is shown in Table 14. 

Table 14. Cost Comparison for Somerset Subdivision 
Conventional Development 

Cost 
Somerset  
LID Cost Cost Savings Percent Savings Savings per Lot 

$2,456,843 $1,671,461 $785,382 32% $4,000 
 

In terms of environmental performance, the LID portion of the subdivision performed 
better than the conventional portion.59 A paired watershed study compared the runoff 
between the two portions of the site, and monitoring indicated that the average annual 
runoff volume from the LID watershed was approximately 20 percent less than that from 
the conventional watershed. The number of runoff-producing rain events in the LID 
watershed also decreased by 20 percent. Concentrations of copper were 36 percent lower; 
lead, 21 percent lower; and zinc, 37 percent lower in LID watershed runoff than in 
conventional watershed runoff. The homeowners’ response to the bioretention cells was 
positive; many perceived the management practices as a free landscaped area.  
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Tellabs 
Corporate 

Campus 

TELLABS CORPORATE CAMPUS, NAPERVILLE, 
ILLINOIS  

The Tellabs corporate campus is a 55-acre site with 
more than 330,000 square feet of office space. After 
reviewing preliminary planning materials that 
compared the costs of conventional and conservation 
design, the company chose to develop the site with 
conservation design approaches. Because the 
planning process included estimating costs for the two development approaches, this 
particular site provides good information on commercial/industrial use of LID.60 

Development of the site included preserving trees and some of the site’s natural features 
and topography. For stormwater management, the site uses bioswales, as well as other 
infiltration techniques, in parking lots and other locations. The use of LID techniques for 
stormwater management accounted for 14 percent of the total cost savings for the project. 
A cost comparison is provided in Table 15. Other cost savings not shown in Table 15 
were realized with reduced construction contingency costs, although design contingency 
costs were higher. 

Table 15. Cost Comparison for Tellabs Corporate Campus61 
Conventional Percent of 

Item 
Development 

Cost 
Tellabs  

LID Cost Cost Savings 
Percent 
Savings 

Total 
Savings 

Site preparation $2,178,500 $1,966,000 $212,500 10% 46% 
Stormwater management $480,910 $418,000 $62,910 13% 14% 
Landscape development $502,750 $316,650 $186,100 37% 40% 
Total $3,162,160 $2,700,650 $461,510 — — 

 

Savings in site preparation and landscaping had the greatest impact on costs. Because 
natural drainage pathways and topography were maintained to the greatest extent 
possible, grading and earthwork were minimized; 6 fewer acres were disturbed using the 
conservation design approach. Landscaping at the site maximized natural areas and 
restored native prairies and wetland areas. The naturalized landscape eliminated the need 
for irrigation systems and lowered maintenance costs when compared to turf grass, which 
requires mowing and regular care. In the end, the conservation approach preserved trees 
and open space and provided a half acre of wetland mitigation. The bioswales used for 
stormwater management complemented the naturalized areas and allowed the site to 
function as a whole; engineered stormwater techniques augmented the benefits of the 
native areas and wetlands.62 
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Toronto  
Green Roofs 

TORONTO GREEN ROOFS, TORONTO, ONTARIO  
(A MODELING STUDY) 

Toronto is home to more than 100 green roofs. To 
evaluate the benefits of greatly expanded use of 
green roofs in the city, a study was conducted using 
a geographic information system to model the 
effects of installing green roofs on all flat roofs 
larger than 3,750 square feet. (The model assumed 
that each green roof would cover at least 75 percent 
of the roof area.) If the modeling scenario were 
implemented, 12,000 acres of green roofs (8 percent 
of the City’s land area) would be installed.63 The study quantified five primary benefits 
from introducing the green roofs: (1) reduced stormwater flows into the separate storm 
sewer system, (2) reduced stormwater flows into the combined sewer system, 
(3) improved air quality, (4) mitigation of urban heat island effects, and (5) reduced 
energy consumption.64 

The study predicted economic benefits of nearly $270 million in municipal capital cost 
savings and more than $30 million in annual savings. Of the total savings, more than 
$100 million was attributed to stormwater capital cost savings, $40 million to CSO 
capital cost savings, and nearly $650,000 to CSO annual cost savings. The cost of 
installing the green roofs would be largely borne by private building owners and 
developers; the cost to Toronto would consist of the cost of promoting and overseeing the 
program and would be minimal. Costs for green roof installations in Canada have 
averaged $6 to $7 per square foot. The smallest green roof included in the study, at 3,750 
square feet, would cost between $22,000 and $27,000. The total cost to install 12,000 
acres of green roofs would be $3 billion to $3.7 billion.65,66 Although the modeled total 
costs exceed the monetized benefits, the costs would be spread across numerous private 
entities. 
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CONCLUSION 

The 17 case studies presented in this report show that LID practices can reduce project 
costs and improve environmental performance.  In most cases, the case studies indicate 
that the use of LID practices can be both fiscally and environmentally beneficial to 
communities.  As with almost all such projects, site-specific factors influence project 
outcomes, but in general, for projects where open space was preserved and cluster 
development designs were employed, infrastructure costs were lower.  In some cases, 
initial costs might be higher because of the cost of green roofs, increased site preparation 
costs, or more expensive landscaping practices and plant species.  However, in the vast 
majority of cases, significant savings were realized during the development and 
construction phases of the projects due to reduced costs for site grading and preparation, 
stormwater infrastructure, site paving, and landscaping.  Total capital cost savings ranged 
from 15 to 80 percent when LID methods were used, with a few exceptions in which LID 
project costs were higher than conventional stormwater management costs. 
 
EPA has identified several additional areas that will require further study.  First, in all the 
cases, there were benefits that this study did not monetize and factor into the project’s 
bottom line.  These benefits include improved aesthetics, expanded recreational 
opportunities, increased property values due to the desirability of the lots and their 
proximity to open space, increased number of total units developed, the value of 
increased marketing potential, and faster sales.   

Second, more research is also needed to quantify the environmental benefits that can be 
achieved through the use of LID techniques and the costs that can be avoided by using 
these practices.  For example, substantial downstream benefits can be realized through 
the reduction of the peak flows, discharge volumes, and pollutant loadings discharged 
from the site.  Downstream benefits also might include reductions in flooding and 
channel degradation, costs for water quality improvements, costs of habitat restoration, 
costs of providing CSO abatement, property damage, drinking water treatment costs, 
costs of maintaining/dredging navigable waterways, and administrative costs for public 
outreach and involvement.    

Finally, additional research is needed monetize the cost reductions that can be achieved 
through improved environmental performance, reductions in long-term operation and 
maintenance costs and/or reductions in the life cycle costs of replacing or rehabilitating 
infrastructure. 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION IX

75 Hawthorne Street
San Francisco, CA 94105·3901

Colone l Mark Toy
District Engineer, Los Angeles District
U.S. Army Corps of Engineers
P.O. Box 532711
Los Ange les, California 90053-2325

Dear Colonel Toy:

JUL 6 2010 OFFICE OF THE

REGIONAL ADMINISTRATOR

This letter transmits the Clean Water Act (CWA) jurisdictional determination for the Los Angeles River. On
August 17, 2008, EPA 's Assistant Administrator for Water designated the Los Angeles River as a "Special
Case" as defined by the EPA-Corps 1989 Memorandum of Agreement (MOA) regarding coordination on
matters of geographic jurisdiction. Pursuant to the MOA, designation of the "Special Case" made EPA
responsib le for determining the extent to which the Los Angeles River was protected as a "water of the United
States." Specifically, EPA analyzed the river's status as a "Traditional Navigable Water," one of several
categories ofjurisdictional waters under the Act.

We conclude that the mainstem of the Los Angeles River is a "Traditional Navigable Water" from its origins
at the confluence of Arroyo Calabasas and Bell Creek to San Pedro Bay at the Pacific Ocean, a distance of
approximately 51 miles .

In reaching this conclusion, Region 9 and Headquarters staff considered a number of factors, including the
ability of the Los Angeles River under current conditions of flow and depth to support navigation by
watercraft; the history of navigation by watercraft on the river; the current commercial and recreational uses of
the river; and plans for future development and use ofthe river which may affect its potential for commercial
navigation. Available evidence on each of these factors indicates that the Los Angeles River mainstem
possesses the physical characteristics and past, present, or future use for navigation consistent with a
"Traditional Navigable Water." This analysis is summarized in the enclosed document, "Special Case
Evaluation regarding the Status of the Los Angeles River, California, as a Traditional Navigable Water."
Please let me know if you would like to receive the underlying data and analyses.

This report constitutes the position ofthe federal government on the CWAjurisdictional status of the
mainstem of the Los Angeles River, and its transmittal concludes the "Special Case" process. If you have any

, questions, please contact me at (415) 947-8702 or Jason Brush, Chief of the Wetlands Office, at (415) 972
3483.

J ed Blumenfeld
i\dministrator, EP1\

Enclosure

Printed on Recycled Paper
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION IX

SPECIAL CASE EVALUATION REGARDING STATUS OF THE
LOS ANGELES RIVER, CALIFORNIA, AS A TRADITIONAL NAVIGABLE WATER

July 1,2010

Summary

This document compiles and evaluates evidence pertaining to an approximately 51-mile reach of the
mainstem Los Angeles River, Los Angeles County , California, to support a determination of whether
some or all of this reach is a "traditional navigable water" (TNW), and as such is a jurisdictional water
of the United States under the Clean Water Act (CWA) . This document does not address the
juri sdictional status of the Los Angeles River under the other jurisdictional criteria set forth in 33
c.F.R. § 328.3(a)(2)-(7) and 40 C.F.R. § 230.3(s)(2)-(7). Analysis of evidence indicates the Los
Angeles River mainstem possesses the physical characteristics and past, present, or future use for
navigation consistent with a TNW .

Background

In response to a request for a jurisdictional determination on a tributary of the Los Angeles River,
on March 20, 2008, the Los Angeles District of the U.S. Army Corps of Engineers (Corps) issued a
Memorandum for the Chief, Regulatory Division, which concluded that a 1.75-mile reach of the Los
Angeles River from the upstream limit of tidal influence (2.5 ft . mean sea level) to its estuary with the
Pacific Ocean is a TNW.1 Subsequently, in a Memorandum for the Record, dated June 4, 2008, the
District Engineer amended the March TNW determination to include a 2-mile reach of the Los Angeles
River within the Sepulveda Basin as a TNW, in addition to tidally-influenced portions of the river?

1 U.S. Army Corps of Engineers . 2008a. Determination of TNW Status of the Los Angeles River (File No. 2008-2 18-AJS),
Memorandum for Chief, Regulatory Division, Los Angeles District, Corps of Engineers, March 20, 2008. 4 pp, w/enclosures.

2 U.S. Army Corps of Engineers. 2008a. Memorandum for the Record: Determination of Traditionally Navigable Waters (TNW) on
the Los Angeles River. Los Angeles District, Corps of Engineers, June 4, 2008.4 pp.
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Considered together the Corps concluded that approximately 3.75 miles of the approximate 51-mile
length of the Los Ang~les River is a TNW. The Corps did not make any determinations regarding the
jurisdictional status of the other segments of the Los Angeles River.

On August 17, 2008, the Assistant Administrator for Water at the U.S. Environmental Protection
Agency (EPA) issued a letter designating the Los Angeles River as a "Special Case" under the EPA
Corps coordination procedures established in the 1989 Memorandum of Agreement Concerning the
Determination of the Geographic Jurisdiction of the Section 404 Program and the Application of the
Exemptions under Section 404(j) of the Clean Water Act. On December 3, 2008, EPA affirmed that
available evidence supported the Corps' June 4, 2008 determinations for the two segments of the river
already evaluated, and provided that EPA would make the final navigability determin ation for

remaining portions of the mainstem Los Angeles River for Clean Water Act purposes. This report
analyzes the available evidence and finds that the entire mainstem Los Angeles River is a TNW
susceptible to commercial navigation from its origin to the estuary at the Pacific Ocean, based on
historical and current recreational use, flows, and plans for future development.

Geographic Scope of Evaluation

The relevant river segment for purposes of this TNW determination is the mainstem Los Angeles
River from its estuary at the Pacific Ocean (33°118°11' 14.04"W), upstream for a linear channel
distance of approximately 51 miles to its origin at the confluences of Arroyo Calabasas and Bell Creek,
in the City of Canoga Park (33°11'42.78"N, 118°36'06.81"W)(Pigure 1).

Navigabi lity [33 CPR 328.3(a)( I)]

Evaluation Criteria

This document evaluates evidence related to the past, present and potential future navigability of
the 51-mile mainstem reach of the Los Angeles River. The relevant criteria come from the CWA,
federal regulations at 33 C.P.R. § 328.3(a)(1) and 40 C.P.R. § 230.3(s)(1), relevant case law, and
existing guidance, including the December 2, 2008 EPA and Department of the Army legal
memorandum Clean Water Act Jurisdiction Following the U.S. Supreme Court's Decision in Rapanos
v. United States & Carabell v. United States (Rapanos Guidance). The Rapanos Guidance, in part,
states that EPA and the Corps will assert jurisdiction over "traditional navigable waters" (i.e., "(a)(1)
Waters"), which include "[a]ll waters which are currently used, or were used in the past, or may be
susceptible to use in interstate or foreign commerce, including all waters which are subject to the ebb
and flow of the tide," as set forth in 33 C.F.R. § 328.3(a)(1), and 40 C.F.R. § 230.3(s)(1).3

3 The Rapanos Guidance further explains: The "(a)(l)" waters include all of the "navigable waters of the United States," defined in
33 C.F.R. Part 329 and numerous decisions of the federal courts, plus all other waters that are navigable-in-fact (e.g., the Great Salt
Lake, UT and Lake Minnetonka, MN). For purposes of CWA juri sdiction and this guidance, waters will be considered traditional
navigable waters if:

• They are subjec t to Section 9 or 10 of the Rivers and Harbors Act; or
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Applying the Rapanos Guidan ce, this navigability evaluation for the Los Angeles River
focuses on several key types of evidence:

(1) Ability of the river under current conditions of flow and depth to support navigation by
watercraft;

(2) History of navigation by watercraft on the Los Angeles River;

(3) The current commercial and recreational uses of the river; and

(4) Plans for future development and use of the river which may affect its potential for
commercial navigation .

Information Evaluated

The Region has evaluated many sources of historical and recent information to assist in its TNW
determination. To characterize the potential of the Los Angeles River to support commercial or recreational
boating under current and foreseeable future conditions, we analyzed information on flow frequency and
depth . EPA contracted with Tetra Tech to compile and analyze available evidence on flow frequency and

flow depth at United States Geological Survey (USGS) and Los Angeles County Department of Public

Works (LADPW) monitoring gages on the Los Angeles River." We also collected historical and current
information on recreational navigation and other uses of the river including access, from various sources
that are publicly available on the Internet, as well as information submitted to EPA from the public. We
evaluated information provided by the public concerning current and planned future uses of the Los
Angeles River for navigation. Finally, we evaluated information received from the City of Los Angeles,

.. A federal court has determin ed that the waterbody is navigable-in-fact under federal law; or

.. They are waters currently being used for commercial navigation, including commercial water-borne recreation (e.g., boat

rentals , guided fishing trips , water ski tournaments, etc.); or

.. They have historically been used for commercial navigation , includin g commercial water-borne recreation; or

.. They are susceptible to being used in the future for commerci al navigation , including commercial water-born e recreation.

Susceptibility for future use may be determined by examinin g a number of factor s, including physical characteristics and
capacity of the water (e.g., size, depth , and flow velocity, etc.) to be used in commercial navigation, including

commercial recreational navigation , and the likelihood of future commercial navigation or commercial water-borne

recreation . Evidence of future commercial navigation use, includin g commercial water-borne recreation (e.g.,

development plans , plans for water dependent events, etc.), must be clearly documented. Susceptibility to future

commercial navigation, including commercial water-borne recreation, will not be supported when the evidence is
insubstantial or speculative. Use of averag e flow statistics may not accurately represent streams with "flashy" flow

characteristics. In such circumstances, daily gage data is more representative of flow characteri stics. Rapanos Guidance

at 5, fn 20.

"Memora ndum, Regarding: Los Angles River Analysis, dated March 30, 2009, to Robert Leidy, EPA, Region 9, from Jon Butcher and Bobby
Tucker, Tetra Tech, 16 pp. + appendices.

5

RB-AR11992



Board of Public Works, on the City's future plans for recreational access and navigation on the Los
Angeles River.

Physical Characteristics

Watershed

The 830 mi2 Los Angeles River watershed encompasses the northern slope of the Santa Monica
Mountains, the Verdugo Hills, and the San Gabriel and Santa Susana Mountains (LACDPW 2006). The
mainstem of the Los Angeles River begins at the confluence of Arroyo Calabasas and Bell Creek in the San
Fernando Valley and flows approximately 51 miles to the Pacific Ocean at San Pedro Bay, between the
City and Port of Long Beach (Figure 1).

Major tributaries to the Los Angeles River from its headwaters downstream to the Pacific Ocean
include Browns Canyon, Aliso Canyon Wash, B'ell Creek, Pacoima Wash, Tujunga Wash, Burbank
Western Channel, Verdugo Channel, Arroyo Seco, Rio Hondo, and Compton Creek (EPA 2005). About
44% of the headwater portion of Los Angeles River watershed is classified as open space or forested, with
about 200 mi2 consisting of mountainous terrain within the Los Angeles National Forest (Tetra Tech
2002). The remainder of the watershed consists of residential (36%), industrial 00%), commercial (7%),
and agricultural (3%) land uses (Tetra Tech 2002). Almost the entire mainstem Los Angeles River is
surrounded by urbanized land uses .

. Annual rainfall within the watershed ranges from approximately 15.5 inches in downtown Los
Angeles to 33 inches in the surrounding San Gabriel Mountains (LACDPW 2006). Seventy-five percent of
precipitation falls between the months of November and March (LACDPW 2006) . Mean monthly
discharges for the Los Angeles River at Long Beach for the period 1929-1992 were greatest in January at
470 cubic feet per second (cfs), February (698 cfs), and March (640 cfs)(USGS Surface Water Data 2009).
The lowest flows are during the months of June through October (USGS Surface Water Data 2009). Major
floods have occurred on the Los Angeles River in 1815, 1825, 1914, 1934, and 1938 (LARMP 1996).

Point source discharges account for a significant portion of the dry weather surface flow in the Los
Angeles River. There are currently six major, and 29 minor, permitted point source discharges to the Los
Angeles River (Tetra Tech 2002). Three of these are major Publicly Owned Treatment Works (POTWs)
that discharge water directly into the Los Angeles River: D.C. Tillman Waste Water Reclamation Plant
(WWRP) (design capacity of 80 million gallons per day (mgd)); Los Angeles-Glendale WWRP (d.c. = 20
mgd); and the Burbank WWRP (d.c. = 9 mgd)(EPA 2005)(Figure 2). Of the six major permitted
discharges the Tillman, Los Angeles-Glendale and Burbank POTWs account for over 80 percent of the
major design discharge. During dry periods, point source discharges accounted for 60 to 100 percent of the
total surface flow through the Los Angeles River (Tetra Tech 2002). Gauged tributary flows into the river
accounted for an additional 20 to 40 percent of the dry weather base flow in the mainstem Los Angeles
River (Tetra Tech 2002) . As such, point source discharges are an important factor in determining the
suitability of various river reaches for navigation, especially during typically dry-weather months (i.e.,

April-October).
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FigureI. Flow Gage Locat ion Map, Los Angeles River Watershed, California
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Figure 2. Major Wastewater Reclamation Plants within the Los Angeles River Watershed

Channel and Reach Characteristics

The entire length of the Los Angeles River is channelized, most of which is confined within a
concrete flood control channel. The concrete channels were constructed primarily between the late 1930s
and the 1950s (LACDPW 2006). Channel cross section geometry along the Los Angeles River is typically .
trapezoidal in the downstream reaches (i .e., from Glendale Narrows downstream) and rectangular in
upstream reaches, although there are exceptions. Channel cross sectional area generally decreases in a
downstream to upstream direction along the length of the Los Angeles River (Tetra Tech 2002). The Los
Angeles River has reaches with low flow channels, no low flow channels, and "natural" unlined channels
(Table 1). TetraTech (2009) presents photographs of representative reaches of the Los Angeles River and
channel cross section dimensions at the four LADPW and one Corps gaging stations (i.e., gages F319-R at
Long Beach below Wardlow Road, F34D-R at Downey below Firestone Blvd., F57C-R at Los Angeles
above Arroyo Seco, F300-R at Los Angeles at Tujunga Avenue, and Corps below Sepulveda Dam).
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Table 1. Channel Type Categories for the Los Angeles River, Los Angeles, County, CA

Channel Type Concrete Lined with Concrete Lined Natural Bott om
Low Flow Without Low Flow

Channel
Channel Channel

Channel Miles
30.4 (62) 8.3 (16) 12.3 (22)

(percentage)

Typical trapezoidal channels have a bottom width of 200-400 feet and a top width of 400-600 feet
with a depth of 20-35 feet (Tetra Tech 2002) . There is typically a low flow channel embedded within the
larger channel (Figure 3). Low flow channel dimensions in upstream reaches vary between 12-20 feet in
width and are usually 1 foot in depth (Tetra Tech 2002)4. Typical rectangular channel widths range from

60-120 feet and typical depths are 12-20 feet. Low flow channel dimensions range between a width of 12
20 feet and a depth of 1-3.2 feet.

There are several reaches of the Los Angele s River that do not have low flow channels. These
include river reaches with full concrete lining and unlined reaches. Concrete-lined river reaches that do not
have low flow channels have a flatter cross-sectional geometry (Figure 4) . Variations in channel geometry
are significant becau se they are an important determinant of channel water depth. As a result, during the
dry season surface water depths tend to be shallower in reaches with wider channel widths and no low flow
channel when compared to reaches with either narrower channel widths and/or reaches with a flow channel.

The Los Angeles River has five reaches with no low flow channel, totaling about 8.3 miles or 16
percent of the river 's total length. River reaches with no low flow channel and their approximate lengths

include the following:

(1) Confluence of Arroyo Calabasas and Bell Creek (beginning of Los Angeles River) downstream
1.25 miles to Mason Avenue;

(2) Sepulveda Dam downstream 3.41 miles to just downstream from the Fulton Avenue Bridge;

(3) Bob Hope Drive downstream 1.82 miles to Bette Davis Picnic Area.

(4) End of Bette Davis Picnic area downstream 0.98-mile to immediately upstream of the Glendale
Narrows; and .

(5) Vernon Split down stream 0.88-mile to opposite Farmer John's and the resumption of the narrow

low flow channel.

There are also several river reaches that do not consist entirely of concrete (Figure 5). The total

distance of unlined channel bottom is approximately 12.3 miles, or 22 percent of the total length of the Los

Angeles River. The unlined channel reaches are generally characterized by a soft-bottomed channel that is
embedded within either concrete walls, or earthen banks with or without concrete revetment. The soft
bottomed reaches also support riparian and wetland vegetation and typically is characterized by greater
water depth and water depth variability than channel reaches that are fully lined with concrete. The unlined
reaches include:

9
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(1) The 2A-mile reach (34°11'OO.16"N, 118°30'36.63"W downstream to 34°10'OO.63"N,
118°28'25A4"W) within the Sepulveda Basin, a 2,150-acre flood control facility constructed in the
upper watershed, that is designed to collect, retain, and release floodwaters during major storms.
The Sepulveda Basin flood channel is unlined and soft-bottomed which allows the growth of dense
riparian and wetland vegetation. Sloped channel banks consist of either grouted rip-rap or soil and
vegetation;

(2) The 0.70-mile Bette Davis Picnic Site reach (34°09'24.21"N, 118°downstream to 34°09'21.81"N,
118°17' 10.91"W) near Griffith Park consists of soft-bottomed channel within concrete walls;

(3) The Glendale Narrows reach a 6.0-mile reach from near the confluence of Verdugo Wash
downstream to near the Pasadena (110) Freeway Bridge (34°08'47 AO"N, 118°16'41.25"W
downstream to 34°05'03.52"N, 118°13'40.35"W); and

(4) The 3.2-mi1e reach from the Willow Street Bridge (33°48' 14.33"N, 118°12'20.13"W) downstream
to the river estuary at Queensway Bridge (33°45'35.77"N, 118° 11'57 .26"W).

10
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Figure 3. Photographs from July 25-27, 2008, taken by members of the Los Angeles River Expedition
during the mid-point of the dry season. Examples of low flow channels embedded with larger concrete
lined flood channel. Top: Near the confluence of Arroyo Seco at the Interstate 110 overcrossing (RM

24.7). Bottom: Typical 16-mile reach between Vernon and Long Beach (RM 3.2-19.2).
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Figure 4. Top: Example of dry-season river reach with no low flow channel at the confluence of
Arroyo Calabasas and Bell Creek at Owensmouth Avenue, the beginning of Los Angeles River (RM
51). Bottom: Looking upstream at transition between reach with no low flow channel and beginning of
low flow channel at Mason Ave. confluence Canoga Park (RM 59.8).
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Figure 5. Examples of Fully and Partially Unlined Channel Reaches, Los Angeles River, California.
Top: Sepulveda Basin, upper Los Angeles River (Approximate RM. 45.0) Photograph of the July 25
27,2008 Los Angeles River Expedition. Bottom: Glendale Narrows (approximate RM 31.0).
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Hydrology

Daily Flow Rate Analysis

EPA Region IX obtained from Tetra Tech a compilation of available data on flow frequency and

flow depth at selected USGS and LADPW moni toring gages on the Los Angeles River. Current conditions

that include the five water years covering October 2003 - September 2008 were analyzed separately. Daily

flow data from four USGS gage stations and four LADPW gages along the Los Angeles River were

downloaded and analyzed for the following parameters:

• Flow duration (for period of record and last 10 years);

• Flow percentiles (10, 25, 50, 75, and 90th percentile flows);

• Mean flow; and

• The period of record with the non-zero (measurable) flow .

Table 2 lists the eight gage stations, associated drainage areas, their period of recorded data, and

the number of flow values in the record analyzed in this report. Their locations are shown in Figure 1. Note

that operation of the USGS gages located at Long Beach, Downey, and Los Angeles were eventually taken

over by the LADPW and assigned different station IDs and descriptions.

Table 2. Flow Gage Station Details (LADPW gage identifications in bold in parentheses)

Note: A photo log showing condit ions at each of the gages and key road crossmgs IS Included In TetraTech (2009).

Station ID Drainage
Data CoJIection Period

USGS Station Name (LADPW Area # of Values in
(LA DPW Location Description) Gage) (sq. mi.) Start End Flow Record

LA R. at Long Beach, CA 11103000
10/1929

9/1992

(Below Wardlow R. Rd.) (F319-R) 827 (Present) 26,125

L.A. R. near Downey, CA 11098500
3/1928

9/1978
(Below Firestone Blvd.) (F34D-R) 599 (Present) 28,267

L.A. R. at Los Angeles, CA 11097500
10/1929

9/1979
(Above Arroyo Seco) (F57C-R) 514 (Present) 26,595

(L.A. R. at Tujunga Ave.) (F300-R) 401 (8/1950) (Present) 19,660

L.A. R. at Sepulveda Dam 11092450 158 10/1931 Present 19,846
. .
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Daily Flow Statistics

Daily flow statistics are presented in Table 3 and Table 4 for both the entire flow record and the
five water years, October 2003-September 2008, respectively. We used flow statistics for the five recent
water years to represent current flow conditions. All of these gaging stations show measured flow in the
channel for a high percentage of the days, with the Los Angeles/Firestone Blvd. gage yielding the most
measured flow days on average. During the recent five years the lowest 10th percentile flow is 52 cfs (at
Tujunga Ave.) and the lowest minimum recorded daily average flow is 33.1 cfs (at Sepulveda Dam).

Table 3. Daily Flow Statistics for Entire Flow Record

Flow Percentiles (cfs) Max % Non-
Station Location Mean Flow Min Flow Flow zero10% 50%

(Flow Record) (cfs) (cfs) 25% 75% 90% (cfs) Flow

Long Beach!
Wardlow River Rd.
(10/1929 - 9/2008) 280.6 0 6.0 16.0 42.0 132 252 55,000 99.95%

Near Downey/
Arroyo Seco
(3/1928 - 912008) 178.1 0 4.8 14.0 39.0 124 174 40,000 99.3%

Los Angeles/
Firestone Blvd.
(9/1979 - 9/2008) 149.8 0 0.2 3.2 24.0 98.0 167 27,900 94.8%

Tujunga Ave.
(10/1950 - 9/2008) 123.3 0 7.4 11.1 35.0 75.5 110 19,600 99.98%

Sepulveda Dam
(10/19 31 - 2/2009) 48.7 0.03 1.8 5.0 8.5 24.0 78.0 9,750 100.0%
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Table 4. Daily Flow Statistics for Five Water Years, October 2003 - September 2008

Flow Percentiles (cfs) Max % Non-
Mean Flow Min Flow

10% 50 %
Flow zero

Station Location (cfs) (cfs) 25% 75% 90% (cfs) Flow

Long Beach/
436.9 73.7 93 44,635Wardlow River Rd. 115 124 148 219 100%

Near Downey/
173.1 124.0 127 130 133 136 166 5,204 100%Arroyo Seco

Los Angeles/
295.7 57.3 85 101 360Firestone Blvd. 118 150 17,413 100%

Tujunga Ave. 227.6 36.0 52 62 75 96 230 15,803 100%

Sepulveda Dam 146.8 33.1 59 69 78 96 131 7,790 100%

Figures 6 and 7, respectively, show the flow duration curves for the entire flow record and for the
five recent water years (i .e., current flow conditions). The flow duration curve is a plot that shows the
percentage of time that flow in a stream is likely to equal or exceed some specified value of interest. The
flow duration curves exhibit a significant leveling off effect for the current condition flows, which indicate
a predominant base flow range along the Los Angeles River between 40 and 200 cfs. Current base flows
are significantly higher than the long-term average because of the effluent discharged throughout the year
by POTWs and other point sources .
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Daily Flow Depth Analysis

EPA Region IX also collected information on flow depth. Since the reported data does not include
flow depth or gage height, we calculated an average daily flow depth based on channel geometry and
Manning's n roughness factors. The Corps provided three separate HEC-RAS models that covered all the
flow gage locations . The HEC-RAS models included cross-section and longitudinal profile geometry, as
well as Manning's n values that were needed to calculate stage-discharge relationships . We then utilized
the WinXSPRO cross-section analyzer tool (developed by the United States Department of Agriculture,
Forest Service) to calculate channel discharge values for various increments in stage. The cross-sections for
all the flow gages are included in TetraTech (2009).

Regression fits to the stage-discharge estimates were developed using power functions at each gage
site. Since four of the five gage sites included a low-flow channel, separate regression equations were
developed for both the low-flow and high-flow conditions. Refer to Figure 8 as an example of the stage
discharge regression equations developed for the Long Beach gage.

Combining two regression equations presents minor difficulty in this analysis . Once flow begins to
expand out of the low-flow channel onto the larger flood plain, flow.conditions change from laminar to
shallow and turbulent, and as a result become unpredictable and difficult to model. Note that switching to
the high-flow regression equation at the top of low-flow pilot channel (e.g., l-foot flow depth) causes a
false drop in flow rate, as exemplified in Figure 8. Therefore, we assumed that there was a range of flow
beyond the low-flow channel bank-full discharge where increases in flow depth remain minimal. This
assumption is obvious in the depth-duration curves for the Long Beach, Downey, and Firestone Blvd.
gages, all of which are located in sections with low-flow pilot channels.

The estimated regression equations were used to calculate a flow depth for every observed flow
record . Table 5 shows the statistics for the calculated flow depths for the current conditions in the Los
Angeles River, since they are of most importance. The average daily flow depths range between 0.6 feet at
Sepulveda Dam and 1.4 feet at Tujunga Ave. The minimum calculated flow depth during the recent five
water years is 0.3 feet below Sepulveda: Dam. Also, for all of the sites except Sepulveda Dam, only 10
percent of the daily flow depths ever recede below 0.8 feet, at the minimum.
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Long Beach (USGS 1103000, F319-R)
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Figure 8. Example of Depth-Discharge Regression Equations Developed for Long Beach Gage

Table 5. Daily Average Flow Depth Statistics for Past Five Water Years

Mean Min Depth Percentiles Cft) Max % Non-
Depth Depth

10% 50%
Depth zero

Station Location Cft) Cft) 25% 75 % 90 % Cft) Depth

Long Beach/
1.04 0.78 0.80 0.87 0.89 0.95 1.10 8.0 100%Wardlow River Rd .

Near Downey/
0.92 0.86 0.87 0.87 0.88 0.89 0.95 3.3 100%Arroyo Seco

Los Angeles/
1.08 0.71 0.88 0.91 0.95 1.01 1.37 504 100%Firestone Blvd .

Tujunga Ave . 1.38 0.64 0.85 0.95 1.07 1.25 2.16 8.9 100%

Sepulveda Dam 0.59 0.30 0040 0044 0048 0.54 0.66 8.0 100%
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We also developed daily depth-duration curves for both the.entire flow record and the past five
water years (Figure 9 and Figure 10, respectively) . Flow depth values are displayed on a log scale to better
show depth variation near the top of low-flow channels.

As shown in Figure 6, the depth-duration curves for current conditions also yield a leveling-off in
base flow (around I-foot depth for three of the gages) . Flows at the Sepulveda Dam gage, which are largely
restricted by the dam located immediately upstream, yield a noticeably smaller flow depth during the
majority of the flow period. We also created monthly depth-duration curves, separated by gage location, for
both current conditions over the last 5 years (0) and the entire flow record (TetraTech 2009).

- Long Beach - Downey - Firestone BIIiU. Tujunga Ave. - Sepulveda Dam
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Figure 9. Daily Depth-Duration Curves for Entire Flow Record
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Figure 10. Daily Depth Duration Curves for Current Conditions

Historica l Evidence of Navigation and Uses

We located several references related to historical navigat ion on the Los Angeles River. The
Gabrielino Indians inhabited the Los Angeles River coastal plain. Gumprecht (1999) presents an excellent
overview of the close relationsh ip between the Gabrielino Indians and the Los Angeles River noting that:

.The rivers and marshes also provided the raw materials that supported nearly every fac et

of the Gabrielino experience...tules and rushes were also used to construct rafts and

canoesfor navigating the [Los Angeles] region's waterways. Great piles oftules were tied
in bundles ten feet in length, thick in the middle and tapered on both ends. These bundles

were then lashed together to create a boat that could carry two people. At the time of
arrival of the Spanish, these boats were the natives' sole means of water transport. (pp. 33
34)

According to Gumprecht (1999) the Gabrielino Indians were known to use canoes to hunt for the
abundant waterfowl and fish that occurred in near shore ocean waters, the river and adjacent floodplain
ponds and lakes . It is likely that Gabrielino Indians used watercraft to navigate nearshore ocean waters,
estuaries , and coastal inland waters such as lakes, ponds, sloughs, marshes, and rivers with sufficient water
depth.
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The first known description of the Los Angeles River is from the Spanish Portola/Crespi expedition
in August of 1769. Crespi described the Los Angeles River near the present day Glendale Narrows as a
very f ull fl owing, wide river (Gumprecht 1999, p. 37). The following day near the Los Angeles River and
Arroyo Seco confluence Crespi wrote that it was a good sized, f ull flow ing river about seven yards wide
with very good water, pure and fr esh. (Gumprecht 1999, p. 37). This account indicates that prior to
development during years of sufficient rainfall certain reaches of the Los Angeles River maintained
significant surface flows well into summer.

William H. Brewer (1930) describes his navigation up the Los Angeles River in a steamer during
December 1864:

The next morning, after stopping a f ew hours at Santa Barbara, we arrived at San Pedro,
the port ofLos Angeles, about twenty-five miles from here. We got in about sundown, rode
six miles up the river on a small steamer, then disembarked for this place by stage. (p. 12)

A distance upstream from the Pacific Ocean of six miles places the known extent of navigation at that time
somewhere near the present City of Long Beach in the vicinity of Artesia Blvd. During the winter months
of at least some years, the lower Los Angeles River was navigable by small watercraft.

Numerous photograph s for the period 1885-1958 housed at the University of Southern California
Digital Archive (http:/ / digarc.usc.edu/) depict flow conditions in the Los Angeles River during various

months. Several of the photographs show the river during major floods, as well as during dry-weather
months with flows and depths sufficient to support navigation by small watercraft.

The Los Angeles Public Library photo archives have numerous photographs of the Los Angeles
River, under different flow conditions, including at least three photographs that show boating on the Los
Angeles River during floodirig (htt p://www.lapl.org/ search terms "Los Angeles River"). There are several

historical references of early-to-mid 20th Century navigation of the Los Angeles River, particularly during
times of significant flooding" 6 Gumprecht (1999, p. 16) based on a report by McGlashan and Ebert
(1921) notes.. .abundant and surprisingly consistent year-round flow in the river between Burbank and
downtown Los Angeles.. .. The subterranean reservoir that supplies the river is so large, in fa ct, that even
during extended droughts the flow of the river through the [Glendale] Narrows rarely f ell below 20 percent
of its average discharge. Gumprecht (1999) also contains a photograph of the Los Angeles River from
1914 at Griffith Park depicting high flows capable of floating boats (see pg. 102, Figure 3.5). Figure's 6.4,
6.5, and 6.6, in Gumprecht (1999, pp. 242-243), depict well-watered reaches of the Los Angeles River, and
a large steelhead trout, for various dates from 1900-1997 . Note that the flows depicted in Figure 6.4 of the
Los Angeles River near Tujunga Avenue in Studio City show significant surface flows during September
1932, a typically very dry month when some of the lowest annual surface flows are expected . These
historical accounts and photographs establish that there were sufficient flows to support at least sporadic
navigation in the past, even during drier summer months in some locations.

5 Appendix D of letter dated March 20, 2009 to David W. Smith , EPA, from seven environmental groups, regarding the Los

Angeles River Status as Traditional Navigable Water (TNW)-Sp ecial case Review. 9pp + 4 appendices.

6 Attachment 2 (Historical Accounts of Boating from 1900s) of letter dated December 23, 2008 to David W. Smith, EPA, from Joe
Linton, Los Angeles, CA. Cover letter + 7 attachments.
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Evidence of Current Navigation and Related Uses

There are several accounts and references for current and increased navigation of the Los Angeles
River by small recreational watercraft, including canoes and kayaks.' Gumprecht (1999) contains several
photographs depicting surface water conditions along the Los Angeles River sufficient to float water craft.
A photograph taken in 1995 (p. 246, Figure 6.7) depicts surface water within Sepulveda Flood Control
Basin sufficient to float watercraft. Additional photographs (see pages 248-249 and 251, Figs. 6.8, 6.9, and
6.10), depict surface flows sufficient for navigation by watercraft in Glendale Narrows and near Griffith
Park. Figure 6.9 depicts a canoe navigating through the Glendale Narrows (Gumprecht 1999). Gumprecht
(1999, p. 236) mentions that local environmentalists will occasionally canoe the Los Angeles River
following winter rains.

In a video titled Visiting ... With Huell Howser, Episode 218, LA River, KCET-TV, dated circa
1995, the host Huell Howser navigates the Los Angeles River for most of its length to the Pacific Ocean.
There is also a video of recent kayaking on the Los Angeles River
(htt p://www.yout ube.com/ watch?v=lro HhM 31).Aninternet search also found several photographs of

recent canoe and kayaking on the Los Angeles River at various locations, including Sepulveda Basin,
Glendale Narrows, and other areas (see for example Nature Trumps : An L.A. River Blog compiled by Jay
Babcock, May 2007). An internet search also shows that there is public access to the Los Angeles River,
including Sepulveda Basin and Glendale Narrows .

July 2008: "The Los Angeles River Expedition"

On July 25-27, 2008 a group of about 12 kayakers and canoeists navigated almost the entire SI
mile length of the Los Angeles River in what they called "The Los Angeles River Expedition" (2008
Expedit ion)(Figures 11_12).8,9 The 2008 Expedition occurred during the month of July, typically a dry
weather period, in a drought year, when water flows and depths along the Los Angeles River are at or near
their lowest, even with POTW discharges. Members of the 2008 Expedition divided the river into twelve
sections and recorded their observations on the ease of navigability, water depth, and flow as they boated
down the river, rating navigability of each section on a scale of 1 (lowest ease of navigability) to 10
(highest ease of navigability). The 2008 Expedition estimated that at least 90% of the '52-mile Los Angeles
River was moderately to highly navigable (navigability scores of between 4-10), and that less than 10% of

the river (scores between 1-3) requires some form of lining of boats or portaging (at least in the dry

7 Refer to Gumprecht (1999) and Appendices A, C, and D of letter dated March 20, 2009 to David W. Smith, EPA, from seven

environmental groups, regarding the Los Angeles River Status as Traditional Navigabl e Water (TNW)-Sp ecial case Review, 9pp + 4

appendices.

8 The stated purpose of this expedition was to demonstrate to the Corps and the public that the river was navigable-in-fact,
follow ing the Corps ' initial limited TNW determination s. Appendix A ofletter dated March 20, 2009 to David W. Smith , EPA,
from seven environmental groups, regarding the Los Angeles River Status as Traditional Navigable Water (TNW)-Special case

Review. 9pp + 4 appendices.

9 Los Angeles River Expedition Report. Sept ember 2008 . Report prepared by George Wolfe , expedition leader, in consultation with

members of the Los Angeles River Expedition 2008. 29 pp. www.lalatimes.com/la river/LARiver ExpeditionReport 72dpLpdf
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season). . . (p. 2).6 The 2008 Expedition also observed that typical water depth (in the height of summer in
this drought year) for most of the river was approximately 8-12 inches . (p. 2). Maximum depths of 3-8 feet
were encountered within some river reaches.
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(a) (b)

(c)

Figure 11. Photographs taken July 25-27,2008, by members of the Los Angeles River Expedition. (a)
Unlined reach of the Los Angeles River within the Sepulveda Basin (approximate RM 45). (b)
Concrete-lined reach with low flow channel, downstream of the Sepulveda (approximate RM 42.5). (c)
Shooting the Marsh Park rapids within the Glendale Narrows, an unlined reach (approximate RM
26.5).
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Figure 12. Top: Photographs taken July 25-27, 2008, by members of the Los Angeles River Expedition.
Concrete-lined reach with low flow channel along lower Los Angeles River, at E. 6th Street Bridge
(approximate RM 21.5). Bottom: Lower Los Angeles River, at upper end of tidal estuary. The City of
Long Beach is visible in the distance (approximate RM 2.75).
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We also present the recorded flo ws and calculated flow depth s at each gage location for the dates

of the Los Angeles River Expedition, on July 25-27, 2008. Based on the average flow depth s displayed in

Table 6, flow conditions appear to have been sufficient for kayak and can oe navigation . This analysis also

prov ides a basis for identifying the minimum water depths and flows necessary to suppo rt navigation at

different locations in the Los Angeles River . In genera l, approx imate water depths of 0.5-0 .9 feet were

sufficient to support navigation by kayaks and canoes. As illustrated in Figure 9, these depths are present

the vast majority of the year at all gage station locations along the Los Angeles River.

Table 6. Flow and Depth for Los Angeles River Navigation Dates (7/25/08 -7/27/08)

7/25/08 7/26/08 7/27/08

Station Location Flow (cfs) Depth (ft) Flow (cfs) Depth (ft) Flow (cfs) Depth (ft)

Long Beach/
115 0.87 115 0.87 115 0.87Wardlow River

Near Downey/
127 0.87 127 0.87 127 0.87Arroyo Seco

Los Angeles/
77.1 0.85 78 .7 0.86 78 .9 0.86Firestone Blvd.

Tujunga Ave . 49.4 0.82 49.4 0.82 49.4 0.82

Sepulveda Dam 70.0 0.45 68.0 0.46 66.0 0.46

Stream Flow and Depth Conditions Necessary to Support Navigation

Historical base flows have been augmented in recent years by wastewater effluent discharges from

POTWs along the Los Angeles River with resultant increases in flow s over historical base flows . Waste

water discharges provide an uninterrupted and generally con sistent amount of water to the river during dry

months and are expec ted to continue doing so into the foreseeable future. During dry periods, point source

discharges, primarily from POTWs, may account for 60 to 100 perc ent of the total surface flow through the

Los Angeles River (Te tra Tech 2002). The presence of a concrete-lined low-flow channel embedded within

the center of the larger flood control channel along 62% of the river ' s total length concentrates base flows

at depth s that usually exc eed one foot , which is sufficient for small watercraft to navigate the channels.

Low flow channels typically range from 12-28 feet in top width. In addition, unlined or ."natural" river

reaches covering about 22% (12.3 mile s) of the river support surface flow s and depth s that on average are

typically greater than the fully -lined concrete channel s.

Participants in the 2008 Expedition during dry-weather, low-flow conditions were able to navigate

90% of the Los Angeles River by kayaks and canoes. During the 2008 Expedition kayaks and canoes were

able to navigate river reaches characterized by a low-flow channel, a uniformly-flat channel profile with no
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low flow channel, and natural channel with variable cross-sectional profile. Comparisons between the
stream gages of daily flow statistics for the recent five water years (Table 5) with flows and depths for the
2008 Expedition dates (Table 6) shows that flows present during the 2008 Expedition have been exceeded
at least 75% of the time. For three stream gages (i.e., Arroyo Seco, Firestone Blvd. and Tujunga Ave.) the
flows during the 2008 Expedition have been equaled or exceeded 90% of the time . For wet weather months
(November - March), mean monthly discharges greatly exceed comparable dry weather-flows for all

stream gages for all years of record (htt p:/ /www.waterdata .usgs.gov/) .This indicates that flows and water

depths are also suitable for navigation by canoes and kayaks during the period November-March in most or
all years.

Table 4 shows that the daily average flow depths for the five years October 2003 - September 2008
range from 0.59 ft at Sepulveda Dam gage to 1.38 ft at the Tujunga Ave. gauge. During the July 25-27,
2008 Expedition, gaged water depths ranged from 0.46 ft at Sepulveda Dam to 0.82 ft or greater at the
remaining four gages (Table 5). The 2008 Expedition reported being able to navigate over 90% of the Los
Angeles River under the depth conditions modeled for the five gage stations . Comparisons between the
stream gages of daily average flow depth statistics for the recent five water years (Table 4) with flows and
depths for the 2008 Expedition dates (Table 5) shows that the average flow depths that the 2008 Expedition
navigated have been exceeded 75%-90% of the time.

Other supporting flow data from July 2005 shows that the median daily average flow for the dry
summer months was 10 cfs, with a maximum monthly daily average of 92.2 cfs during July 2005 at the
Sepulveda Dam gauge (Los Angeles River Revitalization Master Plan, LARRMP, 2007). Flows were
substantially higher in non-summer months. For the period 2003-2007, mean monthly discharges in the Los

I

Angeles River at the Sepulveda Dam gauge for May through September ranged from 73 cfs (July) to 96 cfs
(May) (USGS 2008) . Surface flow increases significantly as the river flows towards the Pacific Ocean. For
example, the lower Los Angeles River had median and maximum daily average flows from 1991 to 2000 of
83 cfs and 11,900 cfs (LARRMP 2007) . Flows during the dry summer months for the period 2003-2007
are similar to, or greater than, the flows recorded during the 2008 Expedition when canoes and kayaks were
able to navigate most of the length of the Los Angeles River (Table 5). Dry weather flows (April
September) during the last 15 years have regularly exceeded the flows recorded during the 2008 Expedition
for several locations along the Los Angeles River (For example, see Figure 3-11 to 3-15 in Tetra Tech
2002).

The Sepulveda Basin contains additional navigable waterbodies that connect to the Los Angeles
River during periods of significant rainfall. Several conclusions from the document titled: Water Control
Manual Sepulveda Dam and Reservoir, Los Angeles River, California, US Army Corps of Engineers (May
1989) are notable . For example, Table 2-03 indicates that the Sepulveda Wildlife Management Area
(SWMA) lies between elevations 678.5'- 690.8'. Plate 4-07 further indicates that the flood exceedance
interval in years for these water surface elevations ranges between about 1-5 years. There is a 12-acre lake
that lies within the SWMA. The lake contains a boat ramp that supports navigation for park management
purposes. Modeling data from the report indicate that this lake may be inundated and connected by surface
flows to the Sepulveda Basin and Los Angeles River at relatively frequent intervals . In addition, Balboa
Lake is another waterbody within the Sepulveda Basin that lies 300' from the Los Angeles River and is at
an elevation of about 705'; a level that was reached by the river during the 1980 flood with an
approximately 33 year recurrence interval. Finally, the design maximum outlet or spillway crest elevation
for Sepulveda Dam is 710'. If this elevation is reached it would flood both Balboa and the SWMA lakes
connecting them to the Los Angeles River.
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Additional Documentation of River Navigation

EPA has received additional information from the publi c documenting navigation of several
reaches of the Los Angeles River in small watercraft as pari of recreational boating activities. For example,
in 2007 one person success fully navigated the Los Angeles River from its beginnin g to the Pacific Ocean in

a kayak made of plastic bottles (http://www.youtube.com/ watch?v=nZY9rIEHYi8).

There are other several additional documented videos of individuals navigating by kayak various reaches of
the Los Angel es River. Refer to

(htt p://www.yout ube .com/ watch?v=Oro HhM 31&NR=1&feature=fvwp), as one example of recreational

navigation in the Los Angeles River.

Susceptibility to Future Navigation

The Los Angeles River Revitalization Master Plan (LARRMP) (2007) is intended to serve as a 25
to 50-year blueprint to revitalize the river by enhancing flood storage, water quality , safe public access, and
ecosystem functions . The LARRMP was developed with broad community and government input and

support, including the Corps. A major component of the LARRMP is to create a continuous river

greenway, thereby extending open space, recreational opportunities, and water quality features into
adjacent neighborhoods. The LARRMP contains numerous figures depicting possible scenarios to improve
public access throughout a 32-mile reach of the Los Angeles River with the boundaries of the City of Los
Angeles. The LARRMP provides for the development and improvement of boating facilities along several
river reaches from approximately 6 miles upstream from Sepulveda Basin, downstream to the lower river.
In addition, the plans to restore natural features in the Los Angeles River such as channels, loops and
oxbows (see below) will facilitate additional recreational navigation by canoes, kayaks, and rafts .
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The LARRMP makes the following specific recommendations related to access to recreational
opportunities along the Los Angeles River:

• Recommendation #4 .8 includes the provision of enhanced opportunities for safe public access to
the water (p. 4.15) ;

• Recommendation #4 .9 proposes the creation of temporary pools and lakes for water based
recreation, "including recreation al boating", by installing inflatable water dams that are already
being used in the river (p. 4.15 - 4.16). Figure 4.14 identifies nine potential locations for these
dams;

• Preferred Alternative B for the Chinatown-Cornfields Area recommends a large "diversion"
channel that creates "recreational access and use", including use by "kayakers in great numbers" (p.
6.30) . This potential channel improvement would lie within the floodplain and therefore maintain
a hydrological connection to the Los Angeles River.

The City of Los Angeles recently confirmed to EPA its intent to implement the recommendations
contained in the LARRMP and, specifically, to expand opportunities for recreational navigation throughout
the mainstem river. By endorsing the LARRMP in 2007, the Los Angeles City Council has called for
development of boating based recreation in several locations along Los Angeles River. The City of Los
Angeles has undergone an extensive planning process in the development of the LARRMP, including
public input at several workshops. The LARRMP is intended to create recreational resources that will
appeal to interstate and international visitors much as urban river restoration plans have created strong
visitor interest in other urban areas throughout the United States. The Los Angeles area and surrounding
environs is well-recognized as a national and international visitor destination . Given the central geographic
location of Los Angeles River to the City, as well as its close proximity to interstate highways and existing
visitor destinations (e.g., Sepulveda Basin recreation and wildlife area, Griffith Park, Universal Studios,
and The Queen Mary) it is likely that a restored Los Angeles River will attract interstate and international
visitation and commerce. EPA also has received several citizen letters expressing interests in future boating
in the Los Angeles River should recreation access and restoration be implemented.i" EPA has received
several citizen letters expressing a desire to develop a commercial enterprise aimed at teaching
environmental science to school children focused largely through boating on the Los Angeles River." 10, II

Other Contextual Information

Much of the 51-mile length of the Los Angeles River is accessible to the public, even though
public access is not officially sanctioned and may be explicitly prohibited at some locations . There are
numerous areas with public access that are immediately adjacent to interstate highways and surface streets
that accommodate parking and access to the river. For example, there are 107 crossings of the Los Angeles
River, many of which allow some form of access the river. The County of Lo s Angeles, Department of
Public Works, lists twenty-one access points along the 25 miles of the Los Angeles River under their
jurisdiction that have no access restrictions.V There is also a formal and informal bicycle trail along

to Append ix B of letter dated March 20, 2009 to David W. Smith, EPA, from seven Environmental Groups, regarding the Los
Angeles River Status as Traditional Navigable Water (TNW) -Special case Review. 9pp + 4 appendices.

II Letter to David W. Smith, EPA, from George Wolfe, LA River Expeditions, dated December 16, 2008.

12 Letter to David W. Smith, EPA, from Gail Farber, Director of Public Works , County of Los Angele s, dated July 9, 2009.
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appro ximately 49 miles of the Los Angeles River (from Long Beach to Burbank). There are many locations
adjacent to the Los Angeles River, especially in the vicinity of public parks (e.g. , Sepulveda Basin, Elysian
Park) where the public regularly gains access for recreational boating, fishing, educational activities, bird
watching, artistic festivals, and other community activities (Google Images, search term "Los Angeles
River") (Figures l3and 14).
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Figure 13. Two examples of public access to the Los Angeles River. Top: Friends of the Los Angeles River
(FoLAR) outdoor environmental education festival, River School Day provides hands-on educational
experiences for 4th - 12th grade students along the banks of the Los Angeles River. Bottom: FoLAR's guided
public tours of the Los Angeles River. Photos: www.FoLar.org.
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Figure 14. Examples of public access to the Los Angeles River for various recreational activities such as biking
(top) and fishing (bottom).

The Sepulveda Basin supports significant recreational actrvities. Balboa Lake has a boating

concession that supports substantial fee-based recreational boating

(http//www.laparks .org/dos/aquatic/facility/lakeBalboa.htm). Public reviews of Balboa Lake included 2 of

15 reviews from out of state, including South Carolina and Missouri (ht t p://www.ye lp.com/ biz/ la ke

balboa-encino#hrid:PDRzE7AOQ5K2CmgOBfJ7SA).

33

RB-AR12020



The Los Angeles Tourist website lists Sepulveda Basin Wildlife Area as a destination for tourists

(www./atourist .com). The Encino Chamber of Commerce lists Sepulveda Basin as an area for recreational

opportunities (www.encinochambe r.org). The Sepulveda Basin is a major Los Angeles area recreational

destination. It is reasonable to assume that some out of state and international visitors to the Los Angeles
area use the Sepulveda basin . Birding America identifies the Sepulveda Wildlife Area as an important

birding location in Southern California (www.birdingame rica.com). Over 200 species of birds, many

migratory, have been identified from the Sepulveda Basin Wildlife Area .

The Sepulveda Basin Wildlife Area is listed at several websites as a teaching laboratory for school
children and universities. Cal State Northridge and the University of California, Los Angeles, among

others use the site for teaching and natural science research. . (Refer to:

http ://www.csun.edu/scied/3field%20study/sepulveda basin/index.htm and

http://www.centerx.gseis.ucla .edu/globe/sites/sepulveda.htm). The National Birding Hotline

Cooperative has entries for rare bird alerts for the Sepulveda basin. The Hotline.is regularly used by out-of

state birders to identify rare sightings (For example see:

http://listserv.arizona .edu/archives/bi rdwest.html .

The Sepulveda Basin is a major Los Angeles area recreational destination. Presumably, the
Sepulveda basin gets use from out of state and international residents visiting the Los Angeles area. Of note
is the fact that Congressman Brad Sherman, 27th House District, has secured millions in federal funding
over the last decade to restore natural habitats and improve recreational opportunities in the Sepulveda
Basin. Gumprecht (1999, p. 247) notes that Glendale Narrows is desirable as a fishing location, especially
for children . An internet search found that residents along the Los Angeles River fish recreationally,
typically releasing fish following capture.

The Los Angeles River channel has been used as a location in filming numerous, well-known,
motion pictures. As a result, there is a high level of interest among tourists in seeing these movie filming

locations. Several commercial tour operators offer tours, that visit film locations along the Los Angeles

River. Future development of the river for navigation is reasonably likely to provide opportunities for tour
operators to offer boating based tours of famous filming locations along the river.

Numerous films, video games, and television programs have featured various sites along the Los Angeles

River, many of which involve the river as a sinister plot location. Wikipedia lists the following films at
http://en.wikipedia.org/wiki/Los Angeles River:

The Adventures of Buckaroo Banzai Across the 8th Dimension , Chinatown, Them! , Blue

Thunder, Escape from L.A., Terminator 2: Judgment Day, Grease , Volcano , Point Blank,

Freaky Friday (1976 film) , Roadblock, Hot Rod Girl, Blood in Blood Out, Boomtown , Rize,

The Core, Repo Man , The Italian Job, Point Break, Gone in 60 Seconds, Transformers , 24 ,

The Gumball Rally , To Live and Die in L.A., The First Power, Purple Rain , The Tonight Show

with Conan O'Brien and many others, including a skit on the show Jackass... Discovery

Channel filmed scenes of The Colony in the Los Angeles River. ..Los Angeles River,

served as the starting line for the fifteenth season of The Amazing Race. Fifteen music

videos have also been filmed at the Los Angeles River.

Several lines of evidence indicate the Los Angeles River has a commerce connection:
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(1) The river receives boating use in several locations on its main channel and in adjacent waters
that are part of its flood plain; and

(2) The river supports boating and non-boating based recreational uses that are widely advertised
and available to the interstate public. Areas with public access are immediately adjacent to
interstate highways and have ready parking and trail access.

Findings and Conclusions

o Historically, the Los Angeles River was navigated at least occasionally during years and seasons
when there was sufficient surface flow. Native Americans are believed to have navigated portions
of the lower river, especially as a means to acquire food resources. Navigation was likely most
feasible during the months of November-March during years of normal to above normal

precipitation.

The 51-mile mainstem length of the Los Angeles River is currently navigable by small
recreational watercraft, such as canoes and kayaks during periods of moderate to high water.
During dry-weather months (i.e., typically April-October) when river flows are lower, average
channel depths are typically 0.75-feet or greater, which is sufficient for navigation by small
watercraft. Over 90% of the mainstem Los Angeles River was navigated in 2008 by canoes and
kayaks under low-flow conditions.

e Analysis and calculations of water flows and depths, as well as the experiences of the Los Angeles
River Expedition, supports the conclusion that over 90% of the Los Angeles River is navigable by
small watercraft when water average channel depths are 0.75-feet or greater. The existence of a
low flow channel along 62% of the total length of the Los Angeles River, as well as the existence
of several unlined "natural" reaches along 22% of the rivers total length facilitates navigation of
small watercraft during typical dry-weather, low-flow, periods.

o The City of Los Angeles has developed and is implementing a 30-year plan to transform the Los
Angeles River into a publicly accessible natural open space resource, and create more extensive use
of the River environment for both passive and active recreation . Implementation of the LARRMP
would result in new and expanded recreational uses, including boating. The ability to navigate the
Los Angeles River for much or all of its entire length is an anticipated future activity. A goal of the
LARRMP is to establish optimal water quality and restore the river as a fishable and swimmable
water body, which can be used for boating and water recreation.

f) The available evidence demonstrates that the mainstem Los Angeles River, from its origin at the
confluences of Arroyo Calabasas and Bell Creek, to its estuary at the Pacific Ocean, is a TNW.
This conclusion is based on substantial evidence that the River is susceptible to commercial
navigation, as well as the available evidence of historical navigation, current recreational uses,
current flow characteristics, and the City of Los Angeles ' specific plans for restoration of the River.
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Letter

June 29, 2001

The Honorable Olympia Snowe
United States Senate

The Honorable Sherrod Brown
The Honorable Martin Meehan
The Honorable James Oberstar
The Honorable Jack Quinn
House of Representatives

Nonpoint source pollution—that is, pollution from contaminants picked up 
and carried into surface water by water running over land—is known to be 
one of the leading causes of water quality problems in the United States.  
Water that runs over developed areas, including paved surfaces such as 
roads and parking lots, before reaching a water body is known as urban 
runoff and is an increasingly important category of water pollution.  As 
urban areas have expanded over the past several decades, the amount of 
urban runoff has also increased.  Although the overall quality of the nation’s 
waters has improved since the passage of the Clean Water Act in 1972, a 
significant number of water bodies still suffer from poor water quality.  
Because the act brought discharges from “point sources,” such as industrial 
plants and municipal treatment plants, under control, the continuing 
pollution of these waters suggests that other sources, including urban 
runoff, are contributing to water quality problems.  As a result, the 
Environmental Protection Agency (EPA) now classifies urban runoff as a 
significant cause of impairment to water quality.  The Water Quality Act of 
1987, which amended the Clean Water Act, required EPA, among other 
things, to regulate as a point source urban runoff that reaches municipal 
sewer systems.  EPA’s National Pollutant Discharge Elimination System 
Program for storm water requires that certain local governments take 
measures to control storm water runoff.
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Concerned about the degradation of water quality in urban areas, you 
asked us to report on (1) the amount of runoff from urban areas, 
particularly from roads, highways, and other impervious surfaces,1 and its 
effects on water quality and (2) the programs that federal regulations 
require local governments to develop to address urban runoff, and the 
costs and effectiveness of those programs.  To address these issues, we 
reviewed federal and other studies and interviewed experts on the 
relationship between the amount of paved and other impervious surfaces 
and the amount of runoff, and on the types of materials typically contained 
in urban runoff.  We also reviewed studies and interviewed experts on the 
sources of these materials and any actual or potential effects on water 
quality from urban runoff.  We visited five urban areas and organizations 
that are affiliated with their watersheds2 to obtain site-specific information 
about urban runoff problems, programs these areas have implemented in 
response to federal requirements, and the costs and effectiveness of these 
programs.   Finally, we reviewed studies and estimates of the costs and 
investment requirements associated with implementing storm water 
management programs.  Because this report focuses on local governments’ 
actions, we did not review the portions of the National Pollutant Discharge 
Elimination System Storm Water Program that address industrial facilities 
and construction sites.  

We performed our review from August 2000 through May 2001 in 
accordance with generally accepted government auditing standards. 

Results in Brief The volume of urban storm water runoff increased throughout the United 
States in the last half of the 20th century because of the growth in 
impervious surfaces that resulted from the development of urban and 
suburban areas.  According to the U.S. Department of Agriculture, between 
1945 and 1997, land devoted to urban areas in the United States has 
increased by about 327 percent; according to EPA, paved road mileage has 
increased by 278 percent.  Because paved surfaces are almost impervious, 
they allow little storm water to infiltrate the ground; therefore, the storm 
water runs off into creeks, rivers, and lakes.  As storm water runs across 
these impervious surfaces and land, it picks up pollutants from these 
surfaces and carries them to receiving bodies of water—either directly or 

1An impervious surface keeps water from soaking into soils.

2A watershed is an area of land in which all surface water drains to a common point.
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through conveyances such as gutters, storm sewers, and culverts.  EPA’s 
1998 National Water Quality Inventory Report to Congress showed that 
certain rivers, streams, lakes, and estuaries are impaired in terms of their 
ability to support such uses as aquatic life, swimming, and fish 
consumption, and concluded that urban runoff was a major source of this 
impairment.  Studies have shown that urban runoff and the pollutants it 
carries can cause increases in sedimentation, water temperature, and 
pathogen levels and decreases in dissolved oxygen levels in bodies of 
water.  These changes can lead to the degradation of habitat in these water 
bodies and a decline in diversity of aquatic life and can endanger public 
health.  For example, metals, a pollutant typically found in urban runoff, 
can be toxic to aquatic organisms.  Pathogens, such as bacteria from animal 
waste, another pollutant commonly found in urban runoff, can pose public 
health problems when present in waters used for recreational purposes.  
The magnitude and nature of these effects vary by region, depending on the 
type and concentration of pollutants in storm water, rainfall 
characteristics, land use, and other factors.

Local governments are required to address urban runoff through EPA’s 
National Pollutant Discharge Elimination System Storm Water Program.  
Under permits that EPA and states issue through this program, over 1,000 
local governments must meet EPA’s requirements to implement storm 
water management programs to reduce contaminants in storm water to the 
“maximum extent practicable.”  EPA recommends that these cities use 
“best management practices” to reduce contaminants in storm water 
runoff.  The most typical practices included controlling runoff through a 
combination of structural means, such as detention ponds, and 
nonstructural means, such as increasing the frequency of street sweeping 
and educating the public about how to prevent pollutants from reaching 
storm sewers.  Cities also used specialized practices to address specific 
local runoff problems.  For example, Baltimore, Maryland, has focused on 
reducing the level of nutrients, such as fertilizers, in its runoff because of 
its proximity to the Chesapeake Bay, which suffers from high nutrient 
levels.  

Neither the overall costs of implementing the storm water program nor the 
program’s effectiveness has been determined.  EPA estimated in a 1996 
report to congress that the potential need for spending on storm water 
runoff and overflows of sewage resulting from runoff was over $50 billion 
over 20 years, but the agency also believes this estimate will increase when 
it issues its next report in 2002.  EPA’s regulations require that permitted 
cities annually report the costs of implementing their storm water 
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programs, along with the results of their monitoring of storm water runoff 
and water quality.  However, in part because EPA has not established 
guidelines for reporting costs, these data have not been calculated or 
reported consistently and, therefore, are not currently useful in 
characterizing the program’s overall cost.  EPA, state, and city officials 
generally believe that managing storm water runoff will reduce the volume 
of runoff and concentrations of pollutants in the runoff, as well as improve 
water quality, but no systematic effort to evaluate the program’s results has 
been started.  EPA and the states have generally been unsuccessful in 

developing measurable program goals and in demonstrating program 
effectiveness through the review of water quality data reported by local 
governments.

We believe it is time for EPA to begin evaluating this program, which is 
directed at one of the nation’s most significant water quality problems.  
Therefore, this report includes a recommendation to EPA to work with 
states to develop program goals, establish standards for reporting on 
program costs and effectiveness, and review reported water quality data to 
determine whether the current storm water management programs are 
having the intended effect of improving the quality of the nation’s waters 
and how much the programs cost.  We provided a draft of this report to 
EPA and the Department of Transportation (DOT).  EPA generally agreed 
with the report and plans to take action to implement several parts of the 
recommendation; the agency did not comment on the other parts of the 
recommendation.  DOT generally agreed with the report.  (See the Agency 
Comments and Our Evaluation section of this report.)

Background Nonpoint source pollution can result when water, such as precipitation, 
runs over land surfaces and into bodies of water.  Significant nonpoint 
sources of pollution can include paved urban areas, agricultural practices, 
forestry, and mining.  However, in urban and suburban areas, this runoff 
generally enters a sewer system that can be regulated as a point source of 
water pollution.  For example, precipitation from rain or snowmelt may run 
into a municipal separate storm sewer system (MS4 or storm sewer) that 
eventually discharges into a body of water.  The precipitation may also run 
into a combined sewer system, which carries a combination of storm water 
runoff, industrial waste, and raw sewage in a single pipe to a sewage 
treatment facility for discharge after treatment.  Lastly, the precipitation 
may run off of land or paved surfaces directly into nearby receiving waters. 
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EPA’s Office of Wastewater Management, which is within the Office of 
Water, implements the National Pollutant Discharge Elimination System 
(NPDES) Program.  The program was created in 1972 with the passage of 
the Clean Water Act.  Created to control water pollution from point 
sources—those sources, such as a factory or wastewater treatment plant, 
that contribute pollutants directly into a body of water from a pipe or other 
conveyance—the NPDES Program did not specifically address storm water 
discharges.  In 1987, the Congress amended the Clean Water Act with the 
Water Quality Act, which directed EPA to also control storm water 
discharges that enter MS4s—essentially requiring EPA to treat such storm 
water as a point source.3  MS4s are defined as those sewers that collect and 
convey storm water; are owned or operated by the federal, state, or local 
government; and are not part of a publicly owned treatment (sewage) 
facility.

To regulate urban storm water runoff, EPA published regulations in 1990 
that established the NPDES Storm Water Program and described permit 
application requirements.  According to EPA, the program’s objective, in 
part, is to preserve, protect, and improve water quality by, among other 
things, controlling the volume of runoff from paved surfaces and by 
reducing the level of runoff pollutants to the maximum extent practicable 
using best management practices (BMP).4  The 1987 act also authorized 
EPA to implement a program that provides federal funds and technical 
assistance to states to develop their own nonpoint source pollution 
management programs.  States can use the federal funds they receive for 
nonpoint source programs to address nonpoint sources of pollution as well 
as urban runoff.   

Currently, EPA manages NPDES Storm Water programs in six states 
(Alaska, Arizona, Idaho, Massachusetts, New Hampshire, and New Mexico) 
and has delegated authority to the remaining 44 states to manage these 
programs.  The storm water program is being implemented in two phases.  
Local governments meeting the following criteria must comply with EPA’s 
storm water program regulations.  First, Phase I of the program requires 
that municipalities with a population of 100,000 or more obtain a permit for 
their MS4 system; second, the program requires that entities obtain a 

3Section 402(p) of the Clean Water Act.

4According to EPA, a best management practice is a device, practice, or method for 
removing, reducing, retarding, or preventing targeted storm water runoff constituents, 
pollutants, and contaminants from reaching receiving waters.
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permit if they discharge storm water from sites with industrial activities, 
including construction activities that disturb 5 acres or more of land.  In 
addition, NPDES permitting authorities may also bring other municipalities 
and industrial entities into the program if they deem it necessary.  
Municipalities that meet these conditions must submit a permit application 
to EPA or the governing regulatory state agency.  In 1990, the regulations 
specifically identified 220 municipalities throughout the United States that 
were required to apply for a Phase I permit.  According to EPA, as of April 
2001, about 256 Phase 1 MS4 permits had been issued and about 17 more 
still needed to be issued.  Because some permits cover more than one 
municipality, these permits cover about 1,000 medium and large 
municipalities nationwide.  

The final rule for Phase II of the program was issued in December 1999.  
Phase II extends Phase I efforts by requiring that a storm water discharge 
permit be obtained by (1) operators of all MS4s not already covered by 
Phase I of the program in urbanized areas5 and (2) construction sites that 
disturb areas equal to or greater than 1 acre and less than 5 acres of land.  
As with Phase I of the program, permitting authorities may require 
additional small MS4s and construction sites to obtain a permit if they are a 
significant contributor of pollutants.  Currently, EPA anticipates that about 
5,000 municipalities may be subject to permitting requirements under 
Phase II of the storm water program.  These municipalities are required to 
obtain permits no later than March 10, 2003.

5The Bureau of the Census generally defines an urbanized area as a land area comprising 
one or more places—central place(s)—and the adjacent densely settled surrounding area—
urban fringe—that together have a residential population of at least 50,000 and an overall 
population density of at least 1,000 per square mile.
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EPA also regulates combined sewer overflows (CSO) that can be caused by 
urban storm water runoff.  Combined sewer systems, in which storm water 
enters pipes already carrying sewage, may overflow when rain or snowmelt 
entering the system exceeds the system’s flow capacity.  In the CSO that 
results, the mixture of untreated sewage and runoff bypasses the water 
treatment facility and is diverted directly into receiving waters.  (See fig. 1 
for an illustration of combined and separate sewer systems.)  These 
combined systems generally serve the older parts of approximately 900 
cities in the United States.  Pipes carrying sewage and storm water 
separately generally serve newer parts of cities.  EPA’s 1994 CSO policy 
requires communities with combined sewer systems to take immediate and 
long-term actions to address CSO problems.  The policy contains 
provisions for developing appropriate, site-specific NPDES permit 
requirements for all combined sewer systems that overflow because of wet-
weather events.  The Wet Weather Water Quality Act of 2000 requires that 
any permit, order, or decree issued for a CSO conform to the 1994 policy.  
Under this act, EPA is also required to submit a report to the Congress by 
September 2001 on the status of the program.6

6Sanitary sewer overflows, which are illegal under the Clean Water Act, can also result from 
rainfall.  A sanitary sewer overflow may occur when rainwater or snowmelt leaks into 
sanitary sewage pipes, thereby exceeding the pipes’ capacity and causing them to overflow.  
This discharge of raw sewage from municipal sanitary sewer systems can release untreated 
sewage into places such as streams, basements, and streets.  EPA proposed regulations to 
require municipalities to reduce the number of overflows.  However, these regulations have 
been withdrawn for further review.
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Figure 1:  Urban Runoff Flows in Different Types of Sewer Systems
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Source:  GAO illustration based on EPA data.
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The Total Maximum Daily Load (TMDL) Program, established under the 
Clean Water Act, is intended to address water bodies that do not meet 
water quality standards because of pollutant loadings from point and 
nonpoint sources.  Currently, it is unclear how and when this program will 
affect EPA’s and states’ issuance of storm water permits.  A TMDL is a 
calculation of the maximum amount of a pollutant that a body of water can 
receive and still meet the water quality standard set by the state.  Under 
EPA’s regulations, the state is to allocate this “pollutant load” among the 
point and nonpoint pollutant sources that flow into the water body and 
then take steps to ensure that no source exceeds its assigned load.  In 1996, 
EPA issued a policy that outlined an interim approach to including water 
quality standards in storm water permits.  The policy promoted the use of 
BMPs in the first 5-year term permits, followed by a tailoring of BMPs in the 
second round of permits as necessary to comply with water quality 
standards.  Until recently, few TMDLs had been established, and citizen 
organizations sued EPA for its lack of action.  EPA issued a new set of 
regulations for the TMDL Program in 2000, but the Congress prevented 
EPA from spending money to implement the rule in 2000 and 2001.   It is 
possible that establishing a TMDL for a body of water could result in the 
application of a numeric effluent limit to outfalls7 that release storm water 
into that body of water.  Some city officials we spoke with generally felt 
that numeric effluent limits would significantly increase the cost of 
managing storm water.

Volume of Urban 
Runoff Increases With 
the Expansion of 
Urban Development 
and Can Affect Water 
Quality

Since World War II, urban runoff has increased throughout the United 
States.  This increase is directly related to growth in the amount of 
impervious surfaces due to urban and suburban development and the 
construction of roads, highways, and other impervious surfaces.  
Coinciding with this growth in impervious surfaces has been a reduction in 
wetlands and in the amount of storm water that infiltrates the ground to 
recharge aquifers.  Moreover, the loss of vegetation due to development 
and related runoff can cause major erosion.  Ultimately, much of this runoff 
is channeled into gutters, storm drains, and paved channels, and vegetation 
and sediment removed with the runoff may end up in receiving waters.  
EPA has identified urban storm water runoff as one of the leading sources 
of pollution to the nation’s rivers, streams, lakes, and estuaries.  Runoff 
from impervious surfaces picks up potentially harmful pollutants and 

7An outfall is an outlet, such as a pipe, that allows storm water to flow into a river, lake, or 
other body of water. 
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carries them into receiving waters.  Studies have shown that urban runoff 
and the pollutants it carries can negatively affect water quality, aquatic life, 
and public health. 

Paved Surfaces Have 
Increased With Urban and 
Suburban Expansion and 
Growth in Automobile Use 

According to the U.S. Department of Agriculture, between 1945 and 1997, 
urban land area increased by almost 327 percent, from 15 million acres to 
about 64 million acres in the contiguous 48 states.  From 1992 through 1997, 
the annual rate of development averaged about 1 million acres per year.  
The land developed between 1945 and 1997 came primarily from forestland 
and pasture and range.8  For example, according to the Bureau of the 
Census, between 1960 and 1990, the amount of land used for urban 
purposes in Baltimore, Maryland, and Washington, D.C., grew by about 170 
percent and 177 percent, respectively.  As a result, urbanization, with its 
accompanying expansion of impervious surfaces like sidewalks, roofs, 
parking lots, and roads, has significantly increased the nation’s total 
developed land and paved surface area.9  Figure 2 demonstrates the growth 
in the urbanized areas of Baltimore and Washington, D.C., over the last half 
of the 20th century.  

8Agricultural Resources and Environmental Indicators, 2000, U.S. Department of 
Agriculture, Economic Research Service, Resource Economics Division. 

9Our Built and Natural Environments, A Technical Review of the Interaction Between Land 
Use, Transportation and Environmental Quality, U.S. Environmental Protection Agency 
(EPA 231-R-00-005, Nov. 2000).
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Figure 2:  Increase in Urbanized Land in Selected Cities, 1960-90

Source: U.S. Geological Survey.

The increase in paved surfaces has been spurred not only by urban and 
suburban development, but also by a steady increase in the use of 
automobiles, the primary mode of daily transportation for most Americans.  
Roads also play an important role in the economy of the United States, 
since trucks carry about 75 percent of the value of all goods shipped.  
According to EPA, paved road mileage in the United States increased by 
278 percent from 1945 to 1997.  In 1945, 19 percent of the public roads in 
the country were paved; by 1997, that percentage had increased to 61. (See 
fig. 3.)  According to a 1999 study, motor-vehicle infrastructure, such as 

roads and parking lots, accounts for close to half of the land area in U.S. 
urban cities.10  

10Stormwater Strategies, Community Responses to Runoff Pollution, Natural Resources 
Defense Council (May 1999).
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Figure 3:  Percentage of Paved Public Road Miles, 1945-97 

Source:  EPA.
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at an average rate of 2.7 acres for every acre lost to highway building.  
Other undeveloped land with vegetation also performs some of the roles 
that wetlands play in managing runoff, although to a lesser extent. 

Furthermore, as impervious surfaces increase, less storm water is able to 
infiltrate through the soil to groundwater.  Impervious areas allow only a 
very small amount of initial infiltration compared with unpaved areas 
whose infiltration capacity varies, depending on the soil type.  Figure 4 
demonstrates EPA’s estimates of the impact of impervious surfaces on the 
percentages of storm water that runs off, infiltrates the ground, and is lost 
through evapotranspiration.12  When natural ground cover is present over 
an entire site, normally 10 percent of precipitation runs off the land into 
nearby creeks, rivers, and lakes.  In contrast, when a site is 75- to 100-
percent impervious, 55 percent of the precipitation runs off into these 
receiving waters.  However, according to an FHWA official, the runoff rates 
can be reduced if developers take mitigating actions to develop and 
implement BMPs to control flooding or runoff.

12Evapotranspiration represents water loss from evaporation and the absorption and 
eventual release into the atmosphere of water that plants and trees have collected.  The 
extent to which evapotranspiration occurs is dependent primarily on the solar energy 
available to vaporize the water.  As a result, the effect of evapotranspiration varies greatly 
across the country.
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Figure 4:  Impact of Impervious Surfaces on the Amount of Storm Water That Runs 
Off, Infiltrates, and Evapotranspires

Source: EPA.
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The decrease in storm water infiltration that accompanies urbanization 
also reduces the amount of water that is available to recharge groundwater 
supplies.  For this reason, reduced infiltration may lead to problems with 
the water table in certain urban areas.  For example, a Massachusetts 
Department of Environmental Protection official noted that a low recharge 
rate affects water quality because it can result in a loss of wetlands and 
adversely affect aquatic habitat as water-table levels fall during dry 
weather.13 In addition, officials from the Charles River Watershed 
Association in Massachusetts are concerned that the lack of infiltration 
might cause some communities to run short of drinking water in the next 
20 years.

Urban Runoff Has the 
Potential to Impair Water 
Quality and Disrupt 
Biological Integrity

Urban runoff can adversely affect the quality of the nation’s waters, and 
urban storm water runoff has been identified as one of the leading sources 
of pollution to rivers, streams, lakes, and estuaries.14  Section 305(b) of the 
Clean Water Act requires states and other jurisdictions to report on the 
quality of their waters to EPA every 2 years.  The 1998 National Water 
Quality Inventory Report to Congress showed that 35 percent of assessed 
river and stream miles, 45 percent of assessed lake acres, and 44 percent of 
assessed estuarine square miles were impaired in terms of their ability to 
support uses such as aquatic life, swimming, and fish consumption.15  The 
report identified urban storm water runoff as one of the leading sources of 
impairment to the assessed waters.  

13Dry weather is defined as a period when rainfall measuring at least 0.10 of an inch has not 
occurred for 72 hours.

14Other leading sources of pollution include agricultural runoff, municipal point sources, 
hydrologic modifications, and atmospheric deposition.

15Information contained in the 1998 report reflects only those waters assessed by states and 
other jurisdictions and cannot be used to characterize nationwide water quality.  
Furthermore, water quality standards among states are not identical, and the monitoring 
design used to collect data differed among states.
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Studies have shown that as the percentage of impervious cover increases 
within a watershed, biodiversity also declines.  Research conducted by the 
Center for Watershed Protection found that, generally speaking, when a 
watershed has 10 percent or less impervious cover, the associated stream 
can be categorized as sensitive.16  Sensitive streams are characterized as 
having high fish diversity and good water quality.  Once the percentage of 
impervious cover exceeds 25 to 30 percent of the watershed, however, 
streams tend to become nonsupporting.  Nonsupporting streams are highly 
unstable, have poor diversity of fish and aquatic life, and have poor water 
quality.  For example, one study evaluated the relationship between the 
extent of impervious cover in watersheds to the number and diversity of 
fish populations in 47 small streams in southeastern Wisconsin between the 
1970s and 1990s.17  The results revealed that the number of fish species per 
site was highly variable for drainage areas that had less than 10-percent 
imperviousness.  In contrast, sites that had greater than 10-percent 
imperviousness had consistently low numbers of fish species.  

Other studies have associated urban runoff with basic changes in the 
receiving body of water.  Runoff can carry sediment into surface water, and 
this sediment can carry contaminants, harm aquatic plants, and smother 
organisms.  Runoff can also be warmed by the impervious surfaces it flows 
across.  When sufficient amounts of warmed runoff enter a water body, the 
water temperature can rise.  Less oxygen is then available for aquatic 
organisms because water holds less oxygen as it becomes warmer.  These 
combined factors lead to the degradation of aquatic habitat.  According to 
EPA, the common effects of these types of pollution on aquatic life include 
a decline in biodiversity and an increase in invasive species. 

An increase in the volume of storm water runoff also increases the 
likelihood of erosion, which allows for transport of eroded sediment 
downstream into receiving waters.  For example, during a site visit, we 
observed extensive erosion along the Gingerville Creek Subbasin in Anne 
Arundel County, Maryland, that was caused by urban runoff channeled into 
the creek.  Figure 5 depicts the eroded banks and channel of this creek.

16“The Importance of Imperviousness,” Watershed Protection Techniques, v.1:3, Fall, 1994.  
The article reviews 18 studies on the relationship between urbanization and stream quality.  

17L. Wang and others, “Watershed Urbanization and Changes in Fish Communities in 
Southeastern Wisconsin Streams,” Journal of the American Water Resources Association, 
Oct. 2000, Vol. 36, No. 5.
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Figure 5:  Damage Caused by Storm Water Runoff From Urbanized Areas in the Gingerville Creek Subbasin

Source: Anne Arundel County, Maryland, Department of Public Works.

Contaminants in Urban 
Runoff Can Affect Aquatic 
Life and Human Health

There have been several efforts to characterize the chemicals and other 
constituents in urban runoff.  The Nationwide Urban Runoff Program, 
conducted by EPA between 1978 and 1983, examined the characteristics of 
urban runoff.  Another federal effort to characterize urban runoff is an 
ongoing joint project of the U.S. Geological Survey (USGS) and the FHWA 
to evaluate guidelines for highway runoff.  As table 1 indicates, these 
studies and others have shown that the principal contaminants found in 
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urban runoff include nutrients, solids, pathogens, metals, hydrocarbons, 
organics, salt, and trash.  Water flowing over various surfaces, such as 
streets, parking lots, construction sites, industrial facilities, rooftops, and 
lawns, carries these pollutants to receiving waters.  The contaminants have 
the potential to impair water quality, degrade aquatic ecosystems, and pose 
health risks to swimmers.

Table 1:  Storm Water Pollutants in Urban Runoff, Including Sources and Potential Impacts

Contaminant Source Potential impact

Nutrients

Nitrogen, 
phosphorous

Animal waste, fertilizers, failing septic systems, 
atmospheric deposition,a CSOs 

Nutrient enrichment can cause an excessive growth of 
algae.  Nuisance levels of algae are associated with 
dissolved oxygen deficiencies leading to fish kills, loss of 
submerged aquatic vegetation that serves as a habitat for 
aquatic organisms, and loss of natural biodiversity.

Solids

Sediment Construction sites, other disturbed and/or 
nonvegetated lands, eroding banks, road sanding

Sediment can cause infection and disease among fish, 
scour submerged aquatic vegetation, prevent sunlight from 
reaching aquatic plants, and bury bottom-dwelling aquatic 
organisms. 

Pathogens

Bacteria, viruses Animal waste, failing septic systems, illicit 
connections and discharges to storm sewer 
system, CSOs

Pathogens entering waters used for recreational purposes 
can pose human health risks.

Metals

Lead, cadmium, 
copper, zinc, mercury, 
chromium, aluminum, 
and others

Industrial processes, normal wear of automobile 
brake linings and tires, automobile emissions, 
automobile fluid leaks, metal roofs

Metals can cause acute or chronic toxicity for aquatic 
organisms.

Hydrocarbons

Oil and grease, 
polycyclic aromatic 
hydrocarbons 

Industrial processes, automobile wear, automobile 
emissions, automobile fluid leaks, waste oil

Hydrocarbons have the potential to be acutely toxic for 
aquatic organisms and several are suspected carcinogens.

Organics

Pesticides, 
polychlorinated 
biphenyls (PCB), 
synthetic chemicals

Pesticides (herbicides, insecticides, fungicides, 
rodenticides, etc.), industrial processes

Low concentrations of some organics have the potential to 
bioaccumulate in the food chain. 
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aAtmospheric deposition occurs when pollutants in the air fall on land or water.

Sources: Massachusetts Department of Environmental Protection Stormwater Policy; EPA reports and 
guidance, including Preliminary Data Summary of Urban Storm Water Best Management Practices, 
Combined Sewer Overflow Control Policy, Innovative Urban Wet-Weather Flow Management Systems, 
and the 1998 National Water Quality Inventory Report to Congress; the California Regional Water 
Quality Control Board; the Natural Resources Defense Council’s Stormwater Strategies: Community 
Responses to Runoff Pollution; “Accretion of Pollutants in Roadway Snow Exposed to Urban Traffic 
and Winter Storm Maintenance Activities - Part I,” Draft;18 and USGS’ National Water Quality 
Assessment Program.

Contaminant Source Potential impact

Salt

Sodium
Chlorides

Road salting and uncovered salt storage Salt can damage roadside vegetation, transport high levels 
of chlorides to receiving waters, and degrade aquatic 
ecosystems.  Chloride can be harmful to some species of 
fish.

Trash

Street refuse and improperly discarded waste 
material

Trash impairs water quality by inhibiting the growth of 
aquatic vegetation and conveys nutrients, toxic substances, 
and other pollutants to aquatic ecosystems.

(Continued From Previous Page)

18J.J. Sansalone and D.W. Glenn, “Accretion of Pollutants in Roadway Snow Exposed to 
Urban Traffic and Winter Storm Maintenance Activities − Part I,” DRAFT.
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In our visits to cities with Phase I permits and their watersheds, we 
identified specific instances in which these contaminants had affected 
water quality.  The Chesapeake Bay, for example, has been polluted with 
the nutrients nitrogen and phosphorus and with excess sediment caused, in 
part, by urban runoff.  The excess nutrients cause algae blooms that block 
sunlight from reaching bay grasses—which are a source of food, shelter, 
and nursery grounds for many aquatic species.  In an effort to control 
nutrient pollution in the Chesapeake Bay, the Executive Council of the 
Chesapeake Bay Program19 established a goal to reduce the nitrogen and 
phosphorus entering the Chesapeake Bay by 40 percent, including through 
control of runoff from urban areas.  In addition, an assessment of the status 
of chemical contaminant effects on living resources in the bay’s tidal rivers 
found “hot spots” of contaminated sediment.  As a result, the Baltimore 
Harbor and the Patapsco River in Maryland; the Anacostia River in 
Washington, D.C.; and the Elizabeth River in Virginia were designated as 
“regions of concern.”  Urban storm water runoff is a significant source of 
contaminants in the three regions.  The Chesapeake Executive Council has 
committed to reduce by 30 percent the chemicals of concern in the regions 
of concern by 2010 through pollution prevention measures and other 
voluntary means.20

Pathogens such as bacteria and viruses, which are often present in urban 
runoff, can pose public health problems.  For example, the Santa Monica 
Bay Restoration Project conducted a study to identify adverse health 
effects of untreated urban runoff by surveying over 13,000 swimmers at 
three bay beaches. 21  The study established a positive association between 
an increased risk of illness and swimming near flowing storm-drain outlets.  
Table 2 explains health outcome measures at various distances from storm 
drains.  For example, the study found a 1-in-14 chance of fever for 
swimmers in front of the drain versus a 1-in-22 chance at 400 or more yards 
away.

19The Chesapeake Executive Council includes the governors of Maryland, Pennsylvania, and 
Virginia; the Administrator of the U.S. Environmental Protection Agency; the mayor of the 
District of Columbia; and the chair of the Chesapeake Bay Commission. 

20Chesapeake Bay Program Office, Toxics 2000 Strategy: A Chesapeake Bay Watershed 
Strategy for Chemical Contaminant Reduction, Prevention, and Assessment, Dec. 2000.

21R.W. Haile and others, “The Health Effects of Swimming in Ocean Water Contaminated by 
Storm Drain Runoff,” Epidemiology, July 1999, Vol. 10, No. 4.
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Table 2:  Comparative Health Outcomes for Swimming in Front of Drains Versus 400 
or More Yards Away

Note: This table includes the statistically significant health outcomes.

Source: GAO analysis of data from “The Health Effects of Swimming in Ocean Water Contaminated by 
Storm Drain Runoff,” Epidemiology, July 1999, Vol. 10, No. 4.

Metals and polycyclic aromatic hydrocarbons (PAH) in urban runoff can 
present a threat to aquatic life.  Studies have found the following:

• Storm water runoff from an urban area proved to be toxic to sea urchin 
fertilization in the Santa Monica Bay, and dissolved zinc and copper 
were determined to be contributors to this toxicity. 22 

• Brown bullheads (a bottom-dwelling catfish) in the Anacostia River 
developed tumors that were believed to be caused by PAHs associated 
in part with urban runoff.23

• High PAH and heavy metal concentrations were found in crayfish tissue 
samples from several urban streams in Milwaukee.  The study 
associated these contaminants with storm water runoff.24

Health outcomes 0 yards
400 or

more yards

Fever 1:14 1:22

Chills 1:26 1:42
Ear discharge 1:68 1:143

Coughing with phlegm 1:20 1:33

Significant respiratory disease (fever and 
nasal congestion, fever and sore throat, 
and cough with phlegm)

1:12 1:22

22Southern California Coastal Water Research Project, Study of the Impact of Stormwater 
Discharge on Santa Monica Bay − Executive Summary, Nov. 1, 1999.

23Chesapeake Bay Program Office.

24J.P. Masterson and R.T. Bannerman, “Impacts of Stormwater Runoff on Urban Streams in 
Milwaukee County, Wisconsin,” National Symposium on Water Quality, American Water 
Resources Association, Nov. 1994.
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In addition, USGS tracked trends in the concentrations of PAHs found in 
sediment in 10 lakes and reservoirs in six metropolitan areas over the last 
several decades.  This study found that PAH concentrations in developed 
watersheds are increasing and that these increases may be linked to the 
amount of urban development and vehicle traffic in urban and suburban 
areas.25  For example, from 1982 to 1996, PAH concentrations in the 
sediment core in Town Lake (Austin, Texas) and total miles driven in 
greater Austin both increased by about 2.5 times.  Figure 6 illustrates this 
correlation. 

Figure 6:  Comparison of Town Lake PAHs and Traffic Trends

Note:  According to USGS, irregularities in the date pattern are due to intervals at which sediment 
samples were collected.

Source: USGS National Water Quality Assessment Reconstructed Trends Program.

25P. Van Metre, B. Mahler, and E. Furlong, “Urban Sprawl Leaves Its PAH Signature,” 
Environmental Science and Technology, Vol. 34, No. 19, 2000.
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Although the studies we reviewed show that certain contaminants are 
likely to be present in urban runoff, factors such as land development 
practices, climate conditions, atmospheric deposition, and traffic 
characteristics all can affect the characteristics of runoff from a particular 
area.  Therefore, given the diffuse nature of many storm water discharges 
and the variability of other contributing factors, characterizing the 
concentrations of pollutants contained in storm water runoff has been 
challenging.  Recent USGS reports also suggest that improvements are 
needed in the methods used to analyze sediment and metals in runoff.26   

Local Governments 
Take Actions to 
Manage Urban Storm 
Water Runoff, but 
Information Is Limited 
on the Cost and 
Effectiveness of These 
Actions

To comply with federal and state storm water management for Phase I 
permitting requirements, permitted municipalities must create and 
implement storm water management programs.  The three primary 
activities used in these programs include efforts to characterize storm 
water runoff; BMPs aimed at reducing pollutants in storm water runoff to 
the maximum extent practicable; and reporting program activities, 
monitoring results, and costs of implementing the program.  Some BMPs 
are structural—meaning that they are designed to trap and detain runoff 
until constituents settle or are filtered out.  Other BMPs are 
nonstructural—meaning that they are designed to prevent contaminants 
from entering storm water through actions like street sweeping and 
inspections.  Many permitted municipalities use specialized BMPs tailored 
to address particular runoff problems in their locations.  Over 1,000 cities 
are undertaking these efforts under the NPDES Storm Water Program, but 
information on the overall costs of managing urban runoff and the 
effectiveness of the actions taken is limited.  EPA’s attempts to forecast 
costs have not encompassed the entire program or are out of date.  In 
addition, the permitted municipal agencies we visited estimated their 
annual storm water management costs and reported them to state agencies 
or EPA, but the approaches they used to calculate these estimates varied 
considerably, making it difficult to draw any conclusions.  Although EPA 
and state agencies believe that the program will be effective in improving 
water quality, EPA has not made a systematic effort to evaluate the 
program.  Without such an effort, EPA cannot tell what effect the program 
is having on water quality nationally. 

26The USGS reports indicate that certain methods used to analyze sediment and metals 
samples can be unreliable.  For example, sample collection and processing methods can 
have an effect on measured concentrations of metals.  
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Municipalities Comply With 
Federal and State 
Requirements Through 
Monitoring, Best 
Management Practices, and 
Reporting

The NPDES Storm Water Program requires municipalities operating under 
a Phase I MS4 permit to characterize and monitor storm water runoff, 
implement BMPs to reduce pollutants to the maximum extent practicable, 
and report costs and monitoring results to the permitting authorities.  
Because of these requirements, local governments have generally shifted 
the focus of their storm water management from water quantity control or 
flood management to water quality concerns.  

Besides following the basic federal requirements, municipalities must 
follow any additional regulations developed by states that have been 
delegated the authority to manage the NPDES Storm Water Program.  For 
example, Wisconsin’s Department of Natural Resources broadened the 
requirements for determining which municipalities must get permits.  The 
state requires local governments with storm sewer systems in priority 
watersheds (based on the significance of storm water runoff as a pollutant 
source) that serve a populace of 50,000 or more27 to obtain a permit with 
requirements similar to those for a Phase I permit.  Wisconsin’s Department 
of Natural Resources also requires municipalities that are located in one of 
the state’s five Great Lakes Areas of Concern28 to obtain a state permit.  
Furthermore, in line with specific criteria in Wisconsin’s Administrative 
Code, the state requires other municipalities to obtain a permit if the 
municipality is found to significantly contribute storm water pollutants to 
waters of the state.  These various requirements increased the number of 
municipalities that must get permits from the two under federal 
requirements to over 70 under the states’ requirements.

The local governments we reviewed were undertaking three primary 
activities when applying for permits and implementing their storm water 
management programs.  Specifically, these activities were (1) 
characterizing storm water runoff; (2) developing BMPs to reduce 
discharges of pollutants to the maximum extent practicable; and (3) 
reporting program activities, monitoring results, and reporting program 
costs.

First, to characterize runoff, applicants are to provide quantitative data that 
describe the volume and quality of discharges from municipal storm 

27For example, we visited West Allis, Wisconsin, which has a permit even though its 
population is under 100,000.

28Areas of concern have persistent water quality problems, which impair beneficial uses.
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sewers.  For example, cities must map all storm sewer outfalls—an 
undertaking that one group representing cities described as significant.  
After the permit application is approved, additional monitoring is required 
throughout the life of the permit to facilitate the design of effective storm 
water management programs and to document the nature of the storm 
water.  The local governments we visited were all monitoring for a variety 
of purposes, including characterizing runoff from different types of land 
use in order to target their BMPs, testing the effectiveness of a particular 
BMP, or establishing a baseline for their storm water quality evaluations.

Second, the storm water management programs that local governments 
develop focus on implementing BMPs. While active treatment, such as 
sending storm water through a treatment facility, is a possible BMP, the 
cities we visited were generally not using active treatment.  EPA’s February 
2000 report29 on the Phase I program described the program as based on 
the “use of low-cost, common-sense solutions.” The five cities we visited 
were generally using similar types of structural and nonstructural BMPs, as 
follows: 

• Structural BMPs are designed to separate contaminants from storm 
water.  For example, detention ponds temporarily hold storm water 
runoff to allow solids and other constituents in the runoff to settle 
before the water is released at a predetermined rate into receiving 
waters.  In addition, catch-basin inserts, placed in a storm drain, catch 
trash and other debris, and particle separators, placed beneath the 
surface of an impervious area such as a parking lot, separate oils from 
runoff and allow sediment and debris to settle.  Structural devices such 
as these require regular maintenance to function properly and remain 
effective.     

• Nonstructural BMPs are primarily designed to minimize the 
contaminants that enter storm water.  These nonstructural BMPs 
include
• “good housekeeping” practices by the local government, such as oil 

collection and recycling, spill response, household and hazardous 
waste collection, pesticide controls, flood control management, and 
street sweeping; 

29Report to Congress on the Phase I Storm Water Regulations, U.S. Environmental 
Protection Agency, February 2000.   This report includes information on the program for 
local governments, industries, and construction sites.
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• public education programs, such as storm-drain stenciling, to remind 
the public that trash, motor oil, and other pollutants thrown into 
storm drains end up in nearby receiving waters;30

• new ordinances to control pollution sources, such as prohibiting the 
disposal of lawn clippings in storm drains and requiring pet owners 
to clean up after their pets;31  

• requirements that developers comply with storm water regulations 
and incorporate erosion and sediment controls at all new 
development sites;

• requirements that runoff from properties owned or activities 
sponsored by the municipality be properly controlled; and 

• efforts to identify and eliminate illicit connections and illegal 
discharges to the storm sewer systems, such as those from pipes 
carrying sewage.

We found that the NPDES Program’s requirements allowed local 
governments to tailor their storm water management efforts to prioritize 
local concerns, such as a particular type of contaminant, a particular 
climatic condition, or a particular body of water.  Some cities also 
developed specialized BMPs to address these concerns.  The following 
information highlights specific storm water-related concerns in the five 
cities we visited and the specialized BMPs these municipalities have 
developed to address these particular concerns.  (See apps. I to V for 
additional information on these cities’ storm water management 
programs.)

30Other public education programs we observed included in-school education programs, 
partnerships with grassroots organizations concerned with water quality issues, and the 
identification of commercial businesses and industries to educate owners on methods to 
control storm water runoff.

31According to Worcester, Massachusetts’ April 2000 City of Worcester DPW Stormwater 
Management Program Annual Report, the city has proposed ordinances that prohibit the 
disposal of lawn clippings and other yard waste in catch basins and that require pet owners 
to clean up after their pets.  As of April 2001, neither ordinance had been implemented.
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• In Baltimore, Maryland, excessive levels of nutrients, particularly 
phosphorus and nitrogen, are among the city’s major water quality 
concerns because of the city’s participation in the Chesapeake Bay 
Program.  Baltimore City agreed to assist the state in reaching the 
Chesapeake Bay Program’s goal to reduce nutrients discharged to the 
bay by 40 percent by the year 2000.  According to a Chesapeake Bay 
Program Office representative,32 as of March 2001, the program has not 
met this goal but expects to reach it within the next several years. 

• In Boston, Massachusetts, the Boston Water and Sewer Commission, 
which holds the permit for Boston’s storm sewer system, is concerned 
about runoff from roadways, especially runoff containing salt and sand 
used in the winter months and dissolved metals (copper and zinc) from 
automobiles.  In September 2000, the commission began a 3-year 
program to develop and implement a citywide catch-basin inspection, 
cleaning, and preventive maintenance program.  The program will also 
include the development of a database and map that can be linked to the 
commission’s Geographic Information System. 

• Los Angeles County, California, is responding to a TMDL for trash in 
the Los Angeles River Watershed that will require the county, over a 10-
year period, to eliminate trash in runoff.  The county is testing a variety 
of devices that remove trash from runoff and specialized catch-basin 
devices that are designed to prevent trash from ever reaching the storm 
sewers.  

• Milwaukee, Wisconsin, changed its monitoring and public education 
activities in its recent permit to test the effectiveness of a BMP targeting 
public education efforts to a specific community.  The new permit also 
requires a monitoring program aimed at the community, its associated 
watershed, and city employees who work in the area.

• Worcester, Massachusetts, had a significant problem with illicit 
connections to its storm sewers and with flow in these sewers during 
dry weather. Worcester’s Department of Public Works (DPW) screened 
71 of its storm water outfalls and determined that 32 of them had 
drainage areas that carried both sanitary sewage and storm drainage in 
separate conduits through common manholes.  DPW has retrofitted over 
65 percent of the manholes to prevent sewage from mixing with storm 
water.

32The Chesapeake Bay Program Office, U.S. EPA Region III, was founded in 1983 with the 
formation of the Chesapeake Bay Program.  The program is a voluntary regional partnership 
that leads and directs restoration of the Chesapeake Bay.  Members of the Chesapeake Bay 
Program include Maryland, Pennsylvania, Virginia, the District of Columbia, the Chesapeake 
Bay Commission (a tristate legislative body), EPA, and participating citizen advisory groups.
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Third, local governments participating in the Phase I program are required 
to report annually to EPA or the state regulatory agency on their storm 
water programs.  These reports are to include a status report on the 
program; a summary of data, including monitoring results collected during 
the reporting year; information on annual expenditures on the program and 
a budget for the coming year; and a description of any water quality 
improvements or degradation.

Information on the Costs of 
Addressing Storm Water 
Runoff Is Limited

Good information about the cost of implementing federal storm water 
requirements is limited.  EPA conducted a survey to estimate the nation’s 
future water infrastructure needs over a 20-year period—from 1996 to 2016.   
In its 1996 report,33 EPA estimated that states would require over $50 billion 
to meet their current (as of 1996) water infrastructure needs.  The estimate 
consists of storm water management needs (at $7.4 billion) and CSO needs 
(at $44.7 billion).34  EPA noted, however, that estimated storm water 
management needs are likely too low and could increase following an 
analysis of data collected to prepare the agency’s 2000 clean water needs 
survey—to be released in 2002.  According to EPA, many cities have 
implemented the Phase I program since EPA reported to the Congress in 
1996, and municipalities should now be better able to provide documented 
cost data.  As a result, EPA will need to rely less on modeled storm water 
needs than it did in the 1996 needs survey.   EPA did not project the costs 
and benefits of the program when it was initiated; therefore, no initial cost 
estimates are available.  When EPA promulgated the Phase I program 
regulations in 1990, the agency decided that the storm water program did 
not meet the requirements for preparing a benefit/cost analysis. 

331996 Clean Water Needs Survey Report to Congress, U.S. Environmental Protection 
Agency (Sept. 1997).  EPA’s estimate represents the estimated capital costs for water quality 
projects eligible for state revolving fund support.

34EPA also estimates that $81.9 billion of its 20-year water infrastructure needs cost can be 
attributed to sanitary sewer overflows.  These overflows may occur when rainwater or 
snowmelt leaks into sanitary sewage pipes, exceeding the pipes’ capacity and causing them 
to overflow.  This overflow can release untreated sewage from municipal sanitary sewer 
systems into streams, basements, and streets.   
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The costs to local governments of complying with the Phase I program 
have generally been portrayed as high.  However, because of 
inconsistencies in cost accounting and reporting practices, we could not 
determine the cost of the program to several of the cities we visited.  
Although municipalities are required to provide information on the 
expenditures that they anticipate will be needed to implement their storm 
water management programs for each fiscal year covered by the permit, 
EPA has not issued any cost reporting guidelines.  Consequently, while the 
reported fiscal year 1999 total cost to manage and treat storm water runoff 
across the five municipalities in our review ranged from less than $1 million 
(Milwaukee) to $135 million (Los Angeles County),35  these numbers are not 
comparable because the municipalities did not have consistent cost 
accounting and reporting practices and did not fully express storm water 
management costs.36 For example, some cities reported only the costs of 
activities that were funded by the city department that held the permit.  
Significant activities funded by other city departments were not reported, 
even if they were important components of the storm water program.  
Officials in the Milwaukee Department of Infrastructure Services and the 
Boston Water and Sewer Commission told us that other city departments 
perform and fund activities such as street sweeping and flood control.  The 
costs of these activities are not reported as storm water program costs 
because the activities serve other purposes besides preventing storm water 
pollution.  

In addition, according to some city officials, these activities were in place 
before the permit was issued and, therefore, cannot be characterized solely 
as storm water costs.  The cost of street sweeping can be significant—for 
fiscal year 1999, Baltimore City and Worcester, which did include street-
sweeping costs in their storm water program’s cost estimate, stated that 
their street-sweeping expenses totaled about $9.5 million and $1.2 million, 
respectively.  Similarly, Milwaukee did not report the cost of a significant 
project related to storm water runoff because it was mostly funded by the 
state of Wisconsin. 

35Los Angeles County’s cost was projected by the municipal permit holder and represents 
the cost of the 85 cities covered by the permit.

36We were unable to obtain comprehensive information on the total cost to the Boston Water 
and Sewer Commission of managing storm water, so their fiscal year 1999 costs could not be 
included in this range.
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An EPA official told us that the agency had not yet made a national effort to 
analyze the information that Phase I permittees submitted on the costs of 
their storm water programs.  This official cited the inconsistent formats of 
the annual reports as a reason that the information was not readily 
available at the national level and also indicated that adequate staff are not 
available to analyze the data.  In addition, other EPA officials informed us 
that the Office of Wastewater Management must divide its resources among 
a number of issues that will challenge the agency’s water program over the 
next decade.  

Several officials in the cities we visited said that their annual costs are 
likely to increase. A number of factors could affect the costs.  For example, 
a Baltimore City official explained that the anticipated, future program 
costs depend on several factors, including (1) requirements in watershed-
management plans currently being developed, (2) pollution-reduction goals 
the city will be required to achieve, (3) requirements of the state regulatory 
agency in future permits, and (4) requirements the city may have to meet if 
TMDLs or numeric effluent limits are incorporated into NPDES storm 
water permits.  Other city officials also expressed concern about the extent 
to which TMDLs could affect their future costs.  These city officials are 
concerned that when and if TMDLs are established, their future storm 
water permits may require that storm water runoff meet specific water 
quality standards.  For example, Los Angeles County’s trash TMDL could 
potentially drive the county’s storm water management costs upward, and 
the county expects additional TMDLs to be imposed.  On the other hand, 
Worcester officials estimated that their future storm water costs would be 
about the same as they were at the time of our review—about $4.5 million 
per year. 

In a separate analysis, EPA estimated in 1999 that it will cost Phase II 
municipalities about $848 million to $981 million per year (in 1998 dollars) 
to manage storm water runoff.  Because Phase II permits have not been 
issued as of May 2001, we did not gather any cost information on them from 
these cities. 

Funding for Managing 
Storm Water Runoff Is 
Available From Local and 
Federal Sources

The five cities we visited had not generally obtained federal funds for their 
storm water management efforts.  They used local sources, including 
general revenues, bonds, revenue from specifically created storm water 
utilities, state grants, and inspection and permit fees.
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While several sections of the Clean Water Act provide funding that can be 
used for municipal storm water control, relatively few federal funds have 
been directed to these types of projects.  The most significant source of 
funds is the state revolving loan funds administered by states.37  These 
revolving loan funds provide loans for eligible storm water control 
projects.  In some cases, nonpoint source projects may also qualify for 
funding when storm water permits are not required or issued.  However, 
municipal storm water management is generally a low priority in these 
programs.  Specifically, in the year 2000, revolving fund loans were made in 
the “storm sewers” category in the amount of $38.76 million for 44 different 
projects.   These funds represented less than 1 percent of the amounts 
loaned from these revolving funds that year.  Activities eligible for 
revolving fund loans include constructing BMPs to control runoff, but 
support for ongoing operations and maintenance is not eligible.  Revolving 
fund loans can also be used for eligible CSO control projects.  In 2000, 
Clean Water State Revolving Fund Program loans were made in the “CSO 
Correction” category of a national EPA database in the amount of $411.3 
million for 69 different projects and could have been used for CSO or 
sanitary sewer overflow projects.  This amount represented about 9 
percent of the funds loaned in 2000.  

According to EPA, the agency also issues grants to universities and other 
research institutions to help implement the storm water program.  Some of 
these grants provide training and guidance to Phase I permittees on 
watershed protection and the proper selection of BMPs.  

Other sources of funding may be available to local governments beginning 
in 2002.  In December 2000, the Congress authorized programs for fiscal 
years 2002 through 2004 to provide grants to local governments for (1) pilot 
projects for managing municipal CSOs, sanitary sewer overflows, and 
storm water discharges on a watershed basis and for testing BMPs and (2) 
controlling pollutants from MS4s to demonstrate and determine cost-
effective, innovative technologies for reducing pollutants from storm water 
discharge.  EPA’s proposed budget does not request funds for these 
programs.  In addition, the Congress authorized programs for fiscal years 
2002 and 2003 to provide grants to local governments for planning, 
designing, and constructing treatment works to intercept, transport, 

37Under the Clean Water State Revolving Fund Program, the federal government provides 
grants to capitalize states’ funds.  States provide loans to local governments for wastewater 
projects.
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control, or treat municipal CSOs and sanitary sewer overflows.  EPA’s 
proposed budget requested $450 million for this program.

EPA, States, and Local 
Governments Believe the 
NPDES Storm Water 
Program Is Effective, but It 
Has Not Been Evaluated 

EPA, state, and municipal officials generally believe that the NPDES Storm 
Water Program will improve water quality.  These officials believe that the 
program will result in more bodies of water that meet water quality 
standards, improved aesthetic conditions, reduced risk from bacterial 
contamination, and improvements attributable to the discovery and 
management of pollutants in storm water that otherwise would have gone 
unnoticed.   EPA attempted to put a dollar value on these benefits in its 
benefit/cost analysis prepared for the Phase II storm water regulations, 
estimating that such benefits could range from $672 million to $1.1 billion 
per year (in 1998 dollars).38 

However, little information is currently available on the benefits of the 
storm water program or its general effectiveness.  There is no doubt that it 
will take time for the results of the Phase I program to be demonstrated.  As 
EPA notes in its February 2000 report to the Congress, pollution control 
efforts under water quality management programs produce long-term 
changes, and the agency expects water quality improvements attributable 
to the Phase I program to become evident in the future, as the program 
matures.  In this report, EPA concluded that the program has improved 
storm water management at the local level, improved water quality, and 
decreased pollutant loads in storm water.  However, EPA relied on a survey 
of only nine Phase I cities in making these conclusions and, therefore, also 
reported that the agency could not provide national estimates on water 
quality protection and improvements generated by Phase I of the program.  
To evaluate the entire program, EPA would have to establish goals for the 
program that are based on its mission; obtain information about the 
program’s results; compare the results with the goals; and make changes to 
the program, if warranted, to get closer to achieving the agency’s goals. 

EPA and the states also have not taken advantage of information that is 
available to evaluate the program.  Each city we visited was regularly 
monitoring its storm water to establish baseline information on pollutant 
levels and was reporting this information to EPA or the regulatory state 
agency each year.  Although cities with Phase I permits are required to 
report on their storm water monitoring results and changes in water 

38Using another method, EPA estimated the benefits at $1.6 billion per year.
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quality, overall, EPA and the states have not successfully developed 
measurable goals for the program or demonstrated its effectiveness 
through the review of municipal reports.  An EPA official said that some 
states had requested funding to analyze program data because they did not 
have the resources to do so, and that EPA had provided the funding in a few 
cases.  EPA also has not established any guidelines for how these data 
should be reported.  Therefore, the reports may be as variable as the cost 
information we obtained in our five site visits.  

EPA has not yet taken any of these data-analysis steps because, according 
to EPA officials, other program challenges within the Office of Wastewater 
Management compete with storm water management efforts for priority.  
For example, EPA officials stressed that available resources within the 
office must address other significant wet-weather pollution problems, such 
as CSOs and sanitary sewer overflows, and nonpoint source pollution 
problems, such as agricultural practices, forestry, and mining.  One agency 
official noted that the highest priority is addressing needs that the agency 
and local governments have identified for improving wastewater 
infrastructure, such as sewage treatment facilities.  The program also has 
relatively few staff assigned—about five in the headquarters office and 
about 10 in the regional offices—for the municipal, industrial, and 
construction portions of the program.  In a program plan recently prepared 
for the storm water program, EPA estimated that nine to 10 staff would be 
needed in EPA headquarters to evaluate the program and implement other 
program requirements.

EPA officials described two efforts that may be the first steps in developing 
better information about the program.  First, EPA intends to issue a grant to 
the University of Alabama in June 2001 to evaluate monitoring data 
submitted by a sample of municipalities with Phase I permits.  This effort 
will (1) determine the different types of monitoring being conducted by 
Phase I municipalities, (2) assess water quality in and around permitted 
municipalities and determine any correlation between program 
implementation and impacts on water quality, and (3) recommend 
approaches for improving the effectiveness of municipal storm water 
monitoring programs.  EPA expects the results of this study in 2003.  
Second, an EPA official stated that the agency would like to establish a 
system for analyzing program findings, incorporating necessary changes 
that are based on these findings, and evaluating the program’s 
effectiveness.  The agency plans to implement a pilot project in 2001 in the 
agency’s Atlanta Region IV office for analyzing data reported in annual 
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reports and developing key indicators for the program.  If this project is 
successful and resources are available, the project could be expanded.

Conclusions EPA regards urban runoff as a significant threat to water quality across the 
nation and considers it to be one of the most significant reasons that water 
quality standards are not being met nationwide.  Prompted by the 
Congress, EPA has responded with a variety of programs, including the 
NPDES Storm Water Program, which requires more than 1,000 local 
governments to implement storm water management programs.  Those 
municipalities that are currently involved in Phase I of the program have 
been attempting to reduce pollutants in storm water runoff for several 
years.  It is time to begin evaluating these efforts.  However, EPA has not 
established measurable goals for this program.  In addition,  the agency has 
not attempted to evaluate the effectiveness of this program in reducing 
storm water pollution or to determine its cost.  The agency attributes this 
problem to inconsistent data reporting from permitted municipalities, 
insufficient staff resources, and other competing priorities within the 
Office of Wastewater Management.  Although Phase I municipalities report 
monitoring and cost data to EPA or state regulatory agencies annually, 
these agencies have not reviewed this information to determine whether it 
can be of use in determining the program’s overall effectiveness or cost.  
Our analysis shows that the reported cost information will be difficult to 
analyze unless EPA and its state partners set guidelines designed to elicit 
more standardized reporting.  Better data on costs and program 
effectiveness are needed—especially in light of the Phase II program that 
will involve thousands more municipalities in 2003.  EPA’s planned research 
grant to the University of Alabama and its pilot project in the agency’s 
Region IV to analyze data from annual reports and develop baseline 
indicators is a step in the right direction and could point the way for a more 
comprehensive approach. 

Recommendation To determine the extent to which activities undertaken through the NPDES 
Storm Water Program are reducing pollutants in urban runoff and 
improving water quality, and the costs of this program to local 
governments, we recommend that the Administrator, EPA, direct the 
Assistant Administrator for the Office of Water to 

• establish measurable goals for the program;
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• establish guidelines for obtaining consistent and reliable data from local 
governments with Phase I permits, including data on the effects of the 
program and the costs to these governments; 

• review the data submitted by these permittees to determine whether 
program goals are being met and to identify the costs of the program; 
and

• assess whether the agency has allocated sufficient resources to oversee 
and monitor the program.

Agency Comments and 
Our Evaluation

We provided a draft of this report to EPA and DOT for their review and 
comment.  EPA generally agreed with the report and with the 
recommendation, although it did not explicitly comment on all parts of it.  
(EPA’s comments appear in app. VI.)  In response to our recommendation 
that EPA set measurable goals for the storm water program, EPA stated 
that under the second phase of the program, local governments will 
establish their own goals.  Although this is an important activity, EPA will 
have difficulty evaluating the program’s effectiveness at a national level 
without setting goals that reflect the program’s mission of improving water 
quality.  The agency (1) agreed that it should establish guidelines for 
obtaining consistent and reliable data from local governments about their 
programs and (2) plans to award grants to two universities for reviews of 
monitoring data reported by local governments.  EPA did not comment on 
whether local governments should report on the costs of their programs.   
EPA also agreed that it and its state partners should review data reported 
by local governments to determine whether the program’s goals are being 
met.  In April 2001, EPA officials told us that the agency planned to 
undertake a project in the Region IV (Atlanta) office to evaluate the 
methods local governments are using to control storm water.  EPA’s letter 
indicates that the agency now plans to implement this project in three 
regional offices and 10 states.   EPA did not comment on the part of our 
recommendation that the agency review the level of resources devoted to 
overseeing and monitoring the program.  EPA also provided technical 
comments that we incorporated where appropriate.   

DOT generally agreed with the draft report and provided technical 
comments that we incorporated where appropriate.  In particular, DOT 
suggested that we revise several references in the draft report to paved 
surface area and its relationship to increases in urban runoff, to emphasize 
that impervious surfaces, of which paved surfaces are a significant subset, 
cause increases in runoff.  We revised the language in these places.
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As agreed with your offices, unless you publicly announce its contents 
earlier, we plan no further distribution of this report until 7 days after the 
date of this report.  At that time, we will send copies of this report to the 
Administrator, Environmental Protection Agency, and the Secretary of 
Transportation.  We will make copies available to others on request.  If you 
or your staff have any questions about this report, please call me at (202) 
512-2834.  Key contributors to this report are listed in appendix VII. 

Peter F. Guerrero
Director, Physical Infrastructure Issues
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Appendix I

AppendixesThe Storm Water Program in Baltimore City, 
Maryland Appendix I

Baltimore City’s municipal separate storm sewer system (MS4) is regulated 
by the Maryland Department of Environment (MDE) and, according to a 
city official, services the entire city.  The city is currently implementing its 
second, 5-year National Pollutant Discharge Elimination System (NPDES) 
permit, issued on February 8, 1999.  Before obtaining the first NPDES 
storm water permit in 1993, Baltimore City addressed the adverse affects of 
storm water runoff by implementing Maryland’s Storm Water Management 
Program and Erosion and Sediment Control Program.  According to the 
2000 census, Baltimore City’s population is about 651,000.   

Urban Runoff 
Problems in Baltimore 
City

Baltimore City’s urban runoff discharges to four major areas—Gwynns 
Falls, Jones Falls, Herring Run, and the Patapsco River—and then 
ultimately to the Chesapeake Bay.  In 1990, the Environmental Protection 
Agency’s (EPA) 319(a) report1 implicated urban runoff as the main source 
of pollution in these waters.  Moreover, Baltimore City was one of the areas 
studied in EPA’s Nationwide Urban Runoff Program in the 1980s.  This 
study reported that urban runoff contributed over 60 percent of the total 
nitrogen, phosphorus, and organic carbon; over 70 percent of the chemical 
oxygen demand; and over 80 percent of the total suspended solids, lead, 
and zinc in local water bodies. 

An MDE official told us that nutrients, zinc, and suspended solids are 
among the constituents most commonly found in urban runoff, but the 
quantitative contribution to water quality impairment in the state’s waters 
was not known.  Also, in 1996, the Chesapeake Executive Council 
designated the Baltimore Harbor as one of three toxic regions of concern in 
the Chesapeake Bay.  The harbor suffers from sediment contaminated by 
banned substances (such as the termiticide chlordane) and contaminants 
currently being released (such as metals and organics).  Furthermore, 
according to the Chesapeake Bay Program Office, data collected from 
Phase I permittees indicate that storm water runoff can be a significant 
source of metals and organics in the harbor. 

A Baltimore City official told us that some portions of Maryland’s waters 
are impaired because of unacceptable levels of nutrients, metals, 

1Section 319(a) of the Clean Water Act requires, among other things, that states identify and 
report to EPA the navigable waters that cannot reasonably be expected to maintain water 
quality standards (e.g., established water body uses) without additional action to control 
nonpoint source pollution.
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suspended sediments, and chlordane.  Moreover, this official noted that the 
state does not consider data that municipalities collect under their NPDES 
storm water permits during the 303(d) listing process.  Therefore, he 
believes that streams in Maryland are much more impaired than indicated 
by the listing process.   

Baltimore City’s Use of 
Best Management 
Practices 

Like other NPDES storm water permit holders, Baltimore City uses a 
variety of best management practices (BMP) to reduce the amount of 
pollutants in runoff to the maximum extent practicable.  These BMPs 
include detention ponds, shallow marshes (which use the biological and 
naturally occurring chemical processes in water and plants to remove 
pollutants), sand filter devices, public education programs, and the 
identification of illicit discharges to the MS4 system.  Furthermore, 
Baltimore City participates in Maryland’s effort to reduce nutrient levels in 
the Chesapeake Bay.  Refer to the section of this report describing local 
government efforts to manage storm water for details concerning this 
nutrient-reduction goal.  One other BMP includes the following:

• Baltimore City has incorporated the 2000 Maryland Storm Water 
Design Manual’s management policies, principles, methods, and 
practices into its current NPDES storm water discharge permit.  The 
purpose of the design manual is to (1) protect the waters of the state 
from the adverse effects of urban storm water runoff; (2) provide design 
guidance on the most effective structural and nonstructural BMPs for 
development sites; and (3) improve the quality of BMPs that are 
constructed in the state, with particular attention to their performance, 
longevity, safety, ease of maintenance, community acceptance, and 
environmental benefit.  

Costs Associated With 
Managing Storm Water

We were not able to obtain comprehensive information on the total cost to 
Baltimore City of managing storm water.  Therefore, we do not present that 
information here. 

Funding Sources Baltimore City funds its storm water management control efforts with city 
water and sewer user fees and with state funds.
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Appendix II

The Storm Water Program in Boston, 
Massachusetts Appendix II

The Boston Water and Sewer Commission received a NPDES storm water 
permit in October 1999.  The commission is a separate entity from the city 
of Boston and, therefore, does not manage some storm water controls that 
are common in Phase I permits, such as street sweeping, winter deicing, 
and many of the urban runoff controls required for new developments. 
Boston has combined sewer systems as well as separate sanitary sewers 
and storm drains.  The commission maintains 206 storm water outfalls and 
serves approximately 33 percent of the city through its separate MS4 
system.  In addition to the resident population of about 589,000, this system 
also almost daily serves 340,000 commuting workers; 70,000 shoppers, 
tourists, and business people; and 75,000 commuting students.  The 
commission’s sanitary and combined flows are transported to the 
Massachusetts Water Resources Authority at Deer Island.  The commission 
is also the permittee for EPA’s Combined Sewer Overflow Program. 

Urban Runoff 
Problems in Boston

The commission considers the identification and elimination of illegal 
sanitary sewer connections as the most effective means of improving water 
quality and protecting public health.  It is also concerned with the washoff 
of animal wastes from residential and open land, which is another major 
contributor to the impairment of water quality because it can cause an 
increase in coliform levels in the storm water discharges to the receiving 
waters.  

The commission has contracted for various studies to determine the impact 
of storm water runoff.  The following two studies identified sources of 
bacterial contamination and characterized the quality of storm water 
discharged from different types of land uses.  The studies included 
metering storm water flows, collecting and analyzing the storm water and 
receiving water quality samples, and identifying and remediating illegal 
sewer connections.  Observations from the studies include the following:

• A 1996 study determined that pet waste, rather than sanitary sewage, 
was a key contributor of bacteria to the storm drain system that had 
possibly led to beach closings in the area.  

• A 1998 study identified several illegal connections to the storm drain 
system.  Furthermore, the study showed that deicing and sanding efforts 
resulted in levels of  sodium, chloride, total dissolved solids, and 
cyanide that exceeded EPA’s acute (high dose) toxicity levels.
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Boston’s Use of Best 
Management Practices

To meet the NPDES permit’s requirements, the commission, like other 
permittees, continued BMPs, such as identifying illegal connections, and 
implemented new BMPs aimed at preventing the discharge of pollutants to 
storm drains and receiving waters.  Refer to the section of this report 
describing local government efforts to manage storm water for details 
describing the commission’s citywide catch-basin inspection cleaning and 
preventative maintenance program.  Other efforts include the following: 

• The commission has placed particle separators, which remove oil, 
grease, and sediments from storm water flows, throughout the city.  The 
commission requires particle separators to be installed by developers on 
all newly constructed storm drains that serve outdoor parking areas.  
Fuel-dispensing areas not covered by a canopy or other type of roof 
enclosure must also have a particle separator.

• The commission requires developers to consider on-site retention of 
storm water for all new projects, wherever feasible.  On-site retention 
aids in controlling the rate, volume, and quality of storm water 
discharged to the commission’s storm drainage system.

Costs Associated With 
Managing Storm Water

We were not able to obtain comprehensive information on the total cost to 
the commission of managing storm water because the commission does 
not separate the cost of its storm water program from the cost of its sewer 
operations.  Therefore, we do not present that information here.

Funding Sources The commission funds its storm water management control efforts 
primarily with city water and sewer user fees and bond proceeds.
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Appendix III

The Storm Water Program in Los Angeles 
County, California Appendix III

Under the NPDES Storm Water Program, the Los Angeles Regional Water 
Quality Control Board issues 5-year permits to Los Angeles County for its 
municipal storm water program.  The Los Angeles County permit, issued in 
July 1996, is the county’s second storm water permit.  This permit includes 
Los Angeles County as the principal permittee and 85 cities as permittees.  
According to the 2000 census, Los Angeles County’s population is about 9.5 
million.

Urban Runoff 
Problems in Los 
Angeles County

The effects of urban runoff on the ocean are of particular concern in 
southern California. Contaminated sediments, impaired natural resources, 
and potential human illness could threaten the county’s tourism economy, 
estimated to be about $2 billion a year.  

The following three studies have shown that urban runoff can pose health 
risks to swimmers near storm drains and contribute toxic metals to 
receiving water sediments:

• The Santa Monica Bay Restoration Project conducted a study to assess 
the possible adverse health effects of swimming in waters contaminated 
by urban runoff.1  This study revealed that there is an increased risk of 
illness associated with swimming near flowing storm drain outlets and 
an increased risk of illness associated with swimming in areas with high 
concentrations of bacteria indicators.  Furthermore, illnesses were 
reported more frequently on days when the samples were positive for 
enteric viruses.  Refer to the section of this report describing the effects 
of runoff on aquatic life and human health for more details.

• Τhe Southern California Coastal Water Research Project coordinated a 
study that assessed microbiological water quality and found that the 
majority of shoreline waters exceeded water quality standards during 
wet-weather conditions.  Furthermore, the ocean waters near storm 
water outlets demonstrated the worst water quality regardless of the 
weather.2

• The Southern California Coastal Water Research Project also compared 
the runoff from an urban area and a nonurban area in the Santa Monica 

1R.W. Haile and others, “The Health Effects of Swimming in Ocean Water Contaminated by 
Storm Drain Runoff,” Epidemiology, July 1999, Vol. 10, No. 4.

2Southern California Coastal Water Research Project, Southern California Bight 1998 
Regional Monitoring Program, Volume 3: Storm Event Shoreline Microbiology, 2000.
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Bay Watershed.3  The results of the study indicated that storm water 
plumes extended up to several miles offshore and persisted for a few 
days.  Furthermore, the runoff from the urban area proved to be toxic to 
sea urchin fertilization, and dissolved zinc and copper were determined 
to be contributors to the toxicity.  The study also found that in urban 
areas, sediments offshore generally had higher concentrations of 
contaminants such as lead and zinc.

Los Angeles County’s 
Use of Best 
Management Practices

As in the other sites we visited, the county is managing its runoff through 
the use of conventional BMPs.  These BMPs include the elimination of 
illicit connections and discharges to the storm sewer system, construction 
control measures, routine inspections, staff training, pollution prevention 
plans for public vehicle maintenance and material storage facilities, 
sweeping and cleaning public parking facilities, street sweeping, catch-
basin cleaning, and public education.

The Los Angeles Regional Water Quality Control Board recently adopted a 
Total Maximum Daily Load (TMDL) Program to reduce trash loads to the 
Los Angeles River.  As a result, the county is exploring a number of trash 
reduction BMPs, which are discussed in the section of this report 
describing local government efforts to manage storm water.

Costs Associated With 
Managing Storm Water

Table 3 indicates that the county and the other permittees have allocated 
significant funding for storm water management activities over the years.  
For example, for fiscal year 1999,4 projected funding for storm water 
management activities for the county and the other permittees amounted to 
over $134 million.5  The largest projections for both went toward public 
agency activities.  For example, during fiscal year 1999, the principal 
permittee and the permittees together projected almost 67 percent of storm 
water management funds to public agency activities.  The activities in this 

3Southern California Coastal Water Research Project, Study of the Impact of Stormwater 
Discharge on Santa Monica Bay − Executive Summary, Nov. 1, 1999.

4The county’s fiscal year begins July 1 and ends June 30.

5According to an official with the Los Angeles Regional Water Quality Control Board, this 
figure may also include activities that are outside the scope of the permit. 
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program include staff training, inspections of construction projects, street 
sweeping, and catch-basin cleaning. 

Table 3:  Summary of Fiscal Resources Projected for Los Angeles County and Its Co-permittees, Fiscal Years 1997-99

aTotals may not add up because of rounding.
bDoes not include 17 permittees for fiscal year 1998 and 13 permittees for fiscal year 1997 for the 
following reasons: The permittee operated on a different budget cycle, the final document was not 
available at the time of the annual report, or the information submitted by the permittee was not 
complete.

Source: GAO’s analysis of cost data provided by the Los Angeles County Department of Public Works.

As shown in table 3, the county maintains primary responsibility for 
monitoring activities, having projected over $2 million for storm water 
monitoring activities in fiscal year 1997, almost $2 million in fiscal year 
1998, and over $1.5 million in fiscal year 1999.  Conversely, the permittees’ 
projected funding levels for monitoring activities amounted to only 
$619,000 in fiscal year 1997, $729,000 in fiscal year 1998, and $737,000 in 
fiscal year 1999.  According to an official with the Los Angeles Regional 
Water Quality Control Board, the County has consistently maintained 
primary responsibility for monitoring activities required under the permit.

(Dollars in thousands)a

Fiscal year 1997 Fiscal year 1998 Fiscal year 1999

Activity County Othersb County Othersb County Others

Program
Management

$2,225 $6,195 $1,856 $4,874 $1,466 $6,187

Illicit
Connection,
Illicit
Discharge
Program

1,620 3,515 1,017 3,075 764 2,901

Development
planning and
construction

784 6,208 1,300 3,769 1,452 5,743

Public agency
activities

38,544 40,915 40,256 31,992 43,316 46,657

Public
information
and
participation

2,840 5,538 4,360 3,856 4,629 6,177

Monitoring 2,018 619 1,768 729 1,598 737
Other 187 13,991 490 8,656 1,318 11,834

Total $48,218 $76,981 $51,048 $56,950 $54,543 $80,237
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Funding Sources The primary source of funds for the county’s storm water program is flood 
control assessments collected throughout the district.  Although the county 
has not applied for any state revolving funds, it has applied for and received 
approval for federal funds through the Transportation Equity Act for the 
21st Century (TEA-21) for a pilot study of an engineering device that would 
remove trash from storm water.  Additionally, the county has received 
partial funding through Proposition A of the Safe Neighborhood Parks of 
1992 and 19966 for two Vortex Separation Systems—a Continuous 
Deflective Separation unit and a Stormceptor unit.  Additionally, the county 
received grant money from the Metropolitan Transit Authority, which 
partially funded catch-basin screens, a Continuous Deflective Separation 
unit, and 120 catch-basin inserts.7

6The Los Angeles County Regional Park and Open Spaces District (a district within the 
Parks Department) received this funding from Proposition A and, in turn, made grants to the 
Los Angeles County Department of Public Works for the BMP devices.

7The Metropolitan Transit Authority receives TEA-21 funds from the California Department 
of Transportation.
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Appendix IV

The Storm Water Program in Milwaukee, 
Wisconsin Appendix IV

The Wisconsin Department of Natural Resources (WDNR) has the 
authority to regulate the discharge of storm water from municipalities, 
construction sites, and industries under Natural Resources Code 216.  This 
rule identifies Wisconsin municipalities that are required to obtain a storm 
water discharge permit under the Wisconsin Pollutant Discharge 
Elimination System (WPDES).  Milwaukee completed its application 
process in 1994, and WDNR issued a WPDES permit to the city in October 
1994.  This was the first municipal storm water permit issued to a 
municipality in EPA’s Region 5 covering the midwest.  In July 2000, WDNR 
reissued Milwaukee’s storm water permit.  According to the 2000 census, 
Milwaukee’s population is about 597,000.

Urban Runoff 
Problems in Milwaukee

Milwaukee has a combined sewer system as well as a separate sanitary 
sewer system.  The Milwaukee Metropolitan Sewerage District 
implemented a rehabilitation program that cost over $2 billion to reduce 
the number of combined sewer overflow (CSO) events each year.  The 
rehabilitation program involved the construction of deep tunnels to store 
untreated wastewater and rainwater for later treatment at a wastewater 
treatment plant.  Since 1996, the deep tunnels have significantly reduced 
the number of overflow events from an average of 50 to 60 per year before 
the construction to an average of two per year afterwards. 

Urban runoff has been identified as a leading source of pollution to the 
Milwaukee River basin’s streams, lakes, and wetlands and the Milwaukee 
River estuary.  To address pollution from urban runoff, WDNR issues storm 
water permits to municipalities with MS4s serving areas with populations 
of 100,000 or more, municipalities in Great Lakes “areas of concern” where 
water quality has been identified as a serious problem, municipalities with 
populations of 50,000 or more that are located in priority watershed 
planning areas, and designated municipalities that contribute to the 
violation of a water-quality standard or are significant contributors of 
pollutants to state waters.

Milwaukee’s Use of 
Best Management 
Practices

In addition to BMPs such as the elimination of illicit connections and 
discharges to the storm sewer system, the reduction of pollutants in storm 
water runoff from construction sites, public education, catch-basin 
cleaning, street sweeping, and the use of detention basins, Milwaukee has 
explored the use of innovative BMPs.  Refer to the section of this report 
describing local government efforts to manage storm water for more 
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details about an educational campaign directed at a specific watershed.   
Additional BMPs include the following:

• An innovative storm water control device was installed in a parking lot 
at a heavily used municipal public works yard that was found to 
discharge significant amounts of storm water pollutants.  Termed the 
Multi-Chambered Treatment Tank (MCTT), this device is suitable for 
areas with limited space, cleans up polluted runoff close to its source, 
removes pollutants that are not susceptible to other treatment methods, 
and is hidden from view.  The MCTT consists of a catch basin, a settling 
chamber, and a filter.  Although the results of the monitoring studies 
have revealed that the device has a positive effect on water quality, 
officials with the Department of Public Works explained that it is cost-
prohibitive and suitable only for sites with limited space.

• The permittee has also been working with WDNR, the Department of 
Transportation, the U.S. Geological Survey, and a neighborhood 
association in a joint effort to develop a storm water monitoring 
assessment program consisting of two innovative storm water treatment 
devices.  One device removes grit, contaminated sediments, heavy 
metals, and oily floating pollutants from surface runoff.  The other 
device removes a broad range of pollutants from runoff, such as 
bacteria, heavy metals, nutrients, petroleum hydrocarbons, and 
suspended solids.  The devices are to be installed along a new reach of 
the Milwaukee Riverwalk through the third ward of Milwaukee. 

Costs Associated With 
Managing Storm Water

Reliable data on the total cost to manage storm water in Milwaukee were 
not available and cannot be presented here because certain activities are 
not reported as program costs in the city’s annual report.  These activities 
include street sweeping; leaf collection; catch-basin and inlet cleaning; 
maintenance of public boulevards, parks, and public green spaces; and the 
recycling of waste oil and antifreeze.  Therefore, the program costs 
reflected in the annual report do not take into account many of the 
nonstructural BMPs employed by the city nor do the totals include 
activities funded through grants.  The storm water management activities 
that were included in the city’s 2000 budget request were estimated to cost 
$460,000.

Funding Sources Milwaukee’s storm water program is primarily funded through the city’s 
sewer maintenance fund.  Unlike the general revenue account, which is 
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based on property taxes, the sewer maintenance fund is based on water 
consumption.  The city has also received supplemental funding from the 
Wisconsin Nonpoint Source Water Pollution Abatement Program in the 
form of WDNR grants.  The city has received over $1 million since 1991 for 
a wide variety of storm water management activities.
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Appendix V

The Storm Water Program in Worcester, 
Massachusetts Appendix V

Worcester’s Department of Public Works (DPW) received a NPDES permit 
on November 1, 1998. The Sewer Operations Division, within the DPW, is 
directly responsible for operating and maintaining the city’s separate storm 
sewer system, along with the sanitary and combined sewer system.  Since 
1993, the Sewer Operations Division has had a full-time storm water 
coordinator, reflecting Worcester’s increased emphasis on meeting NPDES 
program requirements.  Worcester has a population of about 173,000.  Its 
water system covers an extensive area, including 371 miles of sanitary 
sewers, 340 miles of storm sewers, 56 miles of combined sewers, 27,000 
manholes, over 14,000 catch basins, and 263 outfalls.  Worcester’s separate 
storm drain systems consist of 93 main drainage areas covering 
approximately 6,680 acres.

Urban Runoff 
Problems in Worcester

The constituents that are typically found in urban runoff in Worcester are 
the same as those normally found in urban runoff in older cities.  Because 
virtually all of the paved surfaces in the Worcester area are devoted to the 
city’s transportation infrastructure, the constituents generated include 
automobile-related petroleum products, such as total petroleum 
hydrocarbons, oil and grease, along with total suspended solids.  Also, 
coliform, silt, and sediment have been identified in the city’s runoff. 

Worcester’s Use of Best 
Management Practices

Like other permittees, the DPW has implemented BMPs under the major 
areas of education outreach, pollution prevention and source controls, 
storm-drainage system maintenance, regulatory efforts, and storm-drainage 
system infrastructure.  Additionally, to reduce storm water pollution, the 
DPW has retrofitted a number of twin manholes in the city as discussed 
below.  BMPs that are specific to Worcester include the following: 

• The DPW implemented a demonstration project to determine the 
effectiveness of an oil and grit separator installed on a street drain.  The 
drain is a major surface sewer main that services approximately 226 
acres of heavily urbanized area with a typical mix of residential, 
commercial, and industrial use.  The drain discharges into Lake 
Quinsigamond, which is a large lake used for recreational purposes such 
as swimming and boating.   In its April 2000 annual plan submitted to 
EPA, the DPW noted that because of drought conditions, it currently did 
not have sufficient sampling data to determine the effectiveness of the 
project.  
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• The DPW has embarked on a comprehensive program to minimize the 
possibility that sewage and storm water will be mixed in its twin invert 
manholes.  Since the program began, the DPW has installed hold-down 
devices on over 1,680 of the approximately 2,580 twin invert manholes 
in the city.  The DPW expects to continue the program until all of the 
manholes have been retrofitted.

• The DPW is also working closely with the Massachusetts Department of 
Environmental Protection in its ongoing tracking efforts to ensure that 
industries in Worcester are doing their part to reduce storm water 
pollution. 

• To improve its storm-drainage infrastructure, the city has established a 
voluntary plan to reduce the number of unpaved private roads.  The dirt 
from these roads, especially after rain storms, causes sediment to build 
up in the drainage system.  The DPW has developed a plan to pave the 
streets at a lower grade than would be necessary to meet the legal 
requirements for a public street.  Under this plan, residents would not 
have to pay the additional betterment taxes that are now required to 
cover the costs of sediment removal and less sediment would be 
transported in runoff.    

Costs Associated With 
Managing Storm Water

Since 1993, the DPW has allocated significant funding from the water and 
sewer utility fees it collects for controlling the effects of runoff, especially 
through catch-basin cleaning, street sweeping, and correcting illegal 
connections.  For example, its fiscal year 1993 budget for storm water 
programs included about $1.6 million for specific programs and another $1 
million for capital improvement programs, such as inflow/infiltration and 
flood control.   The DPW also spent $500,000 to develop and submit its 
permit application.  Furthermore, as shown in table 4, Worcester made 
extensive capital expenditures during fiscal years 1994 through 1999 on 
pertinent storm water projects to improve the quality of storm water runoff 
emanating from the city’s storm water sewer system. 
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Table 4:  City of Worcester’s Capital Expenditures for Storm Water Management

Note: The Belmont Drainage project involved enlarging the drain to eliminate surcharging and siltation 
and moving the outfall to eliminate stagnation. The Beaver Brook Culvert project involved repairing the 
culvert and conducting a study that included a detailed hydraulic analysis of the drainage basin.

Source: Worcester Department of Public Works.

Furthermore, during fiscal year 1999, the DPW spent approximately 
another $2.1 million to operate and maintain storm water activities.  Key 
expenditures included about $1.2 million for street sweeping, about 
$617,000 for catch-basin maintenance, $52,000 for root control, and another 
$48,000 for street paving.  Also included was $40,000 per year for sampling 
five outfalls around the city three times per year as required by the permit.  
According to a DPW official, in previous fiscal years, the DPW funded the 
same or similar operation and maintenance activities to help control storm 
water runoff.  As a result, the costs since 1994 were similar to those for 
1999, except for annual adjustments for inflation. Therefore, the annual 
operation and maintenance expenditures ranged from about $1.7 million 
for 1994 to about $2.1 million for 1999.

According to a DPW official, the department expects to spend from $3 
million to $4.5 million annually over the next several years on storm water-

(Dollars in thousands)

Fiscal year

Activity 1994 1995 1996 1997 1998 1999

Sewer construction $0 $500 $500 $300 $300 $300
Infiltration control 0 400 400 100 100 100

Pump station 
rehabilitation

200 200 200 200 200 200

Sewer rehabilitation 300 750 300 750 750 1,500

Landfill closeout 150 1,200 200 500 0 0
Belmont Drainage 
project

0 100 600 100 0 0

Beaver Brook 
Culvert project

0 500 100 100 300 100

Surface drain control 40 150 200 200 200 200

Geographic 
Information System

0 0 0 125 125 125

Other 0 70 10 0 0 0

Total $690 $3,870 $2,510 $2,375 $1,975 $2,525
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related activities.  The amount of the cost increase will depend on whether 
EPA asks the city to increase its spending.

Funding Sources The DPW funds its storm water management controls effort from the water 
and sewer user fees it assesses to homes and businesses.
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TO:	   Mr.	  Sam	  Unger	  

Executive	  Officer	  and	  Members	  of	  the	  Board	  
California	  Regional	  Water	  Quality	  Control	  Board,	  Los	  Angeles	  Region	  
320	  West	  4th	  Street,	  Suite	  200	  
Los	  Angeles,	  CA	  	  90013	  

	  
DATE:	  July	  23,	  2012	  

	  
Via	  electronic	  mail:	  	  
LAMS42012@waterboards.ca.gov 	  	  
	  
Re:	   Comments	  on	  Draft	  Los	  Angeles	  County	  Stormwater	  Permit,	  Order	  No.	  R4-
2012-XXXX	  

	  
Dear	  Mr.	  Unger:	  
	  
I	  am	  writing	  on	  behalf	  of	  Surfrider	  Foundation	  and	  our	  over	  20,000	  California	  
members	  and	  activists,	  in	  regard	  to	  the	  Tentative	  Los	  Angeles	  County	  MS4	  Permit	  
(Tentative	  Permit).	  	  Our	  members	  are	  volunteer	  activists	  dedicated	  to	  the	  protection	  
and	  enjoyment	  of	  our	  ocean,	  waves	  and	  beaches.	  

	  
Surfrider	  Foundation,	  through	  our	  several	  chapters	  in	  the	  Los	  Angeles	  County	  area,	  
have	  supported	  the	  adoption	  of	  numerous	  TMDLs	  over	  the	  past	  decade	  or	  so	  in	  
recognition	  that	  most	  of	  Los	  Angeles’	  waterways	  are	  impaired	  for	  one	  or	  more	  
pollutants	  due	  to	  years	  of	  industrial,	  commercial,	  and	  stormwater	  pollution.	  We	  
support	  strong	  and	  enforceable	  provisions	  in	  the	  Permit	  that	  require	  compliance	  
with	  water	  quality	  standards	  set	  to	  protect	  the	  beneficial	  uses	  in	  our	  waterways.	  	  
	  
Dischargers	  have	  been	  on	  notice	  for	  many	  years	  that	  the	  provisions	  in	  numerous	  
TMDLs	  would	  be	  enforced	  through	  the	  Tentative	  Permit.	  While	  we	  applaud	  efforts	  
by	  some	  to	  reduce	  pollutant	  loading	  in	  our	  urban	  creeks	  and	  ocean,	  it	  has	  been	  too	  
little	  and	  too	  late.	  It	  is	  now	  imperative	  that	  each	  of	  these	  TMDLs	  is	  properly	  
incorporated	  into	  the	  MS4	  Permit	  such	  that	  interim	  and	  final	  waste	  load	  allocations	  
are	  enforceable	  and	  water	  quality	  improvements	  are	  guaranteed.	  
	  
We	  strongly	  oppose	  further	  delay.	  Extensions	  on	  compliance	  will	  only	  signal	  
dischargers	  that	  their	  unwillingness	  to	  comply	  will	  be	  rewarded	  by	  more	  
extensions.	  

Global Headquarters 
P.O. Box 6010 
San Clemente, CA 
USA 92674-6010 
Phone: (949) 492 8170 
Fax: (949) 492 8142 
Email: info@surfrider.org 
www.surfrider.org 
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Further,	  we	  want	  to	  highlight	  what	  we	  believe	  are	  economical	  and	  multi-‐benefit	  
solutions	  to	  meet	  the	  overriding	  goals	  of	  the	  Clean	  Water	  Act	  –	  that	  is,	  to	  ensure	  our	  
waters	  are	  “fishable,	  swimmable	  and	  drinkable.”	  While	  these	  goals	  may	  seem	  
somewhat	  discrete,	  we	  think	  the	  solutions	  are	  interconnected.	  	  
	  
For	  example,	  some	  municipalities	  have	  adopted	  Low	  Impact	  Development	  
ordinances	  that	  result	  in	  simultaneous	  capture	  and	  natural	  treatment	  of	  polluted	  
runoff,	  freshwater	  demand	  reduction,	  habitat	  restoration	  and	  flood	  control.	  We	  
believe	  these	  multiple	  benefits	  are	  also	  achieved	  through	  “green	  street”	  and	  other	  
“green	  infrastructure”	  projects.	  Finally,	  a	  critical	  component	  to	  true	  “integrated	  
water	  management”	  in	  the	  Los	  Angeles	  region	  is	  the	  development	  of	  a	  network	  of	  
treatment	  wetlands.	  We	  applaud	  those	  municipalities	  that	  have	  implemented	  pilot	  
projects	  to	  demonstrate	  that	  this	  innovative	  approach	  solves	  otherwise	  intractable	  
problems.	  Unfortunately,	  there	  has	  been	  little	  progress	  in	  widespread	  
implementation	  of	  these	  proven	  multi-‐benefit	  solutions.	  	  
	  
Surfrider	  Foundation	  is	  attempting	  to	  work	  with	  municipalities	  and	  water	  supply	  
agencies	  to	  more	  broadly	  implement	  multi-‐benefit	  integrated	  water	  management	  
solutions	  that,	  among	  other	  benefits,	  will	  result	  in	  dramatic	  reduction	  of	  non-‐point	  
source	  pollution.	  	  
	  
We	  have	  launched	  our	  “Ocean	  Friendly	  Gardens”	  program	  to	  educate	  and	  assist	  in	  
retrofitting	  urban	  landscapes	  –	  both	  public	  and	  private,	  as	  well	  as	  new	  development	  
and	  existing.	  We	  believe	  our	  proven	  efforts	  to	  date	  exceed	  what	  is	  required	  in	  some	  
Low	  Impact	  Development	  ordinances,	  and	  expand	  the	  benefits	  beyond	  the	  reach	  of	  
only	  new	  development.	  Please	  see:	  
http://www.surfrider.org/programs/entry/ocean-‐friendly-‐gardens	  
	  
The	  Ocean	  Friendly	  Gardens	  program	  is	  one	  component	  of	  our	  broader	  vision	  and	  
advocacy	  for	  true	  integrated	  water	  management,	  our	  “Know	  Your	  H2O”	  program.	  
Please	  see:	  http://www.surfrider.org/programs/entry/know-‐your-‐h2o	  
	  
We	  are	  also	  actively	  working	  to	  resolve	  marine	  debris	  through	  our	  public	  education	  
and	  advocacy	  program,	  “Rise	  Above	  Plastics.”	  Please	  see:	  
http://www.surfrider.org/programs/entry/rise-‐above-‐plastics	  
	  
These	  and	  other	  programs	  illustrate	  our	  willingness	  and	  desire	  to	  assist	  dischargers	  
in	  meeting	  the	  strictest	  pollution	  prevention	  possible.	  And	  we	  look	  forward	  to	  
working	  in	  a	  collaborative	  effort	  of	  non-‐governmental	  organizations	  and	  
government	  agencies	  to	  ensure	  multiple	  benefits	  for	  quality	  of	  life,	  environmental	  
protection	  and	  sustainable	  resources	  well	  into	  the	  future.	  
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With	  this	  in	  mind,	  we	  strongly	  support	  the	  incorporation	  of	  the	  numerous	  
TMDLs	  in	  Los	  Angeles	  County	  into	  the	  MS4	  Permit.	  And	  we	  stand	  by,	  ready	  to	  
assist	  in	  compliance	  in	  the	  near	  future.	  
	  

Thank	  you	  for	  the	  opportunity	  to	  comment	  on	  the	  Tentative	  Permit.	  Please	  
feel	  free	  to	  contact	  us	  with	  any	  questions	  or	  concerns	  you	  may	  have.	  
	  
	  
Sincerely,	  

	  
	  
Joe	  Geever	  
Surfrider	  Foundation	  
Water	  Programs	  Manager	  
PO	  Box	  41033	  
Long	  Beach,	  CA	  90853	  
	  
jgeever@surfrider.org	  
(949)	  636-‐8426	  
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July 19, 2012 
 

 
Via electronic mail 
 
Mr. Sam Unger 
Executive Officer and Members of the Board 
California Regional Water Quality Control Board, Los Angeles Region 
320 West 4th Street, Suite 200 
Los Angeles, CA  90013 
Email: LAMS42012@waterboards.ca.gov   
 
Re: Comments on Draft Los Angeles County Stormwater Permit, Tentative Order No. R4-2012-
XXXX 

 
 

Dear Mr. Unger: 
 
On behalf of TreePeople, a 40-year-old, Los Angeles-based environmental nonprofit largely focused on 
watershed and stormwater management issues, we are writing with regard to the Draft Los Angeles 
County Municipal Separate Storm Sewer System (MS4) Permit (“Draft Permit”).  We appreciate the 
opportunity to comment on the Draft Permit to the Los Angeles Regional Water Quality Control Board 
(“Regional Board”). While we support some of the progress made in comparison to the current Permit’s 
provisions, now more than ten years old, we are concerned with certain provisions in the Draft Permit. 
 
 

1) Enforceable Standards Are Imperative to Water Quality Protections 
 
We support strong and enforceable provisions that require compliance with water quality standards set to 
protect the beneficial uses in our waterways. Most of Los Angeles’ waterways are listed as impaired for 
one or more pollutants due to years of industrial, commercial, and stormwater pollution. This new LA MS4 
Permit is an opportunity to move forward in improving water quality and water supply in the region—we 
need stronger protections for our region’s waters, not weaker ones. Thus, we urge the Regional Board to 
maintain requirements in the MS4 permit’s Receiving Water Limitations section, in place for more than ten 
years, for permittees to meet water quality standards.  
 
 

2) LID Provisions Are Critical to Protecting LA’s Waterways 
 
Over the last 15 years, TreePeople has demonstrated that low impact development (LID) best 
management practices (BMPs) are economically, socially and technically feasible.  Together with our 
partners, we have demonstrated the viability and importance of these technologies at homes, parks, 
schools and streets, on both private and public property.  We strongly believe that both distributed and 
centralized stormwater capture can and should comprise a significant portion of LA’s water supply.  This 
can only occur if the stormwater is infiltrated or captured through BMPs that retain, rather than detain and 
release, stormwater to receiving waters.   
 
In 2010, TreePeople, the LA Department of Water and Power, and the Council for Watershed Health 
conducted a study (using a U.S. Bureau of Reclamation model) that explored the potential and identified 
favorable areas for groundwater recharge through stormwater infiltration in the City of LA.  Results of the 
study highlight the critical role that green infrastructure and LID BMPs can play in augmenting the City of 
LA’s local water supply.  For example, despite the prevalence of impermeable surfaces, the 
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hydrogeological characteristics of the Eastern San Fernando Valley region indicate that retrofitting this 
area to allow stormwater infiltration would result in significant aquifer recharge.   
 
For these and other reasons, we support the inclusion of the low impact development and green 
infrastructure provisions in the Draft Permit.  These practices should be a priority requirement in the new 
LA MS4 Permit.  

 
However, the Regional Board must ensure all Permittees are held to the same standards (infiltration 
and/or capture of the 85th percentile storm). The Draft Permit creates too many off ramps from this critical 
minimum standard.   
 

• The Applicability Threshold for New Development Projects is set Unjustifiably High  
 

The threshold for new development includes a requirement that a project disturb a land area of 1-
acre or greater, in addition to adding 10,000 square feet of impermeable surface area.  The 1-
acre threshold is too high and the Permit’s LID and associated requirements should be triggered 
solely by the addition of 10,000 square feet of impermeable surface.  More rigorous in its 
application thresholds for development, the recently adopted Low Impact Development Ordinance 
for the City of Los Angeles establishes that development creating, adding, or replacing only 500 
square feet or more of impervious area may trigger requirements to implement LID BMPs to 
reduce stormwater runoff and pollution. 

 
 
• Any Alternative Requirement Must Include a Public Review Process and Hearing before the 

Regional Board 
 

The Draft Permit currently allows for creation of Watershed Management Programs or use of 
Local Ordinance Equivalence programs to replace the Permit’s LID requirements.  Any provision 
that deviates from the Permit’s LID performance criteria and/or other core Planning and Land Use 
requirements must go through the process of public review and hearing before the Regional 
Board.   

 
 
We also believe that the Regional Board should seriously consider extending LID requirements to existing 
developments where technically feasible.  In Los Angeles, the vast majority of runoff, and therefore lost 
water supply and increased water pollution, stems from existing development.  Extending LID 
requirements to existing development, including streets, parking lots and other public rights-of-way and 
areas under the Permittee’s jurisdiction would significantly reduce water pollution and augment the 
region’s water supply.   
 
Thank you for the opportunity to comment on the Draft Permit. Please feel free to contact us with any 
questions or concerns you may have. 
 
 
Sincerely, 
 

 
Deborah Weinstein 
Director of Policy 
TreePeople 
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Comment Letters Received from Fire Departments 

 

� El Segundo Fire Department 

� Los Angeles Area Fire Chiefs Association 
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Comment Letters Received from Non-Permittees 

� City of Anaheim 

� City of Belmont 

� City of Brisbane 

� City of Corona 

� City of Dana Point 

� City of Irvine 

� City of Murrieta 

� National Assoc. of Flood and SW Mgmt. Agencies 

(NAFSMA) 

 

� City of Orange County 

� Port of Stockton 

� Sacramento Stormwater Quality Partnership 

� San Mateo County 

� City of Santa Rosa 

� Ventura Countywide Stormwater Quality 

Management Program 
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National Association of Flood & Stormwater Management Agencies 

1333 H Street, NW 

10th Floor West Tower 

Washington, DC  20005 

202-289-8625   www.nafsma.org 

 
 
July 20, 2012 
 
Mr. Ivar Ridgeway 
320 W. 4th Street, Suite 200 
Los Angeles, CA 90013 
LAMS42012@waterboards.ca.gov 
 
Subject: Comment Letter – Draft NPDES Permit for MS4 Dischargers within the Los Angeles County Flood Control 

District 
 
Dear Mr. Ridgeway: 
 
The National Association of Flood and Stormwater Management Agencies (NAFSMA) appreciates the opportunity to 
provide comments on the subject Draft Los Angeles MS4 Permit (Draft MS4 Permit).  While NAFSMA will not be 
subject to this Permit, a key provision may be precedential for future permit renewals outside of California, and 
consequently we are compelled to comment at this time.  
 
In light of the Ninth Circuit Court of Appeals in NRDC vs. County of Los Angeles / Los Angeles County Flood Control 
District on July 13, 2011, NAFSMA believes that Provision V.A of the Draft MS4 Permit will create an inability for a 
regulated entity to comply.  In wet weather, multiple constituents in stormwater runoff from urban areas may 
exceed receiving water quality standards, thereby creating the potential for stormwater discharges to cause or 
contribute to exceedances of standards in the receiving water itself.   
 
If Provision V.A is not changed, all discharges to receiving waters will likely need to meet water quality standards to 
avoid being in violation of the permit.  MS4 dischargers certainly recognize the importance of attaining water quality 
standards.  At the same time, however, no one reasonably expects MS4 dischargers to immediately realize this goal 
at the moment of permit adoption, which is counter to the Maximum Extent Practicable principal on which the 
stormwater permits are based. 
 
NAFSMA recognizes the need to continue to make measurable progress toward attainment of water quality 
standards.  However, we also believe that no regulatory benefit accrues from provisions such as Provision V.A, which 
result in the potential of immediate non-compliance for Permittees.  For these reasons, NAFSMA requests revision 
of Provision V.A to incorporate the California Stormwater Quality Association (CASQA) Receiving Water Limitations 
language (see Attachment 1).  We strongly support this language because it will enable regulated entities to focus 
and prioritize their resources on critical water quality issues and achieve environmental outcomes that are 
meaningful to the communities we serve.  Importantly, it will also help ensure that good faith compliance is not the 
subject of legal liability and lawsuits. 
 
Please direct any questions regarding this letter to me at sgilson@nafsma.org or 202-289-8625. 
 
Yours sincerely, 

 

 
Susan Gilson, Executive Director 
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C/CAG
Crry/Couwry AssocrATroN or GovnnNrMENTS

on Smv Mlrno CouNry

Atherton' Belmont' Brisbane . Burlingame . Colma . Daly City. East Palo Alto . Foster City. Half Moon Bay. Hillsborough.
Mento Park' Mittbrae . PaciJìca . Portota rr*r. 

^;*";11"i:!";:ir::;:,k 
san Cartos . San Mateo. San Mateo county .-south

IuIy 23,2012

Mr. Ivar Ridgeway
320 W.4ù Street, Suite 200
Los Angeles, CA 90013
(S ubmitted electronically to LAM S 420 I 2 @waterboards. ca. gov)

Subject: Comment letter - Draft NPDES Permit for MS4 Dischargers within the Los
Angeles County Flood Control District

Mr. Ridgeway:

The City/County Association of Governments of San Mateo County (C/CAG) appreciates
the opportunity to provide comments on the subject Draft Los Angeles MS4 Permit
(Draft MS4 Permit). C/CAG's member agencies include the20 cities and towns and the
county. C/CAG also oversees the San Mateo Countywide'Water Pollution Prevention
Program, which coordinates compliance efforts among C/CAG's member agencies under
the San Francisco Bay Regional Water Quality Control Board's Municipal Regional
Permit. While C/CAG will not be subject to this Permit, a key provision will likely be
precedential for future permit renewals and consequently we are compelled to comment
on the Draft Phase MS4 Permit.

C/CAG believes that Provision V.A of the Draft MS4 Permit is contrary to the historical
interpretation of established State Water Board policy and will create an inability for a
regulated entity to comply. In wet weather, multiple constituents in stormwater runoff
from urban areas may exceed receiving water quality standards, thereby creating the
potential for stormwater discharges to cause or contribute to exceedances of standards in
the receiving water itself.

Previously, municipal stormwater permittees have presumed that permit language, like
that expressed in Provision v.4, in conjunction with Board Policy (v/e 99-05)
established an iterative management approach as a basis for compliance. However, on
July 13, 20II, the Ninth Circuit Court of Appeals in NRDC vs. County of Los Angeles /
Los Angeles County Flood Control District found the defendants had caused or
contributed to an exceedance of a water quality standard and therefore violated the
Receiving Water Limitations, irrespective of the application of the iterative process.
More recently, the City of Stockton was engaged in a good faith iterative process per the
terms of its permit, but was nonetheless challenged by a third-party on the basis of the
Receiving Vy'ater Limitations language.

555 County Center, 5ú Floor, Redwood City,CAg4063 pHoNn: 650.599.1406 F¡x: 650.361 g227

www ccag.ca.gov
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Comment letter - Draft NPDES Permit for MS4 Dischargers
within the Los Angeles County Flood Control District

Page2 of 2

If Provision V.A is not changed, all discharges to receiving waters will likely need to
meet water qualrty standards to avoid being in violation of the permit. Local government
certainly recognizes the importance of attaining water quality standards. At the same
time, however, no one reasonably expects a Phase I entity to immediately realizethis goal
at the moment of permit adoption. Indeed, this reality is reflected by the hundreds of
TMDLs across the State that specifically recognize that current water quality standards
cannot be readily attained and can only be addressed by regulation that supports
implementation of an adaptive program over an extended period of time.

CJCAG resognjzes the need to continue to make significant progress toward attainment
of water quality standards. However, we also believe that no regulatory benefit accrues
from the Regional Board establishing permit provisions, such as Provision V.A, that
result in the potential of immediate non-compliance for Permittees. For these reasons,
C/CAG requests revision of Provision V.A to incorporate the California Stormwater
Quality Association (CASQA) Receiving Water Limitations language (see Attachment
1). V/e strongly support this language because it will enable regulated entities to focus
and prioritizethefu resources on critical water quality issues and achieve environmental
outcomes that are meaningful to the communities we serve. Importantly, it will also help
ensure that good faith compliance is not the subject of significant legal tiability and
lawsuits.

Please direct any questions regarding this letter to Matthew Fabry, Program Coordinator
for the Countywide Water Pollution Prevention Program at 650-599-1419 or via email at
mfabry@smcgov.org.

CitylCounty Association of Governments of San Mateo County

Attachment 1 - CASQA Model Receiving Water Limitations Language

555 County Center, 5ù Floor, Redwood Cify,CAg4063 PHoN¡: 650 599j406 F¡x: 650 361.g227
ww\ry. ccag.ca.gov
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February 21, 2012 
 
Mr. Charles Hoppin, Chair 
State Water Resources Control Board 
P.O. Box 100 
Sacramento, CA 95812-0100  
 
Subject:  Receiving Water Limitation Provision to Stormwater NPDES Permits 
 
Dear Mr. Hoppin: 
 
As a follow up to our December 16, 2011 letter to you and a subsequent January 25, 2012 
conference call with Vice-Chair Ms. Spivy-Weber and Chief Deputy Director Jonathan Bishop, the 
California Stormwater Quality Association (CASQA) has developed draft language for the receiving 
water limitation provision found in stormwater municipal NPDES permits issued in California.  This 
provision, poses significant challenges to our members given the recent 9th Circuit Court of Appeals 
decision that calls into question the relevance of the iterative process as the basis for addressing the 
water quality issues presented by wet weather urban runoff.   As we have expressed to you and other 
Board Members on various occasions, CASQA believes that the existing receiving water limitations 
provisions found in most municipal permits needs to be modified to create a basis for compliance 
that provides sufficient rigor in the iterative process to ensure diligent progress in complying with 
water quality standards but also allows the municipality to operate in good faith with the iterative 
process without fear of unwarranted third party action.  To that end, we have drafted the attached 
language in an effort to capture that intent.  We ask that the Board give careful consideration to this 
language, and adopt it as ‘model’ language for use statewide.   
 
Thank you for your consideration and we look forward to working with you and your staff on this 
important matter. 
 
Yours Truly, 

 
Richard Boon, Chair 
California Stormwater Quality Association 
 
cc: Frances Spivy-Weber, Vice-Chair – State Water Board   

Tam Doduc, Board Member – State Water Board  
Tom Howard, Executive Director – State Water Board  
Jonathan Bishop, Chief Deputy Director – State Water Board  
Alexis Strauss, Director – Water Division, EPA Region IX 
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CASQA	  Proposal	  for	  Receiving	  Water	  Limitation	  Provision	  

D.	  RECEIVING	  WATER	  LIMITATIONS	  	  

1. Except	  as	  provided	  in	  Parts	  D.3,	  D.4,	  and	  D.5	  below,	  discharges	  from	  the	  MS4	  for	  which	  a	  
Permittee	  is	  responsible	  shall	  not	  cause	  or	  contribute	  to	  an	  exceedance	  of	  any	  applicable	  water	  
quality	  standard.	  	  

2. Except	  as	  provided	  in	  Parts	  D.3,	  D.4	  and	  D.5,	  discharges	  from	  the	  MS4	  of	  storm	  water,	  or	  non-‐
storm	  water,	  for	  which	  a	  Permittee	  is	  responsible,	  shall	  not	  cause	  a	  condition	  of	  nuisance.	  

3. In	  instances	  where	  discharges	  from	  the	  MS4	  for	  which	  the	  permittee	  is	  responsible	  (1)	  causes	  or	  
contributes	  to	  an	  exceedance	  of	  any	  applicable	  water	  quality	  standard	  or	  causes	  a	  condition	  of	  
nuisance	  in	  the	  receiving	  water;	  (2)	  the	  receiving	  water	  is	  not	  subject	  to	  an	  approved	  TMDL	  that	  
is	  in	  effect	  for	  the	  constituent(s)	  involved;	  and	  (3)	  the	  constituent(s)	  associated	  with	  the	  
discharge	  is	  otherwise	  not	  specifically	  addressed	  by	  a	  provision	  of	  this	  Order,	  the	  Permittee	  shall	  
comply	  with	  the	  following	  iterative	  procedure:	  	  	  

a. Submit	  a	  report	  to	  the	  State	  or	  Regional	  Water	  Board	  (as	  applicable)	  that:	  

i. Summarizes	  and	  evaluates	  water	  quality	  data	  associated	  with	  the	  pollutant	  of	  
concern	  in	  the	  context	  of	  applicable	  water	  quality	  objectives	  including	  the	  
magnitude	  and	  frequency	  of	  the	  exceedances.	  	  

ii. Includes	  a	  work	  plan	  to	  identify	  the	  sources	  of	  the	  constituents	  of	  concern	  
(including	  those	  not	  associated	  with	  the	  MS4to	  help	  inform	  Regional	  or	  State	  
Water	  Board	  efforts	  to	  address	  such	  sources).	  

iii. Describes	  the	  strategy	  and	  schedule	  for	  implementing	  best	  management	  
practices	  (BMPs)	  and	  other	  controls	  	  (including	  those	  that	  are	  currently	  being	  
implemented)	  that	  will	  address	  the	  Permittee's	  sources	  of	  constituents	  that	  are	  
causing	  or	  contributing	  to	  the	  exceedances	  of	  an	  applicable	  water	  quality	  
standard	  or	  causing	  a	  condition	  of	  nuisance,	  and	  are	  reflective	  of	  the	  severity	  of	  
the	  exceedances.	  	  The	  strategy	  shall	  demonstrate	  that	  the	  selection	  of	  BMPs	  will	  
address	  the	  Permittee’s	  sources	  of	  constituents	  and	  include	  a	  mechanism	  for	  
tracking	  BMP	  implementation.	  	  	  The	  strategy	  shall	  provide	  for	  future	  refinement	  
pending	  the	  results	  of	  the	  source	  identification	  work	  plan	  noted	  in	  D.3.	  ii	  above.	  	  	  

iv. Outlines,	  if	  necessary,	  additional	  monitoring	  to	  evaluate	  improvement	  in	  water	  
quality	  and,	  if	  appropriate,	  special	  studies	  that	  will	  be	  undertaken	  to	  support	  
future	  management	  decisions.	  	  

v. Includes	  a	  methodology	  (ies)	  that	  will	  assess	  the	  effectiveness	  of	  the	  BMPs	  to	  
address	  the	  exceedances.	  	  	  

vi. This	  report	  may	  be	  submitted	  in	  conjunction	  with	  the	  Annual	  Report	  unless	  the	  
State	  or	  Regional	  Water	  Board	  directs	  an	  earlier	  submittal.	  
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b. Submit	  any	  modifications	  to	  the	  report	  required	  by	  the	  State	  of	  Regional	  Water	  Board	  
within	  60	  days	  of	  notification.	  The	  report	  is	  deemed	  approved	  within	  60	  days	  of	  its	  
submission	  if	  no	  response	  is	  received	  from	  the	  State	  or	  Regional	  Water	  Board.	  

c. Implement	  the	  actions	  specified	  in	  the	  report	  in	  accordance	  with	  the	  acceptance	  or	  
approval,	  including	  the	  implementation	  schedule	  and	  any	  modifications	  to	  this	  Order.	  	  	  

d. As	  long	  as	  the	  Permittee	  has	  complied	  with	  the	  procedure	  set	  forth	  above	  and	  is	  
implementing	  the	  actions,	  the	  Permittee	  does	  not	  have	  to	  repeat	  the	  same	  procedure	  
for	  continuing	  or	  recurring	  exceedances	  of	  the	  same	  receiving	  water	  limitations	  unless	  
directed	  by	  the	  State	  Water	  Board	  or	  the	  Regional	  Water	  Board	  to	  develop	  additional	  
BMPs.	  

4. For	  Receiving	  Water	  Limitations	  associated	  with	  waterbody-‐pollutant	  combinations	  addressed	  in	  
an	  adopted	  TMDL	  that	  is	  in	  effect	  and	  that	  has	  been	  incorporated	  in	  this	  Order,	  the	  Permittees	  
shall	  achieve	  compliance	  as	  outlined	  in	  Part	  XX	  (Total	  Maximum	  Daily	  Load	  Provisions)	  of	  this	  
Order.	  	  For	  Receiving	  Water	  Limitations	  associated	  with	  waterbody-‐pollutant	  combinations	  on	  
the	  CWA	  303(d)	  list,	  which	  are	  not	  otherwise	  addressed	  by	  Part	  XX	  or	  other	  applicable	  pollutant-‐
specific	  provision	  of	  this	  Order,	  the	  Permittees	  shall	  achieve	  compliance	  as	  outlined	  in	  Part	  D.3	  
of	  this	  Order.	  

5. If	  a	  Permittee	  is	  found	  to	  have	  discharges	  from	  its	  MS4	  causing	  or	  contributing	  to	  an	  exceedance	  
of	  an	  applicable	  water	  quality	  standard	  or	  causing	  a	  condition	  of	  nuisance	  in	  the	  receiving	  water,	  
the	  Permittee	  shall	  be	  deemed	  in	  compliance	  with	  Parts	  D.1	  and	  D.2	  above,	  unless	  it	  fails	  to	  
implement	  the	  requirements	  provided	  in	  Parts	  D.3	  and	  D.4	  or	  as	  otherwise	  covered	  by	  a	  
provision	  of	  this	  order	  specifically	  addressing	  the	  constituent	  in	  question,	  as	  applicable.	  
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Ventura Countywide 
Stormwater Quality 

------ Management Program 

Participating Agencies 

Camarillo 

County of Ventura 

Fillmore 

Moorpark 

Ojai 

Oxnard 

Port Hueneme 

San Buenaventura 

Santa Paula 

Simi Valley 

Thousand Oaks 

Ventura County 
Watershed Protection 
District 

July 23, 2012 

Mr. Sam Unger 
Executive Officer 
Los Angeles Regional Water Quality Control Board 
320 4th Street, Suite 210 
Los Angeles, CA 90013 

(via email) 

Subject: COMMENTS ON THE TENATIVE ORDER FOR THE GREATER LOS 
ANGELES COUNTY MS4 PERMIT 

Dear Mr. Unger: 

The Ventura Countywide Stormwater Quality Management Program (Program), 
which includes the cities of Camarillo, Fillmore, Moorpark, Ojai, Oxnard, Port 
Hueneme, Ventura, Santa Paula, Simi Valley, and Thousand Oaks and the 
County of Ventura and the Ventura County Watershed Protection District, would 
like to take this opportunity to provide comments on the Tentative Order for the 
Greater Los Angeles County MS4 Permit (Draft Order). The precedent-setting 
nature of some of the provisions is of concern to our Program. These concerns 
are enumerated below. 

NON-STORMWATER ACTION LEVELS 
One of the goals of establishing non-stormwater action levels is to assist 
Permittees in identifying illicit connections and/or discharges at outfalls. 
Exceedances of action levels can help Permittees prioritize and focus resources 
on areas that are having a significant impact on water quality. Unfortunately, as 
currently drafted, the non-stormwater action levels do not accomplish this goal. 
The action levels established in the draft order Attachment G are derived from 
Basin Plan, California Toxic Rule (CTR), or California Ocean Plan (COP) water 
quality objectives. The non-stormwater action levels do not facilitate the 
consideration of actual impacts (e.g., excess algal growth), have no nexus to 
receiving water conditions, and do not address non-stormwater action level 
issues unrelated to illicit discharges (e.g., groundwater). The action levels and 
the associated monitoring specified in the Monitoring and Reporting Program 
would require Permittees to investigate and address issues on an outfall-by
outfall basis, even if the receiving water is in compliance with all water quality 
standards. This will not assist Permittees in prioritizing resources on outfalls that 
are clearly having an impact on water quality. 

In an effort to assess the impact of the non-stormwater action levels we have 
compiled a summary table comparing our dry weather monitoring results with the 
proposed action levels (see Attachment 1 ). A review of this table will show that in 
general the MS4s will be trying to identify bacteria sources for practically every 
outfall. As the Regional Board is well aware of, tracking and identifying bacteria 
sources is an expensive proposition and in many cases not conclusive. We 
believe that implementation of the proposed requirements would result in un-

800 South Victoria Avenue • Ventura CA 93009-1610 
805/654-2002 • FAX 805/654-3350 
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necessary spending of Public Funds and limited or insignificant water quality improvement. 

Requested Action: 
Allow the Watershed Management Programs to guide the customization of the non
stormwater action levels based on the highest water quality priorities i-n each watershed. 
Levels should then be established which will provide more effective tracking tools for illicit 
discharges instead of assigning every outfall as a high priority outfall. If non-stormwater 
action levels are not established through the Watershed Management Programs, then 
Permittees should be required to use the default non-stormwater action levels and approach 
identified in the Draft Order and Attachment G. 

STORMWATER ACTION LEVELS 
Municipal Action Levels (MALs) established in Draft Order Attachment G, were "obtained by 
computing the upper 251

h percentile for selected pollutants for Rain Zone 6." Despite this 
information, the Draft Permit does not provide transparency of how MALs were calculated (e.g. 
time period, land uses, etc. included in the calculation) and how non-detects were treated. The 
Program was not able to exactly reproduce the tentative MALs based on the National 
Stormwater Quality database, although the 75th percentiles of all Rain Zone 6 data were similar 
in most cases (see Attachment 2). Furthermore the Draft Order MALs are lower compared to 
Orange County stormwater action levels, which introduce some inconsistency for no apparent 
reason between regions. 

Requested Action: 
Provide transparency behind the Municipal Action Levels calculations and consider using a 
consistent approach across the region (i.e., calculate based on the 901

h percentile as done 
by the San Diego Regional Board in south Orange County permit). 

RECEIVING WATER LIMITATION LANGUAGE 
The Receiving Water Limitations Provision (Section V.A.) of the Draft Permit was not 
substantially modified from the language contained in the current Permit. This language is fairly 
standard throughout NPDES MS4 permits including the Ventura Permit. However, since the 
adoption of the Ventura Permit a court decision has seriously undermined the original intent of 
this language (i.e. to use the iterative process to address water quality standard exceedance to 
demonstrate compliance with the permit) and now the language places Permittees in an 
untenable position. Previously, MS4s have presumed that permit language like that expressed 
in Receiving Water Limitation V.A.3 in conjunction with Board Policy (WQ 99-05) established an 
iterative management approach and process as the fundamental, and technically appropriate, 
basis of compliance. The "iterative process language" now at issue in the Draft Order renders 
the iterative process obsolete as a compliance strategy. The Program, along with California 
Stormwater Quality Association (CASQA) and other NPDES MS4s believe that this status quo 
must be change due to the July 2011 Ninth Circuit Court of Appeals ruling (Natural Resources 
Defense Council, Inc., eta/., v. County of Los Angeles, Los Angeles County Flood Control 
District, eta/.) that a party whose discharge "causes or contributes" to an exceedance of a water 
quality standards is in violation of the permit, even if a party is implementing the iterative 
process in good faith. This ruling came about because the iterative process paragraph did not 
explicitly state that a party who was implementing the iterative process was not in violation of 
the permit. Moreover, in the wake of the Ninth Circuit Court of Appeals' decision, if this language 
is not revised the precedent may be set for municipal permits that create unlimited liability for 
government entities across the State. 
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Due to the timing and statewide nature of the Draft Permit, it will likely set a precedent for future 
MS4 NPDES permits, making this language critical to affecting a change within the Receiving 
Water Limitations Provision. The Receiving Water Limitation language must be revised to allow 
MS4s to operate in good faith with the iterative process without fear of unwarranted third party 
action while still ensuring diligent progress in complying with water quality standards. 

Requested Action: 
Revise the language in the Receiving Water Limitation Provision as provided in Attachment 

3. 

TREATMENT CONTROL BMP BENCHMARKS 
Our NPDES MS4 permit requires the project developer to determine the pollutant of concern(s) 
for the development project and use this pollutant as the basis for selecting a top performing 
best management practice (BMP). In the case of the Draft Order, there is no determination of 
the pollutant of concern for the development project. Instead, post-construction BMPs must 
meet all the benchmarks. Unfortunately, traditional post-construction BMPs are not capable of 
meeting all the benchmarks and thus the developer will not be able to select one top performing 
BMP. 

Requested Action: 
The Program requests that this provision be modified so that the selection of post
construction BMPs is consistent with the Ventura Permit and is based on the development 
site's pollutant of concern(s) and the corresponding top performing BMP(s) that can meet 
the Draft Order's Table 11 benchmarks. 

PUBLIC AGENCY ACTIVITIES 
There are several aspects of the Draft Order's Public Agency Activities Provision that present an 
increased level of effort in comparison with the current iteration of the permit. The Program does 
not believe that the resources needed to comply with these ramped up requirements are 
commensurate with the water quality benefit: 

• Retrofit Assessment: This requirement as currently written would be onerous to 
implement. Although stormwater regulations (40 CFR 122.26.(d)(2)(iv)(4) requires 
consideration of retrofitting opportunities, the consideration is limited to flood 
management projects (i.e. public right of way) and does not require consideration of 
private areas. At a minimum, the retrofit provision requirement should clearly state that it 
only applies to flood management projects in the public right of way. 

• Retrofitting Vehicle Wash Areas to be Plumbed to Sanitary Sewer: This requirement 
(and the option hauling washwater offsite) may be a challenge for some Permittees. An 
NPDES MS4 permit should not specify the conditions under which a wastewater 
treatment provider accepts vehicle wash water. This language should be modified to 
state "or discharge to comply with conditions as permitted by the local wastewater 
authority." 

• Annually Train All Employees and Contractors Who Use Pesticides: Contractors are 
hired for their expertise and knowledge, providing annual training for contractors is 
excessive and may be in conflict with other certified pesticide applicator requirements. 
The requirement should be modified to annually for all employees and ensure 
contractors have been trained. 

Requested Action: 
Modify as recommended above. 
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CONSTRUCTION AND INDUSTRIAL DISCHARGES 
The Draft Order requires Permittees to prohibit non-storm water discharges through the MS4 to 
receiving waters with a number of exemptions including authorized non-storm water discharges 
separately regulated by an individual or general NPDES permit. The NPE>ES Permits include 
discharges from construction sites (General Construction Permit No. CAS000002) and from 
industrial facilities (General Industrial Permit No. CAS000001 ). Under Part VI.A.2 "Legal 
Authority", the Draft Order stipulates that Permittees "control the contribution of pollutants to its 
MS4 from storm water discharges associated with industrial and construction activity and control 
the quality of stormwater discharged from industrial and construction sites. This requirement 
applies( .. . ] to industrial and construction sites with coverage under an NPDES permit[ ... ]. 
Grading ordinances must be updated and enforced as necessary to comply with this Order." 

Discharges currently regulated under the NPDES Permits and specifically exempt from the MS4 
Permit's Discharge Prohibitions should not be subject to redundant regulations under MS4 
Permits. 

Requested Action: 
Remove requirements for the Permittees to regulate discharges from construction sites and 
industrial facilities listed in the paragraph (i) under Part VI.A.2 "Legal Authority", because 
discharges from those sites/operations are regulated by the Regional Water Board under 
separate NPDES General. Permits. 
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TMDLS: COMPLIANCE WITH FINAL WLAs 
The Draft Permit allows a BMP-based compliance option for interim Waste Load Allocations 
(WLAs). However, this option is not available for compliance with final WLAs. According to an 
EPA issued memo in 2002\ EPA expects that water quality-based effluent limits (WQBELs) will 
be expressed as BMPs and that numeric limits for most WQBELs wiN only be used in rare 
instances. The memo goes on to recognize the need for an iterative approach to controlling 
pollutants in stormwater discharges - that discharges implement BMPs and make adjustments 
as needed to improve water quality. EPA issued another memo in 2010 stating that where 
feasible, the NPDES permitting authority may exercise its discretion to include numeric effluent 
limitations. The memo also provides for WQBELs to be expressed as BMPs. No state or federal 
law requires the use of numeric effluent limitations. 

The TMDL implementing conditions in the stormwater NPDES permit should be established in a 
manner that clearly conveys that the requirements of the Federal regulations have been 
satisfied; the provisions provide objective and measureable direction to permittees; preserve the 
ability to adapt the implementation to meet changing conditions, and provide a means to assess 
compliance. To do this, the permit needs to be modified to: 

1. Establish WQBELs to implement the WLAs in the permit, but the WLAs should not be 
identified as the WQBELs. The WLAs as established by TMDL can be incorporated into 
the permit to provide the linkage to the WQBELs, but should not be considered a 
WQBEL. 

2. Clearly define the process for determining compliance and ensure one option is through 
the iterative implementation of BMPs per the approved implementation plans or 
Watershed Management Program. Where implementation actions are implemented per 
the approved schedule, the Permittee would be in compliance. Where implementation 
plans are not implemented per the approved schedule, the Permittee would not be in 
compliance. Consistent with recent MS4 permits in California2 and Washington D.C3

., 

and EPA guidance, the compliance assessment provisions can be structured in a 
manner that provides accountability and enforceability while still utilizing adaptive 
management for the implementation of BMPs. 

3. Compliance assessment should also consider other instances in which the Permittee 
would be in compliance (such as attainment of water quality standards in receiving 
waters, no discharge, etc.). Compliance assessment can also include a fall back to the 
WLAs as numeric effluent limits when a permittee fails to implement the required 
implementation actions. 

4. Define attainment of the WLAs and compliance with the permit provisions as clearly 
separate concepts. For example, if WLAs are not attained, the permit could require 
additional actions from the Permittees, but as long as the approved implementation plan 
was implemented per the approved schedule, then the Permittee would be in 
compliance. 

5. Monitoring and reporting requirements need to be consistent with the approved TMDLs, 
but flexible enough to allow for the development of integrated monitoring programs. The 
monitoring requirements need to provide the information needed to evaluate progress 
towards attaining the WLAs. The monitoring points need to be clearly defined as one 

1 Wayland, R. and J. Hanlon. 2002. Establ ishing Total Maxi mum Daily Load (TMDL) Waste load Allocations (WLAs) for Storm 
Wate r Sources and NPDES Permit Requirements Based on Those WLAs. Wash ington, DC. 

2 RB-2010-0036 San Bernardino County Flood Control District 
3 NPDES Permit No. DC0000221, October 7, 2011, issued by USEPA Region 3. 
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option for defining compliance and not the sole option. As noted above, where the WLAs 
are expressed as BMPs, there is an important distinction between attaining the WLAs 
and complying with the permit provisions. The monitoring and reporting requirements 
can be structured in a way to ensure that the implementation of BMPs is resulting in 
attainment of the WLAs. 

Requested Action: 
Provide an option for flexible implementation of BMPs through an iterative process for 
compliance with final WLAs as described above. 

Thank you for your time to consider our comments and suggestions. If you have any additional 
questions or further clarification, please contact Arne Anselm at (805) 654-3942. 

Sincerely, 

Attachments: 
1 Non-Stormwater Action Level Assessment 
2 Critique of Treatment Control BMP Performance 
3 CASQA Proposed Language for Receiving Water Limitation Provision 

cc: Renee Purdy, Regional Program Section Chief 
lvar Ridgeway, Stormwater Permitting Chief 
Ventura County Stormwater Quality Program Managers 
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Assessment of Non-Stormwater Action Levels 

Non-Stormwater Action Levels 

The Los Angeles MS4 Draft Order in Attachment G establishes non-stormwater action levels (NALs). 
Action levels from the Draft Order for inland surface waters with salinity < 1 ppt, as daily maxima and/or 
monthly averages are shown in the following table. It is worth noting that not all action levels apply to 
all watersheds in the Los Angeles region.  

 E. coli Chloride1 Sulfate1 TDS1 MBAS cyanide pH Nitrite-N Turbidity 
Units MPN/100 ml mg/l mg/l mg/l mg/l ug/l pH-

units 
mg/l NTU 

Daily Max. 235 -- -- -- -- 8.5  6.5-8.5 -- -- 
Monthly Avg. 126  BP BP  BP  0.5 4.3  6.5-8.5 1  5  
 Al Cu2 Cd2 Pb2 Ni2 Se Ag3 Zn2 Hg 
Units ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ng/l 
Daily Max. -- 50 12 30.5 276.2  8.2  ? 387.2 100 (all 

watersheds) 
1000 (SCR 
only) 

Monthly Avg. 1,000 24.9 6 15.2 137.7 4.1  ? 193 51 
1Action levels depend on water body segment, and are in accordance with applicable water quality objectives in 
Basin Plan (BP). 
2Action level at hardness > 400 mg/l is shown (applies to 78 % of Ventura County outfall observations).  Action 
levels decrease as hardness decreases. 
3 Hardness-based action levels for total silver were missing in the draft order and could not be 
evaluated. 
 
Comparison of Ventura Dry Weather Monitoring Date with Proposed NALs 

The Ventura Countywide Stormwater Quality Program has been conducting non-stormwater monitoring 
since 1996.   These data were compared with the NAL and the following table shows the frequency of 
action level exceedance for each outfall (exceedances/total observations), and total percentage of 
exceedances averaged across all stations. Stations with more than 20% exceedances are highlighted in 
red (exceeding daily maximum levels) and orange (exceeding monthly average levels).  It is important to 
note that no more than 5 observations are available per outfall, and 20% exceedance rate corresponds 
to at least one exceedance. 

RB-AR12155



Attachment 1 

2 

 

 

Constituent Daily (D) or 
monthly 

(M) 

Units NAL Max Municipality Total 
(%) A B C D E F G H I  J K L M N 

E. coli D MPN/100 ml 235 43,520 2/5 4/4 2/2 2/2 2/3 2/3 4/5 2/4 1/4 1/1 2/2 1/4 0/5 0/2 54 
 M MPN/100 ml 126 43,520 2/5 4/4 2/2 2/2 3/3 2/3 5/5 3/4 2/4 1/1 2/2 4/4 2/5 1/2 76 
Chloride M mg/l 60-250 4,600 1/3 1/2 0/2 NA 3/3 1/1 3/3 0/2 2/2 0/1 NA 2/2 3/3 NA 67 
Sulfate M mg/l NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
TDS M mg/l 500-850 9,900 3/3 0/2 0/2 NA 2/3 1/1 3/3 2/2 2/2 0/1 NA 2/2 3/3 NA 55 
MBAS M mg/l 0.5 2.4 0/3 0/2 0/2 NA 0/3 1/1 0/3 0/2 0/2 0/1 NA 0/2 0/3 NA 4 
Cyanide D ug/l 8.5 <2.7 0/3 0/2 0/2 NA 0/3 0/1 0/3 0/2 0/2 0/1 NA 0/2 0/3 NA 0 
Cyanide M ug/l 4.3 <2.7 0/3 0/2 0/2 NA 0/3 0/1 0/3 0/2 0/2 0/1 NA 0/2 0/3 NA 0 
pH D/M pH-units < 6.5 7.51 0/5 0/3 0/2 0/1 0/4 0/2 0/5 0/3 0/3 0/1 0/1 0/3 0/5 0/1 0 
pH D/M pH-units > 8.5 9.91 4/5 0/3 0/2 0/1 2/4 1/2 0/5 3/3 0/3 0/1 0/1 0/3 1/5 0/1 38 
Nitrite-N1 M mg/l 1 0.25 NA NA 0/1 NA 0/2 NA 0/2 NA NA NA NA NA 0/1 NA 0 

Turbidity M NTU 5 12.67 2/4 0/3 2/2 1/1 1/3 1/2 0/4 2/3 0/3 1/1 0/1 0/3 0/4 0/1 26 
Al, total M ug/l 1,000 170 0/3 0/2 0/2 NA 0/3 0/1 0/3 0/2 0/2 0/1 NA 0/2 0/3 NA 0 
Cu, total2 D ug/l 50 84 0/3 0/2 0/2 NA 0/3 0/1 0/3 1/2 0/2 0/1 NA 0/2 1/3 NA 8 
 M ug/l 24.9 84 1/3 0/2 0/2 NA 0/3 0/1 0/3 2/2 0/2 0/1 NA 0/2 3/3 NA 25 
Cd, total2 D ug/l 12 0.82 0/3 0/2 0/2 NA 0/3 0/1 0/3 0/2 0/2 0/1 NA 0/2 0/3 NA 0 
 M ug/l 6 0.82 0/3 0/2 0/2 NA 0/3 0/1 0/3 0/2 0/2 0/1 NA 0/2 0/3 NA 0 
Pb, total2 D ug/l 30.5 2 0/3 0/2 0/2 NA 0/3 0/1 0/3 0/2 0/2 0/1 NA 0/2 0/3 NA 0 
 M ug/l 15.2 2 0/3 0/2 0/2 NA 0/3 0/1 0/3 0/2 0/2 0/1 NA 0/2 0/3 NA 0 
Hg, total D ng/l 100 51 0/3 0/2 0/2 NA 0/3 0/1 0/3 0/2 0/2 0/1 NA 0/2 0/3 NA 0 
 M ng/l 51 51 0/3 0/2 0/2 NA 0/3 0/1 0/3 0/2 0/2 0/1 NA 0/2 0/3 NA 0 
Ni, total2 D ug/l 276.2 16 0/3 0/2 0/2 NA 0/3 0/1 0/3 0/2 0/2 0/1 NA 0/2 0/3 NA 0 
 M ug/l 137.7 16 0/3 0/2 0/2 NA 0/3 0/1 0/3 0/2 0/2 0/1 NA 0/2 0/3 NA 0 
Se, total D ug/l 8.2 42 0/3 1/2 0/2 NA 0/3 0/1 0/3 0/2 2/2 0/1 NA 0/2 3/3 NA 25 
 M ug/l 4.1 42 0/3 2/2 0/2 NA 0/3 0/1 0/3 0/2 2/2 1/1 NA 0/2 3/3 NA 33 
Ag, total D ug/l ? < 0.04 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
 M ug/l ? < 0.04 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
Zn, total2 D ug/l 387.2 20 0/3 0/2 0/2 NA 0/3 0/1 0/3 0/2 0/2 0/1 NA 0/2 0/3 NA 0 
 M ug/l 193 20 0/3 0/2 0/2 NA 0/3 0/1 0/3 0/2 0/2 0/1 NA 0/2 0/3 NA 0 

1Nitrite-N was calculated as NO2+NO3-N minus NO3-N, and was only available for a few stations.  
2Exccedances based on actual hardness in sample
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A review of the table provides the following observations.   

• Daily maximum action levels were exceeded for E. coli, pH (high), copper and selenium at one or 
more Ventura County outfall stations. E. coli exceedances were observed at almost all outfalls. 

• Average monthly action levels were exceeded for E. coli, chloride, TDS, MBAS, pH (high), 
turbidity, copper and selenium at one or more Ventura County outfall stations. E. coli 
exceedances were observed at all outfalls. Note that average monthly outfall concentrations 
cannot be calculated since samples are at least one month apart. Therefore, exceedances of 
average monthly action levels were based on single samples.  

• Maximum observed concentrations for cyanide, nitrite-N, aluminum, cadmium, lead, nickel and 
zinc were well below tentative daily maximum and monthly average action levels. 
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STORMWATER ACTION LEVELS REVIEW 
 

Sections VIII of the Los Angeles MS4 Draft Order presents Municipal Action Levels (MALs) for 
stormwater discharges.  The MALs were based on nationwide Phase I MS4 monitoring data for 
pollutants in storm water, and specifically by computing the upper 25th percentile for selected 
pollutants for Rain Zone 6.  For the purpose of this review, the database used in the derivation 
was analyzed using the DAT Tool and the upper 25th percentile values were compared against 
the proposed MALs.  The proposed MALs appear reasonable – the differences in the proposed 
MALs and the calculated upper 25th percentile are minor and may be explained by the different 
approaches used for assigning numerical values to non-detect samples in the dataset.  The MALs 
and calculated upper 25th percentile values are presented in the tables below. 

Conventional Pollutants (all values in mg/L unless noted) 

Pollutant pH (std units) TSS COD TKN Nitrate + Nitrite P-total 
Proposed MAL 7.70 264.1 247.5 4.59 1.85 0.80 
Calculated 
upper 25th %-ile 6.70 - 7.70 (1) 258.5 240.8 4.49 1.83 0.79 

(1) shows lower and upper 25th percentile since pH objectives are usually expressed as a range. 

Metals (total fraction, all values in µg/L) 

Pollutant Cd Cr Cu Pb Ni Zn Hg 
Proposed MAL 2.52 20.20 71.12 102.00 27.43 641.3 0.32 
Calculated 
upper 25th %-ile 1.84 19.81 68.57 94.12 26.42 614.1 0.20 
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February 21, 2012 
 
Mr. Charles Hoppin, Chair 
State Water Resources Control Board 
P.O. Box 100 
Sacramento, CA 95812-0100  
 
Subject:  Receiving Water Limitation Provision to Stormwater NPDES Permits 
 
Dear Mr. Hoppin: 
 
As a follow up to our December 16, 2011 letter to you and a subsequent January 25, 2012 
conference call with Vice-Chair Ms. Spivy-Weber and Chief Deputy Director Jonathan Bishop, the 
California Stormwater Quality Association (CASQA) has developed draft language for the receiving 
water limitation provision found in stormwater municipal NPDES permits issued in California.  This 
provision, poses significant challenges to our members given the recent 9th Circuit Court of Appeals 
decision that calls into question the relevance of the iterative process as the basis for addressing the 
water quality issues presented by wet weather urban runoff.   As we have expressed to you and other 
Board Members on various occasions, CASQA believes that the existing receiving water limitations 
provisions found in most municipal permits needs to be modified to create a basis for compliance 
that provides sufficient rigor in the iterative process to ensure diligent progress in complying with 
water quality standards but also allows the municipality to operate in good faith with the iterative 
process without fear of unwarranted third party action.  To that end, we have drafted the attached 
language in an effort to capture that intent.  We ask that the Board give careful consideration to this 
language, and adopt it as ‘model’ language for use statewide.   
 
Thank you for your consideration and we look forward to working with you and your staff on this 
important matter. 
 
Yours Truly, 

 
Richard Boon, Chair 
California Stormwater Quality Association 
 
cc: Frances Spivy-Weber, Vice-Chair – State Water Board   

Tam Doduc, Board Member – State Water Board  
Tom Howard, Executive Director – State Water Board  
Jonathan Bishop, Chief Deputy Director – State Water Board  
Alexis Strauss, Director – Water Division, EPA Region IX 
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CASQA	  Proposal	  for	  Receiving	  Water	  Limitation	  Provision	  

D.	  RECEIVING	  WATER	  LIMITATIONS	  	  

1. Except	  as	  provided	  in	  Parts	  D.3,	  D.4,	  and	  D.5	  below,	  discharges	  from	  the	  MS4	  for	  which	  a	  
Permittee	  is	  responsible	  shall	  not	  cause	  or	  contribute	  to	  an	  exceedance	  of	  any	  applicable	  water	  
quality	  standard.	  	  

2. Except	  as	  provided	  in	  Parts	  D.3,	  D.4	  and	  D.5,	  discharges	  from	  the	  MS4	  of	  storm	  water,	  or	  non-‐
storm	  water,	  for	  which	  a	  Permittee	  is	  responsible,	  shall	  not	  cause	  a	  condition	  of	  nuisance.	  

3. In	  instances	  where	  discharges	  from	  the	  MS4	  for	  which	  the	  permittee	  is	  responsible	  (1)	  causes	  or	  
contributes	  to	  an	  exceedance	  of	  any	  applicable	  water	  quality	  standard	  or	  causes	  a	  condition	  of	  
nuisance	  in	  the	  receiving	  water;	  (2)	  the	  receiving	  water	  is	  not	  subject	  to	  an	  approved	  TMDL	  that	  
is	  in	  effect	  for	  the	  constituent(s)	  involved;	  and	  (3)	  the	  constituent(s)	  associated	  with	  the	  
discharge	  is	  otherwise	  not	  specifically	  addressed	  by	  a	  provision	  of	  this	  Order,	  the	  Permittee	  shall	  
comply	  with	  the	  following	  iterative	  procedure:	  	  	  

a. Submit	  a	  report	  to	  the	  State	  or	  Regional	  Water	  Board	  (as	  applicable)	  that:	  

i. Summarizes	  and	  evaluates	  water	  quality	  data	  associated	  with	  the	  pollutant	  of	  
concern	  in	  the	  context	  of	  applicable	  water	  quality	  objectives	  including	  the	  
magnitude	  and	  frequency	  of	  the	  exceedances.	  	  

ii. Includes	  a	  work	  plan	  to	  identify	  the	  sources	  of	  the	  constituents	  of	  concern	  
(including	  those	  not	  associated	  with	  the	  MS4to	  help	  inform	  Regional	  or	  State	  
Water	  Board	  efforts	  to	  address	  such	  sources).	  

iii. Describes	  the	  strategy	  and	  schedule	  for	  implementing	  best	  management	  
practices	  (BMPs)	  and	  other	  controls	  	  (including	  those	  that	  are	  currently	  being	  
implemented)	  that	  will	  address	  the	  Permittee's	  sources	  of	  constituents	  that	  are	  
causing	  or	  contributing	  to	  the	  exceedances	  of	  an	  applicable	  water	  quality	  
standard	  or	  causing	  a	  condition	  of	  nuisance,	  and	  are	  reflective	  of	  the	  severity	  of	  
the	  exceedances.	  	  The	  strategy	  shall	  demonstrate	  that	  the	  selection	  of	  BMPs	  will	  
address	  the	  Permittee’s	  sources	  of	  constituents	  and	  include	  a	  mechanism	  for	  
tracking	  BMP	  implementation.	  	  	  The	  strategy	  shall	  provide	  for	  future	  refinement	  
pending	  the	  results	  of	  the	  source	  identification	  work	  plan	  noted	  in	  D.3.	  ii	  above.	  	  	  

iv. Outlines,	  if	  necessary,	  additional	  monitoring	  to	  evaluate	  improvement	  in	  water	  
quality	  and,	  if	  appropriate,	  special	  studies	  that	  will	  be	  undertaken	  to	  support	  
future	  management	  decisions.	  	  

v. Includes	  a	  methodology	  (ies)	  that	  will	  assess	  the	  effectiveness	  of	  the	  BMPs	  to	  
address	  the	  exceedances.	  	  	  

vi. This	  report	  may	  be	  submitted	  in	  conjunction	  with	  the	  Annual	  Report	  unless	  the	  
State	  or	  Regional	  Water	  Board	  directs	  an	  earlier	  submittal.	  
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b. Submit	  any	  modifications	  to	  the	  report	  required	  by	  the	  State	  of	  Regional	  Water	  Board	  
within	  60	  days	  of	  notification.	  The	  report	  is	  deemed	  approved	  within	  60	  days	  of	  its	  
submission	  if	  no	  response	  is	  received	  from	  the	  State	  or	  Regional	  Water	  Board.	  

c. Implement	  the	  actions	  specified	  in	  the	  report	  in	  accordance	  with	  the	  acceptance	  or	  
approval,	  including	  the	  implementation	  schedule	  and	  any	  modifications	  to	  this	  Order.	  	  	  

d. As	  long	  as	  the	  Permittee	  has	  complied	  with	  the	  procedure	  set	  forth	  above	  and	  is	  
implementing	  the	  actions,	  the	  Permittee	  does	  not	  have	  to	  repeat	  the	  same	  procedure	  
for	  continuing	  or	  recurring	  exceedances	  of	  the	  same	  receiving	  water	  limitations	  unless	  
directed	  by	  the	  State	  Water	  Board	  or	  the	  Regional	  Water	  Board	  to	  develop	  additional	  
BMPs.	  

4. For	  Receiving	  Water	  Limitations	  associated	  with	  waterbody-‐pollutant	  combinations	  addressed	  in	  
an	  adopted	  TMDL	  that	  is	  in	  effect	  and	  that	  has	  been	  incorporated	  in	  this	  Order,	  the	  Permittees	  
shall	  achieve	  compliance	  as	  outlined	  in	  Part	  XX	  (Total	  Maximum	  Daily	  Load	  Provisions)	  of	  this	  
Order.	  	  For	  Receiving	  Water	  Limitations	  associated	  with	  waterbody-‐pollutant	  combinations	  on	  
the	  CWA	  303(d)	  list,	  which	  are	  not	  otherwise	  addressed	  by	  Part	  XX	  or	  other	  applicable	  pollutant-‐
specific	  provision	  of	  this	  Order,	  the	  Permittees	  shall	  achieve	  compliance	  as	  outlined	  in	  Part	  D.3	  
of	  this	  Order.	  

5. If	  a	  Permittee	  is	  found	  to	  have	  discharges	  from	  its	  MS4	  causing	  or	  contributing	  to	  an	  exceedance	  
of	  an	  applicable	  water	  quality	  standard	  or	  causing	  a	  condition	  of	  nuisance	  in	  the	  receiving	  water,	  
the	  Permittee	  shall	  be	  deemed	  in	  compliance	  with	  Parts	  D.1	  and	  D.2	  above,	  unless	  it	  fails	  to	  
implement	  the	  requirements	  provided	  in	  Parts	  D.3	  and	  D.4	  or	  as	  otherwise	  covered	  by	  a	  
provision	  of	  this	  order	  specifically	  addressing	  the	  constituent	  in	  question,	  as	  applicable.	  
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Comment Letters Received from Other Entities 

� CONTECH Engineered Solutions 

� Joyce Dillard 

� National Fire Sprinkler Association  

� Wildan Engineering 
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Contech Engineered Solutions LLC 
3777 Long Beach Boulevard, Suite 400 

 Long Beach, CA 90807  
Phone: (562) 733-0733 

Fax: (562) 264-0733 
www.ContechES.com 

  

 

July 23, 2012 

 

Renee A Purdy; Chief 

Regional Programs Section 

Los Angeles Regional Water Quality Control Board 

 

Subject: Comments on Draft Los Angeles Region MS4 Permit 

 

Dear Ms. Purdy, 

 

Thank you for the opportunity to comment on the draft MS4 permit for the Los Angeles region.  It is 

encouraging to see the progress on this draft permit, in particular the incorporation of watershed planning 

and TMDL compliance sections.  My comments primarily focus on the following four issues: 

 

• Biofiltration definition and design requirements 

• Performance criteria for new development treatment BMPs 

• Rainwater harvest and use feasibility criteria 

• Trash TMDL compliance 

 

Biofiltration definition and design requirements 

The incorporation of incidental infiltration is used in this permit to differentiate between biofiltration which 

can be used to fulfill on-site mitigation requirements where full retention of the SWQDv is not feasible, and 

planter boxes which cannot.  Aside from the presence of incidental infiltration, planter boxes and biofiltration 

BMPs may be designed identically per the standards in Attachment H.  The permit states that incidental 

infiltration is critical to meeting the required pollutant load reduction, yet no pollutant load reduction target is 

given and likely significance of incidental infiltration is not assessed.  Given the fact that biofiltration can only 

be used where native soil infiltration rates are less than 0.15 inches per hour, the portion of the design storm 

that will be lost to infiltration is likely to be very low.  For example, a biofilter designed following current 

Attachment H guidance, assuming a native soil infiltration rate of 0.1 inches per hour and a factor of safety of 

4 would infiltrate about 4% of the 0.75 inch design storm.  This is not an appreciable flow rate or volume 

reduction and considering that biofilter pollutant removal performance is very high for most common 

pollutants, it will not result in an appreciable pollutant load reduction.  This distinction should be removed and 

planter boxes should be allowed as an acceptable means of on-site treatment under the “Alternative 

Compliance Measures” pathway provided in the permit.  In order to prioritize the use of free draining systems, 

a simple statement requiring that incidental infiltration be allowed where feasible would suffice. 

 

The biofiltration definition currently includes bioswales which are among the lease effective BMPs for trash, 

sediment, nutrients and bacteria control according to an International BMP Database summary report
1
.  Swale 

performance is a reflection of the fact that the primary treatment mechanism is gravitational settling and 

filtration through vegetation as water flows to the outlet of the swale.  Infiltration and filtration through soil is 

                                                 
1 International Stormwater Best Management Practices (BMP) Database.  (2011) BMP Performance Data Summary Table.  Retrieved 

at: http://www.bmpdatabase.org/Docs/BMP%20Database%20Tabular%20Summary%20November%202011.pdf  
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incidental.  Bioswales are "flow through" treatment systems designed to convey a water quality flow rate, not 

to capture a runoff volume.  In bioretention and planter boxes, treatment mechanisms are fundamentally 

different.  They are designed to treat the design storm volume and runoff is filtered through at least 18" of 

amended soils prior to discharge.  To allow bioswales as a biofiltration BMP but to exclude the much more 

effective planter box is indefensible. 

 

Performance Criteria for new development treatment BMPs 

The permit currently requires that treatment control BMPs be designed to treat the stormwater quality design 

volume prior to release on sites pursuing off-site mitigation due to technical infeasibility.  The “Water Quality 

Mitigation Criteria” in Table 11 are given as benchmarks applicable to treatment BMPs.  The benchmarks 

appear to be the lowest effluent achieved by any BMP for each pollutant based on a summary report from the 

International BMP Database as referenced in the Ventura MS4 permit attachment C.  That attachment is 

copied below for your reference.  The effect of picking the lowest achieved values for all parameters is that 

there is no one BMP that can achieve all benchmarks in Table 11.  Subpart iv.(1) (a) on page 74 of the draft 

permit should be removed along with Table 11.  This would leave adequate protection in place in as section iv 

would still ensure that treatment controls are as effective as sand filters and do not cause or contribute to 

water quality impairments. 

 

 
 

Rainwater Harvest and use feasibility criteria 

Rainwater harvest and use feasibility criteria are absent from this permit draft.  Please refer to my previous 

comments (attached for your reference) on the Staff Working Proposal for suggestions regarding adoption of 

criteria that would encourage rainwater harvest in Los Angeles County.   

 

Trash TMDL compliance 

Trash control is required by multiple TMDLs in the Los Angeles region.  Installation of full capture devices 

throughout the region has resulted in significant progress toward meeting implementation targets set in those 

TMDLs.   However, compliance on paper and compliance in our receiving waters appear to be different 

targets.  This permit must clearly define adequate maintenance of full capture BMPs such that accumulated 

trash does not cause bypass at rates less than the peak design treatment flow rate and such that previously 

captured trash is not resuspended during any storm.  It is also important that credit given for partial capture 
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devices is proportional to their benefit.  As written, it would be possible to achieve 100% trash removal credit 

if a street was swept just prior to a storm event even all trash in catch basins on that street was scoured out 

during the storm.  This is unacceptable and must be corrected. 

 

Summary 

These changes will make the permit more consistent with contemporary California permits and will strengthen 

water quality protection.  Attached is a list of specific comments, suggested changes and permit section 

references for your review.  Thank you for considering them as you prepare for the next draft of this permit.  

Please contact me if you would like further discussion or clarification on any of the issues introduced here. 

 

 

Sincerely,  

 
 

Vaikko Allen, CPSWQ, LEED-AP 

Director – Regional Regulatory Management 

Contech Engineered Solutions LLC 

vallen@conteches.com 
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April 13, 2012 

  

Renee A. Purdy; Chief 

Regional Programs Section 

Los Angeles Regional Water Quality Control Board 

 

Subject:  Comments on Staff Working Proposal – Los Angeles Region MS4 Permit 

 

Dear Ms. Purdy, 

Thank you for the opportunity to comment on the staff working proposal of the minimum control measure section of 

the Greater Los Angeles County MS4 Permit.  As written, the proposal does incorporate key components of a low impact 

development based approach to stormwater management, but could be improved significantly in ways that more 

directly speak to the local needs of Los Angeles County. This letter contains specific recommendations for improving the 

draft permit in four areas: 

 

• Treat rainwater as a resource by making BMPs that retain rainwater for future use within the watershed and 

within a reasonable time frame the most preferred post construction stormwater management approach 

• Provide incentives for retrofit of the built environment to accelerate TMDL compliance 

• Lower feasibility thresholds for Green Infrastructure BMPs to encourage their use 

• Remove prescriptive post construction BMP design guidance from the permit and replace with clear 

performance standards 

 

Treat Stormwater as a Resource 

Los Angeles County is a net importer of water from as far away as the Sacramento Bay Delta and the Colorado River.  

This reliance on external sources of potable water is unsustainable and expensive compared to tapping local supplies.  

Conservation is a crucial component of our local water security plan, but thriving landscapes of native plants are also 

important for habitat, temperature buffering, recreation and aesthetics.  Landscapes do require water as do buildings, 

cooling systems, fire suppression systems.  The Los Angeles County permit should drive project proponents toward 

designs that capture rainwater and use it within the watershed as the top priority. Such an approach is consistent with 

the EPA definition of LID which states that “LID employs principles… that treat stormwater as a resource rather than a 

waste product.”
1
 

 

Recommendation: 

The current hierarchy of management approaches should be revised as follows: 

1. Most Preferred: Rainwater capture for beneficial use (i.e. rainwater harvest for indoor non-potable use, 

irrigation and other uses that offset potable water demand) or infiltration to groundwater where that water 

will be recovered in a reasonable amount of time (<5 years) either on site or in regional facilities within the 

same watershed 

2. Second Tier – Retention of water on site or off site through infiltration where that water will not be available 

for extraction within a reasonable time frame (>5 years) 

3. Third tier – Biofiltration through amended soils designed to produce at least a 90% reduction in TSS, 50% 

Phosphorus reduction, 50% reduction in soluble Zinc and 40% reduction in soluble copper.  Where feasible 

these systems should allow incidental infiltration and should incorporate an anoxic subsurface storage zone 

for nitrogen removal. 

                                                 
1 From: http://www.epa.gov/owow/NPS/lid/ 
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The current proposal does include the first tier option of discharging treated water from a site to a regional 

collection facility which is commendable.  Operation and maintenance can be much more reliable and 

economical at regional facilities compared to on-site LID facilities which have been documented to have very 

high (~50%) failure rates within the first few years of operation due to improper construction and/or 

maintenance.  In Los Angeles where nearly all developable land is already developed, regional facilities can 

typically retain runoff at a much lower cost.  Recovery and distribution of captured water, through groundwater 

extraction or direct treatment and use of stormwater runoff can also be more cost effective per gallon 

recovered compared to small scale decentralized facilities. 

 

Onsite infiltration of water also makes sense where it does not cause structural or pollutant transport issues.  

However, infiltrating water onsite where that infiltrated water has no connection to larger groundwater tables 

squanders our rainfall resources.  It would be better to capture and store that water for later use to offset 

potable water demand. 

Retrofit of built environment 

With approximately 1% of the Los Angeles County area being developed annually, even the most stringent regulation of 

new development and redevelopment during the permit term will probably not make significant progress toward 

restoring beneficial uses of our rivers, streams and bays. The numerous TMDLs set to be incorporated into the permit 

are evidence that the region has significant unresolved problems that are the result of existing development.  

Understandably, retrofit of the built environment is a difficult proposition financially and politically.  Retroactive 

requirements for existing land owners would be extremely unpopular especially in the current climate of depreciating 

real estate values.  However, the owners and operators of MS4s in the County will be responsible for ultimately meeting 

load allocations set in those TMDLs. This permit should provide clear requirements for identification, prioritization and 

initiation of municipal redevelopment projects that compliment current efforts like Los Angeles River revitalization 

planning and Integrated Regional Water Management Planning.  It should also incentivize redevelopment of private 

property. The alternative mitigation program is one opportunity to do this. 

 

Recommendation: 

Within each watershed, retrofit projects should be initiated that preferably harvest and use rainwater either through 

cistern type systems or through recharge of recoverable groundwater systems.  At a minimum these projects should 

retain water on site.  These projects should be initiated as soon as possible, with ongoing monitoring of the actual 

water harvest and runoff reduction amounts.  Where projects in the same watershed enroll in the alternative 

compliance program due to infeasibility of on-site retention, an alternative compliance fee paid by the developer 

would be applied toward constructed project costs as a rebate to the funders of those projects.  Projects enrolling in 

the alternative mitigation program must still provide adequate treatment for the portion of the design storm that 

leaves the project site. The permit should specify a minimum number of new redevelopment projects or a minimum 

retention volume per watershed to be completed within the permit term. 

 

Eliminate prescriptive BMP design requirements and strengthen performance standards 

Government and private industry work together best when clear, progressive performance standards are set by 

government and private industry is challenged to innovate to create the most cost effective and desirable means of 

achieving those standards.  This permit clearly establishes retention of the 85
th

 percentile design storm as the top tier 

performance standard.  Where that is infeasible, biofiltration is allowed.  However, there are no performance objectives 

given for biofiltration in terms of a pollutant load reduction required or a volume of annual runoff to be reduced.  

Presumably these are exactly the benefits that prescriptive design requirements regarding storage volume, incidental 

infiltration, media depth are intended to produce.  The lack of a clear performance standard in combination with design 

requirements virtually eliminates the opportunity for innovation.  These design details should be given in a technical 
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manual to accompany the permit, but as suggested, not required methods of satisfying permit requirements.  Engineers 

must also be given the option to select a different design that has been demonstrated to provide equivalent 

performance.  There are several nationally recognized stormwater BMP verification programs that can serve as 

independent auditors of system performance. 

 

Recommendation: 

Prescriptive BMP design requirements should be stripped from the permit and should be collected in a technical 

guidance manual to be completed after permit adoption.  For each tier of preference, the permit must articulate 

specific, measurable performance standards relating to pollutant load reduction and runoff reduction.   

 

Lower feasibility thresholds for Green Infrastructure BMPs to encourage their use 

Green infrastructure BMPs are a subset of BMPs that infiltrate, evapotranspire or harvest stormwater on-site.  In Los 

Angeles, there are many sites where retention of the entire water quality volume will not be feasible.  The current draft 

appears to sets a feasibility threshold of 100% capture of the SWQDv for each technology which is far too high.  Setting 

the feasibility threshold at 40% annual capture for infiltration and rainwater harvest would encourage more widespread 

implementation of these BMPs.  The rainwater harvest feasibility threshold should be modeled after the Orange County 

Technical Guidance Document
2
 guidance which requires consideration of the 30 day demand on site and allows water to 

be applied to the landscape at the native soil infiltration rate instead of the agronomic demand of the landscape 

vegetation. Feasibility criteria for the various BMPs do not need to be included in the Permit, but should be detailed in 

an accompanying technical manual.  

 

Recommendation: 

Set the feasibility threshold for green infrastructure BMPs at 40% annual runoff capture.  Require consideration of the 

30 day non-potable water demand on site for rainwater harvesting system feasibility assessment.  Allow captured 

rainwater to be delivered to the landscape at up to the native soil infiltration rate. 

 

With these changes, the proposal will be more protective and more tailored the unique conditions of Los Angeles 

County.  I would welcome the opportunity to review them in more detail at your convenience.  In addition, attached is a 

summary of specific language change recommendations that address other important issues.  I look forward to 

reviewing the draft permit in its entirety. 

 

 

Sincerely, 

 
Vaikko Allen, CPSWQ, LEED-AP 

Regulatory Manager- Stormwater 

CONTECH Construction Products Inc. 

allenv@contech-cpi.com 

 

 
 

                                                 
2 Available at: http://www.ocwatersheds.com/WQMP.aspx  
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Section Proposed Change or Comment Justification
VI.D.6.c.i.(4)  "Maximum potential for rainwater 

harvest and use" is not defined in this 
order.

Feasibility criteria for rainwater harvest and use is not 
included in this order.  Feasibility assessments should be 
based on the 30 day site demand including landscape 
irrigation and indoor nonpotable use where allowed, and 
should allow application of harvested water to landscaping 
area in excess of the agronomic demand as long as runoff is 
not created.

VI.D.6.c.ii.(2).(a) Change lower infiltration rate feasibility 
thresholdfrom 0.15 inches per hour to 
0.5 inches per hour.

The lower infiltration rate threshold of 0.15 inches per hour 
is extremely low.  A 0.5 inch per hour lower rate would be 
more consistent with other permits in Southern California.  
Typically, factors of safety between 2 and 8 are applied to 
the measured infiltration rate to produce a design infiltration 
that is used to size the infiltration BMP.  This factor of safety 
combined with a target infiltraiton rate of 48 hours could 
result in very large systems with allowable effective depths 
of as little as one inch.  

VI.D.6.c.ii.(2) Add section (h):  Rainwater harvest and 
use feasibility criteria

Rainwater harvest and use feasibility criteria are not 
included in this order.  This would be a good place to include 
it as a new subsection.  See previous comment for 
suggested feasibility criteria.

VI.D.6.c.iv.(1) and  
Table 11 - 
Benchmarks 
Applicable to New 
Development 
Treatment BMPs  - 
Conventional 
Pollutants

Remove the requirement that 
benchmarks listed in table 11 be met, 
subsection iv(1)(a).  Delete Table 11.  

The values in this table are unachievable by any of the 
BMPs in the International BMP Database including 
bioretention.  See attachment 3 from the Ventura Region 
MS4 permit.  Leaving requirement VI.D.6.c.iv.(1)(a) in place 
with Table 11 would require on-site BMPs installed under 
this section to be more effective than some accepted 
alternative compliance BMPs.  This is clearly unsupportable.  
Removing subsection (1)(a) would leave in place require 
that BMPs be at least as effective as sand filters (current 
subsection (2)) and that runoff will not cause or contribute to 
an exceedance of applicable water quality -based effluent 
limitations (current subsection (3)).  

VI.D.6.c.v.(1).(c).(ii)
.1

Modify existing text: "The site infiltrates 
or retains via rainwater harvest and use 
at lest the runoff rom the 2-year, 24-hour 
storm event…"

Additional text in red font should be added to reflect a wider 
range of runoff reduction BMPs that may be employed.

Address:2550 Bonmark Drive, Ojai, CA 93023
Phone:310-850-1736,   e-mail: vallenv@conteches.com

CONTECH Engineered Solutions, LLC

Suggested Changes
Draft NPDES NO. CAS004001

Greater Los Angeles County MS4 Permit
Submitted by Vaikko Allen, CPSWQ, Director - Regional Regulatory Management
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Section Proposed Change or Comment Justification
VI.D.6.d.iv.(1).(c).(ii
)

Change inspection frequency to 2x per 
year at the beginning and end of rainy 
season or inspection per the CASQA 
Stormwater BMP Handbook for New 
Development and Redevelopment for 
the first two years of operation with 
future inspection frequency of up to 2 
years allowed only if BMP demonstrates 
adequate performance without the need 
for maintenance during the first two 
years.  If more frequent maintenance is 
required, at a greater than 2 year 
interval, inspection frequency should be 
2x the required maintenance frequency.

This section is critical for the long term operation and 
performance of BMPs.  With failure rates in the range of 
50% for biotreatment and infiltration BMPs within the first 
two years of construction, it is important that regular and 
frequent inspection be undertaken.  Inspection results 
should become a basis for future inspection and 
maintenance frequency.  Most landscape based BMPs 
require regular vegetation maintenance with replacement of 
mulch and clearing of debris and sediment at least annually.

VI.E.5.b.i.(1).(a) - 
Footnote 40

It should be noted that the only Vortex 
Separation Systems (VSS) currently 
recognized as a "full capture system" is 
the CDS system.  

There are other vortex separators commercially available 
that lack a separation screen entirely or that have not 
demonstrated compliance with the "full capture system" 
performance standard.  The most unambiguous place to 
make this clarification is this footnote in this permit.  If this 
footnote is not amended, the Regional Water Board should 
provide a clear statement regarding the "vortex separation 
system" definition on the Regional Water Board web site.

VI.E.5.b.i.(1).(c) Define adequately maintained Adequate maintenance for full capture systems is not 
defined in this section.  It should be specified that adequate 
maintenance must prevent bypass or export of previously 
captured materials at flow rates up to and including the 
water quality flow rate.  If inspection reveals significant 
screen blockage (>25%) or evidence of trash bypass, more 
rigorous maintenance will be required and drainage areas 
treated by such inadequately maintained systems will not be 
deemed to be in compliance with its final effluent limitation.  
Section VI.E.5.b.ii.(2) also addresses compliance 
implications of inadequately maintained full capture systems 
and is another opportunity for clarification.

VI.E.5.b.i.(2).(b) The trash capture rate for partial capture 
BMPs will incorrectly inflate capture 
rates where street sweeping occurs 
soon before a storm.

Catch basin level controls have been observed in the region 
to have significant rates of bypass and trash export during 
storm events.  The equation provided does not account for 
the potential loss of trash from within a catch basin that will 
happen during a storm.  For example, if a street is swept 
immediately before a storm, the Storm Event Trash 
Discharge rate would be zero even if the catch basins on the 
street were full prior to the storm and were scoured during 
the storm. 
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Section Proposed Change or Comment Justification
VI.E.5.b.i.(4) This program inaccurately assumes that 

all trash is recoverable from the 
receiving water and shoreline.  Trash 
capture credit should reflect the 
probable trash recovery rate using a 
MFAC approach.  

Trash may be floating or sinking and may be transported to 
the receiving water sediment or into downstream waters 
where it is unrecoverable.  Trash accumulating in receiving 
waters or the shoreline between collection events impairs 
beneficial uses.  Trash storage is not an accepted use of 
receiving waters.  

VI.E.5.c.i.(1) Please specify the process whereby the 
Regional Water Board will periodically 
audit sizing, performance and other data 
to validate that a system satisfies the full 
capture system criteria.

It is not clear that a Regional Water Board program exists for 
this purpose.  

Attachment A - 
biofiltration

Bioswales must be removed from the 
definition of biofiltration.  

Bioswales, as defined in Appendix A of this order, are a 
"flow through" treatment system designed to convey a water 
quality flow rate, not to capture a runoff volume.  Swales of 
this type are not as effective as media filters for TSS, 
nutrient or trash removal and may actually increase 
concentrations of bacteria and nutrients in treated water if 
conventional landscape maintenance practices are followed.  
They are less effective than planter boxes for all 
conventional pollutants.  If swales are designed to infiltrate 
water through an amended soil layer instead of conveying it 
over a vegetated surface, they are much more effective.  
However, such designs are more accurately termed 
bioretention and could be designed following Appendix H. 
Currently, there is no mention of swales in Appendix H.

Attachment A - 
biofiltration

Planter boxes should be included in the 
definition of Biofiltration.

Biofilters without underdrains, or planter boxes are more 
effective for all conventional stormwater pollutants than 
bioswales.  Including bioswales but excluding planter boxes 
prioritizes the use of less effective BMPs which is 
indefensible.  The key difference is that planter boxes filter 
runoff through at least 18" of amended soils prior to 
discharge.  Infiltration and filtration through soil is incidental 
in bioswales.  The primary treatment mechanism is settling 
and filtration through vegetation as water flows to the outlet 
of the swale.  Since swales can only be used where 
infiltration is infeasible, native soil infiltration rates will be 
>0.15 inches per hour and infiltration rates will be negligible.  
Planter boxes must follow the Attachment H soil criteria and 
are designed to facilitate substantial evapotranspiration.  
Swales do not require amended soils and will provide 
relatively great evapotranspiration rates, but will also require 
much higher irrigation rates to maintain the robust 
vegetation necessary for treatment.
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Section Proposed Change or Comment Justification
Attachment A - 
bioswale

Remove this definition or clarify that a 
bioswale designed as a flow based 
treatment system is not acceptable as a 
biofiltration BMP.

See previous comment on Biofiltration definition

Attachment A - 
Planter Box

Remove the planter box definition and 
include planter boxes as part of the 
biofiltration definition

Biofiltration in other CA permits and compliance manuals 
includes planter boxes without underdrains.  The incidental 
infiltration benefit of including an underdrain is negligible 
considering that these BMPs can only be used where native 
soil percolation rates are < 0.15"/hr.  Planter boxes are an 
important and effective treatment tool on sites where 
infiltration is not be feasible due to geotechnical issues.  

Attachment H - 
Section 4

Sections 4, a, c, d, e, f should be 
relocated in an rainwater harvest and 
use feasibility section

These sections are unrelated to bioretention design.

Attachment H - 
Section 4.b

Detention of the SWQDv within the 
bioretention system should not be 
required.  It provides no definitive benefit 
and is overly prescriptive.

This requirement needlessly constrains designs without 
offering any quantifiable benefit.  If this criteria is intended to 
produce a specific runoff reduction volume or pollutant load 
reduction benefit please state those performance goals and 
allow alternative designs that provide equal benefits.

Attachment H - 
Section 5

The last sentence stating that  incidental 
infiltration is critical to meeting the 
required pollutant load reduction should 
be removed.  

There is no required pollutant load reduction stated in this 
permit for bioretention/biofiltration BMPs.  Incidental 
infiltration in soils with an infiltration capacity < 0.15"/hr is 
likely to be less than 10% of the design storm volume.  This 
benefit is marginal and does not outweigh the increased 
geotechnical risk of attempting infiltration in poor soils.
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Rodgers, Theresa@Waterboards

From: Joyce Dillard <dillardjoyce@yahoo.com>

Sent: Monday, July 23, 2012 11:55 AM

To: LAMS42012 LAMS42012

Subject: Comments to Draft Tentative Order Los Angeles County MS4 Permit due 7.23.2012 

Noon

We question the accessibility and use of current scientific data for the areas presented.  How were 
measurements taken, at what source points and at what intervals. 
 
Is monitoring only to be taken into receiving waters or are outfalls more important in this permitting. 
 
How do you determine if the permittee caused action into receiving waters if other permittees, such 
as Caltrans, may hold some responsibility.  Is it location, location, location. 
 
How are effluent maximums determined without any consideration to the General Plans and the Land 
Uses. 
 
Even now, a Public Facilities land use designation may be multi-family housing with a commercial 
mixed use aspect such as with School property. 
 
How can BMPs be determined to be effective without the proper planning, mapping, identification, 
listing of grandfathered properties and such. 
 
What is the state of the underground infrastructure as required in the Circulation Element.  You do not 
ask for the state mandated requirements for Public Health and Safety issues. 
 
You have no requirements for weather reporting and history which is what stormwater is all about.  
With that, how is sediment management incorporated into limitations.  How are fires incorporated into 
the limitations. 
 
Watershed Management Areas may really be under the jurisdiction of municipalities who grant 
permits and entitlements and not under LA County’s control. 
 
This is where you are voiding CEQA and not allowing the public to participate and comments on 
issues of importance to their persons and their property. 
 
The County Flood Control District is planning a vote-of property owners not of registered voters, to 
assess a parcel fee for Watershed Management Areas and their governance.  Property owners 
include corporations and government agencies. 
 
There is no vote of the People for elected representatives.  The bill will go to the property owner, in 
perpetuity, for requirements not well planned and documented. 
 
This disconnection will never achieve the reduction of pollutants into receiving waters because a 
financial aspect of mitigation banking will be created as offsets. 
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Not considered is the geology and soils, practices like fracking which the State Department of Oil, 
Gas and Geothermal DOGGR does not regulate, and remaining oil deposits, methane and other 
hazardous gases.  No one knows the content of the fracking fluid that enters the system. 
 
This agency is just too myopic in its scope of the problem. 
 
This is a developers dream-no CEQA, no source point identification, no responsibility but to the 
taxpayer. 
 
This is a contractors dream-projects without any required proof of productivity and benefit. 
 
This is a oil company’s dream because there is no oversight and accountability as to the use of water 
and its wasteproducts. 
 
Is there any consideration for birds, fish and wildlife.  Or water-born diseases that could kill out 
industries if mishandled? 
 
Have you considered tidal flows and the Southern California Bight geography. 
 
These generic methods of Best Management Practices BMPs need to be revised. 
 
The Board, who are appointed and not elected, are approving a system that has no real solution and 
sets up a financing tool that should be established by elected officials with considerations of revenue 
and budgets. 
 
You should be working with the Governor’s Office of Planning and Research and create an effective 
system with measurable and documented results.  This process should involve more than just one 
State agency. 
 
This is about the Public Health and Safety after all. 
 
Joyce Dillard 
P.O. Box 31377 
Los Angeles, CA 90031 
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25417 Hyacinth Street ●  Corona. California 92883  ●  (951) 277-3517  ●  FAX (951) 277-3199 

E-MAIL: LECAIR@NFSA.ORG  ●  WEBSITE: HTTP://WWW.NFSA.ORG 

 

National Fire Sprinkler Association             

July 23, 2012 

 

 

Los Angeles County Regional Water District                                          

Metropolitan Water District Headquarters  

320 West Fourth Street Suite 200 

Los Angeles, CA. 90013 
 

Subject:  Los Angeles County MS-4 Draft – Non-Storm Water Discharges 

 

Dear Member of the Board,  

 

The National Fire Sprinkler Association (NFSA) and the Los Angeles Chapter of the National 

Fire Sprinkler Association appreciate the opportunity to comment on the “Municipal Separate 

Storm Sewer System (MS4) Draft National Pollutant Discharge Elimination System (NPDES) 

Permit” for discharges within the Los Angeles County Flood Control District.  It is our belief 

that this permit is a very positive development as it recognizes that Community Water Systems 

(CWSs) and Fire Departments (FDs) have legal obligation under both state and federal statue and 

regulation to discharge water for the protection of public health and safety.  Our Associations 

support the regulatory accommodations provided in this permit which will allow CWSs, FDs, 

and MS4 Permittee’s to work together to resolve water quality problems rather than placing them 

a position where conflict would have resulted.   

 

The National Fire Sprinkler Association and the Los Angeles Chapter of the National Fire 

Sprinkler Association support the stakeholders of this draft would like to offer the following 

comments: 

  

Comment 1: Footnote 8 on the bottom of page 27. 

  

We would recommend that the definition of potable water include the term “raw water”.  

While untreated water is not a common discharge, it does occur and some MS4 Permittee’s 

have expressed reservations about accepting this water unless it is explicitly spelled out in 

the permit.   

  

8 Potable water distribution system releases means sources of flows from drinking water storage, 

supply and distribution systems (including flows from system failures and raw water), pressure 

releases, system maintenance, distribution line testing, and flushing and dewatering of pipes, 

reservoirs, and vaults, and minor non-invasive well maintenance activities not involving 

chemical addition(s) where not otherwise regulated by NPDES Permit No. CAG674001, NPDES 

Permit No. CAG994005, or another separate NPDES permit. 
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Comment 2: Top of Page 28, Clarification of the one acre-foot threshold hold.   

  

As written, it is possible to interpret the one acre-foot threshold as applying only to the 

third measure, “record keeping”.  We believe that the intent of the language is that all 

discharges greater than one acre-foot need to have all three of the noted actions taken.  So 

we recommend that the text be re-written so that it is clearer that the threshold applies to 

all requirements.  This should be done in Table 8 as well. 

  

Additionally, each Permittee shall work with potable water suppliers that may discharge to the 

Permittee’s MS4 to ensure that all discharges greater than one-acre foot shall have: (1) 

notification at least 72 hours prior to a planned discharge and as soon as possible after an 

unplanned discharge; (2) monitoring of any pollutants of concern
9
 in the potable water supply 

release; and (3) record keeping by the potable water supplier. for all discharges greater than one 

acre-foot.
10

 
 
 

Comment 3: Footnote 9 at the bottom of Page 28  

  

This footnote is difficult to interpret and contains analytes of marginal significance.  We 

believe that it be consistent with Footnote 10 where the analysis of chlorine residual and pH 

are required.  Further, the language used in this footnote makes more sense in Table 8 and 

as a result we propose the following changes. 

  
9
 Pollutants of concern include, at a minimum, trash and debris, including organic matter, total 

suspended solids (TSS), chlorine residual, pH, and any pollutant for which there is a water 

quality-based effluent limitation in Part VI.E applicable to discharges from the MS4 to the 

receiving water. 

  

Page 33, Table 8: Segregate conditionally exempt non-storm water discharges from potential 

sources of pollutants to prevent introduction of pollutants to the MS4 and receiving water. 

  

Essential Conditionally Exempt Non-Storm Water Dischargers (CENSWDs) must ensure flow 

path between discharge point and entrance to the MS4 (e.g. streets, gutters, swales) is free of 

trash and debris, organic matter, and potential sources of pollutants. 

 

Comment 4: Page 29 III. DISCHARGE PROHIBITIONS 4 a ii:  

  

We believe that this provision does to serve any purpose.  If a local MS4 owner or operator 

requires a local permit, the MS4 permit does not need to require the Permittee to require 

that permit, it is already required.  If the local MS4 owner or operator does not require a 

local permit, the MS4 permit does not change that.  We propose that this provision be 

struck out entirely. 

  

Obtains any local permits required by the MS4 owner(s) and/or operator(s); 

 

Comment 5: Page 33, Table 8.   
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The provision for LACFCD to mandate reporting by potable water suppliers does not 

make sense.  LACFCD has no legal mechanism to enforce this provision except where the 

discharge is to a County owned right of way, which is in only a very small number of 

cases.   It makes much more sense and is consistent with the rest of the permit to require 

each MS4 Permittee to have this requirement. 

  

Whenever there is a discharge of one acre-foot or more into the MS4, the Los Angeles County 

Flood Control District MS4 Permittee shall require advance notification by the discharger to the 

MS4 Permittee. to the potentially affected MS4 Permittee’s, including at a minimum the District 

and the Permittee with jurisdiction over the land area from which the discharge originates. 

 

Comment 6: Page 29 Permittee Requirements.   

  

This section makes frequent references to Table 8 which are BMPs for Non-Essential 

CESNSWD (except for the very first one which covers both Essential and Non-Essential 

CESNSWDs).  However it is confusing as worded.  The text could read…  

  

Develop and implement procedures to ensure that a discharger, if not a named Permittee in this 

Order, fulfills the following non-storm water discharges to the Permittee’s MS except as 

provided in III A 2 a i. and ii.  

 

Comment 7: The Board may wish to consider using the terms Essential CENSWD and 

Non-Essential CENSWD for clarity’s sake.  It is difficult to discuss the provision of this 

permit without some sort of definitive terminology. 

  

 

Sincerely,  

Bruce Lecair, Southwest Regional Manager 

National Fire Sprinkler Association   

 

 

 

 

 

 

 

 

 

 

C; jt,dk,bd,ww  
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July 23, 2012 

 

Mr. Sam Unger 

Executive Officer 

Regional Water Quality Control Board 

     Los Angeles Region 

320 W 4
th

 Street 

Suite 200 

Los Angeles, CA 90013 

 

Attn: Ivar Ridgeway 

 

Subject: Comments on the Proposed NPDES permit for Los Angeles County, Los Angeles 

County Flood Control District and 84 Incorporated Cities of Los Angeles County 

 

Dear Mr. Unger: 

 

Thank you and your staff for the opportunity to review and comment on the proposed NPDES 

permit noted above.  As you have noted in your recent correspondence denying the Permittees 

request for additional time to negotiate the content of this permit, your staff has provided for 

interaction between the Permittees and the Board for at least six months.  I wish that I could say 

that this communications was a two way street.  As you note in your denial letter, staff did 

distribute working copies of most elements of the permit.  Unfortunately, the working language 

comments were treated as a one way communication, in which the Cities could offer comments, 

but staff was not obliged to respond to those comments as would be the normal practice.  The 

Cities made comments, that we believe to be constructive, and even met with staff to ensure that 

our concerns were understood by staff.  But once those comment letter and meeting were held 

staff moved on to the next phase of permit preparation without providing any idea how our 

comments were going to be incorporated into the permit.  In some cases staff did modify the 

permit to address our concerns, but in most cases the Cities have no idea why our comments 

have been ignored. 

 

Now that the Proposed Permit language is distributed I think that I can safely say that the Permit 

as written cannot be implemented by 80 to 95% of the Co-permittees.  I regret to say it this way, 

but the reality which the Regional Board and its Staff have chosen to ignore is that the economic 

conditions are driving Cities into Bankruptcy and those that are well managed are laying off 

many good people that will be needed to implement this permit.  The Staff may believe that this 

permit is just a clarification of the previous permit and should not cost significantly more to 

implement, but a careful reading of this permit reveals the significance of the changes.  I am 

going to try and list the issues in order as contained in the permit. 

 

Section VI.A.3.a, States “Each Permittee shall exercise its full authority to secure the 

financial resources necessary to meet all requirements of this Order.”  If you are an optimist 

this phrase is fairly simple, but in today’s legal atmosphere every City should be wary of this 

statement.  First the “requirements of this Order” are staggering and expensive.  Every level of 

Government is seeking every tax dollar that it can raise just to keep itself in the black.  Not many 
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are succeeding.  The State of California is facing a deficit of $16,000,000,000 with a B, City like 

Los Angeles are faced with budget deficits of $400,000,000 and even small cities are faced with 

the loss of $2,000,000 due to the State shutdown of redevelopment.  These numbers are real and 

I know that the Regional Boards have the same budget issues because of the State deficit.  With 

the financial environment that we are in today to require cities to exercise their “full authority to 

secure financial resources to meet all requirements” is already a failure.  So since we cannot 

comply with this provision of the Order the NGOs like Heal the Bay and the NRDC can file third 

party lawsuits against cities and the cities have no defense.  They will be found guilty and fined 

by the Courts.  This situation is already playing out for the cities along Santa Monica Bay.  With 

the adoption of this new permit it will spread to all of the Cities covered by the permit. 

 

 The permit, starting at Section VI.C, proposes to offer the Cities away to make the permit more 

affordable by establishing a “Watershed Management Plan” that will allow Cities to join in an 

effort to establish watershed priorities for both the Minimum Control Measures and for the 

TMDL program.  Under this program, Cities within a Watershed Management Area, defined in 

attachment B, will be allowed to offer an alternative program to that contained in the permit.  

While on the surface this sounds promising the reality is that the cities have to decide within six 

months if they are going to participate and then present the Watershed Management Plan (WMP) 

to the Regional Water Board Executive Officer no later than 12 months after the effective date of 

the permit.  If two cities were interested in preparing a WMP and sharing the cost of the plan it 

may be possible to meet the schedule.  However, for watersheds like the Los Angeles River 

Watershed, the task becomes impossible.  There are 35 cities in the WMA and getting them to 

agree to share the cost within a six month period would be next to impossible.  Add to that, the 

RFP process to hire the consultant that would be necessary to prepare a million dollar WMP, the 

cities would be luck to accomplish the hiring of the consultant within the one year period.  So by 

default the Cities will be stuck complying with the provisions of Section VI.D.1.b.i, and must 

comply with the permit requirements within 30 days of the effective date of the Order.   

 

If the WMP concept is to be meaningful the time for developing the WMP must be 

extended to two or three years so that reasonable deadlines can be imposed for decision 

making.  

 

Section VI.D contains the Minimum Control Measures.  These programs mostly follow the 

programs contained in the 2001 permit.  If the programs were identical to those contained in the 

previous permit it would be easy to roll into these programs without problems.  However, as the 

Regional Board staff has stated there is general dissatisfaction within the Board Staff and the 

NGO community on how the Cities have implemented and complied with the 2001 permit.  So in 

an effort to obtain more compliance with the Minimum Control Measures (MCM) the Board 

staff has expanded these provisions to require new databases for tracking everything from 

Priority business, those that have a likelihood to discharge pollutants to the MS4, to tracking 

permits issued for projects that disturb an acre or more from the beginning of work through 

project completion.  The Cities were required to track businesses under the 2001 version of the 

permit, but the data fields that the Board staff wants tracked under Section VI.D.5.b.ii, is more 

extensive and will require the creation of a new database to satisfy the permit.  While the 

Permittees are likely to implement compliance with the MCM, meeting the 30 day deadline is 

not possible. 

RB-AR12179



December 5, 2011  Page 3 

 

 

In addition, under the MCM program the Regional Board is imposing requirements that are 

likely to shut down the construction industry in the Los Angeles County area because new 

development or redevelopment projects must contain on site and infiltrate the increased runoff 

volume generated by the project.  In some areas infiltration is not a problem while in other areas 

geotechnical reasons will preclude the use of infiltration.  When runoff cannot be infiltrated on 

site the alternative either requires the City to identify a mitigation site or when there is no 

mitigation site projects cannot be approved.  This requirement is contained in the Ventura 

County permit where there are many more mitigation sites available.  In the densely developed 

Los Angeles County Area the Cost of land will either make mitigation impractical or mitigation 

will be very expensive. 

 

The Regional Board must recognize that the MCM program is not the same as it was in the 

2001 permit and that the Cities will need more than 30 days to implement the update 

programs. 

 

The Regional Board has added 33 or 34 TMDLs to this permit as enforceable elements of the 

permit.  The Los Angeles River Watershed has had two TMDLs that are moving forward in the 

implementation with a third approved and beginning the process of implementation.  That leaves 

us with three TMDLs that affect watershed members differently.  To add this volume of TMDLs 

to the permit at one time will impose a significant financial burden on the Cities.  By your own 

estimates the Metals TMDL for the Los Angeles River Watershed will cost the cities 5 to 6 

Billion Dollars to implement.  As you have heard the City of Bradbury is faced with an annual 

cost of 1.2 Million Dollars per year to comply with the TMDL.   Their budget is $800,000 

annually.  This cost of implementation is unreasonable and should not be imposed on any 

agency.  The Trash TMDL, and the Bacteria TMDL both are being implemented at this time and 

their prices tags will be significant, considering the cost of maintenance that will be ongoing 

forever.   

 

The Regional Board must identify a source of funding that the Cities can depend on to 

offset these significant Capital and Maintenance costs. 

 

The final financial burden that the proposed permit imposes is the monitoring and reporting 

program in attachment E to the permit.  If I understand the Receiving water monitoring correctly 

that will remain the responsibility of Los Angeles County.  In the same manner any other 

Regional monitoring program that exists will continue with the agency that is currently 

performing that monitoring.  TMDL monitoring is a coordinated monitoring program so the costs 

are a shared cost based on plans that are submitted and approved by the Regional Water Board.  

The monitoring program that will be a major imposition will be the Development and 

Redevelopment monitoring and database, the outfall monitoring for Storm water runoff and for 

non-storm water performed at the outfalls from the City.  Fortunately, with the economy as slow 

as it is currently priority projects that must implement the Development and re-development 

provisions will not be many.  But the obligation to track these projects through construction and 

into the future will impose a new program that will need to be funded forever.  At least with 

development and redevelopment we have projects that can be expected to fund these inspections 

with fee paid either by the HOA or business.   
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The two outfall monitoring programs will be the most costly and time consuming and least able 

to pay for the cost to implement.  Just the sheer number of tests that must be performed at each 

monitoring site is frightening.  The storm water outfall monitoring is difficult to estimate how 

many sites we are being asked to monitor, but if we assume that a City will be monitoring 

outfalls at the down slope boundary of its jurisdiction, two or three locations, and if there are 

outfalls from a neighboring City on the upstream side of town the number of monitoring location 

could total six sites.  Of the two options, automatic or manual sampling, most cities will select 

the automatic equipment over having two or three employees at an outfall location for 24 hours 

to sample for the storm flow.  Once the samples are collected they must be sent to a Laboratory 

for testing.  This permit requires that Acute Toxicity testing be performed on two samples per 

year from each monitoring station.   Once the site are selected the permit requires three sampled 

storm events during the rainy season including the first significant rain event to capture the first 

flush runoff.  The monitoring stations will generally cost the Permittee between $75,000 and 

$100,000 each with tests running between two and three thousand dollars per event.   

 

The non-storm water monitoring program may be a far more expensive program.  Most Cities 

will likely have 10 to 30 outfalls that they will have to monitor during the five year term of the 

permit.  Because this is a rotating program the Cities will either purchase or rent portable 

monitoring and sampling equipment.  If they purchase equipment they will be facing costs of 

nearly $50,000 and the cost of maintenance of the equipment.  Again the sampling will require 

each outfall to be monitored for 24 hours.  The samples must be composite samples generally 

with a volume of nearly five gallons so that the pollutants of concern and the Acute Toxicity 

testing can be performed.  Permittees are likely looking at a monitoring program that will cost 

them $300,000 to $600,000 per year that cannot be shared with other permittees.  There is no 

way to argue that monitoring of this cost is not significant.  Permittees under the current permit 

are paying $5,000 to $10,000 per year for monitoring. 

 

The Regional Board must address the issue of cost to justify the need for a Permit that is so 

expensive. 

 

AS I STATE AT THE BEGINNING OF THIS LETTTER THIS PERMIT IS WRITTEN 

TO CAUSE CITIES TO FAIL TO MEET THE PERMIT PROVISIONS.  A LESS 

COSTLY PERMIT AND A PERMIT THAT DOES NOT IMPOSE SO MANY NEW 

PROGRAMS AT ONE TIME MUST BE DEVELOPED. 

 

There are several routine matters that the Regional Board must address.  In the list of permittees 

there are several erroneous entries in the table.  1) City of Bradbury contact should be Michele 

Keith the City Manager, I believe that Bradbury as three employees.  2)  City of Lawndale 

Contact is not Marlene Miyoshi,  Marlene no longer works for the City of Lawndale,  3)  City of 

Rolling Hills Contact is not Greg Grammer,  Mr. Grammer is correctly shown as the Contact for 

Rolling Hills Estates for whom he works. 

 

Section VI.D.6.b.ii, tries to define when a project that is currently under design will be exempt 

from compliance with this permit.  It read as follows: 
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(d) “Existing Development or Redevelopment projects shall mean projects that have been 

constructed or for which grading or land disturbance permits have been submitted and are 

deemed complete prior to the adoption date of this order, except as otherwise specified in this 

Order.” 

 

The phrase – “for which grading or land disturbance permits have been submitted and are 

deemed complete” – needs to be clarified.  As written the phrase is vague and open to many 

interpretations.  One interpretation might be the submittal of grading or building plans for plan 

check is deemed complete for actually performing the plan check.  A second interpretation might 

be that the Grading or Building plan check has been completed and the project is waiting for the 

permits to be issued.   A third interpretation might be that the Grading or Building Plans have 

been submitted to the Planning Department and are deemed complete for processing the plans for 

discretionary approvals.  A fourth possible interpretation is that the application to demolish an 

existing building has been submitted and is ready for issuance.   

 

This is obviously too broad a range of interpretations to be meaningful.  I would request 

that the Regional Board Staff Clarify what stage of processing the Board is intending for 

these cases. 

 

Section VI.D.6.d.ii of the proposed permit asks Permittees to enter into agreements among 

municipal departments that have jurisdiction of project review.  This request seems unusual 

because most Permittees do not have MOUs or formal written agreements between departments 

within the City Department structure.  Normally, the City departments are responding to a State 

or Local Law or Regulation which establishes the obligation to perform a review or impose 

certain conditions.  The MS4 permit is one of those regulations that the Permittees must address 

in their normal activities.  Asking a City to create a formal agreement between Departments is 

going to be difficult to justify.  I think that the Regional Water Board needs to rethink this 

awkward requirement or create a model form for the Cities to use.  

 

Section VI.D.7.h.ii.6, appears to be inconsistent with the CGP allowances for the Design of Structural 

BMPs.  This section limits the design of Structural BMPs to Civil Engineers only.  The State CGP allows 

eight different professional to qualify as QSD with the authority to design Structural BMPs.  If the 

Regional Board Staff feels that the State Board was too lenient by allowing all of these groups to have the 

authority the reasoning should be clearly stated in the permit so that these other qualified professionals 

understand why their qualifications are being challenged.  

 

VI.A.2.a.viii, requires the Cities to enter agreements with agencies such as the California Department of 

Transportation or other similar state agencies liked the Department of Water Resources that discharge 

water to our MS4.  These superior agencies have no reason to bind themselves to a Municipal 

Government.  If the Regional Water Board believes that these agencies should enter these agreements 

please provide the authority in the permit for the Cities to cite for requiring these superior agencies to 

respond to the Cities. 

 

The Los Angeles Permit Group is submitting comments related to this subject.  This letter supports those 

comments though they are not duplicated in this letter. 

 

Again, I would like to thank you for allowing the Permittees to review and comment on the proposed 

draft permit language.  This is a very difficult assignment and the Regional Board should be commended 
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for its effort to maintain an open dialogue with the Cities.  If you have any questions on these comments 

please contact me at 562-908-6278. 

 

Sincerely 

 

 

 

 

 

Elroy L. Kiepke 

NPDES consultant  
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Comment Letters Received from Permittees 

� City of Agoura Hills 

� City of Arcadia 

� City of Artesia 

� City of Baldwin Park 

� City of Bellflower 

� City of Bell Gardens 

� Best, Best & Krieger LLP 

� City of Beverly Hills 

� City of Bradbury 

� City of Burbank 

� City of Calabasas 

� City of Carson 

� City of Covina 

� City of Culver City 

� City of Diamond Bar 
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� City of Downey 

� City of Duarte 

� City of El Segundo 

� City of Glendora 

� City of Hidden Hills 

� City of Inglewood 

� City of Irwindale 

� LA County Flood Control District (LACFCD) 

� City of La Mirada 

� LA Permit Group 

� City of La Verne 

� City of Lakewood 

� City of Lawndale 

� Los Angeles City 

� Los Angeles County 

� City of Malibu 
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� City of Monrovia 

� City of Monterey Park 

� City of Norwalk 

� Peninsula Cities Including Rancho Palos Verdes 

Rolling Hills Estates, Palos Verdes Estates, 

Rolling Hills 

 

� City of Pico Rivera 

� City of Pomona 

� Richards, Watson, Gershon 

� City of Rolling Hills 

� Rutan and Tucker 

� City of San Dimas 

� City of San Gabriel 

� City of San Marino 

� City of Santa Clarita 

� City of Santa Monica 
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� City of Sierra Madre 

� City of Signal Hill 

� South Bay Cities Including Redondo Beach, 

Manhattan Beach, Hermosa Beach, Torrance, El 

Segundo 

 

� City of South El Monte 

� City of South Gate 

� City of Temple City  

� City of Torrance 

� City of Vernon 

� City of West Covina 

� City of Westlake Village 
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AGOURA HILLS
"Gateway to the Santa Monica Mountains National Recreation Area"

July 20,2012

VIA FED EX AND E-MAIL (PDF)

Mr. Ivar Ridgeway
California Regional Water Quality Control Board, Los Angeles Region
320 West 4th Street, Suite 200
Los Angeles, California 90013
LAMS42012@waterboards.ca.gov
murdY@waterboards.ca.gov
iridgeway@waterboards.ca.gov

Dear Mr. Ridgeway:

The City of Agoura Hills ("City') submits the following comments to the Los Angeles Regional
Water Quality Control Board's ("Regional Board") Tentative Order No. R4-2012-xxx, NPDES
Permit No. CAS004001) ("Permit"). The LA Permit Group has submitted comments regarding
the Permit which the City joins and incorporates herein. The City reserves the right to make
additional legal comments on the Permit prior to the close of the public hearing to adopt the
Permit and at the public hearing itself.

On behalfof the City of Agoura Hills, we hereby submit the following initial comments on the
Permit:

1. The Time Provided to Review the Permit Is Insufficient and Denies Permittees Due
Process of Law

The period provided to review and comment on the Permit has been unreasonably short given the
breadth of the Permit. Beginning on March 28, 2012, Regional Board staff issued a series of
Staff Working Proposals pertaining to key sections of the Permit. Regional Board staffhas used
their StaffWorking Proposal'workshops as ajustification for the hurried manner in which the
Permit was developed. The same justification was used by the Executive Director in denying the
LA Permit Group's request for a time extension.

This justification, however, fails for several reasons. First, Regional Board staff gave the
permittees only a few weeks to comment on each ofthe Staff Working Proposals. Furthermore,
the Regional Board staff did not respond to any comments, leaving permittees to guess at which
requirements would be incorporated into the Permit. Seeing the Permit in its entirety and having
the opportunity to understand how each of the sections and programs work together is imperative
in order for permittees to fully understand the Permit provisions and to prepare comments.

30001 Ladyftce Court. Agoura Hills. CA 91301-1335 • Telephone (818) 597-7300 • Fax (818) 597-7352
e-mail: ci.agoura-hills.ca.us
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Second, despite all the working proposals, workshops, and meetings, the permittees are left with
a Permit that cannot be complied with from the first day the Permit goes into effect, due to the
Receiving Water Limitation (RWL) and the Waste Load Allocations (WLA) requirements that
could subject the permittees to third party lawsuits.

We believe the Regional Board wants a review process that is open and transparent. Providing
permittees only forty-five (45) days to comment makes this impossible. To develop and provide
relevant and meaningful comments, each permittee must first:

• Read a 500 page Permit;
• Study the 500 page Permit to understand how the provisions work together;
• Compare it to the last Permit;
• Evaluate the resource needs to comply with the Permit;
• Determine the fiscal and organizational impacts on City services, which requires

coordination with several City departments;
• Conduct technical and legal review ofthe Permit and prepare comments;
• Present information to and gather feedback from the City CounciL Staff needs time to

conduct a thorough review of the items listed above, prior to presenting them to the
City Council; and

• Prepare written comments.

To ensure a proper review ofthe Permit, the City hereby requests an extension of 180 working
days to include a Revised Tentative Permit to be released with a 45-day comment period. The
intent of a Revised Tentative Permit is to ensure the permittees have the opportunity to review
any changes made to the existing draft and provide comments prior to the Permit adoption
hearing. Additionally, this extension request will resolve a conflict our city management and
officials have with the current September 6-7, 2012 hearing date, which overlaps with the annual
League of Cities conference in San Diego.

The extreme speed with which the Permit is being circulated and reviewed and proposed to be
adopted amounts to a denial ofthe City's due process rights and is contrary to state and federal
law. By denying the permittees a meaningful opportunity to review and comment on a Permit
that so drastically affects the permittees' rights and finances, the Regional Board has denied the
permittees due process rights under state and federal law. See Spring Valley Water Works v. San
Francisco, 82 CaL 286 (1890) (reasonable notice and opportunity to be heard are essential
elements of"due process oflaw," whatever the nature ofthe power exercised.) Furthermore,
under the Clean Water Act, a reasonable and meaningful opportunity for stakeholder
participation is mandatory. See, e.g., Arkansas Wildlife Fed'n v. leIAms., 29 F.3d 376,381 (8th
Cir. 1994) ("the overall regulatory scheme affords significant citizen participation, even if the
state law does not contain precisely the same public notice and comment provisions as those
found in the federal CWA.") For the reasons stated above, the Permit does not satisfy the Clean
Water Act standard and violates the City's due process rights.
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2. The Permit Should Be Revised to Provide that Implementation of BMPs is Sufficient
to Constitute Compliance with the Permit

Pennittees should be able to achieve compliance with the Penhit through a best management
practice ("BMP") based iterative approach. Regional Board staffhas previously indicated that it
would not create a pennit for which pennittees would be out of compliance from the very first
day the Pennit goes into effect. This necessarily means the Pennit cannot require immediate
strict compliance with water quality standards. Yet the Fact Sheet states that a party whose
discharge "causes or contributes" to an exceedance of a water quality standard is in violation of
the Pennit, even if that party is implementing the iterative process in good faith. See Fact Sheet
at pp. F-35-38. These positions are incompatible and effectively render the iterative approach
meaningless.

As written, the Pennit requires that all discharges to receiving waters must immediately meet
water quality standards to avoid violating the Pennit. This presents an impossible standard for
pennittees to meet, especially given the fact that thirty-three (33) TMDLs have been
incorporated into the Pennit. This means that numerous water bodies that currently do not meet
water quality standards will be governed by the Pennit and pennittees will be subject to potential
liability immediately. Even for TMDLs for which the Regional Board issues time scheduling
orders, such orders will not protect a pennittee from third-party lawsuits for measured
exceedances, based on the Pennit's current language. Even if such lawsuits are unfounded, the
legal costs to defend such suits are enonnous. For this same reason, final wasteload allocations
should not be incorporated into the Pennit, especially where we are dealing with TMDLs that
have been rushed through due to the Browner consent decree with the understanding that they
would be refined over time with reopeners as new infonnation becomes available.

A BMP-based approach should be utilized in the Pennit, as outlined in EPA's November 12,
2010 Revisions to the November 22,2002 Memorandum "Establishing Total Maximum Daily
Load (TMDL) Waste10ad Allocations (WLAs) for Stonn Water Sources and NPDES Pennit
Requirements Based on those WLAs." ("EPA Memorandum"). See also 40 C.F.R. § l22.44(k).

To accomplish this purpose, the City supports using the receiving water limitation language
proposed by CASQA, which is similar to the language in the Draft Caltrans Pennit. Otherwise,
cities are potentially vulnerable to third party lawsuits such as those brought against the City of
Stockton and the County of Los Angeles by third parties within the last five years.

Furthennore, the EPA Memorandum is clear that an increased reliance on numerics should be
coupled with the "disaggregation" of different stonn water sources within pennits. See EPA
Memorandum at pp. 3-4. The Pennit currently aggregates multiple sources of stonn water runoff
while additionally imposing numeric standards. This will result in a system whereby the
innocent will be punished alongside the guilty for numeric standard exceedances. The Regional
Board should not allow this inequitable and legallyunjustifiable result to occur.

Another reason for adopting a BMP-based approach is the fact that new and existing
conditionally exempt non-stonnwater discharges may also contribute to measured exceedances.
This inequitable result means the exempt discharges may nonetheless contribute to pennittee
liability.
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3. The Permit Improperly Intrudes Upon the City's Land Use Authority in Violation
ofthe Tenth Amendment ofthe U.S. Constitution

To the extent that this Permit relies on federal authority under the Clean Water Act to impose
land use regulations and dictate specific methods of compliance, it violates the Tenth
Amendment of the U.S. Constitution. Furthermore, to the extent the Permit requires a municipal
permittee to modify its city ordinances in a specific manner, it also violates the Tenth
Amendment. According to the Tenth Amendment:

"The powers not delegated to the United States by the Constitution, nor prohibited
by it to the States, are reserved to the States respectively, or to the people."

Article XI, section 7 of the California Constitution California also guarantees municipalities the
right to "make and enforce within [their] limits all local police, sanitary and other ordinances and
regulations not in conflict with general laws." See also City ofW Hollywood v. Beverly Towers,
52 Cal. 3d 1184, 1195 (1991). Furthermore, the United States Supreme Court has held that the
ability to enact land use regulations is delegated to municipalities as part of their inherent police
powers to protect the public health, safety, and welfare of its residents. See Berman v. Parker,
348 U.S. 26, 32-33 (1954). Because it is a constitutionally conferred power, land use powers
cannot be overridden by State or federal statutes.

Even so, both the Clean Water Act and the Porter-Cologne Act provisions regarding NPDES
permitting do not indicate that the Legislature intended to preempt local land use authority.
Sherwin Williams Co. v. City ofLos Angeles, 4 Cal. 4th 893 (1993); California Rifle & Pistol
Assn. v. City ofWest Hollywood, 66 Cal. App. 4th 1302,1309 (1998) (Preemption ofpolice
power does not exist unless "Legislature has removed the constitutional police power of the City
to regulate" in the area); see Water Code §§ 13374 and 13377 and 33 U.S.C. § 1342 (b)(I)(B).

Ifthe Permit is adopted, the City believes that this Permit could establish the Regional Board as a
"super municipality" responsible for setting zoning policy and requirements throughout Los
Angeles County. The prescriptive and one-size-fits-all nature of this policy will ensure that any
resident or business challenging the conditions set forth in this Permit would not only sue the
municipality charged with implementing these requirements, but would also have to sue the
Regional Board itself to obtain the requested relief. The City does not believe this is the intent of
the Regional Board. Rather than adopting programs that dictate the precise method of
compliance, the Regional Board should collaborate with the City and other permittees to develop
a range ofmodel programs that each municipality could then modify and adopt according to its
own individual circumstances.

4. The Permit Constitutes an Unconstitutional Unfunded Mandate

The Permit contains mandates imposed at the Regional Board's discretion that are unfunded and
go beyond the specific requirements of either the Clean Water Act or the EPA's regulations
implementing the Clean Water Act, and thus exceed the "Maximum Extent Practicable"
("MEP") standard. Accordingly, these aspects of the Permit constitute non-federal state
mandates. See City ofSacramento v. State ofCalifornia, 50 Cal. 3d 51,75-76 (1990). Indeed,
the Court of Appeals has previously held that NPDES permit requirements imposed by the
Regional Board under the Clean Water and Porter-Cologne Acts can constitute state mandates
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subject to claims for subvention. County ofLos Angeles v. Commission on State Mandates, 150
Cal. App. 4th 898, 914-16 (2007).

The Permit goes beyond federallaw, as the Permit is at least twice as long, and in some cases,
three times as long as other MS4 permits developed by other Regional Boards in the State of
California, such as the Lahontan Regional Board and the Central Valley Regional Board, not to
mention permits developed by EPA. This means that either some Regional Boards are failing to
impose federally mandated requirements pursuant to the Clean Water Act, or the more likely
explanation is that the Regional Board is imposing requirements that go beyond federal law.

A. The Permit's Minimum Control Measure Program is an Unfunded State
Mandate

The Permit's Minimum Control Measure program ("MCM Program") qualifies as a new
program or a program requiring a higher level of service for which state funds must be provided.
The particular elements of the MCM Program that constitute unfunded mandates are:

• The requirements to control, inspect, and regulate non-municipal permittees and
potential permittees (Permit at pp. 38-40);

• The public information and participation program (Permit at pp. 58-60):
• The industrial/commercial facilities program (Permit at p. 63);
• The public agency activities program (Permit at pp. 56-63); and
• The illicit connection and illicit discharge elimination program (Permit at pp. 106-109).

The MCM Program requirement that the permittees inspect and regulate other, non-municipal
NPDES permittees is especially problematic and clearly constitutes an unfunded mandate. (See,
e.g., Permit at pp. 38-40.) These are unfunded requirements which entail significant costs for
staffing, training, attorney fees, and other resources. Notably, the requirement to perform
inspections of sites already subject to the General Construction Permit is clearly excessive.
Permittees would be required to perform pre-construction inspections, monthly inspections
during active construction, and post-construction inspections. The requirements ofthis Permit
exceed past permits, meaning that the Regional Board is requiring a higher level of service than
in prior permits.

Furthermore, there are no adequate alternative sources of funding for inspections. User fees will
not fully fund the program required by the Permit. Cal. Gov't Code, § 17556(d). NPDES
permittees already pay the Regional Water Quality Control Boards fees that cover such
inspections in part. It is inequitable to both cities and individual permittees for the Regional
Board to charge these fees and then require cities to conduct and pay for inspections without
providing funding.

B. The Receiving Water Body Requirements Render the Permit an Unfunded
Mandate

If strict compliance with state water quality standards in receiving water bodies is required
including state water quality standard-based wasteload allocations-in the MS4 itself or at
outfall points and in receiving water bodies, the entire Permit will constitute an unfunded
mandate because such a requirement clearly exceeds both the Federal standard and the
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requirements ofprior permits, despite the fact no funding will be provided. See Building
Industry Assn. ofSan Diego County v. State Water Resources Control Bd., 124 Cal. App. 4th
866,873, 884-85 (2004) (though the State and Regional Boards may require compliance with
California state water quality standards pursuant to the Clean Water Act and state law, these
requirements exceed the Federal Maximum Extent Practicable standard.)

C. The City Does Not Necessarily Have the Requisite Authority to Levy Fees to Pay
for Compliance With the Order

The ability to fund the Permit through bond measures or tax increases does not render the
Permit's program ineligible for a subvention claim because such funding mechanisms are
contingent upon voter approval, in some cases requiring supermajority votes. Howard Jarvis
Taxpayers Assoc. v. City ofSalinas, 98 Cal. App. 4th 1351 (2002). The money available from
other sources is both too speculative and limited to cover all or even some of the costs imposed
by the Permit. Such speculative funding sources cannot count as viable sources of funding so as
to preclude a subvention claim. Cal. Gov't Code, § l7556(f). Furthermore, even if some portions
of the Permit's programs can be covered by user fees, these fees will not come close to covering
all such costs, meaning permittees' general funds will have to be utilized to cover substantial
portions of these costs. Cal. Gov't Code, § 17556(d) (the ability to charge fees only defeats a
subvention claim where the fees are sufficient to fully fund the program.)

5. The Permit's Monitoring Program Exceeds the Requirements of Law

The Permit's Receiving Water Monitoring Program is improper for going well beyond the scope
ofmonitoring requirements authorized under Water Code Sections 13267 and 13383. The
relevant portion of Water Code Section 13267 states:

"(b) (l) In conducting an investigation. . . the regional board may require that ...
any citizen or domiciliary, or political agency or entity of this state who has
discharged, discharges, or is suspected of having discharged or discharging, or
who proposes to discharge, waste outside of its region that could affect the quality
ofwaters within its region shall furnish, under penalty ofpeJjury, technical or
monitoring program reports which the regional board requires. The burden,
including costs, ofthese reports shall bear a reasonable relationship to the need
for the report and the benefits to be obtained from the reports."

The Regional Board's failureto conduct and communicate the requisite cost-benefit analysis
pursuant to the monitoring requirements in the Permit constitutes an abuse of discretion. Water
Code §§ 13267 and 13225(c).

The relevant portions of Water Code Section 13383 state:

"(a) The ... regional board may establish monitoring, inspection, entry, reporting,
and recordkeeping requirements for any person who discharges, or proposes
to discharge, to navigable waters .

(b) The ... or the regional boards may require any person subject to this section
to establish and maintain monitoring equipment or methods, including, where
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appropriate, biological monitoring methods, sample effluent as prescribed, and
provide other information as may be reasonably required."

The Permit goes far beyond a requirement that a permittee "rnonitor" the effluent from its own
storm drains. The Permit's Receiving Water Monitoring Program seems to require a complete
hydrogeologic model found in the receiving water body, which will in many cases be miles away
from many ofthe individual permittees' jurisdictions. To the extent the Permit requires
individual permittees to compile information beyond their jurisdictional control, they are
unauthorized. Although Water Code Section 13383(b) permits the Regional Board to request
"other information", such requests can only be "reasonably" imposed. Cal. Water Code §
13383(b). The information requested by the Regional Board is unreasonable. It is not just
limited to each individual copermittee's discharge. Rather, the Permit requires copermittees to
analyze discharges and make assumptions regarding factors well beyond their individual
boundaries. This is not reasonable, and is therefore not permitted under Water Code Sections
13225, 13267, and 13383. It is equally unreasonable to require the monitoring of authorized or
unknown discharges. See Permit at p. 108..

6. The Permit Exceeds the Regional Board's Authority by Requiring the City to Enter
into Contracts and Coordinate With Other Copermittees

The Regional Board cannot require the City to enter into agreements or coordinate with other
copermittees. The requirements that permittees engage in interagency agreements (Permit at p.
39) and coordinate with other copermittees as part of their stormwater management program
(Permit at p. 56-58) are unlawful and exceed the authority of the Regional Board. The Regional
Board lacks the statutory authority to mandate the creation of interagency agreements and
coordination between permittees in an NPDES Permit. See Water Code §§ 13374 and 13377.
The Permit creates the potential for City liability in circumstances where the permittee cannot
ensure compliance due to the actions ofthird party state and local government agencies over
which the City has no control. Such requirements are not reasonable regulations, and thus
violate state law. Communities for a Better Environment v. State Water Resources Control Bd.,
132 Cal. App. 4th 1313, 1330 (2005) (regulation pursuant to NPDES program must be
reasonable.)

7. The Permit Fails to Consider Economic Impacts As Required by Water Code
Sections 13000 and 13241

The Regional Board's failure to adequately consider the economic impacts of the Permit, as
required by Water Code Sections 13000 and 13241, render the Permit invalid. Water Code
Section 13241 requires the Regional Board to include "[e]conomic considerations" with its
consideration of the Permit. As demonstrated above, the Regional Board is incorrect in its
assertionthat consideration of economics is not required in this Permit. See Permit at pp. 24-25.
Because, as demonstrated above, the Permit requires new and higher levels of service in
numerous key regards, consideration of economic factors is necessary. City ofBurbank v. State
Water Resources Control Bd., 35 Cal. 4th 613,618,627 (2005).

The alleged facts in the economic consideration section of the Fact Sheet misrepresent the
permittees' data and fail to consider the economic impact ofnew, costly aspects of the Permit.
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The Fact Sheet's open skepticism of municipal financial reports is troubling, and indicates the
Regional Board has not taken permittees' actual expenses seriously.

It is also premature and improper to assume that permittees will obtain funding from proposed
ballot measures and other sources of funding which have not even been approved, much less
voted on by the public. See Fact Sheet at pp. F-142A3. If the Regional Board wants to rely on
initiatives, such as the Los Angeles County Flood Control District's Water Quality Funding
Initiative, as sources of funding to offset the costs of storm water management, it should delay its
public hearing and approval of the Permit until after the voters have actually voted on such
initiatives. Otherwise, if such initiatives fail to pass, the copermittees will be left to implement
the Permit's requirements without the funds to do so. Even if the Water Quality Funding
Initiative is approved by the voters, the funds generated by the Initiative would not even be
available until 2014 - well after the deadline for a majority of the compliance deadlines set forth
in the Permit. Moreover, the Water Quality Initiative will not cover all the costs imposed on all
permittees by the Permit.

The Permit also fails to consider the significant additional costs that TMDLs will impose. The
incorporation ofTMDLs and the massive expansion ofmonitoring requirements in the Permit,
which also trigger the need for additional inspectors, will inevitably cause the copermittees' costs
to skyrocket. Furthermore, speculations about what people may be willing to pay for cleaner
water and social benefits from clean water have no real effect on cities' bottom lines. Finally,
the Permit fails to account fully for all the expenses that implementing minimum control
measures will impose. For all these reasons, the consideration of economic impact is entirely
lacking, which violates state law.

8. The Permit's Imposition of Joint and Joint and Several Liability for Violations is
Contrary to Law

The Permit appears to improperly impose joint liabilityand joint and several liability for water
quality based effluent limitations and receiving water exceedances. It is both unlawful and
inequitable to make a permittee liable for the actions of other permittees over which it has no
control. A party is responsible only for its own discharges or those over which it has control.
Jones v. E.R. Shell Contractor, Inc., 333 F. Supp. 2d 1344, 1348 (N.D. Ga. 2004). Because the
City cannot prevent another permittee from failing to comply with the Permit, the Regional
Board cannot, as a matter oflaw, hold the City jointly or jointly and severally liable with another
permittee for violations of water quality standards in receiving water bodies or forTMDL
violations. Under the Water Code, the Regional Board issues waste discharge requirements to
"the person making or proposing the discharge." Cal. Water Code § 13263(f). Enforcement is
directed towards "any person who violates any cease and desist order or cleanup and abatement
order ... or ... waste discharge requirement." Cal. Water Code § 13350(a). In similar fashion,
the Clean Water Act directs its prohibitions solely against the "person" who violates the
requirements of the Act. 33 U.S.C. § 1319. Thus, there is no provision for joint liability under
either the California Water Code or the Clean Water Act.

Furthermore, joint liability is proper only where joint tortfeasors act in concert to accomplish
some connnon purpose or plan in committing the act causing the injury, which will generally
never be the case regarding prohibited discharges. Kesmodel v. Rand, 119 Cal. App. 4th 1128,
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1144 (2004); Key v. Caldwell, 39 Cal. App. 2d 698,701 (1940). For any such discharge, it
would be unlawful to impose joint liability and especially joint and several liability. The issue of
imposing liability for contributions to "commingled discharges" of certain constituents, such as
bacteria, is especially problematic because there is no method of determining who has
contributed what to an exceedance.

For receiving water body exceedances, the Permit should specify that the burden is on the
Regional Board to show that any permittee's discharge caused or contributed to that exceedance.
Requiring permittees to prove they did not cause or contribute an exceedance is both inequitable
and unlawful. Permittees should not be required to prove they did not do something when the
Regional Board has failed to raise even a rebuttable presumption that the contamination results
from a particular permittee's actions. See Cal. Evid. Code § 500; Sargent Fletcher, Inc. v. Able
Corp., 110 Cal. App. 4th 1658,1667-1668 (2003).

*****

The City is dedicated to the protection and enhancement of water quality. The City, however,
has other functions that require funding as well. If this Permit is adopted as proposed, even in
the best case scenario, spending cuts to other crucial services such as police, fire, and public
works are certain. The permittees' dwindling general funds simply cannot take the financial hit
the Permit is poised to impose on them. The City believes a more measured approach is
necessary, especially regarding how compliance in this Permit is achieved.

As public agencies, all parties involved in the NPDES permitting process have the obligation to
carry out their duties in a responsible, realistic, and reasoned manner.. Requirements that tether
public agencies to impractical positions are counterproductive and violate our sacred charge as
representatives of the people. The City is committed to working with the State and Regional
Boards in order to achieve our mutual goals and looks forward to engaging in a constructive
dialogue with Regional Board staff on these issues.

Sincerel ,

..
GregR rez,
City Manager for the City of Agoura Hills

cc: Ramiro Adeva, City Engineer
Candice K. Lee, City Attorney
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City of
Arcadia

Public Works
Services
Department

Tom Tait
Public UVrks Services Director

11800 Goldring Road
Post Office Box 60021
Arcadia, CA 91066-6021
(626) 256-6554
(626) 359-7028 Fax
www.ci.arcadia.ca.us

July 23, 2012

Mr. Ivar Ridgeway
Los Angeles Regional Water Quality Board
320 W. 4th Street, Suite 200
Los Angeles, CA 90013

RE: COMMENTS ON THE DRAFTNPDES PERMIT FOR MS4 DISCHARGES WITHIN THE
LOS ANGELES COUNTY FLOOD CONTROL DISTRICT

Dear Mr. Ridgeway:

Thank you for the opportunity to provide comments on the Tentative Draft NPDES
MS4 Permit for the Los Angeles Region.

The City of Arcadia understands and appreciates the need to develop a NPDES Permit
that provide measures to improve and protect water quality in the Los Angeles region;
however, the City strongly feels that the Permit implementation activities must be
effective, efficient and sustainable. As an active participant of the Los Angeles Permit
Group, the City supports the comments separately submitted by the LA Permit Group.

We also request the Board reconsider the request previously made by the City and the
Los Angeles Permit Group to extend the comment period from 45 days to 180 days to
ensure that City staff has a reasonable opportunity to review the 500-page Permit and
both understand and comment on the wide-ranging requirements, liabilities and fiscal
impacts on the City. This process already has been years in the making, so extending
the comment period will not cause undue prejudice and should result in a better final
Permit.

If you have any questions regarding this matter, please contact Vanessa Hevener,
Environmental Services Officer at (626) 305-5327.

Sincerely,

1~7tU?:
Tom Tait
Public Works Services Director
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THE CITY OF ARTESIA, CALIFORNIA

18747 CLARKDALE AVENUE, ARTESIA, CALIFORNIA 90701
Telephone 562 / 865-6262

FAX 562 / 865-6240

"Service Builds Tomorrow's Progress"

July 23, 2012

VIA U.S. MAIL AND E-MAIL (PDF)

Mr. 1var Ridgeway
California Regional Water Quality Control Board, Los Angeles Region
320 West 4th Street, Suite 200
Los Angeles, California 90013
LAMS420 l2@waterboards.ca.gov
rpurdycw'waterboards.ca. gov
iridgeway@waterboards.ca.gov

Dear Mr. Ridgeway:

The City of Artesia ("City') submits the following comments to the Los Angeles Regional Water
Quality Control Board's ("Regional Board") Tentative Order No. R4-2012-xxx, NPDES Permit
No. CAS004001) ("Permit"). The LA Permit Group has submitted comments regarding the
Permit which the City joins and incorporates herein. The City reserves the right to make
additional legal comments on the Permit prior to the close of the public hearing to adopt the
Permit and at the public hearing itself.

On behalf of the City of Artesia, we hereby submit the following initial comments on the Permit:

1. The Time Provided to Review the Permit Is Insufficient and Denies Permittees Due
Process of Law

The period provided to review and comment on the Permit has been unreasonably short given the
breadth of the Permit. Beginning on March 28, 2012, Regional Board staff issued a series of
Staff Working Proposals pertaining to key sections of the Permit. Regional Board staff has used
their Staff Working Proposal workshops as a justification for the hurried manner in which the
Permit was developed. The same justification was used by the Executive Director in denying the
LA Permit Group's request for a time extension.

This justification, however, fails for several reasons. First, Regional Board staff gave the
permittees only a few weeks to comment on each of the Staff Working Proposals. Furthermore,
the Regional Board staff did not respond to any comments, leaving permittees to guess at which
requirements would be incorporated into the Permit. Seeing the Permit in its entirety and having
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the opportunity to understand how each of the sections and programs work together is imperative
in order for permittees to fully understand the Permit provisions and to prepare comments.

Second, despite all the working proposals, workshops, and meetings, the permittees are left with
a Permit that carmot be complied with from the fIrst day the Permit goes into effect, due to the
Receiving Water Limitation (RWL) and the Waste Load Allocations (WLA) requirements that
could subject the permittees to third party lawsuits.

We believe the Regional Board wants a review process that is open and transparent. Providing
permittees only forty-fIve (45) days to comment makes this impossible. To develop and provide
relevant and meaningful comments, each permittee must fIrst:

• Read a 500 page Permit;
• Study the 500 page Permit to understand how the provisions work together;
• Compare it to the last Permit;
• Evaluate the resource needs to comply with the Permit;
• Determine the fIscal and organizational impacts on City services, which requires

coordination with several City departments;
• Conduct technical and legal review of the Permit and prepare comments;
• Present information to and gather feedback from the City Council. Staff needs time to

conduct a thorough review of the items listed above, prior to presenting them to the
City Council; and

• Prepare written comments.

To ensure a proper review ofthe Permit, the City hereby requests an extension of 180 working
days to include a Revised Tentative Permit to be released with a 45-day comment period. The
intent of a Revised Tentative Permit is to ensure the permittees have the opportunity to review
any changes made to the existing draft and provide comments prior to the Permit adoption
hearing. Additionally, this extension request will resolve a conflict our city management and
officials have with the current September 6-7, 2012 hearing date, which overlaps with the annual
League of Cities conference in San Diego.

The extreme speed with which the Permit is being circulated and reviewed and proposed to be
adopted amounts to a denial of the City's due process rights and is contrary to state and federal
law. By denying the permittees a meaningful opportunity to review and comment on a Permit
that so drastically affects the permittees' rights and fInances, the Regional Board has denied the
permittees due process rights under state and federal law. See Spring Valley Water Works v. San
Francisco, 82 Cal. 286 (1890) (reasonable notice and opportunity to be heard are essential
elements of "due process oflaw," whatever the nature ofthe power exercised.) Furthermore,
under the Clean Water Act, a reasonable and meaningful opportunity for stakeholder
participation is mandatory. See, e.g., Arkansas Wildlife Fed'n v. leI Ams., 29 F.3d 376, 381 (8th
Cir. 1994) ("the overall regulatory scheme affords signifIcant citizen participation, even if the
state law does not contain precisely the same public notice and comment provisions as those
found in the federal CWA.") For the reasons stated above, the Permit does not satisfy the Clean
Water Act standard and violates the City's due process rights.
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2. The Permit Should Be Revised to Provide that Implementation ofBMPs is Sufficient
to Constitute Compliance with the Permit

Pennittees should be able to achieve compliance with the Permit through a best management
practice ("BMP") based iterative approach. Regional Board staff has previously indicated that it
would not create a permit for which pennittees would be out of compliance from the very first
day the Pennit goes into effect. This necessarily means the Pennit cannot require immediate
strict compliance with water quality standards. Yet the Fact Sheet states that a party whose
discharge "causes or contributes" to an exceedance of a water quality standard is in violation of
the Permit, even if that party is implementing the iterative process in good faith. See Fact Sheet
at pp. F-35-38. These positions are incompatible and effectively render the iterative approach
meaningless.

As written, the Permit requires that all discharges to receiving waters must immediately meet
water quality standards to avoid violating the Pennit. This presents an impossible standard for
pennittees to meet, especially given the fact that thirty-three (33) TMDLs have been
incorporated into the Permit. This means that numerous water bodies that currently do not meet
water quality standards will be governed by the Pennit and pennittees will be subject to potential
liability immediately. Even for TMDLs for which the Regional Board issues time scheduling
orders, such orders will not protect a pennittee from third-party lawsuits for measured
exceedances, based on the Permit's current language. Even if such lawsuits are unfounded, the
legal costs to defend such suits are enonnous. For this same reason, final wasteload allocations
should not be incorporated into the Pennit, especially where we are dealing with TMDLs that
have been rushed through due to the Browner consent decree with the understanding that they
would be refined over time with reopeners as new infonnation becomes available.

A BMP-based approach should be utilized in the Permit, as outlined in EPA's November 12,
2010 Revisions to the November 22, 2002 Memorandum "Establishing Total Maximum Daily
Load (TMDL) Wasteload Allocations (WLAs) for Stonn Water Sources and NPDES Pennit
Requirements Based on those WLAs." ("EPA Memorandum"). See also 40 C.F.R. § l22.44(k).

To accomplish this purpose, the City supports using the receiving water limitation language
proposed by CASQA. Otherwise, cities are potentially vulnerable to third party lawsuits such as
those brought against the City of Stockton and the County of Los Angeles by third parties within
the last five years.

Furthermore, the EPA Memorandum is clear that an increased reliance on numerics should be
coupled with the "disaggregation" of different stonn water sources within pennits. See EPA
Memorandum at pp. 3-4. The Pennit currently aggregates multiple sources of stonn water runoff
while additionally imposing numeric standards. This will result in a system whereby the
innocent will be punished alongside the guilty for numeric standard exceedances. The Regional
Board should not allow this inequitable and legally unjustifiable result to occur.

Another reason for adopting a BMP-based approach is the fact that new and existing
conditionally exempt non-stormwater discharges may also contribute to measured exceedances.
This inequitable result means the exempt discharges may nonetheless contribute to permittee
liability.
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3. The Permit Improperly Intrudes Upon the City's Land Use Authority in Violation
of the Tenth Amendment ofthe U.S. Constitution

To the extent that this Pennit relies on federal authority under the Clean Water Act to impose
land use regulations and dictate specific methods of compliance, it violates the Tenth
Amendment of the U. S. Constitution. Furthennore, to the extent the Pennit requires a municipal
permittee to modify its city ordinances in a specific manner, it also violates the Tenth
Amendment. According to the Tenth Amendment:

'The powers not delegated to the United States by the Constitution, nor prohibited
by it to the States, are reserved to the States respectively, or to the people."

Article XI, section 7 of the California Constitution also guarantees municipalities the right to
"make and enforce within [their] limits all local police, sanitary and other ordinances and
regulations not in conflict with general laws." See also City ofW Hollywood v. Beverly Towers,
52 Cal. 3d 1184, 1195 (1991). Furthennore, the United States Supreme Court has held that the
ability to enact land use regulations is delegated to municipalities as part of their inherent police
powers to protect the public health, safety, and welfare of its residents. See Berman v. Parker,
348 U.S. 26, 32-33 (1954). Because it is a constitutionally conferred power, land use powers
cannot be overridden by State or federal statutes.

Even so, both the Clean Water Act and the Porter-Cologne Act provisions regarding NPDES
pennitting do not indicate that the Legislature intended to preempt local land use authority.
Sherwin Williams Co. v. City ofLos Angeles, 4 Cal. 4th 893 (1993); California Rifle & Pistol
Assn. v. City ofWest Hollywood, 66 Cal. App. 4th 1302, 1309 (1998) (Preemption of police
power does not exist unless "Legislature has removed the constitutional police power ofthe City
to regulate" in the area); see Water Code §§ 13374 and 13377 and 33 U.S.C. § 1342 (b)(l)(B).

If the Permit is adopted, the City believes that this Permit could establish the Regional Board as a
"super municipality" responsible for setting zoning policy and requirements throughout Los
Angeles County. The prescriptive and one-size-fits-all nature of this policy will ensure that any
resident or business challenging the conditions set forth in this Pennit would not only sue the
municipality charged with implementing these requirements, but would also have to sue the
Regional Board itselfto obtain the requested relief. The City does not believe this is the intent of
the Regional Board. Rather than adopting programs that dictate the precise method of
compliance, the Regional Board should collaborate with the City and other pennittees to develop
a range of model programs that each municipality could then modify and adopt according to its
own individual circmnstances.

4. The Permit Constitutes an Unconstitutional Unfunded Mandate

The Permit contains mandates imposed at the Regional Board's discretion that are unfunded and
go beyond the specific requirements of either the Clean Water Act or the EPA's regulations
implementing the Clean Water Act, and thus exceed the "Maximmn Extent Practicable"
("MEP") standard. Accordingly, these aspects of the Pennit constitute non-federal state
mandates. See City ofSacramento v. State ofCalifornia, 50 Cal. 3d 51, 75-76 (1990). Indeed,
the Court of Appeals has previously held that NPDES pennit requirements imposed by the
Regional Board under the Clean Water and Porter-Cologne Acts can constitute state mandates
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subject to claims for subvention. County ofLos Angeles v. Commission on State Mandates, 150
Cal. App. 4th 898,914-16 (2007).

The Permit goes beyond federal law, as the Permit is at least twice as long, and in some cases,
three times as long as other MS4 permits developed by other Regional Boards in the State of
California, such as the Lahontan Regional Board and the Central Valley Regional Board, not to
mention permits developed by EPA. This means that either some Regional Boards are failing to
impose federally mandated requirements pursuant to the Clean Water Act, or the more likely
explanation is that the Regional Board is imposing requirements that go beyond federal law.

A. The Permit's Minimum Control Measure Program is an Unfunded State
Mandate

The Permit's Minimum Control Measure program ("MCM Program") qualifies as a new
program or a program requiring a higher level of service for which state funds must be provided.
The particular elements of the MCM Program that constitute unfunded mandates are:

• The requirements to control, inspect, and regulate non-municipal permittees and
potential permittees (Permit at pp. 38-40);

• The public information and participation program (permit at pp. 58-60):
• The industrial/commercial facilities program (Permit at p. 63);
• The public agency activities program (Permit at pp. 56-63); and
• The illicit connection and illicit discharge elimination program (Permit at pp. 106-109).

The MCM Program requirement that the permittees inspect and regulate other, non-municipal
NPDES permittees is especially problematic and clearly constitutes an unfunded mandate. (See,
e.g., Permit at pp. 38-40.) These are unfunded requirements which entail significant costs for
staffmg, training, attorney fees, and other resources. Notably, the requirement to perform
inspections of sites already subject to the General Construction Permit is clearly excessive.
Permittees would be required to perform pre-construction inspections, monthly inspections
during active construction, and post-construction inspections. The requirements of this Permit
exceed past permits, meaning that the Regional Board is requiring a higher level of service than
in prior permits.

Furthermore, there are no adequate alternative sources of funding for inspections. User fees will
not fully fund the program required by the Permit. Cal. Gov't Code, § 17556(d). NPDES
permittees already pay the Regional Water Quality Control Boards fees that cover such
inspections in part. It is inequitable to both cities and individual permittees for the Regional
Board to charge these fees and then require cities to conduct and pay for inspections without
providing funding.

B. The Receiving Water Body Requirements Render the Permit an Unfunded
Mandate

If strict compliance with state water quality standards in receiving water bodies is required-·
including state water quality standard-based wasteload allocations-in the MS4 itself or at
outfall points and in receiving water bodies, the entire Permit will constitute an unfunded
mandate because such a requirement clearly exceeds both the Federal standard and the
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requirements ofprior permits, despite the fact no funding will be provided. See Building
Industry Assn. o/San Diego County v. State Water Resources Control Ed., 124 Cal. App. 4th
866,873,884-85 (2004) (though the State and Regional Boards may require compliance with
California state water quality standards pursuant to the Clean Water Act and state law, these
requirements exceed the Federal Maximum Extent Practicable standard.)

C. The City Does Not Necessarily Have the Requisite Authority to Levy Fees to Pay
for Compliance With the Order

The ability to fund the Permit through bond measures or tax increases does not render the
Permit's program ineligible for a subvention claim because such funding mechanisms are
contingent upon voter approval, in some cases requiring supermajority votes. Howard Jarvis
Taxpayers Assoc. v. City o/Salinas, 98 Cal. App. 4th 1351 (2002). The money available from
other sources is both too speculative and limited to cover all or even some of the costs imposed
by the Permit. Such speculative funding sources cannot count as viable sources of funding so as
to preclude a subvention claim. Cal. Gov't Code, § 17556(f). Furthermore, even if some portions
of the Permit's programs can be covered by user fees, these fees will not come close to covering
all such costs, meaning permittees' general funds will have to be utilized to cover substantial
portions of these costs. Cal. Gov't Code, § 17556(d) (the ability to charge fees only defeats a
subvention claim where the fees are sufficient to fully fund the program.)

5. The Permit's Monitoring Program Exceeds the Requirements of Law

The Permit's Receiving Water Monitoring Program is improper for going well beyond the scope
of monitoring requirements authorized under Water Code Sections 13267 and 13383. The
relevant portion of Water Code Section 13267 states:

"(b) (I) In conducting an investigation ... the regional board may require that ...
any citizen or domiciliary, or political agency or entity of this state who has
discharged, discharges, or is suspected of having discharged or discharging, or
who proposes to discharge, waste outside of its region that could affect the quality
of waters within its region shall furnish, under penalty of perjury, technical or
monitoring program reports which the regional board requires. The burden,
including costs, of these reports shall bear a reasonable relationship to the need
for the report and the benefits to be obtained from the reports."

The Regional Board's failure to conduct and communicate the requisite cost-benefit analysis
pursuant to the monitoring requirements in the Permit constitutes an abuse of discretion. Water
Code §§ 13267 and 13225(c).

The relevant portions of Water Code Section 13383 state:

"(a) The ... regional board may establish monitoring, inspection, entry, reporting,
and recordkeeping requirements for any person who discharges, or proposes
to discharge, to navigable waters .
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(b) The ... or the regional boards may require any person subject to this section
to establish and maintain monitoring equipment or methods, including, where
appropriate, biological monitoring methods, sample effluent as prescribed, and
provide other information as may be reasonably required."

The Permit goes far beyond a requirement that a permittee "monitor" the effluent from its own
storm drains. The Permit's Receiving Water Monitoring Program seems to require a complete
hydrogeologic model found in the receiving water body, which will in many cases be miles away
from many of the individual permittees' jurisdictions. To the extent the Permit requires
individual permittees to compile information beyond their jurisdictional control, they are
unauthorized. Although Water Code Section 13383(b) permits the Regional Board to request
"other information", such requests can only be "reasonably" imposed. Cal. Water Code §
13383(b). The information requested by the Regional Board is unreasonable. It is not just
limited to each individual copermittee's discharge. Rather, the Permit requires copermittees to
analyze discharges and make assumptions regarding factors well beyond their individual
boundaries. This is not reasonable, and is therefore not permitted under Water Code Sections
13225, 13267, and 13383. It is equally unreasonable to require the monitoring of authorized or
unknown discharges. See Permit at p. 108.

6. The Permit Exceeds the Regional Board's Authority by Requiring the City to Enter
into Contracts and Coordinate With Other Copermittees

The Regional Board cannot require the City to enter into agreements or coordinate with other
copermittees. The requirements that permittees engage in interagency agreements (Permit at p.
39) and coordinate with other copermittees as part of their stormwater management program
(Permit at p. 56-58) are unlawful and exceed the authority of the Regional Board. The Regional
Board lacks the statutory authority to mandate the creation of interagency agreements and
coordination between permittees in an NPDES Permit. See Water Code §§ 13374 and 13377.
The Permit creates the potential for City liability in circumstances where the permittee cannot
ensure compliance due to the actions of third party state and local government agencies over
which the City has no control. Such requirements are not reasonable regulations, and thus
violate state law. Communities for a Better Environment v. State Water Resources Control Bd.,
132 Cal. App. 4th 1313, 1330 (2005) (regulation pursuant to NPDES program must be
reasonable.)

7. The Permit Fails to Consider Economic Impacts As Required by Water Code
Sections 13000 and 13241

The Regional Board's failure to adequately consider the economic impacts ofthe Permit, as
required by Water Code Sections 13000 and 13241, render the Permit invalid. Water Code
Section 13241 requires the Regional Board to include "[e]conomic considerations" with its
consideration ofthe Permit. As demonstrated above, the Regional Board is incorrect in its
assertion that consideration of economics is not required in this Permit. See Permit at pp. 24-25.
Because, as demonstrated above, the Permit requires new and higher levels of service in
numerous key regards, consideration of economic factors is necessary. City ofBurbank v. State
Water Resources Control Bd., 35 Cal. 4th 613,618,627 (2005).
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The alleged facts in the economic consideration section of the Fact Sheet misrepresent the
permittees' data and fail to consider the economic impact of new, costly aspects of the Permit.
The Fact Sheet's open skepticism of municipal financial reports is troubling, and indicates the
Regional Board has not taken permittees' actual expenses seriously.

It is also premature and improper to assume that permittees will obtain funding from proposed
ballot measures and other sources of funding which have not even been approved, much less
voted on by the public. See Fact Sheet at pp. F-142-43. If the Regional Board wants to rely on
initiatives, such as the Los Angeles County Flood Control District's Water Quality Funding
Initiative, as sources of funding to offset the costs of storm water management, it should delay its
public hearing and approval of the Permit until after the voters have actually voted on such
initiatives. Otherwise, if such initiatives fail to pass, the copermittees will be left to implement
the Permit's requirements without the funds to do so. Even if the Water Quality Funding
Initiative is approved by the voters, the funds generated by the Initiative would not even be
available until 2014 - well after the deadline for a majority of the compliance deadlines set forth
in the Permit. Moreover, the Water Quality Initiative will not cover all the costs imposed on all
permittees by the Permit.

The Permit also fails to consider the significant additional costs that TMDLs will impose. The
incorporation ofTMDLs and the massive expansion of monitoring requirements in the Permit,
which also trigger the need for additional inspectors, will inevitably cause the copermittees' costs
to skyrocket. Furthermore, speculations about what people may be willing to pay for cleaner
water and social benefits from clean water have no real effect on cities' bottom lines. Finally,
the Permit fails to account fully for all the expenses that implementing minimum control
measures will impose. For all these reasons, the consideration of economic impact is entirely
lacking, which violates state law.

8. The Permit's Imposition of Joint and Joint and Several Liability for Violations is
Contrary to Law

The Permit appears to improperly impose joint liability and joint and several liability for water
quality based effluent limitations and receiving water exceedances. It is both unlawful and
inequitable to make a permittee liable for the actions of other permittees over which it has no
control. A party is responsible only for its own discharges or those over which it has control.
Jones v. E.R. Shell Contractor, Inc., 333 F. Supp. 2d 1344, 1348 (N.D. Ga. 2004). Because the
City carmot prevent another permittee from failing to comply with the Permit, the Regional
Board carmot, as a matter of law, hold the City jointly or jointly and severally liable with another
permittee for violations of water quality standards in receiving water bodies or for TMDL
violations. Under the Water Code, the Regional Board issues waste discharge requirements to
"the person making or proposing the discharge." Cal. Water Code § 13263(f). Enforcement is
directed towards "any person who violates any cease and desist order or cleanup and abatement
order ... or ... waste discharge requirement." Cal. Water Code § 13350(a). In similar fashion,
the Clean Water Act directs its prohibitions solely against the "person" who violates the
requirements of the Act. 33 U.S.C. § 1319. Thus, there is no provision for joint liability under
either the California Water Code or the Clean Water Act.
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Furthermore, joint liability is proper only where joint tortfeasors act in concert to accomplish
some common purpose or plan in committing the act causing the injury, which will generally
never be the case regarding prohibited discharges. Kesmodel v. Rand, 119 Cal. App. 4th 1128,
1144 (2004); Key v. Caldwell, 39 Cal. App. 2d 698, 701 (1940). For any such discharge, it
would be unlawful to impose joint liability and especially joint and several liability. The issue of
imposing liability for contributions to "commingled discharges" of certain constituents, such as
bacteria, is especially problematic because there is no method of determining who has
contributed what to an exceedance.

For receiving water body exceedances, the Permit should specify that the burden is on the
Regional Board to show that any permittee's discharge caused or contributed to that exceedance.
Requiring permittees to prove they did not cause or contribute an exceedance is both inequitable
and unlawful. Permittees should not be required to prove they did not do something when the
Regional Board has failed to raise even a rebuttable presumption that the contamination results
from a particular permittee's actions. See Cal. Evid. Code § 500; Sargent Fletcher, Inc. v. Able
Corp., 110 Cal. App. 4th 1658,1667-1668 (2003).

*****

The City is dedicated to the protection and enhancement of water quality. The City, however,
has other frmctions that require funding as well. lfthis Permit is adopted as proposed, even in
the best case scenario, spending cuts to other crucial services such as police, fire, and public
works are certain. The permittees' dwindling general frmds simply carmot take the financial hit
the Permit is poised to impose on them. The City believes a more measured approach is
necessary, especially regarding how compliance in this Permit is achieved.

As public agencies, all parties involved in the NPDES permitting process have the obligation to
carry out their duties in a responsible, realistic, and reasoned manner. Requirements that tether
public agencies to impractical positions are counterproductive and violate our sacred charge as
representatives of the people. The City is committed to working with the State and Regional
Boards in order to achieve our mutual goals and looks forward to engaging in a constructive
dialogue with Regional Board staff on these issues.

Sincerely,

9t~7~
Justine Menzel
Deputy City Manager
City of Artesia

cc: Maria Dadian, City Manager, City of Artesia
Kevin G. Ennis, esq.
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July 23, 2012

Mr. Ivar Ridgeway
320 W. 4th Street, Suite 200
Los Angeles, CA 90013
(213) 620-2150

Subject: Tentative MS4 Order Comments

Dear Mr. Ridgeway:

The City of Baldwin Park is pleased to submit the attached comments for your
consideration in re: Order No. R4-2012-XXXX NPDES Permit No. CAS004001.

Please note that the City also supports comments submitted to you from the Los
Angeles Stormwater Permit (LASP) group. The City's comments are intended to be
complimentary and more specific to the issues raised in the LASP group letter. The
City's comment letter also contains additional issues not addressed in the LASP group
letter.

Thank you for the opportunity to submit comments on this very important matter.
Should you have any questions, please feel free to call me.

ieer
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Comments Regarding Los Angeles MS4 Tentative Order No. R4-2012-XXXX
NPDES PERMIT NO. CAS004001 (issue date unspecified)

1. Numeric Water Quality Based Effluent Limitations (WQBELs) applied to
dry and wet weather Total Maximum Daily Load (TMDLs) waste load
allocations (WLAs) and to stormwater and non-stormwater municipal
action levels (MALs) are not authorized under federal stormwater
regulations and are not in keeping with State Water Resources Control
Board (State Board) water quality orders (WQOs).

The tentative order specifies that: Each Permittee shall comply with
applicable WQBELs as set forth in Part VIE of this Order, pursuant to
applicable compliance schedules. The tentative order specifies two categories
of WQBELs, one for USEPA adopted TMDLs and one for Regional
Board/State adopted TMDLs. Regarding USEPA adopted TMDLs, it appears
that BMP-WQBELs may be used to meet TMDL WLAs in the receiving water.
For Regional Board/State-adopted TMDLs, the tentative order specifies a
different compliance method: meeting a "numeric" WQBEL which is derived
directly from the TMDL waste load allocation. For example, the wet weather
numeric WQBEL for dissolved copper for the Los Angeles River is 17 ug/1.

a. Issue: Regional Board staff is premature in requiring any kind of WQBEL
because no exceedance of any TMDL WLA at the outfall has occurred.
This is because outfall monitoring is not a requirement of the current MS4
permit or previous MS4 permits.

The Regional Board's setting of WQBELs - any WQBEL -- to translate the
TMDL WLA for compliance at the outfall is premature. Regional Board
staff apparently has not performed a reasonable potential analysis as
required under § 122.44(d)(1)(i), which states:

Limitations must control all pollutants or pollutant parameters (either
conventional, nonconventional, or toxic pollutants) which the Director determines
are or may be discharged at a level that will cause, have the reasonable potential
to cause, or contribute to an excursion above any [s]tate water quality standard,
including [s]tate narrative criteria for water quality. "

No such reasonable potential analysis has been performed - even though
USEPA guidance requires it as part of documenting the calculation of
WQBELs in the NPDES permit's fact sheet. According to USEPA's
NPDES Permit Writers' Manual:

Permit writers should document in the NPDES permit fact sheet the process used
to develop WQBELs. The permit writer should clearly identifY the data and
information used to determine the applicable water quality standards and how
that information, or any applicable TMDL, was used to derive WQBELs and
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explain how the state's anti-degradation policy was applied as part of the
process. The information in the fact sheet should provide the NPDES permit
applicant and the public a transparent, reproducible, and defensible description
ofhow the permit writer properly derived WQBELs for the NPDESpermit. 1

The fact sheet accompanying the tentative order contains no reference to
a reasonable potential analysis -- a consequence of the fact that no outfall
monitoring has been required of the Regional Board either in the current
or previous MS4 permits for Los Angeles County. Outfall monitoring is a
mandatory requirement under federal regulations at CFR 40 §122.22,
§122.2 and §122.26. CFR 40 §122.22(C)(3) requires effluent and ambient
monitoring:

The permit requires all e.fJluent and ambient monitoring necessary to show that
during the term of the permit the limit on the indicator parameters continues to
attain water quality standards.

"Effluent monitoring," according to Clean Water Act §502, is defined as
outfall monitoring:

The term "effluent limitation" means any restriction established by a State or the
Administrator on quantities, rates, and concentrations of chemical, physical,
biological, and other constituents which are discharged from point sources into
navigable waters, the waters of the contiguous zone, or the ocean, including
schedules ofcompliance.

40 CFR §122.2, defines a point source as:

... the point where a municipal separate storm sewer discharges to waters ofthe
United States and does not include open conveyances connecting two municipal
separate storm sewers, or pipes, tunnels or other conveyances which connect
segments ofthe same stream or other waters ofthe United States and are used to
convey waters ofthe United States.

Conclusion: Because Regional Board staff has not required outfall
monitoring, it could have not have detected an excursion above a water
quality standard (includes TMDL WLAs). Therefore, it could not have
conducted a reasonable potential analysis and, as further consequence,
cannot require compliance with a WQBEL (numeric or BMP-based) or with
any TMDL or MAL until those burdens have been met.

Recommended Correction: Eliminate all reference to comply with
WQBELs until outfall monitoring and a reasonable potential analysis have
been performed.

1United States Environmental Protection Agency, NPDES Penni! Writers' Manual, September, 2010, page
6-30.
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b. Issue: Even if Regional Board staff conducted outfall monitoring and
detected an excursion above a TMDL WLA and performed the requisite
reasonable potential analysis, it cannot require a numeric WQBEL strictly
derived from the TMDL WLA.

USEPA's 2010 guidance memorandum mentions that numeric WQBELs
are permissible only if feasible. 2 This conclusion was reinforced by a
memorandum from Mr. Kevin Weiss, Water Permits Division, USEPA
(Washington D.C.). He explains:

Some stakeholders are concerned that the 2010 memorandum can be read as
advising NPDES permit authorities to impose end-ol-pipe limitations on each
individual outfall in a municipal separate storm sewer system. In general, EPA
does not anticipate that end-or-pipe effluent limitations on each municipal
separate storm sewer system outfall will be used frequently. Rather. the
memorandum expressly describes "numeric" limitations in broad terms,
including "numeric parameters acting as surrogates tor pollutants such as
stormwater flow volume or percentage or amount of impervious cover." In the
context of/he 2010 memorandum. the term "numeric effluent limitation" should be
viewed as a significantly broader term than just end-or-pipe limitations, and could
include limitations expressed as pollutant reduction levels tor parameters that are
applied svstem-wide rather than to individual discharge locations. expressed as
requirements to meet pertormance standards tor surrogate parameters or tor specific
pollutant parameters, or could be expressed as in-stream targets for specific
pollutant parameters. Under this approach, NPDES authorities have significant
flexibility to establish numeric effluent limitations in stormwater permits3

Reading the 2010 USEPA memorandum, together with Mr. Weiss's
memorandum, creates the inescapable conclusion that (1) numeric
WQBELs are permissible if "feasible" and (2) numeric WQBELs cannot be
construed to only mean strict effluent limitations at the end-of-pipe (outfall)
but more realistically must include surrogate parameters and other
variants as well. Regional Board staff failed to examine alternative
numeric WQBELs, along with BMP WQBELs, as a consequence of not
conducting the appropriate analysis.

In any case, the feasibility of numeric WQBELs, whether strictly derived
from TMDL WLAs or of the surrogate parameter type, the State Water
Resources Control Board has determined that numeric effluent
limitations are notfeasible. In Water Quality Orders 2001-15 and 2009
0008 the State Board made it clear that: we will generally not require
"strict compliance" with water quality standards through numeric effluent

2Memorandum from James A. Hanlon, Director, Office of Waste Management, Revision~ to the November
22, 2002 Memorandum Establishing Total Maximum Daily Load (TMDL) Waste Load Allocations (WLAs) for
Storm Water Sources and NPDES Permit Requirements Based on Those WLAs, November 12, 2010, page
3Memorandum from Kevin Weiss, Water Permits Division, USEPA (Washington D.C.), March 17, 2011.
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limitations," and instead "we will continue to follow an iterative approach,
which seeks compliance over time" with water quality standards.

[Please note that the iterative approach to attain water quality standards
applies to the outfall and the receiving water.]

More recently, the State Board commented in connection with the draft
Caltrans MS4 permit that numeric WQBELs are not feasible as explained
in the following provision from its most recent Caltrans draft order:

Storm water discharges from MS4s are highly variable in frequency, intensity,
and duration, and it is difficult to characterize the amount ofpollutants in the
discharges. In accordance with 40 CFR § 122.44(k)(2), the inclusion ofBMPs in
lieu of numeric effluent limitations is appropriate in storm water permits. This
Order requires implementation o(BMPs to control and abate the discharge o(
pollutants in storm water to the MEP.

The State Board's decision not to require numeric WQBELs in this
instance appears to have been influenced by among other considerations,
the Storm Water Panel Recommendations to the California State Water
Resources Control Board in re: The Feasibility of Numeric Effluent Limits
Applicable to Discharges of Storm Water Associated with Municipal,
Industrial and Construction Activities.

Conclusion: The Regional Board does not have the legal authority to
require numeric WQBELs.

Recommended Correction: Eliminate all references to comply with
numeric WQBELs.

c. Issue: There cannot be a WQBEL to attain a dry weather TMDL WLA nor
a WQBEL that addresses a non-stormwater municipal action level (MAL).

The foundation for this argument lies in the federal limitation of non
stormwater discharges to the MS4 - not from or through it as the tentative
order concludes. Federal stormwater regulations only prohibit discharges
to the MS4 and limits outfall monitoring to stormwater discharges. This is
explained in greater detail under 4. Non-storrnwater Discharge
Prohibitions.

Conclusion: Regional Board does not have the legal authority to compel
compliance with dry weather WQBELs or non-stormwater MALs.

Recommended Correction: Eliminate all references to comply with
numeric WQBELs.
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2. The tentative order has altered Receiving Water Limitation (RWL)
language causing it to be overbroad and inconsistent with RWL in the
current MS4 permit, the Ventura MS4 permit, State Board WQO 99·05,
the draft Caltrans MS4 permit, and RWL language recommended by
CASQA.

a. Issue: The proposed RWL language changes the "exceedance"
determinant from water quality standards and objectives to receiving water
limitations, thereby increasing the stringency of the requirement. The
tentative order RWL version reads: Discharges from the MS4 that cause
or contribute to the violation of receiving water limitations are prohibited.

Compare this with what is in the current MS4 permits for Los Angeles and
Ventura Counties:

Discharges from the MS4 that cause or contribute to a violation ofwater quality
standards are prohibited.

Whereas standard RWL language limits water quality standards to what is
in the basin plan, and includes water quality objectives (relates to waters
of the State), the tentative order uses revised language that replaces
water quality standards with the following receiving water limitation criteria:

Any applicable numeric or narrative water quality objective or criterion, or
limitation to implement the applicable water quality objective or criterion, for the
receiving water as contained in Chapter 3 or 7 ofthe Water Quality Control Plan
for the Los Angeles Region (Basin Plan), water quality control plans or policies
adopted by the State Water Board, or fi;deral regulations, including but not
limited to, 40 CFR § 131.38.

It is unclear why Regional Board staff has removed water quality
standards, which is a USEPA and State Board requirement, and replaced
them with the more global receiving water limitation language that include
additional compliance criteria (e.g., "or federal regulations including but
not limited to 40 CFR § 131.38"). Other "federal regulations" could include
CERCLA (Comprehensive Environmental Remediation and Compensation
Liability Act).

Enlarging the scope of the RWL from water quality standards to a universe
of other regulatory requirements exceeds RWL limitation language
established in State Board WOQ 99·05, a precedential decision. The
order bases compliance on discharge prohibitions and receiving water
limitations on the timely implementation of control measures and other
action in the discharges in accordance with the SWMP (stormwater
management plan) and other requirements of the permit's limitations. It
goes on to say that if exceedances of water quality standards or water
quality objectives, collectively referred to as water quality standards
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continues, the SWMP shall undergo an iterative process to address the
exceedances. It should be noted that this language was mandated by
USEPA.

It should be noted that the draft Caltrans MS4 permit is scheduled for
adoption in September, as well as CASQA, proposes RWL language that
is in keeping with WQO 99-05.

Conclusion: Regional Board does not have the legal authority to re-define
RWL language to the extent it is proposing.

Recommended Correction: Replace RWL contained in the tentative order
with the CASQA model or with language contained in the draft Caltrans
MS4 permit.

b. Issue: By eliminating water quality standards, the tentative order has
created a separate compliance standard for TMDLs and for non-TMDLs.
Standard RWL language in other MS4 permits designates the SWMp4 as
the exclusive determinant for achieving water quality standards in the
receiving water. Since TMDLs are enhanced water quality standards, the
SWMP (or in this case the SQMP) should enable compliance with TMDLs.
Instead, the tentative order specifies compliance through implementation
plans - including plans that were discussed in several State/Regional
Board adopted TMDLs (e.g., the Los Angeles River Metals TMDL). The
absence of water quality standards also creates a separate compliance
standard for non-TMDLs. According to Regional Board staff, minimum
control measures (MCMs) which make up the SQMP, are intended to
meet non-TMDLs pollutants. Unclear is what defines non-TMDL pollutant.
If there are no water quality standards referenced in the RWL then what
are thenon-TMDL pollutants that the MCMs are supported to address?

There is no authority under federal stormwater regulations to comply with
any criterion other than water quality standards. The RWL language
called-out in WQO 99-05, which was in response to a USEPA directive,
makes it clear that water quality standards represent the only compliance
criteria, not an expanded definition of receiving water limitations that
exclude such criteria.

MS4 permits throughout the State include TMDL WLAs. None of them,
however, has created a compliance mechanism that excludes water
quality standards as a means of attaining them. Further, the State Board
has, through the draft Caltrans MS4 permit and the draft Phase II MS4
permit, articulated its policy on compliance with water quality standards:

4USEPA and federal stormwater regulations use stormwater management program whereas the Los
Angeles County MS4 permit uses stormwater quality management plan (SQMP). In effect they are the
same. They consist of 6 core programs that must be implemented through MS4 permit.
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they are to be met through the implementation of stormwater management
programs. Equally noteworthy is that State Board has not created a dual
standard for dealing with TMDLs and non-TMDLs. This is an obvious
consequence of its adherence to WQO 99-05.

With regard to implementation plans contained in TMDLs, the Regional
Board has no legal authority to include them into the MS4 permit. This
issue discussed in greater detail later in these comments.

Conclusion: The tentative order must be revised to restore water quality
standards in RWL language and, by extension, enable compliance with
TMDLs and other water quality standards through the SQMP/MCMs.

Recommended Correction: Revise the tentative order to eliminate any
reference to complying with anything else except water quality standards
through the SQMP; and, therewith, eliminate any reference to complying
with implementation plans contained in State/Regional Board TMDLs.

3. The tentative order does not include the iterative process, a mechanism
that is integral to RWL language which serves to achieve compliance
with water quality standards.

a. Issue: The absence of the iterative process disables a safeguard to
protect permittees against unjustifiably strict compliance with water quality
standards - or in this case the expanded definition of receiving water
limitations -- that is a requisite feature in all MS4 permits issued in
California. The tentative order circumvents the iterative process by
creating an alternative referred to as the adaptive/management process
which is only available to those permittees that opt for a watershed
management program.

Despite the fact RWL language in MS4 permits since the 90's have
provided a description of an iterative process (the BMP adjustment
mechanism), the term "iterative process" has only recently been
specifically mentioned in them. The absence of this term resulted in the
9th Circuit Court Appeal's conclusion in NRDC v. Los Ange/es County
F/ood Control District that there is no "textual support" in the current MS4
permit for the existence of an iterative process. This resulted in the court's
conclusion that the LACFCD had exceeded water quality standards in the
hardened portions of the Los Angeles and San Gabriel Rivers. More
recent MS4 permit's issued in the State contain clear references to the
iterative process.

Notwithstanding the absence of water quality standards in the tentative order,
the iterative process must be included as required by Water Quality Orders
2001-15 and 2009-0008, wherein the State Board made it clear that: we will
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qenerally not require "strict compliance" with water qualitv standards throuqh
numeric effluent limitations." and instead "we will continue to follow an
iterative approach, which seeks compliance over time" with water qualitv
standards.

Moreover, both the draft Caltrans MS4 permit and the draft Phase II MS4
permit contain references to the iterative process. The draft Caltrans MS4
permit refers to the iterative process in two places: finding 20, Receiving
Water Limitations and in the Monitoring Results Report. Finding 20 states:

The effect of the Department's storm water discharges on receiving water quality is
highly variable. For this reason, this Order requires the Department to implement a
storm water program designed to achieve compliance with water qualitv standards.
over time through an iterative approach. If discharges are found to be causing or
contributing to an exceedance of an applicable Water Quality Standard, the
Department is required to revise its BMPs (including use of additional and more
effective BMPs).5

Under the Monitoring Results Report section, the draft Caltrans MS4 permit
reiterates the iterative process within the context of the following: The MRR
shall include a summary of sites requiring corrective actions needed to
achieve compliance with this Order, and a review of any iterative procedures
(where applicable) at sites needing corrective actionsB

The draft Phase II MS4 references the iterative process in two places, in
finding 35 and under its definition of MEP. Finding 35 states:

This Order modifies the existing General Permit, Order 2003-0005-DWQ by
establishing the storm water management program requirements in the permit and
defining the minimum acceptable elements ofthe municipal storm water management
program. Permit requirements are known at the time of permit issuance and not leO
to be determined later through iterative review and approval of Storm Water
Management Plans (SWMPs).

The draft Phase II MS4 permit also acknowledges the iterative process
through the definition of maximum extent practicable (which is also included
in the draft Caltrans MS4 permit), to the following extent:

MEP standard requires Permittees apply Best Management Practices (BMPs) that
are effective in reducing or eliminating the discharge ofpollutants to the waters of
the Us. MEP emphasizes pollutant reduction and source control BMPs to prevent
pollutants from entering storm water runoff. MEP may require treatment ofthe storm
water runoff if it contains pollutants. The MEP standard is an ever-evolving. flexible,
and advancing concept. which considers technical and economic feasibility. BMP

'See draft Caltrans MS4 permit (Tentative Order No. 2012-XX-DWQ NPDES No. CAS000003), page 10.
6 Ibid., page 35.
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development is a dynamic process and may require changes over time as the
Permittees gain experience and/or the state of the science and art progresses. To do
this, the Permittees must conduct and document evaluation and assessment of each
relevant element of its program, and their program as a whole, and revise activities,
control measureslBMPs, and measurable goals, as necessary to meet MEP. MEP is
the cumulative result of implementing, evaluating, and creating corresponding
changes to a variety of technically appropriate and economically feasible BMPs,
ensuring that the most appropriate BMPs are implemented in the most effective
manner. This process ofimplementing. evaluating, revising, or adding new BMPs is
commonly referred to as the "iterative approach. ,,7

It should be clearly understood that the State Board is articulating clear policy
on the iterative process through these two draft MS4 permits and that they
must be followed by Regional Boards as subordinate jurisdictions.

Conclusion: The Regional Board has no authority to alter the iterative
process/procedure by making a revised and diluted version of it available only
to those MS4 permittees that wish to opt for watershed management program
participation. Quite the contrary, the Regional Board is legally compelled to
make the iterative process, as described herein, an undeniable requirement in
the tentative order.

Recommended Correction: Regional Board staff should incorporate the
iterative process into the tentative order in the findings section and in the
RWL section. It should also be referenced again under a revised MEP
definition.

4. The tentative order incorrectly articulates the non-stormwater discharge
prohibition to the MS4 to include discharges from and through it.

a. Issue: The tentative order mentions prohibiting non-stormwater discharges
not only to the MS4 but from and through it as well. Federal regulations
did not authorize the non-stormwater discharge prohibition to go beyond
"to" the MS4. This is a serious issue because extending the prohibition
from or through the MS4 would subject non-stormwater discharges
(including dry weather TMDL WLAs and non-stormwater municipal action
levels) to pollutant limitations at the outfall.

The tentative order attempts to justify interpreting federal stormwater
regulations to mean that non-stormwater discharges are prohibited not
only to the MS4 but from it and through it as well by: (1) incorrectly stating
the Clean Water Act §402(p)(B)(ii) of the Clean Water Act requires
permittees effectively prohibit non-storm water discharges into

7See State Water Resources Control Board Water Quality Order No. XXXX-XXXX-DWQ, NPDES General
Permit No. CASXXXXXX, page
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watercourses (means receiving waters) as well as to the MS4; and (2) a
misreading of Federal Register Volume 55, No. 222, 47990 (federal
register) which contains an error with regard to the non-stormwater
discharge prohibition.

§402(p)(B)(ii) does not (as the tentative order's fact sheet asserts)
include watercourses, which according to Regional Board staff, means
waters of the State and waters of the United States, both of which lie
outside of the MS4. The original text of §402(p)(B)(ii) actually reads as
follows: Permits for discharges from municipal storm sewers "shall
include a requirement to effectively prohibit non-stormwater discharges
into the storm sewersB There is no mention of watercourses.

The tentative order's fact sheet also relies on the afore-cited federal
register which states: 402(p)(B)(3) requires that permits for discharges
from municipal storm sewers require the municipality to "effectively
prohibit" non-storm water discharges from the municipal storm sewer.
The fact sheet is correct about this. The problem is that the federal
register is wrong here. It confuses 402(p)(B)(3), which addresses
stormwater (not non-stormwater) discharges from the MS4, with
402(p)(B)(2), which once again prohibits non-stormwater discharges to
the MS4. It should be noted that in the same paragraph above the
defective federal register language, it says that ... permits are to
effectively prohibit non-storm water discharges to the municipal separate
storm sewer system.

In any case, this issue has been resolved since the federal register was
published in November of 1990. All MS4 permits in the United States
issued by USEPA prohibit non-stormwater discharges only to the MS4.
USEPA guidance, such as the Illicit Discharge Detection and
Elimination: A Guidance Manual bases investigation and monitoring on
non-stormwater discharges being prohibited to the MS4. And, with the
exception of Los Angeles Regional Board MS4 permits, MS4 permits
issued by other Regional Boards also limit the MS4 discharge prohibition
to the MS4. Beyond this, the draft Caltrans MS4 permit and draft Phase
II MS4 permits also limit the non-stormwater prohibition to the MS4.

Conclusion: The Regional Board does not have the legal authority to
extend the non-stormwater discharge prohibition from or through the
MS4.

Recommended Correction: Revise the non-stormwater discharge
prohibition to be limited to the MS4 only and delete all requirements that
are based on the prohibition from or through the MS4. This includes the
non-stormwater prohibition that is linked to CERCLA.

8Municipal storm sewers is a truncated version of municipal separate stormwater system (MS4).
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5. The tentative order proposes to incorporate TMDL implementation
plans, schedules, and monitoring requirements without legal authority.

a. Issue: Placing Regional Board/State Board TMDLs into the MS4 would
result in serious consequences for permittees. For one thing, permittees
subject to TMDLs that contain an implementation schedule with
compliance dates for interim waste load allocations that have not been
met, based on Los Angeles County mass emissions station or other data
(e.g., from the Coordinated Monitoring Plan for the Los Angeles River
Metals TMDL), will be in automatic non-compliance once the MS4 permit
takes effect.

The tentative order proposes a safeguard in this event: coverage under a
time schedule order (TSO). Essentially, a TSO is an enforcement action
authorized under Porter-Cologne, the State's water code. The problem is
that the Regional Board, at its discretion, could issue a clean-up and
abatement order that could link permittees in the Dominguez Channel, Los
Angeles River, and San Gabriel River Watersheds to the remediation of
the Los Angeles and Long Beach Harbors which are currently CERCLA
sites (caused by DDT, pesticides, metals, which are considered toxics,
and other pollutants). Furthermore, the TSO, which is a State enforcement
action, will not help with respect to a federal violation because of
preemption. An exceedance will expose subject permittees to third party
litigation under the Clean Water Act. NRDC would be able to take the
matter straight to federal court.

In any case, the Regional Board has no legal authority under the Clean
Water Act to incorporate implementation plans, schedules, or monitoring
requirements into the MS4 permit. CWA §402(p)(B)(iii) simply states that
controls are required to reduce the discharge of pollutants to the maximum
extent practicable, including management practices, control techniques
and system, design and engineering methods, and such other provisions
as the Administrator or the State determines appropriate for the control of
such pollutants. The application of this provision is limited to: (1) the
implementation of BMPs specified in a stormwater management plan
appropriated through the six core programs; and (2) outfall monitoring.
Monitoring, as mentioned earlier, is limited to outfall and ambient
monitoring. Ambient monitoring, which is receiving water-based, has been
assumed by the Regional Board and is funded through a stormwater
ambient monitoring program (SWAMP) surcharge on the annual MS4
permit fee. Federal stormwater regulations mention nothing about TMDL
implementation plans and schedules in an MS4 permit.

In fact, the Regional Board/State Board TMDL implementation plans,
implementation schedules, and monitoring should be voided and prevented
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from being placed into the M84 permit because (1) they set compliance
determinant in the receiving water instead of the outfall; and (2) although the
TMDL monitoring program requirements specify ambient monitoring that is to
performed by M84 permittees, including Caltrans, the Regional Board has
approved plans that treat wet weather monitoring as ambient monitoring,
even though they are mutually exclusive. The Clean Water Act definition of
ambient monitoring is the:

Natural concentration of water quality constituents prior to mixing of either
point or nonpoint source load of contaminants. Reference ambient
concentration is used to indicate the concentration of a chemical that will not
cause adverse impact to human health.

The natural concentration of water quality constituents can only mean the
state of a receiving water when it is not raining. This is further supported by
the phrase "prior to mixing of either point or non-point source load of
contaminants," which can only mean stormwater discharges from an outfall.
In other words, stormwater discharges from an outfall cannot be mixed with a
receiving water during a storm event because the ambient condition would be
lost. Outfall monitoring of stormwater discharges is evaluated against the
ambient condition of pollutant constituents in the receiving water for the
ostensible purpose of determining its pollutant contribution.

Conclusion: The tentative order lacks the legal authority to include TMDL
implementation plans, schedules, or monitoring plans adopted as basin plan
amendments. No permittee, subject to any TMDL that requires an
implementation plan, schedule, or monitoring plan can be compelled to
comply with any of them. Further, even if it were legally permissible for these
TMDL elements to be incorporated into the M84 permit, no permittee could
be placed into a state of non-compliance because the legitimate compliance
point is in the outfall. Because no outfall monitoring has occurred, no
violation could arise and, therefore, there would be no need for a T80.

Recommended Correction: Eliminate requiring TMDL implementation plans,
schedules, and monitoring to be incorporated into the tentative order.

6. The tentative order contains references to the federal Comprehensive
Environmental Remediation Compensation and Liability Act (CERCLA)
that would make them additional regulatory requirements.

a. Issue: The non-stormwater discharge prohibition under the tentative order
states:

Non-storm water discharges through an MS4 are prohibited unless
authorized under a separate NPDES permit; authorized by USEPA
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pursuant to Sections 104(a) or 104(b) of the federal comprehensive
Environmental Response, Compensation and Liability Act (CERCLA).

At first blush, the CERCLA provision appears innocuous. But what if non
stormwater discharge is not authorized under CERCLA? Conceivably the
MS4 permittee could be held responsible for those discharges. And because
CERCLA is referenced in the MS4 permit, it could become a potential third
party litigation issue. The inclusion of the CERCLA provision is even more
suspect when considering that no other MS4 in the State contains such a
reference. Beyond this, how would a permittee know if a discharge is one
covered under CERCLA?

Conclusion: CERCLA is an unnecessary reference in the MS4 permit and
has the potential to expose permittees to third party litigation. Further, the
non-stormwater discharge prohibition only "to" the MS4 makes this issue
academic. A permittee's only responsibility is to prohibit impermissible non
stormwater to the MS4, not through or from it; or to require the discharger to
obtain permit coverage.

7. The tentative order, under the effluent limitations section, contains
technical effluent based limitations (TBELs) which typically are not
included ill MS4 permits and, in this particular case, does not appear to
be purposeful.

a. Issue: Part IV.A.1 of the tentative order states that TBELs shall reduce
pollutants in storm water discharges from the MS4 to the maximum extent
practicable (MEP).

It is not clear as to the reason for including TBELs into the tentative order
because they are generally not required of Phase MS4 permits. TBELS
are referenced in the tentative order, but are not found under
section 402(p), which addresses storm water, nor anywhere else
in federal regulations. It is a term used to collectively refer to best
available technologies, but again not in 402(p).

TBEL is a term USEPA uses to denote the following: (1) Best Practical
Control Technology Currently Available (BPT); (2) Best Conventional
Pollutant Control Technology (BCT); and (3) Best Available Technology
Economically Achievable (BAT). Since these provisions were established
prior to stormwater provisions of the CWA §402(p), they were applied to
industrial waste-water discharges (including construction activity which is
an industrial category sub-set). A clarifier connected to the sewer system
is a type of TBEL. POTWs are subject to TBELs example primary and
secondary treatment.

According USEPA guidance:
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WQBELs are designed to protect water quality by ensuring that water quality
standards are met in the receiving water. On the basis ofthe requirements ofTitle 40
of the Code of Federal Regulations (CFR) 125.3(a), additional or more stringent
effluent limitations and conditions. such as WQBELs. are imposed when TBELs are
not sufficient to protect water qualityB

Since the MS4 permit proposes WQBELs (adapted to meet water quality
standards at the outfall), it would appear that TBELs are irrelevant. In
essence, the proposed WQBELs is an admission from Regional Board staff
that TBELs are not sufficient to protect water quality.

Please note that the draft Caltrans and Phase II MS4 permits do not
reference TBELs.

Conclusion: Clarification is needed to determine the purpose of referencing
TBELs in the tentative order.

Recommended Correction: Either provide clarification and a justification
requiring TBELs given that the tentative order requires WQBELs, a more
stringent requirement. If clarification or justification cannot be provided, the
TBEL provision should be removed.

8. Minimum Control Measures (MCMs)

a. Issue: Generally, MCMs should not be detailed in the tentative order.
Instead, specific BMPs and other information should be placed in the
Stormwater Quality Management Plan (SQMP), which is the case under
the current MS4 permit. Federal guidance specifies that the core programs
are to be implemented through the SQMP as a means of meeting water
quality standards. More importantly, placing the specifics in the SQMP
makes it easier to revise. If specific BMPs remain in the tentative order,
and they are in error or need to be revised (e.g., to set BMP-WQBELs), a
re-opener would be required. For example, in Part I. Facility
Information, Table 2., the permittee contact information is out of date. It
would be better to place this and other detailed information in the SQMP
where it can be updated regularly without haVing to re-open the permit.

b. Issue: SUSMP

The tentative order replaces the Development Planning/SUSMP with
Planning and Land Development Program. However, the SUSMP is
mandated through a precedent-setting WQO issued by the State Board.
Nothing in the order's fact sheet provides an explanation of why the
SUSMP needs to be replaced. So doing would incur an unnecessary cost

9NPDES Pennit Writers' Manual, September, 2010, page 5-40.
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to revise the SQMP and SUSMP guidance materials. This is not to
suggest that the Regional Board may not, in the final analysis, have the
legal authority to the change the SUSMP to its MCM equivalent.
Nevertheless, it would be helpful from an administrative convenience
standpoint to explain the need for the change in the fact sheet. It could be
argued that the low impact development (LID) techniques have been
successful implemented through the SUSMP program for over five years.

c. Issue: Retrofitting existing developments through the Land Use
Development Program is not authorized under federal stormwater
regulations. CFR 40 122.26 only authorizes retrofitting with respect to
flood control devices which is to be explained in the MS4 permit as the
following indicates:

A description ofprocedures to assure that flood management projects assess the
impacts on the water quality ofreceiving water bodies and that existing structural
flood control devices have been evaluated to determine ifretrofitting the device to
provide additional pollutant removal from storm water is feasible.

d. Issue: The MCMs in the tentative order require off-site infiltration for
groundwater recharge purposes. The tentative order is a stormwater
permit, not a groundwater permit. As mentioned, 402(p)(3)(iii) of the
Clean Water Act:

Permits ... shall require controls to reduce the discharge of pollutants to the
maximum extent practicable, including management practices, control techniques
and system, design and engineering methods, and such other provisions as the
Administrator or the State determines appropriate for the control of such
pollutants.

The use of other infiltration controls that do not promote groundwater
recharge have already demonstrated effectiveness in significantly
reducing pollutants to the maximum extent practicable (MEP). Requiring
infiltration anywhere for the purpose of recharging groundwater exceeds
the scope of the MS4 since infiltrating to such an extent would add costs
to the developer or permittee without significantly improving pollutant
removal performance. Further, this requirement is unwarranted and
premature because of the absence of outfall monitoring data that would
demonstrate the need for groundwater-recharge oriented infiltration
controls to address water quality standards and TMDLs vis-a-vis their
intended purpose of protecting beneficial uses in a receiving water.

Conclusion: Requiring infiltration controls to facilitate groundwater
recharge is not authorized under federal stormwater regulations. Further,
many permittees are situated upstream of spreading grounds and other
macro-infiltration basins that would obviate the need for this requirement.
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Recommended Correction: Eliminate this requirement from the order.

9. The Maximum Extent Practicable (MEP) definition needs to be
revised to reflect is updated definition found in the draft Phase II MS4
permit and in the draft Caltrans MS4 permit.

a. Issue: The order's MEP reference is a carry-over from the 2001 MS4
permit. A great deal has happened over the decade to warrant an
update. Fortunately, the State Board, through the draft Phase II and
Caltrans MS4 permits, has revised the MEP definition to be in keeping
with current realities. To that end it has proposed the following
definition:

MEP standard requires Permittees apply Best Management Practices (BMPs)
that are effective in reducing or eliminating the discharge ofpollutants to the
waters of the us. MEP emphasizes pollutant reduction and source control
BMPs to prevent pollutants from entering storm water runoff. MEP may
require treatment ofthe storm water runoff if it contains pollutants. The MEP
standard is an ever-evolving, flexible, and advancing concept, which
considers technical and economic feasibility. BMP development is a dynamic
process and may require changes over time as the Permittees gain experience
and/or the state of the science and art progresses. To do this, the Permittees
must conduct and document evaluation and assessment of each relevant
element of its program, and their program as a whole, and revise activities,
control measureslBMPs, and measurable goals, as necessary to meet MEP.
MEP is the cumulative result of implementing, evaluating, and creating
corresponding changes to a variety of technically appropriate and
economically feasible BMPs, ensuring that the most appropriate BMPs are
implemented in the most effective manner. This process of implementing,
evaluating, revising, or adding new BMPs is commonly referred to as the
"iterative approach. ,,10

Conclusion: The order's MEP is out of data and inconsistent with State
Board policy.

Recommended Correction: Replace order's MEP definition with the
above-mentioned language.

10. The tentative order inappropriately includes the Middle Santa Ana
River Bacteria TMDL.

a. Issue: It should be abundantly clear that the Regional Board cannot
accept a TMDL adopted by another jurisdiction for implementation through
the MS4 permit unless the Board includes into its basin plan as an

100p. Cit., page 35.
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amendment. This argument has been raised by legal counsel for the City
of Claremont.

Conclusion: The Regional Board lacks legal authority to incorporate the
Middle Santa Ana River bacteria TMDL into the proposed order.

Recommended Correction: Eliminate the requirement.

11. Tentative order incorrectly asserts that its provisions do not constitute
unfunded mandates under the California Constitution.

a. Issue: Contrary to what the order asserts, it contains provisions that
exceed federal requirements in several places, thereby creating potential
unfunded mandates. They include: (1) requiring wet and dry weather
monitoring in the receiving water; (2) requiring numeric WQBELs; (3)
requiring compliance with TMDL-related implementation plans, schedules,
and monitoring; (4) requiring the non-stormwater discharge prohibition to
include through and from the MS4; (5) revising the receiving water
limitation language to include overbroad compliance requirements; (6)
requiring groundwater recharge; and (7) monitoring for non-TMDL
constituents at completed development project sites.

Conclusion: The order patently proposes requirements that create
unfunded mandates.

Recommended Correction: Delete all of the aforementioned requirements
that exceed federal regulations.

END COMMENTS
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Comments Regarding Los Angeles MS4 Tentative Order No. R4-2012-XXXX
NPDES PERMIT NO. CAS004001 (issue date unspecified)

Attachment E: Monitoring and Reporting Plan

1. Receiving Water Monitoring

The purpose of receiving water monitoring is to:

a. Determine whether the receiving water limitations are being achieved,

b. Assess trends in pollutant concentrations over time, or during specified
conditions,

c. Determine whether the designated beneficial uses are fully supported as
determined by water chemistry, as well as aquatic toxicity and
bioassessment monitoring.

Receiving water monitoring is to be performed at various in-stream stations.

At issue is "a" because it serves to determine compliance with receiving water
limitations. The Regional Board has no legal authority to compel compliance with
receiving water limitations through in-stream monitoring. Monitoring requirements
relative to MS4 permits are limited to effluent discharges and the ambient
condition of the receiving water, as §122.22(C)(3) clearly indicates:

The permit requires all effluent and ambient monitoring necessary to
show that during the term of the permit the limit on the indicator
parameters continues to attain water quality standards.

According to Clean Water Act §502, effluent monitoring IS defined as outfall
monitoring:

The term "effluent limitation" means any restriction established by a State or
the Administrator on quantities, rates, and concentrations of chemical,
physical, biological, and other constituents which are discharged from point
sources into navigable waters, the waters of the contiguous zone, or the
ocean, inclUding schedules of compliance.

40 CFR §122.2 defines a point source as:

... the point where a municipal separate storm sewer discharges to waters
of the United States and does not include open conveyances connecting
two municipal separate storm sewers, or pipes, tunnels or other
conveyances which connect segments of the same stream or other waters
of the United States and are used to convey waters of the United States.

1
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In short, effluent monitoring in a receiving water because cannot be required
because it lies outside the bounds of the outfall.
Regarding monitoring purposes "b" and "c" no argument is raised here provided
that it is understood that assessing trends in pollution concentrations would be:
(1) limited to ambient water quality monitoring; and (2) permittees shall be not
responsible for funding such monitoring. With respect to the latter, the Regional
Board's surface water ambient monitoring program (SWAMP) should be charged
with this responsibility. MS4 permittees fund SWAMP activities through an annual
surcharge levied on annual MS4 permit fees.

Recommended Corrective Action: Delete 1(a) and make it clear that 1(b) and (c)
relate to ambient monitoring that is not the responsibility of MS4 permittees.

2. Stormwater Outfall Based Monitoring

The purpose of stormwater outfall based monitoring - including TMDL monitoring
-- is to:

a. Determine the quality of a Permittee's discharge relative to municipal
action levels, as described in Attachment G ofthis Order,

b. Determine whether a Permittee's discharge is in compliance with
applicable wet weather WQBELs derived from TMDL WLAs,

c. Determine whether a Permittee's discharge causes or contributes to an
exceedance of receiving water limitations.

Insofar as "a" is concerned, outfall monitoring for stormwater for attainment of
municipal action levels (MALs) would be acceptable were it not for their purpose.
MALs represent an additional monitoring requirement for non-TMDL pollutants.
MALs should really be used to replace TMDL WLAs as alternatives to addressing
receiving water quality. As noted in the National Research Council Report to
USEPA:

The NSQD (Pitt et al., 2004) allows users to statistically establish action
levels based on regional or national event mean concentrations developed
for pollutants of concern. The action level would be set to define
unacceptable levels of stormwater quality (e.g., two standard deviations
from the median statistic, for simplicity). Municipalities would then routinely
monitor runoff quality from major outfalls. Where an MS4 outfall to surface
waters consistently exceeds the action level, municipalities would
need to demonstrate that they have been implementing the stormwater
program measures to reduce the discharge of pollutants to the
maximum extent practicable. The MS4 permittees can demonstrate the
rigor of their efforts by documenting the level of implementation through

2
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measures ofprogram effectiveness, failure of which will lead to an inference
of noncompliance and potential enforcement by the permitting authority

Instead of following the above Regional Board staff has chosen to create another
monitoring requirement, without regard for cost or benefit to water quality or to
permittees, Non-TMDL pollutants should be not be given special monitoring
attention until it has been determined that they pose an impairment threat to a
beneficial use, Such a determination needs to be done by way of ambient
monitoring performed by the Regional Board SWAMP, The resulting data could
then be used to develop future TMDLs if necessary.

Furthermore, many of the MAL constituents (both stormwater and non-storm
water) listed in Appendix G, are included in several TMDLs such as metals and
bacteria, This is, of course, a consequence of the redundancy created by two
approaches that are intended to serve the same purpose: protection of water
quality,

Recommended Correction: Either require substitution of TMDLs with MALs or
eliminate MALs entirely,

As for stormwater outfall monitoring purpose "b", such monitoring cannot be used
to determine compliance with wet weather WQBELs based on TMDL WLAs for
the following reasons:

1, The wet-weather WQBEL is based on a TMDL WLA in the receiving water
that is non-ambient. As mentioned, federal regulations only require ambient
monitoring in the receiving water, which by definition can never be deemed
the same as wet weather monitoring. They are mutually exclusive, Regional
Board staff has also incorrectly determined that a WQBEL may be the same
as the TMDL WLA, thereby making it a "numeric effluent limitation," Although
numerous arguments may be marshaled against the conclusion, the most
compelling of all is the State Water Resources Control Board's clear
opposition to numeric effluent limitations,

In Water Quality Orders 2001-15 and 2009-0008 the State Board made it
clear that: we will generally not require "strict compliance" with water quality
standards through numeric effluent limitations," and instead "we will continue
to follow an iterative approach, which seeks compliance over time" with water
quality standards,

[Please note that the iterative approach to attain water quality standards
applies to the outfall and the receiving wateL]

More recently, the State Board commented in connection with the draft
Caltrans MS4 permit that numeric WQBELs are not feasible as explained in
the following provision from its most recent Caltrans draft order:

3
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Storm water discharges from MS4s are highly variable in frequency,
intensity, and duration, and it is difficult to characterize the amount of
pollutants in the discharges. In accordance with 40 CFR §
122.44(k)(2), the inclusion of BMPs in lieu of numeric effluent
limitations is appropriate in storm water permits. This Order requires
implementation of BMPs to control and abate the discharge of
pollutants in storm water to the MEP.

2. The State Board's decision not to require numeric WQBELs in this
instance appears to have been influenced by among other considerations,
the Storm Water Panel Recommendations to the California State Water
Resources Control Board in re: The Feasibility of Numeric Effluent Limits
Applicable to Discharges of Storm Water Associated with Municipal,
Industrial and Construction Activities.

Regarding purpose "b" it should also be noted that the Regional Board's
setting of WQBELs to translate the TMDL WLA in the receiving water to the
outfall is premature. Regional Board staff apparently has not performed a
reasonable potential analysis as required under § 122.44(d)(1)(i), which
states:

Limitations must control all pollutants or pollutant parameters (either
conventional, nonconventional, or toxic pollutants) which the Director
determines are or may be discharged at a level that will cause, have the
reasonable potential to cause, or contribute to an excursion above any
[s]tate water quality standard, including [s]tate narrative criteria for water
quality. "

No such reasonable potential analysis has been performed - even though
USEPA guidance requires it as part of documenting the calculation of
WQBELs in the NPDES permit's fact sheet. According to USEPA's NPDES
Permit Writers' Manual:

Permit writers should document in the NPDES permit fact sheet the
process used to develop WQBELs. The permit writer should clearly
identify the data and information used to determine the applicable water
quality standards and how that information, or any applicable TMDL, was
used to derive WQBELs and explain how the state's anti-degradation
policy was applied as pari of the process. The information in the fact sheet
should provide the NPDES permit applicant and the public a transparent,
reproducible, and defensible description of how the permit writer properly
derived WQBELs for the NPDES permit. 1

'United States Environmental Protection Agency, NPDES Permit Writers' Manual, September, 2010, page
6-30.

4
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The fact sheet accompanying the tentative order contains no reference to a
reasonable potential analysis.

Complicating the performance of a reasonable potential analysis is the
absence of (1) outfall monitoring data; and (2) ambient water quality
standards. Though federal regulations require monitoring at the outfall, the
Regional Board has not required it up until now. Even if outfall monitoring
data were available to determine whether pollutants concentrations in the
discharge exceeded the water quality standard is not possible. This is
because, as mentioned earlier, TMDL WLAs are not expressed as ambient
standards. A TMDL is an enhanced water quality standard. As noted in the
National Research Council's Assessing the TMDL Approach to Water Quality
Management, a report commissioned by the United States Congress in 2001:

... EPA is obligated to implement the Total Maximum Daily Load (TMDL)
program, the objective of which is attainment of ambient water qualitv
standards through the control of both point and nonpoint sources of
pollution.

Recommended Correction: Eliminate this requirement.

Regarding purpose "c", the determinant for a water quality standard exceedance
is in the discharge from the outfall - not in the receiving water. The use of
numeric WQBELs -- though incorrectly defined and established in this instance -
represents the compliance standard in discharges from the outfall. Adding a
second compliance determinant in the receiving water is unnecessary and is not
authorized under federal stormwater regulations because the receiving water lies
outside the scope of the MS4.

Recommended Corrective Action: Eliminate this requirement.

3. Non-storm water outfall based monitoring

The purposes of this type of monitoring are as follows:

a. Determine whether a Permittee's discharge is in compliance with applicable
dry weather WQBELs derived from TMDL WLAs.

b. Determine whether a Permittee's discharge exceeds non-storm water action
levels, as described in Attachment G of this Order,

c. Determine whether a Permittee's discharge contributes to or causes an
exceedance of receiving water limitations,

5
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d. Assist a Permittee in identifying illicit discharges as described in Part VID.9 of
this Order.

Regarding "a," This requirement is redundant in view of the aforementioned
MALs and in any case is not authorized under federal stormwater regulations.
402(p)(B)(ii) of the Clean Water Act only prohibits discharges to the MS4 (streets,
catch basins, storm drains and intra MS4 channels), not through or from it. This
applies to all water quality standards, including TMDLs. Nevertheless,
compliance with dry weather WQBELs can be achieved through BMPs and other
requirements called for under the illicit connection and discharge detection and
elimination (ICDDE) program, or requiring impermissible non-stormwater
discharges to obtain coverage under a permit issued by the Regional Board.

Recommended Correction: Delete this requirement and specify compliance with
dry weather WLAs, expressed in ambient terms, through the implementation of
the ICDDE program.

Withy regard to "b", see previous responses regarding MALs and the limitation of
non-stormwater discharge prohibit to the MS4.

Recommended Correction: Delete this requirement because it exceeds the non
stormwater discharge prohibition to the MS4; and determine whether MALs or
TMDLs are to be used to protect receiving water quality.

Regarding "c", as mentioned, non-stormwater discharges cannot by applied to
receiving water limitations because of they are only prohibited to the MS4, not
from or through it.

Recommended Correction: Delete this requirement because it exceeds the non
stormwater discharge prohibition to the MS4.

Regarding "d", this requirement is reasonable and in keeping with federal
regulations with the exception that the identification of illicit discharges must
adhere to the field screening requirements in CFR 40 §122.26. No non
stormwater discharge monitoring shall occur unless flow is first discovered at the
outfall. This would trigger the implementation of additional requirements that the
tentative order does not include.

4. New DevelopmentlRe-development effectiveness monitoring

The purpose of this requirement is a dubious and is not authorized under federal
stormwater regulations as it relates to monitoring. To begin with, requiring such
monitoring is premature given the absence of outfall monitoring in the current and
previous MS4 permits that would characterize an MS4's pollution contribution
relative to exceeding ambient water quality standards. Without the determination
of statistically significant exceedances of water quality standards, detected at the
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outfall, the imposition of runoff infiltration requirements is arbitrary. Further, there
is nothing in federal stormwater regulations that require monitoring on private or
public property. Monitoring, once again, is limited to effluent discharges at the
outfall and to ambient monitoring in the receiving water.

Beyond this, monitoring for BMP effectiveness poses a serious challenge to what
determines "effectiveness" -- effective relative to what standard? It is also not
clear how such monitoring is to be performed.

Recommended Correction: Delete this requirement.

The MRP of the tentative order proposes regional studies "to further characterize
the impact of the MS4 discharges on the beneficial uses of the receiving waters.
Regional studies shall include the Southem Califomia Stormwater Monitoring
Coalition (SMC) Regional Watershed Monitoring Program (bio-assessment),
sediment monitoring for Pyrethroid pesticides, and special studies as specified in
approved TMOLs (see Section XIX TMOL Reporting, below)."

Regional studies also lie outside the scope of the MS4 permit. However,
because federal regulations require ambient monitoring in the receiving water, a
task performed by the Regional Board's SWAMP, regional watershed monitoring
for aforementioned target pollutants can be satisfied through ambient monitoring.
This can be accomplished with little expense on the part of permittees by: (1)
using ambient data generated by the Regional Board SWAMP; (2) re-setting the
County's mass emissions stations to collect samples 2 to 3 days following a
storm event (instead of using a flow-based sampling trigger); and (3) using any
data generated from existing coordinated monitoring programs (e.g., Los Angeles
River metals TMDL CMP), provided that the data is truly ambient.

END COMMENTS
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                                                          Via e-mail to:        LAMS42012@waterboards.ca.gov 
                             iridgeway@waterboards.ca.gov 

                                                                                                  rpurdy@waterboards.ca.gov 

 
July 23, 2012                

 
Mr. Ivar Ridgeway 
Los Angeles Regional Water Quality Control Board 
320 W. 4th Street, Suite 200 
Los Angeles, CA  90013 
 
Re: Comment letter – Draft NPDES Permit (Draft Tentative Order) for MS4 

Dischargers within the Los Angeles County Flood Control District 
 
Dear Mr. Ridgeway: 
 
The City of Bellflower (City) appreciates the opportunity to provide comments on the 
Draft Tentative Order which is presently scheduled for consideration by the Los 
Angeles Regional Water Quality Control Board (Regional Board) at a public hearing 
on September 6-7, 2012.  The City requests that you give due consideration to these 
comments and that they be included as a part of the Administrative Record. 
 
The City supports and incorporates by reference the correspondence, attachments 
and documents submitted by the LA Permit Group on the Draft Tentative Order 
(letter dated July 23, 2012), which includes comments and recommendations on: 
Receiving Water Limitations; TMDLs; Monitoring; Minimum Control Measures; 
Watershed Management Program; and, Cost/Economic Implications. 
 
We also add the following comments for the Regional Board’s consideration: 
 
1. Extend Comment Period – Given the size and scope of the Draft Tentative Order, 

with over 600 pages of text, the City requests an additional 180 days for review of 
the draft documents.  The additional time would allow City staff from all impacted 
Departments (e.g. Public Works and Community Development) to fully review 
draft permit requirements which impact their respective operations.  Due to tough 
economic conditions, the City was operating under a reduced work schedule at 
the time the Draft Tentative Order was released for review, which consequently 
resulted in less review time for City staff. 

 
 

Page 1 of 2 
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Mr. Ivar Ridgeway 
July 23, 2012 
Page 2 of 2 

 

 

 
 2. Facility Information – The City’s Facility Contact and Title in Table 2 of the Draft 

Tentative Order should be amended to read:   
 
  “Bernardo Iniguez, Environmental Services Manager”   

 
We thank you for the opportunity to comment on the Draft Tentative Order, but 
remain hopeful our request for an extended comment period will be granted.  If you 
have any questions regarding this letter, you may contact me at (562) 804-1424, ext. 
2233. 
 
Sincerely, 
 
 
 
 
Bernardo Iniguez 
Environmental Services Manager 
 
cc: Jeff Stewart, City Manager 
 Leo L. Mingle, Jr., Assistant City Manager 
 Deborah Chankin, Public Works Director 
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71 00 Garfield Avenue' Bell Gardens, CA 90201 •562'806-7700 •www.bellgardens.org

July 23,2012

Mr. Ivar Ridgeway

Regional Water Quality Control Board, Los Angeles

320 W. 4th Street, Suite 200

Los Angeles, CA 90013

(Electronically to LAMS42012@waterboards.ca.gov)

Subject: Comment Letter - Draft NPDES Permit (Draft Order) for MS4 Dischargers within the

Los Angeles County Flood Control District

The City of Bell Gardens would like to take this opportunity to inform the Regional Board of our support

of the attached comment letter from the LA Permit Group. The City of Bell Gardens has been actively

participating in the LA Permit Group since it was formed in 2007. We are extremely proud of the efforts

that the group has put in so far with regards to the new Los Angeles MS4 permit and we will continue to

support and participate in the group throughout this entire process.

We would also like to inform the Regional Board of our support of the LA Permit Group's request to

extend the review period of the draft order. We feel that the time given to review the draft order is not

adequate to deliver the proper comments that will help both the MS4 dischargers and the Regional

Board produce a permit that will be beneficial to everyone involved. Please take the time to give this

request further consideration.

We would like to thank the Regional Board for the time and effort to review this letter and hope that a

resolution regarding all these matters can be achieved soon.

incen:

horn,X-
Assistant City Manager

City of Bell Gardens

Enclosed: LA Permit Group Comment Letter
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Indian Wells
(760) 568-2611

Irvine
(949) 263-2600

Los Angeles
(213) 617-8100

Ontario
(909) 989-8584

Shawn Hagerty
(619) 525-1327
shawn.hagerty@bbklaw.com

. File No. 15341.00319

VIAE-MAIL

BEST BEST & KRIEGER ~
ATTORNEYS AT LAW

655 West Broadway, 15th Floor, San Diego, CA 92101
Phone: (619) 525-1300 I Fax: (619) 233-6118 I www.bbklaw.com

July 23, 2012

Riverside
(951) 686-1450

Sacramento
(916) 325-4000

Walnut Creek
(925) 977-3300

Washington, DC
(202) 785-0600

Mr. Ivar Ridgeway
320 W. 4th Street, Suite 200
Los Angeles, CA 90013

Re: City of Claremont's Comments on Draft Tentative Order

Dear Mr. Ridgeway:

Best Best & Krieger ("BBK") serves as City Attorney for the City of Claremont. BBK
submits these written comments on behalf of Claremont regarding the draft Los Angeles MS4
Tentative Order ("Draft Permit"). Claremont is a member of the LA Permit Group and joins in
the comments submitted by that organization. Claremont writes separately to address an issue of
unique importance to the City.

Final Comments on the Draft Permit

As the Regional Board is aware, the conditions of the Draft Permit, once adopted, will
become legally enforceable requirements for Claremont. If there are future legal disputes about
the meaning of the conditions, a court will review the Permit as it would review any contract or
legal document. For these reasons, Claremont asks that the Regional Board listen closely to all
of the concerns expressed by municipal dischargers, who are, in essence, contractual partners
with the Regional Board when it comes to the Permit (albeit ones who cannot control the
Regional Board's final Permit language). The Regional Board should only include provisions in
the Permit that are precise and intended to create enforceable obligations that are well understood
by all parties.

Specific Concerns with the Draft Permit

For Claremont, the need for precision and accuracy is particularly important with regard
to the manner in which the Draft Permit attempts to address the Middle Santa Ana River
Watershed Bacteria Indicator TMDL ("MSAR TMDL"). As Claremont has previously advised
the Regional Board, the MSAR TMDL is not one that has been adopted by this Board. Rather,
the MSAR TMDL was adopted by the Santa Ana Regional Board. The MSAR TMDL included
Claremont, even though the City is not subject to the jurisdiction of that Board.

15341.00319\7517192.2

RB-AR12235



BEST BEST & KRIEGER ~
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Mr. Ivar Ridgeway
July 23,2012
Page 2

In Section E and Attachment R of the Draft Permit, the Regional Board has compounded
this error by only incorporating part of the MSAR TMDL as numeric effluent limitations
applicable to Claremont. As written, the Draft Permit is thus contrary to the express language
and stated intent of the MSAR TMDL, its implementation plan and the policy of the Santa Ana
Regional Board. This error places Claremont in the untenable position of having the Los
Angeles Regional Board apply a TMDL it did not adopt in a manner inconsistent with the
language and stated intent of the Regional Board that did adopt the TMDL. On May 14,2012,
Claremont sent the Regional Board a letter objecting to the inclusion of MSAR TMDL in the
Draft Permit. Claremont repeats and incorporates the objections set forth in the May 14, 2012
letter. A copy of the May 14, 2012 letter is attached. Claremont supplements its previous
comments as set forth below.

Section E and Attachment R of the Draft Permit seek to establish the terms and
conditions under which "applicable" TMDLs are included in the Permit as WQBELs. With
regard to the MSAR TMDL, the Regional Board has erroneously included only a part of the
TMDL in a manner inconsistent with the law and the facts.

As applied to the MSAR TMDL, Section E and Attachment R of the Draft Permit are
actually inconsistent, rather than consistent, with the assumptions and requirements of the MSAR
TMDL. Specifically, the Draft Permit only addresses one part of the MSAR TMDL and
selectively applies only its numeric portion. It ignores the Santa Ana Regional Board's express
intent to allow dischargers to comply with the TMDL's WLA through the submission and
implementation of Comprehensive Bacterial Reduction Plans. In this way, the Regional Board
has erred in its application of the TMDL.

Federal Regulations at 40 C.F.R. § 122.44.(d)(1)(vii)(B) state:

When developing water quality-based effluent limits under this
paragraph the permitting authority shall ensure that . .. E.fJluent
limits developed to protect a narrative water quality criterion, a
numeric water quality criterion, or both, are cOf!sistent with the
assumptions and requirements of any available wasteload
allocation for the discharge prepared by the State and approved by
EPA.

The MSAR TMDL sets numeric targets for Fecal Coliform and E. Coli bacteria in several
of the tributaries to the Santa Ana River. The surface water closest to the City is Chino Creek
Reach 2. The MSAR TMDL for Chino Creek Reach 2 is 180 Fecal Coliform organisms per 100
ml of water. Dry weather compliance must be achieved by 2015, and wet weather compliance
must be achieved by 2025. In order to achieve these limitations within the allotted time, the

15341.00319\7517192.2

RB-AR12236



IMIk
BEST BEST & KRIEGER:J

ATTORNEYS AT LAW

Mr. Ivar Ridgeway
July 23,2012
Page 3

MSAR TMDL has an implementation plan. The basic requirements of the implementation plan
include the following:

• Develop and implement a Watershed-Wide Bacterial Indicator
Water Quality Monitoring Program

• Develop and Implement Bacterial Indicator Urban Source
Evaluation Plan ("USEP").

• Develop a Comprehensive Bacteria Reduction Plan ("CBRP") to
address surface waters that exceed the applicable standard, and
develop structural and non-structural BMPs to meet compliance by
2015 (for dry weather flows).

• Amend applicable MS4 permits and underlying documents to
incorporate bacteria control mechanisms.

• Amend the Santa Ana Basin Plan to use E. Coli in place of Fecal
Coliform as the compliance measure for the Rec-1 standard.

The public agencies subject to the MSAR TMDL formed a task force to implement the
TMDL (the "TMDL Task Force"). Claremont has been a participating, funding member of the
Task Force. The TMDL Task Force developed the USEP in 2007, and it was approved by the
Santa Ana Regional Board in 2008. In June, 2011, the Riverside County and San Bernardino
County members of the TMDL Task Force developed CBRPs for their respective jurisdictions.
They were submitted to the Santa Ana Regional Board in June, 2011, and subsequently approved
by the Santa Ana Regional Board.

The CBRPs require the dischargers to monitoring outfalls within their MS4 system, adopt
ordinances to limit dry weather flows, and if necessary, construct structural BMPs to reduce
bacteria discharges. The plans further state that compliance will be measured in the following
ways:

• The water quality objectives are attained in the water bodies listed
in the TMDL, and if not, the exceedances are not caused by
controllable urban sources.

• Sampling Discharges from selected MS4 outfalls are compliant
with dry weather waste load allocations and if not, the exceedances
are not caused by controllable urban sources.

15341.00319\7517192.2
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• MS4 facilities are dry during dry weather or the discharger
demonstrates that dry weather flows infiltrate before entering an
impaired water body.

In approving the MSAR TMDL, the Santa Ana Regional Board expressly found that
compliance with the BMP based implementation approach to be outlined in the CBRPs was an
effective means of achieving the MSAR TMDL. This has been reiterated by the Santa Ana
Regional Board with each subsequent MSAR TMDL related approval, including the approval of
the CBRPs in February, 2012.

As noted, Claremont is an active member of the Task Force and has participated in the
development of the CBRPs. Claremont intends to develop and implement a CBRP based on
those already approved by the Santa Ana Regional Board as a means of achieving compliance
with the MSAR TMDL. This is the approach outlined by the Santa Ana Regional Board in the
Basin Plan Amendment adopting the MSAR TMDL, and it is the only approach that is consistent
with the assumptions and requirements of the MSAR TMDL. Any other approach would
conflict with the express terms ofthe TMDL and thereby violate Federal Regulations.

Attachment R ofthe Draft Permit must therefore be rewritten as follows:

A. Middle Santa Ana River ("MSAR") Watershed Bacteria Indicator
TMDL

1. The final WQBELs for bacterial indicators under Dry Weather
Conditions contained in this section shall be achieved no later than
December 31, 2015. These final effluent limits shall be considered
effective for enforcement purposes on January 1,2016.

2. The Final WQBELs for MSAR Bacterial Indicator TMDL under
Dry Weather conditions shall be developed and implemented in the
following manner:

a. The MSAR Permittees shall prepare for approval by the Santa
Ana Regional Water Quality Control Board a Comprehensive
Bacteria Reduction Plan (CBRP) describing, in detail, the
specific actions that have been taken or will be taken to achieve
compliance with the urban wasteload allocation under dry
weather conditions (April 1st through October 31 st) by
December 31,2015. The CBRP must include:

15341.00319\7517192.2
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1. The specific ordinance(s) adopted to reduce the
concentration of indicator bacteria in urban sources.

11. The specific BMPs implemented to reduce the
concentration of indicator bacteria from urban sources and
the water quality improvements expected to result from
these BMPs.

111. The specific inspection criteria used to identify and manage
the urban sources most likely causing exceedances of water
quality objectives for indicator bacteria.

IV. The specific regional treatment facilities and the locations
where such facilities will be built to reduce the
concentration of indicator bacteria discharged from urban
sources and the expected water quality improvements to
result when the facilities are complete.

v. The scientific and technical documentation used to
conclude that the CBRP,once fully implemented, is
expected to achieve compliance with the urban wasteload
allocation for indicator bacteria by December 31, 2015.

VI. A detailed schedule for implementing the CBRP. The
schedule must identify discrete milestones to assess
satisfactory progress toward meeting the urban wasteload
allocations for dry weather by December 31, 2015. The
schedule must also indicate which agency or agencies are
responsible for meeting each milestone.

vii. The specific metric(s) that will be established to
demonstrate the effectiveness of the CBRP and acceptable
progress toward meeting the urban waste load allocations
for indicator bacteria by December 31, 2015.

b. The draft CBRP must be submitted to the Santa Ana Regional
Water Quality Control Board no later than March 31, 2013.
The Permittees may submit the plan individually, jointly or
through a collaborative effort with other urban dischargers. The
MSAR Permittees must submit the final version of the plan no

15341.00319\7517192.2
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more than 90 days after receiving the comments from Santa
Ana Regional Water Quality Control Board staff.

c. Once approved by the Santa Ana Regional Water Quality
CO'ntrol Board, the CBRP shall be incorporated into this Order
as the final WQBELs for indicator bacteria under Dry Weather
Conditions. Based on BMP effectiveness analysis, the CBRP
shall be updated, if necessary. The updated CBRP shall be
implemented upon approval by the Regional Board.

3. In the event this Order is still in effect on December 31, 2025, and
the Regional Board has not adopted alternative final water quality
based effluent limits for wet weather conditions by that date, then
the urban wasteload allocations specified in the MSAR-TMDL for
wet weather conditions (November 1st through March 31st) will
automatically become the final numeric water quality-based
effluent limits for the MSAR Permittees on January 1,2026.

Thank you for your attention to this matter. If you have any questions or comments
regarding the City's position on the MSAR TMDL and its incorporation into the Draft Permit,
please do not hesitate to contactme.

Very truly yours,

/Yl~
Shawn Hagerty
of BEST BEST & KRIEGER LLP
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Indian Wells
(760) 568-2611

Irvine
(949) 263-2600

Los Angeles
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Shawn Hagerty
(619) 525-1327
shawn. hagerty@bbklaw.com
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May 14,2012

Riverside
(951) 686-1450

Sacramento
(916) 325-4000

Walnut Creek
(925) 977-3300

Washington, DC
(202) 785-0600

Renee;Purdy
Section Chief of Region~lPrograms
Los Angeles Regional Water Quality Control Board
320 West 4th Street, Suite 200
Los Angeles, CA 90013

Re: City of Claremont's Written Comments on Working Proposal for the
TMDL Provisions of the Los Angeles County MS4 Permit

Dear Ms. Purdy:

This letter is submitted on behalf of the City of Claremont ("City") in connection with the
Los Angeles Regional Board's working proposal for the TMDL provisions of the Los Angeles
County MS4 Permit. The focus of the City's written comments is on the manner in which the
working proposal seeks to incorporate the Middle Santa Ana River Watershed Bacteria Indicator
TMDL ("MSAR TMDL") as an enforceable requirement of the MS4 Permit. The City
appreciates the opportunity to submit these written comments and looks forward to working with
you to develop a mutually acceptable approach to the MSAR TMDL.

Before providing specific comments on the working proposal, it is important for the
Regional Board to understand the City's position regarding the MSAR TMDL. As you know,
the MSAR TMDL was adopted by the Santa Ana Regional Board in February of 2005. The City
is not located within the jurisdiction of the Santa Ana Regional Board, and, therefore, the Basin
Plan adopted by the Santa Ana Regional Board, including the MSAR TMDL, has no application
to the City. (See Water Code § 13240 (providing that regional boards "shall formulate and adopt
water quality control plans for all areas within the region.") (Emphasis added.).)

Because the MSAR TMDL is not applicable to the City, significant legal concerns exist
regarding the ability of the Los Angeles Regional Board to include the MSAR TMDL in the
MS4 Permit without first going through the legally required Basin Plan amendment process to
develop a bacteria TMDL that applies to the City. Since the Los Angeles Regional Board has
not so amended its Basin Plan, the Board's legal authority to include the TMDL in the MS4
Permit is suspect. In making these comments, the City does not waive its legal objections to the
application of the MSAR TMDL to it.
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Although the City preserves its legal options regarding the MSAR TMDL, the City
recognizes that either the Los Angeles or Santa Ana Boards may have the authority, after
following all legally required procedures, to extend the MSAR TMDL or similar requirements to
the City in a legally enforceable way. For this reason, the City has been participating in the
MSAR TMDL Task Force and might be willing to continue to participate in: achieving the goals
of the MSAR TMDL through the MS4 Permit under acceptable terms and conditions, as
expressed in the comments below.

Subject to these caveats, the City has the following three comments on the TMDL
provisions of the working proposal related to the MSAR TMDL:

1. The Regional Board should delete the final fecal coliform effluent limitations and
receiving water limitations for both dry and wet weather. It is our understanding
that the Los Angeles Regional Board's Basin Plan no longer uses fecal coliform
as a fresh water Rec-l objective. Therefore, the Board cannot include such an
objective in the MS4 Permit. In addition, as noted in the working proposal, the
Santa Ana Board is in the process of replacing the Rec-l fecal coliform objective
with an E. coli objective. Therefore, the final fecal coliform effluent limitations
and receiving water limitations should be deleted.

2. The Regional Board should revise the provisions of Section G.l.d of the working
proposal to allow the City to use the Comprehensive Bacteria Reduction Plans
("CBRPs") that have already been prepared for the MSAR TMDL and which
have already been tentatively approved by staff at the Santa Ana Board. It makes
little sense to require the City to "reinvent the wheel" on this issue. For this
reason, the City recommends that Section G.1.d of the working proposal be
revised to read as'follows:

Permittees may demonstrate compliance with the effluent
limitations and receiving water limitations by complying
with the Comprehensive Bacterial Reduction Plans
preparedfor the MSAR TMDL.

3. The City would like the proposed Permit language to better reflect how the City's
compliance will be measured. This is particularly important to the City because
information prepared by the MSAR TMDL Task Force demonstrates that the City
does not discharge stormwater or dry weather flows directly to the Chino Basin,
including the San Antonio Channel. The City's contribution to flows occurs, if at
all, only at the limited points where the City's MS4 connects with the City of
Pomona's MS4. For this reason, the City would like to understand (and have the
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permit document) how the City's compliance will be measured. In the City's
view, it would be in compliance with the effluent limitations if either (1)
compliance existed at the outfall of any MS4 to which the City contributes; or (2)
compliance existed at the point at which the City's MS4 connects to the City of
Pomona's MS4. If either of these conditions existed, compliance would be
obtained. Moreover, the City does not agree with the incorporation of the MSAR
TMDL's Waste Load Allocation ("WLA") as a numeric effluent limitations.
Particularly as applied to the City, the better approach would be to use a BMP
based approach to achieving compliance with the WLA.

The City appreciates the opportunity to submit these comments. We request the
opportunity to discuss them with you and your team by phone or in person.

Very truly yours,

/77/)(Y
Shawn Hagerty
of BEST BEST & KRIEGER LLP

cc: Tony Ramos, City Manager (via e-mail)
Colin Tutor, Interim Assistant City Manager (via e-mail)
Brian Desatnik, Director of Community Development (via e-mail)
Craig Bradshaw, City Engineer (via e-mail)
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July 20, 2012

Mr. Ivar Ridgeway
California Regional Water Quality Control Board, Los Angeles Region
320 West 4th Street, Suite 200
Los Angeles, California 90013
LAMS42012@waterboards.ca.gov
rpurdy@waterboards.ca.gov
iridgeway@waterboards.ca.gov

Dear Mr. Ridgeway:

The City of Beverly Hills ("City') submits the following comments to the Los Angeles Regional
Water Quality Control Board's ("Regional Board") Tentative Order No. R4-2012-xxx, NPDES
Permit No. CAS004001) ("Permit"). The LA Permit Group has submitted comments regarding
the Permit which the City joins and incorporates herein. The City reserves the right to make
additional legal comments on the Permit prior to the close of the public hearing to adopt the
Permit and at the public hearing itself.

On behalf of the City of Beverly Hills, we hereby submit the following initial comments on the
Permit:

1. The Time Provided to Review the Permit Is Insufficient and Denies Permittees Due
Process of Law

The period provided to review and comment on the Permit has been unreasonably short given the
breadth of the Permit. Beginning on March 28, 2012, Regional Board staff issued a series of
Staff Working Proposals pertaining to key sections of the Permit. Regional Board staff has used
their Staff Working Proposal workshops as a justification for the hurried manner in which the
Permit was developed. The same justification was used by the Executive Director in denying the
LA Permit Group's request for a time extension.

This justification, however, fails for several reasons. First, Regional Board staff gave the
permittees only a few weeks to comment on each of the Staff Working Proposals. Furthermore,
the Regional Board staff did not respond to any comments, leaving permittees to guess at which
requirements would be incorporated into the Permit. Seeing the Permit in its entirety and having
the opportunity to understand how each of the sections and programs work together is imperative
in order for permittees to fully understand the Permit provisions and to prepare comments.

Second, despite all the working proposals, workshops, and meetings, the permittees are left with
a Permit that cannot be complied with from the first day the Permit goes into effect, due to the
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Receiving Water Limitation (RWL) and the Waste Load Allocations (WLA) requirements that
could subject the permittees to third party lawsuits.

We believe the Regional Board wants a review process that is open and transparent. Providing
permittees only forty-five (45) days to comment makes this impossible. To develop and provide
relevant and meaningful comments, each permittee must first:

•
•
•
•
•

•
•

•

Read a 500 page Permit;
Study the 500 page Permit to understand how the provisions work together;
Compare it to the last Permit;
Evaluate the resource needs to comply with the Permit;
Determine the fiscal and organizational impacts on City services, which requires
coordination with several City departments;
Conduct technical and legal review of the Permit and prepare comments;
Present information to and gather feedback from the City Council. Staff needs time to
conduct a thorough review of the items listed above, prior to presenting them to the
City Council; and
Prepare written comments.

To ensure a proper review of the Permit, the City hereby requests an extension of 180 working
days to include a Revised Tentative Permit to be released with a 45-day comment period. The
intent of a Revised Tentative Permit is to ensure the permittees have the opportunity to review
any changes made to the existing draft and provide comments prior to the Permit adoption
hearing. Additionally, this extension request will resolve a conflict our city management and
officials have with the current September 6-7,2012 hearing date, which overlaps with the annual
League of Cities conference in San Diego.

The extreme speed with which the Permit is being circulated and reviewed and proposed to be
adopted amounts to a denial of the City's due process rights and is contrary to state and federal
law. By denying the permittees a meaningful opportunity to review and comment on a Permit
that so drastically affects the permittees' rights and finances, the Regional Board has denied the
permittees due process rights under state and federal law. See Spring Valley Water Works v. San
Francisco, 82 Cal. 286 (1890) (reasonable notice and opportunity to be heard are essential
elements of "due process of law," whatever the nature of the power exercised.) Furthermore,
under the Clean Water Act, a reasonable and meaningful opportunity for stakeholder
participation is mandatory. See, e.g., Arkansas Wildlife Fed'n v. leI Ams., 29 F.3d 376, 381 (8th
Cir. 1994) ("the overall regulatory scheme affords significant citizen participation, even if the
state law does not contain precisely the same public notice and comment provisions as those
found in the federal CWA.") For the reasons stated above, the Permit does not satisfy the Clean
Water Act standard and violates the City's due process rights.

2. The Permit Should Be Revised to Provide that Implementation of BMPs is Sufficient
to Constitute Compliance with the Permit

Permittees should be able to achieve compliance with the Permit through a best management
.practice ("BMP") based iterative approach. Regional Board staff has previously indicated that it
would not create a permit for which permittees would be out of compliance from the very first
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day the Permit goes into effect. This necessarily means the Permit cannot require immediate
strict compliance with water quality standards. Yet the Fact Sheet states that a party whose
discharge "causes or contributes" to an exceedance of a water quality standard is in violation of
the Permit, even if that party is implementing the iterative process in good faith. See Fact Sheet
at pp. F-35-38. These positions are incompatible and effectively render the iterative approach
meaningless.

As written, the Permit requires that all discharges to receiving waters must immediately meet
water quality standards to avoid violating the Permit. This presents an impossible standard for
permittees to meet, especially given the fact that thirty-three (33) TMDLs have been
incorporated into the Permit. This means that numerous water bodies that currently do not meet
water quality standards will be governed by the Permit and permittees will be subject to potential
liability immediately. Even for TMDLs for which the Regional Board issues time scheduling
orders, such orders will not protect a permittee from third-party lawsuits for measured
exceedances, based on the Permit's current language. Even if such lawsuits are unfounded, the
legal costs to defend such suits are enormous. For this same reason, final wasteload allocations
should not be incorporated into the Permit, especially where we are dealing with TMDLs that
have been rushed through due to the Browner consent decree with the understanding that they
would be refined over time with reopeners as new information becomes available.

A BMP-based approach should be utilized in the Permit, as outlined in EPA's November 12,
2010 Revisions to the November 22, 2002 Memorandum "Establishing Total Maximum Daily
Load (TMDL) Wasteload Allocations (WLAs) for Storm Water Sources and NPDES Permit
Requirements Based on those WLAs." ("EPA Memorandum"). See also 40 c.F.R. § 122.44(k).

To accomplish this purpose, the City supports using the receiving water limitation language
proposed by CASQA, which is similar to the language in the Draft Caltrans Permit. Otherwise,
cities are potentially vulnerable to third party lawsuits such as those brought against the City of
Stockton and the County of Los Angeles by third parties within the last five years.

Furthermore, the EPA Memorandum is clear that an increased reliance on numerics should be
coupled with the "disaggregation" of different storm water sources within permits. See EPA
Memorandum at pp. 3-4. The Permit currently aggregates multiple sources of storm water runoff
while additionally imposing numeric standards. This will result in a system whereby the
innocent will be punished alongside the guilty for numeric standard exceedances. The Regional
Board should not allow this inequitable and legally unjustifiable result to occur.

Another reason for adopting a BMP-based approach is the fact that new and existing
conditionally exempt non-stormwater discharges may also contribute to measured exceedances.
This inequitable result means the exempt discharges may nonetheless contribute to permittee
liability.

3. The Permit Improperly Intrudes Upon the City's Land Use Authority in Violation
of the Tenth Amendment of the U.S. Constitution

To the extent that this Permit relies on federal authority under the Clean Water Act to impose
land use regulations and dictate specific methods of compliance, it violates the Tenth
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Amendment of the U.S. Constitution. Furthermore, to the extent the Permit requires a municipal
permittee to modify its city ordinances in a specific manner, it also violates the Tenth
Amendment. According to the Tenth Amendment:

"The powers not delegated to the United States by the Constitution, nor prohibited
by it to the States, are reserved to the States respectively, or to the people."

Article XI, section 7 of the California Constitution California also guarantees municipalities the
right to "make and enforce within [their] limits all local police, sanitary and other ordinances and
regulations not in conflict with general laws." See also City ofW. Hollywood v. Beverly Towers,
52 Cal. 3d 1184, 1195 (1991). Furthermore, the United States Supreme Court has held that the
ability to enact land use regulations is delegated to municipalities as part of their inherent police
powers to protect the public health, safety, and welfare of its residents. See Berman v. Parker,
348 U.S. 26, 32-33 (1954). Because it is a constitutionally conferred power, land use powers
cannot be overridden by State or federal statutes.

Even so, both the Clean Water Act and the Porter-Cologne Act provisions regarding NPDES
permitting do not indicate that the Legislature intended to preempt local land use authority.
Sherwin Williams Co. v. City ofLos Angeles, 4 Cal. 4th 893 (1993); California Rifle & Pistol
Assn. v. City of West Hollywood, 66 Cal. App. 4th 1302, 1309 (1998) (Preemption of police
power does not exist unless "Legislature has removed the constitutional police power of the City
to regulate" in the area); see Water Code §§ 13374 and 13377 and 33 U.S.C. § 1342 (b)(I)(B).

If the Permit is adopted, the City believes that this Permit could establish the Regional Board as a
"super municipality" responsible for setting zoning policy and requirements throughout Los
Angeles County. The prescriptive and one-size-fits-all nature of this policy will ensure that any
resident or business challenging the conditions set forth in this Permit would not only sue the
municipality charged with implementing these requirements, but would also have to sue the
Regional Board itself to obtain the requested relief. The City does not believe this is the intent of
the Regional Board. Rather than adopting programs that dictate the precise method of
compliance, the Regional Board should collaborate with the City and other permittees to develop
a range of model programs that each municipality could then modify and adopt according to its
own individual circumstances.

4. The Permit Constitutes an Unconstitutional Unfunded Mandate

The Permit contains mandates imposed at the Regional Board's discretion that are unfunded and
go beyond the specific requirements of either the Clean Water Act or the EPA's regulations
implementing the Clean Water Act, and thus exceed the "Maximum Extent Practicable"
("MEP") standard. Accordingly, these aspects of the Permit constitute non-federal state
mandates. See City ofSacramento v. State ofCalifornia, 50 Cal. 3d 51,75-76 (1990). Indeed,
the Court of Appeals has previously held that NPDES permit requirements imposed by the
Regional Board under the Clean Water and Porter-Cologne Acts can constitute state mandates
subject to claims for subvention. County ofLos Angeles v. Commission on State Mandates, 150
Cal. App. 4th 898, 914-16 (2007).

The Permit goes beyond federal law, as the Permit is at least twice as long, and in some cases,
three times as long as other MS4 permits developed by other Regional Boards in the State of
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California, such as the Lahontan Regional Board and the Central Valley Regional Board, not to
mention permits developed by EPA. This means that either some Regional Boards are failing to
impose federally mandated requirements pursuant to the Clean Water Act, or the more likely
explanation is that the Regional Board is imposing requirements that go beyond federal law.

A. The Permit's Minimum Control Measure Program is an Unfunded State
Mandate

The Permit's Minimum Control Measure program ("MCM Program") qualifies as a new
program or a program requiring a higher level of service for which state funds must be provided.
The particular elements of the MCM Program that constitute unfunded mandates are:

• The requirements to control, inspect, and regulate non-municipal permittees and
potential permittees (Permit at pp. 38-40);

• The public information and participation program (Permit at pp. 58-60):
• The industrial/commercial facilities program (Permit at p. 63);
• The public agency activities program (Permit at pp. 56-63); and
• The illicit connection and illicit discharge elimination program (Permit at pp. 106-109).

The MCM Program requirement that the permittees inspect and regulate other, non-municipal
NPDES permittees is especially problematic and clearly constitutes an unfunded mandate. (See,
e.g., Permit at pp. 38-40.) These are unfunded requirements which entail significant costs for
staffing, training, attorney fees, and other resources. Notably, the requirement to perform
inspections of sites already subject to the General Construction Permit is clearly excessive.
Permittees would be required to perform pre-construction inspections, monthly inspections
during active construction, and post-construction inspections. The requirements of this Permit
exceed past permits, meaning that the Regional Board is requiring a higher level of service than
in prior permits.

Furthermore, there are no adequate alternative sources of funding for inspections. User fees will
not fully fund the program required by the Permit. Cal. Gov't Code, § 17556(d). NPDES
permittees already pay the Regional Water Quality Control Boards fees that cover such
inspections in part. It is inequitable to both cities and individual permittees for the Regional
Board to charge these fees and then require cities to conduct and pay for inspections without
providing funding.

B. The Receiving Water Body Requirements Render the Permit an Unfunded
Mandate

If strict compliance with state water quality standards in receiving water bodies is required
including state water quality standard-based wasteload allocations-in the MS4 itself or at
outfall points and in receiving water bodies, the entire Permit will constitute an unfunded
mandate because such a requirement clearly exceeds both the Federal standard and the
requirements of prior permits, despite the fact no funding will be provided. See Building
Industry Assn. ofSan Diego County v. State Water Resources Control Bd., 124 Cal. App. 4th
866,873,884-85 (2004) (though the State and Regional Boards may require compliance with
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California state water quality standards pursuant to the Clean Water Act and state law, these
requirements exceed the Federal Maximum Extent Practicable standard.)

C. The City Does Not Necessarily Have the Requisite Authority to Levy Fees to Pay
for Compliance With the Order

The ability to fund the Permit through bond measures or tax increases does not render the
Permit's program ineligible for a subvention claim because such funding mechanisms are
contingent upon voter approval, in some cases requiring supermajority votes. Howard Jarvis
Taxpayers Assoc. v. City ofSalinas, 98 Cal. App. 4th 1351 (2002). The money available from
other sources is both too speculative and limited to cover all or even some of the costs imposed
by the Permit. Such speculative funding sources cannot count as viable sources of funding so as
to preclude a subvention claim. Cal. Gov't Code, § l7556(f). Furthermore, even if some portions
of the Permit's programs can be covered by user fees, these fees will not come close to covering
all such costs, meaning permittees' general funds will have to be utilized to cover substantial
portions of these costs. Cal. Gov't Code, § l7556(d) (the ability to charge fees only defeats a
subvention claim where the fees are sufficient to fully fund the program.)

5. The Permit's Monitoring Program Exceeds the Requirements of Law

The Permit's Receiving Water Monitoring Program is improper for going well beyond the scope
of monitoring requirements authorized under Water Code Sections 13267 and 13383. The
relevant portion of Water Code Section 13267 states:

"(b) (1) In conducting an investigation ... the regional board may require that ...
any citizen or domiciliary, or political agency or entity of this state who has
discharged, discharges, or is suspected of having discharged or discharging, or
who proposes to discharge, waste outside of its region that could affect the quality
of waters within its region shall furnish, under penalty of perjury, technical or
monitoring program reports which the regional board requires. The burden,
including costs, of these reports shall bear a reasonable relationship to the need
for the report and the benefits to be obtained from the reports."

The Regional Board's failure to conduct and communicate the requisite cost-benefit analysis
pursuant to the monitoring requirements in the Permit constitutes an abuse of discretion. Water
Code §§ 13267 and 13225(c).

The relevant portions of Water Code Section 13383 state:

"(a) The ... regional board may establish monitoring, inspection, entry, reporting,
and recordkeeping requirements for any person who discharges, or proposes
to discharge, to navigable waters .

(b) The ... or the regional boards may require any person subject to this section
to establish and maintain monitoring equipment or methods, including, where
appropriate, biological monitoring methods, sample effluent as prescribed, and
provide other information as may be reasonably required."
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The Permit goes far beyond a requirement that a permittee "monitor" the effluent from its own
storm drains. The Permit's Receiving Water Monitoring Program seems to require a complete
hydrogeologic model found in the receiving water body, which will in many cases be miles away
from many of the individual permittees' jurisdictions. To the extent the Permit requires
individual permittees to compile information beyond their jurisdictional control, they are
unauthorized. Although Water Code Section l3383(b) permits the Regional Board to request
"other information", such requests can only be "reasonably" imposed. Cal. Water Code §
13383(b). The information requested by the Regional Board is unreasonable. It is not just
limited to each individual copermittee's discharge. Rather, the Permit requires copermittees to
analyze discharges and make assumptions regarding factors well beyond their individual
boundaries. This is not reasonable, and is therefore not permitted under Water Code Sections
13225, 13267, and 13383. It is equally unreasonable to require the monitoring of authorized or
unknown discharges. See Permit at p. 108.

6. The Permit Exceeds the Regional Board's Authority by Requiring the City to Enter
into Contracts and Coordinate With Other Copermittees

The Regional Board cannot require the City to enter into agreements or coordinate with other
copermittees. The requirements that permittees engage in interagency agreements (Permit at p.
39) and coordinate with other copermittees as part of their stormwater management program
(Permit at p. 56-58) are unlawful and exceed the authority of the Regional Board. The Regional
Board lacks the statutory authority to mandate the creation of interagency agreements and
coordination between permittees in an NPDES Permit. See Water Code §§ 13374 and 13377.
The Permit creates the potential for City liability in circumstances where the permittee cannot
ensure compliance due to the actions of third party state and local government agencies over
which the City has no control. Such requirements are not reasonable regulations, and thus
violate state law. Communities for a Better Environment v. State Water Resources Control Bd.,
132 Cal. App. 4th 1313, 1330 (2005) (regulation pursuant to NPDES program must be
reasonable.)

7. The Permit Fails to Consider Economic Impacts As Required by Water Code
Sections 13000 and 13241

The Regional Board's failure to adequately consider the economic impacts of the Permit, as
required by Water Code Sections 13000 and 13241, render the Permit invalid. Water Code
Section 13241 requires the Regional Board to include "[e]conomic considerations" with its
consideration of the Perrriit. As demonstrated above, the Regional Board is incorrect in its
assertion that consideration of economics is not required in this Permit. See Permit at pp. 24-25.
Because, as demonstrated above, the Permit requires new and higher levels of service in
numerous key regards, consideration of economic factors is necessary. City ofBurbank v. State
Water Resources Control Bd., 35 Cal. 4th 613, 618, 627 (2005).

The alleged facts in the economic consideration section of the Fact Sheet misrepresent the
permittees' data and fail to consider the economic impact of new, costly aspects of the Permit.
The Fact Sheet's open skepticism of municipal financial reports is troubling, and indicates the
Regional Board has not taken permittees' actual expenses seriously.
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It is also premature and improper to assume that permittees will obtain funding from proposed
ballot measures and other sources of funding which have not even been approved, much less
voted on by the public. See Fact Sheet at pp. F-142-43. If the Regional Board wants to rely on
initiatives, such as the Los Angeles County Flood Control District's Water Quality Funding
Initiative, as sources of funding to offset the costs of storm water management, it should delay its
public hearing and approval of the Permit until after the voters have actually voted on such
initiatives. Otherwise, if such initiatives fail to pass, the copermittees will be left to implement
the Permit's requirements without the funds to do so. Even if the Water Quality Funding
Initiative is approved by the voters, the funds generated by the Initiative would not even be
available until 2014 - well after the deadline for a majority of the compliance deadlines set forth
in the Permit. Moreover, the Water Quality Initiative will not cover all the costs imposed on all
permittees by the Permit.

The Permit also fails to consider the significant additional costs that TMDLs will impose. The
incorporation of TMDLs and the massive expansion of monitoring requirements in the Permit,
which also trigger the need for additional inspectors, will inevitably cause the copermittees' costs
to skyrocket. Furthermore, speculations about what people may be willing to pay for cleaner
water and social benefits from clean water have no real effect on cities' bottom lines. Finally,
the Permit fails to account fully for all the expenses that implementing minimum control
measures will impose. For all these reasons, the consideration of economic impact is entirely
lacking, which violates state law.

8. The Permit's Imposition of Joint and Joint and Several Liability for Violations is
Contrary to Law

The Permit appears to improperly impose joint liability and joint and several liability for water
quality based effluent limitations and receiving water exceedances. It is both unlawful and
inequitable to make a permittee liable for the actions of other permittees over which it has no
control. A party is responsible only for its own discharges or those over which it has control.
Jones v. E.R. Shell Contractor, Inc., 333 F. Supp. 2d 1344, 1348 (N.D. Ga. 2004). Because the
City cannot prevent another permittee from failing to comply with the Permit, the Regional
Board cannot, as a matter of law, hold the City jointly or jointly and severally liable with another
permittee for violations of water quality standards in receiving water bodies or for TMDL
violations. Under the Water Code, the Regional Board issues waste discharge requirements to
"the person making or proposing the discharge." Cal. Water Code § 13263(f). Enforcement is
directed towards "any person who violates any cease and desist order or cleanup and abatement
order ... or ... waste discharge requirement." Cal. Water Code § 13350(a). In similar fashion,
the Clean Water Act directs its prohibitions solely against the "person" who violates the
requirements of the Act. 33 U.S.c. § 1319. Thus, there is no provision for joint liability under
either the California Water Code or the Clean Water Act.

Furthermore, joint liability is proper only where joint tortfeasors act in concert to accomplish
some common purpose or plan in committing the act causing the injury, which will generally
never be the case regarding prohibited discharges. Kesmodel v. Rand, 119 Cal. App. 4th 1128,
1144 (2004); Key v. Caldwell, 39 Cal. App. 2d 698, 701 (1940). For any such discharge, it
would be unlawful to impose joint liability and especially joint and several liability. The issue of
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imposing liability for contributions to "commingled discharges" of certain constituents, such as
bacteria, is especially problematic because there is no method of determining who has
contributed what to an exceedance.

For receiving water body exceedances, the Permit should specify that the burden is on the
Regional Board to show that any permittee's discharge caused or contributed to that exceedance.
Requiring permittees to prove they did not cause or contribute an exceedance is both inequitable
and unlawful. Permittees should not be required to prove they did not do something when the
Regional Board has failed to raise even a rebuttable presumption that the contamination results
from a particular permittee's actions. See Cal. Evid. Code § 500; Sargent Fletcher, Inc. v. Able
Corp., 110 Cal. App. 4th 1658, 1667-1668 (2003).

*****
The City is dedicated to the protection and enhancement of water quality. The City, however,
has other functions that require funding as well. If this Permit is adopted as proposed, even in
the best case scenario, spending cuts to other crucial services such as police, fire, and public
works are certain. The permittees' stagnant general fund revenues is increasingly challenged by
escalating costs and service demand levels and cannot absorb the financial hit the Permit is
poised to impose on them. The City believes a more measured approach is necessary, especially
regarding how compliance in this Permit is achieved.

As public agencies, all parties involved in the NPDES permitting process have the obligation to
carry out their duties in a responsible, realistic, and reasoned manner. Requirements that tether
public agencies to impractical positions are counterproductive and violate our sacred charge as
representatives of the people. The City is committed to working with the State and Regional
Boards in order to achieve our mutual goals and looks forward to engaging in a constructive
dialogue with Regional Board staff on these issues.

Sincerely,

~~
Chris Theisen
Assistant Director of Public Works & Transportation

cc: Jeff Kolin, City Manager
Laurence S. Wiener, City Attorney
Christian Di Renzo, Senior Management Analyst
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CITY OF BRADBURY
Incorporated July 26, 1957

July 23, 2012

Mr. Ivar Ridgeway
iridgeway@waterboards.ca.gov
Renee Purdy, Section Chief, Regional Programs
rpurdy@waterboards.ca.gov
Regional Water Quality Control Board, Los Angeles
320 W. 4th Street, Suite 200
Los Angeles, CA 90013
(Electronically to LAMS42012@waterboards.ca.gov)

Subject: Comment letter - Draft NPDES Permit (Draft Order) for MS4 Dischargers within the LosAngeles County Flood Control District

Dear Mr. Ridgeway and Ms. Purdy,

The City of Bradbury appreciates the opportunity to provide comments on the subject draft order for theLos Angeles region. Bradbury recognizes and appreciates the effort that the Regional Board staff has putinto the development of the proposed Permit however, the City of Bradbury has serious concernsregarding the Draft Order as currently proposed.

Please note that the City also supports comments submitted to you by the Los Angeles Permit Group(LAPG). The City's comments are intended to be complimentary and more specific to the issues raisedin the LAPG group letter.

Comment Period for Draft NPDES Permit for MS4 Discharges and Timing of the Public HearingAs has been stated by others on multiple occasions, given just the sheer magnitude of the draftdocument, the City is requesting more time to review the more than 500 pages of permit. The commentdeadline of July 23, 2012 is far too short to address all the potential issues, concerns and proper analysisof the impacts to the community of such important policy. This is the most significant program effectingwater quality in the past 20 years and is vastly different from the previous permit; more time is needed tofully vet the implications this will have on small cities with limited staff and resources. Staff has anobligation and duty to adequately inform elected officials, legal counsel and city management regardingthe fiscal and practical impacts of this draft order. The time to properly evaluate the permit, assess itsfinancial, legal, and personnel impacts, and inform the City's elected officials cannot be accomplished inthe 45 day review period. The City supports the request of the LAPG that the Regional Board provideanother complete second draft and provide 180 days to review and comment.
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Additionally, the scheduling conflict that exists with the Regional Board's Permit Adoption Hearing on thematter and the League of California Cities Conference on September 5-7, 2012, does not make thisprocess open and transparent. City leaders have been scheduled to attend this Conference for morethan half a year prior to the date announced on the hearing notice, and with such important issues atstake, it seems disingenuous to exclude them from the process. The City respectfully requests that theadoption hearing be rescheduled after September 5-7,2012 to allow for elected officials of the permittedagencies to attend the hearing. Ensuring that city leaders and decision makers have the opportunity toattend and provide comments at the hearing is the right thing to do.

Receiving Water Limitations
The Receiving Water Limitations language in the Draft Order creates an unwarranted liability to the citiesthat is unnecessary and counterproductive. The City feels that the Receiving Water Limitations is notnecessary and does not support the improvement of water quality but increases the likelihood of smallcities, such as Bradbury, having to waste limited resources to fight costly litigation instead of working onprograms to improve water quality.

The City of Bradbury has significant concerns with the language included in the Draft Order:

1. Recent court decisions have created a new interpretation of the Receiving Water Limitations thatcreates a liability for the Permittees without a commensurate increase in protection of waterquality.
2. The Receiving Water Limitations as written is not a federal requirement so it is not necessary tomaintain the current language.
3. The Receiving Water Limitations as written is contradictory to the Watershed ManagementProgram.
4. Alternative approaches are available to address the concerns and maintain the intent of thelanguage in the approach and we request that RWQCB utilize this alternative language.

The City respectfully requests that the Receiving Water Limitation language be completely reconsideredin light of the numerous and varied issues that are outlined in the LASP comments. The City supportsthe recommendation to use the draft language that was developed by the California Association ofStormwater Quality (CASQA).

Cost/Economic Implications
While Bradbury supports the overall efforts of water quality and environmental programs, the City hasbecome increasingly concerned about the cost associated with the Mandates.

Contrary to the Draft Order, there are provisions that exceed federal requirements in several places,thereby creating potential unfunded State mandates. These include: (1) requiring wet and dry weathermonitoring in the receiving water; (2) requiring numeric WQBELs; (3) requiring compliance with TMDLrelated implementation plans, schedules, and monitoring; (4) requiring the non-stormwater dischargeprohibition to include through and from the MS4; (5) revising the receiving water limitation language toinclude overbroad compliance requirements; (6) requiring groundwater recharge; and (7) monitoring fornon-TMDL constituents at completed development project sites.

Further, the draft order (page 40) requires municipalities to exercise its authority to secure fiscalresources necessary to meet all of the requirements of the permit. Cities are limited greatly in their abilityto raise funds for such expenditures. This provision may not be legal as it appears to violate the StateConstitution, Article XVI, Section 18. Cities have a limited amount of funds and limited resources underlocal control. Any additional funds needed to raise money for stormwater programs would need to comefrom increased/new stormwater fees and grants. New fees for stormwater are regulated under the
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State's Prop 218 regulations, and require a pUblic vote; so, this is an item that is not under direct controlof the local cities - but the voters of the State of California.

A budget survey was conducted by the Los Angeles River Watershed Management Committee in Juneof 2010 in order to determine the impacts of the proposed Bacteria TMDL; 21 watershed citiesresponded to the survey. Ninety percent (90%) of the cities have deficits in their General Fundbudgets. Eighty-six percent (86%) of the cities have reduced city services, 50% have implemented hiringfreezes, 25% have laid-off employees and this was all before the State took away cities RedevelopmentAgencies. The State of California is in an economic crisis both in the private and public sectors and yetjust this one TMDL (Bacteria) implementation costs for the City of Bradbury in excess of twice the City'slimited General Fund BUdget of $810,000. The TMDL's estimated annual costs to Bradbury are$1,456,000 for just the Bacteria TMDL in the LA River Watershed. Bradbury is also in the San GabrielRiver Watershed.

Relying on the funding formula adopted by the cities to pay for the LA River Metals TMDL requirements,the City of Bradbury would need 180% of its current General Fund budget to pay for the TMDL's annualcosts. That is impossible. Local resources are also directed to a number of health, safety and quality oflife factors, such as Police and Fire. Thus, all these factors, health, safety, quality of life and clean waterneed to be developed in balance with each other.

While Bradbury may be the most dramatic case, the new costs will be difficult for any of these cities toabsorb under the best of economic circumstances and is complicated by the current economicrecession. The 2/3rds (Proposition 218) vote for storm water taxes is a difficult hurdle to overcome, soBradbury would most likely be forced to cut existing services to afford the TMDL or consider even worseoptions. By this I mean the City would cease to exist - - placing a greater burden on the other cities andthe County of Los Angeles.

While the City does not believe the Board's intent is to bankrupt cities, the simply fact of implementingmany of these TMDL's without further consideration to their economic impact balanced with improvedwater quality, this is exactly what will happen around the San Gabriel Valley and throughout the State.We respectfully request the Board complete an economic analysis regarding the economic implicationsof the permit's implementation and work directly with the cities to find cost effective solutions to theseissues affecting all of us.

Further, as stated by the LAPG, the Fact Sheet contained in the Draft Order makes a unilateralstatement that the Regional Board has determined that the permit requirements do not exceed FederalRequirements and therefore are not unfunded mandates. No back up information is provided tosubstantiate this claim. The City rejects the explanations contained within the Draft Order that pertain toeconomic implications, including the determination that this Draft Order does not qualify as an 'unfundedmandate' in the State of California. The City is in agreement with the numerous written and oralcomments from many agencies that demonstrate that the Draft Order requirements are beyond thescope of Federal Regulations.

Our request is for the Regional Board to substantiate this statement for each section of the permit. TheCity would also like to refer that the court decisions on unfunded mandates claims are still on appeal andit is premature to conclude on the merits of the appeal.

The City of Bradbury strongly recommends that the State Board not adopt the Draft Order until acomplete economic analysis has been done regarding the economic implications of the permit'simplementation.

600 Winston Avenue, Bradbury, CA 91008 3

RB-AR12255



The City looks forward to working with the Regional Water Board and its staff on future revisions to theDraft Order. Please contact City Manager Michelle Keith at (626) 358-3218 if you have any questionsregarding the information provided in this letter.

u
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City of Burbank 

PUBLIC WORKS DEPARTMENT 
275 East Olive Avenue, Burbank CA 91510-6459 

Tel: 818) 238-3950 Fax (818) 238-3999 
www.ci.burbank.ca.us 

  
 

July 23, 2012 
 
Mr. Ivar Ridgeway 
320 W. 4th Street, Suite 200 
Los Angeles, CA 90013 
rpurdy@waterboards.ca.gov 
iridgeway@waterboards.ca.gov 
LAMS42012@waterboards.ca.gov 
 
Dear Mr. Ridgeway: 
 
COMMENTS ON THE DRAFT NATIONAL POLLUTANT DISCHARGE 
ELIMINATION SYSTEM (NPDES) PERMIT FOR MUNICIPAL SEPARATE 
STORM SEWER SYSTEM (MS4) DISCHARGES WITHIN THE LOS ANGELES 
COUNTY FLOOD CONTROL DISTRICT, INCLUDING UNINCORPORATED 
AREAS OF LOS ANGELES COUNTY, AND THE INCORPORATED CITIES 
THEREIN, EXCEPT THE CITY OF LONG BEACH (LOS ANGELES COUNTY 
MS4 PERMIT) 

NPDES PERMIT NO. CAS004001 

 
Thank you for the opportunity to comment on the draft Los Angeles Basin National 
Pollutant Discharge Elimination System (NPDES) Permit for Municipal Separate Storm 
Sewer System (MS4) discharges.  The City of Burbank (City) believes the following points 
are of relevance and should be taken into strong consideration when developing this permit: 
 

 Municipalities have little or no control over the behavior of individuals who may 
intentionally or inadvertently contribute to storm water pollution through their 
actions e.g. littering, animal/pet droppings, illegal discharges and illicit connections 
to the storm drain system.  While we believe permittees should institute non-
structural and structural controls to prevent or control pollutants to the “maximum 
extent practicable”, permittees should not be responsible for the actions of which 
we have no control. 
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 At this time, there is no guarantee that the Los Angeles County Flood Control 
District’s water quality funding initiative will be passed and approved by the 
property owners.  Given this uncertainty and the current economic climate which 
has also affected the State Regional Water Quality Control Board programs and 
staffing, reasonable and achievable requirements are a must.  The draft MS4 permit 
as currently written is not achievable and will subject permittees to violations, 
penalties, and fines.  It should be noted that at this time, 3 cities in the State have 
filed for bankruptcy.  This draft MS4 permit will lead to further filings.  It should 
also be noted that the draft MS4 permit as currently written will not necessarily 
lead to improved water quality – for instance, meeting interim or final waste load 
allocations for a particular Total Maximum Daily Load (TMDL) at the outfall will 
not necessarily mean the receiving water’s beneficial use criteria are being met – in 
other words, point sources1 are not the only source of pollutants and yet this MS4 
permit places a great burden on the permittees to meet stringent numeric standards 
without having first assessed the condition of the receiving water/watershed. 
 

 The City believes that Provision V.A of the Draft MS4 Permit Tentative Order is 
contrary to the historical interpretation of established State Water Board policy and 
will create an inability for a regulated entity to comply.  In wet weather, multiple 
constituents in storm water runoff from urban areas may exceed receiving water 
quality standards, thereby creating the potential for storm water discharges to cause 
or contribute to exceedances of standards in the receiving water itself.  On July 13, 
2011, the Ninth Circuit Court of Appeals in NRDC vs. County of Los Angeles / Los 
Angeles County Flood Control District found the defendants had caused or contributed 
to an exceedance of a water quality standard and therefore violated the Receiving 
Water Limitations, irrespective of the application of the iterative process.  More 
recently, the City of Stockton was engaged in a good faith iterative process per the 
terms of its permit, but was nonetheless challenged by a third-party on the basis of 
the Receiving Water Limitations language.  The City requests revision of Provision 
V.A to incorporate the California Stormwater Quality Association (CASQA) 
Receiving Water Limitations language (see Enclosure 1).  We strongly support this 
language because it will enable regulated entities to focus and prioritize their 
resources on critical water quality issues and achieve environmental outcomes that 
are meaningful to the communities we serve.  The City recognizes the need to 
continue to make significant progress toward attainment of water quality standards.  
However, we also believe that no regulatory benefit accrues from the Regional 
Board establishing permit provisions, such as Provision V.A, that result in the 
potential of immediate non-compliance for Permittees. 

 

                                                      
1 Other sources include aerial deposition, legacy issues, bacteria regrowth within the waterbody, non-point source 
discharges, and natural sources. 
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 The Los Angeles Regional Water Quality Control Board (Regional Board) has held 
several workshops to present the various programs proposed in the draft MS4 
permit.  Most of these workshops have had the Regional Board staff present the 
main topics/programs to the Regional Board members, and have then opened up 
the floor for public comments for three minutes each.  In short, the Regional 
Board members have asked questions of their staff and responses were given 
without much, if any consideration of the public’s concerns.  The process is 
frustrating for permittees in that our issues and concerns are not being adequately 
heard or addressed.  The permittees represent their constituents when appearing 
before the Board, and we are concerned that various pressing concerns with this 
permit have yet to be heard.    Requests have also been made to extend the 
comment period and postpone the Board hearing to allow more time for effective 
dialog between permitees and staff.  Unfortunately these requests have been denied 
stating that a number of opportunities for engagement and comment have been 
provided and that the Board has directed staff to adhere to schedule to meet the 
September Board meeting.  It should also be noted that the Ventura County MS4 
permit was adopted by the Regional Board on May 7, 2009. The Ventura County 
MS4 permit was a cooperative effort involving co-permittee public entities, some 
environmental groups and Regional Board staff over a period greater than two 
years, with drafts of the permit made first available in December 2006. 
 

 Provision II.F of the Draft MS4 Permit Tentative Order states “Pursuant to 40 
CFR sections 122.26(d)(1)(ii) and 122.26(d)(2)(iv), each Permittee shall maintain 
the necessary legal authority to control the contribution of pollutants to its MS4 
and shall include in its storm water management program a comprehensive 
planning process that includes intergovernmental coordination, where necessary.”  
It should also be noted that Footnote 22 on page 37 of the Tentative Order states 
“Pursuant to 40 CFR § 122.26(a)(3)(vi), a Permittee is only responsible for 
discharges of storm water and non-storm water from the MS4 for which it is an 
owner or operator.”  However, Provision VI.E.5.b.i.(1)(c)(i)of the Tentative Order 
states Order states “A Permittee shall be deemed in compliance with its final 
effluent limitation if it demonstrates that all drainage areas under its jurisdiction 
and/or authority are serviced by appropriate certified full capture systems as 
described in paragraph (1)(c).”  In the 1937 Los Angeles County Flood Control 
Act, Item 11 of Section 28-2 states “To remove, carry away and dispose of any rubbish, 
trash, debris or other inconvenient matter that may be dislodged, transported, conveyed or carried 
by means of, through, in, or along the works and structures operated and maintained hereunder 
and deposited upon the property of said district or elsewhere.”  The LA County Flood 
Control District lost its appeal recently in the lawsuit regarding exceedances at the 
Wardlow Mass Emission Monitoring Station.  In the Decision, the Court explicitly 
stated that the Federal Clean Water Act does not address the source of pollutants, 
but rather that the owner of a point source discharge is legally responsible for the 
quality of the water leaving its outfall.  Clearly, the District is legally responsible for 
any trash that enters its catch basins and the draft MS4 Permit Tentative Order 
must also make this distinction clear. 
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February 21, 2012 
 
Mr. Charles Hoppin, Chair 
State Water Resources Control Board 
P.O. Box 100 
Sacramento, CA 95812-0100  
 
Subject:  Receiving Water Limitation Provision to Stormwater NPDES Permits 
 
Dear Mr. Hoppin: 
 
As a follow up to our December 16, 2011 letter to you and a subsequent January 25, 2012 
conference call with Vice-Chair Ms. Spivy-Weber and Chief Deputy Director Jonathan Bishop, the 
California Stormwater Quality Association (CASQA) has developed draft language for the receiving 
water limitation provision found in stormwater municipal NPDES permits issued in California.  This 
provision, poses significant challenges to our members given the recent 9th Circuit Court of Appeals 
decision that calls into question the relevance of the iterative process as the basis for addressing the 
water quality issues presented by wet weather urban runoff.   As we have expressed to you and other 
Board Members on various occasions, CASQA believes that the existing receiving water limitations 
provisions found in most municipal permits needs to be modified to create a basis for compliance 
that provides sufficient rigor in the iterative process to ensure diligent progress in complying with 
water quality standards but also allows the municipality to operate in good faith with the iterative 
process without fear of unwarranted third party action.  To that end, we have drafted the attached 
language in an effort to capture that intent.  We ask that the Board give careful consideration to this 
language, and adopt it as ‘model’ language for use statewide.   
 
Thank you for your consideration and we look forward to working with you and your staff on this 
important matter. 
 
Yours Truly, 

 
Richard Boon, Chair 
California Stormwater Quality Association 
 
cc: Frances Spivy-Weber, Vice-Chair – State Water Board   

Tam Doduc, Board Member – State Water Board  
Tom Howard, Executive Director – State Water Board  
Jonathan Bishop, Chief Deputy Director – State Water Board  
Alexis Strauss, Director – Water Division, EPA Region IX 
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CASQA	  Proposal	  for	  Receiving	  Water	  Limitation	  Provision	  

D.	  RECEIVING	  WATER	  LIMITATIONS	  	  

1. Except	  as	  provided	  in	  Parts	  D.3,	  D.4,	  and	  D.5	  below,	  discharges	  from	  the	  MS4	  for	  which	  a	  
Permittee	  is	  responsible	  shall	  not	  cause	  or	  contribute	  to	  an	  exceedance	  of	  any	  applicable	  water	  
quality	  standard.	  	  

2. Except	  as	  provided	  in	  Parts	  D.3,	  D.4	  and	  D.5,	  discharges	  from	  the	  MS4	  of	  storm	  water,	  or	  non-‐
storm	  water,	  for	  which	  a	  Permittee	  is	  responsible,	  shall	  not	  cause	  a	  condition	  of	  nuisance.	  

3. In	  instances	  where	  discharges	  from	  the	  MS4	  for	  which	  the	  permittee	  is	  responsible	  (1)	  causes	  or	  
contributes	  to	  an	  exceedance	  of	  any	  applicable	  water	  quality	  standard	  or	  causes	  a	  condition	  of	  
nuisance	  in	  the	  receiving	  water;	  (2)	  the	  receiving	  water	  is	  not	  subject	  to	  an	  approved	  TMDL	  that	  
is	  in	  effect	  for	  the	  constituent(s)	  involved;	  and	  (3)	  the	  constituent(s)	  associated	  with	  the	  
discharge	  is	  otherwise	  not	  specifically	  addressed	  by	  a	  provision	  of	  this	  Order,	  the	  Permittee	  shall	  
comply	  with	  the	  following	  iterative	  procedure:	  	  	  

a. Submit	  a	  report	  to	  the	  State	  or	  Regional	  Water	  Board	  (as	  applicable)	  that:	  

i. Summarizes	  and	  evaluates	  water	  quality	  data	  associated	  with	  the	  pollutant	  of	  
concern	  in	  the	  context	  of	  applicable	  water	  quality	  objectives	  including	  the	  
magnitude	  and	  frequency	  of	  the	  exceedances.	  	  

ii. Includes	  a	  work	  plan	  to	  identify	  the	  sources	  of	  the	  constituents	  of	  concern	  
(including	  those	  not	  associated	  with	  the	  MS4to	  help	  inform	  Regional	  or	  State	  
Water	  Board	  efforts	  to	  address	  such	  sources).	  

iii. Describes	  the	  strategy	  and	  schedule	  for	  implementing	  best	  management	  
practices	  (BMPs)	  and	  other	  controls	  	  (including	  those	  that	  are	  currently	  being	  
implemented)	  that	  will	  address	  the	  Permittee's	  sources	  of	  constituents	  that	  are	  
causing	  or	  contributing	  to	  the	  exceedances	  of	  an	  applicable	  water	  quality	  
standard	  or	  causing	  a	  condition	  of	  nuisance,	  and	  are	  reflective	  of	  the	  severity	  of	  
the	  exceedances.	  	  The	  strategy	  shall	  demonstrate	  that	  the	  selection	  of	  BMPs	  will	  
address	  the	  Permittee’s	  sources	  of	  constituents	  and	  include	  a	  mechanism	  for	  
tracking	  BMP	  implementation.	  	  	  The	  strategy	  shall	  provide	  for	  future	  refinement	  
pending	  the	  results	  of	  the	  source	  identification	  work	  plan	  noted	  in	  D.3.	  ii	  above.	  	  	  

iv. Outlines,	  if	  necessary,	  additional	  monitoring	  to	  evaluate	  improvement	  in	  water	  
quality	  and,	  if	  appropriate,	  special	  studies	  that	  will	  be	  undertaken	  to	  support	  
future	  management	  decisions.	  	  

v. Includes	  a	  methodology	  (ies)	  that	  will	  assess	  the	  effectiveness	  of	  the	  BMPs	  to	  
address	  the	  exceedances.	  	  	  

vi. This	  report	  may	  be	  submitted	  in	  conjunction	  with	  the	  Annual	  Report	  unless	  the	  
State	  or	  Regional	  Water	  Board	  directs	  an	  earlier	  submittal.	  
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b. Submit	  any	  modifications	  to	  the	  report	  required	  by	  the	  State	  of	  Regional	  Water	  Board	  
within	  60	  days	  of	  notification.	  The	  report	  is	  deemed	  approved	  within	  60	  days	  of	  its	  
submission	  if	  no	  response	  is	  received	  from	  the	  State	  or	  Regional	  Water	  Board.	  

c. Implement	  the	  actions	  specified	  in	  the	  report	  in	  accordance	  with	  the	  acceptance	  or	  
approval,	  including	  the	  implementation	  schedule	  and	  any	  modifications	  to	  this	  Order.	  	  	  

d. As	  long	  as	  the	  Permittee	  has	  complied	  with	  the	  procedure	  set	  forth	  above	  and	  is	  
implementing	  the	  actions,	  the	  Permittee	  does	  not	  have	  to	  repeat	  the	  same	  procedure	  
for	  continuing	  or	  recurring	  exceedances	  of	  the	  same	  receiving	  water	  limitations	  unless	  
directed	  by	  the	  State	  Water	  Board	  or	  the	  Regional	  Water	  Board	  to	  develop	  additional	  
BMPs.	  

4. For	  Receiving	  Water	  Limitations	  associated	  with	  waterbody-‐pollutant	  combinations	  addressed	  in	  
an	  adopted	  TMDL	  that	  is	  in	  effect	  and	  that	  has	  been	  incorporated	  in	  this	  Order,	  the	  Permittees	  
shall	  achieve	  compliance	  as	  outlined	  in	  Part	  XX	  (Total	  Maximum	  Daily	  Load	  Provisions)	  of	  this	  
Order.	  	  For	  Receiving	  Water	  Limitations	  associated	  with	  waterbody-‐pollutant	  combinations	  on	  
the	  CWA	  303(d)	  list,	  which	  are	  not	  otherwise	  addressed	  by	  Part	  XX	  or	  other	  applicable	  pollutant-‐
specific	  provision	  of	  this	  Order,	  the	  Permittees	  shall	  achieve	  compliance	  as	  outlined	  in	  Part	  D.3	  
of	  this	  Order.	  

5. If	  a	  Permittee	  is	  found	  to	  have	  discharges	  from	  its	  MS4	  causing	  or	  contributing	  to	  an	  exceedance	  
of	  an	  applicable	  water	  quality	  standard	  or	  causing	  a	  condition	  of	  nuisance	  in	  the	  receiving	  water,	  
the	  Permittee	  shall	  be	  deemed	  in	  compliance	  with	  Parts	  D.1	  and	  D.2	  above,	  unless	  it	  fails	  to	  
implement	  the	  requirements	  provided	  in	  Parts	  D.3	  and	  D.4	  or	  as	  otherwise	  covered	  by	  a	  
provision	  of	  this	  order	  specifically	  addressing	  the	  constituent	  in	  question,	  as	  applicable.	  
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CITY Of CALABASAS

July 23, 2012

Mr. Ivar Ridgeway
Regional Water Quality Control Board, Los Angeles
320 W. 4th Street, Suite 200
Los Angeles, CA 90013
(Electronically to rpurdy@waterboards.ca.gov; iridgeway@waterboards.ca.gov;
LAMS42012@waterboards.ca.gov)

SUBJECT: Comment letter - Draft NPDES Permit (Draft Order) for MS4 Dischargers
within the Los Angeles County Flood Control

Dear Mr. Ridgeway:

It has come to my attention that the Draft NPDES Permit for MS4 Dischargers within the
Los Angeles County Flood Control has our old city hall address listed in "table 2". Please
update/change the City of Calabasas mailing address to: 100 Civic Center Way, Calabasas
Ca,91302.

Thank you for your attention to this matter. If you have additional questions please give
me a call at (818) 224-1600 or email @dpankau@cityofcalabasas.com

Daniel Pankau,
Environmental Services Assistant

100 Civic Center Way, Calabasas, CA 91302
T: (818) 224-1600 F: (818) 225-7338

www.cityofcalabasas.com
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OFFICE OF THE CITY MANAGER

Transmitted via e-mail to:LAMS42012@Jwaterboards.ca.gov

July 19,2012

Mr. IvaI' Ridgeway
320 W. 4th Street, Suite 200
Los Angeles, CA 90013
(213) 620-2150

Subject: Comments on Los Angeles Municipal Separate Storm Sewer Tentative Order No. R4
20 12-XXXX NPDES Permit No. CAS004001

Dear Mr. Ridgeway:

The City of Carson is pleased to submit the attached comments for your consideration in regard
to Tentative Order No. R4-2012-XXXX NPDES Permit No. CAS004001.

Please note that the City also supports the comments submitted to you from the Los Angeles
(LA) Permit Group. Many of our attached comments discuss additional issues not addressed in
the LA Permit Group's letter; the remaining comments are complimentary and provide
specificity to those issues raised in their letter.

Thank you for the opportunity to submit comments on this very important matter. Should you
have any questions, please feel free to contact the City's Storm Water Quality Programs
Manager, Patricia Elkins, at (310) 847-3529.

Sincerely,

!ri.~igttfJ
City Manager

cc: Mayor and City Council

Attachments: Comments regarding Tentative Order No. R4-2012-XXXX NPDES Permit No.
CAS004001 (11 pages) and Attachment E: Monitoring and Reporting Plan (7 pages)

CITY HALL· 701 E. CARSON STREET· P.O. BOX 6234' CARSON, CA90749 , (310) 952.·1729
WEBSITE: ci.carson.ca.lis
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Comments from the City of Carson  
Regarding Los Angeles MS4 Tentative Order No. R4-2012-XXXX  

NPDES PERMIT NO. CAS004001 (issue date unspecified) 

 
1. Numeric Water Quality Based Effluent Limitations (WQBELs) applied to 

dry and wet weather Total Maximum Daily Load (TMDLs) waste load 
allocations (WLAs) and to stormwater and non-stormwater municipal 
action levels (MALs) are not authorized under federal stormwater 
regulations and are not in keeping with State Water Resources Control 
Board (State Board) water quality orders (WQOs). 

 
The tentative order specifies that: Each Permittee shall comply with 
applicable WQBELs as set forth in Part VI.E of this Order, pursuant to 
applicable compliance schedules. The tentative order specifies two categories 
of WQBELs, one for USEPA adopted TMDLs and one for Regional 
Board/State adopted TMDLs.  Regarding USEPA adopted TMDLs, it appears 
that BMP-WQBELs may be used to meet TMDL WLAs in the receiving water.  
For Regional Board/State-adopted TMDLs, the tentative order specifies a 
different compliance method:  meeting a “numeric” WQBEL which is derived 
directly from the TMDL waste load allocation.  For example, the wet weather 
numeric WQBEL for dissolved copper for the Los Angeles River is 17 ug/l.   
 
a. Issue:  Regional Board staff is premature in requiring any kind of WQBEL 

because no exceedance of any TMDL WLA at the outfall has occurred.  
This is because outfall monitoring is not a requirement of the current MS4 
permit or previous MS4 permits.   

 
The Regional Board’s setting of WQBELs – any WQBEL -- to translate the 
TMDL WLA for compliance at the outfall is premature.  Regional Board 
staff apparently has not performed a reasonable potential analysis as 
required under § 122.44(d)(1)(i), which states: 

 
Limitations must control all pollutants or pollutant parameters (either 

conventional, nonconventional, or toxic pollutants) which the Director determines 

are or may be discharged at a level that will cause, have the reasonable potential 

to cause, or contribute to an excursion above any [s]tate water quality standard, 

including [s]tate narrative criteria for water quality.” 

 
No such reasonable potential analysis has been performed – even though 
USEPA guidance requires it as part of documenting the calculation of 
WQBELs in the NPDES permit’s fact sheet.  According to USEPA’s 
NPDES Permit Writers’ Manual: 

 
Permit writers should document in the NPDES permit fact sheet the process used 

to develop WQBELs. The permit writer should clearly identify the data and 

information used to determine the applicable water quality standards and how 
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that information, or any applicable TMDL, was used to derive WQBELs and 

explain how the state’s anti-degradation policy was applied as part of the 

process. The information in the fact sheet should provide the NPDES permit 

applicant and the public a transparent, reproducible, and defensible description 

of how the permit writer properly derived WQBELs for the NPDES permit.1 
 

The fact sheet accompanying the tentative order contains no reference to 
a reasonable potential analysis -- a consequence of the fact that no outfall 
monitoring has been required of the Regional Board either in the current 
or previous MS4 permits for Los Angeles County.  Outfall monitoring is a 
mandatory requirement under federal regulations at CFR 40 §122.22, 
§122.2 and §122.26. CFR 40 §122.22(C)(3) requires effluent and ambient 
monitoring:     
 
The permit requires all effluent and ambient monitoring necessary to show that 

during the term of the permit the limit on the indicator parameters continues to 

attain water quality standards. 

 
“Effluent monitoring,” according to Clean Water Act §502, is defined as 
outfall monitoring: 

 
The term "effluent limitation" means any restriction established by a State or the 

Administrator on quantities, rates, and concentrations of chemical, physical, 

biological, and other constituents which are discharged from point sources into 

navigable waters, the waters of the contiguous zone, or the ocean, including 

schedules of compliance.   

 
40 CFR §122.2, defines a point source as:   

 
… the point where a municipal separate storm sewer discharges to waters of the 

United States and does not include open conveyances connecting two municipal 

separate storm sewers, or pipes, tunnels or other conveyances which connect 

segments of the same stream or other waters of the United States and are used to 

convey waters of the United States. 

 
Conclusion:  Because Regional Board staff has not required outfall 
monitoring, it could have not have detected an excursion above a water 
quality standard (includes TMDL WLAs). Therefore, it could not have 
conducted a reasonable potential analysis and, as further consequence, 
cannot require compliance with a WQBEL (numeric or BMP-based) or with 
any TMDL or MAL until those burdens have been met.   
 

                                            
1
United States Environmental Protection Agency, NPDES Permit Writers’ Manual, September, 2010, page 

6-30. 
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Recommended Correction:  Eliminate all reference to comply with 
WQBELs until outfall monitoring and a reasonable potential analysis have 
been performed.       
 

b. Issue:  Even if Regional Board staff conducted outfall monitoring and 
detected an excursion above a TMDL WLA and performed the requisite 
reasonable potential analysis, it cannot require a numeric WQBEL strictly 
derived from the TMDL WLA.   

 
USEPA’s 2010 guidance memorandum mentions that numeric WQBELs 
are permissible only if feasible.2  This conclusion was reinforced by a 
memorandum from Mr. Kevin Weiss, Water Permits Division, USEPA 
(Washington D.C.). He explains:  
 
Some stakeholders are concerned that the 2010 memorandum can be read as 

advising NPDES permit authorities to impose end-of-pipe limitations on each 

individual outfall in a municipal separate storm sewer system. In general, EPA 

does not anticipate that end-of-pipe effluent limitations on each municipal 

separate storm sewer system outfall will be used frequently. Rather, the 

memorandum expressly describes “numeric” limitations in broad terms, 

including “numeric parameters acting as surrogates for pollutants such as 

stormwater flow volume or   percentage or amount of impervious cover.” In the 

context of the 2010 memorandum, the term “numeric effluent limitation” should be 

viewed as a significantly broader term than just end-of-pipe limitations, and could 

include limitations expressed as pollutant reduction levels for parameters that are 

applied system-wide rather than to individual discharge locations, expressed as 

requirements to meet performance standards for surrogate parameters or for specific 

pollutant parameters, or could be expressed as in-stream targets for specific 

pollutant parameters. Under this approach, NPDES authorities have significant 

flexibility to establish numeric effluent limitations in stormwater permits.3 

 
Reading the 2010 USEPA memorandum, together with Mr. Weiss’s 
memorandum, creates the inescapable conclusion that (1) numeric 
WQBELs are permissible if “feasible” and (2) numeric WQBELs cannot be 
construed to only mean strict effluent limitations at the end-of-pipe (outfall) 
but more realistically must include surrogate parameters and other 
variants as well.  Regional Board staff failed to examine alternative 
numeric WQBELs, along with BMP WQBELs, as a consequence of not 
conducting the appropriate analysis. 
 
In any case, the feasibility of numeric WQBELs, whether strictly derived 
from TMDL WLAs or of the surrogate parameter type, the State Water 
Resources Control Board has determined that numeric effluent 

                                            
2
Memorandum from James A. Hanlon, Director, Office of Waste Management, Revisions to the November 

22, 2002 Memorandum Establishing Total Maximum Daily Load (TMDL) Waste Load Allocations (WLAs) for 
Storm Water Sources and NPDES Permit Requirements Based on Those WLAs, November 12, 2010, page  
3
Memorandum from Kevin Weiss, Water Permits Division, USEPA (Washington D.C.), March 17, 2011.   

RB-AR12269



 

 4

limitations are not feasible.   In Water Quality Orders 2001-15 and  2009-
0008  the State Board made it clear that:  we will generally not require 
“strict compliance” with water quality standards through numeric effluent 
limitations,” and instead “we will continue to follow an iterative approach, 
which seeks compliance over time” with water quality standards.    

 
[Please note that the iterative approach to attain water quality standards 
applies to the outfall and the receiving water.]  
 
More recently, the State Board commented in connection with the draft 
Caltrans MS4 permit that numeric WQBELs are not feasible as explained 
in the following provision from its most recent Caltrans draft order: 

 
Storm water discharges from MS4s are highly variable in frequency, intensity, 

and duration, and it is difficult to characterize the amount of pollutants in the 

discharges. In accordance with 40 CFR § 122.44(k)(2), the inclusion of BMPs in 

lieu of numeric effluent limitations is appropriate in storm water permits. This 

Order requires implementation of BMPs to control and abate the discharge of 

pollutants in storm water to the MEP.  

 

The State Board’s decision not to require numeric WQBELs in this 
instance appears to have been influenced by among other considerations, 
the Storm Water Panel Recommendations to the California State Water 
Resources Control Board in re:  The Feasibility of Numeric Effluent Limits 
Applicable to Discharges of Storm Water Associated with Municipal, 
Industrial and Construction Activities. 
 
Conclusion:  The Regional Board does not have the legal authority to 
require numeric WQBELs.   
 
Recommended Correction: Eliminate all references to comply with 
numeric WQBELs.       
  

c. Issue:  There cannot be a WQBEL to attain a dry weather TMDL WLA nor 
a WQBEL that addresses a non-stormwater municipal action level (MAL). 

 
The foundation for this argument lies in the federal limitation of non-
stormwater discharges to the MS4 – not from or through it as the tentative 
order concludes.  Federal stormwater regulations only prohibit discharges 
to the MS4 and limits outfall monitoring to stormwater discharges.  This is 
explained in greater detail under 4. Non-stormwater Discharge 
Prohibitions. 
 
Conclusion:  Regional Board does not have the legal authority to compel 
compliance with dry weather WQBELs or non-stormwater MALs.   
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Recommended Correction: Eliminate all references to comply with 
numeric WQBELs.       
    

2. The tentative order has altered Receiving Water Limitation (RWL) 
language causing it to be overbroad and inconsistent with RWL in the 
current MS4 permit, the Ventura MS4 permit, State Board WQO 99-05, 
the draft Caltrans MS4 permit, and RWL language recommended by 
CASQA. 

  
a. Issue: The proposed RWL language changes the “exceedance” 

determinant from water quality standards and objectives to receiving water 
limitations, thereby increasing the stringency of the requirement.  The 
tentative order RWL version reads:  Discharges from the MS4 that cause 
or contribute to the violation of receiving water limitations are prohibited. 
 

Compare this with what is in the current MS4 permits for Los Angeles and 
Ventura Counties: 
 
Discharges from the MS4 that cause or contribute to a violation of water quality 

standards are prohibited.  

 

Whereas standard RWL language limits water quality standards to what is 
in the basin plan, and includes water quality objectives (relates to waters 
of the State), the tentative order  uses revised language that replaces  
water quality standards with the following receiving water limitation criteria:    
 

Any applicable numeric or narrative water quality objective or criterion, or 

limitation to implement the applicable water quality objective or criterion, for the 

receiving water as contained in Chapter 3 or 7 of the Water Quality Control Plan 

for the Los Angeles Region (Basin Plan), water quality control plans or policies 

adopted by the State Water Board, or federal regulations, including but not 

limited to, 40 CFR § 131.38. 

 
It is unclear why Regional Board staff has removed water quality 
standards, which is a USEPA and State Board requirement, and replaced 
them with the more global receiving water limitation language that include 
additional compliance criteria (e.g., “or federal regulations including but 
not limited to 40 CFR § 131.38”). Other “federal regulations” could include 
CERCLA (Comprehensive Environmental Remediation and Compensation 
Liability Act).   

  
Enlarging the scope of the RWL from water quality standards to a universe 
of other regulatory requirements exceeds RWL limitation language 
established in State Board WOQ 99-05, a precedential decision.  The 
order bases compliance on discharge prohibitions and receiving water 
limitations on the timely implementation of control measures and other 
action in the discharges in accordance with the SWMP (stormwater 
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management plan) and other requirements of the permit’s limitations.  It 
goes on to say that if exceedances of water quality standards or water 
quality objectives, collectively referred to as water quality standards 
continues, the SWMP shall undergo an iterative process to address the 
exceedances.  It should be noted that this language was mandated by 
USEPA. 
 
It should be noted that the draft Caltrans MS4 permit is scheduled for 
adoption in September, as well as CASQA, proposes RWL language that 
is in keeping with WQO 99-05. 
 
Conclusion:  Regional Board does not have the legal authority to re-define 
RWL language to the extent it is proposing. 
  
Recommended Correction:  Replace RWL contained in the tentative order 
with the CASQA model or with language contained in the draft Caltrans 
MS4 permit. 

 
b. Issue: By eliminating water quality standards, the tentative order has 

created a separate compliance standard for TMDLs and for non-TMDLs. 
Standard RWL language in other MS4 permits designates  the SWMP4 as 
the exclusive determinant for achieving water quality standards in the 
receiving water.  Since TMDLs are enhanced water quality standards, the 
SWMP (or in this case the SQMP) should enable compliance with TMDLs.  
Instead, the tentative order specifies compliance through implementation 
plans – including plans that were discussed in several State/Regional 
Board adopted TMDLs (e.g., the Los Angeles River Metals TMDL).  The 
absence of water quality standards also creates a separate compliance 
standard for non-TMDLs.  According to Regional Board staff, minimum 
control measures (MCMs) which make up the SQMP, are intended to 
meet non-TMDLs pollutants. Unclear is what defines non-TMDL pollutant.  
If there are no water quality standards referenced in the RWL then what 
are the non-TMDL pollutants that the MCMs are supported to address? 

 
There is no authority under federal stormwater regulations to comply with 
any criterion other than water quality standards.  The RWL language 
called-out in WQO 99-05, which was in response to a USEPA directive, 
makes it clear that water quality standards represent the only compliance 
criteria, not an expanded definition of receiving water limitations that 
exclude such criteria.   
 
MS4 permits throughout the State include TMDL WLAs.  None of them, 
however, has created a compliance mechanism that excludes water 

                                            
4
USEPA and federal stormwater regulations use stormwater management program whereas the Los 

Angeles County MS4 permit uses stormwater quality management plan (SQMP).  In effect they are the 
same.  They consist of 6 core programs that must be implemented through MS4 permit. 
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quality standards as a means of attaining them.  Further, the State Board 
has, through the draft Caltrans MS4 permit and the draft Phase II MS4 
permit, articulated its policy on compliance with water quality standards: 
they are to be met through the implementation of stormwater management 
programs. Equally noteworthy is that State Board has not created a dual 
standard for dealing with TMDLs and non-TMDLs.  This is an obvious 
consequence of its adherence to WQO 99-05. 

 
With regard to implementation plans contained in TMDLs, the Regional 
Board has no legal authority to include them into the MS4 permit.  This 
issue discussed in greater detail later in these comments. 
 
Conclusion:  The tentative order must be revised to restore water quality 
standards in RWL language and, by extension, enable compliance with 
TMDLs and other water quality standards through the SQMP/MCMs.     

 
Recommended Correction:  Revise the tentative order to eliminate any 
reference to complying with anything else except water quality standards 
through the SQMP; and, therewith, eliminate any reference to complying 
with implementation plans contained in State/Regional Board TMDLs.  

 
3. The tentative order does not include the iterative process, a mechanism 

that is integral to RWL language which serves to achieve compliance 
with water quality standards.    

 
a. Issue: The absence of the iterative process disables a safeguard to 

protect permittees against unjustifiably strict compliance with water quality 
standards – or in this case the expanded definition of receiving water 
limitations -- that is a requisite feature in all MS4 permits issued in 
California.  The tentative order circumvents the iterative process by 
creating an alternative referred to as the adaptive/management process 
which is only available to those permittees that opt for a watershed 
management program.    

 
Despite the fact RWL language in MS4 permits since the 90’s have 
provided a description of an iterative process (the BMP adjustment 
mechanism), the term “iterative process” has only recently been 
specifically mentioned in them.  The absence of this term resulted in the 
9th Circuit Court Appeal’s conclusion in NRDC v. Los Angeles County 
Flood Control District that there is no “textual support” in the current MS4 
permit for the existence of an iterative process.  This resulted in the court’s 
conclusion that the LACFCD had exceeded water quality standards in the 
hardened portions of the Los Angeles and San Gabriel Rivers. More 
recent MS4 permit’s issued in the State contain clear references to the 
iterative process.          
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Notwithstanding the absence of water quality standards in the tentative 
order, the iterative process must be included as required by Water Quality 
Orders 2001-15 and 2009-0008, wherein the State Board made it clear 
that:  we will generally not require “strict compliance” with water quality 
standards through numeric effluent limitations,” and instead “we will 
continue to follow an iterative approach, which seeks compliance over 
time” with water quality standards.    
 
Moreover, both the draft Caltrans MS4 permit and the draft Phase II MS4 
permit contain references to the iterative process.  The draft Caltrans MS4 
permit refers to the iterative process in two places:  finding 20, Receiving 
Water Limitations and in the Monitoring Results Report.  Finding 20 states: 
 
The effect of the Department’s storm water discharges on receiving water quality 

is highly variable. For this reason, this Order requires the Department to 

implement a storm water program designed to achieve compliance with water 

quality standards, over time through an iterative approach. If discharges are 

found to be causing or contributing to an exceedance of an applicable Water 

Quality Standard, the Department is required to revise its BMPs (including use of 

additional and more effective BMPs).
5
 

   
Under the Monitoring Results Report section, the draft Caltrans MS4 
permit reiterates the iterative process within the context of the following:  
The MRR shall include a summary of sites requiring corrective actions 
needed to achieve compliance with this Order, and a review of any 
iterative procedures (where applicable) at sites needing corrective 
actions.6   

 
The draft Phase II MS4 references the iterative process in two places,   in 
finding 35 and under its definition of MEP.  Finding 35 states: 
 
This Order modifies the existing General Permit, Order 2003-0005-DWQ by 

establishing the storm water management program requirements in the permit 

and defining the minimum acceptable elements of the municipal storm water 

management program. Permit requirements are known at the time of permit 

issuance and not left to be determined later through iterative review and approval 

of Storm Water Management Plans (SWMPs).  

 
The draft Phase II MS4 permit also acknowledges the iterative process 
through the definition of maximum extent practicable (which is also 
included in the draft Caltrans MS4 permit), to the following extent: 
 

MEP standard requires Permittees apply Best Management Practices (BMPs) 

that are effective in reducing or eliminating the discharge of pollutants to the 

                                            
5
See draft Caltrans MS4 permit (Tentative Order No. 2012-XX-DWQ NPDES No. CAS000003), page 10.     

6
Ibid., page 35.  
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waters of the U.S. MEP emphasizes pollutant reduction and source control BMPs 

to prevent pollutants from entering storm water runoff. MEP may require 

treatment of the storm water runoff if it contains pollutants. The MEP standard is 

an ever-evolving, flexible, and advancing concept, which considers technical and 

economic feasibility. BMP development is a dynamic process and may require 

changes over time as the Permittees gain experience and/or the state of the 

science and art progresses. To do this, the Permittees must conduct and document 

evaluation and assessment of each relevant element of its program, and their 

program as a whole, and revise activities, control measures/BMPs, and 

measurable goals, as necessary to meet MEP. MEP is the cumulative result of 

implementing, evaluating, and creating corresponding changes to a variety of 

technically appropriate and economically feasible BMPs, ensuring that the most 

appropriate BMPs are implemented in the most effective manner. This process of 

implementing, evaluating, revising, or adding new BMPs is commonly referred to 

as the “iterative approach.”
7
  

 
It should be clearly understood that the State Board is articulating clear 
policy on the iterative process through these two draft MS4 permits and 
that they must be followed by Regional Boards as subordinate 
jurisdictions.  
 
Conclusion:  The Regional Board has no authority to alter the iterative 
process/procedure by making a revised and diluted version of it available 
only to those MS4 permittees that wish to opt for watershed management 
program participation.  Quite the contrary, the Regional Board is legally 
compelled to make the iterative process, as described herein, an 
undeniable requirement in the tentative order.     
 
Recommended Correction: Regional Board staff should incorporate the 
iterative process into the tentative order in the findings section and in the 
RWL section.  It should also be referenced again under a revised MEP 
definition.   

 
4. The tentative order incorrectly articulates the non-stormwater discharge 

prohibition to the MS4 to include discharges from and through it. 
 

a. Issue: The tentative order mentions prohibiting non-stormwater discharges 
not only to the MS4 but from and through it as well.  Federal regulations 
did not authorize the non-stormwater discharge prohibition to go beyond 
“to” the MS4. This is a serious issue because extending the prohibition 
from or through the MS4 would subject non-stormwater discharges 
(including dry weather TMDL WLAs and non-stormwater municipal action 
levels) to pollutant limitations at the outfall.      

                                            
7
See State Water Resources Control Board Water Quality Order No. XXXX-XXXX-DWQ, NPDES General 

Permit No. CASXXXXXX, page 11 
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The tentative order attempts to justify interpreting federal stormwater 
regulations to mean that non-stormwater discharges are prohibited not 
only to the MS4 but from it and through it as well by: (1) incorrectly stating 
the Clean Water Act §402(p)(B)(ii) of the Clean Water Act requires 
permittees effectively prohibit non-storm water discharges into 
watercourses (means receiving waters) as well as to the MS4; and (2) a 
misreading of Federal Register Volume 55, No. 222, 47990 (federal 
register) which contains an error with regard to the non-stormwater 
discharge prohibition. 
 
§402(p)(B)(ii) does not, as the tentative order’s fact sheet asserts, include 
watercourses, which according to Regional Board staff, means waters of 
the State and waters of the United States, both of which lie outside of the 
MS4. The original text of §402(p)(B)(ii) actually reads as follows:  Permits 
for discharges from municipal storm sewers “shall include a requirement to 
effectively prohibit non-stormwater discharges into the storm sewers.8  
There is no mention of watercourses. 
 
The tentative order’s fact sheet also relies on the afore-cited federal 
register which states: 402(p)(B)(3) requires that permits for discharges 
from municipal storm sewers require the municipality to “effectively 
prohibit” non-storm water discharges from the municipal storm sewer.  The 
fact sheet is correct about this.  The problem is that the federal register is 
wrong here. It confuses 402(p)(B)(3), which addresses stormwater (not 
non-stormwater) discharges from the MS4, with 402(p)(B)(2), which once 
again prohibits non-stormwater discharges to the MS4. It should be noted 
that in the same paragraph above the defective federal register language, 
it says that … permits are to effectively prohibit non-storm water 
discharges to the municipal separate storm sewer system. 
 
In any case, this issue has been resolved since the federal register was 
published in November of 1990.  All MS4 permits in the United States 
issued by USEPA prohibit non-stormwater discharges only to the MS4. 
USEPA guidance, such as the Illicit Discharge Detection and Elimination: 
A Guidance Manual bases investigation and monitoring on non-
stormwater discharges being prohibited to the MS4.  And, with the 
exception of Los Angeles Regional Board MS4 permits, MS4 permits 
issued by other Regional Boards also limit the MS4 discharge prohibition 
to the MS4. Beyond this, the draft Caltrans MS4 permit and draft Phase II 
MS4 permits also limit the non-stormwater prohibition to the MS4.    
 
Conclusion:  The Regional Board does not have the legal authority to 
extend the non-stormwater discharge prohibition from or through the MS4.    
 

                                            
8
Municipal storm sewers is a truncated version of municipal separate stormwater system (MS4).   
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Recommended Correction: Revise the non-stormwater discharge 
prohibition to be limited to the MS4 only and delete all requirements that 
are based on the prohibition from or through the MS4.  This includes the 
non-stormwater prohibition that is linked to CERCLA. 
 

5. The tentative order should not include detailed contact information for 
the Permittee that can and does change frequently such as in Table 2. 
Facility Information. A consultant’s name should not be used. 
 
a. Issue: Beginning on Page 1 of the order, Table 2. Facility Information 

includes Permittee (WDID) and Contact Information.  In this table 
personnel names, titles, phone numbers and/or e-mails are indicated and 
will not likely remain the same for the duration of the permit.   

b. Issue:  In many cases, a consultant name is indicated as the contact for a 
Permittee and this is inappropriate. 

c. The City of Carson contact personnel name is correct; however, the title is 
not.      

 
Recommended Corrections:  Delete all personnel references.  Indicate 
only the Permittee, WDID #, mailing address, phone number and contact 
title (example: Director of Public Works).  Otherwise, provide this 
information in another document as it does not belong in the tentative 
order. Please correct the title for Patricia Elkins to read, “Storm Water 
Quality Programs Manager.” 
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Comments from the City of Carson 
 Regarding Los Angeles MS4 Tentative Order No. R4-2012-XXXX  

NPDES PERMIT NO. CAS004001 (issue date unspecified) 
Attachment E: Monitoring and Reporting Plan  

 
1. Receiving Water Monitoring 
 
The purpose of receiving water monitoring is to: 
 
a. Determine whether the receiving water limitations are being achieved, 

 
b. Assess trends in pollutant concentrations over time, or during specified 

conditions, 
 

c. Determine whether the designated beneficial uses are fully supported as 
determined by water chemistry, as well as aquatic toxicity and 
bioassessment monitoring. 
  

Receiving water monitoring is to be performed at various in-stream stations.   
 
At issue is “a” because it serves to determine compliance with receiving water 
limitations.  The Regional Board has no legal authority to compel compliance with 
receiving water limitations through in-stream monitoring. Monitoring requirements 
relative to MS4 permits are limited to effluent discharges and the ambient 
condition of the receiving water, as §122.22(C)(3) clearly indicates:  
 

The permit requires all effluent and ambient monitoring necessary to 
show that during the term of the permit the limit on the indicator 
parameters continues to attain water quality standards.  

  
According to Clean Water Act §502, effluent monitoring is defined as outfall 
monitoring: 
 

The term "effluent limitation" means any restriction established by a State or 
the Administrator on quantities, rates, and concentrations of chemical, 
physical, biological, and other constituents which are discharged from point 
sources into navigable waters, the waters of the contiguous zone, or the 
ocean, including schedules of compliance.   

 
40 CFR §122.2 defines a point source as:   
 

… the point where a municipal separate storm sewer discharges to waters 
of the United States and does not include open conveyances connecting 
two municipal separate storm sewers, or pipes, tunnels or other 
conveyances which connect segments of the same stream or other waters 
of the United States and are used to convey waters of the United States. 
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In short, effluent monitoring in a receiving water because cannot be required 
because it lies outside the bounds of the outfall.   
Regarding monitoring purposes “b” and “c” no argument is raised here provided 
that it is understood that assessing trends in pollution concentrations would be: 
(1) limited to ambient water quality monitoring; and (2) permittees shall be not 
responsible for funding such monitoring.  With respect to the latter, the Regional 
Board’s surface water ambient monitoring program (SWAMP) should be charged 
with this responsibility. MS4 permittees fund SWAMP activities through an annual 
surcharge levied on annual MS4 permit fees.    
 
Recommended Corrective Action:  Delete 1(a) and make it clear that 1(b) and (c) 
relate to ambient monitoring that is not the responsibility of MS4 permittees.  
 
2. Stormwater Outfall Based Monitoring 
 
The purpose of stormwater outfall based monitoring – including TMDL monitoring 
-- is to: 
 
a. Determine the quality of a Permittee’s discharge relative to municipal 

action levels, as described in Attachment G of this Order, 
 
b. Determine whether a Permittee’s discharge is in compliance with 

applicable wet weather WQBELs derived from TMDL WLAs, 
 
c. Determine whether a Permittee’s discharge causes or contributes to an 

exceedance of receiving water limitations. 
 
Insofar as “a” is concerned, outfall monitoring for stormwater for attainment of 
municipal action levels (MALs) would be acceptable were it not for their purpose.  
MALs represent an additional monitoring requirement for non-TMDL pollutants.  
MALs should really be used to replace TMDL WLAs as alternatives to addressing 
receiving water quality.   As noted in the National Research Council Report to 
USEPA:     
 

The NSQD (Pitt et al., 2004) allows users to statistically establish action 
levels based on regional or national event mean concentrations developed 
for pollutants of concern. The action level would be set to define 
unacceptable levels of stormwater quality (e.g., two standard deviations 
from the median statistic, for simplicity). Municipalities would then routinely 
monitor runoff quality from major outfalls. Where an MS4 outfall to surface 
waters consistently exceeds the action level, municipalities would 
need to demonstrate that they have been implementing the stormwater 
program measures to reduce the discharge of pollutants to the 
maximum extent practicable. The MS4 permittees can demonstrate the 
rigor of their efforts by documenting the level of implementation through 
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measures of program effectiveness, failure of which will lead to an inference 
of noncompliance and potential enforcement by the permitting authority 
 

Instead of following the above, Regional Board staff has chosen to create 
another monitoring requirement, without regard for cost or benefit to water quality 
or to permittees.  Non-TMDL pollutants should be not be given special monitoring 
attention until it has been determined that they pose an impairment threat to a 
beneficial use.  Such a determination needs to be done by way of ambient 
monitoring performed by the Regional Board SWAMP. The resulting data could 
then be used to develop future TMDLs if necessary.   
 
Furthermore, many of the MAL constituents (both stormwater and non-storm 
water) listed in Appendix G, are included in several TMDLs such as metals and 
bacteria. This is, of course, a consequence of the redundancy created by two 
approaches that are intended to serve the same purpose:  protection of water 
quality.        
 
Recommended Correction: Either require substitution of TMDLs with MALs or 
eliminate MALs entirely.   
  
As for stormwater outfall monitoring purpose “b”, such monitoring cannot be used 
to determine compliance with wet weather WQBELs based on TMDL WLAs for 
the following reasons:      
 
1. The wet-weather WQBEL is based on a TMDL WLA in the receiving water 

that is non-ambient.  As mentioned, federal regulations only require ambient 
monitoring in the receiving water, which by definition can never be deemed 
the same as wet weather monitoring.  They are mutually exclusive.   Regional 
Board staff has also incorrectly determined that a WQBEL may be the same 
as the TMDL WLA, thereby making it a “numeric effluent limitation.” Although 
numerous arguments may be marshaled against the conclusion, the most 
compelling of all is the State Water Resources Control Board’s clear 
opposition to numeric effluent limitations. 

 
In Water Quality Orders 2001-15 and  2009-0008  the State Board made it 
clear that:  we will generally not require “strict compliance” with water quality 
standards through numeric effluent limitations,” and instead “we will continue 
to follow an iterative approach, which seeks compliance over time” with water 
quality standards.    
 
[Please note that the iterative approach to attain water quality standards 
applies to the outfall and the receiving water.]  
 
More recently, the State Board commented in connection with the draft 
Caltrans MS4 permit that numeric WQBELs are not feasible as explained in 
the following provision from its most recent Caltrans draft order: 
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Storm water discharges from MS4s are highly variable in frequency, 
intensity, and duration, and it is difficult to characterize the amount of 
pollutants in the discharges. In accordance with 40 CFR § 
122.44(k)(2), the inclusion of BMPs in lieu of numeric effluent 
limitations is appropriate in storm water permits. This Order requires 
implementation of BMPs to control and abate the discharge of 
pollutants in storm water to the MEP.  

 
2. The State Board’s decision not to require numeric WQBELs in this instance 

appears to have been influenced by among other considerations, the Storm 
Water Panel Recommendations to the California State Water Resources 
Control Board in re:  The Feasibility of Numeric Effluent Limits Applicable to 
Discharges of Storm Water Associated with Municipal, Industrial and 
Construction Activities. 
 
Regarding purpose “b” it should also be noted that the Regional Board’s 
setting of WQBELs to translate the TMDL WLA in the receiving water to the 
outfall is premature.  Regional Board staff apparently has not performed a 
reasonable potential analysis as required under § 122.44(d)(1)(i), which 
states: 
 

Limitations must control all pollutants or pollutant parameters (either 
conventional, nonconventional, or toxic pollutants) which the Director 
determines are or may be discharged at a level that will cause, have 
the reasonable potential to cause, or contribute to an excursion above 
any [s]tate water quality standard, including [s]tate narrative criteria for 
water quality.” 

 
No such reasonable potential analysis has been performed – even though 
USEPA guidance requires it as part of documenting the calculation of 
WQBELs in the NPDES permit’s fact sheet.  According to USEPA’s NPDES 
Permit Writers’ Manual: 

 
Permit writers should document in the NPDES permit fact sheet the 
process used to develop WQBELs. The permit writer should clearly 
identify the data and information used to determine the applicable water 
quality standards and how that information, or any applicable TMDL, was 
used to derive WQBELs and explain how the state’s anti-degradation 
policy was applied as part of the process. The information in the fact sheet 
should provide the NPDES permit applicant and the public a transparent, 
reproducible, and defensible description of how the permit writer properly 
derived WQBELs for the NPDES permit.1 

 

                                            
1
United States Environmental Protection Agency, NPDES Permit Writers’ Manual, September, 2010, page 

6-30. 
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The fact sheet accompanying the tentative order contains no reference to a 
reasonable potential analysis.  
 
Complicating the performance of a reasonable potential analysis is the 
absence of (1) outfall monitoring data; and (2) ambient water quality 
standards.  Though federal regulations require monitoring at the outfall, the 
Regional Board has not required it up until now.  Even if outfall monitoring  
data were available to determine  whether pollutants concentrations in the 
discharge exceeded the water quality standard is not possible.  This is 
because, as mentioned earlier, TMDL WLAs are not expressed as ambient 
standards.  A TMDL is an enhanced water quality standard.  As noted in the 
National Research Council’s Assessing the TMDL Approach to Water Quality 
Management, a report commissioned by the United States Congress in 2001:  
 

… EPA is obligated to implement the Total Maximum Daily Load (TMDL) 
program, the objective of which is attainment of ambient water quality 
standards through the control of both point and nonpoint sources of 
pollution. 

 
Recommended Correction:  Eliminate this requirement. 
 
Regarding purpose “c”, the determinant for a water quality standard exceedance 
is in the discharge from the outfall – not in the receiving water.  The use of 
numeric WQBELs -- though incorrectly defined and established in this instance -- 
represents the compliance standard in discharges from the outfall. Adding a 
second compliance determinant in the receiving water is unnecessary and is not 
authorized under federal stormwater regulations because the receiving water lies 
outside the scope of the MS4.    
 
Recommended Corrective Action:  Eliminate this requirement. 
 
3. Non-storm water outfall based monitoring 
 
The purposes of this type of monitoring are as follows: 
 
a. Determine whether a Permittee’s discharge is in compliance with applicable 

dry weather WQBELs derived from TMDL WLAs. 
 

b. Determine whether a Permittee’s discharge exceeds non-storm water action 
levels, as described in Attachment G of this Order, 
 

c. Determine whether a Permittee’s discharge contributes to or causes an 
exceedance of receiving water limitations, 
 

d. Assist a Permittee in identifying illicit discharges as described in Part VI.D.9 of 
this Order. 
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Regarding “a,” This requirement is redundant in view of the aforementioned 
MALs and in any case is not authorized under federal stormwater regulations. 
402(p)(B)(ii) of the Clean Water Act only prohibits discharges to the MS4 (streets, 
catch basins, storm drains and intra MS4 channels), not through or from it.  This 
applies to all water quality standards, including TMDLs.  Nevertheless, 
compliance with dry weather WQBELs can be achieved through BMPs and other 
requirements called for under the illicit connection and discharge detection and 
elimination (ICDDE) program, or requiring impermissible non-stormwater 
discharges to obtain coverage under a permit issued by the Regional Board.     
 
Recommended Correction:  Delete this requirement and specify compliance with 
dry weather WLAs, expressed in ambient terms, through the implementation of 
the ICDDE program.   
 
Withy regard to “b”, see previous responses regarding MALs and the limitation of 
non-stormwater discharge prohibit to the MS4. 
 
Recommended Correction:  Delete this requirement because it exceeds the non-
stormwater discharge prohibition to the MS4; and determine whether MALs or 
TMDLs are to be used to protect receiving water quality.      
 
Regarding “c”, as mentioned, non-stormwater discharges cannot by applied to 
receiving water limitations because of they are only prohibited to the MS4, not 
from or through it. 
 
Recommended Correction:  Delete this requirement because it exceeds the non-
stormwater discharge prohibition to the MS4.      
 
Regarding “d”, this requirement is reasonable and in keeping with federal 
regulations with the exception that the identification of illicit discharges must 
adhere to the field screening requirements in CFR 40 §122.26. No non-
stormwater discharge monitoring shall occur unless flow is first discovered at the 
outfall.  This would trigger the implementation of additional requirements that  the 
tentative order does not include.  
 
4. New Development/Re-development effectiveness monitoring 
 
The purpose of this requirement is a dubious and is not authorized under federal 
stormwater regulations as it relates to monitoring.  To begin with, requiring such 
monitoring is premature given the absence of outfall monitoring in the current and 
previous MS4 permits that would characterize an MS4’s pollution contribution 
relative to exceeding ambient water quality standards.  Without the determination 
of statistically significant exceedances of water quality standards, detected at the 
outfall, the imposition of runoff infiltration requirements is arbitrary.  Further, there 
is nothing in federal stormwater regulations that require monitoring on private or 
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public property.  Monitoring, once again, is limited to effluent discharges at the 
outfall and to ambient monitoring in the receiving water. 
 
Beyond this, monitoring for BMP effectiveness poses a serious challenge to what 
determines “effectiveness” -- effective relative to what standard?  It is also not 
clear how such monitoring is to be performed.    
 
Recommended Correction:  Delete this requirement.      
 
The MRP of the tentative order proposes regional studies “to further characterize 
the impact of the MS4 discharges on the beneficial uses of the receiving waters. 
Regional studies shall include the Southern California Stormwater Monitoring 
Coalition (SMC) Regional Watershed Monitoring Program (bio-assessment), 
sediment monitoring for Pyrethroid pesticides, and special studies as specified in 
approved TMDLs (see Section XIX TMDL Reporting, below).” 
 
Regional studies also lie outside the scope of the MS4 permit.  However, 
because federal regulations require ambient monitoring in the receiving water, a 
task performed by the Regional Board’s SWAMP, regional watershed monitoring 
for aforementioned target pollutants can be satisfied through ambient monitoring.  
This can be accomplished with little expense on the part of permittees by: (1) 
using ambient data generated by the Regional Board SWAMP; (2) re-setting the 
County’s mass emissions stations to collect samples 2 to 3 days following a 
storm event (instead of using a flow-based sampling trigger); and (3) using any 
data generated from existing coordinated monitoring programs (e.g., Los Angeles 
River metals TMDL CMP), provided that the data is truly ambient. 
 
 

END COMMENTS 
------------------------------------------------------------------------------------------------------------ 
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Public Works Department 
Development Services Division 
Environmental Services Section 
(626) 384-5480 • FAX (626) 384-5479 

 
 
July 23, 2012 
 
Mr. Ivar Ridgeway 
320 W 4th Street, Suite 200 
Los Angeles, CA 90013 
(213) 620-2150 
Via email to:  LAMS42012@waterboards.ca.gov; iridgeway@waterboards.ca.gov; 
rpurdy@waterboards.ca.gov 
 
Subject:  Comments on Tentative Order No. R4-2012-XXXX NPDES Permit No.  
 CAS004001  
 
Dear Mr. Ridgeway: 
 
The City of Covina is pleased to submit the attached comments regarding Tentative Order No. 
R4-2012-XXXX NPDES Permit No. CAS004001.  
 
Please note that the City of Covina is also in support of the comment letter submitted by the Los 
Angeles Permit Group (LAPG), of which the City is an active participant, and incorporates the 
LAPG comments by reference (Attachment C).  The City’s comments are intended to be 
complimentary and more specific to the issues raised in the LASP group letter.  The City’s 
comment letter also contains additional issues not addressed in the LASP group letter. 
 
Also, please replace the City of Covina’s Facility Contact name listed in the Tentative Order 
with my name, Vivian Castro, Environmental Services Manager.   The other contact 
information listed for the City, including my email, is correct. 
 
Thank you for the opportunity to submit comments on this very important matter.  Please direct 
any questions regarding this letter to me at (626) 384-5480. 
 
Sincerely, 
 
 
 
Vivian Castro 
Environmental Services Manager 
 

125 East College Street      Covina, California 91723-2199 
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cc:  Covina City Council Members 

Daryl Parrish, City Manager 
Steve Henley, Director of Public Works 
Kalieh Honish, Deputy Director of Public Works 
 

Attachments:  (A)  City of Covina Comments on Tentative Order No. R4-2012-XXXX NPDES 
Permit No. CAS004001. 

 
(B)  CASQA Proposed Receiving Water Limitation Provision 
 
(C)  LAPG Comments re_Tentative LA MS4 Order No.R4-2012-XXXX_7-13-12 
FINAL 
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CITY OF COVINA COMMENTS ON TENATIVE ORDER NO. R4-2012-XXXX 
	
1. Numeric	Water	 Quality	 Based	 Effluent	 Limitations	 (WQBELs)	 applied	 to	 dry	 and	wet	

weather	 Total	 Maximum	 Daily	 Load	 (TMDLs)	 waste	 load	 allocations	 (WLAs)	 and	 to	
stormwater	 and	 non‐stormwater	 municipal	 action	 levels	 (MALs)	 are	 not	 authorized	
under	federal	stormwater	regulations	and	are	not	in	keeping	with	State	Water	Resources	
Control	Board	(State	Board)	water	quality	orders	(WQOs).	

	
The	Tentative	Order	specifies	that	“Each	Permittee	shall	comply	with	applicable	WQBELs	as	set	
forth	 in	 Part	 VI.E	 of	 this	Order,	 pursuant	 to	 applicable	 compliance	 schedules.”	 	 The	 Tentative	
Order	specifies	two	categories	of	WQBELs,	one	for	USEPA	adopted	TMDLs	and	one	for	Regional	
Board/State	adopted	TMDLs.		Regarding	USEPA	adopted	TMDLs,	it	appears	that	BMP‐WQBELs	
may	be	used	 to	meet	TMDL	WLAs	 in	 the	 receiving	water.	 	 For	Regional	Board/State‐adopted	
TMDLs,	 however,	 the	 Tentative	 Order	 specifies	 a	 different	 compliance	 method	 ‐‐	 meeting	 a	
“numeric”	WQBEL	that	is	derived	directly	from	the	TMDL	waste	load	allocation.	 	For	example,	
the	wet	weather	numeric	WQBEL	for	dissolved	copper	for	the	Los	Angeles	River	is	17	ug/l.			
	
a. Issue:	 	 Regional	 Board	 staff	 is	 premature	 in	 requiring	 any	 kind	 of	 WQBEL	 because	 no	

exceedance	of	any	TMDL	WLA	at	the	outfall	has	occurred.		This	is	because	outfall	monitoring	
is	not	a	requirement	of	the	current	MS4	permit	or	previous	MS4	permits.			

	
The	Regional	Board’s	 setting	 of	WQBELs	 –	 any	WQBEL	 –	 to	 translate	 the	 TMDL	WLA	 for	
compliance	 at	 the	 outfall	 is	 premature.	 	 Regional	 Board	 staff	 does	 not	 appear	 to	 have	
performed	 a	 reasonable	 potential	 analysis	 as	 required	 under	 §	 122.44(d)(1)(i),	 which	
states:	

	
Limitations	must	control	all	pollutants	or	pollutant	parameters	(either	conventional,	
nonconventional,	or	toxic	pollutants)	which	the	Director	determines	are	or	may	be	
discharged	 at	 a	 level	 that	will	 cause,	 have	 the	 reasonable	 potential	 to	 cause,	 or	
contribute	 to	 an	 excursion	 above	 any	 [s]tate	 water	 quality	 standard,	 including	
[s]tate	narrative	criteria	for	water	quality.”	

	
No	such	reasonable	potential	analysis	has	been	performed	–	despite	 that	USEPA	guidance	
requires	 it	 as	 part	 of	 documenting	 the	 calculation	 of	WQBELs	 in	 the	NPDES	permit’s	 fact	
sheet.		According	to	USEPA’s	NPDES	Permit	Writers’	Manual:	

	
Permit	writers	should	document	in	the	NPDES	permit	fact	sheet	the	process	used	to	
develop	WQBELs.	The	permit	writer	should	clearly	identify	the	data	and	information	
used	to	determine	the	applicable	water	quality	standards	and	how	that	information,	
or	any	applicable	TMDL,	was	used	 to	derive	WQBELs	and	 explain	how	 the	 state’s	
anti‐degradation	policy	was	applied	as	part	of	 the	process.	The	 information	 in	 the	
fact	sheet	should	provide	the	NPDES	permit	applicant	and	the	public	a	transparent,	
reproducible,	and	defensible	description	of	how	 the	permit	writer	properly	derived	
WQBELs	for	the	NPDES	permit.1	

	
The	 fact	 sheet	 accompanying	 the	 Tentative	 Order	 contains	 no	 reference	 to	 a	 reasonable	
potential	analysis	–	a	consequence	of	the	fact	that	no	outfall	monitoring	has	been	required	
of	the	Regional	Board	either	in	the	current	or	previous	MS4	permits	for	Los	Angeles	County.		

                                                 
1United	States	Environmental	Protection	Agency,	NPDES	Permit	Writers’	Manual,	September,	2010,	page	6‐30.	
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Outfall	monitoring	is	a	mandatory	requirement	under	federal	regulations	at	CFR	40	122.22,	
§122.2	and	§122.26.	CFR	40	§122.22(C)(3)	requires	effluent	and	ambient	monitoring:		
The	permit	requires	all	effluent	and	ambient	monitoring	necessary	to	show	that	during	the	
term	of	 the	permit	 the	 limit	on	 the	 indicator	parameters	 continues	 to	attain	water	 quality	
standards.	
	
“Effluent	monitoring,”	according	to	Clean	Water	Act	§502,	is	defined	as	outfall	monitoring:	

	
The	term	"effluent	limitation"	means	any	restriction	established	by	a	State	or	the	
Administrator	 on	 quantities,	 rates,	 and	 concentrations	 of	 chemical,	 physical,	
biological,	and	other	constituents	which	are	discharged	from	point	sources	into	
navigable	waters,	 the	waters	 of	 the	 contiguous	 zone,	 or	 the	 ocean,	 including	
schedules	of	compliance.			

	
40	CFR	§122.2,	defines	a	point	source	as:			

	
…	the	point	where	a	municipal	separate	storm	sewer	discharges	to	waters	of	the	
United	States	and	does	not	include	open	conveyances	connecting	two	municipal	
separate	 storm	 sewers,	 or	 pipes,	 tunnels	 or	 other	 conveyances	which	 connect	
segments	of	the	same	stream	or	other	waters	of	the	United	States	and	are	used	
to	convey	waters	of	the	United	States.	

	
Conclusion:		Because	Regional	Board	staff	has	not	required	outfall	monitoring,	it	could	have	
not	 have	 detected	 an	 excursion	 above	 a	 water	 quality	 standard	 (includes	 TMDL	WLAs).	
Therefore,	 it	 could	 not	 have	 conducted	 a	 reasonable	 potential	 analysis	 and,	 as	 further	
consequence,	 cannot	 require	 compliance	with	 a	WQBEL	 (numeric	 or	BMP‐based)	or	with	
any	TMDL	or	MAL	until	those	burdens	have	been	met.			
	
Recommended	 Correction:	 	 Eliminate	 all	 reference	 to	 comply	 with	WQBELs	 until	 outfall	
monitoring	and	a	reasonable	potential	analysis	have	been	performed.							
	

b. Issue:		Even	if	Regional	Board	staff	conducted	outfall	monitoring	and	detected	an	excursion	
above	 a	 TMDL	WLA	 and	 performed	 the	 requisite	 reasonable	 potential	 analysis,	 it	 cannot	
require	a	numeric	WQBEL	strictly	derived	from	the	TMDL	WLA.			

	
USEPA’s	2010	guidance	memorandum	mentions	that	numeric	WQBELs	are	permissible	only	
if	feasible.2		This	conclusion	was	reinforced	by	a	memorandum	from	Mr.	Kevin	Weiss,	Water	
Permits	Division,	USEPA	(Washington	D.C.).	He	explains:		
	

Some	 stakeholders	are	 concerned	 that	 the	2010	memorandum	 can	be	 read	as	
advising	NPDES	 permit	 authorities	 to	 impose	 end‐of‐pipe	 limitations	 on	 each	
individual	outfall	 in	a	municipal	separate	storm	sewer	system.	 In	general,	EPA	
does	 not	 anticipate	 that	 end‐of‐pipe	 effluent	 limitations	 on	 each	 municipal	
separate	 storm	 sewer	 system	 outfall	 will	 be	 used	 frequently.	 Rather,	 the	
memorandum	 expressly	 describes	 “numeric”	 limitations	 in	 broad	 terms,	
including	 “numeric	 parameters	 acting	 as	 surrogates	 for	 pollutants	 such	 as	
stormwater	flow	volume	or			percentage	or	amount	of	impervious	cover.”	In	the	

                                                 
2Memorandum	 from	 James	 A.	 Hanlon,	 Director,	 Office	 of	 Waste	 Management,	 Revisions	 to	 the	 November	 22,	 2002	
Memorandum	Establishing	Total	Maximum	Daily	Load	 (TMDL)	Waste	Load	Allocations	 (WLAs)	 for	Storm	Water	Sources	
and	NPDES	Permit	Requirements	Based	on	Those	WLAs,	November	12,	2010.	
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context	of	the	2010	memorandum,	the	term	“numeric	effluent	limitation”	should	
be	viewed	as	a	significantly	broader	term	than	just	end‐of‐pipe	limitations,	and	
could	include	limitations	expressed	as	pollutant	reduction	levels	for	parameters	
that	 are	 applied	 system‐wide	 rather	 than	 to	 individual	 discharge	 locations,	
expressed	 as	 requirements	 to	 meet	 performance	 standards	 for	 surrogate	
parameters	 or	 for	 specific	 pollutant	 parameters,	 or	 could	 be	 expressed	 as	 in‐
stream	 targets	 for	 specific	pollutant	parameters.	Under	 this	approach,	NPDES	
authorities	have	significant	flexibility	to	establish	numeric	effluent	limitations	in	
stormwater	permits.3	

	
Reading	 the	2010	USEPA	memorandum,	 together	with	Mr.	Weiss’s	memorandum,	 creates	
the	 conclusion	 that	 (1)	 numeric	 WQBELs	 are	 permissible	 if	 “feasible”	 and	 (2)	 numeric	
WQBELs	 cannot	 be	 construed	 to	 only	 mean	 strict	 effluent	 limitations	 at	 the	 end‐of‐pipe	
(outfall)	 but	 more	 realistically	 must	 include	 surrogate	 parameters	 and	 other	 variants	 as	
well.		Regional	Board	staff	failed	to	examine	alternative	numeric	WQBELs,	along	with	BMP	
WQBELs,	as	a	consequence	of	not	conducting	the	appropriate	analysis.	
	
In	any	case,	the	feasibility	of	numeric	WQBELs,	whether	strictly	derived	from	TMDL	WLAs	
or	 of	 the	 surrogate	 parameter	 type,	 the	 State	 Water	 Resources	 Control	 Board	 has	
determined	 that	numeric	effluent	 limitations	are	not	 feasible.	 	 	 In	Water	Quality	Orders	
2001‐15	 and	 	 2009‐0008	 	 the	 State	 Board	 made	 it	 clear	 that:	 	 “‘we	will	 generally	 not	
require	 “strict	 compliance”	 with	 water	 quality	 standards	 through	 numeric	 effluent	
limitations’	 and	 instead	 ‘we	 will	 continue	 to	 follow	 an	 iterative	 approach,	 which	 seeks	
compliance	over	time’	with	water	quality	standards”.				
	
[Please	 note	 that	 the	 iterative	 approach	 to	 attain	 water	 quality	 standards	 applies	 to	 the	
outfall	and	the	receiving	water.]		
	
More	 recently,	 the	 State	 Board	 commented	 in	 connection	 with	 the	 draft	 Caltrans	 MS4	
permit	that	numeric	WQBELs	are	not	feasible	as	explained	in	the	following	provision	from	
its	most	recent	Caltrans	draft	order:	

	
Storm	water	discharges	 from	MS4s	are	highly	 variable	 in	 frequency,	 intensity,	
and	duration,	and	 it	 is	difficult	to	characterize	the	amount	of	pollutants	 in	the	
discharges.	In	accordance	with	40	CFR	§	122.44(k)(2),	the	 inclusion	of	BMPs	 in	
lieu	of	numeric	effluent	 limitations	 is	appropriate	 in	storm	water	permits.	This	
Order	 requires	 implementation	of	BMPs	 to	 control	and	abate	 the	discharge	of	
pollutants	in	storm	water	to	the	MEP.		

	
The	State	Board’s	decision	not	to	require	numeric	WQBELs	in	this	instance	appears	to	have	
been	influenced	by	among	other	considerations,	the	Storm	Water	Panel	Recommendations	to	
the	California	State	Water	Resources	Control	Board	in	re:		The	Feasibility	of	Numeric	Effluent	
Limits	 Applicable	 to	 Discharges	 of	 Storm	Water	 Associated	with	Municipal,	 Industrial	 and	
Construction	Activities.	
	
Conclusion:	 	 The	 Regional	 Board	 does	 not	 have	 the	 legal	 authority	 to	 require	 numeric	
WQBELs.			
	
Recommended	Correction:	Eliminate	all	references	to	comply	with	numeric	WQBELs.							

                                                 
3Memorandum	from	Kevin	Weiss,	Water	Permits	Division,	USEPA	(Washington	D.C.),	March	17,	2011.			
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c. Issue:	 	 There	 cannot	 be	 a	WQBEL	 to	 attain	 a	dry	weather	TMDL	WLA	nor	 a	WQBEL	 that	

addresses	a	non‐stormwater	municipal	action	level	(MAL).	
	

The	 foundation	 for	 this	 argument	 lies	 in	 the	 federal	 limitation	 of	 non‐stormwater	
discharges	to	the	MS4	–	not	from	or	through	it	as	the	Tentative	Order	concludes.	 	Federal	
stormwater	regulations	only	prohibit	discharges	to	the	MS4	and	limits	outfall	monitoring	to	
stormwater	 discharges.	 	 This	 is	 explained	 in	 greater	 detail	 under	 4.	 Non‐stormwater	
Discharge	Prohibitions.	
	
Conclusion:	 	 The	Regional	Board	does	 not	 have	 the	 legal	 authority	 to	 compel	 compliance	
with	dry	weather	WQBELs	or	non‐stormwater	MALs.			
	
Recommended	Correction:	Eliminate	all	references	to	comply	with	numeric	WQBELs.							
				

2. The	Tentative	Order	has	altered	Receiving	Water	Limitation	(RWL)	language	causing	it	to	
be	overbroad	and	 inconsistent	with	RWL	 in	 the	 current	MS4	permit,	 the	Ventura	MS4	
permit,	 State	 Board	 WQO	 99‐05,	 the	 draft	 Caltrans	 MS4	 permit,	 and	 RWL	 language	
recommended	by	CASQA.	

		
a. Issue:	 The	 proposed	 RWL	 language	 changes	 the	 “exceedance”	 determinant	 from	 water	

quality	 standards	 and	 objectives	 to	 receiving	 water	 limitations,	 thereby	 increasing	 the	
stringency	of	the	requirement.	 	The	Tentative	Order	RWL	version	reads:	 	“Discharges	from	
the	 MS4	 that	 cause	 or	 contribute	 to	 the	 violation	 of	 receiving	 water	 limitations	 are	
prohibited.”	
	
Compare	 this	 with	 what	 is	 in	 the	 current	 MS4	 permits	 for	 Los	 Angeles	 and	 Ventura	
Counties:		“Discharges	from	the	MS4	that	cause	or	contribute	to	a	violation	of	water	quality	
standards	are	prohibited.”		
	
Whereas	standard	RWL	language	limits	water	quality	standards	to	what	is	in	the	basin	plan,	
and	 includes	water	quality	objectives	 (relates	 to	waters	of	 the	State),	 the	Tentative	Order		
uses	 revised	 language	 that	 replaces	 	water	quality	 standards	with	 the	 following	 receiving	
water	limitation	criteria:				
	

Any	 applicable	 numeric	 or	 narrative	 water	 quality	 objective	 or	 criterion,	 or	
limitation	 to	 implement	 the	applicable	water	quality	objective	or	criterion,	 for	
the	receiving	water	as	contained	in	Chapter	3	or	7	of	the	Water	Quality	Control	
Plan	 for	 the	 Los	 Angeles	 Region	 (Basin	 Plan),	water	 quality	 control	 plans	 or	
policies	adopted	by	the	State	Water	Board,	or	federal	regulations,	including	but	
not	limited	to,	40	CFR	§	131.38.	

	
It	 is	 unclear	 why	 Regional	 Board	 staff	 has	 removed	 water	 quality	 standards,	 which	 is	 a	
USEPA	 and	 State	 Board	 requirement,	 and	 replaced	 them	with	 the	 more	 global	 receiving	
water	 limitation	 language	 that	 include	 additional	 compliance	 criteria	 (e.g.,	 “or	 federal	
regulations	including	but	not	limited	to	40	CFR	§	131.38”).	Other	“federal	regulations”	could	
include	CERCLA	 (Comprehensive	Environmental	Remediation	 and	Compensation	 Liability	
Act).			

	 	
Enlarging	 the	 scope	 of	 the	 RWL	 from	 water	 quality	 standards	 to	 a	 universe	 of	 other	
regulatory	requirements	exceeds	RWL	limitation	language	established	in	State	Board	WOQ	

RB-AR12290



City	of	Covina	 Attachment	A:		Comments	on	Tentative	Order	No.	R4‐2012‐XXXX	 	Page	7	of	41	

99‐05,	a	precedential	decision.		The	order	bases	compliance	on	discharge	prohibitions	and	
receiving	 water	 limitations	 on	 the	 timely	 implementation	 of	 control	measures	 and	 other	
action	 in	 the	discharges	 in	accordance	with	 the	SWMP	 (stormwater	management	plan)	and	
other	requirements	of	the	permit’s	limitations.		It	goes	on	to	say	that	if	exceedances	of	water	
quality	 standards	 or	 water	 quality	 objectives,	 collectively	 referred	 to	 as	 water	 quality	
standards	 continues,	 the	 SWMP	 shall	 undergo	 an	 iterative	 process	 to	 address	 the	
exceedances.		It	should	be	noted	that	this	language	was	mandated	by	USEPA.	
	
It	 should	 be	 noted	 that	 the	 draft	 Caltrans	 MS4	 permit	 is	 scheduled	 for	 adoption	 in	
September,	as	well	as	CASQA,	proposes	RWL	language	that	is	in	keeping	with	WQO	99‐05.	
	
Conclusion:		Regional	Board	does	not	have	the	legal	authority	to	re‐define	RWL	language	to	
the	extent	it	is	proposing.	
		
Recommended	Correction:		Replace	RWL	contained	in	the	Tentative	Order	with	the	CASQA	
model	(Attachment	B)	or	with	language	contained	in	the	draft	Caltrans	MS4	permit.	

	
b. Issue:	By	eliminating	water	quality	 standards,	 the	Tentative	Order	has	 created	a	 separate	

compliance	standard	for	TMDLs	and	for	non‐TMDLs.	Standard	RWL	language	in	other	MS4	
permits	 designates	 	 the	 SWMP4	 as	 the	 exclusive	 determinant	 for	 achieving	water	 quality	
standards	in	the	receiving	water.	 	Since	TMDLs	are	enhanced	water	quality	standards,	the	
SWMP	 (or	 in	 this	 case	 the	 SQMP)	 should	 enable	 compliance	 with	 TMDLs.	 	 Instead,	 the	
Tentative	Order	specifies	compliance	through	implementation	plans	–	including	plans	that	
were	discussed	in	several	State/Regional	Board	adopted	TMDLs	(e.g.,	the	Los	Angeles	River	
Metals	TMDL).		The	absence	of	water	quality	standards	also	creates	a	separate	compliance	
standard	 for	 non‐TMDLs.	 	 According	 to	 Regional	 Board	 staff,	minimum	 control	measures	
(MCMs)	which	make	up	the	SQMP,	are	intended	to	meet	non‐TMDLs	pollutants.	Unclear	is	
what	defines	non‐TMDL	pollutant.		If	there	are	no	water	quality	standards	referenced	in	the	
RWL	then	what	are	the	non‐TMDL	pollutants	that	the	MCMs	are	supported	to	address?	

	
There	 is	 no	 authority	 under	 federal	 stormwater	 regulations	 to	 comply	with	 any	 criterion	
other	than	water	quality	standards.		The	RWL	language	called‐out	in	WQO	99‐05,	which	was	
in	response	to	a	USEPA	directive,	makes	it	clear	that	water	quality	standards	represent	the	
only	 compliance	 criteria,	 not	 an	 expanded	 definition	 of	 receiving	 water	 limitations	 that	
exclude	such	criteria.			
	
MS4	permits	throughout	the	State	include	TMDL	WLAs.		None	of	them,	however,	has	created	
a	 compliance	 mechanism	 that	 excludes	 water	 quality	 standards	 as	 a	 means	 of	 attaining	
them.	 	 Further,	 the	 State	Board	has,	 through	 the	draft	 Caltrans	MS4	permit	 and	 the	draft	
Phase	II	MS4	permit,	articulated	its	policy	on	compliance	with	water	quality	standards:	they	
are	 to	be	met	 through	 the	 implementation	of	 stormwater	management	programs.	Equally	
noteworthy	is	that	State	Board	has	not	created	a	dual	standard	for	dealing	with	TMDLs	and	
non‐TMDLs.		This	is	an	obvious	consequence	of	its	adherence	to	WQO	99‐05.	

	
With	regard	to	implementation	plans	contained	in	TMDLs,	the	Regional	Board	has	no	legal	
authority	to	include	them	into	the	MS4	permit.		This	issue	discussed	in	greater	detail	later	in	
these	comments.	

                                                 
4USEPA	and	federal	stormwater	regulations	use	stormwater	management	program	whereas	the	Los	Angeles	County	MS4	
permit	uses	stormwater	quality	management	plan	(SQMP).		In	effect	they	are	the	same.		They	consist	of	6	core	programs	
that	must	be	implemented	through	MS4	permit.	
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Conclusion:		The	Tentative	Order	must	be	revised	to	restore	water	quality	standards	in	RWL	
language	 and,	 by	 extension,	 enable	 compliance	 with	 TMDLs	 and	 other	 water	 quality	
standards	through	the	SQMP/MCMs.					

	
Recommended	 Correction:	 	 Revise	 the	 Tentative	 Order	 to	 eliminate	 any	 reference	 to	
complying	 with	 anything	 else	 except	 water	 quality	 standards	 through	 the	 SQMP;	 and,	
therewith,	 eliminate	 any	 reference	 to	 complying	with	 implementation	 plans	 contained	 in	
State/Regional	Board	TMDLs.		

	
3. The	Tentative	Order	does	not	include	the	iterative	process,	a	mechanism	that	is	integral	

to	RWL	language	which	serves	to	achieve	compliance	with	water	quality	standards.				
	

a. Issue:	 The	 absence	 of	 the	 iterative	 process	 disables	 a	 safeguard	 to	 protect	 permittees	
against	 unjustifiably	 strict	 compliance	with	water	 quality	 standards	 –	 or	 in	 this	 case	 the	
expanded	 definition	 of	 receiving	water	 limitations	 –	 that	 is	 a	 requisite	 feature	 in	 all	MS4	
permits	 issued	 in	 California.	 	 The	 Tentative	 Order	 circumvents	 the	 iterative	 process	 by	
creating	 an	 alternative	 referred	 to	 as	 the	 adaptive/management	 process	 which	 is	 only	
available	to	those	permittees	that	opt	for	a	watershed	management	program.				

	
Despite	the	fact	RWL	language	in	MS4	permits	since	the	90’s	have	provided	a	description	of	
an	iterative	process	(the	BMP	adjustment	mechanism),	the	term	“iterative	process”	has	only	
recently	been	specifically	mentioned	in	them.	 	The	absence	of	this	term	resulted	in	the	9th	
Circuit	Court	Appeal’s	conclusion	in	NRDC	v.	Los	Angeles	County	Flood	Control	District	 that	
there	 is	 no	 “textual	 support”	 in	 the	 current	MS4	 permit	 for	 the	 existence	 of	 an	 iterative	
process.	 	 This	 resulted	 in	 the	 court’s	 conclusion	 that	 the	 LACFCD	 had	 exceeded	 water	
quality	standards	in	the	hardened	portions	of	the	Los	Angeles	and	San	Gabriel	Rivers.	More	
recent	MS4	permit’s	issued	in	the	State	contain	clear	references	to	the	iterative	process.										
	

Notwithstanding	 the	 absence	 of	water	 quality	 standards	 in	 the	Tentative	Order,	 the	 iterative	
process	 must	 be	 included	 as	 required	 by	 Water	 Quality	 Orders	 2001‐15	 and	 2009‐0008,	
wherein	 the	State	Board	made	 it	clear	 that:	 	 “‘we	will	generally	not	require	“strict	compliance”	
with	water	quality	standards	through	numeric	effluent	 limitations’	and	instead	 ‘we	will	continue	
to	follow	an	iterative	approach,	which	seeks	compliance	over	time’	with	water	quality	standards”.				
	
Moreover,	 both	 the	 draft	 Caltrans	 MS4	 permit	 and	 the	 draft	 Phase	 II	 MS4	 permit	 contain	
references	to	the	iterative	process.		The	draft	Caltrans	MS4	permit	refers	to	the	iterative	process	
in	 two	places:	 	 finding	20,	Receiving	Water	Limitations	and	 in	 the	Monitoring	Results	Report.		
Finding	20	states:	
	

The	 effect	 of	 the	 Department’s	 storm	water	 discharges	 on	 receiving	water	 quality	 is	
highly	 variable.	 For	 this	 reason,	 this	 Order	 requires	 the	 Department	 to	 implement	 a	
storm	water	 program	 designed	 to	 achieve	 compliance	with	water	 quality	 standards,	
over	 time	 through	 an	 iterative	 approach.	 If	 discharges	 are	 found	 to	 be	 causing	 or	
contributing	to	an	exceedance	of	an	applicable	Water	Quality	Standard,	the	Department	
is	required	to	revise	its	BMPs	(including	use	of	additional	and	more	effective	BMPs).5	

			
Under	 the	 Monitoring	 Results	 Report	 section,	 the	 draft	 Caltrans	 MS4	 permit	 reiterates	 the	
iterative	process	within	the	context	of	the	following:		The	MRR	shall	include	a	summary	of	sites	

                                                 
5See	draft	Caltrans	MS4	permit	(Tentative	Order	No.	2012‐XX‐DWQ	NPDES	No.	CAS000003),	page	10.					
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requiring	 corrective	actions	needed	 to	achieve	 compliance	with	 this	Order,	and	a	 review	of	any	
iterative	procedures	(where	applicable)	at	sites	needing	corrective	actions.6			
	
The	draft	Phase	II	MS4	references	the	iterative	process	in	two	places,			in	finding	35	and	under	
its	definition	of	MEP.		Finding	35	states:	
	

This	Order	modifies	the	existing	General	Permit,	Order	2003‐0005‐DWQ	by	establishing	
the	 storm	water	management	 program	 requirements	 in	 the	 permit	 and	 defining	 the	
minimum	 acceptable	 elements	 of	 the	municipal	 storm	 water	management	 program.	
Permit	 requirements	 are	 known	 at	 the	 time	 of	 permit	 issuance	 and	 not	 left	 to	 be	
determined	 later	 through	 iterative	 review	and	approval	of	Storm	Water	Management	
Plans	(SWMPs).		

	
The	draft	Phase	II	MS4	permit	also	acknowledges	the	iterative	process	through	the	definition	of	
maximum	extent	practicable	 (which	 is	also	 included	 in	 the	draft	Caltrans	MS4	permit),	 to	 the	
following	extent:	
	

MEP	 standard	 requires	Permittees	apply	Best	Management	Practices	 (BMPs)	 that	are	
effective	in	reducing	or	eliminating	the	discharge	of	pollutants	to	the	waters	of	the	U.S.	
MEP	 emphasizes	 pollutant	 reduction	 and	 source	 control	 BMPs	 to	 prevent	 pollutants	
from	entering	storm	water	runoff.	MEP	may	require	treatment	of	the	storm	water	runoff	
if	 it	contains	pollutants.	The	MEP	standard	 is	an	ever‐evolving,	 flexible,	and	advancing	
concept,	 which	 considers	 technical	 and	 economic	 feasibility.	 BMP	 development	 is	 a	
dynamic	process	and	may	require	changes	over	time	as	the	Permittees	gain	experience	
and/or	 the	 state	 of	 the	 science	 and	 art	 progresses.	 To	 do	 this,	 the	 Permittees	must	
conduct	 and	 document	 evaluation	 and	 assessment	 of	 each	 relevant	 element	 of	 its	
program,	and	 their	program	as	a	whole,	and	revise	activities,	control	measures/BMPs,	
and	 measurable	 goals,	 as	 necessary	 to	 meet	 MEP.	 MEP	 is	 the	 cumulative	 result	 of	
implementing,	 evaluating,	 and	 creating	 corresponding	 changes	 to	 a	 variety	 of	
technically	 appropriate	 and	 economically	 feasible	 BMPs,	 ensuring	 that	 the	 most	
appropriate	 BMPs	 are	 implemented	 in	 the	 most	 effective	 manner.	 This	 process	 of	
implementing,	evaluating,	revising,	or	adding	new	BMPs	is	commonly	referred	to	as	the	
“iterative	approach.”7		

	
It	should	be	clearly	understood	that	the	State	Board	is	articulating	clear	policy	on	the	iterative	
process	 through	 these	 two	 draft	 MS4	 permits	 and	 that	 they	 must	 be	 followed	 by	 Regional	
Boards	as	subordinate	jurisdictions.		
	
Conclusion:	 	The	Regional	Board	has	no	authority	 to	alter	 the	 iterative	process/procedure	by	
making	a	revised	and	diluted	version	of	it	available	only	to	those	MS4	permittees	that	wish	to	
opt	for	watershed	management	program	participation.		Quite	the	contrary,	the	Regional	Board	
is	 legally	 compelled	 to	 make	 the	 iterative	 process,	 as	 described	 herein,	 an	 undeniable	
requirement	in	the	Tentative	Order.					
	

                                                 
6Ibid.,	page	35.		
7See	 State	 Water	 Resources	 Control	 Board	 Water	 Quality	 Order	 No.	 XXXX‐XXXX‐DWQ,	 NPDES	 General	 Permit	 No.	
CASXXXXXX,	page			
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Recommended	Correction:	 Regional	Board	 staff	 should	 incorporate	 the	 iterative	 process	 into	
the	Tentative	Order	in	the	findings	section	and	in	the	RWL	section.		It	should	also	be	referenced	
again	under	a	revised	MEP	definition.			

	
4. The	Tentative	Order	incorrectly	articulates	the	non‐stormwater	discharge	prohibition	to	

the	MS4	to	include	discharges	from	and	through	it.	
	

a. Issue:	The	Tentative	Order	mentions	prohibiting	non‐stormwater	discharges	not	only	to	the	
MS4	 but	 from	 and	 through	 it	 as	 well.	 	 Federal	 regulations	 did	 not	 authorize	 the	 non‐
stormwater	discharge	prohibition	to	go	beyond	“to”	the	MS4.	This	is	a	serious	issue	because	
extending	 the	 prohibition	 from	 or	 through	 the	 MS4	 would	 subject	 non‐stormwater	
discharges	 (including	 dry	 weather	 TMDL	 WLAs	 and	 non‐stormwater	 municipal	 action	
levels)	to	pollutant	limitations	at	the	outfall.						
					
The	 Tentative	 Order	 attempts	 to	 justify	 interpreting	 federal	 stormwater	 regulations	 to	
mean	that	non‐stormwater	discharges	are	prohibited	not	only	 to	 the	MS4	but	 from	it	and	
through	it	as	well	by:	(1)	incorrectly	stating	the	Clean	Water	Act	§402(p)(B)(ii)	of	the	Clean	
Water	 Act	 requires	 permittees	 effectively	 prohibit	 non‐storm	 water	 discharges	 into	
watercourses	 (means	 receiving	 waters)	 as	 well	 as	 to	 the	 MS4;	 and	 (2)	 a	 misreading	 of	
Federal	Register	Volume	55,	No.	222,	47990	(federal	register)	which	contains	an	error	with	
regard	to	the	non‐stormwater	discharge	prohibition.	
	
§402(p)(B)(ii)	does	not	(as	the	Tentative	Order’s	fact	sheet	asserts)	include	watercourses,	
which	 according	 to	 Regional	 Board	 staff,	 means	 waters	 of	 the	 State	 and	 waters	 of	 the	
United	 States,	 both	 of	 which	 lie	 outside	 of	 the	MS4.	 The	 original	 text	 of	 §402(p)(B)(ii)	
actually	 reads	 as	 follows:	 	 Permits	 for	 discharges	 from	 municipal	 storm	 sewers	 “shall	
include	 a	 requirement	 to	 effectively	 prohibit	 non‐stormwater	 discharges	 into	 the	 storm	
sewers.8		There	is	no	mention	of	watercourses.	
	
The	 Tentative	 Order’s	 fact	 sheet	 also	 relies	 on	 the	 afore‐cited	 federal	 register	 which	
states:	 402(p)(B)(3)	 requires	 that	 permits	 for	 discharges	 from	 municipal	 storm	 sewers	
require	 the	 municipality	 to	 “effectively	 prohibit”	 non‐storm	 water	 discharges	 from	 the	
municipal	 storm	 sewer.	 	 The	 fact	 sheet	 is	 correct	 about	 this.	 	 The	 problem	 is	 that	 the	
federal	register	is	wrong	here.	It	confuses	402(p)(B)(3),	which	addresses	stormwater	(not	
non‐stormwater)	discharges	from	the	MS4,	with	402(p)(B)(2),	which	once	again	prohibits	
non‐stormwater	 discharges	 to	 the	MS4.	 It	 should	 be	 noted	 that	 in	 the	 same	 paragraph	
above	 the	 defective	 federal	 register	 language,	 it	 says	 that	 …	 permits	 are	 to	 effectively	
prohibit	non‐storm	water	discharges	to	the	municipal	separate	storm	sewer	system.	
	
In	 any	 case,	 this	 issue	 has	 been	 resolved	 since	 the	 federal	 register	 was	 published	 in	
November	of	1990.	 	All	MS4	permits	in	the	United	States	issued	by	USEPA	prohibit	non‐
stormwater	 discharges	 only	 to	 the	 MS4.	 USEPA	 guidance,	 such	 as	 the	 Illicit	 Discharge	
Detection	and	Elimination:	A	Guidance	Manual	bases	investigation	and	monitoring	on	non‐
stormwater	 discharges	 being	 prohibited	 to	 the	 MS4.	 	 And,	 with	 the	 exception	 of	 Los	
Angeles	Regional	Board	MS4	permits,	MS4	permits	issued	by	other	Regional	Boards	also	
limit	 the	 MS4	 discharge	 prohibition	 to	 the	 MS4.	 Beyond	 this,	 the	 draft	 Caltrans	 MS4	
permit	and	draft	Phase	 II	MS4	permits	also	 limit	 the	non‐stormwater	prohibition	 to	 the	
MS4.				
	

                                                 
8Municipal	storm	sewers	is	a	truncated	version	of	municipal	separate	stormwater	system	(MS4).			
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Conclusion:	 	 The	 Regional	 Board	 does	 not	 have	 the	 legal	 authority	 to	 extend	 the	 non‐
stormwater	discharge	prohibition	from	or	through	the	MS4.				
	
Recommended	Correction:	Revise	the	non‐stormwater	discharge	prohibition	to	be	limited	
to	 the	MS4	 only	 and	 delete	 all	 requirements	 that	 are	 based	 on	 the	 prohibition	 from	 or	
through	the	MS4.		This	includes	the	non‐stormwater	prohibition	that	is	linked	to	CERCLA.										

	
5. The	Tentative	Order	 proposes	 to	 incorporate	TMDL	 implementation	 plans,	 schedules,	

and	monitoring	requirements	without	legal	authority.	
	

a. Issue:	 Placing	 Regional	 Board/State	 Board	 TMDLs	 into	 the	 MS4	 would	 result	 in	 serious	
consequences	 for	permittees.	 	For	one	thing,	permittees	subject	 to	TMDLs	that	contain	an	
implementation	 schedule	 with	 compliance	 dates	 for	 interim	 waste	 load	 allocations	 that	
have	not	been	met,	based	on	Los	Angeles	County	mass	emissions	station	or	other	data	(e.g.,	
from	the	Coordinated	Monitoring	Plan	 for	 the	Los	Angeles	River	Metals	TMDL),	will	be	 in	
automatic	non‐compliance	once	the	MS4	permit	takes	effect.		
	
The	Tentative	Order	proposes	a	 safeguard	 in	 this	event:	 	 coverage	under	a	 time	schedule	
order	(TSO).	Essentially,	a	TSO	is	an	enforcement	action	authorized	under	Porter‐Cologne,	
the	State’s	water	code.		The	problem	is	that	the	Regional	Board,	at	its	discretion,	could	issue	
a	clean‐up	and	abatement	order	that	could	link	permittees	in	the	Dominguez	Channel,	Los	
Angeles	River,	and	San	Gabriel	River	Watersheds	to	the	remediation	of	the	Los	Angeles	and	
Long	Beach	Harbors	which	are	currently	CERCLA	sites	(caused	by	DDT,	pesticides,	metals,	
which	are	considered	toxics,	and	other	pollutants).	Furthermore,	the	TSO,	which	is	a	State	
enforcement	action,	will	not	help	with	respect	to	a	federal	violation	because	of	preemption.		
An	 exceedance	 will	 expose	 subject	 permittees	 to	 third	 party	 litigation	 under	 the	 Clean	
Water	Act.	NRDC	would	be	able	to	take	the	matter	straight	to	federal	court.		
	
In	 any	 case,	 the	 Regional	 Board	 has	 no	 legal	 authority	 under	 the	 Clean	 Water	 Act	 to	
incorporate	 implementation	 plans,	 schedules,	 or	 monitoring	 requirements	 into	 the	 MS4	
permit.	 	 CWA	 §402(p)(B)(iii)	 simply	 states	 that	 controls	 are	 required	 to	 reduce	 the	
discharge	of	pollutants	to	the	maximum	extent	practicable,	including	management	practices,	
control	techniques	and	system,	design	and	engineering	methods,	and	such	other	provisions	as	
the	Administrator	or	the	State	determines	appropriate	for	the	control	of	such	pollutants.		The	
application	 of	 this	 provision	 is	 limited	 to:	 (1)	 the	 implementation	 of	 BMPs	 specified	 in	 a	
stormwater	management	plan	appropriated	through	the	six	core	programs;	and	(2)	outfall	
monitoring.		Monitoring,	as	mentioned	earlier,	is	limited	to	outfall	and	ambient	monitoring.		
Ambient	 monitoring,	 which	 is	 receiving	 water‐based,	 has	 been	 assumed	 by	 the	 Regional	
Board	 and	 is	 funded	 through	 a	 stormwater	 ambient	 monitoring	 program	 (SWAMP)	
surcharge	on	the	annual	MS4	permit	fee.		Federal	stormwater	regulations	mention	nothing	
about	TMDL	implementation	plans	and	schedules	in	an	MS4	permit.			

	
In	 fact,	 the	 Regional	 Board/State	 Board	 TMDL	 implementation	 plans,	 implementation	
schedules,	 and	monitoring	 should	 be	 voided	 and	 prevented	 from	 being	 placed	 into	 the	MS4	
permit	 because	 (1)	 they	 set	 compliance	 determinant	 in	 the	 receiving	 water	 instead	 of	 the	
outfall;	 and	 (2)	 although	 the	 TMDL	 monitoring	 program	 requirements	 specify	 ambient	
monitoring	that	is	to	performed	by	MS4	permittees,	including	Caltrans,	the	Regional	Board	has	
approved	plans	 that	 treat	wet	weather	monitoring	as	ambient	 	monitoring,	 even	 though	 they	
are	mutually	exclusive.	The	Clean	Water	Act	definition	of	ambient	monitoring	is	the:	
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Natural	 concentration	of	water	quality	 constituents	prior	 to	mixing	of	either	point	or	
nonpoint	 source	 load	 of	 contaminants.	 Reference	 ambient	 concentration	 is	 used	 to	
indicate	 the	concentration	of	a	chemical	 that	will	not	cause	adverse	 impact	 to	human	
health.		

				
The	natural	concentration	of	water	quality	constituents	can	only	mean	the	state	of	a	receiving	
water	when	it	is	not	raining.		This	is	further	supported	by	the	phrase	“prior	to	mixing	of	either	
point	or	non‐point	source	load	of	contaminants,”	which	can	only	mean	stormwater	discharges	
from	an	outfall.		In	other	words,	stormwater	discharges	from	an	outfall	cannot	be	mixed	with	a	
receiving	water	 during	 a	 storm	 event	 because	 the	 ambient	 condition	would	 be	 lost.	 	 Outfall	
monitoring	 of	 stormwater	 discharges	 is	 evaluated	 against	 the	 ambient	 condition	 of	 pollutant	
constituents	 in	 the	 receiving	 water	 for	 the	 ostensible	 purpose	 of	 determining	 its	 pollutant	
contribution.										
	
Conclusion:	 	 The	 Tentative	 Order	 lacks	 the	 legal	 authority	 to	 include	 TMDL	 implementation	
plans,	 schedules,	 or	 monitoring	 plans	 adopted	 as	 basin	 plan	 amendments.	 	 No	 permittee,	
subject	to	any	TMDL	that	requires	an	implementation	plan,	schedule,	or	monitoring	plan	can	be	
compelled	 to	 comply	with	any	of	 them.	 	 Further,	 even	 if	 it	were	 legally	permissible	 for	 these	
TMDL	elements	 to	be	 incorporated	 into	 the	MS4	permit,	 no	permittee	 could	be	placed	 into	a	
state	of	non‐compliance	because	the	 legitimate	compliance	point	 is	 in	the	outfall.	 	Because	no	
outfall	monitoring	has	occurred,	no	violation	could	arise	and,	therefore,	there	would	be	no	need	
for	a	TSO.								
	
Recommended	 Correction:	 Eliminate	 requiring	 TMDL	 implementation	 plans,	 schedules,	 and	
monitoring	to	be	incorporated	into	the	Tentative	Order.					

	
6. The	Tentative	Order	 contains	 references	 to	 the	 federal	Comprehensive	Environmental	

Remediation	Compensation	and	Liability	Act	(CERCLA)	that	would	make	them	additional	
regulatory	requirements.	

	
a. Issue:		The	non‐stormwater	discharge	prohibition	under	the	Tentative	Order	states:	

	
Non‐storm	water	discharges	through	an	MS4	are	prohibited	unless	authorized	under	a	
separate	NPDES	permit;	authorized	by	USEPA	pursuant	to	Sections	104(a)	or	104(b)	
of	the	federal	comprehensive	Environmental	Response,	Compensation	and	Liability	Act	
(CERCLA).	

	
At	first	blush,	the	CERCLA	provision	appears	innocuous.	But	what	if	non‐stormwater	discharge	
is	not	authorized	under	CERCLA?	Conceivably	the	MS4	permittee	could	be	held	responsible	for	
those	 discharges.	 And	 because	 CERCLA	 is	 referenced	 in	 the	 MS4	 permit,	 it	 could	 become	 a	
potential	 third	 party	 litigation	 issue.	 	 The	 inclusion	 of	 the	 CERCLA	 provision	 is	 even	 more	
suspect	when	 considering	 that	 no	 other	MS4	 in	 the	 State	 contains	 such	 a	 reference.	 	 Beyond	
this,	how	would	a	permittee	know	if	a	discharge	is	one	covered	under	CERCLA?		
	
Conclusion:	 	 CERCLA	 is	 an	unnecessary	 reference	 in	 the	MS4	permit	 and	has	 the	potential	 to	
expose	permittees	to	third	party	litigation.	Further,	the	non‐stormwater	discharge	prohibition	
only	 “to”	 the	MS4	makes	 this	 issue	academic.	 	A	permittee’s	only	 responsibility	 is	 to	prohibit	
impermissible	non‐stormwater	to	the	MS4,	not	through	or	from	it;	or	to	require	the	discharger	
to	obtain	permit	coverage.			
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7. The	Tentative	Order,	under	 the	effluent	 limitations	 section,	 contains	 technical	effluent	
based	 limitations	 (TBELs)	which	 typically	are	not	 included	 in	MS4	permits	and,	 in	 this	
particular	case,	does	not	appear	to	be	purposeful.	

	
a. Issue:		Part	IV.A.1	of	the	Tentative	Order	states	that	TBELs	shall	reduce	pollutants	in	storm	

water	discharges	from	the	MS4	to	the	maximum	extent	practicable	(MEP).		
	
It	is	not	clear	as	to	the	reason	for	including	TBELs	into	the	Tentative	Order	because	they	are	
generally	not	required	of	Phase	MS4	permits.	TBELS	are	referenced	in	the	Tentative	Order,	
but	are	not	found	under	section	402(p),	which	addresses	storm	water,	nor	anywhere	else	in	
federal	regulations.	It	is	a	term	used	to	collectively	refer	to	best	available	technologies,	but	
again	not	in	402(p).		
	
TBEL	is	a	term	USEPA	uses	to	denote	the	following:	(1)	Best	Practical	Control	Technology	
Currently	Available	(BPT);	(2)	Best	Conventional	Pollutant	Control	Technology	(BCT);	and	
(3)	Best	Available	Technology	Economically	Achievable	(BAT).	Since	these	provisions	were	
established	 prior	 to	 stormwater	 provisions	 of	 the	 CWA	 §402(p),	 they	 were	 applied	 to	
industrial	 waste‐water	 discharges	 (including	 construction	 activity	 which	 is	 an	 industrial	
category	sub‐set).	A	clarifier	connected	to	the	sewer	system	is	a	type	of	TBEL.	POTWs	are	
subject	to	TBELs	example	primary	and	secondary	treatment.			

	
According	USEPA	guidance:	

	
WQBELs	 are	 designed	 to	 protect	 water	 quality	 by	 ensuring	 that	 water	 quality	
standards	are	met	in	the	receiving	water.	On	the	basis	of	the	requirements	of	Title	40	
of	 the	 Code	 of	 Federal	 Regulations	 (CFR)	 125.3(a),	 additional	 or	 more	 stringent	
effluent	limitations	and	conditions,	such	as	WQBELs,	are	imposed	when	TBELs	are	not	
sufficient	to	protect	water	quality.9			

	
Since	 the	 MS4	 permit	 proposes	 WQBELs	 (adapted	 to	 meet	 water	 quality	 standards	 at	 the	
outfall),	 it	would	 appear	 that	TBELs	 are	 irrelevant.	 	 	 In	 essence,	 the	 proposed	WQBELs	 is	 an	
admission	from	Regional	Board	staff	that	TBELs	are	not	sufficient	to	protect	water	quality.			
	
Please	note	that	the	draft	Caltrans	and	Phase	II	MS4	permits	do	not	reference	TBELs.	
	
Conclusion:	 	 Clarification	 is	 needed	 to	 determine	 the	 purpose	 of	 referencing	 TBELs	 in	 the	
Tentative	Order.	
	
Recommended	 Correction:	 	 Either	 provide	 clarification	 and	 a	 justification	 requiring	 TBELs	
given	that	the	Tentative	Order	requires	WQBELs,	a	more	stringent	requirement.		If	clarification	
or	justification	cannot	be	provided,	the	TBEL	provision	should	be	removed.		

	
	

8. Minimum	Control	Measures	(MCMs)	
	

a. Issue:	 	 Generally,	 MCMs	 should	 not	 be	 detailed	 in	 the	 Tentative	 Order.	 Instead,	 specific	
BMPs	and	other	information	should	be	placed	in	the	Stormwater	Quality	Management	Plan	
(SQMP),	which	is	the	case	under	the	current	MS4	permit.	Federal	guidance	specifies	that	the	
core	 programs	 are	 to	 be	 implemented	 through	 the	 SQMP	 as	 a	 means	 of	 meeting	 water	
quality	 standards.	More	 importantly,	 placing	 the	 specifics	 in	 the	 SQMP	makes	 it	 easier	 to	

                                                 
9NPDES	Permit	Writers’	Manual,	September,	2010,	page	5‐40.			
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revise.		If	specific	BMPs	remain	in	the	Tentative	Order,	and	they	are	in	error	or	need	to	be	
revised	(e.g.,	to	set	BMP‐WQBELs),	a	re‐opener	would	be	required.		For	example,	in			Part			I.	
Facility	Information,	Table	2.,	the	permittee	contact	information	is	out	of	date.	 	It	would	be	
better	 to	 place	 this	 and	 other	 detailed	 information	 in	 the	 SQMP	where	 it	 can	be	 updated	
regularly	without	having	to	re‐open	the	permit.				

	
b. Issue:		SUSMP	

	
The	 Tentative	Order	 replaces	 the	Development	 Planning/SUSMP	with	 Planning	 and	 Land	
Development	 Program.	 	 However,	 the	 SUSMP	 is	 mandated	 through	 a	 precedent‐setting	
WQO	issued	by	the	State	Board.		Nothing	in	the	order’s	fact	sheet	provides	an	explanation	of	
why	the	SUSMP	needs	to	be	replaced.		So	doing	would	incur	an	unnecessary	cost	to	revise	
the	SQMP	and	SUSMP	guidance	materials.	 	This	 is	not	 to	 suggest	 that	 the	Regional	Board	
may	not,	in	the	final	analysis,	have	the	legal	authority	to	the	change	the	SUSMP	to	its	MCM	
equivalent.	 Nevertheless,	 it	 would	 be	 helpful	 from	 an	 administrative	 convenience	
standpoint	to	explain	the	need	for	the	change	in	the	fact	sheet.		It	could	be	argued	that	the	
low	 impact	development	 (LID)	 techniques	have	been	successful	 implemented	 through	 the	
SUSMP	program	for	over	five	years.						

	
c. Issue:	 Retrofitting	 existing	 developments	 through	 the	 Land	 Use	 Development	 Program	 is	

not	 authorized	 under	 federal	 stormwater	 regulations.	 	 CFR	 40	 122.26	 only	 authorizes	
retrofitting	with	respect	to	flood	control	devices	which	is	to	be	explained	in	the	MS4	permit	
as	the	following	indicates:	

	
A	 description	 of	 procedures	 to	 assure	 that	 flood	 management	 projects	 assess	 the	
impacts	 on	 the	water	 quality	of	 receiving	water	bodies	and	 that	 existing	 structural	
flood	 control	 devices	 have	 been	 evaluated	 to	 determine	 if	 retrofitting	 the	 device	 to	
provide	additional	pollutant	removal	from	storm	water	is	feasible.	

	
d. Issue:	 The	 MCMs	 in	 the	 Tentative	 Order	 require	 off‐site	 infiltration	 for	 groundwater	

recharge	purposes.	The	Tentative	Order	is	a	stormwater	permit,	not	a	groundwater	permit.		
As	mentioned,	402(p)(3)(iii)	of	the	Clean	Water	Act:			

	
Permits	…	shall	require	controls	to	reduce	the	discharge	of	pollutants	to	the	maximum	
extent	 practicable,	 including	management	 practices,	 control	 techniques	 and	 system,	
design	and	engineering	methods,	and	such	other	provisions	as	the	Administrator	or	the	
State	determines	appropriate	for	the	control	of	such	pollutants.	

		
The	 use	 of	 other	 infiltration	 controls	 that	 do	 not	 promote	 groundwater	 recharge	 have	
already	 demonstrated	 effectiveness	 in	 significantly	 reducing	 pollutants	 to	 the	 maximum	
extent	 practicable	 (MEP).	 	 Requiring	 infiltration	 anywhere	 for	 the	 purpose	 of	 recharging	
groundwater	exceeds	 the	 scope	of	 the	MS4	since	 infiltrating	 to	 such	an	extent	would	add	
costs	 to	 the	 developer	 or	 permittee	 without	 significantly	 improving	 pollutant	 removal	
performance.	 	 Further,	 this	 requirement	 is	 unwarranted	 and	 premature	 because	 of	 the	
absence	 of	 outfall	 monitoring	 data	 that	 would	 demonstrate	 the	 need	 for	 groundwater‐
recharge	oriented	infiltration	controls	to	address	water	quality	standards	and	TMDLs	vis‐à‐
vis	their	intended	purpose	of	protecting	beneficial	uses	in	a	receiving	water.						
	
Conclusion:	 	 Requiring	 infiltration	 controls	 to	 facilitate	 groundwater	 recharge	 is	 not	
authorized	under	 federal	 stormwater	 regulations.	 	 Further,	many	permittees	 are	 situated	
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upstream	of	spreading	grounds	and	other	macro‐infiltration	basins	that	would	obviate	the	
need	for	this	requirement.		
	
Recommended	Correction:		Eliminate	this	requirement	from	the	order.		
	

9. The	Maximum	Extent	Practicable	 (MEP)	definition	needs	 to	be	 revised	 to	 reflect	 is	
updated	definition	 found	 in	 the	draft	Phase	 II	MS4	permit	and	 in	 the	draft	Caltrans	
MS4	permit.	

	
a. Issue:	 	The	order’s	MEP	reference	 is	a	carry‐over	 from	the	2001	MS4	permit.	 	A	great	

deal	has	happened	over	the	decade	to	warrant	an	update.		Fortunately,	the	State	Board,	
through	the	draft	Phase	II	and	Caltrans	MS4	permits,	has	revised	the	MEP	definition	to	
be	 in	 keeping	 with	 current	 realities.	 	 To	 that	 end	 it	 has	 proposed	 the	 following	
definition:	

	
MEP	 standard	 requires	 Permittees	 apply	 Best	Management	 Practices	 (BMPs)	
that	are	effective	 in	 reducing	or	eliminating	 the	discharge	of	pollutants	 to	 the	
waters	of	the	U.S.	MEP	emphasizes	pollutant	reduction	and	source	control	BMPs	
to	 prevent	 pollutants	 from	 entering	 storm	 water	 runoff.	 MEP	 may	 require	
treatment	of	the	storm	water	runoff	if	it	contains	pollutants.	The	MEP	standard	
is	an	 ever‐evolving,	 flexible,	and	advancing	 concept,	which	 considers	 technical	
and	 economic	 feasibility.	 BMP	 development	 is	 a	 dynamic	 process	 and	 may	
require	changes	over	time	as	the	Permittees	gain	experience	and/or	the	state	of	
the	 science	 and	 art	 progresses.	 To	 do	 this,	 the	 Permittees	must	 conduct	 and	
document	evaluation	and	assessment	of	each	 relevant	element	of	 its	program,	
and	their	program	as	a	whole,	and	revise	activities,	control	measures/BMPs,	and	
measurable	 goals,	 as	 necessary	 to	meet	MEP.	MEP	 is	 the	 cumulative	 result	 of	
implementing,	 evaluating,	and	 creating	 corresponding	 changes	 to	a	 variety	 of	
technically	appropriate	and	economically	feasible	BMPs,	ensuring	that	the	most	
appropriate	BMPs	are	implemented	in	the	most	effective	manner.	This	process	of	
implementing,	evaluating,	revising,	or	adding	new	BMPs	is	commonly	referred	to	
as	the	“iterative	approach.”10		

					
Conclusion:		The	order’s	MEP	is	out	of	data	and	inconsistent	with	State	Board	policy.	
	
Recommended	 Correction:	 	 Replace	 order’s	 MEP	 definition	 with	 the	 above‐mentioned	
language.		
	

10. Tentative	Order	 incorrectly	 asserts	 that	 its	 provisions	 do	 not	 constitute	 unfunded	
mandates	under	the	California	Constitution.	

	
a.		Issue:		Contrary	to	what	the	order	asserts,	it	contains	provisions	that	exceed	federal	
requirements	in	several	places,	thereby	creating	potential	unfunded	mandates.	They	
include:	 	 (1)	 requiring	wet	and	dry	weather	monitoring	 in	 the	 receiving	water;	 (2)	
requiring	 numeric	 WQBELs;	 (3)	 requiring	 compliance	 with	 TMDL‐related	
implementation	plans,	schedules,	and	monitoring;	(4)	requiring	the		non‐stormwater	
discharge	prohibition	to	include	through	and	from	the	MS4;	(5)	revising	the	receiving	
water	 limitation	 language	 to	 include	 overbroad	 compliance	 requirements;	 (6)	

                                                 
10Op.	Cit.,	page	35.		
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requiring	groundwater	 recharge;	 and	 (7)	monitoring	 for	non‐TMDL	constituents	 at	
completed	development	project	sites.	

	
Conclusion:		The	order	patently	proposes	requirements	that	create	unfunded	mandates.	
	
Recommended	Correction:		Delete	all	of	the	aforementioned	requirements	that	exceed	
federal	regulations. 
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Section:			V.		Receiving	Water	Limitations	

No.	 Page	 Section	 April	2012	Comment	(LASP) July	2012	Comment

1	 37‐38	 All	 Currently	the	State	Board	is	considering	a	range	of	
alternatives	to	create	a	basis	for	compliance	that	provides	
sufficient	rigor	in	the	iterative	process	to	ensure	diligent	
progress	in	complying	with	water	quality	standards	but	at	
the	same	time	allows	the	municipality	to	operate	in	good	
faith	with	the	iterative	process	without	fear	of	
unwarranted	third	party	action.	It	is	imperative	that	the	
Regional	Board	works	with	the	State	Board	on	this	very	
important	issue	

There	are	several	NPDES	Permits,	including	the	CalTrans	
Permit	and	others,	that	adjust	the	Receiving	Water	Limitation	
language	in	response	to	new	interpretations.	Currently	the	
State	Board	is	considering	a	range	of	alternatives	to	create	a	
basis	for	compliance	that	provides	sufficient	rigor	in	the	
iterative	process	to	ensure	diligent	progress	in	complying	with	
water	quality	standards	but	at	the	same	time	allows	the	
municipality	to	operate	in	good	faith	with	the	iterative	process	
without	fear	of	unwarranted	third	party	action.	LASP	has	
provided	the	Regional	Board	staff	with	sample	language.		It	is	
imperative	that	the	Regional	Board	works	with	the	State	Board	
on	this	very	important	issue.	It	is	critical	that	the	LA	draft	
Tentative	Order	Receiving	Water	Limitation	language	be	
adjusted	to	ensure	cities	working	in	good	faith	are	not	subject	
to	enforcement	and	third	party	litigation.	

Section:		VI.	C.	Watershed	Management	Programs

No.	 Page	 Section	 April	2012	Comment	(LASP) July	2012	Comment

1	 48	 3.a.ii	 Pollutants	in	category	4	should	not	be	included	in	this	
permit	term,	request	elimination	of	any	evaluation	of	
category	4.	Request	elimination	of	category	3,	as	work	
should	focus	on	the	first	two	categories	at	this	point.	

Thank	you	for	removing	category	4.	Category	3	puts	a	burden	
on	cities	during	this	permit	cycle.	In	the	next	permit	term,	
when	permittees	have	a	better	understanding	of	sources	and	
location	of	the	high	priority	pollutant	additional	actions	may	
be	warranted.	At	this	time	including	category	3	adds	an	
investigative	burden	that	is	unwarranted	given	the	substantial	
increase	in	requirements	and	monitoring	that	are	already	
included	in	this	draft	Tentative	Order.	

2	 46‐53	 Various	 The	Table	(TBD)	on	page	2	states	implementation	of	the	
Watershed	Program	will	begin	upon	submittal	of	final	
plan.	Page	11,	section	4	Watershed	Management	Program	
Implementation	states	each	Permittee	shall	implement	
the	Watershed	Management	Program	upon	approval	by	
the	Executive	Officer.	Page	13	section	iii	says	the	
Permittee	shal	implemenet	moduifications	to	the	storm	
water	management	program	upon	acceptance	by	the	
Executive	Officer.	All	three	of	these	elements	should	be	
consistent	and	state	upon	approval	by	the	Executive	
Officer.	The	item	on	page	13	should	be	changed	to	reflect	
the	Watershed	Management	Program,	or	clarify	that	the	
Watershed	Management	Program	is	the	storm	water	
management	program.	

Table	9	and	Watershed	Management	Implementation	are	still	
inconsistent.	The	table	says	submittal	and	the	Watershed	
Management	Program	Implementation	states	upon	approval.	
Please	make	these	consistent	
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3	 46‐47	 Table	9	and	
Process	

Please	allow	24	months	for	development	of	the	Watershed	
Management	Program	to	provide	sufficient	time	for	
callibration	and	the	political	process	to	adopt	these	
programs.	

Same	comment.	However,	there	could	be	a	phased	approach	in	
which	a	permittee	could	submit	early	actions	within	this	
timeline,	while	more	time	is	offered	for	the	resource	intensive	
aspects.	

4	 47	 Program	
Development	

Please	include	a	paragraph	that	Permittees	are	not	
responsible	for	pollutant	sources	outside	the	Permittees’	
authority	or	control,	such	as	aerial	deposition,	natural	
sources,	sources	permitted	to	discharge	to	the	MS4,	and	
upstream	contributions.	

	Same	comment

5	 52	 Reasonable	
Assurance	
Analysis	

Reasonable	assurance	analysis	and	the prioritization	
elements	should	also	include	factors	for	technical	and	
economic	feasibilty.	

Same	comment

6	 46	 Process	 Please	clarify	that	Permittees	will	only	be	responsible	for	
continuing	existing	programs	and	TMDL	implementation	
plans	during	the	iterim	18	month	period	while	developing	
the	Watershed	Management	Program	and	securing	
approval	of	those	programs.	

Same	comment

7	 General	 General	 While	it	may	be	appropriate	to	have	an	overall	design	
storm	for	the	NPDES	Permit	and	TMDL	compliance,	this	
element	seems	to	address	individual	sites.	Recommend	
developing	more	prominently	in	the	areas	of	the	Permit	
that	deals	with	compliance	that	the	overall	Watershed	
Management	Program	should	deal	with	the	85th	
percentile	storm	and	that	beyond	that,	Permittees	are	not	
held	responsible	for	the	water	quality	from	the	much	
larger	storms.	However,	requiring	individual	projects	to	
meet	this	standard	is	limiting	as	there	may	be	smaller	
projects	implemented	that	individually	would	not	meet	
85th	percentile,	but	collectively	would	work	together	to	
meet	that	standard.	Please	clearly	indicate	cities	are	only	
responsible	for	the	85th	percentile	storm	for	compliance	
and	that	individual	projects	may	treat	more	of	less	than	
number.	

Changes	made	but	unclear	that	the	overall	program	would be	
collectively	only	held	to	the	85th	percentile	storm	if	working	in	
multiple	areas,	and	individual	sites	only	if	the	Watershed	
Management	Program	states	that	individual	sites	would	be	
responsible.	
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8	 112	 E.2.b.iii	 For	the	"group	of	Permittees"	having	compliance	
determined	as	a	whole,	this	should	only	be	the	case	if	the	
group	of	Permittees	have	moved	forward	with	shared	
responsibilities	(MOAs,	cost	sharing,	a	Watershed	
Management	Program).		It	would	not	be	fair	to	have	one	
entity	not	be	a	part	of	the	"group"	and	be	the	main	cause	
of	exceedances/violations.	

In	the	Tentative	Order,	permittees	must	notify	the	Regional	
Board	6	months	after	the	Order's	effective	date	on	whether	it	
plans	to	participate	in	the	development	of	a	Watershed	
Management	Program.		Given	this,	a	sub‐watershed	will	not	
know	whether	all	permittees	will	participate.		It	should	also	be	
noted	that	allowed	non‐stormwater	discharges	and	other	
NPDES	permit	discharges	may	be	the	cause	of	
exceedances/violations	and	not	the	"group	of	permittees."	

VI.	D.	Minimum	Control	Measures	

No.	 Page	 Citation	 Comment	
Discharge	Prohibition	

1	 26	 III.A.	 RB	staff	proposed	language	requires	the	permittees	to	“prohibit	non‐stormwater	discharges	through	theMS4	to	
receiving	waters”	except	where	authorized	by	a	separate	NPDES	permit	or	conditionally.			

		
This	may	overstep	the	required	legal	authority	provisions	in	the	federal	regulations	since		40CFR122.26	(d)(1)(ii)	
requires	legal	authority	to	control	discharges	to	the	MS4	but	not	from	the	MS4.		Additionally,	with	respect	to	the	
definition	of	an	illicit	discharge	at	40CFR122.26(b)(2),	an	illicit	discharge	is	defined	as	“a	discharge	to	the	MS4	that	is	not	
composed	entirely	of	stormwater”.	In	issuing	its	final	rulemaking	for	stormwater	discharges	on	Friday,	November	16,	
1990[1],	USEPA	states	that:	
		

Section	405	of	the	WQA	alters	the	regulatory	approach	to	control	pollutants	in	storm	water	discharges	by	adopting	
a	phased	and	tiered	approach.	The	new	provision	phases	in	permit	application	requirements,	permit	issuance	deadlines	and	
compliance	with	permit	conditions	for	different	categories	of	storm	water	discharges.	The	approach	is	tiered	in	that	storm	
water	discharges	associated	with	industrial	activity	must	comply	with	sections	301	and	402	of	the	CWA	(requiring	control	of	
the	discharge	of	pollutants	that	utilize	the	Best	Available	Technology	(BAT)	and	the	Best	Conventional	Pollutant	Control	
Technology	(BCT)	and	where	necessary,	water	quality‐based	controls),	but	permits	for	discharges	from	municipal	separate	
storm	sewer	systems	must	require	controls	to	the	maximum	extent	practicable,	and	where	necessary	water	quality‐based	
controls,	and	must	include	a	requirement	to	effectively	prohibit	non‐stormwater	discharges	into	the	storm	sewers.				

		
This	is	further	illuminated	by	the	section	on	Effective	Prohibition	on	Non‐	Stormwater	Discharges[2]:	
		

“Section	402(p)(3)(B)(ii)	of	the	amended	CWA	requires	that	permits	for	discharges	from	municipal	storm	sewers	
shall	include	a	requirement	to	effectively	prohibit	non‐storm	water	discharges	into	the	storm	sewers.	Based	on	the	
legislative	history	of	section	405	of	the	WQA,	EPA	does	not	interpret	the	effective	prohibition	on	non‐storm	water	discharges	
to	municipal	separate	storm	sewers	to	apply	to	discharges	that	are	not	composed	entirely	of	storm	water,	as	long	as	such	
discharge	has	been	issued	a	separate	NPDES	permit.	Rather,	an	‘effective	prohibition’	would	require	separate	NPDES	permits	
for	non‐storm	water	discharges	to	municipal	storm	sewers”	

		
The	rulemaking	goes	on	to	say	that	the	permit	application:	
		

“requires	municipal	applicants	to	develop	a	recommended	site‐specific	management	plan	to	detect	and	remove	
illicit	discharges	(or	ensure	they	are	covered	by	an	NPDES	permit)	and	to	control	improper	disposal	to	municipal	separate	
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storm	sewer systems.”
		

Nowhere	in	the	rulemaking	is	the	subject	of	prohibiting	discharges	from	the	MS4	discussed.	
		

Furthermore,	USEPA	provides	model	ordinance	language	on	the	subject	of	discharge	prohibitions:	
http://www.epa.gov/owow/NPS/ordinance/mol5.htm.		Section	VII	Discharge	Prohibitions	of	this	model	ordinance	
provides	discharge	prohibition	language	as	follows:	
		

No	person	shall	discharge	or	cause	to	be	discharged	into	the	municipal	storm	drain	system	or	watercourses	any	
materials,	including	but	not	limited	to	pollutants	or	waters	containing	any	pollutants	that	cause	or	contribute	to	a	violation	
of	applicable	water	quality	standards,	other	than	storm	water.	
	
Thus	we	recommend	that	staff	eliminate	the	“from”	language	at	both	Part	III.A.1.a.	and	Part	III.A.2.	
		

2	 	 	 No	person	shall	discharge	or	cause	to	be	discharged	into	the	municipal	storm	drain	system	or	
watercourses	any	materials,	including	but	not	limited	to	pollutants	or	waters	containing	any	pollutants	that	
cause	or	contribute	to	a	violation	of	applicable	water	quality	standards,	other	than	storm	water.	

		
Thus	we	recommend	that	staff	eliminate	the	“from”	language	at	both	Part	III.A.1.a.	and	Part	III.A.2.	

3	 28	 III.A.2.b.iv	 The	conditional	exemption	of	street/sidewalk	water	is	inconsistent	with	the	requirement	in	the	
industrial/commercial	MCM	section	that	street	washing	must	be	diverted	to	the	sanitary	sewer.		Sidewalk	
water	should	definitely	be	conditionally	exempt,	but	so	also	should	patios	and	pool	deck	washing.		If	street	
washing	has	to	be	diverted	to	the	sanitary	sewer	for	industrial/commercial	facilities,	then	it	should	for	all	
facilities	and	so	should	parking	lot	wash	water	as	they	are	similar	in	their	pollutant	loads.	

4	 ‐	 General	 It	is	appropriate	to	have	an	exemption	for	a	Permittee	from	a	violation	of	RWL	and	or	WQBELs	caused	by	a	
non‐stormwater	discharge	from	a	potable	water	supply	or	distribution	system	not	regulated	by	an	NPDES	
permit	but	required	by	state	or	federal	statute;	this	should	clearly	apply	to	all	NPDES	permits	issued	to	
others	within,	or	flow	through,	the	MS4	permittees	jurisdiction.		We	would	request	that	also	included	in	this	
category	should	be	emergency	releases	caused	by	water	line	breaks	which	are	not	necessary,	but	are	
unexpected	and	have	to	be	dealt	with	as	an	emergency.	MS4	permittees	should	be	exempt	from	RWL	or	
WQBEL	violations	associated	with	any	permitted	NPDES	discharges	that	are	effectively	authorized	by	
LARWQCB	under	the	Clean	Water	Act.	

5	 Table	8	 General	
Enforcing	NPDES	permits	issued	for	the	various	NSWDs	referenced	in	this	table	should	be	the	responsibility	
of	the	State/Regional	Board,	not	the	MS4	permittee.		Therefore,	it	is	inappropriate	to	include	a	condition	that	
places	a	responsibility	on	the	MS4	permittee	to	ensure	requirements	of	NPDES	permits	are	being	
implemented	or	effective	in	order	for	the	pertaining	NSWD	category	to	be	exempt.		Proper	enforcement	of	
the	various	NPDES	permits	mentioned	in	this	table	should	ensure	impacts	from	these	discharges	are	
negligible.			
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General	

	1	 ‐	 ‐	 The	Definition	of:	"Development",	"New	Development"	and	"Re‐development"	should	be	added.		The	
definitions	in	the	existing	permit	should	be	used:		
		
“Development”	means	any	construction,	rehabilitation,	redevelopment	or	reconstruction	of	any	public	or	
private	residential	project	(whether	single‐family,	multi‐unit	or	planned	unit	development);	industrial,	
commercial,	retail	and	other	non‐residential	projects,	including	public	agency	projects;	or	mass	grading	for	
future	construction.		It	does	not	include	routine	maintenance	to	maintain	original	line	and	grade,	hydraulic	
capacity,	or	original	purpose	of	facility,	nor	does	it	include	emergency	construction	activities	required	to	
immediately	protect	public	health	and	safety.	
		
	“New	Development”	means	land	disturbing	activities;	structural	development,	including	construction	or	
installation	of	a	building	or	structure,	creation	of	impervious	surfaces;	and	land	subdivision.		
		
	“Redevelopment”	means	land‐disturbing	activity	that	results	in	the	creation,	addition,	or	replacement	of	5,000	
square	feet	or	more	of	impervious	surface	area	on	an	already	developed	site.		Redevelopment	includes,	but	is	not	
limited	to:	the	expansion	of	a	building	footprint;	addition	or	replacement	of	a	structure;	replacement	of	
impervious	surface	area	that	is	not	part	of	a	routine	maintenance	activity;	and	land	disturbing	activities	related	
to	structural	or	impervious	surfaces.		It	does	not	include	routine	maintenance	to	maintain	original	line	and	
grade,	hydraulic	capacity,	or	original	purpose	of	facility,	nor	does	it	include	emergency	construction	activities	
required	to	immediately	protect	public	health	and	safety.			
The	last	of	the	three	"routine	maintenance"	activities	listed	above	should	exclude	projects	related	to	existing	
streets	since	typically	you	are	not	changing	the	"purpose"	of	the	street	to	carry	vehicles	and	should	not	be	
altered.	

Legal	Authority	

	1	 38	 A.2.a.i	 Staff	proposal	states:	"Control	the	contribution	of	pollutants	to	its	MS4	from	stormwater	discharges	
associated	with	industrial	and	construction	activity	and	control	the	quality	of	stormwater	discharged	from	
industrial	and	construction	sites."			
		
It	appears	the	intent	of	this	language	is	to	transfer	the	State's	inspection	and	enforcement	responsibilities	to	
municipalities	through	the	MS4	permit.		When	a	separate	general	NPDES	permit	is	issued	by	the	Regional	or	
State	Board	it	should	be	the	responsibility	of	that	agency	collecting	such	permit	fees	to	control	the	
contribution	of	pollutants,	not	MS4	permittees.	
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	2	 39	 A.2.a.vii	 Staff	proposal	states:	"Control	the	contribution	of	pollutants	from	one	portion	of	the	shared
MS4	to	another	portion	of	the	MS4	through	interagency	agreements	among	Co‐permittees."			
		
The	intention	of	this	statement	is	unclear	and	should	be	explained,	and	a	definition	of	“shared	MS4”	should	
be	provided.		How	would	an	inter‐agency	agreement	work	with	an	upstream	and	downstream	agency?		This	
is	not	practical	‐	this	agreement	should	have	been	done	before	the	interconnection	of	MS4	systems	occurred.		
An	example	of	this	agreement	should	be	provided	within	the	Permit.		The	permittee	will	not	agree	to	the	
responsibility	of	an	exceedance	without	first	having	evidence	of	the	source	and	its	known	origin	(in	other	
words,	an	IC/ID	is	a	private	"culprit"	and	not	the	cause	of	the	City).	

	3	 39	 A.2.a.xi	 Staff	proposal	states:	"Require	that	structural	BMPs	are	properly	operated	and	maintained."		
		
MS4	agencies	can	control	discharges	through	an	illicit	discharge	program,	and	conditioning	
new/redevelopment	to	ensure	mitigation	of	pollutants.		Unless	the	existing	development	private	property	
owners/tenants	are	willing	or	in	the	process	of	retrofitting	its	property,	the	installation	and	O&M	of	BMPs	is	
not	practical	and	cannot	be	legally	enforceable	against	an	entity	that	does	not	own	or	control	the	property,	
such	as	a	municipal	entity.		

	4	 39	 A.2.a.xii	 Staff	proposal	states:	"Require	documentation	on	the	operation	and	maintenance	of	structural	BMPs	and	
their	effectiveness	in	reducing	the	discharge	of	pollutants	to	the	MS4."			
		
It	is	difficult,	if	not	impossible,	to	accurately	quantify	the	exact	effectiveness	of	a	particular	set	of	BMP’s	in	
reducing	the	discharge	of	pollutants.		Some	discharges	may	be	reduced	over	time	given	reductions	in	
industrial	activity,	population	in	a	particular	portion	of	the	community	feeding	into	the	MS4,	or	for	other	
reasons	not	directly	related	to	implementation	of	structural	BMPs.		Given	that	the	County	of	LA	is	generally	
urbanized	and	thus	impervious,	a	lethargic	economic	climate	(meaning	development	and	redevelopment	is	
not	occurring	in	an	expeditious	manner),	and	that	several	pollutants	do	not	have	known	BMPs	effective	at	
removing/reducing	the	content	(i.e.,	metals,	toxics,	pesticides),	the	effectiveness	of	BMPs	should	not	be	
required	and	instead	should	only	be	used	for	research,	development,	and	progress	of	BMP	testing.	

	5	 40	 2.b	 Staff	proposal	states:	 Permittee	must	submit	a	statement	certified	by	its	chief	counsel	that	the	Permittee	has	
the	legal	authority	to	implement…	and	submit	this	certification	annually…”	
		
To	sign	this	statement,	chief	counsel	will	have	to	analyze	this	500	page	Permit,	analyze	the	municipal	code,	
and	prepare	a	statement	as	to	whether	actions	can	be	commenced	and	completed	in	the	judicial	system.	An	
annual	certification	is	redundant	and	unnecessary	in	addition	to	being	extraordinarily	costly.	At	most,	legal	
analysis	should	be	done	once	during	the	Permit	term.	Otherwise,	please	delete	this	requirement.								
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Fiscal	Resources	

	1	 40	 A.3	 The	staff	proposal	includes	a	section	on	Fiscal	Resources.		Most	MS4's	do	not	have	a	storm	water	quality	
funding	source,	and	even	those	that	do	have	a	funding	source	are	not	structured	to	meet	the	requirements	of	
the	proposed	MS4	requirements	(for	instance,	development	funds	may	be	collected	to	construct	an	extended	
detention	basin,	but	not	for	street	sweeping,	catch	basin	cleaning,	public	right‐of‐way	structural	BMPs,	etc).			

	2	 40	 A.3.c	 Staff	proposal	states:		"Each	permittee	shall	exercise	its	full	authority to	secure	fiscal	resources	necessary	to		
meet	all	requirements	of	this	Order"			
		
This	sentence	has	no	legally	enforceable	standard.	What	exactly	does	the	exercise	of	“full	authority”	mean,	
when	the	exercise	of	a	city's	right	to	tax	comes	with	consequences	and	no	guarantee	of	success.		Municipal	
entities	must	adjust	for	a	variety	of	urgent	needs,	some	federally	mandated	in	a	manner	that	cannot	be	
ignored.		So,	if	we	seek	the	fiscal	resources	to	fund	the	programs	required	in	the	permit	and	the	citizens	say	
“No”,	then	a	municipality	will	have	a	limited	ability	to	comply	with	"all	requirements	of	this	Order"..			Can	the	
language	be	changed	to	state:		“Each	permittee	shall	make	its	best	efforts	given	existing	financial	and	budget	
constraints	to	secure	fiscal	resources	necessary	to	meet	all	requirements	of	this	Order”?			

	3	 40	 A.3.c	 Staff	proposal	states:		"Each	permittee	shall	conduct	a	fiscal	analysis…	to	implement	the	requirements	of	this	
order.”			
Most	MS4's	do	not	have	an	adequate	funding	to	meet	all	requirements	of	the	Tentative	MS4	Permit.	A	Permit	
requirement	to	secure	funding	is	overreach.	Please	delete	this	section.			

Public	Information	and	Participation	Program
	1	 58	 D.4.a.i	 Staff	proposal	states:		"To	measurably	change	the	waste	disposal	and	stormwater	pollution	generation	

behavior	of	target	audiences…"			
		
Define	the	method	to	be	used	to	measure	behavior	change.		As	written,	this	requirement	is	vague	and	open	to	
interpretation.	

	2	 60	 D.4.d.i.(2).(b)	 Staff	proposal	states:		"…	including	personal	care	products	and	pharmaceuticals)"		
		
The	stormwater	permit	should	pertain	only	to	stormwater	issues.	Pharmaceuticals	getting	into	waters	of	the	
US	are	typically	a	result	of	waste	treatment	processes.	All	references	to	pharmaceuticals	should	be	removed	
from	this	MS4	permit.				

	3	 60	 D.4.d.i.(3)	 The	Regional	Board	assumes	that	all	of	the	listed	businesses	will	willingly	allow	the	City	to	install	displays	
containing	the	various	BMP	educational	materials	in	their	businesses.		If	the	businesses	do	allow	the	
installations	then	the	City	must	monitor	the	availability	of	the	handouts	because	the	business	will	not	
monitor	or	keep	the	display	full	or	notify	the	City	when	the	materials	are	running	out.		If	the	business	will	not	
allow	the	City	to	display	the	educational	material	must	we	document	that	denial?		Will	that	denial	indicate	
that	the	City	is	not	in	compliance?	
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Industrial/Commercial	Facilities	Program

	1	 63	 D.5.d‐f	 These	sections	pertain	to	inspecting	critical	source	facilities	where	it	appears	the	intent	is to	transfer	the	
State's	Industrial	General	Permit	inspection	and	enforcement	responsibilities	to	municipalities	through	the	
MS4	permit.		We	request	eliminating	these	sections	OR	revise	to	exclude	all	MS4	permittee	responsibility	for	
NPDES	permitted	industrial	facilities.	

	2	 63	 D.5.e.i	 Staff	proposal	states:		"…in	the	event	a	Permittee	determines	that	a	BMP	is	infeasible,	Permittee	shall	require	
implementation	of	similar	BMPs…"		Judging	a	BMP	to	be	“infeasible	or	ineffective”	is	subjective.		Please	delete	
this	requirement.	

Development	Planning	Program	
1	 		 General	 Since	it	could	take	6	months	for	an	agency	to	decide	if	they	want	to	join	in	the	development	of	a	Watershed	

Management	Plan	or	just	modify	their	current	Stormwater	Management	Program	to	comply	with	the	new	
permit	MCMs,	the	implementation	of	the	new	MCMs	should	follow	this	timeline.		In	the	interim	the	
permittees	will	be	required	to	continue	implementing	their	current	Stormwater	Management	Program.	

2		 67	 D.6.a.i.3	 The	stated	objective	of	mimicking	the	predevelopment	water	balance	is	not	consistent	with	the	requirement	
that	the	entire	design	storm	be	managed	onsite.		Please	consider	allowing	subtracting	the	predevelopment	
runoff	from	the	design	volume	or	flow.	

	3	 69	 D.6.b.ii.1.a	 Please	clarify of	this	paragraph	apply	to	what	is	existing	on	the	site	or	what	is	proposed.
	4	 70	 D.6.c.i.2	 Consider	removing	the	“whichever	is	greater”	wording.		The	two	methods	are	considered	equivalent	and	the	

85th	percentile	was	calculated	to	be	the	0.75‐inch	for	downtown	Los	Angeles.		Currently	the	0.75‐inch	storm	
criterion	has	been	used	throughout	the	County	for	uniformity.		While	requiring	the	85th	percentile	to	be	used	
instead	appears	more	technically	appropriate,	requiring	calculating	both	criteria	and	using	the	greater	value	
appears	punitive.	

	5	 70	 D.6.c.i.4	 Consider	deleting	this	sentence	since	it	is	redundant	with	item	VI.D.6.c.i.1	and	green	roofs	are	not	feasible	not	
only	based	on	the	provisions	of	this	order	but	also	due	to	regional	climate	and	implementability	
considerations.	

	6	 70	 D.6.c.ii.2	 Add	“lack	of	opportunities	for	rainwater	use”	as	one	of	the	technical	infeasibility	criteria	to	acknowledge	the	
fact	that	most	of	the	type	of	development	projects	cannot	utilize	the	captured	volume	of	water.	

	7	 71	 D.6.c.ii.1.b.ii	 The	requirement	for	raised	underdrain	placement	to	achieve	nitrogen	removal	is	inconsistent	with	standard	
industry	designs	and	is	based	on	limited	evidence	that	this	change	will	improve	nitrogen	removal.		
Furthermore	by	raising	the	underdrain,	other	water	quality	problems	may	result	such	as	low	dissolved	
oxygen	and	bacterial	growth	due	to	the	septic	conditions	that	will	be	created.	

	8	 72	 D.6.c.iii.2.b	 The	requirement	to	provide	treatment	for	the	project	site	runoff	when	an	offsite	mitigation is	provided	is	
punitive	and	unfair	considering	that	an	alternative	site	needs	to	be	retrofitted	to	retrain	the	equivalent	
volume.		Please	consider	removing	on‐site	requirement	when	mitigation	occurs	in	an	offsite	location.	

	9	 72	 D.6.c.iii.4	 The	conditions	listed	for	offsite	projects	are	overly	restrictive.		Also	considering	legal	and	logistical	
constrains	regarding	offsite	mitigation,	this	alternative	is	not	very	feasible.	
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	10	 75	 Table	11	 The	effluent	concentration	benchmarks	for	treatment	BMPs	will	not	be	attainable	since	these	values	were	
selected	from	the	median	of	the	stormwater	BMP	database	site.		This	costly	requirement	will	result	in	
constantly	modifying	BMPs	without	any	chance	of	compliance.	

	11	 75	 D.6.c.v.1.a.i	 Erosion	Potential	(Ep)	is	not	a	widely	used	term	in	our	region,	and	may	not	be	the	most	appropriate	term	to	
be	used	as	an	indicator	of	the	potential	hydromodification	impacts.		

	12	 76	 D.6.c.v.1.a.iv	 The	requirement	for	development	of	a	new	Interim	Hydromodification	Control	Criteria	is	unnecessary	
considering	there	is	already	peak	storm	control	requirements	in	the	existing	MS4	Permit	and	that	the	State	
Water	Board	is	finalizing	the	statewide	Hydromodification	Policy.	

	13	 77	 D.6.c.v.1.c.i	 The	requirement	to	retain	on	site	the	95th	percentile	storm	is	excessive	and	inconsistent	with	all	other	storm	
design	parameters	that	appear	in	this	order.		It	may	also	not	be	an	appropriate	storm	in	terms	of	soil	deposits	
for	the	soil	deprived	streams	such	as	Santa	Clara	Creek.		Again	consider	referring	to	the	statewide	policy	for	a	
consistent	and	technical	basis	of	the	hydromodification	requirements.	

	14	 80	 D.6.d.i.1	 The	requirement	of	180	days	for	the	“Local	Ordinance	Equivalence”	may	be	difficult	to	be	met	due	to	the	
typical	processing	and	public	review	period	for	changes	to	local	municipal	codes.	

	15	 A‐1	 Definitions	 The	biofiltration	definition	limits	the	systems	that	allow	incidental	infiltration.		Many	municipal	ordinances	
and	established	engineering	practices	will	not	allow	even	incidental	infiltration	if	the	planter	boxes	are	
located	adjacent	to	a	building	structure.		Thus	this	definition	will	exclude	the	most	common	types	of	planter	
boxes	which	logically	have	to	be	placed	next	to	the	building	to	collect	roof	runoff.		For	this	reason,		consider	
allowing	biofiltration	to	include	planter	boxes	without	incidental	infiltration	since	they	maybe	the	only	
applicable	BMPs.	

Development	Construction	Program	
1		 83	 D.7.a.iii	 MEP	should	be	changed	to	BAT	and	BCT	for	consistency	with	the	State’s	General	Construction	Permit	

(GCASP).	

	2	 83	 D.7.d	 Consider	introducing	a	minimum	threshold	for	construction	sites	such	as	those	for	grading	permits.		As	
proposed,	minor	repair	works	or	trivial	projects	will	be	considered	construction	projects	and	will	
unnecessarily	be	subject	to	these	provisions.	

	3	 83	 Table	12	 Some	of	the	listed	BMPs	will	not	be	applicable	for	all	construction	sites.		Consider	replacing	the	title	of	the	
Table	12	to	“Applicable	Set	of	BMPs	for	Construction	Sites”	

	4	 84	 D.7.e‐j	 All	these	provisions	refer	to	the	construction	sites	of	greater	than	one	acre.		These	sites	are	subject	to	the	
General	Construction	Permit	provisions	and	within	the	authority	of	the	State	agencies.		Towards	ensuring	
compliance	with	these	regulations,	the	State	is	collecting	a	significant	fee	that	covers	inspection	and	tracking	
of	these	facilities.		We	are	disputing	the	need	to	establish	an	unnecessary	parallel	enforcement	scheme	for	
these	sites.		This	is	consistent	with	the	RWQCB	member(s)	voice	at	one	of	the	workshops.	

	5	 84	 D.7.g‐j	 Refer	to	the	State’s	GCASP	and	its	SWPPP	requirements	to	avoid	duplication	or	conflicts.
	6	 85	 D.7.g.ii.9	 There	is	no	need	to	introduce	a	new	term/document	of	Erosion	and	Sediment	Control	Plan	for	construction	

sites	that	are	already	subject	to	GCASP’s	SWPPP	requirements.	

	7	 87	 Table	13	 Delete.	This	table	is	the	same	as	Table	12.
	8	 90	 Table	17	 The	suggested	inspections	could	not	be	possibly	accommodated	based	on	current	resources	because	of	the	

concurrent	need	to	visit	all	sites.		However	if	the	GACSP	funding	is	transferred	for	locally‐based	enforcement,	
a	reduced	number	of	inspections	may	be	accommodated.	See	item	4.	
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	9	 90	 D.7.j.ii.2.a	 Consider	deleting	this	requirement	as	being	unnecessary.		The	placement	of	BMPs	may	not	be	needed	based	
on	the	season	of	construction	and	the	planned	phases.			

Public	Agency	Activities	Program	
1	 94	 D.8.d	 If	there	is	a	specific	pollutant	to	address,	retrofitting	or	any	other	BMP	would	best	be	accomplished	through	a	

TMDL,	which	is	for	the	Permittees	to	determine	rather	than	a	prescribed	blanket	approach.	As	written,	this	is	
too	broad	of	a	requirement	with	unknown	costs	that	is	attempting	to	solve	a	problem	before	there	is	a	
problem.		Please	delete	this	VI.C.10.d.	

2	 94	 D.8.d	 Staff	proposal	states:	"Each	Permittee	shall	develop	an	inventory	of	retrofitting	opportunities	that	meets	the	
requirements	of	this	Part.	The	goals	of	the	existing	development	retrofitting	inventory	are	to	address	the	
impacts	of	existing	development	through	retrofit	projects	that	reduce	the	discharges	of	stormwater	
pollutants	into	the	MS4	and	prevent	discharges	from	the	MS4	from	causing	or	contributing	to	a	violation	of	
water	quality	standards."	
		
This	process	would	require	land	acquisition,	a	feasibility	analysis,	no	impacts	to	existing	infrastructure,	
proper	soils,	and	support	of	various	interested	stakeholders.		Additionally,	if	a	property	or	area	is	being	
developed/redeveloped,	retrofitting	the	site	for	water	quality	purposes	makes	sense,	but	not	for	an	area	
where	no	development/redevelopment	is	planned.		Finally,	the	LID	provisions	have	already	included	
provisions	for	off‐site	mitigation,	in	which	we	recommend	that	regional	water	quality	projects	be	considered	
in	lieu	of	local‐scale	water	quality	projects	that	will	prove	difficult	to	upkeep,	maintain,	and	replace,	let	alone	
have	existing	sites	evaluated	as	feasible.		For	these	reasons,	this	requirement	should	be	removed.	

3	 95	 D.8.d.v	 Any	retrofit	activities	should	be	the	result	of	either	an	illicit	discharge	investigation	or	TMDL	monitoring	
follow‐up	and	will	need	to	be	addressed	on	a	site‐by‐site	basis.		A	blanket	effort	as	proposed	in	a	highly	
urbanized	area	is	simply	not	feasible	at	this	time.	

4	 96	 D.8.e.ii	 Staff	proposal	states:	"Each	Permittee	shall	implement	the	following	measures	for	flood
management	projects"	
		
Flood	management	projects	need	to	be	clearly	defined.	

5	 102	 D.8.h.vii.1	 This	requirement	appears	to	be	an	“end‐run”	around	the	lack	of	catch	basin	structural	BMPs	in	areas	not	
covered	by	Trash	TMDLs.	The	requirement	has	the	potential	to	be	extraordinarily	economically	burdensome.		
If	an	area	is	NOT	subjected	to	a	Trash	TMDL,	then	the	need	for	any	mitigation	devices	is	baseless.		The	MS4	
permit	requirements	should	not	circumvent	nor	minimize	the	CWA	303(d)	process.	

6	 103	 D.8.h.ix	 Staff	proposal	requires:		"Infiltration	from	Sanitary	Sewer	to	MS4	/	Preventive	Maintenance…."
		
The	State	Water	Board	has	implemented	a	separate	permit	for	sewer	maintenance	activities.	Additional	
sewer	maintenance	requirements	are	redundant	and	unnecessary.		Please	delete	this	requirement.	

Illicit	Connection	and	Illicit	Discharge	Elimination	Program

	1	 ‐	 D.9	 A	definition	of	“outfall”	is	required	for	clarity.		An	“outfall”	for	purposes	of	“non‐stormwater	outfall‐based	
monitoring	program”	should	be	defined	as	“major	outfall”	pursuant	to	Clean	Water	Act	40CFR	122.26.		Please	
revise	each	mention	of	“outfall”	to	read	“major	outfall”	when	discussing	“non‐stormwater	outfall‐based	
monitoring	program”.	
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	2	 106	 D.9.a	 Some	small	cities	do	not	have	digital	maps.		In	the	“General”	category	of	Section	11,	please	provide	a	1	year	
time	schedule	for	cities	to	create	digital	maps	OR	provide	the	municipality	the	ability	to	develop	
comprehensive	maps	of	the	storm	sewer	system	in	any	format.	

	3	 107	 D.9.b.i.1	 Omit	the	comment,	“Each	mapped	MS4	outfall	shall	be	located	using	geographical	positioning	system	(GPS)	and	
photographs	of	the	outfall	shall	be	taken	to	provide	baseline	information	to	track	operation	and	maintenance	
needs	over	time.”		This	requirement	is	cost	prohibitive	and	of	little	value	because	many	City	outfalls	are	
underground	and	could	not	be	accurately	located	or	photographed.		Photographs	of	outfalls	in	channels	have	
little	value	since	data	required	is	already	included	on	“As‐Built”	drawings.		Geographic	coordinates	can	easily	
be	obtained	using	Google	Earth	or	existing	GIS	coordinate	systems.	
		
“The	contributing	drainage	area	for	each	outfall	should	be	clearly	discernable…"					The	scope	of	this	
requirement	would	involve	thousands	of	records	of	drainage	studies.	The	Regional	Board	should	be	aware	
that	this	requirement	would	be	very	labor	intensive,	time	consuming,	and	very	costly.	

	4	 107	 D.9.b.iii	 Storm	drain	maps	should	show	watershed	boundaries	which	by	definition	provide	the	location	and	name	of	
the	receiving	water	body.		Please	revise	(3)	to	read	“The	name	of	all	receiving	water	bodies	from	those	MS4	
major	outfalls	identified	in	(1).	

	5	 108	 D.9.c.i	 The	LA	Permit	Group	proposes	“non‐stormwater	outfall‐based	monitoring	program”	to	be	flow	based	
monitoring.		Please	revise	item	(4)	of	11.,	c.	i.	to	read	“(4)	monitoring	flow	of	unidentified	or	authorized	non‐
stormwater	discharges,	and…”	

	6	 108	 D.9.c.i.4	 "Monitoring	of	unknown	or	authorized	discharges"			"Authorized"	discharges	are	exempted	or	conditionally	
exempted	for	various	reasons.	Monitoring	authorized	discharges	is	monitoring	for	the	sake	of	monitoring	
and	offers	no	clear	goal	or	water	quality	benefit.		Please	delete	this	requirement.	If	the	source	of	a	discharge	
is	unknown,	then	monitoring	may	be	used	as	an	optional	tool	to	identify	the	culprit.	

	7	 109	 D.9.d.i	 Please	revise	the	proposed	language	to	“Permitte/Permittes	shall	develop	written	procedures	for	conducting	
investigations	to	identify	the	source	of	suspected	illicit	discharges,	including	procedures	to	eliminate	the	
discharge	once	source	is	located.”		It	is	not	know	if	a	discharge	is	illicit	until	the	investigation	is	completed.	

	8	 109	 D.9.d.iii.1	 "Illicit	discharges	suspected	of	sanitary	sewage…	shall	be	investigated	first."		ICID	inspectors	should	be	
allowed	to	make	the	determination	of	which	event	should	be	investigated	first.	For	example,	a	toxic	waste	
spill	or	a	truck	full	of	gasoline	spill	should	take	precedence	over	a	sewage	spill.	This	requirement	should	be	
amended	to	the	“most	toxic	or	severe	threat	to	the	watershed”	shall	be	investigated	first.	
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Section:		VI.	E.	TMDLs		
No.	 Page	 Citation	 April	2012	Comments July	2012	Comments
1	 pages	

111	‐	
123	
and	
Attach
ments	
K	‐	R	

TMDL		 Santa	Monica	Bay	Beaches	Bacteria	TMDL	
(SMBBB	TMDL)	is	currently	being	
reconsidered.		As	part	of	that	reconsideration	
the	summer	dry	weather	targets	must	be	
revised	to	be	consistent	with	the	reference	
beach/anti‐degradation	approach	established	
for	the	SMBBB	TMDL	and	with	the	extensive	
data	collected	over	that	past	seven	years	since	
original	adoption	of	the	SMBBB	TMDL.		This	
data	clearly	shows	that	natural	and	non‐point	
sources	result	in	10%	exceedances	during	dry	
weather.		Data	collected	at	the	reference	beach	
since	adoption	of	the	TMDL,	as	tabulated	in	
Table	3	of	the	staff	report	of	the	proposed	
revisions	to	the	Basin	Plan	Amendment,	
demonstrate	that	natural	conditions	associated	
with	freshwater	outlets	from	undeveloped	
watersheds	result	in	exceedances	of	the	single	
sample	bacteria	objectives	during	both	summer	
and	winter	dry	weather	on	approximately	10%	
of	the	days	sampled.	
			

This	is	a	critical	issue	that	was	not	addressed	in	the	recent	reopener.		
Statement	that	permittees	are	not	responsible	for	pollutants	outside	
their	control,	including	natural	sources,	needs	to	be	included.	

		 pages	
111	‐	
123	
and	
Attach
ments	
K	‐	R	

TMDL	 (continued	from	above)	Thus	the	previous	
Source	Analysis	in	the	Basin	Plan	Amendment	
adopted	by	Resolution	No.	02‐004	which	stated	
that	“historical	monitoring	data	from	the	
reference	beach	indicate	no	exceedances	of	the	
single	sample	targets	during	summer	dry	
weather	and	on	average	only	three	percent	
exceedance	during	winter	dry	weather”	was	
incorrect	and	based	on	a	data	set	not	located	at	
the	point	zero	compliance	location.			Continued	
allocation	of	zero	summer	dry	weather	
exceedances	in	the	proposed	Basin	Plan	
Amendment	is	in	direct	conflict	with	the	stated	
intent	to	utilize	the	reference	beach/anti‐
degradation	approach	and	ignores	the	
scientifically	demonstrated	reality	of	natural	
causes	and	non‐point	sources	of	indicator	
bacteria	exceedances.			

This	is	a	critical	issue	that	was	not	addressed	in	the	recent	reopener.	
The	reference	beach	approach	and	the	overriding	policy	that	permittees	
are	not	responsible	for	pollutants	outside	their	control,	including	
natural	sources,	needs	to	be	included	
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2	 pages	
111	‐	
123	
and	
Attach
ments	
K	‐	R	

TMDL	 Continued	use	of	the	zero	summer	dry	weather	
exceedance	level	will	make	compliance	the	
SMBBB	TMDL	impossible	for	the	Jurisdictional	
agencies.		This	is	also	in	conflict	with	the	intent	
of	the	Regional	board	as	expressed	in	finding	
21	of	Resolution	2002‐022	“that	it	is	not	the	
intent	of	the	Regional	Board	to	require	
treatment	or	diversion	of	natural	coastal	creeks	
or	to	require	treatment	of	natural	sources	of	
bacteria	from	undeveloped	areas”.		

This	is	a	critical	issue	that	was	not	addressed	in	the	recent	reopener.	
The	reference	beach	approach	and	the	overriding	policy	that	permittees	
are	not	responsible	for	pollutants	outside	their	control,	including	
natural	sources,	needs	to	be	included	

3	 pages	
111	‐	
123	
and	
Attach
ments	
K	‐	R	

TMDL	 The	SMBBB	TMDL	Coordinated	Shoreline	
Monitoring	Plan	(CSMP)was	approved	by	the	
Regional	Board	staff	and	that	CSMP	should	be	
incorporated	into	the	TMDL	monitoring	
requirements	of	the	next	MS4	Permit.	The	
CSMP	established	that	compliance	monitoring	
would	be	conducted	on	a	weekly	basis,	and	
although	some	monitoring	sites	are	being	
monitored	on	additional	days	of	the	week,	none	
of	the	sites	are	monitored	seven	days	per	week,	
thus	it	is	highly	confusing	and	misleading	to	
refer	to	“daily	monitoring”.	The	CSMP	
established	that	compliance	monitoring	would	
be	conducted	on	a	weekly	basis,	and	although	
some	monitoring	sites	are	being	monitored	on	
additional	days	of	the	week,	none	of	the	sites	
are	monitored	seven	days	per	week.	

The	problem	with	sites	monitored	two	days	a	week	has	not	been	
corrected.	Please	provide	clarification	that	this	issue	could	be	address	
and	would	supersede	the	TMDL	if	submitted	in	an	integrated	
monitoring	plan.	This	is	critical	for	summer	dry	weather	and	5‐day	per	
week	sites.	

4	 pages	
111	‐	
123	
and	
Attach
ments	
K	‐	R	

TMDL	 This	discussion	in	this	section	devoted	to	the	
SMBBB	TMDL	seems	to	create	confusion	
regarding	the	meaning	of	the	terms	"water	
quality	objectives	or	standards,	and	"receiving	
water	limitations"	and	"water	quality‐based	
effluent	limitations".		Water	quality	objectives	
or	water	quality	standards	are	those	that	apply	
in	the	receiving	water.		Water	Quality	Effluent	
Based	Limits	apply	to	the	MS4.		So	the	
"allowable	exceedance	days"	for	the	various	
conditions	of	summer	dry	weather,	winter	dry	
weather	and	wet	weather	should	be	referred	to	
as	"water	quality‐based	effluent	limitations"	
since	those	are	the	number	of	days	of	allowable	
exceedances	of	the	water	quality	objectives	that	
are	being	allowed	for	the	MS4	discharge	under	
this	permit.		While	the	first	table	that	appears	
under	this	section	at	B.1	(b)	should	have	the	

In	effect	the	effluent limitations	are	stricter	than	the	receiving	water	
standards.	This	is	inconsistent	with	law	and	creates	a	sitatution	in	
which	permittees	are	out	of	compliance	at	the	effective	date	of	this	
permit.	Please	adjust	so	that	limits	are	consistent		with	standards	and	
not	exceeding	standards.	
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heading	"water	quality	standards"	or	"water	
quality	objectives"	rather	than	the	term	
"effluent	limitations".		

5	 pages	
111	‐	
123	
and	
Attach
ments	
K	‐	R	

TMDL	 While	it	makes	sense	for	the	Jurisdictional	
Groups	previously	identified	in	the	TMDLs	to	
work	jointly	to	carry	out	implementation	plans	
to	meet	the	interim	reductions,	only	the	
responsible	agencies	with	land	use	or	MS4	
tributary	to	a	specific	shoreline	monitoring	
location	can	be	held	responsible	for	the	final	
implementation	targets	to	be	achieved	at	each	
individual	compliance	location.	An	additional	
table	is	needed	showing	the	responsible	
agencies	for	each	individual	shoreline	
monitoring	location.		

A	table	is	still	needed	and	should	be	developed.	Perhaps	referred	to	in	
this	section	but	placed	in	the		Watershed	Management	Plan	and	then	
approved	by	Executive	Officer	with	the	plan	

6	 pages	
111	‐	
123	
and	
Attach
ments	
K	‐	R	

TMDL	 The	Santa	Monica	Bay	DDT	and	PCB	TMDL	
issued	by	USEPA	assigns	the	waste	load	
allocation	as	a	mass‐based	waste	load	
allocation	to	the	entire	area	of	the	Los	Angeles	
County	MS4	based	on	estimates	from	limited	
data	on	existing	stormwater	discharges	which	
resulted	in	a	waste	load	allocation	for	
stormwater	that	is	lower	than	necessary	to	
meet	the	TMDL	targets,	in	the	case	of	DDT	far	
lower	than	necessary.		EPA	stated	that	"If	
additional	data	indicates	that	existing	
stormwater	loadings	differ	from	the	
stormwater	waste	load	allocations	defined	in	
the	TMDL,	the	Los	Angeles	Regional	Water	
Quality	Control	Board	should	consider	
reopening	the	TMDL	to	better	reflect	actual	
loadings."	[USEPA	Region	IX,	SMB	TMDL	for	
DDTs	and	PCBs,	3/26/2012]	

Same	comment	

7	 pages	
111	‐	
123	
and	
Attach
ments	
K	‐	R	

TMDL	 In	order	to	avoid	a	situation	where	the	MS4	
permittees	would	be	out	of	compliance	with	the	
MS4	Permit	if	monitoring	data	indicate	that	the	
actual	loading	is	higher	than	estimated	and	to	
allow	time	to	re‐open	the	TMDL	if	necessary,	
recommend	as	an	interim	compliance	objective	
WQBELs	based	on	the	TMDL	numeric	targets	
for	the	sediment	fraction	in	stormwater	of	2.3	
ug	DDT/g	of	sediment	on	an	organic	carbon	
basis,	and	0.7	ug	PCB/g	sediment	on	an	organic	

Same	comment	
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carbon	basis.

8	 pages	
111	‐	
123	
and	
Attach
ments	
K	‐	R	

TMDL	 Although	the	Santa	Monica	Bay	DDT	and	PCB	
TMDL	issued	by	USEPA	assigns	the	waste	load	
allocation	as	a	mass‐based	waste	load	
allocation	to	the	entire	area	of	the	Los	Angeles	
County	MS4,	they	should	be	translated	as	
WQBELs	in	a	manner	such	that	watershed	
management	areas,	subwatersheds	and	
individual	permittees	have	a	means	to	
demonstrate	attainment	of	the	WQBEL.		
Recommend	that	the	final	WLAs	be	expressed	
as	an	annual	mass	loading	per	unit	area,	e.g.,	
per	square	mile.	This	in	combination	with	the	
preceding	recommendation	for	an	interim	
WQBEL	will	still	serve	to	protect	the	Santa	
Monica	Bay	beneficial	uses	for	fishing	while	
giving	the	MS4	Permittees	time	to	collect	
robust	monitoring	data	and	utilize	it	to	evaluate	
and	identify	controllable	sources	of	DDT	and	
PCBs.	

Please	clarify	this	situation	would	be	covered	under	the	new	provisions	
for	USEPA	established	TMDLs	opens	the	door	for	allowing	Permittees	to	
address	this	through	their	plans	

9	 pages	
111	‐	
123	
and	
Attach
ments	
K	‐	R	

TMDL	 The	Machado	Lake	Trash	WQBELs	listed	in	the	
table	at	C.2.c)	in	the	staff	working	proposal	
appear	to	have	been	calculated	from	
preliminary	baseline	waste	load	allocations	
discussed	in	the	July	11,	2007	staff	report	for	
the	Machado	Lake	Trash	TMDL,	rather	than	
from	the	basin	plan	amendment.			In	some	cases	
the	point	source	land	area	for	responsible	
jurisdictions	used	in	the	calculation	are	
incorrect	because	they	were	preliminary	
estimates	and	subsequent	GIS	work	on	the	part	
of	responsible	agencies	has	corrected	those	
tributary	areas.	In	other	cases	some	of	the	
jurisdictions	may	have	conducted	studies	to	
develop	a	jurisdiction‐specific	baseline	
generation	rate.	The	WQBELs	should	be	
expressed	as	they	were	in	the	adopted	TMDL	
WLAs,	that	is	as	a	percent	reduction	from	
baseline	and	not	assign	individual	baselines	to	
each	city	but	leave	that	to	the	individual	city's	
trash	reporting	and	monitoring	plan	to	clarify.	

Same	comment	

10	 pages	
111	‐	
123	

TMDL	 The	WLAs	in	the	adopted	Machado	Lake	Trash	
TMDL	were	expressed	in	terms	of	percent	
reduction	of	trash	from	Baseline	WLA	with	the	

Same	comment	
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and	
Attach
ments	
K	‐	R	

note	that	percent	reductions	from	the	Baseline	
WLA	will	be	assumed	whenever	full	capture	
systems	are	installed	in	corresponding	
percentages	of	the	conveyance	discharging	to	
Machado	Lake.	As	discussed	in	subsequent	city‐
specific	comments,	there	are	errors	in	the	
tributary	areas	originally	used	in	the	staff	
report,	but	in	general,	tributary	areas	are	
available	only	to	about	three	significant	figures	
when	expressed	in	square	miles.	Thus	the	
working	draft	should	not	be	carrying	seven	
significant	figures	in	expressing	the	WQBELs	as	
annual	discharge	rates	in	uncompressed	
gallons	per	year.	The	convention	when	
multiplying	two	measured	values	is	that	the	
number	of	significant	figures	expressed	in	the	
product	can	be	no	greater	than	the	minimum	
number	of	significant	figures	in	the	two	
underlying	values.	Thus	if	the	tributary	area	is	
known	to	only	three	or	four	significant	figures,	
and	the	estimated	trash	generation	rate	is	
known	to	four	significant	figures,	the	product	
can	only	be	expressed	to	three	or	four	
significant	figures.	

11	 		 		 (continued	from	above)	Thus	there	should	be	
no	values	to	the	right	of	the	decimal	place	and	
the	whole	numbers	should	be	rounded	to	the	
correct	number	of	significant	figures.	

12	 pages	
111	‐	
123	
and	
Attach
ments	
K	‐	R	

TMDL	 The	Machado	Lake	Nutrient	TMDL	provides	for	
a	reconsideration	of	the	TMDL	7.5	years	from	
the	effective	date	prior	to	the	final	compliance	
deadline.	Please	include	an	additional	
statement	as	item:		3.c)(3)"By	September	11,	
2016	Regional	Board	will	reconsider	the	TMDL	
to	include	results	of	optional	special	studies	
and	water	quality	monitoring	data	completed	
by	the	responsible	jurisdictions	and	revise	
numeric	targets,	WLAs,	LAs	and	the	
implementation	schedule	as	needed."	

Same	comment	
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13	 pages	
111	‐	
123	
and	
Attach
ments	
K	‐	R	

TMDL	 Table	C	is	not	provided	in	the	section	on	TMDLs	
for	Dominguez	Channel	and	Greater	LA	and	
Long	Beach	Harbors	Toxic	Pollutants.		Please	
clarify	and	reference	that	Attachment	D	
Responsible	Parties	Table	RB4	Jan	27,	12	which	
was	provided	to	the	State	Board	and	
responsible	agencies	during	the	SWRCB	review	
of	this	TMDL,	and	is	posted	on	the	Regional	
Board	website	in	the	technical	documents	for	
this	TMDL,	is	the	correct	table	describing	which	
agencies	are	responsible	for	complying	with	
which	waste	load	allocations,	load	allocations	
and	monitoring	requirements	in	this	VERY	
complex	TMDL.	Attachment	D	should	be	
included	as	a	table	in	this	section	of	the	MS4	
Permit.	

Partially	addressed‐‐the	table	provided	in	the	Tentative	Order	is	not	the	
detailed	Attachment	D	which	clarifies	which	agencies	are	responsible	
for	which	portions	of	the	TMDL‐‐need	to	include	that	table.	

14	 pages	
111	‐	
123	
and	
Attach
ments	
K	‐	R	

TMDL	 The	Dominguez	Channel	and	Greater	LA	and	
Long	Beach	Harbor	Waters	Toxic	Pollutants	
TMDL	provides	for	a	reconsideration	of	the	
TMDL	targets	and	WLAs.		Please	include	an	
additional	statement	as	item:	4.e)	"By	March	
23,	2018	Regional	Board	will	reconsider	
targets,	WLAs	and	LAs	based	on	new	policies,	
data	or	special	studies.	Regional	Board	will	
consider	requirements	for	additional	
implementation	or	TMDLs	for	Los	Angeles	and	
San	Gabriel	Rivers	and	interim	targets	and	
allocations	for	the	end	of	Phase	II."	

Same	comment	

15	 pages	
111	‐	
123	
and	
Attach
ments	
K	‐	R	

TMDL	 City	of	Hermosa	Beach	is	only	within	one	
watershed,	the	Santa	Monica	Bay	Watershed,	
and	so	should	not	be	shown	in	italics	as	a	multi‐
watershed	permittee.	

Same	comment	
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City	of	Covina	 Attachment	A:		Comments	on	Tentative	Order	No.	R4‐2012‐XXXX	 	Page	34	of	41	

16	 113	 E.2.d.i.1.	 Recommend	clarifying	this	item	by	
incorporating	the	footnote	into	the	text	and	
modifying	this	item	to	read	as	follows:		"There	
are	no	violations	of	the	interim	water	quality‐
based	effluent	limitation	for	the	pollutant(s)	
associated	with	a	specific	TMDL	at	the	
Permittee's	applicable	MS4	outfall(s)	which	
may	include:	a	manhole	or	other	point	of	access	
to	the	MS4	at	the	Permittee's	jurisdictional	
boundary,	a	manhole	or	other	point	of	access	to	
the	MS4	at	a	subwatershed	boundary	that	
collects	runoff	from	more	than	one	Permittee's	
jurisdiction,		or	may	be	an	outfall	at	the	point	of	
discharge	to	the	receiving	water	that	collects	
runoff	from	one	or	more	Permittee's	
jurisdictions."	

Same	comment	

17	 113	 E.2.d.i.4.b.	 Is	this	in	effect	setting	a	design	storm	for	the	
design	of	structural	BMPs	to	address	
attainment	of	TMDLs,	or	is	it	simply	referring	to	
SUSMP/LID	type	structural	BMPs?		If	it	is	in	
effect	setting	a	design	storm,	there	needs	to	be	
some	sort	of	exception	for	TMDLs	in	which	a	
separate	design	storm	is	defined,	e.g.,	for	trash	
TMDLs	where	the	1‐year,	1‐hour	storm	is	used.	

This	is	not	clarified,	but	it	is	still	a	problem	as	not	all	retrofit	projects	
which	might	be	used	to	address	TMDLs	may	be	able	to	handle	the	full	
85th	percentile	24‐hour	storm,	there	should	be	some	provision	for	
doing	this	through	a	combination	of	BMPs,	e.g.,	LID	plus	retrofit	

18	 pages	
111	‐	
123	
and	
Attach
ments	
K	‐	R	

TMDL	 Recommend	not	listing	specific	water	bodies	in	
E.5.b.(c)	because	then	it	risks	becoming	
obsolete	if	new	TMDLs	are	established	for	
trash,	or	if	they	are	reconsidered.		Furthermore,	
it	is	not	clear	why	Santa	Monica	Bay	was	left	
out	of	this	list	since	the	Marine	Debris	TMDL	
allows	for	compliance	via	the	installation	of	for	
full	capture	devices.	

Not	addressed,	still	don't	know	why	Santa	Monica	Bay	Marine	Debris	
was	not	included	in	the	list		at	E.5.b.(c)	but	it	is	listed	in	E.5.a.ii	and	
Attachment	M	B.	

19	 116‐
123	

E.5.a	‐	c	 Recommend	not	listing	specific	
waterbody/trash	TMDLs	here,	but	simply	leave	
the	reference	to	Attachments	to	identify	the	
Trash	TMDLs.		Otherwise	this	may	have	to	be	
revised	in	the	future.		Again,	Santa	Monica	Bay	
Marine	Debris	TMDL	was	not	included	in	this	
list,	not	sure	whether	it	was	an	oversight	or	
intentional?	

Same	comment	
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20	 17	 Findings	 Not	clear	on	what	"discharges	from	the	MS4	for	
which	they	are	owners	and/or	operators"	
means.	

Please	clarify.		The	Tentative	Order,	states	"	…	each	Permittee	shall	
maintain	the	necessary	legal	authority	to	control	the	contribution	of	
pollutants	to	its	MS4	and	shall	include	in	its	storm	water	management	
program	a	comprehensive	planning	process	that	includes	
intergovernmental	coordination,	where	necessary."		If	the	MS4/catch	
basin	is	owned	by	the	LACFCD,	does	this	mean	that	the	LACFCD	needs	to	
control	the	contribution	of	pollutants?	

21	 112	 E.2.b.iv	 For	"each	Permittee	responsible	for	
demonstrating	that	its	discharge	did	not	cause	
or	contribute	to	an	exceedance,"	how	is	this	
going	to	be	possible?		There's	allowed	non‐
storm	water	discharges,	a	commingled	system,	
and	the	LA	County	region	is	practically	
urbanized	(impervious	landscape).		
Additionally,	a	gas	tanker	on	local	freeways	
often	discharges	onto	freeway	drains,	which	
connect	to	MS4	permittee	drains	‐	the	point	
here	is	a	private	party	as	the	actual	discharger	
should	be	held	responsible	and	not	the	MS4	
permittee.		Lastly,	the	Construction	General	
Permit	cannot	establish	numeric	limitations	
without	the	Regional/State	Boards	clearly	
demonstrating	how	compliance	will	be	
achieved	‐	the	MS4	permit	is	overly	conditioned	
in	terms	of	achieving	compliance	and	subjects	
MS4	permittees	to	violations/enforcement,	and	
given	these	circumstances,	the	Boards	need	to	
clearly	demonstrate	how	compliance	will	be	
achieved.	

Same	comment	

22	 116	 E.4.a	 This	provision	states	"A	Permittee	shall	comply	
immediately	…	for	which	final	compliance	
deadlines	have	passed	pursuant	to	the	TMDL	
implementation	schedule."		This	provision	is	
unreasonable.		First,	various	
brownfields/abandoned	toxic	sites	exists,	some	
of	which	were	permitted	to	operate	by	
State/Federal	agencies	‐	nothing	has	or	will	
likely	be	done	with	these	sites	that	contribute	
various	pollutants	to	surface	and	sub‐surface	
areas.		Additionally,	this	permit	is	going	to	
require	a	regional	monitoring	program	‐	this	
program	will	yield	results	on	what	areas	are	
especially	prone	to	particular	pollutants.		Until	
these	results	are	made	known,	MS4	Permittees	
will	have	a	hard	time	knowing	where	to	focus	

Same	comment	
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its	resources	and	particularly,	the	placement	of	
BMPs	to	capture,	treat,	and	remove	pollutants.		
For	these	reasons,	this	provision	should	be	
revised	to	first	assess	pollutant	sources	and	
then	focus	on	compliance	with	BMP	
implementation.	

23	 116‐
123	

E.5.c.i(1)	 For	reporting	compliance	based	on	Full	Capture	
Systems,	what	is	the	significance	of	needing	to	
know	"the	drainage	areas	addressed	by	these	
installations?"		Unfortunately,	record	keeping	
in	Burbank	is	limited	to	the	location	and	size	of	
City‐owned	catch	basins.		A	drainage	study	
would	need	to	be	done	to	define	these	drainage	
areas.		As	such,	we	do	not	believe	this	
requirement	serves	a	purpose	in	regards	to	full	
capture	system	installations	and	their	intended	
function.	

Same	comment	

24	 116‐
123	

E.5	 Please	clarify	that	cities	are	not	responsible	for	
retrofitting		

Same	comment	

25	 114	 E.	2.	e	 Please	add	the	language	from	interim	limits	
E.2.d.4	a	‐	c	and	EPA	TMDLs	to	the	Final	Water	
Quality	Based	Effluent	Limitations	and/or	
Receiving	Water	Limitations	to	ensure	
sufficient	coordination	between	all	TMDLs	and	
the	timelines	and	milestones	that	will	be	
implemented	in	the	Watershed	Management	
Program.		

Same	comment	

26	 Attach
ment	L	

D.3	a	‐	c	 Please	change	the	Receiving	Water	Limitations	
for	interim	and	final	limits	to	the	TMDL	
approved	table.	There	should	be	no	
interpretation	of	the	number	of	exceedance	
days	based	on	daily	for	weekly	sampling	with,	
especially	with	no	explanation	of	the	ratio	or	
calculations,	and	no	discussion	of	averaging.	
Please	revert	to	the	original	TMDL	document.	

The	table	was	adjusted,	but	did	not	eliminate	the	interpretation	of	
number	of	exceedance	days	that	are	not	expressly	completed	in	the	
Santa	Clara	River	TMDL.	Remove	all	interpretation	of	number	of	
exceedance	days	other	than	what	has	been	expressed	in	the	original	
TMDL	number	of	days	of	exceedances	without	interpretation	or	
recalculation.	

27	 111	 E.2	 Please	include	a	paragraph	that	Permittees	are	
not	responsible	for	pollutant	sources	outside	
the	Permittees	authority	or	control,	such	as	
aerial	deposition,	natural	sources,	sources	
permitted	to	discharge	to	the	MS4,	and	
upstream	contributions	

Same	comment	
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28	 116‐
123	

5.b.ii.2	 Define	"partial	capture	devices",	define	
"institutional	controls".		Permittees	need	to	
have	clear	direction	of	how	to	attain	the	"zero"	
discharges	which	will	have	varying	degrees	of	
calculations	regardless	of	which	compliance	
method	is	followed.	Explain	the	Regional	
Board's	approval	process	for	determining	how	
institution	controls	will	supplement	full	and	
partial	capture	to	attain	a	determination	of	
"zero"	discharge.	

Same	comment	

29	 116‐
123	

5.b.ii.(4)	 MFAC	and	TMRP	should	be	an	option	available	
to	the	Los	Angeles	River	

Same	comment	

30	 pages	
111	‐	
123	
and	
Attach
ments	
K	‐	R	

TMDL	 Substantial	comments	have	been	submitted	for	
the	Reopener	of	the	SMBBB.		Rather	than	
restate	these	comments,	please	address	these	
comments	in	the	MS4.		

Same	comment	

31	 Attach
ment	O	

3.a)1	 For	the	LA	River	metals,	some	permittees	have	
opted	out	of	the	grouped	effort.		This	section	
needs	to	detail	how	these	mass‐based	daily	
limitations	will	be	reapportioned.	

Same	comment	

32	 Attach
ment	O,	
page	7	

4.d	 Why	are	"receiving	Water	Limitations"	being	
inserted	here?		None	of	the	other	TMDLs	seem	
to	follow	that	format.	

Same	comment	

33	 Attach
ment	P	

P1‐8	 It	is	the	permittees	understanding	that	the	lead	
impairment	of	Reach	2	of	the	San	Gabriel	River	
has	been	removed.		It	should	be	removed	from	
the	MS4	permit.	

Same	comment	

34	 pages	
111	‐	
123	
and	
Attach
ments	
K	‐	R	

1.c	 Permittees	under	the	new	MS4	permit	(those	in	
LA	County)	need	to	be	able	to	separate	
themselves	from	Orange	County	cities.		Since	
the	0.941	kg/day	is	a	total	mass	limit,	it	needs	
to	be	apportioned	between	the	two	counties.		
Also,		The	MS4	permit	needs	to	contain	
language	allowing	permittees	to	convert	
grouped‐base	limitations	to	individual	
permittee	based	limitations	

Same	comment	

35	 pages	
111	‐	
123	
and	
Attach

Table	K	8	 Please	remove,	in	its	entirety,	the	Santa	Ana	
River	TMDLs	

Same	comment	
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ments	
K	‐	R	

36	 general	 general	 Any	TMDL,	for	which	compliance	with	a	waste	
load	allocation	(WLA)	is	exclusively	set	in	the	
receiving	water,	shall	be	amended	by	a	re‐
opener	to	also	allow	compliance	at	the	outfall	
to	allow	that	flexibility,	or	other	end‐of‐pipe,	
that	shall	be	determined	by	translating	the	
WLA	into	non‐numeric	WQBELs,	expressed	as	
best	management	practices	(BMPs).		While	the	
TMDL	re‐opener	is	pending,	an	affected	
Permittee	shall	be	in	compliance	with	the	
receiving	water	WLA	through	the	
implementation	of	permit	requirements	

Same	comment	

37	 Attach
ment	N	

N1	‐	N9	 	For	the	Freshwater	portion	of	the	Dominguez	
Channel:		There	are	no	provisions	for	BMP	
implementation	to	comply	with	the	interim	
goals.		The	wording	appears	to	contradict	
Section	E.2.d.i.4	which	allows	permittees	
submit	a	Watershed	Management	Plan	or	
otherwise	demonstrate	that	BMPS	being	
implemented	will	have	a	reasonable	
expectation	of	achieving	the	interim	goals.			

Same	comment	

38	 Attach
ment	N	

N1‐N9	 For	Greater	LA	Harbor:		Similar	to	the	previous	
comment	regarding	this	section.		The	Table	
establishing	Interim	Effluent	Limitations,	Daily	
Maximum	(mg/kg	sediment),	does	not	provide	
for	natural	variations	that	will	occur	from	time	
to	time	in	samples	collected	from	the	field.		
Given	the	current	wording	the	proposed	
Receiving	Waters	Limitations,	even	one	
exceedance	could	potentially	place	permittees	
in	violation	regardless	of	the	permittees	level	of	
effort.		Reference	should	be	made	in	this	
section	to	Section	E.2.d.i.4	which	will	provide	
the	opportunity	for	Permittee	to	develop	BMP‐
based	compliance	efforts	to	meet	interim	goals.	

Same	comment	
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39	 Attach
ment	N	

N1‐N9	 For	the	freshwater	portion	of	the	Dominguez	
Channel:	the	wording	should	be	clarified.		
Section	5.a	states	that	"Permittees	subject	to	
this	TMDL	are	listed	in	Table	C."		Then	the	
Table	in	Section	C.5.b.2	Table	"Interim	Effluent	
Limitations—	
Sediment",		lists	all	permittees	except	the	Fresh	
water	portion	of	the	Dominguez	Channel.		For	
clarification	purposes,	we	request	adding	the	
phase	to	the	first	row:			"Dominguez	Channel	
Estuary	(below	Vermont)"	

Same	comment	

40	 111	 E.2.a.i	 N/A	 This	provision	creates	confusion	and	inconsistency	with	the	language	in	
the	rest	of	the	permit.		By	stating	that	the	permittee	shall	demonstrate	
compliance	through	compliance	monitoring	points,	it	appears	to	
preclude	determining	compliance	through	other	methods	as	outlined	in	
other	portions	of	the	permit.		This	provision	does	not	reference	any	of	
the	other	compliance	provisions	in	the	TMDL	section	and	could	
therefore	be	interpreted	on	its	own	as	a	separate	compliance	
requirement.	Additionally,	the	requirement	to	use	the	TMDL	established	
compliance	monitoring	locations	regardless	of	whether	an	approved	
TMDL	monitoring	plan	or	Integrated	plan	has	been	developed	is	not	
consistent	with	the	goal	of	integrated	monitoring	outlined	in	the	permit.	
This	provision	would	be	more	appropriate	as	a	monitoring	and	
reporting	requirement	for	the	TMDL	section	with	modified	language	
such	as	"Monitoring	locations	to	be	used	for	demonstrating	compliance	
in	accordance	with	Parts	VI.E.2.d	or	VI.E.2.e	shall	be	established	at	
compliance	monitoring	locations	established	in	each	TMDL	or	at	
locations	identified	in	an	approved	TMDL	monitoring	plan	or	in	
accordance	with	an	approved	integrated	monitoring	program	per	
Attachment	E,	Part	VI.C.5	(Integrated	Watershed	Monitoring	and	
Assessment)."	

41	 112	 E.2.b.v.(2)	 N/A		 This	provision	should	not	require	that	the	permittee	demonstrate	that	
the	discharge	from	the	MS4	is	treated	to	a	level	that	does	not	exceed	
the	applicable	water	quality‐based	effluent	limitation.		Permittees	may	
achieve	the	applicable	WQBELs	through	means	other	than	treatment	
and	they	should	be	able	to	demonstrate	that	their	discharge	does	not	
exceed	the	applicable	water	quality‐based	effluent	limitation	through	
monitoring	or	other	means	than	demonstration	of	treatment.	

42	 pages	
111	‐	
123	
and	
Attach
ments	
K	‐	R	

pages	111	‐	
123	and	
Attachments	
K	‐	R	

N/A	 Suggest	wet	weather	compliance	be	partially	defined	by	a	design	storm
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	Additional	Sections	

Additional	Comments	
	

No.	 Page	 Citation	 April	2012	Comment July	2012	Comment	
1	 13‐26	 Findings	 several	related Please	add	findings	regarding	iterative	process.		

The	iterative	process	is	a	process	of	implementing,	evaluating,	revising,	or	
adding	new	BMPs	to	attain	water	quality	standards,	including	total	maximum	
daily	load	(TMDL)	waste	load	allocations	(WLAs).		The	previous	order	lacked	
the	iterative	process,	which			has	resulted	in	violations	for	several	Los	Angeles	
County	permittees	and	exposure	to	third	party	litigation.	However,	the	State	
Water	Resources	Control	Board	(State	Board)	has	affirmed,	in	several	
precedential	water	quality	orders	(including	WQ	99‐05	and	2001‐15),	the	
inclusion	of	the	iterative	process	in	MS4	permits.		As	the	State	Board	noted	in	
WQ	2001‐15:			
	
This	Board	has	already	considered	and	upheld	the	requirement	that	municipal	
storm	water	discharges	must	not	cause	or	contribute	to	exceedances	of	water	
quality	objectives	in	the	receiving	water.		We	adopted	an	iterative	procedure	
for	complying	with	this	requirement,	wherein	municipalities	must	report	
instances	where	they	cause	or	contribute	to	exceedances,	and	then	must	review	
and	improve	BMPs	so	as	to	protect	the	receiving	waters.		
	
The	iterative	process	goes	hand‐in‐hand	with	the	Receiving	Water	Limitation	
provision	of	this	order,	which	is	intended	to	address	a	water	quality	standard	
exceedance.		An	MS4	permit	is	a	point	source	permit,	which	is	defined	by	§40	
CFR	122.2	to	mean	outfall	or	end‐of‐pipe.		Attainment	of	a	water	quality	
standard	in	stormwater	discharge	is	achieved	in	the	effluent	or	discharge	from	
the	MS4	through	the	implementation	of	BMPs	contained	in	a	Stormwater	
Quality	Management	Plan	(SQMP).		If	a	water	quality	standard	is	frequently	
exceeded	as	determined	by	outfall	monitoring	relative	to	an	ambient	condition	
of	the	receiving	water	(during	the	5‐year	term	of	the	Order)	the	permittee	shall	
be	required	to	propose	better‐tailored	BMPs	to	address	the	exceedance.		The	
process	includes	determining	(1)	if	the	exceedances	are	statistically	significant	
and	if	so,	would	require	the	permittee	to	(2)	identify	the	source	of	the	
exceedance;	and	(2)	propose	new	or	intensified	BMPs	to	be	implemented	in	the	
next	MS4	permit	–	unless	the	Executive	Officer	determines	that	a	more	
immediate	response	is	required.						
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		 		 		 (continued	from	above)	The	iterative	process	does	not	apply	to	non‐
stormwater	discharges.	Section	402(p)(3)(B)(ii)	of	the	Clean	Water	Act	only	
prohibits	non‐stormwater	discharges	to	the	MS4	and	not	from	it	as	is	the	case	
with	stormwater	discharges.		This	is	because	Congress	set	two	standards	for	
MS4	discharges:		one	stormwater	and	one	for	non‐stormwater.	As	noted	in	
WQO	2009‐008,	the	Clean	Water	Act	and	the	federal	storm	water	regulations	
assign	different	performance	requirements	for	storm	water	and	non‐storm	
water	discharges.	These	distinctions	in	the	guidance	document,	the	Clean	Water	
Act,	and	the	storm	water	regulations	make	it	clear	that	a	regulatory	approach	
for	storm	water	‐	such	as	the	iterative	approach	we	have	previously	endorsed	‐	
is	not	necessarily	appropriate	for	non‐storm	water.	

2	 146‐149	 Fact	Sheet	and	Permit	‐	
Unfunded	Mandate	

several	related It	is	incorrect	to	assert	an	outcome	on	the	unfunded	mandates	issue	in	a	permit;	
this	has	nothing	to	do	with	protecting	water	quality.	The	unfunded	mandates	
process	has	not	completed	a	process	and	these	assertions	are	opinion.	Since	the	
Fact	Sheet	is	part	of	the	permit,	remove	this	section.	There	are	many	errors	and	
incorrect	assumptions,	especially	around	the	level	of	effort	required	for	this	
permit	when	compared	to	the	current	permit	and	the	economic	issues	that	are	
incorrect.		
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CASQA Proposal for Receiving Water Limitation Provision  

D. RECEIVING WATER LIMITATIONS 

1. Except as provided in Parts D.3, D.4, and D.5 below, discharges from the MS4 for which a Permittee is 
responsible shall not cause or contribute to an exceedance of any applicable water quality standard. 
 

2. Except as provided in Parts D.3, D.4 and D.5, discharges from the MS4 of storm water, or non‐ storm 
water, for which a Permittee is responsible, shall not cause a condition of nuisance.    
 

3. In instances where discharges from the MS4 for which the permittee is responsible (1) causes or contributes 
to an exceedance of any applicable water quality standard or causes a condition of nuisance in the receiving 
water; (2) the receiving water is not subject to an approved TMDL that is in effect for the constituent(s) 
involved; and (3) the constituent(s) associated with the discharge is otherwise not specifically addressed by 
a provision of this Order, the Permittee shall comply with the following iterative procedure: 

 
a. Submit a report to the State or Regional Water Board (as applicable) that:  

 
i. Summarizes and evaluates water quality data associated with the pollutant of concern 
in the context of applicable water quality objectives including the magnitude and 
frequency of the exceedances.  
 

ii. Includes a work plan to identify the sources of the constituents of concern (including 
those not associated with the MS4to help inform Regional or State Water Board efforts 
to address such sources).  
 

iii.  Describes the strategy and schedule for implementing best management practices 
(BMPs) and other controls  (including those that are currently being implemented) that 
will address the Permittee's sources of constituents that are causing or contributing to 
the exceedances of an applicable water quality standard or causing a condition of 
nuisance, and are reflective of the severity of the exceedances.  The strategy shall 
demonstrate that the selection of BMPs will address the Permittee’s sources of 
constituents and include a mechanism for tracking BMP implementation.  The strategy 
shall provide for future refinement pending the results of the source identification work 
plan noted in D.3. ii above.   
 

iv. Outlines, if necessary, additional monitoring to evaluate improvement in water quality 
and, if appropriate, special studies that will be undertaken to support future 
management decisions. 
 

v. Includes a methodology (ies) that will assess the effectiveness of the BMPs to 
address the exceedances.   
 

vi. This report may be submitted in conjunction with the Annual Report unless the State or 
Regional Water Board directs an earlier submittal.  

 
b. Submit any modifications to the report required by the State of Regional Water Board within 

60 days of notification. The report is deemed approved within 60 days of its submission if no 
response is received from the State or Regional Water Board.  

 
c. Implement the actions specified in the report in accordance with the acceptance or approval, 
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including the implementation schedule and any modifications to this Order.   
 

d. As long as the Permittee has complied with the procedure set forth above and is implementing 
the actions, the Permittee does not have to repeat the same procedure for continuing or 
recurring exceedances of the same receiving water limitations unless directed by the State 
Water Board or the Regional Water Board to develop additional BMPs.  

 
4. For Receiving Water Limitations associated with waterbody‐‐‐pollutant combinations addressed in an 

adopted TMDL that is in effect and that has been incorporated in this Order, the Permittees shall 
achieve compliance as outlined in Part XX (Total Maximum Daily Load Provisions) of this Order.  For 
Receiving Water Limitations associated with waterbody‐pollutant combinations on the CWA 303(d) list, 
which are not otherwise addressed by Part XX or other applicable pollutant‐‐‐ specific provision of this 
Order, the Permittees shall achieve compliance as outlined in Part D.3 of this Order.  

 
5. If a Permittee is found to have discharges from its MS4 causing or contributing to an exceedance of an 

applicable water quality standard or causing a condition of nuisance in the receiving water, the 
Permittee shall be deemed in compliance with Parts D.1 and D.2 above, unless it fails to implement the 
requirements provided in Parts D.3 and D.4 or as otherwise covered by a provision of this order 
specifically addressing the constituent in question, as applicable.  
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Charles D. Herbertson, P.E., LS
Public Works Director and

City Engineer

Damian Skinner
Environmental Programs and Ops. Manager

July 23,2012

PUBLIC WORKS DEPARTMENT

9770 Culver Boulevard, Culver City, California 90232

(310) 253-6421

FAX (310) 253-6430

Mr. Ivar Ridgeway
Regional Water Quality Control Board, Los Angeles
320 W. 4th Street, Suite 200
Los Angeles, CA 90013
(Electronically to LAMS42012@waterboards.ca.gov)

Subject: Comment letter - Draft NPDES Permit (Draft Order) for MS4 Dischargers
within the Los Angeles County Flood Control District

Dear Mr. Ridgeway:

The City of Culver City (City) appreciates the opportunity to provide comments on the
subject draft order for the Los Angeles region. The City has actively participated with
other municipalities through the Los Angeles Permit Group (LAPG) to understand and
comment on the complex provisions of the draft permit. Attached to this letter is the
comment letter the LAPG will submit as a whole and which Culver City agrees with and
supports. In addition, we would like to highlight a few issues of critical importance to
the City of Culver City.

The City did not receive adequate time to review the draft permit in its entirety. The
Regional Board released parts of the draft permit and labeled them as staff working
proposals, but those sections changed once the entire permit was released. Because of
the many interrelationships between the different sections of the permit, it is critical to
provide an adequate opportunity to review the permit as a whole. In addition, the City
and the LAPG did not receive a response to many of our comments from Regional Board
staff so we are unaware of the impact of our efforts to engage in a consensus building
process. The City respectfully requests a one-year extension to allow time for a
continuing collaborative and iterative process whereby several drafts can be reviewed
and subjected to comments, comments can be addressed or responded to and we will

Culver City Employees take pride in effectively providing the highest levels of service to endch the quality of life for the community by building on
our tradition of more than seventy-five years ofpublic service, by ourpresent commitment, and by our dedication to meet the challenges of the

future.

PRINTED ON RECYCLED PAPER
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have adequate opportunity to obtain input from City policy makers as the final permit
takes shape.

The City recognizes the need to continue to make significant progress toward
attainment of water quality standards. However, we also believe that no regulatory
benefit accrues from the State establishing permit provisions that result in the potential
of immediate non-compliance for Permittees. For these reasons, the City requests
revision of the draft MS4 Permit as described in the letter dated July 23, 2012 from the
LAPG and for the reasons stated above, a one-year extension to the permit adoption
process.

Sincerely,

r ertson
irector/City Engineer

PRINTED ON RECYCLED PAPER

RB-AR12330
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City oj Downry
FUTURE UNLIMITED---

July 23,2012

Ivar Ridgeway
Los Angeles Regional Water Control Board
320 W. 4th Street, Suite 200
Los Angeles, CA 90013

Subject: Comment letter - Tentative NPDES Permit (Draft Order) for
MS4 Dischargers within the Los Angeles County Flood Control District

The City of Downey (City) takes pride in itself as very proactive in reducing pollutants in
storm water runoff. In a recent presentation to the Regional Board, it was mentioned
that the city has over 1,000 Low Impact Development (LID) type systems located
throughout the City. In fact, in an effort to distinguish itself, Downey was one of the few
cities submitting a separate Report of Waste Discharge (ROWD) six months prior to the
scheduled expiration of the current permit in 2006 with the purpose of obtaining
coverage under a separate and individual MS4 permit. Downey has not requested this
ROWD be withdrawn, but nonetheless recognizes the appropriateness of submitting
comments at this time; in part as the Regional Board has listed the City as a permittee
under the Tentative Permit.

Downey is not a member of the Los Angeles Permit Group (LAPG), but has been
following the developments and vetting by some sixty (60) municipalities of that group's
comments. Rather than submit many of the same comments, Downey hereby
incorporates the comments being submitted to the Regional Board by the LAPG into
this letter by reference. Downey would also like to incorporate by reference, the legal
comments being submitted separately on behalf of the City of Signal Hill.

Downey further recognizes that the comments being submitted by the LAPG are
extensive and that there will only be a very limited amount of time for the Regional
Board to review and make the requested modifications to the tentative permit prior to
the currently scheduled adoption date of September 7,2012. The City would therefore
like to bring to the attention of the Regional Board several items of importance.

11111 BROOKSHtRE AVENUE POST OFFICE BOX 7016 DOWNEY, CALIFORNIA 90241-7016 www,downeyca.org
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1. The open section that lists the names of the contact person, thus incorporating
the names into the MS4 permit is inappropriate as City personnel are very likely
to change over the next 5 or more years. Only the City titles and addresses
should be listed.

2. Section D.1.b.i (page 56) indicates that all the Minimum Control Measures
(MCM) must be implemented within 30 days of the effective date of the permit.
The is not realistic given that the permittees are being given six (6) months in
which to decide whether to implement the MCMs or follow the Watershed
Management Program (WMP) as described separately within the Tentative
Permit.

3. During a presentation to the Regional Board earlier this year as part of comments
on previous working drafts of the MS4 permit, the City of Downey indicated that
eighty-nine (89) percent of their catch basins tributary to the Los Angeles River
are now retrofitted with full-capture trash systems. The remaining eleven (11)
percent could not be retrofitted due primarily to physical constraints of the catch
basins. Section E.5.b.i(2) (118) appears to indicate that cities installing lesser
effective partial control devices may be eligible for a determinate of full
compliance while those cities such as Downey that installed the full capture
system would not be. This can and should be remedied by including the partial
installation of full-capture devices in combination with institutional control as
satisfying this item.

4. The Receiving Water Limitations (RWL) must be revised. This is a critical issue
for the City. Under the current wording, any exceedance, whether: (1) under an
existing TMDL, (2) listed on the 303d impaired waterbody list but where no TMDL
is yet developed, or (3) not listed as an impairment but listed as a water quality
standard would subject permittees to RWL requirements. For example, runoff
would now be immediately subject to limitations on such "pollutants" as
aluminum, sulfates, chloride, etc. If these pollutants were priorities, TMDLs or
monitoring would have already be in place; and to the City's knowledge, no
outfall monitoring has yet occurred. Cities must be given a reasonable
opportunity to determine the current level of these "pollutants", and then develop
economically and technically feasible control measures, preferably through an
iterative adaptive approach. We understand that several statewide efforts are
underway and the Regional Board is urged to review the proposed wording of
these efforts and remedy the current deficiencies in the Receiving Waters
Limitations wording.
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5. As mentioned above, the City has a substantial LID program. Credit should be
given to cities, such as Downey, that will have lowered the volume of runoff so
that miniscule amounts of runoff that may from time to time exceed water quality
standard not be considered violations (Water Quality Standards should be mass
bases as well as concentration-based.)

6. Under the construction provisions for sites over 1 acre. Since the SWPPP
program (GCP) is in place and applications can now be electronically filed by
contractors and since this is a State program, and therefore.the State collects
permit and inspection fees, cities should not be responsible for ensuring the
SWPPP application process and the increased number of inspections unless the
State provides a portion of the fees as reimbursement to cities for the additional
costs.

7. Table 8, (Page 33): Under the provision for (LACFCD) Los Angeles County Flood
Control District to mandate reporting by potable water suppliers should be
amended. LACFCD has no legal mechanism to enforce this provision except
where the discharge is to a County owned right of way, which is in only a very
small number of cases. It makes much more sense and is consistent with the
rest of the permit to require each MS4 permittee to have this requirement.
Please consider revising the language accordingly, "Whenever there is a
discharge of one acre-foot or more into the MS4, the MS4 Permittee shall require
advance notification by the discharger to the MS4 Permittee."

8. Under Section D.7.h.ii.(8), the verification that contractors have obtained various
State permits (401,404, 1600, etc.) should not be the responsibility of the City.
As owner/operator of the flood control channels where the actual connections will
be made, verification of these permits should be the responsibility the Army
Corps of Engineers or the County Flood Control District.

9. Attachment A: Please provide definitions for:

Construction Activity,
Industrial Parks and
Commercial Strip malls
Trash excluders
AMAL and MDAL (page G-13)

1O.ltem (4) (page 70): this item should be eliminated. It forces an evaluation of
green roofs for every project, whether or not a green roof if proposed.
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11. Section d.i. (page 80): whereby the Executive Office is to review and approved
LID ordinance retroactively punishes cities like Downey that pro-actively initiated
LID programs on their own volition. Existing LID programs should be
grandfathered in automatically.

12. Section VI. D.7.f (page 84): land clearing for fire protection should not be
considered a construction activity.

13. Having submitted its owner ROWD, Downey recognized that an outfall
monitoring program was going to be an integral part of their individual MS4
permit. However, the new outfall monitoring program as outlined in Attachment E
of the tentative MS4 represents an extremely expensive endeavor. This needs to
be completely revised in order to make it economically viable. As part of several
Los Angeles River, San Gabriel River and Los Cerritos Channel TMDL groups,
Downey is facing a shared monitoring costs well into the hundreds of thousands
of dollar range. The costs for this outfall monitoring will include: (1) TMDL
monitoring, (1) post-construction treatment system evaluation and (3) costs for
pyrethroid studies. Even if limited to approximately 20 square miles of tributary
areas (HUC-12) the costs are extremely high. Attachment E should be listed as
"items that could be included in a monitoring plan" and this program will then be
developed over the next several years.

14.As Downey is subject to both the USEPA San Gabriel River Reach 1 Metals
TMDL and the USEPA Los Cerritos Channel TMDL, the City would like to
complement the Regional Board staff for their effort to allow permittees subject to
these USEPA TMDLs to prepare a Watershed Implementation Plan (WIP) in lieu
of the Time Schedule Order as originally proposed in the original permit drafts.
The City is pleased to see the Regional Board's intent to recognize interim efforts
as equating to compliance via these WIPs which are anticipated to be submitted
to the Regional Board in 2013. The City is concerned that the final TMDL goals
will be strict numeric limits. For the purpose of this MS4 permit, it is requested
that the final numeric limits be listed as iterative adaptive goals and that as the
final date of the implementation period approaches, the Basin Plan be re-opened
to review the progress to date and make a determination at that time whether to
establish strict numeric limits or a continuation of the iterative adaptive process.

15. Section E.3.a (page 114): It is not clear from the Tentative Permit whether this
was a grammatical oversight or a purposeful intent for cities such as Downey
subject to a US EPA TMDL not to be given the option of implementing the MCM
(as all other permittees are) in lieu of developing a WMP. For permittees such as
Downey which are in multiple TMDL watersheds, it should be clear that
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Management Area Programs established by permittees for US EPA TMDL do not
apply to the entire City unless specifically designated as such within the
Watershed Management Program.

16. Section lilA 1 (page 26). "- - prohibit non-storm water discharges through the
MS4 - -" ,should be changed to: "- - prohibit non-storm water discharges into the
MS4 - -". Leaving the wording as is would require permittees to discern non
exempt discharges within comingle flows for upstream sources outside the
jurisdiction of the permittee.

17. Finally, the entire section h.ix (page 103) dealing with sanitary sewers should be
omitted. Sanitary sewer system operations and maintenance are already
addressed by an existing WDR.

Thank you in advance for consideration of these comments. Please call Louis Atwell of
my staff at (562) 622-3398 if you have any questions or comments.

Sincerely,

(:1Q"~~
Director of Public Works

JO:rg

cc: Electronically submitted to:
rpurdY@.\ylIterb911rds.c-'Lg.QY
iridgeway@waterboards.ca.gov
LAMS42012@waterboards.ca.gov
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1600 Hantington DQioe, DaoQte, CA 91010 - (6.2.6) 3S7-7931 - FAX (6.2.6) 3S9-0019

July 23,2012

Mr. Ivar Ridgeway
320 W. 4th Street,
Los Angeles, CA 9001
(213) 620-2150

Subject: Tentative MS4 Order r""'l"\"'Irv,on+"

Dear Mr. Kldlaewav:

The City of
consideration

Please note
the letter
group. The
to the 'i:li:ll..lt:'i:l r~IC~QrI

contains adclitiolnal 'vv''''''v

Thank you for
Should you have

attached comments for your
,,...,,....,.,...,... Permit No. CAS004001.

SUIJPC>rts I"'nlYlrrlontc and incorporates by reference
nqE!les Stormwater Permit (LASP)

complimentary and more specific
The comment letter also

LASP

irnr\nrt~nt matter.

Sincerely,

q~~
Darrel George
City Manager

Attachment(s):
Comments LA-MS4 NPDES
Comments LA-MS4 NPDES Attachment E

a = Br:lano 0":: the or:liginaL Anor:les Dua~te Rancho
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Comments Regarding Los Angeles MS4 Tentative Order No. R4·2012·XXXX
NPDES PERMIT NO. CAS004001 (issue date unspecified)

Attachment E: Monitoring and Reporting Plan

1. Receiving Water Monitoring

The purpose of receiving water monitoring is to:

a. Determine whether the receiving water limitations are being achieved,

b. Assess trends in pollutant concentrations over time, or during specified
conditions,

c. Determine whether the designated beneficial uses are fully supported as
determined by water chemistry, as well as aquatic toxicity and
bioassessment monitoring.

Receiving water monitoring is to be performed at various in-stream stations.

At issue is "a" because it serves to determine compliance with receiving water
limitations. The Regional Board has no legal authority to compel compliance with
receiving water limitations through in-stream monitoring. Monitoring requirements
relative to MS4 permits are limited to effluent discharges and the ambient
condition of the receiving water, as §122.22(C)(3) clearly indicates:

The permit requires all effluent and ambient monitoring necessary to
show that during the term of the permit the limit on the indicator
parameters continues to attain water quality standards.

According to Clean Water Act §502, effluent monitoring is defined as outfall
monitoring:

The term "effluent limitation" means any restriction established by a State or
the Administrator on quantities, rates, ,and concentrations of chemical,
physical, biological, and other constituents which are discharged from point
sources into navigable waters, the waters of the contiguous zone, or the
ocean, including schedules of compliance.

40 CFR §122.2 defines a point source as:

... the point where a municipal separate storm sewer discharges to waters
of the United States and does not include open conveyances connecting
two municipal separate storm sewers, or pipes, tunnels or other
conveyances which connect segments of the same stream or other waters
of the United States and are used to convey waters of the United States.
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In short, effluent monitoring in a receiving water because cannot be required
because it lies outside the bounds of the outfall.
Regarding monitoring purposes "b" and "c" no argument is raised here provided
that it is understood that assessing trends in pollution concentrations would be:
(1) limited to ambient water quality monitoring; and (2) permittees shall be not
responsible for funding such monitoring. With respect to the latter, the Regional
Board's surface water ambient monitoring program (SWAMP) should be charged
with this responsibility. MS4 permittees fund SWAMP activities through an annual
surcharge levied on annual MS4 permit fees.

Recommended Corrective Action: Delete 1(a) and make it clear that 1(b) and (c)
relate to ambient monitoring that is not the responsibility of MS4 permittees.

2. Stormwater Outfall Based Monitoring

The purpose of stormwater outfall based monitoring - including TMDL monitoring
-- is to:

a. Determine the quality of a Permittee's discharge relative to municipal
action Ie\leIs, as described in Attachment G of this Order,

b. Determine whether a Permittee'S discharge is in compliance with
applicable wet weather WQBELs derived from TMDL WLAs,

c. Determine whether a Permittee's discharge causes or contributes to an
exceedance of receiving water limitations.

Insofar as "a" is concerned, outfall monitoring for stormwater for attainment of
municipal action levels (MALs) would be acceptable were it not for their purpose.
MALs represent an additional monitoring requirement for non-TMDL pollutants.
MALs should really be used to replace TMDL WLAs as alternatives to addressing
receiving water quality. As noted in the National Research Council Report to
USEPA:

The NSQD (Pitt et al., 2004) allows users to statistically establish action
levels based on regional or national event mean concentrations developed
for pollutants of concern. The action level would be set to define
unacceptable levels of stormwater quality (e.g., two standard deviations
from the median statistic, for simplicity). Municipalities would then routinely
monitor runoff quality from major outfalls. Where an MS4 outfall to surface
waters consistently exceeds the action level. municipalities would
need to demonstrate that they have been implementing the stormwater
program measures to reduce the discharge of pollutants to the
maximum extent practicable. The MS4 permittees can demonstrate the
rigor of their efforts by documenting the level of implementation through
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measures ofprogram effectiveness, failure of which will lead to an inference
ofnoncompliance and potential enforcement by the permitting authority

Instead of following the above Regional Board staff has chosen to create another
monitoring requirement, without regard for cost or benefit to water quality or to
permittees. Non-TMDL pollutants should be not be given special monitoring
attention until it has been determined that they pose an impairment threat to a
beneficial use. Such a determination needs to be done by way of ambient
monitoring performed by the Regional Board SWAMP. The resulting data could
then be used to develop future TMDLs if necessary.

Furthermore, many of the MAL constituents (both stormwater and non-storm
water) listed in Appendix G, are included in several TMDLs such as metals and
bacteria. This is, of course, a consequence of the redundancy created by two
approaches that are intended to serve the same purpose: protection of water
quality.

Recommended Correction: Either require substitution of TMDLs with MALs or
eliminate MALs entirely.

As for stormwater outfall monitoring purpose lib", such monitoring cannot be used
to determine compliance with wet weather WQBELs based on TMDL WLAs for
the following reasons:

1. The wet-weather WQBEL is based on a TMDL WLA in the receiving water
that is non-ambient. As mentioned, federal regulations only require ambient
monitoring in the receiving water, which by definition can never be deemed
the same as wet weather monitoring. They are mutually exclusive. Regional
Board staff has also incorrectly determined that a WQBEL may be the same
as the TMDL WLA, thereby making it a "numeric effluent limitation." Although
numerous arguments may be marshaled against the conclusion, the most
compelling of all is the State Water Resources Control Board's clear
opposition to numeric effluent limitations.

In Water Quality Orders 2001-15 and 2009-0008 the State Board made it
clear that: we will generally not require "strict compliance" with water quality
standards through numeric effluent limitations," and instead "we will continue
to follow an iterative approach, which seeks compliance over time" with water
quality standards.

[Please note that the iterative approach to attain water quality standards
applies to the outfall and the receiving water.]

More recently, the State Board commented in connection with the draft
Caltrans MS4 permit that numeric WQBELs are not feasible as explained in
the following provision from its most recent Caltrans draft order:
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Storm water discharges from MS4s are highly variable in frequency,
intensity, and duration, and it is difficult to characterize the amount of
pollutants in the discharges. In accordance with 40 CFR §
122.44(k)(2), the inclusion of BMPs in lieu of numeric effluent
limitations is appropriate in storm water permits. This Order requires
implementation of BMPs to control and abate the discharge of
pollutants in storm water to the MEP.

2. The State Board's decision not to require numeric WQBELs in this
instance appears to have been influenced by among other considerations,
the Storm Water Panel Recommendations to the California State Water
Resources Control Board in re: The Feasibility of Numeric Effluent Limits
Applicable to Discharges of Storm Water Associated with Municipal,
Industrial and Construction Activities.

Regarding purpose lib" it should also be noted that the Regional Board's
setting of WQBELs to translate the TMDL WLA in the receiving water to the
outfall is premature. Regional Board staff apparently has not performed a
reasonable potential analysis as required under § 122.44(d)(1)(i), which
states:

Limitations must control all pollutants or pollutant parameters (either
conventional, nonconventional, or toxic pollutants) which the Director
determines are or may be discharged at a level that will cause, have the
reasonable potential to cause, or contribute to an excursion above any
[s]tate water quality standard, including [s]tate narrative criteria for water
quality."

No such reasonable potential analysis has been performed - even though
USEPA guidance requires it as part of documenting the calculation of
WQBELs in the NPDES permit's fact sheet. According to USEPA's. NPDES
Permit Writers' Manual:

Permit writers should document in the NPDES permit fact sheet the
process used to develop WQBELs. The permit writer should clearly
identify the data and information used to determine the applicable water
quality standards and how that information, or any applicable TMDL, was
used to derive WQBELs and explain how the state's anti-degradation
policy was applied as part of the process. The information in the fact sheet
should provide the NPDES permit applicant and the public a transparent,
reproducible, and defensible description of how the permit writer properly
derived WQBELs for the NPDES permit. 1

1United States Environmental Protection Agency, NPDES Permit Writers' Manual, September, 2010, page
6-30.
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The fact sheet accompanying the tentative order contains no reference to a
reasonable potential analysis.

Complicating the performance of a reasonable potential analysis is the
absence of (1) outfall monitoring data; and (2) ambient water quality
standards. Though federal regulations require monitoring at the outfall, the
Regional Board has not required it up until now. Even if outfall monitoring
data were available to determine whether pollutants concentrations in the
discharge exceeded the water quality standard is not possible. This is
because, as mentioned earlier, TMDL WLAs are not expressed as ambient
standards. A TMDL is an enhanced water quality standard. As noted in the
National Research Council's Assessing the TMDL Approach to Water Quality
Management, a report commissioned by the United States Congress in 2001:

". EPA is obligated to implement the Total Maximum Daily Load (TMDL)
program, the objective of which is attainment of ambient water quality
standards through the control of both point and nonpoint sources of
pollution.

Recommended Correction: Eliminate this requirement.

Regarding purpose "e", the determinant for a water quality standard exceedance
is in the discharge from the outfall - not in the receiving water. The use of
numeric WQBELs -- though incorrectly defined and established in this instance -
represents the compliance standard in discharges from the outfall. Adding a
second compliance determinant in the receiving water is unnecessary and is not
authorized under federal stormwater regulations because the receiving water lies
outside the scope of the MS4.

Recommended Corrective Action: Eliminate this requirement.

3. Non-storm water outfall based monitoring

The purposes of this type of monitoring are as follows:

a. Determine whether a Permittee's discharge is in compliance with applicable
dry weather WQBELs derived from TMDL WLAs.

b. Determine whether a Permittee's discharge exceeds non-storm water action
levels, as described in Attachment G of this Order,

c. Determine whether a Permittee's discharge contributes to or causes an
exceedance of receiving water limitations,
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d. Assist a Permittee in identifying illicit discharges as described in Part VI.D.9 of
this Order.

Regarding "a," This requirement is redundant in view of the aforementioned
MALs and in any case is not authorized under federal stormwater regulations.
402(p)(B)(ii) of the Clean Water Act only prohibits discharges to the MS4 (streets,
catch basins, storm drains and intra MS4 channels), not through or from it. This
applies to all water quality standards, including TMDLs; Nevertheless,
compliance with dry weather WQBELs can be achieved through BMPs and other
requirements called for under the illicit connection and discharge detection and
elimination (ICDDE) program, or requiring impermissible non-stormwater
discharges to obtain coverage under a permit issued by the Regional Board.

Recommended Correction: Delete this requirement and specify compliance with
dry weather WLAs, expressed in ambient terms, through the implementation of
the ICDDE program.

Withy regard to "b", see previous responses regarding MALs and the limitation of
non-stormwater discharge prohibit to the MS4.

Recommended Correction: Delete this requirement because it exceeds the non
stormwater discharge prohibition to the MS4; and determine whether MALs or
TMDLs are to be used to protect receiving water quality.

Regarding "c", as mentioned, non-stormwater discharges cannot by applied to
receiving water limitations because of they are only prohibited to the MS4, not
from or through it.

Recommended Correction: Delete this requirement because it exceeds the non
stormwater discharge prohibition to the MS4.

Regarding "d",·· this requirement is reasonable and in keeping with federal
regulations with the exception that the identification of illicit discharges must
adhere to the field screening requirements in CFR 40 §122.26. No non
stormwater discharge monitoring shall occur unless flow is first discovered at the
outfall. This would trigger the implementation of additional requirements that the
tentative order does not include.

4. New DevelopmentIRe-development effectiveness monitoring

The purpose of this requirement is a dubious and is not authorized under federal
stormwater regulations as it relates to monitoring. To begin with, requiring such
monitoring is premature given the absence of outfall monitoring in the current and
previous MS4 permits that would characterize an MS4's pollution contribution
relative to exceeding ambient water quality standards. Without the determination
of statistically significant exceedances of water quality standards, detected at the
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outfall, the imposition of runoff infiltration requirements is arbitrary. Further, there
is nothing in federal stormwater regulations that require monitoring on private or
public property. Monitoring, once again, is limited to effluent discharges at the
outfall and to ambient monitoring in the receiving water.

Beyond this, monitoring for BMP effectiveness poses a serious challenge to what
determines "effectiveness" -- effective relative to what standard? It is also not
clear how such monitoring is to be performed.

Recommended Correction: Delete this requirement.

The MRP of the tentative order proposes regional studies "to further characterize
the impact of the MS4 discharges on the beneficial uses of the receiving waters.
Regional studies shall include the Southern California Stormwater Monitoring
Coalition (SMC) Regional Watershed Monitoring Program (bio-assessment),
sediment monitoring for Pyrethroid pesticides, and special studies as specified in
approved TMDLs (see Section XIX TMDL Reporting, below)."

Regional studies also lie outside the scope of the MS4 permit. However,
because federal regulations require ambient monitoring in the receiving water, a
task performed by the Regional Board's SWAMP, regional watershed monitoring
for aforementioned target pollutants can be satisfied through ambient monitoring.
This can be accomplished with little expense on the part of permittees by: (1)
using ambient data generated by the Regional Board SWAMP; (2) re-setting the
County's mass emissions stations to collect samples 2 to 3 days folloWing a
storm event (instead of using a flow-based sampling trigger); and (3) using any
data generated from existing coordinated monitoring programs (e.g., Los Angeles
River metals TMDL CMP), provided that the data is truly ambient.

END COMMENTS
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Comments Regarding Los Angeles MS4 Tentative Order No. R4-2012-XXXX
NPDES PERMIT NO. CAS004001 (issue date unspecified)

1. Numeric Water Quality Based Effluent Limitations (WQBELs) applied to
dry and wet weather Total Maximum Daily Load (TMDLs) waste load
allocations (WLAs) and to stormwater and non-stormwater municipal
action levels (MALs) are not authorized under federal stormwater
regulations and are not in keeping with State Water Resources Control
Board (State Board) water quality orders (WQOs).

The tentative order specifies that: Each Permittee shall comply with
applicable WQBELs as set forth in Part VI.E of this Order, pursuant to
applicable compliance schedules. The tentative order specifies two categories
of WQBELs, one for USEPA adopted TMDLs and one for Regional
Board/State adopted TMDLs. Regarding USEPA adopted TMDLs, it appears
that BMP-WQBELs may be used to meet TMDL WLAs in the receiving water.
For Regional Board/State-adopted TMDLs, the tentative order specifies a
different compliance method: meeting a "numeric" WQBEL which is derived
directly from the TMDL waste load allocation. For example, the wet weather
numeric WQBEL for dissolved copper for the Los Angeles River is 17 ug/l.

'I

a. Issue: Regional Board staff is premature in requiring any kind of WQBEL
because no exceedance of any TMDL WLA at the outfall has occurred.
This is because outfall monitoring is not a requirement of the current MS4
permit or previous MS4 permits.

The Regional Board's setting of WQBELs - any WQBEL -- to translate the
TMDL WLA for compliance at the outfall is premature. Regional Board
staff apparently has not performed a reasonable potential analysis as
required under § 122.44(d)(1)(i), which states:

Limitations must control all pollutants or pollutant parameters (either
conventional, nonconventional, or toxic pollutants) which the Director determines
are or may be discharged at a level that will cause, have the reasonable potential
to cause, or contribute to an excursion above any [s]tate water quality standard,
including [s]tate narrative criteria for water quality. "

No such reasonable potential analysis has been performed - even though
USEPA guidance requires it as part of documenting the calculation of
WQBELs in the NPDES permit's fact sheet. According to USEPA's
NPDES Permit Writers' Manual:

Permit writers should document in the NPDES permit fact sheet the process used
to develop WQBELs. The permit writer should clearly identify the data and
information used to determine the applicable water quality standards and how
that information, or any applicable TMDL, was used to derive WQBELs and
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explain how the state's anti-degradation policy was applied as part of the
process. The information in the fact sheet should provide the NPDES permit
applicant and the public a transparent, reproducible, and defensible description
ofhow the permit writer properly derived WQBELs for the NPDESpermit.1

The fact sheet accompanying the tentative order contains no reference to
a reasonable potential analysis -- a consequence of the fact that no outfall
monitoring has been required of the Regional Board either in the current
or previous MS4 permits for Los Angeles County. Outfall monitoring is a
mandatory requirement under federal regulations at CFR 40 §122.22,
§122.2 and §122.26. CFR 40 §122.22(C)(3) requires effluent and ambient
monitoring:

The permit requires all e.fJluent and ambient monitoring necessmy to show that
during the term of the permit the limit on the indicator parameters continues to
attain water quality standards.

"Effluent monitoring," according to Clean Water Act §502, is defined as
outfall monitoring:

The term "effluent limitation" means any restriction established by a State or the
Administrator on quantities, rates, and concentrations of chemical, physical,
biological, and other constituents which are discharged from point sources into
navigable waters, the waters of the contiguous zone, or the ocean, including
schedules ofcompliance.

40 CFR §122.2, defines a point source as:

... the point where a municipal separate storm sewer discharges to waters ofthe
United States and does not include open conveyances connecting two municipal
separate storm sewers, or pipes, tunnels or other conveyances which connect
segments ofthe same stream or other waters ofthe United States and are used to
convey waters ofthe United States.

Conclusion: Because Regional Board staff has not required outfall
monitoring, it could have not have detected an excursion above a water
quality standard (includes TMDL WLAs). Therefore, it could not have
conducted a reasonable potential analysis and, as further consequence,
cannot require compliance with a WQBEL (numeric or BMP-based) or with
any TMDL or MAL until those burdens have been met.

Recommended Correction: Eliminate all reference to comply with
WQBELs until outfall monitoring and a reasonable potential analysis have
been performed.

1United States Environmental Protection Agency, NPDES Permit Writers' Manual, September, 2010, page
6-30.
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b. Issue: Even if Regional Board staff conducted outfall monitoring and
detected an excursion above a TMDL WLA and performed the requisite
reasonable potential analysis, it cannot require a numeric WQBEL strictly
derived from the TMDL WLA.

USEPA's 2010 guidance memorandum mentions that numeric WQBELs
are permissible only if feasible.2 This conclusion was reinforced by a
memorandum from Mr. Kevin Weiss, Water Permits Division, USEPA
(Washington D.C.). He explains:

Some stakeholders are concerned that the 2010 memorandum can be read as
advising NPDES permit authorities to impose end-of-pipe limitations on each
individual outfall in a municipal separate storm sewer system. In general, EPA
does not anticipate that end-of-pipe effluent limitations on each municipal
separate storm sewer system outfall will be used frequently. Rather, the
memorandum expressly describes "numeric" limitations in broad terms,
including "numeric parameters acting as surrogates for pollutants such as
stormwater flow volume or percentage or amount of impervious cover. " In the
context ofthe 2010 memorandum, the term "numeric effluent limitation" should be
viewed as a significantly broader term than just end-or-pipe limitations, and could
include limitations expressed as pollutant reduction levels for parameters that are
applied system-wide rather than to individual discharge locations, expressed as
requirements to meet performance standards for surrogate parameters or for specific
pollutant parameters, or could be expressed as in-stream targets for specific
pollutant parameters. Under this approach, NPDES authorities have significant
flexibility to establish numeric effluent limitations in stormwater permits.3

Reading the 2010 USEPA memorandum, together with Mr. Weiss's
memorandum, creates the inescapable conclusion that (1) numeric
WQBELs are permissible if "feasible" and (2) numeric WQBELs cannot be
construed to only mean strict effluent limitations at the end-of-pipe (outfall)
but more realistically must include surrogate parameters and other
variants as well. Regional Board staff failed to examine alternative
numeric WQBELs, along with BMP WQBELs, as a consequence of not
conducting the appropriate analysis.

In any case, the feasibility of numeric WQBELs, whether strictly derived
from TMDL WLAs or of the surrogate parameter type, the State Water
Resources Control Board has determined that numeric effluent
limitations are not feasible. In Water Quality Orders 2001-15 and 2009
0008 the State Board made it clear that: we will generally not require
"strict compliance" with water quality standards through numeric effluent

2Memorandum from James A. Hanlon, Director, Office of Waste Management, Revisions to the November
22, 2002 Memorandum Establishing Total Maximum Daily Load (TMDL) Waste Load Allocations (WLAs) for
Storm Water Sources and NPDES Permit Requirements Based on Those WLAs, November 12, 2010, page
3Memorandum from Kevin Weiss, Water Permits Division, USEPA (Washington D.C.), March 17, 2011.
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limitations," and instead "we will continue to follow an iterative approach,
which seeks compliance over time" with water quality standards.

[Please note that the iterative approach to attain water quality standards
applies to the outfall and the receiving water.]

More recently, the State Board commented in connection with the draft
Caltrans MS4 permit that numeric WQBELs are not feasible as explained
in the following provision from its most recent Caltrans draft order:

Storm water discharges from MS4s are highly variable in frequency, intensity,
and duration, and it is difficult to characterize the amount ofpollutants in the
discharges. In accordance with 40 CFR § 122.44(k)(2), the inclusion ofBMPs in
lieu _of numeric ejjluent limitations is appropriate in storm water permits. This
Order requires implementation of BMPs to control and abate the discharge of
pollutants in storm water to the MEP.

The State Board's decision not to require numeric WQBELs in this
instance appears to have been influenced by among other considerations,
the Storm Water Panel Recommendations to the California State Water
Resources Control Board in re: The Feasibility of Numeric Effluent Limits
Applicable to Discharges of Storm Water Associated with Municipal,
Industrial and Construction Activities.

Conclusion: The Regional Board does not have the legal authority to
require numeric WQBELs.

Recommended Correction: Eliminate all references to comply with·
numeric WQBELs.

c. Issue: There cannot be a WQBEL to attain a dry weather TMDL WLA nor
a WQBEL that addresses a non-stormwater municipal action level (MAL).

The foundation for this argument lies in the federal limitation of non
stormwater discharges to the MS4 - not from or through it as the tentative
order concludes. Federal stormwater regulations only prohibit discharges
to the MS4 and limits outfall monitoring to stormwater discharges. This is
explained in greater detail under 4. Non-stormwater Discharge
Prohibitions.

Conclusion: Regional Board does not have the legal authority to compel
compliance with dry weather WQBELs or non-stormwater MALs.

Recommended Correction: Eliminate all references to comply with
numeric WQBELs.
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2. The tentative order has altered Receiving Water Limitation (RWl)
language causing it to be overbroad and inconsistent with RWl in the
current MS4 permit, the Ventura MS4 permit, State Board WQO 99-05,
the draft Caltrans MS4 permit, and RWl language recommended by
CASQA.

a. Issue: The proposed RWL language changes the "exceedance"
determinant from water quality standards and objectives to receiving water
limitations, thereby increasing the stringency of the requirement. The
tentative order RWL version reads: Discharges from the MS4 that cause
or contribute to the violation of receiving water limitations are prohibited.

Compare this with what is in the current MS4 permits for Los Angeles and
Ventura Counties:

Discharges from the MS4 that cause or contribute to a violation ofwater quality
standards are prohibited.

Whereas standard RWL language limits water quality standards to what is
in the basin plan, and includes water quality objectives (relates to waters
of the State), the tentative order uses revised language that replaces
water quality standards with the following receiving water limitation criteria:

Any applicable numeric or narrative water quality objective or criterion, or
limitation to implement the applicable water quality objective or criterion, for the
receiving water as contained in Chapter 3 or 7 ofthe Water Quality Control Plan
for the Los Angeles Region (Basin Plan), water quality control plans or policies
adopted by the State Water Board, or federal regulations, including but not
limited to, 40 CFR § 131.38.

It is unclear why Regional Board staff has removed water quality
standards, which is a USEPA and State Board requirement, and replaced
them with the more global receiving water limitation language that include
additional compliance criteria (e.g., "or federal regulations including but
not limited to 40 CFR § 131.38"). Other "federal regulations" could include
CERCLA (Comprehensive Environmental Remediation and Compensation
Liability Act).

Enlarging the scope of the RWL from water quality standards to a universe
of other regulatory requirements exceeds RWL limitation language
established in State Board WOQ 99-05, a precedential decision. The
order bases compliance on discharge prohibitions and receiving water
limitations on the timely implementation of control measures and other
action in the discharges in accordance with the SWMP (stormwater
management plan) and other requirements of the permit's limitations. It
goes on to say that if exceedances of water quality standards or water
quality objectives, collectively referred to as water quality standards
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continues, the SWMP shall undergo an iterative process to address the
exceedances. It should be noted that this language was mandated by
USEPA.

It should be noted that the draft Caltrans MS4 permit is scheduled for
adoption in September, as well as CASOA, proposes RWL language that
is in keeping with WOO 99-05.

Conclusion: Regional Board does not have the legal authority to re-define
RWL language to the extent it is proposing.

Recommended Correction: Replace RWL contained in the tentative order
with the CASOA model or with language contained in the draft Caltrans
MS4 permit.

b. Issue: By eliminating water quality standards, the tentative order has
created a separate compliance standard for TMDLs and for non-TMDLs.
Standard RWL language in other MS4 permits designates the SWMp4 as
the exclusive determinant for achieving water quality standards in the
receiving water. Since TMDLs are enhanced water quality standards, the
SWMP (or in this case the SOMP) should enable compliance with TMDLs.
Instead, the tentative order specifies compliance through implementation
plans -. including plans that were discussed in several State/Regional
Board adopted TMDLs (e.g., the Los Angeles River Metals TMDL). The
absence of water quality standards also creates a separate compliance
standard for non-TMDLs. According to Regional Board staff, minimum
control measures (MCMs) which make up the SOMP, are intended to
meet non-TMDLs pollutants. Unclear is what defines non-TMDL pollutant.
If there are no water quality standards referenced in the RWL then what
are the non-TMDL pollutants that the MCMs are supported to address?

There is no authority under federal storl)lwater regulations to comply with
any criterion other than water quality standards. The RWL language
called-out in WOO 99-05, which was in response to a USEPA directive,
makes it clear that water quality standards represent the only compliance
criteria, not an expanded definition of receiving water limitations that
exclude such criteria..

MS4 permits throughout the State include TMDL WLAs. None of them,
however, has created a compliance mechanism that excludes water
quality standards as a means of attaining them. Further, the State Board
has, through the draft Caltrans MS4 permit and the draft Phase II MS4
permit, articulated its policy on compliance with water quality standards:

4USEPA and federal stormwater regulations use stormwater management program whereas the Los
Angeles County MS4 permit uses stormwater quality management plan (SQMP). In effect they are the
same. They consist of 6 core programs that must be implemented through MS4 permit.
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they are to be met through the implementation of stormwater management
programs. Equally noteworthy is that State Board has not created a dual
standard for dealing with TMDLs and non-TMDLs. This is an obvious
consequence of its adherence to WQO 99-05.

With regard to implementation plans contained in TMDLs, the Regional
Board has no legal authority to include them into the MS4 permit. This
issue discussed in greater detail later in these comments.

Conclusion: The tentative order must be revised to restore water quality
standards in RWL language and,· by extension, enable compliance with
TMDLs and other water quality standards through the SQMP/MCMs.

Recommended Correction: Revise the tentative order to eliminate any
reference to complying with anything else except water quality standards
through the SQMP; and, therewith, eliminate any reference to complying
with implementation plans contained in State/Regional Board TMDLs.

3. The tentative order does not include the iterative process, a mechanism
that is integral to RWL language which serves to achieve compliance
with water quality standards.

a. Issue: The absence of the iterative process disables a safeguard to
protect permittees against unjustifiably strict compliance with water quality
standards - or in this case the expanded definition of receiving water
limitations -- that is a requisite feature in all MS4 permits issued in
California. The tentative order circumvents the iterative process by
creating an alternative referred to as the adaptive/management process
which is only available to those permittees that opt for a watershed
management program.

Despite the fact RWL language in MS4 permits since the 90's have
provided. a description of an iterative process (the BMP adjustment
mechanism), the term "iterative process" has· only recently been
s~ecifically mentioned in them. The absence of this term resulted in the
9 h Circuit Court Appeal's conclusion in NRDC v. Los Angeles County
Flood Control District that there is no "textual support" in the current MS4
permit for the existence of an iterative process. This resulted in the court's
conclusion that the LACFCD had exceeded water quality standards in the
hardened portions of the Los Angeles and San Gabriel Rivers. More
recent MS4 permit's issued in the State contain clear references to the
iterative process.

Notwithstanding the absence of water quality standards in the tentative order,
the iterative process must be included as required by Water Quality Orders
2001-15 and 2009-0008, wherein the State Board made it clear that: we will
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generally not require "strict compliance" with water quality standards through
numeric effluent limitations." and instead "we will continue to follow an
iterative approach. which seeks compliance over time" with water qualitv
standards.

Moreover, both the draft Caltrans MS4 permit and the draft Phase II MS4
permit contain references to the iterative process. The draft Caltrans MS4
permit refers to the iterative process in two places: finding 20, Receiving
Water Limitations and in the Monitoring Results Report. Finding 20 states:

The effect of the Department's storm water discharges on receiving water quality is
highly variable. For this reason, this Order requires the Department to implement a
storm water program designed to achieve compliance with water quality standards,
over time through an iterative approach. If discharges are found to be causing or
contributing to an exceedance of an applicable Water Quality Standard, the
Department is required to revise its BMPs (including use of additional and more
effective BMPs). 5

Under the Monitoring Results Report section, the draft Caltrans MS4 permit
reiterates the iterative process within the context of the following: The MRR
shall include a summary of sites requiring corrective actions needed to
achieve compliance with this Order, and a review of any iterative procedures
(where applicable) at sites needing corrective actions.6

The draft Phase II MS4 references the iterative process in two places, in
finding 35 and under its definition of MEP. Finding 35 states:

This Order modifies the existing General Permit, Order 2003-0005-DWQ by
establishing the storm water management program requirements in the permit and
defining the minimum acceptable elements ofthe municipal storm water management
program. Permit requirements are known at the time ofpermit issuance and not left
to be determined later through iterative review and approval of Storm Water
Management Plans (SWMPs).

The draft Phase II MS4 permit also acknowledges the iterative process
through the definition of maximum extent practicable (which is also included
in the draft Caltrans MS4 permit), to the following extent:

MEP standard requires Permittees apply Best Management Practices· (BMPs) that
are effective in reducing or eliminating the discharge ofpollutants to the waters of
the US. MEP emphasizes pollutant reduction and source control BMPs to prevent
pollutants from entering storm water runoff. MEP may require treatnient ofthe storm
water runoff if it contains pollutants. The MEP standard is an ever-evolving, flexible.
and advancing concept, which considers technical and economic feasibility. BMP

5See draft Caltrans MS4 permit (Tentative Order No. 2012-XX-DWQ NPDES No. CAS000003), page 10.
6 Ibid .• page 35.
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development is a dynamic process and may require changes over time as the
Permittees gain experience and/or the state ofthe science and art progresses. To do
this, the Permittees must conduct and document evaluation and assessment of each
relevant element of its program, and their program as a whole, and revise activities,
control measures/BMPs, and measurable goals, as necessary to meet MEP. MEP is
the cumulative result of implementing, evaluating, and creating corresponding
changes to a variety of technically appropriate and economically feasible BMPs,
ensuring that the most appropriate BMPs are implemented in the most effective
manner. This process of implementing, evaluating, revising, or adding new BMPs is
commonly referred to as the "iterative approach. ,,7

It should be clearly understood that the State Board is articulating clear policy
on the iterative process through these two draft MS4 permits and that they
must be followed by Regional Boards as subordinate jurisdictions.

Conclusion: The Regional Board has no authority to alter the iterative
process/procedure by making a revised and diluted version of it available only
to those MS4 permittees that wish to opt for watershed management program
participation. Quite the contrary, the Regional Board is legally compelled to
make the iterative process, as described herein, an undeniable requirement in
the tentative order.

Recommended Correction: Regional Board staff should incorporate the
iterative process into the tentative order in the findings section and in the
RWL section. It should also be referenced again under a revised MEP
definition.

4. The tentative order incorrectly articulates the non-stormwater discharge
prohibition to the MS4 to include discharges from and through it.

a. Issue: The tentative order mentions prohibiting non-stormwater discharges
not only to the MS4 but from and through it as well.. Federal regulations
did not authorize the non-stormwater discharge prohibition to go beyond
"to" the MS4. This is a serious issue because extending the prohibition
from or through the MS4 would subject non-stormwater discharges
(including dry weather TMDL WLAs and non-stormwater municipal action
levels) to pollutant limitations at the outfall.

The tentative order attempts to justify interpreting federal stormwater
regulations to mean that non-stormwater discharges are prohibited not
only to the MS4 but from it and through it as well by: (1) incorrectly stating
the Clean Water Act §402(p)(B)(ii) of the Clean Water Act requires
permittees effectively prohibit non-storm water discharges into

7See State Water Resources Control Board Water Quality Order No. XXXX-XXXX-DWQ, NPDES General
Permit No. CASXXXXXX, page
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watercourses (means receiving waters) as well as to the MS4; and (2) a
misreading of Federal Register Volume 55, No. 222, 47990 (federal
register) which contains an error with regard to the non-stormwater
discharge prohibition.

§402(p)(B)(ii) does not (as the tentative order's fact sheet asserts)
include watercourses, which according to Regional Board staff, means
waters of the State and waters of the United States, both of which lie
outside of the MS4. The original text of §402(p)(B)(ii) actually reads as
follows: Permits for discharges from municipal storm sewers "shall
include a requirement to effectively prohibit non-stormwater discharges
into the storm sewers.8 There is no mention of watercourses.

The tentative order's fact sheet also relies on the afore-cited federal
register which states: 402(p)(B)(3) requires that permits for discharges
from municipal storm sewers require the municipality to "effectively
prohibit" non-storm water discharges from the municipal storm sewer.
The fact sheet is correct about this. The problem is that the federal
register is wrong here. It confuses 402(p)(B)(3), which addresses
stormwater (not non-stormwater) discharges from the MS4, with
402(p)(B)(2), which once again prohibits non-stormwater discharges to
the MS4. It should be noted that in the same paragraph above the
defective federal register language, it says that ... permits are to
effectively prohibit non-storm water discharges to the municipal separate
storm sewer system.

In any case, this issue has been resolved since the federal register was
published in November of 1990. All MS4 permits in the United States
issued by USEPA prohibit non-stormwater discharges only to the MS4.
USEPA guidance, such as the Illicit Discharge Detection and
Elimination: A Guidance Manual bases investigation and monitoring on
non-stormwater discharges being prohibited to the MS4. And, with the
exception of Los Angeles Regional Board MS4 permits, MS4 permits
issued by other Regional Boards also limit the MS4 discharge prohibition
to the MS4. Beyond this, the draft Caltrans MS4 permit and draft Phase
II MS4 permits also limit the non-stormwater prohibition to the MS4.

Conclusion: The Regional Board does not have the legal authority to
extend the non-stormwater discharge prohibition from or through the
MS4.

Recommended Correction: Revise the non-stormwater discharge
prohibition to be limited to the MS4 only and delete all requirements that

BMunicipal storm sewers is a truncated version of municipal separate stormwater system (MS4).
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are based on the prohibition from or through the MS4. This includes the
non-stormwater prohibition that is linked to CERCLA.

5. The tentative order proposes to incorporate TMDL implementation
plans, schedules, and monitoring requirements without legal authority.

a. Issue: Placing Regional Board/State Board TMDLs into the MS4 would
result in serious consequences for permittees. For one thing, permittees
subject to TMDLs that contain an implementation schedule with
compliance dates for interim waste load allocations that have not been
met, based on Los Angeles County mass emissions station or other data
(e.g., from the Coordinated Monitoring Plan for the Los Angeles River
Metals TMDL), will be in automatic non-compliance once the MS4 permit
takes effect.

The tentative order proposes a safeguard in this event: coverage under a
time schedule order (TSO). Essentially, a TSO is an enforcement action
authorized under Porter-Cologne, the State's water code. The problem is
that the Regional Board, at its discretion, could issue a clean-up and
abatement order that could link permittees in the Dominguez Channel, Los
Angeles River, and San Gabriel River Watersheds to the remediation of
the Los Angeles and Long Beach Harbors which are currently CERCLA
sites (caused by DDT, pesticides, metals, which are considered toxics,
and other pollutants). Furthermore, the TSO, which is a State enforcement
action, will not help with respect to a federal violation because of
preemption. An exceedance will expose subject permittees to third party
litigation under the Clean Water Act. NRDC would be able to take the
matter straight to federal court.

In any case, the Regional Board has no legal authority under the Clean
Water Act to incorporate implementation plans, schedules, or monitoring
requirements into the MS4 permit. CWA §402(p)(B)(iii) simply states that
controls are required to reduce the discharge ofpollutants to the maximum
extent practicable, including management practices, control techniques
and system, design and engineering methods, and such other provisions
as the Administrator or the State determines appropriate for the control of
such pollutants. The application of this provision is limited to: (1) the
implementation of BMPs specified in a stormwater management plan
appropriated through the six core programs; and (2) outfall monitoring.
Monitoring, as mentioned earlier, is limited to outfall and ambient
monitoring. Ambient monitoring, which is receiving water-based, has been
assumed by the Regional Board and is funded through a stormwater
ambient monitoring program (SWAMP) surcharge on the annual MS4
permit fee. Federal stormwater regulations mention nothing about TMDL
implementation plans and schedules in an MS4 permit.

11
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In fact, the Regional Board/State Board TMDL implementation plans,
implementation schedules, and monitoring should be voided and prevented
from being placed into the MS4 permit because (1) they set compliance
determinant in the receiving water instead of the outfall; and (2) although the
TMDL monitoring program requirements specify ambient monitoring that is to
performed by MS4 permittees, including Caltrans, the Regional Board has
approved plans that treat wet weather monitoring as ambient monitoring,
even though they are mutually exclusive. The Clean Water Act definition of
ambient monitoring is the:

Natural concentration of water quality constituents prior to mixing of either
point or nonpoint source load of contaminants. Reference ambient
concentration is used to indicate the concentration of a chemical that will not
cause adverse impact to human health.

The natural concentration of water quality constituents can only mean the
state of a receiving water when it is not raining. This is further supported by
the phrase "prior to mixing of either point or non-point source load of
contaminants," which can only mean stormwater discharges from an outfall.
In other words, stormwater discharges from an outfall cannot be mixed with a
receiving water during a storm event because the ambient condition would be
lost. Outfall monitoring of stormwater discharges is evaluated against the
ambient condition of pollutant constituents in the receiving water for the
ostensible purpose of determining its pollutant contribution.

Conclusion: The tentative order lacks the legal authority to include TMDL
implementation plans, schedules, or monitoring plans adopted as basin plan
amendments. No permittee, subject to any TMDL that requires an
implementation plan, schedule, or monitoring plan can be compelled to
comply with any of them. Further, even if it were legally permissible for these
TMDL elements to be incorporated into the MS4 permit, no permittee could
be placed into a state of non-compliance because the legitimate compliance
point is in the outfall. Because no outfall monitoring has occurred, no
violation could arise and, therefore, there would be no need for a TSO.

Recommended Correction: Eliminate requiring TMDL implementation plans,
schedules, and monitoring to be incorporated into the tentative order.

6. The tentative order contains references to the federal Comprehensive
Environmental Remediation Compensation and Liability Act (CERCLA)
that would make them additional regulatory requirements.

a. Issue: The non-stormwater discharge prohibition under the tentative order
states:

12
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Non-storm water discharges through an MS4 are prohibited unless
authorized under a separate NPDES permit; authorized by USEPA
pursuant to Sections 104(a) or 104(b) of the federal comprehensive
Environmental Response, Compensation and Liability Act (CERCLA).

At first blush, the CERCLA provision appears innocuous. But what if non
stormwater discharge is not authorized under CERCLA? Conceivably the
MS4 permittee could be held responsible for those discharges. And because
CERCLA is referenced in the MS4 permit, it could become a potential third
party litigation issue. The inclusion of the CERCLA provision is even more
suspect when considering that no other MS4 in the State contains such a
reference. Beyond this, how would a permittee know if a discharge is one
covered under CERCLA?

Conclusion: CERCLA is an unnecessary reference in the MS4 permit and
has the potential to expose permittees to third party litigation. Further, the
non-stormwater discharge prohibition only "to" the MS4 makes this issue
academic. A permittee's only responsibility is to prohibit impermissible non
stormwater to the MS4, not through or from it; or to require the discharger to
obtain permit coverage.

7. The tentative order, under the effluent limitations section, contains
technical effluent based limitations (TBELs) which typically are not
included in MS4 permits and, in this particular case, does not appear to
be purposeful.

a. Issue: Part IV.A.1 of the tentative order states that TBELs shall reduce
pollutants in storm water discharges from the MS4 to the maximum extent
practicable (MEP).

It is not clear as to the reason for including TBELs into the tentative orqer
because they are generally not required·. of Phase MS4 permits. TBELS
are referenced in the tentative order, but are not found under
section 402(p), which addresses storm water, nor anywhere else
in federal regulations. It is a term used to collectively refer to best
available technologies, but again not in 402(p).

TBEL is a term USEPA uses to denote the following: (1) Best Practical
Control Technology Currently Available (BPT); (2) Best Conventional
Pollutant Control Technology (BCT); and (3) Best Available Technology
Economically Achievable (BAT). Since these provisions were established
prior to stormwater provisions of the CWA §402(p), they were applied to
industrial waste-water discharges (including construction activity which is
an industrial category sub-set). A clarifier connected to the sewer system
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is a type of TBEL. POTWs are subject to TBELs example primary and
secondary treatment.

According USEPA guidance:

WQBELs are designed to protect water quality by ensuring that water quality
standards are met in the receiving water. On the basis ofthe requirements ofTitle 40
of the Code of Federal Regulations (CFR) 125.3(a), additional or more stringent
effluent limitations and conditions, such as WQBELs, are imposed when TBELs are
not sufficient to protect water quality.9

Since the MS4 permit proposes WQBELs (adapted to meet water quality
standards at the outfall), it would appear that TBELs are irrelevant. In
essence, the proposed WQBELs is an admission from Regional Board staff
that TBELs are not sufficient to protect water quality.

Please note that the draft Caltrans and Phase II MS4 permits do not
reference TBELs.

Conclusion: Clarification is needed to determine the purpose of referencing
TBELs in the tentative order.

Recommended Correction: Either provide clarification and a justification
requiring TBELs given that the tentative order requires WQBELs, a more
stringent requirement. If clarification or justification cannot be provided, the
TBEL provision should be removed.

8. Minimum Control Measures (MCMs)

a. Issue: Generally, MCMs should not be detailed in the tentative order.
Instead, specific BMPs and other information should be placed in the
Stormwater Quality Management Plan (SQMP), which is the Gase under
the current MS4 permit. Federal guidance specifies that the core programs
are to be implemented through the SQMP as a means of meeting water
quality standards. More importantly, placing the specifics in the SQMP
makes it easier to revise. If specific BMPs remain in the tentative order,
and they are in error or need to be revised (e.g., to set BMP-WQBELs), a
re-opener would be required. For example, in Part I. Facility
Information, Table 2., the permittee contact information is out of date. It
would be better to place this and other detailed information in the SQMP
where it can be updated regularly without having to re-open the permit.

b. Issue: SUSMP

9NPDES Permit Writers' Manual, September, 2010, page 5-40.
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The tentative order replaces the Development Planning/SUSMP with
Planning and Land Development Program. However, the SUSMP is
mandated through a precedent-setting WQO issued by the State Board.
Nothing in the order's fact sheet provides an explanation of why the
SUSMP needs to be replaced. So doing would incur an unnecessary cost
to revise the SQMP and SUSMP guidance materials. This is not to
suggest that the Regional Board may not, in the final analysis, have the
legal authority to the change the SUSMP to its MCM equivalent.
Nevertheless, it would be helpful from an administrative convenience
standpoint to explain the need for the change in the fact sheet. It could be
argued that the low impact development (LID) techniques have been
successful implemented through the SUSMP program for over five years.

c. Issue: Retrofitting existing developments through the Land Use
Development Program is not authorized under federal stormwater
regulations. CFR 40 122.26 only authorizes retrofitting with respect to
flood control devices which is to be explained in the MS4 permit as the
following indicates:

A description ofprocedures to assure that flood management projects assess the
impacts on the water quality ofreceiving water bodies and that existing structural
flood control devices have been evaluated to determine ifretrofitting the device to
provide additional pollutant removal from storm water is feasible.

d. Issue: The MCMs in the tentative order require off-site infiltration for
groundwater recharge purposes. The tentative order is a stormwater
permit, not a groundwater permit. As mentioned, 402(p)(3)(iii) of the
Clean Water Act:

Permits ... shall require controls to reduce the discharge ofpollutants to the
maximum extent practicable, including management practices, control techniques
and system, design and engineering methods, and such other provisions as the
Administrator or the State determines appropriate for the control of such
pollutants.

The use of other infiltration controls that do not promote groundwater
recharge have already demonstrated effectiveness in significantly
reducing pollutants to the maximum extent practicable (MEP). Requiring
infiltration anywhere for the purpose of recharging groundwater exceeds
the scope of the MS4 since infiltrating to such an extent would add costs
to the developer or permittee without significantly improving pollutant
removal performance. Further, this requirement is unwarranted and
premature because of the absence of outfall monitoring data that would
demonstrate the need for groundwater-recharge oriented infiltration
controls to address water quality standards and TMDLs vis-a-vis their
intended purpose of protecting beneficial uses in a receiving water.
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Conclusion: Requiring infiltration controls to facilitate groundwater
recharge is not authorized under federal stormwater regulations. Further,
many permittees are situated upstream·of spreading grounds and other
macro-infiltration basins that would obviate the need for this requirement.
Recommended Correction: Eliminate this requirement from the order.

9. The Maximum Extent Practicable (MEP) definition needs to be
revised to reflect is updated definition found in the draft Phase II MS4
permit and in the draft Caltrans MS4 permit.

a. Issue: The order's MEP reference is a carry-over from the 2001 MS4
permit. A great deal has happened over the decade to warrant an
update. Fortunately, the State Board, through the draft Phase II and
Caltrans MS4 permits, has revised the MEP definition to be in keeping
with current realities. .To that end it has proposed the following
definition:

MEP standard requires Permittees apply Best Management Practices (BMPs)
that are effective in reducing or eliminating the discharge ofpollutants to the
waters of the us. MEP emphasizes pollutant reduction and source control
BMPs to prevent pollutants from entering storm water runoff. MEP may
require treatment ofthe storm water runoff if it contains pollutants. The MEP
standard is an ever-evolving, flexible, and advancing concept, which
considers technical and economic feasibility. BMP development is a dynamic
process and may require changes over time as the Permittees gain experience
and/or the state of the science and art progresses. To do this, the Permittees
must conduct and document evaluation and assessment of each relevant
element of its program, and their program as a whole, and revise activities,
control measures/BMPs, and measurable goals, as necessary to meet MEP.
MEP is the cumulative result of implementing, evaluating, and creating
corresponding changes to a variety of technically appropriate and
economically feasible BMPs, ensuring that the most appropriate BMPs are
implemented in the most" effective manner. This process of implementing,
evaluating, revising, or adding new BMPs is commonly referred to as the
"iterative approach. ,,10

Conclusion: The order's MEP is out of data and inconsistent with State
Board policy.

Recommended Correction: Replace order's MEP definition with the
above-mentioned language.

10. The tentative order inappropriately includes the Middle Santa Ana
River Bacteria TMDL.

100p. Cit., page 35.
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a. Issue: It should be abundantly clear that the Regional Board cannot
accept a TMDL adopted by another jurisdiction for implementation through
the MS4 permit unless the Board includes into its basin plan as an
amendment. This argument has been raised by legal counsel for the City
of Claremont.

Conclusion: The Regional Board lacks legal authority to incorporate the
Middle Santa Ana River bacteria TMDL into the proposed order.

Recommended Correction: Eliminate the requirement.

11. Tentative order incorrectly asserts that its provisions do not constitute
unfunded mandates under the California Constitution.

a. Issue: Contrary to what the order asserts, it contains provisions that
exceed federal requirements in several places, thereby creating potential
unfunded mandates. They include: (1) requiring wet and dry weather
monitoring in the receiving water; (2) requiring numeric WQBELs; (3)
requiring compliance with TMDL-related implementation plans, schedules,
and monitoring; (4) requiring the non-stormwater discharge prohibition to
include through and from the MS4; (5) revising the receiving water
limitation language to include overbroad compliance requirements; (6)
requiring groundwater recharge; and (7) monitoring for non-TMDL
constituents at completed development project sites.

Conclusion: The order patently proposes requirements that create
unfunded mandates.

Recommended Correction: Delete all of the aforementioned requirements
that exceed federal regulations.

END COMMENTS
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350 Main Street, El Segundo, California  90245-3813 
Phone (310)524-2300    Fax (310) 640-0489 

 
 
  
 

 Public Works Department 
 Stephanie Katsouleas, Director 

 
July 23, 2012 
 
Mr. Ivar Ridgeway 
Ms. Renee Purdy 
Los Angeles Regional Water Quality Control Board 
320 W. 4th Street, Suite 200 
Los Angeles, CA  90013 
 
Sent Via E-mail to LAMS42012@waterboards.ca.gov 
 
COMMENTS ON THE DRAFT LOS ANGELES COUNTY MS4 PERMIT 
CITY OF EL SEGUNDO 
 
Dear Mr. Ridegway and Ms. Purdy: 
 
As a member of the LA Permit Group, the City of El Segundo joins in the comments 
submitted to your office by that organization. Those comments are incorporated 
herein by reference.  In addition, the City of El Segundo is providing the following 
additional comments on the Los Angeles County MS4 Permit.   
 

1. Please update the Facility/Discharger Information for the City of El 
Segundo(WDID# 4B190170001).  Change the Facility Contact to: Stephanie 
Katsouleas, Public Works Director, skatsouleas@elsegundo.org.  The Mailing 
Address for the City of El Segundo is still 350 Main Street, El Segundo, CA 
90245 and my contact phone number should be (310) 524-2356. 

 
2. The timelines to develop new watershed management and monitoring 

programs are too short.   The Santa Monica Bay and Dominguez Channel 
Watershed Agencies have been working together for several years on the 
bacteria TMDLs. Based on this past activity; we know a lot of lead time is 
required for the governing bodies to execute new Memorandums of 
Agreement.  This is particularly an issue because the agencies include the 
State of California (Caltrans), Los Angeles County, and City of Los Angeles, 
as well many smaller cities.  In addition to entering into MOA’s the 
obligations may require securing funding, hiring consultants, etc.  All of 
these activities take time and the timelines in the permit are short.  
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350 Main Street, El Segundo, California  90245-3813 
Phone (310)524-2300    Fax (310) 640-0489 

3. The requirements of the Outfall Based Monitoring are onerous.  The Permit requires that 
“Storm water discharges from the MS4 shall be monitored at outfalls, manholes or in 
channels at the Permittee’s jurisdictional boundary.”  There are no open channels or 
water bodies.  The Permit does not provide a definition of “outfall.”  However, the 
Outfall Based Monitoring section uses this term to describe a program of sampling storm 
water at the entry and exit from a jurisdictional boundary.  “Outfall” is not simply being 
used as a term to describe a location where a pipe discharges to an open channel or water 
body.  
 

4. The Receiving Water Limitations Language must be amended.  As written, the City can 
be deemed in violation of the permit, and vulnerable to costly citizen suits, even if it is 
acting in good faith to do everything in its power to correct exceedances.  Stated 
differently, even though the RWQCB requires cities to implement an iterative process to 
improve BMPS to address exceedances, the City is still in violation of the permit during 
the iterative process. This was a serious defect in the last permit and it has not been 
remedied in this draft.    

 
Previously, municipal stormwater permittees had understood that the receiving water 
limitations language in conjunction with Board Policy (WQ 99-05) established an 
iterative management approach as a basis for permit compliance.  However, since the 
permit language does not actually say that the permittee is in compliance while engaging 
in the iterative management process, a federal court has determined that the permit 
violation still exists while the permittee is taking actions to address the problem.   

 
On July 13, 2011, the Ninth Circuit Court of Appeals in NRDC vs. County of Los Angeles 
/ Los Angeles County Flood Control District found that the Defendant County had 
violated the receiving water limitations, despite its compliance with the iterative 
management process. The Court said that the obligation to not cause or contribute to a 
violation of receiving water limitations is separate and distrinct from the obligation to 
participate in the iterative management process. Thus, a municipality is in violation of the 
permit if its discharges cause or contribute to an exceedance of a water quality standard, 
even while improving it management practices and control measures. This is a 
fundamental change in interpretation of policy. The Court’s decision also contrasts 
sharply with the Board’s own understanding as expressed in a 2002 letter from then-
Chair Diamond answering questions about the 2001 MS4 Permit in which she articulated 
the collective understanding that a violation of the permit would occur only when a 
municipality fails to engage in good faith effort to implement the iterative process to 
correct the harm. 
 
An MS4 permittee should not automatically be in violation of the permit if there is an 
exceedance; the exceedance may not have even been caused from an MS4 discharge. The 
permit must acknowledge that MS4 discharges are not the only source of pollutants in the 
water and regulate accordingly. If monitoring demonstrates that a particular compliance 
strategy is not working through no fault of the discharger, then the discharger must have 
time to identify and implement a new strategy before being held liable for water quality 
alterations that may be beyond its control.  

RB-AR12366



350 Main Street, El Segundo, California  90245-3813 
Phone (310)524-2300    Fax (310) 640-0489 

 
To address this problem, the City recommends that the proposed CASQA language 
submitted by the LA Permit Group be used in lieu of the current language. 

 
5. The final TMDL Waste Load Allocations (WLAs) do not allow compliance to be 

demonstrated through implementation of BMPS that provide reasonable assurances that 
WLAs are met.  Implementing the City’s storm water control measures will meet interim 
guidelines, which are often based on the number and thoroughness of implementation 
measures. But final TMDL limits require compliance with strict numerical water quality 
standards (effluent limits) either at the end of the pipe or in receiving waters when final 
compliance is due.  For many reasons, these will be difficult to meet.  Also, the permit 
proposes that if the final compliance period has already passed when the permit is 
adopted, that the City must submit a Time Schedule Order (TSO) setting out a 
compliance plan.  Similar to the iterative process described above, submittal of a TSO 
and implementing a compliance plan does not shield the City from citizen suits, and may 
increase the risk of legal liability while the City is implementing its compliance schedule. 
This is a problem that needs to be addressed.  

 
6. Lastly, while we appreciate the access and opportunity that Board staff provided to the 

permitees during the time that this draft permit was under development, and the 
opportunity to provide input, significant issues remain unresolved and many more have 
become evident now that this draft permit has been released in its entirety.  A forty-five 
day review period for a 500-page permit is hardly adequate and has not provided us 
enough time to fully review and digest all the interrelated parts of this permit, to consider 
the implications and costs of the proposal, and provide complete and comprehensive 
comments.  

 
We appreciate the opportunity to provide these comments and urge the Regional Board to review 
the comments provided by all of the permittees, issue a revised draft permit, and accept 
additional comments on the revised draft before adopting a final permit. 
 
 
 
Sincerely, 
 
 
 
Stephanie Katsouleas 
Director of Public Works 
 
 
Ec:   Greg Carpenter, City Manager  
 Mark Hensley, City Attorney 
 Lauren Langer, Jenkins and Hogan 
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116 East Foothill Blvd., Glendora, California 91741
www.ci.glendora.ca.us

CITY OF GLENDORA CITY HALL (626) 914-8200

July 23,2012

Mr. Ivar Ridgeway
320 W. 4th Street, Suite 200
Los Angeles, CA 90013

Subject: Tentative MS4 Order Comments

Dear Mr. Ridgeway:

The City of Glendora is pleased to submit the attached comments for your consideration
in re: Order No. R4-20l2-XXXX NPDES Permit No. CAS004001.

Please note that the City also supports comments submitted to you from the Los Angeles
Stormwater Permit (LASP) group. The City's comments are intended to be
complimentary and more specific to the issues raised in the LASP group letter. The
City's comment letter also contains additional issues not addressed in the LASP group
letter.

Thank you for the opportunity to submit comments on this very important matter. Should
you have any questions, please feel free to call me.

:f?~
Assistant Director of Public Works/City Engineer

Attachment: Comments

Cc: David A. Davies, Director of Public Works
File

PRIDE OF THE FOOTHILLS
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 1

Comments Regarding Los Angeles MS4 Tentative Order No. R4-2012-XXXX  
NPDES PERMIT NO. CAS004001 (issue date unspecified) 

 
1. Numeric Water Quality Based Effluent Limitations (WQBELs) applied to 

dry and wet weather Total Maximum Daily Load (TMDLs) waste load 
allocations (WLAs) and to stormwater and non-stormwater municipal 
action levels (MALs) are not authorized under federal stormwater 
regulations and are not in keeping with State Water Resources Control 
Board (State Board) water quality orders (WQOs). 

 
The tentative order specifies that: Each Permittee shall comply with 
applicable WQBELs as set forth in Part VI.E of this Order, pursuant to 
applicable compliance schedules. The tentative order specifies two categories 
of WQBELs, one for USEPA adopted TMDLs and one for Regional 
Board/State adopted TMDLs.  Regarding USEPA adopted TMDLs, it appears 
that BMP-WQBELs may be used to meet TMDL WLAs in the receiving water.  
For Regional Board/State-adopted TMDLs, the tentative order specifies a 
different compliance method:  meeting a “numeric” WQBEL which is derived 
directly from the TMDL waste load allocation.  For example, the wet weather 
numeric WQBEL for dissolved copper for the Los Angeles River is 17 ug/l.   
 
a. Issue:  Regional Board staff is premature in requiring any kind of WQBEL 

because no exceedance of any TMDL WLA at the outfall has occurred.  
This is because outfall monitoring is not a requirement of the current MS4 
permit or previous MS4 permits.   

 
The Regional Board’s setting of WQBELs – any WQBEL -- to translate the 
TMDL WLA for compliance at the outfall is premature.  Regional Board 
staff apparently has not performed a reasonable potential analysis as 
required under § 122.44(d)(1)(i), which states: 

 
Limitations must control all pollutants or pollutant parameters (either 

conventional, nonconventional, or toxic pollutants) which the Director determines 

are or may be discharged at a level that will cause, have the reasonable potential 

to cause, or contribute to an excursion above any [s]tate water quality standard, 

including [s]tate narrative criteria for water quality.” 

 
No such reasonable potential analysis has been performed – even though 
USEPA guidance requires it as part of documenting the calculation of 
WQBELs in the NPDES permit’s fact sheet.  According to USEPA’s 
NPDES Permit Writers’ Manual: 

 
Permit writers should document in the NPDES permit fact sheet the process used 

to develop WQBELs. The permit writer should clearly identify the data and 

information used to determine the applicable water quality standards and how 

that information, or any applicable TMDL, was used to derive WQBELs and 
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explain how the state’s anti-degradation policy was applied as part of the 

process. The information in the fact sheet should provide the NPDES permit 

applicant and the public a transparent, reproducible, and defensible description 

of how the permit writer properly derived WQBELs for the NPDES permit.1 
 

The fact sheet accompanying the tentative order contains no reference to 
a reasonable potential analysis -- a consequence of the fact that no outfall 
monitoring has been required of the Regional Board either in the current 
or previous MS4 permits for Los Angeles County.  Outfall monitoring is a 
mandatory requirement under federal regulations at CFR 40 §122.22, 
§122.2 and §122.26. CFR 40 §122.22(C)(3) requires effluent and ambient 
monitoring:     
 
The permit requires all effluent and ambient monitoring necessary to show that 

during the term of the permit the limit on the indicator parameters continues to 

attain water quality standards. 

 
“Effluent monitoring,” according to Clean Water Act §502, is defined as 
outfall monitoring: 

 
The term "effluent limitation" means any restriction established by a State or the 

Administrator on quantities, rates, and concentrations of chemical, physical, 

biological, and other constituents which are discharged from point sources into 

navigable waters, the waters of the contiguous zone, or the ocean, including 

schedules of compliance.   

 
40 CFR §122.2, defines a point source as:   

 
… the point where a municipal separate storm sewer discharges to waters of the 

United States and does not include open conveyances connecting two municipal 

separate storm sewers, or pipes, tunnels or other conveyances which connect 

segments of the same stream or other waters of the United States and are used to 

convey waters of the United States. 

 
Conclusion:  Because Regional Board staff has not required outfall 
monitoring, it could have not have detected an excursion above a water 
quality standard (includes TMDL WLAs). Therefore, it could not have 
conducted a reasonable potential analysis and, as further consequence, 
cannot require compliance with a WQBEL (numeric or BMP-based) or with 
any TMDL or MAL until those burdens have been met.   
 
Recommended Correction:  Eliminate all reference to comply with 
WQBELs until outfall monitoring and a reasonable potential analysis have 
been performed.       

                                            
1
United States Environmental Protection Agency, NPDES Permit Writers’ Manual, September, 2010, page 

6-30. 
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b. Issue:  Even if Regional Board staff conducted outfall monitoring and 

detected an excursion above a TMDL WLA and performed the requisite 
reasonable potential analysis, it cannot require a numeric WQBEL strictly 
derived from the TMDL WLA.   

 
USEPA’s 2010 guidance memorandum mentions that numeric WQBELs 
are permissible only if feasible.2  This conclusion was reinforced by a 
memorandum from Mr. Kevin Weiss, Water Permits Division, USEPA 
(Washington D.C.). He explains:  
 
Some stakeholders are concerned that the 2010 memorandum can be read as 

advising NPDES permit authorities to impose end-of-pipe limitations on each 

individual outfall in a municipal separate storm sewer system. In general, EPA 

does not anticipate that end-of-pipe effluent limitations on each municipal 

separate storm sewer system outfall will be used frequently. Rather, the 

memorandum expressly describes “numeric” limitations in broad terms, 

including “numeric parameters acting as surrogates for pollutants such as 

stormwater flow volume or   percentage or amount of impervious cover.” In the 

context of the 2010 memorandum, the term “numeric effluent limitation” should be 

viewed as a significantly broader term than just end-of-pipe limitations, and could 

include limitations expressed as pollutant reduction levels for parameters that are 

applied system-wide rather than to individual discharge locations, expressed as 

requirements to meet performance standards for surrogate parameters or for specific 

pollutant parameters, or could be expressed as in-stream targets for specific 

pollutant parameters. Under this approach, NPDES authorities have significant 

flexibility to establish numeric effluent limitations in stormwater permits.3 

 
Reading the 2010 USEPA memorandum, together with Mr. Weiss’s 
memorandum, creates the inescapable conclusion that (1) numeric 
WQBELs are permissible if “feasible” and (2) numeric WQBELs cannot be 
construed to only mean strict effluent limitations at the end-of-pipe (outfall) 
but more realistically must include surrogate parameters and other 
variants as well.  Regional Board staff failed to examine alternative 
numeric WQBELs, along with BMP WQBELs, as a consequence of not 
conducting the appropriate analysis. 
 
In any case, the feasibility of numeric WQBELs, whether strictly derived 
from TMDL WLAs or of the surrogate parameter type, the State Water 
Resources Control Board has determined that numeric effluent 
limitations are not feasible.   In Water Quality Orders 2001-15 and  2009-
0008  the State Board made it clear that:  we will generally not require 
“strict compliance” with water quality standards through numeric effluent 

                                            
2
Memorandum from James A. Hanlon, Director, Office of Waste Management, Revisions to the November 

22, 2002 Memorandum Establishing Total Maximum Daily Load (TMDL) Waste Load Allocations (WLAs) for 
Storm Water Sources and NPDES Permit Requirements Based on Those WLAs, November 12, 2010, page  
3
Memorandum from Kevin Weiss, Water Permits Division, USEPA (Washington D.C.), March 17, 2011.   
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limitations,” and instead “we will continue to follow an iterative approach, 
which seeks compliance over time” with water quality standards.    

 
[Please note that the iterative approach to attain water quality standards 
applies to the outfall and the receiving water.]  
 
More recently, the State Board commented in connection with the draft 
Caltrans MS4 permit that numeric WQBELs are not feasible as explained 
in the following provision from its most recent Caltrans draft order: 

 
Storm water discharges from MS4s are highly variable in frequency, intensity, 

and duration, and it is difficult to characterize the amount of pollutants in the 

discharges. In accordance with 40 CFR § 122.44(k)(2), the inclusion of BMPs in 

lieu of numeric effluent limitations is appropriate in storm water permits. This 

Order requires implementation of BMPs to control and abate the discharge of 

pollutants in storm water to the MEP.  

 

The State Board’s decision not to require numeric WQBELs in this 
instance appears to have been influenced by among other considerations, 
the Storm Water Panel Recommendations to the California State Water 
Resources Control Board in re:  The Feasibility of Numeric Effluent Limits 
Applicable to Discharges of Storm Water Associated with Municipal, 
Industrial and Construction Activities. 
 
Conclusion:  The Regional Board does not have the legal authority to 
require numeric WQBELs.   
 
Recommended Correction: Eliminate all references to comply with 
numeric WQBELs.       
  

c. Issue:  There cannot be a WQBEL to attain a dry weather TMDL WLA nor 
a WQBEL that addresses a non-stormwater municipal action level (MAL). 

 
The foundation for this argument lies in the federal limitation of non-
stormwater discharges to the MS4 – not from or through it as the tentative 
order concludes.  Federal stormwater regulations only prohibit discharges 
to the MS4 and limits outfall monitoring to stormwater discharges.  This is 
explained in greater detail under 4. Non-stormwater Discharge 
Prohibitions. 
 
Conclusion:  Regional Board does not have the legal authority to compel 
compliance with dry weather WQBELs or non-stormwater MALs.   
 
Recommended Correction: Eliminate all references to comply with 
numeric WQBELs.       
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2. The tentative order has altered Receiving Water Limitation (RWL) 
language causing it to be overbroad and inconsistent with RWL in the 
current MS4 permit, the Ventura MS4 permit, State Board WQO 99-05, 
the draft Caltrans MS4 permit, and RWL language recommended by 
CASQA. 

  
a. Issue: The proposed RWL language changes the “exceedance” 

determinant from water quality standards and objectives to receiving water 
limitations, thereby increasing the stringency of the requirement.  The 
tentative order RWL version reads:  Discharges from the MS4 that cause 
or contribute to the violation of receiving water limitations are prohibited. 
 

Compare this with what is in the current MS4 permits for Los Angeles and 
Ventura Counties: 
 
Discharges from the MS4 that cause or contribute to a violation of water quality 

standards are prohibited.  

 

Whereas standard RWL language limits water quality standards to what is 
in the basin plan, and includes water quality objectives (relates to waters 
of the State), the tentative order  uses revised language that replaces  
water quality standards with the following receiving water limitation criteria:    
 

Any applicable numeric or narrative water quality objective or criterion, or 

limitation to implement the applicable water quality objective or criterion, for the 

receiving water as contained in Chapter 3 or 7 of the Water Quality Control Plan 

for the Los Angeles Region (Basin Plan), water quality control plans or policies 

adopted by the State Water Board, or federal regulations, including but not 

limited to, 40 CFR § 131.38. 

 
It is unclear why Regional Board staff has removed water quality 
standards, which is a USEPA and State Board requirement, and replaced 
them with the more global receiving water limitation language that include 
additional compliance criteria (e.g., “or federal regulations including but 
not limited to 40 CFR § 131.38”). Other “federal regulations” could include 
CERCLA (Comprehensive Environmental Remediation and Compensation 
Liability Act).   

  
Enlarging the scope of the RWL from water quality standards to a universe 
of other regulatory requirements exceeds RWL limitation language 
established in State Board WOQ 99-05, a precedential decision.  The 
order bases compliance on discharge prohibitions and receiving water 
limitations on the timely implementation of control measures and other 
action in the discharges in accordance with the SWMP (stormwater 
management plan) and other requirements of the permit’s limitations.  It 
goes on to say that if exceedances of water quality standards or water 
quality objectives, collectively referred to as water quality standards 
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continues, the SWMP shall undergo an iterative process to address the 
exceedances.  It should be noted that this language was mandated by 
USEPA. 
 
It should be noted that the draft Caltrans MS4 permit is scheduled for 
adoption in September, as well as CASQA, proposes RWL language that 
is in keeping with WQO 99-05. 
 
Conclusion:  Regional Board does not have the legal authority to re-define 
RWL language to the extent it is proposing. 
  
Recommended Correction:  Replace RWL contained in the tentative order 
with the CASQA model or with language contained in the draft Caltrans 
MS4 permit. 

 
b. Issue: By eliminating water quality standards, the tentative order has 

created a separate compliance standard for TMDLs and for non-TMDLs. 
Standard RWL language in other MS4 permits designates  the SWMP4 as 
the exclusive determinant for achieving water quality standards in the 
receiving water.  Since TMDLs are enhanced water quality standards, the 
SWMP (or in this case the SQMP) should enable compliance with TMDLs.  
Instead, the tentative order specifies compliance through implementation 
plans – including plans that were discussed in several State/Regional 
Board adopted TMDLs (e.g., the Los Angeles River Metals TMDL).  The 
absence of water quality standards also creates a separate compliance 
standard for non-TMDLs.  According to Regional Board staff, minimum 
control measures (MCMs) which make up the SQMP, are intended to 
meet non-TMDLs pollutants. Unclear is what defines non-TMDL pollutant.  
If there are no water quality standards referenced in the RWL then what 
are the non-TMDL pollutants that the MCMs are supported to address? 

 
There is no authority under federal stormwater regulations to comply with 
any criterion other than water quality standards.  The RWL language 
called-out in WQO 99-05, which was in response to a USEPA directive, 
makes it clear that water quality standards represent the only compliance 
criteria, not an expanded definition of receiving water limitations that 
exclude such criteria.   
 
MS4 permits throughout the State include TMDL WLAs.  None of them, 
however, has created a compliance mechanism that excludes water 
quality standards as a means of attaining them.  Further, the State Board 
has, through the draft Caltrans MS4 permit and the draft Phase II MS4 
permit, articulated its policy on compliance with water quality standards: 

                                            
4
USEPA and federal stormwater regulations use stormwater management program whereas the Los 

Angeles County MS4 permit uses stormwater quality management plan (SQMP).  In effect they are the 
same.  They consist of 6 core programs that must be implemented through MS4 permit. 
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they are to be met through the implementation of stormwater management 
programs. Equally noteworthy is that State Board has not created a dual 
standard for dealing with TMDLs and non-TMDLs.  This is an obvious 
consequence of its adherence to WQO 99-05. 

 
With regard to implementation plans contained in TMDLs, the Regional 
Board has no legal authority to include them into the MS4 permit.  This 
issue discussed in greater detail later in these comments. 
 
Conclusion:  The tentative order must be revised to restore water quality 
standards in RWL language and, by extension, enable compliance with 
TMDLs and other water quality standards through the SQMP/MCMs.     

 
Recommended Correction:  Revise the tentative order to eliminate any 
reference to complying with anything else except water quality standards 
through the SQMP; and, therewith, eliminate any reference to complying 
with implementation plans contained in State/Regional Board TMDLs.  

 
3. The tentative order does not include the iterative process, a mechanism 

that is integral to RWL language which serves to achieve compliance 
with water quality standards.    

 
a. Issue: The absence of the iterative process disables a safeguard to 

protect permittees against unjustifiably strict compliance with water quality 
standards – or in this case the expanded definition of receiving water 
limitations -- that is a requisite feature in all MS4 permits issued in 
California.  The tentative order circumvents the iterative process by 
creating an alternative referred to as the adaptive/management process 
which is only available to those permittees that opt for a watershed 
management program.    

 
Despite the fact RWL language in MS4 permits since the 90’s have 
provided a description of an iterative process (the BMP adjustment 
mechanism), the term “iterative process” has only recently been 
specifically mentioned in them.  The absence of this term resulted in the 
9th Circuit Court Appeal’s conclusion in NRDC v. Los Angeles County 
Flood Control District that there is no “textual support” in the current MS4 
permit for the existence of an iterative process.  This resulted in the court’s 
conclusion that the LACFCD had exceeded water quality standards in the 
hardened portions of the Los Angeles and San Gabriel Rivers. More 
recent MS4 permit’s issued in the State contain clear references to the 
iterative process.          
 

Notwithstanding the absence of water quality standards in the tentative order, 
the iterative process must be included as required by Water Quality Orders 
2001-15 and 2009-0008, wherein the State Board made it clear that:  we will 
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generally not require “strict compliance” with water quality standards through 
numeric effluent limitations,” and instead “we will continue to follow an 
iterative approach, which seeks compliance over time” with water quality 
standards.    
 
Moreover, both the draft Caltrans MS4 permit and the draft Phase II MS4 
permit contain references to the iterative process.  The draft Caltrans MS4 
permit refers to the iterative process in two places:  finding 20, Receiving 
Water Limitations and in the Monitoring Results Report.  Finding 20 states: 
 
The effect of the Department’s storm water discharges on receiving water quality is 

highly variable. For this reason, this Order requires the Department to implement a 

storm water program designed to achieve compliance with water quality standards, 

over time through an iterative approach. If discharges are found to be causing or 

contributing to an exceedance of an applicable Water Quality Standard, the 

Department is required to revise its BMPs (including use of additional and more 

effective BMPs).
5
 

   
Under the Monitoring Results Report section, the draft Caltrans MS4 permit 
reiterates the iterative process within the context of the following:  The MRR 
shall include a summary of sites requiring corrective actions needed to 
achieve compliance with this Order, and a review of any iterative procedures 
(where applicable) at sites needing corrective actions.6   

 
The draft Phase II MS4 references the iterative process in two places,   in 
finding 35 and under its definition of MEP.  Finding 35 states: 
 
This Order modifies the existing General Permit, Order 2003-0005-DWQ by 

establishing the storm water management program requirements in the permit and 

defining the minimum acceptable elements of the municipal storm water management 

program. Permit requirements are known at the time of permit issuance and not left 

to be determined later through iterative review and approval of Storm Water 

Management Plans (SWMPs).  

 
The draft Phase II MS4 permit also acknowledges the iterative process 
through the definition of maximum extent practicable (which is also included 
in the draft Caltrans MS4 permit), to the following extent: 
 

MEP standard requires Permittees apply Best Management Practices (BMPs) that 

are effective in reducing or eliminating the discharge of pollutants to the waters of 

the U.S. MEP emphasizes pollutant reduction and source control BMPs to prevent 

pollutants from entering storm water runoff. MEP may require treatment of the storm 

water runoff if it contains pollutants. The MEP standard is an ever-evolving, flexible, 

and advancing concept, which considers technical and economic feasibility. BMP 

                                            
5
See draft Caltrans MS4 permit (Tentative Order No. 2012-XX-DWQ NPDES No. CAS000003), page 10.     

6
Ibid., page 35.  
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development is a dynamic process and may require changes over time as the 

Permittees gain experience and/or the state of the science and art progresses. To do 

this, the Permittees must conduct and document evaluation and assessment of each 

relevant element of its program, and their program as a whole, and revise activities, 

control measures/BMPs, and measurable goals, as necessary to meet MEP. MEP is 

the cumulative result of implementing, evaluating, and creating corresponding 

changes to a variety of technically appropriate and economically feasible BMPs, 

ensuring that the most appropriate BMPs are implemented in the most effective 

manner. This process of implementing, evaluating, revising, or adding new BMPs is 

commonly referred to as the “iterative approach.”
7
  

 
It should be clearly understood that the State Board is articulating clear policy 
on the iterative process through these two draft MS4 permits and that they 
must be followed by Regional Boards as subordinate jurisdictions.  
 
Conclusion:  The Regional Board has no authority to alter the iterative 
process/procedure by making a revised and diluted version of it available only 
to those MS4 permittees that wish to opt for watershed management program 
participation.  Quite the contrary, the Regional Board is legally compelled to 
make the iterative process, as described herein, an undeniable requirement in 
the tentative order.     
 
Recommended Correction: Regional Board staff should incorporate the 
iterative process into the tentative order in the findings section and in the 
RWL section.  It should also be referenced again under a revised MEP 
definition.   

 
4. The tentative order incorrectly articulates the non-stormwater discharge 

prohibition to the MS4 to include discharges from and through it. 
 

a. Issue: The tentative order mentions prohibiting non-stormwater discharges 
not only to the MS4 but from and through it as well.  Federal regulations 
did not authorize the non-stormwater discharge prohibition to go beyond 
“to” the MS4. This is a serious issue because extending the prohibition 
from or through the MS4 would subject non-stormwater discharges 
(including dry weather TMDL WLAs and non-stormwater municipal action 
levels) to pollutant limitations at the outfall.      
     
The tentative order attempts to justify interpreting federal stormwater 
regulations to mean that non-stormwater discharges are prohibited not 
only to the MS4 but from it and through it as well by: (1) incorrectly stating 
the Clean Water Act §402(p)(B)(ii) of the Clean Water Act requires 
permittees effectively prohibit non-storm water discharges into 

                                            
7
See State Water Resources Control Board Water Quality Order No. XXXX-XXXX-DWQ, NPDES General 

Permit No. CASXXXXXX, page   
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watercourses (means receiving waters) as well as to the MS4; and (2) a 
misreading of Federal Register Volume 55, No. 222, 47990 (federal 
register) which contains an error with regard to the non-stormwater 
discharge prohibition. 

 
§402(p)(B)(ii) does not (as the tentative order’s fact sheet asserts) 
include watercourses, which according to Regional Board staff, means 
waters of the State and waters of the United States, both of which lie 
outside of the MS4. The original text of §402(p)(B)(ii) actually reads as 
follows:  Permits for discharges from municipal storm sewers “shall 
include a requirement to effectively prohibit non-stormwater discharges 
into the storm sewers.8  There is no mention of watercourses. 
 
The tentative order’s fact sheet also relies on the afore-cited federal 
register which states: 402(p)(B)(3) requires that permits for discharges 
from municipal storm sewers require the municipality to “effectively 
prohibit” non-storm water discharges from the municipal storm sewer.  
The fact sheet is correct about this.  The problem is that the federal 
register is wrong here. It confuses 402(p)(B)(3), which addresses 
stormwater (not non-stormwater) discharges from the MS4, with 
402(p)(B)(2), which once again prohibits non-stormwater discharges to 
the MS4. It should be noted that in the same paragraph above the 
defective federal register language, it says that … permits are to 
effectively prohibit non-storm water discharges to the municipal separate 
storm sewer system. 
 
In any case, this issue has been resolved since the federal register was 
published in November of 1990.  All MS4 permits in the United States 
issued by USEPA prohibit non-stormwater discharges only to the MS4. 
USEPA guidance, such as the Illicit Discharge Detection and 
Elimination: A Guidance Manual bases investigation and monitoring on 
non-stormwater discharges being prohibited to the MS4.  And, with the 
exception of Los Angeles Regional Board MS4 permits, MS4 permits 
issued by other Regional Boards also limit the MS4 discharge prohibition 
to the MS4. Beyond this, the draft Caltrans MS4 permit and draft Phase 
II MS4 permits also limit the non-stormwater prohibition to the MS4.    
 
Conclusion:  The Regional Board does not have the legal authority to 
extend the non-stormwater discharge prohibition from or through the 
MS4.    
 
Recommended Correction: Revise the non-stormwater discharge 
prohibition to be limited to the MS4 only and delete all requirements that 
are based on the prohibition from or through the MS4.  This includes the 
non-stormwater prohibition that is linked to CERCLA.          

                                            
8
Municipal storm sewers is a truncated version of municipal separate stormwater system (MS4).   
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5. The tentative order proposes to incorporate TMDL implementation 

plans, schedules, and monitoring requirements without legal authority. 
 

a. Issue: Placing Regional Board/State Board TMDLs into the MS4 would 
result in serious consequences for permittees.  For one thing, permittees 
subject to TMDLs that contain an implementation  schedule with 
compliance dates for interim waste load allocations that have not been 
met, based on Los Angeles County mass emissions station or other data 
(e.g., from the Coordinated Monitoring Plan for the Los Angeles River 
Metals TMDL), will be in automatic non-compliance once the MS4 permit 
takes effect.  
 
The tentative order proposes a safeguard in this event:  coverage under a 
time schedule order (TSO). Essentially, a TSO is an enforcement action 
authorized under Porter-Cologne, the State’s water code.  The problem is 
that the Regional Board, at its discretion, could issue a clean-up and 
abatement order that could link permittees in the Dominguez Channel, Los 
Angeles River, and San Gabriel River Watersheds to the remediation of 
the Los Angeles and Long Beach Harbors which are currently CERCLA 
sites (caused by DDT, pesticides, metals, which are considered toxics, 
and other pollutants). Furthermore, the TSO, which is a State enforcement 
action, will not help with respect to a federal violation because of 
preemption.  An exceedance will expose subject permittees to third party 
litigation under the Clean Water Act. NRDC would be able to take the 
matter straight to federal court.  
 
In any case, the Regional Board has no legal authority under the Clean 
Water Act to incorporate implementation plans, schedules, or monitoring 
requirements into the MS4 permit.  CWA §402(p)(B)(iii) simply states that 
controls are required to reduce the discharge of pollutants to the maximum 
extent practicable, including management practices, control techniques 
and system, design and engineering methods, and such other provisions 
as the Administrator or the State determines appropriate for the control of 
such pollutants.  The application of this provision is limited to: (1) the 
implementation of BMPs specified in a stormwater management plan 
appropriated through the six core programs; and (2) outfall monitoring.  
Monitoring, as mentioned earlier, is limited to outfall and ambient 
monitoring.  Ambient monitoring, which is receiving water-based, has been 
assumed by the Regional Board and is funded through a stormwater 
ambient monitoring program (SWAMP) surcharge on the annual MS4 
permit fee.  Federal stormwater regulations mention nothing about TMDL 
implementation plans and schedules in an MS4 permit.   

 
In fact, the Regional Board/State Board TMDL implementation plans, 
implementation schedules, and monitoring should be voided and prevented 
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from being placed into the MS4 permit because (1) they set compliance 
determinant in the receiving water instead of the outfall; and (2) although the 
TMDL monitoring program requirements specify ambient monitoring that is to 
performed by MS4 permittees, including Caltrans, the Regional Board has 
approved plans that treat wet weather monitoring as ambient  monitoring, 
even though they are mutually exclusive. The Clean Water Act definition of 
ambient monitoring is the: 
 
Natural concentration of water quality constituents prior to mixing of either 
point or nonpoint source load of contaminants. Reference ambient 
concentration is used to indicate the concentration of a chemical that will not 
cause adverse impact to human health.  
    
The natural concentration of water quality constituents can only mean the 
state of a receiving water when it is not raining.  This is further supported by 
the phrase “prior to mixing of either point or non-point source load of 
contaminants,” which can only mean stormwater discharges from an outfall.  
In other words, stormwater discharges from an outfall cannot be mixed with a 
receiving water during a storm event because the ambient condition would be 
lost.  Outfall monitoring of stormwater discharges is evaluated against the 
ambient condition of pollutant constituents in the receiving water for the 
ostensible purpose of determining its pollutant contribution.          
 
Conclusion:  The tentative order lacks the legal authority to include TMDL 
implementation plans, schedules, or monitoring plans adopted as basin plan 
amendments.  No permittee, subject to any TMDL that requires an 
implementation plan, schedule, or monitoring plan can be compelled to 
comply with any of them.  Further, even if it were legally permissible for these 
TMDL elements to be incorporated into the MS4 permit, no permittee could 
be placed into a state of non-compliance because the legitimate compliance 
point is in the outfall.  Because no outfall monitoring has occurred, no 
violation could arise and, therefore, there would be no need for a TSO.        
 
Recommended Correction: Eliminate requiring TMDL implementation plans, 
schedules, and monitoring to be incorporated into the tentative order.     

 
6. The tentative order contains references to the federal Comprehensive 

Environmental Remediation Compensation and Liability Act (CERCLA) 
that would make them additional regulatory requirements. 

 
a. Issue:  The non-stormwater discharge prohibition under the tentative order 

states: 
 
Non-storm water discharges through an MS4 are prohibited unless 
authorized under a separate NPDES permit; authorized by USEPA 
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pursuant to Sections 104(a) or 104(b) of the federal comprehensive 
Environmental Response, Compensation and Liability Act (CERCLA). 

 
At first blush, the CERCLA provision appears innocuous. But what if non-
stormwater discharge is not authorized under CERCLA? Conceivably the 
MS4 permittee could be held responsible for those discharges. And because 
CERCLA is referenced in the MS4 permit, it could become a potential third 
party litigation issue.  The inclusion of the CERCLA provision is even more 
suspect when considering that no other MS4 in the State contains such a 
reference.  Beyond this, how would a permittee know if a discharge is one 
covered under CERCLA?  
 
Conclusion:  CERCLA is an unnecessary reference in the MS4 permit and 
has the potential to expose permittees to third party litigation. Further, the 
non-stormwater discharge prohibition only “to” the MS4 makes this issue 
academic.  A permittee’s only responsibility is to prohibit impermissible non-
stormwater to the MS4, not through or from it; or to require the discharger to 
obtain permit coverage.   

 
7. The tentative order, under the effluent limitations section, contains 

technical effluent based limitations (TBELs) which typically are not 
included in MS4 permits and, in this particular case, does not appear to 
be purposeful. 

 
a. Issue:  Part IV.A.1 of the tentative order states that TBELs shall reduce 

pollutants in storm water discharges from the MS4 to the maximum extent 
practicable (MEP).  
 
It is not clear as to the reason for including TBELs into the tentative order 

because they are generally not required of Phase MS4 permits. TBELS 
are referenced in the tentative order, but are not found under 
section 402(p), which addresses storm water, nor anywhere else 
in federal regulations. It is a term used to collectively refer to best 
available technologies, but again not in 402(p).  
 
TBEL is a term USEPA uses to denote the following: (1) Best Practical 
Control Technology Currently Available (BPT); (2) Best Conventional 
Pollutant Control Technology (BCT); and (3) Best Available Technology 
Economically Achievable (BAT). Since these provisions were established 
prior to stormwater provisions of the CWA §402(p), they were applied to 
industrial waste-water discharges (including construction activity which is 
an industrial category sub-set). A clarifier connected to the sewer system 
is a type of TBEL. POTWs are subject to TBELs example primary and 
secondary treatment.   

 
According USEPA guidance: 
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WQBELs are designed to protect water quality by ensuring that water quality 

standards are met in the receiving water. On the basis of the requirements of Title 40 

of the Code of Federal Regulations (CFR) 125.3(a), additional or more stringent 

effluent limitations and conditions, such as WQBELs, are imposed when TBELs are 

not sufficient to protect water quality.9   

 
Since the MS4 permit proposes WQBELs (adapted to meet water quality 
standards at the outfall), it would appear that TBELs are irrelevant.   In 
essence, the proposed WQBELs is an admission from Regional Board staff 
that TBELs are not sufficient to protect water quality.   
 
Please note that the draft Caltrans and Phase II MS4 permits do not 
reference TBELs. 
 
Conclusion:  Clarification is needed to determine the purpose of referencing 
TBELs in the tentative order. 
 
Recommended Correction:  Either provide clarification and a justification 
requiring TBELs given that the tentative order requires WQBELs, a more 
stringent requirement.  If clarification or justification cannot be provided, the 
TBEL provision should be removed.  

 
 

8. Minimum Control Measures (MCMs) 
 

a. Issue:  Generally, MCMs should not be detailed in the tentative order. 
Instead, specific BMPs and other information should be placed in the 
Stormwater Quality Management Plan (SQMP), which is the case under 
the current MS4 permit. Federal guidance specifies that the core programs 
are to be implemented through the SQMP as a means of meeting water 
quality standards. More importantly, placing the specifics in the SQMP 
makes it easier to revise.  If specific BMPs remain in the tentative order, 
and they are in error or need to be revised (e.g., to set BMP-WQBELs), a 
re-opener would be required.  For example, in   Part   I. Facility 
Information, Table 2., the permittee contact information is out of date.  It 
would be better to place this and other detailed information in the SQMP 
where it can be updated regularly without having to re-open the permit.    

 
b. Issue:  SUSMP 

 
The tentative order replaces the Development Planning/SUSMP with 
Planning and Land Development Program.  However, the SUSMP is 
mandated through a precedent-setting WQO issued by the State Board.  
Nothing in the order’s fact sheet provides an explanation of why the 
SUSMP needs to be replaced.  So doing would incur an unnecessary cost 

                                            
9
NPDES Permit Writers’ Manual, September, 2010, page 5-40.   
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to revise the SQMP and SUSMP guidance materials.  This is not to 
suggest that the Regional Board may not, in the final analysis, have the 
legal authority to the change the SUSMP to its MCM equivalent. 
Nevertheless, it would be helpful from an administrative convenience 
standpoint to explain the need for the change in the fact sheet.  It could be 
argued that the low impact development (LID) techniques have been 
successful implemented through the SUSMP program for over five years.      

 
c. Issue: Retrofitting existing developments through the Land Use 

Development Program is not authorized under federal stormwater 
regulations.  CFR 40 122.26 only authorizes retrofitting with respect to 
flood control devices which is to be explained in the MS4 permit as the 
following indicates: 

 
A description of procedures to assure that flood management projects assess the 

impacts on the water quality of receiving water bodies and that existing structural 

flood control devices have been evaluated to determine if retrofitting the device to 

provide additional pollutant removal from storm water is feasible. 

 

d. Issue: The MCMs in the tentative order require off-site infiltration for 
groundwater recharge purposes. The tentative order is a stormwater 
permit, not a groundwater permit.  As mentioned, 402(p)(3)(iii) of the 
Clean Water Act:   

 

Permits … shall require controls to reduce the discharge of pollutants to the 

maximum extent practicable, including management practices, control techniques 

and system, design and engineering methods, and such other provisions as the 

Administrator or the State determines appropriate for the control of such 

pollutants. 

  
The use of other infiltration controls that do not promote groundwater 
recharge have already demonstrated effectiveness in significantly 
reducing pollutants to the maximum extent practicable (MEP).  Requiring 
infiltration anywhere for the purpose of recharging groundwater exceeds 
the scope of the MS4 since infiltrating to such an extent would add costs 
to the developer or permittee without significantly improving pollutant 
removal performance.  Further, this requirement is unwarranted and 
premature because of the absence of outfall monitoring data that would 
demonstrate the need for groundwater-recharge oriented infiltration 
controls to address water quality standards and TMDLs vis-à-vis their 
intended purpose of protecting beneficial uses in a receiving water.      
 
Conclusion:  Requiring infiltration controls to facilitate groundwater 
recharge is not authorized under federal stormwater regulations.  Further, 
many permittees are situated upstream of spreading grounds and other 
macro-infiltration basins that would obviate the need for this requirement.  
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Recommended Correction:  Eliminate this requirement from the order.  
 

9. The Maximum Extent Practicable (MEP) definition needs to be 
revised to reflect is updated definition found in the draft Phase II MS4 
permit and in the draft Caltrans MS4 permit. 

 
a. Issue:  The order’s MEP reference is a carry-over from the 2001 MS4 

permit.  A great deal has happened over the decade to warrant an 
update.  Fortunately, the State Board, through the draft Phase II and 
Caltrans MS4 permits, has revised the MEP definition to be in keeping 
with current realities.  To that end it has proposed the following 
definition: 

 
MEP standard requires Permittees apply Best Management Practices (BMPs) 

that are effective in reducing or eliminating the discharge of pollutants to the 

waters of the U.S. MEP emphasizes pollutant reduction and source control 

BMPs to prevent pollutants from entering storm water runoff. MEP may 

require treatment of the storm water runoff if it contains pollutants. The MEP 

standard is an ever-evolving, flexible, and advancing concept, which 

considers technical and economic feasibility. BMP development is a dynamic 

process and may require changes over time as the Permittees gain experience 

and/or the state of the science and art progresses. To do this, the Permittees 

must conduct and document evaluation and assessment of each relevant 

element of its program, and their program as a whole, and revise activities, 

control measures/BMPs, and measurable goals, as necessary to meet MEP. 

MEP is the cumulative result of implementing, evaluating, and creating 

corresponding changes to a variety of technically appropriate and 

economically feasible BMPs, ensuring that the most appropriate BMPs are 

implemented in the most effective manner. This process of implementing, 

evaluating, revising, or adding new BMPs is commonly referred to as the 

“iterative approach.”
10

  

     
Conclusion:  The order’s MEP is out of data and inconsistent with State 
Board policy. 
 
Recommended Correction:  Replace order’s MEP definition with the 
above-mentioned language.  
 

10. The tentative order inappropriately includes the Middle Santa Ana 
River Bacteria TMDL. 

 
a. Issue:  It should be abundantly clear that the Regional Board cannot 

accept a TMDL adopted by another jurisdiction for implementation through 
the MS4 permit unless the Board includes into its basin plan as an 

                                            
10

Op. Cit., page 35.  
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amendment. This argument has been raised by legal counsel for the City 
of Claremont. 
 
Conclusion:  The Regional Board lacks legal authority to incorporate the 
Middle Santa Ana River bacteria TMDL into the proposed order. 
 
Recommended Correction:  Eliminate the requirement.    
 
 

11.  Tentative order incorrectly asserts that its provisions do not constitute 
unfunded mandates under the California Constitution. 

 
a. Issue:  Contrary to what the order asserts, it contains provisions that 

exceed federal requirements in several places, thereby creating potential 
unfunded mandates. They include:  (1) requiring wet and dry weather 
monitoring in the receiving water; (2) requiring numeric WQBELs; (3) 
requiring compliance with TMDL-related implementation plans, schedules, 
and monitoring; (4) requiring the  non-stormwater discharge prohibition to 
include through and from the MS4; (5) revising the receiving water 
limitation language to include overbroad compliance requirements; (6) 
requiring groundwater recharge; and (7) monitoring for non-TMDL 
constituents at completed development project sites. 

 
Conclusion:  The order patently proposes requirements that create 
unfunded mandates. 
 
Recommended Correction:  Delete all of the aforementioned requirements 
that exceed federal regulations. 
 
 
 
END COMMENTS      
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Comments Regarding Los Angeles MS4 Tentative Order No. R4-2012-XXXX  
NPDES PERMIT NO. CAS004001 (issue date unspecified) 

Attachment E: Monitoring and Reporting Plan  

 
1. Receiving Water Monitoring 
 
The purpose of receiving water monitoring is to: 
 
a. Determine whether the receiving water limitations are being achieved, 

 
b. Assess trends in pollutant concentrations over time, or during specified 

conditions, 
 

c. Determine whether the designated beneficial uses are fully supported as 
determined by water chemistry, as well as aquatic toxicity and 
bioassessment monitoring. 
  

Receiving water monitoring is to be performed at various in-stream stations.   
 
At issue is “a” because it serves to determine compliance with receiving water 
limitations.  The Regional Board has no legal authority to compel compliance with 
receiving water limitations through in-stream monitoring. Monitoring requirements 
relative to MS4 permits are limited to effluent discharges and the ambient 
condition of the receiving water, as §122.22(C)(3) clearly indicates:  
 

The permit requires all effluent and ambient monitoring necessary to 
show that during the term of the permit the limit on the indicator 
parameters continues to attain water quality standards.  

  
According to Clean Water Act §502, effluent monitoring is defined as outfall 
monitoring: 
 

The term "effluent limitation" means any restriction established by a State or 
the Administrator on quantities, rates, and concentrations of chemical, 
physical, biological, and other constituents which are discharged from point 
sources into navigable waters, the waters of the contiguous zone, or the 
ocean, including schedules of compliance.   

 
40 CFR §122.2 defines a point source as:   
 

… the point where a municipal separate storm sewer discharges to waters 
of the United States and does not include open conveyances connecting 
two municipal separate storm sewers, or pipes, tunnels or other 
conveyances which connect segments of the same stream or other waters 
of the United States and are used to convey waters of the United States. 
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In short, effluent monitoring in a receiving water because cannot be required 
because it lies outside the bounds of the outfall.   
Regarding monitoring purposes “b” and “c” no argument is raised here provided 
that it is understood that assessing trends in pollution concentrations would be: 
(1) limited to ambient water quality monitoring; and (2) permittees shall be not 
responsible for funding such monitoring.  With respect to the latter, the Regional 
Board’s surface water ambient monitoring program (SWAMP) should be charged 
with this responsibility. MS4 permittees fund SWAMP activities through an annual 
surcharge levied on annual MS4 permit fees.    
 
Recommended Corrective Action:  Delete 1(a) and make it clear that 1(b) and (c) 
relate to ambient monitoring that is not the responsibility of MS4 permittees.  
 
2. Stormwater Outfall Based Monitoring 
 
The purpose of stormwater outfall based monitoring – including TMDL monitoring 
-- is to: 
 
a. Determine the quality of a Permittee’s discharge relative to municipal 

action levels, as described in Attachment G of this Order, 
 
b. Determine whether a Permittee’s discharge is in compliance with 

applicable wet weather WQBELs derived from TMDL WLAs, 
 
c. Determine whether a Permittee’s discharge causes or contributes to an 

exceedance of receiving water limitations. 
 
Insofar as “a” is concerned, outfall monitoring for stormwater for attainment of 
municipal action levels (MALs) would be acceptable were it not for their purpose.  
MALs represent an additional monitoring requirement for non-TMDL pollutants.  
MALs should really be used to replace TMDL WLAs as alternatives to addressing 
receiving water quality.   As noted in the National Research Council Report to 
USEPA:     
 

The NSQD (Pitt et al., 2004) allows users to statistically establish action 
levels based on regional or national event mean concentrations developed 
for pollutants of concern. The action level would be set to define 
unacceptable levels of stormwater quality (e.g., two standard deviations 
from the median statistic, for simplicity). Municipalities would then routinely 
monitor runoff quality from major outfalls. Where an MS4 outfall to surface 
waters consistently exceeds the action level, municipalities would 
need to demonstrate that they have been implementing the stormwater 
program measures to reduce the discharge of pollutants to the 
maximum extent practicable. The MS4 permittees can demonstrate the 
rigor of their efforts by documenting the level of implementation through 
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measures of program effectiveness, failure of which will lead to an inference 
of noncompliance and potential enforcement by the permitting authority 

Instead of following the above Regional Board staff has chosen to create another 
monitoring requirement, without regard for cost or benefit to water quality or to 
permittees.  Non-TMDL pollutants should be not be given special monitoring 
attention until it has been determined that they pose an impairment threat to a 
beneficial use.  Such a determination needs to be done by way of ambient 
monitoring performed by the Regional Board SWAMP. The resulting data could 
then be used to develop future TMDLs if necessary.   
 
Furthermore, many of the MAL constituents (both stormwater and non-storm 
water) listed in Appendix G, are included in several TMDLs such as metals and 
bacteria. This is, of course, a consequence of the redundancy created by two 
approaches that are intended to serve the same purpose:  protection of water 
quality.        
 
Recommended Correction: Either require substitution of TMDLs with MALs or 
eliminate MALs entirely.   
  
As for stormwater outfall monitoring purpose “b”, such monitoring cannot be used 
to determine compliance with wet weather WQBELs based on TMDL WLAs for 
the following reasons:      
 
1. The wet-weather WQBEL is based on a TMDL WLA in the receiving water 

that is non-ambient.  As mentioned, federal regulations only require ambient 
monitoring in the receiving water, which by definition can never be deemed 
the same as wet weather monitoring.  They are mutually exclusive.   Regional 
Board staff has also incorrectly determined that a WQBEL may be the same 
as the TMDL WLA, thereby making it a “numeric effluent limitation.” Although 
numerous arguments may be marshaled against the conclusion, the most 
compelling of all is the State Water Resources Control Board’s clear 
opposition to numeric effluent limitations. 

 
In Water Quality Orders 2001-15 and  2009-0008  the State Board made it 
clear that:  we will generally not require “strict compliance” with water quality 
standards through numeric effluent limitations,” and instead “we will continue 
to follow an iterative approach, which seeks compliance over time” with water 
quality standards.    
 
[Please note that the iterative approach to attain water quality standards 
applies to the outfall and the receiving water.]  
 
More recently, the State Board commented in connection with the draft 
Caltrans MS4 permit that numeric WQBELs are not feasible as explained in 
the following provision from its most recent Caltrans draft order: 
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Storm water discharges from MS4s are highly variable in frequency, 
intensity, and duration, and it is difficult to characterize the amount of 
pollutants in the discharges. In accordance with 40 CFR § 
122.44(k)(2), the inclusion of BMPs in lieu of numeric effluent 
limitations is appropriate in storm water permits. This Order requires 
implementation of BMPs to control and abate the discharge of 
pollutants in storm water to the MEP.  

 
2. The State Board’s decision not to require numeric WQBELs in this 

instance appears to have been influenced by among other considerations, 
the Storm Water Panel Recommendations to the California State Water 
Resources Control Board in re:  The Feasibility of Numeric Effluent Limits 
Applicable to Discharges of Storm Water Associated with Municipal, 
Industrial and Construction Activities. 

 
Regarding purpose “b” it should also be noted that the Regional Board’s 
setting of WQBELs to translate the TMDL WLA in the receiving water to the 
outfall is premature.  Regional Board staff apparently has not performed a 
reasonable potential analysis as required under § 122.44(d)(1)(i), which 
states: 
 

Limitations must control all pollutants or pollutant parameters (either 
conventional, nonconventional, or toxic pollutants) which the Director 
determines are or may be discharged at a level that will cause, have the 
reasonable potential to cause, or contribute to an excursion above any 
[s]tate water quality standard, including [s]tate narrative criteria for water 
quality.” 

 
No such reasonable potential analysis has been performed – even though 
USEPA guidance requires it as part of documenting the calculation of 
WQBELs in the NPDES permit’s fact sheet.  According to USEPA’s NPDES 
Permit Writers’ Manual: 

 
Permit writers should document in the NPDES permit fact sheet the 
process used to develop WQBELs. The permit writer should clearly 
identify the data and information used to determine the applicable water 
quality standards and how that information, or any applicable TMDL, was 
used to derive WQBELs and explain how the state’s anti-degradation 
policy was applied as part of the process. The information in the fact sheet 
should provide the NPDES permit applicant and the public a transparent, 
reproducible, and defensible description of how the permit writer properly 
derived WQBELs for the NPDES permit.1 

 

                                            
1
United States Environmental Protection Agency, NPDES Permit Writers’ Manual, September, 2010, page 

6-30. 
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The fact sheet accompanying the tentative order contains no reference to a 
reasonable potential analysis.  
 
Complicating the performance of a reasonable potential analysis is the 
absence of (1) outfall monitoring data; and (2) ambient water quality 
standards.  Though federal regulations require monitoring at the outfall, the 
Regional Board has not required it up until now.  Even if outfall monitoring  
data were available to determine  whether pollutants concentrations in the 
discharge exceeded the water quality standard is not possible.  This is 
because, as mentioned earlier, TMDL WLAs are not expressed as ambient 
standards.  A TMDL is an enhanced water quality standard.  As noted in the 
National Research Council’s Assessing the TMDL Approach to Water Quality 
Management, a report commissioned by the United States Congress in 2001:  
 

… EPA is obligated to implement the Total Maximum Daily Load (TMDL) 
program, the objective of which is attainment of ambient water quality 
standards through the control of both point and nonpoint sources of 
pollution. 

 
 

Recommended Correction:  Eliminate this requirement. 
 
Regarding purpose “c”, the determinant for a water quality standard exceedance 
is in the discharge from the outfall – not in the receiving water.  The use of 
numeric WQBELs -- though incorrectly defined and established in this instance -- 
represents the compliance standard in discharges from the outfall. Adding a 
second compliance determinant in the receiving water is unnecessary and is not 
authorized under federal stormwater regulations because the receiving water lies 
outside the scope of the MS4.    
 
Recommended Corrective Action:  Eliminate this requirement. 
 
3. Non-storm water outfall based monitoring 
 
The purposes of this type of monitoring are as follows: 
 
a. Determine whether a Permittee’s discharge is in compliance with applicable 

dry weather WQBELs derived from TMDL WLAs. 
 

b. Determine whether a Permittee’s discharge exceeds non-storm water action 
levels, as described in Attachment G of this Order, 
 

c. Determine whether a Permittee’s discharge contributes to or causes an 
exceedance of receiving water limitations, 
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d. Assist a Permittee in identifying illicit discharges as described in Part VI.D.9 of 
this Order. 

 
Regarding “a,” This requirement is redundant in view of the aforementioned 
MALs and in any case is not authorized under federal stormwater regulations. 
402(p)(B)(ii) of the Clean Water Act only prohibits discharges to the MS4 (streets, 
catch basins, storm drains and intra MS4 channels), not through or from it.  This 
applies to all water quality standards, including TMDLs.  Nevertheless, 
compliance with dry weather WQBELs can be achieved through BMPs and other 
requirements called for under the illicit connection and discharge detection and 
elimination (ICDDE) program, or requiring impermissible non-stormwater 
discharges to obtain coverage under a permit issued by the Regional Board.     
 
Recommended Correction:  Delete this requirement and specify compliance with 
dry weather WLAs, expressed in ambient terms, through the implementation of 
the ICDDE program.   
 
Withy regard to “b”, see previous responses regarding MALs and the limitation of 
non-stormwater discharge prohibit to the MS4. 
 
Recommended Correction:  Delete this requirement because it exceeds the non-
stormwater discharge prohibition to the MS4; and determine whether MALs or 
TMDLs are to be used to protect receiving water quality.      
 
Regarding “c”, as mentioned, non-stormwater discharges cannot by applied to 
receiving water limitations because of they are only prohibited to the MS4, not 
from or through it. 
 
Recommended Correction:  Delete this requirement because it exceeds the non-
stormwater discharge prohibition to the MS4.      
 
Regarding “d”, this requirement is reasonable and in keeping with federal 
regulations with the exception that the identification of illicit discharges must 
adhere to the field screening requirements in CFR 40 §122.26. No non-
stormwater discharge monitoring shall occur unless flow is first discovered at the 
outfall.  This would trigger the implementation of additional requirements that  the 
tentative order does not include.  
 
4. New Development/Re-development effectiveness monitoring 
 
The purpose of this requirement is a dubious and is not authorized under federal 
stormwater regulations as it relates to monitoring.  To begin with, requiring such 
monitoring is premature given the absence of outfall monitoring in the current and 
previous MS4 permits that would characterize an MS4’s pollution contribution 
relative to exceeding ambient water quality standards.  Without the determination 
of statistically significant exceedances of water quality standards, detected at the 
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outfall, the imposition of runoff infiltration requirements is arbitrary.  Further, there 
is nothing in federal stormwater regulations that require monitoring on private or 
public property.  Monitoring, once again, is limited to effluent discharges at the 
outfall and to ambient monitoring in the receiving water. 
 
Beyond this, monitoring for BMP effectiveness poses a serious challenge to what 
determines “effectiveness” -- effective relative to what standard?  It is also not 
clear how such monitoring is to be performed.    
 
Recommended Correction:  Delete this requirement.      
 
The MRP of the tentative order proposes regional studies “to further characterize 
the impact of the MS4 discharges on the beneficial uses of the receiving waters. 
Regional studies shall include the Southern California Stormwater Monitoring 
Coalition (SMC) Regional Watershed Monitoring Program (bio-assessment), 
sediment monitoring for Pyrethroid pesticides, and special studies as specified in 
approved TMDLs (see Section XIX TMDL Reporting, below).” 
 
Regional studies also lie outside the scope of the MS4 permit.  However, 
because federal regulations require ambient monitoring in the receiving water, a 
task performed by the Regional Board’s SWAMP, regional watershed monitoring 
for aforementioned target pollutants can be satisfied through ambient monitoring.  
This can be accomplished with little expense on the part of permittees by: (1) 
using ambient data generated by the Regional Board SWAMP; (2) re-setting the 
County’s mass emissions stations to collect samples 2 to 3 days following a 
storm event (instead of using a flow-based sampling trigger); and (3) using any 
data generated from existing coordinated monitoring programs (e.g., Los Angeles 
River metals TMDL CMP), provided that the data is truly ambient. 
 
 

END COMMENTS 
------------------------------------------------------------------------------------------------------------ 
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City of lidden lills
6165 Spring Valley Road· Hidden Hills, California 91302

(818) 888-9281 • Fax (818) 719-0083

July 20,2012

VIA U.S. MAIL AND E-MAIL (PDF)

Mr. Ivar Ridgeway
California Regional Water Quality Control Board, Los Angeles Region
320 West 4th Street, Suite 200
Los Angeles, California 90013
LAMS42012@waterboards.ca.gov
rpurdy@waterboards.ca.gov
iridgeway@waterboards.ca.gov

Dear Mr. Ridgeway:

The City of Hidden Hills ("City') submits the following comments to the Los Angeles Regional
Water Quality Control Board's ("Regional Board") Tentative Order No. R4-2012-xxx, NPDES
Permit No. CAS004001) ("Permit"). The LA Permit Group has submitted comments regarding
the Permit which the City joins and supports. The City reserves the right to make additional
legal comments on the Permit prior to the close of the public hearing to adopt the Permit and at
the public hearing itself.

The City's comment letter regarding the Permit is organized into two main parts. Part I contains
the City's legal comments. Part II contains the City's technical comments. On behalf of the City
of Hidden Hills, we hereby submit the following initial comments on the Permit:

I. LEGAL COMMENTS

1. The Time Provided to Review the Permit Is Insufficient and Denies Permittees Due
Process of Law

The period provided to review and comment on the Permit has been unreasonably short given the
breadth of the Permit. Beginning on March 28, 2012, Regional Board staff issued a series of
Staff Working Proposals pertaining to key sections of the Permit. Regional Board staff has used
their Staff Working Proposal workshops as a justification for the hurried manner in which the
Permit was developed. The same justification was used by the Executive Director in denying the
LA Permit Group's request for a time extension.

This justification, however, fails for several reasons. First, Regional Board staff gave the
permittees only a few weeks to comment on each of the Staff Working Proposals. Furthermore,
the Regional Board staff did not respond to any comments, leaving permittees to guess at which
requirements would be incorporated into the Permit. Seeing the Permit in its entirety and having
the opportunity to understand how each of the sections and programs work together is imperative
in order for permittees to fully understand the Permit provisions and to prepare comments.

-1-

RB-AR12393



Second, despite all the working proposals, workshops, and meetings, the permittees are left with
a Permit that cannot be complied with from the first day the Permit goes into effect, due to the
Receiving Water Limitation (RWL) and the Waste Load Allocations (WLA) requirements that
could subject the permittees to third party lawsuits.

We believe the Regional Board wants a review process that is open and transparent. Providing
permittees only forty-five (45) days to comment makes this impossible. To develop and provide
relevant and meaningful comments, each permittee must first:

• Read a 500 page Permit;
• Study the 500 page Permit to understand how the provisions work together;
• Compare it to the last Permit;
• Evaluate the resource needs to comply with the Permit;
• Determine the fiscal and organizational impacts on City services, which requires

coordination with several City departments;
• Conduct technical and legal review of the Permit and prepare comments;
• Present information to and gather feedback from the City Council. Staff needs time

to conduct a thorough review of the items listed above, prior to presenting them to the
City Council; and

• Prepare written comments.

To ensure a proper review of the Permit, the City hereby requests an extension of 180 working
days to include a Revised Tentative Permit to be released with a 45-day comment period. The
intent of a Revised Tentative Permit is to ensure the permittees have the opportunity to review
any changes made to the existing draft and provide comments prior to the Permit adoption
hearing.

The extreme speed with which the Permit is being circulated and reviewed and proposed to be
adopted amounts to a denial of the City's due process rights and is contrary to state and federal
law. By denying the permittees a meaningful opportunity to review and comment on a Permit
that so drastically affects the permittees' rights and finances, the Regional Board has denied the
permittees due process rights under state and federal law. See Spring Valley Water Works v. San
Francisco, 82 Cal. 286 (1890) (reasonable notice and opportunity to be heard are essential
elements of "due process of law," whatever the nature of the power exercised.) Furthermore,
under the Clean Water Act, a reasonable and meaningful opportunity for stakeholder
participation is mandatory. See, e.g., Arkansas Wildlife Fed'n v. leI Ams., 29 F.3d 376, 381 (8th
Cir. 1994) ("the overall regulatory scheme affords significant citizen participation, even if the
state law does not contain precisely the same public notice and comment provisions as those
found in the federal CWA.") For the reasons stated above, the Permit does not satisfy the Clean
Water Act standard and violates the City's due process rights.

2. The Permit Should Be Revised to Provide that Implementation of BMPs is Sufficient
to Constitute Compliance with the Permit

Permittees should be able to achieve compliance with the Permit through a best management
practice ("BMP") based iterative approach. Regional Board staff has previously indicated that it
would not create a permit for which permittees would be out of compliance from the very first
day the Permit goes into effect. This necessarily means the Permit cannot require immediate
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strict compliance with water quality standards. Yet the Fact Sheet states that a party whose
discharge "causes or contributes" to an exceedance of a water quality standard is in violation of
the Permit, even if that party is implementing the iterative process in good faith. See Fact Sheet
at pp. F-35-38. These positions are incompatible and render the iterative approach meaningless.

As written, the Permit requires that all discharges to receiving waters must immediately meet
water quality standards to avoid violating the Permit. This presents an impossible standard for
permittees to meet, especially given the fact that thirty-three (33) TMDLs have been
incorporated into the Permit. This means that numerous water bodies that currently do not meet
water quality standards will be governed by the Permit and permittees will be subject to potential
liability immediately. Even for TMDLs for which the Regional Board issues time scheduling
orders, such orders will not protect a permittee from third-party lawsuits for measured
exceedances, based on the Permit's current language. Even if such lawsuits are unfounded, the
legal costs to defend such suits are enormous. For this same reason, final wasteload allocations
should not be incorporated into the Permit, especially where we are dealing with TMDLs that
have been rushed through due to the Browner consent decree with the understanding that they
would be refined over time with reopeners as new information becomes available.

A BMP-based approach should be utilized in the Permit, as outlined in EPA's November 12,
2010 Revisions to the November 22, 2002 Memorandum "Establishing Total Maximum Daily
Load (TMDL) Wasteload Allocations (WLAs) for Storm Water Sources and NPDES Permit
Requirements Based on those WLAs." ("EPA Memorandum"). See also 40 C.F.R. § 122.44(k).

To accomplish this purpose, the City supports using the receiving water limitation language
proposed by CASQA, which is similar to the language in the Draft Caltrans Permit. Otherwise,
cities are potentially vulnerable to third party lawsuits such as those brought against the City of
Stockton and the County of Los Angeles by third parties within the last five years.

Furthermore, the EPA Memorandum is clear that an increased reliance on numerics should be
coupled with the "disaggregation" of different storm water sources within permits. See EPA
Memorandum at pp. 3-4. The Permit currently aggregates multiple sources of storm water runoff
while additionally imposing numeric standards. This will result in a system whereby the
innocent will be punished alongside the guilty for numeric standard exceedances. The Regional
Board should not allow this inequitable and legally unjustifiable result to occur.

Another reason for adopting a BMP-based approach is that new and existing conditionally
exempt non-stormwater discharges may also contribute to measured exceedances. This
inequitable result means the exempt discharges may nonetheless contribute to permittee liability.

3. The Permit Improperly Intrudes Upon the City's Land Use Authority in Violation
of the Tenth Amendment of the U.S. Constitution

To the extent that this Permit relies on federal authority under the Clean Water Act to impose
land use regulations and dictate specific methods of compliance, it violates the Tenth
Amendment of the U.S. Constitution. Furthermore, to the extent the Permit requires a municipal
permittee to modify its city ordinances in a specific manner, it also violates the Tenth
Amendment. According to the Tenth Amendment:
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"The powers not delegated to the United States by the Constitution, nor prohibited
by it to the States, are reserved to the States respectively, or to the people."

Article XI, section 7 of the California Constitution also guarantees municipalities the right to
"make and enforce within [their] limits all local police, sanitary and other ordinances and
regulations not in conflict with general laws." See also City ofW Hollywood v. Beverly Towers,
52 Cal. 3d 1184, 1195 (1991). Furthermore, the United States Supreme Court has held that the
ability to enact land use regulations is delegated to municipalities as part of their inherent police
powers to protect the public health, safety, and welfare of its residents. See Berman v. Parker,
348 U.S. 26, 32-33 (1954). Because it is a constitutionally conferred power, land use powers
cannot be overridden by State or federal statutes.

Even so, both the Clean Water Act and the Porter-Cologne Act provisions regarding NPDES
permitting do not indicate that the Legislature intended to preempt local land use authority.
Sherwin Williams Co. v. City ofLos Angeles, 4 Cal. 4th 893 (1993); California Rifle & Pistol
Assn. v. City of West Hollywood, 66 Cal. App. 4th 1302, 1309 (1998) (Preemption of police
power does not exist unless "Legislature has removed the constitutional police power of the City
to regulate" in the area); see Water Code §§ 13374 and 13377 and 33 U.S.C. § 1342 (b)(1)(B).

If the Permit is adopted, the City believes that this Permit could establish the Regional Board as a
"super municipality" responsible for setting zoning policy and requirements throughout Los
Angeles County. The prescriptive and one-size-fits-all nature of this policy will ensure that any
resident or business challenging the conditions set forth in this Permit would not only sue the
municipality charged with implementing these requirements, but would also have to sue the
Regional Board itself to obtain the requested relief. The City does not believe this is the intent of
the Regional Board. Rather than adopting programs that dictate the precise method of
compliance, the Regional Board should collaborate with the City and other permittees to develop
a range of model programs that each municipality could then modify and adopt according to its
own individual circumstances.

4. The Permit Constitutes an Unconstitutional Unfunded Mandate

The Permit contains mandates imposed at the Regional Board's discretion that are unfunded and
go beyond the specific requirements of either the Clean Water Act or the EPA's regulations
implementing the Clean Water Act, and thus exceed the "Maximum Extent Practicable"
("MEP") standard. Accordingly, these aspects of the Permit constitute non-federal state
mandates. See City ofSacramento v. State ofCalifornia, 50 Cal. 3d 51, 75-76 (1990). Indeed,
the Court of Appeals has previously held that NPDES permit requirements imposed by the
Regional Board under the Clean Water and Porter-Cologne Acts can constitute state mandates
subject to claims for subvention. County ofLos Angeles v. Commission on State Mandates, 150
Cal. App. 4th 898,914-16 (2007).

The Permit goes beyond federal law, as the Permit is at least twice as long, and in some cases,
three times as long as other MS4 permits developed by other Regional Boards in the State of
California, such as the Lahontan Regional Board and the Central Valley Regional Board, not to
mention permits developed by EPA. This means that either some Regional Boards are failing to
impose federally mandated requirements pursuant to the Clean Water Act, or the more likely
explanation is that the Regional Board is imposing requirements that go beyond federal law.
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A. The Permit's Minimum Control Measure Program is an Unfunded State
Mandate

The Pennit's Minimum Control Measure program ("MCM Program") qualifies as a new
program or a program requiring a higher level of service for which state funds must be provided.
The particular elements of the MCM Program that constitute unfunded mandates are:

• The requirements to control, inspect, and regulate non-municipal pennittees and
potential pennittees (Pennit at pp. 38-40);

• The public infonnation and participation program (Pennit at pp. 58-60):
• The industrial/commercial facilities program (Pennit at p. 63);
• The public agency activities program (Pennit at pp. 56-63); and
• The illicit connection and illicit discharge elimination program (Pennit at pp. 106-109).

The MCM Program requirement that the pennittees inspect and regulate other, non-municipal
NPDES pennittees is especially problematic and clearly constitutes an unfunded mandate. (See,
e.g., Permit at pp. 38-40.) These are unfunded requirements which entail significant costs for
staffing, training, attorney fees, and other resources. Notably, the requirement to perfonn
inspections of sites already subject to the General Construction Permit is clearly excessive.
Pennittees would be required to perform pre-construction inspections, monthly inspections
during active construction, and post-construction inspections. The requirements of this Permit
exceed past pennits, meaning that the Regional Board is requiring a higher level of service than
in prior pennits.

Furthermore, there are no adequate alternative sources of funding for inspections. User fees will
not fully fund the program required by the Pennit. Cal. Gov't Code, § 17556(d). NPDES
pennittees already pay the Regional Water Quality Control Boards fees that cover such
inspections in part. It is inequitable to both cities and individual pennittees for the Regional
Board to charge these fees and then require cities to conduct and pay for inspections without
providing funding.

B. The Receiving Water Body Requirements Render the Permit an Unfunded
Mandate

If strict compliance with state water quality standards in receiving water bodies is required
including state water quality standard-based wasteload allocations-in the MS4 itself or at
outfall points and in receiving water bodies, the entire Pennit will constitute an unfunded
mandate because such a requirement clearly exceeds both the Federal standard and the
requirements of prior pennits, despite the fact no funding will be provided. See Building
Industry Assn. of San Diego County v. State Water Resources Control Bd., 124 Cal. App. 4th
866, 873, 884-85 (2004) (though the State and Regional Boards may require compliance with
California state water quality standards pursuant to the Clean Water Act and state law, these
requirements exceed the Federal Maximum Extent Practicable standard.)

C. The City Does Not Necessarily Have the Requisite Authority to Levy Fees to Pay
for Compliance With the Order

The ability to fund the Pennit through bond measures or tax increases does not render the
Pennit's program ineligible for a subvention claim because such funding mechanisms are
contingent upon voter approval, in some cases requiring supermajority votes. Howard Jarvis
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Taxpayers Assoc. v. City ofSalinas, 98 Cal. App. 4th 1351 (2002). The money available from
other sources is both too speculative and limited to cover all or even some of the costs imposed
by the Permit. Such speculative funding sources cannot count as viable sources of funding so as
to preclude a subvention claim. Cal. Gov't Code, § 17556(f). Furthermore, even if some portions
of the Permit's programs can be covered by user fees, these fees will not come close to covering
all such costs, meaning permittees' general funds will have to be utilized to cover substantial
portions of these costs. Cal. Gov't Code, § 17556(d) (the ability to charge fees only defeats a
subvention claim where the fees are sufficient to fully fund the program.)

5. The Permit's Monitoring Program Exceeds the Requirements of Law

The Permit's Receiving Water Monitoring Program is improper for going well beyond the scope
of monitoring requirements authorized under Water Code Sections 13267 and 13383. The
relevant portion of Water Code Section 13267 states:

"(b) (1) In conducting an investigation. .. the regional board may require that ...
any citizen or domiciliary, or political agency or entity of this state who has
discharged, discharges, or is suspected of having discharged or discharging, or
who proposes to discharge, waste outside of its region that could affect the quality
of waters within its region shall furnish, under penalty of perjury, technical or
monitoring program reports which the regional board requires. The burden,
including costs, of these reports shall bear a reasonable relationship to the need
for the report and the benefits to be obtained from the reports."

The Regional Board's failure to conduct and communicate the requisite cost-benefit analysis
pursuant to the monitoring requirements in the Permit constitutes an abuse of discretion. Water
Code §§ 13267 and 13225(c).

The relevant portions of Water Code Section 13383 state:

"(a) The ... regional board may establish monitoring, inspection, entry, reporting,
and recordkeeping requirements for any person who discharges, or proposes
to discharge, to navigable waters .

(b) The ... or the regional boards may require any person subject to this section
to establish and maintain monitoring equipment or methods, including, where
appropriate, biological monitoring methods, sample effluent as prescribed, and
provide other information as may be reasonably required."

The Permit goes far beyond a requirement that a permittee "monitor" the effluent from its own
storm drains. The Permit's Receiving Water Monitoring Program seems to require a complete
hydrogeologic model found in the receiving water body, which will in many cases be miles away
from many of the individual permittees' jurisdictions. To the extent the Permit requires
individual permittees to compile information beyond their jurisdictional control, they are
unauthorized. Although Water Code Section 13383(b) permits the Regional Board to request
"other information", such requests can only be "reasonably" imposed. Cal. Water Code §
13383(b). The information requested by the Regional Board is unreasonable. It is not just
limited to each individual copermittee's discharge. Rather, the Permit requires copermittees to
analyze discharges and make assumptions regarding factors well beyond their individual
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boundaries. This is not reasonable, and is therefore not pennitted under Water Code Sections
13225, 13267, and 13383. It is equally unreasonable to require the monitoring of authorized or
unknown discharges. See Pennit at p. 108.

6. The Permit Exceeds the Regional Board's Authority by Requiring the City to Enter
into Contracts and Coordinate With Other Copermittees

The Regional Board cannot require the City to enter into agreements or coordinate with other
copennittees. The requirements that pennittees engage in interagency agreements (Pennit at p.
39) and coordinate with other copennittees as part of their stonnwater management program
(Pennit at p. 56-58) are unlawful and exceed the authority of the Regional Board. The Regional
Board lacks the statutory authority to mandate the creation of interagency agreements and
coordination between pennittees in an NPDES Pennit. See Water Code §§ 13374 and 13377.
The Pennit creates the potential for City liability in circumstances where the pennittee cannot
ensure compliance due to the actions of third party state and local government agencies over
which the City has no control. Such requirements are not reasonable regulations, and thus
violate state law. Communities for a Better Environment v. State Water Resources Control Bd.,
132 Cal. App. 4th 1313, 1330 (2005) (regulation pursuant to NPDES program must be
reasonable.)

7. The Permit Fails to Consider Economic Impacts As Required by Water Code
Sections 13000 and 13241

The Regional Board's failure to adequately consider the economic impacts of the Pennit, as
required by Water Code Sections 13000 and 13241, render the Pennit invalid. Water Code
Section 13241 requires the Regional Board to include "[e]conomic considerations" with its
consideration of the Pennit. As demonstrated above, the Regional Board is incorrect in its
assertion that consideration of economics is not required in this Pennit. See Pennit at pp. 24-25.
Because, as demonstrated above, the Pennit requires new and higher levels of service in
numerous key regards, consideration of economic factors is necessary. City ofBurbank v. State
Water Resources Control Bd., 35 Cal. 4th 613,618,627 (2005).

The alleged facts in the economic consideration section of the Fact Sheet misrepresent the
pennittees' data and fail to consider the economic impact of new, costly aspects of the Pennit.
The Fact Sheet's open skepticism of municipal financial reports is troubling, and indicates the
Regional Board has not taken pennittees' actual expenses seriously.

It is also premature and improper to assume that pennittees will obtain funding from proposed
ballot measures and other sources of funding which have not even been approved, much less
voted on by the public. See Fact Sheet at pp. F-142-43. If the Regional Board wants to rely on
initiatives, such as the Los Angeles County Flood Control District's Water Quality Funding
Initiative, as sources of funding to offset the costs ofstonn water management, it should delay its
public hearing and approval of the Pennit until after the voters have actually voted on such
initiatives. Otherwise, if such initiatives fail to pass, the copennittees will be left to implement
the Pennit's requirements without the funds to do so. Even if the Water Quality Funding
Initiative is approved by the voters, the funds generated by the Initiative would not even be
available until 2014 - well after the deadline for a majority of the compliance deadlines set forth
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in the Permit. Moreover, the Water Quality Initiative will not cover all the costs imposed on all
permittees by the Permit.

The Permit also fails to consider the significant additional costs that TMDLs will impose. The
incorporation of TMDLs and the massive expansion of monitoring requirements in the Permit,
which also trigger the need for additional inspectors, will inevitably cause the copermittees' costs
to skyrocket. Furthermore, speculations about what people may be willing to pay for cleaner
water and social benefits from clean water have no real effect on cities' bottom lines. Finally,
the Permit fails to account fully for all the expenses that implementing minimum control
measures will impose. For all these reasons, the consideration of economic impact is entirely
lacking, which violates state law.

8. The Permit's Imposition of Joint and Joint and Several Liability for Violations is
Contrary to Law

The Permit appears to improperly impose joint liability and joint and several liability for water
quality based effluent limitations and receiving water exceedances. It is both unlawful and
inequitable to make a permittee liable for the actions of other permittees over which it has no
control. A party is responsible only for its own discharges or those over which it has control.
Jones v. E.R. Shell Contractor, Inc., 333 F. Supp. 2d 1344, 1348 (N.D. Ga. 2004). Because the
City cannot prevent another permittee from failing to comply with the Permit, the Regional
Board cannot, as a matter oflaw, hold the City jointly or jointly and severally liable with another
permittee for violations of water quality standards in receiving water bodies or for TMDL
violations. Under the Water Code, the Regional Board issues waste discharge requirements to
"the person making or proposing the discharge." Cal. Water Code § 13263(f). Enforcement is
directed towards "any person who violates any cease and desist order or cleanup and abatement
order ... or ... waste discharge requirement." Cal. Water Code § 13350(a). In similar fashion,
the Clean Water Act directs its prohibitions solely against the "person" who violates the
requirements of the Act. 33 U.S.C. § 1319. Thus, there is no provision for joint liability under
either the California Water Code or the Clean Water Act.

Furthermore, joint liability is proper only where joint tortfeasors act in concert to accomplish
some common purpose or plan in committing the act causing the injury, which will generally
never be the case regarding prohibited discharges. Kesmodel v. Rand, 119 Cal. App. 4th 1128,
1144 (2004); Key v. Caldwell, 39 Cal. App. 2d 698, 701 (1940). For any such discharge, it
would be unlawful to impose joint liability and especially joint and several liability. The issue of
imposing liability for contributions to "commingled discharges" of certain constituents, such as
bacteria, is especially problematic because there is no method of determining who has
contributed what to an exceedance.

For receiving water body exceedances, the Permit should specify that the burden is on the
Regional Board to show that any permittee's discharge caused or contributed to that exceedance.
Requiring permittees to prove they did not cause or contribute an exceedance is both inequitable
and unlawful. Permittees should not be required to prove they did not do something when the
Regional Board has failed to raise even a rebuttable presumption that the contamination results
from a particular permittee's actions. See Cal. Evid. Code § 500; Sargent Fletcher, Inc. v. Able
Corp., 110 Cal. App. 4th 1658, 1667-1668 (2003).
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II. TECHNICAL COMMENTS

1. Watershed Management Programs

The City supports the Regional Board's approach to address high priority water quality issues
through the development and implementation of Watershed Management Programs. However,
we have concerns with the language contained in Part VLC of the Permit. One of our biggest
concerns is the proposed timeline for developing Watershed Management Programs. Agencies
wishing to participate in Watershed Management Programs would have only one (I) year to
develop a comprehensive Watershed Management Program. This is insufficient time to organize
the watershed cities and other agencies, develop cooperative agreements, initiate the studies,
calibrate the data, draft the plans, and obtain necessary City Council approvals.

Part VLC of the Permit does not appear to provide cities wishing to participate in a Watershed
Management Program the option of developing their own programs, outside of the Watershed
Management Program, to remain consistent with the requirements of the Permit. For example, a
watershed group may develop a Watershed Management Program for TMDL and Monitoring
purposes, and choose to implement the Minimum Control Measures as currently prescribed by
the Permit. This may not be appropriate for all cities participating in the Watershed Management
Program. Individual permittees, when participating in a Watershed Management Program,
should be able to choose which elements of the Program they will participate in and which
elements they will opt out of, preferring to comply with those elements as stated in the Permit.
The City therefore requests that the Permit include clarifying language enabling individual
permittees to participate in certain elements of the Watershed Management Program while
providing the individual permittees the flexibility to otherwise comply, on their own, with the
Permit.

2. Storm Water Management Program Minimum Control Measures

The City is concerned that the timelines for implementation of the Minimum Control Measures
(MCMs) will not provide an adequate timeframe in which to implement the new and enhanced
Permit conditions. Specifically, Permit Part D.I.bj. states: "Unless otherwise noted in Part
VLD, each Permittee shall ensure implementation of the requirements contained in Part VLD
within thirty (30) days after the effective date of the Order." The City respectfully requests that
the timelines for implementation be extended to one hundred eighty (180) days after the effective
date of the Order, to allow permittees the necessary time to develop new programs and plans and
enhance existing programs as prescribed in the Permit.

3. Development Construction Program

The Permit will require projects of one (I) acre or greater to prepare an Erosion and Sediment
Control Plan ("ESCP"). It is our understanding that the ESCP must include the same elements of
a Stormwater Pollution Prevention Plan ("SWPPP"). This Permit requirement essentially places
the burden of enforcement of the State Construction General Permit on the municipal permittees.

The State Construction General Permit already requires construction projects to prepare and
submit a SWPPP to the State Water Resources Control Board for review and approval. The City
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appreciates the language indicating that SWPPPs prepared in accordance with the requirements
of the Constructional General Permit can be submitted in lieu of an ESCP. However, the burden
of review and approval of SWPPPs is effectively shifted to the City with the addition of this
requirement. The City lacks the resources necessary to review, approve, and enforce the State
Construction General Permit.

Part VLD.7.h.ii(9) requires permittees to develop and implement a checklist to be used to
conduct and document review of each ESCP or SWPPP within thirty (30) days of the Permit's
adoption. Currently there is no accepted standardized SWPPP review checklist for the State
Construction General Permit. The burden of developing such a checklist falls solely to the
permittees. In addition, the City will be required to allocate already limited resources to perform
the mandatory construction site inspections, which represent a two hundred percent (200%)
increase in the number of inspections required for sites greater than one (1) acre.

*****
The City is dedicated to the protection and enhancement of water quality. The City, however,
has other functions that require funding as well. If this Permit is adopted as proposed, even in
the best case scenario, spending cuts to other crucial services such as police, fire, and public
works are certain. The permittees' dwindling general funds simply cannot take the financial hit
the Permit is poised to impose on them. The City believes a more measured approach is
necessary, especially regarding how compliance in this Permit is achieved.

As public agencies, all parties involved in the NPDES permitting process have the obligation to
carry out their duties in a responsible, realistic, and reasoned manner. Requirements that tether
public agencies to impractical positions are counterproductive and violate our sacred charge as
representatives of the people. The City is committed to working with the State and Regional
Boards in order to achieve our mutual goals and looks forward to engaging in a constructive
dialogue with Regional Board staff on these issues.

Sincerely,

~t:·,or
Cherie L. Paglia
City Manager

CLP/ckl

cc: Roxanne Diaz, City Attorney
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CITY OF INGLEWOOD
Public Warks Department

Inglewood

b1'td

imp
2009

HARRY FRISBY, JR.
Acting Public Works Director

July 23, 2012

Mr. Ivar Ridgeway
Los Angeles Regional Water Resources Control Board
320 W. 4th Street, Suite 200
Los Angeles, CA 90013

VIA electronic submittal to: LAMS420l2@waterboards.ca.gov
iridgeway@waterboards.ca.gov
rpurdy@waterboards.ca.gov

Subject: Comment letter - Draft NPDES Permit (Draft Order) for MS4 Discharges within the Los Angeles
County Flood Control District

Dear Mr. Ridgeway:

The City ofInglewood (City) appreciates the opportunity to provide comments on the Draft NPDES Permit
(Draft Order) for MS4 Discharges within the Los Angeles County Flood Control District. The City has actively
participated with the LA Permit Group in efforts to promote a constructive collaboration between the other
municipalities and also the Los Angeles Regional Water Quality Control Board (LARWQCB). The City in
addition to these comments is in support of the detailed comments submitted by the LA Permit Group.

As stated in letter dated July 10, 2012 (incorporated in this letter as attached), the City feels that the comment
deadline of July 23, 2012 is far too short to address all the potential issues and concerns associated with the
draft order. The City supports the need for regulations that are developed reasonably and can be complied with
while protecting water quality in a cost-effective and science-based matter. The City feels that the draft order
may place permittees in a vulnerable position for not being in immediate compliance with water quality
standards. It is imperative that more time be given to review the permit and develop alternatives to the issues _
found in this draft order. In light ofthe restricted time period to comment given, the City has put together
comments to address the most pertinent issues.

In addition to the comments that follow and are attached, please note that the contact information for the City of
Inglewood as noted on page 4 ofthe draft order has changed. The contact information should be changed as
follows:

Mailing Address: I W. Manchester Blvd, 3rd Floor
Public Works Department
Inglewood, CA 90301

Facility Contact: Lauren Amimoto, Senior Administrative Analyst
One W Manchester Boulevard· [nglewood, CA· 9030[· Phone (310) 412-5333· Fax (3[0) 412-5552 •

www.cityofinglewood.org
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lamimoto@cityofinglewood.org

Discharge Prohibitions:
The City, being a potable water distribution system and an MS4 is concerned with this section and feels that
some clarifications need to be addressed. The notification and monitoring requirements are unclear as to
whether they apply to any discharge or if they apply to a threshold of 1 acre-foot. The City believes that if these
requirements apply to all discharges this would be excessive and a waste of City resources. The City believes
that this section should be rewritten to address the issues that may arise for cities that own and operate a potable
water distlibution system and are also a MS4 pel1nittee.

Receiving Water Limitations:
The City feels that the Receiving Water Limitation (RWL) language in the draft order is likely to create a
liability to the City that is unnecessary and counterproductive. The City feels that if it is engaging in a good
faith effort to implement the iterative process to correct any hann while diligently implementing its stonnwater
program then it should not be subject to non-compliance and open to litigation because of the proposed
language. Especially in light of the United States Court of Appeals for the Ninth Circuit issued opinion in
Natural Resources Defense Council, Inc., et aI., v. County ofLos Angeles, Los Angeles County Flood Control
District, et al. J (NRDC v. County ofLA) that determined that a municipality is liable for permit violations if its
discharges cause or conhibute to an exceedance of a water quality standard. To address this issue the City is
recommending that the CASQA RWL language (attached) be used instead of the controversial proposed
language which creates counterproductive liability for the cities who are diligently implementing stormwater
programs. The City believes it may be exposed to considerable vulnerability even though it has little control
over the sources ofpollutants that may create the vulnerability. Even when an adaptive management approach
is taken, under the current language, the City may be exposed to enforcement action and third party lawsuits.
This is in fact what happened to the City of Stockton. The City of Stockton was sued by a third party for
violations of the cause/contribute prohibition even though they were implementing a comprehensive iterative
process with specific pollutant load reduction plans. RWL language is a critical issue and must be modified to
allow for an iterative/adaptive approach to meet water quality standards.

Total Maximum Daily Loads (TMDLs):
The City is concerned with the incorporation of the multiple TMDLs into the draft order. These TMDLs were
developed based on the infonnation available at the time, not the best infonnation to solve the problems at hand.
The TMDLs were developed on the understanding that there would be monitoring, special studies, and other
infonnation gathered to redefine the TMDLs and addressed through a TMDL reopener. Anticipated reopeners,
like the Santa Monica Bay Beaches TMDL, have not been updated to address the evidence that was presented.
The sophistication of the TMDLs varies widely along with the financial burden of complying with them. The
City does not believe that the use of numeric limits should be used for final waste load allocations (WLAs), and
that WLAs should be incorporated as non-numeric effluent limitations instead. WQBELS should be expressed
as Best Management Practices (BMPs) to abate the discharge ofpollutants. Once BMPs are implemented then
monitoring data can be used to deternline the effectiveness of the BMPs and appropriate adjustments can be
made if the BMPs are not effective. The compliance option of implementing actions or BMPs in an adaptive
iterative approach consistent with the Watershed Management Program should be included for the interim and
final WLAs. If this compliance option ofBMP implementation is not included and shict numeric limits are
required for final WLAs, then, at the specified compliance date, no matter how much the pennittee has done,
how much the pel1nittee has spent, and how close to complying with the numeric values, no matter ifthe

2

RB-AR12404



sources are in the pennittees's control or not, the pennittee may be considered out of compliance with the
pennit requirements and open to enforcement action and third party litigation.

In TMDLs where the compliance date has already passed, the proposed use of Time Schedule Orders seems to
put pennittees in immediate non-compliance and exposure to third party lawsuits. The City strongly believes
that an adaptive management approach where TMDL reopeners are used to consider new data and other
technical infonnation to modify the TMDLs, including whether the TMDL schedule is appropriate, is the most
straightforward way to address past due TMDLs. The LARWQCB should adjust the implementation timelines
to reflect the practical and financial reality faced by municipalities. Final WLAs should be delayed until more
scientific infonnation is gathered and the TMDLs are reconsidered in light of infonnation that was not available
at the time when the TMDL was developed.

The four compliance options for both interim and final WLAs should be (1) Implement Actions/BMPs, (2)
Compliance at the outfall, (3) Compliance in the receiving water, (4) No direct discharges.

Monitoring:
The proposed monitoring program seems to significantly increase from the current monitoring efforts.
Receiving water monitOling should be consistent with SWAMP protocols including the requirement that
ambient monitoring be conducted 2 days following a storm event instead of dUling a stonn event. Regarding
the regional studies, the City believes that these studies should be conducted by the Regional or State Board and
not at an individual City level. Toxicity monitoring should be conducted at the receiving water and not the
outfalls, but first it should be detennined if toxicity is in fact an issue in the receiving waters. Conducting
unnecessary monitoring would be costly and waste limited City resources. Insufficient time has been allotted to
prepare the Coordinated Integrated Monitoring Plan (ClMP). Pennittee should be allowed at least 12 months to
submit a Memorandum of Agreement to participate in a ClMP and at least 24 months to submit the complete
ClMP.

Minimum Control Measures:
The LARWQCB should develop a timeline for implementation and phasing in of the Minimum Control
Measures requirements. A 12 month time schedule is recommended in order to transition from the cun'ent
efforts to the new MCM requirements. The draft order seems to shift the States responsibilities regarding the
State General Pennits for Construction and Industrial Activities from the State to the municipalities. These
elements that shift State responsibilities to the municipalities should be eliminated. Requiring the pennittees to
maintain a database that overlaps with the States SMARTS database is repetitive and adds additional costs to
pennittees that is unnecessary. Requiring the quantification of soil loss is also repetitive with the Construction
General Pennit and will add additional costs to pennittee as well.

The City suggests that a technical guidance manual should be provided for implementing the suggested Low
Impact Development (LID) provisions.

A number of concerns arise with the New Development provisions of the MCM section in the draft order.
Requiring developers to choose between two equivalent design volume criteria, being, the 0.75 inch stonn or
the 85th percentile 24 hour stonn- whichever is greater, makes little sense when these two design criteria were
judged to be equivalent. This adds additional costs to any project that are unnecessary. The alternative
compliance option of offsite mitigation is highly unlikely to be chosen because of the requirements for treating
project site runoff to the levels in Table 11 in addition to being equivalent in pollutant load reduction as the
Oliginal project site equates to the developer removing essentially twice as much pollutant loads as he would
have accomplished on the project site if being able to retain the load onsite originally. This is unfair, we
recommend that the developer be required to remove only the pollutant loads that would have been removed at
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the project site at the mitigation site and if the mitigation site cannot meet that load reduction then the developer
can implement treatment controls at the project site for the remaining differential. The section regarding post

Construction BMPs should be revised to reflect the developer's site pollutant of concern and the conesponding
top perfonning BMPs that can meet the benchmarks given.

Pennittees are being required to track and inspect post construction BMPs including LID measures. This seems
like a tedious task for City staff as it would require significant staff time (ex. Plan reviews, purchase of a system
to store data, data entry, letter preparation and enforcement). If pennittees are required to inspect every LID
BMP implemented, then during wet weather it would be unreasonable and cost prohibitive for the City to
perfonn that many inspections. Tracking and inspection of BMPs should be limited only to conventional BMPs
(ex. Detention basins, wetlands, etc.)

Attachment H which provides design specifications for biofiltration and bioretention BMPs should be optional.
It is more productive for a perfonnance standard to be required and the City will develop design specifications
to meet the standard.

The requirement requires each pelmittee to install additional trash BMPs regardless of where the area is subject
to a trash T1\IDL or not makes little sense. If a T1\IDL has not been established for that area then the purpose
for additional trash management is unclear. The MCM already requires prioritization, cleaning, and inspection
of catch basins as well as street sweeping and other management control measures to address trash.

Watershed Management Programs:
A big concern for the City with the Watershed Management Program section is the draft order's proposed
timeline for developing the watershed management programs. The draft order only allows 1 year to develop a
comprehensive watershed management program. This is insufficient time to organize the watershed cities and
other agencies, develop cooperative agreements, initiate the studies, calibrate and run the models based on
relevant data, draft the plans, and obtain necessary approvals from political bodies. A time period of at least 24
months should be allowed to develop a draft plan that is implementable.

The draft order is silent on the issue of sources of pollutants outside the authOlity of the pelmittees control (ex.
Aerial deposition, upstream contributions, discharges allowed by another NPDES pennit, etc.) Pennittees
should be allowed to demonstrate that some sources are outside the pennittees control and they are not
responsible for managing or abating those sources. Watershed management programs and the reasonable
assurance analysis should be able to be applied for T1\IDL compliance purposes.

Cost Implications to the City
The draft order requires municipalities to exercise their authority to secure fiscal resources necessary to meet all
the requirements of the pennit. However, we have a limited amount of funds that are under local control. Any
additional funds needed to raise money for stonnwater programs would need to come from increased/new
stonnwater fees and grants. New fees for stonnwater are regulated under the State's Prop 218 regulations, and
require a public vote; so, this is an item that is not under direct control of the municipalities - the Pennit
language should reflect this. Furthennore in addition to clean water, local resources are also directed to a
number of health, safety and quality of life factors. Thus, all these factors, health, safety, quality of life and
clean water need to be developed in balance with each other. This requires a strategic process and that will take
time to get right. We urge that the pennit provisions are developed on conditions based on a reasonable
timeframe in balance with the existing economy, fiscal resources available, and other health, safety, regulatory
and quality of life factors that local agencies are responsible for.

4
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The economic implications of the many proposed permit requirements are of critical importance. The cost for
complying with both the stormwater regulations and TMDL requirements should be carefully considered.
Although we have not had sufficient time to assess the cost for the new stormwater requirements, the County of
Los Angeles has completed an analysis (using the Los Angeles County BMP Decision Support System model)
to assess the effort required to implement low impact development retrofits throughout Los Angeles County to
address all TMDLs and 303(d) listings. This model roughly estimated that, to meet these water quality
standards, the area would have to spend between $17 billion and $42 billion. With these types of economic
implications, it is critical that this Regional Board and their staff more carefully evaluate comments and provide
additional, extended comment periods for these requirements.

The City is concerned with the issue of whether these permit requirements constitute an unfunded mandate
claim and believes that this issue should be addressed.

In closing the City thanks the LARWQCB for the opportunity to comment on the draft order and looks forward
to discussing our comments and exploring alternative approaches. We request that the LARWQCB provides
another revised draft tentative order with an additional review period of at least 180 days to discuss and review
the full document. It is imperative that ample time be granted to review the entire document to better
understand the relationships with the various provisions. Please feel free to contact Lauren Amimoto (310) 412
5192 lamimoto@cityofinglewood.org if you have any questions or require clarification regarding these
comments.

11l~
HalTY Frisby, Jr.
Acting Director of Public Works

CC: Artie Fields, City Manager
Cal Saunders, City Attorney
Jeffrey Lewis, Assistant City Attorney
Barmeshwar Rai, Principal Civil Engineer
Lauren Amimoto, Senior Administrative Analyst
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July 23,2012

Mr. Ivar Ridgeway
320 W. 4th Street, Suite 200
Los Angeles, CA 90013
(213) 620-2150

Subject: Tentative MS4 Order Comments

Dear Mr. Ridgeway:

For your consideration, the City of Irwindale is pleased to submit the attached
comments regarding Order No. R4-2012-XXXX NPDES Permit No. CAS004001.

Please note that the City also supports comments submitted to you from the Los
Angeles Stormwater Permit (LASP) group. The City's comments are intended to
compliment and address more specifically the issues raised in the LASP group
letter. Additionally, the City's comment letter contains other issues not
addressed in the LASP group letter.

We thank you for the opportunity to submit comments on this very important
matter. Should you have any questions, please feel free to call me at 626/430
2211.

Sincerely,

~~-
Loretta Corpis
Management Analyst

5050 NORTH IRWINDALE AVE., IRWINDALE, CA 91706 I PHONE: (626) 430-2200 FACSIMILE: (626) 962-4209
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Comments Regarding Los Angeles MS4 Tentative Order No. R4-2012-XXXX  
NPDES PERMIT NO. CAS004001 (issue date unspecified) 

Attachment E: Monitoring and Reporting Plan  

 
1. Receiving Water Monitoring 
 
The purpose of receiving water monitoring is to: 
 
a. Determine whether the receiving water limitations are being achieved, 

 
b. Assess trends in pollutant concentrations over time, or during specified 

conditions, 
 

c. Determine whether the designated beneficial uses are fully supported as 
determined by water chemistry, as well as aquatic toxicity and 
bioassessment monitoring. 
  

Receiving water monitoring is to be performed at various in-stream stations.   
 
At issue is “a” because it serves to determine compliance with receiving water 
limitations.  The Regional Board has no legal authority to compel compliance with 
receiving water limitations through in-stream monitoring. Monitoring requirements 
relative to MS4 permits are limited to effluent discharges and the ambient 
condition of the receiving water, as §122.22(C)(3) clearly indicates:  
 

The permit requires all effluent and ambient monitoring necessary to 
show that during the term of the permit the limit on the indicator 
parameters continues to attain water quality standards.  

  
According to Clean Water Act §502, effluent monitoring is defined as outfall 
monitoring: 
 

The term "effluent limitation" means any restriction established by a State or 
the Administrator on quantities, rates, and concentrations of chemical, 
physical, biological, and other constituents which are discharged from point 
sources into navigable waters, the waters of the contiguous zone, or the 
ocean, including schedules of compliance.   

 
40 CFR §122.2 defines a point source as:   
 

… the point where a municipal separate storm sewer discharges to waters 
of the United States and does not include open conveyances connecting 
two municipal separate storm sewers, or pipes, tunnels or other 
conveyances which connect segments of the same stream or other waters 
of the United States and are used to convey waters of the United States. 
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In short, effluent monitoring in a receiving water because cannot be required 
because it lies outside the bounds of the outfall.   
Regarding monitoring purposes “b” and “c” no argument is raised here provided 
that it is understood that assessing trends in pollution concentrations would be: 
(1) limited to ambient water quality monitoring; and (2) permittees shall be not 
responsible for funding such monitoring.  With respect to the latter, the Regional 
Board’s surface water ambient monitoring program (SWAMP) should be charged 
with this responsibility. MS4 permittees fund SWAMP activities through an annual 
surcharge levied on annual MS4 permit fees.    
 
Recommended Corrective Action:  Delete 1(a) and make it clear that 1(b) and (c) 
relate to ambient monitoring that is not the responsibility of MS4 permittees.  
 
2. Stormwater Outfall Based Monitoring 
 
The purpose of stormwater outfall based monitoring – including TMDL monitoring 
-- is to: 
 
a. Determine the quality of a Permittee’s discharge relative to municipal 

action levels, as described in Attachment G of this Order, 
 
b. Determine whether a Permittee’s discharge is in compliance with 

applicable wet weather WQBELs derived from TMDL WLAs, 
 
c. Determine whether a Permittee’s discharge causes or contributes to an 

exceedance of receiving water limitations. 
 
Insofar as “a” is concerned, outfall monitoring for stormwater for attainment of 
municipal action levels (MALs) would be acceptable were it not for their purpose.  
MALs represent an additional monitoring requirement for non-TMDL pollutants.  
MALs should really be used to replace TMDL WLAs as alternatives to addressing 
receiving water quality.   As noted in the National Research Council Report to 
USEPA:     
 

The NSQD (Pitt et al., 2004) allows users to statistically establish action 
levels based on regional or national event mean concentrations developed 
for pollutants of concern. The action level would be set to define 
unacceptable levels of stormwater quality (e.g., two standard deviations 
from the median statistic, for simplicity). Municipalities would then routinely 
monitor runoff quality from major outfalls. Where an MS4 outfall to surface 
waters consistently exceeds the action level, municipalities would 
need to demonstrate that they have been implementing the stormwater 
program measures to reduce the discharge of pollutants to the 
maximum extent practicable. The MS4 permittees can demonstrate the 
rigor of their efforts by documenting the level of implementation through 
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measures of program effectiveness, failure of which will lead to an inference 
of noncompliance and potential enforcement by the permitting authority 

Instead of following the above Regional Board staff has chosen to create another 
monitoring requirement, without regard for cost or benefit to water quality or to 
permittees.  Non-TMDL pollutants should be not be given special monitoring 
attention until it has been determined that they pose an impairment threat to a 
beneficial use.  Such a determination needs to be done by way of ambient 
monitoring performed by the Regional Board SWAMP. The resulting data could 
then be used to develop future TMDLs if necessary.   
 
Furthermore, many of the MAL constituents (both stormwater and non-storm 
water) listed in Appendix G, are included in several TMDLs such as metals and 
bacteria. This is, of course, a consequence of the redundancy created by two 
approaches that are intended to serve the same purpose:  protection of water 
quality.        
 
Recommended Correction: Either require substitution of TMDLs with MALs or 
eliminate MALs entirely.   
  
As for stormwater outfall monitoring purpose “b”, such monitoring cannot be used 
to determine compliance with wet weather WQBELs based on TMDL WLAs for 
the following reasons:      
 
1. The wet-weather WQBEL is based on a TMDL WLA in the receiving water 

that is non-ambient.  As mentioned, federal regulations only require ambient 
monitoring in the receiving water, which by definition can never be deemed 
the same as wet weather monitoring.  They are mutually exclusive.   Regional 
Board staff has also incorrectly determined that a WQBEL may be the same 
as the TMDL WLA, thereby making it a “numeric effluent limitation.” Although 
numerous arguments may be marshaled against the conclusion, the most 
compelling of all is the State Water Resources Control Board’s clear 
opposition to numeric effluent limitations. 

 
In Water Quality Orders 2001-15 and  2009-0008  the State Board made it 
clear that:  we will generally not require “strict compliance” with water quality 
standards through numeric effluent limitations,” and instead “we will continue 
to follow an iterative approach, which seeks compliance over time” with water 
quality standards.    
 
[Please note that the iterative approach to attain water quality standards 
applies to the outfall and the receiving water.]  
 
More recently, the State Board commented in connection with the draft 
Caltrans MS4 permit that numeric WQBELs are not feasible as explained in 
the following provision from its most recent Caltrans draft order: 
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Storm water discharges from MS4s are highly variable in frequency, 
intensity, and duration, and it is difficult to characterize the amount of 
pollutants in the discharges. In accordance with 40 CFR § 
122.44(k)(2), the inclusion of BMPs in lieu of numeric effluent 
limitations is appropriate in storm water permits. This Order requires 
implementation of BMPs to control and abate the discharge of 
pollutants in storm water to the MEP.  

 
2. The State Board’s decision not to require numeric WQBELs in this 

instance appears to have been influenced by among other considerations, 
the Storm Water Panel Recommendations to the California State Water 
Resources Control Board in re:  The Feasibility of Numeric Effluent Limits 
Applicable to Discharges of Storm Water Associated with Municipal, 
Industrial and Construction Activities. 

 
Regarding purpose “b” it should also be noted that the Regional Board’s 
setting of WQBELs to translate the TMDL WLA in the receiving water to the 
outfall is premature.  Regional Board staff apparently has not performed a 
reasonable potential analysis as required under § 122.44(d)(1)(i), which 
states: 
 

Limitations must control all pollutants or pollutant parameters (either 
conventional, nonconventional, or toxic pollutants) which the Director 
determines are or may be discharged at a level that will cause, have the 
reasonable potential to cause, or contribute to an excursion above any 
[s]tate water quality standard, including [s]tate narrative criteria for water 
quality.” 

 
No such reasonable potential analysis has been performed – even though 
USEPA guidance requires it as part of documenting the calculation of 
WQBELs in the NPDES permit’s fact sheet.  According to USEPA’s NPDES 
Permit Writers’ Manual: 

 
Permit writers should document in the NPDES permit fact sheet the 
process used to develop WQBELs. The permit writer should clearly 
identify the data and information used to determine the applicable water 
quality standards and how that information, or any applicable TMDL, was 
used to derive WQBELs and explain how the state’s anti-degradation 
policy was applied as part of the process. The information in the fact sheet 
should provide the NPDES permit applicant and the public a transparent, 
reproducible, and defensible description of how the permit writer properly 
derived WQBELs for the NPDES permit.1 

 

                                            
1
United States Environmental Protection Agency, NPDES Permit Writers’ Manual, September, 2010, page 

6-30. 
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The fact sheet accompanying the tentative order contains no reference to a 
reasonable potential analysis.  
 
Complicating the performance of a reasonable potential analysis is the 
absence of (1) outfall monitoring data; and (2) ambient water quality 
standards.  Though federal regulations require monitoring at the outfall, the 
Regional Board has not required it up until now.  Even if outfall monitoring  
data were available to determine  whether pollutants concentrations in the 
discharge exceeded the water quality standard is not possible.  This is 
because, as mentioned earlier, TMDL WLAs are not expressed as ambient 
standards.  A TMDL is an enhanced water quality standard.  As noted in the 
National Research Council’s Assessing the TMDL Approach to Water Quality 
Management, a report commissioned by the United States Congress in 2001:  
 

… EPA is obligated to implement the Total Maximum Daily Load (TMDL) 
program, the objective of which is attainment of ambient water quality 
standards through the control of both point and nonpoint sources of 
pollution. 

 
 

Recommended Correction:  Eliminate this requirement. 
 
Regarding purpose “c”, the determinant for a water quality standard exceedance 
is in the discharge from the outfall – not in the receiving water.  The use of 
numeric WQBELs -- though incorrectly defined and established in this instance -- 
represents the compliance standard in discharges from the outfall. Adding a 
second compliance determinant in the receiving water is unnecessary and is not 
authorized under federal stormwater regulations because the receiving water lies 
outside the scope of the MS4.    
 
Recommended Corrective Action:  Eliminate this requirement. 
 
3. Non-storm water outfall based monitoring 
 
The purposes of this type of monitoring are as follows: 
 
a. Determine whether a Permittee’s discharge is in compliance with applicable 

dry weather WQBELs derived from TMDL WLAs. 
 

b. Determine whether a Permittee’s discharge exceeds non-storm water action 
levels, as described in Attachment G of this Order, 
 

c. Determine whether a Permittee’s discharge contributes to or causes an 
exceedance of receiving water limitations, 
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d. Assist a Permittee in identifying illicit discharges as described in Part VI.D.9 of 
this Order. 

 
Regarding “a,” This requirement is redundant in view of the aforementioned 
MALs and in any case is not authorized under federal stormwater regulations. 
402(p)(B)(ii) of the Clean Water Act only prohibits discharges to the MS4 (streets, 
catch basins, storm drains and intra MS4 channels), not through or from it.  This 
applies to all water quality standards, including TMDLs.  Nevertheless, 
compliance with dry weather WQBELs can be achieved through BMPs and other 
requirements called for under the illicit connection and discharge detection and 
elimination (ICDDE) program, or requiring impermissible non-stormwater 
discharges to obtain coverage under a permit issued by the Regional Board.     
 
Recommended Correction:  Delete this requirement and specify compliance with 
dry weather WLAs, expressed in ambient terms, through the implementation of 
the ICDDE program.   
 
Withy regard to “b”, see previous responses regarding MALs and the limitation of 
non-stormwater discharge prohibit to the MS4. 
 
Recommended Correction:  Delete this requirement because it exceeds the non-
stormwater discharge prohibition to the MS4; and determine whether MALs or 
TMDLs are to be used to protect receiving water quality.      
 
Regarding “c”, as mentioned, non-stormwater discharges cannot by applied to 
receiving water limitations because of they are only prohibited to the MS4, not 
from or through it. 
 
Recommended Correction:  Delete this requirement because it exceeds the non-
stormwater discharge prohibition to the MS4.      
 
Regarding “d”, this requirement is reasonable and in keeping with federal 
regulations with the exception that the identification of illicit discharges must 
adhere to the field screening requirements in CFR 40 §122.26. No non-
stormwater discharge monitoring shall occur unless flow is first discovered at the 
outfall.  This would trigger the implementation of additional requirements that  the 
tentative order does not include.  
 
4. New Development/Re-development effectiveness monitoring 
 
The purpose of this requirement is a dubious and is not authorized under federal 
stormwater regulations as it relates to monitoring.  To begin with, requiring such 
monitoring is premature given the absence of outfall monitoring in the current and 
previous MS4 permits that would characterize an MS4’s pollution contribution 
relative to exceeding ambient water quality standards.  Without the determination 
of statistically significant exceedances of water quality standards, detected at the 
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outfall, the imposition of runoff infiltration requirements is arbitrary.  Further, there 
is nothing in federal stormwater regulations that require monitoring on private or 
public property.  Monitoring, once again, is limited to effluent discharges at the 
outfall and to ambient monitoring in the receiving water. 
 
Beyond this, monitoring for BMP effectiveness poses a serious challenge to what 
determines “effectiveness” -- effective relative to what standard?  It is also not 
clear how such monitoring is to be performed.    
 
Recommended Correction:  Delete this requirement.      
 
The MRP of the tentative order proposes regional studies “to further characterize 
the impact of the MS4 discharges on the beneficial uses of the receiving waters. 
Regional studies shall include the Southern California Stormwater Monitoring 
Coalition (SMC) Regional Watershed Monitoring Program (bio-assessment), 
sediment monitoring for Pyrethroid pesticides, and special studies as specified in 
approved TMDLs (see Section XIX TMDL Reporting, below).” 
 
Regional studies also lie outside the scope of the MS4 permit.  However, 
because federal regulations require ambient monitoring in the receiving water, a 
task performed by the Regional Board’s SWAMP, regional watershed monitoring 
for aforementioned target pollutants can be satisfied through ambient monitoring.  
This can be accomplished with little expense on the part of permittees by: (1) 
using ambient data generated by the Regional Board SWAMP; (2) re-setting the 
County’s mass emissions stations to collect samples 2 to 3 days following a 
storm event (instead of using a flow-based sampling trigger); and (3) using any 
data generated from existing coordinated monitoring programs (e.g., Los Angeles 
River metals TMDL CMP), provided that the data is truly ambient. 
 
 

END COMMENTS 
------------------------------------------------------------------------------------------------------------ 
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Comments Regarding Los Angeles MS4 Tentative Order No. R4-2012-XXXX  
NPDES PERMIT NO. CAS004001 (issue date unspecified) 

 
1. Numeric Water Quality Based Effluent Limitations (WQBELs) applied to 

dry and wet weather Total Maximum Daily Load (TMDLs) waste load 
allocations (WLAs) and to stormwater and non-stormwater municipal 
action levels (MALs) are not authorized under federal stormwater 
regulations and are not in keeping with State Water Resources Control 
Board (State Board) water quality orders (WQOs). 

 
The tentative order specifies that: Each Permittee shall comply with 
applicable WQBELs as set forth in Part VI.E of this Order, pursuant to 
applicable compliance schedules. The tentative order specifies two categories 
of WQBELs, one for USEPA adopted TMDLs and one for Regional 
Board/State adopted TMDLs.  Regarding USEPA adopted TMDLs, it appears 
that BMP-WQBELs may be used to meet TMDL WLAs in the receiving water.  
For Regional Board/State-adopted TMDLs, the tentative order specifies a 
different compliance method:  meeting a “numeric” WQBEL which is derived 
directly from the TMDL waste load allocation.  For example, the wet weather 
numeric WQBEL for dissolved copper for the Los Angeles River is 17 ug/l.   
 
a. Issue:  Regional Board staff is premature in requiring any kind of WQBEL 

because no exceedance of any TMDL WLA at the outfall has occurred.  
This is because outfall monitoring is not a requirement of the current MS4 
permit or previous MS4 permits.   

 
The Regional Board’s setting of WQBELs – any WQBEL -- to translate the 
TMDL WLA for compliance at the outfall is premature.  Regional Board 
staff apparently has not performed a reasonable potential analysis as 
required under § 122.44(d)(1)(i), which states: 

 
Limitations must control all pollutants or pollutant parameters (either 

conventional, nonconventional, or toxic pollutants) which the Director determines 

are or may be discharged at a level that will cause, have the reasonable potential 

to cause, or contribute to an excursion above any [s]tate water quality standard, 

including [s]tate narrative criteria for water quality.” 

 
No such reasonable potential analysis has been performed – even though 
USEPA guidance requires it as part of documenting the calculation of 
WQBELs in the NPDES permit’s fact sheet.  According to USEPA’s 
NPDES Permit Writers’ Manual: 

 
Permit writers should document in the NPDES permit fact sheet the process used 

to develop WQBELs. The permit writer should clearly identify the data and 

information used to determine the applicable water quality standards and how 

that information, or any applicable TMDL, was used to derive WQBELs and 
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explain how the state’s anti-degradation policy was applied as part of the 

process. The information in the fact sheet should provide the NPDES permit 

applicant and the public a transparent, reproducible, and defensible description 

of how the permit writer properly derived WQBELs for the NPDES permit.1 
 

The fact sheet accompanying the tentative order contains no reference to 
a reasonable potential analysis -- a consequence of the fact that no outfall 
monitoring has been required of the Regional Board either in the current 
or previous MS4 permits for Los Angeles County.  Outfall monitoring is a 
mandatory requirement under federal regulations at CFR 40 §122.22, 
§122.2 and §122.26. CFR 40 §122.22(C)(3) requires effluent and ambient 
monitoring:     
 
The permit requires all effluent and ambient monitoring necessary to show that 

during the term of the permit the limit on the indicator parameters continues to 

attain water quality standards. 

 
“Effluent monitoring,” according to Clean Water Act §502, is defined as 
outfall monitoring: 

 
The term "effluent limitation" means any restriction established by a State or the 

Administrator on quantities, rates, and concentrations of chemical, physical, 

biological, and other constituents which are discharged from point sources into 

navigable waters, the waters of the contiguous zone, or the ocean, including 

schedules of compliance.   

 
40 CFR §122.2, defines a point source as:   

 
… the point where a municipal separate storm sewer discharges to waters of the 

United States and does not include open conveyances connecting two municipal 

separate storm sewers, or pipes, tunnels or other conveyances which connect 

segments of the same stream or other waters of the United States and are used to 

convey waters of the United States. 

 
Conclusion:  Because Regional Board staff has not required outfall 
monitoring, it could have not have detected an excursion above a water 
quality standard (includes TMDL WLAs). Therefore, it could not have 
conducted a reasonable potential analysis and, as further consequence, 
cannot require compliance with a WQBEL (numeric or BMP-based) or with 
any TMDL or MAL until those burdens have been met.   
 
Recommended Correction:  Eliminate all reference to comply with 
WQBELs until outfall monitoring and a reasonable potential analysis have 
been performed.       

                                            
1
United States Environmental Protection Agency, NPDES Permit Writers’ Manual, September, 2010, page 

6-30. 
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b. Issue:  Even if Regional Board staff conducted outfall monitoring and 

detected an excursion above a TMDL WLA and performed the requisite 
reasonable potential analysis, it cannot require a numeric WQBEL strictly 
derived from the TMDL WLA.   

 
USEPA’s 2010 guidance memorandum mentions that numeric WQBELs 
are permissible only if feasible.2  This conclusion was reinforced by a 
memorandum from Mr. Kevin Weiss, Water Permits Division, USEPA 
(Washington D.C.). He explains:  
 
Some stakeholders are concerned that the 2010 memorandum can be read as 

advising NPDES permit authorities to impose end-of-pipe limitations on each 

individual outfall in a municipal separate storm sewer system. In general, EPA 

does not anticipate that end-of-pipe effluent limitations on each municipal 

separate storm sewer system outfall will be used frequently. Rather, the 

memorandum expressly describes “numeric” limitations in broad terms, 

including “numeric parameters acting as surrogates for pollutants such as 

stormwater flow volume or   percentage or amount of impervious cover.” In the 

context of the 2010 memorandum, the term “numeric effluent limitation” should be 

viewed as a significantly broader term than just end-of-pipe limitations, and could 

include limitations expressed as pollutant reduction levels for parameters that are 

applied system-wide rather than to individual discharge locations, expressed as 

requirements to meet performance standards for surrogate parameters or for specific 

pollutant parameters, or could be expressed as in-stream targets for specific 

pollutant parameters. Under this approach, NPDES authorities have significant 

flexibility to establish numeric effluent limitations in stormwater permits.3 

 
Reading the 2010 USEPA memorandum, together with Mr. Weiss’s 
memorandum, creates the inescapable conclusion that (1) numeric 
WQBELs are permissible if “feasible” and (2) numeric WQBELs cannot be 
construed to only mean strict effluent limitations at the end-of-pipe (outfall) 
but more realistically must include surrogate parameters and other 
variants as well.  Regional Board staff failed to examine alternative 
numeric WQBELs, along with BMP WQBELs, as a consequence of not 
conducting the appropriate analysis. 
 
In any case, the feasibility of numeric WQBELs, whether strictly derived 
from TMDL WLAs or of the surrogate parameter type, the State Water 
Resources Control Board has determined that numeric effluent 
limitations are not feasible.   In Water Quality Orders 2001-15 and  2009-
0008  the State Board made it clear that:  we will generally not require 
“strict compliance” with water quality standards through numeric effluent 

                                            
2
Memorandum from James A. Hanlon, Director, Office of Waste Management, Revisions to the November 

22, 2002 Memorandum Establishing Total Maximum Daily Load (TMDL) Waste Load Allocations (WLAs) for 
Storm Water Sources and NPDES Permit Requirements Based on Those WLAs, November 12, 2010, page  
3
Memorandum from Kevin Weiss, Water Permits Division, USEPA (Washington D.C.), March 17, 2011.   
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limitations,” and instead “we will continue to follow an iterative approach, 
which seeks compliance over time” with water quality standards.    

 
[Please note that the iterative approach to attain water quality standards 
applies to the outfall and the receiving water.]  
 
More recently, the State Board commented in connection with the draft 
Caltrans MS4 permit that numeric WQBELs are not feasible as explained 
in the following provision from its most recent Caltrans draft order: 

 
Storm water discharges from MS4s are highly variable in frequency, intensity, 

and duration, and it is difficult to characterize the amount of pollutants in the 

discharges. In accordance with 40 CFR § 122.44(k)(2), the inclusion of BMPs in 

lieu of numeric effluent limitations is appropriate in storm water permits. This 

Order requires implementation of BMPs to control and abate the discharge of 

pollutants in storm water to the MEP.  

 

The State Board’s decision not to require numeric WQBELs in this 
instance appears to have been influenced by among other considerations, 
the Storm Water Panel Recommendations to the California State Water 
Resources Control Board in re:  The Feasibility of Numeric Effluent Limits 
Applicable to Discharges of Storm Water Associated with Municipal, 
Industrial and Construction Activities. 
 
Conclusion:  The Regional Board does not have the legal authority to 
require numeric WQBELs.   
 
Recommended Correction: Eliminate all references to comply with 
numeric WQBELs.       
  

c. Issue:  There cannot be a WQBEL to attain a dry weather TMDL WLA nor 
a WQBEL that addresses a non-stormwater municipal action level (MAL). 

 
The foundation for this argument lies in the federal limitation of non-
stormwater discharges to the MS4 – not from or through it as the tentative 
order concludes.  Federal stormwater regulations only prohibit discharges 
to the MS4 and limits outfall monitoring to stormwater discharges.  This is 
explained in greater detail under 4. Non-stormwater Discharge 
Prohibitions. 
 
Conclusion:  Regional Board does not have the legal authority to compel 
compliance with dry weather WQBELs or non-stormwater MALs.   
 
Recommended Correction: Eliminate all references to comply with 
numeric WQBELs.       
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2. The tentative order has altered Receiving Water Limitation (RWL) 
language causing it to be overbroad and inconsistent with RWL in the 
current MS4 permit, the Ventura MS4 permit, State Board WQO 99-05, 
the draft Caltrans MS4 permit, and RWL language recommended by 
CASQA. 

  
a. Issue: The proposed RWL language changes the “exceedance” 

determinant from water quality standards and objectives to receiving water 
limitations, thereby increasing the stringency of the requirement.  The 
tentative order RWL version reads:  Discharges from the MS4 that cause 
or contribute to the violation of receiving water limitations are prohibited. 
 

Compare this with what is in the current MS4 permits for Los Angeles and 
Ventura Counties: 
 
Discharges from the MS4 that cause or contribute to a violation of water quality 

standards are prohibited.  

 

Whereas standard RWL language limits water quality standards to what is 
in the basin plan, and includes water quality objectives (relates to waters 
of the State), the tentative order  uses revised language that replaces  
water quality standards with the following receiving water limitation criteria:    
 

Any applicable numeric or narrative water quality objective or criterion, or 

limitation to implement the applicable water quality objective or criterion, for the 

receiving water as contained in Chapter 3 or 7 of the Water Quality Control Plan 

for the Los Angeles Region (Basin Plan), water quality control plans or policies 

adopted by the State Water Board, or federal regulations, including but not 

limited to, 40 CFR § 131.38. 

 
It is unclear why Regional Board staff has removed water quality 
standards, which is a USEPA and State Board requirement, and replaced 
them with the more global receiving water limitation language that include 
additional compliance criteria (e.g., “or federal regulations including but 
not limited to 40 CFR § 131.38”). Other “federal regulations” could include 
CERCLA (Comprehensive Environmental Remediation and Compensation 
Liability Act).   

  
Enlarging the scope of the RWL from water quality standards to a universe 
of other regulatory requirements exceeds RWL limitation language 
established in State Board WOQ 99-05, a precedential decision.  The 
order bases compliance on discharge prohibitions and receiving water 
limitations on the timely implementation of control measures and other 
action in the discharges in accordance with the SWMP (stormwater 
management plan) and other requirements of the permit’s limitations.  It 
goes on to say that if exceedances of water quality standards or water 
quality objectives, collectively referred to as water quality standards 
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continues, the SWMP shall undergo an iterative process to address the 
exceedances.  It should be noted that this language was mandated by 
USEPA. 
 
It should be noted that the draft Caltrans MS4 permit is scheduled for 
adoption in September, as well as CASQA, proposes RWL language that 
is in keeping with WQO 99-05. 
 
Conclusion:  Regional Board does not have the legal authority to re-define 
RWL language to the extent it is proposing. 
  
Recommended Correction:  Replace RWL contained in the tentative order 
with the CASQA model or with language contained in the draft Caltrans 
MS4 permit. 

 
b. Issue: By eliminating water quality standards, the tentative order has 

created a separate compliance standard for TMDLs and for non-TMDLs. 
Standard RWL language in other MS4 permits designates  the SWMP4 as 
the exclusive determinant for achieving water quality standards in the 
receiving water.  Since TMDLs are enhanced water quality standards, the 
SWMP (or in this case the SQMP) should enable compliance with TMDLs.  
Instead, the tentative order specifies compliance through implementation 
plans – including plans that were discussed in several State/Regional 
Board adopted TMDLs (e.g., the Los Angeles River Metals TMDL).  The 
absence of water quality standards also creates a separate compliance 
standard for non-TMDLs.  According to Regional Board staff, minimum 
control measures (MCMs) which make up the SQMP, are intended to 
meet non-TMDLs pollutants. Unclear is what defines non-TMDL pollutant.  
If there are no water quality standards referenced in the RWL then what 
are the non-TMDL pollutants that the MCMs are supported to address? 

 
There is no authority under federal stormwater regulations to comply with 
any criterion other than water quality standards.  The RWL language 
called-out in WQO 99-05, which was in response to a USEPA directive, 
makes it clear that water quality standards represent the only compliance 
criteria, not an expanded definition of receiving water limitations that 
exclude such criteria.   
 
MS4 permits throughout the State include TMDL WLAs.  None of them, 
however, has created a compliance mechanism that excludes water 
quality standards as a means of attaining them.  Further, the State Board 
has, through the draft Caltrans MS4 permit and the draft Phase II MS4 
permit, articulated its policy on compliance with water quality standards: 

                                            
4
USEPA and federal stormwater regulations use stormwater management program whereas the Los 

Angeles County MS4 permit uses stormwater quality management plan (SQMP).  In effect they are the 
same.  They consist of 6 core programs that must be implemented through MS4 permit. 
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they are to be met through the implementation of stormwater management 
programs. Equally noteworthy is that State Board has not created a dual 
standard for dealing with TMDLs and non-TMDLs.  This is an obvious 
consequence of its adherence to WQO 99-05. 

 
With regard to implementation plans contained in TMDLs, the Regional 
Board has no legal authority to include them into the MS4 permit.  This 
issue discussed in greater detail later in these comments. 
 
Conclusion:  The tentative order must be revised to restore water quality 
standards in RWL language and, by extension, enable compliance with 
TMDLs and other water quality standards through the SQMP/MCMs.     

 
Recommended Correction:  Revise the tentative order to eliminate any 
reference to complying with anything else except water quality standards 
through the SQMP; and, therewith, eliminate any reference to complying 
with implementation plans contained in State/Regional Board TMDLs.  

 
3. The tentative order does not include the iterative process, a 

mechanism that is integral to RWL language which serves to achieve 
compliance with water quality standards.    

 
a. Issue: The absence of the iterative process disables a safeguard to 

protect permittees against unjustifiably strict compliance with water 
quality standards – or in this case the expanded definition of receiving 
water limitations -- that is a requisite feature in all MS4 permits issued 
in California.  The tentative order circumvents the iterative process by 
creating an alternative referred to as the adaptive/management 
process which is only available to those permittees that opt for a 
watershed management program.    
 
Despite the fact RWL language in MS4 permits since the 90’s have 
provided a description of an iterative process (the BMP adjustment 
mechanism), the term “iterative process” has only recently been 
specifically mentioned in them.  The absence of this term resulted in 
the 9th Circuit Court Appeal’s conclusion in NRDC v. Los Angeles 
County Flood Control District that there is no “textual support” in the 
current MS4 permit for the existence of an iterative process.  This 
resulted in the court’s conclusion that the LACFCD had exceeded 
water quality standards in the hardened portions of the Los Angeles 
and San Gabriel Rivers. More recent MS4 permit’s issued in the State 
contain clear references to the iterative process.          
 
Notwithstanding the absence of water quality standards in the tentative 
order, the iterative process must be included as required by Water 
Quality Orders 2001-15 and 2009-0008, wherein the State Board made 
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it clear that:  we will generally not require “strict compliance” with water 
quality standards through numeric effluent limitations,” and instead “we 
will continue to follow an iterative approach, which seeks compliance 
over time” with water quality standards.    
 
Moreover, both the draft Caltrans MS4 permit and the draft Phase II 
MS4 permit contain references to the iterative process.  The draft 
Caltrans MS4 permit refers to the iterative process in two places:  
finding 20, Receiving Water Limitations and in the Monitoring Results 
Report.  Finding 20 states: 
 
The effect of the Department’s storm water discharges on receiving water 

quality is highly variable. For this reason, this Order requires the Department 

to implement a storm water program designed to achieve compliance with 

water quality standards, over time through an iterative approach. If 

discharges are found to be causing or contributing to an exceedance of an 

applicable Water Quality Standard, the Department is required to revise its 

BMPs (including use of additional and more effective BMPs).
5
 

   
Under the Monitoring Results Report section, the draft Caltrans MS4 
permit reiterates the iterative process within the context of the 
following:  The MRR shall include a summary of sites requiring 
corrective actions needed to achieve compliance with this Order, and a 
review of any iterative procedures (where applicable) at sites needing 
corrective actions.6   

 
The draft Phase II MS4 references the iterative process in two places,   
in finding 35 and under its definition of MEP.  Finding 35 states: 
 
This Order modifies the existing General Permit, Order 2003-0005-DWQ by 

establishing the storm water management program requirements in the permit 

and defining the minimum acceptable elements of the municipal storm water 

management program. Permit requirements are known at the time of permit 

issuance and not left to be determined later through iterative review and 

approval of Storm Water Management Plans (SWMPs).  

 
The draft Phase II MS4 permit also acknowledges the iterative process 
through the definition of maximum extent practicable (which is also 
included in the draft Caltrans MS4 permit), to the following extent: 
 

MEP standard requires Permittees apply Best Management Practices (BMPs) 

that are effective in reducing or eliminating the discharge of pollutants to the 

waters of the U.S. MEP emphasizes pollutant reduction and source control 

BMPs to prevent pollutants from entering storm water runoff. MEP may 

                                            
5
See draft Caltrans MS4 permit (Tentative Order No. 2012-XX-DWQ NPDES No. CAS000003), page 10.     

6
Ibid., page 35.  
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require treatment of the storm water runoff if it contains pollutants. The MEP 

standard is an ever-evolving, flexible, and advancing concept, which 

considers technical and economic feasibility. BMP development is a dynamic 

process and may require changes over time as the Permittees gain experience 

and/or the state of the science and art progresses. To do this, the Permittees 

must conduct and document evaluation and assessment of each relevant 

element of its program, and their program as a whole, and revise activities, 

control measures/BMPs, and measurable goals, as necessary to meet MEP. 

MEP is the cumulative result of implementing, evaluating, and creating 

corresponding changes to a variety of technically appropriate and 

economically feasible BMPs, ensuring that the most appropriate BMPs are 

implemented in the most effective manner. This process of implementing, 

evaluating, revising, or adding new BMPs is commonly referred to as the 

“iterative approach.”
7
  

 
It should be clearly understood that the State Board is articulating clear 
policy on the iterative process through these two draft MS4 permits 
and that they must be followed by Regional Boards as subordinate 
jurisdictions.  
 
Conclusion:  The Regional Board has no authority to alter the iterative 
process/procedure by making a revised and diluted version of it 
available only to those MS4 permittees that wish to opt for watershed 
management program participation.  Quite the contrary, the Regional 
Board is legally compelled to make the iterative process, as described 
herein, an undeniable requirement in the tentative order.     
 
Recommended Correction: Regional Board staff should incorporate the 
iterative process into the tentative order in the findings section and in 
the RWL section.  It should also be referenced again under a revised 
MEP definition.   

 
3. The tentative order incorrectly articulates the non-stormwater 

discharge prohibition to the MS4 to include discharges from and 
through it. 

 
a. Issue: The tentative order mentions prohibiting non-stormwater 

discharges not only to the MS4 but from and through it as well.  
Federal regulations did not authorize the non-stormwater discharge 
prohibition to go beyond “to” the MS4. This is a serious issue 
because extending the prohibition from or through the MS4 would 
subject non-stormwater discharges (including dry weather TMDL 

                                            
7
See State Water Resources Control Board Water Quality Order No. XXXX-XXXX-DWQ, NPDES General 

Permit No. CASXXXXXX, page   
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WLAs and non-stormwater municipal action levels) to pollutant 
limitations at the outfall.      
     
The tentative order attempts to justify interpreting federal 
stormwater regulations to mean that non-stormwater discharges 
are prohibited not only to the MS4 but from it and through it as well 
by: (1) incorrectly stating the Clean Water Act §402(p)(B)(ii) of the 
Clean Water Act requires permittees effectively prohibit non-storm 
water discharges into watercourses (means receiving waters) as 
well as to the MS4; and (2) a misreading of Federal Register 
Volume 55, No. 222, 47990 (federal register) which contains an 
error with regard to the non-stormwater discharge prohibition. 
 
§402(p)(B)(ii) does not, as the tentative order’s fact sheet asserts, 
include watercourses, which according to Regional Board staff, 
means waters of the State and waters of the United States, both of 
which lie outside of the MS4. The original text of §402(p)(B)(ii) 
actually reads as follows:  Permits for discharges from municipal 
storm sewers “shall include a requirement to effectively prohibit 
non-stormwater discharges into the storm sewers.8  There is no 
mention of watercourses. 
 
The tentative order’s fact sheet also relies on the afore-cited federal 
register which states: 402(p)(B)(3) requires that permits for 
discharges from municipal storm sewers require the municipality to 
“effectively prohibit” non-storm water discharges from the municipal 
storm sewer.  The fact sheet is correct about this.  The problem is 
that the federal register is wrong here. It confuses 402(p)(B)(3), 
which addresses stormwater (not non-stormwater) discharges from 
the MS4, with 402(p)(B)(2), which once again prohibits non-
stormwater discharges to the MS4. It should be noted that in the 
same paragraph above the defective federal register language, it 
says that … permits are to effectively prohibit non-storm water 
discharges to the municipal separate storm sewer system. 
 
In any case, this issue has been resolved since the federal register 
was published in November of 1990.  All MS4 permits in the United 
States issued by USEPA prohibit non-stormwater discharges only 
to the MS4. USEPA guidance, such as the Illicit Discharge 
Detection and Elimination: A Guidance Manual bases investigation 
and monitoring on non-stormwater discharges being prohibited to 
the MS4.  And, with the exception of Los Angeles Regional Board 
MS4 permits, MS4 permits issued by other Regional Boards also 
limit the MS4 discharge prohibition to the MS4. Beyond this, the 

                                            
8
Municipal storm sewers is a truncated version of municipal separate stormwater system (MS4).   
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draft Caltrans MS4 permit and draft Phase II MS4 permits also limit 
the non-stormwater prohibition to the MS4.    
 
Conclusion:  The Regional Board does not have the legal authority 
to extend the non-stormwater discharge prohibition from or through 
the MS4.    
 
Recommended Correction: Revise the non-stormwater discharge 
prohibition to be limited to the MS4 only and delete all requirements 
that are based on the prohibition from or through the MS4.  This 
includes the non-stormwater prohibition that is linked to CERCLA.          
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Comments Regarding Los Angeles MS4 Tentative Order No. R4-2012-XXXX  
NPDES PERMIT NO. CAS004001 (issue date unspecified) 

Attachment E: Monitoring and Reporting Plan  

 
1. Receiving Water Monitoring 
 
The purpose of receiving water monitoring is to: 
 
a. Determine whether the receiving water limitations are being achieved, 

 
b. Assess trends in pollutant concentrations over time, or during specified 

conditions, 
 

c. Determine whether the designated beneficial uses are fully supported as 
determined by water chemistry, as well as aquatic toxicity and 
bioassessment monitoring. 
  

Receiving water monitoring is to be performed at various in-stream stations.   
 
At issue is “a” because it serves to determine compliance with receiving water 
limitations.  The Regional Board has no legal authority to compel compliance with 
receiving water limitations through in-stream monitoring. Monitoring requirements 
relative to MS4 permits are limited to effluent discharges and the ambient 
condition of the receiving water, as §122.22(C)(3) clearly indicates:  
 

The permit requires all effluent and ambient monitoring necessary to 
show that during the term of the permit the limit on the indicator 
parameters continues to attain water quality standards.  

  
According to Clean Water Act §502, effluent monitoring is defined as outfall 
monitoring: 
 

The term "effluent limitation" means any restriction established by a State or 
the Administrator on quantities, rates, and concentrations of chemical, 
physical, biological, and other constituents which are discharged from point 
sources into navigable waters, the waters of the contiguous zone, or the 
ocean, including schedules of compliance.   

 
40 CFR §122.2 defines a point source as:   
 

… the point where a municipal separate storm sewer discharges to waters 
of the United States and does not include open conveyances connecting 
two municipal separate storm sewers, or pipes, tunnels or other 
conveyances which connect segments of the same stream or other waters 
of the United States and are used to convey waters of the United States. 
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In short, effluent monitoring in a receiving water because cannot be required 
because it lies outside the bounds of the outfall.   
Regarding monitoring purposes “b” and “c” no argument is raised here provided 
that it is understood that assessing trends in pollution concentrations would be: 
(1) limited to ambient water quality monitoring; and (2) permittees shall be not 
responsible for funding such monitoring.  With respect to the latter, the Regional 
Board’s surface water ambient monitoring program (SWAMP) should be charged 
with this responsibility. MS4 permittees fund SWAMP activities through an annual 
surcharge levied on annual MS4 permit fees.    
 
Recommended Corrective Action:  Delete 1(a) and make it clear that 1(b) and (c) 
relate to ambient monitoring that is not the responsibility of MS4 permittees.  
 
2. Stormwater Outfall Based Monitoring 
 
The purpose of stormwater outfall based monitoring – including TMDL monitoring 
-- is to: 
 
a. Determine the quality of a Permittee’s discharge relative to municipal 

action levels, as described in Attachment G of this Order, 
 
b. Determine whether a Permittee’s discharge is in compliance with 

applicable wet weather WQBELs derived from TMDL WLAs, 
 
c. Determine whether a Permittee’s discharge causes or contributes to an 

exceedance of receiving water limitations. 
 
Insofar as “a” is concerned, outfall monitoring for stormwater for attainment of 
municipal action levels (MALs) would be acceptable were it not for their purpose.  
MALs represent an additional monitoring requirement for non-TMDL pollutants.  
MALs should really be used to replace TMDL WLAs as alternatives to addressing 
receiving water quality.   As noted in the National Research Council Report to 
USEPA:     
 

The NSQD (Pitt et al., 2004) allows users to statistically establish action 
levels based on regional or national event mean concentrations developed 
for pollutants of concern. The action level would be set to define 
unacceptable levels of stormwater quality (e.g., two standard deviations 
from the median statistic, for simplicity). Municipalities would then routinely 
monitor runoff quality from major outfalls. Where an MS4 outfall to surface 
waters consistently exceeds the action level, municipalities would 
need to demonstrate that they have been implementing the stormwater 
program measures to reduce the discharge of pollutants to the 
maximum extent practicable. The MS4 permittees can demonstrate the 
rigor of their efforts by documenting the level of implementation through 
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measures of program effectiveness, failure of which will lead to an inference 
of noncompliance and potential enforcement by the permitting authority 

Instead of following the above Regional Board staff has chosen to create another 
monitoring requirement, without regard for cost or benefit to water quality or to 
permittees.  Non-TMDL pollutants should be not be given special monitoring 
attention until it has been determined that they pose an impairment threat to a 
beneficial use.  Such a determination needs to be done by way of ambient 
monitoring performed by the Regional Board SWAMP. The resulting data could 
then be used to develop future TMDLs if necessary.   
 
Furthermore, many of the MAL constituents (both stormwater and non-storm 
water) listed in Appendix G, are included in several TMDLs such as metals and 
bacteria. This is, of course, a consequence of the redundancy created by two 
approaches that are intended to serve the same purpose:  protection of water 
quality.        
 
Recommended Correction: Either require substitution of TMDLs with MALs or 
eliminate MALs entirely.   
  
As for stormwater outfall monitoring purpose “b”, such monitoring cannot be used 
to determine compliance with wet weather WQBELs based on TMDL WLAs for 
the following reasons:      
 
1. The wet-weather WQBEL is based on a TMDL WLA in the receiving water 

that is non-ambient.  As mentioned, federal regulations only require ambient 
monitoring in the receiving water, which by definition can never be deemed 
the same as wet weather monitoring.  They are mutually exclusive.   Regional 
Board staff has also incorrectly determined that a WQBEL may be the same 
as the TMDL WLA, thereby making it a “numeric effluent limitation.” Although 
numerous arguments may be marshaled against the conclusion, the most 
compelling of all is the State Water Resources Control Board’s clear 
opposition to numeric effluent limitations. 

 
In Water Quality Orders 2001-15 and  2009-0008  the State Board made it 
clear that:  we will generally not require “strict compliance” with water quality 
standards through numeric effluent limitations,” and instead “we will continue 
to follow an iterative approach, which seeks compliance over time” with water 
quality standards.    
 
[Please note that the iterative approach to attain water quality standards 
applies to the outfall and the receiving water.]  
 
More recently, the State Board commented in connection with the draft 
Caltrans MS4 permit that numeric WQBELs are not feasible as explained in 
the following provision from its most recent Caltrans draft order: 
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Storm water discharges from MS4s are highly variable in frequency, 
intensity, and duration, and it is difficult to characterize the amount of 
pollutants in the discharges. In accordance with 40 CFR § 
122.44(k)(2), the inclusion of BMPs in lieu of numeric effluent 
limitations is appropriate in storm water permits. This Order requires 
implementation of BMPs to control and abate the discharge of 
pollutants in storm water to the MEP.  

 
2. The State Board’s decision not to require numeric WQBELs in this 

instance appears to have been influenced by among other considerations, 
the Storm Water Panel Recommendations to the California State Water 
Resources Control Board in re:  The Feasibility of Numeric Effluent Limits 
Applicable to Discharges of Storm Water Associated with Municipal, 
Industrial and Construction Activities. 

 
Regarding purpose “b” it should also be noted that the Regional Board’s 
setting of WQBELs to translate the TMDL WLA in the receiving water to the 
outfall is premature.  Regional Board staff apparently has not performed a 
reasonable potential analysis as required under § 122.44(d)(1)(i), which 
states: 
 

Limitations must control all pollutants or pollutant parameters (either 
conventional, nonconventional, or toxic pollutants) which the Director 
determines are or may be discharged at a level that will cause, have the 
reasonable potential to cause, or contribute to an excursion above any 
[s]tate water quality standard, including [s]tate narrative criteria for water 
quality.” 

 
No such reasonable potential analysis has been performed – even though 
USEPA guidance requires it as part of documenting the calculation of 
WQBELs in the NPDES permit’s fact sheet.  According to USEPA’s NPDES 
Permit Writers’ Manual: 

 
Permit writers should document in the NPDES permit fact sheet the 
process used to develop WQBELs. The permit writer should clearly 
identify the data and information used to determine the applicable water 
quality standards and how that information, or any applicable TMDL, was 
used to derive WQBELs and explain how the state’s anti-degradation 
policy was applied as part of the process. The information in the fact sheet 
should provide the NPDES permit applicant and the public a transparent, 
reproducible, and defensible description of how the permit writer properly 
derived WQBELs for the NPDES permit.1 

 

                                            
1
United States Environmental Protection Agency, NPDES Permit Writers’ Manual, September, 2010, page 

6-30. 
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The fact sheet accompanying the tentative order contains no reference to a 
reasonable potential analysis.  
 
Complicating the performance of a reasonable potential analysis is the 
absence of (1) outfall monitoring data; and (2) ambient water quality 
standards.  Though federal regulations require monitoring at the outfall, the 
Regional Board has not required it up until now.  Even if outfall monitoring  
data were available to determine  whether pollutants concentrations in the 
discharge exceeded the water quality standard is not possible.  This is 
because, as mentioned earlier, TMDL WLAs are not expressed as ambient 
standards.  A TMDL is an enhanced water quality standard.  As noted in the 
National Research Council’s Assessing the TMDL Approach to Water Quality 
Management, a report commissioned by the United States Congress in 2001:  
 

… EPA is obligated to implement the Total Maximum Daily Load (TMDL) 
program, the objective of which is attainment of ambient water quality 
standards through the control of both point and nonpoint sources of 
pollution. 

 
 

Recommended Correction:  Eliminate this requirement. 
 
Regarding purpose “c”, the determinant for a water quality standard exceedance 
is in the discharge from the outfall – not in the receiving water.  The use of 
numeric WQBELs -- though incorrectly defined and established in this instance -- 
represents the compliance standard in discharges from the outfall. Adding a 
second compliance determinant in the receiving water is unnecessary and is not 
authorized under federal stormwater regulations because the receiving water lies 
outside the scope of the MS4.    
 
Recommended Corrective Action:  Eliminate this requirement. 
 
3. Non-storm water outfall based monitoring 
 
The purposes of this type of monitoring are as follows: 
 
a. Determine whether a Permittee’s discharge is in compliance with applicable 

dry weather WQBELs derived from TMDL WLAs. 
 

b. Determine whether a Permittee’s discharge exceeds non-storm water action 
levels, as described in Attachment G of this Order, 
 

c. Determine whether a Permittee’s discharge contributes to or causes an 
exceedance of receiving water limitations, 
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d. Assist a Permittee in identifying illicit discharges as described in Part VI.D.9 of 
this Order. 

 
Regarding “a,” This requirement is redundant in view of the aforementioned 
MALs and in any case is not authorized under federal stormwater regulations. 
402(p)(B)(ii) of the Clean Water Act only prohibits discharges to the MS4 (streets, 
catch basins, storm drains and intra MS4 channels), not through or from it.  This 
applies to all water quality standards, including TMDLs.  Nevertheless, 
compliance with dry weather WQBELs can be achieved through BMPs and other 
requirements called for under the illicit connection and discharge detection and 
elimination (ICDDE) program, or requiring impermissible non-stormwater 
discharges to obtain coverage under a permit issued by the Regional Board.     
 
Recommended Correction:  Delete this requirement and specify compliance with 
dry weather WLAs, expressed in ambient terms, through the implementation of 
the ICDDE program.   
 
Withy regard to “b”, see previous responses regarding MALs and the limitation of 
non-stormwater discharge prohibit to the MS4. 
 
Recommended Correction:  Delete this requirement because it exceeds the non-
stormwater discharge prohibition to the MS4; and determine whether MALs or 
TMDLs are to be used to protect receiving water quality.      
 
Regarding “c”, as mentioned, non-stormwater discharges cannot by applied to 
receiving water limitations because of they are only prohibited to the MS4, not 
from or through it. 
 
Recommended Correction:  Delete this requirement because it exceeds the non-
stormwater discharge prohibition to the MS4.      
 
Regarding “d”, this requirement is reasonable and in keeping with federal 
regulations with the exception that the identification of illicit discharges must 
adhere to the field screening requirements in CFR 40 §122.26. No non-
stormwater discharge monitoring shall occur unless flow is first discovered at the 
outfall.  This would trigger the implementation of additional requirements that  the 
tentative order does not include.  
 
4. New Development/Re-development effectiveness monitoring 
 
The purpose of this requirement is a dubious and is not authorized under federal 
stormwater regulations as it relates to monitoring.  To begin with, requiring such 
monitoring is premature given the absence of outfall monitoring in the current and 
previous MS4 permits that would characterize an MS4’s pollution contribution 
relative to exceeding ambient water quality standards.  Without the determination 
of statistically significant exceedances of water quality standards, detected at the 
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outfall, the imposition of runoff infiltration requirements is arbitrary.  Further, there 
is nothing in federal stormwater regulations that require monitoring on private or 
public property.  Monitoring, once again, is limited to effluent discharges at the 
outfall and to ambient monitoring in the receiving water. 
 
Beyond this, monitoring for BMP effectiveness poses a serious challenge to what 
determines “effectiveness” -- effective relative to what standard?  It is also not 
clear how such monitoring is to be performed.    
 
Recommended Correction:  Delete this requirement.      
 
The MRP of the tentative order proposes regional studies “to further characterize 
the impact of the MS4 discharges on the beneficial uses of the receiving waters. 
Regional studies shall include the Southern California Stormwater Monitoring 
Coalition (SMC) Regional Watershed Monitoring Program (bio-assessment), 
sediment monitoring for Pyrethroid pesticides, and special studies as specified in 
approved TMDLs (see Section XIX TMDL Reporting, below).” 
 
Regional studies also lie outside the scope of the MS4 permit.  However, 
because federal regulations require ambient monitoring in the receiving water, a 
task performed by the Regional Board’s SWAMP, regional watershed monitoring 
for aforementioned target pollutants can be satisfied through ambient monitoring.  
This can be accomplished with little expense on the part of permittees by: (1) 
using ambient data generated by the Regional Board SWAMP; (2) re-setting the 
County’s mass emissions stations to collect samples 2 to 3 days following a 
storm event (instead of using a flow-based sampling trigger); and (3) using any 
data generated from existing coordinated monitoring programs (e.g., Los Angeles 
River metals TMDL CMP), provided that the data is truly ambient. 
 
 

END COMMENTS 
------------------------------------------------------------------------------------------------------------ 
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Comments Regarding Los Angeles MS4 Tentative Order No. R4-2012-XXXX  
NPDES PERMIT NO. CAS004001 (issue date unspecified) 

 
1. Numeric Water Quality Based Effluent Limitations (WQBELs) applied to 

dry and wet weather Total Maximum Daily Load (TMDLs) waste load 
allocations (WLAs) and to stormwater and non-stormwater municipal 
action levels (MALs) are not authorized under federal stormwater 
regulations and are not in keeping with State Water Resources Control 
Board (State Board) water quality orders (WQOs). 

 
The tentative order specifies that: Each Permittee shall comply with 
applicable WQBELs as set forth in Part VI.E of this Order, pursuant to 
applicable compliance schedules. The tentative order specifies two categories 
of WQBELs, one for USEPA adopted TMDLs and one for Regional 
Board/State adopted TMDLs.  Regarding USEPA adopted TMDLs, it appears 
that BMP-WQBELs may be used to meet TMDL WLAs in the receiving water.  
For Regional Board/State-adopted TMDLs, the tentative order specifies a 
different compliance method:  meeting a “numeric” WQBEL which is derived 
directly from the TMDL waste load allocation.  For example, the wet weather 
numeric WQBEL for dissolved copper for the Los Angeles River is 17 ug/l.   
 
a. Issue:  Regional Board staff is premature in requiring any kind of WQBEL 

because no exceedance of any TMDL WLA at the outfall has occurred.  
This is because outfall monitoring is not a requirement of the current MS4 
permit or previous MS4 permits.   

 
The Regional Board’s setting of WQBELs – any WQBEL -- to translate the 
TMDL WLA for compliance at the outfall is premature.  Regional Board 
staff apparently has not performed a reasonable potential analysis as 
required under § 122.44(d)(1)(i), which states: 

 
Limitations must control all pollutants or pollutant parameters (either 

conventional, nonconventional, or toxic pollutants) which the Director determines 

are or may be discharged at a level that will cause, have the reasonable potential 

to cause, or contribute to an excursion above any [s]tate water quality standard, 

including [s]tate narrative criteria for water quality.” 

 
No such reasonable potential analysis has been performed – even though 
USEPA guidance requires it as part of documenting the calculation of 
WQBELs in the NPDES permit’s fact sheet.  According to USEPA’s 
NPDES Permit Writers’ Manual: 

 
Permit writers should document in the NPDES permit fact sheet the process used 

to develop WQBELs. The permit writer should clearly identify the data and 

information used to determine the applicable water quality standards and how 

that information, or any applicable TMDL, was used to derive WQBELs and 
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explain how the state’s anti-degradation policy was applied as part of the 

process. The information in the fact sheet should provide the NPDES permit 

applicant and the public a transparent, reproducible, and defensible description 

of how the permit writer properly derived WQBELs for the NPDES permit.1 
 

The fact sheet accompanying the tentative order contains no reference to 
a reasonable potential analysis -- a consequence of the fact that no outfall 
monitoring has been required of the Regional Board either in the current 
or previous MS4 permits for Los Angeles County.  Outfall monitoring is a 
mandatory requirement under federal regulations at CFR 40 §122.22, 
§122.2 and §122.26. CFR 40 §122.22(C)(3) requires effluent and ambient 
monitoring:     
 
The permit requires all effluent and ambient monitoring necessary to show that 

during the term of the permit the limit on the indicator parameters continues to 

attain water quality standards. 

 
“Effluent monitoring,” according to Clean Water Act §502, is defined as 
outfall monitoring: 

 
The term "effluent limitation" means any restriction established by a State or the 

Administrator on quantities, rates, and concentrations of chemical, physical, 

biological, and other constituents which are discharged from point sources into 

navigable waters, the waters of the contiguous zone, or the ocean, including 

schedules of compliance.   

 
40 CFR §122.2, defines a point source as:   

 
… the point where a municipal separate storm sewer discharges to waters of the 

United States and does not include open conveyances connecting two municipal 

separate storm sewers, or pipes, tunnels or other conveyances which connect 

segments of the same stream or other waters of the United States and are used to 

convey waters of the United States. 

 
Conclusion:  Because Regional Board staff has not required outfall 
monitoring, it could have not have detected an excursion above a water 
quality standard (includes TMDL WLAs). Therefore, it could not have 
conducted a reasonable potential analysis and, as further consequence, 
cannot require compliance with a WQBEL (numeric or BMP-based) or with 
any TMDL or MAL until those burdens have been met.   
 
Recommended Correction:  Eliminate all reference to comply with 
WQBELs until outfall monitoring and a reasonable potential analysis have 
been performed.       

                                            
1
United States Environmental Protection Agency, NPDES Permit Writers’ Manual, September, 2010, page 

6-30. 

RB-AR12435



 

 3

 
b. Issue:  Even if Regional Board staff conducted outfall monitoring and 

detected an excursion above a TMDL WLA and performed the requisite 
reasonable potential analysis, it cannot require a numeric WQBEL strictly 
derived from the TMDL WLA.   

 
USEPA’s 2010 guidance memorandum mentions that numeric WQBELs 
are permissible only if feasible.2  This conclusion was reinforced by a 
memorandum from Mr. Kevin Weiss, Water Permits Division, USEPA 
(Washington D.C.). He explains:  
 
Some stakeholders are concerned that the 2010 memorandum can be read as 

advising NPDES permit authorities to impose end-of-pipe limitations on each 

individual outfall in a municipal separate storm sewer system. In general, EPA 

does not anticipate that end-of-pipe effluent limitations on each municipal 

separate storm sewer system outfall will be used frequently. Rather, the 

memorandum expressly describes “numeric” limitations in broad terms, 

including “numeric parameters acting as surrogates for pollutants such as 

stormwater flow volume or   percentage or amount of impervious cover.” In the 

context of the 2010 memorandum, the term “numeric effluent limitation” should be 

viewed as a significantly broader term than just end-of-pipe limitations, and could 

include limitations expressed as pollutant reduction levels for parameters that are 

applied system-wide rather than to individual discharge locations, expressed as 

requirements to meet performance standards for surrogate parameters or for specific 

pollutant parameters, or could be expressed as in-stream targets for specific 

pollutant parameters. Under this approach, NPDES authorities have significant 

flexibility to establish numeric effluent limitations in stormwater permits.3 

 
Reading the 2010 USEPA memorandum, together with Mr. Weiss’s 
memorandum, creates the inescapable conclusion that (1) numeric 
WQBELs are permissible if “feasible” and (2) numeric WQBELs cannot be 
construed to only mean strict effluent limitations at the end-of-pipe (outfall) 
but more realistically must include surrogate parameters and other 
variants as well.  Regional Board staff failed to examine alternative 
numeric WQBELs, along with BMP WQBELs, as a consequence of not 
conducting the appropriate analysis. 
 
In any case, the feasibility of numeric WQBELs, whether strictly derived 
from TMDL WLAs or of the surrogate parameter type, the State Water 
Resources Control Board has determined that numeric effluent 
limitations are not feasible.   In Water Quality Orders 2001-15 and  2009-
0008  the State Board made it clear that:  we will generally not require 
“strict compliance” with water quality standards through numeric effluent 

                                            
2
Memorandum from James A. Hanlon, Director, Office of Waste Management, Revisions to the November 

22, 2002 Memorandum Establishing Total Maximum Daily Load (TMDL) Waste Load Allocations (WLAs) for 
Storm Water Sources and NPDES Permit Requirements Based on Those WLAs, November 12, 2010, page  
3
Memorandum from Kevin Weiss, Water Permits Division, USEPA (Washington D.C.), March 17, 2011.   
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limitations,” and instead “we will continue to follow an iterative approach, 
which seeks compliance over time” with water quality standards.    

 
[Please note that the iterative approach to attain water quality standards 
applies to the outfall and the receiving water.]  
 
More recently, the State Board commented in connection with the draft 
Caltrans MS4 permit that numeric WQBELs are not feasible as explained 
in the following provision from its most recent Caltrans draft order: 

 
Storm water discharges from MS4s are highly variable in frequency, intensity, 

and duration, and it is difficult to characterize the amount of pollutants in the 

discharges. In accordance with 40 CFR § 122.44(k)(2), the inclusion of BMPs in 

lieu of numeric effluent limitations is appropriate in storm water permits. This 

Order requires implementation of BMPs to control and abate the discharge of 

pollutants in storm water to the MEP.  

 

The State Board’s decision not to require numeric WQBELs in this 
instance appears to have been influenced by among other considerations, 
the Storm Water Panel Recommendations to the California State Water 
Resources Control Board in re:  The Feasibility of Numeric Effluent Limits 
Applicable to Discharges of Storm Water Associated with Municipal, 
Industrial and Construction Activities. 
 
Conclusion:  The Regional Board does not have the legal authority to 
require numeric WQBELs.   
 
Recommended Correction: Eliminate all references to comply with 
numeric WQBELs.       
  

c. Issue:  There cannot be a WQBEL to attain a dry weather TMDL WLA nor 
a WQBEL that addresses a non-stormwater municipal action level (MAL). 

 
The foundation for this argument lies in the federal limitation of non-
stormwater discharges to the MS4 – not from or through it as the tentative 
order concludes.  Federal stormwater regulations only prohibit discharges 
to the MS4 and limits outfall monitoring to stormwater discharges.  This is 
explained in greater detail under 4. Non-stormwater Discharge 
Prohibitions. 
 
Conclusion:  Regional Board does not have the legal authority to compel 
compliance with dry weather WQBELs or non-stormwater MALs.   
 
Recommended Correction: Eliminate all references to comply with 
numeric WQBELs.       
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2. The tentative order has altered Receiving Water Limitation (RWL) 
language causing it to be overbroad and inconsistent with RWL in the 
current MS4 permit, the Ventura MS4 permit, State Board WQO 99-05, 
the draft Caltrans MS4 permit, and RWL language recommended by 
CASQA. 

  
a. Issue: The proposed RWL language changes the “exceedance” 

determinant from water quality standards and objectives to receiving water 
limitations, thereby increasing the stringency of the requirement.  The 
tentative order RWL version reads:  Discharges from the MS4 that cause 
or contribute to the violation of receiving water limitations are prohibited. 
 

Compare this with what is in the current MS4 permits for Los Angeles and 
Ventura Counties: 
 
Discharges from the MS4 that cause or contribute to a violation of water quality 

standards are prohibited.  

 

Whereas standard RWL language limits water quality standards to what is 
in the basin plan, and includes water quality objectives (relates to waters 
of the State), the tentative order  uses revised language that replaces  
water quality standards with the following receiving water limitation criteria:    
 

Any applicable numeric or narrative water quality objective or criterion, or 

limitation to implement the applicable water quality objective or criterion, for the 

receiving water as contained in Chapter 3 or 7 of the Water Quality Control Plan 

for the Los Angeles Region (Basin Plan), water quality control plans or policies 

adopted by the State Water Board, or federal regulations, including but not 

limited to, 40 CFR § 131.38. 

 
It is unclear why Regional Board staff has removed water quality 
standards, which is a USEPA and State Board requirement, and replaced 
them with the more global receiving water limitation language that include 
additional compliance criteria (e.g., “or federal regulations including but 
not limited to 40 CFR § 131.38”). Other “federal regulations” could include 
CERCLA (Comprehensive Environmental Remediation and Compensation 
Liability Act).   

  
Enlarging the scope of the RWL from water quality standards to a universe 
of other regulatory requirements exceeds RWL limitation language 
established in State Board WOQ 99-05, a precedential decision.  The 
order bases compliance on discharge prohibitions and receiving water 
limitations on the timely implementation of control measures and other 
action in the discharges in accordance with the SWMP (stormwater 
management plan) and other requirements of the permit’s limitations.  It 
goes on to say that if exceedances of water quality standards or water 
quality objectives, collectively referred to as water quality standards 
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continues, the SWMP shall undergo an iterative process to address the 
exceedances.  It should be noted that this language was mandated by 
USEPA. 
 
It should be noted that the draft Caltrans MS4 permit is scheduled for 
adoption in September, as well as CASQA, proposes RWL language that 
is in keeping with WQO 99-05. 
 
Conclusion:  Regional Board does not have the legal authority to re-define 
RWL language to the extent it is proposing. 
  
Recommended Correction:  Replace RWL contained in the tentative order 
with the CASQA model or with language contained in the draft Caltrans 
MS4 permit. 

 
b. Issue: By eliminating water quality standards, the tentative order has 

created a separate compliance standard for TMDLs and for non-TMDLs. 
Standard RWL language in other MS4 permits designates  the SWMP4 as 
the exclusive determinant for achieving water quality standards in the 
receiving water.  Since TMDLs are enhanced water quality standards, the 
SWMP (or in this case the SQMP) should enable compliance with TMDLs.  
Instead, the tentative order specifies compliance through implementation 
plans – including plans that were discussed in several State/Regional 
Board adopted TMDLs (e.g., the Los Angeles River Metals TMDL).  The 
absence of water quality standards also creates a separate compliance 
standard for non-TMDLs.  According to Regional Board staff, minimum 
control measures (MCMs) which make up the SQMP, are intended to 
meet non-TMDLs pollutants. Unclear is what defines non-TMDL pollutant.  
If there are no water quality standards referenced in the RWL then what 
are the non-TMDL pollutants that the MCMs are supported to address? 

 
There is no authority under federal stormwater regulations to comply with 
any criterion other than water quality standards.  The RWL language 
called-out in WQO 99-05, which was in response to a USEPA directive, 
makes it clear that water quality standards represent the only compliance 
criteria, not an expanded definition of receiving water limitations that 
exclude such criteria.   
 
MS4 permits throughout the State include TMDL WLAs.  None of them, 
however, has created a compliance mechanism that excludes water 
quality standards as a means of attaining them.  Further, the State Board 
has, through the draft Caltrans MS4 permit and the draft Phase II MS4 
permit, articulated its policy on compliance with water quality standards: 

                                            
4
USEPA and federal stormwater regulations use stormwater management program whereas the Los 

Angeles County MS4 permit uses stormwater quality management plan (SQMP).  In effect they are the 
same.  They consist of 6 core programs that must be implemented through MS4 permit. 
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they are to be met through the implementation of stormwater management 
programs. Equally noteworthy is that State Board has not created a dual 
standard for dealing with TMDLs and non-TMDLs.  This is an obvious 
consequence of its adherence to WQO 99-05. 

 
With regard to implementation plans contained in TMDLs, the Regional 
Board has no legal authority to include them into the MS4 permit.  This 
issue discussed in greater detail later in these comments. 
 
Conclusion:  The tentative order must be revised to restore water quality 
standards in RWL language and, by extension, enable compliance with 
TMDLs and other water quality standards through the SQMP/MCMs.     

 
Recommended Correction:  Revise the tentative order to eliminate any 
reference to complying with anything else except water quality standards 
through the SQMP; and, therewith, eliminate any reference to complying 
with implementation plans contained in State/Regional Board TMDLs.  

 
3. The tentative order does not include the iterative process, a mechanism 

that is integral to RWL language which serves to achieve compliance 
with water quality standards.    

 
a. Issue: The absence of the iterative process disables a safeguard to 

protect permittees against unjustifiably strict compliance with water quality 
standards – or in this case the expanded definition of receiving water 
limitations -- that is a requisite feature in all MS4 permits issued in 
California.  The tentative order circumvents the iterative process by 
creating an alternative referred to as the adaptive/management process 
which is only available to those permittees that opt for a watershed 
management program.    

 
Despite the fact RWL language in MS4 permits since the 90’s have 
provided a description of an iterative process (the BMP adjustment 
mechanism), the term “iterative process” has only recently been 
specifically mentioned in them.  The absence of this term resulted in the 
9th Circuit Court Appeal’s conclusion in NRDC v. Los Angeles County 
Flood Control District that there is no “textual support” in the current MS4 
permit for the existence of an iterative process.  This resulted in the court’s 
conclusion that the LACFCD had exceeded water quality standards in the 
hardened portions of the Los Angeles and San Gabriel Rivers. More 
recent MS4 permit’s issued in the State contain clear references to the 
iterative process.          
 

Notwithstanding the absence of water quality standards in the tentative order, 
the iterative process must be included as required by Water Quality Orders 
2001-15 and 2009-0008, wherein the State Board made it clear that:  we will 
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generally not require “strict compliance” with water quality standards through 
numeric effluent limitations,” and instead “we will continue to follow an 
iterative approach, which seeks compliance over time” with water quality 
standards.    
 
Moreover, both the draft Caltrans MS4 permit and the draft Phase II MS4 
permit contain references to the iterative process.  The draft Caltrans MS4 
permit refers to the iterative process in two places:  finding 20, Receiving 
Water Limitations and in the Monitoring Results Report.  Finding 20 states: 
 
The effect of the Department’s storm water discharges on receiving water quality is 

highly variable. For this reason, this Order requires the Department to implement a 

storm water program designed to achieve compliance with water quality standards, 

over time through an iterative approach. If discharges are found to be causing or 

contributing to an exceedance of an applicable Water Quality Standard, the 

Department is required to revise its BMPs (including use of additional and more 

effective BMPs).
5
 

   
Under the Monitoring Results Report section, the draft Caltrans MS4 permit 
reiterates the iterative process within the context of the following:  The MRR 
shall include a summary of sites requiring corrective actions needed to 
achieve compliance with this Order, and a review of any iterative procedures 
(where applicable) at sites needing corrective actions.6   

 
The draft Phase II MS4 references the iterative process in two places,   in 
finding 35 and under its definition of MEP.  Finding 35 states: 
 
This Order modifies the existing General Permit, Order 2003-0005-DWQ by 

establishing the storm water management program requirements in the permit and 

defining the minimum acceptable elements of the municipal storm water management 

program. Permit requirements are known at the time of permit issuance and not left 

to be determined later through iterative review and approval of Storm Water 

Management Plans (SWMPs).  

 
The draft Phase II MS4 permit also acknowledges the iterative process 
through the definition of maximum extent practicable (which is also included 
in the draft Caltrans MS4 permit), to the following extent: 
 

MEP standard requires Permittees apply Best Management Practices (BMPs) that 

are effective in reducing or eliminating the discharge of pollutants to the waters of 

the U.S. MEP emphasizes pollutant reduction and source control BMPs to prevent 

pollutants from entering storm water runoff. MEP may require treatment of the storm 

water runoff if it contains pollutants. The MEP standard is an ever-evolving, flexible, 

and advancing concept, which considers technical and economic feasibility. BMP 

                                            
5
See draft Caltrans MS4 permit (Tentative Order No. 2012-XX-DWQ NPDES No. CAS000003), page 10.     

6
Ibid., page 35.  
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development is a dynamic process and may require changes over time as the 

Permittees gain experience and/or the state of the science and art progresses. To do 

this, the Permittees must conduct and document evaluation and assessment of each 

relevant element of its program, and their program as a whole, and revise activities, 

control measures/BMPs, and measurable goals, as necessary to meet MEP. MEP is 

the cumulative result of implementing, evaluating, and creating corresponding 

changes to a variety of technically appropriate and economically feasible BMPs, 

ensuring that the most appropriate BMPs are implemented in the most effective 

manner. This process of implementing, evaluating, revising, or adding new BMPs is 

commonly referred to as the “iterative approach.”
7
  

 
It should be clearly understood that the State Board is articulating clear policy 
on the iterative process through these two draft MS4 permits and that they 
must be followed by Regional Boards as subordinate jurisdictions.  
 
Conclusion:  The Regional Board has no authority to alter the iterative 
process/procedure by making a revised and diluted version of it available only 
to those MS4 permittees that wish to opt for watershed management program 
participation.  Quite the contrary, the Regional Board is legally compelled to 
make the iterative process, as described herein, an undeniable requirement in 
the tentative order.     
 
Recommended Correction: Regional Board staff should incorporate the 
iterative process into the tentative order in the findings section and in the 
RWL section.  It should also be referenced again under a revised MEP 
definition.   

 
4. The tentative order incorrectly articulates the non-stormwater discharge 

prohibition to the MS4 to include discharges from and through it. 
 

a. Issue: The tentative order mentions prohibiting non-stormwater discharges 
not only to the MS4 but from and through it as well.  Federal regulations 
did not authorize the non-stormwater discharge prohibition to go beyond 
“to” the MS4. This is a serious issue because extending the prohibition 
from or through the MS4 would subject non-stormwater discharges 
(including dry weather TMDL WLAs and non-stormwater municipal action 
levels) to pollutant limitations at the outfall.      
     
The tentative order attempts to justify interpreting federal stormwater 
regulations to mean that non-stormwater discharges are prohibited not 
only to the MS4 but from it and through it as well by: (1) incorrectly stating 
the Clean Water Act §402(p)(B)(ii) of the Clean Water Act requires 
permittees effectively prohibit non-storm water discharges into 

                                            
7
See State Water Resources Control Board Water Quality Order No. XXXX-XXXX-DWQ, NPDES General 

Permit No. CASXXXXXX, page   
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watercourses (means receiving waters) as well as to the MS4; and (2) a 
misreading of Federal Register Volume 55, No. 222, 47990 (federal 
register) which contains an error with regard to the non-stormwater 
discharge prohibition. 

 
§402(p)(B)(ii) does not (as the tentative order’s fact sheet asserts) 
include watercourses, which according to Regional Board staff, means 
waters of the State and waters of the United States, both of which lie 
outside of the MS4. The original text of §402(p)(B)(ii) actually reads as 
follows:  Permits for discharges from municipal storm sewers “shall 
include a requirement to effectively prohibit non-stormwater discharges 
into the storm sewers.8  There is no mention of watercourses. 
 
The tentative order’s fact sheet also relies on the afore-cited federal 
register which states: 402(p)(B)(3) requires that permits for discharges 
from municipal storm sewers require the municipality to “effectively 
prohibit” non-storm water discharges from the municipal storm sewer.  
The fact sheet is correct about this.  The problem is that the federal 
register is wrong here. It confuses 402(p)(B)(3), which addresses 
stormwater (not non-stormwater) discharges from the MS4, with 
402(p)(B)(2), which once again prohibits non-stormwater discharges to 
the MS4. It should be noted that in the same paragraph above the 
defective federal register language, it says that … permits are to 
effectively prohibit non-storm water discharges to the municipal separate 
storm sewer system. 
 
In any case, this issue has been resolved since the federal register was 
published in November of 1990.  All MS4 permits in the United States 
issued by USEPA prohibit non-stormwater discharges only to the MS4. 
USEPA guidance, such as the Illicit Discharge Detection and 
Elimination: A Guidance Manual bases investigation and monitoring on 
non-stormwater discharges being prohibited to the MS4.  And, with the 
exception of Los Angeles Regional Board MS4 permits, MS4 permits 
issued by other Regional Boards also limit the MS4 discharge prohibition 
to the MS4. Beyond this, the draft Caltrans MS4 permit and draft Phase 
II MS4 permits also limit the non-stormwater prohibition to the MS4.    
 
Conclusion:  The Regional Board does not have the legal authority to 
extend the non-stormwater discharge prohibition from or through the 
MS4.    
 
Recommended Correction: Revise the non-stormwater discharge 
prohibition to be limited to the MS4 only and delete all requirements that 
are based on the prohibition from or through the MS4.  This includes the 
non-stormwater prohibition that is linked to CERCLA.          

                                            
8
Municipal storm sewers is a truncated version of municipal separate stormwater system (MS4).   
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5. The tentative order proposes to incorporate TMDL implementation 

plans, schedules, and monitoring requirements without legal authority. 
 

a. Issue: Placing Regional Board/State Board TMDLs into the MS4 would 
result in serious consequences for permittees.  For one thing, permittees 
subject to TMDLs that contain an implementation  schedule with 
compliance dates for interim waste load allocations that have not been 
met, based on Los Angeles County mass emissions station or other data 
(e.g., from the Coordinated Monitoring Plan for the Los Angeles River 
Metals TMDL), will be in automatic non-compliance once the MS4 permit 
takes effect.  
 
The tentative order proposes a safeguard in this event:  coverage under a 
time schedule order (TSO). Essentially, a TSO is an enforcement action 
authorized under Porter-Cologne, the State’s water code.  The problem is 
that the Regional Board, at its discretion, could issue a clean-up and 
abatement order that could link permittees in the Dominguez Channel, Los 
Angeles River, and San Gabriel River Watersheds to the remediation of 
the Los Angeles and Long Beach Harbors which are currently CERCLA 
sites (caused by DDT, pesticides, metals, which are considered toxics, 
and other pollutants). Furthermore, the TSO, which is a State enforcement 
action, will not help with respect to a federal violation because of 
preemption.  An exceedance will expose subject permittees to third party 
litigation under the Clean Water Act. NRDC would be able to take the 
matter straight to federal court.  
 
In any case, the Regional Board has no legal authority under the Clean 
Water Act to incorporate implementation plans, schedules, or monitoring 
requirements into the MS4 permit.  CWA §402(p)(B)(iii) simply states that 
controls are required to reduce the discharge of pollutants to the maximum 
extent practicable, including management practices, control techniques 
and system, design and engineering methods, and such other provisions 
as the Administrator or the State determines appropriate for the control of 
such pollutants.  The application of this provision is limited to: (1) the 
implementation of BMPs specified in a stormwater management plan 
appropriated through the six core programs; and (2) outfall monitoring.  
Monitoring, as mentioned earlier, is limited to outfall and ambient 
monitoring.  Ambient monitoring, which is receiving water-based, has been 
assumed by the Regional Board and is funded through a stormwater 
ambient monitoring program (SWAMP) surcharge on the annual MS4 
permit fee.  Federal stormwater regulations mention nothing about TMDL 
implementation plans and schedules in an MS4 permit.   

 
In fact, the Regional Board/State Board TMDL implementation plans, 
implementation schedules, and monitoring should be voided and prevented 
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from being placed into the MS4 permit because (1) they set compliance 
determinant in the receiving water instead of the outfall; and (2) although the 
TMDL monitoring program requirements specify ambient monitoring that is to 
performed by MS4 permittees, including Caltrans, the Regional Board has 
approved plans that treat wet weather monitoring as ambient  monitoring, 
even though they are mutually exclusive. The Clean Water Act definition of 
ambient monitoring is the: 
 
Natural concentration of water quality constituents prior to mixing of either 
point or nonpoint source load of contaminants. Reference ambient 
concentration is used to indicate the concentration of a chemical that will not 
cause adverse impact to human health.  
    
The natural concentration of water quality constituents can only mean the 
state of a receiving water when it is not raining.  This is further supported by 
the phrase “prior to mixing of either point or non-point source load of 
contaminants,” which can only mean stormwater discharges from an outfall.  
In other words, stormwater discharges from an outfall cannot be mixed with a 
receiving water during a storm event because the ambient condition would be 
lost.  Outfall monitoring of stormwater discharges is evaluated against the 
ambient condition of pollutant constituents in the receiving water for the 
ostensible purpose of determining its pollutant contribution.          
 
Conclusion:  The tentative order lacks the legal authority to include TMDL 
implementation plans, schedules, or monitoring plans adopted as basin plan 
amendments.  No permittee, subject to any TMDL that requires an 
implementation plan, schedule, or monitoring plan can be compelled to 
comply with any of them.  Further, even if it were legally permissible for these 
TMDL elements to be incorporated into the MS4 permit, no permittee could 
be placed into a state of non-compliance because the legitimate compliance 
point is in the outfall.  Because no outfall monitoring has occurred, no 
violation could arise and, therefore, there would be no need for a TSO.        
 
Recommended Correction: Eliminate requiring TMDL implementation plans, 
schedules, and monitoring to be incorporated into the tentative order.     

 
6. The tentative order contains references to the federal Comprehensive 

Environmental Remediation Compensation and Liability Act (CERCLA) 
that would make them additional regulatory requirements. 

 
a. Issue:  The non-stormwater discharge prohibition under the tentative order 

states: 
 
Non-storm water discharges through an MS4 are prohibited unless 
authorized under a separate NPDES permit; authorized by USEPA 
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pursuant to Sections 104(a) or 104(b) of the federal comprehensive 
Environmental Response, Compensation and Liability Act (CERCLA). 

 
At first blush, the CERCLA provision appears innocuous. But what if non-
stormwater discharge is not authorized under CERCLA? Conceivably the 
MS4 permittee could be held responsible for those discharges. And because 
CERCLA is referenced in the MS4 permit, it could become a potential third 
party litigation issue.  The inclusion of the CERCLA provision is even more 
suspect when considering that no other MS4 in the State contains such a 
reference.  Beyond this, how would a permittee know if a discharge is one 
covered under CERCLA?  
 
Conclusion:  CERCLA is an unnecessary reference in the MS4 permit and 
has the potential to expose permittees to third party litigation. Further, the 
non-stormwater discharge prohibition only “to” the MS4 makes this issue 
academic.  A permittee’s only responsibility is to prohibit impermissible non-
stormwater to the MS4, not through or from it; or to require the discharger to 
obtain permit coverage.   

 
7. The tentative order, under the effluent limitations section, contains 

technical effluent based limitations (TBELs) which typically are not 
included in MS4 permits and, in this particular case, does not appear to 
be purposeful. 

 
a. Issue:  Part IV.A.1 of the tentative order states that TBELs shall reduce 

pollutants in storm water discharges from the MS4 to the maximum extent 
practicable (MEP).  
 
It is not clear as to the reason for including TBELs into the tentative order 

because they are generally not required of Phase MS4 permits. TBELS 
are referenced in the tentative order, but are not found under 
section 402(p), which addresses storm water, nor anywhere else 
in federal regulations. It is a term used to collectively refer to best 
available technologies, but again not in 402(p).  
 
TBEL is a term USEPA uses to denote the following: (1) Best Practical 
Control Technology Currently Available (BPT); (2) Best Conventional 
Pollutant Control Technology (BCT); and (3) Best Available Technology 
Economically Achievable (BAT). Since these provisions were established 
prior to stormwater provisions of the CWA §402(p), they were applied to 
industrial waste-water discharges (including construction activity which is 
an industrial category sub-set). A clarifier connected to the sewer system 
is a type of TBEL. POTWs are subject to TBELs example primary and 
secondary treatment.   

 
According USEPA guidance: 
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WQBELs are designed to protect water quality by ensuring that water quality 

standards are met in the receiving water. On the basis of the requirements of Title 40 

of the Code of Federal Regulations (CFR) 125.3(a), additional or more stringent 

effluent limitations and conditions, such as WQBELs, are imposed when TBELs are 

not sufficient to protect water quality.9   

 
Since the MS4 permit proposes WQBELs (adapted to meet water quality 
standards at the outfall), it would appear that TBELs are irrelevant.   In 
essence, the proposed WQBELs is an admission from Regional Board staff 
that TBELs are not sufficient to protect water quality.   
 
Please note that the draft Caltrans and Phase II MS4 permits do not 
reference TBELs. 
 
Conclusion:  Clarification is needed to determine the purpose of referencing 
TBELs in the tentative order. 
 
Recommended Correction:  Either provide clarification and a justification 
requiring TBELs given that the tentative order requires WQBELs, a more 
stringent requirement.  If clarification or justification cannot be provided, the 
TBEL provision should be removed.  

 
 

8. Minimum Control Measures (MCMs) 
 

a. Issue:  Generally, MCMs should not be detailed in the tentative order. 
Instead, specific BMPs and other information should be placed in the 
Stormwater Quality Management Plan (SQMP), which is the case under 
the current MS4 permit. Federal guidance specifies that the core programs 
are to be implemented through the SQMP as a means of meeting water 
quality standards. More importantly, placing the specifics in the SQMP 
makes it easier to revise.  If specific BMPs remain in the tentative order, 
and they are in error or need to be revised (e.g., to set BMP-WQBELs), a 
re-opener would be required.  For example, in   Part   I. Facility 
Information, Table 2., the permittee contact information is out of date.  It 
would be better to place this and other detailed information in the SQMP 
where it can be updated regularly without having to re-open the permit.    

 
b. Issue:  SUSMP 

 
The tentative order replaces the Development Planning/SUSMP with 
Planning and Land Development Program.  However, the SUSMP is 
mandated through a precedent-setting WQO issued by the State Board.  
Nothing in the order’s fact sheet provides an explanation of why the 
SUSMP needs to be replaced.  So doing would incur an unnecessary cost 

                                            
9
NPDES Permit Writers’ Manual, September, 2010, page 5-40.   
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to revise the SQMP and SUSMP guidance materials.  This is not to 
suggest that the Regional Board may not, in the final analysis, have the 
legal authority to the change the SUSMP to its MCM equivalent. 
Nevertheless, it would be helpful from an administrative convenience 
standpoint to explain the need for the change in the fact sheet.  It could be 
argued that the low impact development (LID) techniques have been 
successful implemented through the SUSMP program for over five years.      

 
c. Issue: Retrofitting existing developments through the Land Use 

Development Program is not authorized under federal stormwater 
regulations.  CFR 40 122.26 only authorizes retrofitting with respect to 
flood control devices which is to be explained in the MS4 permit as the 
following indicates: 

 
A description of procedures to assure that flood management projects assess the 

impacts on the water quality of receiving water bodies and that existing structural 

flood control devices have been evaluated to determine if retrofitting the device to 

provide additional pollutant removal from storm water is feasible. 

 

d. Issue: The MCMs in the tentative order require off-site infiltration for 
groundwater recharge purposes. The tentative order is a stormwater 
permit, not a groundwater permit.  As mentioned, 402(p)(3)(iii) of the 
Clean Water Act:   

 

Permits … shall require controls to reduce the discharge of pollutants to the 

maximum extent practicable, including management practices, control techniques 

and system, design and engineering methods, and such other provisions as the 

Administrator or the State determines appropriate for the control of such 

pollutants. 

  
The use of other infiltration controls that do not promote groundwater 
recharge have already demonstrated effectiveness in significantly 
reducing pollutants to the maximum extent practicable (MEP).  Requiring 
infiltration anywhere for the purpose of recharging groundwater exceeds 
the scope of the MS4 since infiltrating to such an extent would add costs 
to the developer or permittee without significantly improving pollutant 
removal performance.  Further, this requirement is unwarranted and 
premature because of the absence of outfall monitoring data that would 
demonstrate the need for groundwater-recharge oriented infiltration 
controls to address water quality standards and TMDLs vis-à-vis their 
intended purpose of protecting beneficial uses in a receiving water.      
 
Conclusion:  Requiring infiltration controls to facilitate groundwater 
recharge is not authorized under federal stormwater regulations.  Further, 
many permittees are situated upstream of spreading grounds and other 
macro-infiltration basins that would obviate the need for this requirement.  
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Recommended Correction:  Eliminate this requirement from the order.  
 

9. The Maximum Extent Practicable (MEP) definition needs to be 
revised to reflect is updated definition found in the draft Phase II MS4 
permit and in the draft Caltrans MS4 permit. 

 
a. Issue:  The order’s MEP reference is a carry-over from the 2001 MS4 

permit.  A great deal has happened over the decade to warrant an 
update.  Fortunately, the State Board, through the draft Phase II and 
Caltrans MS4 permits, has revised the MEP definition to be in keeping 
with current realities.  To that end it has proposed the following 
definition: 

 
MEP standard requires Permittees apply Best Management Practices (BMPs) 

that are effective in reducing or eliminating the discharge of pollutants to the 

waters of the U.S. MEP emphasizes pollutant reduction and source control 

BMPs to prevent pollutants from entering storm water runoff. MEP may 

require treatment of the storm water runoff if it contains pollutants. The MEP 

standard is an ever-evolving, flexible, and advancing concept, which 

considers technical and economic feasibility. BMP development is a dynamic 

process and may require changes over time as the Permittees gain experience 

and/or the state of the science and art progresses. To do this, the Permittees 

must conduct and document evaluation and assessment of each relevant 

element of its program, and their program as a whole, and revise activities, 

control measures/BMPs, and measurable goals, as necessary to meet MEP. 

MEP is the cumulative result of implementing, evaluating, and creating 

corresponding changes to a variety of technically appropriate and 

economically feasible BMPs, ensuring that the most appropriate BMPs are 

implemented in the most effective manner. This process of implementing, 

evaluating, revising, or adding new BMPs is commonly referred to as the 

“iterative approach.”
10

  

     
Conclusion:  The order’s MEP is out of data and inconsistent with State 
Board policy. 
 
Recommended Correction:  Replace order’s MEP definition with the 
above-mentioned language.  
 

10. The tentative order inappropriately includes the Middle Santa Ana 
River Bacteria TMDL. 

 
a. Issue:  It should be abundantly clear that the Regional Board cannot 

accept a TMDL adopted by another jurisdiction for implementation through 
the MS4 permit unless the Board includes into its basin plan as an 

                                            
10

Op. Cit., page 35.  
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amendment. This argument has been raised by legal counsel for the City 
of Claremont. 
 
Conclusion:  The Regional Board lacks legal authority to incorporate the 
Middle Santa Ana River bacteria TMDL into the proposed order. 
 
Recommended Correction:  Eliminate the requirement.    
 
 

11.  Tentative order incorrectly asserts that its provisions do not constitute 
unfunded mandates under the California Constitution. 

 
a. Issue:  Contrary to what the order asserts, it contains provisions that 

exceed federal requirements in several places, thereby creating potential 
unfunded mandates. They include:  (1) requiring wet and dry weather 
monitoring in the receiving water; (2) requiring numeric WQBELs; (3) 
requiring compliance with TMDL-related implementation plans, schedules, 
and monitoring; (4) requiring the  non-stormwater discharge prohibition to 
include through and from the MS4; (5) revising the receiving water 
limitation language to include overbroad compliance requirements; (6) 
requiring groundwater recharge; and (7) monitoring for non-TMDL 
constituents at completed development project sites. 

 
Conclusion:  The order patently proposes requirements that create 
unfunded mandates. 
 
Recommended Correction:  Delete all of the aforementioned requirements 
that exceed federal regulations. 
 
 
 
END COMMENTS      
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GAIL FARBER, Director

COUNTY OF LOS ANGELES

DEPARTMENT OF PUBLIC WORKS

"To Enrich Lives Through Effective and Caring Service"

900 SOUTH FREMONT AVENUE
ALHAMBRA, CALIFORNIA 91803-1331

Telephone: (626) 458-5100

http://dpw.lacounty.gov ADDRESS ALL CORRESPONDENCE TO:
P.O. BOX 1460

ALHAMBRA, CALIFORNIA 91802-1460

IN REPLY PLEASE

REFER TO FILE: WM-9

~uiy 23, Zoe 2

Mr. Samuel Unger, P.E., Executive Officer
California Regional Water Quality
Control Board —Los Angeles Region

320 West Fourth Street, Suite 200
Los Angeles, CA 90013-2343

Attention Mr. Ivar Ridgeway

Dear Mr. Unger:

LOS ANGELES COUNTY FLOOD CONTROL DISTRICT — COMMENTS ON THE
DRAFT NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM PERMIT
FOR MUNICIPAL SEPARATE STORM SEWER SYSTEMS WITHIN THE COUNTY OF
LOS ANGELES

The Los Angeles County Flood Control District (LACFCD) appreciates the opportunity to
comment on the draft tentative Los Angeles County Municipal Separate Storm Sewer
System (MS4) Permit (Draft Permit) and supporting documents released on June 6,
2012. The enclosed comments are being submitted to meet the submission deadline of
July 23, 2012, as required in the Notice for Public Comment. We further incorporate by
reference the comments submitted by the County of Los Angeles.

The LACFCD has implemented many programs to improve stormwater and urban runoff
quality in compliance with current MS4 Permit. These will continue to be implemented
under the new MS4 Permit. The LACFCD is committed to improving the health of our
water bodies. Our goal is to seek a permit that will allow permittees the flexibility to
work together and focus their efforts on identified pollutants so that available resources
are used most effectively. To that end, we not only offer the enclosed comments to the
Draft Permit but also offer an alternative approach to compliance for consideration by
the California Regional Water Quality Control Board, Los Angeles Region (Regional
Board).

DEPARTMENT OF PUBLIC WORKS

COUNTY OF LOS ANGELES

GAIL FARBER, Director

July 23, 2012

"To Enrich Lives Through Effective and Caring Service"

900 SOUTH FREMONT AVENUE
ALHAMBRA, CALIFORNIA 91803-1331

Telephone: (626) 458-5100
http://dpw.lacounty.gov ADDRESS ALL CORRESPONDENCE TO:

P.O. BOX 1460
ALHAMBRA, CALIFORNIA 91802-1460

IN REPLY PLEASE

REFER TO FILE: WM-9

Mr. Samuel Unger, P.E., Executive Officer
California Regional Water Quality

Control Board - Los Angeles Region
320 West Fourth Street, Suite 200
Los Angeles, CA 90013-2343

Attention Mr. Ivar Ridgeway

Dear Mr. Unger:

LOS ANGELES COUNTY FLOOD CONTROL DISTRICT - COMMENTS ON THE
DRAFT NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM PERMIT
FOR MUNICIPAL SEPARATE STORM SEWER SYSTEMS WITHIN THE COUNTY OF
LOS ANGELES

The Los Angeles County Flood Control District (LACFCD) appreciates the opportunity to
comment on the draft tentative Los Angeles County Municipal Separate Storm Sewer
System (MS4) Permit (Draft Permit) and supporting documents released on June 6,
2012. The enclosed comments are being submitted to meet the submission deadline of
July 23, 2012, as required in the Notice for Public Comment. We further incorporate by
reference the comments submitted by the County of Los Angeles.

The LACFCD has implemented many programs to improve stormwater and urban runoff
quality in compliance with current MS4 Permit. These will continue to be implemented
under the new MS4 Permit. The LACFCD is committed to improving the health of our
water bodies. Our goal is to seek a permit that will allow permittees the flexibility to
work together and focus their efforts on identified pollutants so that available resources
are used most effectively. To that end, we not only offer the enclosed comments to the
Draft Permit but also offer an alternative approach to compliance for consideration by
the California Regional Water Quality Control Board, Los Angeles Region (Regional
Board).
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Mr. Samuel Unger
July 23, 2012
Page 2

f)raft Permit

Since the start of the permit renewal process in May 2011, Regional Board staff has
expressed a willingness to work with stakeholders. However, permittees were not
advised of the full scope of the proposed permit terms until the issuance of the full draft,
and then were given only 45 days to comment. It is our strong belief that the 45-day
public comment period does not provide sufficient time to conduct a thorough review of
a highly complex permit over 500 pages long. Many crucial issues in the Draft Permit
remain unresolved. The key issue, as explained in detail in the enclosed comments, is
that the Draft Permit contains receiving water limitations language that essentially
renders compliance impossible. The Regional Board cannot legally adopt a permit that
permittees cannot comply with.

We believe that given sufficient time, this issue as well as most, if not all, issues can be
resolved, avoiding the need to address them at the hearing. To address this and other
critical issues in the Draft Permit, the LACFCD would like the opportunity to work with
staff to develop creative solutions to address concerns of all stakeholders, including
Regional Board members and the environmental community.

We also urge the Regional Board to postpone adoption of the Draft Permit in light of the
case pending in front of the U.S. Supreme Court, LACFCD v. Natural Resources
Defense Council. We expect that the U.S. Supreme Court will hear oral arguments in
this matter in early December 2012. As the Regional Board is aware, the ruling in
the case could clarify the scope of this permit. The Regional Board should not be
adopting a new permit while there is uncertainty over it. There is no pending need for
the Regional Board to act precipitously prior to the U.S. Supreme Court's hearing, which
is only 90 to 120 days from the currently scheduled date for the consideration of the
permit.

For these reasons, we request that the Regional Board extend the current public
comment period by 90 days to allow the parties to fully comment on the Draft Permit's
provisions. We further request that, after the first period of public comment, the
Regional Board issue a second Draft Permit and reopen public comment on that second
Draft Permit for 60 days. This will allow the permittees and the public to be advised of
the Regional Board staff's position with respect to the initial comments made and to
respond to any proposed revisions in light of those initial comments. It will also allow
the parties additional time to work with staff in an attempt to resolve the outstanding
issues that currently exist.
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Alternative Approach

With the recent release of the Draft Permit, we see an opportunity to evolve current and
traditional thinking. This permit can change the way this region thinks about the MS4.
One of the biggest obstacles to efficient and cost-effective stormwater discharge
management is the fact that the MS4 is designed to provide flood protection by
conveying as much water away from urbanized, developed areas into receiving waters.
The traditional design of the MS4 has created a situation where pollutants must be
prevented at the source, treated at the "end of pipe," or must otherwise be diluted
before reaching receiving waters. Under this system, pollutants that cannot or are not
prevented at the source become an immediate problem for those charged with
managing water quality in the MS4. Once pollutants enter the system, permittees may
have no control over the journey the pollutants take and whether the pollutants may be
addressed before reaching the receiving water. In addition, once pollutants enter the
system, it may be impossible to determine their source. Monitoring, therefore, serves
only to highlight the fact of a potential discharge and offers no guidance for preventing
discharges in the future.

To date, the Water Boards have addressed receiving waters limitations through a
combination of a prohibition on discharges and an iterative process to assist permittees.
However, we believe that the current approach does little to assist permittees in truly
addressing water quality by attacking discharges on a more site-specific basis. The end
result is that monitoring is used to punish, rather than encourage, permittees to identify
and address problems.

The current Draft Permit looks to old methods of pollutant control and is based upon a
punitive, not incentive, mentality. We would like to see a permit that offers solutions to
control the discharge of pollutants, not one that merely imposes consequences for
exceedances of water quality standards. We hope that staff will allow us time to
suggest a more regional approach towards MS4 management and pollutant prevention.
We believe that incorporating such an alternative into this permit will increase
stormwater management and reuse and thereby will meet numerous goals beyond
improving water quality. Such an approach can increase water supply, protect
resources downstream of the MS4, reduce treatment costs, and encourage permittees
to address discharges both at the source and before they exit the MS4.

At the outset, let us be clear that we have no intention of eliminating TMDL
requirements or the Receiving Water Limitations (RWL) language. However, we believe
there is room to allow for an alternative track to compliance with water quality standards
that will complement the current Best Management Practice-based iterative process.
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Just as the Regional Board has looked to the development community to implement
Low-Impact Development (LID) management methods to reduce runoff, we believe that
permittees can be incentivized to better utilize stormwater reuse to reduce runoff and
treat pollutants before they are discharged into receiving waters. The next MS4 Permit
offers an opportunity to guide municipal stormwater permittees towards a program of
increased water quality and increased stormwater reuse opportunities as an alternative
method to the traditional iterative RWL approach. However, it is not enough to simply
encourage permittees to do so. In order to bring together the expertise, funding, and
cooperation of the many local agencies required to implement a regional plan, the
Regional Board must offer permittees the opportunity to identify and implement
solutions for both private and public development.

As the Regional Board is aware, the Southern California Water Committee Storm Water
Task Force, of which the Flood Control District is a leading member, has issued a white
paper on stormwater capture opportunities and how they might be implemented through
municipal stormwater permits. One focus of the white paper is an examination of the
advantages and disadvantages of having permittees explore two complementary
strategies to manage stormwater, using onsite LID as well as regional stormwater
capture and infiltration. Permittees should be encouraged to design facilities to accept
stormwater flows from proposed developments as well as existing developments and to
locate them in areas that maximize water supply benefits.

The approach we advocate is consistent with efforts already undennray within the region
through local agencies and nongovernmental organizations. For example,
nongovernmental organizations are working to identify areas lacking open space, where
public lands could be used to effectively capture and treat polluted runoff. Those areas
are converted into parks, habitat, and other recreation lands, which use soil and plants
to capture and naturally filter and clean polluted runoff through. The end result benefits
the region in numerous ways. Urban communities, which are often "park-poor," gain
open space, parks, and wild land habitat. Municipalities achieve compliance with
Regional Board requirements, and at the same time, the cleaned runoff can be stored
for reuse, thereby recharging water supply for a region that heavily depends upon
groundwater pumping. The LACFCD, together with the City of Los Angeles,
constructed the award-winning Sun Valley Park Infiltration Project. The project resolved
chronic flooding in a neighborhood by capturing stormwater and infiltrating it into the
groundwater through infiltration basins constructed in a local park. This project resolved
local flooding, improved water quality, increased the local water supply, and improved
recreational amenities in the park.
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Projects such as those described above can provide permittees a roadmap to better
manage their stormwater runoff in a way that delivers many beneficial and tangible
results. Working cooperatively, permittees, the Regional Board, and affected
communities could expand this concept into areas that contribute various constituents of
concern into coastal watersheds and other receiving waters. Stormwater management
tools such as bioretention and infiltration can address many constituents that are
already subject to TMDLs and other requirements, providing a single solution to many
problems, rather than aconstituent-by-constituent approach. This regional approach
can also address those priority pollutants that are not currently covered by TMDLs.

By using public lands, in addition to LID on private development, permittees can capture
and treat a much higher volume of runoff. The technology can also be applied to public
roadways, which are a chronic contributor of various constituents of concern (including
metals) to receiving waters. By including this type of approach within the MS4 Permit,
the Regional Board will encourage permittees to adopt regional solutions to address
their contributions to water quality problems.

In addition, as the Regional Board is aware, the LACFCD has an extensive history of
stormwater infiltration through its extensive network of spreading grounds. For almost
100 years, spreading grounds throughout the region serve to replenish groundwater,
which provides one-third of our local water supply.

Given the work performed by the LACFCD, the Southern California Water Committee
Storm Water Task Force, and others, to date, we believe that a regional approach
should be incorporated into the MS4 Permit and are prepared to work with staff to craft
requirements to effect this alternative approach to meeting effluent limitations for
receiving water requirements. We hope that staff will allow us the opportunity to do so.
Although we are requesting additional time to develop the details, we offer some initial
concepts.

As mentioned earlier, we have no intention of eliminating TMDL requirements or the
RWL language. However, we suggest that the next Draft Permit include an alternative
requirement in the RWL section that would set forth a procedure for permittees to
develop and implement a stormwater infiltration and reuse program as a path to
compliance. We envision an approach similar to the LID Technical Guidance Manual
required in the current Ventura MS4. That is, the permit would allow participating
permittees to develop a stormwater infiltration and reuse manual within 18 months of
permit adoption. More extensive monitoring would allow permittees to set Numeric
Action Levels for pollutants of concern, which, in turn, would drive project prioritization.
The program and manual would be subject to the Executive Officer's approval. Once
implementation of the program is complete, the permittee will be deemed in full
compliance with the RWL section requirements.

Mr. Samuel Unger
July 23, 2012
Page 5

Projects such as those described above can provide permittees a roadmap to better
manage their stormwater runoff in a way that delivers many beneficial and tangible
results. Working cooperatively, permittees, the Regional Board, and affected
communities could expand this concept into areas that contribute various constituents of
concern into coastal watersheds and other receiving waters. Stormwater management
tools such as bioretention and infiltration can address many constituents that are
already subject to TMDLs and other requirements, providing a single solution to many
problems, rather than a constituent-by-constituent approach. This regional approach
can also address those priority pollutants that are not currently covered by TMDLs.

By using public lands, in addition to LID on private development, permittees can capture
and treat a much higher volume of runoff. The technology can also be applied to public
roadways, which are a chronic contributor of various constituents of concern (including
metals) to receiving waters. By including this type of approach within the MS4 Permit,
the Regional Board will encourage permittees to adopt regional solutions to address
their contributions to water quality problems.

In addition, as the Regional Board is aware, the LACFCD has an extensive history of
stormwater infiltration through its extensive network of spreading grounds. For almost
100 years, spreading grounds throughout the region serve to replenish groundwater,
which provides one-third of our local water supply.

Given the work performed by the LACFCD, the Southern California Water Committee
Storm Water Task Force, and others, to date, we believe that a regional approach
should be incorporated into the MS4 Permit and are prepared to work with staff to craft
requirements to effect this alternative approach to meeting effluent limitations for
receiving water requirements. We hope that staff will allow us the opportunity to do so.
Although we are requesting additional time to develop the details, we offer some initial
concepts.

As mentioned earlier, we have no intention of eliminating TMDL requirements or the
RWL language. However, we suggest that the next Draft Permit include an alternative
requirement in the RWL section that would set forth a procedure for permittees to
develop and implement a stormwater infiltration and reuse program as a path to
compliance. We envision an approach similar to the LID Technical Guidance Manual
required in the current Ventura MS4. That is, the permit would allow participating
permittees to develop a stormwater infiltration and reuse manual within 18 months of
permit adoption. More extensive monitoring would allow permittees to set Numeric
Action Levels for pollutants of concern, which, in turn, would drive project prioritization.
The program and manual would be subject to the Executive Officer's approval. Once
implementation of the program is complete, the permittee will be deemed in full
compliance with the RWL section requirements.
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Thus, we see the potential for atwo-track road to compliance with water quality
standards. Permittees who choose to continue to follow the current iterative process
may do so with the additional requirements set by TMDLs. But Permittees who believe
that a more effective method exists to reduce massive amounts of pollutant loads by
simply reducing the amount of runoff will be encouraged to implement stormwater reuse
projects. Some permittees, together with others in the water supply community, are
willing to invest the substantial financial resources necessary to monitor, study, and
implement a regional stormwater recharge/reuse plan. However, permittees and
Regional Board staff need time to work together to determine how such a program may
exist within the framework of the currently proposed MS4 Permit. The LACFCD
believes that allowing permittees to develop and implement stormwater infiltration and
reuse as a path to compliance would go further to address water quality problems within
the MS4 than the region has been able to achieve under the current iterative process.
We also believe that in a time of limited resources, it makes sense to increase the reuse
of natural resources while we carefully invest and prioritize our limited financial
resources. We look forward to working with the Regional Board to find a way to effect
such a program on such a revolutionary scale.

If you have any questions, please contact me at (626) 458-4300 or
ghildeb@dpw.lacounty.gov or your staff may contact Ms. Angela George at
(626) 458-4325 or ageorge@dpw.lacounty.gov.

Very truly yours,

GAIL FARBER
Director of Public Works

~~~~'

GARY HILDEBRAND
Assistant Deputy Director
Watershed Management Division

FW:jtz
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Los Angeles County Flood Control District Comments 

Draft Tentative Order No. R4-2012-XXXX, NPDES No. CAS004001 

General Page 1 08/02/2012 

General Comments 

Comment 

# 

Permit 

Element/Issue/Concern 

Location in 

Draft Tentative 

Order 

Comment/Recommendation 

1 Request for Extension of 

Time in Which to Submit 

Comments and to 

Continue the Hearing 

 The LACFCD requests that the current public comment period be extended by 90 days to allow 

the parties to fully comment on the draft Permit’s provisions.  We further request that, after 

that period of public comment, the Regional Board issue a second draft, tentative Permit and 

reopen public comment on that second draft Permit for 60 days.  The hearing on the Permit 

can occur 30 to 60 days after comments are submitted on the second draft, or at another time 

as the Regional Board finds appropriate. 

 

This request is made because the 45 day period that has been currently given to the Permittees 

has been inadequate.  This request is also made because the Regional Board should not 

conduct a hearing on a new permit while a case that could directly impact the scope of the new 

Permit, Los Angeles County Flood Control District v. Natural Resources Defense Council, is 

pending before the United States Supreme Court. 

 

First, the current 45 day period that has been provided for comments on the draft Permit is 

grossly inadequate, such that it amounts to a violation of due process.  The draft Permit and its 

accompanying documents are over 500 pages long.  The draft Permit is highly complex, 

requiring extensive analysis of the obligations it imposes.  The proposed Permit will impose 

significant costs on the Permittees, costs which must be fully analyzed and considered.  

Although Regional Board staff held some workshops on permit proposal, the LACFCD had no 

knowledge of the Permit’s definitive terms until it was issued on June 6, 2012, and its issuance 

was the first time a complete permit, rather than merely proposed portions subject to revision, 

was issued to the Permittees and the public. 

 

   As a public agency with a responsibility to protect the public fiscal resources, the LACFCD must 

fully consider all aspects of the draft Permit and consult with many different departments 

before providing a full response.  The 45 day period does not provide sufficient time for the 

LACFCD to do so.  It also does not allow the LACFCD to adequately prepare and submit its 

evidence on the duties and costs proposed under the Permit. 
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General Comments 

Comment 

# 

Permit 

Element/Issue/Concern 

Location in 

Draft Tentative 

Order 

Comment/Recommendation 

1 

(cont.) 

Request for Extension of 

Time in Which to Submit 

Comments and to 

Continue the Hearing 

 Second, there is currently pending in the United States Supreme Court the case of Los Angeles 

County Flood Control District v. Natural Resources Defense Council.  We expect that the 

Supreme Court will hear oral arguments in this matter in early December 2012.  As the 

Regional Board is aware, the ruling in the case could clarify the reach of the Permit. The 

Regional Board should not be adopting a new permit while there is a cloud over hanging it.  

There is no pending need for the Board to act precipitously prior to the Supreme Court’s 

hearing which is only 90 to 120 days from the currently scheduled date for the consideration of 

the Permit. 

 

For these reasons, we request that the Regional Board extend the current public comment 

period by an additional 90 days, issue of a second draft permit for public comment, and hold 

the hearing on the draft Permit be held 30 to 60 days after close of the comments on the 

second tentative draft, or at another time as the Regional Board finds appropriate. 

2 

 

Incorporation of Previous 

Comments 

 To the extent that they have not been incorporated, the LACFCD reiterates and incorporates by 

reference our comments submitted on February 9, 2012, April 12, 2012, April 18, 2012, and 

May 14, 2012 (see Exhibits A, B, C, D, and O). 

3 Incorporation of County 

of Los Angeles 

Comments 

 We incorporate by reference the comments submitted by the County of Los Angeles. 
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General Comments 

Comment 

# 

Permit 

Element/Issue/Concern 

Location in 

Draft Tentative 

Order 

Comment/Recommendation 

4 LACFCD Permit  

 

The LACFCD has submitted a Report of Waste Discharge requesting an individual MS4 permit.  

Placing the LACFCD in a combined permit without its consent is unlawful.  The Regional Board 

has no discretion to issue a combined permit over an applicant’s objection. 

 

The Clean Water Act provides that permits for discharges from municipal storm sewers may be 

issued on a system-wide or jurisdiction-wide basis.  33 U.S.C. § 1342(p)(3)(B)(i).  The federal 

regulations implementing the Act similarly provide that permits for stormwater discharges can 

be issued either through “one system-wide permit” or through “distinct permits,” including for 

“individual discharges from municipal separate storm sewers within the system.”  40 C.F.R. § 

122.26(a)(3)(ii). 

 

The draft Permit states that the Regional Water Board has “discretion as the permitting 

authority” to determine whether to issue a system-wide permit or individual permit.  This 

position is legally erroneous.  The Regional Board cannot require a permittee to participate in a 

system-wide permit over the Permittee’s objection.  Pursuant to 40 C.F.R. § 122.26(a)(3)(iii), 

the operator of a municipal separate storm sewer may either participate in a joint application 

with other operators or “[s]ubmit a distinct permit application which only covers discharges 

from the municipal separate storm sewers for which the operator is responsible.”  40 C.F.R. § 

122.26(a)(3)(iii)(B).  Thus, the federal MS4 regulations give an individual municipality or public 

entity operating a municipal separate storm sewer the right to obtain an individual stormwater 

permit.  The regulations do not authorize the Regional Water Board to issue a permit for which 

a municipality or entity has not applied and over their objection. 

 

Additionally, the draft Permit states that the Regional Water Board is issuing a system-wide 

permit and justifies its actions on that finding.  The finding, however, is factually erroneous.  

The Board is not issuing a system-wide permit.  The Regional Water Board has specifically 

excluded the City of Long Beach from this draft Permit, even though that city’s MS4 is as much 

a part of the “system” (and its area as much a part of the watersheds ) as any of the Permittees 

included in the draft Permit.  The draft Permit is not a system-wide permit. 
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General Comments 

Comment 

# 

Permit 

Element/Issue/Concern 

Location in 

Draft Tentative 

Order 

Comment/Recommendation 

4 

(cont.) 

LACFCD Permit  Recommendation 

Delete the LACFCD from the draft Permit and issue the LACFCD a separate permit, or include a 

separate chapter that clearly describes the requirements applicable to the LACFCD as set forth 

in Exhibit V - Proposed LACFCD Findings for 2012 MS4 permit (clean) and Exhibit W - FCD 

Chapter (Proposed MCM) 5-1-12 (rev2).docx. 

5 Title of the Permit Title 

[Page 1] 

The draft Permit is currently titled “Waste Discharge Requirements for Municipal Separate 

Storm Sewer System (MS4) Discharges Within the Los Angeles County Flood Control District, 

including the County of Los Angeles, and the Incorporated Cities Therein, Except the City of 

Long Beach.”  This title is not accurate.  The Permit covers several MS4 systems and there are 

discharges within the LACFCD’s jurisdiction that are not covered by this Permit. 

 

   Recommendation 

To be accurate, the title should be “Waste Discharge Requirements for 84 Incorporated Cities 

Within the County of Los Angeles, the County of Los Angeles, and the Los Angeles County Flood 

Control District.” 
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Part I.  Facility Information 

Comment 

# 

Permit 

Element/Issue/Concern 

Location in 

Draft Tentative 

Order 

Comment/Recommendation 

6 Use of LACFCD area as 

jurisdictional boundary 

Part I, Table 1 & 

Table 3 

[Pages 1 & 9] 

The current language, “…84 incorporated cities within the Los Angeles County Flood Control 

District…” appears to imply the LACFCD has jurisdiction or oversight over the municipalities.  

The LACFCD boundary is merely a service area boundary.  

 

   Recommendation 

Revise to read:   

 

“…84 incorporated cities within the Los Angeles County Flood Control District” 

7 Contact Information for 

LACFCD 

Part I, Table 2 

[Page 8] 

The contact person for the Los Angeles County Flood Control District is incorrect. 

 

   Recommendation 

Revise to: 

Gary Hildebrand, Assistant Deputy Director 

626-458-4300 

ghildeb@dpw.lacounty.gov 
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Part II.  Findings 

Comment 

# 

Permit 

Element/Issue/Concern 

Location in 

Draft Tentative 

Order 

Comment/Recommendation 

8 Primary Pollutants of 

Concern 

II.A. 

[Page 13] 

The Findings list the primary pollutants of concern as identified in by the Los Angeles County 

Flood Control District Integrated Receiving Water Impacts Report from 1994-2000 as indicator 

bacteria, nutrients, total dissolved solids, turbidity, total suspended solids, total aluminum, 

dissolved cadmium, copper, lead, total mercury, nickel, zinc, cyanide, bis(2-

ethylhexyl)phthalate, polycyclic aromatic hydrocarbons (PAHs), diazinon, and chloropyrifos.  A 

more recent report from 1994-2005 determined constituents of concern based on the more 

recent mass emission monitoring data and should be referenced in the findings. 

 

   Recommendation 

Reference the more recent 1994-2005 report that indicates the constituents of concern are: 

indicator bacteria, total aluminum, copper, lead, zinc, diazinon, and cyanide. 

9 Debris and Trash II.A. 

[Page 13] 

The finding states that stormwater and non-stormwater discharges of debris and trash are also 

a pervasive water quality problem in the Los Angeles Region.  This finding apparently ignores 

the tremendous efforts made on the various Trash TMDLs. 

 

   Recommendation 

Include a statement that the trash TMDLs and the significant efforts on the part of the 

Permittees have reduced trash generation in the various watersheds. 

10 Use of LACFCD area as 

jurisdictional boundary 

II.B, D, Table 6, 

Table 7 

[Pages 13, 15, 

20, 23] 

The current language, “…84 Cities within the Los Angeles County Flood Control District…” 

appears to imply the LACFCD has jurisdiction or oversight over the municipalities.  The LACFCD 

boundary is merely a service area boundary.  See Comment No. 6. 

 

   Recommendation 

Revise to read:  

 

 “…84 Cities within the Los Angeles County Flood Control District…” 

RB-AR12462



Los Angeles County Flood Control District Comments 

Draft Tentative Order No. R4-2012-XXXX, NPDES No. CAS004001 

Findings Page 7 08/02/2012 

Part II.  Findings 

Comment 

# 

Permit 

Element/Issue/Concern 

Location in 

Draft Tentative 

Order 

Comment/Recommendation 

11 Permit Application II.C 

[Pages 14-15] 

This Finding asserts that the Regional Water Board considered the “appropriateness of 

permitting discharges from MS4s on a system-wide or jurisdiction-wide basis or a combination 

of both” but concluded that “one system-wide permit is appropriate.”   The draft Permit 

proposes to combine the LACFCD, the County and 84 cities (but not the City of Long Beach) in a 

single combined permit. 

 

The Finding also asserts that “as the primary owner and operator of the Los Angeles County 

MS4, the LACFCD should remain a Permittee in the single system-wide permit.” 

 

As discussed in greater detail in the General Comments section of these comments, the 

LACFCD has submitted a report of waste discharge requesting an individual MS4 permit.  

Placing the LACFCD in a combined permit without its consent is unlawful.  The Regional Board 

has no discretion to issue a combined permit over an applicant’s objection. 

 

The Clean Water Act provides that permits for discharges from municipal storm sewers may be 

issued on a system-wide or jurisdiction-wide basis.  33 U.S.C. § 1342(p)(3)(B)(i).  The federal 

regulations implementing the Act similarly provide that permits for stormwater discharges can 

be issued either through “one system-wide permit” or through “distinct permits,” including for 

“individual discharges from municipal separate storm sewers within the system.”  40 C.F.R. § 

122.26(a)(3)(ii). 
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Part II.  Findings 

Comment 

# 

Permit 

Element/Issue/Concern 

Location in 

Draft Tentative 

Order 

Comment/Recommendation 

11 

 (cont.) 

Permit Application II.C 

[Pages 14-15] 

The draft Permit states that the Regional Water Board has “discretion as the permitting 

authority” to determine whether to issue a system-wide permit or individual permit.  This 

position is legally erroneous.  The Regional Board cannot require a permittee to participate in a 

system-wide permit over the Permittee’s objection.  Pursuant to 40 C.F.R. § 122.26(a)(3)(iii), 

the operator of a municipal separate storm sewer may either participate in a joint application 

with other operators or “[s]ubmit a distinct permit application which only covers discharges 

from the municipal separate storm sewers for which the operator is responsible.”  40 C.F.R. § 

122.26(a)(3)(iii)(B).  Thus, the federal MS4 regulations give an individual municipality or public 

entity operating a municipal separate storm sewer the right to obtain an individual stormwater 

permit.  The regulations do not authorize the Regional Water Board to issue a permit for which 

a municipality or entity has not applied and over their objection.   

 

Additionally, the draft Permit states that the Regional Water Board is issuing a system-wide 

permit and justifies its actions on that finding.  The finding, however, is factually erroneous.  

The Board is not issuing a system-wide permit.  The Regional Water Board has specifically 

excluded the City of Long Beach from this draft Permit, even though that city’s MS4 is as much 

a part of the regional storm sewer “system” (and its area as much a part of the watersheds) as 

those MS4s and cities included under the Permit.  The Regional Water Board has provided no 

justification for excluding Long Beach.   

 

Finally, the LACFCD, while a significant MS4 operator in the County, is not the “primary owner 

and operator of the Los Angeles County MS4.”  First, the LACFCD owns and operates only its 

own MS4.  The County and the 84 cities named in the Permit each own and operate their own 

MS4s.  The LACFCD further objects to the term “Los Angeles County MS4,” since it assumes the 

existence of a single MS4 instead of a collection of separate MS4s system which, or which may 

not, be interconnected.  Second, even were the county-wide MS4 to be considered a single 

system (which it is not), since city streets form the single most significant part of the count 

MS4, and the LACFCD owns or operates no streets, there would be no support for such a 

finding.  Other municipalities, including the City of Los Angeles, own or operate a significant 

portion of the MS4 in the urbanized areas of the County. 
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Part II.  Findings 

Comment 

# 

Permit 

Element/Issue/Concern 

Location in 

Draft Tentative 

Order 

Comment/Recommendation 

12 Permit Application II.C 

[Pages 14-15] 

Recommendation 

Delete language referring to the “combined” Permit and regarding the LACFCD as the “primary 

owner and operator of the Los Angeles County MS4”; issue the LACFCD its requested individual 

permit.  Also, wherever in the draft Permit the term “Los Angeles County MS4” appears, delete 

and replace with “MS4s subject to this Order.” 

13 Primary owner and 

operator of MS4 

II.C. 

[Page 15] 

The finding states that the LACFCD should remain a Permittee in a single system-wide permit 

because it is the primary owner and operator of the Los Angeles County MS4.  This statement is 

misleading since it does not acknowledge that MS4 also includes streets and roads, and as 

such, other Permittees also own and operate a significant portion of the Los Angeles County 

MS4. 

 

   Recommendation 

Revise to read:   

 

“The Regional Water Board also determined that as the primary owner and operator of the Los 

Angeles County MS4,because it operates MS4 infrastructure in each watershed management 

area, the LACFCD should remain a Permittee in the single system-wide permit;…” 

14 Permit Coverage and 

Facility Description 

II.D. 

[Page 15-16] 

This section inappropriately singles out the LACFCD when it should address the area being 

covered by this draft Order.  There are areas within the service area of the LACFCD that are not 

covered under this Order. 

 

This paragraph should also state that the MS4 also includes the street networks from all 

Permittees. 
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Part II.  Findings 

Comment 

# 

Permit 

Element/Issue/Concern 

Location in 

Draft Tentative 

Order 

Comment/Recommendation 

14 

(cont.) 

Permit Coverage and 

Facility Description 

II.D. 

[Page 15-16] 

Recommendation 

Revise the last paragraph of Part II.D as follows: 

 

The Los Angeles County Flood Control District area covered under this Order encompasses 

more than 3000 square miles.  The LACFCD This area contains a vast drainage network…Maps 

depicting the major drainage infrastructure of the LA County MS4 area covered under this 

Order are included in Attachment C of this Order. 

15 Total Maximum Daily 

Loads 

Part II.J.1 

[Pages 20-23] 

The County and the LACFCD are concerned that final WLAs for State-adopted TMDLs have been 

incorporated as numeric effluent limitations that apply at the point of discharge from the MS4 

and, where applicable, as receiving water limitations.  The more appropriate approach is to 

incorporate interim and final WLAs as BMP-based effluent limitations defined as TMDL Control 

Measures required in the Watershed Management Program. 

 

   Recommendation 

Refer to the attached file titled “Exhibit F - LACMS4 Redlined TMDL Excerpts 20Jul2012Rev” for 

language in the Findings section that addresses this concern. 
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Part III.  Discharge Prohibitions 

Comment 

# 

Permit 

Element/Issue/Concern 

Location in 

Draft Tentative 

Order 

Comment/Recommendation 

16 Prohibitions of Non-

Storm Water Discharges 

– Comprehensive 

Environmental Response, 

Compensation, and 

Liability Act (CERCLA) 

Discharges 

III.A.1.b & 

Attachment F –

IV.A.5 

[Page 26 & 

Pages F-25 – 

F-26] 

As proposed, all discharges authorized by the USEPA under CERCLA, including well 

development and redevelopment of extraction wells, which normally require coverage under 

General NPDES Permit No. CAG994004 – Discharges of Groundwater from Construction and 

Project Dewatering to Surface Waters in Coastal Watersheds of Los Angeles and Ventura 

Counties would be exempt.  CERCLA discharges may fall under CAG914004 – Discharges of 

Treated Groundwater from Investigation and/or Cleanup of Volatile Organic Compounds 

Contaminated Sites to Surface Waters in Coastal Watersheds of Los Angeles and Ventura 

Counties, or CA834001 – Waste Discharge Requirements for Treated Groundwater and Other 

Wastewaters from Investigation and/or Cleanup of Petroleum Fuel-Contaminated Sites to 

Surface Waters in Coastal Watersheds of Los Angeles and Ventura Counties.  There should be 

no exception for CERCLA discharges to comply with permit requirements that other dischargers 

must follow.  MS4 Permittees do not have such waivers when compliance is not practicable; 

other dischargers should be held to the same standards. 

 

In addition, although discharges are required to comply with applicable water quality 

standards, the requirement can be waived if compliance is not practicable.  The Permit also 

waives prior notification for unplanned discharges, and only requires notification within 24 

hours after the unplanned discharge has occurred.  Such waivers can have significant impacts 

to MS4 Permittees as they are held liable for discharges to their MS4.  Lack of notification prior 

to an unplanned discharge can also impact LACFCD operations and system capacity, as well as 

endanger field staff and contractors working in its storm drains and channels. 

 

   Recommendation 

Require CERCLA dischargers to seek coverage under the appropriate NPDES Permit and comply 

with all requirements.  In addition, dischargers must notify MS4 Permittees prior to unplanned 

discharges, and comply with any requirements issued by the MS4 Permittee. 
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Part III.  Discharge Prohibitions 

Comment 

# 

Permit 

Element/Issue/Concern 
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Draft Tentative 

Order 

Comment/Recommendation 

17 All Discharge Categories – 

Segregation of Flows, 

Notification 

Table 8, 

Attachment F – 

IV.A.5 

[Page 33, Page 

F-26] 

As written, the Permit would require segregation of conditionally exempted discharges from 

potential sources of pollutants.  Since the MS4 can receive flows from multiple discharges and 

sources, segregating the conditionally exempt flows may not be feasible. 

 

The Permit also would require that the Los Angeles County Flood Control District require 

dischargers of one acre-foot (325,581 gallons) or more to provide advance notification to 

potentially affected MS4s, including, at minimum, the District and the Permittee with land use 

jurisdiction of the originating discharge. 

 

It is not the sole responsibility of the LACFCD to require advanced notification.  The LACFCD is 

not necessarily in a position to know when one acre-foot or more of discharge will be entering 

its MS4.  The point of initial contact with the “MS4” will in many cases be the street or gutter, 

which are owned by the municipality, not the LACFCD.  Also, a number of entities operate 

significant MS4 systems, so there is no reason for the requirement to single out the LACFCD.  

This should be the responsibility of all the MS4 Permittees. 

 

Also, most residential swimming pools hold from 20,000 to 22,000 gallons of water, and 

decorative fountains even less.  Is the one-acre foot threshold intended to exempt residential 

swimming pools and most decorative fountains from advanced notification?  This notification 

would only apply to lakes dewatering and municipal/county/commercial swimming pools that 

are approximately half the size of an Olympic-sized swimming pool (approximately 660,000 

gallons).  Notification should be set at 30,000 gallons. 
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Comment 

# 

Permit 

Element/Issue/Concern 

Location in 

Draft Tentative 

Order 

Comment/Recommendation 

17 

(cont.) 

All Discharge Categories – 

Segregation of Flows, 

Notification 

Table 8, 

Attachment F – 

IV.A.5 

[Page 33, Page 

F-26] 

Recommendation 

Revise as follows: 

 

When logistically and economically feasible, Ssegregate conditionally exempt non-storm water 

discharges from potential sources of pollutants to prevent introduction of pollutants to the 

MS4 and receiving water. 

 

Whenever there is a discharge of one acre-foot 30,000 gallons or more into the MS4, the MS4 

Permittee Los Angeles County Flood Control District shall require advance notification by the 

discharger to the all potentially affected MS4 Permittees, including at a minimum the District 

and the Permittee with jurisdiction over the land area from which the discharge originates.  

The threshold may be decreased accordingly based on any low flow diversion structures 

downstream of the point of discharge. 
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Comment 

# 

Permit 

Element/Issue/Concern 

Location in 

Draft Tentative 

Order 

Comment/Recommendation 

18 Table 8 – Conditions and 

BMPs – Prescriptive and 

Resource Intensive  

Table 8, 

Attachment F – 

IV.A.5 

[Pages 33-36, 

Page F-27 – F-

28] 

 

First, the use of the word “ensure” in the conditions/BMPs should be deleted, since the 

requirement is being asked of a third-party discharger, not the Permittee.  A Permittee cannot 

“ensure” the conduct of a third-party discharger.  The provision should use the term “require” 

instead. 

 

Second, the Permit would add tremendous burden on MS4 Permittees to address exempt non-

storm water discharges which are generally perceived to be low risk.  Specifically, Section 

III.A.2.b combined with Table 8 would require Permittees to develop and implement 

procedures to ensure discharges meet very prescriptive and often highly resource intensive 

BMPs.  For the dewatering of lakes, swimming pools/spas, and decorative fountains, the 

requirement to inspect and clean the MS4 inlet and MS4 outlet to the receiving water 

immediately prior to discharge raises significant practical problems.  The owner/operator of 

the outlet often is different from the owner/operator of the inlet or the initial MS4 (such as the 

street), and thus not aware of the discharge.  The MS4 outlet may also not be easily identifiable 

by the discharger or the initial MS4 owner/operator.  This requirement is logistically infeasible, 

impractical, highly resource-intensive, and expensive.  Moreover, since the outlet (which is 

discharging water from numerous sources) is constantly discharging, there should not be a 

need to clean it out. 
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# 
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Draft Tentative 

Order 

Comment/Recommendation 

18 

(cont.) 

Table 8 – Conditions and 

BMPs – Prescriptive and 

Resource Intensive  

Table 8, 

Attachment F – 

IV.A.5 

[Pages 33-36, 

Page F-27 – F-

28] 

Recommendation 

Revise as follows: 

 

Require Ensure procedures for advanced notification by the lake owner/operator to the 

Permittee(s) no less than 72 hours prior to the planned discharge. 

Immediately prior to discharge, visible trash on the shoreline or on the surface of the lake shall 

be removed and disposed of in a legal manner.  

Immediately prior to discharge, the discharge pathway, leading to the MS4 the MS4 inlet to 

which the discharge is directed, and the MS4 outlet from with the water will be discharged to 

the receiving water, shall be inspected and cleaned out by the discharger. 

Discharges shall be volumetrically and velocity controlled by the discharger to minimize 

resuspension of sediments. 

The discharger shall take measures to stabilize lake bottom sediments. 

Require Ensure procedures for water quality monitoring for pollutants of concern in the lake. 

Require Ensure record-keeping of lake dewatering by the lake owner/operator. 
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Comment 

# 

Permit 

Element/Issue/Concern 

Location in 

Draft Tentative 

Order 

Comment/Recommendation 

19 The Receiving Water 

Limitations Section Must 

be Revised 

V.A. 

[Pages 37-38] 

The Receiving Water Limitation section of the draft Permit is both unlawful and unwise.  The 

draft: 

 

• turns upside down prioritization of efforts to reduce stormwater pollution under the 

Permit by emphasizing those pollutants of less significance over those of greater 

significance; 

• fails to include provisions that would incentivize Permittees to coordinate their efforts 

under this section with the TMDLs as well as other goals of the Permit;  

• is an abuse of discretion because it is impossible to comply with; and 

• creates inordinate liability for Permittees due to third party lawsuits. 

 

All of these deficiencies can be remedied, and this section of the Permit improved, by making 

this section consistent with the approach to TMDLs set forth in Part VI.E. 

 

According to the draft Fact Sheet issued in support of the draft Permit, a Permittee can be 

found in violation of Parts 1 and 2 of the receiving water limitations, even though the 

Permittees are complying in good faith with the iterative process set forth in Part 3.  In 

contrast, where there are exceedances of pollutants addressed by TMDLs, a Permittee is not 

considered to be in violation of the Permit if it is in compliance with an approved watershed 

management program.  The combination of these two parts of the Permit results in the Permit 

turning upside down the prioritization of efforts to address pollutants in stormwater. 

 

As a result of the draft Permit’s approach to receiving water limitations, a Permittee must give 

priority to those pollutants whose exceedances cause a violation of the receiving water 

limitation section.  Otherwise the Permittee would be in violation of the Permit.  Those 

exceedances, however, are exceedances which the Regional Board has considered to be of 

lesser priority as not warranting the preparation of a TMDL as of this time.   
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Comment/Recommendation 

19 

(cont.) 

The Receiving Water 

Limitations Section Must 

be Revised 

V.A. 

[pages 37-38] 

On the other hand, it is the pollutants which are the subject of the TMDL that have been found 

to be of greater significance.  Accordingly, it is to those pollutants to which the parties’ efforts 

should be most directed.  The approach set forth in the receiving water limitation section, 

however, turns this prioritization upside down.   

 

To remedy this circumstance, the draft Permit should provide that pollutants not covered by 

TMDLs but whose presence violates receiving water limitations should be addressed by the 

Permittees in conjunction with their watershed management program when one is being 

developed or exists, and compliance with that watershed management program is compliance 

with receiving water limitations.  By doing so, Permittees can incorporate and prioritize their 

efforts to address exceedances of non TMDL pollutants with their efforts to address pollutants 

addressed by TMDLs. 

 
   Second, the receiving water limitation section fails to provide any incentive for innovative 

programs that might address exceedances of receiving water limitations.  The LACFCD 

recommends that an incentive be included to develop new, innovative approaches, particularly 

those that will result in greater infiltration of stormwater before it reaches the MS4.  

Accordingly, we propose that a paragraph be added to the receiving water limitation section 

that would provide that a Permittee can be deemed in compliance if it is developing projects 

that will result in greater infiltration of stormwater in the watersheds where the water 

limitations are being exceeded. 

 

Third, the receiving water limitations section, as drafted, is unlawful and an abuse of discretion.  

The section, as written, is impossible to comply with. 
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# 
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Order 

Comment/Recommendation 

19 

(cont.) 

The Receiving Water 

Limitations Section Must 

be Revised 

V.A. 

[pages 37-38] 

It is well recognized that stormwater is variable and that municipal stormwater Permittees do 

not have control over stormwater flows.  As a result, it is difficult, and at times impossible, to 

engineer solutions or adopt programs to fully address the pollutants in stormwater.  The State 

Water Board’s Blue Ribbon Panel found in 2006, “it is not feasible at this time to set 

enforceable numeric effluent criteria for municipal BMPs and in particular urban discharges.” 

(see Exhibit G - State Water Board Blue Ribbon Panel Final Report)  In response to public 

comment dated April 27, 2012, regarding the draft tentative order for the renewal of the MS4 

Permit for the California Department of Transportation, State Water Board staff cited this 

finding of the Blue Ribbon Panel and endorsed it. 

 

The current draft of the receiving water limitations, however, does not recognize the finding by 

the State Water Board’s Blue Ribbon Panel and there is no evidence in the fact sheet that 

supports a finding that the Permittees can comply with this section.  On the contrary, our 

analysis of available outfall monitoring data supports the Blue Ribbon Panel’s conclusion.   

Because storm drain outfall monitoring has not been conducted in Los Angeles County in the 

past, we conducted an analysis of available outfall monitoring data from urbanized areas 

similar to Los Angeles County.  The purpose of the analysis was to compare real outfall 

monitoring results from urban areas with applicable Water Quality Standards.  The results, 

summarized in Exhibit H - Outfall Data Summary, show that storm drain discharges can and do 

exceed Water Quality Standards.  For example, discharges exceeded the e. Coli and other 

bacterial Water Quality Objectives 50 to 100 percent of the time.  Unless a water body has an 

established bacterial TMDL – and there are currently no bacterial TMDLs for Dominguez 

Channel and San Gabriel River – it is not possible for Permittees to comply with the receiving 

water limitations. 
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Comment/Recommendation 

19 

(cont.) 

The Receiving Water 

Limitations Section Must 

be Revised 

V.A. 

[pages 37-38] 

Finally, the receiving water limitations language, as drafted, creates inordinate legal liability for 

Permittees due to third-party law suits.  In the past, Regional Board staff has said that they 

would exercise prosecutorial discretion with respect to enforcement, but those statements 

provide no comfort to Permittees.  Exhibit I - Stockton Summary 2012-07-20 is a technical 

memorandum that discusses how a Permittee subject to similar language, the City of Stockton, 

was subject to a lawsuit even though it was in full compliance with the iterative process. 

 

As discussed above, the Permit recognizes this issue with respect to those pollutants addressed 

by TMDLs.  There is no reason why a different standard should apply to the pollutants not 

addressed by TMDLs. 

 

Recommendation 

Part V should include the following paragraph: 

 

In lieu of preparing an integrated monitoring compliance report set forth in Part 

V.A.3.a. a Permittee may address discharges from the MS4 that cause or contribute 

to a violation of receiving water limitations in their watershed management 

program applicable to the receiving water.  The Permittee shall not be considered to 

be in violation of Part V.A. of this Order if it is in compliance with that watershed 

management program. 

 

   Part V should also add the following: 

 

If a Permittee is found to have discharges from its MS4 causing or contributing to an 

exceedance of an applicable water quality standard or causing a condition of 

nuisance in the receiving water, the Permittee shall be deemed in compliance with 

Parts 1 an 2 above, unless it fails to implement the requirements provided in Parts 3 

and 4 as otherwise covered by a provision of this order specifically addressing the 

constituent in question, as applicable. 
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# 
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Location in 

Draft Tentative 

Order 

Comment/Recommendation 

19 

(cont.) 

The Receiving Water 

Limitations Section Must 

be Revised 

V.A. 

[pages 37-38] 

Alternatively, the LACFCD is supportive of the proposed CASQA Receiving Water Limitation 

language in Exhibit J - CASQA proposal - Receiving Water Limitation Provision to Stormwater 

NPDES Permits. 

20 Definition of Receiving 

Water Limitations 

V.A. & 

Attachment A - 

Definitions 

[Pages 37-38 

and A-8] 

The definition of receiving water limitation includes any applicable numeric or narrative water 

quality objective or criterion contained in the “water quality control plan for the Los Angeles 

Region (Basin Plan), water quality control plans or policies adopted by the State Water Board, 

or federal regulations, including but not limited to 40 C.F.R. § 131.38.”  Draft Permit, p. A-8 

(emphasis added). 

 

The reference to “policies” adopted by the State Water Resources Control Board is ambiguous.  

The State Board adopts water quality objectives and water quality control plans, not policy 

resolutions.  See Water Code § 13170.  It is not clear what is meant by policies. 

 

Additionally, the definition should not reference “criterion” under federal regulations.  

Permittees are not required to comply with federal water criteria.  A Permittee is only required 

to comply with water quality standards adopted by the state or federal government that are 

applicable to the particular waterbody.  In referring to “criterion” that might be under federal 

regulations, the definition could be construed as referring to criteria with which Permittees are 

not required to comply.  It creates ambiguity in the definition. 

 

   Recommendation 

The reference to “policies” adopted by the State Board and “criterion” should be deleted from 

the definition of receiving water limitation. 

21 Notification for 

Exceedances 

V.A.3.a. 

Footnote 23 

[Page 37] 

30 days does not provide sufficient time to do the data analysis and determination. 

   Recommendation 

For footnote 23, revise to read: 

“Within 3090 days of receipt of analytical results from the sampling date. 
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Draft Tentative 

Order 

Comment/Recommendation 

22 General VI.C.1 

[Page 45] 

While the Fact Sheet indicates the Watershed Management Program can be performed 

individually or collectively (Page F-39), the language in the Watershed Management Program 

Provisions (Part VI.C.) should clearly affirm that Watershed Management Programs can be done 

by one single Agency and/or a Watershed Group. 

  

   Recommendation 

In VI.C.1., add language that states “Permittees may participate in the Watershed Management 

Program individually or collectively” so that the Fact Sheet and Provision language are 

consistent.   

23 Adaptive Management 

Process for Watershed 

Management 

VI.C. 

[Pages 45-56] 

Related to our Comment No. 19 for Part V Receiving Water Limitations, the draft Permit needs 

to be revised to address pollutants not covered by TMDLs but whose presence violates 

receiving water limitations.  Such exceedances should be addressed by Permittees in 

conjunction with their watershed management program or jurisdictional storm water 

management program, and compliance with that program should equate compliance with 

receiving water limitations.  This allows Permittees to incorporate and prioritize their efforts to 

address exceedances of non-TMDL pollutants with their efforts to address pollutants addressed 

by TMDLs. 

 

   Recommendation 

Add the following to the end of Part VI.C.1.b.: 

 

“and to address discharges that cause or contribute to receiving water limitations exceedances 

not covered under a TMDL. 

24 Sizing of Structural 

Controls 

VI.C.3.b.iv.(4).(c) 

of working 

proposal 

[Page 52 of 

tentative order] 

The staff working proposal required that structural controls be sized at a minimum to treat the 

volume of stormwater runoff from the 85th percentile, 24-hour storm.  However, the tentative 

order removed this item.  To be consistent with the TMDL requirement (E.2.d.4, page 113), re-

insert this item and remove the “at minimum” language. 

 

Recommendation 

Re-insert item c from the working proposal and delete the "at minimum" language. 
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25 Receiving Water 

Limitations Exceedances 

Addressed by the 

Adaptive Management 

Process 

VI.C.6.a.ii.(1) & 

6.b.ii.(1) 

[Pages 55 & 56] 

Related to our Comment No. 19, we recommend the following as a remedy to address pollutants 

not covered by TMDLs but whose presence violates receiving water limitations.  Such 

exceedances should be addressed by Permittees in conjunction with their watershed 

management program or jurisdictional storm water management program, and compliance with 

that program should equate compliance with receiving water limitations.  This allows Permittees 

to incorporate and prioritize their efforts to address exceedances of non-TMDL pollutants with 

their efforts to address pollutants addressed by TMDLs. 

 

   Recommendation 

Add "The Permittee shall not be considered in violation of a Receiving Water Limitation 

(Part V.A.) or a Water Quality Based Effluent Limitation if it is implementing the adaptive 

management process." 

26 General Requirements VI.D.1.a. 

[Page 56] 

This section states that each Permittee may implement customized actions within each general 

category of control measures as set forth in an approved Watershed Management Program.  The 

deadline to submit a draft Watershed Management Program Plan is one year after the effective 

date of the Permit and the final Plan is due 3 months after receipt of the Regional Board’s 

comments.  That means that it could easily take 1½ years or more for Permittees to have an 

approved Watershed Management Program.  It is not clear if the Permittees are expected to 

implement all of the minimum control measures in the draft tentative order until their 

customized actions are approved. 

 

   Recommendation 

For those Permittees that have indicated their intent to customize their minimum control 

measures through a Watershed Management Program, allow them to continue implementing 

the Stormwater Quality Management Program requirements per the current (2001) Permit. 
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27 Timelines for 

Implementation 

VI.D.1.b.i 

[Page 56] 

This section states that unless otherwise noted, each Permittee shall ensure implementation of 

requirements contained in Part VI.D within 30 days after the effective date of the Order.  Most 

of the requirements in the section do not have a separate time schedule noted and would need 

to be implemented within 30 days of the effective date.  While immediate implementation is 

feasible for such requirements that exist in the current (2001) Permit, it is not feasible to 

implement most new requirements, such as the Integrated Pest Management Program.  Such 

new requirements should be allotted more time to develop and ultimately implement. 

 

   Recommendation 

Clarify the language such that the 30 day timeline only applies to carryover requirements from 

the current (2001) Permit and development of new requirements are to begin within 30 days of 

the effective date. 
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# 

Permit 
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28 General VI.D.4.a.i 

[Page 58] 

This section requires that a PIPP must be implemented “that includes, but is not limited to, the 

requirements listed in this part.”  (emphasis supplied.)   This is problematic language, because 

it purports to state that a PIPP must include unspecified additional requirements that could be 

found wanting by the RWQCB or a court. 

 

   Recommendation 

Modify to read “Each Permittee shall implement a Public Information and Participation 

Program (PIPP) that includes, but Is not limited to at a minimum, the requirements listed in this 

Part VI.D.4.” 

29 Residential Outreach VI.D.4.d.i.(3) 

[Page 60] 

Same as Comment No. 28. 

 

   Recommendation 

Modify to read "Distribute activity specific stormwater pollution prevention public education 

materials to, but is not limited to at a minimum, the following points of purchase:" 
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Comment/Recommendation 

30 

 

Public Facility Inventory VI.D.8.c.i. 

[Page 94] 

This requirement states that each Permittee shall maintain an updated inventory of all 

Permittee- owned or operated facilities within its jurisdiction that are potential sources of storm 

water pollution, including storm water management facilities (e.g.., detention basins).  We do 

not agree that our stormwater management facilities themselves are potential sources of 

stormwater pollution.  In addition, there are requirements under the Monitoring and Reporting 

Program to map open channels and underground pipes. 

 

Recommendation 

Delete the requirement to inventory storm water management facilities. 

 

31 Flood Management 

Projects 

VI.D.8.e.ii. 

[Page 96] 

This requirement states that each Permittee shall implement the following measures for 

Permittee-owned and operated flood management projects:  (1) Develop procedures to assess 

the impacts of flood management projects on the water quality of receiving water bodies.  (2). 

Evaluate existing structural flood control facilities to determine if retrofitting the facility to 

provide additional pollutant removal from storm water is feasible.  It is our understanding that 

these requirements apply only to flood management projects and do not require a 

comprehensive evaluation of all existing stormwater facilities. 

 

Recommendation 

For clarity, revise as follows: 

 

(1) Develop procedures to assess the impacts of future flood management projects on the water 

quality of receiving water bodies. 

 

(2) Evaluate existing structural flood control facilities during the planning phases of major 

maintenance or rehabilitation projects to determine if retrofitting to provide additional 

pollutant removal from stormwater is feasible. 
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32 Storm Drain Maintenance VI.D.8.h.viii 

[page 102] 

The title of this section is misleading as the requirements pertain to open channels and not 

underground storm drains. 

 

   Recommendation 

Rename the section to “Open Channel Maintenance” 

33 Storm Drain Maintenance VI.D.8.h.viii (1) 

& (2) 

[page 102] 

These requirements state that visual monitoring of Permittee-owned open channels and other 

drainage structures, including debris basins, for debris needs are to be done at least annually 

and trash and debris are to be removed at minimum once per year.  Maintenance of debris 

basins is already regulated under separate permits including the California Regional Water 

Quality Control Board’s Water Quality Certification for Proposed County Debris Basin 

Maintenance Project (159 Basins) (Corps’ File No. 94-01558-CSC), Los Angeles County (File No. 

02-144-2008 Renewal), State Water Resources Control Board Order No. 2003-0017-DWQ 

General Waste Discharge Requirements for Dredge and Fill Discharges That Have Received State 

Water Quality Certification, US Army Corps of Engineers, Los Angeles District Regional General 

Permit SPL-2003-00411-KW, and the Department of Fish and Game Final Lake or Streambed 

Alteration Agreement Notification No. 1600-2008-0290-R5.  The Water Quality Certification 

specifically authorizes sediment removal only under three conditions, based on the condition of 

the watershed or other special circumstances. 

 

   Recommendation 

Revise to read:   

 

(1) Visual monitoring of Permittee-owned open channels and other drainage structures 

including debris basins, for debris at least annually. 

(2) Removal of trash and debris from open channels and debris basins a minimum of once 

per year before the wet season. 

RB-AR12482



Los Angeles County Flood Control District Comments 

Draft Tentative Order No. R4-2012-XXXX, NPDES No. CAS004001 

IC/ID  Page 27 08/02/2012 

Part VI.D.9.  Illicit Connections and Illicit Discharges Elimination Program 

Comment 

# 

Permit 

Element/Issue/Concern 

Location in 

Draft Tentative 

Order 

Comment/Recommendation 

34 Illicit Discharge Source 

Investigation and 

Elimination – Diversion or 

Treatment 

VI.D.9.iv.(3), 

VI.D.9.b.v. & 

Attachment F – 

VI.C.9.b. 

[Page 108, Page 

F-78] 

Requires the Permittee to initiate a permanent solution if the source of the illicit discharge 

cannot be traced, including diversion of the entire flow to the sanitary sewer or treatment. 

 

There may be situations where the illicit discharge is extremely difficult to trace, the 

responsible party/parties is/are not clear, diversion to the sanitary sewer is not feasible (due to 

the size or location of the discharge), or treatment is too cost prohibitive.  For example, the oil 

discharge discovered in January 2011 in the Dominguez Channel near 223rd Street in the City 

of Carson involved months of investigation involving multiple agencies and possible 

responsible parties.   The discharger(s) must be held responsible and be part of the solution. 

 

   Recommendation 

Revise as follows: 

 

iv.(3)  If the source of the illicit discharge cannot be traced to a suspected responsible party, 

affected Permittees shall implement its spill response plan and then initiate a permanent 

solution as described in section 9.b.v below. 

 

v.  In the event the Permittee is unable to eliminate an ongoing illicit discharge following full 

execution of its legal authority and in accordance with its Progressive Enforcement Policy, or 

other circumstances prevent the full elimination of an ongoing illicit discharge, including the 

inability to find the responsible party/parties, the Permittee shall provide for diversion of the 

entire flow to the sanitary sewer or provide treatment.  In either instance, the Permittee(s) 

shall notify the Regional Water Board within 30 days of such determination and shall provide a 

written plan for review and comment that describes the efforts that have been undertaken to 

eliminate the illicit discharge, a description of the actions to be undertaken, anticipated costs, 

and a schedule for completion available information for the Regional Board to further and 

appropriate actions against the suspected discharger(s). 

 

RB-AR12483



Los Angeles County Flood Control District Comments 

Draft Tentative Order No. R4-2012-XXXX, NPDES No. CAS004001 

TMDL Provisions Page 28 08/02/2012 

Part VI.E.  Total Maximum Daily Load Provisions 

Comment 

# 

Permit 
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Location in 

Draft Tentative 

Order 

Comment/Recommendation 

35 The Final WQBEL Effluent 

Limitations and WLAs 

Should be Reflected as 

BMPs, Not Numeric 

Effluent Limits 

VI.E.2.e. 

[Page 114] 

If WQBELs or TMDL WLAs are included in the Permit they are not required to be reflected in the 

form of numeric effluent limits.  With respect to this Permit, it is an abuse of discretion to do so.  

If WQBELs or TMDL WLAs are included in the Permit, they should be reflected in the form of 

BMPs. 
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36 Final WQBELs and/or 

Receiving Water 

Limitations 

VI.E.2.e. 

[Page 114] 

The LACFCD is very concerned with staff’s proposal to express final TMDL WLAs as strict numeric 

WQBELs and/or Receiving Water Limitations in the Permit. The State Water Board's Blue Ribbon 

Panel (see Exhibit G - State Water Board Blue Ribbon Panel Final Report) found in 2006 that "it is 

not feasible at this time to set enforceable numeric effluent criteria for municipal BMPs and in 

particular urban discharges." As mentioned in our Comment No. 19 regarding the proposed RWL 

language, in its response to public comments dated April 27, 2012, regarding the Draft Tentative 

Order for the renewal of the Caltrans MS4 Permit, State Water Board staff cited the Blue Ribbon 

Panel’s findings in defending its decision to not incorporate NELs in that Permit (see Exhibit G - 

State Water Board Blue Ribbon Panel Final Report). State Water Board staff stated, “Consistent 

with the findings of the Blue Ribbon Panel and precedential State Water Board orders (State 

Water Board Orders Nos. WQ 91-03 and WQ 91-04), this Order allows the Department 

[Caltrans] to implement BMPs to comply with the requirements of this Order.” (SWRCB 

Comment Response Report, for Caltrans MS4 Permit, April 27, 2012, Page 2 of 110). 

 

State Water Board staff further noted that “in November 12, 2010, USEPA issued a revision to a 

November 22, 2002 memorandum in which the USEPA had ‘affirm[ed] the appropriateness of an 

iterative, adaptive management best management practice (BMP) approach’ for improving 

stormwater management over time. In the revisions, USEPA recommended that, in the case the 

permitting authority determines that MS4 discharges have the reasonable potential to cause or 

contribute to a water quality excursion, the permitting authority, where feasible (emphasis 

added), include numeric effluent limitations as necessary to meet water quality standards. 

However, the revisions recognized that the permitting authority’s decision as to how to express 

water quality based effluent limitations (WQBELs), i.e. as numeric effluent limitations or BMPs, 

would be based on an analysis of the specific facts and circumstances surrounding the Permit. 

Moreover, USEPA has since invited comment on the revisions to the memorandum and will be 

making a determination as to whether to ‘either retain the memorandum without change, to 

reissue it with revisions, or to withdraw it.’” (ibid). 
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36 

(cont.) 

Final WQBELs and/or 

Receiving Water 

Limitations 

VI.E.2.e. 

[Page 114] 

The Regional Board is not required to reflect the final WQBELs as numeric effluent limits. 40CFR 

122.44(k)(2) and (3) specifically authorizes the use of BMPs. The State Water Board, in its 

response to comments on the proposed Caltrans Permit, specifically said that it may “impose 

BMPs for control of storm water discharges in lieu of numeric effluent limitations,” citing section 

122.44(k)(2) and (3).  It has not been demonstrated that it is feasible to reflect the final WQBELs 

as numeric effluent limits. In addition, it has not been proven that these final WQBELs can 

currently be met. 
 

In this regard, although Regional Board staff stated during the May 3 workshop that it is feasible 

to incorporate NELs at this time, staff did not provide evidence to substantiate the feasibility of 

NELs. In assessing the feasibility of NELs in stormwater permits, the Blue Ribbon Panel based its 

evaluation on four criteria: (1) The ability of the State Water Board to establish appropriate 

objective limitations or criteria; (2) how compliance determinations would be made; (3) the 

ability of dischargers and inspectors to monitor for compliance; and (4) the technical and 

financial ability of dischargers to comply with the limitations or criteria (emphasis added). In 

response to a Regional Board member question regarding the cost to comply with TMDLs, staff 

responded that cost analyses were completed as part of TMDL development (see Exhibit G - 

State Water Board Blue Ribbon Panel Final Report).  Significantly, the analysis of costs in the 

TMDLs did not address the question of the financial ability of dischargers to comply with the 

limitations or criteria. Nor did the analysis include a cost-benefit analysis or address whether the 

means to comply with the TMDL was cost effective. The analyses in the TMDLs specifically did 

not include a cost benefit analysis or a determination of whether it was cost effective. It is also 

important to note that staff’s cost analyses were not held to the “reasonable assurance” 

standard, and no quantitative analyses were done to demonstrate that the BMPs assumptions 

used by staff would have a reasonable assurance of meeting TMDL standards. In fact, during 

TMDL development, many Permittees made comments to this end regarding staff’s cost 

analyses for TMDLs. The LACFCD agrees with State Water Board staff that NELs, numeric 

WQBELs and/or Receiving Water Limitations currently are not feasible in stormwater permits. 

Los Angeles Region MS4 dischargers should not be held to enforceable NELs when discharges 

into the MS4, such as from Caltrans and construction sites, are not being held to the same 

standard. 
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36 

(cont.) 

Final WQBELs and/or 

Receiving Water 

Limitations 

 

VI.E.2.e. 

[Page 114] 

The Regional Board staff has submitted no evidence that demonstrates that compliance with 

numeric WQBELs or WLAs is feasible.  The fact sheet contains no evidence.  Instead the fact 

sheet solely cites unidentified work allegedly performed in adopting the TMDLs.  That work is 

not set forth in the fact sheet, and no such work demonstrating feasibility has been performed.  

Indeed, when preparing the TMDLs, no analysis was performed as to whether TMDLs could be 

achieved under the MEP standard, or any other standard, and no analysis was performed of 

whether the implementation was feasible. 

 

To further evaluate the feasibility of the numeric approach and explore possible alternatives, the 

LACFCD conducted an extensive review and analysis of other Phase I permits, EPA guidance 

documents and policies, and other pertinent information.  The results of these analyses and 

additional related comments are contained in Exhibit K - TMDLs into SW Permits Review 

20Jul12, Exhibit Q – Comments TM LACMS4 TMDLs 21Jul2012, and Exhibit R – TMDL Compliance 

Assessment 21Jul2012,  and hereby incorporated as part of this comment. 

 

Recommendation 

Revise the draft Permit to implement final TMDL WLAs using BMPs.  See Exhibit F – LACMS4 

Redlined TMDL Excerpts 20Jul2012Rev for suggested language. 

 

Alternatively, insert new section E.2.e.ii: 

 

“Two years before the compliance deadline for an applicable final water quality-based effluent 

limitation and/or final receiving water limitation, Regional Board shall evaluate progress made 

by Permittees toward compliance with the standard, including review of the results from 

Permittees’ adaptive management process (VI.C.6.), to determine whether the compliance 

timeline should remain unchanged, or if the Order should be revised to incorporate a new 

compliance timeline.” 
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37 The Permit Should not 

Contain Final WQBELs 

Based on TMDLs Where 

Compliance with the 

TMDL Will Occur After 

the Expiration Date of 

This Permit 

 The Permit is a five year permit.  Many of the TMDLs incorporated into the draft Permit contain 

compliance dates more than five years from the hearing on this Permit.  The Regional Board is 

not required to include WQBELs and WLAs that are applicable only after the expiration of the 

Permit.  The fact sheet and draft Permit contain no reason for doing so. 

 

It is an abuse of discretion for the Permit to contain WQBELs and WLAs that are applicable after 

the termination of the Permit.  It is also not good policy, as it could restrict the flexibility of the 

Regional Board and the Permittees to address these matters in subsequent permits. 

 

   Recommendation 

Delete all references to final WQBELs or final WLAs that are not applicable until after the five 

year termination date of this Permit. 

38 The Permit Should 

Require Compliance with 

State Adopted TMDLs 

Where Final Compliance 

Dates Have Passed 

Through Implementation 

of BMPs Not Numeric 

Effluent Limits 

VI.E.4. 

[Page 116] 

For the reasons set forth above, the Permit is not required to reflect interim or final TMDL WLAs 

as numeric effluent limits.  The State Water Board’s Blue Ribbon Panel has found that it is not 

feasible to set numeric effluent limits at this time, and there is no evidence that the Permittees 

can comply with final wasteload allocations set forth in those TMDLs whose final compliance 

dates have passed.  There is no evidence and the fact sheet contains no reference to any such 

evidence. 

 

At the time the TMDLs were adopted, there was no evidence submitted that the TMDLs 

wasteload allocations could be reached on the adopted, final compliance dates.  No analysis was 

made as to whether they could be accomplished through implementation of programs that met 

the MEP or any other standard. 

 

   It is an abuse of discretion for this Regional Board to adopt a permit with which the Permittees 

cannot comply.  If this Regional Board is going to require compliance with state adopted TMDLs 

where the adopted final compliance deadline has passed, then the Regional Board should 

require compliance through implementation of BMPs whether than numeric effluent limits. 
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38 

(cont.) 

The Permit Should 

Require Compliance with 

State Adopted TMDLs 

Where Final Compliance 

Dates Have Passed 

Through Implementation 

of BMPs Not Numeric 

Effluent Limits 

VI.E.4. 

[Page 116] 

Recommendation 

Part VI.E.4.a. should read as follows:   

 

“Permittees shall address water quality-based effluent limitations and/or receiving water 

limitations in state-adopted TMDLs for which final compliance deadlines have passed either 

through a watershed management program or through implementation of BMPs that address 

those pollutants.  Exceedances of the WLAs should be addressed in the watershed management 

program or, if the Permittee is not participating in a watershed management program, in the 

Permittee’s integrated monitoring compliance report where required.” 
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39 Definition of Receiving 

Water Limitations 

V.A. & 

Attachment A - 

Definitions 

[Pages 37-38 

and A-8] 

The definition of receiving water limitation includes any applicable numeric or narrative water 

quality objective or criterion contained in the “water quality control plan for the Los Angeles 

Region (Basin Plan), water quality control plans or policies adopted by the State Water Board, 

or federal regulations, including but not limited to 40 C.F.R. § 131.38.”  Draft Permit, p. A-8 

(emphasis added). 

 

The reference to “policies” adopted by the State Water Resources Control Board is ambiguous.  

The State Board adopts water quality objectives and water quality control plans, not policy 

resolutions.  See Water Code § 13170.  It is not clear what is meant by policies. 

 

Additionally, the definition should not reference “criterion” under federal regulations.  

Permittees are not required to comply with federal water criteria.  A Permittee is only required 

to comply with water quality standards adopted by the state or federal government that are 

applicable to the particular waterbody.  In referring to “criterion” that might be under federal 

regulations, the definition could be construed as referring to criteria with which Permittees are 

not required to comply.  It creates ambiguity in the definition. 

 

   Recommendation 

The reference to “policies” adopted by the State Board and “criterion” should be deleted from 

the definition of receiving water limitation. 
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40 Coordinating Receiving 

Water and Storm water 

Outfall Monitoring 

VI.C.1.c. & 

VIII.B.1.b.iv; 

Attachment F – 

XIII.C.2 

 

[Pages E-15, 

E-18, & F-108] 

The draft Permit proposes to require taking receiving water samples within 6 hours of taking 

storm water outfall samples.  Coordinating trigger conditions between many outfall and 

receiving water sites will be time consuming and burdensome, requiring complex telemetry 

and data management systems to ensure that triggering times are coordinated.  This condition 

is too prescriptive. 

 

This section could create conflicts if a Permittee decides to submit an IMP and other 

Permittees within the watershed submitted a CIMP.  The trigger for sampling in the receiving 

water for the IMP and the CIMP could be different and therefore generate inconsistent results. 

 

   Recommendation 

Eliminate this requirement and allow affected agencies to coordinate trigger conditions 

between outfall and receiving water sites using an approach that is reasonable and practical.  

The IMP or CIMP would include recommendations on the start of receiving water monitoring in 

relation to the start of outfall-based monitoring. 

41 MS4 Map VII.A 

[Page E-16] 

 

“MS4 Map” appears to be a misnomer.  MS4 also includes municipal streets, curb and gutters, 

ditches, etc.  If only open channels and underground storm drains are required to be mapped, 

“MS4” map should be revised. 

 

   Recommendation 

Revise to “Storm Drain and Channels Map.” 
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42 Prioritized Source 

Identification 

IX.E.2 

& Attachment F 

– XIII.F 

[Pages E-21 – 

E-22 & F-122] 

"The schedule shall ensure that source IDs are conducted for no less than 25% of the outfalls in 

the inventory within three years of the effective date of this order and 100% of the outfall 

within 5 years of the effective date of this order."   

 

Outfall inventory activities are ongoing and can change over time.  For example if 10 outfalls 

are found in 2012, then by 2017, all 10 should be source ID’ed.  Current language doesn't 

account for outfalls that may have new sources of non-stormwater discharges.  For example, 

50 outfalls are found in 2017.  Does this mean all 50 have to be sourced ID’ed that same year, 

based on it being 5 years from the effective date of the order? 

 

   Recommendation 

This provision should be reworded as follows:: "The schedule shall ensure that source IDs are 

conducted for no less than 25% of the outfalls in the inventory within three years of the 

effective date of this order 25% of outfalls are source ID’ed from date of inventory, and 100% 

of outfalls within 5 years of the effective date of this order are source ID’ed from date of 

inventory." 

43 Rain Gauge Data 

Availability 

XVIII A.2.a. 

[Page E-42] 

As written, the Permit requires that precipitation data shall be obtained from LACDPW rain 

gauge stations available on LA County Department of Public Works Water Resources Division’s 

website.  LACDPW maintains 148 manually observed non-mechanical (Standard) rain gages and 

126 ALERT (Automatic Local Evaluation in Real Time)/Automatic rain gages.  Only the ALERT 

gauges can provide the information being requested by the Regional Board.  However, the 

ALERT gages are not considered official or final rainfall data, can be prone to transmission 

errors, and there is no guarantee of accuracy of the data provided.  It should also be noted that 

it is not the LACDPW’s mission or mandate to collect and provide rainfall data to other public 

agencies or to the public.  Including such a requirement in the Permit in effect requires the 

LACDPW to do so.  In the event of diminished fiscal resources, the number of locations 

monitoring by ALERT gauges may be reduced. 
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43 

(cont.) 

Rain Gauge Data 

Availability 

XVIII A.2.a. 

[Page E-42] 

Recommendation 

Revise as follows: 

 

“Precipitation data shall be obtained may be requested from Los Angeles County Department 

of Public Works.” 
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44 Introduction Fact Sheet 

[Page F-3] 

The second paragraph in the introduction to the Fact Sheet states: 

 

This Order has been prepared under a standardized format to accommodate a broad range of 

discharge requirements for dischargers in California. Only those sections or subsections of this 

Order that are specifically identified as “not applicable” have been determined not to apply to 

the Dischargers covered by this Order. Sections or subsections of this Order not specifically 

identified as “not applicable” are fully applicable to the Dischargers. 

 

The LACFCD has concerns regarding this statement, as a number of provisions in the Permit do 

not apply to various dischargers.  For example, provisions relating to industrial/commercial 

facilities and new development, among others, do not apply to the LACFCD, since it is not a 

municipality and has no governmental authority over businesses or residences. 

 

   Recommendation 

Revise as follows: 

 

“This Order has been prepared under a standardized format to accommodate a broad range of 

discharge requirements for dischargers in California.” Only those sections or subsections of this 

Order that are specifically identified as “not applicable” have been determined not to apply to 

the Dischargers covered by this Order. Sections or subsections of this Order not specifically 

identified as “not applicable” are fully applicable to the Dischargers. 

45 Use of LACFCD area as 

jurisdictional boundary 

Tables F-1, F-3, 

F-4 

[Page F-3, F-14, 

F-18] 

The current language, “…84 incorporated cities within the Los Angeles County Flood Control 

District…” appears to imply the LACFCD has jurisdiction or oversight over the municipalities.  The 

LACFCD boundary is merely a service area boundary.  See Comment No. 6. 

 

   Recommendation 

Revise to read:   

 

“…84 incorporated cities within the Los Angeles County Flood Control District” 
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45 

(cont.) 

History of LACFCD II.A. 

[Page F-5] 

The first full paragraph on F-5, relating to the history of the LACFCD and the development of the 

MS4, contains numerous errors.  In fact, the genesis of the LACFCD was serious flooding that 

occurred in 1914, prior to major development of the Los Angeles County watersheds.   

 

   Recommendation 

We request that the existing paragraph be replaced by the following: 

 

“As a result of serious flooding which affected Los Angeles County in 1914, the legislature 

adopted the Los Angeles County Flood Control Act in 1915, which created the LACFCD.  Due to 

the location of the urbanized area in a coastal watershed adjacent to steep local mountain 

ranges, serious Pacific Ocean storms created frequent flooding conditions.  Starting in the 1930s, 

federal funding through the U.S. Army Corps of Engineers allowed for the re-routing of the many 

of the historic waterways in the County and their redevelopment with engineered channels, 

including their lining with concrete.” 

46 Facility Description II.A. 

[Page F-5] 

The current language, “The Los Angeles County Flood Control District boundaries encompass…85 

incorporated cities…and approximately 2.1 million land parcels” appears to imply the LACFCD 

has jurisdiction or oversight.  The LACFCD is merely a service area boundary.  See Comment No. 

45 above. 

 

   Recommendation 

Revise to read:  “The Los Angeles County Flood Control District boundaries service area...” 

47 LACFCD Facilities II.A. 

[Page F-6] 

The first and third full paragraphs describe facilities owned or operated by the LACFCD.  These 

facilities are very limited and occupy a tiny area of the entire urbanized watershed.  Various 

large municipalities that are Permittees, such as the City of Los Angeles, operate extensive 

maintenance yards and facilities as well as numerous city-owned buildings that are more 

extensive than those operated by the LACFCD.  There is no justification for the description of 

LACFCD facilities being included in the Fact Sheet, and these references should be deleted. 

 

   Recommendation 

Delete first and third paragraphs on F-6. 
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48 LACFCD Infrastructure II.A. 

[Page F-6] 

On F-6, the second full paragraph states in part: 

 

The Los Angeles County Flood Control District’s infrastructure receives storm water and non-

storm water flows from various sources.  These flows come from MS4s owned by other 

Permittees covered by this Order and other public agencies that connect to the Los Angeles 

County Flood Control District’s infrastructure, NPDES permitted discharges, discharges 

authorized by the USEPA (including discharges subject to a decision document approved 

pursuant to the Comprehensive Environmental Response, Compensation, and Liability Act 

(CERCLA)), groundwater, and natural flows. 

 

These sentences are erroneous.  The MS4 is operated by multiple Permittees, including the 

LACFCD, and each of these MS4s “receive storm water and non-storm water flows from various 

sources.”  Again, the MS4 includes the streets and gutters, so every Permittee’s MS4 receives 

such non-stormwater and stormwater flows.  It is thus inaccurate to specify the role of that part 

of the MS4 operated by the LACFCD.  We request that this statement be corrected as follows: 

 

   Recommendation 

We request that this statement be corrected as follows: 

 

“The MS4s subject to this Order Los Angeles County Flood Control District’s infrastructure 

receives storm water and non-storm water flows from various sources. These flows include 

flows that come from MS4s owned by other Permittees covered by this Order and other public 

agencies that connect to the Los Angeles County Flood Control District’s infrastructure, NPDES 

permitted discharges, discharges authorized by the USEPA (including discharges subject to a 

decision document approved pursuant to the Comprehensive Environmental Response, 

Compensation, and Liability Act (CERCLA)), groundwater, and natural flows.” 
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49 LACFCD ROWD III.D.1.a. 

[Page F-15] 

The last sentence in the first paragraph on F-15 states that the “Regional Water Board also 

evaluated the LACFCD’s 2010 ROWD and found that it too did not satisfy federal requirements 

nor reflect the current status for MS4s.” 

 

The Regional Water Board has not provided the LACFCD with any written evaluation of the 2010 

ROWD.  Given this fact, this sentence should be deleted. 

 

   Recommendation 

Delete last sentence of paragraph. 

50 LA County MS4 III.D.1.a.i. 

[Page F-15] 

In subparagraph i. on F-15 regarding the factors evaluated by the Regional Water Board in 

evaluating the five ROWDs and the structure for the Permit, it is stated that the “Los Angeles 

County MS4” is “controlled in large part by the Los Angeles County Flood Control District, among 

others . . .”  For reasons stated above, this statement is incorrect. 

 

   Recommendation 

Delete the clause “controlled in large part by the Los Angeles County Flood Control District, 

among others,”. 
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51 Description of Assembly 

Bill 2554 

III.D.1.a.iii. 

[Page F-16] 
Subparagraph iii on page F-16 consists of a discussion about Assembly Bill 2554 that is inaccurate 

and misleading.  It is inaccurate in that the legislation does not authorize a parcel tax, it 

authorizes a property-related fee or charge.  Further, the legislation requires that if any fee 

should be imposed, fifty percent of the fee revenues would be allocated to nine watershed 

authority groups as described, forty percent would be allocated to the cities and unincorporated 

areas subject to the fee for water quality improvement programs, and the LACFCD would retain 

ten percent of the fee revenues to administer the program and implement its own water quality 

improvement plans. 

In addition, the discussion of Assembly Bill 2554 is incorrect and misleading because the 

Regional Board should not be considering this legislation "in evaluating the five separate ROWDs 

and the structure of this Order."  No fee under the bill has been adopted and there can be no 

expectation that any such fee will be adopted, so it would be improper for the Regional Board to 

consider that revenues from such a fee will be available to any permittees to fund work required 

by the Permit.   

The legislation merely provides limited authority for the LACFCD to impose a fee as described 

above.  A fee cannot be imposed unless it has first been considered by the LACFCD's Board of 

Supervisors at a public hearing at which the property owners subject to the fee have the right to 

submit protests. If no majority protest is received and the Board of Supervisors approves the fee, 

it must then be submitted for voter approval at an election.  The fee must be approved by either 

a majority vote of the property owners subject to the fee or a two-thirds vote of the electorate.  

These are significant hurdles to imposition of such a fee, and none of the steps outlined above 

have taken place. 

   
Recommendation  

Delete subparagraph iii on page F-16.   
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52 LACFCD Request to No 

Longer be Designated 

Principal Permittee 

III.D.1.a.v. 

[Page F-16] 

Under subparagraph v., it is stated that  

 

The LACFCD has also requested that if the Regional Water Board does not issue an individual 

permit to the LACFCD, that it is no longer designated as Principal Permittee and relieved of 

Principal Permittee responsibilities. 

 

This statement is incorrect.  LACFCD requested that it no longer be designated as Principal 

Permittee, but not in return for not being issued an individual permit. 

 

   Recommendation 

Delete this sentence. 

53 Rationale for Issuance of 

a Single Permit 

III.D.1.a. 

[Pages F-16 – 

F-17] 

With respect to the rationale for issuance of a single Permit set forth on pages F-16 and F-17 of 

the Fact Sheet, see comments regarding the issuance of an LACFCD Permit, above, which set 

forth the legal rationale for requiring individual MS4 permits and are incorporated herein. 

54 LACFCD as Primary 

Owner and Operator of 

LA MS4 

III.D.1.a. 

[Page F-17] 

On F-17, it is stated: 

 

The Regional Water Board also determined that as the primary owner and operator of the Los 

Angeles County MS4, the LACFCD should remain a Permittee in the single-system wide permit; 

however, this Order relieves LACFCD of its role and responsibilities as Principal Permittee. This 

Order also specifies certain requirements specific to the LACFCD in its role as the owner and 

operator of the majority of the Los Angeles County MS4. 

 

It is erroneous to term the LACFCD as the “primary owner and operator” of the MS4 or that it is 

the “owner and operator of the majority of the Los Angeles MS4.”  The MS4 is comprised of 

more than 30,000 miles of infrastructure, of which the LACFCD operates less than an estimated 

10 percent.  We request that the Fact Sheet language be modified as follows, with the 

understanding that the LACFCD does not waive its opposition to being included in the Permit 

without a chapter specifying the limits of its responsibilities under the Permit: 
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54 

(cont.) 

LACFCD as Primary 

Owner and Operator of 

LA MS4 

III.D.1.a. 

[Page F-17] 

Recommendation 

We request that this language be corrected as follows: 

 

The Regional Water Board also determined that as the primary owner and operator of the Los 

Angeles County MS4, the LACFCD should remain a Permittee in the single-system wide permit; 

however, this Order relieves LACFCD of its role and responsibilities as Principal Permittee. This 

Order also specifies certain requirements specific to the LACFCD in its role as the owner and 

operator of the majority of the Los Angeles County MS4. 

55 Non-Storm Water 

Discharges Regulations 

IV.A.3 

[Page F-22] 

Section IV.A.3 uses language from the preamble the federal stormwater regulations to support 

an argument that “regulation of non-storm water discharges through an MS4 is not limited to 

the MEP standard in CWA section 402(p)(3)(B)(iii).”   

 

The preamble language quoted in this section defines “illicit discharge.”  However, the actual 

definition of “illicit discharge,” contained in the Code of Federal Regulations, does not support 

this argument.  “Illicit discharge” is defined in 40 CFR section 122.26(b)(2) to be:  “Illicit discharge 

means any discharge to a municipal separate storm sewer that is not composed entirely of 

storm water except discharges pursuant to a NPDES permit (other than the NPDES permit for 

discharges from the municipal separate storm sewer) and discharges resulting from firefighting 

activities.”  (emphasis supplied).  The plain language of this regulation controls over ambiguous 

comments in the Preamble.   

 

The use of “through” in the Preamble is ambiguous in this context, since the question being 

addressed in Section IV.A.3 are discharges “from the MS4.”   And, other Preamble language 

contradicts the conclusions in Part IV.A.3 by indicating that the discharge from an MS4 system is 

also composed of “non-stormwater discharges.”  See comment on Section IV.A.1 of the Fact 

Sheet, above. 

 

   Recommendation 

Section IV.A.3 should be deleted.    
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56 Comprehensive 

Environmental Response, 

Compensation, and 

Liability Act (CERCLA) 

Discharges 

IV.A.5 

[Pages F-25 & F-

26] 

See Comment No. 16. 

 

    

 

57 CERCLA Discharger 

Requirements & 

Notification of Unplanned 

CERCLA Discharge 

IV.A.5 

[Page F-25] 

The fact sheet contains USEPA requirements for CERCLA dischargers when discharging into the 

MS4.  Such requirements should be part of the Tentative Order, not just the fact sheet.  In 

addition, notification for unplanned dischargers must be made no later than 24 hours after the 

discharge has occurred.  Notification for unplanned discharges, even if they are emergency 

discharges, must be made immediately.  Such large-volume discharges will not only impact 

operations, but threaten the safety of MS4 Permittee field personnel that may be working within 

the storm drain system. 

 

   Recommendation 

Replace “unplanned” with “emergency”, and remove “but no later than 24 hours after the 

discharge has occurred).” 

58 Segregation of Non-

Storm Water Discharges 

IV.A.5 

[Page F-26] 

See Comment No. 17. 

 

    

59 Notification of Discharge 

from Utility Vaults and 

Underground Structures 

IV.A.5 

[Page F-27] 

The fact sheet notes that dischargers permitted under NPDES No. CAG990002 are require to 

contact the appropriate Permittee(s) within 24 hours whenever there is a discharge of 50,000 

gallons or more from utility vaults and underground structures to the MS4.  The LACFCD has a 

process that requires notification of up to 72 hours in advance of the discharge.  Depending on 

the discharge location and volume, the discharger may have to apply for a Flood Permit to 

discharge to LACFCD’s system. 

 

RB-AR12501



Los Angeles County Flood Control District Comments 

Draft Tentative Order No. R4-2012-XXXX, NPDES No. CAS004001 

Attachment F.  Fact Sheet Page 46 08/02/2012 

Attachment F.  Fact Sheet 

Comment 

# 

Permit 

Element/Issue/Concern 

Location in 

Draft Tentative 

Order 

Comment/Recommendation 

59 

(cont.) 

Notification of Discharge 

from Utility Vaults and 

Underground Structures 

IV.A.5 

[Page F-27] 

Recommendation 

Remove “within 24 hours” from the notification requirement.  Dischargers should contact the 

impacted MS4s to obtain all necessary authorizations to discharge. 

60 Cleaning of MS4 Inlets 

and Outlets 

IV.A.5 

[Page F-27 –  F-

28] 

See Comment No. 18. 

61 BMPs for Discharges from 

Non-Commercial Car 

Washing 

IV.A.5 

[Page F-29] 

The fact sheet includes BMPs not listed in Table 8 of the Tentative Order. 

   Recommendation 

Remove “….creating a temporary berm or block off the storm drains; using pumps or vacuums to 

direct water to pervious areas;…” 

62 Illicit Discharge Source 

Investigation and 

Elimination – Diversion or 

Treatment 

VI.C.9.b 

[Page F-78] 

See Comment No. 34. 

    

63 LACFCD Not Principal 

Permittee 

XII.E.3 

[Page F-107] 

The tentative order cites the LACFCD’s lack of ownership or control over land from which most 

pollutants originate as the reason for relieving it of the Principal Permittee role.   Although it is 

true that the LACFCD does not have land use authority, the reason it will no longer be the 

Principal Permittee because the request was made in the ROWD submitted November 2011. 

    

64 Coordinating Receiving 

Water and Outfall 

Monitoring 

XIII.C.2 

[Page F-108] 

See Comment No. 40. 

    

65 Storm Drain System Map XIII.D 

[Page F-110] 

The mapping requirements included land use, impervious area, and effective impervious area (if 

available). 
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65 

(cont.) 

Storm Drain System Map XIII.D 

[Page F-110] 

Recommendation 

Remove “impervious area” from the mapping requirements. 

 

66 Prioritized Source 

Identification 

XIII.F 

[Page F-112] 

See Comment No. 42. 

67 Funding Sources – 

Assembly Bill 2554 

XIV.D. 

[Pages F-142 – 

F-143] 

The Fact Sheet’s discussion of funding sources (Pages F-142 and F-143) is in part inaccurate and 

misleading and should be deleted because there is no assurance that the fee will be adopted.  

First, Assembly Bill 2554 is not awaiting voter approval; it was adopted by the Legislature and 

became law on January 1, 2011.  This legislation gave the LACFCD the authority to impose a fee 

for projects to improve water quality and reduce stormwater and urban runoff pollution within 

the LACFCD's jurisdiction. 

 

Second, no such fee has been imposed by the LACFCD and it cannot be imposed unless it has 

first been considered by the LACFCD's Board of Supervisors at a public hearing at which the 

property owners subject to the fee have the right to submit protests. If no majority protest is 

received and the Board of Supervisors approves the fee, it must then be submitted for voter 

approval at an election.  The fee must be approved by either a majority vote of the property 

owners subject to the fee or a two-thirds vote of the electorate. 

 

   Contrary to the Fact Sheet, no such fee is currently awaiting voter approval.  The LACFCD's Board 

of Supervisors has only directed the LACFCD to prepare a proposal for a fee and to provide 

notice of a public hearing on the fee to all the property owners in the LACFCD's jurisdiction who 

would be subject to the fee.  That hearing and opportunity to protest has not occurred, and the 

Board has not approved a fee or set it for the required election.  An Engineer's Report is in 

preparation to calculate the fee amount each property owner would be required to pay annually 

should the Board of Supervisors decide to propose a fee and submit it for voter approval.  The 

Board, however, has not yet determined the amount of the proposed fee, held the required 

public hearing, approved the fee or set an election on the fee. 
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67 

(cont.) 

Funding Sources – 

Assembly Bill 2554 

XIV.D. 

[Pages F-142 – 

F-143] 

If all these steps are taken and a proposed fee receives the necessary voter approval, state law 

requires the LACFCD to allocate 40% of the revenues collected to all the cities within the 

boundaries of the LACFCD and 50% of the revenues to nine watershed authority groups that 

would be created to implement collaborative water quality improvement plans or programs in 

the watersheds.  The LACFCD would retain 10% of the fee revenues to administer the program 

and implement its own water quality improvement plans.  

 

The revenue estimates provided in the Fact Sheet are speculative and are inconsistent with the 

preliminary projections prepared by LACFCD staff.  Furthermore, the projected revenues are not 

"earmarked" for specific programs; the cities and watershed authority groups receiving 90% of 

the fee revenues would determine the uses of the fee revenues, subject to the limitations of the 

legislation and any implementing ordinance or regulations adopted by the County Board of 

Supervisors. 

 

   Recommendation 

Delete the discussion of AB 2554. 
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68 General – Setting Non-

Storm Water Action 

Levels (NAL) 

 

[Pages G-1 

~ G-16] 

The proposed non-storm water action levels are the same as water quality objectives.  Because 

the purpose of action levels is to identify the worst problems and prioritize actions, these action 

levels should be set at a higher level. 

 

   Recommendation 

Review available monitoring data to set 90
th

 percentile values as action levels. 

69 General – Pollutants with 

Non-anthropogenic 

Sources 

 

[Pages G-1 

~ G-16] 

Pollutants that are known to be dominated by, or heavily contributed by, natural sources should 

not be used as action levels: e.g., Sulfate, Cyanide, Selenium, Nickel, Cadmium, Aluminum, TSS, 

pH, etc. 

 

   Recommendation 

Remove Action Levels for these pollutants. 

70 General – Setting 

Municipal Action Levels 

(MAL) 

 

[Pages G-17  

~ G-18] 

The Municipal Action Levels are currently set at the 75
th

 (upper 25
th

) percentile values (based on 

the Correction to Attachment G issued by the Regional Water Board on June 19, 2012).  We 

appreciate this correction; however MALs should be set using the 90
th

 (upper 10
th

) percentile 

values to allow for true prioritization of follow-up actions, which is the approach used in the San 

Diego Permit. 

 

   Recommendation 

Set MALs using the 90
th

 percentile values. 

71 MAL for pH VIII. 

[Page G-17] 

The MAL for pH is set at 7.7; allowable values for pH have always been set as a range. 

   Recommendation 

Set the MAL for pH to values outside of range 6.0–9.0. 
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72 Criteria for Submitting a 

MAL Action Plan 

VIII. 

[Page G-17] 

The draft Permit states:  “Beginning Year 3 after the effective date of this Order, each Permittee 

shall submit a MAL Action Plan with the Annual Report (first MAL Action Plan due with 

December 15, 2013 Annual Report) to the Regional Water Board EO, for those subwatersheds 

with a running average of twenty percent or greater of exceedances of the MALs in any 

discharge of storm water from the MS4.” 

 

If the effective date of the Order is October 2012, October 2012 would be the beginning of Year 

1, and October 2013 would be the beginning of Year 2, not Year 3.  The MAL Action Plan should 

be submitted with the December 15, 2014 Annual Report. 

 

In addition, the time period for determining the “running average” should be clarified. 

 

   Recommendation 

Revise the due date for submission of the first MAL Action Plan to December 15, 2014.  Clarify 

the time period used for determining the MAL “running average”. 

73 Shellfish Criteria for Total 

Coliform Bacteria NAL 

Tables G-3, G-4, 

G-7, G-8, G-11, 

G-15, G-16, G-

20, G-23, & G-24 

[Pages G-2 

~ G-14] 

Non-Storm Water Action Levels for Total Coliform Bacteria currently are set to the water quality 

objectives for shellfish harvesting.  Because the purpose of action levels is to identify the worst 

problems and prioritize actions, these action levels should be set to a higher level. 

 

Most if not all watersheds within the greater Los Angeles Region are impaired for bacteria.  

Available monitoring data show the REC-1 criteria for Daily Maximum, 10,000/100ml, are 

already frequently exceeded.  Setting the NALs even lower would be counter to the intent of 

prioritization. 

 

   Recommendation 

Review available monitoring data to set 90
th

 percentile values as action levels.   
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74 Drinking Water 

(Municipal and Domestic 

Supply [MUN]) Criteria 

for Methylene Blue 

Active Substances 

(MBAS), Nitrite, Turbidity, 

and Aluminum 

Tables G-1, G-3, 

G-5, G-6G-7, G-

21, G-22, & G-23 

[Pages G-2 ~ G-

12] 

Non-Storm Water Action Levels for MBAS, Nitrite, Turbidity, and Aluminum currently are set to 

the water quality objectives for drinking water (MUN).  Because the purpose of action levels is to 

identify the worst problems and prioritize dry-weather monitoring of outfalls and taking 

appropriate follow-up actions, these action levels should be set to a higher level.  Drinking water 

(end-of-tap) criteria should not be used as end-of-pipe criteria or as action levels for the MS4.  

Setting the NALs even lower is counter to the intent of prioritization. 

 

   Recommendation 

Review available monitoring data to set 90
th

 percentile values as action levels.   

75 General Tables G-2, G-6, 

G-10, G-14, & G-

22 

[Pages G-2 ~ G-

12] 

There are several references to “Table H-#” throughout the attachment.  Correct as necessary. 

 

   Recommendation 

Correct references to “Table H-#” to “Table G-#.” 
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76 Permittees and TMDLs 

Matrix 

Table K-1. 

[Page K-1] 

As previously commented, for the Lake Elizabeth, Munz Lake, and Lake Hughes Trash TMDL, the 

Los Angeles County Flood Control District (LACFCD) should not be listed as a responsible agency 

because these waterbodies are located outside of the LACFCD's service area and the TMDLs 

themselves do not identify the LACFCD as a responsible agency. 

 

Recommendation 

Remove the LACFCD as a Permittee under the Lake Elizabeth, Munz Lake, and Lake Hughes 

Trash TMDL. 

77 Permittees and TMDLs 

Matrix 

All Trash TMDLs With respect to the Los Angeles River Trash TMDL, the Los Angeles Flood Control District is not 

listed as a responsible agency since the scope of its participation is limited solely to issuing 

permits and not reducing Wasteload Allocations. 

 

Similar to the reasoning used with respect to the Los Angeles River Trash TMDL, the Los Angeles 

Flood Control District should not be listed as a responsible agency for all trash TMDLs. 

 

Recommendation 

Remove the LACFCD as a Permittee under all trash TMDLs. 

78 Machado Lake Trash 

TMDL 

TMDL Provisions 

for the 

Dominguez 

Channel 

[Page N-2] 

As previously commented, the tentative order assigns a numerical value for trash generation 

rate of 5,334 gallons of uncompressed trash per square mile per year. Therefore the LACFCD is 

to reduce 16.41 gallons of uncompressed trash to zero by 3/6/2016. This is inconsistent with the 

method used in the Basin Plan Amendment. 

 

Recommendation 

The LACFCD should not be assigned a trash generation rate since the LACFCD property does not 

generate trash. 
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79 LACFCD is not a Permittee 

for the Dominguez 

Channel Toxics TMDL 

Tables K-4, K-5, 

and K-6 

[Pages K-4 – 

K-9] 

The LACFCD should be removed as a Permittee subject to the provisions of the Dominguez 

Channel and Greater Los Angeles and Long Beach Harbor Waters Toxic Pollutants TMDL. 

 

Attachment K, Tables K-4, K-5, and K-6, identify the LACFCD as Permittees subject to the 

Dominguez Channel and Greater Los Angeles and Long Beach Harbor Waters Toxic Pollutants 

TMDL.  This designation violates the Amended Consent Decree entered on August 24, 1999 by 

the United States District Court in United States v. Montrose Chemical Corporation, et al., Case 

No. CV90-3122-AAH (JRx) (see Exhibit N - Amended Consent Decree). 

 

   In 1999 the United States and the State of California settled a lawsuit with local governmental 

entities over the environmental condition of the Dominguez Channel and the Los Angeles and 

Long Beach Harbors.  The lawsuit was brought by the United States on behalf of the United 

States Environmental Protection Agency, the Department of the Interior and the National 

Oceanic and Atmospheric Agency, and by the State of California on behalf of the State Lands 

Commission, the Department of Fish & Game, the Department of Parks and Recreation, the 

Department of Toxic Substances Control and the Los Angeles Regional Water Quality Control 

Board. 

 

The settlement is set forth in the Amended Consent Decree.  The County and the LACFCD are 

two of the parties to this settlement.  The Regional Board also was a party, with the Executive 

Officer signing the Amended Consent Decree on behalf of the Regional Board. 

 

   The Amended Consent Decree resolved all liability of the settling local governmental entities for 

all natural resource damages with respect to the “Montrose NRD Area” and all response costs 

incurred in connection with the “Montrose NPL Site” (Amended Consent Decree, p. 19).  The 

Montrose NRD Area was defined to include the Los Angeles and Long Beach Harbors (Amended 

Consent Decree, ¶ 6.J).  The Montrose NPL Site was defined to include the Torrance Lateral, the 

Dominguez Channel from Laguna Dominguez to the Consolidated Slip, and that portion of the 

Los Angeles Harbor known as the Consolidated Slip (Amended Consent Decree, ¶ 6.I.). 

 

RB-AR12509



Los Angeles County Flood Control District Comments 

Draft Tentative Order No. R4-2012-XXXX, NPDES No. CAS004001 

Attachments K-R.  TMDLs Page 54 08/02/2012 

Attachments K-R.  Total Maximum Daily Loads Provisions 

Comment 

# 

Permit 

Element/Issue/Concern 

Location in 

Draft Tentative 

Order 

Comment/Recommendation 

79 

(cont.) 

LACFCD is not a Permittee 

for the Dominguez 

Channel Toxics TMDL 

Tables K-4, K-5, 

and K-6 

[Pages K-4 – 

K-9] 

Under the Amended Consent Decree, the Regional Board explicitly agreed that, except for 

certain circumstances not applicable here, the Regional Board would not take any civil or 

administrative action against any of the settling local governmental entities, including the 

LACFCD, for any civil or administrative liability for natural resource damages (Amended Consent 

Decree, ¶ 11).  Natural resource damages were defined to include loss of use, restoration costs 

and resource replacement costs, among other costs (Amended Consent Decree, ¶ 6.L). 

 

The Regional Board also agreed that, except for certain circumstances not applicable here, the 

Regional Board would not take any civil or administrative action against any of the settling local 

governmental entities, including the LACFCD, to compel response activities or to recover 

response costs in connection with the Montrose NPL site (Amended Consent Decree, ¶ 17).  

Response costs were defined to include all costs of response as provided in 42 U.S.C § 

9607(a)(1-4)(A) and as defined by 42 U.S.C § 9601(25).  (Amended Consent Decree, ¶ 6.M).  

These response activities and costs included activities to remove hazardous substances from the 

environment, to monitor, assess, and evaluate the release or threat of release of hazardous 

substances (see 42 U.S.C. §9601(23)), and actions consistent with a permanent remedy such as 

diversions, dredging and excavations (see 42 U.S.C. §9601(24). 

 

   The Permit’s imposition of obligations on the LACFCD to comply with the Dominguez Channel 

and Greater Los Angeles and Long Beach Harbor Water Toxic Pollutants TMDL, including the 

requirement to comply with the concentration-based effluent limitations for pollutant 

concentrations in the sediment, violates the Amended Consent Decree.  Under the Amended 

Consent Decree, the Regional Board has explicitly agreed that it will not require the County and 

LACFCD to take these and other actions (Amended Consent Decree, ¶¶ 11 and 17). 

 

   Recommendation: 

Delete the designation of the LACFCD as subject to the Dominguez Channel and Greater Los 

Angeles and Long Beach Harbor Waters Toxic Pollutants TMDL in Attachment K, Tables K-4, K-5, 

and K-6. 
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Exhibits for LACFCD Comments on Draft Tentative Order 
 

• Exhibit A - Transmittal & Comments on TMDL and Monitoring Sections 
(Workshop 1-23-12).pdf 
 

• Exhibit B - MCM Working Proposal Comments - County of LA 4-12-2012.pdf 
 

• Exhibit C - RB MCM Draft Language Comments FINAL (Discharge 
Prohibitions).pdf 
 

• Exhibit D - LA County and LACFCD Comments on Working Proposals [RWL-
TMDL-WMP 5-14-12].pdf 
 

• Exhibit E - NACWA 1-28-11 Municipal Letter to EPA & 3-30-12 EPA 
Response.pdf 
 

• Exhibit F - LACMS4 Redlined TMDL Excerpts 20Jul2012Rev.docx 
 

• Exhibit F - LACMS4 Redlined TMDL Excerpts 20Jul2012Rev.pdf 
 

• Exhibit G - State Water Board Blue Ribbon Panel Final Report.pdf 
 

• Exhibit H - Outfall Data Summary.pdf 
 

• Exhibit I - Stockton Summary 2012-07-20.pdf 
 

• Exhibit J - CASQA proposal - Receiving Water Limitation Provision to Stormwater 
NPDES Permits.pdf 
 

• Exhibit K - TMDLs into SW Permits Review 20Jul12.pdf 
 

• Exhibit L - storm drain unincorported_6x4 ( A1 ).pdf 
 

• Exhibit M - RWQDB Francine Diamond Letter 1-30-2002.pdf 
 

• Exhibit N - Amended Consent Decree.pdf 
 

• Exhibit O - MCM Working Proposal Comments - LACFCD 4-12-2012.pdf 
 

• Exhibit Q - Comments TM LACMS4 TMDLs 21Jul2012.pdf 
 

• Exhibit R - TMDL Compliance Assessment 21Jul2012.pdf 
 

• Exhibit S - Clearer Structure, Cleaner Water (Little Hoover).pdf 
 

• Exhibit T - nrc_stormwaterreport.pdf 
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Exhibits for LACFCD Comments on Draft Tentative Order 
 

• Exhibit U - Smail et al 2012_EST_Metal contamination in Bight after CWA 
implementation.pdf 
 

• Exhibit V - Proposed LACFCD Findings for 2012 MS4 permit (clean).docx 
 

• Exhibit W - FCD Chapter (Proposed MCM) 5-1-12 (rev2).docx 
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(~:~ I L FAR[3ER, Director

February 9, 2012

COUNTY OF LOS ANGELES

DEPARTMENT OF PUBLIC WORKS

"To Enrich Lives Through Effective and Caring Service"

900 SOUTH FREMONT AVENUE
ALHAMBRA, CALIFORNIA 9 1 803-1 33 1

Telephone: (626) 458-5100

http://dpw.lacounty.gov ADDRESS ALL CORRESPONDENCE TO:
P.O. BOX 1460

ALHAMf3RA, CALIFORNIA 91802-1460

IN REPLY PLEASE

REFER TO FILE: W M—~

Ms. Renee Purdy, Chief
California Regional Water Quality

Control Board —Los Angeles Region
Regional Programs Section
320 V~/est Fourth Street, Suite 200
Los Angeles, CA 90013

Dear Ms. Purdy:

COMMENT LETTER —LOS ANGELES COUNTY MUNICIPAL SEPARATE STORM
SEWER SYSTEM PERMIT WORKSHOP ON JANUARY 23, 2012

On behalf of the Los Angeles County Flood Control District and the County of
Los Angeles, thank you for the opportunity to comment on the California Regional Water
Quality Control Board, Los Angeles Region's presentation on January 23, 2012, on the
Los Angeles County Municipal Separate Storm Sewer System Permit. Enclosed are
our comments for your review and consideration.

We look forward to working with you on developing draft language for the next
Municipal Separate Storm Sewer System Permit. If you have any questions, please
contact me at (626) 458-4300 or ghildeb@dpw.lacounty.gov or your staff may contact
Ms. Angela George at (626) 458-4325 or ageorge@dpw.lacounty.gov.

Very truly yours,

GAIL BARBER
Director of Public Works ~.

~~ ~,' ~c~'C~.~~~,~ ,,~~
GARY H I L~ E B RAN D
Assistant Deputy Director
Watershed Management Division

AT : j tz
P:\wmpub'~,Secretarial\2012 Documents\Letter\Comments on Monitoring and TMDL.docx\C12036

Enc.

cc: Chief Executive Office (Dorothea Park)
County Counsel (Judith Fries)
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COMMENTS OF THE LOS ANGELES COUNTY FLOOD CONTROL DISTRICT AND
THE COUNTY OF LOS ANGELES REGARDING INFORMATION PRESENTED

DURING THE LOS ANGELES WATER QUALITY CONTROL BOARD WORKSHOP
DATED JANUARY 23, 2012

Thank you for the opportunity to comment on the presentations dated January 23, 2012,
which focused on the TMDLs and monitoring elements of the new Los Angeles County
Municipal Separate Storm Sewer System (MS4) Permit. The Los Angeles County Flood
Control District (LACFCD) and the County of Los Angeles (County) appreciate
Los Angeles Water Quality Regional Board (LARWQCB) staff’s efforts to solicit
stakeholders’ input before the release of the draft MS4 Permit. These comments are
preliminary, and the LACFCD and the County and reserve the right to make additional
comments on the TMDL provisions of the new permit as it continues through the permit
development process.

TMDL PROVISIONS

The LACFCD and the County support the use of the action-based Reasonable
Assurance framework to implement TMDLs. Our comments below focus on various
details of how that framework should be implemented.

1. Effect of NRDC, Inc. v. County of Los Angeles

Under the decision of the United States Court of Appeal for the Ninth Circuit in
NRDC, Inc. v. County of Los Angeles improved flood control channels operated by
the LACFCD are considered to be portions of the MS4 and not a navigable water.
This includes, but is not limited to, all improved portions of the Los Angeles River,
San Gabriel River and Ballona Creek, as well as their improved channels and
tributaries. Because these channels are MS4, they are not navigable waters to
which any TMDL is applicable and the LARWQCB has no jurisdiction to apply
TMDLs to them. While the County and the LACFCD do not agree with the reasoning
of the Ninth Circuit and are awaiting a decision from the United States Supreme
Court as to whether it will hear the case, that decision is currently binding on the
County, LACFCD and the LARWQCB. TMDLs do not apply to any improved water
body under the jurisdiction of the LACFCD and should not be included in the permit.

2. Action-based compliance approach should apply to final Wasteload
Allocations (WLAs) as well as interim WLAs.

Staff indicated during the workshop that the action-based compliance approach is
currently only applicable to interim WLAs, and that although a final decision has not
been made, compliance with final WLAs may be assessed using numeric effluent
limits. There is no logical basis for not using the same approach to assess
compliance with final WLAs.
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In fact, two MS4 permits issued by the Santa Ana Regional Board, Order R8-2010-
0033 and Order R8-2010-0036, which apply to municipalities within Riverside and
San Bernardino Counties, provide that permittees shall comply with final dry weather
WLAs for the Middle Santa Ana River Bacteria Indicator TMDL through the
implementation of an approved Comprehensive Bacteria Reduction Plan (CBRP)
which is conceptually similar to the Reasonable Assurance Plan being proposed by
the LARWQCB staff. The CBRP also contains interim compliance requirements and
detailed reporting and scheduling requirements. It also may be updated by order of
the Santa Ana Regional Board if monitoring reflects that Best Management Practices
(BMPs) are not sufficient to attain compliance with the WLAs. We urge LARWQCB
staff to apply the action-based approach to final WLAs compliance for TMDLs in the
Los Angeles Region.

3. Instead of Time Schedule Order, LARWQCB should require compliance with
TMDLs developed by EPA and TMDLs with past compliance dates through the
action based compliance and Reasonable Assurance Plans.

Staff is proposing that Permittees may request a Time Schedule Order (TSO) if
immediate “non-compliance” is anticipated for TMDLs, such as for USEPA’s
“technical” TMDLs which were developed without implementation plans, or for
TMDLs that have passed compliance dates. Staff has said that TSOs, if granted,
would provide Permittees with only up to five years to meet the final WLAs, although
they have not indicated the basis for this position. Such an approach would be
legally defective, an administrative nightmare and would result in a permit that could
not be complied with, since there could be an immediate finding that the Permittees
were in violation of its terms.

TSOs are authorized under Water Code § 13300, which provides:

Whenever a regional board finds that a discharge of waste is taking place
or threatening to take place that violates or will violate requirements
prescribed by the regional board, or the state board . . . the board may
require the discharger to submit for approval of the board . . . a detailed
time schedule of specific actions the discharger will take in order to correct
or prevent a violation of requirements.

Time schedule orders are issued where the discharger cannot immediately meet
permit requirements. A time schedule should include only dates for complete
design, complete financial arrangements, start of construction, 50% completion of
work, and full compliance with requirements. 22 Cal. Code Reg. § 2231.

Instead, the LARWQCB can accomplish its goals and reflect the provisions of these
TMDLs by including in the permit a schedule of interim compliance dates or
provisions for action-based compliance as a means for complying with these
TMDLs.
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The plain language of the statute indicates that a TSO is not to be issued unless the
regional board finds that a waste discharge is occurring “that violates or will violate
requirements prescribed by the regional board, or the state board.” The permittees
cannot be in violation of TMDLs that did not include a compliance schedule. In the
case of the EPA TMDLs, EPA itself has recommended that the TMDLs be
incorporated into MS4 permits in the form of BMPs, which can be adjusted as
necessary based on monitoring. See “Establishing Total Maximum Daily Load
(TMDL) Waste Load Allocations (WLAs) for Storm Water Sources and NPDES
Permit Requirements Based on Those WLAs” (EPA 2002).

We are very concerned that the TSO approach lacks regulatory consistency and
does not provide Permittees sufficient time to comply. For example, the
Los Angeles River Metals TMDL, developed by LARWQCB staff, provides a 22-year
timeline to achieve final WLAs. USEPA has adopted a Metals TMDL for the
neighboring San Gabriel River Watershed without a compliance schedule. If the
TSO approach is adopted, Permittees could be required to meet final WLAs for the
same pollutants within five years.

The TSO approach would also present significant logistical challenges for
LARWQCB staff because Permittees would be required to submit a large number of
TSO applications upon adoption of the new permit. The administrative burdens
associated with this process will be significant. Also, Permittees have the right to
challenge a TSO to the State Board, potentially increasing those burdens.

We believe that the appropriate course for the LARWQCB would be to implement
these TMDLs through BMP-related action plans such as that contemplated by the
draft Part 7 provisions. Such an approach would remain enforceable through the
permit but would not subject the Permittees to the immediate threat of possible
litigation. We look forward to meeting with LARWQCB staff to further explore the
issues associated with the implementation of these TMDLs.

4. TMDLs should be grouped by watershed.

Two of the handouts from the January 23 workshop – one entitled “MS4 Permit
Provisions to Implement Trash TMDLs” and the other entitled “Part 7. Total
Maximum Daily Loads (TMDLs) Provisions” – appear to provide two conflicting ways
of organizing TMDLs in the new permit. The former would suggest an organization
based on pollutant type, while the latter would suggest an organization based on
watershed.

We support organizing TMDLs by watershed, because such organization is more
conducive to efficient and effective implementation.
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5. Factual corrections to the responsible agencies matrix.

One of the handouts during the January 23 workshop was a matrix summarizing the
responsible agencies for TMDLs to be incorporated into the new permit. Following
are errors in the matrix and should be corrected:

 For the Lake Elizabeth, Munz Lake, and Lake Hughes Trash TMDL, the
LACFCD should not be listed as a responsible agency because as these
waterbodies are located outside of LACFCD’s service area, and the TMDLs
themselves do not identify the LACFCD as a responsible agency.

 For the Long Beach City Beaches and Los Angeles River Estuary Bacteria
TMDL, the County should not be listed as a responsible agency because
there is no unincorporated County area within this subwatershed, and the
TMDL itself does not identify the County as a responsible agency.

 For the Colorado Lagoon TMDL, the County should not be listed as a
responsible party, because there is no unincorporated County area within this
subwatershed, and the TMDL itself does not identify the County as a
responsible party.

6. Proposed TMDL language

Finally, at the request of LARWQCB staff, the we would like to provide the draft
language below for staff’s consideration.

“Part 7 - Total Maximum Daily Load Provisions

A. General Provisions

1. Part 7 of this Order incorporates provisions to assure that Los Angeles
County MS4 Permittees comply with Wasteload Allocations (WLAs) and other
requirements of TMDLs as they apply to each Permittee. TMDLs are grouped
by watershed in Part 7.D through 7.X.

2. Each Permittee shall attain the storm water WLAs incorporated into this Order
by using one of the following approaches:

a. Numeric Effluent Limit, or
b. Action Based with Reasonable Assurance

Each approach is described in detail in Sections B and C below.

3. The TMDLs shown in Table 1 below assign WLAs to Permittees and have an
interim and/or final WLA attainment deadline during the permit term and/or
have milestones scheduled for completion during the permit term. The
TMDLs shown in Table 2 assign WLAs to Permittees but have no compliance
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schedule or specific implementation requirements for attaining the WLAs.
Permittees shall comply with these TMDLs pursuant to Section B or C below.

Table 1: List of TMDLs

Resolution Name Resolution
No.

Effective
Date

Ballona Creek Estuary Toxic Pollutants 2005-008 11-Jan-06

Ballona Creek Metals TMDL 2007-015 29-Oct-08

Ballona Creek Trash TMDL 2001-014 28-Aug-02

Ballona Creek Trash TMDL-Revision 2004-023 11-Aug-05

Ballona Creek, Ballona Estuary, and Sepulveda Channel
Bacteria TMDL

2006-011 27-Apr-07

Colorado Lagoon Pesticides, PAH's, PCB, Metals etc TMDL R09-005 14-Jun-11

Lake Elizabeth, Munz Lake, Lake Hughes Trash TMDL 2007-009 6-Mar-08

Legg Lake Trash TMDL 2007-010 6-Mar-08

Los Angeles Harbor Bacteria TMDL 2004-011 10-Mar-05

Los Angeles Metals TMDL (Revised) R10-003 3-Nov-11

Los Angeles Metals TMDL 2007-014 29-Oct-08

Los Angeles River Nutrient TMDL (Revision of Interim WLAs) 2003-016 27-Sep-04

Los Angeles River Nutrients TMDL 2003-009 23-Mar-04

Los Angeles River Trash TMDL 2001-013 28-Aug-02

Los Angeles River Trash TMDL Revised 2007-012 23-Sep-08

Machado Lake Nutrient TMDL 2008-006 11-Mar-09

Machado Lake Trash TMDL 2007-006 6-Mar-08

Malibu Creek Bacteria TMDL 2004-019R 24-Jan-06

Malibu Creek Trash TMDL 2008-007 7-Jul-09

Marina del Rey Back Basins Bacteria TMDL 2003-012 18-Mar-04

Marina del Rey Harbor Toxics TMDL 2005-012 22-Mar-06

San Gabriel East Fork Trash TMDL 1999-015 17-Apr-01

San Gabriel East Fork Trash TMDL (Revision of Implementation
Schedule) - see 1999-015

2000-010 17-Apr-01

Santa Clara River Nutrients TMDL 2003-011 23-Mar-04

Santa Monica Bay Beaches Dry Weather Bacteria TMDL 2002-004 15-Jul-03

Santa Monica Bay Beaches Wet Weather Bacteria TMDL 2002-022 15-Jul-03

Upper Santa Clara River Chloride TMDL 2004-004 4-May-05

Upper Santa Clara River Chloride TMDL Implementation Plan
Re-Consideration

2006-016 12-Jun-08

Upper Santa Clara River Chloride TMDL Implementation Plan
Reconsideration & Revise Chloride WQ Objectives

2008-012 6-Apr-10
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Table 2: List of TMDLs (EPA Established)

Resolution Name Resolution
No.

Effective
Date

Los Cerritos Channel Metals TMDLs for Copper, Lead and Zinc EPA
Established

17-Mar-10

Malibu Creek Nutrient TMDL EPA
Established

21-Mar-02

San Gabriel River Metals and Selenium TMDL EPA
Established

26-Mar-07

B. Numeric Effluent Limitations

1. Permittees choosing the Numeric Effluent Limit approach shall attain the
numeric WLAs in accordance with the applicable TMDL’s Basin Plan
Amendment and/or as specified in the specific TMDL section of this Order.

2. Attainment of the numeric WLA shall be demonstrated through monitoring
conducted either in the receiving waters or at stormdrain outfalls in
accordance with a monitoring plan approved by the Executive Officer.

3. Permittee shall complete specific actions (monitoring plans, implementation
plans, special studies) as required by each TMDL.

4. A Permittee shall be deemed in compliance with the TMDL WLAs if one of the
following is attained:

a. No exceedances of WLAs are detected at the representative outfalls, or
b. No exceedances of the WLAs are detected in the receiving waters at or

downstream of the Permittee’s discharge, or
c. No discharge occurs from the Permittee’s jurisdictional area.

C. Action Based with Reasonable Assurance

1. Permittees choosing the Action Based with Reasonable Assurance approach
shall attain the numeric WLAs by implementing BMPs in accordance with a
Reasonable Assurance Plan approved by the Executive Officer.

2. The Reasonable Assurance Plan must be submitted to the Executive Officer
for approval within one year of the effective date of this Order and must
include the following elements:

a. Describe specific BMPs each Permittee will implement within the
watershed during the term of this Order to address each pollutant of
concern,

b. Detailed schedules for BMP implementation within the term of this Order,
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c. Quantitative analyses showing reasonable assurance that the proposed
BMPs will (1) attain applicable interim and/or final WLAs during the term of
this Order and/or (2) represent progress towards attaining interim and/or
final WLAs outside of the term of this Order,

d. A monitoring program designed to assess the effectiveness of the
proposed BMPs.

3. Structural BMPs shall be sized to treat stormwater runoff from the Water
Quality Design Storm (WQDS). The WQDS is defined as the 85th percentile
24-hour runoff volume specific to the watershed in question.

4. Within 6 months upon a determination by the Executive Officer that interim or
final WLAs are not being met, Permittees shall propose additional BMPs for
the approval of the Executive Officer.

5. At any time during implementation of a Reasonable Assurance Plan, a
Permittee with good cause (for example, unexpected delays outside of the
Permittee’s control in obtaining necessary regulatory permits) may petition the
Executive Officer for modifications to the approved Reasonable Assurance
Plan.

6. A Permittee shall be deemed in compliance with TMDL WLAs if it is
implementing its Reasonable Assurance Plan in good faith and implements
additional BMPs as described in Part 7.C.4 above.

MONITORING PROGRAM

The monitoring program as described during the January 23 workshop consists of four
elements: regional monitoring, TMDL compliance monitoring, wet-weather storm drain
outfall monitoring, and dry-weather storm drain outfall monitoring. At this time, our
comments will focus on two main areas: regional monitoring and outfall monitoring.

In particular, we are very concerned about the proposed outfall monitoring
requirements, which do not appear to consider the massive scale and highly complex
nature of the storm drain network within Los Angeles County. We urge LARWQCB staff
to reconsider the proposed approach and work collaboratively with Permittees to
develop a more workable program.

Regional Monitoring

1. The mass emissions monitoring program should be scaled back.

As indicated in its November 2010 Report of Waste Discharge, the LACFCD
believes that the monitoring frequency for the mass emissions monitoring program
can be scaled back and still provide the necessary data to assess long term trends
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in receiving water quality. Scaling back the mass emissions monitoring program
would free up resources to conduct additional monitoring such as in tributary
watersheds.

Secondly, the Permit should make clear that the mass emissions monitoring is to
measure the mass of pollutants in the receiving water in order to identify trends and
to facilitate additional BMPs and is not for compliance. Because the mass emissions
stations measure pollutants from all sources including non-MS4 sources, the
monitoring is not to be used for compliance purposes.

2. The LID special study should be reconsidered.

The proposed regional monitoring program includes a requirement to study the
effectiveness of LID implementation. As LARWQCB staff may be aware, the
Stormwater Monitoring Coalition has conducted a Low Impact Development for
Southern California study since 2007 in which the LACFCD has been a participant.
Any new requirement to study LID effectiveness should be informed by past and
current efforts to avoid redundancy.

Outfall Monitoring

3. The outfall monitoring requirements are unrealistic, overly prescriptive, and
should be completely revised.

The proposed outfall monitoring requirements, especially those for non-stormwater
runoff, are not workable for a number of reasons as discussed below. However, we
acknowledge the importance of outfall monitoring as part of a robust and
accountable stormwater program. As such, where possible, in addition to describing
our concerns regarding the proposed requirements, we have also provided general
feedback towards the development of a more workable outfall monitoring program to
reduce stormwater and non-stormwater pollutant loading incrementally and more
cost-effectively. We look forward to further discussions with LARWQCB staff to
explore these ideas more fully.

Our first concern with the proposed requirements is that they do not appear to fully
consider the massive scale and the complex nature of the stormdrain system within
Los Angeles County. Los Angeles County Permittees collectively own thousands of
stormdrain outfalls, all of which would be subject to a highly resource intensive
screening process (i.e. seven-day flow measurements plus concurrent daily bacteria
grab samples) under the proposed approach. We do not believe that the proposed
“shot-gun” approach is an effective way to reduce dry-weather pollutant loading in
such a massive and complex system. Instead, we urge LARWQCB staff to consider
a tiered approach combined with some form of representative sampling of “major
outfalls” as defined by 40 CFR § 122.261.

1 Major municipal separate storm sewer outfall (or ‘‘major outfall’’) means a municipal separate storm sewer outfall that
discharges from a single pipe with an inside diameter of 36 inches or more or its equivalent (discharge from a single conveyance
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The concept of representative sampling is crucial for entities such as the County,
which consists of approximately 80 unincorporated islands throughout the Permit
area, resulting in potentially a very large number of monitoring locations under the
proposed requirements. To map, inventory, determine the drainage area of each
outfall, characterize flow contributions from dischargers covered under other NPDES
permits and Waste Discharge Requirements (WDRs), and propose monitoring
locations based on analysis of all the information collected would require significantly
more time than the proposed schedule allows.

Second, the proposed requirements do not appear to consider the highly variable
and episodic nature of most non-stormwater runoff. For most non-stormwater runoff,
a one-time seven-day screening of an outfall is simply a snap-shot and is not
representative of non-stormwater runoff.

Third, the proposed requirements appear to require Permittees to identify “high
priority” outfalls by determining the relative flow contributions from 1) other permitted
discharges, 2) authorized non-stormwater discharges, and 3) illicit discharges.
Attempting to characterize non-stormwater runoff in this manner is futile in a highly
complex and comingled stormdrain network because most non-stormwater runoff is
episodic and highly variable and the attempt would not likely provide meaningful
results. Also the responsibility of determining the contribution of flows from other
NPDES/WDR permittees should not lie with MS4 Permittees. Instead the
LARWQCB should direct those dischargers to provide that information. We urge
LARWQCB staff to consider a more strategic and targeted approach to identifying
“high priority” drains such using factors such as land use and drainage area or data
from available trend analyses.

It is critical to program sustainability that Permittees have the flexibility to focus
response on high priority locations and larger issues. Laboratory analyses require
approximately one week to complete. By the time the results are available for
Permittees to review and take action, the “one-time” illicit discharge would have
passed through the system. It would be unrealistic to expect an upstream
investigation conducted over a week after the illicit discharge was observed to detect
the source. This issue is highlighted in a dry-weather screening and monitoring
program evaluation submitted as part of San Diego MS4 Permittees’ Report of
Waste Discharge. The approach taken by the North Orange County MS4
Permittees (Santa Ana Region) in implementing their dry-weather reconnaissance
program is to focus on outfalls with persistent issues. Rather than pursue every
result above a tolerance interval (or action level), they are allowed to prioritize and
focus on discharges of greater concern; e.g., outfalls with persistent issues

other than circular pipe which is associated with a drainage area of more than 50 acres); or for municipal separate storm sewers
that receive storm water from lands zoned for industrial activity (based on comprehensive zoning plans or the equivalent), an
outfall that discharges from a single pipe with an inside diameter of 12 inches or more or from its equivalent (discharge from
other than a circular pipe associated with a drainage area of 2 acres or more).
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(2 consecutive hits or more), outfalls known to drain problematic areas, etc., and
take appropriate steps for investigation and corrective action.

Recommendation – The Permittees should be given at least one year to
collaboratively evaluate the MS4 system and propose an integrated monitoring
program and response protocols for the approval of the Executive Officer. The
proposal would assess stormwater and non-stormwater runoff from Permittees’
jurisdictional areas and should be based on the following general framework:

 The outfall monitoring program should be integrated with existing monitoring
efforts throughout the Los Angeles Region (e.g., TMDL monitoring, monitoring
by other NPDES permittees, etc).

 Non-stormwater outfall monitoring should be done at the same outfalls where
stormwater monitoring will occur. This will allow for a more effective use of
resources and provide an appropriate baseline characterization of non-
stormwater runoff. Additional non-stormwater outfall monitoring may be
conducted based on a set of approved triggers.

 For Permittees that have disconnected jurisdictional areas, such as the
County, representative outfalls should be selected.

 Outfall monitoring site selection criteria should be based on drain size,
drainage area, history, land use, staff knowledge and experience, etc.

 Outfall monitoring should be limited to “major outfalls.” A Permittee may
propose an alternative monitoring location (e.g., manhole, where a drain
crosses jurisdictional boundaries, catch basin, etc.) if it is not able to find an
outfall location.

 Should monitoring results indicate a cause for concern (e.g., results above a
pre-determined threshold), response protocols can be triggered to investigate
the sources.

4. Miscellaneous comments

a. Action levels – We support the concept of action levels, provided they are
based on thresholds proposed by Permittees as part of the monitoring program.
For example, the Orange County MS4 Permittees in the Santa Ana Region
developed tolerance intervals and used them as action levels to trigger corrective
action.

b. Please provide clarification on the following terms: jurisdictional
boundaries, significant non-stormwater or dry-weather flow, and baseline
non-stormwater flows – We recommend that jurisdictional boundaries be tied to
land use authority, since the selection criteria for proposed outfall monitoring
locations is dependent upon the representative land uses of outfall drainage.
Should flow be utilized as part of an action level, further evaluation is required to
establish thresholds for “significant non-stormwater flows” and “baseline non-
stormwater flows.”
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GAIL FARBER, Director

April 12, 2012

COUNTY OF LOS ANGELES

DEPARTMENT OF PUBLIC WORKS

,•To Enrich Lives Through Effective and Caring Service"

900 SOUTH FREMONT AVENUE
ALHAMBRA, CALIFORNIA 91803-1331

Telephone: (626)458-5100

http://dpw.lacounty.gov gDDRESS a1,L CORRESPOrmErrCE TO:
P.O. BOX 1460

ALHAMBRA, CALIFORNIA 91802-1460

Ms. Renee Purdy, Chief
California Regional Water Quality

Control Board —Los Angeles Region
Regional Programs Section
320 West Fourth Street, Suite 200
Los Angeles, CA 90013

Dear Ms. Purdy:

IN REPLY PLEASE

REFER TO FILE: WM-9

COUNTY OF LOS ANGELES COMMENTS
STAFF WORKING PROPOSAL ON MINIMUM CONTROL MEASURES

On behalf of the County of Los Angeles, thank you for the opportunity to comment on
the draft working proposal for Minimum Control Measures released on March 21, 2012.
Enclosed are our comments for your review and consideration.

If you have any questions, please contact me at (626) 458-4300 or
ghildeb@dpw.lacounty.gov or your staff may contact Ms. Angela George at
(626) 458-4325 or ageorge@dpw.lacounty.gov.

Very truly yours,

GAIL FARBER
Director of Public Works

GARY HIL EBRAND
Assistant Deputy Director
Watershed Management Division

AT: jtz
P:\wmpub~Secretaria1~2012 Documents\Letter\MCM-County.docx/C12096

Enc.

cc: Chief Executive Office (Dorothea Park)
County Counsel (Judith Fries)
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County of Los Angeles Comments

Staff Working Proposal on Minimum Control Measures

Comment #
Identify Permit

Element/Issue/Concern

Location in

Working

Proposal

Comment/Recommendation

The staff working proposal includes a limited set of definitions focused on the Planning and

Land Development Program. There are various terms used through the remaining

programs that are unclear or vague and need to be clearly defined.

County Recommendation

Include definitions for terms used in all six programs. Specifically, include definitions for

"outfall" (per 40 CFR 122.26), "construction" (same as in current permit definition,

including that it does not include routine maintenance to maintain original line and grade,

hydraulic capacity, or original purpose of facility). "Progressive Enforcement Policy" is

discussed in the Industrial/Commercial Facilities Program (pg. 18), but the term is used

throughout the working proposal. Please clarify how the Progressive Enforcement Policy is

intended to be used. Finally, delete the definition for Effective Impervious Area (EIA) as it is

not used within the working proposal.

Parts of the minimum control measures appear to require permittees to undertake actions

that should be the responsibility of the State Water Board or Regional Board. For example,

VI.C.7.d.i. & ii., or Part VI.C.7.d.ii.(b) No Exposure Verification should be done by State

Water Board or Regional Board staff, because it is the State Water Board that issues

certificates of no exposure.

VI.C.1.c

[page 2-3]

General

2 Regulatory responsibility General

1 Need definitions of terms used

throughout the permit language

General Page 1
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County of Los Angeles Comments

Staff Working Proposal on Minimum Control Measures

Comment #
Identify Permit

Element/Issue/Concern

Location in

Working

Proposal

Comment/Recommendation

VI.C.1.c

General

1 Need definitions of terms used3 Significant increase in

requirements

General Based on our review, implementation of the proposed minimum control measures program

would be significantly more labor and resource intensive than that for the current LA

County MS4 Permit and the Ventura County MS4 Permit. At the same time, it is not clear in

many instances what water quality improvement would result from implementing the

requirements. For example, the proposal requires an detailed inventory of public facilities

that would be very resource intensive; however, the intent of this exercise is not clear or

how the information would be used.

Based on discussions with staff, it appears that some of this is a matter of language

interpretation. We would welcome additional meetings with staff to fully understand

staff's intent behind the requirements and to assist in crafting language that more clearly

reflects staff's intent.

General Page 2
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County of Los Angeles Comments

Staff Working Proposal on Minimum Control Measures

Comment #
Identify Permit

Element/Issue/Concern

Location in

Working

Proposal

Comment/Recommendation

The phrase "and control the quality of stormwater discharged from industrial and

construction sites" is vague and extraneous.

County Recommendation

Delete this phrase and keep the rest of the sentence. The sentence should read as follows:

"Control the contribution of pollutants to its MS4 from stormwater discharges associated

with industrial and construction activity."

2 Interagency Agreements VI.C.2.vii & viii

[page 4]

Requiring Permittees to enter into agreements with other agencies is not feasible since

Permittees cannot require each other to sign such agreements or agree to take on liability

as part of such agreements. Further, "shared MS4" may not be the most suitable language

for these items.

County Recommendation

Delete parts vii. and viii. We'd also welcome a meeting to discuss this (and other) issues.

Replace the words "shared MS4" with "interconnected MS4".

3 Structural BMPs VI.C.2.a.xi and

xii.

[pages 4 - 5]

These sections appear to make permittees responsible for making sure that not only public

but also private structural BMPs are operable and maintained. Permittees' role with the

operation and maintenance of private post-construction BMPs should be limited to high

risk industrial and commercial facilities only. See comment 30 in the Planning and Land

Development Program.

Legal Authority

1 Quality of stormwater discharged VI.C.2.a.i

[page 4]

Legal Authority Page 3
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County of Los Angeles Comments

Staff Working Proposal on Minimum Control Measures

Fiscal Resources

Comment #
Identify Permit

Element/Issue/Concern

Location in

Working

Proposal

Comment/Recommendation

1 Budget line items VI.C.3.b.ii

[page 5]

The intent of this section is not clear. Also, the phrase “budget line items” is vague and

should be clarified or replaced. Depending on how the language is interpreted, this

requirement can be potentially very problematic for permittees such as the County of LA

whose budget is very complex.

County Recommendation

Clarify the intent of this section. Replace “budget line items” with “program area”.

2 Exercise full authority VI.C.3.a

[page 5]

This section requires each Permittee to “exercise its full authority to secure the fiscal

resources necessary to meet all requirements of this Order.” The phrase "exercise its full

authority" is vague and should be clarified.

Every municipality has a budget which must balance various needs including public health

and safety. If a municipality determines that it cannot fully fund all aspects of the Permit’s

requirements (and seeks relief from the RWQCB from those aspects), could it be found in

violation of the Permit for not having exercised its full authority?

Fiscal Resources Page 4
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County of Los Angeles Comments

Staff Working Proposal on Minimum Control Measures

Public Information and Participation Program

Comment # Permit Element/ Issue/ Concern

Location in

Working

Proposal

Comment/Recommendation

1  PIPP Implementation VI.C.6.a.i.

[page 6]

This section requires that a PIPP must be implemented “that includes, but is not limited

to, the requirements listed in this part.” (emphasis supplied.) This is problematic

language, because it purports to state that a PIPP must include unspecified additional

requirements that could be found wanting by the RWQCB or a court.

County Recommendation

Modify to read “Each Permittee shall implement a Public Information and Participation

Program (PIPP) that includes, but is not limited to at a minimum , the requirements listed

in this part.”

VI.C.6.b.i.(1)

[page 6]

The County of Los Angeles recognizes the cost-effectiveness in participating in a

collaborative and coordinated PIPP program, and supports a regional PIPP program as one

of the options; however, the County does not have plans to sponsor a countywide PIPP.

County Recommendation

Modify to read “By jointly implementing a regional PIPP program”

VI.C.6.d.i Same as comment 2.

[page 7]

County Recommendation

Modify to read "Working in conjunction with a regional, watershed-wide, or individual

PIPP…"

4 Residential Outreach VI.C.6.d.i.(3) Same as comment 1.

[page 8]

County Recommendation

Modify to read "Distribute activity specific stormwater pollution prevention public

education materials to, but is not limited to at a minimum , the following points of

purchase:"

2 PIPP Implementation

3 Residential Outreach

PIPP Page 5
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County of Los Angeles Comments

Staff Working Proposal on Minimum Control Measures

Public Information and Participation Program

Comment # Permit Element/ Issue/ Concern

Location in

Working

Proposal

Comment/Recommendation

N/A If permittees choose to jointly participate in a regional or watershed-wide PIPP, this will

take a minimum of 6 months to one year to set up by the time legal agreements and any

contracts are developed, adopted and signed. The timeline must acknowledge the time it

will take to form partnerships and coordinated multi-permittee programs.

Implementation within the first permit year is too aggressive.

County Recommendation

Allow permittees 18 months to develop and implement regional or watershed-wide PIPP.

5 Develop and Implement Program

– Timeline

PIPP Page 6

RB-AR12530



County of Los Angeles Comments

Staff Working Proposal on Minimum Control Measures

Comment #
Identify Permit Element/ Issue/

Concern

Location in

Working

Proposal

Comment/Recommendation

1 Track Critical Sources - Minimum

fields of information

VI.C.7.b.ii.(6)

[page 10]

It is not clear what is meant by description of economic activities performed and principal

products used.

County Recommendation

Please clarify the intent of this language.

2 Inspect Critical Sources VI.C.7.d.i.

[page 11-16]

The working proposal limits the applicable BMPs to those from the CASQA handbook as

listed in the tables. Provide flexibility to use other equivalent BMPs.

County Recommendation

Revise to: "At each facility, inspectors shall verify that the operator is implementing the

source control BMPs listed in Tables [TBD] and [TBD] or other equivalent BMPs for the

corresponding facility type…"

The current MS4 Permit requires follow up inspections to be conducted within 4 weeks of

the initial inspection, whereas the working proposal required they be completed within 2

VI.C.7.e.iii.(1)

[page 18]

Industrial / Commercial Facilities Program

3 Progressive Enforcement

the initial inspection, whereas the working proposal required they be completed within 2

weeks. Four weeks is necessary due to the vast number of facilities required to be

inspected by the County.

County Recommendation

Revise to 4 weeks.

County Recommendation

Allow the initial investigation, including the site visit, to occur within four five business

days.

[page 18]

VI.C.7.f.iii.

(footnote)

[page 19]

4 Investigation of complaints

transmitted by Regional Board

Staff

Industrial-Commercial Page 7
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Staff Working Proposal on Minimum Control Measures

Comment #
Identify Permit Element/ Issue/

Concern

Location in

Working

Proposal

Comment/Recommendation

Draft Permit VI.C.8 (pages 20-40)

1 Existing ordinances NA Permittees that have adopted LID ordinances and corresponding technical documents

should be allowed to implement those existing requirements.

2 Reference for drain time (72 hrs)

to control vectors is not

consistent with current State

guidance

Page 21, 8.a.i(6) Permit should reference current DHS BMP Vector Manual and 96 hr drain time

recommendation. See: http://westnile.ca.gov/resources.php

3 Inconsistent criteria for projects

subject to post construction BMP

requirements.

Page 21, 8.b.i(1) This provision establishes the scope of development projects subject to post construction

controls. The criteria are inconsistent as sometimes the criterion is based on impervious

area and other times it’s based on surface area. Impervious area is a more accurate

surrogate to use for establishing project eligibility and relevant to water quality issues.

4 Inappropriate terminology for

project descriptions.

Page21, 8.b.i(1) The terms "industrial parks" and "commercial strip malls" are inconsistent with terminology

normally used to describe development projects and will create confusion between the

project developer and Permittees. Revise to read "industrial projects" and "commercial

projects" to provide Permittees with flexibility to include broader coverage.

5 Freeways are covered under the

Caltrans MS4 Permit.

Page 21,

8.b.i(1)(g)

County does not construct freeways and has no control over the Caltrans project

development process. Delete the word 'freeways'

6 Clarification of redevelopment

projects subject to post

construction BMPs.

Page 22,

8.b.i(1)(i)

This provision needs to be clarified to remove ambiguity and confusion for the Permittees.

Suggest that the term "Redevelopment projects in subject categories" be modified to read

"Redevelopment projects in categories 'a through h' above"

7 SWQDv criteria Page 24, 8.c.i(2) This provision requires the permittees to select the most stringent SWQDv standard

between two standards, a 0.75-inch 24-hour rain event and the 85th percentile 24-hour

rain event. Clarify that rainfall depth for the 85th percentile 24-hour rain event is to be

determined based on the isohyetal map prepared by the County of Los Angeles. If more

than 0.75-inch, this rainfall depth is to be used to determine the SWQDv.

Planning and Land Development Program

Planning Page 8
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Staff Working Proposal on Minimum Control Measures

Comment #
Identify Permit Element/ Issue/

Concern

Location in

Working

Proposal

Comment/Recommendation

Planning and Land Development Program

8 Reference to 72 hrs is

inconsistent with current state

guidance

Page 24,

8.c.i)(6)

See Comment No. 2

9 Use of green roofs is not practical

on all buildings

Page 24, 8.c.i(7) There are a variety of issues to be considered when assessing the viability of green roofs.

The structure type (wood frame is not a practical application), and building use are primary

factors. Further, green roofs in the LA area will need irrigation. A water budget study and

building type study should be performed to determine design guidelines prior to mandating

large scale use.

10 Unnecessary BMP analysis Page 24, 8.c.i(7)

and (8)

Provisions 7 and 8 imply that all projects must analyze green roofs and rain water harvests

systems. Projects should only be required to provide this type of analysis if they cannot

infiltrate in another fashion. Then they should analyze green roofs and rainwater harvest

systems before moving into other alternatives such as biofiltration. Also it is not practical to

analyze green roof systems at the tentative development phase of a project. This type of

system requires detailed structural building plans and would have to be designed and

reviewed at a building permit stage of development.

Planning Page 9
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County of Los Angeles Comments

Staff Working Proposal on Minimum Control Measures

Comment #
Identify Permit Element/ Issue/

Concern

Location in

Working

Proposal

Comment/Recommendation

Planning and Land Development Program

11 California Plumbing Code Page 25

8.c.iii (8)

Current California Plumbing Code (CPC) adopted by the Building Standards Commission

(BSC) is based on the 2009 Uniform Plumbing Code published by IAPMO, not the National

Standard Plumbing Code published by PHCC. Also, Building Standards law dictate that no

local jurisdiction can lesson any requirement adopted by the BSC. The CPC requires that all

plumbing fixtures within the building be served by potable water (601.1 of the CPC).

Potable water is defined as water that is satisfactory for drinking, culinary, or domestic

purposes that meet the requirements of the California Department of Public Health (218.0

of the CPC). The exception to this is in the case of Non-Potable water systems in Non-

Residential buildings, utilizing recycled water (treated to tertiary standards and meets

statewide standards of California Department of Public Health) may be used for flushing

urinals, water closets, and trap primers for floor drains and floor sinks (1613A.0 of the CPC).

In order to introduce such an ordinance at the local level, the BSC would first need to adopt

statewide building standards allowing for rainwater re-use systems within the building for

the above listed purposes.

12 Alternative compliance process is

difficult to follow and will be

nearly impossible to administer.

Page 25, 26 and

27, 8.c.ii

The alternative compliance process provided in this working proposal is very complex and

convoluted and will be difficult to administer consistently. Please streamline the process

and simplify and clarify the language.

13 Impediments to regional

groundwater replenishment

projects

Pages 25 and 26 If the intent of the permit is allow offsite groundwater replenishment projects as equivalent

to on-site retention then the requirement to treat all runoff before it goes to an offsite

project is detrimental and unwarranted. As currently structured the project proponent

must treat the runoff to a high standard (i.e. water quality objectives) before it can be used

for offsite groundwater recharge projects. This will severely limit this "equivalent"

alternative. Furthermore the regional groundwater replenishment projects should be

limited to private projects unless the Permittee opts to develop public projects. Private

projects are acceptable as long as mitigation was completed prior to project occupancy.

(i.e. no cash in lieu funds, or project lists)

Planning Page 10
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County of Los Angeles Comments

Staff Working Proposal on Minimum Control Measures

Comment #
Identify Permit Element/ Issue/

Concern

Location in

Working

Proposal

Comment/Recommendation

Planning and Land Development Program

14 Inconsistency in the alternative

compliance table

Page 25 and 26 The Medium Preferred Options presented in the table are unclear and confusing as

currently presented. There also appears to be some overlap within the Medium Preferred

Options and with the Most Preferred offsite regional groundwater recharge option (actually

the two options appear to be exactly the same). The table could benefit from streamlining

and simplification. Suggest that the medium preferred options be merged into one option

and replaced with language similar to that utilized within the Ventura County NPDES MS4

Permit (R4-2010-0108): “Regardless of the methods through which Permittees allow

project applicants to implement alternative compliance measures, the result must be at

least the same level of water quality protection…” Or, staff may consider replacing the

table with a flow chart.

15 Amendment of site soils to

improve infiltration properties is

not practical in the vast majority

of cases. This is not a realistic

alternative

Page 27,

8.c.ii(2)(a)

Site soils that have poor infiltration characteristics can not be amended to improve those

characteristics for concentrated infiltration BMPs such as bioretention since lower strata

soils will still impede infiltration. Eliminate as an alternative.

16 Definition of "smart growth and

infill development"

Page 27,

8.c.ii(2)(f)

These terms need to be clearly defined otherwise there will be considerable confusion as to

what qualifies as smart growth (e.g. walking trails)

17 If retention is used offsite, then

on-site treatment should be

waived

Page 27, 8.c.iii A project that is retaining runoff at an offsite location in the same watershed should not

have to also install treatment controls on-site since full treatment will be provided resulting

in equal environmental benefit.

18 Equivalent SWQDv criteria Page 28,

8.c.iii.(1)(c)

See Comment 7.

19 Off site projects - permittee

discretion.

Page 28,

8.c.iii.(2) and (3)

Allow Permittees the discretion to chose whether they want to develop an offsite program

alternative.

Planning Page 11
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Staff Working Proposal on Minimum Control Measures

Comment #
Identify Permit Element/ Issue/

Concern

Location in

Working

Proposal

Comment/Recommendation

Planning and Land Development Program

20 Definition of watershed and

subwatershed

Page 28,

8.c.iii.(3)(b)

The Basin Plan (appendix 2) uses the terms "hydrologic unit, hydrologic area, and

hydrologic subareas" not HUC-12 or HUC-10. Clarification should be provided to reconcile

the different terms. We suggest that the permit use the "hydrologic area" is equivalent to

HUC-12 hydrologic area.

21 Indicates that Permittees will

oversee the construction of

offsite projects for private

development - risk to Permittee

is unacceptable

Page 29,

8.c.iii(3)(f)

The Permittee cannot be expected to develop a program where the MS4 is responsible for

ensuring completion of an offsite mitigation project. The bid climate, unforeseen site

conditions and other events that impact construction costs place too much risk on the

Permittee to ensure private development mitigation. Private developers may be able to

secure an offsite location, but initial and long-term agreements will likely make this a rare

case. This type of offsite mitigation is generally not feasible, and should not be relied upon

as a viable alternative. Accordingly, the options listed in the Table on page 25 - 26 should

be equivalent - not a hierarchy.

22 Time frame for third party

petition.

Page 29,

8.c.iii(3)(g)

The schedule for third party petition of offsite projects or EO approval should not be open

ended but limited to 30 days.

23 Equivalent SWQDv criteria Page 30,

8.c.iii(4)

See Comment 7.

24 Projects that treat water offsite

through retention, infiltration or

use should not also have to treat

water onsite.

Page 30, 8.c.iv Revise to indicate that no onsite treatment is required

Planning Page 12
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Staff Working Proposal on Minimum Control Measures

Comment #
Identify Permit Element/ Issue/

Concern

Location in

Working

Proposal

Comment/Recommendation

Planning and Land Development Program

25 Cause or contribute to

exceedance

Page 30-33,

8.c.iv

Such requirements center on the treatment of stormwater runoff from the project site,

including meeting either the pollutant specific benchmarks set forth in the attached table

or “ensure that the discharge does not cause or contribute to an exceedance of water

quality standards at the Permittee’s downstream MS4 outfall.”

We have some concerns with respect to the second requirement. The requirement not to

cause or contribute to exceedance of a water quality standard is not contained in the CWA,

which only requires permittees to effectively prevent non-stormwater discharges to the

MS4 and to take steps to the MEP to address pollutants in discharges from the MS4.

Additionally, more clarity is needed on the meaning of “Permittee’s downstream MS4

outfall” and "cause or contribute to".

26 Benchmarks for treatment

control BMP performance are

unsubstantiated.

Page 31,

8.c.iv.(1)(a)

There are no non-infiltration based BMPs that can reliably achieve sanitary quality and

pesticide bench-mark limits 100 percent of the time. Treatment BMPs are not a practical

method for the removal of pesticides. Source control of pesticides is by far superior to

treatment. The requirements described in this section will place an impractical risk on the

developer and the MS4. Monitoring of BMPs by developers will not be an effective use of

funds. Pesticides that cause receiving water toxicity must be controlled at the source (such

as was done with diazinon).

Planning Page 13
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Staff Working Proposal on Minimum Control Measures

Comment #
Identify Permit Element/ Issue/

Concern

Location in

Working

Proposal

Comment/Recommendation

Planning and Land Development Program

27 Inappropriate development of

BMP performance standards

Page 31,

8.c.iv(2)

This provision is essentially establishing water quality based effluent limits for treatment

control BMPs. Furthermore the effluent limits are in fact water quality objectives. There a

number of reason why this is inappropriate. To begin with, the current knowledge of BMP

performance is limited to establishing technology based performance standard. This is the

concept that is imbedded in the Ventura permit and has technical basis for its inclusion.

Second the direct application of water quality objectives to the end of pipe effluent quality

as shown in the Table on page 31 and 32 does not account for the conditions in the

receiving water. When WQBELs are established for wastewater plant, the derivation is

based on the receiving water conditions that may allow for dilution/mixing zone, site

specific objectives, hardness adjustment, etc. And finally as noted in comment #26 we are

unaware of any BMPs that can meet the benchmark levels. This is because in some case

we have no performance data (e.g. pyrethroids) and other cases there is no BMPs of the

public domain type that can meet the objective (e.g. bacteria).

28 Unreasonable expectations for

maintenance agreements

Page 38,

8.d.iii(1)

Requiring maintenance agreements for all LID practices is unrealistic and not

commensurate with water quality improvement. Most LID strategies will be implemented

at the site level (including individual residents) and to require homeowners to enter into

maintenance agreements for their LID practices is impractical and a huge cost implications.

Rather the maintenance agreements should be limited regional facilities and/or treatment

control BMPs.

29 Inspection of BMPs Page 40,

8.d.iv(1)(c,d)

BMP inspection based on a fixed time interval is arbitrary and poor use of resources. The

Permittee should prioritize inspection based on previous inspection history. Private parties

should be allowed the same flexibility if inspection is completed by a certified 3rd party.

Planning Page 14
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Comment #
Identify Permit Element/ Issue/

Concern

Location in

Working

Proposal

Comment/Recommendation

Planning and Land Development Program

30 Post Construction BMPs O&M Page 40

8.d. iv(d)

"The Permittee shall require annual reports by the other parties demonstrating proper

maintenance and operations" This proposed language is not practical and is difficult to

enforce on private property owners As an alternative we recommend that private property

owners should maintain their records on site, and make them available upon request.

Attachment TBD Bioretention/Biofiltration Design Criteria (pages 74-82)

1 Biofiltration/Bioretention Design

Criteria: provide as guidance

Pages 74 - 79 The specificity of the Biofiltration/Bioretention Criteria should be provided as guidance. The

permittees should not be required to adopt the criteria as stated in the attachment.

Permittees should be given the ability to adopt guidelines and standards appropriate to the

Los Angeles region and reflect the most up-to-date understanding of

bioretention/biofiltration pollutant removal effectiveness. Specifications provided as

guidance versus a hard and fast requirement will allow for continued experimentation and

innovation. The guidelines issued via the Ventura TGM and Bay Area MRP are not yet a year

old and it can be expected that these specifications can/will be modified as we gain on-the-

ground experience.

2 Biofiltration/Bioretention Design

Criteria: submittal requirements

Pages 74 - 79 The submittal requirements for bioretention/biofiltration soils are excessive and supersede

other procedures and practices in place that ensure adequate implementation of treatment

control BMPs. The submittal requirements are likely to discourage the use of

bioretention/biofiltration practices. The Regional Board should allow Permittees to

determine compliance through established guidance, plan review, and inspections. Soil mix

submittal requirements should be deleted.

Planning Page 15
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Comment #
Identify Permit Element/ Issue/

Concern

Location in

Working

Proposal

Comment/Recommendation

Planning and Land Development Program

3 LID Training Page 81

J

Requiring "each Permittee shall facilitate implementation of LID by providing key industry,

regulatory, and other stakeholders with information regarding LID objectives and

specifications through a training program" is not cost effective. There are other methods

to providing information on LID implementation short of formal training. Please revise this

section to allow Permittees to provide information regarding LID through their websites.

Planning Page 16
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Staff Working Proposal on Minimum Control Measures

Comment #
Identify Permit Element/ Issue/

Concern

Location in

Working

Proposal

Comment/Recommendation

1 General Comment This proposed language includes many of the same requirements as the General

Construction Permit. A construction project that falls under GCP does not need to also be

regulated by the MS4 permit.

The proposed language seems to indicate that all soil disturbing activities regardless of size

must comply with all the requirements under this program.

County Recommendation

Clarify that projects under 1 acre only need to comply with a minimum set of BMPs.

Construction Site Inventory/Electronic Tracking System for all types of permits as listed is

nice to do but can be potentially very problematic and costly to implement, and thus

should not be mandatory.

County Recommendation

Allow permittees to use existing non-electronic inventory/tracking systems if they work.

Reduce the amount of information required to be tracked, particularly for small projects

(under 1 acre).

The proposed language seems to indicate that all soil disturbing activities regardless of size

must prepare a Rain Event Action Plan. The language should be clarified to indicate that

this requirement does not apply to projects under 1 acre.

County Recommendation

Clarify that projects under 1 acre only need to comply with a minimum set of BMPs.

Development Construction Program

2 General Comment VI.C.9.d.

[Page 41]

3 Inventory/Electronic Tracking VI.C.9.e.

[page 41]

4 Rain Event Action Plan (REAP) VI.C.9.f.ii (3)(i)

[page 43]

Construction Page 17
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Staff Working Proposal on Minimum Control Measures

Comment #
Identify Permit Element/ Issue/

Concern

Location in

Working

Proposal

Comment/Recommendation

Development Construction Program

The working proposal limits the applicable BMPs to those in the CASQA or Caltrans

handbooks. Allow flexibility to use other equivalent BMP manuals, such as the Los Angeles

County Department of Public Works Construction Site BMP Manual.

County Recommendation

Revise to: "Permittees are authorized to substitute the listed BMPs with the equivalent

BMP contained in the most current version of the California Stormwater BMP Handbook

(Construction), or other equivalent handbook, through the term of this Order."

6 Inspection Frequencies VI.C.9.h.ii.(1)&(

2)

[pages 47-49]

The inspection frequencies in these sections appear excessive. For example, Section

VI.C.9.h.ii.(2) on page 48 would appear to require 5 different inspections regardless of

project size. Finally, some of the inspection frequencies are not consistent with those

required under the State's CGP.

County Recommendation

Add flexibility to allow the Permittees to select the appropriate times to inspect projects,

such as during the grading and land development activities.

5 Tables of Minimum and

Additional BMPs

VI.C.9.g.

[pages 43-47]

Construction Page 18
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Staff Working Proposal on Minimum Control Measures

Comment #
Identify Permit

Element/Issue/Concern

Location in

Working

Proposal

Comment/Recommendation

Inventory, mapping and populating the highly detailed minimum fields of information for all

the listed sites is very resource intensive. The list of facilities is very extensive and covers

facilities that are already regulated under separate permits. In addition, the County has no

jurisdiction over public schools. Annual updating of the inventory and map is unnecessary

since municipal facilities do not change as frequently as private businesses.

County Recommendation

Remove from the inventory list schools and facilities that are regulated under separate

permits. The map and inventory should be updated once during the permit term. Allow at

least 2 years to complete the inventory.

The information required in the inventory is excessive and potentially very resource

intensive. For example, determining which MS4 outfalls receive discharge from a facility

may require field investigations which would be very resource intensive.

County Recommendation

2 Minimum fields of information

for municipal facilities inventory

VI.C.10.c.ii.

[page 54]

Public Agency Activities Program

1 Maintain Inventory and Map

Facilities

VI.C.10.c.

[pages 53-54]

County Recommendation

Revise the first sentence of the section to read: 'Each Permittee should consider shall

including the following minimum fields of information…"

Developing an inventory of retrofitting opportunities that includes municipal, industrial,

commercial, and residential areas would be extremely resource intensive. Inventory of

existing development should not be required as part of the minimum control measures, but

instead, if feasible, part of a larger TMDL implementation strategy.

County Recommendation

Clarify the intent of the inventory, which based on our discussion with staff, appears to be

identifying regional treatment opportunities as opposed to parcel level opportunities. This

section should be revised to reflect this intent.

3 Inventory of Existing

Development for Retrofitting

Opportunities

VI.C.10.d. [page

54]

Public Agency Activities Page 19
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Comment #
Identify Permit

Element/Issue/Concern

Location in

Working

Proposal

Comment/Recommendation

Public Agency Activities Program

This table lists specific BMPs from the Caltrans Stormwater Quality Handbook Maintenance

Staff Guide. Allow flexibility to use alternate equivalent BMPs, such as those in the CASQA

Municipal BMP Handbook.

County Recommendation

Include in the table the BMPs from the CASQA Municipal BMP Handbook. Revise the

language to read: "Each Permittee shall implement and maintain the general and activity

specific BMPs listed in Table [TBD] or other set of equivalent BMPs…"

Clarify this section so that it only applies to permanent vehicle and equipment washing

areas.

County Recommendation

Revise to read: "Each Permittee shall implement and maintain the activity specific BMPs

listed in Table [TBD] (BMPs for Public Agency Facilities and Activities) for all fixed vehicle

and equipment washing;"

VI.C.10.f.i & iii.

[page 59]

4 Implement and maintain the

general and activity specific BMPs

VI.C.10.e.iii.

Table [TBD]

[page 57]

5 Vehicle and Equipment Washing

and equipment washing;"

The County is supportive of implementing an integrated pest management program.

However, this language does not consider costs associated with such a program. There are

instances when application of environmentally friendly pesticides that do not threaten

water quality is the least costly method to manage pests. Allow flexibility to continue use

of such pesticides so long as it is done according to applicable permits and established

guidelines without the need to demonstrate measurable reductions in pesticide use.

County Recommendation

Delete "(7)(c) Demonstrate measurable reductions in pesticide use."

6 Landscape, Park, and

Recreational Facilities

Management - pesticides

application

VI.C.10.g.

[page 60]

Public Agency Activities Page 20
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Comment #
Identify Permit

Element/Issue/Concern

Location in

Working

Proposal

Comment/Recommendation

Public Agency Activities Program

At the time of adoption of the 2001 MS4 Permit, Sanitary Sewer Systems did not have their

own Waste Discharge Requirements or a separate NPDES Permit. However, in 2006,

separate Waste Discharge Requirements were adopted to regulate sanitary sewer systems.

Therefore, they no longer need to be covered under the MS4 Permit.

County Recommendation

Delete the section referencing sanitary sewer systems.

7 Infiltration from Sanitary Sewer

to MS4/Preventive Maintenance

VI.C.10.h.ix.(4)

[page 64]

Public Agency Activities Page 21
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Comment #
Identify Permit Element/ Issue/

Concern

Location in

Working

Proposal

Comment/Recommendation

Illicit Connection and Illicit Discharge Elimination Program

1 MS4 Mapping 11.b.i.

[page 68]

While an electronic MS4 map may be useful, to develop and maintain such as system is

potentially very resource intensive, and the benefit of such a system may not be justifiable.

This requirement should be optional.

County Recommendation:

Revise the section to read: "Each Permittee is encouraged to shall maintain an up-to-date-

and accurate electronic MS4 map. If possible, the map should be maintained within a GIS.

The MS4 map should must show the following , at a minimum : "

11.c.i

[page 69]

The provision requires the monitoring of authorized non-stormwater discharges. It is

unclear what specific monitoring activities are required. We also believe characterizing and

monitoring authorized non-stormwater discharges from other NPDES/WDR permittees

should not lie with MS4 Permittees. Instead the LARWQCB should direct the other

NPDES/WDR permittees to characterize and monitor their own discharges and report back

to them.

2 Implementation of Non-

Stormwater Outfall-Based

Monitoring

Program to Detect IC/IDs Level

County Recommendation

Remove characterization and monitoring of authorized non-stormwater discharges.

IC-ID Page 22
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County of Los Angeles Comments

Staff Working Proposal on Minimum Control Measures

Comment #
Identify Permit Element/ Issue/

Concern

Location in

Working

Proposal

Comment/Recommendation

Illicit Connection and Illicit Discharge Elimination Program

11.d.ii, 11.g.i.(2) County Recommendations

[page 69, 72] Modify the language as follows:

(ii) At a minimum, each Permittee shall initiate conduct an investigation(s) to identify

and locate the source within one business day 48 hours of becoming aware of the

illicit discharge.

(2) Initiation of investigation of all public and employee ID and spill complaints within

one business day 24 hours of receiving the complaint to access validity.

Add as footnote; similar qualifier used for Industrial/Commercial Facilities Inspection:

Permittees may comply with the Permit by taking initial steps (such as logging,

prioritizing, and tasking) to “initiate” the investigation within that one business day.

However, the Regional Water Board would expect that the initial investigation,

3 Illicit Discharge Source

Investigation and Elimination

However, the Regional Water Board would expect that the initial investigation,

including a site visit, to occur within two business days.

IC-ID Page 23
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County of Los Angeles Comments

Staff Working Proposal on Minimum Control Measures

Comment #
Identify Permit Element/ Issue/

Concern

Location in

Working

Proposal

Comment/Recommendation

Illicit Connection and Illicit Discharge Elimination Program

11.d.iv.(1)

[page 70]

This section states: “…Permittee shall immediately notify the responsible party of the

problem, and require the responsible party to conduct all necessary corrective actions to

eliminate the non-stormwater discharge within 48 hours of notification.”

This may not be feasible. For example, an illicit discharge could occur and the Permittee

may not be able to immediately identify the responsible party. Additionally, if the illicit

discharge occurs on a weekend or during a large public event, it may not be feasible to

eliminate the illicit discharge within 48 hours (i.e. contractors and equipment may not be

readily available). However, it may be possible to initiate some activities to contain the

illicit discharge and minimize its impacts.

County Recommendations

“…Permittee shall immediately notify the responsible party of the problem and require the

responsible party /parties to immediately initiate conduct all necessary corrective actions

4 Illicit Discharge Source

Investigation and Elimination

responsible party /parties to immediately initiate conduct all necessary corrective actions

to eliminate the illicit non-stormwater discharge within 48 hours of notification . Upon

being notified that the discharge has been eliminated, the Permittee(s) shall conduct a

follow-up investigation to verify that the discharge has been eliminated and cleaned up to

the satisfaction of the Permittee(s) . Each Permittee shall document its follow-up

investigation. Each Permittee may seek recovery and remediation costs from responsible

parties or require compensation for the cost of field screening, monitoring and all

inspection , and investigation s , cleanup, and oversight activities. ”

Define "Progressive Enforcement Policy."

IC-ID Page 24
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County of Los Angeles Comments

Staff Working Proposal on Minimum Control Measures

Comment #
Identify Permit Element/ Issue/

Concern

Location in

Working

Proposal

Comment/Recommendation

Illicit Connection and Illicit Discharge Elimination Program

5 Illicit Discharge Source

Investigation and Elimination

11.d.iv.

[page 71]

County Recommendations

Add (3):

"(3) If the source of the illicit discharge cannot be traced to a suspected responsible party,

affected Permittees shall implement the approved illicit discharge/spill response plan.

11.d.iv.(2) County Recommendations

[page 70] Add the same recovery and remediation costs language from (1) to (2):

"Each Permittee may seek recovery and remediation costs from responsible parties or

require compensation for the cost of field screening, monitoring and investigations."

11.d.iv.(2)

[page 70]

The provision requires Permittees notify upstream jurisdictions in writing if the source of

the illicit discharge was determined to originate from that jurisdiction. The permit should

provide flexibility in how Permittees communicate with each other and other jurisdictions

and agencies, such as via telephone or email.

6 Illicit Discharge Source

Investigation and Elimination

7 Illicit Discharge Source

Investigation and Elimination

There may be illicit discharges that are visually observed and not determined from

screening activities. In such cases there may not be characterization and field screening

data to provide.

County Recommendations

Modify to read "…the Permittee shall notify i nform in writing both the upstream

jurisdiction and the Regional Board within 30 days of such determination and provide all

the information collected al characterization and field screening data collected as a

component of the field survey and efforts taken to identify its source ."

IC-ID Page 25
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County of Los Angeles Comments

Staff Working Proposal on Minimum Control Measures

Comment #
Identify Permit Element/ Issue/

Concern

Location in

Working

Proposal

Comment/Recommendation

Illicit Connection and Illicit Discharge Elimination Program

11.d.v.

[page 71]

Requires the Permittee to work with the Regional Board to provide diversion of the entire

flow to the sanitary sewer or provide treatment if the Permittee is unable to eliminate an

ongoing illicit discharge.

There may be situations where the illicit discharge is extremely difficult to trace, the

responsible party(ies) is not clear, diversion to the sanitary sewer is not feasible (due to the

size or location of the discharge), or treatment is too cost prohibitive. For example, the oil

discharge discovered in January 2011 in the Dominguez Channel near 223rd Street in the

City of Carson involved months of investigation involving multiple agencies and possible

responsible parties. The discharger(s) must be held responsible and be part of the solution.

County Recommendation

In the event the Permittee is unable to eliminate an ongoing illicit discharge following full

execution of its legal authority and in accordance with its Progressive Enforcement Policy,

including the inability to find the responsible party/parties, or other circumstances prevent

8 Illicit Discharge Source

Investigation and Elimination

including the inability to find the responsible party/parties, or other circumstances prevent

the full elimination of an ongoing illicit discharge, the Permittee shall notify the Regional

Water Board in writing within 30 days of such determination and work with provide

available information for to the Regional Water Board t o take action against the suspected

discharger(s) provide for diversion of the entire flow to the sanitary sewer or provide

treatment . In either instance, the Permittee shall notify the Regional Water Board in

writing within 30 days of such determination and shall provide a written plan for review

and comment that describes the efforts that have been undertaken to eliminate the illicit

discharge, a description of the actions to be undertaken, anticipated costs, and a schedule

for completion.

IC-ID Page 26
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County of Los Angeles Comments

Staff Working Proposal on Minimum Control Measures

Comment #
Identify Permit Element/ Issue/

Concern

Location in

Working

Proposal

Comment/Recommendation

Illicit Connection and Illicit Discharge Elimination Program

11.e.i & ii

[page 71]

Requires the Permittee to complete a suspected illicit connection investigation within 21

days, and ensure elimination of the connection within 90 days upon confirmation of an

illicit MS4 connection.

The County consists of approximately 80 unincorporated islands throughout the Permit

area. The County requires sufficient time to address suspected illicit connections, and

would like to see the same timeframes carried over from the current to the new Permit.

County Recommendations

Modify to read:

(i) " … complete initiate an investigation within 21 days…"

(ii) "…ensure that the connection is eliminated within 90 180 days…"

11.f.ii.(1) & (2) The provision makes reference to a "County sponsored PIPP."

[Page 71-72]

9 Identification and Response to

Illicit Connections

10 Public Reporting of Non-

Stormwater Discharges and Spills

[Page 71-72]

The County of Los Angeles recognizes the cost-effectiveness in participating in a

collaborative and coordinated PIPP program, and supports a countywide PIPP program as

one of the options; however, the County does not have plans to sponsor a countywide

PIPP.

County Recommendation

Modify to read “(1) By jointly implementing a regional PIPP program”

Replace "PIPP" with "hotline".

IC-ID Page 27
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County of Los Angeles Comments

Staff Working Proposal on Minimum Control Measures

Comment #
Identify Permit Element/ Issue/

Concern

Location in

Working

Proposal

Comment/Recommendation

Illicit Connection and Illicit Discharge Elimination Program

11 Public Reporting of Non-

Stormwater Discharges and Spills

11.f.iv.

[page 72]

The provision requires annual evaluations of procedures.

County Recommendation

In light of the large number and variety of potential stakeholders that could be involved in

these procedures, we recommend that evaluations be conducted once during the Permit

term.

11.g. i.(1), (3)

[page 72]

County Recommendations

"(2) Initiation of Iinvestigation of all public and employee ID and spill complaints within 24

hours one business day of receiving the complaint to assess validity."

"(3) Response to ID and spills for containment within 2 4 hours of becoming aware of the

ID or spill, except where such IDs or spills occur on private property, in which case the

response should be within 2 hours of gaining legal access to the property."

12 Illicit Discharge and Spill

Response Plan

response should be within 2 hours of gaining legal access to the property."

IC-ID Page 28
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GAIL rARBCR, Director•

April 18, 2Q12

COUNTY OF LOS ANGELES

DEPARTMENT OF PUBLIC WORKS

"To Enrich Lives Through Effective and Caring Service"

900 SOUTH FRFMONT AVENUL-
ALHAMBRA, CALIFORNIA 91803-1331

Telepl~oi~e: 1626) 458-5 I00

l~ttp://dpw.Iacounty.gov ADDRESS ALL CORRESPONDENCE TO:
P.O. BOX 1460

ALHAMBRA, CALIPORN[A 91802-1460

IN REPLY PLEASE

REFER TO FILE: WM-9

Ms. Renee Purdy, Chief
California Regional Water Quality

Control Board —Los Angeles Region
Regional Programs Section
320 West Fourth Street, Suite 200
Los Angeles, CA 90013

Dear Ms. Purdy:

COUNTY OF LOS ANGELES AND LOS ANGELES COUNTY
FLOOD CONTROL DISTRICT COMMENTS
STAFF WORKING PROPOSAL ON NONSTORMWATER DISCHARGE
PROHIBITIONS

On behalf of the County of Los Angeles and the Los Angeles County Flood Control
District, thank you for the opportunity to comment on the draft working proposal for
Nonstormwater Discharge Prohibitions released on March 28, 2012. Enclosed are our
comments for your review and consideration.

If you have any questions, please contact me at (626) 458-4300 or
ghildeb@dpw.lacounty.gov or your staff may contact Ms. Angela George at
(626) 458-4325 or ageorge@dpw.lacounty.gov.

Very truly yours,

GAIL FARBER
Director of Public Works

,.
GARY HIL EBRAND
Assistant Deputy Director
Watershed Management Division

ACL:jtz
P:\wmpub\Secretaria1~2012 DocumentslLetter\Comment NSW.docx\C12098

Enc.

cc: Chief Executive Office (Dorothea Park)
County Counsel (Judith Fries)
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County of Los Angeles and Los Angeles County Flood Control District
Regional Board Staff Working Proposal on Discharge Prohibitions

Comment  # Permit Element/ Issue/ Concern
Location in 
Draft Permit

Comment/Recommendation

NA The working proposal would add tremendous burden on MS4 permittees to address what 
are authorized nonstormwater discharges.  These discharges are generally perceived to be 
low risk.  If the Regional Board has evidence that any authorized discharge poses significant 
risk to receiving water quality, then Regional Board should issue separate individual or 
general NPDES permits to address those discharges.   

Recommendation
Staff should consider a less prescriptive approach.  For example, significantly simplifying 
Table X to address authorized non‐stormwater discharges would be advisable.  We would 
be happy to meet with staff to further discuss these issues, including a BMP‐based approach
for addressing non‐stormwater discharges.  

III.A.1.a, c.;  
III.A.2.

The proposed language refers to the "effective prohibition of non‐storm water discharges…"
throughout the document, and defines such discharges as "discharges into the MS4 and 
from the MS4 into receiving waters." 

[Page 1]
This definition is clearly not authorized by the Clean Water Act (CWA).

33 U.S.C. § 1342 (p)(3)(B](ii) requires that municipal permittees "effectively prohibit" the 
discharge of non‐stormwater into the MS4.  It does not require the effective prohibition of 
non‐storm water discharges from the storm sewers (MS4) to the receiving water. 

33 U.S.C. § 1342(p)(3)(iii) requires municipalities to "reduce the discharge of pollutants to 
the maximum extent practicable (MEP).  33 U.S.C. § 1362(12) defines "discharge of 
pollutants" not to include discharges into the MS4, but rather "any addition of any 
pollutant to navigable waters from any point source..."

Discharge Prohibitions

2

Effective Prohibition of Non‐
Storm Water Discharges into MS4 
and from MS4 into Receiving 
Water

1

General approach
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County of Los Angeles and Los Angeles County Flood Control District
Regional Board Staff Working Proposal on Discharge Prohibitions

Comment  # Permit Element/ Issue/ Concern
Location in 
Draft Permit

Comment/Recommendation

Discharge Prohibitions

It also raises significant proof and enforcement issues.  A municipality can identify individual 
dischargers to its MS4 and control that discharge through its ordinances, permitting 
authority or other enforcement mechanisms.  However, given the mixing of discharges in 
the MS4 system from multiple sources (e.g., flows from individual and General NPDES 
permittees, POTWs, other municipal runoff, and other discharges authorized or exempted 
by the State or Regional Board, etc.), as well as the fact that the inlet to the MS4 may be 
operated by a different entity than the outlet of the MS4 to the receiving waters, it is very 
difficult for a permittee to take effective action to address non‐stormwater discharges from 

the MS4.

The Regional Board should acknowledge that certain activities that generate pollutants 
present in urban runoff may be beyond the ability of the permittees to eliminate. Examples 
of these include operation of internal combustion engines, atmospheric deposition, brake 
pad wear, tire wear and leaching of naturally occurring minerals from local geography.

Recommendation
Remove "and from the MS4 into receiving waters" throughout the document.

III.A.1.b. The definition of “storm water” does not follow the regulatory definition, which does not 
include the words “related to precipitation events.”

[Page 1]
Recommendation
Delete "related to precipitation events."

3

Definition of "Storm Water"

2
cont.

Effective Prohibition of Non‐
Storm Water Discharges into MS4 
and from MS4 into Receiving 
Water
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County of Los Angeles and Los Angeles County Flood Control District
Regional Board Staff Working Proposal on Discharge Prohibitions

Comment  # Permit Element/ Issue/ Concern
Location in 
Draft Permit

Comment/Recommendation

Discharge Prohibitions

III.A.1.c. The definition of “illicit discharge” does not follow the federal regulations 40 CFR § 
122.26(b)(2):  “Illicit discharge means any discharge to a municipal separate storm sewer 
that is not composed entirely of storm water except discharges pursuant to a NPDES permit 
(other than the NPDES permit for discharges from the municipal separate storm sewer and 
discharges resulting from any fire fighting activities.”  The proposed definition improperly 
refers to discharges “from the MS4 into a receiving water.”  Also, there is no limitation of 
firefighting activities to “emergency” firefighting activities.

[Page 1]
Recommendation
Delete "from the MS4 into a receiving water" and "emergency".

III.A.3.a.; 
III.A.5., a. & b.;

Table X

[Page 2; 5]

The proposed language suggests that MS4 Permittees are responsible for ensuring non‐
stormwater discharges regulated by a separate individual or general NPDES permit comply 
with those permits.  If true, this places the burden to regulate such discharges on the MS4 
Permittees when such responsibilities lie with the Regional Board.  

The individual and general permits issued by the Regional Board should include the 
requirement for dischargers to explore and consider alternatives to discharge to the MS4 .  
Dischargers should have already considered other options prior to requesting approval from 

MS4 Permittees to discharge to the MS4.

Recommendation
"5. Each Permittee shall develop and implement procedures to require that dischargers 
obtain all necessary permits and water quality certifications prior to discharge to the MS4. 
ensure all conditionally authorized non‐storm water discharges into the MS4  and from the 
MS4 into receiving waters identified in sections A.3 and A.4 above comply with the 
applicable conditions.  These procedures shall include, at a minimum, the following:"

Delete 'III.A.5.a. & b."

4

Definition of "Illicit Discharge"

5

Responsibility to regulate 
individual and general NDPES 
permits.  

3 of 7 Printed:  04/18/2012

RB-AR12556



County of Los Angeles and Los Angeles County Flood Control District
Regional Board Staff Working Proposal on Discharge Prohibitions

Comment  # Permit Element/ Issue/ Concern
Location in 
Draft Permit

Comment/Recommendation

Discharge Prohibitions

III.A.3.b, Table X As currently proposed, natural flows are not allowed to cause or contribute to exceedances 
of applicable standards.  MS4 permittees should not be responsible for natural flows.

[Page 3]
Recommendation
Create a separate authorized discharges category for natural discharges, ie. natural springs, 
flows from riparian habitats and wetlands, diverted stream flows authorized by the State or 
Regional Water Board, uncontaminated groundwater infiltration, and uncontaminated 
pumped groundwater not regulated by a separate NPDES permit.  Remove the above 
discharges from Table X.

III.A.8., III.A.9. As proposed, potable water discharges required by state or federal law and discharges from 

emergency fire fighting activities would be allowed to contribute  to short‐term 

exceedances of applicable standards.  This is a lower standard compared to that for MS4 
Permittees, who are required to meet the "cause or contribute" standard.  Discharges 
entering the MS4 should be held to the same standard as discharges from the MS4.  

[Pages 7, 8]
Recommendation
Consistently use "cause or contribute" throughout the Permit.

III.A.3.b.viii., 
III.A.5.c., Table 

X

The County of Los Angeles has an existing ordinance addressing landscape irrigation.  The 
permit should allow permittees to continue to implement their existing ordinances if they 
are deemed equivalent.  The proposed language, especially in Table X, is too prescriptive.  

[Pages 3, 6, and 
12]

Recommendation
Allow permittees to continue implement their existing ordinances that prohibit excessive 
landscape irrigation runoff.

6

Natural flows

7

Regulatory consistency

8

Landscape irrigation
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County of Los Angeles and Los Angeles County Flood Control District
Regional Board Staff Working Proposal on Discharge Prohibitions

Comment  # Permit Element/ Issue/ Concern
Location in 
Draft Permit

Comment/Recommendation

Discharge Prohibitions

III.A.4 As currently proposed, all authorized discharges into the ASBS are required to meet RWLs 
and WQBELs.

[Page 5]
These requirements go beyond the ASBS Special Protections, which provide that authorized 
non‐stormwater discharges only “shall not cause or contribute to a violation of the water 
quality objectives in Chapter II of the Ocean Plan nor alter natural ocean water quality in an 
ASBS.”  Since these requirements apply specifically to discharges to the ASBS, the reference 
to RWLs and WQBELs should be deleted.

Finally, the proposed language is confusing and appears to require separate and specific 
authorization for each and every discharge in sub‐part A.3.  

Recommendation
Revise Section III.A.4.b. as follows:  "The discharges fall within one of the categories in sub‐
part A.3 and are specifically authorized by the Los Angeles Water Board."  Also, delete the 
reference to RWLs and WQBELs in Section III.A.4.c.

III.A.6 As proposed, Permittees must require dischargers not named in the MS4 permit to provide 
advanced notification to the Permittee of its non‐stormwater discharge, obtain local 
permits, conduct appropriate monitoring, and implement additional BMPs or control 
measures as a condition of discharges into the Permittee’s MS4.  

[Page 6]
As written, the language can be interpreted more broadly than Regional Board staff may 
have intended.  While a footnote to this provision names such parties as POTW operators, 
potable water supply and distribution agencies and other governmental entities, it 
presumably could apply to any private company or individual as well.  While this provision 
appears to shift to the discharger responsibility for controlling its discharge, the Permittee 
will incur administrative costs.  Also, is this requirement applicable to discharges such as 
irrigation runoff, car washing, and other occasional, but repetitive activities conducted by 
non‐institutional dischargers?

Recommendation
Clarify that this provision only applies to significant institutional discharges. 

9

ASBS

10

Dischargers not MS4 Permittee
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County of Los Angeles and Los Angeles County Flood Control District
Regional Board Staff Working Proposal on Discharge Prohibitions

Comment  # Permit Element/ Issue/ Concern
Location in 
Draft Permit

Comment/Recommendation

Discharge Prohibitions

III.A.7 The proposed language requires that Permittees evaluate monitoring data from the Non‐
Storm Water Outfall‐Based Monitoring Program to determine whether any categories of 
non‐storm water discharges are a source of pollutants that causes or contributes to an 
exceedance of applicable Receiving Water Limitations (RWLs) or Water Quality Based 
Effluent Limitations (WQBELs).  If the Permittee determines that a category of non‐storm 

water discharges is a source of pollutants that causes or contributes to an exceedance of 
applicable RWL or WQBELs, the Permittee shall report its findings to the Regional Water 
Board in the annual report, and either prohibit the discharge from either entering the MS4 
or the receiving waters, impose conditions in addition to those set forth in Table X or 
require the discharger to require coverage under a separate “state or Regional Water Board 
permit prior to discharge to the MS4.”

[Pages 6‐7]
It is difficult to provide comments on any activities related to the monitoring program, 
RWLs, or WQBELs when the definitions and specifics of these programs have not been 
provided.  At minimum, the Permittees should not be responsible for evaluating the 
monitoring data for discharges covered under another NPDES Permit, as explained earlier in 
Comment 5.  Permittees can assist the Regional Board in making such evaluations by 
providing available information.  If a discharge is found to be a source of pollutants, the 
Regional Board should prohibit the discharge, impose additional conditions, or require 
coverage under another Permit.  

Recommendation
Remove Section III.A.7, with the understanding that the integrated monitoring program and 
an adaptive management approach will result in prioritized investigations of exceedances.

11

Monitoring data evaluation
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County of Los Angeles and Los Angeles County Flood Control District
Regional Board Staff Working Proposal on Discharge Prohibitions

Comment  # Permit Element/ Issue/ Concern
Location in 
Draft Permit

Comment/Recommendation

Discharge Prohibitions

III.A.8. The proposed language provides that if a Permittee demonstrates that a specific non‐storm 

water discharge from a potable water supply or distribution system not otherwise regulated 
by a separate NPDES permit, but required by state or federal statute and regulation, caused 
[to be defined] a short‐term exceedance of applicable RWLs and/or WQBELs during a 
specific sampling event, the Permittee shall not be found in violation for that specific 
sampling event.  Demonstration must be based on monitoring data from the specific 
discharge, other relevant information (refer to Table X), and documentation of the 
statutes/regulations requiring such discharges, and the conditions under which the 
discharge was required.

[Page 7]
It is difficult to provide comments when the definition of "caused" and the specifics of 
"RWLs", "WQBELs", and the burden of proof are not provided.  It is also possible that 
multiple discharges could occur concurrently that could cumulatively cause or contribute to 
an exceedance.  Permittees are also concerned about the extensive and widespread 
monitoring that may be required to provide that burden of proof.  

Recommendation
Revise the regulatory relief language so the burden of proof is not put on MS4 permittees.

Table X The working proposal would add tremendous burden on MS4 permittees to address 
authorized nonstormwater discharges which are generally perceived to be low risk.  
Specifically, Section III.A.5 combined with Table X, would require permittees to develop and 
implement procedures to ensure discharges meet very prescriptive and often highly 
resource intensive BMPs.  For example, to address dewatering of lakes, swimming pools, 
and decorative fountains, permittees must ensure that MS4 inlets and outlets are inspected 
and cleaned immediately prior to discharge.  This and many other similar requirements in 
Table X are not feasible in practice and not necessary.

Recommendation
See Comments 1 and 5.  We welcome the opportunity to meet with staff to discuss how to 
revise Table X so that it is more implementable.    

12

Regulatory relief

13

Table X
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GAIL FARBER, Director

IVI ay 14, 2012

COUNTY OF L~ S ANGELE S

DEPARTMENT OF PUBLIC WORKS

"To Enrich Lives Through Effective and Caring Service"

900 SOUTH FREMONT AVENUE
ALHAMBRA, CALIFORNIA 9183-1331

Telephone: (626) 458-5100

http://dpw.lacounty.gov ADDRESS ALL CORRESPONDENCE TO:
P.O. BOX 1460

ALHAMBRA, CALIFORNIA 91802-1460

IN REPLY PLEASE

REFER TO FILE: V V M-9

Ms. Renee Purdy, Chief
California Regional Water C~uality

Control Board —Los Angeles Region
Regional Programs Section
320 West fourth Street, Suite 200
Las Angeles, CA 90013

Gear Ms. ~'urdy:

LQS ANGELES COUNTY FLOOD CONTROL DISTRICT AND
COUNTY CAF LAOS ANGELES — COMMENTS ON STAFF WORKING PROPOSALS
ON WATERSHED MANAGEMENT PROGRAIV~ AND GENERAL TOTAL MAXIMUM
DAILY LOADS AND RECEIVING WATER LIMITATION PROVISIONS

On behalf of the Los Angeles County Flood Control District and the County of
Los Angeles, thank you for the opportunity to comment on the draft Staff Working
Proposals on the Watershed Management Program and General Total Maximum Daily
Load and Receiving Water Limitation provisions released on April 23, 2012. Enclosed
are oar comments for your review and consideration.

If you have any questions, please contact me at (626) 458-4300 or
ghildeb a~dpw.lacounty.gov or your staff ray contact Ms. .Angela George at
(626) 458-4325 or ageorge~~dpvv.lacounty.gov.

Very truly yours,

GAIL FARBE~
Director of Public Works

~~ ,~
`' ~-~~ ;:,rt /~ ~ ~~

~,.~ d,,~

GARY HILDE~RAND
Assistant Deputy Director
Watershed Management Division

ACL:jtz
P:\wmpub\Secretarial\2012 Documents\LetterlRB TMDL RWL W~VIP.d~c\C12123

Enc.

cc: Ck~i~f executive Office (Dorothea 'ark)
County Counsel (Judith Fries)
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Los Angeles County Flood Control District and County of Los Angeles Comments 
Staff Working Proposal on Receiving Water Limitations 

Receiving Water Limitations Page 1 Printed on 05/14/2012 

Receiving Water Limitations 

Comment 
# 

Identify Permit 
Element/Issue/Concern 

Location in 
Working 
Proposal 

Comment/Recommendation 

1  Compliance with 
Receiving Water 
Limitations 

V.A. 
[Pages 1 & 2] 

The County and the LACFCD are very concerned about staff’s proposal to keep the Receiving 
Water Limitations language essentially unchanged from the current permit.  This approach 
would not only render compliance with the permit very difficult if not impossible, it would also 
inappropriately establish two different compliance standards in the permit. 
 

      Based on the interpretation of the Regional Board and the Ninth Circuit Court of Appeals, this 
language essentially requires that stormwater discharges to receiving waters must meet water 
quality standards at the point of discharge if the receiving water exceeds water quality 
standard (unless, as discussed below, the receiving waters is being addressed by a TMDL with 
an implementation schedule).  In other words, where a pollutant is not being addressed by a 
TMDL with an implementation schedule, there is in fact a de facto never‐to‐be‐exceeded 
Numeric Effluent Limit (NEL) in the permit. 
 

      The State Water Board’s Blue Ribbon Panel found in 2006 that "[I]t is not feasible at this time 
to set enforceable numeric effluent criteria for municipal BMPs and in particular urban 
discharges."  In fact, in its response to public comments dated April 27, 2012, regarding the 
Draft Tentative Order for the renewal of the MS4 permit for the California Department of 
Transportation (Caltrans), State Water Board staff cited the Blue Ribbon Panel’s findings in 
defending its decision to not incorporate NELs in the Caltrans permit.  State Water Board staff 
stated, “Consistent with the findings of the Blue Ribbon Panel and precedential State Water 
Board orders (State Water Board Orders Nos. WQ 91‐03 and WQ 91‐04), this Order allows the 
Department [Caltrans] to implement BMPs to comply with the requirements of this Order.”  
(Page 2 of 110). 
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Los Angeles County Flood Control District and County of Los Angeles Comments 
Staff Working Proposal on Receiving Water Limitations 

Receiving Water Limitations Page 2 Printed on 05/14/2012 

Receiving Water Limitations 

Comment 
# 

Identify Permit 
Element/Issue/Concern 

Location in 
Working 
Proposal 

Comment/Recommendation 

1 
(cont.) 

Compliance with 
Receiving Water 
Limitations 

V.A. 
[Pages 1 & 2] 

Based on discussion with Regional Board staff, staff appears to believe that the “de facto NEL” 
issue is moot because exceedances will be addressed by TMDLs, and that staff is already 
proposing language to find permittees not in violation of the Receiving Water Limitation if they 
are “in compliance with the applicable TMDL requirement(s), including compliance 
schedules…” (Page 3, Staff Working Proposal for General TMDL Provisions).  Based on our 
analysis, however, not all exceedances will be addressed by TMDLs.  For example, our review of 
2010‐11 water quality data found wet weather exceedances of the fecal coliform water quality 
objective in Dominguez Channel.  Because currently there is no bacterial TMDL for Dominguez 
Channel, permittees discharging into Dominguez Channel potentially could have been found in 
violation of the Receiving Water Limitations unless they have evidence that their MS4 
discharges did not cause or contribute to the receiving water exceedances.  On the other hand, 
because there is a bacterial TMDL for Malibu Creek, permittees in that watershed would not 
have been in jeopardy if they were implementing BMPs to address the TMDL.  During the May 
3 workshop, Board Member Glickfeld asked how permittees could be in immediate violation of 
the Receiving Water Limitation; the Dominguez Channel exceedances would be one such 
example. 
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Los Angeles County Flood Control District and County of Los Angeles Comments 
Staff Working Proposal on Receiving Water Limitations 

Receiving Water Limitations Page 3 Printed on 05/14/2012 

Receiving Water Limitations 

Comment 
# 

Identify Permit 
Element/Issue/Concern 

Location in 
Working 
Proposal 

Comment/Recommendation 

1 
(cont.) 

Compliance with 
Receiving Water 
Limitations 

V.A. 
[Pages 1 & 2] 

This apparent double standard is not appropriate.  Congress intended for TMDLs to be a 
mechanism by which dischargers can prioritize and address the worst water quality problems.  
The proposed RWL language would have the unintended consequence of nullifying the 
prioritization process and put permittees in a position of having more legal liability for lower 
priority (i.e. non‐TMDL) water quality issues. 
 
It is also inconsistent with the watershed management program that is meant to assist in 
prioritizing resources in order to devote them to the high priority water quality issues.  If a 
permittee is in violation of the receiving water limitation even though it is implementing a 
watershed management program or is otherwise in compliance with the iterative process, 
resources will be directed to addressing those exceedances of receiving water limitations that 
are not otherwise addressed by the plan, which would be those pollutants that would have 
been designated as being of lower priority, rather than those of higher priority.  This is the 
opposite of how an effective program should be designed. 

       
      Recommendation 
      Add Section V.A.5 as follows:  “If a Permittee is found to have discharges from its MS4 that 

cause an exceedance of any applicable water quality standard or water quality objective, or has 
created a condition of nuisance, the Permittee will not be in violation of this Order if the 
Permittee has complied with the requirements set forth in Part V.A.3 above or is in compliance 
with a watershed management program that covers the receiving water at issue.” 

2    V. (footnote 1)  The definition of Receiving Water Limitation in footnote 1 includes any applicable numeric or 
narrative water quality standard contained in the “Water Quality Control Plan for the Los 
Angeles Region (Basin Plan), water quality control plans or policies adopted by the State Water 
Resources Control Board, or federal regulations . . . .”  The reference to “policies” adopted by 
the State Water Resources Control Board is ambiguous.  The State Board adopts water quality 
objectives in water quality control plans not in policy resolutions.  See Water Code § 13170.  It 
is not clear what is meant by “policies.”  It should be noted that the definition of water quality 
standards under the current permit does not include a reference to “policies.” 
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Los Angeles County Flood Control District and County of Los Angeles Comments 
Staff Working Proposal on Receiving Water Limitations 

Receiving Water Limitations Page 4 Printed on 05/14/2012 

Receiving Water Limitations 

Comment 
# 

Identify Permit 
Element/Issue/Concern 

Location in 
Working 
Proposal 

Comment/Recommendation 

2 
(cont.) 

  V. (footnote 1)  Recommendation 
Strike the words “or policies” from footnote 1. 

3    V. (footnote 1)  The definition of Receiving Water Limitation includes any applicable numeric or narrative water 
quality standard, “or limitation to implement the applicable water quality standard,” for the 
receiving water.  Applicable water quality standards are set forth in the Basin Plan.  The phrase 
“or limitation to implement the applicable water quality standard” is undefined and 
ambiguous.  The Basin Plan contains water quality standards, not “limitations” to implement 
those standards.  See Water Code § 13241.  It should be noted that the definition of water 
quality standards under the current permit does not include a reference to a “limitation to 
implement the applicable water quality standard.” 

       
      Recommendation 

Strike the words “or limitation to implement the applicable water quality standard,” from 
footnote 1. 
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Los Angeles County Flood Control District and County of Los Angeles Comments 
Staff Working Proposal on General TMDL Provisions 

Total Maximum Daily Loads Page 5 Printed on 05/14/2012 

Total Maximum Daily Loads 

Comment 
# 

Identify Permit 
Element/Issue/Concern 

Location in 
Working 
Proposal 

Comment/Recommendation 

1  Incorporating previous 
comments  

General  To the extent that they have not been incorporated, the LACFCD and the County reiterate and 
incorporate by reference our comments submitted on February 9, 2012. 
 
 

2 
 
 
 
 
 
 
 
 
 
 
 
 

Commingled Discharges  VI.E.2.b 
[Page 2] 

 
 
 
 
 
 
 
 
 
 

VI.E.2.b.ii. & iii. 
[Page 2] 

40 CFR section 122.26(a)(3)(vi) provides that “Co‐permittees need only comply with permit 
conditions relating to discharges for which they are operators.”  This section was adopted in 
anticipation of intra‐system, multi‐ or co‐permittee approaches to storm water management,  
See In re City of Irving, Texas Municipal Separate Storm Sewer System, Environmental 
Administrative Decisions 111, 128 (EAB 2001), and thus this section applies to commingled 
discharges.  Accordingly, the section on commingled discharges should make clear that where 
there is a commingled discharge to a receiving water, the permittees who contribute to the 
commingled discharge are required to work together to assure that the waste load allocation is 
met, but no one permittee is responsible for meeting the waste load allocation itself or is 
responsible for addressing pollutants that come from another permittee’s MS4.  The section on 
commingled discharges needs to be clarified to make this principle clear.   
 
Subparagraph iii states compliance shall be determined for the group as a whole.  This 
contradicts subparagraph ii and 40 CFR section 122.26(a)(3)(vi) which provide that each 
Permittee is only responsible for discharges from the MS4 for which they are owners and/or 
operators.  Subparagraph iii needs to be clarified to make clear that it is not intended to 
conflict with subparagraph ii. 

       
      Recommendation 
      Add the following sentence at the end of subparagraph iii:  A determination that the discharge 

of the group as a whole exceeds a waste load allocation or water quality standard shall not be 
construed to mean that the discharge of any one permittee is not in compliance with the waste 
load allocation or water quality standard. 
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Los Angeles County Flood Control District and County of Los Angeles Comments 
Staff Working Proposal on General TMDL Provisions 

Total Maximum Daily Loads Page 6 Printed on 05/14/2012 

Total Maximum Daily Loads 

Comment 
# 

Identify Permit 
Element/Issue/Concern 

Location in 
Working 
Proposal 

Comment/Recommendation 

3  Comingled Discharges  VI.E.2.b.iv 
[Page 2] 

This section states that each Permittee is responsible for demonstrating that its discharge did 
not cause or contribute to an exceedance.  For clarification, this section should be modified to 
provide that where a commingled discharge exceeds an applicable water quality standard, all 
Permittees that have contributed to the commingled discharge are responsible for determining 
the source(s) of the pollutants. 
 

      Recommendation 
For clarification, subparagraph iv should be replaced with, “For purposes of compliance 
determination all permittees that have contributed to the commingled discharge are 
responsible for determining the source of the pollutants. 

4  Comingled Discharges  VI.E.2.b.v  
[Page 2] 

This subparagraph addresses how a permittee can demonstrate that its discharge did not cause 
or contribute to an execeedance.  Where a permittee, like the Flood Control District, receives 
commingled discharges from upstream permitted and non permitted sources, the permittee 
should be allowed to show that its discharge contains pollutants, the sources over which the 
permittee does not have control. 
 

      Recommendation 
Add a subparagraph 4 that says, “Demonstrate that its discharge contains contributions from 
other sources, including but not limited to discharges of other permittees, which have the 
potential to have caused or contributed to the exceedance at issue. 

5  Compliance by 
Demonstration of No 
Discharge 

VI.E.2.b.v.1. 
[Page 2] 

Item (1) states that compliance may be demonstrated if there is no discharge from the 
Permittee’s MS4 into the applicable receiving water.  This language is not consistent with the 
sections for Interim WQBELs and/or RWLs or for Final WQBELs and/or RWLs. 

       
      Recommendation 
      Revise to read:  “Demonstrate that there is no direct or indirect discharge from the Permittee’s 

MS4 into the applicable receiving water during the time period subject to the water quality‐
based effluent limitation and/or receiving water limitation for the pollutant(s) associated with 
a specific TMDL;” 
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Los Angeles County Flood Control District and County of Los Angeles Comments 
Staff Working Proposal on General TMDL Provisions 

Total Maximum Daily Loads Page 7 Printed on 05/14/2012 

Total Maximum Daily Loads 

Comment 
# 

Identify Permit 
Element/Issue/Concern 

Location in 
Working 
Proposal 

Comment/Recommendation 

6  Receiving Water 
Limitations Addressed by 
TMDL 

VI.E.2.c.iii 
[Page 3] 

This section provides that a permittee shall not be considered in violation of a Receiving Water 
Limitation if it is in compliance with applicable TMDL requirements in a time schedule order.  It 
should also provide that a permittee is not in violation if it is in compliance with an applicable 
watershed management program. 
 

      Recommendation 
Add the words “watershed management program or” before the words “time schedule order.” 

7  Final WQBELs and/or 
Receiving Water 
Limitations 

VI.E.2.e 
[Page 4] 

The County and the LACFCD are very concerned with staff’s proposal to express final TMDL 
WLAs as strict numeric WQBELs and/or Receiving Water Limitations in the permit.  The State 
Water Board's Blue Ribbon Panel found in 2006 that "it is not feasible at this time to set 
enforceable numeric effluent criteria for municipal BMPs and in particular urban discharges."  
As mentioned in our comment regarding the proposed RWL language, in its response to public 
comments dated April 27, 2012, regarding the Draft Tentative Order for the renewal of the 
Caltrans MS4 permit, State Water Board staff cited the Blue Ribbon Panel’s findings in 
defending its decision to not incorporate NELs in that permit.  State Water Board staff stated, 
“Consistent with the findings of the Blue Ribbon Panel and precedential State Water Board 
orders (State Water Board Orders Nos. WQ 91‐03 and WQ 91‐04), this Order allows the 
Department [Caltrans] to implement BMPs to comply with the requirements of this Order.”  
(SWRCB Comment Response Report, for Caltrans MS4 Permit, April 27, 2012, Page 2 of 110). 
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Los Angeles County Flood Control District and County of Los Angeles Comments 
Staff Working Proposal on General TMDL Provisions 

Total Maximum Daily Loads Page 8 Printed on 05/14/2012 

Total Maximum Daily Loads 

Comment 
# 

Identify Permit 
Element/Issue/Concern 

Location in 
Working 
Proposal 

Comment/Recommendation 

7 
(cont.) 

Final WQBELs and/or 
Receiving Water 
Limitations 

VI.E.2.e 
[Page 4] 

State Water Board staff further noted that “in November 12, 2010, USEPA issued a revision to a 
November 22, 2002 memorandum in which the USEPA had ‘affirm[ed] the appropriateness of 
an iterative, adaptive management best management practice (BMP) approach’ for improving 
stormwater management over time.  In the revisions, USEPA recommended that, in the case 
the permitting authority determines that MS4 discharges have the reasonable potential to 
cause or contribute to a water quality excursion, the permitting authority, where feasible 
(emphasis added), include numeric effluent limitations as necessary to meet water quality 
standards.  However, the revisions recognized that the permitting authority’s decision as to 
how to express water quality based effluent limitations (WQBELs), i.e. as numeric effluent 
limitations or BMPs, would be based on an analysis of the specific facts and circumstances 
surrounding the permit.  Moreover, USEPA has since invited comment on the revisions to the 
memorandum and will be making a determination as to whether to ‘either retain the 
memorandum without change, to reissue it with revisions, or to withdraw it.’” (ibid). 
 
The Regional Board is not required to reflect the final WQBELs as numeric effluent limits.  40 
CFR 122.44(k)(2) and (3) specifically authorizes the use of BMPs. The State Water Board, in its 
response to comments on the proposed Caltrans permit, specifically said that it may “impose 
BMPs for control of storm water discharges in lieu of numeric effluent limitations,” citing 
section 122.44(k)(2) and (3). 
 
It has not been demonstrated that it is feasible to reflect the final WQBELs as numeric effluent 
limits.  In addition, it has not been proven that these final WQBELs can currently be met. 
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7 
(cont.) 

Final WQBELs and/or 
Receiving Water 
Limitations 

VI.E.2.e 
[Page 4] 

In this regard, although Regional Board staff stated during the May 3 workshop that it is 
feasible to incorporate NELs at this time, staff did not provide evidence to substantiate the 
feasibility of NELs.  In assessing the feasibility of NELs in stormwater permits, the Blue Ribbon 
Panel based its evaluation on four criteria: (1) The ability of the State Water Board to establish 
appropriate objective limitations or criteria; (2) how compliance determinations would be 
made; (3) the ability of dischargers and inspectors to monitor for compliance; and (4) the 
technical and financial ability of dischargers to comply with the limitations or criteria (emphasis 
added).  In response to a Regional Board member question regarding the cost to comply with 
TMDLs, staff responded that cost analyses were completed as part of TMDL development.  
Significantly, the analysis of costs in the TMDLs did not address the question of the financial 
ability of dischargers to comply with the limitations or criteria.  Nor did the analysis include a 
cost‐benefit analysis or address whether the means to comply with the TMDL was cost 
effective.  The analyses in the TMDLs specifically did not include a cost benefit analysis or a 
determination of whether it was cost effective.  It is also important to note that staff’s cost 
analyses were not held to the “reasonable assurance” standard, and no quantitative analyses 
were done to demonstrate that the BMPs assumptions used by staff would have a reasonable 
assurance of meeting TMDL standards.  In fact, during TMDL development, many permittees 
made comments to this end regarding staff’s cost analyses for TMDLs.  The County and the 
LACFCD agree with State Water Board staff that NELs, numeric WQBELs and/or Receiving 
Water Limitations currently are not feasible in stormwater permits.  Los Angeles Region MS4 
dischargers should not be held to enforceable NELs when discharges into the MS4, such as 
from Caltrans and construction sites, are not being held to the same standard. 

       
       
       

RB-AR12570



Los Angeles County Flood Control District and County of Los Angeles Comments 
Staff Working Proposal on General TMDL Provisions 

Total Maximum Daily Loads Page 10 Printed on 05/14/2012 

Total Maximum Daily Loads 

Comment 
# 

Identify Permit 
Element/Issue/Concern 

Location in 
Working 
Proposal 

Comment/Recommendation 

7 
(cont.) 

Final WQBELs and/or 
Receiving Water 
Limitations 

VI.E.2.e 
[Page 4] 

Recommendation 
 
Add “or” to the end of section E.2.e.i.3, and add section E.2.e.i.4 as follows: “The Permittee has 
submitted and is fully implementing an approved, revised Watershed Management Program.” 
 
Alternatively, insert new section E.2.e.ii, “Two years before the compliance deadline for an 
applicable final water quality‐based effluent limitation and/or final receiving water limitation, 
Regional Board shall evaluate progress made by Permittees toward compliance with the 
standard, including review of the results from Permittees’ adaptive management process 
(VI.C.6.), to determine whether the compliance timeline should remain unchanged, or if the 
Order should be revised to incorporate a new compliance timeline.” 

8  TSOs for USEPA 
Established TMDLs and 
State Adopted TMDLs 
where Compliance 
Deadlines have Passed 

VI.E.3. & 4. 
[Pages 4‐6] 

The Time Schedule Order (TSO) is being proposed as a mechanism to address USEPA 
established TMDLs which do not have implementation schedules.  A TSO is an enforcement 
action and should only be used as a last resort, if at all, to address such TMDLs. 
 
It is our understanding that Regional Board staff has been informed that Permittees must 
immediately comply with USEPA TMDLs that do not have implementation schedules and State 
TMDLs where compliance dates have passed.  This is incorrect.  In fact, in the proposed 
Caltrans MS4 permit the State Board staff addresses the incorporation of TMDLs into that 
permit by providing that the permit shall be reopened in one year to include TMDL provisions, 
including allowing the use of BMPs.  See proposed Caltrans permit, sections E.4.a and b.  No 
TSO is required. Regional Board staff should follow the same approach here. 

     
      Recommendation 

Permittees can meet the requirements of USEPA TMDLs and State TMDLs where compliance 
dates have passed through implementation of BMPs or through compliance with BMPs set 
forth in watershed management programs.  Alternatively, follow State Board staff’s lead and 
incorporate some TMDLs (ie. EPA TMDLs) through a reopener of the permit at a later time.   
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8 
(cont.) 

TSOs for USEPA 
Established TMDLs and 
State Adopted TMDLs 
where Compliance 
Deadlines have Passed 

VI.E.3. & 4. 
[Pages 4‐6] 

The permit should also clearly state the Regional Board's intent to adopt appropriate 
implementation schedules for USEPA established TMDLs through reopeners. 

9  Timeframe for Submittal 
of Request for TSO 

VI.E.3. & 4.b. 
[Pages 5 & 6] 

Should the TSO option remain, allow Permittees at least 12 months from the date of the permit 
adoption to request a TSO. 

       
      Recommendation 
      Revise to read:  "...may within 12 months request a time schedule order (TSO)..." 

10  Compliance Status during 
TSO Application Process 

VI.E.3.c 
[Page 5] & 
VI.E.4.e 
[Page 6] 

The process to request a TSO and its approval by the Regional Board can potentially last a long 
time.  Permittees should be considered in compliance with the applicable receiving water 
limitations and/or water quality based effluent limitations from the initiation of the application 
process to its final approval. 

     
      Recommendation 
      Please revise to read:  "A Permittee that has applied for a TSO or is in compliance with the 

requirements of a Regional Water Board issued TSO is not considered in violation of..." 
11  Permittees and TMDLs 

Matrix 
Attachment I 

Table A 
[Page 1] 

As previously commented, for the Lake Elizabeth, Munz Lake, and Lake Hughes Trash TMDL, 
the Los Angeles County Flood Control District (LACFCD) should not be listed as a responsible 
agency because these waterbodies are located outside of the LACFCD's service area and the 
TMDLs themselves do not identify the LACFCD as a responsible agency. 

       
      Recommendation 
      Remove the LACFCD as a Permittee under the Lake Elizabeth, Munz Lake, and Lake Hughes 

Trash TMDL. 
12  TMDL Reopeners  TMDL Provisions Several TMDLs, such as the Machado lake Nutrients TMDL, provide for reconsideration prior to 

final compliance deadlines.  The working proposal does not reflect this. 
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12 
(cont.) 

TMDL Reopeners  TMDL Provisions Recommendation 
For consistency, statements should be added to the TMDL provisions to reflect that the 
Regional Board will reconsider those TMDLs prior to their final compliance deadlines. 

13  Machado Lake Trash 
TMDL 

TMDL Provisions 
for the 

Dominguez 
Channel 

The working proposal assigns a numerical value for trash generation rate of 5,334 gallons of 
uncompressed trash per square mile per year.  Therefore the LACFCD is to reduce 16.41 gallons 
of uncompressed trash to zero by 3/6/2016. This is inconsistent with the method used in the 
Basin Plan Amendment. 

    C.2.c.   
    [Page 2 of 8]  Recommendation 
      The LACFCD should not be assigned a trash generation rate since the LACFCD property does not 

generate trash. 
14  Machado Lake Trash 

TMDL 
TMDL Provisions 

for the 
Dominguez 
Channel 

The working proposal assigns a numerical value for trash generation rate of 5334 gallons of 
uncompressed trash per square mile per year.  The Basin Plan Amendment does not use this 
method. 

    C.2.c.   
    [Page 2 of 8]  Recommendation 
      The WQBELs should be consistent with those in the adopted TMDL that are expressed as a 

percent reduction from baseline and not assigned as individual baselines to each City and the 
County.  As discussed in its approved Trash Monitoring and Reporting Plan, the County of Los 
Angeles intends to comply with this TMDL by installing full capture devices consistent with Part 
VI.E.5.b. of the working proposal. 

15  San Gabriel River Metals 
and Impaired Tributaries 
Metals and Selenium 
TMDL 

TMDL Provisions 
for the San 
Gabriel River 

WMA 

It is unclear where the values in the table under Section E.1.b for wet weather water quality 
based effluent limitations come from.  They do not match the approved TMDL in units or 
values.  

    E.1.b.   
    [Page 1 of 9]  Recommendation 
      Clearly explain why there is a difference in the values.  If it is merely a conversion, then explain 

such.  If it is not a conversion, then please provide the justification for adjusting the values. 
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16  Los Angeles Area Lakes 
TMDL 

TMDL Provisions 
for the San 
Gabriel River 

WMA 

The values in the working proposal are not the same as shown in the approved LA Area Lakes 
TMDL.  The WLAs for Total Nitrogen for Claremont should be 829, not 745, and for the County 
of Los Angeles should be 3,390, not 829. 

    E.3.b)(2)   
    [Page 4 of 9]  Recommendation 
      Correct the table to match the values in the LA Area Lakes TMDL.  If the values are not adjusted 

to match those in the TMDL, provide justification for not matching a TMDL that was adopted 
less than two months ago by the EPA. 
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Comment/Recommendation 

1  Definitions of Terms  VI.C.1.d. 
[Page 1] 

The staff working proposal has not provided definitions for Water Quality Based Effluent 
Limitations and Numeric Action Levels.  There are various terms used throughout the 
documents that are unclear or vague and need to be clearly defined. 

       
      Recommendation 
      Include definitions for terms used throughout the Permit.  Specifically, include definitions for 

"Water Quality Based Effluent Limitations" and "Numeric Action Levels." 
2  General  General  Receiving Water Limitations have been repeatedly described as targets for which Minimum 

Control Measures and other BMPs should be designed.  However, receiving water quality is the 
result of many other concurrent discharges besides MS4s, including nonpoint and instream 
sources.  Receiving water limitations should not be considered as effluent targets. 

       

3  General  VI.C.1.d.  Recommendation 
    [Page 1]  Revise to read:  "The goal of the Watershed Management Programs is to ensure that 

discharges from the Los Angeles County Permittees' MS4…" 
4  Non‐stormwater 

Discharges from the MS4 
into Receiving Water 

VI.C.1.f.i. 
[Page 1] 

The staff working proposal refers to "non‐stormwater discharges from the MS4 to receiving 
waters…" 

     
    VI.C.3.a.iii.(1)  Recommendation 
    [Page 4]  As previously commented, we recommend removing "from the MS4 into receiving waters" 

throughout the document. 
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5 
 

Timelines for 
Implementation 

VI.C.2.a.i 
Table [TBD] 

The staff working proposal provides for one year for Permittees to submit a draft Watershed 
Management Program Plan. 

    [Pages 2‐3]   
      The preparation of a plan will require extensive research, data collection and monitoring.  Such 

an integrated monitoring effort must be given sufficient time (at least a year to develop and 
initiate) in order to provide the necessary water quality information for the preparation of a 
draft WMP Plan that includes a Reasonable Assurance Analysis.  

       
      In addition, coordination amongst many Permittees to develop such a plan on a watershed 

basis will require agreements and memorandums of understanding to determine each 
Permittee’s responsibilities and financial contributions.  Such agreements and MOUs will 
require at least 6 months to a year to prepare and adopt. 

       
      Recommendation 
      Synchronize the preparation of the draft WMP Plan with the integrated monitoring plan.  

Provide sufficient time for data/information gathering and analyses to prepare the draft WMP 
Plan, which could be 2 years after Permit adoption date. 

6  Due Date for 
Implementation of WMP 

VI.C.2.a.i 
Table [TBD] 

The proposed due date for start of implementation of the Watershed Management Program as 
listed in Table [TBD] is not consistent with the narrative in VI.C.4. 

    [Page 2]   
      Recommendation 
      Revise Table [TBD] to state that the due date for beginning implementation of the WMP is 

"Upon submittal approval of final plan by the Regional Board Executive Officer" 
7  Due date for First 

Evaluation of WMP 
VI.C.2.a.i. 
Table [TBD] 

The proposed due date for the submittal of revisions to the Watershed Management Plan is 1½ 
years after submittal of the final plan.  The due date should be based on the date the plan was 
approved by the Executive Officer. 

    [Page 2]   
      Recommendation 
      Revise Table [TBD] to state the plan is due “1½years after submittal approval of final plan by 

the Executive Officer 
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8 
 

Source Assessment and 
Control Measures 

VI.C.3.a. & b. 
[Pages 4‐6] 

The staff working proposal requires identification of potential sources of pollutants categorized 
as Highest and High Priority, or pollutants covered under a TMDL, and pollutants on the State 
303(d) Listing.  Furthermore, Permittees must prioritize these issues and propose/implement 
control measures to address them. 

       
      The TMDL program is designed to allow for prioritization of pollutants and impairments, and to 

provide timelines to address these pollutants.  Requiring Permittees to also address 303(d) 
listing pollutants outside of a TMDL process forces Permittees to further spread their limited 
resources.  The focus should be on TMDL pollutants. 

       
      Recommendation 
      Focus the WMP efforts on TMDL pollutants (Category 1), and designate State (303(d)) Listing 

pollutants (Category 2) optional for source assessment, selection and implementation of 
control measures, etc. 

9  Interim milestones and 
dates for TMDLs 

VI.C.3.b.iv.(5).(b)
[Page 9] 

The staff working proposal requires interim milestones and dates for TMDLs that do not 
include interim or final WQBELs and/or RWL with compliance deadlines during the permit 
term. 

       
      Clarification is needed whether these proposed interim milestones and dates are enforceable if 

they are not met. 
       
      Recommendation 
      Add "The interim milestones and dates will not be used as an enforceable provision." 

10  Sizing of Structural 
Controls 

VI.C.3.b.iv.(4)(c) 
[Page 9] 

The staff working proposal requires that structural controls be sized at a minimum to treat the 
volume of stormwater runoff from the 85th percentile, 24‐hour storm. 

       
      Recommendation 
      Delete "At minimum" 
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11  Legal Authority to Compel  VI.C.3.b.iv.(6) 
[Page 10] 

The staff working proposal requires Permittees to have legal authority implement or to compel 
implementation of the Watershed Control Measures identified in the plan. 

       
      The requirement is problematic since Permittees do not have the authority to compel each 

other to implement permit requirements.  Permittees are not responsible for each others' 
implementation or compliance. 

       
      Recommendation 
      Remove "or compel implementation of." 

12  Integrated Watershed 
Monitoring and 
Assessment 

VI.C.5. 
[Page 11] 

It is difficult to provide meaningful comments when the staff working proposal refers to 
monitoring and assessment requirements that have not been provided. 

     
      Recommendation 
      At minimum, the integrated monitoring program should be synchronized with the Watershed 

Management Program Plan to provide sufficient time for development and implementation of 
both components. 

13  Adaptive Management 
Process 

VI.C.6.a. & b. 
[Page 11] 

The staff working proposal requires Permittees to base their adaptive management process on 
several factors.  Clarity should be added to indicate Permittees must consider the factors, but it 
is not a requirement to include all of them. 

       
      Recommendation 
      Revise to read:  "Permittees in each Watershed Management Area shall implement an adaptive 

management process, at least twice during the permit term, adapting the Watershed 
Management Program to become more effective, based on, but not limited to by considering 
the following: 

       

RB-AR12578



Los Angeles County Flood Control District and County of Los Angeles Comments 
Staff Working Proposal on Watershed Management Program 

Watershed Management Program Page 18 Printed on 05/14/2012 

Watershed Management Program 

Comment # 
Identify Permit 

Element/Issue/Concern 

Location in 
Working 
Proposal 

Comment/Recommendation 

14 
 

Receiving Water 
Limitations  exceedances 
addressed by the 
adaptive management 
process 

VI.C.6.a.ii.(1) & 
6.b.ii.(1) 

[Pages 12 & 13] 

The intent of these items are to state that by implementing the adaptive management process 
in conjunction with the Watershed Management Program (Part VI.C) a Permittee has satisfied 
the requirements in Part V.A.4 to address continuing exceedances of Receiving Water 
Limitations. 
 
Recommendation 
Add "The Permittee shall not be considered in violation of a Receiving Water Limitation (Part 
V.A.) or a Water Quality Based Effluent Limitation if it is implementing the adaptive 
management process." 
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January 28, 2011 
 
Lisa Jackson 
Administrator 
U.S. Environmental Protection Agency 
Ariel Rios Building 
1200 Pennsylvania Avenue, NW 
Washington, DC 20460 
 
Peter Silva 
Assistant Administrator, Office of Water 
U.S. Environmental Protection Agency 
Ariel Rios Building 
1200 Pennsylvania Avenue, NW 
Washington, DC 20460 
 
Dear Ms. Jackson and Mr. Silva: 
 
The undersigned municipal organizations write in response to the recent distribution of a 
November 12, 2010 memorandum from James A. Hanlon, Director of the Office of Wastewater 
Management, and Denise Keehner, Director of the Office of Wetlands, Oceans and Watersheds, 
to all Water Management Division Directors in EPA Regions 1 – 10, entitled “Revisions to the 
November 22, 2002 Memorandum ‘Establishing Total Maximum Daily Load (TMDL) 
Wasteload Allocations (WLAs) for Storm Water Sources and NPDES Permit Requirements 
Based on Those WLAs.’”  In this memorandum, EPA states that it is “updating and revising” 
four elements of the 2002 guidance in order to reflect “current practices and trends” in permits 
and WLAs for stormwater discharges, specifically: 
 

• Providing numeric water quality-based effluent limitations in NPDES permits for 
stormwater discharges; 

• Disaggregating stormwater sources in a WLA; 
• Using surrogates for pollutant parameters when establishing targets for TMDL 

loading capacity; and 
• Designating additional stormwater sources to regulate and treating load allocations as 

wasteload allocations for newly regulated stormwater sources. 
 
The undersigned organizations have serious concerns both with the substance of this 
memorandum, particularly with the first and third elements above, and with the process and 
timing of its distribution.  We believe that the memorandum contains significant misstatements 
of the existing law and regulations applicable to municipal separate storm sewer systems (MS4s), 
and that even if the memorandum itself is not subject to judicial review any future NPDES 
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permits or TMDLs based on the guidance contained in the memorandum would be subject to 
legal challenge. 
 
Process and Timing 
 
As it stands, the November 12 memorandum would make sweeping changes in the Agency’s 
existing approach to the development of WLAs for municipal stormwater sources and the 
issuance of MS4 permits for those sources.  These changes appear to reflect some of the options 
that are currently being considered by the Agency in the context of the national rulemaking it has 
initiated to strengthen its stormwater regulatory program.  That initiative was announced by the 
Agency on December 28, 2009 (74 Fed. Reg. 68617), and EPA has subsequently stated that its 
intention is to issue a final regulation by November of 2012.  All of the undersigned 
organizations and many of their individual members have participated in this rulemaking 
initiative, and have submitted written comments to the Agency regarding its proposed changes to 
the stormwater permit program.  The unexpected release of the November 12 guidance 
memorandum is particularly inappropriate in light of this ongoing rulemaking effort, because the 
substance of the memorandum effectively presumes the outcome of that initiative before a 
proposed version of the regulation has been made available for public review and comment. 
 
Furthermore, the issuance of the November 12 memorandum without solicitation of any input 
from the regulated community is procedurally improper, because the memorandum proposes 
significant substantive changes to existing EPA policy.  For example, the 2002 guidance stated 
that: 
 

EPA expects that most WQBELs for NPDES-regulated municipal and small 
construction storm water discharges will be in the form of BMPs, and that 
numeric limits will be used only in rare instances. 
 

This statement was consistent with EPA’s existing stormwater regulations at 40 CFR §122.34 
and with the guidance contained in EPA’s August 26, 1996 Interim Permitting Approach for 
Water-Quality Based Effluent Limitations in Storm Water Permits, 61 Fed. Reg.43761, and its 
November 6, 1996 Questions and Answers Regarding Implementation of an Interim Permitting 
Approach for Water Quality-Based Effluent Limitations in Storm Water Permits, 61 Fed. Reg. 
57425.  Each of the latter two documents were formal policies signed by the Assistant 
Administrator for Water and duly published in the Federal Register.  In contrast to the approach 
described in those formal regulations and policy statements, the November 12 memorandum 
states that EPA’s “expectations have changed as the stormwater permit program has matured,” 
and that: 
 

EPA now recognizes that where the NPDES authority determines that MS4 
discharges and/or small construction stormwater discharges have the reasonable 
potential to cause or contribute to water quality standards excursions, permits for 
MS4s and/or small construction stormwater discharges should contain numeric 
effluent limitations where feasible to do so. 
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The expression of such a fundamental change in EPA’s approach to MS4 permitting in an 
informal guidance memorandum, without public review or comment and without publishing 
notice of its issuance in the Federal Register is improper.  A substantial body of case law 
suggests that when an agency significantly changes its interpretation of an existing policy, the 
agency must do so after engaging in formal notice and comment rulemaking.  See, e.g., 
Paralyzed Veterans of America v. D.C. Arena, 117 F.3d 579 (D.C. Cir. 1997); Appalachian 
Power Co. v. EPA, 208 f.3d 1015 (DC. Cir. 2000).  In CropLife America v. EPA, 329 F.3d 876 
(D.C. Cir. 2003), the D.C. Circuit Court of Appeals held that a document containing “clear and 
unequivocal language, which reflects an obvious change in established agency practice,” is 
subject to notice and comment rulemaking requirements under the Administrative Procedure Act.  
Similarly, in Alaska Professional Hunters Ass’n, Inc. v. Federal Aviation Administration, 177 
F.3d 1030 (D.C. Cir. 1999), the court stated that: 
 

When an agency has given its regulation a definitive interpretation, and later 
significantly revises that interpretation, the agency has in effect amended its rule, 
something it may not accomplish without notice and comment. Syncor Int'l Corp. 
v. Shalala, 127 F.3d 90, 94-95 (D.C.Cir.1997), is to the same effect: a 
modification of an interpretive rule construing an agency's substantive regulation 
will, we said, "likely require a notice and comment procedure." 

 
The November 12 memorandum clearly reflects a fundamental change in the Agency’s previous 
interpretations of its existing municipal stormwater permit regulations.  To move from the 
position that numeric effluent limitations will be used “only in rare instances” to a 
recommendation that such limits should be used “where feasible” is the type of “obvious 
change” in the Agency’s permitting regime that was addressed in the CropLife decision.  329 
F.2d at 881.   
 
Indeed, the memorandum goes even further than this, by stating that the type of numeric, water 
quality-based effluent limitations that EPA now expects to see included in both municipal and 
industrial stormwater permits should “use numeric parameters such as pollutant concentrations, 
pollutant loads, or numeric parameters acting as surrogates for pollutants, such as stormwater 
flow volume or percentage or amount of impervious cover.”  This would represent a dramatic 
change in the type of conditions that have been required in such permits over the last two 
decades of the stormwater program.  Despite certain verbal assurances that we have received 
from the Agency that it does not intend to impose such restrictions as end-of-pipe limits on each 
individual MS4 outfall, that is the advice which the memorandum appears on its face to be 
giving to State and Regional permitting authorities.1  If the memorandum means what it appears 
to say, it would be a major shift in policy that should only be adopted after formal consultation 
with affected members of the regulated community and the public at large. 
 
 

                                                 
1 As noted at page 4 of the memorandum, EPA recognized at the time of its original, 2002 guidance memo that “the 
available data and information usually are not detailed enough to determine waste load allocations for NPDES-
regulated storm water discharges on an outfall-specific basis.”  However, the memorandum suggests that permit 
writers now “may have better data or better access to data and, over time, may have gained more experience since 
2002” in developing WLAs for specific categories of discharges. 
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Mischaracterization of Existing Law and Regulation 
 
1. Compliance with Water Quality Standards.   
 
We have serious concerns with EPA’s mischaracterization of the applicable statutory and 
regulatory requirements for municipal stormwater permits in the memorandum.  The Agency’s 
purported justification for the imposition of numeric effluent limitations in MS4 permits relies 
upon a distortion of the plain language of the Clean Water Act (CWA), and a mischaracterization 
of the Ninth Circuit’s holding in Defenders of Wildlife v. Browner, 191 F.3d 1159 (9th Cir. 1999).  
The opening clause of CWA § 402(p)(3)(b)(iii) states that, unlike industrial stormwater permits, 
MS4 permits “shall require controls to reduce the discharge of pollutants to the maximum extent 
practicable . . . .”  A subordinate clause goes on to specify that such controls shall include 
“management practices, control techniques and system, design and engineering methods, and 
such other provisions as the Administrator or the State determines appropriate for the 
control of such pollutants.”  Each of those controls is subject to the limitation in the first clause 
that they shall be required “to the maximum extent practicable.” 
 
However, EPA’s November 12 memorandum paraphrases this provision in a manner which 
suggests that the final clause referring to “such other provisions as the Administrator or the State 
determines appropriate” is independent and coequal with the requirement to reduce pollutants to 
the “maximum extent practicable.”  This paraphrase distorts the syntax of  § 402(p)(3)(B)(iii) 
and the intent of Congress in enacting this provision.  The November 12 memorandum also 
suggests, incorrectly, that the Ninth’s Circuit’s opinion in Defenders supports this misreading of 
the statute.  It is true that, in dicta at the end of its decision, the court suggested that the “such 
other provisions” clause allowed EPA the discretion to include “either management practices or 
numeric limitations” in MS4 permits.  The court did not say, however, that the discretion to 
include numeric limitations or to require compliance with water quality standards could be 
exercised without regard to the “maximum extent practicable” limitation in the statute.  That 
issue was not presented by the facts of the case before it, and it was not addressed in the court’s 
opinion.  Had the court so ruled, it would have been contrary to the plain language of the statute 
and subject to reversal on appeal. 
 
In fact, the federal courts have consistently ruled that the MEP standard is the only standard that 
MS4 discharges are required to meet.  Natural Resources Defense Council, Inc. v. U.S. EPA, 966 
F.2d 1292, 1308 (9th Cir. 1992) (CWA § 402(p)(3)(B) “retained the existing, stricter controls for 
industrial stormwater dischargers but prescribed new controls for municipal storm water 
discharge); Defenders of Wildlife v. Browner, 191 F.3d 1159, 1165 (9th Cir. 1999) (CWA § 
402(p)(3)(B) “replaces” the requirements of § 301 with the MEP standard for MS4 discharges, 
and it creates a “lesser standard” than § 301 imposes on other types of discharges); 
Environmental Defense Center v. EPA, 319 F.3d 398 (9th Cir. 2003), vacated, rehearing denied 
by, and amended opinion issued at 344 F.3d 832 (9th Cir. 2003) (CWA “requires EPA to ensure 
that operators of small MS4s ‘reduce the discharge of pollutants to the maximum extent 
practicable’”); Mississippi River Revival, Inc. v. City of St. Paul, 2002 U.S. Dist. LEXIS 25384 
(N.D. Minn. 2002) (“the CWA specifically exempts municipal storm water permittees” from the 
requirement to ensure that water quality standards are met). 
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Consequently, the Agency’s recommendation in the November 12 memorandum that, where 
feasible, NPDES authorities should include numeric effluent limitations as necessary to meet 
water quality standards whenever MS4 discharges have the reasonable potential to cause or 
contribute to an excursion of those standards not only signals a dramatic change in EPA’s 
existing policy, but also exceeds the Agency’s authority under the CWA.  The qualification that 
such limits shall be used where “feasible” appears to relate only to the permitting authority’s 
technical ability to calculate the necessary limitations, whereas the “maximum extent 
practicable” standard in the CWA was intended to encompass both the technical and economic 
achievability of the controls imposed on municipal dischargers.  Further, stormwater discharges 
are highly variable in peak and volume.  Implementation of numeric effluent limits to stormwater 
discharges fails to recognize this variability.  Current stormwater treatment technologies are 
generally limited to treating the first 3/4” to 1” of rainfall during a 24 hour period.  Technologies 
to economically treat larger or longer storms do not exist.  Lastly, many existing state water 
quality standards were developed prior to the 1987 CWA amendments that led to the creation of 
NPDES programs for stormwater management.  Consequently, they did not foresee the need to 
consider the ramifications of managing stormwater when setting water quality standards.  Most 
existing standards are limited to consideration of steady-state streamflow conditions that occur 
during dry weather.  Existing water quality standards are therefore inappropriate for managing 
transitory, non-steady state storm flow conditions and inappropriate for establishing numeric 
effluent limits in stormwater permits for storm flow conditions. 
 
Moreover, it is not at all clear that the types of numeric effluent limitations contemplated by the 
memorandum are “feasible” in a purely technical sense.  For example, a recent study on “The 
Feasibility of Numeric Effluent Limits Applicable to Discharges of Storm Water Associated with 
Municipal, Industrial and Construction Activities” contained in the Storm Water Panel 
Recommendations to the California State Water Resources Control Board (June 19, 2006) 
concluded that “[i]t is not feasible at this time to set enforceable numeric effluent criteria for 
municipal BMPs and in particular urban discharges,” and that “[f]or catchments not treated by a 
structural or treatment BMP, setting a numeric effluent limit is basically not possible.”  EPA 
suggests in the memorandum that State and EPA have obtained “considerable experience” in 
calculating TMDLs and WLAs for stormwater sources since 2002, that monitoring the impacts 
of stormwater sources has become “more sophisticated and widespread,” and that “better 
information” on the effectiveness of stormwater controls is now available.  However, it does not 
provide that information in this memorandum, nor does it suggest that the recent information and 
experience to which it alludes support the technical feasibility of reducing the impact of 
municipal stormwater sources to meet the type of numeric effluent limitations it seeks to impose.  
The undersigned organizations would appreciate the opportunity to review and discuss this 
information. 
 
2. Consistency with TMDL Wasteload Allocations.  
 
The November 12 memorandum also misrepresents existing law in stating that, if the State or 
EPA has established a TMDL for an impaired water that includes WLAs for stormwater 
discharges, “permits for either industrial stormwater discharges or MS4 discharges must contain 
effluent limits and conditions consistent with those WLAs.”  The requirement to meet TMDL 
WLAs is merely a subset of the requirement to meet water quality standards, which those WLA’s 
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are calculated to implement.2  Since MS4 discharges are not subject to the requirement to meet 
water quality standards to begin with, they cannot be required to comply with TMDL WLAs 
without regard to the “maximum extent practicable” standard established in the Act. 
 
The only authority cited in the memorandum for EPA’s assertion that both industrial and 
municipal stormwater permits must contain effluent limitations consistent with TMDL WLAs is 
a subsection in the Agency’s general NPDES permit regulations at 40 CFR 
§ 122.44(d)(1)(vii)(B).  However, that rule does not apply to municipal stormwater permits.  The 
opening sentence of 40 CFR § 122.44 states that “each NPDES permit shall include conditions 
meeting the following requirements when applicable.”  The rule then enumerates a variety of 
permit conditions, some of which apply to municipal stormwater permits, and others that do not.  
The subject of subsection (d) is the requirement to ensure compliance with state water quality 
standards, which (as discussed above) applies to all NPDES permits except MS4 permits.   
 
The opening sentence to subsection (d) of the rule has been included in the Agency’s general 
NPDES permit regulations since 1983, long before the 1987 CWA amendments created the 
separate and independent “maximum extent practicable” standard for MS4 discharges.  In 1989, 
subsection (d) was expanded by the addition of the seven subparagraphs in § 122.44(d)(1) to 
further describe the procedures a permitting authority should use to determine whether an 
NPDES permit must include a water quality-based effluent limit.  54 Fed. Reg. 23868 (June 2, 
1989).  Each of the additional provisions was intended to describe the procedures for 
implementing state water quality standards.  Subparagraph (vii) was added to describe two 
fundamental principles for deriving water quality-based effluent limits: first, that they must be 
derived from water quality standards, and second that they must be consistent with any WLAs 
based upon those water quality standards.  Id.   
 
Shortly after the 1989 revisions to 40 CFR § 122.44 were promulgated, EPA issued an August 21, 
1989 memorandum from James R. Elder, Director, Office of Water Enforcement, to Water 
Management Division Directors, Regions I – X entitled “New Regulations Governing Water 
Quality-Based Permitting in the NPDES Permitting Program” That memorandum emphasized 
that the additional provisions in 40 CFR § 122.44(d) were merely intended to clarify existing 
requirements for water quality-based permitting.  As explained in the memorandum, 
 

Subsection (d) covers water quality standards and state requirements.  Prior to the 
promulgation of these new regulations the subsection was non-specific, requiring 
only that NPDES permits be issued with requirements more than promulgated 
effluent guidelines as necessary to achieve water quality standards.  We have 
strengthened considerably the requirements of §122.44(d).  The new language is 
very specific and requires water quality-based permit limits for specific toxicants 
and whole effluent toxicity where necessary to achieve state water quality 
standards.  (Emphasis added.) 
 

Because MS4 permits are not required to achieve state water quality standards, as discussed 
above, none of the requirements in 40 CFR § 122.44(d) are applicable to such permits.  Pursuant 
to the plain language of the CWA, and consistent with the Ninth Circuit’s decision in Defenders 
                                                 
2 Cf. 40 CFR § 130.2(h):  “WLAs constitute a type of water quality-based effluent limitation.” 
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of Wildlife v. Browner, EPA may exercise its discretion to require MS4 discharges to comply 
with water quality standards, or WLAs based on those standards, only to the “maximum extent 
practicable.” 
 
Use of Surrogates for Pollutant Parameters 
 
The undersigned organizations all support the goal of reducing pollutants and improving water 
quality.  However, we have serious concerns with EPA’s suggestion in the November 12 
memorandum that NPDES authorities should use a numeric target for stormwater volume or 
impervious cover as a “surrogate parameter” for specific pollutants when developing TMDL 
WLAs for waters impaired by stormwater sources.  We do not believe that the CWA or the 
Agency’s implementing regulations give EPA the authority to regulate flow as a surrogate for 
pollutants in TMDLs.  CWA § 303(d) requires each State to establish the total maximum daily 
load for specific “pollutants,” at a level necessary to implement the applicable water quality 
standards for those pollutants.  Stormwater flow or volume, while it may contribute to 
“pollution” within the meaning of CWA § 502(19), is not a “pollutant” as defined in CWA § 
502(6).  We do not believe that the statement in 40 CFR §130.2(i) that “TMDLs can be 
expressed in terms of mass per time, toxicity or other appropriate measure” relieves the 
permitting authority of the obligation to calculate the necessary load for specific pollutants.  Nor 
does the mere fact that “it may be difficult to identify a specific pollutant (or pollutants) causing 
the impairment” for waters impaired by stormwater sources excuse the requirement that 
“TMDLs shall be established for all pollutants preventing or expected to prevent attainment of 
water quality standards.”  40 CFR § 130.7(c)(1)(ii). 
 
Although the concept of using flow or impervious cover as surrogates for pollutants in setting 
TMDL loading targets may have been implemented in some States (Connecticut, Maine and 
Vermont), as EPA suggests, to our knowledge the legal basis for this approach has not yet been 
examined by the courts, and it has been opposed in other locations.  For example, the comments 
filed by the Commonwealth of Virginia Department of Transportation (VDOT) to the draft 
Benthic TMDL for Accotink Creek in Fairfax County, Virginia, point out that since stream flow 
is not a pollutant the draft TMDL fails to establish a quantifiable load for anything within the 
legal definition of a pollutant.  VDOT recommends, instead, that stream flow and subsequent 
reductions in flow be identified as possible best management practices during implementation as 
opposed to being used for the WLA.3 
 
We agree that reductions in stormwater flow through the implementation of BMPs, including 
“green infrastructure” and “low impact development” can help reduce pollutant loads from 
municipal stormwater sources and achieve improvements in water quality.  However, under the 
Agency’s existing statutory and regulatory authority, those reductions cannot be expressed as 
specific numeric targets for stormwater flow volume or impervious cover in calculating TMDL 
WLAs. 
 
 
 
 
                                                 
3 Comments submitted to EPA Region 3 on August 11, 2010. 
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Conclusion 
 
The undersigned organizations and their members are committed to improving municipal 
stormwater quality through the use of BMPs and green infrastructure/LID concepts.   We 
are eager to continue working with the Agency on water quality improvements for both 
stormwater and non-stormwater discharges.  However, the implementation of numeric limits 
continues to be inappropriate both economically and technologically until such time as treatment 
technology advances to a state where larger volume flows can be treated in a more economic 
fashion.  Given these difficulties and in light of the dramatic changes to EPA’s existing policies 
for municipal stormwater permits reflected in the November 12 memorandum, as well as the 
fundamental shortcomings in the Agency’s analysis of its legal authority for those changes, we 
recommend that the memorandum be withdrawn for further consideration.  That process should 
include consultation with the regulated community, and we look forward to working with the 
Agency in that regard.  Further, such sweeping changes to the Agency’s municipal stormwater 
program are premature and should not be implemented prior to the release of the final 
regulations that the Agency is expecting to issue by November of 2012. 
 

 
Sincerely, 
 
 
 
Peter B. King 
Executive Director 
American Public Works Association 
 
 
 
 
Ken Kirk  
Executive Director 
National Association of Clean Water Agencies 
 
 
 
Susan Gilson 
Executive Director 
National Association of Flood & Stormwater Management Agencies 
 
cc: Nancy Stoner, OW 
 James Hanlon, OWM 
 Denise Keehner, OWOW 
 Water Management Division Directors, Regions 1-10 
 Water Quality Branch Chiefs, Regions 1 - 10 
 Permits Branch Chiefs, Regions 1 – 10 
 Association of State and Interstate Water Pollution Control Administrators 
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Los Angeles County MS4 Permit- June 6 2012 

EXCERPTS RELEVANT TO TMDLS, SECTIONS INCLUDED ARE THOSE TO 
WHICH CHANGES ARE PROPOSED  
II. FINDINGS (PP. 20-23) 

J.1. Total Maximum Daily Loads (TMDLs) 

Clean Water Act section 303(d)(1) requires each state to identify the waters within its boundaries 
that do not meet water quality standards. Water bodies that do not meet water quality standards 
are considered impaired and are placed on the state’s “CWA Section 303(d) List”. For each listed 
water body, the state is required to establish a TMDL of each pollutant impairing the water 
quality standards in that water body. A TMDL is a tool for implementing water quality standards 
and is based on the relationship between pollution sources and in-stream water quality 
conditions. The TMDL establishes the allowable pollutant loadings for a water body and thereby 
provides the basis to establish water quality-based controls. These controls should provide the 
pollution reduction necessary for a water body to meet water quality standards. A TMDL is the 
sum of the allowable pollutant loads of a single pollutant from all contributing point sources (the 
waste load allocations or WLAs) and nonpoint sources (load allocations or LAs), plus the 
contribution from background sources and a margin of safety. (40 CFR section 130.2(i).) MS4 
discharges are considered point source discharges. 

40 CFR 122.44(k)(3) allows the use of BMPs to control or abate the discharge of pollutants 
when numeric effluent limitations are infeasible or when practices are reasonably necessary to 
achieve effluent limitations and standards or to carry out the purposes and intent of the CWA. 
The legislative history and the preamble to the federal storm water regulations indicated that 
Congress and the USEPA were aware of the difficulties in regulating urban and storm water 
runoff solely through traditional end-of-pipe treatment.  

Numerous receiving waters within Los Angeles County do not meet water quality standards or 
fully support beneficial uses and therefore have been classified as impaired on the State’s 303(d) 
List. The Regional Water Board and USEPA have each established TMDLs to address many of 
these water quality impairments. Pursuant to CWA section 402(p)(B)(3)(iii) and 40 CFR section 
122.44(d)(1)(vii)(B), this Order includes requirements that are consistent with and implement 
WLAs that are assigned to discharges from the Los Angeles County MS4 from 33 State adopted 
and USEPA established TMDLs. This Order requires Permittees to comply with the TMDL 
Provisions in Part VI.E and Attachments L through R, which are consistent with the assumptions 
and requirements of the TMDL WLAs assigned to discharges from the Los Angeles County 
MS4. A comprehensive list of TMDLs by watershed management area and the Permittees 
subject to each TMDL is included in Attachment K. 

This Order requires the development of Watershed Management Programs that will include 
TMDL Control Measures (Part VI.C.3) and Reasonable Assurance Analyses (Part VI.C.5) that 
will attain the TMDL WLAs.  If control measures proposed and implemented per the Watershed 
Management Programs and other requirements are not effective in meeting WLAs, the 
Permittees are required to revise the Watershed Management Programs with additional control 
measures. 
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Absent the development and/or implementation of the Permittee developed Watershed 
Management Programs, the WLAs will become final numeric WQBELs. 

Waste load allocations in these TMDLs are expressed in several ways depending on the nature of 
the pollutant and its impacts on receiving waters and beneficial uses.  

Bacteria WLAs assigned to MS4 discharges are expressed as the number of allowable 
exceedance days that a water body may exceed the Basin Plan water quality objectives 
for protection of the REC-1 beneficial use. Since the TMDLs and the WLAs contained 
therein are expressed as receiving water conditions, receiving water limitations have been 
included in this Order that are consistent with and implement the allowable exceedance 
day WLAs. WQBELs to attain the WLAs consist of TMDL Control Measures and are 
defined in the details of the Watershed Management Programs. Permittees demonstrate 
compliance with the TMDL provisions by implementing the actions and schedules 
identified in the Watershed Management Programs. Permittees may also demonstrate 
compliance with the WQBELs and TMDL by showing 1) Receiving waters Water 
quality-based effluent limitations are also included meet equivalent to the Basin Plan 
water quality objectives 2) there is no discharge from the MS4, or 3) demonstrating 
attainment of the WLAs for MS4 discharges.  to allow the opportunity for Permittees to 
individually demonstrate compliance at an outfall or jurisdictional boundary, thus 
isolating the Permittee’s pollutant contributions from those of other Permittees and from 
other pollutant sources to the receiving water. 

WLAs for trash are expressed as progressively decreasing allowable amounts of trash 
discharges from a Permittee’s jurisdictional area within the drainage area to the impaired 
water body. WQBELs to attain the WLAs consist of TMDL Control Measures and are 
outlined in Section ** or defined in the details of the Watershed Management Programs, 
which are required to implement the provisions of the Trash TMDLs including the 
specific formula for calculating and allocating annual reductions in trash discharges from 
each jurisdictional area within a watershed. Permittees demonstrate compliance with the 
TMDL provisions by implementing the actions and schedules identified in the Watershed 
Management Programs. Permittees may also demonstrate compliance with the BMP-
based WQBELs and TMDL by showing 1) Receiving waters meet the Basin Plan water 
quality objectives 2) there is no discharge from the MS4, or 3) demonstrating attainment 
of the WLAs for MS4 discharges. 

The Trash TMDLs require each Permittee to make annual reductions of its discharges of 
trash over a set period, until the numeric target of zero trash discharged from the MS4 is 
achieved. The Trash TMDLs specify a specific formula for calculating and allocating 
annual reductions in trash discharges from each jurisdictional area within a watershed. 
The formula results in specified annual amounts of trash that may be discharged from 
each jurisdiction into the receiving waters. Translation of the WLAs or compliance points 
described in the TMDLs into jurisdiction-specific load reductions from the baseline 
levels, as specified in the TMDL, logically results in the articulation of an annual 
limitation on the amount of a pollutant that may be discharged. The specification of 
allowable annual trash discharge amounts meets the definition of an “effluent limitation”, 
as that term is defined in subdivision (c) of section 13385.1 of the California Water Code. 
Specifically, the trash discharge limitations constitute a “numeric restriction … on the 
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quantity [or] discharge rate … of a pollutant or pollutants that may be discharged from an 
authorized location.” 

TMDL WLAs for other pollutants (e.g., metals and toxics) are expressed as concentration 
and/or mass. WQBELs to attain the WLAs consist of TMDL Control Measures and are 
defined in the details of the Watershed Management Program. and water quality-based 
effluent limitations have been specified consistent with the expression of the WLA, 
including any applicable averaging periods. Permittees demonstrate compliance with the 
TMDL provisions by implementing the actions and schedules identified in the Watershed 
Management Programs. Permittees may also demonstrate compliance with the BMP-
based WQBELs and TMDL by showing 1) Receiving waters meet the Basin Plan water 
quality objectives 2) there is no discharge from the MS4, or 3) demonstrating attainment 
of the WLAs for MS4 discharges. Some TMDLs specify that, if certain receiving water 
conditions are achieved, such achievement constitutes attainment of the WLA. In these 
cases, receiving water limitations and/or provisions outlining these alternate means of 
demonstrating compliance are included in the TMDL provisions in Part VI.E of this 
Order. 

The inclusion of TMDL control measure-based water quality-based effluent limitations and 
receiving water limitations to implement applicable WLAs provides a clear means of identifying 
required actions that will attain the desired water quality outcomes within the permit and ensures 
accountability by Permittees to implement actions necessary to achieve the limitations. The 
permit is clear that attainment of applicable water quality standards and consistency with the 
assumptions and requirements of any applicable WLA are requirements of the Permit, but, given 
the iterative nature of this requirement under CWA Section 402(p)(3)(B)(iii), the permit is also 
clear that compliance with the performance standards and provisions contained in the permit 
constitutes adequate progress toward compliance with WLAs for this permit term.  

A number of the TMDLs for bacteria, metals, and toxics establish WLAs that are assigned 
jointly to a group of Permittees whose storm water and/or non-storm water discharges are or may 
be commingled in the MS4 prior to discharge to the receiving water subject to the TMDL. 
TMDLs address commingled MS4 discharges by assigning a WLA to a group of MS4 Permittees 
based on co-location within the same subwatershed. Permittees with co-mingled MS4 discharges 
are jointly responsible for meeting the water quality-based effluent limitations and receiving 
water limitations assigned to MS4 discharges in this Order. "Joint responsibility" means that the 
Permittees that have commingled MS4 discharges are responsible for implementing programs in 
their respective jurisdictions, or within the MS4 for which they are an owner and/or operator, to 
meet the water quality-based effluent limitations and/or receiving water limitations assigned to 
such commingled MS4 discharges. 

In these cases, federal regulations state that co-permittees need only comply with permit 
conditions relating to discharges from the MS4 for which they are owners or operators (40 CFR 
§ 122.26(a)(3)(vi)). Individual co-permittees are only responsible for their contributions to the 
commingled MS4 discharge. This Order does not require a Permittee to individually ensure that 
a commingled MS4 discharge meets the applicable water quality-based effluent limitations 
included in this Order, unless such Permittee is shown to be solely responsible for an 
exceedance. 
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Additionally, this Order allows a Permittee to clarify and distinguish their individual 
contributions and demonstrate that its MS4 discharge did not cause or contribute to exceedances 
of applicable water quality-based effluent limitations and/or receiving water limitations. If such a 
demonstration is made, though the Permittee’s discharge may commingle with that of other 
Permittees, the Permittee would not be held jointly responsible for the exceedance of the water 
quality-based effluent limitation or receiving water limitation. Individual co-permittees who 
demonstrate compliance with the water quality-based effluent limitations will not be held 
responsible for violations by non-compliant co-permittees. 

Given the interconnected nature of the Los Angeles County MS4, however, the Regional Water 
Board expects Permittees to work cooperatively to control the contribution of pollutants from 
one portion of the MS4 to another portion of the system through inter-agency agreements or 
other formal arrangements. 

IV. EFFLUENT LIMITATIONS AND DISCHARGE SPECIFICATIONS (P. 37) 

A. Effluent Limitations 

1. Technology Based Effluent Limitations: Each Permittee shall reduce pollutants in storm 
water discharges from the MS4 to the maximum extent practicable (MEP). 

2. Water Quality-Based Effluent Limitations (WQBELs). This Order establishes WQBELs 
consistent with the assumptions and requirements of all available TMDL waste load allocations 
assigned to discharges from the Los Angeles County MS4.  

a. Each Permittee shall comply with applicable WQBELs as set forth in Part VI.E of this 
Order, pursuant to applicable compliance schedules. 

VI. PROVISIONS (P. 111-123) 

E. Total Maximum Daily Load Provisions 

1. The provisions of this Part VI.E. implement and are consistent with the assumptions and 
requirements of all waste load allocations (WLAs) established in TMDLs for which some or all 
of the Permittees in this Order are responsible. 

a. Part VI.E of this Order includes provisions that are designed to assure that Permittees 
achieve WLAs and meet other requirements of TMDLs covering receiving waters impacted by 
the Permittees’ MS4 discharges. TMDL provisions are grouped by Watershed Management 
Area WMA (WMA) in Attachments L through R.  

b. The Permittees subject to each TMDL are identified in Attachment K. 

2.  Water Quality Based Effluent Limitations Implementing TMDL WLAs 

In lieu of inclusion of numeric water quality based effluent limitations at this time, this Order 
requires Permittees subject to WLAs to propose and implement best management practices 
(BMPs) that will be effective in ultimately achieving the numeric WLAs. The Regional Water 
Board may, at its discretion, revisit this decision within the term of this Order or in a future 
permit, as more information is developed to support the inclusion of numeric water quality based 
effluent limitations. 

a. The Permittees shall attain the applicable WLAs contained in Attachments L through R, by 
implementing water quality based effluent limitations (WQBELs) defined in Part VI.E.2.c and 
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VI.E.2.d in accordance with the assumptions and requirements of the WLAs established in the 
TMDLs, including implementation plans and schedules, where provided for in the State 
adoption and approval of the TMDL (40 CFR §122.44(d)(1)(vii)(B); Cal. Wat. Code 
§13263(a)). 

b.iii. Pursuant to Part VI.C, a Permittee may, individually or as part of a watershed-based 
group, develop and submit for approval by the Regional Water Board Executive Officer a 
Watershed Management Program that addresses all water quality-based effluent 
limitationsWLAs and receiving water limitations to which the Permittee is subject pursuant to 
established TMDLs. 

c. Where an Executive Officer Approved Watershed Management Program has been 
approved, WQBELs to implement TMDL WLAs are defined as the TMDL control measures 
outlined in the approved Watershed Management Program Plan consistent with Part VI.C.   

c. The Permittees shall comply with the applicable water quality-based effluent limitations 
and/or receiving water limitations contained in Attachments L through R, consistent with the 
assumptions and requirements of the WLAs established in the TMDLs, including 
implementation plans and schedules, where provided for in the State adoption and approval of 
the TMDL (40 CFR §122.44(d)(1)(vii)(B); Cal. Wat. Code §13263(a)). 

d. A Permittee may comply with water quality-based effluent limitations and/or receiving water 
limitations in Attachments L through R using any lawful means. 

32. Compliance Determination 

a. General 

id. A Permittee may comply with the water quality- based effluent limitations implementing 
the water quality-based effluent limitations and/or receiving water limitationsWLAs in 
Attachments L through R using any lawful means. 

i. A Permittee shall demonstrate compliance at compliance monitoring points established in 
each TMDL or, if not specified in the TMDL, at locations identified in an approved TMDL 
monitoring plan or in accordance with an approved integrated monitoring program per 
Attachment E, Part VI.C.5 (Integrated Watershed Monitoring and Assessment).  

ii. Compliance with water quality-based effluent limitations shall be determined as 
described in Parts VI.E.2.d, VI.E.2.e, VI.E.2.f or VI.E.2.g below.Parts VI.E.2.d and 
VI.E.2.e, or for trash water quality-based effluent limitations as described in Part VI.E.5.b, 
or as otherwise set forth in TMDL specific provisions in Attachments L through R.  

iii. A Permittees obligation to meet the WLAs is met if the water quality standards in the 
impaired receiving waters are met as shall demonstratedemonstrated through monitoring 
compliance at compliance monitoring points established in each TMDL or , if not specified 
in the TMDL, at locations identified in an approved TMDL monitoring plan, or in 
accordance with an approved integrated monitoring program per Attachment E, Part VI.C.5 
(Integrated Watershed Monitoring and Assessment).  

iv. If a Permittee fails to demonstrate compliance with water quality-based effluent 
limitations through one of the methods described in Parts VI.E.2.d, VI.E.2.e, VI.E.2.f or 
VI.E.2.g below, or as otherwise set forth in TMDL specific provisions in Attachments L 
through R, they will be considered in violation of this Order.   
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v.[TechEd1] If the implementation of a Watershed Management Program does not result 
achievement of the WLAs in accordance with the Reasonable Assurance Analysis and 
Schedule, Permittees are required to demonstrate that additional TMDL Control Measures 
are being implemented and will result in compliance with the WLAs in the shortest time 
possible.  

iii. Pursuant to Part VI.C, a Permittee may, individually or as part of a watershed-based group, 
develop and submit for approval by the Regional Water Board Executive Officer a Watershed 
Management Program that addresses all water quality-based effluent limitations and receiving 
water limitations to which the Permittee is subject pursuant to established TMDLs. 

b. Commingled Discharges 

i. A number of the TMDLs establish WLAs that are assigned jointly to a group of 
Permittees whose storm water and/or non-storm water discharges are or may be 
commingled in the MS4 prior to discharge to the receiving water subject to the TMDL. 

ii. In these cases, pursuant to 40 CFR section 122.26(a)(3)(vi), each Permittee is only 
responsible for discharges from the MS4 for which they are owners and/or operators. 

iii. Where Permittees have commingled discharges to the receiving water, compliance at the 
outfallattainment of the WLA or  to the receiving water or in the receiving water standards 
shall be determined for the group of Permittees as a whole unless an individual Permittee 
demonstrates that its discharge did not cause or contribute to the exceedance, pursuant to 
subpart v. below. 

iv. For purposes of compliance determination, each all Permittees that have contributed to 
the commingled discharge is are responsible for demonstrating determining the source of 
pollutants. that its discharge did not cause or contribute to an exceedance of an applicable  
at the outfall or receiving water limitation(s) in the target receiving water.  

v. A Permittee may demonstrate that its discharge did not cause or contribute to an 
exceedance of an applicable water quality-based effluent limitation WLA or receiving water 
limitation in any of the following ways:  

(1) Demonstrate that there is no discharge from the Permittee’s MS4 into the applicable 
receiving water; or  

(2) Demonstrate that the discharge from the Permittee’s MS4 is treated to a level that 
does not exceed the applicable water quality-based effluent limitationWLA or receiving 
water standard; or 

(3) For exceedances of bacteria receiving water limitations or water quality-based 
effluent WLAslimitations, demonstrate through a source investigation pursuant to 
protocols established under California Water Code section 13178 or other accepted 
source identification protocols that pollutant sources within the jurisdiction of the 
Permittee or the Permittee’s MS4 have not caused or contributed to the exceedance of the 
Receiving Water Limitation(s). 

(4) Demonstrate that its discharge contains contributions from other sources, including 
but not limited to discharges of other Permittees, which have the potential to have caused 
or contributed to the exceedance at issue. 
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c. Receiving Water Limitations Addressed by a TMDL 

i. For receiving water limitations in Part V.A. associated with water body pollutant 
combinations addressed in a TMDL, Permittees shall achieve compliance with the receiving 
water limitations in Part V.A. as outlined in this Part VI.E. and Attachments L through R of 
this Order.  

ii. A Permittee shall not be considered in violation of Part V.A. of this Order for the specific 
pollutant addressed in the TMDL, if it is in compliance with the applicable TMDL 
requirement(s), including compliance schedules, of this Part VI.E. and Attachments L 
through R. 

iii. As long as a Permittee is in compliance with the applicable TMDL requirements in a time 
schedule order (TSO) issued by the Regional Water Board pursuant to California Water Code 
sections 13300 and 13385(j)(3), it is not the Regional Water Board's intention to take an 
enforcement action for violations of Part V.A. of this Order for the specific pollutant(s) 
addressed in the TSO. . 

d. Interim Water Quality-Based Effluent Limitations Implementing WLAs and 

Receiving Water Limitations 

i. A Permittee shall be considered in compliance with an applicable WQBELs implementing 
interim or final water quality-based effluent limitationWLAs and/or interim receiving water 
limitation for the pollutant(s) associated with a specific TMDL if any of the following is 
demonstrated: 

(1) There are no violations of the interim water quality-based effluent limitation for the 
pollutant(s) associated with a specific TMDL at the Permittee’s applicable MS4 
outfall(s),381 including an outfall to the receiving water that collects discharges from 
multiple Permittees’ jurisdictions; 

(2) There are no exceedances of the applicable receiving water limitation for the 
pollutant(s) associated with a specific TMDL in the receiving water(s) at, or 
downstream of, the Permittee’s outfall(s);  

(3) There is no direct or indirect discharge from the Permittee’s MS4 to the receiving 
water during the time period subject to the water quality-based effluent limitation and/or 
receiving water limitation for the pollutant(s) associated with a specific TMDL; or 

(14) The Permittee has submitted and is fully implementing an approved Watershed 
Management Program pursuant to Part VI.C that provides reasonable assurance that 
interim or final water quality-based effluent limitationsWLAs will be achieved per 
applicable compliance schedules.  

(a) To be considered fully implementing an approved Watershed Management Program, 
a Permittee must be implementing actions consistent with the approved program and 
applicable compliance schedules, including structural BMPs. 

                                                 
1 38 An outfall may include a manhole or other point of access to the MS4 at the Permittee‟s jurisdictional boundary. 
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(b) Structural storm water BMPs must be designed and maintained to treat storm water 
runoff from the 85th percentile, 24-hour storm, and maintenance records must be up-to-
date and available for inspection by the Regional Water Board. 

(c) A Permittee that does not implement the Watershed Management Program in 
accordance with the milestones and compliance schedules shall demonstrate compliance 
with its interim or final water quality-based  

effluent limitations and/or receiving water limitations pursuant to Part VI.E.2.d.i.(21)-
(43), abovebelow. 

(21) There are no violations of the interim water quality-based effluent 
limitationexceedances of the interim or final numeric WLAs and/or water quality 
standards for the pollutant(s) associated with a specific TMDL at the Permittee’s 
applicable MS4 outfall(s),382 including an outfall to the receiving water that collects 
discharges from multiple Permittees’ jurisdictions; 

(32) There are no exceedances of the applicable receiving water limitationwater quality 
standard that would qualify the waterbody as being impaired for the pollutant(s) 
associated with a specific TMDL in the receiving water(s) at, or downstream of, the 
Permittee’s outfall(s); or 

(43) There is no direct or indirect discharge from the Permittee’s MS4 to the receiving 
water during the time period subject to the water quality-based effluent limitation and/or 
receiving water limitation for the pollutant(s) associated with a specific TMDL; or 

e4. State Adopted TMDLs where Final Compliance Deadlines have Passed 

a. Permittees shall comply immediately with water quality-based effluent limitations and/or 
receiving water limitations to implement WLAs in state-adopted TMDLs for which final 
compliance deadlines have passed pursuant to the TMDL implementation schedule.i.  

b. Where a Permittee believes that additional time to comply with the final water quality-
based effluent limitations and/or receiving water limitations is necessaryis necessary to 
meet an applicable WLA beyond that allowed in the TMDL compliance schedule, a 
Permittee may within 45 days of Order adoption request a time schedule order pursuant to 
California Water Code section 13300 for the Regional Water Board’s consideration.include 
a time schedule and justification for additional time in the Watershed Management 
Program. 

c. Permittees may either individually request a TSO, or may jointly request a TSO with all 
Permittees subject to the water quality-based effluent limitations and/or receiving water 
limitations, to implement the WLAs in the state-adopted TMDL.  

iid. At a minimum, a request for a time schedule orderthe justification for additional time in 
the Watershed Management Program Plan shall include the following:  

(1)i. Data demonstrating the current quality of the MS4 discharge(s) in terms of 
concentration and/or load of the target pollutant(s) to the receiving waters subject to the 
TMDL; 

                                                 
2 38 An outfall may include a manhole or other point of access to the MS4 at the Permittee‟s jurisdictional boundary. 
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ii(2). A detailed description and chronology of structural controls and source control 
efforts, since the effective date of the TMDL, to reduce the pollutant load in the MS4 
discharges to the receiving waters subject to the TMDL; 

iii(3). Justification of the need for additional time to achieve the water quality-based 
effluent limitations and/or receiving water limitations; 

iv(4). A detailed time schedule of specific actions the Permittee will take in order to 
achieve the water quality-based effluent limitations and/or receiving water limitations; 

v(5). A demonstration that the time schedule requested is as short as possible, taking into 
account the technological, operation, and economic factors that affect the design, 
development, and implementation of the control measures that are necessary to comply 
with the effluent limitation(s); and 

vi(6). If the requested time schedule exceeds one year, the proposed schedule shall 
include interim requirements and the date(s) for their achievement. The interim 
requirements shall include both of the following: 

(1a) Effluent limitation(s) for the pollutant(s) of concern; and 

(2b) Actions and milestones leading to compliance with the effluent limitation(s). 

iii. If a Permittee does not submit justification for additional time in a Watershed 
Management Program Plan, or the plan is determined to be inadequate by the Regional 
Water Board Executive Officer and the Permittee does not make the necessary revisions 
within 90 days of written notification that plan is inadequate, the Permittee shall be required 
to immediately demonstrate compliance with the numeric WLAs contained in Attachments 
L through R immediately based on monitoring data collected under the MRP (Attachment 
E) for this Order. 

e. Final Water Quality-based Effluent Limitations and/or Receiving Water 

Limitations 

i. A Permittee shall be deemed in compliance with an applicable final water quality-based 
effluent limitation and/or final receiving water limitation for the pollutant(s) associated with a 
specific TMDL if any of the following is demonstrated: 

(1) There are no violations of the final water quality-based effluent limitation for the specific 
pollutant at the Permittee’s applicable MS4 outfall(s)393; 

(2) There are no exceedances of applicable receiving water limitation for the specific pollutant 
in the receiving water(s) at, or downstream of, the Permittee’s outfall(s); or 

(3) There is no direct or indirect discharge from the Permittee’s MS4 to the receiving water 
during the time period subject to the water quality-based effluent limitation and/or receiving 
water limitation for the pollutant(s) associated with a specific TMDL. 

f3. USEPA Established TMDLs 

                                                 
3 39 Ibid. 
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TMDLs established by the USEPA, to which Permittees are subject, do not contain an 
implementation plan adopted pursuant to California Water Code section 13242. However, 
USEPA has included implementation recommendations as part of these TMDLs. In lieu of 
inclusion of numeric water quality based effluent limitations at this time, this Order requires 
Permittees subject to WLAs in USEPA established TMDLs to propose and implement best 
management practices (BMPs) that will be effective in ultimately achieving the numeric 
WLAs. The Regional Water Board may, at its discretion, revisit this decision within the term 
of this Order or in a future permit, as more information is developed to support the inclusion 
of numeric water quality based effluent limitations. 

ai. Each Permittee shall propose BMPs to achieve the WLAs contained in the applicable 
USEPA established TMDL(s), and a schedule for implementing the BMPs that is as short as 
possible, in a Watershed Management Program Plan.  

bii. Each Permittee may either individually submit a Watershed Management Program Plan, 
or may jointly submit a plan with all Permittees subject to the WLAs contained in the 
USEPA established TMDL. 

ciii. At a minimum, each Permittee shall include the following information in its Watershed 
Management Program Plan, relevant to each applicable USEPA established TMDL: 

(1)i. Available data demonstrating the current quality of the Permittee’s MS4 discharge(s) 
in terms of concentration and/or load of the target pollutant(s) to the receiving waters 
subject to the TMDL; 

ii(2). A detailed description of BMPs that have been implemented, and/or are currently 
being implemented by the Permittee to achieve the WLA(s), if any; 

iii(3). A detailed time schedule of specific actions the Permittee will take in order to 
achieve the applicable WLA(s); 

iv(4). A demonstration that the time schedule requested is as short as possible, taking into 
account the time since USEPA establishment of the TMDL, and technological, operation, 
and economic factors that affect the design, development, and implementation of the 
control measures that are necessary to comply with the WLA(s); 

(a1) For the Malibu Creek Nutrient TMDL established by USEPA in 2003, in no case 
shall the time schedule to achieve the final numeric WLAs exceed five years from the 
effective date of this Order; and 

(5)v. If the requested time schedule exceeds one year, the proposed schedule shall include 
interim requirements and numeric milestones and the date(s) for their achievement. 

ivd. Each Permittee subject to a WLA in a TMDL established by USEPA since 2010 shall 
submit a draft of a Watershed Management Program Plan to the Regional Water Board 
Executive Officer for approval no later than one year after the effective date of this Order. 

ev. Each Permittee subject to a WLA in a TMDL established by USEPA prior to 2010 shall 
submit a draft of a Watershed Management Program Plan to the Regional Water Board 
Executive Officer for approval no later than six months after the effective date of this Order. 

fvi. If a Permittee does not submit a Watershed Management Program Plan, or the plan is 
determined to be inadequate by the Regional Water Board Executive Officer and the 
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Permittee does not make the necessary revisions within 90 days of written notification that 
plan is inadequate, the Permittee shall be required to demonstrate compliance with the 
numeric WLAs immediately based on monitoring data collected under the MRP (Attachment 
E) for this Order. 

4. State Adopted TMDLs where Final Compliance Deadlines have Passed 

a. Permittees shall comply immediately with water quality-based effluent limitations and/or 
receiving water limitations to implement WLAs in state-adopted TMDLs for which final 
compliance deadlines have passed pursuant to the TMDL implementation schedule. 

b. Where a Permittee believes that additional time to comply with the final water quality-
based effluent limitations and/or receiving water limitations is necessary, a Permittee may 
within 45 days of Order adoption request a time schedule order pursuant to California Water 
Code section 13300 for the Regional Water Board’s consideration. 

c. Permittees may either individually request a TSO, or may jointly request a TSO with all 
Permittees subject to the water quality-based effluent limitations and/or receiving water 
limitations, to implement the WLAs in the state-adopted TMDL.  

d. At a minimum, a request for a time schedule order shall include the following:  

i. Data demonstrating the current quality of the MS4 discharge(s) in terms of concentration 
and/or load of the target pollutant(s) to the receiving waters subject to the TMDL; 

ii. A detailed description and chronology of structural controls and source control efforts, 
since the effective date of the TMDL, to reduce the pollutant load in the MS4 discharges to the 
receiving waters subject to the TMDL; 

iii. Justification of the need for additional time to achieve the water quality-based effluent 
limitations and/or receiving water limitations; 

iv. A detailed time schedule of specific actions the Permittee will take in order to achieve the 
water quality-based effluent limitations and/or receiving water limitations; 

v. A demonstration that the time schedule requested is as short as possible, taking into account 
the technological, operation, and economic factors that affect the design, development, and 
implementation of the control measures that are necessary to comply with the effluent 
limitation(s); and 

vi. If the requested time schedule exceeds one year, the proposed schedule shall include 
interim requirements and the date(s) for their achievement. The interim requirements shall 
include both of the following: 

(1) Effluent limitation(s) for the pollutant(s) of concern; and 

(2) Actions and milestones leading to compliance with the effluent limitation(s). 

g5. Water Quality-Based Effluent Limitations for Trash  

i. Permittees assigned a Waste Load Allocation in a trash TMDL shall comply as set forth 
below.are assigned water quality based effluent limits based on the use of BMPs described 
as full capture, partial capture, institutional controls, or minimum frequency of assessment 
and collection as described below, and any combination of these may be employed to 
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achieve compliance.  The method of compliance shall be outlined in the Watershed 
Management Program Plan. 

a. Effluent Limitations: Permittees shall comply with the interim and final water 
quality-based effluent limitations for trash set forth in Attachments L through R for the 
following Trash TMDLs: 

i. Lake Elizabeth Trash TMDL (Attachment L) 

ii. Santa Monica Bay Nearshore and Offshore Debris TMDL (Attachment M) 

iii. Malibu Creek Watershed Trash TMDL (Attachment M) 

iv. Ballona Creek Trash TMDL (Attachment M) 

v. Machado Lake Trash TMDL (Attachment N) 

vi. Los Angeles River Trash TMDL (Attachment O) 

vii. Peck Road Park Lake Trash TMDL (Attachment O) 

viii. Echo Park Lake Trash TMDL (Attachment O) 

ix. Legg Lake Trash TMDL (Attachment P) 

b. Compliance 

i. Pursuant to California Water Code section 13360(a), Permittees may comply with the 
trash effluent limitations using any lawful means. Such compliance options are broadly 
classified as full capture, partial capture, institutional controls, or minimum frequency of 
assessment and collection, as described below, and any combination of these may be 
employed to achieve compliance: 

(1) Full Capture Systems: 

(a) The Basin Plan authorizes the Regional Water Board Executive Officer to certify full 
capture systems, which are systems that meet the operating and performance 
requirements as described in this Order, and the procedures identified in “Procedures and 
Requirements for Certification of a Best Management Practice for Trash Control as a Full 
Capture System.”404 

(b) Permittees are authorized to comply with their effluent limitations through certified 
full capture systems provided the requirements of paragraph (c), immediately below, and 
any conditions in the certification, continue to be met. 

(c) Permittees may comply with their effluent limitations through progressive installation 
of full capture systems throughout their jurisdictional areas until all areas draining to 
Lake Elizabeth, Malibu Creek, Ballona Creek, Machado Lake, the Los Angeles River 
system, Legg Lake, Peck Road Park Lake, and/or Echo Park Lake are addressed. For 

                                                 
4 40 The Regional Water Board currently recognizes eight full capture systems. These are: Vortex Separation 
Systems (VSS) and seven other Executive Officer certified full capture systems, including specific types or designs 
of trash nets; two gross solids removal devices (GSRDs); catch basin brush inserts and mesh screens; vertical and 
horizontal trash capture screen inserts; and a connector pipe screen device. See August 3, 2004 Los Angeles 
Regional Water Quality Control Board Memorandum titled “Procedures and Requirements for Certification of a 
Best Management Practice for Trash Control as a Full Capture System. 
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purposes of this Order, attainment of the effluent limitations shall be conclusively 
presumed for any drainage area to Lake Elizabeth, Malibu Creek (and its tributaries), 
Ballona Creek (and its tributaries), Machado Lake, the Los Angeles River (and its 
tributaries), Legg Lake, Peck Road Lake, Echo Park Lake, and/or Lincoln Park Lake 
where certified full capture systems treat all drainage from the area, provided that the full 
capture systems are adequately sized and maintained, and that maintenance records are 
up-to-date and available for inspection by the Regional Water Board. 

(i) A Permittee shall be deemed in compliance with its final effluent limitation if it 
demonstrates that all drainage areas under its jurisdiction and/or authority are serviced by 
appropriate certified full capture systems as described in paragraph (1)(c). 

(ii) A Permittee shall be deemed in compliance with its interim effluent limitations, 
where applicable:  

1. By demonstrating that full capture systems treat the percentage of drainage areas in the 
watershed that corresponds to the required trash abatement. 

2. Alternatively, a Permittee may propose a schedule for installation of full capture 
systems in areas under its jurisdiction and/or authority within a given watershed, targeting 
first the areas of greatest trash generation, for the Executive Officer’s approval. A 
Permittee shall be deemed in compliance with its interim effluent limitations provided it 
is fully in compliance with any such approved schedule.  

(d) Permittees that chose to comply through the sole use of full capture systems are not 
required to conduct a Reasonable Assurance Analysis for trash or implement revisions to 
the selected TMDL Control Measures per the process outlined in the Watershed 
Management Program Plan. 

(e2) If a Permittee relying on full capture systems has failed to demonstrate that the full 
capture systems for any drainage area are adequately sized and maintained, and that 
maintenance records are up-to-date and available for inspection by the Regional Water 
Board, and that it is in compliance with any conditions of its certification, shall be 
presumed to have discharged trash in an amount that corresponds to the percentage of the 
baseline waste load allocation represented by the drainage area in question. (a) A 
Permittee may overcome this presumption by demonstrating (using any of the methods 
authorized in Part VI.E.35.gb) that the actual or calculated discharge for that drainage 
area is in compliance with the applicable interim or final effluent limitationWLAs. 

(2) Partial Capture Devices and Institutional Controls: Permittees may comply with their 
interim and final effluent limitations through the installation of partial capture devices 
and the application of institutional controls.415 

(a) Trash discharges from areas serviced solely by partial capture devices may be 
estimated based on demonstrated performance of the device(s) in the implementing 
area.426 That is, trash reduction is equivalent to the partial capture devices’ trash 
removal efficiency multiplied by the percentage of drainage area serviced by the devices. 

                                                 
5 41 While interim effluent limitations may be complied with using partial capture devices, compliance with final effluent 
limitations cannot be achieved with the exclusive use of partial capture devices. 
6 42 Performance shall be demonstrated under different conditions (e.g. low to high trash loading). 
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(b) Except as provided in subdivision (c), immediately below, trash discharges from areas 
addressed by institutional controls and/or partial capture devices (where site-specific 
performance data is not available) shall be calculated using a mass balance approach, 
based on the daily generation rate (DGR) for a representative area.437 The DGR shall be 
determined from direct measurement of trash deposited in the drainage area during any 
thirty-day period between June 22nd and September 22nd exclusive of rain events448, 
and shall be re-calculated every year thereafter unless a less frequent period for 
recalculation is approved by the Regional Water Board Executive Officer. The DGR shall 
be calculated as the total amount of trash collected during this period divided by the 
length of the collection period. 

DGR = (Amount of trash collected during a 30-day collection period459 / (30 days) 
The DGR for the applicable area under the Permittees’ jurisdiction and/or authority shall 
be extrapolated from that of the representative drainage area(s). A mass balance equation 
shall be used to estimate the amount of trash discharged during a storm event.4610 The 
Storm Event Trash Discharge for a given rain event in the Permittee’s drainage area shall 
be calculated by multiplying the number of days since the last street sweeping by the 
DGR and subtracting the amount of any trash recovered in the catch basins.4711 For each 
day of a storm event that generates precipitation greater than 0.25 inch, the Permittee 
shall calculate a Storm Event Trash Discharge. 

Storm Event Trash Discharge = [(Days since last street sweeping*DGR)] – [Amount of 
trash recovered from catch basins]4812 
The sum of the Storm Event Trash Discharges for the storm year shall be the Permittee’s 
calculated annual trash discharge. 

Total Storm Year Trash Discharge = Σ Storm Event Trash Discharges from Drainage 
Area 
(c) The Executive Officer may approve alternative compliance monitoring approaches for 
calculating total storm year trash discharge, upon finding that the program will provide a 
scientifically-based estimate of the amount of trash discharged from the Permittee’s MS4. 

(d) Permittees that chose to comply through the use of partial capture devices and 
institutional controls shall conduct a Reasonable Assurance Analysis for trash and 
implement revisions to the selected trash TMDL Control Measures per the process 
outlined in the Watershed Management Program. 

                                                 
7 43 The area(s) should be representative of the land uses and activities within the Permittees‟ authority and shall be 
approved by the Executive Officer prior to the 30-day collection period. 
8 44 Provided no special events are scheduled that may affect the representative nature of that collection period. 
9 45 Between June 22nd and September 22nd 
10 46 Amount of trash shall refer to the uncompressed volume (in gallons) or drip-dry weight (in pounds) of trash 
collected. 
11 47 Any negative values shall be considered to represent a zero discharge. 
12 48 When more than one storm event occurs prior to the next street sweeping the discharge shall be calculated from 
the date of the last assessment. 
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(3) Combined Compliance Approaches: 

(a) Permittees may comply with their interim and final effluent limitations through a 
combination of full capture systems, partial capture devices, and institutional controls. 
Where a Permittee relies on a combination of approaches, it shall demonstrate 
compliance with the interim and final effluent limitations as specified in (1)(c) in areas 
where full capture systems are installed and as specified in (2)(a) or (2)(b), as appropriate, 
in areas where partial capture devices and institutional controls are applied. 

(b) Permittees that chose to comply through the use of partial capture devices and 
institutional controls shall conduct a Reasonable Assurance Analysis for trash and 
implement revisions to the selected trash TMDL Control Measures per the process 
outlined in the Watershed Management Program. 

(4) Minimum Frequency of Assessment and Collection Approach: 

If allowed in a trash TMDL and approved by the Executive Officer, a Permittee may 
alternatively comply with its final effluent limitations by implementing a program for 
minimum frequency of assessment and collection (MFAC) in conjunction with BMPs. To 
the satisfaction of the Executive Officer, the MFAC/BMP program must meet the 
following criteria: 

(a) The MFAC/BMP Program includes an initial minimum frequency of trash assessment 
and collection and suite of structural and/or nonstructural BMPs. The MFAC/BMP 
program shall include collection and disposal of all trash found in the receiving water and 
shoreline. Permittees shall implement an initial suite of BMPs based on current trash 
management practices in land areas that are found to be sources of trash to the water 
body. The initial minimum frequency of trash assessment and collection shall be set as 
specified in the following 

TMDLs: 

(i) Malibu Creek Watershed Trash TMDL 

(ii) Machado Lake Trash TMDL 

(iii) Legg Lake Trash TMDL 

(b) The MFAC/BMP Program includes reasonable assurances that it will be implemented 
by the responsible Permittees. 

(c) MFAC protocols may be based on SWAMP protocols for rapid trash assessment, or 
alternative protocols proposed by Permittees and approved by the Regional Water Board 
Executive Officer.  

(d) Implementation of the MFAC/BMP program should include a Health and Safety 
Program to protect personnel. The MFAC/BMP program shall not require Permittees to 
access and collect trash from areas where personnel are prohibited. 

(e) The Regional Water Board Executive Officer may approve or require a revised 
assessment and collection frequency and definition of the critical conditions under the 
MFAC: 
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(i) To prevent trash from accumulating in deleterious amounts that cause nuisance or 
adversely affect beneficial uses between collections; 

(ii) To reflect the results of trash assessment and collection; 

(iii) If the amount of trash collected does not show a decreasing trend, where necessary, 
such that a shorter interval between collections is warranted; or 

(iv) If the amount of trash collected is decreasing such that a longer interval between 
collections is warranted. 

(f) At the end of the implementation period, a revised MFAC/BMP program may be 
required if the Regional Water Board Executive Officer determines that the amount of 
trash accumulating between collections is causing nuisance or otherwise adversely 
affecting beneficial uses. 

(g) With regard to (4)(e)(i), (4)(e)(ii), or (4)(e)(iii), above, the Regional Water Board 
Executive Officer is authorized to allow responsible Permittees to implement additional 
structural or non-structural BMPs in lieu of modifying the monitoring frequency. 

 

ii. If a Permittee is not in compliance with its applicable interim and/or final effluent 
limitation as identified in Attachments L through R, then it shall be in violation of this 
Order. 

(1) A Permittee relying on partial capture devices and/or institutional controls that has 
violated its interim and/or final effluent limitation(s) shall be presumed to have violated the 
applicable limitation for each day of each storm event that generated precipitation greater 
than 0.25 inch during the applicable storm year, except those storm days on which it 
establishes that its cumulative Storm Event Trash Discharges has not exceeded the 
applicable effluent limitation. 

(2) If a Permittee relying on full capture systems has failed to demonstrate that the full 
capture systems for any drainage area are adequately sized  and maintained, and that 
maintenance records are up-to-date and available for inspection by the Regional Water 
Board, and that it is in compliance with any conditions of its certification, shall be presumed 
to have discharged trash in an amount that corresponds to the percentage of the baseline 
waste load allocation represented by the drainage area in question. (a) A Permittee may 
overcome this presumption by demonstrating (using any of the methods authorized in Part 
VI.E.5.b) that the actual or calculated discharge for that drainage area is in compliance with 
the applicable interim or final effluent limitation. 

iii. Each Permittee shall be held liable for violations of the effluent limitations assigned to 
their area. If a Permittee’s compliance strategy includes full or partial capture devices and it 
chooses to install a full or partial capture device in the MS4 physical infrastructure of 
another public entity, it is responsible for obtaining all necessary permits to do so. If a 
Permittee believes it is unable to obtain the permits needed to install a full capture or partial 
capture device within another Permittee’s MS4 physical infrastructure, either Permittee may 
request the Executive Officer to hold a conference with the Permittees. Nothing in this 
Order shall affect the right of that public entity or a Permittee to seek indemnity or other 
recourse from the other as they deem appropriate. Nothing in this subsection shall be 
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construed as relieving a Permittee of any liability that the Permittee would otherwise have 
under this Order. 

4. TMDL c. Monitoring and Reporting Requirements (pursuant to California Water Code 

section 13383) 

ia. Each Permittee shall conduct monitoring for TMDLs in accordance with approved TMDL 
monitoring plans or an approved integrated monitoring program per Attachment E, Part 
VI.C.5 (Integrated Watershed Monitoring and Assessment).  

iib. Each Permittee shall submit a TMDL Compliance Report as part of its Annual Report 
detailing compliance with the applicable interim and/or final water quality based effluent 
limitations. Reporting shall include the information specified below. The report shall be 
submitted on the reporting form specified by the Regional Water Board Executive Officer. 
The report shall be signed under penalty of perjury by the Permittee’s principal executive 
officer or ranking elected official or duly authorized representative of the officer, consistent 
with Part V.B of Attachment D (Standard Provisions), who is responsible for ensuring 
compliance with this Order. Each Permittee shall be charged with and shall demonstrate 
compliance with its applicable effluent limitations beginning with its October 31, 2012 TMDL 
Compliance Report. 

iiic. Each TMDL Compliance Report shall include a demonstration of compliance through a 
description of the TMDL Control Measures outlined in accordance with the schedule 
prescribed in the Watershed Management Program or through the use of monitoring data 
collected in accordance with the applicable monitoring plan. The report shall also include a 
comparison of monitoring data to any applicable milestones outlined in the Watershed 
Management Program Plan and a plan for revising the TMDL Control Measures if progress 
towards meeting the milestones has not been achieved.    

ivd. For Trash TMDLs, the report shall also include the applicable information outlined below 
depending on the compliance mechanism chosen. 

(1)i. Reporting Compliance based on Full Capture Systems: Permittees shall provide 
information on the number and location of full capture installations, the sizing of each full 
capture installation, the drainage areas addressed by these installations, and compliance 
with the applicable interim or final effluent limitation, in its TMDL Compliance Report. 
The Los Angeles Water Board will periodically audit sizing, performance, and other data to 
validate that a system satisfies the criteria established for a full capture system and any 
conditions established by the Regional Water Board Executive Officer in the certification. 

(2)ii. Reporting Compliance based on Partial Capture Systems and/or Institutional Controls: 

(a1) Using Performance Data Specific to the Permittee’s Area: In its TMDL Compliance 
Report, a Permittee shall provide: (i) site-specific performance data for the applicable 
device(s); (ii) information on the number and location of such installations, and the 
drainage areas addressed by these installations; and (iii) calculated compliance with the 
applicable effluent limitations. 

(b2) Using Direct Measurement of Trash Discharge: Permittees shall provide an 
accounting of DGR and trash removal via street sweeping, catch basin clean outs, etc., in 
a database to facilitate the calculation of discharge for each rain event. The database shall 
be maintained and provided to the Regional Water Board for inspection upon request. In 
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its TMDL Compliance Report, a Permittee shall provide information on its annual DGR, 
calculated storm year discharge, and compliance with the applicable effluent limitation. 

(3)iii. Reporting Compliance based on Combined Compliance Approaches: 

Permittees shall provide the information specified in Part VI.E.5.c.i(1) for areas where full 
capture systems are installed and that are specified in Part VI.E.5.c.i(2)(a) or (b), as 
appropriate, for areas where partial capture devices and institutional controls are applied. In 
its TMDL Compliance Report, a Permittee shall also provide information on compliance 
with the applicable effluent limitation based on the combined compliance approaches.  

(4)iv. Reporting Compliance based on an MFAC/BMP Approach: 

The MFAC/BMP Program includes a Trash Monitoring and Reporting Plan, and a 
requirement that the responsible Permittees will self-report any non-compliance with its 
provisions. The results and report of the Trash Monitoring and Reporting Plan must be 
submitted to Regional Board with the Permittee’s Annual Report. 

ii.e. Violation of the reporting requirements of this Part shall be punishable pursuant to, inter 
alia, California Water Code section 13385, subdivisions (a)(3) and (h)(1), and/or section 
13385.1. 
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FACT SHEET PP 80-107 

D. TOTAL MAXIMUM DAILY LOAD PROVISIONS (PP.80- 

Clean Water Act section 303(d)(1)(A) requires each State to conduct a biennial assessment of its 
waters, and identify those waters that are not achieving water quality standards. These waters are 
identified as impaired on the State’s Clean Water Act section “303(d) List” of water quality 
limited segments. The Clean Water Act also requires States to establish a priority ranking for 
waters on the 303(d) List and to develop and implement Total Maximum Daily Loads (TMDLs) 
for these waters. A TMDL specifies the maximum amount of a pollutant that a waterbody can 
receive and still meet water quality standards, and allocates the acceptable pollutant load to point 
and nonpoint sources. The elements of a TMDL are described in 40 CFR sections 130.2 and 
130.7. A TMDL is defined as “the sum of the individual waste load allocations for point sources 
and load allocations for nonpoint sources and natural background” (40 CFR § 130.2). 
Regulations further require that TMDLs must be set at “levels necessary to attain and maintain 
the applicable narrative and numeric water quality standards with seasonal variations and a 
margin of safety that takes into account any lack of knowledge concerning the relationship 
between effluent limitations and water quality” (40 CFR section 130.7(c)(1)). The regulations at 
40 CFR section 130.7 also state that TMDLs shall take into account critical conditions for stream 
flow, loading and water quality parameters. Essentially, TMDLs serve as a backstop provision of 
the CWA designed to implement water quality standards when other provisions have failed to 
achieve water quality standards. 

Upon establishment of TMDLs by the State or the USEPA, the State is required to incorporate, 
or reference, the TMDLs in the State Water Quality Management Plan (40 CFR sections 
130.6(c)(1) and 130.7). The Regional Water Board’s Basin Plan, and applicable statewide plans, 
serves as the State Water Quality Management Plan governing the watersheds under the 
jurisdiction of the Regional Water Board. When adopting TMDLs as part of its Basin Plan, the 
Regional Water Board includes, as part of the TMDL, a program for implementation of the 
WLAs for point sources and load allocations (LAs) for nonpoint sources. 

TMDLs are not self-executing, but instead rely upon further Board orders to impose pollutant 
restrictions on discharges to achieve the TMDL’s WLAs. Federal regulations require that 
NPDES permits must include conditions consistent with the assumptions and requirements of 
any available waste load allocation (40 CFR section 122.44(d)(1)(vii)(B)). Similarly, sState law 
requires both that the Regional Water Board implement its Basin Plan when adopting waste 
discharge requirements (WDRs) and that NPDES permits apply “any more stringent effluent 
standards or limitations necessary to implement water quality control plans…” (Cal. Wat. Code 
§§ 13263, 13377). 

EPA recommends that NPDES permitting authorities use numeric effluent limitations where 
feasible as these types of effluent limitations create objective and accountable means for 
controlling stormwater discharges. 371 An NPDES permit should incorporate the WLAs as 
numeric WQBELs, where feasible. Where a non-numeric permit limitation is selected, such as 
                                                 
1 37 USEPA (2010) “Revisions to the November 22, 2002 Memorandum „Establishing Total Maximum Daily Load 
(TMDL) Wasteload Allocations (WLAs) for Storm Water Sources and NPDES Permit Requirements Based on Those 
TMDLs‟.” Issued by James A. Hanlon, Director, Office of Wastewater Management and Denise Keehner, Director, 
Office of Wetlands, Oceans and Watersheds. November 12, 2010. 
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BMPs, the permit’s administrative record must support the expectation that the BMPs are 
sufficient to achieve the WLAs. (40 CFR §§ 124.8, 124.9, and 124.18.) The USEPA has 
published  guidance for establishing WLAs for storm water discharges in TMDLs and their 
incorporation as numeric WQBELs in MS4 permits. 

While the increasing sophistication in monitoring and modeling in the storm water program have 
moved forward efforts to create linkages between storm water and receiving water quality the 
challenge of developing those linkages remains substantial. The National Academy of Science 
noted: “…pollutant loadings in stormwater effluent vary dramatically over time and stormwater 
is notoriously difficult to monitor for pollutants.”382 Modeling approaches while useful in 
understanding and predicting acceptable loads for receiving waters still include a significant 
degree of uncertainty especially for stormwater because storm events are highly variable in 
frequency and duration and are not easily characterized. The level of uncertainty in monitoring and 
modeling stormwater contributions raises concerns about the ability to use modeled 
concentrations or load as numeric WQBELs. The panel of experts convened by the State Water 
Board in 2006 concluded “[f]or catchments not treated by a structural or treatment BMP, setting 
a numeric effluent limit is basically not possible.”39 3 

EPA allows discretion to establish BMP-based WQBELs and but identifies that when WQBELs 
are expressed as BMPs, “the permit should contain objective and measurable elements (e.g., 
schedule for BMP installation or level of BMP performance). The objective and measureable 
elements should be included in permits as enforceable provisions. Permitting authorities should 
consider including numeric benchmarks for BMPs and associated monitoring protocols or 
specific protocols for estimating BMP effectiveness in storm water permits. These benchmarks 
could be used as thresholds that would require the permittee to take additional action specified in 
the permit, such as evaluating the effectiveness of the BMPs, implementing and/or modifying 
BMPs, or providing additional measures to protect water quality.”4 The Watershed Management 
Program elements of this permit provide for objective, measureable, and enforceable elements of 
the permit while allowing for the adaptive management, which is a basic assumption in many of 
the adopted TMDLs. 

37 5As required, permit conditions are included in this Order consistent with the assumptions and 
requirements of the available WLAs assigned to MS4 discharges, which have been established in 
thirty-three TMDLs. The Regional Water Board adopted twenty-five (25) TMDLs and USEPA 
established seven (7) TMDLs that assign WLAs to MS4 Permittees within the County of Los 
Angeles. In addition, the Santa Ana Regional Water Board adopted a TMDL that assigns WLAs 
to the Cities of Pomona and Claremont. The TMDLs included in this Order along with the 
adoption and approval dates are listed in the table below. Permit conditions for two of these 
TMDLs – the Marina del Rey Harbor Bacteria TMDL and the Los Angeles River Watershed 
                                                 
2 38 National Academy of Science, 2008, Urban Stormwater Management in the United States 
3 39 Currier et al., 2006, The Feasibility of Numeric Effluent Limits Applicable to Discharges of Storm Water 
Associated with Municipal, Industrial and Construction Activities 
4 40 USEPA (2010) 
5 37 USEPA (2010) “Revisions to the November 22, 2002 Memorandum „Establishing Total Maximum Daily Load 
(TMDL) Wasteload Allocations (WLAs) for Storm Water Sources and NPDES Permit Requirements Based on Those 
TMDLs‟.” Issued by James A. Hanlon, Director, Office of Wastewater Management and Denise Keehner, Director, 
Office of Wetlands, Oceans and Watersheds. November 12, 2010. 
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Trash TMDL – were previously incorporated into Order No. 01-182 during re-openers in 2007 
and 2009, respectively (Orders R4-2007-0042 and R4-2009-0130). TMDLs are typically 
developed on a watershed or subwatershed basis, which facilitates a more accurate assessment of 
cumulative impacts of pollutants from all sources. An overview of each Watershed Management 
Area, including the TMDLs applicable to it, is provided below. 

OMITTED TABLE AND WMA DISCUSSION 

 

1. Compliance Determination for Interim and Final WLAs 

This permit establishes BMP-based WQBELs to attain the WLAs. This Order requires the 
Permittees to demonstrate compliance with the TMDL provisions through any of the following 
means: 

1) The Permittee has submitted and is fully implementing an approved Watershed 
Management Program, which includes analyses that provide the Regional Water Board 
with reasonable assurance that the watershed control measures proposed will achieve the 
applicable WLAs  and receiving water limitations consistent with relevant compliance 
schedules; or 

2) There are no exceedances of the applicable receiving water limitation for the pollutant(s) 
associated with a specific TMDL in the receiving water(s) at, or downstream of, the 
Permittee’s outfall(s)6; or  

3) There are no violations of the WLAs for the pollutant(s) associated with a specific TMDL 
at the Permittee’s applicable MS4 outfall(s),7 including an outfall to the receiving water 
that collects discharges from multiple Permittees’ jurisdictions; 

4) There is no direct or indirect discharge from the Permittee’s MS4 to the receiving water 
during the time period subject to the WLA and/or receiving water limitation for the 
pollutant(s) associated with a specific TMDL; or 

For TMDLs that establish individual mass-based WLAs or a concentration-based WLA such as 
the Trash TMDLs, Nitrogen TMDLs, and Chloride TMDL, this Order requires Permittees to 
demonstrate compliance with their assigned WQBELs individually. 

A number of the TMDLs for Bacteria, Metals and Toxics establish WLAs that are assigned 
jointly to a group of Permittees whose storm water and/or non-storm water discharges are or may 
be commingled in the MS4 prior to discharge to the receiving water subject to the TMDL. 
TMDLs address commingled MS4 discharges by assigning a WLA to a group of MS4 Permittees 
based on co-location within the same subwatershed. Permittees with co-mingled storm water are 
jointly responsible for meeting the WQBELs WLAs and receiving water limitations assigned to 
MS4 discharges in this Order. "Joint responsibility" means that the Permittees that have 
commingled MS4 discharges are responsible for implementing programs in their respective 
jurisdictions, or within the MS4 for which they are an owner or operator, to meet the WQBELs 
WLAs and/or receiving water limitations assigned to such commingled MS4 discharges. 

                                                 
6 An outfall may include a manhole or other point of access to the MS4 at the Permittee‟s jurisdictional boundary. 
7  An outfall may include a manhole or other point of access to the MS4 at the Permittee‟s jurisdictional boundary. 
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In these cases, federal regulations state that co-permittees need only comply with permit 
conditions relating to discharges from the MS4 for which they are owners or operators. (40 CFR 
§ 122.26(a)(3)(vi).) Individual co-permittees are only responsible for their contributions to the 
commingled discharge. This Order does not require a Permittee to individually ensure that a 
commingled MS4 discharge meets the applicable WQBELsWLAs included in this Order, unless 
such Permittee is shown to be solely responsible for the exceedancessource.   

Additionally, this Order allows a Permittee to clarify and distinguish their individual 
contributions and demonstrate that its MS4 discharge did not cause or contribute to exceedances 
of applicable WQBELs and/or receiving water limitations. In this case, though the Permittee’s 
discharge may commingle with that of other Permittees, the Permittee would not be held jointly 
responsible for the exceedance of the WQBELs WLA or receiving water limitation. 

Individual co-permittees who demonstrate compliance with the WQBELs WLAs will not be held 
responsible for violations by non-compliant co-permittees. 

Demonstrating Compliance with Interim Limitations. This Order provides Permittees with 
several means of demonstrating compliance with applicable interim WQBELs and/or interim 
receiving water limitations for the pollutant(s) associated with a specific TMDL. These include 
any of the following:  

a. There are no violations of the interim WQBELs for the pollutant(s) associated with a specific 
TMDL at the Permittee’s applicable MS4 outfall(s),18 including an outfall to the receiving water 
that collects discharges from multiple Permittees’ jurisdictions; 

b. There are no exceedances of the applicable receiving water limitation for the pollutant(s) 
associated with a specific TMDL in the receiving water(s) at, or downstream of, the Permittee’s 
outfall(s); 

c. There is no direct or indirect discharge from the Permittee’s MS4 to the receiving water during 
the time period subject to the WQBEL and/or receiving water limitation for the pollutant(s) 
associated with a specific TMDL; or  

d. The Permittee has submitted and is fully implementing an approved Watershed Management 
Program, which includes analyses that provide the Regional Water Board with reasonable 
assurance that the watershed control measures proposed will achieve the applicable WQBELs 
and receiving water limitations consistent with relevant compliance schedules. 

Demonstrating Compliance with Final Limitations. This Order provides Permittees with three 
general means of demonstrating compliance with an applicable final WQBEL and/or final 
receiving water limitation for the pollutant(s) associated with a specific TMDL. 

These include any of the following: 

a. There are no violations of the final WQBEL for the specific pollutant at the Permittee’s 
applicable MS4 outfall(s)29; 

b. There are no exceedances of applicable receiving water limitation for the specific pollutant in 
the receiving water(s) at, or downstream of, the Permittee’s outfall(s); or 
                                                 
8 1 An outfall may include a manhole or other point of access to the MS4 at the Permittee‟s jurisdictional boundary. 
9 2 Ibid. 
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c. There is no direct or indirect discharge from the Permittee’s MS4 to the receiving water during 
the time period subject to the WQBEL and/or receiving water limitation for the pollutant(s) 
associated with a specific TMDL. 

This Order provides the opportunity for Permittees to demonstrate compliance with interim and 
final WLAs effluent limitations through development and implementation of a Watershed 
Management Program, where Permittees have provided a reasonable demonstration through 
quantitative analysis (i.e., modeling or other approach) that the control measures/BMPs to be 
implemented will achieve the WLAs interim effluent limitations in accordance with the schedule 
provided in this Order. It is premature to consider application of this action based compliance 
demonstration option to the finalnumeric effluent limitations. and final receiving water 
limitations that have deadlines outside the term of this Order. More data is needed to validate 
assumptions and model results regarding the linkage among BMP implementation, the quality of 
MS4 discharges, and receiving water quality. 

At a minimum, the Watershed Management Program must include the following data and 
information relevant to the established TMDL: 

i. Available data demonstrating the current quality of the MS4 discharge(s) in terms of 
concentration and/or load of the target pollutant(s) to the receiving waters subject to the TMDL; 

ii. A detailed time schedule of specific actions the Permittee will take in order to achieve the 
WLA(s); 

iii. A demonstration that the time schedule requested is as short as possible, taking into account 
the time since establishment of the TMDL, and technological, operation, and economic factors 
that affect the design, development, and implementation of the control measures that are 
necessary to comply with the WLA(s); and 

iv. If the requested time schedule exceeds one year, the proposed schedule shall include interim 
requirements, including numeric milestones, and the date(s) for their achievement. 

Each Permittee subject to a WLA in a TMDL established since 2010 must submit a draft of a 
Watershed Management Program Plan to the Regional Water Board Executive Officer for 
approval no later than one year after the effective date of this Order.  

Each Permittee subject to a WLA in a TMDL established prior to 2010 must submit a draft of a 
Watershed Management Program Plan to the Regional Water Board Executive Officer for 
approval no later than six months after the effective date of this Order.  

Based on the nature and timing of the proposed watershed control measures, the Regional Water 
Board will consider appropriate actions on its part, which may include: (1) no action and 
continued reliance on permit conditions that require implementation of the approved watershed 
control measures throughout the permit term; (2) adopting an implementation plan and 
corresponding schedule through the Basin Plan Amendment process and then incorporating 
water quality based effluent limitations and a compliance schedule into this Order consistent 
with the State-adopted implementation plan; or (3) issuing a time schedule order to provide the 
necessary time to fully implement the watershed control measures to achieve the WLAs. 

During the term of this Order, there are very few deadlines for compliance with final effluent 
limitations applicable to storm water, or final receiving water limitations applicable during wet 
weather conditions. Most deadlines during the term of this Order are for interim effluent 
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limitations applicable to storm water, or for final effluent limitations applicable to non-storm 
water discharges and final dry weather receiving water limitations. 

There are only five State-adopted TMDLs for which the compliance deadlines for final water 
quality-based effluent limitations applicable to storm water occur during the term of this Order. 
These include: Santa Clara River Chloride TMDL, Santa Clara River Nitrogen TMDL, Los 
Angeles River Nitrogen TMDL, Marina del Rey Harbor Toxics TMDL, and LA Harbor Bacteria 
TMDL. In most of these five TMDLs, compliance with the final water quality-based effluent 
limitations assigned to MS4 discharges is expected to be achieved (e.g., Santa Clara River 
Chloride TMDL310), or a mechanism is in place to potentially allow additional time to come into 
compliance (e.g. reconsideration of the Marina del Rey Harbor Toxics TMDL implementation 
schedule). 

The Regional Water Board will evaluate the effectiveness of this action-based compliance 
determination approach in ensuring that WLAs interim effluent limitations for storm water are 
achieved during this permit term. If this approach is effective in achieving compliance with 
interim effluent limitationsWLAs for storm water during this permit term, the Regional Water 
Board will consider during the next permit cycle whether it would be appropriate to allow a 
similar approach. for demonstrating compliance with final water quality-based effluent 
limitations applicable to storm water. 

2. Compliance Schedules for Achieving TMDL Requirements 

A Regional Water Board may include a compliance schedule in an NPDES permit when the 
state’s water quality standards or regulations include a provision that authorizes such schedules 
in NPDES permits.411 In California, TMDL implementation plans512 are typically adopted 
through Basin Plan Amendments. The TMDL implementation plan, which is part of the Basin 
Plan Amendment, becomes a regulation upon approval by the State of California Office of 
Administrative Law (OAL).613 Pursuant to California Water Code sections 13240 and 13242, 
TMDL implementation plans adopted by the Regional Water Board “shall include … a time 
schedule for the actions to be taken [for achieving water quality objectives],” which allows for 
compliance schedules in future permits. This Basin Plan Amendment becomes the applicable 
regulation that authorizes an MS4 permit to include a compliance schedule to achieve effluent 
limitations derived from wasteload allocations.  

                                                 
10 3 Data from land use monitoring conducted under the LA County MS4 Permit from 1994-99 indicate chloride 
concentrations ranging from 3.2-48 mg/L, while more recent data from the mass emissions station in the Santa Clara 
River (S29) indicate concentrations ranging from 116-126 mg/l in dry weather, and 25.1-96.3 mg/l in wet weather, 
suggesting that storm water has a diluting effect on chloride concentrations in the receiving water.  
11 4 See In re Star-Kist Caribe, Inc., (Apr. 16, 1990) 3 E.A.D. 172, 175, modification denied, 4 E.A.D. 33, 34 (EAB 
1992)). 
12 5 TMDL implementation plans consist of those measures, along with a schedule for their implementation, that the 
Water Boards determine are necessary to correct an impairment. The NPDES implementation measures are thus 
required by sections 303(d) and 402(p)(3)(B)(iii) of the CWA. State law also requires the Water Boards to implement 
basin plan requirements. (See Wat. Code §§ 13263, 13377; State Water Resources Control Board Cases (2006) 136 
Cal.App.4th 189.)  
13 6 See Gov. Code, § 11353, subd. (b). Every amendment to a Basin Plan, such as a TMDL and its implementation 
plan, requires approval by the State Water Board and OAL. When the TMDL and implementation plan is approved by 
OAL, it becomes a state regulation. 
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Where a TMDL implementation schedule has been established through a Basin Plan 
Amendment, it is hereby incorporated into this Order as a compliance schedule to achieve 
interim and final WQBELs and corresponding receiving water limitations, in accordance with 40 
CFR section 122.47. WQBELs must be consistent with the assumptions and requirements of any 
WLA, which includes applicable implementation schedules.714 California Water Code sections 
13263 and 13377 state that waste discharge requirements must implement the Basin Plan.815 
Therefore, compliance schedules for attaining WQBELs derived from WLAs must be based on a 
state-adopted TMDL implementation plan and cannot exceed the maximum time that the 
implementation plan allows. 

In determining the compliance schedules, the Regional Water Board considered numerous 
factors to ensure that the schedules are as short as possible. Factors examined include, but are not 
limited to, the size and complexity of the watershed; the pollutants being addressed; the number 
of responsible agencies involved; time for Co-Permittees to negotiate memorandum of 
agreements; development of water quality management plans; identification of funding sources; 
determination of an implementation strategy based on the recommendations of water quality 
management plans and/or special studies; and time for the implementation strategies to yield 
measurable results. Compliance schedules may be altered based on the monitoring and reporting 
results as set forth in the individual TMDLs. 

In many ways, the incorporation of interim and final WQBELs and associated compliance 
schedules is consistent with the iterative process of implementing BMPs that has been employed 
in the previous Los Angeles County MS4 Permits in that progress toward compliance with the 
final WLAseffluent limitations may occur over the course of many years. However, because the 
waterbodies in Los Angeles County are impaired due to MS4 discharges, it is necessary to 
establish more specific provisions in order to: (i) ensure measurable reductions in pollutant 
discharges from the MS4, resulting in progressive water quality improvements during the 
iterative process, and (ii) establish a final date for completing implementation of BMPs and, 
ultimately, achieving effluent limitations and water quality standards. 

The compliance schedules established herein are consistent with the implementation plans 
established in the individual TMDLs. The compliance dates for meeting the final WQBELs and 
receiving water limitations for each TMDL are listed below in Table F-7. 

 

OMITTED TABLE 

 

3. State Adopted TMDLs with Past Final Compliance Deadlines 

                                                 
14 7 See 40 C.F.R. § 122.44(d)(1)(vii)(B). 
15 8 Cal. Wat. Code, § 13263, subd. (a) (“requirements shall implement any relevant water quality control plans that 
have been adopted”); Cal. Wat. Code, § 13377 (“the state board or the regional boards shall . . . issue waste 
discharge requirements and dredged or fill material permits which apply and ensure compliance with all applicable 
provisions of the [CWA], thereto, together with any more stringent effluent standards or limitations necessary to 
implement waste quality control plans, or for the protection of beneficial uses, or to prevent nuisance”); see also, 
State Water Resources Control Board Cases (2006) 136 Cal.App.4th 189. 
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As required by federal regulations, this Order includes WQBELs necessary to achieve applicable 
wasteload allocations assigned to MS4 discharges. In some cases, the deadline specified in the 
TMDL implementation plan for achieving the final wasteload allocation has passed. (See Table 
F-8) This Order requires that Permittees comply immediately with WQBELs and/or receiving 
water limitations for which final compliance deadlines have passed. 

 

OMITTED TABLE 

 

Where a Permittee determines that its MS4 discharge may not meet the final WQBELs for the 
TMDLs in Table F-8 upon adoption of this Order, the Permittee may request a time schedule 
order (TSO) from the Regional Water Board. TSOs are issued pursuant to California Water Code 
section 13300, whenever a Water Board "finds that a discharge of waste is taking place or 
threatening to take place that violates or will violate [Regional Water Board] requirements." 
Permittees may individually request a TSO, or may jointly request a TSO with all Permittees 
subject to the WQBELs and/or receiving water limitations. Permittees must request a TSO to 
achieve WQBELs for the TMDLs in Table F-8 no later than 45 days after the date this Order is 
adopted. 

In the request, the Permittee(s) must include, at a minimum, the following: 

a. Location specific data demonstrating the current quality of the MS4 discharge(s) in terms of 
concentration and/or load of the target pollutant(s) to the receiving waters subject to the TMDL;  

b. A detailed description and chronology of structural controls and source control efforts, 
including location(s) of implementation, since the effective date of the TMDL, to reduce the 
pollutant load in the MS4 discharges to the receiving waters subject to the TMDL; 

c. A list of discharge locations for which additional time is needed to achieve the water quality 
based effluent limitations and/or receiving water limitations;  

d. Justification of the need for additional time to achieve the water quality-based effluent 
limitations and/or receiving water limitations for each location identified in Part VI.E.3.c, above; 

e. A detailed time schedule of specific actions the Permittee will take in order to achieve the 
water quality-based effluent limitations and/or receiving water limitations at each location 
identified in Part VI.E.3.c, above; 

f. A demonstration that the time schedule requested is as short as possible, consistent with 
California Water Code section 13385(j)(3)(C)(i), taking into account the technological, 
operation, and economic factors that affect the design, development, and implementation of the 
control measures that are necessary to comply with the effluent limitation(s); and 

g. If the requested time schedule exceeds one year, the proposed schedule shall include interim 
requirements and the date(s) for their achievement. The interim requirements shall include both 
of the following:  

i. WQBEL(s) Effluent limitation(s) for the pollutant(s) of concern; and 

ii. Actions and milestones leading to compliance with the effluent limitationWQBEL(s). The 
Regional Water Board does not intend to take enforcement action against a Permittee for 
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violations of specific WQBELs and corresponding receiving water limitations for which the final 
compliance deadline has passed if a Permittee is fully complying with the requirements of a TSO 
to resolve exceedances of the WQBELs for the specific pollutant(s) in the MS4 discharge. 
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Background 
The NPDES storm water permit program came into being as a result of the 1987 
amendments to the federal Clean Water Act and its implementing regulations.  In 
California, the State Water Resources Control Board (State Water Board) and 

the nine Regional Water Quality Control Boards (Regional Water Boards) 
implement the NPDES storm water program.  

 
The Clean Water Act amendments, Section 402(p) require that discharges of 
storm water from large and medium municipal separate storm sewer systems 

(MS4s) and discharges of storm water associated with industrial activities be in 
compliance with NPDES permits.  MS4 permits require that the discharge of 

pollutants be reduced to the maximum extent practicable (MEP).  Discharges 
associated with industrial activities, were required to meet the technology based 
standards of best available technology economically achievable (BAT) or best 

conventional pollutant control technology (BCT), and to meet water quality 
standards. 

 
In 1990, USEPA promulgated regulations (40 CFR Part 122.26) for the NPDES 
storm water program.  These regulations clarified what industrial activities were 

subject to storm water permit.   Construction that resulted in a land disturbance of 
five or more acres was included as an industrial activity subject to NPDES storm 

water permit.  The regulations also delineated what was to be included in permit 
applications and the programmatic elements that were to be in a permit and 
storm water management program for MS4s or storm water pollution prevention 

plan for industrial activities.  

California’s Permits 
In 1990, MS4 permits were issued to Santa Clara County by the San Francisco 
Bay Regional Water Board and to Los Angeles County by the Los Angeles 
Regional Water Board.  These permits were appealed to the State Water Board.  

The primary basis of the appeals was the lack of numeric limits in the permits.  
The entities that brought the appeals argued that the permits needed to include 

numeric limits, as the discharges of pollutants must not only be reduced to the 
MEP, but they must also meet water quality standards.  The State Water Board, 
in hearing these appeals, determined that it was not feasible at the time to 

develop numeric limits for MS4 permits, and that water quality standards could 
and should be achieved through the implementation of best management 

practices (BMPs).  Since this ruling, the Regional Water Boards have typically 
not included numeric limits in storm water permits.   
 

The State Water Board has adopted NPDES General Permits for the Discharge 
of Storm Water Associated with Industrial Activities and for the Discharge of 

Storm Water Associated with Construction Activities.  Both of these permits 
contain language stating that developing numeric limitations is infeasible.   
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Court Decisions 
In addition to these actions on MS4 permits at the State level, there have been a 
number of rulings from the federal courts regarding the NPDES Storm Water 
program. 

 
One of the most significant is from the federal court, 9 th District Court of Appeals 

from 1999.  In its published opinion on Defenders of Wildlife vs. Browner, the 
Court held that MS4 permits need not require strict compliance with water quality 
standards.  Rather, compliance was to be based upon the MEP standard.  

However, the permitting authority (the State Water Board/Regional Water Boards 
for California) could at their option require compliance with standards.  The State 

Water Board through the permit and appeals process has in fact required that the 
discharges from MS4s meet water quality standards, but has stated that 
compliance with numeric standards can be achieved through the implementation 

of BMPs in an iterative fashion. 
 

The Browner decision also found that discharges of storm water associated with 
industrial activities must be in strict compliance with water quality standards.  
 

In 2004 the State Water Board conducted a public hearing on a draft General 
Industrial Storm Water permit.  This draft permit met with significant opposition 

from non-government or non-industrial organizations (NGOs) due to the absence 
of numeric limits.  Staff revised the draft permit to include the benchmarks 
contained in the USEPA multi-sector general permit. This change resulted in 

strong opposition from the regulated community.  
 

The concerns that have been raised by the NGOs and the regulated community 
are similar, though they do not necessarily agree on the best way to address 
them.  Both believe that permitting has become overly complex, and that it is 

extremely difficult, if not impossible to objectively determine if a facility, operation 
or municipality is in compliance with its permit requirements.  The NGOs argue 

that requiring storm water permittees to comply with numeric effluent limits will 
result in an easier way to measure compliance.  The regulated community 
agrees, to a degree, but they argue that it is not simply a matter of selecting a 

number that is suitable for a POTW or industrial waste discharge. Due to the 
unique nature of storm events and storm water discharges, any numeric limit that 

is placed in a storm water permit must take into consideration the episodic nature 
of storm events and be truly representative of storm water discharges.  In 
addition, the regulated community has argued that there are going to be 

pollutants in storm water discharges that did not originate in the MS4 (run on) or 
that they do not have the means to control, and therefore should be given special 

consideration.  
 
In response to these arguments, State Water Board directed staff to convene a 

panel of storm water experts to examine the feasibility of developing numeric 
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limits for storm water permits.  Specifically, this panel of experts was asked to 

consider the following: 
  

“Is it technically feasible to establish numeric effluent limitations, or 

some other quantifiable limit, for inclusion in storm water permits?  
How would such limitations or criteria be established, and what 

information and data would be required?” 
 
“The answers should address industrial general permits, construction 

general permits, and area-wide municipal permits.  The answers 
should also address both technology-based limitations or criteria and 

water quality-based limitations or criteria.  In evaluating establishment 
of any objective criteria, the panel should address all of the following:   
 

(1) The ability of the State Water Board to establish appropriate 
objective limitations or criteria; (2) how compliance determinations 

would be made; (3) the ability of dischargers and inspectors to monitor 
for compliance; and (4) the technical and financial ability of 
dischargers to comply with the limitations or criteria.”  

  
Staff invited 10 individuals from the academic and scientific community to 

participate on the panel.  Of the 10, eight agreed to participate.  These eight met 
in a public session on September 14, 2005 and heard presentations from the 
regulated and NGO communities.  They also heard comments from the public at 

large.  They met again on September 15, 2005 to discuss the public comments 
and to begin to formulate a response.  It was also decided at this meeting that 

they would form sub-committees to address municipal (MS4), industrial and 
construction discharges separately.  These sub-committees worked on drafts 
statements for each of these, circulating them over the course of a number of 

months. 
 

The panel met again in private session on April 3 and 4, 2006.   The purpose of 
these meetings was to address unresolved issues and to develop the final 
response to the State Water Board.  It was also decided to combine the three 

working statements into one Statement of Findings.  The following discussion is 
the panel’s findings and is broken into three program element areas: municipal, 

construction, and industrial. 
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Panel’s Findings on Feasibility of Numeric Effluent Limits 
Applicable to Municipal Activities  

Municipal Observations 
1. The current practice for permitting, designing, and maintaining 

municipal stormwater treatment facilities (called BMPs herein) on the 
urban landscape does not lend itself to reliable and efficient 

performance of the BMPs because:   
 

• Permitting agencies, including EPA, States, and local governments, 
have rarely developed BMP design requirements that consider the 
pollutants and/or parameters of concern, the form(s) that the 

pollutants or parameters are in, the hydrologic and hydraulic nature 
of how they pollutants and flow arrive, and then the resulting unit 

processes (treatment and/or flow management processes) that 
would be required to address these pollutants or parameters.   

• The permitting agencies generally are not accountable for the 

performance of the BMP, and thus give much leeway to the 
developer with respect to the type of BMPs to be constructed, and 

to the details of the design, although some states do have detailed 
design standards and have conducted performance tests to identify 
acceptable devices for their area. 

• The developer is not responsible in most all cases for the 
performance of the BMP, so the treatment facilities are designed to 

minimize the cost and/or area of the facility and/or ease of 
permitting, not maximize the pollutant removal efficiency and/or 

flow management of the BMP 

• Because BMPs are not held to  any, or very few, long-term 
performance criteria, they are typically not maintained except for 

aesthetic purposes. Very few stormwater agencies are responsible 
for BMP maintenance on private property, and public facilities are 

maintained mostly in response to clogging and/or resultant 
drainage or aesthetic problems. Even for stormwater agency 
facilities, maintenance is often limited. 

 

2. The principal reasons for the failure of BMP performance is improper 

BMP selection, design and/or lack of maintenance. 
 

• The California BMP Handbooks and other local requirements leave 

too much of the BMP selection and design to the discretion of the 
designer, and thus do not address many if not all of the receiving 

water quality issues 
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• BMPs need to be designed to facilitate maintenance; this is rarely 

done because it costs the developer money and the BMP designer 
is rarely responsible for the maintenance. 

 

• Given the amount of debris in urban runoff, and the fact that the 
hydraulic capacity of many BMPs may be exceeded several to 

many times per year, BMPs require more maintenance than other 
types of stormwater control facilities.  Since urban BMP 

maintenance is generally left to untrained homeowner associations 
and maintenance personnel for commercial properties, inadequate 
maintenance is a near certainty.  Even stormwater agencies often 

do not have and/or apply the resources necessary to maintain 
agency owned BMPs. 

 
 
3. Improvements in the design of municipal BMPs, including residential 

and commercial as well as municipally owned facilities are necessary 
to ensure better performance (i.e. sizing, geometry, inlet and outlet 

design, etc.) and to specifically target receiving water quality issues.   

The Problem with Existing Effluent Limit Approaches 

Effluent limit approaches usually focus only on conventional water quality 

constituents that may not be solely or at all responsible for the receiving water 
beneficial use impairments in urban receiving waters. The important stressors 

that affect many use impairments can include one or more of the following and 
may vary in importance from system to system: 
 

• The effect of increased flows and/or volumes (i.e. 
hydromodification) that can lead to stream channel 

erosion/sedimentation with resulting habitat destruction 
 

• Sediment contamination (such as enrichment of urban stream 

sediments with fine-grained heavily polluted particulates; large 
organic debris masses causing low sediment DO; settled bacteria 

causing large bacteria gradients with sediment depth etc.) 
 

• Impaired aesthetic value (caused by gross floatables, noxious 

sediments, etc.) 
 

• Unsafe conditions (caused by dangerous debris, highly fluctuating 
stream flows and stages, etc.) 

 

• Dissolved and suspended pollutants that are bioavailable in the 
water column and/or result in downstream sediment contamination 
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• Elevated temperatures from urban heating effects on runoff and on 

open conveyances and permanent pool BMPs 
 
It is very difficult to determine specific causative agents or the level of control 

needed, for a specific beneficial use impairment in a receiving water body.  The 
Stormwater Effects Handbook: A Tool Box for Watershed Managers, Scientists, 
and Engineers (Burton, G.A. Jr., and R. Pitt, ISBN 0-87371-924-7. CRC Press, 
Inc., Boca Raton, FL. 2002. 911 pages) was written to be used as a guide for 
stormwater managers to identify their local receiving water problems and to 

assist in identifying the causative factors. The methods described would need to 
be applied to a specific area or region to obtain an understanding of local 

conditions and problems. Although expensive, comprehensive investigations 
such as these should be considered an investment to help minimize wasteful 
expenditures due to the application of inappropriate control practices in a 

watershed.  
 

Monitoring for enforcement of numeric effluent limits would also be challenging.  
While spot checks could be made at some of the many outfalls in an area, there 
is wide variation in stormwater quality from place to place, facility to facility, and 

storm to storm.  Coefficients of variation approaching 1 or higher are not 
uncommon and there are few factors that can be used to significantly reduce this 

variation.  Analysis of the National Stormwater Quality Database indicates that 
geographical location and land use are the most important factors affecting 
stormwater quality for most constituents.  Some are also affected by the 

antecedent dry period before the rain and more highly developed watersheds 
(containing large fractions of impervious areas) often show elevated “first-flush” 

concentrations in the first portion of the storms for some, but not all pollutants.  
Since the storm-to-storm variation at any outfall can be high, it may be 
unreasonable to expect all events to be below a numeric value.  In a similar 

circumstance, there are a number of storms each year that are sufficiently large 
in volume and/or intensity, to exceed the design capacity volume or flow rates of 

most BMPs.  Assessing compliance during these larger events represents yet 
another challenge to regulators and the regulated community. 

Technical Issues 

Even for conventional pollutants, there presently is no protocol that enables an 
engineer to design with certainty a BMP that will produce a desired outflow 

concentration for a constituent of concern.  A possible exception is removal of 
Total Suspended Solids in extended detention basins, and some types of media 
filters.  The typical approach for evaluating BMP pollutant removal efficiency has 

been percent removal; but observed removal efficiencies vary greatly from facility 
to facility and it has been demonstrated that percent removal varies directly with 

the inflow concentration.   
 
Few, if any, BMPs are designed using the first principles laws of physics, 

chemistry and/or biology for pollutant removal and/or flow-duration control.  It will 
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take a substantial research effort, including data gathering on well-designed 

BMPs, to develop design criteria for the removal of pollutants with confidence 
intervals that enable us to make reliable estimates of the median and variance of 
the effluent concentrations to be expected from the various types of BMPs.  Until 

this is done, it will be very difficult to assign legally enforceable numerical effluent 
limitations to any particular BMP. 

 
Drawing upon the body of knowledge that currently exists regarding pollutant 
removal efficiency, it is possible to estimate mean effluent concentrations and 

variances for a number of constituents for different types of BMPs, albeit not in a 
legally enforceable sense.  Effluent concentration distributions for a number of 

BMPs are available in the International BMP Database (www.bmpdatabase.org) 
from more then 250 studies throughout the US.  The following outlines key issues 
that have been identified regarding the technical feasibility of setting objective 

criteria for both existing areas and new or redeveloping areas: 
 

• Effluent concentration estimates could be made for a given 
constituent and a particular BMP from a larger number of BMPs 
than available in the BMP Database using literature values of 

percent removal and local or national data on stormwater runoff 
EMC data.  However, the results from this work would be 

significantly less reliable then the BMP Database data as it could 
be biased if the influent concentrations for the studied BMP types 
did not match general urban runoff. 

• Designing the facility more rigorously with respect to the physical, 
chemical and biological processes (e.g. unit processes) that are 

active in the BMP would give confidence that the BMP would 
perform at least as well, if not better than the average performance 

determined from the literature.  A WEF/ASCE task force is currently 
updating their Urban Runoff Quality Management Manual of 
Practice; design guidance of BMPS will make better use of the 

physical, chemical, and biologic processes taking place in the BMP 
before, during and after a storm event.  This manual will build upon 

recent research efforts employing a unit process based approach 
for BMP design and selection.  These research efforts were 
supported by the Water Environment Research Foundation 

(WERF) and the National Cooperative Highway Research Program 
(NCHRP). 

• A BMP designed and constructed according to a set of criteria 

described above, could be presumed to deliver an effluent with a 
mean constituent concentration and variance similar to the 

performance numbers developed from the literature if it is properly 
maintained. Enforcement would comprise periodic inspection of 

the facility using a checklist of items to be inspected.  While not an 
effluent limit, this seems practical and quantifiable. 
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• Most all existing development rely on non-structural control 

measures, making it difficult, if not impossible to set numeric 
effluent limits for these areas because little is known about the 
quantity and quality performance of non-structural controls.  

However, certain development characteristics in some existing 
development areas that minimize the amounts of impervious areas 

in a drainage area have been shown to be quite effective in 
reducing adverse hydromodifications in the receiving waters, and 
should be encouraged. 

Municipal Recommendations 
It is not feasible at this time to set enforceable numeric effluent criteria for 

municipal BMPs and in particular urban discharges.  However, it is possible to 
select and design them much more rigorously with respect to the physical, 
chemical and/or biological processes that take place within them, providing more 

confidence that the estimated mean concentrations of constituents in the 
effluents will be close to the design target.  Moreover, with this more rigorous 

design and an enforceable maintenance program, it can be presumed that these 
facilities will continue to deliver effluent qualities that are reasonably close to the 
design effluent concentrations over the life of the facility.  And if proper 

maintenance is performed (enforced), the facilities can be expected to perform 
throughout their design life at the same or better efficiency as when newly 

constructed.  Depending on the pollutants and parameters of concern and BMP 
choices, it is very likely that treatment trains of structural BMPs will be required in 
many cases. 

 
For catchments not treated by a structural or treatment BMP, setting a numeric 

effluent limit is basically not possible.  However, the approach of setting an 
“upset” value, which is clearly above the normal observed variability, may be an 
interim approach that would allow “bad actor” catchments to receive additional 

attention.  For the purposes of this document, we are calling this “upset” value an 
Action Level because the water quality discharged from such locations are 

enough of a concern that most all could agree that some action should be taken.  
Action Levels could be developed using at least three different approaches.  
These approaches include: 1) consensus based approach; 2) ranked percentile 

distributions; 3) statistically-based population parameters.   
 

The consensus-based approach would be to agree upon effluent concentrations 
that all parties feel are not acceptable.  For example, most parties would likely 
agree that an average concentration of dissolved copper above 100 ug/l from an 

urban catchment would not be acceptable.  This would be an Action Level value 
that would trigger an appropriate management response.  This approach may not 

directly address the issue of establishing numeric effluent criteria and achieving 
desired effluent quality, but the consensus-based approach would ensure that 
the “bad actor” watersheds received needed attention. 
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The ranked percentile approach (also a statistical approach) relies on the 

average cumulative distribution of water quality data for each constituent 
developed from many water quality samples taken for many events at many 
locations.  The Action Level would then be defined as those concentrations that 

consistently exceed some percentage of all water quality events (i.e. the 90th 
percentile).  In this case, action would be required at those locations that were 

consistently in the outer limit (i.e. uppermost 10th percentile) of the distribution of 
observed effluent qualities from urban runoff. 
 

The statistically based population approach would once again rely on the 
average distribution of measured water quality values developed from many 

water quality samples taken for many events at many locations.  In this case, 
however, the Action Level would be defined by the central tendency and variance 
estimates from the population of data.  For example, the Action Level could be 

set as two standard deviations above the mean, i.e. if measured concentrations 
are consistently higher than two standard deviations above the mean, an Action 

situation would be triggered.  Other population based estimators of central 
tendency could be used (i.e. geomean, median, etc.) or estimates of variance 
(i.e. prediction intervals, etc.).  Regardless of which population-based estimators 

are used (or percentile from above), the idea would be to identify the [statistically-
derived] point at which managers feel concentrations are significantly beyond the 

norm. 
 
The ranked percentile and population-based estimators are highly dependent 

upon the data sets used to calculate them.  There are a number of options that 
were considered by the Panel, but ultimately they were broken into two distinct 

categories. The first category was for new development/redevelopment and the 
second was for built out urban environments.  For new 
development/redevelopment, the panel recommends using the data set 

associated with the international BMP database (www.bmpdatabase.org).  This 
data set represents the variety of water quality from the most up to date, best 

conducted and reported BMP studies. The database effort does not limit itself to 
BMPs types or designs; it focuses on technically sound monitoring studies and 
reporting information.  Therefore there could be some screening of studies to 

those thought to be well designed BMPs to then develop effluent quality 
distributions and statistics on performance. Certainly, there is no expectation that 

urban stormwater managers could improve water quality beyond what would be 
reported in this dataset.   
 

In built-out urbanized environments, there are greater opportunities to examine 
various data sets for setting Action Levels.  For the Panel, these opportunities 

were a function of spatial scale.  The first opportunity would be at the local scale.  
Some urban stormwater monitoring programs have been in existence for 10 
years or longer.  Examples include the Los Angeles County Department of Public 

Works, City of Sacramento, Orange County, San Diego County, amongst others.  
Using permit specific data sets may make sense if issues of climatic variability or 
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localized geomorphology are important.  The next scale would be to combine 

these California municipal permit monitoring data sets, especially if lack of data 
for specific constituents of concern in any one location or region is an important 
issue.  The largest scale would be the National Stormwater Quality Database 

(NSQD) from municipal monitoring programs across the nation 
(http://unix.eng.ua.edu/~rpitt/Research/ms4/Paper/Mainms4paper.html).  This 

data set includes monitoring data from urban areas such as residential, 
commercial, industrial, freeway, institutional, and mixed use which is especially 
useful if small sample size limits the use of local data.  One advantage of using 

smaller (and local), rather than larger, spatial scales is the ability to update data 
sets for revising Action Levels.  The NSQD may not be updated for quite some 

time, but local data sets can be updated periodically (annual amendments, 10-
year rolling averages, every permit cycle, etc).  Ultimately, Action Levels would 
be expected to become lower as outliers are removed from data sets and as 

improved water quality data are collected through targeted management actions.  
It may be appropriate to eliminate older data sets as well over time. 

 
One element to consider when comparing monitoring data to Action Levels is the 
concept of a design volume for water quality (also known as the Water Quality 

Capture Volume – WQCV, WEF #23 and ASCE publication #87, 1998) or a 
design flow rate.  The WERF and NCHRP efforts mentioned above include 

recommendations regarding design sizing using continuous simulation 
techniques for both volume-based and rate -based BMPs.  The Panel 
acknowledged that several to more times each year, the runoff volume or flow 

rate from a storm will exceed the design volume or rate capacity of the BMP.  
Stormwater agencies should not be held accountable for pollutant removal from 

storms beyond the size for which a BMP is designed.  
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A Technically Sound and Pragmatically Enforceable BMP Design and the Permit 

Process 

The diagram below provides guidance for determining what BMPs are required in 
a newly developing watershed.  Under Condition 1 where the receiving water 

quality is not impaired, determination of the appropriate BMP would be by Best 
Professional Judgment (BPJ). Any of the “state approved” BMPs could be used.  

The permittee would be required to design the treatment facilities in accordance 
with the California BMP Handbook, which should be revised as a criteria 
manual, rather than a guidance 

manual and include more 
physiobiochemically based design 
criteria designed to address an agreed 
upon set of “Pollutants and 
Parameters of Concern” based upon 
knowledge of the pollutants and 
parameters that generally are of 
concern in urban runoff, with perhaps 
some differences on receiving water 
type. 
 
A detailed maintenance plan and 

schedule would be required that 
includes: 

1. Actions to be taken and when, 

2. Designation of the party legally 
accountable for the facility 

maintenance, and    
3. A whole-life cost estimate for 

the facility that include 

maintenance.   
 

Compliance with the design criteria 
and the maintenance plan and 
schedule would constitute 
achievement of the design effluent 
criteria . In the event of failure by the 

responsible party to perform the 
required maintenance and/or to 
perform it to the required level of 

quality, the whole-life cost schedule 
could be used to determine the 

consideration that the  defaulting 
responsible party would pay to the 
new responsible party that takes over 

the maintenance. 

Identify  
Receiving Water 

Body 

 
Water Body 

303d listed? 

Require 
Technology-
Based BMPs 

BPJ 

Identify 
Constituents of 

Concern 

Have 
TMDLs 

been set? 

 

 

 

 

Require BMP(s) 
 by BAT for 

Constituents of 
Concern 

BMPs selection 
based on  
removal 
efficiency 

 

yes 

yes 

no 

no 

Condition 1 

Condition 2 

Condition 3 

Monitor BMP 
Maintenance for 

Compliance 

Monitor BMP 
Maintenance for 

Compliance 

Monitor BMP 
Maintenance for 

Compliance 
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Under Condition 2  where water quality impairment exists but a TMDL has not 
yet been performed, BAT would be required, which means applying the BMPs 
that can practicably (to be defined) be employed to produce the lowest effluent 

concentrations (e.g. the lower grouping of BMP effluent quality) of the 
constituent(s) of concern.  Several types of BMPs may fulfill the BAT standard if 

these BMPs have performance that is not statistically or practically differentiable.  
This case will allow flexibility in choosing among that sets of BMPs that 
demonstrate superior performance.  As in the case of Condition 1, compliance 

with the maintenance plan and schedule would constitute compliance with the 
design effluent criteria. 

 
Condition 3, which occurs when a TMDL has been specified for the BMP or for 
the tributary watershed, may (or may not be) actually be less stringent that 

Condition 2 if the TMDL allows for a higher effluent concentration of the 
constituents of concern than that discharged by a BAT facility.  The same 

requirements would apply for the design criteria, and the maintenance plan and 
schedule would constitute the guarantee of design effluent concentrations from 
the BMP. 

Strategies for Stormwater Management to Protect Urban Water Environments 

Stormwater effluent limits can become very complex if all the issues are to be 

directly addressed. If complex, they are not likely to be workable. However, too 
much simplification can also lead to ineffective programs. Therefore, a 
reasonable first step is needed, based on local data. Compliance monitoring (e.g. 

BMP inspections) is also needed to ensure that the goals are likely to be met. 
Most likely goals will have to be revised over time. The overall strategy should 

contain these objectives: 
 

• Effectiveness 

• Affordability 

• Enforceability, and 

• Flexibility 
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Table 1 - Effects of Urbanization on Hydrologic Regime in Colorado and Georgia 

Annual 
Precipitation

Mean 
Storm 
Depth* 

Runoff Events per Year Annual Runoff (mm) 

Location 
Millimeters 
per Year Millimeters Undeveloped Developed Undeveloped Developed 

Fort Collins, 
CO 335 11 27 47 12 124 

Atlanta, GA 1262 18 48 78 36 500 

* Values obtained from Fig. 5.3 ASCE  MOP (1998) 

 

Runoff volume and peak flows have been recognized as two of the most 
important stormwater factors needing control.  Table 1  (Roesner and Nehrke) 

shows that urbanization dramatically changes the hydrologic regime of urban 

waterways.  In both Atlanta (a higher rainfall area) and Fort Collins (a semiarid 
area), the number of runoff events per year on developed land increases by a 

factor of 2 times the number of runoff events that occur in the undeveloped state; 
and the runoff volume increases by a factor of ten!  The peak flows also increase 
dramatically as shown in Figure 1  below, but as also seen on the figure, the 

peak flow frequency curve can be adjusted back to its predevelopment character 
by the proper application of runoff controls.  But while these controls restore the 

peak flow frequency to its natural regime, the duration of flows at the low end (but 
still channel “working”) of the flow frequency curve is greatly increased, which 
raises potential for channel scour in stream channels with erosive soils. 

 

Figure 1 - Exceedance Frequencies for Detention Basins in Fort Collins, Colorado 

Exceedance Frequency for Detention Basins in Fort Collins, Colorado
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Since many of the stormwater pollutants are strongly associated with 

particulates, stormwater particulate control is also often a component of 
stormwater control programs. Therefore, an effective stormwater control strategy 
that could be encouraged is a combination of several practices, listed below in 

the order of increasing events: 
 

• On-site stormwater reuse, evapotranspiration and infiltration for the 
smallest storms and up to specific targeted events, depending on site 
limitations (soil characteristics and groundwater contamination 

potential) (usually by conservation design emphasizing infiltration, 
disconnecting paved areas, etc.)  

• Treatment of excess runoff that cannot be infiltrated, again, up to a 
specific targeted runoff volume (usually by sedimentation or filtration) 

For pollutants of concern, it should be demonstrated that the BMP(s) 
need to include the physical, biological, and/or chemical treatment 
processes that address the typical pollutants of concern and/or 

specific pollutants in the case of 303D listed water bodies or those 
with established TMDLs. 

• Control of energy discharges for the channel forming events (such as 
through storage-release, focusing on flow-duration analyses and peak 
flow frequency analyses).  To be most effective, this should to be 

completed under a watershed management plan and not site-by-site. 

• Provide safe drainage for damaging events (conventional drainage, 

plus secondary drainage systems) 

• In watersheds that are already experiencing damaging flow impacts to 

streams, it could be in many circumstances much more cost-effective 
(and effective period) to develop through a watershed plan a natural 
stream stabilization approach that could address both the existing 

development and the remaining smaller infill or otherwise smaller new 
development.  In these cases, requiring the remaining new 

development to implement flow-duration control would not solve the 
issue in a measurable way and resources would be better spent 
restoring the functions of the creek with instream enhancements. 
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Panel’s Findings on Feasibility of Numeric Effluent Limits 
Applicable to Construction Activities 

Construction Observations 
Regarding the question of the technical feasibility of Numeric Limits for 
stormwater discharges from construction activities, the Panel bases its 

recommendations on the following observations. 
 

1. Limited field studies indicate that traditional erosion and sediment controls 
are highly variable in performance, resulting in highly variable turbidity 
levels in the site discharge. 

2. Site-to-site variability in runoff turbidity from undeveloped sites can also be 
quite large in many areas of California, particularly in more arid regions 

with less natural vegetative cover and steep slopes. 
3. Active treatment technologies involving the use of polymers with relatively 

large storage systems now exist that can provide much more consistent 

and very low discharge turbidity. However, these technologies have as yet 
only been applied to larger construction sites, generally five acres or 

greater. Furthermore, toxicity has been observed at some locations, 
although at the vast majority of sites, toxicity has not occurred.  There is 
also the potential for an accidental large release of such chemicals with 

their use 
4. To date most of the construction permits have focused on TSS and 

turbidity, but have not addressed other, potentially significant pollutants 

such as phosphorus and an assortment of chemicals used at construction 
sites. 

5. Currently, there is no required training or certification program for 
contractors, preparers of soil erosion and sediment control Stormwater 
Pollution Prevention Plans, or field inspectors. 

6. The quality of stormwater discharges from construction sites that 
effectively employ BMPs likely varies due to site conditions such as 

climate, soil, and topography.  
7. The States of Oregon and Washington have recently adopted similar 

concepts to the Action Levels described earlier. 

Construction Recommendations 
It is the consensus of the Panel that active treatment technologies make Numeric 

Limits technically feasible for pollutants commonly associated with stormwater 
discharges from construction sites (e.g. TSS and turbidity) for larger construction 
sites.  Technical practicalities and cost-effectiveness may make these 

technologies less feasible for smaller sites, including small drainages within a 
larger site, as these technologies have seen limited use at small construction 

sites.  If chemical addition is not permitted, then Numeric Limits are not likely 
feasible.  Whether the use of Numeric Limits is prudent, practical or necessary to 
more effectively achieve nonpoint pollution control is a separate question that 
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needs to be answered, but is outside the scope of this Panel. However, Action 

Levels are likely to be more commonly feasible.  For small sites or smaller 
drainages within larger sites, or where chemicals cannot be used, the Panel 
recommends that Action Levels be specified. 

 
Advanced systems lend themselves to Numeric Limits because of historically 

reliable treatment, while non-active controls are less predictable.  Advanced 
systems have been in use in some form since the mid-1990s. At this time, there 
are two general types of systems.  With each general system the stormwater is 

retained on-site, treated, and released more slowly.  One system employs 
polymer coagulation and sedimentation.  The second system employs polymer 

coagulation with direct filtration.  Both types o f systems are considered reliable, 
and can consistently produce a discharge less than 10 NTU.  These systems 
have been used successfully at many sites in several states since 1995 to 

reduce turbidity to very low levels.  Non-active erosion and sediment control 
BMPs, while effective when applied and adequately maintained, produce more 

highly variable in effluent quality, making setting Numeric Limits difficult, if not 
impossible.   
 

An important consideration in setting Numeric Limits or Action Levels is tha t in 
many locations in California the natural background turbidity and/or TSS levels in 

stormwater runoff are quite high.  This is particularly true in semi-arid or arid 
regions, which tend to have less vegetative cover.  For example, natural runoff 
concentrations in Emerald Creek, on the Newport Coast, above any developed 

areas have been over 5,000 mg/l during runoff events.  The Los Angeles County 
Monitoring Data sets included an open land use watershed that also showed 

TSS levels significantly above other types of urban land uses.  Therefore, it is 
important to consider natural background levels of turbidity or TSS in setting 
Numerical Limits or Action Levels for construction activities.  The difficulty in 

determining natural background concentrations/levels for all areas of the state 
could make the setting of Numeric Limits or Action Levels impractical from an 

agency resource perspective. 
 
While the Panel concludes that Numeric Limits or Action Levels are technically 

feasible, the Panel has several reservations and concerns. 
 

1. The active treatment systems have generally been employed on sites five 
acres or larger. While the systems are technically feasible for sites of any 
size, including sites or drainages as small as an acre or less, the cost may 

be prohibitive.  The cost-effectiveness of active treatment systems is 
greatly enhanced for large drainage areas, at which construction occurs 

for an extended period of time, over one or more wet season.  There is 
also a more “passive” active system that is employed in New Zealand that 
uses captured rainfall to release the chemical into flows entering a 

detention system that requires less instrumentation and flow measurement 
infrastructure.   Even more passive systems such as the use of polymer 
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logs and filter bags are currently under development for small sites.  

Regardless, the Panel recommends that the Board give particular 
attention to improving the application of cost-effective source controls to 
small construction sites. 

2. In considering widespread use of active  treatment systems, full 
consideration must be given to whether issues related to toxicity or other 

environmental effects of the use of chemicals has been fully answered.  
Consideration should be given to longer-term effects of chemical use, 
including operational and equipment failures or other accidental excess 

releases. 
3. Consideration should be given to the seasonality of applying Numerical   

Limits.  There may be sites where summer only construction that complies 
with Action Levels may be preferred to year-round that sites that include 
winter construction that complies with Numeric Limits.  In such cases, 

applying Numeric Limits to summer construction may be a disincentive to 
scheduling active grading during dry periods.  Allowing summer only 

construction sites to comply with action levels would discourage winter 
construction activities. 

4. Consideration should be given to whether Numeric Limits would apply to 

all construction sites or only those with significant disturbed soil areas 
(e.g. active grading, un-vegetated and/or un-stabilized soils).  A site could 

meet certain conditions to be considered “Stabilized” for the runoff season.  
5. Where Numeric Limits are not feasible or where they would not apply 

during designated seasons or site conditions, the Panel recommends that 

the Board consider the concept of Action Levels for sites where only 
traditional erosion and sediment controls are applied or construction sites 

that are considered “stabilized” for the runoff season.  An Action Level 
indicates a failure of BMPs (within some storm size limits).   

6. The Board should consider Numeric Limits or Action Levels for other 

pollutants of relevance to construction sites, but in particular pH.  It is of 
particular concern where fresh concrete or wash water from cement 

mixers/equipment is exposed to stormwater.    
7. The Board should consider the phased implementation of Numeric Limits 

and Action Levels, commensurate with the capacity of the dischargers and 

support industry to respond.  
8. The Panel recommends that a Numeric Limit or Action Level should be 

compared to the average discharge concentration.  The minimum number 
of individual samples required to represent the average discharge 
concentration for a storm will need to be defined. 

9. The Board should set different Action Levels that consider the site’s 
climate region, soil condition, and slopes, and natural background 

conditions (e.g. vegetative cover) as appropriate and as data is available.  
With active treatment systems, discharge quality is relatively independent 
of these conditions.  In fact, active treatment systems could result in 

turbidity and TSS levels well below natural levels, which can also be a 
problem for receiving waters. 
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10. The Board should consider whether the Numeric Limits or Action Levels 

should differ between receiving waters that are water quality limited with 
respect to turbidity, sediment or other pollutants associated with 
construction, from those water bodies that are not water quality limited. 

11. The Panel recommends that Numeric Limits and Action Levels not apply 
to storms of unusual event size and/or pattern (e.g. flood events).  The 

determination of Water Quality Capture Volume should consider the 
differing climate regions to specify these events.   

12. The Board should set Numeric Limits and Action Levels to encourage 

loading reductions as appropriate as opposed to only numeric 
concentrations.  Examples include phased construction (e.g. limited 

exposed soil areas or their duration), infiltration, and spraying captured 
runoff in vegetated areas as means to reduce loading. 

13. The Panel is concerned that the monitoring of discharges to meet either 

the Action Levels or Numeric Limits may be costly.  The Panel 
recommends that the Board consider this aspect. 
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Panel’s Findings on Feasibility of Numeric Effluent Limits 
Applicable to Industrial Activities 

Industrial Observations 
The Panel believes that Numeric Limits are feasible for some industrial 
categories. Industries have control over their facilities. They control access, 
construction practices, product substitution to affect pollution prevention and the 

types of treatment systems to be used to mitigate stormwater runoff.  There are 
many treatment systems or prevention practices that have been in place for 

lengthy periods, extending back to the 1980s in many cases. For example, there 
is much known today about construction materials, such as roofing materials 
(roofing composition, gutters, paints and coatings, products that abrade or tend 

to create solids or litter, etc). Other examples include development of pervious 
surfaces, or infiltration methods.   

 
The decision for the value of Numeric Limits should be made in one of two ways. 
When there is a TMDL that defines the permissible load for a watershed, the 

Numeric Limits should be set to meet the TMDL. Consideration mus t be given for 
both the pollutant concentration as well as the volume of runoff, since both 

contribute to the impacts that required the TMDL to be implemented.  
 
When there is no TMDL, the Numeric Limits should be based upon sound and 

established practices for storm water pollution prevention and treatment, using 
an approach analogous to that used in the NPDES wastewater process in the 
1970s. In this approach phased, Numeric Limits were first set that were based 

upon the use of best currently available technology, and permittees were given a 
defined period for compliance.  Permits were established based upon industry 

types or categories, with the recognition that each industry has its own specific 
problems and financial viability.  
 

To establish Numeric Limits for industrial sites requires a reliable database, 
describing current emissions by industry types or categories, and performance of 

existing BMPs. The current industrial permit has not produced such a database 
for most industrial categories because of inconsistencies in monitoring or 
compliance with monitoring requirements. The Board needs to reexamine the 

existing data sources, collect new data as required and for additional water 
quality parameters (the current permit requires only pH, conductivity, total 

suspended solids, and either total organic carbon or oil and grease) to establish 
practical and achievable Numeric Limits.   
 

In cases where the industrial activity is similar to activities covered by the MS4 
permit (roofs, parking lots, etc), the approach or limits for industries should be the 

same as for MS4 permittees.  In cases where the industrial activity is similar to 
land disturbance activities (e.g. landfills, gravel mines, etc.), there exists data and 
design experience with runoff control, capture and advanced treatments systems 

(e.g. systems using polymer to enhance total suspended solids removal – see 
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the construction section) that may make Numeric Limits feasible for new facilities, 

and the approach and limits should be the same as for construction permittees. 
The same conditions and issues related to active treatment discussed in the 
construction section apply here. 

 
In cases where there is less certainty in the data for both stormwater 

characterization or BMP performance to establish Numeric Limits, there maybe 
sufficient data to establish Action Levels.  Action Levels set for industrial sites 
that discharge to MS4s should not exceed those set for MS4 permittees. 

 
The Panel recognizes that existing and new facilities may have to be treated 
differently and recommends the approach in Table 2.  

 

Table 2- Approach to Establish Numeric Limits or Action Levels at Existing or New 
Facilities 

  Numeric Limits  Action Levels  Notes 

Indoor No 
Yes, similar to 

MS4 
 

Existing 
Facility 

Outdoor 

Yes if data are 
adequate for the 
specific 

industrial activity 
and BMP 

Yes, using 
industrial 
database 

Action Levels 
should approach 
MS4 action 

levels. 

Indoor 
Yes – BMP 

Database 
 

Technology 

based, similar to 
MS4 New 
Development  

New 
Facility 

Outdoor 

No, unless 

sufficient data 
exist for the 

specific 
industrial activity 
and BMP 

Yes when 

sufficient data are 
available 
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Industrial Recommendations 
The Panel has several reservations and concerns: 
 

• The Panel recognizes the inadequacy of current monitoring data sets and 

recommends improved monitoring to collect data useful for establishing 
Numeric Limits and Action Levels.   

• Required parameters for future monitoring should be consistent with the 
type of industrial activity instead of the current parameters (i.e., monitor for 

heavy metals when there is reasonable expectation that the industrial 
activity will cause greater heavy metals concentrations in the storm water). 

• Insofar as possible, the Panel prefers the use of California data (or 

National data if it can be shown to be applicable to CA) in setting Numeric 
Limits and Action Levels.   

• The Panel recognizes that economies of scale exist for large facilities and 
large groups of single facilities.   

• Industrial facilities that do not discharge to MS4s should have to 

implement BMPs for their non-industrial exposure (e.g., parking lots, roof 
runoff) similar to commercial facilities in MS4 jurisdictions. 

• Regardless of Action Levels or Numeric Limits, the permittees should 
implement a suite of minimum BMPs – good housekeeping, employee 

training, preventing materials from exposure to rain, etc. 

• SIC categories are not a satisfactory way of identifying industrial activities 

at any given site.  The Board should develop a better method of 
characterizing industrial activities that can impact storm water.   

• The Panel recognizes this is a large task and recommends prioritizing the 

implementation of this approach to achieve the greatest reduction of 
pollutants statewide.  

• Increasingly, a number of industries have moved industrial activities 
indoors, preventing storm water pollution.  The Panel recognizes that 
these facilities should be granted some sort of regulatory relief from 

industrial Numeric Limits or action levels, but should still be required to 
comply with MS4 permit requirements. 

  
The Panel recognizes the need to make progress in monitoring and reducing 
storm water discharge from industrial facilities, but urges the Board to consider 

the total economic impact and not unduly penalize California industries with 
respect to industries outside of California. 
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Exhibit H:  Outfall Data Summary 

 
Ventura County Non-stormwater 

Constituents Units 
# 

Sample 
Proposed 

NAL* 
# 

Exceeded % Exceedance Min Mean Max 
pH   30 6.5-8.5 11 36.7% 7.5 8.5 9.9 
Nitrate-N mg/L 6 1.0 3 50% 0.2 1.7 3.1 
MBAS mg/L 15 0.5 1 6.7% 0.02 0.3 2.4 
E. Coli MPN/100ml 46 235 25 54% 10 3140 43520 
Aluminum µg/L 15 1000 0 0% 1.3 23 170 
Copper µg/L 15 30.7-268 1 7% 1.3 13.0 48 
Lead µg/L 15 235-4420 0 0% 0.02 0.3 1.1 
Zinc µg/L 15 243-1707 0 0% 1.2 7.1 19 
Selenium µg/L 15 8.2 3 20% 0.1 5.7 42 
Mercury µg/L 21 1000 0 0% 3.9 27.4 51 
*Non-stormwater Action Level as proposed in the LA County MS4 Permit; most values came from the Basin Plan. 

Ventura County Stormwater 

Constituents Units 
# 

Sample 
Basin 
Plan 

# 
Exceeded 

% 
Exceedance Min Mean Max 

pH   64 6.5-8.5 2 3.1% 6.5 7.6 8.8 
Nitrate + Nitrite as N mg/L 56 1.0 20 35.7% 0.4 1.1 6.2 
Phosphorus as P mg/L 56 0.1   56 100% 0.2 0.8 2.7 
Cadmium µg/L 56 5 0 0% 0.1 0.5 2.2 
Chromium µg/L 56 50 1 1.8% 1.1 7.9 56 
Copper µg/L 56 3.4-105 36 64.3% 4.1 30.2 120 

Lead µg/L 56 
11.9-
1245 1 1.8% 0.8 11.5 39 

Mercury ng/L 74 200 0 0% 3.9 37.6 90 
Nickel µg/L 56 100.0 0 0% 1.8 11.5 70 
Zinc µg/L 56 33.2-735 26 46.4% 22.0 144 380 
Cyanide mg/L 56 0.022 0 0% 0.0027 0.0028 0.0072 
E.Coli MPN/100ml 56 235.0 56 100% 850 24581 241920 
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Orange County Stormwater  

Constituents Units
Basin 
Plan 

# 
Sample 

# 
Exceeded 

% 
Exceedance Min Mean Max 

Nitrate + Nitrite as N mg/L 1 59 28 47.5% 0.3 1 3 
Total Phosphate as P mg/L 0.1 59 59 100% 0.2 0.5 3.3 

North Orange County Non-stormwater  

Constituents Units 
# 

Sample 
Proposed 

NAL* 
# 

Exceeded 
% 

Exceedance Min Mean Max 
pH   1146 6.5-8.5 102 8.9% 5.27 7.99 10.21 
Nitrate-N mg/L 1150 1.0 1073 93.3% 0.02 3.73 158 
MBAS mg/L 1106 0.5 102 9.2% 0.03 0.29 28.4 
Total Coliform CFU/100ml 661 10000 507 77% 20 628240 1.38E+08
Fecal Coliform CFU/100ml 1041 400 804 77% 8 117153 88000000
Enteroccocus CFU/100ml 1116 104 1053 94% 1 30381 16100000
Copper µg/L 1151 4.8-681 16 1% 0.9 8 180 
Lead µg/L 1152 0.7-111 1 0.1% 0.5 1 21 
Zinc µg/L 1149 42.4-3639 6 1% 2.0 25 3400 
Selenium µg/L 1022 8.2 105 10% 0.5 4.34 110 
Mercury µg/L 16 1 0 0% 0.05 0.07 0.18 

*Non-stormwater Action Level as proposed in the LA County MS4 Permit; most values came from the Basin Plan. 
 
South Orange County Non-stormwater  

Constituents Units 
# 

Sample 
Proposed 

NAL* # Exceeded 
% 

Exceedance Min Mean Max 
pH   1456 6.5-8.5 27 1.9% 6.45 7.89 9.72 
Nitrate-N mg/L 1451 1.0 1386 95.5% 0.1 3.76 24.3 
MBAS mg/L 1247 0.5 68 5.5% 0.01 0.23 38.8 
Total Coliform CFU/100ml 1115 10000 917 82% 30 134874 9600000
Fecal Coliform CFU/100ml 1357 400 1200 88% 9 26516 5300000
Enteroccocus CFU/100ml 1426 104 1399 98% 9 20494 3100000
Copper µg/L 1436 18.8-808 9 0.6% 0.5 8.0 520 
Lead µg/L 1367 3.3-115 2 0.1% 0.5 0.79 11 
Zinc µg/L 1436 144-3837 4 0.3% 2 35.6 2900 

*Non-stormwater Action Level as proposed in the LA County MS4 Permit; most values came from the Basin Plan. 
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Kare n As hb y 

707 Fourth Street, Suite 200 

Davis, CA 95616 

530.753.6400 (phone) 

530.753.7030 (fax) 

karena@lwa.com 

D A T E :  July 20, 2012 
 

T O :  Frank Wu 
Aracely Lasso 

 

S U BJ E C T:  Summary of the Legal Action Taken by 
the Coalition for a Sustainable Delta 
against the City of Stockton and 
County of San Joaquin 

 

cc: Malcolm Walker, LWA
 

 
BACKGROUND 

On February 18, 2009, the Coalition for a Sustainable Delta, Belridge Water Storage 
District, Berrenda Mesa Water District, Cawelo Water District, North of the River 
Municipal Water District, Wheeler Ridge-Maricopa Water Storage District, and Dee 
Dillon (Coalition) filed a third party citizen lawsuit under the Clean Water Act (CWA) and 
Endangered Species Act (ESA) against the City of Stockton (City) and the County of 
San Joaquin (County)1. Unlike most NGOs, the Coalition is comprised of various water 
districts and farmers. The case2 involves alleged violations of the CWA and ESA from 
the City and County’s municipal stormwater systems due to alleged violation of the 
municipal stormwater National Pollutant Discharge Elimination System (NPDES) permit 
applicable to the discharges. The Coalition contends that the relief sought by their 
complaint will ultimately result in additional or increased water deliveries to Coalition 
members. 

In support of the violations alleged, the Coalition specifically cited, inter alia, the 
following: 

                                            
1 The Coalition for a Sustainable Delta filed their Notice of Intent to Sue for Violations of the Clean Water 
Act and Endangered Species Act with the City and the County on July 1, 2008. 
2 Coalition for a Sustainable Delta, et. Al, v. City of Stockton and County of San Joaquin, United States 
District Court, Eastern District of California, Case No. 2:09-cv-00466-JAM-DAD. 
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• Violations of the Water Quality Exceedance Prohibition are set forth in the 
Permittees’ own annual reports, and restated in specific detail in Attachment A to 
the Notice Letter, including the date of the violation, the pollutant at issue, the 
location of the violation, the Water Quality Standard exceeded, the reported 
exceeding concentration, and the citation to where the Permittees expressly 
reported the violation3. 

• Discharges from MS4s are prohibited from causing noncompliance with specified 
receiving water limitations (cite Section C.1, 2002 and 2007 permits). In addition, 
the discharges may not cause or contribute to an exceedance of any applicable 
water quality standards set forth in the Basin Plan or otherwise (cite Section D.1 
2002 Permit and C.2 2007 Permit)4 

Within this section of the complaint, the Plaintiffs allege multiple “violations” of the Water 
Quality Exceedance Prohibition and cite the Annual Reports submitted from the City 
and the County to the Central Valley Regional Water Quality Control Board (Regional 
Board) from 2003-2009 as evidence of the alleged violations5.   

The Receiving Water Limitations-based claims of relief include:  

• The MS4 Permits prohibit discharges that cause noncompliance with Receiving 
Water Limitations; 

• The City and County’s discharges have caused and continue to cause 
noncompliance with the Receiving Water Limitations in violation of the MS4 
Permits; 

• Each day that the City and County have caused noncompliance with the 
Receiving Water Limitations constitutes a separate and distinct violation of the 
MS4 Permits 

Since the lawsuit was filed, the City and County have expended significant resources 
responding to the allegations and in settlement discussions with the Plaintiff. To date, a 
settlement has not yet been reached. 

RECEIVING WATER LIMITATIONS LANGUAGE 

Pursuant to a petition that was filed against a municipal stormwater permit and 
subsequent discussions with US EPA, in 1999 the State Water Resources Control 

                                            
3 A. Discharge Prohibitions, 1. Violations of Water Quality Exceedance Prohibition, Items 59 – 78, pgs. 
16-19, Complaint for Declaratory and Injunctive Relief and Civil Penalties. 
4 B. Receiving Water Limitations, Items 85-87, Complaint for Declaratory and Injunctive Relief and Civil 
Penalties. 
5 Within the Annual Reports and pursuant to the 2002 and 2007 municipal stormwater NPDES Permits, 
the City and the County summarize the exceedances of the Receiving Water Limitations and identify 
when the urban discharge may have “caused or contributed” to a water quality exceedance. 
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Board (State Board) issued Order No. WQ 99-05. This precedential Order included 
specific receiving water limitations language that was to be incorporated into all future 
stormwater permits.  Since the issuance of this Order, the municipal stormwater 
permittees have understood that the receiving water limitations language, like that 
expressed within the City and County’s 2002 and 2007 municipal stormwater permits, 
established an iterative management approach as a basis for compliance.   

The 2002 (Provisions C, D.1 and D.2) and 2007 (Provision C) municipal stormwater 
permits included similar receiving water limitations language (the 2007 language is 
provided below): 

C. Receiving Water Limitations 
 

1. Receiving water limitations are site-specific interpretations of water quality standards from 
applicable water quality control plans. As such they are required as part of the permit. However, a 
receiving water condition not in conformance with the limitation is not necessarily a violation of 
this Order. The Regional Water Board may require an investigation to determine cause and 
culpability prior to asserting a violation has occurred. Discharges from MS4s shall not cause the 
following in receiving waters: [various water quality objectives are listed below this paragraph]  
 

2. The discharge shall not cause or contribute to an exceedance of any applicable water quality 
standards.  
 

3. The Permittees shall comply with Discharge Prohibition A.2 and Receiving Water Limitations C.1 
and C.2 through timely implementation of control measures and other actions to reduce pollutants 
in the discharges in accordance with the SWMP and other requirements of this Order, including 
any modifications. The SWMP shall be designed to achieve compliance with Receiving Water 
Limitations C.1 and C.2. If exceedance(s) of water quality objectives or water quality standards 
(collectively, WQS) persist notwithstanding implementation of the SWMP and other requirements 
of this Order, the Permittees shall assure compliance with Discharge Prohibition A.2 and 
Receiving Water Limitations C.1 and C.2 by complying with the following procedure:  
 

a. Upon a determination by either the Permittees or Regional Water Board that discharges 
are causing or contributing to an exceedance of an applicable WQS, the Permittees shall 
promptly notify and thereafter submit a report to the Executive Officer that describes 
BMPs that are currently being implemented and additional BMPs that will be 
implemented to prevent or reduce any pollutants that are causing or contributing to the 
exceedance of WQSs. This Report of Water Quality Exceedance (RWQE) shall be 
incorporated in the Annual Report unless the Regional Water Board directs an earlier 
submittal. The RWQE shall include proposed revisions to the SWMP and an 
implementation schedule containing milestones and performance standards for new or 
improved BMPs, if applicable. The RWQE shall also include a monitoring program and 
the rationale for new or improved BMPs, including a discussion of expected pollutant 
reductions and how implementation of additional BMPs will prevent future exceedance of 
WQSs. The Regional Water Board may require modifications to the RWQE.  

 
b. The Permittees shall submit any modifications to the RWQE required by the Regional 

Water Board within 30 days of receipt of all data from analytical laboratories.  
 

c. Within 30 days following approval of the RWQE by the Executive Officer, the Permittees 
shall revise the SWMP and monitoring program to incorporate the approved modified 
BMPs that have been and will be implemented, implementation schedule, and any 
additional monitoring required. 
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d. The Permittees shall implement the revised SWMP and monitoring program in 
accordance with the approved schedule. 

 

So long as the Permittees have complied with the procedures set forth above and are 
implementing the revised SWMP, the Permittees do not have to repeat the same procedure 
for continuing or recurring exceedances of the same receiving water limitations unless 
directed by the Executive Officer to develop additional BMPs. 

Since the issuance of the 2002 and 2007 permits, the City and County have understood 
that the receiving water limitations language established an iterative process whereby 
they would report exceedances of water quality objectives to the Regional Board and 
perform corrective actions and/or implement additional BMPs as necessary in order to 
address the identified exceedances and to comply with the Permit.  
For the past decade, the City and County have followed this iterative process to improve 
the implementation of their stormwater program and to improve water quality. The City 
and County implement a comprehensive water quality monitoring program to 
characterize trends and identify specific pollutants of concern (POCs).  The results of 
water quality monitoring analyses and the identification of the POCs have assisted the 
City and County in establishing the priorities for the Stormwater Program and in 
targeting implementation measures to protect the beneficial uses of the receiving 
waters. 

RECEIVING WATER LIMITATIONS - ITERATIVE PROCESS  

Provision C.3 of the 2007 Permit requires the Permittees to develop Reports of Water 
Quality Exceedances (RWQEs) on an event by event basis when the Permittees 
determined that their stormwater discharges had likely caused or contributed to an 
exceedance of applicable water quality standard. 
 
To support this effort, all receiving water monitoring data are compared with applicable 
water quality objectives (WQOs) contained in:  

• The Water Quality Control Plan for the Sacramento and San Joaquin River 
Basins (Basin Plan);  

• The California Toxics Rule (CTR); and/or 
• California Title 22 regulations. 

Figure 1 shows the steps used by the City and the County to determine if a RWQE is 
needed and what information is included.  
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Figure 1. Cause and Contribute Exceedance Determination and RWQE Reporting 

Does urban 
receiving water 
sample exceed 

pollutant 
WQO? 

Does upstream 
urban 

discharge 
sample exceed 

pollutant 
WQO? 

No cause and 
contribute exceedance 

No RWQE required 

No cause and 
contribute exceedance 

No 

No 

Yes 

Determine if upstream receiving water sample 
exceeded WQO to characterize any upstream 
inputs that may have caused or contributed to 

the cause and contribute exceedance 

Yes 

Cause and contribute 
exceedance 

Report cause and 
contribute data and 
upstream receiving 

water data in RWQE 
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The approach consists of three steps: 

Step 1: Measured receiving water concentrations are compared against the relevant 
WQOs from the Basin Plan, the CTR, and/or the Title 22 drinking water maximum 
contaminant levels (MCLs). 
 
Step 2: When the reported receiving water concentrations exceed the WQOs, the urban 
runoff concentrations as monitored from upstream outfalls are compared to the WQOs. 
Based on these comparisons, the WQO exceedances are classified as “likely caused or 
contributed to by urban runoff” if both urban discharge and urban receiving water 
concentrations exceed the lowest applicable WQO. 
 
Step 3: When water quality exceedances are determined to be “likely caused or 
contributed to by urban runoff,” upstream receiving water exceedances are reported to 
characterize any upstream input into the waterways that may also have caused or 
contributed to the exceedance. 
 
Pursuant to the Permit, the City and County address those constituents identified as 
potentially causing or contributing to an exceedance of a water quality objective6. The 
RWQEs are summarized in each annual report along with the control measures (e.g., 
street sweeping) that specifically target these constituents and have the potential to 
reduce these exceedances. The approach used in annual reports is viewed as a 
planning-level effort to urban discharge impacts. The ROWD allows for a more long-
term view of exceedances to determine the pollutants of concern (POCs) using data 
from the entire permit term as well as from other permit terms as data allows.  
 
As an example in the 2007-08 Annual Report the City and County identified the 
following constituents that had the potential to cause or contribute to exceedances of 
water quality standards: 
 

• Metals (aluminum, copper, lead, and zinc) 
• Pathogen indicators (E. coli and fecal coliform) 
• 4,4’-DDD 
• Bis(2-ethylhexyl)phthalate 
• Total dissolved solids and specific conductivity 

 
In response to these exceedances the City and County identified control measures that 
were in place to address these pollutants.  These are summarized in the following table: 
 

                                            
6 It should be noted, that simple comparisons of receiving water constituent concentrations to the WQO 
do not consider the duration of exceedances. The duration of wet weather event exposure depends on 
the hydrology of the waterbody, which can be very dynamic, and thus, more likely that an acute 
(instantaneous) exposure to a contaminant would occur. Many constituents monitored do not have 
corresponding WQOs in the CTR, Basin Plan, and Title 22 Regulations (e.g., pyrethroids). Therefore, they 
cannot be evaluated using this process. 
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Pollutant Addressed Activity 
Aluminum street sweeping, catch basin cleaning, industrial and 

commercial inspections, illicit discharge elimination, and 
public education 

Copper  street sweeping, catch basin cleaning, BMPs directed at auto 
repair/body shops and promoted through the stormwater 
program 

Lead same control measures as copper and household hazardous 
waste collection for products containing lead such as batteries, 
paint, and electronics

Zinc same control measures as other metals plus upstream 
monitoring to assess background conditions 

Pathogens street sweeping, storm drain system cleaning and 
stenciling, illicit discharges inspection and elimination, and 
pet waste disposal stations at City parks.  In addition the 
City implemented a comprehensive Pathogen Plan to 
identify bacteria sources and to expand or modify the 
stormwater program to address those sources that are 
controllable.  This plan included extensive source tracking 
monitoring in the 6 different water bodies. 

4,4’- DDT No new control measures as this pollutant is from historic 
applications. However, there is general public education for 
pesticide use.

Bis(2-ethylhexyl)phthalate 
(DEHP) 

Only one exceedance occurred and DEHP is a known lab 
contaminant, and it is frequently detected at significant 
levels in field and laboratory blanks. No new control 
measures were identified. 

Total dissolved solids Infrequent and marginal exceedances.  However, street 
sweeping and illicit discharge control address total 
dissolved solids. 

 

REPORT OF WASTE DISCHARGE – LONG TERM ASSESSMENT OF RECEIVING 
WATER QUALITY  
As noted above the Annual Report provides a planning level assessment of the 
pollutants that are identified as potentially contributing or causing an exceedance of a 
water quality standard.  The development of the Report of Waste Discharge provides 
the City and County with an opportunity to evaluate long-term trends (considering 
frequency, magnitude, etc.) and identify additional control measures.  A summary of the 
RWQEs is developed and then the following approach is used to identify the urban 
discharge and receiving water monitoring-based POCs:  

• First, event-waterbody combinations are tallied. The number of event-waterbody 
combinations is defined as the number of sampling events multiplied by the 
number of waterbodies sampled.  

• The event-waterbody combinations are then assessed to determine how many 
samples exceeded the benchmark rate of 25% for cause or contribute 
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exceedances for a given constituent. This benchmark was established by the 
Permittees in order to provide a conservative guideline for the identification of 
POCs and allow for a prioritization of the stormwater program activities. This 
approach was used for the POC identification in the 2007 and 2012 ROWDs.  

A depiction of this process is shown in the flow chart in Figure 2.   

 

Figure 2. Process for Determination of POCs during a Permit Term 

 
For the 2012 ROWD, the RWQEs from the 2002 and 2007 permit terms were 
summarized and evaluated to determine the POCs that pose the greatest impact from 
urban runoff to receiving waters and to evaluate the long-term trends. As a result of that 
analysis, the list of 7 POCs identified in 2002-2007 was reduced to a subset of 4 POCs 
(Fecal coliform, E. Coli, Iron, and Aluminum). In addition, long term trends in POCs in 
urban runoff were assessed in box plots and statistically significant changes were 
determined in order to characterize urban runoff for the 2012 ROWD. The analysis 
presented in the 2012 ROWD indicated that overall urban runoff quality was maintained 
or had improved.  

For two of the four POCs the City and County developed pollutant specific control plans.  
Additional pollutant control plans were also developed for TMDL related pollutants in 
which urban runoff had been identified as a source of the pollutant. These plans include 
the following: 
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• Pesticide Plan  

• Pathogen Plan 

• Mercury Plan 

• Low DO Plan 
Various control measures and monitoring efforts were identified for each plan. A short 
summary of these efforts for each pollutant is summarized below. 

Pesticide Plan  

• Pesticide-specific outreach provided through the public education and outreach 
programs;  

• Coordination with HHW collection agencies;  
• Promotion of landscaping alternatives, such as the use of IPM; and 
• Monitoring of diazinon, chlorpyrifos, and pyrethroids. 

Pathogen Plan 

• Public education and outreach to promote proper disposal of pet waste; 
• Installation of pet waste stations and signage at local parks; 
• Identification and inspection of facilities holding livestock within the SUA;  
• Investigation of illicit connections and SSOs; and 
• Three-phased monitoring of 6 watersheds within the SUA and upstream for fecal 

indicator bacteria, and source-specific Bacteroidales to identify bacterial sources 
(canine, livestock – cow/horse, human, and universal). 

Mercury Plan  

• Promotion of proper handling and disposal of mercury-containing products 
through public education and outreach, including outreach to Permittee staff and 
industrial and commercial facilities; 

• BMPs to minimize erosion, and transport of sediment-associated mercury; and 
• Monitored total mercury and methylmercury over a period of three years, during 

three wet weather events and two dry weather sampling events each year. 

Low DO Plan 

• Monitoring water quality and sediment to assess potential impacts from urban 
runoff on receiving water quality with respect to DO. 

In summary the ROWD provided the opportunity to consider and evaluate the POCs 
and guide the direction and implementation of the Stormwater program.   
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SUMMARY – RAMIFICATIONS OF RWL LANGUAGE  

For over a decade, the City of Stockton and the County of San Joaquin’s storm water 
discharges have been regulated and have complied with a municipal stormwater permit 
that included agreed upon receiving water limitations language from US EPA and the 
State Water Board.  During this timeframe, the City and County in good faith engaged in 
the iterative process to assess the impact of the urban discharges on the receiving 
waters, report those assessments to the Regional Board (on an event by event, annual, 
and long-term basis), identify additional control measure that may be necessary, and 
implement those control measures. It was also understood that the implementation of 
the iterative process was deemed as compliance with the permit and would assist the 
City and the County in identifying the POCs and in improving their stormwater program. 

Although the City and County complied with the receiving water limitations 
requirements, and have not been cited for non-compliance by the Regional Board, the 
citizen suit was filed in 2009. In addition to the citizen suit being filed, the suit included a 
much more stringent interpretation of the receiving water limitations and how 
compliance with the permit must be determined. The citizen suit has resulted in 
significant resources being expended in the settlement discussions that could have, 
instead, been spent on the implementation of the program. This is especially important 
given the economic hardship that the City of Stockton is currently experiencing7. 
Moreover, the receiving water language, as interpreted by the Coalition, is being used 
as a weapon as a means to seek relief not properly related to water quality or 
compliance with standards. 

 

 

                                            
7 http://www.stocktongov.com/files/News_2012_6_28_BankruptcyPetition.pdf  
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February 21, 2012 
 
Mr. Charles Hoppin, Chair 
State Water Resources Control Board 
P.O. Box 100 
Sacramento, CA 95812-0100  
 
Subject:  Receiving Water Limitation Provision to Stormwater NPDES Permits 
 
Dear Mr. Hoppin: 
 
As a follow up to our December 16, 2011 letter to you and a subsequent January 25, 2012 
conference call with Vice-Chair Ms. Spivy-Weber and Chief Deputy Director Jonathan Bishop, the 
California Stormwater Quality Association (CASQA) has developed draft language for the receiving 
water limitation provision found in stormwater municipal NPDES permits issued in California.  This 
provision, poses significant challenges to our members given the recent 9th Circuit Court of Appeals 
decision that calls into question the relevance of the iterative process as the basis for addressing the 
water quality issues presented by wet weather urban runoff.   As we have expressed to you and other 
Board Members on various occasions, CASQA believes that the existing receiving water limitations 
provisions found in most municipal permits needs to be modified to create a basis for compliance 
that provides sufficient rigor in the iterative process to ensure diligent progress in complying with 
water quality standards but also allows the municipality to operate in good faith with the iterative 
process without fear of unwarranted third party action.  To that end, we have drafted the attached 
language in an effort to capture that intent.  We ask that the Board give careful consideration to this 
language, and adopt it as ‘model’ language for use statewide.   
 
Thank you for your consideration and we look forward to working with you and your staff on this 
important matter. 
 
Yours Truly, 

 
Richard Boon, Chair 
California Stormwater Quality Association 
 
cc: Frances Spivy-Weber, Vice-Chair – State Water Board   

Tam Doduc, Board Member – State Water Board  
Tom Howard, Executive Director – State Water Board  
Jonathan Bishop, Chief Deputy Director – State Water Board  
Alexis Strauss, Director – Water Division, EPA Region IX 
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CASQA	  Proposal	  for	  Receiving	  Water	  Limitation	  Provision	  

D.	  RECEIVING	  WATER	  LIMITATIONS	  	  

1. Except	  as	  provided	  in	  Parts	  D.3,	  D.4,	  and	  D.5	  below,	  discharges	  from	  the	  MS4	  for	  which	  a	  
Permittee	  is	  responsible	  shall	  not	  cause	  or	  contribute	  to	  an	  exceedance	  of	  any	  applicable	  water	  
quality	  standard.	  	  

2. Except	  as	  provided	  in	  Parts	  D.3,	  D.4	  and	  D.5,	  discharges	  from	  the	  MS4	  of	  storm	  water,	  or	  non-‐
storm	  water,	  for	  which	  a	  Permittee	  is	  responsible,	  shall	  not	  cause	  a	  condition	  of	  nuisance.	  

3. In	  instances	  where	  discharges	  from	  the	  MS4	  for	  which	  the	  permittee	  is	  responsible	  (1)	  causes	  or	  
contributes	  to	  an	  exceedance	  of	  any	  applicable	  water	  quality	  standard	  or	  causes	  a	  condition	  of	  
nuisance	  in	  the	  receiving	  water;	  (2)	  the	  receiving	  water	  is	  not	  subject	  to	  an	  approved	  TMDL	  that	  
is	  in	  effect	  for	  the	  constituent(s)	  involved;	  and	  (3)	  the	  constituent(s)	  associated	  with	  the	  
discharge	  is	  otherwise	  not	  specifically	  addressed	  by	  a	  provision	  of	  this	  Order,	  the	  Permittee	  shall	  
comply	  with	  the	  following	  iterative	  procedure:	  	  	  

a. Submit	  a	  report	  to	  the	  State	  or	  Regional	  Water	  Board	  (as	  applicable)	  that:	  

i. Summarizes	  and	  evaluates	  water	  quality	  data	  associated	  with	  the	  pollutant	  of	  
concern	  in	  the	  context	  of	  applicable	  water	  quality	  objectives	  including	  the	  
magnitude	  and	  frequency	  of	  the	  exceedances.	  	  

ii. Includes	  a	  work	  plan	  to	  identify	  the	  sources	  of	  the	  constituents	  of	  concern	  
(including	  those	  not	  associated	  with	  the	  MS4to	  help	  inform	  Regional	  or	  State	  
Water	  Board	  efforts	  to	  address	  such	  sources).	  

iii. Describes	  the	  strategy	  and	  schedule	  for	  implementing	  best	  management	  
practices	  (BMPs)	  and	  other	  controls	  	  (including	  those	  that	  are	  currently	  being	  
implemented)	  that	  will	  address	  the	  Permittee's	  sources	  of	  constituents	  that	  are	  
causing	  or	  contributing	  to	  the	  exceedances	  of	  an	  applicable	  water	  quality	  
standard	  or	  causing	  a	  condition	  of	  nuisance,	  and	  are	  reflective	  of	  the	  severity	  of	  
the	  exceedances.	  	  The	  strategy	  shall	  demonstrate	  that	  the	  selection	  of	  BMPs	  will	  
address	  the	  Permittee’s	  sources	  of	  constituents	  and	  include	  a	  mechanism	  for	  
tracking	  BMP	  implementation.	  	  	  The	  strategy	  shall	  provide	  for	  future	  refinement	  
pending	  the	  results	  of	  the	  source	  identification	  work	  plan	  noted	  in	  D.3.	  ii	  above.	  	  	  

iv. Outlines,	  if	  necessary,	  additional	  monitoring	  to	  evaluate	  improvement	  in	  water	  
quality	  and,	  if	  appropriate,	  special	  studies	  that	  will	  be	  undertaken	  to	  support	  
future	  management	  decisions.	  	  

v. Includes	  a	  methodology	  (ies)	  that	  will	  assess	  the	  effectiveness	  of	  the	  BMPs	  to	  
address	  the	  exceedances.	  	  	  

vi. This	  report	  may	  be	  submitted	  in	  conjunction	  with	  the	  Annual	  Report	  unless	  the	  
State	  or	  Regional	  Water	  Board	  directs	  an	  earlier	  submittal.	  
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b. Submit	  any	  modifications	  to	  the	  report	  required	  by	  the	  State	  of	  Regional	  Water	  Board	  
within	  60	  days	  of	  notification.	  The	  report	  is	  deemed	  approved	  within	  60	  days	  of	  its	  
submission	  if	  no	  response	  is	  received	  from	  the	  State	  or	  Regional	  Water	  Board.	  

c. Implement	  the	  actions	  specified	  in	  the	  report	  in	  accordance	  with	  the	  acceptance	  or	  
approval,	  including	  the	  implementation	  schedule	  and	  any	  modifications	  to	  this	  Order.	  	  	  

d. As	  long	  as	  the	  Permittee	  has	  complied	  with	  the	  procedure	  set	  forth	  above	  and	  is	  
implementing	  the	  actions,	  the	  Permittee	  does	  not	  have	  to	  repeat	  the	  same	  procedure	  
for	  continuing	  or	  recurring	  exceedances	  of	  the	  same	  receiving	  water	  limitations	  unless	  
directed	  by	  the	  State	  Water	  Board	  or	  the	  Regional	  Water	  Board	  to	  develop	  additional	  
BMPs.	  

4. For	  Receiving	  Water	  Limitations	  associated	  with	  waterbody-‐pollutant	  combinations	  addressed	  in	  
an	  adopted	  TMDL	  that	  is	  in	  effect	  and	  that	  has	  been	  incorporated	  in	  this	  Order,	  the	  Permittees	  
shall	  achieve	  compliance	  as	  outlined	  in	  Part	  XX	  (Total	  Maximum	  Daily	  Load	  Provisions)	  of	  this	  
Order.	  	  For	  Receiving	  Water	  Limitations	  associated	  with	  waterbody-‐pollutant	  combinations	  on	  
the	  CWA	  303(d)	  list,	  which	  are	  not	  otherwise	  addressed	  by	  Part	  XX	  or	  other	  applicable	  pollutant-‐
specific	  provision	  of	  this	  Order,	  the	  Permittees	  shall	  achieve	  compliance	  as	  outlined	  in	  Part	  D.3	  
of	  this	  Order.	  

5. If	  a	  Permittee	  is	  found	  to	  have	  discharges	  from	  its	  MS4	  causing	  or	  contributing	  to	  an	  exceedance	  
of	  an	  applicable	  water	  quality	  standard	  or	  causing	  a	  condition	  of	  nuisance	  in	  the	  receiving	  water,	  
the	  Permittee	  shall	  be	  deemed	  in	  compliance	  with	  Parts	  D.1	  and	  D.2	  above,	  unless	  it	  fails	  to	  
implement	  the	  requirements	  provided	  in	  Parts	  D.3	  and	  D.4	  or	  as	  otherwise	  covered	  by	  a	  
provision	  of	  this	  order	  specifically	  addressing	  the	  constituent	  in	  question,	  as	  applicable.	  
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S UB J E CT :  Incorporating TMDLs into Stormwater Permits: Assessment of Approaches 

and Recommended Permit Language 
   

1 INTRODUCTION/BACKGROUND/PURPOSE 
On June 6, 2012, the Los Angeles Regional Water Quality Control Board released the Draft 
Waste Discharge Requirements for Municipal Separate Storm Sewer System (MS4) Discharges 
within the Los Angeles County Flood Control District, Including the County of Los Angeles, and 
the Incorporated Cities Therein, Except the City of Long Beach1 (hereafter Draft Los Angeles 
Permit) for public comment. An area of concern in the Draft Los Angeles Permit is the 
expression of final Total Maximum Daily Load (TMDL) limits as strict numeric Water Quality 
Based Effluent Limitations (WQBELs). The use of numeric effluent limitations (NELs) as 
opposed to a Best Management Practice (BMP)-based approach to assess final TMDL 
compliance increases the liabilities, in the long run, for all permittees including the County of 
Los Angeles (County) and Los Angeles County Flood Control District (LACFCD).  

To better understand the context for the TMDL requirements in the Draft Los Angeles Permit, 
the County and LACFCD requested a review of: 

1) Recent existing and pending Phase I MS4 permits, with priority given to more recent 
California permits, to evaluate the range of approaches each permit uses to incorporate 
final TMDL compliance; and  

2) EPA policies/guidance and regulations regarding the incorporation of TMDLs into 
NPDES permits and options for TMDL compliance.  

                                                 
1 Order No R4-2012-XXXX, NPDES Permit No. CAS004001 
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This Technical Memorandum summarizes the findings of the review and provides an assessment 
of alternatives including a discussion of the pros and cons of alternatives, and provides a 
recommended approach. The major sections of the Technical Memorandum include: 

Section 2 Review and summary of the relevant portions of the documents 

Section 3 Assessment of the approaches 

Section 4 Recommended approach including recommended permit language 

2 SCOPE OF REVIEW AND SUMMARY OF DOCUMENTS 

2.1 Federal Policies and Guidance 
Over the last decade, the United State Environmental Protection Agency (EPA) has issued a 
succession of policy memoranda and guidance documents regarding the incorporation of TMDLs 
into stormwater permits. Over time, the EPA guidance has increased the emphasis on the degree 
to which TMDLs are incorporated into stormwater permits. To some extent, this is likely due to 
the increasing sophistication of the TMDLs in assigning Waste Load Allocations (WLAs) to 
stormwater sources. Notwithstanding the efforts to provide guidance, there remains a lack of 
clear direction from EPA on how to incorporate TMDLs into stormwater permits as many of the 
EPA guidance documents remain draft or are under further consideration. The most recent 
significant EPA memorandum in 2010 generated significant controversy and while EPA has not 
rescinded it, they have requested comments and in that request issued clarifications on the 
interpretation of the memorandum. 

This review included the following EPA documents: 

1) Guidance for Developing TMDLs in California (EPA Region 9). January 7, 2000 
2) Establishing Total Maximum Daily Load (TMDL) WLAs for Storm Water Sources and 

NPDES Permit Requirements Based on Those WLAs (Wayland and Hanlon). November 
22, 2002  

3) TMDLs to Stormwater Permit Handbook (Draft) (EPA). November 2008  
4) Revision to the November 22, 2002 Memorandum “Establishing Total Maximum Daily 

Load (TMDL) Wasteload Allocations (WLAs) for Storm Water Sources and NPDES 
Permit Requirements Based on Those WLAs” (Hanlon and Keehner). November 12, 2010 

5) Untitled Letter (Kevin Weiss). March 17, 2011 

2.1.1 Summary of Federal Policies and Guidance 

Guidance for Developing TMDLs in California (EPA Region 9, 2000) 

The document was included in the evaluation because it was issued by the EPA Region 9, but it 
provides limited information on incorporating WLAs into stormwater permits. The guidance 
document provides an overview of the Federal and State requirements for developing TMDLs. 
While stormwater permits are mentioned in the document they are not the focus of the guidance. 

“…effluent limitations must be consistent with any wasteload allocations developed as part 
of TMDLs approved or established by EPA. This provision applies to all types of NPDES 
permits (including stormwater and general permits). If these procedures are not addressed in 
the TMDL, the NPDES permit writer determines the specific method of assuring that a new 
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or revised permit is consistent with its wasteload allocation at the time the permit is 
scheduled for issuance”2 

Establishing Total Maximum Daily Load (TMDL) Wasteload Allocations (WLAs) for Storm Water 
Sources and NPDES Permit Requirements Based on Those WLAs (Wayland and Hanlon, 2002)  

This EPA memorandum provides the first significant discussion on incorporating TMDL WLAs 
into stormwater permits. The memorandum “affirms the appropriateness of an iterative adaptive 
management BMP approach”3 for WLAs in stormwater permits. The discussion does not 
distinguish between interim and final WLAs, which would imply that the approach may be 
applied to either or both. 

In the summation of key points EPA notes that “WLAs and LAs are to be expressed in numeric 
form in the TMDL”4 but goes on to state “WQBELs for NPDES-regulated storm water 
discharges that implement WLAs in TMDLs may be expressed in the form of best management 
practices (BMPs) under specified circumstances. If BMPs alone adequately implement the 
WLAs, then additional controls are not necessary.”5 When BMPs are used, the permit’s 
administrative record and fact sheet need to support the sufficiency of the BMPs to meet the 
WLAs. Later in the memorandum EPA strengthens the guidance that BMPs may be used with 
the recommendation that WQBELs should be expressed as BMPs (or similar) in lieu of numeric 
limits.6  

While the memorandum does not preclude the use of NELs to express WLAs in stormwater 
permits, EPA recommends the use of a BMP-based approach and notes that it expects numeric 
limits “will be used only in rare instances” due to the variability in the size, location, frequency 
and duration of the discharges.  

The memorandum further expresses support for and the expectation that permits will include 
mechanisms for evaluating the performance of BMPs and making adjustments to the BMPs as 
necessary to protect water quality. 

TMDLs to Stormwater Permit Handbook (Draft), (EPA, 2008) 

EPA released the Draft TMDLs to Stormwater Permits Handbook in November 2008. The 
comment period for the document remained open until February 2009, but EPA has never 
finalized this document or issued a response to the comments received. 

The draft handbook provides guidance to permit writers on incorporating WLAs into stormwater 
permits. Section 6 provides a general discussion of several options available to implement water 
quality controls noting that there is “no guidelines for which approach is the most appropriate to 
use.7 The discussion does not draw a distinction between interim and final WLAs, once again 
implying that the approach may be applied to either or both. Options listed include: 

                                                 
2 EPA 2000, p. 12. 
3 Wayland and Hanlon 2002, p. 5 
4 Wayland and Hanlon 2002, p. 2; citing 40 CFR §130.2(h) & (i) 
5 Wayland and Hanlon 2002, p. 2; citing 33 U.S.C. §1342(p)(3)(B)(iii); 40 CFR. §122.44(k)(2)&(3). 
6 Wayland and Hanlon 2002, p. 4, citing 33 U.S.C. §1342(p)(3)(B)(iii) and  Interim Permitting Approach for Water 
Quality-Based Effluent Limitations in Storm Water Permits, (EPA, 1996) 
7 EPA 2008, pp.135-137 
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 Requiring implementation of specific BMPs in the permit; 
 Providing a recommended menu of potential BMPs in the TMDL, implementation plan, 

or the permit for sources to evaluate and select; 
 Referencing BMP performance standards in the TMDL, implementation plan, or the 

permit; 
 Recommending the selection of BMPs and developing benchmark values or performance 

measures; 
 Requiring the review of existing BMPs and selecting additional BMPs to achieve 

progress toward addressing the WLA; and 
 Consider NELs. 

For each option the draft handbook notes the considerations that would affect the use of the 
option, such as available background information including previous studies, nature of the source 
or geographic area. For the last option, NELs, the discussion merely notes the permit writer 
could determine BMPs are not an appropriate way to express effluent limitations. The only 
example cited for expressing WLAs as NELs was the August 2007 draft version of the Ventura 
MS4 permit, which contained wet and dry weather NELs8. (This permit is further discussed in 
Section 2.2.) 

Revision to the November 22, 2002 Memorandum “Establishing Total Maximum Daily Load 
(TMDL) Wasteload Allocations (WLAs) for Storm Water Sources and NPDES Permit 
Requirements Based on Those WLAs” (Hanlon and Keehner, 2010) 

In 2010, EPA issued a policy memorandum updating key aspects of Wayland and Hanlon, 2002, 
including the incorporation of the WLAs into NPDES stormwater permits. The significant 
change for the purpose of this assessment was the change in the recommendations regarding 
incorporating WLAs into stormwater permit.  

The 2010 memorandum asserts that considerable experience has been gained in developing 
TMDLs and WLAs that address stormwater sources and the technical capacity to monitor 
stormwater has increased and become more sophisticated.9 These changes resulted in a 
fundamental shift in EPA’s position regarding using BMPs as effluent limits for WLAs. Whereas 
in 2002, EPA recommended the use of BMPs as effluent limits for WLAs, the 2010 
memorandum states: 

“Where the TMDL includes WLAs for stormwater sources that provide numeric pollutant 
load or numeric surrogate pollutant parameter objectives, the WLA should, where 
feasible, be translated into numeric WQBELs in the applicable stormwater permits.”10 

Even with this shift, discretion is still left to the permit writer to express the effluent limitations 
as BMPs. When BMPs are used as effluent limitations, “the permit should contain objective and 
measurable elements (e.g., schedule for BMP installation or level of BMP performance). The 
objective and measurable elements should be included as enforceable provisions.” The 
memorandum goes on to suggest that the permit include benchmarks for BMPs and monitoring 

                                                 
8 EPA 2008, p.138 
9 Hanlon and Keehner, 2010 p. 1 
10 Hanlon and Keehner, 2010 p. 3 
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that would trigger additional actions,11 and that the TMDL implementation schedule be 
considered in establishing whether or how to incorporate enforceable interim requirements. 
Finally, EPA expects that the rationale for using a BMP-based approach in the permit’s 
administrative record reflect the improved knowledge of BMP effectiveness and monitoring.  

Untitled Letter (Kevin Weiss) March 17, 2011  

As noted, the 2010 memorandum caused considerable concern and in response EPA issued a 
letter in 2011 requesting comments on the 2010 memorandum. The comment period closed on 
May 16, 2011. EPA has not issued a revision or response to comments, but EPA staff indicated a 
revision of the 2010 memorandum is currently being reviewed by EPA.12  

In the letter requesting comments, EPA responded to some of the concern expressed by 
stakeholders and emphasized that permit writers have considerable flexibility in establishing 
limitations in permit noting in particular: 

 EPA does not anticipate that NELs applied “end-of-pipe” will be used frequently; 
 NELs are broadly defined and can include surrogates such as stormwater volume; and 
 The 2010 memorandum is intended as guidance and does not include legally binding 

requirements. 

2.2 Recent NPDES Permits 
Eight MS4 Permits were selected for review to explore approaches to compliance with final 
TMDL WLAs. The permits reviewed were selected from the most recent permits currently in 
effect (issued from 2009 onward) and included a diversity of areas. Six of the reviewed permits 
were from California including Regions 2, 4, 8, 9, and one state-wide permit.13 A complete 
listing of the current Phase I MS4 permits in California is provided in Attachment 1.14 These 
eight, included three draft permits to represent the most current approaches being considered for 
MS4 permits. In addition to the California permits, the review included the draft general permit 
for large and medium MS4s in the State of Washington and the recent Washington D.C. MS4 
permit (issued by EPA Region 3).15 EPA Region 9 has not issued any recent Phase I MS4 
permits so no local EPA permits were available for review. 

1) R8-2010-0036 San Bernardino County Flood Control District, the County of San 
Bernardino, and the Incorporated Cities of San Bernardino County within the Santa Ana 
issued by the Santa Ana Regional Water Quality Control Board (San Bernardino Permit) 

2) Order R4-2010-0108 Municipal Separate Storm Sewer Systems within the Ventura 
County Watershed Protection District, County of Ventura, and the Incorporated Cities 
Therein issued by the Los Angeles Regional Water Quality Control Board. (Ventura 
Permit)  

                                                 
11 Hanlon and Keehner, 2010 p. 3 
12 Personal Communication with Kevin Weiss, July 2012.  
13 Several California Regional Boards are not represented because they had not reissued an MS4 permit since 2009. 
14 Posted on http://www.waterboards.ca.gov/water_issues/programs/stormwater/phase_i_municipal.shtml accessed 
on July 5, 2012.  
15 EPA Region 9 has not issued any recent Phase 1 MS4 permits so no local EPA permits were available for review.  
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3) Order No. R8-2009-0030 The County of Orange, Orange County Flood Control District 
and the Incorporated Cities of Orange County within the Santa Ana Region issued by the 
Santa Ana Regional Water Quality Control Board. (North Orange County Permit) 

4) Order R2-2009-0074 San Francisco Bay Region Municipal Regional Stormwater NPDES 
Permit issued by the San Francisco Bay Regional Water Quality Control Board (Bay 
Area Permit) 

5) Tentative Order 2012-XX-DWQ NPDES Statewide Storm Water Permit for State of 
California Department of Transportation issued by the State Water Resources Control 
Board. April 27, 2012 (Draft Caltrans Permit) 

6) Administrative Draft Order R9-2012-0011 NPDES Permit and Waste Discharge 
Requirements for Discharges From The Municipal Separate Storm Sewer Systems 
(MS4s) Draining the Watersheds within the San Diego Region issued by the San Diego 
Regional Water Quality Control Board. (Draft San Diego Permit) 

7) NPDES Permit No. DC0000221 Authorization to Discharge under the National Pollutant 
Elimination System Municipal Separate Storm Sewer System Permit, October 7, 2011, 
issued by USEPA Region 3. (Washington D.C. Permit) 

8) Draft Phase I Municipal Stormwater Permit National Pollutant Discharge Elimination 
System and State Waste Discharge General Permit for discharges from Large and 
Medium Municipal Separate Storm Sewer Systems, October 19, 2011, issued by the State 
of Washington Department of Ecology. (Draft Washington State Permit) 

2.2.1 Summary of Recent NPDES Permit TMDL Provisions 

San Bernardino Permit 

The San Bernardino Permit incorporates WLAs for the Middle Santa Ana River Bacteria TMDL 
and the Big Bear Lake Nutrient TMDL. The interim and final WLAs are incorporated as BMP-
based WQBELs. The BMP-based compliance approach includes explicit implementation 
measures consistent with the implementation plans of the TMDLs.  

The permit provides a separate, stand alone provision on how compliance with the WLAs will be 
determined: 

“The determination of compliance with the WLAs shall be based on the implementation 
of the BMPs specified in the implementation plans for the approved TMDLs or based on 
plans developed per the approved TMDLs. The Permittees obligation to meet the WLAs is 
met if the water quality standards in the impaired receiving waters are met through the 
implementation of the control measures approved by the Regional Board.”16 

The Middle Santa Ana River TMDL includes a provision that if the BMP process is not 
implemented or completed for the dry weather conditions within the specified timeframe, the 
WLAs will become the final numeric WQBELs. 

Final WQBELs for the Middle Santa Ana River Bacteria TMDL wet weather conditions are 
beyond the permit expiration date, but the permit notes that if the permit is still in effect in 

                                                 
16 San Bernardino Permit D.7, p. 58. 
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December 31, 2025, and the Regional Board has not adopted alternative WQBELs, the WLAs 
will become final numeric WQBELs. 

Ventura Permit 

The Ventura County Permit incorporates final WLAs for 13 TMDLs for the various water bodies 
in Ventura County. The 13 TMDLs are a combination of Basin Plan amendments adopted by the 
Los Angeles Regional Water Quality Control Board and TMDLs promulgated by EPA, which do 
not include implementation plans. Five of the TMDLs establish interim WLAs where the final 
compliance dates exceed the term of the permit. 

The Ventura County Permit contains key provisions regarding how the permittees will attain and 
comply with the WLAs, respectively: 

“I. Each Permittee shall attain the storm water WLAs incorporated into this Order by 
implementing BMPs in accordance with the TMDL Technical Reports, Implementation 
Plans, or as identified as a result of TMDL special studies specified in the Basin Plan 
Amendment. 
II. The Permittees shall comply with the following Wasteload Allocations consistent with 
the assumptions and requirements of the Wasteload Allocations documented in the 
Implementations Plans, including compliance schedules, associated with the State 
adoption and approval of the TMDL at compliance monitoring points established in each 
TMDL (40 CFR 122.44(d)(1)(vii)(B).”17 

Specific permit provisions are included for each TMDL, the major components of which are: 
numeric WLAs or interim WLAs; compliance monitoring; and actions and special studies.  

In nine of the TMDLs,18 the permit specifies that the permittees “shall implement BMPs to 
achieve the following MS4 WLAs…19” similar language is used for final and interim WLAs.20 

The Regional Board adopted TMDLs include compliance monitoring provisions, which state 
compliance is determined through the specified monitoring. The two EPA promulgated TMDLs 
do not include compliance monitoring provisions. (See examples below.) Those TMDLs with the 
compliance monitoring provisions contain language requiring an iterative application of BMPs to 
achieve the WLAs, whether or not the WLA section contained the “shall implement BMPs to 
achieve the following MS4 WLAs” statement. 

Example #1: TMDL for Nitrogen Compounds in the Santa Clara River (State Adopted) 

“(b) Compliance Monitoring: 

                                                 
17 Ventura County Permit Part 5, p. 88. 
18 Three TMDLs where this language is not stated are: Malibu Creek Watershed Nutrients (EPA promulgated); the 
Malibu Creek and Lagoon Bacteria (State adopted); Calleguas Creek Watershed Boron, Sulfate, and TDS (State 
adopted). One TMDL does not include WLAs, Calleguas Creek Nitrogen Compounds and Related Effects, because 
permitted stormwater was considered a minor source. Ventura County Permit pp. 88-100. 
19 See for example, Revolon Slough and Beardsley Wash Trash TMDL, 10.a, p.97. 
20 See for example, Calleguas Creek Metals and Selenium TMDL 8.a, p. 94. 
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1) Compliance with the WLAs is to be determined through receiving water monitoring 
conducted in accordance with the Santa Clara River Nitrogen TMDL Monitoring 
Program approved by the Executive Officer. 
2) If any WLA is exceeded at a compliance monitoring site, permittees shall implement 
BMPs in accordance with the TMDL Technical Report, Implementation Plans or as 
identified as a result of TMDL special studies identified in the Basin Plan Amendment. 
Following these actions, Regional Water Board staff will evaluate the need for 
enforcement action.”21 

Example #2: TMDL for Chloride in Santa Clara River, Reach 3 (USEPA Promulgated) 

“(b) Compliance Monitoring: This TMDL was established and approved by U.S. EPA 
and did not include an implementation plan.”22 

North Orange County Permit  

The North Orange County Permit incorporates WLAs for six TMDLs, including four TMDLs 
established by the SARWQCB and two TMDLs promulgated by USEPA. Similar to the San 
Bernardino Permit, the North Orange County Permit provides a separate, stand alone provision 
on how compliance with the WLAs will be determined: 

1. “Except for sediment TMDLs in San Diego Creek and Newport Bay, compliance 
determinations shall be based on monitoring within the receiving waters. For sediment 
TMDLs, compliance determination shall be based on monitoring in the Creek. 
2. Based on the TMDLs, effluent limits have been specified to ensure consistency with the 
wasteload allocations. If the monitoring results indicate an exceedance of the wasteload 
allocations, the permittees shall reevaluate the current control measures and propose 
additional BMPs/control measures. This reevaluation and proposal for revisions to the 
current BMPs/control measures (revised plan) shall be submitted to the Executive Officer 
within 12 months of determining that an exceedance has occurred. Upon approval, the 
permittees shall immediately start implementation of the revised plan.”2324 

While the permit uses the phrase “effluent limits” in the compliance provision, it is not specified 
as an NEL or as an effluent limit expressed as BMPs. However, Finding 52 of the permit states 
in part: 

“This order requires permittees to comply with established TMDL wasteload allocations 
specified for urban runoff and/or storm water by implementing the necessary BMPs.”25 

Further, Finding 73 of the permit identifies that the WLAs have been incorporated but NELs 
have not been established. 

                                                 
21 Ventura County Permit p. 90. 
22 Ventura County Permit p. 91. 
23 North Orange County Permit p. 79. 
24 Compliance with the Sediment TMDLs in San Diego Creek and Newport Bay is based on a 10-yr running average 
at the monitoring point in San Diego Creek. North Orange County Permit p. 78. 
25 North Orange County Permit p. 18. 
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“This order includes wasteload allocations for those constituents for which either the 
U.S. EPA has promulgated or the Regional Board has established TMDLs. Federal 
regulations (40 CFR 122.44(d)(vii)(B)) require that the Permits be consistent with the 
applicable wasteload allocations in the TMDLs. Consistent with the federal storm water 
laws and regulations, the order does not include numeric effluent limits for other 
potential pollutants. Federal Clean Water Act requires the permittees to have 
appropriate controls to reduce the discharge of pollutants to the maximum extent 
practicable, including management practices, control techniques and systems, design and 
engineering methods, and such other provisions as the Administrator or the State 
determines appropriate for the control of such pollutants (33 USC 1342(p)(3)(B)). MEP 
is a dynamic performance standard and it evolves as our knowledge of urban runoff 
control measures increases.”26 

Bay Area Permit 

The Bay Area Permit incorporates provisions to implement the requirements of three TMDLs, 
Diazinon and Pesticide Related Toxicity for Urban Creeks, Mercury, and PCBs. The focus of the 
permit provisions are on the implementation actions required of the MS4 dischargers. 
Compliance with the wasteload allocations is not specifically addressed. The Diazinon and 
Pesticide Related Toxicity provision notes the WLA but the enforceable actions are the 
implementation actions. 

“This provision implements requirements of the TMDL for Diazinon and Pesticide 
related Toxicity for Urban Creeks in the region. The TMDL includes urban runoff 
allocations for Diazinon of 100 ng/l and for pesticide related toxicity of 1.0 Acute 
Toxicity Units (TUa) and 1.0 Chronic Toxicity Units (TUc) to be met in urban creek 
waters. However, urban runoff management agencies (i.e., the Permittees) are not solely 
responsible for attaining the allocations because their authority to regulate pesticide use 
is constrained by federal and State law. Accordingly, the Permittees’ requirements for 
addressing the allocations are set forth in the TMDL implementation plan and are 
included in this provision.” 27   

Both the mercury and PCBs TMDLs have final attainment dates beyond the permit term. Similar 
to the Diazinon and Pesticide Related Toxicity TMDL the focus is on implementation actions. 
The permit does not mention the PCBs WLAs or establish any interim numeric WLAs. The 
mercury WLA and an interim loading milestone are identified. Both are beyond the permit term, 
2028 and 2018 respectively.  

Monitoring provisions that address the TMDLs are part of the Pollutants of Concern Long-Term 
Monitoring Elements of the permit. For PCBs and mercury, these provisions note that the 
monitoring in combination with load avoidance assessments will be used to determine progress 
toward achieving the WLAs. 28 

                                                 
26 North Orange County Permit p. 25. 
27 Bay Area Permit, Provision C.9, p.80. 
28 Bay Area Permit, Table 8.4 footnotes 43 and 44, p.75. 
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Draft Caltrans Permit 

Caltrans is subject to 50 TMDLs statewide.29 With this geographic breadth, the approach taken 
by the State Board is to allow each Regional Board to identify TMDL-specific requirements for 
Attachment IV of the Draft Caltrans Permit. One TMDL is addressed in the attachment, and 
“[f]or all remaining TMDLs, the Regional Water Boards, in consultation with the State Water 
Board and the Department, will develop TMDL-specific permit requirements where necessary 
within one year of the effective date of this Order. Regional Water Board staff will also prepare 
supporting analyses explaining how the proposed TMDL-specific permit requirements will 
implement the TMDL and are consistent with the assumptions and requirements of any 
applicable WLA and, where a BMP-based approach to permit limitations is selected, how the 
BMPs will be sufficient to implement applicable WLAs.” 
Provision E.4 specifies that Caltrans will be required to comply with all the TMDLs listed in 
Attachment IV. 

“Once the TMDL-specific permit requirements are adopted, the Department shall comply 
with the incorporated requirements in accordance with the specified compliance due 
dates.  
Compliance due dates that have already passed are enforceable as of the effective date of 
the approval of the TMDL-specific permit requirements. TMDL-specific compliance due 
dates that exceed the term of this Order may be included for reference, and will become 
enforceable in the event that the Order is administratively extended.”30 

The incorporation of the TMDL requirements will go through a formal reopener process.31 Given 
the diversity of TMDLs, it is expected that compliance requirements will be TMDL specific and 
may include BMP-based effluent limitations and NELs. 

Draft San Diego Permit 

The Draft San Diego Permit contains six TMDLs that apply to subsets of the copermittees. Each 
TMDL establishes a three part-WQBELs that are a combination of Receiving Water Limitations 
(concentration based as measured in the receiving water); NELs (concentration or load based as 
measured in the discharges at the MS4 outfalls), and BMPs (expressed a requirement to 
implement BMPs to achieve the WQBELs). Compliance assessment with the final WLA is based 
on meeting the WQBELs, e.g.:  

The Responsible Copermittee is required to achieve its WLAs, thus must be in compliance 
with the WQBELs under Specific Provision 3.b, by December 31, 2021.32 

In the case of the bacteria TMDLs, when the receiving water limitation is exceeded, the 
responsible copermittee can use compliance with the NEL as demonstration of meeting the 
WQBELs.  

                                                 
29 Draft Caltrans Permit, Finding 36, p. 14. 
30 Draft Caltrans Permit E.4; p. 56. 
31 Draft Caltrans Permit E.11.c; p. 63. 
32 Draft San Diego Permit, Attachment E, 3.c.1, p. E-8. 
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Interim effluent limits are established for those WLAs with future attainment dates. Several 
approaches are used to assess compliance with the interim effluent limits, including percentage 
load reductions, percent reduction in exceedance frequency, and concentration based effluent 
limits.  

The Receiving Water Limitations and Effluent Limitations section of the permit contain clear 
statements regarding compliance with the WQBELs of the TMDLs. 

“c. Discharges from MS4s must not cause or contribute to the violation of any receiving 
water limitations expressed as water quality based effluent limitations (WQBELs) 
required to meet the WLAs established for the TMDLs in Attachment E to this Order, 
pursuant to the applicable TMDL compliance schedules.” 33 

“b. Pollutants in discharges from MS4s must be reduced to comply with any effluent 
limitations expressed as WQBELs required to meet the WLAs established for the TMDLs 
in Attachment E to this Order, pursuant to the applicable TMDL compliance 
schedules.” 34 

Draft Washington D.C. Permit  

The EPA Region 3 permit is structured somewhat differently than California permits. The permit 
does not contain either a discussion of effluent limitations or receiving water limitations. The 
Discharge Limitation section of the permit contains two clauses relevant to assessing compliance 
with TMDLs and WLAs. 

“1.4.2 Attain applicable wasteload allocations (WLAs) for each established or 
approved Total Maximum Daily Load (TMDL) for each receiving water body, consistent 
with U.S.C. §1342(p)(B)(iii); 40 C.F.R. § 122.44(k)(2) and (3)… 
 Compliance with the performance standards and provisions contained in Parts 2 
through 8 of this permit shall constitute adequate progress towards compliance with 
DCWQS and WLAs for this permit term.”35 

Sections 2 through 8 of the permit include the familiar components of a stormwater management 
program: Legal Authorities, Resources, and Stormwater Program Administration; SWMP; 
Implementation of Stormwater Control Measures; Monitoring and Assessment of Controls; 
Reporting Requirements; Stormwater Model; and Standard Conditions for NPDES Permits. 

The permit’s TMDL section (4.10) requires the development of a Consolidated TMDL 
Implementation Plan (to be submitted within two years of permit issuance), which must include a 
compliance schedule, pollutant load reduction numeric benchmarks; control measures to achieve 
the benchmarks; interim benchmarks when attainment is beyond the permit term; and 
demonstration through modeling that the WLA can be achieved through the selected controls. 
The Consolidated TMDL Implementation Plan becomes an enforceable element of the permit 
when approved. 

                                                 
33 Draft San Diego Permit, II.A.2, p. 10 
34 Draft San Diego Permit, II.A.3, p. 11 
35 Draft Washington D.C. Permit p. 6. 
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The Washington D.C. Permit does not explicitly identify numeric or narrative effluent limits for 
the TMDLs. Based on the discussion in the fact sheet EPA considers the BMPs to be non-
numeric effluent limits.36  

The fact sheet that accompanies the permit notes that EPA incorporated relevant implementation 
actions from the existing TMDLs implementation plans, e.g., tree plantings and green roofs. The 
implementation actions are enforceable elements of the permit.37 These aspects of the permit are 
not in a separate section of the permit but integrated into the stormwater control measures, which 
as a whole are defined as meeting the Maximum Extent Practicable standard for this permit term. 
Examples of implementation actions include: 

 Achieve a minimum net annual tree planting rate of 4,150 plantings annually, with the 
objective of a District-wide canopy cover of 40% by 2035. 

 Install a minimum of 350,000 square feet of green roofs on District properties during the 
permit term. 

Draft Washington State Permit 

In October 2011, the State of Washington released a draft Phase I general permit to revise the 
existing 2007 general permit. Appendix 2 of the draft permit identifies 18 TMDLs. Beyond the 
expansion of the number of specific TMDLs included in Appendix 2, the draft TMDL provisions 
are essentially unchanged from the 2007 permit. 

The Washington State Permit does not include any mention of WLAs in the permit. The permit 
identifies specific implementation actions required from each TMDL and notes: 

“A. For applicable TMDLs listed in Appendix 2, affected Permittees shall comply with 
the specific requirements identified in Appendix 2...” 
“B. For applicable TMDLs not listed in Appendix 2, compliance with this permit shall 
constitute compliance with those TMDLs.”38 

The required BMPs are specific actions for various stormwater program elements, such as: 

Public Outreach & Education: Each Permittee shall conduct public education and outreach 
activities to increase awareness of bacterial pollution problems and promote proper pet 
waste management behavior.39 

Operations & Maintenance: Each Permittee shall install and maintain animal waste 
collection and/or education stations at municipal parks and other Permittee owned and 
operated lands reasonably expected to have substantial domestic animal (dog and horse) use 
and the potential for pollution of stormwater.40  

                                                 
36 See discussion on the Hickey Run TMDL in the Draft Washington D.C. Permit Fact Sheet p. 31. 
37 Draft Washington D.C. Permit Fact Sheet p. 29. 
38 Washington State Permit Provision S.7, p. 62. 
39 Washington State Permit Appendix 2, p. 4. 
40 Washington State Permit Appendix 2, p. 8. 
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3 ASSESSMENT OF APPROACHES 
For the most part, official EPA guidance on how to address TMDLs in stormwater permits 
remains in draft form. The most significant EPA guidance documents are the: Wayland and 
Hanlon (2002) and Hanlon and Keehner (2010) policy memoranda; and the 2008 draft guidance 
document. With the controversy that surrounded the release of the Hanlon and Keehner 
memorandum, it is not clear if these policy recommendations remain in effect or if EPA has 
reverted to the Wayland and Hanlon. EPA’s Total Maximum Daily Loads (TMDLs) and 
Stormwater website41 only lists the Wayland and Hanlon (2002) memorandum in its resource 
section.  

Regardless of the status of the guidance, each of the EPA documents reviewed allows for 
discretion on the part of the permitting authority in the use of numeric limits for stormwater. This 
flexibility is a key aspect of both Wayland and Hanlon (2002), and Hanlon and Keehner (2010).  

The guidance documents do not alter the flexibility allowed in federal regulations, but the 2010 
guidance may have changed the level of documentation needed to demonstrate that NELs are 
infeasible. (However, if the Washington D.C. permit fact sheet is an example of the required 
documentation, the infeasibility documentation requirements may not be that extensive.) 

The review of the EPA documents did not find difference as to how interim and final WLAs may 
be addressed by WQBELS. The guidance did not limit BMP-based approaches to interim WLAs. 

EPA guidance does emphasize that NPDES provisions implementing TMDLs be enforceable, 
objective, and measurable. The Hanlon and Keehner memorandum notes that NELs provide this 
type of accountability, but also notes that WQBELs expressed as BMPs can include objective 
and measurable elements. Such measurable elements might include “schedule for BMP 
installation or level of BMP performance” or “numeric benchmarks for BMPs and associated 
monitoring protocols or specific protocols for estimating BMP effectiveness.”42 

Permitting authorities have taken a variety of approaches to incorporating TMDLs into 
stormwater permits, demonstrating that permitting authorities continue to exercise discretion 
with this permitting requirement. 

The structure of the MS4 permits differs based on the permitting authority and very few of the 
permits clearly identify whether TMDL provisions are effluent limitations, but all consider the 
provisions implementing the TMDLs, whether numeric or BMPs, to be enforceable components 
of the NPDES permit. Most of the permits reviewed take a BMP-based approach to the attaining 
and assessing compliance with the WLAs. Two permits took a hybrid BMP-based approach 
where the numeric wasteload allocations were incorporated into the permit along with BMPs. 
One permit identified WQBELS to include NELs along with BMPs. It is too early to assess the 
Caltrans permit, since the TMDL section will not be completed until a year after the permit’s 
adoption. But it is expected that the final TMDL provisions in the Caltrans Permit will include a 
combination of BMP-based and numeric WQBELs based on the approaches taken by the nine 
California Regional Boards. There was no distinction in any of the permits between interim and 
final WLAs.  

                                                 
41 http://water.epa.gov/lawsregs/lawsguidance/cwa/tmdl/stormwater_index.cfm  accessed on July 9, 2012 
42 Hanlon and Keehner , 2010, p. 3 
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Summary of TMDL Approaches in Recent Permits 

Permit Method of Assessing Compliance Difference Between Interim and Final WLAs 

San Bernardino BMP-based No difference noted 

Ventura  Hybrid BMP-based No difference noted 

North Orange County Hybrid BMP-based No difference noted 

Bay Area BMP-based No difference noted 

Tentative Caltrans Unable to determine Unable to determine 

Draft San Diego  Hybrid numeric, 3 part WQBEL, 
Receiving Water Limitations, NELs, 
and BMPs 

No difference noted 

Washington D.C. BMP-based No difference noted 

Draft Washington 
State 

BMP-based No difference noted 

 

The Washington D.C. and the Bay Area permits, integrate most aspects of the TMDL 
requirements into the permit conditions. The permits do not explicitly state the BMPs are 
WQBELs but in the context of the permit they are enforceable components intended to comply 
with the TMDL assumptions and conditions. The permits do not distinguish between interim and 
final WLAs. The Washington D.C. permit does require the discharger to develop a Consolidated 
TMDL Implementation Plan, which is to include additional benchmarks for assessing attainment 
of the WLAs. 

The draft Washington State Permit is in essence an integrated permit, similar to the Washington 
D.C. and Bay Area permits but because it is a general permit applicable to all medium and large 
MS4s in the state, the details of each TMDL are not applicable to all dischargers and are 
identified in an appendix. Although not explicitly stated in the permit, presumably each 
permittee would integrate these specific actions into their Stormwater Management Plan. The 
permit does not explicitly state the BMPs are WQBELs.  

The Ventura Permit and North Orange County permits take a hybrid BMP-based approach while 
including numeric WLAs. In both permits, compliance with the TMDLs is based on monitoring; 
the WLAs are not identified as NELs. In the Ventura Permit the compliance determination refers 
back to the TMDL implementation plans.43 This provision of the Ventura Permit is annotated 
with 40 CFR 122.44(d)(1)(vii)(B)44 implying that the Regional Board considers the 
implementation plan elements to be effluent limitations. While both permits include interim and 
final WLAs they are not handled differently.  

The San Bernardino Permit provides clear language that the WQBELs are a series of 
implementation actions (BMPs) required of the dischargers. Interim WQBELs include a series of 

                                                 
43 Ventura Permit Part 5.III, p. 88. 
44 “Effluent limits developed to protect a narrative water quality criterion, a numeric water quality criterion, or both, 
are consistent with the assumptions and requirements of any available wasteload allocation for the discharge 
prepared by the State and approved by EPA pursuant to 40 CFR 130.7.” 
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implementation actions. The final WQBELs require the development of a comprehensive plan 
that will establish the specific actions to be implemented to achieve the WLAs. Both interim and 
final WQBELs are BMP based, but the permit does contain a provision that if the 
implementation actions are not completed as specified, the WLAs will become the final NELs. 

The Draft San Diego permit identifies three-part WQBELs for each TMDL. The WQBELs 
include: Receiving Water Limitations; final NELs and interim NELs where applicable; and a 
requirement to implement the BMPs.  

Summary of Pros and Cons 

Permit Pros Cons Uncertainty 

San 
Bernardino 

 TMDL plan development 
allows dischargers to 
determine appropriate BMPs 
 BMPs clearly identified as 
WQBELs 

 Until plan development future 
requirements and means of 
compliance assessment 
unknown 
 Separate TMDL requirements 
sit outside of SWMP as 
additional program 
requirements 

 Requires strong stakeholder 
commitment to plan 
development process 
 Defaults to numeric 
WQBELs if process not 
completed 

Ventura   Identification of BMPs as 
basis for compliance provides 
protection if monitoring data 
show exceedances of WLAs 
 Monitoring results trigger 
iterative process 

 Lack of clarity the WQBELS 
and whether WLAs are in fact 
NELs 
 Separate TMDL requirements 
sit outside of SWMP as 
additional program 
requirements 

 Implementation or 
compliance could be 
challenged or questioned by 
dischargers, regulators, or 
3rd party given lack of 
clarity 

North 
Orange 
County 

 Identification of BMPs as 
basis for compliance provides 
protection if monitoring data 
show exceedances of WLAs 
 Monitoring results trigger 
iterative process 

 Lack of clarity the WQBELS 
and whether WLAs are in fact 
NELs 
 Separate TMDL requirements 
sit outside of SWMP as 
additional program 
requirements 

 Implementation or 
compliance could be 
challenged or questioned by 
dischargers, regulators, or 
3rd party given lack of 
clarity 

Bay Area  Clear objective and 
measureable requirements to 
implement TMDLs 
 WLAs cannot be interpreted 
as NELs 
 TMDL requirements 
integrated into stormwater 
program 

 BMPs are not clearly identified 
as WQBELs 

 Implementation or 
compliance could be 
challenged or questioned by 
dischargers, regulators, or 
3rd party given lack of 
clarity 

Draft San 
Diego  

 WQBELs clearly identified  Final and interim WLAs 
incorporated as NELs 

 Stormwater monitoring 
variability likely to result in 
NEL exceedances 

 Lack of clarity if all 
WQBELs must be achieved 
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Summary of Pros and Cons 

Permit Pros Cons Uncertainty 

Washington 
D.C. 

 Clear objective and 
measureable requirements to 
implement TMDLs 
 WLAs cannot be interpreted 
as NELs  
 TMDL requirements 
integrated into stormwater 
program 

 Explicit BMP requirements 
limit adaptive management. 

 

Draft 
Washington 
State 

BMP-based requiring specific 
stormwater management 
program actions 

 BMPs are not clearly identified 
as WQBELs 

 Implementation or 
compliance could be 
challenged or questioned by 
dischargers, regulators, or 
3rd party given lack of 
clarity 

4 RECOMMENDED APPROACH 
While the increasing sophistication in monitoring and modeling in the stormwater program have 
moved forward efforts to create linkages between stormwater and receiving water quality the 
challenge of developing those linkages remains substantial. In 2008 the National Academy of 
Science noted: 

“…pollutant loadings in stormwater effluent vary dramatically over time and stormwater 
is notoriously difficult to monitor for pollutants.” 45 

Modeling approaches while useful in understanding and predicting acceptable loads for receiving 
waters still include a significant degree of uncertainty especially for stormwater because storm 
events are highly variable in frequency and duration and are not easily characterized.46 
The level of uncertainty in monitoring and modeling stormwater contributions raises concerns 
about the ability to use modeled concentrations or load as strict NELs.  

“It is thus difficult to understand how much of a pollutant a stormwater point source 
contributes to a degraded waterbody, much less determine how best to reduce that 
loading so that the waterbody will meet its TMDL.”47 

In 2006, the panel experts convened by the State Water Resources Control Board concluded: 

“For catchments not treated by a structural or treatment BMP, setting a numeric effluent 
limit is basically not possible.”48 

This review found no evidence that indicating that NELs are feasible on a broad scale. While 
NELs may be feasible in specific cases, the uncertainty inherent in stormwater monitoring and 

                                                 
45 National Academy of Science, 2008, Urban Stormwater Management in the United States, p.52-53 
46 Wayland and Hanlon, 2002, p.4 
47 National Academy of Science, 2008, Urban Stormwater Management in the United States, p.52-53 
48 Currier et al., 2006, The Feasibility of Numeric Effluent Limits Applicable to Discharges of Storm Water 
Associated with Municipal, Industrial and Construction Activities, p. 8. 
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modeling at present is too great to support broad inclusion of NELs. Almost all documents 
reviewed allow for or support the concept of using BMP-based compliance for TMDLs. Further, 
no evidence was found indicating that indicated the approach used for final WLAs could not be 
BMP-based. To best meet the requirements of the Federal regulations at present BMPs should be 
used as WQBELs.  

Ideally the TMDL implementing conditions in the stormwater NPDES permit should be 
established in a manner that: includes provisions that provide objective and measureable 
direction to permittees; preserves the ability to adapt the implementation to meet changing 
conditions and improved understanding of the watershed dynamics; and provides a means to 
assess compliance. To do this, the Draft Los Angeles Permit needs to be modified to: 

1. Establish WQBELs to implement the WLAs in the permit, but the WLAs should be not 
identified as the WQBELs. The WLAs can be incorporated into the permit to provide the 
linkage to the WQBELs, but should not be considered a numeric WQBEL. 

2. Clearly define the process for determining compliance and ensure one option is through 
the iterative implementation of BMPs per the approved implementation plans or 
Watershed Management Program. Where implementation actions are implemented per 
the approved schedule, the permittee would be in compliance. Where implementation 
plans are not implemented per the approved schedule, the permittee would not be in 
compliance. Consistent with recent MS4 permits California and Washington D.C., and 
EPA guidance, the compliance assessment provisions can be structured in a manner that 
provides accountability and enforceability while still utilizing adaptive management for 
the implementation of BMPs. 

3. Compliance assessment should also consider other instances in which the Permittee 
would be in compliance (such as attainment of water quality standards in receiving 
waters, no discharge, etc.).  

4. Define attainment of the WLAs and compliance with the permit provisions as clearly 
separate concepts. For example, if WLAs are not attained, the permit could require 
additional actions from the permittees, but as long as the approved implementation plan 
was implemented per the approved schedule, then the permittee would be in compliance. 

5. Monitoring and reporting requirements need to be consistent with the approved TMDLs, 
but flexible enough to allow for the development of integrated monitoring programs. The 
monitoring requirements need to provide the information needed to evaluate progress 
towards attaining the WLAs. The monitoring points need to be clearly defined as one 
option for defining compliance and not the sole option. As noted above, where the WLAs 
are expressed as BMPs, there is an important distinction between attaining the WLAs and 
complying with the permit provisions. The monitoring and reporting requirements can be 
structured in a way to assess the implementation of BMPs and measure progress toward 
attainment of the WLAs. 

The recommended approach for making these modifications is to take key approaches and 
language from the permits identified above and citations from EPA guidance and regulations to 
develop recommended modified language for each of the following sections of the draft permit: 

 Permit Findings 
o Statement that TMDLs have been incorporated 
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 Effluent Limitations 
o Statement that WQBELs include the TMDL required BMPs 

 TMDL Implementation Provisions 
o Listing TMDLs 
o Statement of how newly adopted TMDLs would be added into to the permit 
o Requirement for permittee developed implementation action plans  
o Statement regarding adaptive management  
o Statement of how compliance with the WQBELs will be determined 
o Statement that compliance with WQBELs constitutes compliance with the TMDL 

WLAs. 
 TMDL Specific Requirements 

o Summary implementation requirements including measureable goals such as 
schedules for BMP implementation, water quality benchmarks, and BMP 
performance standards 

o Monitoring and reporting 
o Adaptive management provisions, such as benchmarks or action levels for BMP 

performance or other triggers for additional BMP implementation. 

The language will include clear definitions and findings to clarify the key concepts outlined 
above and utilize the structure of the Watershed Management Program to define the BMPs, 
measureable goals, and adaptive management provisions. To the extent possible, existing 
language and approaches in the draft permit will be utilized to assist with acceptability of the 
language modifications.  

4.1 Recommended Language 
Recommended permit language is provided in Attachment 2. 
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Listing of Current California Phase 1 ms4 permits 
Region 1 

 City of Santa Rosa, Sonoma County Water Agency and County of Sonoma - Order No. 
R1-2003-0062 

Region 2 

 Municipal Regional Stormwater NPDES Permit - Order No. R2-2009-0074 

Region 3 

 City of Salinas Municipal Storm Water Discharges - Order No. R3-2004-0135 

Region 4 

 City of Long Beach Order No. 99-060 
 County of Los Angeles and the Incorporated Cities Therein except the City of Long 

Beach Order No. 01-182  
 Ventura County Municipal Separate Storm Sewer (MS4) Permit - Tentative Order R4-10-

0108 

Region 5 

 Cities of Citrus Heights, Elk Grove, Folsom, Galt, Rancho Cordova, Sacramento, and 
County of Sacramento, Storm Water Discharges from Municipal Separate Storm Sewer 
System  
Order No. R5-2008-0142, Waste Discharge Requirements/Monitoring & Reporting 
Program/NPDES Permit No. CAS082597, Adopted on 11 September 2008 

 County of Kern and City of Bakersfield Discharges from Municipal Separate Storm 
Sewer System Order No. 5-01-130 

 County of Fresno, Fresno Metropolitan Flood Control District, California State 
University Fresno, and the Cities of Fresno and Clovis Discharges from Municipal 
Separate Storm Sewer System Order No. 5-01-048 

 City of Antioch, City of Brentwood, City of Oakley, Contra Costa County, and Contra 
Costa County Flood Control and Water Conservation District Storm Water Discharges 
from Municipal Separate Storm Sewer System Order No. 5-00-120. 

 City of Modesto Storm Water Discharges, R5-2008-0092  
 City of Stockton and County of San Joaquin Storm Water Discharges, R5-2007-0173 
 County of Sacramento and Cities of Citrus Heights, Elk Grove, Folsom, Galt, and 

Sacramento Stormwater Discharges From Municipal Separate Storm Sewer Systems 
Resolution - Approving Storm Water Quality Improvement Plan, Adopted on 15 October 
2004 - Order No. R5-2008-0142 

 Stockton Port District, Facility-Wide Storm Water Discharges From Municipal Separate 
Storm Sewer System and Non-Storm Water Discharges From the Port of Stockton Order 
No. R5-2004-0136, Waste Discharge Requirements/Reporting and Monitoring Program, 
NPDES Permit No. CAS0084077, Adopted on 15 October 2004 
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Region 6 

 City of South Lake Tahoe, El Dorado and Placer County Order No. R6T-2005–0026 

Region 7 

 Riverside County Flood Control and Water Conservation District, County of Riverside, 
Coachella Valley Water District, Incorporated Cities of Riverside within the Whitewater 
River Basin Order No. R7-2008-0001 

Region 8 

 San Bernardino County Transportation, County of San Bernardino and Incorporated 
Cities of San Bernardino County within the Santa Ana Region - Order No. R8-2010-0036 

 County of Orange, Orange County Flood Control District and Incorporated Cities of 
Orange County within the Santa Ana Region - Order No. R8-2009-0030 

 Riverside County Flood Control and Water Conservation District, County of Riverside 
and Incorporated Cities of Riverside County within the Santa Ana Region - Order No. 
R8-2010-0033 - NPDES Permit No. CAS618033) 

Region 9 

 Orange County Municipal Storm Water Permit - Order No. R9-2009-0002 
 Riverside County and the Incorporated Cities of Riverside within the San Diego Region 

NPDES No. CAS0108766 - Order No. R9-2004-001 
 San Diego Municipal Storm Water Permit - Order No. R9-2007-0001 

State Permit 

 State of California Department of Transportation – Order 99-06-DWQ 
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Santa Monica Bay /Ballona Creek
WMA

Los Angeles River
WMA

San Gabriel River
WMA

Dominguez Channel 
& 

L.A. Harbor
WMA

180701050404

180701040302

180701040200

180701060600

180701040602

180701050403

180701040301

180701040601

180701040502

180701040602

180701060506

180701050303

180701040602

180701060506

180701050303

LOS ANGELES

SAN GABRIEL

SAN GABRIEL

SAN GABRIEL

ATHENS

LENNOX

WISEBURN
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California Environmental Protection Agency
***The energy challenge facing California is real.  Every Californian needs to take immediate action to reduce energy consumption***

***For a list of simple ways to reduce demand and cut your energy costs, see the tips at: http://www.swrcb.ca.gov/news/echallenge.html***

  Recycled Paper
Our mission is to preserve and enhance the quality of California’s water resources for the benefit of present and future generations.

Winston H. Hickox
Secretary for

Environmental
Protection

Gray Davis
Governor

January 30, 2002

The Los Angeles Regional Water Quality Control Board is deeply concerned that storm water and urban
runoff pollution continues to be the single greatest threat to our water quality in the Los Angeles region. 
To address this threat, this Regional Board, and indeed all Regional Boards throughout the State of
California, are required by federal law to issue permits to municipalities so that, over time, this source of
pollution is reduced to the maximum extent practicable.  Last month, the Los Angeles Regional Board
adopted an updated permit, the third issued in Los Angeles County since 1990, that includes updated
measures intended to bring us closer to water quality that will meet our water quality standards.

Collectively, we are obligated by law to have a storm water permit that moves us forward in controlling
this source of pollution.  Federal law makes the cities and county responsible for what is discharged from
their storm water collection system.  Similarly, federal and state law make the Regional Board
responsible for issuing permits that protect the waters of the Los Angeles region.  There is no doubt that
storm water pollution is a serious threat to our environment and economy and there is no doubt that
“upstream communities” contribute significantly to the level of pollutants that find their way to our
beaches.  As each of you already know, the “Clean Beaches Program” is one of our highest
environmental quality priorities.

The permit is very practical in its approach.  The County of Los Angeles remains the lead Permittee and
this arrangement allows individual cities to avoid many obligations and costs that they might otherwise
incur.  The permit adopted by the Regional Board was substantially modified from its first draft issued in
April 2001.  Three full drafts were prepared, each in turn, incorporating many of the comments offered
by the cities as well as the county, who are together, responsible for permit implementation.  In summary,
the staff of the Regional Board expended enormous effort to meet with representatives of the Permittees
over an eleven-month period, culminating in two mediation sessions facilitated by the United States
Environmental Protection Agency and many changes made to the permit that reflected the preferences of
the Permittees.

We understand that there are two principal areas of concern that have been raised during the development
of the permit and which remain of concern.  These are:

• Receiving water quality and the process to be used under the permit to address a lack of
progress in meeting water quality standards and,

• A provision to shift from “site education visits” at pollution sources to “site inspections”. 

The former provision on receiving water language and what has come to be known as the “iterative”
process, is language previously approved by the State Water Resources Control Board.  This language
has been contained in all municipal storm water permits in California since 1999.  The State Board
shaped the language as part of a precedential decision to address the concerns of dischargers and the
environmental community, and to protect water quality.  Because the language arises from a State Board

RB-AR12676



Page 2 January 30, 2002

California Environmental Protection Agency
***The energy challenge facing California is real.  Every Californian needs to take immediate action to reduce energy consumption***

***For a list of simple ways to reduce demand and cut your energy costs, see the tips at: http://www.swrcb.ca.gov/news/echallenge.html***

  Recycled Paper
Our mission is to preserve and enhance the quality of California’s water resources for the benefit of present and future generations.

precedential decision, the Regional Board did not have the discretion to depart from its provisions in any
significant way. 

The receiving water compliance process outlined in the permit allows for each Permittee to work
cooperatively with the Regional Board to identify additional measures, if required, to improve water
quality to meet receiving water standards.  If the measures adopted do not achieve that result, further
measures can be developed.  This iterative approach is intended to obtain progress over time.  The
provision is expressly intended to serve as the vehicle by which the Regional Board will obtain Permittee
compliance with receiving water standards.  To that end, the key aspect is that a good faith effort be
pursued by Permittees to utilize this process.

The latter provision on inspections is a limited effort to identify and correct sources of pollution that
represent a significant threat to water quality.  As contained in the permit, the inspection obligation is
limited in scope and represents a minimal level of effort from that already required in the existing
educational site visit program.  A number of changes in the provisions of the inspection program were
made as a result of the mediation process.  It must also be noted that the inspection provision allows a
considerable period of time to the Permittees to complete the first round of inspections (two and a half
years) and significantly limits the scope of the inspection to the barest of requirements.

The storm water permit adopted by the Regional Board is a carefully crafted response to the pollution
caused by storm water and seeks to advance our efforts to control pollution at its source while limiting
permit obligations on each city to the greatest possible degree. Yet, I am deeply concerned that the story
of this permit has not been fully communicated to each leader in our community.

Enclosed with this letter is a Question and Answer document that is intended to respond to some of the
most important points raised by those who dispute elements of this permit.  Each of us has an obligation
to fulfill our responsibilities in a reasonable manner.  I believe that the Regional Board has pursued a fair
and equitable process, affording everyone involved the utmost opportunity for participation and
comment.  To a very great degree the comments made by Permittees were incorporated in the final
permit. Nevertheless, the Regional Board’s Executive Officer will, in the near future, be meeting with
city and county representatives to engage in a dialogue to ensure that the provisions of the permit are
clearly understood and, that any uncertainty in how elements of the permit are to be implemented, are
discussed.

In closing, I simply ask that you weigh the advantages of improved water quality with the very limited
additional obligations that each city is asked to assume.  After careful consideration, it is my hope that
the distraction of appeals and potential litigation and its costs will give way to a renewed commitment to
improving the quality of our shared environment to the benefit of our citizens today and for future
generations.

Francine Diamond
Chair

enclosure
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The  New Los Angeles County
Municipal Storm Water Permit

Answers to Frequently Asked Questions
About Storm Water and the Storm Water Permit

How serious is storm water pollution in the Los Angeles area?

• Studies and research conducted by regional agencies, academic institutions, and
universities have identified storm water and urban runoff as leading sources of pollutants
to surface waters in Southern California.  Water quality assessments conducted by the
Regional Board identified impairment, or threatened impairment, of beneficial uses of
water bodies in the Los Angeles region.  Pollutants found in storm water can have
damaging effects on both human health and aquatic ecosystems.

• Studies performed in the coastal waters of Santa Monica Bay document a clear
relationship between gastrointestinal illness in swimmers and water quality.  Water
quality is compromised by polluted storm water discharges.

• The County of Los Angeles’s Integrated Receiving Water Impacts Report (1994-2000)
identified as a cause of impairments the pollutants of concern identified in municipal
storm water discharges. These include toxic pollutants such as heavy metals, polycyclic
aromatic hydrocarbons, pathogens, and pesticides.  Large quantities of these pollutants
are carried in storm water.

• The City of Long Beach is inundated with hundreds of tons of trash that flow down the
Los Angeles River after storm events from upstream municipalities.  The harbors of Los
Angeles and Long Beach must contend with polluted sediments that require special and
expensive handling to keep their harbors open.

What are the basic provisions of  the Los Angeles County storm water permit?

The Permit requires that city departments coordinate and implement best management practices
in several program areas including:

• Public Outreach and Education
• Planning and Construction
• Public Agency Activities
• Business Inspections, and
• Illicit Connection and Illicit Flows Detection and Elimination

The purpose of these programs is to implement pollution prevention programs that will, to the
maximum extent practicable, reduce the discharge of pollutants from the storm drain system to
protect receiving waters and their beneficial uses – in short, to achieve cleaner water - which
now, is seriously polluted.
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What are the benefits of cleaner storm water?

• Clean water not only provides aesthetic benefits, but it also helps generate jobs and
economic growth. The recreation and tourism industry is the second largest employer in
the nation, and is a particularly valuable component of the Los Angeles coastal economy.

• A significant portion of recreational spending comes from water-related activities, such
as swimming, boating, sport fishing, and hunting.  Activities related to the County’s $2
billion per year tourist industry depend on the access and enjoyment of clean surface
water bodies.  Each year, Americans take more than 1.8 billion trips to water destinations,
largely for recreation, spending money and creating jobs in the process.

• The commercial fish and shellfishing industry contributes to the U.S. economy. This
industry also relies on clean water to sustain the fisheries and deliver products that are
safe to eat.

• Los Angeles area depends and relies heavily on the groundwater resources to sustain its
population and economic life. Recharge of the groundwater basins uses storm runoff as a
source. The proposed Los Angeles Forebay recharge project will recharge storm runoff
from the Los Angeles River into the Los Angeles Forebay to replenish the groundwater
basins. This project once completed would offset the need for imported water use for
basin replenishment, and creates yet another local water resource and provides ongoing
annual savings up to $10 million per year. Groundwater is an important source of water
in southern Los Angeles County, providing approximately 40% of the total demand.

What is the risk of polluted beaches to the Los Angeles area economy?

• Southern California’s tourist economy depends on reliable, high quality water supplies
and resources.  Clean beaches are a necessary element of the Southern California image
and the consequences of polluted beaches can be catastrophic to local beach communities
and businesses.  If the perception of Southern California’s beaches were to develop into a
negative stereotype, the broader implications for economic health and economic growth
would be serious.

• In recent years, the economy of Huntington Beach was negatively impacted by the
consequences of polluted urban runoff.  Local businesses were nearly driven out of
business and the community has experienced just how serious the threat of poor water
quality can be (the Huntington Beach experience is reviewed in greater detail later in this
report).

Does the storm water permit represent an unfunded state mandate?

• The permit requirements do not constitute an unfunded state mandate.  The unfunded
mandate restrictions pertain to the implementation of various state laws and not federal law.
The State Board has already considered the matter and ruled that the State constitutional
unfunded mandate prohibition does not apply to permits issued by the Regional Boards
pursuant to the federal Clean Water Act.  (In Re: San Diego Unified Port District, Board
Order No. WQ 90-3; and In re: Bellflower et al., Board Order No. WQ 2000-11.)
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• The municipal storm water permit implements the federal Clean Water Act.  As a duly
authorized entity to implement the Clean Water Act on behalf of the US EPA, the action does
not violate the California constitutional prohibition on unfunded mandates.

• Nonetheless, Regional Board staff carefully crafted a permit program that is both managable
and cost effective, while still complying with Federal law and being protective of the
environment.

Has  sufficient time been provided to develop the dry weather flows diversion/ treatment plans
required by the permit?

The permit, as adopted by the Regional Board, extended the timeline for completion of the dry
weather flows diversion/treatment plans from six months to eighteen months in response to
requests for the time extension from the County Sanitation Districts of Los Angeles County and
the Coalition for Practical Regulation.

Why is an industrial/ commercial inspection program being required?

• Even though we are in the third five-year permit term, the active measures taken so far to
control storm water pollution have been very limited in scope.  Storm water quality is not
improving and urbanization, industrialization, and population growth are contributing
ever greater pollutant loads.  To achieve improved storm water quality, more effective
measures are required.

• The previous permit required that municipalities conduct educational site visits at
industrial and commercial sites.  In the new permit, these visits are now being upgraded
to inspections that are intended to not require a substantial level of effort greater than that
required for the site education visits that have been conducted to date.  Actual inspection
requirements are very limited.  For those businesses operating under the State General
Industrial Storm Water Permit, the only expectation is that the inspection confirm
whether the site has filed for a state permit and whether they have a Storm Water
Pollution Prevention Plan on site.  There is no requirement for the municipalities to
conduct a detailed analysis of any plans.

• The inspection program is based on the assumption that the Regional Board and each
municipality will work in a partnership to ensure compliance.  With inspections
conducted by local governments, more businesses can be quickly assessed to determine if
their site posses a disproportionate threat to water quality.  The Regional Board can then
pursue those sites that are not in compliance and ensure that water quality problems are
addressed.

• The need for inspections is clear.  Studies carried out by the Permittees have shown that
specific business and commercial activities contribute significant amounts of
conventional and toxic pollutants into storm water runoff discharged to the storm sewers.

• If the region is to make significant progress toward cleaning up waters impaired by storm
water runoff, control of conventional and toxic pollutants from industrialized and
commercial activities is critical.  Federal regulations clearly acknowledge the
significance of pollutants from heavy industry, and mandate that municipalities have
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source control programs for facilities in specified industrial sectors.  The significance of
these industrial activities – plus commercial activities such as automotive repair – was
underscored in a critical source identification program conducted by Los Angeles County
in 1997.i

Where else are similar inspection programs being implemented?

Across the country numerous municipal storm water permits require implementation of programs
to control the contribution of pollutants in storm water discharges from industrial and
commercial facilities. Many jurisdictions currently implement programs to control the
contribution of pollutants from industrial and commercial sites (including inspections) as part of
their storm water permit. Communities implementing inspection programs under a municipal
storm water permit include:

• Broward, Sarasota and Palm Beach counties in Florida,
• Cities of Tulsa and Oklahoma in Oklahoma,
• Cities of Corpus Christi and Forth Worth in Texas,
• City of Seattle in Washington State,
• City of Portland in Oregon, and
• Santa Clara County, Sacramento County, and Alameda County in Northern California.

In Southern California, San Diego County is in the process of developing and implementing a
business inspection program to control storm water discharge quality.

How much will the inspection program cost?

• In developing the inspection program, the Regional Board listened carefully to the concerns
expressed by the cities and the county and included permit language that significantly limits
the obligations of the Permittees with respect to their obligations under the inspection
program.  For example, it is expected that inspections of restaurants will be a very minor
additional task among many already conducted by the County and those few cities that
perform restaurant inspections.

• As noted above, for those businesses operating under the State General Industrial Storm
Water Permit, the only expectation is that the inspection confirm whether the site has filed
for a state permit and whether they have a Storm Water Pollution Prevention Plan on site.
There is no requirement for the municipalities to conduct a detailed analysis of any plans.

• The frequency of inspections will require only two inspections during the five year term of
the permit.  For facilities covered under the State General Industrial Storm Water Permit,
many cities have relatively few of these in their city limits.  Combined with the limited
obligation to simply verify the existence of a Storm Water Pollution Prevention Plan (not to
evaluate its sufficiency) and the limited number of inspections over five years (two
inspections), it would appear that most cities have the ability to easily comply with this
provision using existing staff resources.

• The County of Los Angeles has estimated the entire financial burden for all cities and the
county to inspect the construction, commercial and industrial sites covered by this permit at
$8 million over the five year permit term.  This equates to $1.6 million per year and would
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represent the level of effort associated with about 20 full time staff to cover this permit
requirement over the entire county.  In most cities, however, the level of effort is expected to
be covered with existing staff who simply add a few tasks to inspection activities already
being performed.

Is the Illicit Connection Program costly and unnecessary?

• Studies have demonstrated that swimming in contaminated water can cause gastrointestinal
problems including nausea, vomiting, or diarrhea; infections of the eye, ear, nose, or throat;
and viral diseases such as hepatitis.  Dry weather flows in the storm drain system are a
principal factor conveying contaminated water to our beaches.  Illegal connections foster a
continuation of a serious health problem if not corrected.  Reducing the frequency of beach
closures is also one of the Governor’s and Cal/EPA’s highest priority environmental
programs.

• The Illicit Connection program is required under US EPA regulations.  It provides the
framework for assessing the existence of illegal connections into the storm drain system.
Illegal connections permit untreated wastewater into the storm water system instead of the
sanitary sewer system.  Because discharges from the storm water system is not treated, illicit
connections allow raw sewage to flow directly to the rivers, bays, and coastal waters of the
region.

• For example, the City of Santa Monica found an illegal cross connection on 20th

Street and Colorado Avenue that may not have been detected if not for the
requirement in the permit.  The County of Los Angeles has also found such cross
connections or improper connections that may not have been detected were it not for
the permit requirements.

• The cost of not implementing pollution prevention programs, such as the illicit connection
elimination program, contribute to continuated, frequent beach closures.  Beach closures
have the potential to severely jeopardize the Los Angeles County tourist economy.

Do the permit requirements infringe on local land-use planning?

• The permit places no constraints on what land uses a municipality may authorize or how a
municipality may zone its jurisdiction.

• The permit requires cities to place certain conditions on projects for new and redevelopment
to reduce pollutants from the storm drain system.  However, these conditions do not
constitute land use planning or zoning by the Regional Board and they do not invade the
fundamental, municipal choice to make land use decisions and zone accordingly. The LA
County MS4 permit does not impermissibly infringe on the ability of municipalities to carry
out their land use planning authority and responsibilities.

Are permit time frames unrealistic?

• Throughout the permit renewal process, Regional Board staff was responsive to comments
and worked with municipalities to develop reasonable requirements and time frames within
the framework of state and federal regulations.
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• In addition to the reasonable time frames that were agreed upon early in the process, at least
eleven deadlines contained in the third draft were extended by a further 6 months to over one
year as a result of discussions with municipalities before the December 13, 2001 Board
Meeting.

• Municipalities have had more than two five-year permit terms to implement many of these
requirements, and the changes made to the permit are incremental improvements.  Whenever
reasonable, staff did incorporate extended timelines for implementation.

What does to “reduce storm water discharges to the maximum extent practicable” (MEP
Standard) mean?

Congress created the “maximum extent practicable” (MEP) standard to allow regulators the
flexibility necessary to tailor programs to the site-specific nature of municipal storm water
discharges. Regulations do not define what exactly constitutes the MEP standard:

• In general, MEP relies on best management practices (BMPs) that emphasize pollution
prevention and source control (i.e. the first line of defense), with additional structural
controls as needed (an additional line of defense).

• Municipalities are required to implement technically feasible BMPs to reduce storm
water pollutants unless they can show locational impracticability or that the costs
outweigh the water quality benefits to be derived. There must be a serious attempt to
comply and practical solutions may not be lightly rejected.

• The permitting agency is the ultimate arbiter on whether there has been sufficient
reduction of pollutants as a result of implementation of BMPs. This authority was
upheld in a court decision by the U.S. Court of Appeals with jurisdiction over California,
(Defenders of Wildlife v. Browner (9th Cir. 1999)).

Does the permit language put cities in violation of receiving water limitations immediately and
open them to third party lawsuits?

• The LA County municipal storm water permit incorporates language that provides for
protecting receiving waters and their beneficial uses as required by the federal Clean Water
Act.  The State Water Resources Control Board has previously disapproved less-restrictive
language in municipal storm water permits.  The language in the LA County municipal
permit tracks language the State Water Resources Control Board has previously approved in
precedential decisions in 1999 and again in 2001.  Other municipal permits in the state
contain the same language, and to the Regional Board’s knowledge have not triggered citizen
suits, as feared by some municipalities.

• The receiving water language states that if storm water flows from the storm drain system
cause or contribute to continuing impairment of receiving waters, municipalities must
implement control measures to eliminate the harm through the iterative implementation of
best management practices in a timely manner.  To invoke this provision, either the Permittee
or the Regional Board must make a determination that water quality standards are being
exceeded before the iterative process is activated.
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• The first opportunity to make such a determination will occur after the submittal of the next
Annual Report in October 2002.  Assuming that a decision is made to invoke the iterative
process, municipalities would be required to submit a corrective plan with the next Annual
Report in October 2003, and submit a progress report every alternate year after that until the
exceedences have been corrected.

• A violation of the permit would occur when a municipality fails to engage in a good faith
effort to implement the iterative process to correct the harm.  As long as the Permittee is
engaged in a good faith effort, the specific language of the permit provides that the Permittee
is in compliance.  As discussed at the Regional Board’s July 2001 workshop and the
December 2001 board meeting, the presence of the iterative process language makes clear the
Permittees’ mechanism for compliance with receiving water language.  Even if water quality
does not improve as a result of the implementation efforts, there is no violation of the
permit’s receiving water provision as long as a good faith effort is underway to participate in
the iterative process.  The basic premise is that an incremental effort is appropriate to identify
additional best management practices that will ultimately result in improved storm water
quality.

Did the Regional Board discontinue the US EPA facilitation effort despite requests for
continuation?

• The Regional Board Executive Officer and staff participated, during November and
December 2002, in two US EPA facilitated sessions to consider, and possibly revise, the
most contentious part of the permit – the requirement to inspect businesses for compliance
with local storm water ordinances.

• Prior to the mediation session, Regional Board staff committed considerable time over the
entire year to meeting with municipalities and interested parties, conducting workshops,
responding to questions, providing updates, issuing three complete drafts, and making many
revisions at the request of the Permittees.

• The facilitation effort was partially successful and resulted in many changes being made to a
portion of the permit (the inspection program), changes that many of the cities wanted.

• Despite the improvements made to this portion of the permit during mediation, no final
agreement was reached on the inspection program.  Many of the municipalities continued to
object to the inspection program despite the Regional Board’s inclusion of many of the
specific comments made at their request.

• As a result, the draft permit recommended to the Regional Board included provisions for a
limited inspection program that incorporated many of the comments offered by those
participating in the mediation sessions including the City of Signal Hill, the County of Los
Angeles, the City of Los Angeles, and the City of Downey.

Is the cost of permit implementation really $54 billion?

• The quoted $54 billion cost of implementation for the Los Angeles area is taken from an
analysis performed for the California Department of Transportation using assumptions that
have been challenged.  These assumptions include that, (i) 1.2 inches of rainfall would have
to be captured and treated to remove all pollutants; and (ii) to achieve this level of pollution
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reduction six treatment plants with the capacity to process 500 million gallons per day of
storm water each would have to be constructed.   The study’s approach assumes a “Regional
Solution” that is the opposite of the lower cost, solve the problem before it starts approach
embodied in the adopted permit by using best management practices.  The MS4 permit does
not require treatment as described in the Caltrans study nor does it validate the assumptions
that are made.

• The permit takes an iterative best management practices implementation approach to
protecting receiving waters and their beneficial uses (try a solution, if it doesn’t work, try
some additional solutions). This approach explicitly takes into consideration the costs and
appropriateness of implementation measures and places the responsibility for sound choices
with the municipalities.

• The US EPA estimated in 1996 that the cost of implementation of the storm water program
for all the medium and large municipalities in the United States combined would be about
$50 billion over 20 years.

• Based on self-reported cost figures provided by the City of Los Angeles and other
municipalities, the total cost estimate for permit implementation countywide is between $12
million and $145 million annually.  The cost of implementation of revised provisions in the
storm water permit is expected to represent a modest incremental increase over current costs.

How can a city better calculate the cost of implementing a program to satisfy the requirements
of the permit?

The cost of implementing the permit will vary from city to city depending on the kind of services
it already provides.  The best measure of the cost of programs to improve storm water quality is
to survey municipalities around the nation and in California who have instituted a special storm
water utility fee.  In Los Angeles County, the City of Los Angeles, the City of Long Beach,
Santa Monica, Calabasas, and Santa Clarita have special storm water assessments, and may
provide the best estimates of the true cost of program implementation in the area.

What is the runoff diversion experience of the City of Laguna Niguel?

Dry weather flow diversions are a method by which to mitigate or temporarily eliminate high
bacteria levels in urban runoff from flowing onto local beaches and into the surfzone where there
is human/water contact. The storm drain water is diverted to a sanitary sewer line for treatment.

• Aliso Creek drains to the City of Laguna Beach and to the beach.  For several years, the
Orange County Sanitation Districts (OCSD) has diverted dry weather flows within Aliso
Creek to the sanitary sewer for treatment.

• A small tributary to Aliso Creek has been found to have bacteria levels that are excessive
and a violation of the San Diego Region Basin Plan for bacteria.  This condition occurs
above the point of diversion.

• The San Diego Regional Board adopted a Cleanup and Abatement Order for the OCSD to
begin an iterative process to determine the source(s) of the excessive bacteria counts and
mitigate the problem.
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• OCSD now  diverts  flows farther upstream during dry weather to capture in-flows
from the tributary with high bacteria counts that drains to Aliso Creek.

• During wet weather the same tributary continues to have high   bacteria counts but
the flows are not diverted. Diversion to a wastewater tretment plant is not possible
during wet weather because of high flows.

• The San Diego Regional Board through the iterative process, requires OCSD to
investigate potential source of the high bacteria counts and eliminate the source or
sources.

What is the experience of the City of Huntington Beach with beach closures?

The beaches along Huntington Beach have been plagued by many closures the past few years
due to excessively high bacteria levels coming from the Talbert Marsh outlet into the south end
of Huntington State Beach.  The possibility of a single cause or multiple causes led muncipal
agencies in Orange County to spend much time and money to determine the source(s) of the
excessive bacteria.

• Onshore pipes and groundwater were investigated as possible sources as were the
offshore sewer outfall and the storm drain system including Talbert Marsh itself.

• Dry weather diversion of the storm drain system to the sanitary sewer as a temporary
solution measure has had immediate positive effects on coastal water quality.

• High bacteria counts may persist during during wet weather when diversions cannot take
place.

• The municipalities still need to investigate the source(s) of the high bacteria and to reduce
or eliminate those sources.

• When beaches are closed, tourism suffers and tourist dollars are spent elsewhere.

How can the public [residents in the municipality] become informed and educated about the
impacts of storm water and how to prevent pollution?

• A mainstay of the storm water program in Los Angeles since 1990 has been activities to
foster public education, participation, and involvement.

• On-going outreach efforts include radio public service announcements, television
commercial spots, literature at public service counters, K-12 educational materials, flyers,
and handouts at businesses which sell pesticides or motor oils.

• Residents may also call help lines such as 1(888) CLEAN LA or 1 (800) 974-9794 operated
respectively by the County of Los Angeles and the City of Los Angeles.  These numbers may
be used to obtain information on household hazardous waste collection sites and oil
recycling. The numbers can also be used to report incidents of illegal dumping or illegal
discharges, clogged catch basins, and request information be mailed on storm water pollution
in the Los Angeles area.
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• Residents may obtain information and become better educated about the impacts of storm
water pollution and prevention by visiting various web sites.  To find your city’s website,
first visit the State of California’s main home page at www.ca.gov and scroll down and click
on the “City Websites” button (on the lower right) to find your specific city in the index.

• Environmental activities or environmental problem areas in your area, are posted on the
following web site. Type in your Zip code:

http://www.epa.gov/epahome/commsearch.htm

• For information on what you can do to prevent storm water pollution, see:

http://www.swrcb.ca.gov/nps/lookwhatyoucando.html

• For information on water quality at the beach you want to visit, go to:

http://www.healthebay.org/baymap/default.asp

• For a location to recycle used motor oil, go to:

www.ciwmb.ca.gov/UsedOil/CrtCntrs.asp

More Information

Office of Wastewater Management
U.S. EPA

http://cfpub1.epa.gov/npdes/stormwater/

Office of Wastewater Management -
Storm Water Library

http://www.epa.gov/owm/swlib.htm

Virginia's Stormwater Management
Program

http://www.dcr.state.va.us/sw/stormwat.htm

Palm Beach County NPDES Program http://www.pbco-npdes.com/

Metropolitan Department of Public
Works Nashville BMP Manual

http://www.nashville.org/pw/bmp_manual.html

Best Management Practices for Storm
and Surface Water, Municipal Research
& Services Center Serving Washington
Cities and Counties

http://www.mrsc.org/environment/water/water-
s/SW-BMP.htm

Quality of Our Nation's Water U.S.
EPA

http://www.epa.gov/305b/

Idaho DEQ - Catalog of Stormwater
Best Management Practices

http://www2.state.id.us/deq/water/stormwater_catalo
g/chapter1_3.asp

Library of Storm Water Resources http://www.stormwater-resources.com/library.htm
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MD Stormwater Management Program http://www.mde.state.md.us/environment/wma/stor
mwatermanual/

Florida Stormwater, Erosion, and
Sedimentation Control Inspector's
Manual

http://www.broward.org/dni00835.htm

Dynamic Watershed Management
Project City of Greensboro NC

http://www.ci.greensboro.nc.us/stormwater/index.ht
m

Ohio EPA, DSW Stormwater Program http://www.epa.state.oh.us/dsw/storm/index.html

National Pollutant Discharge
Elimination System Florida

http://www.dep.state.fl.us/water/stormwater/npdes/i
ndex.htm

BMP Manual New Jersey http://www.state.nj.us/dep/watershedmgt/bmpmanua
l.htm

NonPoint Source Pointers (Factsheets)
U.S. EPA

http://www.epa.gov/OWOW/NPS/facts/

Draft Stormwater Design Manual New
York

http://www.dec.state.ny.us/website/dow/swmanual/

USGS Fact Sheets Home Page http://water.usgs.gov/wid/indexlist.html

Washington State Stormwater
Technical Manual

http://www.ecy.wa.gov/programs/wq/stormwater/ma
nual.html

City of Monterey CA – Storm Water
Program

http://www.monterey.org/publicworks/storminfo.ht
ml

U.S. EPA Urban Storm Water BMP
Study

http://www.epa.gov/OST/stormwater/

Center for Watershed Protection http://www.cwp.org/

Seattle Public Utilities Surface Water
Pollution Prevention

http://www.cityofseattle.net/util/surfacewater/default
.htm

                                                          
i
 Critical Source Selection and Monitoring Report, County of Los Angeles Department of Public Works

(September 3, 1996), in which the Principal Permittee identified high risk activities that pollute storm
water in the County.  Five of these activities – scrap metals, trucking, chemical, primary metal, metal
fabricating – are partly regulated by the State’s General Industrial Activities Storm Water Permit for
Industrial Activities.  The other activity – automotive services – is not subject to the State’s General
Industrial Activities Storm Water Permit or to USEPA Phase 1 regulations.  Also, through industrial
waste inspections conducted during the first permit term for sanitation departments, several Permittees
identified two additional activities – retail gas outlets (RGOs) and restaurants – as high risk for storm
water pollution.
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AMENDED CONSENT DECREE

This'" Amended Consent Decree ("Amended Decree") is made and

3 entered into by and among the united States of America ("the United

4 States"), on behalf of the National Oceanic and Atmospheric

5 Administration ("NOAA"), the Department of the Interior ("DOI"),

6 and the united States Environmental Protection Agency ("EPA"), and

7 the State of California ("state"), on behalf of the State Lands

8 Commission, the Department of Fish & Game, and the Department of

9 Parks and Recreation, the Department of Toxic Substances Control

10 ("DTSC"), and the California Regional Water Quality Control Board;

11 Los Angeles Region ("Regional Board"), Defendant county Sanitation

12 District No. 2 of Los Angeles County ("LACSD"), and the other

13 entities listed in Attachment A hereto, which are hereafter

14 collectively referred to as the "Settling Local Governmental

15 Entities" except where otherwise specifically provided. This

16 Amended Decree is not intended to affect in any way the United

17 States' and the State's claims against any entity other than LACSD

18 and those other entities listed in Attachment A.

19 INTRODUCTION

20 The United States, on behalf of NOAA and DOl in their

21 capacities as natural resource trustees (hereafter the "Federal

22 Trustees"), and on behalf of EPA, and the state, on behalf of the

23 state Lands Commission, the Department of Fish & Game and the

24 Department of Parks and Recreation in their capacities as natural

25 resource trustees (hereafter the "stat.e Trustees") (the Federal

26 Trustees and state Trustees collectively are referred to as "the

27 Trustees"), filed the original complaint in this action on June 18,

28 1990, under Section 107 of the comprehensive Environmental

RB-AR12691



1 Response, Compensation, and Liability Act of 1980, as amended

2 ("CERCLA"1, 42 U.S.C. § 9607, seeking, inter alia, recovery for

3 damages, including damage assessment costs and related response

4 costs, for injury to, destruction of, and loss of natural resources

5 resulting from releases of hazardous substances, specifically

6 including dichlorodiphenyltrichloroethane and its metabolites

7 (hereafter collectively "DDT"), and polychlorinated biphenyls

8 (hereafter "PCBs"), from facilities in and around Los Angeles,

9 California, into the environment, including the area defined herein

10 as the Montrose Natural Resource Damages Area (the "Montrose NR[)

11 Area"), and for response costs incurred and to be incurred by EPA

12 in connection with releases of hazardous substan,ces into the

13 environment from the Montrose Chemical Corporation site located at

14 20201 South Normandie Avenue, Los Angeles, California. The

15 original complaint was amended on June 28, 1990, and again on

16 August 16, 1991 ("Second Amended complaint" or "Complaint").

17 Defendant LACSD filed its answer to the Complaint and counterclaims

18 against the United States and the State on September 30, 1991.

19 In the First Claim for Relief of the Complaint, plaintiffs

20 asserted a claim against ten defendants, including LACSD, und'er

21 section 107(a) (1-4) (C) of CERCLA, 42 U.S.C. § 9607(a) (1-4) (C), for

22 the alleged natural resource damages, including damage assessment

23 costs and related response costs: In the Second Claim for Relief

24 of therComplaint, the united States asserts a claim for recovery of

25 costs incurred and to be incurred by EPA in response to the release

26 or threatened release of hazardous substances into the environment

27 at the Montrose NPL Site, as described in the complaint, pursuant

28 to section 107 (a) (1-4) (A) of CERCLA, 42 U.S.C. § 9607 (a) (1-4) (A).

2.
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1 The Second Claim for Relief, brought at the request of and on

2 behalf of_EPA, does not allege liability on the part of any of the

3 Settling Local Governmental Entities.

4 EPA is the lead agency with regard to the conduct of response

5 activities at the Montrose NPL site. The state, through its

6 support agencies DTSC and the Regional Board, also participates in

7 Montrose NPL site response activities consistent with Subpart F of

8 CERCLA's National Contingency Plan, 40 C.F.R. §§ 300.500 - 300.525.

9 While the State has not filed a claim in the instant action to

10 recover response costs incurred and to be incurred at the Montrose

1l NPL Site, DTSC and the Regional Board have incurred response costs

12 in connection with the Montrose NPL site.

13 The Montrose NPL site was placed on the National Priorities

14 List of Superfund sites in October 1989. CERCLA and the National

15 Contingency Plan ("NCP") require that a site investigation gather

16 the data necessary to assess the threat to human health and the

17 environment of actual or threatened releases of hazardous

18 substances from a facility, to include any place where a hazardous

19 substance has come to be located. Consistent with those

20 requirements, EPA's continuing investigation of the Montrose NPL

21 site indicates that the Montrose NPL site is contaminated

22 significantly by DDT and other hazardous substances released during

23 the manufacture of DDT, with ,.DDT and those other hazardous

24 substances present at the Montrose NPL site in soil, groundwater,

25 stormwater channel sediments, and sediments in portions of LACSD's

26 Joint Outfall ("J.O.") "0" and District 5 Interceptor sewer lines.

27 As a result of the ongoing investigation of the Montrose NPL site,

28 a series of response activities is currently underway, including a

3.
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1 remedial investigation and a feasibility study ("RIfFS") of the DDT

2 contamina'E.ed. soil and groundwater underlying the Montrose DDT Plant

3 Property and surrounding areas of the Montrose NPL Site, the

4 conduct of a time-critical removal action at the Montrose NPL site

5 to investigate and remove Montrose DDT from soil in residential

6 areas within four blocks of the Montrose DDT Plant Property, the

7 conduct of an Engineering Evaluation and Cost Analysis ("EEfCA") to

8 investigate the aerial fallout of DDT dust emitted from the former

9 Montrose DDT plant on residential and commercial areas in close

10 proximity to the Montrose DDT Plant Property, and the conduct of a

11 removal action to remove DDT contaminated sediments from the J,O.

12 "0" sewer adjacent to and downstream of the Montrose DDT Plant

13 Property.

14 In addition, as a result of information developed and

15 assembled, inter alia, in connection with the Trustees' damage

16 assessment relating to DDT and PCB contamination of the offshore

17 area alleged in the First Claim for Relief in this action, EPA has

18 extended its Montrose NPL Site investigation to include that

19 portion of the Montrose NRD Area comprised of the offshore area

20 contaminated by DDT and PCBs released into the LACSD sewer lines

21 and subsequently deposited in the sediments of the Palos Verdes

22 shelf near the White's Point outfall. EPA has not, however,

23 extended its investigation of the'Montrose NPL Site to include the

24 Los Angeles and the Long Beach Harbors (other than the Consolidated

25 Slip in Los Angeles Harbor).

26 certain of the defendants filed cross-complaints and third

27 party complaints alleging that some or all of the Settling Local

28 Governmental Entities named in Attachment A are also liable for

4.
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1 damages and response costs related to the alleged natural resource

2 injuries associated with the Montrose NRD Area and for response

3 costs at the Montrose NPL site. The bases for liability on the

4 part of the Settling Local Governmental Entities as alleged in the

5 cross-complaints and third party complaints relate primarily to the

6 involvement of those entities in the provision of pUblic services

7 such as the collection, conveyance, treatment, and disposal of

8 wastewater and disposal of residuals; collection and conveyance of

9 stormwater runoff; ownership and operation of portions of the

10 contaminated facilities, including portions of the Montrose NPL

11 Site; and pest and vector control; and their alleged involvement as

12 arrangers for transport, disposal or treatment and/or as

13 transporters of hazardous substances; and their alleged involvement

14 as owner/operators of facilities where hazardous substances have

15 been treated or disposed.

16 federal and state law.

These claims have been brought under

17 The federal law claims, brought under CERCLA, are based in

18 part on the Settling Local Governmental Entities' alleged

19 involvement as present and past owners and/or operators of

20 facilities at which hazardous substances were disposed by the

21 generator defendants, as persons who arranged for transport,

22 disposal or treatment of hazardous substances, and as persons who

23 accepted hazardous substances for transport to disposal or
",

24 treatment facilities. As alleged in the cross-complaints and the

25 third party complaints, the state law claims, brought under

26 statutory and common law, are based in part on the Settling Local

27 Governmental Entities' alleged statutory and common law

28 responsibilities, alleged involvement in releases of various

5.
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1 substances, their relationship to other dischargers, and their

2 alleged ;esponsibility for contamination and conditions in the

3 contaminated areas, including the Montrose NPL site. A broad range

4 of relief is sought in the cross-complaints and third party

5 complaints, including costs incurred and to be incurred and

6 damages, including natural resource damages relating to the

7 allegations in the First Claim for Relief and to the Montrose NPL

8 site.

9 subsequent to the filing of this action, plaintiffs and the

10 Settling Local Governmental Entities entered into settlement

11 negotiations under the supervision of Special Master Harry V.

12 Peetris pursuant to Pretrial Order No.1, dated March 18, 1991.

13 Those negotiations occurred over the ensuing seventeen month period

14 and resulted in a consent decree that resolved the liability of all

15 of those entities to plaintiffs for natural resource damages and

16 for response costs at the Montrose NPL site as defined in the

17 consent decree approved by the District Court on April 26, 1993

18 (the "1993 Decree"). The District Court approved the 1993 Decree

19 without the Special Master having informed the District Court of

20 the total amount of damages being sought by the Trustees in order

21 to avoid the impairment of the ongoing settlement negotiations with

22 the non-settling defendants.

23 At the time of the settlement negotiations concerning the 1993

24 Decree, the signatories to the 1993 Decree (including these

25 Settling Local Governmental Entities) and the other defendants were

26 aware that in addition to response activities undertaken under

27 CERCLA at the Montrose NPL Site, EPA had conducted a preliminary

28 evaluation under CERCLA of contamination in the Santa Monica Bay

fi .
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1 (hereafter referred ,to as "the Santa Monica Bay CERCLIS site"),

2 which included an evaluation of portions of the Palos Verdes shelf.

3 The signatories to the 1993 Decree further understood that on

4 September 17, 1990, after the filing of this action, EPA determined

5 that it would conduct no further investigation or response

6 activities under CERCLA regarding the Santa Monica Bay CERCLIS

7 site. The signatories to the 1993 Decree understood that EPA's "no

8 further action" determination was subject to reconsideration by

9 EPA, and that nothing in the 1993 Decree was intended to affect the

10 authority or jurisdiction of EPA to take further action. Moreover,

11 the 1993 Decree specifically reserved the authority of EPA to take

12 further action. The signatories to the 1993 Decree also understood

13 that DDT contamination on the Palos Verdes shelf was excluded from

14 EPA's preliminary evaluation of the Santa Monica Bay CERCLIS site

15 and was deferred for possible future evaluation as part of the

16 Montrose NPL Site in the event that EPA decided to extend the

17 Montrose NPL site investigation to the Palos Verdes shelf, which

18 EPA has now done.

19 In addition, the signatories to the 1993 Decree understood at

20 the time of the negotiation of the 1993 Decree that EPA's

21 investigation of the Montrose NPL site was continuing. At that

22 time, the signatories to the 1993 Decree understood that the

23 Montrose NPL site investigation _included the LACSD J. O. "D" and

24 District 5 Interceptor sewer lines, but that the investigation had

25 not extended to the Palos Verdes shelf. The signatories to the

26 1993 Decree further understood that the Montrose NPL site

27 investigation included the stormwater pathway from the former

28 Montrose DDT Plant property downstream to the Consolidated Slip,

7.
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1 but not beyond. The signatories to the 1993 Decree also understood

2 that the geographical extent of the Montrose NPL Site investigation

3 was sUbject to continued re-evaluation by EPA in the course of the

4 continued investigation, and the signatories to the 1993 Decree

5 agreed that nothing in the 1993 Decree was intended to affect the

6 authority or the jurisdiction of EPA to extend the Montrose NPL

7 site investigation or to take other response activities with

8 respect to the Palos Verdes shelf, and accordingly the 1993 Decree

9 specifically reserved the authority of EPA to take such response

10 activities.

11 The terms of the 1993 Decree were based on, inter alia,

12 plaintiffs' evaluation of factors including, but not limited to,

13 the nature and extent of the Settling Local Governmental Entities'

14 involvement in causing the alleged contamination; these entities'

15 past efforts to control and address the sources of such

16 contamination; the alleged natural resource damages and estimated

17 cost of restoration activities on the Palos Verdes shelf portion of

18 the Montrose NRD Area, including possible capping, dredging, and

19 treatment of contaminated sediments, and replacement or acquisition

20 of equivalent resources; the contamination at the Montrose NPL site

21 and estimated cost of response activities at relevant areas of the

22 Montrose NPL Site; past and ongoing efforts of others such as

23 Montrose, in studying contamination at the Montrose NPL Site; and

24 the Settling Local Governmental Entities' cooperation in resolving

25 their liability at a relatively early stage of this litigation.

26 Pursuant to the terms of the 1993 Decree, the settling Local

27 Governmental Entities agreed to make payments of $42,200,000 for

28 natural resource damages and $3,500,000 for response costs. To

8.
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1 date, in accordance with the terms and conditions of the 1993

2 Decree, tne Settling Local Governmental Entities have made payments

3 for damages to natural resources and for response costs into escrow

4 accounts established and maintained by LACSD and the City of Los

5 Angeles, respectively, pursuant to the terms and conditions of the

6 1993 Decree. Under the terms and conditions of the 1993 Decree,

7 the Settling Local Governmental Entities have paid into the escrow

8 account maintained by LACSD the following funds for natural

9 resource damages: i) $1,500,000 pursuant to Paragraph 8.A of the

10 1993 Decree; ii) $7,800,000 pursuant to Paragraph 8.B of the 1993

11 Decree; and iii) $10,000,000, $9,000,000, and $8,000,000 in three

12 payments made pursuant to Paragraph 10.A of the 1993 Decree. In

13 addition, under the terms and conditions of the 1993 Decree, the

14 Settling Local Governmental Entities have paid into the escrow

15 account maintained by the City of Los Angeles the total amount of

16 $3,500,000 for response costs pursuant to the terms of Paragraph

17 17.A of the 1993 Decree.

18 On March 21, 1995, the Ninth Circuit Court of Appeals reversed

19 the decision of the District Court approving and entering the 1993

20 Decree, and remanded the cause to the District Court to determine,

21. in light of further information provided by plaintiffs, "the

22 proportional relationship between the $45.7 million to be paid by

23 the settling defendants and the'governments' current estimate of

24 total potential damages'~ and "to evaluate the fairness of that

25 proportional relationship in light of the degree of liability

26 attributed to the settling defendants," and in light of the

27 numerous "other relevant factors" properly considered in the

28 evaluation of a settlement of this type.

9 •
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1 On March 22,. 1995, the District Court ruled on pre-trial

2 motions previously made by the Montrose-affiliated Defendants and

3 defendant westinghouse Electric Corporation ("Westinghouse"),

4 holding that the collective liability of the Montrose-affiliated

5 Defendants under the First Claim for Relief is limited to the total

6 of all response costs plus a maximum of $50,000,000 for natural

7 resource damages, and that plaintiffs have the burden of proving

8 that any pre-1980 damages for which plaintiffs seek recovery are

9 indivisible from post-1980 damages. The District Court further

10 ruled that the First Claim for Relief is barred by the applicable

11 statute of limitations and ordered the dismissal of that First

12 Claim as against the Montrose-affiliated Defendants and

13 Westinghouse. The District Court subsequently certified its

14 rUlings on the $50,000,000 limitation on damages and on the statute

15 of limitations for interlocutory appeal under 28 U.S.C. § 1292(b).

16 The Court of Appeals thereafter accepted plaintiffs' petitions for

17 appeal of those rUlings, and those appeals are presently pending

18 and unresolved.

19 Notwithstanding the March 21st decision of the Court of

20 Appeals and the March 22nd rulings of the District Court, the

21 Parties hereto remain desirous of resolving all of the contingent

22 liability of the Settling Local Governmental Entities to

23 plaintiffs, DTSC, and the Regional Board with respect to the

24 natural resource damages relating to the Montrose NRD Area and

25 response costs relating to the Montrose NPL site.

26 In pursuing such resolution of liability, plaintiffs, DTSC,

27 the Regional Board, and the Settling Local Governmental Entities

28 seek to revise and to amend the 1993 Decree to take account of

10.
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1 developments occurring since the District court's initial approval

2 of the 1993 Decree ..,. Under the direct supervision of the Special

3 Master, the Parties have reached agreement on the Amended Decree

4 that includes covenants not to sue by the Trustees for natural

5 resource damages for the Montrose NRD Area, and by EPA, DTSC, and

6 the Regional Board for response costs for the Montrose NPL Site,

7 including the offshore areas. In addition, the Settling Local

8 Governmental Entities are provided contribution protection. The

9 basis for this amended agreement is set forth below.

10 The Parties have considered again each of the factors,

11 enumerated above, that were considered by them in connection with

12 the settlement reflected by the 1993 Decree. Additionally, the

13 Parties and the Special Master have considered each of the relevant

14 later developments, including the guidance provided by the Ninth

15 Circuit Court of Appeals in united States· v. Montrose Chemical

16 corp., 50 F.3d 741 (9th Cir. 1995), the Trustees' estimates of

17 resource restoration costs and the value of interim lost use of

18 resources as reported in the Fall of 1994, EPA's announcement on

19 July 10, 1996, regarding its projected response activities at the

20 Montrose NPL site and related adjustments to the Trustees'

21 estimated resource restoration costs and interim lost use claim,

22 plaintiffs' estimate of the potential costs of EPA response action,

23 and an appropriate evaluation in order to estimate costs and

24 damages for settlement purposes for all parties.

25 As a result, the Parties have determined an appropriate

26 settlement amount, which is set forth in this Amended Decree, based

27 on, inter alia, current estimates of total potential costs and

28 damages. In determining the settlement amount, the Parties have

11.
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1 considered the proportional relationship between the amount to be

2 paid by !:he Settling Local Governmental Entities and a current

3 estimate of total potential costs and damages based on a scenario

4 that reasonably may be used to estimate costs and damages for

5 settlement purposes. In assessing the proportional relationship,

6 EPA and the Trustees have considered the relative roles of both the

7 Settling Local Governmental Entities and the generator defendants

8 in creating the conditions that gave rise to EPA's claim for

9 response costs and the Trustees' claim for assessment costs and

10 damages.

11 Plaintiffs' determination of the appropriateness of the

12 settlement amount to be paid by the Settling Local Governmental

13 Entities necessarily considers the fact that the Settling Local

14 Governmental Entities are situated in a manner that is

15 funda.mentally different from the generator defendants vis-.1!-vis th.e

16 plaintiffs' claims for costs and damages.

17 First, the generator defendants are the sources of the problem

18 that is the sUbject of EPA's response activities and the Trustees'

19 restoration program. Plaintiffs' allegations specifically concern

20 the effects of DDT and PCBs. The Montrose-affiliated Defendants

21 (i.e., the DDT defendants) are primarily responsible for the DDT

22 contamination on the Palos Verdes shelf. The PCB defendants were

23 major sources of PCBs. In conirast, the roles of the Settling

24 Local Governmental Entities were sUbstantially different. In

25 general, they were passive conduits of wastewater and stormwater.

26 Thus, any flows of DDT and PCBs that passed through collection

27 system(s) and ocean outfall(s) owned and/or operated by the various

28 Settling Local Governmental Entities to the Palos Verdes shelf are
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1 far less significant to plaintiffs' assessment of relative

2 contribut~on to plaintiffs' claims for costs and damages.

3 Moreover, the volumes of wastewater and stormwater that flowed

4 through collection system(s) and ocean outfall (s) owned and/or

5 operated by the various Settling Local Governmental Entities is not

6 highly significant to plaintiffs' assessment of relative

7 contribution because it is the DDT and PCBs in the wastewater

8 and/or stormwater that gave rise to this action and not the effects I

9 of wastewater or stormwater flow in general.

10 Second, the amounts of DDT and PCBs discharged by the

11 generator defendants were sUbstantial. In united States v.

12 Montrose Chemical Corp., 793 F. supp. 237, 240-241 (C.D. Cal.

13 1992), this Court considered the respective contributions of

14 contaminants to the Palos Verdes shelf of each group of generator

15 defendants and determined that the plaintiffs' settlement

16 methodology was reasonable. The plaintiffs believe that in view of

17 currently available information, the estimates of the contributions

18 of the generator defendants recited in the Court's opinion continue

19 to be reasonable. The Montrose-affiliated Defendants are

20 responsible for the discharge of approximately 5.5 million pounds

21 of DDT, westinghouse is responsible for the discharge of

22 approximately 38,000 pounds of PCBs, and settling defendants

23 Potlatch Corporation and Simpson 'paper Company are responsible for

24 the discharge of approximately 4,500 pounds of PCBs.

25 Third, the Settling Local Governmental Entities were largely

26 if not completely unaware of the discharge of DDT in the wastewater

27 from the Montrose DDT plant, the runoff of DDT contaminated

28 stormwater from the Montrose DDT Plant Property to the Los Angeles

13.
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1 Harbor, or the massive ocean dumping by Montrose of its DDT waste

2 until well after the vast amount of DDT had been discharged by the.,.
3 DDT defendants.

4 Fourth, because the Settling Local Governmental Entities were

5 and are not-for-profit pUblic entities obligated to provide

6 essential public services through the operation of sewer systems

7 and stormwater channels, they are unlike the generator defendants

8 that discharged the DDT and PCBs at issue as part of for-profit

9 enterprises.

10 Fifth, the Settling Local Governmental Entities, in particular

11 LACSD, undertook significant actions to halt the discharge of· DDT

12 and PCBs from the Montrose DDT Plant Property, the Westinghouse

13 plant and the Potlatch/Simpson plant. Those actions began with

14 LACSD's early efforts to monitor discharges from its outfalls,

15 efforts to identify the source of DDT that was identified in the

16 effluent, efforts to curtail the Montrose DDT discharge as early as

17 1969, and subsequent efforts to identify and curtail industrial

18 sources of PCBs. LACSD's efforts resulted in large reductions in

19 the amounts of those contaminants in the discharge from the

20 outfalls involved herein, including a massive decline in DpT

21 discharge from the White's Point outfall after the Montrose DDT

22 Plant Property ceased discharging its process waste to the LACSD

23 sewer. In addition, LACSD has engaged in sUbstantial monitoring on

24 the Palos Verdes shelf and the results of the LACSD monitoring were

25 made available to, and used by, the Trustees to better understand

26 the conditions currently existing on the Palos Verdes shelf.

27 Sixth, the stormwater channels and outfalls owned and/or

28 operated by Settling Local Governmental Entities, other than

14.
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1 LACSD's White's Point Outfall, and other activities by Settling,

2 Local Governmental Entities are believed to have contributed far

3 lower quantities of DDT and PCBs to the area which is the sUbject

4 of this action (to the extent that they contributed any DDT or

5 PCBs). In addition, those contributions, if any, are understood to

6 be in areas with a less direct relationship to the areas which are

7 the sUbject of the plaintiffs' claims.

8 Seventh, the Montrose-affiliated Defendants, as the owners and

9 operators of the plant at which the DDT was manufactured and from

10 which the DDT was released into the environment, not the Settling

11 Local Governmental Entities, bear the overwhelming responsibility

12 for the DDT contamination of the groundwater and soil underlying

13 the Montrose DDT Plant Property, the stormwater channels (including

14 the Kenwood Drain, the Torrance Lateral, and the Dominguez Channel)

15 and the Consolidated Slip, the LACSD sewers, and nearby

16 neighborhoods. Of the Settling Local Governmental Entities only

17 LACSD, the County of Los Angeles, and the City of Los Angeles, as

18 the owners of the sewers, the stormwater channels, and pUblic

19 rights-of-way that are contaminated with Montrose DDT waste, can

20 conceivably have any "factual responsibility" for the cleanup .of

21 DDT and other hazardous substances released or dumped by the

22 Montrose-affiliated Defendants, and their responsibility is minimal

23 when compared with that of the M~ntrose-affiliatedDefendants who

24 are responsible for manufacturing and formulating the DDT and

25 releasing it into the environment including the sewers, the

26 stormwater channels and the pUblic rights-of-way.

27 Eighth, the Settling Local Governmental Entities continue to

28 cooperate with plaintiffs in resolving their potential liability
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1 relatively early in the suit, and without contested litigation. By

2 agreeing ~o payment of the settlement amount, the Settling Local

3 Governmental Entities have assumed both the risk that such amount

4 might later prove to be an overestimate and the possibility that

5 such total amount might later prove to have been underestimated.

6 Additionally, plaintiffs have considered of particular signif icance

7 the continued high degree of cooperation of the Settling Local

8 Governmental Entities with plaintiffs as evidenced by their

9 continued willingness to resolve this lengthy action without

10 further litigation or trial, despite rUlings of the District Court

11 that, if affirmed by the Court of Appeals, would have serious

12 adverse effect upon plaintiffs' positions herein.

13 The Parties further recognize that the District Court's

14 rUlings of March 22, 1995, as they presently stand, both bar and

15 preclude any recovery of damages under the First Claim for Relief

16 and limit the potential amount of such recovery if recovery is not

17 totally barred and precluded. Further, the fact that plaintiffs

18 now have the burden of proving that any pre-1980 damages for which

19 plaintiffs seek recovery are indivisible from post-1980 damages

20 also may limit plaintiffs' ability to recover all damages alleged

21 under the First Claim for Relief.

22 In estimating possible damages and costs for settlement

23 purposes, the Parties recognize"that control of the contaminated

24 offshore sediments through response activities by EPA on the Palos

25 Verdes shelf more than likely will be based upon an evaluation of

26 similar approaches, involving similar types of costs, and achieving

27 similar results, as would have been obtained through physical

28 restoration by the Trustees of those same offshore areas of the
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1 Montrose NRD Area had that action been taken by the Trustees,

2 except €hat EPA has greater statutory and administrative

3 flexibility in the manner in which it undertakes response

4 activities. The plaintiffs believe that EPA's flexibility will

5 result in the incurrence of lower expenses for physical activities

6 that are similar to those that the Trustees evaluated. Thus, the

7 Trustees' 1994 estimate for physical restoration activity is not

8 believed to reflect the actual costs to EPA of a response action on

9 the Palos Verdes shelf and the Trustees' estimates may in fact

10 exceed the actual costs of the EPA response action.

11 Based on the above-recited considerations, and without

12 limiting the Governments' position at trial, the Governments'

13 current estimate of total damages and costs for settlement purposes

14 is between $225 million and $250 million. For the purposes of

15 settlement, the payment of $45.7 million by the Settling Local

16 Governmental Entities under this Amended Decree is reasonable. It

17 reflects a proportion of about one-fifth to be paid by the Settling

18 Local Governmental Entities, which is more than reasonable given

19 their limited role, as set forth above, and their cooperation in

20 settlement.

21 The united States and the State also have agreed on the

22 application of the settlement funds between EPA/DTSC response costs

23 relating to the Montrose NPL Site" (as defined herein to inclUde the

24 effluent-affected sediments on the Palos Verdes shelf) and the

25 Trustees' damage assessment costs and natural resource damages

26 relating to the Montrose NRD Area. The United States and the State

27 have agreed that the Settling Local Governmental Entities should

28 pay a total of $23,700,000 to the Trustees for natural resource
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1 damages and costs which amounts to approximately one-fifth of the

2 Trustees '.,. total damages and costs as estimated for settlement

3 purposes. Similarly, the United States and the state have agreed

4 that the Settling Local Governmental Entities should pay a total of

5 $22,000,000 to EPA and DTSC for response costs which also amounts

6 to approximately one-fifth of EPA's and DTSC's total response costs

7 as estimated for settlement purposes.

8 In determining the settlement amount paid for EPAjDTSC

9 response costs and for the Trustees' damage assessment costs and

10 natural resource damages, the United states and the State have

11 considered the current estimates of potential costs and damages and

12 the proportional relationship between the amount to be paid in

13 settlement and potential costs and damages, and the court decisions

14 noted above. In addition, the united States and the State have

15 considered the total amount of available settlement funds, the

16 expenses incurred by the Trustees in connection with the

17 characterization of the effluent-affected DDT and PCB contaminated

18 sediment deposit on the Palos Verdes shelf and the assessment of

19 the contaminated sediments on the environment and the usefulness of

20 much of their work to EPA; EPA's current estimate of the expenses

21 associated with initiating response activity on the Palos Verdes

22 shelf; the Trustees' current estimates of the funds required to

23 initiate scoping studies with resPect to the planning of biological

24 restoration programs designed to aid in the recovery of injured

25 trust resources; and the availability of funds from the settlement

26 with Potlatch Corporation and Simpson Paper Company.

27 All claims against the Settling Local Governmental Entities,

28 including claims for costs, damages, contribution, and other
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1 claims, are addressed and covered by this Amended Decree. This

2 Amended Decree resolves the Settling Local Governmental Entities'

3 liability to the United states, on behalf of the Federal Trustees,

4 and the state, on behalf of the State Trustees, for natural

5 resource damages alleged in the Complaint with respect to the

6 Montrose NRD Area, and liability to the united states and the state

7 for response costs incurred and to be incurred in connection with

8 the Montrose NPL Site, as defined herein, and provides contribution

9 protection to the Settling Local Governmental Entities for all

10 matters addressed herein. Except where otherwise specifically

11 stated, this Amended Decree is intended to cover all past and

12 future response cost claims which the united States and the state

13 (through its authorized agencies) may have with respect to the

14 Montrose NPL site against the Settling Local Governmental Entities.

15 This settlement is made in good faith after arms-length

16 negotiations conducted under the supervision of Special Master

17 Harry V. Peetris pursuant to Pretrial Order No.1. Entry of this

18 Amended Decree is the most appropriate means to resolve the matters

19 covered herein and is fair, reasonable and in the .public interest.

20 NOW, THEREFORE, IT IS HEREBY ORDERED, ADJUDGED, AND DECREED:

21 JURISDICTION AND VENUE

22 1. For purposes of entry and enforcement of this Amended

23 Decree only, the Parties to this Amended Decree agree that the

24 Court has personal jurisdiction over the Parties and has

25 jurisdiction over the sUbject matter of this action and the Parties

26 to this Amended Decree pursuant to 28 U.S.C. §§ 1331, 1345, and

27 1367, and sections 106, 107, and 113(b) of CERCLA, 42 U.S.C.

28 §§ 9606, 9607, and 9613(b), and the principles of supplemental
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1 jurisdiction. Solely for the purposes of this Amended Decree, the

2 Parties waive all objections and defenses that, they may have to
.,.

3 jurisdicti,on of the Court or to venue in this District and to

4 service of process. Nothing herein shall constitute: an admission

5 or a finding that this court has jurisdiction over the cross-claims

6 or third party complaints against the Settling Local Governmental

7 Entities or over any counterclaims against plaintiffs; an admission

8 or finding that any counterclaim, cross-claim or third party

9 complaint states a claim upon which relief may be granted; or a

10 waiver of any defenses to any such counterclaim, cross-claim or

11 third party complaint.

12 SETTLING LOCAL GOVERNMENTAL ENTITIES

13 2. The Settling Local Governmental Entities that are Parties

14 to this Amended Decree are listed in Attachment A to this Amended

15 Decree and for purposes of implementing Paragraphs 8 through 12

16 herein are further delineated in Attachment B to this Amended

17 Decree as the Category I entities (i. e., LACSD and the var ious

18 other county sanitation districts of Los Angeles County) and the

19 Category II entities (i.e., the other Settling Local Governmental

20 Entities).

21 APPLICABILITY OF AMENDED DECREE

22 3 • The provisions of this Amended Decree, including the

23 covenants not to sue and contribution protection, shall be binding

24 on, apply to, and inure to the benefit of the United States and the

25 State, and to the Settling Local Governmental Entities and their

26 agencies and departments, including those that may be sued

27 independently, both proprietary and non-proprietary, and including

28 their past, present and future officials, directors, employees,
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1 predecessors, successors and assigns. No change in the ownership

2 or organizational form or status of any Settling Local Governmental

3 Entity shall affect its rights or obligations under this Amended

4 Decree.

5 EFFECT OF SETTLEMENT/ENTRY OF JUDGMENT

6 4. This Amended Decree was negotiated and executed by the

7 Parties hereto in good faith at arms-length to avoid the

8 continuation of expensive and protracted litigation and is a fair

9 and equitable settlement of claims which were vigorously contested.

10 The execution of this Amended Decree is not, and shall not

11 constitute or be construed as, an admission of liability by any of

12 the Parties to this Amended Decree, nor is it an admission or

13 denial of any of the factual allegations set out in the Complaint,

14 counterclaims, cross-claims, or third party complaints, or an

15 admission of violation of any law, rule, regulation, or policy by

16 any of the Parties to this Amended Decree. Nothing in this Amended

17 Decree is intended to affect the authority or jurisdiction of EPA

18 to take action beyond the boundaries of the Montrose NPL Site.

19 5. upon approval and entry of this Amended Decree by the

20 Court, this Amended Decree shall constitute a· final jUdgme.nt

21 between and among the united States and the State, and the Settling

22 Local Governmental Entities.

23 DEFINITIONS

24 6. This Amended Decree incorporates the definitions set

25 forth in section 101 of CERCLA, 42 U.S.C. § 9601. In addition,

26 whenever the following terms are used in this Amended Decree, they

27 shall have the following meanings:

28 A. "Damage Assessment Costs" shall mean all costs associated
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with the planning, design, implementation and oversight of the

Trustees r damage assessment process, which addresses the fact,

extent and quantification of the injury to, destruction of or loss

of natural resources and the services provided by these resources

resulting from releases of hazardous substances alleged in the

First Claim for Relief in the Complaint, and with the planning of

restoration or replacement of such natural resources and the

services provided by those resources, or the planning of the

acquisition of equivalent resources or services, and any other

costs necessary to carry out the Trustees' responsibilities with

respect to those natural resources, including all related

enforcement costs.

B. "Date of Execution of the 1993 Decree" shall mean

November 2, 1992, which is the date by which the 1993 Decree was

signed by all of the following: the authorized representatives of

each of the Settling Local Governmental Entities, of the State, and

of the EPA, and by the Assistant Attorney General of the

Environment and Natural Resources Division of the United States

Department of Justice.

C. "Date of Execution of this Amended Decree" shall mean the

date by which this Amended Decree has been signed by all of the

following: the authorized representatives of each of the Settling

Local Governmental Entities, of the state, and of the EPA, and by

the Assistant Attorney General of the Environment and Natural

Resources Division of the United States Department of Justice.

D. "Date of Initial Approval of this Amended Decree" shall

mean the date on which this Amended Decree has been initially

approved and signed by the United States District Court.

22.
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1 E. "Date of Final Approval of this Amended Decree" shall

2 mean the ""later of (1) the date on which the Distr ict Court has

3 approved and entered this Amended Decree as a judgment and all

4 applicable appeal periods have expired without an appeal being

5 filed, or (2) if an appeal is taken, the date on which the District

6 Court's judgment is affirmed and there is no further right to

7 appellate review.

8 F. "Joint Outfall system" shall mean that wastewater

9 collection, treatment and disposal facility of certain county

10 sanitation districts of Los Angeles County discharging effluent

11 through the White's Point Outfall and consisting of the Joint Water

12 Pollution Control Plant and the associated sewers, pumping plants,

13 inland water reclamation plants, treatment plants, treatment plant

14 outfall sewers and incidental sanitation works operated pursuant to

15 the 1995 Amended Joint Outfall Agreement by LACSD and as defined

16 therein, including subsequent modifications to that system, as

17 contemplated by that agreement.

18 G. "Montrose-affiliated Defendants" shall mean,

19 collectively, the Montrose Chemical Corporation of California

20 ("Montrose"), Chris-Craft Industries, Inc. ("Chris-Craft"), Rhone-

21 Poulenc Basic Chemicals Co. ("Rhone-Poulenc") now a division of

22 Rhone-Poulenc, Inc., Atkemix Thirty-Seven, Inc. ("Atkemix") ,

23 Stauffer Management Company, and ZENECA Holdings Inc. formerly

24 known as ICI American Holdings, Inc. ("ICI").

25 H. "Montrose DDT Plant property" shall mean for purposes of

26 this Amended Decree the thirteen (13) acre parcel at 20201 South

27 Normandie Ave., Los Angeles, California 90044, which is the site of

28 Montrose Chemical Corporation of California's former DDT production
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1 and formulation plant. The Montrose DDT Plant Property is part of

2 the Montrose NPL Site.

3 I. ""Montrose NPL Site" for purposes of this Amended Decree,

4 includes, but is not limited to, the Montrose DDT Plant Property;

5 the real property located at 1401 West Del Amo Boulevard, Los

6 Angeles, California and owned by Jones Chemicals, Inc.; those

7 portions of the Normandie Avenue Ditch adjacent to and south of

8 20201 South Normandie Avenue; the Kenwood Drain; the Torrance

9 Lateral; the Dominguez Channel (from Laguna Dominguez to the

10 Consolidated Slip); the portion of the Los Angeles Harbor known as

11 the Consolidated Slip from the mouth of the Dominguez Channel south

12 to, but not including or proceeding beyond, Pier 200B and Pier

13 200Y; the LACSD's J.O. "0" sewer from manholes 033 to 05

14 (approximately Francisco Street to 234th Street); the District 5

15 Interceptor sewer from manholes A475 to A442 (approximately

16 Francisco Street to Sepulveda Boulevard); the real property on

17 which the sewer rights-of-way are located for those portions of the

18 District 5 Interceptor and J.O. "0" sewer identified above; the

19 real property burdened by the adjacent railroad right-of-way for

20 those portions of the District 5 Interceptor and J.O. "0" sew.er

21 identified above; the "Montrose CERCLA Removal site" as defined in

22 EPA Region IX's Unilateral Administrative Order 95-18, Findings of

23 Fact at § 3, , 2, dated June 7, 1995; those areas of the Palos

24 Verdes shelf where effluent-affected DDT- and/or PCB-contaminated

25 sediments have corne to be located, respectively; and any other

26 areas that EPA determines to be part of the EPA Montrose NPL site

27 investigation; except that the Montrose NPL site shall not include,

28 for purposes of this Amended Decree, the following locations:
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1 (1) any other location or area designated as a hazardous

2 substance release site pursuant to the California Hazardous

3 Substance Account Act, California Health and Safety Code

4 §§ 25300 et seq., or which is the sUbject of a cleanup or

5 abatement order pursuant to the Porter-Cologne Water

6 Quality Control Act, California Water Code §§ 13000, et

7 seq., other than the area defined herein as the Montrose

8 NPL site, at which one or more hazardous substances

9 released from the Montrose DDT Plant Property or from the

10 plant(s) once operated there have come to be located;

11 (2) any other location or area listed on, proposed for or

12 added by EPA to, the National Priorities List (currently

13 found at 40 C.F.R. Part 300, Appendix B), other than the

14 area defined herein as the Montrose NPL Site, at which

15 one or more hazardous substances released from the

16 Montrose DDT Plant Property or from the plant(s) once

17 operated there have come to be located; and

18 (3) the proposed Del Amo NPL Site as it may be defined by

19 EPA.

20 J. "Montrose NRD Area" shall mean for purposes of this

21 Amended Decree the area defined in the 1993 Decree as the Montrose

22 NRD site and shall mean the area in and around the Channel Islands,

23 the Palos Verdes shelf, the San Pedro Channel inclUding Santa

24 Catalina Island, and the Los Angeles and Long Beach Harbors as

25 described in the Complaint and as described in the draft Damage

26 Assessment Plan and draft Injury Determination Plan published by

27 the Trustees on February 6, 1990 and March 8, 1991, respectively.

28 K "Parties" shall mean each of the signatories· to this
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1 Amended Decree.

2 L. "I:latural Resource Damages" shall mean damages, including

3 loss of u.se, restoration costs, resource replacement costs or

4 equivalent resource values, and Damage Assessment Costs, and

5 response costs incurred by the Trustees, with respect to injury to,

6 destruction of, or loss of any and all natural resources in and

7 around the Montrose NPL site and the Montrose NRD Area.

8 M. "Response Costs" shall mean for purposes of this Amended

9 Decree all costs of response as provided in section 107(a) (1-4) (A)

10 of CERCLA, 42 U.S.C. § 9607(a) (1-4) (A), and as defined in Section

11 101(25) of CERCLA, 42 U.S.C. § 9601(25), that the United states or

12 the State have incurred or will incur with respect to the Montrose

13 NPL site.

14 NATURAL RESOURCE CLAIM PAYMENTS

15 7. The settling Local Governmental Entities shall pay to the

16 Trustees a total sum of $23,700,000 plus all interest accrued on

17 all funds deposited in the escrow account (the "Escrow")

18 established in accordance with Paragraph 8.A of the 1993 Decree

19 (the "Settlement Amount") for the promises and undertakings of the

20 Trustees herein, with the Settling Local Governmental Entities

21 jointly and severally responsible for this obligation except as

22 hereinafter provided in Paragraphs 8 through 10. The Settlement

23 Amount shall be paid by the disbursement of funds paid into the

24 Escrow established in accordance with Paragraph 8.A of the 1993

25 Decree, and maintained under Paragraph 8.A of this Amended Decree.

26 The provisions of this Amended Decree are not intended to and shall

27 not be interpreted to restrict the ultimate authority and

28 discretion of the Trustees to determine the use of settlement funds
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1 received for Natural Resource Damages in accordance with the

2 provisio~ of CERCLA and regulations issued thereunder. Nor are

3 the provisions of this Amended Decree intended to restrict the

4 right of the Settling Local Governmental Entities to allocate

5 responsibility for payment of the Settlement Amount by agreement

6 among themselves, provided that no such allocation is binding on

7 the Trustees.

8 8. A. The Category I entities shall continue to maintain the

9 Escrow established for the deposit of payments by the Category I

10 and Category II entities pursuant to the 1993 Decree, with said

11 Escrow bearing interest on commercially reasonable terms, in a

12 federally-chartered bank with an office in the State of California.

13 The Category I entities shall bear all costs of maintaining the

14 Escrow. The category I entities shall notify the Trustees in

15 writing of any payments to or disbursements from the Escrow and

16 provide on request all documentation concerning the account,

17 including any agreements concerning the determination of interest

18 rates.

19 B. Subject only to the provisions of Paragraph B.C, the

20 obligations of the Category I entities and of the category II

21 entities establishing and maintaining the Escrow as specified in

22 the 1993 Decree are contractual obligations to the Trustees under

23 the 1993 Decree, and shall-remain contractual obligations

24 enforceable under the terms and conditions of this Amended Decree

25 effective as of the Date of Execution of this Amended Decree, and

26 those obligations shall be enforceable as a matter of contract law

27 until such time as this Amended Decree is finally entered py the

28 Court. The consideration for these contractual undertakings by the
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1 category I entities and by the category II entities includes the

2 immediate;. cessation of litigation activities by the Trustees

3. against those entities until a determination is made by the

4 District court as to the entry of this Amended Decree.

5 C. All settlement funds paid into the Escrow shall remain in

6 the Escrow and may not be withdrawn except to make the payment

7 required by Paragraph 9.A of this Amended Decree or as specified in

8 Paragraph 14.F of this Amended Decree or unless a final jUdicial

9 determination is made that entry of this Amended Decree will not be

10 approved, and one of the Parties to this Amended Decree exercises

11 its option pursuant to Paragraph 29 to void the agreement. If that

12 latter event occurs, all sums paid into the Escrow and all accrued

13 interest shall be returned to the Category I entities and to the

14 appropriate Category II entities.

15 9. within ten (10) working days after the Date of Final

16 Approval of this Amended Decree, the amount of $23,700,000,

17 together with all interest that has accrued on all settlement funds

18 in the Escrow since the Date of Execution of the 1993 Decree, and

19 except as otherwise provided in Paragraph 14.B, shall be paid to

20 the Trustees, payment to be made as follows:

21 A. The Category I entities, for themselves and the Category

22 II entities, shall cause that amount to be paid from the Escrow

23 into the Registry of the court, CUnited states District Court for

24 the Central District of California, to be administered by the

25 Registry of the Court for the Trustees. This payment shall be made

26 in the manner specified in Paragraph 9.B below, and the amount so

27 paid and any interest thereon shall be administered and disbursed

28 as provided in Paragraphs 9.C and 9.D below.

28.

RB-AR12718



1 B. The payment described in Paragraph 9.A shall be made by

2 certified or bank check or warrant payable to the "Clerk, United

3 States Dis:trict Court." The check or warrant shall include on its

4 face a statement that it is a payment in civil Action No. CV 90-

5 3122 AAH (JRx) (C.D. CaL), and shall be sent to:

6

7

8

Office of the Clerk
United states District Court for

the Central District of California
312 North spring street
Los Angeles, CA 90012.

9 The Category I entities, as Escrow holder, shall cause copies of

10 the check or warrant and of any transmittal letter accompanying the

11 check or warrant to be sent to the Trustees as provided in

12 Paragraph 37 of this Amended Decree.

13 C. The Registry of the Court shall administer all amounts

14 paid under Paragraph 9.A in an interest bearing joint account

15 ("Registry Account") as provided in the Order Directing the Deposit

16 of Settlement Amount into the Registry of the Court ("Deposit

17 Order") issued by the District Court pursuant to Rule 67 of the

18 Federal Rules of civil Procedure, 28 U.S.C. § 2041, and Local Rule

19 22 of the Local Rules for the Central District of California. The

20 Deposit Order shall be attached to this Amended Decree and shall be

21 entered by the District Court at the time of entry of this Amended

22 Decree.

23 D. All settlement funds and all interest accrued thereon in

24 the Registry Account shall be held in the name of the "Clerk,

25 United states District Court," for the benefit of the Trustees.

26 All disbursements from the Registry Account shall be made to the

27 Trustees by order of the Court in accordance with the provisions of

28 28 U.S.C. § 2042 and the Local Rules for the Central District of
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1 California.

2 10 . ..,. A. For purposes of this Amended Decree, and without any

3 admission by LACSD, the Parties acknowledge that LACSD has a'

4 special interest in the elimination or control of hazardous

5 substance contamination in the marine sediments underlying the

6 waters in and around the White's Point outfall. For purposes of

7 this Amended Decree', and without any admission by the City of Los

8 Angeles and the city of Long Beach, the Parties likewise

9 acknowledge that the City of Los Angeles and the City of Long Beach

10 have a special interest in the elimination or control of hazardous

11 substance contamination in the Los Angeles-Long Beach Harbors. In

12 recognition of the special interest of LACSD, Los Angeles County

13 and the cities of Los Angeles and Long Beach, respectively, the

14 Trustees agree that representatives of those entities may

15 participate on an advisory panel to the Trustees in the development

16 of the final restoration plan (if, and when, a final restoration

17 plan is developed), and in that role shall have reasonable

18 opportunity to provide input to the Trustees regarding that plan.

19 The Trustees shall nonetheless have the ultimate responsibility and

20 authority for the adoption, development and implementation of any

21 restoration plan. The Trustees' agreement to the creation of this

22 advisory panel shall not be interpreted to require consultation

23 with that panel regarding development of factual information or

24 legal positions with respect to the conduct of the damage

25 assessment or the litigation of this case or that the panel will

26 have the right to vote on any plan proposals.

27 COVENANTS NOT TO SUE FOR NATURAL RESOURCE DAMAGES

28 11. Except as specifically provided in Paragraphs 12 and 13
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1 of this Amended Decree, the United States, and the state, and

2 agencies or instrumentalities thereof, each hereby covenants not to

3 sue or to take any other civil or administrative action against any

4 of the Settling Local Governmental Entities for any and all civil

5 or administrative liability to the united States, the state, and

6 agencies or instrumentalities thereof, for Natural Resource Damages

7 under CERCLA, 42 U.S.C. 55 9601 et seq., or under any other

8 federal, state or common law. The foregoing covenants not to sue

9 represent a restatement of the covenants currently in effect

10 pursuant to Paragraph 14 of the 1993 Decree. The 1993 Decree

11 covenants shall remain in effect until the Date of Initial Approval

12 of this Amended Decree. Upon the Date of Initial Approval of this

13 Amended Decree, the 1993 Decree covenants shall no longer be in

14 effect and shall be superseded by the covenants set forth in this

15 Paragraph, which shall remain in effect so long as the Settling

16 Local Governmental Entities are fUlfilling their obligations under

17 this Amended Decree, and sUbject to the Parties' rights to void

18 this Amended Decree pursuant to Paragraph 29. The united States,

19 and the State, and agencies or instrumentalities thereof, further

20 agree that since the category II entities have paid the entire sum

21 required to be paid by them into the Escrow in accordance with

22 Paragraph 8.B of the 1993 Decree all their obligations hereunder

23 with respect to claims for Natural Resource Damages, except as

24 provided in Paragraph 41 of this Amended Decree, have been

25 completely fulfilled, with the category I entities continuing to be

26 obligated under all provisions of this Amended Decree regarding

27 Natural Resource Damages.

28
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RESERVATION OF RIGHTS FOR NATURAL RESOURCE DAMAGES1

2 12. A.

c (

Notwithstanding any other provision of this Amended

3 Decree, the Trustees reserve the right to institute proceedings

4 against any Settling Local Governmental Entity in this action or in

5 a new action seeking recovery of Natural Resource Damages, as

6 defined herein, based on (1) conditions unknown to the Trustees on

7 the Date of Execution of this Amended Decree that contribute to

8 injury to, destruction of, or loss of natural resources ("Unknown

9 Conditions") i or (2) information received by the Trustees after the

10 Date of Execution of this Amended Decree which indicates there is

11 injury to, destruction of, or loss of natural resources, of a type

12 unknown to the Trustees as of the Date of Execution of this Amended

13 Decree ("New Information").

14 B. An increase solely in the Trustees' assessment of the

15 magnitude of the injury, destruction or loss to natural resources,

16 or in the estimated or actual Natural Resource Damages shall not be

17 considered to be Unknown Conditions or New Information within the

18 meaning of Paragraph 12.A (1) or (2), nor shall a determination by

19 the Trustees that a previously identified natural resource injury

20 was caused by that party's release of a hazardous sUbstanc,e,

21 inclUding hazardous substances other than PCBs or DDT, be

22 considered New Information or Unknown Conditions.

23 C. The Settling Local Go~ernmental Entities reserve their

24 right to contest any proceeding allowed by Paragraphs 12.A and 13

25 of this Amended Decree, and do not by consenting to this Amended

26 Decree waive any defenses, except to the extent specified in

27 Paragraph 20. C of this Amended Decree. In the event that the

28 Trustees institute proceedings under Paragraph 12.A of this Amended

32.

RB-AR12722



(

1 Decree, the Settling Local Governmental Entities reserve the right

2 to asser1! potential cross-claims, counterclaims or third party

3 claims against the United States or the State, or any employee,

4 officer, agency or instrumentality thereof, relating solely to such

5 claims asserted by the Trustees pursuant to Paragraph 12.A.

6 Nothing in this Amended Decree shall' be deemed to constitute

7 preauthorization of a claim within the meaning of section 111 of

8 CERCLA, 42 U.S.C. S 9611.

9 D. In addition to defenses that may be asserted by the

10 Settling Local Governmental Entities pursuant to Paragraph' 12. C

11 above, and a defense that a future release of hazardous substances

12 now present in the sediments of the Palos Verdes shelf was the

13 result of conditions or information known to the Trustees on the

14 Date of Execution of this Amended Decree, the Settling Local

15 Governmental Entities will not be liable for Natural Resource

16 Damages arising from a future release of hazardous substances now

17 present in the sediments of the Palos Verdes shelf, to the extent

18 that it is established that the release, the injury to natural

19 resources, and the Natural Resource Damages, resulted from LACSD's

20 institution of full secondary treatment of wastewater flows through

21 the White's Point outfall.

22 13. Notwithstanding any other provision of this Amended

23 Decree, the covenants not to sue'in Paragraph 11 shall apply only

24 to matters addressed in Paragraph 11 and specifically shall not

25 apply to the following claims:

26 A. claims based on a failure by the Settling Local

27 Governmental Entities to satisfy the requirements of this Amended

28 Decree;
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1 B. claims for criminal liability;

2 C. claims for violations of any other federal, state or

3 local law or permit, including but not limited to violations of the

4 Clean Water Act, 33 U.S.C. §§ 1311, et seq., and any National

5 Pollutant Discharge Elimination System ("NPDES") permit issued

6 thereunder, and the Porter-Cologne Water Quality Control Act,

7 California Water Code §§ 13000, et seq.; and

8 D. claims arising from the past, present, or future

9 disposal, release or threat of release of hazardous substances that

10 do not involve the Montrose NPL site and/or the Montrose NRD Area.

11 PAYMENTS WITH RESPECT TO RESPONSE ACTIVITIES

12 14. A. The Settling Local Governmental Entities shall pay

13 to the united States and the State a total sum of $22,000,000 (the

14 "Montrose NPL site Response Cost Settlement Amount"). The Montrose

15 NPL site Response Cost Settlement Amount shall be paid through

16 monetary payments in accordance with the terms of Paragraphs 14.B

17 through 14.G below.

18 B. The Settling Local Governmental Entities, through the

19 City of Los Angeles as their agent, shall continue to maintain the

20 escrow account ("Response Costs Escrow") estab"lished by those

21 Parties pursuant to the 1993 Decree, inclUding all settlement funds

22 that have been deposited therein, to wit, $3,500,000, and any

23" interest that has accrued thereon since the date of deposit with

24 said Response Costs Escrow continuing to bear interest on

25 commercially reasonable terms, in a federally-chartered bank with

26 an office in the State of California. The settling Local

27 Governmental Entities shall pay into the Response Costs Escrow

28 those additional amounts set forth below on the dates indicated
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1 below:

(
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2 . January 15, 1997: $5,900,000.00

3 In addition, within ten (10) working days after the Date of Initial

4 Approval of this Amended Decree, the amount of $12,600,000,

5 together with all interest that has accrued on that amount since

6 the Date of Execution of this Amended Decree in the Escrow

7 maintained pursuant to Paragraph 8.A of this Amended Decree, shall,

8 be paid into the Response Costs Escrow.

9 C. The Settling Local Governmental Entities shall bear all

10 costs of establishing the Response Costs Escrow. The city of Los

11 Angeles, acting as agent for the Settling Local Governmental

12 Entities, shall notify EPA and the State immediately after the

13 above payments have been made, and will provide on request all

14 documentation concerning the account, inclUding any agreement

15 concerning the determination of interest rates.

16 D. subject only to the provisions of Paragraph 14. E, the

17 obligations of the Settling Local Governmental Entities to continue

18 to maintain the Response Costs Escrow and to pay the amounts

19 specified above into the Response Costs Escrow within the specified

20 times are contractual obligations to the United States and the

21 State, effective as of the Date of Execution of this Amended

22 Decree, and those obligations shall be enforceable as a matter of

23 contract law regardless of when br whether this Amended Decree is

24 finally entered by the Court. The consideration for these

25 contractual undertakings by the Settling Local Governmental

26 Entities includes the immediate cessation of litigation activities

27 by the united States and the State against the Settling Local

28 Governmental Entities until a determination is made by the District
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1 Court as to the entry of this Amended Decree.

2 E. ~ll settlement funds paid into the Response Costs Escrow'

3 shall remain in the Response Costs Escrow and may not be withdrawn

4 except to make the payments required by paragraphs 14.F and 14.G of i

5 this Amended Decree or unless a final jUdicial determination is,
6 made that entry of this Amended Decree shall not be approved, and

7 one of the Parties, to this Amended Decree exercises its option

8 pursuant to Paragraph 29 to void the agreement. If that latter

9 event occurs, all sums paid into the Response Costs Escrow and all

10 accrued interest shall be returned to the Settling Local

1'1 Governmental Entities.

12 F. within ten (10) working days after the Date of Final

13 Approval of this Amended Decree, the settling Local Governmental

14 Entities shall pay to the State from the Response Costs Escrow the

15 sum of $140,000, together with a pro rata share of all interest

16 that has accrued on that amount since the Date of Execution of this

17 Amended Decree. The payment to the State shall be made by

18 certified check made payable to "Cashier, California Department of

19 Toxic Substances Control," and shall bear on its face this case

20 name and number. Payment shall be mailed to:

21

, 22

23

Department of Toxic Substances Control
Accounting/Cashier
400 P Street, 4th Floor
P.O. Box 806
Sacramento, CA 95812-0a06

24 Notice of said payment shall be given to the State as provided in

25 Paragraph 37 of this Amended Decree.

26 G. The payment to the United States shall be in the sum of

27 $21,860,000, together with a pro rata share of all interest that

28 has accrued on this amount as specified in this Paragraph 14.G.
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( c.
1 Within ten (10) working days after the Date of Final Approval of

2 this Amended Decree, the Settling Local Governmenta·l Entities shall

3 make payments to the United States from the Response Costs Escrow

4 as follows: 1) $2,500,000, together with all interest that has

5 accrued on the $3,500,000 deposited in the Response Costs Escrow

6 established pursuant to Paragraph 17 of the 1993 Decree, to the

7 "united States Environmental Protection Agency, Montrose Chemical

8 National Priorities List Superfund site Special Account", 2)

9 $1,000,000 for past response costs incurred by EPA with respect to

10 the Montrose NPL site for deposit by EPA in the Hazardous Substance

11 Superfund, and 3) $3,500,000, together with a pro rata share of

12 interest that has accrued since ten (10) working days after the

13 Date of Initial Approval of this Amended Decree, to the "united

14 States Environmental Protection Agency, Montrose Chemical National

15 Priorities List Superfund Site-Palos Verdes Shelf Operable unit

16 Special Account".

17 On January 30, 1997, or ten (10) days after the Date of Final

18 Approval of this Amended Decree, whichever is later, the Settling

19 Local Governmental Entities shall pay from the Response Costs

20 Escrow the sum ot' $14,860,000, together with all remaining sums

21 that have accrued in the Response Costs Escrow established pursuant

22 to Paragraph 14 of this Amended Decree, to the "united States

23 Environmental Protection Agency, Montrose Chemical National

24 Priorities List Superfund site-Palos Verdes Shelf Operable unit

25 Special Account".

26 Payments to the united States shall be made by Electronic

27 Funds Transfer ("EFT" or "wire transfer") in accordance with

28 instructions provided by the United States to the Settling Local
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1 Governmental Entities sUbsequent to the lodging of this Amended

2 Decree. ~ny EFT received after 11:00 A.M. (Eastern Time) will be

3 credited on the next business day. The Settling Local Governmental

4 Entities shall send notice of the EFT to plaintiffs as provided in

5 Paragraph 37 of this Amended Decree. All payments to the United

6 States under this Paragraph 14.G shall reference the Montrose

7 Chemical Corporation of California Superfund Site, site # 9T26, DOJ

8 Case # 90-11-3-511, and U.S.A.O. file number 9003085.

9 H. If the united States or the State must bring an action to

10 collect any payment required under this Paragraph 14, the Settling

11 Local Governmental Entities shall reimburse the United States and

12 the State for all costs of such action, including but not limited

13 to attorney's fees.

14. I. EPA commits to expend the settlement funds paid by the

15 Settling Local Governmental Entities to the United States

16 Environmental Protection Agency, Montrose Chemical National

17 Priorities List Superfund site Special Account on EPA response

18 activities with respect to the Montrose NPL Site, except those

19 areas of the Palos Verdes shelf where effluent-affected DDT- and/or

20 PCB-cont.aminated sediments have come to be located. All such funds

21 not used in accordance with the provisions of this Paragraph 14.I

22 may be applied to the Hazardous Substance Superfund, but only after

23 the completion of the response activities at the Montrose NPL site.

24 J. EPA commits to expend the settlement funds paid by the

25 Settling Local Governmental Entities to the united States

26 Environmental Protection Agency, Montrose Chemical National

27 Priorities List Superfund site - Palos Verdes Shelf Operable unit

28 Special Account for response activities with respect to the
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1 Montrose NPL site Palos Verdes Shelf Operable Unit. All such funds

2 not used in accordance with the provisions of this Paragraph 14.J

3 may be. deposited in the Hazardous Substance Superfund but only

4 after completion of the EPA response activities.

5 IN-KIND SERVICES

6 15. A. LACSD agrees to provide in-kind services to EPA in

7 lieu of the cash payments required by Paragraph 14 of this Amended

8 Decree in settlement of the response cost claims of the United

9 States and the State, SUbject to the conditions· set forth in

10 Paragraphs 15.B and 15.C below. Such services shall be valued by

11 mutual agreement of EPA and LACSD. Costs of in-kind services

12 provided by LACSD through contractors shall be approved by EPA,

13 with the concurrence of DTSC , prior to implementation of the

14 contract.

15 B. In the event that LACSD provides in-kind services

16 pursuant to this Amended Decree, such services shall be provided by

17 LACSD as a contractor retained by the EPA and shall total in value

18 not more than $2,000,000, the services to be valued at the time

19 rendered. EPA shall not request that LACSD provide more than

20 $1,000,000, in services in any twelve month period after the Date

21 of Initial Approval of this Amended Decree. However, EPA and

22 LACSD, by written agreement, may modify the annual limits

23 established above, or extend the period for provision of services,

24 inclUding provision for long term monitoring projects.

25 C. In requesting the provision of in-kind services pursuant

26 to Paragraph 15.A of this Amended Decree, EPA shall make work

27 assignments to LACSD in writing and shall set forth the scope and

28 specifications of the work required and the date by which LACSD
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1 and/or the approved contractors will deliver the work product of

2 the particular assignment. In making assignments, EPA will consult

3 with LACSD, and LACSD can propose modifications to the work

4 assignments. EPA may specify that all or a portion of a particular

5 assignment is to be performed by a contractor, by LACSD or by

6 identified LACSD staff members; provided that, to the extent

7 practicable, the EPA shall accommodate LACSD's reasonable requests

8 regarding the availability of its personnel. All services provided

9 under this Amended Decree by LACSD shall be sUbject to full

10 oversight and control by EPA. EPA shall have full access to all

11 work in progress required under this agreement, whether by LACSD

12 personnel or by contractors. LACSD shall submit quarterly

13 statements to EPA itemizing the cost of services provided during

14 the preceding quarter, and cumUlatively from the Date of Initial

15 Approval of this Amended Decree.

16 16. For purposes of this Amended Decree, and without any

17 admission by LACSD, the Parties acknOWledge that LACSD has a

18 special interest in the elimination or control of hazardous

19 substance contamination in the marine sediments underlying the

20 waters in and around the Palos Verdes shelf. For purposes of this

21 Amended Decree, and without any admission by the City of Los

22 Angeles and the city of Long Beach, the Parties acknOWledge that

23 the city of Los Angeles and the City of Long Beach have a special

24 interest in the elimination or control of hazardous substance

25 contamination in the Los Angeles-Long Beach area. Plaintiffs

26 maintain that the hazardous substance contamination in the

27 sediments of the Palos Verdes shelf and the Los Angeles-Long Beach

28 Harbors has resulted in substantial injury to resources held in
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1 trust by the Trustees and that the elimination or control of the

2 contamination in these sediments would facilitate the recovery of

3 the injured resources. Plaintiffs further maintain that the

4 release or threatened release of these same contaminated sediments

5 may present a significant threat to human health or the

6 environment, and that the reduction or elimination of these threats

7 from the contaminated sediments would provide substantial benefit

8 to the pUblic health, welfare and the environment. EPA is

9 undertaking the investigations required under CERCLA and the NCP to

10 select response activities for the contaminated effluent-affected

11 deposit on the Palos Verdes shelf. EPA, in consultation with DTSC,

12 may determine that one or more activities are necessary or may

13 determine that no action is appropriate. The Settling Local

14 Governmental Entities acknowledge that one of the response

15 activities EPA might undertake with respect to significantly

16 reducing or eliminating the threat presented by the contaminated

17 sediments is to isolate all or a portion of the contaminated

18 sediments on the Palos Verdes shelf thereby significantly reducing

19 or eliminating human exposure to and ecological impact from such

20 contaminants. To the extent that EPA might decide to choose a

21 response activity that isolates the contaminated sediments, the

22 Settling Local Governmental Entities further acknowledge that a

23 possible ready source of clean s~diment suitable for isolating the

24 contaminated sediment on the Palos Verdes shelf may be found in the

25 Los Angeles-Long Beach Harbors. To the extent it is consistent

26 with the obligations and responsibilities of EPA under the

27 provisions of CERCLA and the applicable regulations governing use

28 of recoveries, EPA commits to the expenditure of at least
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1 $13,900,000 on the Palos Verdes shelf and at least $5,000,000 with

2 respect to. activities affecting the Los Angeles-Long Beach Harbors.

3 EPA further commits to expend these settlement funds on

4 investigation, design and implementation activities for response I

5 activities that involve the elimination or control of contaminated

6 sediments with respect to th.e Palos Verdes shelf. If EPA, in

7 consultation with DTSC, in applying the provisions of CERCLA and

8 applicable regulations and examining the scientific and engineering

9 objectives of remediation of the Palos Verdes shelf contaminated

10 sediments, and taking into account the available settlement funds;

11 determines to expend settlement funds in a manner different than

12 described in this Paragraph, EPA will provide an explanation of its

13 decision to representatives of LACSD, the City of Los Angeles, and

14 the City of Long Beach. However, the provisions of this Paragraph

15 with respect to the use of settlement funds are not intended to and

16 do not make EPA's decisions with respect to any response activity

17 reviewable in any jUdicial or administrative proceeding.

18 COVENANT NOT TO SUE FOR MONTROSE NPL SITE RESPONSE

19 ACTIVITIES AND

20 COSTS AND RESERVATION OF RIGHTS

21 17. Except as specifically provided in Paragraphs 18 and 19

22 of this Amended Decree, the united states, the State, and agencies

23 and instrumentalities thereof, e~ch hereby covenants not to sue or

24 take administrative action against any of the Settling Local

25 Governmental Entities, to compel response activities or to recover

26 Response Costs incurred or to be incurred in the future in

27 connection with the Montrose NPL Site including, but not limited

28 . to, costs for studies and evaluations of the area covered by
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1 response activities under CERCLA Sections 106 and 107, 42 U.S.C.

2 §§ 9606 a~ 9607, or pursuant to the California Hazardous Substance

3 Account Act, California Health and Safety Code §§ 25300 et seq., or

4 any other state statute or state common law. In addition, the

5 united states, the State, and agencies and instrumentalities

6 thereof, each hereby covenants not to sue or take administrative

7 action against any of the Settling Local Governmental Entities, to

8 compel response activities or to recover Response Costs incurred or

9 to be incurred in the future in connection with the Montrose NPL

10 site under the Resource Conservation and Recovery Act ("RCRA")

11 sections 3008(h), 3013, or 7003, 42 U.S.C. §§ 6928(h), 6934 or

12 6973, or California Health and Safety Code § 25187. The State, and

13 agencies and instrumentalities thereof, further covenants not to

14 sue or take administrative action against any of the Settling Local

15 Governmental Entities, to compel response activities or to recover

16 Response Costs incurred or to be incurred in the future in

17 connection with the Montrose NPL Site under RCRA section 7002, 42

18 U.S.C. § 6972. The foregoing covenants not to sue include a

19 restatement of the covenants currently in effect pursuant to

20 Paragraph 18 of the 1993 Decree. The 1993 Decree covenants shall

21 remain in effect until the Date of Initial Approval of this Amended

22 Decree. Upon the Date of Initial Approval of this Amended Decree,

23 the 1993 Decree covenants shall rio longer be in effect and shall be

24 superseded by the covenants set forth in this Paragraph which shall

25 remain in effect so long as the settling Local Governmental

26 Entities are fUlfilling their obligations under this Amended

27 Decree, subject to the Parties' rights to void this Amended Decree

28 pursuant to Paragraph 29 of this Amended Decree.
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1 states, and the state, and agencies or instrumentalities thereof,

2 further agree that since the Category II entities have paid the

3 entire sum required to be paid by them into the Response Costs

4 Escrow as specified in Paragraph 14 of the 1993 Decree, including

5 the Response Costs the Category II entities are required to pay in

6 accordance with the provisions of this Amended Decree, the

7 obligations of the Category II entities hereunder with respect to

8 the Montrose NPL Site, except as provided in Paragraphs 14, 21 and

9 41 of this Amended Decree, have been completely fulfilled, with the

10 Category I entities continuing to be obligated under all provisions

i1 of this Amended Decree.

12 18. The covenants set forth in Paragraph 17 pertain only to

13 matters expressly specified therein, and extend only to the

14 Settling Local Governmental Entities. Any claim or defense which

15 the United states or the state has against any other person or

16 entity not a party to this Amended Decree is expressly reserved.

17 The United states and the State reserve, and this Amended Decree is

18 without prejUdice to, all other rights and claims against the

19 Settling Local Governmental Entities, individually or collectively,

20 with respect to all other matters, including but not limited to,

21 the following:

22 A. any and all claims against a Settling Local Governmental

23 Entity based upon or resulting frbm a failure to meet a requirement

24 of this Amended Decree;

25

26

B.

C.

claims for criminal liability;

claims for violations of any other federal law or permit,

27 including, but not limited to, violations of the Clean Water Act,

28 33 U.S.C. §§ 1311, et seq., and any NPDES permit issued thereunder,
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1 or any other state or local law or permit, including, but not

2 limited .,to, the Porter-Cologne Water Quality Control Act,

3 California Water Code §§ 13000, et seq., but excluding those state;

4 or local laws or permits that the state or local government has

5 used or could use to compel a response action or tp recover

6 Response Costs at the Montrose NPL Site; and

7 D. the issuance or enforcement of civil or administrative

8 orders issued pursuant to sections 104(e) and 106 of CERCLA, 42

9 U.S.C. §§ 9604(e) and 9606, for information, access or cooperation

10 with efforts by the United states with regard to response

11 activities at the Montrose NPL Site, including but not limited to,

12 the sanitary sewers of the Category I entities downstream of the

13 former Montrose DDT Plant Property connections, including review of

14 the design of the project and rerouting of flows to the extent

15 practicable to dewater the sewer(s} for the response operation in

16 the sewers; or

17 E. claims arising from the presence of a hazardous substance

18 at any location outside of the Montrose NPL Site, including, but

19. not limited to, the proposed Del Amo NPL site as it may be defined

20 by EPA.

21 19. A. In addition to the reservations set out in Paragraph

22 18, the united States and the State reserve, and this Amended

23 Decree is without prejudice to, the right to institute proceedings

24 in this action or in a new action seeking to compel the Settling

25 Local Governmental Entities to take a response action or reimburse

26 the united States or the State for additional Response Costs if

27 subsequent to the Date of Execution of this Amended Decree, the

28 united States or the State:
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receives, in whole or in part, information unknown

2 to EPA o~DTSC as of the Date of Execution of this Amended Decree,

3 indicating that one or more of the Settling Local Governmental

4 Entities released after the Date of Execution of this Amended

5 Decree one or more hazardous substances that come to be located at

6 the Montrose NPL site and that EPA or DTSC determines may be a

7 threat to human health or the environment, provided that the

8 foregoing shall not be deemed to apply to a re-exposure or

9 resuspension on the Palos Verdes shelf of the DDT or PCB-

10 contaminated sediments currently located there;

11 2. discovers a condition at the Montrose NPL site that

12 EPA or DTSC determines may be a threat to human health or welfare

13 or the environment, and that was unknown to EPA or DTSC prior to

14 the Date of Execution of this-Amended Decree.

15 B. The Settling Local Governmental Entities reserve their

16 right to contest any proceeding allowed by Paragraph 18 and

17 Paragraphs 19.A.1 and 19.A.2 of this Amended Decree and do not by

18 consenting to this Amended Decree waive any defenses, except as

19 specified in Paragraph 20.C of this Amended Decree. In the event

20 that the United States or the State institutes proceedings under

21 Paragraphs 19.A.1 or 19.A.2 of this Amended Decree, the Settling

22 Local Governmental Entities reserve the right to assert potential

23 cross-claims, counterclaims or -'-third party claims against the

24 united States, the state, or any employee, officer, agency or

25 instrumentality thereof, relating solely to such claims asserted by

26 the united States or the State, and the agencies or

27 instrumentalities thereof, pursuant to Paragraphs 19.A and 19.B.

28 Nothing in this Amended Decree shall be deemed to constitute
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1 preauthorization of a claim within the meaning of Section 111 of

2 CERCLA, ~ U.S.C. S 9611, or 40 C.F.R. § 300.700(d).

3 COVENANTS BY SETTLING LOCAL GOVERNMENTAL ENTITIES

4 20. A. SUbj ect to Paragraphs 12. C and 19. B, each of the

5 Settling Local Governmental Entities hereby covenants not to sue or

6 to assert any administrative claim or cause of action of any kind

7 against the United States, or any employee, officer, agency or

8 instrumentality thereof, and/or the State, or any employee,

9 officer, agency or instrumentality thereof (but not including

10 counties, cities, local governmental entities or sanitation

11 districts), .for any matters relating to Natural Resource Damages,

12 as defined herein, including, but not limited to the counterclaims

13 asserted in LACSD' s .Answer to the complaint in this action, or

14 claims arising pursuant to any other federal, state or common law,

15 including, but not limited to, any direct or indirect claim

16 pursuant to section 112 of CERCLA, 42U.S.C. § 9612, against the

17 Hazardous Substance Superfund, any claim pursuant to section 113(f)

18 of CERCLA, 42 U.S.C. § 9613 (f), for contribution, or any claim

19 pursuant to the Federal Tort Claims Act, 28 U.S.C. §§ 1346(b) and

20 2671, et seq., or any claim arising from any express or implied

21 contract pursuant to 28 U.S.C. § 1346(a) (2) or 28 U.S.C.

22 § 1491 (a) (1) .

23 B. SUbject to Paragraphs i2.C and 19.B, each Settling Local

24 Governmental Entity hereby covenants not to sue and agrees not to

25 assert any administrative claim or cause of action of any kind

26 against the united States, or any employee, officer, agency or

27 instrumentality thereof, and/or the state, or any employee,

28 officer, agency or instrumentality thereof (but not including

47.

RB-AR12737



c. (~.

1 counties, cities, local governmental entities or sanitation

2 districts-, with respect to the Montrose NPL Site, the Montrose NRD i

3 Area, or with respect to this Amended Decree, including but not

4 limited to (1) any direct or indirect claim for reimbursement from

5 the Hazardous Substance Superfund established pursuant to 26 U.s.C.

6 § 9507, under CERCLA sections 106 (b) (2), 111, 112, or 113, 42

7 U.S.C. §§ 9606(b) (2),9611,9612 or 9613, any claim pursuant to the

8 Federal Tort Claims Act, 28 U.S.C. §§ 1346(b) and 2671 et seg., or

9 any claim arising from any express or implied contract pursuant to

10 28 U.S.C. § 1346(a) (2) or 28 U.S.C. § 1491(a) (1), or any claim

11 pursuant to the California Hazardous Substance Account Act,

12 California Health and Safety Code §§ 25300 et seg., or under any

13 other provision of law; (2) any claim related to the Montrose NPL

14 site or the Montrose NRD Area under CERCLA Sections 107 or 113, 42

15 U.S.C. §§ 9607 or 9613, against the United states, including any

16 department, agency, or instrumentality of the United States and/or

17 the State, or any employee, officer, agency or instrumentality

18 thereof (but not including counties, cities, local governmental

19 entities or sanitation districts); or (3) any claims arising out of

20 response activities at the Montrose NPL Site. Nothing in tliis

21 Amended Decree shall be deemed to constitute preauthorization of a

22 claim within the meaning of section 111 of CERCLA, 42 U.S.C.

23 § 9611, or 40 C.F.R. § 300.700(d).

24 C. In any subsequent administrative or jUdicial proceeding

25 initiated by plaintiffs for Natural Resource Damages, injunctive

26 relief, recovery of Response Costs, or other appropriate relief

27 with respect to the Montrose NPL Site, the Settling Local

28 Governmental Entities shall not assert, and may not maintain, any
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1 defense or claim based upon principles of waiver, res jUdicata,

2 collater~ estoppel, issue preclusion, claim splitting, or other

3 defense based upon any contention that the claims raised by the

4 plaintiffs in the subsequent proceeding were or should have been

5 brought in the instant case; provided, however, that nothing in

6 this Paragraph 20. C affects the enforceability of plaintiffs'

7 covenants not to sue set forth in Paragraphs 11 and 17 of this

8 Amended Decree:

9 PENALTIES FOR LATE PAYMENTS

10 21. A. If the payment required of the Settling Local

11 Governmental Entities by Paragraph 9 of this Amended Decree is not

12 made by the date specified in that Paragraph, the Settling Local

13 Governmental Entities shall be liable, in addition to the payment

14 specified in Paragraph 9, for the following amounts to the Trustees

15 for each day of delay in payment:

16 Days of Delay Payment Per Day of Delay

17 1~14 $ 2500/day

18 15-60 $ 3750/day

19 Beyond 60 Days $ 5000/day

20 Payments due under this Paragraph 21.A shall be paid 'by

21 certified or bank check or warrant and disbursed to the Trustees,

22 50% to the united States and 50% to the State, to the addressees

23 identified in Paragraph 37. Stipulated penalties due under this

24 Paragraph 21.A are due within thirty (30) days following receipt by

25 the Settling Local Governmental Entities of a written demand by the

26 United States or the State for payment of such stipUlated

27 penalties.

28 B. If any payment required of the Settling Local Governmental
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Entities by Paragraphs 14.B, 14.F, or 14.G of this Amended Decree

is not ~de by the dates specified in those Paragraphs, the

Settling Local Governmental Entities shall be jointly and severally

liable, in addition to the payments specified in Paragraphs 14.B,

14.F, or 14.G of this Amended Decree, for the following amounts to

the united states and the State for each day of delay in payment:

stipulated penalties are due within thirty (30) days following

receipt by the Settling Local Governmental Entities of a written

demand by the united states or the State for payment of such

stipulated penalties. All payments under this Paragraph 21.B for

stipulated penalties shall be made in accordance with instructions

provided by the united states or the State to the Settling Local

Governmental Entities subsequent to the lodging of this Amended

Decree, with notice to the United States or the State, all as

provided in Paragraph 14.F of this Amended Decree. Payment of any

stipulated penalty pursuant to this Paragraph 21. B shall be in

addition to any other remedy or 'sanction available to the United

States and the State for the failure of the Settling Local

Governmental Entities to make timely payment under this Paragraph.

22. Payments due under Paragraph 21.A shall be in addition to

any other remedies or sanctions that may be available to the United

states and the State on account of the Settling Local Governmental

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Days of Delay

1-14

15-60

Beyond 60 Days

Payment Per Day of Delay

$ 2500/day

$ 3750/day

$ 5000/day
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1 Entities' failure to comply with the terms of this Amended Decree,

2 provided ~hat a failure by the Settling Local Governmental Entities

3 to make timely payment as provided in this Amended Decree shall not

4 constitute a material default unless the delay in payment exceeds

5 thirty (30) days from the due date provided in this Amended Decree.

6 RETENTION OF RECORDS

7 23. A. Until ten years after the entry of this Amended

8 Decree, each Settling Local Governmental Entity shall preserve and

9 retain all records and documents now in its possession or control

10 or which come into its possession or control, that relate to the

11 release of any hazardous substance to or from the Montrose· NPL

12 Site, and which have not been determined to be privileged in

13 accordance with the procedures in Paragraph 23.B of this Amended

14 Decree. At the conclusion of this document retention period, each

15 Settling Local Governmental Entity shall notify the United States

16 and the State at least ninety (90) days prior to the destruction of

17 any such records or documents, and upon request by the united

18 States and the State, each Settling Local Governmental Entity shall

19 make available any such records or documents at a location within

20 Region IX of EPA designated by the united States and the State ..

21 B. with respect to the obligation to retain records and

22 documents set forth in Paragraph 23.A, each Settling Local

23 Governmental Entity may assert that certain documents, records and

24 other information are privileged under attorney client privilege,

25 or any other privilege recognized under state or federal law. In

26 connection with the assertion of any such claim of privilege, the

27 Settling Local Governmental Entity shall provide the United States

28 and the State with the following: (1) title of document or record;
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1 (2) date of document or record; (3) name and position of the author

2 of the d~ument or record; (4) description of the sUbject of the

3 document or record; and (5) the specific basis for the privilege

4 asserted.

5 DISCLAIMERS

6 24. Nothing in this Amended Decree, or any of its provisions,

7 or any of the United States' or the State's determinations or

8 actions taken pursuant to this Amended Decree, is intended to or

9 shall be interpreted as supporting or opposing County sanitation

10 Districts of Orange county's presently pending application for a I

11

12

13

14

renewal of its NPDES permit granting a waiver

treatment requirements, issued pursuant to Section

Clean Water Act, as amended, 33 U.S.C. § 1311(h).

INDEPENDENT CONTRACTOR

of secondary i
I

301(h) ofthei

I

15 25. It is understood and agreed that LACSD, its agents,

16 officers, employees, and contractors in the performance of the work

17 and services provided pursuant to paragraph 15 of this Amended

18 Decree shall act as independent contractors and not as agents or

19 employees of EPA.

20 NO WAIVERS OF CONFIDENTIALITY OR PRIVILEGE

21 26. DisClosure, whether oral or written, including provision

22 of data, reports, documents, and other material and information, by

23 the United States and the State to LACSD or to any contractor

24 engaged directly or indirectly by LACSD for work required pursuant

25 to Paragraph 15 of this Amended Decree is not intended to and shall

26 not constitute a waiver of any otherwise applicable exemption or

27 privilege from disclosure under federal or state law. Where the

28 united States and the State have identified any such information as
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1 confidential and/or privileged, LACSD and its contractors shall not

2 disclose such information, in whatever form, to any other person

3 without prior written authorization by the united states and the

4 state. LACSD shall notify the united States and the state

5 immediately and in writing of any claim by any other person that a

6 disclosure is required by law or order of a court of competent

7 jurisdiction and shall provide a reasonable opportunity to the

8 united states and the state to pursue appropriate remedies.

9 27. LACSD may assert any confidentiality claims available to

10 LACSD under state or federal law covering part or all of the

11 information provided to the united states and the State pursuant to

12 Paragraph 15 of this Amended Decree. If LACSD is requested by the

13 United states and the State under this Amended Decree to produce a

14 document obtained from a third party which LACSD is obligated to

15 protect from disclosure by state or federal law, it shall not

16 produce such documents until such time as the United states and the

17 state have taken appropriate measures to allow production.

18 CONFIDENTIAL INFORMATION/OWNERSHIP OF MATERIALS

19 28. All data, reports, stUdies, and other documents developed

20 by LACSD directly or by any contractor retained by LACSD for work

21 required pursuant to Paragraph 15 of this Amended Decree shall be

22 and remain the property of the united states and the State. All

23 such materials shall be confidential and shall not be disclosed by

24 LACSD or its contractors to any person except as authorized in

25 writing by the United States and the State, or as required by law.

26 VOIDABILITY

27 29. In the event that a final jUdicial determination is made

28 by the District court or, upon appellate review, by a higher court,
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1 that the entry of this Amended Decree shall not be approved, this

2 Amended Decree and the settlement embodied herein shall be voidable

3 by written notice to the other Parties at the sole discretion of

4 any party to this Amended Decree. If a party voids this Amended

5 Decree pursuant to this Paragraph, the terms hereof may not be used

6 as evidence in any litigation or other proceeding.

7 ·COMPLIANCE WITH OTHER LAWS

8 30. This Amended Decree shall not be construed in any way to

9 affect any past, current, or future obligation of the Settling

10 Local Governmental Entities (individually or collectively) or any

11 other person or entity to comply with any federal, state or local

12 law.

13 RETENTION OF JURISDICTION

14 31. The Court shall retain jurisdiction of this matter for

15 the purpose of entering such further order, direction, or relief as

16 may be necessary or appropriate for the construction,

17 implementation, or enforcement of this Amended Decree.

18 AUTHORIZED REPRESENTATIVE

19 32. Each undersigned representative of the Settling Local

20 Governmental Entities certifies that he or she is fully authorized

21 to enter into the terms and conditions of this Amended Decree and

22 to legally execute and bind that party to this Amended Decree.

23 MODIFICATION

24 33. The terms of this Amended Decree may be modified only by

25 a subsequent written agreement signed by all of the Parties

26 signatory hereto, and approved by the Court as a modification to

27 this Amended Decree.

28
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1 PUBLIC COMMENT

2 34 . .,. The Parties acknowledge that this Amended Decree will be

3 sUbject to a 30-day pUblic comment period as provided in 28 C.F.R.

4 § 50.7. The Parties further acknowledge that this Amended Decree

5 may be the sUbject of a pUblic meeting as specified in section 7003

6 of RCRA, 42 U.S.C. S 6973. The united states reserves the right to

7 withdraw its consent to this Amended Decree if comments received

8 disclose facts or considerations which show that this Amended

9 Decree is inappropriate, improper, or inadequate. The Settling

10 Local Governmental Entities consent to the entry of this Amended

11 Decree by the Court without further notice.

12 PROTECTION AGAINST CLAIMS

13 35. The united States and the State acknowledge and agree

14 that the payments to be made by the Settling Local Governmental

15 Entities pursuant to this Amended Decree represent a good faith

16 settlement and compromise of disputed claims and that the

17 settlement represents a fair, reasonable, and equitable discharge

18 for the matters addressed in this Amended Decree. with regard to

19 any costs, damages, or other claims against the Settling Local

20 Governmental Entities for matters addressed in this Amended Decree,

21 the Settling Local Governmental Entities are entitled to, as of the

22 Date of Initial Approval of this Amended Decree, such protection as

23 is provided in section 113(f) of'CERCLA, 42 U.S.C. § 9613(f), and

24 all other provisions of federal or state statute or of common law

25 which limit or extinguish their liability to persons not party to

26 this Amended Decree. No contribution protection is provided

27 pursuant to this Amended Decree for any claim for Response Costs

28 under CERCLA incurred in connection with the presence, release, or
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1 threatened release of a hazardous substance outside the Montrose

2 NPL Site.~Any rights Settling Local Governmental Entities may have

3 to obtain contribution or otherwise recover costs or damages from ,

4 persons not party to this Amended Decree are preserved.

5 36. The Trustees have determined that the payments to be made

6 pursuant to Paragraphs 7-9 of this Amended Decree are appropriate

7 actions necessary to protectc and restore the natural resources

8 damaged by the release of DDT, PCBs, and other hazardous substances

9 alleged in the First Claim for Relief in the Complaint and that the

10 payments satisfy the requirements of Section 122(j) (2) of CERCLA,

11 42 U.S.C. § 9622 (j) (2).

12 NOTICE

13 37. Any notice required hereunder shall be in writing and

14 shall be delivered by hand, facsimile or overnight mail as follows:

15 Notice to the united States and the State:

16 Chief
Environmental Enforcement Section

17 U.S. Department of Justice
1425 New York Ave, N.W.

18 Washington, D.C. 20005
Facsimile No. (202) 514-2583

Coordination and Service List entered June 26, 1992, and any

Notice to settling Local Governmental Entities shall be provided in

19

20

21

22

23

24

25

26

Supervising Deputy Attorney General
Land Law section
Office of the Attorney General
300 South spring Street
Los Angeles, CA 90013
Facsimile No. (213) 897-2801

accordance with the provisions of the Order Re:

amendment thereto.

Discovery

27

28
Each party to this Amended Decree may change the person(s) it

has designated to receive notice for that party, or the addresses
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1 for such notice, by filing a written notice of such change with the

2 Court an~serving said notice on each of the other Parties to this

3 Amended Decree, or in accordance with the provisions of the Order

4 Re: Discovery Coordination and Service List entered June 26, 1992,

5 and any amendment thereto.

6 38. This Amended Decree may be executed in any number of

7 counterparts, and each executed counterpart shall have the same,

8 force and effect as an original instrument.

9 ENTIRE AGREEMENT

10 39. This Amended Decree constitutes the entire understanding

11 of the Parties with respect to its sUbject matter, and upon the

12 Date of Initial Approval of this Amended Decree shall supersede the

13 1993 Decree with respect to the rights and Obligations of the

14 Parties.

15 EFFECTIVE AND TERMINATION DATES

16 40. This Amended Decree shall be effective upon the date

17 which this Amended Decree has been initially approved and signed by

18 the united States District Court.

19 41. The Court may terminate this Amended Decree upon joint

20 motion by the Settling Local Governmental Entities, after 45 days

21 notice, upon fulfillment of the obligations of all of the Settling

22 Local Governmental Entities under this Amended Decree. Termination

23 of this Amended Decree and the'" operation of the provisions of

24 Paragraphs 11 and 17 with respect to termination of the obligations

25 of Category II entities shall not affect the provisions herein for

26 contribution protection, document retention, and the covenants not

27 to sue and reservations of rights, which shall remain in effect as

28 an agreement among the Parties.
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42. By signature below, all Parties consent to this Amended

2 Decree.

3

4

5

ORDER

THE FOREGOING Amended Consent Decree among plaintiffs the

6 United states and the state of California and the Settling Local

7 Governmental Entities is hereby APPROVED. There being no just

8 reason for delay, this Court expressly directs, pursuant to Rule

9 54(b), Federal Rules of civil Procedure, ENTRY OF FINAL JUDGMENT in

10

11

accordance with the terms of this Amended Consent Decree this _
--J. qJJi DAY of A~ 'lV)l , 199ft, each party hereto shall bear

12 its own costs and attorney's fees except as specifically provided

13 herein.

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28
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1 FOR THE UNITED STATES OF AMERICA:

2 WE HEREBY CONSENT to the entry of the Amended Consent Decree

3 in United States, et al. v. Montrose Chemical Corporation of

4 California, et aI" No, CV 90-3122-AAH (JRx), subject to the public

5 notice and comment requirements of 28 C,F.R, § 50.7.

6

7

8 DATE:

9

10

11

12
DATE:

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

WILLIAM A, WEINISCHKE
STEVEN O'ROURKE
KATHRYN SCHMIDT
JON A. MUELLER
PHILLIP A. BROOKS
Environmental Enforcement Section
Environment and Natural Resources

Division
united States Department of Justice
Post Office Box 7611
Ben Franklin station
Washington, D.C. 20044
(202) 514-4046
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1

2 DATE:

3

4

5

6

7

8
DATE:

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

6-

JOHN' J. LYONS
Ass1stant R gional Counsel
ufiited States Environmental

Protection Agency
Region IX
75 Hawthorne street
San Francisco, CA 94105

60.

RB-AR12750



1

2

3

4

5

6

FOR ~HE CALIFORNIA DEPARTMENT OF FISH AND GAME:

WE HEREBY CONSENT to the entry of the Amended Consent Decree iru

United States. et al. v. Montrose Chemical Corooration oe

California, et al., No. CV 90-3122-AAH (JRX) , sUbject to the public

notice and comment requirements of 28 C.F.R. § 50.7.

7 DATE: /Ib /f"
•

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

~<u~~
JK2QBELINE ~. SCHAFER
Director of California Department of

Fish and Game
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Statei
I

I

PUblil
I
I
i

I
i
I

Consent Decree iru
I

corporation oflChemicalMontrosev.al.etStates.

WE HEREBY CONSENT to the entry of the Amended

FOR THE CALIFORNIA STATE LANDS COMMISSION:

united

California. et al., No. CV 90-3122-AAH (JRx), sUbject to the

notice and comment reqUirementstf 28 C.F.R. §) 50).7" .

L J1 j,o / '1 -+-.
i) Urr~ ( [ r7!:!l ~~

V ROBERT C. HIGHT 0 '7
Executive Officer of the

Lands Commision

DATE: August 20. 1996.'

6

7

8

3

5

2

4

9

1

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28
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2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

DATE:.JAo/'__~__ J-~.~~~
Director California Department of

Parks and Recreation
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1 FOR THE CALIFORNIA DEPARTMENT OF TOXIC SUBSTANCES CONTROL
(formerly a part of the California Department of Health

2 Services):

3 WE HEREBY CONSENT to the entry of the Amended Consent Decree

4 in United States, et al. v. Montrose Chemical Corporation of

5 California, et al., No. CV 90-3122-AAH (JRx) , subject to the

50.7.C.F.R.

JESSE HU
California Department of
Toxic Substances Control

require~28

DATE: ~lc'-lz..,=-\~,a,~~ _

public notice and comment

8

7

6

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27
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1
FOR THE CALIFORNIA, REGIONAL WATER QUALITY CONTROL BOARD, LOS

2 ANGELES REGION:

3 WE HEREBY CONSENT· to the entry of the Amended Consent Decree i

4 United States et al. v. Montrose Chemical Cor oration of

5 California. et al., No. CV 90-3122-AAH (JRx) , subject to the

6 public notice and comment requirements of 28 C.F.R. § 50.7.

7
DATE:

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

JOijN NORTON . .
Aeting Executive Director
Regional Water Quality Control Boar
Los Angeles Region
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Re: United States ofAmerica, et al. v. Montrose Chemical, et al.
United States District Court for the Central District of California
Civil Action No. 903122 AAH (JRxl

IN WITNESS WHEREOF, the parties have caused this AMENDED CONSENT
DECREE to be executed on the date hereinabove set forth.

APPROVED:

KNAPP, MARSH, JONES & DORAN

By:&/l~#-
District Counsel

ATTEST:

'0\- . r----.--:I' , .\,./~:I'+. 1,-' .' ........)', '. C""
.' ~~\' ....l,,"'-. --'. ," ; .',>..

Secretary "J
rJUL 1 7 \996

SOUTH BAY CITIES SANITATION
DISTRICT OF LOS ANGELES COUNTY

~~
Chairperson, Board of Directors
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Re: United States ofAmerica, et al. v. Montrose Chemical. et al.
United States District Court for the Central District of California
Civil Action No. 90 3122 AAH (JRx)

IN WITNESS WHEREOF, the parties have caused this AMENDED CONSENT
DECREE to be executed on the date hereinabove set forth.

APPRC \'ED:

KNAPP, MARSH, JONES & DORAN COUNTY SANITATION DISTRICT
NO. 1 OF LOS ANGELES COUNTY

~ .' .: ........ ;,-
- ,_. ,--. '", "_. '" .~'

Chairperson, Board of Directors
By: /i~I),~-'_

District Counsel

ATTEST:

By:
\'~> ' -c:- r·
-~.•\ ~ \'\ \ j"1 • .It. -;. \,' -;. \ '" j-\ '.

Secretary I
AUG '1 4 1996
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Re: United States of America. et al. v. Montrose Chemical. et al.
United States District Court for the Central District of California
Civil Action No. 90 3122 AAH (JRxl

IN WITNESS WHEREOF. the parties have caused this AMENDED CONSENT
DECREE to be executed on the date hereinabove set forth,

APPROVED:

KNAPP, MARSH, JONES & DORAN COUNTY SANITATION DISTRICT
NO.2 OF LOS ANGELES COUNTY

By: /1/lJU.ruA
District Counsel

ATTEST:

By:

68.

... / I <:..~, __ ~.... /
-~.... --':~~~,:,,: ..L. L . ,..-:'/ ",: ,.:(.·o:::c:.k..

Chairperson, Board' Of Directors!
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Re: United States ofAmerica. et al. v. Montrose Chemical. et al.
United States District Court for the Central District of California
Civil Action No. 903122 AAH (JRx)

IN WITNESS WHEREOF. the parties have caused this AMENDED CONSENT
DECREE to be executed on the date hereinabove set forth.

APPROVED:

KNAPP, MARSH, JONES & DORAN

ATTEST:

COUNTY SANITATION DISTRICT
NO.3 OF LOS ANGELES COUNTY

By: { 1.... l c'vt.-J
C rperson, Board of Directors

\ ../

\
. ... ' ..:. \ I -,' •..•.

'. '. \A..s ( ;\.

Secretary

,,
'.

AUG 1 4 1996

69.
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Re: United States of America, et al. v. Montrose Chemical, et al.
United States District Court for the Central District of California
Civil Action No. 903122 AAH (JRx)

IN WITNESS WHEREOF, the parties have caused this AMENDED CONSENT
DECREE to be executed on the date hereinabove set forth.

APPROVED:

KNAPP, MARSH, JONES & DORAN

1l/t21tt~
District Counsel

ATTEST:

COUNTY SANITATION DISTRICT
NO.4 OF LOS ANGELES COUNTY

By:k LdYV1'L~t&
Chairperson, Board of Directors

70.
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Re: United States ofAmerica, et al. v. Montrose Chemical. et al.
United States District Court for the Central District of California
Civil Action No. 903122 AAH ORJ()

IN WITNESS WHEREOF, the parties have caused this AMENDED CONSENT
DECREE to be executed on the date hereinabove set forth.

APPROVED:

KNAPP, MARSH, JONES & DORAN

By:Ift,/2~~
DistriCtCDUnSei

ATTEST:

r:<) .

4 " . .",,r- ..
./ [, """ f"-.' . .'.

, .... 1 '\\C'[J -- \ ,.: ,t.\..\.
SecretarY ~ .

JUL 1 7 1996

COUNTY SANITATION DISTRICT
NO.5 OF LOS ANGELES COUNTY

By: _A~a~.e..~}----=IJ~~=.&:=7'~~~' =-~__
Chairperson, Board of Directors

71.
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Re: United States of America, et al. v. Montrose Chemical, et al.
United States District Court for the Central District of California
Civil Action No. 903122 AAH (JRJe)

IN WITNESS WHEREOF, the parties have caused this AMENDED CONSENT
DECREE to be executed on the date hereinabove set forth.

APPROVED:

KNAPP, MARSH, JONES & DORAN

By: ;I,IZ)U~
District Counsel

ATTEST:

\j ,--- /
By: ,_, ' ", '. I,.' "\

Secretary

AUG 1 4 1996

72.

COUNTY SANITATION DISTRICT
NO.8 OF LOS ANGELES COUNTY

,;' i~/1 I
airpersoii, Board of Directors

RB-AR12762
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Re: United States ofAmerica. et al. v. Montrose Chemical. et al.
United States District Court for the Central District of California
Civil Action No. 903122 AAH ORJe)

IN WITNESS WHEREOF, the parties have caused this AMENDED CONSENT
DECREE to be executed on the date hereinabove set forth.

APPROVED:

KNAPP, MARSH, JONES & DORAN

By:3/2&~
District Counsel

ATTEST:

COUNTY SANITATION DISTRICT
NO.9 OF LOS ANGELES COUNTY

IJ
erson, Board of Directors

~,

'.
\-" ,"""'"By: _'_ '.'-:...fu.,\ '\..

Secretary

'JUL 2 4 1996

73.
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Re: United States of America, et at. v. Montrose Chemical. et al.
United States District Court for the Central District of California
Civil Action No. 903122 AAH (JRx)

IN WITNESS WHEREOF, the parties have caused this AMENDED CONSENT
DECREE to be executed on the date hereinabove set forth.

APPROVED:

KNAPP, MARSH, JONES & DORAN

By: y2llt~
District Counsel

ATTEST:

COUNTY SANITATION DISTRICT
NO. 11 OF LOS ANGELES COUNTY

By:
--:::::----:------:::-----:---::-=-:---

~ ·;~.,1 Chairperson, Board of Directors

.~!\ •.'. "K-' r---
By: ;.~\ \,\A 1\;' '::;,

, _cretar)'

74.
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Re: United States ofAmerica, et al. v. Montrose Chemical, et al.
United States District Court for the Central' District of California
Civil Action No. 90 3122 AAH (JRx)

IN WITNESS WHEREOF, the parties have caused this AMENDED CONSENT
DECREE to be executed on the date hereinabove set forth.

APPROVED:

KNAPP, MARSH, JONES & DORAN

By: i1,12ltt~
District Counsel

ATTEST:

COUNTY SANITATION DISTRICT
NO. 14 OF LOS ANGELES COUNTY

By:~~Va~'''--~''0;::'.~c:~"I=·:;:·~~-~·~'=z7"~:,-' _
Chairperson. Board f ir"ectors

.:-......--(.-. i

'" '< • ~('
- ._ \ -~ :, I :; J"---

I
JUL 2 4 \996

75.
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Re: United States ofAmerica. et at. v. Montrose Chemical. et at.
United States District Court for the Central District of California
Civil Action No. 903122 AAH (JRx)

IN WITNESS WHEREOF, the parties have caused this AMENDED CONSENT
DECREE to be executed on the date hereinabove set forth.

APPROVED:

KNAPP, MARSH, JONES & DORAN

By:3~
District Counsel

ATTEST:

:-JUL 2 4 1996

COUNTY SANITAnON DISTRICT
NO. 15 OF LOS ANGELES COUNTY

By:AB77lad 12 ~~~
Chairperson, Board of lrectors

76.
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Re: United States of America, et al. v. Montrose Chemical, et al.
United States District Court for the Central District of California
Civil Action No. 903122 AAH (JRx)

IN WITNESS WHEKEOF, the parties have caused this AMENDED CONSENT
DECKEE to be executed on the date hereinabove set forth.

APPROVED:

KNAPP, MARSH, JONES & DORAN COUNTY SANITATION DISTRICT
NO. 16 OF LOS ANGELES COUNTY

. "
/.'.' •. I _/--:- . .-'.

Chairperson, Board of Directors
By: Jl/2)f1~

District Counsel

ATTEST:

.", '
... ...\- il., .
~~C' ~.UCi"

Secretary

C·r\".. f
--d t~· .... \ \c:' \.....

I
JUl 2 4 1996

77.

RB-AR12767



(

Re: United States of America, et al. v. Montrose Chemical, et al.
United States District Court for the Central District of California
Civil Action No. 903122 AAH (JRxl

IN WITNESS WHEREOF, the parties have caused this AMENDED CONSENT
DECREE to be executed on the date her~inabove set forth.

APPROVED:

KNAPP, MARSH, JONES & DORAN COUNTY SANITATION DISTRICT
NO. 17 OF LOS ANGELES COUNTY

\ \
\ I . ;

. :\ .. \. J ,.

Chairperson, Board of Directors .
By:

--=--,-------::::--::----:-=":----
1l,1}~

District Counsel

ATTEST:

-"-,.'

" .
By;......~... '\.\ (\ (\.

Secretary
! '. \) ''"-

!'JUL' 2 4 1996

78.
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Re: United States ofAmerica, et al. v. Montrose Chemical, et al.
United States District Court for the Central District of California
Civil Action No, 90 3122 AAH (JRx)

IN WITNESS WHEREOF, the parties have caused this AMENDED CONSENT
DECREE to be executed on the date her~inabove set forth.

APPROVED:

'JUL 2 4 1996

KNAPP, MARSH, JONES & DORAN

By:,&I2.k~
District Counsel

ATTEST:

By; , , '-"', -'-__
SecretalY

COUNTY SANITATION DISTRICT
NO. 18 OF LOS ANGELES COUNTY

/ /' ~
.' // .......... ,. /.- ...

B ' " /~"-. ----Y:,d' /7., \
.' Chairperson, Board of Directors

79.
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Re: United States ofAmerica, et al. v. Montrose Chemical, et al.
United States District Court for the Central District of California
Civil Action No. 903122 AAH (Jllie)

IN WITNESS WHEREOF, the parties have caused this AMENDED CONSENT
DECREE to be executed on the date her~inabove set forth.

APPROVED:

KNAPP, MARSH, JONES & DORAN

BY:/Y,~
District Counsel

ATTEST:

COUNTY SANITATION DISTRICT
NO. 19 qF LOS ANGELES COUNTY

\ 'Ir
By: ~·r:-~:(W~

- Chairperson,V:Soard of Directors

By:

,
l
Secretary

/. .
........ !

AUG 14 1996

80.
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Re: United States ofAmerica, et al. v. Montrose Chemical, et al.
United States District Court for the Central District of California
Civil Action No. 903122 AAH (JRJe)

IN WITNESS WHEREOF, the parties have caused this AMENDED CONSENT
DECREE to be executed on the date herfinabove set forth.

APPROVED:

\
\

KNAPP, MARSH, JONES & DORAN

/-Z~
District Counsel

4.TTEST:

.-
-r". . . '".

By-;.._---:::__\c...,."'-,'''-'i'c...' _ -=-,--'--,-,-,.'-'\,.......__,
Secretary

JUL 2 4 1996

COUNTY SANITATION DISTRICT
NO. 20 OF LOS ANGELES COUNTY

,

By'. _-="J;V:'f.'~~/'::;..~::::•.:...:'"..~.;;t:/:::'~/~~' t/:;,../__f\ ~. . .... ........
hairperson. Board 0 , Directors

...../

81.
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Re: United States of America, et al. v. Montrose Chemical, et al.
United States District Court for the Central District of California
Civil Action No. 903122 AAH (JRx)

IN WITNESS WHEREOF, the parties have caused this AMENDED CONSENT
DECREE to be executed on the date her~inabove set forth.

APPROVED:

By: .,
-=-:-----:~--':-____::_=:_o---

'Chairperson, Board of Directors

COUNTY SANITATION DISTRICT
NO. 21 OF LOS ANGELES COUNTY

~~/
... I l '- .~r2b~

District Counsel

KNAPP, MARSH, JONES & DORAN

ATTEST:

\
"\ "'-\." ...... ~.

Secretary

---. "-" i, I.: .,
!

~JUl 2 4 1996

82.
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Re: United States ofAmerica, et al. v. Montrose Chemical, et al.
United States District Court for the Central District of California
Civil Action No. 903122 AAH (JRx)

IN WITNESS WHEREOF, the parties have caused this AMENDED CONSENT
DECREE to be executed on the date her~inabove set forth.

APPROVED:

KNAPP, MARSH, JONES & DORAN

By:g,a&~
District Counsel

ATTEST:

COUNTY SANITATION DISTRICT
NO. 22 OF LOS ANGELES CO l'

BY:'~~'/
Chairperson, Board 0 lrectors

fill:'
Secretary rJ\Jl 2 4 1996

83.
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Re: 'United States of America, et al. v. Montrose Chemical, et al.
United States District Court for the Central District of California
Civil Action No. 90 3122 AAH (JRx)

IN WITNESS WHEREOF, the parties have caused this AMENDED CONSENT
DECREE to be executed on the date her:~inabove set forth.

APPROVED:

KNAPP, MARSH, JONES & DORAN COUNTY SANITATION DISTRICT
NO. 23 OF LOS ANGELES COUNTY

By: J?~/l~
District Counsel

By: - /' "
"- - - ....... '-7 ........ (,.~ .... '/c:.tt· ..~'.z.:

{Chairperson, Board or, Directors V
"

".

AUG 1 4 1996

• .,~-.. I, ......... i ,"
R... : '" " ·I"l ...·L·, "--• -~ --,-""-','--~_."".•~. .:....-,-,--,"-=.--

'. Secretary

84.
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Re: United States ofAmerica, et al. v. Montrose Chemical, et al.
United States District Court for the Central District of California
Civil Action No_ 90 3122 AAH ORx)

IN WITNESS WHEREOF, the parties have caused this AMENDED CONSENT
DECREE to be executed on the date her_~inabove set forth.

APPROVED:

KNAPP, MARSH, JONES & DORAN

By:/Jd/k~
District Counsel

ATTEST:

By:-=---,::--_~--,----,-_. __------''----_
Secretary

AUG 1 4 1996

COUNTY SANITATION DISTRICT
NO. 26 OF LOS ANGELES COUNTY

By: ~~~ZZL~~~~?-/---,--- __
irectors

85.
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Re: United States ofAmerica, et al. v. Montrose Chemical, et al.
United States District Court for the Central District of California
Civil Action No. 903122 AAH (JRJe)

IN WITNESS WHEREOF, the parties have caused this AMENDED CONSENT
DECREE to be executed on the date het:7inabove set forth.

APPROVED:

KNAPP, MARSH, JONES & DORAN

By:i]'~
District Counsel

OCT 15 1996
ATTEST:

I- ,- '. r1 J.. \ l " tt...
.Secretary

.---.... ./-;. .
.4- ..... , " ; ;.

- '~ I- l, J..' ,-.

..'

86.
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Re: United States ofAmerica, et al. v. Montrose Chemical, et al.
United States District Court for the Central District of California
Civil Action No. 903122 AAH Ollie)

IN WITNESS WHEREOF, the parties have caused this AMENDED CONSENT
DECREE to be executed on the date her~inabove set forth.

APPROVED:

KNAPP, MARSH, JONES & DORAN

BY:,i?/?~
District ouhsel

COUNTY SANITATION DISTRICT
NO. 28 OF LOS ANGELES COUNTY

, / ;/ .,.
! ....II.'. t..,!~r-- ,

B . :,},~ ·'1 ,t'.< / - '.Y: , / /cjl . J-"''--, -<~~
'Chairperson, Board of DirectorS--:~,

/

ATTEST,

fJUL2 A 1996

. ",--
By: _.::. .__ ., . ". :-.

--'--'--'-'~''---~-----"

Secre[ury

87.
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Re: United States ofAmerica, et al. v. Montrose Chemical, et al.
United States District Court for the Central District of California
Civil Action No. 903122 AAH (JRx)

IN WITNESS WHEREOF, the parties have caused this AMENDED CONSENT
DECREE to be executed on the date her~inabove set forth.

APPROVED:

KNAPP, MARSH, JONES & DORAN

By:lJt/l::)u~
District Counsel

ATTEST:

B'":. -_._~-----'---~"'----
Secretary

AUG 1 4 1996

COUNTY SANITATION DISTRICT
NO. 29 OF LOS ANGELES COUNTY

Chairperson, Board of Directors

88.

RB-AR12778



Re: United States ofAmerica, et al. v. Montrose Chemical, et at.
United States District Court for the Central District of California
Civil Action No. 90 3122 AAH (JRx)

IN WITNESS WHEREOF. the parties have caused this AMENDED CONSENT
DECREE to be executed on the date her~inabove set forth.

APPROVED:

KNAPP, MARSH, JONES & DORAN

BY:0~
Districtcounse

ATTEST:

COUNTY SANITATION DISTRICT
NO. 32 OF LOS ANGELES COUNTY

8ecretary
AUG 14 1996

89.
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Re: United States ofAmerica, et al. v. Montrose Chemical, et al.
United States District Court for the Central District of California
Civil Action No. 903122 AAH (JRx)

IN WITNESS WHEREOF, the parties have caused this AMENDED CONSENT
DECREE to be executed on the date her~inabove set forth.

APPROVED:

KNAPP, MARSH, JONES & DORAN COUNTY SANITATION DISTRICT
NO. 34 OF S ANGELES COUNTY

By:Ea&~
District Counsel

By: { ~.r?<-/·9
Chairperson, Board of Directors

ATTEST:

__ ...r- .

JUl ? ~ 1996

•;-'
Secretory

By:
--=---~-'--

90.

RB-AR12780
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Re: United SUites ofAmerica, et al. v. Montrose Chemical, et al.
United States District Court for the Central District of California
Civil Action No. 903122 AAH (JRx)

IN WITNESS WHEREOF, the parties have caused this AMENDED CONSENT
DECREE to be executed on the date herrinabove set forth.

APPROVED:

KNAPP, MARSH, JONES & DORAN

BY:it~~~
DIS rict Coun 1

ATTEST:

Chairperson, Board of Directors

OCT 15 1996

i

.~ . ,'0 .
n:v-~--...l -l ... '- iJ ~ "I

Secremry /

91.
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I FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2

(-

3 The City of Los Angeles HEREBY CONSENTS to the entry of the Amended

4 Decree in United States. et al. v. Montrose Chemical Corporation of California. et aL. No. CV

5 90-3 I 22-AAH CJrx), subject to the public IJotice and comment requirements of28 CF.R. §50.7.

6

7

8

9

10

II DATED: October2L 1996

12

13
ATTEST:

14

15

16 J. MICHAEL CAREY
C-85484

'.

FOR THIRD-PARTY DEFENDANT CITY OF

LOS ANGELES, a municipal corporation

JAMES K. HAHN, City Attorney

By4~itL
Deputy City Attorney

17

18

19 APPROVED AS TO FORM AND LEGALITY:

~~::M~C~
. KEITH W. PRITSKER

Deputy City Attorney

24

25

26

27

28 32XW

92.
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTlTIES:

The [local governmental entity] HEREBY CONSENTS to
the entry of the Amended Decree in united States, et al. v.
Montrose Chemical Corporation of California, et al., No. CV 90
3122~AAH (JRx), SUbject to the public notice and comment
requirements of 28 C,F~R. § 50.7.

Attest:

lOity Attorney

CITY OF ALHAMBRA, a Municipal
corporation

Approved As To Form:

93~

8'-Zb-'7bDate:

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

lA.'Q:160-l63.J
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The [local governmental entity] HEREBY CONSENTS to
the entry of the Amended Decree in united States, et al. v.
Montrose Chemical Corporation of California. et al., No. CV 90
3122-AAH (JRx), sUbject to the pUblic notice and comment
requirements of 28 C.F.R. § 50.7.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16
1

17

18

19

20

21
1

22!
I

231
24

25

26

27
1

281

L·\X2: 160-163.1

Date. : September 19, 1996

94.

(

CITY OF ARCADIA, CALIFORNIA

By >tP!L"4kd
[Mayor/Chairperson)

Pro Tem

Attest:

Approved As To Form:

RB-AR12784
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The City of ':;(1.\ ES If! HEREBY CONSENTS to the entry
of the foregoing Amended Consent Decree in the action entitled
United States of America, et al. v. Montrose Chemical Corporation
of California, et al. , C. D. Cal., No. CV 90-3122-AAH (JRx) ,
subject to the public notice,and comment requirements of 28 C.F.R.
§ 50.7.

DATED: Sf.II'1£ffl(}e-r<. II , 1996.

Attest:

Approved as to Form:

dk -t!2nr,orneY

95.

RB-AR12785
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2

3

4

5

6

FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The City of Azusa HEREBY CONSENTS to the entry of the Amended Decree in United
States et al v Montrose Chemical Corporation of California et al., No. CV 90-3122-AAH (JRx),
subject to the public notice and comment requirements of28 C.F.R. §50.7.

7 Date: }\-t.Uh·v { '"-t-\./ L· .I '1 'i h
I

8

9

10

11

12

CITY OF A2V.5A

,
J..-i -./',

By A.-vJ.\. ...> j", ur.-/ ...J,'..'-A.--- f·"

Stephen Alexander, Mayor

Attest:

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

O:'-.'T'.SPD\612S3 96.

//

City Clerk '

Approved As To Form:

.
.,. .0~J/v, (. !dt//fJ~J"

City Attorney

.'

RB-AR12786
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1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2 The CITY OF BALDWIN PARK HEREBY CONSENTS to the entry of the
Amended Decree in United States. et al. v. Montrose Chemical

3 Corporation of California. et al., No. CV 90-3122-AAH (JRx) ,
subject to the public notice and comment requirements of 28 C.F.R.

4 § 50.7.

5

6 Date:

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

CITY OF BALDWIN PARK

:~,,:~~0.~==-==----- _
~

City Clerk

Approved As To Form:

';
By I &Lj rJ»~

Robert S. Bower, Esq.
City Attorney

97.
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1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2

3

4

5

The City of Bell HEREBY CONSENTS to the entry of the
Amended Decree in united States, et al. v. Montrose Chemical
Corporation of California, et al.. No. CV 90-3122-AAH (JRx),
sUbject to the pUblic notice and comment"requirements of 28 C.F.R.
§ 50.7.

6

7 Date: ~. 110J tq q("

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28 34633

98.

i

orney

./
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The CITY OF BELL GARDENS HEREBY CONSENTS to the entry of the Amended
Decree in United States, et al. v. Montrose Chemical Corporation of California et al" No. CV
90-3122-AAH (Jllie), subject to the public_.notice and comment quirements of28 C.F.R_ Section
50.7

Attest:

(i:§@_-
RONALD HART
City Clerk

Approved As To Form:

. ARNOLDO BELTRAN
ity Attornev

99.

RB-AR12789



(
,
\

LAX2: 168290.1

FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The city of Bellflower HEREBY CONSENTS to the entry of
the Amended Decree in united States. et al. v. Montrose Chemical
Corooration of California. et al., No. cv 90-3~22-AAH (JRx),
sUbject to the public notice and comment requirements of 28 C.F.R.
S 50.7.

-

Date: November 12. 1996

Mayor

Approved As To Form:

ib#va!,«~

100.
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1 POR THE SET1LING LOCAL GOVERNMENTAL ENTITIES:

2

3 The City of Bradbury HEREBY CONSENTS to the entry of the Amended Decree in United

4 States et al. v. Montrose Chemical Corp.. et aI., U.S.D.C. No. CV 90-3122-AAH (Irx), subject to the

5 public notice and comment requirem.Jnts of28 C.P.R. § 50.7.

ATTEST:

Claudia Saldana

City Clerk

Type Name of City Clerk

C. Edward DiIkes

Richard G. Barakat

Type Name of City Attorney

Type Name ofMayor

By:

6

7 Dated: J(}-,;.q- 9£
>

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

101.
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The City of Carson HEREBY CONSENTS to the entry
of the foregoing Amended Consent Decree in the action entitled
United States of America, etal. v. Montrose Chemical Corporation
of California, et al. , C. D. Cal., No. CV 90-3l22-AAH (JRX),
subject to the public notice "and comment requirements of 28 C.F.R.
§ 50.7.

Attest:

"" --.f'< ..ILU/.~ '~"'

City Cl"erk /

APP(?) aag;' .

9608C9 10072-00005 ddp 0203184 0

102.
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1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2

3 THE CITY OF CERRITOS HEREBY CONSENTS to the entIy ofthe Amended Decree

4 in United States. et al. v. Montrose Chemical Corporation of California. et aI., No. CV 90-3122-AAH

5 (JRx), subject to the public notice and comment requirements of28 C.F.R. § 50.7.

6

7 Dated: 1&u..J,Qj;, d. \().1' ,<,), <.J, to

8

9

10

11

19

20

21

22

23

24

25

26

27

28

2712.01 OQ0029·00Qi 12116/96

Attest:

04'I!J'··./d-~
City Clerk

Approved As To Form:

n'(J- ~) SsG
City Attorney

PRINTED ON RECYCLED PAPER

103.
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1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2

3 The City of Claremont HEREBY CONSENTS to the entry of the
Amended Decree in United States, et al. v. Montrose Chemical

4 Corporation of California, et al., No. CV 90-3122-AAH (JRx),
subject to the public notice and comment requirements of 28

5 C.F.R~ § 50.7.

6

7

8

9

10

11

12

13

14

15

16

17

18

Date: September 10, 1996 City of Claremont

By

Approved As To Form:

BEST BEST & KRIEGER LLP

19

20

21

22

23

24

25

26

27

28

By

104.
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The CITY OF COMMERCE HEREBY CONSENTS to the entIY ofthe Amended Decree
in United States, et at v. Montrose Chemical Corporation of California, et aI., No. CV 90-3122
AAH (JRx), subject to the public notice and,comment requirements of28 C.F.R. Sec 'on 50.7

Date: November 6. 1996.

Attest:

Approved As To Form:

Francisco Leal
City Attorney

105,
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RCV BY:B. C. S.
2\37680886:. 2

,
\

FOR '1'HB SB'l'TLlNG LOCAL GOVERNJ!ENTAL ENTITIES:

The C1ty or compton HDEBY CONIilENTS to the entry of the
Aaended Consent Decree in the aodon entitled Unitt4

o 0
c. D. cal., No. c:v 90-3122-AAH (J1lx), SUI:ljeClt

lie notice and comment requirement. of 28 C.P.R. f 50.7.

foreqoi

to the

FOR: I
I
I

ern \)J' COJI1I7O.
I

N~-am-e--o~r~)Ublic Entity

~ GRANT. CLEGG II, clt;O:y
DA.TED: I1eJ,-S--- , 19116 •

·-··--··-r-- ._- ..- _ .. -- ..-
106.
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1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2

3 The city of Covina HEREBY CONSENTS to the entry of the
Amended Decree in united States l et al. v. Montrose Chemical

4 Corporation of California, et al. l No. CV 90-3122-AAH (JRx),
sUbject to the public notice and comment requirements of 28 C.F.R.

5 § 50.7.

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

Date:

~L)
yor .

Attest:

City Attorney

28 34633

107.
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The City of Cudahy HEREBY CONSENTS to the entry of the
foregoing Amended Consent Decree in the action entitled United
States of America, et aI, v, Montrose Chemical Corporation of
California, et aI" C, D. Cal., No, CV 90-3l22-AAH (JRx), subject
to the public notice and comment requirements of 2S C.F.R. § 50.7.

DATED: September 3,

19~bcJM.rn
David M. Silva

Mayor

Attest:

--+-I'll .
./. j;':'''__ .) \ .--,~ _>J l- - .... ''- ...... - .... '----,

Jack M. Joseph
City Clerk

Approved as to Form:

-=:::::::::
.~.

MIEhael C, Celanfuono
City Attorney

lOS.
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1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2

3

4 The City of Culver City HEREBY CONSENTS to the entry of the
Amended Consent Decree in United States, et al. 'v. Montrose

5 Chemical Corporation of California, et al., No. CV 90-3122-AAH
(JRx), subject to the public notice and comment requirements of 28

6 C.F.R. §50.7.

7

8 DATED: ~s.. .....1M 1~1 1"A.('
9

10

~J~-?7.G==~·By:
Ml\.YOR, EDWARD WOL~Z

By: Z1·4.~ <

CIT[ ATTORNEy~1f::;RMAN~"="'Y:;-.-"'HE=RR=I"'N~G

11

12

13 DATED:

14

15

16

17

18
DATED:

19

20

21

22

23

24

25

26

27

28

Attest:

By:
CITY CLERK, TOM CRUNK

by Ela Valladares, Deputy City

Approved As To Form:

Clerk

109.
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The City of Diamond Bar HEREBY CONSENTS to the entry of
the foregoing Amended Consent Decree in the action entitled united
States of America, et al. v. Montrose Chemical Corporation of
California, et al. , C. D. Cal., No. CV 90-3122-AAH (JRx), sUbject
to the public notice and co~ment requirements of 28 C.F.R. § 50.7.

DATED: August 20, 1996.

2~~G--= r ~p~~
Eileen Ansari

Mayor

Attest:

~~Lynd,?- Bu:!:"gess
C.L"C.jl Cle>:>J(

110.
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,
I,

FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The City of Downey HEREBY CONSENTS to the entry of the
Amended Decree in United States. et al. v. Montrose Chemical
Corporation of California. et al., No. CV 90-3122-AAH (JRx) ,
subject to the pUblic notice and comment requirements of 28
C.F.R. § 50.7.

Attest:

CITY OF DOWNEY

~AlI~~
Timothy B. McOsker

(/,f,Udith E. McDonnell, City Clerk

111.

Date: _~ 1-) ('1'1&

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

LAX2:168324.1

RB-AR12801



CITY OF DUARTE

( (
1 FOR THE SETT15NG LOCAL GOVERNMENTAL ENTfrlES:

2

3

4
The CITY OF DUARTE HEREBY CONSENTS to the entry of the Amended Decree in

5 United States, et al. Montrose Chemical Corporation of Califomia, et aI., No. CV 90-3122-AAH

6 (Jllie), subject to the public notice and comment requirements of28 C.F,P. Section 50.7.

7

r O
•

"

--

Approved As To Form:

MARLA AKANA, City Clerk

E. CLARKE MOSELEY,CitYAttOfI1e

PIllLI1P R. REYES, May

.~/

Attest:

8
[cb~'iCrDate:

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

I 25
j
I 26

f 27
I

I 28

~I

112.
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2

3 The City ofE! Monte HEREBY CONSENTS to the entry of the Amended Decree
in United States. et al. v. Montrose Chemical Corporation of California. et a!., No. CV 90-3122

4 AAH (Jrx), subject to the public notice and comment requirements of28 C.F.R. § 50.7.

5

6

7

8 Date: I-J?r'1l

9

10

11

12

13

14

15
Approved As To Form:

16

17

~via~k18
City Attorney

19

20

21

~~

CITY OF EL MONTE

By61t-~d&~~
Patricia A. Wallach
Mayor

Attest:

BY*~~0!c::.~L1f:';:+~I;'=<===---
egory D. Kor uner

. y Administrator

24

25

26

27

28

113.
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1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2

3 The City of EI Segundo HEREBY CONSENTS to the entry of
the Amended Decree in united States. et al. v. Montrose Chemical

4 Cornoration of California. et al., No. CV 90-3122-AAH (JRx),
sUbject to the pUblic notice and comment requirements of 28 C.F.R.

5 § 50.7.

6

7

8

9

10

11

Date: December 11, 1996

Attest:

12

13

14
City Clerk

15

16

17

18

19

20

21

22

23

24

25

26

27

28

114.

Approved As To Form:

Hensley,

RB-AR12804



1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2

3 The City of Gardena HEREBY CONSENTS to the entry of the Amended Decree in United

4 States et aI. v. Montrose Chemical Com.. et aI., U.S.D.C. No. CV 90-3122-AAH (Jrx), subject to the

5 public notice and comment requirem~mts of28 C.F.R. § 50.7.

I; 6

7 Dated: SEP 1 0 1:.:9;;:

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

BY:~.y~ea1.-
Mayor

Donald L. Dear

Type Name ofMayor

ATTEST:

. erk,

May Y. Doi
Type Name of City Clerk

Lisa E. Kranitz

Type Name of City Attorney

115.
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The The City of Glendora HEREBY CONSENTS to the entry
of the Amended Decree in united States, et al. v. Montrose
Chemical corporation of California, et al., No. CV 90-3122-AAH
(JRX) , subject to the pUblic notice and comment requirements of
28 C.F.R. § 50.7.

CITY OF GLENDORA, a Municipal
corporation

[City Clerk/Secretary]

Attest:

Approved As To Form:

116.

9/18/%Date:

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

LAX2: 16~63.1
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1 The City of Hawaiian Gardens HEREBY CONSENTS to the entry of

2 the Amended Decree in United States, et al. v. Montrose Chemical

3 Corporation of California, et al., No. CV 90-3122-AAAH (JRx) ,

4 subject to the public notice and comment requires of 28 C.F. R. §

5 50.7.

6

7 #""/7:'":- /-t/ , 1996
/

8

9

10

11

12

13

14

15

16 LAl.OO73157.01

17

18

19

20

21

22

23

24

25

26

27

28

~~~~~~'
Domenic Ruggeri, City Clerk

Julia E. Sylva, City At~orney

117.
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The City of Hawthorne HEREBY CONSENTS to the entry of the
Amended Decree in United States, et al • v. Montrose Chemical
corporation of California, et al., No. CV 90-3122-AAH (JRx),
subject to the public notice and comment requirements of 28 C.F.R.
§50.7. .

Date: -'~=!=-r-MpMJ-=--..wci'4&'+'.LlCA"-"=0_u I

. ATTEST:

city Clerk

~==--='!2'e:==--
LARRY M. GUIDI, MAYOR
City of Hawthorne, California

APPROVED AS TO FORM:

118.
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The City of Hermosa Beach HEREBY CONSENTS to the entry of
the foregoing Amended Consent Decree in the action entitled united
States of America. et al. v. Montrose Chemical Corporation of
California. et al .. C. D. Ca~., No. CV 90-3122-AAH (JRx) , sUbject
to the pUblic notice and comment requirements of 28 C.F.R. § 50.7.

DATED: August 13, 1996.

Attest:

~t<-".)~
Ela1rleDerfVng

City Clerk

119.
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( (

Type Name ofMayor

Type Name of City Attorney

Type Name of City Clerk

Thomas E. Jackson

Steven N. Skolnik

Marilyn A. Boyette

APPROVED AS TO FORM:

7 Dated: September 3, 1996

1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2

3 The City of Huntington Park HEREBY CONSENTS to the entry of the Amended Decree in

4 United States et aI. v. Montrose Chemical Corp. et aI., U.S.D.C. No. CV 90-3122-AAH (Irx), subject

5 to the public notice and comment re~uirements of28 C.F.R. § 50.7.

--~
6

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

120.
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/,
I (

FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2

3 The City of Industry HEREBY CONSENTS to the entry of the Amended Decree in United
States, et aI.. vs. Montrose Chemical Corporation of California, et al .. No. CV 9O-3I22-AAH (JRx).

4 subject to the public notice and comment requirements of 28 C.F.R. § 50.7.

5

£5/ I ~ I ~(p -
6 Date: , !

7

8

9

10

II

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

City Clerk

Approved As To Form:

121.
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1 The CITY OF INGLEWOOD HEREBY CONSENTS to the entry of the Amended

2 Decree in United States et al. v. Montrose Chemical Corooration of California.

3 et al., No. CV 90-3122-AAH (JRx). subject to the public notice and comment

4 requirements of 28 C.F.R. § 50.7.

10 :;;zr:/q/// .
11 C ~/.(lt;;z{:l tzJfz."J-O

City Clerk

5

6

7

8

9

DATE: September 10 , 1996

ifyor

/
\

12

13 ~~O
14 City Attorney
15

16

17

18

19

20

21

22

23

24

25

26

27

28

122.
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AND RELATED COUNTER, CROSS
AND THIRD PARTY ACTIONS.

UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

Plaintiffs,

Defendants.

v.

)
)
)
)
)
)
)

MONTROSE CHEMICAL CORPORATION )
OF CALIFORNIA, et al., - )

)
)

--------------)
)
)
)

--------------)

9

8

2

1

7

3

5

6

4

10

11

12

13

14

15

16

FOR CITY OF IRWINDALE, A Municipal Corporation:

WE HEREBY CONSENT to the entry of the Amended Consent Decree

in United States. et al. v. Montrose Chemical Corporation of

California. et aJ , No. CV 90-3122-AAH(JRx), subject to the public

notice and comment requirements of 28 C.F.R. §50.7.

17
Date: September 2, 1996

18

19.
By:

20

24 APPROVED AS TO FORM

iClerk
By:

21

23

22

25

26

27

28

By:
Andrew V. Arczynski
City Attorney
City of Irwindale

N \ WORK \AMENDCON

123.
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(
'~--

FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The City of La Habra Heights HEREBY CONSENTS to the entry
of the foregoing Amended Consent Decree in the action entitled
United States of America, et al. v. Montrose Chemical Corporation
of California, et al. , C. D. Cal., No. CV 90-3122-AAH (JRx) ,
subject to the public notice'and comment requirements of 28 C,F.R.
§ 50.7.

DATED: August 8, 1996.

Mayor

Attest:

'i2L~
Leslie L. Doolittle

City Clerk

Approved as to Form:

-----/7M1'"a~'uono
~ City Attorney

124,

RB-AR12814



(

AND RELATED COUNTER, CROSS
AND THIRD PARTY ACTIONS.

UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

Plaintiffs,

Defendants.

v.

)
)
)
)
)
)
)

MONTROSE CHEMICAL CORPORATION )
OF CALIFORNIA, et al., -)

)
)

-------------)
)
)
)

--------------)

9

8

2

1

7

3

5

6

4

10

11

12

13

14

15

16

FOR CITY OF LA MIRADA, A Municipal Corporation:

WE HEREBY CONSENT to the entry of the Amended Consent Decree

in United States, et al. v. Montrose Chemical Corporation of

California, et al., No. CV 90-3122-AAH(JRx), subject to the public

notice and comment requirements of 28 C.F.R. §50.7.

17

18

19

20

Date:

By:

ATTEST:

21

Andrew V. Arczyn
Assistant City Attorney
City of La Mirada

By:

22 By:

27

28

25

26

23

24 APPROVED AS TO FORM

tJ '. WORY.\;t.MENDCON

125.
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The City of La Puente HEREBYCONSENTS to the entry of the foregoing
Amended Consent Decree in the action entitled United States of America. et al. v. Montrose
Chemical Corporation of California. et al.. C. D. Cal., No. CV 90-3 I22-AAH (JRx), subject to
the public notice and comment requirements of28 C.F.R. § 50.7.

Dated September 24, 1996.

Attest:
../1

/Ii,~_
" Ity

City Att ey

Approved as to Form:

~!~L

126.
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(

'.. -- '""; -- . -.

1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2

.1
I

Type Name ofMayor

./ City Attorney

APPROVED AS TO FOR1vI:

/, ., /
U~ /.;.r J'((-<<-

Type Name of City Clerk
N. Kathleen Harnm

Robert L. Kress
Type Name of City Attorney

ATTEST:

3 The City of La Verne HEREBY CONSENTS to the entry of the Amended Decree in United

4 States et at v. Montrose Chemical Com.. et aI., U.S.D.C. No. CV 90-3122-AAH (Jrx), subject to the

5 public notice and comment requiremJnts of28 C.F.R. § 50.7.

6

7 Dated: fi- 3 -3'6
8

9

10

11

12

13

14

15

16

17

18

19 •

20

21

22

23

24

25

26

27

28

127.
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1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2

3

4

5

6

The CITY OF LAKEWOOD hereby consents to the entry of the Amended Decree in United

States, et at v. Montrose Chemical COIlloration of California, et aI., No. CV 90-3122-AAH (Jrx),

subject to the public notice and comment requirements of28 C.F.R. .Section 50,7.

7 DATED: August 27, 1996

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

128.

Approved As To Form:

~ ~l~(obll SanfOrddd:City Attorney

RB-AR12818
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1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2 The CITY OF LAWNDALE HEREBY CONSENTS to the entry of the
Amended Decree in United States, et al. v. Montrose Chemical

3 Corporation of California, et al., No. CV 90-3122-AAH (JRx),
subject to the public notice and comment requirements of 28 C.F.R.

4 § 50.7.

/ /

By iZ!a-<--e-e..tl;t-k·bndA1./V-
Harold Hofmann

Mayor V

5

6 Date:

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

CITY OF LAWNDALE

Attest:

Approved As To Form:

BY&~~~~,
City Attorney /<ViJ

129.

Esq.

RB-AR12819



FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The City of Lomita HEREBY CONSENTS to the entry of
the Amended Decree in united States. et al. v. Montrose Chemical
Corporation of California. et al., No. CV 90-3122-AAH (JRx),
sUbject to the pUblic notice and comment requirements of 28 C.F.R.
§ 50.7.

lA..X2: 168246.1

Date: November 8, 1996

Attest:

Approved As ~o Form:

130.

RB-AR12820
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The City of Lynwood HEREBY CONSENTS to the entry of the
foregoing Amended Consent Decree in the action entitled united
States of America, et al. v. Montrose Chemical Corporation of
California, et al., C.D. Cal., No. CV 90-90-3122-AAH (JRx) ,
sUbject to the pUblic notice and comment requirements of 28
C.F.R. §50.7.

DATED:

- Mayor

Attest:

Approved as to Form:

City Attorney

131.

RB-AR12821
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1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2 The City of Manhattan Beach HEREBY CONSENTS to the entry

3 of the Amended Decree in United States, et al. V. Montrose Chemical

4 Corp., et al., U.S.D.C. No. CV 90-3122-AAH(JRx), subject to the

5 public notice and comment~equirementsof 28 C.F.R. § 50.7.

6

7 Dated: September 24. 1996

8

9

10

11

12

13[
14 i

I
I

15 .!
16 :

I
!

17:
18

19

20·

!
21 .

22 !i
I'23

24

251

I
261

)
I

28i'
ii:
I

Mayor

STEVE BARNES
Type Name of Mayor

ATTEST:

City Clerk

Win Underhill
Type Name of City Clerk

Robert V. Wadden, Jr.
Type Name of City Attorney

132.
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1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITlES:

2

3 The City of Maywood HEREBY CONSENTS to the entry of the Amended Decree in United

4 States et aI. v. Montrose Chemical Com. et aI., U.S.D.C. No. CV 0-3122-AAH (Jrx), subject to the

5 public notice and comment requirements of28 C.F.R. § 5 .7.

Type Name ofMayor Pro-Tern

6

7 Dated: 08-27-96

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Thomas Martin

Samuel A. Pena
Type Name of City Clerk

APPRO

ity Attorney

Cary Reisman

133.

>

RB-AR12823
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

~~~Robert T. Bartle~

Atte~ / ~
. I.' /~_/ ... j

! L.../. ,./- I / ;f'./'
i ..../-L-o.~ ...,l., /~ ./: ... ...../7.../ ('!It
Linda B. Proctor, City Clerk

/

~/,k y/ /.:,:'; -;DATED:

The City of Monrovia, California HEREBY CONSENTS to the
entry of the foregoing Amended Consent Decree in the action .
entitled United States of America, et al. v. Montrose Chemical
Corporation of California. et al., C. D. Cal., No. CV 90-3122-AAH
(JRx) , subject to the public notice and comment requirements of
28 C.F.R. § 50.7.

Approved as to Form:

Michele Beal Bagneri ,
City Attorney

134.
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The [local governmental entity] HEREBY CONSENTS to
the entry of the Amended Decree in united States, et al. v.
Montrose Chemical Corporation of California, et al., No. CV 90
3~22-AAH (JRx) , sUbject to the pUblic notice and comment
requirements of 28 C.F.R. § 50.7.

Date:
September 10, 1996 City of Montebello

By~~$~
[MaYQr}Cha:irpeon]

Attest:

Approved As To Form:

~·ll)L~/,-r·(l~
[City Attorney/General Counsel]

RB-AR12825
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I FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2

3 THE CITY OF MONTEREY PARK HEREBY CONSENTS to the entry of the

4 Amended Decree in United States. et al. v. Montrose Chemical Corporation of California. et aI.,

5 No. CV 90-3122-AAH (JRx), subjeft to the public notice and comment requirements of28 C.F.R.

6 § 50.7..

7

8

9

10

II

20

21

22

23

24

25

26

27

28

::!7ll.0 1 000029-000"7 12!16/96

THE CITY OF MONTEREY PARK

Attest:

dJ/h/Jdd1#tl
City Clerk

Approved As To Form:

City Attorney

PRINTED ON RECYCLED. PAPER.

136.
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(

FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The City of NORWALK HEREBY CONSENTS to the entry
of the foregoing Amended Consent Decree in the action entitled
United States of America. et al. v.'Montrose Chemical Corporation
of california. et al.. C. D. Cal., No. CV 90-3122-AAH (JRx),
subject to the public notice and comment requirements of 28 C.F.R.
§ 50.7.

DATED: SEPTEMBER 17,__________}" 1996.

Attest:

,
:'.~. L'<'~: ~ ......... ' /-,:,..~ 'J t ,'.'/-:t." (

CiA:y Clerk

Approved as to Form:

/ik ~;,9.'i1#y

137.
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1 FOR THE SETTLING LOCAL GOVERm1ENTAL ENTITIES:

·2
The city of Palos Verdes Estates hereby consents to the entry

3
of the Amended Decree in united States, et al. v. Montrose

4
Chemical Corporation of California, et al., No. CV 90-3122-AAH

5
(JRx) , sUbject to the pu,blic notice and comment requirements of 28

6
C.F.R. § 50.7.

7

8

9

10

11

12

Date: september

ATTEST:

17--, 1996 CITY OF PALOS VERDES ESTATES

13

14

15

16

17
APPROVED AS TO FORM:

18

19

20

21

22

23

24

25

26

27

28

KAHY" BALLMER
& HflOOWl

. ;'~

Scher, city Attorney

138.
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1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2

3 The City of Paramount HEREBY CONSENTS to the entry of the Amended Decree

4 in United States. et al. v. Montrose Chemical Corporation of California, et aI., No, CV 90-

S 3122-AAH (JRx), subject to the p~blic notice and comment requirements of 28 C,F,R. §

6 50,7,

7

8

9

10

11

12

13

14

~5

16

17

18

19

20

21

22

23

24

25

26

27

28 G:IADMINIMISCILBL\28CFR.WPD

139,

Manuel Guillen, Mayor

Attest:

. U
Kathie Mendoza, City Clerk

Approved As To Form:

Maurice O'Shea, City Attorney

RB-AR12829
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The City of Pasadena HEREBY CONSENTS to the entry of the
Amended Decree in United States, et al. v. Montrose Chemical
Corporation of California, et al., No. CV 90-3122-AAH (JRx) ,
sUbject to the pUblic notice and comment requirements of 28
C.F.R. § 50.7.

Date: By:

Attest:

Ji'Vne
,.city

Approved As To Form:

&y;;;L
Assistant city Attorney

u$A/Con::.en,
:lee ree ..25520

140.
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1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2

3 The City of pico Rivera HEREBY CONSENTS to the entry of the Amended

4 Decree in United States, et al v. Montrose Chemical Corporation of

5 California, et al., No. CV 90-3122-AAH (JRX), sUbject to the pUblic

6 notice and comment requirements of 28 C.F.R. §50.7.

prlit\potlach.con

CITY OF PICO RIVERA

~av1~3-
APPROVED AS TO FORM:

S~t N~ls, City Attorney

ATTEST:

8

7

9

10

11

1211~kd-~~~~~~~c-.,----
Chris Schaefer,

13

14

15

16

17

18

19

20

21
22

23

24

25

26

27

28

141.

RB-AR12831



(

1 The CITY OF POMONA HEREBY CONSENTS to the Amended Decree in United
States. et at v. Montrose Chemical Corporation of California. et al., No. CV 90-3122-AAH

2 (Jrx), subjet to the public notice and comment requirements of28 C.F.R. § 50.7.

3

4 DATE: SEPTEMBER 16, 1996

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

24

26

27

28

142.

CITY OF POMONA

~~Mayor

~:- ;jU
Io'IHVILL~

City Clerk

Approved As To Form:

~~t&z~
City Attorney
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The City ofRancho PalosVerdesHEREBY CONSENTS to the entry
of the foregoing Amended Consent Decree in the action entitled
united States of America. et al, v. Montrose Chemical Corporation
of California. et al.. C. D. Cal.. No. CV 90-3122-AAH (JRx),
subject to the public notice and comment requirements of 28 C.F.R.
§ 50.7. _

DATED: _ --=";.:'e",p:..;t:..;e::.:;m",b:..;e::.;l::..;-....::.;3 , 1996 •

I ,

/
Mayor

Attest:

City Clerk
,-

Approved as to Form:

City"'Attorney

143.
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1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2

3 The City ofRedondo Beach HEREBY CONSENTS to the entry ofthe Amended Decree

4 in United States. et al. v. Montrose Chemical Cor:poration of California. et al., No. CV 90-3122

5 AAH (Jllie), subject to the public notice and comment requirements of28 C.F.R. § 50.7.

6

7 Date: September 3, 1996

8

9

10

II

12

13

14

IS

16

17

18

19

20

21

22

24

25

26

27

28

-'. 17() ~/ i.J< I (-;/,./. ...2". LV . /c. ,
LWM. BRAD PARTON, MAYOR

test:

Approved as to Form:

144.
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The City of Rolling Hills HEREBY CONSENTS to the entry of
the foregoing Amended Consent Decree in the action entitled united
states of America. et al. v. Montrose Chemical Corporation of
California. et al., C. D. Cal., No. CV 90-3122-AAH (JRx) , subject
to the pUblic notice and comment requirements of 28 C.F.R. § 50.7.

DATED: August 26, 1996.

~~~E~M~
Mayor

Attest:

r Craig Nealis
City Clerk

145.
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1 FOR SETTLING LOCAL GOVERNMENTAL ENTITIES:

2

3 The CITY OF ROLLING HILLS ESTATES HEREBY CONSENTS to the

4 entry of the Amended Decree in united States, et al. v. Montrose

5 Chemical corporation of california, et al., No. CV 90-3122-AAH

6 (JRx) , sUbject to the pUblic notice and comment requirements of

7 28 C.F.R. § 50.7.

"c...?

."Ll<'I~bILLS ES"'''''''''''S

Approved As To Form:

~~t~
City Attorney:)

Attest:

September if, 1996

8

9 Dated:

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

146.
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1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITlES:

2

3 The City ofRosemead HEREBY CONSENTS to the entry of the Amended Decree in United

4 States et a!. v. Montrose Chemical Corp.. et a!., U.S.D.C. No. CV 90-3122-AAH (Irx), subject to the

5 public notice and comment requirem.ents of28 C.F.R. § 50.7.

6

7 Dated: t2--.J1-~.;2) / 6':/£

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

By:m~~MaYor

ype Name ofMayor

ATTEST:

Nancy Valderrama
Type Name of City Clerk

APPROVED AS TO FORM:

Robert L. Kress

Type Name of City Attorney

147.
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1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITlES:

2

3 THE CITY OF SAN DIMAS HEREBY CONSENTS to the entry of the Amended

4 Decree in United States, et aI. v. Montrose Chemical Corporation ofCa1iforrua. et aI., No, CV 90-3122

5 AAH (JRx), subject to the public no.pce 'and comment requirements of28 C,F,R, § 50.7.

6

7 Dated:

8

9

10

11

3 5 l1i 12_~ V"\ ~

ffi :"7'z .-;::;::::
13o :::Ie

t'.: cn ez ~C\ S2< ::;I t':l::::;
14U C·CN

~ ~ ,
<;j ..;:~&;

== 'C 15""'::I~-

SLJ...-,
;:.:: .-

Z OIllN
~-

'"
-= <:; 16"= er,

. c.2zu:
"- 17~ g~

a ~,-

18

19

20

21

22

23.

24

25

26

27

28

THE CITY OF SAN DIMAS

Attest:

Approved As To Form:

t/uJ- (;j,~
City Attorney

2712.01 000029·0007 12.'16/96 PRINTED ON RECYCLEP PAPE~
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1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2

3 The City of San Gabriel HEREBY CONSENTS to the entry of the Amended Decree in United

4 States et ai. v. Montrose Chemical Corp. et aI., U.S.D.C. No. CV 90-3122-AAH (Jrx), subject to the

5 public notice and comment requirements of28 C.F.R. § 50.7.

6

7 Dated:

8

9

10

11

12

13

14

15

16

17

18

1Q-- II
20

21

22

23

24

25

26

27

28

BYYMy~Mayor

Mary Cammarano, I.layor
Type Name of Mayor

ATTEST:

~~Cltyer

Cynthia Bookter, City Clerk
Type Name of City Clerk

~RM
City Attorney

Robert L. Kress
Type Name of City Attorney

149.
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The City of ';&N Ii1 flli-IIJe' HEREBY CONSENTS to the entry
of the foregoing Amended Consent Decree in the action entitled
United States of America. et al. v. Montrose Chemical Corporation
of California. et al .. C. D. Cal., No. CV 90-3122-AAH (JRx) ,
subject to the public notic~ and comment requirements of 28 C.F.R.
§ 50.7.

DATED: 'SfP7fr::I!Sic i", , 1996.

Mayor

Attest:

City Clerk

Approved as to Form:

/(!(/L-( =. Q",v..Yt7C

150.
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1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2

3 The City of Santa Fe Springs HEREBY CONSENTS to the entry of the Amended Decree in

4 United States et aI. v. Montrose Chemical Corp. et aI., U.S.D.C. No. CV 90-3122-AAH (Jrx), subject
-

5 to the public notice and comment requirements of28 C.F.R. § 50.7.
./

CitY Clerk

ATTEST:

~~-

Steven N. Skolnik

Type Name of City Attorney

APPROVED AS TO FORM:

Type Name of City Clerk

Type Name ofMayor

City Attorney

Marilyn Jannak

George Minnehan

L/
By.·----':....,"";"'..' ..-'-~....,7.""./r"--",",,'7"".::-=-::4-4 -=--_-=-_----=-~,..· ......lCf-·7 -< .. ~" '( ..

• ) , Mayor

6

7 Dated: 9-12-96

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

151.
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1 FOR THE SETTLING LOCAL GOVERNMENT ENTITIES:

2
The City of Sierra Madre HEREBY CONSENTS to the entry of the Amended Decree in

3 United States et al V Montrose Chemical Corporation of Califomia et ai, No. CV 90-3122
AAH (Jrx), subject to the public notice and comment requirements of28 C.F.R. § 50.7.

City Attorney

Attest:

Approved As To Form:
)

BY:·-,L---=_..,L.~~.L:::3:::::::~~='~==-
M or

lerra Madre,

4

5
Date:

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

152,
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l FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:·

2 The CITY OF SIGNAL HILL HEREBY CONSENTS to the entry of the
Amended Decree in United States. et al. v. Montrose Chemical

3 Corporation of California. et al., No. CV 90-3l22-AAH (JRx),
subject to the public notice and comment requirements of 28 C.F.R.

4 § 50.7.

5

6

7

8

9

lO

II

l2

l3

l4

l5

l6

l7

l8

19

20

2l

22

23

24

25

26

27

28

Date: CITY OF SIGNAL HILL

Approved As To Form:

r ,
By / \-...;;.~,.- ,; p '\. .' ....... J..-

David J. Aleshire, Esq.
City Attorney

l53.
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

(

The City of South El Monte HEREBY CONSENTS to the entry of the
forgoing Amended Consent Decree in the action entitled United States of
America. et all v. Montrose Chemical Corporation of California. et al, C. D.
Cal., No. CV 90-3122-AAH (JRx), suhject to the puhlic notice and comment
requirements of 28 C.F.R. § 50.7.

DATED: August 13, 1996

Vice Mayor

Approved as to Form:

2<7. ~"1JJ I '/./.~
C Y Attorney

154.
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The city of south Gate HEREBY CONSENTS to the entry
of the foregoing Amended Consent Decree in the action entitled
united states of America. et al. v. Montrose Chemical Corporation
of California. et al.. C. D. Cal., No. CV 90-3122-AAH (JRx),
subject to the public notice and comment requirements of 28 C.F.R.
§ 50.7.

DATED: SEPTEMBER "to,__________, 1996.

, Mayor
/

Attest: J

! -e/ ~:' . I .'~/ il: -- --+-Cit rk .

155.
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITlES:

The CITY OF SOUTH PASADENA HEREBY CONSENTS to the entry of the
Amended Decree in United States, et. al. v. Montrose Chemical Corporation of California,
et. aI., No. CV 90-3 122-AAH (Jrx), subject to the public notice and comment requirements
of28 C.F.R. Section 50.7

Date: November 6 1996

Approved As To Form:

,

v .-:,'--~c-?~ ./J/
Francisco Leal
Interim City Attorney

By~ ...~ :!?"eif11t<\~ <I -

Dorothy . Cohen .
Mayor

Attest:

~A.~!J Jeannine A. Gregory
City Clerk

156.
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1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2
The City of Temple City HEREBY CONSENTS to the entry of the

'3 lImended Decree in United States. et al. v. Montrose Chemical
Corporation of California. et al., No. CV 90-3122-AAH (JRx),

4 subject to the public notice and comment requirements of 28 C.F.R.
§ 50.7.

5

6 Date:

7

8

9

10

September 3. 1996 City of Temple city

By (JatAi~
Mayor

Attest:

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Approved As to Form:

157,
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1

2

(
FOR THE SETTLING LOCAL GOVERNMENTAL

(~ --

ENTITIES:

The CITY OF TORRANCE HEREBY CONSENTS to the entry of the
3 Amended Decree in united States, et al. v. Montrose Chemical

Corporation of California. et al., No. CV 90-3122-AAH (JRx),.
4 sUbject to the pUblic notice and comment requirements of 28 C.F.R.

§ 50.7.
5

6
Date:

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

By: I~ eJ1(./?~
The Honorable Dee Hardison
Mayor

Attest:

Approved As To Form:

John L. Fellows Itt:
City Attorney

158.
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1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2

3 The CITY OF VERNON HEREBY CONSENTS to the entry of the
Amended Decree in United States. et al. v. Montrose Chemical

4 corporation of California. et al., No. CV 90-3122-AAH (JRX) ,
subject to the pUblic notice and comment requirements of 28 C.F.R.

5 § 50.7. .

6

7

8

9

Date: l I",
/ / I " CITY OF VERNON

:LO

11

Attest:

//;("
12

13

BRUCE V. MALKENHORST, City Clerk

Approved As To Form:

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

lAX2: 16046 1 159.

DAVID B. BREARLEY, cit

, /
/

Attorney
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(
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I The City of Walnut HEREBY CONSENTS to the entry of the Amended Decree

2 in United States. et al v. Montrose Chemical Corporation of

3 California. et al., No. CV 90-3122-AAH (JRX), sUbject to the pUblic

4 notice and comment requirements of 28 C.F.R. S50.7.

5 CITY OF WALNUT

6

7

APPROVED AS TO FORM:

160.
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1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2 The CITY OF WEST COVINA HEREBY CONSENTS to the entry of the
Amended Decree in United States. et al. v. Montrose Chemical

3 Corporation of California. et al., No. CV 90-3122-AAH (JRx) ,
subject to the public notice and comment requirements of 28 C.F.R.

4 § 50.7.

5

6 Date: .' .,

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

CITY OF WEST COVINA

~f1~ I /' < .B/\\\, \, [~.A;'-'CL-,--.L (~~./ I.-L"_.\

Mic1).ael R. Touhey \
Mayor

Attest:

/ /.
,/ /'"BYco-~.,--=-__~ _

Janet Berry
City Clerk

Approved As To Form:

'.By .. ; , ,< ' . . ; '.. I \_

Elizabeth Hanna Dixon, Esq.
City Attorney

161 ..
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1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:,
2

3

4

5

City of Whittier .
The [local governmental entltYl HEREBY CONSENTS to

the entry of the Amended Decree in United States. et al. v.
Montrose Chemical Corporation of California. et al., No. CV 90
3122-AAH (JRx) , sUbject to the pUblic notice and comment
requirements of 28 C.F.R. § 50.7.

( 6

7

8

9

·10

11

12

13

14

Date:
11/12/96

irperson]

Attest:

[Cuty clerkjSecretary]
/

15
I
I

161i
I

171
I

18
1

( 19

20·

21

22

23

24

25

26

27

28

L·\X~: 16o.t63.1

Approved As To Form:

162.
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FOR THE SETTLING LOCAL GOVERNMENT ENTITIES:

The City of Agoura Hills HEREBY CONSENTS to the entry
of the foregoing Amended Consent Decree in the action entitled
united States of America. et al. v. Montrose Chemical Corporation
of California. et al., C. D. Cal., No. CV 90-3122-AAH (JRx),
subject to the pUblic notice and comment requirements of 28
C.F.R. § 50.7.

DATED: August 19{ 1996

Attest:

Approved as to Form:

Grego
City

163.
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The City of Avalon HEREBY CONSENTS to the entry of the
foregoing Amended Consent Decree in the action entitled united
States of America, et al. v. Montrose Chemical corporation of
California, et al., C. D. Ca+., No. CV 90-3122-AAH (JRx), sUbject
to the public notice and comment requirements of 28 C.F.R. § 50.7.

DATED: l>ur:.II1Pe..r 7 , 199

--

Attest:

City

)
I

Approved as to Form:

«~t~

164.
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The City of Beverly Hills HEREBY CONSENTS to the entry of
the foregoing Amended Consent Decree in the action entitled united
States of America, et al. v. Montrose Chemical Corporation of
California. et al., C. D. CaJ., No. CV 90-3122-AAH (JRx), subject
to the pUblic n~~a~d comment requirements of 28 C.F.R. § 50.7.

OATED~;~ 'ur _.__
~

~~~ ~ .".
~~~

Approved as to Form:

0 tney

165.
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1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2 The CITY OF BURBANK HEREBY CONSENTS to the entry of the
Amended Decree in United States. et al. v. Montrose Chemical

3 Corporation of California. et al., No. CV 90-3122-AAH (JRx),
subject to the public notice and comment requirements of 28

4 C.F.R. §50.7.

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Date:

166.

CITY OF BURBANK

c J/~ - I" .
B . 'ytt, cJ_'ll,--

y -=,"::;-'--,-:.-~~,.,-----,.---
William D. Wiggins
Mayor

Attest:

By )n }11 oI~",-,
Margaret M. Lauerman
City Clerk/,

AP[,ovf f:b'o' o~,;
! iA /, ..

By / '/'-.//~

Car n A. Barnes
As istant City Attorney

i .
i ;: .:

f .I;;
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',.

167.

Attest:

City Clerk

Approved As To Form:

FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

Date:

The City of Glendale HEREBY CONSENTS to the
entry of the Amended Decree in united States, et al. v. Montrose
Chemical corporation of California, et al., No. CV 90-3122-AAH
(JRx), sUbject to the public notice and comment requirements of
28 C.F.R. § 50.7.

-

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

LAX2:I71288.1
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The City of Hidden Hills hereby consents to the entry of
the foregoing Amended Consent Decree in the action entitled United
States of America, et a 1, v. Montrose Chemical Corporation of
California, et al. , C. D. Cal" No, CV 90-3122-AAH (JRx) , subject
to the public notice and com~ent requirements of 28 C,F.R. § 50,7 .

DATED: .' ,
_--,f{,---~,---", , 1996.

Mont
Mayor

Attest:

Approved as to Form:

(h.-t -L,/ .j
Amanda F. Susskind
City Attorney

168.
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1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2

3 THE CITY OF LA CANADA FLlNTR1DGE HEREBY CONSENTS to the entry ofthe

4 Amended Decree in United States. et al. v. Montrose Chemical Corporation of California. et aI.,

5 No. CV 90-3122-AAH Ollie), subje.pt to the public notice and comment requirements of 28 C.F.R.

6 § 50.7.

7

I",' I ...... f ..11/8 Dated: fy"L....-'r:I'- <'-"" .,1, <:.-

9

10

11

19

20

21

22

23

24

25

26

27

28

2712.01 000029-0007 12116/96

THE CITY OF LA CANADA FLINTRIDGE

Attest:

City Clerk

Approved As To Form:

City Attorney

PRINTED ON RECYCLED PAPER

169.
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The City of Palmdale HEREBY CONSENTS to the entry
of the foregoing Amended Consent Decree in the action entitled
United States of America. et al. v. Montrose Chemical Corporation
of California. et al" C. D. Cal., No. CV 90-3122-AAH (JRx),
subject to the public notice and comment requirements of 28 C.F.R.
§ 50.7.

, 1996.

~MtyeMayor

Atte!

£7trw 2f!llmba"~
City Clerk

DATED:

Approved as to Form:

City' Attorney
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1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2 The CITY OF SAN FERNANDO HEREBY CONSENTS to the entry of the
Amended Decree in United States. et al. v. Montrose Chemical

3 Corporation of California. et al., No. CV 90-3122-AAH (JRx),.
subject to the pUblic notice and comment requirements of 28 C.F.R.

4 § 50.7.

CITY OF

5

6 Date:

7

8

9

10

11

12

'13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

SAN FERNANDO

).. (

BY:;::--~//--"):"'-··~C='=-:'\./='..:....!--_.._. _

Rosa Chacon
Mayor

Attest:

,
By G,);~'1l1JL

Wilma Miller
City·Clerk

Approved As To Form:

By 11!~::"/'/:7:.
Michael Estrada, Esq.

City Attorney
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2

3

4

5

6

7

8

9

10

II

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

LAX2:169412.1

(

FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The City of Santa Clarita HEREBY CONSENTS to the
entry of the Amended Decree in United States, et al. v. Montrose
Chemical Corporation of California. et al., No. CV 90-3l22-AAH
(JRx) , subject to the pUblic notice and comment requirements of
28 C.F.R. § 50.7.

-

Date: ,

,J 2

Attest:

Approved AS,To Form:

172.
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1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2

3 The City of Santa Monica HEREBY CONSENTS to the entry of the

4 Amended Decree in United States. et al. y. Montrose Chemical

5 Corporation of California. et al., No. CV 90-3122-AAH (JRx), sUbject

6 to the public notice and comment requirements of 28 C.F.R. § 50.7.

7

8 Date:

9

10

11

12

13

14

15

16

17

18

19

20

21

22

')'_J

24

25

26

27

28

~ '2 I l"l"\1,.. CITY OF SANTA MONICA

By: ~~NJALII
City Manager

Attest:

~~-0&u'oA
MARIA STEWART
City Clerk

Approved as to form:
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The city of West Hollywood HEREBY CONSENTS to the entry
of the foregoing Amended Consent Decree in the action entitled
united States of America, et al. v. Montrose Chemical Corporation
of California, et al. , c. _D. Cal., No. CV 90-3122-AAH (JRx) ,
sUbject to the pUblic notice and comment requirements of 28 C.F.R.
§ 50.7.

DATED: August 19, 1996.

'J Mayor·

el Jenkins
Attorney
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FOR THE SETTLING LOCAL GOVERNMENT ENTITIES:

The City of Westlake Village HEREBY CONSENTS to the entry
of the foregoing Amended Consent Decree in the action entitled
United States of America, et al v. Montrose Chemical Corporation of
California, et al., C. D. Cal., No. CV 90-3122-AAH (JRx), subject
to the public notice and comment requirements of 28 C.F.R. § 50.7.

DATED: October qy, 1996

James E. Emmons
Mayor

Attest:

Laura(Jo
City C

APP_~ to Form:

/ /!{zC(-I..«{Z- ~.
1/ Laurence S. Wiener

City Attorney
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1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2 The County ofLos Angeles, Los Angeles County Flood Control District, Southeast

3 Mosquito Abatement District, Compton Creek Mosquito Abatement District, Antelope Valley

4 Mosquito Abatement District, San Gabriel Valley Mosquito Abatement District, and Los Angeles

5 County West Vector Control District, formerly known as Los Angeles County West Mosquito

6 Abatement District, hereby consent to the entry of the Amended Consent Decree in United States,

7 et al. v. Montrose Chemical Corporation ofCalifornia. et al., No. CV 90-3 I22-AAH (JRx),

8 subject to the public notice and comment requirements of28 C.F.R. §50.7.

ATTEST:

~~~~~
EXECUTIVE OFFICER

ADOPTED
BOARD OF SUPERVISORS
COUNTY OF LOS ANGELES

. ~."
SEP 22 '9213

BOARD OF SUPERVISORS

~ CJ:i;..p..:)
MAYOR, County of Los Angeles.

20 Approved As To Form:

21 DE WITT W. CLINTON
County Counsel

9

10

11

12

13

14

15

16

17

18 Bf}M$J.f/-ii
19

22

23 BY-=i'+ii,"*,,~,..'-;..--r"""'~~-'-"=-"'--"-'

24

25

26

27

28
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1 FOR THE CITY OF LONG BEACH, CALIFORNIA:

2 WE HEREBY CONSENT to the entry of the Amended Consent Decree

3 in United States. et al. v. Montrose Chemical Corporation of

4 California, et al., No. CV 90-3122-AAH (JRx) , subject to the public

of Long Beach

0d:-
S C. HANKLA!

C'ty Manager, City8

7 DATE : _4C'--'-'~~c;.~",.Lc:.'_'...:',,-~~;.,.'_'....:._','--,__'_t'_j_,.1_,"7_'_

5 notice and comment re~jrements of 28 C.F. R. § 50.7.

6

9

10

'" 11
<D

.. <D
<:3 "E'1 12m ON
m >0

cco~co
;:I C)gog

13OC:::::
Ol

Ol
N

~..:: c·~~
u ..... rn Eo

. 0 ~.9r-- 14c:: 5;o~~
;:; ~ tiU~

~~~.g~ 15
'.~~~
UC'i!? 16.s

17

18

19

20

21

22

23

24

25

26

27

28

APPROVED AS TO FORM

) J{;'7u1~: 19 '1.1-
JOHN. ·R~.eA.LH UN, C7 Atl.rr_.Y

''-, /)~/1""/, h' 4 -'I /
/J,i / /1 H •. { "'I .• '. .;"---It· v I?, '."rC-..,m'-rm.£. ..3-_

OEJ'UTY CITY ATToaNiY

l·9919 '93' 177.
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6 Defendants.

1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

-

9

10 .FOR COUNTY OF ORANGE:

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)
)
)

l
l
l
)

l
)

l

Plaintiffs,

v.

2

3

4

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States, et al. v. Montrose Chemical Corporation of California et aI., No. CV 90-3122-

13 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

14
/"".

15 Date:_-,=':.::'",'!:",:,,-P-,-T~~ --,-/::::c':...J.!..!...I...!.q_q~·"':;..' _

16

17 BY'-rJ~~~;;:;~~~!;!::':::===-_
Chair a , Board of Supervisors

18

19

20

21

22

23

24

25

26

27

28

ATTEST: f- ~
, ( , '1','1

By 'j." vlf.L~_(_,U'-~ \ . .; ,) c.{--~y---
Clerk of the Board of Supervisors
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1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

2

3

4
v.

Plaintiffs, Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

Defendants.6

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

9

10 FOR CITY OF ANAHEIM:

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States. et al. v. Montrose Chemical Corporation of California. et aI., No. CV 90-3122-

13 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

14

15

16

17

18

25

24

22 "APPROVED AS T~~--d
23 By· /-:7.AJ~

~Altom.Y~

26

27

28

179.
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AND RELATED COUNTER, CROSS
AND THIRD PARTY ACTIONS.

UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

Plaintiffs,

Defendants.

v.

)
)
)
)
)
)
)

MONTROSE CHEMICAL CORPORATION )
OF CALIFORNIA, et al., -)

)
)

--------------)
)
)
)

-------------)

9

8

2

1

7

3

5

6

4

10

11

12

13

14

15

16

17

FOR CITY OF BREA, A Municipal Corporation:

WE HEREBY CONSENT to the entry of the Amended Consent Decree

in United States. et al. v. Montrose Chemical Corporation of

California. et al., No. CV 90-3122-AAH(JRx), subject to the public

notice and comment requirements of 28 C.F.R. §50.7.

Date:

18

19
B~?(/~__._.-~_. _

Mayor

20 ATTEST:

21

22

23

~/. /)
By: ~tL-uU/ U::c~

City Clerkl

24

25

26

27

28

By:
Andrew V. Arczyns
Assistant City Attorney
City of Brea

N\WORK\AMENDCON
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6 Defendants.

1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et ai.,

-

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

~
)

~
)
)
)

~
)
)
)

~

Plaintiffs,

v.

2

3

4

9

10 FOR CITY OF BUENA PARK, A Municipal Corporation:

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States, et al. v. Montrose Chemical Corporation of California, et ai., No. CV 90-3122-

13 AAH(JRx), subject to the public notice-and comment requirements of 28 C.F.R. §50.7.

14

15 Date:,_---"'=k"'-'"-f1~"-='-'-""-~_:3....!.., ....:..(....:..'1....:.'1_(, _

16

17

18

19

20

21

(""

By_----.-··=scr.,,<,,""")-"'9.,.....,-'l-n-'-·""_.-"'oy......,="""M'-'I=.....o='O"'-:::- _
Mayor .' '-'"<:::::::

ATTEST:

By--,=~~-=:,--:.-e..-"--_m_._~~-'-' _
City Clerk

22 APPROVED AS TO FORr~: --- J
~;;i/' L23By~~Q' ,

24 Andrew V. Arczynski, Assis ant City Attorney

25

26

27

28

181.
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The City of Costa Mesa hereby consents to the entry of the Amended Decree

in United States, et al. V. Montrose Chemical Corporation of California, et aI., No.

CV 90-3122-AAH (JRxl, subject tothe public notice and comment requirements of

28 C.F.R. § 50.7.

Date :_"D'=-I/:....L::/uC-fD...:-:1"'--_
I I

ATTEST:

~T lR<~DePUtY(y Clerk
of the City of Costa Mesa

May ,City of Costa Mesa

APPROVED AS TO FORM:

~~ 8-,,,.1 6

City Attorney

182.
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6 Defendants.

1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et ai.,

-

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)

l

)
)
)
)
)
)
)

l
)
)
)

Plaintiffs,

v.

2

3

4

9

10 FOR~~~ CITY OF CYPRESS, A Municipal Corporation:

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States, et al. v. Montrose Chemical Corporation of California, et aI., No. CV 90-3122-

13 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

14

15 Date: g,=-'I-!_~_f-,I_'7_·_b _

16

17

18

19

20

21

22

23

24

25

26

27

28

By~~/ti..,..=.o::::~~;{j+_=L-==-.-=---"- _

Mayor Walter K. BoWman

ATTEST: .', vll'
By . i.~~.~Q./

City Clerk Lillian M. Raina

183.
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1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)

l

)
)
)
)
)
)
)

l
)
)
)

Defendants.

Plaintiffs,

V.

6

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

2

3

4

9

10 FOR Qj~QIXCITY OF FOUNTAIN VALLEY, A Municipal Corporation:

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States et al. v. Montrose Chemical Corporation of California. et aI., No. CV 90-3122-

13 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

14

15

16

17

18

20

21

19 ATTEST: r·,
By " ..... ,:J" Q::,~.l-} _

City Clerk I i,
"

j J
22

23

24

25

26

27

28

184.
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1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)
)
)

)
)
)
)
)
)
)
)
)

l
)

Defendants.

Plaintiffs,

v.

6

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

2

3

4

9

10 FOR ~IKYx0RCITYOF FULLERTON, A Municipal Corporation:

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States. et al. v. Montrose Chemical Corporation of California. et aI., No. CV 90-3122-

13 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

14

15 Date:_"",~"",'""",r",--....!.q.,....·....!./....!.?1....:1....:" _
~ I

16 . i .

17 By_I'&t(i~\i\-..:..,\,'il=·~....,,-I'::--I-------
Mayor

18

19 ATTEST:

20 By ~)<:
crryrerk

21

22

23

24

25

26

27

28

l8S.

RB-AR12875



6 Defendants.

1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

-

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

Case No, CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)
)
)
)
)
)
)
)
)
)
)
)

)
)
)

Plaintiffs,

v.

2

3

4

9

10 FOR: CITY OF HUNTINGTON BEACH:

"11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in Unite'd

12 States, et al. v, Montrose Chemical Corporation of California. et aI., No. CV 90-3122-,

13 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

14

Date:__~_","-/:'-- _

By_--";:,,,,'-,-"",-'T:'-,;'-,-"_'"._.~_.'_''_"_'_~'_"_'_~_"'_"_I _
City Clerk

/)
ATTEST:

By--.<-;;-fl)'--------.-A _
Mayor

15

16

17

18

19

20

21

22

23

24

25

26

27

28

186.
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1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)
)
)

l
l
)
)
)
)

l
)

Plaintiffs,

Defendants.

v.

6

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

2

3

4

9

10 FOR O<I~~~CITY OF IRVINE, A Municipal Corporation:

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States, et al. v. Montrose Chemical Corporation of California et aI., No. CV 90-3122-

13 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

14

15 Date:. _

u

18

19

20

21

22

23

24

25

-----.
~--------_.. .

----- - -_._--
26 '-q:2't~5L -

.. -"".. . , -- -- -------
27

28

187.
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6 Defendants.

1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)
)
)

)
)
)
)
)
)
)
)

~
)
)

Plaintiffs,

v.

2

3

4

9

10 FOR <URYxl2>f" CITY OF LA HABRA, A Municipal Corporation:

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States, et al. v. Montrose Chemical Corporation of California, et aI., No. CV 90-3122- .

13 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

14

15 Date: ~ " ~/?hIV' 6",- 5! (q 76
j ;

16

17 By

18

19 ATTEST:. <:'7 .
20 By ,-.Jf..kv-.

City Clerk
21

22

23

24

25

26

27

28

188.

RB-AR12878



6 Defendants.

1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

9

10 FOR CITY OF LA PALMA:

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

o

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)
)
)

)
)
)
)
)
)
)
)
)
)
)
)

Plaintiffs,

v.

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

2

3

4

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States et al. v. Montrose Chemical Corporation of California, et aI., No. CV 90-3122-

13 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

14

15 Date: S_e_pt_e_rnb_e_r_3,_1_99_6 _

16

17 By f.;:~.,~~ >ic~~.-'':':.z;:::::...-·
Mayor

18

19 ATTEST·'
i] I . ,

20 8B~U~Y bi~j6i~r~l.o{)I.
21

22

23

24

25

26

27

28

,. I:Ii).. .
.
' " , 11 "f-! -·,.1.-, '.-'- 0'"

'.--- - . y

189.
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6 Defendants.

1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

-

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

l
l
)
)

l
)
)
)
)

Plaintiffs,

v.

2

3

4

9

10 FOR ~nYx!Q;f CITY OF LOS ALAMITOS, A Municipal Corporation:

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 Slates, el al. v. Montrose Chemical Corporation of California, et aI., No. CV 90-3122-

13 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

14

15 Date:__S~e:..;:p_t_e_mb_e_r~9...:..,-=-19:..:9:...;6:.-- _

16

17

18

'\ n ~ 1"""\~'C?<,U)~By-....:::=-:7-- _
Mayor

21

22

23

24

25

26

27

28

190.
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1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)

~

l
)

l
)
)
)
)
)
)
)

Plaintiffs,

Defendants.

v.

2

3

4

6

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

9

10 FOR O:~JGIFCITY OF NEWPORT BEACH, A Municipal Corporation:

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States. et al. v. Montrose Chemical Corporation of California, et aI., No. CV 90-3122-

13 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

14

15 Date: \::....:·.'1__' C,,-l,..:..../,_'.;""'{ _

,
;

By---.-~-2.\...:.....:.c-l--=_.=---.. i_' _
Mayor

16

17

18

19 ATTEST:

21

22

23

24

25

26

27

28

City Clerk

t~}J\;n.

~~~]1;;~)

191.
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9

10 FOR (ZJ:l\Y)(@E(CITY OF ORANGE, A Municipal Corporation:

6 Defendants.

1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

-

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

l
)

)
)
)
)
)

l
)
)

l

Plaintiffs,

v.

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

2

3

4

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States, et al. v. Montrose Chemical Corporation of California, et aI., No. CV 90-3122-.

13 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

14

15 Date:_..1..7~~~=<lL.---"t.:...lll..-;--..L-f-,L..J!,'- __

16

17 By_-.=:~~~~~~:::=",,""\~2:Z~~_

18

20

21

22

23

24

25

26

27

28

192.
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1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

~
)

)
)
)
)
)
)
)
)
)

. )

~
Defendants.

Plaintiffs,

v.

6

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

2

3

4

9

10 FOR ak1(YX(l)FXCITY OF PLACENTIA, A Municipal Corporation:

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States. et al. v. Montrose Chemical Corporation of California. et aI., No. CV 90-3122-

13 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

14

15

16

17

18

Date: 91.3/9(~
, J

/i
If'

By t. A
Mayor

19 ATIEST:/i l)' 0
20 By . ;~~lh,Ii'J..l,.I/)\~/11fl

City Clerk
21

22

23

24

25

26

27

28

193.

RB-AR12883



6 Defendants.

1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

-

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)
)
)

~
)
)
)

~
~
)
)
)

Plaintiffs,

v.

2

3

4

9

10 FOR ftAlX;£m; CITY OF SANTA ANA, A Municipal Corporation:

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States, et al. v. Montrose Chemical Corporation of California et aI., No. CV 90-3122- .

13 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

14

15

16

17 BY_~~~~::::L~~~~~Q::::...-_

18

21

19 ATTE~ST:
20 By ~.......

i Clerk

22

23

24

25

26

27

28

194.

RB-AR12884
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6 Defendants.

1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

-:::

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

l
)

l
)

~
)
)

l
l
)

Plaintiffs,

v.

2

3

4

9

10 FOR QliJX'j(jQf CITY OF SEAL BEACH, A Municipal Corporation:

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States, et al. v. Montrose Chemical Corporation of California, et aI., No. CV 90-3122-

13 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

22

23

24

25

26

27

28

195.

RB-AR12885



( c.

6 Defendants.

1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

~::

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)

l

)

l
)

~
)

~
)
)

Plaintiffs,

v.

2

3

4

9

10 FOR aJffiYX®:B<CITY OF STANTON, A Municipal Corporation:.

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States, et al. v. Montrose Chemical Corporation of California. et aI., No. CV 90-3122-

13 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

14

16

17 BY~--b~~_-,7"'----t:===-""-----,----

18

19 Arrp9j ()lCJ.
20 BY~k~~~'--"":""':::=-------
21 '- '--

22

23

24

25

26

27

28

196.

RB-AR12886



( c-

9

10 FOR ~l:iIXYxQf CITY OF TUSTIN, A Municipal Corporation:

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States, et al. v. Montrose Chemical Corporation of California. et aI., No. CV 90-312~

13 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

14

15 Date: x&.4 t:, 3,< 17'7'16
16 j.;
17 By M~f4t= WIi4W~
18

19 ATIEST:

20 By :::mnoCb~
City Clerk

6 Defendants.

1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

~
)

Plaintiffs,

v.

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

-

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

2

3

4

21

22

23

24

25

26

27

28

197.

RB-AR12887



( c-
1 UNITED STATES OF AMERICA and

STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
OF CALIFORNIA, et aI.,

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)
)
)
)
)

~
)
)

~
)

l

Defendants.

Plaintiffs,

v.

2

3

4

5

6

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS..

9

10 FOR It!l'JI'i(OO CITY OF VILLA PARK, A Municipal Corporation:

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in Unjted

12 States. et al. v. Montrose Chemical Corporation of California. et aI., No. CV 90-3122~

13 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

14

15 Date:__f_~_~_7-_9_~ _
16

17

18

I' 7l' ,
By_--i·..,;.'::-!'':-:·'-:':''_1---"-._,•....l."_'-",1_'--=','-'=- _

Maror

21

20

19 ATTEST:

By JY(~4tN dGJluu
v,cily CI k

22

23

24

25

26

27

28

198.

RB-AR12888



(

6 Defendants.

1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

-

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)
)
)

l
I
)
)
)

l
)

Plaintiffs,

v.

2

3

4

9

10 FOR Qkli\j()(»!r CITY OF YORBA LINDA, A Municipal Corporation:

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States, et al. v. Montrose Chemical Corporation of California, et aI., No. CV 90-3122-

13 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

14

15 Date:_--:::7',:--=_I_'7_-__7'_10 _

16

17

18

19 A EST:

20 By ~ uJ~~
CityCJefk

21

22

23

24

25

26

27

28

199.

RB-AR12889



(

6 Defendants.

1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

-

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)

I
)
)
)
)
)
)
)

I

Plaintiffs,

v.

2

3

·4

9

10 FOR COUNTY SANITATION DISTRICT NO.1 OF ORANGE COUNTY,

11 CALIFORNIA:

12 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

13 States, et al. v. Montrose Chemical Corporation of California, et aI., No. CV 90-3122-

14 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

:: Date:__f-,i~,,2_·-?Lrb.....:7---C..-ir _

17 ~

18 B~~, ;,g~>.O"'-"of=
Chair, Boaof Diriictor

19

20 ATTEST:

21 BY_<""":f=.=:-:-rd=-,~:;b=c:-----

22

23

24

25

26

27

28

200.

RB-AR12890



(

1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)
)
)

)
)
)
)
)

~

l
)
)

Defendants.

Plaintiffs,

v.

6

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

2

3

4

9

10 FOR COUNTY SANITATION DISTRICT NO.2 OF ORANGE COUNTY,

11 CALIFORNIA:

12 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

13 States et al. v. Montrose Chemical Corporation of California et aI., No. CV 90-3122-

14 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

15

16

17

18

19

20

21

22

23

24

25

26

27

28

201.

RB-AR12891
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6 Defendants.

1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

-

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)
)
)

)
)
)
)
)
)

l
)

l
)

Plaintiffs,

v.

2

3

4

9

10 FOR COUNTY SANITATION DISTRICT NO.3 OF ORANGE COUNTY,

11 CALIFORNIA:

12 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

13 States. et al. v. Montrose Chemical Corporation of California. et aI., No. CV 90-3122-

14 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

~: Date:__<Y-f-'A_A-,<-o/1_7_·-'>.f----..,=- _
'i ~

17

18 By'~;d~~~~~~==:::::::::=--~
19

21

20 ATTEST:

By !J ...Zt/vjv
ecretary,

22

23

24

25

26

27

28

202.

RB-AR12892



( (

6 Defendants.

1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

-

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)
)
)

)
)
)
)
)
)
)
)

~
)
)

Plaintiffs,

v.

2

3

4

9

10 FOR COUNTY SANITATION DISTRICT NO.5 OF ORANGE COUNTY,

11 CALIFORNIA:

12 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

13 States, et al. v. Montrose Chemical Corporation of California. et aI., No. CV 90-3122-

14 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

15

16 Date:__r_;"~_--,f_._.~_.'_J-,-,_/_~_",",_~_c:; _

17
~..

18 By_",,";:-,.,:""c::-....,,';-:_.7:::I.,...-. ....."'.',..,'-{",'··:::~:-±:f:-::::- _
Chair, Board of Dir~ors

19 / ,j

20

21

22

23

24

25

26

27

28

ATTEST: .

BY-rA..'f.·v i '-,
Secretary, irectors

203.

RB-AR12893
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6 Defendants.

1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI., .

-

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)
)
)

)
)
)
)
)
)
)
)
)
)
)
)

Plaintiffs,

v.

2

3

4

9

10 FOR COUNTY SANITATION DISTRICT NO.6 OF ORANGE COUNTY,

. 11 CALIFORNIA:

.12 WE HEREBY CONSENT to the entry of the Amended Consent Decr!'le in United

13 States. et al. v. Montrose Chemical Corporation of California, et aI., No. CV 90-3122-

14 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

18

17

21

By ~&£li:iJ[~
20 ATTEST: )

By -:::tA/<---'7A .

Secretary, Bo (:Ii f j:r ect rs
L ......./ I'22

19

23

24

25

26

27

28

204.
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(

9

10 FOR COUNTY SANITATION DISTRICT NO.7 OF ORANGE COUNTY,

11 CALIFORNIA:

6 Defendants.

1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

-

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)

~

)
)

1
)
)
)
)

1

Plaintiffs,

v.

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

2

3

4

12 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

13 States, et al. v. Montrose Chemical Corporation of California, et aI., No. CV 90-3122-

14 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

15 . /

16 Date:_"":Y:::"/-I-/....o=.;J=J:-I-lh.L7_~·~f--------
17

18

19

20

21

22

23

24

25

26

27

28

,/ 1
BY~ rnc;. :soard of rectors

...r:[
f Directors

205.
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(,

1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

~
)

)

~
)

~
)

I
)

Defendants.

Plaintiffs,

v.

6

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

2

3

4

9

10 FOR COUNTY SANITATION DISTRICT NO. 11 OF ORANGE COUNTY,

11 CALIFORNIA:

12 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

13 States, et al. v. Montrose Chemical Corporation of California, et aI., No. CV 90-3122-

14 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

15 ~ /
16 Date:_--'-"~'-T-/_"'(~_·,f/"-.t.0----,-9'_0:....... _

By_-=-..,.~/_,,,,,,_.-,._-."..'~'_'...,.'-...:....'.---',-,',;....'.:..~ _
Chair, Board of Directcrts

/17

18

19

20 ATTEST:

21 BY_-c;~j;:;;:;-;--f~~~r,;;;;;:;)j;;;:;::----

22

23

24

25

26

27

28

206.

RB-AR12896



6 Defendants.

1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

-

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)
)
)

~
)
)
)

~
)

l
)
)

Plaintiffs,

v.

2

3

4

9

10 FOR COUNTY SANITATION DISTRICT NO. 13 OF ORANGE COUNTY,

11 CALIFORNIA:

12 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

13 States et al. v. Montrose Chemical Corporation of California, et aI., No. CV 90-3122-

14 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

15
/'\ / "
I./i -"& /J/

16 Date:_~_':_0'_'_,_."_11(_"", _

17

18

19

By \. I-It>-n I. 'A-~i{U· {~,.:-:'~0tA_
Chair, Board of Directors i

,/-"20 ATTEST:
.']

21 By_---"-t-=,,.,-':(-=-/_l;o<"""'t."-(-;-,-,-,'if''~.~:-"7-------
S cretary, Boa d of irectors

22 (__I

23

24

25

26

27

28

207.

RB-AR12897



I'
l

9

10 FOR COUNTY SANITATION DISTRICT NO. 14 OF ORANGE COUNTY,

11 CALIFORNIA:

6 Defendants.

1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

-

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

~
)

~

I
)

~
)
)

Plaintiffs,

V.

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

2

3

4

12 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

13 States, et al. v. Montrose Chemical Corporation of California et aI., No. CV 90-3122-

14 AAH(JRx), subjectto the public notice and comment requirements of 28 C.F.R. §50,7.

15

16

17

18

19

Date:._-1.(1~&(T~~<£l-=~'::""~;"'!""/.L:.9t)~~ _

By~~~72-,.;;.,.,..:::-~~d4!.--_
Chair, Board of i;>ifectors

22

20 ATTEST: ,./';7
21 By ~~,z.,.

Secretary, Bo 9f

23

24

25

26

27

28

208.

RB-AR12898



''''.....

1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

-

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)
)
)
)
)
)
)
)
)
)
)
)

)

l

Plaintiffs,

Defendants.

v.

2

3

4

6

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

9

10 FOR e±ffilillX COSTA MESA SANITARY DISTRICT:

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States. et al. v. Montrose Chemical Corporation of California, et aI., No. CV 90-3122-

13 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

14

15 Date: ~=.j,<d) /2 I /9re.;;

16

17

18

19 ATfES:' \ .

20 By \ t·\ Ur'\.i... ,J;y,1\/, I, '\
Secretary ~ c

21

22

23

24

25

26

27

28

209.

RB-AR12899



( (

6 Defendants.

GARDEN GROVE SANITARY DISTRICT:

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

.

7

.8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)
)
)

l
)

~
l
)

l

FOR:

v.

Plaintiffs,

UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

1

2

3

4

9

10

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States. et al. y, Montrose Chemical Corporation of California. et al" No. CV 90-3122-
, .

13 AAH(JRx), subject to the pUblic notice and comment requirements of 28 C.F.R. §50.7.

14

15

16 -
17 By_~~~~&::...J:.:::'-_-=- __-- _

Sheldon S. Singer

210.

RB-AR12900



(
,,-- -

1 UNITED STATES OF AMERICA and )
STATE OF CALIFORNIA, )

2 )
Plaintiffs, )

3 )
v. )

4 )
MONTROSE CHEMICAL CORPORATION )

5 OF CALIFORNIA, et aI., )
~f )

6 Defendants. )
)

?
)

8
11

AND RELATED COUNTER, CROSS, )
AND THIRD PARTY ACTIONS. )

9

Case No. CV 9O-3122-AAH(JRx)

AMENDED CONSENT
DECREE

10 FORJ&kKY~MIDWAYCITY SANITARY DISTRICT:

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States, et al. v. Montrose Chemical Corporation of California, et aI., No. CV 90-3122-

13 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §SO.?

14

16

17 By---;~l~,-;-"'-Y-rf-_I._. -,A_Ce_~--'-;I--~__--=-
Pr~de~ ~

18

19

20

21

22

23

24

25

26

27

28

ATIEST

By ;Jj/~z/L('g yJ
Secretary /

211.

RB-AR12901
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6 Defendants,

1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

-

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)
)
)
)
)
)
)
)
)
)
)
)

Plaintiffs,

v.

2

3

4

9

10 FOR f}ji{i¥{ilii IRVINE RANCH WATER DISTRICT:

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States, et al. v. Montrose Chemical Corporation of California. et aI., No. CV 90-3122- '

13 AAH(JRx). subject to the pUblic notice and comment requirements of 28 C.F.R. §50.7.

14
.AUG 2', -15 Date: _

BY_-;=;-::===?C('5',>,=-,_,·\-:?-~,~_'_fZ_'1_:4_"~_~_'--"'--__
President/

16

17

18

19 ATTEST: _/ '
..r-- , /

20 By ./ .{ i-(..C(

Secretary
21

22

23

24

25

26

27

28

212.

RB-AR12902



(~--

1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)
)
)

)
)
)
)
)
)

l
)
)
)
)

Defendants.

Plaintiffs,

v.

6

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

2

3

4

9

10 FOR al<l\Y~~ LOS ALAMITOS COUNTY WATER DISTRICT:

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States, et al. v. Montrose Chemical Corporation of California. et aI., No. CV 90-3122-

13 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

14

15 Date: September 12, 1996

16

17 By i lui';.. ~ l
President

18

19 ATTEST:) . ~
20 By ~d7f:~-+.,S"'e:=:c;-"re-:;:ta-::"ry~o......::,---=,--.!..-.-=....::-,--:........:..---",".--
21

22

23

24

25

26

27

28

213.

RB-AR12903



( ---- -

1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
OF CALIFORNIA, et aI.,

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

l
)

)
)

l
l
)
)

l
lDefendants.

Plaintiffs,

v.

2

3

4

5

6

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

9

10 FOR YORBA LINDA WATER DISTRICT:

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States, et al. v. Montrose Chemical Corporation of California, et aI., No. CV 90-3122-

13 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

14

15 Date: ~~ S! lCl"iL

16

17

18

19

20 By' --/;;~~~'~~~;cre:ran/---- etretary
21

22 APPROVED AS TO FORM:

23

24

25

26

27

28

McCormick, Kidman & Behrens

By~4~~
Arthur G. Kidman

214.

RB-AR12904
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6 Defendants.

1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

~,; .

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)
)
)

)
)

l
)
)

l
~
~

Plaintiffs,

V.

2

3

4

9

10 FOR ORANGE COUNTY FLOOD CONTROL DISTRICT:

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States et al. v. Montrose Chemical Corporation of California. et aI., No. CV 90-3122-

13 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

14

ATTEST: "

By ''i....(_L(A..z:( .'Ui._-~ . d~lN
Clerk of the Board oSupervisors

Date:_----"S~G:'-'-P....!.T_=_.-,-"I'-~~.L..'.L1"-{.J.."....:ci .;.:(-;....' _15

16

17 BY'_~~f=~::";'~~~~:::::~_

18

19

20

21

22

23

24

25

26

27

28
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1 FOR THE SETTLING LOCAL GOVERNMENT ENTITIES:

2

3 The COUNTY OF VENTURA HEREBY CONSENTS to the,
4 ently ofthe Amended Decree-in-UnitedStates, et al. v. Montrose Chemical Corporation

5 of California, et al., U.S.D.C. Sase No. CV 9O-3122-AAH (JRx), subject to the public

6 notice and comment requirements of28 C.F.R § 50.7.

7

8 Date: December 17,1996

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28 g:\common\rro\montrose\consenta.cty

COUNTY OF VENTURA

APPROVED AS TO FORM:

JAMES L. McBRIDE, County Counsel

By=a~iRalaQw
ROBERT R. ORELLANA
Assistant County Counsel

216.
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The VENTURA REGIONAL SANITATION DISTRICI' HEREBY CONSENTS to
the entry of the Amended Decree in United States. et al, v.
Montrose Chemical corporation of California. et al., No. CV 90
J122-AAH (JRx) , sUbject to the public notice and comment
requirements of 2S C.F.R. § 50.7.

I .-'-1-'--
,// ~:: .(''1''--

.---/
I

Mark A. Zirbel
General Counsel

VENTURA REGIONAL SANITATION DISTRICI'

RHONDA CATRON
Clerk of the Board

Attest:

Approved As To Form:

ARNOLD, BACK, MATHEWS, WOJKOWSKI &

ZIRBEL / / 11~ /7 /l
By ~11 f.--f--Y

B~~. dy zar::n: Board of Directors

.'

217.

. I
I,.j. ( "

'y
) .. :'

" ... ' '-Date:

1

2

3

4

5

6

7

S

9

10

11

12

13

14

15 '

16'/
""

"17'1
I

lSi

19 I

20

21

22

23

24

25

26

27

2S

L-\X2: I 60463.1
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ATTEST:

APPROVED AS TO FORM:

Date: August 13,~1996

0-\'3- \0
'llig
ney

A«~'Daniel Mart'Lnez
City Clerk

By

BY_-I--'[1~mL.:..-t~/11~~:-.,.I:I.L./_-
Dr. Manuel M. Lopez

Mayor

The City of Oxnard hereby consents to the entry of the
Amended Decree in United States, et aJ. y. Montrose Chemical
Corporation of California. et aJ ., No. CV 90-3l22-AAH (JRx) ,
subject to the public notice and comment requirements of 28
C.F.R. §50.7.

FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28
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1 FOR THE SETTLING LOCAL GOVERNMENT ENTITIES:

2

3
The CITY OF PORT HUENEME HEREBY CONSENTS to the entry of the

4 Amended Decree in United States, et al. v. Montrose Chemical
corporation of California, et al., No. CV 90-3122-AH (JRx) ,

5 subject to the pUblic notice and comment requirements of
28 C.F.R. § 50.7. -

6

7

8

9 Dated:

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

CITY OF, PORT HUENEME

Attest:

city Cle

Approved As To Form:

City Attorney

219.
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Mayor?

The City of San Buenaventura HEREBY CONSENTS to the entry of the foregoing
Amended Consent Decree in the action entitled United States of America, et al. v,
Montrose Chemical Cor:poration of California, et aI., CD, Cal., No, CV 90-3122-AAH (JRx),
subject to the public notice and comment requirements of 28 C,F,R. §50,7,

Dated: y-/]- ,1996, ~

~'l;: ...:£;

Attest:

~~v::rt~/
/ cn, r

Approved as to Form:

t! City Attorney

220.
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1 THE CITY OF THOUSAND OAKS. CALIFORNIA. HEREBY CONSENTS to the entry of the Amended

2 Decree in United States et al. v. Montrose Chemical Corporation of California et al.

3 No. CV 90-3122-AAH (Jrx). subject to the public notice and comment requirements of 28

4 C.F.R. § 50.7.

5

6 Dated: September 5'0 . 1996.

7

8

9

10
11"---1"

.11

12

13 AP~~»VE~ A;/7rRM:
14 I U'7/0-.. /;, '-I UU:';~V1.-

Mar G. Sellers. City Attorney
15 cao.65D-40:6a:consent.mts

16

17

18

19

20

21

22

23

24

25

26

27

28

221.
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The city of Camarillo HEREBY CONSENTS to the entry
of the Amended Decree in United states, et al. v. Montrose
Chemical Corporation of California, et al., No. CV 90-3122-AAH
(JRx) , subject to the pUblic notice and comment requirements of
28 C.F.R. § 50.7.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

UX2:160463.3

Date: November 14, 1996

222.

(

BY_U-,-\'\.="'-;c"=:';~'-;) _=.".-u.--:;-:\;:;.-,~,-f-;-:-:r--.:;:.., _
David Smith, Mayor

Attest:

Approved As To Form:

~_L. \IJJ~
J. Robert Flandrick

RB-AR12912
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The Camarillo Sanitary District HEREBY CONSENTS to
the entry of the Amended Decree in United States. et al. v.
Montrose Chemical corporation of California, et al., No. CV 90
3122-AAH (JRx), sUbject to the pUblic notice and comment
requirements of 28 C.F.R. § 50.7.

By (!.-h tZ<1£e.& Y 2:J-t!' ,:LC
Charles K. Gase, Chair

Attest:

Approved As To Form:

November 14. 1996Date:

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

LAX2: 160463.3

223.
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

CHANNEL ISLANDS BEACH COMMUNITY
The SERVICES.. DISTRICT. _ HEREBY CONSENTS to

the entry of the Amended Decree in United States. et al. v.
Montrose Chemical corporation of California. et al., No. CV 90
3122-AAH (JRx), sUbject to the pUblic notice and comment
requirements of 28 C.F.R. § 50.7.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

1.AX2: 160463.1

Date: October 8, 1996
CHANNEL ISLANDS BEACH COMMUNITY
SERVICES DISTRICT

BY) )L~_e--__) t.V~ ___

Marcia Marcus
President, Board of Directors

Attest:

G,~wJk
Gerard Kapus~~
Secretary, Board of Director~

Approved As To Form:
NORDMAN, CORMANY;'~ & COMPTON

M~
District General Counsel

224.
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The OJAI VALLEY SANITARY DISTRICT HEREBY CONSENTS to
the entry of the Amended Decree in United States. et al, V.
Montrose Chemical Corporation of California. et al., No. CV 90
3122-AAH (JRx), sUbject to the pUblic notice and comment
requirements of 28 C.F.R. S 50.7.

B~·aIi%o· ;«~z7:-
Theodore L. Cartee ~

Chairman, Board of Directors

William M. Stone
Secretary, Board of Directors

Attest:

Approved As To Form:
NORDMAN, CORMANY, HAIR & CQMPTON

/ /

i

OJAI VALLEY SANITARY DISTRICT

22"5.

September 23, 1996Date:

1

2

3

4

5

6:

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

LAX2:1~63.1
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The SATICOY SANITARY DISTRICT HEREBY CONSENTS to
the entry of the Amended Decree in United States. et al, v.
Montrose Chemical Corporation of California. et al., No. CV 90
3122-AAH (JRx), sUbject to the pUblic notice and comment
requirements of 28 C.F.R. S 50.7.

SATICOY SANITARY DISTRICT

COMPTON

Debbie DeWees
Secretary, Board of Directors

test:

Approved As To Form:

NO ,: CORMANYK &

By /'
Jose lores
Pre ident, Board o{ Directors

Anthony H: rembley
District General Counsel

226.

FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

Date: September 17, 1996

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

lAX2: 1 60463.1
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The TRIUNFO SMTITATION DISTRICT HEREBY CONSENTS to
the entry of the Amended Decree in united States, et al. v.
Montrose Chemical Corporation of California, et al., No. CV 90
3122-AAH (JRX) , SUbject to the pUblic notice and comment
requirements of 28 C.F.R. § 50.7.

• Mathews
ral Counsel

TRIUNFO SANITATION DISTRIcr

BY~~
Ronald Stark
Chairman, Board of Directors

Attest:

Approved As To Form:

ARNOLD, BACK, MATHEWS, WOJKOWSKI &

ZIR~E -zBy ~

227.

January 9, 1997Date:

1

2

3

4

5

6

7

8

,9

10

11

12

13

14

151

16,
I

17
1
'

18

19

20

21

22

23

24

25

26

27

28

LAX2:160-l63.J
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1 FOR THE SEITLlNG LOCAL GOVERNMENT ENTITIES:

2

3 The VENTURA COUNTy FLOOD CONTROL DISTRICT HEREBY

4 CONSENTS to the entIy of the Amended Decree in United States, et al. v. Montrose

5 Chemical Corporation of Calif~rnia,et al., U.S.D.C. Case No. CV 9O-3122-AAH (JRx),

6 subject to the public notice and comment requirements of2S C.F.R. § 50.7.

7

8 Date: December 17,1996

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

VENTURA COUNTY FLOOD
CONTROL DISTRICT

ATTEST:

RICHARD D. DEAN, CLERK,
C Y OF VENTURA

APPROVED AS TO FORM:

JAMES L. McBRIDE, County Counsel

~. :J)(!' rI
By k,~\\ij-K:'-~Wi

ROBERT R. ORELLANA
Assistant County Counsel

28 g:\common\rro\montrose\consenta.fcd

228.

RB-AR12918



(
-. - -

{
"

1 FOR THE SETTLING LOCAL GOVERNMENT ENTITIES:

2

3 The VENTIJRA CmJNTY WATERWORKS DISTRICT NO. I HEREBY

4 CONSENTS to the entry of the Amended Decree in United States, et al. v. Montrose

5 Chemical Corporation of California, et al., U.S.D.C. Case No. CV 9O-3122·AAH (JRx),
.~~

6 subject to the public notice and comment requirements of28 C.F.R. § 50.7.

7

APPROVED AS TO FORM:

JAMES L. McBRIDE, County Counsel

VENTURA COUNTY WATERWORKS
DISTRICT NO. 1

(~, ~~, 1'-'
I -,,) . I 1_) (\'\ I '-',

By \) Q-\.I"d ~I .v1.d "
ROBERT R. ORELLANA
Assistant County Counsel

ATTEST:

RICHARD D. DEAN, CLERK,
.~Y:::..OF~~-,-,-:7'"'""--;;;17' j ~

Deputy County Clerk

8 Date: December 17,1996

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

229.
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1 FOR THE SETTLING LOCAL GOVERNMENT EN'fIIIES:

2

3 The VENTURA CmJNTYWATERWORKS DISTRICT NO, 16 HEREBY

4 CONSENTS to the entIy of the Amended Decree in United States, et al. v. Montrose

5 Chemical Corporation of Calif~mia, et al., U.S.D.C. Case No. CV 90-3122-AAH (JRx),

6 subject to the public notice and comment requirements of28 C.F.R. § 50.7.

7

8 Date: December 17,1996

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

230.

VENTURA COUNTY WATERWORKS
DISTRICT NO. 16

ATTEST:

RICHARD D. DEAN, CLERK,
C Y OF VENTURA

-;;u
Deputy County~...........-

APPROVED AS TO FORM:

JAMES L. McBRIDE, County Counsel

<~ tR'.-----.J. ,.,.,. I '. '.
By 1 :tJ,-vt . .,',.1M/(}J

ROBERT R. ORELLANA
Assistant County Counsel

RB-AR12920
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1 FOR THE SETTLING LOCAL GOVERNMENT ENTITIES:

2

3 The VENTIJRA COUNTY WATERWORKS DISTRICT NO 17 HEREBY

4 CONSENTS to the entry ofthe Amended Decree in United States, et al. v. Montrose

5 Chemical Corporation ofCalif~mia, et al., U.S.D.C. Case No. CV 9O-3122-AAH (JRx),

6 subject to the public notice and comment requirements of28 C.F.R. § 50.7.

7

8 Date: December 17, 1996

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

231.

VENTURA COUNTY WATERWORKS
DISTRICT NO. 17

ATTEST:

RICHARD D. DEAN~£LERK,
C TY OF vbNTURA

.....

APPROVED AS TO FORM:

JAMES L. McBRIDE, County Counsel

~------~\ W '1), 'tw'- •. f: { \ \ ('1,
By \ J ,j,.;,-X \ .~.Y. ..~

ROBERT R. ORELLANA
Assistant County Counsel

RB-AR12921
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

WE HEREBY CONSENT to the entry of the Amended. Consent Decree

in united States. et al. v. Montrose Chemical Corporation of

California. et al., No. CV 90-3122-AAH (JRx), subject to the

public notice and comment requirements of 28 C.F.R. § 50.7.
-::: -.

DATE :__--'tkJ"""7L'."'J--'r----'~"'c~1---'/:....,.!..L9~"~--

Attest:

DATE: _{,,-,l=l=Lt,pr:·-=~,--/=w+---,-J1,-Q,-,,'?: _
'J

APPROVED AS TO FORM:

T~r FG~rGOJNG IIISTRUMENT IS A
CORRECT COPY OF THE ORIGHIAL
e:; FILE IN THIS OFFICE

AttorneyJ

Mary I L~/Walkcr
BROBECK, PHLEGER & HARRISON LLP
Attorneys for City of Chino

ATTEST: Cu,'l'ug .;; g . 19 '1b

~udt: We« Ca/4wtg_
(SIgnature)

4MUllIi'i- -Yx/lcd ott;~
(litle) Lity of Chine. California

232.
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

WE HEREBY CONSENT to the-entry of the Amended Consent Decree

in united States. et al. v. Montrose Chemical Corporation of

California. et al., No. CV 90-3122-AAH (JRx), subject to the

public notice and comment requirements of 28 C.F.R. § 50.7.

DATE: _

DATE :-.=.,~""'~>Gf--<~.E.~-------

APPROVED AS TO FORM:

~~
A- c:J4--
Mary ~l'"'k,--e-r-=---------
BROB~t;";~LEGER& HARRISON LLP
Attorneys for city of Fontana

~.:s.~eld EU eman, Mayor _
City of Fontana

Attest:

Linda Nunn
Deputy City Clerk

233.
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DATE: __A_U_G_U_S.:..T.::......:.1.:..9.:..,---=l..:9..:9..:6:- _

(-

FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

WE HEREBY CONSENT to the entry of the Amended Consent Decree

in United States. et al. v. Montrose Chemical Corporation of

California. et al., No. CV 90-3122-AAH (JRx), subject to the

public notice and comment requirements of 28 C.F.R. § 50.7.

J~I21&~
Paul M. Eaton, Mayor
City of Montclair

DATE: __A_U_G_U_S.:...:.T:-l.:..9.:..,---=l..:9..:9_6:- _

APPROVED AS TO FORM:

jC(}LUu-g~ ~
~ity Attorney

234.
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

WE HEREBY CONSENT to the entry of the Amended Consent Decree

in united States. et al. v. Montrose Chemical Corporation of

California. et al., No. CV 90-3122-AAH (JRx), subject to the

public notice and comment requirements of 28 C.F.R. § 50.7.
::

DATE:__a_VW-f/{I--'-/{.;...tJ.../-(.....;.I.....;.tl~_cf,-"'.k_'__
J Skropos, Mayor

city 0 ontario

Attest:

DATE: ----'@g=.::;.::'O-tf--'uo...-'7:::....fL·.!-!gLf:t...:.&:::....-__
Marr • ~;i/rtes ••••••• Or ON1:........
Achng city Clerk •••• ~..J.. ~".

/ c} .···ORPOJ?~ ~·to \
... • r; .., ......:..
: :"",-V ..-.. • ~. '",""" \~...
- e....,; 'V':
~ *: DECEMBER i * :: ~ . :... .:
~"o .. ~
~. -0. 1891 ••- ~
./"\"..- ~.... \.,~ t- "

····.r. l.. !FORt-\.'"•••••..,., '

torney

APPROVED AS TO FORM:

Dougherty;- Cit
Iffr'l

"A~uJ~

,/Robert

235.
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AND RELATED COUNTER, CROSS
AND THIRD PARTY ACTIONS.

UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

Plaintiffs,

Defendants.

v.

)
)
)
)
)
)
)

MONTROSE CHEMICAL CORPORATION )
OF CALIFORNIA, et al., -)

)
)

--------------)
)
)
)

--------------)

7

8

2

1

9

3

5

6

4

10

11

12

13

14

15

16

FOR CITY OF UPLAND, A Municipal Corporation:

WE HEREBY CONSENT to the entry of the Amended Consent Decree

in United States. et al. v. Montrose Chemical Corporation of

California. et al., No. CV 90-3122-AAH(JRx), subject to the public

notice and comment requirements of 28 C.F.R. §50.7.

17
Date: September 9, 1996

18

19

20
ATTEST:

21

22

23

By:
. C{ty Clerk

24 APPROVED AS TO FORM

25

26

27

28

By: U r

Andrew V. Arczynsk
Assistant City Attorney
City of Upland

N \ WORK \ArJIENDCQN

236.
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"
FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

WE HEREBY CONSENT to the entry of the Amended Consent Decree

in United States. et al. v. Montrose Chemical Corporation of

California. et al., No. CV 90-3122-AAH (JRx), sUbject to the

pUblic notice and comment requirements of 28 C.F.R. § 50.7.
-::

DATE :__'"\--'-"'----'\....I."'-~"___''''IL.!l. _

DATE: c.,-'--_\-'-\--'--_"\-'--\o"'"'- _

APPROVED AS TO FORM:

Attorney for Cucamonga County
Water District

Mary L. Walker
BROBECK, PHLEGER & HARRISON LLP
Attorneys for Cucamonga county
Water District

Thomas E. Shollen
General Manager
Cucamonga County Water

District

Attest:

237.
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1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
OF CALIFORNIA, et aI.,

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)

l

)
)

l
)

l
)
)
)

lDefendants.

Plaintiffs,

v.

2

3

4

5

6

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

9

10 FOR CHINO BASIN MUNICIPAL WATER DISTRICT:

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States, et al. v. Montrose Chemical Corporation of California, et aI., No. CV 90-3122-

13 AAH(JRx), subject to the public notice ~nd comment requirements of 28 C.F.R. §50.7.

14

15 Date: September 4. 1996

18

21

19 ATTES~

20 By IJ~;(~r:1Secretary

22

23

24

25

26

27

28

238.
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6 Defendants,

1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

-

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS,

Case No, CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)
)

~
)

~

~
)
)

~
)

Plaintiffs,

v,

2

3

4

9

10 FOR SOUTH EAST REGIONAL RECLAMATION AUTHORITY:

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States, et al. v, Montrose Chemical Corporation of California, et aI., No, CV 90-3122-

13 AAH(JRx), subject to the public notice and comment requirements of 28 C,F,R. §50,7,

14

Date:_--...:.<1_-....;1_2_-...:...'1_? _

~-BY-----,I'::m-'=.-CL=--."....~"'="""""'_"'- _
~hairman=-

15

16

17

18

19 ATTEST~:

20 ByJ~
S retary

21

22

23

24

25

26

27

28

239.

RB-AR12929



(

ATTACHMENT "A"

CATEGORY I ENTITIES

As used in this decree, "the Category I entities" means the

following Settling Local Governmental Entities:

(1) the following county sanitation districts of Los

Angeles County:

South Bay cities sanitation District of Los Angeles County;

county Sanitation District No. 1 of Los Angeles County;

County Sanitation District No. 2 of Los Angeles County;

county Sanitation District No. 3 of Los Angeles County;

county Sanitation District No. 4 of Los Angeles County;

county Sanitation District No. 5 of Los Angeles County;

County Sanitation District No. 8 of Los Angeles County;

county Sanitation District No. 9 of Los Angeles county;

county Sanitation District No. 11 of Los Angeles County;

county Sanitation District No. 14 of Los Angeles county;

County Sanitation District No. 15 of Los Angeles county;

county Sanitation District No. 16 of Los Angeles County;

county Sanitation District No. 17 of Los Angeles County;

county Sanitation District No. 18 of Los Angeles County;_

county Sanitation District No. 19 of Los Angeles County;

county Sanitation District No. 20 of Los Angeles.County;

County Sanitation District No. 21 of Los Angeles county;

county Sanitation District No. 22 of Los Angeles county;

county Sanitation District No. 23 of Los Angeles County;

county Sanitation District No. 26 of Los Angeles County;

county Sanitation District No. 27 of Los Angeles county;
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county Sanitation District No. 28 of Los Angeles county;

county Sanitation District No. 29 of Los ,Angeles County;

County Sanitation District No. 32 of Los Angeles county;

County Sanitation District No. 33 of Los Angeles County;

County Sanitation District No. 34 of Los Angeles County; and
-

County Sanitation District No. 35 of Los Angeles county.

CATEGORY II ENTITIES

As used in this decree, "the category II entities"

means the following Settling Local Governmental Entities:

(1) Third-party defendant City of Los Angeles, including

its proprietary and non-propriety departments;

(2) Third-party defendants in Los Angeles County that

discharge to the Joint outfall system, to wit:

The cities of Alhambra, Arcadia, Artesia, Azusa,

Baldwin Park, Bell, Bell Gardens, Bellflower, Bradbury,

Carson, Cerritos, Claremont, Commerce, compton, Covina,

CUdahy, Culver City, Diamond Bar, Downey, Duarte, EI

Monte, EI Segundo, Gardena, Glendora, Hawaiian Gardens,

Hawthorne, Hermosa Beach, Huntington Park, Industry,

Inglewood, Irwindale, La Habra Heights, La Mirada, La

Puente, La Verne, Lakewood, Lawndale, Lomita, Lynwood,

Manhattan Beach, Maywood, Monrovia, Montebello,

Monterey Park, Norwalk, Palos Verdes Estates,
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Paramount, Pasadena, pico Rivera, Pomona, Rancho Palos

Verdes, Redondo beach, Rolling Hills, Rolling Hills

Estates, Rosemead, San Dimas, San Gabriel, San Marino,

Santa Fe Springs, Sierra Madra, Signal Hill, South EI

Monte, South Gate, South Pasadena, Temple City,
~ .

Torrance, Vernon, Walnut, West Covina and Whittier;

(3) Third-party municipal defendants in Los Angeles County

that do not discharge to the Joint outfall system, to wit:

The cities of Agoura Hills, Avalon, Beverly Hills,

Burbank, Glendale, Hidden Hills, La Canada-Flintridge,

Palmdale, San Fernando, Santa Clarita, Santa Monica,

West Hollywood and Westlake Village;

(4) Third-party defendant County of Los Angeles, including

the following districts located therein:

county of Los Angeles, Los Angeles County Flood Control

District, Los Angeles County West Mosquito Abatement

District, Southeast Mosquito Abatement District, Compton Creek

Mosquito Abatement District, Antelope Valley Mosquito

Abatement District and the San Gabriel Valley Mosquito

Abatement District;

(5) Third-party defendant City of Long Beach;

(6) Third-party defendant Orange county, including dependent

special districts, third-party defendant municipalities, and
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special districts located in the County of Orange, to wit: The

cities of Anaheim, Brea, Buena Park, Costa Mesa, Cypress, Fountain

Valley, Fullerton, Huntington Beach, Irvine, La Habra, La Palma,

Los Alamitos, Newport Beach, orange, placentia, Santa Ana, Seal

Beach, stanton, Tustin, VilJ-a Park and Yorba Linda; the county

sanitation Districts of Orange County, inclUding county Sanitation

Districts Nos. 1, 2, 3, 5, 6, 7, 11, 13 and 14 of Orange County,

Costa Mesa Sanitary District, Garden Grove Sanitary District,

Midway City Sanitary District, Irvine Ranch Water District, Los

Alamitos County Water District, Yorba Linda Water District and the

County.of Orange, including its dependent special district, the

Orange county Flood Control District;

(7) Third-party defendant Ventura county, inclUding dependent

special districts, third-party defendant municipalities and special

districts located in the County of Ventura, to wit: The cities of

Oxnard, Port Hueneme, San Buenaventura and Thousand Oaks; the

Ventura Regional Sanitation District and its member cities (i.e.,

the cities of Oxnard, Port Hueneme, San Buenaventura, Thousand

Oaks, and Camarillo) and its member special districts (Le.,

Camarillo Sanitary, Channel Islands Beach Community Services, Ojai

Valley Sanitary, saticoy Sanitary, and Triunfo County Sanitation);

and the County of Ventura, inclUding its dependent special

districts the Ventura County Flood Control District and Ventura

county Waterworks Nos. 1, 16 and 17;

(8) Third-party defendant municipalities and water districts
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located in San Bernardino County, to wit:

(

The cities of Chino,

Fontana, Montclair, ontario and Upland; the Cucamonga County Water

District and the Chino Basin Municipal Water District; and

(9) Third-party defend~nt South East Regional Reclamation

Authority, a joint powers authority formed and existing in the

County of Orange.
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ATTACHMENT "B"
SETTLING LOCAL GOVERNMENTAL ENTITIES

The listed entities, for the purposes of this Decree,

generally are described as follows:

1. All of the cotinty Sanitation Districts of Los

Angeles county, which are also known as the Los Angeles

county sanitation Districts, including but not limited to

those Districts that are part of the Joint Outfall System

(JOS); and those Districts that are not part of the Joint

Outfall System, but are within the County, including those

Districts that release and have released wastes to other

systems and accordingly may also be included within the

groups described in the sUbparagraphs below.

2. The Settling Local Governmental Entities set forth

on Attachment A that own and/or operate and/or maintain

wastewater collection and conveyance systems and facilities

(1) that connect for the discharge of wastewater, directly

or indirectly, or (2) that arrange for the discharge of

wastewater, directly or indirectly, or (3) that accept

wastewater for transport, directly or indirectly, to the

collection, conveyance, treatment and disposal systems and

facilities owned and/or operated and/or maintained by any or

all of the districts referenced in SUbparagraph A above.

3. The City of Los Angeles, which owns, operates and

maintains wastewater collection, conveyance, treatment and

disposal system and facilities that discharge treated

wastewater though the Hyperion Treatment Plant and Terminal
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Island Treatment Plant into Santa Monica Bay and Los Angeles

Harbor.

4. The Settling Local Governmental Entities set forth

on Attachment A that own and/or operate and/or maintain

wastewater collection and conveyance systems and facilities
~

(1) that connect, for the discharge of wastewater, directly

or indirectly, or (2) that arrange for the discharge of

wastewater, directly or indirectly, or. (3) that accept

wastewater for transport, directly or indirectly, to the
I

wastewater collection, conveyance, treatment and disposal

systems and facilities of the City of Los Angeles,

consisting of:

a. The Settling Local Governmental Entities set forth

on Attachment A that own and/or operate and/or maintain

wastewater collection and conveyance systems and

facilities which connect for the discharge of

wastewater, directly or indirectly, or that arrange for

the discharge of wastewater, directly or indirectly, or

that accept wastewater for transport, directly or

indirectly, to the City of Los Angeles Hyperion

Treatment Plant; and

b. The Settling Local Governmental Entities set

forth an Attachment A that own and/or operate and/or

maintain wastewater collection and conveyance systems

and facilities which connect for the discharge of

wastewater, directly or indirectly, or that arrange for

the discharge of wastewater, directly or indirectly, or
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that accept wastewater for transport, directly or

indirectly, to the City Of Los Angeles Terminal Island

Treatment Plant.

5. The city of Los Angeles, the City of Long Beach,

and other Local Governm;ntal Entities that own, operate

and/or control a public harbor in the Pacific Ocean that

have caused or could cause a release, and/or have released

hazardous substances and wastes, and/or injured the natural

resources.

6. a. County sanitation Districts Nos. l, 2, 3, 5,

6, 7, ll, 13 and 14 of Orange County, California,

collectively known and referred to as "CSDOC", which

individually and jointly own and operate wastewater

collection, conveyance, treatment and disposal systems and

facilities which discharge treated wastewater through the

CSDOC outfall into the Pacific Ocean at the mouth of the

Santa Ana River.

b. The Settling Local Governmental Entities set forth

on Attachment A, that either are member agencies or serve

areas within the member agency cities or unincorporated

areas of CSDOC and that own and/or operate and/or maintain

wastewater collection and conveyance systems and facilities

that connect, for the discharge of wastewater, directly or

indirectly or that arrange for the discharge of wastewater,

directly or indirectly, or that accept wastewater for

transport, directly or indirectly, to the collection,

conveyance, treatment and disposal systems and facilities
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owned and operated' by any or all of the Districts

referred to in sUbparagraph F.l. above.

7. The Southeast Regional Reclamation Authority

("SERRA") and the Settling Local Governmental Entities that

either are member agenctes or serve areas within the member

agency cities or unincorporated areas of SERRA and that own

and/or operate and/or maintain wastewater collection and

conveyance systems and facilities that connect, for the

discharge of wastewater, directly or indirectly, or that

arrange for the discharge of wastewater directly or

indirectly or that accept wastewater for transport, directly

or indirectly, to the collection, conveyance, treatment and

disposal systems and facilities owned and operated by SERRA

that discharges treated wastewater through the SERRA outfall

into the waters of the Pacific Ocean in southern Orange

county at the mouth of the San Juan Creek.

8. The Settling Local Governmental Entities located

in Los Angeles 'and Ventura counties, set forth on Attachment

A that own and/or operate and/or maintain wastewater

COllection, conveyance and/or treatment and disposal systems

and facilities that connect for the discharge of wastewater,

directly or indirectly, or that arrange for the discharge of

wastewater, directly or indirectly, or that accept

wastewater for transport, directly or indirectly, to the

COllection, conveyance, treatment and disposal system and

facilities owned and/or operated and/or maintained by

Settling Local Governmental Entities in Ventura County which
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discharge treated wastewater through outfalls into Santa

Monica Bay in the vicinity of the coastlines of Los Angeles

and Ventura counties.

9. The city of Avalon which discharges treated

wastewater into the waters of the Pacific Ocean adjacent to

Santa Catalina Island.

10. a. Chino Basin Municipal Water District, known

and referred to herein as "CBMWD", which owns, operates and

maintains wastewater collection, conveyance, treatment and

disposal systems and facilities that discharge directly or

indirectly, a portion of its wastewater through the LACSD

wastewater collection, conveyance, treatment and disposal

facilities, including the Joint Outfall system into the

Pacific Ocean, and a portion of its treated wastewater into

the Santa Ana River and a portion of its treated wastewater

into the CSDOC Santa Ana River Interceptor sewer line which

connects to CSDOC facilities, including the outfall into the

Pacific Ocean at the mouth of the Santa Ana River.

b. The Settling Local Governmental Entities set forth

in Attachment A that either are the contract agencies or

serve areas within the contract agency cities or

unincorporated areas of CBMWD and that own and/or operate

and/or maintain wastewater collection and conveyance systems

and facilities that connect for the discharge of wastewater,

directly or indirectly or that arrange for the discharge of

wastewater, directly or indirectly, or that accept

wastewater for transport, directly or indirectly, to the
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collection, conveyance, treatment and disposal facilities

and systems owned and operated by CBMWD.

11. a. The Settling Local Governmental Entities set

forth on Attachment A that own and/or operate and/or

maintainsurface water, ~tormwater or drainage run-off

control systems, including creeks, rivers and improved

channels and other facilities which Ultimately discharge

surface waters, stormwaters and/or drainage into anyone or

more of the areas of wastewater discharge described in

sUbparagraphs A through J above.

b. The Settling Local Governmental Entities set forth

in Attachment A that own and/or operate and/or maintain

surface water, stormwater or drainage run-off control

systems, including but not limited to sidewalks, streets,

gutters, storm drains, creeks, rivers and improved channels

and other facilities that connect directly or indirectly and

discharge surface waters, stormwaters and/or drainage to

surface water, stormwater or drainage run-off control system

and facilities referred to in Paragraph K.l. above.

12. a. The Settling Local Governmental Entities set

forth an Attachment A that conducted pest and vector control

activities in areas of Los Angeles county where the surface

water, stormwater, or drainage run-off control systems are

part of or connect to the Los Angeles county Flood Control

District's system, or which conducted pest and vector

control activities in areas of Ventura, San Bernardino or

Orange Counties where the surface water, stormwater, or
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drainage run-off control systems

(
'.

are tributary to

discharge directly to the Pacific Ocean.

All references in paragraphs A through Labove,

relating to the ownership, operation or maintenance of any

systems or facilities o~ the actions and activities by any

of the entities set forth on Attachment A, include, for

purposes of this decree, all time periods related to any

allegations in the Plaintiff's Second Amended Complaint or

any cross-claim or third party complaint filed in the

action, and further include the predecessors, successors and

assigns of all the entities on Attachment A, and those

entities that have ceased to exist or have ceased the

operation or actions alleged, as of the date of final

approval of this Decree.
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DECLARATION OF SERVICE BY MAIL

Re: UNITED STATES and STATE OF CALIFORNIA v. MONTROSE CHEMICAL
CORPORATION OF CALIFORNIA, et al., U;S.D.C., C.D. CAL. No.
CV 90-3122-AAH

I, John A. Saurenman, declare that I am over 18 years
of age, and not a party to the within cause; my business address
is 300 South Spring Street, Los Angeles, California 90013; I
served a copy of the attached

NOTICE OF LODGING OF CONSENT DECREE

on each of the following, by placing same in an envelope(s)
addressed as follows:

See attached LIAISON SERVICE LIST.

Each said envelope was then, on March 25, 1997, sealed
and deposited in U.S. Mail at Los Angeles, California, the county
in which I am employed, with the postage thereon fully prepaid.

I declare under penalty of perjury that the foregoing
is true and correct, and is executed on March 25, 1997, at Los
Angeles, California.

I

""-",",'-_,,--=+-+.""=l_·t/.,-Lt._"~_ .
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UNITED STATES AND STATE OF CALIFORNIA v. MONTROSE CHEMICAL CORPORATION
OF CALIFORNIA. et al., CV 90-3122-AAH (JRx)

LIAISON COUNSEL SERVICE LIST

1. For Plaintiffs/Counter
Defendants/State Third-Party
Defendants:

Adam M. Kushner
William A. Weinischke
U.S. Department of Justice
Environment and Natural
Resources Division
P.O. Box 7611
Washington, D.C. 20044
Telephone: 202.514.4046
FAX: 202.514.2583

2. For DDT Industrial Defendants:

Christopher J. McNevin
Julia Richards
PILLSBURY, MADISON & SUTRO
Suite 1200
725 South Figueroa Street
Los Angeles, CA 90017-2513
Telephone: 213-488-7507
FAX: 213-629-1033

Kim McCormick
LATHAM & WATKINS
701 B Street
Suite 2100
San Diego, CA 92101
FAX: 619-696-7419

Paul B. Galvani
ROPES & GRAY
One International Place
Boston, MA 02110-2624
Telephone: 617-951-7000
FAX: 617-951-7050

Peter Simshauser
SKADDEN, ARPS, SLATE,
MEAGHER & FLOM
300 South Grand Avenue
Suite 3400
Los Angeles, CA 90071
FAX: 213-687-5600

1

3. For PCB Industrial Defendants:

Charles B. Cohler
David Rosenberg-Wohl
LASKY, HAAS & COHLER
505 Sansome Street, Suite 1200
San Francisco, CA 94111-3183
Telephone: 415-788-2700
FAX: 415-981-4025

4. For Defendant LACSD and Other
Sanitation Districts of Los Angeles
County:

B. Richard Marsh
Wesley Beverlin
KNAPP, MARSH, JONES & DORAN
515 South Figueroa Street
Suite 1240
Los Angeles, CA 90071
Telephone: 213-627-8471
FAX: 213-627-7897

5. For Third-Party Defendant, City
of Los Angeles:

Keith Pritsker
Deputy City Attorney
City of Los Angeles
1700 City Hall East
200 North Main Street
Los Angeles, CA 90012
Telephone: 213-485-7513
FAX: 213-485-8899
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6. For Los Angeles County Third
Party Defendants That Discharge to
the JOS:

Rufus C. Young, Jr.
Stephen R. Onstot
Jeffrey Kightlinger
BURKE, WILLIAMS & SORENSON
611 West Sixth Street, Suite 2500
Los Angeles, CA 90017
FAX: 213/236-2700 and 213/236-2800.
Telephone: 213/236-0600 ~

Cary S. Reisman
Robert L. Kress
WALLIN, KRESS, REISMAN, PRICE &
DILKES
2800 28th Street, Suite 315
Santa Monica, CA 90405-6205
Telephone: 310/450-9582
FAX: 213/450-0506

7. For Los Angeles County Third
Party Defendants That Do Not
Discharge to the JOS:

Harry L. Gershon
RICHARDS, WATSON & GERSHON
333 So. Hope Street
Thirty-eighth Floor
Los Angeles, CA 90071-1469
Telephone: 213/626-8484
FAX: 213/626-0078

Richard G. Montevideo
RUTAN & TUCKER
611 Anton Blvd., Suite 1400
Costa Mesa, CA 92626
Telephone:
FAX: 714/546-9035

8. For Third-Party Defendant County
of Los Angeles:

David J. Prager
LAW OFFICES OF DAVID PRAGER
1717 West Fourth Street
Third Floor
Santa Monica, CA 90401-3319
Telephone: 310.393.6361
FAX: 310.395.3707
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9. For Third-Party Defendant City
of Long Beach

Thomas A. Vyse
Deputy City Attorney
city of Long Beach
333 West Ocean Blvd., 11th Floor
Long Beach, CA 90802
Telephone: 213/590-2295
FAX: 213/436-1579

10. For Third-Party Defendants
Orange County Municipalities and
Sanitation Districts in Orange
County:

Thomas L. Woodruff
Daniel K. Spradlin
Lois E. Jeffrey
Danie I. Spence
WOODRUFF, SPRADLIN & SMART
701 S. Parker Street, Suite 7000
Orange, CA 92668
Telephone: 714/558-7000
FAX: 714/835-7787

11. For Third-Party Defendants
Ventura County and Municipalities
and Sanitation Districts in Ventura
County:

Rufus C. Young, Jr.
Stephen R. Onstot
Jeffrey Kightlinger
BURKE, WILLIAMS & SORENSON
611 West Sixth Street, Suite 2500
Los Angeles, CA 90017
FAX: 213/236-2700 and 213/236-2800
Telephone: 213/236-0600

Harry L. Gershon
RICHARDS, WATSON & GERSHON
333 So. Hope Street
Thirty-eighth Floor
Los Angeles, CA 90071-1469
Telephone: 213/626-8484
FAX: 213/626-0078
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12. For Third-Party Defendant
Municipalities, Water and Sanitation
Districts in San Bernardino County:

Mary Walker
BROBECK, PHLEGER & HARRISON
550 West lIe" Street, Suite 1300
San Diego, CA 92101
Telephone: 619/234-1966
FAX: 619/234-3848

Lois E. Jeffrey
Daniel K. Spradlin
WOODRUFF, SPRADLIN & SMART
701 S. Parker Street, Suite 7000
Orange, CA 92668
Telephone: 714/558-7000
FAX: 714/835-7787
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GAIL FARBER, Director

April 12, 2012

COUNTY OF LOS ANGELES

DEPARTMENT OF PUBLIC WORKS

"To Enrich Lives Through Effective and Caring Service"

900 SOUTH FREMONT AVEN[JE
ALHAMBRA, CALIFORNIA 91803-1331

Telephone: (626)458-5100

http://dpw.lacounty.gov ADDRESS .aLL CORRESPONDENCE TO:
P.O. BOX 1460

ALIIAMBRA, CALIFORNIA 91802-1460

Ms. Renee Purdy, Chief
California Regional Water Quality

Control Board —Los Angeles Region
Regional Programs Section
320 West Fourth Street, Suite 200
Los Angeles, CA 90013

Dear Ms. Purdy:

IN REPLY PLEASE

REFER TO FILE'. WM-9

LOS ANGELES COUNTY FLOOD CONTROL DISTRICT COMMENTS
STAFF WORKING PROPOSAL ON MINIMUM CONTROL MEASURES

On behalf of the Los Angeles County Flood Control District, thank you for the
opportunity to comment on the draft working proposal for Minimum Control Measures
released on March 21, 2012. Enclosed are our comments for your review and
consideration. Additionally, we concur with the comments submitted by the County of
Los Angeles and submit them by reference.

If you have any questions, please contact me at (626) 458-4300 or
ghildeb@dpw.lacounty.gov or your staff may contact Ms. Angela George at
(626) 458-4325 or ageorge@dpw.lacounty.gov.

Very truly yours,

GAIL FARBER
Director of Public Works

~'2~~~~

GARY H DEBRAND
Assistant Deputy Director
Watershed Management Division

AT: jtz
P:\wmpub\Secretaria1~2012 Documents\Letter\MCM-LACFCD.docx/C12095

Enc.

cc: County Counsel (Judith Fries)
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Los Angeles County Flood Control District Comments

Staff Working Proposal on Minimum Control Measures

Comment #
Identify Permit

Element/Issue/Concern

Location in

Working Proposal
Comment/Recommendation

Flood control facilities that already are regulated under other environmental permits

should not be included in the facility inventory list. For example, debris basins are

regulated under separate permits, including the State Water Resources Control Board

Order No. 2003-0017-DWQ General Waste Discharge Requirements for Dredge and Fill

Discharges That Have Received State Water Quality Certification, US Army Corps of

Engineers, Los Angeles District Regional General Permit SPL-2003-00411-KW, and the

Department of Fish and Game Final Lake or Streambed Alteration Agreement Notification

No. 1600-2008-0290-R5.

LACFCD Recommendation

Revise to read: "(22) Flood control facilities (e.g. debris basins, sediment placement sites)"

It is not feasible to evaluate every existing flood control facility, including channels, for

feasibility of retrofitting when there is no reasonable guarantee that such a project can be

funded.

LACFCD Recommendation

Evaluate facilities during the planning phases of major maintenance or rehabilitation

projects on the feasibility of incorporating stormwater quality improvement components.

Maintenance of earth-bottom flood control channels is already regulated under separate

Waste Discharge Requirements (Regional Water Board Order No. R4-2010-0021) and

other permits including US Army Corps of Engineers Nationwide Permit Number 31 and

should not be included under the MS4 Permit.

LACFCD Recommendation

Remove item (3) that refers to the maintenance of earth-bottom flood control channels.

Public Agency Facility and

Activity Management - Evaluate

existing structural flood control

facilities

VI.C.10.e.ii.(2)

[page 56]

3 Public Agency Facility and

Activity Management - flood

management projects -

maintenance of earth-bottom

channels

VI.C.10.e.ii.(3)

[page 56]

Public Agency Activities Program

1 Public Facility Inventory -

Maintain Inventory and Map

Facilities

VI.C.10.c.

[page 53]

2

Public Agency Activities Page 1
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Los Angeles County Flood Control District Comments

Staff Working Proposal on Minimum Control Measures

Comment #
Identify Permit

Element/Issue/Concern

Location in

Working Proposal
Comment/Recommendation

Public Agency Activities Program

The term "storm drain inlets" is potentially problematic.

LACFCD Recommendation

Revise the language to read: "Each Permittee shall label all storm drain inlets catch basins

that they own with a legible "no dumping" message.

This requirement has been modified to record all catch basins with illegible stencils and re-

stencil or re-label within 15 days of inspection rather than the current requirement of

within 180 days of inspection. The LACFCD requires additional time to comply with this

requirement due to its large area and large number of catch basins it owns.

LAFCD Recommendation

Revise the requirement to re-stencil or re-label to within 15 90 days.

Maintenance of debris basins are already regulated under separate permits including the

State Water Resources Control Board Order No. 2003-0017-DWQ General Waste

Discharge Requirements for Dredge and Fill Discharges That Have Received State Water

Quality Certification, US Army Corps of Engineers, Los Angeles District Regional General

Permit SPL-2003-00411-KW, and the Department of Fish and Game Final Lake or

Streambed Alteration Agreement Notification No. 1600-2008-0290-R5.

LACFCD Recommendation

Remove all references to debris basins from the proposed language

7 Emergency Procedures VI.C.10.j. LACFCD Recommendation

[page 67] Revise to read: "Each Permittee may conduct repairs and rehabilitation of essential public

service systems…"

VI.C.10.h.VI.(1)

[page 63]

4

6 Storm Drain Maintenance - trash

removal

VI.C.10.h.viii.(1) &

(2)

[page 63]

5 Catch Basin Labels and Open

Channel Signage - Re-stencil or

Re-label

VI.C.10.h.vi.(3)

[page 63]

Catch Basin Labels and Open

Channel Signage - storm drain

inlets

Public Agency Activities Page 2
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Los Angeles County Flood Control District Comments

Staff Working Proposal on Minimum Control Measures

Comment #
Identify Permit Element/ Issue/

Concern

Location in

Working

Proposal

Comment/Recommendation

Illicit Connection and Illicit Discharge Elimination Program

11.c.i The provision requires the monitoring of authorized non-stormwater discharges. It is

unclear what specific monitoring activities are required. We also believe characterizing and

monitoring authorized non-stormwater discharges from other NPDES/WDR permittees

should not lie with MS4 Permittees. Instead the LARWQCB should direct the other

NPDES/WDR permittees to characterize and monitor their own discharges and report back

to them.

[page 69]

LACFCD Recommendation

Remove characterization and monitoring of authorized non-stormwater discharges.

11.d.ii, 11.g.i.(2) LACFCD Recommendation

[page 69, 72] Modify the permit language as follows:

(ii) At a minimum, the LACFCD each Permittee shall initiate conduct an

investigation(s) to identify and locate the source within one business day 48 hours of

1 Implementation of Non-

Stormwater Outfall-Based

Monitoring

Program to Detect IC/IDs Level

Illicit Discharge Source

Investigation and Elimination

2

investigation(s) to identify and locate the source within one business day 48 hours of

becoming aware of the illicit discharge.

(2) Initiation of investigation of all public and employee ID and spill complaints within

one business day 24 hours of receiving the complaint to access validity.

Add as footnote; same qualifier used for Industrial/Commercial Facilities Inspection:

Permittees may comply with the Permit by taking initial steps (such as logging,

prioritizing, and tasking) to “initiate” the investigation within that one business day.

However, the Regional Water Board would expect that the initial investigation,

including a site visit, to occur within two business days.

IC-ID Page 3

RB-AR12949



Los Angeles County Flood Control District Comments

Staff Working Proposal on Minimum Control Measures

Comment #
Identify Permit Element/ Issue/

Concern

Location in

Working

Proposal

Comment/Recommendation

Illicit Connection and Illicit Discharge Elimination Program

11.d.iv.(1) This section states: “…Permittee shall immediately notify the responsible party of the

problem, and require the responsible party to conduct all necessary corrective actions to

eliminate the non-stormwater discharge within 48 hours of notification.”

[page 70]

This may not be feasible. For example, an illicit discharge could occur and the Permittee

may not be able to immediately identify the responsible party. Additionally, if the illicit

discharge occurs on a weekend or during a large public event, it may not be feasible to

eliminate the illicit discharge within 48 hours (i.e. contractors and equipment may not be

readily available). However, it may be possible to initiate activities to contain the illicit

discharge and minimize impacts.

4 Illicit Discharge Source

Investigation and Elimination

11.d.iv.(2) The provision requires Permittees notify upstream jurisdictions in writing if the source of

the illicit discharge was determined to originate from that jurisdiction. The permit should

provide flexibility in how Permittees communicate with each other and other jurisdictions

Illicit Discharge Source

Investigation and Elimination

3

provide flexibility in how Permittees communicate with each other and other jurisdictions

and agencies.

[page 70]

There may be illicit discharges that are visually observed and not determined from

screening activities. In such cases there may not be characterization and field screening

data to provide.

IC-ID Page 4
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Los Angeles County Flood Control District Comments

Staff Working Proposal on Minimum Control Measures

Comment #
Identify Permit Element/ Issue/

Concern

Location in

Working

Proposal

Comment/Recommendation

Illicit Connection and Illicit Discharge Elimination Program

11.d.v Requires the Permittee to work with the Regional Board to provide diversion of the entire

flow to the sanitary sewer or provide treatment if the Permittee is unable to eliminate an

ongoing illicit discharge.

[page 71]

There may be situations where the illicit discharge is extremely difficult to trace, the

responsible party(ies) is not clear, diversion to the sanitary sewer is not feasible (due to the

size or location of the discharge), or treatment is too cost prohibitive. For example, the oil

discharge discovered in January 2011 in the Dominguez Channel near 223rd Street in the

City of Carson involved months of investigation involving multiple agencies and possible

responsible parties. The discharger(s) must be held responsible and be part of the

solution.

LACFCD Recommendation

In the event the Permittee(s) are is unable to eliminate an ongoing illicit discharge

following full execution of its legal authority and in accordance with its Progressive

Enforcement Policy, including the inability to find the responsible party/parties, or other

Illicit Discharge Source

Investigation and Elimination

5

Enforcement Policy, including the inability to find the responsible party/parties, or other

circumstances prevent the full elimination of an ongoing illicit discharge, the Permittee(s)

shall notify the Regional Water Board i n writing within 30 days of such determination and

work with provide available information for the Regional Water Board to take action

against the suspected discharger(s) provide for diversion of the entire flow to the sanitary

sewer or provide treatment . In either instance, the Permittee shall notify the Regional

Water Board in writing within 30 days of such determination and shall provide a written

plan for review and comment that describes the efforts that have been undertaken to

eliminate the illicit discharge, a description of the actions to be undertaken, anticipated

costs, and a schedule for completion.

IC-ID Page 5
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Los Angeles County Flood Control District Comments

Staff Working Proposal on Minimum Control Measures

Comment #
Identify Permit Element/ Issue/

Concern

Location in

Working

Proposal

Comment/Recommendation

Illicit Connection and Illicit Discharge Elimination Program

11.e.i & ii Requires the Permittee to complete a suspected illicit connection investigation within 21

days, and ensure elimination of the connection within 90 days upon confirmation of an

illicit MS4 connection.

[Page 71]

The LACFCD owns and maintains a vast network of open channels and underground storm

drains. The LACFCD requires sufficient time to address suspected illicit connections, and

would like to see the same timeframes carried over from the current to the new Permit.

LACFCD Recommendations

Modify to read:

(i) " … complete initiate an investigation within 21 days…"

(ii) "…ensure that the connection is eliminated within 90 180 days…"

11.f.ii.(1) & (2) The provision makes reference to a "County sponsored PIPP."

[Page 71-72]

Public Reporting of Non-

Stormwater Discharges and Spills

6 Identification and Response to

Illicit Connections

7

[Page 71-72]

The LACFCD recognizes the cost-effectiveness in participating in a collaborative and

coordinated PIPP program, and supports a regional PIPP program as one of the options;

however, the County does not have plans to sponsor a countywide PIPP.

LACFCD Recommendation

Modify to read “(1) By jointly implementing a regional PIPP hotline”

IC-ID Page 6
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Los Angeles County Flood Control District Comments

Staff Working Proposal on Minimum Control Measures

Comment #
Identify Permit Element/ Issue/

Concern

Location in

Working

Proposal

Comment/Recommendation

Illicit Connection and Illicit Discharge Elimination Program

8 Public Reporting of Non-

Stormwater Discharges and Spills

11.f.iv. The provision requires annual evaluations of procedures.

[Page 72]

LACFCD Recommendation

In light of the large number and variety of potential stakeholders that could be involved in

these procedures, we recommend that evaluations be conducted once during the Permit

term.

11.g. i.(1), (3) LACFCD Recommendations

[Page 72] "(2) Initiation of investigation of all public and employee ID and spill complaints within 24

hours one business day of receiving the complaint to assess validity."

"(3) Response to ID and spills for containment within 2 4 hours of becoming aware of the

ID or spill, except where such IDs or spills occur on private property, in which case the

response should be within 2 hours of gaining legal access to the property."

9 Illicit Discharge and Spill

Response Plan

IC-ID Page 7
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Ashli Desai  
320 Wilshire Blvd, Suite 204 
Santa Monica, CA, 90401 
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July 21, 2012 
 

T O:  Frank Wu, Stormwater Manager 
Watershed Protection Division 

 

COP Y  T O:  Aracely Lasso, Mack Walker 
 

    
S UB J E CT :  Comments on the TMDL Provisions of the Tentative Order For Waste 

Discharge Requirements For Municipal Separate Storm Sewer System (MS4) 

Discharges within the Los Angeles County Flood Control District, including 

the County of Los Angeles, and the Incorporated Cities Therein, Except the 

City of Long Beach 
   

1 INTRODUCTION AND BACKGROUND 
This memorandum provides comments on the Total Maximum Daily Load (TMDL) 
Provisions of the Tentative Los Angeles Municipal Separate Storm Sewer System (MS4) 
Permit, (hereafter Tentative Permit) and provides an alternative approach. 

In choosing to incorporate TMDLs as numeric effluent limitations, the Regional Water 
Board staff seriously undermines the ability of MS4 Permittees to move forward with a 
productive approach to implementing permit requirements and puts them in immediate 
risk of non-compliance. Whereas, with the Watershed Management Program provisions, 
the Regional Water Board staff has identified a clear pathway to resolving many of the 
concerns that were observed during implementation of the previous Los Angeles MS4 
Permit. Permittees should be given the opportunity to demonstrate the effectiveness of this 
approach during this permit term. Subsequent permits can always modify the selected 
approach if it is not effective, but it should be given the opportunity to succeed. 

Based on the review of the Tentative Permit language, the WLAs for State-adopted TMDLs 
appear to have been incorporated as numeric effluent limitations that apply at the point of 
discharge from the MS4 and, where included in a TMDL, as receiving water limitations. The 
Tentative Permit outlines various methods of compliance with the numeric effluent 
limitations and receiving water limitations, but only allows for compliance with final WLAs 
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using water quality data compared to numeric values or a demonstration of no discharge. 
This approach is inappropriate and inconsistent for the following reasons: 

1. The TMDL Basin Plan Amendments, staff reports, and adoption records clearly 
outline assumptions for incorporation of WLAs into MS4 permits; these 
assumptions are not included in the Tentative Permit.  

2. The technical feasibility of translating WLAs into numeric effluent limitations is 
uncertain as is the ability for Permittees to comply with end of the pipe numeric 
effluent limitations.  

3. Multiple guidance documents, permit precedents, and technical analyses support 
the use of an alternative approach to incorporation of WLAs into permits that are 
consistent with the assumptions of the TMDLs and are technically feasible to 
implement. 

 
In fact, the Tentative Permit uses such an alternative approach to incorporate the U.S. 
Environmental Protection Agency (EPA) promulgated TMDLs into the permit. We would 
submit this approach is more consistent with EPA guidance than the approach used for the 
State-adopted TMDLs.   

To address the concerns identified above, the discussion outlined below provides an 
alternative approach to incorporate WLAs into the Los Angeles MS4 Permit. This approach 
is consistent with the approach the Regional Water Board used to incorporate the EPA 
promulgated TMDLs.  

1. Incorporate the WLAs as BMP-based effluent limitations defined as the TMDL 
Control Measures required in Watershed Management Programs and/or identified 
in the TMDL Implementation Plans. 

a. These BMP-based effluent limitations are consistent with the ‘action based 
demonstration’ described in the Fact Sheet of the Tentative Permit and 
would include objective and measurable implementation requirements (e.g., 
numbers of BMPs, performance standard, benchmarks, and implementation 
schedules). 

2. Define violations of the permit requirements to include 
a. Not implementing the Watershed Management Program on schedule. 
b. Not submitting, implementing, or updating the Watershed Management 

Program on schedule. 
 
We recognize that the Regional Water Board staff is concerned that issuing the Los Angeles 
MS4 Permit without numeric effluent limitations might create a situation in which the 
WLAs may not be achieved by the deadlines laid out in the TMDL Basin Plan Amendments 
and would not provide for a certain end point for the TMDL adaptive management process. 
The Watershed Management Program (Section VI.C.3) outlined in the Tentative Permit 
provides the structure to prevent or moderate the situations that would cause these 
concerns. The Watershed Management Program requires a Reasonable Assurance Analysis 
that provides a structure for evaluating when the WLAs will be achieved and an Adaptive 
Management Process (Section VI.C.6), which requires continual improvement. Further the 
Adaptive Management Process requires sufficient justification for additional time, 
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consistent with what would be required for a Time Schedule Order. This would allow this 
approach to be used for those TMDLs whose final compliance deadlines have passed. 

The Watershed Management Program section of the Tentative Permit provides clear 
enforcement authority for the Regional Water Board staff to ensure Permittees comply 
with the BMP-based effluent limitations implementing the TMDL provisions. This approach 
provides compliance certainty for those Permittees who are implementing their programs 
while recognizing the technical limitations of stormwater program implementation, such as 
the variability of storm water conditions, lack of control over sources of pollutants, 
limitations of treatment technologies, and the realities of municipal stormwater program 
funding sources. Additionally, this approach is consistent with the adaptive or phased 
TMDL process that is discussed in many of the TMDLs being incorporated into the permit.  

This approach provides assurance that the TMDL provisions in the Los Angeles MS4 Permit 
are consistent with the assumptions and requirements of the TMDLs and are supported by 
EPA guidance, and other MS4 permits. The concerns regarding these inconsistencies with 
the Regional Water Board Approach and the recommended approach are detailed in the 
remainder of the comments.  

 Section 2 Inconsistencies with WLA assumptions and requirements 

 Section 3 Use of numeric effluent limitations 

 Section 4 Recommended approach and suggested permit modifications 

2. INCONSISTENCIES WITH WLA ASSUMPTIONS AND REQUIREMENTS 
The method of incorporating the State-adopted WLAs into the Tentative Permit is not 
consistent with the assumptions of the WLAs for most if not all of the TMDLs. The 
inconsistencies are in three areas: 

1. The use of numeric effluent limitations does not recognize the uncertainties and 
assumptions inherent in the modeling used to develop the TMDL WLAs. 

2. The use of numeric effluent limitations does not reflect the adaptive management or 
phased implementation approach and assumptions outlined in the majority of 
TMDLs adopted in the Los Angeles region. 

3. In some cases, the numeric effluent limitations do not reflect specific assumptions 
included in the Basin Plan Amendments or are interpretations of the WLAs that are 
not consistent with the assumptions. 

Following are a number of examples that discuss and highlight these three inconsistencies. 

Inconsistencies with WLA Calculation Assumptions 
By applying the WLAs as numeric effluent limitations, they are being treated as strict 
compliance numbers. However, a TMDL is the best estimate given the available data. Every 
TMDL is developed by constructing a conceptual linkage between sources of pollution and the 
receiving water impairment. A model, able to represent the conceptual linkage, is used to 
perform the analysis determining the WLA and Load Allocation (LA) necessary to remove the 
receiving water impairment, which are then reduced by a margin of safety (MOS) to account for 
uncertainties. As the watershed responses generally driven by precipitation, the TMDL is 
developed to satisfy current weather patterns.  Uncertainties in the available data, data gaps, 
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assumption of weather patterns, and simplifications of the modeling the system combine to give 
reasonably accurate, but uncertain WLAs and LAs.   

To acknowledge the uncertainty, TMDLs generally include provisions for additional monitoring 
and adaptive management to ensure the WLA and LA are acting to remove the impairment and 
to modify them if not. Within the TMDL itself, the WLA and LA are not viewed as strict 
compliance numbers, but instead as reasonably accurate estimates. In fact, nearly all TMDLs 
adopted for waterbodies in the Los Angeles Region include a schedule under which the TMDL 
will be revaluated.  Directly applying the WLAs as numeric effluent limitations is contrary to the 
assumptions and requirements of the WLA. 

Given the uncertainties in the development of a Watershed Management Plan, Permittees cannot 
provide guarantees that the proposed actions can meet WLAs. However, the Permittees can 
develop Reasonable Assurance Analyses, where using the present knowledge of the watershed 
and reasonable assumptions, the set of non-structural and structural BMPs are determined with a 
high level of confidence that would result in achieving the WLAs.  

The Watershed Management Plan with the Reasonable Assurance Analysis is parallel and 
complementary to the TMDL development process. The TMDL process ends at the 
determination of the WLA for MS4s, and the other appropriate allocations for other sources. The 
Reasonable Assurance Analysis begins with the TMDL analysis, including the uncertainties 
generated as part of the TMDL, and must extend the analysis to include the future changes in the 
watershed, including redevelopment, growth, future meteorological conditions, and effectiveness 
of both non-structural and structural BMPs. These uncertainties prevent the Permittees from 
knowing precisely the numbers and types of BMPs required to achieve the WLA, but do allow 
for proposing the best estimate of what may be necessary.  Through implementation of the 
proposed actions and continued monitoring, the Permittees will be able to refine the 
implementation of BMPs to affect the required change in stormwater loading to ultimately 
achieve the WLAs. 

The uncertainty in model input data, estimates of future meteorological conditions, and 
effectiveness of non-structural and structural BMPs translates into level of uncertainty in the 
required actions to attain the WLAs. No tools are available to precisely determine required 
actions to meet specific limitations. The available tools for performing a Reasonable Assurance 
Analysis can be used to demonstrate the uncertainty of the inputs results in a range of calculated 
receiving water improvements. However, using the available tools and available information, the 
suite of actions and the schedule by which they should be performed can be determined that is 
the best estimate of what is necessary to achieve the WLAs. The Reasonable Assurance approach 
uses rigor and the best available knowledge to make decisions of how to affect water quality. 
Monitoring and adaptive management are used to change course, as necessary, to get closer to 
the target. Each step of the adaptive management process uses the information gained through 
monitoring the system, allowing a continuing refinement of necessary actions. The adaptive 
management process will result in quantum improvements in water quality continuing until the 
receiving water impairments are removed. 

WLAs are developed in TMDLs based on the available information and provide reasonable 
assurance the water quality objectives will be met in the receiving waters if the WLA is attained. 
Compliance with the WLA by Permittees should mimic the WLA development, namely through 
a Reasonable Assurance Analysis as is specified in the Tentative Permit (Section VI.C.3).   
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The Tentative Permit allows the opportunity for Permittees to address a number of TMDLs 
through the Watershed Management Plan through a Reasonable Assurance Analysis. The 
Watershed Management Plans include monitoring and adaptive management to ensure progress 
towards achieving the TMDL requirements. The Watershed Management Plan approach is 
consistent with and complementary to the TMDL development. 

Inconsistencies with Phased TMDL Assumptions 
In almost every TMDL adopted by the State in the Los Angeles Region, the TMDL has 
included an implementation schedule that defines a point at which the TMDL will be 
reconsidered to incorporate new information and potentially modify targets, allocations 
and/or implementation requirements. The specifics of the requirements vary, but the 
intent of the approach is clear and best summarized by the following discussion from the 
memorandum on the Dominguez Channel and Greater Los Angeles and Long Beach Harbor 
Waters Toxic Pollutants TMDL from Samuel Unger to Charles Hoppin, Frances Spivy-Weber 
and Tam Doduc dated January 27, 2012. 

 “The Harbors Toxics TMDL recognizes that a TMDL is built on current data and 
information, but that there will be opportunities to refine our scientific understanding 
of the Greater Harbors system during the TMDL’s implementation period. In this sense, 
the TMDL is a living document and provides opportunities to conduct special studies, 
collect new data, and address new policies.” 

The response to comments for multiple TMDLs includes responses such as the ones 
identified below. 

Los Angeles Harbor Bacteria TMDL 

Comment: The City supports a re-evaluation of reference system; Leo Carillo 
Beach/Arroyo Sequit is inappropriate for Los Angeles Harbor. The current reference 
system is an open coast beach subject to high wave and wind action. Conversely, Los 
Angeles Harbor Inner Cabrillo Beach is in a very protected area that has little wave 
action and is not always influenced by wind currents. BOS requests the 4-year re-
opener to include assessing the size of the reference system, annual adjustment of 
allowable exceedance days based on rainfall conditions, and an evaluation of natural 
variability in exceedance levels in the reference system(s). BOS requests an enclosed 
bay system versus an open coast system be included in this reassessment. It may not 
be possible to find a relatively unimpacted enclosed bay system locally. A possible 
option for this reassessment is the Natural Source Exclusion approach. Another 
approach is to select a reference system outside of the local area, but this raises 
questions regarding its relevancy to the local situation. 

Response to Comment: Regional Board Staff recognize the disadvantages of Leo 
Carillo as the reference beach – as was also recognized in the recent Marina del Rey 
bacteria TMDL (also an enclosed beach which used Leo Carillo Beach as a reference) 
– however, Leo Carillo is currently the best reference beach available. The Regional 
Board is currently working with the Southern California Coastal Water Research 
Project (SCCWRP) to locate and validate a more appropriate reference beach. 
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The 4-year reconsideration of the TMDL includes the reassessment of the 
reference system, consideration of adjustment of allowable exceedance days 
based on rainfall, and an evaluation of natural variability, as requested. 
(Emphasis added.) 

San Gabriel River and Tributaries Metals and Selenium TMDL 

Comment: The proposed TMDL assigns responsibility for metals loads arriving to 
city lands from atmospheric deposition and the National Forest. Recent studies 
(Sabin et al.) reveal that 57%-100% of the metals found in urban runoff are 
attributed to atmospheric deposition. This makes local government responsible for 
metals pollution outside their jurisdiction and control. 

Comment Nos. 4.4 to 13.4 added that the State Water Board suspended metals loads 
requirements in the Los Angeles River TMDL until 2011 and requested that the 
Regional Board resolve atmospheric deposition issues prior to reconsideration of 
the TMDL in 2012. The Regional Board should suspend the metals reduction 
requirements in this proposed TMDL until studies addressing atmospheric 
deposition are completed. 

Response to Comment:  Although municipalities may not have direct control over 
indirect atmospheric deposition, they do have control over infrastructures that 
facilitate pollutant washoff and discharge to the storm drain system and other 
surface waters. In addition, research suggests that re-suspended road dust is the 
primary source of atmospheric deposition of metals. It then follows that roads 
within the cities are the primary source of the metal-laden particulates that 
comprise the majority of atmospheric deposition loading. Nonetheless, the Regional 
Boards, State Board, and Air Resources Board have begun to address the issues and 
will develop appropriate policies or take other actions. The Regional Board and staff 
are committed to working with stakeholders to confirm recent studies and to 
further characterize the source and control measures. For example, staff requested 
$100,000 of State Contract funds during Fiscal Year 2006/07 for atmospheric 
deposition studies. 

The proposed TMDL already suspends metals reduction requirements until studies 
addressing atmospheric deposition are completed. The proposed TMDL shall be 
reconsidered at year 5 based on the results of special studies and reductions 
are not required until year 6. (Emphasis added.) 

These responses demonstrate the evolving understanding of the sources to water quality 
impairments a pattern of using TMDL reconsiderations to address uncertainty concerns 
with the TMDLs and identify the intent to not require compliance with TMDL requirements 
prior to the reconsiderations occurring. 

The inconsistency in the approach is further magnified by discussion in the Tentative 
Permit Fact Sheet. In the discussion on page F-98 regarding the State-adopted TMDLs with 
final effluent limitations during the term of the Order, the Fact Sheet states: 

“In most of these five TMDLs, compliance with the final water quality-based 
effluent limitations assigned to MS4 discharges is expected to be achieved (e.g., 
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Santa Clara River Chloride TMDL), or a mechanism is in place to potentially allow 
additional time to come into compliance (e.g. reconsideration of the Marina del 
Rey Harbors Toxics TMDL implementation schedule).” 

This statement recognizes a phased TMDL implementation approach was assumed during 
TMDL development, wherein reconsiderations would occur based on gathering of 
additional information and experience implementing actions to control the pollutants. This 
statement also epitomizes the difficulties facing Permittees in implementing TMDLs and 
complying with permit conditions. When TMDLs are adopted or compliance with uncertain 
WLAs is required, Regional Water Board staff state that reconsiderations are the 
mechanism that will be used to ameliorate these concerns. However, the Tentative Permit 
provisions require compliance with the numeric WLAs unless the Regional Water Board 
reconsiders the TMDL, putting the Permittee in the position of potentially being out of 
compliance with the permit conditions while waiting for Regional Water Board staff 
actions. Then, as demonstrated during the reconsideration of the Santa Monica Bay 
Bacteria TMDL, the Regional Water Board can refuse to consider any time extensions.  

It is inappropriate to address concerns with TMDL requirements through the use of 
reconsiderations and then impose conditions in the MS4 permit that do not allow the 
reconsideration process to be effectively utilized as intended. The County recognizes that 
each TMDL has different specific provisions associated with reconsideration, but the 
general approach, as shown by the example administrative records and hearing discussions 
described above appear to demonstrate an approach that addresses concerns with TMDL 
uncertainties and requirements by allowing for the adaptive management and evaluation 
of information being collected during TMDL implementation. The conditions implementing 
those TMDLs should therefore reflect those assumptions and approach. The use of numeric 
effluent limitations to implement the final WLAs is not consistent with the assumptions of a 
phased approach to implementation that considers modifications to the allocations and 
schedules based on the gathering of additional information.  

Inconsistencies with Specific TMDL WLA Assumptions 
In addition to being inconsistent with the phased approach to TMDL implementation 
discussed in the TMDLs, the numeric effluent limitations included in the permit are 
inconsistent with the assumptions of specific TMDL WLAs. Following are a few examples of 
TMDLs issued by the issued by the Regional Water Board in which the TMDL clearly states 
that the WLAs either will or can be implemented into permits as BMPs. 

Resolution TMDL TMDL Basis for Determining MS4 Compliance 

R10-010 Santa Monica Bay 
Nearshore Debris 
TMDL 

"Dischargers may comply with the WLA in any lawful manner, 
including the use of full capture systems; partial capture 
systems; and/or institutional controls." 
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Resolution TMDL TMDL Basis for Determining MS4 Compliance 

R10-007 Los Angeles River 
Bacteria TMDL 

"MS4 Permittees may achieve the WLAs by employing any 
viable and legal implementation strategy. A recommended 
implementation approach is called the "MS4 Load Reduction 
Strategy" (LRS) and requires coordinated effort by all MS4 
Permittees within a segment or tributary." 

MS4 dischargers can demonstrate compliance with the final 
dry weather WLAs by demonstrating that final WLA are met 
instream or by demonstrating one of the following conditions 
at outfalls to the receiving waters: 

1. Flow-weighted concentration of E. coli in MS4 discharges 
during dry weather is less than or equal to 235 MPN/100mL, 
based on a weighted-average using flow rates from all 
measured outfalls; 

2. Zero discharge during dry weather; 

3. Demonstration of compliance as specified in the MS4 NPDES 
permit which may include the use of BMPs where the permit’s 
administrative record supports that the BMPs are expected to 
be sufficient to implement the WLA in the TMDL, the use of 
calculated loading rates such that loading of E. coli to the 
segment or tributary during dry weather is less than or equal 
to a calculated loading rates that would not cause or contribute 
to exceedances based on a loading capacity representative of 
conditions in the River at the time of compliance or other 
appropriate method.” 

2008-006 Machado Lake 
Nutrient TMDL 

“…Concentration-based interim and final WLAs will be 
included in the stormwater permits in accordance with NPDES 
guidance and requirements.” [Waste Load Allocations; 
Machado Lake] 

"Stormwater Permittees may be deemed in compliance with 
waste load allocations by actively participating in a LWQMP 
and attaining the waste load allocations for Machado Lake. 
Stormwater permittees and the responsible party for the lake 
may work together to implement the LWQMP and reduce 
external nutrient load to attain the TMDL waste load 
allocations measured in the lake.  

Alternatively, MS4 Permittees may be deemed in compliance 
with the waste load allocations by demonstrating reduction of 
total nitrogen and total phosphorous on an annual mass basis 
measured at the storm drain outfall of the permittee’s drainage 
area." 

2007-015 Ballona Creek 
Metals TMDL 

"Each municipality and permittee will be required to meet the 
storm water waste load allocation at the designated TMDL 
effectiveness monitoring points. A phased implementation 
approach, using a combination of non-structural and structural 
BMPs may be used to achieve compliance with the stormwater 
waste load allocations. The administrative record and the fact 
sheets for the MS4 and Caltrans storm water permits must 
provide reasonable assurance that the BMPs selected will be 
sufficient to implement the waste load allocations." 
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The issue how the WLAs will be implemented is also found in discussions in the Staff 
Report justifying the adoption of the Basin Plan Amendment or in the Response to 
Comments: 

San Gabriel River Metals TMDL Response to Comments page 6:  

“The TMDL will not result in the application of CTR limits as end-of-pipe numeric limits 
for the municipalities. The TMDL supports the use of an iterative BMP approach. The 
Basin Plan amendment states, “A combination of non- structural and structural BMPs 
may be used to achieve compliance with the WLAs. The administrative record and the 
fact sheets for the MS4 and Caltrans permits must provide reasonable assurance that 
the BMPs selected will be sufficient to implement the WLAs. Reductions to be achieved 
by each BMP shall be documented and sufficient monitoring shall be put in place to 
verify that the desired reductions are achieved. The permits shall also provide a 
mechanism to make adjustments to the required BMPs as necessary to ensure their 
adequate performance.” 

Santa Clara River Nitrogen TMDL, page 62 of the Staff Report:  

“On November 22, 2002, the United States Environmental Protection Agency issued a 
Memorandum clarifying and providing guidance for establishing waste load 
allocations for storm water discharges in TMDLs. It is noted that TMDLs issued by the 
Regional Board prior to November 22, 2002 did not contain wasteload allocations for 
MS4 permittees. However, as the MS4 permittees are a minor load of ammonia, nitrite, 
and nitrate to the Santa Clara River, the compliance alternative is an iterative 
approach, which is consistent with the November 22, 2002 memorandum. This 
iterative, or adaptive management BMP approach, will be based on BMPs currently 
required in the NPDES permits for stormwater management.”   

Los Angles River Metals Basin Plan Amendment page 15, San Gabriel River Metals Basin 
Plan Amendment page 12, Ballona Creek Estuary Toxics TMDL page 7  1 

 “A phased implementation approach, using a combination of non-structural and 
structural BMPs may be used to achieve compliance with the stormwater waste load 
allocations. The administrative record and the fact sheets for the MS4 and Caltrans 
storm water permits must provide reasonable assurance that the BMPs selected will be 
sufficient to implement the waste load allocations. We expect the reductions to be 
achieved by each BMP will be documented and that sufficient monitoring will e put in 
place to verify that the desired reductions are achieved. The permits should also 
provide a mechanism to adjust the required BMPs as necessary to ensure their 
adequate performance.” 

Another inconsistency between the Tentative Permit and the TMDLs is the inclusion of 
effluent limitations for TMDLs where WLAs have been defined as receiving water 
limitations. The interpolation of the WLAs as numeric effluent limitations is inappropriate 
and does not accurately reflect the WLAs. For example, in the Santa Monica Bay, Los 

                                                 
1 The Ballona Creek Metals TMDL Basin Plan Amendment, p. 10 also includes the first two sentences of this 
quotation, but does not include the remaining language. 
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Angeles Harbor, Marina Del Rey, and Santa Clara River bacteria TMDLs, WLAs were 
assigned as the number of exceedance days in the receiving water. The Tentative Permit 
includes numeric effluent limitations equal to the Basin Plan water quality objectives for 
bacteria. This is inconsistent with the WLAs as there are no outfall-based WLAs included in 
these TMDLs and the assigned effluent limitations do not reflect the assumption in the 
WLAs that some exceedances may occur as a result of natural sources. Natural sources may 
be discharged through an MS4 and the inclusion of numeric effluent limitations that do not 
allow any exceedances and do not have any analysis in the Fact Sheet demonstrating how 
the numeric effluent limitations were derived from the receiving water exceedance day 
allocations is inconsistent with the TMDL. 

Finally, some methods for determining compliance with the TMDL WLAs are not reflected 
in the Tentative Permit. For example, the Los Angeles River Bacteria TMDL Basin Plan 
Amendment states (page 6): 

MS4 dischargers can demonstrate compliance with the final dry weather WLAs by 
demonstrating that the final WLA are met instream or by demonstrating one of the 
following conditions at outfalls to the receiving waters: 

1. Flow-weighted concentration of E. coli in MS4 discharges during dry weather is 
less than or equal to 235 MPN/100mL, based on a weighted-average using flow 
rates from all measured outfalls; 

2. Zero discharge during dry weather; 
3. Demonstration of compliance as specified in the MS4 NPDES permit which may 

include the use of BMPs where the permit’s administrative record supports that 
the BMPs are expected to be sufficient to implement the WLA in the TMDL, the 
use of calculated loading rates such that loading of E. coli to the segment is less 
than or equal to a calculated loading rates that would not cause or contribute 
to exceedances based on a loading capacity representative of conditions in the 
River at the time of compliance or other appropriate method. 

 
The third and final method identified in the Los Angeles River Bacteria TMDL, which 
provides both BMP based and load based methods for demonstrating compliance, is not 
provided in the Tentative Permit for final WLAs. The Tentative Permit must be consistent 
with the WLAs as outlined in the Basin Plan Amendment and this method of compliance 
must therefore be incorporated into the Order.  

3. USE OF NUMERIC EFFLUENT LIMITATIONS IS NOT REQUIRED AND IS 
TECHNICALLY INFEASIBLE, AND INCONSISTENT WITH MOST GUIDANCE AND 
EXISTING PRECEDENTS 

Numeric Effluent Limitations are Technically Infeasible 
The numeric effluent limitations are technically infeasible because the quantification of the 
precise stormwater impact is too uncertain and the sporadic manner in which stormwater is 
discharged defies set numeric limits. 

While the increasing sophistication in monitoring and modeling in the stormwater 
program have moved forward efforts to create linkages between stormwater and receiving 
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water quality the challenge of developing those linkages remains substantial. In 2008 the 
National Academy of Science noted: 

 “…pollutant loadings in stormwater effluent vary dramatically over time and 
stormwater is notoriously difficult to monitor for pollutants.” 2 

Modeling approaches while useful in understanding and predicting acceptable loads for 
receiving waters still include a significant degree of uncertainty especially for stormwater 
because storm events are highly variable in frequency and duration and are not easily 
characterized.3 

The level of uncertainty in monitoring and modeling stormwater contributions raises 
concerns about the ability to use modeled concentrations or load as strict numeric effluent 
limitations.  

 “It is thus difficult to understand how much of a pollutant a stormwater point source 
contributes to a degraded waterbody, much less determine how best to reduce that 
loading so that the waterbody will meet its TMDL.”4 

Numeric effluent limitations are calculated to ensure the discharge will not cause or contribute to 
an exceedance of a water quality standard. Consider the case where the WLA is a monthly 
average, but the MS4 only discharges during storm events.  Directly translating the WLA to a 
numeric effluent limitation would not be accurate because the frequency of discharge is not 
known. It is not unreasonable to assume one storm per month, in which case the water 
discharged from the MS4 will affect the receiving water for a limited duration, leaving the 
balance of the month unaffected by the MS4. If each storm event was required to meet numeric 
effluent limitations equal to the WLA, the effluent limitations would be more stringent than 
necessary to provide the required level of protection to the receiving water.   

When establishing a numeric effluent limitation, permitting authorities are required to consider 
the variability of the discharge. The variability of the MS4 discharge is dependent on the land 
use and precipitation levels. To determine appropriate effluent limitations, assumptions on the 
variability of discharge quantity and quality would need to be made.   

It is possible that there are situations where implementation of available non-structural and 
structural controls to will not reach WLAs.   

Inconsistency with Guidance and Existing Precedents 
Over the last decade, EPA has issued a succession of policy memoranda and guidance 
documents regarding the incorporation of TMDLs into stormwater permits, including:  

1) Guidance for Developing TMDLs in California (EPA Region 9). January 7, 2000 
2) Establishing Total Maximum Daily Load (TMDL) WLAs for Storm Water Sources and NPDES 

Permit Requirements Based on Those WLAs (Wayland and Hanlon). November 22, 2002  
3) TMDLs to Stormwater Permit Handbook (Draft) (EPA). November 2008  

                                                 
2 National Academy of Science, 2008, Urban Stormwater Management in the United States, p.52-53 
3 Wayland and Hanlon, 2002, p.4 
4 National Academy of Science, 2008, Urban Stormwater Management in the United States, p.52-53 

RB-AR12964



July 21, 2012 Page 12 

4) Revision to the November 22, 2002 Memorandum “Establishing Total Maximum Daily Load 
(TMDL) Wasteload Allocations (WLAs) for Storm Water Sources and NPDES Permit 
Requirements Based on Those WLAs” (Hanlon and Keehner). November 12, 2010 

5) Untitled Letter (Kevin Weiss). March 17, 2011 
 
In each of these EPA documents, EPA allows for discretion on the part of the permitting 
authority in the use of numeric effluent limitations for stormwater or BMP-based effluent 
limitations. This flexibility is a key aspect of both Wayland and Hanlon (2002), and Hanlon and 
Keehner (2010). 

Further, it is important to note that the EPA documents did not identify any differences in 
how interim and final WLAs may be addressed by effluent limitations. In particular, the 
guidance did not limit BMP-based effluent limitation approaches to interim WLAs. 

EPA guidance does emphasize that NPDES provisions implementing TMDLs be enforceable, 
objective, and measurable. The Hanlon and Keehner memorandum notes that while 
numeric effluent limitations provide this type of accountability, effluent limitations 
expressed as BMPs can include objective and measurable elements. Such measurable 
elements might include as noted on page 3 of Hanlon and Keehner (2010), “schedule for BMP 
installation or level of BMP performance” or “numeric benchmarks for BMPs and associated 
monitoring protocols or specific protocols for estimating BMP effectiveness.” The Tentative 
Permit provides for enforceable, objective, and measurable provisions in the Watershed 
Management Program. 

In recent permit actions, permitting authorities have taken a variety of approaches to incorporate 
TMDLs into MS4 permits, demonstrating that permitting authorities continue to exercise 
discretion with this permitting requirement. In a review of eight recently issued (issued since 
2009) and draft permits in California, Washington D.C, and Washington State all but one of the 
permits identified a BMP-based approach. 

1) R8-2010-0036 San Bernardino County Flood Control District, the County of San Bernardino, and 
the Incorporated Cities of San Bernardino County within the Santa Ana issued by the Santa Ana 
Regional Water Quality Control Board (San Bernardino Permit) 

2) Order R4-2010-0108 Municipal Separate Storm Sewer Systems within the Ventura County 
Watershed Protection District, County of Ventura, and the Incorporated Cities Therein issued by 
the Los Angeles Regional Water Quality Control Board. (Ventura Permit)  

3) Order No. R8-2009-0030 The County of Orange, Orange County Flood Control District and the 
Incorporated Cities of Orange County within the Santa Ana Region issued by the Santa Ana 
Regional Water Quality Control Board. (North Orange County Permit) 

4) Order R2-2009-0074 San Francisco Bay Region Municipal Regional Stormwater NPDES Permit 
issued by the San Francisco Bay Regional Water Quality Control Board (Bay Area Permit) 

5) Tentative Order 2012-XX-DWQ NPDES Statewide Storm Water Permit for State of California 
Department of Transportation issued by the State Water Resources Control Board. April 27, 2012 
(Draft Caltrans Permit) 

6) Administrative Draft Order R9-2012-0011 NPDES Permit and Waste Discharge Requirements 
for Discharges From The Municipal Separate Storm Sewer Systems (MS4s) Draining the 
Watersheds within the San Diego Region issued by the San Diego Regional Water Quality 
Control Board. (Draft San Diego Permit) 
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7) NPDES Permit No. DC0000221 Authorization to Discharge under the National Pollutant 
Elimination System Municipal Separate Storm Sewer System Permit, October 7, 2011, issued by 
USEPA Region 3. (Washington D.C. Permit) 

8) Draft Phase I Municipal Stormwater Permit National Pollutant Discharge Elimination System and 
State Waste Discharge General Permit for discharges from Large and Medium Municipal 
Separate Storm Sewer Systems, October 19, 2011, issued by the State of Washington Department 
of Ecology. (Draft Washington State Permit) 

 
The Washington D.C. and the Bay Area Permits integrate most aspects of the TMDL 
requirements into the permit conditions. The permits do not distinguish between interim and final 
WLAs. The Washington D.C. permit requires the discharger to develop a Consolidated TMDL 
Implementation Plan, which is in many ways appears to be similar to the Watershed 
Management Program in the Tentative Permit. The Washington D.C. permit is particularly 
notable because it was issued in 2011 after the Hanlon and Keehner (2010) memorandum and 
was issued by EPA Region 3, indicating even EPA staff believe it is not essential to incorporate 
numeric effluent limitations to implement TMDLs. 

The Draft Washington State Permit also integrates the TMDL requirements into the permit but 
because it is a general permit the details of each TMDL, which are not applicable to all 
dischargers, are identified in an appendix. Although not explicitly stated in the permit, 
presumably each Permittee would integrate these specific actions into their Stormwater 
Management Plan. The TMDL language in this draft permit is essentially unchanged from 
existing permit.  

The Ventura Permit and North Orange County permits take a hybrid BMP-based approach while 
including numeric WLAs. In both permits, compliance with the TMDLs is based on monitoring; 
the WLAs are not identified as numeric effluent limitations. In the Ventura Permit the 
compliance determination refers back to the TMDL implementation plans. This provision of the 
Ventura Permit is annotated with 40 CFR 122.44(d)(1)(vii)(B) implying that the implementation 
plan elements are effluent limitations. While both permits include interim and final WLAs they 
are not handled differently.  

The San Bernardino Permit provides clear language that the effluent limitations are a series of 
implementation actions (BMPs) required of the dischargers. Interim effluent limitations include a 
series of implementation actions. The final effluent limitations require the development of a 
comprehensive plan that will establish the specific actions to be implemented to achieve the 
WLAs. Both interim and final effluent limitations are BMP based, but the permit does contain a 
provision that if the implementation actions are not completed as specified, the WLAs will 
become the final numeric effluent limitations. 

The Draft San Diego permit identifies three-part effluent limitations for each TMDL. The 
effluent limitations include: Receiving Water Limitations; final numeric effluent limitations and 
interim numeric effluent limitations where applicable; and a requirement to implement the 
BMPs. This permit is still draft and it is uncertain whether the proposed language will be carried 
through into subsequent drafts or the final order. 
It is too early to fully assess the Caltrans permit, since the TMDL section will not be completed 
until a year after the permit’s adoption. However the draft fact sheet establishes the basis for 
incorporating BMP-based effluent limitations.  
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Permit Method of Assessing 

Compliance 

Difference Between Interim and 

Final WLAs 

Washington D.C. 
Permit No. DC0000221 (2011) 

BMP-based No difference noted 

Bay Area 
R2-2009-00 

BMP-based No difference noted 

Ventura  
R4-2010-0108 

Hybrid BMP-based No difference noted 

North Orange County 
R8-2009-0030 

Hybrid BMP-based No difference noted 

San Bernardino  
R8-2010-0036 

BMP-based No difference noted 

Draft San Diego  
Administrative Draft Order R9-
2012-0011 

Hybrid numeric, 3 part effluent 
limitation, Receiving Water 
Limitations, numeric effluent 
limitations, and BMPs 

No difference noted 

Draft Washington State 
October 19, 2011 

BMP-based No difference noted 

Tentative Caltrans 
Tentative Order 2012-XX-DWQ 

Too early to determine Unable to determine 

 

These permits demonstrate that permitting authorities continue to incorporate TMDLs into 
MS4 permit as BMPs or implementation actions, even after numeric WLAs have been 
established and after the Hanlon and Keehner (2010) memorandum. The significant change in 
permits after 2010 was primarily a stronger focus on measureable and objective provisions to 
assess and ensure implementation progress. 

4. RECOMMENDED APPROACH AND SUGGESTED PERMIT MODIFICATIONS 
The TMDL implementing conditions in the Los Angeles MS4 Permit should be established in a 
manner that: includes provisions that provide objective and measureable direction to Permittees; 
preserves the ability to adapt the implementation to meet changing conditions and improved 
understanding of the watershed dynamics; and provides a means to assess compliance. To do 
this, the language in the Tentative Permit needs to be modified to: 

1. Establish BMP-based effluent limitations to implement the WLAs in the permit, but the 
WLAs should be not identified as the effluent limitations. The WLAs can be incorporated 
into the permit to provide the linkage to the effluent limitations, but should not be 
considered a numeric effluent limitation. 

2. Clearly define the process for determining compliance and ensure one option is through 
the iterative implementation of BMPs per the approved implementation plans or 
Watershed Management Program. Where these actions are implemented per the approved 
schedule, the Permittee would be in compliance. Where implementation plans are not 
implemented per the approved schedule, the Permittee would not be in compliance. 
Consistent with recent MS4 permits California and Washington D.C., and EPA guidance, 
the compliance assessment provisions can be structured in a manner that provides 
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accountability and enforceability while still utilizing adaptive management for the 
implementation of BMPs.  

3. Compliance assessment should also consider other instances in which the Permittee 
would be in compliance (such as attainment of water quality standards in receiving 
waters, no discharge).  

4. Define attainment of the WLAs and compliance with the permit provisions as clearly 
separate concepts. For example, if WLAs are not attained, the permit could require 
additional actions from the Permittees, but as long as the approved Watershed 
Management Program or TMDL Implementation Plan was implemented per the approved 
schedule, then the Permittee would be in compliance. 

5. Monitoring and reporting requirements need to be consistent with the approved TMDLs, 
but flexible enough to allow for the development of integrated monitoring programs. The 
monitoring requirements need to provide the information needed to evaluate progress 
towards attaining the WLAs. The monitoring points need to be clearly defined as one 
option for defining compliance and not the sole option. As noted above, where the 
effluent limitations are expressed as BMPs, there is an important distinction between 
attaining the WLAs and complying with the permit provisions. The monitoring and 
reporting requirements can be structured in a way to assess the implementation of BMPs 
and measure progress toward attainment of the WLAs. 

Based on the recommended approach, a red-line markup of the relevant TMDL provisions of the 
June 6, 2012 Tentative Permit has been developed and is attached to these comments 
(Attachment 1).  

Justification for Recommended Approach 
The approach being recommended in these comments is consistent with EPA guidance and 
other MS4 permits implementing TMDLs. It is also consistent with the approach used by 
the Regional Water Board staff in the Tentative Permit to incorporate the EPA promulgated 
TMDLs.  

Use of BMP-based effluent limitations is consistent with adaptive management, which is a key 
part of assumptions of TMDL adoption. Whereas, directly translating a WLA into a numeric 
effluent limitation significantly limits adaptive management. Once the WLAs are incorporated as 
end of pipe numeric effluent limitations the barrier to changing the numbers increases 
significantly.  

EPA guidance as previously noted in these comments, allows for the use of BMP-based 
effluent limitations, provided it is demonstrated that the BMPs will be sufficient to attain 
the WLAs. The Watershed Management Program will provide an adequate demonstration 
that the BMPs will be sufficient to comply with the WLAs. The Watershed Management 
Programs, with the requirements to identify TMDL Control Measures and a Reasonable 
Assurance Analysis provide a pathway to attaining the WLAs and if Permittees are not 
implementing the required actions on schedule there is a clear enforcement mechanism.  

Though written in many different ways, the guidance discussed above, several precedents, 
some TMDLs and the Fact Sheet for the Tentative Permit all include reference to one key 
requirement for justification of BMP-based effluent limitations: 
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The permit’s administrative record and fact sheet need to support the sufficiency of the 
BMPs to meet the WLAs.  

This requirement is the crux of the justification in the Tentative Permit Fact Sheet as to 
why the Regional Water Board cannot include non-numeric effluent limitations for final 
WLAs in the permit. 

 “It is premature to consider application of this action based compliance 
demonstration option to the final effluent limitations and final receiving water 
limitations that have deadlines outside the term of this Order. More data is needed 
to validate assumptions and model results regarding the linkage among BMP 
implementation, the quality of MS4 discharges, and receiving water quality.” 

However, the Tentative Permit clearly outlines a path, through the Watershed Management 
Program, to gather all of the information needed to make this finding. Given that the final 
compliance dates are outside of the term of the permit and the permit requires the 
demonstrations outlined in the Fact Sheet be developed if “action based compliance” is to 
be used, the Regional Water Board will have sufficient information to determine if “action 
based compliance” is appropriate to achieve the WLAs and will make that determination 
through the approval or disapproval of the Watershed Management Program. The 
alternative approach outlined above is therefore consistent with this requirement and 
supported by existing guidance, permit precedents, TMDL requirements and the Fact Sheet 
language itself. 

Parallel to the TMDL providing reasonable assurance that the WLA will result in 
elimination of the water quality impairment, the Reasonable Assurance Analysis identified 
in the Tentative Permit defines the set of non-structural and structural BMPs to meet the 
WLAs with reasonable assurance. Implementation of these BMPs on the schedule set out in 
the Reasonable Assurance Analysis should define the compliance with the TMDL. Because 
the processes are parallel, there should be as much confidence that the BMPs determined 
through the Reasonable Assurance Analysis will achieve the WLA as there is confidence 
that the TMDL developed WLAs (and LAs) will result in the receiving water impairment 
being removed. 

Finally, the State Water Board, in SWRCB Order 2009-085, identified their intent regarding 
TMDLs: 

“It is our intent that federally mandated TMDLs be given substantive effect. Doing so 
can improve the efficacy of California’s NPDES storm water permits. This is not to say 
that a wasteload allocation will result in numeric effluent limitations for municipal 
storm water discharges. But, when an approved TMDL is in place, the water boards 
will give substantive effect to the TMDL and allow it to become much more than an 
academic exercise.”  

                                                 
5 SWRCB Order 2009-08, In the Matter of the Petition of County of Los Angeles And Los Angeles County Flood 
Control District Waste Discharge Requirements Order No. R4-2006-0074 Issued by the  California Regional 
Water Quality Control Board, Los Angeles Region SWRCB/OCC FILE A-1780 
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The Watershed Management Program does just that, it establishes a substantive 
implementation of TMDLs in a California MS4 permit and would request that Permittees be 
given the opportunity to demonstrate the effectiveness of this approach during this permit 
term.  
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SUBJECT:  TMDL Compliance Assessment 
Reasonable Assurance of Compliance 

  

    
    
 

INTRODUCTION 

The Los Angeles Regional Water Quality Control Board (Regional Board) released the Draft Los 
Angeles County MS4 NPDES Permit (Draft Permit) on June 6, 2012. Comments on the Draft 
Permit are due to the Regional Board by July 23, 2012. The Regional Board is scheduled to hold 
a public hearing on September 6 and 7, 2012, to consider adoption of the Draft Permit. One of 
the most problematic areas of the Draft Permit is its expression of final TMDL limits as strict 
numeric Water Quality Based Effluent Limitations (WQBELs). The use of a numeric WQBELs 
as opposed to Best Management Practices (BMP) approach to assess final Total Maximum Daily 
Load (TMDL) compliance greatly increases the legal liabilities for all permittees regulated under 
the Draft Permit including the County of Los Angeles (County) and Los Angeles County Flood 
Control District (LACFCD).   

A robust technical argument to substantiate a BMP approach to assess final TMDL compliance is 
presented below. A quantitative analysis from a TMDL Implementation Plan is selected to serve 
as a tool to illustrate the complexities and uncertainties in the reasonable assurance process. The 
goal is to educate the lay person, including members of the Regional Board, on the challenges 
dischargers face and the reasons behind dischargers’ concerns regarding the numeric approach. 

PROBLEM STATEMENT 

The Draft Permit requires compliance with WLAs through numeric limitations, however there is 
imperfect information available to Permittees for knowing the precise current load of target 
constituents, and how to choose between available programmatic changes and structural BMPs 
to achieve the desired discharge quality.  

More importantly, TMDLs are developed using the best information available at the time. It is 
generally acknowledged in TMDLs that the information available is imperfect, and schedules are 
included for responsible parties to perform monitoring as part of the implementation program to 
inform an adaptive management strategy for ultimate compliance. 
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Development of a TMDL uses the available information and tools to determine the waste load 
allocations (WLA) for point sources and load allocations (LA) for non-point sources necessary to 
maintain the beneficial uses in the receiving waters.  Due to uncertainly introduced through data 
gaps and imperfect tools, TMDLs include a margin of safety (MOS) and generally incorporate 
the need to continue monitoring and adaptive management applying new information in a 
reasonable schedule to adjust the WLA and LA as necessary to maintain beneficial uses.  WLA 
and LA are dynamic.  Development of TMDLs are based on the data available and assumptions 
to how the sources are linked to the receiving water impairment.  The WLA and LA are the best 
estimates given what is know about the watershed at the time of TMDL development. 

Development of a Watershed Management Plan (Implementation Plan) by an agency to affect 
non-structural and structural BMPs to address WLAs faces additional uncertainty compared to 
TMDL development.  Not only does the Implementation Plan rely on available data and 
assumptions of how the sources are linked to the receiving water impairment, additional 
assumption are required to estimate the effectiveness of the BMPs including: future weather 
patterns, future land use patterns (growth), rates of redevelopment, effectiveness of non-
structural BMPs on amount and quality of runoff, how the programmatic changes might be 
reflected in the modeling, and effectiveness of structural BMPs on the amount and quality of 
runoff. 

Given the uncertainties in the development of a Watershed Management Plan, Permittees cannot 
provide guarenttees that the proposed actions can meet static WLAs.  However, the Permittees 
can develop Reasonable Assurance Plans, where using the present knowledge of the watershed 
and reasonable assumptions, the set of non-structural and structural BMPs are determined with a 
high level of confidence that would result in achieving the WLAs.  These plans are consistent 
with the assumptions made in developing WLAs and requirements of the WLAs.    

The Draft Permit allows the opportunity for Permittees to address a number of TMDLs through 
the Watershed Management Plan through a Reasonable Assurance Analysis.  Per Section VI.C.3 
of the Draft Permit, the Watershed Management Plans are required to include monitoring and 
adaptive management to ensure progress towards achieving the TMDL requirements.  Per the 
Draft Permit compliance with USEPA TMDLs may be demonstrated through Watershed 
Management Plans (Vi.E.3). 

Because the development of TDMLs is a dynamic process relying on adaptive management, 
likewise the Watershed Management Plan is dynamic and will rely on adaptive management.  
The Draft Permit allows a number of TMDLs to be addressed in the context of a Watershed 
Management Plan.  Establishing numerical effluent limitations for the final WLA makes little 
sense and creates unwarranted liability the Permittees cannot control.  BMP based limitations, 
determined through development of a Watershed Management Plan providing actions and 
schedules to meet the final WLAs should be adopted by the Regional Board in the Final Permit. 

TMDL DEVELOPEMENT 

A TMDL is developed to address a receiving water where a pollutant exceeds a water quality 
objective.  Waterbodies where water quality objectives are exceeded are placed on the 
303(d) list1.  The water quality objectives are developed to maintain the beneficial uses (e.g. 
                                                 
1 Section 303(d) of the Clean Water Act embodies the regulations surrounding TMDLs, and are implemented 
through 40 CFR § 130.2 and 130.7. 
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warm water aquatic life, or recreational contact) of the receiving water.  Monitoring data are 
typically used to identify receiving waters where objectives are not being met indicating an 
impairment and placement on the 303(d) list.  The TMDL document includes key components as 
listed in Table 1. The numerical TMDL is the WLA plus the LA plus a Margin of Safety (MOS).  
For the discussion of WLA and LA development the Source Analysis, Linkage Analysis, Critical 
Conditions, and Margin of Safety are the critical components in the TMDL process. 

Table 1:  Key Components of TMDL Development. 

Component Purpose 

Problem Statement Identifying the receiving water and how it is impaired 
Numeric Target Metric of how the receiving water quality will be evaluated 
Source Analysis Potential sources of the pollutant(s) affecting the target (point and 

non-point, natural and anthropogenic) 
Linkage Analysis Idealized manner of which the sources affect the receiving water 

target 
Waste Load and Load Allocations Amount of the pollutant(s) from point and non-point; and natural 

and anthropogenic resulting in meeting receiving water targets 
Margin of Safety A reserve from the allocations to account for the uncertainty in the 

Linkage Analysis 
Critical Conditions Conditions where it is necessary to meet the allocation  
Monitoring Monitoring to ensure allow assessment of the implementation in 

achieving the target 
Implementation and Schedule(1) Demonstration a feasible set of non-structural and structural BMPs 

exist to attain the WLA and LA, and the schedule to implement the 
BMPs 

Cost(1) Consideration of the implementation costs verses the benefit  

 1 Required by California Water Code, USEPA TMDLs are not subject to these components. 

A TMDL in its simplest level is the allowable amount of a pollutant from a watershed that will 
not adversely affect beneficial uses of the waterbody receiving the watershed drainage.  
Schematically, the steps to determine the WLA and LA and compliance evaluation are illustrated 
in Figure 1.  The source analysis considers where in the watershed and how the pollutant may be 
generated.  The linkage analysis is a model combining the sources, transport, and chemical-
physical-biological transformations of the pollutant between the areas of generation and the 
receiving water.  A MOS is determined reflecting the uncertainties in the source assessment, 
available data, and strength of the modeling for the linkage analysis.  The numeric TMDL is 
comprised of the WLAs for MS4s and POTWs balanced with the LA from agriculture and open 
space and a MOS so that the target is calculated to be achieved in the receiving water under 
critical conditions.  The implementation is necessary to demonstrate with reasonable assurance 
that there is a set of BMPs that can be implemented that should result in attaining the target in 
the receiving water.  Generally, the schedule is determined reflecting the magnitude of the 
implementation.  
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Figure 1.  Parallel Nature of TMDL and Reasonable Assurance Analyses. 
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Sources of Uncertainty 

Nearly every stage of the TMDL development has some level of uncertainty.  The uncertainty 
inherent in the process is reflected somewhat in the MOS, but also in the establishment of a 
monitoring program and inclusion of adaptive management provisions as part of TMDL 
implementation.  Generally, TMDLs are written to periodically assess the receiving water to 
determine if further action is necessary.  TMDLs are created as dynamic tolls to ensure the 
impairment is ultimately removed from the waterbody. 

Sources of uncertainty in the Source Assessment and Linkage Analysis affecting ability to 
accurately simulate pollutants in the receiving water with precision include: 

o Size of subwatersheds 

o All land uses and processes typically bended together at the subwatershed scale to 
produce flow and quality at the bottom of the subwatershed. 

o Physical mechanisms evaluated empirically  

o Land use typically lags behind reality 

o Pollutant generation rate per land use 

o Pollutant wash off rates 

o Pollutants may be modeled as particle associated (ie mass of pollutant/mass of sediment) 

o Precipitation varies over watershed (generally high quality precipitation data lacking) 

Factors affecting the ability to accurately forecast the effect of programmatic changes or 
structural BMP implementation on the concentration of the pollutant in the receiving water. 

o Population growth rate uncertain 

o Redevelopment rate and implementation low impact development (LID) practices. 

o Water conservation efforts uncertain 

o Use patterns (changing pollutant generation/washoff/etc rates) 

o Effectiveness of LID uncertain 

o Effectiveness of programmatic changes uncertain (eg effect of increasing street sweeping 
frequency uncertain). 

o Future weather (and other meteorological measures) may not match historic patterns 
leading to a model that is not representative of future conditions. 

The closer the model is able to simulate the actual watershed the more accurate will be the 
calculated allocations.  Uncertainty in the data and model inputs will decrease the precision of 
the calculated allocations.  The accuracy and precision are illustrated in Figure 2, where the 
effect of uncertainty in the model inputs is idealized as creating a bell curve around the 
calculated answer.  The bell curve represents the probability of what the true WLA might be 
given the model results and uncertainty in the inputs. The figure is portraying the confidence that 
the calculated result is equal to the allocation necessary to correct the impairment.  A model that 
captures the important watershed processes (correctly implements a correct conceptual model) 
will calculate accurate results.  However, the model is dependent on the quality of the input data, 
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so that even if the model is “correct”, improper input data may result in calculation of an 
incorrect WLA.  As the uncertainty in data increases the bell curve illustrated in Figure 2 would 
widen.  It is uncommon for modeling studies to perform uncertainty analyses to calculate the 
actual confidence in the model results.  The uncertainty analysis of a model is not trivial, and 
requires quantification of the uncertainty in the model inputs and parameters, which are not 
always known.  The pragmatic approach is to calculate the allocations and require monitoring 
and adaptive management to account for potential inaccuracy of the model or imprecise results 
from uncertain data.  The pragmatic approach results in a dynamic WLA that is refined over time 
as more information is obtained through monitoring and other studies. 

C
on

fid
en

ce
 C

al
cu

la
te

d 
R

es
ul

t E
qu

al
s 

A
ct

ua
l R

es
ul

t  
   

   
   

   
   

   
   

   
 

.

Calculated WLA

Modeled Result is the 
Best Estimate

Greater Uncertainty in Data 
Results in Wider "Bandwidth" 

resulting in a wide range of 
possible outcomes

True WLA most 
likely to be in this 

range

True WLA may be in 
this range, but 

unlikely

Little chance of True WLA 
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Figure 2.  Schematic of Modeled WLA Accuracy and Precision in Determining True WLA. 

EXAMPLE IMPLEMENTATION PROGRAM 

The development of a Watershed Management Plan (with a Reasonable Assurance Analysis) by 
a Permittee lists the specific non-structural and structural BMPs the Permittee intends to install in 
the watershed to achieve the WLA.  The Watershed Management Plan parallels the development 
of a TMDL in many ways.  As illustrated in Figure 1, the Implementation Plan begins where the 
TMDL development ends, including the sources, linkage, etc.  If new information is available 
since the TMDL development it may be included in the analysis, or the Permittee may conduct 
special studies in an effort to fill data gaps identified in the TMDL.  The Implementation Plan is 
generally developed by first considering watershed changes in land use and redevelopment and 
then considering non-structural BMPs modification.  Structural BMPs are then explored to 
achieve the balance of the WLA reduction. 

Critical to the Watershed Management Plan are assessments of how the Land Use may change 
and at what rate redevelopment may occur in the future.  These changes typically determine 
changes in the loading of pollutants.  Additional work may be performed on this issue, for 
example running the Watershed Management Modeling System (WMMS) and adjusting the 
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redevelopment rate from 5% to 15% to demonstrate the range in resulting receiving water 
estimates through reasonable estimates of model inputs. 

Identification of non-structural BMPs opportunities is performed through looking at the current 
practices in the watershed and how modification of those practices may affect the sources of the 
pollutants.  For example street sweeping may be increased from twice a month with brush 
sweepers to weekly with vacuum sweepers.  The effective reduction of pollutants has to be 
estimated to determine how to change the modeling.  The available data include a wide range of 
sweeper effectiveness.  Additional work may be performed on this issue, for example running the 
WMMS adjusting sweeper effectiveness from typical broom to typical vacuum to demonstrate 
the range in receiving water estimates through reasonable estimates in model inputs. 

Identification of structural BMPs is performed by looking at the available land area and 
determining suitable projects.  Estimates for the removal efficiencies for the candidate BMPs are 
used in the model to calculate the numbers of BMPs to be installed in a subwatershed area.  
There are no modeling tools available that can locate individual structural BMPs.  Available 
modeling tools can only provide the number or volume of BMPs required per land area.  
Additional work may be performed on this issue, for example running the WMMS adjusting 
BMP effectiveness by ±20% to demonstrate the range in receiving water estimates through 
reasonable estimates in model inputs. 

Performing model runs where the control measures are varied, is a first order analysis of the 
model sensitivity.  However, as the pragmatic approach is followed in the TMDL 
implementation allowing adaptive management to determine the true WLA through monitoring 
and evaluation over time, the Watershed Management Plan follows adaptive management by 
modifying the BMP implementation as necessary to achieve true WLA.  Both the TMDL process 
to identify the true WLA and the Watershed Management Plant to achieve the true WLA are 
complementary dynamic processes. 

COMPLIANCE WITH NUMERIC LIMITATIONS 

Static numeric limitations will effectively force BMP design for a fraction of the numeric limit. 
To meet numeric effluent limitations, the design of BMPs would incorporate the level of 
uncertainty of the whole analysis and “over build” the solution to account for the unknown 
uncertainties.  Over building the BMP solutions greatly increases costs and unnecessarily 
disrupts the landscape. A schematization of how uncertainty effects the design level of BMPs 
when liable for effluent limit exceedances is presented in Figure 3.  In the Figure, the TMDL 
model uncertainty is portrayed as a bell curve around the calculated WLA.  If the Permittee is 
required to meet effleunt limitations, the design allocation would have to be lowered which 
corresponds to shifting the bell curve to the left on the Figure.  Compounded with reducing the 
design allocation is that the level of uncertainty necessarily increases with the Implementation 
Plan modeling due to assumptions of future land use changes (ie growth), rates of redevelopment 
(ie economic strength), effectiveness of non-structural BMPs, and performance of structural 
BMPs.  The increased level of uncertainty results in a wider bell curve further reducing the 
design loading, as illustrated in Figure 3.  The design of BMPs to meet the static numeric 
effluent limitations would necessarily need to consider the unlikely, but possible portion of the 
bell curve.  Finally, the levels of uncertainty in the inputs and data are not known.  Uncertainty 
analyses for the modeling systems are non-trivial to perform to quantify the model uncertainty.  
Permittees would not have the ability to determine a priori what loading would be the 
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appropriate design level to ensure compliance with effluent limitations.  The static WLA may be 
the wrong values that may not result in removing impairments, or the impairment may be 
removed at a different WLA. 
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Figure 3. Schematic of Uncertainty Affecting the Required Design Level for BMPs. 

SUGGESTED APPROACH FOR REASONABLE ASSURANCE OF COMPLIANCE 

The result from a Reasonable Assurance Analysis is a set of programmatic changes and BMP 
implementations that will provide the desired water quality with a high degree of confidence 
through a process that is parallel to the TMDL development.  A Reasonable Assurance Analysis 
results in the best estimate possible of the BMPs required for attainment of the WLAs.  TMDLs 
are developed to determine WLA and LA to provide reasonable assurance of obtaining water 
quality objectives. TMDLs generally require monitoring programs and identify adaptive 
management to refine the WLA and LA in the future to achieve and maintain the water quality 
objectives.  The TMDL paradigm (reasonable assurance of obtaining water quality objectives, 
monitoring, and adaptive management) that generated the WLA and LA should be acceptable for 
determining compliance with the TMDL WLA and LA and is consistent with federal regulations. 

Because the processes are parallel, there should be similar levels of confidence that the BMPs 
determined through the Reasonable Assurance Analysis will achieve the WLA as there is 
confidence that the TMDL developed WLAs (and LAs) will result in the receiving water 
impairment being removed. 

Program for compliance could have: 

o Initial programmatic changes and BMPs implementation designed to give reasonable 
assurance of MS4 obtaining the WLA and LA within a specified timeframe2. 

                                                 
2 The timeframe should be based on the pollutant 
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o Monitoring over the timeframe. 

o Reevaluation of the model, MS4 implementation, and monitoring data. If the receiving 
water is not obtaining the water quality objectives the process would repeat. 

When reasonable assurance can be made that the receiving water complies with the water quality 
objectives, the MS4 should be able to halt additional programmatic changes and BMP 
implementation. 

Monitoring and evaluation should provide the cornerstone of the adaptive management used to 
affect reasonable assurance of receiving waters meeting the water quality objectives.  

CONCLUSIONS 

Waste load allocations (WLA) and load allocations (LA) are developed in TMDLs based on the 
available information and provide reasonable assurance the water quality objectives will be met 
in the receiving waters if the WLA and LA are obtained.  It is well recognized that the WLA and 
LA may change in the future based on continued monitoring and TMDL reassessment.  
Compliance with the WLA by Permittees should mimic the WLA development, namely through 
a reasonable assurance analysis.  The Draft Permit provides for the development of Watershed 
Management Programs which include Reasonable Assurance Analyses to develop actions that 
provide the highest level of confidence given the available data in achieving the MS4 WLA. 

Everything known now can be used to determine a set of actions to meet the allocations.  It is 
impossible to know everything now and what is known has uncertainties.  Final numeric 
limitations require the Permittees to guarantee the allocations will be met.  Uncertainties in data 
prevent the Permittees from making such a guarantee. 

The suggested approach uses rigor and the best available knowledge to make decisions of how to 
affect water quality.  Monitoring and adaptive management are used to change course to get 
closer to the target, acknowledging the dynamic process of determining a WLA and the BMP 
implementation to meet the WLA.  Each step of the adaptive management process uses the 
information gained through monitoring the system, allowing a continuing refinement of 
necessary actions.  The envisioned adaptive management process will result in quantum 
improvements in water quality continuing until the receiving water impairments are removed. 
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State of California 
 

L I T T L E  H O O V E R  C O M M I S S I O N  
 
     
 

January 22, 2009 
 
The Honorable Arnold Schwarzenegger 
Governor of California 
 
The Honorable Darrell Steinberg   The Honorable Dave Cogdill 
President pro Tempore of the Senate  Senate Minority Leader 

and members of the Senate 
 
The Honorable Karen Bass    The Honorable Michael Villines 
Speaker of the Assembly    Assembly Minority Leader 

and members of the Assembly 
 
Dear Governor and Members of the Legislature: 
 
Clean water is a cornerstone of California’s economic and environmental well-being. 
 
As the state’s lead water quality guardians, the State Water Resources Control Board and the 
nine Regional Water Quality Control Boards play a critical role in the state’s health.  Their job 
is to protect and improve the state’s aquifers, rivers, lakes and shoreline. 
   
For that job, however, the boards today must rely on regulatory tools that are not adequate to 
address modern threats to water quality, resulting in a system that has lost the confidence of 
the very people it needs to ensure clean water.  The governor and Legislature must exercise 
their leadership to reform the current system into one that assures transparency, consistency 
and accountability, and demonstrates that it is improving water quality. 
 
The boards face a daunting task.  For decades, the boards’ actions, supported by substantial 
federal investment – have led to a dramatic decrease in water pollution from wastewater 
treatment plants and other so-called “point sources,” which discharge into water or the ground 
from a pipe.  The current threats to the state’s water quality, however, are far more difficult to 
solve, even as demand for clean water increases from a growing population and an 
economically important agricultural industry.   
 
Stormwater pollution, caused when rains pummel the impervious surfaces that dominate cities 
and suburbs and sweep debris and contaminants into the state’s waters, is one of the biggest 
water quality problems facing the state and country.  Local governments, homebuilders and 
many industries face expensive fixes to limit and capture stormwater, and water boards are 
struggling with how to best regulate a diffuse pollution source.  Other non-point sources, 
including agricultural runoff and decades-old legacy pollutants, also present challenges. 
 
California relies on a system created nearly four decades ago, with a state board and nine 
separate regional boards that enjoy enormous autonomy.  While regional decision-making 
remains essential to solutions that fit local conditions, the current structure places too little 
emphasis on accountability and outcomes.  No one is holding regional boards truly 
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accountable for protecting and improving water quality.  Regional boards, in turn, are 
overwhelmed by their tasks.  The inability of the state board to implement statewide policies, 
practices and standards leads to inconsistencies and inefficiencies in how regional boards 
operate, creating the perception by water users, environmentalists, local governments and 
others that the boards’ actions often are arbitrary and unfair.   
 
The boards’ continuing struggles with information technology, data and science lead to conflict 
over information, instead of policy.  This complicates the ability for the public and policy-
makers to get an accurate reading on the state of the state’s water quality, and to determine 
which regulatory programs are effective in improving water quality.  
 
California’s current system for ensuring water quality does not rank the biggest threats to 
water quality and systematically match its finite resources to address the most serious of them 
using the tools of scientific and economic analysis.  In this report, the Commission 
recommends the state board make better use of data to identify the biggest threats to water 
quality.  The Commission recommends making greater use of science in determining the cause 
and remedies to water contamination as well as economic analysis to inform which options 
offer the greatest improvement within the available resources.   
 
The Commission recommends reducing the size of the regional boards to seven members, all 
appointed by the governor, and making the regional chair a full-time position.  The state board 
should be expanded to nine members, with five members, also appointed by the governor, 
representing a statewide perspective.  The remaining four would be regional chairs serving 
staggered, two-year terms.  Regional boards should focus on setting policy, not issuing permits.   
 
While this review focuses on the water boards’ duties to regulate water quality, the Commission 
is hopeful that it can become part of a broader conversation the state needs to engage in about 
its overall governance strategy for water.  With a crashing Sacramento-San Joaquin River 
Delta, declining fish species, and continuing questions about how best to deliver water from 
north to south, California policy-makers must use 2009 to create an overall governance 
structure that can produce thoughtful responses that acknowledge the intertwined issues of 
water quality, water rights and water supply.   
 
Facing increasing demand for water and the likelihood of diminishing supply, California 
undoubtedly will have to rely on cleaner local water supplies to meet future needs.  The water 
boards will play a key role in this as they carry out their mission to protect and improve water 
quality.  Reforming those boards is a first step, and one that is urgently needed.  
 
 
 
        Sincerely, 

 
     Daniel W. Hancock 
     Chairman 
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Executive Summary 
 

alifornia is attempting to solve modern water pollution 
problems with an antiquated system. 
 

Nearly four decades after the Legislature created the legal foundation 
to police water quality in the state, the governance structure 
surrounding the State Water Resources Control Board and the nine 
Regional Water Quality Control Boards is showing its age.  The 
boards are overwhelmed and under-achieving, and have lost the 
confidence of a diverse array of water stakeholders. 
 
The decentralized regulatory and permitting structure – with largely 
autonomous regional boards issuing permits, conducting 
enforcement and carrying out a wide array of other duties – has 
created a system that lacks consistency, accountability and 
transparency, and is unable to match resources to priorities.  In fact, 
lack of prioritization is a fundamental weakness in state water quality 
regulation.  The water boards’ broad and ambitious mandate – to 
protect all waters at all times – set by state and federal law, makes it 
difficult to set priorities.  This mandate, coupled with a state board 
that does not exercise enough authority over regional boards and the 
boards’ failure to consistently consider the costs and benefits of 
various clean water solutions, leaves California’s water quality system 
with dozens of priorities and, in effect, no clear, statewide priorities. 
 
The state needs a smarter strategy to support the boards’ critically 
important mission: protecting and improving the state’s 7,800 square 
miles of surface water, as well as its ground water aquifers.  Demand 
for water will grow in a state expecting a population boom.  And as 
Governor Arnold Schwarzenegger’s drought declaration in summer 
2008 underscored, water is a scarce resource.  The boards’ work will 
have a profound impact on California’s future: Clean water is 
essential to the environment, the economy and the state’s well-being. 
 
Despite the importance of water, there are ominous signs of water 
quality problems throughout the state.  The ecological health of the 
Sacramento-San Joaquin River Delta, the country’s largest estuary 
and the key cog to the state’s daily efforts to deliver water from water-
rich Northern California to parched Southern California, is 
deteriorating, partially due to water quality problems.  Fish that rely 

C 
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on the Bay Delta, from the Delta Smelt to the Chinook Salmon, are 
disappearing, due to a combination of factors, including water 
pollution.  Beaches are closed due to water quality issues, and 
groundwater in parts of the Central Valley is tainted with 
contaminants. 
 
As these problems indicate, the state and regional water boards face 
enormous challenges as they attempt to find and lessen the sources 
of pollution.   
 
Urban stormwater is one of the biggest challenges the state faces.  
Stormwater pollution is essentially caused by modern city life, as 
rainwater sweeps metals, lawn fertilizer and other pollutants from 
city and suburban streets into nearby streams, lakes and the ocean.  
These sources of pollution are diffuse and difficult to control.  For 
example, the San Francisco Bay regional board has been working for 
a decade to determine ways to reduce copper pollution in the Bay.  
The answer may lie in changing the composition of brake pads in 
cars, which leave copper residue on roads that is pushed into the Bay 
during storms. 
 
No topic dominated the Commission’s study like stormwater 
regulation.  It is the area in which the boards’ patchwork of permits 
has an effect on virtually everyone in California.  More than 30,000 
stormwater discharges are subject to permits (compared to about 
2,200 permits for wastewater treatment) that regulate the behavior of 
large and small cities, construction sites and industry.  A diverse 
group of water users – the military, small and large businesses, home 
builders, local governments and more – face enormous costs as they 
try and control and limit stormwater pollution.  Regional boards issue 
many of the permits, and boards have differing philosophies and 
policies toward stormwater regulation in the absence of statewide 
policies and scientific consensus on causes and solutions.  As a 
result, stormwater discharges are subject to significantly different 
levels of regulation depending upon the region.  The costs of cleaning 
up stormwater are enormous, fueling the debate about who should 
pay.  The costs of stormwater pollution, however, are far greater, as 
beach closures impact the state’s economy and environmental 
damage threatens to impair wildlife.  
 
Other problems are equally difficult.  Agricultural runoff 
contaminates water throughout the Central Valley and other regions, 
and efforts are just getting underway to address it.  Many regions are 
seeking to lower levels of salinity in water, which limits its use for 
drinking supplies or irrigation.  So-called legacy pollutants, which 
settled into waterways years, decades or even a century ago, remain 
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harmful today.  Mercury used to aid gold mining in the Sierra Nevada 
in the 1800s continues to pollute many northern California water 
bodies. 
 
And while implementation of the federal Clean Water Act and the 
state’s Porter-Cologne Water Quality Control Act, the two key laws 
governing water quality, have made profound improvements in 
wastewater treatment discharges, wastewater remains a critical 
statewide problem.  Local governments, representing small, poor 
communities as well as larger, richer urban areas, are struggling to 
pay for upgrades needed to protect the state’s waters and ensure they 
are safe to swim in, fish in or drink.  An EPA report noted that 
California would need to spend more than $18 billion to properly 
upgrade and expand wastewater treatment. 
 
In its study of California’s water boards, the Commission focused on 
the boards’ role in water quality regulation, by design excluding the 
state water board’s administration of water rights.  Quality and 
supply and the rights to that supply are profoundly intertwined and 
worthy of broader analysis and discussion.  The Commission urges 
the state to use this report as a guide to improving water quality 
regulation, as well as a starting point for the important discussion on 
the much larger water issues facing the state, a discussion that must 
embrace water rights, water supply and restoration of the 
Sacramento-San Joaquin River Delta.  Clean water is essential to the 
state’s water future, but clean water is an unattainable goal without 
clear policies on the state’s other pressing water issues. 
 
Through public hearings, meetings of two Commission-created 
advisory committees, extensive interviews with stakeholders and a 
review of available research, the Commission identified the following 
critical problems with California’s efforts to regulate and improve 
water quality:   

 The relationship between the state and regional boards is not 
well-defined, leading to inconsistencies and inefficiencies 
among boards, an inability to set statewide priorities and a lack 
of focus on holding regional boards accountable for clean 
water outcomes.  In statute, the state board has significant 
authority to steer regional board policies and provide 
statewide leadership.  In practice, however, the state board 
does not provide enough oversight and regional boards have 
dramatically different approaches to similar problems, 
statewide priorities are unclear and there is not enough effort 
to understand which regional boards are the most effective at 
implementing clean water laws. 
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 The state and regional boards lack mechanisms to collect and 
analyze data properly, use scientific research and cost-
effectiveness reviews to drive decision-making and provide 
useful information to the public, policy-makers and other 
researchers.  Regional boards acknowledge they do not always 
have sufficient data to make decisions, determine whether 
programs are effective, or analyze whether the costs of 
regulation are worth the incremental benefits to our water 
supplies.  The state has struggled to implement an 
information technology system and coordinate scientific 
research so that it is applied in regulatory processes.  Basin 
plans, the key regulatory document dictating most regional 
board processes, are out of date in most regions.  

 An antiquated regional board structure limits candidates for 
regional boards, hinders transparent decision-making and asks 
volunteer board members to do too much.  Regional boards 
face complex decisions that require water expertise that some 
board members do not have.  Compounding that difficulty are 
ex parte rules that limit board members’ ability to 
communicate with stakeholders, who in turn feel they are not 
able to work with boards in a collaborative manner.  Federal 
and state conflict-of-interest provisions dramatically limit the 
pool of potential qualified candidates.   

 The appeals process is broken.  Few stakeholders expressed 
confidence in the appeals process, arguing it was unclear why 
the state board decided to hear an appeal or not, and that the 
state board often appeared unwilling to overturn regional 
board decisions.  In addition, because of their role as an 
appellate, the state board is reluctant to intervene in regional 
board matters that could benefit from a state board 
perspective before appeals are needed.   

 The state – both water boards and other state agencies – is 
struggling to adapt appropriate strategies to address non-point 
source pollution.  Non-point source pollution provides 
enormous challenges to the state and will require multi-
agency responses, but the state has no structures in place to 
address water quality problems that stem from land use, 
centuries-old pollution and air pollution.  Urban stormwater 
is a vexing problem with costly solutions, yet the state has not 
developed an adequate system for assessing and prioritizing 
this problem and other non-point source pollution problems. 

 
Inherent to the water boards’ inability to achieve better results is the 
governance structure.  Regional decision-making is a cornerstone of 
California water quality regulation, and it remains a sound structure, 
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due to differing local conditions.  But the boards have become too 
autonomous, and despite efforts by the state board to close the gulf 
between the boards, the structure creates in appearance and practice 
10 different agencies instead of one.  State board members, as co-
equal gubernatorial appointees with regional board members, have 
been unable or unwilling to exercise authority over the regional 
boards.  Examples abound of differing policies and processes at 
different regional boards that are incompatible with the goal of a 
coherent and cohesive state policy on water quality.  Regional boards 
have had dramatically different policies on water recycling, a key 
statewide issue, for example.  And boards have different methods of 
defining impaired water bodies, unduly complicating efforts to 
compare problems in different regions. 
 
In part due to this autonomous structure, there is little focus on 
clean water outcomes or accountability.  Regional boards admit they 
have difficulty in analyzing watersheds to determine whether their 
programs are protecting and improving water quality – the boards’ 
focus on issuing permits and determining whether dischargers abide 
by permits leaves too few resources dedicated to analysis of whether 
anything is actually working.  In addition, the state board has made 
little effort to understand why regional boards have dramatically 
different enforcement statistics, even accounting for size.  While the 
state board does have the authority to set statewide policies, set 
budgets and hear appeals of regional decisions, a disconnect remains 
between the state board and the nine regional boards. 
 
The boards also acknowledge they have difficulty prioritizing water 
quality problems.  Seventy-four separate revenue streams, most of 
which must be spent on specific purposes, prevent the boards from 
shifting resources toward planning or enforcement, for example.  
During these dire economic times, it is unlikely that the boards will 
receive more state funding.  But they should have more flexibility to 
match existing resources with priorities.  
 
In addition to the difficulty in pointing resources toward the most 
pressing problems, the boards fail to use any type of cost-benefit 
analysis to help determine priorities.  While full-scale cost-benefit 
analysis is costly and may not be warranted in many regulatory 
proceedings, the boards could do a better job of considering costs to 
find the quickest, cheapest solutions to improve and protect water 
quality.  Simply ignoring the costs of compliance means that, too 
often, the price is not worth the prize when the boards set tough 
standards. 
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Underlying many of the conflicts facing the boards is a lack of data 
and scientific research as well as poor information technology 
systems.  This has led to continual conflict among boards and 
stakeholders over information, before even beginning the discussion 
on proper policy.   
 
Data collection remains a key problem.  Water quality monitoring is 
sporadic throughout the state, leaving water boards to regulate on 
the basis of incomplete information.  A 2004 report noted that as 
much as 75 percent of the state’s rivers, streams, lakes and 
reservoirs were unmonitored.  The boards struggle to organize what 
data they do have, however.  One analysis of the water boards’ 
program to protect and enhance wetlands was hampered because 
more than 40 percent of the files for the program could not be 
located.   
 
The state board has struggled to implement a new IT system, making 
it difficult for the public, policy-makers and even board staff to 
conduct basic analysis.  Incredibly, many board programs still rely on 
paper records, rather than computerized data.  Environmental 
groups, such as the California Coastkeeper Alliance and Heal the 
Bay, are much better at using water board data to provide valuable 
information to the public than the boards can themselves. 
 
And while the boards conduct and fund scientific research, the state 
has thus far done a poor job of coordinating or consolidating that 
research or working to infuse it into regulatory programs.  Much 
more research is needed – the boards face a difficult challenge in 
regulating non-point sources such as stormwater, as there remains a 
lack of knowledge regarding the best, most cost-effective methods for 
reducing this kind of pollution – but the boards have failed to use 
science  available to them in an efficient, effective manner. 
 
The lack of data and science mean that the core regulatory document 
for each region – the basin plan – often is decades out of date.  As 
basin plans guide virtually all regulations in each region, this 
undermines the legitimacy of the state’s regulatory efforts.  Basin 
plans list the uses of water bodies and the limits on contaminants in 
each of the water bodies to support those uses.  Despite this, the 
state has not committed the resources to update them: Less than 
3 percent of the boards’ nearly 1,600 employees are dedicated to 
updating basin plans.  The boards’ funding structure, which relies 
mostly on fees to support specific permitting programs and almost no 
General Fund dollars, leaves little money available for this critical 
task.  The state must give this task higher priority, commensurate 
with the role the plans play in ensuring and protecting water quality. 
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General Fund dollars, leaves little money available for this critical 
task.  The state must give this task higher priority, commensurate 
with the role the plans play in ensuring and protecting water quality. 
 
In addition to such basic information problems, the boards’ appeals 
process undermines confidence in the board system.  The state board 
is the appellate body, and acts when petitions are filed protesting a 
regional board action.  The state board rarely overturns regional 
board decisions, however, and the state board does a poor job of 
explaining to stakeholders how it considers appeals and why appeals 
are denied.  In addition, the appellate role prohibits the state board 
from taking a more active approach to regional board issues before 
conflicts lead to appeals and later, costly litigation.  Stakeholders 
suggested there is a reluctance to launch an appeals process, for fear 
of reprisal. 
 
Regional board members face an increasingly difficult job, 
particularly for a position that is essentially a volunteer post.  
Permits and other issues facing board members involve complex 
issues that are difficult for many board members who lack technical 
water backgrounds to understand.   
 
Adding to the difficulty of the job are outdated ex parte rules that 
often prohibit board members from interacting with stakeholders 
outside of time-constrained public meetings.  This works against the 
kind of communication between stakeholders and board members 
required for problem solving, and leaves water users and others in 
the water community with no avenue to discuss complex issues with 
board members.  
 
A federal and state eligibility/conflict-of-interest rule, dubbed the 
10 Percent Rule, eliminates many potential board members from 
consideration for an appointment, making it difficult for governors to 
fill 81 regional board positions.  Five of the nine regional boards had 
one-third of their board positions unfilled during periods of the 
Commission’s study.  This high vacancy rate impairs boards’ abilities 
to establish quorums and conduct important business. 
 
Even the smoothest-running government agency, however, would 
struggle with the challenges facing the water boards.  Modern water 
pollution problems are increasingly difficult and increasingly outside 
of the typical regulatory purview of the boards.  Some studies, for 
example, suggest that mercury contamination in waters along the 
California coastline is caused by coal-burning power plants in China. 
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local governments on how to slow and capture fast-moving 
stormwater that collects pollutants and deposits them in our waters. 
 
All of these problems require important structural and procedural 
changes. 
 

Toward a Reformed State Agency 
 
A new, ideal system should include the following characteristics: 

 A unified state water quality agency.  Completely distinct 
regional boards may have been appropriate in past decades, 
but current common problems – urban stormwater, for 
example, or impairments caused by the same contaminants – 
call for a more centralized regulatory approach unified by a 
common vision and common processes.  A unified state 
agency can better identify key problems and priorities in the 
state and align resources to address those problems.  
Efficiencies gained by a stronger bond between the state and 
regions will lead to clean water outcomes faster and cheaper. 

 Local input.  The need for local input on water quality 
objectives remains important, as water bodies are unique, 
with their own problems and solutions.  Water quality 
objectives should continue to be set at the regional level, with 
vigorous debate and discussion among local stakeholders, 
while still subject to state oversight.   

 A focus on accountability and outcomes.  The public, and 
policy-makers, have a right to clearer information from the 
boards as to the state of the state’s waters, and to which 
programs are effective – and which are not.  Additionally, the 
boards must re-focus their mission, from ensuring that 
dischargers are abiding by their permits to this fundamental 
question: Are the state’s programs protecting and improving 
water quality? 

 Integrated science, accessible data.  As water pollution 
problems increase in complexity, there is a need for a stronger 
scientific presence within board programs.  The state board 
needs scientific advisors to help guide and coordinate 
research and utilize that research in regulation.  In addition, 
the boards’ dearth of water quality data must be rectified, and 
it can be: There are numerous federal, state and local 
agencies, as well as other groups, collecting information.  The 
state must pull that information into an integrated system 
that allows the boards and others to access and use the 
information that already has been gathered. 
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To increase efficiency, improve cohesiveness between the state and 
regional boards and to better develop statewide priorities, the state 
board and regional boards must be reformed.  The Commission 
proposes creating a 9-member state board, with five of the board 
members representing statewide perspectives.  The remaining four 
members would be chairpersons of regional boards, serving 
staggered, two-year terms on a rotating basis.  Regional board chairs, 
as well as the five state board members would be full-time, appointed 
by the governor and confirmed by the Senate.   
 
Regional boards should be reduced in size from nine to seven 
members, with the six part-time members – aside from the 
chairperson – paid a per diem.  The six part-time regional board 
members should represent various constituencies, including local 
government, industry, agriculture and nongovernmental 
organizations, as well as one spot reserved for a scientist or engineer 
with a background in water issues.  Regional boards’ missions should 
focus on broad policy issues, such as updating basin plans and 
setting regional priorities.   
 
Regional executive officers, and the executive director of the state 
board, would have expanded authority to issue permits, allowing the 
boards to focus on quasi-legislative actions such as developing up-to-
date basin plans.  Permits would continue to be issued in public 
hearings conducted by executive officers or the executive director.  
Regional executive officers would report to the executive director of 
the state water board. 
 
This new model would allow a stronger tie between the state and 
regional boards, create a “strong chair” model at the regional boards 
that would create new board leadership in the regions and at the 
state level and focus the state regional boards on policy, not permits.  
The state board would have better understanding of regional issues, 
and vice versa.  The model retains the idea of regional decision-
making, however, allowing regional input on setting water quality 
standards and beneficial uses.  By reducing the regional board size, 
governors should have an easier time filling all board positions. 
 
Other changes also are needed. 
 
Ex parte rules must be reformed to allow more communication 
between decision-makers and stakeholders.  The regulated 
community should have greater opportunity to talk with board 
members who have such significant power to influence their 
activities.  The boards should adopt rules similar to those used by 
other state regulatory boards such as the Integrated Waste 
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Management Board, which allow communication between regulators 
and the regulated as long as it is disclosed at public meetings.  These 
new rules should extend to executive officers if they are issuing 
permits.  
 
A separate appeals board, comprised of water experts and appointed 
by the governor, should be created to hear appeals of state and 
regional decisions.  This would restore confidence in the appeals 
process and allow the state board to become more active in regional 
board decisions before they are made.   
 
To increase regional board accountability and provide better 
information to the public, the state should create easy-to-understand 
report cards for major water bodies throughout the state.  Modeled 
after the report card issued by the environmental group Heal the Bay 
for state beaches, the report cards would provide the public with 
clear information about whether waters were safe to use, and 
whether board regulatory programs were effective.  The state would 
need to conduct a thorough, inclusive process to determine the 
criteria for issuing grades, and report cards could be produced by 
either the state board or an outside entity, such as a water research 
institute like the Southern California Coastal Water Research Project 
or the University of California. 
 
The boards must improve their use of science and data.  The state 
should create a water science advisory board to help the state board 
determine needed areas of research, coordinate various research 
projects going on across the state and help the water boards 
incorporate research into regulatory programs.  No new bureaucracy 
is needed – the board would consist of experts in water science who 
would provide advice to the state water board during regular 
meetings staffed by the state board.   
 
Along with creating these new avenues to increase the use of science 
at the boards, the state is in desperate need of a water quality data 
library.  The state should create an independent water data institute 
that would serve as a link to various federal, state and local agencies, 
as well as other groups, that gather water quality data.  An 
independent institute would provide a clearinghouse where the public 
and policy-makers could find and compare water data.  This would 
help the state leverage all of the water data that is gathered by 
various entities around the state but is currently not organized and 
analyzed. 
 
Of critical importance to the water boards’ effectiveness is updating 
basin plans in every region.  The boards’ reliance on out-of-date 
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basin plans, of which many are simply unresponsive to the current, 
non-point water pollution issues the boards face, hinders many of 
their programs.  The boards should emulate the model created by the 
Santa Ana Regional Water Quality Control Board, which created a 
stakeholder task force that led to robust research, consensus-
building and a largely re-written basin plan in 2004.  Stakeholders – 
not the cash-strapped state – funded the basin plan update.  
Authorizing regional board executive officers to issue permits and 
take other quasi-judicial actions will free up the board members to 
focus on modernizing basin plans. 
 
The water boards, and other state agencies, must focus on solving 
water quality problems in creative and collaborative ways.  The water 
boards must increase the use of public education programs, and 
stakeholder task forces to confront current and complex issues, as 
well as improving their use of regional monitoring to determine the 
overall effectiveness of problems and spot new trends.  The boards 
should find ways to examine watersheds and develop solutions that 
increase watershed health.  Water quality regulators and air quality 
regulators must work together to address air pollution’s effects on 
water, and discussion must occur among state leaders regarding land 
use decisions that impact water quality.   
 
Finally, the water boards should incorporate cost-effectiveness tests 
into their analysis of programs to help them prioritize and find the 
most cost-effective solutions to water quality problems.  The goal is 
not simply to eliminate costly fixes, but to help the regulated and 
regulators find ways to improve water quality in the most cost-
efficient manner possible and meet statutory requirements to balance 
water quality needs with other factors, such as economics. 
 
Throughout its review of the water boards, the Commission met 
many board members and staff who were professional, dedicated and 
tireless in their mission of protecting water quality.  Many were aware 
of the criticisms of the boards’ structures and processes and working 
diligently to improve the boards.  Efforts are underway at the state 
board to improve the information technology system, for example, 
and to adopt more statewide policies that provide direction to regional 
boards.  The problems the Commission found were not due to a lack 
of passion or professionalism by board personnel, but rather 
structural and systemic issues that can be and must be changed.  
This gives the Commission confidence that the water boards can 
improve their performance in the coming years.  
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Recommendation 1: To move toward a more consistent, transparent and accountable 
governance structure that allows for both statewide policy and regional flexibility, 
reform the State Water Resources Control Board and the Regional Water Quality 
Control Boards by strengthening ties between the boards, refocusing the boards on 
broad policy-making and restoring confidence in the appeals process.  Specifically, 
the state should: 

 Restructure the State Water Resources Control Board as a 
full-time, 9-member board charged with creating state policy, 
setting priorities and overseeing regional board activities.  
Members of the board should be appointed by the governor 
and confirmed by the state Senate.  Five members of the state 
board would serve solely as state board members, including 
one person who would be chairperson of the state board, as 
named by the governor.  These members should have the 
following backgrounds: One in engineering, one in water 
rights law, one in water quality, one in water-related science 
or resource economics, and another would represent the 
public.  The position of regional chairperson would become 
full-time.  Four regional chairpersons would serve on the state 
board for staggered, two-year terms, with membership 
rotating among all nine regional board chairpersons.   

 Reconstitute the nine Regional Water Quality Control Boards 
as seven-member boards with six part-time members and a 
full-time chairperson, all appointed by the governor.  The 
chairperson would be charged with monitoring statewide 
policies that are implemented at the regional level.  Boards 
would continue to be stakeholder-boards, with six part-time 
members with the following backgrounds: experience in water 
supply, conservation or production; irrigated agriculture; 
industrial water use; local government; water science or 
engineering; and experience with a nongovernmental 
organization associated with recreation, fish or wildlife.  
Regional boards would focus on updating basin plans, 
adopting Total Maximum Daily Loads and other quasi-
legislative functions.   

 Empower the executive officers of each Regional Water Quality 
Control Board and the executive director of the State Water 
Resources Control Board to issue permits, allowing the boards 
to focus on updating basin plans, setting broad policy and 
focusing on upcoming water quality challenges.  Executive 
officers would become Career Executive Assignment positions 
and report to the executive director of the State Water 
Resources Control Board.  Regional boards would conduct an 
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annual evaluation of the executive officer that would be taken 
under advisement by the executive director.  

 Exempt state and regional board members, regional board 
executive officers and the state board executive director from 
ex parte rules within the state Administrative Procedure Act 
that prohibit interaction with regulated entities.  Instead, 
require board members and permit-issuing executives to 
disclose their contacts with regulated entities at public 
meetings, as is currently done by other boards such as the 
Integrated Waste Management Board. 

 Create a new appeals board that would address appeals of 
quasi-adjudicative functions such as permits and enforcement 
actions.  Removing the appeals process from state board 
jurisdiction would restore confidence in the process and allow 
the state board to take a more proactive approach in regional 
board issues.  The members should have backgrounds in 
water issues and would be appointed by the governor to hear 
appeals.  The board would follow Administrative Procedure 
Act policies in conducting hearings. 

 
Recommendation 2: The state must improve and increase its use of data, scientific 
research and planning to better inform the public, respond to current and future 
water quality problems and focus more on accountability.  Specifically, the state 
should: 

 Create a Water Science Advisory Board for the State Water 
Resources Control Board. Members, appointed by the state 
board, should have backgrounds in environmental science 
and engineering.  The board would help both the state and 
regional water boards and other state water agencies 
coordinate research, propose needed research, advise the 
boards on how to incorporate research into regulatory 
processes and increase the effectiveness of scientific peer 
review. 

 Create an independent Water Data Institute that would act as 
a state library for water quality and supply data.  The 
institute would pool information from various state agencies 
and other water monitoring groups to provide accessible 
information to the public, regulators and researchers.   

 Develop report cards.  Report cards for each major water body 
should allow the public easy access to information they can 
use and could act as a way to hold regional boards 
accountable for their effectiveness.  The report cards should 
be developed and published by regional science institutes or 
an independent entity, such as the University of California.  
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 Launch a statewide effort to ensure that all regions have up-
to-date basin plans.  Regional boards should propose 
stakeholder-financed efforts similar to the one conducted by 
the Santa Ana Regional Water Quality Control Board. 

 
Recommendation 3: The state must increase focus on clean water outcomes and 
emphasize collaboration, creativity and problem-solving to address current water 
quality problems.  Specifically, the state should: 

 Collaborate with other government agencies.  Because land 
use, automobile emissions and other factors outside the 
traditional purview of the water boards are major contributors 
to non-point source pollution of water, the water boards must 
work with other government agencies on solutions.  The state 
water and air boards should routinely meet to develop 
regulatory strategies to address air pollution’s effects on 
water.  The state should revive the Environmental Protection 
Council, which already exists in statute and consists of the 
heads of each of the boards and departments within Cal/EPA.   

 Emphasize a watershed approach.  To increase focus on 
outcomes and solving complex problems, the water boards 
should develop more processes aimed at watershed health.   

 Use stakeholder task forces.  As the Santa Ana Regional 
Water Quality Control Board has done, other regional boards 
should increase the use of stakeholder task forces to work 
through difficult regulatory issues.  

 
Recommendation 4: The water boards must develop standardized economic analysis 
procedures to help set priorities and determine the most effective and efficient means 
to improve water quality.  

 To fully implement Porter-Cologne’s demand that water 
quality regulations be reasonable, given other economic and 
social factors, the boards must institute the use of economic 
analysis into decision-making.  Cost-effectiveness analysis 
also would increase transparency of board decision-making 
and help the boards set priorities. 
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Background 
 

s the state’s lead water regulators, California’s state and 
regional water boards are water cops with vast influence on 
the environment, economy and urban planning. 

 
The boards’ mission is as complex as the state is diverse, protecting 
water quality everywhere from the rain-soaked North Coast and the 
San Francisco Bay Delta to the Mojave Desert and the concrete 
streambeds of Los Angeles. 
 
Collectively, their jurisdiction includes 10,000 lakes, 200,000 miles of 
rivers and 3,000 miles of coastline.1  The boards police more than 
100 contaminants, ranging from the mercury that has polluted water 
since the Gold Rush to the trash generated by modern city life.  They 
issue more than 50,000 discharge permits to the biggest cities and 
the smallest wastewater treatment plants.2 
 
Today, the state and the boards face enormous pressures on water, 
one of California’s most valuable assets.  Continued population 
growth strains publicly-owned systems designed to treat and 
dispense wastewater.  Pollution caused by everything from 
automobile brake pads to lawn fertilizer surge from city streets into 
streams, rivers and the ocean when it rains.  In rural California, 
pesticides and animal waste, produced by an agricultural industry 
that is a key driver of the economy, pose continuing threats to 
community drinking water.  Throughout the state, the use of water 
for agriculture, wastewater treatment and other necessary functions 
increases salinity in water, complicating its re-use. 
 
Adding to the boards’ difficulties is this: Only a fraction of the state’s 
waters are monitored and assessed.  We truly cannot answer the 
most basic questions concerning the state of the state’s waters:  Is 
California water safe to drink, safe to swim in, safe to fish in or safe 
for aquatic life?  For a majority of the state’s waters, we do not know. 
 
Amid these challenges, the need for clean water has never been 
greater.  The state Department of Finance projects California will 
grow to 48 million people by 2030, with much of the growth occurring 
in water-poor Southern California.3  While the state currently meets 
most of its agricultural, municipal and industrial water needs most 

A 

RB-AR13001



LITTLE HOOVER COMMISSION 

2 

years, demand is growing.  Water conservation practices have been 
effective – cities use about the same amount of water today as they 
did in the mid-1990s, despite adding 3.5 million more people.4  Water 
use in urban areas, however, is expected to grow to 11.4 million acre-
feet in 2020 from 8.8 million acre-feet in 2003, a 77 percent 
increase.5  On top of this growing demand, experts believe global 
climate change will reduce the state’s snow pack, which is a key 
source of water; increase sea levels; and, otherwise alter the state’s 
hydrologic conditions. 
 
Water quality is a key factor in the state’s ongoing discussion on 
water supply.  In short, water quality is water supply.  Clean water is 
needed for drinking water, to help fish and to help farmers.  
Recycling both wastewater and urban stormwater are clearly needed 
to handle inevitable growing demand.  Thus, as water quality is 
critical to the state’s future, so too are the state and regional water 
boards. 
 
The Commission took up the study of California’s state and regional 
water boards to determine whether their structure and duties, and 
their relationship to each other, were adequate and appropriate for 
the challenges they face today.  The boards and their staff members 
work hard and face complex problems.  The issues regularly are 
contentious.  The stakes are immense for Californians today and 
tomorrow. 
 

From ‘The Big Stench’ to Porter-Cologne  
 
The beginning of water quality regulation in its present form dates to 
the Dickey Water Pollution Act of 1949, which created nine regional 
boards and the State Water Pollution Control Board.  At the time the 
new law was passed, California’s post-war population was swelling, 
raw sewage was dumped directly into the ocean and Central Valley 
steams were inundated with industrial waste.6  The Berkeley 
shoreline of San Francisco Bay was referred to as “The Big Stench” in 
the 1940s because of the pollution – human, industrial and other – 
draining through the city to the bay.7  Prior to the Dickey Act, the 
official response to the outbreaks of water-borne disease and major 
degradation of state waters was a confusing and ineffective jumble of 
local and state governmental jurisdiction over water quality policy. 
 
The Dickey Act marked the first major effort to implement state 
oversight of water quality.  The nine-member state board and five-
member regional boards created through the act were invested with 
the authority to impose requirements on discharges into water.  It 
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also created a regional approach to water quality regulation that 
continues today.  “Water pollution is largely a local or regional 
problem,’’ members of the Assembly Committee on Water Pollution, 
who drafted the act, concluded.8 
 
While the structure created by the Dickey Act remains, many of its 
philosophical and practical underpinnings since have been 
discarded.  The Dickey Act, for example, considered waste disposal a 
beneficial use of water; that is not the case today.  The Dickey Act 
also did not give the state the authority to require dischargers to 
clean up discharges that were in violation of requirements.9 
 
In part because of these issues, California lawmakers and regulators 
called for an update of the Dickey Act in the late 1960s.   
 
That overhaul was unveiled in 1969 as the Porter-Cologne Water 
Quality Control Act, ushering in the modern era of water quality 
regulation.  Named for Assemblyman Carly V. Porter and Senator 
Gordon Cologne, the law was described as the toughest water quality 
act in the nation.10  
 
Porter-Cologne outlined concepts that continue to be the cornerstone 
of state water quality policy today: 

 Discharge is a privilege, not a right.  Porter-Cologne’s preamble 
states that “the quality of all the waters of the state shall be 
protected for use and enjoyment by the people of the state,” 
and the act allowed the state to permit all discharges to 
surface water and ground water, and prohibit discharges 
entirely – a broad and powerful mandate. 

 Reasonableness is required.  Despite that broad authority, 
however, the law requires regulators to balance environmental 
protection with other factors.  The “waters of the state shall be 
regulated to attain the highest water quality which is 
reasonable, considering all demands being made and to be 
made on those waters and the total values involved, beneficial 
and detrimental, economic and social, tangible and 
intangible,” according to the statute.11 

 Basin plans as the underlying regulation.  Regional boards were 
required to develop water quality control plans, which would 
set the uses of each water body in the region, the water 
quality objectives needed to meet those uses and a program to 
ensure implementation of those objectives.  These so-called 
“basin plans” remain the core regulatory document for each 
region today. 
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California’s enactment of Porter-Cologne was part of a 
burgeoning environmental movement in the state and 
around the country sparked in part by dramatic examples of 
water pollution, most notably a spectacular fire on the 
pollutant-soaked Cuyahoga River in Cleveland and a massive 
oil spill that marred the Santa Barbara coastline.   
 
Following Porter-Cologne, the United States Congress 
enacted the Federal Water Pollution Control Act 
Amendments of 1972, now commonly referred to as the 
Clean Water Act.  The act emulated many aspects of 
California’s groundbreaking law. 
 

State, Federal Acts Provide Broad Mandate 
 
Both Porter-Cologne and the Clean Water Act are remarkable 
for their broad ambition.  Porter-Cologne demands the 
“quality of all the waters of the state shall be protected.”  The 
Clean Water Act goes even further, stating that a national 
goal for the discharge of pollutants into the navigable waters 
to be eliminated by 1985, with an interim goal that “water 
quality which provides for the protection and propagation of 

fish, shellfish, and wildlife and provides for recreation in and on the 
water be achieved by July 1, 1983.”12 
 
Critics of these lofty goals note two problems.  By calling for the 
protection of all waters, Porter-Cologne makes it difficult for the 
state’s water regulators to set priorities.  In addition, few could argue 
that Congress or the California Legislature have ever funded the 
environmental agencies charged with carrying out these laws to the 
level needed to accomplish their enormous tasks. 
 
UC Berkeley Professor of Law John Dwyer included the Clean Water 
Act as an example in his 1990 paper titled “The Pathology of 
Symbolic Legislation,” in which he argued that Congress approves 
unrealistic environmental legislation to score political points, while 
leaving regulatory agencies, and, often the courts, to turn symbolic 
goals into reasonable standards and programs.13  
 
The Clean Water Act, still the central federal law governing water 
quality, sought to protect the country’s surface waters in two key 
ways.  Water quality standards must be set for specific water bodies, 
and permits are issued requiring dischargers to use the best available 
technology to meet those standards.  The permit program is called 
the National Pollutant Discharge Elimination System (NPDES).  The 

Levels of Wastewater Treatment 

There are three levels of wastewater 
treatment.  The Clean Water Act 
requires secondary treatment for most 
wastewater treatment plants in the 
United States: 

 Primary.  Mechanical 
methods, such as filters and 
scrapers, are used to remove 
pollutants.  This process 
removes solid materials. 

 Secondary.  Biological 
methods, which reduce organic 
matter through bacterial 
metabolism, are used to remove 
pollutants. 

 Tertiary.  Mechanical, 
biological and chemical 
methods, which remove 
nutrients or other pollutants that 
resist other treatments. 
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NPDES program required minimum standards based on the best 
available technology, and thus most municipal wastewater treatment 
plants upgraded to what is referred to as secondary treatment.   
 
For the first decade of the Clean Water Act, regulators focused on 
implementing technology-based standards on point source 
discharges – contaminants that came out of the end of a pipe. 
 
That focus began to shift in the mid 1980s and early 1990s, however, 
to the Clean Water Act’s second approach to protect water quality, 
one that emphasized outcomes as measured by the condition of water 
bodies.  This part of the act requires states to assess water quality, 
determine which water bodies are unhealthy and then take steps to 
improve those “impaired” water bodies.  Each state is required to 
produce a list of impaired water bodies, referred to as the 303(d) list.  
Once a water body is listed as impaired, the state is required to 
prepare a total maximum daily load (TMDL), which determines the 
amount of pollutants that can be safely discharged into the water.  
This determination, essentially a pollution budget for each water 
body, then is used as a basis for assigning discharge limits to each 
discharger into the impaired water body. 
 
Though both were original components of the Clean Water Act, the 
impaired water bodies list and the creation of total maximum daily 
loads largely were ignored by the United States Environmental 
Protection Agency (US EPA) and states until environmental groups, 
through successful litigation, forced regulators to comply.  In 
California, lawsuits have led to consent decrees requiring water 
boards to develop TMDLs in three areas of the state in adherence 
with timelines developed in court.14 
 
The strict new requirements served as a stick to improve water 
quality.  Historically, the Clean Water Act also provided a carrot: 
federal money.  The act’s generous Federal Construction Grant 
Program initially covered 75 percent of project costs for wastewater 
treatment plants and upgrades and launched the largest nonmilitary 
public works program since the Interstate Highway System.15  Since 
1972, the federal government has contributed more than $76 billion 
to construct and improve plants around the country.16  Federal 
funding amounted to $1.2 billion between 1972 and 1987 in the San 
Francisco Bay Area alone.17 
 
The federal act gave water quality regulatory power to US EPA, but 
also allowed US EPA to delegate permitting and other duties to the 
states.  California became the first state to assume Clean Water Act 
responsibilities soon after the act was approved by Congress.18   
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Despite this delegation, US EPA wields significant clout over states.  
In California, US EPA has final say over numerous programs, and the 
state and regional boards spend considerable time working with the 
EPA to ensure they are in compliance with federal regulations.  As an 
example of US EPA’s prominence in state and regional board matters, 
the San Diego Regional Water Quality Control Board declined to 
approve a stormwater permit for southern Orange County in 
February 2008 after an US EPA representative spoke out against the 
permit during a public hearing.19  The permit is being revised to 
address the US EPA’s concerns.   
 
While Porter-Cologne was amended in 1972 to include language 
aimed at increasing consistency between state law and the Clean 
Water Act, there are differences.  Among the differences: 

 The Clean Water Act does not regulate discharges to ground 
water, for example, while Porter-Cologne does. 

 The Clean Water Act exempts agriculture from regulation; 
Porter-Cologne does not. 

 The Clean Water Act requires water quality standards to be 
set to the level that protects water, while Porter-Cologne 
allows regulators to consider other issues, such as economic 
considerations and past, present and probable beneficial 
uses of the water body.20  
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Regional Boards: The Frontline for Water 
Quality 
 
Both of the state’s major water quality regulation laws, the Dickey Act 
and Porter-Cologne, embraced the concept of nine powerful regional 
boards comprised of representatives of industry, local government 
and other stakeholders impacted by board decisions.  Porter-Cologne 
expanded the regional board from five members to nine members, as 
it remains today.  The nine members are appointed by the governor, 
confirmed by the state Senate and must reside or have a business in 
the region in which they serve.  
 
 
 
 

Source: Adapted from the State Water Resources Control Board.  “Regional Boards.”  
http://www.swrcb.ca.gov/regions.html.  Accessed March 4, 2008. 

 

Regional Boards 

RB-AR13007



LITTLE HOOVER COMMISSION 

8 

The Importance of Basin Plans 

Basin plans are the key regulatory document in any region.  “The basic purpose of the state’s basin 
planning effort is to determine the future direction of water quality control for protection of California’s 
waters,” according to the introduction in the North Coast Regional Water Quality Control Board’s basin 
plan. 

Basin plans, called water quality control plans in the Porter-Cologne Water Quality Control Act, fulfill 
requirements outlined in both federal and state law.  Porter-Cologne requires regional boards to develop 
basin plans that outline the following: 

Beneficial uses.  There are 23 beneficial uses defined by the state water board, ranging from drinking 
water to agricultural supply to recreational uses such as swimming.  In addition, some regional boards 
have adopted unique beneficial uses, such as a “cultural” designation signifying water used for cultural 
purposes such as Native American subsistence fishing in the North Coast region.  Basin plans typically list 
hydrologic units in the basin and the beneficial uses attributed to each segment.   

Water quality objectives.  Porter-Cologne calls on regional boards to assign water quality objectives 
that “in the Regional Water Board’s judgment, are necessary for the reasonable protection of the 
beneficial uses and for the prevention of nuisance.”  In developing water quality objectives, regional 
boards are required to analyze the following factors: 

 Past, present and probable future beneficial uses of water. 

 Environmental characteristics of the hydrographic unit under consideration, including the quality 
of water available thereto. 

 Water quality considerations that could reasonably be achieved through the coordinated control 
of all factors which affect water quality in the area.  

 Economic considerations.  

 The need for developing housing within the region.  

 The need to develop and use recycled water. 

Within basin plans, water quality objectives can be numeric limits, in which the amount of a contaminant 
must be less than the regional board requires, or narrative limits, such as the Central Valley Regional 
Water Quality Board’s description of limits on floating material in water, which states, “Water shall not 
contain floating material in amounts that cause nuisance or adversely affect beneficial uses.”  While some 
water quality objectives for specific contaminants are applicable across the basin, there are also site-
specific objectives.  Water quality objectives become the basis of permits issued by the board. 

Implementation plan.  Each basin plan includes a discussion of how the board will carry out the 
protection of water quality, including where discharges are prohibited, action plans for specific water 
bodies and other policies, such as total maximum daily loads.   

Surveillance and monitoring.  Basin plans also include descriptions of various monitoring programs 
within the region. 

Basin plans are amended after public hearings, and amendments must be approved by the regional board, 
the state board, the Office of Administrative Law and US EPA.  While the federal Clean Water Act 
requires states to update water quality standards every three years, regional boards typically only address 
a handful of issues in basin plans every three years due to staffing shortages.  Thus, the last statewide 
initiative to conduct a major basin plan update was done in the mid-1990s.  

Sources:  North Coast Regional Water Quality Control Board.  January 2007.  “Water Quality Control Plan for the North Coast 
Region.”  Central Valley Regional Water Quality Control Board.  October 2007.  “The Water Quality Control Plan for the California 
Regional Water Quality Control Board Central Valley Region.  The Sacramento River Basin and the San Joaquin River Basin.”  The 
Porter-Cologne Water Quality Control Act.  Ken Harris, Assistant Director, Office of Information Management and Analysis.  
October 16, 2008.  Personal communication with Commission. 
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The regional boards’ main duties are to: 

 Create and update basin plans.  Basin plans are the key 
regulatory document for each region, listing uses for specific 
water bodies, standards needed to protect those uses and 
plans to implement those standards.   

 Issue permits or waivers.  Dischargers – be it companies, local 
governments or even individuals – must receive permission 
from the regional boards to discharge.  Discharges to surface 
water are issued a permit through the federal NPDES.  
Discharges to the ground are issued a permit through the 
state Waste Discharge Requirement (WDR) process.  In 
addition, the boards can issue a general permit for an entire 
industry, requiring each discharger within the category to file 
notice with the boards that they are complying with general 
permit rules.  Finally, boards can issue a waiver to a category 
of dischargers, which typically requires dischargers to pay a 
fee and participate in water quality monitoring but does not 
include other requirements.  Permits are typically 
reviewed, updated and renewed every five years.   

 List, respond to impaired water bodies.  Regional boards 
develop biannual lists of impaired water bodies as 
required by the federal Clean Water Act.  To remedy a 
given impairment, the Clean Water Act requires states 
to develop total maximum daily loads for each water 
body, which limit the amount of contaminants allowed 
into a water body.  Each discharger is given a limit 
through the TMDL, which also includes an 
implementation schedule. 

 Monitor discharges and compliance with permits.  
Regional boards require dischargers to monitor their 
discharges and provide reports to the boards.  Some 
regions also require dischargers to contribute to 
regional monitoring programs that assess overall water 
quality in a watershed.  As part of their oversight role, 
regional boards also inspect wastewater treatment 
facilities and other dischargers. 

 Enforce regulations.  Regional boards take enforcement 
actions, including issuing fines, against dischargers 
who are violating terms of their permits.  Money from 
fines is placed in the Clean Up and Abatement 
Account, a fund managed by the state board.  Regional 
boards can request money from the fund for a project, 
though distribution is controlled by the state board.  
Regional boards also can enter into an agreement that 

Water Board Statistics 

Individual National Pollutant 
Discharge Elimination System 
permits cover 639 facilities in the 
state.  Another 1,765 facilities are 
regulated through a general NPDES 
permit.  About 6,800 facilities are 
regulated through a WDR permit.  
In 2006, California had 2,237 
impaired water body-pollutant lists.  
(Water bodies are listed by segment; 
therefore, the same river or lake can 
be listed more than once for 
differing contaminants based on 
different portions of that water 
body.)  Currently, the state is 
addressing 1,001 water body-
pollutant lists through 134 TMDL 
plans, though it has considerable 
work ahead, with 1,780 TMDLs still 
to be developed.   

Sources: State Water Resources Control 
Board.  April 30, 2008.  “Water Boards 
Baseline Enforcement Report, Fiscal Year 
2006-07.”  Pages 18, 25.  Also, State Water 
Resources Control Board and Water 
Education Foundation.  April 21, 2008.  
“Water Education Workshop for Board 
Members.”  Section 3: TMDLs. 
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can reduce fines in exchange for the discharger performing a 
supplemental environmental project, or SEP, such as 
increased monitoring, habitat restoration or public awareness 
campaigns. 

 
Regional boards typically hold monthly public meetings, in which 
they vote to adopt permits, take enforcement actions, implement 
TMDLs and conduct other business.   
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The chart shows the types of contaminants causing impairments to California waters that require the state to adopt total maximum 
daily loads or otherwise reduce the amount of the contaminant in water.  Pesticides and metals are the leading causes of 
impairment in the state. 

Source:  State Water Resources Control Board.  “California 2006 303(d) List.  Total Number Pollutants Listed by Pollutant Category.”  
http://www.waterboards.ca.gov/water_issues/programs/tmdl/docs/303dlists2006/epa/stats_2006_303dlist.xls.  Accessed September 12, 2008. 
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State Board: Designed to Set 
Policy, Provide Oversight 
 
In contrast to the regional boards, the 
State Water Resources Control Board is 
comprised of full-time board members.  
Each of the five members is appointed 
by the governor and confirmed by the 
Senate.  All but one member must 
represent a specific expertise, including 
a civil engineer, a professional engineer, 
an attorney with water rights experience 
and someone with experience in water 
quality issues.  The governor appoints 
the chair. 
 
Porter-Cologne’s framers intended 
decision-making largely to be conducted 
at the regional level, while the state 
board was to provide oversight and 
direction for the regional boards.  In a 
presentation to regional board members 
in April 2008, Third Circuit Court of 
Appeal Associate Justice Ronald Robie, 
who years earlier helped draft Porter-
Cologne, noted that the act enhanced 
the role of the state board and renamed 
the regional boards “California Regional 
Water Quality Control Boards” to 
emphasize that they were part of one 
state agency, not separate, local 
agencies.21   
 
The state board’s most important duties 
are: 

 Setting state policy.  Where it sees 
the need for statewide 
consistency on an issue, the 
state board can adopt a statewide 
policy to guide regional boards.  
The board currently has 16 
statewide policies, on issues 
ranging from enforcement to 
implementing toxics standards.   

State Water Policies 

The State Water Resources Control Board can set statewide 
policies to help guide regional board policy.  Statewide policies 
are intended to decrease inconsistency among the boards and 
address important statewide issues.  The board has adopted 15 
policies, and has amended some of those policies.  Here those 
policies and the dates they were adopted or last amended by 
the board: 

 Policy for Compliance Schedules in National Pollutant 
Discharge Elimination System Permits (April 15, 2008) 

 Water Quality Control Policy for Addressing Impaired 
Waters: Regulatory Structure and Options 
(May 16, 2005) 

 Water Quality Control Policy for Developing 
California's Clean Water Act Section 303(d) List 
(September 30, 2004) 

 Policy for Implementation and Enforcement of the 
Nonpoint Source Pollution Control Program 
(May 20, 2004) 

 Water Quality Enforcement Policy (February 19, 2002) 

 Policy for Implementation of Toxics Standards for 
Inland Surface Waters, Enclosed Bays, and Estuaries of 
California (February 24, 2005) 

 Water Quality Control Policy for Guidance on 
Development of Regional Toxic Hot Spot Cleanup 
Plans  (September 2, 1998) 

 Policies and Procedures for Investigation and Cleanup 
and Abatement of Discharges Under Water Code 
Section 13304 October 2, 1996) 

 Water Quality Control Policy for the Enclosed Bays 
and Estuaries of California (November 16, 1995)   

 Policy for Regulation of Discharges of Municipal Solid 
Waste (July 21, 2005) 

 Pollutant Policy Document for the San Francisco 
Bay/Sacramento-San Joaquin Delta Estuary 
(July 21, 2005)  

 Sources of Drinking Water Policy (February 1, 2006) 

 Water Quality Control Policy on the Use and Disposal 
of Inland Waters Used for Powerplant Cooling 
(June 19, 1975)  

 Policy Regarding Water Reclamation (January 6, 1977)   

 Maintaining High Quality Water/Antidegradation 
Policy Implementation for NPDES Permitting 
(October 24, 1968) 
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 Reviewing regional board activity.  The state board 
reviews and approves or denies some regional board 
actions, including basin plan amendments and 
TMDLs.  The state board also has authority to set 
the regional boards’ annual budgets. 

 Issuing statewide permits.  The state board also 
issues some statewide permits, such as stormwater 
permits for urban areas under 100,000 people, 
industrial uses, construction and the state 
Department of Transportation. 

 Providing financial assistance.  The state board 
oversees the distribution of federal and state dollars 
to help improve water quality.  Funds administered 
by the board include the Clean Water State 
Revolving Fund Program, which provides about 
$400 million annually in loans to help improve 
wastewater treatment facilities and other 
improvements and the Clean Beach Initiative, 
which uses voter-approved bond borrowing to 
improve water quality along the state’s coastline.   

 Hearing appeals.  The state board acts as an 
appellate for many regional boards quasi-
adjudicatory decisions.  Actions taken by regional 
boards, such as permitting and enforcement, can 
be petitioned to the state board.  The state board 
determines whether to hear the petition and can 
then uphold the regional boards’ action, remand 

the action back to the regional board with instructions on 
changes the state board desires, or take some other action, 
such as making changes to a permit or enforcement action on 
its own. 

 Monitoring.  The state board operates statewide monitoring 
programs, such as the Surface Water Ambient Monitoring 
Program (SWAMP), or Ground water Ambient Monitoring and 
Assessment (GAMA), with the goal of providing statewide 
water quality information and trends.  The board also staffs 
the new California Water Quality Monitoring Council, which 
was created through legislation in 2006 and is charged with 
working to coordinate various monitoring efforts throughout 
the state to provide better water quality information to the 
public.  

 Water rights.  The state board has broad power to determine 
who can use surface water in the state.  The board issues 
water rights permits, approves changes in water right permits, 

Fees, not General Fund, Drive 
Boards’ Budget 

Beginning with the 2002-03 budget, 
the water boards have increasingly 
relied less on the general fund and 
more on fees from permit holders, 
federal funding and other special 
funds to sustain their activities.  The 
General Fund contributed more than 
$101 million to the boards in the 
2001-02 budget year, for example, but 
only accounts for $38.7 million in the 
2008-09 budget year.  In 2008-09, the 
General Fund comprises only about 5 
percent of the boards’ $733 million 
budget. 

Board activities are funded by 74 
separate revenue streams in the   
2008-09 budget year, with most of the 
streams funding specific programs.   

Thus, as the boards’ duties have 
grown, along with the economy and 
population, the state has contributed 
less and less to their mission.  The 
boards have the authority to raise fees 
every year, but that funding level is set 
by the Legislature and governor 
during the budget process.  
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and enforces permits.  The Commission did not review the 
board’s administration of water rights. 

 

The State-Regional Relationship 
 
The history and structure of the regional water quality control boards 
have important implications for implementing statewide water 
policies and establishing common standards.  Just as all of the 
members of the state board are appointed by the governor, so too are 
all the members of each of the nine regional boards, making them 
semi-autonomous units.  In addition, basin plans crafted in each 
region can set different limits on the same contaminants in different 
water bodies based on local conditions. 
 
Despite language in Porter-Cologne stating that the state and regional 
boards “shall, at all times, coordinate their respective activities so as 
to achieve a unified and effective water quality control program in 
this state,” California’s approach to safeguarding and improving 
water quality relies on an inherently inconsistent system.22   
 
In her testimony to the Commission, state board chairwoman Tam 
Doduc described the state boards’ formal oversight of regional board 
activity as hearing petitions of regional board decisions, setting state 
policies, approving basin plan amendments and setting the budgets 
of regional boards. 
 
Attorneys for both the state and regional boards are located together 
in Sacramento to ensure that legal advice provided to the boards is 
consistent.   
 
There are other avenues to increase consistency among boards, 
which has been an issue championed by chairwoman Doduc during 
her tenure.  Executive officers of the regional boards meet monthly 
with the state board executive director.  All state and regional board 
members meet occasionally as the Water Quality Coordinating 
Committee.  The committee met in San Diego in April 2008, for 
example, for a two-day seminar for regional board members on the 
water boards’ history and current challenges, and again in October 
2008 for a two-day seminar that included discussion of innovative 
practices at different regional boards. 
 
Though statutory language requires consistent policies and 
procedures, critics of the current system say the relationship between 
the state and regional boards is ill-defined.  Several reform efforts in 
the past five years have sought to alter the relationship between the 
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boards, arguing that a different structure would better focus the 
state’s strategy and use its resources more efficiently.  Those efforts, 
all of which failed, include:   

 2003: Abolishing the boards.  Governor Schwarzenegger’s 
California Performance Review (CPR), launched soon after he 
took office in 2003, sought to abolish both the state and 
regional boards as part of a major overhaul of the California 
Environmental Protection Agency (Cal/EPA).  The overhaul 
would have shifted many environmental regulation duties 
from the quasi-independent boards to state departments.  The 
CPR called for a new division within Cal/EPA, called the 
Division of Water Quality that would have issued discharge 
permits, developed basin plans and performed most duties of 
the boards.  Backers of the idea suggested that placing a state 
department in charge of water regulation would increase 
consistency and efficiency throughout the state.  Opponents 
attacked the plan in part because it could limit the public’s 
ability to shape policy.   

 2005: Giving the state board more authority over regional staff.  
AB 1727 (Aghazarian) would have allowed the state board to 
appoint the executive officer of each regional board.  As the 
top staff person in each region, executive officers have 
tremendous power to set staff priorities and shape policy.  
Currently, executive officers are exempt positions in state 
government and are hired and fired by the regional boards.  
The 2005 proposal, sponsored by the Schwarzenegger 
administration, sought to give executive officers more power to 
issue permits and, by giving hiring authority of executive 
officers to the state board, give more control over daily policy 
to the state board.   

 2007: Revising the composition of the regional boards and 
giving the state board more authority to usurp regional boards.  
SB 1001 (Perata) sought to reduce the number of regional 
board members to seven from nine and broaden qualifications 
for board members to allow anyone with a “demonstrated 
interest and proven ability in the field of water quality” to be 
eligible for a regional board position.23  A component of this 
legislation allowed the state board to assume the duties of a 
regional board if the state board determined the regional 
board was not complying with state and federal water quality 
laws.   
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Water Quality Regulation Has Improved State’s 
Waters 
 
Porter-Cologne and the Clean Water Act as well as the work of water 
regulators have significantly improved the quality of California’s 
waters over the past three decades.  Most discharges are regulated, 
leading to a sharp decline in point source contamination.  
 
Billions of dollars of federal and state assistance has helped cities 
and communities build and improve wastewater treatment plants, 
dramatically reducing the amount of fecal matter in rivers and bays.  
Federal expenditures on municipal sewage treatment led to a jump in 
the number of Americans being served by wastewater treatment from 
42 percent in 1970 to 74 percent in 1985.24   
 
In California, one analysis showed that between 1971 and 2000, 
discharge volume and contaminant emissions into the Southern 
California coastal waters from large municipal-owned wastewater 
treatment plants fell 90 percent, despite substantial population 
growth.25  A wastewater treatment facility built after the Clean Water 
Act’s passage by the East Bay Municipal Utility District in the San 
Francisco Bay Area reduced the amount of metals in treatment 
discharge by 70 percent.26 
 
The Bay Area’s “Big Stench” is no more. 
 
California has marked other clean water successes in recent years.   
 
Efforts to control contaminant runoff from abandoned mines have 
reduced water pollution in the Central Valley.  A cleanup effort in 
summer 2007 at Abbott and Turkey Run mines stabilized 20,000 
pounds of mercury that would have run into Cache Creek, and the 
construction of a lime neutralization treatment plant at Iron 
Mountain Mine reduced the amount of metals running from the mine 
into the Sacramento River by 95 percent.27 
 
A 2006 evaluation of projects funded by the Clean Beach Initiative, 
which has used voter-approved bond funds to improve water quality 
along the state’s coastline, showed that five of eight projects designed 
to divert stormwater runoff into sanitary sewer systems reduced 
bacteria at beaches.  While the evaluation also found that some of the 
projects were not successful, it noted that millions of gallons of 
contaminated runoff had been removed from state beaches and that 
lessons learned from the projects could improve water quality in the 
future.28 
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The San Diego Regional Water Quality 
Control Board led an effort in early 2000 
to revitalize the San Diego Marina area by 
removing gasoline and diesel fuel from soil 
and ground water.  The last of five 
Cleanup and Abatement Orders was lifted 
in 2005.29 
 

Current Threats 
 
Despite these successes, the state is 
clearly not meeting the lofty goals of the 
Clean Water Act and Porter-Cologne.  
Examples of water quality problems 
abound: Several recent studies show 
rapidly declining numbers of pelagic fish 
species in the Sacramento-San Joaquin 
River Delta, including the endangered 
Delta Smelt, in part due to water quality.30 
A 2006 study of 181 private wells in 
Tulare County showed that more than 40 
percent had higher-than-allowed levels of 
nitrates.31 In one day in 2005, volunteers 
collected 61,117 discarded bottle caps 
along California’s coastline.32  
 
Nearly four decades after California and 
the federal government sought to eliminate 
water pollution, the state’s waters still face 
enormous threats.   
 
Wastewater remains a problem.  
Improvements in wastewater treatment 
are the most important legacy of water 
quality regulation in the country and in 
California, yet wastewater continues to 
contaminate the state’s waters. Some 
treatment plants have chronic problems, 
landing them on the EPA’s quarterly 
“Watch List” of the most troubled 
discharge facilities in the state.  Included 
on the EPA’s April 2008 list were 10 
publicly-owned plants that have been 
violating conditions of their permits 
continually for more than two years.33   

Stormwater Permits 

The state and regional boards both issues stormwater permits 
in California.  Most permits are broken into four categories: 

 Municipal program.  For medium (100,000 to 
250,000 people) and large (more than 250,000) 
areas, regional boards issue a permit to municipal 
separate storm sewer systems (MS4).  Most of these 
permits are issued to a group of co-permittees. For 
example, the Los Angeles Regional Water Quality 
Control Board issues one stormwater permit for all of 
Los Angeles County, with the permit including all of 
the cities within the county.  There are 85 co-
permittees for that permit. In all, there are 26 permits 
issued in the state for medium- and large-sized urban 
areas that regulate discharges from about 300 cities, 
counties and special districts.  For small 
communities, the state board has adopted one 
general permit that covers about 190 cities, counties 
and special districts. 

 Construction program.  The state board adopted a 
general permit for construction in the state that 
disturbs one acre or more of land.  There were about 
20,000 such construction sites in the state in spring 
2008.  Generally, the permit requires construction 
sites to develop Storm Water Pollution Prevention 
Plans and reduce pollutants using available 
technologies. 

 Industrial program.  The state board adopted a 
general permit that covers runoff from about 9,500 
industrial facilities.  Like the construction permit, 
industry is required to develop Storm Water 
Pollution Prevention Plans and reduce pollutants 
using available technologies. 

 Caltrans program.  The state board issued a 
statewide permit for the California Department of 
Transportation (Caltrans), which designs, constructs 
and maintains the state highway system, including 
bridges and tunnels.  The permit requires Caltrans to 
develop a Storm Water Management Plan. 

Sources: State Water Resources Control Board and Water Education 
Foundation.  April 21, 2008.  “Water Education Workshop for Board 
Members.”  Section 5 “Regulating construction storm water discharges.”  
Also, State Water Resources Control Board and Water Education Foundation.  
April 21, 2008.  “Water Education Workshop for Board Members.”  Section 
5 “Regulating industrial storm water discharges.”  Also, State Water 
Resources Control Board.  “Storm Water Program – Caltrans Program.”  
www.waterboards.ca.gov/water_issues/programs/stormwater/caltrans.shtml.  
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“There are lots of really badly maintained, undercapitalized, 
undermanaged systems, even in affluent areas,’’ Alexis Strauss, 
director of the water quality division for US EPA Region 9, told the 
Commission.34 
 
Underscoring her point, the EPA in April 2008 ordered seven sanitary 
districts in Marin County – one of the wealthiest counties in the 
United States – to make changes to their systems due to repeated 
sewage spills caused by deteriorating sewer pipes.  According to the 
order, the Mill Valley system recorded 110 sewage spills between 
December 2004 and February 2008.35  

State of the State’s Waters 

How clean – or dirty – are the state’s waters?  A dearth of water quality monitoring and the state’s failure to create an accessible 
site for available information depicting water quality in California makes answering this question difficult.  Here are three separate 
reports depicting the state of the state’s waters: 

Clean Water Act Section 305b Report.  The Clean Water Act’s Section 305b requires each state to assess the condition of its 
waters and submit the results to US EPA every two years.  Using information gathered through US EPA’s Environmental Monitoring 
and Assessment Program, the 2006 report, the most recent, focuses on assessments of two types of water in the state: coastal bays 
and estuaries and wade-able, perennial streams.  Results included: 

 The report suggests most of the state’s coastal waters are in “fair” or “good” condition, based on US EPA criteria.  High 
phosphorous levels were found in much of San Francisco Bay, while Southern California ports reported sediment chemical 
contamination.   

 Analysis focused on the number of benthic macroinvertebrates, such as crayfish, dragonflies and snails, living in streams 
versus the number that would be expected to live there based on models.  Overall, the report suggests 67 to 78 percent of 
wade-able perennial streams in California are in “good” condition. 

California Water Plan.  In the 2005 update of the California Water Plan, water quality conditions were reviewed by focusing on 
four areas: surface water; ground water; drinking water; and, environmental water, defined as the water that serves as habitat for 
fish, birds and other animals.  The plan outlines current issues within each area: 

 Surface water.  Thirteen percent of the total miles of the state’s rivers and streams were listed as impaired by at least one 
contaminant.  About 15 percent of the state’s lake acreage is impaired.   

 Ground water.  Sixty-two percent of the state’s wells met standards for contaminants.  In each of the state’s hydrologic 
regions, however, 24 to 49 percent of public water supply wells exceeded acceptable levels for one or more contaminants.   

 Drinking water.  Public water systems in the state collect water from about 15,000 ground water and 1,000 surface water 
sources.  About one-quarter of these sources have at least one contaminant at higher-than-allowable levels.   

 Environmental water.  While providing no specific measurements describing the extent of water quality impairment on 
riparian and aquatic habitats, the Water Plan noted that habitats can be affected by “legacy” pollutants, such as mercury. 

Heal the Bay report card.  The Southern California environmental group Heal the Bay has graded water quality at beaches for 
18 years.  The group assigns letter grades to beaches, based on monitoring data collected by local governments and dischargers on 
fecal indicator bacteria, considered to be the best indicator of whether beach water is safe for swimming.  

In its annual report card published in May 2008, 87 percent of 379 beach locations received an A or a B.  Los Angeles County 
recorded the lowest grades in the state, with 71 percent As and Bs.  Avalon Harbor Beach on Catalina Island, ranked last, received 
an F. 

Sources: State Water Resources Control Board.  October 2006.  “Water Quality Assessment of the Condition of California Coastal Waters and Wadeable Streams.”  
Also, California Department of Water Resources.  February 14, 2006.  “California Water Plan Update 2005: A Framework for Action.”  Volume 2, Chapter 13.  Also, 
Heal the Bay.  May 21, 2008.  “18th Annual Beach Report Card.”   
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According to a 2008 US EPA estimate, California would need to spend 
$18.2 billion to upgrade its wastewater treatment infrastructure to 
meet all water quality and public health needs.36  
 
Despite these needs, federal funding for improvements is waning.  
The initial funding program enacted with the Clean Water Act now 
provides far less money than it once did.  In the 1970s, federal 
dollars paid for 75 percent of projects. Congress stopped providing 
grants in 1987, launching in their place a revolving loan program, 
which provides low-interest loans for wastewater treatment plant 
upgrades. Federal contributions to the State Revolving Fund have 
shrunk to $48 million in 2008 from $144 million in 1996, while 
upgrade costs have increased.37 
 
Non-point sources the biggest threat.  A much bigger and broader 
threat comes in the form of so-called “non-point sources” of water 
pollution, such as urban stormwater runoff, agricultural runoff and 
legacy pollutants, all of which are diffuse and have no single pipe or 
source to control.  Non-point source pollution is responsible for 76 
percent of California water impairment.38 
 
Non-point sources were largely ignored as a source of pollution in 
need of regulation during the first decades of the Clean Water Act 
and Porter-Cologne.  But as point source pollution diminished and 
many water bodies remained impaired, attention turned to non-point 
sources.  The Clean Water Act was amended in 1987 to include non-
point sources in the NPDES permitting program. 
 
Non-point sources are much more difficult to regulate for obvious 
reasons.  The pollution is diffuse and difficult to trace to its sources.  
Its episodic nature makes non-point sources of water pollution even 
more difficult to monitor and assess.   
 
Water quality experts note that non-point source regulation, unlike 
point source regulation, is still a relatively new process and that 
effective programs, funding sources and scientific understanding 
have not been fully developed. 
 
Stormwater.  Rain storms sweep debris and pollutants from roads, 
parking lots and other impervious surfaces that dominate city 
landscapes into waterways, creating pollution in creeks, rivers, lakes 
and the ocean.   
 
In essence, modern life is the source of stormwater pollution.  
Urbanization has led to more paved, impervious land and more 
complex water pollution problems with unusual and hard-to-regulate 
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sources.  Land use decisions that increase the amount of non-
permeable surfaces in a city, for example, lead to more runoff.  
Studies conducted in the San Francisco Bay have found that copper 
from automobile brake pads, which falls from brakes onto streets and 
then is washed into storm drains during rain events, is a major 
source of pollution in the Bay.39 
 
Many of the most complicated and contentious issues facing water 
boards and the entities they regulate involve urban stormwater.  
Stormwater permits affect an enormous percentage of the population: 
More than 30,000 stormwater discharges are subject to permits, 
covering every populous area of the state, compared to only 2,200 
wastewater permits.40 
 
Financially-strapped local governments complain that stormwater 
requirements eat up money that could be spent on police protection, 
social services and other local priorities.  One study found that 
stormwater programs cost local governments between $18 and 
$46 per household annually.41 
 
Despite these difficulties, it is clear that stormwater pollution must 
be dealt with.  One recent study noted that metals from stormwater 
increased from 6 percent to 34 percent of the total metals pollution in 
water along the Southern California coastline between 1971 and 
2000.42 
 
Modern water regulators face this central dilemma: Urban 
development for decades has focused on collecting stormwater and 
conveying it quickly away from homes and other buildings to prevent 
flooding.  The concrete channels throughout the Los Angeles County 
basin direct 500,000 acre-feet of stormwater into the ocean every 
year, for example.   
 
Stormwater managers must develop strategies that in many ways run 
counter to those designed to prevent flooding.  To protect the ocean 
and other water bodies from the lawn fertilizers, pet waste, pesticide, 
oil, grease and trash that is flushed from city streets by rain, a key 
solution is to retain stormwater so that the soil catches contaminates 
as the water percolates into the ground.  Other strategies to address 
stormwater pollution include, cleaning streets, changing individual 
behaviors such as over-fertilizing lawns, or treating stormwater in a 
similar manner to treating wastewater.  The state and regional water 
boards, through their permitting process, seek to require cities, 
industries, construction activities and the state’s highway system to 
change practices to limit runoff and prevent contaminants from 
reaching streams, rivers and bays.   
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For much of the short history of stormwater regulation, rules have 
emphasized effort over outcomes.  The Clean Water Act’s 1987 
amendment regarding stormwater requires cities and other regulated 
entities to reduce stormwater pollution to the “maximum extent 
possible,” but Congress never defined that term.  Typical stormwater 
permits have required cities to develop and submit plans explaining 
their efforts.  The vagueness surrounding the regulation is in contrast 
to wastewater regulation, which typically provides treatment plants 
with numerical limits for certain contaminants.  
 
Some water users noted the differences in the way Congress treated 
point sources and non-point sources: When the Clean Water Act was 
approved in 1972, Congress gave states specific direction to require 
numeric limits in permits, and the federal government provided 
significant funding through a grant program to improve wastewater 
treatment facilities.  Through the 1987 amendment, the grant 
program became a loan program, and Congress did not require 
numeric limits in permits regulating cities.   
 
“With point sources, Congress provided both a carrot and a stick,’’ 
Mark Gold, president of Heal the Bay, said.  “With non-point sources, 
there is neither a carrot nor a stick.”43 
 
Disagreements now abound over many stormwater programs.  It is 
more difficult to monitor, and more difficult to determine whether 
specific programs are effective.  A blue ribbon panel of experts 
convened by the State Water Resources Control Board noted in a 
2006 report that both regulated entities and environmental groups 
complained that stormwater permitting “has become overly complex, 
and that it is extremely difficult, if not impossible to objectively 
determine if a facility, operation or municipality is in compliance with 
permit requirements.”44 
 
During the Commission’s study process, the National Research 
Council published a lengthy and damning report on national 
stormwater policy, essentially declaring it a failure.  “EPA’s current 
approach to regulating stormwater is unlikely to produce an accurate 
or complete picture of the extent of the problem, nor is it likely to 
adequately control stormwater’s contribution to water body 
impairment,” the report strongly states.45 
 
To improve effectiveness, California’s water boards are attempting to 
place more numeric limits or measurable requirements into 
stormwater permits, which is creating conflict with many 
stakeholders.  Regulated entities complained to the Commission that 

RB-AR13020



BACKGROUND 

21 

the boards were using standards adapted for point sources in their 
efforts to better regulate stormwater.   
 
This dilemma must be addressed by the state as it works toward 
improving water quality and water supplies in the future.  Many 
argue that stormwater should not be treated as a problem, but as a 
resource.  Captured and treated stormwater could be reused.  The 
state’s water future – in which recycled water must play a larger role 
– may in part depend on improving stormwater strategies.   
 
Irrigated agriculture and dairies.  In rural areas, runoff from 
agriculture and dairies plays a role in water pollution.  Studies show 
that nitrates, often linked to farming practices, are affecting drinking 
water in parts of the Central Valley.  A 2007 report issued by the 
Central Valley Regional Water Quality Control Board summarized 
more than two years of monitoring and found, among other things, 
toxicity to algal species throughout the valley that is generally 
associated with herbicides and metals, such as copper, and sediment 
toxicity throughout the valley likely due to certain types of 
pesticides.46 
 
In part due to legislation enacted in 1999, regional water boards have 
begun to increase regulatory authority over irrigated agriculture, 
which is exempt from the Clean Water Act.  The two regions with the 
most agricultural activity both have adopted conditional waivers of 
waste discharge requirements in the past five years that affect 
agricultural practices.  Farmers are required to agree to the 
conditions of the waiver or face an individual waste discharge 
requirement.   
 
The Central Valley Regional Water Quality Control Board oversees 
about 7 million acres of cropland, while the Central Coast Regional 
Water Quality Control Board regulates a much smaller area – about 
600,000 acres.47  The two boards take somewhat different 
approaches to regulating water quality in their districts, based in part 
on their sizes. 
 
The Central Coast board requires farmers to participate in water 
quality education classes, participate in monitoring efforts and file 
regular reports with the board detailing activities geared toward 
improving water quality.  The Central Valley board requires farmers 
to participate in – and fund – coalitions that perform monitoring.  
Based on that monitoring, the coalitions prepare management plans 
to address problem areas.  Individual farmers are not required to 
submit reports as they are in the Central Coast region.  The Central 
Valley board has found some difficulty in ensuring that all 
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agricultural operations required to join a coalition do so – they have 
issued more than 1,400 enforcement orders requiring non-
participating landowners to do so.48 
 
While the Central Coast’s irrigated agriculture program includes 
operators that discharge into ground water, the Central Valley 
program only includes those who discharge to surface water.49   
 
In May 2007, the Central Valley Regional Water Quality Board issued 
a Waste Discharge Requirement covering all dairies in the region in 
existence since October 2005 – about 1,600 operations.  Most of the 
dairies that operate in California are located in the Central Valley 
region, and before the new requirements, most had not been 
regulated.  This had led to problems – a study of 425 wells at 
88 dairies found that 63 percent of dairies’ water was contaminated 
by nitrates.50  The new order requires dairies to prepare reports on 
how they handle animal waste and other potential contaminants and 
monitor ground water quality.  Dairy operators must enroll in a class 
designed to teach them how to comply with the new regulations.   
 
Dairy representatives estimate the new regulations will cost each 
dairy $30,000 to $36,000 each year and require them to change 
business practices.51   
 
Environmental groups argue that the regulations are long overdue 
and do not go far enough to successfully address the contamination.  
They note, for example, that the regulations contain no numeric 
limits or enforcement provisions.  Two groups, the Environmental 
Law Foundation and Asociacion de Gente Unida por el Agua, have 
sued the state board over the regulation.  The lawsuit remains 
pending.52 
 
Legacy Pollutants.  Another threat to the state’s waters is so-called 
legacy pollutants, or pollution that stems from historic practices.  
These pollutants stem from agriculture, manufacturing and mining 
activities that have been banned or are no longer practiced.  Legacy 
pollutants’ historical nature pose a significant challenge for 
regulators: It is often impossible to hold former dischargers 
accountable, and removal of contaminants can be difficult and costly. 
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Major legacy pollutants include: 

 Mercury.  Used in 19th century gold mining practices in the 
Sierra Nevada mountains, mercury is now a prevalent 
contaminant in the Central Valley and San Francisco Bay 
regions.  A study released in September 2008 showed that 
while some contaminants in sport fish declined during a     
30-year period, mercury levels in fish remained relatively 
constant.53 

 Polychlorinated Biphenyl (PCBs).  PCBs were used in 
numerous products until they were banned in 1979, after 
they were identified as causing cancer in humans and 
disrupting animal reproduction.  Despite the ban, PCBs linger 
and remain at high levels in San Francisco Bay and some 
Southern California lakes.54 

 Perchlorate.  Perchlorate, used in rocket fuel in the last half of 
the 20th century, has contaminated water in Sacramento 
County and Southern California, mostly in areas formerly 
used by the United States Department of Defense and the 
National Aeronautics and Space Administration.  The Central 
Valley, Santa Ana and Los Angeles Regional Water Quality 
Control Boards have worked with industry and the federal 
government to control and remove perchlorate.  

 

The Challenge Going Forward 
 
California ushered in state-governed water quality protection with the 
passage of the Dickey Act in 1949, which set a regional course for 
regulation.  The sweeping ambition of the Porter-Cologne Act in 1969 
raised expectations that the state could eliminate water pollution, 
and established the principles for how California would regulate point 
source discharges.  It made clear that discharge was a privilege, not a 
right, that solutions had to strike a reasonable balance between 
environmental protection and other concerns, and established basin 
plans as the foundation of regional regulation.   
 
At the federal level, the similarly ambitious Clean Water Act followed 
in 1972.  In its first incarnation, it attacked point source pollution 
such as industrial discharges and wastewater treatment.  The act has 
evolved to focus on non-point sources and developing solutions for 
impaired water bodies, most notably total maximum daily loads for 
identified contaminants.  This new focus has not come with the same 
level of federal funding that was available in the 1970s and 1980s, 
however. 
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California’s main regulatory tools to enforce its clean water laws are 
the State Water Resources Control Board and nine regional water 
quality control boards.  The state board sets policy and oversees the 
regional boards.  The regional boards, which largely act 
independently of each other, develop basin plans and issue permits, 
monitor the results and assess fines when necessary.  To a great 
degree, their structure and their policies reflect the major water 
protection laws passed in 1949, 1969 and 1972 with their heavy 
emphasis on point source pollution. 

Water Board’s Efforts to Improve Programs, Processes 

To their credit, the state water board has made several recent efforts to improve its programs and respond to criticism.  
Examples of the boards’ reform efforts include: 

 Strategic Plan Update.  Adopted in September 2008, the water boards’ Strategic Plan Update 2008 – 2012 
outlines priorities for the water boards, both in terms of clean-water outcomes and in improving processes.  The plan 
calls for the boards to prioritize programs for important watersheds, such as the Klamath River basin, for example, 
and prioritize needed basin plan updates.  The plan also addresses concerns involving transparency and consistency, 
and calls for the development of state and regional water board work plans that include ways to measure 
performance.  The plan has numerous specific goals with dates these goals will be achieved that will allow the 
Legislature, governor and stakeholders to assess board effectiveness.  The plan was adopted after a one-and-a-half-
year span that allowed significant stakeholder and staff input. 

 New Offices.  During the past two years, the state water board has created new offices within the board to improve 
effectiveness.  The Office of Information Management and Analysis is intended as a way to improve both the boards’ 
information technology systems and its ability to provide the public with useful information.  The office was created 
on July 1, 2008 and oversees IT systems such as California Integrated Water Quality System (CIWQS) and also will 
produce routine reports depicting water board activities and outcomes.  The Office of Research, Planning and 
Performance was created in 2006 to help better coordinate scientific research, work on strategic planning and 
develop performance measurement targets to help improve accountability within the water board system.  The 
Office of Public Participation was created in 2007 to help strengthen the boards’ efforts to involve the public in 
decision-making processes.   

 Expert Panels.  The state board has used panels of experts to review failing programs and make recommendations 
for change.  In two cases, the reviews have helped the board make improvements to critical programs – the CIWQS 
and the Surface Water Ambient Monitoring Program (SWAMP) – that needed extensive restructuring.  Both reviews 
were facilitated by Stephen Weisberg of the Southern California Coastal Water Research Project.  In both cases, 
initial reviews of the programs – made public by the state water board – provided a harsh assessment of the 
programs but offered clear direction to make changes.  For example, the review of CIWQS found that bifurcated 
management of the system and a broad, overly complex scope set the system up for failure.  In both cases, a second 
review conducted about a year later showed significant improvement.  

 Water Quality Improvement Initiative.  Unveiled in May 2008 by the Schwarzenegger administration, the 
Water Quality Improvement Initiative was a comprehensive legislative proposal to reform some aspects of the water 
boards.  The initiative called for the creation of a water quality council comprised of the chairpersons of each 
regional board to help improve consistency, and for the state and regional boards to establish priorities and report 
regularly to the Legislature on whether those priorities had been met.  In addition, the initiative would change the 
state’s interpretation of the 10 percent rule to allow potential appointees to serve on a board as long as they do not 
have income from an entity permitted by that specific board.  Other proposals include delegating permitting 
authority from the regional boards to the regional board executive officers to allow the regional boards to focus on 
broader policy issues.  In all, the initiative contained more than a dozen proposals for change.   
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These laws have significantly reduced much of pollution that plagued 
California in the 1960s and 1970s, especially water contamination 
from point sources.  But with the state’s continued economic and 
population growth over the decades, some problems, such as sewage 
discharges, still escape a complete solution, in some cases because of 
cost.  Other problems have emerged that defy easy solutions, such as 
stormwater runoff and agricultural runoff, as well as legacy pollution 
from old mines or contaminants from now-banned industrial 
practices.  They now represent the biggest challenges California and 
its water boards face in living up to its commitment to provide clean 
water to its people now and in the future. 
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An Outdated System 
 
Enacted in 1969, the Porter-Cologne Water Quality Control Act 
placed California in the vanguard of environmental protection. 
 
In recent years, however, the water quality regulatory system 
developed nearly four decades ago is showing signs of its age.  The 
system has not adapted to address modern water quality issues.  
Pollution from sources such as urban stormwater and agricultural 
runoff is now the biggest threat to surface water and groundwater.  
Legacy pollutants, such as mercury from mining practices, as well as 
aerial deposition from automobiles and other sources, also 
contaminate water.  The traditional system of issuing permits to 
dischargers and monitoring those dischargers is not well-equipped to 
handle complicated issues that involve land use, diffuse pollution 
sources and complex scientific inquiry. 
 
Regional boards are overwhelmed.  Basin plans, the key regulatory 
document for each region, are decades out of date.  Priorities are not 
matched to the most important threats to water quality.  Process 
trumps a focus on clean water outcomes.  Volunteer regional board 
members face increasingly difficult decisions that require a 
sophisticated understanding of water science and have profound 
ramifications for both the environment and the economy.  
Transparency, a key tenet of democratic government, is missing in 
regional board processes, as stakeholders complain they have little 
ability to interact with board members and do not always understand 
the rationale behind decisions.  Regional boards across the state have 
differing philosophies and processes, and the state board has not 
adequately exercised its authority to ensure that the boards operate 
as one state agency, rather than 10 separate entities.  Though the 
system is set up to protect water for the people of California, it is 
virtually impossible for the public to find easy-to-understand 
information on water quality in the state. 
 
The result is a troubled system that lacks credibility with 
stakeholders, ranging from environmentalists to regulated businesses 
and local governments to the Legislature.  In a disturbing illustration 
of the mistrust between the water boards and the water community, 
several stakeholders declined to publicly testify to the Commission 
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about the boards because they were concerned there would be 
reprisals for publicly airing their complaints.  
 
Worst of all, it is difficult to determine if the boards’ regulatory 
programs are effectively cleaning and protecting California’s waters.  
Many argue they are not. 
 
“During the past 15 years, we have flat-lined in the effort to protect 
water quality,’’ argues LaJuana Wilcher, a former administer with US 
EPA who advocates for a nation-wide overhaul of water quality 
regulatory practices.55 

Cities of Arcadia, et al. vs. Los Angeles Water Board 

Litigation involving 21 municipalities in Los Angeles County, the Building Industry Association (BIA) and the Los Angeles 
Regional Water Quality Board illustrates the difficulties boards are having regulating stormwater with out-of-date basin plans. 

In 2004, as the Los Angeles board was conducting a triennial review of its basin plan, the cities and BIA asked the board to 
review its water quality standards in relation to stormwater regulation.  Sections 13000 and 13241 of the Porter-Cologne Water 
Quality Control Act require the boards to enact standards that “attain the highest water quality which is reasonable,” and the 
boards must consider several factors, such as probable beneficial uses of water, environmental characteristics of water, water 
quality conditions that could be reasonably achieved, and economic considerations, when it sets standards.  The regulated 
entities argued that the basin plan’s standards were developed before stormwater regulation was in place, and that due to 
stormwater’s unique nature, new standards should be developed and applied in stormwater permits and during the TMDL 
process. 

The board did not review the standards, arguing that the standards were adequate because the boards had considered the 
reasonableness factor and other factors when they were first developed.  The state board approved the 2004 basin plan and 
declined to hear a petition for review from the regulated entities.  In 2005, the group sued the board in state superior court, 
arguing that both stormwater permits and TMDLs were based on water quality standards set without consideration of 
stormwater issues.  According to the lawsuit, the cities projected needing to spend several billion dollars complying with 
numeric limits on trash and trace metals as part of two TMDLs that were enacted based on existing water quality standards. 

In July 2008, Judge Thierry Patrick Colaw sided with the plaintiffs, concluding that during the creation of the original basin 
plan and subsequent revisions, “there is no substantial evidence in the record to show that the boards have ever analyzed the 
13241/13000 factors as they relate to stormwater.”  Colaw ordered the Los Angeles water board, and the State Water 
Resources Control Board, which has ultimate authority over the basin plans, to review water quality standards in the Los 
Angeles basin plan as they relate to stormwater. 

The order created angst and confusion in the region, as the state board concluded that it could not authorize any new activity, 
including construction and industrial activities, until the matter was resolved. The judge later allowed the water quality 
standards to stand while the board conducted its review, and thus construction and industrial activity were allowed to resume. 

But the lawsuit reveals what many stakeholders told the Commission: Stormwater regulation has been developed during the 
past 20 years based on standards that were largely created before nonpoint source water pollution was even considered.  Other 
regional boards also have basin plans and water quality standards that were developed for point sources but are now being 
used in stormwater regulation. 

Sources:  Porter-Cologne Water Quality Control Act, sections 13000 and 13241.  State Superior Court Judge Thierry Patrick Colaw.  July 2, 2008.  Judgment, 
Cities of Arcadia, et. Al. vs. State Water Resources Control Board and Los Angeles Regional Water Quality Control Board.  Michael Lauffer, Chief Counsel, 
State Water Resources Control Board.  July 16, 2008.  Memo to Dorothy Rice, Executive Director, State Water Resources Control Board.  State Superior Court 
Judge Thierry Patrick Colaw.  August 28, 2008.  Order, Cities of Arcadia, et. al. vs. State Water Resources Control Board and Los Angeles Regional Water 
Quality Control Board.  
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Through two public hearings, meetings of two Commission-created 
advisory committees, extensive interviews with stakeholders and a 
review of existing research, the Commission identified the following 
critical problems with California’s efforts to improve and protect 
water quality:   

 The relationship between the state and regional boards is not 
well-defined, leading to inconsistencies and inefficiencies 
among boards, an inability to set statewide priorities and a lack 
of focus on holding regional boards accountable for clean 
water outcomes.  In statute, the state board has significant 
authority to steer regional board policies and provide 
statewide leadership.  In practice, however, the state board 
does not provide enough oversight and regional boards have 
dramatically different approaches to similar problems, 
statewide priorities are unclear and there is not enough effort 
to understand which regional boards are the most effective at 
implementing clean water laws. 

 The state and regional boards lack mechanisms to collect and 
analyze data properly, use scientific research and cost-
effectiveness reviews to drive decision-making and provide 
useful information to the public, policy-makers and other 
researchers.  Regional boards acknowledge they do not always 
have sufficient data to make decisions or determine whether 
programs are working.  The state has struggled to implement 
an information technology system and coordinate scientific 
research so that it is applied in regulatory processes.  Basin 
plans, the key regulatory document dictating most regional 
board processes, are out of date in most regions.  

 An antiquated regional board structure and poor appeals 
process limits candidates for regional boards, hinders 
transparent decision-making, and asks volunteer board 
members to do too much.  Regional boards face complex 
decisions that require water expertise that some board 
members do not have.  Compounding that difficulty are ex 
parte rules that limit board members’ ability to communicate 
with stakeholders, who in turn feel they are not able to work 
with boards in a collaborative manner.  Federal and state 
conflict-of-interest provisions dramatically limit the pool of 
potential qualified candidates.  And few stakeholders have 
confidence in the appeals process.  

 The state – both water boards and other state agencies – is 
struggling to adapt appropriate strategies to address non-point 
source pollution.  Non-point source pollution provides 
enormous challenges to the state and will require multi-
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agency responses, but the state has no structures in place to 
address water quality problems that stem from land use, 
centuries-old pollution and air pollution.  Urban stormwater 
is a vexing problem with costly solutions, yet the state has not 
developed an adequate system for assessing and prioritizing 
this problem and other non-point source pollution problems. 

 

Inconsistencies and Inefficiencies 
 
The framers of California’s water quality regulatory system envisioned 
a decentralized governance structure that would lead to different 
objectives and standards in different regions.  That is appropriate, as 
different regions have different hydrological conditions, and a 
contaminant may impact one water body differently than another. 
 
But numerous stakeholders suggested that too often, regional board 
policies and processes vary dramatically, even on some of the most 
important statewide water issues.  Examples include: 
 
Water recycling.  The Legislature in 1991 declared its support for 
increasing water recycling in the state by calling for the state to use 
700,000 acre-feet of recycled water by 2000 and 1 million acre-feet by 
2010.  The 2000 goal was not met, and many believe the 2010 goal 
will not be met either.56  Regional boards play a critical role in water 
recycling projects because reused water is often injected into ground 
water basins, giving boards authority to regulate that discharge.  
Boards have taken widely different approaches to recycled water 
projects; in fact, all boards do not offer the same type of permits for 
recycled water, with some issuing a NPDES permit and others 
regulating projects through water reclamation requirements.  
 
“Inconsistent regulation of water recycling by state and local officials 
leads to confusion and uncertainty in how to design and manage 
water reuse systems and appears to have led to overly restrictive 
regulation and added costs, creating an obstacle to achieving the full 
potential for water reuse,” a 2003 report on water recycling noted.57  
 
The state board noted in 2007 that, “Regional Water Boards have 
established varying requirements for recycled water used for 
irrigation.  Some have established limitations for salts in recycled 
water and others have not.  Some water recycling irrigation projects 
have ground water monitoring requirements, but most do not.”58   
 
This can have profound effects: Los Angeles spent seven years 
working with the Los Angeles Regional Water Quality Control Board 
to obtain a permit to use recycled water for landscape irrigation 
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purposes such as watering golf courses.59  This frustration led to 
legislation in 2007 to allow entities seeking water recycling permits to 
bypass regional boards and obtain a permit from the state water 
board instead.60  
 
The state board is currently working on the creation of a statewide 
policy on water recycling. 
 
Stormwater.  Stormwater policy also varies widely from board to 
board. The Central Valley board issued a relatively brief stormwater 
management permit (62 pages) for the city of Stockton in December 
2007 that required the city to determine its own best management 
practices to address stormwater cleanup.  By comparison, the Los 
Angeles board issued a draft stormwater management permit to 
Ventura County in August 2007 that was nearly twice as long 
(115 pages) and far more specific about the tasks the county and 
cities within the county should perform and the numeric limits on 
specific pollutants in stormwater.  The permit listed specific best 
management practices that could be used and detailed how often 
streets should be swept.61 
 
“Instead of a statewide plan and comprehensive approach to 
stormwater, precedents are being set, conditions for permits are 
being imposed and numeric limits are being imposed in a 
fragmented, case-by-case manner,’’ said Terese Ghio, past president 
of the Industrial Energy Association.62 
 
The California Stormwater Quality Association, a group including 
local government stormwater managers and private consultants, has 
been advocating for several years that the state board develop a 
comprehensive stormwater policy for medium- and large-size cities 
that they argue would improve the effectiveness of stormwater 
regulation and better allow measurement of that effectiveness.  So 
far, however, the state board has not taken that up.63   
 
Thus, regional boards have radically different approaches to 
stormwater regulation, one of the most difficult and contentious 
water pollution issues facing the state.  
 
Monitoring, reporting and other processes.  How regional boards 
develop information and report water quality data also differs.  A 
2006 report reviewing the state’s Surface Water Ambient Monitoring 
Program – which is intended to gather and report statewide 
information on water quality – outlined several notable 
inconsistencies among regions.  The review found, for example, that 
the North Coast Regional Water Quality Control Board and the 
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Central Valley Regional Water Quality Control Board appeared to be 
compiling their lists of impaired water bodies differently, with the 
North Coast region declaring much larger swaths of water bodies 
impaired, while the Central Valley board listed much smaller 
segments.  The result makes it difficult to compare impaired water 
bodies in the two regions.  The report also noted that bioassessment 
tools – used to help determine the health of a water body – had been 
developed differently by different regional boards.64 
 
A report published by the State Water Resources Control Board in 
2006 depicting water quality across the state noted that regional 
board water quality “assessments cannot be successfully integrated 
into an accurate statewide report because regions use a variety of 
assessment approaches and do not always apply criteria 
consistently.”65 
 
A US EPA review of inspection and enforcement activities by regional 
boards noted that it was difficult to compare regions because 
inspection reports and permit compliance reviews were done 
differently in different regions.  “The documentation was not 
standardized across the RWQCBs (Regional Water Quality Control 
Boards) or the various water programs,” the EPA noted.66 
 
While the state water board’s newly-created Office of Information 
Management and Analysis is attempting to improve the board’s use of 
data and coordinate data gathering and reporting, inconsistent 
approaches to monitoring and data gathering limit the ability of the 
public and policy-makers to determine the health of the state’s 
waters and whether various state strategies to improve water quality 
are effective.   
 
Mark Lubell, an assistant professor in the Department of 
Environmental Science and Policy at the University of California, 
Davis, said he had attempted to study whether one of the state’s 
main thrusts on water policy – gathering local water interests 
together to develop long-term water resource plans, referred to as 
Integrated Regional Water Management Planning – was protecting 
water quality.  He found that due to different data gathering and 
monitoring in different watersheds, it was impossible to compare 
different water bodies in a meaningful way.  Thus, he was unable to 
determine whether a major statewide initiative – one that has 
consumed hundreds of millions of dollars – is effective.67 
 
Inconsistencies among boards also lead to inefficiency and expense.  
The Riverside County Flood Control and Water Conservation District 
reported that it spent nearly $2 million during a five-year period 
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preparing three different sets of reports and permit applications 
because the three regional boards overseeing pieces of the district all 
required different paperwork.68   
 
The state board can address regional inconsistency in multiple ways, 
including through rulings on appeals.  The most effective avenue, 
however, would be through state board policies, which are intended 
as guidelines for all regional boards to follow.  Currently, there are 
only 16 statewide policies.   
 
State board officials complain that enacting policies is a long, staff-
intensive process.  Because some policies require scientific research, 
policies can take several years to develop.  In addition, the state 
board is required to follow California Environmental Quality Act 
processes, which often take a year or longer.   
 

Little Focus on Outcomes or Accountability 
 
Are regional board permits, enforcement actions and other programs 
working to protect and improve California water quality?  It is difficult 
to say. 
 
Throughout the review process, the Commission found an alarming 
lack of information on the effectiveness of state water quality 
regulations.  Regional boards submit a significant amount of data to 
the state board, from lists of impaired water bodies to work plans 
outlining upcoming plans, but there is not enough analysis done by 
the state board to determine program effectiveness.  The state board 
does not provide enough leadership in directing regional board 
activity based on analysis of what is working, and what is not 
working.   
 
Too much discussion within the boards – and among stakeholders – 
is focused on processes; not enough attention is paid to whether 
these processes lead to the desired clean-water outcomes. 
 
Examples include: 

 In a report summarizing current water quality monitoring 
practices and suggesting changes, an executive of the San 
Diego Regional Water Quality Control Board noted that 
monitoring and surveillance information and analysis was not 
integrated into board programs, with the result being “the 
Regional Board is unable to efficiently assure discharger 
compliance with regulatory requirements and effectively 
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measure the performance and success of its own regulatory 
activities.”69 

 In a 2008 report detailing enforcement activities of the boards, 
the state water board noted that the boards do not track the 
environmental benefits of enforcement actions, such as the 
amount of pollutants reduced in water or the acres of 
wetlands or beaches restored.  “This information could be 
collected when the enforcement case is resolved,” the report 
notes.  But it currently is not.70 

 
There are numerous reasons for the lack of focus on outcomes.   
 
Reviews by US EPA of water board practices are influential in 
directing the boards’ activities, due to US EPA’s authority over Clean 
Water Act activities.  Many of US EPA’s reviews of California measure 
the boards’ processes and outputs, not outcomes.  For example, most 
of what US EPA measured in its 2007 “Enforcement and Compliance 
Assurance State Review Framework” report for California focused on 
processes, such as data inputs, penalties assessed and timely 
reporting, instead of environmental outcomes.71   
 
In addition, board members, staff and stakeholders argue the boards 
simply do not have enough resources to ensure programs are 
working.  Regional monitoring, which allows boards to take a broad 
look at the health of a watershed, is under-funded.  Regional 
monitoring is done in addition to self-monitoring conducted by 
permitees to ensure they comply with conditions of their permits, and 
is usually funded through the General Fund, not user fees.  An 
advisory group formed by the state water board produced a report in 
2000 with recommendations for surface water monitoring that 
suggested it would cost between $59 and $115 million annually to 
conduct a comprehensive monitoring program.72  In the eight years 
since, funding has never reached that level.  In the 2007-08 fiscal 
year, the state and regional boards spent about $9.5 million, or about 
16 percent of the minimum amount recommended – on ambient 
monitoring.73 
 
In some instances, court cases also create pressure to focus more on 
processes than outcomes.  A 1999 settlement between environmental 
groups and the US Environmental Protection Agency has forced the 
Los Angeles Regional Water Quality Control Board to develop 92 total 
maximum daily load plans in 13 years, and a 1997 settlement set up 
an 11-year schedule for the North Coast Regional Water Quality 
Control Board requiring two TMDLs per year.74  Some stakeholders 
argue that the tight timeline has led regional boards to quickly adopt 
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TMDLs without adequately determining whether they will have a 
positive impact on water quality.75   
 
Regardless of these pressures, stakeholders with numerous different 
perspectives complained to the Commission that a lack of focus on 
outcomes has led to a lack of accountability for regional boards.  
Local government officials and business interests subject to 
stormwater permits argue that some regional boards’ zeal to regulate 
leads to too-stringent requirements, which should be reined in by the 
state board.  Environmentalists argue that the state board does not 
do enough to ensure that regional boards are conducting timely 
enforcement actions to ensure that regulated entities are not fouling 
the state’s waters in violation of their permits. 
 
Regional boards differ considerably in their enforcement activities.  A 
2008 state board report on enforcement noted a wide range in the 
percent of violations that received enforcement among the regional 
boards, with one board pursuing only 30 percent of violations and 
another pursuing 97 percent.  The report noted that the “variation in 
enforcement actions reflects differing emphasis on enforcement at the 
Regional Water Boards.”76  There was no further discussion or 
analysis as to why that was, or whether one region or another was 
performing more effectively. 
 
In her testimony to the Commission, Linda Sheehan, executive 
director of the California Coastkeeper Alliance, referred to that report 
as an example of the state board’s reluctance to hold regional boards 
accountable for their actions.  Sheehan said the report did not delve 
further into reasons why regional boards’ performance on 
enforcement varied.  “Under its current authority and structure, the 
state board can and must – but generally fails to – call out under-
performance at the Regional Board level,” she said.77 

RB-AR13035



LITTLE HOOVER COMMISSION 

36 

Funding Constraints Limit Programs 

While offering many different perspectives on various problems facing the water boards, stakeholders and board 
officials were virtually unanimous on one issue: They argue there is not enough money made available to 
accomplish the state’s clean water goals. 

An unmet needs analysis performed by the state water board in 2001 found that the state and regional boards 
would need 260 percent more funding than they were receiving to fully carry out current duties and future 
duties based on emerging issues.  The Legislative Analyst’s Office concluded that the assumptions made by the 
state board in determining unmet needs were reasonable.  The report noted the following staffing deficiencies: 

 NPDES wastewater program.  While the state and regional boards need 233 staff, there are about 
100. 

 NPDES stormwater program.  While the state and regional boards need 400 staff, there are about 
100. 

 Wetlands and 401 certification.  While the state and regional boards need 134 staff, there are 16. 

 Waste Disposal Requirement program.  While the state and regional boards need 290 staff, 
there are 77. 

 Land disposal program.  While the state and regional boards need 164 staff, there are 70. 

This lack of staff hinders the boards’ abilities to perform duties.  A Legislative Analyst’s Office report found that 
more than one-fourth of major wastewater treatment facilities had permits that had expired because regional 
boards had not updated them. In addition, until the summer 2008, the water boards had yet to assess fines for 
9,592 mandatory minimum penalty violations that occurred between 2000 and 2007.  While a state board effort 
begun in summer 2008 is attempting to address the fine backlog, this lengthy period between violation and 
actual fine limits the deterrent effect that prompt enforcement actions might have.  

The boards are funded largely through fees and other non-General Fund sources.  In the water boards’ budget 
for the 2008-09 fiscal year, for example, only $38.7 million of the boards’ $733.1 million budget came from the 
General Fund.  

While the boards have the authority to raise fees to meet program costs, they cannot raise fees above the 
amount set in the budget every year by the Legislature and governor.  In other words, the governor and 
Legislature would have to agree to dramatically raise fees if they wanted to increase staffing to the levels called 
for in the water boards’ report.  Policy-makers have been unwilling to do so. 

In its budget analysis in 2008, the Legislative Analyst’s Office recommended a new fee for all water users to pay 
for water board programs, suggesting that a fee of less than $10 on every water utility hookup in the state would 
raise nearly $20 million for the boards. 

Sources: State Water Resources Control Board.  April 30, 2008.  “Baseline Enforcement Report.”  Legislative Analyst’s Office.  February 20, 
2002.  “Analysis of the 2002-03 Budget Bill.  Legislative Analyst’s Office.  February 20, 2008.  “Analysis of the 2008-09 Budget Bill.”  Linda 
Sheehan, Executive Director, California Coastkeeper Alliance.  April 24, 2008.  Written testimony to the Commission. 
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Boards Unable to Prioritize 
 
California has no current mechanism to appropriately prioritize water 
quality problems and steer resources toward the solutions to those 
problems.  
 
Faced with a broad mandate to protect all of the state’s waters, the 
water boards have been unable to focus on the most important water 
bodies or the most pressing contamination problems.  Testimony to 
the Commission largely centered on urban stormwater issues, which 
has a dramatic impact on local government and business, as well as 
the environment.  Should addressing stormwater be the boards’ top 
priority?  Many argue it should, but the state board has not indicated 
that it is, or should be, its top priority. 
 
There are true impediments to prioritization.  The boards’ increasing 
reliance on fees limits their ability to match resources to needs, for 
example. 
 
California’s water boards have an annual budget of more than 
$700 million, with most money coming from fees and other non-
General Fund sources.78  Board activities are funded by 74 separate 
revenue streams, which are often fees assessed for specific 
programs.79 
 
“Our actions are very much budget-driven,’’ Karl Longley, chairman 
of the Central Valley Regional Water Quality Control Board, told the 
Commission.  “The money is typically in an account and cannot be 
used outside of that account or for other purposes.  If there was a 
mechanism for the executive officers and the boards to redirect 
resources given proper justification, it would allow us to be more 
diligent in addressing priorities.” 
 
Critical activities such as basin planning, enforcement and ambient 
monitoring, all funded through the state General Fund, received less 
money for staff than did other activities, even those that could be 
considered a lower priority.   
 
Aside from administration, for example, staffing levels for the water 
boards’ underground storage tanks program are the highest of any 
program overseen by the boards.  The program regulates gas stations 
and other facilities that store potential contaminants underground, 
and is paid for entirely by fees from regulated businesses.  At one 
time, leaking underground storage tanks were a major problem in the 
state.  However, increased regulation has lessened the threat: The 
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number of active cases involving leaking 
underground storage tanks has fallen 
dramatically in the last 12 years, from 20,177 
in 1995 to 11,899 in 2007.80  Despite the 
change, the state and regional boards still have 
nearly 200 staff assigned to the program – far 
more than those working on stormwater 
permits, enforcement activities or even TMDLs. 
 
The underground storage tanks program may 
warrant as much staffing as it receives.  The 
boards do not conduct routine studies of their 
staffing and programs to determine whether 
staffing levels and priorities match. 
 
Water users and environmentalists complain 
that the boards are not focused on addressing 
the state’s biggest water quality issues or 
realistically solving problems.   
 
In the foothills of the Sierra Nevada, for 
example, a small sanitation district with a 
treatment plant that serves 83 people faces a 
$574,000 fine for violations of its NPDES permit 
for minor discharges into a creek bed that is dry 
most of the year.  The sanitation district may 
need to spend more than $4 million upgrading 

the facility, despite a letter from the state Department of Fish and 
Game that the fish the board’s regulations are trying to protect do not 
live in the creek and a letter from the state Department of Public 
Health noting that the “current degree of treatment is adequate to 
protect public health.”81 
 
In Los Angeles, local governments complain that they face expensive 
wastewater treatment upgrades because the Los Angeles Regional 
Water Quality Control Board continues to require that effluent in 
Ballona Creek, which is a fenced-off, concrete-lined channel, be 
treated to allow for swimming and other forms of contact recreation.82 
 
In the Central Valley, an effort to establish a total maximum daily 
load (TMDL) for methylmercury is focused on reducing mercury in the 
current discharges of wastewater and stormwater systems, despite 
studies showing that 75 to 80 percent of the mercury in the 
Sacramento-San Joaquin River Delta is not coming from those 
discharges.  The mercury pollution is a result of mining practices 
dating to the 1800s.  Regulated entities there argue they may be 

Staff May Be Too Concentrated            
in Sacramento 

About 45 percent of the state and regional water 
boards staff works for the state board in Sacramento.  
Some stakeholders suggested the boards could re-
allocate some staff to improve regional board 
performance. 

“… in many key areas, personnel are congregated at 
the state board, rather than on the ground in the 
regions, where the vast majority of actual permitting 
and enforcement is taking place,’’ Linda Sheehan, 
executive director of the California Coastkeeper 
Alliance, told the Commission in her testimony.   

According to water board budget year 2008-09 
information provided to the Commission, for 
example, 42 percent of the water boards’ 
enforcement staff and 45 percent of the boards’ basin 
planning staff work for the state board. 

During difficult financial times when the water 
boards should not expect new monies from the 
General Fund, the boards could look at deploying 
some staff in Sacramento to regional boards. 

Sources: Linda Sheehan, Executive Director, California 
Coastkeeper Alliance.  April 24, 2008.  Written testimony to the 
Commission.  Page 2.  State Water Resources Control Board.  
November 24, 2008.  “Budget Information for Little Hoover 
Commission, FY 08-09.”  Provided to the Commission. 
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forced to spend millions of dollars upgrading their systems even 
though the upgrades are not likely to result in a dramatic reduction 
of mercury in the water.83 
 
Meanwhile, environmentalists note that non-dairy feedlots, such as 
those for cattle, which have the potential for causing major water 
quality damage, go unregulated in the Central Valley.  And until an 
effort was initiated in summer 2008, the regional boards had levied 
more than 700 penalties during the previous eight years that had 
gone uncollected.84  By not pursuing penalties in a timely manner, 
the deterrence affect that might come from enforcement efforts is lost. 
 
Stakeholders told the Commission that the boards often are too 
narrowly focused on regulatory programs to work on larger solutions 
to the state’s most pressing water quality problems, such as legacy 
pollutants, urban stormwater and agricultural runoff. 
 
“There have not been enough forward-looking policies in the last 
decade,’’ said Craig Wilson, an attorney representing the dairy 
industry and the former chief counsel of the State Water Resources 
Control Board.  “The boards have been bogged down in minutia.”85 
 
One problem may be that the boards actually engage in too many 
prioritization processes.  A 2008 report for the Ocean Science Trust 
intended to help the boards increase the use of science in decision-
making noted that the “water boards prioritization processes are 
complex and numerous.”  The report listed six different activities or 
processes that the boards routinely conduct to set priorities.86  
 
The state board made an effort to begin infusing prioritization into its 
system in 2008 with the adoption of a new strategic growth plan.  
The plan calls for prioritizing TMDL implementation in important 
watersheds such as the Klamath and Bay Delta, for example.   
 

Struggling with Information Technology  
 
One of the most profound problems facing California’s water boards 
is its inability to develop information technology systems that can 
improve efficiency and provide better information to the boards, the 
public and policy-makers.  Gathering data and using it to produce 
useful information is a key job of the water boards: There are at least 
25 provisions in state statutes requiring the water boards to 
accumulate and produce information about water.87 
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Some of the best and easiest-to-use information about state water 
quality is produced not by the state, but by other interested groups.  
The California Coastkeeper Alliance has created on its Web site an 
interactive map showing the state’s impaired water bodies using data 
culled from the state water board.  The state does not have any 
similar maps on its Web site.  Heal the Bay, a Southern California-
based environmental group, produces weekly report cards on beaches 
across the state using monitoring information gathered by the water 
boards and local governments.  The president of the group said that 
occasionally water board staff ask his group for data because it is 
better organized.88 
 
Much of the monitoring data submitted to the regional water boards 
is still not electronic, and databases are not well organized.  A 2006 
report on a water board program designed to protect wetlands areas 
noted that when researchers sought to review 429 files regarding the 
program, they could only locate 257.  More than 40 percent of the 
files could not be found.89 
 
The state board’s central information technology system, the 
California Integrated Water Quality System (CIWQS), has had a 
troubled history.  CIWQS has been criticized by both the Legislative 
Analyst’s Office and an independent review panel as unreliable, 
difficult to use and responsible for data-entry backlogs throughout 
the system.   
 
“The State Water Board has a less functional system for water quality 
management than it had before CIWQS was implanted,” the 
independent review panel concluded in a July 2007 report.90 
 
The LAO noted that the state water board circumvented the 
Legislature in the initial stages of developing CIWQS.  Turned down 
for funding by the Legislature in the 2002-03 budget year, the state 
board went ahead with the project anyway, seeking funds from US 
EPA.91  Funding was less then originally intended, however, and the 
independent review panel found that a major problem with the 
system was that it was not funded appropriately to handle all of the 
functions the boards sought from the system.  The panel also noted 
that the governance of the program was bifurcated between the EPA 
and two divisions within the state water board, leading to little 
accountability or proper oversight.92 
 
In a follow-up report released in May 2008, the same panel found 
that significant progress had been made in improving the system but 
that there were still problems regarding the accuracy of data, the 
ability of the system to produce useful reports and the use of the 
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system by the public.93  Faulty algorithms in the programming can 
create false violations, for example, and it is still difficult for the 
public to navigate the system and determine what kinds of water 
quality issues are relevant in their region.  A report on enforcement 
actions produced by the state board in 2008 highlighted continuing 
problems with CIWQS: A chart depicting violations of stormwater 
permits showed five regions reporting more facilities with violations 
than the number of facilities inspected – an impossibility.   
 
The noncompliance rate “for the stormwater program is likely 
misleading due to the quality of information in the CIWQS database,” 
the report notes.94   
 

Lack of Data 
 
The water boards issue permits, set standards and adopt TMDLs 
every year that have serious consequences for both business and the 
environment, and water board officials acknowledge some of the 
those decisions are essentially made without sufficient information.  
Lack of monitoring data, the vastness of California’s waters and a 
still-growing understanding of water science contribute to regulatory 
guesswork.  The effect of regulation is often unknown.   
 
“We base our decisions on such little data,’’ Pamela Creeden, 
executive officer of the Central Valley Regional Water Control Board, 
acknowledged at a Commission advisory committee meeting.95   
 
In Creeden’s region, the controversial waiver for waste discharge 
requirements for irrigated agriculture adopted in 2006 notes that 
“although there is information that discharges of waste from irrigated 
lands have impaired waters of the state, information is not generally 
available concerning the specific locations of impairments, specific 
causes, specific types of waste, and specific management practices 
that could reduce impairments and improve and protect water 
quality.”96 
 
A joint effort by Cal/EPA and the state Resources Agency which 
sought to illuminate various environmental issues in California 
showed the difficulties facing the state.  According to the 2004 
“Environmental Protection Indicators for California” report, 
80 percent of the state’s shoreline, 72 percent of the bays, harbors 
and estuaries, and 75 percent of rivers, streams, lakes and reservoirs 
were unmonitored in 2002, making it impossible to determine 
whether those water bodies were safe for swimming.97 
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The lack of information is not altogether due to a simple lack of 
funding for more monitoring.  It is also a failure by the state to better 
coordinate information.  Numerous state and federal agencies – 
ranging from the United States Geological Survey to the state 
Department of Water Resources and Department of Fish and Game, 
as well as local monitoring groups – gather water data.  But there has 
been a limited effort by the state to pull that data together to make it 
accessible to regulators, the public and others who would be 
interested. 
 
This lack of coordination limits the state’s ability to protect and 
improve water quality and determine what programs are working.  
For example, water monitoring done through billions of dollars doled 
out through voter-approved water bonds, such as Propositions 13, 
40 and 50, have not been collected in a standardized format with the 
same type of quality assurance, leaving it difficult to compare 
monitoring and data.    
 
The California Environmental Data Exchange Network (CEDEN) has 
been intended as a way to link various water databases together.  
According to the CEDEN Web site, “CEDEN is a growing statewide 
cooperative effort of various groups involved in the water and 
environmental resources of the state of California,” and the purpose 
of the network is “to allow the exchange of water and environmental 
data between groups and to provide access to the public.”98 
 
CEDEN remains under development, however.  The project was 
recently transferred from the Department of Water Resources to the 
state water board, with the state water board allocating $500,000 in 
fiscal year 2007-08 to the project.99   
 

Lack of Science 
 
Countless water users, environmentalists and water experts noted 
that the water boards do not engage in sufficient scientific research 
to support new regulation.  In his testimony to the Commission, 
United States Navy Rear Admiral Len R. Hering, Sr. suggested the 
state’s water boards lacked credibility because they did not have a 
rigorous science program.100 
 
The water boards do conduct and fund a significant amount of 
scientific research.  A survey compiled in 2008 by the state water 
board found 95 current research projects funded by the state and 
regional boards.101  The boards also have a peer review program, 
requiring reviews of all science in regulatory programs, run in 
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partnership with the University of California.  And some regional 
boards contribute to independent science-based groups that conduct 
relevant research: The San Francisco Bay Regional Water Quality 
Control Board is a contributor to the San Francisco Estuary Institute, 
a nonprofit organization that conducts research and monitoring in 
the San Francisco Bay.  Three regional boards in Southern California 
and the state board are partners in the Southern California Coastal 
Water Research Project, a joint powers agency that conducts research 
and monitoring along the Southern California coastline. 
 
The problem, however, is that the state board has had no mechanism 
to keep track of board-funded research, centralize information 
gathered in that research and analyze the research to ensure it 
informs board programs across the state.  The result is an inefficient 
use of scientific resources, as well as a public perception that the 
water boards are not using science in their decision-making. 
 
The board created a new Office of Research, Planning and 
Performance in 2006, which is still in its development stage.  The 
survey of ongoing research was a first effort by the state board to get 
a better understanding of scientific studies throughout the regions.   
 
Compounding the boards’ inability to coordinate research and better 
infuse it into decision-making is the increasingly complex problems 
the boards face.  Even a robust scientific program would be 
challenged to find cost effective solutions to such difficult issues as 
non-point source pollution or watershed-wide issues.  Presentations 
at a 2008 meeting of the American Association for the Advancement 
of Science concluded, for example, that pesticides that run off the 
land and mix in rivers and streams combine to produce a greater 
toxic effect on salmon than the pesticides would have individually.102  
How do the boards design regulation to respond to that information? 
 
Two reports in the last three years – one commissioned by the state 
water board and another by the Ocean Science Trust – have sought 
ways to improve the use of science within water quality regulations in 
California, and each report has acknowledged the complexity of the 
subject matter the water boards are attempting to tackle.  The report 
commissioned by the Ocean Science Trust listed these subjects as in 
need of more scientific inquiry: 

 Total maximum daily loads and water quality objectives:  

 Better understanding of watershed functioning and 
pollutant origin and dynamics.  

 Developing scientifically based pollutant standards 
and water quality indicators. 
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 Evaluating the effectiveness and cost-to-benefit ratio of 
TMDLs as a regulatory tool.  

 Stormwater and non-point source impacts, origins and 
controls:  

 Understanding the origins, impacts, and the efficacy of 
management practices and measures related to 
stormwater, urban and agricultural nonpoint sources, 
and hydromodification.  

 Emerging contaminants:  

 Understanding the sources and impacts of emerging 
contaminants. 

 Determining how best to control emerging and legacy 
pollutants.  

 Climate change impacts on water quality:  

 Assessing the predicted water quality impacts of 
climate change using authoritative, non-politicized 
science.  

 Developing a strategic approach to predicted climate 
change impacts and their effects on the current 
regulatory framework.103 

 
Water users complain that the boards too often implement 
regulations without a sound understanding of the science behind the 
problems or solutions. 
 
“Stormwater science and technology lag behind regulatory 
implementation,’’ Chris Crompton, manager of the Environmental 
Resources Section for Orange County Public Works Department, told 
the Commission. 
 
Without adequate data and science, it is difficult for the water boards 
to determine the biggest threats to water quality and the best use of 
limited resources to address those threats. 
 

Outdated Basin Plans Undermine Credibility 
 
Throughout much of the state, basin plans – the key document 
outlining water quality standards for the region – are outdated.  The 
chairman of the Central Valley Regional Board said the salinity 
standards in his region’s basin plan have not been updated since the 
1970s.104  The executive officer of the Lahontan Regional Board said 
most sections of his region’s basin plan are 14 years old.105 

RB-AR13044



AN OUTDATED SYSTEM 

45 

In addition to being outdated, there is evidence 
that aspects of the original basin plans were 
created in the 1970s without scientific study or 
even accurate data.  “Many basin plan elements 
are found to lack a solid technical and scientific 
foundation,’’ notes a review of the Los Angeles 
Regional Water Quality Control Board’s basin 
plan conducted in 2003 by consultants hired by 
regulated entities.106  A similar review of the 
Central Valley Regional Water Quality Control 
Board’s basin plan noted that numerous water 
quality objectives placed into the basin plan 
were provided in a memo from the state board 
and were not based on local conditions.107  
 
While basin plans are supposed to be updated 
every three years, regional boards have rarely 
had the resources to conduct a full review, 
complete with new scientific research.   
 
Budget information provided by the state board 
shows that most regional boards have fewer 
than three staff members working on basin plan 
updates.  Of 1,592.7 employees in the entire 
system in fiscal year 2007-08, just 41.2 – or 2.6 
percent – were dedicated to basin planning. 
 
“Currently, basin planning updates are being 
conducted as a routine, housekeeping type of 
function instead of a true analysis of current 
conditions,’’ said Terese Ghio, past president of 
the Industrial Environmental Association and 
also a former member of the San Diego Regional 
Water Quality Control Board.108  
 
The last major statewide basin plan update was 
in 1994.  Many stakeholders note that the 
update occurred just as non-point source 
regulation began to truly be implemented, and 
current basin plans do not account for 
stormwater, despite its differences from a 
typical point discharge.  
 
Numerous conflicts arise in each region due to 
this problem, leading to arguments over 
information and science before water users and 

A Missed Opportunity 

In 2002, Californians approved Proposition 50, a 
$3.44 billion general obligation bond designed to 
improve water quality in the state.  In 2006, voters 
approved Proposition 84, a $5.388 billion general 
obligation bond designed to improve water quality, 
flood control and parks.  Both propositions included 
extensive funding for integrated regional water 
management plans (IRWMP), which is intended to 
bring various groups together in a region to create a 
plan to improve water quality and supply.  Funding 
goes both to the creation of the plans and to implement 
projects called for in the plans. 

Proposition 50 earmarked $500 million for IRWMP, 
which has been spent.  Proposition 84 earmarked 
$1 billion for IRWMP, most of which had not been 
spent when the Commission was conducting its study.  
IRWMP projects have been positive in many regions of 
the state, and regional water boards have participated 
in some of the projects. 

However, at a time when virtually every regional board 
in the state is struggling to impose regulation based on 
badly out-of-date basin plans, the IRWMP funding 
appears to be a missed opportunity.  Instead of creating 
new plans for each region, some of the funding could 
have gone to help regional boards work with 
stakeholders to revise and modernize basin plans.  
According to the propositions, however, the money is 
intended for local groups and local projects, not state 
government-sponsored functions. 

While an up-to-date basin plan would not likely 
accomplish all of the things an IRWMP calls for – basin 
plans would be less likely to spell out how a region 
could increase water supply, for example – there is 
little question that one of the most important issues 
facing water quality in the state is outdated basin plans.  
An effort to redo basin plans can bring stakeholders 
together to help plot out the state’s water future – the 
same goal that IRWMP has – without creating an 
entirely new bureaucracy.  

The state could have used some of the $1.5 billion in 
bond money approved during the last four years for 
water planning to update basin plans. 

Sources:  Smart Voter.  Proposition 84: Water Quality, Safety and 
Supply. Flood Control. Natural Resource Protection. Park 
Improvements.  State of California.  
http://www.smartvoter.org/2006/11/07/ca/state/prop/84.  Also, Smart 
Voter.  Proposition 50 Water Quality, Supply and Safe Drinking 
Water Projects. Coastal Wetlands Purchase and Protection State of 
California.  http://www.smartvoter.org/2002/11/05/ca/state/prop/50/.  
Also, State Water Resources Control Board and Department of Water 
Resources.  June 2007.  “Proposition 50 Chapter 8 Integrated 
Regional Water Management Grant Program Guidelines Proposal 
Solicitation Packages Second Round.” 
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other constituencies even begin to debate appropriate policy.  
Regulated entities contend that most water quality standards and 
beneficial uses were developed prior to stormwater regulations, and 
because stormwater is significantly different than point source 
discharges, basin plans should be updated to include standards 
specific to non-point sources.  
 
State and regional board officials acknowledge this problem.   
 
“The Basin Plans, originally written in the 1970s and periodically 
updated, currently do not fully reflect the Water Board’s fast-growing 
body of knowledge and evolving regulatory approaches to regional 
and statewide concerns such as stormwater, non-point sources (e.g. 
irrigated agriculture), and biological integrity,’’ reads the state water 
board’s current strategic plan.109   
 
The plan calls for all basin plans to be updated, but not until 2015. 
 
A major obstacle in updating basin plans is money.  The water 
boards do not generate any fees that could be applied to basin 
planning, so it is one of the few programs funded solely through the 
General Fund.  This is, in part, why major updating efforts have not 
occurred.   
 

Appeals Process Flawed 
 
Appeals were cited by State Water Resources Control Board 
chairwoman Tam Doduc as a key piece of the state board’s authority 
to direct regional board activities.  Any aggrieved person can appeal a 
regional board decision – such as a permit, or enforcement action – to 
the state board, which then has the power to overturn the regional 
board or send the issue back to the regional board with direction on 
changes that should be made. 
 
The Commission found, however, that many stakeholders do not 
have confidence in the appeals process.   
 
Regional board decisions rarely are overturned by the board.  
According to information provided to the Commission, the state board 
received 231 appeals of regional board actions between July 1, 2001, 
and June 30, 2008.  The board upheld regional board actions on 193 
of those appeals, modified regional board actions on 33 appeals, and 
is still making a determination on 5 appeals.  The board reversed 
14 percent of the regional board actions that were appealed to it in 
this seven-year period.110 

RB-AR13046



AN OUTDATED SYSTEM 

47 

In addition, the process of reviewing potential appeals appears 
troubling.  As described by Gary Wolff, vice chairman of the State 
Water Resources Control Board, the state board’s executive director 
and chief counsel vet appeals and then make a recommendation to 
the board members as to whether that appeal should be heard by the 
board or not.  It is up to board members to seek out staff to have a 
broader discussion on the potential appeal, and if board members do 
not respond, the executive director issues a letter to the petitioner 
with a decision as to whether the appeal will go forward.  Wolff 
acknowledged that in recent years, most of the decisions to consider 
appeals are based on whether a legal violation has occurred – not 
whether an action contradicts state policy or could clear up a 
controversial issue.   
 
Of particular concern is the inadequate explanation given to would-be 
petitioners.  For example, Laurel Firestone, an attorney representing 
the Visalia-based Community Water Center, told the Commission 
that she received a one-page letter informing her that the state board 
would not review a petition she filed concerning the Central Valley 
Regional Water Quality Control Board’s 2007 waiver for waste 
discharge requirements for dairies.  The waiver was a controversial 
issue, marking one of the first efforts to regulate dairies in the 
country.  Firestone said she received no further explanation from the 
board as to why her petition was denied.  It was only at the 
Commission’s hearing that she learned that there was a five-page 
explanation, a public document, on why the board denied the 
petition, but it was written by the board’s chief counsel.   
 
Two environmental groups, including the one represented by 
Firestone, since have gone to court to block the waiver, arguing it 
does not go far enough in regulating dairies.   
 
“It is pretty common to have an appeal dismissed without 
explanation,’’ noted Linda Sheehan, executive director of the 
California Coastkeeper Alliance, at the Commission’s April 2008 
hearing. 
 
While chairwoman Doduc touted the appeals process as a key check 
on regional board behavior, she acknowledged one flaw. 
 
“The petition process is a reactive process,’’ she noted.  “I think the 
state water board does need to be more proactive in terms of reaching 
out to regional boards, the various stakeholders and identifying 
emerging issues and getting ahead of the curve.” 
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The problem, however, is that because the state board handles 
appeals, it is not allowed to comment or intervene on an action taken 
by a regional board that could be appealed to the state board.  The 
state’s Administrative Procedure Act prohibits anyone who might 
have a role in an appellate process from expressing an opinion on a 
proceeding if an appeal is possible.111  Thus, the board’s role as judge 
prevents it from taking a proactive role in some regional board 
activities.  
 
“Most ‘coordination’ (between the state and regional boards) is 
reactive and happens at the end of processes when something goes 
wrong and there are appeals or lawsuits,” Chris Crompton, manager 
of environmental resources for Orange County, told the Commission 
in written testimony.  “This ‘back-end coordination’ is inefficient and 
hence costly, and has real environmental impacts from delayed 
decisions/actions.”112 
 

Outdated Rules Limit Critical Communications 
 
Another factor that undermines stakeholder confidence in the system 
is the boards’ strict prohibition against ex parte communications.  
Both state and regional board members are subject to Chapter 4.5 of 
the state Administrative Procedure Act, which prohibits 
communication between board members and anyone subject to an 
adjudicative proceeding, such as the issuance of a discharge permit, 
enforcement action or water rights permit.113  
 
Some water users and others involved in the process complain that 
ex parte rules limit regulated entities’ ability to discuss important 
and complex issues with board members.  Instead, local 
governments, businesses and other stakeholders are often limited to 
just a few minutes of testimony before the board during a formal 
hearing, despite the profound fiscal impact board decisions can have 
on these regulated entities. 
 
Carole Besswick, chairwoman of the Santa Ana Regional Water 
Quality Control Board and a former member of the South Coast Air 
Quality Management District, told the Commission that one of the 
biggest differences between the water boards and air district boards 
was that air board members had much more freedom to talk to the 
people they regulated.  As an air regulator, Beswick noted she 
frequently interacted with those she regulated, which helped her 
better understand the issues she and stakeholders faced.114 
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Others also have complained about the water boards’ ex parte rules, 
even other state agencies.  In a 2000 letter to the state water board, 
the state Department of Water Resources complained that the water 
boards’ “strict reading of the ex parte communication rules is not in 
the public interest, because it reduces the ability of the public and 
parties to seek assistance from the board and staff on complicated 
water rights issues and to work toward resolving problems.”115 
 
Ex parte rules are different at other state boards and commissions.  
The Integrated Waste Management Board was created in 1989 and 
the law enacting the board included what is referred to as a 
“sunshine” rule.  Section 40412 of the Public Resources Code allows 
for communication between board members and regulated entities as 
long the board member fully discloses the communication at a public 
meeting.116  Other boards, such as the California Public Utilities 
Commission and the state Air Resources Board, have similar 
provisions.  The “sunshine” rule allows regulators to interact with 
stakeholders so that they can become better informed, but at the 
same time ensures that all such communications are known to 
everyone interested in the proceeding. 
 
“As for the fairness of the process, the regulated community is 
frustrated by the fact that members of the SWCRB and the nine 
RWQCBs say they are unapproachable under state law,’’ complained 
Mick Pattinson, president and CEO of Barratt American Homes, a 
Southern California homebuilder.  “While it is perfectly acceptable 
and appropriate to speak with elected city, state and federal officials, 
it is unfathomable that the same rights do not apply to unelected 
board members.”117 
 

10 Percent Rule Limits Appointees 
 
Governors have long struggled to find interested, qualified people to 
serve on regional water boards.  With nine positions on each board, 
and because the positions are virtually voluntary, with only a 
$100 per diem paid per meeting, appointments are a continuing 
problem.   
 
As the Commission conducted its study, five of the nine regional 
boards each had three vacancies, leaving a third of these board spots 
unfilled.  Some boards have gone with as few as five members for 
months at a time.  This can lead to difficulties in achieving the 
quorum necessary for a board to take action, slowing down decision-
making and impacting the environment and businesses waiting for 
permits or other actions. 
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Part of the difficulty in finding appointees stems from the so-called 
10 Percent Rule, which is embedded in both federal and state law.  
The Clean Water Act prohibits anyone from serving on a board that 
issues permits if they have earned “a significant portion of his income 
directly or indirectly from permit holders or applicants for a 
permit.”118  Similar language was adopted into state statute.  The 
EPA later interpreted significant to mean 10 percent or more of 
income. 
 
The 10 Percent Rule goes beyond typical conflict-of-interest rules, 
which forbid people from participating in decisions that could affect 
their income, by prohibiting someone from even serving on a water 
board if they have a conflict.  The rule has dramatically narrowed the 
pool of potential water board candidates who were interested or 
qualified to serve. 
 
For example, Sari Sommerstram, a watershed consultant with a 
Ph.D. in resource planning and conservation, was appointed to serve 
on the North Coast Water Quality Control Board by Governor Arnold 
Schwarzenegger.  Despite her background in water, she was not 
allowed to continue on the board due to the 10 Percent Rule.  Her 
husband raised trees which were sold to timber companies for use in 
reforestation, and because those same companies were regulated by 
the water board, she had to leave the board soon after she joined 
it.119 
 
Additionally, while each regional board has a slot for a county 
supervisor, it is virtually impossible to find a supervisor who qualifies 
for a board position because counties are subject to regulation under 
stormwater permits and because in most medium- and large-sized 
California counties, supervisors are full-time county employees. 
 
For a governor, identifying 81 people interested in serving on a 
regional board who do not have a 10 Percent Rule conflict is a 
daunting task. 
 
There is widespread consensus among stakeholders and others in 
California that the 10 Percent Rule should be changed.  In her 
testimony to the Commission, however, Alexis Strauss of US EPA 
noted that it was extremely difficult to change US EPA regulations.  
Others noted that because California is one of only a few states with 
part-time political appointees making permit decisions – Colorado 
and Virginia are two other states with state water boards – there is 
little interest in Washington, D.C., to enact regulatory reform. 
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An Increasingly Complex Job 
 
As water quality regulations evolve to handle increasingly 
complicated pollution programs, some suggest a part-time board has 
a more difficult time making appropriate decisions.   
 
State Water Resources Control Board member Art Baggett told the 
Commission that many routine permits have grown from 10 to 
12 pages when he joined the board in 1999 to more than 100 pages 
today, in part because the state has stepped up enforcement of 
permits and dischargers are now more concerned about every 
detail.120  Permits can take up a significant amount of board time at 
monthly meetings.  Due to permits’ increased complexity, many 
stakeholders suggest that regional board members simply rubber 
stamp staff suggestions because they do not have the knowledge base 
to question the details.   
 
A former board member told the Commission that the boards can be 
overwhelmed by volumes of paperwork that are difficult to 
understand without a background in water science. 
 
Terese Ghio, who served on the San Diego Regional Water Quality 
Control Board, told the Commission that many regional board 
members were simply unqualified to render decisions on technical 
and science-based regulations.  Ghio noted she had a background in 
wastewater treatment and was able to question staff on permit 
technical issues, but many other board members are not.  
 
Even with technical expertise, Ghio noted the difficulty of the job.  “In 
some cases, it was thousands of pages given to us one week before 
the meeting,’’ she said. 
 
As the complexity of permits and other regulations grows, it is 
unclear whether regional boards can act as a check on staff, or other 
stakeholders, to ensure they are making the right decision for the 
environment and the economy. 
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U.S. Navy’s Stormwater Permit Illustrates Difficulties 

The United States Navy receives an industrial stormwater permit from the San Diego Regional Water Quality Control Board for 
operations on three Naval bases along ports in the San Diego region.  The 2002 permit has created conflict between the board 
and the Navy, and the Commission heard public testimony from the Navy and received written testimony from the executive 
officer of the San Diego board regarding the conflict.  The Commission is not taking a side in this dispute, rather, the Commission 
points to the issues surrounding the Navy’s stormwater permit as illustrative of several systemic problems: The boards are 
attempting to regulate non-point source pollution with standards that were developed before non-point source pollution was 
regulated, leading to a credibility problem among stakeholders who argue non-point standards should be different; the boards do 
not have the resources to conduct appropriate research to justify regulations or find cost-effective solutions to easing pollution 
problems; the boards are not as collaborative with stakeholders as they could be, which results in disputes that hinder progress 
toward protecting water quality; and, the relationship between the state and regional boards is unclear. 

The Navy makes several contentions regarding their 2002 permit and the toxicity standard required in the permit: 

 The standard is nearly impossible to meet without building a $300-million water treatment facility. 

 The board is using a standard created in the 1974 Water Quality Control Policy for the Enclosed Bays and Estuaries of 
California, which states that it is not intended for land runoff. 

 Based on letters between the Navy and the state water board, the state board and the regional board have differing 
interpretations of the 1974 Water Quality Control Policy for the Enclosed Bays and Estuaries of California which would 
lead to differing regulations, but the regional board has ignored the state board’s opinion and the state board has done 
nothing to direct the regional board on the issue. 

 A study conducted by the Navy shows that even when Navy stormwater is higher than the toxicity standard, the 
receiving water – the water to which the stormwater flows – still is not toxic.  Thus, the Navy argues that the standard is 
stricter than necessary to protect San Diego Bay. 

 The Navy study was completed in 2006 and offered two alternatives for the board to use when measuring toxicity, yet 
the board for two years did not responded to those suggestions.  “We believe the board did not consider the study 
because it does not have the technical expertise to review it,’’ Rear Admiral Len R. Hering Sr. said in his testimony to the 
Commission.  

The board argues that the permit and its use of the toxicity standard are valid.  It contends that: 

 The board’s basin plan states that “all waters shall be maintained free from toxic substances in concentrations that are 
toxic to or produce detrimental physiological responses in human, plant, animal, or aquatic life…” and that the board is 
properly interpreting that broad standard and standards within the Water Quality Control Policy for the Enclosed Bays 
and Estuaries of California, which actually calls for the eventual phasing out of all discharges into the state’s bays. 

 The Water Quality Control Policy for the Enclosed Bays and Estuaries of California sets the toxicity standard the Navy is 
required to abide by for all “industrial process waters,” which the board interprets as the Navy’s stormwater.  The state 
board’s interpretation that “industrial process waters” does not refer to stormwater could be considered by the state 
board if the Navy appealed its permit to the state board, which it has not done.  

 The board allowed the Navy four years from the date of the 2002 permit to begin complying with the toxicity standard. 

 There are Best Management Practices, such as detention basins, filtration and wetlands, that the Navy could create to 
meet the standard that would be cheaper than a treatment facility, but the board is prohibited by state law from dictating 
to the Navy or other regulated entities how they comply with their permits. 

 The Navy’s argument that the board should measure pollution in the receiving water, instead of measuring the Navy’s 
stormwater, is simply a way for the Navy to make no improvements to its stormwater discharge, and all dischargers 
should be measuring and improving their discharge. 

 The Navy was allowed to present the findings from its study to the board in a 2006 public hearing, and the board may 
use some of the information from the study in the re-issuance of the permit, which is scheduled for 2009. 

As the Commission was finalizing this study, the San Diego board was preparing a draft of a proposed new stormwater permit for 
the Navy that was scheduled to be adopted in early 2009.  

Sources: Rear Admiral Leendert “Len” Hering, Sr., United States Navy.  April 24, 2008.  Verbal and written testimony to the Commission.  Also, John Robertus, 
Executive Officer, San Diego Regional Water Quality Control Board.  September 26, 2008.  Memo to the Commission.  

RB-AR13052



AN OUTDATED SYSTEM 

53 

State Has Difficulty Addressing Modern Water 
Problems 
 
As focus in water quality regulation has shifted from point source 
pollution controls to non-point source pollution, the water boards 
have found it increasingly difficult to address and reduce water 
pollution.  Many non-point source pollution problems require 
solutions outside of the water boards’ typical regulatory programs, 
and more interaction with other state and local regulatory agencies. 
 
Consider: Studies suggest that some 
mercury contamination in water along 
the California coastline is caused by 
coal-burning power plants in China.121  
Other water pollution problems stem 
from sources closer to home, but are still 
difficult for water boards to address.  
Studies conducted by the Southern 
California Coastal Water Research 
Project have found that local air 
pollution contributes to water pollution.  
One study showed that 50 to 100 
percent of trace metals in stormwater 
runoff were deposited from the air.122  
Pollution from both vehicles and 
stationary sources, such as power 
plants, ends up in the water. 
 
“The old models that EPA has put 
forward to deal with stormwater as if it 
were just a subset of wastewater are not 
models that carry us forward,’’ Alexis 
Strauss,  director of the Water Division 
for EPA’s Region 9, told the Commission. 
 
The water boards need help from other 
regulatory agencies, particularly the 
state air resources board and other air 
districts.  In an attempt to begin 
addressing aerial deposition, the state 
Air Resources Board and the state Water 
Resources Control Board met in a joint 
public session in February 2006.  The 
boards heard presentations on the 
impacts of airborne metals and mercury 

How Proposition 218 Affects Stormwater  

Approved by voters in 1996, Proposition 218 requires local 
governments to obtain the approval of two-thirds of voters, 
or a majority of property owners, to raise certain fees or 
taxes.  The proposition excluded sewer, water or trash 
collection, however, allowing cities and counties to raise 
fees on utilities based on the vote of elected officials. 

Efforts to consider stormwater services as a utility exempted 
from Proposition 218 were challenged, and in 2002, an 
appellate court decision in Howard Jarvis Taxpayers 
Association v. City of Salinas found that charges imposed 
by the city to pay for stormwater management were not 
utility fees and therefore were not exempt from Proposition 
218 requirements. 

Because of this, many local government officials complain 
that they are unable to pay for stormwater management 
services in the same way they pay for wastewater 
treatment, despite facing the same kind of regulation as 
wastewater treatment.  Stormwater funds must come from 
the general funds of each municipality and compete with 
other services, such as police and fire protection.  One 
regional water board official noted that wastewater 
treatment operations in his region had an overall budget of 
about five times that of stormwater agencies.   

Efforts to amend Proposition 218 have been made in the 
Legislature but have been unsuccessful.  SCA 12, by state 
Sen. Tom Torlakson, D-Antioch, in 2007 would have 
exempted new or increased stormwater and urban runoff 
management fees from Proposition 218’s requirements, but 
it did not make it through the legislative process. 

Sources:  Legislative Analyst’s Office.  December 1996.  “Understanding 
Proposition 218.”  Senate Local Government Committee.  June 27, 2007.  
Tom Mumley, Assistant Executive Officer.  July 31, 2008.  Personal 
communication with Commission.  Bill Analysis, SCA 12 by state Sen. 
Tom Torlakson, D-Antioch. 
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in water and pledged to work together to continue investigating the 
issue.  But no formal relationship has been created. 
 
One avenue receiving attention as a way to better address non-point 
source pollution is through a broader focus on watershed health.  
The idea is to seek creative and collaborative ways to reduce water 
pollution when typical regulatory practices are not working.  Several 
efforts involving the water boards have been made to increase the 
focus on watershed-wide planning and projects.   
 
The state board launched a Watershed Management Initiative in 
1995, which required each regional board to develop management 
strategies for each of its watersheds and funded positions at each 
regional board to work on watershed issues.  Today, each regional 
board continues to employ a full-time or part-time person who works 
on watershed issues, mainly as a liaison between the boards and 
local watershed coalitions.  In addition, efforts by CalFed – the joint 
state-federal agency overseeing the Bay Delta – and a watershed 
council created by Cal/EPA and the state Resources Agency have 
sought to encourage watershed-level management and planning in 
recent years.  The state Department of Conservation, which is within 
the Resources Agency, is currently using money from Proposition 50 
and other state funds to continue work on adopting a statewide 
watershed program that would help develop local watershed 
management plans and projects.123 
 
Despite these efforts, the state is still struggling with implementing 
true watershed management.  The watershed council created by the 
state has disbanded, and many facets of its strategic plan, such as 
getting all state agencies to agree on a common set of watershed 
boundaries or coordinating regulatory programs at the watershed 
level, have not occurred.  An interagency task force of deputy 
directors that met for an 18-month period in 2005 and 2006 has 
disbanded.  Interest among state leaders in the topic has waxed and 
waned. 
 
The EPA and San Francisco Bay Regional Water Quality Board 
attempted to create a watershed permit that would regulate all 
entities, including non-point sources, discharging into one 
watershed, for example.  The effort was abandoned, however, because 
the regulators and stakeholders could not come up with solutions to 
fairly regulate very different sources all in one permit. 
 
The state has promoted the idea of watershed planning as a way to 
improve water quality and water supply, by distributing money 
through bonds in the past several years for local planning efforts.  
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About $640 million was proposed in Proposition 50 for Integrated 
Regional Water Management Planning (IRWMP) projects, for example, 
and another $1 billion is earmarked in Proposition 84 for similar 
projects. 
 
Participation in the IRWMP process by regional boards has been 
mixed, however.  Some boards, such as the Santa Ana Regional 
Water Quality Control Board and the North Coast Regional Water 
Quality Control Board, have been active participants.  Others have 
not. 
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Strengthening Ties, Solving 
Problems 
 
In a February 7, 1969, letter to the chairman of the State Water 
Resources Control Board, Assemblyman Carley V. Porter lamented 
that the state’s preeminent water quality law was 20 years old.  
“… we are indeed in different times and facing different situations 
than existed in 1949,” Porter wrote.  The letter urged a 
comprehensive review of the 1949 Dickey Act, and led to a major 
overhaul that became known as the Porter-Cologne Act that passed 
later that year.124 
 
Four decades after the creation of Porter-Cologne, a similar letter 
could be written about it: We are in different times and face different 
situations than the Porter-Cologne framers imagined in 1969. 
 
Through its study process, the Commission found two inseparable 
issues.  First, water quality problems in the state, and efforts to 
address them, are becoming increasingly complicated.  This was 
underscored by a report released in October 2008 by the National 
Research Council that essentially declared two decades of national 
stormwater regulatory policy a failure.125  Second, as it grapples with 
these complex water quality problems, California acts through a 
decentralized governance structure that lacks accountability and 
transparency, and is unable to match resources to priorities.  As a 
consequence, many in the water community – from environmental 
groups to regulated entities – have lost confidence in the system. 
 
The two issues combined lead the Commission to conclude that 
major reform is needed.  A 40-year-old regulatory structure is simply 
not equipped to handle current problems. 
 
A new, ideal system should include the following characteristics: 

 A unified state agency.  Completely distinct regional boards 
may have been appropriate in past decades, but current 
common problems – urban stormwater, for example, or 
impairments in different water bodies caused by the same 
contaminants or sources – call for a more centralized 
regulatory approach with a common vision and common 
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processes.  A unified state agency can better identify key 
problems in the state and align resources to address those 
problems.  Efficiencies gained by a stronger bond between the 
state and regions will get to clean water outcomes faster and 
cheaper. 

 Local input.  A need for local input on water quality objectives 
remains, however, as water bodies are unique, with unique 
problems and solutions.  Water quality objectives should 
continue to be set at the regional level, with vigorous debate 
and discussion among local stakeholders.   

 A focus on accountability and outcomes.  The public, and 
policy-makers, have a right to clearer information from the 
boards as to the state of the state’s waters, and to which 
regulatory programs are effective – and which are not.   
Additionally, the boards must expand their scope beyond 
ensuring that dischargers are abiding by their permits toward 
this fundamental question: Are our programs protecting and 
improving water quality?   

 Integrated science, accessible data.  As water pollution 
problems increase in complexity, California needs to integrate 
more scientific analysis into board programs.  The state board 
needs scientific advisors to help guide and coordinate 
research and use that research in regulation.  In addition, the 
boards’ dearth of water quality data must be rectified, and it 
can be:  Numerous federal, state and local agencies, as well as 
other groups, already are collecting information.  It is time for 
the state to make a serious effort to collect that information 
into an integrated system to allow the boards and others to 
use it to improve outcomes. 

 
This system – one unified agency, with local input, an emphasis on 
accountability and outcomes and better use of science and data – will 
allow the boards and their communities to communicate better with 
stakeholders, and to better address problems.  This should launch 
collaborative efforts in each region to focus on the most important 
tasks: updating basin plans, using science and economic analysis to 
drive decision-making, assessing program effectiveness and, when 
warranted, making swift changes. 
 
Above all, California’s water boards must set priorities.  A mission to 
protect all waters everywhere to the same level – as stated in Porter-
Cologne – simply is not possible, given the resources of the state, 
local governments and others.  Water bodies must be prioritized, and 
so too must solutions.  Economic analysis is needed to determine 
where the state can get the most clean up or pollution prevention for 
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each dollar spent.  Collaboration centered around watersheds is 
needed to spark innovative solutions to water quality problems that 
are caused by and affect entire ecosystems.   
 
Some water board officials noted they thought of themselves as water 
cops.  This is an apt description – the boards’ job is to police and 
protect the waters.  But just as modern policing has evolved to 
include the concept of community policing – with police working 
within neighborhoods to help prevent crime – so to must the water 
boards work in a collaborative way with water users and others who 
benefit from clean water to find solutions to water quality programs.  
Non-regulatory approaches could be appropriate answers in some 
watersheds. 
 
The key to board effectiveness in the future is up-to-date basin plans, 
built on current science and an understanding of non-point source 
pollution.  Basin plans were created more than 30 years ago.  Many 
water quality standards have not been updated since, and may not 
have been based on sound science or monitoring data when they 
were created.  This creates a fundamental lack of credibility in the 
boards’ decision-making.  The state, with stakeholder support, must 
launch an effort to ensure these foundational regulatory documents 
reflect the current status of water use and needs, as well as water 
protection priorities. 
 
The water boards have made recent efforts to improve.  New offices 
designed to improve information management, strategic planning and 
public participation are positive steps, and the boards should be 
commended for recognizing weaknesses and seeking ways to address 
those issues.  The Commission met countless board members and 
staff who were working diligently to better programs and board 
performance.  But the state water board’s boldest proposal, the 2008 
Water Quality Improvement Initiative, only recommend changes 
within the current structural framework.  The Commission believes a 
more profound change is required, one that will involve thoughtful 
and committed leadership and engagement by the governor and 
Legislature. 
 
Change will be difficult.  The Commission found that while virtually 
all stakeholders had a laundry list of complaints regarding the water 
boards, most did not endorse a major structural overhaul.  Many 
water users and others in the water arena preferred processes and 
actions taken by specific regional boards that benefited them.  The 
Commission’s goal is different: Its recommendations seek to drive 
change that will protect and enhance water quality through a process 
that is more fair, transparent and effective. 
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The Commission recommends reconstituting the state board as a 
nine-member board, with five of the board members serving solely on 
the state board and four members serving both on the state board 
and as a full-time chairperson of a regional board.  The regional 
chairpersons would rotate on and off the state board, and serve 
staggered, two-year terms.  All regional board chairpersons would be 
full-time, and appointed by the governor.  A state board that includes 
a mix of state and regional perspectives should produce a more 
unified agency and allow the state board a better understanding of 
regional issues and vice versa.  Regional board buy-in to state board 
policies and priorities would be increased, while the state board 
would continue to have a majority of voting members considering 
issues from a statewide vantage point.  Statewide priorities and 
policies would be more likely to be implemented under this structure.   

Other States’ Governance Structures 

During its study, the Commission examined the governance structures surrounding water quality regulation in other states to 
determine if there was a better model than the structure in California.  California is unique: No other state governs water 
quality with a gubernatorally-appointed state board and gubernatorally-appointed regional boards.   

Some states – including Virginia and Colorado – have appointees administering water quality, but both of those states have 
one board overseeing the entire state.  Most states have a bureaucracy that sets water quality standards, although some have 
a decentralized system, in which regional offices set standards and administer other programs, and many have a stakeholder 
board involved in some aspects of decision-making. 

The Commission could find no evidence that one governance style or another led to cleaner water.  Nonetheless, there may 
be lessons California can learn from other states’ systems.  California may learn from the following states that are comparable 
in terms of size and geography: 

 New York.  The Division of Water within the New York State Department of Environmental Conservation handles 
National Pollutant Discharge Elimination System (NPDES) program activities, water quality monitoring, standards, 
total maximum daily loads (TMDLs), non-point source programs, water resource permitting, permitting for 
discharges to ground water and dam safety.  The Department of Environmental Conservation has a central office in 
Albany and nine regional offices throughout the state.  The department maintains a Water Management Advisory 
Committee, which began in 1979 and is made up of environmental, business, municipal, academic and citizen 
representatives.  The committee allows water policies and issues to be vetted and informed by stakeholders. 

 Oregon.  The Oregon Department of Environmental Quality administers the NPDES program.  There is a central 
office in Portland and three regional offices.  The regional offices issue permits, handle compliance issues and take 
informal enforcement actions or refer potential enforcement issues to the central office.  The central office issues 
general permits, develops state regulations and policies and oversees regional offices.  While the department sets 
water quality standards, a gubernatorally-appointed Environmental Quality Commission approves those standards 
and hears appeals regarding penalties assessed by the department and other issues. 

 Florida.  The Florida Department of Environmental Protection administers the NPDES program.  Six regional offices 
issue most point source permits and ensure compliance with those permits, while the main headquarters issues all 
stormwater permits for the state.  Florida also has five water management districts, which administer flood 
management programs and control water rights and flow issues.  Each district is run by nine gubernatorial 
appointees, and each district has taxing authority to raise money to improve water quality and supply.   

 
Sources:  United States Environmental Protection Agency.  March 10, 2005.  “Permitting for Environmental Results: NPDES Profile: New York and Indian 
Country.”  Washington D.C.  United States Environmental Protection Agency.  September 27, 2005.  “Permitting for Environmental Results: NPDES Profile: 
Oregon and Indian Country.”  Washington D.C.  United States Environmental Protection Agency.  March 10, 2005.  “Permitting for Environmental Results: 
NPDES Profile: Florida and Indian Country.”  Washington D.C.  Robert Moresi, senior hydrogeologist, Black and Veatch, Tampa, FL.  September 19, 2008.  
Personal communication with Commission.   
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This new structure will eliminate barriers between the boards and 
improve communication and collaboration among regions.  It is the 
surest way to provide both a unified state agency while maintaining 
regional input through a regional board.  While the regional board 
chairpersons will become full-time positions, the other members of 
the regional board will remain part-time volunteers paid a per diem.  
The regional board chairpersons will represent the state board in 
their districts and be point persons for monitoring implementation of 
state policy at the regional level.   
 
Other structural changes are needed.  To improve confidence in the 
system and ensure accountability, the appeals process must be 
stripped from the state board and handled by a separate appeals 
board.  This will ensure appropriate oversight of board activities, 
restore confidence in the appeals process and, in addition, allow the 
state board more leeway to interact with regional boards before they 
make key decisions. 
 
To increase emphasis on science, the state should create a science 
advisory board to help the state and regional boards coordinate 
research and ensure that research is properly integrated into 
regulation.  Regional boards also should be encouraged to become 
involved in an independent, collaborative scientific institute such as 
the Southern California Coastal Water Research Project, which brings 
regulators and the regulated together to jointly sponsor scientific 
research. 
 
The state also must create an independent data institute to help 
gather, coordinate and present water data.  Acting as a water data 
library, the institute would allow the boards and others to tap into 
the vast amount of water quality information that is gathered, but 
currently not synthesized.  
 
The Commission realizes these are ambitious proposals, particularly 
in a period where both the state and local governments face daunting 
fiscal crises.  But there are savings to be had through these 
strategies, which can create government efficiency, leverage resources 
of multiple agencies and stakeholders, and reduce the conflict that 
can consume both public and private resources without producing 
better outcomes.   
 
Protecting and improving water quality is a challenging task, but one 
essential to the state’s vitality and growth.   
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Strengthening Ties, Redefining Roles  
 
The Commission considered abolishing the regional boards in favor of 
a bureaucracy controlled in Sacramento.  This idea was proposed in 
Governor Schwarzenegger’s California Performance Review and holds 
some appeal: One department could improve efficiencies and 
consistency. 
 
But many board officials and other stakeholders made a compelling 
case for the concept of regional decision-making for water quality 
regulation. 
 
“The water quality problems of the rainy North Coast are just 
fundamentally different than the water quality problems of the 
Central Valley or the Colorado River desert,’’ Craig Wilson, an 
attorney for the dairy industry and former chief counsel of the state 
board, told the Commission.  “I think having an agency that responds 
to those differences is important.”126 
 
Santa Ana Regional Water Quality Control Board chairwoman Carole 
Beswick was persuasive in her argument for a regional board 
approach, noting that an appointed board can work with businesses 
and other stakeholders in a way that a civil servant would likely 
not.127 
 
The Commission concludes that regional decision-making remains a 
sound approach. 
 
Yet the Commission encountered numerous problems with the 
current regional board structure.  Boards appear to have 
dramatically different approaches on some important policy issues 
and processes.  Despite Porter-Cologne’s framework giving the state 
board oversight authority of regional boards, the state board does not 
routinely exercise that authority and there is little accountability in 
the system to ensure that regional boards are achieving desired 
results or following state policies.   
 
“The state board is extremely reluctant to get involved in decisions 
made at the local level,’’ US Navy Rear Admiral Len Hering, Sr. told 
the Commission.128  
 
In addition, governors of both parties have struggled to find 81 
appointees at any given time who are qualified and interested in 
serving on regional boards, and as the complexity of water quality 
regulation has increased, it is questionable whether voluntary boards 
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are capable of awarding proper permits, making other technically 
difficult decisions, and acting as a check on staff as they were 
intended to be. 
 
The Schwarzenegger administration sought to address some of these 
issues through its proposed Water Quality Improvement Initiative.  To 
address inconsistency problems, the initiative proposed the Water 
Quality Council, which would consist of the chairpersons of the nine 
regional boards and the chair of the state board.  The council would 
hold public hearings and address issues of inconsistency by making 
suggestions to the state board.  The council also would help the state 
board set statewide priorities.   
 
The initiative also called for the reduction in size of regional boards 
from nine to seven members, and, in recognition of the regional 
boards’ struggles to handle complex issues, proposed allowing 
executive officers to issue federal NPDES permits.  Changes to the 
10 Percent Rule that would only prohibit someone from serving on a 
regional board if they earned income from an entity permitted by that 
board – not all boards – would widen the pool of potential regional 
board appointees. 
 
The initiative is a good start, but does not go far enough.   
 
Instead of creating a new council, the state board should be reformed 
to include some regional board representation.  Five members of the 
state board would be appointed by the governor to represent 
statewide interests, and have backgrounds similar to the current 
requirements, with one exception: instead of two spots for engineers, 
there should be one engineer position and another position for a 
scientist or resources economist with experience in water-related 
areas.  Four other members of the state board would be serving 
simultaneously as the chairperson of a regional board.  All of the 
members would be appointed by the governor, with the governor 
selecting the four regional board chairpersons to serve on the state 
board for two-year terms.   
 
All nine regional board chairpersons should work full-time, allowing 
them to better coordinate and implement statewide policies, while 
also allowing them more time to work with executive officers and staff 
members in each region and to serve as a check on staff.   All 
regional board chairpersons should have a background in water 
quality issues. 
 
The Commission supports the administration’s proposal to shrink 
regional boards to seven members.  The boards should continue to be 
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stakeholder boards, with the part-time members earning a per diem, 
which should be raised to $500 per meeting, as the administration 
proposed, and allowed to grow with inflation.  Raising the per diem 
would help make these positions more attractive to a wider group of 
people, not just those who can afford such a time-consuming, semi-
volunteer position. 
 
The state board would continue to set statewide policies and 
priorities.  In addition, the state board would be more capable of 
working with regional boards in advance of controversial decisions 
made at the regional level.   
 
The six part-time regional board members should represent the 
following backgrounds: experience in water supply, conservation or 
production, experience in irrigated agriculture, experience in 
industrial water use, experience in local government, experience as a 
water-related scientist or engineer, and experience with a 
nongovernmental organization associated with recreation, fish, 
wildlife or the environment.   
 
In addition, executive officers at each regional board would be 
allowed to conduct most permitting activity.  Permits would still be 
issued through a public hearing process with executive officers 
conducting hearings that allowed water users as well as the public to 
comment on permits.  Executive officers would become career 
executive assignment positions reporting to the executive director of 
the state board.  At the state level, the executive director would issue 
state permits through a similar public process. 
 
Regional boards would be required to conduct an annual review of 
the executive officer’s performance, which would be taken under 
advisement by the executive director.  This would further strengthen 
the relationship between the state and regions. 
 
This new structure has the following advantages: 

 Stronger tie between the state and regions.  Overlapping 
regional and state board membership allows for a clearer 
structural relationship between the state board and regional 
boards.  The frequent interaction between some regional 
board chairpersons, as they met as the state board, and the 
state board members would allow regions to share more 
information, to better set and implement similar priorities and 
to strengthen the concept of the boards as one state agency.  
In addition, changing the executive officer position from a 
regional board employee to a career executive assistant hired 
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by the executive director of the state board would further 
improve the relationship between the regional boards and the 
state board.   

 Strong chair bolsters leadership, clarifies state priorities.  
Implementing a “strong chair” system, in which the 
chairperson of the regional boards is full-time and the other 
members are not, allows the chairperson to develop more 
expertise in pertinent issues and become the true leader in 
the region on water quality.  This concept is based on the 
successful model used by the state Air Resources Board.   

 Retains regional decision-making.  While the overlap between 
the boards would improve consistency and efficiency, regional 
boards would still adopt basin plans, adopt TMDLs and 
otherwise control water quality policy in their region. 

 Focuses state and regional boards on planning and policy.  By 
delegating permitting authority to regional executive officers 
and the executive director of the state board, state and 
regional boards would have more time to discuss and consider 
broader policies and update basin plans.  This is the 
appropriate responsibility of the boards. 

 Improves governor’s ability to fill appointments.  This proposal 
would reduce the number of state and regional water board 
appointees from an unworkable 86 to a more feasible 68.  
Governors should have an easier time finding 54 part-time 
regional board appointees, compared to the current 81.  

 

Increasing Transparency and Accountability 
 
Several aspects of the water boards’ governance structure that hinder 
transparency and accountability require change.   
 
Communication should be improved.  Strict ex parte rules limit the 
ability to discuss issues with the regulated community.  This leaves 
discussion to public hearings, in which speakers are often limited to 
a few minutes of testimony.  These limits prevent communication 
between regulators and the regulated that could help boards better 
solve problems.  The result is a lack of trust among stakeholders of 
the boards, and a lack of understanding as to why boards take the 
actions they do.   
 
The Commission believes the water boards should adopt ex parte 
rules used by other boards, such as the Integrated Waste 
Management Board, that allow for communication between regulators 
and the regulated as long as they are disclosed in a public meeting.  
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If executive officers and the executive director are allowed to issue 
permits, they too should be allowed to communicate with all 
stakeholders as long as it is disclosed.   
 
For greater understanding and better outcomes, communication 
should be encouraged. 
 
Appeals process should be reformed.  Many water users and others in 
the water community complained about the appeals process, arguing 
the state board rarely heard appeals and rarely was willing to 
overturn regional board decisions.  The state board process of 
determining which appeals to consider is too staff-driven and often it 
is unclear to stakeholders why the board has not taken up an appeal.  
This adds to the mistrust stakeholders have for the boards. 
 
Additionally, the state board’s appellate role prohibits it from 
interacting with regional boards before they issue a controversial 
permit or make another decision that could be subject to appeal.  The 
Administrative Procedure Act, which governs much of the boards’ 
processes, require an absence of bias, prejudice or interest in a 
proceeding by a body that could hear the issue on appeal.  Thus, the 
system is set up to create distance between the state and regional 
boards on decision-making, contributing to inconsistency and lack of 
communication and interaction between the state and regional 
boards.   
 
Change is needed to restore confidence in the appeals process.   
 
In an effort to improve the water boards’ appeals process, the 
Commission examined how other state and federal environmental 
agencies that make quasi-judicial decisions, such as issuing permits, 
handle appeals. 
 
Large local air quality management districts, such as the South Coast 
Air Quality Management District and the Bay Area Air Quality 
Management District, have hearing boards that handle appeals of 
district board decisions.  The boards are appointed by the district 
board members and are paid a per diem for each meeting.  The 
hearing board for the Bay Area Air Quality Management District, a 
five-member board consisting of an attorney, an engineer, a member 
of the medical profession and two members of the public, meet 
between three to five times each quarter to hear requests for a 
variance from district rules and appeals of abatement orders and 
permits.  
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US EPA also has an appeals board, which hears appeals of regulatory 
actions taken by US EPA under the Clean Water Act, the Clean Air 
Act, the Safe Drinking Water Act and five other environmental laws.  
US EPA’s Environmental Appeals Board consists of four 
administrative law judges, who are appointed by the administrator of 
US EPA, who in turn is appointed by the President.  A panel of three 
of the four board members hears each case.  The board typically 
hears appeals based on the terms of federal permits or fines assessed 
by US EPA. 
 
The Commission believes the water board appeals process should be 
separated from the board, to improve trust in the process and to give 
the state board room to become more involved in regional board 
issues before they get to the appeals stage.   
 
A hearing board model is the best fit for the water boards.  A board 
comprised of three administrative law judges, with backgrounds in 
water-related issues and appointed by the governor, should be 
created to hear appeals.   
 
Anyone, whether regulated entities or members of the public, would 
be allowed to appeal a regional or state board decision to the appeals 
board, which would be required to review petitions for appeal and 
make decisions based on whether the action under the appeal was 
legally appropriate and consistent with state or regional policy.  The 
board should follow guidelines set out in the state’s Administrative 
Procedure Act for appeals processes, and should be required to issue 
a ruling on an appeal within 90 days of hearing.  Petitioners who 
were unsatisfied with the results of an appeal could then go to court, 
as they do now.   
 
Report cards would provide easy-to-understand information and add 
accountability.  One of the most valuable and easily accessible 
reports published on water quality in the state is the Beach Report 
Card created by the environmental group Heal the Bay.  Now in its 
18th year, the report card gives a letter grade to more than 375 
locations year-round, and has become so well respected that its 
grades have been used to obtain funding for water quality projects 
and cited during the water boards’ process of listing impaired water 
bodies.   
 
The grading process has gone through several iterations during the 
report cards’ history, and the current formula requires weekly testing 
at each site for three indicator bacteria.  The grading formula – a key 
to the credibility of the report cards – has been validated by the 
California Beach Water Quality Workgroup, an ad hoc committee that 
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includes regulators, regulated entities, local governments and 
environmental groups, and is geared toward whether a beach is safe 
for swimming.   
 
These report cards are important in two ways: They provide easily 
understandable information to the public, and they hold water 
quality regulators and dischargers accountable for outcomes.  
Beaches with poor grades indicate regulators and the regulated are 
not achieving the clean water called for by law. 
 
Statewide, the Commission found an alarming lack of easy-access 
information about water quality, and an equally alarming lack of 
focus on clean water outcomes by the water boards.  While the state 
does maintain a list of impaired water bodies to fulfill Clean Water 
Act requirements, it is difficult for the public to use that list to 
discern whether water bodies are truly safe for swimming, fishing or 
other uses. 
 
To address both of these issues, the Commission believes the state 
should create a report card system for water bodies across the state 
based on Heal the Bay’s Beach Report Card.  Publicly accessible, 
easy-to-understand letter grades for water bodies throughout the 
state would act as a scorecard for regional boards, by answering this 
simple question: Are programs working to protect and improve water 
quality? 
 
The report cards could emulate the state Air Resources Board’s Air 
Quality Index, which has become an important tool for the public in 
assessing whether air quality is safe or not.  Water body report cards 
could eventually provide a similar tool. 
 
This is a long-term project.  More monitoring would be needed, and 
decisions would need to be made regarding grading formulas.  While 
the Beach Report Card is geared toward whether ocean water is safe 
for swimming, other water bodies could be graded for fishing or other 
beneficial uses.  This process could be organized by the state water 
board with assistance from an expert panel, such as the California 
Water Quality Monitoring Council, by a research institute such as the 
Southern California Coastal Water Research Project, or the University 
of California.  The program could be tested on a pilot basis on 
significant water bodies with routine monitoring already in place, and 
then expanded. 
 
Report cards eventually could be used by the state board to measure 
regional board effectiveness, and for policy-makers to determine 
where water quality improvement projects are most needed. 
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Integrating Science  
 
The boards acknowledge the need for improving and integrating the 
use of science in their decision-making processes.  In a 2005 report 
commissioned by the state board to improve the use of science and 
engineering within the boards, consultant William Vance spoke with 
numerous board staff and wrote, “In general, the Regional Boards 
acknowledge their limitations in scientific expertise … .”  
Recommendations in the report focus on “creating a means or 
mechanism that will enable the Regional Boards to obtain scientific 
advice and recommendations from technical experts not readily 
accessible today.”129 
 
Too often, this deficit leads to disputes about science and 
information, rather than a productive discussion on developing an 
appropriate policy. 
 
Numerous recommendations for adding more science to water quality 
regulation have been made in the last few years.  US Navy Rear 
Admiral Len Hering, Sr. told the Commission he thought the water 
boards should emulate the state Air Resources Board and develop its 
own research center to work on water quality problems and 
solutions.  A report published in March 2008 by the California Ocean 
Science Trust listed 25 recommendations for improving links between 
academic scientists and the water boards, including building a 
directory of water quality experts with specific expertise to help 
regional boards find scientists to work with, designating a seat on the 
state board for a scientist, and reforming the contracting process to 
improve working relationships with outside scientists.130  
 
The report by Vance listed four possible structural changes, all 
submitted by regional and state board staff: 

 Set up “blue ribbon” science panels that would provide advice 
and guidance on complex scientific issues. 

 Create a science advisory panel that would provide technical 
review, comment and suggestions on Regional Board field 
studies and interpretation of data. 

 Create a pool of in-house experts that would be available to 
any of the Regional Boards on an as-needed basis (i.e., for 
expertise currently not available, such as economic analysis 
or risk assessment). 

 Set up an expeditious mechanism for consulting or 
contracting with experts in other state, federal or local 
agencies on highly technical issues or projects.131 
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Comparing the Water Boards to the Air Resources Board 

Several stakeholders told the Commission that the state’s air regulators – the California Air Resources Board – were more 
effective, transparent and respected than the water boards, and the water boards should do more to emulate the Air 
Resources Board.  In his testimony to the Commission, US Navy Rear Admiral Len R. Hering, Sr. suggested regulations 
proposed by the state’s Air Resources Board and local air pollution control districts were more credible because of the 
air board’s ability to conduct research showing that regulations were practical and effective. 

“California’s air program is known for a strict adherence to a science-based approach, including a state-operated research 
facility that leads the world in air pollution science and technology,’’ he said.  “Air regulators in this state uses science in 
all aspects, and include economic analysis as a key aspect of decision-making.  Water quality regulations, on the other 
hand, do not have the same scientific basis.” 

The air and water boards are not easily comparable, but there are interesting differences in the two regulatory systems 
that could be instructive to efforts to improve the water boards.   

The California Air Resources Board (CARB) and 35 local air districts regulate emissions in the state.  The CARB is 
responsible for regulating emissions from mobile sources, such as vehicles, fuels and consumer products, while the local 
air districts regulate emissions from stationary sources in their districts, such as factories or oil refineries.  The CARB 
consists of 11 members, each appointed by the governor, with the chairperson working full-time and the other members, 
who represent geographical areas in the state, specific professional backgrounds or the public, serving part-time.  Local 
air districts have varying rules as to board membership, with most including local elected officials and only some 
members who are appointed by the governor. 

Unlike the state water board, CARB rarely issues permits, and instead adopts quasi-legislative actions.  Local air districts 
issue permits.  There is less interaction between CARB and local air districts, as they are not a single, unified agency and 
CARB does not hear appeals of local air district decisions.  CARB is charged with setting ambient air quality standards for 
air basins that local air districts must work to attain through their permitting and policies, however.  Air regulators 
regulate fewer contaminants than do water regulators, and are charged with only addressing contaminants that affect 
human health.  CARB has formally identified 22 toxic air contaminants requiring regulation, while the water boards deal 
with far more contaminants.   

Resources also vary dramatically between the two regulatory sectors. The state Air Resources Board has about 1,200 
employees – not including the state’s 35 local air districts.  The water boards – both the state boards and the nine 
regional boards – employ a total of about 1,600 people.  Locally, the Central Valley Regional Water Quality Control 
Board has about 275 employees covering a region that includes more than 30 counties.  In contrast, the San Joaquin Air 
District covers eight counties and has about 500 employees.  One of CARB’s key funding sources is the motor vehicle 
account, which includes a fee charged to every car owner in the state.  The water boards lack a similar funding stream. 

CARB has a far more extensive scientific research arm than do the water boards.  State statutes require CARB to 
administer and coordinate all air pollution research funded by the state, conduct studies every three years on the 
feasibility of air quality models and other analytical tools used to determine air quality, and appoint a screening 
committee to provide the board with advice on needed research and review research projects.  While the water boards 
also have statutes requiring the state water board to determine state needs for water quality research and administer 
research, the statutes are less specific.  CARB also is required to prepare an assessment of the cost effectiveness of 
available and proposed controls on emissions and develop a list that ranks the possible controls from least cost-effective 
to most cost-effective.  Water law requires the water boards to consider economics when developing water quality 
objectives, but the statute is not specific as to how that should be done.  Thus, CARB typically conducts an extensive 
cost-benefit analysis of proposed regulations and has eight economists on staff, while the water boards rarely conduct a 
full cost-benefit analysis.    

Sources: Len R. Hering Sr., Rear Admiral, United States Navy.  April 28, 2008.  Testimony to the Commission.  Sacramento, CA.  Robert Jenne, Office 
of Legal Affairs, California Air Resources Board.  February 9, 2006.  “Key Air Agencies in California.”  Presentation to joint meeting of California Air 
Resources Board and State Watrer Resources Control Board.  Sacramento, CA.  Pamela Creeden, executive officer, Central Valley Regional Water 
Quality Control Board.  September 17, 2008.  Personal communication with Commission.  Health and Safety Code Division 26 Air Resources Part 2 
Air Resources Board Chapter 4 Research, 39701, 39703, 39705.  Health and Safety Code Division 26 Air Resources Part 2 Air Resources Board 
Chapter 3 General Powers and Duties, 39606, 39607, 39609.  Water Code Division 7 Water Quality, 13161, 13162, 13241.  
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All of these ideas have merit. 
 
The Commission believes the state can best improve its integration of 
science into the boards’ regulatory programs by creating a science 
advisory board.   
 
A science advisory board, appointed by the state water board, could 
help the state and regional boards determine where scientific 
research was needed, help the state board in acting as a 
clearinghouse for current scientific research, help the boards better 
incorporate research findings into regulatory proceedings and advise 
the state board on continuing education options for staff scientists.  
The board, a five-member board of scientists and engineers paid a 
per diem for attending monthly public meetings, would help 
institutionalize the role of science in water board processes while also 
remaining independent of the boards themselves.  The board could 
act as a liaison with outside scientists and regularly develop short- 
and long-term plans for scientific study.   

Regional Science Institutes a Key to Better Science at Boards 

Regional science institutes such as the Southern California Coastal Water Resources Program (SCCWRP) and the San 
Francisco Estuary Institute (SFEI) are invaluable to their respective regions.  Both bring regulators, scientists and 
stakeholders together to propose and conduct relevant research: 

 SCCWRP is a joint powers agency with 14 member agencies, including US EPA, the state water board and the 
Los Angeles, Santa Ana and San Diego regional boards, as well as several local government agencies.  Each 
agency contributes funding, and a commission comprised of representatives from each agency meets quarterly 
to oversee impartial research that can be used in regulatory processes.  SCCWRP’s achievements and ongoing 
activities include regional monitoring, including a report issued every five years on the health of the Southern 
California shoreline; important research into the effects of aerial deposition on coastal waters; and research that 
led to the state water board’s adoption of sediment quality objectives in 2008. 

 SFEI also is a joint powers authority involving regulators, regulated entities, scientists and other stakeholders, 
including environmental groups.  A board of directors guides research, including regional monitoring of San 
Francisco Bay; a wetlands science program; and studies on invasive species in San Francisco Bay. 

The Commission believes every regional board in the state should be affiliated with a body similar to SCCWRP or SFEI.  
The advantages are numerous:  Collaborations among regulators and the regulated over science can build consensus 
around the underlying scientific issues of regulations and therefore lessen conflict and build relationships and trust 
among regulators, water users and other clean water constituencies.  Also, a semi-independent agency can conduct and 
contract for research in a faster timeframe than state government.  While it is important for the water boards to have 
competent scientists on staff, board personnel are often overworked and these outside agencies can do more thorough 
work that may be more credible with all sides. 

Regions such as Lahontan and the Colorado River could combine to help create an institute that might include partners 
in the southern part of the Central Valley board’s jurisdiction.  In the Central Valley, the board could work with the new 
Delta governance structure to develop a science institute for work there.  The North Coast could create its own 
organization, which is suggested by the Ocean Science Trust report, or join the San Francisco Estuary Institute. 

Sources: Steve Weisberg, executive director, Southern California Coastal Water Research Project.  July 14, 2008.  Personal communication with 
Commission.  Also, San Francisco Estuary Institute.  “Region-wide Science for Ecosystem Management” brochure.  Accessed at 
http://www.sfei.org/about.  Also, T.C. Hoffman and Associates, LLC.  March 2008.  “Linking the Academic Community and Water Quality Regulators.”  
Prepared for the California Ocean Science Trust.   
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The board would not conduct research on its own, but act as a 
science oversight body for the boards.  This is not a call for a new 
bureaucracy – the board could use staff from the state board. 
 
As the Commission was preparing this report, Governor Arnold 
Schwarzenegger’s Delta Vision Blue Ribbon Task Force was preparing 
a strategic plan for the Sacramento-San Joaquin River Delta and a 
proposal for a new Delta governance structure.  As part of the 
process, there was discussion about the role of science in helping 
guide research in the Delta.  Two separate proposals – one by Jeffrey 
Mount and Judy Meyer of the CalFED Independent Science Board 
and another by a science advisor for the task force – both called for 
an oversight board to conduct annual reviews of all science aspects of 
Delta water and ecosystem management.132 
 
The rationale for a science oversight board in the Delta in both 
proposals applies equally to the need for a similar board as an arm of 
the state water board.  The Commission urges the state to consider 
creating one scientific board that could oversee both the Delta and 
other state water issues. 
 

Organizing, Leveraging Data 
 
Hundreds of entities across the state – state agencies, local 
governments and private agencies – collect water quality data.  Yet 
one of the biggest complaints among board officials, staff and 
stakeholders is the water boards’ inability to cohesively gather, 
publish and analyze data to help inform the public, determine if 
regulatory efforts are effective and to drive decision-making. 
 
The Legislature has sought to address this problem in several ways: 

 AB 1404, approved in 2007, requires the state water board to 
provide a report by January 2009 on the feasibility of creating 
an integrated data system focusing on water supply and 
involving the water board’s Division of Water Rights, the 
Department of Water Resources and the Department of Public 
Health. 

 SB 1070, approved in 2006, created the California Water 
Quality Monitoring Council to help develop a “cost-effective, 
coordinated, integrated, and comprehensive statewide 
network for collecting and disseminating water quality 
information and ongoing assessments of the health of the 
state’s waters and effectiveness of programs to protect and 
improve the quality of those waters.” 
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 AB 1747 and SB 1049, approved in 2003, required any group 
receiving funding from Proposition 50 for water quality 
improvements to also monitor affected waters to determine a 
project’s effectiveness.  The legislation required that the 
monitoring data be compliant with the state’s Surface Water 
Ambient Monitoring Program so that the data could be 
integrated and compared.   

 
These efforts point toward the need for a statewide system that can 
coordinate water data from multiple sources and provide the public, 
policy-makers, regulators and others with useful information.   
 
The state needs a water data library. 
 
In its strategic plan, the state water board advocates for the creation 
of a statewide water data institute: “To improve transparency and 
accountability by ensuring that Water Board goals and actions are 
clear and accessible, by demonstrating and explaining results 
achieved with respect to the goals and resources available, by 
enhancing and improving accessibility of data and information, and 
by encouraging the creation of organizations or cooperative 
agreements that advance this goal, such as establishment of a 
statewide water data institute.”133 
 
This is an idea that should be pursued.  The data institute could use 
new technology allowing for a federated system, linking data through 
a data exchange network.  Each data provider would be responsible 
for maintaining its data, but the data could be accessed through a 
common portal.  Some in the water community and board officials 
including Gary Wolff, vice chairman of the state water board, suggest 
the data institute should be managed by a non-state entity to 
encourage buy-in from the numerous data providers.  An institute 
could be housed in an existing entity, such as the Southern 
California Coastal Water Research Project or the San Francisco 
Estuary Institute, or controlled by the California Water Quality 
Monitoring Council created by SB 1070.   
 
This is a big task, as it would require hundreds of data gatherers to 
agree to standardized monitoring protocols and quality assurance, 
and allow their information to be used by others.  It also would 
require a stable funding stream.  But a coherent, easily-accessible 
library of data on water quality – and water use – would be a powerful 
tool for a state that faces profound water challenges in the future. 
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Updating Basin Plans 
 
Nothing undermines the water boards’ credibility and adds 
uncertainty to the regulatory process as much as outdated basin 
plans.  While the boards do make minor changes to the basin plans 
every three years, and add TMDLS to them as they are adopted, the 
last major update, in the mid 1990s, preceded the increase in non-
point source regulation.  Many controversies and conflicts at the 
regional board level stem from regional boards’ efforts to implement 
non-point source regulations using a basin plan that does not truly 
address the specificities of non-point source water pollution, which is 
different than point source water pollution.  Regulated entities have a 
legitimate argument that regulation should be tailored for 
stormwater, irrigated agriculture and other non-point sources. 
 
With the core regulatory document silent on some of the biggest 
water quality issues in the state, the regional boards are regulating in 
the dark. 
 
The Commission heard compelling testimony from officials with the 
Santa Ana Regional Water Quality Board, regarding a multi-year, 
multi-stakeholder effort to revise that region’s basin plan. 
 
Concerns in 1995 that water quality objectives related to nitrate-
nitrogen and salts would require dischargers to spend billions of 
dollars and might also discourage water recycling, the Santa Ana 
board created a task force to review the objectives to assure their 
technical and scientific validity.  Twenty-two water supply and 
wastewater agencies participated, eventually contributing 
$3.5 million to a process that involved significant research.  Regional 
board staff, including the executive officer, participated in nearly 
100 meetings as the task force prepared a major overhaul of several 
aspects of the regional board’s basin plan.134 
 
According to written testimony supplied to the Commission by Santa 
Ana Regional Water Quality Control Board chairwoman Carole 
Beswick, keys to the task force’s success included extensive 
discussions in the beginning of the process regarding the science 
needed, and the buy-in from all task force members that they would 
abide by regulations imposed by scientific findings.  In other words, 
stakeholders agreed to go where the science took them.135 
 
In 2004, the regional board approved significant changes to its basin 
plan based on the task force’s work, including revised boundaries for 
ground water subbasins and new water quality objectives for nitrate-
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nitrogen and salts in those ground water boundaries; new water 
quality objectives for other contaminants, such as chloride and 
sulfate; and new wasteload allocations for discharges of nitrogen and 
salts to the Santa Ana River.  In all, 10 major aspects of the basin 
plan were updated.136  
 
Gerard Thibeault, executive officer of the Santa Ana regional board, 
described the task force process to the Commission, and noted that 
when the basin plan updates were enacted, there was no dissenting 
testimony.  Thibeault emphasized the importance of the task force’s 
meetings, where regional board staff and stakeholders were able to 
hash out differences in lengthy conversations.  During public 
hearings before the board, speakers often are limited to a few 
minutes. 
 
“It is difficult to try and argue very complex technical issues in front 
of the board when all of the stakeholders have polarized positions,’’ 
he said.  “The task force allowed those arguments to be worked 
out.”137 
 
The Santa Ana region has unique characteristics that may have 
allowed it to gain unanimous support for basin plan changes that 
might be more difficult in other regions.  It is the state’s smallest 
region geographically. And a joint powers agency, the Santa Ana 
Watershed Project Authority, has effectively promoted collaboration 
among stakeholders in the region. 
 
Nonetheless, other regions should emulate the Santa Ana region to 
update their basin plans.  The state board should promote the idea 
and help facilitate regional board basin plan update task forces.  
Given the state’s budget deficit, it seems unlikely that the state will 
be able to pay for the work needed to update basin plans.  Thus, 
water users and others with a stake in clean water will need to 
contribute.  While it is an upfront cost, stakeholders will benefit in 
the long run by avoiding lengthy disputes over permits and other 
conflicts that result from outdated basin plans. 
 
Developing current basin plans is the most critical task facing the 
water boards. 
 

Solving Problems 
 
The state and regional water boards face an expanding set of threats 
to water quality at the same time that the state is grappling with 
water supply issues fueled by climate change, population growth and 
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a continuing dispute about the best ways to deliver water from north 
to south. 
 
Throughout its study, the Commission found the boards too often 
focused on processes instead of results.  The boards must reposition 
themselves from regulatory agencies to problem-solving agencies 
focused on clean water outcomes.  This will require three important 
steps: working more collaboratively with stakeholders and other 
federal, state and local agencies; focusing on watershed health; and 
incorporating cost-effectiveness tests into their analysis to help 
determine the best ways to approach water quality problems. 
 
A collaborative approach.  While the boards do follow state law and 
have public participation processes for virtually all of their 
proceedings, many stakeholders complained that the boards do not 
work in a collaborative manner.  This is despite examples of 
collaboration that have been productive: 

 Brake Pad Partnership.  Since the 1980s, studies showed high 
levels of copper in the southern portion of San Francisco Bay.  
Copper contamination continued in the Bay even as nearby 
wastewater treatment plants reduced copper discharges      
10-fold.  Continued monitoring and studies showed that area 
stormwater had unusually high levels of copper, and research 
was able to pinpoint a source for that copper: automobile 
brake pads.  Every time cars brake, bits of copper in brake 
pads land on streets. That copper is washed away during 
storms.  Faced with the near-impossible task of regulating 
automobile brake pads, which have design specifications 
mandated by the federal government, the San Francisco Bay 
Regional Water Quality Control Board and Bay Area 
stormwater managers decided to approach the brake pad 
industry to work on voluntary changes.  A coalition of 
stormwater managers, environmental groups, board staff and 
some brake pad manufacturers was formed, with each 
contributing funding to further study the issue.  The Brake 
Pad Partnership generated new research on copper in the Bay, 
including studies that allowed the Regional Board to relax 
limits on the amount of copper in the Bay while still 
upholding beneficial uses.  The group is now preparing 
legislation that could impose new state restrictions on the use 
of copper in brake pads that will have some industry 
support.138  

 Santa Ana Stormwater Quality Standards Task Force.  Attempts 
to create water quality objectives for bacteria in water used for 
recreation created controversy in the Santa Ana region, so the 
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board agreed to create a stakeholder task force to look at the 
issue.  Five entities are funding the task force, with no money 
coming from the regional board.  A total of 54 agencies and 
organizations, including environmental groups, are 
participating.  The task force began with three principles: new 
objectives and beneficial uses would be science-based, within 
current law, and all task force members agreed to support the 
new science-based objectives and standards even if it meant 
they would be more stringent.  The task force has met 
monthly and took a creative approach to determining the 
beneficial uses of some water bodies: They set up video 
cameras at 12 locations to determine whether people were 
using them for recreation or not.  Changes may allow some 
water bodies that are not used for recreation to have less 
stringent standards, in exchange for tougher standards where 
those water bodies meet receiving waters that are used for 
recreation.  This will allow regulated entities to spend more 
time and money on waters with higher-priority uses.  Basin 
plan amendments are expected to be completed in 2009.139 

 Water Plan Update Steering Committee.  In the past, the 
Department of Water Resources took sole responsibility for 
creating the Water Plan, which is the state’s master plan for 
water.  For its 2009 update of the Water Plan, however, DWR 
has created a Steering Committee of 19 state agencies, 
including the water boards, to better integrate water supply, 
water use efficiency, water quality, flood management 
planning and environmental stewardship into the plan.  The 
Steering Committee is working together on nine Water Plan 
items, including recommendations on how to adapt to climate 
change and updating and expanding regional reports.  DWR 
officials believe the committee will improve the Water Plan by 
including more attention to non-DWR issues, but also build 
inter-agency relationships to better address future water 
issues.140  

 
Within the water boards, the boards must do a better job of working 
with stakeholders and the public to solve problems.  The traditional 
method of issuing permits and requiring dischargers to monitor 
themselves is not as effective in dealing with non-point water 
pollution problems that have diffuse, hard-to-regulate origins.  For 
example, because stormwater pollution is caused in part by 
individual actions, public education may play a key role in 
addressing the problem.  In addition, stormwater permit processes 
that require stormwater agencies to develop best management 
practices to address stormwater pollution often do not include 
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enough interaction between the boards and agencies to determine 
program effectiveness during the five-year life of a typical permit. 
 
In an address delivered to the California Stormwater Quality 
Association in 2006, consultant Armand Ruby proposed annual 
meetings between regulators and stormwater agencies in which the 
two parties could consider monitoring data, determine the 
contaminants they were most concerned about and develop strategies 
to address those concerns.141  This does not often happen. 
 
“More time and attention should be paid to getting the public and the 
regulated community and the regulators into a room to talk, rather 
then just having three minutes of testimony from each side at a 
hearing,’’ noted Linda Sheehan, executive director of California 
Coastkeeper, at one of the Commission’s public hearings.  
 
In 2008, the state water board’s effort to develop a statewide water 
recycling policy may have helped create a new model for policy 
development.  With near unanimous dissent among stakeholders 
regarding a recycling policy proposal created by state water board 
staff, stakeholders agreed to work together and develop a policy that 
they would then propose to the board.  After several months, the 
stakeholder group – which consisted of environmental groups, 
municipal wastewater treatment groups and the Association of 
California Water Agencies – created a 13-page proposal that all sides 
agreed on.  The proposal suggested new goals for the use of recycled 
water in the state, called for state- and stakeholder-funded basin 
plan updates dealing with salt and nutrient issues, a streamlined 
permitting process to encourage recycled water projects, and the 
creation of an expert panel to advise the state on how to handle 
emerging contaminant issues that might affect wastewater and efforts 
to clean and recycle wastewater. 
 
Boards should use this model to develop future policies.   
 
Other sources of pollution will require more cooperation and 
collaboration among the water boards and other government 
agencies. 
 
The state has taken a small step toward addressing air pollution that 
contaminates water.  In February 2006, the state water board and 
the Air Resources Board met in a joint hearing to discuss aerial 
deposition and water pollution.  The board heard presentations on 
research suggesting, among other things, that wood burning stoves 
contribute to Lake Tahoe pollution and emissions from cement kilns 
contribute mercury to the San Francisco Bay.142 
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While more studies are needed, existing research is clear: Air 
pollution does impact water.   
 
While the initial meeting between the two state boards was positive, 
no subsequent meetings have been scheduled.  The boards should 
meet again, and perhaps annually, to begin determining how best to 
address this difficult situation.  Should the water boards begin 
regulating power plants, automobiles and other sources?  Should the 
air boards expand their scope, from regulating 22 toxic air 
contaminants the directly impact human health, to other 
contaminants that impact water?  How should regional boards and 
local air districts work together to address localized issues?  
 
In its report on the boards’ use of science, the California Ocean Trust 
noted several scientific questions regarding air pollution’s effects on 
water quality that needed addressing: 

 Developing studies and determining the impacts of 
atmospheric deposition pollutants on water quality and how 
to address this in TMDLs. 

 Developing conceptual frameworks and models to determine 
how these systems interact and effect water quality. 

 Determining pollutant loads in water from air- and land-based 
sources.143  

 
These questions and issued need to be addressed, and state 
environmental officials should be working on solutions. 
 
California needs a broad discussion of the impact of land 
development on water quality that is potentially beyond the scope of 
the water boards.  As California’s economy grows and changes, 
agricultural land is lost and urbanization increases, these issues will 
increase in importance.  
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Low Impact Development a Key Response to Stormwater 

As the water boards have attempted to improve regulation surrounding urban stormwater, they have begun to 
focus more on low impact development (LID) as both a key to reducing stormwater discharges and as a 
potential source of recycled water.  The state, as a whole, should continue discussing ways to encourage and 
improve LID. 

The goal of LID is to maintain the hydrology of a development site even as development occurs.  LID attempts 
to hold water on site through water storage and infiltration with the ground.  Examples of LID include rooftop 
gardens on public buildings, rain barrels that catch rain water for reuse, permeable pavement and other 
methods that decrease the imperviousness of an area that often occurs when it is developed into an urban use. 

LID marks a profound change in urban development.  Past practices focused on moving water from rain 
storms quickly away from development to prevent flooding.  In Los Angeles, for example, engineers designed 
concrete channels to convey large volumes of water from occasional but fierce rain storms. 

The water boards and other state agencies have made efforts to promote – and require – LID: 

 Central Coast LID Center.  Using $2.25 million from the state board, the Central Coast Regional 
Water Quality Control Board helped develop the Central Coast LID Center, which opened in 2008.  
The non-profit, affiliated with an already-existing LID center in Maryland, opened in San Luis Obispo 
in 2008, and will develop technical expertise for the state on LID, provide education and outreach 
on the topic and serve as a library for research on the issues. 

 LID Education Project.  Developed by the water boards, the Coastal Commission and several 
other groups, including the California Stormwater Quality Association, the project is intended to 
hold workshops and promote LID throughout the state to local government officials, state officials, 
developers and others.  The project, which was just launched 2008, is seeking to raise more than 
$2 million to pay for the workshops and other efforts. 

 LID Regulations.  Both the state water board and some regional boards have begun to require LID 
in permits.  The San Francisco Bay Regional Water Quality Control Board, for example, is requiring 
in stormwater permits that new development maintain pre-development erosion levels, while the San 
Diego Regional Water Quality Control Board in its stormwater permits is requiring all new 
development and redevelopment projects to implement LID where feasible.  Other boards are 
beginning to place numeric limits on development sites, limiting the amount of impervious surfaces 
in new development. 

The construction industry and municipalities have objected to some of the boards’ more aggressive efforts to 
require LID, arguing that it can increase design and construction costs.  In addition, local governments may 
need to review decades-old ordinances: The city of Lompoc, for example, found that ordinances required 
impervious concrete in parking lots, which conflicted with Central Coast Regional Water Quality Control 
Board’s requirements to dramatically decrease imperviousness. 

Despite these conflicts, most stakeholders agree that LID is an essential tool to addressing stormwater 
pollution.  In addition, LID may help local communities retain and eventually reuse water by recharging 
ground water basins.  A 2005 report by the Los Angeles and San Gabriel Rivers Watershed Council noted that 
500,000 acre-feet of stormwater runoff flow from the Los Angeles County basin to the ocean each year.  The 
report noted that if the region could instead capture that water and reuse it, Southern California would be less 
dependent on water imports from Northern California. 

Sources: Water Education Foundation.  2007.  “Stormwater Management: Turning Runoff into a Resource.”  Eric Berntsen, State Water 
Resources Control Board.  January 28, 2008.  “Incorporation of LID into State Water Board Programs.”  Roger Briggs, Executive Officer, 
Central Coast Regional Water Quality Control Board, and Al Wanger, Deputy Director, California Coastal Commission.  October 27, 
2008.  “Statewide Low Impact Development Education Project.”  Presented to the Water Quality Coordinating Committee.  Central Coast 
Regional Water Quality Control Board.  June 10, 2008.  “Staff report, Proposed Re-Direction of Low Impact Development Project Funds 
to Support the Central Coast Low Impact Development Center.” 
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There are already statutes in place that could be used to increase 
state government collaboration: 
 
Environmental Policy Council.  Section 71017 of the Public Resources 
Code creates the California Environmental Policy Council, which is 
comprised of the secretary of Cal/EPA and the heads of the other 
agencies within EPA, including the chairperson of the State Water 
Resources Control Board.  The council was created to provide 
guidance for entities seeking a consolidated permit from multiple 
environmental regulators.  It met in 1999 to help resolve issues 
relating to oxygenate methyl tertiary-butyl ether (MTBE), which was 
added to gasoline to mitigate air quality problems from gas but was 
later found to harm water quality.   
 
The council could be used to help address cross-media pollution 
issues affecting water quality. 
 
Environmental Goals and Policies Report.  Enacted by Governor 
Ronald Reagan in 1970, the Environmental Goals and Policies Report 
is intended to outline the state’s goals as they relate to land use, 
population growth and distribution, development and conservation of 
natural resources, including air and water quality.  The report is 
supposed to be produced by the Governor’s Office of Planning and 
Research, reviewed by the Legislature and approved by the governor 
every four years.  It has only been issued twice in 38 years: once in 
1978 and again in 2003.  The 2003 report, however, was published 
the same month that Governor Gray Davis was recalled and failed to 
generate comment or reaction from the Legislature or Governor 
Arnold Schwarzenegger. 
 
The 2003 report detailed expected population and economic trends, 
and how those trends could impact everything from air and water 
quality to agricultural land and open spaces to human health and 
energy resources.  The report also included 58 broad and specific 
goals for improving sustainable development in the state, including 
promoting infill development in cities, preserving water quality 
through watershed protection efforts and encouraging development 
that supports public transportation possibilities. 
 
Governors of both parties simply have ignored the statute calling for 
this report.  And while some of the issues that could be raised in this 
report are addressed in other ways – Governor Arnold 
Schwarzenegger has convened the Climate Action Team, consisting of 
multiple state agencies, to work on achieving greenhouse gas 
reductions, for example – an updated version of this report could help 
the state frame water quality priorities for the future, particularly as 
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they concern urban stormwater and other non-point pollution 
sources.   
 
Focusing on watershed health.  The state board’s new strategic plan 
emphasizes the boards’ need to focus on watersheds as a critical way 
to improve water quality.  “A watershed approach is hydrologically-
focused, recognizes the degree to which ground water and surface 
water bodies are connected physically, recognizes the linkages 
between water quantity and water quality, and requires a 
comprehensive watershed protection approach,’’ reads the preamble 
to the strategic plan.144  A key action item in the plan requires the 
state board to identify priority watersheds and focus resources on 
impairments in those watersheds.145   
 
National efforts underway to promote watershed-based planning and 
regulation can be used as examples.  The National Research 
Council’s report on stormwater, issued in October 2008, recommends 
that the EPA scrap its current stormwater permitting program in 
favor of regulating on a watershed basis.  The report proposes moving 
from a site-by-site and stormwater permitting process to a permitting 
process that focuses on broad goals within a watershed and would 
include point source dischargers and non-point source 
dischargers.146 
 
The National Research Council suggests integrating all discharge 
permitting under a municipal authority, which would be the lead 
permittee, and then identifying broad goals and objectives for the 
watershed and specific solutions for restoration and protection.  The 
report notes that federal funding would be required to help 
implement such a major change, which includes folding the TMDL 
program be folded into the new permitting system as well. 
 
Some states, notably Oregon, already have experimented with 
watershed permitting.  Oregon’s use of the watershed permitting 
concept led to a creative solution to addressing water impairment due 
to temperature, which affects the state’s salmon.  A discharger 
emitting heated water into the Tualatin River was allowed to plant 
trees that created shade and cooled water along the river.  The 
alternative would have required building an expensive system to cool 
the discharges that would have contributed to climate change.147   
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US EPA commissioned the stormwater 
study, and may attempt to implement a 
watershed approach in coming years.  
With this new federal focus in mind, the 
state and regional boards should 
emphasize watershed health by creating a 
new focus on how regulations affect 
watersheds.  The Central Coast Regional 
Water Quality Control Board has begin 
this process by creating a new 
performance measurement structure 
focused on healthy watersheds. 
 
Strategies the boards could implement 
include redeploying staff to place more 
emphasis on watershed health, increasing 
the use of regional monitoring to get a 
better sense of the overall state of 
watersheds, and working more closely 
with local watershed coalitions or 
convening watershed stakeholder groups.  
State law allows regional water boards to 
direct public agencies to conduct studies 
of issues affecting water quality, and in a 
presentation to state and regional board 
members in October 2008, Richard 
McMurtry of the Santa Clara County 
Creeks Coalition suggested using that 
authority to require all dischargers into a 
watershed to pool resources, study the 
watershed and develop priorities and 
strategies for addressing watershed-wide 
issues.  This could be a step toward 
watershed permitting. 
 
Legislation supported by the Building 
Industry Authority in 2008 authorized 
counties or cities to convene water quality 
committees to “develop and facilitate 
cooperation in achieving local water 
quality solutions” and develop watershed 

water quality management plans.  The legislation would have 
required regional boards to consider the plans as amendments to 
their basin plans.  The legislation, AB 938 by Assemblyman Charles 
Calderon, was approved by the Assembly but failed to pass in the 
Senate.   

Watershed-based Permitting 

According to the National Research Council, 
components of watershed-based permitting would 
include: 

 Centralizing responsibility and authority for 
implementation with a municipal lead 
permittee working in partnership with other 
municipalities in the watershed as co-
permittees.  

 Adopting a minimum goal in every watershed 
to avoid any further loss or degradation of 
designated beneficial uses within the 
watershed’s component water bodies. 

 Assessing water bodies that are not providing 
designated beneficial uses in order to set goals 
aimed at recovering these uses. 

 Defining careful, complete, and clear specific 
objectives to be achieved through 
management and permitting. 

 Comprehensive impact source analysis as a 
foundation for targeting solutions. 

 Determining the most effective ways to isolate, 
to the extent possible, receiving water bodies 
from exposure to those impact sources. 

 Developing and appropriately allocating 
funding sources to enable the lead permittee 
and partners to implement effectively. 

 Developing a monitoring program composed 
of direct measures to assess compliance and 
progress toward achieving objectives and 
diagnosing reasons for the ability or failure to 
meet objectives, in support of active adaptive 
management. 

 Developing a market system of trading credits 
as a tool available to municipal co-permittees 
to achieve watershed objectives, even if 
solutions cannot be uniformly applied.   

Source: National Research Council.  October 15, 2008.  “Urban 
Stormwater Management in the United States.  Page 391.  
Washington, D.C. 
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This is an arena where the board can and should exercise leadership 
on their own and convene watershed quality committees to provide 
input to the boards and, working with the EPA, begin considering 
pilot projects to implement watershed permitting. 
 
Focusing on watershed health should help the boards focus more on 
solving water quality problems and on outcomes.   
 

Central Coast Board Shifts Focus Toward Outcomes 

Concerned that too much emphasis was placed on processes instead of outcomes, the Central Coast Regional 
Water Quality Control Board has developed a new performance measurement strategy to emphasize clean 
water outcomes and measure progress toward those outcomes.  Through public meetings and internal staff 
meetings, the board created an overall vision statement for the agency and three specific, measurable goals.  
Four teams are working on achieving the goals, with staff from each program area involved in each team to 
ensure that changes happen system-wide.  Staff is allowed to spend about 10 percent of their time on the 
project.  Three of the teams are working on one of the specific goals, while the fourth team is charged with 
assessing the overall effectiveness of the new strategy. 

The project has already led the board’s agricultural program to begin comparing growers’ monitoring reports, 
water quality data for nitrate and toxicity in streams, pesticide use information and inspection information to 
determine overall water quality.  It is the first time the board has used Geographic Information System tools to 
link area land use and water quality data. 

The board’s vision is “Healthy Functioning Watersheds,” and the three goals, along with some ways the board 
will measurement achievement of the goals, are: 

 By 2025, 80 percent of our aquatic habitat is healthy and the remaining 20 percent 
exhibits positive trends in key parameters.  The board seeks to ensure all agriculture lands have 
riparian buffers, ensure open space preservation in all important groundwater recharge areas and 
ensure that all new developments and redevelopment projects are designed to minimize runoff and 
maximize groundwater recharge.  The board will likely develop a basin plan amendment to protect 
riparian and wetland habitat.     

 By 2025, 80 percent of lands within any watershed will be managed to maintain healthy 
watershed functions, and the remaining 20 percent will exhibit positive trends in key 
parameters.  The board will measure the percent of impervious surfaces in the region and seek ways 
to reduce those surfaces, and measure toxicity in runoff and seek to reduce toxicity.  Long term, the 
board will study trends in water quality based on land development and incentivize groundwater 
recharge and water recycling projects.   

 By 2025, 80 percent of our groundwater will be clean, and the remaining 20 percent will 
exhibit positive trends in key parameters.  The board will measure groundwater nitrate 
concentrations and salt to determine effectiveness, work on basin plan amendments for groundwater 
recharge area protections and work with dischargers to groundwater on development of site-specific 
salt management plans. 

Sources:  Roger Briggs, executive officer, Central Coast Regional Water Quality Control Board.  July 23, 2008.  Personal communication 
with the Commission.  And Central Coast Regional Water Quality Control Board.  June 4, 2008.  “Staff Report for Regular Meeting of 
June 4, 2008.  Status Report on Regional Board Vision and Measureable Goals.”  San Luis Obispo, CA. 
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Considering Economics.  Porter-Cologne requires the water boards to 
consider the economic consequences of regulations when they set 
water quality objectives, and states that “waters of the state shall be 
regulated to attain the highest water quality which is reasonable, 
considering all demands being made and to be made on those waters 
and the total values involved, beneficial and detrimental, economic 
and social, tangible and intangible.”148 
 
The statute, however, provides scant guidance on how the boards 
should specifically consider economic or other factors as they 
determine appropriate regulations.  In addition, a state appeals court, 
in City of Arcadia v. State Water Resources Control Board, gave the 
boards significant leeway in determining how they consider the costs 
of a regulation.149   
 
The state board has provided some guidance to regional boards as to 
how to consider the economics of water quality objectives through the 
board’s administrative manual, but the Commission’s questioning of 
regional board officials at its April 2008 hearing illustrated that the 
boards do not have a thorough or consistent process to determine the 
costs of new rules, nor do they attempt to determine the most cost-
effective ways to solve water quality problems. 
 
One former regional board member, Terese Ghio, told the 
Commission that she felt like the board gave very little thought to 
cost.   
 
“Cost-benefit analysis was never really vetted,’’ said Ghio, who was a 
member of the San Diego Regional Water Quality Control Board for 
four years.  “It’s talked about, the box is checked, but it’s never really 
done.”150 
 
This approach contrasts to the federal government, where US EPA 
has a lengthy history of using cost-benefit analysis in decision-
making.  Both Presidents Reagan and Clinton issued executive orders 
requiring cost-benefit analysis in EPA regulations, indicating bi-
partisan support for the concept.151  The EPA’s manual, “Guidelines 
for Preparing Economic Analyses,” is a lengthy document detailing 
the agency’s process for establishing the costs and benefits of 
regulations. 
 
A formal cost-benefit analysis can be time-consuming and expensive.  
At the very least, the state and regional boards should use cost-
effectiveness tests as they analyze their regulatory actions – such as 
water quality objectives and TMDLs.  Ranking options by cost-
effectiveness can help set priorities and find strategies that provide 
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the most benefit in terms of protecting and 
improving water quality.  Porter-Cologne’s 
requirement that regulations be reasonable 
suggests that the board should have a 
standardized procedure to analyze the 
potential costs of regulations, as well as 
some indication of the value of the potential 
benefits the regulations would produce.  
 
In a 2006 paper entitled, “A Guide to 
Consideration of Economics Under the 
California Porter-Cologne Act,” economists 
David Sunding and David Zilberman of 
University of California at Berkeley present 
their proposal for a economic evaluation 
process that can be used by the boards.  
Their proposal does not call for a full-scale 
cost-benefit analysis; instead it provides a 
method for the boards to gather information 
and provide a clear statement for the 
boards’ rationale in setting regulations.   
 
Adopting this process would improve 
transparency in the boards’ decision-making 
process, allow the boards more information 
as they adopt regulations and instill more 
confidence among stakeholders in board 
decisions.  Cost-effectiveness analysis could 
also help set priorities. 
 
The Clean Water Act prohibits using 
excessive cost as a reason for not 
implementing a water quality standard or a 
TMDL, and the Commission is not 
advocating for the elimination of regulations 
simply because they are expensive.  But 
adopting a formal process to analyze the 
costs of a regulation will provide the board 
with more information; boards are free to 
consider other issues in adopting 
regulations.  
 
In its report, the Ocean Science Trust noted: 
“Cost-benefit analysis of present regulatory, 
management, and remediation measures 

Proposed Economic Analysis for Water Boards 

In a 2006 paper, University of California professors David 
Sunding and David Zilberman proposed that the state and 
regional water boards conduct, at minimum, a relatively 
quick economic analysis before imposing new regulations.  
The professors presented an eight-step process: 

 A listing of the affected parties, including private 
industry and government agencies, together with a 
qualitative description of the impacts. 

 Solicitation of data from the public regarding 
potential compliance and related costs for the 
proposed policy. 

 The public’s reported cost of compliance in 
relation to the revenue, cost, and profit margin of 
affected firms, and relative to the total budget of 
affected public entities. 

 A statement of what the board staff thinks the costs 
are likely to be that specifically considers the data 
solicited from the public and the reasons for the 
board's estimate. 

 A statement of potential factors that could affect 
the estimate, such as technological uncertainties, 
monitoring limitations, etc. 

 A description of competitive conditions in the 
affected sectors, and an assessment of whether 
water quality regulations are likely to place 
California firms at a significant competitive 
disadvantage. 

 A statement of the average time needed to obtain 
permits from the various boards, and a qualitative 
assessment of the impacts of delay. 

 A statement of the goals to be achieved by the 
proposed regulation and an explicit consideration 
of these goals given the costs (i.e, at least a 
statement that "the board believes that $XX million 
represents a reasonable expenditure to achieve 
YY.") This description would include the types and 
numbers of beneficiaries, and an identification of 
other investments beyond those resulting from the 
regulation that are needed to produce the 
beneficial uses. 

Source: David Sunding and David Zilberman, College of Natural 
Resources, UC Berkeley.  April 6, 2006.  “A Guide to the Consideration of 
Economics Under the California Porter-Cologne Act.” Pages 53-54.  
Berkeley, CA. 
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could assist the water boards in choosing the most effective use of 
limited resources to improve water quality.”152 
 

Summary 
 
With California facing inevitable population growth, the climate 
change threat and the collapse of the Sacramento-San Joaquin River 
Delta, the need for clean water has never been greater. 
 
Created nearly 40 years ago, the current governance structure to 
ensure clean water is outdated and in need of reform.  The governor, 
Legislature and water quality regulators must act now to restore 
consistency, transparency and accountability to the state and 
regional water boards.  A more unified board system that can identify 
statewide priorities and implement them at the regional level is 
essential.  This new system, with up-to-date basin plans, a 
commitment to the use of science and data, and willingness to seek 
creative solutions to solve modern water quality problems, can be a 
key player in the state’s future.   
 
A failure to act endangers both the environment and the economy. 
 

Recommendation 1: To move toward a more consistent, transparent and accountable 
governance structure that allows for both statewide policy and regional flexibility, 
reform the State Water Resources Control Board and the Regional Water Quality 
Control Boards by strengthening ties between the boards, refocusing the boards on 
broad policy-making and restoring confidence in the appeals process.  Specifically, 
the state should: 

 Restructure the State Water Resources Control Board as a 
full-time, 9-member board charged with creating state policy, 
setting priorities and overseeing regional board activities.  
Members of the board should be appointed by the governor 
and confirmed by the state Senate.  Five members of the state 
board would serve solely as state board members, including 
one person who would be chairperson of the state board, as 
named by the governor.  These members should have the 
following backgrounds: One in engineering, one in water 
rights law, one in water quality, one in water-related science 
or resource economics, and another would represent the 
public.  The position of regional chairperson would become 
full-time.  Four regional chairpersons would serve on the state 
board for staggered, two-year terms, with membership 
rotating among all nine regional board chairpersons.   
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 Reconstitute the nine Regional Water Quality Control Boards 
as seven-member boards with six part-time members and a 
full-time chairperson, all appointed by the governor.  The 
chairperson would be charged with monitoring statewide 
policies that are implemented at the regional level.  Boards 
would continue to be stakeholder-boards, with six part-time 
members with the following backgrounds: experience in water 
supply, conservation or production; irrigated agriculture; 
industrial water use; local government; water science or 
engineering; and experience with a nongovernmental 
organization associated with recreation, fish or wildlife.  
Regional boards would focus on updating basin plans, 
adopting total maximum daily loads and other quasi-
legislative functions.   

 Empower the executive officers of each Regional Water Quality 
Control Board and the executive director of the State Water 
Resources Control Board to issue permits, allowing the boards 
to focus on updating basin plans, setting broad policy and 
focusing on upcoming water quality challenges.  Executive 
officers would become Career Executive Assignment positions 
and report to the executive director of the State Water 
Resources Control Board.  Regional boards would conduct an 
annual evaluation of the executive officer that would be taken 
under advisement by the executive director.  

 Exempt state and regional board members, regional board 
executive officers and the state board executive director from 
ex parte rules within the state Administrative Procedure Act 
that prohibit interaction with regulated entities.  Instead, 
require board members and permit-issuing executives to 
disclose their contacts with regulated entities at public 
meetings, as is currently done by other boards such as the 
Integrated Waste Management Board. 

 Create a new appeals board that would address appeals of 
quasi-adjudicative functions such as permits and enforcement 
actions.  Removing the appeals process from state board 
jurisdiction would restore confidence in the process and allow 
the state board to take a more proactive approach in regional 
board issues.  The members should have backgrounds in 
water issues and would be appointed by the governor to hear 
appeals.  The board would follow Administrative Procedure 
Act policies in conducting hearings. 
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Recommendation 2: The state must improve and increase its use of data, scientific 
research and planning to better inform the public, respond to current and future 
water quality problems and focus more on accountability.  Specifically, the state 
should: 

 Create a Water Science Advisory Board for the State Water 
Resources Control Board. Members, appointed by the state 
board, should have backgrounds in environmental science 
and engineering.  The board would help both the state and 
regional water boards and other state water agencies 
coordinate research, propose needed research, advise the 
boards on how to incorporate research into regulatory 
processes and increase the effectiveness of scientific peer 
review. 

 Create an independent Water Data Institute that would act as 
a state library for water quality and supply data.  The 
institute would pool information from various state agencies 
and other water monitoring groups to provide accessible 
information to the public, regulators and researchers.   

 Develop report cards.  Report cards for each major water body 
should allow the public easy access to information they can 
use and could act as a way to hold regional boards 
accountable for their effectiveness.  The report cards should 
be developed and published by regional science institutes or 
an independent entity, such as the University of California.  

 Launch a statewide effort to ensure that all regions have up-
to-date basin plans.  Regional boards should propose 
stakeholder-financed efforts similar to the one conducted by 
the Santa Ana Regional Water Quality Control Board. 

 
Recommendation 3: The state must increase focus on clean water outcomes and 
emphasize collaboration, creativity and problem-solving to address current water 
quality problems.  Specifically, the state should: 

 Collaborate with other government agencies.  Because land 
use, automobile emissions and other factors outside the 
traditional purview of the water boards are major contributors 
to non-point source pollution of water, the water boards must 
work with other government agencies on solutions.  The state 
water and air boards should routinely meet to develop 
regulatory strategies to address air pollution’s effects on 
water.  The state should revive the Environmental Protection 
Council, which already exists in statute and consists of the 
heads of each of the boards and departments within Cal/EPA.   
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 Emphasize a watershed approach.  To increase focus on 
outcomes and solving complex problems, the water boards 
should develop more processes aimed at watershed health.   

 Use stakeholder task forces.  As the Santa Ana Regional 
Water Quality Control Board has done, other regional boards 
should increase the use of stakeholder task forces to work 
through difficult regulatory issues.  

 
Recommendation 4: The water boards must develop standardized economic analysis 
procedures to help set priorities and determine the most effective and efficient means 
to improve water quality.  

 To fully implement Porter-Cologne’s demand that water 
quality regulations be reasonable, given other economic and 
social factors, the boards must institute the use of economic 
analysis into decision-making.  Cost-effectiveness analysis 
also would increase transparency of board decision-making 
and help the boards set priorities. 
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Conclusion 
 

alifornia’s state and regional water boards have a profound 
impact on the environment and the economy.  The boards issue 
more than 50,000 discharge permits, regulating the state’s 

biggest metropolises as well as its smallest wastewater treatment plants.  
Theirs is an enormous and challenging task: implementing ambitious 
and complicated federal and state laws, incorporating the still-evolving 
scientific understanding of pollution’s causes and solutions and working 
with limited resources. 
 
This job, however, is critical to the state’s future.  Demand for water 
grows with population growth.  Water supply is threatened by climate 
change and the potential for earthquakes to destroy the state’s levee 
system.  Pressures are mounting on the state to improve the health of 
the Sacramento-San Joaquin River Delta, protect threatened fish species 
and restore waters around the state to ensure they are swimmable, 
fishable and drinkable.   
 
Change is needed to help the boards meet their mission. 
 
Regional decision-making – an idea first conceived for California water 
quality regulation nearly 60 years ago – remains a sound approach, as 
conditions in different water bodies merit different approaches and 
standards.  But California needs a better way to set overarching state 
water quality policy, as well as a better way to implement policies that 
are important to the overall health of the state’s water bodies. 
 
This is nowhere more important than in the area of non-point source 
pollution.  The current system is based on the outdated model of 
combating source pollution, where emitters could be easily identified and 
their actions modified though the permit process.   
 
The Commission found a critical need for a more unified regulatory 
agency that has clear priorities and procedures that can be implemented 
throughout the state.  While current statutes give the State Water 
Resources Control Board ample authority to direct the nine Regional 
Water Quality Control Boards, in practice the regional boards are too 
independent, with differing policies and processes on even some of the 
most important statewide issues. 
 

C 
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The current structure has not produced a clear ranking of its water 
quality priorities, the first step in matching resources and action to the 
state’s biggest water quality threats.  The process for setting policy offers 
little transparency and little emphasis on accountability or outcomes.   
 
Given the tools that exist, it is unacceptable that the public and policy-
makers do not have easy-to-understand information to answer the most 
basic questions for water quality policy: What is the state of the state’s 
waters, and which water board programs are effective at improving water 
quality and which are not?   
 
Until the boards, starting with the state board, shift their focus from 
process to outcomes, the answers to these questions will remain elusive. 
 
Other problems also limit the boards’ effectiveness: Regional board 
members face too many technically difficult decisions, preventing them 
from focusing on broader policy issues.  The boards have struggled to 
collect and use data, and there is no state-led clearinghouse of scientific 
research or analysis indicating the best ways to tackle modern water 
quality problems. 
 
Structural solutions to these problems lie in strengthening the 
relationship between the state and regional boards, re-focusing 
gubernatorial appointees on big-picture problems and solutions, 
reforming the appeals process, creating more avenues for the boards to 
use science and economic analysis in rule-making, and developing a 
statewide water data institute to coordinate water quality data gathered 
throughout the state.  
 
These changes should re-focus the boards on setting priorities with the 
goal of protecting and improving California’s waters.  Ultimately, the 
boards’ effectiveness should be measureable by whether its actions 
improve water quality. 
 
Environmental regulation will always cause conflict, as regulators push 
for tougher standards, more protections, and, inevitably, more costs.  
Conflict at the water boards is not inherently a problem.  But the 
Commission found too much conflict about process and not enough 
confidence that the boards’ structure, policies and processes would lead 
to reasonable, effective solutions.  The boards must evolve to rebuild that 
confidence.  Change will be required too to begin showing more clean 
water success stories. 
 
As the Commission conducted its study in 2008 of the water boards’ 
governance structure, a task force appointed by Governor Arnold 
Schwarzenegger simultaneously was reviewing governance, water supply 
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and environmental issues in the Sacramento-San Joaquin River Delta.  
The Commission’s recommendations for a stronger, more proactive State 
Water Resources Control Board should not be in conflict with its earlier 
calls for a stronger governance structure for the state’s management of 
the Delta.  A strong state water board is essential to developing and 
implementing the policies that will help restore the Delta ecosystem and 
maintain water quality for not only the Delta, but the water transferred 
through it to the farms and cities of Central and Southern California.   
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The Commission’s Study Process 
 

he Commission initiated this study in early 2008 to review the 
governance structure regarding water quality regulation in the 
state and the relationship between the State Water Resources 

Control Board and the nine Regional Water Quality Control Boards.  The 
Commission’s goal was to assess the roles of the state and regional 
boards and the challenges facing the boards in their efforts to 
appropriately respond to the state's pressing water quality needs.  As 
part of its study, the Commission investigated how to best balance the 
need for consistent statewide policy and the need for flexibility to handle 
regional issues.  The Commission also explored the state's water quality 
goals and whether the state and regional boards have policies in place to 
reach those goals.   
 
As part of the study, the Commission convened two public hearings.  At 
the first public hearing, held in March 2008, the Commission heard from 
water quality regulators, including the chairwoman of the State Water 
Resources Control Board, two representatives of regional water quality 
control boards and the head of the United States Environmental 
Protection Agency’s Region 9 water division.  In addition, the Commission 
was briefed on the history of water quality regulation and the current 
roles of various state agencies in overseeing state water policy.  At the 
second hearing, in April 2008, the Commission received input from 
representatives of regulated entities and environmental groups.  Hearing 
witnesses are listed in Appendix A.   
 
The Commission also convened two advisory group meetings during the 
course of this study.  Both meetings included water quality regulators, 
representatives of regulated entities and environmental groups, 
legislative staff, and academics interested in water quality regulation.  
The first meeting, on May 21, 2008, focused on state water quality 
priorities and the advantages and disadvantages of the regional water 
quality control board system.  The second meeting, on June 25, 2008, 
included discussion on the Water Quality Improvement Initiative and 
other possible changes to water quality governance in the state. 
 
A subcommittee meeting, held on August 28, 2008, allowed the 
Commission to vet some ideas for reform through a group of water 
quality regulators and representatives of regulated entities and 
environmental groups.    

T 
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A list of people who participated in the advisory group and subcommittee 
meetings is included in Appendix B.   
 
Commission staff received valuable feedback from numerous 
stakeholders and other water quality experts, attended several State 
Water Resources Control Board meetings, one regional water quality 
control board meeting and the October 2008 meeting of the Water 
Quality Coordinating Council.   
 
All written testimony submitted electronically for each of the hearings, 
and this report is available online at the Commission Web site, 
www.lhc.ca.gov. 
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Appendix A 
 

Little Hoover Commission Public Hearing Witnesses 
 
 

Witnesses Appearing at Little Hoover Commission 
Public Hearing on California’s Water Boards, March 27, 2008 

 
 
Carole Beswick, Chairwoman, Santa Ana 
Regional Water Quality Control Board 
 
Lisa Beutler, Associate Director, Center for 
Collaborative Policy 
 
Tam Doduc, Chairwoman, State Water 
Resources Control Board 

Karl Longley, Chairman, Central Valley 
Regional Water Quality Control Board 
 
Alexis Strauss, Director, Water Division, 
United States Environmental Protection 
Agency, Region 9 
 
 
 

 
Witnesses Appearing at Little Hoover Commission 

Public Hearing on California’s Water Boards, April 24, 2008 
 
 
Chris Crompton, Manager, Environmental 
Resources Section, Orange County Public 
Works Department 
 
Laurel Firestone, Co-Executive Director, 
Community Water Center 
 
Terese Ghio, Vice President of 
Governmental Relations, Arena 
Pharmaceuticals 
 

Rear Admiral Leendert “Len” R. Hering, Sr., 
Commander, Navy Region Southwest 
 
Mick Pattinson, President, Barratt 
American Homes 
 
Linda Sheehan, Executive Director, 
California Coastkeeper Alliance 
 
Craig Wilson, Counsel, Community Alliance 
for Environmental Stewardship 
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Appendix B 
 

Little Hoover Commission Public Meetings 
 
 

California’s Water Boards Advisory Committee Meeting – May 21, 2008 
 

 
Desi Alvarez, Deputy City Manager, City of 
Downey 
 
Arthur Baggett, Board Member, State Water 
Resources Control Board 
 
Carole Beswick, Chairwoman, Santa Ana 
Regional Water Quality Control Board 
 
Alf Brandt, Principal Consultant, Assembly 
Committee on Water, Parks and Wildlife 
 
Kevin Buchan, Senior Coordinator, Bay 
Area Region and State Water Issues, 
Western States Petroleum Association 
 
Tony Francois, Attorney/Lobbyist, KP 
Public Affairs 
 
Craig Johns, Principal, California Resource 
Strategies, Inc. 
 

Roberta Larson, Attorney, California 
Association of Sanitation Agencies 
 
Phil Nails, Policy Consultant, Assembly 
Republican Caucus 
 
John Robertus, Executive Officer, San 
Diego Regional Water Quality Control Board 
 
Linda Sheehan, Executive Director, 
California Coastkeeper Alliance 
 
Brian White, Vice President for Legislative 
Affairs, California Forestry Association 
 
Craig Wilson, Counsel, Community Alliance 
for Environmental Stewardship 
 
Gary Wolff, Vice Chairman, State Water 
Resources Control Board 
 
 

 
 

 
California’s Water Boards Advisory Committee Meeting – June 25, 2008 

 
 
Nate Beason, Supervisor, Nevada County 
Board of Supervisors 
 
David Beckman, Director, Coastal Water 
Quality Project, Natural Resources Defense 
Council 
 
David Bolland, Senior Regulatory Advocate, 
Association of California Water Agencies 
 
Alf Brandt, Principal Consultant, Assembly 
Committee on Water, Parks and Wildlife 
 
Geoff Brosseau, Executive Director, 
California Stormwater Quality Association 

Kevin Buchan, Senior Coordinator, Bay 
Area Region and State Water Issues, 
Western States Petroleum Association 
 
Ken Farfsing, City Manager, City of Signal 
Hill 
 
Randal Friedman, California Government 
Affairs, United States Navy Region 
Southwest 
 
Mark Grey, Director of Environmental 
Affairs, Building Industry Association of 
Southern California 
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John Herrick, Counsel and Manager, South 
Delta Water Agency 
 
Craig Johns, Principal, California Resource 
Strategies, Inc. 
 
Roberta Larson, Attorney, California 
Association of Sanitation Agencies 
 
Karl Longley, Chairman, Central Valley 
Regional Water Quality Control Board 
 
Mark Newton, Director, Resources & 
Environmental Protection, Legislative 
Analyst's Office 

Mick Pattinson, President, Barratt 
American 
 
Dorothy Rice, Executive Director, State 
Water Resources Control Board 
 
Brian White, Vice President for Legislative 
Affairs, California Forestry Association 
 
Craig Wilson, Counsel, Community Alliance 
for Environmental Stewardship 
 

 
 
 

California’s Water Boards Subcommittee Meeting – August 28, 2008 
 

 
Geoff Brosseau, Executive Director, 
California Stormwater Quality Association 
 
Catherine Freeman, Senior Fiscal and 
Policy Analyst, Legislative Analyst's Office 
 
Mark Grey, Director of Environmental 
Affairs, Building Industry Association of 
Southern California 
 
Karl Longley, Chairman, Central Valley 
Regional Water Quality Control Board 
 
Mark Lubell, Associate Professor, 
Department of Environmental Science and 
Policy, University of California, Davis 

John Robertus, Executive Officer, San 
Diego Regional Water Quality Control Board 
 
Linda Sheehan, Executive Director, 
California Coastkeeper Alliance 
 
Gary Wolff, Vice Chairman, State Water 
Resources Control Board 
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Appendix C 
 

Selected Acronyms 
 
 

CARB: California Air Resources Board 
Cal/EPA: California Environmental Protection Agency 

Caltrans: California Department of Transportation 

CEDEN: California Environmental Data Exchange Network 

CIWQS: California Integrated Water Quality System 

CPR: California Performance Review 

CWA: Clean Water Act 

DOIT: Department of Information Technology 

DWR: Department of Water Resources 

EPA: United States Environmental Protection Agency 

GAMA: Groundwater Ambient Monitoring and Assessment 

IRWMP: Integrated Regional Water Management Plans 

LAO: Legislative Analyst’s Office 

LID: Low Impact Development 

MMP: Maximum Minimum Penalty 

MS4: Municipal Separate Storm Sewer Systems 

MTBE: Methyl Tertiary-butyl Ether 

NPDES: National Pollutant Elimination Discharge System 

PCBs: Polychlorinated Biphenyl 

RWQCBs: Regional Water Quality Control Boards 

SCCWRP: Southern California Coastal Water Resources Program 

SEP: Supplemental Environmental Project 

SFEI: San Francisco Estuary Institute 

SWAMP: Surface Water Ambient Monitoring Program 

TMDL: Total Maximum Daily Load 

WDR: Water Discharge Requirement 

WQCC: Water Quality Coordinating Committee 
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Preface 

Stormwater runoff from the built environment remains one of the great challenges of 
modern water pollution control, as this source of contamination is a principal contributor to 
water quality impairment of waterbodies nationwide.  In addition to entrainment of chemical and 
microbial contaminants as stormwater runs over roads, rooftops, and compacted land, 
stormwater discharge poses a physical hazard to aquatic habitats and stream function, owing to 
the increase in water velocity and volume that inevitably result on a watershed scale as many 
individually managed sources are combined.  Given the shift of the world’s population to urban 
settings, and that this trend is expected to be accompanied by continued wholesale landscape 
alteration to accommodate population increases, the magnitude of the stormwater problem is 
only expected to grow. 

In recognition of the need for improved control measures, in 1987 the U.S. Congress 
mandated the U.S. Environmental Protection Agency (EPA), under amendments to the Clean 
Water Act, to control certain stormwater discharges under the National Pollutant Discharge 
Elimination System.  In response to this federal legislation, a permitting program was put in 
place by EPA as the Phase I (1990) and Phase II (1999) stormwater regulations, which together 
set forth requirements for municipal separate storm sewer systems and industrial activities 
including construction. The result of the regulatory program has been identification of hundreds 
of thousands of sources needing to be permitted, which has put a strain on EPA and state 
administrative systems for implementation and management.  At the same time, achievement of 
water quality improvement as a result of the permit requirements has remained an elusive goal. 

To address the seeming intractability of this problem, the EPA requested that the 
National Research Council (NRC) review its current permitting program for stormwater 
discharge under the Clean Water Act and provide suggestions for improvement.  The broad goals 
of the study were to better understand the links between stormwater pollutant discharges and 
ambient water quality, to assess the state of the science of stormwater management, and to make 
associated policy recommendations.  More specifically, the study was asked to: 

(1) Clarify the mechanisms by which pollutants in stormwater discharges affect ambient 
water quality criteria and define the elements of a “protocol” to link pollutants in stormwater 
discharges to ambient water quality criteria.   

(2) Consider how useful monitoring is for both determining the potential of a discharge 
to contribute to a water quality standards violation and for determining the adequacy of 
stormwater pollution prevention plans.  What specific parameters should be monitored and when 
and where?  What effluent limits and benchmarks are needed to ensure that the discharge does 
not cause or contribute to a water quality standards violation? 
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viii Preface 

(3) Assess and evaluate the relationship between different levels of stormwater pollution 
prevention plan implementation and in-stream water quality, considering a broad suite of best 
management practices (BMPs). 

(4) Make recommendations for how to best stipulate provisions in stormwater permits to 
ensure that discharges will not cause or contribute to exceedances of water quality standards. 
This should be done in the context of general permits.  As a part of this task, the committee will 
consider currently available information on permit and program compliance. 

(5) Assess the design of the stormwater permitting program implemented under the Clean 
Water Act. 

There are a number of related topics that one might expect to find in this report that are 
excluded, because EPA requested that the study be limited to problems addressed by the 
agency’s stormwater regulatory program. Specifically, nonpoint source pollution from 
agricultural runoff, septic systems, combined sewer overflows, sanitary sewer overflows, and 
concentrated animal feeding operations are not addressed in this report.  In addition, alteration of 
the urban base-flow hydrograph from a number of causes that are not directly related to storm 
events (e.g., interbasin transfers of water, leakage from water supply pipes, lawn irrigation, and 
groundwater withdrawals) is a topic outside the scope of the report and therefore not included in 
any depth. 

In developing this report, the committee benefited greatly from the advice and input of 
EPA representatives, including Jenny Molloy, Linda Boornazian, and Mike Borst; 
representatives from the City of Austin; representatives from King County, Washington, and the 
City of Seattle; and representatives from the Irvine Ranch Water District.  The committee heard 
presentations by many of these individuals in addition to Chris Crockett, City of Philadelphia 
Water Department; Pete LaFlamme and Mary Borg, Vermont Department of Environmental 
Conservation; Michael Barrett, University of Texas at Austin; Roger Glick, City of Austin; 
Michael Piehler, UNC Institute of Marine Sciences, Keith Stolzenbach, UCLA; Steve Burges, 
University of Washington; Wayne Huber, Oregon State University; Don Theiler, King County; 
Charlie Logue, Clean Water Services, Hillsboro, Oregon; Don Duke, Florida Gulf Coast 
University; Mike Stenstrom, UCLA; Gary Wolff, California Water Board; Paula Daniels, City of 
Los Angeles Public Works; Mark Gold, Heal the Bay; Geoff Brosseau, California Stormwater 
Quality Association; Steve Weisberg, Southern California Coastal Water Research Project; Chris 
Crompton, Southern California Stormwater Monitoring Coalition; David Beckman, NRDC; and 
Eric Strecker, GeoSyntec. We also thank all those stakeholders who took time to share with us 
their perspectives and wisdom about the various issues affecting stormwater. 

The committee was fortunate to have taken several field trips in conjunction with 
committee meetings.  The following individuals are thanked for their participation in organizing 
and guiding these trips: Austin (Kathy Shay, Mike Kelly, Matt Hollon, Pat Hartigan, Mateo 
Scoggins, David Johns, and Nancy McClintock); Seattle (Darla Inglis, Chris May, Dan Powers, 

PREPUBLICATION 


RB-AR13124



 

 

 

 

 
 

ix Preface 

Scott Bawden, Nat Scholz, John Incardona, Kate McNeil, Bob Duffner, Curt Crawford); and Los 
Angeles (Peter Postlmayr, Matthew Keces, Alan Bay, and Sat Tamarieuchi). 

Completion of this report would not have been possible without the Herculean efforts of 
project study director Laura Ehlers. Her powers to organize, probe, synthesize, and keep the 
committee on track with completing its task were simply remarkable.  Meeting logistics and 
travel arrangements were ably assisted by Ellen De Guzman and Jeanne Aquilino. 

This report has been reviewed in draft form by individuals chosen for their diverse 
perspectives and technical expertise, in accordance with procedures approved by the NRC’s 
Report Review Committee.  The purpose of this independent review is to provide candid and 
critical comments that will assist the institution in making its published report as sound as 
possible and to ensure that the report meets institutional standards for objectivity, evidence, and 
responsiveness to the study charge. The review comments and draft manuscript remain 
confidential to protect the integrity of the deliberative process.  We wish to thank the following 
individuals for their review of this report: Michael Barrett, University of Texas; Bruce Ferguson, 
University of Georgia; James Heaney, University of Florida; Daniel Medina, CH2MHILL; 
Margaret Palmer, University of Maryland Chesapeake Biological Laboratory; Kenneth Potter, 
University of Wisconsin; Joan Rose, Michigan State University; Eric Strecker, Geosyntec 
Consultants; and Bruce Wilson, Minnesota Pollution Control Agency. 

Although the reviewers listed above have provided many constructive comments and 
suggestions, they were not asked to endorse the conclusions and recommendations nor did they 
see the final draft of the report before its release. The review of this report was overseen by 
Michael Kavanaugh, Malcolm Pirnie, Inc., and Richard Conway, Union Carbide Corporation, 
retired.  Appointed by the NRC, they were responsible for making certain that an independent 
examination of this report was carried out in accordance with institutional procedures and that all 
review comments were carefully considered.  Responsibility for the final content of this report 
rests entirely with the authoring committee and institution.  

Claire Welty, 

Committee Chair 
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Summary 


Urbanization is the changing of land use from forest or agricultural uses to suburban and 
urban areas. This conversion is proceeding in the United States at an unprecedented pace, and 
the majority of the country’s population now lives in suburban and urban areas.  The creation of 
impervious surfaces that accompanies urbanization profoundly affects how water moves both 
above and below ground during and following storm events, the quality of that stormwater, and 
the ultimate condition of nearby rivers, lakes, and estuaries.   

The National Pollutant Discharge Elimination System (NPDES) program under the Clean 
Water Act (CWA) is the primary federal vehicle to regulate the quality of the nation’s 
waterbodies. This program was initially developed to reduce pollutants from industrial process 
wastewater and municipal sewage discharges.  These point sources were known to be responsible 
for poor, often drastically degraded conditions in receiving waterbodies.  They were easily 
regulated because they emanated from identifiable locations, such as pipe outfalls.  To address 
the role of stormwater in causing or contributing to water quality impairments, in 1987 Congress 
wrote Section 402(p) of the CWA, bringing stormwater control into the NPDES program, and in 
1990 the U.S. Environmental Protection Agency (EPA) issued the Phase I Stormwater Rules.  
These rules require NPDES permits for operators of municipal separate storm sewer systems 
(MS4s) serving populations over 100,000 and for runoff associated with industry, including 
construction sites five acres and larger. In 1999 EPA issued the Phase II Stormwater Rule to 
expand the requirements to small MS4s and construction sites between one and five acres in size. 

With the addition of these regulated entities, the overall NPDES program has grown by 
almost an order of magnitude.  EPA estimates that the total number of permittees under the 
stormwater program at any time exceeds half a million.  For comparison, there are fewer than 
100,000 non-stormwater (meaning wastewater) permittees covered by the NPDES program.  To 
manage the large number of permittees, the stormwater program relies heavily on the use of 
general permits to control industrial, construction, and Phase II MS4 discharges.  These are 
usually statewide, one-size-fits-all permits in which general provisions are stipulated.   

To comply with the CWA regulations, industrial and construction permittees must create 
and implement a stormwater pollution prevention plan, and MS4 permittees must implement a 
stormwater management plan.  These plans documents the stormwater control measures (SCMs) 
(sometimes known as best management practices or BMPs) that will be used to prevent 
stormwater emanating from these sources from degrading nearby waterbodies.  These SCMs 
range from structural methods such as detention ponds and bioswales to nonstructural methods 
such as designing new development to reduce the percentage of impervious surfaces.   

A number of problems with the stormwater program as it is currently implemented have 
been recognized. First, there is limited information available on the effectiveness and longevity 
of many SCMs, thereby contributing to uncertainty in their performance.  Second, the 
requirements for monitoring vary depending on the regulating entity and the type of activity.  For 
example, a subset of industrial facilities must conduct “benchmark monitoring” and the results 
often exceed the values established by EPA or the states, but it is unclear whether these 
exceedances provide useful indicators of potential water quality problems.  Finally, state and 
local stormwater programs are plagued by a lack of resources to review stormwater pollution 

1 


RB-AR13129



  

 

 

 

 

  

 

 

 

  

 
 

 
 

2 Urban Stormwater Management in the United States 

prevention plans and conduct regular compliance inspections.  For all these reasons, the 
stormwater program has suffered from poor accountability and uncertain effectiveness at 
improving the quality of the nation’s waters. 

In light of these challenges, EPA requested the advice of the National Research Council’s 
Water Science and Technology Board on the federal stormwater program, considering all entities 
regulated under the program (i.e., municipal, industrial, and construction).  The following 
statement of task guided the work of the committee: 

(1) 	Clarify the mechanisms by which pollutants in stormwater discharges affect ambient water 
quality criteria and define the elements of a “protocol” to link pollutants in stormwater 
discharges to ambient water quality criteria.   

(2) 	Consider how useful monitoring is for both determining the potential of a discharge to 
contribute to a water quality standards violation and for determining the adequacy of 
stormwater pollution prevention plans.  What specific parameters should be monitored 
and when and where?  What effluent limits and benchmarks are needed to ensure that the 
discharge does not cause or contribute to a water quality standards violation? 

(3) 	Assess and evaluate the relationship between different levels of stormwater pollution 
prevention plan implementation and in-stream water quality, considering a broad suite of 
SCMs. 

(4) 	Make recommendations for how to best stipulate provisions in stormwater permits to ensure 
that discharges will not cause or contribute to exceedances of water quality standards. 
This should be done in the context of general permits.  As a part of this task, the 
committee will consider currently available information on permit and program 
compliance. 

(5) Assess the design of the stormwater permitting program implemented under the CWA. 

Chapter 2 of this report presents the regulatory history of stormwater control in the 
United States, focusing on relevant portions of the CWA and the federal and state regulations 
that have been created to implement the Act.  Chapter 3 reviews the scientific aspects of 
stormwater, including sources of pollutants in stormwater, how stormwater moves across the 
land surface, and its impacts on receiving waters. Chapter 4 evaluates the current industrial and 
MS4 monitoring requirements, and it considers the multitude of models available for linking 
stormwater discharges to ambient water quality.  Chapter 5 considers the vast suite of both 
structural and nonstructural measures designed to control stormwater and reduce its pollutant 
loading to waterbodies.  In Chapter 6, the limitations and possibilities associated with a new 
regulatory approach are explored, as are those of a more traditional but enhanced scheme.  This 
new approach, which rests on the broad foundation of correlative studies demonstrating the 
effects of urbanization on aquatic ecosystems, would reduce the impact of stormwater on 
receiving waters beyond any efforts currently in widespread practice. 

THE CHALLENGE OF REGULATING STORMWATER 

Although stormwater has been long recognized as contributing to water quality 
impairment, the creation of federal regulations to deal with stormwater quality has occurred only 
in the last 20 years.  Because this longstanding environmental problem is being addressed so late 
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3 Summary  

in the development and management of urban areas, the laws that mandate better stormwater 
control are generally incomplete and are often in conflict with state and local rules that have 
primarily stressed the flood control aspects of stormwater management (i.e., moving water away 
from structures and cities as fast as possible).  Many prior investigators have observed that 
stormwater discharges would ideally be regulated through direct controls on land use, strict 
limits on both the quantity and quality of stormwater runoff into surface waters, and rigorous 
monitoring of adjacent waterbodies to ensure that they are not degraded by stormwater 
discharges. Future land-use development would be controlled to minimize stormwater 
discharges, and impervious cover and volumetric restrictions would serve as proxies for 
stormwater loading from many of these developments.  Products that contribute pollutants 
through stormwater—like de-icing materials, fertilizers, and vehicular exhaust—would be 
regulated at a national level to ensure that the most environmentally benign materials are used. 

Presently, however, the regulation of stormwater is hampered by its association with a 
statute that focuses primarily on specific pollutants and ignores the volume of discharges.  Also, 
most stormwater discharges are regulated on an individualized basis without accounting for the 
cumulative contributions from multiple sources in the same watershed.  Perhaps most 
problematic is that the requirements governing stormwater dischargers leave a great deal of 
discretion to the dischargers themselves in developing stormwater pollution prevention plans and 
self-monitoring to ensure compliance.  These problems are exacerbated by the fact that the dual 
responsibilities of land-use planning and stormwater management within local governments are 
frequently decoupled. 

EPA’s current approach to regulating stormwater is unlikely to produce an 
accurate or complete picture of the extent of the problem, nor is it likely to adequately 
control stormwater’s contribution to waterbody impairment.  The lack of rigorous end-of-
pipe monitoring, coupled with EPA’s failure to use flow or alternative measures for regulating 
stormwater, make it difficult for EPA to develop enforceable requirements for stormwater 
dischargers. Instead, the stormwater permits leave a great deal of discretion to the regulated 
community to set their own standards and to self-monitor.  Current statistics on the states’ 
implementation of the stormwater program, discharger compliance with stormwater 
requirements, and the ability of states and EPA to incorporate stormwater permits with Total 
Maximum Daily Loads are uniformly discouraging. Radical changes to the current regulatory 
program (see Chapter 6) appear necessary to provide meaningful regulation of stormwater 
dischargers in the future. 

Flow and related parameters like impervious cover should be considered for use as 
proxies for stormwater pollutant loading.  These analogs for the traditional focus on the 
“discharge” of “pollutants” have great potential as a federal stormwater management tool 
because they provide specific and measurable targets, while at the same time they focus 
regulators on water degradation resulting from the increased volume as well as increased 
pollutant loadings in stormwater runoff.  Without these more easily measured parameters for 
evaluating the contribution of various stormwater sources, regulators will continue to struggle 
with enormously expensive and potentially technically impossible attempts to determine the 
pollutant loading from individual dischargers or will rely too heavily on unaudited and largely 
ineffective self-reporting, self-policing, and paperwork enforcement. 
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4 Urban Stormwater Management in the United States 

EPA should engage in much more vigilant regulatory oversight in the national 
licensing of products that contribute significantly to stormwater pollution.  De-icing 
chemicals, materials used in brake linings, motor fuels, asphalt sealants, fertilizers, and a variety 
of other products should be examined for their potential contamination of stormwater.  Currently, 
EPA does not apparently utilize its existing licensing authority to regulate these products in a 
way that minimizes their contribution to stormwater contamination.  States can also enact 
restrictions on or tax the application of pesticides or other particularly toxic products.  Even local 
efforts could ultimately help motivate broader scale, federal restrictions on particular products. 

The federal government should provide more financial support to state and local 
efforts to regulate stormwater.  State and local governments do not have adequate financial 
support to implement the stormwater program in a rigorous way.  At the very least, Congress 
should provide states with financial support for engaging in more meaningful regulation of 
stormwater discharges.  EPA should also reassess its allocation of funds within the NPDES 
program.  The agency has traditionally directed funds to focus on the reissuance of NPDES 
wastewater permits, while the present need is to advance the NPDES stormwater program 
because NPDES stormwater permittees outnumber wastewater permittees more than five fold, 
and the contribution of diffuse sources of pollution to degradation of the nation’s waterbodies 
continues to increase. 

EFFECTS OF URBANIZATION ON WATERSHEDS 

Urbanization causes change to natural systems that tends to occur in the following 
sequence. First, land use and land cover are altered as vegetation and topsoil are removed to 
make way for agriculture, or subsequently buildings, roads, and other urban infrastructure.  
These changes, and the introduction of a constructed drainage network, alter the hydrology of the 
local area, such that receiving waters in the affected watershed experience radically different 
flow regimes than prior to urbanization.  Nearly all of the associated problems result from one 
underlying cause: loss of the water-retaining and evapotranspirating functions of the soil and 
vegetation in the urban landscape.  In an undeveloped area, rainfall typically infiltrates into the 
ground surface or is evapotranspirated by vegetation. In the urban landscape, these processes of 
evapotranspiration and water retention in the soil are diminished, such that stormwater flows 
rapidly across the land surface and arrives at the stream channel in short, concentrated bursts of 
high discharge.  This transformation of the hydrologic regime is a wholesale reorganization of the 
processes of runoff generation, and it occurs throughout the developed landscape.  When 
combined with the introduction of pollutant sources that accompany urbanization (such as lawns, 
motor vehicles, domesticated animals, and industries), these changes in hydrology have led to 
water quality and habitat degradation in virtually all urban streams. 

The current state of the science has documented the characteristics of stormwater runoff, 
including its quantity and quality from many different land covers, as well as the characteristics 
of dry weather runoff. In addition, many correlative studies show how parameters co-vary in 
important but complex and poorly understood ways (e.g., changes in macroinvertebrate or fish 
communities associated with watershed road density or the percentage of impervious cover).  
Nonetheless, efforts to create mechanistic links between population growth, land-use change, 
hydrologic alteration, geomorphic adjustments, chemical contamination in stormwater, disrupted 
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5 Summary  

energy flows and biotic interactions, and changes in ecological communities are still in 
development.  Despite this assessment, there are a number of overarching truths that remain 
poorly integrated into stormwater management decision-making, although they have been 
robustly characterized for more than a decade and have a strong scientific basis that reaches even 
farther back through the history of published investigations. 

There is a direct relationship between land cover and the biological condition of 
downstream receiving waters.  The possibility for the highest levels of aquatic biological 
condition exists only with very light urban transformation of the landscape.  Conversely, the 
lowest levels of biological condition are inevitable with extensive urban transformation of the 
landscape, commonly seen after conversion of about one-third to one-half of a contributing 
watershed into impervious area.  Although not every degraded waterbody is a product of intense 
urban development, all highly urban watersheds produce severely degraded receiving waters. 

The protection of aquatic life in urban streams requires an approach that 
incorporates all stressors.  Urban Stream Syndrome reflects a multitude of effects caused by 
altered hydrology in urban streams, altered habitat, and polluted runoff.  Focusing on only one of 
these factors is not an effective management strategy.  For example, even without noticeably 
elevated pollutant concentrations in receiving waters, alterations in their hydrologic regimes are 
associated with impaired biological condition. More comprehensive biological monitoring of 
waterbodies will be critical to better understanding the cumulative impacts of urbanization on 
stream condition. 

The full distribution and sequence of flows (i.e., the flow regime) should be taken 
into consideration when assessing the impacts of stormwater on streams.  Permanently 
increased stormwater volume is only one aspect of an urban-altered storm hydrograph.  It 
contributes to high in-stream velocities, which in turn increase streambank erosion and 
accompanying sediment pollution of surface water.  Other hydrologic changes, however, include 
changes in the sequence and frequency of high flows, the rate of rise and fall of the hydrograph, 
and the season of the year in which high flows can occur.  These all can affect both the physical 
and biological conditions of streams, lakes, and wetlands.  Thus, effective hydrologic mitigation 
for urban development cannot just aim to reduce post-development peak flows to 
predevelopment peak flows. 

Roads and parking lots can be the most significant type of land cover with respect to 
stormwater.  They constitute as much as 70 percent of total impervious cover in ultra-urban 
landscapes, and as much as 80 percent of the directly connected impervious cover.  Roads tend to 
capture and export more stormwater pollutants than other land covers in these highly impervious 
areas, especially in regions of the country having mostly small rainfall events.  As rainfall 
amounts become larger, pervious areas in most residential land uses become more significant 
sources of runoff, sediment, nutrients, and landscaping chemicals.  In all cases, directly 
connected impervious surfaces (roads, parking lots, and roofs that are directly connected to the 
drainage system) produce the first runoff observed at a storm-drain inlet and outfall because their 
travel times are the quickest. 
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6 Urban Stormwater Management in the United States 

MONITORING AND MODELING 

The stormwater monitoring requirements under the EPA Stormwater Program are 
variable and generally sparse, which has led to considerable skepticism about their usefulness.  
This report considers the amount and value of the data collected over the years by municipalities 
(which are substantial on a nationwide basis) and by industries, and it makes suggestions for 
improvement.  The MS4 and particularly the industrial stormwater monitoring programs suffer 
from a paucity of data, from inconsistent sampling techniques, and from requirements that are 
difficult to relate to the compliance of individual dischargers.  For these reasons, conclusions 
about stormwater management are usually made with incomplete information.  Stormwater 
management would benefit most substantially from a well-balanced monitoring program that 
encompasses chemical, biological, and physical parameters from outfalls to receiving waters.   

Many processes connect sources of pollution to an effect observed in a downstream 
receiving water—processes that can be represented in watershed models, which are the key to 
linking stormwater dischargers to impaired receiving waters.  The report explores the current 
capability of models to make such links, including simple models and more involved mechanistic 
models. At the present time, stormwater modeling has not evolved enough to consistently say 
whether a particular discharger can be linked to a specific waterbody impairment.  Some 
quantitative predictions can be made, particularly those that are based on well-supported causal 
relationships of a variable that responds to changes in a relatively simple driver (e.g., modeling 
how a runoff hydrograph or pollutant loading change in response to increased impervious land 
cover). However, in almost all cases, the uncertainty in the modeling and the data (including its 
general unavailability), the scale of the problems, and the presence of multiple stressors in a 
watershed make it difficult to assign to any given source a specific contribution to water quality 
impairment. 

Because of a 10-year effort to collect and analyze monitoring data from MS4s 
nationwide, the quality of stormwater from urbanized areas is well characterized. These 
results come from many thousands of storm events, systematically compiled and widely 
accessible; they form a robust dataset of utility to theoreticians and practitioners alike.  These 
data make it possible to accurately estimate stormwater pollutant concentrations from various 
land uses. Additional data are available from other stormwater permit holders that were not 
originally included in the database and from ongoing projects, and these should be acquired to 
augment the database and improve its value in stormwater management decision-making. 

Industry should monitor the quality of stormwater discharges from certain critical 
industrial sectors in a more sophisticated manner, so that permitting authorities can better 
establish benchmarks and technology-based effluent guidelines. Many of the benchmark 
monitoring requirements and effluent guidelines for certain industrial subsectors are based on 
inaccurate and old information.  Furthermore, there has been no nationwide compilation and 
analysis of industrial benchmark data, as has occurred for MS4 monitoring data, to better 
understand typical stormwater concentrations of pollutants from various industries. 

Continuous, flow-weighted sampling methods should replace the traditional 
collection of stormwater data using grab samples.  Data obtained from too few grab samples 
are highly variable, particularly for industrial monitoring programs, and subject to greater 
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7 Summary  

uncertainly because of experimenter error and poor data-collection practices.  In order to use 
stormwater data for decision making in a scientifically defensible fashion, grab sampling should 
be abandoned as a credible stormwater sampling approach for virtually all applications.  It 
should be replaced by more accurate and frequent continuous sampling methods that are flow 
weighted. Flow-weighted composite monitoring should continue for the duration of the rain 
event. Emerging sensor systems that provide high temporal resolution and real-time estimates 
for specific pollutants should be further investigated, with the aim of providing lower costs and 
more extensive monitoring systems to sample both streamflow and constituent loads. 

Watershed models are useful tools for predicting downstream impacts from 
urbanization and designing mitigation to reduce those impacts, but they are incomplete in 
scope and do not offer definitive causal links between polluted discharges and downstream 
degradation. Every model simulates only a subset of the multiple interconnections between 
physical, chemical, and biological processes found in any watershed, and they all use a grossly 
simplified representation of the true spatial and temporal variability of a watershed.  To speak of 
a “comprehensive watershed model” is thus an oxymoron, because the science of stormwater is 
not sufficiently far advanced to determine causality between all sources, resulting stressors, and 
their physical, chemical, and biological responses.  Thus, it is not yet possible to create a 
protocol that mechanistically links stormwater dischargers to the quality of receiving waters.  
The utility of models with more modest goals, however, can still be high—as long as the 
questions being addressed by the model are in fact relevant and important to the functioning of 
the watershed to which that model is being applied, and sufficient data are available to calibrate 
the model for the processes included therein. 

STORMWATER MANAGEMENT APPROACHES 

A fundamental component of EPA’s stormwater program is the creation of stormwater 
pollution prevention plans that document the SCMs that will be used to prevent the permittee’s 
stormwater discharges from degrading local waterbodies.  Thus, a consideration of these 
measures—their effectiveness in meeting different goals, their cost, and how they are 
coordinated with one another—is central to any evaluation of the stormwater program.  The 
statement of task asks for an evaluation of the relationship between different levels of stormwater 
pollution prevention plan implementation and in-stream water quality.  Although the state of 
knowledge has yet to reveal the mechanistic links that would allow for a full assessment of that 
relationship, enough is known to design systems of SCMs, on a site-scale or local watershed 
scale, that can substantially reduce the effects of urbanization. 

The characteristics, applicability, goals, effectiveness, and cost of nearly 20 different 
broad categories of SCMs to treat the quality and quantity of stormwater runoff are discussed in 
Chapter 5, organized as they might be applied from the rooftop to the stream.  SCMs, when 
designed, constructed, and maintained correctly, have demonstrated the ability to reduce runoff 
volume and peak flows and to remove pollutants.  A multitude of case studies illustrates the use 
of SCMs in specific settings and demonstrates that a particular SCM can have a measurable 
positive effect on water quality or a biological metric.  However, the implementation of SCMs at 
the watershed scale has been too inconsistent and too recent to be able to definitively link their 
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8 Urban Stormwater Management in the United States 

performance to the prolonged sustainment—at the watershed level—of receiving water quality, 
in-stream habitat, or stream geomorphology. 

Individual controls on stormwater discharges are inadequate as the sole solution to 
stormwater in urban watersheds. SCM implementation needs to be designed as a system, 
integrating structural and nonstructural SCMs and incorporating watershed goals, site 
characteristics, development land use, construction erosion and sedimentation controls, 
aesthetics, monitoring, and maintenance.  Stormwater cannot be adequately managed on a 
piecemeal basis due to the complexity of both the hydrologic and pollutant processes and their 
effect on habitat and stream quality.  Past practices of designing detention basins on a site-by-site 
basis have been ineffective at protecting water quality in receiving waters and only partially 
effective in meeting flood control requirements.   

Nonstructural SCMs such as product substitution, better site design, downspout 
disconnection, conservation of natural areas, and watershed and land-use planning can 
dramatically reduce the volume of runoff and pollutant load from a new development.   
Such SCMs should be considered first before structural practices.  For example, lead 
concentrations in stormwater have been reduced by at least a factor of 4 after the removal of lead 
from gasoline.  Not creating impervious surfaces or removing a contaminant from the runoff 
stream simplifies and reduces the reliance on structural SCMs. 

SCMs that harvest, infiltrate, and evapotranspirate stormwater are critical to 
reducing the volume and pollutant loading of small storms. Urban municipal separate 
stormwater conveyance systems have been designed for flood control to protect life and property 
from extreme rainfall events, but they have generally failed to address the more frequent rain 
events (<2.5 cm) that are key to recharge and baseflow in most areas.  These small storms may 
only generate runoff from paved areas and transport the “first flush” of contaminants.  SCMs 
designed to remove this class of storms from surface runoff (runoff-volume-reduction SCMs— 
rainwater harvesting, vegetated, and subsurface) can also help address larger watershed flooding 
issues. 

Performance characteristics are starting to be established for most structural and 
some nonstructural SCMs, but additional research is needed on the relevant hydrologic 
and water quality processes within SCMs across different climates and soil conditions.  
Typical data such as long-term load reduction efficiencies and pollutant effluent concentrations 
can be found in the International Stormwater BMP Database.  However, understanding the 
processes involved in each SCM is in its infancy, making modeling of these SCMs difficult.  
Seasonal differences, the time between storms, and other factors all affect pollutant loadings 
emanating from SCMs.  Research is needed that moves away from the use of percent removal 
and toward better simulation of SCM performance.  Research is particularly important for 
nonstructural SCMs, which in many cases are more effective, have longer life spans, and require 
less maintenance than structural SCMs.  EPA should be a leader in SCM research, both directly 
by improving its internal modeling efforts and by funding state efforts to monitor and report back 
on the success of SCMs in the field. 
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9 Summary  

The retrofitting of urban areas presents both unique opportunities and challenges. 
Promoting growth in these areas is desirable because it takes pressure off the suburban fringes, 
thereby preventing sprawl, and it minimizes the creation of new impervious surfaces.  However, 
it is more expensive than Greenfields development because of the existence of infrastructure and 
the limited availability and affordability of land.  Both innovative zoning and development 
incentives, along with the careful selection SCMs, are needed to achieve fair and effective storm-
water management in these areas.  For example, incentive or performance zoning could be used 
to allow for greater densities on a site, freeing other portions of the site for SCMs.  Publicly 
owned, consolidated SCMs should be strongly considered as there may be insufficient land to 
have small, on-site systems.  The performance and maintenance of the former can be overseen 
more effectively by a local government entity. The types of SCMs that are used in consolidated 
facilities—particularly detention basins, wet/dry ponds, and stormwater wetlands—perform 
multiple functions, such as prevention of streambank erosion, flood control, and large-scale 
habitat provision. 

INNOVATIVE STORMWATER MANAGEMENT AND REGULATORY PERMITTING 

There are numerous innovative regulatory strategies that could be used to improve the 
EPA’s stormwater program.  The course of action most likely to check and reverse degradation 
of the nation’s aquatic resources would be to base all stormwater and other wastewater 
discharge permits on watershed boundaries instead of political boundaries.  Watershed-
based permitting is the regulated allowance of discharges of water and wastes borne by those 
discharges to waters of the United States, with due consideration of: (1) the implications of those 
discharges for preservation or improvement of prevailing ecological conditions in the 
watershed’s aquatic systems, (2) cooperation among political jurisdictions sharing a watershed, 
and (3) coordinated regulation and management of all discharges having the potential to modify 
the hydrology and water quality of the watershed’s receiving waters. 

Responsibility and authority for implementation of watershed-based permits would be 
centralized with a municipal lead permittee working in partnership with other municipalities in 
the watershed as co-permittees.  Permitting authorities (designated states or, otherwise, EPA) 
would adopt a minimum goal in every watershed to avoid any further loss or degradation of 
designated beneficial uses in the watershed’s component waterbodies and additional goals in 
some cases aimed at recovering lost beneficial uses.  Permittees, with support by the states or 
EPA, would then move to comprehensive impact source analysis as a foundation for targeting 
solutions. The most effective solutions are expected to lie in isolating, to the extent possible, 
receiving waterbodies from exposure to those impact sources.  In particular, low-impact design 
methods, termed Aquatic Resources Conservation Design in this report, should be employed to 
the fullest extent feasible and backed by conventional SCMs when necessary. 

The approach gives municipal co-permittees more responsibility, with commensurately 
greater authority and funding, to manage all of the sources discharging, directly or through 
municipally owned conveyances, to the waterbodies comprising the watershed.  This report also 
outlines a new monitoring program structured to assess progress toward meeting objectives and 
the overlying goals, diagnosing reasons for any lack of progress, and determining compliance by 
dischargers. The proposal further includes market-based trading of credits among dischargers to 
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10 Urban Stormwater Management in the United States 

achieve overall compliance in the most efficient manner and adaptive management to determine 
additional actions if monitoring demonstrates failure to achieve objectives. 

As a first step to taking the proposed program nationwide, a pilot program is 
recommended that will allow EPA to work through some of the more predictable impediments to 
watershed-based permitting, such as the inevitable limits of an urban municipality’s authority 
within a larger watershed. 

Short of adopting watershed-based permitting, other smaller-scale changes to the EPA 
stormwater program are possible.  These recommendations do not preclude watershed-based 
permitting at some future date, and indeed they lay the groundwork in the near term for an 
eventual shift to watershed-based permitting. 

Integration of the three permitting types is necessary, such that construction and 
industrial sites come under the jurisdiction of their associated municipalities.  Federal and 
state NPDES permitting authorities do not presently have, and can never reasonably expect to 
have, sufficient personnel to inspect and enforce stormwater regulations on more than 100,000 
discrete point source facilities discharging stormwater.  A better structure would be one where 
the NPDES permitting authority empowers the MS4 permittees to act as the first tier of entities 
exercising control on stormwater discharges to the MS4 to protect water quality.  The National 
Pretreatment Program, EPA’s successful treatment program for municipal and industrial 
wastewater sources, could serve as a model for integration. 

To improve the industrial, construction, and MS4 permitting programs in their 
current configuration, EPA should (1) issue guidance for MS4, industrial, and construction 
permittees on what constitutes a design storm for water quality purposes; (2) issue guidance for 
MS4 permittees on methods to identify high-risk industrial facilities for program prioritization 
such as inspections; (3) support the compilation and collection of quality industrial stormwater 
effluent data and SCM effluent quality data in a national database; and (4) develop numerical 
expressions of the MS4 standard of “maximum extent practicable.”  Each of these issues is 
discussed in greater detail in Chapter 6. 

*** 

Watershed-based permitting will require additional resources and regulatory program 
support. Such an approach shifts more attention to ambient outcomes as well as expanded 
permitting coverage.  Additional resources for program implementation could come from 
shifting existing programmatic resources.  For example, some state permitting resources may be 
shifted away from existing point source programs toward stormwater permitting.  Strategic 
planning and prioritization could shift the distribution of federal and state grant and loan 
programs to encourage and support more watershed-based stormwater permitting programs.  
However, securing new levels of public funds will likely be required.  All levels of government 
must recognize that additional resources may be required from citizens and businesses (in the 
form of taxes, fees, etc.) in order to operate a more comprehensive and effective stormwater 
permitting program. 
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Chapter 1 

Introduction 


URBANIZATION AND ITS IMPACTS 

The influence of humans on the physical and biological systems of the Earth’s surface is 
not a recent manifestation of modern societies; instead, it is ubiquitous throughout our history.  
As human populations have grown, so has their footprint, such that between 30 and 50 percent of 
the Earth’s surface has now been transformed (Vitousek et al., 1997).  Most of this land area is 
not covered with pavement; indeed, less than 10 percent of this transformed surface is truly 
“urban” (Grübler, 1994). However, urbanization causes extensive changes to the land surface 
beyond its immediate borders, particularly in ostensibly rural regions, through alterations by 
agriculture and forestry that support the urban population (Lambin et al., 2001).  Within the 
immediate boundaries of cities and suburbs, the changes to natural conditions and processes 
wrought by urbanization are among the most radical of any human activity. 

In the United States, population is growing at an annual rate of 0.9 percent (U.S. Census 
Bureau, http://www.census.gov/compendia/statab/2007edition.html); the majority of the 
population of the United States now lives in suburban and urban areas (Figure 1-1).  Because the 
area appropriated for urban land uses is growing even faster, these patterns of growth all but 
guarantee that the influences of urban land uses will continue to expand over time.  Cities and 
suburbia obviously provide the homes and livelihood for most of the nation’s population.  But, as 
this report makes clear, these benefits have been accompanied by significant environmental 
change. Urbanization of the landscape profoundly affects how water moves both above and 
below ground during and following storm events; the quality of that stormwater (defined in Box 
1-1); and the ultimate condition of nearby rivers, lakes, and estuaries.  Unlike agriculture, which 
can display significant interchange with forest cover over time scales of a century (e.g., Hart, 
1968), there is no indication that once-urbanized land ever returns to a less intensive state.  
Urban land, however, does continue to change over time; by one estimate, 42 percent of land 
currently considered “urban” in the United States will be redeveloped by 2030 (Brookings 
Institute, 2004). In their words, “nearly half of what will be the built environment in 2030 
doesn’t even exist yet” (p. vi).  This truth belies the common belief that efforts to improve 
management of stormwater are doomed to irrelevancy because so much of the landscape is 
already built. Opportunities for improvement have indeed been lost, but many more still await 
an improved management approach. 

Measures of urbanization are varied, and the disparate methods of quantifying the 
presence and influence of human activity tend to confound analyses of environmental effects.  
Population density is a direct metric of human presence, but it is not the most relevant measure 
of the influence of those people on their surrounding landscape.  Expressions of the built 
environment, most commonly road density or pavement coverage as a percentage of gross land 
area, are more likely to determine stormwater runoff-related consequences.  An inverse metric, 
the percentage of mature vegetation or forest across a landscape, expresses the magnitude of 
related, but not identical, impacts to downstream systems.  Alternatively, these measures of land 
cover can be replaced by measures of land use, wherein the types of human activity (e.g.,  
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12 Urban Stormwater Management in the United States 

FIGURE 1-1 Histogram of population for the United States, based on 2000 census data.  The median 
population density is about 1,000 people/km2. SOURCE: Modified from Pozzi and Small (2005), who 
place the rural–suburban boundary at 100 people/km2. Reprinted, with permission, from ASPRS (2005). 
Copyright 2005 by the American Society for Photogrammetry and Remote Sensing. 

BOX 1-1 
What Is “Stormwater”? 

“Stormwater” is a term that is used widely in both scientific literature and regulatory documents.  It 
is also used frequently throughout this report.  Although all of these usages share much in common, there 
are important differences that benefit from an explicit discussion. 

Most broadly, stormwater runoff is the water associated with a rain or snow storm that can be 
measured in a downstream river, stream, ditch, gutter, or pipe shortly after the precipitation has reached 
the ground.  What constitutes “shortly” depends on the size of the watershed and the efficiency of the 
drainage system, and a number of techniques exist to precisely separate stormwater runoff from its more 
languid counterpart, “baseflow.”  For small and highly urban watersheds, the interval between rainfall and 
measured stormwater discharges may be only a few minutes.  For watersheds of many tens or hundreds 
of square miles, the lag between these two components of storm response may be hours or even a day. 

From a regulatory perspective, stormwater must pass through some sort of engineered 
conveyance, be it a gutter, a pipe, or a concrete canal.  If it simply runs over the ground surface, or soaks 
into the soil and soon reemerges as seeps into a nearby stream, it may be water generated by the storm 
but it is not regulated stormwater. 

This report emphasizes the first, more hydrologically oriented definition.  However, attention is 
focused mainly on that component of stormwater that emanates from those parts of a landscape that 
have been affected in some fashion by human activities (“urban stormwater”).  Mostly this includes water 
that flows over the ground surface and is subsequently collected by natural channels or artificial 
conveyance systems, but it can also include water that has infiltrated into the ground but nonetheless 
reaches a stream channel relatively rapidly and that contributes to the increased stream discharge that 
commonly accompanies almost any rainfall event in a human-disturbed watershed. 
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13 Introduction 

residential, industrial, commercial) are used as proxies for the suite of hydrologic, chemical, and 
biological changes imposed on the surrounding landscape. 

All of these metrics of urbanization are strongly correlated, although none can directly 
substitute for another. They also are measured differently, which renders one or another more 
suitable for a given application. Land use is a common measure in the realm of urban planning, 
wherein current and future conditions for a city or an entire region are characterized using 
equivalent categories across parcels, blocks, or broad regions.  Road density can be reliably and 
rapidly measured, either manually or in a Geographic Information System environment, and it 
commonly displays a very good correlation with other measures of human activity.  “Land 
cover,” however, and particularly the percentage of impervious cover, is the metric most 
commonly used in studying the effects of urban development on stormwater, because it clearly 
expresses the hydrologic influence and watershed scale of urbanization.  Box 1-2 describes the 
ways in which the percent of impervious cover in a watershed is measured. 

There is no universally accepted terminology to describe land-cover or land-use 
conditions along the rural-to-urban gradient. Pozzi and Small (2005), for example, identified 
“rural,” “suburban,” and “urban” land uses on the basis of population density and vegetation 
cover, but they did not observe abrupt transitions that suggested natural boundaries (see Figure 
1-1). In contrast, the Center for Watershed Protection (2005) defined the same terms but used 
impervious area percentage as the criterion, with such labels as “rural” (0 to 10 percent 
imperviousness), “suburban” (10 to 25 percent imperviousness), “urban” (25 to 60 percent 
imperviousness) and “ultra-urban” (greater than 60 percent imperviousness). 

Beyond the problems posed by precise yet inconsistent definitions for commonly used 
words, none of the boundaries specified by these definitions are reflected in either hydrologic or 
ecosystem responses.  Hydrologic response is strongly dependent on both land cover and 
drainage connectivity (e.g., Leopold, 1968); ecological responses in urbanizing watersheds do 
not show marked thresholds along an urban gradient (e.g., Figure 1-2) and they are dependent on 
not only the sheer magnitude of urban development but also the spatial configuration of that 
development across the watershed (Alberti et al., 2006).  This report, therefore, uses such terms 
as “urban” and “suburban” under their common usage, without implying or advocating for a 
more precise (but ultimately limited and discipline-specific) definition. 

Changing land cover and land use influence the physical, chemical, and biological 
conditions of downstream waterways. The specific mechanisms by which this influence occurs 
vary from place to place, and even a cursory review of the literature demonstrates that many 
different factors can be important, such as changes to flow regime, physical and chemical 
constituents in the water column, or the physical form of the stream channel itself (Paul and 
Meyer, 2001). Not all of these changes are present in any given system—lakes, wetlands, and 
streams can be altered by human activity in many different ways, each unique to the activity and 
the setting in which it occurs.  Nonetheless, direct influences of land-use change on freshwater 
systems commonly include the following (Naiman and Turner, 2000): 

• Altering the composition and structure of the natural flora and fauna, 
• Changing disturbance regimes, 
• Fragmenting the land into smaller and more diverse parcels, and 
• Changing the juxtaposition between parcel types. 
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14 Urban Stormwater Management in the United States 

BOX 1-2 
Measures of Impervious Cover 

The percentage of impervious surface or cover in a landscape is the most frequently used 
measure of urbanization.  Yet this parameter has its limitations, in part because it has not been 
consistently used or defined.  Most significant is the distinction between total impervious area (TIA) and 
effective impervious area (EIA).  TIA is the “intuitive” definition of imperviousness: that fraction of the 
watershed covered by constructed, non-infiltrating surfaces such as concrete, asphalt, and buildings. 
Hydrologically, however, this definition is incomplete for two reasons.  First, it ignores nominally “pervious” 
surfaces that are sufficiently compacted or otherwise so low in permeability that the rate of runoff from them is 
similar or indistinguishable from pavement.  For example, Burges and others (1998) found that the 
impervious unit-area runoff was only 20 percent greater than that from pervious areas—primarily thin sodded 
lawns over glacial till—in a western Washington residential subdivision.  Clearly, this hydrologic contribution 
cannot be ignored entirely. 

The second limitation of TIA is that it includes some paved surfaces that may contribute nothing to 
the stormwater-runoff response of the downstream channel.  A gazebo in the middle of parkland, for 
example, probably will impose no hydrologic changes into the catchment except for a very localized elevation 
of soil moisture at the edge of its roof.  Less obvious, but still relevant, would be the different downstream 
consequences of rooftops that drain alternatively into a piped storm-drain system with direct discharge into a 
natural stream or onto splash blocks that disperse the runoff onto the garden or lawn at each corner of the 
building.  This metric therefore cannot recognize any stormwater mitigation that may result from alternative 
runoff-management strategies, for example, pervious pavements or rainwater harvesting. 

The first of these TIA limitations, the production of significant runoff from nominally pervious surfaces, 
is typically ignored in the characterization of urban development.  The reason for such an approach lies in the 
difficulty in identifying such areas and estimating their contribution, and because of the credible belief that the 
degree to which pervious areas shed water as overland flow should be related, albeit imperfectly, with the 
amount of impervious area: where construction and development are more intense and cover progressively 
greater fractions of the watershed, it is more likely that the intervening green spaces have been stripped and 
compacted during construction and only imperfectly rehabilitated for their hydrologic functions during 
subsequent “landscaping.” 

The second of these TIA limitations, inclusion of non-contributing impervious areas, is formally 
addressed through the concept of EIA, defined as the impervious surfaces with direct hydraulic connection to 
the downstream drainage (or stream) system.  Thus, any part of the TIA that drains onto pervious (i.e., 
“green”) ground is excluded from the measurement of EIA.  This parameter, at least conceptually, captures 
the hydrologic significance of imperviousness.  EIA is the parameter normally used to characterize urban 
development in hydrologic models. 

The direct measurement of EIA is complicated.  Studies designed specifically to quantify this 
parameter must make direct, independent measurements of both TIA and EIA (Alley and Veenhuis, 1983; 
Laenen, 1983; Prysch and Ebbert, 1986).  The results can then be generalized either as a correlation 
between the two parameters or as a “typical” value for a given land use.  Sutherland (1995) developed an 
equation that describes the relationship between EIA and TIA.  Its general form is: 

EIA = A (TIA)B 

where A and B are a unique combination of numbers that satisfy the following criteria: 

TIA = 1 then EIA = 0% 
TIA = 100 then EIA = 100% 

A commonly used version of this equation (EIA = 0.15 TIA1.41) was based on samples from highly 
urbanized land uses in Denver, Colorado (Alley and Veenhuis, 1983; Gregory et al., 2005).  These results, 
however, are almost certainly region- and even neighborhood-specific, and, although highly relevant to 
watershed studies, they can be quite laborious to develop. 
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15 Introduction 

Historically, human-induced alteration was not universally seen as a problem.  In 
particular, dams and other stream-channel “improvements” were a common activity of municipal 
and federal engineering works of the mid-20th century (Williams and Wolman, 1984).  “Flood 
control” implied a betterment of conditions, at least for streamside residents (Chang, 1992).  And 
fisheries “enhancements,” commonly reflected by massive infrastructure for hatcheries or 
artificial spawning channels, were once seen as unequivocal benefits for fish populations (White, 
1996; Levin et al., 2001). 

By almost any currently applied metric, however, the net result of human alteration of the 
landscape to date has resulted in a degradation of the conditions in downstream watercourses.  
Many prior researchers, particularly when considering ecological conditions and metrics, have 
recognized a crude but monotonically declining relationship between human-induced landscape 
alteration and downstream conditions (e.g., Figure 1-2; Horner et al., 1997; Davies and Jackson, 
2006). These include metrics of physical stream-channel conditions (e.g., Bledsoe and Watson, 
2001), chemical constituents (e.g., Figure 1-3; House et al., 1993), and biological communities 
(e.g., Figure 1-4; Steedman, 1988; Wang et al., 1997). 

The association between watercourse degradation and landscape alteration in general, and 
urban development in particular, seems inexorable.  The scientific and regulatory challenge of 
the last three decades has been to decouple this relationship, in some cases to reverse its trend 
and in others to manage where these impacts are to occur. 

FIGURE 1-2 Conceptual model (left) and actual response (right) of a biological system’s 
response to stress.  The “Urban Gradient of Stressors” might be a single metric of urbanization, 
such as percent watershed impervious or road density; the “Biological Indicator” may be single-
metric or multi-metric measures of the level of disturbance in an aquatic community.  The right-
declining line traces the limits of a “factor-ceiling distribution” (Thomson et al., 1986), wherein 
individual sites (i.e., data points) have a wide range of potential values for a given position along 
the urban gradient but are not observed above a maximum possible limit of the biological index.  
The right-hand graph illustrates actual biological responses, using a biotic index developed to 
show responses to urban impacts plotted against a standardized urban gradient comprising 
urban land use, road density, and population.  SOURCE: Davies and Jackson (2006) (left) and 
Barbour et al. (2006) (right). Left figure, reprinted, with permission, Davies and Jackson (2006). 
Copyright by the Ecological Society of America. Right figure, reprinted, with permission, Barbour 
et al. (2006). Copyright by the Water Environment Research Foundation. 
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16 Urban Stormwater Management in the United States 

FIGURE 1-3 Example relationships between road density (a surrogate measure of urban 
development) and common water quality constituents.  Direct causality is not necessarily 
implied by such relationships, but the monotonic increase in concentrations with increasing 
“urbanization,” however measured, is near-universal.  SOURCE: Reprinted, with permission, 
from Chang and Carlson (2005). Copyright 2005 by Springer. 

FIGURE 1-4 Plots of Effective Impervious Area (EIA, or “connected imperviousness”) against 
metrics of biologic response in fish populations.  SOURCE: Reprinted, with permission, from 
Wang et al. (2001). Copyright 2001 by Springer.  
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17 Introduction 

WHAT’S WRONG WITH THE NATION’S WATERS? 

Since passage of the Water Quality Act of 1948 and the Clean Water Act (CWA) of 
1972, 1977, and 1987, water quality in the United States has measurably improved in the major 
streams and rivers and in the Great Lakes.  However, substantial challenges and problems 
remain.  Major reporting efforts that have examined state and national indicators of condition, 
such as CWA 305(b) reports (EPA, 2002) and the Heinz State of the Nation’s Ecosystem report 
(Heinz Center, 2002), or environmental monitoring that was designed to provide statistically 
valid estimates of condition (e.g., National Wadeable Stream Assessment; EPA, 2006), have 
confirmed widespread impairments related to diffuse sources of pollution and stressors. 

The National Water Quality Inventory (derived from Section 305b of the CWA) compiles 
data in relation to use designations and water quality standards.  As discussed in greater detail in 
Chapter 2, such standards include both (1) a description of the use that a waterbody is supposed 
to achieve (such as a source of drinking water or a cold water fishery) and (2) narrative or 
numeric criteria for physical, chemical, and biological parameters that allow the designated use 
to be achieved. As of 2002, 45 percent of assessed streams and rivers, 47 percent of assessed 
lakes, 32 percent of assessed estuarine areas, 17 percent of assessed shoreline miles, 87 percent 
of near-coastal ocean areas, 51 percent of assessed wetlands, 91 percent of assessed Great Lakes 
shoreline miles, and 99 percent of assessed Great Lakes open water areas were not meeting water 
quality standards set by the states (2002 EPA Report to Congress).1 

The U.S. Environmental Protection Agency (EPA) has also embarked on a five-year 
statistically valid survey of the nation’s waters 
(http://www.epa.gov/owow/monitoring/guide.pdf).  To date, two waterbody types—coastal areas 
and wadeable streams—have been assessed.  The most recent data indicate that 42 percent of 
wadeable streams are in poor biological condition and 25 percent are in fair condition (EPA, 
2006). The overall condition of the nation’s estuaries is generally fair, with Puerto Rico and 
Northeast Coast regions rated poor, the Gulf Coast and West Coast regions rated fair, and the 
Southeast Coast region rated good to fair (EPA, 2007).  These condition ratings for the National 
Estuary Program are based on a water quality index, a sediment quality index, a benthic index, 
and a fish tissue contaminants index. 

The impairment of waterbodies is manifested in a multitude of ways.  Indeed, EPA’s 
primary process for reporting waterbody condition (Section 303(d) of the CWA—see Chapter 2) 
identifies over 200 distinct types of impairments.  As shown in Table 1-1, these have been 
categorized into 15 broad categories, encompassing about 94 percent of all impairments.  59,515 
waterbodies fall into one of the top 15 categories, while the total reported number of waterbodies 
impaired from all causes is 63,599 (which is an underestimate of the actual total because not all 
waterbodies are assessed). Mercury, microbial pathogens, sediments, other metals, and nutrients 
are the major pollutants associated with impaired waterbodies nationwide.  These constituents 
have direct impacts on aquatic ecosystems and public health, which form the basis of the water 
quality standards set for these compounds.  Sediments can harm fish and macroinvertebrate 
communities by introducing sorbed contaminants, decreasing available light in streams, and 
smothering fish eggs.  Microbial pathogens can cause disease to humans via both ingestion and 
dermal contact and are frequently cited as the cause of beach closures and other recreational 

1 EPA does not yet have the 2004 assessment findings compiled in a consistent format from all the states.  EPA is 
also working on processing the states 2006 Integrated Reports as the 303(d) portions are approved and the states 
submit their final assessment findings.  Susan Holdsworth, EPA, personal communication, September 2007.  
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18 Urban Stormwater Management in the United States 

water hazards in lakes and estuaries.  Nutrient over-enrichment can promote a cascade of events 
in waterbodies from algal blooms to decreases in dissolved oxygen and associated fish kills.  
Metals like mercury, pesticides, and other organic compounds that enter waterways can be taken 
up by fish species, accumulating in their tissues and presenting a health risk to organisms 
(including humans) that consume the fish.   

However, Table 1-1 can be misleading if it implies that degraded water quality is the 
primary metric of impairment.  In fact, many of the nation’s streams, lakes, and estuaries also 
suffer from fundamental changes in their flow regime and energy inputs, alteration of aquatic 
habitats, and resulting disruption of biotic interactions that are not easily measured via pollutant 
concentrations.  Such waters may not be listed on State 303(d) lists because of the absence of a 
corresponding water quality standard that would directly indicate such conditions (like a 
biocriterion). Figure 1-5A, B, and C show examples of such impacted waterbodies. 

Over the years, the greatest successes in improving the nation’s waters have been in 
abating the often severe impairments caused by municipal and industrial point source discharges.  
The pollutant load reductions required of these facilities have been driven by the National 
Pollutant Discharge Elimination System (NPDES) permit requirements of the CWA (see Chapter 
2). Although the majority of these sources are now controlled, further declines in water quality 
remain likely if the land-use changes that typify more diffuse sources of pollution are not 
addressed (Palmer and Allan, 2006).  These include land-disturbing agricultural, silvicultural, 
urban, industrial, and construction activities from which hard-to-monitor pollutants emerge 
during wet-weather events. Pollution from these landscapes has been almost universally 
acknowledged as the most pressing challenge to the restoration of waterbodies and aquatic  

TABLE 1-1 Top 15 Categories of Impairment Requiring CWA Section 303(d) Action 
Cause of Impairment Number of Waterbodies Percent of the Total 
Mercury 8,555 14% 
Pathogens 8,526 14% 
Sediment 6,689 11% 
Metals (other than mercury) 6,389 11% 
Nutrients 5,654 10% 
Oxygen depletion 4,568 8% 
pH 3,389 6% 
Cause unknown - biological integrity 2,866 5% 
Temperature 2,854 5% 
Habitat alteration 2,220 4% 
PCBs 2,081 3% 
Turbidity 2,050 3% 
Cause unknown 1,356 2% 
Pesticides 1,322 2% 
Salinity/TDS/chlorides 996 2% 

Note: “Waterbodies” refers to individual river segments, lakes, and reservoirs.  A single waterbody can 
have multiple impairments.  Because most waters are not assessed, however, there is no estimate of the 
number of unimpaired waters in the United States.  SOURCE: EPA, National Section 303(d) List Fact 
Sheet (http://iaspub.epa.gov/waters/national_rept.control).  The data are based on three-fourths of states 
reporting from 2004 lists, with the remaining from earlier lists and one state from a 2006 list. 
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19 Introduction 

FIGURE 1-5A Headwater tributary in Philadelphia suffering from Urban Stream Syndrome.  
SOURCE: Courtesy of Chris Crockett, City of Philadelphia Water Department (2007). 

Center for Watershed Protection 

FIGURE 1-5B A destabilized stream in Vermont.  SOURCE: Courtesy of Pete LaFlamme, 
Vermont Department of Environmental Conservation. 
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20 Urban Stormwater Management in the United States 

FIGURE 1-5C An urban stream, the Lower Oso Creek in Orange County, California, following a 
storm event.  Oso Creek was formerly an ephemeral stream, but heavy development in the 
contributing watershed has created perennial flow—stormwater flow during wet weather and 
minor wastewater discharges and authorized non-stormwater discharges such as landscape 
irrigation runoff during dry weather.  Courtesy of Eric Stein, Southern California Coastal 
Research Water Project. 

ecosystems nationwide.  All population and development forecasts indicate a continued 
worsening of the environmental conditions caused by diffuse sources of pollution under the 
nation’s current growth and land-use trajectories. 

Recognition of urban stormwater’s role in the degradation of the nation’s waters is but 
the latest stage in the history of this byproduct of the human environment.  Runoff conveyance 
systems have been part of cities for centuries, but they reflected only the desire to remove water 
from roads and walkways as rapidly and efficiently as possible.  In some arid environments, 
rainwater has always been collected for irrigation or drinking; elsewhere it has been treated as an 
unmetered, and largely benign, waste product of cities.  Minimal (unengineered) ditches or pipes 
drained developed areas to the nearest natural watercourse.  Where more convenient, stormwater 
shared conveyance with wastewater, eliminating the cost of a separate pipe system but 
commonly resulting in sewage overflows during rainstorms.  Recognition of downstream 
flooding that commonly resulted from upstream development led to construction of stormwater 
storage ponds or vaults in many municipalities in the 1960s, but their performance has typically 
fallen far short of design objectives (Booth and Jackson, 1997; Maxted and Shaver, 1999; 
Nehrke and Roesner, 2004). Water-quality treatment has been a relatively recent addition to the 
management of stormwater, and although a significant fraction of pollutants can be removed 
through such efforts (e.g., Strecker et al., 2004; see http://www.bmpdatabase.org), the 
constituents remaining even in “treated” stormwater represent a substantial, but largely 
unappreciated, impact to downstream watercourses. 
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21 Introduction 

Of the waterbodies that have been assessed in the United States, impairments from urban 
runoff are responsible for about 38,114 miles of impaired rivers and streams, 948,420 acres of 
impaired lakes, 2,742 square miles of impaired bays and estuaries, and 79,582 acres of impaired 
wetlands (2002 305(b) report). These numbers must be considered an underestimate, since the 
urban runoff category does not include stormwater discharges from municipal separate storm 
sewer systems (MS4s) and permitted industries, including construction.  Urban stormwater is 
listed as the “primary” source of impairment for 13 percent of all rivers, 18 percent of all lakes, 
and 32 percent of all estuaries (2000 305(b) report).  Although these numbers may seem low, 
urban areas cover just 3 percent of the land mass of the United States (Loveland and Auch, 
2004), and so their influence is disproportionately large.  Indeed, developed and developing areas 
that are a primary focus of stormwater regulations contain some of the most degraded waters in 
the country. For example, in Ohio few sites with greater than 27 percent imperviousness can 
meet interim CWA goals in nearby waterbodies, and biological degradation is observed with 
much less urban development (Miltner et al., 2004).  Numerous authors have found similar 
patterns (see Meyer et al., 2005). 

Although no water quality inventory data have been made available from the EPA since 
2002, the dimensions of the stormwater problem can be further gleaned from several past 
regional and national water quality inventories.  Many of these assessments are somewhat dated 
and are subject to the normal data and assessment limitations of national assessment methods, 
but they indicate that stormwater runoff has a deleterious impact on nearly all of the nation’s 
waters. For example: 

•	 Harvesting of shellfish is prohibited, restricted, or conditional in nearly 40 percent of all 
shellfish beds nationally due to high bacterial levels, and urban runoff and failing septic 
systems are cited as the prime causes.  Reopening of shellfish beds due to improved 
wastewater treatment has been more than offset by bed closures due to rapid coastal 
development (NOAA, 1992; EPA, 1998). 

•	 In 2006 there were over 15,000 beach closings or swimming advisories due to bacterial 
levels exceeding health and safety standards, with polluted runoff and stormwater cited as 
the cause of the impairment 40 percent of the time (NRDC, 2007). 

•	 Pesticides were detected in 97 percent of urban stream water samples across the United 
States, and exceeded human health and aquatic life benchmarks 6.7 and 83 percent of the 
time, respectively (USGS, 2006).  In 94 percent of fish tissues sampled in urban areas 
nationwide, organochlorine compounds were detected. 

•	 Urban development was responsible for almost 39 percent of freshwater wetland loss 
(88,960 acres) nationally between 1998 and 2004 (Dahl, 2006), and the direct impact of 
stormwater runoff in degrading wetland quality is predicted to affect an even greater 
acreage (Wright et al., 2006). 

•	 Eastern brook trout are present in intact populations in only 5 percent of more than 
12,000 subwatersheds in their historical range in eastern North America, and urbanization 
is cited as a primary threat in 25 percent of the remaining subwatersheds with reduced 
populations (Trout Unlimited, 2006). 
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22 Urban Stormwater Management in the United States 

•	 Increased flooding is common throughout urban and suburban areas, sometimes as a 
consequence of improperly sited development (Figure 1-6A) but more commonly as a 
result of increasing discharges over time resulting from progressive urbanization farther 
upstream (Figure 1-6B).  According to FEMA (undated), property damage from all types 
of flooding, from flash floods to large river floods, averages $2 billion a year. 

•	 The chemical effects of stormwater runoff are pervasive and severe throughout the 
nation’s urban waterways, and they can extend far downstream of the urban source.  
Stormwater discharges from urban areas to marine and estuarine waters cause greater 
water column toxicity than similar discharges from less urban areas (Bay et al., 2003). 

•	 A variety of studies have shown that stormwater runoff is a vector of pathogens with 
potential human health implications in both freshwater (Calderon et al., 1991) and marine 
waters (Dwight et al., 2004; Colford et al., 2007). 

A B 

FIGURE 1-6 (A) New residential construction in the path of episodic stream discharge 
(Issaquah, Washington); (B) recent flooding of an 18th-century tavern in Collegeville, 
Pennsylvania following a storm event in an upstream developing watershed.  SOURCES: Derek 
Booth, Stillwater Sciences, Inc., and Robert Traver, Villanova University. 

WHY IS IT SO HARD TO REDUCE THE IMPACTS OF STORMWATER? 

“Urban stormwater” is the runoff from a landscape that has been affected in some fashion 
by human activities, during and immediately after rain.  Most visibly, it is the water flow over 
the ground surface, which is collected by natural channels and artificial conveyance systems 
(pipes, gutters, and ditches) and ultimately routed to a stream, river, lake, wetland, or ocean.  It 
also includes water that has percolated into the ground but nonetheless reaches a stream channel 
relatively rapidly (typically within a day or so of the rainfall), contributing to the high discharge 
in a stream that commonly accompanies rainfall.  The subsurface flow paths that contribute to 
this stormflow response are typically quite shallow, in the upper layers of the soil, and are 
sometimes termed “interflow.”  They stand in contrast to deeper groundwater paths, where water 
moves at much lower velocities by longer paths and so reaches the stream slowly, over periods 
of days, weeks, or months.  This deeper flow sustains streamflow during rainless periods and is 
usually called baseflow, as distinct from “stormwater.”  A formal distinction between these types 
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23 Introduction 

of runoff is sometimes needed for certain computational procedures, but for most purposes a 
qualitative understanding is sufficient. 

These runoff paths can be identified in virtually all modified landscapes, such as 
agriculture, forestry, and mining.  However, this report focuses on those settings with the 
particular combination of activities that constitute “urbanization,” by which we mean to include 
the commonly understood conversion (whether incremental or total) of a vegetated landscape to 
one with roads, houses, and other structures. 

Although the role of urban stormwater in degrading the nation’s waters has been 
recognized for decades (e.g., Klein, 1979), reducing that role has been notoriously difficult.  This 
difficulty arises from three basic attributes of what is commonly termed “stormwater”: 

1.	 It is produced from literally everywhere in a developed landscape; 
2.	 Its production and delivery are episodic, and these fluctuations are difficult to attenuate; 

and 
3.	 It accumulates and transports much of the collective waste of the urban environment. 

Wherever grasslands and forest are replaced by urban development in general, and 
impervious surfaces in particular, the movement of water across the landscape is radically altered 
(see Figure 1-7). Nearly all of the associated problems result from one underlying cause: loss of 
the water-retaining function of the soil and vegetation in the urban landscape.  In an undeveloped, 
vegetated landscape, soil structure and hydrologic behavior are strongly influenced by biological 
activities that increase soil porosity (the ratio of void space to total soil volume) and the number 
and size of macropores, and thus the storage and conductivity of water as it moves through the 
soil. Leaf litter on the soil surface dissipates raindrop energy; the soil’s organic content reduces 
detachment of small soil particles and maintains high surface infiltration rates.  As a 
consequence, rainfall typically infiltrates into the ground surface or is evapotranspired by 
vegetation, except during particularly intense rainfall events (Dunne and Leopold, 1978). 

In the urban landscape, these processes of evapotranspiration and water retention in the soil 
may be lost for the simple reason that the loose upper layers of the soil and vegetation are gone— 
stripped away to provide a better foundation for roads and buildings.  Even if the soil still exists, it 
no longer functions if precipitation is denied access because of paving or rooftops.  In either case, a 
stormwater runoff reservoir of tremendous volume is removed from the stormwater runoff system; 
water that may have lingered in this reservoir for a few days or many weeks, or been returned 
directly to the atmosphere by evaporation or transpiration by plants, now flows rapidly across the 
land surface and arrives at the stream channel in short, concentrated bursts of high discharge. 

This transformation of the hydrologic regime from one where subsurface flow once 
dominated to one where overland flow now dominates is not simply a readjustment of runoff flow 
paths, and it does not just result in a modest increase in flow volumes.  It is a wholesale 
reorganization of the processes of runoff generation, and it occurs throughout the developed 
landscape.  As such, it can affect every aspect of that runoff (Leopold, 1968)—not only its rate of 
production, its volume, and its chemistry, but also what it indirectly affects farther downstream 
(Walsh et al., 2005a).  This includes erosion of mobile channel boundaries, mobilization of once-
static channel elements (e.g., large logs), scavenging of contaminants from the surface of the urban 
landscape, and efficient transfer of heat from warmed surfaces to receiving waterbodies.  These 
changes have commonly inspired human reactions—typically with narrow objectives but carrying  
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24 Urban Stormwater Management in the United States 

FIGURE 1-7 Schematic of the hydrologic pathways in humid-region watersheds, before and 
after urban development.  The sizes of the arrows suggest relative magnitudes of the different 
elements of the hydrologic cycle, but conditions can vary greatly between individual catchments 
and only the increase in surface runoff in the post-development condition is ubiquitous.  
SOURCE: Adapted from Schueler (1987) and Maryland Department of the Environment; 
http://www.mde.state.md.us/Programs/WaterPrograms. 

additional, far-ranging consequences—such as the piping of once-exposed channels, bank 
armoring, and construction of large open-water detention ponds (e.g., Lieb and Carline, 2000). 

This change in runoff regime is also commonly accompanied by certain land-use activities 
that have the potential to generate particularly harmful or toxic discharges, notably those 
commercial activities that are the particular focus of the industrial NPDES permits.  These include 
manufacturing facilities, transport of freight or passengers, salvage yards, and a more generally 
defined category of “sites where industrial materials, equipment, or activities are exposed to 
stormwater” (e.g., EPA, 1992). 

Other human actions are associated with urban landscapes that do not affect stormwater 
directly, but which can further amplify the negative consequences of altered flow.  These actions 
include clearing of riparian vegetation around streams and wetlands, introduction of atmospheric 
pollutants that are subsequently deposited, inadvertent release of exotic chemicals into the 
environment, and channel crossings by roads and utilities.  Each of these additional actions further 
degrades downstream waterbodies and increases the challenge of finding effective methods to 
reverse these changes (Boulton, 1999).  There is little doubt as to why the problem of urban 
stormwater has not yet been “solved”—because every functional element of an aquatic 
ecosystem is affected.  Urban stormwater has resulted in such widespread impacts, both physical 
and biological, in aquatic systems across the world that this phenomenon has been termed the 
“Urban Stream Syndrome” (see Figure 1-5; Walsh et al., 2005b). 

Of the many possible ways to consider these conditions, Karr (1991) has recommended a 
simple yet comprehensive grouping of the major stressors arising from urbanization that 
influence aquatic assemblages (Figure 1-8).  These include chemical pollutants (water quality 
and toxicity); changes to flow magnitude, frequency, and seasonality of various discharges; the 
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physical aspects of stream, lake, or wetland habitats; the energy dynamics of food webs, sunlight, 
and temperature; and biotic interactions between native and exotic species.  Stormwater and 
stormwater-related impacts encompass all of these categories, some directly (e.g., water 
chemistry) and some indirectly (e.g., habitat, energy dynamics). Because of the wide-ranging 
effects of stormwater, programs to abate stormwater impacts on aquatic systems must deal with a 
broad range of impairments far beyond any single altered feature, whether traditional water-
chemistry parameters or flow rates and volumes. 
 
 
 
 Urbanization Urbanization 
 drivers effects 

 
 • Human 
 population 
 • Impervious 
 area 
 
 

• Vegetation 
loss 

• Road  density 
 
 
 
 
FIGURE 1-8 Five features that are affected by urban development and, in turn, affect biological 
conditions in urban streams.  SOURCES: Modified from Karr (1991), Karr and Yoder (2004), and Booth 
(2005). Reprinted, with permission, from Karr (1991). Copyright 2001 by Ecological Society of America. 
Reprinted, with permission, from Karr and Yoder (2004). Copyright 2004 by American Society of Civil 
Engineers.  Reprinted, with permission, from Booth (2005). Copyright 2005 by the North American 
Benthological Society. 
 
 
 The broad spatial scale of where and how these impacts are generated suggests that 
solutions, if effective, should be executed at an equivalent scale.  Although the “problem” of 
stormwater runoff is manifested most directly as an altered hydrograph or elevated 
concentrations of pollutants, it is ultimately an expression of land-use change at a landscape 
scale.  Symptomatic solutions, applied only at the end of a stormwater collection pipe, are not 
likely to prove fully effective because they are not functioning at the scale of the original 
disturbance (Kloss and Calarusse, 2006). 

The landscape-scale generation of stormwater has a number of consequences for any 
attempt to reduce its effects on receiving waters, as described below. 

 
 

Sources and Volumes 

 

The “source” of stormwater runoff is dispersed, making collection and centralized 
treatment challenging.  To the extent that collection is successful, however, the flip side of this 
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26 Urban Stormwater Management in the United States 

condition—very large volumes—becomes manifest.  Either an extensive infrastructure brings 
stormwater to centralized facilities, whose operation and maintenance may be relatively 
straightforward (e.g., Anderson et al., 2002) but of modest effectiveness, or stormwater remains 
dispersed for management, treatment, or both across the landscape (e.g., Konrad and Burges, 
2001; Holman-Dodds et al., 2003; Puget Sound Action Team, 2005; Walsh et al., 2005a; Bloom, 
2006; van Roon, 2007), better mimicking the natural processes of runoff generation but requiring 
a potentially unlimited number of “facilities” that may have their own particular needs for space, 
cost, and maintenance. 

Treatment Challenges 

Regardless of the scale at which treatment is attempted, technological difficulties are 
significant because of the variety of “pollutants” that must be addressed.  These include physical 
objects, from large debris to microscopic particles; chemical constituents, both dissolved and 
immiscible; and less easily categorized properties such as temperature.  Wastewater treatment 
plants manage a similarly broad range of pollutants, but stormwater flows have highly unsteady 
inflows and, when present, typically much greater volumes to treat. 

Industrial sources of stormwater pose a particularly challenging problem because 
potential generators of polluted or toxic runoff are widespread and are regulated under NPDES 
permitting by their activities, not by the specific category of industrial activity under which they 
fall. This complicates any systematic effort to identify those entities that should be regulated 
(Duke et al., 1999). Even for the limited number of regulated generators, pollution prevention 
measures are of uncertain effectiveness. 

Soil erosion from construction sites is another pollution source that has proven difficult to 
effectively control. Although most bare sites are relatively small and only short-lived, at any 
given time there can be many sites under construction, each of which can deliver sediment loads 
to downstream waterbodies at rates that exceed background levels by many orders of magnitude 
(e.g., Wolman and Schick, 1967).  Relatively effective approaches and technologies exist to 
dramatically reduce the magnitude of these sediment discharges (e.g., Raskin et al., 2005), but 
they depend on conscientious installation and regular maintenance.  Enforcement of such 
requirements, normally a low-priority activity of local departments of building or public works, 
is commonly lacking. 

Another difference between the stormwater and wastewater streams is that stormwater 
treatment must address not only “pollutants” but also physically and ecologically deleterious 
changes in flow rate and total runoff volume.  Treating these changes constitutes a particularly 
difficult task for two reasons. First, there is simply more runoff, as a rule, and so replicating the 
predevelopment hydrograph is not an option—the increased volume of runoff guarantees that 
some discharges, some of the time, must be allowed to increase.  Second, there is little agreement 
on what constitutes “adequate” or “effective” treatment for the various attributes of flow.  Even 
the most basic metrics, such as the magnitude of peak flow, can require extensive infrastructure 
to achieve (e.g., Booth and Jackson, 1997); other flow metrics that correlate more directly with 
undesired effects on physical and biological systems can require even greater efforts to match.  
In many cases, the urban-induced transformation of the flow regime makes true “mitigation” 
virtually impossible. 
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27 Introduction 

Widespread Cause and Effects 

The spatial scale of stormwater generation and its impacts is wide-ranging.  “Generators” 
are literally landscape-wide, and impacts can occur at every location in the path followed by 
urban runoff, from source to receiving waterbody (Hamilton et al., 2004).  There are few ways to 
demonstrate causal connections between distributed landscape sources and cumulative 
downstream effects (Allan, 2004), and so site-specific mitigation typically provides little lasting 
improvement in the watershed as a whole (Maxted and Shaver, 1997). 

Stormwater Measurements 

The desired attributes of stormwater runoff are normally expressed through a 
combination of physical and chemical parameters.  These parameters are commonly presumed to 
have direct correlation to attributes of human or ecological concern, such as the condition of 
human or fish communities, or the stability of a stream channel, even though these parameters do 
not directly measure those effects.  The most commonly measured physical parameters are 
hydrologic and simply measure the rate of flow past a specified location.  Both the absolute, 
instantaneous magnitude of that flow rate (i.e., the discharge) and the variations in that rate over 
multiple time scales (i.e., how rapidly the discharge varies over an hour, a day, a season, etc.) can 
be captured by analysis of a continuous time series of a flow.  Obviously, however, a nearly 
unlimited number of possible metrics, capturing a multitude of temporal scales, could be defined 
(Poff et al., 1997, 2006; Cassin et al., 2004; Konrad et al., 2005; Roy et al., 2005; Chang, 2007).  
Commonly only a single parameter—the peak storm discharge for a given return period (Hollis, 
1975)—has been emphasized in the past.  Mitigation of urban-induced flow increases have 
followed this narrow approach, typically by endeavoring to reduce peak discharge by use of 
detention ponds but leaving the underlying increase in runoff volumes—and the associated 
augmentation of both frequency and duration of high discharges—untouched.  This partly 
explains why evaluation of downstream conditions commonly document little improvement 
resulting from traditional flow-mitigation measures (e.g., Maxted and Shaver, 1997; Roesner et 
al., 2001; May and Horner, 2002). 

Other physical parameters, less commonly measured or articulated, can also express the 
conditions of downstream watercourses. Measures of size or complexity, particularly for stream 
channels, are particularly responsive to the changes in flow regime and discharge.  Booth (1990) 
suggested that discriminating between channel expansion, the proportional increase in channel 
cross-sectional area with increasing discharge, and channel incision, the catastrophic vertical 
downcutting that sometimes accompanies urban-induced flow increases, captures important end-
members of the physical response to hydrologic change.  The former (proportional expansion) is 
more thoroughly documented (Hammer, 1972; Hollis and Luckett, 1976; Morisawa and LaFlure, 
1982; Neller, 1988; Whitlow and Gregory, 1989; Booth and Jackson, 1997; Moscrip and 
Montgomery, 1997; Booth and Henshaw, 2001); the latter (catastrophic incision) is more 
difficult to quantify but has been recognized in both urban and agricultural settings (e.g., Simon, 
1989). Both types of changes result not only in a larger channel but also in substantial 
simplification and loss of features normally associated with high-quality habitat for fish and 
other in-stream biota.  The sediment released by these “growing channels” also can be the largest 
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28 Urban Stormwater Management in the United States 

component of the overall sediment load delivered to downstream waterbodies (Trimble, 1997; 
Nelson and Booth, 2002). 

Chemical parameters (or, historically, “water-quality parameters”; see Dinius, 1987; 
Gergel et al., 2002) cover a host of naturally and anthropogenically occurring constituents in 
water. In flowing water these are normally expressed as instantaneous measurements of 
concentration. In waterbodies with long residence times, such as lakes, these may be expressed 
as either concentrations or as loads (total accumulated amounts, or total amounts integrated over 
an extended time interval).  The CWA defined a list of priority pollutants, of which a subset is 
regularly measured in many urban streams (e.g., Field and Pitt, 1990).  Parameters that are not 
measured may or may not be present, but without assessment they are rarely recognized for their 
potential (or actual) contribution to waterbody impairment. 

Other attributes of stormwater do not fit as neatly into the categories of water quantity or 
water quality. Temperature is commonly measured and is normally treated as a water quality 
parameter, although it is obviously not a chemical property of the water (LeBlanc et al., 1997; 
Wang et al., 2003). Similarly, direct or indirect measures of suspended matter in the water 
column (e.g., concentration of total suspended solids, or secchi disk depths in a lake) are 
primarily physical parameters but are normally included in water quality metrics.  Flow velocity 
is rarely measured in either context, even though it too correlates directly to stream-channel 
conditions. Even more direct expressions of a flow’s ability to transport sediment or other 
debris, such as shear stress or unit stream power, are rarely reported and virtually never 
regulated. 

*** 

Urban runoff degrades aquatic systems in multiple ways, which confounds our attempts 
to define causality or to demonstrate clear linkages between mitigation and ecosystem 
improvement.  It is generally recognized from the conceptual models that seek to describe this 
system that no single element holds the key to ecosystem condition.  All elements must be 
functional, and yet every element can be affected by urban runoff in different ways.  These 
impacts occur at virtually all spatial scales, from the site-specific to the landscape; this breadth 
and diversity challenges our efforts to find effective solutions. 

This complexity and the continued growth of the built environment also present 
fundamental social choices and management challenges.  Stormwater control measures entail 
substantial costs for their long-term maintenance, monitoring to determine their performance, 
and enforcement of their use—all of which must be weighed against their (sometimes unproven) 
benefits. Furthermore, the overarching importance of impervious surfaces inextricably links 
stormwater management to land-use decisions and policy.  For example, where a reversal of the 
effects of urbanization cannot be realized, more intensive land-use development in certain areas 
may be a paradoxically appropriate response to reduce the overall impacts of stormwater.  That 
is, increasing population density and impervious cover in designated urban areas may reduce the 
creation of impervious surface and the associated ecological impacts in areas that will remain 
undeveloped as a result. In these highly urban areas (with very high percentages of impervious 
surface), aquatic conditions in local streams will be irreversibly changed and the Urban Stream 
Syndrome may be unavoidable to some extent.  Where these impacts occur and what effort and 
cost will be used to avoid these impacts are both fundamental issues confronting the nation as it 
attempts to address stormwater.  
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29 Introduction 

IMPETUS FOR THE STUDY AND REPORT ROADMAP 


In 1972 Congress amended the Federal Water Pollution Control Act (subsequently 
referred to as the Clean Water Act) to require control of discharges of pollutants to waters of the 
United States from point sources.  Initial efforts to improve water quality using NPDES permits 
focused primarily on reducing pollutants from industrial process wastewater and municipal 
sewage discharges. These point source discharges were clearly and easily shown to be 
responsible for poor, often drastically degraded conditions in receiving waterbodies because they 
tended to emanate from identifiable and easily monitored locations, such as pipe outfalls. 

As pollution control measures for industrial process wastewater and municipal sewage 
were implemented and refined during the 1970s and 1980s, more diffuse  sources of water 
pollution have become the predominant causes of water quality impairment, including 
stormwater runoff.  To address the role of stormwater in causing water quality impairments, 
Congress included Section 402(p) in the CWA; this section established a comprehensive, two-
phase approach to stormwater control using the NPDES program.  In 1990 EPA issued the Phase 
I Stormwater Rule (55 Fed. Reg. 47990; November 16, 1990) requiring NPDES permits for 
operators of municipal separate storm sewer systems (MS4s) serving populations over 100,000 
and for runoff associated with industrial activity, including runoff from construction sites five 
acres and larger. In 1999 EPA issued the Phase II Stormwater Rule (64 Fed. Reg. 68722; 
December 8, 1999), which expanded the requirements to small MS4s in urban areas and to 
construction sites between one and five acres in size. 

Since EPA’s stormwater program came into being, several problems inherent in its 
design and implementation have become apparent.  As discussed in more detail in Chapter 2, 
problems stem to a large extent from the diffuse nature of stormwater discharges combined with 
a regulatory process that was created for point sources (the NPDES permitting approach).  These 
problems are compounded by the shear number of entities requiring oversight.  Although exact 
numbers are not available, EPA estimates that the number of regulated MS4s is about 7,000, 
including 1,000 Phase I municipalities and 6,000 from Phase II.  The number of industrial 
permittees is thought to be around 100,000.  Each year, the construction permit covers around 
200,000 permittees each for both Phase I (five acres or greater) and Phase II (one to five acres) 
projects. Thus, the total number of permittees under the stormwater program at any time 
numbers greater than half a million.  There are fewer than 100,000 non-stormwater (meaning 
wastewater) permittees covered by the NPDES program, such that stormwater permittees 
account for approximately 80 percent of NPDES-regulated entities.  To manage this large 
number of permittees, the stormwater program relies heavily on the use of general permits to 
control industrial, construction, and Phase II MS4 discharges, which are usually statewide, one
size-fits-all permits in which general provisions are stipulated. 

An example of the burden felt by a single state is provided by Michigan (David 
Drullinger, Michigan Department of Environmental Quality Water Bureau, personal 
communication, September 2007).  The Phase I Stormwater regulations that became effective in 
1990 regulate 3,400 industrial sites, 765 construction sites per year, and five large cities in 
Michigan. The Phase II regulations, effective since 1999, have extended the requirements to 
7,000 construction sites per year and 550 new jurisdictions, which are comprised of about 350 
“primary jurisdictions” (cities, villages, and townships) and 200 “nested jurisdictions” (county 
drains, road agencies, and public schools).  Often, only a handful of state employees are 
allocated to administer the entire program (see the survey in Appendix C). 
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In order to comply with the CWA regulations, permittees must fulfill a number of 
requirements, including the creation and implementation of a stormwater pollution prevention 
plan, and in some cases, monitoring of stormwater discharges.  Stormwater pollution prevention 
plans document the stormwater control measures (SCMs; sometimes known as best management 
practices or BMPs) that will be used to prevent or slow stormwater from quickly reaching nearby 
waterbodies and degrading their quality.  These include structural methods such as detention 
ponds and nonstructural methods such as designing new development to reduce the percentage of 
impervious surfaces.  Unfortunately, data on the degree of pollutant reduction that can be 
assigned to a particular SCM are only now becoming available (see Chapter 5). 

Other sources of variability in EPA’s stormwater program are that (1) there are three 
permit types (municipal, industrial, and construction), (2) some states and local governments 
have assumed primacy for the program from EPA while others have not, and state effluent limits 
or benchmarks for stormwater discharges may differ from the federal requirements, and (3) 
whether there are monitoring requirements varies depending on the regulating entity and the type 
of activity. For industrial stormwater there are 29 sectors of industrial activity covered by the 
general permit, each of which is characterized by a different suite of possible contaminants and 
SCMs. 

Because of the industry-, site-, and community-specific nature of stormwater pollution 
prevention plans, and because of the lack of resources of most NPDES permitting authorities to 
review these plans and conduct regular compliance inspections, water quality-related 
accountability in the stormwater program is poor.  Monitoring data are minimal for most 
permittees, despite the fact that they are often the only indicators of whether an adequate 
stormwater program is being implemented.  At the present time, available monitoring data 
indicate that many industrial facilities routinely exceed “benchmark values” established by EPA 
or the states, although it is not clear whether these exceedances provide useful indicators of 
stormwater pollution prevention plan inadequacies or potential water quality problems.  These 
uncertainties have led to mounting and contradictory pressure from permittees to eliminate 
monitoring requirements entirely as well as from those hoping for greater monitoring 
requirements to better understand the true nature of stormwater discharges and their impact. 

To improve the accountability of it Stormwater Program, EPA requested advice on 
stormwater issues from the National Research Council’s (NRC’s) Water Science and 
Technology Board as the next round of general permits is being prepared.  Although the drivers 
for this study have been in the industrial stormwater arena, this study considered all entities 
regulated under the NPDES program (municipal, industrial, and construction).  The following 
statement of task guided the work of the committee: 

(1) Clarify the mechanisms by which pollutants in stormwater discharges affect ambient 
water quality criteria and define the elements of a “protocol” to link pollutants in 
stormwater discharges to ambient water quality criteria.   

(2) Consider how useful monitoring is for both determining the potential of a discharge 
to contribute to a water quality standards violation and for determining the adequacy of 
stormwater pollution prevention plans.  What specific parameters should be monitored 
and when and where?  What effluent limits and benchmarks are needed to ensure that the 
discharge does not cause or contribute to a water quality standards violation? 
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31 Introduction 

(3) Assess and evaluate the relationship between different levels of stormwater pollution 
prevention plan implementation and in-stream water quality, considering a broad suite of 
SCMs. 

(4) Make recommendations for how to best stipulate provisions in stormwater permits to 
ensure that discharges will not cause or contribute to exceedances of water quality 
standards. This should be done in the context of general permits.  As a part of this task, 
the committee will consider currently available information on permit and program 
compliance. 

(5) Assess the design of the stormwater permitting program implemented under the 
CWA. 

The report is intended to inform decision makers within EPA, affected industries, public 
stormwater utilities, other government agencies and the private sector about potential options for 
managing stormwater. 

EPA requested that the study be limited to those issues that fall under the agency’s 
current regulatory scheme for stormwater, which excludes nonpoint sources of pollution such as 
agricultural runoff and septic systems.  Thus, these sources are not extensively covered in this 
report. The reader is referred to NRC (2000, 2005) for more detailed information on the 
contribution of agricultural runoff and septic systems to waterbody impairment and on 
innovative technologies for treating these sources.  Also at the request of EPA, concentrated 
animal feeding operations and combined sewer overflows were not a primary focus.  However, 
the committee felt that in order to be most useful it should opine on certain critical effects of 
regulated stormwater beyond the delivery of traditional pollutants.  Thus, changes in stream 
flow, streambank erosion, and habitat alterations caused by stormwater are considered, despite 
the relative inattention given to them in current regulations. 

Chapter 2 presents the regulatory history of stormwater control in the United States, 
focusing on relevant portions of the CWA and the regulations that have been created to 
implement the Act.  Federal, state, and local programs for or affecting stormwater management 
are described and critiqued. Chapter 3 deals with the first item in the statement of task.  It 
reviews the scientific aspects of stormwater, including sources of pollutants in stormwater, how 
stormwater moves across the land surface, and its impacts on receiving waters.  It reflects the 
best of currently available science, and addresses biological endpoints that go far beyond 
ambient water quality criteria.  Methods for monitoring and modeling stormwater (the subject of 
the second item in the statement of task) are described in Chapter 4.  The material evaluates the 
usefulness of current benchmark and MS4 monitoring requirements, and suggestions for 
improvement are made.  The latter half of the chapter considers the multitude of models 
available for linking stormwater discharges to ambient water quality.  This analysis makes it 
clear that stormwater pollution cannot yet be treated as a deterministic system (in which the 
contribution of individual dischargers to a waterbody impairment can be identified) without 
significantly greater investment in model development.  Addressing primarily the third item in 
the statement of task, Chapter 5 considers the vast suite of both structural and nonstructural 
measures designed to control stormwater and reduce its pollutant loading to waterbodies.  It also 
takes on relevant larger-scale concepts, such as the benefit of stormwater management within a 
watershed framework.  In Chapter 6, the limitations and possibilities associated with a new 
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regulatory approach are explored, as are those of an enhanced but more traditional scheme.  
Numerous suggestions for improving the stormwater permitting process for municipalities, 
industrial sites, and construction are made.  Along with Chapter 2, this chapter addresses the 
final two items in the committee’s statement of task. 

REFERENCES 

Alberti, M., D. B. Booth, K. Hill, B. Coburn, C. Avolio, S. Coe, and D. Spirandelli.  2006. The impact of 
urban patterns on aquatic ecosystems: An empirical analysis in Puget lowland sub-basins. 
Landscape Urban Planning, doi:10.1016/j.landurbplan.2006.08.001. 

Allan, J. D. 2004. Landscapes and riverscapes: The influence of land use on stream ecosystems. Annual 
Review of Ecology, Evolution, and Systematics 35:257–284.  

Alley, W. A., and J. E. Veenhuis.  1983.  Effective impervious area in urban runoff modeling. Journal of 
Hydrological Engineering, ASCE 109(2):313–319. 

Anderson, B .C., W. E. Watt, and J. Marsalek.  2002. Critical issues for stormwater ponds: Learning 
from a decade of research. Water Science and Technology 45(9):277–283.  

Barbour, M. T., M. J. Paul, D. W. Bressler, A. H. Purcell, V. H. Resh, and E. T. Rankin. 2006. 
Bioassessment: A tool for managing aquatic life uses for urban streams. Water Environment 
Research Foundation Research Digest 01-WSM-3. 

Bay, S., B. H. Jones, K. Schiff, and L. Washburn. 2003. Water quality impacts of stormwater discharges 
to Santa Monica Bay. Marine Environmental Research 56:205–223. 

Bledsoe, B. P., and C. C. Watson. 2001. Effects of urbanization on channel instability. Journal of the 
American Water Resources Association 37(2):255–270.  

Bloom, M. F. 2006. Low Impact Development approach slows down drainage, reduces pollution. Water 
and Wastewater International 21(4):59. 

Booth, D. B. 1990. Stream channel incision in response following drainage basin urbanization. Water 
Resources Bulletin 26:407–417. 

Booth, D. B. 2005. Challenges and prospects for restoring urban streams: A perspective from the Pacific 
Northwest of North America. Journal of the North American Benthological Society 24(3):724– 
737. 

Booth, D. B., and C. R. Jackson. 1997. Urbanization of aquatic systems—degradation thresholds, 
stormwater detention, and the limits of mitigation. Water Resources Bulletin 33:1077−1090. 

Booth, D. B., and P. C. Henshaw. 2001. Rates of channel erosion in small urban streams. Pp. 17–38 In 
Land Use and Watersheds: Human Influence on Hydrology and Geomorphology in Urban and 
Forest Areas, M. Wigmosta and S. Burges, eds. AGU Monograph Series, Water Science and 
Application, Volume 2. 

Boulton, A. J. 1999. An overview of river health assessment: Philosophies, practice, problems and 
prognosis. Freshwater Biology 41(2):469–479.  

Brookings Institute. 2004. Toward a new metropolis: The opportunity to rebuild America. Arthur C. 
Nelson, Virginia Polytechnic Institute and State University. Discussion paper prepared for The 
Brookings Institution Metropolitan Policy Program. 

Burges, S. J., M. S. Wigmosta, and J. M. Meena. 1998. Hydrological effects of land-use change in a zero-
order catchment. Journal of Hydrological Engineering 3:86–97. 

Calderon, R., E. Mood, and A. Dufour. 1991. Health effects of swimmers and nonpoint sources of 
contaminated water. International Journal of Environmental Health Research 1:21–31. 

Cassin, J., R. Fuerstenberg, F. Kristanovich, L. Tear, and K. Whiting. 2004. Application of normative 
flow on small streams in Washington State—hydrologic perspective. Pp. 4281–4299 in 
Proceedings of the 2004 World Water and Environmental Resources Congress: Critical 
Transitions in Water and Environmental Resources Management. 

PREPUBLICATION 


RB-AR13160



  

 

 

 

 

  
     

 

 
 

 

 

   
 

    
 

   
 

 
 

 
 

33 Introduction 

Center for Watershed Protection (CWP). 2005.  An Integrated Framework to Restore Small Urban 
Watersheds. Ellicott City, MD, 116 pp. Available at  http://www.cwp.org/Store/usrm.htm. Last 
accessed September 23, 2008.  

Chang, H. 2007. Comparative streamflow characteristics in urbanizing basins in the Portland 
Metropolitan Area, Oregon, USA. Hydrological Processes 21(2):211–222. 

Chang, H., and T. N. Carlson. 2005. Water quality during winter storm events in Spring Creek, 
Pennsylvania USA. Hydrobiologia 544(1):321–332. 

Chang, H. H. 1992. Fluvial Processes in River Engineering. Malabar, FL: Krieger Publishing, 432 pp. 
Colford, J. M., Jr, T. J. Wade, K. C. Schiff, C. C. Wright, J. F. Griffith, S. K. Sandhu, S. Burns, J. Hayes, 

M. Sobsey, G. Lovelace, and S. Weisberg. 2007. Water quality indicators and the risk of illness at 
non-point source beaches in Mission Bay, California. Epidemiology (1):27–35. 

Crockett, C. 2007. The regulated perspective of stormwater management. Presentation to the NRC 
Committee on Stormwater Discharge Contributions to Water Pollution, Washington, DC, January 
22, 2007. 

Dahl, T. 2006. Status and trends of wetlands in the conterminous United States: 1998–2004. Washington, 
DC: U.S. Department of the Interior Fish and Wildlife Service. 

Davies, S. P., and S. K. Jackson. 2006. The biological condition gradient: A descriptive model for 
interpreting change in aquatic ecosystems. Ecological Applications 16(4):1251–1266. 

Dinius, S. H. 1987. Design of an index of water quality. Water Resources Bulletin 23(5):833–843. 
Duke, L. D., K. P. Coleman, and B. Masek. 1999. Widespread failure to comply with U.S. storm water 

regulations for industry—Part I: Publicly available data to estimate number of potentially regulated 
facilities. Environmental Engineering Science 16(4):229–247. 

Dunne, T., and L. B. Leopold. 1978. Water in Environmental Planning. New York: W. H. Freeman. 
Dwight, R. H., D. B. Baker, J. C. Semenza, and B. H. Olson. 2004. Health effects associated with 

recreational coastal water use: Urban vs. rural California. American Journal of Public Health 
94(4):565–567. 

EPA (U.S. Environmental Protection Agency). 1992. Storm Water Management for Industrial Activities, 
Developing Pollution Prevention Plans and Best Management Practices. Available at 
http://www.ntis.gov. 

EPA. 1998. EPA Project Beach. Washington, DC: EPA Office of Water. 
EPA. 2000. National Water Quality Inventory. 305(b) List. Washington, DC: EPA Office of Water. 
EPA. 2002. 2000 National Water Quality Inventory. EPA-841-R-02-001. Washington, DC: EPA Office 

of Water. 
EPA. 2006. Wadeable Streams Assessment: A Collaborative Survey of the Nation’s Streams. EPA 841

B-06-002. Washington, DC: EPA Office of Water. 
EPA. 2007. National Estuary Program Coastal Condition Report. EPA-842-B-06-001. Washington, DC: 

EPA Office of Water and Office of Research and Development. 
FEMA (Federal Emergency Management Agency). No date.  Flood. A report of the Subcommittee on 

Disaster Reduction. Available at http://www.sdr.gov.  Last accessed September 23, 3008. 
Field, R., and R. E. Pitt. 1990. Urban storm-induced discharge impacts: U.S. Environmental Protection 

Agency research program review. Water Science and Technology 22(10–11):1–7. 
Gergel, S. E., M. G. Turner, J. R. Miller, J. M. Melack, and E. H. Stanley. 2002. Landscape indicators of 

human impacts to riverine systems. Aquatic Sciences 64(2):118–128.  
Gregory, M., J. Aldrich, A. Holtshouse, and K. Dreyfuss-Wells. 2005. Evaluation of imperviousness 

impacts in large, developing watersheds. Pp. 115–150 in Efficient Modeling for Urban Water 
Systems, Monograph 14, W. James, E. A. McBean, R. E. Pitt, and S. J. Wright, eds. Guelph, 
Ontario, Canada: CHI. 

Grübler, A. 1994. Technology. Pp. 287–328 in Changes in Land Use and Land Cover: A Global 
Perspective, W. B. Meyer and B. L. Turner II, eds. Cambridge: Cambridge University Press. 

Hamilton, P. A., T. L. Miller, and D. N. Myers. 2004. Water Quality in the Nation’s Streams and 
Aquifers—Overview of Selected Findings, 1991–2001. U.S. Geological Survey Circular 1265, 20 

PREPUBLICATION 


RB-AR13161



   

 

 

 

 

 
   

 

 

 

 

 

 

34 Urban Stormwater Management in the United States 

pp. Available at http://pubs.usgs.gov/circ/2004/1265/pdf/circular1265.pdf. Last accessed 
September 23, 2008. 

Hammer, T. R. 1972. Stream and channel enlargement due to urbanization. Water Resources Research 
8:1530–1540. 

Hart, J. F. 1968. Loss and abandonment of cleared farm land in the Eastern United States. Annals of the 
Association of American Geographers 58(5):417–440. 

Heinz Center. 2002. The State of the Nation’s Ecosystems. Measuring the Lands, Waters, and Living 
Resources of the United States. Cambridge University Press. 

Hollis, G. E. 1975. The effect of urbanization on floods of different recurrence interval. Water Resources 
Research 11:431–435.  

Hollis, G. E., and J. K. Luckett. 1976. The response of natural river channels to urbanization: Two case 
studies from southeast England. Journal of Hydrology 30:351–363. 

Holman-Dodds, J. K., A. A. Bradley, and K. W. Potter. 2003. Evaluation of hydrologic benefits of 
infiltration based urban storm water management. Journal of the American Water Resources 
Association 39(1):205–215.  

Horner, R. R., D. B. Booth, A. A. Azous, and C. W. May. 1997. Watershed determinants of ecosystem 
functioning. Pp. 251-274 in Effects of Watershed Development and Management on Aquatic 
Ecosystems, L. A. Roesner, ed. Proceedings of the Engineering Foundation Conference, Snowbird, 
UT, August 4–9, 1996. 

House, M. A., J. B. Ellis, E. E. Herricks, T. Hvitved-Jacobsen, J. Seager, L. Lijklema, H. Aalderink, and 
I. T. Clifforde. 1993. Urban drainage: Impacts on receiving water quality. Water Science and 
Technology 27(12):117–158.  

Karr, J. R. 1991. Biological integrity: A long-neglected aspect of water resource management. Ecological 
Applications 1:66–84. 

Karr, J. R., and C. O. Yoder. 2004. Biological assessment and criteria improve TMDL planning and 
decision making. Journal of Environmental Engineering 130:594–604. 

Klein, R. D. 1979. Urbanization and stream quality impairment. Water Resources Bulletin 15:948–969. 
Kloss, C., and C. Calarusse. 2006. Rooftops to rivers—green strategies for controlling stormwater and 

combined sewer overflows. New York: National Resources Defense Council. Available at 
http://www.nrdc.org/water/pollution/rooftops/rooftops.pdf.  Last accessed September 23, 2008. 

Konrad, C. P., and S. J. Burges. 2001. Hydrologic mitigation using on-site residential storm-water 
detention. Journal of Water Resources Planning and Management 127:99−107. 

Konrad, C. P., D. B. Booth, and S. J. Burges. 2005. Effects of urban development in the Puget Lowland, 
Washington, on interannual streamflow patterns: Consequences for channel form and streambed 
disturbance. Water Resources Research 41(7):1–15. 

Laenen, A. 1983. Storm runoff as related to urbanization based on data collected in Salem and Portland, 
and generalized for the Willamette Valley, Oregon. U.S. Geological Survey Water-Resources 
Investigations Report 83-4238, 9 pp. 

Lambin, E. F., B. L. Turner, H. J. Geist, S. B. Agbola, A. Angelsen, J. W. Bruce, O. T. Coomes, R. Dirzo, 
G. Fischer, C. Folke, P. S. George, K. Homewood, J. Imbernon, R. Leemans, X. Li, E. F. Moran, 
M. Mortimore, P. S. Ramakrishnan, J. F. Richards, H. Skånes, W. Steffen, G. D. Stone, U. 
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Chapter 2 

The Challenge of Regulating Stormwater 


Although stormwater has long been regarded as a major culprit in urban flooding, only in 
the past 30 years have policymakers appreciated the significant role stormwater plays in the 
impairment of urban watersheds.  This recent rise to fame has led to a cacophony of federal, 
state, and local regulations to deal with stormwater, including the federal Clean Water Act 
(CWA) implemented by the U.S. Environmental Protection Agency (EPA).  Perhaps because this 
longstanding environmental problem is being addressed so late in the development and 
management of urban watersheds, the laws that mandate better stormwater control are generally 
incomplete and were often passed for other purposes, like industrial waste control. 

This chapter discusses the regulatory programs that govern stormwater, particularly the 
federal program, explaining how these programs manage stormwater only impartially and often 
inadequately. While progress has been made in the regulation of urban stormwater—from the 
initial emphasis on simply moving it away from structures and cities as fast as possible to its role 
in degrading neighboring waterbodies—a significant number of gaps remain in the existing 
system.  Chapter 6 returns to these gaps and considers the ways that at least some of them may 
be addressed. 

FEDERAL REGULATORY FRAMEWORK FOR STORMWATER 

The Clean Water Act 

The CWA is a comprehensive piece of U.S. legislation that has a goal of restoring and 
maintaining the chemical, physical, and biological integrity of the nation’s waters.  Its long-term 
goal is the elimination of polluted discharges to surface waters (originally by 1985), although 
much of its current effort focuses on the interim goal of attaining swimmable and fishable 
waters. Initially enacted as the Federal Water Pollution Control Act in 1948, it was revised by 
amendments in 1972 that gave it a stronger regulatory, water chemistry-focused basis to deal 
with acute industrial and municipal effluents that existed in the 1970s.  Amendments in 1987 
broadened its focus to deal with more diffuse sources of impairments, including stormwater.  
Improved monitoring over the past two decades has documented that although discharges have 
not been eliminated, there has been a widespread lessening of the effects of direct municipal and 
industrial wastewater discharges. 

A timeline of federal regulatory events over the past 125 years relevant to stormwater, 
which includes regulatory precursors to the 1972 CWA, is shown in Table 2-1.  The table reveals 
that while there was a flourish of regulatory activity related to stormwater during the mid-1980s 
to 1990s, there has been much less regulatory activity since that time. 

39 


RB-AR13167



  

 

  
  

  
 

    

  

  
   
  
  
 

  
  

    
     

 

 
 

   

 

  
 
  

 

 
 
   
  
  
 
  

40 Urban Stormwater Management in the United States 

TABLE 2-1 Legal and Regulatory Milestones for the Stormwater Program 
1886 Rivers and Harbors Act. A navigation-oriented statute that was used in the 1960s and 1970s to 

challenge unpermitted pollutant discharges from industry. 
1948 
1952 
1955 

Federal Water Pollution Control Act.  Provided matching funds for wastewater treatment 
facilities, grants for state water pollution control programs, and limited federal authority to act 
against interstate pollution. 

1965 Water Quality Act.  Required states to adopt water quality standards for interstate waters subject 
to federal approval.  It also required states to adopt state implementation plans, although failure to 
do so would not result in a federally implemented plan. As a result, enforceable requirements 
against polluting industries, even in interstate waters, was limited. 

1972 Federal Water Pollution Control Act.  First rigorous national law prohibiting the discharge of 
pollutants into surface waters without a permit. 

• Goal is to restore and maintain health of U.S. waters 
• Protection of aquatic life and human contact recreation by 1983 
• Eliminate discharge of pollutants by 1985 
• Wastewater treatment plant financing 

Clean Water Act Section 303(d) 
• Contains a water quality-based strategy for waters that remain polluted after the 

implementation of technology-based standards. 
• Requires states to identify waters that remain polluted, to determine the total maximum 

daily loads that would reverse the impairments, and then to allocate loads to sources.  If 
states do not perform these actions, EPA must. 

Clean Water Act Section 208 
• Designated and funded the development of regional water quality management plans 

to assess regional water quality, propose stream standards, identify water quality 
problem areas, and identify wastewater treatment plan long-term needs.  These plans 
also include policy statements which provide a common consistent basis for decision 
making. 

1977 Clean Water Act Sections 301 and 402  
1981 • Control release of toxic pollutants to U.S. waters 

• Technology treatment standards for conventional pollutants and priority toxic pollutants. 
• Recognition of technology limitations for some processes. 

1977 NRDC vs. Costle.  Required EPA to include stormwater discharges in the National Pollution 
Discharge Elimination System (NPDES) program. 

1987 Clean Water Act Amended Sections 301 and 402 
• Control toxic pollutants discharged to U.S. waters. 
• Manage urban stormwater pollution. 
• Numerical criteria for all toxic pollutants. 
• Integrated control strategies for impaired waters. 
• Stormwater permit programs for urban areas and industry. 
• Stronger enforcement penalties. 
• Anti-backsliding provisions. 
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41 The Challenge of Regulating Stormwater 

1990 EPA’s Phase I Stormwater Permit Rules are Promulgated 
• Application and permit requirements for large and medium municipalities 
• Application and permit requirements for light and heavy industrial facilities based on 

Standard Industrial Classification (SIC) Codes, and construction activity ≥ 5 acres 
1999 EPA’s Phase II Stormwater Permit Rules are Promulgated 

• Permit requirements for census-defined urbanized areas 
• Permit requirements for construction sites 1 to 5 acres 

1997- Total Maximum Daily Load (TMDL) Program Litigation 
2001 • Courts order EPA to establish TMDLs in a number of states if the states fail to do so.  

The TMDLs assign Waste Load Allocations for stormwater discharges which must be 
incorporated as effluent limitations in stormwater permits. 

2006-
2008 

Section 323 of the Energy Policy Act of 2005 
• EPA promulgates rule (2006) to exempt stormwater discharges from oil and gas 

exploration, production, processing, treatment operations, or transmission facilities 
from NPDES stormwater permit program. 

• In 2008, courts order EPA to reverse the rule which exempted certain activities in the 
oil and gas exploration industry from storm water regulations.  In Natural Resources 
Defense Council vs. EPA (9th Cir. 2008), the court held that it was “arbitrary and 
capricious” to exempt from the Clean Water Act stormwater discharges containing 
sediment contamination that contribute to a violation of water quality standards. 

2007 Energy Independence and Security Act of 2007 
• Requires all federal development and redevelopment projects with a footprint above 

5,000 square feet to achieve predevelopment hydrology to the “maximum extent 
technically feasible.” 

The Basic NPDES Program: Regulating Pollutant Discharges 

The centerpiece of the CWA is its mandate “that all discharges into the nation’s waters 
are unlawful, unless specifically authorized by a permit” [42 U.S.C. §1342(a)].  Discharges do 
not include all types of pollutant flows, however.  Instead, “discharges” are defined more 
narrowly as “point sources” of pollution, which in turn include only sources that flow through a 
discrete conveyance, like a pipe or ditch, into a lake or stream [33 U.S.C. §§ 1362(12) and (14)].  
Much of the focus of the CWA program, then, is on limiting pollutants emanating from these 
discrete, point sources directly into waters of the United States.  Authority to control nonpoint 
sources of pollution, like agricultural runoff (even when drained via pipes or ditches), is 
generally left to the states with more limited federal oversight and direction. 

All point sources of pollutants are required to obtain a National Pollutant Discharge 
Elimination System (NPDES) permit and ensure that their pollutant discharges do not exceed 
specified effluent standards. Congress also commanded that rather than tie effluent standards to 
the needs of the receiving waterbody—an exercise that was far too scientifically uncertain and 
time-consuming—the effluent standards should first be based on the best available pollution 
technology or the equivalent.  In response to a very ambitious mandate, EPA has promulgated 
very specific, quantitative discharge limits for the wastewater produced by over 30 industrial 
categories of sources based on what the best pollution control technology could accomplish, and 
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42 Urban Stormwater Management in the United States 

it requires at least secondary treatment for the effluent produced by most sewage treatment 
plants. Under the terms of their permits, these large sources are also required to self-monitor 
their effluent at regular intervals and submit compliance reports to state or federal regulators.   

EPA quickly realized after passage of the CWA in 1972 that if it were required to 
develop pollution limits for all point sources, it would need to regulate hundreds of thousands 
and perhaps even millions of small stormwater ditches and thousands of small municipal 
stormwater outfalls, all of which met the technical definition of “point source”.  It attempted to 
exempt all these sources, only to have the D.C. Circuit Court read the CWA to permit no 
exemptions [NRDC vs. Costle, 568 F.2d 1369 (D.C. Cir. 1977)]. In response, EPA developed a 
“general” permit system (an “umbrella” permit that covers multiple permittees) for smaller 
outfalls of municipal stormwater and similar sources, but it generally did not require these 
sources to meet effluent limitations or monitor their effluent. 

It should be noted that, while the purpose of the CWA is to ensure protection of the 
physical, biological, and chemical integrity of the nation’s waters, the enforceable reach of the 
Act extends only to the discharges of “pollutants” into waters of the United States [33 U.S.C. § 
1311(a); cf. PUD No. 1 of Jefferson County v. Washington Department of Ecology, 511 U.S. 
700 (1994) (providing states with broad authority under section 401 of the CWA to protect 
designated uses, not simply limit the discharge of pollutants)].  Even though “pollutant” is 
defined broadly in the Act to include virtually every imaginable substance added to surface 
waters, including heat, it has not traditionally been read to include water volume [33 U.S.C. § 
1362(6)]. Thus, the focus of the CWA with respect to its application to stormwater has 
traditionally been on the water quality of stormwater and not on its quantity, timing, or other 
hydrologic properties.  Nonetheless, because the statutory definition of “pollutant” includes 
“industrial, municipal, and agricultural waste discharged into water,” using transient and 
substantial increases in flow in urban watersheds as a proxy for pollutant loading seems a 
reasonable interpretation of the statute.  EPA Regions 1 and 3 have considered flow control as a 
particularly effective way to track sediment loading, and they have used flow in TMDLs as a 
surrogate for pollutant loading (EPA Region 3, 2003).  State trial courts have thus far ruled that 
municipal separate storm sewer system (MS4) permits issued under delegated federal authority 
can impose restrictions on flow where changes in flow impair the beneficial uses of surface 
waters (Beckman, 2007). EPA should consider more formally clarifying that significant, 
transient increases in flow in urban watersheds serve as a legally valid proxy for the loading of 
pollutants. This clarification will allow regulators to address the problems of stormwater in more 
diverse ways that include attention to water volume as well as to the concentration of individual 
pollutants. 

Stormwater Discharge Program 

By 1987, Congress became concerned about the significant role that stormwater played in 
contributing to water pollution, and it commanded EPA to regulate a number of enumerated 
stormwater discharges more rigorously.  Specifically, Section 402(p), introduced in the 1987 
Amendments to the CWA, directs EPA to regulate some of the largest stormwater discharges— 
those that occur at industrial facilities and municipal storm sewers from larger cities and other 
significant sources (like large construction sites)—by requiring permits and promulgating 
discharge standards that require the equivalent of the best available technology [42 U.S.C. § 
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43 The Challenge of Regulating Stormwater 

1342(p)(3)]. Effectively, then, Congress grafted larger stormwater discharges onto the existing 
NPDES program that was governing discharges from manufacturing and sewage treatment 
plants. 

Upon passage of Section 402(p), EPA divided the promulgation of its stormwater 
program into two phases that encompass increasingly smaller discharges.  The first phase, 
finalized in 1990, regulates stormwater discharges from ten types of industrial operations (this 
includes the entire manufacturing sector), construction occurring on five or more acres, and 
medium or large storm sewers in areas that serve 100,000 or more people [40 C.F.R. § 
122.26(a)(3) (1990); 40 C.F.R. § 122.26 (b)(14) (1990)].  The second phase, finalized in 1995, 
includes smaller municipal storm sewer systems and smaller construction sites (down to one 
acre) [60 Fed. Reg. 40,230 (Aug. 7, 1995) (codified at 40 C.F.R. Parts 122, 124 (1995)].  If these 
covered sources fail to apply for a permit, they are in violation of the CWA.   

Because stormwater is more variable and site specific with regard to its quality and 
quantity than wastewater, EPA found it necessary to diverge in two important ways from the 
existing NPDES program governing discharges from industries and sewage treatment plants.  
First, stormwater discharge limits are not federally specified in advance as they are with 
discharges from manufacturing plants.  Even though Congress directed EPA to require 
stormwater sources to install the equivalent of the best available technology or “best 
management practices,” EPA concluded that the choice of these best management practices 
(referred to in this report as stormwater control measures or SCMs) would need to be source 
specific. As a result, although EPA provides constraints on the choices available, it generally 
leaves stormwater sources with responsibility for developing a stormwater pollution prevention 
plan and the state with the authority to approve, amend, or reject these plans (EPA, 2006a, p. 15). 

Second, because of the great variability in the nature of stormwater flow, some sources 
are not required to monitor the pollutants in their stormwater discharges.  Even when monitoring 
is required, there is generally a great deal of flexibility for regulated parties to self-monitor as 
compared with the monitoring requirements applied to industrial waste effluent (not stormwater 
from industries).  More specifically, for a small subset of stormwater sources such as Phase I 
MS4s, some monitoring of effluent during a select number of storms at a select number of 
outfalls is required (EPA, 1996a, p. VIII-1).  A slightly larger number of identified stormwater 
dischargers, primarily industrial, are only required to collect grab samples four times during the 
year and visually sample and report on them (so-called benchmark monitoring).  The remaining 
stormwater sources are not required to monitor their effluent at all (EPA, 1996a).  States and 
localities may still demand more stringent controls and rigorous stormwater monitoring, 
particularly in areas undergoing a Total Maximum Daily Load (TMDL) assessment, as discussed 
below. Yet, even for degraded waters subject to TMDLs, any added monitoring that might be 
required will be limited only to the pollutants that cause the degraded condition [40 C.F.R. §§ 
420.32-420.36 (2004)]. 

Water Quality Management 

Since technology-based regulatory requirements imposed on both stormwater and more 
traditional types of discharges are not tied to the conditions of the receiving water—that is, they 
require sources only to do their technological best to eliminate pollution—basic federal effluent 
limits are not always adequate to protect water quality.  In response to this gap in protection, 
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44 Urban Stormwater Management in the United States 

Congress has developed a number of programs to ensure that waters are not degraded below 
minimal federal and state goals [e.g., 33 U.S.C. §§ 1288, 1313(e), 1329, 1314(l)].  Among these, 
the TMDL program involves the most rigorous effort to control both point and nonpoint sources 
to ensure that water quality goals are met [33 U.S.C. § 1313(d)]. 

Under the TMDL program, states are required to list waterbodies not meeting water 
quality standards and to determine, for each degraded waterbody, the “total maximum daily 
load” of the problematic pollutant that can be allowed without violating the applicable water 
quality standard.  The state then determines what types of additional pollutant loading reductions 
are needed, considering not only point sources but also nonpoint sources.  It then promulgates 
controls on these sources to ensure further reductions to achieve applicable water quality goals. 

The TMDL process has four separate components.  The first two components are already 
required of the states through other sections of the CWA: (1) identify beneficial uses for all 
waters in the state and (2) set water quality standards that correlate with these various uses.  The 
TMDL program adds two components by requiring that states then (3) identify segments where 
water quality goals have not been met for one or more pollutants and (4) develop a plan that will 
ensure added reductions are made by point and/or nonpoint sources to meet water quality goals 
in the future. Each of these is discussed below. 

Beneficial Uses. States are required to conduct the equivalent of “zoning” by 
identifying, for each water segment in the state, a beneficial use, which consists of ensuring that 
the waters are fit for either recreation, drinking water, aquatic life, or agricultural, industrial, and 
other purposes [33 U.S.C. § 1313(c)(2)(A)].  All states have derived “narrative definitions” to 
define the beneficial uses of waterbodies that are components of all water quality standard  
programs.  Many of these narrative criteria are conceptual in nature and tend to define general 
aspects of the beneficial uses.  For categories such as aquatic life uses, most states have a single 
metric for differentiating uses by type of stream (e.g., coldwater vs. warmwater fisheries).  In 
general, the desired biological characteristics of the waterbody are not well defined in the 
description of the beneficial use.  Some states, such as Ohio, have added important details to 
their beneficial uses by developing tiered aquatic life uses that recognize a strong gradient of 
anthropogenic background disturbance that controls whether a waterbody can attain a certain 
water quality and biological functioning (see Box 2-1; Yoder and Rankin, 1998).  Any aquatic 
life use tier less stringent than the CWA interim goal of “swimmable–fishable” requires a Use 
Attainability Analysis to support a finding that restoration is not currently feasible and recovery 
is not likely in a reasonable period of time.  This analysis and proposed designation must 
undergo public comment and review and are always considered temporary in nature.  More 
importantly, typically one or more tiers above the operative interim goal of “swimmable– 
fishable” are provided. This method typically will protect the highest attainable uses in a state 
more effectively than having only single uses. 

The concept of tiered beneficial uses and use attainability is especially important with 
regard to urban stormwater because of the potential irreversibility of anthropogenic development 
and the substantial costs that might be incurred in attempting to repair degraded urban 
watersheds to “swimmable–fishable” or higher status.  Indeed, it is important to consider what 
public benefits and costs might occur for different designated uses.  For example, large public 
benefits (in terms of aesthetics and safety) might be gained from initial improvements in an  
urban stream (e.g., restoring base flow) that achieve modest aquatic use and protect secondary 
human contact.  However, achieving designated uses associated with primary human contact or 
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45 The Challenge of Regulating Stormwater 

BOX 2-1 
Ohio’s Tiered Aquatic Life Uses 

“Designated” or “beneficial” uses for waterbodies are an important aspect of the CWA because 
they are the explicit water quality goals or endpoints set for each water or class of waters.  Ohio was one 
of the first states to implement tiered aquatic life uses (TALUs) in 1978 as part of its water quality 
standards (WQS).  Most states have a single aquatic life use for a class of waters based on narrative 
biological criteria (e.g., warmwater or coldwater fisheries) although many states now collect data that 
would allow identification of multiple tiers of condition.  EPA has recognized the management advantages 
inherent to tiered aquatic life uses and has developed a technical document on how to develop the 
scientific basis that would allow States to implement tiered uses (EPA, 2005a; Davies and Jackson, 
2006). 

Ohio’s TALUs reflect the mosaic of natural features across Ohio and over 200 years of human 
changes to the natural landscape.  Widespread information on Ohio’s natural history (e.g., Trautman’s 
1957 Fishes of Ohio) provided strong evidence that the potential fauna of streams was not uniform, but 
varied geographically.  Based on this knowledge, Ohio developed a more protective aquatic life use tier to 
protect streams of high biological diversity that harbored unique assemblages of rare or sensitive aquatic 
species (e.g., fish, mussels, invertebrates).  In its WQS in 1978, Ohio established a narrative Exceptional 
Warmwater Habitat (EWH) aquatic life use to supplement its more widespread general or “Warmwater 
Habitat” aquatic life use (WWH) (Yoder and Rankin, 1995). 

The CWA permits states to assign aquatic life uses that do not meet the baseline swimmable-
fishable goals of the CWA under specific circumstances after conducting a Use Attainability Analysis 
(UAA), which documents that higher CWA aquatic life use goals (e.g., WWH and EWH in Ohio) are not 
feasibly attainable.  These alternate aquatic life uses are always considered temporary in case land use 
changes or technology changes to make restoration feasible.  The accrual of more than ten years of 
biological assessment data by the late 1980s and extensive habitat and stressor data provided a key link 
between the stressors that limited attainment of a higher aquatic life use in certain areas and reaches of 
Ohio streams.  This assessment formed the basis for several “modified” (physical) warmwater uses for 
Ohio waters and a “limited” use (limited resource water, LRW) for mostly small ephemeral or highly 
artificial waters (Yoder and Rankin, 1995).  Table 2-2 summarizes the biological and physical 
characteristics of Ohio TALUs and the management consequences of these uses.  Channelization 
typically maintained by county or municipal drainage and flood control efforts, particularly where such 
changes have been extensive, are the predominant cause of Modified and Limited aquatic life uses.  
Extensive channel modification in urban watersheds has led to some modified warmwater habitat (MWH) 
and LRW uses in urban areas.  There has been discussion of developing specific “urban” aquatic life 
uses; however the complexity of multiple stressors and the need to find a clear link between the sources 
limiting aquatic life and feasible remediation is just now being addressed in urban settings (Barbour et al., 
2006). 

The TALUs in Ohio (EWHÆLRW) reflect a gradient of landscape and direct physical changes, 
largely related to changes to instream habitat and associated hydrological features.  Aquatic life uses and 
the classification strata based on ecoregion and stream size (headwater, wadeable, and boatable 
streams) provide the template for the biocriteria expectations for Ohio streams (see Box 2-2).  
Identification of the appropriate tiers for streams and UAA are a routine part of watershed monitoring in 
Ohio and are based on biological, habitat, and other supporting data.  Any recommendations for changes 
in aquatic life uses are subject to public comment when the Ohio WQS are changed. 

continues next page 
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46 Urban Stormwater Management in the United States 

BOX 2-1 Continued 

TABLE 2-2 Key features associated with tiered aquatic life uses in the Ohio WQS.  SOURCE: EPA 
(2005a Appendix B). 

Ohio’s water quality standards contain specific listings by stream or stream reach with notations 
about the appropriate aquatic life use as well as other applicable uses (e.g., recreation).  Much of the 
impact of tiered uses on regulated entities or watershed management efforts arises from the tiered 
chemical and stressor criteria associated with each TALU.  Criteria for compounds such as ammonia and 
dissolved oxygen vary with aquatic life use (see Table 2-2).  Furthermore, application of management 
actions in Ohio, ranging from assigning antidegradation tiers, awarding funding for wastewater 
infrastructure and other projects, to issuing CWA Section 401/404 permits, are influence by the TALU and 
the biological assemblages present.   

Ohio has been expanding its use of tiered uses by proposing tiered uses for wetlands 
(http://www.epa.state.oh.us/dsw/rules/draft_1-53_feb06.pdf) and developing new aquatic life uses for very 
small (primary headwater, PHW) streams.  Both of these water types have a strong intersection with 
urban construction and stormwater practices.  In Ohio this is especially so because the proposed 
mitigation standards for steams and wetlands are linked to TALUs (Ohio EPA, 2007). 

Davies and Jackson (2006) present a good summary of the Maine rationale for TALUs: “(1) 
identifying and preserving the highest quality resources, (2) more accurately depicting existing conditions, 
(3) setting realistic and attainable management goals, (4) preserving incremental improvements, and (5) 
triggering management action when conditions decline” (Davies et al., 1999).  Appendices A and B of 
EPA (2005a) provide more detailed information about the TALUs in Maine and Ohio, respectively. 
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47 The Challenge of Regulating Stormwater 

exceptional aquatic habitat may be much more costly, such that the perceived incremental public 
gains may be much lower than the costs that must be expended to achieve that more ambitious 
designation. 

Water Quality Criteria.  Once a state has created a list of beneficial uses for its waters, 
water quality criteria are then determined that correspond with these uses.  These criteria can 
target chemical, biological, or physical parameters, and they can be either numeric or narrative. 

In response to the acute chemical water pollution that existed when the CWA was 
written, the primary focus of water quality criteria was the control of toxic and conventional 
pollutants from wastewater treatment plants.  EPA developed water quality criteria for a wide 
range of conventional pollutants and began working on criteria for a list of priority pollutants.  
These were generally in the form of numeric criteria that are then used by states to set their 
standards for the range of waterbody types that exist in that state.  While states do not have to 
adopt EPA water quality criteria, they must have a scientific basis for setting their own criteria.  
In practice, however, states have promulgated numerical water quality standards that can vary by 
as much as 1,000-fold for the same contaminant but are still considered justified by the available 
science [e.g., the water quality criteria for dioxin—Natural Resources Defense Council, Inc. vs. 
EPA, 16 F.3d 1395, 1398, 1403-05 (4th Cir. 1993)]. 

The gradual abatement of point source impairments and increased focus on ambient 
monitoring and nonpoint source pollutants has led to a gradual, albeit inconsistent, shift by states 
toward (1) biological and intensive watershed monitoring and (2) consideration of stressors that 
are not typical point source pollutants including nutrients, bedded sediments, and habitat loss.  
For these parameters, many states have developed narrative criteria (e.g., “nutrients levels that 
will not result in noxious algal populations”), but these can be subjective and hard to enforce. 

The use of biological criteria (biocriteria) has gained in popularity because traditional 
water quality monitoring is now perceived as insufficient to answer questions about the wide 
range of impairments caused by activities other than wastewater point sources, including 
stormwater (GAO, 2000).  As described in Box 2-2, Ohio has defined biocriteria in its water 
quality standards based on multimetric indices from reference sites that quantify the baseline 
expectations for each tier of aquatic life use. 

Antidegradation. The antidegradation provision of the water quality standards deals 
with waters that already achieve or exceed baseline water quality criteria for a given designated 
use. Antidegradation provisions must be considered before any regulated activity can be 
authorized that may result in a lowering of water quality which includes biological criteria.  
These provisions protect the existing beneficial uses of a water and only allow a lowering of 
water quality (but never lower than the baseline criteria associated with the beneficial use) where 
necessary to support important social and economic development.  It essentially asks the 
question: is the discharge or activity necessary?  States with refined designated uses and 
biological criteria have used these programs to their advantage to craft scientifically sound, 
protective, yet flexible antidegradation rules (see Ohio and Maine).  Antidegradation is not a 
replacement for tiered uses, which provide a permanent floor against lowering water quality 
protection. Tiered beneficial uses and refined antidegradation rules can have substantial 
influence on stormwater programs because they influence the goals and levels of protection 
assigned to each waterbody. 
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48 Urban Stormwater Management in the United States 

BOX 2-2 
Ohio’s Biocriteria 

After it implemented tiered aquatic life uses  in 1978, Ohio developed numeric biocriteria in 1990 
(Ohio WQS; Ohio Administrative Code 3745-1) as part of its WQS.  Since designated uses were 
formulated and described in ecological terms, Ohio felt that it was natural that the criteria should be 
assessed on an ecological basis (Yoder, 1978).  Subsequent to the establishment of the EWH tier in its 
WQS, Ohio expanded its biological monitoring efforts to include both macroinvertebrates and fish (Yoder 
and Rankin, 1995) and established consistent and robust monitoring methodologies that have been 
maintained to the present.  This core of consistently collected data has allowed the application of 
analytical tools, including multimetric indices such as the Index of Biotic Integrity (IBI), the Invertebrate 
Community Index (ICI), and other multivariate tools.  The development of aquatic ecoregions (Omernik, 
1987, 1995; Gallant et al., 1989), a practical definition of biological integrity (Karr and Dudley, 1981), 
multimetric assessment tools (Karr, 1981; Karr et al., 1986), and reference site concepts (Hughes et al., 
1986) provided the basis for developing Ohio’s ecoregion-based numeric criteria. 

Successful application of biocriteria in Ohio was dependent on the ability to accurately classify 
aquatic ecosystem changes based on primarily natural abiotic features of the environment.  Ohio’s 
reference sites, on which the biocriteria are based, reflect spatial differences that were partially explained 
by aquatic ecoregions and stream size.  Biological indices were calibrated and stratified on this basis to 
arrive at biological criteria that present minimally acceptable baseline ecological index scores (e.g., IBI, 
ICI). Ohio biocriteria stratified by ecoregion aquatic life use and stream size are depicted in Figure 2-1. 

FIGURE 2-1 Numeric biological criteria adopted by Ohio EPA in 1990, using three biological indices [IBI, 
ICI, and the Modified Index of well-being (Mlwb), which is used to assessed fish assemblages] and 
showing stratification by stream size, ecoregion, and designated use (warmwater habitat, WWH; modified 
warmwater habitat-channelized, MWH-C; modified warmwater habitat-impounded, MWH-I; and 
exceptional warmwater habitat, EWH).  SOURCE: EPA (2006, Appendix B).  The basis for the Ohio 
biocriteria and sampling methods is found in Ohio EPA (1987, 1989a,b), DeShon (1995), and Yoder and 
Rankin (1995). 
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Monitoring Programs to Identify Degraded Segments. Monitoring strategies by the 
states generally follow the regulatory efforts of EPA and seek to identify those waterbodies 
where one or more water quality standards are not being met.  Much of the initial ambient 
monitoring (i.e., monitoring of receiving waterbodies) was chemical based and focused on 
documenting changes in pollutant concentrations and exceedances of water quality criteria.  
Biological monitoring techniques have a long history of use as indicators of water quality 
impacts.  However, it was not until such tools became more widespread—initially in states like 
Maine, North Carolina, and Ohio—that the extent of stormwater and other stressor effects on 
waterbodies became better understood.  The biological response to common nonpoint stressors 
has driven the consideration of new water quality criteria (e.g., for nutrients, bedded sediments) 
that were not major considerations under an effluent-dominated paradigm of water management. 

In parallel with the increase in biocriteria has been the development of biological 
monitoring to measure beneficial use attainment. Integrated biological surveys have revealed 
impairments of waterbodies that go beyond those caused by typical point sources (EPA, 1996b; 
Barbour et al., 1999a). The substantial increase in biological assemblage monitoring during the 
1980s was enhanced by the development of more standard methods (Davis, 1995; Barbour et al., 
1999a,b; Klemm et al., 2003) along with conceptual advances in the development of assessment 
tools (Karr, 1981; Karr and Chu, 1999). Development of improved classification tools (e.g., 
ecoregions, stream types), the reference site concept (Stoddard et al., 2006), and analytical 
approaches including multivariate (e.g., discriminant analysis) and multimetric indices such as 
IBI and ICI (see Box 2-3; Karr et al., 1986; DeShon, 1995) resulted in biological criteria being 
developed for several states.  Biological monitoring approaches are becoming a widespread tool 
for assessing attainment of aquatic life use designation goals inherent to state water quality 
standards. Development of biocriteria represents a maturation of the use of biological data and 
provides institutional advantages for states in addressing pollutants without numeric criteria (e.g., 
nutrients) and non-chemical stressors such as habitat (Yoder and Rankin, 1998). 

Setting Loads and Restricting Loading. Section 303d of the CWA requires that states 
compare existing water quality data with water quality standards set by the states, territories, and 
tribes. For those waters found to be in violation of their water quality standards, Section 303d 
requires that the state develop a TMDL. Currently, approximately 20,000 of monitored U.S. 
waters are in non-attainment of water quality standards, as evidenced by not meeting at least one 
specific narrative or numeric physical, chemical, or biological criterion, and thus require the 
development of a TMDL.   

The TMDL process includes an enforceable pollution control plan for degraded waters 
based on a quantification of the loading of pollutants and an understanding of problem sources 
within the watershed [33 U.S.C. § 1313(d)(1)(C)].  Both point and nonpoint sources of the 
problematic pollutants, including runoff from agriculture, are typically considered and their 
contributions to the problem are assessed.  A plan is then developed that may require these 
sources to reduce their loading to a level (the TMDL) that ensures that the water will ultimately 
meet its designated use.  Most of the TMDL requirements have been developed through 
regulation. Additional effluent limits for point sources discharging into segments subject to 
TMDLs are incorporated into the NPDES permit. 
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50 Urban Stormwater Management in the United States 

BOX 2-3 
Commonly Used Biological Assessment Indices 

Much of the initial work using biological data to assess the effects of pollution on inland streams 
and rivers was a response to Chicago’s routing of sewage effluents into the Illinois River in the late 
1800s.  Early research focused on the use of indicator species, singly or in aggregate, and how they 
changed along gradients of effluent concentrations (Davis, 1990, 1995).  In the 1950s Ruth Patrick used 
biological data to assess rivers by observing longitudinal changes in taxonomic groups, and later in the 
1950s and 1960s “diversity indices” (e.g., Shannon-Wiener index, Shannon and Weaver, 1949) were 
used to assess aquatic communities (Washington, 1984; Davis 1990, 1995).  These indices were various 
mathematical constructs that measured attributes such as richness and evenness of species abundance 
in samples and are still widely used today in ecological studies.  Similarity indices are another approach 
that is used to compare biological assemblages between sites.  There are a wide multitude of such 
indices (e.g., Bray-Curtis, Jaccard) and all use various mathematical constructs to examine species in 
common and absent between samples. 

Biotic indices are generally of more recent origin (1970s to the present).  Hilsenhoff (1987, 1988) 
assigned organic pollution tolerances to macroinvertebrate taxa and then combined these ratings in a 
biotic index that is still widely used for macroinvertebrates.  Karr (1981) developed the Index of Biotic 
Integrity (IBI), a “multimetric” index that is composed of a series of 12 metrics of a Midwest stream fish 
community.  This approach has been widely adopted and adapted to many types of waterbodies 
(streams, lakes, rivers, estuaries, wetlands, the Great Lakes, etc.) and organism groups and is probably 
the most widely used biotic index approach in the United States.  Examples include the periphyton IBI 
(PIBI; Hill et al., 2000) for algal communities, the Invertebrate Community Index (ICI; DeShon, 1995) and 
benthic IBI (B-IBI, Kerans and Karr, 1994) for macroinvertebrates, a benthic IBI for estuaries (B-IBI; 
Weisberg et al., 1997), and a vegetative IBI for wetlands (VIBI-E; Mack, 2007). 

Various multivariate statistical approaches have also been used to assess aquatic assemblages, 
often concurrently with multimetric indices.  Maine, for example, uses a discriminant analysis that 
assesses stream stations by comparison to reference sites (Davies and Tsomides, 1997).  Predictive 
modeling approaches, incorporating both biotic and environmental variables, have been widely used in 
Great Britain and Europe (River Invertebrate Prediction and Classification System, RIVPACS; Wright et 
al., 1993), Australia (AUSRIVAS; Simpson and Norris, 2000), and more recently in the United States by 
Hawkins et al. (2000).  

All of these approaches now have a wide scientific literature supporting their use and application.  
EPA (2002a) reports that most states have a biomonitoring program with at least one organism group to 
assess key waters in their states, although the level of implementation and sophistication varies by state.  
For example, only four states have numeric biocriteria in their state water quality standards, although 11 
more are developing such biocriteria based on one or more of the above monitoring approaches (EPA, 
2002a).  The key to implementation of any of these approaches is to set appropriate goals for waters that 
can be accurately measured and then to use this type of information to identify limiting stressors (e.g., 
EPA Stressor Identification Process; EPA, 2000a). 
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51 The Challenge of Regulating Stormwater 

Total Maximum Daily Load Program and Stormwater 

The new emphasis on TMDLs and the revelation that impacts are primarily from diffuse 
sources has increased the attention given to stormwater.  If a TMDL assigns waste load 
allocations to stormwater discharges, these must be incorporated as effluent limitations into 
stormwater permits.  In addition, the TMDL program provides a new opportunity for states to 
regulate stormwater sources more vigorously.  In degraded waterbodies, effluent reductions for 
point sources are not limited by what is economically feasible but instead include requirements 
that will ensure that the continued degradation of the receiving water is abated.  If a permitted 
stormwater source is contributing pollutants to a degraded waterbody and the state believes that 
further reductions in pollution from that source are needed, then more stringent discharge 
limitations are required.  For example, in City of Arcadia vs. State Water Resources Control 
Board [135 Cal. App. 4th 1392 (Ca. Ct. App. 2006)], the court held in part that California’s zero 
trash requirements for municipal storm drains, resulting from state TMDLs, were not 
inconsistent with TMDL requirements or the CWA.  Thus, the maximum-extent-practicable 
standard for MS4s, as well as other technology-based requirements for other stormwater 
permittees, are a floor, not a ceiling, for permit requirements when receiving waters are impaired 
(Beckman, 2007).  Finally, since the TMDL program expects the states to regulate any source— 
point or nonpoint—that it considers problematic, any source of stormwater is fair game, 
regardless of whether it is listed in Section 402p, and regardless of whether it is a “point source.”  
Nonpoint source runoff from agricultural and silvicultural operations is in fact a common target 
for TMDL-driven restrictions [see, e.g., Pronsolino vs. Nastri, 291 F.3d 1123, 1130 (9th Cir. 
2002), upholding restrictions on nonpoint sources, such as logging, compelled by State’s 
TMDLs)]. 

Despite the potential for positive interaction between stormwater regulation and the 
TMDL program, there appears to be little activity occurring at the stormwater–TMDL interface.  
This is partly because the TMDL program itself has been slow in developing.  In 2000, the 
National Wildlife Federation applied 36 criteria to the 50 states’ water quality programs and 
concluded that 75 percent of the states had failed to develop meaningful TMDL programs 
(National Wildlife Federation, 2000, pp. 1–2). The General Accounting Office (GAO, 1989) 
identified the lack of implementation of TMDLs as a major impediment to attaining the goals of 
the CWA, which led to a spate of lawsuits filed by environmental groups to reverse this pattern.  
The result was numerous settlements with ambitious deadlines for issuing TMDLs.   

Commentators blame the delays in these TMDL programs on inadequate ambient 
monitoring data and on the technical and political challenges of causally linking individual 
sources to problems of impairment.  In a 2001 report, for example, the National Research 
Council (NRC) noted that unjustified and poorly supported water quality standards, a lack of 
monitoring, uncertainty in the relevant models, and a failure to use biocriteria to assess beneficial 
uses directly all contributed to the delays in states’ abilities to bring their waters into attainment 
through the TMDL program (NRC, 2001).  Each of these facets is not only technically 
complicated but also expensive.  The cost of undertaking a rigorous TMDL program in a single 
state has been estimated to be about $4 billion per state, assuming that each state has 100 
watersheds in need of TMDLs (Houck, 1999, p. 10476). 

As a result, the technical demands of the TMDL program make for a particularly bad fit 
with the technical impediments already present in monitoring and managing stormwater.  As 
mentioned earlier, the pollutant loadings in stormwater effluent vary dramatically over time and 
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52 Urban Stormwater Management in the United States 

stormwater is notoriously difficult to monitor for pollutants.  It is thus difficult to understand 
how much of a pollutant a stormwater point source contributes to a degraded waterbody, much 
less determine how best to reduce that loading so that the waterbody will meet its TMDL.  As 
long as the focus in these TMDLs remains on pollutants rather than flow (a point raised earlier 
that will be considered again), the technical challenges of incorporating stormwater sources in a 
water quality-based regulatory program are substantial.  Without considerable resources for 
modeling and monitoring, the regulator has insufficient tools to link stormwater contributions to 
water quality impairments. 

These substantial challenges in linking stormwater sources back to TMDLs are reflected 
by the limited number of reports and guidance documents on the subject.  In one recent report, 
for example, EPA provides 17 case studies in which states and EPA regions incorporated 
stormwater control measures into TMDL plans, but it is not at all clear from this report that these 
efforts are widespread or indicative of greater statewide activity (EPA, 2007a).  Indeed, it almost 
appears that these case studies represent the universe of efforts to link TMDLs and stormwater 
management together.  The committee’s statement of task also appears to underscore, albeit 
implicitly, EPA’s difficulty in making scientific connections between the TMDL and stormwater 
programs.  This challenge is returned to in Chapter 6, which suggests some ways that the two can 
be joined together more creatively. 

Other Statutory Authorities that Control Stormwater 

Although the CWA is by far the most direct statutory authority regulating stormwater 
discharges, there are other federal regulatory authorities that could lead to added regulation of at 
least some stormwater sources of pollution. 

Critical Resources 

If there is evidence that stormwater flows or pollutants are adversely impacting either 
endangered species habitat or sensitive drinking water sources, federal law may impose more 
stringent regulatory restrictions on these activities.  Under the Endangered Species Act, 
stormwater that jeopardizes the continued existence of endangered species may need to be 
reduced to the point that it no longer threatens the endangered or threatened populations in 
measurable ways, especially if the stormwater discharge results from the activity of a federal 
agency [16 U.S.C. §§ 1536(a), 1538(a)]. 

Under the Safe Drinking Water Act, a surface water supply of drinking water must 
conduct periodic “sanitary surveys” to ensure the quality of the supply (see 40 C.F.R. § 142.16).  
During the course of these surveys, significant stormwater contributions to pollution may be 
discovered that are out of compliance or not regulated under the Clean Water Act because they 
are outside of an MS4 area. Such a discovery could lead to more rigorous regulation of 
stormwater discharges.  For a groundwater source that supplies 50 percent or more of the 
drinking water for an area and for which there is no reasonably available alternative source, the 
aquifer can be designated as a “Sole Source Aquifer” and receive greater protection under the 
Safe Drinking Water Act [42 U.S.C. § 300(h)-3(e)].  Stormwater sources that result from 
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53 The Challenge of Regulating Stormwater 

federally funded projects are also more closely monitored to ensure they do not cause significant 
contamination to these sole source aquifers. 

Some particularly sensitive water supplies are covered by both programs.  The Edwards 
Aquifer underlying parts of Austin and San Antonio, Texas, for example, is identified as a “Sole 
Source Aquifer.” There are also several endangered species of fish and salamander in that same 
area. As a result, both the Safe Drinking Water Act and the Endangered Species Act demand 
more rigorous stormwater management programs to protect this delicate watershed. 

Stormwater is also regulated indirectly by floodplain control requirements promulgated 
by the Federal Emergency Management Agency (FEMA).  In order for a community to 
participate in the FEMA National Flood Insurance Program, it must fulfill a number of 
requirements, including ensuring that projects will not increase flood heights, including flood 
levels adjacent to the project site [see, e.g., 44 C.F.R. § 60.3(d)].  

Contaminated Sites 

Continuous discharges of contaminated stormwater and other urban pollutants 
(particularly through combined sewer overflows) have led to highly contaminated submerged 
sediments in many urban bays and rivers throughout the United States.  In several cases where 
the sediment contamination was perceived as presenting a risk to human health or has led to 
substantial natural resource damages, claims have been filed under the federal hazardous waste 
cleanup statute commonly known as Superfund (42 U.S.C. § 9601 et seq.).  This liability under 
the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) 
technically applies to any area—whether submerged or not—as long as there is a “release or a 
threat of release of a hazardous substance” and the hazardous substances have accumulated in 
such a way as to lead to the “incurrence of response [cleanup] costs” or to “natural resource 
damages” [42 U.S.C. §9607(a)].  Although only a few municipalities and sewer systems have 
been sued, Superfund liability is theoretically of concern for possibly a much larger number of 
cities or even industries whose stormwater contains hazardous substances and when at least some 
of the discharges were either in violation of a permit or unpermitted.  The National Oceanic and 
Atmospheric Administration brought suit against the City of Seattle and the Municipality of 
Metropolitan Seattle alleging natural resource damages to Elliott Bay resulting from pollution in 
stormwater and combined sewer overflows; the case was settled in 1991 (United States vs. City 
of Seattle, No. C90-395WD, http://www.gc.noaa.gov/natural-office1.html).  While some of the 
elements for liability remain unresolved by the courts, such as whether some or all of the 
discharges are exempted under the “federally permitted release” defense of CERCLA [42 U.S.C. 
§ 9601(10)(H)], which exempts surface water discharges that are covered by a general or 
NPDES permit from liability, the prospect of potential liability is still present. 

Diversion of Stormwater Underground or into Wetlands 

In some areas, stormwater is eliminated by discharging it into wetlands.  If done through 
pipes or other types of point sources, these activities require a permit under the CWA.  Localities 
or other sources that attempt to dispense with their stormwater discharges in this fashion must 
thus first acquire an NPDES permit. 
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54 Urban Stormwater Management in the United States 

Even without a direct discharge into wetlands, stormwater can indirectly enter wetland 
systems and substantially impair their functioning.  In a review of more than 50 studies, the 
Center for Watershed Protection found that increased urbanization and development increased 
the amount of stormwater to wetlands, which in turn “led to increased ponding, greater water 
level fluctuation and/or hydrologic drought in urban wetlands” (Wright et al., 2006).  They found 
that, in some cases, the ability of the wetlands to naturally remove pollutants became 
overwhelmed by pollutant loadings from stormwater. 

An even more common method of controlling stormwater is to discharge it underground.  
Technically, these subsurface discharges of stormwater, including dry wells, bored wells, and 
infiltration galleries, are considered by EPA to be infiltration or “Class V” wells, which require a 
permit under the CWA as long as they are in proximity to an underground source of drinking 
water (40 C.F.R. Parts 144, 146).  While EPA’s definition excludes surface impoundments and 
excavated trenches lined with stone (provided they do not include subsurface fluid distribution 
systems or amount to “improved sinkholes” that involve the man-made modification of a 
naturally occurring karst depression for the purpose of stormwater control), most other types of 
subsurface drainage systems are covered regardless of the volume discharged (40 C.F.R. § 
144.81(4)). 

Given EPA’s recent description of SCMs considered to be Class V injection wells (EPA, 
2008), most SCMs that rely on infiltration are exempted.  For example, if an infiltration trench is 
wider than it is deep, it is exempted from the Class V well regulations.  Residential septic 
systems are also exempted [see 40 C.F.R. §§ 144.1(g)(1)(ii) and (2)(iii)].  However, those that 
involve deeper dry wells or infiltration galleries appear to require Class V well permits under the 
Safe Drinking Water Act.  Because the use of these SCMs is likely to involve expensive 
compliance requirements, dischargers may steer away from them. 

Air Contaminants 

Air pollutants from vehicular exhaust and industrial sources that precipitate on roads and 
parking lots can also be collected in stormwater and increase pollutant loading (see Chapter 3 
discussion of atmospheric deposition).  While the Clean Air Act regulates these sources of air 
contamination, it does not eliminate them.  Stormwater that is contaminated with air pollutants 
may consist of both “legal” releases of air pollutants, as well as “illegal” releases emitted in 
violation of a permit, although the distinction between the two groups of pollutants is effectively 
impossible to make in practice. 

Pesticides and Other Chemical Products Applied to Land and Road Surfaces 

EPA regulates the licensing of pesticides as well as chemicals and chemical mixtures, 
although its actual authority to take action, such as restricting product use or requiring labeling, 
varies according to the statute and whether the product is new or existing.  Although EPA 
technically is allowed to consider the extent to which a chemical is accumulating in stormwater 
in determining whether additional restrictions of the chemical are needed, EPA is not aware of 
any instances in its Toxic Substances Control Act (TSCA) chemical regulatory decision-making 
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55 The Challenge of Regulating Stormwater 

in which it actually used this authority to advance water quality protection (Jenny Molloy, EPA, 
personal communication, March 13, 2008).   

In its pesticide registration program, EPA does routinely consider a pesticide’s potential 
for adverse aquatic effects from stormwater runoff in determining whether the pesticide 
constitutes an unreasonable risk (Bill Jordan, EPA, personal communication, March 14, 2008).  
EPA has imposed use restrictions on a number of individual pesticides, such as prohibiting aerial 
applications, requiring buffer strips, or reducing application amounts.  Presumably states and 
localities are tasked with primary enforcement responsibility for most of these use restrictions.  
EPA has also required a surface water monitoring program as a condition of the re-registration 
for atrazine and continues to evaluate available surface water and groundwater data to assess 
pesticide risks (Bill Jordan, EPA, personal communication, March 14, 2008). 

EPA STORMWATER PROGRAM 

Stormwater is defined in federal regulations as “storm water runoff, snow melt runoff, 
and surface runoff and drainage” [40 CFR §122.26(b)(13)].  EPA intended that the term describe 
runoff from precipitation-related events and not include any type of non-stormwater discharge 
(55 Fed. Reg. 47995). A brief discussion of the evolution of the EPA’s stormwater program is 
followed by an explanation of the permitting mechanisms and the various ways in which the 
program has been implemented by the states. As shown in Figure 2-2, the entire NPDES 
program has grown by almost an order of magnitude over the past 35 years in terms of the 
number of regulated entities, which explains the reliance of the program on general rather than 
individual permits.  Both phases of the stormwater program have brought a large number of new 
entities under regulation. 

Historical Background 

States like Florida, Washington, Maryland, Wisconsin, and Vermont and some local 
municipalities such as Austin, Texas, Portland, Oregon, and Bellevue, Washington, preceded the 
EPA in implementing programs to mitigate the adverse impacts of stormwater quality and 
quantity on surface waters. The State of Florida, after a period of experimentation in the late 
1970s, adopted a rule that required a state permit for all new stormwater discharges and for 
modifications to existing discharges if flows or pollutants increased (Florida Administrative 
Code, Chapter 17-25, 1982). The City of Bellevue, WA, established a municipal utility in 1974 
to manage stormwater for water quality, hydrologic balance, and flood management purposes 
using an interconnected system of natural areas and existing drainage features. 

EPA first considered regulating stormwater in 1973.  At that time, it exempted from 
NPDES permit coverage conveyances carrying stormwater runoff not contaminated by industrial 
or commercial activity, unless the discharge was determined by the Administrator to be a 
significant contributor of pollutants to surface waters (38 Fed. Reg. 13530, May 22, 1973).  EPA 
reasoned that while these stormwater conveyances were point sources, they were not suitable for 
end-of-pipe, technology-based controls because of the intermittent, variable, and less predictable 
nature of stormwater discharges. Stormwater pollution would be better managed at the local 
agency level through nonpoint source controls such as practices that prevent pollutants from 
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FIGURE 2-2 The number of permittees under the NPDES program of the Clean Water Act from 
1972 to the present.  Note that concentrated Animal Feeding Operations (CAFOs) are not 
considered in this report. 

entering the runoff. Further, EPA justified its decision by noting that the enormous numbers of 
individual permits that the Agency would have to issue would be administratively burdensome 
and divert resources from addressing industrial process wastewater and municipal sewage 
discharges, which presented more identifiable problems. 

The Natural Resources Defense Council (NRDC) successfully challenged the EPA’s 
selective exemption of stormwater point sources from the NPDES regulatory permitting scheme 
in federal court [NRDC vs. Train, 396 F.Supp. 1393 (D.D.C. 1975), aff’d NRDC vs. Costle 568 
F.2d. 1369 (D.C. Cir. 1977)]. The court ruled that EPA did not have the authority to exempt 
point source discharges from the NPDES permit program, but recognized the Agency’s 
discretion to use reasonable procedures to manage the administrative burden and to define what 
constitutes a stormwater point source.  Consequently, EPA issued a rule establishing a 
comprehensive permit program for all stormwater discharges (except rural runoff) including 
municipal separate storm sewer systems (MS4s), which were to be issued “general” or area 
permits after a period of study (41 Fed. Reg. 11307, March 18, 1976).  Individual permits were 
required for stormwater discharges from industrial or commercial activity, or where the 
stormwater discharge was designated by the permitting authority to be a significant contributor 
of pollutants. Comprehensive revisions to the NPDES regulations were published next, retaining 
the broad definition of stormwater discharges subject to the NPDES permit program and 
requiring permit application requirements similar to those for industrial wastewater discharges, 
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including testing for an extended list of pollutants (44 Fed. Reg. 32854, June 7, 1979; 45 Fed. 
Reg. 33290, May 19, 1980). 

The new NPDES regulations resulted in lawsuits filed in federal courts by a number of 
major trade associations, member companies, and environmental groups challenging several 
aspects of the NPDES program, including the stormwater provisions.  The cases were 
consolidated in the D.C. Circuit Court of Appeals, and EPA reached a settlement with the 
industry petitioners on July 7, 1982, agreeing to propose changes to the stormwater regulations to 
balance environmental concerns with the practical limitations of issuing individual NPDES 
permits and limited resources.  The Agency significantly narrowed the definition of stormwater 
point sources to conveyances contaminated by process wastes, raw materials, toxics, hazardous 
pollutants, or oil and grease, and it reduced application requirements by dividing stormwater 
discharges into two groups based on their potential for significant pollution problems (47 Fed. 
Reg. 52073, November 18, 1982).  EPA issued a final rule retaining the broad coverage of 
stormwater point sources, and a two-tiered classification to administratively regulate these 
stormwater discharges (49 Fed. Reg. 37998, September 26, 1984). 

The rule generated considerably controversy; trade associations and industry contended 
that application deadlines would be impossible to meet and that the sampling requirements were 
excessive, while the environmental community expressed a concern that additional changes or 
delays would exacerbate the Agency’s failure to regulate sources of stormwater pollution.  On 
the basis of the post-promulgation comments received, EPA determined that it was necessary to 
obtain additional data on stormwater discharges to assess their significance, and it conducted 
meetings with industry groups, who indicated an interest in providing representative data on the 
quality of stormwater discharges of their membership.  The Agency determined that the 
submission of representative data was the most practical and efficient means of determining 
appropriate permit terms and conditions, as well as priorities for the multitude of stormwater 
point source discharges that needed to be permitted (50 Fed. Reg. 32548, August 12, 1985). 

In the mean time, the U.S. House of Representatives and the Senate both passed bills to 
amend the CWA in mid-1985.  The separate bills were reconciled in Conference Committee, and 
on February 4, 1987, Congress passed the Water Quality Act (WQA), which specifically 
addressed stormwater discharges. The WQA added Section 402(p) to the CWA, which requires 
stormwater permits to be issued prior to October 1992 for (i) municipal stormwater discharges 
from large and medium municipalities based on the 1990 census; (ii) discharges associated with 
industrial activity; and (iii) a stormwater discharge that the Administrator determines contributes 
to the violation of a water quality standard or is a significant contributor of pollutants to waters 
of the United States. MS4s were required to reduce pollutants in stormwater discharges to the 
“maximum extent practicable” (MEP).  Industrial and construction stormwater discharges must 
meet the best conventional technology (BCT) standard for conventional pollutants and the best 
available technology economically achievable (BAT) standard for toxic pollutants.  EPA and the 
NPDES-delegated states were given the flexibility to issue municipal stormwater permits on a 
system-wide or jurisdiction-wide basis.  In addition, the WQA amended Section 402(l)(2) of the 
CWA to not require a permit for stormwater discharges from mining and oil and gas operations if 
the stormwater discharge is not contaminated by contact, and it amended Section 502(14) of the 
CWA to exclude agricultural stormwater discharges from the definition of point source. 

These regulations had been informed by the National Urban Runoff Program, conducted 
from 1978 to 1983 to characterize the water quality of stormwater runoff from light industrial, 
commercial, and residential areas (Athayde et al., 1983).  The majority of samples collected were 
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analyzed for eight conventional pollutants and three heavy metals, and a subset was analyzed for 
120 priority pollutants. The study indicated that on an annual loading basis, some of the 
conventional pollutants were greater than the pollutant loadings resulting from municipal 
wastewater treatment plants.  In addition, the study found that a significant number of samples 
exceeded EPA’s water quality criteria for freshwater. 

The Federal Highway Administration conducted studies over a ten-year period ending in 
1990 to characterize the water quality of stormwater runoff from roadways (Driscoll et al., 
1990). A total of 993 individual stormwater events at 31 highway sites in 11 states were 
monitored for eight conventional pollutants and three heavy metals.  In addition, a subset of 
samples was analyzed for certain other conventional pollutant parameters.  The studies found 
that urban highways had significantly higher pollutant concentrations and loads than non-urban 
highway sites. Also, sites in relatively dry semi-arid regions had higher concentrations of many 
pollutants than sites in humid regions. 

Final Stormwater Regulations 

EPA issued final regulations in 1990 establishing a process for stormwater permit 
application, the required components of municipal stormwater management plans, and a 
permitting strategy for stormwater discharges associated with industrial activities (55 Fed. Reg. 
222, 47992, November 16, 1990).  Stormwater discharges associated with industrial activity that 
discharge to MS4s were required to obtain separate individual or general NPDES permits.  
Nevertheless, EPA recognized that medium and large MS4s had a significant role to play in 
source identification and the development of pollution controls for industry, and thus 
municipalities were obligated to require the implementation of controls under local government 
authority for stormwater discharges associated with industrial activity in their stormwater 
management program.  The final regulations also established minimum sampling requirements 
during permit application for medium and large MS4s (serving a population based on the 1990 
census of 100,000 to 250,000, and 250,000 or more, respectively).  MS4s were required to 
submit a two-part application over two years with the first part describing the existing program 
and resources and the second part providing representative stormwater quality discharge data and 
a description of a proposed stormwater management program, after which individual MS4 
NPDES permits would be issued for medium and large MS4s.   

In addition, the regulations identified ten industry groups and construction activity 
disturbing land area five acres or greater as being subject to stormwater NPDES permits.  These 
industries were classified as either heavy industry or light industry where industrial activities are 
exposed to stormwater, based on the Office of Management and Budget Standard Industrial 
Classifications (SIC). The main industrial sectors subject to the stormwater program are shown 
in Table 2-3 and include 11 regulatory categories: (i) facilities with effluent limitations, (ii) 
manufacturing, (iii) mineral, metal, oil and gas, (iv) hazardous waste treatment, storage, or 
disposal facilities, (v) landfills, (vi) recycling facilities, (vii) steam electric plants, (viii) 
transportation facilities, (ix) treatment works, (x) construction activity, and (xi) light industrial 
activity.   

PREPUBLICATION 


RB-AR13186



  

 

 

 

 

 

 

  
  

  
  

 

59 The Challenge of Regulating Stormwater 

TABLE 2-3 Sectors of Industrial Activity Covered by the EPA Stormwater Program 
Category 

(see above) 
Sector SIC Major 

Group 
Activity Represented 

(i) A 24 Timber products 
(ii) B 26 Paper and allied products 
(ii) C 28 and 39 Chemical and allied products 
(i), (ii) D 29 Asphalt paving and roofing materials and lubricants 
(i) (ii) E 32 Glass, clay, cement, concrete, and gypsum products 
(i) (iii) F 33 Primary metals 
(i), (iii) G 10 Metal mining (ore mining and dressing) 
(i), (iii) H 12 Coal mines and coal mining-related facilities 
(i), (iii) I 13 Oil and gas refining 
(i), (iii) J 14 Mineral mining and dressing 
(iv) K HZ Hazardous waste, treatment, storage, and disposal 
(v) L LF Landfills, land application sites, and open dumps 
(vi) M 50 Automobile salvage yards 
(vii) N 50 Scrap recycling facilities 
(vii) O SE Steam electric generating facilities 
(viii) P 40, 41, 42, 43, 51 Land transportation and warehousing 
(viii) Q 44 Water transportation 
(viii) R 37 Ship and boat building or repairing yards 
(viii) S 45 Air transportation 
(ix) T TW Treatment works 
(xi) U 20, 21 Food and kindred products 
(xi) V 22, 23, 31 Textile mills, apparel, and other fabric product manufacturing, 

leather and leather products 
(xi) W 24, 25 Furniture and fixtures 
(xi) X 27 Printing and publishing 
(xi) Y 30, 39, 34 Rubber, miscellaneous plastic products, and miscellaneous 

manufacturing industries 
(xi) AB 35, 37 Transportation equipment, industrial or commercial machinery 
(xi) AC 35, 36, 38 Electronic, electrical, photographic, and optical goods 
(x) Construction activity 

AD Non-classified facilities designated by Administrator under 40 
CFR §122.26(g)(1)(l) 

SOURCE: 65 Fed. Reg. 64804, October 30, 2000. 
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60 Urban Stormwater Management in the United States 

The second phase of final stormwater regulations promulgated on December 8, 1999 (64 
Fed. Reg. 68722) required small MS4s to obtain permit coverage for stormwater discharges no 
later than March 10, 2003. A small MS4 is defined as an MS4 not already covered by an MS4 
permit as a medium or large MS4, or is located in “urbanized areas” as defined by the Bureau of 
the Census (unless waived by the NPDES permitting authority), or is designated by the NPDES 
permitting authority on a case-by-case basis if situated outside of urbanized areas.  Further, the 
regulations lowered the construction activities regulatory threshold for permit coverage for 
stormwater discharges from five acres to one acre. 

To give an idea of the administrative burden associated with the stormwater program and 
the different types of permits, Table 2-4 shows the number of regulated entities in the Los 
Angeles region that fall under either individual or general permit categories.  Industrial and 
construction greatly outweigh municipal permittees, and stormwater permittees are vastly more 
numerous that traditional wastewater permittees. 

TABLE 2-4 Number of NPDES wastewater and stormwater entities regulated by the CalEPA, 
Los Angeles Regional Water Board, as of May 2007 
Waste Type Individual Permittees General Permittees 
Wastewater and Non-stormwater Industry 103 574 
Combined Wastewater and Stormwater 23 0 
Stormwater (pre-1990) 45 0 
Industrial Stormwater (post-1990) 0 2990 
Construction Stormwater (post-1990) 0 2551 
Municipal Stormwater (post-1990) 100 0 
Total 271 6215 

Municipal Permits 

States with delegated NPDES permit authority (all except Alaska, Arizona, Idaho, 
Massachusetts, New Hampshire, and New Mexico) issued the first large and medium MS4 
permits beginning in 1990, some of which are presently in their fourth permit term.  These MS4 
permits require large and medium municipalities to implement programmatic control measures 
(the six minimum measures) in the areas of (1) public education and outreach, (2) public 
participation and involvement, (3) illicit discharge detection and elimination, (4) construction 
site runoff control, (5) post-construction runoff control, and (6) pollution prevention and good 
housekeeping—all to reduce the discharge of pollutants in stormwater to the maximum extent 
practicable. Efforts to meet the six minimum measures are documented in a stormwater 
management plan.  Non-stormwater discharges to the MS4 are prohibited unless separately 
permitted under the NPDES, except for certain authorized non-stormwater discharges, such as 
landscape irrigation runoff, which are deemed innocuous nuisance flows and not a source of 
pollutants. MS4 permits generally require analytic monitoring of pollutants in stormwater 
discharges for all Phase I medium and large MS4s from a subset of their outfalls that are 36 
inches or greater in diameter or drain 50 acres or more.  These data, at the discretion of the 
permitting authority, may be compared with water quality standards and considered (by default) 
to be effluent limitations, which refer to any restriction, including schedules of compliance, 
established by a state or the Administrator pursuant to CWA Section 304(b) on quantities, rates, 
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61 The Challenge of Regulating Stormwater 

and concentrations of chemical, physical, biological, and other constituents discharged from 
point sources into navigable waters, the waters of the contiguous zone, or the ocean (40 CFR 
§401.11). A future exceedance of an effluent limitation constitutes a permit violation.  However, 
permitting authorities have so far not taken this approach to interpreting MS4 stormwater 
discharge data. 

The Phase I stormwater regulations require medium and large MS4s to inspect “high-
risk” industrial facilities and construction sites within their jurisdictions.  Certain industrial 
facilities and construction sites of a minimum acreage are also subject to separate EPA/state 
permitting under the industrial and construction general permits (see below).  While EPA 
envisioned a partnership with municipalities on these inspections in its Phase I Rule Making, it 
provided no federal funding to build these partnerships.  Both industry and municipalities have 
argued that the dual inspection responsibilities are duplicative and redundant.  Municipalities 
have further contended that the inspection of Phase I industrial facilities and construction sites 
are solely an EPA/state obligation, although state and federal courts have ruled otherwise.  In the 
committee’s experience, many MS4s do not oversee or regulate industries within their 
boundaries. 

As part of the Phase II program, small MS4s are covered under general permits and are 
required to implement a stormwater management program to meet the six minimum measures 
mentioned above.  Unlike with Phase I, Phase II MS4 stormwater discharge monitoring was 
made discretionary, and inspection of industrial facilities within the boundary of a Phase II MS4 
is not required. 

Industrial Permits 

EPA issued the first nationwide multi-sector industrial stormwater general permit 
(MSGP) on September 29, 1995 (60 Fed. Reg. 50804), which was reissued on October 30, 2000 
(65 Fed. Reg. 64746). A proposed new MSGP was released for public comment in 2005 (EPA, 
2005b). The proposed MSGP requires that industrial facility operators prepare a stormwater 
pollution prevention plan (similar to an MS4’s stormwater management plan) that documents the 
SCMs that will be implemented to reduce pollutants in stormwater discharges.  They must 
achieve technology-based requirements using BAT or BCT or water quality-based effluent 
limits, which is the same requirement as for process wastewater permits.   

All industrial sectors covered under the MSGP must conduct visual monitoring four times 
a year. The visual monitoring is performed by collecting a grab sample within the first hour of 
stormwater discharge and observing its characteristics qualitatively.  A subset of MSGP 
industrial categories is required to perform analytical monitoring for benchmark pollutant 
parameters four times in Year 2 of permit coverage and again in Year 4 if benchmarks were 
exceeded in Year 2. The benchmark pollutant parameters, listed in Table 2-5, were selected 
based on the sampling data included with group permit applications submitted after the EPA 
issued its stormwater regulations in 1990. To comply with the benchmark monitoring 
requirements, a grab sample must be collected within the first hour of stormwater discharge after 
a rainfall event of 0.1 inch or greater and with an interceding dry period of at least 72 hours.  A 
benchmark exceedance is not a permit violation, but rather is meant to trigger the facility 
operator to investigate SCMs and make necessary improvements. 
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62 Urban Stormwater Management in the United States 

TABLE 2-5 Industry Sectors and Sub-Sectors Subject to Benchmark Monitoring 
MSGP 
Sector Industry Sub-sector 

Required Parameters for Benchmark 
Monitoring 

C Industry organic chemicals 
Plastics, synthetic resins, etc. 
Soaps, detergents, cosmetics, perfumes 
Agricultural chemicals 

Al, Fe, nitrate and nitrite N 
Zn 
Zn, nitrate and nitrite N 
Pb, Fe, Zn, P, nitrate and nitrite N 

D Asphalt paving and roofing materials TSS 
E Clay products 

Concrete products 
Al 
TSS and Fe 

F Steel works, blast furnaces, rolling and finishing mills 
Iron and steel foundries 
Non-ferrous rolling and drawing 
Non-ferrous foundries (casting) 

Al, Zn 
Al, Cu, Fe, Zn, TSS 
Cu, Zn 
Cu, Zn 

G Copper ore mining and dressing COD, TSS, nitrate and nitrite N 
H Coal mines and coal mining related facilities TSS 
J Dimension stone, crushed stone, and non-metallic 

minerals (except fuels) 
Sand and gravel mining 

TSS, Al, Fe 

Nitrate and nitrite N, TSS 
K Hazardous waste treatment, storage, or disposal NH3, Mg, COD, Ar, Cd, CN, Pb, Hg, Se, Ag 
L Landfills, land application sites, and open dumps Fe, TSS 
M Automobile salvage yards TSS, Al, Fe, Pb 
N Scrap recycling Cu, Al, Fe, Pb, Zn, TSS, COD 
O Steam electric generating facilities Fe 
Q Water transportation facilities Al, Fe, Pb, Zn 
S Airports with deicing activities BOD, COD, NH3, pH 
U Grain mill products 

Fats and oils 
TSS 
BOD, COD, nitrate and nitrite N, TSS 

Y Rubber products Zn 
AA Fabricated metal products except coating 

Fabricated metal coating and engraving 
Fe, Al, Zn, nitrate and nitrite N 
Zn, nitrate and nitrite N 

NOTE: BOD, biological oxygen demand; COD, chemical oxygen demand; TSS, total suspended solids. 
SOURCE: 65 Fed. Reg. 64817, October 30, 2000. 

EPA had already established technology-based effluent limitations for stormwater 
discharges for eight subcategories of industrial discharges prior to 1987, namely, for cement 
manufacturing, feedlots, fertilizer manufacturing, petroleum refining, phosphate manufacturing, 
steam electric, coal mining, and ore mining and dressing (see Table 2-6).  Most of these facilities 
were covered under individual permits prior to 1987 and are generally required to stay covered 
under individual stormwater permits.  Facilities in these sub-categories that had not been issued a 
stormwater discharge permit prior to 1992 are allowed to be covered under the MSGP, but they 
still have analytical monitoring requirements that must be compared to effluent limitation 
guidelines. An exceedance of the effluent limitation constitutes a permit violation. 
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63 The Challenge of Regulating Stormwater 

TABLE 2-6 Select Stormwater Effluent Limitation Guidelines for Illustrative Purposes 
Discharges Design Storm Pollutant 

Parameters 
Effluent Limitations 
(max per day) 

Phosphate Fertilizer Manufacturing 
Runoff (40 C.F.R. 418) 

Not specified Total P 
Fluoride 

105 mg/L 
75 mg/L 

Petroleum Refining (40 C.F.R. 419) Not specified O&G 
TOC 
BOD5 
COD 
Phenols 
Cr 
Hex Cr 
pH 

15 mg/L 
110 mg/L 
48 kg/1000 m3 flow 
360 mg/1000 m3 flow 
0.35 mg/1000 m3 flow 
0.73 mg/1000 m3 flow 
0.062 mg/1000 m3 flow 
6–9 

Asphalt Paving and Roofing Emulsion 
Products Runoff (40 C.F.R. 443) 

Not specified TSS 
O&G 
pH 

0.023 kg/m3 

0.015 kg/m3 

6.0–9.0 

Cement Manufacturing Material 
Storage Piles Runoff (40 C.F.R. 411) 

10 yr, 24 hour TSS 
pH 

50 mg/L 
6.0–9.0 

Coal Mining (40 C.F.R. 434 Subpart 
B) 

1 yr, 24 hour Fe 
Mn 
TSS 
pH 

7.0 mg/L 
4 mg/L 
70 mg/L 
6.0–9.0 

Steam Electric Power Generating (40 
C.F.R. 423) 

10 yr, 24 hour TSS 
pH 
PCBs 

50 mg/L 
6.0–9.0 
No discharge 

NOTE: BOD5, biological oxygen demand; COD, chemical oxygen demand; O&G, oil and grease; PCBs, 
polychlorinated biphenyls; TOC, total organic carbon; TSS, total suspended solids.  SOURCE: 40 C.F.R. 

At the issuance of the Final Storm Water Rule in 1990, EPA envisioned the use of a mix 
of general permits and individual permits to better manage the administrative burden associated 
with permitting thousands of industrial stormwater point sources.  In its original permitting 
strategy for industrial stormwater discharges, EPA articulated a four-tier strategy with the 
nationwide general permits: Tier 1 was baseline permitting, Tier 2 would incorporate watershed 
permits, Tier 3 would be industry category-specific permitting, and Tier 4 would encompass 
facility-specific individual permits.  In reality, individual permits, which would allow for the 
crafting of permit conditions to be better structured to the specific industrial facility based on its 
higher potential risk to water quality, and could include adequate monitoring for purposes of 
compliance and enforcement, have been sparsely used.  Similarly, neither the watershed 
permitting strategy nor the industry category-specific permitting strategy has found favor in the 
absence of better federal guidance and funding. 

Industrial stormwater general permits are issued by the State NPDES Permitting 
Authority in NPDES-delegated states, and may be in the form a single statewide permit covering 
thousands of industrial permittees or sector-specific stormwater general permits covering less 
than a hundred facilities. EPA Regions issue the MSGP in states without NPDES-delegated 
authority and for facilities on Native Indian and Tribal Lands.  EPA’s nationwide 2000 MSGP 
presently covers 4,102 facilities. 
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64 Urban Stormwater Management in the United States 

Construction Permits 

EPA issued the first nationwide construction stormwater general permit (CGP) in 
February 1998 (63 Fed. Reg. 7858).  The permits are valid for five-year terms.  The most recent 
CGP was issued in 2005 (68 Fed. Reg. 39087), and the EPA in 2008 administratively continued 
the CGP until the end of 2009, when it is expected to have developed effluent guidelines for 
construction activity (73 Fed. Reg. 40338). The EPA is presently under court order to develop 
effluent limitation guidelines for stormwater discharges from the construction and land 
development industry.  The construction general permit requires the implementation of 
stormwater pollution prevention plans to prevent erosion, control sediment in stormwater 
discharges, and manage construction waste materials.  Operators of the construction activity are 
required to perform visual inspections regularly, but no sampling of stormwater discharge during 
rainfall events is required.  As with the industrial and municipal permittees, an exceedance of an 
effluent limitation incorporated in a permit would be a violation of the CWA and is subject to 
penalties. 

EPA’s CGP covers construction activity in areas where EPA is the permitting authority, 
including Indian lands, Puerto Rico, the District of Columbia, Massachusetts, New Hampshire, 
New Mexico, Idaho, Arizona, and Alaska. All other states have been delegated the authority to 
issue NPDES permits, and these states issue CGPs based on the EPA model but with subtle 
variations. For example the California and Georgia CGPs include monitoring requirements for 
construction sites discharging to sediment-impaired waterbodies.  Wisconsin requires weekly 
inspections and an inspection within 24 hours of a rain event of 0.5 inches or greater.  Georgia 
imposes discharge limits of an increase of no more than 10 Nephelometric Turbidity Units 
(NTU) above background in trout streams and no more than 25 NTU above background in other 
types of streams. 

Permit Creation, Administration, and Requirements 

For individual permits, the entity seeking coverage submits an application and one permit 
is issued. The conditions of the permit are based on an analysis of information provided in a 
rather lengthy permit application by the facility operator about the facility and the discharge.  
Generally, it takes six to 18 months for the permittee to compile the application information and 
for the permitting authority to finalize the permit.  Individual permits are common for medium 
and large MS4s (Phase I), small MS4s in a few states (Phase II), and a few industrial activities. 

General permits, on the other hand, are issued by the permitting authority, and interested 
parties then submit an Notice of Intent (NOI) to be covered.  This mechanism is used where large 
numbers of dischargers require permit coverage, such as construction activities, most industrial 
activities, and most small MS4s (Phase II).  The permit must identify the area of coverage, the 
sources covered, and the process for obtaining coverage.  Once the permit is issued, a permittee 
may submit a NOI and receive coverage either immediately or within a very short time frame 
(e.g., 30 days). 

All permits contain “effluent limitations” or “effluent guidelines,” adherence to which is 
required of the permittee.  However, the terms (which are synonymous) are agonizingly broad 
and encompass (1) meeting numeric pollutant limits in the discharge, (2) using certain SCMs, 
and (3) meeting certain design or performance standards.  Effluent limitations may be expressed 
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65 The Challenge of Regulating Stormwater 

as SCMs when numeric limits are infeasible or for stormwater discharges where monitoring data 
are insufficient to carry out the purposes and intent of the CWA [122.44(k)].  If EPA has 
promulgated numerical “effluent guidelines” for existing and new stormwater sources under 
CWA Sections 301, 304, or 306, then the permits must incorporate the “effluent guidelines” as 
permit limits. 

Effluent limitations can be either technology-based or water quality-based requirements.  
Technology-based requirements establish pollutant limits for discharges on what the best 
pollution control technology installed for that industry would normally accomplish.  Water-
quality based requirements, by contrast, look to the receiving waters to determine the level of 
pollution reduction needed for individual sources.  There are national technology-based 
standards available for many categories of point sources, including many industrial sectors and 
municipal wastewater treatment plants.  In the absence of national standards, technology-based 
requirements are developed on a case-by-case basis using best professional judgment.  In 
general, BAT is the standard for toxic and non-conventional pollutants, while BCT is the 
standard for conventional pollutants.  Water quality-based effluent limitations are required where 
technology-based limits are found to be insufficient to achieve applicable water quality 
standards, including restoring impaired waters, preventing impairments, and protecting high-
quality waters.  Limitations must control all pollutants or pollutant parameters that are or may be 
discharged at a level which will cause, have reasonable potential to cause, or contribute to an 
excursion above any applicable water quality standard.  To distinguish between technology-
based and water quality-based effluent limits, consider that a permittee is required to meet a 
numeric pollutant limit in their stormwater discharge.  A technology-based limit would be based 
on studies of effluent concentrations coming from that technology, while a water quality-based 
limit would be based on some assessment of the impact of the discharge on a nearby receiving 
water (with the applicable water quality standard being the most conservative choice). 

EPA is presently writing stormwater “effluent guidelines” for airport de-icing operations 
and construction/development activity, with an estimated final action date of December 2009. 

Permits Prior to 1990 

A limited number of individual stormwater permits (perhaps in the low thousands) were 
first issued prior to 1990, the period before EPA promulgated regulations specific to stormwater 
discharges, and before EPA first received the authority to issue general NPDES permits.  These 
individual NPDES permits for industrial stormwater discharges, like traditional individual 
wastewater NPDES permits, incorporate numerical effluent limits and they impose discharge 
monitoring requirements to demonstrate compliance.  These facilities were selected for 
permitting before 1990, presumably because of the risk they presented to causing or contributing 
to the exceedance of water quality standards. 

Do Permittees Have to Meet Water Quality Standards in their Effluent? 

It is unclear as to whether municipal, industrial, and construction stormwater discharges 
must meet water quality standards.  Furthermore, even if such discharges were required to meet 
water quality standards, the absence of monitoring found within the permits means that 
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66 Urban Stormwater Management in the United States 

enforcement of the requirement would be difficult at best.  Nonetheless, some sources suggest 
that, with the exception of Phase II MS4 discharges, EPA’s intent is that stormwater discharges 
comply with water quality standards, especially where a TMDL is in place. 

First, the EPA Office of General Counsel issued a memorandum in 1991 stating that 
municipal stormwater permits must require that MS4s reduce stormwater pollutant discharges to 
the maximum extent practicable and must also comply with water quality standards.  
Recognizing the complexity of stormwater, EPA’s 1996 Interim Permitting Approach for Water 
Quality-Based Effluent Limitations in Storm Water Permits (61 Fed. Reg. 43761) stated that 
stormwater permits should use SCMs in first-term stormwater permits and expanded or better-
tailored SCMs in subsequent term permits to provide for the attainment of water quality 
standards. However, where adequate information existed to develop more specific conditions or 
limitations to meet water quality standards, these conditions or limitations are to be incorporated 
into stormwater permits as necessary and appropriate.   

As permitting authorities began to develop TMDL waste load allocations to address 
impaired receiving waters, and waste load allocations were assigned to stormwater discharges, 
EPA issued a TMDL Stormwater Policy.  It stated that stormwater permits must include permit 
conditions consistent with the assumptions and requirements of available waste load allocations 
(EPA, 2002b). Since waste load allocations derive directly from water quality standards, this 
could be interpreted as saying that stormwater discharges must meet water quality standards.  
However, EPA expected that most water quality-based effluent limitations for NPDES-regulated 
stormwater discharges that implement TMDL waste load allocations would be expressed as 
SCMs, and that numeric limits would be used only in rare instances.  This is understandable, 
given that storm events are dynamic and variable and it would be expensive to monitor all storm 
events and discharge points, particularly for MS4s, to demonstrate compliance with a waste load 
allocation expressed as a numeric effluent limitation.  Effluent limitations expressed as SCMs 
appear to be the best interim approach to demonstrate compliance with TMDLs, provided that 
these SCMs are reasonably expected to satisfy the waste load allocation in the TMDL.  As part 
of the TMDL, the NPDES permit must also specify the monitoring necessary to determine 
compliance with effluent limitations.  Where effluent limits are specified as SCMs, the permit 
should specify the monitoring necessary to assess if the load reductions expected from SCM 
implementation are achieved (e.g., SCM performance data). 

Implementation of the Stormwater Program by States and Municipalities 

NPDES-delegated states and Indian Tribes generally utilize the CGP and the MSGP as 
model templates for adopting their respective general permits to regulate stormwater discharges 
associated with industrial activity, including construction, within their jurisdictions.  
Nevertheless, some variations exist.  For example, the California CGP requires sampling of 
stormwater at construction sites that discharge to surface waters that are listed as being impaired 
for sediment.  Connecticut’s MSGP regulates stormwater discharges associated with commercial 
activity, in addition to industrial activity.  With respect to the municipal permits, the variability 
with which the stormwater program is implemented reflects the flexibility inherent in the MEP 
standard. In the absence of a definite description of MEP or nationwide effluent guidelines 
issued by EPA, states and municipalities have not been very rigorous in determining what 
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67 The Challenge of Regulating Stormwater 

constitutes an adequate level of compliance. This self-defined compliance threshold has been 
translated into a wide range of efforts at program implementation. 

A number of MS4 programs have been leaders in some areas of program implementation.  
For example, Prince George’s County, Maryland, was a pioneer in implementing low impact 
development (LID) techniques.  Notable efforts have been made by states and municipalities in 
the Pacific Northwest, such as Oregon and Washington.  California and Florida also are in the 
forefront of implementing comprehensive and progressive stormwater programs. 

Greater implementation is evident in states that had state stormwater regulations in place 
prior to the advent of the national stormwater program (GAO, 2007).  Some states issued early 
MS4 permits (e.g., California, Florida, Washington, and Wisconsin) prior to the promulgation of 
the national stormwater program, while a number of MS4s (e.g., Austin, Texas,; Santa Monica, 
California; and Bellevue, Washington) were already implementing comprehensive stormwater 
management programs.  In addition, some MS4s conducted individual stormwater management 
activities, such as street-sweeping, household hazardous waste collection, construction site plan 
review, and inspections, prior to the national stormwater program.  These areas are more likely 
than areas without a stormwater program that predated the EPA program to be successfully 
meeting the requirements of the current program. 

One of the obvious differences is the level of interest and effort exercised by coastal 
communities or communities in close proximity to a water resource that have immediate access 
to the beneficial uses of those resources but also have an immediate view of the impacts of 
polluted runoff. That interest may contrast with the less active posture of upstream or further 
inland communities that may not be as sensitive and willing to implement more stringent 
stormwater programs.  A recent report has found that programs with more specific permit 
requirements generally result in more comprehensive and progressive stormwater management 
programs (TetraTech, 2006a).  The report concluded that permittees should be required to 
develop measurable goals based on the desired outcomes of the stormwater program.  
Furthermore, additional stormwater permit requirements can be expected as more TMDLs are 
developed and wasteload allocations must be translated into permit conditions. 

GAO Report on Current Status of Implementation 

In 2007, the GAO issued a report to determine the impact of EPA’s Stormwater Program 
on communities (GAO, 2007). Some of the relevant findings are that urban stormwater runoff 
continues to be a major contributor to the nation’s degraded waters and that stormwater program 
implementation has been slow for both Phase I and Phase II communities, with almost 11 percent 
of all communities not yet permitted as of fall 2006.  Litigation, among other reasons, delayed 
the issuance of some permits for years after the application deadlines.  As a result, almost all 
Phase II and some Phase I communities are still in the early stages of program implementation 
although deadlines for permit applications were years ago—16 years for Phase I and six years for 
Phase II. EPA has acknowledged that it does not currently have a system in place to measure the 
success of the Phase I program on a national scale (EPA, 2000b).  Therefore, it is reasonable to 
conclude that the level of implementation of the stormwater program ranges widely, from 
municipalities having completed a third-term permit (such as Los Angeles County MS4 permit) 
to municipalities not yet covered by a Phase II MS4 permit. 
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68 Urban Stormwater Management in the United States 

The GAO report also indicates that communities’ inconsistent reporting of activities 
makes it difficult to evaluate program implementation nationwide.  Based on the report’s 
findings it seems that little auditing activity has been performed to gauge the status of 
implementation and effectiveness in achieving water quality improvements.  Most often cited is 
the effort by EPA’s Region 9 and the State of California auditors that recently discovered, among 
other things, that some MS4s (1) had not developed stormwater management plans, (2) were not 
properly performing an adequate number of inspections to enforce their stormwater ordinances, 
and (3) were lax in implementing SCMs at publicly owned construction sites.  They also found 
that some MS4s were not adequately controlling stormwater runoff at municipally owned and 
operated facilities, such as maintenance yards. In response to these findings, EPA issued in 
January 2007 an MS4 Program Evaluation Guidance document (EPA, 2007b).   

In the absence of a nationwide perspective of the implementation of the stormwater 
program, it is hard to make a determination about the program’s success.  There are communities 
and states that seem to have made great strides in implementing progressive stormwater 
programs, but it also seems that overall many programs are still in the early stages of 
implementation, while a number of communities are still waiting to obtain coverage under the 
MS4 permits.  In addition, it appears that there is no national uniform system of tracking success 
or cost data. All these unknowns make it very difficult to formulate any definite statements 
about how successful the implementation of the program is on a national perspective. 

Committee Survey 

In order to get a better understanding of how the stormwater program is implemented by 
the states, during 2007 the committee conducted two surveys asking states about their monitoring 
requirements, compliance determination, and other facts for each program (municipal, industrial, 
and construction). For the larger survey, 18 states representing all ten EPA regions responded to 
the survey. Both surveys and all responses are found in Appendix C. 

As expected, the responding states reported that Phase I MS4s are required to sample 
their stormwater discharges for pollutants, although the frequency of sampling and the number of 
pollutants being sampled tended to vary.  No state reported requiring Phase II MS4s to sample 
stormwater discharges.  Monitoring requirements for industrial stormwater varied by state from 
none in Minnesota, Nebraska, and Maine to benchmark monitoring required under the MSGP in 
Virginia, New York, and Wyoming.  California, Connecticut, and Washington require all 
industrial facilities to monitor for select chemical pollutants.  Connecticut, additionally, requires 
sampling for aquatic toxicity.  Most of the responding states do not require construction sites to 
do much more than visual monitoring periodically and after rain events.  Georgia and 
Washington require construction sites to monitor for parameters such as turbidity and pH.  
California and Oregon require sampling when the discharge is to a waterbody impaired by 
sediment. 

As mentioned previously, Phase I MS4s (but not Phase II MS4s) are required to address 
industrial dischargers within their boundaries.  There was considerable variability regarding the 
survey questions of whether MS4s can conduct inspections of industrial facilities and what 
industries are considered high risk. In all of the responding states except Virginia, the 
responders think that MS4s have the authority to inspect industries within their boundaries, 
although the extent to which this is done is not clear and, in the committee’s experience, is quite 
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rare. Many of the responding states have not identified “high-risk” facilities and targeted them 
for compliance scrutiny, although certain categories were felt to be problematic by the state 
employee responding to the survey, such as metal foundries, auto salvage yards, metal recyclers, 
cement plants, and saw mills.  In California and Washington, however, some of the Phase I MS4 
permits have identified high-risk facilities for the municipal permittee to inspect. 

Georgia, Maine, Minnesota, Nevada, New York, Vermont, and Washington have State 
Guidance Manuals for MS4 implementation, while in California a coalition of municipalities and 
the California Department of Transportation have developed MS4 guidance manuals.  The rest of 
the responding states rely on general guidance provided by the EPA.  State guidance manuals for 
the implementation of the industrial stormwater program were less common than guidance 
manuals for construction activity, with only California and Washington having such guidance 
manuals.  In contrast, except for Nebraska and Oklahoma, statewide guidance manuals for 
erosion and sediment control were available.  This may have resulted from the fact that many 
states had laws in place that required erosion and sediment control practices during land 
development, timber harvesting, and agricultural farming that predated the EPA stormwater 
regulations. 

In an attempt to determine the level of oversight that a state provides for industrial and 
construction operations, the survey asked whether and to whom stormwater pollution prevention 
plans (SWPPPs) are submitted.  Most of the responding states require the stormwater pollution 
prevention plans that industrial facilities prepare to be retained at the facility and produced when 
requested by the state. Only Oregon, Vermont, Washington, and Hawaii required industrial 
SWPPPs to be submitted to the state when seeking coverage under the MSGP.  The practice for 
the submittal of construction SWPPPs was similar, except that some states required that SWPPPs 
for large construction projects be submitted to the state. 

Compliance with the MS4 permit in the responding States is mainly determined through 
the evaluation of annual reports and program audits, although no indication was given of the 
frequency of audits. Regulators in Maine have monthly meetings with municipalities.  The 
responding states evaluate compliance with the MSGP by reviewing annual monitoring reports 
and conducting inspections of industrial facilities.  Connecticut characterized its industrial 
inspections as “regular,” Maine inspects industrial facilities twice per five-year permit cycle, 
while Vermont performs visual inspections four times a year.  No other responding states 
specified the frequency of inspections. Inspections and reviews of the SWPPPs constitute the 
main ways for responding states to determine the compliance of sites and facilities covered under 
the CGP. 

With respect to the extent of actual compliance, few states have such information, partly 
because it has not routinely been collected and analyzed.  West Virginia has found that, of the 
871 permitted industrial facilities in the state, 576 were delinquent in submitting the results of 
their benchmark monitoring.  Several case studies of compliance rates for municipal, industrial, 
and construction sites in Southern California are presented in Box 2-4.  The data suggest that 
compliance in all three groups is poor, particularly for industrial sites.  This may be partly 
explained by the preponderance of small businesses covered by the MSGP, whose operators may 
have financial difficulty in committing funds to SCMs, or lack a recognition and knowledge of 
the stormwater program and its requirements. 
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BOX 2-4 
Compliance with Stormwater Permits in Southern California 

Construction General Permits 

In order to determine the compliance of construction sites with the general stormwater permit, 
data were collected and analyzed from three sources: (1) an audit performed in June 2004 of the 
development construction program of five cities that are permittees in the Los Angeles County MS4 
permit (about 44 sites), (2) an audit performed in February 2002 of the development construction program 
(among others) of five Ventura County MS4 permittees (about 32 sites), and (3) a review and inspection 
of 24 large construction sites (50 acres or greater of disturbed land).  These sites accounted for about 5 
percent of all construction sites in the region at the time, and they represent both small and large 
construction sites.  The most common violations on construction sites were paper violations, such as 
incomplete SWPPPs and a lack of record keeping.  Forty (40) percent of the sites had some type of paper 
deficiency.  A close second is the absence of erosion and/or sediment control, observed on 30 percent of 
the sites. SOURCE: TetraTech (2002, 2006b,c). 

Industrial Multi-Sector General Permit 

For industrial sites, information was obtained from the following sources: (1) a review of SCM 
inspections performed in February 2005 which consisted of 38 sites in the transportation sector; (2) a 
review of inspections and non-filer identification information in the plastics sector performed in 2007, 
which consisted of about 100 permitted sites among a large number of non-filer sites; and (3) a review of 
13 area airport inspections and 55 port tenant inspections at the ports of Los Angeles and Long Beach.  
The sites are about 6 percent of the total number of permittees covered by California’s MSGP and 
represent some of the major regulated industrial sectors.  The most common violations observed at 
industrial sites were the lack of implementation of SCMs such as overhead cover, secondary containment 
and/or spill control.  Sixty (60) percent of the sites had poor housekeeping problems.  This was followed 
by incomplete stormwater pollution prevention plans (40 percent).  (SOURCE: E. Solomon, California 
EPA, Los Angeles Regional Water Board, personal communication, 2008). 

In another study, the California Water Boards with the assistance of an EPA contractor conducted 
inspections of 1,848 industrial stormwater permittees (21 percent of permitted facilities) between 2001 
and 2005 (TetraTech, 2006d).  Seventy-one (71) percent of the industrial facilities inspected were not in 
compliance with the MSGP and 18 percent were identified as a threat to water quality.  Fifty-six (56) 
percent of facilities that collected one or more water quality samples reported an exceedance of a 
benchmark. Facility follow-up inspections indicated that field presence of the California Water Boards 
inspectors improved facility compliance with the MSGP.   

Municipal Permits 

An audit similar to the TetraTech study described above was conducted for 84 Phase I and 
Phase II MS4s in California during the same period (TetraTech, 2006e).  The audits found that municipal 
maintenance facilities were often deficient in implementing SCMs, MS4 permittees did not obtain 
adequate legal authority to implement the program, they were not inspecting industrial facilities and 
construction sites or were inspecting them inadequately, and they were unable to evaluate program 
effectiveness in improving water quality.  Overall, the audits found that programs with more specific permit 
requirements generally resulted in more comprehensive and progressive stormwater management 
programs.  For example, the Los Angeles or San Diego MS4 permits enumerate in detail the permit tasks 
such as the frequency of inspection, the types of facilities, and the SCMs to be inspected that permittees 
must perform in implementing their stormwater program.  The auditors concluded that the specificity of 
the provisions enabled the permitting authorities to enforce the MS4 permits and improve the quality of 
MS4 discharges. 

continues next page 
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Box 2-4 Continued 

Compliance with Industrial Permits within MS4s 

The EPA and the California EPA Los Angeles Regional Water Board conducted a limited audit of 
the inspection program requirements of the Los Angeles County MS4 Permit and the City of Long Beach 
MS4 Permit in conjunction with industrial facilities covered under the MSGP within the Ports of Los 
Angeles and Long Beach (EPA, 2007c).  The Port of Long Beach is covered under a single NOI for its 53 
tenant facilities that discharge stormwater associated with industrial activity, while 137 industrial facilities 
within the Port of Los Angeles file independent NOIs.  At the Port of Los Angeles, of the 23 facilities that 
were inspected, 30 percent were judged to pose a significant threat to water quality, 43 percent were 
determined to have some violations with regard to implementation of SCMs or paperwork requirements, 
and 26 percent appeared to be in compliance with the MSGP.  At the Port of Long Beach, of the 21 
tenant facilities that were inspected, 14 percent were judged to pose a significant threat to water quality, 
52 percent were determined to have some deficiencies with regard to implementation of SCMs or 
paperwork requirements, and 33 percent appeared to be in full compliance with general permit 
requirements.  The Port of Long Beach had a more comprehensive stormwater monitoring program which 
indicated that several pollutant parameters were above EPA benchmark values.  Communication 
between the MS4 departments and the ports in both programs appeared deficient.  The EPA issued 20 
compliance orders for violations of the MSGP, but it did not pursue any action against the MS4s 
overseeing the industries because it was outside the scope of the EPA audit. 

Another aspect of compliance is the extent to which industrial facilities have identified 
themselves and applied for coverage under the state MSGP.  Six states responded to the 
committee’s survey about that topic; only two of the six (California and Vermont) have made 
efforts to determine the numbers of non-filers of an NOI to be covered by the MSGP.  In both 
cases, the efforts, which involved mailings, telephone calls, and file review, found that the 
number of non-filing facilities that should be subject to the MSGP was substantial (see Box 2-5 
for California’s data). Duke and Augustenborg (2006) studied this level of compliance (whether 
industries are filing an NOI for permit coverage) and found incomplete compliance that is 
variable among states and urbanized areas.  Texas and Oklahoma had higher levels of permit 
coverage than California or Florida. 

LOCAL CODES AND ORDINANCES THAT 

AFFECT STORMWATER MANAGEMENT
 

Zoning and building standards, codes, and ordinances have been the basis for city 
building in the United States for almost a century.  They define how to build to protect the 
health, safety, and welfare of the public, and to establish a predictable, although often lengthy 
and cumbersome, process for ensuring that built improvements become a well-integrated part of 
the larger urban environment.  Review processes can be as simple as a walk-through in a local 
building department for a minor house remodeling project.  In other cases, extended rezoning 
processes for larger projects can require several years of planning; multiple public meetings; 
multiple reviews by city, state, and federal agencies; and specialized studies to determine 
impacts on the natural environment and water, sewer, and transportation systems.   
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BOX 2-5 
Searching for Non-Filers Under the Industrial MSGP in Southern California 

The California Water Boards conducted an industrial non-filer identification study between 1995 
and 1998 (CA SWB, 1999).  The study had three components: (1) to develop a mechanism to identify 
facilities subject to the industrial stormwater general permit that had not filed an NOI, which involved a 
comparison of commercially available and agency databases with that maintained by the California Water 
Boards; (2) to communicate with operators of these facilities to inform them of their responsibility to 
comply, which was done using post-mail, telephone calls, and filed verification; and (3) to refer responses 
to the communication efforts to the Water Boards for any appropriate follow-up. 

About 9 percent of the potential non-filers submitted an NOI after the initial mail contact.  About 
52 percent of facilities indicated that they were exempt.  About 37 percent failed to respond and 16 
percent of mailed packages were returned unopened.  A follow-up on facilities that claimed they were 
exempt indicated that 16 percent of them indeed needed to comply.  Similarly 33 percent of facilities that 
failed to respond were determined as needing to file NOIs.  The study suggested that only half of facilities 
considered heavy industrial had filed NOIs through the first five years of the program (Duke and Shaver, 
1999). 

The California EPA Los Angeles Regional Water Board and the City of Los Angeles conducted a 
study in the City of Los Angeles between January 1998 and June 2000 to identify non-filers and evaluate 
compliance by door-to-door visits in industrially zoned areas of the city (Swamikannu et al., 2001).  The 
field investigations covered industrial zones totaling about 4.2 square miles, or about 22 percent of the 
area in the City of Los Angeles zoned for industrial land use.  A total of 1,103 of suspected non-filer 
facilities were subject to detailed on-site facility investigation.  Ninety-three (93) were determined to have 
already have submitted NOIs, and 436 were determined not to be subject to the industrial stormwater 
general permit.  The site visits identified 223 potential non-filers, or industrial facilities where site-visit 
evidence suggested the facilities probably needed to comply with relevant regulations but that had not 
filed NOIs or recognized their duty to comply at the time of the visit.  Of the facilities identified as potential 
non-filers, 202 were identified during detailed on-site investigations, or 18 percent of facilities inspected 
with that methodology; and 21 were identified during the less-detailed non-filer assessment visits, or 6 
percent of the 379 facilities inspected with that methodology.  In total, 295 of the 1,103 facilities visited 
under the project (about 27 percent) were known or suspected to be required to file NOIs under the 
permit, including 93 facilities that had previously filed NOIs and 202 facilities identified as probably 
required to file NOIs based on visual evidence of industrial activities exposed to stormwater.  Thus, prior 
to the project, only 31 percent of all facilities in the project area needing to comply had submitted an NOI. 

There is an overlapping and conflicting maze of codes, regulations, ordinances, and 
standards that have a profound influence on the ability to implement stormwater control 
measures, although they can be loosely categorized into three areas.  Land-use zoning is the first 
type of control. Zoning, which was developed in response to unsanitary and unhealthy living 
conditions in 19th-century cities, prescribes permitted land uses, building heights, setbacks, and 
the arrangement of different types of land uses on a given site.  Zoning often requires 
improvements that enhance the aesthetic and functional qualities of communities.  For example, 
ordinances prescribing landscaping, minimum parking requirements, paving types, and related 
requirements have been developed to improve the livability of cities.  These ordinances have a 
significant impact on both how stormwater affects waterbodies and on attempts to mitigate its 
impacts. 

The second category involves the design and construction of buildings.  National and 
international building codes and standards, such as the International Building Code, and Uniform 
Plumbing, Electrical, and Fire Codes, for example, allow local governments to establish 
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73 The Challenge of Regulating Stormwater 

minimum requirements for building construction.  Because these controls primarily affect 
building construction, they have less effect on stormwater discharges than zoning.  

The third category includes engineering and infrastructure standards and practices that 
govern the design and maintenance of the public realm—streets, roads, utilities rights-of-way, 
and urban waterways. Roadway design standards and emergency access requirements have 
resulted in contemporary cities that are 30 percent or more pavement, just to accommodate the 
movement and storage of vehicles in the public right-of-way.  The standards for the construction 
of deep utilities—water and sewer lines that are typically located underneath streets—are often 
the reason that streets are wider than necessary to safely carry traffic. 

Over time, these codes, standards, and practices have become more complex, and they 
may no longer support the latest innovations in planning practices. The past 10 to 20 years have 
seen a number of innovations in zoning and related building standards.  Mixed-use, mixed-
density communities that incorporate traditional patterns of community development (often 
described as “New Urbanism”), low impact development (LID), and transit-oriented 
development are examples of building patterns that challenge traditional zoning and city design 
standards. With the exception of LID, proposed new patterns of development and regulations 
connected with their implementation rarely incorporate specific guidelines for innovations in 
stormwater management, other than to have general references to environmental responsibility, 
ecological restoration, and natural area protection.  

The following sections describe in more detail the codes, ordinances, and standards that 
affect stormwater and our ability to control it, and alternative approaches to developing new 
standards and practices that support and encourage effective stormwater management. 

Zoning 

The primary, traditional purpose of zoning has been to segregate land uses thought to be 
incompatible.  In practice, zoning is used as a permitting system to prevent new development 
from harming existing residents or businesses.  Zoning is commonly controlled by local 
governments such as counties or cities, though the specifics of the zoning regime are determined 
primarily by state planning laws (see Box 2-6 for a discussion of land use acts in Oregon and 
Washington). 

Zoning involves regulation of the kinds of activities that will be acceptable on particular 
lots (such as open space, residential, agricultural, commercial or industrial), the densities at 
which those activities can be performed (from low-density housing such as single-family homes 
to high-density housing such as high-rise apartment buildings), the height of buildings, the 
amount of space structures may occupy, the location of a building on the lot (setbacks), the 
proportions of the types of space on a lot (for example, how much landscaped space and how 
much paved space), and how much parking must be provided.  Thus, zoning can have a 
significant impact on the amount of impervious area in a development and on what constitutes 
allowable stormwater management. 

As an example, local parking ordinances are often found within zoning that govern the 
size, number, and surface material of parking spaces, as well as the overall geometry of the 
parking lot as a whole. The parking demand requirements are tied to particular land uses and  
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Box 2-6 
Growth Management in the Pacific Northwest 

In Oregon, the 1973 Legislative Assembly enacted the Oregon Land Use Act, which recognized 
that the uncoordinated use of lands threatens orderly development of the environment, the health, safety, 
order, convenience, prosperity and welfare of the people of Oregon.  The state required all of Oregon’s 
214 cities and 36 counties to adopt comprehensive plans and land-use regulations.  It specified planning 
concerns that had to be addressed, set statewide standards that local plans and ordinances had to meet, 
and established a review process to ensure that those standards were met.  Aims of the program are to 
conserve farm land, forest land, coastal resources, and other important natural resources; encourage-
efficient development; coordinate the planning activities of local governments and state and federal 
agencies; enhance the state’s economy; and reduce the public costs that result from poorly planned 
development.  Setting urban growth boundaries is a major mechanism for implementing the act. 

The Washington State Legislature followed in 1990 with the Growth Management Act (GMA), 
adopted on grounds similar to Oregon’s act.  The GMA requires state and local governments to manage 
Washington’s growth by identifying and protecting critical areas and natural resource lands, designating 
urban growth areas, preparing comprehensive plans, and implementing them through capital investments 
and development regulations.  Similar again to Oregon, rather than centralize planning and decision-
making at the state level, the GMA established state goals, set deadlines for compliance, offered direction 
on how to prepare local comprehensive plans and regulations, and set forth requirements for early and 
continuous public participation.  Urban growth areas (UGAs) are those areas, designated by counties 
pursuant to the GMA, “within which urban growth shall be encouraged and outside of which growth can 
occur only if it is not urban in nature.”  Within these UGAs, growth is encouraged and supported with 
adequate facilities.  Areas outside of the UGAs are reserved for primarily rural and resource uses.  Urban 
growth areas are to be based on population forecasts made by counties, which are required to have a 20-
year supply of land for future residential development inside the boundary—a time frame also pertaining 
in the Oregon system.  In both states urban growth boundaries are reconsidered and sometimes adjusted 
to meet this criterion. 

It is important to note that the growth management efforts in the two states have no direct 
relationship to stormwater management.  Rather, the laws control development density, which has 
implications for how stormwater should be managed (see discussion in Chapter 5).  The local jurisdictions 
in Washington have reacted in different ways to link growth management and stormwater management.  
For example, the King County, Washington, stormwater code requires drainage review to evaluate and 
deal with stormwater impacts for development that adds 2,000 square feet or more of impervious surface 
or clears more than 7,000 square feet.  For rural residential lots outside the UGA, the impervious 
threshold is reduced to 500 square feet. 

Sources: 
http://bluebook.state.or.us/state/executive/Land_Conservation/land_conservation_history.htm 
http://www.oregonmetro.gov/index.cfm/go/by.web/id=277 
http://www.gmhb.wa.gov/gma/ and http://www.mrsc.org/Subjects/Planning/compfaqs.aspx 

zoning categories, and can create needless impervious cover.  Most local parking codes are 
overly generous and have few, if any, provisions to treat stormwater at the source (Wells, 1995).  
For example, in a co-housing project under construction in Fresno, California, current city codes 
require 27-foot-long parking spaces.  The developer, in an effort to reduce construction costs, 
requested that the length of spaces be reduced to 24 feet.  The city agreed to the smaller spaces if 
the developer would sign an indemnity clause guaranteeing that the local government would not 
be sued in case of an accident (Wenz, 2008).  

Similarly, landscaping ordinances apply to certain commercial and institutional zoning 
categories and specify that a fixed percentage of site area be devoted to landscaping, screening, 
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or similar setbacks.  These codes may require as much as 5 to 10 percent of the site area to be 
landscaped, but seldom reference opportunities to capture and store runoff at the source, despite 
the fact that the area devoted to landscaping is often large enough to meet some or all of their 
stormwater treatment needs. 

Zoning codes have evolved over the years as urban planning theory has changed, legal 
constraints have fluctuated, and political priorities have shifted.  The various approaches to 
zoning can be divided into four broad categories: Euclidean, performance, planned unit 
development, and form-based. 

Euclidean Zoning 

Named for the type of zoning code adopted in the town of Euclid, Ohio, Euclidean 
zoning codes are by far the most prevalent in the United States, used extensively in small towns 
and large cities alike.  Euclidean zoning is characterized by the segregation of land uses into 
specified geographic districts and dimensional standards stipulating limitations on the magnitude 
of development activity that is allowed to take place on lots within each type of district.  Typical 
land-use districts in Euclidean zoning are residential (single- or multi-family), commercial, and 
industrial. Uses within each district are usually heavily prescribed to exclude other types of uses 
(for example, residential districts typically disallow commercial or industrial uses).  Some 
“accessory” or “conditional” uses may be allowed in order to accommodate the needs of the 
primary uses.  Dimensional standards apply to any structures built on lots within each zoning 
district and typically take the form of setbacks, height limits, minimum lot sizes, lot coverage 
limits, and other limitations on the building envelope. 

Although traditional Euclidean zoning does not include any significant requirements for 
stormwater drainage, there is no reason that it could not.  Modern Euclidean ordinances include a 
broad list of “development standards” that address topics like signage, lighting, steep slopes, and 
other topics, and that list could be expanded to included stormwater standards for private 
development. 

Euclidean zoning is used almost universally across the country (with rare exceptions) 
because of its relative effectiveness, ease of implementation (one set of explicit, prescriptive 
rules), long-established legal precedent, and familiarity to planners and design professionals.  
However, Euclidean zoning has received heavy criticism for its unnecessary separation of land 
uses, its lack of flexibility, and its institutionalization of now-outdated planning theory.  . In 
response, variances and other methods have been used to modify Euclidean zoning so that it is 
better adapted to localized conditions and existing patterns of development.  The sections below 
briefly describe a range of innovations in local zoning regulations that have potential for 
incorporating stormwater controls into existing regulations. 

Incentive Zoning.  Incentive zoning systems are typically an add-on to Euclidean zoning 
systems.  First implemented in Chicago and New York City in 1961, incentive zoning is intended 
to provide a reward-based system to encourage development that meets established urban 
development goals.  Typically, a base level of prescriptive limitations on development will be 
established and an extensive list of incentive criteria with an associated reward scale will be 
established for developers to adopt at their discretion.  Common examples include floor-area-
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ratio bonuses for affordable housing provided on-site and height-limit bonuses for the inclusion 
of public amenities on-site. 

With incentive zoning, developers are awarded additional development capacity in 
exchange for a public benefit, such as a provision for low- or moderate-income housing, or an 
amenity, such as additional open space.  Incentive zoning is often used in more highly urbanized 
areas. Consideration for water quality treatment and innovative SCMs fits well within the 
incentive zoning model.  For example, redevelopment sites in urbanized areas are often required 
to incorporate stormwater control measures into developments to minimize impacts on aging, 
undersized stormwater systems in that area, and to meet new water quality requirements.  An 
incentive could be to allow greater building height, and therefore higher density, than under 
existing zoning, freeing up land area for SCMs that could also serve as a passive park area.  
Another example would be to allow a higher density on the site and to require not an on-site 
system but a cash payment to the governing entity to provide for consolidated stormwater 
management and treatment.  Off-site consolidated systems, discussed more extensively in 
Chapter 5, may require creation of a localized maintenance district or an increase in stormwater 
maintenance fees to offset long-term maintenance costs.   

Incentive zoning could be used to preserve natural areas or stream corridors as part of a 
watershed enhancement strategy.  For example, transferrable development rights (TDR) could be 
used in the context of the urban or semi-urban interface with rural lands.  Many of the formal 
TDR programs in Colorado (such as Fruita/Mesa County and Aspen/Pitkin) involve cities or 
counties seeking to preserve sensitive areas in the county, or outlying areas of the city, including 
the floodplain, in exchange for urban-level density on a more appropriate site (David D. Smith, 
Garfield & Hecht P.C., personal communication, 2008). 

Incentive zoning allows for a high degree of flexibility, but it can be complex to 
administer.  The more a proposed development takes advantage of incentive criteria, the more 
closely it has to be reviewed on a discretionary basis.  The initial creation of the incentive 
structure can also be challenging and often requires extensive ongoing revision to maintain 
balance between incentive magnitude and value given to developers. 

Performance Zoning 

Performance zoning uses performance-based or goal-oriented criteria to establish review 
parameters for proposed development projects in any area of a municipality.  At its heart, 
performance zoning deemphasizes the specific land uses, minimum setbacks, and maximum 
heights applicable to a development site and instead requires that the development meet certain 
performance standards (usually related to noise, glare, traffic generation, or visibility).  
Performance zoning sometimes utilizes a “points-based” system whereby a property developer 
can apply credits toward meeting established zoning goals through selecting from a menu of 
compliance options (some examples include mitigation of environmental impacts, providing 
public amenities, and building affordable housing units).  Additional discretionary criteria may 
also be established as part of the review process. 

The appeal of performance zoning lies in its high level of flexibility, rationality, 
transparency, and accountability.  Because performance zoning is grounded in specific and in 
many cases quantifiable goals, it better accommodates market principles and private property 
rights with environmental protection.  However, performance zoning can be extremely difficult 
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to implement and can require a high level of discretionary activity on the part of the supervising 
authority. City staff must often be trained to use specialized equipment to measure the 
performance of the development, and sometimes those impacts cannot be measured until the 
building is completed and the activity operating, by which time it may be difficult and expensive 
to modify a building that turns out not to meet the required performance standards.  Because 
stormwater performance is measurable (especially the amounts of water retained/detained and 
rates and amounts of water discharge), stormwater regulations could be integrated into a 
performance zoning system.  As with other topics, however, it might be time-consuming or 
require special equipment to measure compliance (particularly before the building is built). 

Planned Unit Development (Including Cluster Development and Conservation Design) 

A planned unit development (PUD) is generally a large area of land under unified control 
that is planned and developed as a whole through a single development operation or series of 
development phases, in accord with a master plan.  In California, these are known as Specific 
Plans. More specialized forms of PUDs include clustered subdivisions where density limitations 
apply to the development site as a whole but provide flexibility in the lot size, setback, and other 
standards that apply to individual house lots.  These PUDs provide considerable flexibility in 
locating building sites and associated roads and utilities, allowing them to be concentrated in 
parts of the site, with the remaining land use for agriculture, recreation, preservation of sensitive 
areas, or other open-space purposes. 

PUDs are typically, although not exclusively, found in new development areas and have 
significant open space and park areas that are often 25 percent or more of the total land area.  
This large amount of open space provides considerable opportunity for the use of consolidated, 
multifunctional stormwater controls. 

Form-Based Zoning 

Form-based zoning relies on rules applied to development sites according to both 
prescriptive and potentially discretionary criteria.  These criteria are typically dependent on lot 
size, location, proximity, and other various site- and use-specific characteristics.  Form-based 
codes offer considerably more flexibility in building uses than do Euclidean codes, but, as they 
are comparatively new, may be more challenging to create.  When form-based codes do not 
contain appropriate illustrations and diagrams, they are criticized as being difficult to interpret. 

One example of a recently adopted code with form-based features is the Land 
Development Code adopted by Louisville, Kentucky, in 2003.  This zoning code creates “form 
districts” for Louisville Metro. Each form district intends to recognize that some areas of the 
city are more suburban in nature, while others are more urban.  Building setbacks, heights, and 
design features vary according to the form district.  As an example, in a “traditional 
neighborhood” form district, a maximum setback might be 15 feet from the property line, while 
in a suburban “neighborhood” there may be no maximum setback.  Narrower setbacks allow 
increased density, requiring less land area for the same number of housing units and resulting in 
a smaller development footprint. 
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In rural and suburban areas, form-based codes can often reinforce the “open” character of 
development by preserving open site areas, which could be used for on-site stormwater 
management.  In denser, urban areas, however, some form-based ordinances favor shorter, more 
pedestrian-scale buildings that cover more of the site than taller buildings of the same square 
footage, on the basis that keeping activity closer to the ground and enclosing street frontages 
results in a better pedestrian environment and urban form.  One result of this preference is that 
there may be less of the site left potentially available for on-site stormwater detention or 
infiltration. Integrating stormwater management considerations into form-based codes may 
require a cash payment system where the developer contributes to financing of a district or 
regional stormwater treatment facility because on-site solutions are not available. 

Building Codes 

Building codes define minimum standards for the construction of virtually all types and 
scales of structures. With a few exceptions, building codes have limited direct impact on 
stormwater management.  The main example is where structural and geotechnical design 
standards, which stem from the need to protect buildings and infrastructure from water damage, 
discourage or prohibit the potential infiltration of water adjacent to building foundations.  Such 
standards can make it difficult to use landscape-based SCMs, such as porous pavement, 
bioinfiltration, and extended detention.  There is a need to examine and redefine structural and 
geotechnical “standards of care” that ensure the structural integrity of buildings and other 
infrastructure like buried utilities, in order for landscaped areas adjacent to structures to be 
utilized more effectively for SCMs.  For example, a developer building a mixed-use, medium-
density infill development in Denver intended to incorporate innovative approaches to 
stormwater management by infiltrating stormwater in a number of areas around the site.  The 
standard of care for the geotechnical design of building foundations typically requires that 
positive drainage be maintained a minimum of 5 feet from the building edge.  The geotechnical 
engineer required, when informed that water might be infiltrated in the area of the building and 
without further study, that the minimum distance to an infiltration area must be at least to 20 feet 
from the building, greatly limiting the potential for using the building landscape areas as SCMs.  
The City of Los Angeles is in the process of updating its Building Code, but it is not clear if it 
will be sufficiently comprehensive to address the use of some LID practices, such as on-site 
infiltration. The 2002 Building Code now in effect is written to require the builder to convey 
water away from the building using concrete or some other “non-erosive device.” 

Engineering and Infrastructure Standards and Practices 

Engineering standards and practices for public rights-of-way complement building and 
zoning codes which control development on private property.  Engineering standards and 
practices typically describe requirements for public utilities such as stormwater and wastewater, 
roadways, and related basic services.  For example, there are standards for parking and roadway 
design that typically describe the specific type of roadway and parking surfacing requirements.  
Regulations and standards often require minimum gradients for surface drainage, site grading, 
and drainage pipe size, all of which play an important role in how stormwater is transported.  
There are also often landscape planting requirements, including the requirement to mound 
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79 The Challenge of Regulating Stormwater 

landscape areas to screen cars, which can preclude the opportunity to incorporate SCMs into 
landscape areas. 

Unless right-of-way improvements are constructed as part of the subdivision process by 
private developers, improvements in the right-of-way are typically provided for by city 
government and public agencies.  Because engineering standards are often based on decades of 
refinement and have evolved regionally and nationally, they are difficult to change.  For 
example, street widths are determined more by the ability to maneuver emergency equipment 
and to accommodate water and sewer easements than the need for adequate lane widths for 
vehicles. Street lane-width requirements might be as narrow as 11 feet for each travel lane, 
resulting in a street width of 22 to 24 feet.  This could accommodate emergency vehicle access, 
which typically can require a minimum of 20 feet of unobstructed street.  However, because 
most streets also include potable water distribution lines and easement requirements for the lines, 
which are a minimum of 30 feet in width, this results in a minimum roadway width of 30 feet.  

Local drainage codes govern the disposal of stormwater and essentially dictate the nature 
and capacity of the stormwater infrastructure from the roof to the floodplain.  Like many codes, 
they were developed over time to address problems such as basement flooding, nuisance 
drainage problems, maintenance of floodplain boundaries, and protection of infrastructure such 
as bridges and sewers from storm damage.  Local drainage codes, many of which predate the 
EPA’s stormwater program, often involve peak discharge control requirements for a series of 
design storm events ranging from the 2-year storm up to the 100-year event.  Traditional 
drainage codes can often conflict with effective approaches to reducing runoff volume or 
removing pollutants from stormwater.  Examples of such codes include requirements for positive 
drainage, directly connected roof leaders, curbs and gutters, lined channels, storm-drain inlets, 
and large-diameter storm-drain pipes discharging to a downstream detention or flood control 
basins. 

Often, standards have been tested through legal precedent, and case law has developed 
around certain standards of care, which can further deter innovation.  Changes in design 
standards could result in unknown legal exposure and liability.  Specific types of equipment, 
maintenance protocols and procedures, and extensive training further discourage changes in 
established standards and procedures. 

Innovations in Codes and Regulations to Promote Better Stormwater Management 

A number of innovations have been developed in the previously described zoning, 
building codes, and infrastructure and engineering standards that make them more amenable to 
stormwater management.  These are described in detail below. 

Separate Ordinances for New and Infill Development 

Redevelopment of existing urban areas is almost universally more difficult and expensive 
than Greenfield development because of the deconstruction costs of the former, higher costs of 
designing around existing infrastructure, upgrading existing infrastructure, and higher costs and 
risks associated with assuming liability of pre-existing problems (contamination, etc).  
Redevelopment often occurs in areas of medium to high levels of impervious surface (e.g., 
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downtown areas). Such severely space-limited areas with high land costs drive up stormwater 
management costs.  Consequently, holding developers of such areas to the same stormwater 
standard as for Greenfield developments creates a financial disincentive for redevelopment.  
Without careful application, stormwater requirements may discourage needed redevelopment in 
existing urban areas.  This would be unfortunate because redevelopment can take pressure off of 
the development of lands at the urban fringe, it can accommodate growth without introducing 
new impervious surfaces, and it can bring improvements in stormwater management to areas that 
had previously had none. 

Stormwater planning can include the development of separate ordinances for infill and 
new developments.  Wisconsin has administrative rules that establish specific requirements for 
stormwater management based on whether the site is new development, redevelopment, or infill.  
Requirements for new development include reducing total suspended solids (TSS) by 80 percent, 
maintaining the pre-development peak discharge for the 2-year, 24-hour storm, infiltrating 90 
percent of the pre-development infiltration volume for residential areas, and infiltrating 60 
percent of the pre-development infiltration volume for non-residential areas.  Redevelopment 
varies from new development only in that the TSS requirement is less at 40 percent reduction.  
Requirements for existing developed areas in incorporated cities, villages, and towns do not 
include peak flow reduction or infiltration performance standards, but the municipalities must 
achieve a 40 percent reduction in their TSS load by 2013.  Other requirements unique to 
developed areas include public education activities, proper application of nutrients on 
municipality property, and elimination of illicit discharges 
(www.dnr.state.wi.us/org/water/wm/nps/stormwater/post-constr/).  Chapter 5 makes 
recommendations for the specific types of SCMs that should be used for new, low-density 
residential development as opposed to redevelopment of existing urban and industrial areas. 

Integrated Stormwater Management and Growth Policies 

In the city of San Jose, California, an approach was taken to link water quality and 
development policies that emphasized higher density in-fill development and performance-based 
approaches to achieving water quality goals. The city’s approach encourages stormwater 
practices such as minimizing impervious surface and incorporating swales as the preferred means 
of conveyance and treatment.  In urbanized areas, the policy then goes on to define criteria to 
determine the practicability of meeting numeric sizing requirements for stormwater control 
measures, and identifies Equivalent Alternative Compliance Measures for cases where on-site 
controls are impractical.  Equivalent Measures can include regional stormwater treatment and 
other specific projects that “count” as SCMs, including certain affordable and senior housing 
projects, significant redevelopment within the urban core, and Brownfield projects.  This is 
similar to in lieu fee programs that are sometimes implemented by municipalities to provide 
additional regulated parties with compliance options (see discussion in Chapter 6). 

This approach is a breakthrough in terms of measuring environmental performance, 
which is now focused only on what happens within the boundaries of a site for a project.  This 
myopic view tends to allow many environmentally unfriendly projects that encourage sprawl and 
expand the city’s boundaries to qualify as “low impact,” while more intense projects on a small 
footprint appear to have a much higher impact because they cover so much of the site.  San Jose 
brought several other layers of review, including location in the watershed (close to other uses or 
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81 The Challenge of Regulating Stormwater 

not) as a means of estimating performance.  A PowerPoint presentation describing their approach 
in greater detail is linked here (http://www.cmcgc.com/media/handouts/260126/THR-PDF/040-
Ketchum.PDF, Lisa Nisenson, Nisenson Consulting, LLC, personal communication, May 8, 
2007). 

Unified Development Codes 

A unified development code (UDC) consolidates development-related regulations into a 
single code that represents a more consistent, logical, integrated, and efficient means of 
controlling development.  UDCs integrate zoning and subdivision regulations, simplifying 
development controls that are often conflicting, confusing, and that require multiple layers of 
review and administration.  UDC development standards may include circulation standards that 
address how vehicles and pedestrians move, including provision for adequate emergency access.  
Utility standards are described for water distribution and sewage collection, and necessary utility 
easements are prescribed.  Because of the integrated nature of the code, efficiencies in 
requirements for right-of-way can reduce street widths or the reduction in setbacks, for example, 
resulting in more compact development. 

Design Review Incentives to Speed Permitting 

A number of incentives have been put in place to promote innovative stormwater control 
measures in cities such as Portland and Chicago, where environmental concerns have been 
identified as a key goal for development and redevelopment.  Practices such as the waiver or 
reduction of development fees, preferential treatment and review and approval of innovative 
plans, reduction in stormwater fees, and related incentives encourage the use of innovative 
stormwater practices.  In Chicago, the Green Permit Program initiated in April 2005 has proven 
attractive to many developers as it speeds up the permitting process.  Under the Green Permit 
Program, a green building adviser reviews design plans under an aggressive schedule long before 
a permit application is submitted.  There is one point of contact with intimate knowledge about 
the project to help speed up the permit process.  Projects going through the Green Permit 
Program receive benefits based on their “level of green.”  Tier I commercial projects are 
designed to be Leadership in Energy and Environmental Design (LEED) certified (see Box 2-7).  
Tier II projects must obtain LEED silver rating.  At this level, outside consultant review fees, 
which range from $5,000 to $50,000, are waived.  Tier III projects must earn LEED gold.  The 
goal for a Tier III project is to issue a permit in three weeks for a small project such as a 12-unit 
condo building. Thus, there is both time and money saved.  Private developers are interested in 
the time savings because they can pay less interest on their construction loans by completing the 
building faster. By the end of 2005, 19 green permits were issued.  The program’s director 
estimated that about 50 would be issued in 2006, which exceeds the city’s goal of 40. 

In Portland, Oregon, the city’s Green Building Program is considering instituting a new 
High-Performance Green Building Policy.  Along with goals for reducing global warming 
pollution, it proposes (1) waiving development fees if goals are exceeded by specified 
percentages and (2) eligibility for cash rewards and qualification for state and federal financial 
incentives and tax credits if even higher goals are achieved.  Developers can earn credits by  
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82 Urban Stormwater Management in the United States 

Box 2-7 
Innovative Building Codes 

An increased interest in energy conservation and more environmentally friendly building practices 
in general has led to various methods by which buildings can be evaluated for environmentally friendly 
construction, in addition to conventional code compliance.  The most popular system in the United States 
is the Leadership in Energy and Environmental Design (LEED) system developed in 2000. 

The LEED Green Building Rating System is a voluntary, consensus-based national rating system 
for developing high-performance, sustainable buildings.  LEED addresses all building types and 
emphasizes state-of-the-art strategies in five areas: sustainable site development, water savings, energy 
efficiency, materials and resources selection, and indoor environmental quality.  The U.S. Green Building 
Council is a 501(c)(3) nonprofit organization that certifies sustainable businesses, homes, hospitals, 
schools, and neighborhoods. 

The LEED system encourages progressive stormwater management practices as part of its rating 
system. The LEED system has identified specific criteria, with points assigned to each of the criteria, to 
assess the success of stormwater strategies.  Generally, the criteria are based on LID principles and 
practices and relate directly to the Better Site Design Handbook of the Center for Watershed Protection 
(CWP, 1998).  The system identifies eight categories by which building sites and site-planning practices 
are evaluated.  Of the 69 points possible to achieve the highest LEED rating, 16 points are directly related 
to innovative site design and stormwater management practices.  Six of the eight criteria describing 
sound site-planning practices relate directly to good stormwater practices, including the following: 

Erosion and sediment control; 
Site selection to protect farmland, wetlands, and watercourses; 
Site design to encourage denser infill development to protect Greenfield sites; 
Limitations on site disturbance; 
Specific requirements for the management of stormwater rate and quantity; and 
Specific requirements for the treatment of stormwater for TSS and phosphorous removal. 

The LEED rating system has been criticized because it focuses on individual buildings in building 
sites. A new category, LEED neighborhood development, was developed in response to consider the 
interrelationship of buildings and building sites and connections to existing urban infrastructure.  The 
category is currently in pilot testing.  Evaluation criteria related directly to stormwater include 

All requirements of the original site design criteria, 
A reduced requirement for parking based on access to transit and reduced auto use, and 
Site planning that emphasizes compact development. 

incorporating enhanced stormwater management and water conservation features into their 
projects, including the use of green roofs (Wenz, 2008). 

*** 

There are parallel challenges in the realm of community development and city building 
that tend to discourage innovative stormwater management policies and practices.  Building 
codes and zoning have evolved to reflect the complex relationship of legal, political, and social 
processes and frequently do not promote or allow the most innovative stormwater management.  
Engineering standards and practices that guide the development of roads and utilities present 
equal and possibly greater challenges, in that legal and technical precedents and large 
investments in public equipment and infrastructure present even more intractable reasons to 
resist change. 
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83 The Challenge of Regulating Stormwater 

The difficulty of implementing stormwater control measures cannot be attributed to an 
individual code, standard, or regulation.  It is important to unravel the complexities of codes, 
regulations, ordinances, and standards and practices that discourage innovative stormwater 
management and target the particular element (or multiple elements) that is a barrier to 
innovation. Elements that are barriers might not have been considered previously.  For example, 
roadway design is controlled more by access for emergency equipment and utilities rights-of-
way than by the need for wide travel lanes; it is the fire marshal and the water department that 
should be the focus of attention, rather than the transportation engineer. 

LIMITATIONS OF THE FEDERAL STORMWATER PROGRAM 

The regulation of stormwater discharges seems an inevitable next step to the CWA’s 
objective of “restoring the nation’s waters,” and EPA’s stormwater program is still evolving.  
Yet, in its current configuration EPA’s approach seems inadequate to overcome the unique 
challenges of stormwater and therefore runs the risk of only being partly effective in meeting its 
goals. A number of regulatory, institutional, and societal obstacles continue to hamper 
stormwater management in the United States, as described below. 

The Poor Fit Between the Clean Water Act’s Regulatory Approach 
and the Realities of Stormwater Management 

Controlling stormwater discharges with the CWA introduces a number of obstacles to 
effective stormwater regulation. Unlike traditional industrial effluent, stormwater introduces not 
only contaminants but also surges in volume that degrade receiving waterbodies; yet the statute 
appears focused primarily on the “discharge” of “pollutants.”  Moreover, unlike traditional 
effluent streams from manufacturing processes, the pollutant loadings in stormwater vary 
substantially over time, making effluent monitoring and the development of enforceable control 
requirements considerably more challenging.  Traditional use of end-of-pipe control technologies 
and automated effluent monitors used for industrial effluent do not work for the episodic and 
variable loading of pollutants in stormwater unless they account for these eccentricities by 
adjustments such as flow-weighted measurements.  Finally, at the root of the stormwater 
problem is increasingly intensive land use.  Yet the CWA contains little authority for regulators 
to directly limit land development, even though the discharges that result from these 
developments increase stormwater loading at a predictably rapid pace.  The CWA thus expects 
regulators to reduce stormwater loadings, but gives them incomplete tools for effectuating this 
goal. 

A more straightforward way to regulate stormwater contributions to waterbody 
impairment would be to use flow or a surrogate, like impervious cover, as a measure of 
stormwater loading (such as in the Barberry Creek TMDL [Maine DEP, 2003, pp. 16–20] or the 
Eagle Brook TMDL [Connecticut DEP, 2007, pp. 8–10]).  Flow from individual stormwater 
sources is easier to monitor, model, and even approximate as compared to calculating the 
loadings of individual contaminants in stormwater effluent.  Efforts to reduce stormwater flow 
will automatically achieve reductions in pollutant loading.  Moreover, flow is itself responsible 
for additional erosion and sedimentation that adversely impacts surface water quality.  Flow 
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provides an inexpensive, convenient, and realistic means of tracking stormwater contributions to 
surface waters. Congress itself recently underscored the usefulness of flow as a measure for 
aquatic impairments by requiring that all future developments involving a federal facility with a 
footprint larger than 5,000 square feet ensure that the development achieves predevelopment 
hydrology to the maximum extent technically feasible “with regard to the temperature, rate, 
volume, and duration of flow” (Energy Independence and Security Act of 2007, § 438).  Several 
EPA regions have also used flow in modeling stormwater inputs for TMDL purposes (EPA, 
2007a, Potash Brook TMDL, pp. 12–13). 

Permitting and Enforcement  

For industrial wastewater discharged directly from industrial operations (rather than 
indirectly through stormwater), the CWA requirements are relatively straightforward.  In these 
traditional cases, EPA essentially identifies an average manufacturer within a category of 
industry, like iron and steel manufacturers engaged in coke-making, and then quantifies the 
pollutant concentrations that would result in the effluent if the industry installed the best 
available pollution control technology. EPA promulgates these effluent standards as national, 
mandatory limits (e.g., see Table 2-7). 

TABLE 2-7 Effluent Limits for Best Available Technology Requirements  
for By-product Coke-making in Iron and Steel Manufacture. 

SOURCE: 40 C.F.R. § 420.13(a). 

By contrast, the uncertainties and variability surrounding both the nature of the 
stormwater discharges and the capabilities of various pollution controls for any given industrial 
site, construction site, or municipal storm sewer make it much more difficult to set precise 
numeric limits in advance for stormwater sources.  The quantity and quality of stormwater are 
quite variable over time and vary substantially from one property to another.  Natural causes of 
variation in the pollutant loads in stormwater runoff include the topography of a site, the soil 
conditions, and of course, the nature of storm flows in intensity, frequency, and volume.  In 
addition, the manner in which the facility stores and uses materials, the amount of impervious 
cover, and sometimes even what materials the facility uses can vary and affect pollutant loads in 
runoff from one site to another. Together, these sources of variability, particularly the natural 
features, make it much more difficult to identify or predict a meaningful “average” pollutant load 
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85 The Challenge of Regulating Stormwater 

of stormwater runoff from a facility.  As a result, EPA generally leaves it to the regulated 
facilities, with limited oversight from regulators, to identify the appropriate SCMs for a site.  
Unfortunately, this deferential approach makes the permit requirements vulnerable to significant 
ambiguities and difficult to enforce, as discussed below for each permit type. 

Municipal Stormwater Permits.  MS4 permits are difficult to enforce because the 
permit requirements have not yet been translated into standardized procedures to establish end-
of-pipe numerical effluent limits for MS4 stormwater discharges.  CWA Section 402(p) requires 
that pollutants in stormwater discharges from the MS4 be reduced to the maximum extent 
practicable and comply with water quality standards (when so required by the permitting 
authority). However, neither EPA nor NPDES-delegated states have yet expressed these criteria 
for compliance in numerical form. 

The EPA has not yet defined MEP in an objective manner that could lead to convergence 
of MS4 programs to reduce stormwater pollution.  Thus, at present MS4 permittees have no 
more guidance on the level of effort expected other than what is stated in the CWA: 

[S]hall require controls to reduce the discharge of pollutants to the maximum extent 
practicable, including management practice, control techniques and system, design and 
engineering methods, and such other provisions as the Administrator or the State 
determines appropriate for the control of such pollutants. [CWA Section 
402(p)(3)(B)(iii)] 

A legal opinion issued by the California Water Board’s Office of Chief Counsel in 1993 
stated that MEP would be met if MS4 permittees implemented technically feasible SCMs, 
considering costs, public acceptance, effectiveness, and regulatory compliance (Memorandum 
from Elizabeth Miller Jennings, Office of Chief Counsel, to Archie Matthews, Division of Water 
Quality, California Water Board, February 11, 1993).  In its promulgation of the Phase II Rule in 
1999, the EPA described MEP as a flexible site-specific standard, stating that: 

The pollutant reductions that represent MEP may be different for each [MS4 Permittee] 
given the unique local hydrological and geological concerns that may exist and the 
differing possible pollutant control strategies. (64 Fed. Reg. 68722, 68754) 

As matters stand today, MS4 programs are free to choose from the EPA’s menu of 
SCMs, with MEP being left to the discretionary judgment of the implementing municipality.  
Similarly, there are no clear criteria to be met for industrial facilities that discharge to MS4s in 
order for the MS4s to comply with MEP. The lack of federal guidance for MS4s is 
understandable. A stormwater expert panel convened by the California EPA State Water Board 
in 2006 (CA SWB, 2006) concluded that it was not yet feasible to establish strictly enforceable 
end-of-pipe numeric effluent limits for MS4 discharges.  The principal reasons cited were (1) the 
lack of a design storm (because in any year there are few storms sufficiently large in volume 
and/or intensity to exceed the design volume capacity or flow rates of most treatment SCMs) and 
(2) the high variability of stormwater quality influenced by factors such as antecedent dry 
periods, extent of connected impervious area, geographic location, and land use. 

Industrial and Construction Stormwater Permits.  The industrial and construction 
stormwater programs suffer from the same kind of deficiencies as the municipal stormwater 
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program.  These stormwater discharges are not bound by the MEP criterion, but they are required 
to comply with either technology-based or, less often, water quality-based effluent limitations.  
In selecting SCMs to comply with these limitations, the industrial discharger or construction 
operator similarly selects from a menu of options devised by the EPA or, in some cases, the 
states or localities for their particular facility (EPA, 2006a, p. 15).  For example, the regulated 
party will generally identify structural SCMs, such as fences and impoundments that minimize 
runoff, and describe how they will be installed.  The SWPPP must also include nonstructural 
SCMs, like good housekeeping practices, that require the discharger to minimize the opportunity 
for pollutants to be exposed to stormwater.  The SWPPP and the accompanying SCMs constitute 
the compliance requirements for the stormwater discharger and are essentially analogous to the 
numeric effluent limits listed for industrial effluents in the Code of Federal Regulations. 

This set of requirements leaves considerable discretion to regulated parties in several 
important ways.  First, the regulations require the discharger to evaluate the site for problematic 
pollutants; but where the regulated party does not have specific knowledge or data, they need 
only offer “estimates” and “predictions” of the types of pollutants that might be present at the 
site (EPA, 1996a, pp. IV-3, V-3). With the exception of visible features, the deferential site 
investigation requirements allow regulated parties to describe site conditions in ways that may 
effectively escape accountability unless there is a vigorous regulatory presence.   

Second, dischargers enjoy considerable discretion in drafting the SWPPP (EPA, 1996a, p. 
IV-3). Despite EPA’s instructions to consider a laundry list of considerations that will help the 
facility settle on the most effective plan (EPA, 2006a, p. 20), rational operators may take 
advantage of the wiggle room and develop ambiguous requirements that leave them with 
considerable discretion in determining whether they are in compliance (EPA, 2006a, pp. 15, 20, 
132). Indeed, the federal regulations do little to prevent regulated parties from devising 
requirements that maximize their discretion.  Instead, EPA describes many of the permit 
requirements in general terms.  For example, in its industrial stormwater permit program the 
EPA commands the regulated party to “implement any additional SCMs that are economically 
reasonable and appropriate in light of current industry practice, and are necessary to eliminate or 
reduce pollutants in . . . stormwater discharges” (EPA, 2006a, p. 23). 

EPA’s program provides few rewards or incentives for dischargers to go beyond the 
federal minimum and embrace rigorous or innovative SCMs.  In fact, if the regulated party 
invests resources to measure pollutant loads on their property, they are creating a paper trail that 
puts them at risk of greater regulation.  Under the EPA’s regulations, a regulated party “must 
provide a summary of existing stormwater discharge sampling data previously taken at [its] 
facility,” but if there are no data or sampling efforts, then the facility is off the hook (EPA, 
2006a, p. 20). Quantitative measures can thus be incriminating, particularly in a regulatory 
setting where the regulator is willing to settle for estimates. 

Dilemma of Self-Monitoring 

Unlike the wastewater program where there are relatively rigid self-monitoring 
requirements for the end-of-pipe effluent, self-monitoring is much more difficult to prescribe for 
stormwater discharges, which are variable over time and space.  [For example, compare 33 
U.S.C. § 1342(a)(2)-(b)(2) (2000) (outlining requirements for compliance under NPDES) with 
EPA, 2006a, p. 26 (outlining requirements for self-compliance under EPA regulations.)]  EPA’s 
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87 The Challenge of Regulating Stormwater 

middle ground, in response to these challenges, requires self-monitoring of select chemicals in 
stormwater for only a subset of regulated parties—Phase I MS4 permittees and a limited number 
of industrial facilities (see Table 2-8, EPA, 2006a, pp. 93-94).  Yet even for these more rigid 
monitoring requirements, the discharger enjoys some discretion in sampling.  The EPA’s 
sampling guidelines do prescribe regular intervals for sampling but ultimately must defer to the 
discharger insofar as requiring only that the samples should be taken within 30 minutes after the 
storm begins, and only if it is the first storm in three days (EPA, 2006a, p. 33). 

TABLE 2-8 Effluent Monitoring Requirements for Various Dischargers of Stormwater 
Source Category Type of Effluent Monitoring Required by EPA 
Phase I MS4 Municipality must develop a monitoring plan that provides for representative 

data collection. This requires the municipality, at the very least, to select at 
least 5 to 10 of its most representative outfalls for regular sampling and 
sample for selected conventional pollutants and heavy metals in its effluent. 

Phase II MS4 None 

Small subset of highest 
risk industries, like 
hazardous waste landfills 

Must conduct compliance monitoring as specified in effluent guidelines and 
ensure compliance with these effluent limits.  Must also conduct visual 
monitoring and benchmark monitoring. 

Larger subset of higher 
risk industrial 
dischargers 

Benchmark monitoring: Must conduct analytic monitoring to determine 
whether effluent exceeds numeric benchmark values; compliance with the 
numeric values is not required, however.  Must also conduct visual 
monitoring. 

Remaining set of 
industry except 
construction 

Visual monitoring: Must take four grab samples of stormwater effluent each 
year during first 30 minutes of a storm event and inspect the sample visually 
for contamination. 

Construction (larger than 
5 acres) 

Visual monitoring: Must take four grab samples of stormwater effluent each 
year during first 30 minutes of a storm event and inspect the sample visually 
for contamination.  

Construction (between 1 
and 5 acres) 

Visual monitoring: Must take four grab samples of stormwater effluent each 
year during first 30 minutes of a storm event and inspect the sample visually 
for contamination.  

Note: State regulators can and sometimes do require more—see Appendix C. 

Moreover, while the monitoring itself is mandatory, the legal consequences of an 
exceedance of a numerical limit vary and may be quite limited.  For a small number of identified 
industries, exceedances of effluent limits established by EPA are considered permit violations 
(65 Fed. Reg. 64766). For the other high-risk industries subject to benchmark monitoring 
requirements (see Table 2-5), the analytical limits do not lead to violations per se, but only serve 
to “flag” the discharger that it should consider amending its SWPPP to address the problematic 
pollutant (EPA, 2006a, pp. 10, 30, 34).  Although municipalities are required to do more 
extensive sampling of stormwater runoff and enjoy less sampling discretion, even municipalities 
are allowed to select what they believe are their most representative outfalls for purposes of 
monitoring pollutant loads (EPA, 1996a. p. VIII-1). 
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A large subset of dischargers—the remaining industrial dischargers and construction 
sites—are subject to much more limited monitoring requirements.  They are not required to 
sample contaminant levels, but instead are required only to conduct a visual inspection of a grab 
sample of their stormwater runoff on a quarterly basis and describe the visual appearance of the 
sample in a document that is kept on file at the site (EPA, 2006a, p. 28).  Certainly a visual 
sample is better than nothing, but the requirement allows the discharger not only some discretion 
in determining how and when to take the sample (explained below), but also discretion in how to 
describe the sample.   

A final set of regulated parties, the Phase II MS4s, are not required to perform any 
quantitative monitoring of runoff to test the effectiveness of SCMs (EPA, 1996a, p. 3). 

Making matters worse, in some states there appear to be limited regulatory resources to 
verify compliance with many of these permit requirements.  Thus, even though monitoring plans 
are subject to review and approval by permitting agencies, there may be insufficient resources to 
support this level of oversight. As shown in Appendix C, the total number of staff associated 
with state stormwater programs is usually just a handful, except in cases of larger states 
(California and Georgia) or those where there is a longer history of stormwater management 
(Washington and Minnesota).  In its survey of state stormwater programs, the committee asked 
states how they tracked sources’ compliance with the stormwater permits.  For the 18 states 
responding to the questionnaire, review of (1) monitoring data, (2) annual reports, and (3) 
SWPPP as well as on-site inspections were the primary mechanisms.  However, several states 
indicated that they conduct an inspection only after receiving complaints.  West Virginia tracked 
whether industrial facilities submitted their required samples and followed up with a letter if they 
failed to comply, but in 2006 it found that over 65 percent of the dischargers were delinquent in 
their sampling.  Although the states were not asked in the survey to estimate the overall 
compliance rate, Ohio admitted that at least for construction, “the general sense is that no site is 
100 percent in compliance with the Construction General Permit” (see Appendix C). 

Even where considerable regulatory resources are dedicated to ensuring that dischargers 
are in compliance, it is not clear how well regulators can independently assess compliance with 
the permit requirements.  For example, some of the permits will require “good housekeeping” 
practices that should take place daily at the facility.  Whether or how well these practices are 
followed cannot be assessed during a single inspection.  While a particularly non-compliant 
facility might be apparent from a brief visual inspection, a facility that is mildly sloppy, or at 
least has periods during which it is not careful, can escape detection on one of these pre-
announced audits. Facilities also know best the pollutants they generate and how or whether 
those pollutants might make contact with stormwater.  Inspectors might be able to notice some of 
these problems, but because they do not have the same level of information about the operations 
of the facility, they can be expected to miss some problems. 

Identifying Potentially Regulatable Parties 

Evidence suggests that a sizable percentage of industrial and construction stormwater 
dischargers are also failing to self-identify themselves to regulators, and hence these unreported 
dischargers remain both unpermitted and unregulated (GAO, 2005; Duke and Augustenborg, 
2006). In contrast to industrial pipes that carry wastes from factories out to receiving waters, the 
physical presence of stormwater dischargers may be less visible or obvious.  Thus, particularly 
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for some industries and construction, if a stormwater discharger does not apply for a permit, the 
probability of detecting it is quite low. 

In Maine, less than 20 percent of the stormwater dischargers that fall within the 
regulatory jurisdiction of the federal stormwater program actually applied for permits before 
2005—more than a decade after the federal regulations were promulgated (Richardson, 2005).  
Yet there is no record of enforcement action taken by Maine against the unpermitted dischargers 
during that interim period.  Indeed, in the one enforcement action brought by citizens in Maine 
for an unpermitted discharge, the discharger claimed ignorance of the stormwater program.  In 
Washington, the State Department of Ecology speculates that between 10 and 25 percent of all 
businesses that should be covered by the federal stormwater permit program are actually 
permitted (McClure, 2004).  In a four-state study, Duke and Augustenborg (2006) found a higher 
percentage of stormwater dischargers—between 50 and 80 percent—had applied for permits by 
2004, but they concluded that this was still “highly incomplete” compliance for an established 
permit program. 

In 2007, the committee sent a short survey to each state stormwater program inquiring as 
to whether and how they tracked non-filing stormwater dischargers, but only six states replied to 
the questions and only two of the six states had any methods for tracking non-filers or 
conducting outreach to encourage all covered parties to apply for permits (see Appendix C).  
While the low response rate cannot be read to mean that the states do not take the stormwater 
program seriously, the responses that were received lend some support to the possibility that 
there is substantial noncompliance at the filing stage. 

In response to this problem of unpermitted discharges, the EPA appears to be targeting 
enforcement against stormwater dischargers that do not have permits.  In several cases, the EPA 
pursued regulated industries that failed to apply for stormwater permits (EPA Region 9, 2005; 
Kaufman et al., 2005).  The EPA has also brought enforcement actions against at least three 
construction companies for failing to apply for a stormwater permit for their construction runoff 
(EPA Region 1, 2004). Such enforcement actions help to make the stormwater program more 
visible and give the appearance of a higher probability of enforcement associated with non-
compliance.  Nevertheless, the non-intuitive features of needing a permit to discharge 
stormwater, coupled with a rational perception of a low probability of being caught, likely 
encourage some dischargers to fail to enter the regulatory system. 

Absence of Regulatory Prioritization 

Many states have been overwhelmed with the sheer numbers of permittees, particularly 
industry and construction sites, and lack a prioritization strategy to identify high-risk sources in 
particular need of rigorous and enforceable permit conditions.  For example, in California major 
facilities like the Los Angeles International Airport and the Los Angeles and Long Beach ports 
are covered under California’s MSGP along with a half-acre metal plating facility in El 
Segundo—all subject to the same level of compliance scrutiny even after nearly two decades of 
implementation!  Similarly, a multiphase, 20-year, thousand-acre residential development such 
as Newhall Land Development in North Los Angeles County is covered by the same California 
CGP as a one-acre residential home construction project in West Los Angeles, and subject to the 
same level of compliance scrutiny.  The lack of an EPA strategy to identify and address high-risk 
industrial facilities and construction sites (i.e., those that pose the greatest risk of discharging 
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polluted stormwater) remains an enormous deficiency.  Phase I MS4s, for example, are left to 
their own devices to determine how to identify the most significant contributors to their 
stormwater systems (Duke, 2007). 

Limited Public Participation 

Public participation is more limited in the stormwater program in comparison to the 
wastewater permit program, providing less citizen-based oversight over stormwater discharges.  
Typically, during the issuance of an individual NPDES permit (for either wastewater or 
stormwater) the public has a chance to comment and review the draft permit requirements that 
are specifically prescribed for a certain site and discharge.  While the same is true about the 
public participation during the adoption of a general stormwater permit, those general permits 
contain only the framework of the requirements and the menu of conditions, but do not prescribe 
specific requirements.  Instead, it is up to the permittee to tailor the compliance to the specific 
conditions of the site in the form of a SWPPP.  However, at this phase neither the public nor the 
regulators have access to the site-specific plan developed by the permittee to comply with the 
obligations of the permit.  In the case of general permits, then, the discharger has enormous 
flexibility in designing its compliance activities. 

Citizens also encounter difficulties in enforcing stormwater permit requirements.  
Citizens have managed to sue facilities for unpermitted stormwater discharges: this is a 
straightforward process because citizens need only verify that the facility should be covered and 
lacks a permit (Richardson, 2005). Overseeing facility compliance with stormwater permit 
requirements is a different story, however, and citizens are stymied at this stage of ensuring 
facility compliance. Citizens can access a facility’s SWPPP, but only if they request the plan 
from the facility in writing (EPA, 2006a, p. 25).  Moreover, the facility is given the authority to 
make a determination—apparently without regulator oversight—of whether the plan contains 
confidential business information and thus cannot be disclosed to citizens (EPA, 2006a, p. 26).  
But, even if the facility sends the plan to the citizens, it will be nearly impossible for them to 
independently assess whether the facility is in compliance unless the citizens station telescopes, 
conduct air surveillance of the site, or are allowed to access the facility’s records of its own self-
inspections. Moreover, to the extent that the stormwater outfalls are on the facility’s property, 
citizens might not be able to conduct their own sampling without trespassing.   

Not surprisingly, significant progress has nevertheless been made in reducing stormwater 
pollution when stormwater becomes a visible public issue.  This increased visibility is often 
accomplished with the help of local environmental advocacy groups who call attention to the 
endangered species, tourism, or drinking water supplies that are jeopardized by stormwater 
contamination.  Box 2-8 describes two cases of active public participation in the management of 
stormwater. 
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BOX 2-8 
Citizen Involvement/Education in Stormwater Regulations 

The federal Clean Water Act, under Section 505, authorizes citizen groups to bring an action in 
U.S. or state courts if the EPA or a state fails to enforce water quality regulations.  Unsurprisingly, the few 
areas nationally where stormwater quality has become a visible public issue and significant progress has 
been made in reducing stormwater pollution have prominent local environmental advocacy groups 
actively involved. 

Heal the Bay, Santa Monica, California.  In Southern California, Santa Monica-based Heal the 
Bay has utilized research, education, community action, public advocacy, and political activism to improve 
the quality of stormwater discharges from MS4s in Southern California.  Heal the Bay operates an 
aquarium to educate the public, conducts stream teams to survey local streams, posts a beach report 
card on the web to inform swimmers on beach quality, appears before the California Water Boards to 
comment on NPDES stormwater permits, and works with lawmakers to sponsor legislative bills that 
protect water quality. 

In 1998, the organization helped co-author legislation to notify the public when shoreline water 
samples show that water may be unsafe for swimming.  California regulations (AB411) require local 
health agencies (county or city) to monitor water quality at beaches that are adjacent to a flowing storm 
drain and have 50,000 visitors annually (from April 1 to October 31).  At a minimum, these beaches are 
tested on a weekly basis for three specific bacteria indicators: total coliform, fecal coliform, and 
enterococcus. Local health officials are required to post or close the beach, with warning signs, if state 
standards for bacterial indicators are exceeded.  The monitoring data collected are available to the public. 

In order to better inform and engage the public, Heal the Bay has followed up with a web-based 
Weekly Beach Report Card (http://healthebay.org/brc/statemap.asp) and the release of an Annual 
California Beach Report Card assigning an “A” to “F” letter grade to more than 500 beaches throughout 
the state based on their levels of bacterial pollution.  Heal the Bay's Annual Beach Report Card is a 
comprehensive evaluation of California coastal water quality based on daily and weekly samples 
gathered at beaches from Humboldt County to the Mexican border.  A poor grade means beachgoers 
face a higher risk of contracting illnesses such as stomach flu, ear infections, upper respiratory infections, 
and skin rashes than swimmers at cleaner beaches.  

Heal the Bay was instrumental in passing Proposition O in the City of Los Angeles which sets 
aside half a billion dollars to improve the quality of stormwater discharges.  In the 2007 term of the 
California Legislature, the organization has sponsored five legislative bills to address marine debris, 
including plastic litter transported in stormwater runoff, that foul global surface waters (Currents, Vol. 21, 
No. 2, p.8, 2007). Heal the Bay also coordinates its actions and partners with other regional and national 
environmental organizations, such as the WaterKeepers and the NRDC, in advancing water quality 
protection nationally. 

Save Our Springs, Austin, Texas.  Citizen groups have played a very influential role in the 
development of a rigorous stormwater control program in the City of Austin, Texas.  Catalyzed in 1990 by 
a proposal for extensive development that threatened the fragile Barton Springs area, a citizens group 
named Save Our Springs Legal Defense Fund (later renamed Save our Springs Alliance) formed to 
oppose the development.  It orchestrated an infamous all-night council meeting, with 800 citizens 
registering in opposition to the proposed development and ultimately led to the City Council’s rejection of 
the 4,000-acre proposal and the formulation of a “no degradation” policy for the Barton Creek watershed.  
The nonprofit later sponsored the Save Our Springs Ordinance, a citizen initiative supported by 30,000 
signatures, which passed by a 2 to 1 margin in 1992 to further strengthen protection of the area.  The 
Save Our Springs Ordinance limits impervious cover in the Barton Springs watershed to a maximum of 
between 15 and 25 percent, depending on the location of the development in relation to the recharge and 
contributing zones.  The ordinance also mandates that stormwater runoff be as clean after development 
as before.  The ordinance was subject to a number of legal challenges, all of which were successfully 
defended by the nonprofit in a string of court battles. 

continues next page 
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Box 2-8 Continued 

Since its initial formation in 1990, the Save Our Springs Alliance has continued to serve a vital 
role in educating the community about watershed protection and organizing citizens to oppose 
development that threatens Barton Springs.  The organization has also been instrumental in working with 
a variety of government and nonprofit organizations to set aside large areas of parkland and open spaces 
within the watershed. Other citizen groups, like the Save Barton Creek Association, also play a very 
active, complementary role to the Save Our Springs Alliance in protecting the watershed.  These other 
nonprofits are sometimes allied and sometimes diverge to take more moderate stances to development 
proposals.  The resulting constellation of citizen groups, citizen outreach, and community participation is 
very high in the Austin area and has unquestionably led to a much more informed citizenry and a more 
rigorous watershed protection program than would exist without such grassroots leadership. 

Accounting for Future Land Use 

One of the challenges of managing stormwater from urban watersheds thus involves 
anticipating and channeling future urban growth.  Currently, the CWA does little to anticipate 
and control for future sources of stormwater pollution in urban watersheds.  Permits are issued 
individually on a technology-based basis, allowing for uncontrolled cumulative increases in 
pollutant and volume loads over time as individual sources grow in number.  The TMDL process 
in theory requires states to account for future growth by requiring a “margin of safety” in loading 
projections. However, it is not clear how frequently future growth is included in individual 
TMDLs or how vigorous the growth calculations are (for example, see EPA [2007a, pp. 12, 37], 
mentioning considerations of future land use as a consideration in stormwater related TMDLs for 
only a few—Potash Brook and the lower Cuyahoga River—of the 17 TMDLs described in the 
report). In any event, as already noted a TMDL is generally triggered only after waters have 
been impaired, which does nothing to anticipate and channel land development before waters 
become degraded.   

The fact that stormwater regulation and land-use regulation are largely decoupled in the 
federal regulatory system is understandable given the CWA’s industrial and municipal 
wastewater focus and concerns about federalism, but this limited approach is not a credible 
approach to stormwater management in the future.  Federal incentives must be developed to 
encourage states and municipalities to channel growth in a way that acknowledges, estimates, 
and minimizes stormwater problems.  

Picking up the Slack at the Municipal and State Level 

Because it involves land use, any stormwater discharge program strikes at a target that is 
traditionally within the province of state and even more likely local government regulation.  
Indeed, it is possible that part of the reason for the EPA’s loosely structured permit program is its 
concern about intruding on the province of state and local governments, particularly given their 
superior expertise in regulating land-use practices through zoning, codes, and ordinances. 

In theory, it is perfectly plausible that some state and local governments will step into the 
void and overcome some of the problems that afflict the federal stormwater discharge program.  
If local or state governments required mandatory monitoring or more rigorous and less 
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93 The Challenge of Regulating Stormwater 

ambiguous SCMs, they would make considerable progress in developing a more successful 
stormwater control program.  In fact, some states and localities have instituted programs that take 
these steps. For example, Oregon has established its own benchmarks based on industrial 
stormwater monitoring data, and it uses the benchmark exceedances to deny industries coverage 
under Oregon’s MSGP. In such cases, the facility operator must file for an individual 
stormwater discharge NPDES permit.  Some municipalities are also engaging in these problems, 
such as the City of Austin and its ban on coal tar sealants. 

Despite these bursts of activity, most state and local governments have not taken the 
initiative to fill the gaps in the EPA’s federal program (see Tucker [2005] for some exceptions).  
Because they involve some expense, stormwater discharge requirements can increase resident 
taxes, anger businesses, and strain already busy regulatory staff.  Moreover, if the benefits of 
stormwater controls are not going to materialize in waters close to or of value to the community 
instituting the controls, then the costs of the program from the locality’s standpoint are likely to 
outweigh its benefits. Federal financial support for state and local stormwater programs is very 
limited (see section below).  Until serious resources are allocated to match the seriousness and 
complexity of the problem and the magnitude of the caseload, it seems unlikely that states and 
local communities will step in to fill the gaps in EPA’s program.  These impediments help 
explain why there appear to be so many stormwater sources out of compliance with the 
stormwater discharge permit program as discussed above, at least in the few states that have gone 
on record. 

Funding Constraints 

Without a doubt, the biggest challenge for states, regions, and municipalities is having 
adequate fiscal resources dedicated to implement the stormwater program.  Box 2-9 highlights 
the costs of the program for the State of Wisconsin, which has been traditionally strong in 
stormwater management.  Phase I regulations require that a brief description of the annual 
proposed budget for the following year be included in each annual report, but this requirement 
has been dispensed with entirely for Phase II. 

Ever since the promulgation of the stormwater amendments to the CWA and the issuance 
of the stormwater regulations, the discharger community pointed out that this statutory 
requirement had the flavor of an unfunded mandate.  Unlike the initial CWA that provided 
significant funding for research, design, and construction of wastewater treatment plants, the 
stormwater amendments did not provide any funding to support the implementation of the 
requirements by the municipal operators.  The lack of a meaningful level of investment in 
addressing the more complex and technologically challenging problem of cleaning up 
stormwater has left states and municipalities in the difficult position of scrambling for financial 
support in an era of multiple infrastructure funding challenges. 
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BOX 2-9 
Preliminary Cost Estimates for Complying with  

Stormwater Discharge Permits in Wisconsin 

The Wisconsin Department of Natural Resources (WDNR) was delegated authority under the 
CWA to administer the stormwater permit program under Chapter NR 216.  There are 75 municipalities 
regulated under individual MS4 permits and 141 MS4s regulated under a general permit for a total of 216 
municipalities with stormwater discharge permits.   

As part of the “pollution prevention” minimum measure the municipalities are required to achieve 
compliance with the developed urban area performance standards in Chapter NR 151.13.  By March 10, 
2008, municipalities subject to a municipal stormwater permit under NR 216 must reduce their annual 
TSS loads by 20 percent.  These same permitted municipalities are required to achieve an annual TSS 
load reduction of 40 percent by March 10, 2013.  The reduction in TSS is compared to no controls, and 
any existing SCMs will be given credit toward achieving the 20 or 40 percent.  As part of their compliance 
with NR151.13 developed area performance standards, the municipalities are preparing stormwater plans 
describing how they will achieve the 20 and 40 percent TSS reduction.  They are required to use an 
urban runoff model, such as WinSLAMM or P8, to do the pollutant load analysis. 

As the permitted municipalities comply with the six minimum control measures and submit the 
stormwater plans for their developed area urban areas, the WDNR is learning how much it is going to 
cost to achieve the requirements in the stormwater discharge permits.  Some cities have already been 
submitting annual reports that include the cost of the six minimum measures.  Nine of the permitted 
municipalities in the southeast part of Wisconsin have been submitting their annual reports for at least 
four years. The average population of these nine communities is 17,700 with a range of about 6,000 to 
65,000. The average cost of the six minimum measures in 2007 for the nine municipalities is $162,900 
with a range of $11,600 to $479,000.  These costs have not changed significantly from year to year.  The 
average per capita cost is $9 with a range of $1 to $16 per person.  Street cleaning and catch basin 
cleaning (Figures 2-3 and 2-4) cost are included in the cost for the pollution prevention measure, and 
most of the cities were probably incurring costs for these two activities before the issuing of the permit. On 
average the street cleaning and catch basin cleaning represent about 40 percent of the annual cost for 
the six minimum measures.  These two activities will help the cities achieve the 20 and 40 percent TSS 
performance standards for developed urban areas. 

Information is available on the preliminary cost of achieving the 40 percent TSS performance 
standard for selected cities in Wisconsin.  The costs were prepared for 15 municipalities by Earth Tech 
Inc. in Madison, Wisconsin.  Areas of the municipality developed after October 2004 are not included in 
the TSS load analysis.  At this point in the preparation of the stormwater plans the costs are just capital 
cost estimates done at the planning level (Table 2-9).  Because the municipalities receive credit for their 
existing practices, these capital costs represent the additional practices needed to achieve the annual 40 
percent TSS reduction.  The costs per capita appear to decline for cities with a population over 50,000.  
All of the costs in Table 2-9 will increase when other costs, such as maintenance and land cost, are 
included. 

TABLE 2-9 Planning-Level Capital Cost Estimate to Meet 40 Percent TSS Reduction 

Population 
Number of 
Cities 

Average Cost 
($) 

Minimum 
Cost ($) 

Maximum 
Cost ($) 

Avg. Cost per Capita per 
Year over 5 Years ($) 

5,000 to 
10,000 

5 1,380,000 425,000 2,800,000 34 

10,000 to 
50,000 

6 4,600,00 2,700,00 9,200,000 35 

50,000 to 
100,000 

4 9,200,000 7,000,000 12,500,000 26 

SOURCE: Reprinted, with permission, from James Bachhuber, Earth Tech Inc., personnel communication 
(2008). Copyright 2008 by James Bachhuber, Earth Tech Inc. 
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continues next page 

Box 2-9 Continued 

For most of the 15 municipalities, the capital costs are for retrofitting dry ponds with permanent 
pools, installing new wet detention ponds, and improved street cleaning capabilities.  Because of their 
lower cost, the regional type practices have received more attention in the stormwater plans than the 
source area practices, such as proprietary devices and biofilters.  Municipalities with a higher percentage 
of newer areas will usually have lower cost because the newer developments tend to have stormwater 
control measures designed to achieve a high level of TSS control, such as wet detention ponds.  Older 
parts of a municipality are usually limited to practices with a lower TSS reduction, such as street cleaning 
and catch basin cleaning.  Of course, retrofitting older areas with higher efficiency practices is expensive, 
and the cost can go higher than expected when unexpected site limitations occur, such as the presence 
of underground utilities.  

Over the next five years all of the 15 municipalities must budget the costs in Table 2-9.  It is not 
clear yet how much of a burden these costs represent to the taxpayers in each municipality.  All the 
permits will be reviewed for compliance with the performance standards in 2013. 

FIGURE 2-3 Catch basin cleaning. Courtesy     FIGURE 2-4  Street cleaning. SOURCE: 
of Robert Pitt.  Selbig and Bannerman (2007). 

While a number of communities have passed stormwater fees linked to water quality as 
described below, a significant number of communities still do not have that financial resource.  
Municipalities that have not formed utility districts or imposed user fees have had to rely on 
general funds, where stormwater permit compliance must compete with public safety, fire 
protection, and public libraries.  This circumstance explains why elected local government 
officials have been reluctant to embrace the stormwater program.  Stormwater quality 
management is often not regarded as a municipal service, unlike flood control or wastewater 
conveyance and treatment.  A concerted effort will need to be made by all stakeholders to make 
the practical and legal case that stormwater quality management is truly another municipal 
service like trash collection, wastewater treatment, flood control, etc.  Even in states that do 
collect fees to finance stormwater permit programs, the programs appear underfunded relative to 
other types of water pollution initiatives. Table 2-10 shows the water quality budget of the 
California EPA, Los Angeles Regional Water Board.  The amount of money per regulated entity 
(see Table 2-4) dedicated to the stormwater program pales in comparison to the wastewater 
portion of the NPDES program, and it has declined over time.  Furthermore, of the more than $5 
billion dollars in low-interest loans provided in 2006 for investments in water quality 
improvements, 96 percent of that total funding went to wastewater treatment (EPA, 2007d). 
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TABLE 2-10  Comparison of Fiscal Year (FY) 02–03 Budget with FY 06–07 Budget for Water 
Quality Programs at the California EPA, Los Angeles Regional Water Board 
Program Funding Source 2002–2003 2006–2007 
NPDES1 Federal $2.8 mil $2.6 mil 
Stormwater State $2.3 mil $2.1 mil 
TMDLs Federal $1.47 mil $1.38 mil 
Spills, Leaks, Investigation 
Cleanup 

State $1.32 mil. $2.87 mil. 

Underground Storage Tanks State $2.78 mil. $2.74 mil. 
Non-Chapter 15 (Septics) State $0.93 mil. $0.93 mil. 
Water Quality Planning Federal $0.2 mil. $0.21 mil. 
Well Investigation State $1.36 mil. $0.36 mil. 
Water Quality Certification Federal $0.2 mil. $0.23 mil. 
Total $17.1 mil. $15.82 mil. 
1The NPDES row is entirely wastewater funding, as there is no federal money for implementing the 
stormwater program.  Note that the stormwater program in the table is entirely state funded. 

There are a number of potential methods that agencies can use to collect stormwater 
quality management fees, as described more extensively in Chapter 5.  A number of states now 
levy permit fees, with some permits costing in excess of $10,000, to help defray the costs of 
implementation and enforcement of their stormwater programs.  The State of Colorado, for 
example, has developed an elaborate fee structure for separate types of general permits for 
industry and construction, as well as MS4s (see http://www.cdphe.state.co.us/wq/permitsunit/ 
stormwater/StormwaterFees.pdf).  The ability of a state agency to collect fees generally must 
first be authorized by the state legislatures (see, e.g., Revised Code of Washington 90.48.465, 
providing the state agency with the authority to “collect expenses for issuing and administering 
each class of permits”).  The lack of state legislative authorization may limit some state agencies 
from creating such programs on their own.  In fact, in those states where fees cannot be levied 
against permittees, the stormwater programs appear to be both underfinanced and understaffed.  
Some municipalities have even experienced political backlash because of the absence of a strong 
state or federal program requiring them to engage in rigorous stormwater management (see Box 
2-10). 

Stormwater Management Expertise 

Historically, engineering curriculum dealt with stormwater management by focusing on 
the flood control aspects, with little attention given to the water quality aspects.  Thus, there has 
been a significant gap in knowledge and a lack of qualified personnel.  In areas where SCMs are 
just beginning to be introduced, many municipalities, industrial operators, and construction site 
operators are not prepared to address water quality issues; the problem is especially difficult for 
smaller municipalities and operators.  The profession and academia are moving to correct this 
shortfall. Professional associations such as the Water Environment Federation (WEF) and the 
American Society for Civil Engineers (ASCE) are co-authoring an update of the WEF/ASCE 
Manual of Practice “Design of Urban Runoff Controls” that integrates quality and quantity, after 
years of issuing separate manuals of design and operation for the water quality and water 
quantity elements of stormwater management. 
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BOX 2-10 
A City’s Ability to Pay for Stormwater, Water, and Sewage Utility Fees 

With the implementation of the stormwater permit program of the CWA, stormwater utilities are 
becoming more common as a way to jointly address regional stormwater quality and drainage issues.  
One such program is the Jefferson County, Alabama, Storm Water Management Authority (SWMA), 
formed in 1997 under state legislation that enables local governments to pool their resources in a regional 
stormwater authority to meet regulations required by the CWA.  Jefferson County, the City of Birmingham, 
and 22 other regional municipalities in Jefferson, part of Shelby and part of St. Clair counties, Alabama, 
were required to comply with CWA regulations.  The act gave the stormwater program the ability to 
develop a funding mechanism for the program and to form a Public Corporation. 

Over the years, SWMA has been responsible for many activities.  One of their first goals was to 
develop a comprehensive GIS database to map outfalls, land uses, stormwater practices, and many other 
features that were required as part of the permit program.  Another major activity conducted by SWMA 
was the collection of water samples from about 150 sites in the authority’s jurisdiction, both during wet 
and dry weather.  SWMA also inspects approximately 4,000 outfalls during dry weather to check for 
inappropriate connections to the storm drainage system.  SWMA coordinates public volunteer efforts with 
local environmental groups, including the Alabama Water Watch, the Alabama River Alliance, the Black 
Warrior Riverkeeper, and the Cahaba River Society.  SWMA also inspects businesses and industries 
(including construction sites) within their jurisdictions that are not permitted by the Alabama Department 
of Environmental Management (ADEM).  SWMA does not enforce rules or issue fines, although it can 
report violators to the state.  In its most famous case, it reported McWane Inc. for pollution that led to 
investigations by the state and the federal government, and ultimately a trial and criminal convictions. 

The Birmingham News (Bouma, 2007) reported that from 1997 to 2005, SWMA’s responsibilities 
under the CWA increased substantially, although their fees did not rise.  In late 2005, SWMA proposed 
that member cities increase their stormwater charges from $5 a year to $12 a year per household for 
residences and from $15 to $36 per year for businesses.  At that point, the Business Alliance for 
Responsible Development (BARD), a group of large businesses, utilities, mining interests, developers 
and landowners, began to argue that the group was financially irresponsible, and its attorneys convinced 
member cities that they could save money by withdrawing from SWMA.  Even though SWMA withdrew its  
fee increase request, many local municipalities have pulled out of SWMA, significantly reducing the 
agency’s budget and ability to conduct comprehensive monitoring and reporting.  BARD claims the 
pollution control programs of the ADEM are sufficient. In their countersuit, several environmental groups 
maintain that ADEM has failed to adequately protect the state’s waters because the agency is 
underfunded, understaffed, and ineffective at enforcement.  Much of the Cahaba and Black Warrior River 
systems within Jefferson County have such poor water quality that they frequently violate water quality 
standards (http://www.southernenvironment.org).  SWMA has been significantly impaired in its ability to 
monitor and report water quality violations with the withdrawal of many of its original member 
municipalities and the associated reduced budget.  

At the same time, the sewer bill for a family of four in the region is expected to be about $63 per 
month in 2008.  Domestic water rates have also increased, up to about $32 per month (The Birmingham 
News, Barnett Wright, December 30, 2007).  Domestic water rates have increased in recent years in 
attempts to upgrade infrastructure in response to widespread and long-lasting droughts and to cover 
rising fuel costs.  It is ironic that stormwater management agency fees are very small compared to these 
other urban water agency fees per household by orders of magnitude.  The $12 per year stormwater fee 
was used to justify the dismantling of an agency that was doing its job and identifying CWA violators.  In 
order to bring some reasonableness to the stormwater management situation and expected fees, it may 
be possible for the EPA to re-examine its guidelines of 2 percent of the household income for sewer fees 
to reflect other components of the urban water system, and to ensure adequate enforcement of existing 
regulations, especially by underfunded state environmental agencies. 
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The split between water quantity and quality is evident in municipal efforts that have 
focused primarily on flood control issues and design of appropriate appurtenances tailored for 
this purpose. As discussed earlier, most municipal codes specify practices to collect and move 
water away as fast as possible from urbanized areas.  Very little focus has been put on practices 
to mitigate the quality of the stormwater runoff.  This is especially true in urbanized areas with 
separate municipal storm sewer systems.  Even the designation “sewer” is borrowed from the 
sanitary sewer conveyance system terminology.  In arid or semi-arid areas, these flood control 
systems have been maximally engineered such that river beds have become concrete channels.  
A typical example is the Los Angeles River, which most of the year resembles an empty 
freeway. This analysis does not intend to minimize the engineering feat of designing a robust 
and reliable flood control system.  For example, during the unusually wet 2005 season in 
Southern California, the Los Angeles area did not have any major flooding incidents.  However, 
based on recent studies (Stein and Ackerman, 2007) up to 80 percent of the annual metals 
loading from six watersheds in the Los Angeles area was transported by stormwater events. 

Because of the historical lack of focus on stormwater quality, municipal departments in 
general are not designed to address the issue of pollution in urban runoff.  Just recently and due 
to the stormwater regulations, cities have been adding personnel and creating new sections to 
deal with the issue.  However, because of the complexities of the task, many duties are spread 
among various municipal departments, and more often than not coordination is still lacking.  
Perhaps most problematic is the fact that the local governmental entities in charge of stormwater 
management are often different from those that oversee land-use planning and regulation.  This 
disconnect between land-use planning and stormwater management is especially true for large 
cities. It is not unusual for program responsibilities to be compartmentalized, with industrial 
aspects of the program handled by one group, construction by another, and planning and public 
education by other distinct units. Smaller cities may have one person handling all aspects of the 
program assisted by a consulting firm.  While coordination may be ensured, the task can be 
overwhelming for a single staff person. 

Beyond water quality issues, training to better understand the importance of volume 
control and the role of LID has not yet reached many practitioners.  Many established practices 
and industry standards in the fields of civil, geotechnical, and structural engineering were 
developed prior to the introduction of the current group of SCMs and can unnecessarily limit 
their use. Indeed, certain SCMs such as porous landscape detention, extended detention, and 
vegetated swales require special knowledge about soils and appropriate plant communities to 
ensure their longevity and ease of maintenance. 

Supplementing the Clean Water Act with Other Federal Authorities that Can Control 

Stormwater Pollutants at the Source 


EPA does have other supplemental authorities that are capable of making significant 
progress in reducing or even eliminating some of the problematic stormwater pollutants at the 
national level. Under both the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) and 
the TSCA, for example, EPA could restrict some of the most problematic pollutants at their 
source by requiring labels that alert consumers to the deleterious water quality impacts caused by 
widely marketed chemical products, restricting their use, or even banning them.  This source-
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99 The Challenge of Regulating Stormwater 

based regulation bypasses the need of individual dischargers or governments to be concerned 
with reducing the individual contaminants in stormwater.  

The City of Austin’s encounter with coal tar-based asphalt sealants provides an 
illustration of the types of products contributing toxins to stormwater discharges that could be far 
better controlled at the production or marketing stage.  Through detective work, the City of 
Austin learned that coal tar-based asphalt sealants leach high levels of polycyclic aromatic 
hydrocarbons (PAHs) into surface waters (Mahler et al., 2005; Van Metre et al., 2006).  The city 
discovered this because the PAHs were found in sediments in Barton Springs, which were in turn 
leading to the decline of the endangered Barton Creek salamander (Richardson, 2006).  By 
tracing upstream, the city was able to find the culprit—a parking lot at the top of the hill that was 
recently sealed with coal tar sealant and produced very high PAH readings.  Further tests 
revealed that coal tar sealants typically leach very high levels of PAHs, but other types of asphalt 
sealants that are not created from coal tar are much less toxic to the environment and are no more 
expensive than the coal tar-based sealants (City of Austin, 2004).  As a result of its findings, the 
City of Austin banned the use of coal tar-based asphalt sealants.  Several retailers, including 
Lowes and Home Depot followed the city’s lead and refused to carry coal tar sealants.  Dane 
County in the State of Wisconsin has now also banned coal tar sealants1. 

For reasons that appear to inure to the perceived impotency of TSCA and the enormous 
burdens of restricting chemicals under that statute, EPA declined to take regulatory action under 
TSCA against coal tar sealants (Letter from Brent Fewell, Acting Assisting Administrator, U.S. 
EPA, to Senator Jeffords, October 16, 2006, p. 3). Yet, it had authority to consider whether this 
particular chemical mixture presents an “unreasonable risk” to health and the environment, 
particularly in comparison to a substitute product that is available at the same or even lower price 
[15 U.S.C. § 2605(a); Corrosion Proof Fittings vs. EPA, 947 F.2d 1201 (5th Cir. 1991)]. Indeed, 
if EPA had undertaken such an assessment, it might have even discovered that the coal tar 
sealants are not as inferior as Austin and others have concluded; alternatively it could reveal that 
these sealants do present an “unreasonable risk” since there are substantial risks from the sealant 
without corresponding benefits, given the availability of a less risky substitute. 

A similar situation holds for other ubiquitous stormwater pollutants, such as the zinc in 
tires, roof shingles, and downspouts; the copper in brake pads; heavy metals in fertilizers; 
creosote- and chromated copper arsenate (CCA)-treated wood; and de-icers, including road salt.  
Each of these sources may be contributing toxins to stormwater in environmentally damaging 
amounts, and each of these products might have less deleterious and equally cost-effective 
substitutes available, yet EPA and other federal agencies seem not to be undertaking any analysis 
of these possibilities. The EPA’s phase-out of lead in gasoline in the 1970s, which led to 
measurable declines in the concentrations of lead in stormwater by the mid-1980s (see Figure 2-
5), may provide a model of the type of gradual regulatory ban EPA could use to reduce 
contaminants in products that are non-essential. 

1 See, e.g., Coal Tar-based pavement sealants studied, Science Daily, February 12, 2007, available at 
http://www.sciencedaily.com/upi/index.php?feed=Science&article=UPI-1-20070212-10255500-bc-us-sealants.xml; 
Matthew DeFour, Dane County bans Sealants with Coal Tar, Wisconsin State Journal, April 6, 2007, available at 
http://www.madison.com/wsj/home/local/index.php?ntid=128156&ntpid=5. 

PREPUBLICATION 


RB-AR13227
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FIGURE 2-5 Trend of lead concentrations in stormwater in EPA rain zone 2 from 1980 to 2001.  Although 
the range of lead concentrations for any narrow range of years is quite large, there is a significant and 
obvious trend in concentration for these 20 years.  SOURCE: National Stormwater Quality Database 
(version 3). 

Some states are taking more aggressive forms of product regulation.  For example, in the 
mid-1990s, numerous scientific studies conducted in California by stormwater programs, 
wastewater treatment plants, the University of California, California Water Boards, the U.S. 
Geological Survey, and EPA showed widespread toxicity in local creeks, stormwater runoff, and 
wastewater treatment plant effluent from pesticide residues, particularly diazinon and chlopyrifos 
(which are commonly used organophosphate pesticides available in hundreds of consumer 
products) (Kuivila and Foe, 1995; MacCoy et al., 1995).  As a result, the California Water 
Boards and EPA listed many waters in urban areas of California as being impaired in accordance 
with CWA Section 303(d).  Many cities and counties were required to implement expensive 
programs to control the pollution under the MS4 NPDES permits to restore the designated 
beneficial uses of pesticide-impaired waters.  Figure 2-6 shows the results of one such action—a 
ban on diazinon. 

In sum, even though there are a number of sources of pollutants—from roof tiles to 
asphalt sealants to de-icers to brake linings—that could be regulated more restrictively at the 
product and market stage, EPA currently provides little meaningful regulatory oversight of these 
sources with regard to their contribution to stormwater pollution.  The EPA’s authority to 
prioritize and target products that increase pollutants in runoff, both for added testing and 
regulation, seems clear from the broad language of TSCA [15 U.S.C. § 2605(a)].  The 
underutilization of this national authority to regulate environmentally deleterious stormwater 
pollutants thus seems to be a remediable shortcoming of EPA’s current stormwater regulatory 
program. 
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101 The Challenge of Regulating Stormwater 

FIGURE 2-6 Trend of the organophosphate pesticide diazinon in MS4 discharges that flow into a 
stormwater basin in Fresno County, California, following a ban on the pesticide.  The figure shows the 
significant drop in the diazinon concentration in just four years to levels where it is no longer toxic to 
freshwater aquatic life.  EPA prohibited the retail sale of diazinon for crack and crevice and virtually all 
indoor uses after December 31, 2002, and non-agriculture outdoor use was phased out by December 31, 
2004. Restricted use for agricultural purposes is still allowed.  SOURCE: Reprinted, with permission, 
from Brosseau (2007). Copyright 2006 by Fresno Metropolitan Flood Control District. 

CONCLUSIONS AND RECOMMENDATIONS 

In an ideal world, stormwater discharges would be regulated through direct controls on 
land use, strict limits on both the quantity and quality of stormwater runoff into surface waters, 
and rigorous monitoring of adjacent waterbodies to ensure that they are not degraded by 
stormwater discharges.  Future land-use development would be controlled to prevent increases in 
stormwater discharges from predevelopment conditions, and impervious cover and volumetric 
restrictions would serve as a reliable proxy for stormwater loading from many of these 
developments.  Large construction and industrial areas with significant amounts of impervious 
cover would face strict regulatory standards and monitoring requirements for their stormwater 
discharges. Products and other sources that contribute significant pollutants through 
stormwater—like de-icing materials, urban fertilizers and pesticides, and vehicular exhaust— 
would be regulated at a national level to ensure that the most environmentally benign materials 
are used when they are likely to end up in surface waters. 

In the United States, the regulation of stormwater looks quite different from this idealized 
vision. Since the primary federal statute—the CWA—is concerned with limiting pollutants into 
surface waters, the volume of discharges are secondary and are generally not regulated at all.  
Moreover, given the CWA’s focus on regulating pollutants, there are few if any incentives to 
anticipate or limit intensive future land uses that generate large quantities of stormwater.  Most 
stormwater discharges are regulated instead on an individualized basis with the demand that 
existing point sources of stormwater pollutants implement SCMs, without accounting for the 
cumulative contributions of multiple sources in the same watershed.  Moreover, since individual 
stormwater discharges vary with terrain, rainfall, and use of the land, the restrictions governing 
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regulated parties are generally site-specific, leaving a great deal of discretion to the dischargers 
themselves in developing SWPPPs and self-monitoring to ensure compliance.  While states and 
local governments are free to pick up the large slack left by the federal program, there are 
effectively no resources and very limited infrastructure with which to address the technical and 
costly challenges faced by the control of stormwater.  These problems are exacerbated by the fact 
that land use and stormwater management responsibilities within local governments are 
frequently decoupled. The following conclusions and recommendations are made. 

EPA’s current approach to regulating stormwater is unlikely to produce an 
accurate or complete picture of the extent of the problem, nor is it likely to adequately 
control stormwater’s contribution to waterbody impairment.  The lack of rigorous end-of-
pipe monitoring, coupled with EPA’s failure to use flow or alternative measures for regulating 
stormwater, make it difficult for EPA to develop enforceable requirements for stormwater 
dischargers. Instead, under EPA’s program, the stormwater permits leave a great deal of 
discretion to the regulated community to set their own standards and self-monitor. 

Implementation of the federal program has also been incomplete.  Current statistics on 
the states’ implementation of the stormwater program, discharger compliance with stormwater 
requirements, and the ability of states and EPA to incorporate stormwater permits with TMDLs 
are uniformly discouraging.  Radical changes to the current regulatory program (see Chapter 6) 
appear necessary to provide meaningful regulation of stormwater dischargers in the future. 

Future land development and its potential increases in stormwater must be 
considered and addressed in a stormwater regulatory program.  The NPDES permit 
program governing stormwater discharges does not provide for explicit consideration of future 
land use. Although the TMDL program expects states to account for future growth in calculating 
loadings, even these more limited requirements for degraded waters may not always be 
implemented in a rigorous way.  In the future, EPA stormwater programs should include more 
direct and explicit consideration of future land developments.  For example, stormwater permit 
programs could be predicated on rigorous projections of future growth and changes in 
impervious cover within an MS4.  Regulators could also be encouraged to use incentives to 
lessen the impact of land development (e.g., by reducing needless impervious cover within future 
developments). 

Flow and related parameters like impervious cover should be considered for use as 
proxies for stormwater pollutant loading.  These analogs for the traditional focus on the 
“discharge” of “pollutants” have great potential as a federal stormwater management tool 
because they provide specific and measurable targets, while at the same time they focus 
regulators on water degradation resulting from the increased volume as well as increased 
pollutant loadings in stormwater runoff.  Without these more easily measured parameters for 
evaluating the contribution of various stormwater sources, regulators will continue to struggle 
with enormously expensive and potentially technically impossible attempts to determine the 
pollutant loading from individual dischargers or will rely too heavily on unaudited and largely 
ineffective self-reporting, self-policing, and paperwork enforcement. 

Local building and zoning codes, and engineering standards and practices that 
guide the development of roads and utilities, frequently do not promote or allow the most 
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innovative stormwater management.  Fortunately, a variety of regulatory innovations—from 
more flexible and thoughtful zoning to using design review incentives to guide building codes to 
having separate ordinances for new versus infill development can be used to encourage more 
effective stormwater management.  These are particularly important to promoting redevelopment 
in existing urban areas, which reduces the creation of new impervious areas and takes pressure 
off of the development of lands at the urban fringe (i.e., reduces sprawl). 

EPA should provide more robust regulatory guidelines for state and local 
government efforts to regulate stormwater discharges.  There are a number of ambiguities in 
the current federal stormwater program that complicate the ability of state and local governments 
to rigorously implement the program.  EPA should issue clarifying guidance on several key 
areas. Among the areas most in need of additional federal direction are the identification of 
industrial dischargers that constitute the highest risk with regard to stormwater pollution and the 
types of permit requirements that should apply to these high-risk sources. EPA should also issue 
more detailed guidance on how state and local governments might prioritize monitoring and 
enforcement of the numerous and diverse stormwater sources within their purview.  Finally, EPA 
should issue guidance on how stormwater permits could be drafted to produce more easily 
enforced requirements that enable oversight and enforcement not only by government officials, 
but also by citizens. Further detail is found in Chapter 6. 

EPA should engage in much more vigilant regulatory oversight in the national 
licensing of products that contribute significantly to stormwater pollution.  De-icing 
chemicals, materials used in brake linings, motor fuels, asphalt sealants, fertilizers, and a variety 
of other products should be examined for their potential contamination of stormwater.  Currently, 
EPA does not apparently utilize its existing licensing authority to regulate these products in a 
way that minimizes their contribution to stormwater contamination.  States can also enact 
restrictions on or tax the application of pesticides or even ban particular pesticides or other 
particularly toxic products. Austin, for example, has banned the use of coal-tar sealants within 
city boundaries. States and localities have also experimented with alternatives to road salt that 
are less environmentally toxic.  These local efforts are important and could ultimately help 
motivate broader scale, federal restrictions on particular products. 

The federal government should provide more financial support to state and local 
efforts to regulate stormwater.  State and local governments do not have adequate financial 
support to implement the stormwater program in a rigorous way.  At the very least, Congress 
should provide states with financial support for engaging in more meaningful regulation of 
stormwater discharges.  EPA should also reassess its allocation of funds within the NPDES 
program.  The agency has traditionally directed funds to focus on the reissuance of NPDES 
wastewater permits, while the present need is to advance the NPDES stormwater program 
because NPDES stormwater permittees outnumber wastewater permittees more than five fold, 
and the contribution of diffuse sources of pollution to degradation of the nation’s waterbodies 
continues to increase. 
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Chapter 3 

Hydrologic, Geomorphic, and Biological Effects of Urbanization on 


Watersheds 


A watershed is defined as the contributing drainage area connected to an outlet or 
waterbody of interest, for example a stream or river reach, lake, reservoir, or estuary.  Watershed 
structure and composition include both naturally formed and constructed drainage networks, and 
both undisturbed areas and human dominated landscape elements.  Therefore, the watershed is a 
natural geographic unit to address the cumulative impacts of urban stormwater.  Urbanization has 
affected change to natural systems that tends to occur in the following sequence.  First, land use 
and land cover are altered as vegetation and topsoil are removed to make way for agriculture or 
subsequently buildings, roads, and other urban infrastructure.  These changes, and the 
introduction of a built drainage network, alter the hydrology of the local area, such that receiving 
waters in the affected watershed can experience radically different flow regimes than they did 
prior to urbanization. This altered hydrology, when combined with the introduction of pollutant 
sources that accompany urbanization (such as people, domesticated animals, industries, etc.), has 
led to water quality degradation of many urban streams. 

This chapter first discusses the typical land-use and land-cover composition of urbanized 
watersheds. This is followed by a description of changes to the hydrologic and geomorphic 
framework of the watershed that result from urbanization, including altered runoff, streamflow 
mass transport, and stream-channel stability.  The chapter then discusses the characteristics of 
stormwater runoff, including its quantity and quality from different land covers, as well as the 
characteristics of dry weather runoff.  Finally, the effects of urbanization on aquatic ecosystems 
and human health are explored.   

LAND-USE CHANGES 

Land use has been described as the human modification of the natural environment into 
the built environment, such as fields, pastures, and settlements.  Important characteristics of 
different land uses are the modified surface characteristics of the land and the activities that take 
place within that land use.  From a stormwater viewpoint, land uses are usually differentiated by 
building density and comprised of residential, commercial, industrial, institutional, recreational, 
and open-space land uses, among others.  Each of these land uses usually has distinct activities 
taking place within it that affect runoff quality.  In addition, each land use is comprised of 
various amounts of surface land cover, such as roofs, roads, parking areas, and landscaped areas.  
The amount and type of each cover also affect the quality and quantity of runoff from urban 
areas. Changes in land use and in the land covers within the land uses associated with 
development and redevelopment are therefore important considerations when studying local 
receiving water problems, the sources of these problems within the watershed, and the 
stormwater control opportunities. 
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Land-Use Definitions 

Although there can be many classifications of residential land use, a crude and common 
categorization is to differentiate by density.  High-density residential land use refers to urban 
single-family housing at a density of greater than 6 units per acre, including the house, driveway, 
yards, sidewalks, and streets. Medium density is between 2 and 6 units per acre, while low 
density refers to areas where the density is 0.7 to 2 units per acre.  Another significant residential 
land use is multiple-family housing for three or more families and from one to three stories in 
height. These units may be adjoined up-and-down, side-by-side, or front-and-rear. 

There are a variety of commercial land uses common in the United States.  The strip 
commercial area includes those buildings for which the primary function is the sale of goods or 
services. This category includes some institutional lands found in commercial strips, such as 
post offices, court houses, and fire and police stations.  This category does not include 
warehouses or buildings used for the manufacture of goods. Shopping centers are another 
common commercial area and have the unique distinction that the related parking lot that 
surrounds the buildings is at least 2.5 times the area of the building roof area.  Office parks are a 
land use on which non-retail business takes place.  The buildings are usually multi-storied and 
surrounded by larger areas of lawn and other landscaping.  Finally, downtown central business 
districts are highly impervious areas of commercial and institutional land use. 

Industrial areas can be differentiated by the intensity of the industry.  For example, 
“manufacturing industrial” is a land use that encompasses those buildings and premises that are 
devoted to the manufacture of products, with many of the operations conducted outside, such as 
power plants, steel mills, and cement plants.  Institutional areas include a variety of buildings, for 
example schools, churches, and hospitals and other medical facilities that provide patient 
overnight care. 

Roads constitute a very important land use in terms of pollutant contributions.  The 
“freeway” land use includes limited-access highways and the interchange areas, including any 
vegetated rights-of-ways.  Finally, there are a variety of open-space categories, such as 
cemeteries, parks, and undeveloped land.  Parks include outdoor recreational areas such as 
municipal playgrounds, botanical gardens, arboretums, golf courses, and natural areas.  
Undeveloped lands are private or publicly owned with no structures and have a complete 
vegetative cover. This includes vacant lots, transformer stations, radio and TV transmission 
areas, water towers, and railroad rights-of-way. 

The preceding land-use descriptions are the traditional categories that make up the vast 
majority of the land in U.S. cities.  However, there are emerging categories of land use, such as 
those espoused under the term New Urbanism, which combine several area types (such as 
commercial and high-density residential areas).  Although land use can be broadly and generally 
categorized, local variations can be extremely important such that locally available land-use data 
and definitions should always be used. For example, local planning agencies typically do not 
separate the medium-density residential areas into subcategories.  However, this may be 
necessary to represent different development trends that have occurred with time, and to 
represent newly emerging types of land uses for an area.  Box 3-1 discusses the subtle influence 
that tree canopy could have on the residential land-use classification. 
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BOX 3-1 
The Role of Tree Cover in Residential Land Use 

Figure 3-1 shows two medium-density residential neighborhoods, one older and one newer.  Tree 
canopy is obviously different in each case, and it may have an effect on seasonal organic debris in an 
area and possibly on nutrient loads (although nutrient discharges appear to be more related to 
homeowner fertilizer applications).  Increased tree canopy cover also has a theoretical benefit in reducing 
runoff quantities due to increased interception losses.  In both cases, however, monitoring data to 
quantify these benefits are sparse.  Xiao (1998) examined the effect urban tree cover had on the rainfall 
volume striking the ground in Sacramento, California.  The results indicated that the type of tree or type of 
canopy cover affected the amount of rainfall reduction measured during a rain event, such that large 
broad-leafed evergreens and conifers reduced the rainfall that reached the ground by 36 percent, while 
medium-sized conifers and deciduous trees reduced the rainfall by 18 percent.  Cochran (2008) 
compared the volume and intensity of rain that reached the ground in an open area (no canopy cover) 
versus two areas with intact canopy covers in Shelby County, Alabama, over a year.  The sites were 
sufficiently close to each other to assume that the rainfall characteristics were the same in terms of the 
intensity and the variation of intensity and volume during the storm.  Rainfall “throughfall” was reduced by 
about 13.5 percent during the spring and summer months when heavily wooded cover existed. The 
rainfall characteristics at the leafless tree sites (winter deciduous trees) were not significantly different 
from the parking lot control sites.  In many locations around the county, very high winds are associated 
with severe storms, significantly decreasing the interception losses.  Of course, mature trees are known to 
provide other benefits in urban areas, including shading to counteract stormwater temperature increases 
and massive root systems that help restore beneficial soil structure conditions.  Additional research is 
needed to quantify the benefits of urban trees through a comprehensive monitoring program. 

FIGURE 3-1 Two medium-density residential areas (no alleys); the area on the right is older. 
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Trends in Urbanization 

Researchers at Columbia University (de Sherbinin, 2002) state that 83 percent of the 
Earth’s land surface has been affected by human settlements and activities, with the urbanized 
areas comprising about 4 percent of the total land use of the world.  Urban areas are expanding 
world-wide, especially in developing countries.  The United Nations Population Division 
estimates suggest that the world’s population will become mostly urbanized by 2010, whereas 
only 37 percent of the world’s population was urbanized in 1970.  De Sherbinin (2002) 
concludes that although the extent of urban areas is not large when compared with other land 
uses (such as agriculture or forestry) their environmental impact is significant.  Population 
densities in the cities are large, and their political, cultural, and economic influence is great.  
Most industrial activity is also located near cities.  The influence of urban areas extends beyond 
their boundaries due to the need for large amounts of land for food and energy production, to 
generate raw materials for industry, for building water supplies, for obtaining other resources 
such as construction materials, and for recreational areas.  One study estimated that the cities of 
Baltic Europe require from 500 to more than 1,000 times the urbanized land area (in the form of 
forests, agricultural, marine, and wetland areas) to supply their resources and to provide for 
waste disposal (de Sherbinin, 2002). 

Currently, considerable effort is being spent investigating land-use changes world-wide 
and in the United States in support of global climate change research.  The U.S. Geological 
Survey (USGS, 1999) has prepared many research reports describing these changes; Figure 3-2 
shows the results for one study in the Chicago and Milwaukee areas, and Figure 3-3 shows the 
results for a study in the Chesapeake Bay area. These maps graphically show the dramatic rate 
of change in land use in these areas.  The very large growth in urban areas during the 20 years 
between 1975 and 1995 is especially astonishing.  By 1995, Milwaukee and Chicago’s urbanized 
areas more than doubled in size from prior years.  Even more rapid growth has occurred in the 
Washington, D.C.–Baltimore area. 

FIGURE 3-2 The extent of urban land in Chicago and Milwaukee in 1955 (black), 1975 (red), 
and 1995 (yellow). SOURCE: USGS (1999). 
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FIGURE 3-3 This series of maps compares changes in urban, agricultural, and forested lands 
in the Patuxent River watershed over the past 140 years.  The top series shows the extent of 
urban areas (red) along with agriculture (gold), which was at its peak in the mid- to late 1800s.  
Since 1900, the amount of agricultural land has declined as urban and forested land (green) has 
increased. SOURCE: USGS (1999). 

Many different metrics can be used to measure the rate of urbanization in the United 
States, including the number of housing starts and permits and the level of new U.S. 
development.  The latter is tracked by the U.S. Department of Agriculture’s (USDA) National 
Resources Inventory (USDA, 2000).  The inventory, conducted every five years, covers all non-
federal lands in the United States, which is 75 percent of the U.S. total land area.  The inventory 
uses land-use information from about 800,000 statistically selected locations.  From 1992 to 
1997, about 2.2 million acres per year were converted from non-developed to developed status.  
According to the USDA (2000), the per capita developed land use (acres per person, a classical 
measure of urban sprawl) has increased in the United States between the years of 1982 and 1997 
from about 0.43 to about 0.49 acres per person.  The smallest amount of developed land used per 
person was for New York and Hawaii (0.15 acres), while the largest land consumption rate was 
for North Dakota, at about 10 times greater.  Surprisingly, Los Angeles is the densest urban area 
in the country at 0.11 acres per person.  The amount of urban sprawl is also directly 
proportionate to the population growth. According to Beck et al. (2003): 

In the 16 cities that grew in population by 10 percent or less between 1970 and 1990 
(but whose population did not decline), developed area expanded 38 percent—more 
than in cities that declined in population but considerably less than in the cities 
where population increased more dramatically.  Cities that grew in population by 
between 10 and 30 percent sprawled 54 percent on average.  Cities that grew 
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between 31 and 50 percent sprawled 72 percent on average.  Cities that grew in 
population by more than 50 percent sprawled on average 112 percent.  These 
findings confirm the common sense, but often unacknowledged proposition, that 
there is a strong positive relationship between sprawl and population growth. 

In most areas, the per capita use of developed land has increased, along with the 
population growth.  However, even some cities that had no population growth or had negative 
growth, such as Detroit, still had large amounts of sprawl (increased amounts of developed land 
used per person), but usually much less than cities that had large population growth.  Los 
Angeles actually had an 8 percent decreased rate of land consumption per resident during this 
period, but the city still experienced tremendous growth in land area due to its very large 
population growth.  The additional 3.1 million residents in the Los Angeles area during this time 
resulted in the development of almost an additional 400 square miles. 

Land-Cover Characteristics in Urban Areas 

As an area urbanizes, the land cover changes from pre-existing rural surfaces, such as 
agricultural fields or forests, to a combination of different surface types.  In municipal areas, land 
cover can be separated into various common categories—pictured and described in Box 3-2— 
that include roofs, roads, parking areas, storage areas, other paved areas, and landscaped or 
undeveloped areas. 

Most attention is given to impervious cover, which can be easily quantified for different 
types of land development. Given the many types of land cover described in Box 3-2, 
impervious cover is composed of two principal components: building rooftops and the 
transportation system (roads, driveways, and parking lots).  Compacted soils and unpaved 
parking areas and driveways also have “impervious” characteristics in that they severely hinder 
the infiltration of water, although they are not composed of pavement or roofing material.  In 
terms of total impervious area, the transportation component often exceeds the rooftop 
component (Schueler, 1994).  For example, in Olympia, Washington, where 11 residential 
multifamily and commercial areas were analyzed in detail, the areas associated with 
transportation-related uses comprised 63 to 70 percent of the total impervious cover (Wells, 
1995). A significant portion of these impervious areas—mainly parking lots, driveways, and 
road shoulders—experience only minimal traffic activity.  Most retail parking lots are sized to 
accommodate peak parking usage, which occurs only occasionally during the peak holiday 
shopping season, leaving most of the area unused for a majority of the time.  On the other hand, 
many business and school parking areas are used to their full capacity nearly every work day and 
during the school year. Other differences at parking areas relate to the turnover of parking 
during the day. Parked vehicles in business and school lots are mostly stationary throughout the 
work and school hours. The lighter traffic in these areas results in less vehicle-associated 
pollutant deposition and less surface wear in comparison to the greater parking turnover and 
larger traffic volumes in retail areas (Brattebo and Booth, 2003). 
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BOX 3-2 
Land Cover in Urban Areas 

For any given land use, there is a range of land covers that are typical.  Common land covers are 
described below, along with some indication of their contribution to stormwater runoff and their pollutant-
generating ability. 

Roofs.  These are usually either flat or pitched, as both have significantly different runoff 
responses.  Flat roofs can have about 5 to 10 mm of detention storage while pitched roofs have very little 
detention storage.  Roofing materials are also usually quite different for these types of roofs, further 
affecting runoff quality.  In addition, roof flashing and roof gutters may be major sources of heavy metals if 
made of galvanized metal or copper.  Directly connected roofs have their roof drains efficiently connected 
to the drainage system, such as direct connections to the storm drainage itself or draining to driveways 
that lead to the drainage system.  These directly connected roofs have much more of their runoff waters 
reaching the receiving waters than do partially connected roofs, which drain to pervious areas. 

A directly connected roof drain A disconnected roof drain (drains to pervious area) 

Parking Areas. These can be asphalt or concrete paved (impervious surface) or unpaved 
(traditionally considered a pervious surface) and are either directly connected or drain to adjacent 
pervious areas.  Areas that have rapid turnover of parked cars throughout the day likely have greater 
levels of contamination due to the frequent starting of the vehicles, an expected major source of 
pavement pollutants.  Unpaved parking areas actually should be considered impervious surfaces, as the 
compacted surface does not allow any infiltration of runoff.  Besides automobile activity in the parking 
areas, other associated activities contribute to contamination.  For example, parked cars in disrepair 
awaiting service can contribute to parking area runoff contamination.  In addition, maintenance of the 
pavement surface, such as coal-tar seal coating, can be significant sources of polycyclic aromatic 
hydrocarbons (PAHs) to the runoff. 

Paved parking area with frequent  Contamination of paved parking areas 
automobile movement    due to commercial activities 

continues on next page 
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BOX 3-2 Continued 

Storage Areas.  These can also be paved, unpaved, directly connected, or drained to pervious 
areas.  As with parking areas, unpaved storage areas should not be considered pervious surfaces 
because the compacted material effectively hinders infiltration.  Detention storage runoff losses from 
unpaved storage areas can be significant.  In storage areas (especially in commercial and industrial land 
uses), activities in the area can have significant effects on runoff quality. 

Contaminated paved storage area at vehicle junk yard   Heavy equipment storage area on concrete 
surface 

Streets. Streets in municipal areas are usually paved and directly connected to the storm 
drainage system.  In municipal areas, streets constitute a significant percentage of all impervious 
surfaces and runoff flows.  Features that affect the quality of runoff from streets include the varying 
amounts of traffic on different roads and the amount and type of roadside vegetation.  Large seasonal 
phosphorus loads can occur from residential roads in heavily wooded areas, for example.   

Wide arterial street with little roadside vegetation    Narrow residential street with substantial vegetation  

Other Paved Areas. Other paved areas in municipal regions include driveways, playgrounds, 
and sidewalks.  Depending on their slopes and local grading, these areas may drain directly to the 
drainage system or to adjacent pervious areas.  In most cases, the runoff from these areas contributes 
little to the overall runoff for an area, and the runoff quality is of relatively better quality than from the other 
“hard” surfaces. 

continues on next page 
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BOX 3-2 Continued 

Landscaped and Turf Areas. Although these are some of the only true pervious surfaces in 
municipal areas, disturbed urban soils can be severely compacted, with much more reduced infiltration 
rates than are assumed for undisturbed regional soils.  Besides the usually greater than expected 
quantities of runoff of pervious surfaces in urban areas, they can also contribute high concentrations of 
various pollutants.  In areas with high rain intensities, erosion of sediment can be high from pervious 
areas, resulting in much higher concentrations of total suspended solids (TSS) than from paved areas.  
Also, landscaping chemicals, including fertilizers and pesticides, can be transported from landscaped 
urban areas.  Undeveloped woods in urban areas can have close to natural runoff conditions, but many 
parks and other open-space areas usually have degraded runoff compared to natural conditions.  Turf 
grass has unique characteristics compared to other landscaped areas in that the soil structure is usually 
more severely degraded compared to natural conditions.  The normally shallower root systems are not as 
effective in restoring compacted soils and they can remain compacted due to some activities (pathways, 
parked cars, playing fields, etc.) that do not occur on areas planted with shrubs and trees. 

Soil erosion from turf areas with fine-grained soils during periods of high rain intensities 

Undeveloped Areas. Undeveloped areas in otherwise urban locations differ from natural areas.  
In many situations, they can be previously disturbed (cleared and graded) areas that have not been sold 
or developed.  They may be overgrown with various local vegetation types that thrive in disturbed 
locations.  In other situations, undeveloped areas may be small segments of natural areas that have not 
been disturbed or revegetated.  In this case, their stormwater characteristics may approach natural 
conditions but still be degraded due to adjacent activities and atmospheric deposition. 

SOURCE: Pitt and Voorhees (1995, 2002). 
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118 Urban Stormwater Management in the United States 

As described in Box 1-1, impervious cover is broken down into two main categories: 
directly connected impervious areas (or effective impervious area) and non-directly connected 
(disconnected) impervious areas (Sutherland, 2000; Gregory et al., 2005) (although it is 
recognized that these two states are end-members of a range of conditions).  Directly connected 
impervious area includes impervious surfaces which drain directly to the sealed drainage system 
without flowing appreciable distances over pervious surfaces (usually a flow length of less than 5 
to 20 feet over pervious surfaces, depending on soil and slope characteristics and the amount of 
runoff). Those areas are the most important component of stormwater runoff quantity and 
quality problems.  Approximately 80 percent of directly connected impervious areas are 
associated with vehicle use such as streets, driveways, and parking (Heaney, 2000). 

Values of imperviousness can vary significantly according to the method used to estimate 
the impervious cover.  In a detailed analysis of urban imperviousness in Boulder, Colorado, Lee 
and Heaney (2003) found that hydrologic modeling of the study area resulted in large variations 
(265 percent difference) in the calculations of peak discharge when impervious surface areas 
were determined using different methods.  They concluded that the main focus should be on 
effective impervious area (EIA) when examining the effects of urbanization on stormwater 
quantity and quality. 

Runoff from disconnected impervious areas can be spread over pervious surfaces as sheet 
flow and given the opportunity to infiltrate before reaching the drainage system.  Therefore, there 
can be a substantial reduction in the runoff volume and a delay in the remaining runoff entering 
the storm drainage collection system, depending on the soil infiltration rate, the depth of the 
flow, and the available flow length.  Examples of disconnected impervious surfaces are rooftops 
that discharge into lawns, streets with swales, and parking lots with runoff directed to adjacent 
open space or swales. From a hydrologic point of view, road-related imperviousness usually 
exerts a larger impact than rooftop-related imperviousness, because roadways are usually directly 
connected whereas roofs can be disconnected (Schueler, 1994).  

Methods for Determining Land Use and Land Cover 

Historically, land-use and land-cover information was acquired by a combination of field 
measurements and aerial photographic analyses—methods that required intensive interpretation 
and cross validation to guarantee that the analyst’s interpretations were reliable (Goetz et al., 
2003). Figure 3-4 is an example of a high-resolution panchromatic aerial photograph that was 
taken from an airplane in Toronto and used for measurements of urban surfaces (Pitt and 
McLean, 1986).  Most recently, satellite images have become available at high spatial resolution 
for many areas (<1 to 5 m resolution) and have the advantage of digital multi-spectral 
information more complete than even that provided by digital orthophotographs.  Minnesota has 
one of the longest records (over 20 years) of continuously recorded statistics on land cover and 
impervious surfaces derived from satellite images—information which has been incorporated 
into the Minnesota Statewide Conservation and Preservation Plan.  Some of the remaining 
problems to be overcome with satellite imagery include difficulties in obtaining consistent 
sequential acquisition dates, intensive computer processing time requirements, and large 
computer storage space requirements to store massive amounts of image information. 
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119 Effects of Urbanization on Watersheds 

FIGURE 3-4 Example of a high-resolution panchromatic aerial photograph of an industrial area 
used for measurements of urban surfaces.  SOURCE: Pitt and McLean (1986). 

The recommended approach for conducting a survey of land uses and development 
characteristics (land cover and activities) for an area is to use both aerial photography and site 
surveys. Aerial photography has improved greatly in recent years, but it is still not suitable for 
obtaining all the information needed for developing a comprehensive stormwater management 
plan. Initially, aerial photos should be used to identify the locations and extents of the various 
land uses in the study area. Neighborhoods representing homogenous land uses should then be 
identified for site surveys.  Usually, about 10 to 15 neighborhoods for each land use are 
sufficient for a community being studied (Burton and Pitt, 2002).  After the field surveys are 
conducted, the aerials are again used to measure the actual areas associated with land surface 
cover. This information can be used with field survey data to separate the surfaces into the 
appropriate categories for analyses and modeling. 

Box 3-3 presents a detailed study of land cover for several land uses in the southern 
United States using satellite imagery and ground surveys (Bochis, 2007; Bochis et al., 2008).  
The results presented here have been found to be broadly similar to other areas studied in the 
United States, although few studies have been as detailed, and there are likely to be regional 
differences. 

The general conclusion of many land-use and land-cover studies is that in urban areas, 
the amount of impervious surfaces has increased since the early years of the 20th century because 
of the tendency toward increased automobile use and bigger houses, which is associated with an 
increase in the facilities necessary to accommodate them (wider streets, more parking lots, and 
garages).  As shown in later sections of this report, the construction of impervious surfaces leads 
to multiple impacts on stream systems.  Therefore, future development plans and water resource 
protection programs should consider reducing impervious cover in the potential expansion of 
communities. Wells (1995), Booth (2000), Stone (2004), and Gregory et al. (2005) show that 
reducing the size and dimensions of residential parcels, promoting cluster developments 
(clustered medium-density residential areas in conjunction with open space, instead of large 
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120 Urban Stormwater Management in the United States 

BOX 3-3 
Land Use and Land Cover for the Little Shades Creek Watershed 

Data collected by Bochis-Micu and Pitt (2005) and Bochis (2007) for the Little Shades Creek 
watershed near Birmingham, Alabama, were acquired using IKONOS satellite imagery (provided by the 
Jefferson County Storm Water Management Authority) as an alternative to classical aerial photography to 
map the characteristics of the land uses in the monitored watershed areas, supplemented with verified 
ground truth surveys.  IKONOS is the first commercially owned satellite that provides 1-m-resolution 
panchromatic image data and 4-m multi-spectral imagery (Goetz et al., 2003).   

This project was conducted to evaluate the effects of variable site conditions associated with 
each land-use category.  About 12 homogeneous neighborhoods were investigated in each of the 16 
major land uses in this 2,500-hectare watershed.  Detailed land-cover measurements were made using a 
variety of techniques, as listed above, including field surveys for small details that were not visible with 
remote sensing tools (such as roof drain connectiveness, pavement texture, and landscaping 
maintenance practices).  Each of these individual neighborhoods was individually modeled to investigate 
the resultant variability in runoff volume and pollutant discharges.  These were statistically evaluated to 
determine if the land-use categories properly stratified these data by explaining significant fractions of the 
variability. Bochis-Micu and Pitt (2005) and Bochis (2007) concluded that land-use categories were an 
appropriate surrogate that can be used to describe the observed combinations of land surfaces.  
However, proper stormwater modeling should examine the specific land surfaces in each land-use 
category in order to better understand the likely sources of the pollutants and the effectiveness of 
candidate stormwater control measures (SCMs). 

This watershed has an overall impervious cover of about 35 percent, of which about 25 percent is 
directly connected to the drainage system.  Table 3-1 shows the average land covers for each of the 
surveyed land uses, along with the major source areas in each of the directly connected and 
disconnected impervious and pervious surface categories.  The impervious covers include streets, 
driveways, parking, playgrounds, roofs, walkways, and storage areas.  The directly connected areas are 
indicated as “connected” or “draining to impervious” and do not include the pervious area or the 
impervious areas that drain to pervious areas.  As expected, the land uses with the least impervious 
cover are open space (vacant land, cemeteries, golf courses) and low-density residential, and the land 
uses with the largest impervious covers are commercial areas, followed by industrial areas.  For a typical 
high-density residential land use in this region (having 15 or more units per hectare), the major land cover 
was found to be landscaped areas, subdivided into front- and backyard categories, while 25 percent of 
this land-use area is covered by impervious surfaces broken down into three major subcategories: roofs, 
streets, and driveways.  The subareas making up each land use show expected trends, with roofs and 
streets being the predominant directly connected impervious covers in residential areas, and parking and 
storage areas also being important in commercial and industrial areas. 

continues on next page 

PREPUBLICATION 
  

RB-AR13248



 

 
 

 
 

 

 
 

 

 

 

 

 
 

 

 

 
 

 

 

  

 

 

121 Effects of Urbanization on Watersheds 

BOX 3-3 Continued 

TABLE 3-1 Little Shades Creek Watershed Land Cover Information (percent and the predominant land 
cover) 

Land Use Directly Connected 
Impervious Cover (%) 

Disconnected 
Impervious Cover (%) Pervious Cover (%) 

High-Density 
Residential 

14 
(streets and roof) 

10 
(roofs) 

76 (front and rear 
landscaping) 

Medium-Density 
Residential (<1960 to 
1980) 

11 
(streets and roofs) 

8 
(roofs) 

81 (front and rear 
landscaping) 

Medium-Density 
Residential (>1980) 

14 
(streets and roofs) 

5 
(roofs) 

80 (front and rear 
landscaping) 

Low-Density 
Residential 

6 
(streets) 

4 
(roofs) 

89 (front and rear 
landscaping) 

Apartments 21 
(streets and parking) 

22 
(roofs) 

58 (front and rear 
landscaping) 

Multiple Families 28 
(roofs, parking , and 
streets) 

7 
(roofs) 

65 (front and rear 
landscaping) 

Offices 59 (parking, streets, 
and roofs) 

3 
(parking) 

39 (front and rear 
landscaping) 

Shopping Centers 64 (parking, roofs, 
and streets) 

4 
(roofs) 

31 (front landscaping) 

Schools 16 
(roofs and parking) 

20 
(playground) 

64 (front and rear 
landscaping, large 
turf) 

Churches 53 7 40 
(parking and streets) (parking) (front landscaping) 

Industrial 39 
(storage, parking, and 
streets) 

18 
(storage and roofs) 

44 (front and rear 
landscaping) 

Parks 32 
(streets and parking) 

33 
(playground) 

34 
(large turf and 
undeveloped) 

Cemeteries 7 15 78 
(streets) (parking) (large turf) 

Golf Courses 2 4 95 
(streets) (roofs) (large turf) 

Vacant 5 
(streets) 

1 
(driveways) 

94 
(undeveloped and 
large turf) 

SOURCE: Bochis-Micu and Pitt (2005) and Bochis (2007). Reprinted, with permission, from Bochis 
(2007).  Copyright 2007 by Celina Bochis.  
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122 Urban Stormwater Management in the United States 

tracts of low-density areas), building taller buildings, reducing the residential street width (local 
access streets), narrowing the width and/or building one-side sidewalks, reducing the size of 
paved parking areas to reflect the average parking needs instead of peak needs, and using 
permeable pavement for intermittent/overflow parking can reduce the traditional impervious 
cover in communities by 10 to 50 percent.  Many of these benefits can also be met by paying 
better attention to how the pavement and roof areas are connected to the drainage system.  
Impervious surfaces that are “disconnected” by allowing their drainage water to flow to adjacent 
landscaped areas can result in reduced runoff quantities. 

HYDROLOGIC AND GEOMORPHIC CHANGES 

The watershed provides an organizing framework for the management of stormwater 
because it determines the natural patterns of water flow as well as the constituent sediment, 
nutrient, and pollutant loads. In undeveloped watersheds, hillslope hydrologic flow-path systems 
co-evolve with microclimate, soils, and vegetation to form topographic patterns within which 
ecosystems are spatially arranged and adjusted to the long-term patterns of water, energy, and 
nutrient availability. The landforms that comprise the watershed include the network patterns of 
streams, rivers, and their associated riparian zones and floodplains, as well as component 
freshwater lakes, reservoirs, wetlands, and estuaries. 

This section starts with a discussion of precipitation measurement and characteristics 
before turning to the typical changes in hydrology and geomorphology of the watershed brought 
on by urbanization. In both the terrestrial and aquatic phases, retention and residence time of 
sediment and solutes decreases with increasing flow volume and velocity.  This results in 
relatively high retention and low export of water and nutrients in undeveloped watersheds 
compared to decreasing retention and greater pollutant export in disturbed or developed systems. 

The Storm in Stormwater 

The magnitude and frequency of stormwater discharges are not just determined by 
rainfall. Instead, they are the combined product of storm and inter-storm characteristics, land 
use, the natural and built drainage system, and any stormwater control measures (SCMs) that 
have been implemented.  The total volume and peak discharge of runoff, as well as the 
mobilization and transport of pollutants, are dependent on all aspects of the storm magnitude, 
catchment antecedent moisture conditions, and the interstorm period.  Therefore, information on 
the frequency distribution of storm events and properties is an important aspect of understanding 
the distribution of pollutant concentrations and loads in stormwater discharges.  In northern 
climates, runoff production from precipitation can be significantly delayed by the accumulation, 
ripening, and melt of snowpacks, such that much of the annual load of certain pollutants may be 
mobilized in peak flow from snowmelt events.  Therefore, measurement of precipitation and 
potential accumulation in both liquid and solid form is critical for stormwater assessment. 
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123 Effects of Urbanization on Watersheds 

Precipitation Measurements 

Any given storm is characterized by the storm’s total rainfall (depth), its duration, and the 
average and peak intensity. A storm hyetograph depicts measured precipitation depth (or 
intensity) at a precipitation gauge as a function of time; an example is shown in Figure 3-5.  This 
figure illustrates the typical high degree of variability of precipitation over the total duration of a 
storm.  In this example, the total storm depth is 50.9 mm, the duration is 19 hours, and the peak 
intensity is 0.56 mm/minute (peak depth of 2.79 mm divided by the measurement increment of 5 
minutes).  The average intensity is 0.045 mm/minute, quite a bit lower than the peak intensity, 
since the storm duration is punctuated by periods of low and no measurable precipitation. 

FIGURE 3-5 Example of a storm hyetograph at location RG2, September 20–21, 2001, Valley 
Creek watershed, Chester County, Pennsylvania.  The time increment of measurement is 5 
minutes, while the entire duration of this storm is about 16 hours. 
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124 Urban Stormwater Management in the United States 

In addition to measurements of individual storm events, precipitation data are routinely 
collected for longer time periods and compiled and analyzed annually when trying to understand 
local rainfall patterns and their impact on baseflow, water quality, and infrastructure design.  
Figure 3-6 shows the rainfall during 2007 at both humid (Baltimore) and arid (Phoenix) 
locations. Especially apparent in the Baltimore data is the fact that the majority of storm events 
are less than 20 mm in depth. 

Several networks of precipitation gauges are available in the United States; gauge data 
are available online from the National Climatic Data Center (NCDC) (http://ncdc.nws.noaa.gov).  
High-resolution precipitation data (i.e., with measurement intervals of an hour or less) are 
typically not recorded except at primary weather service meteorological stations, while daily 
precipitation records are more extensively collected and available through the Cooperative 
Weather Observer Program (http://www.nws.noaa.gov/om/coop/).  This distinction is important 
to stormwater managers because most stormwater applications require short-duration 
measurements or model results (minutes to hours).  Fortunately, a combination of precipitation 
gauges and precipitation radar estimates are available to estimate precipitation depth and 
duration, as well as additional methods to estimate snowfall and snowpack water equivalent 
depth and conditions. (A thorough description of precipitation measurement by radar is given by 
Krajewski and Smith [2001]).  While most of the conterminous United States is covered by 
NEXRAD radar for estimation of high-temporal-resolution precipitation at current resolutions of 
~4 km, the radar backscatter information requires calibration and correction with precipitation 
gauge data, and satellite estimates of precipitation are generally not sufficiently reliable for 
stormwater applications.  It goes without saying that the measurement, quality assurance, and 
maintenance of long-term precipitation records are both vital and nontrivial to stormwater 
management. 

Baltimore and Phoenix Precipitation 2007 
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FIGURE 3-6 Daily precipitation totals for the Baltimore-Washington and Phoenix airports for 
2007. 
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PREPUBLICATION 

Precipitation Statistics 

The basic characterization of precipitation is by depth-duration-frequency curves, which 
describe the return period, recurrence interval, and exceedance probability (terms all denoting 
frequency) of different precipitation intensities (depths) over different durations.  The 
methodology for determining the curves is described in Box 3-4.  Precipitation durations of 
interest in stormwater management range from a few minutes (important for determining peak 
discharge from small urban drainage areas) to a year (where the interest is in the total annual 
volume of runoff production).  As an example, one might be interested in the return period of the 
1-inch, 1-hour event, or the 1-inch, 24-hour event; the latter would have a much shorter return 
period, because accumulating an inch of rain over a day is much more common than 
accumulating the same amount over just an hour. 

The National Weather Service has developed an online utility to estimate the return 
period for a range of depth–duration events for any place in the conterminous United States 
(http://hdsc.nws.noaa.gov/hdsc/pfds/).  Figures 3-7 and 3-8 show examples of precipitation 
depth-duration-frequency curves for a humid location (Baltimore, Maryland) and an arid site 
(Phoenix, Arizona).  As an illustration of the climatic influence on the depth-duration-frequency 
curves, the 2-year, 1-hour storm is associated with a depth of 1.2 inches of precipitation in 
Baltimore, whereas this same recurrence interval and duration are associated with a depth of only 
0.6 inch of precipitation in Phoenix.  Durations from 5 minutes to one day are shown because 

BOX 3-4 
Determining Depth-Duration-Frequency Curves 

Depth-duration-frequency curves are developed from precipitation records using either annual 
maximum data series or annual exceedance data series.  Annual maximum data series are calculated by 
extracting the annual maximum precipitation depths of a chosen duration from a record.  In cases where 
there are only a few years of data available (less than 20 to 25 years), then an annual exceedance series 
(a type of “partial duration series”) for each storm duration can be calculated, where N largest values from 
N years are chosen. An annual maximum series excludes other extreme values of record that may occur 
in the same year.  For example, the second highest value on record at an observing station may occur in 
the same year as the highest value on record but will not be included in the annual maximum series.  The 
design precipitation depths determined from the annual exceedance series can be adjusted to match 
those derived from an annual maximum series using empirical factors (Chow et al., 1988; NOAA Atlas 
data series, see http://www.weather.gov/oh/hdsc/currentpf.htm, e.g., Bonnin et al., 2006).  Hydrologic 
frequency analysis is then applied the data series to determine desired return periods by fitting a 
probability distribution to the data to determine the return periods1 of interest.  The process is repeated for 
other chosen storm durations. 

1Analysis of annual maximum series produces estimates of the average period between years when a particular value is exceeded 
(“average recurrence interval”).  Analysis of partial duration (annual exceedance) series gives the average period between cases of 
a particular magnitude (“annual exceedance probability”).  The two results are numerically similar at rarer average recurrence 
intervals but differ at shorter average recurrence intervals (below about 20 years).  NOAA (e.g., Bonnin et al., 2006) notes that the 
use of the terminology “average recurrence interval” and “annual exceedance probability” typically reflects the analysis of the two 
different series, but that sometimes the term “average recurrence interval” is used as a general term for ease of reference. 
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126 Urban Stormwater Management in the United States 

this is the range typically used in the design of stormwater management facilities.  The shorter 
durations provide expected magnitude and frequency for brief but significant precipitation 
intensity peaks that can mobilize and transport large amounts of pollutants and erode soil, and 
they are used in high-resolution stormwater models.  More commonly, however, stormwater 
regulations are written for 24-hour durations at 2-, 10-, 25-, 50-, or 100-year recurrence intervals. 

Precipitation Depth-Duration-Frequency - BWI 
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FIGURE 3-7 Depth-duration-frequency curves for Baltimore, Maryland. 
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127 Effects of Urbanization on Watersheds 

Because storm magnitudes and frequencies vary by climatic region, it is reasonable to 
expect them to change during recurring climate events (e.g., El Niño) or over the long term by 
climate change.  Alteration in convective precipitation by major urban centers has been 
documented for some time (Huff and Changnon, 1973).  Some evidence exists that precipitation 
regimes are shifting systematically toward an increase in more intense rainfall events, which is 
consistent with modeled projections of global climate change increases in hydrologic extremes.  
Kunkel et al. (1999) analyzed precipitation data from 1,295 weather stations from 1931 to 1996 
across the contiguous United States and found that storms with extreme levels of precipitation 
have increased in frequency. The analysis considered short-duration events (1, 3, and 7 days) of 
1-year and 5-year return intervals.  A linear trend analysis using Kendall’s slope estimator 
statistic indicated that the overall trend in 7-day, 1-yr events for the conterminous United States 
is upward at a rate of about 3 percent per decade for 1931 to 1996; the upward trend in 7-day, 5
year events is about 4 percent per decade. These two time series are shown in Figure 3-9.  An 
increased frequency of intense precipitation events will shift depth-frequency-duration curves for 
a given location, with a given return period being associated with a more intense event.  
Alternatively, the return period for a given intensity (or depth) of an event will be reduced if the 
event is occurring more frequently.  In light of climate change, depth-duration-frequency curves 
will need to be updated regularly in order to ensure that stormwater management facilities are 
not underdesigned for an increasing intensity of precipitation.  Additional implications of climate 
change for stormwater management are discussed in Box 3-5. 

FIGURE 3-9 Nationally averaged annual U.S. time series of the number of precipitation events 
of 7-day duration exceeding 1-year (dots) and 5-year (diamonds) recurrence intervals. 
SOURCE: Reprinted, with permission, from Kunkel et al. (1999). Copyright 1999 by American 
Meteorological Society. 
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128 Urban Stormwater Management in the United States 

BOX 3-5 
Climate Change and Stormwater Management 

An ongoing report series issued by the U.S. Climate Change Science Program and the 
Subcommittee on Global Change Research summarizes the evidence for climate change to date and 
expected impacts of climate change, including impacts on the water resources sector 
(http://www.climatescience.gov/). According to the Intergovernmental Panel on Climate Change (IPCC 
2007), annual precipitation will likely increase in the northeastern United States and will likely decrease in 
the southwestern United States over the next 100 years.  In the western United States, precipitation 
increases are projected during the winter, whereas decreases are projected for the summer.  As 
temperatures warm, precipitation will increasingly fall as rain rather than snow, and snow season length 
and snow depth are very likely to decrease in most of the country.  More extreme precipitation events are 
also projected, which, when coupled with an anticipated increase in rain-on-snow events, would 
contribute to more severe flooding due to increases in extreme stormwater runoff. 

The predictions for increases in the intensity and frequency of extreme events have significant 
implications for future stormwater management.  First, many of the design standards currently in use will 
need to be revised, since they are based on historical data.  For example, depth-duration-frequency 
curves used for design storm data will need to be updated, because the magnitude of the design storms 
will change.  Even with revised design standards, in light of future uncertainty, new SCMs will need to be 
designed conservatively to allow for additional storage that will be required for regions with predicted 
trends in increased precipitation.  In addition, existing SCM designs based on old standards may prove to 
be undersized in the future.  Implementation of a monitoring program to check existing SCM inflows 
against original design inflows may be prudent to aid in judging whether retrofit of existing facilities or 
additional stormwater infrastructure is needed. 

Design Storms 

Given that only daily precipitation records are widely available, but short-duration data 
are required for stormwater analysis and prediction, design storms have been developed for the 
different regions of the United States by different state and federal resource agencies.  A design 
storm is a specified temporal pattern of rainfall at a location, created using an overall storm 
duration and frequency relevant to the design problem at hand.  Examples of design storms 
include the 24-hour, 100-year event for flood control and the 24-hour, 2-year event for channel 
protection. The magnitude of the design storm can be derived from data at a single gauge, or 
from synthesized regional data published by state or federal agencies.  The simplest form of a 
design storm is a triangular hyetograph where the base is the duration and the height is adjusted 
so that the area under the curve equals the total precipitation.  In instances where the hyetograph 
is to be used to estimate sequences of shorter duration intensities (i.e., minutes to a few hours) 
within larger duration events, depth-duration-frequency curve data can be used to synthesize a 
design storm hyetograph (see Chow et al., 1988).  An example design storm for the 100-year 
storm event for St. Louis based on NOAA Atlas 14 depth-duration-frequency data is shown in 
Figure 3-10. 
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129 Effects of Urbanization on Watersheds 

FIGURE 3-10 Hundred-year design storm for St. Louis based on NOAA Atlas 14 data. 

Conversion of Precipitation to Runoff 

Dynamics of Watershed Flowpaths 

Precipitation falling on the land surface is subject to evaporative loss to the atmosphere 
by vegetation canopy and leaf litter interception, evaporation directly from standing water on the 
surface and upper soil layers or impervious surfaces, and later transpiration through root uptake 
by vascular plants. Snowpack is also subject to sublimation (conversion of snow or ice directly 
to vapor), which results in the loss of a portion of the snow prior to melt.  The rate of evaporative 
loss depends on local weather conditions (temperature, humidity, wind speed, solar radiation) 
and the rate and duration of precipitation.  Precipitation (or snowmelt) in excess of interception 
and potential evaporative loss rates is then partitioned into infiltration and direct runoff.1 

There is a gradation of flowpaths transporting water, sediment, and solutes through a 
watershed, ranging from rapid surface flowpaths through generally slower subsurface flowpaths.  
Residence times generally increase from surface to subsurface flowpaths, with rapid surface flow 

1 The term runoff is often used in two senses.  For a given precipitation event, direct storm runoff refers to the 
rainfall (minus losses) that is shed by the landscape to a receiving waterbody.  In an area of 100 percent 
imperviousness, the runoff nearly equals the rainfall (especially for larger storms).  Over greater time and space 
scales, surface water runoff refers to streamflow passing through the outlet of a catchment, including base flow from 
groundwater that has entered the stream channel.  The raw units of runoff in either case are volume per time, but the 
volumetric flowrate (discharge) is often divided by contributing area to express runoff in units of depth per time.  In 
this way, unit runoff rates from various-sized watersheds can be compared to account for differences other than the 
contributing area. 
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providing the major contribution to flood flow while subsurface flowpaths contribute to longer-
term patterns of surface wetness.  Watershed characteristics that influence the relative dominance 
of surface versus subsurface flowpaths include infiltration capacity as affected by land cover, soil 
properties, and macropores; subsurface structure or soil horizons with varying conductivity; 
antecedent soil moisture and groundwater levels; and the precipitation duration and intensity for 
a particular storm. 

The distribution and activity of flowpaths result in changing patterns of soil moisture and 
groundwater depth, which result in patterns of soil properties, vegetation, and microbial 
communities. These ecosystem patterns, in turn, can have strong influences on the hydraulics of 
flow and biogeochemical transformations within the flowpaths, with important implications for 
sources, sinks, and transport of solutes and sediment in the watershed.  Riparian areas, wetlands, 
and the benthos of streams and waterbodies are nodes of interaction between surface and 
groundwater flowpaths, yielding reactive environments in which “hot spots” of biogeochemical 
transformation develop (McClain et al., 2003).  Thus, any alteration of surface and subsurface 
hydrologic flowpaths, for example due to urbanization, not only alters the properties of soil and 
vegetation canopy but also reforms the ecosystem distribution of biogeochemical 
transformations.   

Runoff Measurements 

Surface water runoff for a given area is measured by dividing the discharge at a given 
point in the stream channel by the contributing watershed area. The basic variables describing 
channel hydraulics include width, mean depth, slope, roughness, and velocity.  Channel 
discharge is the product of width, depth, and velocity and is typically estimated by either directly 
measuring each of these three components, or by development of a rating curve of measured 
discharge as a function of water depth, or stage relative to a datum, of the channel that is more 
easily estimated by a staff gauge or pressure transducer.  The establishment of a gauging station 
to measure discharge typically requires a stable cross section so that stage can be uniquely 
related to discharge.  Maintenance of reliable, long-term gauge sites is expensive and requires 
periodic remeasurement to update rating curves, as well as to remove temporary obstructions that 
may raise stage relative to unobstructed conditions.   

Most stream gauging in the United States is carried out by the USGS, and can be found 
on-line at http://waterdata.usgs.gov/nwis.  Recent reviews of standard methods of stream gauging 
and the status of the USGS stream gauging network are given by the USGS (1998) and the 
National Research Council (NRC, 2004). A major concern is the overall decline in the number 
of active gauges, particularly long-term gauges, as well as the representativeness of the stream 
gauge network relative to the needs of stormwater permitting.  For example, restored streams 
typically lack any gauged streamflow or water quality information prior to or following 
restoration.  This makes it very difficult to assess both the potential for successful restoration and 
whether project goals are met. 

Support of existing and development of new gauges is often in collaboration through a 
co-funding mechanism with other agencies.  Municipal co-funding for stations in support of 
National Pollutant Discharge Elimination System (NPDES) permitting is common and has 
tended to shift the concentration of active gauges toward more urban areas.  Note that the USGS 
river monitoring system was originally designed for resource inventory, and therefore did not 
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originally sample many headwater streams, particularly intermittent and ephemeral channels that 
are typically most proximal to stormwater discharges.  While this is beginning to change with 
municipal co-funding, headwater streams are still underrepresented in the National Water 
Information System relative to their ecological significance. 

Reliable records for stream discharge are vital because the frequency distribution and 
temporal trends of flows must be known to evaluate long-term loading to waterbodies.  
Magnitude and frequency analysis of sediment and other stream constituent loads consists of a 
transport equation as a function of discharge, integrated over the discharge frequency distribution 
(e.g., Wolman and Miller, 1960).  Different constituent loads have different forms of dependency 
on discharge, but are often nonlinear such that long-term or expected loads cannot be simply 
evaluated from mean flow conditions.  Similar to precipitation, discharge levels often follow an 
Extreme Value distribution, dependent on climate, land use, and hydrogeology, but which is 
typically dampened compared to precipitation due to the memory effects of subsurface storage 
and flows (e.g., Winter, 2007). 

Impacts of Urbanization on Runoff 

Shift from Infiltration and Evapotranspiration to Surface Runoff 

Replacement of vegetation with impervious or hardened surfaces affects the hydrologic 
budget—the quantity of water moving through each component of the hydrologic cycle—in a 
number of predictable ways.  As the percent of the landscape that is paved over or compacted is 
increased, the land area available for infiltration of precipitation is reduced, and the amount of 
stormwater available for direct surface runoff becomes greater, leading to increased frequency 
and severity of flooding. Reduced infiltration of precipitation leads to reduced recharge of the 
groundwater reservoir; absent new sources of recharge, this can lead to reduction in base flow of 
streams (e.g., Simmons and Reynolds, 1982; Rose and Peters, 2001).  Vegetation removal also 
results in a lower amount of evapotranspiration compared to undeveloped land.  This can have 
particularly profound hydrologic effects in those regions of the country where a significant 
percent of precipitation is evapotranspirated, such as the arid Southwest (Ng and Miller, 1980).  
Figure 3-11 illustrates the changes to these components of the hydrologic budget as the percent 
of impervious area is increased. 

It should be noted that the conversion in hydrology from infiltrated water to surface 
runoff following urbanization is not entirely straightforward in all cases.  Leaking pressurized 
water supply pipes and sanitary sewers, subsurface discharge of septic system effluent (Burns et 
al., 2005), infiltration of stormwater from unlined detention ponds, and lawn irrigation can offset 
reduced infiltration of precipitation, such that stream baseflow levels may actually be increased, 
especially during low base flow months, when such effects would be most pronounced (Konrad 
and Booth, 2005; Meyer, 2005). Cracks in sealed surfaces can also provide concentrated points 
of infiltration (Sharp et al., 2006).   
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132 Urban Stormwater Management in the United States 

FIGURE 3-11 As land cover changes from vegetated and undeveloped (upper left) to 
developed with increased connected impervious surfaces (lower right), the partitioning of 
precipitation into other components of the hydrologic cycle is shifted.  Evapotranspiration and 
shallow and deep infiltration are reduced, and surface runoff is increased.  SOURCE: Adapted 
from the Federal Interagency Stream Restoration Working Group (FISRWG, 2000).  

Relationship Between Imperviousness, Drainage Density, and Runoff 

Excess runoff due to urbanization is a direct reflection of the land uses onto which the 
precipitation falls, as well as the presence of drainage systems that receive stormwater from 
many separate source areas before it enters receiving waters.  Thus, a functional way of 
partitioning urban areas is by the nature of the impervious cover and by its connection to the 
drainage system, underlying the differentiation of total impervious area and effective impervious 
area discussed in Box 1-2. 

As examples of how runoff changes with urbanization, Figure 3-12 shows daily stream 
flow values for a low-density suburban catchment and a high-density urban catchment in the 
Baltimore, Maryland area.  The low-density site (Figure 3-12A) shows a strong seasonal signal 
and a marked decline in flow during an extreme drought in 2002.  In contrast, the more densely 
urbanized catchment (Figure 3-12B) shows a much greater variability in flow that is dominated  
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FIGURE 3-12 Daily time series of flows in (A) a low-density suburban and forested catchment 
(Baisman Run, http://waterdata.usgs.gov/md/nwis/uv/?site_no=01583580) and (B) a catchment 
dominated by medium- to high-density residential and commercial land uses (Dead Run, 
http://waterdata.usgs.gov/md/nwis/uv/?site_no=01589330).  Both lie within the Piedmont 
physiographic province. 

by impervious surface runoff, and a dampened response to the drought because natural 
groundwater flow is a much smaller component of the total discharge.   

The percentage of time a discharge level is equaled or exceeded is displayed by flow 
duration curves, which show the cumulative frequency distributions of flows for a given 
duration. Examples for three catchments in the Baltimore area are given in Figure 3-13, showing 
the tendency for urban areas to produce high flows with much longer aggregate durations. 

As another example of how runoff changes with imperviousness, a locally calibrated 
version of WinSLAMM was used to investigate the relationships between watershed and runoff 
characteristics for 125 individual neighborhoods in Jefferson County, Alabama (Bochis-Micu 
and Pitt, 2005).  Figure 3-14 shows the relationships between the directly connected impervious 
area values and the calculated volumetric runoff coefficient (Rv, which is the volumetric fraction 
of the rainfall that occurs as runoff), based on 43 years of local rain data.  As expected, there is a 
strong relationship between these parameters for both sandy and clayey soil conditions.  It is 
interesting to note that the Rv values are relatively constant until values of directly connected 
impervious cover of 10 to 15 percent are reached (at Rv values of about 0.07 for sandy soil areas 
and 0.16 for clayey soil areas)—the point where receiving water degradation typically has been 
observed to start (as discussed later in the chapter).  The 25 to 30 percent directly connected 
impervious levels (where significant degradation is usually observed) is associated with Rv 
values of about 0.14 for sandy soil areas and 0.25 for clayey soil areas; this is where the curves 
start to greatly increase in slope. 
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Flow frequency vs. discharge 
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FIGURE 3-13 Flow duration curves for three watersheds with distinct land use in the Baltimore, 
Maryland area. Urban areas have flashier runoff with greater frequency of low and high 
extreme flows. 
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FIGURE 3-14 Relationships between the directly connected impervious area (%) and the 
calculated volumetric runoff coefficients (Rv) for (A) sandy soil and (B) clayey soil. 
SOURCE: Reprinted, with permission, from Bochis-Micu and Pitt (2005). Copyright 2005 by 
Water Environment Federation, Alexandria, Virginia. 
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135 Effects of Urbanization on Watersheds 

Relationship Between Runoff and Rainfall Conditions 

The runoff that results from various land uses also varies depending on rainfall 
conditions. For small rain depths, almost all the runoff originates solely from directly connected 
impervious areas, as disconnected areas have most of their flows infiltrated (Pitt, 1987).  For 
larger storms, both directly connected and disconnected impervious areas contribute runoff to the 
stormwater management system.  For example, Figure 3-15 (created using WinSLAMM; Pitt and 
Voorhees, 1995) shows the relative runoff contributions for a large commercial/mall area in 
Hoover, Alabama, for different rains (Bochis, 2007).  In this example, about 80 percent of the 
runoff originates from the parking areas for the smallest runoff-producing rains.  This 
contribution decreases to about 55 percent at rain depths of about 0.5 inch (13 mm).  This 
decrease in the importance of parking areas as a source of runoff volume is associated with an 
increase in runoff contributions from streets and directly connected roofs.  In many areas, 
pervious areas are not hydrologically active until the rain depths are relatively large and are not 
significant runoff contributors until the rainfall exceeds about 25 mm for many land uses and soil 
conditions. However, compacted urban soils can greatly increase the flow contributions from 
pervious areas during smaller rains.  Burges and others (1998), for example, found that more 
than 60 percent of the storm runoff in a suburban development in western Washington State 
originated from nominally “green” parts of the landscape, primarily lawns. 

A further example illustrating the relationship between rainfall and runoff is given for 
Milwaukee, summarized in Box 3-6. The two curves of Figure 3-16 show a relationship between 
rainfall and runoff that is typical of urban areas.  Very small storms (< 0.05 inch) produce no 
measurable runoff, owing to removal by interception storage and evaporation.  Storms that 
deposit up to one inch of rainfall constitute about 90 percent of the storm events in this region, 
but these events produced only about 50 percent of the runoff.  Very large events (greater than 3 
inches of precipitation) are rare and destructive, accounting for only a few percent of the annual 
rainfall events. 

FIGURE 3-15 Surfaces contributing to runoff for an example commercial/mall area.  
SOURCE: Reprinted, with permission, from Bochis (2007). Copyright 2007 by Celina 
Bochis. 
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136 Urban Stormwater Management in the United States 

BOX 3-6 
Example Rainfall and Runoff Distributions 

Figure 3-16 is an example of rainfall and runoff observed at Milwaukee, Wisconsin (Bannerman et 
al., 1983), as monitored during the Nationwide Urban Runoff Program (NURP) (EPA, 1983).  This 
observed distribution is interesting because of the unusually large rains that occurred twice during the 
monitoring program.  These two major rains would be in the category of design storms for conventional 
drainage systems.  These plots indicate that these very large events, in the year they occurred, caused a 
measureable fraction of the annual pollutant loads and runoff volume discharges, but smaller events were 
responsible for the vast majority of the discharges.  In typical years, when these rare design events do not 
occur, their pro-rated contributions would be even smaller. 

FIGURE 3-16  Milwaukee rainfall and runoff probability distributions, and pollutant mass discharge 
probability distributions (1981 to 1983).  Rain count refers to the number of rain events.  SOURCE: Data 
from Bannerman et al. (1983). 

More than half of the runoff from this typical medium-density residential area was associated with 
rain events that were smaller than 0.75 inch.  Two large storms (about 3 and 5 inches in depth), which are 
included in the figure, distort this figure because, on average, the Milwaukee area only expects one 3.5
inch storm about every five years, and 5-inch storms even less frequently.  If these large rains did not 
occur, such as for most years, then the significance of the smaller rains would be even greater.  The 
figure also shows the accumulated mass discharges of different pollutants (suspended solids, chemical 
oxygen demand [COD], phosphates, and lead) monitored during the Milwaukee NURP project.  When 
these figures are compared, it is seen that the runoff and pollutant mass discharge distributions are very 
similar and that variations in the runoff volume are much more important than variations in pollutant 
concentrations (the mass divided by the runoff volume) for determining pollutant mass discharges.   

These rainfall and runoff distributions for Milwaukee can thus be divided into four regions: 

• Less than 0.5 inch.  These rains account for most of the events, but little of the runoff volume, 
and they are therefore easiest to control.  They produce much less pollutant mass discharge and 
probably have less receiving water effects than other rains.  However, the runoff pollutant concentrations 
likely exceed regulatory standards for several categories of critical pollutants (bacteria and some total 
recoverable heavy metals).  They also cause large numbers of overflow events in uncontrolled combined  

continues next page 
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BOX 3-6 Continued 

sewers.  These rains are very common, occurring once or twice a week (accounting for about 60 percent 
of the total rainfall events and about 45 percent of the total runoff-generating events), but they only 
account for about 20 percent of the annual runoff and pollutant discharges.  Rains less than about 0.05 
inch did not produce noticeable runoff. 

• 0.5 to 1.5 inches. These rains account for the majority of the runoff volume (about 50 percent 
of the annual volume for this Milwaukee example) and produce moderate to high flows.  They account for 
about 35 percent of the annual rain events, and about 20 percent of the annual runoff events, by number.  
These rains occur on average about every two weeks from spring to fall and subject the receiving waters 
to frequent high pollutant loads and moderate to high flows. 

• 1.5 to 3 inches. These rains produce the most damaging flows from a habitat destruction 
standpoint and occur every several months (at least once or twice a year).  These recurring high flows, 
which were historically associated with much less frequent rains, establish the energy gradient of the 
stream and cause unstable streambanks.  Only about 2 percent of the rains are in this category, but they 
are responsible for about 10 percent of the annual runoff and pollutant discharges. 

• Greater than 3 inches.  The rains in this category are included in design storms used for 
traditional drainage systems in Milwaukee, depending on the times of concentration and rain intensities.  
These rains occur only rarely (once every several years to once every several decades, or less 
frequently) and produce extremely large flows that greatly exceed the capacities of the storm drainage 
systems, causing extensive flooding.  The monitoring period during the Milwaukee NURP was unusual in 
that two of these events occurred.  Less than 2 percent of the rains were in this category (typically <<1 
percent would be in this category), and they produced about 15 percent of the annual runoff quantity and 
pollutant discharges.  However, when they do occur, substantial property and receiving water damage 
results (mostly associated with habitat destruction, sediment scouring, and the flushing of organisms 
great distances downstream and out of the system).  The receiving water can conceivably recover 
naturally to pre-storm conditions within a few years.  These storms, while very destructive, are sufficiently 
rare that the resulting environmental problems do not justify the massive controls that would be necessary 
to decrease their environmental effects. 

Alteration of the Drainage Network 

As shown in Figure 3-17, urbanization disrupts natural systems in ways that further 
complicate the hydrologic budget, beyond the imperviousness effects on runoff discussed earlier.  
As an area is urbanized, lower-order stream channels are typically re-routed or encased in pipes 
and paved over, resulting in a highly altered drainage pattern.  The buried stream system is 
augmented by an extensive system of storm drains and pipes, providing enhanced drainage 
density (total lengths of pipes and channels divided by drainage area) compared to the natural 
system.  Figure 3-18 shows how the drainage density of Baltimore today compares to the natural 
watershed before the modern stormwater system was fully developed.  The artificial drainage 
system occupies a greater percentage of the landscape compared to natural conditions, 
permanently altering the terrestrial component of the hydrologic cycle. 
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138 Urban Stormwater Management in the United States 

FIGURE 3-17 Alteration of the natural hydrologic cycle by the presence of piped systems.  Blue 
arrows represent the natural system; red arrows indicate short-circuiting due to piped systems.  
Note that several elements of the water cycle shown in this diagram are not considered in this 
report, such as septic systems, interbasin transfers of water and wastewater, and the influence 
of groundwater withdrawals. SOURCE: Courtesy of Kenneth Belt, USDA Forest Service, 
Baltimore, Maryland. 

Flowpaths are altered in other ways by urban infrastructure.  Buried stormwater and 
sewer pipes can act as infiltration galleries for groundwater, causing shortened groundwater 
flowpaths between groundwater reservoirs and stream systems.  Natural surface water pathways 
are often interrupted or reversed, as shown by the blue lines in Figure 3-19 for a drainage system 
in Baltimore.  Understanding how the system operates as a whole can often require knowledge of 
the history of construction conditions and field verification of the actual flow paths. 

Large-scale infrastructure such as dams, ponds, and bridges can also have a major impact 
on stormwater flows.  Figure 3-20 illustrates the interruption of the drainage network by bridges 
and culverts, even in places where there have been attempts to keep excessive development out 
of the riparian corridor.  Simulations and post-flood mapping in areas around Baltimore have 
shown that bridge abutments such as those shown in Figure 3-20 can slow down channel 
floodwaters during storms.  This is because water backs up behind bridges constructed across the 
floodplain and spreads out over land surfaces and then flows back into channels as floodwaters 
subside. Although reducing the severity of downstream flooding, this phenomenon also 
interrupts the transport of sediment, leading to local zones of both enhanced deposition and 
downstream scour. 
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FIGURE 3-18  Baltimore City before and after development of its stormwater system.  The left-
hand panel shows first- and second-order streams lost to development.  The right-hand panel 
shows the increase in drainage density resulting from construction of the modern storm-drain 
network.  SOURCE: Courtesy of William Stack, Baltimore Department of Public Works.   
 
 
 
Alteration of Travel Times 
 

The combination of impervious surface and altered drainage density provides 
significantly more rapid hydraulic pathways for stormwater to enter the nearest receiving 
waterbody compared to a natural landscape.  This is illustrated quantitatively by Figure 3-21, 
which shows that the lag time—the difference in time between the center of mass of precipitation 
and the center of mass of the storm response hydrograph—is reduced for an urbanized landscape 
compared to a natural one.   

The increase in surface runoff volumes and reduction in lag times between precipitation 
and a waterbody’s response give rise to greater velocities and volumetric discharges in receiving 
waters.  Storm hydrographs in a developed setting peak earlier and higher than they do in 
undeveloped landscapes.  This altered flow regime is of concern to property owners because 
upstream development can increase the probability of a flood-prone property being inundated.  
Properties in the floodplain and near stream channels are particularly susceptible to flooding 
from upstream development.  Such increased flood risk is accompanied by associated potential 
property damages and costs of replacement or repair. 
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140 Urban Stormwater Management in the United States 

FIGURE 3-19 Dead Run drainage system, Baltimore, Maryland.  Blue lines indicate surface 
(daylighted) drainage; orange indicates the subsurface storm-drain system.  The surface 
drainage system is highly disconnected.  From the coverage it is difficult to impossible to discern 
the flow direction of some of the surface drainage components.  SOURCE: Reprinted, with 
permission, from Meierdierks et al. (2004). Copyright 2004 by the American Geophysical Union. 
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FIGURE 3-20 Shaded-relief lidar image of a portion of the Middle Patuxent River valley in 
Howard County, Maryland, showing the pervasive interruption of the drainage network by 
bridges and culverts, even in places where there is an attempt to keep excessive development 
out of the riparian corridor.  SOURCE: Reprinted, with permission, from Miller, University of 
Maryland, Baltimore County. Copyright 2006 by Andrew J. Miller. 

Various descriptors can be used to quantify the effects of urbanization on streamflow 
including flood frequency, flow duration, mean annual flood, discharge at bankfull stage, and 
frequency of bankfull stage. The “classic” view of urban-induced changes to runoff was 
presented by Leopold (1968), who provided several quantitative descriptors of the effects of 
urbanization on the mean annual flood.  For example, Figure 3-22 shows the ratio of discharge 
before and after urbanization for the mean annual flood for a 1-square-mile area as a function of 
percentage of impervious area and percentage area served by a storm-drain system.  This shows 
that for unsewered areas, increases from 0 to 100 percent impervious area will increase the peak 
discharge by a factor of 2.5. However, for 100 percent sewered areas, the ratio of peak 
discharges ranges from 1.7 to 8 for 0 to 100 percent impervious area.  Clearly both impervious 
surfaces and the presence of a storm-drain system combine to increase discharge rates in 
receiving waters.  Combining this information with regional flood frequency data, a discharge– 
frequency relationship can be developed that shows the expected discharge and recurrence 
interval for varying degrees of storm-drain coverage and impervious area coverage.  An example 
is shown in Figure 3-23, using data from the Brandywine Creek watershed in Pennsylvania 
(Leopold, 1968). Bankfull flow for undeveloped conditions in general has a recurrence interval 
of about 1.5 years (which, in the particular case of the Brandywine, was 67 cubic feet per 
second); with 40 percent of the watershed area paved, this discharge would occur about three 
times as often. 
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142 Urban Stormwater Management in the United States 

FIGURE 3-21 Illustration of the effect of urbanization on storm hydrograph lag time, the 
difference in time between the center of mass of rainfall and runoff response before and after 
urbanization.  SOURCE: Leopold (1968). 
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FIGURE 3-22  Ratio of peak discharge after urbanization to peak discharge before urbanization 
for the mean annual flood for a 1-square-mile drainage area, as a function of percent impervious 
surface and percent area drained by storm sewers.  SOURCE: Leopold (1968). 

PREPUBLICATION 
  

RB-AR13271



   
 

 
 

 
 

 
 

 

 
 

144 Urban Stormwater Management in the United States 

FIGURE 3-23 Flood frequency curves as a function of percent impervious area and percent of 
area serviced by storm sewers. The unurbanized data are from Brandywine Creek, 
Pennsylvania.  SOURCE: Leopold (1968). 

Over the past four decades since this first quantitative characterization of urban 
hydrology, a much greater variety of hydrologic changes resulting from urbanization has been 
recognized. Increases in peak discharge are certainly among those changes, and they will always 
gather attention because of their direct impact on human infrastructure and potential for more 
frequent and more severe flooding.  The extended duration of flood flows, however, also affects 
natural channels because of the potential increase in erosion.  Ecological effects of urban-altered 
flow regimes are even more diverse, because changes in the sequence and frequency of high 
flows, the rate of rise and fall of the hydrograph, and even the season of the year in which high 
flows can occur all have significant ecological effects and can be dramatically altered by 
watershed urbanization (e.g., Rose and Peters, 2001; Konrad et al., 2005; Roy et al., 2005; Poff 
et al., 2006). 

*** 

The overarching conclusion of many studies is that the impact of urbanization on the 
hydrologic cycle is dramatic.  Increased impervious area and drainage connectedness decreases 
stormwater travel times, increases flow rates and volumes, and increases the erosive potential of 
streams.  The flooding caused by increased flows can be life-threatening and damaging to 
property. As described below, changes to the hydrologic flow regime also can have deleterious 
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145 Effects of Urbanization on Watersheds 

effects on the geomorphic form of stream channels and the stability of aquatic ecosystems.  
Although these impacts are commonly ignored in efforts to improve “water quality,” they are 
inextricably linked to measured changes in water chemistry and must be part of any attempt to 
recover beneficial uses that have been lost to upstream urbanization.  

Geomorphology 

Watershed geomorphology is determined by the arrangement, interactions, and 
characteristics of component landforms, which include the stream-channel network, the 
interlocking network of ridges and drainage divides, and the set of hillslopes between the 
channel (or floodplain) and ridge. The stream and ridge systems define complementary 
networks, with the ridge (or drainage divide) network separating the drainage areas contributing 
to each reach in the stream network.  At the hillslope scale, the ridges provide upper boundaries 
of all surface flowpaths which converge into the complementary stream reaches.  A rich 
literature describes the topology and geometry of stream and ridge networks (e.g., Horton, 1945; 
Strahler, 1957, 1964; Shreve, 1966, 1967, 1969; Smart, 1968; Abrahams, 1984; Rodriguez-Iturbe 
et al., 1992). 

Besides stream channels, a variety of other water features and landforms make up a 
watershed. Fresh waterbodies (ponds, lakes, and reservoirs) are typically embedded within the 
stream network, while wetlands may be either embedded within the stream network or separated 
and upslope from the channels.  Estuaries represent the interface of the stream network with the 
open ocean. Additional fluvial and colluvial landforms include alluvial fans, landslide features, 
and a set of smaller features within or near the channels and floodplains including bar deposits, 
levees, and terraces. Each of these landforms are developed and maintained by the fluvial and 
gravitational transport and deposition of sediment, and are therefore potentially sensitive to 
disruption or alteration of flowpaths, hydrologic flow regimes, and sediment supply. 

Stream Network Form and Ordering Methods 

Most watersheds are fully convergent, with tributary streams combining to form 
progressively larger channels downstream.  The manner is which streams from different source 
areas join to produce mainstreams strongly influences the propagation of stormwater discharge 
and pollutant concentrations, and the consequent level of ecological impairment in the aquatic 
ecosystem.   

Methods for indexing the topologic position of individual reaches within the drainage 
network have been introduced by Horton (1945), Strahler (1957), Shreve (1966, 1967) and 
others. All stream topologic systems are dependent on the identification of first-order streams— 
the most upstream element of the network—and their lengths and drainage areas.  Unfortunately, 
no universal standards exist to define where the stream head is located, or whether perennial, 
intermittent, and ephemeral channels should be considered in this determination.  While this may 
seem like a trivial process, the identification and delineation of these sources effectively 
determines what lengths and sections of channels are defined to be waterbodies and, thus, the 
classification of all downstream waterbodies. 
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Nadeau and Rains (2007) have recently reviewed stream-channel delineation in the 
United States using standardized maps and hydrographic datasets to better relate climate to the 
extent of perennial, intermittent, and ephemeral channel types.  Because this may influence the 
set of stream channels that are regulated by the Clean Water Act (CWA), it is the subject of 
current legal arguments in courts up to and including the Supreme Court (e.g., Solid Waste 
Agency of Northern Cook County v. U.S. Army Corps of Engineers, 531 U.S. 159 [2001], John A. 
Rapanos et al. vs. United States [U.S., No. 04-1034, 2005]). In addition to the stream-channel 
network, additional features (discussed below) that are embedded in or isolated from the 
delineated stream network (lakes, ponds, and wetlands) are subject to regulation under the CWA 
based on their proximity or interaction with the defined stream and river network.  Therefore, 
definition of the extent and degree of connectivity of the nation’s stream network, with an 
emphasis on the headwater region, is a critical determinant of the set of waterbodies that are 
regulated for stormwater permitting (Nadeau and Rains, 2007). 

Stream Reach Geomorphology 

Within the channel network, stream reaches typically follow a regular pattern of changes 
in downstream channel form.  Hydraulic geometry equations, first introduced by Leopold and 
Maddock (1953), describe the gross geomorphic adjustment of the channel (in terms of average 
channel depth and width) to the flow regime and sometimes the sediment supply.  Within this 
general pattern of larger flows producing larger channels, variations in channel form are evident, 
particularly the continuum among straight, meandering, or braided patterns.  These forms are 
dependent on the spatial and temporal patterns of discharge, sediment supply, transport capacity, 
and roughness elements.   

Most natural channels have high width-to-depth ratios and complexity of channel form 
compared with engineered channels.  Meanders are ubiquitous self-forming features in channels, 
created as accelerated flow around the outside of the meander entrains and transports more 
sediment, producing greater flow depths and eroding the bank, while decelerated flow on the 
inside of the meander results in deposition and the formation of lower water depth and bank 
gradients. These channels typically show small-scale alternation between larger cross sections 
with lower velocities and defining pools, and smaller cross sections with higher velocity flow in 
riffles. Braided streams form repeated subdivision and reconvergence of the channel in multiple 
threads, with reduced specific discharge compared to a single channel.  Natural obstructions 
including woody debris, boulders, and other large (relative to channel dimensions) features all 
contribute to hydraulic and habitat heterogeneity.  The complexity of these channel patterns 
contributes to hydraulic roughness, further dissipating stream energy by increasing the effective 
wetted perimeter of the channel through a valley and deflecting flow between banks. 

Embedded Standing Waterbodies 

Standing waterbodies include natural, constructed, or modified ponds and lakes and are 
characterized by low or near-zero lateral velocity.  They can be thought of as extensions of pools 
within the drainage network, although there is no clear threshold at which a pool can be defined 
as a pond or lake. When they are embedded within the channel network, they are characterized 
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with much greater cross-sectional area (width x depth), lower surface water slopes (approaching 
flat), and lower velocities than a stream reach of similar length.  Therefore, standing waterbodies 
function as depositional zones, have higher residence times, and provide significant storage of 
water, sediment, nutrients, and other pollutants within the stream network. 

Riparian Zone 

The riparian area is a transitional zone between the active channel and the uplands, and 
between surface water and groundwater.  The area typically has shallower groundwater levels 
and higher soil moisture than the surrounding uplands, and it may support wetlands or other 
vegetation communities that require higher soil moisture.  Riparian zones provide important 
ecosystem functions and services, such as reducing peak flood flows, transforming bioavailable 
nutrients into organic matter, and providing critical habitat. 

In humid landscapes, a functioning riparian area commonly is an area where shallow 
groundwater forms discharge seeps, either directly to the surface and then to the stream channel 
or through subsurface flowpaths to the stream channel.  The potential for high moisture and 
organic material content provides an environment conducive to anaerobic microbial activity, 
which can provide effective sinks for inorganic nitrogen by denitrification, reducing nitrate 
loading to the stream channel.  However, the width of the effective riparian zone depends on 
local topographic gradients, hydrogeology, and the channel geomorphology (Lowrance et al., 
1997). In steeply incised channels and valleys, or areas with deeper flowpaths, the riparian zone 
may be narrow and relatively well drained. 

Under more arid conditions with lower groundwater levels, riparian areas may be the 
only areas within the watershed with sufficient moisture levels to support significant vegetation 
canopy cover, even though saturation conditions may occur only infrequently.  Subsurface 
flowpaths may be oriented most commonly from the channel to the bed and banks, forming the 
major source of recharge to this zone from periodic flooding.  In monsoonal climates in the U.S. 
southwest, runoff generated in mountainous areas or from storm activity may recharge riparian 
aquifers well downstream from the storm or snowmelt activity.  Channelization that reduces this 
channel-to-riparian recharge may significantly impair riparian and floodplain ecosystems that 
provide critical habitat and other ecosystem services (NRC, 2002). 

Floodplains 

The presence and distribution of alluvial depositional zones, including floodplains, is 
dependent on the distribution and balance of upstream sediment sources and sediment transport 
capacity, the temporal and spatial variability of discharge, and any geological structural controls 
on valley gradient. Lateral migration of streams contributes to the development of floodplains as 
the outer bank of the migrating channel erodes sediment and deposition occurs on the opposite 
bank. This leads to channels that are closely coupled to their floodplains, with frequent overbank 
flow and deposition, backwater deposits, wetlands, abandoned channels, and other floodplain 
features. During major events, overbank flooding and deposition adds sediment, nutrients, and 
contaminants to the floodplain surface, and may significantly rework preexisting deposits and 
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drainage patterns. Constructional landforms typical of urbanized watersheds, such as levees, 
tend to disconnect streams from their floodplains. 

Changes in Geomorphology from Urbanization 

Changes to channel morphology are among the most common and readily visible effects 
of urban development on natural stream systems (Booth and Henshaw, 2001).  The actions of 
deforestation, channelization, and paving of the uplands can produce tremendous changes in the 
delivery of water and sediment into the channel network.  In channel reaches that are alluvial, the 
responses are commonly rapid and often dramatic.  Channels widen and deepen, and in some 
cases may incise many meters below the original level of their beds.  Alternatively, channels 
may fill with sediment derived from farther upstream to produce a braided form where a single-
thread channel previously existed. 

The clearest single determinant of urban channel change is the alteration of the 
hydrologic response of an urban watershed, notably the increase in stream-flow discharges.  
Increases in runoff mobilize sediment both on the land surface and within the stream channel.  
Because transport capacity increases nonlinearly with flow velocity (Vogel et al., 2003), much 
greater transport will occur in higher flow events.  However, the low frequency of these events 
may result in decreasing cumulative sediment transport during the highest flows, as described by 
standard magnitude and frequency analysis (Wolman and Miller, 1960), such that the maximum 
time-integrated sediment transport occurs at moderate flows (e.g., bankfull stage in streams in 
the eastern United States). 

If the increase in sediment transport caused by the shift in the runoff regime is not 
matched by the sediment supply, channel bed entrenchment and bank erosion and collapse lead 
to a deeper, wider channel form.  Increases in channel dimensions caused by increased 
discharges have been observed in numerous studies, including Hammer (1972), Hollis and 
Luckett (1976), Morisawa and LaFlure (1982), Neller (1988), Whitlow and Gregory (1989), 
Moscrip and Montgomery (1997), and Booth and Jackson (1997).  MacRae (1997), reporting on 
other studies, found that channel cross-sectional areas began to enlarge after about 20 to 25 
percent of the watershed was developed, commonly corresponding to about 5 percent impervious 
cover. When the watersheds were completely developed, the channel enlargements were about 5 
to 7 times the original cross-sectional areas. Channel widening can occur for several decades 
before a new equilibrium is established between the new cross-section and the new discharges. 

Construction results in a large—but normally temporary—increase in sediment load to 
aquatic systems (e.g., Wolman and Schick, 1967).  Indeed, erosion and sediment transport rates 
can reach up to more than 200 Mg/ha/yr on construction sites, which is well in excess of typical 
rates from agricultural land (e.g., Wolman and Schick, 1967; Dunne and Leopold, 1978); rates 
from undisturbed and well-vegetated catchments are negligible (e.g., <<1 Mg/ha/yr).  The 
increased sediment loads from construction exert an opposing tendency to channel erosion and 
probably explain much of the channel narrowing or shallowing that is sometimes reported (e.g., 
Leopold, 1973; Nanson and Young, 1981; Ebisemiju, 1989; Odemerho, 1992). 

Additional sediment is commonly introduced into the channel network by the erosion of 
the streambank and bed itself.  Indeed, this source can become the largest single fraction of the 
sediment load in an urbanizing watershed (Trimble, 1997).  For example, Nelson and Booth 
(2002) reported on sediment sources in the Issaquah Creek watershed, an urbanizing, mixed-use 
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watershed in the Pacific Northwest.  Human activity in the watershed, particularly urban 
development, has caused an increase of nearly 50 percent in the annual sediment yield, now 
estimated to be 44 tons/km2/yr1. The main sources of sediment in the watershed are landslides 
(50 percent), channel-bank erosion (20 percent), and stormwater discharges (15 percent). 

The higher flow volumes and peak discharge caused by urbanization also tend to 
preferentially remove fine-grained sediment, leaving a lag of coarser bed material (armoring) or 
removing alluvial material entirely and eroding into the geologic substrate (Figure 3-24).  The 
geomorphic outcome of these changes is a mix of erosional enlargement of some stream reaches, 
significant sedimentation in others, and potential head-ward downcutting of tributaries as 
discharge levels from small catchments increase.  The collective effects of these processes have 
been described by Walsh et al. (2005) as “Urban Stream Syndrome,” which includes not only the 
visible alteration of the physical form of the channel but also the consequent deterioration of 
stream biogeochemical function and aquatic trophic structures. 

Other changes also accompany these geomorphic changes.  Episodic inundation of the 
floodplain during floods may be reduced in magnitude and frequency, depending on the 
increases in peak flow relative to the deepening and resultant increase in flow capacity of the 
channel. Where deeply entrenched, this channel morphology will lower the groundwater level 
adjacent to the channel.  The effectiveness of riparian areas in filtering or removing solutes is 
thus reduced because subsurface water may reach the channel only by flowpaths now well below 
the organic-rich upper soil horizons. Removal of fine-grained stream-bottom sediment, or 
erosion down to bedrock, may substantially lower the exchange of stream water with the 
surrounding groundwater of the hyporheic zone. 

FIGURE 3-24 Example of an urban stream that has eroded entirely through its alluvium to 
expose the underlying consolidated geologic stratum below (Thornton Creek, Seattle, 
Washington). 
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150 Urban Stormwater Management in the United States 

In addition to these indirect effects on the physical form of the stream channel, 
urbanization also commonly modifies streams directly to improve drainage, applying channel 
straightening and lining to reduce friction, increase flow capacity, and stabilize channel position 
(Figure 3-25). The enlarged and often lined and straightened stream-channel cross section 
reduces the complexity of the bed and the contact between the stream and floodplain, and 
increases transport efficiency of sediment and solutes to receiving waterbodies.  Enhanced 
sedimentation of receiving waterbodies, in turn, reduces water clarity, decreases depth, and 
buries the benthic environment. 

FIGURE 3-25 Example of a channelized urban stream for maximized flood conveyance and 
geomorphic stability (Los Angeles River, California). SOURCE: Reprinted, with permission, from 
Water Resources Research.  Copyright by the American Geophysical Union. 

POLLUTANT LOADING IN STORMWATER 

Hydrologic flowpaths influence the production of particulate and dissolved substances on 
the land surface during storms, as well as their delivery to the stream-channel network.  Natural 
watersheds typically develop a sequence of ecosystem types along hydrologic flowpaths that 
utilize available limiting resources, thereby reducing their export farther downslope or 
downstream, such that in-stream concentrations of these nutrients are low.  As a watershed shifts 
from having mostly natural pervious surfaces to having heavily disturbed soils, new impervious 
surfaces, and activities characteristic of urbanization, the runoff quality shifts from relatively 
lower to higher concentrations of pollutants.  Anthropogenic activities that can increase runoff 
pollutant concentrations in urban watersheds include application of chemicals for fertilization 
and pest control; leaching and corrosion of pollutants from exposed materials; exhaust emissions, 
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leaks from, and wear of vehicles; atmospheric deposition of pollutants; and inappropriate 
discharges of wastes. 

Most lands in the United States that have been developed were originally grasslands, 
prairies, or forest. About 40 percent of today’s developed land went through an agricultural 
phase (cropland or pastureland) before becoming urbanized, while more than half of today’s 
developed land area has been a direct conversion of natural covers (USDA, 2000).  Agricultural 
land can produce stormwater runoff with high pollutant concentrations via soil erosion, the 
introduction of chemicals (fertilizers, pesticides, and herbicides), animal operations that are 
major sources of bacteria in runoff, and forestry operations.  Indeed, urban stormwater may 
actually have slightly lower pollutant concentrations than other nonpoint sources of pollution, 
especially for sediment and nutrients.  The key difference is that urban watersheds produce a 
much larger annual volume of runoff waters, such that the mass of pollutants discharged is often 
greater following urbanization. Some of the complex land-use–pollutant loading relationships 
are evident in Box 3-7, which shows the measured annual mass loads of nitrogen and phosphorus 
in four small watersheds of different land use monitored as part of the Baltimore Long-Term 
Ecological Research program.  Depending on the nutrient and the year, the agricultural and urban 
watersheds had a higher nutrient export rate than the forested subwatershed. 

BOX 3-7 
Comparison of Nitrogen and Phosphorus Export 

from Watersheds with Different Land Uses 

Land use is a significant influence on nutrient export as controlled by impervious area, sanitary 
infrastructure, fertilizer application, and other determinants of input, retention, and stormwater transport.  
Tables 3-2A and 3-2B compare dissolved nitrate, total nitrogen, phosphate, and total phosphorus loads 
exported from forest catchments with catchments in different developed land uses studied by the 
Baltimore Ecosystem Study (Groffman et al., 2004).  Loads were computed with the Fluxmaster system 
(Schwarz et al., 2006) from weekly samples taken at outlet gauges.  In these sites in Baltimore County, 
the forested catchment, Pond Branch, has nitrogen loads one to two orders of magnitude lower than the 
developed catchments.  Baisman Run, with one-third of the catchment in low-density, septic-served 
suburban land use, has nitrogen export exceeding Dead Run, an older, dense urban catchment.  In this 
case, nutrient load does not follow the direct variation of impervious area because of the switch to septic 
systems and greater fertilizer use in lower density areas.  However, Figure 3-26 shows that as impervious 
area increases, a much greater proportion of the total nitrogen load is discharged in less frequent, higher 
runoff events (Shields et al., 2008), reducing the potential to decrease loads by on-site SCMs.  Total 
phosphorus loads were similarly as low (0.05–0.6 kg P/ha/yr) as nitrogen in the Pond Branch catchment 
(forest) over the 2000–2004 time period, and one to two orders of magnitude lower compared to 
agricultural and residential catchments.   

It should be noted that specific areal loading rates, even in undeveloped catchments, can vary 
significantly depending on rates of atmospheric deposition, disturbance, and climate conditions.  The 
hydrologic connectivity of nonpoint pollutant source areas to receiving waterbodies is also a critical 
control on loading in developed catchments (Nadeau and Rains, 2007) and is dependent on both 
properties of the pollutant as well as the catchment hydrology.  For example, total nitrogen was high in 
both the agricultural and low-density suburban sites.  Total phosphorus, on the other hand, was high in 
the Baltimore Ecosystem Study agricultural catchment, but close to the concentration of the forest site in 
the low-density suburban site serviced by septic systems.  This is because septic systems tend to retain 
phosphorus, while septic wastewater nitrogen is typically nitrified in the unsaturated zone below a 
spreading field and efficiently transported in the groundwater to nearby streams. 

continues next page 
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BOX 3-7 Continued 

TABLE 3-2A Dissolved Nitrate and Total Nitrogen Export Rates from Forest and Developed Land-Use 
Catchments in the Baltimore Ecosystem Study 

Nitrate (kg N/ha/yr) Total N (kg N/ha/yr) 
Catchment Land Use 

2000 2001 2002 2000 2001 2002 
Pond Branch Forest 0.11 0.08 0.04 .47 .37 0.17 
McDonogh Agriculture 17.6 12.9 4.3 20.5 14.5 4.5 
Baisman Run Mixed Forest 

and Suburban 
7.2 3.8 1.5 8.2 4.2 1.7 

Dead Run Urban 3.0 2.9 2.9 5.6 5.3 4.2 

TABLE 3-2B Dissolved Phosphate and Total Phosphorus Export Rates from Forest and Developed 
Land-Use Catchments in the Baltimore Ecosystem Study 

Phosphate (kg P/ha/yr) Total P (kg P/ha/yr) 
Catchment Land Use 

2000 2001 2002 2000 2001 2002 
Pond Branch Forest 0.009 0.007 0.003 0.02 0.014 0.006 
McDonogh Agriculture 0.12 0.080 0.022 0.22 0.14 0.043 
Baisman Run Mixed Forest 

and Suburban 
0.009 0.005 0.002 0.02 0.011 0.004 

Dead Run Urban 0.039 0.037 0.03 0.10 0.10 0.08 
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FIGURE 3-26  Cumulative transport of total nitrogen at increasing flow levels from catchments in 
Baltimore City and County including dominantly forest (Pond Branch), low-density development on septic 
systems and forest (Baisman Run), agricultural (McDonogh), medium-density suburban development on 
separate sewers (Glyndon), and higher-density residential, commercial, and highway land cover (Dead 
Run).  SOURCE: Reprinted, with permission, from Shields et al. (2008).  Copyright 2008 by the American 
Geophysical Union. 
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Table 3-3 summarizes the comparative importance of urban land-use types in generating 
pollutants of concerns that can impact receiving waters (Burton and Pitt, 2002).  This summary is 
highly qualitative and may vary depending on the site-specific conditions, regional climate, 
activities being conducted in each land use, and development characteristics.  It should be noted 
that the rankings in Table 3-3 are relative to one another and classified on a per-unit-area basis.  
Furthermore, this table shows the parameters for each land-use category, such that the effects for 
a community at large would be dependent on the areas of each land use shown.  Thus, although 
residential land use is shown to be a relatively smaller source of many pollutants, it is the largest 
fraction of land use in most communities, typically making it the largest stormwater source on a 
mass pollutant discharge basis.  Similarly, freeway, industrial, and commercial areas can be very 
significant sources of many stormwater problems, and their discharge significance is usually 
much greater than their land area indicates.  Construction sites are usually the overwhelming 
source of sediment in urban areas, even though they make up very small areas of most 
communities.  A later table (Table 3-4) presents observed stormwater discharge concentrations 
for selected constituents for different land uses. 

The following section describes stormwater characteristics associated with urbanized 
conditions. At any given time, parts of an urban area will be under construction, which is the 
source of large sediment losses, flow path disruptions, increased runoff quantities, and some 
chemical contamination.  Depending on the time frame of development, increased stormwater 
pollutant discharges associated with construction activities may last for several years until land 
covers are stabilized. After construction has been completed, the characteristics of urban runoff 
are controlled largely by the increase in volume and the washoff of pollutants from impervious 

TABLE 3-3 Relative Sources of Parameters of Concern for Different Land Uses in Urban Areas 
Problem Parameter Residential Commercial Industrial Freeway Construction 

High flow rates 
(energy) 

Low High Moderate High Moderate 

Large runoff volumes Low High Moderate High Moderate 
Debris 
(floatables and gross solids) 

High High Low Moderate High 

Sediment Low Moderate Low Low Very high 
Inappropriate discharges 
(mostly sewage and cleaning 
wastes) 

Moderate High Moderate Low Low 

Microorganisms High Moderate Moderate Low Low 
Toxicants 
(heavy metals and organics) 

Low Moderate High High Moderate 

Nutrients 
(eutrophication) 

Moderate Moderate Low Low Moderate 

Organic debris 
(SOD and DO) 

High Low Low Low Moderate 

Heat 
(elevated water temperature) 

Moderate High Moderate High Low 

NOTE: SOD, sediment oxygen demand; DO, dissolved oxygen. 

SOURCE: Summarized from Burton and Pitt (2002), Pitt et al. (2008), and CWP and Pitt (2008).
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surfaces. Stormwater in this phase is associated with increases in discharges of most pollutants, 
but with less sediment washoff than from construction and likely less sediment and nutrient 
discharges compared to any pre-urbanization agricultural operations (although increased channel 
erosion may increase the mass of sediment delivered in this phase; Pitt et al., 2007).  A third 
significant urban land use is industrial activity.  As described later, industrial site stormwater 
discharges are highly variable, but often greater than other land uses. 

Construction Site Erosion Characteristics 

Problems associated with construction site runoff have been known for many years.  
More than 25 years ago, Willett (1980) estimated that approximately 5 billion tons of sediment 
reached U.S. surface waters annually, of which 30 percent was generated by natural processes 
and 70 percent by human activities.  Half of this 70 percent was attributed to eroding croplands.  
Although construction occurred on only about 0.007 percent of U.S. land in the 1970s, it 
accounted for approximately 10 percent of the sediment load to all U.S. surface waters and 
equaled the combined sediment contributions of forestry, mining, industrial, and commercial 
land uses (Willett, 1980).  

Construction accounts for a much greater proportion of the sediment load in urban areas 
than it does in the nation as a whole. This is because construction sites have extremely high 
erosion rates and because urban construction sites are efficiently drained by stormwater drainage 
systems installed early during the construction activities.  Construction site erosion losses vary 
greatly throughout the nation, depending on local rain, soil, topographic, and management 
conditions. As an example, the Birmingham, Alabama, area may have some of the highest 
erosion rates in the United States because of its combination of very high-energy rains, 
moderately to severely erosive soils, and steep slopes (Pitt et al., 2007).  The typically high 
erosion rates mean that even a small construction project may have a significant detrimental 
effect on local waterbodies. 

Extensive evaluations of urban construction site runoff problems have been conducted in 
Wisconsin for many years.  Data from the highly urbanized Menomonee River watershed in 
southeastern Wisconsin indicate that construction sites have much greater potentials for 
generating sediment and phosphorus than do other land uses (Chesters et al., 1979).  For 
example, construction sites can generate approximately 8 times more sediment and 18 times 
more phosphorus than industrial sites (the land use that contributes the second highest amount of 
these pollutants) and 25 times more sediment and phosphorus than row crops.  In fact, 
construction sites contributed more sediment and phosphorus to the Menomonee River than any 
other land use, although in 1979, construction comprised only 3.3 percent of the watershed’s 
total land area. During this early study, construction sites were found to contribute about 50 
percent of the suspended sediment and total phosphorus loading at the river mouth (Novotny and 
Chesters, 1981). 

Similar conclusions were reported by the Southeastern Wisconsin Regional Planning 
Commission (SEWRPC) in a 1978 modeling study of the relative pollutant contributions of 17 
categories of point and nonpoint pollution sources to 14 watersheds in the southeast Wisconsin 
regional planning area (SEWRPC, 1978). This study revealed construction as the first or second 
largest contributor of sediment and phosphorus in 12 of the 14 watersheds.  Although 
construction occupied only 2 percent of the region’s total land area in 1978, it contributed 

PREPUBLICATION 
  

RB-AR13282



 

 
 

 

 
 

 

 

155 Effects of Urbanization on Watersheds 

approximately 36 percent of the sediment and 28 percent of the total phosphorus load to inland 
waters, making construction the region’s second largest source of these two pollutants.  The 
largest source of sediment was estimated to be cropland; livestock operations were estimated to 
be the largest source of phosphorus. By comparison, cropland comprised 72 percent of the 
region’s land area and contributed about 45 percent of the sediment and only 11 percent of the 
phosphorus to regional watersheds. When looking at the Milwaukee River watershed as a whole, 
construction is a major sediment contributor, even though the amount of land under active 
construction is very low. Construction areas were estimated to contribute about 53 percent of the 
total sediment discharged by the Milwaukee River in 1985 (total sediment load of 12,500 lb/yr), 
while croplands contributed 25 percent, streambank erosion contributed 13 percent, and urban 
runoff contributed 8 percent. 

Line and White (2007) recently investigated runoff characteristics from two similar 
drainage areas in the Piedmont region of North Carolina.  One of the drainage areas was being 
developed as part of a large residential subdivision during the course of the study, while the other 
remained forested or in agricultural fields.  Runoff volume was 68 percent greater for the 
developing compared with the undeveloped area, and baseflow as a percentage of overall 
discharge was approximately zero compared with 25 percent for the undeveloped area.  Overall 
annual export of sediment was 95 percent greater for the developing area, while export of 
nitrogen and phosphorus forms was 66 to 88 percent greater for the developing area. 

The biological stream impact of construction site runoff can be severe.  For example, 
Hunt and Grow (2001) describe a field study conducted to determine the impact to a stream from 
a poorly controlled construction site, with impact being measured via fish electroshocking and 
using the Qualitative Habitat Evaluation Index.  The 33-acre construction site consisted of 
severely eroded silt and clay loam subsoil and was located within the Turkey Creek drainage, 
Scioto County, Ohio. The number of fish species declined (from 26 to 19) and the number of 
fish found decreased (from 525 to 230) when comparing upstream unimpacted reaches to areas 
below the heavily eroding site. The Index of Biotic Integrity and the Modified Index of Well-
Being, common fisheries indexes for stream quality, were reduced from 46 to 32 and 8.3 to 6.3, 
respectively.  Upstream of the area of impact, Turkey Creek had the highest water quality 
designation available, but fell to the lowest water quality designation in the area of the 
construction activity. Water quality sampling conducted at upstream and downstream sites 
verified that the decline in fish diversity was not due to chemical affects alone. 

Municipal Stormwater Characteristics 

The suite of stormwater pollutants generated by municipal areas is expected to be much 
more diverse than construction sites because of the greater variety of land uses and pollutant 
source areas found within a typical city. Many studies have investigated stormwater quality, 
with the U.S. Environmental Protection Agency’s (EPA’s) NURP (EPA, 1983) being the best 
known and earliest effort to collect and summarize these data.  Unfortunately, NURP was limited 
in that it did not represent all areas of the United States or all important land uses.  More 
recently, the National Stormwater Quality Database (NSQD) (CWP and Pitt, 2008; Pitt et al., 
2008 for version 3) has been compiling data from the EPA’s NPDES stormwater permit program 
for larger Phase I municipal separate storm sewer system (MS4) communities.  As a condition of 
their Phase I permits, municipalities were required to establish a monitoring program to 
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characterize their local stormwater quality for their most important land uses discharging to the 
MS4. Although only a few samples from a few locations were required to be monitored each 
year in each community, the many years of sampling and large number of communities has 
produced a database containing runoff quality information for nearly 8,000 individual storm 
events over a wide range of urban land uses.  The NSQD makes it possible to statistically 
compare runoff from different land uses for different areas of the country. 

A number of land uses are represented in MS4 permits and also the database, including 
industrial stormwater discharges to an MS4.  However, there is no separate compilation of 
quantitative mass emissions from specific industrial stormwater sources that may have been 
collected under industrial permit monitoring efforts.  The observations in the NSQD were all 
obtained at outfall locations and do not include snowmelt or construction erosion sources.  The 
most recent version of the NSQD contains stormwater data from about one-fourth of the total 
number of communities that participated in the Phase I NPDES stormwater permit monitoring 
activities. The database is located at http://unix.eng.ua.edu/~rpitt/Research/ms4/mainms4.shtml.   

Table 3-4 is a summary of some of the stormwater data included in NSQD version 3, 
while Figure 3-27 shows selected plots of these data.  The table describes the total number of 
observations, the percentage of observations above the detection limits, the median, and 
coefficients of variation for a few of the major constituents for residential, commercial, 
industrial, institutional, freeway, and open-space land-use categories, although relatively few 
data are available for institutional and open-space areas.  It should be noted that even if there are 
significant differences in the median concentrations by the land uses, the range of the 
concentrations within single land uses can still be quite large.  Furthermore, plots like Figure 3
27 do not capture the large variability in data points observed at an individual site. 

There are many factors that can be considered when examining the quality of stormwater, 
including land use, geographical region, and season.  The following is a narrative summary of 
the entire database and may not reflect information in Table 3-4 and Figure 3-29, which show 
only subsets of the data. First, statistical analyses of variance on the NSQD found significant 
differences among land-use categories for all of the conventional constituents, except for 
dissolved oxygen.  (Turbidity, total solids, total coliforms, and total E. coli did not have enough 
samples in each group to evaluate land-use differences.)  Freeway sites were found to be 
significant sources of several pollutants.  For example, the highest TSS, COD, and oil and grease 
concentrations (but not necessarily the highest median concentrations) were reported for 
freeways. The median ammonia concentration in freeway stormwater is almost three times the 
median concentration observed in residential and open-space land uses, while freeways have the 
lowest orthophosphate and nitrite–nitrate concentrations—half of the concentration levels that 
were observed in industrial land uses. 

In almost all cases the median metal concentrations at the industrial areas were about 
three times the median concentrations observed in open-space and residential areas.  The highest 
lead and zinc concentrations (but not necessarily the highest median concentrations) were found 
in industrial land uses. Lower concentrations of TDS, five-day biological oxygen demand 
(BOD5), and fecal coliforms were observed in industrial land-use areas.  By contrast, the highest 
concentrations of dissolved and total phosphorus were associated with residential land uses.  
Fecal coliform concentrations are also relatively high for residential and mixed residential land 
uses. Open-space land-use areas show consistently low concentrations for the constituents 
examined.  There was no significant difference noted for total nitrogen among any of the land 
uses monitored. 
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FIGURE 3-27  Grouped box and whisker plots of data from the NSQD.  The median values are 
indicated with the horizontal line in the center of the box, while the ends of the box represent the 
25th and 75th percentile values.  The whickers extend to the 5th and 95th percentile values, and 
values outside of these extremes are indicated with separate dots.  These groups were 
statistically analyzed and were found to have at least one group that is significantly different 
from the other groups. The ranges of the values in each group are large, but a very large 
number of data points is available for each group.  The grouping of the data into these 
categories helps explain much of the total variability observed, and the large number of samples 
in each category allows suitable statistical tests to be made.  Many detailed analyses are 
presented at the NSQD website (Maestre and Pitt, 2005). 
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158 Urban Stormwater Management in the United States 

TABLE 3-4 Summary of Selected Stormwater Quality Data Included in NSQD, Version 3.0 
Fecal Nitrogen, 
Colif. Total Zn, 

TSS COD (mpn/100 Kjeldahl Phosphorus, Cu, Total Pb, Total Total 
(mg/L) (mg/L) mL) (mg/L) Total (mg/L) (µg/L) (µg/L) (µg/L) 

All Areas Combined (8,139) 

Coefficient of variation (COV) 2.2 1.1 5.0 1.2 2.8 2.1 2.0 3.3 
Median 62.0 53.0 4300 1.3 0.2 15.0 14.0 90.0 
Number of samples 6780 5070 2154 6156 7425 5165 4694 6184 
% samples above detection 99 99 91 97 97 88 78 98 
All Residential Areas Combined (2,586) 
COV 2.0 1.0 5.7 1.2 1.6 1.9 2.1 3.3 
Median 59.0 50.0 4200 1.2 0.3 12.0 6.0 70.0 
Number of samples 2167 1473 505 2026 2286 1640 1279 1912 

All Commercial Areas Combined (916) 
% samples above detection 99 99 89 98 98 88 77 97 

COV 1.7 1.0 3.0 0.9 1.2 1.4 1.7 1.4 
Median 55.0 63.0 3000 1.3 0.2 17.9 15.0 110.0 
Number of samples 843 640 270 726 920 753 605 839 

All Industrial Areas Combined (719) 
% samples above detection 97 98 89 98 95 85 79 99 

COV 1.7 1.3 6.1 1.1 1.4 2.1 2.0 1.7 
Median 73.0 59.0 2850 1.4 0.2 19.0 20.0 156.2 
Number of samples 594 474 317 560 605 536 550 596 

All Freeway Areas Combined (680) 
% samples above detection 98 98 94 97 95 86 76 99 

COV 2.6 1.0 2.7 1.2 5.2 2.2 1.1 1.4 
Median 53.0 64.0 2000 1.7 0.3 17.8 49.0 100.0 
Number of samples 360 439 67 430 585 340 355 587 

All Institutional Areas Combined (24) 
% samples above detection 100 100 100 99 99 99 99 99 

COV 1.1 1.0 0.4 0.6 0.9 0.6 1.0 0.9 
Median 18.0 37.5 3400 1.1 0.2 21.5 8.6 198.0 
Number of samples 23 22 3 22 23 21 21 22 

All Open-Space Areas Combined (79) 
% samples above detection 96 91 100 91 96 57 86 100 

COV 1.8 0.6 1.2 1.2 1.5 0.4 0.9 0.8 
Median 10.5 21.3 2300 0.4 0.0 9.0 48.0 57.0 
Number of samples 72 12 7 50 77 15 10 16 
% samples above detection 97 83 100 96 97 47 20 50 

NOTE: The complete database is located at: http://unix.eng.ua.edu/~rpitt/Research/ms4/mainms4.shtml. SOURCE: 
National Stormwater Quality Database. 
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159 Effects of Urbanization on Watersheds 

In terms of regional differences, significantly higher concentrations of TSS, BOD5, COD, 
total phosphorus, total copper, and total zinc were observed in arid and semi-arid regions 
compared to more humid regions.  In contrast, fecal coliforms and total dissolved solids were 
found to be higher in the upper Midwest. More detailed discussions of land use and regional 
differences in stormwater quality can be found in Maestre et al. (2004) and Maestre and Pitt 
(2005, 2006). In addition to the information presented above, numerous researchers have 
conducted source area monitoring to characterize sheet flows originating from urban surfaces 
(such as roofs, parking lots, streets, landscaped areas, storage areas, and loading docks).  The 
reader is referred to Pitt et al. (2005a,b,c) for much of this information. 

Industrial Stormwater Characteristics 

The NSQD, described earlier, has shown that industrial-area stormwater has higher 
concentrations of most pollutants compared to other land uses, although the variability is high.  
MS4 monitoring activities are usually conducted at outfalls of drainage systems containing many 
individual industrial activities, so discharge characteristics for specific industrial types are rarely 
available. This discussion provides some additional information concerning industrial 
stormwater beyond that included in the previous discussion of municipal stormwater.  In general, 
there is a profound lack of data on industrial stormwater compared to municipal stormwater, and 
a correspondingly greater uncertainty about industrial stormwater characteristics. 

The first comprehensive monitoring of an industrial area that included stormwater, dry 
weather base flows, and snowmelt runoff was conducted in selected Humber River catchments in 
Ontario (Pitt and McLean, 1986).  Table 3-5 shows the annual mass discharges from the 
monitored industrial area in North York, along with ratios of these annual discharges compared 
to discharges from a mixed commercial and residential area in Etobicoke.  The mass discharges 
of heavy metals, total phosphorus, and COD from industrial stormwater are three to six times 
that of the mixed residential and commercial areas.   

TABLE 3-5 Annual Storm Drainage Mass Discharges from Toronto-Area Industrial Land Use 

Measured 
parameter units 

annual mass discharges from 
industrial drainage area 

stormwater annual discharge ratio 
(industrial compared to residential 

and commercial mixed area) 
Runoff volume m3/hr/yr 6,580 1.6 
total solids kg/ha/yr 6,190 2.8 
total phosphorus kg/ha/yr 4,320 4.5 
TKN g/ha/yr 16,500 1.2 
COD kg/ha/yr 662 3.3 
Cu g/ha/yr 416 4.0 
Pb g/ha/yr 595 4.2 
Zn g/ha/yr 1,700 5.8 
SOURCE: Pitt and McLean (1986).  
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160 Urban Stormwater Management in the United States 

Hotspots of contamination on industrial sites are a specific concern.  Stormwater runoff 
from “hotspots” may contain loadings of hydrocarbons, trace metals, nutrients, pathogens and/or 
other toxicants that are greater than the loadings of “normal” runoff.  Examples of these hotspots 
include airport de-icing facilities, auto recyclers/junkyards, commercial garden nurseries, parking 
lots, vehicle fueling and maintenance stations, bus or truck (fleet) storage areas, industrial 
rooftops, marinas, outdoor transfer facilities, public works storage areas, and vehicle and 
equipment washing/steam cleaning facilities (Bannerman et al., 1993; Pitt et al., 1995; Claytor 
and Schueler, 1996). 

The elevated concentrations and mass discharges found in stormwater at industrial sites 
are associated with both the activities that occur and the materials used in industrial areas, as 
discussed in the sections that follow. 

Effects of Roofing Materials on Stormwater Quality 

The extensive rooftops of industrial areas can be a significant pollutant source area.  A 
summary of the literature on roof-top runoff quality, including both roof surfaces and underlying 
materials used as subbases (such as treated wood), is presented in Table 3-6.  Good (1993) found 
that dissolved metals’ concentrations and toxicity remained high in roof runoff samples, 
especially from rusty galvanized metal roofs during both first flush and several hours after a rain 
has started, indicating that metal leaching continued throughout the events and for many years.  
During pilot-scale tests of roof panels exposed to rains over a two-year period, Clark et al. (2008) 
found that copper roof runoff concentrations for newly treated wood panels exceeded 5 mg/L (a 
very high value compared to median NSQD stormwater concentrations of about 10 to 40 µg/L 
for different land uses) for the first nine months of exposure.  These results indicated that copper 
continued to be released from these wood products at levels high enough to exceed aquatic life 
criteria for long periods after installation, and were not simply due to excess surface coating 
washing off in the first few storms after installation. 

Traditional unpainted or uncoated hot-dip galvanized steel roof surfaces can also produce 
very high zinc concentrations. For example, pilot-scale tests by Clark et al. (2008) indicated that 
zinc roof runoff concentrations were 5 to 30 mg/L throughout the first two years of monitoring of 
a traditional galvanized metal panel.  These are very high values compared to median stormwater 
values reported in the NSQD of 60 to 300 µg/L for different land uses.  Factory-painted 
aluminum–zinc alloy panels had runoff zinc levels less than 250 µg/L, which were closer to the 
reported NSQD median values.  The authors concluded that traditional galvanized metal roofing 
contributed the greatest concentrations of many metals and nutrients.  In addition, they found that 
pressure-treated and waterproofed wood contributed substantial copper loads.  The potential for 
nutrient release exists in many of the materials tested (possibly as a result of phosphate washes 
and binders used in the material’s preparation or due to natural degradation). 

Other researchers have investigated the effects of industrial rooftop runoff on receiving 
waters and biota. Bailey et al. (1999) investigated the toxicity to juvenile rainbow trout of runoff 
from British Columbia sawmills and found that much of the toxicity may have been a result of 
divalent cations on the industrial site, especially zinc from galvanized roofs. 
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TABLE 3-6 Roof Runoff Analysis—A Literature Summary 
Water Quality Parameter Reference 

Roof Type Location 
Cu (µg/L) Zn (µg/L) Pb 

(µg/L) 
Cd 

(µg/L) 
As (µg/L) pH NH4 

+ 

(mg/L) 
NO3 

-

(mg/L) 
Polyester 
Tile 
Flat gravel 

Duebendorf, 
Switzerland 

6817 
1905 
140 

2076 
360 
36 

510 
172 
22 

3.1 
2.1 
0.2 

Boller 
(1997) 

Plywood w/ roof paper/tar 
Rusty galvanized metal 
Old metal w/Al paint 
Flat tar surface w/fibrous  

 reflective Al paint 
New anodized Al 

Washington 166T/128D 

20T/2D 

11T/7D 

25T/14D 

16T/7D 

877T/909D 

12200T/11900D 

1980T/1610D 

297T/257D 

101T/82D 

11T/<5D 

302T/35D 

10T/<5D 

10T/5D 

15T/<5D 

4.3 
5.9 
4.8 
4.1 

5.9 

Good 
(1993) 

Zinc-galvanized Fe Dunedin 
City, New 
Zealand 

560 µg/g 5901 µg/g 670 µg/g Brown & 
Peake 
(2006) 

Fe-Zn sheets  
Concrete slate tiles 
Asbestos cement sheets 
Aluminum sheets 

Ile-Ife, 
Nigeria 

6.77 
7.45 
7.09 
6.68 

0.06 
0.05 
0.06 
0.05 

1.52 
3.34 
2.26 
6.18 

Adeniyi 
and 
Olabanji 
(2005) 

Cu panels Munich, 
Germany 

200– 
11100 

6.7–7.0 Athanasia 
dis et al. 
(2006) 

Galvanized metals (primarily 
Galvalume®) 

Seattle, WA 10–1400 420–14700 ND Tobiason 
(2004) 

CCA wood Florida  1200–1800 Khan et 
Untreated wood 2–3 al. (2006) 

Note: D, dissolved; T, total; ND, not detected. 


SOURCE: Reprinted, with permission, from Clark et al. (2008). Copyright 2008 by American Society of Civil Engineers. 
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162 Urban Stormwater Management in the United States 

Effects of Pavement and Pavement Maintenance on Stormwater Quality 

Pavement surfaces can also have a strong influence on stormwater runoff quality.  For 
example, concrete is often mixed with industrial waste sludges as a way of disposing of the 
wastes. However, this can lead to stormwater discharges high in toxic compounds, either due to 
the additives themselves or due to the mobilization of compounds via the additives.  Salaita and 
Tate (1998) showed that high levels of aluminum, iron, calcium, magnesium, silicon, and sodium 
were seen in the cement-waste samples.  A variety of sands, including waste sands, have been 
suggested as potential additives to cement and for use as fill in roadway construction.  Wiebusch 
et al. (1998) tested brick sands and found that the higher the concentration of alkaline and 
alkaline earth metals in the samples, the more easily the heavy metals were released.  Pitt et al. 
(1995) also found that concrete yard runoff had the highest toxicity (using Microtox screening 
methods) observed from many source areas, likely due to the elevated pH (about 11) from the 
lime dust washing off from the site. 

The components of asphalt have been investigated by Rogge et al. (1997), who found that 
the majority of the elutable organic mass that could be identified consisted of n-alkanes (73 
percent), carboxylic acids such as n-alkanoic acids (17 percent), and benzoic acids.  PAHs and 
thiaarenes were 7.9 percent of the identifiable mass.  In addition, heterocyclic aromatic 
hydrocarbons containing sulfur (S-PAH), such as dibenzothiophene, were identified at 
concentration levels similar to that of phenanthrene.  S-PAHs are potentially mutagenic (similar 
to other PAHs), but due to their slightly increased polarity, they are more soluble in water and 
more prone to aquatic bioaccumulation.   

In addition to the bitumens and asphalts, other compounds are added to paving (and 
asphaltic roofing) materials.  Chemical modifiers are used both to increase the temperature range 
at which asphalts can be used and to prevent stripping of the asphalt from the binder.  A variety 
of fillers may also be used in asphalt pavement mixtures.  The long-term environmental effects 
of these chemicals in asphalts are unknown.  Reclaimed asphalt pavements have also been 
proposed for use as fill materials for roadways.  Brantley and Townsend (1999) performed a 
series of leaching tests and analyzed the leachate for a variety of organics and heavy metals.  
Only lead from asphalt pavements reclaimed from older roadways was found to be elevated in 
the leachate. 

Stormwater quality from asphalt-paved surfaces seems to vary with time.  Fish kills have 
been reported when rains occur shortly after asphalt has been installed in parking areas near 
ponds or streams (Anonymous, 2000; Perez-Rivas, 2000; Kline, 2002).  It is expected that these 
effects are associated with losses of the more volatile and toxic hydrocarbons that are present on 
new surfaces. It is likely that the concentrations of these materials in runoff decrease as the 
pavement ages.  Toxicity tests conducted on pavements several years old have not indicated any 
significant detrimental effects, except for those associated with activities conducted on the 
surface (such as maintenance and storage of heavy equipment; Pitt et al., 1995, 1999).  However, 
pavement maintenance used to “renew” the asphalt surfaces has been shown to cause significant 
problems, which are summarized below. 

A significant source of PAHs in the Austin, Texas, area (and likely elsewhere) has been 
identified as coal-tar sealants commonly used to “restore” asphalt parking lots and storage areas.  
Mahler et al. (2005) found that small particles of sealcoat that flake off due to abrasion by 
vehicle tires have PAH concentrations about 65 times higher than for particles washed off 
parking lots that are not seal coated.  Unsealed parking lots receive PAHs from the same urban 
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163 Effects of Urbanization on Watersheds 

sources as do sealed parking lots (e.g., tire particles, leaking motor oil, vehicle exhaust, and 
atmospheric fallout), and yet the average yield of PAHs from the sealed parking lots was found 
to be 50 times greater than that from the control lots.  The authors concluded that sealed parking 
lots could be the dominant source of PAHs in watersheds that have seal-coated surfaces, such as 
many industrial, commercial, and residential areas.  Consequently, the City of Austin has 
restricted the use of parking lot coal-tar sealants, as have several Wisconsin communities. 

Stored Materials Exposed to Rain 

Although roofing and pavement materials make up a large fraction of the total surface 
covers and can have significant effects on stormwater quality, leaching of rain through stored 
materials may also be a significant pollutant source at industrial sites.  Exposed metals in scrap 
yards can result in very high concentrations of heavy metals.  For example, Table 3-7 
summarizes data from three metals recycling facilities/scrap yards in Wisconsin and shows the 
large fraction of metals that are either dissolved in the runoff or associated with very fine 
particulate matter.  For most of these metals, their greatest abundance is associated with the 
small particles (<20 µm in diameter), and relatively little is associated with the filterable fraction.  
These metals concentrations (especially zinc, copper, and lead) are also very high compared to 
that of most outfall industrial stormwater. 

TABLE 3-7 Metal Concentration Ranges Observed in Scrapyard Runoff 
Particle Size Iron (mg/L) Aluminum (mg/L)  Zinc (mg/L) 

Total 20 – 810 15 – 70 1.6 – 8 
< 63 µm diameter 22 – 767 15 – 58 1.5 – 7.6 
< 38 µm diameter 21 – 705 15 – 58 1.4 – 7.4 
< 20 µm diameter 15 – 534 12 – 50 1.1 – 7.2 

< 0.45 µm diameter 
(filterable fraction) 0.1 – 38 0.1 – 5 0.1 – 6.7 

Copper (mg/L) Lead (mg/L) Chromium (mg/L) 
Total 1.1 – 3.8 0.6 – 1.7 0.1 – 1.9 

< 63 µm diameter 1.1 – 3.6 0.1 – 1.6 0.1 – 1.6 
< 38 µm diameter 1.1 – 3.3 0.1 – 1.6 0.1 – 1.4 
< 20 µm diameter 1.0 – 2.8 0.1 – 1.6 0.1 – 1.2 

< 0.45 µm diameter 
(filterable fraction) 0.1 – 0.3 0.1 – 0.3 0.1 – 0.3 

SOURCE: Reprinted, with permission, from Clark et al. (2000). Copyright 2000 by Shirley Clark. 
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164 Urban Stormwater Management in the United States 

OTHER SOURCES OF URBAN RUNOFF DISCHARGES 

Wet weather stormwater discharges from separate storm sewer outfalls are not the only 
discharges entering receiving waters from these systems.  Dry weather flows, snowmelt, and 
atmospheric deposition all contribute to the pollutant loading of urban areas to receiving waters, 
and for some compounds may be the largest contributor.  Many structural SCMs, especially 
those that rely on sedimentation or filtration, have been designed to function primarily with 
stormwater and are not nearly as effective for dry weather discharges, snowmelt, or atmospheric 
deposition because these nontraditional sources vary considerably in key characteristics, such as 
the flow rate and volume to be treated, sediment concentrsations and particle size distribution, 
major competing ions, association of pollutants with particulates of different sizes, and 
temperature.  Information on the treatability of stormwater vs. snowmelt and other nontraditional 
sources of urban runoff can be found in Pitt and McLean (1986), Pitt et al. (1995), Johnson et al. 
(2003), and Morquecho (2005). 

Dry Weather Flows 

At many stormwater outfalls, discharges occur during dry weather.  These may be 
associated with discharges from leaking sanitary sewer and drinking water distribution systems, 
industrial wastewaters, irrigation return flows, or natural spring water entering the system.  
Possibly 25 percent of all separate stormwater outfalls have water flowing in them during dry 
weather, and as much as 10 percent are grossly contaminated with raw sewage, industrial 
wastewaters, and so forth (Pitt et al., 1993).  These flow contributions can be significant on an 
annual mass basis, even though the flow rates are relatively small, because they have long 
duration. This is particularly true in arid areas, where dry weather discharges can occur daily.  
For example, despite the fact that rain is scarce from May to September in Southern California, 
an estimated 40 to 90 million liters of discharge flow per day into Santa Monica Bay through 
approximately 70 stormwater outlets that empty onto or across beaches (LAC DPW, 1985; 
SMBRP, 1994), such that the contribution of dry weather flow to the total volume of runoff into 
the bay is about 30 percent (NRC, 1984). Furthermore, in the nearby Ballona Creek watershed, 
dry weather discharges of trace metals were found to comprise from 8 to 42 percent of the total 
annual loading (McPherson et al., 2002). Stein and Tiefenthaler (2003) further found that the 
highest loadings of metals and bacteria in this watershed discharging during dry weather can be 
attributed to a few specific stormwater drains.   

In many cases, stormwater managers tend to overlook the contribution of dry weather 
discharges, although the EPA’s NPDES Stormwater Permit program requires municipalities to 
conduct stormwater outfall surveys to identify, and then correct, inappropriate discharges into 
separate storm sewer systems.  The role of inappropriate discharges in the NPDES Stormwater 
Permit program, the developed and tested program to identify and quantify their discharges, and 
an extensive review of these programs throughout the United States can be found in the recently 
updated report prepared for the EPA (CWP and Pitt, 2004).  The following photographs show 
various nontraditional sources of contaminants in urban runoff. 
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165 Effects of Urbanization on Watersheds 

Washing of vehicle engine and allowing runoff  Contamination of storm drainage with 
to enter storm drainage system.   inappropriate disposal of oil.  SOURCE: 
SOURCE: Robert Pitt.    Center for Watershed Protection. 

Dry weather flows from Toronto industrial area Sewage from clogged system overflowing 
outfall. SOURCE: Pitt and McLean (1986). into storm drainage system. SOURCE: 

Robert Pitt. 
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166 Urban Stormwater Management in the United States 

Failing sanitary sewer, causing upwelling of Dye tests to confirm improper sanitary 
sewage through soil, and draining to gutter and sewage connection to storm drainage  
then to storm drainage system.   system SOURCE: Robert Pitt. 
SOURCE: Robert Pitt. 

Snowmelt 

In northern areas, snowmelt runoff can be a significant contributor to the annual 
discharges from urban areas through the storm drainage system.  In locations having long and 
harsh winters, with little snowmelt until the spring, pollutants can accumulate and be trapped in 
the snowpack all winter until the major thaw when the contaminants are transported in short-
duration events to the outfalls (Jokela, 1990).  The sources of the contaminants accumulating in 
snowpack depend on the location, but they usually include emissions from nearby motor vehicles 
and heating equipment and industrial activity in the neighborhood.  Dry deposition of sulfur 
dioxide from industrial and power plant smokestacks affects snow packs over a wider area and 
has frequently been studied because of its role in the acid deposition process (Cadle, 1991).  
Pollutants are also directly deposited on the snowpack.  The sources of directly deposited 
pollutants include debris from deteriorated roadways, vehicles depositing petroleum products 
and metals, and roadway maintenance crews applying salt and anti-skid grit (Oberts, 1994).  
Urban snowmelt, like rain runoff, washes some material off streets, roofs, parking and industrial 
storage lots, and drainage gutters.  However, snowmelt runoff usually has much less energy than 
striking rain and heavy flowing stormwater.  Novotny et al. (1986) found that urban soil erosion 
is reduced or eliminated during winter snow-cover conditions.  However, erosion of bare ground 
at construction sites in the spring due to snowmelt can still be very high. 
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167 Effects of Urbanization on Watersheds 

Snowmelt.  SOURCE: Roger Bannerman. 

Construction site in early spring after snowmelt showing extensive sediment transport. 
SOURCE: Roger Bannerman. 

Sources of Contaminants in Snowmelt 

Several mechanisms can bring about contamination of snow and snowmelt waters.  
Initially, air pollutants can be incorporated into snowflakes as they form and fall to the ground.  
After it falls to the ground and accumulates, the snow can become further contaminated by dry 
atmospheric deposition, deposition of nearby lost fugitive dust materials (usually blown onto 
snow packs near roads by passing vehicles), and wash off of particulates from the exposed 
ground surfaces as it melts and flows to the drainage system. 

Snowflakes can remove particulates and gases from the air by in-cloud or below-cloud 
capture. In-cloud capture of pollutants can occur during snowflake formation as super-cooled 
cloud water condenses on particles and aerosols that act as cloud condensation nuclei.  This is 
known as nucleation scavenging and is a major pathway for air pollution to be incorporated into 
snow. Particles and gases may also be scavenged as snowflakes fall to the ground.  Gases can 
also be absorbed as snow falls. Snowflakes are more effective below-cloud scavengers than 
raindrops because they are bigger and fall slower.  Barrie (1991) reports that large snowflakes 
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HIGH DENSITY LOW DENSITY
FRESH FALLEN LAND USE LAND USE

COD 10 402 54
TS 86 2000 165
SS 16 545 4.5
TKN 0.19 2.69 2
NO3 0.15 0 0

P ------- 0.66 0.017
Pb ------- 0.95 -------
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capture particles in the 0.2- to 0.4-µm-diameter range, not by impaction but by filtering the air 
that moves through the snow flakes as they fall to the ground. 

Most of the contamination of snow in urban areas likely occurs after it lands on the 
ground. Table 3-8 shows the flow-weighted mean concentrations of pollutants found in 
undisturbed falling snow compared to snow found in urban snow cover (Bennett et al., 1981).  
Pitt and McLean (1986) also measured snowpack contamination as a function of distance from a 
heavily traveled road passing through a park.  The contaminants in the snow were at much 
greater concentrations near the road (the major source of blown contamination on the snow) than 
farther away. (The pollutant levels in the fresh fallen snow are generally a small fraction of the 
levels in the snow collected from urban study areas.)  Pierstorff and Bishop (1980) also analyzed 
freshly fallen snow and compared the quality to snow stored at a snow dump site.  They 
concluded that “pollutant levels at the dump site are the result of environmental input occurring 
after the snow falls.”  Some pollutants in snowmelt have almost no atmospheric sources.  For 
example, Oliver et al. (1974) found negligible amounts of chlorides in samples of snow from 
rooftops, indicating that the high chloride level found in the snowmelt runoff water comes almost 
entirely from surface sources (i.e., road salting).  Similar roadside snowpack observations along 
city park roads by Pitt and McLean (1986) also indicated the strong association of road salt with 
snowpack chloride levels. 

Runoff and Pollutant Loading from Snowmelt 

Snowmelt events can exhibit a first flush, in which there are higher concentrations of 
contaminants at the beginning compared to the total event averaged concentration.  The 
enrichment of the first portion of a snowmelt event by soluble pollutants may be due to 
snowpack density changes, where water percolation and melt/freeze events that occur in the 
snowpack cause soluble pollutants to be flushed from throughout the snowpack to concentrate at 
the bottom of the pack (Colbeck, 1981).  This concentrated layer leaves the snowpack as a highly 
concentrated pulse, as snow melts from the bottom due to warmth from the ground (Oberts, 
1994). 

TABLE 3-8 Comparison of Flow-Weighted Pollutant Concentration Means of Snow Samples 
from Boulder, Colorado 

Note: The units are mg/L.  SOURCE: Bennett et al. (1981). Permission pending. 
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When it rains on snow, heavy pollutant loads can be produced because both soluble and 
particulate pollutants are melted from the snowpack simultaneously.  Also, the large volume of 
melt plus rain can wash off pollutants that have accumulated on various surfaces such as roads, 
parking lots, roofs, and saturated soil surfaces.  The intensity of runoff from a rain-on-snow 
event can be greater than a summer thunderstorm because the ground is saturated or frozen and 
the rapidly melting snowpack provides added runoff volume (Oberts, 1994). 

Figure 3-28 compares the runoff volumes associated with snowmelts alone to those 
associated with snowmelts mixed with rain from monitoring at an industrial area in Toronto (Pitt 
and McLean, 1986). Rain with snowmelt contributes over 80 percent of the total cold-weather 
event runoff volume. 

Whether pollutant loadings are higher or lower for snowmelt than for rainfall depends on 
the particular pollutant and its seasonal prevalence in the environment.  For example, the high 
concentrations of dissolved solids found in snowmelt are usually caused by high chloride 
concentrations that stem from the amount of de-icing salt used.  Figure 3-29 is a plot of the 
chloride concentrations in the influent to the Monroe Street detention pond in Madison, 
Wisconsin.  Chloride levels are negligible in the non-winter months but increase dramatically 
when road salting begins in the fall, and remain high through the snow melting period, even 
extending another month or so after the snowpack in the area has melted.  Bennett et al. (1981) 
found that suspended solids and COD loadings for snowmelt runoff were about one-half of those 
for rainfall. Nutrients were much lower for snowmelt, while the loadings for lead were about the 
same for both forms of precipitation.  Oberts (1994) reports that much of the annual pollutant 
yields from event flows in Minneapolis is accounted for by end-of-winter major melts.  End-of
winter melts yielded 8 to 20 percent of the total phosphorous and total lead annual load in 
Minnesota. Small midwinter melts accounted for less than 5 percent of the total loads.  Box 3-8 
shows mass pollutant discharges for a study site in Toronto and emphasizes the significance of 
snowmelt discharges on the total annual storm drainage discharges. 
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FIGURE 3-28 Runoff volumes for snowmelt events alone and when rain falls on melting snow 
packs (Toronto industrial area).  SOURCE: Pitt and McLean (1986). 
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FIGURE 3-29 Monroe Street detention pond chloride concentration of influent (1986–1988).  
SOURCE: House et al. (1993). 

Atmospheric Deposition 

The atmosphere contains a diverse array of contaminants, including metals (e.g., copper, 
chromium, lead, mercury, zinc), nutrients (nitrogen, phosphorus), and organic compounds (e.g., 
PAHs, polychlorinated biphenyls, pesticides).  These contaminants are introduced to the 
atmosphere by a variety of sources, including local point sources (e.g., power plant stacks) and 
mobile sources (e.g., motor vehicles), local fugitive emissions (e.g., street dust and wind-eroded 
materials), and transport from non-local areas.  These emissions, composed of gases, small 
particles (aerosols), and larger particles, become entrained in the atmosphere and subject to a 
complex series of physical and chemical reactions (Schueler, 1983). 

Atmospheric contaminants are deposited on land and water in two ways—termed wet 
deposition and dry deposition. Wet deposition (or wetfall) involves the sorption and 
condensation of pollutants to water drops and snowflakes followed by deposition with 
precipitation.  This mechanism dominates the deposition of gases and aerosol particles.  Dry 
deposition (or dryfall) is the direct transfer of contaminants to land or water by gravity (particles) 
or by diffusion (vapor and particles). Dry deposition occurs when atmospheric turbulence is not 
sufficient to counteract the tendency of particles to fall out at a rate governed, but not exclusively 
determined, by gravity (Schueler, 1983). 
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BOX 3-8 
The Contribution of Dry Weather Discharges and 
Snowmelt to Overall Runoff in Toronto, Ontario 

An extensive analysis of all types of stormwater flow—for both dry and wet weather—was 
conducted in Toronto in the mid-1980s (Pitt and McLean, 1986).  The Toronto Area Watershed 
Management Strategy study included comprehensive monitoring in a residential/commercial area and an 
industrial area for summer stormwater, warm season dry weather flows, snowmelt, and cold season dry 
weather flows.  In addition to the outfall monitoring, detailed source area sheet flow monitoring was also 
conducted during rain and snowmelt events to determine the relative magnitude of pollutant sources.  
Particulate accumulation and wash-off tests were also conducted for a variety of streets in order to better 
determine their role in contaminant contributions.   

Tables 3-9 and 3-10 summarize Toronto residential/commercial and industrial urban runoff 
median concentrations during both warm and cold weather, respectively.  These tables show the relative 
volumes and concentrations of wet weather and dry weather flows coming from the different land uses.  
The bacteria densities during cold weather are substantially less than during warm weather, but are still 
relatively high; similar findings were noted during the NURP studies (EPA, 1983).  However, chloride 
concentrations and dissolved solids are much higher during cold weather.  Early spring stormwater 
events also contain high dissolved solids concentrations.  Cold weather runoff accounted for more than 
half of the heavy metal discharges in the residential/commercial area, while warm weather discharges of 
zinc were much greater than the cold weather discharges for the industrial area.  Warm weather flows 
were also the predominant sources of phosphorus for the industrial area.   

One of the interesting observations is that, at these monitoring locations, warm weather 
stormwater runoff only contributed about 20 to 30 percent of the total annual flows being discharged from 
the separate stormwater outfalls.  The magnitudes of the base flows were especially surprising, as these 
monitoring locations were research sites to investigate stormwater processes and were carefully 
investigated to ensure that they did not have significant inappropriate discharges before they were 
selected for the monitoring programs. 

In comparing runoff from the industrial and residential catchments, Pitt and McLean (1986) 
observed that concentrations of most constituents in runoff from the industrial watershed were typically 
greater than the concentrations of the same constituents in the residential runoff.  The only constituents 
with a unit-area yield that were lower in the industrial area were chlorides and total dissolved solids, which 
was attributed to the use of road de-icing salts in residential areas.  Annual yields of several constituents 
(total solids, total dissolved solids, chlorides, ammonia nitrogen, and phenolics) were dominated by cold 
weather flows, irrespective of the land use. 

A comparison of the Toronto sheet flow data from the different land-use areas indicated that the 
highest concentrations of lead and zinc were found in samples collected from paved areas and roads 
during both rain runoff and snowmelt (Pitt and McLean, 1986).  Fecal coliform values were significantly 
higher on sidewalks and on, or near, roads during snowmelt sampling, likely because these areas are 
where dogs would be walked in winter conditions.  In warm weather, dog walking would be less 
concentrated into these areas.  The concentrations for total solids from grass or bare open areas were 
reduced dramatically during snowmelt compared to rain runoff, an indication of the reduced erosion and 
the poor delivery of particulate pollutants during snowmelt periods.  Cold weather sheet flow median 
concentrations of particulate solids for the grass and open areas (80 mg/L) were much less than the TSS 
concentrations observed during warm weather runoff (250 mg/L) for these same areas.  Snowmelt total 
solids concentrations also increased in areas located near roads due to the influence of road salting on 
dissolved solids concentrations.  In the residential areas, streets were the most significant source of 
snowmelt solids, while yards and open areas were the major sources of nutrients.  Parking and storage 
areas contributed the most snowmelt pollutants in the industrial area.  An analysis of snow samples taken 
along a transect of a snowpack adjacent to an industrial road showed that the pollutant levels decreased 
as a function of distance from the roadway.  At distances greater than 3 to 5 meters from the edge of the  
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BOX 3-8 Continued 

snowpack, the concentrations were relatively constant.  Novotny et al. (1986) sampled along a transect of 
a snowpack by a freeway in Milwaukee.  They also found that the concentration of constituents 
decreased as the distance from the road increased.  Most of the measured constituents, including total 
solids and lead, were at or near background levels at 30 meters or more from the road. 

TABLE 3-9 Median Pollutant Concentrations Observed at Toronto Outfalls during Warm Weather1 

Measured Parameter Baseflow Stormwater 
Residential Industrial Residential Industrial 

Stormwater volume (m3/ha/season) — — 950 1500 
Baseflow volume (m3/ha/season) 1700 2100 — — 
Total residue 979 554 256 371 
Total dissolved solids 973 454 230 208 
Suspended solids <5 43 22 117 
Chlorides 281 78 34 17 
Total phosphorus 0.09 0.73 0.28 0.75 
Phosphates <0.06 0.12 0.02 0.16 
Total Kjeldahl nitrogen (organic N plus NH3) 0.9 2.4 2.5 2.0 
Ammonia nitrogen <0.1 <0.1 <0.1 <0.1 
Chemical oxygen demand 22 108 55 106 
Fecal coliform bacteria (#/100 mL) 33,000 7,000 40,000 49,000 
Fecal strep. bacteria (#/100 mL) 2,300 8,800 20,000 39,000 
Pseudo. aeruginosa bacteria (#/100 mL) 2,900 2,380 2,700 11,000 
Cadmium <0.01 <0.01 <0.01 <0.01 
Chromium <0.06 0.42 <0.06 0.32 
Copper 0.02 0.05 0.03 0.06 
Lead <0.04 <0.04 <0.06 0.08 
Zinc 0.04 0.18 0.06 0.19 
Phenolics (µg/L) <1.5 2.0 1.2 5.1 
α-BHC (ng/L) 17 <1 1 3.5 
γ-BHC (lindane) (ng/L) 5 <2 <1 <1 
Chlordane (ng/L) 4 <2 <2 <2 
Dieldrin (ng/L) 4 <5 <2 <2 
Pentachlorophenol (ng/L) 280 50 70 705 
1Values are in mg/L unless otherwise indicated.  Warm weather samples were obtained during the late 
spring, summer, and early fall months when the air temperatures were above freezing and no snow was 
present. 

continues next page 

PREPUBLICATION 


RB-AR13300



 

 

 
 

 
 

 

 

  

 
 
 

 
 

 

 
 

 

 
 
 
 

173 Effects of Urbanization on Watersheds 

BOX 3-8 Continued 

TABLE 3-10 Median Pollutant Concentrations Observed at Toronto Outfalls during Cold Weather1 

Measured Parameter Base flow Snow melt 
Residential Industrial Residential Industrial 

Stormwater volume (m3/ha/season) — — 1800 830 
Base flow volume (m3/ha/season) 1100 660 — — 
Total residue 2230 1080 1580 1340 
Total dissolved solids 2210 1020 1530 1240 
Suspended solids 21 50 30 95 
Chlorides 1080 470 660 620 
Total phosphorus 0.18 0.34 0.23 0.50 
Phosphates <0.05 <0.02 <0.06 0.14 
Total Kjeldahl nitrogen (organic N plus NH3) 1.4 2.0 1.7 2.5 
Ammonia nitrogen <0.1 <0.1 0.2 0.4 
Chemical oxygen demand 48 68 40 94 
Fecal coliform bacteria (#/100 mL) 9800 400 2320 300 
Fecal strep bacteria (#/100 mL) 1400 2400 1900 2500 
Pseudomonas aeruginosa bacteria (#/100 mL) 85 55 20 30 
Cadmium <0.01 <0.01 <0.01 0.01 
Chromium <0.01 0.24 <0.01 0.35 
Copper 0.02 0.04 0.04 0.07 
Lead <0.06 <0.04 0.09 0.08 
Zinc 0.07 0.15 0.12 0.31 
Phenolics (mg/L) 2.0 7.3 2.5 15 
α-BHC (ng/L) NA 3 4 5 
γ-BHC (lindane) (ng/L) NA NA 2 1 
Chlordane (ng/L) NA NA 11 2 
Dieldrin (ng/L) NA NA 2 NA 
Pentachlorophenol (ng/L) NA NA NA 40 
1Values are in mg/L unless otherwise indicated.  Cold weather samples were obtained during the winter months when the air 
temperatures were commonly below freezing. Snowmelt samples were obtained during snowmelt episodes and when rain fell on 
snow. 
NA, not analyzed 

As atmospheric contaminants deposit, they can exert an influence on stormwater in 
several ways. Contaminants deposited by wetfall are directly conveyed to stormwater while 
those in dryfall can be washed off the land surface.  For both processes, the atmospheric load of 
contaminants is strongly influenced by characteristics such as the amount of impervious surface, 
the magnitude and proximity of emission sources, wind speed and direction, and precipitation 
magnitude and frequency (Schueler, 1983).  Deposition rates can depend on the type of 
contaminant and can be site-specific.  The relationships between atmospheric deposition and 
stormwater quality are, however, not well understood and difficult to determine.  Following are a 
few illustrative examples. 
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174 Urban Stormwater Management in the United States 

Southern California 

Several studies have addressed atmospheric deposition in Southern California (e.g., Lu et 
al., 2003; Harris and Davidson, 2005; Stolzenbach et al., 2007).  Stolzenbach et al. and Lu et al. 
conclude the following for this region: 
• 	 the major source of contaminants to the atmosphere in this region is associated with 

resuspended dust, primarily from roads, 
• 	 contaminants in resuspended dust may reflect historical as well as current sources and 

distant as well as local sources, 
• 	 atmospheric loadings to the receiving water are primarily the result of chronic daily dry 

deposition of large particles greater than 10 µm in size on the watershed rather than directly 
on a waterbody, 

• 	 significant spatial variability occurs in trace metal mass loadings and deposition fluxes, 
particularly along transportation corridors along the coast and the mountain slopes of the 
airshed, 

• 	 significant diurnal and seasonal variations occur in the deposition of trace metals, and 
• 	 atmospheric deposition of metals is a significant component of contaminant loading to 

waterbodies in the region relative to other point and nonpoint sources.  

Harris and Davidson (2005) have reported that traditional sources of lead to the south coast 
air basin of California accounted for less than 15 percent of the lead exiting the basin each year.  
They resolve this difference by considering that lead particles deposited during the years of 
leaded gasoline use are resuspended as airborne lead at this time, some decades after their 
original deposition. This result indicates that lead levels in the soil will remain elevated for 
decades and that resuspension of this lead will remain a major source of atmospheric lead well 
into the future. 

Sabin et al. (2005) assessed the contribution of trace metals (chromium, copper, lead, 
nickel, and zinc) from atmospheric deposition to stormwater runoff in a small impervious urban 
catchment in the Los Angeles area.  Dry deposition contributed 90 percent or more of the total 
deposition inside the catchment, indicating the dominance of dry deposition in semi-arid regions 
such as Los Angeles. Deposition potentially accounted for from 57 to 90 percent of the total 
trace metals in stormwater in the study area, demonstrating that atmospheric deposition can be an 
important source of trace metals in stormwater near urban centers. 

San Francisco 

Dissolved copper is toxic to phytoplankton, the base of the aquatic food chain.  Copper and 
other metals are released in small quantities when drivers depress their brakes.  The Brake Pad 
Partnership (http://www.suscon.org/brakepad/index/asp) has conducted studies to determine how 
much copper is released as wear debris, and how it travels through the air and streets to surface 
waters. A comprehensive and complex model of copper loads to and of transport and reactions 
in San Francisco Bay was developed (Yee and Franz, 2005).  Objectives were to provide daily 
loadings of flow, TSS, and copper to the bay and to estimate the relative contribution of brake 
pad wear debris to copper in the bay. The modeling results (Rosselot, 2006a) indicated that an 
estimated 47,000 kg of copper was released to the atmosphere in the Bay Area in 2003.  Of this 
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amount, 17,000 kg Cu/yr was dry-deposited in subwatersheds; 3,200 kg Cu/yr was wet-deposited 
in subwatersheds; 1,200 kg Cu/yr was dry-deposited directly to bay waters; and 1,300 kg Cu/yr 
was wet-deposited directly to bay waters. The remaining 24,000 kg Cu/yr remained airborne 
until it left the Bay Area.  The contribution of copper from brake pads to the bay is estimated to 
range from 10 to 35 percent of the total copper input, with the best estimate being 23 percent 
(Rosselot, 2006a,b). 

Washington, D.C., Metropolitan Area 

Schueler (1983) investigated the atmospheric deposition of several contaminants in 
Washington, D.C., and its surrounding areas in the early 1980s.  The contaminants assessed 
included trace metals (cadmium, copper, iron, lead, nickel, and zinc), nutrients (nitrogen and 
phosphorus), solids, and organics as measured collectively by BOD and COD.  Dryfall solids 
loading increased progressively from rural to urban sites.  A similar trend was observed for total 
phosphorus, total nitrogen, and trace metal dry deposition rates.  Wet deposition rates exhibited 
few consistent regional patterns. 

The relative importance of wet and dry deposition varied considerably with each 
contaminant and each site.  For example, most of the nitrogen was supplied by wet deposition 
while most of the phosphorus was delivered via dry deposition.  If a contaminant is deposited 
primarily by wet deposition, it is likely that a major fraction of it will be rapidly entrained in 
urban runoff. 

Atmospheric sources were estimated to contribute from 70 to 95 percent of the total 
nitrogen load to urban runoff and 20 to 35 percent of the total phosphorus load. Overall, 
atmospheric deposition appeared to be a moderate source of pollutants in urban runoff.  
However, with the exception of nitrogen, atmospheric deposition was not the major source. 

Average annual atmospheric deposition rates suggested a general trend toward greater 
deposition rates from rural to suburban to urban sites.  This pattern was most pronounced for dry 
deposition. Wet deposition was the most important deposition mechanism for total nitrogen, 
nitrate, organic nitrogen, COD, copper, and zinc.  Dry deposition was most important for most 
soil-related constituents, such as total solids, iron, lead, total phosphorus, and orthophosphate. 

Measurements of rainfall pH showed median values between 4.0 and 4.1 at all stations and 
during all seasons.  Increased mobilization of trace metals from urban surfaces caused by acid 
rain was noted at several monitoring sites. 

*** 

Relationships between atmospheric deposition rates and the quality of urban stormwater 
are complex and cannot be generalized regionally or temporally.  Site-specific measurements or 
reliable estimates of (1) contaminant sources, (2) atmospheric particle size and contaminant 
concentrations, (3) deposition rates and mechanisms, (4) land surface characteristics, (5) local 
and regional hydrology and meteorology, and (6) contaminant concentrations in stormwater are 
needed to assess management decisions to improve stormwater quality.  Transportation is a 
major source of metals (lead in gasoline, zinc in tires, copper in brake pads).  The results of the 
modeling of copper in San Francisco and its watershed demonstrate the feasibility of modeling 
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the impact of a source, in this case copper input by atmospheric deposition, on water quality in a 
receiving waterbody. 

BIOLOGICAL RESPONSES TO URBANIZATION 

As discussed in Chapter 1, the biological integrity of aquatic ecosystems is influenced by 
five major categories of environmental stressors: (1) chemical, (2) hydrologic, (3) physical (e.g., 
habitat), (4) biological (e.g., disease, alien species), and (5) energy-related factors (e.g., nutrient 
dynamics).  Recent studies on biological assemblages in urban or urbanizing waters have begun 
to examine how stormwater stressors limit biological potential along various urban gradients 
(Horner et al., 2003; Carter and Fend, 2005; Meador et al., 2005; Barbour et al., 2008; Purcell et 
al., in press). Advances in biological monitoring and assessment over the past two decades have 
enabled much of this research.  Today, many states and tribes use biological data to directly 
measure their aquatic life beneficial uses and have developed numeric biocriteria that are 
institutionalized in their water quality standards.  Most of these approaches compare biology and 
stressors to suites of reference sites (Hughes, 1995; Stoddard et al., 2006), which can vary from 
near-pristine areas to agricultural landscapes.  While this section focuses on streams because of 
the wealth of data, similar work is being performed on other waterbody types such as wetlands 
(Mack and Micacchion, 2007) and estuaries, both of which are susceptible to stormwater 
pollutants such as metals because of their depositional nature (Morrisey et al., 2000). 

Aquatic life beneficial uses are based on achieving aquatic potential given feasible 
restorative actions. Because such potential may vary substantially across a region depending on 
land use and other factors, some states have adopted tiered aquatic life uses (see Box 2-1).  The 
potential of many urban streams is likely to be something less than “biological integrity” (the 
ultimate goal of the CWA) or even “fishable–swimmable” goals, which are the interim goals of 
the CWA. Indeed, there is a near-universal, negative association between biological 
assemblages in streams and increasing urbanization, to the extent that it has been termed the 
“Urban Stream Syndrome” (Walsh et al., 2005). Recent investigations that have quantified the 
responses of macroinvertebrates and other biological assemblages along multiple measures of 
urban/stormwater stressors have discussed how best to set aquatic life goals for urban streams 
(Booth and Jackson, 1997; Bernhardt and Palmer, 2007).  One of the most important 
contributions to this debate has been the development of the Biological Condition Gradient 
(BCG) concept by EPA. The BCG is an attempt to anchor and standardize interpretations of 
biological conditions and to unify biological monitoring results across the United States in order 
to advance the use of tiered aquatic life beneficial uses.  This section summarizes the 
characteristic biological responses to urban gradients, within the framework of the BCG, and it 
reviews evidence of biological responses within the aforementioned five major categories of 
environmental stressors. 

Biological Condition Gradient 

The BCG framework is an ecological model of how structural and functional components 
of biological assemblages change along gradients of increasing stressors of many kinds (Davies 
and Jackson, 2006). Ecological systems have some common general attributes related to their 
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177 Effects of Urbanization on Watersheds 

structure and function that form the basis for how biological organisms respond to stressors in 
the environment.  Over the past 20 years, development of biological indicators nationwide has 
taken advantage of these repeatable biological responses to stress; however, state benchmarks 
often have varied substantially, even between adjacent states.  To gain consistency, the EPA 
convened a national workgroup of EPA Regions, States, and Tribes to develop the BCG—a 
standardized, nationally applicable model that defines important attributes of biological 
assemblages and describes how these attributes change along a gradient of increasing stress from 
pristine environments to severely impaired conditions (Figure 3-30; Davies and Jackson, 2006).  
The goals of this work were to improve national consistency in the rating and application of 
biological assessment tools for all types of waterbodies and to provide a baseline for the 
development of tiered aquatic life uses. 

The Biological Condition Gradient:  Biological Response to 

Increasing Levels of Stress 


Levels of Biological Condition 
Natural structural, functional, and

taxonomic integrity is preserved.
 

Structure & function similar to natural 

community with some additional taxa &

biomass; ecosystem level functions are

fully maintained.
 

Evident changes in structure due to loss 

of some rare native taxa; shifts in relative 

abundance; ecosystem level functions

fully maintained.
 

Moderate changes in structure due to

replacement of sensitive ubiquitous taxa

by more tolerant taxa; ecosystem

functions largely maintained.
 

Sensitive taxa markedly diminished;

conspicuously unbalanced distribution 

of major taxonomic groups; ecosystem

function shows reduced complexity &

redundancy.
 

Extreme changes in structure and

ecosystem function; wholesale changes

in taxonomic composition; extreme

alterations from normal densities.
 

Chemistry, habitat, and/or flow 
regime severely altered from 

natural conditions. 

FIGURE 3-30 The Biological Condition Gradient (BCG) and summaries of biological condition 
along tiers of this gradient. SOURCE: Modified from Davies and Jackson (2006) by EPA. 
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178 Urban Stormwater Management in the United States 

To date, the BCG has been applied to assemblages including aquatic macroinvertebrates, 
fish, Unionid mussels, and algae in streams, but it could be applied to any organism group in any 
type of waterbody. The BCG is derived by applying a suite of ten ecological attributes that 
allows biological condition to be interpreted independently of assessment method (Table 3-11; 
Davies and Jackson, 2006). The first five attributes focus on taxa sensitivity, an important 
component of tools such as multimetric indices (e.g., the Index of Biotic Integrity [IBI], the 
Invertebrate Community Index [ICI]; see Box 2-3) used in the United States and Europe.  Many 
indicator taxa have been widely studied, and, for groups such as fish, historical data often exist.  
Most states have established lists of tolerant and intolerant species as part of their use of 
biological indices (Simon and Lyons, 1995).  The relatively large literature on species population 
and distribution changes in response to stressors and landscape condition offers insight into the 
mechanisms for population shifts, some of which are summarized in this section. 

The first two attributes of the BCG relate to those streams that are closest to natural or 
pristine, with most taxa “as naturally occur.”  Attribute 1 and 2 taxa are the most sensitive 
species that typically disappear with even minor stress.  Table 3-12 lists some example attribute 
1 taxa for four different regions of the United States.  Attribute 3 reflects more ubiquitous, but 
still sensitive, species that can provide information as human influence on the landscape becomes 
more obvious, but is not yet severe.  Attributes 5 and 6 are taxa that increase in abundance and 
distribution with increasing stress.  The organism condition attribute (7) includes the presence of 
anomalies (e.g., tumors, lesions, eroded fins, etc.) or the presence of large or long-lived 
individuals in a population. Most natural streams typically have few or incidental rates of 
“anomalies” associated with disease and stress. Natural waterbodies typically also have the 
entire range of life stages present, as would be expected.  However, as stress is increased, larger 
individuals may disappear or emigrate, or reproductive failure may occur.  Ecosystem function 
(attribute 8) is very difficult to measure directly (Davies and Jackson, 2006).  However, certain 
functions can be inferred from structural measures common to various multimetric indices, 
examples of which are listed in Table 3-13.  The last two attributes (9 and 10) may be of 
particular importance with regard to stormwater and urban impacts.  Cumulative impacts are a 
characteristic of urbanization, and biological organisms typically integrate the effects of many 
small insults to the landscape.  Additionally, most natural systems often have strong 
“connectance,” such that aquatic life often has stages that rely on migrating across multiple types 
or sizes of waterbodies. Urbanized streams can decrease connectance by creating migration 
blocks, including vertical barriers at road crossings and small dams (Warren and Pardew, 1998). 

TABLE 3-11 Ecological attributes that comprise the basis for the BCG 
1. Historically documented, sensitive, long-lived or regionally endemic taxa  
2. Sensitive-rare taxa 
3. Sensitive-ubiquitous taxa 
4. Taxa of intermediate tolerance 
5. Tolerant taxa 
6. Non-native or introduced taxa 
7. Organism condition 
8. Ecosystem functions 
9. Spatial and temporal extent of detrimental effects 
10. Ecosystem connectance 
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179 Effects of Urbanization on Watersheds 

TABLE 3-12  Example of Taxa that Might Serve as Attribute 1: “Historically Documented, 
Sensitive, Long-Lived, Regionally Endemic Taxa for Streams in Four Regions of the United 
States” 

SOURCE: Table 7 from Davies and Jackson (2006). Reprinted, with permission, from Davies and 
Jackson (2006). Copyright 2006 by Ecological Society of America. 

TABLE 3-13  Function Ecological Attributes or Process Rates and Their Structural Indicators 

SOURCE: Table 4 from Davies and Jackson (2006). Reprinted, with permission, from Davies and 
Jackson (2006). Copyright 2006 by Ecological Society of America. 
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180 Urban Stormwater Management in the United States 

Construction of a BCG creates a conceptual framework for developing stressor–response 
gradients for particular urban areas. The initial work done to develop the BCG derived a series 
of six tiers to describe a gradient of biological condition that is anchored in pristine conditions 
(“as naturally occurs”) and that extends to severely degraded conditions (see Figure 3-30).  
Exercises done by the national work group to derive such a gradient for macroinvertebrates in 
wadeable streams showed strong consistency in assigning tiers to datasets using the descriptions 
of taxa for each attribute along these gradients (Davies and Jackson, 2006).  Substantial data 
already exist to populate many of the attributes of the BCG and to provide mechanistic 
underpinning for the expected directions of change. 

The BCG is not a replacement for assessment tools such as the IBI or multivariate 
predictive models (e.g., RIVPACS approach), but rather a conceptual overlay for characterizing 
the anchor point-of-reference conditions and a consistent way to communicate biological 
condition along gradients of stress. As such, it has strong application to understanding 
stormwater impacts and to communicating where a goal is located along the gradient of 
biological condition. While most urban goals may be distant from “pristine” or “natural,” the 
BCG process can dispel misconceptions that alternate urban goals are “dead streams” or unsafe 
in some manner. 

Factors Limiting Aquatic Assemblages in Urban Waters 

A slew of recent investigations have quantified the responses of macroinvertebrates and 
other biological assemblages to multiple measures of urbanization and to stormwater in 
particular. One important conclusion of some of this work is that declines in the highest 
biological condition start with low levels of anthropogenic change (e.g., 5 to 25 percent 
impervious surface); higher levels of urbanization severely alter aquatic conditions (Horner et al., 
2003). This has important consequences for protecting sites with the highest biological integrity, 
as they may be among the most vulnerable.  The non-threshold nature of this aquatic response 
and the typical wedge-shaped response to multiple stressors by aquatic assemblages are 
discussed in Box 3-9. 

The sections that follow review the evidence underlying biological responses to each of 
the major categories of stressors: chemical, hydrologic, physical habitat, biological, and energy-
related factors.  As will be evident in some of the examples, the stressors themselves can interact 
(e.g., flow can influence habitat, habitat can influence energy processing, etc.), which increases 
the complexity of understanding how stormwater affects aquatic ecosystems. 

Biological Responses to Toxic Pollutants 

The chemical constituents of natural streams vary widely with climatic region, stream 
size, soil types, and geological setting.  Most small natural streams, outside of unique areas wth 
naturally occurring toxicants, have very low levels of chemicals considered to be toxicants and 
have relatively low levels of dissolved and particulate materials in general.  This applies to 
chemicals in the water column and in sediments.  Increasing amounts of impervious surface in 
the watershed typically increase the concentrations of many chemical parameters in runoff 
derived from urban surfaces (e.g., Porcella and Sorenson, 1980; Sprague et al., 2007).   
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181 Effects of Urbanization on Watersheds 

BOX 3-9 
Non-threshold Nature of the Decline of Biological 

Assemblages Along Urban Stressor Gradients 

Several recent surveys have demonstrated that biological assemblages begin to decline in 
condition with even low levels of urban disturbance as measured by various gradients of urbanization 
(e.g., May, 1996; Horner et al., 1997; May et al., 1997; Horner et al., 2003; Moore and Palmer, 2005; 
Barbour et al., 2008).  This box summarizes the work of Horner et al. (2003) in small streams in three 
regions: Montgomery County, Maryland; Austin, Texas; and the Puget Sound area of Washington.  
Geographic Information System (GIS) analyses using information such as land use, total impervious area, 
and riparian land use were used to develop multi-metric Watershed Condition Indices (WCIs) for each 
region.  These in turn were related to fish and macroinvertebrate indices, e.g., benthic IBIs, (B-IBI, all 
three regions), a fish IBI (F-IBI for Maryland) and an index that was the ratio of the sensitive coho salmon 
to the more tolerant cutthroat trout in collections for the Puget Sound lowland area. 

In each of these areas, no or extremely low urban development, substantial forest cover, and 
minimal disturbance of riparian zones characterized sites with the highest biological scores, but these 
conditions did not guarantee high scores because other impacts could limit biology even with these 
“natural” characteristics.  In all three regions, high urbanization and loss of natural cover always led to 
biological degradation (Figures 3-31 and 3-32).  The results of this study were similar to other recent 
studies such as Barbour et al. (2008) that identify a “wedge-shaped” relationship or a “polygonal” 
relationship (Carter and Fend, 2005) between urban gradients and biological condition.  These types of 
relationships have also been termed “factor-ceiling” relationships (Thomson et al., 1996).  The outer 
surface of these wedges or polygons reflects where the urban gradients limit biological assemblages, 
such that points below this surface typically represent sites affected by other stressors (e.g., combined 
sewer overflows, discharges, etc.).  In all of these studies it is easier to predict loss of biological 
conditions as the urban gradients (e.g., WCI) worsen than it is to ensure high biological integrity at low 
proportions of urban stress (because some other stressor may still limit aquatic condition). 

FIGURE 3-31  Plots of a measure of urbanization (TIA + Wetland & Forest Cover + IRI) versus B-IBIs for 
Austin, Texas (left), and Montgomery County, Maryland (right).  SOURCE: Horner et al. (2003).  
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182 Urban Stormwater Management in the United States 

BOX 3-9 Continued 

FIGURE 3-32  Plots of a measure of urbanization (TIA + Wetland & Forest Cover + IRI) versus B-IBIs for 
Puget Sound (left) and versus the ratio of coho salmon to cutthroat trout for Puget Sound (right).  
SOURCE: Horner et al. (2003). 

Horner et al. (2003) also focused on whether structural SCMs could moderate the effects of 
urbanization on biological assemblages.  They made detailed observations of two subbasins in the Puget 
Sound lowland area, one with a greater degree of stormwater management than the other (although 
neither had what would be considered comprehensive stormwater management with a focus on water 
quality issues).  As shown in Figure 3-33, at the highest levels of urbanization (triangles), the subbasin 
with the more extensive use of structural SCMs did have better biological conditions.  There was less 
evidence of biological benefit in the watershed that used SCMs but it had only moderate urbanization and 
more natural land cover (squares and diamonds).  There were no circumstances where high biological 
condition was observed along with the use of SCMs because high biological condition only occurred 
where little human alteration was present, and thus SCMs were not used. 

FIGURE 3-33  Macroinvertebrate community index versus structural SCM density with the highest, 
intermediate, and lowest one-third of natural watershed and riparian cover.  The upper and lower 
horizontal lines represent indices considered to define relatively high and low levels of biological integrity, 
respectively.  SOURCE: Horner et al. (2003). 
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183 Effects of Urbanization on Watersheds 

Stormwater concentrations of these pollutants can be variable and sometimes extreme or “toxic” 
depending on the timing of flows (e.g., first flush), although concentrations at base flows may 
not routinely exceed water quality benchmarks (Sprague et al., 2007).  Historical deposition of 
toxics in sediments can also be responsible for extremely high pollutant concentrations within 
waterbodies, even though the stormwater discharges may no longer be active.  These situations 
have been termed “legacy pollution” and are most commonly associated with urban centers that 
have a history of industrial production. 

Natural constituents such as dissolved materials (e.g., chlorides), particulate material 
(e.g., fine sediments), nutrients (e.g., phosphorus and nitrogen compounds), as well as a myriad 
of man-made parameters such as heavy metals and organic chemicals (e.g., hydrocarbons, 
pesticides and herbicides) have been documented to be increased and at times pervasive in 
stormwater (Heany and Huber, 1984; Paul and Meyer, 2001; Roy et al., 2003; Gilliom et al., 
2006) although specific patterns of concentrations can vary with region and ecological setting 
(Sprague et al., 2007). Water chemistry impacts can also arise from a complex array of 
permitted discharges, storm sewer discharges, and combined sewer overflows that are treated to 
certain limits but at times fail to remove all constituents from flows, especially when associated 
with storm events (Paul and Meyer, 2001).   

Streams in urban settings can have increases in toxicant levels compared to background 
concentrations.  In many instances these cases have been associated with loss of aquatic species 
and impairment of aquatic life goals (EPA, 2002a), which are usually explained in terms of 
typical lethal responses. The complexity of urban systems with regard to pathways, magnitude, 
duration, and timing of toxicity as well as possible synergistic or antagonistic effects of mixtures 
of pollutants argues for a broad approach to characterizing effects including not only toxicity 
testing, but also novel approaches and direct monitoring of biological assemblages (Burton et al., 
1999). What is problematic from a traditional management perspective is that aquatic 
communities may decline before exceedances of water quality criteria are evident (May et al., 
1997; Horner et al., 2003). 

The first three BCG attributes focus on populations of species of high to very high 
sensitivity, most of which are uncommon or absent in waters with any substantial level of 
urbanization. Multi-metric indices such as IBI, which reflect loss of these species, decline at 
least linearly with increasing urbanization (e.g., Miltner et al., 2004; Meador et al., 2005; Walters 
et al., 2005). Although toxicity to compounds varies with species, many species of federal and 
state endangered and threatened aquatic species are more sensitive than “commonly” used test 
species (Dwyer et al., 2005), such that the loss of aquatic species when toxicant levels exceed 
criteria are readily explained. 

The mechanisms of species population declines in response to chemical contaminants are 
likely complex and not just limited to direct lethality of the pollutant.  Indeed, initial chemical 
changes may have no “toxic” effects, but rather could change competitive and trophic dynamics 
by changing primary production and energy dynamics in streams.  For example, exposures to 
aromatic and chlorinated organic compounds from sediments derived from urban areas have 
been found to increase the susceptibility of salmonids to the bacterial pathogen Vibrio 
anguillarum (Arkoosh et al., 2001). Recent work has found that salmonids show substantial 
behavioral changes from olfactory degradation related to copper at concentrations as low as 2 
µg/L, well below copper water quality criteria and above levels measured in most stormwater
affected streams (Hecht et al., 2007; Sandahl et al., 2007).  Salmonid and other fish depend 
extensively on olfactory cues for feeding, emigration, responding to prey and predators, social 
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and spawning interactions, and other behaviors, such that loss or diminution of such cues may 
have population-level effects on these species (Sandahl et al., 2007).  Copper has been shown to 
cause olfactory effects on other species (Beyers et al., 2001) and to impair the sensory ability of 
the fish lateral line (Hernandez et al., 2006), which is nearly ubiquitous in fishes and important 
for most freshwater species in feeding, schooling, spawning, and other behaviors. 

Whole effluent toxicity testing or sediment toxicity testing may misclassify the effects of 
runoff and effluents in urban settings (Burton et al., 1999).  Short-term toxicity tests of 
stormwater often result in no identified toxicity.  However, longer studies (e.g., 30 days) have 
shown increasing toxicity with time (Masterson and Bannerman, 1994; Ramcheck and 
Crunkilton, 1995). This suggests that the mechanism of toxicity could be through an ingestion 
pathway, for example, rather than gill uptake.  Metals are often in high concentrations where fine 
sediments accumulate, and their legacy can extend past the time period of active discharge.  
Metal concentrations in urban stream sediments have been associated with high rates of fish and 
invertebrate anomalies such as tumors, lesions, and deformities (Burton, 1992; Ingersoll et al., 
1997; Smith et al., 2003). 

Biological Responses to Non-Toxicant Chemicals 

Non-toxic chemical compounds that occur in stormwater such as nutrients, dissolved 
oxygen (DO), pH, and dissolved solids as well as physical factors such as temperature can have 
impacts on aquatic life.  The effects of some of these compounds (e.g., DO, pH) have been well 
documented from other impacts (e.g., wastewater, mining), such that nearly all states have 
developed water quality criteria for these parameters.  For example, nutrient enrichment in 
stormwater runoff has been associated with declines of biological condition in streams (Miltner 
and Rankin, 1998). Chloride, sulfate, and other dissolved ions that are often elevated in urban 
areas can have effects on osmoregulation of aquatic organisms and have been associated with 
loss of species sensitive to dissolved materials such as mayflies (Kennedy et al., 2004).  The 
concentrations of these compounds can vary regionally (Sprague et al., 2007) and with the 
degree of urbanization. 

Water quality criteria for temperature were spurred by the need for thermal permits for 
industrial and power plant cooling water discharges.  There is a very large literature on the 
importance of water temperature to aquatic organisms; preference, avoidance, and lethal 
temperature ranges have been derived for many aquatic species (e.g., Brungs and Jones, 1977; 
Coutant, 1977; Eaton et al., 1995).  In addition, temperature is one of the key classification strata 
for aquatic life, in that streams are routinely classified as cold water, cool water, or warm water 
based on the geographic and natural settings of waters.  The removal of catchment and riparian 
vegetation and the general increase in surface runoff from impervious, man-made, and heat-
capturing surfaces has been associated with increasing water temperatures in urban waterbodies 
(Wang and Kanehl, 2003; Nelson and Palmer, 2007). A number of researchers have created 
models to predict in-stream temperatures based on urban characteristics (Krause et al., 2004; 
Herb et al., 2008). 
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Hydrologic Influences on Aquatic Life 

The importance of “natural” flow regimes on aquatic life has been well documented (Poff 
et al., 1997; Richter et al., 1997a, 2003).  As watersheds urbanize, flow regimes change from 
little runoff to over 40 to 90 percent of the rainfall becoming surface runoff (Roesner and 
Bledsoe, 2003). Flow regimes in urban streams typically are very “flashy,” with higher and 
more frequent peak events, compared to undisturbed systems (Poff et al., 1997; Baker et al., 
2004) and well as reduced base flows and more frequent desiccation (Bernhardt and Palmer, 
2007). Richter et al. (1996) proposed a series of indicators that could be used to measure 
hydrologic disturbance, many of which have been used in the recent studies identifying the 
hydrologic effects of stormwater on aquatic biota (Barbour et al., 2008).  Pomeroy et al. (2008) 
did an extensive review of which flow characteristics appear to have the greatest influence on 
biological metrics and biological integrity.  No single measure of flow was found to be 
significant in all studies; however, important attributes included flow variability and flashiness, 
flood frequency, flow volume, flow variability, flow timing, and flow duration. 

There are a number of mechanisms that may be responsible for the influence of flow 
characteristics on aquatic assemblages.  Aquatic species vary dramatically in their swimming 
performance and behaviors, and species are generally adapted to undisturbed flow regimes in an 
area. Many low- to moderate-gradient small streams in the United States, for example, have 
strong connections with their flood-prone areas and often possess habitat features that insulate 
poor swimming species from episodic natural high flows.  Undercut banks, rootwads, oxbows, 
and backwater habitats all can act as refugia from high flows.  Some aquatic species are more or 
less mobile within the sediments, like certain macroinvertebrates (meiofauna or hyporheos) and 
fish species such as sculpins and madtoms.  Secondary impacts from hydrologic changes such as 
bank erosion and aggradation of fines can render substrates embedded and prohibit organisms, 
particularly the meiofauna, from moving vertically within the bottom substrates (Schmid-Araya, 
2000). Substrate fining has been documented to occur with increasing urbanization, especially in 
the early stages of development, which can embed spawning habitats and eliminate or reduce 
spawning success of fish such as salmonids and minnows (Waters, 1995). 

Flood flows can cause mortality in the absence of urbanization.  For example, flood flows 
in streams under natural conditions have been documented as a cause of substantial mortality in 
young or larval fish such as smallmouth bass (Funk and Fleener, 1974; Lorantas and Kristine, 
2004). Increased flashiness from urbanization is likely to exacerbate this effect.  Thus, increases 
in the frequency of peak flows during spring will increase the probability of spawning failure, 
such that sensitive species may eventually be locally extirpated.  In urban areas, culverts and 
other flow obstructions can create conditions that may preclude re-colonization of upstream 
reaches because weak-swimming fishes cannot move past flow constrictions or leap past vertical 
drops caused by artificial structures.   

Hydrologic simplification and stream straightening that occur in urban streams, often as a 
result of increased peak flows or as a local management response, typically remove habitat used 
as temporary refuges from high flows, such as backwater areas, undercut banks, and rootwads.  
There is a large literature relating populations of fish and macroinvertebrates to various habitat 
features of streams, rivers, and wetlands.  The first two attributes of the BCG identify taxa that 
are historically documented, sensitive, long-lived, or regionally endemic taxa or sensitive-rare 
taxa. Many of these taxa are endangered because of large-scale changes in flow-influenced 
habitats; that is, threats of extinction often center on habitat degradation that influence spawning, 
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feeding, or other aspects of a species life history (Rieman et al., 1993).  In contrast, many of the 
fish and macroinvertebrate taxa that compose regional lists of tolerant taxa are tolerant to habitat 
changes related to flow disturbance as well as chemical parameters. Understanding the life 
history attributes of certain species and how they may change with multiple stressors (Power, 
1997) is an important tool for understanding complex responses of aquatic ecosystems to urban 
stressors. 

Geomorphic and Habitat Influences on Aquatic Life 

In natural waters, geomorphic factors and climate, modified by vegetation and land use, 
constrain the types of physical habitat features likely to occur in streams (Webster and 
D’Angelo, 1997). For example, very-low-gradient streams may have few riffles and be 
dominated by woody debris and bank cover, whereas higher gradient waters may have more 
habitat types formed by rapidly flowing waters (riffles, runs).  Aquatic life in streams is 
influenced directly by the habitat features that are present, such as substrate types, in-stream 
structures, bank structure, and flow types (e.g., deep-fast vs. shallow-slow).   

As discussed previously, human alteration of landscapes, encroachment on riparian areas, 
and direct channel modifications (e.g., channelization) that acompany urbanization have often 
resulted in unstable channels, with negative consequences for aquatic habitat.  As urbanization 
has increased, channel density has declined because streams have been piped, dewatered, and 
straightened (Meyer and Wallace, 2001; Paul and Meyer, 2001).  Changes in the magnitude, 
relative proportions, and timing of sediment and water delivery have resulted in loss of aquatic 
life and habitat via a wide range of mechanisms, including changes in channel bed materials, 
increased suspended sediment loads, loss of riparian habitat due to bank erosion, and changes in 
the variability of flow and sediment transport characteristics relative to aquatic life cycles 
(Roesner and Bledsoe, 2003). There are still significant gaps in knowledge about how 
stormwater stressors can affect stream habitat, especially as one moves from the reach scale to 
the watershed scale. Understanding the stage and trajectory of channel evolution is critical to 
understanding channel recovery and expected habitat conditions or in choosing effective 
restoration options (Simon et al., 2007).   

Across much of the United States, stream habitats have been altered to the imperilment of 
aquatic species (Williams et al., 1989; Richter et al., 1997b; Strayer et al., 2004).  A study of 
rapidly urbanizing streams in central Ohio identified the loss of highly and moderately sensitive 
species as a key factor the decline in the IBI in these streams (Miltner et al., 2004).  These 
streams had historical fish collections when they were primarily influenced by agricultural land 
use; sampling after the onset of suburban development documented the loss of many of these 
species attributable to land-use changes and habitat degradation along these urban streams.  
Along the BCGs that have been developed for streams, most of the species in attributes 1–3 are 
specialists requiring very specific habitats for spawning, feeding, and refuge.  Habitat alteration, 
either direct or indirect, creates harsh environments that tend to favor tolerant taxa, which would 
otherwise be in low abundance. Often these tolerant species are characterized by high 
reproductive potential, generalist feeding behaviors, tolerance to chemical stressors such as low 
DO, and pioneering strategies that allow rapid recolonization following acute stressful events.   
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Altered Energy Pathways in Urban Streams 

The pathways of energy flow in streams are an important determinant of aquatic species 
distributions. In most natural temperate streams, headwaters transform and export energy from 
stream side vegetation and adjacent land uses into aquatic biomass.  The types, amount, and 
timing of delivery of water, organic material, and debris have important consequences for 
conditions downstream (Dolloff and Webster, 2000).  The energy-transforming aspect of stream 
ecosystems is difficult to capture directly, so most measures are surrogates, such as the trophic 
characteristics of assemblages and chemical and physical characteristics consistent with natural 
energy processes. 

An increasingly urban landscape can have a complex array of effects on energy dynamics 
in streams (Allan, 2004).  Loss of riparian areas and changes in riparian vegetation can reduce 
the supply and quality of coarse organic matter that forms the base of aquatic food webs in most 
small streams.  The reduction in the amount of organic matter with riparian loss is obvious; 
however, changing species of vegetation (e.g., invasion or planting of exotic species) can affect 
the quality of organic matter and influence higher trophic levels because, for example, exotic 
species may have different nutrient values (e.g., C/N ratios, trace chemicals) or process nutrients 
at a different rate (Royer et al., 1999).  Furthermore, native invertebrate taxa may not be adapted 
to utilize the exotic material (Miller and Boulton, 2005).  For example, changes in leaf species in 
a stream may alter the macroinvertebrate community by favoring species that feed on fast-
decaying versus slow-decaying leaves (Smock and MacGregor, 1988; Cummins et al., 1989; 
Gregory et al., 1991). 

Other recent work is examining ways that changes in geomorphology with increasing 
urbanization can influence trophic structure in streams (Doyle, 2006).  Groffman et al. (2005) 
examined nitrogen processing in stream geomorphic structures such as bars, riffles, and debris 
dams in suburban and forested areas.  Although suburban areas had high rates of production in 
organic-rich debris dams and gravel bars, higher storm flow effects in urban streams may make 
these features less stable and able to be maintained (Groffman et al., 2005).  Changes in habitat 
and riparian vegetation may greatly alter trophic patterns of energy transport.  For example, local 
nutrient enrichments combined with reduced riparian vegetation can result in nuisance algal 
growths in waterbodies that are evidence of simpler energy pathways.  Corresponding effects are 
further water chemistry changes from algal decomposition (e.g.., low DO) or very high algal 
activity (e.g., high pH) (Ehlinger et al., 2004). 

The complexity of energy flow through simple ecosystems is illustrated in Figure 3-34, a 
“simplified” food web of a headwater stream published by Meyer (1994).  The forms in which 
nutrients are delivered to streams may be more important than actual concentrations as well as 
the availability of carbon sources essential for nutrient transformation.  The nutrient components 
that form the base of the food web in Figure 3-34 are the FPOM and CPOM boxes.  In many 
natural streams, woody and leafy debris are the most common form of nutrient input, and 
changes to urban landscapes often change this to dissolved and finer forms.  Urbanization can 
also reduce the retention of organic debris of streams (Groffman et al., 2005) and the timing of 
nutrient delivery. Timing can be of crucial importance since species spawning and growth 
periods may be specifically timed to take advantage of available nutrients. 
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188 Urban Stormwater Management in the United States 

FIGURE 3-34  Simplified diagram of a lotic food web showing sources and major pathways of organic 
carbon. Dotted lines indicate flows that are a part of the microbial loop in flowing water but not in 
planktonic systems.  SOURCE: Reprinted, with permission, from Meyer (1994). Copyright 1994 by 
Springer. 

As important as energy and nutrient dynamics are to stream function, many of the stream 
characteristics that determine effective energy flow are not typically considered when 
characterizing stormwater impacts.  The best chance for considering these variables and 
maximizing ecosystem function is through integrated, biologically based monitoring programs 
that include urban areas (Barbour et al., 2008) and stressor identification procedures (EPA, 2000) 
to isolate likely causes of impact and to inform the choices of SCMs. 

Biological Interactions in Urban Streams 

Streams in urbanized environments often are characterized by fewer native and more 
alien species than natural streams (DeVivo, 1996; Meador et al., 2005).  The influence of exotic 
species is not always predictable and may be most severe in lentic environments (e.g., wetlands, 
estuaries) and in riparian zones where various exotic aquatic plants can greatly alter natural 
systems in both structure and function (Hood and Naiman, 2000).  Riley et al. (2005) found that 
the presence of alien aquatic amphibians was positively related to degree of urbanization, as was 
the absence of certain native amphibian species.  In a review of possible reasons for this 
observation, he suggested that altered flow regimes were responsible.  In the arid California 
streams they studied, flow became more constant with urbanization (i.e., natural streams were 
generally ephemeral), which allowed invasion by exotic species that can prey on, compete with, 
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or hybridize with native species (Riley et al., 2005).  The alteration of stream habitat that 
accompanies urbanization can also lead to predation by domestic cats and dogs or collection by 
humans, especially where species (e.g., California newts) are large and conspicuous (Riley et al., 
2005). 

The effects of specific exotic species on aquatic systems has been observed to vary 
geographically, although recent work has found correlations between total invasion rate and the 
number of high-impact exotic species (Ricciardi and Kipp, 2008).  This suggests that overall 
efforts to reduce the importation or spread of all alien species should be helpful. 

The Role of Biological Monitoring 

The preceding sections illustrate the importance of biological data to understanding the 
complexities associated with urban and stormwater impacts to waterbodies.  Although categories 
of urban stressors have been discussed individually, these stressors routinely, if not universally, 
co-occur in urban waterbodies. Their cumulative impacts are best measured with biological tools 
because the biota integrate the influence of all of these stressors. 

Many programmatic aspects of the CWA arose as a response to rather obvious impacts of 
chemical pollutants that were occurring in surface waters during this time.  The initial focus of 
water quality standards was on developing chemical criteria that could serve as engineering 
endpoints for waste treatment systems (e.g., NPDES permits).  Rather general aquatic life goals 
for streams and rivers that were suitable for the initial focus of the CWA are now considered 
insufficient to deal with the complex suite of stressors limiting aquatic systems.  To that end, 
refined aquatic life goals and improved biological monitoring are essential for effective water 
quality management, including stormwater issues (NRC, 2001). Practical biological and physical 
monitoring tools have even been developed for very small headwater streams (Ohio EPA, 2002; 
Fritz et al., 2006), which are particularly affected by stormwater because of their prevalence 
(greater than 95 percent of channels), their relatively high surface-to-volume ratio, their role in 
nutrient and material processing, and their vulnerability to direct modification such as 
channelization and piping (Meyer and Wallace, 2001). 

Surrogate indicators of stormwater impacts to aquatic life (such as TSS concentrations) 
have been widely used because direct biological measures were poorly developed and these 
surrogates were assumed to be important to pollutant delivery to urban streams.  However, 
biological assessment has rapidly advanced in many states and can be readily applied or if 
needed modified to be sensitive to stormwater stressors (Barbour et al., 2008).  As Karr and Chu 
(1999) warned, the management of complex systems requires measures that integrate multiple 
factors.  Stormwater permitting is no different, and care must be taken to ensure that permitting 
and regulatory actions retain ecological relevance.  Surrogate measures have an essential role in 
the assessment of individual SCMs; however, this needs to be kept in context with the entire 
suite of stressors likely to be important to the aquatic life goals in streams. 

Stormwater management programs should not necessarily bear the burden of biological 
monitoring; rather, well-conceived biological monitoring should be the prevue of state and local 
government agencies (as discussed more extensively in Chapter 6).  Refined aquatic life goals 
developed for all waters, including urban waters, measured with appropriate biological measures, 
should be the final endpoint for management.  The collection of biological data needs to be 
closely integrated across multiple disciplines in order to be effective.  Pomeroy et al. (2008) 
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describe a multidisciplinary approach to study the effects of stormwater in urban settings, and 
Scholz and Booth (2001) also propose a monitoring approach for urban watersheds.  Such efforts 
are not necessarily easy, and many institutions find pitfalls when trying to integrate scientific 
information across disciplines (Benda et al., 2002). 

EPA water programs, such as the Total Maximum Daily Load (TMDL) program, have 
been criticized for having too narrow a focus on a limited number of traditional pollutants to the 
exclusion of important stressors such as hydrology, habitat alteration, and invasive taxa (Karr 
and Yoder, 2004)—all serious problems associated with stormwater and urbanization.  The 
science has advanced significantly over the past decade so that biological assessment should be 
an essential tool for identifying stormwater impacts and informing the choice of SCMs in a 
region or watershed. Although biological responses to stressors in the ambient environment are 
by their nature correlative exercises, ecological epidemiology principles or “stressor 
identification” methods can identify likely causative agents of impairment with relatively high 
certainty in many instances (Suter, 1993, 2006; EPA, 2000).  Coupled with other ambient and 
source monitoring information, biological information can form the basis for an effective 
stormwater program.  As an example, Box 3-10 introduces the Impervious Cover Model (ICM), 
which was developed using correlative information on the association between impervious cover 
and biological metrics.  The crux of the ICM is that stormwater management is tailored along a 
readily measureable gradient (impervious cover) that integrates multiple individual stressor 
categories that would otherwise be overlooked in the traditional pollutant-based approach to 
stormwater management.  Even the form of the ICM (as conceptualized in Figure 3-37) matches 
that outlined for the BCG (Figure 3-30).  Use of the ICM to improve the MS4 stormwater 
program is discussed in Chapter 6. 

BOX 3-10 
The Impervious Cover Model: An Emerging Framework  

for Urban Stormwater Management 

The Impervious Cover Model (ICM) is a management tool that is useful for diagnosing the 
severity of future stream problems in a subwatershed.  The ICM defines four categories of urban streams 
based on how much impervious cover exists in their subwatershed: high-quality streams, impacted 
streams, non-supporting streams, and urban drainage.  The ICM is then used to develop specific 
quantitative or narrative predictions for stream indicators within each stream category (see Figure 3-35).  
These predictions define the severity of current stream impacts and the prospects for their future 
restoration.  Predictions are made for five kinds of urban stream impacts: changes in stream hydrology, 
alteration of the stream corridor, stream habitat degradation, declining water quality, and loss of aquatic 
diversity. 

FIGURE 3-35 Changes in Stream Quality with Percent Impervious Cover in the Contributing Watershed.  SOURCE: 
Chesapeake Stormwater Network (2008). Reprinted, with permission, from Schueler (2008).  Copyright 2008 by T. 
Schueler.  
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191 Effects of Urbanization on Watersheds 

BOX 3-10 Continued 

The general predictions of the ICM are as follows.  Stream segments with less than 10 percent 
impervious cover (IC) in their contributing drainage area continue to function as Sensitive Streams, and 
are generally able to retain their hydrologic function and support good-to-excellent aquatic diversity.  
Stream segments that have 10 to 25 percent IC in their contributing drainage area behave as Impacted 
Streams and show clear signs of declining stream health.  Most indicators of stream health will fall in the 
fair range, although some segments may range from fair to good as riparian cover improves.  The decline 
in stream quality is greatest toward the higher end of the IC range.  Stream segments that range between 
25 and 60 percent subwatershed impervious cover are classified as Non-Supporting Streams (i.e., no 
longer supporting their designated uses in terms of hydrology, channel stability habitat, water quality, or 
biological diversity).  These stream segments become so degraded that any future stream restoration or 
riparian cover improvements are insufficient to fully recover stream function and diversity (i.e., the 
streams are so dominated by subwatershed IC that they cannot attain predevelopment conditions).  
Stream segments whose subwatersheds exceed 60 percent IC are physically altered so that they merely 
function as a conduit for flood waters.  These streams are classified as Urban Drainage and consistently 
have poor water quality, highly unstable channels, and very poor habitat and biodiversity scores.  In many 
cases, these urban stream segments are eliminated altogether by earthworks and/or storm-drain 
enclosure.  Table 3-14 shows in greater detail how stream corridor indicators respond to greater 
subwatershed impervious cover. 

TABLE 3-14 General ICM Predictions Based on Urban Subwatershed Classification (CWP, 2004): 
Prediction Impacted 

(IC 11 to 25%) 8 
Non-supporting 
(IC 26 to 60%) 

Urban Drainage 
(IC > 60%) 

Runoff as a Fraction of Annual 
Rainfall 1 

10 to 20% 25 to 60% 60 to 90% 

Frequency of Bankfull Flow per 
Year 2 

1.5 to 3 per year 3 to 7 per year 7 to 10 per year 

Fraction of Original Stream 
Network Remaining 

60 to 90% 25 to 60% 10 to 30% 

Fraction of Riparian Forest Buffer 
Intact 

50 to 70%  30 to 60% Less than 30% 

Crossings per Stream Mile 1 to 2 2 to 10 None left 
Ultimate Channel Enlargement 
Ration 3 

1.5 to 2.5 larger 2.5 to 6 times larger 6 to 12 times larger 

Typical Stream Habitat Score Fair, but variable Consistently poor Poor, often absent 
Increased Stream Warming 4 2 to 4 °F 4 to 8 °F 8+ °F 
Annual Nutrient Load 5 1 to 2 times higher 2 to 4 times higher 4 to 6 times higher 
Wet Weather Violations of Bacteria 
Standards  

Frequent Continuous Ubiquitous 

Fish Advisories Rare Potential risk of 
accumulation 

Should be presumed 

Aquatic Insect Diversity 6 Fair to good Fair Very poor 
Fish Diversity 7 Fair to good Poor Very poor 
1 Based on annual storm runoff coefficient; ranges from 2 to 5% for undeveloped streams. 
2 Predevelopment bankfull flood frequency is about 0.5 per year, or about one bankfull flood every two years. 
3 Ultimate stream-channel cross-section compared to typical predevelopment channel cross section. 
4 Typical increase in mean summer stream temperature in degrees Fahrenheit, compared with shaded rural stream. 
5 Annual unit-area stormwater phosphorus and/or nitrogen load produced from a rural subwatershed. 
6 As measured by benthic index of biotic integrity. Scores for rural streams range from good to very good. 
7 As measured by fish index of biotic integrity. Scores for rural streams range from good to very good. 
8 IC is not the strongest indicator of stream health below 10% IC, so the sensitive streams category is omitted from this table. 
SOURCE: Adapted from CWP (2004). 
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192 Urban Stormwater Management in the United States 

BOX 3-10 Continued 

Scientific Support for the ICM 

The ICM predicts that hydrological, habitat, water quality, and biotic indicators of stream health 
first begin to decline sharply at around 10 percent total IC in smaller catchments (Schueler, 1994).  The 
ICM has since been extensively tested in ecoregions around the United States and elsewhere, with more 
than 200 different studies confirming the basic model for single stream indicators or groups of stream 
indicators (CWP, 2003; Schueler, 2004).  Several recent research studies have reinforced the ICM as it is 
applied to first- to third-order streams (Coles et al., 2004; Horner et al., 2004; Deacon et al., 2005; 
Fitzpatrick et al., 2005; King et al., 2005; McBride and Booth, 2005; Cianfrina et al., 2006; Urban et al., 
2006; Schueler et al., 2008). 

Researchers have focused their efforts to define the specific thresholds where urban stream 
degradation first begins.  There is robust debate as to whether there is a sharp initial threshold or merely 
a continuum of degradation as IC increases, although the latter is more favored.  There is much less 
debate, however, about the dominant role of IC in defining the hydrologic, habitat, water quality, and 
biodiversity expectations for streams with higher levels of IC (15 to 60 percent).  

Caveats to the ICM 

The ICM is a powerful predictor of urban stream quality when used appropriately.  The first caveat 
is that subwatershed IC is defined as total impervious area (TIA) and not effective impervious area (EIA). 
Second, the ICM should be restricted to first- to third-order alluvial streams with moderate gradient and no 
major point sources of pollutant discharge.  The ICM is most useful in projecting the behavior of 
numerous stream health indicators, and it is not intended to be accurate for every individual stream 
indicator. In addition, management practices in the contributing catchment or subwatershed must not be 
poor (e.g., no deforestation, acid mine drainage, intensive row crops, etc.); just because a subwatershed 
has less than 10 percent IC does not automatically mean that it will have good or excellent stream quality 
if past catchment management practices were poor.   

ICM predictions are general and may not apply to every stream within the proposed 
classifications.  Urban streams are notoriously variable, and factors such as gradient, stream order, 
stream type, age of subwatershed development, and past land use can and will make some streams 
depart from these predictions.  Indeed, these “outlier” streams are extremely interesting from the 
standpoint of restoration.  In general, subwatershed IC causes a continuous but variable decline in most 
stream corridor indicators.  Consequently, the severity of individual indicator impacts tends to be greater 
at the upper end of the IC range for each stream category. 

Effects of Catchment Treatment on the ICM 

Most studies that investigated the ICM were done in communities with some degree of catchment 
treatment (e.g., stormwater management or stream buffers).  Detecting the effect of catchment treatment 
on the ICM involves a very complex and difficult paired watershed design.  Very few catchments meet the 
criteria for either full treatment or the lack of it, no two catchments are ever really identical, and individual 
catchments exhibit great variability from year to year.  Not surprisingly, the first generation of research 
studies has produced ambiguous results.  For example, seven research studies showed that ponds and 
wetlands are unable to prevent the degradation of aquatic life in downstream channels associated with 
higher levels of IC (Galli, 1990; Jones et al., 1996; Horner and May, 1999; Maxted, 1999; MNCPPC, 
2000; Horner et al., 2001; Stribling et al., 2001).  The primary reasons cited are stream warming 
(amplified by ponds), changes in organic matter processing, the increased runoff volumes delivered to 
downstream channels, and habitat degradation caused by channel enlargement. 
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193 Effects of Urbanization on Watersheds 

BOX 3-10 Continued 

Riparian forest cover is defined as canopy cover within 100 meters of the stream, and is 
measured as the percentage of the upstream network in this condition.  Numerous researchers have 
evaluated the relative impact of riparian forest cover and IC on stream geomorphology, aquatic insects, 
fish assemblages, and various indices of biotic integrity.  As a group, the studies suggest that indicator 
values for urban streams improve when riparian forest cover is retained over at least 50 to 75 percent of 
the length of the upstream network (Booth et al., 2002; Morley and Karr, 2002; Wang et al., 2003; Allan, 
2004; Sweeney et al., 2004; Moore and Palmer, 2005; Cianfrina et al., 2006; Urban et al., 2006).   

Application of the ICM to other Receiving Waters 

Recent research has focused on the potential value of the ICM in predicting the future quality of 
receiving waters such as tidal coves, lakes, wetlands and small estuaries.  The primary work on small 
estuaries by Holland et al. (2004) [references cited in CWP (2003), Lerberg et al. (2000)] indicates that 
adverse changes in physical, sediment, and water quality variables can be detected at 10 to 20 percent 
subwatershed IC, with a clear biological response observed in the range of 20 to 30 percent IC.  The 
primary physical changes involve greater salinity fluctuations, greater sedimentation, and greater pollutant 
contamination of sediments.  The biological response includes declines in diversity of benthic 
macroinvertebrates, shrimp, and finfish. 

More recent work by King et al. (2005) reported a biological response for coastal plain streams at 
around 21 to 32 percent urban development (which is usually about twice as high as IC).  The thresholds 
for important water quality indicators such as bacterial exceedances in shellfish beds and beaches 
appears to begin at about 10 percent subwatershed IC, with chronic violations observed at 20 percent IC 
(Mallin et al., 2001).  Algal blooms and anoxia resulting from nutrient enrichment by stormwater runoff 
also are routinely noted at 10 to 20 percent subwatershed IC (Mallin et al., 2004). 

The primary conclusion to be drawn from the existing science is that the ICM does apply to tidal 
coves and streams, but that the impervious levels associated with particular biological responses appear 
to be higher (20 to 30 percent IC for significant declines) than for freshwater streams, presumably due to 
their greater tidal mixing and inputs from near-shore ecosystems.  The ICM may also apply to lakes 
(CWP, 2003) and freshwater wetlands (Wright et al., 2007) under carefully defined conditions.  The initial 
conclusion is that the application of the ICM shows promise under special conditions, but more controlled 
research is needed to determine if IC (or other watershed metrics) is useful in forecasting receiving water 
quality conditions. 

Utility of the ICM in Urban Stream Classification and Watershed Management 

The ICM is best used as an urban stream classification tool to set reasonable expectations for the 
range of likely stream quality indicators (e.g., physical, hydrologic, water quality, habitat, and biological 
diversity) over broad ranges of subwatershed IC.  In particular, it helps define general thresholds where 
water quality standards or biological narrative conditions cannot be consistently met during wet weather 
conditions (see Table 6-2).  These predictions help stormwater managers and regulators to devise 
appropriate and geographically explicit stormwater management and subwatershed restoration strategies 
for their catchments as part of MS4 permit compliance.  More specifically, assuming that local monitoring 
data are available to confirm the general predictions of the ICM, it enables managers to manage 
stormwater within the context of current and future watershed conditions. 
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194 Urban Stormwater Management in the United States 

Human Health Impacts 

Despite the unequivocal evidence of ecosystem consequences resulting from urban 
stormwater, a formal risk analysis of the human health effects associated with stormwater runoff 
is not yet possible.  This is because (1) many of the most important waterborne pathogens have 
not been quantified in stormwater, (2) enumeration methods reported in the current literature are 
disparate and do not account for particle-bound pathogens, and (3) sampling times during storms 
have not been standardized nor are known to have occurred during periods of human exposure.  
Individual studies have investigated the runoff impacts on public health in freshwater (Calderon 
et al., 1991) and marine waters (Haile et al., 1999; Dwight et al,. 2004; Colford et al., 2007).  
Although these studies provide ample evidence that stormwater runoff can serve as a vector of 
pathogens with potential health implications (for example, Ahn et al., 2005, found that fecal 
indicator bacteria concentrations could exceed California ocean bathing water standards by up to 
500 percent in surf zones receiving stormwater runoff), it is difficult to draw conclusive 
inferences about the specific human health impacts from microbial contamination of stormwater.  
Calderon et al. (1991) concluded that the currently recommended bacterial indicators are 
ineffective for predicting potential health effects associated with water contaminated by nonpoint 
sources of fecal pollution.  Furthermore, in a study conducted in Mission Bay, California, which 
analyzed bacterial indicators using traditional and non-traditional methods (chromogenic  
substrate and quantitative polymerase chain reaction), as well as a novel bacterial indicator and 
viruses, traditional fecal indicators were not associated with identified human health risks such as 
diarrhea and skin rash (Colford et al., 2007). 

The Santa Monica Bay study (Haile et al., 1999) indicated that the risks of several health 
outcomes were higher for people who swam at storm-drain locations compared to those who 
swam farther from the drain.  However, the list of health outcomes that were more statistically 
significant (fever, chills, ear discharge, cough and phlegm, and significant respiratory) did not 
include highly credible gastrointestinal illness, which is curious because the vast majority of 
epidemiological studies worldwide suggests a causal dose-related relationship between 
gastrointestinal symptoms and recreational water quality measured by bacterial indicator counts 
(Pruss, 1998). Dwight et al. (2004) found that surfers in an urban environment reported more 
symptoms than their rural counterparts; however, water quality was not specifically evaluated in 
that study. 

To better assess the relationship between swimming in waters contaminated by 
stormwater, which have not been influenced by human sewage, and the risk of related illness, the 
California Water Boards and the City of Dana Point have initiated an epidemiological study.  
This study will be conducted at Doheny Beach, Orange County, California, which is a beach 
known to have high fecal indicator bacteria concentrations with no known human source.  The 
project will examine several new techniques for measuring traditional fecal indicator bacteria, 
new species of bacteria, and viruses to determine whether they yield a better relationship to 
human health outcomes than the indicators presently used in California.  The study is expected to 
be completed in 2010.  In addition, the State of California is researching new methods for rapid 
detection of beach bacterial indicators and ways to bring these methods into regular use by the 
environmental monitoring and public health communities to better protect human health. 
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195 Effects of Urbanization on Watersheds 

CONCLUSIONS AND RECOMMENDATIONS 

The present state of the science of stormwater reflects both the strengths and weaknesses 
of historic, monodisciplinary investigations.  Each of the component disciplines—hydrology, 
geomorphology, aquatic chemistry, ecology, land use, and population dynamics—have well-
tested theoretical foundations and useful predictive models.  In particular, there are many 
correlative studies showing how parameters co-vary in important but complex and poorly 
understood ways (e.g., changes in fish community associated with watershed road density or the 
percentage of IC). Nonetheless, efforts to create mechanistic links between population growth, 
land-use change, hydrologic alteration, geomorphic adjustments, chemical contamination in 
stormwater, disrupted energy flows, and biotic interactions, to changes in ecological 
communities are still in development.  Despite this assessment, there are a number of 
overarching truths that remain poorly integrated into stormwater management decision making, 
although they have been robustly characterized and have a strong scientific basis.  These are 
expanded upon below. 

There is a direct relationship between land cover and the biological condition of 
downstream receiving waters.  The possibility for the highest levels of aquatic biological 
condition exists only with very light urban transformation of the landscape.  Even then, 
alterations to biological communities have been documented at such low levels of 
imperviousness, typically associated with roads and the clearing of native vegetation, that there 
has been no real “urban development” at all.  Conversely, the lowest levels of biological 
condition are inevitable with extensive urban transformation of the landscape, commonly seen 
after conversion of about one-third to one-half of a contributing watershed into impervious area.  
Although not every degraded waterbody is a product of intense urban development, all highly 
urban watersheds produce severely degraded receiving waters.  Because of the close and, to date, 
inexorable linkage between land cover and the health of downstream waters, stormwater 
management is an unavoidable offshoot of watershed-based land-use planning (or, more 
commonly, its absence). 

The protection of aquatic life in urban streams requires an approach that 
incorporates all stressors.  Urban Stream Syndrome reflects a multitude of effects caused by 
altered hydrology in urban streams, altered habitat, and polluted runoff.  Focusing on only one of 
these factors is not an effective management strategy.  For example, even without noticeably 
elevated pollutant concentrations in receiving waters, alterations in their hydrologic regimes are 
associated with impaired biological condition. Achieving the articulated goals for stormwater 
management under the CWA will require a balanced approach that incorporates hydrology, 
water quality, and habitat considerations. 

The full distribution and sequence of flows (i.e., the flow regime) should be taken 
into consideration when assessing the impacts of stormwater on streams.  Permanently 
increased stormwater volume is only one aspect of an urban-altered storm hydrograph.  It 
contributes to high in-stream velocities, which in turn increase streambank erosion and 
accompanying sediment pollution of surface water.  Other hydrologic changes, however, include 
changes in the sequence and frequency of high flows, the rate of rise and fall of the hydrograph, 
and the season of the year in which high flows can occur.  These all can affect both the physical 
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196 Urban Stormwater Management in the United States 

and biological conditions of streams, lakes, and wetlands.  Thus, effective hydrologic mitigation 
for urban development cannot just aim to reduce post-development peak flows to 
predevelopment peak flows. 

A single design storm cannot adequately capture the variability of rain and how that 
translates into runoff or pollutant loadings, and thus is not suitable for addressing the 
multiple objectives of stormwater management.  Of particular importance to the types of 
problems associated with urbanization is the size of rain events.  The largest and most infrequent 
rains cause near-bank-full conditions and may be most responsible for habitat destruction; these 
are the traditional “design storms” used to design safe drainage systems.  However, moderate-
sized rains are more likely to be associated with most of the annual mass discharges of 
stormwater pollutants, and these can be very important to the eutrophication of lakes and 
nearshore waters. Water quality standards for bacterial indicators and total recoverable heavy 
metals are exceeded for almost every rain in urban areas. Therefore, the whole distribution of 
storm size needs to be evaluated for most urban receiving waters because many of these 
problems coexist.   

Roads and parking lots can be the most significant type of land cover with respect to 
stormwater.  They constitute as much as 70 percent of total impervious cover in ultra-urban 
landscapes, and as much as 80 percent of the directly connected impervious cover.  Roads tend to 
capture and export more stormwater pollutants than other land covers in these highly impervious 
areas because of their close proximity to the variety of pollutants associated with automobiles.  
This is especially true in areas of the country having mostly small rainfall events (as in the 
Pacific Northwest). As rainfall amounts become larger, pervious areas in most residential land 
uses become more significant sources of runoff, sediment, nutrients, and landscaping chemicals.  
In all cases, directly connected impervious surfaces (roads, parking lots, and roofs that are 
directly connected to the drainage system) produce the first runoff observed at a storm-drain inlet 
and outfall because their travel times are the quickest.  

Generally, the quality of stormwater from urbanized areas is well characterized, 
with the common pollutants being sediment, metals, bacteria, nutrients, pesticides, trash, 
and polycyclic aromatic hydrocarbons. These results come from many thousands of storm 
events from across the nation, systematically compiled and widely accessible; they form a robust 
data set of utility to theoreticians and practitioners alike.  These data make it possible to 
accurately estimate pollutant concentrations, which have been shown to vary by land cover and 
by region across the country. However, characterization data are relatively sparse for individual 
industrial operations, which makes these sources less amenable to generalized approaches based 
on reliable assumptions of pollutant types and loads.  In addition, industrial operations vary 
greatly from site to site, such that it may be necessary to separate them into different categories 
in order to better understand industrial stormwater quality. 

Nontraditional sources of stormwater pollution must be taken into consideration 
when assessing the overall impact of urbanization on receiving waterbodies.  These 
nontraditional sources include atmospheric deposition, snowmelt, and dry weather discharges, 
which can constitute a significant portion of annual pollutant loadings from storm systems in 
urban areas (such as metals in Los Angeles). For example, atmospheric deposition of metals is a 

PREPUBLICATION 


RB-AR13324



 

 

  

 
 

 

 
 

 

 

 

  

  

  
 

197 Effects of Urbanization on Watersheds 

very significant component of contaminant loading to waterbodies in the Los Angeles region 
relative to other point and nonpoint sources. Similarly, much of the sediment found in receiving 
waters following watershed urbanization can come from streambank erosion as opposed to being 
contributed by polluted stormwater.   

Biological monitoring of waterbodies is critical to better understanding the 
cumulative impacts of urbanization on stream condition. Over 25 years ago, individual states 
developed the concept of regional reference sites and developed multi-metric indices to identify 
and characterize degraded aquatic assemblages in urban streams.  Biological assessments 
respond to the range of non-chemical stressors identified as being important in urban waterways 
including habitat degradation, hydrological alterations, and sediment and siltation impacts, as 
well as to the influence of nutrients and other chemical stressors where chemical criteria do not 
exist or where their effects are difficult to measure directly (e.g., episodic stressors).  The 
increase in biological monitoring has also helped to frame issues related to exotic species, which 
are locally of critical importance but completely unrecognized by traditional physical monitoring 
programs. 

Epidemiological studies on the human health risks of swimming in freshwater and 
marine waters contaminated by urban stormwater discharges in temperate and warm 
climates are needed.  Unlike with aquatic organisms, there is little information on the health 
risks of urban stormwater to humans.  Standardized watershed assessment methods to identify 
the sources of human pathogens and indicator organisms in receiving waters need to be 
developed, especially for those waters with a contact-recreation use designation that have had 
multiple exceedances of pathogen or indicator criteria in a relatively short period of time.  Given 
their difficulty and expense, epidemiological studies should be undertaken only after careful 
characterization of water quality and stormwater flows in the study area. 
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Chapter 4 

Monitoring and Modeling 


As part of its statement of task, the committee was asked to consider several aspects of 
stormwater monitoring, including how useful the activity is, what should be monitored and when 
and where, and how benchmarks should be established.  As noted in Chapter 2, the stormwater 
monitoring requirements under the U.S. Environmental Protection Agency (EPA) stormwater 
program are variable and generally sparse, which has led to considerable skepticism about their 
usefulness. This chapter first considers the value of the data collected over the years by 
municipalities and makes suggestions for improvement.  It then does the same for industrial 
stormwater monitoring, which has lagged behind the municipal separate storm sewer system 
(MS4) program both in requirements and implementation.   

It should be noted upfront that this chapter does not discuss the fine details of MS4 and 
industrial monitoring that pertain to regulatory compliance—questions such as should the 
average end of pipe concentrations meet water quality standards, how many exceedances should 
be allowed per year, or should effluent concentrations be compared to acute or chronic criteria.  
Individual benchmarks and effluent limits for specific chemicals emanating from specific 
industries are not provided.  The current state of MS4 and industrial stormwater monitoring and 
the paucity of high quality data are such that it is premature and in many cases impossible to 
make such determinations.  Rather, the chapter suggests both how to monitor an individual 
industry and how to determine benchmarks and effluent limits for industrial categories.  It 
suggests how monitoring requirements should be tailored to accommodate the risk level of an 
individual industrial discharger.  Finally, it makes numerous technical suggestions for improving 
the monitoring of MS4s, building on the data already submitted and analyzed as part of the 
National Stormwater Quality Database.  Policy recommendations about the monitoring of both 
industries and MS4s are found in Chapter 6. 

This chapter’s emphasis on monitoring of stormwater should not be interpreted as a 
disinterest in other types of monitoring, such as biomonitoring of receiving waters, precipitation 
measurements, or determination of land cover.  Indeed, these latter activities are extremely 
important (they are introduced in the preceding chapter) and they underpin the new permitting 
program proposed in Chapter 6 (especially biological monitoring).  Stormwater management 
would benefit most substantially from a well-balanced monitoring program that encompasses 
chemical, biological, and physical parameters from outfalls to receiving waters.  Currently, 
however, decisions about stormwater management are usually made with incomplete 
information; for example, there are continued recommendations by many that street cleaning will 
solve a municipality’s problems, even when the municipality does not have any information on 
the sources of the material being removed.   

A second charge to the committee was to define the elements of a “protocol” to link 
pollutants in stormwater discharges to ambient water quality criteria.  As described in Chapter 3, 
many processes connect sources of pollution to an effect observed in a downstream receiving 
water. More and more, these processes can be represented in watershed models, which are the 
key to linking stormwater sources to effects observed in receiving waters.  The latter half of the 
chapter explores the current capability of models to make such links, including simple models, 
statistical and conceptual models, and more involved mechanistic models.  At the present time, 
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associating a single discharger with degraded in-stream conditions is generally not possible 
because of the state of both modeling and monitoring of stormwater. 

MONITORING OF MS4s 

EPA’s regulations for stormwater monitoring of MS4s is very limited, in that only the 
application requirements are stated [see 40 CFR § 122.26(d)].  The regulations require the MS4 
program to identify five to ten stormwater discharge outfalls and to collect representative 
stormwater data for conventional and priority toxic pollutants from three representative storm 
events using both grab and composite sampling methods.  Each sampled storm event must have a 
rainfall of at least 0.1 inch, must be preceded by at least 72 hours of a dry period, and the rain 
event must be within 50 percent of the average or median of the per storm volume and duration 
for the region.  While the measurement of flow is not specifically required, an MS4 must make 
estimates of the event mean concentrations (EMCs) for pollutants discharged from all outfalls to 
surface waters, and in order to determine EMCs, flow needs to be measured or calculated. 

Other than these requirements, the exact type of MS4 monitoring that is to be conducted 
during the permit term is left to the discretion of the permitting authority.  EPA has not issued 
any guidance on what would be considered an adequate MS4 monitoring program for permitting 
authorities to evaluate compliance.  Some guidance for MS4 monitoring based on desired 
management questions has been developed locally (for example, see the SCCWRP Technical 
Report No. 419, SMC 2004, Model Monitoring Program for MS4s in Southern California).  

In the absence of national guidance from EPA, the MS4 monitoring programs for Phase I 
MS4s vary widely in structure and objectives, and Phase II MS4 programs largely do not 
perform any monitoring at all.  The types of monitoring typically contained in Phase I MS4 
permits include the (1) wet weather outfall screening and monitoring to characterize stormwater 
flows, (2) dry weather outfall screening and monitoring under illicit discharge detection and 
elimination programs, (3) biological monitoring to determine storm water impacts, (4) ambient 
water quality monitoring to characterize water quality conditions, and (5) stormwater control 
measure (SCM) effectiveness monitoring.  

The Nationwide Stormwater Quality Database 

Stormwater monitoring data collected by a portion of Phase I MS4s has been evaluated 
for years by the University of Alabama and the Center for Watershed Protection and compiled in 
a database called the Nationwide Stormwater Quality Database (NSQD).  These data were 
collected in order to describe the characteristics of stormwater on a national level, to provide 
guidance for future sampling needs, and to enhance local stormwater management activities in 
areas with limited data.  The MS4 monitoring data collected over the past ten years from more 
than 200 municipalities throughout the country have great potential in characterizing the quality 
of stormwater runoff and comparing it against historical benchmarks.  Version 3 of the NSQD is 
available online at: http://unix.eng.ua.edu/~rpitt/Research/ms4/mainms4.shtml.  It contains data 
from more than 8,500 events and 100 municipalities throughout the country.  About 5,800 events 
are associated with homogeneous land uses, while the remainder are for mixed land uses. 
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The general approach to data collection was to contact EPA regional offices to obtain 
state contacts for the MS4 data, then the individual municipalities with Phase I permits were 
targeted for data collection. Selected outfall data from the International BMP Database were 
also included in NSQD version 3, eliminating any source area and any treated stormwater 
samples.  Some of the older National Urban Runoff Program (NURP) (EPA, 1983) data were 
also included in the NSQD, along with some data from specialized U.S. Geological Survey 
(USGS) stormwater monitoring activities in order to better represent nationwide conditions and 
additional land uses. Because there were multiple sources of information, quality assurance and 
quality control reviews were very important to verify the correctness of data added to the 
database, and to ensure that no duplicate entries were added. 

The NSQD includes sampling location information such as city, state, land use, drainage 
area, and EPA Rain Zone, as well as date, season, and rain depth.  The constituents commonly 
measured for in stormwater include total suspended solids (TSS), 5-day biological oxygen 
demand (BOD5), chemical oxygen demand (COD), total phosphorus (TP), total Kjeldahl 
nitrogen (TKN), nitrite plus nitrate (NO2+NO3), total copper (Cu), total lead (Pb), and total zinc 
(Zn). Less information is available for many other constituents (including filterable heavy 
metals and bacteria).  Figure 4-1 is a map showing the EPA Rain Zones in the United States, 
along with the locations of the communities contributing to the NSQD, version 3.  Table 4-1 
shows the number of samples for each land use and for each Rain Zone.  This table does not 
show the number of mixed land-use site samples.  Rain Zones 8 and 9 have very few samples, 
and institutional and open-space areas are poorly represented.  However, residential, commercial, 
industrial, and freeway data are plentiful, except for the few Rain Zones noted above. 

Land use has an important impact on the quality of stormwater.  For example, the 
concentrations of heavy metals are higher for industrial land-use areas due to manufacturing 
processes and other activities that generate these materials.  Fecal coliform concentrations are 
relatively high for residential and mixed residential land uses, and nitrate concentrations are 
higher for the freeway land use.  Open-space land-use areas show consistently low 
concentrations for the constituents examined.  Seasons could also be a factor in the variation of 
nutrient concentrations in stormwater due to seasonal uses of fertilizers and leaf drop occurring 
during the fall season. Most studies also report lower bacteria concentrations in the winter than 
in the summer. Lead concentrations in stormwater have also significantly decreased since the 
elimination of lead in gasoline (see Figure 2-6).  Most of the statistical tests used are multivariate 
statistical evaluations that compare different constituent concentrations with land use and 
geographical location. More detailed discussions of the earlier NSQD results are found in 
various references, including Maestre et al. (2004, 2005) and Pitt et al. (2003, 2004). 

TABLE 4-1 Number of Samples per Land Use and EPA Rain Zone 
Single land use 1 2 3 4 5 6 7 8 9 Total 
Commercial 234 484 131 66 42 37 64 0 22 1080 
Freeways 0 241 14 0 262 189 28 0 0 734 
Industrial 100 327 90 51 83 74 146 0 22 893 
Institutional 9 46 0  0  0  0  0  0 0  55  
Open Space 68 37 0 18  0  2  0  0 0  125  
Residential 294 1470 290 122 105 32 532 7 81 2933 
Total 705 2605 525 257 492 334 770 7 125 5820 
Note: there are no mixed-use sites in this table.  SOURCE: National Stormwater Quality Database. 
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FIGURE 4-1 Sampling Locations for Data Contained in the National Stormwater Quality 
Database, version 3. 

How the NSQD can be used to Calculate Representative EMC Values 

EMC values were initially used during the NURP to describe typical concentrations of 
pollutants in stormwater for different monitoring locations and land uses.  An EMC is intended 
to represent the average concentration for a single monitored event, usually based on flow-
weighted composite sampling.  It can also be calculated from discrete samples taken during an 
event if flow data are also available. Many individual subsamples should be taken throughout 
most of the event to calculate the EMC for that event.  Being an overall average value, an EMC 
does not represent possible extremes that may occur during an event. 

The NSQD includes individual EMC values from about 8,500 separate events.  
Stormwater managers typically want a representative single value for a land use for their area.  
As such, they typically evaluate a series of individual storm EMC values for conditions similar to 
those representing their site of concern.  With the NSQD in a spreadsheet form, it is relatively 
simple to extract suitable events representing the desired conditions.  However, the individual 
EMC values will likely have a large variability.  Maestre and Pitt (2006) reviewed the NSQD 
data to better explain the variability according to different site and sampling conditions (land use, 
geographical location, season, rain depth, amount of impervious area, sampling methods, 
antecedent dry period, etc.).  The most common significant factor was land use, with some 
geographical and fewer seasonal effects observed.  As with the original NURP data, EMCs in the 
NSQD are usually expressed using medians and coefficients of variation to reflect uncertainty, 
assuming lognormal distributions of the EMC values.  Figure 4-2 shows several lognormal 
probability plots for a few constituents from the NSQD.  Probability plots shown as straight lines 
indicate that the concentrations can be represented by lognormal distributions (see Box 4-1).   
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FIGURE 4-2 Lognormal probability plots of stormwater quality data for selected constituents (pooled data from NSQD version 1.1). 
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BOX 4-1 
Probability Distributions of Stormwater Data 

The coefficient of variation (COV) values for many constituents in the NSQD range from 
unusually low values of about 0.1 (for pH) to highs between 1 and 2.  One objective of a data analysis 
procedure is to categorize the data into separate stratifications, each having small variations in the 
observed concentrations.  The only stratification usually applied is for land use.  However, further 
analyses indicated many differences by geographical area and some differences by season.  When 
separated into appropriate stratifications, the COV values are reduced, ranging between about 0.5 to 1.0.  
With a reasonable confidence of 95 percent (α= 0.05) and power of 80 percent (β= 0.20), and a suitable 
allowable error goal of 25 percent, the number of samples needed to characterize these conditions would 
therefore range from about 25 to 50 (Burton and Pitt, 2002).  In a continuing monitoring program (such as 
the Phase I stormwater National Pollutant Discharge Elimination System [NPDES] permit monitoring 
effort) characterization data will improve over time as more samples are obtained, even with only a few 
samples collected each year from each site. 

Stormwater managers have generally accepted the assumption of lognormality of stormwater 
constituent concentrations between the 5th and 95th percentiles.  Based on this assumption, it is common 
to use the log-transformed EMC values to evaluate differences between land-use categories and other 
characteristics.  Statistical inference methods, such as estimation and tests of hypothesis, and analysis of 
variance, require statistical information about the distribution of the EMC values to evaluate these 
differences.  The use of the log-transformed data usually includes the location and scale parameter, but a 
lower-bound parameter is usually neglected. 

Maestre et al. (2005) conducted statistical tests using NSQD data to evaluate the lognormality 
assumptions of selected common constituents.  It was found in almost all cases that the log-transformed 
data followed a straight line between the 5th and 95th percentile, as illustrated in Figure 4-3 for total 
dissolved solids (TDS) in residential areas.  
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FIGURE 4-3 Probability plot of total dissolved solids in residential land uses (NSQD version 1.1 data). 
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BOX 4-1 Continued 

For many statistical tests focusing on the central tendency (such as for determining the 
concentrations that are to be used for mass balance calculations), this may be a suitable fit.  As an 
example, the model WinSLAMM (Pitt, 1986; Pitt and Voorhees, 1995) uses a Monte Carlo component to 
describe the likely variability of stormwater source flow pollutant concentrations using either lognormal or 
normal probability distributions for each constituent.  However, if the most extreme values are of 
importance, such as when dealing with the influence of many non-detectable values on the predicted 
concentrations, or determining the frequency of observations exceeding a numerical standard, a better 
description of the extreme values may be important.  

The NSQD contains many factors for each sampled event that likely affect the observed 
concentrations.  These include such factors as seasons, geographical zones, and rain intensities.  These 
factors may affect the shape of the probability distribution.  The only way to evaluate the required number 
of samples in each category is by using the power of the test, where power is the probability that the test 
statistic will lead to a rejection of the null hypothesis (Gibbons and Chakraborti, 2003). 

In the NSQD, most of the data were from residential land uses.  The Kolmogorov-Smirnov test 
was used to indicate if the cumulative empirical probability distribution of the residential stormwater 
constituents can be adequately represented with a lognormal distribution.  The number of collected 
samples was sufficient to detect if the empirical distribution was located inside an interval of width 0.1 
above and below the estimated cumulative probability distribution.  If the interval was reduced to 0.05, the 
power varies between 40 and 65 percent.  Another factor that must be considered is the importance of 
relatively small errors in the selected distribution and the problems of false-negative determinations.  It 
may not be practical to collect as many data observations as needed when the distributions are close.  
Therefore, it is important to understand what types of further statistical and analysis problems may be 
caused by having fewer samples than optimal.  For example, Figure 4-4 (total phosphorus in residential 
areas) shows that most of the data fall along the straight line (indicating a lognormal fit), with fewer than 
10 observations (out of 933) in the tails being outside of the obvious path of the line, or a false-negative 
rate of about 0.01 (1 percent). 

FIGURE 4-4 Normality test for total phosphorus in residential land uses using the NSQD. 
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BOX 4-1 Continued 

Further analyses to compare the constituent concentration distributions to other common 
probability distributions (normal, lognormal, gamma, and exponential) were also conducted for all land 
uses by Maestre et al. (2004).  Most of the stormwater constituents can be assumed to follow a lognormal 
distribution with little error.  The use of a third parameter in the estimated lognormal distribution may be 
needed, depending on the number of samples.  When the number of samples is large per category 
(approximately more than 400 samples) the maximum likelihood and the two-parameter lognormal 
distribution better fit the empirical distribution.  For large sample sizes, the L-moments method usually 
unacceptably truncates the distribution in the lower tail.  However, when the sample size is more 
moderate per category (approximately between 100 and 400 samples), the three-parameter lognormal 
method, estimated by L-moments, better fits the empirical distribution.  When the sample size is small 
(less than 100 samples, as is common for most stormwater programs), the use of the third parameter 
does not improve the fit with the empirical distribution and the common two-parameter lognormal 
distribution produces a better fit than the other two methods.  The use of the lognormal distribution also 
has an advantage over the other distribution types because it can be easily transformed to a normal 
distribution and the data can then be correctly examined using a wide variety of statistical tests.  

Fitting a known distribution is important as it helps indicate the proper statistical tests 
that may be conducted.  Using the median EMC value in load calculations, without considering 
the data variability, will result in smaller mass loads compared to actual monitored conditions.  
This is due to the medians underrepresenting the larger concentrations that are expected to occur.  
The use of average EMC values will represent the larger values better, although they will still 
not represent the variability likely to exist.  If all of the variability cannot be further explained 
adequately (such as being affected by rain depth), which would be highly unlikely, then a set of 
random calculations (such as that obtained using Monte Carlo procedures) reflecting the 
described probability distribution of the constituents would be the best method to use when 
calculating loads. 

Municipal Monitoring Issues 

As described in Chapter 2, typical MS4 monitoring requirements involve sampling during 
several events per year at the most common land uses in the area.  Obviously, a few samples will 
not result in very useful data due to the variability of stormwater characteristics.  However, 
during the period of a five-year permit with three samples per year, about 15 events would be 
sampled for each land use.  While still insufficient for many analyses, this number of data points 
likely allows the confidence limits to be reasonably calculated for the average conditions.  When 
many sites of the same land use are monitored for a region, substantial data may be collected 
during a permit cycle.  This was the premise of the NSQD where MS4 data were collected for 
many locations throughout the country.  These data were evaluated and various findings made.  
The following comments are partially based on these analyses, along with additional data 
sources. 

PREPUBLICATION 
  

RB-AR13348



   

 
 

 

 

221 Monitoring and Modeling 

Sampling Technique and Compositing 

There are a variety of methods for collecting and compositing stormwater samples that 
can result in different values for the EMC.  The first distinction is the mode of sample collection, 
either as grab samples or automatic sampling.  Obviously, grab sampling is limited by the speed 
and accuracy of the individuals doing the sampling, and it is personnel intensive.  It is for this 
reason that about 80 percent of the NSQD samples are collected using automatic samplers.  
Manual sampling has been observed to result in slightly lower TSS concentrations compared to 
automatic sampling procedures.  This may occur, for example, if the manual sampling team 
arrives after the start of runoff and therefore misses an elevated first flush (if it exists for the 
site), resulting in reduced EMCs. 

A second important concept is how and whether the samples are combined following 
collection. With time-based discrete sampling, samplers (people or machines) are programmed 
to take an aliquot after a set period of time (usually in the range of every 15 minutes) and each 
aliquot is put into a separate bottle (usually 1 liter).  Each bottle is processed separately, so this 
method can have high laboratory costs.  This is the only method, however, that will characterize 
the changes in pollutant concentrations during the event.  Time-based composite sampling refers 
to samplers being programmed to take an aliquot after a set period of time (as short as every 3 
minutes), but then the aliquots are combined into one container prior to analysis (compositing).  
All parts of the event receive equal weight with this method, but the large number of aliquots can 
produce a reasonably accurate composite concentration.  Finally, flow-weighted composite 
sampling refers to samplers being programmed to collect an aliquot (usually 1 liter) for a set 
volume of discharge.  Thus, more samples are collected during the peak of the hydrograph than 
toward the trailing edge of the hydrograph.  All of the aliquots are composited into one container, 
so the concentration for the event is weighted by flow. 

Most communities calculate their EMC values using flow-weighted composite sample 
analyses for more accurate mass discharge estimates compared to time-based compositing.  This 
is especially important for areas with a first flush of very short duration, because time
composited samples may overly emphasize these higher flows.  An automatic sampler with flow-
weighted samples, in conjunction with a bed-load sampler, is likely the most accurate sampling 
method, but only if the sampler can obtain a representative sample at the location (such as 
sampling at a cascading location, or using an automated depth-integrated sampler) (Clark et al., 
2008). 

Time- and flow-weighted composite options have been evaluated in residential, 
commercial, and industrial land uses in EPA Rain Zone 2 and in industrial land uses in EPA Rain 
Zone 3 for the NSQD data.  No significant differences were observed for BOD5 concentrations 
using either of the compositing schemes for any of the four categories.  TSS and total lead 
median concentrations in EPA Rain Zone 2 were two to five times higher in concentration when 
time-based compositing was used instead of flow-based compositing.  Nutrients in EPA Rain 
Zone 2 collected in residential, commercial, and industrial areas showed no significant 
differences using either compositing method.  The only exceptions were for ammonia in 
residential and commercial land-use areas and total phosphorus in residential areas where time-
based composite samples had higher concentrations.  Metals were higher when time-based 
compositing was used in residential and commercial land-use areas.  No differences were 
observed in industrial land-use areas, except for lead.  Again, in most cases, mass discharges are 
of the most importance in order to show compliance with TMDL requirements.  Flow-weighted 
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sampling is the most accurate method to obtain these values (assuming sufficient numbers of 
subsamples are obtained).  However, if receiving water effects are associated with short-duration 
high concentrations, then discrete samples need to be collected and analyzed, with no 
compositing of the samples during the event.  Of course, this is vastly more costly and fewer 
events are usually monitored if discrete sampling is conducted. 

Numbers of Data Observations Needed 

The biggest issue associated with most monitoring programs is the number of data points 
needed. In many cases, insufficient data are collected to address the objectives of the monitoring 
program with a reasonable amount of confidence and power.  Burton and Pitt (2002) present 
much guidance in determining the amount of data that should be collected. A basic equation that 
can be used to estimate the number of samples to characterize a set of conditions is as follows: 

n = [COV(Z1-α + Z1-β)/(error)]2 

where: 
n = number of samples needed. 

α = false-positive rate (1–α is the degree of confidence; a value of α of 0.05 is 
usually considered statistically significant, corresponding to a 1–α degree of 
confidence of 0.95, or 95%). 

β = false-negative rate (1–β is the power; if used, a value of β of 0.2 is common, 
but it is frequently and improperly ignored, corresponding to a β of 0.5). 

Z1–α = Z score (associated with area under a normal curve) corresponding to 1–α; 
if α is 0.05 (95% degree of confidence), then the corresponding Z1–α score is 
1.645 (from standard statistical tables). 

Z1–β = Z score corresponding to 1–β value; if β is 0.2 (power of 80%), then the 
corresponding Z1–β score is 0.85 (from standard statistical tables); however, if 
power is ignored and β is 0.5, then the corresponding Z1–β score is 0. 

error = allowable error, as a fraction of the true value of the mean. 

COV = coefficient of variation (sometimes noted as CV), the standard deviation  
divided by the mean (dataset assumed to be normally distributed). 

Figures 4-5 and 4-6 can be used to estimate the sampling effort, based on the expected 
variability of the constituent being monitored, the allowable error in the calculated mean value, 
and the associated confidence and power.  Figure 4-5 can be used for a single sampling point that 
is being monitored for basic characterization information, while Figure 4-6 is used for paired 
sampling when two locations are being compared.  Confidence and power are needed to control 
the likelihood of false negatives and false positives.  The sample needs increase dramatically as 
the difference between datasets becomes small when comparing two conditions with a paired  
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FIGURE 4-5 Number of samples to characterize median (power of 80% and confidence 
of 95%). SOURCE: Reprinted, with permission from, Burton and Pitt (2002). Copyright 
2002 by CRC Press. 

FIGURE 4-6 Number of paired samples needed to distinguish between two sets of 
observations (power 80% and confidence of 95%).  SOURCE: Reprinted, with 
permission from, Burton and Pitt (2002). Copyright 2002 by CRC Press. 
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Urban Stormwater Management in the United States 

analysis, as shown in Figure 4-6 (above and below an outfall, influent vs. effluent, etc.).  
Typically, being able to detect a difference of at least about 25 percent (requiring about 50 
sample pairs with typical sample variabilities) is a reasonable objective for most stormwater 
projects. This is especially important when monitoring programs attempt to distinguish test and 
control conditions associated with SCMs.  It is easy to confirm significant differences between 
influent and effluent conditions at wet detention ponds, as they have relatively high removal 
rates. Less effective controls are much more difficult to verify, as the sampling program 
requirements become very expensive. 

First-Flush Effects 

First flush refers to an assumed elevated load of pollutants discharged in the beginning of 
a runoff event. The first-flush effect has been observed more often in small catchments than in 
large catchments (Thompson et al., 1995, cited by WEF and ASCE, 1998).  Indeed, in large 
catchments (>162 ha, 400 acres), the highest concentrations are usually observed at the times of 
flow peak (Brown et al., 1995; Soeur et al., 1995).  Adams and Papa (2000) and Deletic (1998) 
both concluded that the presence of a first flush depends on numerous site and rainfall 
characteristics. 

Figure 4-7 is a plot of monitoring data from the Villanova first-flush study (Batroney, 
2008) showing the flows, rainfall, TSS concentration, TDS concentration, and TDS and TSS 
event mean concentrations for the inflow to an infiltration trench.  Because of the first-flush  
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FIGURE 4-7 Villanova first-flush study showing pollutant concentration as a function of inflow rainfall volume.  This 
study collected runoff leaving the top floor of a parking garage.  Samples were taken of the runoff in one-quarter-inch 
increments, up to an inch of rain, and then every inch thereafter.  The plot of TSS concentration versus rainfall 
increment shows a strong first flush for this storm, while the TDS concentration does not.  SOURCE: Reprinted, with 
permission, Batroney (2008). Copyright 2008 by T. Thomas Batroney. 
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225 Monitoring and Modeling 

effect, a grab sample early in the storm would have over-predicted the TSS event mean 
concentration of the site, and a later sample would have under-predicted this same value, 
although for TDS the results would have been similar. 

Figure 4-8 shows data for a short-duration, high-intensity rain in Tuscaloosa, Alabama, 
that had rain intensities as great a 6 inches per hour for a 10-minute period.  The drainage area 
was a 0.4-ha paved parking lot with some landscaping along the edges.  The turbidity plot shows 
a strong first flush for this event, and the particle size distributions indicate larger particles at the 
beginning of the event, then becoming smaller as the event progresses, and then larger near the 
end. Most of the other pollutants analyzed had similar first-flush patterns like the turbidity, with 
the notable exception of bacteria. Both E. coli and enterococci concentrations started off 
moderately low, but then increased substantially near the end of the rain.  Several rains have 
been monitored at this site so far, and most show a similar pattern with decreasing turbidity and 
increasing bacteria as the rain continues.   

FIGURE 4-8 Pollutant variations during rain period (0.4-ha drainage area, mostly paved parking 
with small fringe turf area, Tuscaloosa, Alabama).  SOURCE: Robert Pitt. 
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226 Urban Stormwater Management in the United States 

 Sample collection conducted for some of the NPDES MS4 Phase I permits required both 
a grab and a composite sample for each event.  A grab sample was to be taken during the first 30 
minutes of discharge to capture the first flush, and a flow-weighted composite sample was to be 
taken for the entire time of discharge (every 15 to 20 minutes for at least three hours or until the 
event ended). Maestre et al. (2004) examined about 400 paired sets of 30-minute and 3-hour 
samples from the NSQD, as shown in Table 4-2.  Generally, a statistically significant first flush 
is associated with a median concentration ratio of about 1.4 or greater (the exceptions are where 
the number of samples in a specific category is much smaller).  The largest ratios observed were 
about 2.5, indicating that for these conditions the first 30-minute flush sample concentrations are 
about 2.5 times greater than the composite sample concentrations.  More of the larger ratios are 
found for the commercial and institutional land-use categories, where larger paved areas are 
likely to be found.  The smallest ratios are associated with the residential, industrial, and open-
space land uses—locations where there may be larger areas of unpaved surfaces. 

TABLE 4-2 Significant First Flush Ratios (First Flush to Composite Median Concentration) 
Parameter Commercial Industrial Institutional 

n sc R ratio n sc R ratio n sc R ratio 
Turbidity, NTU 11 11 = 1.32 X X 
COD, mg/L 91 91 ≠ 2.29 84 84 ≠ 1.43 18 18 ≠ 2.73 
TSS, mg/L 90 90 ≠ 1.85 83 83 = 0.97 18 18 ≠ 2.12 
Fecal coliform, col/100mL 12 12 = 0.87 X X 
TKN, mg/L 93 86 ≠ 1.71 77 76 ≠ 1.35 X 
Phosphorus total, mg/L 89 77 ≠ 1.44 84 71 = 1.42 17 17 = 1.24 
Copper, total, µg/L 92 82 ≠ 1.62 84 76 ≠ 1.24 18 7 = 0.94 
Lead, total, µg/L 89 83 ≠ 1.65 84 71 ≠ 1.41 18 13 ≠ 2.28 
Zinc, total, µg/L 90 90 ≠ 1.93 83 83 ≠ 1.54 18 18 ≠ 2.48 

Parameter Open Space Residential All Combined 
n sc R ratio n sc R ratio n sc R ratio 

Turbidity, NTU X 12 12 = 1.24 26 26 = 1.26 
COD, mg/L 28 28 = 0.67 140 140 ≠ 1.63 363 363 ≠ 1.71 
TSS, mg/L 32 32 = 0.95 144 144 ≠ 1.84 372 372 ≠ 1.60 
Fecal coliform, col/100mL X 10 9 = 0.98 22 21 = 1.21 
TKN, mg/L 32 14 = 1.28 131 123 ≠ 1.65 335 301 ≠ 1.60 
Phosphorus, total, mg/L 32 20 = 1.05 140 128 ≠ 1.46 363 313 ≠ 1.45 
Copper, total, µg/L 30 22 = 0.78 144 108 ≠ 1.33 368 295 ≠ 1.33 
Lead, total, µg/L 31 16 = 0.90 140 93 ≠ 1.48 364 278 ≠ 1.50 
Zinc, total, µg/L 21 21 = 1.25 136 136 ≠ 1.58 350 350 ≠ 1.59 

Note: n, number of total possible events; sc, number of selected events with detected values; R, result; X, not enough 

data; =, not enough evidence to conclude that median values are different; ≠, median values are different. “Ratio” is 

the ratio of the first flush to the full-period sample concentrations. 

SOURCE: NSQD, as reported by Maestre et al. (2004). 
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227 Monitoring and Modeling 

The data in Table 4-2 were from North Carolina (76.2 percent), Alabama (3.1 percent), 
Kentucky (13.9 percent), and Kansas (6.7 percent) because most other states’ stormwater permits 
did not require this sampling strategy.  The NSQD investigation of first-flush conditions for 
these data locations indicated that a first-flush effect was not present for all the land-use 
categories and certainly not for all constituents.  Commercial and residential areas were more 
likely to show this phenomenon, especially if the peak rainfall occurred near the beginning of the 
event. It is expected that this effect will more likely occur in a watershed with a high level of 
imperviousness, but even so, the data indicated first flushes for less than 50 percent of the 
samples for the most impervious areas.  This reduced frequency of observed first flushes in areas 
most likely to have first flushes is probably associated with the varying rain conditions during 
the different events, including composite samples that did not represent the complete runoff 
duration. 

Groups of constituents showed different behaviors for different land uses.  All the heavy 
metals evaluated showed higher concentrations at the beginning of the event in the commercial 
land-use category. Similarly, all the nutrients showed higher initial concentrations in residential 
land-use areas, except for total nitrogen and orthophosphorus.  This phenomenon was not found 
in the bacterial analyses. None of the land uses showed a higher population of bacteria at the 
beginning of the event.   

The general conclusion from these data is that, in areas having low and generally even-
intensity rains, first-flush observations are more common, especially in small and mostly paved 
areas. As an area increases in size, multiple routing pathways tend to blend the water, and runoff 
from the more distant locations reaches the outfall later in the event.  SCMs located at outfalls in 
areas having low levels of impervious cover should be selected and sized to treat the complete 
event, if possible.  Preferential treatment of first flushes may only be justified for small 
impervious areas, but even then, care needs to be taken to prevent undersizing and missing 
substantial fractions of the event. 

Seasonal first flushes refer to larger portions of the annual runoff and pollutant discharges 
occurring during a short rain season.  Seasonal first flushes may be observed in more arid 
locations where seasonal rainfalls are predominant.  As an example, central and southern 
California can have dry conditions for extended periods, with the initial rains of the season 
occurring in the late fall. These rains can be quite large and, since they occur after prolonged dry 
periods, may carry substantial portions of the annual stormwater pollutant load.  This is 
especially pronounced if later winter rains are more mild in intensity and frequent.  For these 
areas, certain types of seasonally applied SCMs may be effective.  As an example, extensive 
street, channel, and inlet cleaning in the late summer and early fall could be used to remove large 
quantities of debris and leaves from the streets before the first heavy rains occur.  Other seasonal 
maintenance operations benefiting stormwater quality should also be scheduled before these 
initial rains. 

Rain Depth Effects 

An issue related to first flushes pertains to the effects of rain depth on stormwater quality.  
The NSQD contains much rainfall data along with runoff data for most areas of the country.  
Figure 4-9 contains scatter plots showing concentrations plotted against rain depth for some 
NSQD data. Although many might assume a correlation between concentrations and rain depth,  
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228 Urban Stormwater Management in the United States 

FIGURE 4-9 Examples of scatter plots by precipitation depth.  SOURCE: NSQD. 

in fact there are no obvious trends of concentration associated with rain depth.  Rainfall energy 
determines erosion and wash-off of particulates, but sufficient runoff volume is needed to carry 
the particulate pollutants to the outfalls.  Different travel times from different locations in the 
drainage areas results in these materials arriving at different times, plus periods of high rainfall 
intensity (that increase pollutant wash-off and movement) occur randomly throughout the storm. 
The resulting outfall stormwater concentration patterns for a large area having various surfaces is 
therefore complex and rain depth is just one of the factors involved.   

Reported Monitoring Problems 

A number of monitoring problems were described in the local Phase I community MS4 
annual monitoring reports that were summarized as part of assembling the NSQD.  About 58 
percent of the communities described monitoring problems.  Problems were mostly associated 
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229 Monitoring and Modeling 

with obtaining reliable data for the targeted events.  These problems increased costs because 
equipment failures had to be corrected and sampling excursions had to be rescheduled.  One of 
the basic sampling requirements was to collect three samples every year for each of the land-use 
stations. These samples were to be collected at least one month apart during storm events having 
at least 0.1-inch rains, and with at least 72 hours from the previous 0.1-inch storm event.  It was 
also required (when feasible) that the variance in the duration of the event and the total rainfall 
not exceed the median rainfall for the area.  About 47 percent of the communities reported 
problems meeting these requirements.  In many areas of the country, it was difficult to have three 
storm events per year with these characteristics.  Furthermore, the complete range of site 
conditions needs to be represented in the data-collection effort; focusing only on a narrow range 
of conditions limits the representativeness of the data. 

The second most frequent problem, reported by 26 percent of the communities, 
concerned backwater tidal influences during sampling, or that the outfall became submerged 
during the event. In other cases, it was observed that there was flow under the pipe (flowing 
outside of the pipe, in the backfill material, likely groundwater), or sometimes there was no flow 
at all. These circumstances all caused contamination of the collected samples, which had to be 
discarded, and prevented accurate flow monitoring.  Greater care is obviously needed when 
locating sampling locations to eliminate these problems. 

About 12 percent of the communities described errors related to malfunctions of the 
sampling equipment.  When reported, the equipment failures were due to incompatibility 
between the software and the equipment, clogging of the rain gauges, and obstruction in the 
sampling or bubbler lines.  Memory losses in the equipment recording data were also 
periodically reported. Other reported problems were associated with lighting, false starts of the 
automatic sampler before the runoff started, and operator error due to misinterpretation of the 
equipment configuration manual. 

The reported problems suggest that the following changes should be made.  First, the rain 
gauges need to be placed close to the monitored watersheds.  Large watersheds cannot be 
represented with a single rain gauge at the monitoring station.  In all cases, a standard rain gauge 
needs to supplement a tipping bucket rain gauge, and at least three rain gauges should be used in 
the research watersheds. Second, flow-monitoring instrumentation also needs to be used at all 
water quality monitoring stations.  The lack of flow data greatly hinders the value of the 
chemical data.  Third, monitoring needs to cover the complete storm duration.  Automatic 
samplers need to be properly programmed and maintained to handle very short to very long 
events. It is unlikely that manual samplers were able to initiate sampling near the beginning of 
the events, unless they were deployed in anticipation of an event later in the day.  A more cost-
effective and reliable option would be to have semi-permanent monitoring stations at the various 
locations with sampling equipment installed in anticipation of a monitored event.  Most 
monitoring agencies operated three to five land-use stations at one time.  This number of 
samplers, and flow equipment, could have been deployed in anticipation of an acceptable event 
and would not need to be continuously installed in the field at all sampling locations. 

Non-Detected Analyses 

Left-censored data involve observations that are reported as below the limits of detection, 
whereas right-censored data involve above-range observations.  Unfortunately, many important 
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230 Urban Stormwater Management in the United States 

stormwater measurements (such as for filtered heavy metals) have large fractions of undetected 
values. These incomplete data greatly hinder many statistical tests.  To estimate the problems 
associated with censored values, it is important to identify the probability distributions of the 
data in the dataset and the level of censoring.  As discussed previously, most of the constituents 
in the NSQD follow a lognormal distribution.  When the frequencies of the censored 
observations were lower than 5 percent, the means, standard deviations, and COVs were almost 
identical to the values obtained when the censored observations were replaced by half of the 
detection limit.  As the percentage of nondetected values increases, replacing the censored 
observation by half of the detection limit instead of estimating them using Cohen’s maximum 
likelihood method produced lower means and larger standard deviations.  Replacing the censored 
observations by half of the detection limit is not recommended for levels of censoring larger than 
15 percent.  Because the Cohen method uses the detected observations to estimate the 
nondetected values, it is not very accurate, and therefore not recommended, when the percentage 
of censored observations is larger than 40 percent (Burton and Pitt, 2002).  In this case, 
summaries should only be presented for the detected observations, with clear notations stating 
the level of nondetected observations. 

The best method to eliminate problems associated with left-censored data is to use an 
appropriate analytical method. By keeping the nondetectable level below 5 percent, there are 
many fewer statistical analysis problems and the value of the datasets can be fully realized.  
Table 4-3 summarizes the recommended minimum detection limits for various stormwater 
constituents to obtain manageable nondetection frequencies (< 5 percent), based on the NSQD 
data observations. Some of the open-space stormwater measurements (lead, and oil and grease, 
for example) would likely have greater than 5 percent nondetections, even with the detection 
limits shown.  The detection limits for filtered heavy metals should also be substantially less than 
shown on this table. 

TABLE 4-3 Suggested Analytical Detection Limits for Stormwater Monitoring Programs to 
Obtain Less Than 5 Percent Nondetections 
Parameter Residential, Commercial, Industrial, Freeway Open Space 
Conductivity 20 µS/cm 20 µS/cm 
Hardness 10 mg/L 10 mg/L 
Oil and grease 0.5 mg/L 0.5 mg/L 
TDS 10 mg/L 10 mg/L 
TSS 5 mg/L 1 mg/L 
BOD5 2 mg/L 1 mg/L 
COD 10 mg/L 5 mg/L 
Ammonia 0.05 mg/L 0.01 mg/L 
NO2 + NO3 0.1 mg/L 0.05 mg/L 
TKN 0.2 mg/L 0.2 mg/L 
Dissolved P 0.02 mg/L 0.01 mg/L 
Total P 0.05 mg/L 0.02 mg/L 
Total Cu 2 µg/L 2 µg/L 
Total Pb 3 µg/L (residential 1 µg/L) 1 µg/L 
Total Ni 2 µg/L 1 µg/L 
Total Zn 20 µg/L (residential 10 µg/L) 5 µg/L 

SOURCE: Maestre and Pitt (2005). 

PREPUBLICATION 
  

RB-AR13358



   

 
 

 
 

 

 

 
 

 

 
 

 

231 Monitoring and Modeling 

Seasonal Effects 

Another factor that some believe may affect stormwater quality is the season when the 
sample was obtained.  If the few samples collected for a single site were all collected in the same 
season, the results may not be representative of the whole year.  The NPDES sampling protocols 
were designed to minimize this effect by requiring the three samples per year to be separated by 
at least one month. The few samples still could be collected within a single season, but not 
within the same week.  Seasonal variations for residential fecal coliform data are shown in 
Figure 4-10 for NSQD data for all residential areas.  These data were the only significant 
differences in concentration by season for any constituent measured.  The bacteria levels are 
lowest during the winter season and highest during the summer and fall (a similar conclusion 
was obtained during the NURP data evaluations). 

FIGURE 4-10 Fecal coliform concentrations in stormwater by season.  SOURCE: NSQD. 

Recommendations for MS4 Monitoring Activities 

The NSQD is an important tool for the analysis of stormwater discharges at outfalls.  
About a fourth of the total existing information from the NPDES Phase I program is included in 
the database. Most of the statistical analyses in this research were performed for residential, 
commercial, and industrial land uses in EPA Rain Zone 2 (the area of emphasis according to the 
terms of the EPA-funded research).  Many more data are available from other stormwater permit 
holders that are not included in this database.  Acquiring these additional data for inclusion in the 
NSQD is a recommended and cost-effective activity and should be accomplished as additional 
data are also being obtained from ongoing monitoring projects. 

The use of automatic samplers, coupled with bed-load samplers, is preferred over manual 
sampling procedures.  In addition, flow monitoring and on-site rainfall monitoring need to be 
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232 Urban Stormwater Management in the United States 

included as part of all stormwater characterization monitoring.  The additional information 
associated with flow and rainfall data will greatly enhance the usefulness of the much more 
expensive water quality monitoring.  Flow monitoring must also be correctly conducted, with 
adequate verification and correct base-flow subtraction methods applied.  A related issue 
frequently mentioned by the monitoring agencies is the lack of on-site precipitation information 
for many of the sites.  Using regional rainfall data from locations distant from the monitoring 
location is likely to be a major source of error when rainfall factors are being investigated. 

Many of the stormwater permits only required monitoring during the first three hours of 
the rain event. This may have influenced the EMCs if the rain event continued much beyond this 
time.  Flow-weighted composite monitoring should continue for the complete rain duration.  
Monitoring only three events per year from each monitoring location requires many years before 
statistically adequate numbers of observations are obtained.  In addition, it is much more difficult 
to ensure that such a small fraction of the total number of annual events is representative.  Also, 
there is minimal value in obtaining continued data from an area after sufficient information is 
obtained. It is recommended that a more concentrated monitoring program be conducted for a 
two- or three-year period, with a total of about 30 events monitored for each site, covering a 
wide range of rain conditions. Periodic checks can be made in future years, such as repeating 
concentrated monitoring every 10 years or so (and for only 15 events during the follow-up 
surveys). 

Finally, better watershed area descriptions, especially accurate drainage-area 
delineations, are needed for all monitored sites.  While the data contained in the NSQD are 
extremely useful, future monitoring information obtained as part of the stormwater permit 
program would be greatly enhanced with these additional considerations. 

MONITORING OF INDUSTRIES INCLUDING CONSTRUCTION 

The various industrial stormwater monitoring requirements of the EPA Stormwater 
Program have come under considerable scrutiny since the program’s inception.  Input to the 
committee at its first meeting conveyed the strong sense that monitoring as it is being done is 
nearly useless, is burdensome, and produces data that are not being used.  The requirements 
consist of the following. All industrial sectors covered under the Multi-Sector General Permit 
(MSGP) must conduct visual monitoring four times a year.  This visual monitoring is performed 
by collecting a grab sample within the first hour of stormwater discharge and observing its 
characteristics qualitatively (except for construction activities—see below).  A subset of MSGP 
industries are required to perform analytical monitoring for benchmark pollutant parameters (see 
Table 2-5) four times in year 2 of permit coverage and again in year 4 if benchmarks are 
exceeded in year 2. A benchmark sample is collected as a grab sample within the first hour of 
stormwater discharge after a rainfall event of 0.1 inch or greater and with an interceding dry 
period of at least 72 hours. An even smaller subset of MSGP industries that are subject to 
numerical effluent guidelines under 40 C.F.R. must, in addition, collect grab samples of their 
stormwater discharge after every discharge event and analyze it for specific pollutant parameters 
as specified in the effluent guidelines (see Table 2-6).  There is no monitoring requirement for 
stormwater discharges from construction activity in the Construction General Permit.  There is 
only an elective requirement that the construction site be visually inspected within 24 hours after 
the end of a storm event that is 0.5 inch or greater, if inspections are not performed weekly. 
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233 Monitoring and Modeling 

EPA selected the benchmark analytical parameters for industry subsectors to monitor 
using data submitted by industrial groups in 1993 as part of their group applications.  The 
industrial groups were required to sample a minimum of 10 percent of facilities within an 
industry group for pH, TSS, BOD5, oil and grease, COD, TKN, nitrate plus nitrite nitrogen, and 
total phosphorous. Each sampling facility within a group collected a minimum of one grab 
sample within the first 30 minutes of discharge and one flow-weighted composite sample.  Other 
nonconventional pollutants such as fecal coliform bacteria, iron, and cobalt were analyzed only if 
the industry group expected it to be present. Similarly, toxic pollutants such as lead, copper, and 
zinc were not sampled but rather self-identified only if expected to be present in the stormwater 
discharge.  As a result of the self-directed nature of these exercises, the data submitted with the 
group applications were often incomplete, inconsistent, and not representative of the potential 
risk posed by the stormwater discharge to human health and aquatic life.  EPA has not conducted 
or funded independent investigations and has relied solely on the data submitted by industry 
groups to determine which pollutant parameters are appropriate for the analytical monitoring of 
an industry subsector. Thus, there are glaring deficiencies; for example, the only benchmark 
parameter for asphalt paving and roofing materials is TSS, even though current science shows 
that the most harmful pollutants in stormwater discharges from the asphalt manufacturing 
industry are polycyclic aromatic hydrocarbons (compare Table 2-5 with Mahler et al., 2005). 

Aside from the suitability of benchmark parameters is the fact the too few samples are 
collected to sufficiently characterize the variability of pollutant concentrations associated with 
industrial facilities within a sector.  This is discussed in detail in Box 4-2, which describes one of 
the few efforts to collect and analyze data from the benchmark monitoring of industries done in 
Southern California. EPA has not requested a nationwide effort to compile these data, as was 
done for the MS4 program, although this could potentially lead to average effluent 
concentrations by industrial sector that could be used for a variety of purposes, including more 
considerate regulations. Finally, the compliance monitoring that is presently being conducted 
under the MSGP is of limited usefulness because it is being done to comply with effluent 
guidelines that have not been updated to reflect the best available technology relevant to 
pollutants of most concern.  All of these factors have led to an industrial stormwater monitoring 
program that is not very useful for the purposes of reducing stormwater pollution from industries 
or informing operators on which harmful pollutants to expect from their sites. 

Industrial-Area Monitoring Issues 

Monitoring at industrial sites has some unique issues that must be overcome.  The most 
important aspect for any monitoring program is understanding and specifying the objectives of 
the monitoring program and developing and following a detained experimental design to allow 
these objectives to be met.  The following discussion is organized around the reasons why 
monitoring at industrial sites may be conducted. 

Regional Monitoring of Many Facilities 

An important monitoring objective would be regional monitoring to calibrate and verify 
stormwater quality models, to randomly verify compliance at facilities not normally requiring  

PREPUBLICATION 
  

RB-AR13361



   
 

 
 

 
 

 

 

 

 

 

 
 

 

234 Urban Stormwater Management in the United States 

BOX 4-2 
The Plight of Industrial Stormwater Data 

Unlike the data collected by municipalities and stored in the NSQD, the benchmark monitoring 
data collected by permitted industries are not compiled or analyzed on a national basis.  However, there 
has been at least one attempt to compile these data on a more local basis.  California required that 
industrial facilities submit their benchmark monitoring data over a nine-year period, and it was 
subsequently analyzed by Michael Stenstrom and colleagues at UCLA (Stenstrom and Lee, 2005; Lee et 
al., 2007). The collected data were for such parameters as pH, turbidity, specific conductance, oil and 
grease (or total organic carbon), and several metals.  There are more than 6,000 industries covered 
under the California general permit, each of which was to have collected two grab samples per year for a 
limited number of parameters.  Whether these data were collected each year and for each industry was 
highly variable. 

The analysis of the data from Los Angeles and Ventura counties revealed that stormwater 
monitoring data are not similar to the types of data that the environmental engineering field is used to 
collecting, in particular wastewater data.  Indeed, as shown in Figure 4-11, stormwater data are many 
orders of magnitude more variable than drinking water and wastewater data.  The coefficients of variation 
for municipal and industrial stormwater were almost two orders of magnitude higher than for drinking 
water and wastewater, with the industrial stormwater data being particularly variable.  This variability 
comes from various sources, including intrinsic variability given the episodic nature of storm events, 
analytical methods that are more variable when applied to stormwater, and sampling technique problems 
and error. 

FIGURE 4-11  A comparison of data from four sources: wastewater influent, drinking water plant effluent, 
municipal stormwater, and industrial stormwater.  SOURCE: Reprinted, with permission from Stenstrom 
(2007). Copyright 2007 by Michael K. Stenstrom. 

This enormous variability means that it is extremely difficult to make meaningful statements.  For 
example, it was impossible, using different analyses, to correlate certain chemical pollutants with certain 
industries.  Furthermore, although the data revealed that there are exceedances of benchmark values for 
certain parameters (Al, Cu, Fe, Pb, and Zn in particular), the data are not of sufficient quantity or quality to 
identify problem polluters.  Finally, there were also large numbers of outliers (that is, samples whose 
concentrations were well above the 75th percentile range). 
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235 Monitoring and Modeling 

BOX 4-2 Continued 

Because of these large coefficients of variation, greater numbers of samples are needed to be 
able to say there is a significant difference between samples.  As shown in Figure 4-12 using COD and a 
50 percent difference in means as an example, one would need six data points to tell the difference 
between two wastewater influents, 80 data points if one had municipal stormwater data, and around 
1,000 data points for industrial stormwater.  These numbers obviously eclipse what is required under all 
states’ MSGPs. 

FIGURE 4-12  Number of cases needed to detect a certain percentage difference in the means, using 
COD as an example.  SOURCE: Reprinted, with permission from Stenstrom (2007). Copyright 2007 by 
Michael K. Stenstrom. 

For drinking water treatment, monitoring is done to ensure the quality of the product, while for 
wastewater, there is a permit that requires the plant to meet a specific quality of water.  Unlike these other 
areas of water resources, there are few incentives that might compel an industry to increase its frequency 
of stormwater monitoring.  As a result, industries are less invested in the process and rarely have the 
expertise needed to carry out self-monitoring. 

continues next page 
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BOX 4-2 Continued 

Permitted industries are not required to sample flow.  However, Stenstrom and colleagues used 
Los Angeles rainfall data (see Figure 4-13) as a surrogate for flow and demonstrated that there is a 
seasonal first-flush phenomenon occurring in early fall.  That is, samples taken after a prolonged dry spell 
will have higher pollutant concentrations.  There are always high concentrations of contaminants during 
the first rainfall because contaminants have had time to accumulate since the previous rainfall.  This is 
important because EPA asks the industrial permittees to collect data from the first rainfall, such that they 
may end up overestimating the mass emissions for the year.  Furthermore, it shows that numeric limits for 
grab samples would be risky because the measured data are highly affected by the timing of the storm. 

FIGURE 4-13  Annual precipitation in Los Angeles (left) and seasonal first flushes of various 
contaminants (right).  SOURCE: SOURCE: Reprinted, with permission from Stenstrom (2007). Copyright 
2007 by Michael K. Stenstrom. 

The controversy about numeric limits for industrial stormwater dischargers has existed for more 
than ten years in California.  A recent expert panel concluded that in some cases, numeric limits are 
appropriate (for construction, but not for municipalities).  Stenstrom’s recommendations are that industrial 
monitoring should be either ended or upgraded (for competent industries).  If upgraded, it should include 
more types of monitored parameters, a sampling method with a lower coefficient of variation, real-time 
monitoring as opposed to grab samples, more quality assurance/quality control, and web-based reporting.  
A fee-based program with a subset of randomly selected industries may be better than requiring every 
industry to sample.  Stenstrom and Lee (2005) suggest who might do this monitoring if the industry does 
not have the necessary trained personnel.  There is concern that the California water boards are too 
understaffed to administer such programs and respond to high emitters. 

SOURCES: Stenstrom and Lee (2005), Lee et al. (2007), Stenstrom (2007). 
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237 Monitoring and Modeling 

monitoring, and to establish benchmarks for compliance.  As shown in Box 4-2, haphazard 
monitoring throughout an area would require a very large effort, and would still likely result in 
large errors in the expected data. It is recommended that a regional stormwater authority 
coordinate regional monitoring as part of the MS4 monitoring requirements, possibly even at the 
state level covering several Phase I municipalities.  A coordinated effort would be most cost-
effective with the results compiled for a specific objective.  The general steps in this effort would 
include the following. 

(1) Compiling available regional stormwater quality data and comparing the available 
data to the needs (such as calibration of a regional model; verifying compliance of facilities not 
requiring monitoring; and establishing regional benchmarks).  This may include expanding the 
NSQD for the region to include all of the collected data, plus examination of data collected as 
part of other specialized monitoring activities.  These objectives will result in different data 
needs, so it is critical that the uses of the data are identified before sampling plans are 
established. 

(2) Identifying monitoring opportunities as part of other on-going activities that can be 
expanded to also meet data gaps for these specific objectives.  It is important to understand the 
time frame for the monitoring and ensure that it will meet the needs.  As an example, current 
NPDES stormwater monitoring only requires a few events to be sampled per year at a facility.  It 
may take many years before sufficient data are obtained unless the monitoring effort is 
accelerated. 

(3) Preparing an experimental design that identifies the magnitude of the needed data, 
considering the allowable errors in the results, and carrying out the sampling program.  Different 
types of data may have varying data quality objectives, depending on their use.  It may be 
possible to truncate some of the monitoring when a sufficient understanding is obtained. 

A regionally calibrated and verified model can be used to review development plans and 
proposed SCMs for new facilities.  When suitably integrated with receiving-water modeling 
tools, a stormwater model can also be used to develop discharge objectives and numeric 
discharge limits that are expected to meet regulatory requirements.  Eventually, it may be 
possible to couple watershed stormwater models with regional receiving water assessments and 
beneficial use studies.  Haphazard monitoring of a few events each year will be very difficult to 
correlate with regional receiving water objectives, while a calibrated and verified watershed 
model, along with receiving water assessments, will result in a much more useful tool and 
understanding of the local problems. 

Regional monitoring can also be targeted to categories of industries that were previously 
determined to be of low priority.  This monitoring activity would randomly target a specific 
number of these facilities for monitoring to verify the assumption that they are of low priority 
and are still carrying out the minimum management practices.  This activity would also quantify 
the discharges from these facilities and the performance of the minimum controls.  If the 
discharges are excessive when compared to the initial assumptions, or the management practices 
being used are not adequate, then corrective actions would be instigated.  A single category of 
specific industries could be selected for any one year, and a team from the regional stormwater 
management authority could randomly select and monitor a subset of these facilities.  An 
efficient experimental design would need to be developed based on expected conditions, but it is 
expected that from 10 to 15 such facilities would be monitored for at least a year in a large 
metropolitan area that has a Phase I stormwater permit, or even state-wide. 
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238 Urban Stormwater Management in the United States 

Regional monitoring is also necessary to more accurately establish benchmarks for 
numeric permits.  Geographical location, along with land use, is normally an important factor 
affecting stormwater quality. Receiving water impacts and desired beneficial uses also vary 
greatly for different locations. It is therefore obvious that compliance benchmarks also be 
established that consider these regional differences.  This could be a single statewide effort if the 
state agency has the permit authority and if the state has minimal receiving water and stormwater 
variations. However, in most cases, significant variations occur throughout the state and separate 
monitoring activities would be needed for each region.  In the simplest case, probability 
distributions of stormwater discharge quality can be developed for different discharge categories 
and the benchmarks would be associated with a specific probability value.  In some cases, an 
overall distribution may be appropriate, and only the sites having concentrations greater than the 
benchmark value would need to have additional treatment.  In all cases, a basic level of 
stormwater management should be expected for all sites, but the benchmark values would 
identify sites where additional controls are necessary.  The random monitoring of sites not 
requiring extensive monitoring could be used to identify and adjust the basic levels of control 
needed for all categories of stormwater dischargers. 

Identification of Critical Source Areas Associated with Specific Industrial Operations 

The objective of this monitoring activity would be to identify and characterize critical 
source areas for specific industries of concern.  If critical source areas can be identified, targeted 
control or treatment can be much more effective than relying only on outfall monitoring.  Many 
of the treatment strategies for industrial sites involve pollution prevention, ranging from covering 
material or product storage areas to coating galvanized metal.  Other treatment strategies involve 
the use of highly effective treatment devices targeting a small area, such as filters used to treat 
zinc in roof runoff or lamella plate separators for pretreatment of storage yard runoff before wet 
pond treatment. Knowledge of the characteristics of the runoff from the different areas at a 
facility is needed in order to select and design the appropriate treatment methods. 

Box 4-3 is a case study of one such group monitoring effort—for a segment of the 
telecommunications industry targeting a specific maintenance practice.  Instead of having each 
telecommunication company throughout the country conduct a detailed monitoring program for 
individual stormwater permits associated with maintenance efforts, many of the companies 
joined together under an industrial trade group to coordinate the monitoring and to apply for a 
group permit.  This was a significant effort that was conducted over several years and involved 
the participation of many regional facilities throughout the nation.  This coordinated effort spread 
the cost over these different participants, and also allowed significant amounts of data to be 
collected, control practices to be evaluated, and the development of screening methods that allow 
emergency maintenance operations of the telecommunication system to proceed in a timely 
manner.  The experimental design of this monitoring program allowed an efficient examination 
of factors affecting stormwater discharges from these operations.  This enabled the efficient 
implementation of effective control programs that targeted specific site and operational 
characteristics. Although the total cost for this monitoring program was high, it was much less 
costly than if each individual company had conducted their own monitoring.  In addition, this 
group effort resulted in much more useful information for the industry as a whole. 
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239 Monitoring and Modeling 

BOX 4-3 
Monitoring to Support a General Stormwater Group Permit  

Application for the Telecommunications Industry 

This monitoring program was conducted to support a group permit application for the 
telecommunications industry, specifically to cover maintenance operations associated with pumping water 
out of communications manholes that is then discharged into the storm drainage system.  Under federal 
and state environmental statues, the generator (owner or operator) is responsible for determining if the 
discharged water needs treatment.  The work performed under this project covered characterization, 
prevention, and treatment methods of water found in manholes.   

The objective of this project was to develop a test method to quickly evaluate water in manholes 
and then to recommend on-site treatment and preventative methods.  To meet the telecommunication 
industry needs, the evaluating tests of water found in manholes need to be simple, quick, inexpensive, 
field applicable, and accurate indicators of contaminated conditions.  The on-site treatment methods must 
be cost-effective and quickly reduce the concentrations of the contaminant of concern to acceptable 
levels before the water from manholes is discharged, to result in a safe environment for workers. 

A sampling effort was conducted by Pitt et al. (1998) to characterize the quality of the water and 
sediment found in manholes.  More than 700 water samples and 300 sediment samples were analyzed 
over a three-year period, representing major land-use, age, season, and geographical factors from 
throughout the United States.  The samples were analyzed for a wide range of common and toxic 
constituents.  The statistical procedures identified specific relationships between these main factor 
categories and other manhole characteristics.  Part of the project was to evaluate many field analytical 
methods.  Finally, research was also conducted to examine possible water treatment methods for water 
being pumped from telecommunication manholes. 

Summary of Sampling Effort and Strategy 

The objective of the monitoring program was to characterize telecommunication manhole water 
and sediment. Important variables affecting the quality of these materials were also determined.  A 
stratified random sampling design was followed, with the data organized in a full 24 factorial design, with 
repeated sampling of the same manholes for each season. The goal for the minimum number of samples 
per strata was ten.  This sampling effort enabled the determination of errors associated with the results, 
which was expected to be less than 25 percent.  In addition, this level of effort enabled comparison tests 
to be made outside of the factorial design.  Table 4-4 lists the constituents that were evaluated for each of 
the sample types. 

The immense amount of data collected during this project and the adherence to the original 
experimental design enabled a comprehensive statistical evaluation of the data.  Several steps in data 
analysis were performed, including: 

• exploratory data analyses (mainly probability plots and grouped box plots), 
• simple correlation analyses (mainly Pearson correlation matrices and  
  associated scatter plots), 
• complex correlation analyses (mainly cluster and principal component  
  analyses, plus Kurskal-Wallis comparison tests), and 
• model building (based on complete 24 factorial analyses of the most important  
  factors). 

continues next page 
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240 Urban Stormwater Management in the United States 

BOX 4-3 Continued 

The toxicity screening tests (using the Azur Microtox® method) conducted on both unfiltered and 
filtered water samples from telecommunication manholes indicated a wide range of toxicity, with no 
obvious trends for season, land use, or age.  About 60 percent of the samples were not considered toxic 
(less than an I25 light reduction of 20 percent, the light reduction associated with phosphorescent 
bacteria after a 25-minute exposure to undiluted samples), about 20 percent were considered moderately 
toxic, while about 10 percent were considered toxic (light reductions of greater than 40 percent), and 10 
percent were considered highly toxic (light reductions of greater than 60 percent).  Surprisingly, samples 
from residential areas generally had greater toxicities than samples from commercial and industrial areas.  
Samples from newer areas were also more toxic than those from older areas.  Further statistical tests of 
the data indicated that the high toxicity levels were likely associated with periodic high concentrations of 
salt (in areas using de-icing salt), heavy metals (especially filterable zinc, with high values found in most 
areas), and pesticides (associated with newer residential areas).  

TABLE 4-4 Constituents Examined in Water and Sediment from Telecommunication Manholes  
Constituent Unfiltered Water Filtered Water Sediment 
Solids, volatile solids, COD, Cu, Pb, and Zn X X X 
Turbidity, color, and toxicity (Microtox screening method) X X 
pH, conductivity, hardness, phosphate, nitrate, ammonia, 
boron, fluoride, potassium, and detergents 

X 

Odor, color, and texture X 
E. coli, enterococci, particle size, and chromium Selected 
Metal scan (ICP) Selected 
PAHs, phenols (GC/MSD), and pesticides X Selected Selected 
SOURCE: Pitt et al., (1998).  

Concentrations of copper, lead, and zinc were evaluated in almost all of the water samples, and 
some filtered samples were also analyzed for chromium.  From 470 to 548 samples (75 to 100 percent of 
all unfiltered samples analyzed) had detectable concentrations of these metals.  Filterable lead 
concentrations in the water were as high as 160 µg/L, while total lead concentrations were as high as 810 
µg/L.  Zinc values in filtered and unfiltered samples were as high as about 3,500 µg/L. Some of the 
copper concentrations were also high in both filtered and unfiltered samples (as high as 1,400 µg/L). 
Chromium concentrations as high as 45 µg/L were also detected. 

About 300 sediment samples were analyzed and reviewed for heavy metals.  An ICP/MS was 
used to obtain a broad range of metals with good detection limits.  The following list shows the median 
observed concentrations for some of the constituents found in the sediments (expressed as milligrams of 
the constituent per kilogram of dry sediment): 

Aluminum 14,000 mg/kg
 COD  85,000 mg/kg
 Chromium <10 mg/kg 
 Copper  100 mg/kg 

Lead  200 mg/kg 
Strontium 35 mg/kg 
Zinc  1,330 mg/kg 

continues next page 
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BOX 4-3 Continued 

Geographical area had the largest effect on the data observations, while land use, season, and 
age influenced many fewer parameters.  The most obvious relationship was found for high dissolved 
solids and conductivity associated with winter samples from snowmelt areas.  The high winter 
concentrations slowly decreased with time, with the lowest concentrations noted in the fall.  Another 
important observation was the common association between zinc and toxicity.  Residential-area samples 
generally had larger zinc concentrations than the samples from commercial and industrial areas.  
Samples from the newest areas also had higher zinc concentrations compared to samples from older 
areas.  No overall patterns were observed for zinc concentrations in sediment samples obtained from 
manholes.  Other constituents (especially nutrients and pesticides) were also found to have higher 
concentrations in water collected from manholes in newer residential areas.  Very few organic toxicants 
were found in the water samples, but sediment sample organic toxicant concentrations appeared to be 
well correlated to sediment texture and color.  About 10 to 25 percent of the sediment samples had 
relatively large concentrations of organics.  Bacteria analyses indicated some relatively high bacteria 
counts in a small percentage of the samples.  Bacteria were found in lower amounts during sampling 
periods that were extremely hot or extremely cold. Pacific Northwest samples also had the lowest bacteria 
counts. 

The data were used to develop and test predictive equations based on site conditions.  These 
models were shown to be valid for most of the data, but the highest concentrations were not well 
predicted.  Therefore, special comparisons of many site conditions were made for the manholes having 
water with the highest concentrations of critical constituents for comparison to the other locations.  It was 
interesting to note that about half of the problem manholes were repeated samples from the same sites 
(after complete pumping), but at different seasons, indicating continuous problems and not discrete 
incidents.  In addition, the problem manholes were found for all areas of the country and for most rain 
conditions.  Water clarity and color, along with sediment texture, were found to be significant factors 
associated with the high concentrations of other constituents, while land use was also noted as a 
significant factor.  These factors can be used to help identify problem manholes, but the rates of false 
positives and false negatives were found to be high.  Therefore, these screening criteria can be used to 
identify more likely problematic manholes, but other methods (such as confirmation chemical analyses) 
are also needed to identify those that could not be identified using these simpler methods. 

The field analytical test methods worked reasonably well, but had much higher detection limits 
than advertised, limiting their usefulness.  Due to the complexity and time needs for many of these on-site 
analyses, it is usually more effective to analyze samples at a central facility.  For scheduled maintenance 
operations, a crew could arrive at the site before the maintenance time to collect samples and have them 
analyzed before the maintenance crew arrives.  For emergency repairs, it is possible to pump the 
collected water into a tank truck for later analyses, treatment, and disposal.   

The treatment scenario developed and tested is relatively rapid and cheap and can be used for all 
operations, irrespective of screening analyses.  Chemical addition (using ferric chloride) to the standing 
water in the manhole was found to reduce problematic levels of almost all constituents to low levels.  
Slow pumping from the water surface over about a 15- to 30-minute period, with the discharged water 
then treated in 20-µm cartridge filters, allows the manhole to be entered and the repairs made relatively 
rapidly, with the water safely discharged.  The remaining several inches of water in the bottom of the 
manhole, along with the sediment, can be removed at a later time for proper disposal. 

SOURCE: Pitt et al. (1998). 
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242 Urban Stormwater Management in the United States 

Outfall Monitoring at a Single Industrial Facility for Permit Compliance and to Demonstrate 
Effectiveness of Control Practices 

Sampling at an individual facility results in outfall data that can be compared to pre-
control conditions and numeric standards.  There are many guidance documents and reports 
available describing how to monitor stormwater at an outfall.  Two comprehensive sources that 
describe stormwater monitoring procedures include the handbook written by Burton and Pitt 
(2002) and a recent guidance report prepared by Shaver et al. (2007).  There are a number of 
basic components that need to be included for an outfall characterization monitoring effort, many 
which have been described in this report.  These include the following: 
• rainfall monitoring in the drainage area (rate and depth, at least at two locations). 
• flow monitoring at the outfall (calibrated with known flow or using dye dilution methods). 
•	 flow-weighted composite sampler, with sampler modified to accommodate a wide range of 

rain events. 
•	 recommended use of water quality sonde to obtain high-resolution and continuous 


measurements of such parameters as turbidity, conductivity, pH, oxidation reduction 

potential, dissolved oxygen (DO), and temperature. 


•	 preparation of adequate experimental design that quantifies the needed sampling effort to 
meet the data quality objectives (adequate numbers of samples in all rain categories and 
seasons). 

•	 selection of constituents that meet monitoring objectives.  In addition, the analytical 

methods must be appropriately selected to minimize “nondetected” values. 


•	 monitoring station maintenance must also be conducted appropriately to ensure reliable 

sample collection.  Sampling plan must also consider sample retrieval, sample 

preparation and processing, and delivery to the analytical laboratory to meet quality 

control requirements.  


Burton and Pitt (2002) describe these monitoring components in detail, along with many other 
monitoring elements of potential interest (e.g., receiving water biological, physical, and chemical 
monitoring, including sediment and habitat studies), and include many case studies addressing 
these components, along with basic statistical analyses and interpretation of the collected data.  
Box 4-4 provides a detailed example of industrial stormwater monitoring at individual sites in 
Wisconsin. 

In general, monitoring of industries should be tailored to their stormwater pollution 
potential, considering receiving water uses and problems.  There are a number of site survey 
methods that have been developed to rank industry by risk that mostly rely on visual inspections 
and information readily available from regional agencies.  The Center for Watershed Protection 
developed a hot-spot investigation procedure that is included in the Urban Subwatershed 
Restoration Manual No. 11 (Wright et al., 2005).  This site survey reconnaissance method ranks 
each site according to its likely stormwater pollutant discharge potential.  A detailed field sheet is 
used when surveying each site to assist with the visual inspections. Cross and Duke (2008) 
developed a methodology, described in greater detail in Chapter 6, to visually assess industrial 
facilities based on the level of activities exposed to stormwater. They devised four categories— 
Category A, no activities exposed to stormwater; Category B, low intensity; Category C, medium 
intensity; and Category D, high intensity—and tested this scheme by examining many southern 
Florida industrial facilities.  About 25 percent of the facilities surveyed that were officially 
included in the stormwater permit program had no stormwater exposure (Category A), but very 
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243 Monitoring and Modeling 

few had submitted the necessary application to qualify for an exception under the “no exposure” 
rule. Slightly more than half of the of the surveyed facilities were included in the “no exposure” 
and “low exposure” categories, obviously deserving less attention compared to the higher impact 
categories. 

BOX 4-4 
Wisconsin’s Monitoring of Industrial Stormwater 

The State of Wisconsin also uses a site assessment method to rank industrial operations into 
three tiers, mostly based on their standard industrial codes.  This system groups facilities by industry and 
how likely they are to contaminate stormwater.  The general permits differ in monitoring requirements, 
inspection frequency, plan development requirements, and the annual permit fee.  The Tier 1 general 
permit covers the facilities that are considered “heavy” industries, such as paper manufacturing, chemical 
manufacturing, petroleum refining, ship building/repair, and bulk storage of coal, minerals, and ores.  The 
monitoring required of these facilities is presented in this box.  The Tier 2 general permit covers facilities 
that are considered “light” industries and includes such sites as furniture manufacturing, printing, 
warehousing, and textiles.  Facilities with no discharge of contaminated stormwater are in the Tier 3 
category and include sites that have no outdoor storage of materials or waste products. 

In accordance with the Wisconsin MSGP, Tier 1 industries are required to perform an annual 
chemical stormwater sampling at each outfall for those residual pollutants listed in the industry’s 
stormwater pollution prevention plan.  The one runoff event selected for sampling must occur between 
March and November and the rainfall depth must be at least 0.1 inch.  At least 72 hours must separate 
the sampled event and the previous rainfall of 0.1 inch.  The concentration of the pollutant must represent 
a composite of at least three grab samples collected in the first 30 minutes of the runoff event.  There is 
concern about the value of collecting so few samples from just one storm each year. 

To evaluate how well this sampling protocol characterizes pollutant concentrations in industrial 
runoff, the Wisconsin Department of Natural Resources partnered with the USGS to collect stormwater 
samples from three Tier 2 industrial sites (Roa-Espinosa and Bannerman, 1994).  Seven runoff events 
were monitored at each site, and the samples were collected using five different sampling methods, 
including (1) flow-weighted composites, (2) time-based discrete samples, (3) time-based composites, (4) 
a composite of discrete samples from first 30 minutes, and (5) time-based composite sheet flow samples.  
The first three methods have been described previously.  For the composite of discrete samples from the 
first 30 minutes, the sampler is programmed to take an aliquot after a set period of time (usually every 5 
minutes) and the aliquots are combined into one container.  The sampler stops collecting samples after 
30 minutes.  For many sites the samples are collected manually, so there is a high probability the sample 
does not represent the first 30 minutes of the event.  For the time-based composite sheet flow samples, a 
sheet flow sampler is programmed to take an aliquot of sheet flow after a set period of time (usually about 
every 5 to 15 minutes). All the aliquots are deposited in one bottle beneath the surface of the ground.  All 
of the parts of the hydrograph receive equal weight in the final concentration, but the larger number of 
aliquots makes for a reasonably accurate composite concentration.  This method is unique in that it can 
be placed near the source of concern.  Automatic samplers were used for the first four methods, while 
sheet flow samplers designed by the USGS were used for the fifth method (Bannerman et al., 1993).  
Samples were collected during the entire event.  All the automatic samplers had to be installed at a 
location with concentrated flow, such as an outfall pipe, while the sheet flow samplers could be installed 
in the pavement near a potential source, such as a material storage area. 

The time-based discrete, time-based composite, first-30-minute composite, and sheet flow 
samples were analyzed for COD, total recoverable copper, total recoverable lead, total recoverable zinc, 
TSS, total solids, and hardness.  In addition to these constituents, the flow-weighted composite samples 
were analyzed for antimony, arsenic, beryllium, chromium, ammonia-N, nitrate plus nitrite, TKN, and TP.  
All the analysis was done at the State Laboratory of Hygiene in Madison, Wisconsin, and the data are 
stored in the USGS’s QWDATA database. 

continues next page 
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BOX 4-4 Continued 

The number of samples collected during a runoff event varied greatly among the five types of 
sampling.  By design, the median number of samples collected for the first 30 minutes was three.  Limits 
on the funds available for laboratory cost limited the time-based discrete sampling to about six per storm.  
Since they are not restricted by laboratory cost, the composites can be based on more sub-samples 
during a storm.  Thus, the median numbers of sub-samples collected for the flow-weighted composite and 
time-based composite were 13 and 24, respectively.  The time-based composite sheet flow sample could 
not document the number of samples it collected, but it was set to collect a sample every few minutes. 

To judge the accuracy of the sampling methods, one method had to be selected as the most 
representative of the concentration and load affecting the receiving water.  Because a relatively large 
number of samples are collected and the timing of the sampling is weighted by volume, the flow-weighted 
composite concentrations were used as the best representation of the quality of the industrial runoff.  
Concentrations in water samples collected by the time-based composite method compared very well to 
those collected by the flow-weighted composite method, especially if the time-based composite  
resulted in 20 sub-samples or more.  This was not true for the discrete sampling method, because many 
fewer sub-samples were used to represent changes across the hydrograph.  The time-based composite 
sheet flow sampler produced concentrations slightly higher than the time-based composite samplers 
collecting water in the concentrated flow.  Concentrations from the sheet flow sampler are probably not 
diluted by other source areas such as the roof. 

Concentrations of total recoverable zinc and TSS collected in the first 30 minutes of the event 
were usually two to three times higher than the flow-weighted composite samples.  For many of the 
events, the highest concentration of these constituents occurred in the first 10 minutes of the event.  
Although the concentrations might be higher in the first part of the event, the earlier parts of the event 
might only represent one third or less of the total runoff volume.  Thus, using the concentrations from the 
first 30 minutes of the event could greatly overestimate the constituent load from the site. 

Along with accuracy, the selection of an appropriate sampling method must consider cost and the 
criteria for installing the sampling equipment.  To measure flow, the site must have a location where the 
flow is concentrated, such as a pipe or well-defined channel, and the runoff is just coming from the site.  
Out of 474 sites evaluated for this project, only 14 met the criteria for an accurate flow measurement.  A 
few more sites might be suitable for using an automatic sampler without flow measurements, but the 
number of sites would still be limited.  Sheet flow samplers can be used on most sites, since they are 
simply installed in the pavement near the source of concern.  

For each sampling method, approximate costs were determined including equipment, installation 
of equipment, and the analysis of one sample (Table 4-5).  Collecting the samples and processing the 
data should also be included, but they were not because this cost is highly variable.  Flow-weighted 
composite and time-based discrete sampling had the highest cost.  Flow measurements made the 
composite sampling more expensive, while the laboratory cost of analyzing six discrete samples 
increased the cost of the time-based discrete method.  It should be noted that hand grab samples could 
be used to collect the discrete samples in the first 30 minutes at lower cost, although this depends 
strongly on the skill of the person collecting the sample.  The sheet flow sampler could be the most cost 
effective approach to sampling an industrial site.  

TABLE 4-5 Cost of Using Different Sampling Methods in 1993 Dollars 
Method Estimated Cost for equipment, installation, and analysis of 

one sample 

Flow-weighted composite $16,052 
Time-based discrete $22,682 
Time-based composite $5,920 
First-30-minutes (automatic sampler) $6,000 
First-30-minutes (grab sample) $1,8001 

Time-based composite sheet flow sampler $2,889 
1Cost of laboratory analysis only. SOURCE: Reprinted, with permission, Roa-Espinosa and Bannerman 
(1994).  Copyright 1994 by the American Society of Civil Engineers. 
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245 Monitoring and Modeling 

BOX 4-4 Continued 

A determination must be made of how many runoff events should be sampled in order to 
accurately characterize a site’s water quality.  As shown in Table 4-6, representing a site with the results 
from one storm can be very misleading.  Concentrations in Table 4-6 were collected by the flow-weighted 
composite method.  The geometric means of EMCs from five or more events were very different than the 
lowest or highest concentration observed for the set of storms.  The chances of observing an extreme 
value by sampling just one event is increased by selecting a sampling method designed to collect a 
limited number of sub-samples, such as the first-30-minutes method.  Too few storms were monitored in 
this project to properly evaluate the variability in the EMCs, but sufficient changes occur between the zinc 
and TSS geometric means in Table 4-6 to suggest that a compliance monitoring schedule should include 
a minimum of five events be sampled each year.  

To overcome the high COV observed for municipal stormwater data collected in Wisconsin, 
EMCs should be determined for about 40 events (Selbig and Bannerman, 2007; Horwatich et al., 2008).  
The 40 event mean concentrations would probably represent the long-range distribution of rainfall depths, 
and there would be sufficient data available to perform some trend analysis, such as evaluating the 
benefits of an SCM implemented at an industrial site.  Monitoring 40 events each year, however, would 
be too costly for an annual compliance monitoring schedule for each industrial site. 

TABLE 4-6 Effects of Including a Different Number of Events in the Geometric Mean Calculation for Zinc 
and TSSa 

Number of Events Total Recoverable Zinc Total Suspended Solids 
AC Rochester 

1 (Lowest Concentration) 57 8 
1 (Highest Concentration) 150 84 
3 76 24 
5 91 36 

PPG Industries 
1 (Lowest Concentration) 140 32 
1 (Highest Concentration) 330 49 
3 153 57 
6 186 53 

Warman International 
1 (Lowest Concentration) 68 17 
1 (Highest Concentration) 140 56 
3 67 15 
5 81 26 
7 74 19 
aSamples were collected using the flow-weighted composite method. SOURCE: Reprinted, with 
permission, Roa-Espinosa and Bannerman (1994).  Copyright 1994 by the American Society of Civil 
Engineers. 

Results from this project indicate that the stormwater monitoring required at industrial sites cannot 
adequately characterize the quality of runoff from an industrial site.  Only collecting samples from the first 
30 minutes of a storm is probably an overestimate of the concentration, and a load calculated from this 
concentration would exaggerate the impact of the site on the receiving waters.  Time- and flow-based 
composite sampling would be much better methods for monitoring a site if there are locations to operate 
an automatic sampler.  For sites without such a location, the time-based composite sheet flow sampler 
offers the best results at the least cost.  Given all the variability in concentrations between runoff events, 
the annual monitoring schedule for any site should include sampling multiple storms. 
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246 Urban Stormwater Management in the United States 

Recommendations for Industrial Stormwater Monitoring 

Suitable industrial monitoring programs can be implemented for different categories of 
industrial activities. The following is one such suggestion, based on the likely risks associated 
with stormwater discharges from each type of facility. 

No Exposure to Industrial Activities and Other Low-Risk Industrial Operations 

For sites having limited stormwater exposure to industrial operations, such as no outdoor 
storage of materials or waste products, basic monitoring would not normally be conducted.  
However, roof runoff (especially if galvanized metals are used) and large parking areas need to 
be addressed under basic stormwater regulations dealing with these common sources of 
contaminants and the large amounts of runoff that may be produced.  Simple SCM guidance 
manuals can be used to select and size any needed controls for these sites, based on the areas of 
concern at the facility. For these facilities, simple visual inspections with no monitoring 
requirements may be appropriate to ensure compliance with the basic stormwater regulations.  A 
regionally calibrated stormwater quality model can be used to evaluate these basic stormwater 
conditions and to calculate the expected benefits of control measures.  Periodic random 
monitoring of sites in this category should be conducted to verify the small magnitude of 
discharges from these sites and the performance of SCMs. 

Medium-Risk Industrial Operations 

For “medium-intensity” industry facilities, site inspections and modeling should be 
supplemented with suitable outfall monitoring to ensure compliance.  As noted in Box 4-2, there 
can be a tremendous amount of variability in industrial runoff characteristics.  However, the 
dataset described in that example was a compilation of data from many different types of 
facilities, with no separation by industrial type. Even different facilities in a single industrial 
group may have highly variable runoff characteristics.  However, a single facility has much less 
variability, and reasonable monitoring strategies can be developed for compliance purposes.  As 
noted in Box 4-4, about 40 samples were expected to be needed for each site in that example.  
With typical permit periods of five years, this would require that less than ten samples per year 
(more than the three samples per year currently obtained at many locations) be collected in order 
to determine the EMC for the site for comparison to allowable discharge conditions.  Obviously, 
the actual number of samples needed is dependent on the variability of the runoff characteristics 
and the allowable error, as described elsewhere.  After about 10 to 15 storms have been 
monitored for a site, it would be possible to better estimate the total number of samples actually 
needed based on the data quality objectives. If the monitoring during the permit period indicated 
excessive stormwater discharges, then the SCMs are obviously not adequate and would need 
improvement.  The permit for the next five-year period could then be modified to reflect the need 
for more stringent controls, and suitable fines accessed if the facility was not in compliance.  It is 
recommended that absolute compliance not be expected in the industrial permits, but that 
appropriate benchmarks be established that allow a small fraction of the monitored events to 
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247 Monitoring and Modeling 

exceed the goals.  This is similar to discharge permit requirements for combined sewers, and for 
air quality regulations, where a certain number of excessive periods are allowed per year. 

High-Risk Industrial Facilities 

For “high-risk” industrial sites of the most critical nature, especially if noncompliance 
may cause significant human and environmental health problems, visual inspections and site 
modeling should be used in conjunction with monitoring of each event during the permit period.  
Because of the potential danger associated with noncompliance, the most stringent and robust 
controls would be required, and frequent monitoring would be needed to ensure compliance.  If 
noncompliance was noted, immediate action would be needed to improve the discharge 
conditions. This is similar to industrial and municipal NPDES monitoring requirements for point 
sources. 

MODELING TO LINKING SOURCES OF POLLUTION  

TO EFFECTS IN RECEIVING WATERS
 

Stormwater permitting is designed to regulate dischargers, develop information, and 
reduce the level of stormwater pollutants and impact on receiving waterbodies.  An important 
assumption is that the level of understanding of the stormwater system, through a combination of 
monitoring and modeling, is sufficient to associate stormwater discharges with receiving 
waterbody impacts. Impairment of waterbodies can occur for a variety of physical, chemical, 
and biological reasons, often with a complex combination of causes.  The ambient water quality 
of a receiving waterbody, which may result in a determination of impairment, is itself a function 
of the total mass loading of pollutant; dilution with stream discharge or standing waterbody 
volume; the capacity of the aquatic ecosystem to assimilate, transform, or disperse the pollutant; 
and transport out of the waterbody.  In addition to the chemical and physical attributes of the 
water, impairment may also be characterized by degraded biologic structure or geomorphic form 
of the waterbody (e.g., channel incision in urban areas).  Interactions between multiple pollutant 
loadings, long turnover and residence times, saturation effects, and cascading feedbacks with 
biological communities complicate the apparent response of waterbodies to pollutant discharge.  
This is particularly important when considering cumulative watershed effects, in which 
interactions between stressors and long-term alteration of watershed conditions may contribute to 
threshold responses of a waterbody to continued loading or alteration.  Under these conditions, 
simple “loading-response” relations are often elusive and require consideration of historical and 
local watershed conditions. 

As an example, pollutant loading at high stream flow or into strong tidally flushed 
systems may be advected downstream or into the coastal ocean without building up significant 
concentrations, while pollutant loading at low flow may not be effectively transported and 
dispersed and may build up to harmful concentrations.  In the former case the pollutant may be 
rapidly transported out of the local waterbody, but may impact a more distant, downstream 
system.  In addition, certain pollutants, such as inorganic nitrogen, may be discharged into 
surface waters and subsequently transformed and removed from the water column into 
vegetation or outgassed (e.g., volatilized or denitrified) into the atmosphere under certain 
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248 Urban Stormwater Management in the United States 

ecosystem conditions.  Sediment and other pollutants may be stored for long time periods in 
alluvial or lacustrine deposits, and then remobilized long after the initial loading into a stream 
reach or standing waterbody in response to extreme climate events, land-use change, reservoir 
management, or even reductions in the pollutant concentrations in the water column.  
Consequently, long lags may exist between the actual discharge of the sediment (and any 
pollutants adsorbed or otherwise stored within the deposits) and their contribution to waterbody 
impairment.  Therefore, understanding the fate of pollutants, particularly nonconservative forms, 
may require consideration of the full ecosystem cycling and transport of the material over long 
time periods. 

Impairment of waterbodies can be assessed on the basis of biological indicators, as 
discussed in Chapter 2. As organisms and communities respond to multiple stressors, it is not 
always clear what the direct or indirect effects of any specific pollutant discharge is, or how that 
may be exacerbated by correlated or interacting activity in the watershed.  The association of 
specific types of impairment with surrounding land use implicitly accounts for these interactions 
but does not provide a mechanistic understanding of the linkage sufficient to specify effective 
remedial activity.  However, much progress has been made in determining toxic effects of certain 
contaminants on different aquatic species assemblages (see, e.g., Shaver et al., 2007) and on 
quantifying impacts of land use on flow duration curves, EMCs, and loading rates for a number 
of pollutants (Maestre and Pitt, 2005).  For the latter effort, it has been shown that there is large 
variability within land-use categories, both as a function of specific SCMs and of innate 
differences due to historical legacies, climate, and hydrogeology. 

A protocol linking pollutants in stormwater discharges to ambient water quality criteria 
should be based on conservation of mass, in which the major inputs, outputs, transformations, 
and stores of the pollutant can be quantified. Indeed, these are the components of hydrologic and 
watershed models used to simulate the fate and transport of stormwater and its pollutants.  SCMs 
that improve ambient water quality criteria are designed to act on one or more of these mass 
balance terms.  A number of these measures act to reduce the magnitude of a stormwater source 
(e.g., porous pavement), while others are designed to absorb or dissipate a pollutant within a 
hydrologic flowpath downstream from a source (e.g., rain garden, detention pond, stream 
restoration). The latter requires some consideration of the flowpath from the source to the 
receiving waterbody.  Therefore, determining the major sources, sinks, and transformations of 
the pollutant should be the first step in this procedure.  For a number of pollutants there may be 
very few potential sources, while for others there may be multiple significant sources.  The 
spatial diversity of these sources and sinks may also range from uniform distribution to “hot 
spot” patterns that are difficult to detect and quantify.  Many stormwater models work effectively 
with sources, but are not structured to follow the transport or transformation of pollutants from 
source to waterbody along hydrologic flowpaths. 

Figure 4-14 shows the drainage area of Jordan Lake, an important regional drinking water 
source in the Triangle area of North Carolina.  Catchment areas are shaded to relate the 
percentage of industrial and commercial land cover, according to the National Land Cover 
Database (NLCD). Figure 4-15 shows a small tributary within the Jordan Lake watershed in 
Chapel Hill (outlined in Figure 4-14) with a high-resolution image of all impervious surfaces 
overlain on the topographically defined surface flowpath network.  Each of the distributed 
sources of stormwater is routed through a flowpath consisting of other pervious and impervious 
segments, within which additions, abstractions, and transformations of water and pollutants 
occur depending on weather, hydrologic, and ecosystem conditions.  The cumulative delivery 
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249 Monitoring and Modeling 

and impact of all stormwater sources include the transformations occurring along the flowpaths, 
which could include specific SCMs such as detention or infiltration facilities or simply 
infiltration or transformations in riparian areas or low-order streams.  The riparian area may be 
bypassed depending on stormwater concentration or piping, and it may have various levels of 
effectiveness on reducing pollutants depending on geomorphic, ecosystem, and hydrologic 
conditions. The ability of a stormwater model to capture these types of effects is a key property 
influencing its ability to associate a stormwater source with a waterbody outcome. 

FIGURE 4-14 The drainage area to Jordan Lake, a major drinking water reservoir in the 
Triangle area of North Carolina, is under nutrient-sensitive rules, requiring reductions in total 
nitrogen and phosphorus.  Drainage flowlines and catchment areas are from NHDplus, and are 
shaded according to their percentage of industrial and commercial land cover from the NLCD.  
The area outlined in red is a small urban catchment, detailed in Figure 4-15, and comprised of a 
wooded central region, surrounded by residential and institutional land use. 
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250 Urban Stormwater Management in the United States 

FIGURE 4-15 A small urban catchment in the Lake Jordan watershed of North Carolina with 
distributed sources of impervious surface (buildings and roads) stormwater arranged within the 
full surface drainage flowpath system.  Stormwater from each source is routed down surface 
and subsurface flowpaths to the nearest tributary and out the drainage network, with additions 
and abstractions of water and pollutants along each flowpath segment. 

This section discusses the fundamentals of stormwater modeling and the capabilities of 
commonly used models.  Much of this information is captured in a summary table at the end of 
the section (Table 4-7).  The models included are the following: 

•	 The Rational Method, or Q = C*I*A, where Q is the peak discharge for small urban 
catchments, A is the catchment area, I is the rainfall intensity, and C is a rainfall-runoff 
coefficient. 

•	 The Simple Method, which classifies stormwater generation and impact regimes by the 
percent impervious cover 

•	 TR-20 and TR-55 
•	 The Generalized Watershed Loading Function (GWLF) 
•	 Program for Predicting Polluting Particle Passage through Pits, Puddles, and Ponds (P8) 
•	 Model for Urban Stormwater Improvement Conceptualization (MUSIC) 
•	 Stormwater Management Model (SWMM) 
•	 Source Loading and Management Model (WinSLAMM) 
•	 Soil and Water Assessment Tool (SWAT) 
•	 Hydrologic Simulation Program–Fortran (HSPF) 
•	 Western Washington Hydrologic Model 
• Chesapeake Bay Watershed Model (CBWM) 

Detailed descriptions of some of these models and their unique applications are given in 
Appendix D. 
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Fundamentals of Stormwater Models 

Stormwater models are designed to evaluate the impacts of a stormwater discharge on a 
receiving waterbody.  In order to do this, the model must have the capability of describing the 
nature of the source term (volumes, constituents), transport and transformation to the receiving 
waterbody, and physical, chemical, and biological interaction with the receiving water body and 
ecosystem.  No model can mechanistically reproduce all of these interactions because of current 
limitations in available data, incomplete understanding of all processes, and large uncertainties in 
model and data components.  Computer resources, while rapidly advancing, still limit the 
complexity of certain applications, especially as spatial data become increasingly available and it 
is tempting to model at ever-increasing resolution and comprehensiveness.  Therefore, models 
must make a set of simplifying assumptions, emphasizing more reliable and available data, while 
attempting to retain critical processes, feedbacks, and interactions.  Models are typically 
developed for a variety of applications, ranging from hydraulic design for small urban 
catchments to urban and rural pollutant loading at a range of watershed scales. 

An evaluation of the current state of stormwater modeling should say much about our 
ability to link pollutant sources with effects in receiving waters.  Both stormwater models and 
models supporting the evaluation of SCM design and effectiveness are based on simulating a 
mass budget of water and specific pollutants.  The detail of mass flux, transformation, and 
storage terms vary depending on the scale and purpose of the application, level of knowledge 
regarding the primary processes, and available data.  In many cases, mechanisms of 
transformation may be either poorly understood or may be dependent on detailed interactions.  
As an example, nitrogen-cycle transformations are sensitive to very short temporal and spatial 
conditions, termed “hot spots” and “hot moments” relative to hydrologic flowpaths and moisture 
conditions (McClain et al., 2003). 

Stormwater runoff production and routing are common components of these models.  All 
models include an approach to estimate the production of stormwater runoff from one or more 
zones in the watershed, although runoff routing from the location(s) of runoff production to a 
point or waterbody is not always included explicitly.  Major divisions between approaches are 
found in the representation of the watershed “geography” in terms of patterns and heterogeneity, 
and in runoff production and routing. Some stormwater models do not consider the effects of 
routing from a runoff source to a local waterbody directly, but may attempt to reproduce net 
impacts at larger scales through the use of unit hydrograph theory to estimate peak flows, and 
delivery ratios or stormwater control efficiency factors to estimate export to a waterbody.   

There are a number of different approaches and paradigms used in stormwater models 
that include varying degrees of watershed physical, biological, and chemical process detail, as 
well as spatial and temporal resolution and the representation of uncertainty in model estimates.  
A number of researchers have written about the nature of watershed models (e.g., Beven, 2001; 
Pitt and Vorhees, 2002). At present, many hydrologic and stormwater models have become so 
complex, with multiple choices for different components, that standard descriptions apply only to 
specific components of the models.  The following discussion is generalized; most models fit the 
descriptions only to certain degrees or only under specific conditions in which they are operated. 
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Lumped Versus Distributed Approaches 

Central to the design of watershed models is the concept of a “control volume,” which is 
a unit within which material and energy contents and balances are defined, with boundaries 
across which material and energy transport occurs.  Control volumes can range from multiple 
subsurface layers and vegetation canopy layers bounded in three dimensions to a full watershed.  
Lumped models ignore or average spatial heterogeneity and patterns of watershed conditions, 
representing all control volumes, and the stores, sources, and sinks of water and pollutants in a 
vertically linked set of conceptual components, such as surface interception, unsaturated and 
saturated subsurface zones, and a single stream or river reach.  For example, SWAT or HSPF are 
conceptually lumped at the scale of subwatersheds (e.g., the level of geography in Figure 4-14) 
and do not show any spatial patterns at higher resolutions (e.g., Figure 4-15) than these units.  
While multiple land-use/soil combinations may be represented, these models do not represent the 
connectivity of the land segments (e.g., which land segments drain into which land segments) 
and assume all unique land segment types drain directly to a stream.   

Distributed models include some scheme to represent spatial heterogeneity of the 
watershed environment pertinent to stormwater generation, including land cover, soils, 
topography, meteorological inputs, and stream reach properties distributed through a set of 
linked control volumes.  Control volumes representing land elements, including vertically linked 
surface and subsurface stores, are connected by a representation of water and pollutant lateral 
routing through a network of flowpaths that may be predefined or set by the dynamics of surface, 
soil, and saturated zone water storage.  The land elements may be grid cells in a regular lattice, 
or irregular elements (e.g., triangles) with the pattern adapted to variations in land surface 
characteristics or hydraulic gradients. 

A number of models are intermediate between lumped and distributed, with approaches 
such as lumping at the subwatershed scale, incorporating statistical distributions of land element 
types within subwatersheds but without explicit pattern representation, or lumping some 
variables and processes (such as groundwater storage and flux), while including distributed 
representation of topography and land cover.  Thus, within the model SLAMM (Pitt and 
Vorhees, 2002), the catchment is described in sufficient detail to summarize the breakdown of 
different drainage sequences.  As an example, roof area will be broken down to the proportion 
that drains to pervious areas and to directly connected impervious areas.  An important 
distinction is that there is no routing of the output of one land element into another, such that 
there is no drainage sequence that may significantly modify the stormwater runoff from its 
source to the stream.  Implicitly, all land elements drain directly into a stream, although a loss 
rate or delivery ratio can be specified. 

The choice of a more lumped or distributed model is often dependent on available data 
and overall complexity of the model.  Simpler, lumped models may be preferred in the absence 
of sufficient data to effectively parameterize a distributed approach, or for simplicity and 
computational speed.  However, fully lumped models may be limited in their ability to represent 
spatial dependency, such as the development and dynamics of riparian zones, or the effects of 
SCM patterns and placement.  As there is typically an irreducible level of spatial heterogeneity in 
land surface characteristics down to very small levels below the resolution of individual flow 
elements, we note that all models lump at some scale (Beven, 2000). 
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Mechanistic Versus Conceptual Process Representation 

Mechanistic, or process-based, approaches attempt to reproduce key stormwater transport 
and transformation processes with more physically, chemically, or biologically based detail, 
while conceptual models represent fluxes between stores and transformations with aggregate, 
simplified mathematical forms.  No operational models are built purely from first principles, so 
the distinction between mechanistic and conceptual process basis is one of degree. 

The level of sampling necessary to support detailed mechanistic models, as well as 
remaining uncertainty in physicochemical processes active in heterogeneous environments 
typically limits the application of first-principle methods.  The development or application of 
more mechanistic approaches is currently limited by available measurements, which require both 
time and resources to adequately carry out.  Unfortunately, modeling and monitoring have often 
been mutually exclusive in terms of budgets, although it is necessary for both to be carefully 
planned and integrated. A new generation of sensors and a more rigorous and formal sampling 
protocol for existing methods will be necessary to advance beyond the current practice.   

At present, most operational hydrologic and transport models are based on a strong set of 
simplifying assumptions regarding active processes and/or the spatial variation of sources, sinks, 
and stores in the watershed. Runoff production can be computed by a range of more mechanistic 
to more conceptual or empirical methods.  More mechanistic methods include estimation of 
infiltration capacities based on soil hydraulic properties and moisture conditions, excess runoff 
production, and hydraulic routing over land surfaces into and through a stream-channel network.  
More conceptual approaches use a National Resources Conservation Service (NRCS) curve 
number approach (see Box 4-5) and unit hydrograph methods to estimate runoff volume and time 
of concentration. Pollutant concentrations or loads are often estimated on the basis of look-up 
tables using land use or land cover.  Land use- or land cover-specific EMC or unit area loading 
for pollutants can be developed directly from monitoring data or from local, regional, or national 
databases.  The NSQD statistically summarizes the results of a large number of stormwater 
monitoring projects (as discussed previously in this chapter).  The effects of SCM performance 
(typically percent removal) can be estimated from similar databases (e.g., 
www.bmpdatabase.org).  A set of models, such as SWAT, incorporate fairly detailed 
descriptions of nutrient cycling as an alternative to using EMC, requiring more detailed inputs of 
soil, crop, and management information.  Unfortunately, the detailed biogeochemistry of this and 
similar models is typically not matched by the hydrology, which remains lumped at individual 
Hydrologic Response Unit (HRU) levels using NRCS curve number methods, although options 
exist to incorporate more mechanistic infiltration excess runoff. 

Deterministic Versus Stochastic Methods 

Deterministic models are fully determined by their equation sets, initial and boundary 
conditions, and forcing meteorology.  There are no components that include random variation.  
In a stochastic model, at least one parameter or variable is drawn from a probability distribution 
function such that the same model set-up (initial and boundary conditions, meteorology, 
parameter sets) will have randomly varying results.  The advantage of the latter approach is the 
ability to generate statistical variability of outcomes, reflecting uncertainty in parameters, 
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processes, or any other component.  In fact, any deterministic model can be operated in a 
stochastic manner by sampling parameter values from specified probability distributions. 

It is recognized that information on the probability distribution of input parameters may 
be scarce.  For situations with limited information on parameter values, one option is to assume a 
uniform distribution that brackets a range of values of the parameter reported in the literature.  
This would at least be a start in considering the impacts of the variability of model inputs on 
outputs. A thorough discussion on methods for incorporating uncertainty analysis into model 
evaluation is provided in Chapter 14 of Ramaswami et al. (2005).  It should be noted that the 
ability to generate probability distribution information on stormwater outcomes requires a 
potentially large number of model runs, which may be difficult for detailed mechanistic and 
distributed models that have large computational loads.   

Continuous Versus Event-Based Approaches 

Another division between modeling approaches is the time domain of the simulation.  
Event-based models limit simulation time domains to a storm event, covering the time of rainfall 
and runoff generation and routing.  Initial conditions need to be estimated on the basis of 
antecedent moisture or precipitation conditions.  For catchments in which runoff is dominated by 
impervious surfaces, this is a reasonable approach.  In landscapes dominated by variable source 
area runoff dynamics in which runoff is generated from areas that actively expand and contract 
on the basis of soil moisture conditions, a fuller accounting of the soil moisture budget is 
required. Furthermore, event-based modeling is inappropriate for water quality purposes 
because it will not reproduce the full distribution of receiving water problems.  Continuous 
models include simulation of a full time domain composed of storm and inter-storm periods, thus 
tracking soil moisture budgets up to and including storm events. 

Outfall Models 

After beneficial use impairments are recognized, cause-and-effect relationships need to 
be established and restorative discharge goals need to be developed.  Models are commonly used 
to calculate the expected discharges for different outfalls affecting the receiving water in a 
community. All of the models shown in Table 4-7 can calculate outfall discharge quantities, 
although some may only give expected average annual discharge.  Models calculate these 
discharges using a variety of processes, but all use an urban hydrology component to determine 
the runoff quantity and various methods to calculate the quality of the runoff.  The runoff 
quantity is multiplied by the pollutant concentration in the outfall to obtain the mass discharges 
of the different pollutants. The outfall mass discharge from the various outfalls in the area can 
then be compared to identify the most significant outfalls that should be targeted for control.   

The most common hydrology “engines” in simple stormwater models are the NRCS 
curve number method or a simple volumetric runoff coefficient—Rv, the ratio of runoff to 
rainfall—for either single rainfall events or the total annual rainfall depth.  Runoff quality in the 
simple models is usually calculated based on published EMCs for similar land uses in the same 
geographical area. More complex models may use build-up and wash-off of pollutants from 
impervious surfaces in a time series or they may derive pollutant concentrations from more 
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detailed biogeochemical cycling mechanisms, including atmospheric deposition and other inputs 
(e.g., fertilizer). Some models use a combination of these processes depending on the area 
considered, and others offer choices to the model user.  Again, these processes all need local 
calibration and verification to reduce the likely uncertainty associated with the resultant 
calculated discharge conditions. 

Source Area 

When the outfalls are ranked according to their discharges of the pollutants of 
importance, further detailed modeling can be conducted to identify sources of the significant 
pollutants within the outfall drainage area.  Lumped parameter models cannot be used, as the 
model parameters vary within the drainage area according to the different source areas.  
Distributed area models can be used to calculate contributions from different source areas within 
the watershed area. This information can then be used to rank the land uses and source area 
contributions. In-stream responses can be calculated if the land-area models are linked to 
appropriate receiving-water models.   

Need for Coupling Models 

As urban areas become increasingly extensive and heterogeneous, including a gradient of 
dense urban to forest and agricultural areas, linkage and coupling of models to develop feedback 
and interactions (e.g., impacts of urban runoff hydraulics with stream scour and sedimentation, 
mixed with agricultural nutrient and sediment production on receiving waterbodies) is a critical 
area that requires more development.  In general, stormwater models were designed to track and 
predict discharges from sources by surface water flowpaths into receiving waterbodies, such that 
infiltration was considered to be a loss (or retention) of water and its constituents.  To fully 
evaluate catchment-scale impacts of urbanization on receiving waterbodies, the infiltration term 
needs to be considered a source term for the groundwater, and a groundwater component or 
model needs to be coupled to complete the surface–subsurface hydrologic interactions and 
loadings to the waterbody. 

Finally, each of the models may or may not incorporate explicit consideration of SCM 
performance based on design, implementation and location within the catchment.  As discussed 
in the next chapter, SCM models can range from simple efficiency factors (0–1 multipliers on 
source discharge) to more detailed treatment of physical, chemical, and biological transport and 
transformations. 

Linking to Receiving-Water Models 

Specific problems for urban receiving waters need to be identified through 
comprehensive field monitoring and modeling.  Monitoring can identify current problems and 
may identify the stressors of importance (see Burton and Pitt [2002] for tools to evaluate 
receiving water impairments).  However, monitoring cannot predict conditions that do not yet 
exist and for other periods of time that are not represented at the time of monitoring.  Modeling 
is therefore needed to gain a more comprehensive understanding of the problem.  In small-scale 
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256 Urban Stormwater Management in the United States 

totally urbanized systems, less complex receiving-water models are needed.  However, as the 
watershed becomes more complex and larger with multiple land uses, the receiving-water 
models also need to become more complex.  Complex receiving-water models need to include 
transport and transformations of the pollutants of concern, for example.  Examples of models 
shown on the comparison table that include receiving-water processes are MUSIC and HSPF.  
Other models (such as WinSLAMM) provide direct data links to external receiving-water 
models. Calibration and verification of important receiving-water processes that are to be 
implemented in a model can be very expensive and time consuming, and still result in substantial 
uncertainty. 

Model Calibration and Verification 

Calibration is the process where model parameters are adjusted to minimize the 
difference between model output and field measurements, with an aim of keeping model 
parameters within a range of values reported in the literature.  Model verification, similar to 
model validation, is used to mean comparison between calibrated model results using part of a 
data set as input and results from application of the calibrated model using a second 
(independent) part of the data set as input.  Oreskes et al. (1994) present the viewpoint that no 
model can really be verified; at best, verification should be taken to mean that a model is 
consistent with a physical system under a given set of comparison data.  This is not synonymous 
with saying that the model can reliably represent the real system under any set of conditions.  In 
general, the water quantity aspects of stormwater modeling are easier to calibrate and verify than 
the water quality aspects, in part because there are more water quantity data available and 
because chemical transformations are more complex to simulate.  A thorough discussion of the 
broad topic of model evaluation is provided by several excellent texts on this subject, including 
Schnoor (1996) and Ramaswami et al. (2005). 

Models in Practice Today 

Table 4-7 presents a set of models used for stormwater evaluation that range in 
complexity from first-generation stormwater models making use of simple empirical land 
cover/runoff and loading relations to more detailed and information-demanding models.  The 
columns in Table 4-7 provide an abbreviated description of some of the attributes of these 
models—common usage, typical application scales, the degree of model complexity, some data 
requirements (for the hydrologic component), whether the model addresses groundwater, and 
whether the model has the ability to simulate SCMs.  Models capable of simulating a water 
quality component require EMC data, with some models also having a simple build-up/wash-off 
approach to water quality simulation (e.g., SWMM, WinSLAMM, and MUSIC) and others 
simulating more complex geochemistry (e.g., SWAT and HSPF).  The set of columns in Table 4
7 is not meant to be exhaustive in describing the models, which is why websites are provided for 
comprehensive model descriptions and data requirements.   

In addition to the models listed in Table 4-7, a representative set of emerging research 
models that are not specifically designed for stormwater, but may offer some advantages for 
specific uses, are also described below. In general, it is important that models that integrate 
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257 Monitoring and Modeling 

hydrologic, hydraulic, meteorologic, water quality, and biologic processes maintain balance in 
their treatment of process details.  Both model design and data collection should proceed in 
concert and should be geared toward evaluating and diagnosing the consistency of model or 
coupled model predictions and the uncertainty attached to each component and the integrated 
modeling system.  The models should be used in a manner that produces both best estimates of 
stormwater discharge impacts on receiving waterbodies, as well as the level of uncertainty in the 
predictions. 

The Rational Method is a highly simplified model widely used to estimate peak flows for 
in sizing storm sewer pipes and other low level drainage pathways.  The method assumes a 
constant rainfall rate (intensity), such that the runoff rate will increase until the time at which all 
of the drainage area contributes to flow at its outlet (termed the time of concentration). The 
product of the drainage area and rainfall intensity is considered to be the input flow rate to the 
drainage area under consideration; the ratio of the input flow rate to an outflow discharge rate is 
termed the runoff coefficient.  Runoff coefficients for a variety of land surface types and slopes 
have been compiled in standard tables (see e.g., Chow et al., 1988).  The outflow is determined 
by multiplying inflow (rainfall intensity times drainage area) by the runoff coefficient for the 
land-surface type. As pointed out by Chow et al. (1988), this method is often criticized owing to 
its simplified approach, so its use is limited to stormwater inlet and piping designs. 

The Simple Method estimates stormwater pollutant loads for urban areas, and it is most 
valuable for assessing and comparing the relative stormwater pollutant load changes of different 
land use and stormwater management scenarios.  It requires a modest amount of information, 
including the subwatershed drainage area and impervious cover, stormwater pollutant 
concentrations (as defined by the EMC), and annual precipitation.  The subwatershed can be 
broken up into specific land uses, such that annual pollutant loads are calculated for each type of 
land use. Stormwater pollutant concentrations are usually estimated from local or regional data, 
or from national data sources.  The Simple Method estimates pollutant loads for chemical 
constituents as a product of annual runoff volume and pollutant concentration, as L = 0.226 R x 
C x A, where L = annual load (lbs), R = annual runoff (inches), C = pollutant concentration 
(mg/l), and A = area (acres). 

Of slightly increased complexity are those models initially developed decades ago by the 
Soil Conservation Service, now the NRCS of the U.S. Department of Agriculture (USDA).  
NRCS Technical Releases (TR) 20 and 55 are widely used in many municipalities, despite the 
availability of more rigorous, updated stormwater models.  Box 4-5 provides an overview of the 
NRCS TR-55 assumptions and approaches. 

PREPUBLICATION 
  

RB-AR13385



 

   
 

 
 

 

 

  

 

 

258 Urban Stormwater Management in the United States 

BOX 4-5 
NRCS Technical Release 55 

NRCS methods to estimate runoff volumes and flows have been popular since the early 1950s 
(Rallison, 1980).  Fundamentally they can be broken into the separation of runoff from the rainfall volume 
(Curve Number Method), the pattern of runoff over time (dimensionless unit hydrograph), and their 
application within computer simulation models.  In the late 1970s these components were packaged 
together in a desktop hydrology method known as Technical Release 55 (TR-55).  TR-55 became the 
primary model used by the majority of stormwater designers, and there is considerable confusion over the 
terms used to describe what aspects of the NRCS methods are in use. 

The NRCS Curve Number Method was first derived in the 1950s for prediction of runoff from 
ungauged agricultural areas.  It relates two summation ratios, that of runoff to rainfall and that of moisture 
retained to maximum potential retention. Two statistically based relations were developed to drive the 
ratio, the first of which is based on a “curve number” which depicts the soil type, land cover, and initial 
moisture content.  The second or initial abstraction is defined as the volume of losses that occur prior to 
the initiation of runoff, and is also related to the curve number.  Data were used to derive curve numbers 
for each soil type and cover as shown in Figure 4-17 (Rallison, 1980). 

The Curve Number method is a very practical method that gives “average” runoff results from a 
watershed and is used in many models (WIN TR-55, TR-20, SWMM, GWLF, HEC-HMS, etc.).  Caution 
has to be exercised when using it for smaller urbanizing storm events.  For example, past practice was to 
average curve numbers for developments for pavement and grass based on percent imperviousness.  
While this works well for large storms, for smaller storms it gives erroneous answers through violation of 
the initial abstraction relationship.  Current state manuals (MDE, 2000; PaDEP, 2006) do not allow paved- 
and unpaved-area curve numbers to be averaged.  When applied to continuous simulation models (such 
as in SWMM or GWLF), it requires an additional method to recover the capacity to remove runoff because 
the soil capacity to infiltrate water is restored over time. 

The NRCS Dimensionless Unit Hydrogaph has also evolved over many years and simply creates 
a temporal pattern from the runoff generated from the curve number method.  This transformation is 
based upon the time of concentration, defined as the length of time the water takes to travel from the top 
to the bottom of the watershed. The dimensionless curve ensures that conservation of mass is 
maintained.  The main purpose of this method is to estimate how long it takes the runoff generated by the 
curve number to run off the land and produce discharge at the watershed outlet.   

continues next page 
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259 Monitoring and Modeling 

BOX 4-5 Continued 

FIGURE 4-17  Development of curve number from collected data. SOURCE: Reprinted, with permission, 
from Rallison (1980). Copyright 1980 by the American Society of Civil Engineers. 

The NRCS curve number and dimensionless unit hydrograph were first incorporated in the Soil 
Conservation Service (SCS) TR-20 hydrologic computer model developed in the 1960s.  As most 
stormwater professionals did not have access to mainframes, SCS put together TR-55, which created a 
hand or calculator method to apply the curve number and dimensionless unit hydrograph.  In order to 
create this hand method, many runs were generated using TR-20 to develop patterns for different times 
of concentration.  The difficulty with using the original TR-55 in the modern era is that the simplifications 
to the hydrograph development do not allow the benefits of SCMs to be easily accounted for. 

The use of the term TR-55 has been equated with the curve number method; this has created 
confusion, especially when it is included in municipal code.  Further clouding the issue, there are two 
types of TR-55 computer models available.  One is based on the original, outdated, simplified hand 
method, and the other (Win TR-55) returns to the more appropriate application of the curve number and 
dimensionless hydrograph methods.  In either case, the focus of these models is on single event 
hydrology and cannot easily incorporate or demonstrate the benefits of the wide range of structural and 
nonstructural SCMs.  Note that the curve number and dimensionless unit hydrograph methods are 
incorporated in many continuous flow models, including SWMM and GWLF, as the basis of runoff 
generation and runoff timing. 
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260 Urban Stormwater Management in the United States 

A number of watershed models that are used for stormwater assessment are lumped, 
conceptual forms, with varying levels of process simplification and spatial patterns aggregated at 
the subwatershed level, with aspatial statistical distribution of land types as described above.  
The GWLF model (Haith and Shoemaker, 1987) is an example of this type of approach, using 
simple land use-based EMC with NRCS curve number estimates of runoff within a watershed 
context. GWLF is a continuous model with simplified upper- and lower-zone subsurface water 
stores, and a simple linear aquifer to deliver groundwater flow.  EMCs are assigned or calibrated 
for subsurface and surface flow delivery, while sediment erosion and delivery are computed with 
the use of the Universal Soil Loss Equation and delivery coefficients.  The methods are easily 
linked to a Geographical Information System (GIS), which provides land-use composition at the 
subwatershed level and develops estimates of runoff and loading that are typically used to 
estimate annual loading.  AVGWLF links GWLF with ArcView and is used as a planning- or 
screening-level tool.  A recent example of AVGWLF for nutrient loading linked to a simple 
stream network nutrient decay model for the development of a TMDL for a North Carolina water 
supply area is given in Box 4-6. 

P8 (Program for Predicting Polluting Particle Passage through Pits, Puddles, and Ponds) 
is a curve number-based model for predicting the generation and transport of stormwater runoff 
pollutants in urban watersheds, originally developed to help design and evaluate nutrient control 
in wet detention ponds (Palmstrom and Walker, 1990; http://wwwalker.net/p8/).  Continuous 
water-balance and mass-balance calculations are performed and consist of the following 
elements: watersheds, devices, particle classes, and water quality components.  Continuous 
simulations use hourly rainfall and daily air temperature time series.  The model was initially 
calibrated to predict runoff quality typical of that measured under NURP (EPA, 1983).  SCMs in 
P8 include detention ponds (wet, dry, extended), infiltration basins, swales, and buffer strips.  
Groundwater and baseflows are also included in the model using linear reservoir processes. 

MUSIC is a part of the Catchment Modelling Toolkit (www.toolkit.net.au) developed by 
the Cooperative Research Center for Catchment Hydrology in Australia (Wong et al., 2001).  
The model concentrates on the quality and quantity of urban stormwater, including detailed 
accounting of multiple SCMs acting within a treatment train and life-cycle costing.  It employs a 
simplified rainfall–runoff model (Chiew and McMahon, 1997) based on impervious area and two 
moisture stores (shallow and deep). TSS, total nitrogen, and total phosphorus are based on 
EMCs, sampled from lognormal distributions.  The model does not contain detailed hydraulics 
required for routing or sizing of SCMs, and it is designed as a planning tool. 

EPA’s SWMM has the capability of simulating water quantity and quality for a single 
storm event or for continuous runoff.  The model is commonly used to design and evaluate 
storm, sanitary, and combined sewer systems.  SWMM accounts for hydrologic processes that 
produce runoff from urban areas, including time-varying rainfall, evaporation, snow 
accumulation and melting, depression storage, infiltration into soil, percolation to groundwater, 
interflow between groundwater and the drainage system, and nonlinear reservoir routing of 
overland flow. Spatial variability is modeled by dividing a study area into a collection of 
smaller, homogeneous subcatchment areas, each containing its own fraction of pervious and 
impervious sub-areas.  Overland flow can be routed between sub-areas, between subcatchments, 
or between entry points of a drainage system.  SWMM can also be used to estimate the 
production of pollutant loads associated with runoff for a number of user-defined water quality 
constituents. Transport processes include dry-weather pollutant buildup over different land uses, 
pollutant wash-off from specific land uses, direct contribution of rainfall deposition, and the  
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261 Monitoring and Modeling 

BOX 4-6 
The B. Everett Jordan Lake GWLF Watershed Model Development 

Jordan Lake is a regionally important water supply reservoir at the base of the 1,686-square-mile 
Haw watershed in North Carolina (see Figure 4-18).  It is considered a nutrient-sensitive waterbody.  
Officials are now in the process of implementing watershed goals to reduce nitrogen and phosphorus, 
with the reduction goals differentiated by geographic location within the basin.  In support of the 
development of these rules as part of a TMDL effort, the North Carolina Division of Water Quality 
commissioned a water quality modeling study (Tetra Tech, 2003).  The modeling effort was needed to 
support the evaluation of nutrient reduction strategies in different parts of the watershed relative to Jordan 
Lake, which requires both a model of nutrient loading, as well as river transport and transformation.  
Given data and resource restrictions, a more detailed model was not considered feasible.  As GWLF does 
not support nutrient transformations in the stream network, the model was used in conjunction with a 
method to decay nutrient source loading by river transport distance to the lake.  A spreadsheet model 
was designed to take as input GWLF estimates of seasonal loads for 14-digit hydrologic unit code (HUC) 
subbasins of the Haw, and to reduce the loads by river miles between the subwatershed and Jordan 
Lake. The GWLF loading model was calibrated to observations in small subwatersheds within the Haw 
using HRUs developed from soil and NLCD land classes, updated with additional information from county 
GIS parcel databases and the 2000 Census.  This information was used to estimate subwatershed 
impervious surface cover, fertilizer inputs, runoff curve numbers, soil water capacity, and vegetation cover 
to adjust evapotranspiration rates.  Wastewater disposal (sewer or septic) was estimated on the basis of 
urban service boundaries. GWLF was used to provide loading estimates, using limited information on soil 
and groundwater nutrient concentrations, and calibrated delivery ratios.  In-stream loss was based on a 
first-order exponential decay function of river travel time to Jordan Lake, with the decay coefficient 
generated by estimates of residence time in the river network, and upstream/downstream nutrient loads 
following non-linear regression methods used in SPARROW (Alexander et al., 2000).  Further 
adjustments based on impoundment trapping of sediment and associated nutrient loads were carried out 
for larger reservoirs in the Haw.  The results provided estimates of both loading and transport efficiency to 
Jordan Lake, with estimates of relative effectiveness of sectoral loading reductions in different parts of the 
watershed.   

FIGURE 4-18  14 digit HUCs draining to Jordan Lake in the Haw River watershed of North Carolina.  
SOURCE: NHD+. 
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262 Urban Stormwater Management in the United States 

action of such SCMs as street cleaning, source control, and treatment in storage units, among 
others. Further details are provided in Appendix D. 

Watershed models such as SWAT (Arnold et al., 1998) or HSPF (Bicknell et al., 1997, 
2005) have components based on similar land-use runoff and loading factors, but also 
incorporate options to utilize detailed descriptions of interception, infiltration, runoff, routing, 
and biogeochemical transformations.  Both models are based on hydrologic models that were 
developed prior to the availability of detailed digital spatial information on watershed form and 
use conceptual control volumes that are not spatially linked.  HRUs are based on land use, soils, 
and vegetation (and crop) type, among other characteristics, and are considered uniformly 
distributed through a subbasin.  Within each HRU, simplified representations of soil upper and 
lower zones, or unsaturated and saturated components, are vertically integrated with a conceptual 
groundwater storage-release component.  There is no land surface routing and all runoff from a 
land element is considered to reach the river reach, with some delivery ratio if appropriate for 
sediment and other constituents.  Like GWLF, the models are typically not designed to estimate 
loadings from individual dischargers, but are used to help guide and develop TMDL for 
watersheds. SWAT and HSPF are integrated within the EPA BASINS system 
(http://www.epa.gov/waterscience/basins) with GIS tools designed to use available spatial data to 
set up and parameterize simulations for watersheds within the United States.  Examples of 
combining one of these models, typically designed for larger-scale applications (such as the area 
shown in Figure 4-14) with more site-specific models such as SLAMM or SWMM, are given in 
Box 4-7. 

BOX 4-7 
Using SWAT and WinSLAMM to Predict Phosphorus Loads in the Rock River Basin, Wisconsin 

Wisconsin Administrative Code NR 217 states that wastewater treatment facilities in Wisconsin 
must achieve an effluent concentration of 1 mg/L for phosphorus.  Alternative limits are allowed if it can 
be demonstrated that achieving the 1 mg/L limit will not “result in an environmentally significant 
improvement in water quality” (NR 217.04(2)(b)1).  In response to NR 217, a group of municipal 
wastewater treatment facilities formed the Rock River Partnership (RRP) to assess water quality 
management issues (Kirsch, 2000).  The RRP and the Wisconsin Department of Natural Resources 
funded a study to seek water quality solutions across all media, and not just pursue additional reductions 
from point sources.  A significant portion of the study required a modeling effort to determine the 
magnitude of various nutrient sources and determine potential reductions through the implementation of 
global SCMs. 

The Rock River Basin covers approximately 9,530 square kilometers and lies within the glaciated 
portion of south central and eastern Wisconsin (Figure 4-19).  The Rock River and its numerous 
tributaries thread their way through this landscape that spreads over 10 counties inhabited by more than 
750,000 residents.  There are 40 permitted municipalities in the watershed, representing 4 percent of the 
land area, and they are served by 57 sewage treatment plants.  Urban centers include Madison, 
Janesville, and Beloit as well as smaller cities such as Waupun, Watertown, Oconomowoc, Jefferson, and 
Beaver Dam. Although the basin is experiencing rapid growth, it is still largely rural in character with 
agriculture using nearly 75 percent of the land area.  Crops range from continuous corn and corn– 
soybean rotations in the south to a mix of dairy, feeder operations, and cash cropping in the north.  The 
basin enjoys a healthy economy with a good balance of agricultural, industrial, and service businesses. 

The focus of the modeling was to construct an intermediate-level macroscale model to better 
quantify phosphorus loads from point and nonpoint sources throughout the basin.  The three goals of the 
modeling effort were to (1) estimate the average annual phosphorus load, (2) estimate the relative 

continues next page 

PREPUBLICATION 
  

RB-AR13390



   

 
 

 

 

 

 

 

 

263 Monitoring and Modeling 

BOX 4-7 Continued 

contribution of phosphorus loads from both nonpoint (urban and agricultural) and point sources, and (3) 
estimate changes in average annual phosphorus loads from the application of global SCMs and point 
source controls. 

SWAT was selected for the agricultural analysis and WinSLAMM was selected to develop 
phosphorus loads for the urban areas.  WinSLAMM was selected to make estimates of stormwater loads, 
because it is already calibrated in Wisconsin for stormwater volumes and pollutant concentrations.  
Outputs of phosphorus loads from WinSLAMM were used as input to SWAT.  One output of SWAT was a 
total nonpoint phosphorus load based on agricultural loads calculated in SWAT and stormwater loads 
estimated by WinSLAMM. 

SWAT was calibrated with data from 23 USGS gauging stations in the Rock River Basin.  
Hydrology was balanced first on a yearly basis looking at average annual totals, then monthly to verify 
snowfall and snowmelt routines, and then daily.  Daily calibration was conducted to check crop growth, 
evapotranspiration, and daily peak flows.  Crop yields predicted by SWAT were calibrated to those 
published in the USDA Agricultural Statistics.  

Under current land-use and management conditions, the model predicted an average annual load 
of approximately 1,680,000 pounds of total phosphorus for the basin with 41 percent from point sources 
and 59 percent from nonpoint sources.  Less than 10 percent of the annual phosphorus load is generated 
by the urban areas in the watershed.  Evaluation of various SCM scenarios shows that with 
implementation of NR 217 (applicable point source effluent at 1 mg/L) and improvement in tillage 
practices and nutrient management practices, total phosphorus can be reduced across the basin by 
approximately 40 percent.  It is important to note that the nonpoint management practices that were 
analyzed were limited to two options: modifications in tillage practices, and adoption of recommended 
nutrient application rates.  No other management practices (i.e., urban controls, riparian buffer strips, etc.) 
were simulated.  Urban controls were not included because the urban areas contributed a relatively small 
percentage of the total phosphorus load.  Thus, loadings depicted by SWAT under these management 
scenarios do not necessarily represent the lowest attainable loads.  Results suggest that a combination of 
point and nonpoint controls will be required to attain significant phosphorus reductions. 

FIGURE 4-19  Rock River Basin, Wisconsin. SOURCE: Reprinted, with permission, from Kirsch (2000). 
Copyright 2000 by American Society for Biological and Agricultural Engineers. 
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264 Urban Stormwater Management in the United States 

The CBWM is a detailed watershed model that is extended from HSPF as a base, but 
includes additional components to incorporate stormwater controls at the land segment level.  
HSPF is operated for a number of subbasins, and each subbasin model includes different land 
segments based on land cover and soil units as aspatial, lumped distribution functions, but also 
includes representation of SCMs and (large) stream routing.  Model implementation at the scale 
of the full Chesapeake Bay watershed requires fairly coarse-grained land partitioning.  A 
threshold of 100 cfs mean annual flow is used to represent streams and rivers, and the one-to-one 
mapping of land segment to river reach produces large, heterogeneous land segments as the basic 
runoff-producing zones. SCMs are implemented either at the field or runoff production unit as 
distinct land segment types in terms of management or land cover, or as “edge-of-field” 
reductions of runoff or pollutant loads. The latter are assigned as static efficiency factors 
irrespective of flow conditions or season, with all SCMs within a land segment integrated into a 
single weighted efficiency value. 

SLAMM is designed for complex, urban catchments and is used as a planning tool to 
assess both stormwater and pollutant runoff production and the capability of specific stormwater 
control strategies to reduce stormwater discharges from urban sources.  It is specifically designed 
to capture the most significant distributed and sequential drainage effects of variable source areas 
in urban catchments (Pitt and Vorhees, 2002) and is based on detailed descriptions of the 
catchment composition, including both type and relative position (drainage sequence) of land 
elements.  The model is dependent on high-resolution classification or description of the 
catchment that has become increasingly available in urban areas over the past two decades, and 
comprehensive field assessment of runoff and pollutant loading from different urban land 
elements.  SLAMM uses continuous simulation for some aspects, such as the build up of street 
pollutant loads between storms, while using event-based simulation for runoff.  The description 
of build-up and wash-off is a critical component in urban stormwater models applied to areas 
with substantial impervious surfaces and is a good example of the need to match detailed and 
rigorous field sampling in order to adequately describe and represent dominant processes.  
Details of measurement and model representation for build-up and wash-off of contaminants are 
given in Box 4-8. 

Potential New Applications of Coupled Distributed Models 

The advent of high-resolution digital topographic and land-cover data over the past two 
decades has fueled a significant shift in runoff modeling towards “spatially explicit” simulations 
that distinguish and connect runoff producing elements in a detailed flow routing network.  
While models developed prior to the availability of high-resolution data or based on older 
paradigms developed in the absence of this information required spatial and conceptual lumping 
of control volumes, more recently developed distributed models may contain control volumes 
linked in multiple vertical layers (soil and aquifer elements) and laterally from a drainage divide 
to the stream, including stream-channel and riparian segments.  A set of models has been 
developed and applied to stormwater generation using this paradigm that can be applied at the 
scale of residential neighborhoods, resolving land cover and topography at the parcel level. 
These models also vary in terms of their emphasis, with some models better representing coupled 
surface water–groundwater interactions, water, carbon and nutrient cycling, or land–atmosphere 
interactions.  Boyer et al. (2006) have recently reviewed a set of hydrologic and ecosystem 
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265 Monitoring and Modeling 

BOX 4-8 
Build-up and Wash-off of Contaminants from Impervious Surfaces 

The accumulation and wash-off of street particulates have been studied for many years (Sartor 
and Boyd, 1972; Pitt, 1979, 1985, 1987) and are important considerations in many stormwater models, 
such as SWMM, HSPF, and SLAMM, that require information pertaining to the movement of pollutants 
over land surfaces.  Accumulation rates are usually obtained through trial and error during calibration, 
with little, if any, actual direct measurements.  Furthermore, those direct measurements that have been 
made are often misapplied in modeling applications, resulting in unreasonable model predictions. 

Historically, streets have been considered the most important directly connected impervious 
surface.  Therefore, much early research was directed toward measuring the processes on these 
surfaces.  Although it was eventually realized that other surfaces can also be significant pollutant sources 
(see Pitt et al., 2005b,c, for reviews), additional research to study accumulation and wash-off for these 
other areas has not been conducted, such that the following discussion is focused on street dirt 
accumulation and wash-off.  

Accumulation of Particulates on Street Surfaces 

The permanent storage component of street surface particulates is a function of street texture 
and condition and is the quantity of street dust and dirt that cannot be removed naturally by rain or wind, 
or by street cleaning equipment.  It is literally trapped in the texture of the street.  The street dirt loading at 
any time is this initial permanent loading plus the accumulation amount corresponding to the exposure 
period, minus the resuspended material removal by wind and traffic-induced turbulence.   

One of the first research studies to attempt to measure street dirt accumulation was conducted by 
Sartor and Boyd (1972).  Field investigations were conducted between 1969 and 1971 in several cities 
throughout the United States and in residential, commercial, and industrial land-use areas.  Figure 4-20 is 
a plot of the 26 test area measurements collected from different cities, but separated by the three land 
uses.  The data are the accumulated solids loading plotted against the number of days since the street 
had been cleaned by the municipal street cleaning operation or a “significant” rain.  There is a large 
amount of variability. The street cleaning and this rain were both assumed to remove all of the street dirt; 
hence, the curves were all forced through zero loading at zero days. 

FIGURE 4-20 Accumulation curves developed during early street cleaning research.  SOURCE: Sartor 
and Boyd (1972). 
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266 Urban Stormwater Management in the United States 

BOX 4-8 Continued 

A more thorough study was conducted in San Jose, California by Pitt (1979), during which the 
measured street dirt loading for a smooth street was also found to be a function of time.  As shown in 
Figure 4-21, both accumulation rates and increases in particle size of the street dirt increase as time 
between street cleaning lengthens.  However, it is also evident that there is a substantial residual loading 
on the streets immediately after the street cleaning, which differs substantially from the assumption of 
Sartor and Boyd that rains reduce street dirt to zero.   

FIGURE 4-21  Street dirt accumulation and particle size changes on good asphalt streets in San Jose, 
California. SOURCE: Pitt (1979). 

The San Jose study also investigated the role of different street textures, which resulted in very 
different street dirt loadings.  Although the accumulation and deposition rates are quite similar, the initial 
loading values (the permanent storage values) are very different, with greater amounts of street dirt 
trapped by the coarser (oil and screens) pavement.  Street cleaning and rains are not able to remove this 
residual material.  The early, uncorrected Sartor and Boyd accumulation rates that ignored the initial 
loading values were almost ten times the corrected values that had reasonable “initial loads.”  

Finally, it was found that, at very long accumulation periods relative to the rain frequency, the 
wind losses (fugitive dust) may approximate the deposition rate, resulting in very little increases in 
loading.  In Bellevue, Washington, with inter-event rain periods averaging about three days, steady 
loadings were observed after about one week (Pitt, 1985).  However, in Castro Valley, California, the rain 
inter-event periods were much longer (ranging from about 20 to 100 days), and steady loadings were 
never observed (Pitt and Shawley, 1982). 

Taking many studies into account (Sartor and Boyd 1972—corrected; Pitt, 1979, 1983, 1985; Pitt 
and Shawley, 1982; Pitt and Sutherland, 1982; Pitt and McLean, 1986), the most important factors 
affecting the initial loading and maximum loading values have been found to be street texture and street 
condition, and not land use.  When data from many locations are studied, it is apparent that smooth 
streets have substantially less loadings at any accumulation period compared to rough streets for the 
same land use.  Very long accumulation periods relative to the rain frequency result in high street dirt 
loadings.  However, during these conditions the wind losses of street dirt (as fugitive dust) may 
approximate the deposition rate, resulting in relatively constant street dirt loadings. 

continues next page 
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267 Monitoring and Modeling 

BOX 4-8 Continued 

Wash-off of Street Surface Pollutants 

Wash-off of particulates from impervious surfaces is dependent on the available supply of 
particulates on the surface that can be removed by rains, the rain energy available to loosen the material, 
and the capacity of the runoff to transport the loosened material.  Observations of particulate wash-off 
during controlled tests have resulted in empirical wash-off models.  The earliest controlled street dirt 
wash-off experiments were conducted by Sartor and Boyd (1972) to estimate the percentage of the 
available particulates on the streets that would wash off during rains of different magnitudes.  Sartor and 
Boyd fitted their data to an exponential curve, as shown in Figure 4-22 (accumulative wash-off curves for 
several particle sizes).  The empirical equation that they developed, N = No e-kR, is only sensitive to the 
total rain depth up to the time of interest and the initial street dirt loading. 

FIGURE 4-22  Street dirt wash-off during high-intensity rain tests.  SOURCE: Sartor and Boyd (1972). 

There are several problems with this approach.  First, these figures did not show the total street 
dirt loading that was present before the wash-off tests.  Most modelers have assumed that the asymptotic 
maximum shown was the total “before-rain” street dirt loading; that is, the No factor has been assumed to 
be the total initial street loading, when in fact it is only the portion of the total street load available for 
wash-off (the maximum asymptotic wash-off load observed during the wash-off tests).  The actual total 
street dirt loadings were several times greater than the maximum wash-off amounts observed.  STORM 
and SWMM now use an availability factor (A) for particulate residue as a calibration procedure in order to 
reduce the wash-off quantity for different rain intensities (Novotny and Chesters, 1981).  Second, the 
proportionality constant, k, was found by Sartor and Boyd to be slightly dependent on street texture and 
condition, but was independent of rain intensity and particle size.  The value of this constant is usually 
taken as 0.18/mm, assuming that 90 percent of the particulates will be washed from a paved surface in 
one hour during a 13 mm/h rain.  However, Alley (1981) fitted this model to watershed outfall runoff data 
and found that the constant varied for different storms and pollutants for a single study area.  Novotny 
examined “before” and “after” rain-event street particulate loading data using the Milwaukee NURP 
stormwater data (Bannerman et al., 1983) and found almost a three-fold difference between the 
proportionality constant value for fine (<45 �m) and medium-sized particles (100 to 250 �m).  Jewell et 
al. (1980) also found large variations in outfall “fitted” values for different rains compared to the typical 
default value.  They stressed the need to have local calibration data before using the exponential wash-
off equation, as the default values can be very misleading.  The exponential wash-off equation for 
impervious areas is justified, but wash-off coefficients for each pollutant would improve its accuracy.  The 
current SWMM5 version discourages the use of accumulation and wash-off functions due to lack of data, 
and the misinterpretation of available data. 

continues next page 
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268 Urban Stormwater Management in the United States 

BOX 4-8 Continued 

It turns out that particle dislodgement and transport characteristics at impervious areas can be 
directly measured using relatively simple wash-off tests.  The Bellevue, Washington, urban runoff project 
(Pitt, 1985) included about 50 pairs of street dirt loading observations close to the beginnings and ends of 
rains to determine the differences in loadings that may have been caused by the rains.  The observations 
were affected by rains falling directly on the streets, along with flows and particulates originating from 
non-street areas. When all the data were considered together, the net loading difference was about 10 to 
13 g/curb-m removed, which amounted to a street dirt load reduction of about 15 percent.  Large 
reductions in street dirt loadings for the small particles were observed during these Bellevue rains.  Most 
of the weight of solid material in the runoff was concentrated in fine particle sizes (<63 µm). Very few 
wash-off particles greater than 1,000 µm were found; in fact, street dirt loadings increased for the largest 
sizes, presumably due to settled erosion materials.  Urban runoff outfall particle size analyses in Bellevue 
(Pitt, 1985) resulted in a median particle size of about 50 µm; similar results were obtained in the 
Milwaukee NURP study (Bannerman et al., 1983).  The results make sense because the rain energy 
needed to remove larger particles is much greater than for small particles. 

In order to clarify street dirt wash-off, Pitt (1987) conducted numerous controlled wash-off tests on 
city streets in Toronto.  The experimental factors examined included rain intensity, street texture, and 
street dirt loading.  The differences between available and total street dirt loads were also related to the 
experimental factors.  The runoff flow quantities were also carefully monitored to determine the magnitude 
of initial and total rain water losses on impervious surfaces.  The test setup was designed and tested to 
best represent actual rainfall conditions, such as rain intensities (3 mm/h) and peak rain intensities (12 
mm/h). The kinetic energies of the “rains” during these tests were therefore comparable to actual rains 
under investigation.  Figure 4-23 shows the asymptotic wash-off values observed in the tests, along with 
the measured total street dirt loadings.  The maximum asymptotic values are the “available” street dirt 
loadings (No).  As can be seen, the measured total loadings are several times larger than these 
“available” loading values.  For example, the asymptotic available total solids value for the high-intensity 
rain–dirty street–smooth street test was about 3 g/m2 while the total load on the street for this test was 
about 14 g/ m2, or about five times the available load.  The differences between available and total 
loadings for the other tests were even greater, with the total loads typically about ten times greater than 
the available loads.  The total loading and available loading values for dissolved solids were quite close, 
indicating almost complete wash-off of the very small particles. 

FIGURE 4-23  Wash-off plots for high rain intensity, dirty street, and smooth street test, showing the total 
street dirt loading.  SOURCE: Pitt (1987). 

continues next page 
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269 Monitoring and Modeling 

BOX 4-8 Continued 

The availability factor (the ratio of the available loading, N0, to the total loading) depended on the 
rain intensity and the street roughness, such that wash-off was more efficient for the higher rain energy 
and smoother pavement tests.  The worst case was for a low rain intensity and rough street, where only 
about 4.5 percent of the street dirt would be washed from the pavement.  In contrast, the high rain 
intensities on the smooth streets were more than four times more efficient in removing street dirt (20 
percent removal). 

A final important consideration in calculating wash-off of street dirt during rains is the carrying 
capacity of the flowing water to transport sediment.  If the calculated wash-off is greater than the carrying 
capacity (such as would occur for relatively heavy street dirt loads and low to moderate rain intensities), 
then the carrying capacity is limiting.  For high rain intensities, the carrying capacity is likely sufficient to 
transport most or all of the wash-off material.  Figure 4-24 shows the maximum wash-off amounts (g/m2) 
for the different tests conducted on smooth streets plotted against the rain intensity (mm/h) used for the 
tests (data from Sartor and Boyd, 1972, and Pitt, 1987).  Wash-off limitations for rough streets would be 
more restrictive. 

FIGURE 4-24  Maximum wash-off capacity for smooth streets (based on measurements of Sartor and 
Boyd, 1972; Pitt, 1987). If the predicted wash-off, using the previous “standard” wash-off equations, is 
smaller than the values shown in this figure, then those values can be used directly.  However, if the 
predicted wash-off is greater than the values shown in this figure, then the values in the figure should be 
used. 

Accumulation and Wash-off Summary 

This discussion summarized street particulate wash-off observations obtained during special 
wash-off tests, along with associated street dirt accumulation measurements.  The objectives of these 
tests were to identify the significant rain and street factors affecting particulate wash-off and to develop 
appropriate wash-off models.  The controlled wash-off experiments identified important relationships 
between “available” and “total” particulate loadings and the significant effects of the test variables on the 
wash-off model parameters.  Past modeling efforts have typically ignored or misused this relationship to 
inaccurately predict the importance of street particulate wash-off.  The available loadings were almost 
completely washed off streets during rains of about 25 mm (as previously assumed).  However, the 
fraction of the total loading that was available was at most only 20 percent of the total loading, and 
averaged only 10 percent, with resultant actual wash-offs of only about 9 percent of the total loadings. 

In many model applications, total initial loading values (as usually measured during field studies) 
are used in conjunction with model parameters as the available loadings, resulting in predicted wash-off 
values that are many times larger than observed.  This has the effect of incorrectly assuming greater 
pollutant contributions originating from streets and less from other areas during rains.  This in turn results 
in inaccurate estimates of the effectiveness of different source area urban runoff controls.  Although 
streets can be important sources of runoff and stormwater pollutants, their significance varies greatly 
depending on the land use and rainfall pattern.  They are much more important sources in areas having 
relatively mild rains (e.g., the Pacific Northwest), where contaminants from other potential sources are not 
effectively transported to the storm drainage system. 
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270 Urban Stormwater Management in the United States 

models in terms of their ability to simulate sources, transport, and transformation of nitrogen 
within terrestrial and aquatic ecosystems.  Data and information requirements are typically high, 
and the level of process specificity may outstrip the available information necessary to 
parameterize the integrated models.  However, an emphasis is placed on providing mechanistic 
linkage and feedbacks between important surface, subsurface, atmospheric, and ecosystem 
components.  Examples of these models include the Distributed Hydrology Soil Vegetation 
model (DHSVM, Wigmosta et al., 1994); the Regional Hydro-Ecologic Simulation System 
(RHESSys, Band et al., 1993; Tague and Band, 2004); ParFlow-Common Land Model (CLM, 
Maxwell and Miller, 2007); the Penn State Integrated Hydrologic Model (PIHM, Qu and Duffy, 
2007); the Soil Moisture Distribution and Routing (SMDR) model (Easton et al., 2007); and that 
of Xiao et al. (2007). 

One advantage of integrating surface and subsurface flow systems within any of these 
model structures is the ability to incorporate different SCMs by specifying characteristics of 
specific locations within the flow element networks linked to the subsurface drainage.  Examples 
can include alteration of surface detention storage and release curves to simulate detention 
ponds, or soil depth, texture, vegetation, and drainage release for rainfall gardens.  The 
advantage of this approach is the tight coupling of these SCM features with the connected 
surface and subsurface drainage systems, allowing the direct incorporation of the SCM as sink or 
source terms within the flowpath network.  Burgess et al. (1998) effectively demonstrated that 
suburban lawns can become the major source of stormwater in seasonally wet conditions 
(Seattle), while Cuo et al. (2008) have explored the modification of DHSVM to include detention 
SCMs. Xiao et al. (2007) explicitly integrated and evaluated parcel scale SCM design and 
efficiency into their model.  Wang et al. (2008) integrated a canopy interception model with a 
semi-distributed subsurface moisture scheme (TOPMODEL) to evaluate the effectiveness of 
urban tree canopy interception on stormwater production, utilizing a detailed spatial dataset of 
urban tree cover. Band et al. (2001) and Law (2003) coupled a water-, carbon-, and nitrogen-
cycling model to a distributed water routing system modified from DHSVM to simulate nitrogen 
cycling and export in a high-spatial-resolution representation of forested and suburban 
catchments.  While these models have the potential to directly link stormwater generation with 
specific dischargers, the challenge of scaling to larger watersheds remains.  SMDR (Easton et al., 
2007) has recently been used to integrate rural and urban stormwater production, including 
dissolved phosphorus source and transport in New York State. 

Alternatives to mass budget-based models include fully statistical approaches such as 
simple regressions based on watershed land use and population (e.g., Boyer et al., 2002); 
nonlinear regression using detailed watershed spatial data and observed loads to estimate 
retention parameters and loading of nutrients, sediment, and other pollutants (e.g., Smith et al., 
1997; Brakebill and Preston, 1999; Schwarz et al., 2006); and Bayesian chain models (e.g., 
Reckhow and Chapra, 1999; Borsuk et al., 2001).  These models have the advantage of being 
data-based, and therefore capable of assimilating observations as they become available to 
update water quality probabilities, but also lack a process basis that might support management 
intervention.  A major debate exists within the literature as to the relative advantages of detailed 
process-based models that may not have inadequate information for parameterization, and the 
more empirical, data-based approaches. 

PREPUBLICATION 
  

RB-AR13398



   

 
 

   

 

 

 
  

 

 

 
 

 

 

 
 

 

 

 

 

 

 

 
 

 

 

 
 

  
 
 
 

 
 

1 

Monitoring and Modeling 271 

TABLE 4-7 Example Mathematical Models That Have Been or Can Be Used in Stormwater Modeling 
Model Common Use Typical 

Scale Complexity Data Requirements Ground-
water SCM Reference 

Rational 
Method 

Urban hydraulic 
design—peak flow 

Small Simple Land cover, rainfall 
intensity, Tc 

None None Standard hydrology 
text 

Simple 
Method 

Urban annual 
runoff, loads 

Small to 
medium 

Simple Impervious surface 
cover, land use, 
annual rainfall 

None None http://www.stormwa 
tercenter.net/monit 
oring%20and%20a 
ssessment/simple 
%20meth/simple.ht 
m 

TR-20 
TR-55 

Rural/urban runoff 
production for 
simple stormwater 
models, hydraulic 
design 

Small to 
medium 

Simple to 
medium 

Land use, soil 
texture, Tc 

None Pond sizing for 
hydraulic benefits 
and others through 
CN modification 

http://www.wsi.nrcs 
.usda.gov/products/ 
W2Q/H&H/Tools_ 
Models 

GWLF Rural/urban runoff, 
pollutant loading 

Medium to 
watershed 

Simple to 
medium 

Land use, soil 
texture, precipitation 
time series 

Simple 
linear 
reservoir 

Runoff reduction 
with CN 
modification 

Haith and 
Shoemaker (1987) 
http://www.avgwlf.p 
su.edu/overview.ht 
m 

P8 Urban runoff, 
pollutant loading 

Small to 
large 

Simple to 
medium 

Land use, soil 
texture, precipitation 
time series, SCM 
type and sizing 

Simple 
linear 
reservoir 

Runoff reduction 
with CN 
modification, ponds 
(evaluation and 
sizing), infiltration, 
street cleaning 

Palmstrom and 
Walker (1990) 
http://www.wwwalk 
er.net/p8/ 

MUSIC Urban runoff, 
pollutant loading, 
hydraulic design, 
simple receiving 
water 

Small to 
large 

Medium to 
complex 

Land use, soil 
texture, 
precipitation/PET? 
time series, drainage 
system details, SCM 
type and sizing 

Simple 
linear 
reservoir 

Comprehensive 
evaluation of SCM 
systems 

Wong (2000) 
(proprietary) 
http://www.toolkit.n 
et.au/cgi
bin/WebObjects/too 
lkit.woa/wa/product 
Details?productID= 
1000000 
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272 Urban Stormwater Management in the United States 

Model Common Use Typical 
Scale Complexity Data Requirements Ground-

water SCM Reference 

SWMM Urban runoff, 
pollutant loading, 
hydraulic design 

Small to 
large 

Medium to 
complex 

Land use, soil 
texture, 
meteorological time 
series, drainage 
system details, SCM 
type and sizing 

Simple 
linear 
reservoir? 

Infiltration 
practices, ponds, 
street cleaning 

http://www.epa.gov 
/ednnrmrl/models/s 
wmm 

PCSWMM Same as above Same as 
above 

Same as 
above 

Same as above Same as 
above 

Enhanced SCM 
compared to 
SWMM 

(proprietary) 
http://www.comput 
ationalhydraulics.c 
om/Software/PCS 
WMM.NET 

WinSLAMM Urban runoff, 
pollutant loads 

Small to 
large 

Intermediate Land cover, land 
use, development 
characteristics, 
soil texture, 
compaction, rainfall 
event time series, 
monthly PET, 
monthly water 
evaporation, SCM 
type and sizing 

Mounding 
under 
infiltration 
controls 

Comprehensive 
evaluation of SCM 
systems  

(proprietary) 
http://www.winslam 
m.com/prod01.htm 

SWAT Rural runoff, 
loading 

Medium to 
watershed 

Intermediate Land cover/land use, 
soil texture, 
precipitation, 
temperature, 
humidity, solar 
radiation time or PET 
series 

Simple 
subbasin 
reservoir 

Impoundments, 
agricultural 
conservation 
practices, nutrient 
management, 
buffers 

http://www.epa.gov 
/waterscience/BASI 
NS/bsnsdocs.html# 
swat 

HSPF Comprehensive 
watershed 
evaluation, 
receiving water 
dynamics 

Medium to 
watershed 

Complex Land cover/land use, 
soil texture, 
precipitation, 
temperature, 
humidity, solar 
radiation or PET time 
series 

Subbasin 
reservoir 

Infiltration, ponds Bicknell et al. 
(2005) 
http://www.epa.gov 
/ceampubl/swater/h 
spf/index.htm 

http://www.epa.gov 
/waterscience/BASI 
NS/bsnsdocs.html# 
hspf 
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Model Common Use Typical 
Scale Complexity Data Requirements Ground-

water SCM Reference 

WWHM 
HSPF engine with 
regional 
modifications, 

Puget 
Sound 

Complex Same as above Same as 
above 

Enhanced 
infiltration, ponds 
(from HSPF) 

http://www.ecy.wa. 
gov/programs/wg/st 
ormwater/wwhm_tr 
aining/index.html. 

CBWM 
HSPF engine with 
regional 
modifications, 
integration specific 
spatial data 
processing 

Chesapeake 
Bay 
Watershed 

Complex Same as above Same as 
above 

Enhanced 
infiltration, ponds 
(from HSPF) 

http://www.chesape 
akebay.net/phase5. 
htm 

1 Note: CN, curve number 
2 

PREPUBLICATION 
 

RB-AR13401



   
 

 
 

 

 

 

 

274 Urban Stormwater Management in the United States 

Limitations in Extending Stormwater Models to Biological Impacts 

The mass budget approach may be successful in developing the physical and chemical 
characteristics of the receiving waterbody in terms of the flow (or stage) duration curve, the 
distribution of concentrations over time, and the integrated pollutant storage and flux (load) 
terms.  However, the biological status of the waterbody requires a link between the physical and 
chemical conditions, primary productivity, and trophic system interactions.  Progressing from 
aquatic ecosystem productivity to trophic systems includes increasingly complex ecological 
processes such as competition, herbivory, predation, and migration.  To date, mechanistic 
linkage between flow path hydraulics, biogeochemistry, and the ecological structure of the 
aquatic environment has not been developed.  Instead, habitat suitability for different 
communities is identified through empirical sampling and analysis, with the implicit assumption 
that, as relative habitat suitability changes, transitions will occur between species or 
assemblages.  These methods may work well at the base of the trophic system (algae, 
phytoplankton) and for specific conditions such as DO limitations on fish communities, but the 
impacts of low to moderate concentrations of pollutants on aquatic ecosystems may still be 
poorly understood. A critical assumption in these and similar models (e.g., ecological 
community change resulting from physical changes to the watershed or climate) is the 
substitution of space for time.  More detailed understanding of the mechanisms leading to a shift 
in ecological communities and interactions with the physical environment is necessary to 
develop models of transient change, stability of the shifts, and feedback to the biophysical 
environment.   

Given these limitations, it should be noted that statistical databases on species tolerance 
to a range of aquatic conditions have been compiled that will allow the development of habitat 
suitability mapping as a mechanism for (1) targeting ecosystem restoration, (2) determining 
vulnerable sites (for use in application of the Endangered Species Act), and (3) assessing aquatic 
ecosystem impairment and “best use” relative to reference sites. 

*** 

Stormwater models have been developed to meet a range of objectives, including small-
scale hydraulic design (e.g., siting and sizing a detention pond), estimation of potential 
contributions of stormwater pollutants from different land covers and locations using empirically 
generated EMC, and large watershed hydrology and gross pollutant loading.  The ability to 
associate a given discharger with a particular waterbody impairment is limited by the scale and 
complexity of watersheds (i.e., there maybe multiple discharge interactions); by the ability of a 
model to accurately reproduce the distribution function of discharge events and their cumulative 
impacts (as opposed to focusing only on design storms of specific return periods); and by the 
availability of monitoring data of sufficient number and design to characterize basic processes 
(e.g., build-up/wash-off), to parameterize the models, and to validate model predictions. 

In smaller urban catchments with few dominant dischargers and significant impervious 
area, current modeling capabilities may be sufficient to associate the cumulative impact of 
discharge to waterbody impairment.  However, many impaired waterbodies have larger, more 
heterogeneous stormwater sources, with impacts that are complex functions of current and past 
conditions. The level of sampling that would be necessary to support linked model calibration 
and verification using current measurement technologies is both time-consuming and expensive.  
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275 Monitoring and Modeling 

In order to develop a more consistent capability to support stormwater permitting needs, there 
should be increased investment in improving model paradigms, especially the practice and 
methods of model linkage as described above, and in stormwater monitoring.  The latter may 
require investment in a new generation of sensors that can sample at temporal resolutions that 
can adjust to characterize low flow and the dynamics of storm flow, but are sufficiently 
inexpensive and autonomous to be deployed in multiple locations from distributed sources to 
receiving waterbodies of interest.  Finally, as urban areas extend to encompass progressively 
lower-density development, the interactions of surface water and groundwater become more 
critical to the cumulative impact of stormwater on impaired waterbodies. 

EPA needs to ensure continuous support and development of their water quality models 
and spatial data infrastructure.  Beyond this, a set of distributed watershed models has been 
developed that can resolve the location and position of parcels within hydrologic flow fields; 
these are being modified for use as urban stormwater models.  These models avoid the pitfalls of 
lumping, but they require much greater volumes of spatial data, provided by current remote 
sensing technology (e.g., lidar, airborne digital optical and infrared sensors) as well as the 
emerging set of in-stream sensor systems.  While these methods are not yet operational or 
widespread, they should be further investigated and tested for their capabilities to support 
stormwater management. 

CONCLUSIONS AND RECOMMENDATIONS 

This chapter addresses what might be the two weakest areas of the stormwater program— 
monitoring and modeling of stormwater.  The MS4 and particularly the industrial stormwater 
monitoring programs suffer from (1) a paucity of data, (2) inconsistent sampling techniques, (3) 
a lack of analyses of available data and guidance on how permittees should be using the data to 
improve stormwater management decisions, and (4) requirements that are difficult to relate to the 
compliance of individual dischargers.  The current state of stormwater modeling is similarly 
limited.  Stormwater modeling has not evolved enough to consistently say whether a particular 
discharger can be linked to a specific waterbody impairment, although there are many correlative 
studies showing how parameters co-vary in important but complex and poorly understood ways 
(see Chapter 3). Some quantitative predictions can be made, particularly those that are based on 
well-supported causal relationships of a variable that responds to changes in a relatively simple 
driver (e.g., modeling how a runoff hydrograph or pollutant loading change in response to 
increased impervious land cover).  However, in almost all cases, the uncertainty in the modeling 
and the data, the scale of the problems, and the presence of multiple stressors in a watershed 
make it difficult to assign to any given source a specific contribution to water quality 
impairment.  More detailed conclusions and recommendations about monitoring and modeling 
are given below. 

Because of a ten-year effort to collect and analyze monitoring data from MS4s 
nationwide, the quality of stormwater from urbanized areas is well characterized. These 
results come from many thousands of storm events, systematically compiled and widely 
accessible; they form a robust dataset of utility to theoreticians and practitioners alike.  These 
data make it possible to accurately estimate the EMC of many pollutants.  Additional data are 
available from other stormwater permit holders that were not originally included in the database 
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276 Urban Stormwater Management in the United States 

and from ongoing projects, and these should be acquired to augment the database and improve its 
value in stormwater management decision-making. 

Industry should monitor the quality of stormwater discharges from certain critical 
industrial sectors in a more sophisticated manner, so that permitting authorities can better 
establish benchmarks and technology-based effluent guidelines. Many of the benchmark 
monitoring requirements and effluent guidelines for certain industrial subsectors are based on 
inaccurate and old information.  Furthermore, there has been no nationwide compilation and 
analysis of industrial benchmark data, as has occurred for MS4 monitoring data, to better 
understand typical stormwater concentrations of pollutants from various industries.  The absence 
of accurate benchmarks and effluent guidelines for critical industrial sectors discharging 
stormwater may explain the lack of enforcement by permitting authorities, as compared to the 
vigorous enforcement within the wastewater discharge program. 

Industrial monitoring should be targeted to those sites having the greatest risk 
associated with their stormwater discharges.  Many industrial sites have no or limited 
exposure to runoff and should not be required to undertake extensive monitoring.  Visual 
inspections should be made, and basic controls should be implemented at these areas.  Medium-
risk industrial sites should conduct monitoring so that a sufficient number of storms are 
measured over the life of the permit for comparison to regional benchmarks.  Again, visual 
inspections and basic controls are needed for these sites, along with specialized controls to 
minimize discharges of the critical pollutants.  Stormwater from high-risk industrial sites needs 
to be continuously monitored, similar to current point source monitoring practices.  The use of a 
regionally calibrated stormwater model and random monitoring of the lower-risk areas will likely 
require additional monitoring. 

Continuous, flow-weighted sampling methods should replace the traditional 
collection of stormwater data using grab samples.  Data obtained from too few grab samples 
are highly variable, particularly for industrial monitoring programs, and subject to greater 
uncertainly because of experimenter error and poor data-collection practices.  In order to use 
stormwater data for decision making in a scientifically defensible fashion, grab sampling should 
be abandoned as a credible stormwater sampling approach for virtually all applications.  It 
should be replaced by more accurate and frequent continuous sampling methods that are flow 
weighted. Flow-weighted composite monitoring should continue for the duration of the rain 
event. Emerging sensor systems that provide high temporal resolution and real-time estimates 
for specific pollutants should be further investigated, with the aim of providing lower costs and 
more extensive monitoring systems to sample both streamflow and constituent loads. 

Flow monitoring and on-site rainfall monitoring need to be included as part of 
stormwater characterization monitoring.  The additional information associated with flow and 
rainfall data greatly enhance the usefulness of the much more expensive water quality 
monitoring. Flow monitoring should also be correctly conducted, with adequate verification and 
correct base-flow subtraction methods applied.  Using regional rainfall data from locations 
distant from the monitoring location is likely to be a major source of error when rainfall factors 
are being investigated.  The measurement, quality assurance, and maintenance of long-term 
precipitation records are both vital and nontrivial to stormwater management. 
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277 Monitoring and Modeling 

Whether a first flush of contaminants occurs at the start of a rainfall event depends 
on the intensity of rainfall, the land use, and the specific pollutant.  First flushes are more 
common for smaller sites with greater imperviousness and thus tend to be associated with more 
intense land uses such as commercial areas. Even though a site may have a first flush of a 
constituent of concern, it is still important that any SCM be designed to treat as much of the 
runoff from the site as possible. In many situations, elevated discharges may occur later in an 
event associated with delayed periods of peak rainfall intensity.   

Stormwater runoff in arid and semi-arid climates demonstrates a seasonal first-flush 
effect (i.e., the dirtiest storms are the first storms of the season).  In these cases, it is important 
that SCMs are able to adequately handle these flows.  As an example, early spring rains mixed 
with snowmelt may occur during periods when wet detention ponds are still frozen, hindering 
their performance.  The first fall rains in the southwestern regions of the United States may occur 
after extended periods of dry weather. Some SCMs, such as street cleaning targeting leaf 
removal, may be more effective before these rains than at other times of the year. 

Watershed models are useful tools for predicting downstream impacts from 
urbanization and designing mitigation to reduce those impacts, but they are incomplete in 
scope and typically do not offer definitive causal links between polluted discharges and 
downstream degradation.  Every model simulates only a subset of the multiple 
interconnections between physical, chemical, and biological processes found in any watershed, 
and they all use a grossly simplified representation of the true spatial and temporal variability of 
a watershed.  To speak of a “comprehensive watershed model” is thus an oxymoron, because the 
science of stormwater is not sufficiently far advanced to determine causality between all sources, 
resulting stressors, and their physical, chemical, and biological responses.  Thus, it is not yet 
possible to create a protocol that mechanistically links stormwater dischargers to the quality of 
receiving waters.  The utility of models with more modest goals, however, can still be high—as 
long as the questions being addressed by the model are in fact relevant and important to the 
functioning of the watershed to which that model is being applied, and sufficient data are 
available to calibrate the model for the processes included therein. 

EPA needs to ensure that the modeling and monitoring capabilities of the nation are 
continued and enhanced to avoid losing momentum in understanding and eliminating 
stormwater pollutant discharges.  There is a need to extend, develop, and support current 
modeling capabilities, emphasizing (1) the impacts of flow energy, sediment transport, 
contaminated sediment, and acute and chronic toxicity on biological systems in receiving 
waterbodies; (2) more mechanistic representation (physical, chemical, biological) of SCMs; and 
(3) coupling between a set of functionally specific models to promote the linkage of source, 
transport and transformation, and receiving water impacts of stormwater discharges.  Stormwater 
models have typically not incorporated interactions with groundwater and have treated 
infiltration and recharge of groundwater as a loss term with minimal consideration of 
groundwater contamination or transport to receiving waterbodies.  Emerging distributed 
modeling paradigms that simulate interactions of surface and subsurface flowpaths provide 
promising tools that should be further developed and tested for applications in stormwater 
analysis. 
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Chapter 5 

Stormwater Management Approaches 


A fundamental component of the U.S. Environmental Protection Agency’s (EPA) 
Stormwater Program, for municipalities as well as industries and construction, is the creation of 
stormwater pollution prevention plans.  These plans invariably document the stormwater control 
measures that will be used to prevent the permittee’s stormwater discharges from degrading local 
waterbodies. Thus, a consideration of these measures—their effectiveness in meeting different 
goals, their cost, and how they are coordinated with one another—is central to any evaluation of 
the Stormwater Program.  This report uses the term stormwater control measure (SCM) instead 
of the term best management practice (BMP) because the latter is poorly defined and not specific 
to the field of stormwater. 

The committee’s statement of task asks for an evaluation of the relationship between 
different levels of stormwater pollution prevention plan implementation and in-stream water 
quality. As discussed in the last two chapters, the state of the science has yet to reveal the 
mechanistic links that would allow for a full assessment of that relationship.  However, enough is 
known to design systems of SCMs, on a site scale or local watershed scale, to lessen many of the 
effects of urbanization. Also, for many regulated entities the current approach to stormwater 
management consists of choosing one or more SCMs from a preapproved list.  Both of these 
facts argue for the more comprehensive discussion of SCMs found in this chapter, including 
information on their characteristics, applicability, goals, effectiveness, and cost.  In addition, a 
multitude of case studies illustrate the use of SCMs in specific settings and demonstrate that a 
particular SCM can have a measurable positive effect on water quality or a biological metric.  
The discussion of SCMs is organized along the gradient from the rooftop to the stream.  Thus, 
pollutant and runoff prevention are discussed first, followed by runoff reduction and finally 
pollutant reduction. 

HISTORICAL PERSPECTIVE ON STORMWATER CONTROL MEASURES 

Over the centuries, SCMs have met different needs for cities around the world.  Cities in 
the Mesopotamian Empire during the second millennium BC had practices for flood control, to 
convey waste, and to store rain water for household and irrigation uses (Manor, 1966) (see 
Figure 5-1). Today, SCMs are considered a vital part of managing flooding and drainage 
problems in a city.  What is relatively new is an emphasis on using the practices to remove 
pollutants from stormwater and selecting practices capable of providing groundwater recharge.  
These recent expectations for SCMs are not readily accepted and require an increased 
commitment to the proper design and maintenance of the practices. 

With the help of a method for estimating peak flows (the Rational Method, see Chapter 
4), the modern urban drainage system came into being soon after World War II.  This generally 
consisted of a system of catch basins and pipes to prevent flooding and drainage problems by 
efficiently delivering runoff water to the nearest waterbody.  However, it was soon realized that 
delivering the water too quickly caused severe downstream flooding and bank erosion in the 
receiving water.  To prevent bank erosion and provide more space for flood waters, some stream 
channels were enlarged and lined with concrete (see Figure 5-2).  But while hardening and 
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FIGURE 5-1 Cistern tank, Kamiros, Rhodes (ancient Greece, 7th century BC).  SOURCE: 
Robert Pitt. 

FIGURE 5-2 Concrete channel in Lincoln Creek, Milwaukee, Wisconsin.  SOURCE: Roger 
Bannerman. 
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enlarging natural channels is a cost-effective solution to erosion and flooding, the modified 
channel increases downstream peak flows and it does not provide habitat to support a healthy 
aquatic ecosystem.   

Some way was needed to control the quantity of water reaching the end of pipes during a 
runoff event, and on-site detention (Figure 5-3) became the standard for accomplishing this.  
Ordinances started appearing in the early 1970s, requiring developers to reduce the peaks of 
different size storms, such as the 10-year, 24-hour storm.  The ordinances were usually intended 
to prevent future problems with peak flows by requiring the installation of flow control 
structures, such as detention basins, in new developments.  Detention basins can control peak 
flows directly below the point of discharge and at the property boundary.  However, when 
designed on a site-by-site basis without taking other basins into account, they can lead to 
downstream flooding problems because volume is not reduced (McCuen, 1979; Ferguson, 1991; 
Traver and Chadderton, 1992; EPA, 2005d).  In addition, out of concerns for clogging, openings 
in the outlet structure of most basins are generally too large to hold back flows from smaller, 
more frequent storms.  Furthermore, low-flow channels have been constructed or the basins have 
been graded to move the runoff through the structure without delay to prevent wet areas and to 
make it easier to mow and maintain the detention basin. 

Because of the limitations of on-site detention, infiltration of urban runoff to control its 
volume has become a recent goal of stormwater management.  Without stormwater infiltration, 
municipalities in wetter regions of the country can expect drops in local groundwater levels, 
declining stream base flows (Wang et al., 2003a), and flows diminished or stopped altogether 
from springs feeding wetlands and lakes (Leopold, 1968; Ferguson, 1994).   

The need to provide volume control marked the beginning of low-impact development 
(LID) and conservation design (Arendt, 1996; Prince George’s County, 2000), which were 
founded on the seminal work of landscape architect Ian McHarg and associates decades earlier 
(McHarg and Sutton, 1975; McHarg and Steiner, 1998).  The goal of LID is to allow for 
development of a site while maintaining as much of its natural hydrology as possible, such as 
infiltration, frequency and volume of discharges, and groundwater recharge.  This is 
accomplished with infiltration practices, functional grading, open channels, disconnection of 

FIGURE 5-3  On-site detention.  SOURCE: Tom Schueler. 
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impervious areas, and the use of fewer impervious surfaces.  Much of the LID focus is to manage 
the stormwater as close as possible to its source—that is, on each individual lot rather than 
conveying the runoff to a larger regional SCM. Individual practices include rain gardens (see 
Figure 5-4), disconnected roof drains, porous pavement, narrower streets, and grass swales.  In 
some cases, LID site plans still have to include a method for passing the larger storms safely, 
such as a regional infiltration or detention basin or by increasing the capacity of grass swales. 

Infiltration has been practiced in a few scattered locations for a long time.  For example, 
on Long Island, New York, infiltration basins were built starting in 1930 to reduce the need for a 
storm sewer system and to recharge the aquifer, which was the only source of drinking water 
(Ferguson, 1998). The Cities of Fresno, California, and El Paso, Texas, which faced rapidly 
dropping groundwater tables, began comprehensive infiltration efforts in the 1960s and 1970s.  
In the 1980s Maryland took the lead on the east coast by creating an ambitious statewide 
infiltration program.  The number of states embracing elements of LID, especially infiltration, 
has increased during the 1990s and into the new century and includes California, Florida, 
Minnesota, New Jersey, Vermont, Washington, and Wisconsin. 

FIGURE 5-4 Rain Garden in Madison, Wisconsin.  SOURCE: Roger Bannerman. 

Evidence gathered in the 1970s and 1980s suggested that pollutants be added to the list of 
things needing control in stormwater (EPA, 1983).  Damages caused by elevated flows, such as 
stream habitat destruction and floods, were relatively easy to document with something as simple 
as photographs. Documentation of elevated concentrations of conventional pollutants and 
potentially toxic pollutants, however, required intensive collection of water quality samples 
during runoff events.  Samples collected from storm sewer pipes and urban streams in the 
Menomonee River watershed in the late 1970s clearly showed the concentrations of many 
pollutants, such as heavy metals and sediment, were elevated in urban runoff (Bannerman et al., 
1979). Levels of heavy metals were especially high in industrial-site runoff, and construction-
site erosion was calculated to be a large source of sediment in the watershed.  This study was 
followed by the National Urban Runoff Program, which added more evidence about the high 
levels of some pollutants found in urban runoff (Athayde et al., 1983; Bannerman et al., 1983). 

*** 
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287 Stormwater Management Approaches 

With new development rapidly adding to the environmental impacts of existing urban 
areas, the need to develop good stormwater management programs is more urgent than ever.  For 
a variety of reasons, the greatest potential for stormwater management to reduce the footprint of 
urbanization is in the suburbs.  These areas are experiencing the fastest rates of growth, they are 
more amenable to stormwater management because buildings and infrastructure are not yet in 
place, and costs for stormwater management can be borne by the developer rather than by 
taxpayers. Indeed, most structural SCMs are applied to new development rather than existing 
urban areas. Many of the most innovative stormwater programs around the country are found in 
the suburbs of large cities such as Seattle, Austin, and Washington, D.C.  When stormwater 
management in ultra-urban areas is required, it entails the retrofitting of detention basins and 
other flow control structures or the introduction of innovative below-ground structures 
characterized by greater technical constraints and higher costs, most of which are charged to 
local taxpayers. 

Current-day SCMs represent a radical departure from past practices, which focused on 
dealing with extreme flood events via large detention basins designed to reduce peak flows at the 
downstream property line. As defined in this chapter, SCMs now include practices intended to 
meet broad watershed goals of protecting the biology and geomorphology of receiving waters in 
addition to flood peak protection. The term encompasses such diverse actions as using more 
conventional practices like basins and wetland to installing stream buffers, reducing impervious 
surfaces, and educating the public. 

REVIEW OF STORMWATER CONTROL MEASURES 

Stormwater control measures refer to what is defined by EPA (1999) as “a technique, 
measure, or structural control that is used for a given set of conditions to manage the quantity 
and improve the quality of stormwater runoff in the most cost-effective manner.”  SCMs are 
designed to mitigate the changes to both the quantity and quality of stormwater runoff that are 
caused by urbanization. Some SCMs are engineered or constructed facilities, such as a 
stormwater wetland or infiltration basin, that reduce pollutant loading and modify volumes and 
flow. Other SCMs are preventative, including such activities as education and better site design 
to limit the generation of stormwater runoff or pollutants. 

Stormwater Management Goals 

It is impossible to discuss SCMs without first considering the goals that they are expected 
to meet.  A broadly stated goal for stormwater management is to reduce pollutant loads to 
waterbodies and maintain, as much as possible, the natural hydrology of a watershed.  On a 
practical level, these goals must be made specific to the region of concern and embedded in the 
strategy for that region. Depending on the designated uses of the receiving waters, climate, 
geomorphology, and historical development, a given area may be more or less sensitive to both 
pollutants and hydrologic modifications.  For example, goals for groundwater recharge might be 
higher in an area with sandy soils as compared to one with mostly clayey soils; watersheds in the 
coastal zone may not require hydrologic controls.  Ideally, the goals of stormwater management 
should be linked to the water quality standards for a given state’s receiving waters.  However, 
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288 Urban Stormwater Management in the United States 

because of the substantial knowledge gap about the effect of a particular stormwater discharge on 
a particular receiving water (see Chapter 3 conclusions), surrogate goals are often used by state 
stormwater programs in lieu of water quality standards.  Examples include credit systems, 
mandating the use of specific SCMs, or achieving stormwater volume reduction.  Credit systems 
might be used for practices that are known to be productive but are difficult to quantify, such as 
planting trees. Specific SCMs might be assumed to remove a percent of pollutants, for example 
85 percent removal of total suspended solids (TSS) within a stormwater wetland.  Reducing the 
volume of runoff from impervious surfaces (e.g., using an infiltration device) might be assumed 
to capture the first flush of pollutants during a storm event.  Before discussing specific state 
goals, it is worth understanding the broader context in which goals are set. 

Trade-offs Between Stormwater Control Goals and Costs 

The potentially substantial costs of implementing SCMs raise a number of fundamental 
social choices concerning land-use decisions, designated uses, and priority setting for urban 
waters. To illustrate some of these choices, consider a hypothetical urban watershed with three 
possible land-cover scenarios: 25, 50, and 75 percent impervious surface.  A number of different 
beneficial uses could be selected for the streams in this watershed.  At a minimum, the goal may 
be to establish low-level standards to protect public health and safety.  To achieve this, sufficient 
and appropriate SCMs might be applied to protect residents from flooding and achieve water 
quality conditions consistent with secondary human contact.  Alternatively, the designated use 
could be to achieve the physical, chemical, and/or biological conditions sufficient to provide 
exceptional aquatic habitat (e.g., a high-quality recreational fishery).  The physical, biological, 
and chemical conditions supportive of this use might be similar to a reference stream located in a 
much less disturbed watershed. Achieving this particular designated use would require 
substantially greater resources and effort than achieving a secondary human contact use.  
Intermediate designated uses could also be imagined, including improving ambient water quality 
conditions that would make the water safe for full-body emersion (primary human contact) or 
habitat conditions for more tolerant aquatic species. 

Figure 5-5 sketches what the marginal (incremental) SCM costs (opportunity costs) might 
be to achieve different designated uses given different amounts of impervious surface in the 
watershed. The horizontal axis orders potential designated uses in terms of least difficult to most 
difficult to achieve. The three conceptual curves represent the SCM costs under three different 
impervious surface scenarios.  The relative positions of the cost curves indicate that achieving 
any specific designated use will be more costly in situations with a higher percentage of the 
watershed in impervious cover.  All cost curves are upward sloping, reflecting the fact that 
incremental improvements in designated uses will be increasingly costly to achieve.  The cost 
curves are purely conceptual, but nonetheless might reasonably reflect the relative costs and 
direction of change associated with achieving specific designated uses in different watershed 
conditions. 

The locations of the cost curves suggest that in certain circumstances not all designated 
uses can be achieved or can be achieved only at an extremely high cost.  For example, the 
attainment of exceptional aquatic uses may be unachievable in areas with 50 percent impervious 
surface even with maximum application of SCMs.  In this illustration, the cost of achieving even 
secondary human contact use is high for areas with 75 percent impervious surfaces.  In such 
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FIGURE 5-5 Cost of achieving designated uses in a hypothetical urban watershed.  MCC is the 
marginal control cost, which represents the incremental costs to achieve successive expansion 
of designated uses through SCMs.  The curves are constructed on the assumption that the 
lowest cost combination of SCMs would be implemented at each point on the curve. 

highly urbanized settings, achievement of only adequate levels of aquatic uses could be 
exceedingly high and strain the limits of what is technically achievable.  Finally, the existing and 
likely expected future land-use conditions have significant implications for what is achievable 
and at what cost. Clearly land-use decisions have an impact on the cost and whether a use can be 
achieved, and thus they need to be included in the decision process.  The trade-off between costs 
and achieving specific designated uses can change substantially given different development 
patterns. 

The purpose of Figure 5-5 is not to identify the precise location of the cost curves or to 
identify thresholds for achieving specific designated uses.  Rather, these concepts are used to 
illustrate some fundamental trade-offs that confront public and private investment and regulatory 
decisions concerning stormwater management.  The general relationships shown in Figure 5-5 
suggest the need for establishing priorities for investments in stormwater management and 
controls, and connecting land usage and watershed goals.  Setting overly ambitious or costly 
goals for urban streams may result in the perverse consequence of causing more waters to fail to 
meet designated uses.  For example, consider efforts to secure ambitious designated uses in 
highly developed areas or in an area slated for future high-density development.  Regulatory 
requirements and investments to limit stormwater quantity and quality through open-space 
requirements, areas set aside for infiltration and water detention, and strict application of 
maximum extent practicable controls have the effect of both increasing development costs and 
diminishing land available for residential and commercial properties.  Policies designed to 
achieve exceedingly costly or infeasible designated uses in urban or urbanizing areas could have 
the net consequence of shifting development (and associated impervious surface) out into 
neighboring areas and watersheds. The end result might be minimal improvements in “within
watershed” ambient conditions but a decrease in designated uses (more impairments) elsewhere.  
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290 Urban Stormwater Management in the United States 

In such a case, it might be sound water quality policy to accept higher levels of impervious 
surface in targeted locations, more stormwater-related impacts, and less ambitious designated 
uses in urban watersheds in order to preserve and protect designated uses in other watersheds. 

Setting unrealistic or unachievable water quality objectives in urban areas can also pose 
political risks for stormwater management.  The cost and difficulty of achieving ambitious water 
quality standards for urban stream goals may be understood by program managers but pursued 
nonetheless in efforts to demonstrate public commitment to achieving high-quality urban waters.  
Yet, promising what cannot be realistically achieved may act to undermine public support for 
urban stormwater programs.  Increasing costs without significant observable improvements in 
ambient water conditions or achievement of water quality standards could ultimately reduce 
public commitment to the program.  Thus, there are risks of “setting the bar” too high, or not 
coordinating land use and designated stream uses. 

The cost of setting the bar too low can also be significant.  Stormwater requirements that 
result in ineffective stormwater management will not achieve or maintain the desired water uses 
and can result in impairments.  Loss of property, degraded waters, and failed infrastructure are 
tangible costs to the public (Johnston et al., 2006).  Streambank rehabilitation costs can be 
severe, and loss of confidence in the ability to meet stormwater goals can result. 

The above should not be construed as an argument for or against devoting resources to 
SCMs; rather, such decisions should be made with an open and transparent acknowledgment and 
understanding of the costs and consequences involved in those decisions. 

Common State Stormwater Goals 

Most states do not and have never had an overriding water quality objective in their 
stormwater program, but rather have used engineering criteria for SCM performance to guide 
stormwater management.  These criteria can be loosely categorized as 

• Erosion and sedimentation control, 
• Recharge/base flow, 
• Water quality, 
• Channel protection, and 
• Flooding events. 

The SCMs used to address these goals work by minimizing or eliminating increases in 
stormwater runoff volume, peak flows, and/or the pollutant load carried by stormwater. 

The criteria chosen by any given state usually integrate state, federal, and regional laws 
and regulations. Areas of differing climates may emphasize one goal over another, and the 
levels of control may vary drastically.  Contrast a desert region where rainwater harvesting is 
extremely important versus a coastal region subject to hurricanes.  Some areas like Seattle have 
frequent smaller volume rainfalls—the direct opposite of Austin, Texas—such that small volume 
controls would be much more effective in Seattle than Austin.  Regional geology (karst) or the 
presence of Brownfields may affect the chosen criteria as well. 

The committee’s survey of State Stormwater Programs (Appendix C) reflects a wide 
variation in program goals as reflected in the criteria found in their SCM manuals.  Some states 
have no specific criteria because they do not produce SCM manuals, while others have manuals 
that address every category of criteria from flooding events to groundwater recharge.  Some 
states rely upon EPA or other states’ or transportation agencies’ manuals.  In general, soil and 
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291 Stormwater Management Approaches 

erosion control criteria are the most common and often exist in the absence of any other state 
criteria. This wide variation reflects the difficulties that states face in keeping up with rapidly 
changing information about SCM design and performance.   

The criteria are ordered below (after the section on erosion and sediment control) 
according to the size of the storm they address, from smallest to most extreme.  The criteria can 
be expressed in a variety of ways, from a simple requirement to control a certain volume of 
rainfall or runoff (expressed as a depth) to the size of a design storm to more esoteric 
requirements, such as limiting the time that flow can be above a certain threshold.  The volumes 
of rainfall or runoff are based on statistics of a region’s daily rainfall, and they approximate one 
another as the percentage of impervious cover increases.  Design storms for larger events that 
address channel protection and flooding are usually based on extreme event statistics and tend to 
represent a temporal pattern of rainfall over a set period, usually a day.  Finally, it should be 
noted that the categories are not mutually exclusive; for example, recharge of groundwater may 
enhance water quality via pollutant removal during the infiltration process.   

Erosion and Sedimentation Control.  This criterion refers to the prevention of erosion 
and sedimentation of sites during construction and is focused at the site level.  Criteria usually 
include a barrier plan to prevent sedimentation from leaving the site (e.g., silt fences), practices 
to minimize the potential erosion (phased construction), and facilities to capture and remove 
sediment from the runoff (detention).  Because these measures are considered temporary, smaller 
extreme events are designated as the design storm than what typically would be used if flood 
control were the goal. 

Recharge/Base Flow. This criterion is focused on sustaining the preconstruction 
hydrology of a site as it relates to base flow and recharge of groundwater supplies.  It may also 
include consideration of water usage of the property owners and return through septic tanks and 
tile fields. The criterion, expressed as a volume requirement, is usually to capture around 0.5 to 
1.0 inch of runoff from impervious surfaces depending on the climate and soil type of the region.  
(For this range of rainfall, very little runoff occurs from grass or forested areas, which is why 
runoff from impervious surfaces is used as the criterion.) 

Water Quality.  Criteria for water quality are the most widespread, and are usually 
crafted as specific percent removal for pollutants in stormwater discharge.  Generally, a water 
quality criterion is based on a set volume of stormwater being treated by the SCM.  The size of 
the storm can run from the first inch of rainfall off impervious surfaces to the runoff from the 
one-year, 24-hour extreme storm event.  It should be noted that the term “water quality” covers a 
wide range of groundwater and surface water pollutants, including water temperature and 
emerging contaminants. 

Many of the water quality criteria are surrogates for more meaningful parameters that are 
difficult to quantify or cannot be quantified, or they reflect situations where the science is not 
developed enough to set more explicit goals.  For example, the Wisconsin state requirement of 
an 80 percent reduction in TSS in stormwater discharge does not apply to receiving waters 
themselves.  However, it presumes that there will be some water quality benefits in receiving 
waters; that is, phosphorus and fecal coliform might be captured by the TSS requirement.  
Similarly water quality criteria may be expressed as credits for good practices, such as using 
LID, street sweeping, or stream buffers. 
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Channel Protection. This criterion refers to protecting channels from accelerated 
erosion during storm events due to the increased runoff.  It is tied to either the presumed 
“channel-forming event”—what geomorphologists once believed was the storm size that created 
the channel due to erosion and deposition—or to the minimum flow that accomplishes any 
degree of sediment transport.  It is generally defined as somewhere between the one- and five-
year, 24-hour storm event or a discharge level typically exceeded once to several times per year.  
Some states require a reduction in runoff volume for these events to match preconstruction 
levels. Others may require that the average annual duration of flows that are large enough to 
erode the streambank be held the same on an annual basis under pre- and postdevelopment 
conditions. 

It is not uncommon to find states where a channel protection goal will be written poorly, 
such that it does not actually prevent channel widening.  For example, MacRae (1997) presented 
a review of the common “zero runoff increase” discharge criterion, which is commonly met by 
using ponds designed to detain the two-year, 24-hour storm.  MacRae showed that stream bed 
and bank erosion occur during much lower events, namely mid-depth flows that generally occur 
more often than once a year, not just during bank-full conditions (approximated by the two-year 
event). This finding is entirely consistent with the well-established geomorphological literature 
(e.g., Pickup and Warner, 1976; Andrews, 1984; Carling, 1988; Sidle, 1988).  During monitoring 
near Toronto, MacRae found that the duration of the geomorphically significant predevelopment 
mid-bankfull flows increased by more than four-fold after 34 percent of the basin had been 
urbanized. The channel had responded by increasing in cross-sectional area by as much as three 
times in some areas, and was still expanding. 

Flooding Events.  This criterion addresses public safety and the protection of property 
and is applicable to storm events that exceed the channel capacity.  The 10- through the 100-year 
storm is generally used as the standard.  Volume-reduction SCMs can aid or meet this criterion 
depending on the density of development, but usually assistance is needed in the form of 
detention SCMs.  In some areas, it may be necessary to reduce the peak flow to below 
preconstruction levels in order to avoid the combined effects of increased volume, altered timing, 
and a changed hydrograph. It should be noted that some states do not consider the larger storms 
(100-year) to be a stormwater issue and have separate flood control requirements.   

Each state develops a framework of goals, and the corresponding SCMs used to meet 
them, which will depend on the scale and focus of the stormwater management strategy.  A few 
states have opted to express stormwater goals within the context of watershed plans for regions 
of the state. However, the setting of goals on a watershed basis is time-consuming and requires 
study of the watersheds in question. The more common approach has been to set generic or 
minimal controls for a region that are not based on a watershed plan.  This has been done in 
Maryland, Wisconsin (see Box 5-1), and Pennsylvania (see Box 5-2).  This strategy has the 
advantage of more rapid implementation of some SCMs because watershed management plans 
are not required. In order to be applicable to all watersheds in the state, the goals must target 
common pollutants or flow modification factors where the processes are well known.  It must 
also be possible for these goals to be stated in National Pollutant Discharge Elimination System 
(NPDES) permits.  Many states have selected TSS reduction, volume reduction, and peak flow 
control as generic goals. A generic goal is not usually based on potentially toxic pollutants, such 
as heavy metals, due to the complexity of their interaction in the environment, the dependence on  
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BOX 5-1 
Wisconsin Statewide Goal of TSS Reduction for Stormwater Management 

To measure the success of stormwater management, Wisconsin has statewide goals for 
sediment and flow (Wisconsin DNR, 2002).  A lot is known about the impacts of sediment on receiving 
waters, and any reduction is thought to be beneficial.  Flow can be a good indicator of other factors; for 
example, reducing peak flows will prevent bank erosion. 

Developing areas in Wisconsin are required to reduce the annual TSS load by 80 percent 
compared to no controls (Wisconsin DNR, 2002).  Two flow-rated requirements for developing areas are 
in the administrative rules.  One is that the site must maintain the peak flow for the two-year, 24-hour 
rainfall event.  Second, the annual infiltration volume for postdevelopment must be within 90 percent of 
the predevelopment volumes for residential land uses; the number for non-residential is 60 percent.  Both 
of these flow control goals are thought to also have water quality benefits.   

The goal for existing urban areas is an annual reduction in TSS loads.  Municipalities must 
reduce their annual TSS loads by 20 percent, compared to no controls, by 2008.  This number is 
increased to 40 percent by 2013.  All of these goals were partially selected to be reasonable based on 
cost and technical feasibility.   

BOX 5-2 
Volume-Based Stormwater Goals in Pennsylvania 

Pennsylvania has developed a stormwater Best Management Practices manual to support the 
Commonwealth’s Storm Water Management Act.  This manual and an accompanying sample ordinance 
advocates two methods for stormwater control based on volume, termed Control Guidance (CG) 1 and 2.  
The first (CG-1) requires that the runoff volume be maintained at the two-year, 24-hour storm level (which 
corresponds to approximately 3.5 inches of rainfall in this region) through infiltration, evapotranspiration, 
or reuse.  This criterion addresses recharge/base flow, water quality, and channel protection, as well as 
helping to meet flooding requirements. 

The second method (CG-2) requires capture and removal of the first inch of runoff from paved 
areas, with infiltration strongly recommended to address recharge and water quality issues.  Additionally, 
to meet channel protection criteria, the second inch is required to be held for 24 hours, which should 
reduce the channel-forming flows.  (This is an unusual criterion in that it is expressed as what an SCM 
can accomplish, not as the flow that the channel can handle.)  Peak flows for larger events are required to 
be at preconstruction levels or less if the need is established by a watershed plan.  These criteria are the 
starting point for watershed or regional plans, to reduce the effort of plan development.  Some credits are 
available for tree planting, and other nonstructural practices are advocated for dissolved solids mitigation. 
See http://www.dep.state.pa.us/dep/deputate/watermgt/wc/subjects/stormwatermanagement/default.htm. 

the existing baseline conditions, and the need for more understanding on what are acceptable 
levels. The difficulty with the generic approach is that specific watershed issues are not 
addressed, and the beneficial uses of waters are not guaranteed. 

One potential drawback of a strategy based on a generic goal coupled to the permit 
process is that the implementation of the goal is usually on a site-by-site basis, especially for 
developing areas. Generic goals may be appropriate for certain ubiquitous watershed processes 
and are clearly better than having no goals at all.  However, they do not incorporate the effects of 
differences in past development and any unique watershed characteristics; they should be 
considered just a good starting point for setting watershed-based goals. 
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Role of SCMs in Achieving Stormwater Management Goals 

One important fundamental change in SCM design philosophy has come about because 
of the recent understanding of the roles of smaller storms and of impervious surfaces.  This is 
demonstrated by Box 3-4, which shows that for the Milwaukee area more than 50 percent of the 
rainfall by volume occurs in storms that have a depth of less then 0.75 inch.  If extreme events 
are the only design criteria for SCMs, the vast majority of the annual rainfall will go untreated or 
uncontrolled, as it is smaller than the minimum extreme event.  This relationship is not the same 
in all regions. For example, in Austin, Texas, the total yearly rainfall is smaller than in 
Milwaukee, but a large part of the volume occurs during larger storm events, with long dry 
periods in between. 

The upshot is that the design strategy for stormwater management, including drainage 
systems and SCMs, should take a region’s rainfall and associated runoff conditions into account.  
For example, an SCM chosen to capture the majority of the suspended solids, recharge the 
baseflow, reduce streambank erosion, and reduce downstream flooding in Pennsylvania or 
Seattle (which have moderate and regular rainfall) would likely not be as effective in Texas, 
where storms are infrequent and larger.  In some areas, a reduction in runoff volume may not be 
sufficient to control streambank erosion and flooding, such that a second SCM like an extended 
detention stormwater wetland may be needed to meet management goals.   

Finally, as discussed in greater detail in a subsequent section, SCMs are most effective 
from the perspective of both efficiency and cost when stormwater management is incorporated in 
the early planning stages of a community.  Retrofitting existing development with SCMs is much 
more technically difficult and costly because the space may not be available, other infrastructure 
is already installed, or utilities may interfere.  Furthermore, if the property is on private land or 
dedicated as an easement to a homeowners association, there may be regulatory limitations to 
what can be done. Because of these barriers, retrofitting existing urban areas often depends on 
engineered or manufactured SCMs, which are more expensive in both construction and 
operation. 

Stormwater Control Measures 

SCMs reduce or mitigate the generation of stormwater runoff and associated pollutants.  
These practices include both “structural” or engineered devices as well as more “nonstructural 
measures” such as land-use planning, site design, land conservation, education, and stewardship 
practices. Structural practices may be defined as any facility constructed to mitigate the adverse 
impacts of stormwater and urban runoff pollution.  Nonstructural practices, which tend to be 
longer-term and lower-maintenance solutions, can greatly reduce the need for or increase the 
effectiveness of structural SCMs.  For example, product substitution and land-use planning may 
be key to the successful implementation of an infiltration SCM.  Preserving wooded areas and 
reducing street widths can allow the size of detention basins in the area to be reduced. 

Table 5-1 presents the expansive list of SCMs that are described in this chapter.  For most 
of the SCMs, each listed item represents a class of related practices, with individual methods 
discussed in greater detail later in the chapter. There are nearly 20 different broad categories of 
SCMs that can be applied, often in combination, to treat the quality and quantity of stormwater 
runoff. A primary difference among the SCMs relates to which stage of the development cycle 
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they are applied, where in the watershed they are installed, and who is responsible for 
implementing them.   

The development cycle extends from broad planning and zoning to site design, 
construction, occupancy, retrofitting, and redevelopment.  As can be seen, SCMs are applied 
throughout the entire cycle. The scale at which the SCM is applied also varies considerably.  
While many SCMs are installed at individual sites as part of development or redevelopment 
applications, many are also applied at the scale of the stream corridor or the watershed or to 
existing municipal stormwater infrastructure.  The final column in Table 5-1 suggests who would 
implement the SCM.  In general, the responsibility for implementing SCMs primarily resides 
with developers and local stormwater agencies, but planning agencies, landowners, existing 
industry, regulatory agencies, and municipal separate storm sewer system (MS4) permittees can 
also be responsible for implementing many key SCMs. 

In Table 5-1, the SCMs are ordered in such a way as to mimic natural systems as rain 
travels from the roof to the stream through combined application of a series of practices 
throughout the entire development site.  This order is upheld throughout the chapter, with the 
implication that no SCM should be chosen without first considering those that precede it on the 
list. 

Given that there are 20 different SCM groups and a much larger number of individual 
design variations or practices within each group, it is difficult to authoritatively define the 
specific performance or effectiveness of SCMs.  In addition, our understanding of their 
performance is rapidly changing to reflect new research, testing, field experience, and 
maintenance history.  The translation of these new data into design and implementation guidance 
is accelerating as well. What is possible is to describe their basic hydrologic and water quality 
objectives and make a general comparative assessment of what is known about their design, 
performance, and maintenance as of mid-2008.  This broad technology assessment is provided in 
Table 5-2, which reflects the committee’s collective understanding about the SCMs from three 
broad perspectives: 

•	 Is widely accepted design or implementation guidance available for the SCM and has it 
been widely disseminated to the user community? 

•	 Have enough research studies been published to accurately characterize the expected 
hydrologic or pollutant removal performance of the SCM in most regions of the country? 

•	 Is there enough experience with the SCM to adequately define the type and scope of 
maintenance needed to ensure its longevity over several decades? 

Affirmative answers to these three questions are needed to be able to reliably quantify or model 
the ability of the SCM, which is an important element in defining whether the SCM can be 
linked to improvements in receiving water quality.  As will be discussed in subsequent sections 
of this chapter, there are many SCMs for which there is only a limited understanding, 
particularly those that are nonstructural in nature. 

The columns in Table 5-2 summarize several important factors about each SCM, 
including the ability of the SCM to meet hydrologic control objectives and water quality 
objectives, the availability of design guidance, the availability of performance studies, and 
whether there are maintenance protocols.  The hydrologic control objectives range from 
complete prevention of stormwater flow to reduction in runoff volume and reduction in peak 
flows. The column on water quality objectives describes whether the SCM can prevent the 
generation of, or remove, contaminants of concern in stormwater. 
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TABLE 5-1 Summary of Stormwater Control Measures—When, Where, and Who 
Stormwater Control 
Measure 

When Where Who 

Product Substitution Continuous National, state, 
regional 

Regulatory agencies 

Watershed and Land-Use 
Planning 

Planning stage Watershed Local planning agencies 

Conservation of Natural 
Areas 

Site and watershed 
planning stage 

Site, 
watershed 

Developer, local planning 
agency 

Impervious Cover 
Minimization 

Site planning stage Site Developer, local review 
authority 

Earthwork Minimization Grading plan Site Developer, local review 
authority 

Erosion and Sediment 
Control 

Construction Site Developer, local review 
authority 

Reforestation and Soil 
Conservation 

Site planning and 
construction 

Site Developer, local review 
authority 

Pollution Prevention SCMs 
for Stormwater Hotspots 

Post-construction 
or retrofit 

Site Operators and local and 
state permitting agencies 

Runoff Volume Reduction— 
Rainwater harvesting 

Post-construction 
or retrofit 

Rooftop Developer, local planning 
agency and review 
authority 

Runoff Volume Reduction— 
Vegetated 

Post-construction 
or retrofit 

Site Developer, local planning 
agency and review 
authority 

Runoff Volume Reduction— 
Subsurface 

Post-construction 
or retrofit 

Site Developer, local planning 
agency and review 
authority 

Peak Reduction and Runoff 
Treatment 

Post-construction 
or retrofit 

Site Developer, local planning 
agency and review 
authority 

Runoff Treatment Post-construction 
or retrofit 

Site Developer, local planning 
agency and review 
authority 

Aquatic Buffers and 
Managed Floodplains 

Planning, construction 
and post-construction 

Stream corridor Developer, local plan
ning agency and review 
authority, landowners 

Stream Rehabilitation Postdevelopment Stream corridor  Local planning agency 
and review authority 

Municipal Housekeeping Postdevelopment Streets and storm-
water infrastructure 

MS4 Permittee 

Illicit Discharge Detection 
and Elimination 

Postdevelopment Stormwater 
infrastructure 

MS4 Permittee 

Stormwater Education Postdevelopment Stormwater 
infrastructure 

MS4 Permittee 

Residential Stewardship Postdevelopment Stormwater 
infrastructure 

MS4 Permittee 

Note: Nonstructural SCMs are in italics. 
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297 Stormwater Management Approaches 

The availability of design guidance tends to be greatest for the structural practices.  Some 
but not all nonstructural practices are of recent origin, and communities lack available design 
guidance to include them as an integral element of local stormwater solutions.  Where design 
guidance is available, it may not yet have been disseminated to the full population of Phase II 
MS4 communities. 

The column on the availability of performance data is divided into those SCMs where 
enough studies have been done to adequately define performance, those SCMs where limited 
work has been done and the results are variable, and those SCMs where only a handful of studies 
are available. A large and growing number of performance studies are available that report the 
efficiencies of structural SCMs in reducing flows and pollutant loading (Strecker et al., 2004; 
ASCE, 2007; Schueler et al., 2007; Selbig and Bannerman, 2008).  Many of these are compiled 
in the Center for Watershed Protection’s National Pollutant Removal Performance Database for 
Stormwater Treatment Practices (http://www.cwp.org/Resource_Libra
ry/Center_Docs/SW/bmpwriteup_092007_v3.pdf), in the International Stormwater BMP 
Database (http://www.bmpdatabase.org/Docs/Performance%20Summary%20June%202008.pdf), 
and by the Water Environment Research Foundation (WERF, 2008).  In cases where there is 
incomplete understanding of their performance, often information can be gleaned from other 
fields including agronomy, forestry, petroleum exploration, and sanitary engineering.  Current 
research suggests that it is not a question if whether structural SCMs “work” but more of a 
question of to what degree and with what longevity (Heasom et al., 2006; Davis et al., 2008; 
Emerson and Traver, 2008).  There is considerably less known about the performance of 
nonstructural practices for stormwater treatment, partly because their application has been 
uneven around the country and it remains fairly low in comparison to structural stormwater 
practices. 

Finally, defined maintenance protocols for SCMs can be nonexistent, emerging, or fully 
available. SCMs differ widely in the extent to which they can be considered permanent 
solutions. For those SCMs that work on the individual site scale on private property, such as rain 
gardens, local stormwater managers may be reluctant to adopt such practices due to concerns 
about their ability to enforce private landowners to conduct maintenance over time.  Similarly, 
those SCMs that involve local government decisions (such as education, residential stewardship 
practices, zoning, or street sweeping) may be less attractive because governments are likely to 
change over time.   

The following sections contain more detailed information about the individual SCMs 
listed in Tables 5-1 and 5-2, including the operating unit processes, the pollutants treated, the 
typical performance for both runoff and pollutant reduction, the strengths and weaknesses, 
maintenance and inspection requirements, and the largest sources of variability and uncertainty. 
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298 Urban Stormwater Management in the United States 

TABLE 5-2 Current Understanding of Stormwater Control Measure Capabilities 
SCM Hydrologic 

Control 
Objectives 

Water 
Quality 

Objectives 

Available 
Design 

Guidance 

Performance 
Studies 

Available 

Defined 
Maintenance 

Protocols 
Product Substitution NA Prevention NA Limited NA 
Watershed and Land-Use 
Planning 

All objectives Prevention Available Limited Yes 

Conservation of Natural 
Areas 

Prevention Prevention Available None Yes 

Impervious Cover 
Minimization 

Prevention 
and reduction 

Prevention Available Limited No 

Earthwork Minimization Prevention Prevention Emerging Limited Yes 
Erosion and Sediment 
Control 

Prevention 
and reduction 

Prevention 
and removal 

Available Limited Yes 

Reforestation and Soil 
Conservation 

Prevention 
and reduction 

Prevention 
and removal  

Emerging None No 

Pollution Prevention 
SCMs for Hotspots 

NA Prevention Emerging Very few No 

Runoff Volume 
Reduction—Rainwater 
harvesting 

Reduction NA Emerging Limited Yes 

Runoff Volume 
Reduction—Vegetated 
(Green Roofs, Bioretention 
Bioinfiltration, Bioswales) 

Reduction and 
some peak 
attenuation 

Removal Available Limited Emerging 

Runoff Volume 
Reduction—Subsurface 
(Infiltration Trenches, 
Pervious Pavements) 

Reduction and 
some peak 
attenuation 

Removal Available Limited Yes 

Peak Reduction and 
Runoff Treatment 
(Stormwater Wetlands, 
Dry/Wet Ponds) 

Peak 
attenuation 

Removal Available Adequate Yes 

Runoff Treatment 
(Sand Filters, 
Manufactured Devices) 

None Removal Emerging Adequate— 
sand filters 
Limited— 
manufactured 
devices 

Yes 

Aquatic Buffers and 
Managed Floodplains 

NA Prevention 
and removal 

Available Very few Emerging 

Stream Rehabilitation NA Prevention 
and removal 

Emerging Limited Unknown 

Municipal Housekeeping 
(Street Sweeping/Storm-
Drain Cleanouts) 

NA Removal Emerging Limited Emerging 

Illicit Discharge 
Detection/Elimination 

NA Prevention 
and removal 

Available Very few No 

Stormwater Education Prevention Prevention Available Very few Emerging 
Residential Stewardship Prevention Prevention Emerging Very few No 

Note: Nonstructural SCMs are in italics. 
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Stormwater Management Approaches 299 

Key: 
Hydrologic Objective Water Quality Objective Available Design Guidance? 
Prevention: Prevents generation of 
runoff 
Reduction: Reduces volume of runoff 
Treatment: Delays runoff delivery 
only 
Peak Attenuation: Reduction of peak 
flows through detention 

Prevention: Prevents generation, 
accumulation, or wash-off of 
pollutants and/or reduces runoff 
volume  
Removal: Reduces pollutant 
concentrations in runoff by physical, 
chemical, or biological means 

Available: Basic design or 
implementation guidance is available in 
most areas of the country are readily 
available 
Emerging: Design guidance is still 
under development, is missing in many 
parts of the country, or requires more 
performance data 

Performance Data Available? Defined Maintenance Protocol? Notes: 
Very Few: Handful of studies, not 
enough data to generalize about SCM 
performance 
Limited: Numerous studies have been 
done, but results are variable or 
inconsistent 
Adequate: Enough studies have been 
done to adequately define performance  

No: Extremely limited understanding 
of procedures to maintain SCM in 
the future  
Emerging: Still learning about how 
to maintain the SCM   
Yes: Solid understanding of 
maintenance for future SCM needs 

NA: Not applicable for the SCM 

Product Substitution 

Product substitution refers to the classic pollution prevention approach of reducing the 
emissions of pollutants available for future wash-off into stormwater runoff.  The most notable 
example is the introduction of unleaded gasoline, which resulted in an order-of-magnitude 
reduction of lead levels in stormwater runoff in a decade (Pitt et al., 2004a,b).  Similar reductions 
are expected with the phase-out of methyl tert-butyl ether (MTBE) additives in gasoline.  Other 
examples of product substitution are the ban on coal-tar sealants during parking lot renovation 
that has reduced PAH runoff (Van Metre et al., 2006), phosphorus-free fertilizers that have 
measurably reduced phosphorus runoff to Minnesota lakes (Barten and Johnson, 2007), the 
painting of galvanized metal surfaces, and alternative rooftop surfaces (Clark et al., 2005).  
Given the importance of coal power plant emissions in the atmospheric deposition of nitrogen 
and mercury, it is possible that future emissions reductions for such plants may result in lower 
stormwater runoff concentrations for these two pollutants. 

The level of control afforded by product substitution is quite high if major reductions in 
emissions or deposition can be achieved.  The difficulty is that these reductions require action in 
another environmental regulatory arena, such as air quality, hazardous waste, or pesticide 
regulations, which may not see stormwater quality as a core part of their mission. 

Watershed and Land-Use Planning 

Communities can address stormwater problems by making land-use decisions that change 
the location or quantity of impervious cover created by new development.  This can be 
accomplished through zoning, watershed plans, comprehensive land-use plans, or Smart Growth 
incentives. 
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300 Urban Stormwater Management in the United States 

The unit process that is managed is the amount of impervious cover, which is strongly 
related to various residential and commercial zoning categories (Cappiella and Brown, 2000).  
Numerous techniques exist to forecast future watershed impervious cover and its probable 
impact on the quality of aquatic resources (see the discussion of the Impervious Cover Model in 
Chapter 3; CWP, 1998a; MD DNR, 2005).  Using these techniques and simple or complex 
simulation models, planners can estimate stormwater flows and pollutant loads through the 
watershed planning process and alter the location or intensity of development to reduce them. 

The level of control that can be achieved by watershed and land-use planning is 
theoretically high, but relatively few communities have aggressively exercised it.  The most 
common application of downzoning has been applied to watersheds that drain to drinking water 
reservoirs (Kitchell, 2002). The strength of this practice is that it has the potential to directly 
address the underlying causes of the stormwater problem rather than just treating its numerous 
symptoms.  The weakness is that local decisions on zoning and Smart Growth are reversible and 
often driven by other community concerns such as economic development, adequate 
infrastructure, and transportation.  In addition, powerful consumer and market forces often have 
promoted low-density sprawl development.  Communities that use watershed-based zoning often 
require a compelling local environmental goal, since state and federal regulatory authorities have 
traditionally been extremely reluctant to interfere with the local land-use and zoning powers.   

Conservation of Natural Areas 

Natural-area conservation protects natural features and environmental resources that help 
maintain the predevelopment hydrology of a site by reducing runoff, promoting infiltration, and 
preventing soil erosion. Natural areas are protected by a permanent conservation easement 
prescribing allowable uses and activities on the parcel and preventing future development.  
Examples include any areas of undisturbed vegetation preserved at the development site, 
including forests, wetlands, native grasslands, floodplains and riparian areas, zero-order stream 
channels, spring and seeps, ridge tops or steep slopes, and stream, wetland, or shoreline buffers. 
In general, conservation should maximize contiguous area and avoid habitat fragmentation. 

While natural areas are conserved at many development sites, most of these requirements 
are prompted by other local, state, and federal habitat protections, and are not explicitly designed 
or intended to provide runoff reduction and stormwater treatment.  To date, there are virtually no 
data to quantify the runoff reduction and/or pollutant removal capability of specific types of 
natural area conservation, or the ability to explicitly link them to site design. 

Impervious Cover Reduction 

A variety of practices, some of which fall under the broader term “better site design,” can 
be used to minimize the creation of new impervious cover and disconnect or make more 
permeable the hard surfaces that are needed (Nichols et al., 1997; Richman, 1997; CWP, 1998a).  
A list of some common impervious cover reduction practices for both residential and commercial 
areas is provided below. 
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301 Stormwater Management Approaches 

Elements of Better Site Design: Single-Family Residential 
o	 Maximum residential street width  
o	 Maximum street right-of-way width  
o	 Swales and other stormwater practices can be located within the right-of-way 
o	 Maximum cul-de-sac radius with a bioretention island in the center 
o	 Alternative turnaround options such as hammerheads are acceptable if they reduce 

impervious cover 
o	 Narrow sidewalks on one side of the street (or move pedestrian pathways away from the 

street entirely) 
o	 Disconnect rooftops from the storm-drain systems  
o	 Minimize driveway length and width and utilize permeable surfaces 
o	 Allow for cluster or open-space designs that reduce lot size or setbacks in exchange for 

conservation of natural areas 
o	 Permeable pavement in parking areas, driveways, sidewalks, walkways, and patios 

Elements of Better Site Design: Multi-Family Residential and Commercial 
o	 Design buildings and parking to have multiple levels 
o	 Store rooftop runoff in green roofs, foundation planters, bioretention areas, or cisterns 
o	 Reduce parking lot size by reducing parking demand ratios and stall dimensions 
o	 Use landscaping areas, tree pits, and planters for stormwater treatment 
o	 Use permeable pavement over parking areas, plazas, and courtyards 

CWP (1998a) recommends minimum or maximum geometric dimensions for subdivisions, 
individual lots, streets, sidewalks, cul-de-sacs, and parking lots that minimize the generation of 
needless impervious cover, based on a national roundtable of fire safety, planning, transportation 
and zoning experts. Specific changes in local development codes can be made using these 
criteria, but it is often important to engage as many municipal agencies that are involved in 
development as possible in order to gain consensus on code changes. 

At the present time, there is little research available to define the runoff reduction 
benefits of these practices. However, modeling studies consistently show a 10 to 45 percent 
reduction in runoff compared to conventional development (CWP, 1998b,c, 2002).  Several 
monitoring studies have documented a major reduction in stormwater runoff from development 
sites that employ various forms of impervious cover reduction and LID in the United States and 
Australia (Coombes et al., 2000; Philips et al., 2003; Cheng et al., 2005) compared to those that 
do not. 

Unfortunately, better site design has been slowly adopted by local planners, developers, 
designers, and public works officials.  For example, although the project pictured in Figure 5-6 
has been very successful in terms of controlling stormwater, the better-site-design principles 
used have not been widely adopted in the Seattle area.  Existing local development codes may 
discourage or even prohibit the application of environmental site design practices, and many 
engineers and plan reviewers are hesitant to embrace them.  Impervious cover reduction must be 
incorporated at the earliest stage of site layout and design to be effective, but outdated 
development codes in many communities can greatly restrict the scope of impervious cover 
reduction (see Chapter 2). Finally, the performance and longevity of impervious cover reduction 
are dependent on the infiltration capability of local soils, the intensity of development, and the 
future management actions of landowners. 
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302 Urban Stormwater Management in the United States 

FIGURE 5-6 110th Street, Seattle, part of the Natural Drainage Systems Project.  This location 
exhibits several elements of impervious cover reduction. In particular, vegetated swales were 
installed and curbs and gutters removed.  There are sidewalks on only one side of the street, 
and they are separated from the road by the swales.  The residences’ rooftops have been 
disconnected from the storm-drain systems and are redirected into the swales.  SOURCE: 
Seattle Public Utilities. 

Earthwork Minimization 

This source control measure seeks to limit the degree of clearing and grading on a 
development site in order to prevent soil compaction, conserve soils, prevent erosion from steep 
slopes, and protect zero-order streams.  This is accomplished by (1) identifying key soils, 
drainage features, and slopes to protect and then (2) establishing a limit of disturbance where 
construction equipment is excluded.  This element is an important, but often under-utilized 
component of local erosion and sediment control plans. 

Numerous researchers have documented the impact of mass grading, clearing, and the 
passage of construction equipment on the compaction of soils, as measured by increase in bulk 
density, declines in soil permeability, and increases in the runoff coefficient (Lichter and 
Lindsey, 1994; Legg et al., 1996; Schueler, 2001a,b; Gregory et al., 2006).  Another goal of 
earthwork minimization is to protect zero-order streams, which are channels with defined banks 
that emanate from a hollow or ravine with convergent contour lines (Gomi et al., 2002).  They 
represent the uppermost definable channels that possess temporary or intermittent flow.  
Functioning zero-order channels provide major watershed functions, including groundwater 
recharge and discharge (Schollen et al., 2006; Winter, 2007), important nutrient storage and 
transformation functions (Bernot and Dodds, 2005; Groffman et al., 2005), storage and retention 
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303 Stormwater Management Approaches 

of eroded hill-slope sediments (Meyers, 2003), and delivery of leaf inputs and large woody 
debris. Compared to high-order network streams, zero-order streams are disproportionately 
disturbed by mass grading, enclosure, or channelization (Gomi et al., 2002; Meyer, 2003).  

The practice of earthwork minimization is not widely applied across the country. This is 
partly due to the limited performance data available to quantify its benefits, and the absence of 
local or national design guidance or performance benchmarks for the practice. 

Erosion and Sediment Control 

Erosion and sediment control predates much of the NPDES stormwater permitting 
program.  It consists of the temporary installation and operation of a series of structural and 
nonstructural practices throughout the entire construction process to minimize soil erosion and 
prevent off-site delivery of sediment.  Because construction is expected to last for a finite and 
short period of time, the design standards are usually smaller and thus riskier (25-year versus the 
100-year storm).  By phasing construction, thereby limiting the exposure of bare earth at any one 
time, the risk to the environment is reduced significantly. 

The basic practices include clearing limits, dikes, berms, temporary buffers, protection of 
drainage-ways, soil stabilization through hydroseeding or mulching, perimeter controls, and 
various types of sediment traps and basins.  All plans have some component that requires 
filtration of runoff crossing construction areas to prevent sediment from leaving the site.  This 
usually requires a sediment collection system including, but not limited to, conventional settling 
ponds and advanced sediment collection devices such as polymer-assisted sedimentation and 
advanced sand filtration.  Silt fences are commonly specified to filter distributed flows, and they 
require maintenance and replacement after storms as shown in Figure 5-7.  Filter systems are 
added to inlets until the streets are paved and the surrounding area has a cover of vegetation 
(Figure 5-8). Sedimentation basins (Figure 5-9) are constructed to filter out sediments through 
rock filters, or are equipped with floating skimmers or chemical treatment to settle out pollutants. 
Other common erosion and sediment control measures include temporary seeding and rock or 
rigged entrances to construction sites to remove dirt from vehicle tires (see Figure 5-10). 

FIGURE 5-7 A functioning silt fence (left) and an improperly maintained silt fence (right).  
SOURCES: EPA NPDES Menu of BMPs and Robert Traver. 
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304 Urban Stormwater Management in the United States 

FIGURE 5-8 Sediment filter left in place after construction.  SOURCE: Robert Traver. 

FIGURE 5-9  Sediment basin. SOURCE: EPA NPDES Menu of BMPs. 

FIGURE 5-10 Rumble strips to remove dirt from vehicle tires.  SOURCE: Laura Ehlers. 
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305 Stormwater Management Approaches 

Control of the runoff’s erosive potential is a critical element.  Most erosion and sediment 
control manuals provide design guidance on the capacity and ability of swales to handle runoff 
without eroding, on the design of flow paths to transport runoff at non-erosive velocities, and on 
the dissipation of energy at pipe outlets. Examples include rock energy dissipaters, level 
spreaders (see Figure 5-11), and other devices. 

Box 5-3 provides a comprehensive list of recommended construction SCMs.  The reader 
is directed to reviews by Brown and Caraco (1997) and Shaver et al. (2007) for more 
information.  Although erosion and sediment control practices are temporary, they require 
constant operation and maintenance during the complicated sequence of construction and after 
major storm events.  It is exceptionally important to ensure that practices are frequently 
inspected and repaired and that sediments are cleaned out.  Erosion and sediment control are 
widely applied in many communities, and most states have some level of design guidance or 
standards and specifications.  Nonetheless, few communities have quantified the effectiveness of 
a series of construction SCMs applied to an individual site, nor have they clearly defined 
performance benchmarks for individual practices or their collective effect at the site.  In general, 
there has been little monitoring in the past few decades to characterize the performance of 
construction SCMs, although a few notable studies have been recently published (e.g., Line and 
White, 2007). Box 5-4 describes the effectiveness of filter fences and filter fences plus grass 
buffers to reduce sediment loadings from construction activities and the resulting biological 
impacts. 

. 
FIGURE 5-11 Level spreader. SOURCE: Robert Traver. 
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BOX 5-3 
Recommended Construction Stormwater Control Measures 

1. As the top priority, emphasize construction management SCMs as follows: 
• Maintain existing vegetation cover, if it exists, as long as possible. 
• Perform ground-disturbing work in the season with smaller risk of erosion, and work off disturbed 

ground in the higher risk season. 
• Limit ground disturbance to the amount that can be effectively controlled in the event of rain. 
• Use natural depressions and planning excavation to drain runoff internally and isolate areas of potential 

sediment and other pollutant generation from draining off the site, so long as safe in large storms. 
• Schedule and coordinate rough grading, finish grading, and erosion control application to be completed 

in the shortest possible time overall and with the shortest possible lag between these work activities. 

2. Stabilize with cover appropriate to site conditions, season, and future work plans.  For example: 
• Rapidly stabilize disturbed areas that could drain off the site, and that will not be worked again, with 

permanent vegetation supplemented with highly effective temporary erosion controls until 
achievement of at least 90 percent vegetative soil cover. 

• Rapidly stabilize disturbed areas that could drain off the site, and that will not be worked again for more 
than three days, with highly effective temporary erosion controls. 

• If at least 0.1 inch of rain is predicted with a probability of 40 percent or more, before rain falls stabilize 
or isolate disturbed areas that could drain off the site, and that are being actively worked or will be 
within three days, with measures that will prevent or minimize transport of sediment off the property. 

3. As backup for cases where all of the above measures are used to the maximum extent possible but 
sediments still could be released from the site, consider the need for sediment collection systems 
including, but not limited to, conventional settling ponds and advanced sediment collection devices such 
as polymer-assisted sedimentation and advanced sand filtration. 

4. Specify emergency stabilization and/or runoff collection (e.g., using temporary depressions) 
procedures for areas of active work when rain is forecast. 

5. If runoff can enter storm drains, use a perimeter control strategy as backup where some soil exposure 
will still occur, even with the best possible erosion control (above measures) or when there is discharge to 
a sensitive waterbody. 

6. Specify flow control SCMs to prevent or minimize to the extent possible: 
• Flow of relatively clean off-site water over bare soil or potentially contaminated areas; 
• Flow of relatively clean intercepted groundwater over bare soil or potentially contaminated areas; 
• High velocities of flow over relatively steep and/or long slopes, in excess of what erosion control 

coverings can withstand; and 
• Erosion of channels by concentrated flows, by using channel lining, velocity control, or both. 

7. Specify stabilization of construction entrance and exit areas, provision of a nearby tire and chassis 
wash for dirty vehicles leaving the site with a wash water sediment trap, and a sweeping plan. 

8. Specify construction road stabilization. 

9. Specify wind erosion control. 

10. Prevent contact between rainfall or runoff and potentially polluting construction materials, processes, 
wastes, and vehicle and equipment fluids by such measures as enclosures, covers, and containments, as 
well as berming to direct runoff. 
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BOX 5-4 
Receiving Water Impacts Associated with Construction Site Discharges 

The following is a summary of a recent research project that investigated in-stream biological 
conditions downstream of construction sites having varying levels of erosion controls (none, the use of 
filter fences, and filter fences plus grass buffers) for comparison.  The project title is Studies to Evaluate 
the Effectiveness of Current BMPs in Controlling Stormwater Discharges from Small Construction Sites 
and was conducted for the Alabama Water Resources Research Institute, Project 2001AL4121B, by Drs. 
Robert Angus, Ken Marion, and Melinda Lalor of the University of Alabama at Birmingham.  The initial 
phase of the project, described below, was completed in 2002.  While this case study is felt to be 
representative of many sites across the United States, there are other examples of where silt fences have 
been observed to be more effective (e.g., Barrett et al., 1998). 

Methods 

This study was conducted in the upper Cahaba River watershed in north central Alabama, near 
Birmingham.  The study areas had the following characteristics.  (1) Topography and soil types 
representative of the upland physiographic regions in the Southeast (i.e., southern Appalachian and 
foothill areas); thus, findings from this study should be relevant to a large portion of the Southeast.  (2) 
The rainfall amounts and intensities in this region are representative of many areas of the Southeast and 
(3) the expanding suburbs of the Birmingham metropolitan area are rapidly encroaching upon the upper 
Cahaba River and its tributaries.  Stormwater runoff samples were manually collected from sheet flows 
above silt fences, and from points below the fence within the vegetated buffer.  Water was sampled 
during “intense” (≥1 inch/hour) rain events.  The runoff samples were analyzed for turbidity, particle size 
distribution (using a Coulter Counter Multi-Sizer IIe), and total solids (dissolved solids plus 
suspended/non-filterable solids).  Sampling was only carried out on sites with properly installed and well-
maintained silt fences, located immediately upgrade from areas with good vegetative cover.  

Six tributary or upper mainstream sites were studied to investigate the effects of sedimentation 
from construction sites on both habitat quality and the biological “health” of the aquatic ecosystem (using 
benthic macroinvertebrates and fish).  EPA’s Revision to Rapid Bioassessment Protocols for Use in 
Streams and Rivers was used to assess the habitat quality at the study sites.  Each site was assessed in 
the spring to evaluate immediate effects of the sediment, and again during the following late summer or 
early fall to evaluate delayed effects.  

Results 

Effectiveness of Silt Fences.  Silt fences were found to be better than no control measures at 
all, but not substantially.  The mean counts of small particles (<5 µm) below the silt fences were about 50 
percent less than that from areas with no erosion control measures, even though the fences appeared to 
be properly installed and in good order.  However, the variabilities were large and the difference between 
the means was not statistically significant.  For every variable measured, the mean values of samples 
taken below silt fences were significantly higher (p < 0.001) than samples collected from undisturbed 
vegetated control sites collected nearby and at the same time.  These data therefore indicate that silt 
fences are only marginally effective at reducing soil particulates in runoff water.  

Effectiveness of Filter Fences with Vegetated Buffers. Runoff samples were also collected 
immediately below filter fences, and below filter fences after flow over buffers having 5, 10, and 15 feet of 
dense (intact) vegetation.  Mean total solids in samples collected below silt fences and a 15-foot-wide 
vegetated buffer zone were about 20 percent lower, on average, than those samples collected only below 
the silt fence.  The installation of filter fences above an intact, good vegetated buffer removes sediment 
from construction site runoff more effectively than with the use of filter fences alone. 

continues next page 
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BOX 5-4 Continued 

Biological Metrics Sensitive to Sedimentation Effects (Fish).  Analysis of the fish biota 
indicates that various metrics used to evaluate the biological integrity of the fish community also are 
affected by highly sedimented streams.  As shown in Figure 5-12, the overall composition of the 
population, as quantified by the Index of Biotic Integrity (IBI) is lower; the proportion and biomass of 
darters, a disturbance-sensitive group, is lower; the proportion and biomass of sunfish is higher; the 
Shannon-Weiner diversity index is lower; and the number of disturbance-tolerant species is higher as 
mean sediment depth increases. 

FIGURE 5-12  Association between two fish metrics and amount of stream sediment.  NOTE: The IBI is 
based on numerous characteristics of the fish population.  The percent relative abundance of darters is 
the percentage of darters to all the fish collected at a site. SOURCE: Alabama WRRI. 

Benthic Macroinvertebrates.  A number of stream benthic macroinvertebrate community 
characteristics were also found to be sensitive to sedimentation.  Metrics based on these characteristics 
differ greatly between sediment-impacted and control sites (Figure 5-13).  Some of the metrics that 
appear to reflect sediment-associated stresses include the Hilsenhoff Biotic Index (HBI), a variation of the 
EPT index (percent EPT minus Baetis), and the Sorensen Index of Similarity to a reference site.  The HBI 
is a weighted mean tolerance value; high HBI values indicate sites dominated by disturbance-tolerant 
macroinvertebrate taxa.  The EPT% index is the percent of the collection represented by organisms in the 
generally disturbance-sensitive orders Ephemeroptera, Plecoptera, and Trichoptera. Specimens of the 
genus Baetis were not included in the index as they are relatively disturbance-tolerant.  The HBI and the 
EPT indices also show positive correlations to several other measures of disturbance, such as percent of 
the watershed altered by development. 

FIGURE 5-13  Associations between two macroinvertebrate metrics and the amount of stream sediment. 
SOURCE: Alabama WRRI. 
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309 Stormwater Management Approaches 

Reforestation and Soil Compost Amendments 

This set of practices seeks to improve the quality of native vegetation and soils present at 
the site. Depending on the ecoregion, this may involve forest, prairie, or chapparal plantings, 
tilling, and amending compacted soils to improve their hydrologic properties. 

The goal is to maintain as much predevelopment hydrologic function at a development 
site as possible by retaining canopy interception, duff/soil layer interception, evapotranspiration, 
and surface infiltration. The basic methods to implement this practice are described in Cappiella 
et al. (2006), Pitt et al. (2005), Chollak and Rosenfeld (1998), and Balusek (2003). 

At this time, there are few monitoring data to assess the degree to which land 
reforestation or soil amendments can improve the quality of stormwater runoff at a particular 
development site, apart from the presumptive watershed research that has shown that forests with 
undisturbed soils have very low rates of surface runoff and extremely low levels of pollutants in 
runoff (Singer and Rust, 1975; Johnson et al., 2000; Chang, 2006).  More data are needed on the 
hydrologic properties of urban forests and soils whose ecological functions are stressed or 
degraded by the urbanization process (Pouyat et al., 1995, 2007). 

Pollution Prevention SCMs for Stormwater Hotspots 

Certain classes of municipal and industrial operations are required to maintain a series of 
pollution prevention practices to prevent or minimize contact of pollutants with rainfall and 
runoff. Pollution prevention practices involve a wide range of operational practices at a site 
related to vehicle repairs, fueling, washing and storage, loading and unloading areas, outdoor 
storage of materials, spill prevention and response, building repair and maintenance, landscape 
and turf management, and other activities that can introduce pollutants into the stormwater 
system (CWP, 2005).  Training of personnel at the affected area is needed to ensure that 
industrial and municipal managers and employees understand and implement the correct 
stormwater pollution prevention practices needed for their site or operation. 

Examples of municipal operations that may need pollution prevention plans include 
public works yards, landfills, wastewater treatment plants, recycling and solid waste transfer 
stations, maintenance depots, school bus and fleet storage and maintenance areas, public golf 
courses, and ongoing highway maintenance operations.  The major industrial categories that 
require stormwater pollution prevention plans were described in Table 2-3.  Both industrial and 
municipal operations must develop a detailed stormwater pollution prevention plan, train 
employees, and submit reports to regulators.  Compliance has been a significant issue with this 
program in the past, particularly for small businesses (Duke and Augustenberg, 2006; Cross and 
Duke, 2008) Recently filed investigations of stormwater hotspots indicate many of these 
operations are not fully implementing their stormwater pollution prevention plans, and a recent 
GAO report (2007) indicates that state inspections and enforcement actions are extremely rare. 

The goal of pollution prevention is to prevent contact of rainfall or stormwater runoff 
with pollutants, and it is an important element of the post-construction stormwater plan.  
However, with the exception of a few industries such as auto salvage yards (Swamikannu, 1994), 
basic research is lacking on how much greater event mean concentrations are at municipal and 
industrial stormwater hotspots compared to other urban land uses.  In addition, little is presently 
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310 Urban Stormwater Management in the United States 

known about whether aggressive implementation of stormwater pollution prevention plans 
actually can reduce stormwater pollutant concentrations at hot spots. 

Runoff Volume Reduction—Rainwater Harvesting 

A primary goal of stormwater management is to reduce the volume of runoff from 
impervious surfaces.  There are several classes of SCMs that can achieve this goal, including 
rainwater harvesting systems, vegetated SCMs that evapotranspirate part of the volume, and 
infiltration SCMs. For all of these measures, the amount of runoff volume to be captured 
depends on watershed goals, site conditions including climate, upstream nonstructural practices 
employed, and whether the chosen SCM is the sole management measure or part of a treatment 
train. Generally, runoff-volume-reduction SCMs are designed to handle at least the first flush 
from impervious surfaces (1 inch of rainfall).  In Pennsylvania, control of the 24-hour, two-year 
storm volume (about 8 cm) is considered the standard necessary to protect stream-channel 
geomorphology, while base flow recharge and the first flush can be addressed by capturing a 
much smaller volume of rain (1–3 cm).  Where both goals must be met, the designer is permitted 
to either oversize the volume reduction device to control the larger volume, or build a smaller 
device and use it in series with an extended detention basin to protect the stream geomorphology 
(PaDEP, 2006). Some designers have reported that in areas with medium to lower percentage 
impervious surfaces they are able to control up to the 100-year storm by enlarging runoff
volume-reduction SCMs and using the entire site.  In retrofit situations, capture amounts as small 
as 1 cm are a distinct improvement.  It should be noted that there are important, although 
indirect, water quality benefits of all runoff-volume-reduction SCMs—(1) the reduction in runoff 
will reduce streambank erosion downstream and the concomitant increases in sediment load, and 
(2) volume reductions lead to pollutant load reductions, even if pollutant concentrations in 
stormwater are not decreased. 

Rainwater harvesting systems refer to use of captured runoff from roof tops in rain 
barrels, tanks, or cisterns (Figures 5-14 and 5-15).  This SCM treats runoff as a resource and is 
one of the few SCMs that can provide a tangible economic benefit through the reduction of 
treated water usage.  Rainwater harvesting systems have substantial potential as retrofits via the 
use of rain barrels or cisterns that can replace lawn or garden sprinkling systems.  Use of this 
SCM to provide gray water within buildings (e.g., for toilet flushing) is considerably more 
complicated due to the need to construct new plumbing and obtain the necessary permits. 

The greatest challenge with these systems is the need to use the stored water and avoid 
full tanks, since these cannot be responsive in the event of a storm.  That is, these SCMs are 
effective only if the captured runoff can be regularly used for some grey water usage, like car 
washing, toilet flushing, or irrigation systems (golf courses, landscaping, nurseries).  In some 
areas it might be possible to use the water for drinking, showering, or washing, but treatment to 
potable water quality would be required.  Sizing of the required storage is dependent on the 
climate patterns, the amount of impervious cover, and the frequency of water use.  Areas with 
frequent rainfall events require less storage as long as the water is used regularly, while areas 
with cold weather will not be able to utilize the systems for irrigation in the winter and thus 
require larger storage. 
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311 Stormwater Management Approaches 

FIGURE 5-14 Rainwater harvesting tanks at a      FIGURE 5-15  A Schematic of rainwater 
Starbucks in Austin, Texas.  SOURCE: Laura Ehlers. harvesting . SOURCE: PaDEP (2006). 

One substantial advantage of these systems is their ability to reduce water costs for the 
user and the ability to share needs.  An example of this interaction is the Pelican Hill 
development in Irvine, California, where excess runoff from the streets and houses is collected in 
enormous cisterns and used for watering of a nearby golf course.  Furthermore, compared to 
other SCMs, the construction of rainwater harvesting facilities provide a long-term benefit with 
minimal maintenance cost, although they do require an upfront investment for piping and storage 
tanks. 

Coombes et al. (2000) found that rainwater harvesting achieved a 60 to 90 percent 
reduction in runoff volume; in general, few studies have been conducted to determine the 
performance of these SCMs.  It should be noted that rainwater harvesting systems do collect 
airborne deposition and acid rain. 

Runoff Volume Reduction—Vegetated 

A large and very promising class of SCMs includes those that use infiltration and 
evapotranspiration via vegetation to reduce the volume of runoff.  These SCMs also directly 
address water quality of both surface water and groundwater by reducing streambank erosion, 
capturing suspended solids, and removing other pollutants from stormwater during filtration 
through the soil (although the extent to which pollutants are removed depends on the specific 
pollutant and the local soil chemistry).  Depending on their design, these SCMs can also reduce 
peak flows and recharge groundwater (if they infiltrate).  These SCMs can often be added as 
retrofits to developed areas by installing them into existing lawns, rights of way, or traffic 
islands. They can add beauty and property value. 

Flow volume is addressed by this SCM group by first capturing runoff, creating a 
temporary holding area, and then removing the stored volume through infiltration and 
evapotranspiration. Examples include bioswales, bioretention, rain gardens, green roofs, and 
bioinfiltration. Swales refer to grassy areas on the side of the road that convey drainage.  These 
were first designed to move runoff away from paved areas, but can now be designed to achieve a 
certain contact time with runoff so as to promote infiltration and pollutant removal (see Figure 5
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312 Urban Stormwater Management in the United States 

16). Bioretention generally refers to a constructed sand filter with soil and vegetation growing 
on top to which stormwater runoff from impervious surfaces is directed (Figure 5-17).  The 
original rain garden or bioretention facilities were constructed with a fabric at the bottom of the 
prepared soil to prevent infiltration and instead had a low-level outflow at the bottom.  Green 
roofs (Figure 5-18) are very similar to bioretention SCMs.  They tend to be populated with a 
light expanded shale-type soil and succulent plants chosen to survive wet and dry periods.  
Finally, bioinfiltration is similar to bioretention but is better engineered to achieve greater 
infiltration (Figure 5-19). All of these devices are usually at the upper end of a treatment train 
and designed for smaller storms, which minimizes their footprint and allows for incorporation 
within existing infrastructure (such as traffic control devices and median strips).  This allows for 
distributed treatment of the smaller volumes and distributed volume reduction. 

FIGURE 5-16 Vegetated swale. 	 FIGURE 5-17 Bioretention during a storm  
SOURCE: PaDEP (2006).	 event at the University of Maryland.  

SOURCE: Reprinted, with permission, from 
Davis et al. (2008). Copyright 2008 by the 
American Society of Civil Engineers. 

FIGURE 5-18 City Hall in the center of Chicago’s downtown was retrofitted with a green roof to 
reduce the heat island effect, remove airborne pollutants, and attenuate stormwater flows as a 
demonstration of innovative stormwater management in an ultra-urban setting.  SOURCE: 
Conservation Design Forum. 
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313 Stormwater Management Approaches 

FIGURE 5-19 Retrofit bioinfiltration at Villanova University immediately following a storm event.  
SOURCE: Robert Traver. 

These SCMs work by capturing water in a vegetated area, which then infiltrates into the 
soil below. They are primarily designed to use plant material and soil to evapotranspirate the 
runoff over several days. A shallow depth of ponding is required, since the inflows may exceed 
the possible infiltration ability of the native soil.  This ponding is maintained above an 
engineered sandy soil mixture and is a surface-controlled process (Hillel, 1998).  Early in the 
storm, the soil moisture potential creates a suction process that helps draw water into the SCM.  
This then changes to a steady rate that is “practically equal to the saturated hydraulic 
conductivity” of the subsurface (Hillel, 1998).  The hydrologic design goal should be to 
maximize the volume of water that can be held in the soil, which necessitates consideration of 
the soil hydraulic conductivity (which varies with temperature), climate, depth to groundwater, 
and time to drain.  Usually these devices are designed to empty between 24 and 72 hours after a 
storm event.  In some cases (usually bioretention), these SCMs have an underdrain. 

The choice of vegetation is an important part of the design of these SCMs.  Many sites 
where infiltration is desirable have highly sandy soils, and the vegetation has to be able to endure 
both wet and dry periods. Long root growths are desired to promote infiltration (Barr 
Engineering Co., 2001), and plants that attract birds can reduce the insect population.  
Bioretention cells may be wet for longer periods than bioinfiltration sites, requiring different 
plants. Denser plantings or “thorns” may be needed to avoid the destruction caused by humans 
and animals taking shortcuts through the beds. 

The pollutant removal mechanism operating for volume-reduction SCMs are different for 
each pollutant type, soil type, and volume-reduction mechanism.  For bioretention and SCMs 
using infiltration, the sedimentation and filtration of suspended solids in the top layers of the soil 
are extremely efficient.  Several studies have shown that the upper layers of the soil capture 
metals, particulate nutrients, and carbon (Pitt, 1996; Deschesne et al., 2005; Davis et al., 2008).  
The removal of dissolved nutrients from stormwater is not as straightforward.  While ammonia is 
caught by the top organic layer, nitrate is mobile in the soil column.  Some bioretention systems 
have been built to hold water in the soil for longer periods in order to create anaerobic conditions 
that would promote denitrification (Hunt and Lord, 2006a).  Phosphorus removal is related to the 
amount of phosphorus in the original soil.  Some studies have shown that bioretention cells built 
with agricultural soils increased the amount of phosphorus released.  Chlorides pass through the 
system unchecked (Ermilio and Traver, 2006), while oils and greases are easily removed by the 
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314 Urban Stormwater Management in the United States 

organic layer. Hunt et al. (2008) have reported in studies in North Carolina that the drying cycle 
appears to kill off bacteria. Temperature is not usually a concern as most storms do not overflow 
these devices. Green roofs collect airborne deposition and acid rain and may export nutrients 
when they overflow. However, this must be tempered by the fact that in larger storms, most 
natural lands would produce nutrients. 

A group of new research studies from North America and Australia have demonstrated 
the value of many of these runoff-volume-reduction practices to replicate predevelopment 
hydrology at the site. The results from 11 recent studies are given in Table 5-3, which shows the 
runoff reduction capability of bioretention. As can be seen, the reduction in runoff volume 
achieved by these practices is impressive—ranging from 20 to 99 percent with a median 
reduction of about 75 percent. Box 5-5 discusses the excellent performance of the bioswales 
installed during Seattle’s natural drainage systems project (see also Horner et al., 2003; Jefferies, 
2004; Stagge, 2006). Bioinfiltration has been less studied, but one field study concluded that 
close to 30 percent of the storm volume was able to be removed by bioinfiltration (Sharkey, 
2006). A very recent case study of bioinfiltration is provided in Box 5-6, which demonstrates 
that the capture of small storms through these SCMs is extremely effective in areas where the 
majority of the rainfall falls in smaller storms. 

TABLE 5-3 Volumetric Runoff Reduction Achieved by Bioretention 
Bioretention Design Location Runoff Reduction Reference 

Infiltration CT 99% Dietz and Clausen (2006) 
PA 86% Ermilio and Traver (2006) 
FL 98% Rushton (2002) 
AUS 73% Lloyd et al. (2002) 

Underdrain ONT 40% Van Seters et al. (2006) 
Model 30% Perez-Perdini et al. (2005) 
NC 40 to 60% Smith and Hunt (2007) 
NC 20 to 29% Sharkey (2006) 
NC 52 to 56% Hunt et al. (2008) 
NC 20 to 50% Passeport et al. (2008) 
MD 52 to 65% Davis et al. (2008) 
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315 Stormwater Management Approaches 

BOX 5-5 
Bioswale Case Study 

100th Street Cascade, Seattle, Washington 

A recent example of the ability of SCMs to accomplish a variety of goals was illustrated for water 
quality swales in Seattle, Washington.  As part of its Natural Drainage Systems Project, the City of Seattle 
retrofitted several blocks of an urban residential neighborhood with curbside vegetated swales.  On NW 
110th Street, the two-block-long system was developed as a cascade, due to the steep slope (6 percent).  
Twelve stepped, in-series biofilters were installed between properties and the road, each of which 
contains a storage area and an overflow weir.  During rain events, the cells were designed to fill before 
emptying into the cell downstream.  The soils in the bottom of each cell were over one foot thick and 
consisted of river rocks overlain by a swale mix.  Native plants were chosen to vegetate the sides of the 
swale. 

Extensive flow and water quality 
sampling occurred during 2003–2006 at the 
inflow and outflow of the biofilters as well as at 
references points elsewhere in the neighborhood 
that are not served by the new SCMs. Perhaps 
the most profound observation was that almost 
50 percent of all rainfall flowing into the cascade 
was infiltrated, resulting in a corresponding 
reduction in runoff.  Indeed, the cascade 
discharged measurable flow only during 49 of 
235 storm events during the period.  Depending 
on preceding conditions, the cascade was able 
to retain all of the flow for storms up to 1 inch in 
magnitude.  In addition to the reduction in runoff 
affected by the swales, they also achieved 
significant peak flow reduction, as shown in 
Figure 5-20.  Many peak flow rates were entirely dampened, even those where the inflow peak rate was 
as high as 0.7 cfs. 

FIGURE 5-20  Peak flow rates at the inlet and outlet of the cascade, as measured by two different 
devices: Campbell Scientific (left) and ISCO (right).  SOURCE: Horner and Chapman (2007). 

continues next page 

Peak flow rates at inlet and outlet 
Campbell Scientific flow data -- edited 

0 

0.5 

1 

1.5 

0  0.5  1  1.5  
Inlet peak flow rate, cfs 

O
ut

le
t p

ea
k 

flo
w

 ra
te

, c
fs

 All storms 
Peak flow rate inlet = outlet 

Peak flow rates at inlet and outlet 
ISCO flow data 

0 

0.5 

1 

1.5 

0  0.5  1  1.5  

Inlet peak flow rate, cfs 

O
ut

le
t p

ea
k 

flo
w

 ra
te

, c
fs All storms 

Peak flow rate inlet = outlet 

PREPUBLICATION 
  

RB-AR13443



   

 
 

 

 

 

 
  

 
 

 
  

 
 

 
 

  
 

 
 

 

 
 

 

 

 
 

 

 

316 Urban Stormwater Management in the United States 

BOX 5-5 Continued 

Water quality data were also extremely encouraging, as shown in Table 5-4.  For total suspended 
solids, influent concentration of 94 mg/L decreased to 29 mg/L at the outlet of the cascade.  Similar 
percent removals were observed for total copper, total phosphorus, total zinc, and total lead (see Table 5
4). Soluble phosphorus concentrations tended to increase from the inflow of the cascade to the outflow.   

TABLE 5-4 Typical Outflow Quality from the 100th Street Cascade. Permission pending. 
Pollutant Range (mg/L) 
Total Suspended Solids 10–40 
Total Nitrogen 0.6–1.4 
Total Phosphorus 0.09–0.23 
Soluble Reactive Phosphorus 0.02–0.05 
Total Copper 0.004–0.008 
Dissolved Copper 0.002–0.005 
Total Zinc 0.04–0.11 
Dissolved Zinc 0.02–0.06 
Total Lead 0.002–0.007 
Dissolved Lead <0.001 
Motor Oil 0.11–0.33 
SOURCE: Horner and Chapman (2007). 

Taking both measured concentrations and volume reduction into account, the cascade reduced 
the mass loadings for the contaminants by 60 percent to greater than 90 percent.  As shown in Table 5-5, 
pollutants associated with sediments were reduced to the greatest extent, while dissolved pollutants were 
less readily removed. 

TABLE 5-5 Pollutant Mass Loading Reductions at 100th Street Cascade. Permission pending. 
Pollutant Percent Reduction (90% Confidence Interval) 
Total Suspended Solids 84 (72–92) 
Total Nitrogen 63 (53–74) 
Total Phosphorus 63 (49–74) 
Total Copper 83 (77–88) 
Dissolved Copper 67 (50–78) 
Total Zinc 76 (46–85) 
Dissolved Zinc 55 (21–70) 
Total Lead 90 (84–94) 
Motor Oil 92 (86–97) 
SOURCE: Horner and Chapman (2007). 

This level of performance was compared to other parts of the neighborhood treated with 
conventional ditch and pipe systems.  The concentrations of almost all pollutants at the outlet of the 100th 

Cascade was significantly lower than a corresponding outlet at 120th Street. Furthermore, the ability of 
this SCM to attenuate peak flows and reduce runoff was remarkable. 
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317 Stormwater Management Approaches 

BOX 5-6 
SCM Evaluation Through Monitoring: 

Villanova Bioinfiltration SCM 

The Bioinfiltration Traffic Island located on the campus of Villanova University in Southeastern 
Pennsylvania is part of the Villanova Urban Stormwater Partnership (VUSP) BMP Demonstration Park 
(see Figure 5-21).  Originally funded through the Pennsylvania Growing Greener Program, and now 
through the State’s 319 nonpoint source monitoring program, the site has been monitored continuously 
since soon after it was constructed in 2001.  This monitoring has lead to a wealth of information about the 
performance and monitoring needs of infiltration SCMs. 

FIGURE 5-21 Villanova Bioinfiltration Traffic Island SCM.  SOURCE : Reprinted, with permission, from VUSP. 
Copyright by Villanova Urban Stormwater Partnership. 

The SCM is a retrofit of an existing curb-enclosed traffic island in the parking lot of a university 
dormitory complex.  The original grass area was dug out to approximately six feet.  The soil removed 
during the excavation was then mixed with sand onsite to create a 50 percent sand–soil mixture.  This soil 
mixture was then placed back into the excavation to a depth of approximately four feet, leaving a surface 
depression that is an average of two feet deep.  Care was taken during construction to prevent any 
compaction of either the soil mixture or the undisturbed soil below.  Placement of the mixed soil is shown 
in Figure 5-22. 

During construction two curb cuts were created to direct runoff into the SCM.  Creation of one of 
the cuts entailed filling and paving over an existing stormwater inlet to redirect the runoff that previously 
entered the stormwater drainage system of the parking lot.  Another existing inlet was used to collect and 
redirect runoff into the SCM.  Plants were chosen based on their ability to thrive in both extreme wet and 
dry conditions; the species chosen are commonly found on sand dunes where similar wet/dry conditions 
may exist. 

The contributing watershed is approximately 50,000 square feet and is 52 percent impervious 
surfaces.  The design goal of the SCM was for it to temporarily store the first inch of runoff.  The one-inch 
capture depth is based on an analysis of local historical rainfall data showing that capture of the first inch 
of each storm would account for approximately 96 percent of the annual rainfall.  This capture depth 
would therefore also account for the majority of the annual pollutant load coming from the drainage area. 

FIGURE 5-22  Placement of the mixed soil in the basin.  
Notice the construction equipment being kept away from  
the basin to avoid potential compaction of the sub-base.  
SOURCE : Reprinted, with permission, from VUSP.  
Copyright by Villanova Urban Stormwater Partnership. 

continues next page 
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318 Urban Stormwater Management in the United States 

BOX 5-6 Continued 

Continuous monitoring over multiple years has increased our understanding of how this type of 
structure operates and its benefits.  For example, Heasom et al. (2006) was able to produce a continuous 
hydrologic flow model of the site based on season.  Figure 5-23 shows the variability of the infiltration rate 
on a seasonal basis, and the relationship between infiltration and temperature (Emerson and Traver, 
2008).  This work has also shown no statistical change in performance over the five-year monitoring 
period.  
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FIGURE 5-23  Seasonal Infiltration Rate.  SOURCE: Reprinted, with permission, from Emerson and 
Traver (2008). Copyright 2008 by Journal of Irrigation and Drainage Engineering. 

When examining the yearly performance of the site from a surface water standpoint, it is easily 
shown that on a regular basis approximately 50 to 60 percent of the runoff that reaches the site is 
removed from the surface waters, and 80 to 85 percent of the rainfall is infiltrated (Figure 5-24). 
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FIGURE 5-24  2003 Performance and 2006 Performance. SOURCE : Reprinted, with permission, from VUSP. 
Copyright by Villanova Urban Stormwater Partnership. 
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319 Stormwater Management Approaches 

The performance of the SCM during individual storm events was examined in 2005.  Out of 77 
rainfall events, overflow was recorded for only seven events.  Generally overflow did not occur for rainfalls 
less than 1.95 inches except for one occasion.  As the bowl volume is much less than this value, 
substantial infiltration must be occurring during the storm event.  When one extreme 6-inch storm was 
recorded (Figure 5-25), it was surprising to note that infiltration occurred all during the storm event,  as did 
some unexpected peak flow reduction.  What is even more impressive is to examine the reduction in the 
duration of flows, which is directly related to downstream channel erosion (Figure 5-26).  Clearly the 
bioinfiltration SCM exceeded its design goals. 

FIGURE 5-25  October 2005 extreme storm event.   FIGURE 5-26 Flow duration curves, October 2005. 
storm event. SOURCE : Reprinted, with  SOURCE : Reprinted, with permission, from VUSP.  
permission, from VUSP. Copyright by Villanova   Copyright by Villanova Urban Stormwater Partnership. 
Urban Stormwater Partnership. 

Research on this site is currently examining water quality benefits and groundwater interactions.  
When evaluating the pollutant removal of bioinfiltration, it is critical to consider flow volumes and pollutant 
levels together.  For example, during many of the overflow events, there were higher nutrient levels 
leaving the SCM than entering due to the plants contained within the SCM.  However, when the runoff 
volume reduction is considered, the total nitrogen and phosphorus removed from the influent is 
impressive (Davis et al., 2008).  Water quality studies of the infiltrated water are still incomplete but 
generally show some conversion of nitrate to nitrite, and high chlorides from snow melt chemicals moving 
through the system.  Nutrient levels are relatively low in the samples at the 8-foot depth. 
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The strengths of vegetated runoff-volume-reduction SCMs include the flexibility to 
utilize the drainage system as part of the treatment train.  For example, bioswales can replace 
drainage pipes, green roofs can be installed on buildings, and bioretention can replace parking 
borders (Figure 5-27), thereby reducing the footprint of the stormwater system.  Also, through 
the use of swales and reducing pipes and inlets, costs can be offset.  Vegetated systems are more 
tolerant of the TSS collected, and their growth cycle maintains pathways for infiltration and 
prevents clogging. Freeze–thaw cycles also contribute to pathway maintenance.  The aesthetic 
appeal of vegetated SCMs is also a significant strength.   

Weaknesses include the dependence of these SCMs on native soil infiltration and the 
need to understand groundwater levels and karst geology, particularly for those SCMs designed 
to infiltrate. For bioinfiltration and bioretention, most failures occur early on and are caused by 
sedimentation and construction errors that reduce infiltration capacity, such as stripping off the 
topsoil and compacting the subsurface.  Once a good grass cover is established in the 
contributing area, the danger of sedimentation is reduced.  Nonetheless, the need to prevent 
sediment from overwhelming these structures is critical.  The longevity of these SCMs and their 
vulnerability to toxic spills are a concern (Emerson and Traver, 2008), as is their failure to 
reduce chlorides.  Finally, in areas where the land use is a hot spot, or where the SCM could 
potentially contaminate the groundwater supply, bioretention, non-infiltrating bioswales, and 
green roofs may be more suitable than infiltration SCMs.  

The role of infiltration SCMs in promoting groundwater recharge deserves additional 
consideration.  Although this is a benefit of infiltration SCMs in regions where groundwater 
levels are dropping, it may be undesirable in a few limited scenarios.  For example, in the arid 
southwest contributions to base flow from irrigation have turned some dry ephemeral stream 
systems into perennial streams that support the growth of dense vegetation, which may be less 
desirable habitat for certain riparian species (like the Arroyo toad in Southern California).  
Infiltration SCMs could contribute to changing the flow regime in cases such as these.  In most 
urban areas, there is so much impervious cover that it would be difficult to “overinfiltrate.”  
Nonetheless, the use of infiltration SCMs will change local subsurface hydrology, and the 
ramifications of this—good and bad—should be considered prior to their installation. 

FIGURE 5-27 North Carolina Retrofit Bioretention SCMs.  SOURCE: Traver. 
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321 Stormwater Management Approaches 

Maintenance of vegetated runoff-volume-reduction SCMs is relatively simple.  A visit 
after a rainstorm to check for plant health, to check sediment buildup, and to see if the water is 
ponded can answer many questions.  Maintenance includes trash pickup and seasonal removal of 
dead grasses and weeds. Sediment removal from pretreatment devices is required.  Depending 
on the pollutant concentrations in the influent, the upper layer of organic matter may need to be 
removed infrequently to maintain infiltration and to prevent metal and nutrient buildup. 

At the site level, the chief factors that lead to uncertainty are the infiltration performance 
of the soil, particular for the limiting subsoil layer, and how to predict the extent of pollutant 
removal.  Traditional percolation tests are not effective to estimate the infiltration performance; 
rather, testing hydraulic conductivity is required.  Furthermore, the infiltration rate varies 
depending on temperature and season (Emerson and Traver, 2008).  Basing measurements on 
percent removal of pollutants is extremely misleading, since every site and storm generates 
different levels of pollutants. The extent of pollutant removal depends on land use, time between 
storms, seasons, and so forth.  These factors should be part of the design philosophy for the site.  
Finally, it should also be pointed out that climate is a factor determining the effectiveness of 
some of these SCMs.  For example, green roofs are more likely to succeed in areas having 
smaller, more frequent storms (like the Pacific Northwest) compared to areas subjected to less 
frequent, more intense storms (like Texas). 

Runoff Volume Reduction—Subsurface 

Infiltration is the primary runoff-volume-reduction mechanism for subsurface SCMs, 
such that much of the previous discussion is relevant here.  Thus, like vegetated SCMs, these 
SCMs provide benefits for groundwater recharge, water quality, stream channel protection, peak 
flow reduction, capture of the suspended solids load, and filtration through the soil (Ferguson, 
2002). Because these systems can be built in conjunction with paved surfaces (i.e., they are 
often buried under parking lots), the amount of water captured, and thus stream protection, may 
be higher than for vegetated systems.  They also have lower land requirements than vegetated 
systems, which can be an enormous advantage when using these SCMs during retrofitting, as 
long as the soil is conducive to infiltration. 

Similar to vegetated SCMs, this SCM group works primarily by first capturing runoff and 
then removing the stored volume through infiltration.  The temporary holding area is made either 
of stone or using manufactured vaults.  Examples include pervious pavement, infiltration 
trenches, and seepage pits (see Figures 5-28, 5-29, 5-30, 5-31, and 5-32).  As with vegetated 
SCMs, a shallow depth of ponding is required, since the inflows may exceed the possible 
infiltration ability of the native soil.  In this case, the ponding is maintained within a rock bed 
under a porous pavement or in an infiltration trench.  These devices are usually designed to 
empty between 24 and 72 hours after the storm event. 

The infiltration processes operating for these subsurface SCMs are similar to those for the 
vegetated devices previously discussed. Thus, much like for vegetated systems, the level of 
control achieved depends on the infiltration ability of the native soils, the percent of impervious 
surface area in the contributing watershed, land use contributing to the pollutant loadings, and 
climate.  A large number of recent studies have found that permeable pavement can reduce 
runoff volume by anywhere from 50 percent (Rushton, 2002; Jefferies, 2004; Bean et al., 2007) 

PREPUBLICATION 
  

RB-AR13449



   

 
 

    
 

                                                               

            
   
    

                                   
                                                                                    

       

322 Urban Stormwater Management in the United States 

FIGURE 5-28  Schematic of a seepage pit. FIGURE 5-29  Porous asphalt.  SOURCE: SOURCE: 
PaDEP.    PaDEP. 

FIGURE 5-30 A retrofitted infiltration trench at FIGURE 5-31  Pervious concrete at 
Villanova University. SOURCE: Reprinted, with Villanova University.  SOURCE: Reprinted, 
permission, from VUSP. Copyright by VUSP. with permission from VUSP. Copyright by    

VUSP. 

FIGURE 5-32  A small office building conversion at the edge of downtown Denver included the 
replacement of a portion of the site’s parking with modular block porous pavement underlain by an 18
inch layer of crushed rock.  Rainfall on the porous pavement and roof runoff for most storm events are 
contained in the reservoir created by the crushed rock.  The pavement infiltrates runoff from most storm 
events for one-third of the impervious area on the half-acre site. 
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323 Stormwater Management Approaches 

to as much as 95 percent or greater (van Seters et al., 2006; Kwiatkowski et al., 2007).  Box 5-7 
describes the success of a recent retrofitting of asphalt with pervious pavement at Villanova 
University. 

The strengths of subsurface runoff-volume-reduction SCMs are similar to those of their 
vegetated counterparts.  Additional attributes include their ability to be installed under parking 
areas and to manage larger volumes of rainfall.  These SCMs typically have few problems with 
safety or vector-borne diseases because of their subsurface location and storage capacity, and 
they can be very aesthetically pleasing.  The potential of permeable pavement could be 
particularly far-reaching if one considers the amount of impervious surface in urban areas that is 
comprised of roads, driveways, and parking lots. 

The weaknesses of these SCMs are also similar to those of vegetated systems, including 
their dependence on native soil infiltration and the need to understand groundwater levels and 
karst geology. Simply estimating the soil hydraulic conductivity can have an error rate of an 
order of magnitude.  Specifically for subsurface systems that use geotextiles (not permeable 
pavement), there is a danger of TSS being compressed against the bottom of the geotextile, 
preventing infiltration. There are no freeze–thaw cycles or vegetated processes that can reopen 
pathways, so the control of TSS is even more critical to their life span.  In most cases (permeable 
pavement is an exception), pretreatment is required, except for the cleanest of sources (like a 
slate roof). Typically, manufactured devices, sediment forebays, or grass strips are part of the 
design of subsurface SCMs to capture the larger sediment particles. 

The maintenance of subsurface runoff-volume-reduction SCMs is relatively simple but 
critical.  If inspection wells are installed, a visit after a rainstorm will check that the volume is 
captured, and later that it has infiltrated.  Porous surfaces should undergo periodic vacuum street 
sweeping when a sediment source is present.  Pretreatment devices require sediment removal.  
The difficulty with this class of SCMs is that, if a toxic spill occurs or maintenance is not 
proactive, there are no easy corrective measures other than replacement. 

Low-Impact Development. LID refers primarily to the use of small, engineered, on-site 
stormwater practices to treat the quality and quantity of runoff at its source.  It is discussed here 
because the SCMs that are thought of as LID—particularly vegetated swales, green roofs, 
permeable pavement, and rain gardens—are all runoff-volume-reduction SCMs.  They are 
designed to capture the first portion of a rainfall event and to treat the runoff from a few hundred 
square meters of impervious cover. 

As discussed earlier, several studies have measured the runoff volume reduction of 
individual LID practices.  Fewer studies are available on whether multiple LID practices, when 
used together, have a cumulative benefit at the neighborhood or catchment scale.  Four 
monitoring studies have clearly documented a major reduction in runoff from developments that 
employ LID and Better Site Design (see Box 5-8) compared to those that do not.  In addition, six 
studies have documented the runoff reduction benefits of LID at the catchment or watershed 
scale using a modeling approach (Alexander and Heaney, 2002; Stephens et al., 2002; Holman-
Dodds et al., 2003; Coombes, 2004; Hardy et al., 2004; Huber et al., 2006).  
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324 Urban Stormwater Management in the United States 

BOX 5-7 
Evaluation Through Monitoring: Villanova Pervious Concrete SCM 

Villanova University’s Stormwater Research and Demonstration Park is home to a pervious 
concrete infiltration site (Figure 5-33).  The site, 
formerly a standard asphalt paved area, is 
located between two dormitories.  The area was 
reconstructed in the summer of 2002 and 
outfitted with three infiltration beds overlain with 
pervious concrete.  Usage of the site consists 
primarily of pedestrian traffic with some light 
automobile traffic.  The pervious concrete site is 
designed to infiltrate small-volume storms (1 to 2 
inches).  Roof top runoff is directly piped to the 
rock bed under the concrete.  For these smaller 
events, there is essentially no runoff from the 
site.  

Figure 5-33  Villanova University pervious 
concrete retrofit site. SOURCE: Reprinted, with 
permission, from VUSP. Copyright by VUSP. 

The pervious concrete is outlined with decorative pavers that divide the pervious concrete into 
three separate sections as seen in Figure 5-33.  Underneath these three sections are individual storage 
beds.  Since the site lies on a significant slope it was necessary to create earthen dams that isolate each 
storage area.  At the top of each dam there is an overflow pipe which connects the storage area with the 
next one downstream.  The final storage bed has an overflow that connects to the existing storm sewer.  
The beds are approximately 4 feet deep and are filled with stone, producing about 40 percent void space 
within the beds.  A geotextile pervious liner was laid down to separate the storage beds from the 
undisturbed soil below (Figure 5-34).  The primary idea was to avoid any upward migration of the in-situ 
soil, which could possibly reduce the capacity of the beds over time. 

FIGURE 5-34  Infiltration bed under construction.  Pervious concrete has functionality and workability similar to that of 
regular concrete.  However, the pervious concrete mix lacks the sand and other fine particles found in regular 
concrete. This creates a significant amount of void space which allows water to flow relatively unobstructed through 
the concrete. This site was the first attempt at creating a pervious concrete SCM in the area, and there were 
construction and material problems.  Since that time the industry has matured, and a second site on campus 
constructed in 2007 has not had any significant difficulties. SOURCE: Reprinted, with permission, from VUSP. 
Copyright by VUSP. 

continues next page 
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325 Stormwater Management Approaches 

Note the runoff from impervious concrete spilling over to the pervious concrete 

Continuous monitoring of the site over a number of years has considerably increased our 
understanding of infiltration.  Similar to the bioinfiltration site (Box 5-6), the infiltration rate of permeable 
concrete does vary as a function of temperature (Braga et al., 2007; Emerson and Traver, 2008), and the 
SCM volume reduction is impressive.  As shown in Figure 5-35, over 95 percent of the yearly rainfall was 
infiltrated with minimal overflow.  Besides hydrologic plots, water quality plots also show the benefits of 
permeable concrete (Kwiatkowski et al., 2007).  Because over 95 percent of the runoff is infiltrated, well 
over 95 percent of the pollutant mass is also removed.  Figure 5-36 shows the level of copper extracted 
from lysimeters buried under the rock bed and surrounding grass.  The plot is arranged in quartiles, with 
readings in milligrams per liter.  Lysimeter samples from under the surrounding grass and one foot and 
four feet under the infiltration bed all report almost no copper, compared to samples taken from the port in 
the rock bed and from the gutters draining the roof tops. 

continues next page 
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326 Urban Stormwater Management in the United States 

BOX 5-7 Continued 

FIGURE 5-35  Rainfall and corresponding outflow from the weir of the SCM.  SOURCE: Reprinted, with 
permission, from VUSP.  Copyright by VUSP. 

FIGURE 5-36  Copper measured at various locations.  The three quartiles correspond to the 25th, 50th, 
and 75th percentile value of all data collected.  A21 is a lysimeter location under the surrounding grass, 
while B11 and B13 refer to locations that are one foot and four feet under the infiltration bed, respectively. 
SOURCE: Reprinted, with permission, from VUSP. Copyright by VUSP. 
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327 Stormwater Management Approaches 

BOX 5-8 
Jordan Cove—An LID Watershed Project 

LID refers to the use of a system of small, on-site SCMs to counteract increases in flow and 
pollution following development and to control smaller runoff events.  Although some studies are available 
that measure the runoff volume reduction of individual LID practices, fewer studies are available on 
whether multiple LID practices, when used together, have a cumulative benefit at the neighborhood or 
catchment scale.  Of those listed in Table 5-6, Jordan Cove is the most extensively studied, as it was 
monitored for ten years as part of a paired watershed study that included a site with no SCMs and a site 
with traditional (detention) SCMs.  The watersheds were monitored during calibration, construction, and 
post-construction periods.  The project consisted of 12 lots, and the SCMs used were bioretention, porous 
pavements, no-mow areas, and education for the homeowners (Figure 5-37). 

TABLE 5-6 Review of Recent LID Monitoring Research on a Catchment Scale 

Location Practices Runoff 
Reduction 

Jordan Cove, USA 
Dietz and Clausen (2008) 

Permeable pavers, bioretention, grass swales, 
education 

84% 

Somerset Heights, USA 
Cheng et al. (2005) 

Grass swale, bioretention, and rooftop 
disconnection 

45% 

Figtree Place, Australia 
Coombes et al. (2000) 

Rain tanks, infiltration trenches, swales 100% 

FIGURE 5-37 Jordan Cove LID subdivision. Permission pending 

continues next page 
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BOX 5-8 Continued 

Figure 5-38 (right panel) displays the hydrograph from a post-construction storm comparing the 
LID, traditional, and control watersheds.  Note that the traditional watershed shows the delay and peak 
reduction from the detention basins, while the LID watershed has almost no runoff. The LID watershed 
was found to reduce runoff volume by 74 percent by increasing infiltration over preconstruction levels. 

FIGURE 5-38.  Significant changes in runoff volume (m3/week), runoff depth (cm/week) and peak 
discharge (m3/sec/week) after construction was completed (left panel).  Hydrograph of all three 
subdivisions in the project, showing the larger volume and rate of runoff from the traditional and control 
subdivisions, as compared to the LID (right panel). Permission pending. 

Comparisons of nutrient and metal concentrations and total export in the surface water shows the 
value of the LID approach as well as the significance of the reduction in runoff volume.  Figure 5-39 
shows the changes in pollutant concentration and mass export before and after construction for the 
traditional and LID subdivisions.  Note that concentrations of TSS and nutrients are increased in the LID 
subdivision (left-hand panel); this is because swales and natural systems are used in place of piping as a 
“green” drainage system and because only larger storms leave the site.  The right-hand panel shows how 
the large reduction in runoff achieved through infiltration can dramatically reduce the net export of 
pollutants from the LID watershed. 

FIGURE 5-39  Significant changes in pollutant concentration, after construction was completed (left).  
Units are mg/L for NO3-N, NH3-N, TKN, TP, and BOD, and µg/L for Cu, Pb, and Zn.  Significant changes 
in mass export (kg/ha/year) after construction was completed (right).  Permission pending 

SOURCE: Clausen (2007). 
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Peak Flow Reduction and Runoff Treatment 

After efforts are made to prevent the generation of pollutants and to reduce the volume of 
runoff that reaches stormwater systems, stormwater management focuses on the reduction of 
peak flows and associated treatment of polluted runoff.  The main class of SCMs used to 
accomplish this is extended detention basins, versions of which have dominated stormwater 
management for decades.  These include a wide variety of ponds and wetlands, including wet 
ponds (also known as retention basins), dry extended detention ponds (as known as detention 
basins), and constructed wetlands.  By holding a volume of stormwater runoff for an extended 
period of time, extended detention SCMs can achieve both water quality improvement and 
reduced peak flows. Generally the goal is to hold the flows for 24 hours at a minimum to 
maximize the opportunity of settling, adsorption, and transformation of pollutants (based on past 
pollutant removal studies) (Rea and Traver, 2005).  For smaller storm events (one- to two-year 
storms), this added holding time also greatly reduces the outflows from the SCM to a level that 
the stream channel can handle.  Most wet ponds and stormwater wetlands can hold a “water 
quality” volume, such that the flows leaving in smaller storms have been held and “treated” for 
multiple days.  Extended detention dry ponds greatly reduce the outflow peaks to achieve the 
required residence times. 

Usually extended detention devices are lower in the treatment train of SCMs, if not at the 
end. This is both due to their function (they are designed for larger events) and because the 
required water sources and less permeable soils needed for these SCMs are more likely to be 
found at the lower areas of the site.  Some opportunities exist to naturalize dry ponds or to 
retrofit wet ponds into stormwater wetlands but it depends on their site configuration and 
hydrology. Stormwater wetlands are shown in Figures 5-40 and 5-41.  A wet pond and a dry 
extended detention basin are shown in Figures 5-42 and 5-43.   

Simple ponds are little more than a hole in the ground, in which stormwater is piped in 
and out. Dry ponds are meant to be dry between storms, whereas wet ponds have a permanent 
pool throughout the year. Detention basins reduce peak flows by restricting the outflows and 
creating a storage area. Depending on the detention time, outflows can be reduced to levels that 
do not accelerate erosion, that protect the stream channel, and that reduce flooding.   

FIGURE 5-40 Constructed wetland at   FIGURE 5-41 Retrofitted stormwater wetland. 
SOURCE: PaDEP (2006). SOURCE: Reprinted, with permission, from 

                VUSP. Copyright by VUSP. 
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330 Urban Stormwater Management in the United States 

The flow normally enters the structure through a sediment forebay (Figure 5-44), which 
is included to capture incoming sediment, remove the larger particles through settling, and allow 
for easier maintenance. Then a meandering path or cell structure is built to “extend” and slow 
down the flows. The main basin is a large storage area (sometimes over the meandering flow 
paths). Finally, the runoff exits through an outflow control structure built to retard flow.  

Wet ponds, stormwater wetlands, and (to a lesser extent) dry extended detention ponds 
provide treatment.  The first step in treatment is the settling of larger particles in the sediment 
forebay. Next, for wet ponds a permanent pool of water is maintained so that, for smaller 
storms, the new flows push out a volume that has had a chance to interact with vegetation and be 
“treated.” This volume is equivalent to an inch of rain over the impervious surfaces in the 
drainage area. Thus, what exits the SCM during smaller storm events is baseflow contributions 
and runoff that entered during previous events.  For dry extended detention ponds, there is no 
permanent pool and the outlet is instead greatly restricted.  For all of these devices, vegetation is 
considered crucial to pollutant removal.  Indeed, wet ponds are designed with an aquatic bench 
around the edges to promote contact with plants.  The vegetation aids in reduction of flow 
velocities, provides growth surfaces for microbes, takes up pollutants, and provides filtering 
(Braskerud, 2001). 

FIGURE 5-42 Wet pond. SOURCE: PaDEP FIGURE 5-43 Dry extended detention  
(2006). pond. SOURCE: PaDEP (2006). 

FIGURE 5-44 Villanova University sediment forebay.  

SOURCE: Reprinted, with permission, from VUSP. Copyright by VUSP002E 
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331 Stormwater Management Approaches 

The ability of detention structures to achieve a certain level of control is size related— 
that is, the more peak flow reduction or pollutant removal required, the more volume and surface 
area are needed in the basin.  Because it is not simply the peak flows that are important, but also 
the duration of the flows that cause damage to the stream channels (McCuen, 1979; Loucks et 
al., 2005), some detention basins are currently sized and installed in series with runoff-volume
reduction SCMs. 

The strength of extended detention devices is the opportunity to create habitats or 
picturesque settings during stormwater management.  The weaknesses of these measures include 
large land requirements, chloride buildup, possible temperature effects, and the creation of 
habitat for undesirable species in urban areas. There is a perception that these devices promote 
mosquitoes, but that has not been found to be a problem when a healthy biological habitat is 
created (Greenway et al., 2003). Another drawback of this class of SCMs is that they often have 
limited treatment capacity, in that they can reduce pollutants in stormwater only to a certain 
level. These so-called irreducible effluent concentrations have been documented mainly for 
ponds and stormwater wetlands, as well as sand filters and grass channels (Schueler, 1998).  
Finally, it should be noted that either a larger watershed (10–25 acres; CWP, 2004) or a 
continuous water source is needed to sustain wet ponds and stormwater wetlands. 

Maintenance requirements for extended detention basins and wetlands include the 
removal of built-up sediment from the sediment forebay, harvesting of grasses to remove 
accumulated nutrients, and repair of berms and structures after storm events.  Inspection items 
relate to the maintenance of the berm and sediment forebay. 

While the basic hydrologic function of extended detention devices is well known, their 
performance on a watershed basis is not.  Because they do not significantly reduce runoff volume 
and are designed on a site-by-site basis using synthetic storm patterns, their exclusive use as a 
flood reduction strategy at the watershed scale is uncertain (McCuen, 1979; Traver and 
Chadderton, 1992). Much of this variability is reduced when they are coupled with volume 
reduction SCMs at the watershed level.  Pollutant removal is effected by climate, short-
circuiting, and by the schedule of sediment removal and plant harvesting.  Extreme events can 
resuspend captured sediments, thus reintroducing them into the environment.  Although there is 
debate, it seems likely that plants will need to be harvested to accomplish nutrient removal (Reed 
et al., 1998). 

Runoff Treatment 

As mentioned above, many SCMs associated with runoff volume reduction and extended 
detention provide a water quality benefit. There are also some SCMs that focus primarily on 
water quality with little peak flow or volume effect.  Designed for smaller storms, these are 
usually based on filtration, hydrodynamic separation, or small-scale bioretention systems that 
drain to a subsequent receiving water or other device.  Thus, often these SCMs are used in 
conjunction with other devices in a treatment train or as retrofits under parking lots.  They can be 
very effective as pretreatment devices when used “higher up” in the watershed than infiltration 
structures. Finally, in some cases these SCMs are specifically designed to reduce peak flows in 
addition to providing water quality benefits by introducing elements that make them similar to 
detention basins; this is particularly the case for sand filters. 
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332 Urban Stormwater Management in the United States 

The sand filter is relied on as a treatment technology in many regions, particular those 
where stream geomorphology is less of a concern and thus peak flow control and runoff volume 
reduction are not the primary goals.  These devices can be effective at removing suspended 
sediments and can extend the longevity and performance of runoff-volume-reduction SCMs.  
They are also one of the few urban retrofits available, due to the ability to implement them 
within traditional culvert systems.  Figures 5-45 and 5-46 show designs for the Austin sand filter 
and the Delaware sand filter. 

Filters use sand, peat, or compost to remove particulates, similar to the processes used in 
drinking water plants.  Sand filters primarily remove suspended solids and ammonia nitrogen.  
Biological material such as peat or compost provides adsorption of contaminants such as 
dissolved metals, hydrocarbons, and other organic chemicals.  Hydrodynamic devices use 
rotational forces to separate the solids from the flow, allowing the solids to settle out of the flow 
stream.  There is a recent class of bioretention-like manufactured devices that combine inlets 
with planters. In these systems, small volumes are directed to a soil planter area, with larger 
flows bypassing and continuing down the storm sewer system.  In any event, for manufactured 
items the user needs to look to the manufacturer’s published and reviewed data to understand 
how the device should be applied. 

The level of control that can be achieved with these SCMs depends entirely on sizing of 
the device based on the incoming flow and pollutant loads.  Each unit has a certified removal rate 
depending on inflow to the SCM. Also all units have a maximum volume or rate of flow they 
can treat, such that higher flows are bypassed with no treatment.  Thus, the user has to determine 
what size unit is needed and the number to use based on the area’s hydrologic cycle and what 
criteria are to be met. 

With the exception of some types of sand filters, the strengths of water quality SCMs are 
that they can be placed within existing infrastructure or under parking lots, and thus do not take 
up land that may be used for other purposes.  They make excellent choices for retrofit situations.  
For filters, there is a wealth of experience from the water treatment community on their 
operations. For all manufactured devices there are several testing protocols that have been set up 
to validate the performance of the manufactured devices (the sufficiency of which is discussed in 
Box 5-9). Weaknesses of these devices include their cost and maintenance requirements.   

FIGURE 5-45 Austin sand filter. SOURCE: FIGURE 5-46 Delaware sand filter. 
Robert Traver.      SOURCE: Tom Schueler. 
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BOX 5-9 
Insufficient Testing of Proprietary Stormwater Control Measures 

Manufacturers of proprietary SCMs offer a service that can save municipalities time and money.  
Time is saved by the ability of the manufactures to quickly select a model matching the needs of the site.  
A city can minimize the cost of buying the product by requiring the different manufacturers to submit bids 
for the site. All the benefits of the service will have no meaning, however, if the cities cannot trust the 
performance claims of the different products.  Because the United States does not have, at this time, a 
national program to verify the performance of proprietary SCMs, interested municipalities face a high 
amount of uncertainty when they select a product.  Money could be wasted on products that might have 
the lowest bid, but do not achieve the water quality goals of the city or state.  

The EPA’s Environmental Technology Verification (ETV) program was created to facilitate the 
deployment of innovative or improved environmental technologies through performance verification and 
dissemination of information.  The Wet Weather Flow Technologies Pilot was established as part of the 
ETV program to verify commercially available technologies used in the abatement and control of urban 
stormwater runoff, combined sewer overflows, and sanitary sewer overflows.  Ten proprietary SCMs were 
tested under the ETV program (see Figure 5-47), and the results of the monitoring are available on the 
National Sanitation Foundation International website.  Unfortunately, the funding for the ETV program 
was discontinued before all the stormwater products could be tested.  Without a national testing program 
some states have taken a more regional approach to verifying the performance of proprietary practices, 
while most states do not have any type of verification or approval program. 

The Washington Department of Ecology has supported a testing protocol called Technology 
Assessment Protocol–Ecology that describes a process for evaluating and reporting on the performance 
and appropriate uses of emerging SCMs.  California, Massachusetts, Maryland, New Jersey, 
Pennsylvania, and Virginia have sponsored a testing program called Technology Acceptance and 
Reciprocity Partnership (TARP), and a number of products are being tested in the field.  The State of 
Wisconsin has prepared a draft technical standard (1006) describing methods for predicting the site-
specific reduction efficiency of proprietary sedimentation devices.  To meet the criteria in the standard the 
manufacturers can either use a model to predict the performance of the practice or complete a laboratory 
protocol designed to develop efficiency curves for each product.  Although none of these state or federal 
verification efforts have produced enough information to sufficiently reduce the uncertainty in selection 
and sizing of proprietary SCMs, many proprietary practices are being installed around the country, 
because of the perceived advantage of the service being provided by the manufacturers and the 
sometimes overly optimistic performance claims.   

All those involved in stormwater management, including the manufacturers, will have a much 
better chance of implementing a cost-effective stormwater program in their cities if the barriers to a 
national testing program for proprietary SCMs are eliminated.  Two of the barriers to the ETV program 
were high cost and the transferability of the results.  Also, the ETV testing did not produce results that 
could be used in developing efficiency curves for the product.  A new national testing program could 
reduce the cost by using laboratory testing instead of field testing.  Each manufacturer would only have to 
do one series of tests in the lab and the results would be applicable to the entire country.  The laboratory 
protocol in the Wisconsin Technical Standard 1006 provides a good example of what should be included 
to evaluate each practice over a range of particle sizes and flows.  These types of laboratory data could 
also be used to produce efficiency curves for each practice.  It would be relatively easy for state and local 
agencies to review the benefits of each installation if the efficiency curves were incorporated into urban 
runoff models, such as WinSLAMM or P8. 

continues next page 
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334 Urban Stormwater Management in the United States 

BOX 5-9 Continued 

Stormwater 360 Hydrodynamic Separator.    Downstream Defender. SOURCE:  Available online 
SOURCE: EPA (2005c)    at http://epa.gov/Region1/assistance/ceitts/ 

   stormwater/techs/downstreamdefender.html 

Bay Seperator: SOURCE: EPA (2005a). Stormfilter. SOURCE: EPA (2005b). 

FIGURE 5-47  Proprietary Manufactured Devices tested by the ETV Program.  

Regular maintenance and inspection at a high level are required to remove captured pollutants, to 
replace mulch, or to rake and remove the surface layer to prevent clogging.  In some cases 
specialized equipment (vacuum trucks) is required to remove built-up sediment.  Although the 
underground placement of these devices has many benefits, it makes it easy to neglect their 
maintenance because there are no signs of reduced performance on the surface.  Because these 
devices are manufactured, the unit construction cost is usually higher than for other SCMs.  
Finally, the numerous testing protocols are confusing and prevent more widespread applications. 

The chief uncertainty with these SCMs is due to the lack of certification of some 
manufactured devices.  There is also concern about which pollutants are removed by which class 
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335 Stormwater Management Approaches 

of device. For example, hydrodynamic devices and sand filters do not address dissolved 
nutrients, and in some cases convert suspended pollutants to their dissolved form.  Both issues 
are related to the false perception that a single SCM must be found that will comprehensively 
treat stormwater.  Such pressures often put vendors in a position of trying to certify that their 
devices can remove all pollutants.  Most often, these devices can serve effectively as part of a 
treatment train, and should be valued for their incremental contributions to water quality 
treatment.  For example, a filter that removes sediment upstream of a bioinfiltration SCM can 
greatly prolong the life of the infiltration device. 

Aquatic Buffers and Managed Floodplains 

Aquatic buffers, sometimes also known as stream buffers or riparian buffers, involve 
reserving a vegetated zone adjacent to streams, shorelines, or wetlands as part of development 
regulations or as an ordinance. In most regions of the country, the buffer is managed as forest, 
although in arid or semi-arid regions it may be managed as prairie, chapparal, or other cover.  
When properly designed, buffers can both reduce runoff volumes and provide water quality 
treatment to stormwater. 

The performance of urban stream buffers cannot be predicted from studies of buffers 
installed to remove sediment and nutrients from agricultural areas (Lowrance and Sheridan, 
2005). Agricultural buffers have been reported to have high sediment and nutrient removal 
because they intercept sheet flow or shallow groundwater flow in the riparian zone.  By contrast, 
urban stream buffers often receive concentrated surface runoff or may even have a storm-drain 
pipe that short-circuits the buffer and directly discharges into the stream.  Consequently, the 
pollutant removal capability of urban stream buffers is limited, unless they are specifically 
designed to distribute and treat stormwater runoff (NRC, 2000).  This involves the use of level 
spreaders, grass filters, and berms to transform concentrated flows into sheet flow (Hathaway 
and Hunt, 2006). Such designed urban stream buffers have been applied widely in the Neuse 
River basin to reduce urban stormwater nutrient inputs to this nitrogen-sensitive waterbody. 

The primary benefit of buffers is to help maintain aquatic biodiversity within the stream.  
Numerous researchers have evaluated the relative impact of riparian forest cover and impervious 
cover on stream geomorphology, aquatic insects, fish assemblages, and various indexes of biotic 
integrity. As a group, the studies suggest that indicator values for urban stream health increase 
when riparian forest cover is retained over at least 50 to 75 percent of the length of the upstream 
network (Goetz et al., 2003; Wang et al., 2003b; McBride and Booth, 2005; Moore and Palmer, 
2005). The width of the buffer is also important for enhancing its stream protection benefits, and 
it ranges from 25 to 200 feet depending on stream order, protection objectives, and community 
ordinances. At the present time, there are no data to support an optimum width for water quality 
purposes. The beneficial impact of riparian forest cover is less detectable when watershed 
impervious cover exceeds 15 percent, at which point degradation by stormwater runoff 
overwhelms the benefits of the riparian forest (Roy et al., 2005, 2006; Walsh et al., 2007).   

Maintenance, inspection, and compliance for buffers can be a problem.  In most 
communities, urban stream buffers are simply a line on a map and are not managed in any 
significant way after construction is over.  As such, urban stream buffers are prone to residential 
encroachment and clearing, and to colonization by invasive plants.  Another important practice is 
to protect, preserve, or otherwise manage the ultimate 100-year floodplain so that vulnerable 
property and infrastructure are not damaged during extreme floods.  Federal Emergency 
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336 Urban Stormwater Management in the United States 

Management Agency (FEMA), state, and local requirements often restrict or control 
development on land within the floodway or floodplain.  In larger streams, the floodway and 
aquatic buffer can be integrated together to achieve multiple social objectives. 

Stream Rehabilitation 

While not traditionally considered an SCM, certain stream rehabilitation practices or 
approaches can be effective at recreating stream physical habitat and ecosystem function lost 
during urbanization. When combined with effective SCMs in upland areas, stream rehabilitation 
practices can be an important component of a larger strategy to address stormwater.  From the 
standpoint of mitigating stormwater impacts, four types of urban stream rehabilitation are 
common: 

•	 Practices that stabilize streambanks and/or prevent channel incision/enlargement can 
reduce downstream delivery of sediments and attached nutrients (see Figure 5-48).  
Although the magnitude of sediment delivery from urban-induced stream-channel 
enlargement is well documented, there are very few published data to quantify the 
potential reduction in sediment or nutrients from subsequent channel stabilization. 

•	 Streams can be hydrologically reconnected to their floodplains by building up the profile 
of incised urban streams using grade controls so that the channel and floodplain interact 
to a greater degree. Urban stream reaches that have been so rehabilitated have increased 
nutrient uptake and processing rates, and in particular increased denitrification rates, 
compared to degraded urban streams prior to treatment (Bukavecas, 2007; Kaushal et al., 
2008). This suggests that urban stream rehabilitation may be one of many elements that 
can be considered to help decrease loads in nutrient-sensitive watersheds. 

•	 Practices that enhance in-stream habitat for aquatic life can improve the expected level of 
stream biodiversity.  However, Konrad (2003) notes that improvement of biological 
diversity of urban streams should still be considered an experiment, since it is not always 
clear what hydrologic, water quality, or habitat stressors are limiting.  Larson et al. (2001) 
found that physical habitat improvements can result in no biological improvement at all.  
In addition, many of the biological processes in urban stream ecosystems remain poorly 
understood, such as carbon processing and nutrient uptake. 

•	 Some stream rehabilitation practices can indirectly increase stream biodiversity (such as 
riparian reforestation, which could reduce stream temperatures, and the removal of 
barriers to fish migration). 
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337 Stormwater Management Approaches 

FIGURE 5-48 Three photographs illustrate stream rehabilitation in Denver.  The top left picture 
is a creek that has eroded in its bed due to urbanization.  The top right picture shows a portion 
of the stabilized creek immediately after construction.  Check structures, which keep the creek 
from cutting its bed, are visible in the middle distance.  The bottom image shows the creek just 
upstream of one of the check structures two years after stabilization.  The thickets of willows 
established themselves naturally.  The only revegetation performed was to seed the area for 
erosion control.  

It should be noted that the majority of urban stream rehabilitation projects undertaken in 
the United States are designed for purposes other than mitigating the impacts of stormwater or 
enhancing stream biodiversity or ecosystem function (Bernhardt et al., 2005).  Most stream 
rehabilitation projects have a much narrower design focus, and are intended to protect threatened 
infrastructure, naturalize the stream corridor, achieve a stable channel, or maintain local bank 
stability (Schueler and Brown, 2004). Improvements in either biological health or the quality of 
stormwater runoff have rarely been documented. 

Unique design models and methods are required for urban streams, compared to their 
natural or rural counterparts, given the profound changes in hydrologic and sediment regime and 
stream–floodplain interaction that they experience (Konrad, 2003).  While a great deal of design 
guidance on urban stream rehabilitation has been released in recent years (FISRWG, 2000; Doll 
and Jennings, 2003; Schueler and Brown, 2004), most of the available guidance has not yet been 
tailored to produce specific outcomes for stormwater mitigation, such as reduced sediment 
delivery, increased nutrient processing, or enhanced stream biodiversity.  Indeed, several 
researchers have noted that many urban stream rehabilitation projects fail to achieve even their 
narrow design objectives, for a wide range of reasons (Bernhardt and Palmer, 2007; Sudduth et 
al., 2007). This is not surprising given that urban stream rehabilitation is relatively new and 
rarely addresses the full range of in-stream alteration generated by watershed-scale changes.  
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338 Urban Stormwater Management in the United States 

This shortfall suggests that much more research and testing are needed to ensure urban stream 
habilitation can meet its promise as an emerging SCM. 

Municipal Housekeeping (Street Sweeping and Storm-Drain Cleanouts) 

Phase II NPDES stormwater permits specifically require municipal good housekeeping as 
one of the six minimum management measures for MS4s.  Although EPA has not presented 
definitive guidance on what constitutes “good housekeeping”, CWP (2008) outlines ten 
municipal operations where housekeeping actions can improve the quality of stormwater, 
including the following: 

• municipal hotspot facility management, 
• municipal construction project management, 
• road maintenance, 
• street sweeping, 
• storm-drain maintenance, 
• stormwater hotline response, 
• landscape and park maintenance , 
• SCM maintenance, and 
• employee training. 

The overarching theme is that good housekeeping practices at municipal operations provide 
source treatment of pollutants before they enter the storm-drain system.  The most frequently 
applied practices are street sweeping (Figure 5-49) and sediment cleanouts of sumps and storm-
drain inlets. Most communities conduct both operations at some frequency for safety and 
aesthetic reasons, although not specifically for the sake of improving stormwater quality (Law et 
al., 2008). 

Numerous performance monitoring studies have been conducted to evaluate the effect of 
street sweeping on the concentration of stormwater pollutants in downstream storm-drain pipes 
(see Pitt, 1979; Bender and Terstriep, 1994; Brinkman and Tobin, 2001; Zarrielo et al., 2002; 
Chang et al., 2005; USGS, 2005; Law et al., 2008).  The basic finding is that regular street 
sweeping has a low or limited impact on stormwater quality, depending on street conditions, 
sweeping frequency, sweeper technology, operator training, and on-street parking.  Sweeping 
will always have a limited removal capability because rainfall events frequently wash off 
pollutants before the sweeper passes through, and only some surfaces are accessible to the 
sweeper, thus excluding sidewalk, driveways, and landscaped areas.  Frequent sweeping (i.e., 
weekly or monthly) has a moderate capability to remove sediment, trash and debris, coarse 
solids, and organic matter. 

Fewer studies have been conducted on the pollutant removal capability of frequent 
sediment cleanout of storm-drain inlets, most in regions with arid climates (Lager et al., 1977; 
Mineart and Singh, 1994; Morgan et al., 2005). These studies have shown some moderate 
pollutant removal if cleanouts are done on a monthly or quarterly basis.  Most communities, 
however, report that they clean out storm drains on an annual basis or in response to problems or 
drainage complaints (Law, 2006). 

PREPUBLICATION 
  

RB-AR13466



  

 
 

 

 
 

 
 

 

 

 

339 Stormwater Management Approaches 

FIGURE 5-49 Vacuum street sweeper at Villanova University.  SOURCE: Robert Traver. 

Frequent sweeping and cleanouts conducted on the dirtiest streets and storm drains 
appear to be the most effective way to include these operations in the stormwater treatment train.  
However, given the uncertainty associated with the expected pollutant removal for these 
practices, street sweeping and storm-drain cleanout cannot be relied on as the sole SCMs for an 
urban area. 

Illicit Discharge Detection and Elimination 

MS4 communities must develop a program to detect and eliminate illicit discharges to 
their storm-drain system as a stormwater NPDES permit condition.  Illicit discharges can involve 
illegal cross-connections of sewage or washwater into the storm-drain system or various 
intermittent or transitory discharges due to spills, leaks, dumping, or other activities that 
introduce pollutants into the storm-drain system during dry weather.  National guidance on the 
methods to find and fix illicit discharges was developed by Brown et al. (2004).  Local illicit 
discharge detection and elimination (IDDE) programs represent an ongoing and perpetual effort 
to monitor the network of pipes and ditches to prevent pollution discharges. 

The water quality significance of illicit discharges has been difficult to define since they 
occur episodically in different parts of a municipal storm drain system.  Field experience in 
conducting outfall surveys does indicate that illicit discharges may be present at 2 to 5 percent of 
all outfalls at any given time.  Given that pollutants are being introduced into the receiving water 
during dry weather, illicit discharges may have an amplified effect on water quality and 
biological diversity. 

Many communities indicate that they employ a citizen hotline to report illicit discharges 
and other water quality problems (Brown et al., 2004), which sharply increases the number of 
illicit discharge problems observed. 
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Stormwater Education 

Like IDDE, stormwater education is one of the six minimum management measures that 
MS4 communities must address in their stormwater NPDES permits.  Stormwater education 
involves municipal efforts to make sure individuals understand how their daily actions can 
positively or negatively influence water quality and work to change specific behaviors linked to 
specific pollutants of concern (Schueler, 2001c).  Targeted behaviors include lawn fertilization, 
littering, car fluid recycling, car washing, pesticide use, septic system maintenance, and pet 
waste pickup.  Communities may utilize a wide variety of messages to make the public aware of 
the behavior and more desirable alternatives through radio, television, newspaper ads, flyers, 
workshops, or door-to-door outreach.  Several communities have performed before-and-after 
surveys to assess both the penetration rate for these campaigns and their ability to induce 
changes in actual behaviors. Significant changes in behaviors have been recorded (see Schueler, 
2002), although few studies are available to link specific stormwater quality improvements to the 
educational campaigns (but see Turner, 2005; CASQA, 2007). 

Residential Stewardship 

This SCM involves municipal programs to enhance residential stewardship to improve 
stormwater quality.  Residents can undertake a wide range of activities and practices that can 
reduce the volume or quality of runoff produced on their property or in their neighborhood as a 
whole. This may include installing rain barrels or rain gardens, planting trees, xeriscaping, 
downspout disconnection, storm-drain marking, household hazardous waste pickups, and yard 
waste composting (CWP, 2005).  This expands on stormwater education in that a municipality 
provides a convenient delivery service to enable residents to engage in positive watershed 
behavior. The effectiveness of residential stewardship is enhanced when carrots are provided to 
encourage the desired behavior, such as subsidies, recognition, discounts, and technical 
assistance (CWP, 2005).  Consequently, communities need to develop a targeted program to 
educate residents and help them engage in the desired behavior. 

SCM Performance Monitoring and Modeling 

Stormwater is characterized by widely fluctuating flows.  In addition, inflow pollutant 
concentrations vary over the course of a storm and can be a function of time since the last storm, 
watershed, size and intensity of rainfall, season, amount of imperviousness, pollutant of interest, 
and so forth. This variability of the inflow to SCMs along with the very nature of SCMs makes 
performance monitoring a complex task.  Most SCMs are built to manage stormwater, not to 
enable flow and water quality monitoring.  Furthermore, they are incorporated into the collection 
system and spread throughout developments.  Measurement of multiple inflows, outflows, 
evapotranspiration, and infiltration are simply not feasible for most sites.  Many factors, such as 
temperature and climate, play a role in how well SCMs function.  Infiltration rates can vary by 
an order of magnitude as a function of temperature (Braga et al., 2007; Emerson and Traver, 
2008), such that a reading in late summer might be twice that of a winter reading.  Determining 
performance can be further complicated because, e.g., at the start of a storm a detention basin 
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341 Stormwater Management Approaches 

could still be partially full from a previous storm, and removal rates for wetlands are a function 
of the growing season, not to mention snowmelt events. 

Monitoring of SCMs is usually performed for one of two purposes: functionality or more 
intensive performance monitoring.  Monitoring of functionality is primarily to establish that the 
SCM is functioning as designed. Performance monitoring is focused on determining what level 
of performance is achieved by the SCM. 

Functionality Monitoring 

Functionality monitoring, in a broad sense, involves checking to see whether the SCM is 
functioning and screening it for potential problems.  Both the federal and several state industrial 
and construction stormwater general permits have standard requirements for visual inspections 
following a major storm event.  Visual observations of an SCM by themselves do not provide 
information on runoff reduction or pollutant removal, but rather only that the device is 
functioning as designed. Adding some grab samples for laboratory analysis can act as a 
screening tool to determine if a more complex analysis is required. 

The first step of functionality monitoring for any SCM is to examine the physical 
condition of the device (piping, pervious surfaces, outlet structure, etc.).  Visual inspection of 
sediments, eroded berms, clogged outlets, and other problems are good indications of the SCM’s 
functionality (see Figure 5-50).  For infiltration devices, visiting after a storm event will show 
whether or not the device is functioning. A simple staff gauge (Figure 5-51) or a stilling well in 
pervious pavement can be used to measure the amount of water-level change over several days to 
estimate infiltration rates.  Minnesota suggests the use of fire equipment or hydrants to fill 
infiltration sites with a set volume of water to measure the rate of infiltration.  For sites that are 
designed to capture a set volume, for example a green roof, a visit could be coordinated with a 
rainfall event of the appropriate size to determine whether there is overflow during the event.  If 
so, then clearly further investigation is required. 

FIGURE 5-50 Rusted outlet structure. FIGURE 5-51 Staff gauge attached to 
SOURCE: Reprinted, with permission, ultrasonic sensor after a storm.  SOURCE: 
from Emerson. Copyright by Clay Emerson.  VUSP. 
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For extended detention and stormwater wetlands, the depth of water during an event is an 
indicator of how well the SCM is functioning.  Usually high-water marks are easy to determine 
due to debris or mud marks on the banks or the structures.  If the size of the storm event is 
known, the depths can be compared to what was expected for the structure.  Other indicators of 
problems would include erosion downstream of the SCM, algal blooms, invasive species, poor 
water clarity, and odor. 

For water quality and manufactured devices, visual inspections after a storm event can 
determine whether the SCM is functioning properly.  Standing water over a sand or other media 
filter 48 hours after a storm is a sign of problems.  Odor and lack of flow clarity could be a sign 
of filter breakthrough or other problems.  For manufactured devices, literature about the device 
should specify inspection and maintenance procedures.  

Monitoring of nonstructural SCMs is almost exclusively limited to visual observation due 
to the difficulty in applying numerical value to their benefits.  Visual inspection can identify 
eroded stream buffers, additional paved areas, or denuded conservation areas (see Figure 5-52). 

Performance Monitoring 

Performance monitoring is an extremely intensive effort to determine the performance of 
an SCM over either an individual storm event or over a series of storms.  It requires integration 
of flow and water quality data creating both a hydrograph and a polutograph for a storm event as 
shown in Figure 5-53. The creation of these graphs requires continuous monitoring of the 
hydrology of the site and multiple water quality samples of the SCM inflow and outflow, the 
vadose zone, and groundwater. Event mean concentrations can then be determined from these 
data. There should be clear criteria for the number and type of storms to be sampled and for the 
conditions preceding a storm.  For example, for most SCMs it would be improper to sample a 
second storm event in series, as the inflow may be free of pollutants and the soil moisture filled, 
resulting in a poor or negative performance.  (Extended detention basins are an exception 
because the outflow during a storm event may include inflows from previous events.)  The size 
of the sampled storm is also important.  If the water quality goal is focused on smaller events, the 
100-year storm would not give a proper picture of the performance because the occurrence is so 
rare that it is not a water quality priority. 
. 

FIGURE 5-52 Wooded conservation 
area stripped of trees. Note pile of 
sawdust. SOURCE: Robert Traver. 
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FIGURE 5-53  Example polutograph that displays inflow and outflow TSS during a storm event from the 
Villanova wetland stormwater SCM.  SOURCE: Reprinted, with permission, Rea and Traver (2005).  
Copyright 2005 by the American Society of Civil Engineers. 

For runoff-volume-reduction SCMs, performance monitoring can be extremely difficult 
because these systems are spread over the project site.  The monitoring program must consider 
multiple-size storms because these SCMs are designed to remove perhaps the first inch of runoff.  
Therefore, for storms of less than an inch, there is no surface water release, so the treatment is 
100 percent effective for surface discharges.  During larger events, a bioretention SCM or green 
roof may export pollutants.  When viewed over the entire spectrum of storms, these devices are 
an outstanding success; however, this may not be evident during a hurricane. 

Through the use of manufactured weirs (Figure 5-54), it is possible to develop flow-depth 
criteria based on hydraulic principles for surface flows entering or leaving the SCM.  Where this 
is not practical, various manufacturers have Doppler velocity sensors that, combined with 
geometry and depth, provide a reasonable continuous record of flow.  Measurement of depth 
within a device can be accomplished through use of pressure transducers, bubblers, float gauges, 
and ultrasonic sensors. Other common measures would include rainfall and temperature.  One 
advantage of these data recording systems is that they can be connected to water quality probes 
and automated samplers to provide a flow-weighted sample of the event for subsequent 
laboratory analysis. Field calibration and monitoring of these systems is required. 
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FIGURE 5-54 Weir flow used to measure flow rate.  Courtesy of Robert Traver. 

Groundwater sampling for infiltration SCMs is a challenge.  Although the rate of change 
in water depth can indicate volume moving into the soil mantle, it is difficult to establish whether 
this flow is evapotranspirated or ends up as baseflow or deep groundwater input.  Sampling in 
the vadose zone can be established through the use of lysimeters that, through a vacuum, draw 
out water from the soil matrix.  Soil moisture probes can give a rough estimation of the soil 
moisture content, and weighing lysimeters can establish evapotranspiration rates.  Finally 
groundwater wells can be used to establish the effect of the SCM on the groundwater depth and 
quality during and after storm events. 

Performance monitoring of extended detention SCMs is difficult because the inflows and 
outflows are variable and may extend over multiple days.  Hydrologic monitoring can be 
accomplished using weirs (Figure 5-54), flow meters, and level detectors.  The new generation of 
temperature, dissolved oxygen, and conductivity probes allows for automated monitoring.  (It 
should be noted that in many cases the conductivity probes are observing chlorides, which are 
not generally removed by SCMs.)  In many cases monitoring of the downstream stream-channel 
geomorphology and stream habitat may be more useful than performance monitoring when 
assessing the effect of the SCM. 

The performance monitoring of treatment devices is straightforward and involves 
determining the pollutant mass inflows and outflows.  Performance monitoring of manufactured 
SCMs has been established through several protocols.  An example is TARP, used by multiple 
states (http://www.dep.state.pa.us/dep/deputate/pollprev/techservices/tarp/).  This requires the 
manufacturer to test their units according to a set protocol of lab or field experiments to set 
performance criteria.  Several TARP member and other states have published revised protocols 
for their use.  These and other similar criteria are evolving and the subject of considerable effort 
by industry organizations that include the American Society of Civil Engineers. 
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Finally, much needs to be done to determine the performance of nonstructural SCMs, for 
which little to no monitoring data are available (see Table 5-2).  Currently most practitioners 
expand upon current hydrologic modeling techniques to simulate these techniques.  For example, 
disconnection of impervious surfaces is often modeled by adding the runoff from the roof or 
parking area as distributed “rainfall” on the pervious area.  Experiments and long-term 
monitoring are needed for these SCMs. 

More information on SCM monitoring is available through the International Stormwater 
BMP Database (http://www.bmpdatabase.org). 

Modeling of SCM performance 

Modeling of SCMs is required to understand their individual performance and their effect 
on the overall watershed. The dispersed nature of their implementation, the wide variety of 
possible SCM types and goals, and the wide range of rainfall events they are designed for makes 
modeling of SCMs extremely challenging.  For example, to model multiple SCMs on a single 
site may require simulation of many hydrologic and environmental processes for each SCM in 
series. Modeling these effects over large watersheds by simulating each SCM is not only 
impractical, but the noise in the modeling may make the simulation results suspect.  Thus, it is 
critical to understand the model’s purpose, limitations, and applicability.   

As discussed in Chapter 4, one approach to simulating SCM performance is through 
mathematical representation of the unit processes.  The large volumes of data needed for 
process-based models generally restrict their use to smaller-scale modeling.  For flow this would 
start with the hydrograph entering the SCM and include infiltration, evapotranspiration, routing 
through the system, or whatever flow paths were applicable.  The environmental processes that 
would need to be represented could include settling, adsorption, biological transformation, and 
soil physics. Currently there are no environmental process models that work across the range of 
SCMs. Rather, the state of art is to use general removal efficiencies from publications such as 
the International Stormwater BMP Database (http://www.bmpdatabase.org) and the Center for 
Watershed Protection’s National Pollutant Removal Database (CWP, 2000b, 2007b).  
Unfortunately, this approach has many limitations.  The percent removal used on a site and storm 
basis does not include storm intensity, period between the storms, land use, temperature, 
management practices, whether other SCMs are upstream, and so forth.  It also should be noted 
that percent removals are a surface water statistic and do not address groundwater issues or 
include any biogeochemistry.  

Mechanistic simulation of the hydrologic processes within an SCM is much advanced 
compared to environmental simulation, but from a modeling scale it is still evolving.  Indeed, 
models such as the Prince George’s County Decision Support System are greatly improved in 
that the hydrologic simulation of the SCM includes infiltration, but they still do not incorporate 
the more rigorous soil physics and groundwater interactions.  Some models, such as the 
Stormwater Management Model (SWMM), have the capability to incorporate mechanistic 
descriptions of the hydrologic processes occurring inside an SCM.   

At larger scales, simulation of SCMs is done primarily using lumped models that do not 
explicitly represent the unit processes but rather the overall effects.  For example, the goal may 
be to model the removal of 2 cm of rainfall from every storm from bioinfiltration SCMs.  Thus, 
all that would be needed is how many SCMs are present and their configuration and what their 
capabilities are within your watershed.  What is critical for these models is to represent the 
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346 Urban Stormwater Management in the United States 

interrelated processes correctly and to include seasonal effects.  Again, the pollutant removal 
capability of the SCM is represented with removal efficiencies derived from publications. 

Regardless of the scale of the model, or the extent to which it is mechanistic or not, 
nonstructural SCMs are a challenge.  Limiting impervious surface or maintenance of forest cover 
have been modeled because they can be represented as the maintenance of certain land uses.  
However, aquatic buffers, disconnected impervious surfaces, stormwater education, municipal 
housekeeping, and most other nonstructural SCMs are problematic.  Another challenge from a 
watershed perspective is determining what volume of pollutants comes from streambank erosion 
during elevated flows versus from nonpoint source pollution.  Most hydrologic models do not 
include or represent in-stream processes. 

In order to move forward with modeling of SCMs, it will be necessary to better 
understand the unit processes of the different SCMs, and how they differ for hydrology versus 
transformations.  Research is needed to gather performance numbers for the nonstructural SCMs.  
Until such information is available, it will be virtually impossible to predict that an individual 
SCM can accomplish a certain level of treatment and thus prevent a nearby receiving water from 
violating its water quality standard. 

DESIGNING SYSTEMS OF STORMWATER CONTROL MEASURES 

ON A WATERSHED SCALE
 

Most communities have traditionally relied on stormwater management approaches that 
result in the design and installation of SCMs on a site-by-site basis.  This has created a large 
number of individual stormwater systems and SCMs that are widely distributed and have become 
a substantial part of the contemporary urban and suburban landscape.  Typically, traditional 
stormwater infrastructure was designed on a subdivision basis to reduce peak storm flow rates to 
predevelopment levels for large flood events (> 10-year return period). The problem with the 
traditional approach is that (1) the majority of storms throughout the year are small and therefore 
pass through the detention facilities uncontrolled, (2) the criterion of reducing storm flow does 
not address the need for reducing total storm volume, and (3) the facilities are not designed to 
work as a system on a watershed scale.  In many cases, the site-by-site approach has exacerbated 
downstream flooding and channel erosion problems as a watershed is gradually built out.  For 
example, McCuen (1979) and Emerson et al. (2005) showed that an unplanned system of site-
based SCMs can actually increase flooding on a watershed scale owing to the effect of many 
facilities discharging into a receiving waterbody in an uncoordinated fashion—causing the very 
flooding problem the individual basins were built to solve. 

With the relatively recent recognition of unacceptable downstream impacts and the 
regulation of urban stormwater quality has come a rethinking of the design of traditional 
stormwater systems.  It is becoming rapidly understood that stormwater management should 
occur on a watershed scale to prevent flow control problems from occurring or reducing the 
chances that they might become worse.  In this context, the “watershed scale” refers to the small 
local watershed to which the individual site drains (i.e., a few square miles within a single 
municipality). Together, the developer, designer, plan reviewer, owners, and the municipality 
jointly install and operate a linked and shared system of distributed practices across multiple sites 
that achieve small watershed objectives.  Many metropolitan areas around the country have 
institutions, such as the Southeast Wisconsin Regional Planning Commission and the Milwaukee 
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347 Stormwater Management Approaches 

Metropolitan Sewage District, that are doing stormwater master planning to reduce flooding, 
bank erosion, and water quality problems on a watershed scale.  

Designing stormwater management on a watershed scale creates the opportunity to 
evaluate a system of SCMs and maximize overall effectiveness based on multiple criteria, such 
as the incremental costs to development beyond traditional stormwater infrastructure, the 
limitations imposed on land area required for site planning, the effectiveness at improving water 
quality or attenuating discharges, and aesthetics.  Because the benefits that accrue with improved 
water quality are generally not realized by those entities required to implement SCMs, greater 
value must be created beyond the functional aspects of the facility if there is to be wide 
acceptance of SCMs as part of the urban landscape.  Stormwater systems designed on a 
watershed basis are more likely to be seen as a multi-functional resource that can contribute to 
the overall quality of the urban environment.  Potential even exists to make the stormwater 
system a primary component of the civic framework of the community—elements of the public 
realm that serve to enhance a community’s quality of life like public spaces and parks.  For 
example, in central Minneapolis, redevelopment of a 100-acre area called Heritage Park as a 
mixed-density residential neighborhood was organized around two parks linked by a parkway 
that served dual functions of recreation and stormwater management. 

Key elements of the watershed approach to designing systems of SCMs are discussed in 
detail below.  They include the following: 

1. Forecasting the current and future development types. 
2. Forecasting the scale of current and future development. 
3. Choosing among on-site, distributed SCMs and larger, consolidated SCMs. 
4. Defining stressors of concern. 
5. Determining goals for the receiving water. 
6. Noting the physical constraints. 
7. Developing SCM guidance and performance criteria for the local watershed. 
8. Establishing a trading system. 
9. Ensuring the safe performance of the drainage network, streams, and floodplains. 
10. Establishing community objectives for the publically owned elements of stormwater 

infrastructure. 
11. Establishing a maintenance plan. 

Forecasting the Current and Future Development Types 

Forecasting the type of current and future development within the local watershed will 
guide or shape how individual practices and SCMs are generally assembled at each individual 
site. The development types that are generally thought of include Greenfield development (small  
and large scales), redevelopment within established communities and on Brownfield sites, and 
retrofitting of existing urban areas. These development types range roughly from lower density 
to higher density impervious cover.  Box 5-10 explains how the type of development can dictate 
stormwater management, discussing two main categories—Greenfield development and 
redevelopment of existing areas. The former refers to development that changes pristine or 
agricultural land to urban or suburban land uses, frequently low-density residential housing.  
Redevelopment refers to changing from an existing urban land use to another, usually of higher  
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348 Urban Stormwater Management in the United States 

BOX 5-10 
Development Types and their Relationship to the Stormwater System 

Development falls into two basic types.  Greenfield development requires new infrastructure 
designed according to contemporary design standards for roads, utilities, and related infrastructure.  
Redevelopment refers to developed areas undergoing land-use change.  In contrast to Greenfields, 
infrastructure in previously developed areas is often in poor condition, was not built to current design 
standards, and is inadequate for the new land uses proposed.  The stormwater management scenarios 
common to these types of development are described below. 

Greenfield Development 

At the largest scale, Greenfield development refers to planned communities at the developing 
edge of metropolitan areas.  Communities of this type often vary from several hundred acres to very large 
projects that encompassed tens of thousands of acres requiring buildout over decades.  They often 
include the trunk or primary stormwater system as well as open stream and river corridors.  The most 
progressive communities of this type incorporate a significant portion of the area to stormwater systems 
that exist as surface elements.  Such stormwater system elements are typically at the subwatershed scale 
and provide for consolidated conveyance, detention, and water quality treatment.  These elements of the 
infrastructure can be multi-functional in nature, providing for wildlife habitat, trail corridors, and open-
space amenities. 

Greenfield development can also occur on a small scale—neighborhoods or individual sites within 
newly developing areas that are served by the secondary public and tertiary stormwater systems.  This 
smaller-scale, incremental expansion of existing urban patterns is a more typical way for cities to grow.  A 
more limited range of SCMs and innovative stormwater management practices are available on smaller 
projects of this type, including LID practices. 

Redevelopment of Existing Areas 

Redevelopment within established communities is typically at the scale of individual sites and 
occasionally the scale of a small district.  The area is usually served by private, on-site systems that 
convey larger storm events into preexisting stormwater systems that were developed decades ago, either 
in historic city centers or in “first ring,” post-World War II suburbs adjacent to historic city centers.  
Redevelopment in these areas is typically much denser than the original use.  The resulting increase in 
impervious area, and typically the inadequacy of existing stormwater infrastructure serving the site often 
results in significant development costs for on-site detention and water quality treatment.  Elaborate 
vaults or related structures, or land area that could be utilized for development, must often be committed 
to on-site stormwater management to comply with current stormwater regulations. 

Brownfields are redevelopments of industrial and often contaminated property at the scale of an 
individual site, neighborhood, or district.  Secondary public systems and private stormwater systems on 
individual sites typically serve these areas.  In many cases, especially in outdated industrial areas, little or 
no stormwater infrastructure exists, or it is so inadequate as to require replacement.  Water quality 
treatment on contaminated sites may also be necessary.  For these reasons, stormwater management in 
such developments presents special challenges.  As an example, the most common methods of 
remediation of contaminated sites involve capping of contaminated soils or treatment of contaminants in 
situ, especially where removal of contaminated soils from a site is cost prohibitive.  Given that 
contaminants are still often in place on redeveloped Brownfield sites and must not be disturbed, certain 
SCMs such as infiltration of stormwater into site soils, or excavation for stormwater piping and other 
utilities, present special challenges. 
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349 Stormwater Management Approaches 

density, such as from single-family housing to multi-family housing.  Finally, retrofitting as used 
in this report is not a development type but rather the upgrading of stormwater management 
within an existing land use to meet higher standards. 

Table 5-7 shows which SCMs are best suited for Greenfield development (particularly 
low-density residential), redevelopment of urban areas, and intense industrial redevelopment.  
The last category is broken out because the suite of SCMs needed is substantially different than 
for urban redevelopment.  Each type of development has a different footprint, impervious cover, 
open space, land cost, and existing stormwater infrastructure.  Consequently, SCMs that are 
ideally suited for one type of development may be impractical or infeasible for another.  One of 
the main points to be made is that there are more options during Greenfield development than 
during redevelopment because of existing infrastructure, limited land area, and higher costs in 
the latter case. 

TABLE 5-7 Applicability of Stormwater Control Measures by Type of Development 
Stormwater Control Measure Low-Density 

Greenfield Residential 
Urban 

Redevelopment 
Intense Industrial 

Redevelopment 
Product Substitution ○ ● ● 
Watershed and Land-Use 
Planning 

■ ■ ○ 

Conservation of Natural Areas ■ � ○ 
Impervious Cover Minimization ■ � � 
Earthwork Minimization ■ � � 
Erosion and Sediment Control  ■ ■ ■ 
Reforestation and Soil 
Conservation 

■ ● ● 

Pollution Prevention SCMs � ● ■ 
Runoff Volume Reduction— 
Rainwater Harvesting 

■ ■ ● 

Runoff Reduction—Vegetated ■ ○ ● 
Runoff Reduction—Subsurface ■ ○ � 
Peak Reduction and Runoff 
Treatment  

■ � ○ 

Runoff Treatment ● ● ■ 
Aquatic Buffers and Managed 
Floodplains 

● � ○ 

Stream Rehabilitation ○ � � 
Municipal Housekeeping  ○ ○ NA 
IDDE ○ ○ ○ 
Stormwater Education ● ● ● 
Residential Stewardship ■ ● NA 
NOTE: ■, always; ●, often; ○, sometimes; �, rarely; NA, not applicable. 
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350 Urban Stormwater Management in the United States 

Forecasting the Scale of Current and Future Development 

The choice of what SCMs to use depends on the area that needs to be serviced.  It turns 
out that some SCMs work best over a few acres, whereas others require several dozen acres or 
more; some are highly effective only for the smallest sites, while others work best at the stream 
corridor or subwatershed level. Table 5-1 includes a column that is related the scale at which 
individual SCMs can be applied (“where” column).  The SCMs mainly applied at the site scale 
include runoff volume reduction—rainwater harvesting, runoff treatment like filtering, and 
pollution prevention SCMs for hotspots.  As one goes up in scale, SCMs like runoff volume 
reduction—vegetated and subsurface, earthwork minimization, and erosion and sediment control 
take on more of a role.  At the largest scales, watershed and land-use planning, conservation of 
natural areas, reforestation and soil conservation, peak flow reduction, buffers and managed 
floodplains, stream rehabilitation, municipal housekeeping, IDDE, stormwater education, and 
residential stewardship play a more important role.  Some SCMs are useful at all scales, such as 
product substitution and impervious cover minimization. 

Choosing Among On-Site, Distributed SCMs and Larger, Consolidated SCMs 

There are distinct advantages and disadvantages to consider when choosing to use a 
system of larger, consolidated SCMs versus smaller-scale, on-site SCMs that go beyond their 
ability to achieve water quality or urban stream health.  Smaller, on-site facilities that serve to 
meet the requirements for residential, commercial, and office developments tend to be privately 
owned. Typically, flows are directed to porous landscape detention areas or similar SCMs, such 
that volume and pollutants in stormwater are removed at or near their source.  Quite often, these 
SCMs are relegated to the perimeter project, incorporated into detention ponds, or, at best, 
developed as landscape infiltration and parking islands and buffers.  On-site infiltration of 
frequent storm events can also reduce the erosive impacts of stormwater volumes on downstream 
receiving waters.  Maintenance is performed by the individual landowner, which is both an 
advantage because the responsibility and costs for cleanup of pollutants generated by individual 
properties are equitably distributed, and a disadvantage because ongoing maintenance incurs a 
significant expense on the part of individual property owners and enforcement of properties not 
in compliance with required maintenance is difficult.  On the negative side, individual SCMs 
often require additional land, which increases development costs and can encourage sprawl.  
Monitoring of thousands of SCMs in perpetuity in a typical city creates a significant ongoing 
public expense, and special training and staffing may be required to maintain SCM effectiveness 
(especially for subgrade or in-building vaults used in ultra-urban environments).  Finally, given 
that as much as 30 percent of the urban landscape is comprised of public streets and rights-of
way, there are limited opportunities to treat runoff from streets through individual on-site private 
SCMs. (Notable exceptions are subsurface runoff-volume-reduction SCMs like permeable 
pavement that require no additional land and promote full development density within a given 
land parcel because they use the soil areas below roads and the development site for infiltration.) 

In contrast, publicly owned, consolidated SCMs are usually constructed as part of larger 
Greenfield and infill development projects in areas where there is little or no existing 
infrastructure.  This type of facility—usually an infiltration basin, detention basin, wet/dry pond, 
or stormwater wetland—tends to be significantly larger, serving multiple individual properties.  
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351 Stormwater Management Approaches 

Ownership is usually by the municipality, but may be a privately managed, quasi-public special 
district. There must be adequate land available to accommodate the facility and a means of up-
front financing to construct the facility. An equitable means of allocating costs for ongoing 
maintenance must also be identified.  However, the advantage of these facilities is that 
consolidation requires less overall land area, and treatment of public streets and rights-of-way 
can be addressed. Monitoring and maintenance are typically the responsibility of one 
organization, allowing for effective ongoing operations to maintain the original function of the 
facility.  If that entity is public, this ensures that the facility will be maintained in perpetuity, 
allowing for the potential to permanently reduce stormwater volumes and for reduction in the 
size of downstream stormwater infrastructure.  Because consolidated facilities are typically 
larger than on-site SCMs, mechanized maintenance equipment allows for greater efficiency and 
lower costs. Finally, consolidated SCMs have great potential for multifunctional uses because 
wildlife habitat, recreational, and open-space amenities can be integrated to their design.  Box 5
11 describes sites of various scales where either consolidated or distributed SCMs were chosen. 

Defining Stressors of Concern 

The primary pollutants or stressors of concern (and the primary source areas or 
stormwater hotspots within the watershed likely to produce them) should be carefully defined for 
the watershed. Although this community decision is made only infrequently, it is critical to 
ensuring that SCMs are designed to prevent or reduce the maximum load of the pollutants of 
greatest concern. This choice may be guided by regional water quality priorities (such as 
nutrient reduction in the Chesapeake Bay or Neuse River watersheds) or may be an outgrowth of 
the total maximum daily load process where there is known water quality impairment or a listed 
pollutant. The choice of a pollutant of concern is paramount, since individual SCMs have been 
shown to have highly variable capabilities to prevent or reduce specific pollutants (see WERF, 
2006; ASCE, 2007; CWP, 2007b). In some cases, the capability of SCMs to reduce a specific 
pollutant may be uncertain or unknown. 

Determining Goals for the Receiving Waters 

It is important to set biological and public health goals for the receiving water that are 
achievable given the ultimate impervious cover intended for the local watershed (see the 
Impervious Cover Model in Box 3-10).  If the receiving water is too sensitive to meet these 
goals, one should consider adjustments to zoning and development codes to reduce the amount 
of impervious cover.  The biological goals may involve a keystone species, such as salmon or 
trout, a desired state of biological integrity in a stream, or a maximum level of eutrophication in 
a lake. In other communities, stormwater goals may be driven by the need to protect a sole-
source drinking water supply (e.g., New York watersheds) or to maintain water contact 
recreation at a beach, lake, or river.  Once again, the watershed goals that are selected have a 
strong influence on the assembly of SCMs needed to meet them, since individual SCMs vary 
greatly in their ability to achieve different biological or public health outcomes. 
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BOX 5-11 

Examples of Communities Using Consolidated versus Distributed SCMs 


Stapleton Airport New Community 

This is a mixed-use, mixed-density New Urbanist community that has been under development 
for the past 15 years on the 4,500-acre former Stapleton Airport site in central Denver.  As shown in 
Figures 5-55 and 5-56, the stormwater system emphasizes surface conveyance and treatment on 
individual sites, as well as in consolidated regional facilities. 

FIGURE 5-55  The community plan, shown on the left, is organized around two day lighted creeks, 
formerly buried under airport runways, and a series of secondary conveyances which provide recreational 
open space within neighborhoods.  The image on the right illustrates one of the multi-functional creek 
corridors.  Consolidated stormwater treatment areas and surface conveyances define more traditional 
park recreation and play areas.  Courtesy of Stapleton Redevelopment Foundation.  

FIGURE 5-56  A consolidated 
treatment area adjacent to 
one of several neighborhoods 
that have been constructed as 
part of the project’s build-out.  

continues next page 
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353 Stormwater Management Approaches 

Heritage Park Neighborhood Redevelopment 

A failed public housing project adjacent to downtown Minneapolis, Minnesota, has been replaced 
by a mixed-density residential neighborhood.  Over 1,200 rental, affordable, and market-rate single- and 
multi-family housing units have been provided in the 100-acre project area.  The neighborhood is 
organized around two neighborhood parks and a parkway that serve dual functions as neighborhood 
recreation space and as surface stormwater conveyance and a consolidated treatment system (see 
Figure 5-57).  Water quality treatment is being provided for a combined area of over 660 acres that 
includes the 100-acre project area and over 500 acres of adjacent neighborhoods.  Existing stormwater 
pipes have been routed through treatment areas with treatment levels ranging from 50 to 85 percent TSS 
removal, depending on the available land area. 

FIGURE 5-57  View of a sediment trap and porous 
landscape detention area in the central parkway spine 
of Heritage Park.  The sediment trap in the center left 
of the photo was designed for ease of maintenance 
access by city crews with standard city maintenance 
equipment. Courtesy of SRF Consulting Group, Inc. 

The High Point Neighborhood 

This Seattle project is the largest example of the city’s Natural Drainage Systems Project and it 
illustrates the incorporation of individual SCMs into street rights-of-way as well as a consolidated facility.  
The on-site, distributed SCMs in this 600-acre neighborhood are swales, permeable pavement, and 
disconnected downspouts.  A large detention pond services the entire region that is much smaller than it 
would have been had the other SCMs not been built.  Both types of SCMs are shown in Figure 5-58. 

FIGURE 5-58  Natural drainage system methods have been applied to a 34-block, 1,600-unit mixed-
income housing redevelopment project called High Point.  Vegetated swales, porous concrete sidewalks, 
and frontyard rain gardens convey and treat stormwater on-site.  On the right is the detention pond for the 
development.  

continues next page 
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BOX 5-11 Continued 

Pottsdammer Platz 

This project, in the heart of Berlin, Germany, illustrates the potential for stormwater treatment in 
the densest urban environments by incorporating treatment into building systems and architectural pools 
that are the centerpiece of a series of urban plazas.  As shown in Figure 5-59, on-site, individual SCMs 
are used to collect stormwater and use it for sanitary purposes. 

FIGURE 5-59  Stormwater is collected and stored on-site in a series of vaults.  Water is circulated through 
a series of biofiltration areas and used for toilets and other mechanical systems in the building complex.  
Large storms overflow into an adjacent canal. Permission pending. 

Menomonee Valley Redevelopment, Wisconsin 

The 140-acre redevelopment of abandoned railyards illustrates how a Brownfield site within an 
existing floodplain can be redeveloped using both on-site and consolidated treatment.  As shown in 
Figure 5-60, consolidated treatment is incorporated into park areas which provide recreation for adjacent 
neighborhoods and serve as a centerpiece for a developing light industrial area that provides jobs to 
surrounding neighborhoods.  Treatment on individual privately owned parcels is limited to the removal of 
larger sediments and debris only, making more land available for development.  The volume of water that, 
by regulation, must be captured and treated on individual sites is conveyed through a conventional 
subsurface system for treatment in park areas.  

FIGURE 5-60  Illustrations show consolidated treatment areas in proposed parks.  The image on the left 
illustrates the fair weather condition, the center image the water quality capture volume, and the image on 
the right the 100-year storm event.  Construction was completed in spring 2007.  
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Noting the Physical Constraints 

The specific physical constraints of the watershed terrain and the development pattern 
will influence the selection and assembly of SCMs.  The application of SCMs must be 
customized in every watershed to reflect its unique terrain, such as karst, high water tables, low 
or high slopes, freeze–thaw depth, soil types, and underlying geology.  Each SCM has different 
restrictions or constraints associated with these terrain factors.  Consequently, the SCM 
prescription changes as one moves from one physiographic region to another (e.g., the flat 
coastal plain, the rolling Piedmont, the ridge and valley, and mountainous headwaters). 

Developing SCM Guidance and Performance Criteria for the Local Watershed 

Based on the foregoing factors, the community should establish specific sizing, selection, 
and design requirements for SCMs.  These SCM performance criteria may be established in a 
local, regional, or state stormwater design manual, or by reference in a local watershed plan.  The 
Minnesota Stormwater Steering Committee (MSSC, 2005) provides a good example of how 
SCM guidance can be customized to protect specific types of receiving waters (e.g., high-quality 
lakes, trout streams, drinking water reservoirs, and impaired waters).  In general, the watershed-
or receiving water-based criteria are more specific and detailed than would be found in a regional 
or statewide stormwater manual.  For example, the local stormwater guidance criteria may be 
more prescriptive with respect to runoff reduction and SCM sizing requirements, outline a 
preferred sequence for SCMs, and indicate where SCMs should (or should not) be located in the 
watershed. Like the identification of stressors or pollutants of concerns, this step is rarely taken 
under current paradigms of stormwater management. 

Establishing a Trading System 

A stormwater trading or offset system is critical to situations when on-site SCMs are not 
feasible or desirable in the watershed.  Communities may choose to establish some kind of 
stormwater trading or mitigation system in the event that full compliance is not possible due to 
physical constraints or because it is more cost effective or equitable to achieve pollutant 
reduction elsewhere in the local watershed.  The most common example is providing an offset 
fee based on the cost to remove an equivalent amount of pollutants (such as phosphorus in the 
Maryland Critical Area—MD DNR, 2003).  This kind of trading can provide for greater cost 
equity between low-cost Greenfield sites and higher-cost ultra-urban sites. 

Ensuring the Safe and Effective Performance of the Drainage Network, Streams, and 
Floodplains 

The urban water system is not solely designed to manage the quality of runoff.  It also 
must be capable of safely handling flooding from extreme storms to protect life and property.  
Consequently, communities need to ensure that their stormwater infrastructure can prevent 
increased flooding caused by development (and possibly exacerbated future climate change).  In 

PREPUBLICATION 
  

RB-AR13483



   

 
 

 
 

 

 
 

 

 
 
 

 

356 Urban Stormwater Management in the United States 

addition, many SCMs must be designed to safely pass extreme storms when they do occur.  This 
usually requires a watershed approach to stormwater management to ensure that quality and 
quantity control are integrated together, with an emphasis on the connection and effective use of 
conveyance channels, streams, riparian buffers, and floodplains. 

Establishing Community Objectives for the Publicly Owned Elements of Stormwater 
Infrastructure 

The stormwater infrastructure in a community normally occupies a considerable surface 
area of the landscape once all the SCMs, drainage easements, buffers, and floodplains are added 
together.  Consequently, communities may require that individual SCM elements are designed to 
achieve multiple objectives, such as landscaping, parks, recreation, greenways, trails, habitat, 
sustainability, and other community amenities (as discussed extensively above).  In other cases, 
communities may want to ensure that SCMs do not cause safety or vector problems and that they 
look attractive. The best way to maximize community benefits is to provide clear guidance in 
local SCM criteria at the site level and to ensure that local watershed plans provide an overall 
context for their implementation. 

Establishing an Inspection and Maintenance Plan 

The long-term performance of any SCM is fundamentally linked to the frequency of 
inspections and maintenance.  As a result, NPDES stormwater permit conditions for industrial, 
construction, and municipal permittees specify that pollution prevention, construction, and post-
construction SCMs be adequately maintained.  MS4 communities are also required under 
NPDES stormwater permits to track, inspect, and ensure the maintenance of the collective 
system of SCMs and stormwater infrastructure within their jurisdiction.  In larger communities, 
this can involve hundreds or even thousands of individual SCMs located on either public or 
private property.  In these situations, communities need to devise a workable model that will be 
used to operate, inspect, and maintain the stormwater infrastructure across their local watershed.  
Communities have the lead responsibility in their MS4 permits to assure that SCMs are 
maintained properly to ensure their continued function and performance over time.  They can 
elect to assign the responsibility to the public sector, the private sector (e.g., property owners and 
homeowners association), or a hybrid of the two, but under their MS4 permits they have ultimate 
responsibility to ensure that SCM maintenance actually occurs.  This entails assigning legal and 
financial responsibilities to the owners of each SCM element in the watershed, as well as 
maintaining a tracking and enforcement system to ensure compliance. 

Summary 

Taking all of the elements above into consideration, the emerging goal of stormwater 
management is to mimic, as much as possible, the hydrological and water quality processes of 
natural systems as rain travels from the roof to the stream through combined application of a 
series of practices throughout the entire development site and extending to the stream corridor.  
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The series of SCMs incrementally reduces the volume of stormwater on its way to the stream, 
thereby reducing the amount of conventional stormwater infrastructure required.   

There is no single SCM prescription that can be applied to each kind of development; 
rather, a combination of interacting practices must be used for full and effective treatment.  For a 
low-density residential Greenfield setting, a combination of SCMs that might be implemented is 
illustrated in Table 5-8.  There are many successful examples of SCMs in this context and at 
different scales.  By contrast, Tables 5-9 and 5-10 outline how the general “roof-to-stream” 
stormwater approach is adapted for intense industrial operations and urban redevelopment sites, 
respectively. As can be seen, these development situations require a differ combination of SCMs 
and practices to address the unique design challenges of dense urban environments.  The tables 
are meant to be illustrative of certain situations; other scenarios, such as commercial 
development, would likely require additional tables. 

TABLE 5-8 From the Roof to the Stream: SCMs in a Residential Greenfield 
SCM What it Is What it Replaces How it Works 
Land-Use 
Planning 

Early site 
assessment 

Doing SWM design 
after site layout 

Map and plan submitted at earliest 
stage of development review 
showing environmental, drainage, 
and soil features 

Conservation 
of Natural 
Areas 

Maximize forest canopy Mass clearing Preservation of priority forests and 
reforestation of turf areas to 
intercept rainfall 

Earthwork 
Minimization 

Conserve soils and 
contours 

Mass grading and 
soil compaction  

Construction practices to conserve 
soil structure and only disturb a 
small site footprint  

Impervious 
Cover 
Minimization 

Better site design Large streets, lots and 
cul-de-sacs 

Narrower streets, permeable 
driveways, clustering lots, and 
other actions to reduce site IC 

Runoff 
Volume 
Reduction— 
Rainwater 
Harvesting 

Utilize rooftop runoff Direct connected roof 
leaders 

A series of practices to capture, 
disconnect, store, infiltrate, or 
harvest rooftop runoff 

Runoff 
Volume 
Reduction— 

Frontyard  
bioretention 

Positive drainage 
from roof to road 

Grading frontyard to treat roof, 
lawn, and driveway runoff using 
shallow bioretention 

Vegetated Dry 
swales 

Curb/gutter and storm 
drain pipes 

Shallow, well-drained bioretention 
swales located in the street right-
of-way 

Peak 
Reduction 
and Runoff 
Treatment 

Linear 
wetlands 

Large detention 
ponds 

Long, multi-cell, forested wetlands 
located in the stormwater 
conveyance system 

Aquatic 
Buffers and 
Managed 
Floodplains 

Stream buffer 
management 

Unmanaged stream 
buffers 

Active reforestation of buffers and 
restoration of degraded streams  

Note: SCMs are applied in a series, although all of the above may not be needed at a given residential 
site. This “roof-to-stream” approach works best for low- to medium-density residential development. 
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358 Urban Stormwater Management in the United States 

In summary, a watershed approach for organizing site-based stormwater decisions is 
generally superior to making site-based decisions in isolation.  Communities that adopt the 
preceding watershed elements not only can maximize the performance of the entire system of 
SCMs to meet local watershed objectives, but also can maximize other urban functions, reduce 
total costs, and reduce future maintenance burdens. 

TABLE 5-9 From the Roof to the Outfall: SCMs in an Industrial Context 
SCM 
Category 

What it Is What it Replaces How it Works 

Pollution 
Prevention 

Drainage mapping No map Analysis of the locations and connections of the 
stormwater and wastewater infrastructure from the 
site 

Hotspot site 
investigation 

Visual inspection Systematic assessment of runoff problems and 
pollution prevention opportunities at the site 

Rooftop 
management 

Uncontrolled 
rooftop runoff 

Use of alternative roof surfaces or coatings to 
reduce metal runoff, and disconnection of roof 
runoff for stormwater treatment   

Exterior maintenance 
practices 

Routine plant 
maintenance 

Special practices to reduce discharges during 
painting, powerwashing, cleaning, sealcoating and 
sandplasting 

Extending roofs for no 
exposure 

Exposed hotspot 
operations 

Extending covers over susceptible 
loading/unloading, fueling, outdoor storage, and 
waste management operations 

Vehicular  
pollution prevention 

Uncontrolled 
vehicle operations 

Pollution prevention practices applied to vehicle 
repair, washing, fueling, and parking operations 

Outdoor pollution 
prevention  
practices 

Outdoor materials 
storage  

Prevent rainwater from contact with potential 
pollutants by covering, secondary containment, or 
diversion from storm-drain system 

Waste management 
practices 

Exposed dumpster 
or waste streams 

Improved dumpster location, management, and 
treatment to prevent contact with rainwater or 
runoff 

Spill control 
plan and response 

No plan Develop and test response to spills to the storm-
drain system, train employees, and have spill 
control kits available on-site  

Greenscaping Routine landscape 
and turf 
maintenance 

Reduce use of pesticides, fertilization, and 
irrigation in pervious areas, and conversion of turf 
to forest  

Employee stewardship Lack of stormwater 
awareness 

Regular ongoing training of employees on 
stormwater problems and pollution prevention 
practices 

Site housekeeping and 
stormwater 
maintenance  

Dirty site and 
unmaintained 
infrastructure 

Regular sweeping, storm-drain cleanouts, litter 
pickup, and maintenance of stormwater 
infrastructure 

Runoff 
Treatment 

Stormwater retrofitting No stormwater 
treatment 

Filtering retrofits to remove pollutants from most 
severe hotspot areas  

IDDE Outfall analysis  No monitoring Monitoring of outfall quality to measure 
effectiveness 

Note: While many SCMs are used at each individual industrial site, the exact combination depends on the 
specific configuration, operations, and footprint of each site. 
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359 Stormwater Management Approaches 

TABLE 5-10  From the Roof to the Street: SCMs in a Redevelopment Context 
SCM 
Category 

What it Is What it Replaces How it Works 

Impervious 
Cover 
Minimization 

Site design to prevent 
pollution 

Conventional site 
design 

Designing redevelopment footprint 
to restore natural area remnants, 
minimize needless impervious 
cover, and reduce hotspot potential  

Runoff 
Volume 
Reduction— 
Rainwater 
Harvesting 
and Vegetated 

Treatment on the roof Traditional rooftops Use of green rooftops to reduce 
runoff generated from roof 
surfaces 

Rooftop runoff 
treatment 

Directly connected 
roof leaders 

Use of rain tanks, cisterns, and 
rooftop disconnection to capture, 
store, and treat runoff 

Runoff treatment in 
landscaping 

Traditional 
landscaping 

Use of foundation planters and 
bioretention areas to treat runoff 
from parking lots and rooftops 

Soil 
Conservation 
and 
Reforestation 

Runoff reduction in 
pervious areas 

Impervious or 
compacted soils  

Reducing runoff from compacted 
soils through tilling and compost 
amendments, and in some cases, 
removal of unneeded impervious 
cover 

Increase urban tree 
canopy 

Turf or landscaping Providing adequate rooting 
volume to develop mature tree 
canopy to intercept rainfall 

Runoff 
Reduction— 
Subsurface 

Increase permeability 
of impervious cover 

Hard asphalt or 
concrete 

Use of permeable pavers, porous 
concrete, and similar products to 
decrease runoff generation from 
parking lots and other hard 
surfaces. 

Runoff 
Reduction— 
Vegetated 

Runoff treatment in the 
street 

Sidewalks, curb and 
gutter, and storm 
drains 

Use of expanded tree pits, dry 
swales and street bioretention cells 
to further treat runoff in the street 
or its right-of-way 

Runoff 
Treatment 

Underground treatment Catch basins and 
storm-drain pipes 

Use of underground sand filters 
and other practices to treat hotspot 
runoff quality at the site 

Municipal 
Housekeeping 

Street cleaning  Unswept streets Targeted street cleaning on 
priority streets to remove trash and 
gross solids 

Watershed 
Planning 

Off-site stormwater 
treatment or mitigation 

On-site waivers Stormwater retrofits or restoration 
projects elsewhere in the 
watershed to compensate for 
stormwater requirements that 
cannot be met onsite 

Note: SCMs are applied in a series, although all of the above may not be needed at a given 
redevelopment site. 
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COST, FINANCE OPTIONS, AND INCENTIVES 

Municipal Stormwater Financing 

To be financially sustainable, stormwater programs must develop a stable long-term 
funding source. The activities common to most municipal stormwater programs (such as 
education, development design review, inspection, and enforcement) are funded through general 
tax revenues, most commonly property taxes and sales taxes (NAFSMA, 2006), which is 
problematic for several reasons.  First, stormwater management financed through general tax 
receipts does not link or attempt to link financial obligation with services received.  The absence 
of such links can reduce the ability of a municipality to adequately plan and meet basic 
stormwater management obligations.  Second, when funded through general tax revenues, 
stormwater programs must compete with other municipal programs and funding obligations.  
Finally, in programs funded by general tax revenue, responsibilities for stormwater management 
tend to be distributed into the work responsibilities of existing and multiple departments (e.g., 
public works, planning, etc.).  One recent survey conducted in the Charles River watershed in 
Massachusetts found that three-quarters of local stormwater management programs did not have 
staff dedicated exclusively for stormwater management (Charles River Watershed Association, 
2007). 

Increasingly, many municipalities are establishing stormwater utilities to manage 
stormwater (Kaspersen, 2000).  Most stormwater utilities are created as a separate organizational 
entity with a dedicated, self-sustaining source of funding.  The typical stormwater utility 
generates the large majority of revenue through user fees (Florida Stormwater Association, 2003; 
Black and Veatch, 2005; NAFSMA, 2006).  User fees are established and set so as to have a 
close nexus to the cost of providing the service and, thus, are most commonly based on the 
amount of impervious surface, frequently measured in terms of equivalent residential unit.  For 
example, an average single-family residence may create 3,000 square feet of impervious surface 
(roof and driveway area). A per-unit charge is then assigned to this “equivalent runoff unit.”  To 
simplify program administration, utilities typically assign a flat rate for residential properties 
(customer class average) (NAFSMA, 2006).  Nonresidential properties are then charged 
individually based on the total amount of impervious surface (square feet or equivalent runoff 
units) of the parcel. Fees are sometimes also based on gross area (total area of a parcel) or some 
combination of gross area and a development intensity measure (Duncan, 2004; NAFSMA, 
2006). 

Municipalities have the legal authority to create stormwater utilities in most states 
(Lehner et al., 1999). In addition to creating the utility, a municipality will generally establish 
the utility rate structure in a separate ordinance.  Separating the ordinances allows the 
municipality flexibility to change the rate structure without revising the ordinance governing the 
entire utility (Lehner et al., 1999). While municipalities generally have the authority to collect 
fees, some states have legal restrictions on the ability of local governments to levy taxes (Lehner 
et al., 1999; NAFSMA, 2006).  The legal distinction between a tax and a fee is the most common 
legal challenge to a stormwater utility.  For example, stormwater fees have been subject to 
litigation in at least 17 states (NAFSMA, 2006). To avoid legal challenges, care must be taken to 
meet a number of legal tests that distinguish a fee for a specific service and a general tax. 
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361 Stormwater Management Approaches 

Stormwater utilities typically bill monthly, and fees range widely.  A recent survey of 
U.S. stormwater utilities reported that fees for residential households range from $1 to $14 per 
month, but a typical residential household rate is in the range of $3 to $6 (Black and Veatch, 
2005). Despite the dedicated funding source, the majority of stormwater utilities responding to a 
recent survey (55 percent) indicated that current funding levels were either inadequate or just 
adequate to meet their most urgent needs (Black and Veatch, 2005). 

Both municipal and state programs can finance administrative programming costs 
through stormwater permitting fees.  Municipal stormwater programs can use separate fees to 
finance inspection activities.  For instance, inspection fees can be charged to cover the costs of 
ensuring that SCMs are adequately planned, installed, or maintained (Debo and Reese, 2003).  
Stormwater management programs can also ensure adequate funding for installation and 
maintenance of SCMs by requiring responsible parties to post financial assurances.  Performance 
bonds, letters of credit, and cash escrow are all examples of financial assurances that require up-
front financial payments to ensure that longer-term actions or activities are successfully carried 
out. North Carolina’s model stormwater ordinance recommends that the amount of a 
maintenance performance security (bond, cash escrow, etc.) be based on the present value of an 
annuity based on both inspection costs and operation and maintenance costs (Whisnant, 2007). 

In addition to fees or taxes, exactions such as impact fees can also be used as a way to 
finance municipal stormwater infrastructure investments (Debo and Reese, 2003).  An impact fee 
is a one-time charge levied on new development.  The fee is based on the costs to finance the 
infrastructure needed to service the new development.  The ability to levy impact fees varies 
between states. Municipalities that use impact fees are also required to show a close nexus 
between the size of the fee and the level of benefits provided by the fee; a failure to do so 
exposes local government to law suits (Keller, 2003).  Compared to other funding sources, 
impact fees also exhibit greater variability in revenue flows because the amount of funds 
collected is dependent on development growth. 

Bonds and grants can supplement the funding sources identified above.  Bonds and 
loans tend to smooth payments over time for large up-front stormwater investments.  For 
example, state and federal loan programs (state revolving funds) provide long-term, low-interest 
loans to local governments or capital investments (Keller, 2003). In addition, grant opportunities 
are sometimes available from state and federal sources to help pay for specific elements of local 
stormwater management programs. 

Municipalities require funds to meet federal and state stormwater requirements.  
Understanding of the municipal costs incurred by implementing stormwater regulations under 
the Phase I and II stormwater rules, however, is incomplete (GAO, 2007).  Of the six minimum 
measures of a municipal stormwater program (public education, public involvement, illicit 
discharge detection and elimination, construction site runoff control, post-construction 
stormwater management, and pollution prevention/good housekeeping—see Chapter 2), a recent 
study of six California municipalities found that pollution prevention activities (primarily street 
sweeping) accounted for over 60 percent of all municipal stormwater management costs in these 
communities (Currier et al., 2005).  Annual per-household costs ranged from $18 to $46. 

PREPUBLICATION 
  

RB-AR13489



   

 
 

 
 

 

362 Urban Stormwater Management in the United States 

Stormwater Cost Review 

Conceptually, the costs of providing SCMs are all opportunity costs (EPA, 2000).  
Opportunity costs are the value of alternatives (next best) given up by society to achieve a 
particular outcome.  In the case of stormwater control, opportunity costs include direct costs 
necessary to control and treat runoff such as capital and construction costs and the present value 
of annual operation and maintenance costs.  Initial installation costs should also include the value 
of foregone opportunities on the land used for stormwater control, typically measured as land 
acquisition (land price). 

Costs also include public and private resources incurred in the administration of the 
stormwater management program.  Private-sector costs might include time and administrative 
costs associated with permitting programs.  Public costs include agency monitoring and 
enforcement costs. 

Opportunity costs also include other values that might be given up as a consequence of 
stormwater management.  For example, the creation of a wet pond in a residential area might be 
opposed because of perceived safety, aesthetic, or nuisance concerns (undesirable insect or 
animal species).  In this case, the diminished satisfaction of nearby property owners is an 
opportunity cost associated with the wet pond.  On the other hand, if SCMs are considered a 
neighborhood amenity (e.g., a constructed wetland in a park setting), opportunity costs may 
decrease. In addition, costs of a given practice may be reduced by reducing costs elsewhere.  For 
example, increasing on-site infiltration rates can reduce off-site storage costs by reducing the 
volume and slowing the release of runoff. 

In general the cost of SCMs is incompletely understood and significant gaps exist in the 
literature. More systematic research has been conducted on the cost of conventional stormwater 
SCMs (wet ponds, detention basins, etc.), with less research applied to more recent, smaller-
scale, on-site infiltration practices.  Cost research is challenging given that stormwater treatment 
exhibits considerable site-specific variation resulting from different soil, topography, climatic 
conditions, local economic conditions, and regulatory requirements (Lambe et al., 2005). 

The literature on stormwater costs tend to be oriented around construction costs of 
particular types of SCMs (Wiegand et al., 1986; SWRPC, 1991; Brown and Schueler, 1997; 
Heaney et al., 2002; Sample et al., 2003; Wossink and Hunt, 2003; Caltrans, 2004; Narayanan 
and Pitt, 2006; DeWoody, 2007).  In many of these studies, construction cost functions are 
estimated statistically based on a sample of recently installed SCMs and the observed total 
construction costs. Observed costs are then related statistically to characteristics that influence 
cost such as practice size. Other studies estimate costs by identifying the individual components 
of a construction project (pipes, excavation, materials, labor, etc.), estimating unit costs of each 
component, and then summing all project components.  These studies generally find that 
construction costs decrease on a per-unit basis as the overall size (expressed in volume or 
drainage area) of the SCM increases (Lambe et al., 2005).  These within-practice economies of 
scale are found across certain SCMs including wet ponds, detention ponds, and constructed 
wetlands. Several empirical studies, however, failed to find evidence of economies of scale for 
bioretention practices (Brown and Schueler, 1997; Wossink and Hunt, 2003). 

Increasing attention has been paid to small-scale practices, including efforts to increase 
infiltration and retain water through such means as green roofs, permeable pavements, rain 
barrels, and rain gardens (under the label of LID).  The costs of these practices are less well 
studied compared to the other stormwater practices identified above.  In general, per-unit 
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construction and design costs exceed larger-scale SCMs (Low Impact Development Center, 
2007). Higher construction costs, however, may be offset to various degrees by reducing the 
investments in stormwater conveyance and storage infrastructure (i.e., less storage volume is 
needed) (CWP, 1998a, 2000a; Low Impact Development Center, 2007).  Others have suggested 
that per-unit costs to reduce runoff may be less for these small-scale distributed practices because 
of higher infiltration rates and retention rates (MacMullan and Reich, 2007). 

Compared to construction costs, less is known about the operation and maintenance costs 
of SCMs (Wossink and Hunt, 2003; Lambe et al., 2005; MacMullan and Reich, 2007).  Most 
stormwater practices are not maintenance free and can create financial and long-term 
management obligations for responsible parties (Hager, 2003).  Cost-estimation programs and 
procedures have been developed to estimate operation and maintenance costs as well as 
construction costs (SWRPC, 1991; Lambe et al., 2005; Narayanan and Pitt, 2006), but 
examination of observed maintenance costs is less common.  Based on estimates from Wossink 
and Hunt (2003), the total present value of maintenance costs over 20 years can range from 15 to 
70 percent of total capital construction costs for wet ponds and constructed wetlands and appear 
generally consistent with percentages reported in EPA (1999).  Operation and maintenance costs 
were also reported to be a substantial percentage of construction costs of infiltration pits and 
bioretention areas in Southern California (DeWoody, 2007).  Others estimate that over the life of 
many SCMs, maintenance costs may equal construction costs (CWP, 2000a).  In general, 
maintenance costs tend to decrease as a percentage of total SCM cost as the total size of the SCM 
increases (Wossink and Hunt, 2003). 

Very few quantifiable estimates are available for public and private regulatory 
compliance costs.  Compliance costs could include both initial permitting costs (labor and time 
delays) of gaining regulatory approval for a particular stormwater design to post-construction 
compliance costs (administration, inspection monitoring, and enforcement).  Compliance 
monitoring is a particular concern if a stormwater management program relies on widespread use 
of small-scale distributed on-site practices (Hager, 2003).  Unlike larger-scale or regional 
stormwater facilities that might be located on public lands or on private lands with an active 
stormwater management plan, a multitude of smaller SCMs would increase monitoring and 
inspection times by increasing the number of SCMs.  Furthermore, municipal governments may 
be reluctant to undertake enforcement actions against citizens with SCMs located on private 
land. 

Land costs tend to be site specific and exhibit a great deal of spatial variation.  Some 
types of SCMs, such as constructed wetlands, are more land intensive than others.  In highly 
urban areas, land costs may be the single biggest cost outlay of land-intensive SCMs (Wossink 
and Hunt, 2003). 

In general, cost analyses generally find that the cost to treat a given acreage or volume of 
water is less for regional SCMs than for smaller-scale SCMs (Brown and Schueler, 1997; EPA, 
1999; Wossink and Hunt, 2003).  For example, considering maintenance, capital construction, 
and land costs, recent estimates for North Carolina indicate that annual costs for wet ponds and 
constructed wetlands range between $100 and $3,000 per treated acre (typically less than 
$1,000). Per-acre annual costs for bioretention and sand filters typically ranged between $300 
and $3,500, and between $4,500 and 8,500, respectively.  However, if SCMs face space 
constraints, bioretention areas can become more cost effective.  Furthermore, other classes of 
small, on-site practices, such as grass swales and filter strips, can sometimes be implemented for 
relatively low cost. 
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364 Urban Stormwater Management in the United States 

There are exceptions to the general conclusion that larger-scale stormwater practices tend 
to be less costly on a per-unit basis than more numerous and distributed on-site practices.  For 
instance, in Sun Valley, California, a recent study indicates that installing small distributed 
practices (infiltration practices, porous pavement, rain gardens) was more cost effective than 
centralized approaches for a retrofit program (Cutter et al., 2008).  In this particular setting, the 
difference tended to revolve around the high land costs in the urbanized setting.  Small-scale 
practices can be placed on low-valued land or integrated into existing landscaping, reducing land 
costs. Centralized stormwater facilities require substantial purchases of high-priced urban 
properties. Similarly, small distributed practices (porous pavement, green roofs, rain gardens, 
and constructed wetlands) can also provide a more cost-effective approach to reducing combined 
sewer overflow (CSO) discharges in a highly urban setting than large structural CSO controls 
(storage tanks) (Montalto et al., 2007). 

SCMs are now a part of most development processes and consequently will increase the 
cost of the development.  Randolph et al. (2006) report on the cost of complying with stormwater 
and sediment and erosion control regulations for six developments in the Washington, D.C., 
metropolitan area.  These costs include primarily stormwater facility construction and land costs.  
The findings from these case studies indicate that stormwater and erosion and sediment control 
comprised about 60 percent of all environmental-related compliance costs for the residential 
developments studied and added about $5,000 to the average price of a home.  Nationwide, 
stormwater and erosion and sediment controls are estimated to add $1,500 to $9,000 to the cost 
of a new residential dwelling unit (Randolph et al., 2006). 

As a means to control targeted chemical constituents, SCMs may be an expensive control 
option relative to other control alternatives.  For example, nutrients from anthropocentric sources 
are an increasing water quality concern for many fresh and marine waters.  Some states (e.g., 
Virginia, Maryland, and North Carolina) require stormwater programs to achieve specific 
nutrient (nitrogen or phosphorus) stormwater standards.  The construction, maintenance, and 
land costs of reducing nitrogen discharge from residential developments using bioretention areas, 
wet ponds, constructed wetlands, or sand filters range from $60 to $2,500 per pound (Aultman, 
2007). These control costs can be an order of magnitude higher than nitrogen control costs from 
point sources or agricultural nonpoint sources.  The high per-pound removal costs are due in part 
to the relatively low mass load of nutrients carried in stormwater runoff.  These estimates, 
however, assume that all costs are allocated exclusively to nitrogen removal.  The high per-
pound removal costs from the control of single pollutants highlight the importance of achieving 
ancillary and offsetting benefits associated with stormwater control (e.g., removal of other 
pollutants of concern, stream-channel protection from volume reduction, and enhancement of 
neighborhood amenities). 

It should also be noted that installing SCMs in an existing built environment tends to be 
significantly more expensive than new construction.  Construction costs for retrofitted extended 
detention ponds, wet ponds, and constructed wetlands were estimated to be two to seven times 
more costly than new SCMs (Schueler et al., 2007).  Retrofit costs can be higher for a variety of 
reasons, including the need to upgrade existing infrastructure (culverts, drainage channels, etc.) 
to meet contemporary engineering and regulatory requirements.  Retrofitting a single existing 
residential city block in Seattle with a new stormwater drainage system that included reduced 
street widths, biofiltration practices, and enhanced vegetation cost an estimated $850,000 (see 
Box 5-5; Seattle Public Utilities, 2007).  Estimates suggested that the costs might have been even 
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365 Stormwater Management Approaches 

higher using more conventional stormwater piping/drainage systems (Chris May, personal 
communication, August 2007; EPA, 2007). 

As discussed earlier in the chapter, stormwater runoff can be reduced and managed 
through better site design to reduce impervious cover.  Low- to medium-density developments 
can reduce impervious cover through cluster development patterns that preserve open space and 
reduce lot sizes. Impervious surfaces and infiltration rates could be altered by any number of 
site-design characteristics such as reduction in street widths, reduction in the number of cul-de
sacs, and different setback requirements (CWP, 2000a).  Finally, impervious surface per capita 
could be substantially reduced by increasing the population per dwelling unit.  

Quantifying the cost of many of these design features is more challenging, and the 
literature is much less developed or conclusive than the literature on conventional SCM costs.  
Many design features described above (clustering, reduced setbacks, narrower streets, less curb 
and gutter) can significantly lower construction and infrastructure costs (CWP, 2001; EPA, 
2007). Such features may reduce the capital cost of subdivision development by 10 to 33 percent 
(CWP, 2000a). 

On the other hand, the evidence is unclear whether consumers are willing to pay for these 
design features. If consumers prefer features typically associated with conventional 
developments (large suburban lot, for example), then some aspects of alternative development 
designs/patterns could impose an opportunity cost on builders and buyers alike in the form of 
reduced housing value. For example, most statistical studies in the U.S. housing market find that 
consumers prefer homes with larger lots and are willing to pay premiums for homes located on 
cul-de-sacs, presumably for privacy and safety reasons (Dubin, 1998; Fina and Shabman, 1999; 
Song and Knapp, 2003). These effects, however, might be partly or completely offset by the 
higher value consumers might place on the proximity of open space to their homes (Palmquist, 
1980; Cheshire and Sheppard, 1995; Qiu et al., 2006).  Anecdotal evidence indicates that 
residents feel that Seattle’s Street Edge Alternative program (the natural drainage system retrofit 
program that combines swales, bioretention and reduced impervious surfaces) increased their 
property values (City of Seattle, undated). Studies that have attempted to assess the net change 
in costs are limited, but some evidence suggests that the amenity values of lower-impact designs 
may match or outweigh the disamentities (Song and Knapp, 2003). 

Incentives for Stormwater Management 

The dominant policy approach to controlling effluent discharge under the Clean Water 
Act is through the application of technology-based effluent standards or the requirements to 
install particular technologies or practices.  Some note that this general policy approach may not 
provide the regulated community with (1) incentives to invest in pollution prevention activities 
beyond what is required in the standard or with (2) sufficient opportunities or flexibility to lower 
overall compliance costs (Parikh et al., 2005). 

A loosely grouped set of policies, called here “incentive-based,”1 aim to create financial 
incentives to manage effluent or volume discharge.  Such policies tend to be classified into two 
groups: price- and quantity-based mechanisms (Stavins, 2000; Parikh et al., 2005).  Price-based 
mechanisms are created when government creates a charge (tax, fee, etc.) or subsidy (payment) 

1 These policies are sometimes called “market-based” policies, but that term will not be used here because many of 
the incentive-based policies discussed fail to contain features characteristic of a market system.  
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on an outcome that government wants to either discourage or encourage.  Ideally, the price 
would be placed on a target outcome (effluents discharged, volume of water released, etc.) and 
not on the means to achieve that outcome end (such as a tax or subsidy to adopt specific 
technologies or practices).2  Quantity-based policies require government to establish some 
binding limit or cap on an outcome (e.g., mass load of effluent, volume of runoff, etc.) for an 
identified group of dischargers, but then allow the regulated parties to “trade” responsibilities for 
meeting that limit or cap.  The opportunity to trade creates the financial incentive.  The trading 
concept is discussed in greater detail in Chapter 6, while this section focuses on price-based 
incentives. 

Some stormwater utilities offer reductions in stormwater fees to landowners who 
voluntarily undertake activities to reduce runoff from their parcels (Doll and Lindsey, 1999; 
Keller, 2003). The reduction in tax obligations, called credits, can be interpreted as a financial 
subsidy or payment for implementing on-site runoff controls.  Credit payments are typically 
made based on the volume of water detained.  For example, as part of Portland, Oregon’s Clean 
River Rewards program, residents and commercial property owners can reduce their stormwater 
utility fee by as much as 35 percent by reducing stormwater runoff from existing developed 
properties (Portland Bureau of Environmental Services, 2008a).  Residential and commercial 
property owners are given a number of ways to reduce runoff to receive this financial benefit.  In 
addition, Portland has a downspout disconnection program that aims to reduce discharge into 
CSOs in targeted areas in the city. Property owners may be reimbursed up to $53 per eligible 
downspout (Portland Bureau of Environmental Services, 2008b). 

Alternatively, stormwater utilities could (where allowed) also use fee revenue to provide 
private incentives for stormwater control through a competitive bidding process.  Such a bidding 
process (“reverse auction”) would request proposals for stormwater reduction projects and fund 
projects that reduce volume at the least cost.  Proposed investments that can meet the program 
objectives at the lowest per unit cost would receive payments.  Such a program creates private 
incentives to search for low-cost stormwater investments by creating a price for runoff volume 
reduction. The bidding program could also be used to identify cost-effective stormwater 
investments in areas targeted for enhanced levels of restoration.  A bidding program has been 
proposed as a way to lower overall costs of a stormwater program in Southern California (Cutter 
et al., 2008).  Revenue to fund such a competitive bid program could come from a variety of 
sources including stormwater utility fees or fees paid into an in lieu fee program. 

Finally, impact fees on new developments can be structured in a way to create incentives 
to reduce stormwater runoff volumes.  Charges based on runoff volume (or a surrogate measure 
like impervious surface) can provide an incentive for developers to reduce the volume of new 
runoff created. 

2 The literature on what level to set the price (tax or subsidy) is vast, complex, and controversial. Parikh et al. 
(2005) seem to wander into this debate (perhaps unwittingly) by making a distinction between taxes based on some 
optimality rule (marginal damage costs equal to marginal control costs) and those based on some other sort of 
decision rule.  Without getting into the specifics of this debate here, this discussion will simply assert more generally 
that price-based incentive policies structure taxes and subsidies to induce desirable behavioral change (rather than 
simply to raise revenue). 
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367 Stormwater Management Approaches 

CHALLENGES TO IMPLEMENTATION OF WATERSHED-BASED 

MANAGEMENT AND STORMWATER CONTROL MEASURES
 

The implementation of SCMs has seen variable success.  Environmental awareness, 
threats to potable water sources or to habitat for threatened and endangered species, problems 
with combined sewer overflows, and other environmental factors have caused cities such as 
Portland, Oregon; Seattle, Washington; Chicago, Illinois; and Austin, Texas to aggressively 
pursue widespread implementation of a broad range of SCMs.  In contrast, other cities have been 
slow to implement recommended practices, for many reasons.  This is particularly true for 
nonstructural SCMs, despite their popularity among planners and regulators for the past two 
decades. A host of real and perceived concerns about individual nonstructural SCMs are often 
raised regarding development costs, market acceptance, fire safety, emergency access, traffic and 
parking congestion, basement seepage, pedestrian safety, backyard flooding, nuisance 
conditions, maintenance, and winter snow removal operations.  While most of these concerns are 
unfounded, they contribute to a culture of inertia when it comes to code change (CWP, 1998a, 
2000a). As a result, some nonstructural SCMs are discouraged or even prohibited by local 
development codes.  Very few communities make the consideration of nonstructural practices a 
required element of stormwater plan review, nor do they require that they be considered early in 
the site layout and design process when their effectiveness would be maximized.  Finally, many 
engineers and planners feel they can fully comply with existing stormwater criteria without 
resorting to nonstructural SCMs. 

Cost Issues 

There are numerous cost issues that have proven to be significant barriers to the use of 
innovative SCMs.  Special construction techniques required for the proper design and function of 
SCMs, specially formulated manufactured soils, expensive subsurface vaults, and increased land 
area requirements as a result of increased stormwater storage requirements can significantly 
increase site development costs.  For smaller projects in highly urbanized areas where land costs 
are high, there can be a disproportionately large expense to comply with stormwater regulations, 
causing developers to seek, and often receive, exemption from requirements. 

Sediment removal and related maintenance activities required to ensure the proper 
ongoing functioning of SCMs are activities that are not a part of normal building maintenance.  
Data on maintenance costs of SCMs on privately owned facilities are limited, and management 
companies responsible for commercial and office building maintenance have yet to provide SCM 
maintenance as part of their services. 

Additional costs are incurred when development review periods by public agencies get 
extended because of an increased level of design review required to evaluate the compliance of 
SCMs with city ordinances. Additional review increases development costs and extends the 
design process. Even with specialized training for city staff to evaluate SCM submittals, 
deviation from the most basic type of SCM design seems to require extended review and 
documentation. 

Cost concerns are partly responsible for the markedly slow implementation of the 
stormwater program.  The federal deadlines for permit coverage have long passed; in fact more 
than 14 years have lapsed for medium and large municipalities.  A good part of the delay can be 
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explained by the resistance of states and local governments to the unknown cost burden.  Cities 
contend that the permit requirements are unreasonable, expensive, and unrealistic to achieve.  
Many local government officials view some permit provisions such as LID or better site design 
as intrusion into the land-use authority of local governments. 

As discussed in Chapter 2, the U.S. Congress provided no start-up or upgrade financial 
assistance, unlike what it did for municipally owned and operated wastewater treatment plants 
after the promulgation of the NPDES permit program under the Clean Water Act in 1972.  Local 
governments have been reluctant to tax residents or create stormwater utilities.  States like 
California and Michigan even have laws that require voter approval in order for local 
governments to assess new fees.  Thus, to implement the NPDES stormwater program, states 
have had to largely rely on stormwater permit fees collected to support a skeletal to modest staff 
for program oversight.  In Denver, and presumably in other cities, there is no reduction in 
stormwater fees when impervious area is reduced because of construction of on-site SCMs.  This 
amounts to a disincentive to do the “right thing.”  Meanwhile, the overall federal budget for the 
NPDES program, including stormwater, has been declining. 

Long-Term Maintenance of Stormwater Control Measures 

One of the weakest parts of most stormwater management programs is the lack of 
information about, and funding to support, the long-term maintenance of SCMs.  If SCMs are not 
inspected and maintained on a regular basis, the stormwater management program is likely to 
fail. This also negatively impacts the design process—if there is no inspection program oand no 
accountability for maintenance, the designer has no incentive to build better, more maintenance-
friendly SCMs. Finally, without an accurate assessment of the maintenance needs of an SCM, 
land owners and other responsible parties cannot anticipate their total costs over the lifetime of 
the device. 

Almost all SCMs require active long-term maintenance in order to continue to provide 
volume and water quality benefits (Hoyt and Brown, 2005; Hunt and Lord, 2006b).  
Furthermore, a typical municipality may contain hundreds or thousands of individual SCMs 
within its jurisdiction. Thus, the long-term obligations for maintenance are considerable.  For 
example, the annual maintenance cost of 100 medium-sized wet ponds (one-half acre to 2 acres) 
is estimated to be a quarter of a million dollars (Hunt and Lord, 2006c).  Currently, the majority 
of municipal stormwater programs do not have adequate plans or resources in place for the long-
term maintenance of SCMs (GAO, 2007).   

A number of issues confront the long-term maintenance of SCMs.  First, legal and 
financial responsibility for maintenance must be assigned.  Historically stormwater ownership 
and responsibility have been poorly defined and implemented (Reese and Presler, 2005).  If a 
party is an industrial facility that is required to obtain a permit, then responsibility for 
maintaining SCMs rests with the permittee.  Other instances are more ambiguous.  For 
residential developments, the responsibility for long-term maintenance could be assigned to the 
developer (e.g., establishing long-term financial accounts for maintenance), individual 
landowners, homeowners associations, or the municipality itself.  Some cities, like Austin and 
Seattle, assume responsibility for long-term maintenance of SCMs in residential areas.  Concerns 
over assigning responsibility to individual residential landowners or homeowners associations 
include insufficient technical and financial resources to conduct consistent maintenance and a 
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lack of inspection to require maintenance.  A recent survey of municipal stormwater programs 
found that less than one-third perform regular maintenance on stormwater detention ponds or 
water quality SCMs in general residential areas (Reese and Presler, 2005).  To ensure that 
adequate maintenance will occur, municipalities can require performance securities (performance 
bonds, escrow accounts, letter of credit, etc.) that ensure adequate funds are available for 
maintenance and repair in the event of failure to maintain the SCM by the responsible party. 

An effective maintenance program also requires a system to inventory and track SCMs, 
inspection/monitoring, and enforcement against noncompliance.  The large number of SCMs to 
track and manage creates management challenges.  Municipal stormwater programs must 
administer their regulatory programs, perform inspection and enforcement activities, and 
maintain SCMs in public lands/rights-of-way and sometimes in residential areas.  Municipal 
programs often do not have adequate staff to ensure that these maintenance responsibilities are 
adequately carried out. The lack of adequate staff for inspection and an inadequate system for 
prioritizing inspections have been repeatedly pointed out (Duke and Beswick, 1997; Duke, 2007; 
GAO, 2007). 

Tracking and monitoring costs may also create disincentives for municipalities to adopt 
or encourage smaller-scale SCMs.  For example, residential-scale rain gardens, porous 
driveways, rain barrels, and grass swales all have the potential to increase the cost and 
complexity of compliance monitoring because of the multitude of small infiltration devices that 
are located on private property as opposed to having fewer SCMs located in public rights-of-way 
or public lands. Small-scale distributed SCMs located on private property raise concerns of 
municipal willingness to inspect and enforce against noncompliance.  Indeed, some 
municipalities have banned innovative SCMs like pervious pavement because the municipalities 
have no means to ensure their maintenance and continued operation.   

Finally, there is concern that there is inadequate funding to maintain the growing number 
of SCMs on the landscape. The long-term funding obligation for maintenance has been difficult 
to assess (GAO, 2007), partly because many stormwater programs frequently do not have 
adequate accounting practices to define capital value and depreciation, maintenance, operation, 
or management programs (Reese and Presler, 2005).  The problem is compounded because the 
long-term maintenance cost associated with various types of SCMs is not well understood.  
Additional research and information are needed on the costs of maintaining the performance of 
SCMs as experienced in the field (rather than ex ante estimates based on design plans).  Research 
into long-term maintenance costs should include not only routine operation and maintenance 
costs but also costs for inspection and enforcement and remediation costs associated with SCM 
performance failures.  Such research is critical to understanding the long-term cost obligation 
that is being assumed by municipal stormwater programs that are responsible for managing a 
growing number of SCMs. 

At the present time, the maintenance schedule for many of the proprietary and non
proprietary SCMs is poorly defined.  It will vary with the type of drainage area and the activities 
that are occurring within it and with the efficiency of the SCM.  (For example, the city of Austin, 
Texas, has determined that the average lifespan of their sand filters ranges from 5 to 15 years, 
but can be as little as one year if there is construction in the drainage area.)  In order to establish 
a maintenance schedule, an assessment protocol needs to be adopted by municipalities.  The 
protocol, which is specific to the type of SCM, could consist of the following: each year 
municipalities would be required to collect data from a subset of their SCMs on public and 
private property, and then over a period of years these data could be used to determine 
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maintenance schedules, predict performance based on age and sediment loading, and identify 
failed systems.  A measurement of the depth of deposited sediment might be the only test needed 
for settling devices, such as hydrodynamic devices and wet detention ponds.  Two levels of 
analysis could be performed for infiltration devices—one based on simple visual observations 
and the other using an instrument to check infiltration rates.  These assessment methods for 
infiltration devices have been tested at the University of Minnesota (Gulliver and Anderson, 
2007). Without an assessment protocol for SCMs, the chances for poor maintenance and 
outright failure are greatly increased, it is difficult if not impossible to determine the actual 
performance of an SCM, and there will be insufficient data to reduce the uncertainty in future 
SCM design. 

Lack of Design Guidance on Important SCMs and Lack of Training 

Progress in implementing SCMs is often handicapped by the lack of local or national 
design guidance on important SCMs, and by the lack of training among the many players in the 
land development community (planners, designers, plan reviewers, public works staff, 
regulators, and contractors) on how to properly implement them on the ground.  For example, 
design guidance is lacking or just emerging for many of the non-traditional SCMs, such as 
conservation of natural areas, earthwork minimization, product substitution, reforestation, soil 
restoration, impervious cover reduction, municipal housekeeping, stormwater education, and 
residential stewardship. Some LID techniques are better covered, such as the standards for 
pervious concrete from the American Concrete Institute and the National Ready Mixed Concrete 
Association.  Design guidance for traditional SCMs such as erosion and sediment control may 
exist but is often incomplete, outdated, or lacking key implementation details to ensure proper 
on-the-ground implementation.  In other cases, design guidance is available, but has not been 
disseminated to the full population of Phase II MS4 communities.  For example, in an 
unpublished survey of state manuals used to develop national post-construction stormwater 
guidance, Hirschman and Kosco (2008) found that less than 25 percent provided sizing criteria, 
detailed engineering design specifications, or maintenance criteria. Nationwide guidance on 
SCM design and implementation may not be advisable or applicable to all physiographic, 
climatic, and ecoregions of the country.  Rather, EPA and the states should encourage the 
development of regional design guidance that can be readily adapted and adopted by municipal 
and industrial permittees.  Improvement of SCM design guidance should incorporate more direct 
consideration of the parameters of concern, how they move across the landscape, and the issues 
in receiving waters—a strategy both espoused in this report (page 351) and in recent publications 
on this topic (Strecker et al., 2005, 2007). 

The second key issue relates to how to train and possibly certify the hundreds of 
thousands of individuals that are responsible for land development and stormwater infrastructure 
at the local and state level.  New stormwater methods and practices cannot be effectively 
implemented until local planners, engineers, and landscape architects fully understand them and 
are confident on how to apply them to real-world sites.  Currently, stormwater design is not a 
major component of the already crowded curriculum of undergraduate or graduate planning 
engineering or landscape architecture programs.  Most stormwater professionals acquire their 
skills on the job. Given the rapid development of new stormwater technologies, there is a critical 
need for implementation of regional or statewide training programs to ensure that stormwater 
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professionals are equipped with the latest knowledge and skills.  The training programs should 
ultimately lead to formal certification for stormwater designers, inspectors, and plan reviewers. 

Different Standards in Different Jurisdictions That Are Within the Same Watershed 

Governmental and watershed boundaries rarely coincide, with the result that most 
watersheds are made up of many municipal bodies regulating stormwater management.  
Unfortunately in most cases there is no overarching stormwater regulatory structure that is based 
upon a watershed analysis. This can result in many unfortunate conflicts, where approval of a 
stormwater facility does not affect the community issuing the permit.  It is often said that the 
most effective stormwater management for an area high in the watershed is to speed the water 
downstream, thus saving the upstream community but severely damaging the downstream rivers.  
While this may be an exaggeration, the problems downstream are less of a concern to the upper 
watershed communities, and downstream communities may not be able to solve their water 
issues without help from the upstream communities. 

Often neighboring communities’ plans or the methods or data used do not coincide.  For 
example, often out-of-date rainfall distributions, methods, or standards are required in the code 
that do not apply to the newer focus on smaller storms and volume reduction.  If methods that 
include Modified Rational or TR-55 are used, it is difficult if not impossible to show the benefits 
in peak flow reduction gained through volume reduction devices.  Also, some municipalities may 
require curb and piping and not allow swales, impending the implementation of a cost-effective 
design. Finally, it is difficult to observe a measureable impact of SCMs when they are guided by 
a patchwork of regulations. One community may require removal of the first inch of runoff, and 
another may require the reduction of the 25-year, post-construction peak to the 10-year pre-
construction level. 

Water Rights that Conflict with Stormwater Management 

In the West, water is considered real property, governed by state law and regional water 
compacts.  Landowners in urban areas rarely own surface water rights and are typically 
prohibited from “beneficial use” of that water, which affects how SCMs are chosen.  For 
example, current practices in Colorado typically allow stormwater to be infiltrated within a short 
period of time on-site without violation of water laws.  However, storage of and/or pumping this 
water for broader distribution is considered to be a beneficial use and is therefore prohibited.  
Moreover, as discussed in Chapter 2, SCMs that manage stormwater by driving the water 
underground with a bored, drilled, or driven shaft or a hole dug deeper than its widest surface 
dimension are typically considered to be “injection wells,” requiring a federal permit and regular 
monitoring under the Safe Drinking Water Act. 

Some states prohibit infiltration because of concerns over long-term groundwater 
pollution. In California, which does not have a uniform policy for groundwater management and 
groundwater rights, authority over groundwater quality management falls to several regional and 
local agencies. For example, the Upper Los Angeles River Area (ULARA) has a court-
appointed Watermaster to manage the complex appropriation of its groundwater to user cities 
and agencies. The ULARA has clashed with the City of Los Angeles regarding rights to all of 
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the water that normally recharges the Los Angeles River via runoff from precipitation.  In 2000, 
the ULARA Watermaster expressed a concern with certain permit provisions of the Los Angeles 
County MS4 Permit for New Development/ Redevelopment that promoted infiltration, stating 
that the MS4 permit interfered with the adjudicated right of the City of Los Angeles to manage 
groundwater. 

Urban Development and Sprawl 

The continued expansion of urban areas is inevitable given population increases 
worldwide and the transition from agricultural to industrial economies.  Given that urbanization 
of almost any magnitude—even less than 10 percent impervious area—has been demonstrated to 
have an impact on in-stream water quality, a central question to be addressed is how water 
quality can be maintained as cities grow, without having negative impacts on social and 
economic systems.  Ideally, SCMs would perform their water quality function, contribute to the 
livability of cities, and enhance their economic and social potentials. 

Low-density, auto-oriented urban development, commonly known as sprawl, has been 
the predominant pattern of development in the United States, and increasingly worldwide, since 
World War II.  It has been widely criticized for its inefficient use of land, its high use of natural 
resources, and its high energy costs—all of which are associated with the required auto-oriented 
travel. Additionally, ongoing economic costs related to the provision of widely dispersed 
services and social impacts of a breakdown in community life have been identified (Brugemann, 
1974). Sprawl and the impacts on in-stream water quality that result from urbanization have 
been an inevitable consequence of improved economic conditions.  In the United States, sprawl 
constitutes the vast majority of development occurring today because a majority of the 
population is attracted to the benefits of a suburban lifestyle, government has subsidized roads 
and highways at the expense of public transit, and local zoning often limits development density. 

There has been a great deal of innovation in city planning and design in the past decade 
that encourages greater density and a return to urban living.  New types of zoning, New 
Urbanism, Smart Growth, and related innovations in urban planning and design have been 
developed in parallel with environmental regulations at local to national levels (see Chapter 2).  
They acknowledge the importance of protecting natural resources to maintain quality of life and 
have established water quality as an important consideration in city building. 

It is not clear that current stormwater regulations can be effectively implemented over the 
broad range of development patterns that characterize contemporary cities or if they 
inadvertently favor one type of development over another.  For example, on-site SMCs are often 
recommended as the preferred means of stormwater management, although they tend to 
encourage lower-density development patterns.  And while they are easily implemented and 
regulated given the incremental, site-by-site development that is typical of most urban growth, 
monitoring and maintenance can be expensive and difficult for both the individual property 
owner and the regulating authority. In highly urbanized areas, they are often relegated to 
subsurface systems that are expensive and that, to be effective, require high levels of 
maintenance.   

In newly developing areas, cluster development should be encouraged whenever possible, 
according to the Smart Growth principles of narrower streets, reduced setbacks, and related 
approaches to reduce the amount of impervious area required and land consumed.  Furthermore, 
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an interconnected series of on-site and consolidated SCMs can reduce subsurface stormwater 
piping requirements.  Most planned communities have dedicated park and open-space areas that 
can constitute 25 percent or more of a development’s total land area, making it feasible to easily 
accommodate consolidated SCMs (typically 8 to 10 percent of impervious area) within multi
functional open space and park lands.  Cost efficiencies such as a 30 percent reduction in 
infrastructure costs (Duaney Plater-Zyberk & Company, 2006) can be realized through Smart 
Growth development techniques.  Clustered housing surrounded by open space, laced with trails, 
has appreciated in value at a higher rate than conventionally designed subdivisions (Crompton, 
2007). 

In order to encourage infill or redevelopment over sprawl patterns of development, 
innovative zoning and other practices will be needed to prevent stormwater management from 
becoming onerous.  For example, incentive zoning or performance zoning could be used to allow 
for greater densities on a site, freeing other portions of the site for SCMs.  Innovations in 
governance and finance can also be used to incorporate consolidated SCMs into urban 
environments.  For example, the City of Denver, in updating its Comprehensive Plan, designated 
certain underdeveloped corridors and districts in the city as “areas of change” where it hoped to 
encourage large-scale infill redevelopment.  Given the scale of redevelopment, it would be 
feasible to establish special maintenance districts, allowing the development of consolidated 
SCMs that have multiple functions.  To fund land purchase and facility design and construction, 
cash in lieu of payments could be made. 

Safety and Aesthetic Concerns 

Vector-borne diseases, especially West Nile virus, are a concern when SCMs such as 
extended detention basins, constructed wetlands, and rain barrels are proposed.  Furthermore, 
other SCMs that are poorly designed, improperly constructed, or inadequately maintained may 
retain water and provide an ideal breeding ground for mosquitoes, increasing the potential for 
disease transmission to humans and wildlife.  Kwan et al. (2005) found that water-retaining 
SCMs increase the availability of breeding habitats for disease vectors and provide opportunistic 
species an extended breeding season. State Health Departments generally recommend that 
SCMs be designed to drain fully in 72 hours, which is the minimum time required for a mosquito 
to complete its life cycle under optimum conditions.  In SCMs where there is permanent standing 
water, such as stormwater wetlands, there is the possibility of introducing biota that might prey 
on mosquitoes.  Municipalities may have to consider the added cost of vector control and public 
health when implementing stormwater quality management programs. 

With larger consolidated and regional extended detention facilities, concerns about the 
safety of children who may be attracted to such SCMs and ensuing liability must be considered.  
These SCMs need to be fenced off or otherwise designed appropriately to reduce the risk of 
drowning. 

One aspect of stormwater management that is infrequently considered is the aesthetic 
appeal, or lack thereof, of SCMs.  The visual qualities of SCMs are important because they are a 
growing part of the urban landscape setting.  Although it can be assumed that landscapes that are 
carefully tended are often preferred over other types of landscapes, it depends substantially on 
one’s point of view. For example, an engineer may consider a particular SCM that is functioning 
as expected to be beautiful in the sense that its engineering function has been realized, even 
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though there is sediment buildup, algae, or other products of a properly functioning SCM visible.  
Similarly, a biologist or ecologist evaluating an ecologically healthy SCM in an urban context 
might find it to be beautiful because of its biological or ecological diversity, whereas another 
individual who evaluates the same SCM finds it to be “weedy.”  SCMs can be viewed as a means 
of restoring a degraded landscape to a state that might have existed before urban development.  
The desire to “return to nature” is a seductive idea that suggests naturalistic SCMs that may have 
very little to do with an original landscape, given the dramatic changes in hydrology that are 
inevitable with urban streams.  Each of these widely varied views of SCMs may be appropriate 
depending on the context and the viewer. 

One goal of stormwater management should be to make SCMs desirable and attractive to 
a broader audience, thereby increasing their potential for long-term effectiveness.  For example, 
the Portland convention center rain gardens demonstrate how native and non-native wetland 
plantings can be carefully composed as a landscape composition and also provide for stormwater 
treatment.  If context and aesthetics of a chosen SCM are poorly matched, there is a high 
probability that the SCM will be eliminated or its function compromised because of 
modifications that make its landscape qualities more appropriate for its context. 

CONCLUSIONS AND RECOMMENDATIONS 

SCMs, when designed, constructed, and maintained correctly, have demonstrated the 
ability to reduce runoff volume and peak flows and to remove pollutants.  However, in very few 
cases has the performance of SCMs been mechanistically linked to the guaranteed sustainment at 
the watershed level of receiving water quality, in-stream habitat, or stream geomorphology.  
Many studies demonstrate that degradation in rivers is directly related to impervious surfaces in 
the contributing watershed, and it is clear that SCMs, particularly combinations of SMCs, can 
reduce the runoff volume, erosive flows, and pollutant loadings coming from such surfaces.  
However, none of these measures perfectly mimic natural conditions, such that the accumulation 
of these SCMs in a watershed may not protect the most sensitive beneficial aquatic life uses in a 
state. Furthermore, the implementation of SCMs at the watershed scale has been too inconsistent 
and too recent to observe an actual cause-and-effect relationship between SCMs and receiving 
waters. The following specific conclusions and recommendations about stormwater control 
measures are made. 

Individual controls on stormwater discharges are inadequate as the sole solution to 
stormwater in urban watersheds. SCM implementation needs to be designed as a system, 
integrating structural and nonstructural SCMs and incorporating watershed goals, site 
characteristics, development land use, construction erosion and sedimentation controls, 
aesthetics, monitoring, and maintenance.  Stormwater cannot be adequately managed on a 
piecemeal basis due to the complexity of both the hydrologic and pollutant processes and their 
effect on habitat and stream quality.  Past practices of designing detention basins on a site-by-site 
basis have been ineffective at protecting water quality in receiving waters and only partially 
effective in meeting flood control requirements.   

Nonstructural SCMs such as product substitution, better site design, downspout 
disconnection, conservation of natural areas, and watershed and land-use planning can 
dramatically reduce the volume of runoff and pollutant load from a new development.   
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Such SCMs should be considered first before structural practices.  For example, lead 
concentrations in stormwater have been reduced by at least a factor of 4 after the removal of lead 
from gasoline.  Not creating impervious surfaces or removing a contaminant from the runoff 
stream simplifies and reduces the reliance on structural SCMs. 

SCMs that harvest, infiltrate, and evapotranspirate stormwater are critical to 
reducing the volume and pollutant loading of small storms. Urban municipal separate 
stormwater conveyance systems have been designed for flood control to protect life and property 
from extreme rainfall events, but they have generally failed to address the more frequent rain 
events (<2.5 cm) that are key to recharge and baseflow in most areas.  These small storms may 
only generate runoff from paved areas and transport the “first flush” of contaminants.  SCMs 
designed to remove this class of storms from surface runoff (runoff-volume-reduction SCMs— 
rainwater harvesting, vegetated, and subsurface) can also address larger watershed flooding 
issues. 

Performance characteristics are starting to be established for most structural and 
some nonstructural SCMs, but additional research is needed on the relevant hydrologic 
and water quality processes within SCMs across different climates and soil conditions.  
Typical data such as long-term load reduction efficiencies and pollutant effluent concentrations 
can be found in the International Stormwater BMP Database.  However, understanding the 
processes involved in each SCM is in its infancy, making modeling of these SCMs difficult.  
Seasonal differences, the time between storms, and other factors all affect pollutant loadings 
emanating from SCMs.  Research is needed that moves away from the use of percent removal 
and toward better simulation of SCM performance.  Hydrologic models of SCMs that 
incorporate soil physics (moisture, wetting fronts) and groundwater processes are only now 
becoming available.  Research is particularly important for nonstructural SCMs, which in many 
cases are more effective, have longer life spans, and require less maintenance than structural 
SCMs. EPA should be a leader in SCM research, both directly by improving its internal 
modeling efforts and by funding state efforts to monitor and report back on the success of SCMs 
in the field. 

Research is needed to determine the effectiveness of suites of SCMs at the watershed 
scale.  In parallel with learning more about how to quantify the unit processes of both structural 
and nonstructural practices, research is needed to develop surrogates or guidelines for modeling 
SCMs in lumped watershed models.  Design formulas and criteria for the most commonly used 
SCMs, such as wet ponds and grass swales, are based on extensive laboratory and/or field 
testing. There are limited data for other SCMs, such as bioretention and proprietary filters.  
Whereas it is important to continue to do rigorous evaluations of individual SCMs, there is also a 
role for more simple methods to gain an approximate idea about how SCMs are performing.  The 
scale factor is a problem for watershed managers and modelers, and there is a need to provide 
guidance on how to simulate a watershed of SCMs, without modeling thousands of individual 
sites. 

Improved guidance for the design and selection of SMCs is needed to improve their 
implementation. Progress in implementing SCMs is often handicapped by the lack of design 
guidance, particularly for many of the non-traditional SCMs.  Existing design guidance is often 
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incomplete, outdated, or lacking key details to ensure proper on-the-ground implementation.  In 
other cases, SCM design guidance has not been disseminated to the full population of MS4 
communities.  Nationwide guidance on SCM design and implementation may not be advisable or 
applicable to all physiographic, climatic, and ecoregions of the country.  Rather, EPA and the 
states should encourage the development of regional design guidance that can be readily adapted 
and adopted by municipal and industrial permittees.  As our understanding of the relevant 
hydrologic, environmental, and biological processes increases, SCM design guidance should be 
improved to incorporate more direct consideration of the parameters of concern, how they move 
across the landscape, and the issues in receiving waters. 

The retrofitting of urban areas presents both unique opportunities and challenges. 
Promoting growth in these areas is desirable because it takes pressure off the suburban fringes, 
thereby preventing sprawl, and it minimizes the creation of new impervious surfaces.  However, 
it is more expensive than Greenfields development because of the existence of infrastructure and 
the limited availability of land.  Both innovative zoning and development incentives, along with 
the selection of SCMs that work well in the urban setting, are needed to achieve fair and 
effective stormwater management in these areas.  For example, incentive or performance zoning 
could be used to allow for greater densities on a site, freeing other portions of the site for SCMs.  
Publicly owned, consolidated SCMs should be strongly considered as there may be insufficient 
land to have small, on-site systems.  The performance and maintenance of the former can be 
overseen more effectively by a local government entity.  The types of SCMs that are used in 
consolidated facilities—particularly detention basins, wet/dry ponds, and stormwater wetlands— 
perform multiple functions, such as prevention of streambank erosion, flood control, and large-
scale habitat provision. 
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Chapter 6 
Innovative Stormwater Management and Regulatory Permitting 

There are numerous innovative regulatory strategies that could be used to improve EPA’s 
stormwater program.  This chapter first outlines a substantial departure from the status quo, 
namely, basing all stormwater and other wastewater discharge permits on watershed boundaries 
instead of political boundaries.  Watershed-based permitting is not a new concept, but it has been 
attempted in only a few communities.  Development of the new permitting paradigm is followed 
by more modest and easily implemented recommendations for improving the stormwater 
program, from a new plan for monitoring industrial sites to encouraging greater use of 
quantitative measures of the maximum extent practicable requirement.  The recommendations in 
the latter half of the chapter do not preclude adoption of watershed-based permitting at some 
future date, and indeed they lay the groundwork in the near term for an eventual shift to 
watershed-based permitting. 

WATERSHED PERMITTING FRAMEWORK FOR MANAGING STORMWATER 

In its initial meeting in January 2007, the committee heard opinions that collectively 
pointed in a new direction for managing and regulating stormwater that would differ from the 
end-of-pipe approach traditionally applied by regulatory agencies under the National Pollutant 
Discharge Elimination System (NPDES) permits and be based instead on a watershed 
framework.  Indeed, the U.S. Environmental Protection Agency (EPA) has already given 
substantial thought to watershed permitting and issued a Watershed-Based NPDES Permitting 
Policy Statement (EPA, 2003a) that defined watershed-based permitting as an approach that 
produces NPDES permits that are issued to point sources on a geographic or watershed basis.  It 
went on to declare that, “The utility of this tool relies heavily on a detailed, integrated, and 
inclusive watershed planning process. Watershed planning includes monitoring and assessment 
activities that generate the data necessary for clear watershed goals to be established and permits 
to be designed to specifically address the goals.” 

In the statement, EPA listed a number of important benefits of watershed permitting: 

•	 More environmentally effective results; 
•	 Ability to emphasize measuring the effectiveness of targeted actions on improvements in 

water quality; 
•	 Greater opportunities for trading and other market-based approaches; 
•	 Reduced cost of improving the quality of the nation’s waters; 
•	 More effective implementation of watershed plans, including total maximum daily loads 

(TMDLs); and 
•	 Other ancillary benefits beyond those that have been achieved under the Clean Water Act 

(e.g., integrating CWA and Safe Drinking Water Act [SDWA] programs). 

Subsequent to the policy statement, EPA published two guidance documents that lay out 
a general process for a designated state that wishes to set up any type of permit or permits under 
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CWA auspices on a watershed basis (EPA, 2003b, 2007a).  It also outlined a number of case 
studies illustrating various kinds of permits that contain some watershed-based elements.  Box 6-
1 describes in greater detail the more recent report (EPA, 2007a) and its 11 “options” for 
watershed-based permitting.  Unfortunately, the EPA guidance is lacking in its description of 
what constitutes watershed-based permitting, who would be covered under such a permit, and 
how it would replace the current program for municipalities and industries discharging 
stormwater under an individual or general NPDES permit.  Few examples are given, some of 
which are not even watershed-based, with most of the examples involving grouping municipal 
wastewater treatment works under a single permit with no reference to stormwater.  Most of the 
11 options are removed from the fundamental concept of watershed-based permitting.  Finally, 
the guidance fails to elaborate on the policy statement goal to make water quality standards 
watershed-based. The committee concluded that, although the EPA documents lay some 
groundwork for watershed-based permitting—especially the ideas of integrated municipal 
permits, water quality trading, and monitoring consortia—the sum total of EPA’s analysis does 
not define a framework for moving toward true watershed-based permitting.  The guidance 
attends to few of the details associated with such a program and it has made no attempt to 
envision how such a system could be extended to the states and the municipal and industrial 
stormwater permittees.  This chapter attempts to overcome these shortcomings by presenting a 
more comprehensive description of watershed-based permitting for stormwater dischargers. 

The approach proposed in this chapter fits within the general framework outlined by EPA 
but goes much further.  First, it is intended to replace the present structure, instead of being an 
adjunct to it, and to be uniformly applied nationwide.  The proposal adopts the goal orientation 
of the policy statement and then extends it to root watershed management and permitting in 
comprehensive objectives representing the ability of waters to actually support designated 
beneficial uses. The proposal builds primarily around the integrated municipal permit concept in 
the policy statement and technical guidance.  Like EPA’s outline, the committee emphasizes 
measuring the effectiveness of actions in bringing improvements, but goes on from there to 
recommend a set of monitoring activities designed to support active adaptive management to 
achieve objectives, as well as to assess compliance.  Credit trading, indicator development, the 
rotating basin approach, and monitoring should be part of management and permitting programs 
within watersheds, and ideas are advanced to develop these and other elements. 

In addition to building on the work of EPA, the proposed approach tackles many of the 
impediments to effective watershed management identified in the National Research Council 
(NRC) treatise on watershed management (NRC, 1999).  That report noted that watershed 
approaches are easiest to implement at the local level; thus, the approach developed in this 
chapter is a bottom-up process in which programmatic responsibility lies mainly with 
municipalities. Because the natural boundaries of watersheds rarely coincide with political 
jurisdictions, watersheds as geographic areas are less useful for political, institutional, and 
funding purposes, such that initiatives and organizations directed at watershed management 
should be flexible. The proposed approach recognizes this reality and makes numerous 
suggestions for pilot testing, funding, and institutional arrangements that will facilitate success.  
Finally, NRC (1999) notes the need to “develop practical procedures for considering risk and 
uncertainty in real world decision-making in order to advance watershed management.”  The 
proposed revised monitoring system presented later in this chapter is designed to provide 
information in the face of ongoing uncertainty, i.e., adaptive management in a permitting 
context. 
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BOX 6-1 
EPA’s Current Guidance on Watershed-Based Permitting 

Rather than explicitly define watershed based permitting, the EPA’s recent guidance (EPA, 
2007a) groups a large number of activities as having elements of watershed-based permitting, and 
defines how each might be utilized by a community.  They are 

●   NPDES permitting development on a watershed basis, 
●  Water quality trading, 
●   Wet weather integration, 
●   Indicator development for watershed-based stormwater management, 
●   TMDL development and implementation, 
●   Monitoring consortium, 
●   Permit synchronization, 
●   Statewide rotating basin planning, 
●   State-approved watershed management plan development, 
●   Section 319 planning, and 
●   Source water protection planning. 

Taking these topics in order, the first option is generally similar to that in EPA (2003a,b), but with 
some more detail on possible permitting forms.  “Coordinated individual permits” implies that individual 
permits would be made similar and set with respect to one another and to a holistic watershed goal.  The 
nature of such permits is not fully described, and there are no examples given.  An “integrated municipal 
permit,” also presented in the earlier policy statement, would place the disparate individual NPDES 
permits in a municipality (e.g., wastewater plants, combined sewer overflows, municipal separate storm 
sewer systems [MS4s]) under one permit.  However, such a permit is not necessarily watershed-based.  
Finally, the “multi-source permit” could go in numerous directions, none of which are described in detail.  
In one concept, all current individual permittees who discharge a common pollutant into a watershed 
would come under one new individual permit that regulates that pollutant, while keeping the existing 
individual permits intact for other purposes.  The Neuse River Consortium is given as an example.  
Alternatively, a multi-source permit could cover all dischargers of a particular type now falling under one 
individual permit that regulates all of their pollutants (no examples are given).  In yet another application, 
this permit could be a general permit, and it would be identical to the existing general permits, except that 
it would be organized along watershed boundaries.  As above, it could be refined on the basis of pollutant 
or discharger type. 

The other ten options are more distant from the fundamental concept of watershed-based 
permitting. The water quality trading description is minimal, though it does mention a new EPA document 
that gives guidance to permittees for trading.  Wet weather integration, the third topic, can mean any 
number of things, from creating a single permit to cover all discharges of pollutants during wet weather in 
a municipality, as described above for “coordinated individual permits,” to just having all the managers of 
the systems get together and strategize.  Although a stated goal is to reduce the amount of water in the 
sewer system after a storm, this integration is not particularly well defined in the document, nor is it well 
differentiated from other activities that would normally occur under an MS4 permit. 

Indicator development for watershed-based stormwater management refers to identifying 
indicators that are better than one or a few pollutants at characterizing the degree of impairment wrought 
by stormwater.  Stormwater runoff volume is one indicator being developed by Vermont, and percent 
impervious surface is another.  As discussed in Chapter 2, some states have long used biological 
indicators that integrate the effects of many pollutants as well as physical stresses such as elevated flow 
velocities.  Indicators can be used as TMDL targets or as goals in NPDES permits.  Identifying and 
adopting indicators is, essentially, a prerequisite to implementing some of the other options listed above. 

Regarding the next topic on the list, the option of TMDL development is obvious, since the TMDL 
program is by definition watershed based.  If it can be made the highest priority, and if stormwater is a  

continues next page 
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BOX 6-1 Continued 

contributor, then the implementation plan can be an excellent way to combat stormwater pollution on a 
watershed basis.  Reducing the contribution of the pollutant from a stormwater source can involve water 
quality trading, better enforcement of existing permits, or creating new watershed-based permits.  Hence, 
again, there is considerable overlap with the previously discussed options. 

Developing a monitoring consortium is an option that works when sufficient data are not available 
to do much else.  The concept mainly refers to monitoring of ambient waters.  The activity is shared 
among partners (e.g., all wastewater plants in a region), with the goal of collecting and analyzing enough 
data to improve management decisions on a watershed basis, instead of for a single plant. 

The following topic, permit synchronization, refers to having all permits within a watershed expire 
and be renewed simultaneously.  This approach could be helpful for streamlining administrative, 
monitoring, and management tasks associated with maintaining the permits.  Some states have operated 
in this way, whereas others have decided not to.  It is one way to coordinate permits in cases where other 
types of watershed-based permitting would not work. Similarly, the statewide rotating basin approach, 
used by many states, relies on a five-year cycle.  The state is divided into major watersheds, and each 
watershed is in a different stage of the cycle every year.  It is a way to distribute the workload such that 
there is never a year when, for example, every watershed would require monitoring.  Since it is a 
statewide program, how it relates to a watershed-based permitting situation is not at all clear. 

With regard to the next topic, there has been a great deal of watershed planning around the 
nation and tremendous variety in form and comprehensiveness.  Plans generally contain some 
information on the state of the watershed, goals for the watershed, and activities to meet those goals.  
Development of such plans in areas that do not have them could facilitate watershed-based permitting by 
providing much needed information about conditions, sources of pollutants, and methods to reduce 
pollution. According to EPA, a watershed plan may or may not indicate the need for watershed-based 
permitting. 

The Section 319 Program refers to voluntary efforts to reduce pollution from nonpoint sources.  
The program in and of itself is not relevant to NPDES permits, since it deals strictly with activities that are 
not regulated.  However, these activities could be traded with more traditional stormwater practices as 
part of a watershed-based effort to reduce overall pollution reaching waterbodies.  Many watershed plans 
must consider guidance for the 319 program in order to get funding for their management activities. 

If the watershed in question contains a drinking water source (either surface water or 
groundwater), then a good source water protection plan can have a significant impact on NPDES 
permitting in a watershed.  Information collected during the assessment phase of source water protection 
could be used to help inform watershed-based permitting.  Also, NPDES permits could be rewritten taking 
into account the proximity of discharges to source water intakes. 

Following its coverage of the 11 options, EPA (2007a) gives a hypothetical example of picking six 
of the options to develop permitting for a watershed.  It discusses how the options might be prioritized, but 
in a very qualitative manner, according to considerations such as availability of funding and personnel, 
stakeholder desires, environmental impacts, and sequencing of events.  Chapter 1 of the report ends with 
a list of performance goals that might apply to the 11 options. 

Chapter 2 further explains the multi-source watershed-based permit, discussing, for example, 
who would be covered by it, who would administer it, and how credit trading fits in.  The chapter has a lot 
of practical, although quite intuitive, information about how to write such a permit.  Much of the decision 
making is left to the permit writer.  There are discussions of effluent limitations, monitoring requirements, 
reporting and record keeping, special conditions, and public notice.  Chapter 3 follows by presenting case 
studies, although fewer than appeared in 2003 and not all truly watershed based. 
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Watershed Management and Permitting Issues 

There are many implications of redirecting the stormwater management and regulatory 
system from a site-by-site, SCM-by-SCM approach to an emphasis on attainment of beneficial 
uses throughout a watershed. Most fundamentally, the program’s focus would shift to a primary 
concentration on broad goals in terms of, for example, achieving a targeted condition in a 
biological indicator associated with aquatic ecosystem beneficial uses or no net increase in 
elevated flow duration. Application of site-specific stormwater control measures (SCMs) would 
no longer constitute presumptive evidence of permit compliance, as is often the case in permits 
now, although it would still be an essential means to meeting goals.  Achieving those goals, 
however, would form the compliance criteria. 

In recognition of the demonstrated negative effects of watershed hydrologic modification 
on the attainment of beneficial uses, the proposal steps beyond the generally prevailing practice 
by embracing water quantity as a concern along with water quality.  The inclusion of hydrology 
is consistent with the CWA on several grounds. First, elevated runoff peak flow rates and 
volumes increase erosive shear stress on stream beds and banks and directly contribute 
particulate pollutants to the flow (such as suspended and settleable solids, as well as nutrients 
and other contaminants bound to the soil material).  Conversely, reduced dry-weather flows often 
occur in urban streams as a result of lost groundwater recharge and tend to concentrate pollutants 
and, hence, worsen their biological effects. Moreover, pollutant mass loading is the product of 
concentration and flow volume, and thus increased wet-weather surface runoff directly augments 
the cumulative burden on receiving waters.  Finally, regulatory precedent for incorporating 
hydrology exists, as demonstrated by Vermont’s stormwater program (LaFlamme, 2007). 

At this time, stormwater management and regulation are divorced from the management 
and regulation of municipal and industrial wastewater.  A true watershed-based approach would 
incorporate the full range of municipal and industrial sources, including (1) public streets and 
highways; (2) municipal stormwater drainage systems; (3) municipal separate and combined 
wastewater collection, conveyance, and treatment systems; (4) industrial stormwater and process 
wastewater discharges; (5) private residential and commercial property; and (6) construction 
sites. These many sources represent an array of uncoordinated permits under the current system 
and a strong challenge to developing a watershed-based approach. As pointed out in Chapter 2, 
multi-source considerations are an implicit facet of TMDL assessments, wherein states must 
consider both point and nonpoint sources. EPA (2003b) identified, among other possible permit 
types, an Integrated Municipal NPDES Permit, which would bundle all requirements for a 
municipality (e.g., stormwater, combined sewer overflows, biosolids, pretreatment) into a single 
permit.  The Tualatin River watershed in Oregon has faced this challenge, at least in part, 
through an innovative watershed permit that combines both wastewater treatment and 
stormwater, brings in management of agricultural contributions to thermal pollution, and allows 
for pollutant trading among sources (see Box 6-2).  It appears that the various participating 
parties did not use their energies in trying to allocate blame but instead determined the most 
effective and efficient ways of improving conditions.  For example, the municipal permittees 
willingly offered incentives to agricultural landowners to plant riparian shade trees as an 
alternative to more expensive means of reducing stream temperatures under their direct control.  
Indeed, with agriculture not being regulated by the Clean Water Act, watershed permitting and 
initiatives of this type represent the best, and perhaps only, mechanism for ameliorating negative 
effects of agricultural runoff that, left unattended, would undo gains in managing urban runoff.  
The Neuse River case study, discussed later in this chapter, is another example of bringing 
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392 Urban Stormwater Management in the United States 

agricultural contributions to aquatic degradation under control, along with urban sources, 
through a watershed-based approach. 

BOX 6-2 
Watershed-Based Permitting in Oregon 

Clean Water Services is a wastewater and stormwater utility that covers a special service district 
of 12 cities and unincorporated areas in urban Washington County, Oregon.  It was originally chartered in 
the 1970s as the Unified Sewerage Agency to consolidate the management of 26 “package” wastewater 
treatment facilities.  Its responsibilities expanded to stormwater management in the early 1990s and it 
now serves nearly 500,000 customers.  There are four wastewater treatment plants (WWTPs) in the 
district, with a dry weather capacity of 71 million gallons per day (MGD).  During low-flow months, the 
discharge from these plants can account for 50 percent of the water in the Tualatin River.  The district 
also own rights to one-quarter of the stored water in Hagg Lake.  The land use in the watershed is about 
one-third urban, one-third agriculture, and one-third forest. 

In 2001, the region was faced with TMDLs on the Tualatin River or its tributaries for total 
phosphorus, ammonia, temperature, bacteria, and dissolved oxygen.  By 2002, the area was also dealing 
with four expired NPDES permits and one expired MS4 permit (all of which had been administratively 
extended), approval of a second TMDL, and an Endangered Species Act (ESA) listing.  The region 
decided that it wanted to try to integrate all of these programs using a watershed-based regulatory 
framework. This would include a TMDL implementation mechanism, an ESA response plan, and 
integrated water resources management (meaning that water quantity, water quality, and habitat 
considerations would be made at the same time).  Prior to integration, water quality was covered by the 
TMDL and NPDES programs, but these programs did not cover water quantity and habitat issues.  The 
ESA listing addressed the habitat issues, but it was done totally independently of the TMDLs and NPDES 
permits.   

Thus, the region applied for an integrated municipal NPDES permit that bundles all NPDES 
permit requirements for a municipality into a single permit, including publicly owned treatment works 
(POTWs), pretreatment, stormwater, sanitary sewer overflows, and biosolids.  Initially, it encompassed 
the four WWTP permits, the one MS4 permit, and the industrial and construction stormwater permits.  The 
hope was that this would streamline multiple permits and capture administrative and programmatic 
efficiencies; provide a mechanism for implementing more cost-effective technologies and management 
practices including water quality credit trading; integrate watershed management across federal statutes 
such as the CWA, SDWA, and ESA; and encourage early and meaningful collaboration and cooperation 
among key stakeholders. 

This case study was successful because a single entity—Clean Water Services—was already in 
charge of what would have otherwise been a group of individual permittees.  Furthermore, all the NPDES 
permits had expired and the TMDL had just been issued, providing a window of opportunity.  The state 
regulatory agency was very willing, and EPA provided a $75,000 grant.  Finally, there was a robust water 
quality database and modeling performed for the area because of the previous TMDL work.  The 
watershed-based permit, the first in the nation, was issued February 26, 2004.  Among its unique 
elements are an intergovernmental agreement companion document signed by the Oregon Department 
of Environmental Quality (DEQ), water quality credit trading, and consolidation of reporting requirements.  
The water quality trading is one of the most interesting elements, and several variations have been 
attempted. Biological oxygen demand (BOD) and NH3 have been traded both intra-facility and inter-
facility. 

The temperature TMDL on the Tualatin River is a particularly interesting example of trading 
because it helped to bring agriculture into the process, where it would otherwise not have been involved.  
Along the length of the river, there are portions that exceed the temperature standard.  A TMDL allocation 
was calculated that would lower temperatures by the same amount everywhere, such that there would be 
no point along the river that would be in exceedance.  Options for reducing temperature include reducing 
the influent wastewater temperature (which is hard to do), reducing the total WWTP discharge to the  

continues next page 
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BOX 6-2 Continued 

Tualatin River (which is not practical), mechanically cooling or refrigerating WWTP discharge (which 
would require more energy), or trading the heat load via flow augmentation and increased shading (which 
is what was attempted). 

Clean Water Services choose to utilize a market-based, watershed approach to meet the Tualatin 
temperature TMDL.  It was market-based because it had financial incentives for certain groups to 
participate, it was cost-effective, and it provided ancillary ecosystem services.  It was a watershed-based 
approach because it capitalized on the total assimilative capacity of the basin.  What was done was to (1) 
provide cooling and in-stream flow augmentation by releasing water from Hagg Lake Reservoir, and (2) 
trade riparian stream surface shading improvement credits.  They also reused WWTP effluent in lieu of 
irrigation withdrawals.  For the riparian shading, they developed an “enhanced” CREP program to 
increase the financial incentives to rural landowners (with Clean Water Services paying the difference 
over existing federal and state programs).  Clean Water Services also made incentive payments to the 
Soil and Water Conservation District to hire people to act as agents of Clean Water Services.  Oregon 
DEQ’s Shadalator model was used to quantify thermal credits for riparian planting projects, which 
required that information be collected at 100-foot increments along the stream on elevation, aspect, 
wetted width, Nordfjord-Sogn Detachment Zone, channel incision, and plant type and planting corridor 
width. To summarize, over the five-year term of the permit, Clean Water Services will release 30 cfs/d of 
stored water from Hagg Lake each July and August and shade roughly 35 miles of tributary riparian area 
(they have already planted 34 miles of riparian buffer).  This plan involved an element of risk taking, since 
the actions of unregulated parties (such as farmers) have suddenly become the responsibility of Clean 
Water Services. 

Significant disadvantages of the current system of separate permits for municipal, 
construction, and industrial activities are (1) the permits attack the problem on a piecemeal basis, 
(2) they are hard to coordinate because they expire at different times, (3) they are not designed to 
allow for long-term operation of SCMs, and (4) they do not cover all discharges.  A solution to 
these problems would be to integrate all discharge permitting under municipal authority, as is 
proposed here. The lead permittee and co-permittees would bear ultimate responsibility for 
meeting watershed goals and would regulate all public and private discharges within their 
jurisdictions to attain them.  Municipalities are the natural focus for this role because they are the 
center of land-use decisions throughout the nation. 

Municipalities must be provided with substantially greater resources than they have now 
to take on this increased responsibility.  Beyond funding, regulatory responsibilities must be 
realigned to some degree.  The norm now is for states to administer industrial permits directly 
and generally attend to all aspects of permit management.  However, states, more often than not, 
are unable because of resource limitations to give permittees much attention in the form of 
inspection and feedback to ensure compliance.  At the same time, some states, explicitly or 
implicitly, expect municipal permittees to set up programs to meet water quality standards in the 
waters to which all land uses under their jurisdictions discharge.1  It only makes sense in this 

1 For example, the second Draft Ventura County [California] Municipal Separate Storm Sewer System Permit states 
(under Findings D.  Permit Coverage), “Provisions of this Order apply to the urbanized areas of the municipalities, 
areas undergoing urbanization and areas which the Regional Water Board Executive Officer determines are 
discharging storm water that causes or contributes to a violation of a water quality standard … .”  The permit further 
states (under Part 2—Receiving Water Limitations), “1. Discharges from the MS4 that cause or contribute to a 
violation of water quality standards are prohibited.  … 3. … This Order shall be implemented to achieve 
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394 Urban Stormwater Management in the United States 

situation to have designated states (or EPA for the others) specify criteria for industrial and 
construction permits but revise regulations to empower and support municipal co-permittees in 
compliance-related activities.  This paradigm is not unprecedented in environmental permitting, 
as under the Clean Air Act, states develop state implementation plans for implementation by 
local entities. For this new arrangement to work, states would have to be comfortable that 
municipalities could handle the responsibility and be able to exercise the added authority 
granted. The committee’s opinion is that municipalities generally do have the capability, 
working together as co-permittees with a large-jurisdiction lead permittee and with guidance and 
support from states. 

It bears noting at the outset that the proposed new program would not reduce the present 
system’s reliance on general permits.  Whereas a general permit now can be issued to a group of 
municipalities having differing circumstances, under the new system a permit could just as well 
be formulated in the same way for a group of varying watersheds.  General industrial and 
construction permits would be just as prevalent too. 

Toward Watershed-Based Permitting 

Watershed-based permitting is taken in this report to mean regulated allowance of 
discharges of water and wastes borne by those discharges to waters of the United States, with 
due consideration of (1) the implications of those discharges for preservation or improvement of 
prevailing ecological conditions in the watershed’s aquatic systems, (2) cooperation among 
political jurisdictions sharing a watershed, and (3) coordinated regulation and management of all 
discharges having the potential to modify the hydrology and water quality of the watershed’s 
receiving waters. 

Determining Watershed Scale for Permitting 

A fundamental question that must be answered at the outset of any move to watershed 
permitting is, What is a watershed?  Hydrologically, a watershed is the rain catchment area 
draining to a point of interest. Hence, the question comes down to, Where should the point of 
interest be located to define watersheds for permitting purposes?  If placed close to the initial 
sources of surface runoff (e.g., on each first-order stream just above its confluence with another 
first-order stream), attention would be very specifically directed.  However, there would be little 
flexibility to devise solutions for the greatest good.  For example, trading of the commodities 
runoff quantity and quality would be very restricted.  If on the other hand the point of interest is 
placed far downstream, thus defining a very large watershed, a welter of issues, and probably 
also of involved jurisdictions, would overly confuse the management and regulatory task. 

The U.S. Geological Survey (USGS) delineates watersheds in the United States using a 
nationwide system based on surface hydrologic features.  This system divides the country into 21 
regions, 222 subregions, 352 accounting units, and 2,262 cataloging units.  These hydrologic 
units are arranged within each other, from the smallest (cataloging units) to the largest (regions).  
USGS identifies each hydrologic unit by a unique hydrologic unit code (HUC) consisting of 2 to 

compliance with receiving water limitations.  If exceedence(s) of water quality objectives or water quality standards 
persist … the Permittee shall assure compliance with discharge prohibitions and receiving water limitations … .” 
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16 digits based on the four levels of classification in the hydrologic unit system.  Watersheds 
thus delineated are typically of the order a few square kilometers in area.  This system is now 
being linked to the National Hydrography Dataset (NHD) and the National Land Cover Dataset 
to produce NHDPlus, an integrated suite of application-ready geospatial datasets. 

The USGS system provides a starting point.  Ultimately, though, what constitutes a 
watershed will best be answered with reference to specific biogeophysical conditions and 
problems and by personnel at relatively close hand (i.e., state or regional oversight agency staff).  
A general guideline might be the catchment area of a waterbody influenced by a set of similar 
subwatersheds. Similar subbasins would presumably be amenable to similar solutions and 
trading off reduced efforts in some places for compensating additional efforts elsewhere, as well 
as to analysis and monitoring on a representative basis, instead of exhaustively throughout.  
Often, a watershed defined in this way would flow into another watershed and influence it.  
Thus, there would have to be coordination among managers and regulators of interacting 
watersheds. It would be common for several watersheds ranging from relatively small to large in 
scale to be nested. Each would have its management team, and a committee drawn from those 
teams should be formed to coordinate goals and actions.   

A prerequisite to moving toward watershed permitting, then, is for states or regions 
within states to delineate watersheds. California took this step early in the NPDES stormwater 
permitting process and offers a model in this respect, as well as in encompassing all jurisdictions 
coordinated by a lead permittee.  First, the state organized its California EPA regional water 
boards on a watershed basis. Furthermore, since 1992 it has been common in California to 
establish one jurisdiction as the lead permittee (e.g., Los Angeles County in the Los Angeles 
region, Orange County in the Santa Ana Region, and San Diego County in the San Diego 
Region) and all of the politically separate cities as co-permittees.  The lead permittee has 
typically been the jurisdiction most widely distributed geographically in the region and large 
enough to develop compliance mechanisms and coordinate their implementation among all 
participants. Box 6-3 describes the approach taken to delineating management units within the 
Chesapeake Bay watershed, which comprises parts of Pennsylvania, Maryland, Virginia, and the 
District of Columbia.  The case study illustrates well the approach advocated here of focusing on 
the outcome in the receiving water and considering all aspects of land and water resources 
management that determine that outcome. 

Steps Toward Watershed-Based Permitting 

Once a watershed is defined, a further question arises regarding how much and what part 
of its territory to cover formally under permit conditions.  Under the present system substantial 
development occurring outside Phase I or Phase II municipal jurisdictions is escaping coverage.  
Failing to control relatively high levels of development both outside a permitted jurisdiction and 
upstream of more lightly developed areas within a permitted area is particularly contrary to the 
watershed approach. Areas having a more urban than rural character are already essentially 
treated as urban in water supply and sewer planning, and the same should occur in the area of 
stormwater management.  Accordingly, the permit should extend to any area in the watershed, 
even if outside Phase I or II jurisdictions, zoned or otherwise projected for development at an 
urban scale (e.g., more than one dwelling per acre).  States do have authority under the CWA to 
designate any area for Phase II coverage based on projected growth or the presence of impact  
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BOX 6-3 
Watershed Delineation for the Chesapeake Bay 

The “Tributary Strategy Team” approach of the Chesapeake Bay Watershed provides a specific 
example of a watershed-scale approach to implementation of water quality control measures. Some 
background on this longstanding program is first provided, before turning to how watersheds were 
delineated.  In 1983, the states of Virginia, Maryland, and Pennsylvania; the District of Columbia; and 
EPA signed an agreement to form the Chesapeake Bay Program with a goal to restore and protect the 
bay, which was suffering from nutrient overenrichment, severely reduced submerged aquatic vegetation, 
and contamination by toxics.  In 1987 the program established a target of a 40 percent reduction in the 
amount of nutrients entering the Bay by 2000.  In 1992 the bay program partners agreed to continue the 
40 percent reduction goal beyond 2000 by allocating nutrient reduction targets to the bay’s tributaries.  In 
Chesapeake 2000, the most recent version of the Chesapeake Bay agreement, the nutrient reduction 
goals were reaffirmed, and an additional goal of sediment reduction was established.  New York, 
Delaware, and West Virginia, locations of the bay’s headwaters, also became involved in nutrient and 
sediment reduction.  Cap load allocations for nutrients (nitrogen and phosphorus) and sediment to be 
reached by 2010 were agreed upon by the states.  The states began developing 36 voluntary watershed-
based tributary strategies to meet the state cap load allocations covering the entire 64,000-square-mile 
Chesapeake Bay watershed. 

Watershed-based tributary strategies are developed in cooperation with local watershed 
stakeholders.  For rural areas, where stakeholders include farmers, nutrient strategies include promotion 
of management practices such as maintaining cover crops on recently harvested cropland to reduce soil 
erosion, reduction in nitrogen applications, conservation tillage, and establishment of riparian buffers.  For 
urban-area stakeholders such as homeowners and municipalities, tributary strategies include practices 
such as enhanced nutrient removal at WWTPs, low-impact development (LID) practices, erosion and 
sediment control practices, and septic system upgrades. 

The first cut at delineating the watershed, which was based on hydrography and topography, 
defined the eight major areas draining to the Chesapeake Bay: six major basins (Susquehanna, Potomac, 
York, James, Rappahannock, and Patuxent) plus smaller areas not draining to a major river on the 
Eastern and Western Shores of the bay in Maryland.  These subdivisions are disparate with respect to 
size (the Susquehanna can engulf almost the entire other seven), but direct drainage to the bay was the 
criterion at this level. 

The next cut was made at state borders.  For example, the Susquehanna traverses three states 
and was subdivided at the New York–Pennsylvania and Pennsylvania–Maryland political boundaries.  
Further cuts were subsequently made within some states.  The criteria for these cuts varied from state to 
state, but generally involved a combination of smaller political jurisdictions (e.g., county, township), 
subwatershed basin borders, and other local considerations, such as local interest and investment (e.g., 
watershed associations). 

The resulting delineations are highly variable in size but apparently satisfactory to the local 
parties who decided on the areas.  They represent individual “tributary strategy areas” but are also nested 
within the larger eight designations and involve interjurisdictional and interstate coordination where a 
subbasin is divided by a political boundary.  Although the example of the Chesapeake Bay is at a very 
large scale, the principles of watershed delineation it illuminates apply at all scales.   
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sources. They should be required to do so for nationwide uniformity and best protection of water 
resources. 

It is essential to clarify that watershed-based permitting as formulated in this chapter 
differs sharply from what has been termed watershed (or basin) planning.  According to EPA, 
watershed planning “identifies broad goals and objectives, describes environmental problems, 
outlines specific alternatives for restoration and protection, and documents where, how, and by 
whom these action alternatives will be evaluated, selected, and implemented” 
(http://www.epa.gov/watertrain/planning/planning7.htm).  Drawing up such a plan is a time-
consuming process, which has often become an end in itself, instead of a means to an end.  
Completing a full watershed plan, as usually construed, should not be a prerequisite to  
watershed-based permitting.  Rather, the anticipated process would spring much more from 
comprehensive, advanced scientific and technical analysis of the water resources to be managed 
and their contributing catchment areas than from a planning framework. 

Effective watershed-based permitting as outlined in this report is composed of 

•	 Centralizing responsibility and authority for implementation with a municipal lead 
permittee working in partnership with other municipalities in the watershed as co-
permittees; 

•	 Adopting a minimum goal in every watershed to avoid any further loss or degradation of 
designated beneficial uses within the watershed’s component waterbodies; 

•	 Assessing waterbodies that are not providing designated beneficial uses in order to set 
goals aimed at recovering these uses; 

•	 Defining careful, complete, and clear specific objectives to be achieved through 

management and permitting; 


•	 Comprehensive impact source analysis as a foundation for targeting solutions; 
•	 Determining the most effective ways to isolate, to the extent possible, receiving 


waterbodies from exposure to those impact sources; 

•	 Developing and appropriately allocating funding sources to enable the lead permittee and 

partners to implement effectively; 
•	 Developing a monitoring program composed of direct measures to assess compliance and 

progress toward achieving objectives and diagnosing reasons for the ability or failure to 
meet objectives, in support of active adaptive management; and 

•	 Developing a market system of trading credits as a tool available to municipal co-
permittees to achieve watershed objectives, even if solutions cannot be uniformly 

applied. 


The system proposed herein is a significant departure from the road traveled in the 20 
years since CWA amendments began to bring stormwater under direct regulation.  This 
reorganization is necessary because of the failure of the present system to achieve widespread 
and relatively uniform compliance (see Chapter 2) and, ultimately, to protect the nation’s water 
resources from degradation by municipal, industrial, and construction runoff.  The workload 
associated with adopting this approach will be considerable and will take some time to complete.  
The structure of the new program should be fully in place within five years, which is considered 
to be a reasonable period to complete the work.  It could be fully implemented throughout the 
nation within ten years. However, interim measures toward its fulfillment should occur sooner, 
within one to two years. Such measures should be applied to each land-use and impact-source 
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category (i.e., existing residential and commercial development, existing industry, new 
development, redevelopment, construction sites).  For example, measures such as an effective 
impervious area limit or a requirement to maintain predevelopment recharge to the subsurface 
zone could make early progress in managing new development, and lead toward the ultimate, 
objective-based management and permitting strategy for that category.  Advanced source control 
performance standards would be appropriate interim measures for existing development.   

One innovative approach to watershed-based management that can ease the burden of the 
proposed new system is the rotating basin approach.  As described by EPA (2007a), this option 
entails delineating state watershed boundaries and grouping the watersheds into basin 
management units, usually by the state water pollution control agency.  Next, states implement a 
watershed management process on a rotating schedule, which is usually composed of five 
activities: (1) data collection and monitoring, (2) assessment, (3) strategy development, (4) basin 
plan review, and (5) implementation.  Over time, different waterbodies are intensively studied as 
part of the rotation. Data collected can be used to support a number of different reporting and 
planning requirements, including a finding of attainment of water quality standards, a 
determination of impairment, or possible delisting if the waterbody is found not to be impaired.  
Florida offers a good example of the rotating basin approach.  The Florida Department of 
Environmental Protection has defined five levels of intensity, or phases, each taking about one 
year to complete, and it has divided the state into 30 areas based on HUCs.  At any one time six 
areas are in each phase before rotating to a subsequent phase.  This division of effort would help 
alleviate the burden of moving to a new system of watershed-based permitting by programming 
the work over a period of years.  It could certainly be organized on a priority basis, in which the 
watersheds of greatest interest for whatever reason (e.g., having the highest resource values, 
being most subject to new impacts) would get attention first. 

An Objective-Based Framework 

The proposed framework for watershed-based management and regulation of stormwater 
relies on broad goals to retain and recover aquatic resource beneficial uses, backed by specific 
objectives (e.g., water quality criteria) that must be achieved if the goals are to be fulfilled.  
Meeting the objectives and overarching goals is intended to become the basis for determining 
permit compliance, instead of the current reliance on implementation of SCMs as presumptive 
evidence of compliance.   

The broad goals of retaining and recovering beneficial uses are entirely consistent with 
the antidegradation clause of the CWA.  Antidegradation means that the current level of water 
quality shall be maintained and protected, unless waters exceed levels necessary for maintaining 
their beneficial uses and the state finds that allowing lower water quality is necessary to 
accommodate important economic or social development.  In accordance with the 
antidegradation clause, a major pillar of the proposed concept is the goal of preventing 
degradation from the existing state of biological health, whatever it may be, to a lower state.  
Thus, fully and nearly pristine watersheds are to remain so and, at a minimum, partially or highly 
impaired ones are to suffer no further impairment.  Beyond this minimum, impaired waters 
should be assessed to determine if feasible actions can be taken to recover lost designated 
beneficial uses or at least improve degraded uses. 
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As discussed in Chapter 2, beneficial uses relate to the social and ecological services 
offered, or intended to be offered, by waterbodies.  For example, California has 20 categories of 
beneficial uses embracing water supply for various domestic, agricultural, and industrial 
purposes; provision of public recreation; and support of aquatic life and terrestrial wildlife 
(CalEPA, Central Coast Regional Water Board Basin Plan).  That beneficial uses are usually 
assigned at the state level by waterbody classes or specific waterbodies would not change under 
the proposed permitting program revision.  Most waters have several beneficial uses 
encompassing some water supply and ecological functions and, perhaps, some form of 
recreation. Unlike most current stormwater programs where attainment of beneficial uses is only 
implicit, these goals would become explicit in the altered system and officially promulgated by 
the authority operating the permit program (a designated state, in most cases, or EPA).  The 
permitting authority would then partner with municipal permittees to determine the conditions 
that must be brought to bear to attain beneficial uses, set objectives or criteria to establish those 
conditions, and follow through with the tasks to accomplish objectives. 

The proposed framework’s reliance on achieving objectives that reflect the cumulative 
aquatic resource effects of contributing watershed conditions suggests the following related 
concepts: 

• In whatever manner watershed boundaries are set, the full extent of the watershed from 
headwaters onward should be considered in defining objectives.  This is important even where 
watershed scale and boundaries are based on local and/or regional hydrogeomorphic 
circumstances and their associated management and regulatory needs.  Watersheds can and often 
will be defined and nested at different scales (e.g., streams tributary to a lake, a river flowing into 
an estuary or marine bay). 

• The scale of objectives must be consistent with the scale and recognized beneficial uses 
of the watershed(s) in question; for example, sustaining salmonid fish spawning could be the 
basis for a stream objective, while retaining an oligotrophic state could be the essential objective 
for a lake to which the stream is tributary. 

• Whenever beneficial uses pertain to living organisms (aquatic life or humans), 
representing the vast majority of all cases, objectives should be largely in biological terms.  That 
is not to say that supplementary objectives cannot be stated otherwise (e.g., in terms of flow 
characteristics, chemical water quality constituents, or habitat attributes), but the ultimate direct 
thrust of the program should be toward the biota. 

• Objectives must be carefully chosen to represent attributes of importance from a resource 
standpoint, limited in number for feasibility of tracking achievement, and defined in a way that 
achievement can be measured.  For example, nitrogen is generally the nutrient limiting algal 
growth in saline systems and in excess it stimulates growth that can reduce dissolve oxygen, 
killing fish and other aerobic organisms.  In this case the most productive objectives would 
probably target reduction of nitrogen concentration and mass flux and maintenance of dissolved 
oxygen. For waterbodies designated for contact recreation, fecal coliform indicators (although 
not directly pathogenic when waterborne) have proven to be an effective means of assessing 
condition and should continue to form the basis for objectives to protect contact recreation until 
research produces superior measures.  If drinking water supply is a designated beneficial use of a 
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lake, it will better serve that function in a lower than a higher state of eutrophication, which can 
be managed, according to a long limnological research record, by restricting water column 
chlorophyll a as an objective. Where the beneficial use is fish protection and propagation, 
biological criteria might include (1) maintenance of a specific population size of a resident fish 
species when that species’ population can be assayed conveniently; (2) maintenance of a 
numerical index (e.g., benthic index of biotic integrity) when a fish species of ultimate interest 
cannot be assessed so conveniently but is known or reasonably hypothesized to be associated 
with the index; or (3) a related parameter, such as eelgrass beds, which are important fish nursery 
areas in estuarine waters, such that areal coverage by these beds would be an appropriate 
objective to track over time.  An intermittent waterbody could have biological criteria related to, 
for example, fish migration or amphibian reproduction. 

• The achievement of objectives, or lack thereof, is the basis for follow-up and prescription 
of remedies in an active adaptive management mode; that is, falling short of objectives would 
trigger a search for reasons throughout the watershed, followed by identification of actions 
necessary and sufficient to remedy the shortfall, assessment of their ability to reach objectives, 
and the cost of doing so. In the course of this assessment it may be concluded that the objective 
itself is faulty and should be restated, replaced, or discarded. 

Basing the watershed framework principally on biological objectives grows out of the 
CWA’s fundamental charge to protect the biological (as well as physical and chemical) integrity 
of the nation’s waters.  The tie between specific physical and chemical conditions and the 
sustenance of aquatic biological communities is not well established through an extensive, well-
verified body of research. Moreover, living organisms consuming or living in water are subject 
to a vast multitude of simultaneous physical and chemical agents having the potential to harm 
them individually and interactively.  There are no realistic prospects for research to determine 
the levels of these numerous agents that must be maintained to support beneficial uses.  
Therefore, their integrative effects must be determined using measures of biological populations 
or communities of interest. 

By and large, state water quality standards as now promulgated would not serve the 
proposed objective-based system well.  They are usually not phrased in biological terms or with 
respect to hydrologic variables now known to have instrumental negative effects on aquatic 
organisms, but instead mostly as concentrations of selected chemical elements or compounds.  
However, there is no prohibition of biological or hydrologic standards in the law.  The 
recommended emphasis is consistent with and informed by the tiered aquatic life uses system 
applied by some states and illustrated for Ohio in Box 2-1.  The use of such systems must expand 
greatly to support the recommended framework.  An opportunity to do so exists through the 
triennial review already required for each state’s water quality standards. 

Certain special considerations affect the development and use of objectives as the device 
to carry forward watershed-based stormwater management and regulation.  First, other elements 
of the CWA beyond the stormwater program and other laws may very well be involved in a 
watershed (see Chapter 2).  Municipal and industrial wastewater discharges will often be 
contributors along with stormwater.  Aquatic organisms may be listed as threatened or 
endangered under the federal ESA or state authority.  Both objectives and the management and 
regulatory program designed to achieve objectives should reflect any such circumstances. 
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Instituting the proposed permitting program will require converting the TMDL program 
to one more suitable for its purposes and structure.  The TMDL program is watershed based and 
hence offers some precedent and experience applicable to the new system.  However, for the 
most part, it has operated only on waters declared to be impaired for specific pollutants, and it 
relies on management of specific physical and chemical water quality variables.  Furthermore, in 
its current mode it takes no account of potential future impact sources.  The TMDL program 
should be replaced with one adapted to the objective-based framework proposed here.  This new 
program should apply to all waters assigned objectives, “impaired” or not, and formulate limits 
in whatever terms are best to achieve objectives.  Hence, although the program would expand in 
coverage area, the efficient tailoring of objectives directly to beneficial uses could compensate 
for the expansion by targeting fewer variables.  Finally, the new program should look to the 
future as well as the present by encompassing the anticipated impacts of prospective landscape 
changes. 

The nature of a program to replace TMDLs can be glimpsed from a few attempts to move 
in the anticipated direction even under the existing structure.  For example, Connecticut collected 
data directly linking impervious cover to poor stream health in Eagleville Brook (Connecticut 
Department of Environmental Protection, 2007).  The stream’s TMDL was developed using 
watershed impervious cover as a surrogate parameter for a mix of pollutants conveyed by 
stormwater.  The intention is to reduce effective imperviousness by disconnecting impervious 
areas, installing unspecified SCMs, minimizing additional disturbance, and enhancing in-stream 
and riparian habitat. Flow was used as a surrogate for stormwater pollution in the Potash Brook, 
Vermont TMDL (Vermont DEC, 2006).  In this waterbody, the impairment was based on 
biological indices that were then related to a hydrologic condition believed to be necessary to 
achieve the Vermont criteria for aquatic life.  The TMDL will be implemented via the use of 
runoff-volume-reduction SCMs throughout the watershed. 

Impact Sources 

The CWA provides for regulating, as specific land-use types, only designated industrial 
categories, with construction sites disturbing one acre or more considered to be one of those 
categories.  Otherwise, it gives authority to regulate municipal jurisdictions operating separate 
storm sewer systems.  Generally speaking, these jurisdictions encompass, in addition to the 
industrial categories, the full range of urban land-use types, such as single- and multiple-family 
residential, various kinds and scales of commercial activity, institutional, and parks and other 
open space. All of these land uses and the activities conducted on them are, to one degree or 
another, sources of the agents that physically and chemically modify aquatic systems to the 
detriment of their biological health.  Hence, most of the impact sources to which these aquatic 
systems are subject are not directly regulated under CWA authority as are industrial sources, but 
instead are indirectly regulated through the municipal program.  Also, as already discussed, the 
situation is further complicated by the presence of municipal and industrial wastewater sources 
along with landscape sources contributing flow and pollutants to receiving waters via stormwater 
discharges. 

The watershed-based framework envisioned here relies on municipalities led by a 
principal permittee.  Thus, a fundamental task that municipal permittees charged with operating 
under a watershed-based permit must do is to find industries and construction sites in the 
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watershed that have not filed for permit coverage and bring them under regulation.  Furthermore, 
municipal co-permittees, with leadership by a watershed lead permittee, must classify industries 
and construction sites within their borders according to risk and accordingly prioritize them for 
inspection and monitoring (methods for doing this are discussed later in the chapter).  Municipal 
permittees must have better tools than they have had in the past to assess the various impact 
sources and formulate strategies to manage them that have a reasonably high probability of 
fulfilling objectives.  The present state of practice and research findings offers some directions 
for choosing or more completely developing these tools.  However, by no means are all the 
necessary elements available, and substantial new basic and applied research must be performed. 

From the literature come several possibilities to improve source analysis in the complex 
urban environment.  Some examples of apparent promise, drawn from Clark et al. (2006) include 
the following: 

• Nirel and Revaclier (1999) used the ratio of dissolved rubidium (Rb) to strontium (Sr) to 
identify and quantify the impact of sewage effluents on river quality in Switzerland.  Rubidium 
was present in larger quantities than strontium in feces and urine, making the ratio of these two 
elements an effective tracer that does not vary with river flow for a given water quality 
condition. Using the ratio alone produced the same conclusions regarding impact as measuring a 
host of physicochemical water quality variables.  The researchers estimated that the Rb:Sr ratio 
must be lower than 0.007 if biological diversity is to be maintained, which could be the basis of 
an objective to manage river water quality.  Although this case pertains to municipal wastewater 
and the technique works best in waters with a naturally low Rb:Sr ratio (e.g., calcareous regions), 
it success points out a potential avenue of research to simplify stormwater management on the 
basis of quantitative objectives related to biological integrity. 

• Cosgrove (2002) described the approach used in New Jersey to characterize the relative 
contribution of point and nonpoint sources of pollutants in the Raritan River Basin.  Twenty-one 
surface water sampling locations within the watershed were monitored four to five times per year 
from 1991 to 1997.  These data were evaluated by comparing the median concentration at each 
sampling location with land-use statistics.  Cumulative probability curves were also developed 
for each pollutant to demonstrate the probability that the concentration at a given location would 
be below a certain level (e.g., a stream standard).  These probability curves were useful in 
determining the risk that a given location would violate a particular standard.  The concentration 
data, coupled with continuous flow monitoring records, were utilized to determine the total load 
for each constituent.  Regression analysis was used to develop a relationship between the total in-
stream loads and flow.  Such an analysis provided an indication of municipal or industrial 
discharge versus diffuse-source-dominated locations.  Pollutant loads could then be converted to 
yield (load per unit area) to normalize the results for comparison from one station to another.  
The “screening level” methodology uses only existing data and, not requiring advanced 
modeling techniques, can be used to understand where to focus more rigorous modeling 
techniques. 

• Maimone (2002) presented the overall approach that was used to screen and evaluate 
potential pollutant sources within the Schuylkill River watershed as part of the Schuylkill River 
Source Water Assessment Partnership.  The partnership performed source water assessments of 
42 public water supply intakes for the Pennsylvania Department of Environmental Protection.  
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The watershed encompasses over 1,900 square miles with more than 3,000 potential point 
sources of contamination.  In addition, runoff from diverse land uses such as urban and 
agriculture had to be characterized using the Stormwater Management Model.  For all 42 surface 
water intakes, potential point sources were identified using existing databases.  The list was first 
passed through a series of Geographic Information System-based “screening” sieves to limit the 
sources to only those considered to be high priority (including proximity and travel time from 
source to intake). Ten categories were identified that cover the range of the most important 
contaminants that might be found within the watershed, and a representative or surrogate 
chemical was identified whose properties were used to stand in for the category.  Beyond the 
geographic screening, a more sophisticated screening was needed to limit the number of sites, 
using a decision support computer software program called EVAMIX.  The greatest benefit of 
EVAMIX, compared to other software, is that it allows mixed criteria evaluation, qualitative and 
quantitative, to be considered concurrently. EVAMIX produced source rankings representing an 
organized and consistent use of both the objective data and the subjective priorities of decision 
makers.  

• Hetling et al. (2003) investigated the effect of water quality management efforts on 
wastewater discharges to the Hudson River (from Troy, New York to the New York City 
Harbor) from 1900 to 2000. The paper demonstrated a methodology for estimating historic 
loadings where data are not available.  Under these circumstances, estimated historic sewered 
and treated populations and per capita values were used to calculate wastewater flow and 
loadings for 5-day biochemical oxygen demand (BOD5), total suspended solids (TSS), total 
nitrogen, and total phosphorus. The analysis showed that dispersed landscape sources have 
become the most significant contributors of the first two contaminants to the river, while 
municipal wastewater plants remain the largest sources of nutrients.  The methodology presented 
in this paper could be used by co-permittees to estimate present-day sources of various types and 
contribute to moving toward a comprehensive permit incorporating multiple sources. 

• Zeng and Rasmussen (2005) used multivariate statistics to characterize water quality in a 
lake and its tributaries. Tributary water was composed of three components.  Factor analysis 
demonstrated that stormwater runoff was the predominant cause of elevation of a group of water 
quality variables in a factor including TSS, the measurement of which is a convenient surrogate 
for all variables in the factor.  Similarly, municipal and industrial discharges could be 
characterized by total dissolved solids, and groundwater by alkalinity plus soluble reactive 
phosphorus. These sources can thus be distinguished through measurement of just four common 
water quality variables. Reducing the number of analytes reduces laboratory costs and allows 
resources to be freed up for other purposes. Cluster analyses performed on the data indicated 
that further savings could be realized by sampling just one among several stations in a cluster 
and sampling at just one point in time over a period of relatively stable water quality (e.g., a 
relatively dry period). 

A key research need associated with applying the proposed framework is assessment of 
these and other mechanisms for sorting out the contributions of the variety of impact sources in 
the urban environment.  Leading this effort would be a natural role for EPA. 
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Impact Reduction Strategies 

The philosophical basis for impact reduction under a modified permitting system 
centered on a lead municipal permittee and associated co-permittees is to avoid, as far as 
possible, exposing receiving waters to impact sources or to otherwise minimize that exposure.  
The concept embraces both water quantity and quality impact sources and specifically raises the 
former category to the same level of scrutiny as traditionally applied to water quality sources.  
Furthermore, the endpoints upon which success and compliance would be judged are directly 
related to achievement of beneficial uses.  This approach to impact reduction, where the direct 
focus is on reducing the loss of aquatic ecosystem functioning supportive of beneficial uses, 
fundamentally contrasts with the currently prevailing system.  What are primary concerns in the 
existing system (e.g., discharge concentrations of certain chemical and physical substances, 
technological strategies from a menu of practices) are still prospectively important, but only as a 
means toward realizing functional objectives, not as endpoints themselves.  To be sure, attaining 
beneficial uses will require wise choices among tools to decrease discharges and contaminant 
emissions.  However, the ultimate proof will always be in biological outcomes. 

As made clear in Chapters 3 and 4, linkages among myriad stressing agents, impact 
receptors, and specific mitigating abilities of technological fixes are poorly understood and not 
easily understandable. The proposed new paradigm acknowledges that the linkages are not 
established among the voluminous elements in an exceptionally complex system ranging from 
impact sources, through environmental transport and fate mechanisms, to ecosystem health.  
However, it is intuitively and theoretically clear that minimizing the generation of impacts in the 
first place and slowing their progression into aquatic environments can break the chain of 
landscape alteration that leads to increased runoff and pollutant production, modifies aquatic 
habitat, and ultimately causes deterioration of the biological community.  Landscapes can be 
managed in a preventive, integrated fashion that deals with the many undifferentiated agents of 
impact and avoids, or at least reduces, the damage.  Although the application of these theories 
may not automatically and quickly stem biological losses, the powerful mechanism of adaptive 
management, if correctly applied, can be used to make course corrections toward meeting the 
defined objectives. 

An earlier National Research Council (NRC) committee examined the scientific basis of 
EPA’s TMDL program and recommended “adaptive implementation” (AI) to water quality 
standards (NRC, 2001a).  That committee drew AI directly from the concept of adaptive 
management for decision making under uncertainty, introduced by Holling and Chambers (1973) 
and Holling (1978) and described it as an iterative process in which TMDL objectives and the 
implementation plans to meet those objectives are regularly reassessed during the ongoing 
implementation of controls.  Shabman et al. (2007) and Freedman et al. (2008) subsequently 
extended and refined the applicability of AI for promoting water quality improvement both 
within and outside of the TMDL program.  In that broader context, AI fits well with the 
framework put forward here.  Indeed, the proposed revised monitoring system presented later in 
this chapter is designed to provide information to support adaptive management in a permitting 
context. 
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The Stages of Urbanization and Their Effects on Strategy 

In waterbodies that are not in attainment of designated uses, it is likely that the physical 
stresses and pollutants responsible for the loss of beneficial uses will have to be decreased, 
especially as human occupancy of watersheds increases.  Reducing stresses, in turn, entails 
mitigative management actions at every life stage of urban development: (1) during construction 
when disturbing soils and introducing other contaminants associated with building; (2) after new 
developments on Greenfields are established and through all the years of their existence; (3) 
when any already developed property is redeveloped; and (4) through retrofitting static existing 
development.  Most management heretofore has concentrated on the first two of those life stages.   

The proposed approach recognizes three broad stages of urban development requiring 
different strategies: new development, redevelopment, and existing development.  New 
development means building on land either never before covered with human structures or in 
prior agricultural or silvicultural use relatively lightly developed with structures and pavements 
(i.e., Greenfields development).  Redevelopment refers to fully or partially rebuilding on a site 
already in urban land use; there are significant opportunities for bringing protective measures to 
these areas where none previously existed.  The term existing development means built urban 
land not changing through redevelopment; retrofitting these areas will require that permittees 
operate creatively. 

What is meant by redevelopment requires some elaboration.  Regulations already in force 
typically provide some threshold above which stormwater management requirements are 
specified for the redeveloped site. For example, the third Draft Ventura County Municipal 
Separate Storm Sewer System Permit defines “significant redevelopment” as land-disturbing 
activity that results in the creation or addition or replacement of 5,000 square feet or more of 
impervious surface area on an already developed site.  The permit goes on to state that where 
redevelopment results in an alteration to more than 50 percent of the impervious surfaces of a 
previously existing development, and the existing development was not subject to 
postdevelopment stormwater quality control requirements, the entire site becomes subject to 
application of the same controls required for new development.  Where the alteration affects 50 
percent or less of the impervious surfaces, only the modified portion is subject to these controls.  
All urban areas are redeveloped at some rate, generally slowly (e.g., roughly one or at most a few 
percent per annum) but still providing an opportunity to ameliorate aquatic resource problems 
over time.  Extending stormwater requirements to redeveloping property also gradually “levels 
the playing field” with new developments subject to the requirements.  As pointed out in Chapter 
2, some jurisdictions offer exemptions from stormwater management requirements to stimulate 
desired economic activities or realize social benefits.  Such exemptions should be considered 
very carefully with respect to firm criteria designed to weigh the relative socioeconomic and 
environmental benefits, to prevent abuses, to gauge just how instrumental the exemption is to 
gaining the socioeconomic benefits, and to compensate through a trading mechanism as 
necessary to achieve set aquatic resource objectives. 

It is important to mention that not only residential and commercial properties are 
redeveloped, but also streets and highways are periodically rebuilt.  Highways have been 
documented to have stormwater runoff higher than other urban land uses in the concentrations 
and mass loadings of solids, metals, and some forms of nutrients (Burton and Pitt, 2002; Pitt et 
al., 2004; Shaver et al., 2007). Redevelopment of transportation corridors must be taken as an 
opportunity to install SCMs effective in reducing these pollutants. 
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Opportunities to apply SCMs are obviously greatest at the new development stage, 
somewhat less but still present in redevelopment, but most limited when land use is not changing 
(i.e., existing development). Still, it is extremely important to utilize all readily available 
opportunities and develop others in static urban areas, because compromised beneficial uses are a 
function of the development in place, not what has yet to occur.  Often, possibly even most of the 
time, to meet watershed objectives it will be necessary to retrofit a substantial amount of the 
existing development with SCMs.  To further progress in this overlooked but crucial area, the 
Center for Watershed Protection issued a practical Urban Stormwater Retrofit Practices manual 
(Schueler et al., 2007). 

Practices for Impact Reduction 

As described in Chapter 5, in the past 15 to 20 years stormwater management has passed 
through several stages.  First, it was thought that the key to success was to match 
postdevelopment with predevelopment peak flow rates, while also reducing a few common 
pollutants (usually TSS) by a set percentage.  Finding this to require large ponds but still not 
forestalling impacts, stormwater managers next deduced that runoff volumes and high discharge 
durations would also have to decrease.  Almost simultaneously, although not necessarily in 
concert, the idea of LID arose to offer a way to achieve actual avoidance or at least minimization 
of discharge quantity and pollutant increases reaching far above predevelopment levels.  For 
purposes of this discussion, the SCMs associated with LID along with others are named Aquatic 
Resources Conservation Design (ARCD).  First, this term signifies that the principles and many 
of the methods apply not only to building on previously undeveloped sites, but also to 
redeveloping and retrofitting existing development.  Second, incorporating aquatic resources 
conservation in the title is a direct reminder of the central reason for improving stormwater 
regulation and management.  ARCD goes beyond LID to encompass many of the SCMs 
discussed in Chapter 5, in particular those that decrease surface runoff peak flow rates, volumes, 
and elevated flow durations caused by urbanization, and those that avoid or at least minimize the 
introduction of pollutants to any surface runoff produced.  This concentration reduction, together 
with runoff volume decrease, cuts the cumulative mass loadings (mass per unit time) of 
pollutants entering receiving waters over time.  The SCM categories from Table 5-1 that qualify 
as ARCD include 

• Product Substitution, 
• Watershed and Land-Use Planning, 
• Conservation of Natural Areas, 
• Impervious Cover Minimization, 
• Earthwork Minimization, 
• Reforestation and Soil Conservation, 
• Runoff Volume Reduction—Rainwater Harvesting, Vegetated, and Subsurface, 
• Aquatic Buffers and Managed Floodplains, and 
• Illicit Discharge Detection and Elimination. 

The menu of ARCD practices begins with conserving, as much as possible, existing trees, 
other vegetation, and soils, as well as natural drainage features (e.g., depressions, dispersed sheet 
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flows, swales). Clustering development to affect less land is a fundamental practice advancing 
this goal. Conserving natural features would further entail performing construction in such a 
way that vegetation and soils are not needlessly disturbed and soils are not compacted by heavy 
equipment.  Using less of polluting materials, isolating contaminating materials and activities 
from contacting rainfall or runoff, and reducing the introduction of irrigation and other non-
stormwater flows into storm drain systems are essential.  Many ARCD practices fall into the 
category of minimizing impervious areas through decreasing building footprints and restricting 
the widths of streets and other pavements to the minimums necessary.  Water can be harvested 
from impervious surfaces, especially roofs, and put to use for irrigation and gray water system 
supply. Harvesting is feasible at the small scale using rain barrels and at larger scales using 
larger collection cisterns and piping systems.  Relatively low traffic areas can be constructed 
with permeable surfaces such as porous asphalt, open-graded Portland cement concrete, coarse 
granular materials, concrete or plastic unit pavers, or plastic grid systems.  Another important 
category of ARCD practices involves draining runoff from roofs and pavements onto pervious 
areas, where all or much can infiltrate or evaporate in many situations.   

If these practices are used, but excess runoff still discharges from a site, ARCD offers an 
array of techniques to reduce the quantity through infiltration and evapotranspiration and 
improve the quality of any remaining runoff.  These practices include (1) bioretention cells, 
which provide short-term ponded and soil storage until all or much of the water goes into the 
deeper soil or the atmosphere; (2) swales, in which water flows at some depth and velocity; (3) 
filter strips, broad surfaces receiving sheet flows; (4) infiltration trenches, where temporary 
storage is in below-ground gravel or rock media; and (5) vegetated (“green”) roofs, which offer 
energy as well stormwater management benefits.  Natural soils sometimes do not provide 
sufficient short-term storage and hydraulic conductivity for effective surface runoff reduction 
because of their composition but, unless they are very coarse sands or fine clays, can usually be 
amended with organic compost to serve well.   

ARCD practices should be selected and applied as close to sources as possible to stem 
runoff and pollutant production near the point of potential generation.  However, these practices 
must also work well together and, in many cases, must be supplemented with strategies operating 
farther downstream.  For example, the City of Seattle, in its “natural drainage system” retrofit 
initiative, built serial bioretention cells flanking relatively flat streets that subsequently drain to 
“cascades” of vegetated stepped pools created by weirs, along more sloping streets.  The 
upstream components are highly effective in attenuating most or even all runoff.  Flowing at 
higher velocities, the cascades do not perform at such a high level, although under favorable 
conditions they can still infiltrate or evapotranspire the majority of the incoming runoff (Horner 
et al., 2001, 2002, 2004; Chapman, 2006; Horner and Chapman, 2007).  Their role is to reduce 
runoff from sources not served by bioretention systems as well as capture pollutants through 
mechanisms mediated by the vegetation and soils.  The success of Seattle’s natural drainage 
systems demonstrates that well-designed SCMs can mimic natural landscapes hydrologically, 
and thereby avoid raising discharge quantities above predevelopment levels. 

In some situations ARCD practices will not be feasible, at least not entirely, and the 
SCMs conventionally used now and in the recent past (e.g., retention/detention basins, 
biofiltration without soil enhancement, and sand filters) should be integrated into the overall 
system to realize the highest management potential. 

The proposed watershed-based program emphasizing ARCD practices would convey 
significant benefits beyond greatly improved stormwater management.  ARCD techniques 
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overall would advance water conservation, and infiltrative practices would increase recharge of 
the groundwater resource.  ARCD practices can be made attractive and thereby improve 
neighborhood aesthetics and property values.  Retention of more natural vegetation would both 
save wildlife habitat and provide recreational opportunities.  Municipalities could use the 
program in their general urban improvement initiatives, giving incentives to property owners to 
contribute to goals in that area while also complying with their stormwater permit. 

Municipal Permittee Roles in Implementing Strategies 

Municipal permittees sharing a watershed will have key roles in promoting ARCD under 
the proposed new system. First, the lead permittee and its partners would be called upon to 
perform detailed scientifically and technically based watershed analysis as the program’s 
foundation. The City of San Diego (2007) offers a model by which permittees could operate 
with its Strategic Plan for Watershed Activity Implementation.  The plan consists of 

•	 Activity location prioritization—locations prioritized for action based on pollutant 
loading potential; 

•	 Implementation strategy and activity prioritization—tiered approach identifying 
activities directed at meeting watershed goals over a five-year period; 

•	 Potential watershed activities—general list of activities required and potentially 
required to meet goals as guidance for planning and budgeting; 

•	 Watershed activity maps—specified locations for activities; and 
•	 Framework for assessment monitoring—a plan for development of the monitoring 

and reporting program. 
Municipal permittees would be required under general state regulations to make ARCD 

techniques top priorities for implementation in approving new developments and 
redevelopments, to be used unless they are formally and convincingly demonstrated to be 
infeasible. In that situation permit approval would still require full water quantity and quality 
management using conventional practices.  Beyond regulation, municipalities would be called 
upon to give private property owners attractive incentives to select ARCD methods and support 
to implement them.  Furthermore, they should supplement on-site ARCD installations with 
municipally created, more centralized facilities in subwatersheds.   

Other municipal roles in the proposed program revolve around the prominence of soil 
infiltration as a mechanism in ARCD.  Successful use of infiltration requires achieving soil 
hydraulic conductivity sufficient to drain the runoff collector quickly enough to provide capacity 
for subsequent storms and avoid nuisance conditions, while not so rapid that contaminants would 
reach groundwater.  One important task for municipal co-permittees will be defining watershed 
soils and hydrogeological conditions to permit proper siting and design of infiltrative facilities.  
A great deal of soils information already exists in any community but must be assembled and 
interpreted to assist stormwater managers.  U.S. Department of Agriculture soil surveys, while a 
start, are often insufficiently site-specific to characterize the subsurface accurately at a point on 
the landscape.  More localized data available to municipalities come from years of recorded well 
logs, soil borings, and percolation test results.  Municipalities should tap these records to define, 
to their best ability, soil types, hydraulic conductivities, and seasonal groundwater positions.  
Although abundant and valuable, these data are unlikely to be sufficient to define subsurface 
attributes across a watershed. Thus, municipalities should collect additional data (soil borings, 
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soils analyses, and percolation tests) to obtain a good level of assurance of the prospects for 
infiltrative ARCD. 

Part of the task for municipalities will be overcoming opposition to infiltration if it is 
unjustified. Some opponents discourage infiltration based on coarse soil survey data that may 
not apply at all at a locality, or they fail to take into account that the well-established ARCD 
practice of soil amendment, generally with organic compost, can improve the characteristics of 
somewhat marginal soils sufficiently to function well during infiltration.  While such amendment 
cannot increase hydraulic conductivity sufficiently in restrictive clay soils, the technique has 
proven to effectuate substantial infiltration and attendant reduction in runoff volumes and peak 
flow rates in Seattle’s natural drainage systems, discussed above.  These systems lie on variable 
soils, including formations categorized by the Natural Resources Conservation Service (2007) as 
being in hydrologic group C. This group generally has somewhat restricted saturated hydraulic 
conductivity in the least transmissive layer between the surface and 50 centimeters (20 inches) of 
between 1.0 micrometers per second (0.14 inches per hour) and 10.0 micrometers per second 
(1.42 inches per hour). Furthermore, additional runoff reduction often occurs through 
evapotranspiration, which is enhanced by the vegetation in ARCD systems.   

Another objection sometimes raised to infiltrating stormwater is its perceived potential to 
compromise groundwater quality.  Whether or not that potential is very great depends upon a 
number of variables: rate of infiltration, ability of the soil type to extract and retain contaminants, 
distance of travel to groundwater, and any contaminated layers through which the water passes.  
It is unlikely that urban stormwater, with its prevailing pollutant concentrations, will threaten 
groundwater if it travels at a moderate rate, through soils of medium or fine textures without 
contaminant deposits, to groundwater at least several meters below the surface.  To ensure that 
groundwater is not compromised when surface water is routed through infiltrative practices, 
municipalities must establish where appropriate conditions do and do not exist and spot 
infiltration opportunities accordingly.  Records of past waste disposal, leaks, and spills must be 
consulted to clean up or stay away from contaminated zones.  There are alternatives even if 
documented soils or groundwater limitations rule out infiltrative practices.  Much can be 
accomplished to reduce the quantities of contaminated urban runoff discharged to receiving 
waters through impervious surface reduction, water harvesting, and green roofs. 

One additional problem to infiltrating stormwater runoff exists in some relatively dry 
areas and must be countered by municipalities. Overirrigation of lawns and landscape plantings 
has already increased infiltration well over the predevelopment amount and raised groundwater 
tables, sometimes to problematic levels.  This unnecessary use of irrigation not only wastes 
potable water, often scarce in such areas, but reduces capacity to infiltrate stormwater without 
further water table rise. Municipalities should set up effective programs to conserve water and 
simultaneously increase stormwater infiltration capacity. 

A final element of an integrated management and permitting program under municipal 
control is use of capacity in the sanitary sewer and municipal wastewater treatment systems to 
treat some stormwater.  This initiative must be pursued very carefully.  For one reason, 
municipal treatment works have historically been overburdened with stormwater flows in 
combined sewers and have not yet broken free of that burden through sewer separation 
programs.  A second reason for care is that municipal sewage treatment plants are generally 
designed to remove particulates and decompose organic wastes, and not to capture the array of 
pollutants in stormwater, many dissolved or associated with the finest and most difficult to 
capture particles. Toxic contaminants can damage microbes and upset biological treatment 

PREPUBLICATION 
  

RB-AR13539



   
 

 
 

 
 

 

 

 

410 Urban Stormwater Management in the United States 

plants. Nonetheless, capacity exists in many WWTPs to treat stormwater.  The delivery of 
pollutants the plant was not designed to handle can be managed by pretreatment requirements, 
applied to industrial stormwater dischargers particularly.  Dry weather flows, consisting mostly 
of excess irrigation water runoff, can be diverted to treatment plants to prevent at least some of 
the nutrient and pesticide contamination that otherwise would flow to receiving waters.  
Additional capacity to treat stormwater can be gained by repairing defective municipal 
wastewater pipes that allow groundwater entry. 

Special Considerations for Construction and Industrial Land Uses 

All of the principles discussed above apply to industrial and construction sites as well: 
minimize the quantity of surface runoff and pollutants generated in the first place, or act to 
minimize what is exported off the site.  Unfortunately, construction site stormwater now is 
managed all too often using sediment barriers (e.g., silt fences and gravel bags) and 
sedimentation ponds, none of which are very effective in preventing sediment transport.  Much 
better procedures would involve improved construction site planning and management, backed 
up by effective erosion controls, preventing soil loss in the first place, which might be thought of 
as ARCD for the construction phase of development.  Just as ARCD for the finished site would 
seek to avoid discharge volume and pollutant mass loading increase above predevelopment 
levels, the goal of improved construction would be to avoid or severely limit the release of 
eroded sediments and other pollutants from the construction site.  Chapter 5 discusses 
construction-phase stormwater management in more detail. 

Other industrial sites are faced with some additional challenges.  First, industrial sites 
usually have less landscaping potentially available for land-based treatments.  Their discharges 
are often more contaminated and carry greater risk to groundwater.  On the other hand, industrial 
operations are amenable to a variety of source control options that can completely break the 
contact between pollutants and rainfall and runoff.  Moving operations indoors or roofing 
outdoor material handling and processing areas can transform a high-risk situation to a no-risk 
one. It is recommended that industrial permits strongly emphasize source control (e.g., pollution 
prevention) as the first priority and the remaining ARCD measures as secondary options (as 
outlined in Table 5-9).  Together these measures would attempt to avoid, or minimize to the 
extent possible, any discharge of stormwater that has contacted industrial sources. 

It is likely that the remaining discharges that emanate from an industrial site will often 
require treatment and, if relatively highly contaminated, very efficient treatment to meet 
watershed objectives. Some industrial stormwater runoff carries pollutant concentrations that are 
orders of magnitude higher than now prevailing water quality standards.  In these cases meeting 
watershed objectives may require providing active treatment, which refers to applying 
specifically engineered physicochemical mechanisms to reduce pollutant concentrations to 
reliably low levels (as opposed to the passive forms of treatment usually given stormwater, such 
as ponds, biofiltration, and sand filters).  Examples now in the early stages of application to 
stormwater include chemical coagulation and precipitation, ion exchange, electrocoagulation, 
and filtration enhanced in various ways.  These practices are undeniably more expensive than 
source controls and other ARCD options and traditional passive treatments.  If they must be used 
at all, it is to the advantage of all parties that costs be lowered by decreasing contaminated waste 
stream throughput rates to the absolute minimum. 
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Administrative and Funding Arrangements 

A number of practical, logistical considerations pertain to converting to the permitting 
and regulatory system discussed above.  These considerations include: 

•	 What design and performance standards should be placed on the management systems? 
•	 What administrative vehicles offer the best prospects for success? 
•	 What funding arrangements are necessary to support the revised permitting and 


management system?
 

Design and Performance Standards 

It has already been asserted under the discussion of objectives above that ultimate 
performance standards should be based on results in the aquatic systems under protection.  The 
report further advocates promulgating these standards primarily in terms of biological health (for 
protection of human health, aquatic life, or both), supplemented by measures of conditions well 
known to influence biological health quite directly, such as hydrologic variables.  It was further 
proposed that active adaptive management be applied in relation to the degree of achievement of 
water resource objectives. However, it would not be wise to standardize entirely on this level 
and leave all questions of the means to the end to individual permittees.  Certain design-level 
standards would also be appropriate.  An example is provided by the recently issued draft 
municipal permit for Ventura County, California.  In that permit, application of low-impact 
methods to new development and redevelopment is specified to hold the effective impervious 
area to 5 percent of the total contributing catchment.  While technical experts may disagree on 
the precise number, the point is that adopting such a standard gives a straightforward design 
requirement on an evidentiary basis.  Results in the receiving waters would still be tracked and 
used in active adaptive management if necessary, but effective application of the design standard 
would provide some level of initial assurance that the aquatic health standards can be met. 

Forging Institutional Partnerships 

At the heart of the proposal for a new system of regulating discharges to the nation’s 
waters is issuing permits to groups of municipalities in a watershed operating as co-permittees 
under a lead permittee.  Furthermore, the proposal envisions these municipal permittees 
assuming responsibility for and implementing the permits for all public and private dischargers 
in their jurisdictions.  These admittedly sweeping changes in the way waters have been managed 
almost everywhere in the nation raise serious issues of acquiescence to the new arrangements, 
compatibility, and devising a sufficient and stable funding base.  This section draws from the 
small number of examples where arrangements like those proposed here have been attempted. 

The Los Angeles County Municipal Storm Water Permit offers a case study in how to 
aggregate municipalities in a co-permittee system while still allowing prospective members 
latitude should they perceive their own interests to deviate, even considering the advantages of 
group action. The permit, first issued in 1990, presently covers five watersheds and 86 
municipal permittees.  During the process of reissuing the 1996 permit, the City of Long Beach 
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challenged the provisions of the Los Angeles County MS4 permit.  The city was given the option 
of applying for its own individual permit, which it did.  Long Beach was issued its own 
individual MS4 permit in 1999 with provisions similar to the Los Angeles County MS4 permit.  
As another example, a small coastal municipality (Hermosa Beach) covered by the Los Angeles 
County Municipal Storm Water Permit investigated the possibility of withdrawing from the 
county permit in 2000 to be reclassified as a Phase II municipality.  Just as with Long Beach, 
Hermosa Beach was given the option of applying for an individual permit as a Phase I MS4, but 
in the end Hermosa Beach elected to remain within the areawide permit.  Although this report 
strongly encourages cooperative participation of municipalities as co-permittees, it does not 
mandate it.  Rather, the flexibility illustrated above should be retained in the proposed new 
permitting program.  What matters for compliance with the CWA is that a municipality manage 
discharges in a manner at least equivalent to other permittees in the watershed. 

Stephenson and Shabman (2005) gave thought to the dilemma of entities who may not 
naturally work well together being asked to cooperatively solve a problem that all have had a 
share in creating. They argued that new organizational forms that consolidate multiple regulated 
entities under a single organizational umbrella could be used to coordinate and manage jointly 
the collective obligations of a group of regulated parties at lower costs to members.  Private and 
public regulated entities alike could benefit from participation in these new organizations.  Such 
cooperative organizations could offer participating parties financial incentives and decision-
making flexibility through credit trading programs. 

Two larger-scale compliance associations exist in the Neuse and Tar-Pamlico river basins 
in North Carolina (Stephenson and Shabman, 2005).  In both programs the state was concerned 
about nutrient enrichment of estuary waters and imposed an aggregate cap on industrial and 
municipal wastewater dischargers equivalent to a 30 percent reduction in nitrogen loads.  In both 
programs, the state granted individual point source dischargers a choice: (1) accept new 
requirements to control nitrogen through individual NPDES permits or (2) form and join a 
discharger association. The rigidities associated with individual NPDES permits provided 
enough incentive for most point source dischargers to opt for the second choice.  Compliance 
associations were then created and issued permits. 

The Neuse River rules cover nonpoint agricultural sources as well as point discharges.  
Counties are responsible for reducing nutrient loads, and farmers must either join county 
associations that apply different strategies or individually contribute to meeting objectives by 
setting aside 50- to 100-foot buffers along all streams. 

North Carolina requires compliance associations to meet a single mass load cap.  In the 
Tar-Pamlico case, the legal requirement to meet the cap was established by an enforceable 
contractual agreement signed by the association and the state.  In the Neuse program, a single 
“group compliance permit” was issued to the association.  Both legal mechanisms established 
financial penalties for the two associations if aggregate discharges of the group exceed the 
association cap. A key advantage of the association is similar to that of a formal effluent trading 
program—granting dischargers flexibility to decide how best to meet the aggregate load cap.  To 
date, the associations have managed to keep nitrogen loads considerably below their respective 
caps. Compliance costs have also fallen below original projections.  Further, there is some 
evidence that the association concept is producing incentives for strong cooperative behavior that 
did not exist prior to implementation. 

The case studies presented here illustrate ways in which both public and private entities 
subject to regulation can exercise options for operating autonomously should they not wish to 
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incorporate with a group, while still contributing to the achievement of watershed objectives.  
The case studies suggest that most dischargers conclude in the end that group membership offers 
considerable advantages. 

Funding Considerations 

The existing stormwater permit program is characterized, in most of the nation, by 
municipal Phase I and now Phase II permittees operating mostly alone.  In contrast the new 
system envisions coalitions of permittees that share a watershed operating in concert, under the 
coordination and leadership of a principal permittee.  The present structure tends to bring about 
duplication in effort and staff, whereas cooperation should stimulate efficiencies that could 
defray at least part or even much of the extra local costs associated with new responsibilities for 
municipal permittees. 

As explored in the preceding section, municipalities may not necessarily wish to join in 
co-permittee arrangements; and mechanisms are proposed to allow them to operate individually, 
as long as watershed objectives are met.  However, the state could encourage participation 
through financial inducements, for example, by estimating the resources needed to meet the 
requirements of each watershed permit and pointing out to permittees how shared resources can 
save each contributor money.  The state should also set preferences and better terms for grants in 
the favor of municipalities who join together. 

To the questions of administrative vehicles and funding arrangements, stormwater 
utilities are the preferred mechanism, and regulations should support creating stormwater 
utilities. It should be added that, with watershed-based permitting as proposed here, utilities 
should also be regionalized on a watershed basis.  A utility draws funds from the entities served 
in direct relation to the cost of providing the services, here management of the quantity and 
quality of stormwater discharged to natural waterbodies.  These funds must be dedicated to that 
purpose and that purpose only, and cannot be redirected to general agency coffers or for any 
unrelated use. 

Not only are more funds from more reliable sources needed, but monies should be 
redirected in ways differing from their allocation under the current system.  It was proposed 
earlier that a lead municipal permittee, working with other municipal co-permittees, be given 
responsibility for coordinating permitting and management of municipal, industrial, and 
construction stormwater permits, and even permits involving other sources, such as industrial 
process and municipal wastewaters.  Those entities would hence be doing work now devolving 
to individual private developers and industrial plants and other public authorities.  They would 
need to attract the revenue from those other bodies in proportion to the added work taken on.  A 
utility structure would provide a well-tested means of carrying out this reallocation. 

Stormwater utility fees are generally assessed according to a simple formula, such as a 
flat rate for all single-unit dwellings and in proportion to impervious area for commercial 
property. Some municipalities have investigated charging more directly according to the 
estimated quantity and quality of stormwater discharged into the public drainage system.  
Municipal permittees may choose to formulate such a system, but the development process itself 
is not a trivial task and, being based on general (and usually quite simple) hydrologic and water 
quality models, can generate considerable arguments from rate payers.  Going through this 
process is probably not necessary or even advisable for most municipal permittees, who will 
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have many new functions should the proposed system be adopted.  Instead, they should 
concentrate on implementing a fee structure based on a simple formula like the one above and 
then capture additional revenues for special functions that they will take over from industrial and 
construction permittees. 

As discussed previously, in the proposed program municipal co-permittees, with 
leadership by a watershed lead permittee, will be asked to classify industries and construction 
sites within their borders according to risk and accordingly prioritize them for inspection and 
monitoring. It is proposed in the section on Measures of Achievement, below, that inspection 
include reviewing and approving industrial and construction site stormwater pollution prevention 
plans (SWPPPs).  While many municipalities now inspect construction sites for stormwater 
compliance and some inspect industries, this work will increase significantly in the new system, 
and SWPPP review and approval will be a completely new element.  Moreover, municipalities 
would perform some industrial monitoring now conducted by the industries themselves and may 
monitor high-risk construction sites.  These special functions would require different institutional 
arrangements and substantial new revenue that could not be fairly charged to all rate payers.  
There are several possible sources for these funds.  One way would be to increase industrial and 
construction permit fees and direct large proportions to municipalities to support inspection and 
monitoring. The permitting authority (designated state or EPA) would still hold ultimate 
authority, and municipalities could refer industrial and construction permittees found during 
inspection to be out of compliance to the permitting authority for enforcement.  Another means 
would be to form consortia of industries of similar type and assess fees directly applicable to 
inspection and monitoring.  For example, scrapyards under the jurisdiction of the California EPA 
Los Angeles Regional Water Board formed a monitoring consortium under which sample 
collection by a qualified contractor rotates among the members, with funding by all.  While the 
members operate this system, it could be adapted to operation by municipal co-permittees. 

A second-level funding concern is, once revenues are generated, how should they be put 
to use?  It is very important that funds largely be devoted directly to the tasks at hand regarding 
the achievement of objectives instead of into excessive administrative and bureaucratic structure.  
These tasks are scientific and technical and are highly oriented toward what is actually going on 
in the drainage systems and their receiving waters.  Thus, the majority of funds should be 
directed to making scientific and technical judgments based on observations and monitoring 
results obtained in the field (see the discussion below). 

Measures of Achievement 

Critique of the Current Monitoring System 

No area exemplifies the differences between the present and proposed new stormwater 
permitting and monitoring systems more than the measures used to gauge achievement.  The 
current monitoring system is characterized by scattered and uncoordinated measurements of 
discharges from Phase I MS4s and some industries, and some visual observations of construction 
sites. The system proposed to take its place would emphasize monitoring of receiving water 
biological conditions as a data source for prescribing management adaptations to meet specified 
biological objectives. The discussion here first critiques the prevailing system to construct part 
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of the rationale for changing it.  It then proceeds to outline a recommended monitoring structure 
to replace it. 

To expand very briefly on the point that the present system is scattered and 
uncoordinated, monitoring under all three stormwater permits is according to minimum 
requirements not founded in any particular objective or question.  It therefore produces data that 
cannot be applied to any question that may be of importance to guide management programs, and 
it is entirely unrelated to the effects being produced in the receiving waters.  Phase I municipal 
permit holders are generally required to monitor some storms at some discharges for no stated 
purposes but to report periodically to the permitting agency (Phase II municipalities have no 
monitoring requirements, although they may represent the major or even only impact sources in 
a given watershed). The usual model for industries across the nation is to collect a few discharge 
grab samples a year and send the results to the permitting authority, plus occasionally to make 
observations for obvious signs of pollution (e.g., oil sheen, odor).  Construction site monitoring 
is less standardized and often involves no water quality monitoring at all.  Again, no permittee 
under any of the three programs is obligated according to national standards to check the effects 
of its discharges on receiving waters. Since the individual effects of any discharger are often not 
distinguishable from any other, the scattershot system would usually not be able to discern 
responsibility for negative effects in the receiving water ecosystem. 

Input to the committee conveyed the strong sense that monitoring as it is being done is 
nearly useless, burdensome, and producing data that are not being used.  For example, the City of 
Philadelphia conducts substantial amounts of wet weather monitoring, which is very expensive, 
but it can barely monitor for TSS in many of its heavily impacted streams (Crockett, 2007).  The 
resources to monitor for the more exotic pollutants do not exist.  Smaller municipal permittees 
without the resources and sophistication of a big-city program have difficulty performing even 
the most basic monitoring.  City water managers believe that the traditional stormwater program 
places too much emphasis on monitoring of individual chemicals rather than looking at 
ecological results (Crockett, 2007). 

Industry representatives have also described several problems they see in industrial 
stormwater monitoring as it is performed now (Bromberg, 2007; Longsworth, 2007; Smith, 
2007). One concerns the high degree of variability, from the methods used to what is actually 
measured (Stenstrom and Lee, 2005; Lee et al., 2007).  Opponents have been quite critical of the 
benchmarks to which industrial monitoring data are compared, believing that the benchmarks 
have no basis in direct measurements associating stormwater with impacts.  Some have 
suggested replacing monitoring with an annual stormwater documentation report to the 
permitting authority.  It seems that industry personnel disrespect the current monitoring 
framework for some good reasons and feel it conveys a burden for little purpose.  There was 
some implication that industry would be receptive to measures offering more meaningful 
information in place of poorly conceived monitoring requirements (Bromberg, 2007; 
Longsworth, 2007; Smith, 2007). 

Proposed Revised Monitoring System 

A structure in several tiers is proposed as a monitoring system to serve the watershed-
based permitting and management framework. 
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Progress Evaluation Tier. This tier would represent the ultimate basis for judgment on 
whether the objectives adopted for the watershed are being met.  Because these objectives would 
mainly be expressed in terms related to direct support of beneficial uses, so too would 
monitoring in the Progress Evaluation Tier principally emphasize direct measurements of 
ecological health.  The preferred model for this evaluation would be the paired watershed 
approach, which is based on the classic method of scientific experimentation and was developed 
for water resource management investigations by EPA (Clausen and Spooner, 1993).  Ideally, 
conditions in the waterbody under evaluation would be compared to conditions in the same 
waterbody before imposition of a permit and management scheme (before versus after 
comparison), as well as to conditions in a similar waterbody not subject to human-induced 
changes (affected system versus reference system comparison).  At least one of these 
comparisons must be made if both cannot.  If the objectives involve improving conditions, and 
not just avoiding more degradation, the reference should represent that state to which the 
objective points. 

This function has traditionally been the province of the permitting authority (i.e., the 
designated state or EPA). In the new program, the function is assigned to municipal permittees, 
guided by the lead permittee, to conduct or contract, but with a substantial contribution by the 
permitting authority in the form of material support and guidance.  The primary vehicle 
envisioned to perform the progress assessment is a well-qualified monitoring consortium serving 
the watershed, and perhaps other watersheds in the vicinity.  Case studies below present 
examples of successful joint ventures in monitoring that can serve as models.  The proposal is 
based on the belief that monitoring should be more manageable and effective at the watershed 
compared to the state level and, furthermore, that utilizing a consortium approach should make it 
feasible for a coalition of municipal co-permittee partners to commission monitoring. 

Findings of objective shortfall would trigger development of active adaptive management 
strategies. Generally, an assessment should be conducted to determine what additional measures 
should be put in place in regulating new development and redevelopment, as well as increasing 
coverage of existing developments with retrofits.  

Diagnostic Tier. The second tier would be designed to provide the municipal permittees 
with the necessary information to formulate active adaptive management strategies, and they 
would be responsible for this second tier as well as the first.  The Diagnostic Tier would be 
composed of assessment of information from the Compliance Reporting Tier, plus some specific 
field monitoring to determine the main reasons for ability or failure to meet objectives.  Some 
highly directed monitoring of receiving water conditions could determine the need to improve 
management of water quantity, water quality, or both.  A tool like the Vermont flow-duration 
curves is an example of a potentially useful device for diagnostic purposes.  To allow the use of 
such a tool, it is important that continuous flow recorders be installed on key streams in the 
watershed. The techniques described in the Impact Sources section above, once they are further 
developed, would also be useful in Diagnostic Tier monitoring. 

An important dimension of this tier would be prioritized inspection and monitoring of 
potentially high-risk industrial and construction sites.  In addition, data submitted by the 
industrial and construction permittees according to the Compliance Reporting Tier would assist 
in targeting dischargers to bring about the necessary improvements in water quantity and/or 
quality management. 
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Compliance Reporting Tier.  It is proposed that the first step in compliance reporting be 
submission of SWPPPs by all construction and industrial permittees (plus municipal corporation 
yards as an industrial-like activity) to the jurisdictional municipal permittee for review and 
approval. It is further proposed that the industrial permittees and municipal corporation yards be 
relieved of sample collection, if they develop SWPPPs making maximum possible use of ARCD 
practices, supplemented by active treatment as necessary, and the municipal permittee approves 
the SWPPP.  Construction sites would be given a similar sampling dispensation if they develop 
an approved SWPPP along the lines of Box 5-3. 

Otherwise, the permittees would be required to perform scientifically valid sampling and 
analysis and report results to the watershed co-permittees.  This more comprehensive and 
meaningful monitoring would increase the burden already felt by permittees and create a strong 
incentive to apply excellent SCMs. This burden could be relieved to a degree through 
participation with other similar dischargers in the watershed in a monitoring coalition.  As an 
example, in North Carolina coalitions of wastewater dischargers are working with the state 
Division of Water Quality (DWQ) to create and manage coalition-led watershed monitoring 
programs that operate in conjunction with DWQ’s ambient chemistry and biological programs 
(Atkins et al., 2007). Lee et al. (2007), after an assessment of industrial stormwater and other 
monitoring data, concluded that selecting a subset of permittees from each monitored category 
would yield better results at lower overall cost compared to monitoring at every location.  This 
strategy would permit the use of more advanced sampling techniques, such as flow-weighted 
composite samplers instead of grab sampling, to estimate representative loads from each 
category with improved accuracy and reduced variability. 

All permittees would still make observations of the SCMs and discharges and keep 
records. The final proposed step in compliance reporting is an annual report covering 
observations, SCM operation and maintenance, SWPPP modifications, and monitoring results (if 
any), to be sworn as to correctness, notarized, and submitted to the lead municipal permittee.  
The Massachusetts Environmental Results Program (April and Greiner, 2000) offers a possible 
model for compliance reporting and verification.  This program uses annual self-certification to 
shift the compliance assurance burden onto facilities.  Senior-level company officials certify 
annually that they are, and will continue to be, in compliance with all applicable air, water, and 
hazardous waste management performance standards.  The state regulatory agency reviews the 
certifications, conducts both random and targeted inspections, and performs enforcement when 
necessary. 

Research Tier. The final tier would be outside the permit system and exist to develop 
broad mechanistic understanding of stormwater impacts and SCM functioning important to assist 
permittees in reaching their objectives.  EPA and state agencies designated to operate the permit 
system would have charge of this tier.  These agencies would develop projects and contract with 
universities and other qualified research organizations on a competitive basis to carry out the 
research. 

Instructive Case Studies for the Proposed Revised Monitoring System 

Many municipalities, even large ones, would be challenged and burdened by taking on 
comprehensive watershed monitoring.  The Southern California Coastal Water Research Project 
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Authority (SCCWRP, http://www.sccwrp.org) offers an excellent model of how co-permittees in 
a watershed or an even broader area could organize to diffuse these challenges and burdens.  
SCCWRP is a joint-powers agency, one that is formed when several government bodies have a 
common mission that can be better addressed by pooling resources and knowledge.  In 
SCCWRP’s case, the common mission is to gather the necessary scientific information so that 
member agencies can effectively and cost-efficiently protect the Southern California marine 
environment.  Key goals adopted by SCCWRP are defining the mechanisms by which aquatic 
biota are potentially affected by anthropogenic inputs and fostering communication among 
scientists and managers.  Comprised of a multidisciplinary staff, SCCWRP encompasses units 
specializing in analytical chemistry, benthic ecology, fish biology, watershed conditions, 
toxicology, and emerging research. 

SCCWRP’s current mission stems from the results of a 1990 NRC review of marine 
environmental monitoring programs in the Southern California Bight (NRC, 1990).  It was 
determined that although $17 million was being spent annually on marine monitoring, it was not 
possible to provide an integrated assessment of the status of the Southern California coastal 
marine environment.  Most monitoring was associated with NPDES permit requirements and 
directed toward addressing questions about site-specific discharge sources.  As a result, most 
monitoring in the bight was restricted to an area covering less than 5 percent of the bight’s 
overall watershed, making it difficult to draw conclusions about the system as a whole.  The 
limited spatial extent of monitoring was also found to limit the quality of local-scale 
assessments, since the boundaries of most monitoring programs did not match the spatial and 
temporal boundaries of the important physical and biological processes in the bight. 

NRC (1990) further found that there was a lack of coordination among existing programs, 
with substantial differences in the parameters measured among programs, preventing integration 
of data. Even when the same parameters were examined, they were often measured with 
different methodologies or with different (or unknown) levels of quality assurance.  Moreover, 
the NRC found that even when the same parameters were measured in the same way, substantial 
differences in data storage systems among monitoring programs limited access to the data for 
more comprehensive assessment.  To avoid repetition of these shortcomings, the SCCWRP 
example should be given very thorough consideration as a template for the Progress Evaluation, 
Diagnostic, and Research Tiers in the proposed revised monitoring program. 

The San Gabriel River Regional Monitoring Program (SGRRMP, 
http://www.lasgrwc.org/SGRRMP.html) is a watershed-scale counterpart to the larger-scale 
regional monitoring efforts in Southern California.  The SGRRMP incorporates local and site-
specific issues within a broader watershed-scale perspective.  The program exists to improve 
overall monitoring cost effectiveness, reduce redundancies within and between existing 
monitoring programs, target monitoring efforts to contaminants of concern, and adjust 
monitoring locations and sampling frequencies to better respond to management priorities in the 
San Gabriel River watershed. Five core questions provide the structure for the regional program: 

• What is the environmental health of streams in the overall watershed? 
• Are the conditions at areas of unique importance getting better or worse? 
• Are receiving waters near discharges meeting water quality objectives? 
• Are local fish safe to eat? 
• Is body-contact recreation safe? 
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The workgroup convened to establish the program recommended monitoring designs to answer 
the core questions effectively and efficiently.  The resulting program is a multilevel monitoring 
framework that combines probabilistic and targeted sampling for water quality, toxicity, and 
bioassessment and habitat condition. 

The City of Austin, Texas, has more than 20 years of stormwater monitoring experience 
and offers additional guidance on designing and implementing watershed monitoring programs 
(City of Austin, 2006). Austin performs detailed periodic synoptic sampling in the watersheds it 
manages to track trends in stormwater quantity and quality.  The city uses the results to evaluate 
the impacts of land development on stormwater quantity and pollution, establishing statistical 
relationships between measures of these conditions and the amount of impervious cover.  Trend 
assessment over time leads to recommended changes to the City of Austin Environmental 
Criteria Manual as needed. 

Creating Flexibility and Incentives Within a Watershed Approach 

A watershed-based permitting approach to stormwater management focuses attention on 
watershed objectives and endpoints. To be able to achieve these goals, observable performance 
measures beyond the success of an individual SCM need to be identified that are consistent and 
necessary to meet designated uses.  These might include watershed-level numeric limits on the 
amount of a particular pollutant allowed to enter a waterbody (e.g., pounds of phosphorus) or 
various measures of allowable volume of discharge.  A watershed focus shifts attention away 
from specific SCM performance and site-specific technological requirements to achieving a 
larger watershed goal.  As a consequence, there is considerable management flexibility in 
deciding how these goals will be achieved.  Indeed, this flexibility was cited by the NRC (1999) 
as a prerequisite to successful watershed management. 

One way of exercising this flexibility is to create an “incentive-based” or “market-based” 
approach to choose how watershed goals are met.  It is recognized throughout the environmental 
management field that entities subject to regulation do not necessarily have equal opportunities 
and qualifications to comply sufficiently to sustain resources.  To compensate for this, the 
market-based approach allows individual discretion to select how effluent (or runoff volume) 
will be controlled (choice of technology, processes, or practices) and where they will be 
controlled (on site or off site). That is, any discharger legitimately unable to meet discharge 
quantity and quality allocations would be able to finance offsets elsewhere to achieve the 
watershed goals. An important element and challenge is to couple this decision-making 
flexibility with personal (typically financial) incentives so that people willingly make choices 
supportive of the watershed objectives.  Broadly stated, the idea is to create financial reasons and 
decision-making opportunities to lower compliance costs and create or implement new 
effluent/volume control options (Shabman and Stephenson, 2007). 

Because incentive-based policies require a shift in emphasis from technologies and 
practices to outcomes (e.g., volume or quantity of effluents), the municipal manager would not 
be responsible for deciding what SCM will be implemented in specific areas or hand picking 
specific practices to promote. Rather the stormwater program manager’s responsibilities shift to 
establishing watershed goals, developing metrics to measure outcomes and performance, and 
performing necessary inspection and enforcement activities. 
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Effluent trading, sometimes called “water-quality trading,” is one type of incentive-based 
policy. In an ideal form, effluent trading requires government to establish a binding aggregate 
limit or cap on an outcome (e.g., mass load of effluent, volume of runoff) for an identified group 
of dischargers. The cap or aggregate allowable discharge is set to support and achieve a socially 
determined environmental goal.  Because it is fixed, the cap provides the public assurances that 
environmental objectives will be achieved in the face of a growing and changing economy.  The 
total allowable discharge is then divided into discrete and transferable units, called allowances, 
and either distributed or auctioned to existing dischargers.  All dischargers must own sufficient 
allowances to cover their discharges. For instance, any new or expanding source must first 
purchase allowances (and hence effluent or volume reductions) from another source before 
legally discharging. The requirement to hold allowances on the condition to discharge and the 
positive allowance price creates financial incentives for pollution prevention.  Dischargers 
holding allowances rather than reducing discharge face forgone revenues that could have been 
achieved from the sale of allowances. Conversely, expanding dischargers have incentives to 
invest in pollution prevention in order to avoid the cost of purchasing additional allowances.  

In the context of the revised permit system advocated here, achievement of objectives 
(generally of a biological nature) will require some combination of strategies such as no net 
increases in hydrologic parameters (e.g., peak flow rates, durations, volumes), water pollutants, 
forest cover loss, and effective impervious area.  If one entity is unable to contribute adequately 
to meeting its share of compliance, then it must obtain the necessary credit by buying it from 
another similar entity that is able to contribute more than its designated share.  Ideally, all 
sources of a waterbody’s problems, not only stormwater, would come under the trading system. 

Implementing the market system requires development of a resource-based currency, a 
nontrivial exercise but one for which models are available in other fields, especially air 
emissions.  For example, emission trading has been a critical element of the nation’s strategy to 
limit sulfur dioxide and nitrogen oxide emissions (Ellerman et al., 2000).  Carbon trading is a 
cornerstone policy in the European Union effort to limit greenhouse gas emissions.  The EPA 
promotes the use of trading to help achieve the goals of the CWA and has issued several policy 
statements and recently published guidance on how trading programs can be grafted within 
existing NPDES permitting programs (EPA, 2003a, 2007b). 

However, compared to the air program, experience and success with trading in the water 
program have been limited (Shabman et al., 2002).  Furthermore, programs labeled trading have 
been implemented in a multitude of ways in the nation’s water quality program (Woodward et 
al., 2002; Stephenson et al., 2005; Shabman and Stephenson, 2007).  In many instances, trading 
programs are case-specific and isolated “trades” that do not fundamentally change the choice and 
incentives facing dischargers in a conventional permitting system.  The extent to which trading 
policies can be effectively employed on a watershed scale is limited not only by the physical 
differences between air and water mediums, but also by the unique legal structure of the CWA 
(Stephenson et al., 1999). For example, the CWA is oriented around imposing technology-based 
performance requirements on specific subset of discharge sources.  Individual NPDES permits 
require sources to achieve these agency-identified levels of performance and may specify how 
performance is achieved.  The statute also places limits and disincentives on the degree to which 
permit agencies can deviate from these limits (e.g., “antibacksliding”). 

Thus, the focus of the NPDES permitting system has been on individual source control 
and technologies, unlike the air program, which has a stronger statutory orientation around 
achieving broader air quality goals (ambient air quality standards).  The orientation of the 
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NPDES program limits the flexibility and incentives for regulated parties that might make 
market-oriented trading possible.  It turns out that some of the more successful applications of 
trading in the water program have occurred because of permitting innovations that effectively 
avoid some of these rigidities (see discussion of North Carolina point source control program on 
the Neuse River, above). 

Trading programs of various types have been proposed or suggested for stormwater 
(Thurston et al., 2003; Parikh et al., 2006).  Although conceptual models of a comprehensive 
trading program based on the total volume of allowable water to be discharged have been 
proposed, no working examples have yet to be implemented.  More limited versions of trading 
programs, however, have been developed.  These programs provide compliance flexibility for 
new sources of stormwater runoff.  In some locations, new developments face a requirement to 
provide a specific level of volume or effluent control from the parcel to be developed.  The 
regulated entity is typically obligated to meet this requirement with the applications of on-site 
SCMs. Trading programs create opportunities for regulated entities to meet their regulatory 
requirement off site (off the parcel to be developed), called here an offset.  In some trading 
programs, the off-site controls can be accomplished by the creation of an in lieu fee program.  
Such programs typically occur for dischargers that are not required to hold or obtain individual 
NPDES permits. 

In lieu fee programs offer some opportunity for regulated parties to make a financial 
payment (fee) to a local government entity in lieu of implementing on-site controls.  The fees are 
collected and used to implement stormwater controls in other areas of the watershed.  
Controlling runoff at a regional level rather than through the construction of many small on-site 
controls may be more cost-effective given the economies of scale associated with some SCMs 
(see Chapter 5 pages 362–363). The option for off-site controls also allows the stormwater 
program to direct investments in stormwater control to specifically targeted areas of the 
watershed. 

Examples of in lieu fee programs include Santa Monica, California, the Neuse River 
Basin in North Carolina, and Williamsburg, Virginia.  Santa Monica’s program requires new and 
redevelopment projects to treat a specific volume of runoff.  The program first requires the 
regulated entity to take all feasible steps to meet the requirement through the implementation of 
on-site infiltration practices. If the regulated party can demonstrate why it is economically and 
physically infeasible to install any type of infiltration or treatment SCM, the regulated party can 
pay a fee based on the volume of water that needs to be controlled (the total mitigation volume is 
the volume that would have been attenuated via an SCM).  The fee set by Santa Monica is 
$18/gallon of total required mitigation volume.  The $18 reflects the cost of constructing an SCM 
and maintaining it over 40 years (DeWoody, 2007).  Presumably these fees are used to construct 
infiltration measures elsewhere. 

The Neuse River Program requires all new land development to meet a nitrogen export 
standard of 3.6 pounds per acre per year (North Carolina Division of Water Quality, 1999).  The 
water quality goal for the Neuse basin is to reduce mass nitrogen loads by 30 percent in order to 
improve water quality in the estuary.  The export standard was set to achieve a 30 percent 
reduction from the average nitrogen load from lands prior to development.  Developers have the 
option to meet this export standard either through the application of on-site SCMs or by paying a 
fee into a state-administered Riparian Buffer Restoration Fund (see 15A North Carolina 
Administrative Code 02B .0240), which would be used to reduce nitrogen loads elsewhere in the 
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basin. Developer discretion, however, is not unlimited.  Under no circumstances may developers 
discharge more than an estimated 6.0 pounds per acre per year from a residential site. 

The Williamsburg program has an in lieu fee program for total phosphorus loads created 
by new development (Frie et al., 1996; Stephenson et al., 1998).  For every new development, 
the increase in total phosphorus load from stormwater runoff from impervious surfaces is 
estimated.  Developers have the choice to meet the phosphorus load reduction requirement 
through the application of on-site controls or by paying a fee to the city.  The fee is set at 
$5,000/lb of phosphorus, with the fees earmarked to the construction of regional stormwater 
facilities or for the preservation of open space within the city.  The presence of a fee option could 
also provide incentives for developers to implement source reduction practices. 

The above programs differ in some important ways.  For example, the Santa Monica 
program requires regulated entities to undergo a “sequencing” process that places regulatory 
preference on on-site controls before being able to use the fee option.  The Williamsburg 
program allows regulated entities the option to select between constructing on-site controls and 
paying the fee without a regulatory preference for on-site controls.  Sequencing rules tend to 
limit control options and thus the cost-effectiveness of these types of programs. 

In lieu fee programs are distinguished from other offset programs in that it is the 
responsibility of the local government (or more generally, any designated fee service provider 
such as a nongovernmental organization) to provide the off-site SCMs.  In lieu fee programs, 
common in the U.S. wetlands program, face a number of implementation and design challenges 
(Shabman and Scodari, 2004).  For example, enforcement sometimes becomes a concern because 
the local stormwater management agency responsible for constructing and maintaining the SCMs 
is also responsible for monitoring and enforcement.  These dual responsibilities create potential 
conflicts of interest; if an off-site mitigation project fails, there maybe no apparent overseeing 
agency to enforce corrective actions.  The lack of transparency in accounting to determine 
whether the offset projects provide enough compensation is also sometimes a challenge.  Finally, 
the ability to fully offset the volume of effluent discharge from a new development is contingent 
on collecting enough revenue from the fee to pay for the construction and maintenance of offsite 
SCMs. The delay between impacts and compensation and lack of full public cost accounting 
complicate the challenges of setting an appropriate fee. 

Ensuring that in lieu fee programs provide the necessary mitigation could be 
accomplished in a number of ways.  For example, an oversight agency may be designated to 
establish tracking and reporting requirements and monitor in lieu fee program performance.  Or, 
the potential conflicts of interest inherent in the lieu fee program design could be avoided by 
separating the provision of the off-site mitigation service from the monitoring and enforcement.  
It is possible to imagine that the private sector, rather than an in lieu fee administrator, could 
provide off-site stormwater reduction services to those subject to the stormwater control 
requirements.  In this case, the private sector would provide stormwater detention/retention 
services above and beyond what is required by law.  These private service providers would 
receive stormwater runoff credits for these investments (“above baseline”) that could be sold to 
developers who might wish to meet their control obligations in ways other than on-site controls.  
In essence, the role of searching, designing, and constructing offsite SCMs would be transferred 
to the private-sector stormwater credit providers.  The local stormwater managers, however, 
would retain full authority to monitor, verify, and enforce to ensure that these offsets are 
successfully implemented.  

PREPUBLICATION 
  

RB-AR13552



 
 

 

 
 

 
 

 

423 Innovative Stormwater Management and Regulatory Permitting 

The flexibility provided by in lieu fee and trading programs requires that pollutant loads 
or runoff volume created at one site be reduced at another site.  Thus, a design issue confronting 
these types of programs is the consideration of the spatial extent in which offsetting activities can 
occur. The extent of the spatial range of offsetting activities in turn will depend partly on the 
nature and type of service being offset. For example, in the Neuse example nitrogen is a 
regional, basinwide concern with minimal localized effects.  In such cases, the offsetting 
activities might be allowed basinwide (after adjusting for nitrogen attenuation through the basin).  
In other situations where localized concerns maybe a greater concern (say from localized 
flooding), the flexibility offered by such programs may be more limited.  However, such spatial 
flexibility might also be a way to implement and achieve watershed planning objectives.  For 
example, development may be encouraged in high-impact areas, and offsetting fees could be 
used to protect and enhance water quality objectives in other areas.   

This last point deserves further explanation.  Although this chapter advocates that 
biological conditions in waterbodies should be maintained or improved, there are many urban 
areas where local waterbodies cannot achieve the same designated uses as less developed areas.  
If a goal-setting entity chose to do so, beneficial uses for waters in these areas could be set at 
levels that acknowledge this highly altered condition, such that these streams would not be 
expected to achieve the same biological condition as streams outside the urban core (see Chapter 
5 pages 8–10). This might be done to encourage development in high impact areas; San Jose, 
CA, provides an example (see Chapter 2).  In that city’s stormwater program, in urban areas 
where on-site control is either technically impossible (due to soil or space constraints) or 
prohibitively costly, the developers can meet the post-construction treatment standard by 
providing volume control either through participation in a regional stormwater project or by 
providing equivalent projects off site (e.g., stream restoration). 

It is also possible to design a stormwater offset program that allows the different 
functions of stormwater management to be separated to achieve watershed objectives.  For 
example, management of peak flow serves mostly to prevent localized flooding while more 
stringent volume control maybe required to protect stream channels and aquatic life.  Control of 
peak flow might be required on site or within a narrow geographic region.  In areas targeted for 
development, however, the volume control needed for channel protection might be transferred 
off site and into areas where watershed planning has identified the need for higher levels of 
stream channel protection or enhancement (more stringent water quality standards).  A similar 
watershed approach based on functional assessment was recommended for wetland 
compensation (NRC, 2001b).  

Regulatory and Legal Implications of Proposed Watershed-Based  

Permitting Framework for Managing Stormwater
 

EPA, the states, and municipal permittees would all have tasks to perform to transform 
the framework set forth in this report to a fully developed and functioning program.  These 
efforts would be rewarded with a program that is rooted in science, transparent in its aims, fairer 
for all than the current program, and better for the aquatic environment.  This section of the 
report outlines the tasks necessary to carry the proposal forward to full development. 

EPA should seek significant congressional funding to support the states and 
municipalities in undertaking this new program, in the nature of the support distributed to 
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upgrade municipal WWTPs after the 1972 passage of the Federal Water Pollution Control Act.  
Beyond financial support, EPA’s tasks emphasize broad policy formulation, regulatory 
modifications and adaptations necessary to initiate the new program, and guidance to the states 
and permittees.  The principal adaptation needed in the regulatory arena involves converting the 
current TMDL program to a form suitable for the new system.  Guidance would be needed in a 
number of crucial areas, and it is EPA’s natural role to develop it. 

States (or EPA for states without delegated authority) would have broad responsibilities 
to translate policies and federal regulations into their own regulatory and management systems.  
A key task in this regard would be to recast water quality standards into objectives most directly 
supporting sustenance and improvement of beneficial uses.  States already have considerable 
background for performing this task through their present definitions of beneficial uses, the 
Section 303(d) process for assessing waterbody compliance with water quality standards, and the 
triennial review of those standards.  However, the added prominence of biological aspects of 
beneficial uses and associated objectives will require additional analysis.  Other prominent state 
tasks will involve defining the watersheds subject to permits, forming bodies of co-permittees 
associated with the watersheds, and appointing the lead permittee.  Many other state tasks entail 
cooperative work with the permittees to support and assist them in funding and conducting their 
activities. 

Many aspects of the municipal permittees’ roles in implementing strategies were 
explored above in a section titled accordingly.  That section especially focused on activities to 
advance the use of ARCD methods.  More broadly, the permittees will be coordinators of all 
permits pertaining to the watershed’s aquatic resources, collectively pointed toward meeting 
objectives that the permittees adopt under state oversight.  Other categories of tasks assigned to 
the municipalities under the proposed system include monitoring, in the contexts of both 
inspections and sampling performed through a consortium, and enforcement actions and program 
adaptations to promote progress toward achieving objectives.  Box 6-4 provides a listing of 
anticipated tasks for the municipal permittees as well as the states and EPA. 

A Pilot Program as a Stepping Stone 

The shift of responsibility for stormwater regulation to municipalities under the 
watershed-based approach may lead to some surprises in implementation and enforcement.  
Primarily because of this, EPA is well advised to institute a pilot program that provides some 
experience in municipality-based stormwater regulation before instituting a nationwide program.  
This pilot program will also allow EPA to work through more predictable impediments to this 
watershed-based approach. The most obvious impediment arises from the inevitable limits of an 
urban municipality’s responsibility within a larger watershed: substantial growth and 
accompanying stormwater loading may occur on the outside periphery of a municipality’s 
designated boundaries. If an urban authority lacks legal authority over this future growth, and if 
this growth contributes significantly to water quality degradation, then a considerable share of 
the urban stormwater problem could remain poorly addressed.  A pilot program should help 
identify the extent of this jurisdictional slippage and help identify ways to overcome it.  Second, 
it is possible that some municipalities will balk at the added responsibility involved with the 
watershed-based approach, even with adequate funding.  Unless the objective performance 
standards are rigid, the monitoring requirements substantial, and the rewards for compliance  
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BOX 6-4 
Government Agencies Roles during the Operation of a  

Watershed-Based Permitting System 

EPA 

1. Petition Congress for significant funding support for states and municipal permittees, and develop a 
program of fairly distributing funds based on environmental and financial needs at the watershed level. 
2. Initiate regulatory modifications and clarifications necessary to establish the system. 
3. Set policies for watershed permitting based on this report’s recommendations. 
4. Adapt TMDL program for use in the new program. 
5. Produce guidance to assist the states and municipal permittees in the areas of: 

a. Developing a rotating basin approach; 
b. Developing an integrated municipal NPDES permit incorporating the full range of sources; 
c. Developing stormwater utilities and other funding mechanisms; 
d. Using impact source analysis (e.g., using reasonable potential analysis and new research results, 

industrial and construction site risk assessment); 
e. Using ARCD techniques for new development, redevelopment, and retrofitting; 
f. Developing monitoring consortia; 
g. Developing a credit trading system; 
h. Developing an active adaptive management program 

Designated States (or EPA otherwise) 

1. Define watersheds for which permits will be issued and set up a rotating basin approach to govern 
watershed analysis in support of subsequent steps. 
2. Formulate and formally adopt goals relative to avoiding any further loss or degradation of designated 
beneficial uses in each watershed’s component waterbodies and recovering lost beneficial uses. 
3. Use the results of the existing Section 303(d) process and supplementary work to assess the extent of 
designated beneficial use achievement in each watershed and set goals for protection and recovery. 
4. Match municipal permittees to watersheds and designate a lead permittee for each watershed. 
5. Estimate resource needs to fulfill permit requirements in each watershed. 
6. Develop a grant program, drawing on EPA and state funds, to support municipal permittees, with 
incentives for joining co-permittee associations. 
7. Identify areas outside the jurisdictions of permitted municipalities that should be brought into the 
program because of projected development or the existence of problem sources that would compromise 
the protection and recovery of beneficial uses. 
8. Use the triennial review process to modify water quality standards to the objective basis, emphasizing 
biological outcomes recommended in this report. 
9. Revise the TMDL program in accord with the needs of the new program. 
10. Set requirements for credit trading systems. 
11. Set up an integrated municipal NPDES permit incorporating the full range of sources. 
12. Work with municipal permittees to establish specific objectives as the basis for progress assessment. 
13. Work with municipalities to develop adaptive management programs responding to progress 
assessment results. 
14. Write municipal permits incorporating the above elements. 
15. Write industrial and construction general or individual permits incorporating the recommendations in 
this report. 
16. Allocate a substantial portion of industrial and construction permit fees to municipal permittees to 
oversee those sectors. 
17. Set requirements for municipalities and private properties to opt out of the defined program without 
compromising the achievement of objectives. 

continues next page 
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BOX 6-4 Continued 

18. Provide consultation, support, and guidance (adapted from EPA materials or originally produced) to 
municipal permittees in the areas of: 

a. Developing stormwater utilities and other funding mechanisms; 
b. Using impact source analysis (e.g., industrial and construction site risk assessment); 
c. Using ARCD techniques for new development, redevelopment, and retrofitting; 
d. Developing monitoring consortia; 
e. Developing a credit trading system 

19. Perform enforcement actions on non-complying dischargers referred by municipal permittees. 
20. Assess performance of municipal permittees and specify corrections, rewards, and penalties 
accordingly. 

Municipal Co-permittees (led by Lead Permittee) 

1. Adopt specific objectives as the basis for program progress assessment. 
2. Convert ordinances and regulations as needed to implement the modified program. 
3. Supplement and reorganize staffing to emphasize progress and compliance assessment as the 
principal functions of the program. 
4. Perform or contract detailed scientifically and technically based watershed analysis as a foundation for 
permit compliance. 
5. Assemble existing data on soils and hydrogeologic properties and supplement with additional data 
collection as necessary to assess infiltration prospects across the municipality. 
6. Create incentives for private property owners to maximize the use of ARCD methods in new 
development and redevelopment. 
7. Build subwatershed-scale, publicly owned ARCD works to supplement on-site management measures 
and as retrofits. 
8. Develop capacity for stormwater management in municipal WWTPs by reducing groundwater inflows 
to sanitary sewer lines. 
9. In areas experiencing excessive infiltration and groundwater table rise resulting from non-stormwater 
flows, develop capacity for stormwater management through infiltration by formulating water conservation 
programs. 
10. Identify industries and construction sites that are required to apply for permits but have not done so 
and compel their filing. 
11. Establish or enhance existing programs to inspect and oversee industries and construction sites; 
report non-complying dischargers to the state for enforcement actions. 
12. Set up or join a monitoring consortium structured to implement the progress evaluation and 
diagnostic tiers of the proposed monitoring program. 
13. Annually report monitoring results to the permitting authority; submit a comprehensive progress 
assessment triennially. 

compelling for municipalities that meet the standards, it is quite possible that noncompliance or 
bare minimal compliance will be the norm.  A pilot program provides a less politically charged 
atmosphere to experiment with the benefits of watershed-based regulation at the local level and 
to generate local government support for the approach.  Finally, because the watershed-based 
approach necessitates legislative amendments to the CWA, instituting a pilot program in the 
interim—both to improve the design of a watershed-based program as well as to generate 
enthusiasm for it—seems a sensible course. 
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The pilot program should target those local governments that are most eager to redress 
water quality degradation in their watersheds, but feel stymied by what they perceive as 
inadequate legal authority and flexibility to make the necessary improvements.  Willing 
municipalities or regional governments would thus opt-in to the program.  The pilot program 
entices these more progressive municipalities to participate by allowing them to serve as the lead 
authority and providing them with much greater flexibility to determine how to meet their 
performance-based water quality goals with fewer legal constraints.   

Under the pilot program, a municipal government or similar legal authority would apply 
to EPA or a delegated state to be designated as the lead agency for that portion of the watershed 
within its legal jurisdiction. In the application itself the municipality would establish—using 
modeling and ambient data—how it plans at a general level to maintain or exceed its water 
quality goals (objective performance standards).  These goals must be at or above the state water 
quality goals, or if they are different (i.e., use biological criteria when the state adopts chemical 
criteria), the municipality must demonstrate how its performance standards will attain the 
equivalent of the state water quality goals at the downstream edge of the municipality’s border.  
The municipality would also be required to provide assurance of sufficient infrastructure and 
funding to allow it to develop a water quality plan, implement that plan, issue permits, and 
enforce the requirements within its boundaries.  Finally, municipal plans, once finalized, would 
need to meet minimum federal procedural requirements.  For example, the plans must be 
transparent and provide opportunities for public comment; they must be enforceable; and they 
must establish monitoring programs that will track whether they in fact meet the objective 
performance standards.  If a municipality fails to meet any of its performance standards by the 
requisite deadline, the state and EPA would have the option of revoking the municipality’s 
program, and reinstituting federal requirements.  Ideally, federal guidance would also be 
available to municipalities to provide direction on how they might institute a watershed-based 
plan within their boundaries, while still reserving considerable flexibility to allow them to 
develop creative and progressive stormwater solutions.  For example, municipalities would be 
encouraged to form stormwater utilities that are financed from point and even nonpoint sources 
that assist them in establishing rigorous permitting and enforcement of their water quality plan. 

Municipalities that voluntarily take on this role as lead authority will be rewarded with 
few legal constraints on how they meet their performance-based objectives.  NPDES permits for 
major sources will still be required and must meet federal minima (technology-based controls) to 
avoid possible hot spots surrounding large dischargers, and states would remain listed as the lead 
permittee for these permits, but the lead municipality or other regional government would be 
able to propose new, more stringent limits that are presumptively favored in revised NPDES 
permits.  Stormwater permits would also be mandatory, but their substantive requirements would 
be left wholly within the discretion of the lead municipality.  Finally, states and municipalities 
would not be required to comply with all of the federal regulations governing TMDLs (they 
would make a basic load calculation for pollutants contributing to degraded conditions, 33 
U.S.C. § 1313(d), but would not be required to do more).  Instead, the watershed-based program 
would be considered the functional equivalent of TMDLs for at least the municipality’s portion 
of the watershed since the program ensures that water quality objectives are met.  Municipalities 
could even be allowed to set interim goals over a period of a decade or more so that TMDLs 
need not be achieved in a single permit cycle. 

Other than federal minimum standards for major NPDES sources, municipalities would 
have primary if not exclusive authority to decide what types of sources (including nonpoint) 
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require permits, whether certain land uses might be taxed for stormwater management fees, and 
whether and how to create trading programs among the contributors to water quality impairments 
within their watershed.  Municipalities would also have legal authority to petition EPA to restrict 
upstream sources that contribute significantly to water quality degradation in ways that make it 
difficult for them to reach their goals.  Upstream governments or sources could also be subject to 
more rigorous federal or state TMDLs and could be vulnerable to tort and related claims from 
downstream municipalities.   

This added flexibility and authority for municipalities to control water quality problems 
within their legal jurisdiction—coupled with objective performance standards—should lead to 
more creative approaches to stormwater management that create significant benefits to the 
municipality (i.e., more green-space buffers along waterways for recreation) and stronger 
planning and taxation of new developments that otherwise might be uncontrolled.  Municipal 
green space, parks, and a variety of other public goods that both reduce stormwater and enhance 
the public enjoyment of the surface waters could result from allowing a municipality the freedom 
to determine how best to regulate sources within its local boundaries.  For example, rather than 
automatically allowing federally approved SCMs that have little aesthetic or recreational 
qualities, alternative approaches to SCMs that retain their effectiveness but provide other 
qualities (particularly qualities that draw the public outdoors for recreation or relaxation) are 
more likely to be encouraged or even required by a municipality that serves as lead over 
implementation of its water quality program.   

Although a national watershed-based approach to stormwater regulation is likely to 
require legislative amendments, the pilot program may not necessitate additional legislative 
authorization. It is possible that through regulation, EPA may be able to develop “in lieu of” or 
“functional equivalent” requirements that allow a rigorous watershed plan to substitute for the 
bare federal requirements governing stormwater regulation, general permits, and TMDL 
planning laid out in the CWA. This type of intricate legal analysis, however, is beyond the scope 
of this document. 

Final Thoughts 

The watershed-based stormwater permitting program outlined above is ultimately 
essential if the nation is to be successful in arresting aquatic resource depletion stemming from 
sources dispersed across the landscape.  EPA is called upon to adopt the framework now and set 
in motion a process to move it toward implementation over the next five to, at most, ten years.  
This chapter deals with some but not the entire realm of political, legal, regulatory, and logistical 
issues raised by converting to a fundamentally different system of management and permitting.  
Ideas are contributed regarding piloting and transitioning toward the new program, altering 
institutional arrangements to accommodate it, and incentives for effective participation.  For 
watershed-based permitting to take hold, specific actions will have to be undertaken by EPA, 
state permitting authorities, and municipal permittees during the adoption and transition process. 

The proposed program could be implemented by EPA in a number of ways, ranging from 
making it mandatory without any exception in all states and jurisdictions to leaving it entirely 
voluntary. The committee recommends neither extreme and believes the best course would be: 
(1) pilot test and refine the program as described in the report section titled “A Pilot Program as a 
Stepping Stone;” (2) make the refined program the default to be followed by all designated states 
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429 Innovative Stormwater Management and Regulatory Permitting 

(and EPA in others) and all municipal, industrial, and construction permittees, unless a state 
permitting authority convincingly demonstrates to EPA’s satisfaction than an alternative 
approach will accomplish the program’s overall goal of retaining and recovering aquatic resource 
beneficial uses; (3) develop very significant incentives for states and permittees to participate; 
and (4) require objective demonstration by any state opting for an alternative that it is broadly 
achieving the goal to at least the same extent as states within the program, with appropriate 
sanctions for noncompliance. 

ENHANCEMENT OF EXISTING PERMITTING BASIS 

The current federal stormwater regulatory framework has been in place since 1990, and 
the point source NPDES program under which it is being implemented has existed since 1972.  
The U.S. Congress deliberately acted in 1987 to amend the federal CWA with the goal of 
addressing stormwater pollution because it had been identified as a leading cause of surface 
water impairments, and regulations were inadequate to address it effectively.  The total 
rethinking of the current framework of regulating stormwater pollution described above may 
require changes in statute and take a long time to implement.  Thus, in addition to the longer-
term approach that integrates a watershed-wide planning and permitting strategy into the 
program, several near-term solutions are also offered, with the objective of improving the current 
regulatory implementation and which at most might require changes in regulation.  

Problems Complying with Both Municipal and General Industrial Permits 

The NPDES permitting authority issues (1) separate individual permits or general permits 
to impose discharge requirements on small, medium, and large MS4s; (2) general permits that 
require construction activity operators who discharge stormwater to waters of the United States, 
including those who discharge via MS4s, to implement SCMs; and (3) general permits for 
operators of stormwater discharges associated with industrial activity who discharge to waters of 
the United States, including those who discharge via MS4s, to implement SCMs.  The MS4 
operators in turn are also required under the terms of their MS4 permits to require industries and 
construction site operators who discharge stormwater via the MS4 to implement controls to 
reduce pollutants in stormwater discharges to the maximum extent practicable, including those 
covered under the permitting authority’s NPDES general permits.  This dual-coverage scheme 
appears intended to recognize the separation of governmental authorities.  Unfortunately, in 
practice it is duplicative, inefficient, and ineffective in controlling stormwater pollution that 
enters the MS4 from diffuse and dispersed sources.  Particularly in the area of monitoring of 
water quality, the dual approach seems to have resulted in a lack of prioritization of high-risk 
industrial sources and the purposeless collection of industrial stormwater monitoring data or the 
poor use of it to strategically reduce the discharge of stormwater pollutants to the MS4. 

The preference of EPA to use general NPDES permits to alleviate the administrative 
burden associated with permitting more than a 100,000 point sources discharging stormwater is 
understandable. It would have been prudent to have some form of prioritization to select some 
subset of the whole as high-risk or have a strategy for identifying a subset for individual NPDES 
permits to better achieve the objective of ensuring compliance with water quality standards on 
the basis of potential risk. As discussed in Chapter 2, there are no federal guidelines for 
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430 Urban Stormwater Management in the United States 

prioritization (determining what industries are high-risk for stormwater discharges), and the state 
permitting authorities have largely not prioritized because of the overwhelming burden of 
administering a very expansive stormwater permitting program. 

In the existing permitting scheme, the MS4 operator cannot be faulted for having a 
reasonable expectation that the permitting authority’s general NPDES permits that regulate 
industrial activities and construction that discharge to the MS4 would require, at a minimum, a 
sufficient level of identification and implementation of SCMs to facilitate the MS4 operator’s 
compliance with the MS4 permit.  However, such controls are not identified by the NPDES 
permitting authority and rather are left to the choice of the industrial facility and construction site 
operators.  Furthermore, the NPDES permitting authority imposes weak to no discharge 
sampling requirements on industrial facility and construction activity operators, which greatly 
impairs the MS4’s ability to determine and control the worst regulated stormwater discharges to 
the MS4. Similarly, the NPDES permitting authority’s general permit for construction activity 
encourages construction facility operators to consider post-construction stormwater controls, but 
it does not require them, even though the MS4 permit’s programmatic measures mandate new 
development planning and post-construction controls as essential elements of the MS4 program.  
The lack of integration among stormwater permits and the absence of objective measures of 
compliance that are quantifiable is a glaring shortcoming in current stormwater permits and 
renders them difficult to enforce for water quality protection. 

The California EPA State Water Board asked an expert panel to evaluate the extent of 
implementation success of the stormwater program in California and the feasibility of numeric 
effluent limits in stormwater permits.  In its report (CA SWB, 2006), the panel concluded that 
the flexible approach of allowing a permittee to self-select SCMs for the purpose of controlling 
stormwater pollution was largely ineffective. The reasons stated were: (1) the SCMs were 
selected without proper consideration of design, performance, hydraulics, and function; (2) the 
MS4 permittees were not accountable for the performance of the SCMs; (3) the industrial and 
construction permittees were not responsible for the performance of the SCMs; and (4) the SCMs 
were seldom maintained properly except for aesthetic purposes.  In other words, the flexibility 
provided by self-determination, self-evaluation, and self-reporting did not assure that SCMs were 
being implemented to effectively reduce stormwater pollutants to the MEP.  Rather, the 
flexibility resulted in a lack of coordination of purpose and accountability between the MS4 
permittees who owned or operate the MS4 and the industry and construction permittees who 
discharge to the MS4.  Although typically enforcement by the permitting authority would have 
restored the integrity of the stormwater program, that remedy is likely to be ineffective here 
because the choice of SCMs is left too much to discretion and there are no quantifiable 
performance or design criteria for water quality purposes. 

Integration and Dissemination of Authority 

This section offers a near-term alternative solution to the problem cited above that 
utilizes the existing framework of the NPDES stormwater program.  The strategy builds on the 
authority of MS4s over industry and construction sites to implement an integrated permitting 
scheme to reduce stormwater pollution into the waters of the United States.  Unlike the first 
section of this chapter, it does not take a watershed approach to protecting water quality, even 
though the municipal stormwater programs may be more cost-effective if implemented on a 
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watershed scale. It also addresses a significant shortcoming of the current scheme, that is, failure 
to recognize the enormous staff resources that it would take at the federal and state level for 
successful implementation in the absence of the leadership of local governments.  Further, 
federal and state NPDES permitting authorities do not presently have, and can never reasonably 
expect to have, sufficient personnel under the principles of democratic governance, such as in the 
United States, to inspect and enforce stormwater regulations on more than 100,000 discrete point 
source facilities discharging stormwater.  A better structure would be one where the NPDES 
permitting authority empowers the MS4 permittees, who are local governments working for the 
public good, to act as the first tier of entities exercising control on stormwater discharges to the 
MS4 to protect water quality—an approach here called “integration.” 

The central concept of integration is to give the MS4s controlling jurisdiction and 
responsibility over discharges from construction and industry to the MS4 in addition to their 
responsibility to implement the programmatic minimum measures identified in regulation.  This 
approach would be similar to the current NPDES permitting scheme for publicly owned 
WWTPs, where a WWTP operator controls the quality of wastewater inputs (industrial waste 
streams) to make sure that the total output will not exceed water quality standards (see Box 6-5 
on the National Pretreatment Program).  The WWTP operators establish additional criteria such 
as local limits, require discharge monitoring of industrial wastes, and conduct inspections to 
make sure industrial discharges implement adequate wastewater treatment technologies, so that 
treated effluent from the wastewater treatment can comply with water quality standards to 
protect receiving waters. The same could be done for stormwater, except here the WWTP is 
replaced by the MS4, and the other inputs in this case are all industrial and construction 
discharges of stormwater into the MS4.  The criteria by which the outputs of the industries are 
judged could be either water quality- or technology-based criteria.  This arrangement puts the 
burden on the MS4 to identify high-risk industries because the MS4 is now responsible for the 
overall output (which could be, for example, the concentration of pollutants in stormwater 
monitored during events).  If put in this position, municipalities will make intelligent choices and 
adopt effective strategies to identify which industries and sources to focus upon.  Each of these 
issues is discussed in greater detail below. 

Determination of High-Risk Dischargers 

At present, the federal stormwater regulations do not specifically identify which sources 
would be considered high risk given the common pollutants in MS4 stormwater discharges.  
With the exception of the category of municipal landfills and hazardous waste treatment, storage, 
and disposal facilities, it does not even state that the other nine categories of industry singled out 
in the regulations for permitting under the multi-sector industrial stormwater general permit 
(MSGP) are really high risk. The devolution of this responsibility to the municipality is sensible 
because the municipality, as the land-use authority, already conducts development review and 
issues industrial conditional-use permits.  The permitting authority would still be responsible for 
inspecting high-risk state, federal, and other facilities over which the MS4 permittee has no 
jurisdiction.  In addition, the permitting authority would inspect municipal facilities such as 
airports, ports, landfills, and waste storage facilities to avoid the situation of self-inspection.  
Methods for ranking industries according to risk are discussed in a subsequent section. 
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432 Urban Stormwater Management in the United States 

BOX 6-5 
National Pretreatment Program 

EPA’s NPDES Permitting Program requires that all point source discharges to waters of the 
United States (i.e., “direct discharges”) must be permitted.  To address “indirect discharges” from 
industries to Publicly Owned Treatment Works (POTWs), EPA, through CWA authorities, established the 
National Pretreatment Program as a component of the NPDES Permitting Program.  The National 
Pretreatment Program requires industrial and commercial dischargers to treat or control pollutants in their 
wastewater prior to discharge to POTWs. 

In 1986, more than one-third of all toxic pollutants entered the nation’s waters from POTWs 
through industrial discharges to public sewers.  Certain industrial discharges, such as slug loads, can 
interfere with the operation of POTWs, leading to the discharge of untreated or inadequately treated 
wastewater into rivers, lakes, etc.  Some pollutants are not compatible with biological wastewater 
treatment at POTWs and may pass through the treatment plant untreated.  This “pass through” of 
pollutants impacts the surrounding environment, occasionally causing fish kills or other detrimental 
alterations of the receiving waters.  Even when POTWs have the capability to remove toxic pollutants 
from wastewater, these toxics can end up in the POTW’s sewage sludge, which in many places is land-
applied to food crops, parks, or golf courses as fertilizer or soil conditioner. 

The National Pretreatment Program is unique in that the general pretreatment regulations require 
all large POTWs (i.e., those designed to treat flows of more than 5 MGD) and smaller POTWs with 
significant industrial discharges to establish local pretreatment programs.  These local programs must 
enforce all national pretreatment standards (effluent limitations) and requirements, in addition to any more 
stringent local requirements necessary to protect site-specific conditions at the POTW.  More than 1,500 
POTWs have developed and are implementing local pretreatment programs designed to control 
discharges from approximately 30,000 significant industrial users. 

EPA has supported the pretreatment program through development of more than 30 manuals that 
provide guidance to EPA, states, POTWs, and industry on various pretreatment program requirements 
and policy determinations.  Through this guidance, the pretreatment program has maintained national 
consistency in interpretation of the regulations. 

The general pretreatment regulations establish responsibilities of federal, state, and local 
government, industry, and the public to implement pretreatment standards to control pollutants that pass 
through or interfere with POTW treatment processes or that may contaminate sewage sludge.  The 
general pretreatment regulations apply to all non-domestic sources that introduce pollutants into a POTW.  
These sources of “indirect discharge” are more commonly referred to as industrial users (IUs).  Since IUs 
can be as simple as an unmanned coin-operated car wash to as complex as an automobile 
manufacturing plant or a synthetic organic chemical producer, EPA developed four criteria that define a 
significant industrial user (SIU).  Many of the general pretreatment regulations apply to SIUs as opposed 
to IUs, based on the fact that control of SIUs should provide adequate protection of the POTW. 

Unlike other environmental programs that rely on federal or state governments to implement and 
enforce specific requirements, the Pretreatment Program places the majority of the responsibility on local 
municipalities. Specifically, Section 403.8(a) of the general pretreatment regulations states that any 
POTW (or combination of treatment plants operated by the same authority) with a total design flow 
greater than 5 million MGD and smaller POTWs with SIUs must establish a local pretreatment program. 
As of early 1998, 1,578 POTWs were required to have local programs.  Although this represents only 
about 15 percent of the total treatment plants nationwide, these POTWs account for more than 80 percent 
(i.e., approximately 30 billion gallons a day) of the national wastewater flow. 

Consistent with Section 403.8(f), POTW pretreatment programs must contain the six minimum 
elements described below (EPA, 1999): 

continues next page 
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433 Innovative Stormwater Management and Regulatory Permitting 

BOX 6-5 Continued 

1. Legal Authority 
The POTW must operate pursuant to legal authority enforceable in federal, state, or local courts, 

which authorizes or enables the POTW to apply and enforce any pretreatment regulations developed 
pursuant to the CWA.  At a minimum, the legal authority must enable the POTW to: 

i. deny or condition discharges to the POTW, 
ii. require compliance with pretreatment standards and requirements, 
iii. control IU discharges through permits, orders, or similar means, 
iv. require IU compliance schedules when necessary to meet applicable pretreatment standards 

and/or requirements and the submission of reports to demonstrate compliance, 
v. inspect and monitor IUs, 
vi. obtain remedies for IU noncompliance, and 
vii. comply with confidentiality requirements. 

2. Procedures 
The POTW must develop and implement procedures to ensure compliance with pretreatment 

requirements, including: 

i. identify and locate IUs subject to the pretreatment program, 
ii. identify the character and volume of pollutants contributed by such users, 
iii. notify users of applicable pretreatment standards and requirements, 
iv. receive and analyze reports from IUs, 
v. sample and analyze IU discharges and evaluate the need for IU slug control plans, 
vi. investigate instances of noncompliance, and 
vii. comply with public participation requirements. 

3. Funding 
The POTW must have sufficient resources and qualified personnel to carry out the authorities and 

procedures specified in its approved pretreatment programs. 

4. Local Limits 
The POTW must develop local limits or document why those limits are not necessary. 

5. Enforcement Response Plan (ERP) 
The POTW must develop and implement an ERP that contains detailed procedures indicating 

how the POTW will investigate and respond to instances of IU noncompliance. 

6. List of SIUs 
The POTW must prepare, update, and submit to the approval authority a list of all significant 

industrial users (SIUs). 

In addition to the six specific elements, pretreatment program submissions must include: 

●    A statement from the city solicitor (or the like) declaring the POTW has adequate authority to 
carry out program requirements; 

●    Copies of statutes, ordinances, regulations, agreements, or other authorities the POTW relies 
upon to administer the pretreatment program, including a statement reflecting the endorsement or 
approval of the bodies responsible for supervising and/or funding the program; 

●    A brief description and organizational chart of the organization administering the program; 
and 

●    A description of funding levels and manpower available to implement the program. 

continues next page 
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434 Urban Stormwater Management in the United States 

BOX 6-5 Continued 

The objectives of the National Pretreatment Program are achieved by applying and enforcing three types 
of discharge standards: (1) prohibited discharge standards, (2) categorical standards, and (3) local limits. 

Prohibited Discharge Standards 

All IUs, whether or not subject to any other national, state, or local pretreatment requirements, are 
subject to the general and specific prohibitions identified in 40 C.F.R. §§403.5(a) and (b), respectively.  
General prohibitions forbid the discharge of any pollutant(s) to a POTW that cause pass-through or 
interference.  These prohibited discharge standards are intended to provide general protection for 
POTWs. Examples of these include prohibitions on discharges of pollutants that can create fire or 
explosion hazards, cause corrosive structural damage, obstruct flow within the POTW, and interfere with 
the POTW’s biological treatment activity.  However, their lack of specific pollutant limitations creates the 
need for additional controls, namely categorical pretreatment standards and local limits. 

Categorical Standards 

Categorical pretreatment standards (i.e., categorical standards) are national, uniform, technology-
based standards that apply to discharges to POTWs from specific industrial categories (i.e., indirect 
dischargers) and limit the discharge of specific pollutants.  Categorical pretreatment standards for both 
existing and new sources are promulgated by EPA pursuant to Section 307(b) and (c) of the CWA.  
Limitations developed for indirect discharges are designed to prevent the discharge of pollutants that 
could pass through, interfere with, or otherwise be incompatible with POTW operations.  The categorical 
pretreatment standards can be concentration based or mass based.  For example, the pretreatment 
standard for the electrical and electronic component manufacturing industry (40 C.F.R. Part 469, 
Subparts A-D) are concentration-based daily maximum and monthly average limits that vary by subpart 
and pollutant parameter. 

Local Limits 

Prohibited discharge standards are designed to protect against pass-through and interference 
generally.  Categorical pretreatment standards, on the other hand, are designed to ensure that IUs 
implement technology-based controls to limit the discharge of pollutants.  Local limits, however, address 
the specific needs and concerns of a POTW and its receiving waters.  Federal regulations at 40 CFR 
§§403.8(f)(4) and 122.21(j)(4) require control authorities to evaluate the need for local limits and, if 
necessary, implement and enforce specific limits as part of pretreatment program activities. Local limits 
are developed for pollutants (e.g., metals, cyanide, BOD5, TSS, oil and grease, organics) that may cause 
interference, pass-through, sludge contamination, and/or worker health and safety problems if discharged 
in excess of the receiving POTW treatment plant’s capabilities and/or receiving water quality standards. 

It is likely that some of the designated high-risk facilities would be better regulated by 
individual stormwater NPDES permits.  In particular, good candidates for individual NPDES 
permits include international ports, airports, and multiphase construction land developments, 
which are similar (in the potential risk they pose to water quality) to traditional major wastewater 
facilities such as petroleum refineries and large POTWs. 
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435 Innovative Stormwater Management and Regulatory Permitting 

SCM Design Parameters, Numerical SCM Performance Criteria, and Monitoring 

For the integration approach to work, the permitting authority and the MS4 permittee 
must better delineate SCM design parameters, numerical performance criteria, and default SCMs 
based on best available technology or water quality standards for the discharge of industrial and 
construction stormwater. Both the ASCE International Storm Water Database (which is now 
called the WERF International Storm Water Database because it is maintained by the Water 
Environment Research Foundation) and the National Stormwater Quality Database (NSQD), 
which were developed with EPA funding, are comprehensive datasets that can be used to 
develop numeric technology-based effluent criteria or limits for industrial and construction 
stormwater discharges.  The MS4 can then determine the compliance of industry and 
construction activity with its requirements by using either some numeric criteria or a suite of 
SCMs that have been presumptively determined as capable of achieving the performance criteria.  
The EPA MSGP includes a general list of sector-specific SCMs, but these presently have no 
performance criteria associated with them.  It is important that the EPA continue to support both 
the WERF and the NSQD databases as the repositories of SCM performance and MS4 
monitoring data, so that MS4s can use them to establish local limits and update the performance 
criteria periodically to fully effectuate the iterative approach to ensuring that MS4 discharges 
eventually will meet water quality standards. 

The proposed integration scheme will also facilitate the MS4 permittee’s implementation 
of a purpose-oriented stormwater monitoring program directed toward identifying problematic 
industrial or construction stormwater discharges or high-risk industrial facility sectors.  The 
current benchmark monitoring conducted by MSGP facilities would be eliminated.  Instead, 
MSGP facilities would have the option of performing scientifically valid stormwater discharge 
sampling to demonstrate their compliance with performance criteria or to participate in an MS4-
led monitoring program by paying in lieu fees to support the cost of the purpose-oriented MS4 
monitoring program.  The net effect of this alternative is to pool the resources to come up with 
an optimal sampling strategy to replace what is now a stormwater monitoring strategy that is 
haphazard and not useful. 

MS4 Responsibilities 

Under integration, the MS4 permittee would be primarily responsible for the quality of 
stormwater discharges that exit the MS4 to the waters of the United States.  The MS4 permittee 
would not be responsible for stormwater discharges from federal and state facilities or for 
facilities that have been issued an individual NPDES permit for stormwater discharges.  The 
MS4 permittee would be responsible for implementing the six minimum program measures, 
assisting in the oversight and inspection of facilities covered under the MSGP and the 
construction general permit (CGP), and implementing a strategic water quality monitoring 
program to identify and control pollutant discharges from high-risk sites.  The permitting 
authority would share any fees collected under the MSGP and CGP with the MS4, and facilities 
covered by them would have the option to opt-out of self-monitoring and contribute equivalent 
funds to an MS4-led monitoring program.  Similarly, the permitting authority would be expected 
to support research and special studies that address issues of regional or national significance 
through partnerships with the MS4 permittees. 
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436 Urban Stormwater Management in the United States 

Some MS4s may balk at taking on more responsibility for the control of stormwater 
pollution, as required for integration to succeed. However, there are already several case 
examples that exist.  The State of Oregon requires facilities that discharge industrial stormwater 
to file a Notice of Intent (NOI) for coverage under the MSGP with both the state and the local 
MS4 (Campbell, 2007).  The state has an agreement with the local MS4s for the inspection of the 
facilities covered under the MSGP and the sharing of NOI fees.  The State of Tennessee has a 
statewide pilot program to partner with local MS4s for the inspection of construction sites that 
are covered under the CGP. 

Analogy to the WWTP Pretreatment Program 

It is certainly true that the MS4s are a more challenging point source to regulate for the 
discharge of pollutants than WWTPs.  WWTPs have fewer outfalls discharging to waters of the 
United States than MS4s, and inputs into them are through discrete rather than diffuse sources as 
in the case of MS4s. It is thus expected to be more difficult to identify problem stormwater 
sources and to hold them accountable for discharges in excess of standards.  This problem is not 
insurmountable, however.  Watershed and land-use hydrologic models can be developed and 
refined by strategic sampling of pollutant sources for use by MS4 permittees and regulatory 
agencies.  If EPA and state permitting authorities establish measurable outcomes as expected 
endpoints of progress, MS4 permittees will make intelligent choices about which measures to 
implement in order to meet these endpoints.  In large part, the lack of progress nationally towards 
controlling pollutants in stormwater discharges from the MS4s has been due to the absence of 
national SCM design standards, MS4 discharge performance criteria, and stormwater effluent 
guidelines. Presently, the MS4 permittees as owners and operators of the MS4 affirmatively 
approve connections to the conveyance system for rainfall runoff.  Historically the issuance of 
the MS4 connection permit has been based on the sizing of the pipes for the conveyance of flood 
waters. There are few barriers to including water quality considerations in reauthorizing these 
connections and adding new ones. 

Note that EPA did initially consider using the WWTP pretreatment approach for 
stormwater discharges by requiring MS4 permittees to be primarily responsible for discharges of 
stormwater associated with industrial activity through the MS4 (53 Fed. Reg. 49428; December 
7, 1988). However, EPA deviated from this approach in issuing its Final Storm Water Rule (55 
Fed. Reg. 48006; November 16, 1990). In the absence of regulations that specifically confer 
authority on MS4 permittees to establish local limits for stormwater discharges to the MS4 from 
industry and businesses, the EPA should promulgate specific SCMs and performance guidelines 
with rigorous requirements for self-monitoring and compliance in order to support the integrated 
framework for controlling stormwater pollution from MS4s. 

Potential Legal Barriers 

A revised stormwater program that requires MS4s to play a more significant role in 
enforcement and oversight and that provides greater specificity in permit requirements is not 
only contemplated, but arguably demanded by Congress in the CWA.  Specifically, Congress 
directs that MS4 permits be conditioned on the requirement that the MS4s “shall require controls 
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437 Innovative Stormwater Management and Regulatory Permitting 

to reduce the discharge of pollutants to the maximum extent practicable” 42 U.S.C. § 
1342(p)(3)(B)(iii). EPA has already conditioned Phase I MS4 permits on the requirement that 
the municipality establish that it has the legal authority to inspect discharges into the system and 
take regulatory and enforcement action against excessive or violating sources [40 C.F.R. § 
122.26(d)(2)(i)]. Nevertheless, to ensure that MS4s play an even more active role, EPA should 
include several additional requirements in its implementing regulations.  In addition to 
promulgating more detailed and specific SCM requirements as discussed above, EPA should also 
require that the Phase I MS4s establish that they possess sufficient funding and staff to effectuate 
their responsibilities [see, e.g., 40 C.F.R. § 403.8(f)(2) and (3) requiring this showing for the 
POTW program]. Like the POTW program, states should also be authorized as MS4 permittees 
when the local governments are unable or unwilling to carry out their mandatory stormwater 
permit responsibilities [see, e.g., 40 C.F.R. § 403.10(e) providing this authority for the POTW 
program]. 

Industrial Program 

The industrial stormwater permit program presently incorporates a menu of SCMs that 
are to be selected by the facility operator, a rudimentary monitoring program that includes visual 
observations, some water quality sampling for selected parameters for certain types of industries 
subject to numerical effluent limitations (see Table 2-6) or a set of pollutant-level benchmarks 
that are to be used as a measure to appropriately revise the SWPPP (see Table 2-5), and annual 
reporting. Neither SCM performance criteria nor the characteristics of a design storm for water 
quality purposes have been established. Given the broad discretion that facility operators enjoy 
as a result, it has been difficult to gauge compliance with the MSGP and initiate enforcement for 
non-compliance even though industrial stormwater discharges are required to meet effluent 
limitations (technology- or water quality-based) that reflect water quality standards (Duke and 
Beswick, 1997; Duke and Augustenborg, 2006; Wagner, 2006).  Several ideas to address some 
of the shortcomings in the implementation of the permitting program for industrial stormwater 
discharges are offered as additions to the concept of MS4 regulatory integration discussed 
previously.  They would substantively improve the current industrial stormwater permitting 
program even if the integration recommendations were not acted upon. 

Criteria for a Water Quality Design Storm and Subsequent SCM Selection 

To improve the quality of stormwater discharges from industry, provide for better 
accountability, and advance the objectives of the CWA, it is important first to identify the criteria 
for a water quality design storm as opposed to one for flood control design, where the objective 
is to protect human life and real property.  It is important that the permitting authority designate 
the basis for the determination of the water quality design storm, and explicitly state that it would 
form the criteria for evaluation of compliance with technology-based standards or water quality-
based standards. This is essential because the engineering design decisions that determine how 
much stormwater is to be treated to remove toxic pollutants that pose a risk to human health or 
aquatic life is more a policy matter than a scientific one (Schiff et al., 2007).  While modeling 
exercises using continuous simulation methods in theory could be performed for every project or 
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subwatershed or region to support planning decisions on how much stormwater needs to be 
treated for optimum water quality benefits, such a detailed analysis will be too cumbersome and 
cost-prohibitive for routine planning and implementation purposes.  Thus it is recommended that 
the EPA establish guidelines for the selection of water quality design storms for controlling 
pollution from MS4 and industrial stormwater discharges.  This would not be a new practice for 
EPA because the agency has previously established design storms for certain industrial sectors 
when promulgating effluent guidelines (Table 2-6).  Conceivably, unlike the technology limiting 
design storms that are set on rainfall recurrence intervals, the design storm to protect surface 
water quality and beneficial uses could be different for different eco-regions of the United States. 

The water quality design storm, which may be expressed as total rainfall depth, runoff 
volume, or rainfall intensity, incorporates the concept that extreme rainfall events are rare, and 
that a few times each year the runoff volume or flow rate from a storm will exceed the design 
volume or rate capacity of an SCM.  Therefore, for the purpose of best available technology and 
cost-effectiveness, industrial facility operators should not be held accountable for pollutant 
removal from storms beyond the size for which an SCM is designed.   

For MS4 operators, the concept of designing MS4s for both flood control conveyance 
(capital flood design) and for water quality protection (water quality design) involves a 
fundamental shift.  Whereas flood control engineers design conveyance systems with return 
frequencies of two years (streets), ten years (detention basins), 50 years, and 100 years 
(channels), the water quality design storm event is for a return frequency of six months to a year.  
The water quality design implicitly focuses on treating the first flush of runoff, which contains 
the highest load and concentration of pollutants and which occurs in the first half to one inch of 
runoff. In contrast, flood control designs are built to convey tens of inches of runoff. 

In addition to issuing the guidelines to support the setting of stormwater criteria for water 
quality design, it is important that the EPA establish SCM performance criteria based on best 
technologies and identify the “presumptive technologies” that have been demonstrated to achieve 
the performance criteria.  The water quality design storm and the best available technologies 
with their associated criteria can then form a basis for technology-based effluent limitations to be 
included in industrial stormwater permits.  If the facility operator elects the identified 
presumptive technology, then compliance monitoring requirements can be scaled down to a 
minimum to ensure that the treatment systems are being properly maintained.  On the other hand, 
if the operator elects to go with a suite of alternative SCMs, then the monitoring requirements 
sufficient to demonstrate that the suite of alternative SCMs are in fact achieving the effluent 
quality of the selected technology can be prescribed.  In such a scheme, visual monitoring will 
serve to ensure that the treatment systems are being properly maintained, and compliance can be 
reported using the same procedures as required presently for the industrial wastewater permits. 

How to Identify a High-Risk Industry 

Both the watershed-based permitting approach described previously in this chapter and 
the integration approach call for municipal permittees, as part of their responsibilities, to identify 
high-risk industrial stormwater dischargers. This involves identifying the potential sources of 
concern, evaluating the extent of their potential impacts, and then prioritizing them for 
attention—a classic risk assessment.  Municipalities would generally not be able to give equal 
and full attention to all sources, nor should they.  Unfortunately, what constitutes high risk or any 
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level of risk for industries covered by NPDES stormwater permits has not been defined by EPA, 
although the states have developed various interpretations (see Appendix C).   

Two methodologies for identifying industrial and commercial facilities that are 
considered high-risk for discharging pollutants in stormwater are presented below.  Box 6-6 
describes the “intensity of industrial activity” method devised for the City of Jacksonville (Duke, 
2007). This method uses telephone queries and a point scale system to visually score each 
facility based on the intensity of the industrial activities exposed to stormwater, and groups the 
results into categories A, B, C, or D in increasing order of intensity (Cross and Duke, 2008).  The 
categories are designed to distinguish high-risk facilities from low-risk facilities, and not to make 
fine distinctions among facilities with similar characteristics. This typology is sufficient to 
distinguish facilities with little or no potential for discharging pollutants associated with 
stormwater from facilities that might discharge those pollutants.  More than half of the facilities 
that were subject to Florida’s MSGP were determined to be low-risk (Cross and Duke, 2008).  

Box 6-7 outlines an empirical methodology used by the County of Los Angeles to rank 
the risk of industrial facilities for stormwater pollution on the basis of pollution potential P.  The 
pollution potential P was computed as a product of the number of on-site sources, percent 
imperviousness, pollutant toxicity, degree of exposure, and the number of facilities (Los Angeles 
County, 2001). Based on this ranking scheme, five top high-risk industries were selected: (1) 
automobile dismantlers, (2) automobile repair, (3) metal fabrication, (4) motor freight, and (5) 
automobile dealers.  Stormwater discharges from six facilities in each category were 
characterized over a two-year period, and the effectiveness of SCMs was assessed at a subset of 
them.  However, the monitoring was minimal, and so much of the prioritization was based on 
best professional judgment about pollutant discharges. 

Industrial Stormwater Discharge Monitoring 

Monitoring data from Phase I MS4s have been compiled in the NSQD for several years, 
making possible a number of important findings about the quality of municipal stormwater (see 
Chapter 3). Although industry that occurs within MS4s is technically included in the NSQD, the 
data are lumped together and not sector specific.  There is no comparable, reliable source of data 
specifically on industrial discharges, even though EPA requires benchmark monitoring for 
MSGP industrial permittees.  The intent was that industrial facility operators would use 
benchmark exceedances as action levels to improve SCMs, but this self-directed approach has 
been largely a failure. Many industrial facilities reported repeated exceedances of benchmark 
values without action, and others have failed to report any monitoring data at all.  In addition, the 
representativeness of single grab samples taken to characterize the discharge and less-than-
rigorous sample collection and quality assurance procedures have resulted in monitoring data 
that are not very useful. One of the only analyses of benchmark monitoring data ever done 
evaluated California’s program between 1992 and 2001 (see Box 4-2; Stenstrom and Lee, 2005; 
Lee et al., 2007). The study showed no relationship between facility type and stormwater 
discharge quality. The cited reasons for the poor relationship included variability in sampling 
parameters, sampling time, and sampling strategy—that is, poor data. 
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BOX 6-6 
Risk Assessment for Industrial Dischargers of Stormwater 

The City of Jacksonville has had very good success in determining what industries pose the 
highest stormwater risks by starting with businesses having the Standard Industrial Classification (SIC) 
codes designated for permit coverage but using multiple lists of potential sources and cross checking 
them to target inspections and other interventions where they will have the best effect.  Other clues to 
sources of interest include other environmental permits (e.g., wastewater NPDES permits, permits for 
discharge to sanitary sewer), tax records, records of fire code inspections, building permit filings, planning 
agency proceedings, contacts with business associations, marketing information put out by companies, 
Resource Conservation and Recovery Act hazardous waste reports, and telephone and field surveys. 

Duke (2007) proposed a 0- to 8-point scoring scheme (shown below) to rate the intensity of 
industrial activities exposed to stormwater.  The system is based on the relative amount of exposure to 
precipitation and runoff by industrial materials, processes, wastes, and vehicles.  Once municipalities 
gather the data and then classify their industries accordingly, they would have a very useful tool to 
program inspections and monitoring emphasizing the industries most risking their success in achieving 
established objectives.  A similar system could and should be developed for construction sites. 

0 points 
Small bulk waste, e.g., covered dumpster: area <100 m2 

Hazardous waste: containers not exposed to precipitation 
1 point 

Outdoor vehicle use: 1-2 vehicles, outdoors occasionally/never, not used in precipitation 
Vehicle washing outdoors, 1-2 vehicles, rarely or occasionally done 

2 points 
Outdoor vehicles, e.g., forklifts: 1-2, outdoors occasionally/never, used in precipitation 
Outdoor vehicles, e.g., forklifts: 1-2, outdoors every day, not used in precipitation 
Outdoor vehicles, e.g., forklifts: 3-4, outdoors occasionally/never, not used in precipitation 
Vehicle maintenance or re-fueling, 1-2 vehicles, rarely or occasionally done, outside 
Vehicle washing outdoors, 1-2 vehicles, regularly done 
Vehicles washing outdoors, 3 vehicles, rarely or occasionally done 

4 points 
Storage of materials or products: area < 100m2 and/or < five 55-gallon drums 
Fixed outdoor equipment: 1-2 small or large item(s) 
Outdoor vehicles, e.g., forklifts: 1-2, outdoors every day, used in precipitation 
Outdoor vehicles, e.g., forklifts: 3-4, outdoors occasionally/never, used in precipitation 
Outdoor vehicles, e.g., forklifts: 3-4, outdoors every day, not used in precipitation 
Uncovered shipping/receiving area: 1-2 docks 
Vehicle maintenance or re-fueling outdoors, 1-2 vehicles, regularly done 
Vehicle maintenance or re-fueling outdoors, vehicles, rarely or occasionally done 
Plant yard, rail lines, access roads: 1,000 ft2 

Small process equipment, e.g., compressors, generators: exposed to precipitation 
6 points 

Outdoor vehicles, e.g., forklifts: 3-4, outdoors every day, used in precipitation 
Outdoor vehicles, e.g., forklifts: > 5 or heavy, outdoors occasionally, used in precipitation 
Outdoor vehicles, e.g., forklifts: > 5 or heavy, outdoors every day, not used in precipitation 
Vehicle maintenance or re-fueling outdoors, 3 vehicles, regularly done 
Plant yard, rail lines, access roads: 1,000 ft2 

8 points 
Storage of materials or products: area 1002 and/or five 55-gallon drums 
Boneyard of scrap, disused equipment, similar 
Hazardous waste: containers exposed to precipitation 
Fixed outdoor equipment: small or 2 large items 
Outdoor vehicles, e.g., forklifts: > 5 or heavy, outdoors every day, used in precipitation 
Uncovered shipping/receiving area: 3 docks 
Plant yard, rail lines, access roads: 5,000 ft2 

Manufacturing activities, e.g., cutting, painting, coating materials: exposed to precipitation 
SOURCE: Duke (2007). 
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BOX 6-7 
Los Angeles County Critical Facilities Monitoring Data 

One of the few sources of data on industrial stormwater discharges comes from the County of 
Los Angeles.  A stepwise process was used to identify the highest-risk industrial/commercial facilities, 
which were then monitored to measure the quality of their stormwater discharges and to evaluate the 
effectiveness of SCMs.  The initial list of candidate facilities was identified from their relative numbers and 
the extent of their outdoor activities.  This list was then refined using an empirical equation for pollutant 
potential P: 

P = Q x R x T x E x N 
where 

Loading (Q) is the number of sources at a site and the likelihood of release; 
Imperviousness (R) of a site is the percent of paved area; 
Pollutant toxicity (T) denotes the number of toxic pollutants and the inherent toxicity of the mix; 
An exposure factor (E) signifies if activities are exposed to rainfall; and  
The Number (N) represents the total number of sites in the county. 

Each variable was assigned a qualitative number from 1 to 10, with 10 representing the worst condition.  
Based on this equation, five top “critical source” industries were determined: (1) automobile 

dismantlers; (2) automobile repair; (3) metal fabrication; (4) motor freight; and (5) automobile dealers.  Six 
facilities from each of these categories were monitored during five storms a year for two years.  The 
stormwater discharge samples were analyzed for general conventional pollutants, heavy metals, bacteria, 
and semi-volatile organic compounds.  Half of the facilities were then fitted with SCMs, which were 
monitored to evaluate their effectiveness. 

The highest median values were observed for total zinc (approx. 450 �g/L), dissolved zinc 
(approx. 360 �g/L), total copper (approx. 240 �g/L), and dissolved copper (approx. 110 �g/L) in 
stormwater discharges from fabricated metal sites.  However, levels for total and dissolved zinc did not 
appear to be significantly different among the industry types.  SCMs in the form of good housekeeping 
and spill containment measures were installed at half of the sites.  For total and dissolved zinc, the 
median concentration lowered or stayed nearly the same with the implementation of SCMs at the auto 
dismantling, auto repair, and fabricated metals industries (i.e., in none of the circumstances was the 
difference significant).  For total and dissolved copper, however, where the fabricated metal industry had 
displayed the highest median concentrations, levels were significantly reduced with the implementation of 
SCMs. The auto dismantling and auto repair businesses showed no significant differences in copper 
after the implementation of SCMs. 

SOURCE: Los Angeles County (2001). 

In the past, it has been proposed to EPA that it fund a project that would systematically 
collect the benchmark monitoring data across the nation, as has been done for MS4s, but these 
suggestions have been rejected. To get better data from specific industrial sectors, it is 
recommended that a small subset of industrial users and sectors be selected for composite 
sampling in a program directed by the MS4.  Alternatively, making a trained team responsible 
for monitoring of small-business industrial dischargers would reduce, if not eliminate, current 
problems with quality assurance. 

Monitoring of industrial stormwater discharges could be streamlined by considering the 
adoption of a Reasonable Potential Analysis (RPA), which is already part of the existing practice 
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in developing limits for NPDES wastewater permits (EPA, 1991).  The RPA is a procedure that 
uses statistical distribution assumptions in association with a limited number of wastewater 
discharge quality measurements to determine the likelihood that a receiving water quality 
standard would be violated, which assists the permitting authority in determining what permit 
limitations should be set to protect receiving water quality.  The effluent data from any treatment 
system may be described using standard descriptive statistics such as the mean concentration and 
the coefficient of variation. Using a statistical distribution such as the lognormal, an entire 
distribution of values can be projected from limited data; limits on pollutant concentrations in 
discharge can then be set at a specified probability of occurrence so that the receiving water is 
protected. An RPA for stormwater pollutants may be particularly relevant in developing 
performance criteria for SCMs for facilities discharging stormwater within the integrated 
framework of MS4 permitting.  Also, MS4 permittees could use the method to reduce the 
number of pollutants that high-risk industries would be required to monitor in order to 
demonstrate to the municipality that they are not the source of pollutants in MS4 discharges that 
are impairing surface waters.   

Construction Program 

The recommendations for stormwater discharges associated with construction activity are 
very similar to those offered for stormwater discharges associated with industrial activity.  The 
integration with the MS4 program is less of a challenge because municipalities have always had 
primacy on land development planning and construction activity.  Most municipalities have had 
requirements for soil erosion and sediment control plans on construction sites that precede the 
federal stormwater regulations.  EPA regulations already allow permitting authorities to approve 
Phase I and Phase II MS4 permittee oversight of CGP construction sites under the qualifying 
local program provision (40 C.F.R. 122.44(s)) (Grumbles, 2006).  The weakness in the 
implementation of this provision currently is the absence of rigorous SCM performance criteria 
guidelines for MS4s permittees to meet in order to be deemed as qualifying. 

The construction stormwater general permit program requires the development and 
implementation of an SWPPP.  The SWPPP, which must be prepared before construction begins, 
focuses on two major requirements: (1) describing the site adequately and identifying the sources 
of pollution to stormwater discharges associated with construction activity on site and (2) 
identifying and implementing appropriate measures to reduce pollutants in stormwater 
discharges to ensure compliance with the terms and conditions of this permit.  The SWPPP must 
describe the sequence of major stormwater control activities and the kinds of SCMs that will be 
in place, and it must identify interim and permanent stabilization practices, including a schedule 
of their implementation.  There is an expectation that the construction site operator will use good 
site planning, preserve mature vegetation, and properly stage major earth-disturbing activities to 
avoid sediment loss and prevent erosion.  Post-construction stormwater controls need to be 
considered, but are not required. Construction site operators are required to visually inspect the 
construction site weekly and perform a walk through before predicted storm events.  No annual 
reports are required, but records must be kept for a period of three years after permit coverage 
has been terminated.  There are no SCM performance criteria, other than a suggestion that most 
SCMs should be able to achieve 80 percent TSS removal.  As with industry, it is difficult to 
gauge compliance with the CGP except when inadequate SCMs result in a massive discharge of 
sediment from a construction site. 
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The pollutant parameters that are of concern in stormwater discharges from construction 
activity are TSS, settleable solids, turbidity, and nutrients from erosion; pH from concrete and 
stucco; and a wide range of metallic and organic pollutants from construction materials, 
processes, wastes, and vehicles and other motorized equipment.  The permitting authority, in 
addition to guidelines for the water quality design storm, must establish SCM performance 
criteria for stormwater discharges associated with construction activity.  The construction site 
operator should be given the option of implementing SCMs that are the presumptive technology, 
or equivalent SCMs that can achieve the performance criteria.  For example, the recommended 
SCMs in Box 5-3 could serve as the presumptive construction SCMs on a typical construction 
site that is less than 50 acres in size.  If the operator elects to go with a suite of alternative SCMs, 
then adequate monitoring must be performed to demonstrate that the alternative SCMs are in fact 
achieving the performance criteria.  In addition, the CGP presently does not mandate or require 
that post-construction SCMs be integrated with the MS4 permittee requirements under its New 
Development/Redevelopment Program requirements.  The proper planning for and 
implementation of SCMs that will help mitigate stormwater pollution from planned future use of 
the site will be critical to protecting water quality.  Thus the post-construction requirements of 
the CGP should be strengthened and better integrated with the new development/redevelopment 
requirements of the MS4 permits. 

Municipal Program 

Several key enhancements to the MS4 permitting program are needed to ensure that 
resources are targeted to achieve the greatest on-the-ground implementation of SCMs to make 
incremental progress in meeting water quality standards.  Six specific issues are discussed below; 
their implementation will require greater collaboration and flexibility among regulators and 
permitted parties.  These recommendations are suggested for communities that are not ready for 
the integrated watershed approach proposed in the prior section, and represent a bridge toward 
building internal capacity to implement them. 

Numeric Expression of “Maximum Extent Practicable” 

The ambiguity of the term “maximum extent practicable” (MEP) has been a major 
impediment to achieving meaningful water quality results in the MS4 program.  The EPA should 
develop numerical expressions of MEP in the next round of permit renewals that can be 
measured and tracked.  A national numeric benchmark should be avoided; states should focus on 
regional benchmarks that are tied to their water quality problems.  Four examples of methods to 
define MEP in a numeric manner are provided below: the first three are applied at a regional or 
state level, whereas the last (impervious cover-based TMDLs) offers more flexibility to be 
applied at individual sites. 

Establish Municipal Action Levels. This approach relies on the use of a national 
database of stormwater runoff quality to establish reasonable expectations for outfall monitoring 
in highly developed watersheds.  The NSQD (Pitt et al., 2004) allows users to statistically 
establish action levels based on regional or national event mean concentrations developed for 
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pollutants of concern.  The action level would be set to define unacceptable levels of stormwater 
quality (e.g., two standard deviations from the median statistic, for simplicity).  Municipalities 
would then routinely monitor runoff quality from major outfalls.  Where an MS4 outfall to 
surface waters consistently exceeds the action level, municipalities would need to demonstrate 
that they have been implementing the stormwater program measures to reduce the discharge of 
pollutants to the maximum extent practicable.  The MS4 permittees can demonstrate the rigor of 
their efforts by documenting the level of implementation through measures of program 
effectiveness, failure of which will lead to an inference of noncompliance and potential 
enforcement by the permitting authority. 

Site-Based Runoff and/or Pollutant Load Limits. This approach is primarily used for 
watersheds that are experiencing rapid development; it establishes numeric targets or 
performance standards for pollutant or runoff reduction that must be met on individual 
development sites.  The numeric targets may involve specific pollutant load limits or runoff 
reduction volumes.  For example, Virginia DCR (2007) and Hirschman et al. (2008) established 
a statewide computational method to ensure that SCMs are sized, designed, and sequenced to 
comply with specific nutrient-based load and runoff reduction limits.  The nutrient load limits of 
0.28 lb/acre/yr for total phosphorus and 2.68 lb/acre/yr for total nitrogen were computed using 
the Chesapeake Bay Model for Virginia tributaries to the bay.  The design process also requires 
the computation of runoff reduction volumes achieved to promote the use of nonstructural 
SCMs. The basic concept is that new development on non-urban land must not exceed the 
average annual nutrient load and runoff volume for non-urban land using effective SCMs in the 
watershed. This blended site-based runoff and load limit approach has been advocated by the 
Office of Inspector General (2007) and Schueler (2008a) and is under active consideration by 
several other Chesapeake Bay states. 

Wenger et al. (2008) reports on a no-net-hydrologic-increase strategy to protect 
endangered fish species in the northern Georgia Piedmont that sets specific on-site runoff 
reduction requirements for a range of land uses and design storm events.  A similar approach has 
been incorporated into the recently enacted Energy Independence and Security Act of 2007 that 
contains provisions that require that the “sponsor of any development or redevelopment project 
involving a Federal facility with a footprint that exceeds 5,000 square feet shall use site planning, 
design, construction, and maintenance strategies for the property to maintain or restore, to the 
maximum extent technically feasible, the predevelopment hydrology of the property with regard 
to the temperature, rate, volume, and duration of flow.” 

The challenge of defining MEP as a runoff reduction or pollutant load limit is that 
considerable scientific and engineering analysis is needed to establish the performance standards, 
evaluate SCM capability to meet them, and devise a workable computational approach that links 
them together at both the site and watershed levels.  In addition, care must be taken to define an 
appropriate baseline to represent predevelopment conditions that does not unduly penalize 
redevelopment projects or make it impossible to comply with limits at new development sites 
after maximum effort to apply multiple SCMs is made. 

Turbidity Limits for Construction Sites.  Numeric enforcement criteria can be used to 
define what constitutes an egregious water quality violation at construction sites and provide a 
technical criterion to measure the effectiveness of erosion and sediment control practices.  
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Currently, most states and localities do not specify either numeric enforcement criteria or a 
monitoring requirement within their CGP (see the survey data contained in Appendix C).  

A maximum turbidity limit would establish definitive criteria as to what constitutes a 
direct sediment control violation and trigger an assessment for remediation and prevention 
actions. For example, local erosion and sediment control ordinances could establish a numeric 
turbidity limit of 75 Nephelometric Turbidity Units (NTU) as an instantaneous maximum for 
rainfall events less than an inch (or a 25 NTU monthly average) and would prohibit visible 
sediment in water discharged from upland construction sites.  While the exact turbidity limit 
would need to be derived on a regional basis to reflect geology, soils, and receiving water 
sensitivity, research conducted in the Puget Sound of Washington indicates that turbidity limits 
in the 25 to 75 NTU can be consistently achieved at most highway construction sites using 
current erosion and sediment control technology that is properly maintained (Horner et al., 
1990). If turbidity limits are exceeded, a detailed assessment of site conditions and follow-up 
remediation actions would be required.  If turbidity limits continue to be exceeded, penalties and 
enforcement actions would be imposed.  Enforcement of turbidity limits could be performed 
either by state, local, or third party erosion and sediment control inspectors, or—under 
appropriate protocols, training, and documentation—by citizens or watershed groups. 

Impervious Cover Limits and IC-based TMDLs.  MS4s that discharge into TMDL 
watersheds also require more quantitative expression of how MEP will be defined to reduce 
pollutant loads to meet water quality standards.  Maine, Vermont, and Connecticut have recently 
issued TMDLs that are based on impervious cover rather than individual pollutants of concern 
(Bellucci, 2007). In such a TMDL, impervious cover is used as a surrogate for increased runoff 
and pollutant loads as a way to simplify the urban TMDL implementation process.  Impervious 
cover-based TMDLs have been issued for small subwatersheds that have biological stream 
impairments associated with stormwater runoff but no specific pollutant listed as causing the 
impairment (in most cases, these subwatersheds are classified as impacted according to the 
Impervious Cover Model [ICM]—see Box 3-10).  A specific subwatershed threshold is set for 
effective impervious cover, which means impervious cover reductions are required through 
removal of impervious cover, greater stormwater treatment for new development, offsets through 
stormwater retrofits, or other means. 

Traditional pollutant-based TMDLs would continue to be appropriate for “non-
supporting” and “urban drainage” subwatersheds, although they could be modified to focus 
compliance monitoring on priority urban source areas or subwatersheds that produce the greatest 
pollutant loads. Although EPA (2002) indicates that this analysis does not extend to 
demonstrating that changes will occur in receiving waters, it does outline a rigorous process for 
evaluating pollutant discharges and SCM performance.  More recent EPA guidance (2007c) 
recommends that MS4s conduct a four-step analysis, which is distilled to its essence below: 

Step 1: Estimate loads for pollutant of concern for the watershed. 
Step 2: Provide a specific list of SCMs that will be applied in the listed watershed. 
Step 3: Estimate the pollutant removal capability of the individual SCMs applied. 
Step 4: Compute aggregate watershed pollutant reduction achieved by the MS4. 

Although this is not a particularly new interpretation of addressing stormwater loads in 
watersheds listed as impaired and/or having written TMDLs, it is exceptionally uncommon for 
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individual MS4s to document the link between their stormwater discharges and water quality 
standard exceedances, as modified by the system of SCMs that they used to reduce these 
pollutants. As of 2007, EPA could only document 17 TMDLs that addressed stormwater 
discharges using this sequential analysis. EPA and states need to provide more specific guidance 
for MS4s to comply with TMDLs in their permit applications and annual reports. 

Focus MS4 Permit Implementation at the Subwatershed Level 

Chapter 5 noted the importance of the watershed context for making better local 
stormwater decisions.  This context can be formally incorporated into local MS4 permits by 
focusing implementation on a subwatershed basis, using the ICM, as described in Box 3-10 and 
outlined in Table 6-1.  When urban streams are classified by the ICM, this basic subwatershed 
planning process can be used to establish realistic water quality and biodiversity goals for 
individual classes of subwatersheds, as shown in Table 6-2.  As can be seen, goals for water and 
habitat quality become less stringent as impervious cover increases within the subwatershed.  
This subwatershed approach provides stormwater managers with more specific, measurable, and 
attainable implementation strategies than the one-size-fits-all approach that is still enshrined in 
current wet-weather management regulations.  

TABLE 6-1 Components of Subwatershed-Based Stormwater Management 

1.	 Define interim water quality and stormwater goals (i.e., pollutants of concern, biodiversity targets) and 
the primary stormwater source areas and hotspots that cause them. 

2.	 Delineate subwatersheds within community boundaries. 

3.	 Measure current and future impervious cover within individual subwatersheds. 

4.	 Establish the initial subwatershed management classification using the ICM. 

5.	 Undertake field monitoring to confirm or modify individual subwatershed classifications. 

6.	 Develop specific stormwater strategies within each subwatershed classification that will guide or shape 
how individual practices and SCMs are generally assembled at each individual site. 

7.	 Undertakes restoration investigations to verify restoration potential in priority subwatersheds. 

8.	 Agree on the specific implementation measures that will be completed within the permit cycle.  Evaluate 
the extent to which each of the six minimum management practices can be applied in each subwatershed 
to meet municipal objectives. 

9.	 Agree on the maintenance model that will be used to operate or maintain the stormwater infrastructure, 
assign legal and financial responsibilities to the owners of each element of the system, and develop a 
tracking and enforcement system to ensure compliance. 

10. Define the trading or offset system that will be used to achieve objectives elsewhere in the local 
watershed objectives in the event that full compliance cannot be achieved due to physical constraints 
(e.g., indexed fee-in-lieu to finance municipal retrofits). 

11. Establish sentinel monitoring stations in subwatersheds to measure progress towards goals. 

12. Revise subwatershed management plans in the subsequent NPDES permitting cycle based on monitoring 
data. 
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TABLE 6-2 Expectations for Different Urban Subwatershed Classes 

Lightly Impacted 
Subwatersheds 
(1 to 5% IC) 

• Consistently attain scores for specific indicators for hydrology, biodiversity, 
and geomorphology that are comparable to streams whose entire 
subwatersheds are fully protected in a natural state (e.g., national parks).  
Should provide for healthy reproduction of trout, salmon, or other keystone 
fish species. 

Moderately 
Impacted 
Subwatersheds 
(6 to 10% IC) 

• Consistently attain scores for specific stream indicators that are comparable to 
the highest 10 percent of streams in a population of rural watersheds in order 
to maintain or restore ecological structure, function, and diversity of the 
streams. The “good to excellent” indicator scores for this category of 
subwatersheds will be the benchmark against which the relative quality of 
more developed subwatersheds will be measured. 

Heavily Impacted 
Subwatersheds 
(11 to 25% IC) 

• Consistently attain good stream quality indicator scores to ensure enough 
stream function to adequately protect downstream receiving waters from 
degradation. 

• Function is defined in terms of flood storage, in-stream nutrient processing, 
biological corridors, stable stream channels, and other factors. 

Non-Supporting 
Subwatersheds 
(26 to 60% IC) 

• Consistently attain “fair to good” stream quality indicator scores. 
• Meet bacteria standards during dry weather and trash limits during wet 

weather. 
• Maintain existing stream corridor to allow for safe passage of fish and 

floodwaters. 

Urban Drainage 
Subwatersheds 
(61 to 100% IC) 

• Maintain “good” water quality conditions in downstream receiving waters. 
• Consistently attain “fair” water quality scores during wet weather and “good” 

water scores during dry weather. 
• Provide clean “plumbing” in upland land uses such that discharges of sewage 

and toxics do not occur. 
Note: the objectives presume some portion of the subwatershed has already been developed, thereby 
limiting attainment of objectives. If a subwatershed is not yet developed, managers should shift 
expectations up one category (e.g., urban drainage should behave like non-supporting).  Also, the 
specific ranges of IC that define each management category should always be derived from local or 
regional monitoring data.  Note that the ranges in IC shown to define a subwatershed management 
category are illustrative and will vary regionally. 

Some examples of how to customize stormwater strategies for different subwatersheds 
are described in Table 6-3.  This approach enables MS4s to utilize the full range of watershed 
planning, engineering, economic, and regulatory tools that can manage the intensity, location, 
and impact of impervious cover on receiving waters.  In addition, the application of multiple 
tools in a given subwatershed class helps provide the maximum level of protection or restoration 
for an individual subwatershed when impervious cover is forecast to increase due to future 
growth and development.  The conceptual management approach shown in Table 6-3 is meant to 
show how urban stream classification can be used to guide stormwater decisions on a 
subwatershed basis. The first column of the table lists some key stormwater management issues 
that lend themselves to a subwatershed approach and are explained in greater detail below. 

PREPUBLICATION 
  

RB-AR13577



   
 

 
 

         
   

 

 

 

  
 

 

  

 
 

 

 

  

 

  

448 Urban Stormwater Management in the United States 

TABLE 6-3 Examples of Customizing Stormwater Strategies on a Subwatershed Basis 

Stormwater 
Management 

Issue 

Lightly 
Impacted 

Subwatershed 
(1 to 5% IC) 

Moderately 
Impacted 

Subwatershed 
(6 to 10% IC) 

Impacted 
(IC 11 to 

25%) 

Non-
Supporting 

(IC 26 to 
60%) 

Urban Drainage 
(61% + IC) 

Linkage with Utilize extensive Implement site- Reduce the IC Encourage redevelopment, 
Local Land- land based or created for development intensification and 
Use Planning conservation watershed-based each zoning mass transit to decrease per-capita 
and Zoning and acquisition 

to preserve 
natural land 
cover 

IC caps and 
maximize 
conservation of 
natural areas 

category by 
changing local 
codes and 
ordinances 

IC utilization in the urban 
landscape. Develop watershed 
restoration plans to maintain or 
enhance existing aquatic resources. 

Site-based Allow no net Treat runoff from two-year design Treat runoff from the one-year 
Stormwater increase in storm, using SCMs to achieve design storm, using SCMs to 
Reduction and runoff volume, 100% runoff reduction achieve at least 75% runoff 
Treatment velocity and reduction 
Limits duration up to 

the five-year 
design storm 

Site-Based IC 
Fees 

None Establish Excess IC fee for 
projects that exceed IC for zoning 
category 

Allow IC mitigation fee 

Subwatershed 
Trading 

Receiving Area 
for Conservation 
Easements 

Receiving Area for Restoration 
Projects and/or Retrofit 

Receiving or 
Sending Area 
for Retrofit 

Sending Area for 
Restoration 
Projects 

Stormwater Measure in-stream metrics of biotic Track Check outfalls Check stormwater 
Monitoring integrity subwatershed and measure quality against 
Approach IC and 

measure SCM 
performance 

SCM 
performance 

municipal actions 
levels at outfalls 

TMDL Protect using Use IC-based TMDLs that use Use pollutant Use pollutant 
Approach antidegradation 

provisions of the 
CWA 

flow or IC as a surrogate for 
traditional pollutants 

TMDLs to 
identify 
problem 
subwatersheds 

TMDLs to 
identify priority 
source areas 

Dry Weather Perform in- Check for Screen outfalls Perform dry Perform dry 
Water Quality stream grab 

sampling of 
water quality at 
sentinel stations 

failing septic 
systems 

for illicit 
discharges 

weather 
sampling in 
streams and 
outfall 
screening 

weather sampling 
in receiving waters 

Addressing Protect or conserve natural areas, Perform Perform Use pollution 
Existing enhance riparian cover, assess road stream repairs, storage source controls 
Development crossings, and ensure farm, forest, 

and pasture best practices are used  
riparian 
reforestation, 
and residential 
stewardship 

retrofits and 
stream repairs 

and municipal 
housekeeping 
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Linkage with Local Land-Use Planning and Zoning.  Given the critical relation 
between land use and the generation of stormwater, communities should ensure that their 
planning tools (e.g., comprehensive plans, zoning, and watershed planning) are appropriately 
aligned with the intended management classification for each subwatershed.  For example, it is 
reasonable to encourage redevelopment, infill, and other forms of development intensification 
within non-supporting or urban drainage subwatersheds, whereas down-zoning, site-based IC 
caps, and other density-limiting planning measures are best applied to sensitive subwatersheds. 

Stormwater Treatment and Runoff Reduction MEP.  Subwatershed classification 
allows managers to define achievable numerical benchmarks to define treatment in terms of the 
maximum extent practicable.  Thus, a greater level of treatment is required for less-developed 
subwatersheds and a reduced level of treatment is applied for more intensely developed 
subwatersheds. This is most frequently expressed in terms of a rainfall depth associated with a 
given design storm.  Designers are required to treat and/or reduce runoff for all storm events up 
to the designated storm event.  This flexibility recognizes the greater difficulty and cost involved 
in providing the same level of treatment in an intensely developed subwatershed, as well as the 
fact that less treatment is needed to maintain stream condition in a highly urban subwatershed.   

The other key element of defining MEP is to specify how much of the treatment volume 
must be achieved through runoff reduction.  The runoff reduction volume has emerged as the 
primary performance benchmark to maintain predevelopment runoff conditions at a site after it is 
developed. In its simplest terms, this means achieving the same predevelopment runoff 
coefficient for each storm up to a defined storm event through a combination of canopy 
interception, soil infiltration, evaporation, rainfall harvesting, engineered infiltration, extended 
filtration, or evapotranspiration (Schueler, 2008b).  Once again, the physical feasibility and need 
to provide treatment through runoff reduction becomes progressively harder as subwatershed 
impervious cover increases. 

Site-Based IC Fees. Several economic strategies can be used to promote equity and 
efficiency when it comes to managing stormwater in different kinds of subwatersheds.  In lower-
density subwatersheds, an excess impervious cover fee can be charged to individual sites that 
exceed a maximum threshold for impervious cover for their zoning category.  Similarly, an 
impervious cover mitigation fee can be levied at individual development sites in more intensely 
developed subwatersheds when on-site compliance is not possible or it is more cost-effective to 
provide an equivalent amount of treatment elsewhere in the watershed.  The type of fee and the 
frequency that is used is expected to be closely related to the subwatershed classification. 

Subwatershed Trading. The degree of impervious cover in a subwatershed also has a 
strong influence on the feasibility, cost, and appropriateness of restoration projects.  
Consequently, any revenues collected from various site IC fees can be traded among 
subwatersheds to arrive at the least-cost, effective solutions.  In general, the most intensely 
developed subwatersheds are sending areas and the more lightly developed subwatersheds are 
used as receiving areas for such projects. 

Stormwater Monitoring Approach. Subwatershed classification can also be used to 
define the type and objectives for stormwater monitoring to track compliance over time.  For 
example, in sensitive subwatersheds, it may be advisable to routinely measure in-stream metrics 
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450 Urban Stormwater Management in the United States 

of biological integrity to ensure stream quality is being maintained or enhanced.  As impervious 
cover increases, stormwater managers may want to shift toward tracking of subwatershed 
impervious cover and actual performance monitoring of select SCMs to establish their 
effectiveness (e.g., impacted subwatersheds).  At even higher levels of impervious cover, streams 
are transformed into urban drainage, and monitoring becomes more focused on identifying 
individual stormwater outfalls with the worst quality during storm conditions. 

TMDL Approach.  Subwatershed classification may also serve as a useful tool to decide 
how to apply TMDLs to impaired waters, or how to ensure that healthy waters are not degraded 
by future land development. For example, most lightly developed subwatersheds will seldom be 
subject to a TMDL, or if so, urban stormwater is often only a minor component in the final waste 
load allocation. Antidegradation provisions of the CWA are often the best means to protect the 
quality of these healthy waters before they are degraded by future land development.  By 
contrast, impaired watersheds appear to be the best candidates to apply impervious cover-based 
TMDLs, as described earlier in this section.  As subwatershed impervious cover increases, more 
traditional pollutant-based TMDLs are warranted, with a focus on problem subwatersheds for 
non-supporting streams and priority source areas for urban drainage. 

Dry Weather Water Quality.  The type, severity, and sources of illicit discharges often 
differ among different subwatershed classifications, which can have a strong influence on the 
kind of dry weather detective work needed to isolate them.  For example, in lightly developed 
subwatersheds, failing septic systems are often the most illicit discharges, which prompts 
assessments at the lot or ditch level.  The storm-drain network and potential discharge source 
areas becomes progressively more complex as subwatershed impervious cover increases.  
Consequently, illicit-discharge assessments shift toward outfall screening, catchment analysis, 
and individual source analysis. 

Addressing Existing Development. The need for, type of, and feasibility for restoration 
efforts shift as subwatershed impervious cover increases.  In general, lightly developed 
watersheds have the greatest land area available for retrofits and restoration projects in the 
stream corridor.  Consequently, unique restoration strategies are developed for different 
subwatershed classifications (Schueler, 2004). 

Require More Quantitative Evaluation of MS4 Programs 

The next round of permit renewals should contain explicit conditions to define and 
measure outcomes from the six minimum management measures that constitute a Phase II MS4 
program.  Measurable program evaluation is critical to develop, implement, and adapt effective 
local stormwater programs, and has been consistently requested in permits and application 
guidance. To date, however, only a small fraction of MS4 communities have provided 
measurable outcomes with regard to aggregate pollutant reduction achieved by their municipal 
stormwater programs.   

CASQA (2007) defines a six-level pyramid to assess program effectiveness, beginning 
with documenting activities, raising awareness, changing behaviors, reducing loads from 
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sources, improving runoff quality, and ultimately leading to protection of receiving water quality 
(see Figure 6-1). 

AAsssseessssmmeenntt OOuuttccoommee LLeevveellss 

LLeevveell 11 –– DDooccuummeennttiinngg SSttoorrmmwwaatteerr PPrrooggrraamm AAccttiivviittiieess 

LLeevveell 22 –– RRaaiissiinngg AAwwaarreenneessss 

LLeevveell 33 –– CChhaannggiinngg BBeehhaavviioorr 

LLeevveell 44 –– RReedduucciinngg LLooaaddss ffrroomm SSoouurrcceess 

LLeevveell 55 –– IImmpprroovviinngg RRuunnooffff QQuuaalliittyy 

LLeevveell 66 –– 
PPrrootteeccttiinngg

RReecceeiivviinngg WWaatteerr 
QQuuaalliittyy 

Increasing 
Difficulty 

FIGURE 6-1 Pyramid of Assessment Outcome Levels for an MS4. SOURCE: CASQA (2007). 

At the current time, most MS4s are struggling simply to organize or document their 
program activities (i.e., the first level), and few have moved up the pyramid to provide a 
quantitative link between program activities and water quality improvements. The framework 
and methods to evaluate program effectiveness for each of the six minimum management 
measures has been outlined by CASQA (2007). Regulators are encouraged to work with 
permitted municipalities to define increasingly more specific quantitative measures of program 
performance in each succeeding permit cycle. 

Shift Monitoring Requirements to Measure the Performance of Stormwater Control Measures 

The lack of monitoring requirements in the Phase II stormwater program makes it 
virtually impossible to measure or track actual pollutant load or runoff volume reductions 
achieved. While the existing Phase I outfall monitoring requirements have improved our 
understanding of urban stormwater runoff quality, they are also insufficient to link program 
effort to receiving water quality. It is recommended that both Phase I and II MS4s shift to a 
more collaborative monitoring effort to link management efforts to receiving water quality, as 
described below: 

•	 If a review of past Phase 1 MS4s stormwater outfall monitoring indicates no violations of 
the Municipal Action Limits, then their current outfall monitoring efforts can be replaced 
by pooled annual financial contributions to a regional stormwater monitoring 
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452 Urban Stormwater Management in the United States 

collaborative or authority to conduct basic research on the performance and longevity of  
range of SCMs employed in the community. 

•	 If some subwatersheds exceed Municipal Action Levels, outfall monitoring should be 
continued at these locations, as well as additional source area sampling in the problem 
subwatershed to define the sources of the stormwater pollutant of concern.  

•	 Phase II MS4s should be encouraged to make incremental financial contributions to a 
state or regional stormwater monitoring research collaborative to conduct basic research 
on SCM performance and longevity.  Although the committee knows of no examples 
where this has been accomplished, this pooling of financial resources by multiple MS4s 
should produce more useful scientific data to support municipal programs than could be 
produced by individual MS4s alone.  Phase II communities that do not participate in the 
research collaborative would be required to perform their own outfall and/or SCM 
performance monitoring, at the discretion of the state or federal permitting authority.   

•	 All MS4s should be required to indicate in their annual reports and permit renewal 
applications how they incorporated research findings into their existing stormwater 
programs, ordinances, and design manuals. 

CONCLUSIONS AND RECOMMENDATIONS 

The watershed-based permitting program outlined in the first part of this chapter is 
ultimately essential if the nation is to be successful in arresting aquatic resource depletion 
stemming from sources dispersed across the landscape.  Smaller-scale changes to the EPA 
stormwater program are also possible.  These include integration of industrial and construction 
permittees into municipal permits (“integration”), as well as a number of individual changes to 
the current industrial, construction, and municipal programs. 

Improvements to the stormwater permitting program can be made in a tiered manner.  
Thus, individual recommendations specific to advancing one part of the municipal, industrial, or 
construction stormwater programs could be implemented immediately and with limited 
additional funds. “Integration” will need additional funding to provide incentives and to 
establish partnerships between municipal permittees and their associated industries.  Finally, the 
watershed-based permitting approach will likely take up to ten years to implement.  The 
following conclusions and recommendations about these options are made: 

The greatest improvement to the EPA’s Stormwater Program would be to convert 
the current piecemeal system into a watershed-based permitting system.  The proposed 
system would encompass coordinated regulation and management of all discharges (wastewater, 
stormwater, and other diffuse sources), existing and anticipated from future growth, having the 
potential to modify the hydrology and water quality of the watershed’s receiving waters.   

The committee proposes centralizing responsibility and authority for implementation of 
watershed-based permits with a municipal lead permittee working in partnership with other 
municipalities in the watershed as co-permittees, with enhanced authority and funding 
commensurate with increased responsibility.  Permitting authorities would adopt a minimum 
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goal in every watershed to avoid any further loss or degradation of designated beneficial uses in 
the watershed’s component waterbodies and additional goals in some cases aimed at recovering 
lost beneficial uses.  The framework envisions the permitting authorities and municipal co-
permittees working cooperatively to define careful, complete, and clear specific objectives aimed 
at meeting goals. 

Permittees, with support from the permitting authority, would then move to 
comprehensive scientific and technically based watershed analysis as a foundation for targeting 
solutions. The most effective solutions are expected to lie in isolating, to the extent possible, 
receiving waterbodies from exposure to those impact sources.  In particular, low-impact design 
methods, termed Aquatic Resources Conservation Design in this report, should be employed to 
the full extent feasible and backed by conventional SCMs when necessary.  This report also 
outlines a monitoring program structured to assess progress toward meeting objectives and the 
overlying goals, diagnosing reasons for any lack of progress, and determining compliance by 
dischargers. The new concept further includes market-based trading of credits among 
dischargers to achieve overall compliance in the most efficient manner and adaptive management 
to program additional actions if monitoring demonstrates failure to achieve objectives. 

Integration of the three permitting types, such that construction and industrial sites 
come under the jurisdiction of their associated municipalities, would greatly improve many 
deficient aspects of the stormwater program.  Federal and state NPDES permitting authorities 
do not presently have, and can never reasonably expect to have, sufficient personnel to inspect 
and enforce stormwater regulations on more than 100,000 discrete point source facilities 
discharging stormwater.  A better structure would be one where the NPDES permitting authority 
empowers the MS4 permittees to act as the first tier of entities exercising control on stormwater 
discharges to the MS4 to protect water quality.  The National Pretreatment Program, EPA’s 
successful treatment program for municipal and industrial wastewater sources, could serve as a 
model for integration. 

Short of adopting watershed-based permitting or integration, a variety of other smaller-
scale changes to the EPA stormwater program could be made now, as outlined below. 

EPA should issue guidance for MS4, MSGP, and CGP permittees on what 
constitutes a design storm for water quality purposes.  Precipitation events occur across a 
spectrum from small, more frequent storms to larger and more extreme storms, with the latter 
being a more typical focus of guidance manuals to date.  Permittees need guidance from regional 
EPA offices on what water quality considerations to design SCMs for beyond issues such as 
safety of human life and property.  In creating the guidance there should be a good faith effort to 
integrate water quality requirements with existing stormwater quantity requirements. 

EPA should issue guidance for MS4 permittees on methods to identify high-risk 
industrial facilities for program prioritization such as inspections.  Two visual methods for 
establishing rankings that have been field tested are provided in the chapter.  Some of these high-
risk industrial facilities and construction sites may be better covered by individual NPDES 
stormwater permits rather than the MSGP or the CGP, and if so would fall directly under the 
permitting authority and not be part of MS4 integration. 
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EPA should support the compilation and collection of quality industrial stormwater 
effluent data and SCM effluent quality data in a national database.  This database can then 
serve as a source for the agency to develop technology-based effluent guidelines for stormwater 
discharges from industrial sectors and high-risk facilities. 

EPA should develop numerical expressions to represent the MS4 standard of 
Maximum Extent Practicable.  This could involve establishing municipal action levels based 
on expected outfall pollutant concentrations from the National Stormwater Quality Database, 
developing site-based runoff and pollutant load limits, and setting turbidity limits for 
construction sites. Such numerical expressions would create improved accountability, bring 
about consistency, and result in implementation actions that will lead to measurable reductions in 
stormwater pollutants in MS4 discharges.   

Communities should use an urban stream classification system, such as a regionally 
adapted version of the Impervious Cover Model, to establish realistic water quality and 
biodiversity goals for individual classes of subwatersheds.  The goals for water and habitat 
quality should become less stringent as impervious cover increases within the subwatershed.  
This should not become an excuse to work less diligently to improve the most degraded 
waterways—only to recognize that equivalent, or even greater, efforts to improve water quality 
conditions will achieve progressively less ambitious results in more highly urbanized watersheds.  
This approach would provide stormwater managers with more specific, measurable, and 
attainable implementation strategies than the one-size-fits-all approach that is promoted in 
current wet weather management regulations. 

Better monitoring of MS4s to determine outcomes is needed.  Only a small fraction of 
MS4 communities have provided measurable outcomes with regard to aggregate flow and 
pollutant reduction achieved by their municipal stormwater programs.  A framework and 
methods to evaluate program effectiveness for each of the six minimum management measures 
have been outlined by CASQA (2007) and should be adopted.  In addition, the lack of 
monitoring requirements in the Phase II stormwater program makes it virtually impossible to 
measure or track actual pollutant load or runoff volume reductions achieved.  It is recommended 
that both Phase I and II MS4s shift to a more collaborative monitoring paradigm to link 
management efforts to receiving water quality. 

*** 

Watershed-based permitting will require additional resources and regulatory 
program support.  Such an approach shifts more attention to ambient outcomes as well as 
expanded permitting coverage.  Additional resources for program implementation could come 
from shifting existing programmatic resources.  For example, some state permitting resources 
may be shifted away from existing point source programs toward stormwater permitting.  
Strategic planning and prioritization could shift the distribution of federal and state grant and 
loan programs to encourage and support more watershed-based stormwater permitting programs.  
However, securing new levels of public funds will likely be required.  All levels of government 
must recognize that additional resources may be required from citizens and businesses (in the 
form of taxes, fees, etc.) in order to operate a more comprehensive and effective stormwater 
permitting program. 
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Appendix A 
Acronyms 

BAC 	 best attainable conditions 
BAT 	 best available technology 
BCG 	 Biological Condition Gradient 
BCT 	 best control technology 
BOD 	 biological oxygen demand 
CAFO 	 concentrated animal feeding operation 
CBWM	 Chesapeake Bay Watershed Model 
CCI 	 Census of Construction Industries 
CERCLA 	 Comprehensive Environmental Response, Compensation, and Liability 

Act 
CGP 	 Construction General Permit 
CN 	 Curve Number 
COD 	 chemical oxygen demand 
COV 	 coefficient of variability 
CWA  	 Clean Water Act 
DHSVM 	Distributed Hydrology, Soil, and Vegetation Model 
EIA 	 effective impervious area 
EMC 	 event mean concentration 
ERP 	 Enforcement Response Plan 
ETV 	 Environmental Technology Verification Program 
EWH 	 exceptional warmwater habitat 
FEMA 	 Federal Emergency Management Agency 
FHWA 	 Federal Highway Administration 
FIFRA 	 Federal Insecticide, Fungicide, and Rodenticide Act 
GIS 	 Geographic Information System 
GWLF 	 General Watershed Loading Function 
HRU 	 Hydrologic Response Unit 
HSPF 	 Hydrologic Simulation Program–Fortran 
HUC 	 hydrologic unit code 
ICM 	 Impervious Cover Model 
KCRTS 	 King County Runoff Time Series 
LDC 	 least disturbed conditions 
LEED 	 Leadership in Energy and Environmental Design 
LID 	 low-impact development 
MDC 	 minimally disturbed conditions 
MEP 	 maximum extent practicable 
MGD 	 million gallons per day 
MSGP 	 multi-sector industrial stormwater general permit 
MTBE 	 methyl tert-butyl ether 
NCSI	 Normalized Channel Stabilization Index 
NOI 	 Notice of Intent 
NPDES 	 National Pollutant Discharge Elimination System 
NRDC 	 Natural Resources Defense Council 
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NRI National Resource Inventory 
NSQD National Stormwater Quality Database 
NTU Nephelometric Turbidity Unit 
NURP National Urban Runoff Program 
PAH polycyclic aromatic hydrocarbons 
PCB polychlorinated biphenyl 
POTW publicly owned treatment works 
PUD planned unit development 
RCRA Resource Conservation and Recovery Act 
RPA Reasonable Potential Analysis 
SBUH Santa Barbara Unit Hydrograph 
SCCWRP Southern California Coastal Water Research Project Authority 
SCM stormwater control measure 
SIC Standard Industrial Classification 
SLAMM Source Loading and Management Model 
SMDR Soil Moisture Distributed and Routing 
SWAT Soil and Water Assessment Tool 
SWMM Stormwater Management Model 
SWPPP  stormwater pollution prevention plan 
TALU tiered aquatic life use 
TARP Technology Acceptance and Reciprocity Partnership 
TIA total impervious area 
TKN total Kjedahl nitrogen 
TMDL total maximum daily load 
TND traditional neighborhood development 
TOD transit-oriented development 
TSCA Toxic Substances Control Act 
TSS total suspended solids 
UAA Use Attainability Analysis 
UDC unified development code 
ULARA Upper Los Angeles River Area 
USLE Universal Soil Loss Equation 
WERF Water Environment Research Foundation 
WQA Water Quality Act 
WQS water quality standard 
WWH  warmwater habitat 
WWHM Western Washington Hydrologic Model 
WWTP wastewater treatment plant 
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Appendix B 

Glossary 


Antidegradation: Policies which ensure protection of water quality from a particular waterbody 
where the water quality exceeds levels necessary to protect fish and wildlife propagation and 
recreation on and in the water.  This also includes special protection of waters designated as 
outstanding natural resource waters.  Antidegradation plans are adopted by each state to 
minimize adverse effects on water. 

Best Management Practice (BMP): Physical, structural, and/or managerial practices that, 
when used singly or in combination, reduce the downstream quality and quantity impacts of 
stormwater.  The term is synonymous with Stormwater Control Measure (SCM). 

Biofiltration: The simultaneous process of filtration, infiltration, adsorption, and biological 
uptake of pollutants in stormwater that takes place when runoff flows over and through vegetated 
areas. 

Bioinfiltration: A particular SCM that is like bioretention but has more infiltration, and thus 
would be categorized as an infiltration process. 

Bioretention: A stormwater management practice that utilizes shallow storage, landscaping, and 
soils to control and treat urban stormwater runoff by collecting it in shallow depressions before 
filtering through a fabricated planting soil media.  This SCM is often categorized under 
“filtration” although it has additional functions. 

Buffer: The zone contiguous with a sensitive area that is required for the continued 
maintenance, function, and structural stability of the sensitive area.  The critical functions of a 
riparian buffer (those associated with an aquatic system) include shading, input of organic debris 
and coarse sediments, uptake of nutrients, stabilization of banks, interception of fine sediments, 
overflow during high-water events, protection from disturbance by humans and domestic 
animals, maintenance of wildlife habitat, and room for variation of aquatic system boundaries 
over time due to hydrologic or climatic effects.  The critical functions of terrestrial buffers 
include protection of slope stability, attenuation of surface water flows from stormwater runoff 
and precipitation, and erosion control. 

Stream buffers are zones of variable width that are located along both sides of a stream 
and are designed to provide a protective natural area along a stream corridor. 

Combined Sewer Overflow (CSO):  A discharge of untreated wastewater from a combined 
sewer system at a point prior to the headworks of a publicly owned treatment works.  CSOs 
generally occur during wet weather (rainfall or snowmelt).  During periods of wet weather, these 
systems become overloaded, bypass treatment works, and discharge directly to receiving waters. 
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466 Urban Stormwater Management in the United States 

Combined Sewer System:  A wastewater collection system that conveys sanitary wastewaters 
(domestic, commercial, and industrial wastewaters) and stormwater through a single pipe to a 
publicly owned treatment works for treatment prior to discharge to surface waters. 

Constructed Wetland: A wetland that is created on a site that previously was not a wetland.  
This wetland is designed specifically to remove pollutants from stormwater runoff. 

Created Wetland: A wetland that is created on a site that previously was not a wetland.  This 
wetland is created to replace wetlands that were unavoidably destroyed during design and 
construction of a project. This wetland cannot be used for treatment of stormwater runoff. 

Detention: The temporary storage of stormwater runoff in an SCM with the goals of controlling 
peak discharge rates and providing gravity settling of pollutants. 

Detention Facility/Structure:  An above- or below-ground facility, such as a pond or tank, that 
temporarily stores stormwater runoff and subsequently releases it at a slower rate than it is 
collected by the drainage facility system.  There is little or no infiltration of stored stormwater, 
and the facility is designed to not create a permanent pool of water. 

Drainage: Refers to the collection, conveyance, containment, and/or discharge of surface and 
stormwater runoff. 

Drainage Area: That area contributing runoff to a single point measured in a horizontal plane, 
which is enclosed by a ridge line. 

Drainage Basin: A geographic and hydrologic subunit of a watershed. 

Dry Pond: A facility that provides stormwater quantity control by containing excess runoff in a 
detention basin, then releasing the runoff at allowable levels.  Synonymous with detention basin, 
it is intended to be dry between storms. 

Effluent Limitation:  Any restriction imposed by the EPA director on quantities, discharge 
rates, and concentrations of pollutants that are discharged from point sources into waters of the 
United States, the waters of the contiguous zone, or the ocean. 

Effluent Limitation Guidelines:  A regulation published by the EPA Administrator under 
Section 304(b) of the Clean Water Act that establishes national technology-based effluent 
requirements for a specific industrial category. 

Exfiltration:  The downward movement of water through the soil; the downward flow of runoff 
from the bottom of an infiltration SCM into the soil. 

Extended Detention: A stormwater design feature that provides for the gradual release of a 
volume of water in order to increase settling of pollutants and protect downstream channels from 
frequent storm events.  When combined with a pond, the settling time is increased by 24 hours. 
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Appendix B 467 

Filter Strip: A strip of permanent vegetation above ponds, diversions, and other structures to 
retard the flow of runoff, causing deposition of transported material and thereby reducing 
sedimentation. As an SCM, it refers to riparian buffers, which run adjacent to waterbodies and 
intercept overland flow and shallow subsurface flow (both of which are usually sheet flow rather 
than a distinct influent pipe). The term is borrowed from the agricultural world.  

Flood Frequency: The frequency with which the flood of interest may be expected to occur at a 
site in any average interval of years.  Frequency analysis defines the n-year flood as being the 
flood that will, over a long period, be equaled or exceeded on the average once every n years. 

Frequency of Storm (Design Storm Frequency): The anticipated period in years that will 
elapse, based on average probability of storms in the design region, before a storm of a given 
intensity and/or total volume will recur; thus, a 10-year storm can be expected to occur on the 
average once every 10 years. Sewers designed to handle flows which occur under such storm 
conditions would be expected to be surcharged by any storms of greater amount or intensity. 

General Permit:  A single permit issued to a large number of dischargers of pollutants in 
stormwater.  General permits are issued by the permitting authority, and interested parties then 
submit a Notice of Intent (NOI) to be covered.  The permit must identify the area of coverage, 
the sources covered, and the process for obtaining coverage.  Once the permit is issued, a 
permittee may submit an NOI and receive coverage within a very short time frame. 

Grab Sample: A sample which is taken from a stream on a one-time basis without 
consideration of the flow rate of the stream and without consideration of time. 

Hotspot: An area where land use or activities generate highly contaminated runoff, with 
concentrations of pollutants in excess of those typically found in stormwater. 

Hydrograph: A graph of runoff rate, inflow rate, or discharge rate, past a specific point as a 
function of time. 

Hydroperiod:  A seasonal occurrence of flooding and/or soil saturation; it encompasses depth, 
frequency, duration, and seasonal pattern of inundation. 

Hyetograph:  A graph of measured precipitation depth (or intensity) at a precipitation gauge as a 
function of time. 

Impervious Surface or Impervious Cover: A hard surface area which either prevents or 
retards the entry of water into the soil.  Common impervious surfaces include roof tops, 
walkways, patios, driveways, parking lots or storage areas, concrete or asphalt paving, gravel 
roads, packed earthen materials, and oiled surfaces. 

Infiltration:  The downward movement of water from the surface to the subsoil. 

Infiltration Facility: A drainage facility designed to use the hydrologic process of runoff 
soaking into the ground, commonly referred to as percolation, to dispose of stormwater. 
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Infiltration Pond: A facility that provides stormwater quantity control by containing excess 
runoff in a detention facility, then percolating that runoff into the surrounding soil. 

Level Spreader:  A temporary SCM used to spread stormwater runoff uniformly over the 
ground surface as sheet flow. The purpose of level spreaders is to prevent concentrated, erosive 
flows from occurring.  Levels spreaders will commonly be used at the upstream end of wider 
biofilters to ensure sheet flow into the biofilter. 

Municipal Separate Storm Sewer System:  A conveyance or system of conveyances (including 
roads with drainage systems, municipal streets, catch basins, curbs, gutters, ditches, man-made 
channels, or storm drains) owned by a state, city, town, or other public body that is designed or 
used for collecting or conveying stormwater, which is not a combined sewer and which is not 
part of a publicly owned treatment works. 

National Pollutant Discharge Elimination System:  A provision of the Clean Water Act that 
prohibits the discharge of pollutants into waters of the United States unless a special permit is 
issued by EPA, a state, or, where delegated, a tribal government on an Indian reservation.  The 
permit applies to point sources of pollutants to ensure that their pollutant discharges do not 
exceed specified effluent standards.  The effluent standards in most permits are based on the best 
available pollution technology or the equivalent. 

Nonpoint Source: Diffuse pollution source, but with a regulatory connotation; a source without 
a single point of origin or not introduced into a receiving stream from a specific outlet.  The 
pollutants are generally carried off the land by stormwater.  Some common nonpoint sources are 
agriculture, forestry, mining, dams, channels, land disposal, and saltwater intrusion.   

Nonstructural SCM: Stormwater control measure that uses natural measures to reduce 
pollution levels, does not require extensive construction efforts, and/or promotes pollutant 
reduction by eliminating the pollutant source. 

Peak Discharge Rate:  The maximum instantaneous rate of flow during a storm, usually in 
reference to a specific design storm event. 

Point Source: Any discernible, confined, and discrete conveyance, including but not limited to 
any pipe, ditch, channel, tunnel, conduit, well, discrete fixture, container, rolling stock, 
concentrated animal feeding operation, landfill leachate collection system, vessel, or other 
floating craft from which pollutants are or may be discharged. 

Pollutant: A contaminant in a concentration or amount that adversely alters the physical, 
chemical, or biological properties of the natural environment.  Dredged soil, solid waste, 
incinerator residue, filter backwash, sewage, garbage, sewage sludge, munitions, chemical 
wastes, biological materials, radioactive materials (except those regulated under the Atomic 
Energy Act of 1954, as amended), heat, wrecked or discarded equipment, rock, sand, cellar dirt 
and industrial, municipal, and agricultural waste discharged into water (EPA, 2008). 

Polutograph: A graph of pollutant loading rate (mass per unit time) as a function of time. 
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Predevelopment Conditions:  Those conditions that existed at a site just prior to the 
development in question, which are not necessarily pristine conditions. 

Pretreatment:  The removal of material such as gross solids, grot, grease, and scum from flows 
prior to physical, biological, and chemical treatment processes to improve treatability.  The 
reduction of the amount of pollutants, the elimination of pollutants, or the alteration of the nature 
of pollutant properties in wastewater prior to or in lieu of discharging or otherwise introducing 
such pollutants into a publicly owned treatment works [40 C.F.R. § 403.3(q)].  Pretreatment may 
include screening, grit removal, stormwater, and oil separators.  With respect to stormwater, it 
refers to techniques employed in stormwater SCMs to help trap coarse materials and other 
pollutants before they enter the SCM. 

Recharge: The flow of groundwater from the infiltration of stormwater runoff. 

Recharge Volume: The portion of the water quality volume used to maintain groundwater 
recharge rates at development sites. 

Retention: The process of collecting and holding stormwater runoff with no surface outflow.  
Also, the amount of precipitation on a drainage area that does not escape as runoff.  It is the 
difference between total precipitation and total runoff. 

Retention/Detention Facility: A type of drainage facility designed either to hold water for a 
considerable length of time and then release it by evaporation, plant transpiration, and/or 
infiltration into the ground, or to hold stormwater runoff for a short period of time and then 
release it to the stormwater management system. 

Runoff: The term is often used in two senses. For a given precipitation event, direct storm 
runoff refers to the rainfall (minus losses) that is shed by the landscape to a receiving waterbody.  
In an area of 100 percent imperviousness, the runoff equals the rainfall.  Over greater time and 
space scales, surface water runoff refers to streamflow passing through the outlet of a watershed, 
including base flow from groundwater that has entered the stream channel. 

Soil Stabilization:  The use of measures such as rock lining, vegetation, or other engineering 
structure to prevent the movement of soil when loads are applied to the soil. 

Source Control: A type of SCM that is intended to prevent pollutants from entering 
stormwater.  A few examples of source control are erosion control practices, maintenance of 
stormwater facilities, constructing roofs over storage and working areas, and directing wash 
water and similar discharges to the sanitary sewer or a dead end sump. 

Stormwater:  That portion of precipitation that does not naturally percolate into the ground or 
evaporate, but flows via overland flow, interflow, channels, or pipes into a defined surface water 
channel or a constructed infiltration facility.  According to 40 C.F.R. § 122.26(b)(13), this 
includes stormwater runoff, snow melt runoff, and surface runoff and drainage. 
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Stormwater Control Measure (SCM):  Physical, structural, and/or managerial measures that, 
when used singly or in combination, reduce the downstream quality and quantity impacts of 
stormwater.  Also, a permit condition used in place of or in conjunction with effluent limitations 
to prevent or control the discharge of pollutants.  This may include a schedule of activities, 
prohibition of practices, maintenance procedures, or other management practices.  SCMs may 
include, but are not limited to, treatment requirements; operating procedures; practices to control 
plant site runoff, spillage, leaks, sludge, or waste disposal; or drainage from raw material storage. 

Stormwater Drainage System:  Constructed and natural features which function together as a 
system to collect, convey, channel, hold, inhibit, retain, detain, infiltrate, divert, treat, or filter 
stormwater. 

Stormwater Facility:  A constructed component of a stormwater drainage system, designed or 
constructed to perform a particular function or multiple functions.  Stormwater facilities include, 
but are not limited to, pipes, swales, ditches, culverts, street gutters, detention basins, retention 
basins, constructed wetlands, infiltration devices, catch basins, oil/water separators, sediment 
basins, and modular pavement. 

Structural SCMs: Devices which are constructed to provide temporary storage and treatment 
of stormwater runoff. 

Swale:  A shallow drainage conveyance with relatively gentle side slopes, generally with flow 
depths of less than one foot. 

Biofilter (same as a Biofiltration Swale): A sloped, vegetated channel or ditch that 
provides both conveyance and water quality treatment to stormwater runoff.  It does not 
provide stormwater quantity control but can convey runoff to SCMs designed for that 
purpose. 

Dry Swale: An open drainage channel explicitly designed to detain and promote the 
filtration of stormwater runoff through an underlying fabricated soil media.  It has an 
underdrain. 

Wet Swale:  An open drainage channel or depression, explicitly designed to retain water 
or intercept groundwater for water quality treatment.  

Technology-Based Effluent Limit: A permit limit for a pollutant that is based on the capability 
of a treatment method to reduce the pollutant to a certain concentration. 

Time of Concentration: The time period necessary for surface runoff to reach the outlet of a 
subbasin from the hydraulically most remote point in the tributary drainage area. 

Total Maximum Daily Load (TMDL):  The amount, or load, of a specific pollutant that a 
waterbody can assimilate and still meet the water quality standard for its designated use.  For 
impaired waters the TMDL reduces the overall load by allocating the load among current 
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pollutant loads (from point and nonpoint sources), background or natural loads, a margin of 
safety, and sometimes an allocation for future growth. 

Volumetric Runoff Coefficient (Rv): The value that is applied to a given rainfall volume to 
yield a corresponding runoff volume based on the percent impervious cover in a drainage basin. 

Water Quality-Based Effluent Limit (WQBEL): A value determined by selecting the most 
stringent of the effluent limits calculated using all applicable water quality criteria (e.g., aquatic 
life, human health, and wildlife) for a specific point source to a specific receiving water for a 
given pollutant. 

Water Quality SCM: An SCM specifically designed for pollutant removal. 

Water Quantity SCM:  An SCM specifically designed to reduce the peak rate of stormwater 
runoff. 

Water Quality Volume (Wqv): The volume needed to capture and treat 90 percent of the 
average annual stormwater runoff volume equal to 1 inch times the volumetric runoff coefficient 
(Rv) times the site area. 

Wetlands: Those areas that are inundated or saturated by surface water or groundwater at a 
frequency and duration sufficient to support, and that under normal circumstances do support, a 
prevalence of vegetation typically adapted for life in saturated soil conditions.  Wetlands 
generally include swamps, marshes, bogs, and similar areas.  This includes wetlands created, 
restored, or enhanced as part of a mitigation procedure. This does not include constructed 
wetlands or the following surface waters of the state intentionally constructed from sites that are 
not wetlands: irrigation and drainage ditches, grass-lined swales, canals, agricultural detention 
facilities, farm ponds, and landscape amenities. 

Wet Pond: A facility that treats stormwater for water quality by utilizing a permanent pool of 
water to remove conventional pollutants from runoff through sedimentation, biological uptake, 
and plant filtration. Synonymous with a retention basin. 

SOURCES: Most of the definitions are from EPA (2003), “BMP Design Considerations,” 600/R-
03/103, or EPA (2008), “Handbook for Developing Watershed Plans to Restore and Protect Our 
Waters,” EPA 841-B-08-002. 
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Appendix C 

Summary of Responses from State Stormwater Coordinators 


On February 21, 2007, on behalf of the committee, Jenny Molloy of EPA’s Office of Wastewater 
Management sent the following questions to a group of state stormwater program managers and 
received six responses (found in Tables C-1 and C-2). 

1. For industrial and/or construction: do you have information on non-filers, i.e., folks who 
should have submitted NOIs, but did not? If so, how old are these data, and how do they 
compare to overall numbers of those with permit coverage? How did you find and/or estimate 
the number of non-filers? 

2. Also for industrial and/or construction: do you have information on compliance rates? Yes, 
this is a really broad question, but something along the lines of: based on inspections (or 
monitoring data, or whatever metric you use), have you made any determinations on numbers of 
facilities out of compliance, or alternatively, in compliance? If so, define what you mean by 
compliance (paper violations, SWPPP/BMP inadequacies, water quality standards violations, 
etc.). 

TABLE C-1 Nonfilers 

State 

Information 
on 

Industrial 
Non-Filers 

Estimate 
Percent Non-
Filers as of 

Total 
Basis of 
Estimate 

Period of 
Estimate Comment 

CA Yes 50 percent of 
heavy industry 
statewide 

69 percent of 
industry within 
City of Los 
Angeles 

Study—CA Water 
Board, 1999; 
Duke and Shaver, 
1999. 

Study— 
Swamikannu et 
al., 2001 

1995–1998 

1998–2000 

MN No Study in 
progress 

OH No Plan outreach 
to business 

OR No Do not compile 
data 

VT Yes 88–90 percent 
of industry 

Mass mailing 2006 No response 
from 2,400 of 
3,000 mailings 

WI No 
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474 Urban Stormwater Management in the United States 

TABLE C-2 Compliance 

State 

Information on 
Compliance 

Rates 

Estimate of 
Covered 

Facilities Non-
Compliant 

Basis of 
Estimate 

Period of 
Estimate Comment 

CA Yes (Construction) 40 percent 
deficient in 
paperwork; 30 
percent with 
inadequate E&S 
controls 

MS4 
construction 
audit in Los 
Angeles and 
Ventura 
counties, and 
large CGP 
construction 
sites 

2002, 
2004, and 
2005 

Prioritized 
large CGP 
sites for 
inspection 

Yes (Industrial) 60 percent poor 
house-keeping 
practices; 40 
percent 
incomplete 
SWPPPs 

Transportation 
sector, 
plastics 
manufacturing 
inspections in 
Los Angeles 
County 

2005 and 
2007 

NH No Inspect in 
response to 
complaints 

OH No Inspect 
construction 
sites as a 
priority 

OR No Do not 
compile 
data 

VT No Plan to 
inspect for 
compliance 

WV Yes (Industrial) 66 percent failed 
to submit report 

Monitoring 
report 
submittal 
tracking 

2007 Mailed 
deficiency 
notices 

WI Yes (Construction) 38 percent with 
minor and 43 
percent with 
major violations 

A subsample 
of 1 percent of 
CGP sites 

2007 Perform 
inspections 
annually; no 
central 
database 
tracking 
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Appendix C 475 

In September 2007, the NRC Committee on Reducing Stormwater Discharge Contributions to 
Water Pollution sent the following survey to 50 state stormwater program managers. Responses 
were received from 18 states, including at least one from every EPA region. The blank survey is 
shown below, and Tables C-3 through C-9 contain the states’ responses. 

The NRC committee members will greatly appreciate receiving the following information from 
State Stormwater Coordinators. Please complete both sides of this form and return to 
Xavier Swamikannu, CalEPA, Los Angeles Regional Water Board, 
xswamikannu@waterboards.ca.gov or Fax: (213) 576-6625. 

State: 

Name of information provider: 


Please summarize your State’s Stormwater Permit Program 

Municipal Permit Industrial General Permit Construction General Permit 

What are the monitoring 
requirements? 

How is compliance demonstrated 
(monitoring or other activity)? 

To whom is the SWPPP 
submitted? 

Can an MS4 perform an 
inspection of an industry within 
its boundary? 

What industries are considered 
"high-risk”? 

Do BMP manuals exist for 
implementation guidance? 

No. of dedicated staff or FTEs 

Does your State Storm Water BMP Manual contain the following, and what are they? 
WQ sizing criteria 

Recharge criteria 

Channel protection criteria 

Overbank flood criteria 

Extreme flows 

Acceptable BMP list 

Detailed engineering specs for BMPs 

Soil and erosion control requirements 
(unless this is left to the local government) 
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476 Urban Stormwater Management in the United States 

TABLE C-3 Monitoring Requirements 
State Municipal Industrial Construction 

Alabama Monitoring requirements are 
specific to the Phase I MS4.  

MS4 Phase II permit does 
not require monitoring. 

Monitoring is specific to the 
General Permit type and 
associated discharge. 
Alabama has 18 NPDES 
Industrial Stormwater 
General Permits. 
http://www.adem.state.al.us/ 
genpermits.htm 

Monitoring is required under 
specific conditions, but in 
general compliance with the 
permit does not require 
monitoring. ADEM Admin. 
Code Chapter 335-6-12 is 
attached. 

California Monitoring requirements are 
specific to the Phase 1 MS4 
permits. 
MS4 Phase II permit 
monitoring is discretionary. 

2 wet weather sampling 
events per year – 4 basic 
parameters and other 
pollutants known to be on 
site. Quarterly visual 
monitoring. 

Visual monitoring before, 
during, and after rain events. 
Analytical monitoring for 
discharges to sediment-
impaired waterbodies.  

Connecticut Sample six outfalls once a 
year. Twelve chemical 
parameters. 

Sample all outfalls once a 
year. Ten chemical 
parameters plus aquatic 
toxicity. 

None, yet. Soon to modify 
permit to sample for 
turbidity. 

Georgia Dry weather outfall 
screening. 

Standard monitoring from 
the EPA MSGP. Additional 
monitoring for the pollutant 
of concern for industries that 
may be causing or 
contributing to stream 
impairment. 

Monitoring is required for a 
qualifying rain event (0.5 
inch) once after clearing and 
grubbing, and once after 
mass grading. 

Hawaii Visual and water chemistry 
sampling. 

Visual and water chemistry 
sampling. 

Visual 

Maine None No benchmark monitoring, 
only effluent limitations. 
Additional monitoring upon 
request based on discharges, 
complaints, audits, or 
inspections 

None 

Minnesota The Phase I MS4 permits for 
Minneapolis and St. Paul 
require monitoring. MS4 
Phase II permit does not 
require monitoring. 

The current state MSGP 
does not have monitoring 
requirements. The proposed 
next term draft permit would 
require at least 4 stormwater 
monitoring events per year. 

The current state CGP does 
not require monitoring. The 
proposed next term draft 
permit is not expected to 
include monitoring.  

Nebraska Stormwater monitoring 
required on different use 
sites. BMP monitoring. 

None. Monitoring can be 
required by the director 
through permit.  

None. Monitoring can be 
required by the director 
through permit. 

Nevada Required for storm events 
that produce runoff. 

None None 

New York Ad hoc Similar to monitoring in the 
EPA MSGP. 

None. Self-inspection. 
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Appendix C 477 

State Municipal Industrial Construction 
Ohio Phase I MS4 permits require 

some chemical and 
biological monitoring. 
Phase II MS4 permit does 
not require mandatory 
monitoring, although 
recommended as part of 
IDDE program.  

Similar to monitoring in the 
EPA MSGP, except 
annually. No priority 
chemical monitoring 
required. 

For the state CGP, no 
chemical monitoring. For 
special watershed CGPs 
associated with TMDLs, 
TSS monitoring required. 

Oklahoma Phase 1 MS4s permits 
require dry weather 
monitoring, floatables 
monitoring, and watershed 
characterization monitoring, 
including biological 
assessments. 

Quarterly visual monitoring 
and annual analytical 
monitoring. 

None 

Oregon Monitoring requirements are 
specific to the Phase I MS4.  
The Phase II MS4 permit 
does not require monitoring, 
though some permittees do 
monitor on their own 
accord. The average 
frequency is 2-4 times a 
year. 

Industrial facilities required 
to sample their stormwater 
discharge 4 times per year. 
Also required to conduct 
visual monitoring of their 
discharge on a monthly basis 
when discharge is present. 
Mining sites in addition are 
subject to the same 
requirements as in the state 
CGP since sediment is the 
main pollutant of concern. 

None. However, permittees 
discharging stormwater to 
waters listed specifically for 
turbidity/sedimentation on 
the most recent 303(d) list or 
that have a TMDL for 
turbidity/sedimentation have 
the option of either 
monitoring for turbidity or 
implementing additional 
BMPs. 

Vermont None other than the 
development of an IDDE 
program and follow-up until 
elimination occurs 

Benchmark monitoring for 
individual sectors, quarterly 
for the first year. Visual 
inspection 4 times per year. 
Effluent limitations (if 
applicable) once per year. 

None at present. Turbidity 
monitoring for moderate-
risk projects included in 
draft CGP. 

Virginia Monitoring requirements are 
specific to the Phase I MS4 
permit. The Phase II MS4 
permit does not require 
monitoring. 

Benchmark and effluent 
limitation (the same as 
EPA's 2000 MSGP), except 
we only require one sample 
per year for benchmark 
samples. 

None 

Washington Monitoring requirements are 
specific to the Phase I MS4, 
Outfall conveyance system 
monitoring. Selected outfalls 
for representative land uses 
are monitored intensively 
for a wide range of chemical 
constituents including 
toxicity. BMP effectiveness 

Industry required to sample 
for turbidity, pH, zinc, and 
petroleum oil and grease. If 
exceeds zinc benchmark, 
then also need to monitor for 
total copper, total lead, and 
hardness. There are 
additional monitoring 
requirements for different 

All state CGP sites are 
required to do weekly 
monitoring for turbidity and 
pH. If benchmark exceeded, 
specific actions/responses 
are triggered. For sites 
which discharge to waters 
impaired by phosphorous, 
turbidity, fine sediments, or 
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478 Urban Stormwater Management in the United States 

State Municipal Industrial Construction 
monitoring. Selected 
stormwater BMPs are 
monitored to determine 
performance and how 
effective the designs are.  
The Phase II MS4 permit 
does not require monitoring, 
except as required under the 
IDDE program or for a 
TMDL. 

industry categories. For 
discharges to impaired 
303(d) waters monitor 
required for the pollutants 
for which the waterbody is 
impaired.  

high pH, monitoring 
required for these 
parameters additionally. 

West 
Virginia 

NA Benchmark monitoring. 
Sector specific.  

None 

Wyoming None Benchmark monitoring for 
timber, metal mining, 
concrete and gypsum, 
junkyards and recycling. 
Effluent limitation 
monitoring for coal piles, 
concrete manufacture, and 
asphalt emulsion. 

None 

NOTE: NA, not answered. 
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Appendix C 479 

TABLE C-4 How is Compliance Demonstrated? 
State Municipal Industrial Construction 

Alabama MS4 Phase I – monitoring 
and BMPs 
MS4 Phase II – BMPs 

Monitoring reporting and 
BMP implementation 

Inspections. Monitoring; 
SWPPP implementation 
during inspection; aerial 
reconnaissance 

California Annual and monitoring 
reporting. MS4 audits and 
inspections. 

Annual and monitoring 
reporting. Inspections. 

Annual certifications. 
Inspections 

Connecticut Annual and monitoring 
reporting. 

Annual and monitoring 
reporting. Inspections. 

Inspections. SWPPP review 
and implementation for 
large projects. 

Georgia Annual and monitoring 
reporting. 

Annual and monitoring 
reporting. 

Reporting. 

Hawaii Annual and Monitoring 
reporting. Inspections. 

Annual and monitoring 
reporting. Inspections. 

Inspections. Reporting. 

Maine Annual reporting and 
municipal audits. 

Inspections and audits, at 
least two per 5-year permit 
term. 

NA 

Minnesota Annual reporting and 
inspections. 

Nebraska MS4 audits and annual 
reporting. 

Inspections and SWPPP 
implementation.  

Inspections and SWPPP 
implementation—complaint 
only. 

Nevada Annual reporting, MS4 
audits, inspections. 

Annual reporting, 
inspections 

Inspections. 

New York Annual reporting and MS4 
audits. 

Annual and monitoring 
reporting. Inspections. 

Inspections and SWPPP 
implementation. 

Ohio Annual reporting. SWPPP implementation. SWPPP implementation.  
Oklahoma Annual reporting. MS4 

audits and compliance 
schedules. 

Annual and monitoring 
reporting. Inspections. 

SWPPP implementation 
and inspections based on 
complaints received. 

Oregon Annual and monitoring 
reporting. 

Annual and monitoring 
reporting. Action Plan 
approval. 

Inspections and SWPPP 
implementation.  

Vermont Annual reporting and MS4 
audits. 

Monitoring reporting. Inspections, recordkeeping. 

Virginia Registration statement 
BMP implementation. 

Monitoring reporting and 
inspections. 

Inspections. SWPPP and 
E&S plan implementation. 

Washington Implementation of 
prescriptive stormwater 
management program. 

Monitoring reporting and 
inspections. 

Inspections and monitoring 
reporting. 

West Virginia NA SWPPP implementation 
and monitoring reporting. 

Inspections. SWPPP 
implementation. 

Wyoming Periodic MS4 audits. Inspections, monitoring 
reporting. 

Inspections. 

NOTE: NA, not answered. 

PREPUBLICATION 

RB-AR13609



  
 

 

 

 

 

 

 
 

 

 

 

480 Urban Stormwater Management in the United States 

TABLE C-5 To Whom Is the SWPPP Submitted? 
State Municipal Industrial Construction 

Alabama MS4 Phase I – Storm Water 
Management Program 
(SWMP) sent to state. 
Should be available for 
review at the time of 
inspection. (SWPPP 
information should also be 
provided to the 
department.)  

MS4 Phase 2 – SWMP 
submitted with the Notice 
of Intent (NOI). 

No submittal to state. The 
SWPPP must be kept on 
site and made available for 
review at the time of 
inspection. 

No submittal to state. The 
SWPPP must be kept on 
site and made available for 
review at the time of 
inspection. 

SWPPP required to be 
submitted under certain 
circumstance during 
registration and re-
registration. 

California MS4 Phase 1 – SWMP 
incorporated as prescriptive 
requirements in the permit. 
MS4 Phase 2 – SWMP 
submitted to state with NOI 

No submittal to state. The 
SWPPP must be kept on 
site and made available for 
review at the time of 
inspection. 

No submittal to state. The 
SWPPP must be kept on 
site and made available for 
review at the time of 
inspection. 

Connecticut NA The SWPPP is submitted to 
the state only if requested. 

The SWPPP is submitted to 
the state only if requested. 

Georgia The SWMP is submitted to 
the state. 

The SWPPP is submitted to 
the state only if requested. 
Otherwise it is kept on-site. 

The E&S Control Plan 
equivalent to the SWPPP is 
submitted to the Local 
Issuing Authority. It is also 
submitted to the state if the 
project disturbs more than 
50 ac, or if there is no LIA. 

Hawaii NA The SWMP is submitted to 
the state. 

The SWMP is submitted to 
the state. 

Maine NA The SWPPP is submitted to 
the state only if requested. 

The E&S Control Plan 
equivalent to the SWPPP is 
submitted to the state for 
review. 

Minnesota Phase 1 MS4 - The SWMP 
is submitted to the state for 
review and public notice. 

The SWPPP is not required 
to be submitted to the state.  

The SWPPP must be must 
be submitted to the state for 
review for projects 
disturbing 50 acres or more, 
and has a discharge point 
within 2,000 feet of an 
impaired or special water 
listed in the state CGP. A 
SWPPP must also be 
submitted for projects 
proposing to use alternative 
method(s) for the 
permanent stormwater 
management system. 

PREPUBLICATION 


RB-AR13610



 

 

 

Appendix C 481 

State Municipal Industrial Construction 
Nebraska NA The SWPPP is submitted to 

the state only if requested. 
The SWPPP is submitted to 
the MS4 permittee and to 
the state when requested. 

Nevada NA No submittal to state. The 
SWPPP must be kept on 
site. 

No submittal to state. The 
SWPPP must be kept on 
site. 

New York NA Some SWPPPs submitted 
to state (very few). 

About 1/6 SWPPPs 
submitted to state. 

Ohio NA The SWPPP is submitted to 
the MS4 permittee and to 
the state when requested. 

The SWPPP is submitted to 
the state. 

Oregon NA The SWPPP is submitted to 
the state on first application 
and when renewing 
coverage under the state 
MSGP. 

The SWPPP is submitted to 
the state on first application 
and when renewing 
coverage under the state 
CGP. Projects that are 
greater than 5 acres are 
subject to public notice and 
comment.  

Vermont NA A copy of the SWPPP is 
submitted to the state, and 
the original kept on site. 

The E&S Control Plan is 
submitted to the state. Low-
risk projects have a 
standard assigned E&S 
Control Plan – “Low Risk 
Handbook”. 

Virginia NA No submittal to the state. 
The SWPPP must be kept 
on-site. 

No submittal to the state. 
The SWPPP must be kept 
on-site. 

Washington NA The SWPPP is submitted to 
the state upon first 
application only. 
Otherwise, the SWPPP 
must be kept on site and 
must be made available to 
the state, the MS4 
permittee, or the public 
upon request. 

The SWPPP is not 
submitted to the state. The 
SWPPP must be kept on 
site and must be made 
available to the state, the 
MS4 permittee or the public 
upon request. 

West Virginia NA The SWPPP is submitted to 
the state upon first 
application only. 

The SWPPP is submitted to 
the state. 

Wyoming NA The SWPPP is submitted to 
the state for facilities >50 
ac. Class 1 waters not 
eligible for coverage under 
the state MSGP. 

The SWPPP is submitted to 
the state for projects >100 
ac or on Class 1 waters. 

NOTE: NA, not applicable. 

PREPUBLICATION 


RB-AR13611



  
 

 

 

 

 

  

 

 

482 Urban Stormwater Management in the United States 

TABLE C-6 Can an MS4 Inspect Industries Within Its Boundary? 
Alabama Yes, if adequate legal authority exists. 
California Yes. Local agencies inspection to ensure compliance with local stormwater or 

municipal ordinance. 
Connecticut Yes. Nothing specific. State MSGP requires industries to comply with the 

stormwater management program of the MS4 in which they are located. 
Georgia Yes 
Hawaii Yes 
Maine Yes 
Minnesota Yes. Capability to do this varies with the MS4. 
Nebraska Yes. Phase 1 MS4s only. 
Nevada Yes 
New York Yes. MS4s can inspect for illicit discharge detection and elimination. Industries 

can be inspected under local authority, but local inspections are infrequently 
conducted. 

Ohio Yes. Phase I MS4s can check for MSGP coverage and that a SWPPP exists in 
conjunction with pretreatment inspections. 

Oklahoma Yes 
Oregon Yes, under various authorities. Pretreatment, industrial stormwater, construction 

stormwater, etc. 
Vermont Yes. The MS4 can request an inspection but can be denied access. 
Virginia No. No state statute for private property access to inspect for stormwater 

management. Some do use Fire Marshall’s authority through the fire code. 
Washington Yes 
West Virginia NA 
Wyoming Yes. If the MS4 has authority. 
NOTE: NA, not answered. 
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TABLE C-7 What Industries Are Considered High Risk? 
Alabama Metal foundries.  
California None specified in the state MSGP. Some MS4 permits may specify high-risk 

industries. Construction activity discharging to sediment-impaired waterbodies 
are identified as high risk in the state CGP. 

Connecticut None specified in the state MSGP. 
Georgia None specified in the state MSGP. Facilities that may be causing or contributing 

to stream impairment are high risk. 
Hawaii None specified in the state MSGP 
Maine Auto salvage, scrap metal recycling, boatyards and marinas, concrete and 

asphalt, batch plants, vehicle maintenance facilities. 
Minnesota None specified in the state MSGP. Heavy industries are considered higher risk.  
Nebraska Ethanol, scrap metal recycling. 
Nevada Waste oil recyclers, auto salvage, aggregate mines, cement plants. 
New York Auto salvage, scrap recycling.  
Ohio None specified in the state MSGP. Individual stormwater permits required for 

some airports, landfills, sand and gravel operations, and bulk terminals. 
Oklahoma None specified in the state MSGP. 
Oregon None specified in the state MSGP. 
Vermont None specified in the state MSGP. Gravel pits, salvage yards, scrap recycling 

facilities are considered high risk.  
Virginia None specified in the state MSGP. 
Washington MS4 permit identifies a list of industries and land uses that the permittee must 

inspect (See Permit appendix 8). 
West Virginia None specified in the state MSGP. Mills and auto salvage yards are considered 

high risk. 
Wyoming None specified in the state MSGP. Case by case based on proximity to high class 

waters and industry type. 
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TABLE C-8 Do State BMP Manuals Exist for Implementation Guidance? 
State Municipal Industrial Construction 

Alabama No. Use EPA materials. No. Use EPA Materials. Yes. State E&S Manual. 
http://swcc.state.al.us/erosio 
n_handbook.htm 

California Yes. CASQA and Caltrans 
manuals. Not officially 
adopted. 

Yes. CASQA and Caltrans 
manuals. Not officially 
adopted 

Yes. CASQA and Caltrans 
manuals. Not officially 
adopted. 

Connecticut No No. An SWPPP guidance 
document is available 
online. 

Yes. E&S Guidelines (2002) 
and CT Stormwater Quality 
Manual (2004). 

Hawaii No. Use EPA materials. No. Use EPA materials. No. Use EPA materials. 
Georgia Yes. Georgia Stormwater 

Management Manual. 
No. Use EPA materials. Yes. Manual for Erosion and 

Sediment Control in 
Georgia. 

Maine Yes Yes Yes 
Minnesota Yes. The Minnesota 

Stormwater Manual at: 
http://www.pca.state.mn.us/ 
water/stormwater/stormwate 
r-manual.html 
Stormwater BMPs – 
Protecting Water Quality in 
Urban Areas at: 
http://www.pca.state.mn.us/ 
water/pubs/sw-
bmpmanual.html 

No. Plan to develop one. Yes. Fact sheets and 
guidance at: 
http://www.pca.state.mn.us/ 
water/stormwater/stormwate 
r-ms4.html#bmp 

Nebraska No No No 

Nevada Yes Yes Yes 

New York Yes Yes. A few state materials. Yes 

Ohio No. Use EPA materials. No. Use EPA materials. Yes. 
http://www.dnr.state.oh.us/w 
ater/rainwater/default/tabid/ 
9186/Default.aspx 

Oklahoma No. Use EPA materials. No. Use EPA materials. No. Use EPA materials. 
Oregon No No. Have BMP technical 

assistance guidance 
documents. 

Yes. Use of Oregon BMP 
manual is optional. 

Vermont Yes No Yes. Standards for 
designers, a field guide for 
contractors (2006), and the 
Low Risk Handbook. 

Virginia Yes. E&S control and 
stormwater handbooks. 

No Yes. E&S control and 
stormwater handbooks. 
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State Municipal Industrial Construction 
Washington Yes. 

Stormwater Management 
Manual for Western 
Washington (2005) and 
Stormwater Management 
Manual for Eastern 
Washington (2004) 

Yes. 
http://www.ecy.wa.gov/prog 
rams/wq/stormwater/manual 
.html 

Yes. 
http://www.ecy.wa.gov/prog 
rams/wq/stormwater/eastern 
_manual/index.html 

West 
Virginia 

No No Yes 

Wyoming No No. Refer to manuals from 
other states. 

No. Refer to manuals from 
other states. 
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TABLE C-9 Full-Time Staff Dedicated to the Stormwater Program 
State Municipal Industrial Construction Total Statewide 

Alabama 1.5 7 25–30 33.5–38.5 
California 89 
Connecticut 5 
Georgia 4.5 2.5 46 53 
Hawaii 0.5 1 2 3.5 
Maine 0.7 2.5 NA 
Minnesota 4.3 14 36 
Nebraska 3 
Nevada 1 1.5 3 5.5 
New York 7 1 11 19 
Ohio 18 
Oklahoma 7 
Oregon 1 4–5 (shared with 

construction) 
4–5 (shared with 

industrial) 
5–6 

Vermont 0.5 2 5 7.5 
Virginia 3 8 (shared with 

other programs) 
10 13 

Washington 10 17 16 43 
West Virginia NA 1 5 
Wyoming 4 
NOTE: NA, not answered. 
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Appendix D 

Select Stormwater Model Descriptions and Application 


DESCRIPTION OF THE SOIL AND WATER ASSESSMENT TOOL  

The Soil and Water Assessment Tool (SWAT) model (Arnold et al., 1998; Arnold and 
Fohrer, 2005; Gassman et al., 2007) is a tool for assessing water resource and nonpoint source 
pollution problems for a wide range of scales and environmental conditions across the globe 
(SWAT, 2008). SWAT is being used in the United States to support total maximum daily load 
(TMDL) analysis, to research the effectiveness of conservation practices within the U.S. 
Department of Agriculture Conservation Effects Assessment Program initiative (Mausbach and 
Dedrick, 2004; CEAP, 2007), to perform “macro-scale assessments” for large regions such as the 
upper Mississippi River basin (Arnold et al., 1999; Jha et al., 2006), and for a wide range of 
other water use and water quality applications. It is primarily used in agricultural watersheds, but 
an agricultural model must be used with an urban runoff model, such as WinSLAMM, when a 
watershed has both urban and agricultural nonpoint sources. 

SWAT has been found to be sound and suitable for long-term continuous simulations in 
agricultural watersheds (Borah and Bera, 2004). Although the model is primarily used for 
evaluating agricultural runoff problems, it is very useful for evaluating sources of pollutants and 
the benefits of management practices in watersheds containing both agricultural and urban areas, 
especially for TMDL analysis. Output from urban management models, such as WinSLAMM, 
can be input to SWAT for a mass balance analysis of pollutant sources and an evaluation of the 
most cost-effective approach to achieving pollutant reduction goals.  

SWAT is a basin-scale, continuous-time model that operates on a daily time step and is 
designed to predict the impact of management (point and nonpoint) on water, sediment, and 
agricultural chemical yields in ungauged watersheds. The model is a physically based model 
developed to simulate landscape processes with a high level of spatial detail in large watersheds. 
A watershed is divided into multiple subwatersheds, which are then further subdivided into 
hydrologic response units (HRUs) that consist of homogeneous land-use, management, and soil 
characteristics. A watershed can also be divided into only subwatersheds that are characterized 
by dominant land uses, soil type, and management. 

Processes simulated in the model are driven by the water balances in the watershed. The 
water balance is separated into a land phase and a routing phase of the hydrologic cycle. Loads 
of water, sediment, nutrients, and pesticides are controlled by the land phase. The routing phase 
determines the movement of water, sediments, nutrients, and pesticides through the channel 
network to the outlet of the watershed. The overall hydrologic balance is calculated for each 
HRU. This combination of upland and channel processes is an important strength of SWAT.  

Input information required to run the model include climatic data, soil properties, 
topography, vegetation, and land management practices in the watershed. Since most of the 
inputs are physically based or readily available, the watersheds can be modeled without 
collecting any monitoring data. It is important to note that SWAT is not a “parametric model” 
with a formal optimization procedure to fit any data (Santhi et al., 2005). Instead, a few 
important variables that are not well defined physically—such as runoff curve number, or the 
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Universal Soil Loss Equation’s cover and management factor—may be adjusted to provide a 
better fit.  

A key strength of SWAT is a flexible framework that allows the simulation of a wide 
variety of conservation practices and other best management practices, such as fertilizer and 
manure application rates and timing, cover crops, filter strips, conservation tillage, irrigation 
management, flood prevention structures, grassed waterways, and wetlands. The majority of 
conservation practices can be simulated in SWAT with straightforward parameter changes. 

THE SOURCE LOADING AND MANAGEMENT MODEL 

WinSLAMM, the Source Loading and Management Model, was developed starting in the 
mid-1970s as part of early EPA street cleaning and receiving water projects in San Jose (Pitt, 
1979) and Coyote Creek, California (Pitt and Bozeman, 1982). The primary purpose of the 
model is to identify sources of urban stormwater pollutants and to evaluate the efficiency of 
stormwater control measures. During the mid-1980s, the model was expanded to include more 
management options beyond street cleaning. The Nationwide Urban Runoff Program projects 
(EPA, 1983) provided a large dataset for model, especially for Alameda County, California (Pitt 
and Shawley, 1982); Bellevue, Washington (Pitt and Bissonnette, 1994); and Milwaukee, 
Wisconsin (Bannerman et al., 1983). Research funded by the Ontario Ministry of the 
Environment, Ottawa (Pitt, 1987), and the Toronto Area Watershed Management Strategy study 
in the Humber River (Pitt and McLean, 1986) also provided much information on bacteria 
sources in urban areas. During the mid-1980s, the model started to be used by the Wisconsin 
Department of Natural Resources (DNR) in their Priority Watershed Program (Pitt, 1986). The 
first Windows version of the model was developed in 1995 and the current version is 9.3. The 
model is continuously being updated based on user needs and new research (recent and current 
support from the Stormwater Management Authority of Jefferson County, Alabama; the 
Tennessee Valley Authority, Economic Development group; WI DNR; the USGS; and 
Imbrium). The next version currently being developed will include drag-and-drop watershed 
elements and more complete routing options. 

Over the years, WinSLAMM has been extensively revised and expanded and now 
includes a wide range of capabilities. The following lists several important model features: 

•	 The model can evaluate a long series of rain events; usually one to five years of typical 
rains are used, but several decades of rains can be evaluated. 

•	 The model is based on actual field data. Street dirt accumulation and wash-off equations 
and direct runoff from paved surfaces during all rains are used, for example, based on 
many thousands of actual measurements. 

•	 The effects of compacted urban soils are also considered. 
•	 Uncertainties of many modeling parameters are represented by built-in Monte Carlo 

components. 
•	 Costs of control practices can be directly calculated and considered in model runs. 
•	 Runoff flow-duration probability distributions and associated receiving water biological 

conditions are calculated based on site conditions and the control measures being used. 
•	 The model can be interfaced with several other models for more detailed drainage system 

and receiving water evaluations. 
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Appendix D 489 

Prior descriptions of WinSLAMM have been presented during the Engineering 
Foundation and in the Urban Water Modeling Conference series, and in other publications (e.g., 
Pitt, 1986, 1997, 1999; Pitt and Voorhees, 2002). The model website 
(http://www.winslamm.com/) also contains further model descriptions and references. 
The applications of WinSLAMM include the following: 

• Permit compliance—municipal pollutant loadings and discharge reductions 
• Evaluate alternative stormwater controls 

o City-wide 
o Watershed 
o Site development 

• Identify critical drainage areas: 
o ID critical land uses 
o ID critical source areas  
o Assist with cost-sharing 
o Identify the most cost-effective stormwater control and development scenarios. 

WinSLAMM is an urban stormwater model (it does not directly address agricultural areas, etc.). 
It is designed to be effective for multiple scales (individual lots to whole communities) and to 
calculate annual or seasonal pollutant loads. It evaluates individual or multiple stormwater 
control scenarios (source area, land use, drainage, outfalls), as shown in the following table: 

Hydro-
dynamic 
Devices 

Wet 
Detention 
Ponds 

Street 
Cleaning 

Biofil-
tration 

Porous 
Pave-
ment 

Rain 
Barrels/ 
Tanks 

Beneficial 
Uses of 
Stormwater 

Grass 
Swales 

Catch-
basin 
Cleaning 

Drainage 
Disconnec 
tions 

Roof X X X X X X 
Paved Parking/Storage X X X X X X X 
Unpaved Parking/Storage X X X X X X 
Playgrounds X X X X X X X 
Driveways  X X X X X X 
Sidewalks/Walks X X X X X X 
Streets/Alleys X X X X 
Undeveloped Areas X X X X X 
Small Landscaped Areas X X X X X 
Other Pervious Areas X X X X X 
Other Impervious Areas X X X X X X X 
Freeway Lanes/Shoulders X X X 
Large Landscaped Areas X X X 
Land Uses (multiple source 
areas) X 

X X X 

Drainage System  X X X X X X X 
Outfall X X X X X 
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The effectiveness of stormwater control measures (SCMs) are calculated based on the 
actual sizing and other attributes of the devices, the source area or outfall location characteristics, 
and the calculated runoff characteristics. The model does a complete mass balance and routing of 
water volume and particulate mass, considering the combined effects of all controls. Hydraulic 
and particle size routing occurs individually for each device, although serial effects of multiple 
devices are being expanded for these parameters in the newer model versions. The effects of the 
sedimentation controls are calculated using modified Puls hydraulic routing with surface 
overflow rate particulate routing. The performance of wet ponds has been verified by extensive 
monitoring of several ponds (http://unix.eng.ua.edu/~rpitt/SLAMMDETPOND/WinDetpond/ 
WinDETPOND%20user%20guide%20and%20documentation.pdf ). The infiltration and 
biofiltration devices use a combination of hydraulic routing with infiltration and evaporation 
losses, plus any pumped withdrawals. Evapotranspiration losses are being added to the devices in 
the next model update. Underdrain filtering is based on extensive tests of media filtration. Grass 
swale performance is calculated based on extensive laboratory and outdoor testing of particulate 
trapping of shallow flowing water and infiltration losses (Johnson et al., 2003; Kirby et al., 2005; 
Nara et al., 2006). Porous pavement performance is calculated based on infiltration losses and 
clogging effects. Street cleaning and catch-basin benefits are based on extensive EPA research, 
and newer updated research that has examined modern equipment. Hydrodynamic devices are 
based on the basic sedimentation processes but have been verified by tests conducted by the 
USGS and the DNR, plus continued tests at the University of Alabama. The following figure 
shows some example screen shots used to enter information for some of the controls. 
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Hydrodynamic Device Input Screen Main Wet Detention Pond Input Screen 

Street Cleaning Input Screen 
Porous Pavement Input Screen 

Biofilter Input Screen 

Grass Swale Input Screen 
Example control practice input screens for WinSLAMM. 
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Each land use is described by characterizing elements for each source area within the 
land use, including source area and land-use controls. Outfall and drainage system controls are 
described using the dropdown menus. A new drag-and-drop interface is currently being 
developed that will allow greater efficiency and flexibility in placement of controls and multiple 
land-use source areas. The following figure shows these screens. 

Current source area WinSLAMM screen and new drag-and-drop routing screen being developed. 

The calculated outputs from WinSLAMM are organized in several tiers. For most of the 
output options, a summary table is presented. The data in the summary table includes the 
following information: 

•	 Runoff volume (ft3, percent reduction; and Rv, runoff coefficient), particulate solids (lbs 
and mg/L), for 

o	 source area total without controls, 
o	 total before drainage system, 
o	 total after drainage system, and 
o	 total after outfall controls. 

•	 Total control practice costs: 
o	 capital costs, 
o	 land cost, 
o	 annual maintenance cost, 
o	 present value of all costs, and 
o	 annualized value of all costs. 

•	 Receiving water impacts due to stormwater runoff: 
o	 calculated Rv with and without controls, 
o	 approximate biological condition of receiving water (good, fair, or poor), and 
o	 flow duration curves (probabilities of flow rates for current model run and without 

controls). 
Most of this information is included on the first output page, while the flow duration curves are 
included on an optional second page, as shown in the following figure. 
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Summary Table with Detailed Output Tabs Flow Duration Summary Output Option 

The tabs along the top of the summary table enable additional information to be displayed 
for runoff volume, particulate solids, and pollutants, such as the following: 

•	 Runoff volume (ft3), source area contributions, particulate solids (lbs and mg/L), and 
pollutants (lbs and mg/L) 

o	 by source area for each rain event, 
o	 land-use total, 
o	 summary for all rains, 
o	 total for land use and for each event, 
o	 outfall summary, before and after drainage system and before and after outfall 

controls, 
o	 Rv (runoff volume only), 
o	 total losses (runoff volume only), and 
o	 calculated curve number (runoff volume only). 

An example of the detailed data for runoff volume is shown in the following figure. 

Runoff volume detailed WinSLAMM output. 
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Another group of output options are “one-line-per-event” datasets saved in a csv file 
format that can be opened in a spreadsheet for further data manipulation. These files can also be 
examined by selecting the “utilities/view file/use notepad or use Windows view,” pull-down 
menu option from the main WinSLAMM page. The data presented in these files include “One-
Line per Event Runoff Details,” with data for each event and statistical summaries for all events 
(number of events, total, equivalent annual total, minimum, maximum, average of all events, 
median, standard deviation, and coefficient of variation): 

• rain duration (hours), 
• rain inter-event period (days), 
• runoff duration (hours), 
• rain depth (inches), 
• runoff volume (ft3), 
• Rv, 
• average flow (cfs), 
• peak flow (cfs), and 
• suspended solids (lbs and mg/L). 

One of the main features of WinSLAMM is to identify the sources of pollutants for 
different rain conditions for a specific development. The following example plot shows how 
runoff volume originates from different sources in a medium-density residential area for different 
categories of rains. This type of plot is very useful when determining the most likely effective 
locations for stormwater controls, or for changes in development characteristics. 

A powerful feature of WinSLAMM is the batch processor that enables many control 
options to be quickly compared for an area. The following plot of the cost-performance data for 
one study site shows the unit costs associated with preventing particulate solids from being 
discharged from an area: 
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THE STORMWATER MANAGEMENT MODEL, VERSION 5 

The Stormwater Management Model (SWMM) can be used to evaluate a number of 
urban water hydrology and hydraulic problems. It is commonly used to design and evaluate 
separate storm drainage and sanitary systems and to evaluate combined sewers. Its detailed 
hydraulic capabilities have made it the most popular tool for evaluating CSO problems and 
controls. SWMM also includes various water quality options and it is currently being expanded 
to include a variety of low-impact development options. 

The U.S. EPA National Risk Management Laboratory and CDM, Inc., completely 
recoded the SWMM software recently, with the release of SWMM5. The original version of this 
software was developed between 1969 and 1971, with Metcalf and Eddy (M&E) of Palo Alto, 
California, as the main contractor to develop the different modules in the program. M&E 
subcontracted some of the modules to Water Resources Engineers of Walnut Creek, California 
(WRE) and the University of Florida (UoF). WRE (now part of CDM) developed the original 
RUNOFF, RECEIV, and GRAPH models. M&E developed the RUNOFF quality and 
STORAGe/Treatment routines. UoF developed the TRANSPORT module. In 1973, WRE 
developed the TRANS model that later in 1977 was modified to EXTRAN (Larry Roesner). Also 
in 1977, William James developed the minicomputer version known as FASTSWMM and 
SWESWMM. In 1984, Computational Hydraulics Institute (CHI), the company formed by 
William James, developed the first user-friendly microcomputer version known as PCSWMM. 
In 1988, version 4 of SWMM was released by EPA and included some of the enhancements 
developed by PCSWMM. Since that time, UoF (Wayne Huber and Jim Heaney), the University 
of Guelph (where William James taught), and Oregon State University (Wayne Huber) have 
been improving version 4, with the release of version 4.4gu in 1999 (James et al., 2002). 

SWMM5 was developed for many reasons: the previous versions were developed in 
DOS-based FORTRAN over more than a 30-year period with different levels of documentation. 
The development of the Windows environment and object-oriented programming techniques 
improved programming capabilities and graphical user interfaces. One advantage of the new 
model is that only a single file is needed, and not multiple modules, for a single simulation. A 
single file can now be created that contains RUNOFF, TRANSPORT, and/or EXTRANS at the 
same time. SWMM5 uses the same environment that EPANET uses, assigning the values to the 
objects used during the simulation. Other reasons for the new SWMM version are its ability to 
eventually develop routines for modeling SCMs, to improve the routing procedures of water 
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496 Urban Stormwater Management in the United States 

quality in the model, and to create the possibility to simulate real-time control by manipulating 
control structures (EPA, 2002). 

The following summary of SWMM5’s capabilities and applications is from the EPA’s 
SWMM5 website, where one can download the model and documentation 
(http://www.epa.gov/ednnrmrl/models/swmm/index.htm). 
“The EPA Storm Water Management Model (SWMM) is a dynamic rainfall-runoff simulation 
model used for single event or long-term (continuous) simulation of runoff quantity and quality 
from primarily urban areas. The runoff component of SWMM operates on a collection of 
subcatchment areas that receive precipitation and generate runoff and pollutant loads. The 
routing portion of SWMM transports this runoff through a system of pipes, channels, 
storage/treatment devices, pumps, and regulators. SWMM tracks the quantity and quality of 
runoff generated within each subcatchment, and the flow rate, flow depth, and quality of water in 
each pipe and channel during a simulation period comprised of multiple time steps.  

Capabilities 

SWMM accounts for various hydrologic processes that produce runoff from urban areas. 
These include: 

•	 time-varying rainfall  
•	 evaporation of standing surface water  
•	 snow accumulation and melting  
•	 rainfall interception from depression storage 
•	 infiltration of rainfall into unsaturated soil layers 
•	 percolation of infiltrated water into groundwater layers  
•	 interflow between groundwater and the drainage system 
•	 nonlinear reservoir routing of overland flow.  

Spatial variability in all of these processes is achieved by dividing a study area into a collection 
of smaller, homogeneous subcatchment areas, each containing its own fraction of pervious and 
impervious sub-areas. Overland flow can be routed between sub-areas, between subcatchments, 
or between entry points of a drainage system. 

SWMM also contains a flexible set of hydraulic modeling capabilities used to route 
runoff and external inflows through the drainage system network of pipes, channels, 
storage/treatment units and diversion structures. These include the ability to: 

•	 handle drainage networks of unlimited size  
•	 use a wide variety of standard closed and open conduit shapes as well as natural channels  
•	 model special elements such as storage/treatment units, flow dividers, pumps, weirs, and 

orifices 
•	 apply external flows and water quality inputs from surface runoff, groundwater interflow, 

rainfall-dependent infiltration/inflow, dry weather sanitary flow, and user-defined inflows  
•	 utilize either kinematic wave or full dynamic wave flow routing methods  
•	 model various flow regimes, such as backwater, surcharging, reverse flow, and surface 

ponding 
•	 apply user-defined dynamic control rules to simulate the operation of pumps, orifice 

openings, and weir crest levels 
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Appendix D 	 497 

In addition to modeling the generation and transport of runoff flows, SWMM can also 
estimate the production of pollutant loads associated with this runoff. The following processes 
can be modeled for any number of user-defined water quality constituents: 

•	 dry-weather pollutant buildup over different land uses  
•	 pollutant wash-off from specific land uses during storm events  
•	 direct contribution of rainfall deposition 
•	 reduction in dry-weather buildup due to street cleaning  
•	 reduction in wash-off load due to stormwater controls 
•	 entry of dry weather sanitary flows and user-specified external inflows at any point in the 

drainage system 
•	 routing of water quality constituents through the drainage system 
•	 reduction in constituent concentration through treatment in storage units or by natural 

processes in pipes and channels 

Applications 

Since its inception, SWMM has been used in thousands of sewer and stormwater studies 
throughout the world. Typical applications include: 

•	 design and sizing of drainage system components for flood control  
•	 sizing of detention facilities and their appurtenances for flood control and water quality 

protection 
•	 flood plain mapping of natural channel systems (SWMM 5 is a FEMA-approved model 

for NFPI studies) 
•	 designing control strategies for minimizing combined sewer overflows  
•	 evaluating the impact of inflow and infiltration on sanitary sewer overflows  
•	 generating non-point source pollutant loadings for waste load allocation studies  
•	 evaluating the effectiveness of stormwater controls for reducing wet weather pollutant 

loadings.” 

SWMM has been used as an engine by many other model developers in several countries. 
These other products usually add both front-end data collection and GIS support and post-
processing tools. In many cases, the integration of these additional tools is seamless. One of the 
more popular extensions has been a series of programs developed by Dr. Bill James at the 
University of Guelph and Computational Hydraulics International, Guelph, Ontario 
(http://www.computationalhydraulics.com/). The following is a brief description of 
PCSWMM.NET, their newest version that integrates SWMM5, as an illustration of the expanded 
capabilities that these SWMM program extensions can offer. This model is a GIS-based, 
graphical decision support system for EPA SWMM5 urban drainage modeling (sanitary, storm, 
and/or combined systems). It implements additional tools for streamlining sewer collection 
system model development, optimization and analysis. PCSWMM.NET allows both engineers 
and GIS professionals to work on the same data as it offers direct support for ESRI ArcGIS 
geodatabases, ArcView shape files, and ArcInfo E00 files, along with several open standard and 
proprietary GIS and CAD formats. The GIS engine is completely scalable, allowing a wide range 
of site conditions to be evaluated. 
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Other added attributes of PCSWMM.NET include advanced quality assurance and 
quality control features that include attribute validation, orphan detection, and pipe slope 
screening tools. As an example, disconnected entities (link, node, and subcatchment), missing 
data, and potential data errors such as negative pipe slopes are identified and reported. Calculator 
tools are also included for identifying and estimating missing data. For example, it is possible to 
manually control the calculation of subcatchment areas or conduit attributes from map units, or 
to turn on the autolength feature and have these spatial attributes automatically synchronized. 
The subcatchment widths can also be directly calculated from user-defined overland flow path 
lengths. A dry weather flow (DWF) analyzer tool allows for automatic creation of hourly, daily, 
and/or monthly patterns for sanitary sewer DWF model inputs. Subcatchment-specific 
hyetographs can be computed from rain-gauge calibrated radar-rainfall data through an area 
weighting process (DE-9IM model) relating a radar-rainfall overlay (polar coordinate, grid, etc.) 
to the model’s subcatchment polygons. This process supports any length of radar-rainfall time 
series and any number of radar cells or subcatchments. Native support is provided for Vieux and 
Associates (rain-gauge calibrated radar-rainfall data providers) data.  

A major feature of many of the third-party SWMM packages is additional support for 
importing data. PCSWMM.NET, for example, supports extended interfaces with GIS/CAD, 
database, spreadsheet, and delimited text files. The Import Data Wizard supports importing to 
multiple SWMM5 layers from multiple data sources simultaneously and provides data filtering 
and attribute matching control. An interesting feature of PCSWMM.NET is the ability to 
automatically transfer the site data directly into Google Earth for three-dimensional 
visualizations of the model layouts and the results. Other extended output features include the 
ability to create scatter plots for any two computed model time series (conduit depth vs. velocity, 
storage depth vs. discharge, subcatchment rainfall vs. runoff, etc.). Positive or negative strong, 
weak, or no correlation is reported. Trend lines or best-fit curves can also be plotted on the 
scatter plots. 

There is much third-party support for SWMM5. James et al. (2005) is the latest edition of 
the SWMM user guide, containing much supplemental material, including tutorials. Many 
beginning model users are intimidated by SWMM; however, it is quite possible to use the new 
versions quickly for a variety of common problems. As an example, Pitt has a comprehensive 
“hello world” user guide available at 
http://unix.eng.ua.edu/~rpitt/Class/Water%20Resources%20Engineering/WREMainPage.htm 
that is used in undergraduate water resources classes. This guide covers both storm drainage and 
sanitary collection system designs. The example is for a small area, but the guide is also 
applicable for larger and more complex situations. The following are a few selected screen shots 
from this guide showing some of the basic features of SWMM. 
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Example storm drainage system layout for SWMM5 evaluation. 

Extensive Help files are available that explains each parameter and input need. 
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Calculated water depth for a storm-drain system. 

Water surface profiles can also be calculated in SWMM5 to examine backwater problems. 
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Four-month rain history simulation using SWMM5. 

Road and pipe layout for sanitary sewer design for same area. 

Continuous simulations for water depths on sanitary sewer with SWMM5. 
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WESTERN WASHINGTON HSPF APPLICATION 

A Brief History of Western Washington Stormwater Hydrology Modeling 

Municipal stormwater management programs in western Washington go back more than 
30 years. They grew out of flood prevention and control programs and from there expanded to 
encompass concern with stream-channel and habitat damage by elevated storm flows and, later, 
water quality degradation by stormwater runoff. Early hydrologic modeling supporting 
retention/detention pond design to attempt control of elevated flows utilized a derivative of the 
Rational Method. By the late 1980s hydrologists had begun using HSPF for continuous flow 
modeling, but most modeling by other professionals was based on a Santa Barbara Unit 
Hydrograph (SBUH) approach rooted in the U.S. Soil Conservation Service (USCS; now Natural 
Resources Conservation Service, NRCS) TR-55 storm event–based model (USCS, 1986). The 
latter model was the basis for most analyses prescribed by the first comprehensive stormwater 
management manual issued in the region, King County’s Surface Water Design Manual (King 
County Surface Water Management Division, 1990). 

Shortly after the manual’s appearance some of the more experienced hydrologic analysts 
in the area began developing various dissatisfactions with the prevailing, highly simplified 
modeling methodology, focusing ultimately on its inability to produce pond designs that actually 
control peak discharge rates in a predictable manner. At the same time it became apparent that, 
although HSPF offered promise to improve analysis and design substantially, several factors 
limited its broader use. First, its relative complexity restricted effective use to the specialists. 
HSPF’s application was further limited by its extensive input data requirements and orientation 
to drainage catchments more on the order of square kilometers or larger than on development 
site-scale sizes. 

In 1992 King County and the University of Washington began work to develop a “runoff 
files” system to remove HSPF’s limitations and gain its benefits much more broadly (Jackson et 
al., 2001). The runoff files concept dates back to Lumb and James (1976), who developed it for 
flood analysis in DeKalb County, Georgia. Runoff files comprise a set of time-series data files of 
unit-area land surface runoff presimulated with HSPF for a range of land-cover conditions and 
soil types. To expedite analysis and design, the runoff files depend on a reduced hydrologic 
record that is statistically representative of the available extended record. Estimation of design 
flows and facilities design is accomplished by accessing and manipulating the runoff file data by 
means of supporting software. 

The work culminated in the development of the King County Runoff Time Series 
(KCRTS) software package. The Washington Department of Ecology (WDOE, 2005) later 
extended the runoff file coverage to all of western Washington and produced accompanying 
software—the Western Washington Hydrologic Model (WWHM). The next section briefly 
describes the initial runoff files development process, as an illustration of the effort necessary to 
establish a runoff files–based system. Subsequent sections discuss the characteristics, data 
requirements, capabilities, limitations, and applications of WWHM. 
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Runoff Files Development for KCRTS 

Approach 

To determine reliable flows and design stormwater management facilities, continuous 
hydrologic models must simulate long time series of flows, on the order of 40 years or more. To 
relieve the burden on the user imposed by these extensive data needs, an important feature of the 
runoff files method is selection of a shorter sample of hydrologic data that are statistically 
representative of the full record. As a prerequisite to developing KCRTS, the University of 
Washington compiled precipitation and flow records from a number of locations in King County 
and examined them to identify seven years that had flow statistics representative of the most 
critical conditions for stormwater facility design. An eighth year represents the hypothetical 100-
year discharge event, simulated by scaling up runoff from a large January 1990 storm. 

Steps in Development 

Eight steps were involved in developing the runoff files and KCRTS (Jackson et al., 
2001, a reference with more detail on each step): (1) selection of HSPF parameters for a range of 
land-cover conditions and soil types, (2) quality assurance and correction of rainfall data, (3) 
selection of a short climate record that accurately substitutes for the long record, (4) generation 
of runoff files using HSPF, (5) determining plot positions for peak annual flows so that the short 
record could be used for flow recurrence estimation, (6) creation of 100-year flood hydrographs, 
(7) model verification against long-term HSPF simulations, and (8) training the engineering 
community to use the new system. 

The first step was covered by preceding USGS work developing generalized model 
parameters from HSPF calibrations against flow data from 21 gauged streams in King and 
neighboring Snohomish County. These parameters were used with HSPF to generate hydrologic 
responses as time series of unit area land surface runoff for eight soil and land-cover types and 
two long-term hourly rainfall stations. King County soils are almost entirely derived from 
continental glaciation 12,000 years ago and consist of either low-porosity till or high-porosity 
outwash. These two soil types were paired with forest, pasture, and grass (lawn) to make up six 
soil and cover types. To these types were added two others, impervious and wetlands. One 
precipitation station represented the lowlands of western King County, and the other the foothills 
and valleys to the east. More stations were initially evaluated but discarded because of short 
records, data gaps, errors, and recording too coarse for the modeling purposes (e.g., in tenth-inch 
instead of hundredth-inch increments). 

In the third step, the longest, most complete rainfall record, from Seattle-Tacoma 
International Airport, was searched for any combination of seven water years that together would 
produce flow duration statistics for the selected soil and cover types that match the statistics from 
a simulation of the full record (step 5). The search yielded seven years from 1951 to 1987 that 
met this criterion. These years also proved to be acceptable for the eastern rain station. 

Generation of the 100-year frequency simulation (step 6) was complicated by the fact that 
a given storm generally does not produce maximum flows from all soil and land-cover types. 
However, the January 1990 storm, falling on already very wet ground, had characteristics that 
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did produce highly elevated flows from all of the types of interest. For till soils and impervious 
land, 100-year peak flow rates were estimated by fitting a Log Pearson Type III distribution to 
peak annual flows generated with the available 42-year record. This technique did not work well 
for outwash soils and wetlands, because of the relatively large soil storage in the former case and 
the flow attenuating effects of wetlands. In these cases semi-logarithmic graphing fit a flow 
frequency curve to peak flows. Scale factors were chosen to produce a weighted-average factor 
that increases the January 1990 peak flows from a mixture of soil and cover types to statistically 
determined 100-year rates. 

For verification (step 7), extensive tests of KCRTS-designed detention facilities were 
conducted by routing long-term HSPF-generated flow series from the full record through the 
units to determine if discrepancies in flow statistics from the short record caused faulty designs. 
Almost all designs using KCRTS met or came close to meeting their performance standards 
when tested with HSPF. Notwithstanding a small number of deviations at the relatively frequent 
recurrence end of the storm spectrum, producing both larger and smaller facilities than designed 
by HSPF, it was concluded that KCRTS-designed detention devices are expected to meet 
performance standards much better than units designed with single-event methodologies. Two 
watershed-scale (1,404 and 4,706 ha) tests demonstrated the utility of KCRTS as a basis for 
designing networks of detention facilities to maintain predevelopment stream hydrology (see 
KCRTS Case Study). 

KCRTS Case Study 

KCRTS was applied to compare the model’s ability to specify runoff detention facilities 
meeting runoff control standards to results using the SBUH method instead. The Soosette Creek 
watershed (1,404 ha) in King County provided the test case. This stream was already impacted 
biologically and expected to experience additional development to a full buildout condition. 
Predevelopment simulations were based on land cover obtained from 1985 aerial photographs. 
Pasture predominated in undeveloped areas at that time. The postdevelopment case assumed that 
all developable land would be built in high-density residential land use (10 to 15 dwellings per 
hectare), with assumed 25 percent impervious cover and 75 percent lawns. The supposition was 
that 91 percent of this development would drain to detention facilities, and the remainder would 
consist of small projects not subject to King County drainage review. It was further assumed that 
20 percent of the forest cover and all wetlands existing in 1985 would remain undisturbed. 

Performance standards applied to gauge results were as follows: (1) ability to match pre- 
and postdevelopment peak flow rates between the 2- and 10-year discharges, and (2) ability to 
match pre- and postdevelopment flow durations between 50 percent of the 2-year and the 50-year 
flow. More specifically, the Normalized Channel Stability Index (NCSI) was taken as a basis for 
judgment: 

NCSI = (2-yearpostdevelopment – 2-yearpredevelopment)/(10-yearpredevelopment – 2-yearpredevelopment) 

Previous observations of channel morphology, habitat characteristics and fish usage 
indicated that channels with an index greater than 1 are unstable and unable to support 
anadromous salmonid fish, whereas those with an index near zero have excellent habitat and 
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healthy fish populations, unless some other negative factor (e.g., blockage to fish passage, poor 
water quality) is present (Jackson et al., 2001). 

KCRTS-designed detention systems were estimated to maintain the two-year peak flow 
rates at different stream stations with very little change, whereas those facilities designed 
according to SBUH would allow increases of 15 to 20 percent. In the latter case two-year flow 
durations were forecast to rise by up to 80 percent, while those based on KCRTS would hold 
durations with almost no increases. The KCRTS facilities were also estimated to keep NCSI 
values at already degraded levels of 1.2–2.1, while the SBUH devices would permit further 
deterioration to 1.7–2.7. 

The Western Washington Hydrologic Model 

Characteristics 

WWHM is an outgrowth of KCRTS, extending the runoff-files approach from King 
County to all of western Washington. Accordingly, it utilizes model parameters and rainfall data 
from a wider area. The same eight soil and land-cover types underlying KCRTS are also used in 
WWHM, with parameter selections appropriate to the different locations in the region. Western 
Washington rainfall regimes are represented by 17 gauging stations at elevations below 457 m 
(1,500 ft), where almost all development occurs. For better representation of local conditions in 
the large area served by the model, it includes multipliers to adjust rainfall geographically. Pan 
evaporation coefficients similarly adjust evapotranspiration from place to place. 

Capabilities 

WWHM computes the pre- and postdevelopment 2- through 100-year flow frequency 
values from a detention facility discharge point. It then compares the pre- and postdevelopment 
flow durations to check if the device would meet WDOE’s flow control requirements, which are 
duration-based according to the following criterion: if postdevelopment flow duration values 
exceed any of the predevelopment durations occurring between 50 percent of predevelopment 
two-year up to the predevelopment 50-year surface runoff peak flow rates, then the requirement 
is not met. 

Limitations 

Being based on HSPF, WWHM shares the limitations inherent in that continuous model 
(e.g., not being capable of modeling backwater or tailwater situations). WWHM is a site-scale 
model and has been programmed specifically to design individual stormwater management 
practices. While the model can route runoff through multiple stormwater control devices in 
series, it cannot route through a natural lake or wetland. Routing effects become more important 
with increase in catchment area. For this reason it is recommended that WWHM not be used for 
drainage areas larger than 130 ha (320 acres). 
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Discharge Contributions to Water Pollution 
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earned a Ph.D. in Sanitary Engineering from the University of Michigan.  In 1989, Dr. O’Melia 
was elected to the National Academy of Engineering for significant contributions to the theories 
of coagulation, flocculation, and filtration leading to improved water-treatment practices 
throughout the world. 
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tested procedures to recognize and reduce inappropriate discharges of wastewaters to separate 
storm drainages.  He has investigated the sources and control of stormwater toxicants and 
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nationwide database of national stormwater permit information and conducting comprehensive 
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stormwater management) as an offset to growth in point source loads.  He is a member of the 
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School of Law. Before joining the UT faculty, she was a professor at Case Western Reserve 
University School of Law and a visiting professor at Columbia Law School and the Vanderbilt 
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modeling, and on technology-based standards. Ms. Wagner received a master’s degree in 
environmental studies from the Yale School of Forestry and Environmental Studies and a law 
degree from Yale Law School.  She clerked for the Honorable Judge Albert Engel, Chief Judge 
of the U.S. Court of Appeals for the 6th Circuit.  
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ABSTRACT: In order to establish the status of metal contamination
in surface waters in the coastal ocean off Los Angeles, California, we
determined their dissolved and particulate pools and compared them
with levels reported in the 1970s prior the implementation of the
Clean Water Act. These measurements revealed a significant
reduction in particulate toxic metal concentrations in the last 33
years with decreases of ∼100-fold for Pb and ∼400-fold for Cu and
Cd. Despite these reductions, the source of particulate metals appears
to be primarily anthropogenic as enrichment factors were orders of
magnitude above what is considered background crustal levels.
Overall, dissolved trace metal concentrations in the Los Angeles
coastal waters were remarkably low with values in the same range as
those measured in a pristine coastal environment off Mexico’s Baja
California peninsula. In order to estimate the impact of metal
contamination on regional phytoplankton, the internalization rate of trace metals in a locally isolated phytoplankton model
organism (Synechococcus sp. CC9311) was also determined showing a rapid internalization (in the order of a few hours) for many
trace metals (e.g., Ag, Cd, Cu, Pb) suggesting that those metals could potentially be incorporated into the local food webs.

■ INTRODUCTION
The Southern California Bight (SCB) is a densely populated
and industrialized area subject to high levels of anthropogenic
inputs from wastewater treatment plants, urban and agricultural
runoff, oil and gas production, vessel activities, and hazardous
material spills.1 Nowhere is this more evident than in the
coastal ocean off Los Angeles, California. Los Angeles County
houses an estimated 10 million inhabitants2 that, together with
other SCB counties, generate more than 4.7 billion gallons of
treated effluent water per day.3 This effluent water is discharged
into the coastal ocean by nineteen municipal wastewater
treatment plants serving the Los Angeles area, including the
large Hyperion Treatment Plant (HTP) (City of Los Angeles)
and the Joint Water Pollution Plant (JWPCP) (Los Angeles
County Sanitation Districts).3 This effluent water is discharged
five miles offshore at a depth of 60 m.4 While regulation
through the Clean Water Act led to a large reduction in the
input of pollutants into the SCB beginning with its
implementation in 1972,5 effluent discharge from those
wastewater treatment plants continues to discharge several
metric tons of toxic metals such as Ag, Cu, Ni, Pb, and Zn into
the Bight every year.3,6,7

Current monitoring programs within the SCB have primarily
focused on determining temporal and spatial changes in metal
contamination in sediments and biota,8−11 and, therefore,
current data on the concentrations of water-column particulate
and dissolved metals in the marine environment off Los
Angeles are very limited. There is also no information about
metal accumulation within local phytoplankton species even
though several studies have shown that environmentally
relevant trace metals, including Cu, Ni, Pb, and Cd are readily
internalized by phytoplankton.12−16

In this study, we assayed the impact of the Clean Water act
on toxic trace metals in surface waters of the SCB off Los
Angeles by determining current levels of particulate and
dissolved metals and comparing these levels to measurements
done in the same locations in the early 1970s by Bruland and
Franks (1978).17 In addition, enrichment factors calculated for
particulate trace metals and a comparison of dissolved trace
metal levels measured off Los Angeles with those measured in a
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pristine environment off Punta Banda, Baja California, Mexico
(33° N, 117° W) and elsewhere in the SCB in 1989 were used
to evaluate the current status of metal contamination within
this area of the Bight. In order to more fully understand the
ecological impact of dissolved metals in these coastal waters, we
also determined trace metal internalization in the cyanobacteria
Synechococcus sp. CC9311 in an attempt to establish the
potential for biological uptake by local phytoplankton.

■ MATERIALS AND METHODS
Sample Collection and Study Site. Surface water samples

were collected in the SCB off Los Angeles in February and
September of 2009 (Figure 1). February samples were collected

in collaboration with the Los Angeles County Sanitation
District and the City of Los Angeles Sanitation District, and
September samples were collected in collaboration with the
USC Wrigley Institute for Environmental Studies. Station
numbers correspond to environmental monitoring stations of
these agencies. Detailed descriptions of the physical setting of
the sampling area have been previously reported.19,20 All
samples were collected using trace metal clean techniques at a
depth of approximately 1−2 m from the surface and
refrigerated until filtration (<12 h later). Samples for dissolved
trace metal analyses were also collected biweekly in Punta
Banda, Mexico from 2004 to 2005.
Particulate and Dissolved Metal Analyses. Refrigerated

samples were filtered (1.5 to 2 L) through acid-washed and
preweighed 0.45 μm polycarbonate filters to distinguish
between particulate (>0.45 μm) and dissolved (<0.45 μm)
trace metals. Filtration was performed in a class-100 clean
room, and samples were handled using trace metal clean
techniques. Dissolved samples were acidified using Optima
grade hydrochloric acid to a pH <2 and stored for at least one
month prior to preconcentration by organic extractions with
the APDC/DDDC ligand technique described in Bruland et al.
(1985).21 Particulate samples were dried to determine
particulate dry weight and analyzed for refractory and labile
metal concentrations as described in Bruland and Franks
(1978). This type of sequential leaching is commonly used to

determine which particulate metals are likely to be readily
desorbed from suspended particles (labile) from those more
strongly bound (refractory).17 The labile pool was determined
by placing the filters in an acetic acid leach (20% Optima grade
acetic acid for two hours). After the labile leach, the refractory
metal pool was then obtained by boiling the filters for 45 min in
acid-washed Teflon digestion bombs with Optima grade HF,
HCl, and HNO3. Total particulate trace metal concentrations
are reported as the labile + refractory trace metal pools. Trace
metal levels in all the particulate and dissolved pools were
quantified by ICPMS using external calibration curves and an
internal indium standard.

Phytoplankton Metal Internalization Experiments.
Axenic cultures of a Synechococcus sp. CC9311, a strain isolated
from the California current, were grown in filtered, amended
SCB seawater (collected using trace metal clean techniques
from the San Pedro Oceanographic Times Series station
(SPOTS) during November 2009) in acid washed polycar-
bonate containers at 18 °C at a 12/12 light cycle of 100 μmol
photons m−2 s−1. The SCB media was microwave sterilized,22

pH adjusted to 8.0−8.2 with sodium hydroxide, and amended
with N and P (final concentrations: 8.0 × 10−4 M Optima grade
nitric acid and 5.0 × 10−5 M phosphoric acid).
Cultures were acclimated to the modified SCB seawater

media for 3 transfers prior to transfer to 2 L experimental
vessels. The purity of the cultures was confirmed at each time
point via examination of DAPI (4′,6-diamidino-2-phenylindole)
stained aliquots using a Zeiss Axiostar epifluorescent micro-
scope and subsample addition to Marine Purity Broth.23 Cell
growth was estimated through microscopic examination and
flow cytometry at each time sampling point. For flow cytometry
(FC), samples were fixed with a final concentration of 0.1%
formalin prior to analysis and run along with an internal
standard of BD on a FACSCalibur Flow Cytometer. FC results
were analyzed using the CellQuest software (BD Biosciences).
Trace metals internalization experiments were performed in 2 L
acid washed polycarbonate bottles that were amended with
bioactive (nutrient and toxic) trace metals at concentrations
approximately 5× the dissolved concentrations found at near-
effluent discharge stations in the Palos Verdes area during
February 2009 (0.5 nM Al, 15 nM Ni, 10 nM Cu, 0.05 nM Ag,
1 nM Cd, 0.3 nM Pb, 595 nM Mo, 1 nM Co, 15 nM Zn, and 15
nM Fe). Amended and control cultures were filtered down at 0,
3, 6, 12, 24, and 48 h after trace metal additions. At each time
point, 50 mL aliquots were filtered onto acid-washed 0.45 μm
polycarbonate filters for total metal and intracellular metal
concentrations. The intracellular pool was determined using the
oxalate wash procedure.24,25 Trace metals were extracted with
heated acid digestions in sealed Teflon vessels containing
Optima grade nitric and hydrochloric acids. Trace metal
analysis of digested solutions was performed by ICPMS as
described above. Trace metal detection limits and procedural
blanks can be found in the Supporting Information.

■ RESULTS AND DISCUSSION
Spatial Distribution of Particulate Trace Metals. Actual

metal concentrations in the dissolved, particulate and intra-
cellular pools as well as other ancillary parameters are presented
in the Supporting Information. Geographical distribution of Zn,
Fe, Co, and V (in our study area) were similar to those
observed for Cu and Pb (Figure S2 Supporting Information).
Spatial distribution of particulate Cu, Co, Fe, V, and Zn suggest
that point sources and stormwater runoff were likely

Figure 1. Map of SCB sampling sites with potential sources of metal
input indicated with arrows. Sampling locations are identified using the
station numbers of the Los Angeles County Sanitation District and the
City of Los Angeles Sanitation District monitoring programs. Map was
generated using Ocean Data View.18
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contributors of particulate metals to the coastal ocean off Los
Angeles during our sampling. This is indicated by high
concentrations of these metals measured in the vicinity of the
San Gabriel River (7.7 nM Cu, 1.9 nM Co, 8.5 nM Fe, 23 nM
V, and 19 nM Zn), the Los Angeles River/Long Beach Port
area (9.5 nM Cu, 2 nM Co, 8.2 nM Fe, 26 nM V, and 19 nM
Zn), north of the HTP outfall (6 nM Cu, 610 pM Co, 3.2 nM
Fe, 9.2 nM V, and 16 nM Zn), and near the JWPCP outfall at
White Point (6.7 nM Cu, 1.6 nM Co, 8.3 nM Fe, 25 nM V, and
15 nM Zn). Particulate Ba levels were elevated in the White
Point and Los Angeles River/Port of Long Beach areas (mean
118 ± 6 nM) (Figure 2) suggesting a potential contribution
from vehicle emissions26 or from oil contamination27 to the
ambient metal load in these regions. In contrast to the other
metals, particulate Cd showed a different distribution with
levels being fairly uniform throughout the sampling area with
the highest levels (400−200 pM) observed off the coast of
Malibu, potentially due to differences in the point sources of
particulate Cd (Figure 2).
Although the high levels of metals near to effluent inputs are

not totally unexpected due to the large volume of water being
discharged into the area, their presence in areas up the coast
from the HTP outfall suggests a potential horizontal/vertical
transport of effluent particles in the coastal regions of Santa
Monica Bay. The high levels of particulate Al detected near the
San Gabriel River (1.2 nM) and Los Angeles River (670 nM)
suggest that the metals in those regions could be from
terrigenous sources. We cannot rule out other sources such as
atmospheric deposition which has been shown to be an
important source of some particulate metals (e.g., Cu) to the

region.28 However, high concentrations of sewage-tracer
dissolved Ag29 (Figure 5) near the river locations might
suggest that the ultimate source of these riverine metals are
from upriver discharges from water reclamation plants,
National Pollutant Discharge Elimination Systems, power
plants discharge, and/or storm drains.30,31

Temporal Gradients in Particulate Metals. A compar-
ison between the levels of particulate trace metals measured in
February 2009 samples and those measured in the same vicinity
in February 1976 by Bruland and Franks (1978)17 shows that
the overall levels of particulate metals has been largely reduced.
Specifically, concentrations measured in samples collected near
the JWPCP outfall and HTP outfalls have declined ∼400-fold
for Cd and Cu, ∼100-fold for Pb and V, ∼50 fold for Ni, and
∼10-fold for Zn and Ba relative to 1976 (Figure 3A). Similar
reductions were observed when comparing the concentrations
measured at the near-shore stations (noneffluent discharge
stations located anterior to the inner basin in 197617 and the
2009 samples closest to those stations (Figure S1 Supporting
Information) between 1976 and 2009 (∼60-fold decrease in
Cu, a ∼30-fold decrease in Cd, Pb, and Zn, and a ∼6-fold
decrease in Ni and V). This metal concentration decline is
consistent with reductions in mass discharges from the large
treatment plants into the SCB (from 1,184 × 109 L per year in
197632 to 1,402 × 109 L per year in 200933). The exception to
this temporal trend was Ba concentrations, which, on average,
were ∼1.5 times higher in 2009 at our near-shore stations,
potentially due to their inclusion in antifouling paints and
association with processed gasoline.26,27,34

Figure 2. Concentration gradient maps of particulate Cd, Cu, Ba, and Pb measured in February 2009 in the SCB. The metal concentration range is
indicated with the different colors. Maps were generated using Ocean Data View.18
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The overall characteristics of the particulate trace metals in
surface water samples remained largely unchanged with the
average percent labile particulate metals being lower in 1976
but within the same range (97% labile Cd in 1976 vs 91% ± 20
labile Cd in 2009; 38% labile Cu in 1976 vs 52% ± 30 labile Cu
in 2009; 61% labile Pb in 1976 vs 76% ± 26 labile Pb in 2009;
62% labile Zn in 1976 vs 54% ± 29 labile Zn in 2009; 64%
labile Ba in 1976 vs 42% ± 27 labile Ba in 2009; 67% labile V in
1976 vs 45% ± 27 labile V in 2009) with the exception of Ni
which had a lower average percentage of labile particulates in
2009 (57% labile Ni in 1976 vs 27% ± 25 labile Ni in 2009).
The reduction in particulate metal levels observed in the last

33 years in the coastal ocean off Los Angeles is not due to
improvements in sample collections and/or analytical protocols
as both sets of samples were collected and analyzed using
similar protocols. Furthermore, to reduce the seasonal and
spatial variability, both sampling campaigns took place in
February (1976 and 2009) at the same locations or within the
vicinity of each other.
Potential Sources of Particulate Trace Metals. The

source of particulate Cu, Ni, Zn, Ba, Cd, Pb, and Ba appears to
be primarily from anthropogenic sources. This is based on an
enrichment factor analysis (EF) in which metal concentrations
are normalized using the equation [Metal]/[Fe]sample/[Metal]/
[Fe]crust where [Metal]/[Fe]sample represent the concentration
of the metal of interest and Fe in the particulate surface water
sample and [Metal]/[Fe]crust represent the average concen-

tration of the metal of interest and Fe in the crust.1,2 EF
analysis has been shown to be a successful indicator of
anthropogenic sources of metals in particulate matter.36−39

In this analysis, enrichment factors were highest for Pb and
decreased on average as Pb > Cd > Ba > Zn > V > Ni > Cu >
Fe > Co (Figure 3B). The most highly enriched particulate
metals were Pb and Cd, which had ratios of, on average, ∼4 and
∼2 orders of magnitude above crustal levels, respectively. Both
Cd and Pb have shown elevated enrichment factors relative to
other metals and have been therefore implicated as having
anthropogenic sources.38,40 Cu, another particulate trace metal
of interest due to its known toxicity to picoplankton and
association with antifouling paint,6,34,41 had enrichment factors
∼1−2 orders of magnitude above crustal levels in stations near
the Port of Long Beach and the San Gabriel and Los Angeles
rivers. The elevated enrichment factor of Ba also suggests an
anthropogenic source of this particulate metal, while the lower
EFs for the remaining metals indicates that these metals are
likely to have primarily natural sources. Further research will be
required to definitively link the distribution of these metals to
specific sources and calculate realistic mass balance estimates
for the SCB.

Distribution of Dissolved Trace Metals. Variations in
water circulation patterns within the SCB and stormwater
runoff and sewage are likely to be major factors affecting the
distribution of dissolved trace metals in the Los Angeles area.
The major point sources influencing metal levels in the
February 2009 cruise appear to be the San Gabriel River as
elevated levels of Ag (13 pM), Cu (5 nM), Cd (210 pM), and
Pb (100 pM) were all detected near the river outflow (Figure
4). Mean and median concentrations for dissolved metals for
that cruise (mean ± standard deviation/median) were Ag, 6.8
± 3.6 pM/6.3 pM; Cu, 1.4 ± 0.9 nM/1.1 nM; Cd, 120 ± 31
pM/118 pM; and Pb, 43 ± 18 pM/37 pM. To a lesser extent,
relatively high levels (∼12 pM) of sewage-tracer Ag29 were also
measured in the vicinity of the JWPCP and HTP effluent
discharge outfalls (Figure 4). The elevated levels of Ag in these
areas (San Gabriel River outflow and near JWPCP and HTP’s
outfalls) suggest that some effluent discharge reached the
surface waters of these locations.
In contrast to the geographic patterns observed in February,

relatively high dissolved metal concentrations in September
were observed at stations located north of the Palos Verdes
Peninsula (4 nM Ni; 49 nM V; 169 nM Mo; 172 pM Co; 7 pM
Ag,) and off of Point Dume (252 pM Cd; 12 nM Fe) (Figure 5
and Figure S4 in the Supporting Information). The mean and
median dissolved concentrations of these metals in September
2009 (mean ± standard deviation/median) were Ni, 2.0 ± 0.5
nM/2.0 nM; V, 20 ± 6.8 nM/19 nM; Mo, 67 ± 22 nM/64 nM;
Co, 66 ± 34 pM/55 pM; and Ag, 2.9 ± 1.3 pM/2.6 pM.
Coastal currents and upwelling events could potentially explain
the seasonal variations observed for some metals such as Cd,
Co, Ni, Mo, V, and Fe that are strongly influenced by
circulation patterns, seasonal nutrient distributions, and bio-
logical activity.46−50 As the February sampling was carried out
during the rainy season (2.15−3.65 in. of precipitation
measured at Santa Monica and Palos Verdes during the week
of our cruise),42 differences in metal concentrations and
distributions are also likely to be related to variations in river
inputs (mean discharge from the San Gabriel River of 0.067 ft3/
s in February 2009 vs 0.0 ft3/s in September 2009)43 and
stormwater runoff, which are potentially large source of heavy
metals to the SCB.1,44,45

Figure 3. (A) Particulate metal concentrations measured at the near-
effluent outflow stations in February 1976 (black bars) and February
2009 (gray bars). The1976 values are mean values obtained at stations
443 (surface sample) and 361 (10 m off the bottom).17 The 2009
concentrations are mean ± standard deviation from stations 2802,
2903, and 3504 (Figure 1). The location of the 2009 stations was
selected based on their proximity to 1976 stations. Station coordinates
are available in the Supporting Information. (B) Box-plots of the
enrichment factors (EF) for particulate metals calculated for all
February 2009 stations. The dashed line represents the EF 1 order of
magnitude above what is considered crustal levels.35,36
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In addition to point sources, desorption from suspended
particles also appears to be an important process influencing
the concentration of some dissolved metals in the coastal ocean
off Los Angeles. This is evidenced by significant correlations
between the dissolved and the labile particulate pool for Cu and
Pb (Figure S3 Supporting Information). Pb had the highest
overall association between dissolved and labile pools (r2 =
0.61, all stations) with stations having high particulate Pb values
showing a stronger association (r2 = 0.92, stations with
particulates ≥4.6 nM Pb) (Figure S3B Supporting Informa-
tion). Cu also showed an association with 17 out of 29 stations
occurring within a 95% confidence interval of a linear
regression (r2= 0.37; Figure S3A Supporting Information).
These associations indicate that surface desorption from

suspended particulates may be a source of dissolved Cu and
Pb. This trend was not seen for other trace metals including
Cd, which had virtually no association between labile and
dissolved pools despite nearly 100% of Cd particulates being
labile in nature (Table S2 Supporting Information). The
sources of these particulate trace metals in the SCB have
primarily been associated with antifouling paint for Cu and
stormwater runoff and remobilization from sediments con-
taminated with Pb before the elimination of unleaded gasoline.
Deposition of Cu and Pb into the SCB has resulted in
enrichment of these metals in approximately 20% of the SCB
area with metals loads being especially high in some coastal
regions such as the Palos Verdes Shelf, harbors, and
industrialized port areas.8

Figure 4. Concentration gradient maps of dissolved Ag, Cu, and Cd measured in February and September 2009 in the SCB. The metal
concentration range is indicated with the different colors. Maps were generated using Ocean Data View.18
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Temporal Gradients in Dissolved Trace Metals in the
SCB Surface Waters. A comparison of dissolved metal
concentrations measured in this study with those measured in
1989 in the SCB29,47,51,52 suggests that median metals levels in
surface waters of the Bight have declined in general by a factor
of 2 for Ni, Cu, and Cd and by a factor of 3 for Ag, Co, and Pb
(Figure 5). Specifically, compared to the concentrations of trace
metals measured in the SCB 20 years ago, average values are
slightly lower for Cd, Cu, Ni, Ag, and Pb in 2009 (158 ± 15 pM
Cd in 1989 vs 134 ± 36 nM in 2009; 2.4 ± 0.4 nM Cu in 1989
vs 1.3 ± 0.7 in 2009; 16 ± pM Ag in 1989 vs 5 ± 3 pM in
2009).
The range of dissolved metal concentrations measured in

2009 off Los Angeles (1.2 pM − 13 pM Ag; 0.6 nM − 5 nM
Cu; 93 pM − 252 pM Cd; 1.2 nM − 4.3 nM Ni) were
comparable and not significantly different than the concen-
trations measure in the unpopulated area in Punta Banda,
Mexico, used as a “control” uncontaminated region (Figure 4).
In fact, dissolved Cd and Fe were slightly higher on average in
Punta Banda (Cd 134 ± 36 nM in Los Angeles and 489 ± 118
nM in Punta Banda; Fe 1.2 ± 2.3 nM in Los Angeles and 4.1 ±
2.1 nM in Punta Banda). The higher levels of these metals in
the Punta Banda area are most likely the result of strong
upwelling that occurs on the shelf of the Baja California
Peninsula.52,53

The Case of Lead. Our analysis of particulate and dissolved
Pb concentrations in the coastal ocean off Los Angeles suggests
that surface water contamination of this toxic metal has been
reduced since the elimination of leaded gasoline and shows
continuing decreases relative to previous measurements
performed in the late 1980s. Dissolved Pb concentrations

were last measured in this region in 1989 when Sañudo-
Wilhelmy and Flegal (1994)51 reported a 3-fold decrease in Pb
concentrations compared to the 1970s.54,55 February 2009
samples were within a similar range of near shore SCB samples
collected in 1989 (mean 77 pM ± 45 in 1989 compared to
mean 43 pM ± 18 in February 2009). In contrast, September
2009 samples were markedly lower with 19/26 stations having
dissolved Pb concentrations below our detection limit of 8 pM.
Pb concentrations had the largest difference between the two
sampling months of all measured trace metals, potentially due
to the strong association of this trace element with surface
runoff, oceanic advection, and particle scavenging.51,55 While
the dissolved levels of Pb have been significantly lowered, the
legacy of Pb enriched particles from previous aeolian deposits
and wastewater discharge can result in periodic pulses of
dissolved Pb from desorption from suspended particulates
(Figure 2, Figure S3 Supporting Information) introduced to the
water column by stormwater runoff and sediments resuspen-
sion. The elevated Pb levels measured near the San Gabriel
River outfall in the February 2009 samples support the
aforementioned mechanism.

Rapid Internalization of Trace Metals in Synechococ-
cus sp. CC9311. Trace metal additions to axenic cultures of
Synechococcus sp. CC9311 resulted in an increase in internal
metal concentrations on average after 3 h of exposure for Cd
(+16%), Co (+55%), Fe (+26%), Ni (+15%), Mo (+38%), Cu
(+29%), and Pb (+45%) suggesting that many toxic metals can
be introduced into the food chain within one tidal cycle (Figure
6). Internalization continued through the 6-h time point for Cd
(+28%), Ag (+31%), Co (+60%), Fe (+58%), Ni (+59%), Mo
(+49%), Cu (+58%), and Pb (+62%) with internalization of Pb

Figure 5. Box-plots of dissolved Cu, Ag, Pb, and Cu concentrations measured in the SCB in 1989 and in 2009 and in Punta Banda, Mexico. SCB
1989 concentrations were measured at near shore stations from Point Loma, Coronado, Imperial Beach, and the US-Mexico Border.29,47,51,52 SCB
2009 values are all the metal concentrations measured in February and September 2009 in our area of study. Punta Banda concentrations include all
the measurements in samples collected every 2 weeks from March 2004−April 2005 (Supporting Information). The arrows identify specific locations
or oceanographic processes where or when the metal concentrations were significantly higher.
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and Co continuing for 12 h (+77% for Pb and +78% for Co).
Al and Zn were not internalized during the course of the
experiment. The exposure to the metal spike resulted in
mortality of Synechococcus sp. after 48 h of exposure. While the
culture media may have had a lower concentration of dissolved
organic carbon (DOC) that could influence metal toxicity due
to organic complexation, we do not expect this to bias our
results as the majority of the metals used in our study are not
strongly chelated by DOC (e.g., Ag, Cd, Ni, Pb). Furthermore,
we used low nanomolar additions during our experiments,
already lower than the micromolar concentrations usually used
in this type of bioassay. The rapid internalization of these
metals in Synechococcus sp. indicates that even small inputs of
these metals into the marine environment can result in
biological uptake that has the potential for subsequent transfer
up in the food web and thus highlights the importance in
controlling toxic metal contamination.

■ ASSOCIATED CONTENT
*S Supporting Information
Station coordinates, an additional graph comparing 1976 vs
2009 particulates, 2009 particulate and dissolved trace metal
values, Punta Banda dissolved trace metal values, detection
limits, procedural blanks, station coordinates, additional trace
metal distribution maps, and additional trace metal Synecho-
coccus sp. internalization graphs. This material is available free
of charge via the Internet at http://pubs.acs.org.

■ AUTHOR INFORMATION
Corresponding Author
*Phone: (213) 740-5764. E-mail: emilyasm@usc.edu.
Notes
The authors declare no competing financial interest.

■ ACKNOWLEDGMENTS

This study was supported by the National Sea Grant College
Program, National Oceanic and Atmospheric Administration,
U.S. Department of Commerce, under grant number
NA07OAR417008. We thank Los Angeles County Sanitation
Department (specifically Alex Steele), the City of Los Angeles
Sanitation Department (specifically Curtis Cash and Bob
Brantley), Lynda Cutter from USC, and the USC Wrigley
Institute for Environmental Studies for their assistance with
sample collection.

■ REFERENCES
(1) Schiff, K. C.; Allen, M. J.; Zeng, E. Y.; Bay, S. M. Southern
California. Mar. Pollut. Bull. 2000, 41 (1−6), 76−93.
(2) The County of Los Angeles Annual Report 2009−2010; County of
Los Angeles Chief Executive Office: Los Angeles, CA, 2010. http://
file.lacounty.gov/lac/cms1_146766.pdf (accessed June 2011).
(3) Lyon, G. S.; Stein, E. D. How effective has the Clean Water Act
been at reducing pollutant mass emissions to the Southern California
Bight over the past 35 years? Environ. Monit. Assess. 2009, 154 (1−4),
413−426.
(4) Schiff, K.; Bay, S. Impacts of stormwater discharges on the
nearshore benthic environment of Santa Monica Bay. Mar. Environ.
Res. 2003, 56 (1−2), 225−243.
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Proposed LACFCD Findings for 2012 MS4 permit: 

1. The Los Angeles County Flood Control District (LACFCD) is an agency created 
by the Legislature and is charged, among other things, with the control and 
conservation of flood, storm and other waters of the District for the protection of 
property and the collection and conservation of water.  CWC App. § 28-2. 

 
2. The LACFCD’s system consists of catch basins, underground drains, open 

channels, and dams.  Portions of the system were originally natural water 
courses. 

 
3. The LACFCD’s flood control system serves as a conveyance for flood waters 

throughout the Los Angeles basin.  Other permittees’ MS4s connect and 
discharge to the LACFCD’s catch basins, underground drains and open 
channels.   

 
4. The waters flowing in the LACFCD’s drains and channels come from point and 

nonpoint sources.  Point sources can include the permittees under this permit 
and other NPDES permittees authorized by the Regional Board to discharge into 
the LACFCD’s drains and channels, including industrial waste water dischargers, 
waste water treatment facilities, industrial and construction stormwater 
permittees, and Caltrans. Point sources can also include dischargers such as 
school districts that do not operate large or medium-sized municipal storm 
sewers and dischargers who hold waste discharge requirements or who have 
waivers of waste discharge requirements. Examples of nonpoint sources can 
include natural springs and runoff from fields, national forests, state parks and 
undeveloped land, and aerial deposition. 

  
5. The LACFCD does not own or operate municipal sanitary sewer systems or 

public streets, roads or highways.   
 
6. The LACFCD has no planning, zoning, development permitting or other land use 

authority over new or existing developments or properties located in any 
incorporated or unincorporated areas within its boundaries.  The entity that has 
such land use authority has the primary responsibility for controlling the 
pollutants in waters discharged from the aforementioned areas.  

 
7. A municipal stormwater permit issued to more than one permittee may contain 

separate stormwater management plans or programs for particular permittees or 
groups of permittees. 40 CFR § 122.26(d)(2)(iv).  Given the unique nature of and 
statutory duties imposed on the LACFCD, it is appropriate for the LACFCD to 
have a stormwater management plan tailored to its unique obligations and 
authority.  Accordingly, the requirements imposed on the LACFCD by this Order 
differ from the requirements imposed on other permittees. 
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LOS ANGELES COUNTY FLOOD CONTROL DISTRICT 
 
 
A. Findings 

 
LACFCD will provide findings specific to the LACFCD. 

 
A.B. Special Provisions 
 

1. Public Information and Participation Program (PIPP) 
 

a. General 
i. Each Permittee The LACFCD shall participate in a regional implement a 

Public Information and Participation Program (PIPP) sponsored by the 
Permittees or alternatively, shall implement its own PIPP that includes, but 
is not limited to, the requirements listed in this part.  Each PermitteeThe 
LACFCD shall be responsible for developing and implementing 
collaborate, as necessary, with other Permittees to implement specific 
PIPP requirements.  The objectives of the PIPP are as follows: 
(1) To measurably increase the knowledge of the target audience about 

the MS4, the adverse impacts of storm water pollution on receiving 
waters and potential solutions to mitigate the impacts 

(2) To measurably change the waste disposal and storm water pollution 
generation behavior of target audiences by developing and 
encouraging implementation of appropriate solutions 

(3) To involve and engage a diversity of socio-economic groups and 
ethnic communities in Los Angeles County to participate in mitigating 
the impacts of stormwater pollution. 

 
b. PIPP Implementation 

This subsection was deleted. 
 

c.b. Public Participation 
i. The LACFCD, in collaboration with the County of Los Angeles, whether 

participating in a County or Watershed Group sponsored PIPP, or acting 
individually, shall continue to maintain the countywide hotline (888-
CLEAN-LA) provide a means for public reporting of clogged catch basin 
inlets and illicit discharges/dumping, faded or missing catch basin labels, 
and general stormwater management information. 
(1) Permittees may elect to use the 888-CLEAN-LA hotline as the 

general public reporting contact or each Permittee or Watershed 
Group may establish its own hotline, if preferred. 
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(2)(1) Each PermitteeThe LACFCD shall include the reporting 
information, updated when necessary, in public information, and the 
government pages of the telephone book, as they are developed or 
published. 

(2) The LACFCD, in collaboration with the County of Los Angeles, shall 
continue to maintain the www.888cleanla.com website. 

(2) Each Permittee shall identify staff or departments who will serve as 
the contact person(s) and shall make this information available on its 
website. 

(3) Each Permittee is responsible for providing current, updated hotline 
contact information to the general public within its jurisdiction. 

d.c. Residential Outreach Program 
i. Working in conjunction with a County regional or Watershed Group 

sponsored PIPP or individually, each Permittee the LACFCD shall 
implement the following activities: 
(1) Conduct sStormwater pollution prevention public service 

announcements and advertising campaigns 
(2) Public education materials shall including,e but are not limited to at a 

minimum, information on the proper handling (i.e., disposal, storage 
and/or use) of: 
(a) Vehicle waste fluids  
(b) Household waste materials (i.e., trash and household hazardous 

waste, including personal care products and pharmaceuticals) 
(c) Construction waste materials 
(d) Pesticides and fertilizers (including integrated pest management 

practices [IPM] to promote reduced use of pesticides),  
(e) Green waste (including lawn clippings and leaves)  
(f) Animal wastes 

(3) Distribute activity Activity specific stormwater pollution prevention 
public education materials, at a minimum, but not limited to, for the 
following points of purchase: 
(a) Automotive parts stores 
(b) Home improvement centers / lumber yards / hardware stores 
(c) Landscaping / gardening centers 
(d) Pharmacies 
(e)(d) Pet shops / feed stores 

(4) Maintain stormwater websites or provide links to stormwater websites 
via the Permittee’s website, which shall include educational material 

RB-AR13654



 

3 

and opportunities for the public to participate in stormwater pollution 
prevention and clean-up activities listed in Part [TBD – this part]. 

(5) Provide independent, parochial, and public schools within in each 
Permittee’s jurisdiction with materials to educate school children (K-
12) on stormwater pollution. Material may include videos, live 
presentations, and other information.  Permittees are encouraged to 
work with, or leverage, materials produced by other statewide 
agencies and associations such as the State Water Board’s “Erase 
the Waste” educational program and the California Environmental 
Education Interagency Network (CEEIN) to implement this 
requirement. 

(6)(4) When implementing coordinating activities in (1)-(43), 
Permittees the LACFCD shall use effective strategies to educate and 
involve ethnic communities in stormwater pollution prevention 
through culturally effective methods. 

2. Industrial/Commercial Facilities Program 
 
This section was deleted in its entirety. 
 

3. Planning and Land Development Program 
 
This section was deleted in its entirety. 
 

4. Development Construction Program 
 
This section was deleted in its entirety. 
 

5.2. Public Agency Activities Program 
 

Each PermitteeThe LACFCD shall implement a Public Agency Activities Program 
to minimize stormwater pollution impacts from LAFCD-owned or operated 
facilities and activities and to identify opportunities to reduce stormwater pollution 
impacts from areas of existing development.  Requirements for Public Agency 
Facilities and Activities consist of the following components: 

a. Public Construction Activities Management. 
b. Public Facility Inventory 
c. Inventory of Existing Development for Retrofitting Opportunities 
d.c. Public Facility and Activity Management 
e.d. Vehicle and Equipment Washing 
f.e. Landscape, Park and Recreational Facilities Management 
g.f. Storm Drain Operation and Maintenance 
h.g. Streets, Roads, and Parking Facilities Management 
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i.h. Emergency Procedures 
j.i. Municipal Employee and Contractor Training 

 
a. Public Construction Activities Management 

i. Each PermitteeThe LACFCD shall implement and comply with the 
Planning and Land Development Program requirements in Part TBD of 
this Order at Permittee LACFCD owned or operated (i.e., public or 
Permittee sponsored) construction projects that are categorized under the 
project types identified in Part [TBD] of this Order. 

ii. Each PermitteeThe LACFCD shall implement and comply with the 
appropriate Development Construction Program requirements in Part 
[TBD] of this Order at PermitteeLACFCD owned or operated construction 
projects as applicable. 

iii. For Permittee-owned or operated projects (including those under a capital 
improvement project plan) that disturb less than one acre of soil, each 
Permittee shall require the development and implementation of an ESCP. 
The ESCP shall include an effective combination of erosion and sediment 
control BMPs from Table [TBD] (see Construction Development Program).  

iv.iii. Each PermitteeThe LACFCD shall obtain separate coverage under the 
Construction General Permit for all PermitteeLACFCD-owned or operated 
construction sites that require coverage. 

 
b. Public Facility Inventory 
 

i. Each PermitteeThe LACFCD shall maintain an updated watershed-based 
inventory and map of all PermitteeLACFCD-owned or operated (i.e. 
public) facilities within its jurisdiction that are potential sources of 
stormwater pollution.  The incorporation of facility information into a GIS is 
recommended.  Sources to be tracked include but are not limited to the 
following: 
(1) Animal control facilities 
(2)(1) Chemical storage facilities 
(3) Composting facilities 
(4)(2) Equipment storage and maintenance facilities (including landscape 

maintenance-related operations) 
(5)(3) Fueling or fuel storage facilities (including municipal airports) 
(6) Hazardous waste disposal facilities 
(7) Hazardous waste handling and transfer facilities 
(8) Incinerators 
(9) Landfills 
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(10)(4) Materials storage yards 
(11)(5) Pesticide storage facilities 
(12)(6) Public LACFCD buildings, including schools, libraries, police 

stations, fire stations, Permittee (municipal) buildings, restrooms, and 
similar buildings 

(13) Public parking lots 
(14) Public golf courses 
(15) Public swimming pools 
(16) Public parks 
(17)(7) Public worksLACFCD maintenance yards 
(18) Public marinas 
(19) Recycling facilities 
(20) Solid waste handling and transfer facilities 
(21) Vehicle storage and maintenance yards 
(22) Flood control facilities (e.g. debris basins, sediment placement sites) 
(23) All other Permittee-owned or operated facilities tributary to a 

waterbody segment subject to a TMDL, where the facility generates 
pollutants for which the waterbody segment is impaired. 

(24) All other Permittee-owned or operated facilities or activities that each 
Permittee determines may contribute a substantial pollutant load to 
the MS4. 

ii. Each PermitteeThe LACFCD shall include the following minimum fields of 
information for each PermitteeLACFCD-owned or operated facility in its 
watershed-based inventory and map. 
(1) Name of facility  
(2) Name of facility manager and contact information 
(3) Address of facility (physical and mailing) 
(4) A narrative description of activities performed and principal products 

used at each facility and status of exposure to stormwater. 
(5) MS4 outfalls that receive, or potentially receive discharges from the 

facility, and corresponding receiving water(s). 
(6) Identification of whether the facility is tributary to a waterbody 

segment subject to a TMDL, where the facility generates pollutants 
for which the waterbody segment is impaired. 

(7) Coverage under the Industrial General Permit or other individual or 
general NPDES permits or any applicable waiver issued by the 
Regional or State Water Board pertaining to stormwater discharges. 
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iii. Each PermitteeThe LACFCD shall update its inventory and map at least 
annuallyonce during the Permit term.  The update shall be accomplished 
through a collection of new information obtained through field activities. 
and through other readily available inter and intra-agency informational 
databases (e.g. property management, land-use approvals, and similar 
information). 
 

c. Inventory of Existing Development for Retrofitting Opportunities 
 
This subsection was deleted. 
 

d.c. Public Agency Facility and Activity Management 
 

i. Each Permittee shall obtain separate coverage under the Industrial 
General Permit for all Permittee-owned or operated facilities where 
industrial activities are conducted that require coverage under the 
Industrial General Permit. 

ii.i. Each PermitteeThe LACFCD shall implement the following measures for 
flood management projects: 
(1) Develop procedures to assess the impacts of flood management 

projects on the water quality of receiving waterbodies; and 
(2) Evaluate existing structural flood control facilities during the planning 

phases of major maintenance or rehabilitation projects to determine if 
retrofitting the facility to provide additional pollutant removal from 
stormwater is feasible; and. 

(3) For the Los Angeles County Flood Control District, ensure that 
maintenance of earth-bottom flood control channels is conducted in 
accordance with Regional Water Board Order No. R4-2010-0021. 

iii.ii. Each PermitteeThe LACFCD shall implement and maintain the general 
and activity specific BMPs listed in Table [TBD] (BMPs for Public Agency 
Facilities and Activities) or an equivalent set of BMPs when such activities 
occur at LACFCD-owned or operated facilities and field activities (e.g., 
project sites) including but not limited to the facility types listed in Part 
[TBD] above, and at any area that includes the activities described in 
Table [TBD], or that have the potential to discharge pollutants in 
stormwater. 

iv.iii. Any contractors hired by the LACFCD to conduct Public Agency Activities 
(e.g., municipal maintenance) shall be contractually required to implement 
and maintain the general and activity specific BMPs listed in Table [TBD] 
or an equivalent set of BMPs.  The LACFCD shall conduct oversight of 
contractor activities to ensure these BMPs are implemented and 
maintained. 
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Insert Table [TBD] – BMPs for Public Agency Facilities and Activities  
(from the Caltrans Stormwater Quality Handbook Maintenance Staff Guide 
Appendix B) 

 
e.d. Vehicle and Equipment Washing 

 
i. Each PermitteeThe LACFCD shall implement and maintain the activity 

specific BMPs listed in Table [TBD] (BMPs for Public Agency Facilities 
and Activities) or an equivalent set of BMPs for all fixed vehicle and 
equipment washing areas; including fire fighting and emergency response 
vehicles. 

ii. Each PermitteeThe LACFCD shall prevent discharges of wash waters 
from vehicle and equipment washing by implementing any of the following 
measures at existing facilities with vehicle or equipment wash areas:  
(1) Self-contain, and haul off for disposal; or 
(2) Equip with a clarifier or an alternative pre-treatment device and 

plumb to the sanitary sewer in accordance with applicable waste 
water provider regulations 

iii. Each PermitteeThe LACFCD shall ensure that any municipalLACFCD 
facilities constructed, redeveloped, or replaced shall not discharge 
wastewater from vehicle and equipment wash areas to the MS4 by 
plumbing all areas to the sanitary sewer in accordance with applicable 
waste water provider regulations, or self-containing all waste water/ wash 
water and hauling to a point of legal disposal. 

 
f.e. Landscape, Park and Recreational Facilities Management 

 
i. Each PermitteeThe LACFCD shall implement and maintain the activity 

specific BMPs listed in Table [TBD] (BMPs for Public Agency Facilities 
and Activities) or an equivalent set of BMPs for all its public right-of-ways, 
flood control facilities and open channels, lakes and reservoirs, and 
landscape, park and recreational facilities and activities. 

ii. Integrated pest Management (IPM) is an ecosystem-based strategy that 
focuses on long-term prevention of pests or their damage through a 
combination of techniques such as biological control, habitat manipulation, 
modification of cultural practices, and use of resistant varieties. The 
LACFCD shall implement an IPM program  that includes the following:  
(1) Pesticides are used only if monitoring indicates they are needed, and 

pesticides are applied according to applicable permits and 
established guidelines.  

(2) Treatments are made with the goal of removing only the target 
organism. 
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(3) Pest controls are selected and applied in a manner that minimizes 
risks to human health, beneficial non-target organisms, and the 
environment. 

(4) The use of pesticides, including Organophosphates and Pyrethroids, 
does not threaten water quality. 

(5) Partner, as appropriate, with other agencies and organizations to 
encourage the use of IPM.    

(6) Adopt and verifiably implement policies, procedures, and/ or 
ordinances requiring the minimization of pesticide use and 
encouraging the use of IPM techniques (including beneficial insects) 
for Public Agency Facilities and Activities. 

(7) Policies, procedures, and ordinances shall include commitments and 
a schedule to reduce the use of pesticides that cause impairment of 
surface waters by implementing the following procedures: 
(f)(e) Prepare and annually update an inventory of pesticides used 

by all internal departments, divisions, and other operational units. 
(g)(f) Quantify pesticide use by staff and hired contractors. 
(h) Demonstrate measurable reductions in pesticide use. 

 
iii. Each PermitteeThe LACFCD shall implement the following requirements: 

(1) Comply with the provisions and the monitoring requirements for 
application of aquatic pesticides to surface waters (WQ Order No. 
2011-003-DWQ) (Aquatic Animal Invasive Species Control), WQ 
Order No. 2011-0002-DWQ (Vector Control), and WQ Order No. 
2004-0009-DWQ (Weed Control). 

(2) Use a standardized protocol for the routine and non-routine 
application of pesticides (including pre-emergents), and fertilizers. 

(3) Ensure there is no application of pesticides or fertilizers (1) when two 
or more consecutive days with greater than 50% chance of rainfall 
are predicted by NOAA1, (2) within 48 hours of a 1/2 inch rain even 
or (3) when water is flowing off the area where the application is to 
occur.  This requirement does not apply to the application of aquatic 
pesticides described in Part [TBD] above. are applied to an area 
immediately prior to, during or immediately after a rain event, or when 
water is flowing off the area.  

(4) Ensure that no banned or unregistered pesticides are stored or 
applied. 

(5) Ensure that all staff applying pesticides are certified in the 
appropriate category by the California Department of Pesticide 

                                                           
 
1 www.srh.noaa.gov/forecast 
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Regulation, or are under the direct supervision of a pesticide 
applicator certified in the appropriate category. 

(6) Implement procedures to encourage the retention and planting of 
native vegetation to reduce water, pesticide and fertilizer needs; and 

(7) Store pesticides and fertilizers indoors or under cover on paved 
surfaces, or use secondary containment. 
(a) Reduce the use, storage, and handling of hazardous materials 

to reduce the potential for spills. 
(b) Regularly inspect storage areas. 

 
g.f.Storm Drain Operation and Management 

 
i. Each PermitteeThe LACFCD shall implement and maintain the activity 

specific BMPs listed in Table [TBD] or equivalent set of BMPs for storm 
drain operation and maintenance. 

ii. Ensure that all the material removed from the MS4 does not reenter the 
system.  Solid material shall be dewatered in a contained area and liquid 
material shall be disposed in accordance with any of the following 
measures: 
(1) Self-contain, and haul off for legal disposal; or 
(2) Equip with a clarifier or an alternative pre-treatment device; and 

plumb to the sanitary sewer in accordance with applicable waste 
water provider regulations. 

iii. Catch Basin Cleaning 
(1) In areas that are not subject to a trash TMDL, the LACFCD shall 

determine priority areas and shall update its map or list of Catch 
Basins with their GPS coordinates and priority: 
Priority A: Catch basins that are designated as consistently 

generating the highest volumes of trash and/or debris. 
Priority B: Catch basins that are designated as consistently 

generating moderate volumes of trash and/or debris. 
Priority C: Catch basins that are designated as generating low 

volumes of trash and/or debris. 
The map or list shall contain the rationale or data to support priority 
designations. 

 
(2) In areas not subject to a trash TMDL, the LACFCD shall inspect its 

catch basins according to the following schedule: 
Priority A: A minimum of 3 times during the wet season (October 1 

through April 15) and once during the dry season every 
year. 
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Priority B:  A minimum of once during the wet season and once 
during the dry season every year. 

Priority C:  A minimum of once per year. 
Catch basins shall be cleaned as necessary on the basis of 
inspections.  At a minimum, LACFCD shall ensure that any catch 
basin that is determined to be at least 25% full of trash shall be 
cleaned out.  LACFCD shall maintain inspection and cleaning 
records for Regional Water Board review.   

(3) In areas that are subject to a trash TMDL, the subject Permittees 
shall implement the applicable provisions in Part 7. 

iv. Trash Management at Public Events 
This subsection was deleted. 

v. Trash Receptacles 
This subsection was deleted. 

vi.iv. Catch Basin Labels and Open Channel Signage 
(1) LACFCD shall label all catch basin storm drain inlets that they own 

with a legible “no dumping” message. 
(2) The LACFCD shall inspect the legibility of the catch basin stencil or 

label nearest the inlet prior to the wet season every year. 
(3) The LACFCD shall record all catch basins with illegible stencils and 

re-stencil or re-label within 1590 days of inspection. 
(4) The LACFCD shall post signs, referencing local code(s) that prohibit 

littering and illegal dumping, at designated public access points to 
open channels, creeks, urban lakes, and other relevant waterbodies. 

vii. Additional Trash Management Practices 
This subsection was deleted. 

viii.v. Storm DrainOpen Channel Maintenance 
 
Each PermitteeThe LACFCD shall implement a program for Storm 
DrainOpen Channel Maintenance that includes the following:  
(1) Visual monitoring of LACFCD owned open channels and other 

drainage structures, including debris basins, for debris at least 
annually; 

(2) Remove trash and debris from open channels and debris basins a 
minimum of once per year before the wet season; 

(3) Eliminate the discharge of contaminants during produced by storm 
drain MS4 maintenance and clean outs; and 
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(4) Quantify the amount of materials removed using techniques 
appropriate for quantifying solid waste and ensure the materials are 
properly disposed of. 

ix.vi. Infiltration from Sanitary Sewer to MS4/Preventive Maintenance 
(1) Each PermitteeThe LACFCD shall implement controls and measures 

to prevent and eliminate infiltration of seepage from sanitary sewers 
to MS4s it storm drains through thorough, routine preventive 
maintenance of the MS4its storm drains.  

(2) Each Permittee that operates both a municipal sanitary sewer system 
and a MS4 must implement controls and measures to prevent and 
eliminate infiltration of seepage from the sanitary sewers to the MS4s 
that must include overall sanitary sewer and MS4 surveys and 
thorough, routine preventive maintenance of both. 

(3)(2) Each PermitteeThe LACFCD shall implement controls to limit 
infiltration of seepage from sanitary sewers to the MS4its storm 
drains where necessary. Such controls must include: 

i. Adequate plan checking for construction and new development; 
ii. Incident response training for its municipal employees that 

identify sanitary sewer spills; 
iii. Code enforcement inspections; 
iv. MS4 maintenance and inspections; 
v. Interagency coordination with sewer agencies; and 
vi. Proper education of its municipal staff and contractors 

conducting field operations on the MS4its storm drains or its 
municipal sanitary sewer (if applicable). 

(4) Each Permittee which owns and /or operates a sanitary sewer 
system that requires coverage under the Statewide General Waste 
Discharge Requirements for Sanitary Sewer Systems (Order No. 
2006-0003-DWQ), shall comply with the provisions and the 
monitoring requirements associated with this Order. 

x.vii. PermitteeLACFCD-Owned Treatment Control BMPs 
(1) Each PermitteeThe LACFCD shall implement an inspection and 

maintenance program for all Permittee LACFCD-owned treatment 
control BMPs, including post-construction treatment control BMPs. 

(2) Each PermitteeThe LACFCD shall ensure proper operation of all its 
treatment control BMPs and maintain them as necessary for proper 
operation, including all post-construction treatment control BMPs. 

(3) Any residual water produced by a treatment control BMP and not 
being internal to the BMP performance when being maintained shall 
be: 
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(a) Hauled away and legally disposed of; or 
(b) Applied to the land without runoff; or 
(c) Discharged to the sanitary sewer system (with permits or 

authorization); or 
(d) Treated or filtered to remove bacteria, sediments, nutrients, and 

meet the limitations set in Table TBD (Discharge Limitations for 
Dewatering Treatment BMPs), prior to discharge to the MS4. 

Table TBD - Discharge Limitations for Dewatering Treatment BMPs1 
Parameter Units Limitation 

Total Suspended Solids mg/L 100 
Turbidity NTU 50 
Oil and Grease mg/L 10 

 
h.g. Streets, Roads, and Parking Facilities Management 

i. Each Permittee shall designate streets and/or street segments within its 
jurisdiction as one of the following: 
Priority A: Streets and/or street segments that are designated as 

consistently generating the highest volumes of trash and/or 
debris. 

Priority B: Streets and/or street segments that are designated as 
consistently generating moderate volumes of trash and/or 
debris. 

Priority C: Streets and/or street segments that are designated as 
generating low volumes of trash and/or debris. 

ii. Each Permittee shall perform street sweeping of curbed streets according 
to the following schedule:  
Priority A: Streets and/or street segments that are designated as Priority 

A shall be swept at least two times per month. 
Priority B: Streets and/or street segments that are designated as Priority 

B shall be swept at least once per month. 
Priority C: Streets and/or street segments that are designated as Priority 

C shall be swept as necessary but in no case less than once 
per year. 

iii. Road Reconstruction  
This subsection was deleted. 

PermitteeLACFCD-owned parking lots exposed to stormwater shall be kept 
clear of debris and excessive oil buildup and cleaned using street sweeping 
equipment no less than 2 times per month and/or inspected no less than 2 

                                                           
 
1  Technology based effluent limits. 
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times per month to determine if cleaning is necessary. In no case shall a 
PermitteeLACFCD-owned parking lot be cleaned less than once a month. 

 
i.h. Emergency Procedures 

Each PermitteeThe LACFCD may conduct repairs and rehabilitation of 
essential public service systems and infrastructure in emergency situations 
with a self-waiver of the provisions of this Order as follows: 
i. The PermitteeLACFCD shall abide by all other regulatory requirements, 

including notification to other agencies as appropriate. 
ii. Where the self-waiver has been invoked, the PermitteeLACFCD shall 

submit tonotify the Regional Water Board Executive Officer a statement of 
the occurrence of the emergency , an explanation of the circumstances 
and the measures that were implemented to reduce the threat to water 
quality, no later than 30 business days after the situation of emergency 
has passed. 

iii. Minor repairs of essential public service systems and infrastructure in 
emergency situations (that can be completed in less than one dayweek) 
are not subject to the notification provisions.  Appropriate BMPs to reduce 
the threat to water quality shall be implemented. 

 
j.i. Municipal Employee and Contractor Training 

i. Each PermitteeThe LACFCD shall, no later than X one year after Order 
adoption and annually thereafter before June 30 October 15, train all of 
their employees and contractors in targeted positions (whose interactions, 
jobs, and activities affect stormwater quality) on the requirements of the 
overall stormwater management program to: 
(a) Promote a clear understanding of the potential for activities to pollute 

storm water. 
(b) Identify opportunities to require, implement, and maintain appropriate 

BMPs in their line of work. 
ii. The LACFCD shall, no later than X one year after Order adoption and 

annually thereafter before June 30October 15, train all of their employees 
and contractors who use or have the potential to use pesticides or 
fertilizers (whether or not they normally apply these as part of their work).  
Training programs shall address: 
(a) The potential for pesticide-related surface water toxicity. 
(b) Proper use, handling, and disposal of pesticides. 
(c) Least toxic methods of pest prevention and control, including IPM. 
(d) Reduction of pesticide use. 
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iii. The LACFCD shall require its contractors to train their employees in 
targeted positions as described above. 

 
6.3. Illicit Connections and Illicit Discharge (IC/ID) Elimination Program 

a. General 
i. Each PermitteeThe LACFCD shall continue to implement an Illicit 

Connection and Illicit Discharge (IC/ID) Program to detect, investigate, 
and eliminate IC/IDs to its open channels and underground storm drain 
system.the MS4  The IC/ID Program must be implemented in accordance 
with the requirements and performance measures specified in the 
following subsectionsthis Order. 

ii. As stated in Part [TBD] of this Order, each Permittee must have adequate 
legal authority to prohibit IC/IDs to the MS4 and enable enforcement 
capabilities to eliminate the source of IC/IDs.  

iii.ii. Each Permittee’sLACFCD’s IC/ID Program shall consist of at least the 
following major program components: 
(1) An up-to-date map of LACFCD owned and maintained municipal 

separate storm sewer system (MS4) map 
(2) Procedures for systematic visual inspection of LACFCD owned and 

maintained open channels and underground storm drainsconducting 
a non-stormwater outfall based monitoring program to detect IC/IDs 

(3) Procedures for conducting source investigations for IC/IDs 
(4) Procedures for eliminating the source of IC/IDs 
(5) Procedures for public reporting of illicit discharges 
(6) Spill response plan 
(7) IC/IDs education and training for Permittee LACFCD staff 

b. MS4 Mapping 
i. Each PermitteeThe LACFCD shall maintain and up-to-date and accurate 

electronic MS4 map of its open channels and underground storm drain 
system.  If possible, the map should be maintained within a GIS.  The 
MS4 map must show the following, at a minimum:   
(1) Within one year of Permit adoption, Tthe location of all MS4 outfalls1 

within the Permittee’s LACFCD’s jurisdictional boundary owned and 

                                                           
 
1 Outfall (as defined by 40 CFR § 122.26) means a point source (as defined by 40 CFR § 122.2) at the 
point where a municipal separate storm sewer discharges to waters of the United States (as defined by 
33 CFR § 328.3) and does not include open conveyances connecting two municipal separate storm 
sewers, or pipes, tunnels or other conveyances which connect segments of the same stream or other 
waters of the United States and are used to convey waters of the United States.  For the LACFCD, this is 
equivalent to the point where an underground storm drain outlets into an open channel. 
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maintained by the LACFCD. The contributing drainage area for each 
outfall should be clearly discernible. Each MS4 outfall shall be given 
an alphanumeric identifier, which must be noted on the map. If an 
outfall is owned by another public entity, the name of the entity shall 
be recorded on the map. Each mapped MS4 outfall shall be located 
using a geographic positioning system (GPS).  and 
photographsPhotographs of the major outfalls1 shall be taken to 
provide baseline information to track operation and maintenance 
needs over time. Per Part [TBD] (non stormwater monitoring), 
additional attribute data are required for those outfalls determined to 
have persistent dry weather flows. 

(2) The location and length of open channels and underground storm 
drain pipes 18 36 inches in diameter or and greater in diameter, that 
are owned and operated by the LACFCD. 

(3) The location and name of all waterbodies receiving discharges from 
those MS4 major outfalls identified in (1).   

(4) All LACFCD’s dry weather diversions installed within the MS4 to 
direct flows from the MS4 to the sanitary sewer system, including the 
owner and operator of each diversion.  

(5) Priority areas identified under [Part TBD], below. By the end of the 
Permit term, map all known permitted and documented connections 
to its storm drain system. 

ii. The MS4 map shall be updated annuallyas necessary to reflect current 
conditions within the MS4. 

c. Implementation of Non-Stormwater Outfall-Based Monitoring Program 
to Detect IC/IDs 
i. The LACFCD shall provide available information in support of the non-

stormwater outfall-based monitoring program to be developed and 
implemented by the Permittees with land use jurisdiction in accordance to 
the Outfall Monitoring Section.Each Permittee shall develop and 
implement a non-stormwater outfall-based monitoring program consistent 
with Part [TBD] (non-stormwater outfall-based monitoring program) to 
detect and eliminate illicit connections and illicit discharges to the MS4.  
The non-stormwater outfall-based monitoring program shall consist of (1) 
identification of outfalls with persistent dry weather flows, (2) determination 
of significant dry weather flows through characterization and field 

                                                           
 
1 Major outfall (as defined by CFR  § 122.26) means a municipal separate storm sewer outfall that 
discharges from a single pipe with an inside diameter of 36 inches or more or its equivalent (discharge 
from a single conveyance other than circular pipe which is associated with a drainage area of more than 
50 acres); or for municipal separate storm sewers that receive storm water from lands zoned for industrial 
activity (based on comprehensive zoning plans or the equivalent), an outfall that discharges from a single 
pipe with an inside diameter of 12 inches or more or from its equivalent (discharge from other than a 
circular pipe associated with a drainage area of 2 acres or more). 
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screening, (3) identification of sources of significant dry weather flows, (4) 
monitoring of unknown or authorized non-stormwater discharges, and (5) 
annual re-assessment and reporting.  

ii. The non-stormwater outfall-based monitoring program shall be 
documented with written procedures that provide an explanation of how 
the program is to be implemented and the procedures must be updated as 
needed to reflect the Permittee’s program.  

iii. Observations and data collected during the implementation of the non-
stormwater outfall-based monitoring program shall be maintained in a 
database or electronic format. The use of a GIS to record observations 
and data is preferred but not required.  

iv. Each Permittee shall conduct an annual re-assessment of its non-
stormwater outfall-based monitoring program to determine whether 
changes or updates are needed.  Where changes are needed, the 
Permittee shall make the changes in its written program documents and 
implement these changes in practice.   

 
d. Illicit Discharge Source Investigation and Elimination 

i. Each PermitteeThe LACFCD shall develop written procedures for 
conducting investigations to prioritize and identify the source of all illicit 
discharges to its open channels and underground storm drain system, 
including procedures to eliminate the discharge once the source is 
located.  

ii. At a minimum, each Permitteethe LACFCD shall conduct initiate1 an 
investigation(s) to identify and locate the source within 48 hoursone 
business day of becoming aware of the illicit discharge.   

iii. When conducting investigations, each Permitteethe LACFCD shall comply 
with the following:  
(1) Illicit discharges suspected of being sanitary sewage and/or 

significantly contaminated shall be investigated first. 
(2) Each PermitteeThe LACFCD shall track all investigations to 

document at a minimum the date(s) the illicit discharge was 
observed; the results of the investigation; any follow-up of the 
investigation; and the date the investigation was closed. 

(3) The LACFCD Each Permittee shall prioritize and investigate the 
source of all observed illicit discharges to its open channels and 
underground storm drain system.  

                                                           
 
1 Permittees may comply with the Permit by taking initial steps (such as logging, prioritizing, and tasking) 
to “initiate” the investigation within that one business day. However, the Regional Water Board would 
expect that the initial investigation, including a site visit, to occur within two business days. 
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(4) If the source of the illicit discharge is found to be a discharge 
authorized under an NPDES permit the LACFCD Permittee shall 
document the source and report to the Regional Water Board within 
30 days of determination.  No further action is required. 

(5) If the source of the illicit discharge has been determined to originate 
from within the jurisdiction of other Permittee(s) with land use 
authority over the suspected responsible party/parties, the LACFCD 
shall immediately alert the appropriate Permittee(s) of the problem for 
further action by the Permittee(s). 

iv. When taking corrective action to eliminate illicit discharges, each 
Permitteethe LACFCD shall comply with the following: 
(1) If the source of the illicit discharge has been determined or suspected 

by the LACFCD to originate within an upstream jurisdiction(s), the 
LACFCD the Permittee shall immediately notify inform in writing both 
the upstream jurisdiction(s), and notify the Regional Water Board 
within 30 days of such determination and provide all characterization 
and field screening data collected as a component of the field 
surveythe information collected and efforts taken to identify its 
source. 

(2) Once If the source of the illicit discharge has been determined to 
originate within the Permittee with land use authority over the 
suspected responsible party/parties has been alerted s jurisdiction, 
the LACFCD Permittee shall immediately notify themay continue to 
work in cooperation with the Permittee(s) to notify the responsible 
party/parties of the problem, and require the responsible party/parties 
to conduct immediately initiate all necessary corrective actions to 
eliminate the non stormwater illicit discharge within 48 hours of 
notificaiton.  Upon being notified that the discharge has been 
eliminated, the LACFCD may, in conjunction with the Permittee(s) 
shall conduct a follow-up investigation to verify that the discharge has 
been eliminated and cleaned up to the satisfaction of the LACFCD. 
Each PermitteeThe LACFCD shall document its follow-up 
investigation. The LACFCD Each Permittee may seek recovery and 
remediation costs from responsible parties or require compensation 
for the cost of field screening, monitoring andall inspection and 
investigations activities. Resulting enforcement actions shall follow 
the program’s Progressive Enforcement Policy. 

(3) If the source of the illicit discharge cannot be traced to a suspected 
responsible party, the LACFCD, in conjunction with other affected 
Permittees, shall continue implementing the illicit discharge/spill 
response plan. 

(3) If the source of the illicit discharge has been determined to originate 
within an upstream jurisdiction, the Permittee shall inform in writing 
both the upstream jurisdiction and the Regional Water Board within 
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30 days of such determination and provide all characterization and 
field screening data collected as a component of the field survey and 
efforts taken to identify its source. 

v. In the event the LACFCD and/or other Permittees is are unable to 
eliminate an ongoing illicit discharge following full execution of its legal 
authority and in accordance with its Progressive Enforcement Policy, 
including the inability to find the responsible party/parties, or other 
circumstances prevent the full elimination of an ongoing illicit discharge, 
the LACFCD and/or other Permittees shall notifywork with the Regional 
Water Board to provide for diversion of the entire flow to the sanitary 
sewer or provide treatment, In either instance, the Permittee shall notify 
the Regional Water Board in writing within 30 days of such determination 
and provide available information to the Regional Water Boardshall 
provide a written plan for review and comment that describes the efforts 
that have been undertaken to eliminate the illicit discharge, a description 
of the actions to be undertaken, anticipated costs, and a schedule for 
completion. 

e. Identification and Response to Illicit Connections  
i. Systematic Visual Inspections for Illicit Connections 

The LACFCD shall continue the systematic field visual inspections of its 
storm drain systems for illicit connections in accordance with the following 
schedule: 
(1) Open channels:  No later than one year after Order adoption date 

(XXX), and annually thereafter. 
(2) Underground storm drains identified by the LACFCD as high priority:  

No later than three years after Order adoption date (XXX). 
(3) Underground storm drains with a diameter of 36 inches or greater:   

No later than by the end of the Permit term. 
i.ii. Investigation 

Each Permittee The LACFCD, upon discovery or upon receiving a report 
of a suspected illicit connection, shall initiate  completean investigation 
within 21 days, to determine the following: (1) source of the connection, 
(2) nature and volume of discharge through the connection, and (3) 
responsible party for the connection. 

ii.iii. Elimination 
Each PermitteeThe LACFCD, upon confirmation of an illicit MS4 
connection to its open channel or underground storm drain, shall ensure 
that the connection is: 
(1) Permitted or documented, provided the connection will only 

discharge stormwater and non-stormwater allowable under this Order 
or other individual or general NPDES Permits/WDRs, or 
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(1)(2) Eliminated within 90 180 days of completion of the investigation, 
using its formal enforcement authority, if necessary, to eliminate the 
illicit connection.   

iii.iv. Documentation 
Formal records must be maintained for all illicit connection investigations 
and the formal enforcement taken to eliminate illicit connections.  

f. Public Reporting of Non-Stormwater Discharges and Spills 
i. Each PermitteeThe LACFCD shall, in collaboration with the County, 

continue to maintain the 888-CLEAN-LA hotline internet site to promote, 
publicize, and facilitate public reporting of illicit discharges or water quality 
impacts associated with discharges into or from MS4s. through a central 
contact point, including phone numbers and an internet site for complaints 
and spill reporting.  Each Permittee shall also provide the reporting hotline 
to Permittee staff to leverage the field staff that has direct contact with the 
MS4 in detecting and eliminating illicit discharges. 

ii. Each Permittee shall implement the central point of contact and reporting 
hotline requirements listed in this part in one or more of the following 
methods: 
(1) By participating in a County sponsored PIPP 
(2) By participating in one or more Watershed Group sponsored PIPPs 
(3) Or individually within its own jurisdiction.   

iii.ii. The LACFCD Each Permittee shall include information regarding public 
reporting of illicit discharges or improper disposal on the signage adjacent 
to open channels as required in Part [TBD]. 

iv.iii. The LACFCD Each Permittee shall develop and maintain written 
procedures that document how complaint calls are received, documented, 
and tracked to ensure that all complaints are adequately addressed.  The 
procedures shall be evaluated annually to determine whether changes or 
updates are needed to ensure that the procedures accurately document 
the methods employed by the PermitteeLACFCD.  Any identified changes 
shall be made to the procedures subsequent to the annual evaluation. 

v.iv. The LACFCD shall maintain documentation of the complaint calls and 
record the location of the reported spill or IC/ ID and the actions 
undertaken, including referrals to other agencies, in response to all IC/ID 
complaints. .  

g. Illicit Discharge and Spill Response Plan 
i. The LACFCD Each Permittee shall implement an ID and spill response 

plan for all sewage and other spills that may discharge into the MS4its 
system from any source (including private laterals and failing on site 
wastewater treatment systems). The ID and spill response plan shall 
clearly identify agencies responsible for ID and spill response and 
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cleanup, telephone numbers and e mail address for contactscontact 
information, and shall contain at a minimum the following requirements: 
(1) Coordination with spill response teams throughout all appropriate 

departments, programs and agencies so that maximum water quality 
protection is provided.  

(2) Initiation of Iinvestigation of all public and employee ID and spill 
complaints within 24 hoursone business day of receiving the 
complaint to assess validity. 

(3) Response to ID and spills for containment within 2 4 hours of 
becoming aware of the ID or spill, except where such IDs or spills 
occur on private property, in which case the response should be 
within 2 hours of gaining legal access to the property. 

(4) IDs or spills that may endanger health or the environment shall be 
reported to appropriate public health agencies and the Office of 
Emergency Services (OES). 

h. Illicit Connection and Illicit Discharge Education and Training  
i. Each PermitteeThe LACFCD must continue to implement a training 

program regarding the identification of IC/IDs for all municipalLACFCD 
field staff and contractors, who, as part of their normal job responsibilities 
(e.g., street sweeping, storm drain inspection and maintenance, collection 
system maintenance, road maintenance), may come into contact with or 
otherwise observe an illicit discharge or illicit connection to the storm 
sewer system.  Contact information, including the procedure for reporting 
an illicit discharge, must be included in the Permittee’sLACFCD’s fleet 
vehicles that are used by field staff.  Training program documents must be 
available for review by the permitting authority. 

ii. The LACFCDEach Permittee’s training program should address, at a 
minimum, the following: 
(1) IC/ID identification, including definitions and numerous examples,  
(2) investigation, 
(3) elimination,  
(4) cleanup,  
(5) reporting, and  
(6) documentation.  

iii. The LACFCD Each Permittee must create a list of applicable staff 
positions which require IC/ID training and ensure that training is provided 
at least twice during the term of the Order.  The LACFCD Each Permittee 
must maintain documentation of the training activities. 

iv. New LACFCD Permittee staff members must be provided with IC/ID 
training within six months of starting employment. 
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v. The LACFCD shall require its contractors to train their employees in 
targeted positions as described above. 

 
 
 
 
The following is intended to be included as part of the Monitoring Section within the 
LACFCD chapter. 
 
A. Outfall Monitoring 

1. The LACFCD shall provide available, pertinent information on its MS4 to 
Permittees to assist them in the development of the outfall monitoring plan. 

2. The LACFCD shall visually inspect its outfalls in conjunction with its systematic 
inspection program for open channels, and provide results to the Permittees with 
land use authority upon request. 
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CITY OF LA MIRADA
DEDICATED TO SERVICE

13700 La Mirada Boulevard
La Mirada, California 90638

P.O. Box 828
La Mirada. California 90637-0828

Phone: (562) 943-0131 Fax: (562) 943-1464
www.cityoflamirada.org

July 23,2012

Mr. Ivar Ridgeway
California Regional Water Quality Control Board
Los Angeles Region
320 West 4th Street, Suite 200
Los Angeles, California 90013

LAMS42012@waterboards.ca.gov
rpurdy@waterboards.ca.gov
iridgeway@waterboards.ca.gov

Dear Mr. Ridgeway:

VIA U.S. MAIL AND E-MAIL (PDF)

The City of La Mirada ("City') submits the following comments to the Los Angeles Regional
Water Quality Control Board's ("Regional Board") Tentative Order No. R4-2012-xxx,
NPDES Permit No. CAS004001 ("Permit"). The LA Permit Group has submitted
comments regarding the Permit which the City joins and incorporates herein. The City
reserves the right to make additional legal comments on the Permit prior to the close of
the public hearing to adopt the Permit and at the public hearing itself.

On behalf of the City of La Mirada, we hereby submit the following initial comments on
the Permit:

1. The Time Provided to Review the Permit Is Insufficient and Denies
Permittees Due Process of Law

The period provided to review and comment on the Permit has been unreasonably short
given the breadth of the Permit. Beginning on March 28, 2012, Regional Board staff
issued a series of Staff Working Proposals pertaining to key sections of the Permit.
Regional Board staff has used their Staff Working Proposal workshops as a justification
for the hurried manner in which the Permit was developed. The same justification was
used by the Executive Director in denying the LA Permit Group's request for a time
extension.

This justification, however, fails for several reasons. First, Regional Board staff gave
the permittees only a few weeks to comment on each of the Staff Working Proposals.
Furthermore, the Regional Board staff did not respond to any comments, leaving
permittees to guess at which requirements would be incorporated into the Permit.
Seeing the Permit in its entirety and having the opportunity to understand how each of
the sections and programs work together is imperative in order for permittees to fully
understand the Permit provisions and to prepare comments.

Gabriel P. Garcia
Mayor

Steve De Ruse, D. Min.
Mayor Pro Tcm

Pauline Deal
Counci Imember

Steve Jones
Councilmember

Lawrence P. Mowles
Councilmcmbcr

Thomas E. Robinson
City Manager
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Second, despite all the working proposals, workshops, and meetings, the permittees are
left with a Permit that cannot be complied with from the first day the Permit goes into
effect, due to the Receiving Water Limitation (RWL) and the Waste Load Allocations
(WLA) requirements that could subject the permittees to third party lawsuits.

We believe the Regional Board wants a review process that is open and transparent.
Providing permittees only forty-five (45) days to comment makes this impossible. To
develop and provide relevant and meaningful comments, each permittee must first:

• Read a 500 page Permit;
• Study the 500 page Permit to understand how the provisions work together;
• Compare it to the last Permit;
• Evaluate the resource needs to comply with the Permit;
• Determine the fiscal and organizational impacts on City services, which requires

coordination with several City departments;
• Conduct technical and legal review of the Permit and prepare comments;
• Present information to and gather feedback from the City Council. Staff needs

time to conduct a thorough review of the items listed above, prior to presenting
them to the City Council; and

• Prepare written comments.

To ensure a proper review of the Permit, the City hereby requests an extension of 180
working days to include a Revised Tentative Permit to be released with a 45-day comment
period. The intent of a Revised Tentative Permit is to ensure the permittees have the
opportunity to review any changes made to the existing draft and provide comments prior to
the Permit adoption hearing. Additionally, this extension request will resolve a conflict our
City management and officials have with the current September 6-7, 2012 hearing date,
which overlaps with the annual League of California Cities conference in San Diego.

The extreme speed with which the Permit is being circulated, reviewed, and proposed to
be adopted amounts to a denial of the City's due process rights and is contrary to state
and federal law. By denying the permittees a meaningful opportunity to review and
comment on a Permit that so drastically affects the permittees' rights and finances, the
Regional Board has denied the permittees due process rights under state and federal
law. See Spring Valley Water Works v. San Francisco, 82 Cal. 286 (1890) (reasonable
notice and opportunity to be heard are essential elements of "due process of law,"
whatever the nature of the power exercised.) Furthermore, under the Clean Water Act,
a reasonable and meaningful opportunity for stakeholder participation is mandatory.
See, e.g., Arkansas Wildlife Fed'n v. leI Ams., 29 F.3d 376, 381 (8th Cir. 1994) ("the
overall regulatory scheme affords significant citizen participation, even if the state law
does not contain precisely the same public notice and comment provisions as those
found in the federal CWA.") For the reasons stated above, the Permit does not satisfy
the Clean Water Act standard and violates the City's due process rights.
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2. The Permit Should Be Revised to Provide that Implementation of BMPs is
Sufficient to Constitute Compliance with the Permit

Permittees should be able to achieve compliance with the Permit through a best
management practice ("BMP") based iterative approach. Regional Board staff has
previously indicated that it would not create a permit for which permittees would be out
of compliance from the very first day the Permit goes into effect This necessarily means
the Permit cannot require immediate strict compliance with water quality standards.
Yet the Fact Sheet states that a party whose discharge "causes or contributes" to an
exceedance of a water quality standard is in violation of the Permit, even if that party is
implementing the iterative process in good faith. See Fact Sheet at pp. F-35-38. These
positions are incompatible and effectively render the iterative approach meaningless.

As written, the Permit requires that all discharges to receiving waters must immediately
meet water quality standards to avoid violating the Permit. This presents an impossible
standard for permittees to meet, especially given the fact that thirty-three (33) TMDLs
have been incorporated into the Permit. This means that numerous water bodies that
currently do not meet water quality standards will be governed by the Permit and
permittees will be subject to potential liability immediately. Even for TMDLs for which
the Regional Board issues time scheduling orders, such orders will not protect a
permittee from third-party lawsuits for measured exceedances, based on the Permit's
current language. Even if such lawsuits are unfounded, the legal costs to defend such
suits are enormous. For this same reason, final wasteload allocations should not be
incorporated into the Permit, especially where we are dealing with TMDLs that have
been rushed through due to the Browner consent decree with the understanding that
they would be refined over time with reopeners as new information becomes available.

A BMP-based approach should be utilized in the Permit, as outlined in EPA's November
12, 2010 Revisions to the November 22, 2002 Memorandum "Establishing Total
Maximum Daily Load (TMDL) Wasteload Allocations (WLAs) for Storm Water Sources
and NPDES Permit Requirements Based on those WLAs." ("EPA Memorandum"). See
also 40 C.F.R. § 122.44(k).

To accomplish this purpose, the City supports using the receiving water limitation
language proposed by CASQA, which is similar to the language in the Draft Caltrans
Permit. Otherwise, cities are potentially vulnerable to third party lawsuits such as those
brought against the City of Stockton and the County of Los Angeles by third parties
within the last five years.

Furthermore, the EPA Memorandum is clear that an increased reliance on numerics
should be coupled with the "disaggregation" of different storm water sources within
permits. See EPA Memorandum at pp. 3-4. The Permit currently aggregates multiple
sources of storm water runoff while additionally imposing numeric standards. This will
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result in a system whereby the innocent will be punished alongside the guilty for
numeric standard exceedances. The Regional Board should not allow this inequitable
and legally unjustifiable result to occur.

Another reason for adopting a BMP-based approach is the fact that new and existing
conditionally exempt non-stormwater discharges may also contribute to measured
exceedances. This inequitable result means the exempt discharges may nonetheless
contribute to permittee liability.

3. The Permit Improperly Intrudes Upon the City's Land Use Authority in
Violation of the Tenth Amendment of the U.S. Constitution

To the extent that this Permit relies on federal authority under the Clean Water Act to
impose land use regulations and dictate specific methods of compliance, it violates the
Tenth Amendment of the U.S. Constitution. Furthermore, to the extent the Permit
requires a municipal permittee to modify its city ordinances in a specific manner, it also
violates the Tenth Amendment. According to the Tenth Amendment:

"The powers not delegated to the United States by the Constitution, nor
prohibited by it to the States, are reserved to the States respectively, or to
the people."

Article XI, section 7 of the California Constitution California also guarantees
municipalities the right to "make and enforce within [their] limits all local police, sanitary
and other ordinances and regulations not in conflict with general laws." See also City of
W Hollywood v. Beverly Towers, 52 Cal. 3d 1184, 1195 (1991). Furthermore, the
United States Supreme Court has held that the ability to enact land use regulations is
delegated to municipalities as part of their inherent police powers to protect the public
health, safety, and welfare of its residents. See Berman v. Parker, 348 U.S. 26, 32-33
(1954). Because it is a constitutionally conferred power, land use powers cannot be
overridden by State or federal statutes.

Even so, both the Clean Water Act and the Porter-Cologne Act provisions regarding
NPDES permitting do not indicate that the Legislature intended to preempt local land
use authority. Sherwin Williams Co. v. City of Los Angeles, 4 Cal. 4th 893 (1993);
California Rifle & Pistol Assn. v. City of West Hollywood, 66 Cal. App. 4th 1302, 1309
(1998) (Preemption of police power does not exist unless "Legislature has removed the
constitutional police power of the City to regulate" in the area); see Water Code §§ 13374
and 13377 and 33 U.S.C. § 1342 (b)(1 )(B).

If the Permit is adopted, the City believes that this Permit could establish the Regional
Board as a "super municipality" responsible for setting zoning policy and requirements
throughout Los Angeles County. The prescriptive and one-size-fits-all nature of this
policy will ensure that any resident or business challenging the conditions set forth in

RB-AR13677



CITY OF LA MIRADA

Mr. Ivar Ridgeway
California Regional Water Quality Control Board

Page Five

this Permit would not only sue the municipality charged with implementing these
requirements, but would also have to sue the Regional Board itself to obtain the
requested relief. The City does not believe this is the intent of the Regional Board.
Rather than adopting programs that dictate the precise method of compliance, the
Regional Board should collaborate with the City and other permittees to develop a
range of model programs that each municipality could then modify and adopt according
to its own individual circumstances.

4. The Permit Constitutes an Unconstitutional Unfunded Mandate

The Permit contains mandates imposed at the Regional Board's discretion that are
unfunded and go beyond the specific requirements of either the Clean Water Act or the
EPA's regulations implementing the Clean Water Act, and thus exceed the "Maximum
Extent Practicable" ("MEP") standard. Accordingly, these aspects of the Permit
constitute non-federal state mandates. See City of Sacramento v. State of California,
50 Cal. 3d 51, 75-76 (1990). Indeed, the Court of Appeals has previously held that
NPDES permit requirements imposed by the Regional Board under the Clean Water
and Porter-Cologne Acts can constitute state mandates subject to claims for
subvention. County of Los Angeles v. Commission on State Mandates, 150 Cal. App.
4th 898,914-16 (2007).

The Permit goes beyond federal law, as the Permit is at least twice as long, and in
some cases, three times as long as other MS4 permits developed by other Regional
Boards in the State of California, such as the Lahontan Regional Board and the Central
Valley Regional Board, not to mention permits developed by EPA. This means that
either some Regional Boards are failing to impose federally mandated requirements
pursuant to the Clean Water Act, or the more likely explanation is that the Regional
Board is imposing requirements that go beyond federal law.

A. The Permit's Minimum Control Measure Program is an Unfunded State
Mandate

The Permit's Minimum Control Measure program ("MCM Program") qualifies as a new
program or a program requiring a higher level of service for which state funds must be
provided. The particular elements of the MCM Program that constitute unfunded
mandates are:

• The requirements to control, inspect, and regulate non-municipal permittees and
potential permittees (Permit at pp. 38-40);

• The public information and participation program (Permit at pp. 58-60):
• The industrial/commercial facilities program (Permit at p. 63);
• The public agency activities program (Permit at pp. 56-63); and
• The illicit connection and illicit discharge elimination program (Permit at pp. 106

109).
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The MCM Program requirement that the permittees inspect and regulate other, non
municipal NPDES permittees is especially problematic and clearly constitutes an
unfunded mandate. (See, e.g., Permit at pp. 38-40.) These are unfunded requirements
which entail significant costs for staffing, training, attorney fees, and other resources.
Notably, the requirement to perform inspections of sites already subject to the General
Construction Permit is clearly excessive. Permittees would be required to perform pre
construction inspections, monthly inspections during active construction, and post
construction inspections. The requirements of this Permit exceed past permits,
meaning that the Regional Board is requiring a higher level of service than in prior
permits.

Furthermore, there are no adequate alternative sources of funding for inspections. User
fees will not fully fund the program required by the Permit. Cal. Gov't Code, § 17556(d).
NPDES permittees already pay the Regional Water Quality Control Boards fees that
cover such inspections in part. It is inequitable to both cities and individual permittees
for the Regional Board to charge these fees and then require cities to conduct and pay
for inspections without providing funding.

B. The Receiving Water Body Requirements Render the Permit an
Unfunded Mandate

If strict compliance with state water quality standards in receiving water bodies is
required-including state water quality standard-based wasteload allocations-in the
MS4 itself or at outfall points and in receiving water bodies, the entire Permit will
constitute an unfunded mandate because such a requirement clearly exceeds both the
Federal standard and the requirements of prior permits, despite the fact no funding will
be provided. See Building Industry Assn. of San Diego County v. State Water
Resources Control Bd., 124 Cal. App. 4th 866, 873, 884-85 (2004) (though the State
and Regional Boards may require compliance with California state water quality
standards pursuant to the Clean Water Act and state law, these requirements exceed
the Federal Maximum Extent Practicable standard.)

C. The City Does Not Necessarily Have the Requisite Authority to Levy
Fees to Pay for Compliance With the Order

The ability to fund the Permit through bond measures or tax increases does not
render the Permit's program ineligible for a subvention claim because such funding
mechanisms are contingent upon voter approval, in some cases requiring supermajority
votes. Howard Jarvis Taxpayers Assoc. v. City of Salinas, 98 Cal. App. 4th 1351
(2002). The money available from other sources is both too speculative and limited to
cover all or even some of the costs imposed by the Permit. Such speculative funding
sources cannot count as viable sources of funding so as to preclude a subvention claim.
Cal. Gov't Code, § 17556(f). Furthermore, even if some portions of the Permit's
programs can be covered by user fees, these fees will not come close to covering
all such costs, meaning permittees' general funds will have to be utilized to cover

RB-AR13679



CITY OF LA MIRADA

Mr. Ivar Ridgeway
California Regional Water Quality Control Board

Page Seven

substantial portions of these costs. Cal. Gov't Code, § 17556(d) (the ability to charge
fees only defeats a subvention claim where the fees are sufficient to fully fund the
program.)

5. The Permit's Monitoring Program Exceeds the Requirements of Law

The Permit's Receiving Water Monitoring Program is improper for going well beyond the
scope of monitoring requirements authorized under Water Code Sections 13267 and
13383. The relevant portion of Water Code Section 13267 states:

"(b) (1) In conducting an investigation ... the regional board may require
that ... any citizen or domiciliary, or political agency or entity of this state
who has discharged, discharges, or is suspected of having discharged or
discharging, or who proposes to discharge, waste outside of its region that
could affect the quality of waters within its region shall furnish, under
penalty of perjury, technical or monitoring program reports which the
regional board requires. The burden, including costs, of these reports
shall bear a reasonable relationship to the need for the report and the
benefits to be obtained from the reports."

The Regional Board's failure to conduct and communicate the requisite cost-benefit
analysis pursuant to the monitoring requirements in the Permit constitutes an abuse of
discretion. Water Code §§ 13267 and 13225(c).

The relevant portions of Water Code Section 13383 state:

"(a) The ... regional board may establish monitoring, inspection, entry,
reporting, and recordkeeping requirements . . . for any person who
discharges, or proposes to discharge, to navigable waters....

(b) The ... or the regional boards may require any person subject to this
section to establish and maintain monitoring equipment or methods,
including, where appropriate, biological monitoring methods, sample
effluent as prescribed, and provide other information as may be
reasonably required."

The Permit goes far beyond a requirement that a permittee "monitor" the effluent from
its own storm drains. The Permit's Receiving Water Monitoring Program seems to
require a complete hydrogeologic model found in the receiving water body, which will in
many cases be miles away from many of the individual permittees' jurisdictions. To the
extent the Permit requires individual permittees to compile information beyond their
jurisdictional control, they are unauthorized. Although Water Code Section 13383(b)
permits the Regional Board to request "other information", such requests can only be
"reasonably" imposed. Cal. Water Code § 13383(b). The information requested by the
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Regional Board is unreasonable. It is not just limited to each individual copermittee's
discharge. Rather, the Permit requires copermittees to analyze discharges and make
assumptions regarding factors well beyond their individual boundaries. This is not
reasonable, and is therefore not permitted under Water Code Sections 13225, 13267,
and 13383. It is equally unreasonable to require the monitoring of authorized or
unknown discharges. See Permit at p. 108.

6. The Permit Exceeds the Regional Board's Authority by Requiring the City
to Enter into Contracts and Coordinate With Other Co-Permittees

The Regional Board cannot require the City to entire into agreements or coordinate with
other co-permittees. The requirements that permittees engage in interagency
agreements (Permit at p. 39) and coordinate with other copermittees as part of their
stormwater management program (Permit at p. 56-58) are unlawful and exceed the
authority of the Regional Board. The Regional Board lacks the statutory authority to
mandate the creation of interagency agreements and coordination between permittees
in an NPDES Permit. See Water Code §§ 13374 and 13377. The Permit creates the
potential for City liability in circumstances where the permittee cannot ensure
compliance due to the actions of third party state and local government agencies over
which the City has no control. Such requirements are not reasonable regulations, and
thus violate state law. Communities for a Better Environment v. State Water Resources
Control Bd., 132 Cal. App. 4th 1313, 1330 (2005) (regulation pursuant to NPDES
program must be reasonable.)

7. The Permit Fails to Consider Economic Impacts As Required by Water
Code Sections 13000 and 13241

The Regional Board's failure to adequately consider the economic impacts of the
Permit, as required by Water Code Sections 13000 and 13241, render the Permit
invalid. Water Code Section 13241 requires the Regional Board to include "[e]conomic
considerations" with its consideration of the Permit. As demonstrated above, the
Regional Board is incorrect in its assertion that consideration of economics is not
required in this Permit. See Permit at pp. 24-25. Because, as demonstrated above, the
Permit requires new and higher levels of service in numerous key regards,
consideration of economic factors is necessary. City of Burbank v. State Water
Resources Control Bd., 35 Cal. 4th 613, 618, 627 (2005).

The alleged facts in the economic consideration section of the Fact Sheet misrepresent
the permittees' data and fail to consider the economic impact of new, costly aspects of
the Permit. The Fact Sheet's open skepticism of municipal financial reports is troubling,
and indicates the Regional Board has not taken permittees' actual expenses seriously.
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It is also premature and improper to assume that permittees will obtain funding from
proposed ballot measures and other sources of funding which have not even been
approved, much less voted on by the public. See Fact Sheet at pp. F-142-43. If the
Regional Board wants to rely on initiatives, such as the Los Angeles County Flood
Control District's Water Quality Funding Initiative, as sources of funding to offset the
costs of storm water management, it should delay its public hearing and approval of the
Permit until after the voters have actually voted on such initiatives. Otherwise, if such
initiatives fail to pass, the co-permittees will be left to implement the Permit's
requirements without the funds to do so. Even if the Water Quality Funding Initiative is
approved by the voters, the funds generated by the Initiative would not even be
available until 2014 - well after the deadline for a majority of the compliance deadlines
set forth in the Permit. Moreover, the Water Quality Initiative will not cover all the costs
imposed on all permittees by the Permit.

The Permit also fails to consider the significant additional costs that TMDLs will impose.
The incorporation of TMDLs and the massive expansion of monitoring requirements in
the Permit, which also trigger the need for additional inspectors, will inevitably cause the
copermitees' costs to skyrocket. Furthermore, speculations about what people may be
willing to pay for cleaner water and social benefits from clean water have no real effect
on cities' bottom lines. Finally, the Permit fails to account fully for all the expenses that
implementing minimum control measures will impose. For all these reasons, the
consideration of economic impact is entirely lacking, which violates state law.

8. The Permit's Imposition of Joint and Joint and Several Liability for
Violations is Contrary to Law

The Permit appears to improperly impose joint liability and joint and several liability for
water quality based effluent limitations and receiving water exceedances. It is both
unlawful and inequitable to make a permittee liable for the actions of other permittees
over which it has no control. A party is responsible only for its own discharges or those
over which it has control. Jones v. FR. Shell Contractor, Inc., 333 F. Supp. 2d 1344,
1348 (N.D. Ga. 2004). Because the City cannot prevent another permittee from failing
to comply with the Permit, the Regional Board cannot, as a matter of law, hold the City
jointly or jointly and severally liable with another permittee for violations of water quality
standards in receiving water bodies or for TMDL violations. Under the Water Code, the
Regional Board issues waste discharge requirements to "the person making or
proposing the discharge." Cal. Water Code § 13263(f). Enforcement is directed
towards "any person who violates any cease and desist order or cleanup and
abatement order ... or ... waste discharge requirement." Cal. Water Code § 13350(a).
In similar fashion, the Clean Water Act directs its prohibitions solely against the "person"
who violates the requirements of the Act. 33 U.S.C. § 1319. Thus, there is no provision
for joint liability under either the California Water Code or the Clean Water Act.
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Furthermore, joint liability is proper only where joint tortfeasors act in concert to
accomplish some common purpose or plan in committing the act causing the injury,
which will generally never be the case regarding prohibited discharges. Kesmodel v.
Rand, 119 Cal. App. 4th 1128, 1144 (2004); Key v. Caldwell, 39 Cal. App. 2d 698, 701
(1940). For any such discharge, it would be unlawful to impose joint liability and
especially joint and several liability. The issue of imposing liability for contributions to
"commingled discharges" of certain constituents, such as bacteria, is especially
problematic because there is no method of determining who has contributed what to an
exceedance.

For receiving water body exceedances, the Permit should specify that the burden is on
the Regional Board to show that any permittee's discharge caused or contributed to that
exceedance. Requiring permittees to prove they did not cause or contribute an
exceedance is both inequitable and unlawful. Permittees should not be required to
prove they did not do something when the Regional Board has failed to raise even a
rebuttable presumption that the contamination results from a particular permittee's
actions. See Cal. Evid. Code § 500; Sargent Fletcher, Inc. v. Able Corp., 110 Cal. App.
4th 1658,1667-1668 (2003).

*****
The City is dedicated to the protection and enhancement of water quality. The City,
however, has other functions that require funding as well. If this Permit is adopted as
proposed, even in the best case scenario, spending cuts to other crucial services such
as police, fire, and public works are certain. The permittees' dwindling general funds
simply cannot take the financial hit the Permit is poised to impose on them. The City
believes a more measured approach is necessary, especially regarding how compliance
in this Permit is achieved.

As public agencies, all parties involved in the NPDES permitting process have the
obligation to carry out their duties in a responsible, realistic, and reasoned manner.
Requirements that tether public agencies to impractical positions are counterproductive
and violate our sacred charge as representatives of the people. The City is committed
to working with the State and Regional Boards in order to achieve our mutual goals and
looks forward to engaging in a constructive dialogue with Regional Board staff on these
issues.

Sincerely,

CITY~ADA

Steve Forster
Public Works Director

SF:jb
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July 23, 2012   
 
 
 
Mr. Ivar Ridgeway 
California Regional Water Quality Control Board, Los Angeles Region 
320 West 4th Street, Suite 200 
Los Angeles, California 90013 
 
Electronically to : 
LAMS42012@waterboards.ca.gov 
rpurdy@waterboards.ca.gov 
iridgeway@waterboards.ca.gov 
 
SUBJECT:    Comments on the Draft NPDES Permit (Draft Order), Order No. R4‐2012‐XXXX; NPDES Permit 

NO. CAS004001, for MS4 Dischargers within the Los Angeles County Flood Control District 
 
The LA Permit Group (LAPG) appreciates the opportunity to provide comments on the subject Draft Order for 
the Los Angeles region.   The Los Angeles Permit Group  is a consortium of municipalities that was formed to 
ensure Los Angeles’ stormwater is managed properly, both for flood control and water quality protection (LA 
Permit Group agencies list provided in Exhibit A).       
 
The LA Permit Group was formed, to accomplish several important objectives, including: 
• Promoting  constructive  collaboration  and  problem‐solving  between  the  regulated  community 

(municipalities) and the Los Angeles Regional Water Quality Control Board (LARWQCB); 
• Assisting  in development of a new NPDES Permit that  is capable of  integrating the protection of water 

quality with other watershed objectives in a cost‐effective and science‐based manner; 
• Focusing  limited municipal  resources on  implementation of water quality protection activities  that are 

efficient, effective and sustainable. 
 
Over  62  Los Angeles County municipalities have  actively participated  in  the  effort  to develop negotiations 
points  and  provide  comments  throughout  the MS4  NPDES  Permit  development  process.    Comments  and 
negotiations  points  are  developed  by  each  of  the  LA  Permit  Group’s  four  Technical  Sub‐Committees 
(Development Programs, Reporting & CORE Programs, Monitoring, and TMDLs), which are then approved by 
the LA Permit Group. The group’s consensus  is represented by the Negotiations Committee.   This comment 
letter  and  accompanying  exhibits  reflect  a  collaborative  effort  to develop  a permit  that will  lead  to water 
quality protection in a cost effective manner.   We have a number of major and minor concerns with the Draft 
Order. Our comments are organized around the following major issues: 
 

LA PERMIT GROUP
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• Receiving Water Limitations 
• TMDLs 
• Monitoring 
• MCMs 
• Watershed Management Program 
• Cost Implications 

Our recommendations for each issue are noted in bold in this letter and our detailed comments on the Draft 
Order are provided in the Exhibits to this letter (Exhibit B).   
We  also want  to  note  that  the  Draft  Order  contains  a  number  of  errors  and  inconsistencies.  This  is  not 
surprising given the sheer magnitude of the draft document, which  is the basis for our multiple requests for 
more  time  to  review  the  more  than  500  pages  of  Permit.    As  stated  in  our  letter  dated  July  2,  2012 
(incorporated in this letter as attached – Exhibit C) and in Public Comments at the July 12, 2012 Regional Board 
Meeting,  the  comment  deadline  of  July  23,  2012  is  far  too  short  to  address  all  the  potential  issues  and 
concerns. On  several occasions,  the Regional Board  staff has used  the  Staff Working Proposal process  and 
workshops  as  a  justification  for  the  expeditious manner  in which  the Draft Order was  developed  and  the 
curtailed 45‐day public comment period.  This justification is misplaced for several reasons:   
 

• Each  Staff  Working  Proposal  was  issued  with  only  a  few  weeks  for  stakeholders  to  provide 
comments on what may be  considered  the most  significant  increase  in public  effort  to  address 
water quality issues in the past 20 years;  

• Although we provided  comments on  the working proposal,  it  is unclear  to us how  the Regional 
Board  staff  addressed  our  comments.    In  some  cases  changes were made  and  other  cases  no 
changes were made. In both cases no explanation was provided. As a result we have attached our 
previous comment letters for the record (ExhibitD );  

• By rolling out different working proposals at different times it was difficult to understand how the 
key provisions interacted with each other.  It was only after the full draft Order was issued did we 
see the interaction (or lack of interaction) of the provisions; 

• It  is the LA Permit Group’s goal to cooperatively develop the MS4 Permit to support the Regional 
Board’s policy goal of a permit that would reduce the need for litigation.  This goal is important to 
us as we believe  that good policy and  regulations are  those  that are developed  reasonably,  that 
Permittees are capable of complying with.   Even  though we have worked hard and  in good  faith 
with Regional Board staff to try to develop a Permit that  is protective of water quality    in a cost‐
effective  and  science‐based manner,  the draft Order places  the Permittees  in  a  very  vulnerable 
position  for  not  immediately  complying with water  quality  standards  (see  our  discussion  below 
regarding Receiving Water Limitations);   

• It  is  also  important  to note  that  stormwater managers have  an obligation  to  adequately  inform 
other municipal departments,  legal  counsel,  city management  and  elected officials on  the  fiscal 
impact of this draft Order.  The time to properly evaluate the Permit, assess its financial, legal,  and 
personnel impacts, and inform our cities cannot be accomplished in the 45 day review period; and  

• We have also heard from many cities that their executives and elected officials had registered for 
the  League of California Cities Conference on  September 5‐7, 2012, months prior  to  the Permit 
adoption hearing notice.  We request that the adoption hearing be rescheduled after September 6‐
7, 2012 to allow for elected officials and executive of the Permitted agencies to attend the hearing; 
it  is  imperative that the adoption hearing be scheduled at a time that municipal decision makers 
have the opportunity to attend and provide comments at the hearing. 
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It is essential that municipalities be given an additional 180 days to review the Permit and develop alternatives 
for the substantial issues found in this Draft Order.  Based on the issues listed above and as communicated in 
our July 2nd letter and at the July 12th Regional Board meeting, we request that the our appeal for additional 
time  be  reconsidered.  This  could  be  accomplished  by  an  additional  review  of  a  tentative Order  before  an 
adoption hearing is held. 

Receiving Water Limitations 

As  previously  outlined  in  our  05/14/12  comment  letter  on  the  working  proposal,  the  Receiving  Water 
Limitations (RWL) language in the Draft Order creates a liability to the municipalities that is unnecessary and 
counterproductive.   We have the following significant concerns with the RWL language included in the Draft 
Order: 
 

• Recent court decisions have created a new interpretation of the RWL that creates a liability for the 
Permittees without a commensurate increase in protection of water quality. 

• The RWL  as written  is not  a  federal  requirement  so  it  is not necessary  to maintain  the  current 
language. 

• The RWL as written is contradictory to the Watershed Management Program.  
• Alternative  approaches  are  available  to  address  the  concerns  and  maintain  the  intent  of  the 

language in the approach; we request that RWQCB utilize this alternative language. 
 
We feel that the RWL as included in not necessary and does not support the improvement of water quality as 
discussed in more detail below. 
 

 Creation of Unwarranted Liability 

The proposed  language  for the receiving water  limitations provision  is almost  identical to the  language that 
was  litigated  in the 2001 Permit.   On July 13, 2011, the United States Court of Appeals  for the Ninth Circuit 
issued  an  opinion  in Natural  Resources Defense  Council,  Inc.,  et al.,  v.  County  of  Los  Angeles,  Los  Angeles 
County Flood Control District, et al.1  (NRDC v. County of LA)  that determined that a municipality  is  liable  for 
Permit  violations  if  its  discharges  cause  or  contribute  to  an  exceedance  of  a water  quality  standard.  This 
represents      a  fundamental  change  in  interpretation of policy  and  contrasts  sharply with  the Board’s own 
understanding as expressed  in a 2002  letter  from  then‐Chair Diamond answering questions about  the 2001 
MS4 Permit  in which she articulated this collective understanding that a violation of the Permit would occur 
only when a municipality fails to engage in good faith effort to implement the iterative process to correct the 
harm2. In light of the 9th Circuit’s decision and based on the significant monitoring efforts being conducted by 
other municipal  stormwater  entities, municipal  stormwater  Permittees would  be  considered  to  be  in non‐
compliance with  their  NPDES  Permits.    Accordingly, municipal  stormwater  Permittees will  be  exposed  to 
considerable vulnerability, even  though municipalities have  little control over  the sources of pollutants  that 
create the vulnerability.  Basically, the draft Order language again exposes the municipalities to enforcement 
action (and third party law suits) even when the municipality is engaged in an adaptive management approach 
to address the exceedance.   
 

                                                            
1 No. 10‐56017, 2011 U.S. App. LEXIS 14443, at *1 (9th Cir., July 13, 2011). 
2 January 30, 2002. Letter from Francine Diamond, Chair, Los Angeles Regional Water Quality Control Board 
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The LA Permit Group would  like to more fully address Board Member Glickfeld’s question raised at the May 
3rd workshop about how  the RWL  language as  currently written puts  cities  in  immediate non  compliance, 
either  individually  or  collectively.    As  noted  above,  significant monitoring  by  other MS4s  in  the  state  had 
demonstrated  that  MS4  discharges  pose  water  quality  issues  and  with  the  proposed  outfall  monitoring 
detailed in the Draft Order we would expect the runoff characteristics to be similar to other MS4 discharges in 
the  State.   As  the RWL  language  is  currently written, municipalities  cannot  cause  or  exceed water  quality 
standards in the basin plan as soon as this Permit is adopted.  While the Regional Board staff has noted that 
enforcement  action  is  unlikely  if  the  Permittees  are  implementing  the  iterative  process,  the  reality  is  that 
municipalities  are  immediately  vulnerable  to  third party  lawsuits  in  addition  to enforcement  action by  the 
Regional Board.     This  is  in fact what happened to the City of Stockton.   The City of Stockton was sued by a 
third  party  for  violations  of  the  cause/contribute  prohibition  even  though  the  City  was  implementing  a 
comprehensive  iterative process with specific pollutant  load reduction plans. This was a series of pollutants 
not covered by a TMDL, but that dealt with water quality exceedances. Cities will have no warning or time to 
react  to any water quality exceedances, but  still be vulnerable  to  third party  lawsuits even when cities are 
diligently working to address the pollutants of concern. This will be disastrous public policy, creating a chilling 
effect on productive storm water programs. Also in the Santa Monica Bay, cities were sent Notices of Violation 
that,  in essence,  stated  that all cities  in  the watershed were guilty until  they proved  their  innocence when 
receiving water violations were  found,  in some cases miles away. The “cause and contribute”  language was 
quoted prominently in those NOVs as justification for why the Regional Board could take such action.    
 
It is inherently unfair and poor public policy to put cities in non‐compliance on day one of the Permit without 
the opportunity for the cities to develop a plan of action, develop source identification, and implement a plan 
to  address  the  concern. With  the  very  recent  legal  interpretation  that  fundamentally  changes  how  these 
Permits  have  been  traditionally  implemented,  please  understand  that  adjusting  the  Receiving  Water 
Limitations  language  is  a  critical  issue. Again,  the  receiving water  limitation  language must be modified  to 
allow  for  the  integrated  approach  (iterative/adaptive management)  to  address numerous  TMDLs  and non‐
TMDL water quality problems within  the watershed based program  in  a  systematic way.  This  is  a  fair  and 
constructive approach to meet water quality standards. 
 

Receiving Water Limitation Language as Written is Not Required under Federal Law 

We believe Federal  Law does not  require  that  the RWL  language be written as presented  in  the Tentative 
Permit.  Based  on  the  language  presented  in  other  Permits  throughout  the  United  States,  the  proposed 
language  is not  the only option.   The RWL provision as crafted  in  the contested 2001 Los Angeles permit  is 
unique  to  California.  Recent  USEPA  developed  Permits  (e.g.  Washington  D.C.3)  do  not  contain  similar 
limitations.   Thus, we would  submit  that  the decision  to  include  such a provision and  the  structure of  the 
provision is a State policy and therefore an opportunity exists for the Regional and State Boards to reaffirm the 
iterative process as the preferred approach for long ‐term water quality improvement.   
 

Receiving Water Limitation Language as Written is Contradictory to the Watershed Management Program 

Beyond the legal/liability aspect of the RWLs we would submit that in a practical sense the RWL, as currently 
written,  does  not  support  the  Permit’s  goal  of  protecting water  quality  and works  against  the Watershed 
Management Program proposal.   On  the one hand,  the municipalities will develop watershed management 

                                                            
3 NPDES Permit No. DC0000221, October 7, 2011, issued by USEPA Region 3. 
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programs that are based on the highest priority water quality  issues within the watershed.   Consistent with 
the Draft Order  provision  for  the Watershed Management  Program, we would  expect  the  focus  to  be  on 
TMDLs and the pollutants associated with those TMDLs.  However, under the current RWL working proposal, 
the municipality will need to direct their resources to any and all pollutants that may cause or contribute to 
exceedances of water quality standards.  Based on a review of other municipal outfall monitoring results in the 
State, there will be occasional exceedances of other non‐TMDL pollutants (e.g. aluminum,  iron, etc.).   These 
exceedances  may  only  occur  once  every  10  storms,  but  according  to  the  current  RWL  proposal  the 
municipalities must address these exceedances with the same priority as the TMDL pollutants. The LA Permit 
Group views this as unreasonable and ineffective use of limited municipal resources.     

We  have  requested  that  this  language  be  revised  on  several  occasions  including  written  comments, 
workshop comments, and meetings with staff; however this issue has not yet been resolved in the Tentative 
Permit.   An explanation  is  requested as  to why  this  language  remains as presented  in  the Draft Order  is 
requested.  Alternative Approaches are Available to Address Concerns. 
 
The RWL language is a critical issue for municipalities statewide and has been highlighted to the State Water 
Resources Control Board for consideration.  Currently the State Board is considering a range of alternatives to 
create a basis for compliance that provides sufficient rigor in the iterative process to ensure diligent progress 
in complying with water quality standards but at  the same  time allows  the municipality  to operate  in good 
faith with  the  iterative  process without  fear  of  unwarranted  third  party  action.  It  is  imperative  that  the 
Regional Board works with the State Board on this very important issue.   
 
The California Association of Stormwater Quality (CASQA) has developed draft language that we feel should be 
used in lieu of the current language. The language provides specificity in compliance and subjects Permittees 
who  are  not  engaged  in  good  faith  in  the  iterative  process  to  enforcement  without  unnecessary  and 
counterproductive  liability  for  the  majority  of  Permittees  who  are  diligently  implementing  stormwater 
programs.   We  feel  that  the CASQA  language maintains  the  intent of  the current RWL while addressing  the 
concerns outlined above. 
 
Recommendation:  Develop Receiving Water Limitation language consistent with the California Association 
of Stormwater Quality language that was submitted in a comment letter on Caltrans Permit (Exhibit E) and 
on  the  Statewide  Phase  II  Permit  which  defines  action  thresholds,  an  iterative/adaptive  management 
process, and avoids unnecessary liability.  

Total Maximum Daily Loads 

As outlined  in our May 12, 2012 comment  letter on the TMDL working proposal, the  incorporation of TMDL 
WLAs  into the Tentative Permit  is of critical  importance to the LASP.   WLAs should be  incorporated using a 
BMP‐based approach that includes an iterative approach to attain the WLAs and provides flexibility to the 
Permittees  to  address  the  complexities  of  addressing  multiple  TMDLs  within  a  watershed.    The  best 
mechanism  to achieve water quality standards  is by  implementing BMPs, evaluating  their effectiveness and 
implementing  additional  BMPs  as  necessary  to meet  TMDL WLAs.   Without  this  process,  and  due  to  the 
requirement in the Draft OrderDraft Order to meet numeric values, our ability to effectively implement BMPs 
is hampered by the legal issues associated with Permit compliance.   
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The Draft OrderDraft Order proposes to incorporate more TMDLs than any other Permit in California issued to 
date.  As a result, the manner in which the TMDLs are incorporated into the Permit is a critical issue to the LA 
Permit Group and will likely set a significant precedent for future MS4 Permits. 
 
The  rate of development of TMDLs  in  the  Los Angeles Region was unparalleled  in California, and  likely  the 
nation.    A  settlement  agreement  necessitated  the much  accelerated  time  schedule  for  these  TMDLs.  The 
TMDLs were developed based on the information available at the time, not the best information to identify or 
solve the problem.   As a result, the sophistication of the TMDLs vary widely, meaning that not all TMDLs are 
created equal regarding knowledge of the pollutant sources, confidence in the technical analysis, availability of 
control measures sufficient to address the pollutant targets, etc.  Additionally, the majority of the TMDLs were 
developed with the understanding that monitoring, special studies, and other information would be gathered 
during the early years of the TMDL implementation to refine the TMDLs.  As such, many MS4 dischargers were 
told during TMDL adoption that any concerns they may have over inaccuracies in the TMDL analysis would be 
addressed  through  a TMDL  reopener. The  recent experience with  the  Santa Monica Bay Beaches Bacterial 
TMDL  reopener  demonstrates  just  how  difficult,  if  not  impossible,  obtaining  serious  reconsideration  of 
established TMDLs, irrespective of the weight of evidence presented.  The proposed method of incorporating 
TMDL waste  load allocations (WLAs) as outlined  in the Draft OrderDraft Order does not effectively allow for 
addressing  this  phased  method  of  implementing  TMDLs;  nor  does  it  recognize  the  time,  effort  and 
complexities involved in addressing MS4 discharges; and places municipalities into non‐compliance risk. 
 
We recognize and appreciate that TMDLs must be incorporated in such a way as to require action to improve 
water  quality.    However,  the  Permit  should  recognize  the  articulated  goal  of many  of  the  TMDLs  to  be 
adaptive  management  documents,  using  the  iterative  approach  to  achieve  the  goals,  and  consider  the 
challenges of trying to address the non‐point nature of stormwater.  As such, it is imperative to have flexibility 
in selecting an approach to address the TMDLs and the time frame by which to implement the approach.  We 
would like to thank Board staff for providing the opportunity to submit an implementation schedule and BMPs 
in context of a Watershed Management Plan to attain EPA TMDL WLAs. The same flexibility is also necessary 
to address Regional Board adopted TMDLs.  
 
The  LA Permit Group would  submit  that  the Regional Board  staff  is making  two policy decisions  that have 
massive  financial  impacts  to  the  region  (studies  show  in  the  range  of  billions  of  dollars) with  regards  to 
incorporating TMDLs into a stormwater NPDES Permit: 
 

• The inclusion of numeric effluent limitations for final TMDL WLAs. 
• The  use  of  time  schedule  orders  to  address  Regional  Board  adopted  TMDLs  for  which  the 

compliance points have passed. 

Numeric Effluent Limitations for Final TMDL WLAs 

The LA Permit Group   opposes   the  incorporation of  final WLAs solely as numeric effluent  limitations  in the 
proposed Permit  language.   Although  staff has discretion  to  include numeric  limits where  feasible,  it  is not 
required and the use of numeric  limits results  in contradictions and compliance  inconsistencies with the rest 
of the Permit requirements.  Court decisions (See Defenders of Wildlife v. Browner, 191 F.3d 1159, 1166‐1167 
(9th Cir. 1999)4  ), State Board orders  (Order WQ 2009‐0008,  In  the Matter of  the Petition of County of Los 
                                                            
4 See also California Regional Water Quality Control Board San Diego Region ‐ Fact Sheet / Technical Report For Order No. R9‐2010‐0016 / NPDES 
NO. CAS0108766. 
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Angeles and Los Angeles County Flood Control District, at p. 10)5 have affirmed that WLAs can be incorporated 
as non‐numeric effluent limitations.   
 
Under 40 CFR Section 122.44 (k), the Regional Board may impose BMPs for control of storm water discharges 
in  lieu  of  numeric  effluent  limitations when  numeric  limits  are  infeasible.  It  states  that  best management 
practices may be used to control or abate the discharge of pollutants when numeric effluent  limitations are 
infeasible.  In 2006, the State Board convened Blue Ribbon Panel made recommendations to the State Water 
Resources Control  Board  concluding  that  it was  not  feasible  to  incorporate  numeric  limits  into  Permits  to 
regulate storm water, and at best, there could be some action level to focus on problematic drainage sheds6. 
Very little has changed in the technology and the feasibility of controlling storm water pollutants since 2006. 
What has changed is that a legally compelled, long list of TMDLs has been adopted in the LA Region in a very 
short time period. The draft stormwater Permit for CalTrans also states “Storm water discharges from MS4s 
are  highly  variable  in  frequency,  intensity,  and  duration,  and  it  is  difficult  to  characterize  the  amount  of 
pollutants  in  the  discharges.  In  accordance with  40  Code  of  Federal  Regulations  section  122.44(k)(2),  the 
inclusion of BMPs  in  lieu of numeric effluent  limitations  is appropriate  in  storm water Permits.   This Order 
requires implementation of BMPs to control and abate the discharge of pollutants in storm water to the MEP. 
To assist in determining if the BMPs are effectively achieving MEP standards, this Order requires effluent and 
receiving water monitoring.   The monitoring data will be used to determine the effectiveness of the applied 
BMPs and to make appropriate adjustments or revisions to BMPs that are not effective.” The LAPG requests 
similar consideration as the Draft Order is a much more variable and complicated MS4 than CalTrans. 
 
Additionally, during the May 3, 2012 MS4 Permit workshop, Regional Board staff seemed to indicate that the 
basis for incorporating the final WLAs as numeric effluent limitations is EPA’s 2010 memorandum pertaining to 
the  incorporation  of  TMDL  WLAs  in  NPDES  Permits7.    This  memorandum  (which  is  currently  being 
reconsidered by U.S. EPA) states that “EPA recommends that, where feasible, the NPDES permitting authority 
exercise  its discretion  to  include numeric effluent  limitations as necessary  to meet water quality standards” 
(emphasis added).  This statement highlights the basic principle that the Regional Board has discretion in how 
WLAs are  incorporated  into a MS4 Permit.   Regional Board staff commented during the workshop that staff 
have  evaluated  data  and  have  determined  numeric  effluent  limitations  are  now  feasible.  However,  no 
information  refuting  the Blue Ribbon Panel  report  recommendations has been provided  that demonstrates 
how the appropriateness of using strict numeric  limits was determined and why these  limits are considered 
feasible now even  though historically both EPA and  the State have made  findings  that developing numeric 
limits was likely to be infeasible. 
 
Given  the discretion available  to Regional Board  staff and  the variability among  the TMDLs with  respect  to 
understanding  of  the  pollutant  sources,  confidence  in  the  technical  analysis,  and  availability  of  control 
measures  sufficient  to  address  the pollutant  targets,  it  is  critical  to use non‐numeric water quality based 
                                                            
5 “[i]t is our intent that federally mandated TMDLs be given substantive effect.  Doing so can improve the efficacy of California’s NPDES storm water 
permits.  This is not to say that a wasteload allocation will result in numeric effluent limitations for municipal storm water dischargers. Whether 
future municipal storm water permit requirement appropriately implements a storm water wasteload allocation will need to be decided on the 
regional water quality control board’s findings supporting either the numeric or non‐numeric effluent limitations contained in the permit.”  (Order 
WQ 2009‐0008, In the Matter of the Petition of County of Los Angeles and Los Angeles County Flood Control District, at p. 10 (emphasis added).) 

6 Storm Water Panel Recommendations to the California State Water Resources Control Board “The Feasibility of Numeric Effluent Limits 
Applicable to Discharges of Storm Water Associated with Municipal, Industrial and Construction Activities.  June 19, 2006. 
7U.S. EPA, Revisions to the November 22, 2002 Memorandum “Establishing Total Maximum Daily Load (TMDL) Wasteload Allocations (WLAs) for 
Storm Water Sources and NPDES Permit Requirements Based on Those WLAs, Memorandum from U.S. EPA Director, Office of Wastewater 
Management James A. Hanlon and U.S. EPA Director, Office of Wetlands, Oceans, and Watershed Denise Keehner (Nov. 10, 2010). 
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effluent  limitations  for  final WLAs  in  this  Permit.    The  proposed Watershed Management  Program  will 
require quantitative analysis to select actions that will be taken to achieve TMDL WLAs.  For the entire length 
of the TMDL compliance schedule, Permittees will be required to demonstrate compliance with interim WLAs 
by  implementing actions that they have estimated to the best of their knowledge will result  in achieving the 
WLAs and water quality standards.    However, unless final WLAs are also expressed in this Permit as action‐
based water quality based effluent limitations, and if instead strict numeric limits are required for final WLAs, 
then, at  the  specified  final compliance date, no matter how much  the Permittee has done, no matter how 
much money has been  spent, no matter how close  to  complying with  the numeric values, no matter what 
other sources outside the Permittees’ control have been identified and quantified, and no matter what other 
information has been developed and submitted to the Regional Board, the Permittee will be considered out of 
compliance with the Permit requirements.   Furthermore, because of the structure established  in this Permit, 
the Regional Board staff will have to consider all Permittees in this situation as being out of compliance with 
the Permit provisions if the strict numeric limits have not been met, regardless of the actions taken previously.  
This approach  is  inconsistent with the goals of good public policy,  fair enforcement,  fiscal responsibility and 
holding Permittees responsible only for discharges over which they have individual control. 

TMDLs Where Compliance Date Has Already Occurred  

The LA Permit Group  is also concerned with  the major policy decision   related  to  the use of Time Schedule 
Orders  for Regional Board adopted TMDLs  for which  the compliance date has already occurred prior  to  the 
approval  of  the  NPDES  Permit.    There  is  a  fundamental  problem  with  the  TMDL  process  whereby  new 
information  is not being  incorporated  into TMDLs. The  ideal phased TMDL  implementation process whereby 
dischargers  can  collect  information,  submit  it  to  the  Regional  Board,  and  obtain  revisions  to  the  TMDL 
requirements  to  address  data  gaps  and  uncertainties  has  not  occurred.    As  evidenced  by  the  number  of 
overdue  Permits,  the workload  commitments  of  Regional  Board  staff  are  significant  and  TMDL  reopeners 
seldom occur.  Because the majority of the TMDLs have not been incorporated into Permit requirements until 
now, MS4 Permittees have been put  in  the position of  trying  to  comply with  TMDL  requirements without 
knowing how compliance with those TMDLs would be determined and without knowing when or if promised 
considerations  of  modifications  to  the  TMDL  would  occur.    So  Permittees  would  be  expected  to  be  in 
immediate  compliance  with  new  Permit  provisions  irrespective  of  most  precedent,  guidance  regarding 
incorporation of TMDLs  into MS4 Permits, and  irrespective of what actions Permittees have taken to try and 
meet the TMDL requirements.  This is neither fair nor consistent as requesting a TSO would place a Permittee 
in immediate non‐compliance with the Permit and expose the Permittee to risk of third party lawsuits. 
 
The  LA  Permit Group  strongly  believes  that  the  adaptive management  approach  envisioned  during  TMDL 
development,  whereby  TMDL  reopeners  are  used  to  consider  new  monitoring  data  and  other  technical 
information to modify the TMDLs, including TMDL schedules as appropriate, is the most straightforward way 
to address past due TMDLs.   The Regional Board  should use  the  reopener as an opportunity  to adjust  the 
implementation  timelines  to  reflect  the practical  and  financial  reality  faced by municipalities.      Final WLAs 
should be delayed until serious reconsideration of the data that established the TMDLs so that the TMDLs can 
reflect information gathered during the implementation period.  This will allow critically important data to be 
utilized  to  selectively modify  time  schedules  in  the  TMDLs.  Final  compliance with  TMDL  Permit  conditions 
should not occur prior to these additional TMDL reconsiderations.   Additionally, the Permit should reflect any 
modifications  to  the  TMDL  schedules made  through  the  reopener  process,  either  through  a  delay  in  the 
issuance of  the Permit until  the modified TMDLs become effective, or by using  its discretion  to establish a 
specific  compliance  process  for  these  TMDLs  in  the  Permit.    Providing  for  compliance with  these  TMDLs 
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through  implementation of BMPs defined  in the watershed management plans as we have requested for all 
other TMDLs is a feasible, fair and consistent way to achieve this goal. 
 
Recommendation: 

• Provide a provision which requires that a TMDL be reconsidered in light of information that was not 
available when  the TMDL was developed before  the  final WLAs become effective.   Whenever  the 
reconsideration  has  been  completed,  the  Permit  should  be  reopened  to  make  changes  to  any 
wasteload allocation, time schedules, and other pertinent information. 

• Translate WLAs into WQBELs, expressed as BMPs. 
• State that the  implementation of the BMPs using an  iterative process will place the Permittee  into 

compliance with the MS4 Permit. 
• Provide for four compliance options for both interim and final WLAs: 

o Implement Actions/BMPs consistent with Watershed Management Program 
o Compliance at the outfall (end of pipe) 
o Compliance in the receiving water (river, creek, ocean) 
o No direct discharges 

• Allow  for the adaptive management approach to be utilized  for TMDL compliance, consistent with 
the timelines identified in the Watershed Management Programs.  

Monitoring  

The proposed monitoring program requirements have  significantly increase compared to our current required 
efforts.  Although we understand the need for monitoring to support the Permit, we believe there are number 
of issues within the MRP that need to more fully vetted and discussed.  These issues include: 

• Receiving  water  monitoring  should  be  consistent  with  SWAMP  protocols  including  the 
requirement that ambient monitoring be conducted two days following a storm event.  Currently 
the  receiving  water  monitoring  is  proposed  to  be  conducted  during  storm  events.    Such  an 
approach  will  not  support  the  need  to  assess  the  receiving  water  quality  consistent  with  the 
SWAMP approach that is used as the basis for 303(d) listing.   

• The focus and scope of non‐stormwater monitoring is not commensurate with the environmental 
issues associated with dry weather flows.   We believe the non‐stormwater monitoring should be 
to help identify illicit discharges and not for assessing the multitude of objectives noted in the MRP, 
II.E.a  –  c.    Furthermore  we  would  submit  that  the  MS4s  should  focus  its  non‐stormwater 
monitoring on discharges “into” our MS4 and not on discharges “through” or from our MS4s that 
may cause or contribute to exceedances of water quality standards.   This  is consistent with CWA 
section 402(p)(B).    

• Regarding  regional  studies  (MRP XI.A – B),  the  LAPG would  submit  that  these  studies  should be 
conducted  by  the  Regional  or  State  Board.    But  if  the  Permit  does  require  special  studies,  the 
Permit  needs  to  establish  the mechanism/option  for  Permittees  to  participate  in  the  studies 
without having  to  conduct  the  studies on an  individual basis. Furthermore,  the Regional Board 
should be the agency to  lead and coordinate these studies.     The MRP appears to read that each 
and every Permittee must conduct the regional studies.   

• Toxicity monitoring  should be  limited  to  the  receiving water only and not at  the outfalls.    It’s 
important  to  establish whether  is  a  toxicity  issue  in  the  receiving water  before  conducting  this 
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expensive monitoring at  the outfalls.   Furthermore,  recent Department of Pesticide Regulations8 
has severely limited the use of pyrethroid based pesticides, thus calling into question the need for 
expensive  toxicity  monitoring,  especially  at  outfalls.  And  finally,  should  a  study  be  deemed 
necessary, the Regional Board should lead this study. 

• Insufficient time is allotted to prepare Coordinated Integrated Monitoring Plans (CIMP).  Since the 
monitoring for TMDLs should continue per the TMDL schedules, the Permittees should be allowed 
sufficient  time  to prepare  the CIMPs.   To prepare a CIMP  the Permittees will need more  than a 
Letter of Intent to proceed.  We recommend that the Draft OrderDraft Order be modified to allow 
12 months to submit a Memorandum of Agreement to participate  in a CIMP and 24 months to 
submit the complete CIMP.   The time required to award the monitoring contract  is 3 months, at 
least 6 months are needed to obtain Los Angeles County Flood Control Encroachment Permits, thus 
at least  9 months is needed before commencing monitoring. 

Minimum Control Measures 

In order to further water quality improvements, the Permit needs to set clear goals, while allowing flexibility 
with the programs and BMPs implemented.  This is accomplished through integrated watershed planning and 
monitoring.  This strategy has been requested by the LA Permit Group as it will allow Permittees to look at the 
larger picture and develop programs and BMPs based on addressing multiple pollutants.  In doing so, limited 
local  resources  can  be  concentrated  on  the  highest  priorities.    The  LA  Permit  Group  has  on  numerous 
occasions  expressed  our  support  of  a watershed  based  approach  to  stormwater management.    It would 
appear from a read of Provision VI.C.1.a (page 45) that the Board also supports this approach.  We believe the 
opportunity for a municipality to customize the MCMs to reflect the  jurisdiction’s water quality conditions  is 
absolutely  critical  if municipalities  are  to  develop  and  implement  stormwater  programs  that will  result  in 
environmental improvement.  We, however, suggest that the Permit ultimately establish criteria that will be 
used to support any customization of MCMs.  The criteria should be comprehensive but flexible. We suggest 
some flexibility in the criteria because the management of pollutants in stormwater is a challenging task and 
that  the  science  and  technology  to  help  guide  customizing MCMs  are  still  developing.    Furthermore,  the 
municipal stormwater performance standard to reduce pollutants to the maximum extent practicable  is not 
well defined and will depend on a number of  factors9.   This constraint, as well as USEPA position10 that the 
iterative process  is  the basis  for good  stormwater management,  supports  the need  to provide  flexibility  in 
defining  the  criteria  for  customizing MCMs.    Also,  for  clarification,  the  terms  of  adaptive management 
approach  and  the  iterative  approach  need  to  be  defined  as  equivalent  and  that  they  can  be  used 
interchangeably.   

Timeline for Implementation 

The Draft Order does not provide adequate and reasonable timelines for the start‐up and implementation of 
the Minimum Control Measure requirements. For example, the Draft Order in provision VI.D.1.b.i  requires the 
majority  of MCMs  to  begin within  30  days,  unless  otherwise  noted  in  the  order.    There  are  a  number  of 
new/enhanced  provisions  and  it  is  fair  to  say  that  there will  be  a  transition  period  between  the  time  the 
Permit becomes effective and the time that the municipalities will have to modify their current stormwater 
management programs to be in compliance with the new Permit provisions.  At the same time, consideration 
should be given  to  the  time  required  to develop watershed based  “customized” programs.   The  LA Permit 
                                                            
8 http://www.cdpr.ca.gov/docs/legbills/rulepkgs/11‐004/text_final.pdf. 
9 See E. Jennings 2/11/93 memorandum to Archie Mathews, State Water Resources Control Board.   
10 See Interim Permitting Approach for Water Quality‐Based Effluent Limitations in Storm Water Permits, 61 FR 43761 (Aug. 26, 
1996). 
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Group requests that the Regional Board provide a revised timeline for  implementation and phasing‐in of the 
Minimum Control Measure requirements.   We request   that the Permit allow a 12 month time schedule to 
transition from our current efforts to the new and enhanced MCMs requirements.     

Shifting of State Responsibility to the MS4 

The  Draft  OrderDraft  Order  shifts much  of  the  State  responsibilities  regarding  the  State’s  General  s  for 
Construction  and  Industrial  Activities  to  the  municipalities.    These  new  responsibilities  have  significant 
financial responsibilities on the permittees (ex. plan reviews,  inspections time, reporting, enforcement, etc.).  
This is especially true for the Statewide General Construction Activities Permit (GCASP) and Provision VI.D.7.  A 
few examples of where the Draft Order either shifts the responsibility or actually exceeds the requirements of 
the GCASP are listed below:   

• Maintaining  a database  that overlaps with  the  States’ own  SMARTS database. Asking Permittees  to 
collect the same data adds unnecessary time and expense with no benefit to water quality; 

• Requiring the quantification of soil loss is redundant with the GCASP and adds additional MS4 costs. 
• Inspections  will  be  increased  by  more  than  200%  and  are  redundant  since  the  State  should  be 

responsible for implementation of its own permit particularly in light of the fact that the State collects 
a permit fee for implementation. 
 

Those elements that shift State responsibility should be eliminated and the MCMs should be coordinated 
with  other  state  and  federal  requirements,  with  particular  attention  to  GCASP  and  General  Industrial 
Activities Permit requirements.  

MCMs Should Reflect Effective Current Efforts 

The  LA  Permit Group  understands  that  the  new  Permit must  reflect  current  understanding  of  stormwater 
management and water quality  issues. Where the current stormwater management effort  is assessed to be 
inadequate,  then  additional  efforts  are  warranted.    However,  when  current  efforts  are  assessed  to  be 
adequate  for  protecting water  quality,  then  the MCMs  should  reflect  current  efforts. One  significant  area 
where  the  LA  Permit  Group  believes  that  the  current  effort  is  protective  of water  quality  is  in  the  new 
development  program.    The  City  and  County  of  Los  Angeles  as  well  as  the  City  of  Santa  Monica  have 
developed  and  adopted  Low  Impact Development  ordinances  and  significant work,  technical  analysis,  and 
public input have gone into the development of these ordinances.  Each of these ordinances required tailoring 
of  standards  to  address  the  unique  characteristics  of  their  city  (ex.  size,  land  uses,  soils,  groundwater, 
watershed(s), hydrology, etc.).    The Permit should  reference the type of program and flexibility needed to 
accommodate  the unique and vastly varying  characteristics  throughout  the County.    Instead of providing 
detailed  information  in the text of the Permit, the LID provisions should outline general requirements of the 
program, and the details should be contained  in a technical guidance manual.   This point was reiterated by 
several speakers at the April 5, 2012 workshop, including BIA.  Ultimately, it may be more constructive if the 
Regional Board created a template for the Permittees to use.   

New Development MCM  

Notwithstanding  our  comments  above,  the  LA  Permit  Group  has  a  number  of  concerns  with  the  New 
Development provision of the MCMs.  While the LA Permit Group has concerns and need for clarification with 
the other MCMs we find the New Development MCM the most challenging and unsupportable.  The provision 
is difficult to follow and the BMP selection hierarchy is confusing and at times in conflict.  We have provided 
specific  comments  on  this  provision  but  it  suffice  to  say  that  the  LA  Permit Group  believes  this  provision 
should be redrafted.  We have significant concerns with the following parts of the New Development MCM: 
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• Storm design criteria 
• Alternative compliance option offsite mitigation 
• Treatment control performance benchmarks  
• BMP tracking and inspection  
• BMP specificity and guidance 
• Hydromodification 

Storm Design Criteria 

The Draft Order  in Provision D.6.c.i (page 70) requires the developer to retain the stormwater quality design 
volume as calculated by either the 0.75 inch storm or the 85th percentile 24 hour storm whichever is greater.  
We  take  exception  to  the  requirement  to  select  the  largest  calculated  volume.    In  all  Permits  to  date  in 
California these two design criteria were  judged to be equivalent.   We recommend that the Draft Order be 
modified to specify that the two criteria are equivalent.  In fact, the current stormwater 2001 Permit for Los 
Angeles County includes four design criteria to choose from for the stormwater volume.  The additional effort 
to assess every project to choose between two equivalent design criteria makes little sense and adds cost to 
any project.   We recommend that the developer be allowed to choose between the two criteria without the 
need to calculate the largest.   

Alternative Compliance Option ‐ Offsite Mitigation 

The Draft Order goes into great detail discussing an alternative compliance option to full on‐ site retention of 
the design storm volume.  The alternative option takes the form of an offsite mitigation project.  As currently 
structured it is highly unlikely that anyone will opt for this alternative compliance option.  Probably the biggest 
hurdle for developers to overcome if they are to pursue offsite mitigation is the requirements that they must 
treat the project site runoff to the levels identified in Table 11.  This combined with the requirement that the 
offsite mitigation project must be equivalent in pollutant load reduction as the original project site equates to 
the  developer  removing  essentially  twice  as much  pollutant  loads  as  he would  had  accomplished  on  the 
project site had  the site been able  to retain  the  load onsite originally.   This  is  inherently unfair.   We would 
recommend  that  the  developer  be  required  to  remove  only  the  pollutant  loads  that would  have  been 
removed at the project site at the mitigation site and if the mitigation site cannot meet that load reduction 
then  the  developer  can  implement  treatment  controls  at  the  project  site  for  the  remaining  differential.  
Such an approach  is fair and will be more readily accepted by the development community than the current 
proposal.   

Treatment Control Performance Benchmarks  

The  concept  of  establishing  benchmarks  for  post  construction  BMPs  was  initially  developed  in  the  2009 
Ventura MS4 Permit.   However,  there  is a significant different between  the Permits.   The Ventura County’s 
NPDES  MS4  Permit  requires  the  project  developer  to  determine  the  pollutant  of  concern(s)  for  the 
development project and use this pollutant as the basis for selecting a top performing BMP. In the case of the 
Draft Order, there is no determination of the pollutant of concern for the development project. Instead post 
construction BMPs must meet all the benchmarks established  in Table 11. Unfortunately, no one traditional 
post  construction  BMP  (non‐infiltration  BMPs)  is  capable  of  meeting  all  the  benchmarks  and  thus  the 
developer will not be able  to  select a BMP.   We  recommend  that provision VI.D.6.c.iv.(1)(a)  (page 74) be 
modified so that the selection of post construction BMPs is consistent with the Ventura Permit and is based 
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on  the development site’s pollutant of concern(s) and  the corresponding  top performing BMP(s)  that can 
meet the Table 11 benchmarks. 

BMP Tracking and Inspection 

In the Draft Order provision VI.D.6.d the Permittees are being required to track and inspect post construction 
BMPs  including  LID measures.    The provision does  allow  that  such  effort  can be  addressed by  the project 
developer but even with  this consideration  the provision  is onerous  for city  staff as  this would  still  require 
significant staff time (ex. plan reviews, data entry, letter preparation and enforcement, etc.). This is especially 
true  for  LID measures which  if  planned  and  designed  correctly will  include  a  large  number  of measures 
(planter boxes, infiltration trenches, swales, etc.) on every site.  Furthermore most of the LID measures will be 
infiltration type measures which are difficult to inspect and should be only inspected in wet weather when one 
can  ascertain  that  the  LID measures  are  operating  correctly.    This  inspection  concept when  taken  to  the 
extreme will mean that municipalities will be inspecting LID measures all over the community and only during 
rain events.  This is just flat unreasonable and cost prohibitive for the municipality.  Furthermore, the cost for 
implementation (e.g. inspection, monitoring, enforcement, etc.) are not shown to be commensurate with any 
corresponding  improvement  in water  quality.   We  recommend  that  the  tracking  and  inspection  of  post 
construction  BMPs  be  limited  to  only  the  conventional  BMPs  (e.g.  detention  basins,  wetlands,  etc.); 
alternatively require the MS4 to spot check a  limited number of LID measures to ascertain how well they 
are operating.   

BMP Specificity  

The Draft Order in Attachment H provides detail specifications for biofiltration and bioretention BMPs.  The LA 
Permit Group believes that such specificity, although well  intended,  is counterproductive.   Such specificity  is 
equivalent to a wastewater NPDES Permit specifying the grain size in the multimedia filtration unit.  It is more 
appropriate  to  establish  the  performance  standard  for  the  BMP  and  to  allow  the MS4  to  develop  design 
specifications  to meet  the  standard.   We  recommend  that Attachment H be  removed and a provision be 
established that establishes a collaborative approach to promote a technical guidance manual that would 
include the design specifications for bioretention/biofiltration.   
 

Hydromodification 

The LAPG would submit that it is premature to change the hydromodification criteria, specifically the interim 
criteria.    In  our  current  2001  order,  Pemittees were  required  to  develop  numerical  criteria  for  peak  flow 
control, based on the results of the Peak Discharge  Impact Study.   We believe  it more constructive to keep 
with  the previously developed hydromodification criteria and not  revised  it  for the  interim until  the  final 
criteria  can be developed by  the  State.   A  change now  and  then one  later on  just  adds  confusion  to  the 
development process and creates additional work  for a  limited or non‐existent water quality  improvement.  
The effort under the 2001 Permit should be sufficient until such time the final criteria are developed.    

Public Agency MCM 

The Draft Order  identifies a number of  requirements  for public agency MCMs.   Our detailed comments are 
attached, but there are two  issues we want to highlight here.   First  is provision VI.D.8.h.vii (page 102) which 
specifies additional trash BMPs regardless of whether the area is subject to a trash TMDL.  We take exception 
to this approach, as the MCM requires prioritization, cleaning and inspection of catch basins as well as street 
sweeping and other management control measures to address trash at public events.   And then even  if the 
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Municipality  is  controlling  trash  through  these  control measures,  the Municipality must  still  install  trash 
excluders (see page 102 regarding “additional trash management practices”).  This makes little sense and the 
LA Permit Group would submit that if the initial control measures are successful, then the “additional trash 
management practices” are unnecessary (as evident by the lack of a TMDL).   
 
The  second  issue  pertains  to  provision  VI.D.8.d  (page  94)  regarding  retrofitting  opportunities.    Provision 
VI.D.8.d.i requires that the MS4 develop an  inventory of retrofit opportunities within the public right of way 
but then in provision VI.D.8.d.ii, the Draft Order requires the Permittees screen existing area of development.  
Furthermore in provision VI.D.8.d.iii the MS4 must prioritize all existing areas of development.  Reading these 
provisions  in whole would seem to  indicate that the MS4 must  identify all potential retrofit sites (private or 
publically owned) and to prioritize the sites.     This  is a contentious  issue and should be addressed carefully.  
Stormwater  regulations  (40 CFR 122.26.(d)(2)(iv)(4)  requires  consideration of  retrofitting opportunities, but 
the  consideration  is  limited  to  flood management  projects  (i.e.  public  right  of way)  and  does  not  require 
consideration of private  areas.   We  recommend  that  for  this Permit  term  that  the  retrofit provision  (i.e. 
inventory, screening, and prioritization) be limited to public right of ways lands only.    

ID/IC MCM 

The  Draft  Order  identifies  a  number  of  provisions  that  are  fundamental  to  an  Illicit  Connection/Illegal 
Discharge program.  These provisions include  

• III. Discharge Prohibition,  
• VI.A.2 Standard Provisions – Legal Authority,  
• VI.D. 9 IC/ID Elimination Program,  
• Attachments E, Monitoring and Reporting and 
• Attachment G Non‐stormwater Action Levels.   

 
When  combined,  the  ID/IC  program  will  require  a  significant  effort  and  not  always  effective.   We  have 
provided specific comments on these provisions in the Exhibit to this letter but we would like to highlight two 
of  the more  significant  issues.   First,  is  the magnitude of  the dry weather monitoring being  required.   The 
TMDLs monitoring  programs  have  already  identified,  to  a  large  extent,  a  comprehensive  non‐stormwater 
monitoring program.   As such, the TMDL monitoring program should be the basis for the “non‐stormwater 
outfall  based  monitoring  program”  and  both  should  be  identified  in  an  Integrated  Watershed 
Monitoring Program.   
 
The second issue pertains to the non‐stormwater action levels established in Attachment G.  One of the goals 
of  establishing  non‐stormwater  action  levels  is  to  assist  Permittees  in  identifying  illicit  connections  and/or 
discharges  at  outfalls.    Exceedances  of  action  levels  can help  Permittees  prioritize  and  focus  resources on 
areas that are having a real impact on water quality. Unfortunately, as currently drafted, the non‐stormwater 
action  levels do not accomplish  this goal. The action  levels established  in  the Draft Order are derived  from 
Basin  Plan,  CTR,  or  COP water  quality  objectives.  The  non‐stormwater  action  levels  do  not  facilitate  the 
consideration of actual  impacts (e.g., excess algal growth), have no nexus to receiving water conditions, and 
do  not  address  NAL  issues  unrelated  to  illicit  discharges  (e.g.,  groundwater).  The  action  levels  and  the 
associated  monitoring  specified  in  the  Monitoring  and  Reporting  Program  would  require  Permittees  to 
investigate and address issues on an outfall‐by‐outfall basis, even if the receiving water is in compliance with 
all water quality standards. This will not assist Permittees  in prioritizing resources on outfalls that are clearly 
having  an  impact  on water  quality.   We  recommend  that  the  Permit  allow  the Watershed Management 
Programs  to  guide  the  customization  of  the NALs  based  on  the  highest water  quality  priorities  in  each 
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watershed and to establish them at a  level that would provide better assurance that  illicit discharges can 
actually  be  found  and  not  have  every outfall  become  a high  priority  outfall.  If NALs  are  not  established 
through the Watershed Management Programs, or Permittees should be required to use the default NALs and 
approach identified in Attachment G. 

Watershed Management Programs 

Overall, the LA Permit Group supports the Regional Board’s proposed approach to address high priority water 
quality  issues  through  the  development  and  implementation  of  a  Watershed  Management  Program.  
However, one of our biggest concerns continues not be addressed,  is the Draft Order proposed timeline for 
developing the watershed management program(s).   The Draft Order allows the municipalities only one year 
to  develop  a  comprehensive  watershed  management  program.  This  is  insufficient  time  to  organize  the 
watershed cities and other agencies, develop cooperative agreements,  initiate the studies, calibrate and run 
the models based on relevant data, draft the plans, and obtain necessary approvals from political bodies.   As a 
comparison,  the  City  of  Torrance  required  two  years  to  prepare  a  comprehensive water  quality  plan  that 
addressed a suite of TMDLs, similar to what is being considered in the watershed management program. We 
believe  that  it will  require at  least 24 months  to develop a draft plan  that  is comprehensive, analytically 
supported,  and  implementable.   Alternatively we would  suggest  a  phased  approach where  some  initial 
efforts  (e.g. MOUs,  retrofit  inventory) could be completed and submitted within 12 months but allow 24 
month timeline for the more complicated or resource intensive efforts. 
  We also offer the following comments regarding the Watershed Management Program (our line item by line 
item review and comments are attached): 
 

• The  Draft  Order  seems  to  be  silent  on  the  critical  issue  of  sources  of  pollutants  outside  the 
authority of MS4 Permittees (e. g. aerial deposition, upstream contributions, discharges allowed by 
another NPDES permit, etc.).  We request that Permittees be allowed to demonstrate that some 
sources are outside  the Permittee’s control and not responsible  for managing or abating  those 
sources.  

• The  Permit  needs  to  clearly  state  that watershed management  programs  and  the  reasonable 
assurance analysis can be used for TMDL compliance purposes.  

• The Permit  should clarify  that  the adaptive management process  is equivalent  to  the  iterative 
process described in the Receiving Water Limitation provision and provide the legal justification 
for the adaptive management process.   

• More  careful  consideration  should  be  given  to  the  frequency  and  extent  of  the  reporting  and 
adaptive management assessments.   The current Draft Order results  in a significant annual effort 
and the LA Permit Group members question the value of such an effort. Current reporting appears 
to  overwhelm  Regional  Board  staff  resources  and  has  provided  limited  feedback  to  the 
municipalities.   We believe  that  the  reporting can be  streamlined and  that  the  jurisdictional and 
watershed  reporting  should  be  combined.    Furthermore,  we  recommend  that  the  adaptive 
management process be applied every  two years  instead of  the every year  frequency noted  in 
the Draft Order.   

• It  is unclear how  the current  implementation of our  stormwater program and TMDL compliance 
will  be  handled  during  the  interim  period  before  development  of  the watershed management 
program.    For  those entities  that  choose  this path,  the  LA Permit Group  requests  that  current, 
significant  efforts  in  our  existing  programs  and  implementation  plans  be  allowed  to  continue 
while we evaluate new MCMs as part of the watershed management program.  
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• Consideration of the technical and financial feasibility of complying with water quality standards 
should be included in the watershed management program. 

• The  timing of  revising  the Watershed Management Programs  is  in  conflict and  confusing. There 
should only be one  revision  to  the Watershed Management Program, and only when adaptive 
management/iterative process demonstrates that the modification is warranted. 

• The  adaptive  management/iterative  approach  and  timing  should  be  consistent  between 
individual  Permittees  (“jurisdictional  watershed  management  program”)  and  the  watershed 
management program. 

Cost/Economic Implications 

Regarding fiscal resources, the LA Permit Group would  like to reemphasize   the  limited parameters  in which 
municipalities operate.   The Draft Order  (page 40) requires municipalities to exercise  its authority to secure 
fiscal resources necessary to meet all of the requirements of the Permit.  We have reservations as to whether 
this provision is legal given that it appears to violate the State Constitution, Article XVI, Section 18.  That being 
said, Permittees have a limited amount of funds that are under local control.  Any additional funds needed to 
raise money for stormwater programs would need to come from increased/new stormwater fees and grants.  
New fees for stormwater are regulated under the State’s Prop 218 regulations, and require a public vote.  
Therefore,    raising new  fees  is an  item  that  is not under direct control of  the municipalities –  the Permit 
language should reflect this.   Furthermore,  in addition to clean water,  local resources are also directed to a 
number of health, safety and quality of  life factors.   Thus, all these factors need to be developed  in balance 
with each other.   This requires a strategic process and that will take time to get right.   We request that the 
Regional Board develop the Permit conditions based on a reasonable timeframe  in balance with the existing 
economy and other health, safety, regulatory and quality of life factors that local agencies are responsible for.  
 
The LA Permit Group also wants to address the issue of whether or not these Permit requirements constitute 
an unfunded mandate.  The Fact Sheet makes a unilateral statement that the Regional Board has determined 
that the Permit requirements do not exceed Federal requirements and therefore are not unfunded mandates.  
No  back  up  information  is  provided  to  substantiate  this  claim.  Our  request  is  for  the  Regional  Board  to 
substantiate this statement for each section of the Permit.   We also want to point out that the court decisions 
on unfunded mandates claims are still on appeal, and it is premature to conclude on the merits of the appeal. 
 
As previously discussed at workshops, and  in comment  letters, and requested by many Board Members, the 
economic implications of the many proposed Permit requirements are of critical importance.  It is also worth 
noting that the cost for complying with both the stormwater regulations and TMDL requirements should be 
carefully considered.  This point is highlighted in the March 20, 2012 memo11 from OMB to heads of executive 
departments and agencies  (including USEPA) which clarified Presidential Executive Order 13563.   This Order 
requires  the agencies  to  take  into account among other  things, and  to  the extent practicable,  the  costs of 
cumulative regulations.   This  is particularly relevant  for this Draft Order where we have the convergence of 
TMDLs and stormwater regulations.  Although we have not had sufficient time to assess the cost for the new 
stormwater requirements, the County of Los Angeles has completed an analysis (using the Los Angeles County 
BMP Decision Support  System model)  to assess  the effort  required  to  implement  low  impact development 
retrofits  throughout  Los  Angeles  County  to  address  all  TMDLs  and  303(d)  listings.  This  model  roughly 
estimated that, to meet these water quality standards, the area would have to spend between $17 billion and 

                                                            
11 Cass R. Sunstein, Executive Office of the President, OMB memorandum for the Heads of Executive Departments and Agencies 
regarding Cumulative Effects of Regulations, March 20, 2012. 
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$42 billion. Los Angeles River Watershed Bacteria TMDL could cost up to $5.4 billion for full, inclusive,
implementation costs for that watershed alone for only one pollutant. Even if the Water Quality Funding
Initiative passes (and it is far from guaranteed to pass), it would take a full 20 years dedicating the entire fund
to the Los Angeles River Bacteria TMDL to pay for these requirements. It would require over 60 years paying
for the larger estimate. In the fact sheet, Regional Board staff stated that the TMDL costs were considered
during the TMDL adoption process. However, given Executive Order 13563, we would submit that the Board
should consider all costs associated with the management of stormwater. With these types of economic
implications, it is critical that this Regional Board and their staff more carefully evaluate comments and
provide additional, extended comment periods for these requirements.

In closing, we thank you for the opportunity to comment on the Draft Order and we look forward to meeting
with you to discuss our comments and to explore alternative approaches. However, we must reiterate the
need for more time to review and analyze this Draft Order. In spite of the Regional Board staff statement12
that there has been a myriad of opportunities to present our concerns and comments, we believe otherwise.
The LAPG would submit that we have not had an opportunity to voice our concerns to the Regional Board
members themselves as we have been limited (in some cases prevented) in responding to questions posed by
the Board members during different workshops. Consequently, we respectively request that that the Board
provide another complete second draft Tentative Order with an additional review period to allow
Permittees to have at least a total of 180 days to discuss and review the full document. We believe it
important to review the entire draft Permit to better understand the relationship among the various
provisions; this is especially true for the monitoring provision and its relationship to the watershed
management program. We also believe that the Regional Board staff will be hard pressed to consider and
respond to all the comments that will be submitted on the Draft Order. Thus, it is advantageous to all parties
that more time is provided to craft a permit that is implementable and protective of water quality. We
request the issues presented in our letter are resolved in a revised Permit draft. . Please feel free to contact
me at (626) 932-5577 if you have any questions regarding our comments.

er . Maloney, Chair
LA Pe mit Group

Enc. Exhibits XX-XX

cc: LAPermitGroup

12
S. Unger’s 7/13/12 letter to H. Maloney and the LA Permit Group.
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Exhibit A 
 

LA Permit Group 
 
 

City of Agoura Hills  City of Gardena  City of Pico Rivera 
City of Alhambra  City of Glendale  City of Pomona 

City of Arcadia  City of Glendora  City of Redondo Beach 
City of Artesia  City of Hawthorne  City of Rolling Hills 

City of Azusa  City of Hermosa Beach  City of Rolling Hills Estates 
City of Baldwin Park  City of Hidden Hills  City of Rosemead 

City of Bell  City of Huntington Park  City of San Dimas 
City of Bell Gardens  City of Industry  City of San Gabriel 

City of Bellflower  City of Inglewood  City of San Marino 
City of Beverly Hills  City of La Verne  City of Santa Clarita 

City of Bradbury  City of Lakewood  City of Santa Fe Springs 
City of Burbank  City of Lawndale  City of Santa Monica 

City of Calabasas  City of Los Angeles  City of Sierra Madre 
City of Carson  City of Lynwood  City of South El Monte 

City of Claremont  City of Malibu  City of South Gate 
City of Commerce  City of Manhattan Beach  City of Torrance 

City of Covina  City of Monrovia  City of Vernon 
City of Culver City  City of Montebello  City of West Covina 

City of Diamond Bar  City of Monterey Park  City of West Hollywood 
City of Duarte  City of Paramount  City of Westlake Village 

City of El Monte  City of Pasadena 
 

   

RB-AR13701



LA Permit Group Comments on the Draft Order No. R4‐2012‐XXXX; NPDES Permit NO. CAS004001 
 
 
 
 
 

Exhibit B: 
 

LA Permit Group Detailed Comments re: Draft Order 
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Document Name:

Comment Doc. Reference

No. Page Section Apr-12 Jul-12
1 General General Any TMDL, for which compliance with a waste load allocation (WLA) is exclusively set in the 

receiving water, shall be amended by a re-opener to also allow compliance at the outfall to 
allow that flexibility, or other end-of-pipe, that shall be determined by translating the WLA into 
non-numeric WQBELs, expressed as best management practices (BMPs).  While the TMDL re-
opener is pending, an affected Permittee shall be in compliance with the receiving water WLA 
through the implementation of permit requirements

Same comment

2 17 Findings Not clear on what "discharges from the MS4 for which they are owners and/or operators" 
means.

The Tentative Order, states " … each Permittee shall maintain the necessary legal authority to 
control the contribution of pollutants to its MS4 and shall include in its storm water management 
program a comprehensive planning process that includes intergovernmental coordination, 
where necessary."  If the MS4/catch basin is owned by the LACFCD, does this mean that the 
LACFCD needs to control the contribution of pollutants?

3 pages 111 - 123 
and Attachments 
K - R

TMDL Santa Monica Bay Beaches Bacteria TMDL (SMBBB TMDL) is currently being reconsidered.  
As part of that reconsideration, the summer dry weather targets must be revised to be 
consistent with the reference beach/anti-degradation approach established for the SMBBB 
TMDL and with the extensive data collected over that past seven years since original adoption 
of the SMBBB TMDL.  This data clearly shows that natural and non-point sources result in 10% 
exceedances during dry weather.  Data collected at the reference beach since adoption of the 
TMDL, as tabulated in Table 3 of the staff report of the proposed revisions to the Basin Plan 
Amendment, demonstrate that natural conditions associated with freshwater outlets from 
undeveloped watersheds result in exceedances of the single sample bacteria objectives during 
both summer and winter dry weather on approximately 10% of the days sampled.  

Thus the previous Source Analysis in the Basin Plan Amendment adopted by Resolution No. 
02-004 which stated that “historical monitoring data from the reference beach indicate no 
exceedances of the single sample targets during summer dry weather and on average only 
three percent exceedance during winter dry weather” was incorrect and based on a data set not 
located at the point zero compliance location.   Continued allocation of zero summer dry 
weather exceedances in the proposed Basin Plan Amendment is in direct conflict with the 
stated intent to utilize the reference beach/anti-degradation approach and ignores the 
scientifically demonstrated reality of natural causes and non-point sources of indicator bacteria 
exceedances.  

This is a critical issue that was not addressed in the recent reopener. The reference reach 
approach and the overriding policy that permittees are not responsible for pollutants outside 
their control, including natural sources, needs to be included

4 pages 111 - 123 
and Attachments 
K - R

TMDL Continued use of the zero summer dry weather exceedance level will make compliance with 
the SMBBB TMDL impossible for the Jurisdictional agencies.  This is also in conflict with the 
intent of the Regional board as expressed in finding 21 of Resolution 2002-022 “that it is not 
the intent of the Regional Board to require treatment or diversion of natural coastal creeks or to 
require treatment of natural sources of bacteria from undeveloped areas”. 

This is a critical issue that was not addressed in the recent reopener. The reference reach 
approach and the overriding policy that permittees are not responsible for pollutants outside 
their control, including natural sources, needs to be included

5 pages 111 - 123 
and Attachments 
K - R

TMDL The SMBBB TMDL Coordinated Shoreline Monitoring Plan (CSMP) was approved by the 
Regional Board staff and that CSMP should be incorporated into the TMDL monitoring 
requirements of the next MS4 Permit. The CSMP established that compliance monitoring would 
be conducted on a weekly basis, and although some monitoring sites are being monitored on 
additional days of the week, none of the sites are monitored seven days per week, thus it is 
highly confusing and misleading to refer to “daily monitoring". The CSMP established that 
compliance monitoring would be conducted on a weekly basis, and although some monitoring 
sites are being monitored on additional days of the week, none of the sites are monitored 
seven days per week.

The problem with sites monitored two days a week has not been corrected. Please provide 
clarification that this issue could be addressed and would supersede the TMDL if submitted in 
an integrated monitoring plan. This is critical for summer dry weather and 5-day per week sites.

TMDL Section Draft Tentative Order - July 2012

Agency/Reviewer: LA Permit Group

Comments
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6 pages 111 - 123 
and Attachments 
K - R

TMDL This discussion in this section devoted to the SMBBB TMDL seems to create confusion 
regarding the meaning of the terms "water quality objectives or standards," "receiving water 
limitations," and "water quality-based effluent limitations".  Water quality objectives or water 
quality standards are those that apply in the receiving water.  Water Quality Effluent Based 
Limits apply to the MS4.  So the "allowable exceedance days" for the various conditions of 
summer dry weather, winter dry weather, and wet weather should be referred to as "water 
quality-based effluent limitations" since those are the number of days of allowable 
exceedances of the water quality objectives that are being allowed for the MS4 discharge 
under this permit.  While the first table that appears under this section at B.1 (b) should have 
the heading "water quality standards" or "water quality objectives" rather than the term "effluent 
limitations". 

In effect the effluent limitations are stricter than the receiving water standards. This is 
inconsistent with law and creates a situation in which permittees are out of compliance at the 
effective date of this permit. Please adjust so that limits are consistent  with standards and not 
exceeding standards.

7 pages 111 - 123 
and Attachments 
K - R

TMDL While it makes sense for the Jurisdictional Groups previously identified in the TMDLs to work 
jointly to carry out implementation plans to meet the interim reductions, only the responsible 
agencies with land use or MS4 tributary to a specific shoreline monitoring location can be held 
responsible for the final implementation targets to be achieved at each individual compliance 
location. An additional table is needed showing the responsible agencies for each individual 
shoreline monitoring location. 

A table is still needed and should be developed. Perhaps referred to in this section but placed 
in the Watershed Management Plan and then approved by Executive Officer with the plan.

8 pages 111 - 123 
and Attachments 
K - R

TMDL The Santa Monica Bay DDT and PCB TMDL issued by USEPA assigns the waste load 
allocation as a mass-based waste load allocation to the entire area of the Los Angeles County 
MS4 based on estimates from limited data on existing stormwater discharges which resulted in 
a waste load allocation for stormwater that is  lower than necessary to meet the TMDL targets, 
in the case of DDT far lower than necessary.  EPA stated that "If additional data indicates that 
existing stormwater loadings differ from the stormwater waste load allocations defined in the 
TMDL, the Los Angeles Regional Water Quality Control Board should consider reopening the 
TMDL to better reflect actual loadings." [USEPA Region IX, SMB TMDL for DDTs and PCBs, 
3/26/2012]

Same comment

9 pages 111 - 123 
and Attachments 
K - R

TMDL   In order to avoid a situation where the MS4 permittees would be out of compliance with the 
MS4 Permit if monitoring data indicate that the actual loading is higher than estimated and to 
allow time to re-open the TMDL if necessary, recommend as an interim compliance objective 
WQBELs based on the TMDL numeric targets for the sediment fraction in stormwater of 2.3 ug 
DDT/g of sediment on an organic carbon basis, and 0.7 ug PCB/g sediment on an organic 
carbon basis.

Same comment

10 pages 111 - 123 
and Attachments 
K - R

TMDL Although the Santa Monica Bay DDT and PCB TMDL issued by USEPA assigns the waste load 
allocation as a mass-based waste load allocation to the entire area of the Los Angeles County 
MS4, they should be translated as WQBELs in a manner such that watershed management 
areas, subwatersheds and individual permittees have a means to demonstrate attainment of 
the WQBEL.  Recommend that the final WLAs be expressed as an annual mass loading per 
unit area, e.g., per square mile. This in combination with the preceding recommendation for an 
interim WQBEL will still serve to protect the Santa Monica Bay beneficial uses for fishing while 
giving the MS4 Permittees time to collect robust monitoring data and utilize it to evaluate and 
identify controllable sources of DDT and PCBs.

Please clarify that this situation would be covered under the new provisions for USEPA 
established TMDLs opens the door for allowing Permittees to address this through their plans.

11 pages 111 - 123 
and Attachments 
K - R

TMDL The Machado Lake Trash WQBELs listed in the table at B.3 of Attachment N in the Tentative 
Order appear to have been calculated from preliminary baseline waste load allocations 
discussed in the July 11, 2007 staff report for the Machado Lake Trash TMDL, rather than from 
the basin plan amendment.   In some cases the point source land area for responsible 
jurisdictions used in the calculation are incorrect because they were preliminary estimates and 
subsequent GIS work on the part of responsible agencies has corrected those tributary areas. 
In other cases some of the jurisdictions may have conducted studies to develop a jurisdiction-
specific baseline generation rate. The WQBELs should be expressed as they were in the 
adopted TMDL WLAs, that is as a percent reduction from baseline and not assign individual 
baselines to each city but leave that to the individual city's trash reporting and monitoring plan 
to clarify.

Same comment
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12 pages 111 - 123 
and Attachments 
K - R

TMDL The WLAs in the adopted Machado Lake Trash TMDL were expressed in terms of percent 
reduction of trash from Baseline WLA with the note that percent reductions from the Baseline 
WLA will be assumed whenever full capture systems are installed in corresponding 
percentages of the conveyance discharging to Machado Lake. As discussed in subsequent city-
specific comments, there are errors in the tributary areas originally used in the staff report, but 
in general, tributary areas are available only to about three significant figures when expressed 
in square miles. Thus the working draft should not be carrying seven significant figures in 
expressing the WQBELs  as annual discharge rates in uncompressed gallons per year. The 
convention when multiplying two measured values is that the number of significant figures 
expressed in the product can be no greater than the minimum number of significant figures in 
the two underlying values. Thus if the tributary area is known to only three or four significant 
figures, and the estimated trash generation rate is known to four significant figures, the product 
can only be expressed to three or four significant figures.

Thus there should be no values to the right of the decimal place and the whole numbers should 
be rounded to the correct number of significant figures.

Same comment

13 pages 111 - 123 
and Attachments 
K - R

TMDL The Machado Lake Nutrient TMDL provides for a reconsideration of the TMDL 7.5 years from 
the effective date prior to the final compliance deadline. Please include an additional statement 
as item C.3.c of Attachment N:  "By September 11, 2016 Regional Board will reconsider the 
TMDL to include results of optional special studies and water quality monitoring data completed 
by the responsible jurisdictions and revise numeric targets, WLAs, LAs and the implementation 
schedule as needed."

Same comment

14 pages 111 - 123 
and Attachments 
K - R

TMDL Table C is not provided in the section on TMDLs for Dominguez Channel and Greater LA and 
Long Beach Harbors Toxic Pollutants.  Please clarify and reference that Attachment D 
Responsible Parties Table RB4 Jan 27, 12 which was provided to the State Board and 
responsible agencies during the SWRCB review of this TMDL, and is posted on the Regional 
Board website in the technical documents for this TMDL, is the correct table describing which 
agencies are responsible for complying with which waste load allocations, load allocations and 
monitoring requirements in this VERY complex TMDL. Attachment D should be included as a 
table in this section of the MS4 Permit.

Partially addressed--the table provided in the Tentative Order is not the detailed Attachment D 
which clarifies which agencies are responsible for which portions of the TMDL--need to include 
that table.

15 pages 111 - 123 
and Attachments 
K - R

TMDL The Dominguez Channel and Greater LA  and Long Beach Harbor Waters Toxic Pollutants 
TMDL provides for a reconsideration of the TMDL targets and WLAs.  Please include an 
additional statement as item E.5 of Attachment N:  "By March 23, 2018 Regional Board will 
reconsider targets, WLAs and LAs based on new policies, data or special studies. Regional 
Board will consider requirements for additional implementation or TMDLs for Los Angeles and 
San Gabriel Rivers and interim targets and allocations for the end of Phase II."

Same comment

16 pages 111 - 123 
and Attachments 
K - R

TMDL City of Hermosa Beach is only within one watershed, the Santa Monica Bay Watershed, and so 
should not be shown in italics as a multi-watershed permittee

Addressed in Table K-3 of the Tentative Order but not in Table K-2 of the Tentative Order.

17 pages 111 - 123 
and Attachments 
K - R

TMDL Recommend not listing specific water bodies in E.5.b.i.(1).(c) because then it risks becoming 
obsolete if new TMDLs are established for trash, or if they are reconsidered.  Furthermore, it is 
not clear why Santa Monica Bay was left out of this list since the Marine Debris TMDL allows 
for compliance via the installation of for full capture devices.

Not addressed, still don't know why Santa Monica Bay Marine Debris was not included in the 
list at E.5.b.i.(1).(c) but it is listed in E.5.a.ii and Attachment M Section B.

19 pages 111 - 123 
and Attachments 
K - R

TMDL N/A Suggest wet weather compliance be partially defined by a design storm.
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20 pages 111 - 123 
and Attachments 
K - R

TMDL N/A Regional Board staff has incorrectly determined that a WQBEL may be the same as the TMDL 
WLA, thereby making it a “numeric effluent limitation.” Although numerous arguments may be 
marshaled against the conclusion, the most compelling of all is the State Water Resources 
Control Board’s clear opposition reluntance to use numeric effluent limitations.

In Water Quality Orders 2001-15 and  2009-0008  the State Board made it clear that:  we will 
generally not require “strict compliance” with water quality standards through numeric effluent 
limitations,” and instead “we will continue to follow an iterative approach, which seeks 
compliance over time” with water quality standards .   

[Please note that the iterative approach to attain water quality standards applies to the outfall 
and the receiving water.] 

More recently, the State Board commented in connection with the draft Caltrans MS4 permit 
that numeric WQBELs are not feasible as explained in the following provision from its most 
recent Caltrans draft order:

Storm water discharges from MS4s are highly variable in frequency, intensity, and duration, 
and it is difficult to characterize the amount of pollutants in the discharges. In accordance with 
40 CFR § 122.44(k)(2), the inclusion of BMPs in lieu of numeric effluent limitations is 
appropriate in storm water permits. This Order requires implementation of BMPs to control and 
abate the discharge of pollutants in storm water to the MEP. 

The State Board’s decision not to require numeric WQBELs in this instance appears to have 
been influenced by among other considerations, the Storm Water Panel Recommendations to 
the California State Water Resources Control Board in re:  The Feasibility of Numeric Effluent 
Limits Applicable to Discharges of Storm Water Associated with Municipal, Industrial and 
Construction Activities .

21 pages 111 - 123 
and Attachments 
K - R

Table K-8 Please remove, in its entirety, the Santa Ana River TMDLs Same comment

22 pages 111 - 123 
and Attachments 
K - R

E.1.c Permittees under the new MS4 permit (those in LA County) need to be able to separate 
themselves from Orange County cities.  Since the 0.941 kg/day is a total mass limit, it needs to 
apportioned between the two counties.  Also, the MS4 permit needs to contain language 
allowing permittees to convert group-based limitations to individual permittee based limitations.

Same comment

23 111 E.2 Please include a paragraph that Permittees are not responsible for pollutant sources outside 
the Permittees authority or control, such as aerial deposition, natural sources, sources 
permitted to discharge to the MS4, and upstream contributions.

Same comment

24 111 E.2.a.i N/A This provision creates confusion and inconsistency with the language in the rest of the permit.  
By stating that the permittee shall demonstrate compliance through compliance monitoring 
points, it appears to preclude determining compliance through other methods as outlined in 
other portions of the permit.  This provision does not reference any of the other compliance 
provisions in the TMDL section, and could therefore be interpreted on its own as a separate 
compliance requirement. Additionally, the requirement to use the TMDL established 
compliance monitoring locations regardless of whether an approved TMDL monitoring plan or 
Integrated plan has been developed is not consistent with the goal of integrated monitoring 
outlined in the permit. This provision would be more appropriate as a monitoring and reporting 
requirement for the TMDL section with modified language such as "Monitoring locations to be 
used for demonstrating compliance in accordance with Parts VI.E.2.d or VI.E.2.e shall be 
established at compliance monitoring locations established in each TMDL or at locations 
identified in an approved TMDL monitoring plan or in accordance with an approved integrated 
monitoring program per Attachment E Part VI.C.5 (Integrated Watershed Monitoring and 
Assessment)."
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25 112 E.2.b.iv For "each Permittee is responsible for demonstrating that its discharge did not cause or 
contribute to an exceedance," how is this going to be possible?  There is allowed non-storm 
water discharges, a commingled system, and the LA County region is practically urbanized 
(impervious landscape).  Additionally, a gas tanker on local freeways often discharges onto 
freeway drains, which connect to MS4 permittee drains - the point here is a private party as the 
actual discharger should be held responsible and not the MS4 permittee.  Lastly, the 
Construction General Permit cannot establish numeric limitations without the Regional/State 
Boards clearly demonstrating how compliance will be achieved - the MS4 permit is overly 
conditioned in terms of achieving compliance and subjects MS4 permittees to 
violations/enforcement, and given these circumstances, the Boards need to clearly 
demonstrate how compliance will be achieved.

Same comment

26 112 E.2.b.v.(2) N/A This provision should not require that the permittee demonstrate that the discharge from the 
MS4 is treated to a level that does not exceed the applicable water quality-based effluent 
limitation.  Permittees may achieve the applicable WQBELs through means other than 
treatment and they should be able to demonstrate that their discharge does not exceed the 
applicable water quality-based effluent limitation through monitoring or other means than 
demonstration of treatment.

28 113 E.2.d.i.4.b. Is this in effect setting a design storm for the design of structural BMPs to address attainment 
of TMDLs, or is it simply referring to SUSMP/LID type structural BMPs?  If it is in effect setting a 
design storm, there needs to be some sort of exception for TMDLs in which a separate design 
storm is defined, e.g., for trash TMDLs where the 1-year, 1-hour storm is used.

This is not clarified, but it is still a problem as not all retrofit projects which might be used to 
address TMDLs may be able to handle the full 85th percentile 24-hour storm, there should be 
some provision for doing this through a combination of BMPs, e.g., LID plus retrofit.

29 114 E.2.e Please add the language from interim limits E.2.d.4 a - c and EPA TMDLs to the Final Water 
Quality Based Effluent Limitations and/or Receiving Water Limitations to ensure sufficient 
coordination between all TMDLs and the timelines and milestones that will be implemented in 
the Watershed Management Program. 

Same comment

30 116 E.4.a This provision states "A Permittees shall comply immediately … for which final compliance 
deadlines have passed pursuant to the TMDL implementation schedule."  This provision is 
unreasonable.  First, various brownfields/abandoned toxic sites exists, some of which were 
permitted to operate by State/Federal agencies - nothing has or will likely be done with these 
sites that contribute various pollutants to surface and sub-surface areas.  Additionally, this 
permit is going to require a regional monitoring program - this program will yield results on what 
areas are especially prone to particular pollutants.  Until these results are made known, MS4 
Permittees will have a hard time knowing where to focus its resources and particularly, the 
placement of BMPs to capture, treat, and remove pollutants.  For these reasons, this provision 
should be revised to first assess pollutant sources and then focus on compliance with BMP 
implementation.

Same comment

31 116-123 E.5 Please clarify that cities are not responsible for retrofitting. Same comment
32 116-123 E.5.a - c Recommend not listing specific waterbody/trash TMDLs here, but simply leave the reference to 

Attachments to identify the Trash TMDLs.  Otherwise, this may have to be revised in the future.  
Again, Santa Monica Bay Marine Debris TMDL was not included in this list, it is unclear 
whether it was an oversight or intentional?

Same comment

33 116-123 E.5.b.ii.2 Define "partial capture devices", define "institutional controls".  Permittees need to have clear 
direction of how to attain the "zero" discharges which will have varying degrees of calculations 
regardless of which compliance method is followed. Explain the Regional Board's approval 
process for determining how institution controls will supplement full and partial capture to attain 
a determination of  "zero" discharge.

Same comment

34 116-123 E.5.b.ii.(4) MFAC and TMRP should be an option available to the Los Angeles River. Same comment
35 116-123 E.5.c.i.(1) For reporting compliance based on Full Capture Systems, what is the significance of needing to 

know "the drainage areas addressed by these installations?"  Unfortunately, record keeping in 
Burbank is limited to the location and size of City-owned catch basins.  A drainage study would 
need to be done to define these drainage areas.  As such, we do not believe this requirement 
serves a purpose in regards to full capture system installations and their intended function.

Same comment

36 Attachment L D.3 a - c Please change the Receiving Water Limitations for interim and final limits to the TMDL 
approved table. There should be no interpretation of the number of exceedance days based on 
daily for weekly sampling with, especially with no explanation of the ratio or calculations, and no 
discussion of averaging. Please revert to the original TMDL document.

The table was adjusted, but did not eliminate the interpretation of number of exceedance days 
that are not expressly completed in the Santa Clara River TMDL. Remove all interpretation of 
number of exceedance days other than what has been expressed in the original TMDL number 
of days of exceedances without interpretation or recalcution.
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37 Attachment N TMDLs in the 
Dominguez 
Channel and 
Greater 
Harbor 
Waters WMA

 For the Freshwater portion of the Dominguez Channel:  There are no provisions for BMP 
implementation to comply with the interim goals.  The wording appears to contradict Section 
E.2.d.i.4 which allows permittees to submit a Watershed Management Plan or otherwise 
demonstrate that BMPs being implemented will have a reasonable expectation of achieving the 
interim goals.  

Same comment

38 Attachment N TMDLs in the 
Dominguez 
Channel and 
Greater 
Harbor 
Waters WMA

For Greater LA Harbor:  Similar to the previous comment regarding this section.  The Table 
establishing Interim Effluent Limitations, Daily Maximum (mg/kg sediment), does not provide for 
natural variations that will occur from time to time in samples collected from the field.  Given the 
current wording in the proposed Receiving Waters Limitations, even one exceedance could 
potentially place permittees in violation regardless of the permittees level of effort.  Reference 
should be made in this section to Section E.2.d.i.4 which will provide the opportunity for the 
Permittee to develop BMP-base compliance efforts to meet interim goals.

Same comment

39 Attachment N TMDLs in the 
Dominguez 
Channel and 
Greater 
Harbor 
Waters WMA

For the freshwater portion of the  Dominguez Channel: the wording should be clarified.  Section 
5.a states that "Permittees subject to this TMDL are listed in Attachment K, Table K-4."  Then 
the Table in Section E.2.b Table "Interim Effluent Limitations--- Sediment",  lists all permittees 
except the Fresh water portion of the Dominguez Channel.  For clarification purposes, we 
request adding the phase to the first row:   "Dominguez Channel Estuary (below Vermont)"

Same comment

40 Attachment O, 
Page 3

C For the LA River metals.  Some permittees have opted out of the grouped effort.  This section 
needs to detail how these mass-based daily limitations will be reapportioned.

Same comment

41 Attachment O, 
Page 7

D.4 Why are "Receiving Water Limitations" being inserted here?  None of the other TMDLs seem to 
follow that format.

Same comment

42 Attachment P TMDLs in the 
San Gabriel 
River WMA

It is the permittees understanding that the lead impairment of Reach 2 of the San Gabriel River 
has been removed.  It should be removed from the MS4 permit.

Same comment
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Document Name:

Comment Doc. Reference

No. Page Section Apr-12 Jul-12
1 General General While it may be appropriate to have an overall design storm for the NPDES Permit and TMDL 

compliance, this element seems to address individual sites. Recommend developing more 
prominently in the areas of the Permit that deals with compliance that the overall Watershed 
Management Program should deal with the 85th percentile storm and that beyond that, 
Permittees are not held responsible for the water quality from the much larger storms. 
However, requiring individual projects to meet this standard is limiting as there may be smaller 
projects implemented that individually would not meet 85th percentile, but collectively would 
work together to meet that standard. Please clearly indicate cities are only responsible for the 
85th percentile storm for compliance and that individual projects may treat more of less than  
number.

Changes were made but it is unclear that the overall program would be collectively only held to 
the 85th percentile storm if working in multiple areas, and individual sites only if the Watershed 
Management Program states that individual sites would be responsible.

2 46 Process Please clarify that Permittees will only be responsible for continuing existing programs and 
TMDL implementation plans during the interim 18 month period while developing the 
Watershed Management Program and securing approval of those programs

Same comment

3 46-47 Table 9 and 
Process

Please allow 24 months for development of the Watershed Management Program to provide 
sufficient time for calibration and the political process to adopt these programs.

Same comment. However, there could be a phased approach in which a permittee could 
submit early actions within this timeline, while more time is offered for the resource intensive 
aspects.

4 46-53 various The Table (TBD) on page 2 states implementation of the Watershed Program will begin upon 
submittal of final plan. Page 11, section 4 Watershed Management Program Implementation 
states each Permittee shall implement the Watershed Management Program upon approval by 
the Executive Officer. Page 13 section iii says the Permittee shall implement modifications to 
the storm water management program upon acceptance by the Executive Officer. All three of 
these elements should be consistent and state upon approval by the Executive Officer. The 
item on page 13 should be changed to reflect the Watershed Management Program, or clarify 
that the Watershed Management Program is the storm water management program.

Table 9 and Watershed Management Implementation are still inconsistent. The table says 
submittal and the Watershed Management Program Implementation states upon approval. 
Please make these consistent

5 47 Program 
Development

Please include a paragraph that Permittees are not responsible for pollutant sources outside 
the Permittees authority or control, such as aerial deposition, natural sources, sources 
permitted to discharge to the MS4, and upstream contributions.

Same comment 

6 48 3.a.ii Pollutants in category 4 should not be included in this permit term, request elimination of any 
evaluation of category 4. Request elimination of category 3, as work should focus on the first 
two categories at this point

Thank you for removing category 4. Category 3 puts a burden on cities during this permit cycle. 
In the next permit term, when permittees have a better understanding of sources and location 
of the high priority pollutant additional actions may be warranted. At this time including category 
3 adds an investigative burden that is unwarranted given the substantial increase in 
requirements and monitoring that are already included in this draft tentative order.

7 52 Reasonable 
Assurance 
Analysis

Reasonable assurance analysis and the prioritization elements should also include factors for 
technical and economic feasibility

Same comment

8 112 E.2.b.iii For the "group of Permittees" having compliance determined as a whole, this should only be 
the case if the group of Permittees have moved forward with shared responsibilities (MOAs, 
cost sharing, a Watershed Management Program).  It would not be fair to have one entity not 
be a part of the "group" and be the main cause of exceedances/violations.

In the Tentative Order, permittees must notify the Regional Board 6 months after the Order's 
effective date on whether it plans to participate in the development of a Watershed 
Management Program.  Given this, a sub-watershed will not know whether all permittees will 
participate or not.  It should also be noted that allowed non-stormwater discharges and other 
NPDES permit discharges may be the cause of exceedances/violations and not the "group of 
permittees."

Agency/Reviewer: LA Permit Group

Watershed Management Program Section Draft Tentative Order - July 2012

Comments
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Document Name:

Comment Doc. Reference

No. Page Section Apr-12 Jul-12
1 37-38 All Currently the State Board is considering a range of alternatives to create a basis for 

compliance that provides sufficient rigor in the iterative process to ensure diligent progress in 
complying with water quality standards but at the same time allows the municipality to operate 
in good faith with the iterative process without fear of unwarranted third party action. It is 
imperative that the Regional Board works with the State Board on this very important issue

There are several NPDES Permits, including the Caltrans Permit and others, that adjust the 
Receiving Water Limitation language in response to new interpretations. Currently, the State 
Board is considering a range of alternatives to create a basis for compliance that provides 
sufficient rigor in the iterative process to ensure diligent progress in complying with water 
quality standards but at the same time allows the municipality to operate in good faith with the 
iterative process without fear of unwarranted third party action. LASP has provided the 
Regional Board staff with sample language.  It is imperative that the Regional Board works with 
the State Board on this very important issue. It is critical that the LA draft tentative order 
Receiving Water Limitation language be adjusted to ensure cities working in good faith are not 
subject to enforcement and third party litigation.

Agency/Reviewer: LA Permit Group

Receiving Water Limitation Section Draft Tentative Order - July 2012

Comments
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Document Name:

Comment Doc. Reference

No. Page Section Apr-12 Jul-12
1 13-26 Findings several related Please add findings regarding the iterative process.  

The iterative process is a process of implementing, evaluating, revising, or adding new BMPs 
to attain water quality standards, including total maximum daily load (TMDL) waste load 
allocations (WLAs).  The State Water Resources Control Board (State Board) has affirmed, in 
several precedential water quality orders (including WQ 99-05 and 2001-15), the inclusion of 
the iterative process in MS4 permits.  As the State Board noted in WQ 2001-15:  

This Board has already considered and upheld the requirement that municipal storm water 
discharges must not cause or contribute to exceedances of water quality objectives in the 
receiving water.  We adopted an iterative procedure for complying with this requirement, 
wherein municipalities must report instances where they cause or contribute to exceedances, 
and then must review and improve BMPs so as to protect the receiving waters. 

The iterative process goes hand-in-hand with the Receiving Water Limitation provision of this 
order, which is intended to address a water quality standard exceedance.  An MS4 permit is a 
point source permit, which is defined by §40 CFR 122.2 to mean outfall or end-of-pipe.  
Attainment of a water quality standard in stormwater discharge is achieved in the effluent or 
discharge from the MS4 through the implementation of BMPs contained in a Stormwater 
Quality Management Plan (SQMP).  If a water quality standard is frequently exceeded as 
determined by outfall monitoring relative to an ambient condition of the receiving water (during 
the 5-year term of the Order) the permittee shall be required to propose better-tailored BMPs to 
address the exceedance.  The process includes determining (1) if the exceedances are 
statistically significant and if so, would require the permittee to (2) identify the source of the 
exceedance; and (2) propose new or intensified BMPs to be implemented in the next MS4 
permit – unless the Executive Officer determines that a more immediate response is required.    

(continued from previous page)  The iterative process does not apply to non-stormwater 
discharges. Section 402(p)(3)(B)(ii) of the Clean Water Act only prohibits non-stormwater 
discharges to the MS4 and not from it as is the case with stormwater discharges.  This is 
because Congress set two standards for MS4 discharges:  one stormwater and one for non-
stormwater. As noted in WQO 2009-008, the Clean Water Act and the federal storm water 
regulations assign different performance requirements for storm water and non-storm water 
discharges. These distinctions in the guidance document, the Clean Water Act, and the storm 
water regulations make it clear that a regulatory approach for storm water - such as the iterative 
approach we have previously endorsed - is not necessarily appropriate for non-storm water.

Agency/Reviewer: LA Permit Group

Additional Sections Draft Tentative Order - July 2012

Comments
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2 24 and 
Attachment F, 
Pages 146-149

Unfunded 
Mandates 
Section of 
Fact Sheet 
and Permit

several related It is incorrect to assert an outcome on the unfunded mandates issue in a permit; this has 
nothing to do with protecting water quality. The unfunded mandates process has not completed 
a process and these assertions are opinion. Since the Fact Sheet is part of the permit, remove 
this section. There are many errors and incorrect assumptions, especially around the level of 
effort required for this permit when compared to the current permit, and the economic issues 
that are incorrect. 
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Document Name: Minimum Control Measures Draft Tentative Order - July 2012

LA Permit Group

Comment Doc. Reference Comments

No. Page Section Jul-12
1 General General It is appropriate to have an exemption for a Permittee from a violation of RWL and or WQBELs caused by a non-stormwater discharge from a potable water supply or distribution system not 

regulated by an NPDES permit but required by state or federal statute; this should clearly apply to all NPDES permits issued to others within, or flow through, the MS4 permittees jurisdiction.  
We would request that also included in this category should be emergency releases caused by water line breaks which are not necessary, but are unexpected and have to be dealt with as an 
emergency. MS4 permittees should be exempt from RWL or WQBEL violations associated with any permitted NPDES discharges that are effectively authorized by LARWQCB under the 
Clean Water Act.

2 General General Since it could take 6 months for an agency to decide if they want to join in the development of a Watershed Management Plan or just modify their current Stormwater Management Program to 
comply with the new permit MCMs, the implementation of the new MCMs should follow this timeline.  In the interim the permittees will be required to continue implementing their current 
Stormwater Management Program.

3 26 A. RB staff proposed language requires the permittees to “prohibit non-stormwater discharges through the  MS4 to receiving waters” except where authorized by a separate NPDES permit or 
conditionally.  This prohibition is inconsistent with legal authority provisions in the federal regulations since 40 CFR 122.26(d)(1)(ii) which requires legal authority to control discharges to  the 
MS4 but not from  the MS4.  Additionally, with respect to the definition of an illicit discharge at 40 CFR 122.26(b)(2), an illicit discharge is defined as “a discharge to  the MS4 that is not 
composed entirely of stormwater”. In issuing its final rulemaking for stormwater discharges on Friday, November 16, 1990[1], USEPA states that:  

"Section 405 of the WQA alters the regulatory approach to control pollutants in storm water discharges by adopting a phased and tiered approach. The new provision phases in permit 
application requirements, permit issuance deadlines and compliance with permit conditions for different categories of storm water discharges. The approach is tiered in that storm water 
discharges associated with industrial activity must comply with sections 301 and 402 of the CWA (requiring control of the discharge of pollutants that utilize the Best Available Technology 
(BAT) and the Best Conventional Pollutant Control Technology (BCT) and where necessary, water quality-based controls), but permits for discharges from  municipal separate storm sewer 
systems must require controls to the maximum extent practicable, and where necessary water quality-based controls, and must include a requirement to effectively prohibit non-stormwater 
discharges into  the storm sewers."

This is further illuminated by the section on Effective Prohibition on Non- Stormwater Discharges[2]:

“Section 402(p)(3)(B)(ii) of the amended CWA requires that permits for discharges from municipal storm sewers shall include a requirement to effectively prohibit non-storm water discharges 
into the storm sewers . Based on the legislative history of section 405 of the WQA, EPA does not interpret the effective prohibition on non-storm water discharges to municipal separate 
storm sewers to apply to discharges that are not composed entirely of storm water, as long as such discharge has been issued a separate NPDES permit. Rather, an ‘effective prohibition’ 
would require separate NPDES permits for non-storm water discharges to municipal storm sewers”

The rulemaking goes on to say that the permit application:

“requires municipal applicants to develop a recommended site-specific management plan to detect and remove illicit discharges (or ensure they are covered by an NPDES permit) and to 
control improper disposal to municipal separate storm sewer systems.”

Nowhere in the rulemaking is the subject of prohibiting discharges from the MS4 discussed.  Furthermore, USEPA provides model ordinance language on the subject of discharge 
prohibitions: http://www.epa.gov/owow/NPS/ordinance/mol5.htm.  Section VII Discharge Prohibitions of this model ordinance provides discharge prohibition language as follows:

"No person shall discharge or cause to be discharged into the municipal storm drain system or watercourses any materials, including but not limited to pollutants or waters containing any 
pollutants that cause or contribute to a violation of applicable water quality standards, other than storm water."

Thus we recommend that staff eliminate the “from” language at both Part III.A.1.a. and Part III.A.2.
4 28 A.2.b.vi The conditional exemption of street/sidewalk water is inconsistent with the requirement in the industrial/commercial MCM section that street washing must be diverted to the sanitary sewer.  

Sidewalk water should definitely be conditionally exempt, but so also should patios and pool deck washing.  If street washing has to be diverted to the sanitary sewer for industrial/commercial 
facilities, then it should for all facilities and so should parking lot wash water as they are similar in their pollutant loads.

5 33-36, Table 8 Discharge 
Prohibitions

Enforcing NPDES permits issued for the various NSWDs referenced in this table should be the responsibility of the State/Regional Board, not the MS4 permittee.  Therefore, it is inappropriate 
to include a condition that places a responsibility on the MS4 permittee to ensure requirements of NPDES permits are being implemented or effective in order for the pertaining NSWD 
category to be exempt.  Proper enforcement of the various NPDES permits mentioned in this table should ensure impacts from these discharges are negligible.  

Agency/Reviewer:
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6 39 A.2.a.i Staff proposal states: "Control the contribution of pollutants to its MS4 from stormwater discharges associated with industrial and construction activity and control the quality of stormwater 
discharged from industrial and construction sites."  

It appears the intent of this language is to transfer the State's inspection and enforcement responsibilities to municipalities through the MS4 permit.  When a separate general NPDES permit is 
issued by the Regional or State Board it should be the responsibility of that agency collecting such permit fees to control the contribution of pollutants, not MS4 permittees.

7 39 A.2.a.vii Staff proposal states: "Control the contribution of pollutants from one portion of the shared MS4 to another portion of the MS4 through interagency agreements among Co-permittees."  

The intention of this statement is unclear and should be explained, and a definition of “shared MS4” should be provided.  How would an inter-agency agreement work with an upstream and 
downstream agency?  This is not practical - this agreement should have been done before the interconnection of MS4 systems occurred.  An example of this agreement should be provided 
within the Permit.  The permittee will not agree to the responsibility of an exceedance without first having evidence of the source and its known origin (in other words, an IC/ID is a private 
"culprit" and not the cause of the City).

8 39 A.2.a.xi Staff proposal states: "Require that structural BMPs are properly operated and maintained."  

MS4 agencies can control discharges through an illicit discharge program, and conditioning new/redevelopment to ensure mitigation of pollutants.  Unless the existing development private 
property owners/tenants are willing or in the process of retrofitting its property, the installation and O&M of BMPs is not practical and cannot be legally enforceable against an entity that does 
not own or control the property, such as a municipal entity. 

9 39 A.2.a.xii Staff proposal states: "Require documentation on the operation and maintenance of structural BMPs and their effectiveness in reducing the discharge of pollutants to the MS4."  

It is difficult, if not impossible, to accurately quantify the exact effectiveness of a particular set of BMP’s in reducing the discharge of pollutants.  Some discharges may be reduced over time 
given reductions in industrial activity, population in a particular portion of the community feeding into the MS4, or for other reasons not directly related to implementation of structural BMPs.  
Given that the County of LA is generally urbanized and thus impervious, a lethargic economic climate (meaning development and redevelopment is not occurring in an expeditious manner), 
and that several pollutants do not have known BMPs effective at removing/reducing the content (i.e., metals, toxics, pesticides), the effectiveness of BMPs should not be required and instead 
should only be used for research, development, and progress of BMP testing.

10 40 A.2.b Staff proposal states: "Permittee must submit a statement certified by its chief legal counsel that the Permittee has the legal authority within its jurisdiction to implement… Each permittee shall 
submit this certification annually…”

To sign this statement, chief counsel will have to analyze this 500 page Permit, analyze the municipal code, and prepare a statement as to whether actions can be commenced and completed 
in the judicial system. An annual certification is redundant and unnecessary in addition to being extraordinarily costly. At most, legal analysis should be done once during the Permit term. 
Otherwise, please delete this requirement.       

11 40 A.3 The staff proposal includes a section on Fiscal Resources.  Most MS4's do not have a storm water quality funding source, and even those that do have a funding source are not structured to 
meet the requirements of the proposed MS4 requirements (for instance, development funds may be collected to construct an extended detention basin, but not for street sweeping, catch 
basin cleaning, public right-of-way structural BMPs, etc).  

12 40 A.3.a Staff proposal states:  "Each Permittee shall exercise its full authority to secure the fiscal resources necessary to meet all requirements of this Order"  

This sentence has no legally enforceable standard. What exactly does the exercise of “full authority” mean when the exercise of a city's right to tax comes with consequences and no 
guarantee of success?  Municipal entities must adjust for a variety of urgent needs, some federally mandated in a manner that cannot be ignored.  So, if we seek the fiscal resources to fund 
the programs required in the permit and the citizens say “No”, then a municipality will have a limited ability to comply with "all requirements of this Order"..   Can the language be changed to 
state:  “Each permittee shall make its best efforts given existing financial and budget constraints to secure fiscal resources necessary to meet all requirements of this Order”?  

13 40 A.3.c Staff proposal states:  "Each permittee shall conduct a fiscal analysis… to implement the requirements of this Order.”  

Most MS4's do not have adequate funding to meet all requirements of the Tentative MS4 Permit. A Permit requirement to secure funding is overreach. Please delete this section.  

14 58 D.4.a.i.(2) Staff proposal states:  "To measurably change the waste disposal and storm water pollution generation behavior of target audiences…"  

Define the method to be used to measure behavior change.  As written, this requirement is vague and open to interpretation.
15 60 D.4.d.i.(2).(b) Staff proposal states:  "… including personal care products and pharmaceuticals)"  

The stormwater permit should pertain only to stormwater issues. Pharmaceuticals getting into waters of the US are typically a result of waste treatment processes. All references to 
pharmaceuticals should be removed from this MS4 permit.   

16 60 D.4.d.i.(3) The Regional Board assumes that all of the listed businesses will willingly allow the City to install displays containing the various BMP educational materials in their businesses.  If the 
businesses do allow the installations then the City must monitor the availability of the handouts because the business will not monitor or keep the display full or notify the City when the 
materials are running out.  If the business will not allow the City to display the educational material must we document that denial?  Will that denial indicate that the City is not in compliance?

17 63-66 D.5.d-f These sections pertain to inspecting critical source facilities where it appears the intent is to transfer the State's Industrial General Permit inspection and enforcement responsibilities to 
municipalities through the MS4 permit.  We request eliminating these sections OR revise to exclude all MS4 permittee responsibility for NPDES permitted industrial facilities.
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19 67 D.6.a.i.(3) The stated objective of mimicking the predevelopment water balance is not consistent with the requirement that the entire design storm be managed onsite.  Please consider allowing 
subtracting the predevelopment runoff from the design volume or flow.

20 69 D.6.b.ii.(1).(a) Please clarify whether this paragraph applies to what is existing on the site or what is being redeveloped.

21 70 D.6.c.i.(2).(b) Consider removing the “whichever is greater” wording.  The two methods are considered equivalent and the 85th percentile was calculated to be the 0.75-inch for downtown Los Angeles.  
Currently, the 0.75-inch storm criterion has been used throughout the County for uniformity.  While requiring the 85th percentile to be used instead appears more technically appropriate, 
requiring calculating both criteria and using the greater value appears punitive.

22 70 D.6.c.i.(4) Consider deleting this sentence since it is redundant with item VI.D.6.c.i.1 and green roofs are not feasible not only based on the provisions of this order but also due to regional climate and 
implementability considerations.

23 70 D.6.c.ii.(2) Add “lack of opportunities for rainwater use” as one of the technical infeasibility criteria to acknowledge the fact that most of the type of development projects cannot utilize the captured 
volume of water.

24 72 D.6.c.iii.(1).(b)
.(ii)

The requirement for raised underdrain placement to achieve nitrogen removal is inconsistent with standard industry designs and is based on limited evidence that this change will improve 
nitrogen removal.  Furthermore, by raising the underdrain, other water quality problems may result such as low dissolved oxygen and bacterial growth due to the septic conditions that will be 
created.

25 72 D.6.c.iii.(2).(b) The requirement to provide treatment for the project site runoff when offsite mitigation is provided is punitive and unfair considering that an alternative site needs to be retrofitted to retrain the 
equivalent volume.  Please consider removing the on-site requirement when mitigation occurs in an offsite location.

26 72 D.6.c.iii.(4) The conditions listed for offsite projects are overly restrictive.  Also, considering legal and logistical constraints regarding offsite mitigation, this alternative is not very feasible.
27 75 Table 11 The concept of establishing benchmarks for post construction BMPs was initially developed in the 2009 Ventura MS4 permit.  However there is a significant different between the permits.  The 

Ventura County’s NPDES MS4 permit requires the project developer to determine the pollutant of concern(s) for the development project and use this pollutant as the basis for selecting a top 
performing BMP. In the case of the Draft Order, there is no determination of the pollutant of concern for the development project. Instead post construction BMPs must meet all the 
benchmarks established in Table 11. Unfortunately, no one traditional post construction BMP (non-infiltration BMPs) is  capable of meeting all the benchmarks and thus the developer will not 
be able to select a BMP.  We recommend that provision VI.D.6.c.iv.(1)(a) (page 74) be modified so that the selection of post construction BMPs is consistent with the Ventura permit and is 
based on the development site’s pollutant of concern(s) and the corresponding top performing BMP(s) that can meet the Table 11 benchmarks.

28 75 D.6.c.v.(1).(a).
(i)

Erosion Potential (Ep) is not a widely used term in our region, and may not be the most appropriate term to be used as an indicator of the potential hydromodification impacts. 

29 76 D.6.c.v.(1).(a).
(iv)

The requirement for development of a new Interim Hydromodification Control Criteria is unnecessary considering there is already peak storm control requirements in the existing MS4 Permit 
and that the State Water Board is finalizing the statewide Hydromodification Policy.

30 77 D.6.c.v.(1).(c).
(i).1

The requirement to retain on site the 95th percentile storm is excessive and inconsistent with all other storm design parameters that appear in this order.  It may also not be an appropriate 
storm in terms of soil deposits for the soil deprived streams such as Santa Clara Creek.  Again, consider referring to the statewide policy for a consistent and technical basis of the 
hydromodification requirements.

31 80 D.6.d.i.1 The requirement of 180 days for the “Local Ordinance Equivalence” may be difficult to be met due to the typical processing and public review period for changes to local municipal codes.  
Consider revising this provision to require immediate start of this effort instead.

32 83 D.7.a.iii MEP should be changed to BAT and BCT for consistency with the State’s General Construction Permit (GCASP).
33 83 D.7.d Consider introducing a minimum threshold for construction sites such as those for grading permits.  As proposed, minor repair works or trivial projects will be considered construction projects 

and will unnecessarily be subject to these provisions.
34 83 Table 12 Some of the listed BMPs will not be applicable for all construction sites.  Consider replacing the title of the Table 12 to “Applicable Set of BMPs for Construction Sites”
35 84-91 D.7.e-j All these provisions refer to construction sites of greater than one acre.  These sites are subject to the General Construction Permit provisions and within the authority of the State agencies.  

Towards ensuring compliance with these regulations, the State is collecting a significant fee that covers inspection and tracking of these facilities.  We are disputing the need to establish an 
unnecessary parallel enforcement scheme for these sites.  This is consistent with the RWQCB member(s) voice at one of the workshops.

36 84-91 D.7.g-j Refer to the State’s GCASP and its SWPPP requirements to avoid delicacy.
37 85 D.7.g.ii.(9) There is no need to introduce a new term/document of Erosion and Sediment Control Plan for construction sites that are already subject to GCASP’s SWPPP requirements.
38 87 Table 13 Delete. This table is the same as Table 12.
39 90 Table 17 The suggested inspections could not possibly be accommodated based on current resources because of the concurrent need to visit all sites.  However, if the GCASP funding is transferred 

for locally-based enforcement, an increase number of inspections may be accommodated.
40 90 D.7.j.ii.(2).(a) Consider deleting this requirement as being unnecessary.  The placement of BMPs may not be needed based on the season of construction and the planned phases.  
41 94 D.8.d If there is a specific pollutant to address, retrofitting or any other BMP would best be accomplished through a TMDL, which is for the Permittees to determine rather than a prescribed blanket 

approach. As written, this is too broad of a requirement with unknown costs that is attempting to solve a problem before there is a problem.  Please delete VI.D.8.d.
42 94 D.8.d.i Staff proposal states: "Each Permittee shall develop an inventory of retrofitting opportunities that meets the requirements of this Part VI.8.D... The goals of the existing development retrofitting 

inventory are to address the impacts of existing development through regional or sub-regional retrofit projects that reduce the discharges of storm water pollutants into the MS4 and prevent 
discharges from the MS4 from causing or contributing to a violation of water quality standards."

This process would require land acquisition, a feasibility analysis, no impacts to existing infrastructure, proper soils, and support of various interested stakeholders.  Additionally, if a property 
or area is being developed/redeveloped, retrofitting the site for water quality purposes makes sense, but not for an area where no development/redevelopment is planned.  Finally, the LID 
provisions have already included provisions for off-site mitigation, in which we recommend that regional water quality projects be considered in lieu of local-scale water quality projects that will 
prove difficult to upkeep, maintain, and replace, let alone have existing sites evaluated as feasible.  For these reasons, this requirement should be removed.
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43 95 D.8.d.v Any retrofit activities should be the result of either an illicit discharge investigation or TMDL monitoring follow-up and will need to be addressed on a site-by-site basis.  A blanket effort as 
proposed in a highly urbanized area is simply not feasible at this time.

44 96 D.8.e.ii Staff proposal states: "Each Permittee shall implement the following measures for...flood management projects"

Flood management projects need to be clearly defined.
45 102 D.8.h.vii.(1) This requirement appears to be an “end-run” around the lack of catch basin structural BMPs in areas not covered by Trash TMDLs. The requirement has the potential to be extraordinarily 

economically burdensome.  If an area is NOT subjected to a Trash TMDL, then the need for any mitigation devices is baseless.  The MS4 permit requirements should not circumvent nor 
minimize the CWA 303(d) process.

46 103 D.8.h.ix Staff proposal requires:  "Infiltration from Sanitary Sewer to MS4 / Preventive Maintenance…."

The State Water Board has implemented a separate permit for sewer maintenance activities. Additional sewer maintenance requirements are redundant and unnecessary.  Please delete this 
requirement.

47 106-110 D.9 A definition of “outfall” is required for clarity.  An “outfall” for purposes of “non-stormwater outfall-based monitoring program” should be defined as “major outfall” pursuant to Clean Water Act 
40 CFR 122.26.  Please revise each mention of “outfall”  to read “major outfall” when discussing “non-stormwater outfall-based monitoring program”.

48 107 D.9.b.i Please revise the proposed language to “Permittee/Permittees shall develop written procedures for conducting investigations to identify the source of suspected illicit discharges, including 
procedures to eliminate the discharge once source is located.”  It is not known if a discharge is illicit until the investigation is completed.

49 107 D.9.b.iii.(1) "Illicit discharges suspected of being sanitary sewage… shall be investigated first."  ICID inspectors should be allowed to make the determination of which event should be investigated first. 
For example, a toxic waste spill or a truck full of gasoline spill should take precedence over a sewage spill. This requirement should be amended to the “most toxic or severe threat to the 
watershed” shall be investigated first.

50 Attachment A Definitions The Definition of: "Development", "New Development" and "Re-development" should be added.  The definitions in the existing permit should be used: 

“ Development ” means any construction, rehabilitation, redevelopment or reconstruction of any public or private residential project (whether single-family, multi-unit or planned unit 
development); industrial, commercial, retail and other non-residential projects, including public agency projects; or mass grading for future construction.  It does not include routine 
maintenance to maintain original line and grade, hydraulic capacity, or original purpose of facility, nor does it include emergency construction activities required to immediately protect public 
health and safety.

“ New Development ” means land disturbing activities; structural development, including construction or installation of a building or structure, creation of impervious surfaces; and land 
subdivision. 

 “ Redevelopment ” means land-disturbing activity that results in the creation, addition, or replacement of 5,000 square feet or more of impervious surface area on an already developed site.  
Redevelopment includes, but is not limited to: the expansion of a building footprint; addition or replacement of a structure; replacement of impervious surface area that is not part of a routine 
maintenance activity; and land disturbing activities related to structural or impervious surfaces.  It does not include routine maintenance to maintain original line and grade, hydraulic capacity, 
or original purpose of facility, nor does it include emergency construction activities required to immediately protect public health and safety.  

The last of the three "routine maintenance" activities listed above should exclude projects related to existing streets since typically you are not changing the "purpose" of the street to carry 
vehicles and should not be altered.

51 Attachment A, 
Page 1

Definitions The biofiltration definition limits the systems that allow incidental infiltration.  Many municipal ordinances and established engineering practices will not allow even incidental infiltration if the 
planter boxes are located adjacent to a building structure.  Thus, this definition will exclude the most common types of planter boxes which logically have to be placed next to the building to 
collect roof runoff.  For this reason,  consider allowing biofiltration to include planter boxes without incidental infiltration since they may be the only applicable BMPs.

52 Some small cities do not have digital maps.  In the “General” category of Section 11, please provide a 1 year time schedule for cities to create digital maps OR provide the municipality the 
ability to develop comprehensive maps of the storm sewer system in any format.

53 Omit the comment, “Each mapped MS4 outfall shall be located using geographical positioning system (GPS) and photographs of the outfall shall be taken to provide baseline information to 
track operation and maintenance needs over time .”  This requirement is cost prohibitive and of little value because many City outfalls are underground and could not be accurately located or 
photographed.  Photographs of outfalls in channels have little value since data required is already included on “As-Built” drawings.  Geographic coordinates can easily be obtained using 
Google Earth or existing GIS coordinate systems.

“The contributing drainage area for each outfall should be clearly discernible…"     The scope of this requirement would involve thousands of records of drainage studies. The Regional Board 
should be aware that this requirement would be very labor intensive, time consuming, and very costly.

54 Storm drain maps should show watershed boundaries which by definition provide the location and name of the receiving water body.  Please revise (3) to read “The name of all receiving 
water bodies from those MS4 major outfalls identified in (1).

55 The LA Permit Group proposes “non-stormwater outfall-based monitoring program” to be flow based monitoring.  Please revise item (4) of 11.c.i. to read “(4) monitoring flow of unidentified or 
authorized non-stormwater discharges, and…”

56 "Monitoring of unknown or authorized discharges"   "Authorized" discharges are exempted or conditionally exempted for various reasons. Monitoring authorized discharges is monitoring for 
the sake of monitoring and offers no clear goal or water quality benefit.  Please delete this requirement. If the source of a discharge is unknown, then monitoring may be used as an optional 
tool to identify the culprit.

[1] 55 FR 47990-01 VI.G.2. Effective Prohibition on Non-Stormwater Discharges
[2] 55 FR 47990-01 VI.G.2. Effective Prohibition on Non-Stormwater Discharges
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Document Name:

Comment Doc. Reference Comments

No. Page Section Jul-12
1 Multiple Multiple The use of the HUC-12 watershed for limits is a good start but there needs to be some flexibility in its use to insure that the HUC-12 truly reflects the actual watershed boundary. 
2 Multiple Multiple The rain gages to be used for determining a wet versus dry weather day should be selected by the agencies and approved by the Regional Board.  Since monitoring plans will be on a regional 

basis the use of 50% of County rain gages in a watershed may not be necessary.  Plus, predictions do not necessarily use County rain gages.
3 Attachment E, 

Page 3
II.A.1 Omit as a primary objective to assess the “biological impacts” of discharges from the MS4.  The MS4 Permit is to regulate water quality.  It is the role of the State EPA and Water Quality 

Control Board, not municipal governments, to assess biological impacts of discharges and to set water quality regulations to prevent adverse biological impacts.  This imposing of State 
responsibilities beyond Federal requirements on local municipal governments is an un-funded mandate.  Please provide legal justification for this transfer of jurisdiction.

4 Attachment E, 
Page 4

II.E.1 Monitoring requirements relative to MS4 permits are limited to effluent discharges and the ambient condition of the receiving water, as §122.22(C)(3) indicates:

The permit requires all effluent and ambient monitoring necessary to show that during the term of the permit the limit on the indicator parameters continues to attain water quality
standards. 

The only definition of "ambient" monitoring is defined by SWAMP protocol as being 72 hours after a storm event.

Regarding monitoring purposes “b” and “c” assessing trends in pollution concentrations should be: (1) limited to ambient water quality monitoring; and (2) Regional Board’s surface water
ambient monitoring program (SWAMP) should be charged with this responsibility. MS4 permittees fund SWAMP activities through an annual surcharge levied on annual MS4 permit fees.   

Recommended Corrective Action : Clarify that RWL monitoring is only in the ambient condition as defined by SWAMP and that ambient monitoring is performed as part of the SWAMP and is
not the responsibility of MS4 permittees.

5 Attachment E, 
Page 4

II.E.1.c Omit Item c.  The MS4 Permit is to regulate water quality.  It is the role of the State EPA and Water Quality Control Board, not municipal governments, to “Determine whether the designated 
beneficial uses are fully supported as …aquatic toxicity and bio-assessment monitoring.”  This imposing of State responsibilities beyond Federal requirements on local municipal governments 
is an un-funded mandate.  Please provide legal justification for this transfer of jurisdiction.

6 Attachment E, 
Page 4

II.E.2.a Outfall monitoring for stormwater for attainment of municipal action levels (MALs) would be acceptable were it not for their purpose. MALs represent an additional monitoring requirement for
non-TMDL pollutants. MALs should really be used to monitor progress towards achieving TMDL WLAs that are expressed in the receiving water. Instead, Regional Board staff has chosen to
create another monitoring requirement, without regard for cost or benefit to water quality or to permittees. Non-TMDL pollutants should not be given special monitoring attention until it has
been determined that they pose an impairment threat to a beneficial use. Such a determination needs to be done by way of ambient monitoring performed by the Regional Board SWAMP.
The resulting data could then be used to develop future TMDLs, if necessary.  

Furthermore, many of the MAL constituents (both stormwater and non-storm water) listed in Appendix G, are included in several TMDLs such as metals and bacteria. This is, of course, a
consequence of the redundancy created by two approaches that are intended to serve the same purpose:  protection of water quality.       

Recommended Correction : Either utilize MALs, in lieu of numeric WQBELs, to measure progress towards achieving TMDL WLAs expressed in the receving water or eliminate MALs entirely.  

7 Attachment E, 
Page 4

II.E.3.a Regarding “a,” This requirement is redundant in view of the aforementioned MALs and in any case is not authorized under federal stormwater regulations. 402(p)(B)(ii) of the Clean Water Act
only prohibits discharges to the MS4 (streets, catch basins, storm drains and intra MS4 channels), not through or from it. This applies to all water quality standards, including TMDLs.
Nevertheless, compliance with dry weather WQBELs can be achieved through BMPs and other requirements called for under the illicit connection and discharge detection and elimination
(ICDDE) program, or requiring impermissible non-stormwater discharges to obtain coverage under a permit issued by the Regional Board.    

Recommended Correction :  Delete this requirement and specify compliance with dry weather WLAs, expressed in ambient terms, through the implementation of the IC/ID program.  

8 Attachment E, 
Page 4

II.E.3.b With regard to “b”, see previous responses regarding MALs and the limitation of the non-stormwater discharge prohibition to the MS4.

Recommended Correction : Delete this requirement because it exceeds the non-stormwater discharge prohibition to the MS4; and determine whether MALs or TMDLs are to be used to
protect receiving water quality.     

9 Attachment E, 
Page 4

II.E.3.c Regarding “c”, as mentioned, non-stormwater discharges cannot be applied to receiving water limitations because they are only prohibited to the MS4, not from or through it.

Recommended Correction :  Delete this requirement because it exceeds the non-stormwater discharge prohibition to the MS4.     

Attachment E - Monitoring and Reporting Program Draft Tentative Order - July 2012

Agency/Reviewer: LA Permit Group
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10 Attachment E, 
Page 4

II.E.4 Omit Item 4.  Monitoring of Development/Re-development BMPs is the responsibility of the Developers.  Requirements for monitoring Developer BMPs should be part of Section VI.D.6. 
Planning and Land Development Program  and the responsibility of the Developer.

The purpose of this requirement is not authorized under federal stormwater regulations as it relates to monitoring.  Requiring such monitoring is premature given the absence of outfall 
monitoring in the current and previous MS4 permits that would characterize an MS4’s pollution contribution relative to exceeding ambient water quality standards.  There is nothing in federal 
stormwater regulations that require monitoring on private or public property.  Monitoring, once again, is limited to effluent discharges at the outfall and to ambient monitoring in the receiving 
water.

Beyond this, monitoring for BMP effectiveness poses a serious challenge to what determines “effectiveness” -- effective relative to what standard?  It is also not clear how such monitoring is to 
be performed.   

Recommended Correction :  Delete this requirement.     
11 Attachment E, 

Page 5
II.E.5 Omit Item 5.  The MS4 Permit is to regulate discharges to receiving water.  It is the role of the State EPA and Water Quality Control Board, not municipal governments, to conduct Regional 

Studies for Southern California Monitoring Coalition, bio-assessment and Pyrethroid pesticides.  This imposing of State responsibilities beyond Federal requirements on local municipal 
governments is an un-funded mandate.  Please provide legal justification for this transfer of jurisdiction.

Requiring 85 jurisdictions to conduct regional monitoring is duplicative and inefficient and should be conducted by a Regional authority.

Regional studies also lie outside the scope of the MS4 permit.  However, because federal regulations require ambient monitoring in the receiving water, a task performed by the Regional 
Board’s SWAMP, regional watershed monitoring for aforementioned target pollutants can be satisfied through ambient monitoring.  This can be accomplished with little expense on the part of 
permittees by: (1) using ambient data generated by the Regional Board SWAMP; (2) re-setting the County’s mass emissions stations to collect samples 2 to 3 days following a storm event 
(instead of using a flow-based sampling trigger); and (3) using any data generated from existing coordinated monitoring programs (e.g., Los Angeles River metals TMDL CMP), provided that 
the data is truly ambient.

12 Attachment E, 
Pages 5-6

III.F & G Omit Items F. & G.  Specifying Sampling Methods and Analytical Procedures in the permit adds unnecessary liability for Cities for work that is already described in USEPA Protocols and per 
approved TMDLs.  These Items should be combined and state to follow USEPA Protocols or per approved TMDLs.

13 Attachment E, 
Page 6

III.H.3 There is a typo for Item 3.  Item 3. should read “…requirements identified in Part XVIII.A.5. and Part XVIII.A.7 of this MRP.”

14 Attachment E, 
Pages 7-8

IV.C.1 More time is needed to prepare Coordinated Integrated Monitoring Plans due to the number of agencies involved.  Since existing monitoring programs will proceed as Coordinated Integrated 
Monitoring Plans are being prepared, then there is no need for accelerated schedules.  Revise Item 1. to provide twelve (12) months for each Watershed Group to submit a Memorandum of 
Understanding to work with other agencies for a Coordinated Integrated Monitoring Plan.  A letter of intent allows a Permittee to drop out of the process at any time and 12 months are 
required to process a Memorandum of Understanding with County and State agencies.

15 Attachment E, 
Page 8

IV.C.2 Revise Item 2. to require “Each Permittee not participating in a Coordinated Integrated Monitoring Plan to submit an Integrated Monitoring Plan…”

16 Attachment E, 
Page 8

IV.C.3 Revise to allow participating Permittees 24 months to submit a Coordinated Integrated Monitoring Plan.  It will take a minimum of 12 months to process a Memorandum of Understanding with 
County and State agencies and that agreement is required before any Permittee will award a contract to a consultant to prepare a Coordinated Integrated Monitoring Plan.  It takes 3 months 
to issue Request for Proposals and award a contract and then 9 months for a consultant to prepare a Coordinated Integrated Monitoring Plan.  Since existing monitoring programs will proceed 
as Coordinated Integrated Monitoring Plans are being prepared, then there is no need for accelerated schedules.  
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17 Attachment E, 
Page 8

IV.C.5 Revise to allow 9 months after approval of an IMP or CIMP by the Executive Officer to commence monitoring.  It takes 3 months to issue Request for Proposals and award a contract for 
monitoring.  It takes an additional 6 months to obtain permits from the Los Angeles County Flood Control District to access monitoring locations on their systems.
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18 Attachment E, 
Page 8

IV.C.7 Both the current permit shoreline monitoring program (CI-6948) and the SMBBB TMDL Coordinated Shoreline Monitoring Plan (CSMP) are being incorporated into the new permit.  The CI-
6948 shoreline monitoring requirements, Section II.D – page T-11, is redundant to the CSMP.  All stations monitored in the CI-6948 are also monitored in the CSMP.  Furthermore, the 
SMBBB TMDL specifies that the agencies are to select sampling frequency and the CSMP states that the agencies have selected weekly sampling frequency.  However, CI-6948 requires 
several stations to be monitored up to 5 days per week and with the addition of the CSMP additional stations will be monitored two days per week. 

Paragraph II.D.b) of the CI-6948 shoreline monitoring section specifies that the sampling frequency at 28th Street (DHS 113), also SMB-5-2, and Herondo storm drain (DHS 115), also SMB-6-
1, be increased to 5 times per week.  Paragraph II.D.e) states that monitoring sites are to be monitored 5 days per week if the historical water quality is worse than the reference beach.  
However, no evidence was presented to the responsible agencies that this was the case for the SMB-5-2 or 6-1.

An evaluation of historical data was presented by the Regional Board Staff Report for the reconsideration of the SMBBB TMDL dated May 2012.  Further evaluation of this data shows that 
SMB-5-2 and SMB-6-1 should not be subject to the increase frequency for the following reasons:
1. Of the 67 stations being monitored as part of the CSMP, SMB-5-2 and 6-1 are ranked 57 and 43 respectively in the percent of exceedances during the summer dry weather period.
2. 37 stations being monitored only weekly or two days per week had a higher summer-dry weather exceedance percentage then SMB-6-1.
3. The Reference Beach monitoring station (SMB-1-1) had a summer dry weather period exceedance percentage of 10.2% versus 6.9% and 3.2% for SMB-5-2 and 6-1, respectively.
4. The Reference Beach monitoring station (SMB-1-1) had an average year-round exceedance percentage of 12.1% versus 14.6% and 11.4% for SMB-5-2 and 6-1, respectively.  Although 
exceedance rate for SMB 5-2 is higher than the Reference Beach monitoring station based on year round results, it is lower during the critical summer-dry weather period.
5. Of the 8 stations being monitored five days per week SMB-6-1 and 5-2 have the lowest summer dry weather period exceedance percentage (top 6 ranged from 40.9% to 8.5% compared to 
6.9% and 3.2% for SMB-5-2 and 6-1).

In addition, the inclusion of both the CI-6948 shoreline monitoring program and CSMP into the permit will result in 5 (SMB-5-1, 5-3, 5-5, 6-5, and 6-6) of the other 9 monitoring stations in 
SMBBB TMDL Jurisdictional Groups 5 and 6 being monitored 2 days per week which is not the case for any of the other CSMP stations. 

For all of the above reasons, the shoreline monitoring provisions of CI-6948 should be removed from the new permit monitoring program.  However, at a minimum, paragraph D.1.b) should be 
removed and paragraph D.1.e).(1) should be modified to remove stations S13 (SMB-5-1), S14 (SMB-5-3) S15 (SMB-5-5), S17 (SMB-6-5) and S18 (SMB-6-6). 

The following is proposed wording modification to Attachment E, Section IV.C.7:  

“7. Monitoring requirements pursuant to Order No. 01-182, except Section D.1.b) is removed and Section D.1.e).(1) is modified to removed sites S13, S14, S15, S17 and S18 of the Monitoring 
and Reporting Program - CI-6948, shall remain in effect until the Executive Officer of the Regional Water Board approves a Permittee(s) IMP and/or CIMP plan(s)."

19 Attachment E, 
Page 14

VI.C.1.b Monitoring should be performed per approved IMP or CIMP or approved TMDL.  The IMP and CIMP should identify rain gauges to use in the appropriate watershed.

20 Attachment E, 
Page 15

VI.C.1.d Omit iv.  The TMDLs will specify if TSS or SSC monitoring is required, otherwise sediments are needed for beach replenishment and the naturally occurring transport of sediments should not 
be regulated.

21 Attachment E, 
Page 15

VI.C.1.d Omit vi.  This imposing of State and Federal responsibilities on local municipal governments is an un-funded mandate.  Please provide legal justification for this transfer of jurisdiction.

22 Attachment E, 
Page 15

VI.D.1.a Omit the requirement for “One of the monitoring events shall be during the month with the historically lowest instream flows.”  This data does not exist and it would be simpler to specify the 
historically driest month.

23 Attachment E, 
Page 15

VI.D.1.b Revise item i. and ii. to simply be on days with no measurable rain.  There are sufficient days of no measurable rain in Southern California and any rain event could result in isolated 
stormwater run off.

24 Attachment E, 
Page 16

VII.A Revise the description to include database, “The IMP and/or CIMP plan(s) shall include a map and/or database of the MS4 to include the following information:”  GIS maps all come with 
database(s) that include much of the required information.

25 Attachment E, 
Page 17

VIII.A.2.e Include the option to monitor “upstream of the actual outfall or downstream of a political boundary”.  Sometimes the best location to do monitoring is at the next manhole downstream from a 
city boundary.

26 Attachment E, 
Page 17

VIII.B.1.a Omit “except aquatic toxicity, which shall be monitored once per year…”.  This imposing of State and responsibilities beyond Federal requirements on local municipal governments is an un-
funded mandate.  Please provide legal justification for this transfer of jurisdiction.

27 Attachment E, 
Page 18

VIII.B.1.b Omit Item ii. and iii.  Monitoring should be performed per approved IMP or CIMP or approved TMDL.  

28 Attachment E, 
Page 18

VIII.B.1.c Omit Item iv.  The TMDLs will specify if TSS or SSC monitoring is required, otherwise sediments are needed for beach replenishment and the naturally occurring transport of sediments should 
not be regulated.

29 Attachment E, 
Page 18

VIII.B.1.c Omit vi.  This imposing of State responsibilities beyond Federal requirements on local municipal governments is an un-funded mandate.  Please provide legal justification for this transfer of 
jurisdiction.

30 Attachment E, 
Page 19

IX.A.2 Include “natural flows” or “natural sources” as a potential source of non-storm water flow.

31 Attachment E, 
Page 22

IX.E.2 Revise last sentence to read, “100% of the outfalls in the inventory within 5 years…” 
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32 Attachment E, 
Page 22

IX.F.2 Omit the requirement to report to the Regional Board “within 30 days of determination” because there are too many report submittals that could lead to a Notice of Violation that will have no 
impact on water quality.  Reporting source identifications in the annual report provides central location for submittals.

33 Attachment E, 
Page 23

IX.G.3 & 4 Outfalls not subject to dry weather TMDLs that have significant dry weather flows should have continuous flow monitoring done for a quarter with water quality sampling done once at the 
beginning of that time period.  If the water quality sampling indicates pollutant concentrations that exceed water quality standards, then the IC/ID investigation procedures should begin.  If no 
water quality standards are exceeded or the IC/ID investigation eliminates the source of pollutants, then that flow has been demonstrated NOT to cause or contribute to pollutant loading and 
should be stopped.  To continue monitoring a site that is known NOT to cause or contribute to pollutant loading is a waste of resources and an un-funded mandate.

34 Attachment E, 
Page 24

X This section should be moved to Section VI.D.6.d.iv. for clarity.

35 Attachment E, 
Page 25

XI Omit this section.  Regional monitoring should be done by County, State and Federal agencies that have jurisdiction over pollutants of concern.  It is a waste of municipal resources to have 85 
Permittees all perform Pyrethroid and SCCWRP regional studies.  This imposing of State responsibilities beyond Federal requirements on local municipal governments is an un-funded 
mandate.  Please provide legal justification for this transfer of jurisdiction.

36 Attachment E, 
Page 28

XII Omit this section.  Regional monitoring should be done by County, State and Federal agencies that have jurisdiction over pollutants of concern.  It is a waste of municipal resources to have 85 
Permittees all perform aquatic toxicity regional studies.  This imposing of State responsibilities beyond Federal requirements on local municipal governments is an un-funded mandate.  Please 
provide legal justification for this transfer of jurisdiction.

37 Attachment E, 
Page 38

XIV.I.1 & 2 It is not reasonable to force Permittees to make changes to approved Monitoring and Reporting Programs based on the whim of an “interested” party or “as deemed necessary by EO”.  This 
provides unlimited power to interested parties or EO.  Recommend these items be revised to include a caveat that there would be no additional costs or as approved by Regional Board, to 
make those changes open and transparent.

38 Attachment E, 
Page 39

XIV.M Omit section M. as it is redundant to section L.

39 Attachment E, 
Page 44

XVIII.A.5 Omit Items b. & c.  Regional monitoring should be done by County, State and Federal agencies that have jurisdiction over pollutants of concern.  It is a waste of municipal resources to have 
85 Permittees all perform aquatic toxicity regional studies.  This imposing of State responsibilities beyond Federal requirements on local municipal governments is an un-funded mandate.  
Please provide legal justification for this transfer of jurisdiction.

40 Attachment E, 
Pages 49-52

XIX.B Only include schedules for IMP and CIMP for USEPA established TMDLs and revise those schedules to be 9 months for IMP and 24 months for CIMP.  Having due dates for Monitoring and 
Reporting plans for IMP and CIMP past the due date established by the TMDL creates confusion.
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LA PERMIT GROUP
A collaborative effort to negotiate the

Los Angeles County MS4 NPDES Permit

February 9, 2012

Sam Unger, Executive Officer
Los Angeles Regional Water Quality Control Board
320 West Fourth Street, Suite 200
Los Angeles, CA 90013

SUBJECT: LA Permit Group Comments Regarding the 1/23/12 Workshop on Monitoring and TMDLs

Dear Mr. Unger:

The LA Permit group appreciates the opportunity to provide comments regarding the Regional Board’s January 23, 2012
Workshop on the proposed Monitoring and TMDL programs for the upcoming Los Angeles County MS4 NPDES permit.
Detailed comments and recommendations regarding each of these programs are attached (Monitoring Program
Comments — Exhibit A and TMDL Program Comments — Exhibit B). The LA Permit Group recognizes that the upcoming
MS4 NPDES permit is a very difficult and complicated permit to develop, especially given the integration of many TMDLs.
However; the permit must contain provisions that are economically achievable and sustainable and that will not expose
permittees to unreasonable compliance issues. We look forward to continued discussion and collaboration with you and
your staff in order to cooperatively develop economically achievable and sustainable permit provisions.

The LA Permit Group is a collaborative effort developed to negotiate the Los Angeles County MS4 NPDES Permit. Over 60
Los Angeles County municipalities are actively participating in the effort to develop and provide comments and
recommendations throughout the MS4 NPDES Permit development process. Comments and recommendations are
developed by each of the LA Permit Group’s four Technical Sub-Committees (Land Development, Reporting & Core
Programs, Monitoring, and TMDLs) which are then approved by the LA Permit Group; the group’s consensus is
represented by the Negotiations Committee. The LA Permit Group’s comments and recommendations contained in
Exhibits A and B of this letter have been developed by the Monitoring and TMDL Technical Sub-Committees and were
approved by the LA Permit Group at our February 8, 2012 meeting.

Thank you for the opportunity to comment on the proposed Monitoring and TMDLs programs and we look forward to
meeting with you to discuss our comments and recommendations presented in this letter. Please feel free to contact me
at (626) 932-5577 or hmaloney@ci.monrovia.ca.us if you have any questions regarding our comments.

Sincerely1\

\:u—_
Heath* M Ma Ion V
Chair, tA Pdrmit Grbup

cc: LAPermitGroup
Deborah Smith, Los Angeles Regional Water Quality Control Board
Renee Purdy, Los Angeles Regional Water Quality Control Board
Ivar Ridgeway, Los Angeles Regional Water Quality Control Board
San Gabriel Valley Council of Governments
Senator Ed Hernandez
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EXHIBIT A

LAPermitGroup
Comments on Monitoring Provisions Proposed at RWQCB Workshop on 1/23/12

The LA Permit group appreciates the opportunity to provide comments regarding the Regional Board’s
1/23/12 workshop on the proposed monitoring program for the upcoming NPDES permit. The
comments are organized to provide our overall general comments regarding the monitoring program
and then our specific comments on the details presented in the workshop.

General Comments

In our 11/10/11 presentation to the Regional Board, The LA Permit Group identified an Integrated
Watershed Monitoring Program (IWMP) approach supporting a comprehensive and focused monitoring
program. Although the Board staff indicated interest in the approach, we were disappointed to see the
approach was not well captured in the 01/23/12 workshop. We still would submit that the overarching
monitoring program should be based on the concepts found in an IWMP (see attached proposal for an
IWMP, p.5 & 6).

Regional Monitoring Programs

1. Duplicative efforts. The proposed regional monitoring programs appears to duplicate ongoing
studies/activities by other permittees in southern California, thus, we question what new and useful
information will be provided that is not already being developed.

Recommendation: Modify the requirement for regional monitoring programs to account for existing and
on-going regional monitoring efforts (also see our Special Comments on this issue).

Stormwater and Non-storm water Monitoring Programs

1. Need to Promote a Watershed Arroach. The proposed monitoring strategy appears to minimize
instead of promote a watershed approach to monitoring and provides little insights into the water
quality issues within a watershed. Instead it focuses exclusively on individual permittees.

Recommendation: It is recommended that the monitoring program be based on a watershed and
TMDL and that it:

a. evaluates the current conditions in impaired water bodies (identified by effective TMDL5),
b. facilitates the attainment of WLAs and assessment of effectiveness and improvement of

BMP5 to effectively address each impairment to the extent it is potentially contributed by the
M54, and

c. identifies the extent to which the impairment may be caused by factors or sources other
than discharges from the M54

d. promotes the IWMP and provides time schedule incentives.
The LA Permit Group has developed a position paper that captures this fundamental strategy (see
attachment). The strategy, we believe, would better serve as the frameworkfor the monitoring
program than the one currently being considered by the Regional Board.

2. Lack of Clear Goals and Objectives. The proposed strategy for stormwater and non-stormwater
lacks well defined goals and management questions. Instead the strategy appears to be a resource
intensive, far reaching attempt to collect monitoring data for collection sake without any
explanation as to how the data will be used to guide management decisions. The monitoring
program must be designed to answer specific management questions and/or objectives. The
program must provide a comprehensive but focused attempt to address a number of management
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EXHIBIT A

LA Permit Group
Comments on 1/23/12 LARWQCB Monitoring Program Presentation
Page 2 of 6

questions. Furthermore the proposed strategy isolates the stormwater/non-stormwater monitoring
from other elements of the monitoring program such as receiving water and tributary monitoring.
As a result it is difficult to understand the overall relationships between the various monitoring
efforts and limits the Permittees’ ability to direct their monitoring efforts according to local and
watershed specific concerns.

Recommendation: We strongly recommend that the Regional Board revisit the storm water
monitoring programs to incorporate an integrated watershed monitoring strategy that addresses
water quality management based questions and TMDLs. Similarly, we recommend that the
monitoring program reflect an adaptive management approach such that we have the ability to
modify our monitoring efforts as monitoring data and information are gathered.

Specific Comments

Although we have fundamental concerns with the overall approach provided in the 1/23/12 workshop
and strongly recommend modifications in the approach, we have none-the-less developed specific
comments on the Regional Board approach. These comments are provided below.

Regional Monitoring Programs

1. Pyrethroid Study. We suggest that the Surface Water Ambient Monitoring Program would be a
better vehicle for assessing the overall impacts of pesticides (pyrethroids) in the watersheds than
the MS4 stormwater programs. This is especially true since pyrethroid is a statewide issue and not
just a potential Los Angeles area issue.

2. Hydromodification Study. Many municipalities discharge directly or indirectly into concrete
channels thus calling into question the value of a hydromodification study for these municipalities.
Furthermore, the Southern California Coastal Water Research Project (SCCWRP) has a number of
studies focused on hydromodification including one that assesses the impacts of hydromodification
and identifies management practices that could offset the impacts’. Thus we would suggest that the
proposed hydromodification study for the LA permittees be eliminated and instead allow SCCWRP
efforts in this area to be the base studies.

3. Low Impact Development Study. As with the hydromodification study we believe that there is
already ongoing research with LID and that the proposed study for the LA permittees is
unwarranted. The Southern California Monitoring Coalition had previously identified this area for
research and received grant monies to assess the effectiveness of LID strategies. This work was
recently conducted by the SCM. In addition, the SCM Coalition conducted a study to identify
impediments to LID implementation and this study is also just now being completed. Thus we
question the value of LA permittee specific studies for LID.

Recommendation: Modify the requirement for regional monitoring programs to account for existing
and ongoing regional monitoring efforts.

http ://www.sccwrp.org/ResearchAreas/Stormwater/Hydromodification/AssessmentAndManagementOfHydromod
ification.aspx
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questions. Furthermore the proposed strategy isolates the stormwater/non-stormwater monitoring
from other elements of the monitoring program such as receiving water and tributary monitoring.
As a result it is difficult to understand the overall relationships between the various monitoring
efforts and limits the Permittees' ability to direct their monitoring efforts according to local and
watershed specific concerns.

Recommendation: We strangly recommend that the Regional Board revisit the stormwater
monitoring programs to incorporate an integrated watershed monitoring strategy that addresses
water quality management based questions and TMDLs. Similarly, we recommend that the
monitoring program reflect an adaptive management approach such that we have the ability to
modify our monitoring efforts as monitoring data and information are gathered.

Specific Comments

Although we have fundamental concerns with the overall approach provided in the 1/23/12 workshop
and strongly recommend modifications in the approach, we have none-the-Iess developed specific
comments on the Regional Board approach. These comments are provided below.

Regional Monitoring Programs

1. Pyrethroid Study. We suggest that the Surface Water Ambient Monitoring Program would be a
better vehicle for assessing the overall impacts of pesticides (pyrethroids) in the watersheds than
the MS4 stormwater programs. This is especially true since pyrethroid is a statewide issue and not
just a potential Los Angeles area issue.

2. Hydromodification Study. Many municipalities discharge directly or indirectly into concrete
channels thus calling into question the value of a hydromodification study for these municipalities.
Furthermore, the Southern California Coastal Water Research Project (SCCWRP) has a number of
studies focused on hydromodification including one that assesses the impacts of hydromodification
and identifies management practices that could offset the impactsl

. Thus we would suggest that the
proposed hydromodification study for the LA permittees be eliminated and instead allow SCCWRP
efforts in this area to be the base studies.

3. Low Impact Development Study. As with the hydromodification study we believe that there is
already ongoing research with LID and that the proposed study for the LA permittees is
unwarranted. The Southern California Monitoring Coalition had previously identified this area for
research and received grant monies to assess the effectiveness of LID strategies. This work was
recently conducted by the SCM. In addition, the SCM Coalition conducted a study to identify
impediments to LID implementation and this study is also just now being completed. Thus we
question the value of LA permittee specific studies for LID.

Recommendation: Modify the requirement for regianal monitoring pragrams to account for existing
and ongoing regional monitoring efforts.

http://www.sccwrp.org/ResearchAreas/Stormwater/Hydromodification/AssessmentAndM anagementOfHydromod
ification.aspx
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Storm water and Non-stormwater Monitoring Programs

1. Clear Logic Needed for Deciding Monitoring Efforts. The logic for both stormwater and non
stormwater monitoring efforts is confusing and in some cases appears to be in conflict.
Furthermore, there appears to be little nexus between TMDLs and the proposed monitoring effort.

Recommendation: It is absolutely necessary that a logical decision tree be developed to guide the
Permittees. The development of a decision tree could be part of the integrated watershed
monitoring plan.

2. Confusing obiectives for non-stormwater monitoring. The proposed non-stormwater monitoring
(slides 21232) does not address the stated requirement in slide 24 to determine the relative flow
contribution of other permitted discharges. Also it is unclear what will be gained by the extensive
monitoring effort. Furthermore the time line proposed to complete this work is woefully
inadequate (9 months). If the purpose of the non-stormwater monitoring is to assess the
categorical exemptions, then the current framework is inadequate.

Recommendation: We recommend that a well defined regional study be incorporated into the IWMP
that already includes flow monitoring in numerous locations to assess categorical exemptions
instead of the each permittee based approach currently proposed.

3. Aquatic Toxicity Monitoring. Slidel8 indicates that stormwater monitoring includes aquatic toxicity
monitoring. We would submit that it is premature to conduct outfall toxicity monitoring until it has
been established that toxicity is present in the receiving water. Furthermore we would submit that
should toxicity monitoring be required, acute toxicity is the appropriate toxicity test given the short
duration of stormwater discharges.

Recommendation: Toxicity monitoring should be acute and be limited to the receiving water and not
be a part of an outfall monitoring program unless dictated by a TMDL. Aquatic Toxicity monitoring is
required by a number of TMDLs and could be extracted from IWMP.

4. Technical concerns include the following:

a. Unclear how baseline non-stormwater flows are established.

b. Possible conflicting criteria regarding the use of land uses to identify outfalls and the
minimum number of outfalls (slides 15-16).

c. Need better definition for “significant” non-stormwater flows. The requirement noted in
slide 21 regarding 10% above the lowest rolling average needs to be evaluated more closely
as it appears that all outfalls will qualify under this criteria.

2 Slide numbers are based on Regional Board 1/23/12 presentation by PG Environmental.
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Stormwater and Non-stormwater Monitoring Programs

1. Clear Logic Needed for Deciding Monitoring Efforts. The logic for both stormwater and non
stormwater monitoring efforts is confusing and in some cases appears to be in conflict.
Furthermore, there appears to be little nexus between TMDLs and the proposed monitoring effort.

Recommendation: It is absolutely necessary that a logical decision tree be developed to guide the
Permittees. The development of a decision tree could be part of the integrated watershed
monitoring plan.

2. Confusing objectives for non-stormwater monitoring. The proposed non-stormwater monitoring
(slides 21-232

) does not address the stated requirement in slide 24 to determine the relative flow
contribution of other permitted discharges. Also it is unclear what will be gained by the extensive
monitoring effort. Furthermore the time line proposed to complete this work is woefully
inadequate (9 months). If the purpose of the non-stormwater monitoring is to assess the
categorical exemptions, then the current framework is inadequate.

Recommendation: We recommend that a well defined regional study be incorporated into the IWMP
that already includes flow monitoring in numerous locations to assess categorical exemptions
instead of the each permittee based approach currently proposed.

3. Aquatic Toxicity Monitoring. SIide18 indicates that stormwater monitoring includes aquatic toxicity
monitoring. We would submit that it is premature to conduct outfall toxicity monitoring until it has
been established that toxicity is present in the receiving water. Furthermore we would submit that
should toxicity monitoring be required, acute toxicity is the appropriate toxicity test given the short
duration of stormwater discharges.

Recommendation: Toxicity monitoring should be acute and be limited to the receiving water and not
be a part of an outfall monitoring pragram unless dictated by a TMDL. Aquatic Toxicity monitoring is
required by a number of TMDLs and could be extractedfrom IWMP.

4. Technical concerns include the following:

a. Unclear how baseline non-stormwater flows are established.

b. Possible conflicting criteria regarding the use of land uses to identify outfalls and the
minimum number of outfalls (slides 15-16).

c. Need better definition for "significant" non-stormwater flows. The requirement noted in
slide 21 regarding 10% above the lowest rolling average needs to be evaluated more closely
as it appears that all outfalls will qualify under this criteria.

2 Slide numbers are based on Regional Board 1/23/12 presentation by PG Environmental.
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d. When are field measurements and grab samples collected during a storm event? Logistically
it will be difficult and costly to require grab samples in addition to the flow weighted
samples. Most stormwater data are categorized as event mean concentrations which is a
flow weighted composite sample. Grab samples do not reflect EMC but rather just a point
in time concentrations.

e. The use of bacteria as a monitoring parameter to identify sources of sewage is questionable
given bacteria is ubiquitous in our environment and difficult to track. Bacteria source
tracking should be addressed in the TMDL on a case by case situation.

f. Without receiving water data the MS4 is limited in its ability to determine whether non
stormwater discharges are causing or contributing to exceedances of water quality
standards. However there is no receiving water monitoring coupled with the non
stormwater monitoring.

g. The 1/23/12 presentation introduced some new as well as some not so new terms. Given
the relatively early stage of development of the stormwater permitting program, it is
important to clearly define these terms to avoid confusion and misunderstanding during the
permit approval process. We realize that the adopted Permit will have a definition section
but to assist in the permit development and adoption stage it would be useful to provide
definitions upfront including the definition for outfalls, major or otherwise.

Recommendation: Conduct case studies for Torrance and the Los Angeles River watershed and others
as appropriate to address a range of different conditions (e.g. size, receiving waters, TMDLs, etc.).
These case studies will likely clarify the purpose and approach of the monitoring and lead to
improvements in the monitoring program. Furthermore we believe it would be constructive to have
PG Environmental participate in these discussions.

Closing

The LA Permit Group again appreciates the opportunity to provide these comments and look forward to
working with the Regional Board especially in evaluating case studies to better craft a long term,
constructive and cost effective monitoring program.
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d. When are field measurements and grab samples collected during a storm event? Logistically
it will be difficult and costly to require grab samples in addition to the flow weighted
samples. Most stormwater data are categorized as event mean concentrations which is a
flow weighted composite sample. Grab samples do not reflect EMe but rather just a point
in time concentrations.

e. The use of bacteria as a monitoring parameter to identify sources of sewage is questionable
given bacteria is ubiquitous in our environment and difficult to track. Bacteria source
tracking should be addressed in the TMDL on a case by case situation.

f. Without receiving water data the MS4 is limited in its ability to determine whether non
stormwater discharges are causing or contributing to exceedances of water quality
standards. However there is no receiving water monitoring coupled with the non
stormwater monitoring.

g. The 1/23/12 presentation introduced some new as well as some not so new terms. Given
the relatively early stage of development of the stormwater permitting program, it is
important to clearly define these terms to avoid confusion and misunderstanding during the
permit approval process. We realize that the adopted Permit will have a definition section
but to assist in the permit development and adoption stage it would be useful to provide
definitions upfront including the definition for outfalls, major or otherwise.

Recommendation: Conduct case studies for Torrance and the Los Angeles River watershed and others
as apprapriate to address a range of different conditions (e.g. size, receiving waters, TMDLs, etc.).
These case studies will likely clarify the purpose and appraach of the monitoring and lead to
improvements in the monitoring program. Furthermore we believe it would be constructive to have
PG Environmental participate in these discussions.

Closing

The LA Permit Group again appreciates the opportunity to provide these comments and look forward to
working with the Regional Board especially in evaluating case studies to better craft a long term,
constructive and cost effective monitoring program.
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LA Permit Group, proposal for

INTEGRATED WATERSHED MONITORING PLANS

It is the MS4 Co-Permitees’ intent to utilize Total Maximum Daily Load (TMDL) monitoring as the primary
monitoring program requirement in the next MS4 Permit. The Co-Permittees support a TMDL-driven
monitoring program that:

• evaluates the current conditions of recognized impaired water bodies (identified by the 303d
List),

• facilitates the attainment of WLAs and assessment of effectiveness and improvement of BMPs
to effectively address each impairment to the extent it is potentially contributed by the MS4,
and

• identifies the extent to which the impairment may be caused by factors or sources other than
discharges from the MS4

The Co-Permittees wish to work cooperatively with the assistance of outside experts, e.g., Council for
Watershed Health3 or consulting firm, to prepare Integrated Watershed Monitoring Plans to meet TMDL
monitoring requirements. Currently the adopted TMDL5 require each agency or subwatershed group to
submit separate TMDL Monitoring and Reporting Plans and to prepare individual annual monitoring
reports for each TMDL. The end result will be numerous monitoring plans that are not coordinated,
with redundancies between monitoring programs, without standard sampling or analysis methods to
ensure data comparability, and with the potential for data gaps, which will create a multitude of annual
reports which must be reviewed by Regional Board staff that do not provide a comprehensive picture of
watershed health.

The goal of Integrated Watershed Monitoring Plans would be to provide:
• TMDL objective-driven monitoring plan designs,
• comprehensive data management and reporting,
• SWAMP-compatible QA/QC and data validation,
• data synthesis and interpretation on a watershed scale, and
• single, comprehensive annual monitoring reports for each watershed addressing all the adopted

TMDL5 in that watershed.

Integrated Watershed Monitoring Plans will be developed and implemented for each major watershed
in the County. The Co-Permittees recognize the efficiencies that can be obtained by preparing Integrated
Watershed Monitoring Plans that address all TMDLs for that watershed. During the process of
developing the Integrated Watershed Monitoring Plans the Co-Permittees would bring together
watershed stakeholders, compile an inventory of existing or pending monitoring efforts, develop a
comprehensive list of monitoring questions to address the identified watershed impairments and design
coordinated monitoring programs. The provisions of the 3rd term permit Monitoring and Reporting
Program and the relevant TMDL monitoring requirements will be incorporated into each Integrated

The Council for Watershed Health (Council) has worked with the Wastewater Treatment Plants to prepare
coordinated monitoring plans for the Los Angeles and San Gabriel River watersheds.
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LA Permit Group, proposal for

INTEGRATED WATERSHED MONITORING PLANS

It is the MS4 Co-Permitees' intent to utilize Total Maximum Daily Load (TMDL) monitoring as the primary
monitoring program requirement in the next MS4 Permit. The Co-Permittees support a TMDL-driven
monitoring program that:

• evaluates the current conditions of recognized impaired water bodies (identified by the 303d
List),

• facilitates the attainment of WLAs and assessment of effectiveness and improvement of BMPs
to effectively address each impairment to the extent it is potentially contributed by the MS4,
and

• identifies the extent to which the impairment may be caused by factors or sources other than
discharges from the MS4

The Co-Permittees wish to work cooperatively with the assistance of outside experts, e.g., Council for
Watershed Health3 or consulting firm, to prepare Integrated Watershed Monitoring Plans to meet TMDL
monitoring requirements. Currently the adopted TMDLs require each agency or subwatershed group to
submit separate TMDL Monitoring and Reporting Plans and to prepare individual annual monitoring
reports for each TMDL. The end result will be numerous monitoring plans that are not coordinated,
with redundancies between monitoring programs, without standard sampling or analysis methods to
ensure data comparability, and with the potential for data gaps, which will create a multitude of annual
reports which must be reviewed by Regional Board staff that do not provide a comprehensive picture of
watershed health.

The goal of Integrated Watershed Monitoring Plans would be to provide:
• TMDL objective-driven monitoring plan designs,
• comprehensive data management and reporting,
• SWAMP-compatible QAfQC and data validation,
• data synthesis and interpretation on a watershed scale, and
• single, comprehensive annual monitoring reports for each watershed addressing all the adopted

TMDLs in that watershed.

Integrated Watershed Monitoring Plans will be developed and implemented for each major watershed
in the County. The Co-Permittees recognize the efficiencies that can be obtained by preparing Integrated
Watershed Monitoring Plans that address all TMDLs for that watershed. During the process of
developing the Integrated Watershed Monitoring Plans the Co-Permittees would bring together
watershed stakeholders, compile an inventory of existing or pending monitoring efforts, develop a
comprehensive list of monitoring questions to address the identified watershed impairments and design
coordinated monitoring programs. The provisions of the 3rd term permit Monitoring and Reporting
Program and the relevant TMDL monitoring requirements will be incorporated into each Integrated

3 The Council for Watershed Health (Council) has worked with the Wastewater Treatment Plants to prepare
coordinated monitoring plans for the Los Angeles and San Gabriel River watersheds.
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LA Permit Group, proposal for

INTEGRATED WATERSHED MONITORING PLANS, cant.

Watershed Monitoring Plan and the requirement for implementing individual TMDL monitoring plans
would be eliminated once they have been incorporated into the approved Integrated Watershed
Monitoring Plan. The Co-Permittees would need to develop a Memorandum of Understanding to
contract for preparation of the Integrated Watershed Monitoring Plans and Annual Reports.

The Co-Permittees recognize the value of having Integrated Watershed Monitoring Plans to assess the
extent of M54 contribution to TMDL-listed impairments and to design and evaluate BMPs to reduce
those contributions to attain WLAs, but also recognize that the same monitoring data can be used by the
Regional Board to issue Notices of Violation and/or for Third Party lawsuits. Such regulatory and legal
actions would be counterproductive and would obstruct the iterative adaptive process needed to
efficiently and effectively improve water quality, thus the co-permittees request that the M54 Permit
language for Monitoring and TMDLs be written to require Integrated Watershed Monitoring Plans but to
clearly state that so long as a Co-Permittee is carrying out its obligations in implementing measures in
accordance with the provisions of an approved TMDL Implementation Plan and participating in a
cooperative MOA to carry out the Integrated Watershed Monitoring Plans, that during this Permit term
exceedances of Water Quality Standards, TMDL Waste Load Allocations, or Effluent Limits will not
constitute a Permit violation. Integrated Watershed Monitoring Plans approved by the Executive Officer
would supersede previously approved TMDL Monitoring and Reporting Plans.

Permittees that do not want to participate in the Integrated Watershed approach shall develop and/or
utilize existing or future TMDL monitoring plans and schedules. Existing TMDLs should have the option
to be included in the Integrated Watershed approach, and resulting timeframe adjustments, if they so
chose.
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LA Permit Group, proposal for

INTEGRATED WATERSHED MONITORING PLANS, cont.

Watershed Monitoring Plan and the requirement for implementing individual TMDL monitoring plans
would be eliminated once they have been incorporated into the approved Integrated Watershed
Monitoring Plan. The Co-Permittees would need to develop a Memorandum of Understanding to
contract for preparation of the Integrated Watershed Monitoring Plans and Annual Reports.

The Co-Permittees recognize the value of having Integrated Watershed Monitoring Plans to assess the
extent of MS4 contribution to TMDL-Iisted impairments and to design and evaluate BMPs to reduce
those contributions to attain WLAs, but also recognize that the same monitoring data can be used by the
Regional Board to issue Notices of Violation and/or for Third Party lawsuits. Such regulatory and legal
actions would be counterproductive and would obstruct the iterative adaptive process needed to
efficiently and effectively improve water quality, thus the co-permittees request that the MS4 Permit
language for Monitoring and TMDLs be written to require Integrated Watershed Monitoring Plans but to
clearly state that so long as a Co-Permittee is carrying out its obligations in implementing measures in
accordance with the provisions of an approved TMDL Implementation Plan and participating in a
cooperative MOA to carry out the Integrated Watershed Monitoring Plans, that during this Permit term
exceedances of Water Quality Standards, TMDL Waste Load Allocations, or Effluent Limits will not
constitute a Permit violation. Integrated Watershed Monitoring Plans approved by the Executive Officer
would supersede previously approved TMDL Monitoring and Reporting Plans.

Permittees that do not want to participate in the Integrated Watershed approach shall develop and/or
utilize existing or future TMDL monitoring plans and schedules. Existing TMDLs should have the option
to be included in the Integrated Watershed approach, and resulting timeframe adjustments, if they so
chose.
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The Los Angeles Permit Group appreciates the opportunity to provide input to RWQCB staff on the
elements of TMDL WLA incorporation into the MS4 permit as provided in the presentation and handouts
during the workshop on 1/23/12.

The group supports many of the concepts outlined in the presentation, particularly the multiple
methods of demonstrating compliance, which includes the implementation of rigorous implementation
plans using an adaptive management strategy as a method of compliance. However, the group has a
few key concerns with the proposal that we would like to share.

Reasonable Assurance Plan

We request that the Reasonable Assurance Plan (RAP) not be used as the mechanism for identifying the
BMPs that will be used to comply with the TMDL WLAs. Rather, we request that the requirements to
meet TMDL WLAs be incorporated into the Stormwater Quality Management Plan, as described below.

1. Stormwater Quality Management Plans, based on the TMDL implementation plans and other
elements, can be developed with a watershed/sub watershed based or individua’ permittee
approach rather than a “one size fits all” approach.

a. Permittees shall develop a process to evaluate BMPs that will fall under one or more of
the following categories:

i. Operational source control BMPs that prevent contact of pollutants with
rainwater or stormwater runoff;

ii. Runoff reduction BMP5;
iii. Treatment control BMPs where effectiveness information is available;
iv. True source control BMPs that eliminate or greatly reduce a potential pollutant

at the original source pursuant to a legislative or regulatory time schedule; or
v. Research and development for pollutant types where effective BMPs have not

been identified.

b. These categories will be incorporated as part of the Stormwater Quality Management
Plans.

c. Stormwater Quality Management Plans will identify effective BMP5 to be implemented
in an iterative manner to attain the WLA5 based on the design storm.

2. Stormwater Quality Management Plans designed to attain the TMDL WLAs will include:

a. specific, targeted steps scheduled to attain the WLAs through the use of BMPs;
b. specific procedures for evaluating BMP effectiveness; and
c. provisions for special studies if needed.

The Stormwater Quality Management Plans can incorporate BMPs identified in implementation plans to
address the TMDL requirements.
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The Los Angeles Permit Group appreciates the opportunity to provide input to RWQCB staff on the
elements ofTMDL WLA incorporation into the MS4 permit as provided in the presentation and handouts
during the workshop on 1/23/12.

The group supports many of the concepts outlined in the presentation, particularly the multiple
methods of demonstrating compliance, which includes the implementation of rigorous implementation
plans using an adaptive management strategy as a method of compliance. However, the group has a
few key concerns with the proposal that we would like to share.

Reasonable Assurance Plan

We request that the Reasonable Assurance Plan (RAP) not be used as the mechanism for identifying the
BMPs that will be used to comply with the TMDL WLAs. Rather, we request that the requirements to
meet TMDL WLAs be incorporated into the Stormwater Quality Management Plan, as described below.

1. Stormwater Quality Management Plans, based on the TMDL implementation plans and other
elements, can be developed with a watershed/sub watershed based or individual permittee
approach rather than a "one size fits all" approach.

a. Permittees shall develop a process to evaluate BMPs that will fall under one or more of
the following categories:

i. Operational source control BMPs that prevent contact of pollutants with
rainwater or stormwater runoff;

ii. Runoff reduction BMPs;
iii. Treatment control BMPs where effectiveness information is available;
iv. True source control BMPs that eliminate or greatly reduce a potential pollutant

at the original source pursuant to a legislative or regulatory time schedule; or
v. Research and development for pollutant types where effective BMPs have not

been identified.

b. These categories will be incorporated as part of the Stormwater Quality Management
Plans.

c. Stormwater Quality Management Plans will identify effective BMPs to be implemented
in an iterative manner to attain the WLAs based on the design storm.

2. Stormwater Quality Management Plans designed to attain the TMDL WLAs will include:

a. specific, targeted steps scheduled to attain the WLAs through the use of BMPs;
b. specific procedures for evaluating BMP effectiveness; and
c. provisions for special studies if needed.

The Stormwater Quality Management Plans can incorporate BMPs identified in implementation plans to
address the TMDL requirements.
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TMDL Compliance

Our second, and primary concern, is the way in which compliance with TMDL permit provisions is being
discussed. It is our understanding from the presentation, that at the end of a TMDL implementation
schedule, if a permittee is not meeting the numeric values assigned as WLAs in the TMDL, the permittee
will be considered out of compliance with the permit requirements. We have significant concerns with
this approach to developing the permit for a number of reasons.

It is our understanding that this approach would result in the inclusion of numeric effluent limitations as
the mechanism for incorporating the TMDL WLAs. For those TMDLs whose compliance dates have
passed, permittees would be considered in violation of the permit if they are not meeting the numeric
effluent limitations from the moment the permit is effective. If warranted, the Regional Board would
use a Time Schedule Order (TSO) to provide some additional time for coming into compliance. If this is
the proposed approach, in essence, the permittees would be going from complying with the current
permit that includes only a few TMDL requirements to potentially being out of compliance for
requirements that have never been in their permit.

Permittees are planning on taking actions as outlined in the Stormwater Quality Management Plan
above to make significant progress towards improving water quality. However, we have concerns that
requirements being proposed go beyond MEP given the economic and staff resources available to
achieve the WLAs for an unprecedented number of TMDLs being incorporated into this permit. These
concerns are based on a number of factors including but not limited to:

• TMDL5 were developed using inadequate data with the intent that TMDL provisions would be
revised through TMDL reconsiderations and special studies. Most of the TMDL5 have not been
reconsidered.

• Other sources may prevent attainment of standards in the receiving water no matter what
actions are taken by the MS4 permittees.

• Many WLA5 cannot be met within the permit term.
• Regulation of the sources of some pollutants are outside of MS4 permittees control.
• The design storm has not yet been defined and implementation of BMPs to ensure compliance

under all conditions, including extreme storm events, could be extremely costly and technically
infeasible.

Although we recognize that additional requirements and rigor need to be added to the permit to
address TMDLs, we feel that there are straightforward ways to do this that do not represent such a
significant shift in the regulation of stormwater discharges and place dischargers into an untenable
situation of potentially being out of compliance with their permit from the effective date.

To address these concerns, the group would like to propose the following approach for compliance with
TMDL WLAs.

1. Implement TMDL WLA5 as BMP-based water quality based effluent limitations (WQBELs) in the
permit. This is consistent with federal regulations (40 CFR 122.44(d)(1)(vii)(B) which require
inclusion of effluent limits, defined at 40 CFR 122.2 as “any restriction imposed by the Director
on quantities, discharge rates, and concentrations of “pollutants” which are “discharged” from
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TMDL Compliance

Our second, and primary concern, is the way in which compliance with TMDL permit provisions is being
discussed. It is our understanding from the presentation, that at the end of a TMDL implementation
schedule, if a permittee is not meeting the numeric values assigned as WLAs in the TMDL, the permittee
will be considered out of compliance with the permit requirements. We have significant concerns with
this approach to developing the permit for a number of reasons.

It is our understanding that this approach would result in the inclusion of numeric effluent limitations as
the mechanism for incorporating the TMDL WLAs. For those TMDLs whose compliance dates have
passed, permittees would be considered in violation of the permit if they are not meeting the numeric
effluent limitations from the moment the permit is effective. If warranted, the Regional Board would
use a Time Schedule Order (TSO) to provide some additional time for coming into compliance. If this is
the proposed approach, in essence, the permittees would be going from complying with the current
permit that includes only a few TMDL requirements to potentially being out of compliance for
requirements that have never been in their permit.

Permittees are planning on taking actions as outlined in the Stormwater Quality Management Plan
above to make significant progress towards improving water quality. However, we have concerns that
requirements being proposed go beyond MEP given the economic and staff resources available to
achieve the WLAs for an unprecedented number of TMDLs being incorporated into this permit. These
concerns are based on a number of factors including but not limited to:

• TMDLs were developed using inadequate data with the intent that TMDL provisions would be
revised through TMDL reconsiderations and special studies. Most ofthe TMDLs have not been
reconsidered.

• Other sources may prevent attainment of standards in the receiving water no matter what
actions are taken by the MS4 permittees.

• Many WLAs cannot be met within the permit term.
• Regulation of the sources of some pollutants are outside of MS4 permittees control.

• The design storm has not yet been defined and implementation of BMPs to ensure compliance
under all conditions, including extreme storm events, could be extremely costly and technically
infeasible.

Although we recognize that additional requirements and rigor need to be added to the permit to
address TMDLs, we feel that there are straightforward ways to do this that do not represent such a
significant shift in the regulation of stormwater discharges and place dischargers into an untenable
situation of potentially being out of compliance with their permit from the effective date.

To address these concerns, the group would like to propose the following approach for compliance with
TMDLWLAs.

1. Implement TMDL WLAs as BMP-based water quality based effluent limitations (WQBELs) in the
permit. This is consistent with federal regulations (40 CFR 122.44(d)(l)(vii)(B) which require
inclusion of effluent limits, defined at 40 CFR 122.2 as "any restriction imposed by the Director
on quantities, discharge rates, and concentrations of "pollutants" which are "discharged" from
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“point sources”, which are “consistent with the assumptions and requirements of any available
wasteload allocation for the discharge prepared by the State and approved by EPA.”

2. Define BMP-based WQBEL5 as “Implementation of BMP5 included in a Regional Board Executive
Officer approved Stormwater Quality Management Plan. The Stormwater Quality Management
Plan (SQMP) shall describe the proposed BMP5 and the documentation demonstrating that
when implemented, the BMPs are expected to attain the WLA5, and a process for evaluating
BMP effectiveness and implementing additional actions if necessary to meet the TMDL WLAs.”
This is consistent with other recently adopted permits in California and with the requirements as
described in the 1/23/12 RWQCB presentation.

3. Consistent with the four methods for demonstrating compliance with TMDLs as presented in the
1/23/12 RWQCB presentation, a co-permittee which is achieving WLAs at the outfall (or
equivalent point of compliance within the drainage system) or in receiving waters may cease
implementing additional BMPs if appropriate.

4. Violations of the BMP based WQBEL provisions would consist of the following provisions, in
keeping with the 1/23/12 RWQCB presentation:

a. Not submitting the SQMP.
b. Not implementing all elements of the SQMP in accordance with the approved schedule.
c. Not implementing additional BMPs or revising the SQMP per the process outlined in the

SQMP oron schedule.

We can provide example permit language to help expand upon the approach outlined above. We
appreciate your consideration of this approach and would like to meet to discuss these important issues
related to TMDLs.

Additional Comments on the Proposed Text

In addition to the general topics outlined above, we have some concerns about the draft language that
was provided for the TMDL5. First, we request that a non-trash example be provided to allow a better
understanding of how compliance will be determined for constituents that do not have a clear method
of determining compliance outlined in the TMDL. Additionally, we feel that some of the language
proposed is not consistent with the approach outlined in the presentation. We have highlighted the
language of potential concern below.

Part 7. Total Maximum Daily Loads (TMDL5) Provisions

The second bullet states “The Permittees shall comply with the following effluent limitations and/or
receiving water limitations...” This is followed by tables with the numeric WLA5.

We have three concerns with this language:
1. The language implies that the effluent limitations are strictly numeric.
2. The language does not include any reference to how compliance will be determined, with the

exception of the trash TM DL.
3. The language refers to both effluent limitations and receiving water limitations for the Santa

Clara River Bacteria TMDL. We feel this does not accurately reflect the language in the TMDL
and creates confusion related to the receiving water limitations outlined in a separate portion of
the document.
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"point sources"", which are "consistent with the assumptions and requirements of any available
wasteload allocation for the discharge prepared by the State and approved by EPA."

2. Define BMP-based WQBELs as "Implementation of BMPs included in a Regional Board Executive
Officer approved Stormwater Quality Management Plan. The Stormwater Quality Management
Plan (SQMP) shall describe the proposed BMPs and the documentation demonstrating that
when implemented, the BMPs are expected to attain the WLAs, and a process for evaluating
BMP effectiveness and implementing additional actions if necessary to meet the TMDL WLAs."
This is consistent with other recently adopted permits in California and with the requirements as
described in the 1/23/12 RWQCB presentation.

3. Consistent with the four methods for demonstrating compliance with TMDLs as presented in the
1/23/12 RWQCB presentation, a co-permittee which is achieving WLAs at the outfall (or
equivalent point of compliance within the drainage system) or in receiving waters may cease
implementing additional BMPs if appropriate.

4. Violations of the BMP based WQBEL provisions would consist of the following provisions, in
keeping with the 1/23/12 RWQCB presentation:

a. Not submitting the SQMP.
b. Not implementing all elements of the SQMP in accordance with the approved schedule.
c. Not implementing additional BMPs or revising the SQMP per the process outlined in the

SQMP or on schedule.

We can provide example permit language to help expand upon the approach outlined above. We
appreciate your consideration of this approach and would like to meet to discuss these important issues
related to TMDLs.

Additional Comments on the Proposed Text

In addition to the general topics outlined above, we have some concerns about the draft language that
was provided for the TMDLs. First, we request that a non-trash example be provided to allow a better
understanding of how compliance will be determined for constituents that do not have a clear method
of determining compliance outlined in the TMDL. Additionally, we feel that some of the language
proposed is not consistent with the approach outlined in the presentation. We have highlighted the
language of potential concern below.

Part 7. Total Maximum Daily Loads (TMDLs) Provisions

The second bullet states "The Permittees shall comply with the following effluent limitations and/or
receiving water limitations..." This is followed by tables with the numeric WLAs.

We have three concerns with this language:
1. The language implies that the effluent limitations are strictly numeric.
2. The language does not include any reference to how compliance will be determined, with the

exception of the trash TMDL.
3. The language refers to both effluent limitations and receiving water limitations for the Santa

Clara River Bacteria TMDL. We feel this does not accurately reflect the language in the TMDL
and creates confusion related to the receiving water limitations outlined in a separate portion of
the document.
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We feel that these concerns could be addressed through the approach outlined above for incorporation
of TMDL WLAs.

M54 Permit Provisions to Implement Trash TMDLs

We appreciate the incorporation of language to define alternative methods of compliance (i.e. full
capture) and hope to see similar language for other constituents. However, we feel that some minor
language modifications may be necessary to clearly show the linkage and ensure the permit is clear.

In B. (1)(d) Language regarding compliance through an MFAC program is not clearly defined. We feel
that the language should clearly state that the permittee is deemed in compliance through
implementing an approved MFAC program.

In B.(2), the language discussing violations of the permit should reference the previous section where
compliance is defined.

LA Permit Group, Page 11 of 11
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We feel that these concerns could be addressed through the approach outlined above for incorporation
ofTMDL WLAs.

MS4 Permit Provisions to Implement Trash TMDLs

We appreciate the incorporation of language to define alternative methods of compliance (Le. full
capture) and hope to see similar language for other constituents. However, we feel that some minor
language modifications may be necessary to clearly show the linkage and ensure the permit is clear.

In B. (l)(d) Language regarding compliance through an MFAC program is not clearly defined. We feel
that the language should clearly state that the permittee is deemed in compliance through
implementing an approved MFAC program.

In B.(2), the language discussing violations of the permit should reference the previous section where
compliance is defined.
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Renee Purdy VIA EMAIL - rpurdy@waterboards.ca.gov
Regional Program Section Chief
Los Angeles Regional Water Quality Control Board
320 4th Street, Suite 210
Los Angeles, CA 90013

lvar Ridgeway VIA EMAIL - iridqeway@waterboards.ca.gov
Chief, Stormwater Permitting
Los Angeles Regional Water Quality Control Board
320 4th Street, Suite 210
Los Angeles, CA 90013

SUBJECT: Technical Comments on Los Angeles Regional Water Quality Control Board Staff Working Proposals for the
Greater Los Angeles County MS4 Permit (Permit) — Watershed Management Programs, TMDLs and
Receiving Water Limitations

Dear Ms. Purdy and Mr. Ridgeway:

The Los Angeles Permit Group would like to take this opportunity to provide comments on the working proposals for
Watershed Management Programs, Total Maximum Daily Loads, and Receiving Water Limitations. These documents
were posted on the Regional Board website on April 23, 2012. The LA Permit Group appreciates the Regional Board
staff’s effort to develop the next NPDES stormwater permit and their commitment to meet with various stakeholders
including our group. We look forward to continuing the dialogue with the Board staff on this very important permit.
Our highest priorities on the Watershed Management Program, TMDLs and Receiving Water Limitations are:

• Provide additional time to develop the Watershed Management Program to integrate the 32 TMDLs and
prioritize efforts.

• Prior to adopting the Los Angeles M54 NPDES Permit, reopen TMDLs for reconsideration where final compliance
periods have passed and initiate the Basin Plan Amendment process to extend compliance deadlines to
coordinate with the Watershed Management Program and consider substantial amounts of new information
available. While the TMDL reopeners are pending, an affected Permittee would be in compliance through the
implementation of core programs and implementation plans.

• Initiate TMDL reopeners/reconsideration where compliance with a waste load allocation (WLA) is exclusively set
in the receiving water to also include compliance at the outfall, or other end-of-pipe; while the TMDL
reopener is pending, an affected Permittee would be in compliance with the receiving water WLA through the
implementation of core programs and implementation plans.

• Develop Receiving Water Limitation language that supports implementing the Watershed Management
Programs without unnecessary vulnerability.

May 14, 2012

LA PERMIT GROUP
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Renee Purdy
Regional Program Section Chief
Los Angeles Regional Water Quality Control Board
320 4th Street, Suite 210
Los Angeles, CA 90013

Ivar Ridgeway
Chief, Stormwater Permitting
Los Angeles Regional Water Quality Control Board
320 4th Street, Suite 210
Los Angeles, CA 90013

LA PERMIT GROUP

VIA EMAIL -rpurdy@waterboards.ca.gov

VIA EMAIL -iridgeway@waterboards.ca.gov

SUBJECT: Technical Comments on Los Angeles Regional Water Quality Control Board Staff Working Proposals for the
Greater Los Angeles County MS4 Permit (Permit) - Watershed Management Programs, TMDLs and
Receiving Water Limitations

Dear Ms. Purdy and Mr. Ridgeway:

The Los Angeles Permit Group would like to take this opportunity to provide comments on the working proposals for
Watershed Management Programs, Total Maximum Daily Loads, and Receiving Water Limitations. These documents
were posted on the Regional Board website on April 23, 2012. The LA Permit Group appreciates the Regional Board
staffs effort to develop the next NPDES stormwater permit and their commitment to meet with various stakeholders
including our group. We look forward to continuing the dialogue with the Board staff on this very important permit.
Our highest priorities on the Watershed Management Program, TMDLs and Receiving Water Limitations are:

• Provide additional time to develop the Watershed Management Program to integrate the 32 TMDLs and
prioritize efforts.

• Prior to adopting the Los Angeles MS4 NPDES Permit, reopen TMDLs for reconsideration where final compliance
periods have passed and initiate the Basin Plan Amendment process to extend compliance deadlines to
coordinate with the Watershed Management Program and consider substantial amounts of new information
available. While the TMDL reopeners are pending, an affected Permittee would be in compliance through the
implementation of core programs and implementation plans.

• Initiate TMDL reopenersfreconsideration where compliance with a waste load allocation (WLA) is exclusively set
in the receiving water to also include compliance at the outfall, or other end-of-pipe; while the TMDL
reopener is pending, an affected Permittee would be in compliance with the receiving water WLA through the
implementation of core programs and implementation plans.

• Develop Receiving Water Limitation language that supports implementing the Watershed Management
Programs without unnecessary vulnerability.
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• All compliance points (interim WLA, milestones, and final WLA) for all TMDLs should allow for compliance
timelines and actions consistent with the Watershed Management Programs that will be developed, rather than
with strict numeric limits to determine compliance.

As noted in discussions with you, the LA Permit Group requested additional time to review the working proposals
presented at the May 3, 2012 Regional Board Workshop. Given the brief comment deadline, there are significant,
additional concerns that could not be fully explored or analyzed. Prior to issuing a tentative order, a complete
administrative draft is needed to provided stakeholders (with a minimum 30 day review period) to allow the permittees
to fully see how the various provisions of the permit will work together in order to gain a holistic view of the permit. This
is essential in order to address the unprecedented policies and actions anticipated in the Los Angeles MS4 NPDES
Permit.

These topics are further highlighted below. Detailed comments are attached for each Watershed Management Program,
Receiving Water Limitations and TMDLS.

Watershed Management Programs

Overall, the LA Permit Group supports the Regional Board’s proposed approach to address high priority water quality
issues through the development and implementation of a watershed management program. We believe the working
proposal provides sufficient detail to guide the development of the programs without being overly prescriptive and
constraining. However, one of our biggest concerns with the working proposal is the proposed timeline for developing
the watershed management programs. As noted in the working proposals and the workshop, municipalities would have
only one year to develop a comprehensive watershed management program. This is insufficient time to organize the
watershed cities and other agencies, develop cooperative agreements, initiate the studies, calibrate the data, draft the
plans, and obtain necessary approvals from political bodies. As a comparison, the City of Torrance required two years
to prepare a comprehensive water quality plan that addressed a suite of TMDLs, similar to what is being considered in
the watershed management program. The permit should provide that the time schedule for submittal of the Draft Plan
be 24 months after permit adoption.

We also offer the following comments regarding the watershed management program (our line item by line item review
and comments are attached):

• The working proposal seems to be silent on the critical issue of sources of pollutants outside the authority of
MS4 permittees (e. g. aerial deposition, upstream contributions, discharges allowed by another NPDES
permit, etc.). We request that permittees be allowed to demonstrate that some sources are outside the
permittee’s control.

• Reasonable assurance necessitates closer integration with TMDL and storm water monitoring programs.
Currently the working proposal does not provide a sufficient tie-in between the monitoring and the
watershed program. This lack of tie-in was acknowledged in the workshop by Board staff. It is expected
that this tie-in will be addressed once the monitoring provisions are drafted.

• The watershed plan is obviously tied closely with the TMDLs which is reasonable and constructive. But we
would suggest that staff broaden the definition of water quality issues to consider protection of and impacts
to existing ecosystems in the analysis.

• More careful consideration should be given to the frequency and extent of the reporting and adaptive
management assessments. The current proposal results in a significant annual effort and the LA Permit
Group members question the value of such an effort. Current reporting appears to overwhelm state staff
resources without providing the state with usable feedback on the significant efforts about our programs.
We believe that the reporting can be streamlined and that the jurisdictional and watershed reporting should
be combined.

LA Permit Group Comments to Los Angeles Regional Board
TMDL, RWL, and Watershed Working Proposal

Page 2 ofa

• All compliance points (interim WLA, milestones, and final WLA) for all TMDls should allow for compliance
timelines and actions consistent with the Watershed Management Programs that will be developed, rather than
with strict numeric limits to determine compliance.

As noted in discussions with you, the LA Permit Group requested additional time to review the working proposals
presented at the May 3, 2012 Regional Board Workshop. Given the brief comment deadline, there are significant,
additional concerns that could not be fully explored or analyzed. Prior to issuing a tentative order, a complete
administrative draft is needed to provided stakeholders (with a minimum 30 day review period) to allow the permittees
to fully see how the various provisions of the permit will work together in order to gain a holistic view of the permit. This
is essential in order to address the unprecedented policies and actions anticipated in the Los Angeles MS4 NPDES
Permit.

These topics are further highlighted below. Detailed comments are attached for each Watershed Management Program,
Receiving Water limitations and TMDls.

Watershed Management Programs

Overall, the LA Permit Group supports the Regional Board's proposed approach to address high priority water quality
issues through the development and implementation of a watershed management program. We believe the working
proposal provides sufficient detail to guide the development of the programs without being overly prescriptive and
constraining. However, one of our biggest concerns with the working proposal is the proposed timeline for developing
the watershed management programs. As noted in the working proposals and the workshop, municipalities would have
only one year to develop a comprehensive watershed management program. This is insufficient time to organize the
watershed cities and other agencies, develop cooperative agreements, initiate the studies, calibrate the data, draft the
plans, and obtain necessary approvals from political bodies. As a comparison, the City of Torrance required two years
to prepare a comprehensive water quality plan that addressed a suite of TMDls, similar to what is being considered in
the watershed management program. The permit should provide that the time schedule for submittal of the Draft Plan
be 24 months after permit adoption.

We also offer the following comments regarding the watershed management program (our line item by line item review
and comments are attached):

• The working proposal seems to be silent on the critical issue of sources of pollutants outside the authority of
MS4 permittees (e. g. aerial deposition, upstream contributions, discharges allowed by another NPDES
permit, etc.). We request that permittees be allowed to demonstrate that some sources are outside the
permittee's control.

• Reasonable assurance necessitates closer integration with TMDL and storm water monitoring programs.
Currently the working proposal does not provide a sufficient tie-in between the monitoring and the
watershed program. This lack of tie-in was acknowledged in the workshop by Board staff. It is expected
that this tie-in will be addressed once the monitoring provisions are drafted.

• The watershed plan is obviously tied closely with the TMDLs which is reasonable and constructive. But we
would suggest that staff broaden the definition of water quality issues to consider protection of and impacts
to existing ecosystems in the analysis.

• More careful consideration should be given to the frequency and extent of the reporting and adaptive
management assessments. The current proposal results in a significant annual effort and the LA Permit
Group members question the value of such an effort. Current reporting appears to overwhelm state staff
resources without providing the state with usable feedback on the significant efforts about our programs.
We believe that the reporting can be streamlined and that the jurisdictional and watershed reporting should
be combined.

RB-AR13735



LA Permit Group Comments to Los Angeles Regional Board
TM DL, RWL, and Watershed Working Proposal

Page 3 of 8

• It is unclear how program implementation and TMDL compliance will be handled during the interim period
before development of the watershed management program. For those entities that choose todevelop a
watershed management program, the LA Permit Group requests that current, significant efforts in our
existing programs and implementation plans be allowed to continue while we evaluate new MCMs as part of
the watershed management program.

• Consideration of the technical and financial feasibility of complying with water quality standards should be
included in the watershed management program.

Total Maximum Daily Loads

Of critical importance to this permit and to water quality is the incorporation of TMDLs into the NPDES permit. This
NPDES permit proposes to incorporate more TMDL5 than any other permit in California issued to date. As a result, the
manner in which the TMDL5 are incorporated into the permit is a critical issue for the LA Permit Group and will likely set
a significant precedent for all future MS4 permits.

The rate of development of TMDLs in the Los Angeles Region was unparalleled in California, and likely the nation. A
settlement agreement necessitated the much accelerated time schedule for these TMDLs. The TMDLs were developed
based on the information available at the time, not the best information to identify or solve the problem. As a result,
the sophistication of the TMDLs vary widely, meaning that not all TMDLs are created equal regarding knowledge of the
pollutant sources, confidence in the technical analysis, availability of control measures sufficient to address the pollutant
targets, etc. Additionally, the majority of the TMDL5 were developed with the understanding that monitoring, special
studies, and other information would be gathered during the early years of the TMDL implementation to refine the
TMDL5. As such, many MS4 dischargers were told during TMDL adoption that any concerns they may have over
inaccuracies in the TMDL analysis would be addressed through a TMDL reopener. The proposed method of
incorporating TMDL WLAs, as outlined in the working proposal, does not effectively allow for addressing this phased
method of implementing TMDLs, nor does it recognize the time, effort and complexities involved in addressing MS4
discharges, and it places municipalities into immediate compliance risk for permit requirements that have never been
incorporated into the MS4 permit previously.

We recognize and appreciate that TMDL5 must be incorporated in such a way as to require action to improve water
quality. However, the permit should recognize the articulated goal of many of the TMDLs to be adaptive management
documents and consider the challenges of trying to address the non-point nature of stormwater. As such, it is
imperative to have flexibility in selecting an approach to address the TMDLs and the time frame by which to implement
the approach.

Regional Board staff is making three significant policy decisions with regards to incorporating TMDL5 into this permit
that the LA Permit Group would like staff to reconsider:

1. The inclusion of numeric effluent limitations for final TMDL WLA5.
2. The use of time schedule orders to address Regional Board adopted TMDLs for which the compliance points

have passed.
3. The use of time schedule orders for EPA adopted TMDLs with no implementation plans.

The first policy decision of concern is the incorporation of final WLAs solely as numeric effluent limitations in the
proposed permit language. Although staff has discretion to include numeric limits, it is not required and the use of
numeric limits results in contradictions and compliance inconsistencies with the rest of the permit requirements. Court
decisions (See Defenders of Wildlife v. Browner, 191 F.3d 1159, 1166-1167 (9th Cir. 1999)’ ), State Board orders (Order

‘See also California Regional Water Quality Control Board San Diego Region - Fact Sheet /Technical Report For Order No. R9-2010-0016 I NPDES
NO. CAS0108766.
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• It is unclear how program implementation and TMDl compliance will be handled during the interim period
before development of the watershed management program. For those entities that choose todevelop a
watershed management program, the LA Permit Group requests that current, significant efforts in our
existing programs and implementation plans be allowed to continue while we evaluate new MCMs as part of
the watershed management program.

• Consideration of the technical and financial feasibility of complying with water quality standards should be
included in the watershed management program.

Total Maximum Daily Loads

Of critical importance to this permit and to water quality is the incorporation of TMDls into the NPDES permit. This
NPDES permit proposes to incorporate more TMDls than any other permit in California issued to date. As a result, the
manner in which the TMDls are incorporated into the permit is a critical issue for the LA Permit Group and will likely set
a significant precedent for all future MS4 permits.

The rate of development of TMDls in the los Angeles Region was unparalleled in California, and likely the nation. A
settlement agreement necessitated the much accelerated time schedule for these TMDls. The TMDls were developed
based on the information available at the time, not the best information to identify or solve the problem. As a result,
the sophistication of the TMDls vary widely, meaning that not all TMDls are created equal regarding knowledge of the
pollutant sources, confidence in the technical analysis, availability of control measures sufficient to address the pollutant
targets, etc. Additionally, the majority of the TMDls were developed with the understan~ing that monitoring, special
studies, and other information would be gathered during the early years of the TMDl implementation to refine the
TMDls. As such, many MS4 dischargers were told during TMDl adoption that any concerns they may have over
inaccuracies in the TMDl analysis would be addressed through a TMDl reopener. The proposed method of
incorporating TMDl WLAs, as outlined in the working proposal, does not effectively allow for addressing this phased
method of implementing TMDls, nor does it recognize the time, effort and complexities involved in addressing MS4
discharges, and it places municipalities into immediate compliance risk for permit requirements that have never been
incorporated into the MS4 permit previously.

We recognize and appreciate that TMDls must be incorporated in such a way as to require action to improve water
quality. However, the permit should recognize the articulated goal of many of the TMDls to be adaptive management
documents and consider the challenges of trying to address the non-point nature of stormwater. As such, it is
imperative to have flexibility in selecting an approach to address the TMDls and the time frame by which to implement
the approach.

Regional Board staff is making three significant policy decisions with regards to incorporating TMDls into this permit
that the LA Permit Group would like staff to reconsider:

1. The inclusion of numeric effluent limitations for final TMDl WLAs.
2. The use of time schedule orders to address Regional Board adopted TMDls for which the compliance points

have passed.
3. The use of time schedule orders for EPA adopted TMDls with no implementation plans.

The first policy decision of concern is the incorporation of final WLAs solely as numeric effluent limitations in the
proposed permit language. Although staff has discretion to include numeric limits, it is not required and the use of
numeric limits results in contradictions and compliance inconsistencies with the rest of the permit requirements. Court
decisions (See Defenders of Wildlife v. Browner, 191 F.3d 1159, 1166-1167 (9th Cir. 1999)1 ), State Board orders (Order

1 See also California Regional Water Quality Control Board San Diego Region - Fact Sheet / Technical Report For Order No. R9-2010-0016 / NPDES
NO. CAS0108766.
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WQ 2009-0008, In the Matter of the Petition of County of Los Angeles and Los Angeles County Flood Control District, at
p. 10)2 have affirmed that WLA5 can be incorporated as non-numeric effluent limitations. Under 40 CFR Section 122.44
(k), the Regional Board may impose BMPs for control of storm water discharges in lieu of numeric effluent limitations
when numeric limits are infeasible. It states that best management practices may be used to control or abate the
discharge of pollutants when numeric effluent limitations are infeasible. In 2006, the Blue Ribbon Panel made
recommendations to the State Water Resources Control Board concluding that it was not feasible to incorporate
numeric limits into permits to regulate storm water, and at best there could be some action level, but not numeric waste
load allocations. Very little has changed in the technology and the feasibility of controlling storm water pollutants since
2006. What has changed is that a legally compelled, long list of TMDLs has been adopted in the LA Region in a very short
time period.

Additionally, during the May 3, 2012 MS4 Permit workshop, Regional Board staff seemed to indicate that the basis for
incorporating the final WLA5 as numeric effluent limitations is EPA’s 2010 memorandum pertaining to the incorporation
of TMDL WLA5 in NPDES permits3. This memorandum (which is currently being reconsidered by U.S. EPA) states that
“EPA recommends that, where feasible, the NPDES permitting authority exercise its discretion to include numeric
effluent limitations as necessary to meet water quality standards” (emphasis added). This statement highlights the basic
principle that the Regional Board has discretion in how the WLAs are incorporated into the MS4 Permit. Regional Board
staff commented during the workshop that staff have evaluated data and have determined numeric effluent limitations
are now feasible. However, no information refuting the Blue Ribbon Panel report recommendations has been provided
that demonstrates how the appropriateness of using strict numeric limits was determined and why these limits are
considered feasible now even though historically both EPA and the State have made findings that developing numeric
limits was likely to be infeasible4.

Given the discretion available to Regional Board staff and the variability among the TMDLs with respect to
understanding of the pollutant sources, confidence in the technical analysis, and availability of control measures
sufficient to address the pollutant targets, it is critical to use non-numeric water quality based effluent limitations for
both interim and final WIAs in this iermit. The proposed Watershed Management Program will require quantitative
analysis to select actions that will be taken to achieve TMDL WLA5. For the entire length of the TMDL compliance
schedule, permittees will be required to demonstrate compliance with interim WLAs by implementing actions that they
have estimated to the best of their knowledge will result in achieving the WLAs and water quality standards.
Additionally, permittees will be held responsible for compliance with actions to meet the core program requirements of
the permit. However, unless final WLA5 are also expressed in this permit as action-based water quality based effluent
limitations, and if instead strict numeric limits are required for final WLAs, then, at the specified final compliance date,
no matter how much the permittee has done, no matter how much money has been spent, no matter how close to
complying with the numeric values, and no matter what other information has been developed and submitted to the
Regional Board, the permittee will be considered out of compliance with the permit requirements. And because of the
structure established in this permit, the Regional Board staff will have to consider all permittees in this situation as being
out of compliance with the permit provisions if the strict numeric limits have not been met, regardless of the actions

2 “lilt is our intent that federally mandated TMDLs be given substantive effect. Doing so can improve the efficacy of California’s NPDES storm water
permits. This is not to say that a wasteload allocation will result in numeric effluent limitations for municipal storm water dischargers. Whether
future municipal storm water permit requirement appropriately implements a storm water wasteload allocation will need to be decided on the
regional water quality control board’s findings supporting either the numeric or non-numeric effluent imitations contained in the permit.” (Order
WQ 2009-0008, In the Matter of the Petition of County of Los Angeles and Los Angeles County Flood Control District, at p. 10 (emphasis added).)

.5. EPA, Revisions to the November 22, 2002 Memorandum “Establishing Total Maximum Daily Load (TMDL) Wasteload Allacations (WLA5) far
Storm Water Sources and NPDES Permit Requirements Based on Those WLAs, Memorandum from U.S. EPA Director, Office of Wastewater
Management James A. Hanlon and U.S. EPA Director, Office of Wetlands, Oceans, and Watershed Denise Keehner (Nov. 10, 2010).

Storm Water Panel Recommendations to the California State Water Resources Control Board “The Feasibility of Numeric Effluent Limits
Applicable to Discharges of Storm Water Associated with Municipal, Industrial and Construction Activities. June 19, 2006.
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WQ 2009-0008, In the Matter of the Petition of County of Los Angeles and Los Angeles County Flood Control District, at
p. 10)2 have affirmed that WLAs can be incorporated as non-numeric effluent limitations. Under 40 CFR Section 122.44
(k), the Regional Board may impose BMPs for control of storm water discharges in lieu of numeric effluent limitations
when numeric limits are infeasible. It states that best management practices may be used to control or abate the
discharge of pollutants when numeric effluent limitations are infeasible. In 2006, the Blue Ribbon Panel made
recommendations to the State Water Resources Control Board concluding that it was not feasible to incorporate
numeric limits into permits to regulate storm water, and at best there could be some action level, but not numeric waste
load allocations. Very little has changed in the technology and the feasibility of controlling storm water pollutants since
2006. What has changed is that a legally compelled, long list of TMDLs has been adopted in the LA Region in a very short
time period.

Additionally, during the May 3, 2012 MS4 Permit workshop, Regional Board staff seemed to indicate that the basis for
incorporating the final WLAs as numeric effluent limitations is EPA's 2010 memorandum pertaining to the incorporation
of TMDL WLAs in NPDES permits3

• This memorandum (which is currently being reconsidered by U.S. EPA) states that
"EPA recommends that, where feasible, the NPDES permitting authority exercise its discretion to include numeric
effluent limitations as necessary to meet water quality standards" (emphasis added). This statement highlights the basic
principle that the Regional Board has discretion in how the WLAs are incorporated into the MS4 Permit. Regional Board
staff commented during the workshop that staff have evaluated data and have determined numeric effluent limitations
are now feasible. However, no information refuting the Blue Ribbon Panel report recommendations has been provided
that demonstrates how the appropriateness of using strict numeric limits was determined and why these limits are
considered feasible now even though historically both EPA and the State have made findings that developing numeric
limits was likely to be infeasible4

•

Given the discretion available to Regional Board staff and the variability among the TMDLs with respect to
understanding of the pollutant sources, confidence in the technical analysis, and availability of control measures
sufficient to address the pollutant targets, it is critical to use non-numeric water quality based effluent limitations for
both interim and final WLAs in this permit. The proposed Watershed Management Program will require quantitative
analysis to select actions that will be taken to achieve TMDL WLAs. For the entire length of the TMDL compliance
schedule, permittees will be required to demonstrate compliance with interim WLAs by implementing actions that they
have estimated to the best of their knowledge will result in achieving the WLAs and water quality standards.
Additionally, permittees will be held responsible for compliance with actions to meet the core program requirements of
the permit. However, unless final WLAs are also expressed in this permit as action-based water quality based effluent
limitations, and if instead strict numeric limits are required for final WLAs, then, at the specified final compliance date,
no matter how much the permittee has done, no matter how much money has been spent, no matter how close to
complying with the numeric values, and no matter what other information has been developed and submitted to the
Regional Board, the permittee will be considered out of compliance with the permit requirements. And because of the
structure established in this permit, the Regional Board staff will have to consider all permittees in this situation as being
out of compliance with the permit provisions if the strict numeric limits have not been met, regardless of the actions

2 "[i)t is our intent that federally mandated TMDLs be given substantive effect. Doing so can improve the efficacy of California's NPDES storm water

permits. This is not to say that a wasteload allocation will result in numeric effluent limitations for municipal storm water dischargers. Whether

future municipal storm water permit requirement appropriately implements a storm water wasteload allocation will need to be decided on the

regional water quality control board's findings supporting either the numeric or non-numeric effluent limitations contained in the permit." (Order

WQ 2009-0008, In the Matter of the Petition of County of Los Angeles and Los Angeles County Flood Control District, at p. 10 (emphasis added).)

3U.S. EPA, Revisions to the November 22, 2002 Memorandum "Estoblishing Total Maximum Daily Load (TMDL) Wastelood Allocations (WLAs) for
Storm Water Sources and NPDES Permit ReqUirements Based on Those WLAs, Memorandum from U.S. EPA Director, Office of Wastewater
Management James A. Hanlon and U.S. EPA Director, Office of Wetlands, Oceans, and Watershed Denise Keehner (Nov. 10, 2010).

4 Storm Water Panel Recommendations to the California State Water Resources Control Board ''The Feasibility of Numeric Effluent Limits
Applicable to Discharges of Storm Water Associated with Municipal, Industrial and Construction Activities. June 19, 2006.
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taken previously. This approach is inconsistent with the goals of good public policy, fair enforcement and fiscal
responsibility.

To address this issue, the LA Permit Group recommends that:

• WLA5 be translated into WQBELs, expressed as BMPs and that implementation of the BMPs will place the
permittee into compliance with the MS4 Permit

• The WLAs be included as specific actions (BMP5) that will be designed to achieve the WLA5
• Include language that states that compliance with the TMDLs can be achieved through implementing BMPs

defined in the watershed management plan

The second major policy decision of concern is the use of Time Schedule Orders for Regional Board adopted TMDLs for
which the compliance date has already occurred prior to the approval of the NPDES permit. The ideal phased TMDL
implementation process whereby dischargers can collect information, submit it to the Regional Board, and obtain
revisions to the TMDL requirements to address data gaps and uncertainties has not occurred. As evidenced by the
number of overdue permits, the workload commitments of Regional Board staff are significant and TMDL reopeners
seldom occur. Because the majority of the TMDLs have not been incorporated into permit requirements until now, MS4
permittees have been put in the position of trying to comply with TMDL requirements without knowing how compliance
with those TMDL5 would be determined and without knowing when or if promised considerations of modifications to
the TMDL would occur. And now, they are expected to be in immediate compliance with new permit provisions which
differ from most precedent and guidance regarding incorporation of TMDLs into MS4 permits, regardless of what actions
they have taken to try and meet the TMDL requirements. This is neither fair nor consistent.

The LA Permit Group strongly believes that the adaptive management approach envisioned during TMDL development,
whereby TMDL reopeners are used to consider new monitoring data and other technical information to modify the
TMDLs, including TMDL schedules as appropriate, is the most straightforward way to address past due TMDLs. Some of
the past due TMDLs are currently being considered for modifications and Regional Board staff should use this
opportunity to adjust the implementation timelines to reflect the practical and financial reality faced by municipalities.
There is no reason why the reopeners cannot reflect information gathered during the implementation period, including
information that may be considered in developing the Time Schedule Orders in the future, to selectively modify time
schedules in the TMDL5. Additionally, the permit should reflect any modifications to the TMDL schedules made through
the reopener process, either through a delay in the issuance of the permit until the modified TMDLs become effective,
or by using your discretion to establish a specific compliance process for these TMDLs in the permit. Providing for
compliance with these TMDL5 through implementation of BMP5 defined in the watershed management plans as we
have requested for all other TMDLs is a feasible, fair and consistent way to achieve this goal.

The third policy decision of concern is the manner in which EPA adopted TMDLs are being incorporated into the permit.
The draft proposal requires immediate compliance with EPA TMDL targets. The effect of this approach is to put M54
dischargers immediately out of compliance for TMDLs that may have only been adopted in March 2012. However, the
Regional Board has the discretion to include a compliance schedule in the permit for EPA adopted TMDLs should they so
choose. Federal law does not prohibit the use of an implementation schedule when incorporating EPA adopted TMDLs
into MS4 permits. Additionally, State law may be interpreted to require the development of an implementation plan
prior to incorporation of EPA adopted TMDLs into permits. Accordingly, the LA Permit Group recommends that the
working proposal be modified to include compliance schedules for EPA adopted TMDLs in the permit.
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implementation process whereby dischargers can collect information, submit it to the Regional Board, and obtain
revisions to the TMDl requirements to address data gaps and uncertainties has not occurred. As evidenced by the
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differ from most precedent and guidance regarding incorporation of TMDls into MS4 permits, regardless of what actions
they have taken to try and meet the TMDl requirements. This is neither fair nor consistent.

The LA Permit Group strongly believes that the adaptive management approach envisioned during TMDl development,
whereby TMDl reopeners are used to consider new monitoring data and other technical information to modify the
TMDls, including TMDl schedules as appropriate, is the most straightforward way to address past due TMDls. Some of
the past due TMDls are currently being considered for modifications and Regional Board staff should use this
opportunity to adjust the implementation timelines to reflect the practical and financial reality faced by municipalities.
There is no reason why the reopeners cannot reflect information gathered during the implementation period, including
information that may be considered in developing the Time Schedule Orders in the future, to selectively modify time
schedules in the TMDls. Additionally, the permit should reflect any modifications to the TMDl schedules made through
the reopener process, either through a delay in the issuance of the permit until the modified TMDLs become effective,
or by using your discretion to establish a specific compliance process for these TMDls in the permit. Providing for
compliance with these TMDls through implementation of BMPs defined in the watershed management plans as we
have requested for all other TMDls is a feasible, fair and consistent way to achieve this goal.

The third policy decision of concern is the manner in which EPA adopted TMDls are being incorporated into the permit.
The draft proposal requires immediate compliance with EPA TMDl targets. The effect of this approach is to put MS4
dischargers immediately out of compliance for TMDls that may have only been adopted in March 2012. However, the
Regional Board has the discretion to include a compliance schedule in the permit for EPA adopted TMDls should they so
choose. Federal law does not prohibit the use of an implementation schedule when incorporating EPA adopted TMDLs
into MS4 permits. Additionally, State law may be interpreted to require the development of an implementation plan
prior to incorporation of EPA adopted TMDls into permits. Accordingly, the LA Permit Group recommends that the
working proposal be modified to include compliance schedules for EPA adopted TMDls in the permit.
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Receiving Water Limitations

The proposed Receiving Water Limitations (RWL) language creates a liability to the municipalities that we believe is
unnecessary and counterproductive. The proposed language for the receiving water limitations provision is almost
identical to the language that was litigated in the 2001 permit. On July 13, 2011, the United States Court of Appeals for
the Ninth Circuit issued an opinion in Natural Resources Defense Council, Inc., et al., v. County of Los Angeles, Los
Angeles County Flood Control District, et al.5 (NRDC v. County of LA) that determined that a municipality is liable for
permit violations if its discharges cause or contribute to an exceedance of a water quality standard.

In light of the 9th Circuit’s decision and based on the significant monitoring efforts being conducted by other municipal
stormwater entities, municipal stormwater permittees will now be considered to be in non-compliance with their NPDES
permits. Accordingly, municipal stormwater permittees will be exposed to considerable vulnerability, even though
municipalities have little control over the sources of pollutants that create the vulnerability. Fundamentally, the
proposed language again exposes the municipalities to enforcement action (and third party law suits) even when the
municipality is engaged in an adaptive management approach to address the exceedance.

The LA Permit Group would like to more fully address Board Member Glickfeld’s question raised at the May 3rd
workshop about how RWL language as currently written puts cities in immediate non compliance, either individually or
collectively. As written, TMDLs as well as water quality standards in the basin plan would have to be specifically met as
soon as this permit is adopted. Many of the adopted TMDL5 include language that cities are jointly and severably liable
for compliance.

While the Regional Board staff has noted that enforcement action is unlikely if the permittees are implementing the
iterative process, the reality is that municipalities are immediately vulnerable to third party lawsuits as well as
enforcement action by Regional Board staff. In the Santa Monica Bay, cities were sent Notices of Violation that, in
essence, stated that all cities in the watershed were guilty until they proved their innocence when receiving water
violations were found, in some cases miles away. The “cause and contribute” language was quoted prominently in those
NOVs as justification for why the Regional Board could take such action. As another case in point the City of Stockton
was sued by a third party for violations of the cause/contribute prohibition even though the City was implementing a
comprehensive iterative process with specific pollutant load reduction plans. Cities will have no warning or time to react
to any water quality exceedances, but still be vulnerable to third party lawsuits even when cities are diligently working
to address the pollutants of concern. This will be disastrous public policy, creating a chilling affect on productive storm
water programs.

It is not fair and consistent enforcement to put cities in a vulnerable situation to be determined out of compliance with
water quality standards in the basin plan without time to develop a plan of action, develop source identification, and
implement a plan to address the concern. With the very recent legal interpretation that fundamentally changes how
these permits have been traditionally implemented, please understand that adjusting the Receiving Water Limitations
language is a critical issue. Again, the receiving water limitation language must be modified to allow for the integrated
approach to address numerous TMDLs within the watershed based program to solve prioritized water quality problems
in a systematic way. This is a fair and focused method to enforce water quality standards.

The receiving water limitation provision as crafted in the contested 2001 Los Angeles permit is unique to California.
Recent USEPA developed permits (e.g. Washington D.C.) do not contain similar limitations. Thus, we would submit that
the decision to include such a provision and the structure of the provision is a State defined requirement and therefore
an opportunity exists for the Regional and State Boards to reaffirm the iterative process as the preferred approach for
long term water quality improvement.

No. 10-56017, 2011 U.S. App. LEXIS 14443, at *1 (9th Cir., July 13, 2011).
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5 No. 10-56017, 2011 U.S. App. LEXIS 14443, at *1 (9th Cir., July 13, 2011).
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Beyond the legal/liability aspect of the receiving water limitations we would submit that in a practical sense the RWL
works against the Watershed Management Program proposal. On the one hand the municipalities will develop
watershed management programs that are based on the high priority water quality issues within the watershed.
Consistent with the working proposal for the watershed management programs we would expect the focus to be on
TMDLs and the pollutants associated with those TMDLs. However, under the current RWL working proposal the
municipality will need to direct their resources to any and all pollutants that may cause or contribute to exceedances of
water quality standards. Based on a review of other municipal outfall monitoring results in the State there may be
occasional exceedances of other non-TMDL pollutants (e.g. aluminum, iron, etc.). These exceedances may only occur
once every 10 storms but according to the current RWL proposal, the municipalities must also address these
exceedances with the same priority as the TMDL pollutants. The LA Permit Group views this as unreasonable and
ineffective use of limited municipal resources.

The RWL language is a critical issue for municipalities statewide and has been highlighted to the State Water Resources
Control Board for consideration. Currently the State Board is considering a range of alternatives to create a basis for
compliance that provides sufficient rigor in the iterative process to ensure diligent progress in complying with water
quality standards but at the same time allows the municipality to operate in good faith with the iterative process
without fear of unwarranted third party action. It is imperative that the Regional Board works with the State Board on
this very important issue.

As previously discussed at the May 3rd workshop, and requested by many Board Members, the economic implications of
the many proposed permit requirements are of critical importance. The LA Permit Group will be providing the requested
information in a subsequent submittal shortly. However, the short timeframe for commenting on these working
proposals has precluded us from assembling the information before the comment deadline on May 14, 2012.

In closing, we thank you for the opportunity to comment on the working proposals and we look forward to meeting with
you to discuss our comments and to explore alternative approaches. Furthermore we respectively request that that the
Board provide a complete administrative draft of the Permit to stakeholders prior to the public issuance of the Tentative
Order. Overall, the comment deadline was too short to address all the potential issues and concerns with the Watershed
Management Program, TMDLs, and Receiving Water Limitation sections and that there are significant, additional
concerns that could not be fully explored or analyzed given the comment deadline. Thus it important to review the
entire draft permit to better understand the relationship among the various provisions; this is especially true for the
monitoring provision and its relationship to the watershed management program. We strongly encourage you to use
your discretion on these matters to make the adjustments requested. Please feel free to contact me at (626) 932-5577 if
you have any questions regarding our comments.

Sinrely,

Heat er M. Malbney, Chair
LA Permit Group

Attachment A: Detailed Comments on the Regional Board Staff Working Proposal for the Greater Los Angeles County
MS4 Permit RWL, Watershed Management Program and TMDLs

cc: Sam Unger, LARWQCB
Deb Smith, LARWQ.CB
Board Member Maria Mehranian (Chair), LARWQCB
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Document Name:

Comment Doc. 
Reference Comments Author Response

No. Page Section Rvwr 
(optional)

1 5 B.1.c.(2)

Santa Monica Bay Beaches Bacteria TMDL (SMBBB TMDL) is currently being 
reconsidered.  As part of that reconsideration the summer dry weather targets 
must be revised to be consistent with the reference beach/anti-degradation 
approach established for the SMBBB TMDL and with the extensive data 
collected over that past seven years since original adoption of the SMBBB 
TMDL.  This data clearly shows that natural and non-point sources result in 
10% exceedances during dry weather.  Data collected at the reference beach 
since adoption of the TMDL, as tabulated in Table 3 of the staff report of the 
proposed revisions to the Basin Plan Amendment, demonstrate that natural 
conditions associated with freshwater outlets from undeveloped watersheds 
result in exceedances of the single sample bacteria objectives during both 
summer and winter dry weather on approximately 10% of the days sampled.  

1 5 B.1.c.(2)

Thus the previous Source Analysis in the Basin Plan Amendment adopted by 
Resolution No. 02-004 which stated that “historical monitoring data from the 
reference beach indicate no exceedances of the single sample targets during 
summer dry weather and on average only three percent exceedance during 
winter dry weather” was incorrect and based on a data set not located at the 
point zero compliance location.   Continued allocation of zero summer dry 
weather exceedances in the proposed Basin Plan Amendment is in direct 
conflict with the stated intent to utilize the reference beach/anti-degradation 
approach and ignores the scientifically demonstrated reality of natural causes 
and non-point sources of indicator bacteria exceedances.  

1 5 B.1.c.(2)

  Continued use of the zero summer dry weather exceedance level will make 
compliance the SMBBB TMDL impossible for the Jurisdictional agencies.  This 
is also in conflict with the intent of the Regional board as expressed in finding 
21 of Resolution 2002-022 “that it is not the intent of the Regional Board to 
require treatment or diversion of natural coastal creeks or to require treatment 
of natural sources of bacteria from undeveloped areas”. 

TMDL Working Proposal  - April 23 2012

Agency/Reviewer: LA Stormwater Permit Group
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2 B.1.

The SMBBB TMDL Coordinated Shoreline Monitoring Plan (CSMP)was 
approved by the Regional Board staff and that CSMP should be incorporated 
into the TMDL monitoring requirements of the next MS4 Permit. The CSMP 
established that compliance monitoring would be conducted on a weekly 
basis, and although some monitoring sites are being monitored on additional 
days of the week, none of the sites are monitored seven days per week, thus it 
is highly confusing and misleading to refer to “daily monitoring". The CSMP 
established that compliance monitoring would be conducted on a weekly 
basis, and although some monitoring sites are being monitored on additional 
days of the week, none of the sites are monitored seven days per week.

3 B.1.

The SMBBB TMDL is currently being reconsidered at a hearing scheduled for 
June 7, 2012.  The 4th term MS4 Permit should incorporate the revised waste 
load allocations which are to be adopted at that hearing, rather than the 
previous basin plan amendments.

4 5 B.1.c.(3)

Description of SMB 5-5 under Beach Monitoring Location is incorrect (and 
seems to have been switched with the description of SMB 5-3).  SMB 5-5 is a 
historic monitoring location "50 yards south of the Hermosa Pier" as described 
in the adopted basin plan amendment and in the Regional Board approved 
Coordinated Shoreline Monitoring Plan. Whereas SMB 5-3 has been relocated 
from the historic location 50 yards south of the Manhattan Beach Pier to the 
zero point of the southern storm drain outfall against the strand wall under the 
Pier, thus an apt description of that location would be: "Manhattan Beach Pier, 
southern drain".

5 1-6
B.1 
throughout

This discussion in this section devoted to the SMBBB TMDL seems to create 
confusion regarding the meaning of the terms "water quality objectives or 
standards, and "receiving water limitations" and "water quality-based effluent 
limitations".  Water quality objectives or water quality standards are those that 
apply in the receiving water.  Water Quality Effluent Based Limits apply to the 
MS4.  So the "allowable exceedance days" for the various conditions of 
summer dry weather, winter dry weather and wet weather should be referred 
to as "water quality-based effluent limitations" since those are the number of 
days of allowable exceedances of the water quality objectives that are being 
allowed for the MS4 discharge under this permit.  While the first table that 
appears under this section at B.1 (b) should have the heading "water quality 
standards" or "water quality objectives" rather than the term "effluent 
limitations". 
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6 5 B.1.c(3)

While it makes sense for the Jurisdictional Groups previously identified in the 
TMDLs to work jointly to carry out implementation plans to meet the interim 
reductions, only the responsible agencies with land use or MS4 tributary to a 
specific shoreline monitoring location can be held responsible for the final 
implementation targets to be achieved at each individual compliance location. 
An additional table is needed showing the responsible agencies for each 
individual shoreline monitoring location. 

7 6-7 B.2.

Santa Monica Bay Nearshore and Offshore Debris TMDL:  An alternate 
compliance schedule is needed for responsible agencies that adopt local 
ordinances banning plastic bags, smoking in public places, and single-use 
expanded polystyrene by three years from the adoption date, or by November 
4, 2013.  Those agencies are to have a three year extension of the final 
compliance date, until March 20, 2023 to meet the final waste load allocations.

 

8 7 B.3.

The Santa Monica Bay DDT and PCB TMDL issued by USEPA assigns the 
waste load allocation as a mass-based waste load allocation to the entire area 
of the Los Angeles County MS4 based on estimates from limited data on 
existing stormwater discharges which resulted in a waste load allocation for 
stormwater that is  lower than necessary to meet the TMDL targets, in the 
case of DDT far lower than necessary.  EPA stated that "If additional data 
indicates that existing stormwater loadings differ from the stormwater waste 
load allocations defined in the TMDL, the Los Angeles Regional Water Quality 
Control Board should consider reopening the TMDL to better reflect actual 
loadings." [USEPA Region IX, SMB TMDL for DDTs and PCBs, 3/26/2012]

8 7 B.3.

In order to avoid a situation where the MS4 permittees would be out of 
compliance with the MS4 Permit if monitoring data indicate that the actual 
loading is higher than estimated and to allow time to re-open the TMDL if 
necessary, recommend as an interim compliance objective WQBELs based 
on the TMDL numeric targets for the sediment fraction in stormwater of 2.3 ug 
DDT/g of sediment on an organic carbon basis, and 0.7 ug PCB/g sediment on 
an organic carbon basis.
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9 7 B.3

Although the Santa Monica Bay DDT and PCB TMDL issued by USEPA 
assigns the waste load allocation as a mass-based waste load allocation to 
the entire area of the Los Angeles County MS4, they should be translated as 
WQBELs in a manner such that watershed management areas, 
subwatersheds and individual permittees have a means to demonstrate 
attainment of the WQBEL.  Recommend that the final WLAs be expressed as 
an annual mass loading per unit area, e.g., per square mile. This in 
combination with the preceding recommendation for an interim WQBEL will 
still serve to protect the Santa Monica Bay beneficial uses for fishing while 
giving the MS4 Permittees time to collect robust monitoring data and utilize it 
to evaluate and identify controllable sources of DDT and PCBs.

10 3 C.2.c)

The Machado Lake Trash WQBELs listed in the table at C.2.c) in the staff 
working proposal appear to have been calculated from preliminary baseline 
waste load allocations discussed in the July 11, 2007 staff report for the 
Machado Lake Trash TMDL, rather than from the basin plan amendment.   In 
some cases the point source land area for responsible jurisdictions used in the 
calculation are incorrect because they were preliminary estimates and 
subsequent GIS work on the part of responsible agencies has corrected those 
tributary areas. In other cases some of the jurisdictions may have conducted 
studies to develop a jurisdiction-specific baseline generation rate. The 
WQBELs should be expressed as they were in the adopted TMDL WLAs, that 
is as a percent reduction from baseline and not assign individual baselines to 
each city but leave that to the individual city's trash reporting and monitoring 
plan to clarify.
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11 3 C.2.c)

The WLAs in the adopted Machado Lake Trash TMDL were expressed in 
terms of percent reduction of trash from Baseline WLA with the note that 
percent reductions from the Baseline WLA will be assumed whenever full 
capture systems are installed in corresponding percentages of the conveyance 
discharging to Machado Lake. As discussed in subsequent city-specific 
comments, there are errors in the tributary areas originally used in the staff 
report, but in general, tributary areas are available only to about three 
significant figures when expressed in square miles.  Thus the working draft 
should not be carrying seven significant figures in expressing the WQBELs  as 
annual discharge rates in uncompressed gallons per year.  The convention 
when multiplying two measured values is that the number of significant figures 
expressed in the product can be no greater than the minimum number of 
significant figures in the two underlying values.  Thus if the tributary area is 
known to only three or four significant figures, and the estimated trash 
generation rate is known to four significant figures, the product can only be 
expressed to three or four significant figures.  Thus there should be no values 
to the right of the decimal place and the whole numbers should be rounded to 
the correct number of significant figures.

12 3 C.2.c)

The Regional Board's preliminary baseline trash generation rate for the City of 
Rolling Hills Estates was based on an assumed area of 1.22 square miles 
multiplied by the estimated trash generation rate of 5334 gallons of 
uncompressed trash per square mile per year.  However as explained in the 
City's Trash Monitoring and Reporting Plan, subsequent GIS work performed 
by City and County of Los Angeles and confirmed by the City of Rolling Hills 
Estates' consultant identified a 2.76 square mile drainage area tributary to 
Machado Lake from the City of Rolling Hills Estates.  Using this corrected area 
and the default trash generation rate of 5334 gallons of uncompressed trash 
per square mile per year would result in a corrected baseline of 14,700 gallons 
per year.

13 3 C.2.c)

The Regional Board's preliminary baseline trash generation rate for the City of 
Rolling Hills was based on an assumed area of 0.56 square miles multiplied by 
the estimated trash generation rate of 5334 gallons of uncompressed trash per 
square mile per year.  However as explained in the City's Trash Monitoring 
and Reporting Plan, subsequent GIS work performed by City and County of 
Los Angeles and confirmed by the City of Rolling Hills' consultant identified a 
1.313 square miles drainage area tributary to Machado Lake from the City of 
Rolling Hills.  Using this corrected area and the default trash generation rate of 
5334 gallons of uncompressed trash per square mile per year would result in a 
corrected baseline of 7004 gallons per year.
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14 3 C.3

The Machado Lake Nutrient TMDL provides for a reconsideration of the TMDL 
7.5 years from the effective date prior to the final compliance deadline. Please 
include an additional statement as item:  3.c)(3)"By September 11, 2016 
Regional Board will reconsider the TMDL to include results of optional special 
studies and water quality monitoring data completed by the responsible 
jurisdictions and revise numeric targets, WLAs, LAs and the implementation 
schedule as needed."

15 4 C.5.a)

Table C is not provided in the section on TMDLs for Dominguez Channel and 
Greater LA and Long Beach Harbors Toxic Pollutants.  Please clarify and 
reference that Attachment D Responsible Parties Table RB4 Jan 27, 12 which 
was provided to the State Board and responsible agencies during the SWRCB 
review of this TMDL, and is posted on the Regional Board website in the 
technical documents for this TMDL, is the correct table describing which 
agencies are responsible for complying with which waste load allocations, load 
allocations and monitoring requirements in this VERY complex TMDL. 
Attachment D should be included as a table in this section of the MS4 Permit.

16 4-8 C.5. 

The Dominguez Channel and Greater LA  and Long Beach Harbor Waters 
Toxic Pollutants TMDL provides for a reconsideration of the TMDL targets and 
WLAs.  Please include an additional statement as item: 4.e) "By March 23, 
2018 Regional Board will reconsider targets, WLAs and LAs based on new 
policies, data or special studies. Regional Board will consider requirements for 
additional implementation or TMDLs for Los Angeles and San Gabriel Rivers 
and interim targets and allocations for the end of Phase II."

17 1, 3, 15 Attach I

City of Hermosa Beach is only within one watershed, the Santa Monica Bay 
Watershed, and so should not be shown in italics as a multi-watershed 
permittee

18 2 E.2.b.v.1.

Recommend using the same language from E.2.d.i.3 to describe the 
demonstration.  Therefore substitute this for the current language at E.2.b.v.1:  
"Demonstrate that there is no direct or indirect discharge from the Permittee's 
MS4 to the receiving water during the time period subject to the water quality-
based effluent limitation and/or receiving water limitation for the pollutant(s) 
associated with a specific TMDL."
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19 3 E.2.d.i.1.

Recommend clarifying this item by incorporating the footnote into the text and 
modifying this item to read as follows:  "There are no violations of the interim 
water quality-based effluent limitation for the pollutant(s) associated with a 
specific TMDL at the Permittee's applicable MS4 outfall(s) which may include: 
a manhole or other point of access to the MS4 at the Permittee's jurisdictional 
boundary, a manhole or other point of access to the MS4 at a subwatershed 
boundary that collects runoff from more than one Permittee's jurisdiction,  or 
may be an outfall at the point of discharge to the receiving water that collects 
runoff from one or more Permittee's jurisdictions."

20 4 E.2.d.i.4.b.

Is this in effect setting a design storm for the design of structural BMPs to 
address attainment of TMDLs, or is it simply referring to SUSMP/LID type 
structural BMPs?  If it is in effect setting a design storm, there needs to be 
some sort of exception for TMDLs in which a separate design storm is defined, 
e.g., for trash TMDLs where the 1-year, 1-hour storm is used.

21 8 E.5.b.(c)

Recommend not listing specific water bodies in E.5.b.(c) because then it risks 
becoming obsolete if new TMDLs are established for trash, or if they are 
reconsidered.  Furthermore, it is not clear why Santa Monica Bay was left out 
of this list since the Marine Debris TMDL allows for compliance via the 
installation of full capture devices.

22 7 E.5.a.i-x

Recommend not listing specific waterbody/trash TMDLs here, but simply leave 
the reference to Attachments X through X to identify the Trash TMDLs.  
Otherwise this may have to be revised in the future.  Again, Santa Monica Bay 
Marine Debris TMDL was not included in this list, not sure whether it was an 
oversight or intentional?

23 2 E.2.b.ii
Not clear on what "discharges from the MS4 for which they are owners and/or 
operators" means.

24 2 E.2.b.iii

For the "group of Permittees" having compliance determined as a whole, this 
should only be the case if the group of Permittees have moved forward with 
shared responsibilities (MOAs, cost sharing, a Watershed Management 
Program).  It would not be fair to have one entity not be a part of the "group" 
and be the main cause of exceedances/violations.
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26 3 E.2.c.iii

For time schedule orders, the Burbank Water Reclamation Plant required a 
TSO since its interim permit limits expired, with the TSO bridging the gap 
between the time when the interim limits expired and when the new BWRP 
NPDES permit became effective.  It should be noted that the Water-Effects-
Ratio study was submitted in 2008 and it took the Regional Board nearly 2 
years to complete its review of the study, which as a result required Burbank 
to request 2 1-year TSOs.  Our concern with TSOs in the MS4 permit is that 
various efforts will be made to comply with the permit provisions and permit 
limits, including special studies for reopener purposes, and yet the TSO 
requests can either be delayed, or be limited to 1-year TSOs, placing extra 
burden on MS4 permittees to apply each year for the TSO, which requires a 
Regional Board hearing for adoption/approval.

28 5 E.4.a

This provision states "A Permittee shall comply immediately … for which final 
compliance deadlines have passed pursuant to the TMDL implementation 
schedule."  This provision is unreasonable.  First, various 
brownfields/abandoned toxic sites exists, some of which were permitted to 
operate by State/Federal agencies - nothing has or will likely be done with 
these sites that contribute various pollutants to surface and sub-surface areas.  
Additionally, this permit is going to require a regional monitoring program - this 
program will yield results on what areas are especially prone to particular 
pollutants.  Until these results are made known, MS4 Permittees will have a 
hard time knowing where to focus its resources and particularly, the placement 
of BMPs to capture, treat, and remove pollutants.  For these reasons, this 
provision should be revised to first assess pollutant sources and then focus on 
compliance with BMP implementation.

29 12-13 E.5.c.i(1)

For reporting compliance based on Full Capture Systems, what is the 
significance of needing to know "the drainage areas addressed by these 
installations?"  Unfortunately, record keeping in Burbank is limited to the 
location and size of City-owned catch basins.  A drainage study would need to 
be done to define these drainage areas.  As such, we do not believe this 
requirement serves a purpose in regards to full capture system installations 
and their intended function.

30 7 E.5 Please clarify that cities are not responsible for retrofitting.

31 4 E. 2. e

Please add the language from interim limits E.2.d.4 a - c to the Final Water 
Quality Based Effluent Limitations and/or Receiving Water Limitations to 
ensure sufficient coordination between all TMDLs and the timelines and 
milestones that will be implemented in the Watershed Management Program. 
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32 4 E.3

Instead of TSO, please include mechanisms that allow for time to complete 
Basin Plan Amendments for EPA Established TMDLs. This will protect cities 
from unnecessary vulnerability and allow for these TMDLs to be incorporated 
into the Watershed Management Programs. Incorporate permit language that 
will reopen the LA MS4 upon completion of the Basin Plan Amendments 
necessary for coordination with these programs.

33

Santa 
Clara 
River A. 4 c)

Please change the Receiving Water Limitations for interim and final limits to 
the TMDL approved table. There should be no interpretation of the number of 
exceedance days based on daily for weekly sampling with, especially with no 
explanation of the ratio or calculations, and no discussion of averaging. Please 
revert to the original TMDL document.

34 1 E.2

Please include a paragraph that Permittees are not responsible for pollutant 
sources outside the Permittees authority or control, such as aerial deposition, 
natural sources, sources permitted to discharge to the MS4, and upstream 
contributions

35 Santa Ana River TMDLs should be removed; this TMDL is eliminated 

36 9 5.b.ii.2

Define "partial capture devices", define "institutional controls".  Permittees 
need to have clear direction of how to attain the "zero" discharges which will 
have varying degrees of calculations regardless of which compliance method 
is followed. Explain the Regional Board's approval process for determining 
how institutional controls will supplement full and partial capture to attain a 
determination of  "zero" discharge.

37 10 5.b.ii.(4) MFAC and TMRP should be an option available to the Los Angeles River.

38 1 of 19 B

Substantial comments have been submitted for the Reopener of the SMBBB.  
Rather than restate these comments, please address these comments in the 
MS4. 

39 3 of 24 3.a)1

For the LA River metals.  Some permittees have opted out of the grouped 
effort.  This section needs to detail how these mass-based daily limitations will 
be reapportioned.

40 6 of 24 4.d
Why are "receiving Water Limitations" being inserted here?  None of the other 
TMDLs seem to follow that format.

41 1 of 9 1.b

It is the permittees understanding that the lead impairment of Reach 2 of the 
San Gabriel River has been removed.  It should be removed from the MS4 
permit.

42 1 of 9 1.c

Permittees under the new MS4 permit (those in LA County) need to be able to 
separate themselves from Orange County cities.  Since the 0.941 kg/day is a 
total mass limit, it needs to apportioned between the two counties.  Also,  The 
MS4 permit needs to contain language allowing permittees to convert grouped-
base limitations to individual permittee based limitations.
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43 1 G Please remove, in its entirety, the Santa Ana River TMDLs

44 general general

Any TMDL, for which compliance with a waste load allocation (WLA) is 
exclusively set in the receiving water, shall be amended by a re-opener to also 
include compliance at the outfall, or other end-of-pipe, that shall be determined 
by translating the WLA into non-numeric WQBELs, expressed as best 
management practices (BMPs).  While the TMDL re-opener is pending, an 
affected Permittee shall be in compliance with the receiving water WLA 
through the implementation of core programs.  

45 4 of 8 C.5.b.1

For the Freshwater portion of the Dominguez Channel:  There are no 
provisions for BMP implementation to comply with the interim goals.  The 
wording appears to contradict Section E.2.d.i.4 which allows  permittees 
submit a Watershed Management Plan or otherwise demonstrate that BMPs 
being implemented will have a reasonable expectation of achieving the interim 
goals.  

46 4 of 8 C.5.b.2

For Greater LA Harbor:  Similar to the previous comment regarding this 
section.  The Table establishing Interim Effluent Limitations, Daily Maximum 
(mg/kg sediment), does not provide for natural variations that will occur from 
time to time in samples collected from the field.  Given the current wording for 
the proposed Receiving Waters Limitations, even one exceedance could 
potentially place permittees in violation regardless of the permittees level of 
effort.  Reference should be made in this section to Section E.2.d.i.4 which will 
provide the opportunity for Permittee to develop BMP-based compliance 
efforts to meet interim goals.

47 4 of 8 C.5.b.2

For the freshwater portion of the  Dominguez Channel: the wording should be 
clarified.  Section 5.a states that "Permittees subject to this TMDL are listed in 
Table C."  Then the Table in Section C.5.b.2 Table "Interim Effluent Limitations-
-- Sediment",  lists all permittees except the Fresh water portion of the 
Dominguez Channel.  For clarification purposes, we request adding the phase 
to the first row:   "Dominguez Channel Estuary (below Vermont)"
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Document Name:

Comment Doc. Reference Comments Author Response

No. Page Section Rvwr 
(optional)

1 4 (4)

Pollutants in category 4 should not be included in this permit term, request 
elimination of any evaluation of category 4. Request elimination of category 3, 
as work should focus on the first two categories at this point

2 2, 11, 13 various

The Table (TBD) on page 2 states implementation of the Watershed Program 
will begin upon submittal of final plan. Page 11, section 4 Watershed 
Management Program Implementation states each Permittee shall implement 
the Watershed Management Program upon approval by the Executive Officer. 
Page 13 section iii says the Permittee shal implemenet moduifications to the 
storm water management program upon acceptance by the Executive Officer. 
All three of these elements should be consistent and state upon approval by 
the Executive Officer. The item on page 13 should be changed to reflect the 
Watershed Management Program, or clarify that the Watershed Management 
Program is the storm water management program.

3 2, 3
Table and 
C.2.a - d

Please allow 24 months for development of the Watershed Management 
Program to provide sufficient time for callibration and the political process to 
adopt these programs

4 4 C.3.a.iii

Please include a paragraph that Permittees are not responsible for pollutant 
sources outside the Permittees authority or control, such as aerial deposition, 
natural sources, sources permitted to discharge to the MS4, and upstream 
contributions

5 9 (5)
Reasonable assurance analysis and the prioritization elements should also 
include factors for technical and economic feasibilty

6 2 C.2

Please clarify that Permittees will only be responsible for continuing existing 
programs and TMDL implementation plans during the iterim 18 month period 
while developing the Watershed Management Program and securing approval 
of those programs

Watershed Management Program Working Proposal  - April 23 2012

Agency/Reviewer: LA Stormwater Permit Group
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7 9 (4)( c )

While it may be appropriate to have an overall design storm for the NPDES 
Permit and TMDL compliance, this element seems to address individual sites. 
Recommend developing more prominently in the areas of the Permit that 
deals with compliance that the overall Watershed Management Program 
should deal with the 85th percentile storm and that beyond that, Permittees 
are not held responsible for the water quality from the much larger storms. 
However, requiring individual projects to meet this standard is limiting as there 
may be smaller projects implemented that individually would not meet 85th 
percentile, but collectively would work together to meet that standard. Please 
clearly indicate cities are only responsible for the 85th percentile storm for 
compliance and that individual projects may treat more of less than than 
number.
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Document Name:

Comment Doc. Reference Comments Author Response
No. Page Section Rvwr 

(optional)

1 1 - 2 all

Currently the State Board is considering a range of alternatives to create a 
basis for compliance that provides sufficient rigor in the iterative process to 
ensure diligent progress in complying with water quality standards but at the 
same time allows the municipality to operate in good faith with the iterative 
process without fear of unwarranted third party action. It is imperative that the 
Regional Board works with the State Board on this very important issue

RWL Working Proposal  - April 23 2012
Agency/Reviewer: LA Stormwater Permit Group
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April 13, 2012 

 

Renee Purdy        VIA EMAIL - rpurdy@waterboards.ca.gov   

Regional Program Section Chief 

Los Angeles Regional Water Quality Control Board 

320 4
th

 Street, Suite 210 

Los Angeles, CA 90013 

 

Ivar Ridgeway        VIA EMAIL - iridgeway@waterboards.ca.gov 

Chief, Stormwater Permitting 

Los Angeles Regional Water Quality Control Board 

320 4
th

 Street, Suite 210 

Los Angeles, CA 90013 

 

 

SUBJECT: Technical Comments on Los Angeles Regional Water Quality Control Board Staff Working Proposals for the 

Greater Los Angeles County MS4 Permit (Permit) – Minimum Control Measures and Non-Stormwater 

Discharges 

 

Dear Ms. Purdy and Mr. Ridgeway: 

 

The Los Angeles Permit Group would like to take this opportunity to provide comments on the working proposals for 

Minimum Control Measures (MCMs) and prohibitions for non-stormwater discharges.  These documents were posted on 

the Regional Board website on March 21 and March 28, 2012 respectively.  The LA Permit Group appreciates the 

Regional Board staff’s effort to develop the next NPDES stormwater permit and their commitment to meet with various 

stakeholders including our group.  We look forward to continuing the dialogue with the Board staff on this very 

important permit.  Our overarching comments on the MCMs and non-stormwater discharges are highlighted in this 

letter. Detailed comments regarding the Staff Working Proposal for MCMs are  attached.  Detailed comments related to 

Non-stormwater Discharges will be submitted next week.  

 

Watershed-Based Program and Maximum Extent Practical Standard 

In order to achieve further water quality improvements, the Permit needs to set clear goals, while allowing flexibility 

with the programs and BMPs implemented.  The way to accomplish this is through integrated watershed planning and 

monitoring.  This strategy has been presented by the LA Permit Group as it will allow permittees to look at the larger 

picture and develop programs and BMPs based on addressing multiple pollutants.  In doing so, limited local resources 

can be concentrated on the highest priorities.  The LA Permit Group has on numerous occasions expressed our support 

of a watershed based approach to stormwater management.  It would appear in Provision VI.C.1.a that the Board 

proposal also supports this approach.  

 

The permit should allow permittees to tailor actions as part of a Watershed Plan.. The permit should clearly indicate that 

permittees have the option of either adopting the MCMs as they are laid out within the permit or purse a Watershed 

Plan that provides permittees with the flexibility to customize the MCMs.  The opportunity for a municipality to 

customize the MCMs to reflect the jurisdiction’s water quality conditions is absolutely critical if municipalities are to 

LA PERMIT GROUP 
 

For more information please contact:  

LA Permit Group Chair, Heather M. Maloney 

626.932.5577 or hmaloney@ci.monrovia.ca.us 
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develop and implement stormwater programs that will result in achievement of water quality standards and 

environmental improvement.  We, however, feel the MCMs are overly prescriptive and suggest that the permit 

ultimately establish a criterion that will be used to support any customization of MCMs.  The criteria should be 

comprehensive but flexible. We suggest flexibility in the criteria because the management of pollutants in stormwater is 

a challenging task and the science and technology to help guide customizing MCMs are still developing.  Furthermore, 

the municipal stormwater performance standard to reduce pollutants to the maximum extent practicable is not well 

defined and will depend on a number of factors
1
.  This constraint, as well as USEPA position

2
 that the iterative/adaptive 

process is the basis for good stormwater management, supports the need to provide flexibility in defining the criteria for 

customizing actions.   

 

We anticipate having further comments related to the MCMs once further information has been released regarding the 

permit structure and how the various aspects of the permit will work together.  For example, it is difficult to fully 

comment on the MCMs until we are able to see them in the context of the compliance structure and the Watershed 

Plan section of the Permit.   

 

Timeline and Fiscal Resources 

The Staff Working Proposal does not provide timelines for the start-up and implementation of the MCM requirements. It 

is fair to say that there will be a transition period between the time the Permit becomes effective and the time that the 

municipalities will have to modify their current stormwater management programs to be in compliance with the new 

Permit provisions.  At the same time, consideration should be given to the time required to develop watershed based 

“customized” programs.  The LA Permit Group requests that the Regional Board provide a draft timeline for 

implementation and phasing-in of the MCM requirements.  

 

Regarding fiscal resources, the LA Permit Group would like to recognize the parameters in which municipalities operate.   

The Staff Working Proposal requires municipalities to exercise its authority to secure fiscal resources necessary to meet 

all of the requirements of the Permit (page 5).  However, we have a limited amount of funds that are under local control.  

Any additional funds needed for stormwater programs would need to come from increased/new stormwater fees and 

grants.  New fees for stormwater are regulated under the State’s Prop 218 regulations, and require a public vote so this 

is an item that is not under direct control of the municipalities – the Regional Board must take this into consideration 

and this provision should be removed from the permit.  Furthermore in addition to clean water, local resources are also 

directed to a number of health, safety and quality of life factors.  Thus, all these factors need to be developed in balance 

with each other.  This requires a strategic process and that will take time to get right.  We urge you to develop the 

permit conditions based on a reasonable timeframe in balance with the existing economy and other health, safety, 

regulatory and quality of life factors that local agencies are responsible for.  

 

Shifting of State Responsibility to the MS4 Permittees 

The Staff Working Proposal shifts much of the State responsibilities to the Municipalities regarding the State’s General 

Permits for Construction Activities (CGP), Industrial Activities (IGP) and NPDES permits issued for non-stormwater 

discharges.  Such examples are noted in our attached detailed comments. 

 

In addition, there are requirements outlined in the Staff Working Proposal that exceed those required in the CGP and 

IGP.   For example, the CGP compared to Provision 9.f which requires a ESCP for construction sites of all sizes.   A few 

examples of where the Staff Working Proposal either shifts the responsibility or actually exceeds the requirements of 

the CGP are listed below:   

                                                           
1
 See E. Jennings 2/11/93 memorandum to Archie Mathews, State Water Resources Control Board.   

2
 See Interim Permitting Approach for Water Quality-Based Effluent Limitations in Storm Water Permits, 61 FR 43761 (Aug. 26, 

1996). 
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• Maintaining a database that overlaps with the State’s own SMARTS database. Asking Permittees to collect the 

same data adds unnecessary time and expense with no benefit to water quality. 

• Maintaining a database for all types of permits is excessive and includes building permits that have little or no 

relevance to water quality protection. 

• Requiring the development of a Rain Event Action Plan for small sites under 1 acre or for sites that  would be 

categorized as Risk Level 1 under the CGP. 

 

Those elements that shift State responsibility should be eliminated and the MCMs should be coordinated with other 

state and federal requirements, with particular attention to CGP and IGP requirements.  

 

MCMs Should Reflect Effective Current Efforts 

The LA Permit Group understands that the new Permit must reflect current efforts of stormwater management and 

water quality issues. Where the current stormwater management effort is assessed to be inadequate, then additional 

efforts are warranted.  However, when permittees’ current efforts are assessed to be adequate for protecting water 

quality, then the MCMs should reflect permittees’ current efforts. One significant area where the LA Permit Group 

believes that the current effort is protective of water quality is in the new development program.  Both the City and 

County of Los Angeles have developed and adopted Low Impact Development Ordinances and significant work, technical 

analysis, and public input have gone into the development of these ordinances.  Rather than developing more stringent 

standards, the Permit should use these pre-established Ordinances as a reference for the type of program and flexibility 

needed to accommodate the unique and vastly varying characteristics throughout the County.  Instead of providing 

detailed information in the text of the Permit, the LID provisions should outline general requirements of the program, 

and the details contained in a technical guidance manual.  This point was reiterated by several speakers at the April 5, 

2012 workshop, including BIA and supported by several Regional Board Members.    

 

“MCMs for New Development” 

Notwithstanding our comments above, the LA Permit Group has a number of concerns with the New Development 

provision of the MCMs.  While the LA Permit Group has concerns and requests clarification with the other MCMs, we 

find the New Development MCMs the most challenging and unsupportable.  These provisions are difficult to follow and 

the BMP selection hierarchy is confusing and at times in conflict.  The LA Permit Group believes this provision should be 

redrafted.  We have significant concerns with the following parts of the New Development MCMs: 

 

• Selection hierarchy 

• Infeasibility criteria 

• Treatment Control Performance benchmarks (water quality based versus technology based) 

• BMP tracking 

• Inspection program 

• BMP specificity  

 

“MCMs for Public Agency Activities“ 

The Staff Working Proposal identifies, in a number of provisions, requirements to address trash regardless of whether 

the area is subject to a trash TMDL.  We take exception to this approach, as on the one hand the MCMs requires 

prioritization, cleaning and inspection of catch basins as well as street sweeping and some other management control 

measures to address trash at public events.  And then, even if the municipality is controlling trash through these control 

measures, the municipality must still install trash excluders (see page 63 regarding “additional trash management 

practices”).  This makes little sense and the LA Permit Group would submit that if the initial control measures are 

successful, then the “additional trash management practices” are unnecessary (as evident by the lack of a TMDL).   
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“MCMs for ID/IC” 

The Staff Working Proposal identifies a significant non-stormwater outfall based monitoring program.  The LA Permit 

Group submits that TMDLs monitoring programs have already identified, to a large extent, a comprehensive non-

stormwater monitoring program.  As such we suggest that the TMDL monitoring program be the basis for the “non-

stormwater outfall based monitoring program” and both should be identified in an Integrated Watershed 

Monitoring Program.   

 

The other critical issue in the ID/IC program is clarifying the responsibilities of the municipalities and the Regional Board.  

This is particularly important when dealing with ongoing illicit discharges (see page 71).  When this type of discharge 

occurs, the ultimate responsibility in correcting the illicit discharge lies with the discharger.  The municipalities and the 

Regional Board may need to work in tandem to address a recalcitrant discharger, but the fiscal responsibility should lie 

with the discharger and not the municipality or Regional Board.     

 

Non-Stormwater Prohibitions 

The two overriding concerns associated with the proposed non-stormwater prohibition requirements is 1) the 

assumption that certain non-stormwater discharges should be conditioned to be allowed and 2) the need for further 

discussion and collaboration regarding potable water and fire operations and training activities discharges to MS4s.  In 

the first case the LA Permit Group would submit that the monitoring data to support these conditions is lacking and 

should be the focus of the next Permit term.   The LA Permit Group supports the need to place certain conditions on 

non-stormwater discharges when it has been shown that the discharge is an issue in the receiving water.  Anything less 

than such a demonstration calls into question the water quality benefit for the additional cost to implement the 

conditions.  Regarding our second observation, the LA Permit Group has worked closely with a group of community 

water systems and Fire Chiefs to discuss how potable water discharges should be addressed.  While we have reached 

consensus on certain aspects, additional discussion and time is needed to work towards consensus.  

 

In particular, the permit should differentiate between natural flows such as stream diversions, natural springs, 

uncontaminated groundwater and flows from riparian habitats and wetlands and urban discharges. Natural flows should 

not be held to a standard equal to urban discharges. The requirements to conduct appropriate monitoring and explore 

alternatives for the discharge are not commensurate with water quality concerns. Natural sources should not be 

conditioned in order to be allowed. The LA Permit Group recommends that the Regional Board continue the current 

permit format of categorizing natural sources separately from urban activity discharges.  

Thank you for the opportunity to comment on the working proposals and we look forward to meeting with you to 

discuss our comments and to explore alternative approaches.  Please feel free to contact me at (626) 932-5577 if you 

have any questions regarding our comments.  

 
 

Attachment A:  Specific Comments on the Regional Board Staff Working Proposal for the Greater Los Angeles County 

MS4 Permit 

 

cc:  Sam Unger, LARWQCB 

 Deb Smith, LARWQCB 

 

5;

•
Heat er Maloney
Chair, LA Permit Group

RB-AR13758



LOS ANGELES PERMIT GROUP COMMENTS 
MINIMUM CONTROL MEASURES – 3/28/2012 STAFF WORKING PROPOSAL 

LOS ANGELES COUNTY MUNICIPAL STORMWATER PERMIT 
 

1 

 
 

No. Page Citation Comment 
General 

1 2 C.1.c The Definition of: "Development", "New Development" and "Re-development" should be added.  The 
definitions in the existing permit should be used:  
 
“Development” means any construction, rehabilitation, redevelopment or reconstruction of any public or private 
residential project (whether single-family, multi-unit or planned unit development); industrial, commercial, retail and 
other non-residential projects, including public agency projects; or mass grading for future construction.  It does not 
include routine maintenance to maintain original line and grade, hydraulic capacity, or original purpose of facility, nor 
does it include emergency construction activities required to immediately protect public health and safety. 
 
 “New Development” means land disturbing activities; structural development, including construction or installation of 
a building or structure, creation of impervious surfaces; and land subdivision.  
 
 “Redevelopment” means land-disturbing activity that results in the creation, addition, or replacement of 5,000 square 
feet or more of impervious surface area on an already developed site.  Redevelopment includes, but is not limited to: 
the expansion of a building footprint; addition or replacement of a structure; replacement of impervious surface area 
that is not part of a routine maintenance activity; and land disturbing activities related to structural or impervious 
surfaces.  It does not include routine maintenance to maintain original line and grade, hydraulic capacity, or original 
purpose of facility, nor does it include emergency construction activities required to immediately protect public health 
and safety.   

The last of the three "routine maintenance" activities listed above should exclude projects related to existing 
streets since typically you are not changing the "purpose" of the street to carry vehicles and should not be 
altered. 

Legal Authority 

2 4 2.a.i Staff proposal states: "Control the contribution of pollutants to its MS4 from stormwater discharges 
associated with industrial and construction activity and control the quality of stormwater discharged from 
industrial and construction sites."   
 
It appears the intent of this language is to transfer the State's inspection and enforcement responsibilities to 
municipalities through the MS4 permit.  When a separate general NPDES permit is issued by the Regional 
or State Board it should be the responsibility of that agency collecting such permit fees to control the 
contribution of pollutants, not MS4 permittees. 
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3 4 2.a.vii Staff proposal states: "Control the contribution of pollutants from one portion of the shared 
MS4 to another portion of the MS4 through interagency agreements among Co-permittees."   
 
The intention of this statement is unclear and should be explained, and a definition of “shared MS4” should 
be provided.  How would an inter-agency agreement work with an upstream and downstream agency?  
This is not practical - this agreement should have been done before the interconnection of MS4 systems 
occurred.  An example of this agreement should be provided within the Permit.  The permittee will not 
agree to the responsibility of an exceedance without first having evidence of the source and its known 
origin (in other words, an IC/ID is a private "culprit" and not the cause of the City). 

4 4 2.a.xi Staff proposal states: "Require that structural BMPs are properly operated and maintained."   
 
MS4 agencies can control discharges through an illicit discharge program, and conditioning 
new/redevelopment to ensure mitigation of pollutants.  Unless the existing development private property 
owners/tenants are willing or in the process of retrofitting its property, the installation and O&M of BMPs is 
not practical and cannot be legally enforceable against an entity that does not own or control the property, 
such as a municipal entity.  

5 5 2.a.xii Staff proposal states: "Require documentation on the operation and maintenance of structural BMPs and 
their effectiveness in reducing the discharge of pollutants to the MS4."   
 
It is difficult, if not impossible; to accurately quantify the exact effectiveness of a particular set of BMP’s in 
reducing the discharge of pollutants.  Some discharges may be reduced over time given reductions in 
industrial activity, population in a particular portion of the community feeding into the MS4, or for other 
reasons not directly related to implementation of structural BMPs.  Given that the County of LA is generally 
urbanized and thus impervious, a lethargic economic climate (meaning development and redevelopment is 
not occurring in an expeditious manner), and that several pollutants do not have known BMPs effective at 
removing/reducing the content (i.e., metals, toxics, pesticides), the effectiveness of BMPs should not be 
required and instead should only be used for research, development, and progress of BMP testing. 

Fiscal Resources 
6 5 3 The staff proposal includes a section on Fiscal Resources.  Most MS4's do not have a storm water quality 

funding source, and even those that do have a funding source are not structured to meet the requirements 
of the proposed MS4 requirements (for instance, development funds may be collected to construct an 
extended detention basin, but not for street sweeping, catch basin cleaning, public right-of-way structural 
BMPs, etc).   
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7 5 3.a Staff proposal states:  "Each permittee shall exercise its full authority to secure fiscal resources necessary 
to  meet all requirements of this Order"   
 
This sentence has no legally enforceable standard. What exactly does the exercise of “full authority” mean, 
when the exercise of a city's right to tax comes with consequences and no guarantee of success.  
Municipal entities must adjust for a variety of urgent needs, some federally mandated in a manner that 
cannot be ignored.  So, if we seek the fiscal resources to fund the programs required in the permit and the 
citizens say “No”, then a municipality will have a limited ability to comply with "all requirements of this 
Order"..   Can the language be changed to state:  “Each permittee shall make its best efforts given existing 
financial and budget constraints to secure fiscal resources necessary to meet all requirements of this 
Order”?   

Public Information and Participation Program 
8 6 6.a.iii Staff proposal states:  "To measurably change the waste disposal and stormwater pollution generation 

behavior of target audiences…"   
 
Define the method to be used to measure behavior change.  As written, this requirement is vague and open 
to interpretation. 

9 7 6.d.i.2.b Staff proposal states:  "… including personal care products and pharmaceuticals)"   
 
The stormwater permit should pertain only to stormwater issues. Pharmaceuticals getting into waters of the 
US are typically a result of waste treatment processes. All references to pharmaceuticals should be 
removed from this MS4 permit.    

10 8 6.d.i.3 The Regional Board assumes that all of the listed businesses will willingly allow the City to install displays 
containing the various BMP educational materials in their businesses.  If the businesses do allow the 
installations then the City must monitor the availability of the handouts because the business will not 
monitor or keep the display full or notify the City when the materials are running out.  If the business will not 
allow the City to display the educational material must we document that denial?  Will that denial indicate 
that the City is not in compliance? 

Industrial/Commercial Facilities Program 
11 10 7.b.i.4 Staff proposal states:  "All other facilities tributary to waterbody segment addressed by a TMDL…"    

 
As written, this category is so vague that it could mean every single industrial or commercial facility.  Please 
clearly define or revise this requirement.  In this context, “commercial” refers to a currently unspecified 
category of facilities beyond those listed in VI.C.7.b.i.1 (page 9).  Provide a precise definition for a 
commercial facility, or specify the extended category (or NAICSs/SICs) of facilities to be considered.  Also, 
clarify how the Permittees will initially determine the pollutants generated for these facilities. A method that 
will promote consistency among Permittees is preferred, such as a table of potential pollutants based on 
business type or activities. 
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12 10 7.b.ii.6 Staff proposal states:  "A narrative description that describes the economic activities performed and 
principal products used at each facility"    
 
Since "economic activities" is an invasive question to ask of a facility, we suggest the following:  "A 
narrative description of activities performed and/or principal products of each facility." 

13 11 7.d-f These sections pertain to inspecting critical source facilities where it appears the intent is to transfer the 
State's Industrial General Permit inspection and enforcement responsibilities to municipalities through the 
MS4 permit.  We request eliminating these sections OR revise to exclude all MS4 permittee responsibility 
for NPDES permitted industrial facilities. 

14 17 7.e.i Staff proposal states:  "…in the event a Permittee determines that a BMP is infeasible, Permittee shall 
require implementation of similar BMPs…"  Judging a BMP to be “infeasible or ineffective” is subjective.  
Please delete this requirement. 

15 17 7.e.i Staff report states: "Facilities must implement the source control BMPs identified in the 
California Stormwater BMP Handbook, Industrial and Commercial, unless the pollutant generating activity 
does not occur. In the event that a Permittee determines that a BMP is infeasible at any site, the Permittee 
shall require implementation of similar BMPs that will 
achieve the equivalent reduction of pollutants in the stormwater discharges. Likewise, for those BMPs that 
are not adequately protective of water quality standards, a Permittee may require additional site-specific 
controls."  It is not clear when source control BMPs would need to be implemented.  Further, if the City 
implements low-flow diversions and an enhanced street sweeping program, it would not make sense to still 
require BMP retrofits to those catchment areas. 

Development Planning 
16 21 8.b.1 This permit update would be a good opportunity to examine the type of developments that are subject to 

the permit.  There should be a link between the selected categories and the water quality objectives.  
Perhaps a reworking of this section could provide that clear nexus.   

17 21 8.b.i.1.g Roadway construction projects that are part of a large development (i.e. track-home development) can be 
subjected to the associated residential or commercial/industrial development, making this requirement 
difficult to implement. 

18 21 8.b.i.1.g The proposed limit is too low for street construction projects by using the typical 10,000 square foot number 
that is used in several development projects. A street project that proposes to build 10,000 sq. ft. is an 
extremely small street project, as the requirement calls out overall area.  It might consist of a one block 
extension of a street 60 feet wide by 166 feet long.  When cities propose street extensions it is usually in 
terms of half mile or mile-long segments which involve more than 150,000 square feet (sq. ft.).  For public 
works projects, the area of 50,000 sq. ft. is a more correct and appropriate threshold.  Please delete this 
requirement. 

19 21 8.b.i.1.g Public Works roadway maintenance projects including the ones that expand the roadway capacity should 
not be subject to these provisions because of the limited opportunities for BMP incorporation.  Existing 
roads incorporate a large number of utilities within them that limits the opportunities for BMP incorporation. 
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20 21 8.b.i.1.g We support the use of opportunity-based BMP guidance for roadway projects such as the referenced 
USEPA’s “Green Infrastructure: Green Streets”, however calling for this implementation to the maximum 
control possible is contradictory. 

21 24 8.c.i.1 It appears based on the language that the project performance criteria of c. is intended to apply to all 
categories of new development and redevelopment projects as listed in b.i and b.ii.  Please clarify whether 
this is meant to apply to single family hillside homes with no size limit? A new definition of single family 
hillside home has not been provided in this working draft, so it is unclear whether this is the case.  If the 
intention was to only require the narrative measures for single-family hillside homes as listed in 8.b.i.(1)k)i-
v, and not require to retain the design volume onsite, then that should be clarified by excluding them from 
the 8.c.i(1) statement. 

22 24 8.c.i.2 The SWQDv definition should be modified to better reflect the purpose of the regulation as stated in 8.a.i(3) 
"… designing projects to minimize the impervious area footprint, and employing Low Impact Development 
(LID) design principles to mimic predevelopment water balance...".  Modify as follows:  "... the Stormwater 
Quality Design Volume (SWQDv) defined as the runoff from all impervious surfaces that are generated by 
a:..." 

23 24 8.c.i.2.c The “whichever is greater” requirement is unnecessary since both criteria are deemed to be equivalent.  
This requirement will only increase design time by having engineering staff perform multiple analyses. 

24 24 8.c.i.5 Please define the term "wet-weather season". 
25 24 8.c.i.5 The only reasonable and still beneficial rainwater harvesting approach would require the storage of the 

seasonal (winter-time) runoff for use when needed (spring and summer).  This would increase the size of 
the rainwater harvesting BMPs.  RWQCB should acknowledge that rainwater harvesting is both 
economically and technically infeasible for the vast majority of development projects in arid Los Angeles 
region climates. 

26 24 8.c.i.6 The 72 hour drawdown requirement is counterproductive.  Most irrigation practices do not irrigate 
landscaping within 72 hours after heavy/medium rainfall events because the ground could be saturated and 
the plants do not require water.  Irrigating saturated ground could result in increase dry weather runoff 
because the water will not percolate into the saturated soil quick enough. 

27 25-26 Table The table provided lacks clarity and the use of Mv parameter is not clear and is not defined.  However it 
appears to require projects that cannot retain runoff on-site to seek alternative locations to retrofit.  We 
anticipate that this requirement will be unfeasible for a number of legal, logistical and technical reasons and 
as a result the “Least Preferred Option” will be exercised in most cases.  The “Least Preferred Option” 
requires the over-sizing of the biofiltration systems by a factor of 1.5.  We recommend that any design be 
consistent with established design standards (i.e. California Stormwater Quality Association) for 
consistency and ease in its implementation. 

28 25-26 Table The requirements that are provided in this table seem to be overly prescriptive.  The requirements are not 
water-quality driven but rather groundwater-recharge driven.  A more balanced approach will allow the use 
of multiple BMP options and not excluding effective treatment technologies. 

29 28 8.c.iii.3.b The proposed language uses terms that may be understood by hydrologists, but most city engineers and 
development engineers would not know what a HUC-10 or an HUC-12 Hydrologic Area is.  Please define 
these terms if they are going to be used in this regulatory permit. 
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30 29 8.c.iii.3.c The federal stormwater regulation place importance on water quality.  Groundwater recharge is outside the 
purview of this permit.  The requirement to prove equal benefit should be removed. 

31 29 8.c.iii.3.g This section introduces an arbitrary delay if a project opponent petitions the Executive Officer to review a 
projects off-site mitigation.  The project proponent deserves to receive a response in a reasonable time 
when an appeal is filed with the Executive Officer.  We respectfully request that lines of communications be 
opened between the Executive Officer and the project proponent within 15-days when a third party files an 
appeal of the local jurisdictions decision on a project. 

32 30 8.c.iii.4 Requiring biofiltration systems to treat 1.5 times the SWQDv will not improve water quality during a 85th 
percentile storm event.  The concentration leaving the system will not improve if the system is 50% larger.  
Biofilters are typically size by increasing the surface area as the flow increases.  If the flow is lower than the 
design flow a small area of the system is utilized.  The removal efficiency is the same for all flow rates 
below the design flow and therefore the concentration is the same for the design flow or below. 

33 30 8.c.iii.5.b Biofilters are not designed with detention volume.  They are designed on a flow rate basis.  The last portion 
of the paragraph regarding pore spaces and re-filter should be removed. 

34 30 8.c.iv.1 New development/redevelopment project that are upstream of an offsite water quality mitigation project 
should be exempt from the requirements of this subsection.  Requiring a project to mitigate their pollutant 
load twice is unnecessary.  This subsection should only apply if the project would discharge to the receiving 
water without first draining to an offsite project. 

35 31 8.c.iv - Table The presence of benchmark tables, even for the projects that implement offsite mitigation is inappropriate.  
These standards for the great part are not attainable by existing technologies.  Development projects 
instead should only be subject to design standards not performance standards.  The idea of upgrading the 
treatment system to achieve compliance introduces unnecessary uncertainties to future development 
activities in our region. 

36 33 8.c.v.1 Alternatives to the Ventura County Permit Hydromodification criteria should be considered such as those 
identified in the Los Angeles County Low Impact Development Standards Manual or maintain the “peak 
flow control” requirements as appear in the existing permit.  Los Angeles County watersheds are 
significantly different than those of Ventura County. Los Angeles County has limited areas draining into 
natural drainage systems. 

37 33 8.c.v.1.a The use of Erosion Potential (Ep) as a sole method for determining hydromodification impacts is 
inappropriate because of its limited use and difficulty to use.  The existing Los Angeles County requirement 
to conduct hydrology and hydraulic analysis for SUSMP, 2-, 5-, 10-, 25-, and 50-year storm events and fully 
mitigate drainage impacts from these flow regimes is better understood. 

38 37 8.c.vi The Regional Board proposes an Annual Report item for each project that is approved with off-site 
mitigation.  The calculations for the off-site mitigation should be easy to document, but the project 
performance without alternative compliance is not so clear.  Please provide the information necessary to 
complete the annual report. 

39 38 8.d.i The proposed language as written would not accept existing LID Ordinances to be compliant with the 
applicable provisions of this Order.  Please provide language that allows flexibility for existing LID 
ordinances and also provide criteria determining equivalency. 

40 39 8.d.iv It should be clarified that previously approved projects will not be subject to these requirements. 
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41 40 8.d.iv.b This requirement should be limited to the sites already visited as part of the “critical sources” program.  
Allow a self-inspection program where the property owners will be required to maintain their BMPs based 
on their type and maintenance needs.  These requirements can be incorporated in the Covenant and 
Agreement (C & A).  Property owners will be required to keep records of maintenance performed on these 
BMPs.  Municipalities lack the resources to conduct the inspection.  Municipalities can perform instead a 
review of the inspection records on a random and as-needed limited basis. 

Development Construction 
42 41 9.d Requiring this on all projects regardless of size is excessive.  Small project will have minimal if any impact 

on water quality.  A lower limit needs to be set for applicability such as 100 cubic yards of disturbed soil.  It 
may be appropriate for projects to install a minimum set of BMPs without the need for a plan. 

43 41 9.e.1.i Maintaining the required database for all types of permits issued by the municipalities is excessive since 
not all permits require this type of information.  In the City of Los Angeles for example about 35,000 
building permits are issued annually. 

44 42-43 9.f.ii The number of elements for the ESCP should not be the same as those of the State SWPPP as required 
by the General Construction Permit.  Existing Erosion Control Plans require the identification and 
placement of the BMPs in the engineering drawings and this has been identified as adequate. 

45 43 9.f.ii.3.i An example of how excessive it is to require these elements for the smaller sites is the requirement to 
prepare a Rain Event Action Plan (REAP).  Under the Construction General Permit, a REAP is not required 
until the project reaches a Risk Level 2 status.  It is not justifiable to say that a grading project, that does 
not  disturb more than an acre and is not subject to a CGP, should be required to prepare a REAP. 

46 43 9.f.ii.4 The requirement to discuss the rationale for the selection and design of the proposed BMPs (including soil 
loss calculations for the non-selected BMPs) is excessive and it dramatically increases the engineering 
costs of small construction projects.  Please delete this requirement. 

47 43 9.f.ii.5 The proposed language shifts much of the State responsibilities for sites greater than one acre to the 
Municipal Permittees without shifting the corresponding funding.  Please consider setting-up a mechanism 
for the municipalities to operate the registration, fee collection, and inspection for sites that are under GCP 
coverage or revise the language so that Municipal Permittees are not made responsible parties for this 
activity. 

48 43 9.f.ii.8 The proposed language asks cities to verify the approvals of the Army Corps of Engineers, Department of 
Fish and Game and the Regional Water Boards prior to the issuance of a grading or building permit. This 
requirement should not be implemented unless the Regional Board can provide a simple, easy to use 
system to accomplish the check.  Furthermore, many projects reviewed every day do not require a 401, 
404 or a 1600 certification to be allowed to grade on their site.  The few cases where these certifications 
are required, they are taken care of in the EIR process rather than the Building or Grading permit process.  
This restriction should cite the Planning process rather than the building or grading process. 

49 43-44 9.g.i The Regional Board should not write this MS4 permit to overlap the CGP.  A project that is required to have 
coverage under the CGP will deal with the Risk levels and apply the appropriate provisions of the CGP.  
Smaller sites that do not require coverage under the CGP should have lesser requirements than Risk Level 
1 provisions. 
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50 44 9.g.iv The Regional Board is referring to an outdated set of BMP tables by referring to the 2003 version of the 
CASQA Manuals.  CASQA has updated the manuals in 2010 and these are the manuals that should be 
referenced. 

51 44-47 Tables It appears that the Regional Board is taking the BMP tables from the CGP, without the language contained 
in the CGP that states that to avoid duplication each subsequent table needs to include or be added to the 
BMPs shown in the earlier list.  Please include this language so that unfamiliar engineering, plan-checking, 
or inspection staff does not overlook the intent of the CGP. 

52 48 Table The proposed language would require municipalities to inspect GCP sites at least monthly.  This constitutes 
a large increase in the inspection responsibilities for the municipalities for State responsibilities.  Please 
delete or revise this requirement.. 

53 48 9.h.ii.2 The requirement to perform five inspections during the construction phase of a project, no matter how 
small, is excessive and serves no benefit.  The only reasonable inspection would be during the grading 
phase and upon project completion as part of existing inspections. 

54 50 9.h.ii.5.b The language is all inclusive for the inspection portion of the permit.  By asking the field inspector to 
"determine whether all BMPs have been selected, installed, implemented and maintained according to the 
approved plans." the Board is placing responsibility on the inspector which rightly should be the 
responsibility of the plan reviewer.  If an inspector is having a dispute with the Contractor or builder of a 
project, the inspector can improperly raise the issue of BMP selection and cause great expense to the 
project.  The Plan Reviewer should determine what BMPs are appropriate for the site and verify that they 
are properly designed.  The inspector should verify that BMPs are install properly,  and are being 
implemented and maintained as required by the field conditions; however, to allow the inspector to evaluate 
selection is overstepping his training and authority. 

55 51 9.j A more effective approach would be through a State mandate for a Statewide training program perhaps 
through the use of the contractor’s license board.  Because of their nomadic nature of construction activity, 
contractors move from City to City at will.  For a City to be responsible for training the contractors that work 
within their city is not possible. This should either be a State responsibility, much like the QSD/QSP 
programs currently run by the State. 

56 54 10.d If there is a specific pollutant to address, retrofitting or any other BMP would best be accomplished through 
a TMDL, which is for the Permittees to determine rather than a prescribed blanket approach. As written, 
this is too broad of a requirement with unknown costs that is attempting to solve a problem before there is a 
problem.  Please delete this VI.C.10.d.    
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57 54 10.d Staff proposal states: "Each Permittee shall develop an inventory of retrofitting opportunities that meets the 
requirements of this Part. The goals of the existing development retrofitting inventory are to address the 
impacts of existing development through retrofit projects that reduce the discharges of stormwater 
pollutants into the MS4 and prevent discharges from the MS4 from causing or contributing to a violation of 
water quality standards."   
 
This process would require land acquisition, a feasibility analysis, no impacts to existing infrastructure, 
proper soils, and support of various interested stakeholders.  Additionally, if a property or area is being 
developed/redeveloped, retrofitting the site for water quality purposes makes sense, but not for an area 
where no development/redevelopment is planned.  Finally, the LID provisions have already included 
provisions for off-site mitigation, in which we recommend that regional water quality projects be considered 
in lieu of local-scale water quality projects that will prove difficult to upkeep, maintain, and replace, let alone 
have existing sites evaluated as feasible.  For these reasons, this requirement should be removed. 

58 56 10.d.v Any retrofit activities should be the result of either an illicit discharge investigation or TMDL monitoring 
follow-up and will need to be addressed on a site-by-site basis.  A blanket effort as proposed in a highly 
urbanized area is simply not feasible at this time. 

59 56 10.e.ii Staff proposal states: "Each Permittee shall implement the following measures for flood 
management projects"   
 
Flood management projects need to be clearly defined. 

60 60 10.g.ii.7  Staff proposal states:  "Policies, procedures, and ordinances shall include commitments and a schedule to 
reduce the use of pesticides that cause impairment of surface waters…"    
 
The method which a pesticide that causes "impairment" to waterbodies needs to be defined. 

61 62 10.h.iv.1.c Staff proposal states:  "Provide clean out of catch basins… 24 hours after event"    
 
Many public events happen on the weekends (i.e. Saturday). To avoid excessive overtime costs, please 
change the requirement to "next business day after the event" or "next business day." 

62 63 10.h.vii.1 This requirement appears to be an “end-run” around the lack of catch basin structural BMPs in areas not 
covered by Trash TMDLs. The requirement has the potential to be extraordinarily economically 
burdensome.  If an area is NOT subjected to a Trash TMDL, then the need for any mitigation devices is 
baseless.  The MS4 permit requirements should not circumvent nor minimize the CWA 303(d) process. 

63 64 10.h.ix Staff proposal requires:  "Infiltration from Sanitary Sewer to MS4 / Preventive Maintenance…."   
 
The State Water Board has implemented a separate permit for sewer maintenance activities. Additional 
sewer maintenance requirements are redundant and unnecessary.  Please delete this requirement. 
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Illicit Connection and Illicit Discharge Elimination Program 
64 - 11 In general the LA Permit Group would like the flexibility to determine where (i.e. outfall vs. receiving water) 

monitoring is conducted and how the program is developed.  This flexibility is necessary due to the 
variability in the physical makeup from one watershed to the next, and perspectives/philosophy of one 
permittee to the next.  The Group proposes to do “non-stormwater outfall-based monitoring program” as 
part of an Integrated Watershed Monitoring Program.  There is ample dry weather monitoring in the TMDLs 
to address a “non-stormwater outfall-based monitoring program”.  Please revise each mention of “Each 
Permittee” to “Permittee/Permittees” to allow the flexibility of doing a Watershed or by individual city 
program, and sufficient program flexibility for receiving waterbody monitoring in-lieu of outfall monitoring. 

65 - 11 A definition of “outfall” is required for clarity.  An “outfall” for purposes of “non-stormwater outfall-based 
monitoring program” should be defined as “major outfall” pursuant to Clean Water Act 40CFR 122.26.  
Please revise each mention of “outfall” to read “major outfall” when discussing “non-stormwater outfall-
based monitoring program”. 

66 68 11.a  Some small cities do not have digital maps.  In the “General” category of Section 11, please provide a 1 
year time schedule for cities to create digital maps OR provide the municipality the ability to develop 
comprehensive maps of the storm sewer system in any format. 

67 68 11.b.i.1 Omit the comment, “Each mapped MS4 outfall shall be located using geographical positioning system 
(GPS) and photographs of the outfall shall be taken to provide baseline information to track operation and 
maintenance needs over time.”  This requirement is cost prohibitive and of little value because many City 
outfalls are underground and could not be accurately located or photographed.  Photographs of outfalls in 
channels have little value since data required is already included on “As-Built” drawings.  Geographic 
coordinates can easily be obtained using Google Earth or existing GIS coordinate systems. 
 
“The contributing drainage area for each outfall should be clearly discernable…"     The scope of this 
requirement would involve thousands of records of drainage studies. The Regional Board should be aware 
that this requirement would be very labor intensive, time consuming, and very costly. 

68 69 11.b.i.3 Storm drain maps should show watershed boundaries which by definition provide the location and name of 
the receiving water body.  Please revise (3) to read “The name of all receiving water bodies from those 
MS4 major outfalls identified in (1). 

69 69 11.c.i The LA Permit Group proposes “non-stormwater outfall-based monitoring program” to be flow based 
monitoring.  Please revise item (4) of 11., c. i. to read “(4) monitoring flow of unidentified or authorized non-
stormwater discharges, and…” 

70 69 11.c.i.4 "Monitoring of unknown or authorized discharges"   "Authorized" discharges are exempted or conditionally 
exempted for various reasons. Monitoring authorized discharges is monitoring for the sake of monitoring 
and offers no clear goal or water quality benefit.  Please delete this requirement. If the source of a 
discharge is unknown, then monitoring may be used as an optional tool to identify the culprit. 

71 70 11.d.i  Please revise the proposed language to “Permitte/Permittes shall develop written procedures for 
conducting investigations to identify the source of suspected illicit discharges, including procedures to 
eliminate the discharge once source is located.”  It is not know if a discharge is illicit until the investigation is 
completed. 
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72 70 11.d.ii Please revise the proposed language to “At a minimum, each Permittee/Permittees shall initiate an 
investigation(s) to identify and locate the source within 48 hours of becoming aware of the suspected illicit 
discharge.”  Due to the intermittent nature of illicit discharges, it is may not be possible to conduct the 
investigation within 48 hours. 
 

73 70 11.d.iii.1 "Illicit discharges suspected of sanitary sewage… shall be investigated first."  ICID inspectors should be 
allowed to make the determination of which event should be investigated first. For example, a toxic waste 
spill or a truck full of gasoline spill should take precedence over a sewage spill. This requirement should be 
amended to the “most toxic or severe threat to the watershed” shall be investigated first. 

74 70 11.d.iii.4 Please revise the proposed language to “If the source of the discharge is found to be authorized under a 
NPDES permit….”  If the discharge is permitted, then it is not “illicit”. 

75 70 11.d.iv.1 Please revise the first sentence of the proposed language to “If the source of the illicit discharge has been 
determined to originate within a Permittee’s jurisdiction, the Permittee shall immediately notify the 
responsible party of the problem, and require the responsible party to conduct all necessary corrective 
actions to eliminate the illicit discharge within 48 hours of notification.”  “Non-stormwater” discharges do 
not equate to “illicit” discharges. 

76 70 11.d.iv.2 Please revise the first sentence of the proposed language to “If the source of the suspected illicit 
discharge has been determined to originate within an upstream jurisdiction, the Permittee shall…”  
Unknown discharges are suspected of being illicit discharges, but may in fact prove to be authorized 
discharges. 

77 71 11.d.v Please revise the proposed language “the Permittee shall work with the Regional Water Board to provide 
diversion of the entire flow to the sanitary sewer or provide treatment.  In either instance, the Permittee 
shall notify the Regional Water Board in writing within 30 days of such determination and shall provide a 
written plan for review and comment that describes the efforts that have been undertaken to eliminate the 
illicit discharge, a description of the actions to be undertaken, anticipated costs, and a schedule for 
completion.” To “the Permittee shall work with and provide support to the Regional Water Board to continue 
Progressive Enforcement Policy of the Regional Board.” 
 
In the case that an Illicit Discharge is ongoing, then the discharger can be identified and the responsibility 
to clean up and eliminate the discharge lies with the discharger.  Any illicit discharge for which the 
Permittee has exhausted their Progressive Enforcement Policy should be deferred to the Regional Water 
Quality Control Board for additional Progressive Enforcement or permitting. 

78 71 11.e.i Please revise the first sentence to “Permittee/Permitees, upon discovery or upon receiving a report of a 
suspected illicit connection, shall initiate an investigation within 21 days…”  The process to determine the 
source of an illicit connection or responsible party may take a considerable time should the suspected 
source be an unoccupied site. 

79 71 11.e.ii Please revise the “days of completion” from 90 to 180 days.  Illicit connections need to be disconnected 
from the storm drain system in the street Right of Way, which will require plans and permitting.  Permitting 
with in State Right of Way can take on average 60 to 120 days. 
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80 71 11.f.i Revise the proposed first sentence to “Permittee/Permittees shall promote, publicize and facilitate public 
reporting of illicit discharges or water quality impacts associated with discharges into the MS4s through a 
central contact point…”  It is not possible to distinguish authorized discharges from illicit discharges at the 
outfalls. 
 

81 71& 
72 

11.f.ii.1&2 Revise “PIPP” to “Hotline”.  The subject of this item is “reporting hotline requirements”. 

82 72 11.f.iii Omit this section.  “No Dumping” signs have already been posted at open channels. 
83 72 11.f.iv Omit the second sentence, “The procedures shall be evaluated annually to determine whether changes or 

updates are needed to ensure that the procedures accurately document the methods employed by the 
Permittee.”  This is an unnecessary and burdensome requirement.  Procedures should be updated and 
documented as needed. 

84 73 11.h.i  Please revise this section to “Permittee/Permittees must continue to implement a training program 
regarding or require contractors to implement training for the identification of IC/IDs for all municipal field 
staff who as part of their normal job responsibilities (e.g. street sweeping, storm drain maintenance, 
collection system maintenance, road maintenance), may come into contact with or otherwise observe an 
illicit discharge or illicit connection to the storm drain system.  Training program documents must be 
available for review by the permitting authority.”  Cities can require contractors to train their staff, but should 
not be directing contractor staff.  The requirement to put notification procedures in fleet vehicles is 
unnecessary and is covered by the required training. 

85 74 "Attachment  On page 74, reference is made to Bioretention/Biofiltration Design Criteria and the Ventura County 
Technical Guidance Manual.  This criterion is likely not fit for LA County given that soils, impervious surface 
amounts, engineered channels, and agricultural practices are completely different in one county versus the 
other. 
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No. Page Citation Comment 

1 1 III.A.1.a 
and 

III.A.2 

RB staff proposed language requires the permittees to “effectively prohibit non-stormwater 
discharges into the MS4 and from the MS4 to receiving waters” except where authorized by a 
separate NPDES permit or conditionally authorized in sections  III.A.3-6.   

 
This may overstep the required legal authority provisions in the federal regulations since  
40CFR122.26 (d)(1)(ii) requires legal authority to control discharges to the MS4 but not from the 
MS4.  Additionally, with respect to the definition of an illicit discharge at 40CFR122.26(b)(2), an 
illicit discharge is defined as “a discharge to the MS4 that is not composed entirely of 
stormwater”. In issuing its final rulemaking for stormwater discharges on Friday, November 16, 
19901, USEPA states that: 
 

Section 405 of the WQA alters the regulatory approach to control pollutants in storm 
water discharges by adopting a phased and tiered approach. The new provision phases in 
permit application requirements, permit issuance deadlines and compliance with permit 
conditions for different categories of storm water discharges. The approach is tiered in 
that storm water discharges associated with industrial activity must comply with sections 
301 and 402 of the CWA (requiring control of the discharge of pollutants that utilize the 
Best Available Technology (BAT) and the Best Conventional Pollutant Control Technology 
(BCT) and where necessary, water quality‐based controls), but permits for discharges from 
municipal separate storm sewer systems must require controls to the maximum extent 
practicable, and where necessary water quality‐based controls, and must include a 
requirement to effectively prohibit non‐stormwater discharges into the storm sewers.    

 
This is further illuminated by the section on Effective Prohibition on Non- Stormwater Discharges2: 
 

“Section 402(p)(3)(B)(ii) of the amended CWA requires that permits for discharges from 
municipal storm sewers shall include a requirement to effectively prohibit non‐storm water 

                                            
1 55 FR 47990-01 VI.G.2. Effective Prohibition on Non-Stormwater Discharges 
2 55 FR 47990-01 VI.G.2. Effective Prohibition on Non-Stormwater Discharges 
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discharges into the storm sewers. Based on the legislative history of section 405 of the 
WQA, EPA does not interpret the effective prohibition on non‐storm water discharges to 
municipal separate storm sewers to apply to discharges that are not composed entirely of 
storm water, as long as such discharge has been issued a separate NPDES permit. Rather, 
an ‘effective prohibition’ would require separate NPDES permits for non‐storm water 
discharges to municipal storm sewers” 

 
The rulemaking goes on to say that the permit application: 
 

“requires municipal applicants to develop a recommended site‐specific management plan 
to detect and remove illicit discharges (or ensure they are covered by an NPDES permit) 
and to control improper disposal to municipal separate storm sewer systems.” 
 

Nowhere in the rulemaking is the subject of prohibiting discharges from the MS4 discussed. 
 

Furthermore, USEPA provides model ordinance language on the subject of discharge 
prohibitions: http://www.epa.gov/owow/NPS/ordinance/mol5.htm.  Section VII Discharge 
Prohibitions of this model ordinance provides discharge prohibition language as follows: 
 

No person shall discharge or cause to be discharged into the municipal storm drain system 
or watercourses any materials, including but not limited to pollutants or waters containing 
any pollutants that cause or contribute to a violation of applicable water quality 
standards, other than storm water. 
 

Thus we recommend that staff eliminate the “from” language at both Part III.A.1.a. and Part 
III.A.2. 
 

2 3 III.A.3.b This provisions outlined in this section are not clear. The provisions may be interpreted as the 
discharge being "exempt" as long as Table "X" does not contain an issue that is highlighted. 
Requiring the Permittees to look to Part V or Part VI.D or contact the Executive Officer to verify 
that there is no new information that will change the original permit determination is confusing.  
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We’d suggest that Table "X" be revised to include specific sections in Part V or VI.D that may 
modify the exempt determination.  We’d respectfully request that, based on the Executive 
Officer’s determination of a problem, a reopener clause is added so the Permit may be amended 
to account for changes exempt/conditionally exempt status.

3 3 III.A.3.b.i 
and 

III.A.3.b.ii 

MS4 Permittees do not have the legal authority to divert and/or treat water from natural springs or 
riparian wetlands (including those which are spring fed) before they enter the MS4.  We believe 
such flows should be unconditionally exempt from the discharge prohibitions.

4 3 III.A.3.b.iii 
 

MS4 Permittees do not have the legal authority to override State or Regional Board authorized 
discharges from stream diversions. Once the State or Regional Board authorizes a discharge, the 
State or Regional Board becomes responsible for any pollutants in that discharge. For MS4 
Permittees, this discharge should be unconditionally exempt.

5 4 III.A.3.b.x The combination of gravity flow and a pumped flow is not appropriate.  Gravity flow is not 
dewatering while pumped flow is dewatering.  Please separate the two types of discharge.  The 
installation of drain piping around a below grade foundation wall is intended to provide safety so 
that water pressure does not build up against a below grade wall.  If the built-up water, which is 
generally not ground water but rather infiltrating rain water, then it can be drained by gravity which 
is not dewatering and therefore should not require an NPDES permit.

6 4 III.A.3.b.xv The conditional exemption of street/sidewalk water is inconsistent with the requirement in the 
industrial/commercial MCM section that street washing must be diverted to the sanitary sewer.  
Sidewalk water should be conditionally exempt, but so also should patios and pool deck washing.  
If street washing has to be diverted to the sanitary sewer for industrial/commercial facilities, then it 
should for all facilities and so should parking lot wash water as they are similar in their pollutant 
loads.

7 4 III.A.3.b.xvi Emergency fire fighting flows should be unconditionally exempt since they are necessary to 
protect life and property, regardless of whether or not they cause or contribute to an exceedance 
of RWL and/or WQBEL.  To be consistent with the Ventura county permit, and because of the 
close link between emergency and non-emergency fire-fighting flows, we request all fire-fighting 
flows be unconditionally exempt or at minimum consider revising some of the proposed conditions 
of Table X to be more practicable and flexible.

8 4 III.A.3.b.xvi Footnote No.10 which expressly prohibits building fire suppression system maintenance (e.g. fire 
line flushing) discharges to the MS4.  With no viable alternative than discharging to the MS4, this 
prohibition directly conflict with California Health and Safety Code and the State Fire Marshall on 
the necessity to flush the system.  Please delete this explicit prohibition.

9 6 III.A.5.c.i The requirement to “eliminate irrigation overspray” is impossible to attain.  An ordinance that 
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requires Permittees to levy monetary fines against residents is overreach.  Please delete this 
requirement.      

10 6 III.A.6 The provision to require dischargers to notify the Permittee of the discharge, obtain local permits 
and implement BMPs may not be feasible for many dischargers such as car washing and 
sidewalk washing.  Alternatively municipalities can be required to implement ordinances that 
require anyone within their jurisdiction to comply with a series of conditions when performing 
those tasks.

11 6 III.A.7 The requirement to determine whether any of the conditionally exempted non-stormwater 
discharges is a source of pollutants is a requirement to monitor every non-stormwater discharge. 
This requirement is overly burdensome on Permittee staff, very costly, and a responsibility that 
will come into question.  Please delete this requirement.     

12 7 III.A.8 The requirement of the Permittee to demonstrate that a specific non-stormwater discharge from a 
potable water supply caused an exceedance is a requirement to monitor every potable water 
supply discharge. This requirement places all the responsibility on the MS4 Permittees to monitor 
and test the samples. The burden of proof is placed on the Permittee for any exceedance until 
proven innocent by way of the monitoring results.  Like emergency fire fighting discharges, 
potable water discharges should be exempt.   

13 4 III.A.8 We support an exemption for a Permittee from a violation of RWL and or WQBELs caused by a 
non-stormwater discharge from a potable water supply or distribution system not regulated by an 
NPDES permit but required by state or federal statute. This should clearly apply to all NPDES 
permits issued to others within, or flow through, the MS4 Permittees jurisdiction.  We would 
request that emergency releases caused by potable water line breaks, which are unexpected, and 
have to be dealt with as an emergency. MS4 permittees should be exempt from RWL or WQBEL 
violations associated with any permitted NPDES discharges that are effectively authorized by 
LARWQCB under the Clean Water Act.

14 8 III.A.9 The requirement of the Permittee to demonstrate that a specific non-stormwater discharge from a 
fire fighting activity caused an exceedance is a requirement to monitor every fire fighting activity, 
including location, date, time, duration, discharge pathway, and flow volume. This requirement 
places all the responsibility on the MS4 Permittees to monitor and test the samples, which is both 
labor intensive with limited personnel and extraordinarily costly. The burden of proof is placed on 
the Permittee for any exceedance until proven innocent by way of the monitoring results. It should 
be acknowledged by the Regional Board that fire fighting activity causes pollutants to be 
discharged. Discharges from all fire fighting activities should be unconditionally exempt, as 
protection of life and property is paramount.   
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15 Table X General Enforcing NPDES permits issued for the various NSWDs referenced in this table should be the 

responsibility of the State/Regional Board, not the MS4 permittee.  Therefore, it is inappropriate to 
include a condition that places a responsibility on the MS4 permittee to ensure requirements of 
NPDES permits are being implemented or effective in order for the pertaining NSWD category to 
be exempt.  Proper enforcement of the various NPDES permits mentioned in this table should 
ensure impacts from these discharges are negligible.   

16 Table X Rising 
Groundwater 

The condition that an NPDES permit is required when rising groundwater occurs where a sump 
pump is necessary in basement of residential buildings may become a significant burden to the 
LARWQCB—the number of such occurrences in the LA Basin will be very large.

17 Table X Landscape 
Irrigation 

Conditions should distinguish new landscape installation from retrofits.  These conditions are 
much easier to require on new landscapes than on existing landscapes.

18 Table X Swimming 
Pool/spa 

dischargers 

By imposing additional criteria for the proper discharge of swimming pool water, it greatly 
increases the complexity for the thousands of homeowners in Los Angeles county to comply with 
these conditions and may result in fewer amounts of these flows from being dechlorinated.  
Consider simplifying the proposed conditions.
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Maria Mehranian, Chairperson
California Regional Water Quality Control Board
Los Angeles Region
320 West 4th St., Suite 200
Los Angeles, CA 90013

SUBJECT: Comment Period for Draft NPDES Permit for MS4 Discharges

Honorable Chairperson Mehranian:

This letter is to request the Regional Board to provide sufficient time for review the draft NPDES Permit for MS4
Discharges needed to make this process open and transparent.

The LA Permit Group is in receipt of the Notice of Opportunity for Public Comment and Notice of Public Hearing for the
Draft NPDES Permit for MS4 Discharges and of the draft permit. This draft permit is over 500 pages and incorporates
provisions for 33 TMDLs and implementation requirements, new low impact development requirements and extensive
new requirements for new water quality monitoring, however our permittees have been given only 45 days to provide
written comments.

While we understand a new MS4 Permit is long overdue in LA County, we do not understand why the Regional Board
would want to rush this landmark regulation through the approval process. It is in everyone’s best interest to keep the
permitting process as open and transparent as possible. Through this entire process, the LA Permit Group has
committed to a process that would cooperatively develop the next MS4 Permit. We have made every effort to stay
engaged in the process and have proactively sought involvement in all aspects of the Permit development. The LA
Permit Group is appreciative of the efforts the Board and Staff has taken to review certain aspects of the Permit with
permittees in workshops; however, upon release of the Tentative, many of the Permit provisions contained substantial
changes from previous versions, or contained brand new sections that we had not yet seen throughout this process.
Seeing the permit in its entirety and having the opportunity to understand how each of the sections and programs work
together is imperative in order for permittees to fully understand the permit provisions and to prepare comments.

We believe the Regional Board wants a review process that is open and transparent; however, providing permittees only
45 days to comment makes it impossible for this process to be open and transparent. In order to develop and provide
relevant and meaningful comments, each permittees must first:

• Read a 500 page permit,
• Study the 500 page permit to understand how the provisions work together,
• Compare it to the last permit,
• Evaluate the resource needs to comply with the permit,
• Determine the fiscal and organizational impacts on city services; this requires coordination with several city

departments,
• Prepare legal review and comments,

July 2, 2012

LA PERMIT GROUPLA PERMIT GROUP
July 2, 2012

Maria Mehranian, Chairperson
California Regional Water Quality Control Board
Los Angeles Region
320 West 4th St., Suite 200
Los Angeles, CA 90013

SUBJECT: Comment Period for Draft NPDES Permit for MS4 Discharges

Honorable Chairperson Mehranian:

This letter is to request the Regional Board to provide sufficient time for review the draft NPDES Permit for MS4
Discharges needed to make this process open and transparent.

The LA Permit Group is in receipt of the Notice of Opportunity for Public Comment and Notice of Public Hearing for the
Draft NPDES Permit for MS4 Discharges and of the draft permit. This draft permit is over 500 pages and incorporates
provisions for 33 TMDLs and implementation requirements, new low impact development requirements and extensive
new requirements for new water quality monitoring, however our permittees have been given only 45 days to provide
written comments.

While we understand a new MS4 Permit is long overdue in LA County, we do not understand why the Regional Board
would want to rush this landmark regulation through the approval process. It is in everyone's best interest to keep the
permitting process as open and transparent as possible. Through this entire process, the LA Permit Group has
committed to a process that would cooperatively develop the next MS4 Permit. We have made every effort to stay
engaged in the process and have proactively sought involvement in all aspects of the Permit development. The LA
Permit Group is appreciative of the efforts the Board and Staff has taken to review certain aspects of the Permit with
permittees in workshops; however, upon release of the Tentative, many of the Permit provisions contained substantial
changes from previous versions, or contained brand new sections that we had not yet seen throughout this process.
Seeing the permit in its entirety and having the opportunity to understand how each of the sections and programs work
together is imperative in order for permittees to fully understand the permit provisions and to prepare comments.

We believe the Regional Board wants a review process that is open and transparent; however, providing permittees only
45 days to comment makes it impossible for this process to be open and transparent. In order to develop and provide
relevant and meaningful comments, each permittees must first:

• Read a 500 page permit,
• Study the 500 page permit to understand how the provisions work together,

• Compare it to the last permit,
• Evaluate the resource needs to comply with the permit,
• Determine the fiscal and organizational impacts on city services; this requires coordination with several city

departments,
• Prepare legal review and comments,
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Comment Period for Draft NPDES Permit for MS4 Discharges
Page 2 of 2

• Present information to and gather feedback from municipal governing body (the process of scheduling an item
for a City Council Agenda requires at least 30-60 days in most cities). This does not allow staff time to conduct
the following items listed above prior to presenting to their governing bodies, and then

• prepare written comments

Additionally, emphasis on coordination of comments has been called out in the Notice of Opportunity for Public
Comment and Notice of Public Hearing for the Draft NPDES Permit. The 45-day comment period does not allow time for
permittees to fully discuss the permit amongst each other in order to adequately coordinate comments and responses.
This process is not only desired by permittees, but also necessary as many of the permit provisions are intended for
permittees to work together on a watershed (or sub-watershed) scale. In order to fully understand how these
provisions will work on a watershed scale, it is necessary that permittees (staff and elected officials) be allowed
adequate time to fully understand the permit, coordinate and prepare comments.

Furthermore, for this process to be clearly open and transparent, permittee (City) staff should be given sufficient time to
vet this permit within our agency staff and with our elected officials and then be given time to discuss and negotiate
issues with Regional Board staff prior to the Tentative Draft comments due date.

The LA Permit Group respectfully requests for the comment period to be extended by 180 working days for permittees
to first try to work with Regional Board staff to draft a permit that has a reasonable chance for compliance and then
prepare written comments on un-resolved issues. Additionally, we request that a Revised Tentative Permit be released
with a 45-day comment period so that permittees have the opportunity to see any changes made to the Permit and
have the chance to provide comments prior to the Adoption Hearing.

If you have any questions or request additional information, I may be reached at (626) 932-5577 or
hmaloney@ci.monrovia.ca.us.

H4MaloLjh&r
LA Permit Group

cc: Charles Stringer, Vice Chairperson
Francine Diamond, Boardmember
Mary Ann Lutz, Boardmember
Madelyn Glickfield, Boardmember
Maria Camacho, Board member
Irma Camacho, Boardmember
Lawrence Vee, Boa rdmember
Samuel Unger, Executive Officer
Senator Ed Hernandez
Senator Bob Huff
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• Present information to and gather feedback from municipal governing body (the process of scheduling an item
for a City Council Agenda requires at least 30-60 days in most cities). This does not allow staff time to conduct
the following items listed above prior to presenting to their governing bodies, and then

• prepare written comments

Additionally, emphasis on coordination of comments has been called out in the Notice of Opportunity for Public
Comment and Notice of Public Hearing for the Draft NPDES Permit. The 45-day comment period does not allow time for
permittees to fully discuss the permit amongst each other in order to adequately coordinate comments and responses.
This process is not only desired by permittees, but also necessary as many of the permit provisions are intended for
permittees to work together on a watershed (or sub-watershed) scale. In order to fully understand how these
provisions will work on a watershed scale, it is necessary that permittees (staff and elected officials) be allowed
adequate time to fully understand the permit, coordinate and prepare comments.

Furthermore, for this process to be clearly open and transparent, permittee (City) staff should be given sufficient time to
vet this permit within our agency staff and with our elected officials and then be given time to discuss and negotiate
issues with Regional Board staff prior to the Tentative Draft comments due date.

The LA Permit Group respectfully requests for the comment period to be extended by 180 working days for permittees
to first try to work with Regional Board staff to draft a permit that has a reasonable chance for compliance and then
prepare written comments on un-resolved issues. Additionally, we request that a Revised Tentative Permit be released
with a 45-day comment period so that permittees have the opportunity to see any changes made to the Permit and
have the chance to provide comments prior to the Adoption Hearing.

If you have any questions or request additional information, I may be reached at (626) 932-5577 or
hmaloney@ci.monrovia.ca.us.

cc: Charles Stringer, Vice Chairperson
Francine Diamond, Boardmember
Mary Ann lutz, Boardmember
Madelyn Glickfield, Boardmember
Maria Camacho, Board member
Irma Camacho, Boardmember
lawrence Vee, Boardmember
Samuel Unger, Executive Officer
Senator Ed Hernandez
Senator Bob Huff
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June 26, 2012 
 
Jeanine Townsend, Clerk to the Board  
State Water Resources Control Board  
 
 
Subject: State of California Department of Transportation Municipal Separate Storm Sewer 

System Permit Second Revised Draft Tentative Order  
 
Dear Ms. Townsend:   
 
The California Stormwater Quality Association appreciates this opportunity to comment on the 
subject Caltrans Municipal Separate Storm Sewer System (MS4) Permit Second Draft Tentative 
Order (draft Tentative Order).  CASQA typically comments on individual MS4 permits only when 
there is an issue of potential statewide significance.  Accordingly, we are compelled to comment on 
the Receiving Water Limitations provisions incorporated into the draft Tentative Order.   
 
The Draft Tentative Order in Provisions A and C will expose the Department to unwarranted 
and immediate liability.  
 
CASQA believes the current revision of the receiving water limitations section is contrary to 
established Board policy and appears to create an inability for Caltrans to comply.  Multiple 
constituents in stormwater runoff on occasion may be higher than receiving water quality standards 
before it is discharged into the receiving waters, and may create the potential for the runoff to cause 
or contribute to exceedances in the receiving water itself.  Previously, MS4s have presumed that 
permit language like that expressed in Receiving Water Limitation D.4 in conjunction with Board 
Policy (WQ 99-05) established an iterative management approach and process as the fundamental, 
and technically appropriate, basis of compliance.  The “iterative process language” now at issue in 
the draft Tentative Order, however, combined with General Discharge Prohibition A.4, renders the 
iterative process obsolete as a compliance strategy.  Moreover, in the wake of the July 2011 Ninth 
Circuit Court of Appeal’s decision, if this language is not revised, the precedent may be set for 
municipal permits that create unlimited liability for government entities across the State. 
 
As you know, on July 13, 2011, the United States Court of Appeals for the Ninth Circuit issued an 
opinion in Natural Resources Defense Council, Inc., et al., v. County of Los Angeles, Los Angeles 
County Flood Control District, et al.  (NRDC v. County of LA).  The court’s opinion addressed two 
key issues for California’s MS4s, one of which is directly applicable here, that being whether a 
permittee who is in compliance with the iterative process is nevertheless still in violation of a MS4 
permit that contains language like that proposed for Caltrans.   
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Like the Caltrans draft Tentative Order, the County of Los Angeles MS4 permit includes 
Receiving Water Limitations language that is consistent with the language developed by the 
State Water Board in its Order WQ 99-05.  In previous State Water Board orders, the Board 
indicated that the language specified in Order WQ 99-05 did not require strict compliance with 
water quality standards.  The language in question is often referred to as the “iterative process.” 
 
However, contrary to the State Water Board’s stated intent and the understanding of CASQA, the 
Ninth Circuit Court of Appeals found that, because the iterative process paragraph did not 
explicitly state that a party who was implementing the iterative process was not in violation of 
the permit, a party whose discharge “causes or contributes” to an exceedance of a water quality 
standard is in violation of the permit, even though that party is implementing the iterative process 
in good faith.   
 
As a result of the court’s decision, if the draft language is not changed, all discharges to 
receiving waters must meet water quality standards to avoid being in violation of permit terms.  
Although an important goal, no one reasonably expects Caltrans or any other municipal 
permittee to be able to meet this goal now.  Indeed, the impossibility of meeting this goal is 
reflected by the hundreds of TMDLs across the state that specifically recognize that water quality 
standards cannot currently be met, often for reasons beyond Caltrans or other permittees’ control, 
and that instead an adaptive program over a span of several years or longer is necessary. 
 
Thus, unless this language is changed, Caltrans may be vulnerable to enforcement actions by the 
state and third party citizen suits alleging violations of the permit terms in question.  Indeed, the 
liability resulting from a failure to address these provisions may be a risk to Caltrans regardless 
of the current or future enforcement policy of the State or Regional Water Boards.  For example, 
the City of Stockton was engaged in the iterative process per the terms of its Permit, but was 
nonetheless challenged by a third-party on the basis of the Receiving Water Limitations 
language.  There is no regulatory benefit to imposing permit provisions that result in the potential 
of immediate non-compliance for the Permittee.  
 
To avoid undercutting the regulatory benefits of the State Water Board’s program for Caltrans 
(and other MS4s), the Receiving Water Limitations language must be revised.  In an attempt to 
avoid this undercutting we have attached proposed language for the Receiving Water Limitation 
provision.  CASQA believes that our suggested Receiving Water Limitations language is drafted 
in a manner to clearly indicate that compliance with the iterative process provides effective 
compliance with the discharge prohibition (General Discharge Prohibition A.4), and the “shall 
not cause or contribute” receiving water limitations (Receiving Water Limitations D.2 and D.3).  
Furthermore the proposed language allows the MS4s to focus and prioritize their  resources on 
critical water quality issues that will lead to water quality improvement, such as those reflected 
by the TMDLs.  We therefore request further consideration of this or other alternative language 
so as to avoid a situation where, even if Caltrans is in complete compliance with the iterative 
process provisions, it could be subject to significant liability and lawsuits.   
 
We thank you again for the opportunity to provide our comments and we ask that the Board 
carefully consider them and our suggested Receiving Water Limitations language for the 
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Caltrans permit.  If you have any questions, please contact CASQA Executive Director Geoff 
Brosseau at (650) 365-8620. 
 
Sincerely,  

 
Richard Boon, Chair 
 
cc:  CASQA Board of Directors and Executive Program Committee  
 
Attachment – CASQA Proposed Language for Receiving Water Limitation Provision 
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February 21, 2012 
 
Mr. Charles Hoppin, Chair 
State Water Resources Control Board 
P.O. Box 100 
Sacramento, CA 95812-0100  
 
Subject:  Receiving Water Limitation Provision to Stormwater NPDES Permits 
 
Dear Mr. Hoppin: 
 
As a follow up to our December 16, 2011 letter to you and a subsequent January 25, 2012 
conference call with Vice-Chair Ms. Spivy-Weber and Chief Deputy Director Jonathan Bishop, the 
California Stormwater Quality Association (CASQA) has developed draft language for the receiving 
water limitation provision found in stormwater municipal NPDES permits issued in California.  This 
provision, poses significant challenges to our members given the recent 9th Circuit Court of Appeals 
decision that calls into question the relevance of the iterative process as the basis for addressing the 
water quality issues presented by wet weather urban runoff.   As we have expressed to you and other 
Board Members on various occasions, CASQA believes that the existing receiving water limitations 
provisions found in most municipal permits needs to be modified to create a basis for compliance 
that provides sufficient rigor in the iterative process to ensure diligent progress in complying with 
water quality standards but also allows the municipality to operate in good faith with the iterative 
process without fear of unwarranted third party action.  To that end, we have drafted the attached 
language in an effort to capture that intent.  We ask that the Board give careful consideration to this 
language, and adopt it as ‘model’ language for use statewide.   
 
Thank you for your consideration and we look forward to working with you and your staff on this 
important matter. 
 
Yours Truly, 

 
Richard Boon, Chair 
California Stormwater Quality Association 
 
cc: Frances Spivy-Weber, Vice-Chair – State Water Board   

Tam Doduc, Board Member – State Water Board  
Tom Howard, Executive Director – State Water Board  
Jonathan Bishop, Chief Deputy Director – State Water Board  
Alexis Strauss, Director – Water Division, EPA Region IX 
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CASQA	  Proposal	  for	  Receiving	  Water	  Limitation	  Provision	  

D.	  RECEIVING	  WATER	  LIMITATIONS	  	  

1. Except	  as	  provided	  in	  Parts	  D.3,	  D.4,	  and	  D.5	  below,	  discharges	  from	  the	  MS4	  for	  which	  a	  
Permittee	  is	  responsible	  shall	  not	  cause	  or	  contribute	  to	  an	  exceedance	  of	  any	  applicable	  water	  
quality	  standard.	  	  

2. Except	  as	  provided	  in	  Parts	  D.3,	  D.4	  and	  D.5,	  discharges	  from	  the	  MS4	  of	  storm	  water,	  or	  non-‐
storm	  water,	  for	  which	  a	  Permittee	  is	  responsible,	  shall	  not	  cause	  a	  condition	  of	  nuisance.	  

3. In	  instances	  where	  discharges	  from	  the	  MS4	  for	  which	  the	  permittee	  is	  responsible	  (1)	  causes	  or	  
contributes	  to	  an	  exceedance	  of	  any	  applicable	  water	  quality	  standard	  or	  causes	  a	  condition	  of	  
nuisance	  in	  the	  receiving	  water;	  (2)	  the	  receiving	  water	  is	  not	  subject	  to	  an	  approved	  TMDL	  that	  
is	  in	  effect	  for	  the	  constituent(s)	  involved;	  and	  (3)	  the	  constituent(s)	  associated	  with	  the	  
discharge	  is	  otherwise	  not	  specifically	  addressed	  by	  a	  provision	  of	  this	  Order,	  the	  Permittee	  shall	  
comply	  with	  the	  following	  iterative	  procedure:	  	  	  

a. Submit	  a	  report	  to	  the	  State	  or	  Regional	  Water	  Board	  (as	  applicable)	  that:	  

i. Summarizes	  and	  evaluates	  water	  quality	  data	  associated	  with	  the	  pollutant	  of	  
concern	  in	  the	  context	  of	  applicable	  water	  quality	  objectives	  including	  the	  
magnitude	  and	  frequency	  of	  the	  exceedances.	  	  

ii. Includes	  a	  work	  plan	  to	  identify	  the	  sources	  of	  the	  constituents	  of	  concern	  
(including	  those	  not	  associated	  with	  the	  MS4to	  help	  inform	  Regional	  or	  State	  
Water	  Board	  efforts	  to	  address	  such	  sources).	  

iii. Describes	  the	  strategy	  and	  schedule	  for	  implementing	  best	  management	  
practices	  (BMPs)	  and	  other	  controls	  	  (including	  those	  that	  are	  currently	  being	  
implemented)	  that	  will	  address	  the	  Permittee's	  sources	  of	  constituents	  that	  are	  
causing	  or	  contributing	  to	  the	  exceedances	  of	  an	  applicable	  water	  quality	  
standard	  or	  causing	  a	  condition	  of	  nuisance,	  and	  are	  reflective	  of	  the	  severity	  of	  
the	  exceedances.	  	  The	  strategy	  shall	  demonstrate	  that	  the	  selection	  of	  BMPs	  will	  
address	  the	  Permittee’s	  sources	  of	  constituents	  and	  include	  a	  mechanism	  for	  
tracking	  BMP	  implementation.	  	  	  The	  strategy	  shall	  provide	  for	  future	  refinement	  
pending	  the	  results	  of	  the	  source	  identification	  work	  plan	  noted	  in	  D.3.	  ii	  above.	  	  	  

iv. Outlines,	  if	  necessary,	  additional	  monitoring	  to	  evaluate	  improvement	  in	  water	  
quality	  and,	  if	  appropriate,	  special	  studies	  that	  will	  be	  undertaken	  to	  support	  
future	  management	  decisions.	  	  

v. Includes	  a	  methodology	  (ies)	  that	  will	  assess	  the	  effectiveness	  of	  the	  BMPs	  to	  
address	  the	  exceedances.	  	  	  

vi. This	  report	  may	  be	  submitted	  in	  conjunction	  with	  the	  Annual	  Report	  unless	  the	  
State	  or	  Regional	  Water	  Board	  directs	  an	  earlier	  submittal.	  
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b. Submit	  any	  modifications	  to	  the	  report	  required	  by	  the	  State	  of	  Regional	  Water	  Board	  
within	  60	  days	  of	  notification.	  The	  report	  is	  deemed	  approved	  within	  60	  days	  of	  its	  
submission	  if	  no	  response	  is	  received	  from	  the	  State	  or	  Regional	  Water	  Board.	  

c. Implement	  the	  actions	  specified	  in	  the	  report	  in	  accordance	  with	  the	  acceptance	  or	  
approval,	  including	  the	  implementation	  schedule	  and	  any	  modifications	  to	  this	  Order.	  	  	  

d. As	  long	  as	  the	  Permittee	  has	  complied	  with	  the	  procedure	  set	  forth	  above	  and	  is	  
implementing	  the	  actions,	  the	  Permittee	  does	  not	  have	  to	  repeat	  the	  same	  procedure	  
for	  continuing	  or	  recurring	  exceedances	  of	  the	  same	  receiving	  water	  limitations	  unless	  
directed	  by	  the	  State	  Water	  Board	  or	  the	  Regional	  Water	  Board	  to	  develop	  additional	  
BMPs.	  

4. For	  Receiving	  Water	  Limitations	  associated	  with	  waterbody-‐pollutant	  combinations	  addressed	  in	  
an	  adopted	  TMDL	  that	  is	  in	  effect	  and	  that	  has	  been	  incorporated	  in	  this	  Order,	  the	  Permittees	  
shall	  achieve	  compliance	  as	  outlined	  in	  Part	  XX	  (Total	  Maximum	  Daily	  Load	  Provisions)	  of	  this	  
Order.	  	  For	  Receiving	  Water	  Limitations	  associated	  with	  waterbody-‐pollutant	  combinations	  on	  
the	  CWA	  303(d)	  list,	  which	  are	  not	  otherwise	  addressed	  by	  Part	  XX	  or	  other	  applicable	  pollutant-‐
specific	  provision	  of	  this	  Order,	  the	  Permittees	  shall	  achieve	  compliance	  as	  outlined	  in	  Part	  D.3	  
of	  this	  Order.	  

5. If	  a	  Permittee	  is	  found	  to	  have	  discharges	  from	  its	  MS4	  causing	  or	  contributing	  to	  an	  exceedance	  
of	  an	  applicable	  water	  quality	  standard	  or	  causing	  a	  condition	  of	  nuisance	  in	  the	  receiving	  water,	  
the	  Permittee	  shall	  be	  deemed	  in	  compliance	  with	  Parts	  D.1	  and	  D.2	  above,	  unless	  it	  fails	  to	  
implement	  the	  requirements	  provided	  in	  Parts	  D.3	  and	  D.4	  or	  as	  otherwise	  covered	  by	  a	  
provision	  of	  this	  order	  specifically	  addressing	  the	  constituent	  in	  question,	  as	  applicable.	  
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CITY OF LA VERNE
CITY HALL

3660 "0" Street. La Verne, California 91750-3599
www.ci.la-verne.ca.us

July 23, 2012

Mr. Ivar Ridgeway
Regional Water Quality Control Board, Los Angeles
320 W. 4th Street, Suite 200
Los Angeles, CA 90013
(Electronically to LAMS42012@waterboards.ca.gov)

Subject: Comment letter - Draft NPDES Permit (Draft Order) for MS4 Dischargers within the
Los Angeles County Flood Control District

The City of La Verne appreciates the opportunity to provide comments on the subject draft order for the
Los Angeles region. The City incorporates by reference the comment letter submitted by the Los
Angeles Permit Group "Comment Letter - Draft NPDES Permit (Draft Order) for MS4 Discharges
within the Los Angeles County Flood Control District" to this letter. While the City has been
participating collaboratively and regionally and supports those efforts, the City feels it is important to
send its own letter noting concerns with the pending 4th generation NPDES permit. Comments are
organized around the following issues:

• Time Allowed for Review
• Receiving Water Limitations

• TMDLs
• Monitoring
• MCMs
• Watershed Management Program
• Cost Implications

TIME ALLOWED FOR REVIEW
As stated in our letter dated July 12,2012, the comment deadline of July 23,2012 is far too short to
address all the potential issues and concerns. On several occasions, the Regional Board staff has used
the Staff Working Proposal process and workshops as a justification for the expeditious manner in
which the draft order was developed. This justification is misplaced for several reasons:

1) Each Staff Working Proposal was issued with only a few weeks for stakeholders to provide
comments on what may be considered the most significant increase in public effort to address water
quality issues in the past 20 years.
2) Although the LA Permit Group provided comments on the working proposal, it is unclear to us
how the Regional Board staff addressed comments. In some cases changes were made and other
cases no changes were made. In both cases no explanation was provided;
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3) By rolling out different working proposals at different times it was difficult to understand how
the key provisions interacted with each other. It was only after the full draft order was issued did
we see the interaction (or lack of interaction) of the provisions;
4) Most importantly, stormwater managers have an obligation to adequately inform other
municipal departments, legal counsel, city management and elected officials on the fiscal impact of
this draft order. The time to properly evaluate the permit or assess its financial, legal, and
personnel impacts cannot be accomplished in the 45 day review period.

It is imperative that municipalities be given additional time to review the permit and develop
alternatives for the substantial issues found in this draft order. At minimum, this should be
accomplished by an additional review of a tentative order before an adoption hearing is held.
Additionally, the City has representatives that are planning on attending the League of California Cities
Conference on September 5-7, 2012. We request that the adoption hearing be rescheduled after
September 6-7, 2012 to allow for elected officials and staff of the permitted agencies to attend the
hearing.

Recommendation: Provide an additional 180 business days for comments and reissue the Draft Order
for 45 days prior to adoption to allow cities appropriate and adequate time for review and preparation.

RECEIVING WATER LIMITATIONS
The Receiving Water Limitations (RWL) language in the draft order creates liability that is unnecessary
and counterproductive. The City is most concerned with being fined by the Regional Board or sued by
a 3rd party even if it is doing everything reasonably within its power to comply with the permit. The
City specifically supports recently proposed CASQA language that should be included under the RWL
section ofthe permit allowing a true iterative process to improving stormwater quality.

Under the current RWL working proposal, the City will need to direct their resources to any and all
pollutants that may cause or contribute to exceedances of water quality standards. Based on a review of
other municipal outfall monitoring results in the State, there will be occasional exceedances of other
non-TMDL pollutants (e.g. aluminum, iron, etc.). These exceedances may only occur once every 10
storms, but according to the current RWL proposal, the City must address these exceedances with the
same priority as the TMDL pollutants. This is unreasonable and an ineffective use of limited municipal
resources.

Recommendation: Develop Receiving Water Limitation language consistent with the California
Stormwater Quality Association language that was submitted in a comment letter on the Caltrans permit
and on the Statewide Phase II Permit which defines action thresholds, an iterative/adaptive management
process, and avoids unnecessary liability.

TOTAL MAXIMUM DAILY LOADS
The manner in which TMDLs are being entered into the permit does not allow the City of La Verne or
other municipalities the appropriate steps or proper science to be in compliance with TMDLs.

Recommendation
• Provide a provision which requires that a TMDL be reconsidered in light of information that

was not available when the TMDL was developed before the final WLAs become effective.
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Whenever the reconsideration has been completed, the permit should be reopened to make
changes to any wasteload allocation, time schedules, and other pertinent information.

• Translate WLAs into WQBELs, expressed as BMPs
• State that the implementation of the BMPs using an iterative process will place the permittee

into compliance with the MS4 Permit.
• Provide for four (4) compliance options for both interim and final WLAs:

o Implement Actions/BMPs consistent with Watershed Management Program
o Compliance at the outfall (end of pipe)
o Compliance in the receiving water (river, creek, ocean)
o No direct discharges

• Allow for the adaptive management approach to be utilized for TMDL compliance, consistent
with the timelines identified in the Watershed Management Programs.

MONITORING
The proposed monitoring program will significantly increase from current monitoring efforts.
Although we understand the need for monitoring to support the permit, there are a number of issues that
need to be fully vetted and discussed. These issues include:

• Receiving water monitoring should be consistent with SWAMP protocols including the
requirement that ambient monitoring be conducted two days following a storm event.
Currently the receiving water monitoring is proposed to be conducted during storm events.
Such an approach will not support the need to assess the receiving water quality consistent with
the SWAMP approach that is used as the basis for 303(d) listing.

• The focus and scope of non-stormwater monitoring is not commensurate with the
environmental issues associated with dry weather flows. We believe the non-stormwater
monitoring should be to help identify illicit discharges and not for assessing the multitude of
objectives noted in the MRP, II.E.a - c. Furthermore we would submit that the MS4s should
focus its non-stormwater monitoring on discharges "into" the MS4 and not on discharges
"through" or from our MS4s that may cause or contribute to exceedances of water quality
standards. This is consistent with CWA section 403(p).

• Regarding regional studies (MRP XI.A - B), these studies should be conducted by the Regional
or State Board. But if the permit does require special studies, the permit needs to establish
the mechanism/option for permittees to participate in the studies without having to
conduct the studies on an individual basis. Furthermore, the Regional Board should be the
agency to lead and coordinate these studies. The MRP appears to read that each and every
permittee must conduct the regional studies.

• Toxicity monitoring should be limited to the receiving water only and not at the outfalls.
It's important to establish whether if toxicity is an issue in the receiving water before
conducting expensive monitoring at the outfalls. Furthermore, recent Department of Pesticide
Regulations has severely limited the use of pyrethroid based pesticides, thus calling into
question the need for expensive toxicity monitoring, especially at outfalls. Finally, if a study is
necessary, the Regional Board should lead the study.

• Insufficient time is allotted to prepare Coordinated Integrated Monitoring Plans (CIMP). Since
the monitoring for TMDLs should continue per the TMDL schedules, the Permittees should be
allowed sufficient time to prepare the ClMPs. To prepare a ClMP the Permittees will need
more than a Letter ofintent to proceed. We recommend that the draft order be modified to
allow 12 months to submit a Memorandum of Agreement to participate in a CIMP and 24
months to submit the complete CIMP. The time required to award the monitoring contract is
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3 months and at least 6 months are needed to obtain Los Angeles County Flood Control
Encroachment Permits, thus at least 9 months is needed before commencing monitoring.

MINIMUM CONTROL MEASURES
In order to further water quality improvements, the permit needs to set clear goals, while allowing
flexibility with the programs and BMPs implemented. Furthermore, the municipal stormwater
performance standard to reduce pollutants to the maximum extent practicable is not well defined and
will depend on a number of factors. This constraint, as well as the USEPA position that the iterative
process is the basis for good stormwater management, supports the need to provide flexibility in
defining the criteria for customizing MCMs.

Timeline
The City of La Verne requests that the Regional Board provide a draft timeline for implementation and
phasing-in of the Minimum Control Measure requirements. The permit should allow a 12 month time
schedule to transition from current efforts to the new MCM requirements.

Shifting of State Responsibility to the MS4
The draft order shifts much of the State responsibilities regarding the State's General Permits for
Construction and Industrial Activities to cities. This is especially true for the Construction General
Permit and Provision VI.D.7. A few examples of where the draft order either shifts the responsibility or
actually exceeds the requirements of the CGP are listed below:

• Maintaining a database that overlaps with the States' own SMARTS database. Asking
Permittees to collect the same data adds unnecessary time and expense with no benefit to water
quality.

• Requiring the quantification of soil loss is redundant with the CGP and adds additional MS4
costs.

Those elements that shift State responsibility should be eliminated and the MCMs should be
coordinated with other state and federal requirements, with particular attention to CGP and IGP
requirements.

New Development MCM
We have significant concerns with the following parts of the New Development MCM:

• Storm design criteria
• Alternative compliance option offsite mitigation
• Treatment control performance benchmarks
• BMP tracking and inspection
• BMP specificity
• Hydromodification

Storm Design Criteria
The draft order in Provision D.6.c.i (page 70) requires the developer retain the stormwater quality
design volume as calculated by either the 0.75 inch storm or the 85th percentile 24 hour storm
whichever is greater. We take exception to the requirement to select the largest calculated volume. In
all permits to date in California these two design criteria were judged to be equivalent. In fact, the
current stormwater permit for Los Angeles County includes four design criteria to choose from for the
stormwater volume. The additional effort to assess every project to choose between two equivalent
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design criteria makes little sense and adds cost to any project. We recommend that the developer be
allowed to choose between the two criteria.

Alternative Compliance Option - Offsite Mitigation
The draft order goes into great detail discussing an alternative compliance option to full on- site
retention of the design storm volume. The alternative option takes the form of an offsite mitigation
project. We would recommend that the developer be required to remove only the pollutant loads that
would have been removed at the project site by way of the mitigation site and if the mitigation site
cannot meet that load reduction then the developer can implement treatment controls at the project site
for the remaining differential.

Treatment Control Performance Benchmarks
The Ventura County's NPDES MS4 permit requires the project developer to determine the pollutant of
concern(s) for the development project and use this pollutant as the basis for selecting a top performing
BMP. In the case of the Draft Order, there is no determination of the pollutant of concern for the
development project. Instead post construction BMPs must meet all the benchmarks. Unfortunately,
traditional post construction BMPs are not capable of meeting all the benchmarks and thus the
developer will not be able to select a BMP. We recommend that provision VI.D.6.c.iv.(l)(a) (page 74)
be modified so that the selection of post construction BMPs is consistent with the Ventura permit and is
based on the development site's pollutant of concern(s) and the corresponding top performing BMP(s)
that can meet the Table 11 benchmarks.

BMP Tracking and Inspection

In the draft order provision VI.D.6.d the permittees are being required to track and inspect post
construction BMPs including LID measures. The provision does allow that such effort can be
addressed by the project developer but even with this consideration, the provision is onerous for city
staff as this would still require significant staff time (ex. plan reviews, data entry, letter preparation and
enforcement, etc.). This is especially true for LID measures, which if planned and designed correctly,
will include a large number of measures (planter boxes, infiltration trenches, swales, etc.) on every site.
Furthermore, most of the LID measures will be infiltration type measures, which are difficult to inspect
and should be only inspected in wet weather when one can ascertain that the LID measures are
operating correctly. This inspection concept, when taken to the extreme will mean that municipalities
will be inspecting LID measures all over the community and only during rain events. This is
unreasonable and cost prohibitive for the municipality. We recommend that the tracking and inspection
of post construction BMPs be limited to only the conventional BMPs (e.g. detention basins, wetlands,
etc.); alternatively require the MS4 to spot check a limited number of LID measures to ascertain how
well they are operating.

BMP Specificity

The draft order in Attachment H provides detail specifications for biofiltration and bioretention BMPs.
The City believes that such specificity although well intended is counterproductive. Such specificity is
equivalent to a wastewater NPDES permit specifying the grain size in the multimedia filtration unit. It
is more appropriate to establish the performance standard for the BMP and to allow the MS4 to develop
design specifications to meet the standard. We recommend that Attachment H be removed and a
provision be established that requires the MS4 to develop the design specifications for
bioretentionlbiofiltration.
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Hydromodification
It is premature to change the hydromodification criteria, and specifically the interim criteria. In our
current 2001 order Pemittees are required to develop numerical criteria for peak flow control, based on
the results of the Peak Discharge Impact Study. We believe it is more constructive to keep with the
criteria and not revise it for the interim until the final criteria can be developed by the State. A change
now and then later on just adds confusion to the development process and creates additional work for a
limited or non-existent water quality improvement. The effort under the 2001 permit is sufficient until
such time final criteria are developed.

PUBLIC AGENCY MCM
The draft order identifies a number of requirements for public agency MCMs but two are specifically
alarming. First is provision VI.D.8.h.vii (page 102) which specifies additional trash BMPs regardless
of whether the area is subject to a trash TMDL. We take exception to this approach, as the MCM
requires prioritization, cleaning and inspection of catch basins as well as street sweeping and other
management control measures to address trash at public events. Even if the Municipality is controlling
trash through these control measures, the Municipality must still install trash excluders (see page 102
regarding "additional trash management practices"). This makes little sense and the City would submit
that if the initial control measures are successful, then the "additional trash management practices" are
unnecessary (as evident by the lack of a TMDL).

The second issue pertains to provision VLD.8.d (page 94) regarding retrofitting opportunities. Reading
this provision in whole would seem to indicate that the MS4 must identify all potential retrofit sites
(private or publically owned) and to prioritize the sites. Stormwater regulations (40 CFR
122.26.(d)(2)(iv)(4) requires consideration of retrofitting opportunities, but the consideration is limited
to flood management projects (i.e. public right of way) and does not require consideration of private
areas. We recommend that for this permit term that the retrofit provision (i.e. inventory, screening, and
prioritization) be limited to public right of ways lands only.

IDIICMCM
The draft order identifies a number of provisions that are fundamental to an Illicit Connection/Illegal
Discharge program. These provisions include

• III. Discharge Prohibition,
• VLA.2 Standard Provisions - Legal Authority,
• VLD.9 IC/m Elimination Program,
• Attachments E, Monitoring and Reporting and
• Attachment G Non-stormwater Action Levels.

We recommend that the permit allow the Watershed Management Programs to guide the customization
of the Numeric Action Levels (NAL) based on the highest water quality priorities in each watershed
and to establish them at a level that would provide better assurance that illicit discharges can actually be
found and not have every outfall become a high priority outfall.

WATERSHED MANAGEMENT PROGRAMS
The draft order allows the municipalities only one year to develop a comprehensive watershed
management program. This is insufficient time to organize the watershed cities and other agencies,
develop cooperative agreements, initiate the studies, calibrate and run the models based on relevant
data, draft the plans, and obtain necessary approvals from political bodies. It will require at least 24
months to develop a draft plan that is comprehensive, analytically supported, and implementable.
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The following comments address the watershed management program:
• The draft order seems to be silent on the critical issue of sources of pollutants outside the

authority of MS4 permittees (e. g. aerial deposition, upstream contributions, discharges allowed
by another NPDES permit, etc.). We request that permittees be allowed to demonstrate that
some sources are outside the permittee's control and not responsible for managing or abating
those sources.

• The permit needs to clearly state that watershed management programs and the reasonable
assurance analysis can be used for TMDL compliance purposes.

• The permit should clarify that the adaptive management process is equivalent to the iterative
process described in the Receiving Water Limitation provision and provide the legal
justification for the adaptive management process.

• More careful consideration should be given to the frequency and extent of the reporting and
adaptive management assessments. The current draft order results in a significant annual effort
and there is no correlation to the value of such an effort. Current reporting appears to
overwhelm Regional Board staff resources and has provided limited feedback to cities.
Reporting can be streamlined and the jurisdictional and watershed reporting should be
combined. Furthermore, the adaptive management process should be applied every two years
instead ofthe every year frequency noted in the draft order.

• It is unclear how the current implementation of the stormwater program and TMDL compliance
will be handled during the interim period before development of the watershed management
program. For those entities that choose this path, significant efforts in existing programs and
implementation plans should be allowed to continue while we evaluate new MCMs as part of
the watershed management program.

• Consideration of the technical and financial feasibility of complying with water quality
standards should be included in the watershed management program.

• The timing of revising the Watershed Management Programs is conflicting and confusing.
There should only be one revision to the Watershed Management Program, and only when the
adaptive management/iterative process demonstrates that modification is warranted.

• The adaptive management/iterative approach and timing should be consistent between
individual permittees ('jurisdictional watershed management program") and the watershed
management program.

COST/ECONOMIC IMPLICATIONS
Regarding fiscal resources, the City of La Verne would like the parameters in which municipalities
operate recognized. The draft order (page 40) requires municipalities to exercise its authority to secure
fiscal resources necessary to meet all ofthe requirements of the permit. We have reservations as to
whether this provision is legal given that it appears to violate the State Constitution, Article XVI,
Section 18. That being said, cities have a limited amount of funds that are under local control. Any
additional funds needed to raise money for stormwater programs would need to come from
increased/new stormwater fees and grants. New fees for stormwater are regulated under the State's
Prop 218 regulations, and require a public vote; so, this is an item that is not under direct control of the
municipalities - the Permit language should reflect this. Furthermore in addition to clean water, local
resources are also directed to a number of health, safety, and quality of life factors. Thus, all these
factors need to be developed in balance with each other. We urge you to develop the permit conditions
based on a reasonable timeframe in balance with the existing economy and other health, safety,
regulatory, and quality of life factors that local agencies are responsible for.
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The economic implications of the many proposed permit requirements are of critical importance. It is
also worth noting that the cost for complying with both the stormwater regulations and TMDL
requirements should be carefully considered. With these types of economic implications, it is critical
that this Regional Board and their staff more carefully complete a fiscal analysis of what it will cost
cities to be in compliance with the draft order. Finally, many of the requirements included in this
permit such as complying with monitoring, TMDLs, RWLs, MCMs, construction/development
requirements appear to contain several unfunded mandates. This is also a concern for the City if we are
forced to implement these sections of the permit.

In closing, we thank you for the opportunity to comment and the City respectively requests that the
Board provide a second draft Tentative Order with an additional review period to allow permittees to
have at least a total of 180 days to discuss and review the full document. It is important to review the
entire draft permit to better understand the relationship among the various provisions. We strongly
encourage you to to make the adjustments requested. Please feel free to contact me at (909) 596-8710
if you have any questions regarding our comments.

Sincerely,

Daniel W. Keesey
Director of Public Works
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July 23, 2012

Mr. Ivar Ridgeway
Regional Water Quality Control Board, Los Angeles
320 W. 4th Street, Suite 200
Los Angeles, CA 90013

Subject: Comment letler - Draft NPDES Permit (Draft Order) for MS4 Dischargers within the Los
Angeles County Flood Control Dislrict

Dear Mr. Ridgeway:

The City of Lakewood submits the following comment letter on the draft pennit for the Los
Angeles region. While the city supports the goals of improving surface water quality in our region, we
would encourage the Los Angeles Regional Water Control Board to base all regulations on sound science,
methodology, and to proceed in a manner that is not only practical but one that is achievable and cost
effective.

The City does not have a dedicated revenue source or enterprise fund to finance the stann water
program. Propositions 13, 62, and 218, require that any slonn water fee or tax be placed before the
general electorate for approval. The laws further define most storm water fees as special taxes, subjecting
them to a 2/3rd's voter approval. In these difficult economic times, Lakewood would have a difficulty of
obtaining voler approval for a ncw special tax. It is therefore likely that Lakewood will need to finance
lhe new permit with its General Fund. Our General Fund supports a variety of critical services, including
shcrirT, fire, public works, public facilities, streetlllaintenance, and park maintenance. Absent new voter
approved funds, lhc City will be required 10 reduce, eliminate or defer existing critical services to pay for
the lIew storm water mandates in the permit.

Ruther lllUll restating the numerous technical comments, the City of Lakewood concurs with thc
issues addressed by the LA Pennit Group (LAPG) commcnt letter dated July 23, 2012 scnt to your
attention, as iffully detailed herein.

In SUlllmary, I would likc to thank thc Los Angeles Regional Water Control Board for providing
this opportunity to comment on the draft permit. Achieving compliance with this permit will be a
complex, long-term and an extremely costly effort.

Sincerely,

~LC(,.vV~t--
Lisa A. Rapp
Director of Public Works

cc: Mayor and Council
City Manager
City Attomcy

Lakewood
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14717 BURIN AVENUE • LAWNDALE, CALIFORNIA 90260 • (310) 973-3200· FAX (310) 644-4556

July 19, 2012

Mr. Ivar Ridgeway
320 W. 4th Street, Suite 200
Los Angeles, CA 90013
(213) 620-2150

Subject: Tentative MS4 Order Comments

Dear Mr. Ridgeway:

The City of Lawndale (City) is pleased to submit the attached comments for your
consideration in re: Order No. R4-2012-XXXX NPDES Permit No. CAS004001.

Please note that the City also supports comments submitted to you from the Los Angeles
Stormwater Permit (LASP) group. Additionally, to reiterate the comments offered on
p.17, Costs/Economic Implications, the potential impacts upon smaller cities would have
deleterious effects upon any hints of recovery. With the current economic situation, most
cities are struggling to provide the basic infrastructure services and reduced these
services, performed staff reductions and delayed planned improvements in order to still
provide these basic services. To introduce a permit in a manner that has not been fully
and completely thought out as to the effects and be hastily implemented, would most
likely cause "knee-jerk" reactions by most agencies and further draw upon already
reduced funding and resources just to be in compliance. We respectfully request that
you carefully consider the comments offered and the timing of the permit implementation.

The City's comments are intended to be complimentary and more specific to the issues
raised in the LASP group letter. The City's letter also comments on additional issues that
may not be addressed in the LASP group letter.

Thank you for the opportunity to submit comments on this very important matter. Should
you have any questions, please feel free to contact me.

Sincerely,

~ vJ. c .1h-----
Glen W.C. Kau, P.E.
Interim Public Works Director

Encls
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July 23, 2012

City of Lawndale

COMMENTS

Regarding the Los Angeles MS4 Tentative Order No. R4-2012-XXXX
NPDES PERMIT NO. CAS004001 (issue date unspecified)

1. Numeric WQBELS

2. Receiving Water Limitation (RWL)

3. Iterative Process

4. Non-Storm Water Prohibition

5. Receiving Water Monitoring

6. Storm Water Outfall Based Monitoring

7. Non-Storm Water Outfall Based Monitoring

8. New DevelopmentlRe-development Effectiveness Monitoring

City of Lawndale - Comments Regarding Los Angeles MS4 Tentative Order
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1. Numeric WQBELS

Numeric Water Quality Based Effluent Limitations (WQBELs) applied to dry and
wet weather Total Maximum Daily Load (TMDLs) waste load allocations (WLAs)
and to stormwater and non-stormwater municipal action levels (MALs) are not
authorized under federal stormwater regulations and are not in keeping with
State Water Resources Control Board (State Board) water quality orders
(WQOs).

The tentative order specifies that: Each Permittee shall comply with
applicable WQBELs as set forth in Part VI.E of this Order, pursuant to
applicable compliance schedules. The tentative order specifies two categories
of WQBELs, one for USEPA adopted TMDLs and one for Regional
Board/State adopted TMDLs. Regarding USEPA adopted TMDLs, it appears
that BMP-WQBELs may be used to meet TMDL WLAs in the receiving water.
For Regional Board/State-adopted TMDLs, the tentative order specifies a
different compliance method: meeting a "numeric" WQBEL which is derived
directly from the TMDL waste load allocation. For example, the wet weather
numeric WQBEL for dissolved copper for the Los Angeles River is 17 ug/1.

a. Issue: Regional Board staff is premature in requiring any kind of
WQBEL because no exceedance of any TMDL WLA at the outfall has
occurred. This is because outfall monitoring is not a requirement of
the current MS4 permit or previous MS4 permits.

The Regional Board's setting of WQBELs - any WQBEL -- to translate the
TMDL WLA for compliance at the outfall is premature. Regional Board
staff apparently has not performed a reasonable potential analysis as
required under § 122.44(d)(1 )(i), which states:

Limitations must control all pollutants or pollutant parameters (either
conventional, nonconventional, or toxic pollutants) which the Director determines
are or may be discharged at a level that will cause, have the reasonable potential
[0 cause, or contribute to an excursion above any [s]tate water quality standard,
including [s]tate narrative criteria for water quality. "

No such reasonable potential analysis has been performed - even though
USEPA guidance requires it as part of documenting the calculation of
WQBELs in the NPDES permit's fact sheet. According to USEPA's
NPDES Permit Writers' Manual:

Permit writers should document in the NPDES permit tact sheet the process used
to develop WQBELs. The permit writer should clearly identifY the data and
information used to determine the applicable water quality standards and how
that iriformation, or any applicable TMDL, was used to derive WQBELs and
explain how the state's anti-degradation policy was applied as part of the

City of Lawndale - Comments Regarding Los Angeles MS4 Tentative Order
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process. The information in the fact sheet should provide the NPDES permit
applicant and the public a transparent, reproducible, and defensible description
ofhow the permit writer properly derived WQBELs for the NPDES permit. 1

The fact sheet accompanying the tentative order contains no reference to
a reasonable potential analysis -- a consequence of the fact that no outfall
monitoring has been required of the Regional Board either in the current
or previous MS4 permits for Los Angeles County. Outfall monitoring is a
mandatory requirement under federal regulations at CFR 40 §122.22,
§122.2 and §122.26. CFR 40 §122.22(C)(3) requires effluent and ambient
monitoring:

The permit requires all effluent and ambient monitoring necessary to show that
during the term of the permit the limit on the indicator parameters continues to
attain water quality standards.

"Effluent monitoring," according to Clean Water Act §502, is defined as
outfall monitoring:

The term "e.fJluent limitation" means any restriction established by a State or the
Administrator on quantities, rates, and concentrations of chemical, physical,
biological, and other constituents which are discharged from point sources into
navigable waters, the waters of the contiguous zone, or the ocean, including
schedules ofcompliance.

40 CFR §122.2, defines a point source as:

... the point where a municipal separate storm sewer discharges to waters of the
United States and does not include open conveyances connecting two municipal
separate storm sewers, or pipes, tunnels or other conveyances which connect
segments ofthe same stream or other waters ofthe United States and are used to
convey waters ofthe United States.

Conclusion: Because Regional Board staff has not required outfall
monitoring, it could have not have detected an excursion above a water
quality standard (includes TMDL WLAs). Therefore, it could not have
conducted a reasonable potential analysis and, as further consequence,
cannot require compliance with a WQBEL (numeric or BMP-based) or with
any TMDL or MAL until those burdens have been met.

Recommended Correction: Eliminate all reference to comply with
WQBELs until outfall monitoring and a reasonable potential analysis
have been performed.

'United States Environmental Protection Agency, NPDES Permit Writers' Manual, September, 2010, page
6-30.

City of Lawndale - Comments Regarding Los Angeles MS4 Tentative Order
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b. Issue: Even if Regional Board staff conducted outfall monitoring and
detected an excursion above a TMDL WLA and performed the
requisite reasonable potential analysis, it cannot require a numeric
WQBEL strictly derived from the TMDL WLA.

USEPA's 2010 guidance memorandum mentions that numeric WQBELs
are permissible only if feasible. 2 This conclusion was reinforced by a
memorandum from Mr. Kevin Weiss, Water Permits Division, USEPA
(Washington D.C.). He explains:

Some stakeholders are concerned that the 2010 memorandum can be read as
advising NPDES permit authorities to impose end-ol-pipe limitations on each
individual outfall in a municipal separate storm sewer system. In general, EPA
does not anticipate that end-or-pipe effluent limitations on each municipal
separate storm sewer system outfi;zll will be used frequently. Rather, the
memorandum expressly describes "numeric" limitations in broad terms,
including "numeric parameters acting as surrogates for pollutants such as
stormwater flow volume or percentage or amount or impervious cover. " In the
context oOhe 2010 memorandum, the term "numeric effluent limitation" should be
viewed as a significantly broader term than just end-or-pipe limitations, and could
include limitations expressed as pollutant reduction levels for parameters that are
applied system-wide rather than to individual discharge locations, expressed as
requirements to meet performance standards for surrogate parameters or for specific
pollutant parameters. or could be expressed as in-stream targets for specific
pollutant parameters. Under this approach, NPDES authorities have Significant
flexibility to establish numeric effluent limitations in stormwaterpermits. 3

Reading the 2010 USEPA memorandum, together with Mr. Weiss's
memorandum, creates the inescapable conclusion that (1) numeric
WQBELs are permissible if "feasible" and (2) numeric WQBELs cannot be
construed to only mean strict effluent limitations at the end-of-pipe (outfall)
but more realistically must include surrogate parameters and other
variants as well. Regional Board staff failed to examine alternative
numeric WQBELs, along with BMP WQBELs, as a consequence of not
conducting the appropriate analysis.

In any case, the feasibility of numeric WQBELs, whether strictly derived
from TMDL WLAs or of the surrogate parameter type, the State Water
Resources Control Board has determined that numeric effluent
limitations are not feasible. In Water Quality Orders 2001-15 and 2009
0008 the State Board made it clear that: we will generally not require
"strict compliance" with water quality standards through numeric effluent

2Memorandum from James A. Hanlon, Director, Office of Waste Management, Revisions to the November
22,2002 Memorandum Establishing Totat Maximum Daity Load (TMDL) Waste Load Allocations (WLAs) for
Storm Water Sources and NPDES Permit Requirements Based on Those WLAs, November 12, 2010, page
'Memorandum from Kevin Weiss, Water Permits Division, USEPA (Washington D.C.), March 17, 2011.
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limitations," and instead "we will continue to follow an iterative approach,
which seeks compliance over time" with water quality standards.

[Please note that the iterative approach to attain water quality standards
applies to the outfall and the receiving water.]

More recently, the State Board commented in connection with the draft
Caltrans MS4 permit that numeric WQBELs are not feasible as explained
in the following provision from its most recent Caltrans draft order:

Storm water discharges from MS4s are highly variable in frequency, intensity,
and duration, and it is difficult to characterize the amount ofpollutants in the
discharges. In accordance with 40 CFR § 122.44(k)(2), the inclusion ofBMPs in
lieu of numeric efJIuent limitations is appropriate in storm water permits. This
Order requires implementation of BMPs to control and abate the discharge of
pollutants in storm water to the MEP.

The State Board's decision not to require numeric WQBELs in this
instance appears to have been influenced by among other considerations,
the Storm Water Panel Recommendations to the California State Water
Resources Control Board in re: The Feasibility of Numeric Effluent Limits
Applicable to Discharges of Storm Water Associated with Municipal,
Industrial and Construction Activities.

Conclusion: The Regional Board does not have the legal authority to
require numeric WQBELs.

Recommended Correction: Eliminate all references to comply with
numeric WQBELs.

c. Issue: There cannot be a WQBEL to attain a dry weather TMDL WLA
nor a WQBEL that addresses a non-stormwater municipal action
level (MAL).

The foundation for this argument lies in the federal limitation of non
stormwater discharges to the MS4 - not from or through it as the tentative
order concludes. Federal stormwater regulations only prohibit discharges
to the MS4 and limits outfall monitoring to stormwater discharges. This is
explained in greater detail under 4. Non-stormwater Discharge
Prohibitions.

Conclusion: Regional Board does not have the legal authority to compel
compliance with dry weather WQBELs or non-stormwater MALs.

Recommended Correction: Eliminate all references to comply with
numeric WQBELs.

City of Lawndale - Comments Regarding Los Angeles MS4 Tentative Order
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2. Receiving Water Limitation

The tentative order has altered Receiving Water Limitation (RWL) language
causing it to be overbroad and inconsistent with RWL in the current MS4 permit,
the Ventura MS4 permit, State Board WQO 99-05, the draft Caltrans MS4 permit,
and RWL language recommended by CASQA.

a. Issue: The proposed RWL language changes the "exceedance"
determinant from water quality standards and objectives to receiving
water limitations, thereby increasing the stringency of the
requirement. The tentative order RWL version reads: Discharges
from the MS4 that cause or contribute to the violation of receiving
water limitations are prohibited.

Compare this with what is in the current MS4 permits for Los Angeles and
Ventura Counties:

Discharges from the MS4 that cause or contribute to a violation ofwater quality
standards are prohibited.

Whereas standard RWL language limits water quality standards to what is
in the basin plan, and includes water quality objectives (relates to waters
of the State), the tentative order uses revised language that replaces
water quality standards with the following receiving water limitation criteria:

Any applicable numeric or narrative water quality objective or criterion, or
limitation to implement the applicable water quality objective or criterion, for the
receiving water as contained in Chapter 3 or 7ofthe Water Quality Control Plan
for the Los Angeles Region (Basin Plan), water quality control plans or policies
adopted by the State Water Board, or federal regulations, including but not
limited to, 40 CPR § 131.38.

It is unclear why Regional Board staff has removed water quality
standards, which is a USEPA and State Board requirement, and replaced
them with the more global receiving water limitation language that include
additional compliance criteria (e.g., "or federal regulations including but
not limited to 40 CFR § 131.38"). Other "federal regulations" could include
CERCLA (Comprehensive Environmental Remediation and Compensation
Liability Act).

Enlarging the scope of the RWL from water quality standards to a universe
of other regulatory requirements exceeds RWL limitation language
established in State Board WOQ 99-05, a precedential decision. The
order bases compliance on discharge prohibitions and receiving water
limitations on the timely implementation of control measures and other
action in the discharges in accordance with the SWMP (stormwater

City of Lawndale - Comments Regarding Los Angeles MS4 Tentative Order
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management plan) and other requirements of the permit's limitations. It
goes on to say that if exceedances of water quality standards or water
quality objectives, collectively referred to as water quality standards
continues, the SWMP shall undergo an iterative process to address the
exceedances. It should be noted that this language was mandated by
USEPA.

It should be noted that the draft Caltrans MS4 permit is scheduled for
adoption in September, as well as CASQA, proposes RWL language that
is in keeping with WQO 99-05.

Conclusion: Regional Board does not have the legal authority to re-define
RWL language to the extent it is proposing.

Recommended Correction: Replace RWL contained in the tentative
order with the CASQA model or with language contained in the draft
Caltrans MS4 permit.

b. Issue: By eliminating water quality standards, the tentative order has
created a separate compliance standard for TMDLs and for non
TMDLs. Standard RWL language in other MS4 permits designates the
SWMp4 as the exclusive determinant for achieving water quality standards
in the receiving water. Since TMDLs are enhanced water quality
standards, the SWMP (or in this case the SQMP) should enable
compliance with TMDLs. Instead, the tentative order specifies compliance
through implementation plans - including plans that were discussed in
several State/Regional Board adopted TMDLs (e.g., the Los Angeles
River Metals TMDL). The absence of water quality standards also creates
a separate compliance standard for non-TMDLs. According to Regional
Board staff, minimum control measures (MCMs) which make up the
SQMP, are intended to meet non-TMDLs pollutants. Unclear is what
defines non-TMDL pollutant. If there are no water quality standards
referenced in the RWL then what are the non-TMDL pollutants that the
MCMs are supported to address?

There is no authority under federal stormwater regulations to comply with
any criterion other than water quality standards. The RWL language
called-out in WQO 99-05, which was in response to a USEPA directive,
makes it clear that water quality standards represent the only compliance
criteria, not an expanded definition of receiving water limitations that
exclude such criteria.

4USEPA and federal stormwater regulations use stormwater management program whereas the Los
Angeles County MS4 permit uses stonnwater quality management plan (SQMP). In effect they are the
same. They consist of 6 core programs that must be implemented through MS4 permit.

City of Lawndale - Comments Regarding Los Angeles MS4 Tentative Order
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MS4 permits throughout the State include TMDL WLAs. None of them,
however, has created a compliance mechanism that excludes water
quality standards as a means of attaining them. Further, the State Board
has, through the draft Caltrans MS4 permit and the draft Phase II MS4
permit, articulated its policy on compliance with water quality standards:
they are to be met through the implementation of stormwater management
programs. Equally noteworthy is that State Board has not created a dual
standard for dealing with TMDLs and non-TMDLs. This is an obvious
consequence of its adherence to WOO 99-05.

With regard to implementation plans contained in TMDLs, the Regional
Board has no legal authority to include them into the MS4 permit. This
issue discussed in greater detail later in these comments.

Conclusion: The tentative order must be revised to restore water quality
standards in RWL language and, by extension, enable compliance with
TMDLs and other water quality standards through the SOMP/MCMs.

Recommended Correction: Revise the tentative order to eliminate
any reference to complying with anything else except water quality
standards through the SQMP; and, therewith, eliminate any reference
to complying with implementation plans contained in State/Regional
Board TMDLs.

3. Iterative Process

The tentative order does not include the iterative process, a mechanism that
is integral to RWL language which serves to achieve compliance with water
quality standards.

a. Issue: The absence of the iterative process disables a safeguard
to protect permittees against unjustifiably strict compliance with
water quality standards - or in this case the expanded definition
of receiving water limitations -- that is a requisite feature in all
MS4 permits issued in California. The tentative order circumvents
the iterative process by creating an alternative referred to as the
adaptive/management process which is only available to those
permittees that opt for a watershed management program.

Despite the fact RWL language in MS4 permits since the 90's have
provided a description of an iterative process (the BMP adjustment
mechanism), the term "iterative process" has only recently been
specifically mentioned in them. The absence of this term resulted in
the 9th Circuit Court Appeal's conclusion in NRDC v. Los Ange/es
County F/ood Control District that there is no "textual support" in the
current MS4 permit for the existence of an iterative process. This
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resulted in the court's conclusion that the LACFCD had exceeded
water quality standards in the hardened portions of the Los Angeles
and San Gabriel Rivers. More recent MS4 permit's issued in the State
contain clear references to the iterative process.

Notwithstanding the absence of water quality standards in the tentative
order, the iterative process must be included as required by Water
Quality Orders 2001-15 and 2009-0008, wherein the State Board made
it clear that: we will generallv not require "strict compliance" with water
qualitv standards through numeric effluent limitations." and instead "we
will continue to follow an iterative approach. which seeks compliance
over time" with water quality standards.

Moreover, both the draft Caltrans MS4 permit and the draft Phase II
MS4 permit contain references to the iterative process. The draft
Caltrans MS4 permit refers to the iterative process in two places:
finding 20, Receiving Water Limitations and in the Monitoring Results
Report. Finding 20 states:

The effect of the Department's storm water discharges on receiving water
quality is highly variable. For this reason, this Order requires the Department
to implement a storm water program designed to achieve compliance with
water quality standards. over time through an iterative approach. If
discharges are found to be causing or contributing to an exceedance of an
applicable Water Quality Standard, the Department is required to revise its
BMPs (including use ofadditional and more effective BMPs).5

Under the Monitoring Results Report section, the draft Caltrans MS4
permit reiterates the iterative process within the context of the
following: The MRR shall include a summary of sites requiring
corrective actions needed to achieve compliance with this Order, and a
review of any iterative procedures (where applicable) at sites needing
corrective actions.6

The draft Phase II MS4 references the iterative process in two places,
in finding 35 and under its definition of MEP. Finding 35 states:

This Order modifies the existing General Permit, Order 2003-0005-DWQ by
establishing the storm water management program requirements in the permit
and defining the minimum acceptable elements of the municipal storm water
management program. Permit requirements are known at the time o(permit
issuance and not leO to be determined later through iterative review and
approvalo(Storm Water Management Plans (SWMPs).

'See draft Cal/rans MS4 permit (Ten/ative Order No. 2012-XX-DWQ NPDES No. CAS000003), page 10.
'Ibid., page 35.
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The draft Phase II MS4 permit also acknowledges the iterative process
through the definition of maximum extent practicable (which is also
included in the draft Caltrans MS4 permit), to the following extent:

MEP standard requires Permittees apply Best Management Practices (BMPs)
that are effective in reducing or eliminating the discharge ofpollutants to the
waters of the Us. MEP emphasizes pollutant reduction and source control
BMPs to prevent pollutants from entering storm water runoff. MEP may
require treatment ofthe storm water runoff if it contains pollutants. The MEP
standard is an ever-evolving, flexible, and advancing concept, which
considers technical and economic feasibility. BMP development is a dynamic
process and may require changes over time as the Permittees gain experience
and/or the state of the science and art progresses. To do this, the Permittees
must conduct and document evaluation and assessment of each relevant
element of its program, and their program as a whole, and revise activities,
control measures/BMPs, and measurable goals, as necessary to meet ME?
MEP is the cumulative result of implementing, evaluating, and creating
corresponding changes to a variety of technically appropriate and
economically feasible BMPs, ensuring that the most appropriate BMPs are
implemented in the most effective manner. This process of implementing.
evaluating, revising, or adding new BMPs is commonlv referred to as the
"iterative approach. ,,7

It should be clearly understood that the State Board is articulating clear
policy on the iterative process through these two draft MS4 permits
and that they must be followed by Regional Boards as subordinate
jurisdictions.

Conclusion: The Regional Board has no authority to alter the iterative
process/procedure by making a revised and diluted version of it
available only to those MS4 permittees that wish to opt for watershed
management program participation. Quite the contrary, the Regional
Board is legally compelled to make the iterative process, as described
herein, an undeniable requirement in the tentative order.

Recommended Correction: Regional Board staff should
incorporate the iterative process into the tentative order in the
findings section and in the RWL section. It should also be
referenced again under a revised MEP definition.

7See State Water Resources Control Board Water Quality Order No. XXXX-XXXX-DWQ, NPDES General
Permit No. CASXXXXXX, page
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4. Non-Storm Water Prohibition

The tentative order incorrectly articulates the non-stormwater discharge
prohibition to the MS4 to include discharges from and through it.

a. Issue: The tentative order mentions prohibiting non
stormwater discharges not only to the MS4 but from and
through it as well. Federal regulations did not authorize the
non-stormwater discharge prohibition to go beyond "to" the
MS4. This is a serious issue because extending the prohibition from
or through the MS4 would subject non-stormwater discharges
(including dry weather TMDL WLAs and non-stormwater municipal
action levels) to pollutant limitations at the outfall.

The tentative order attempts to justify interpreting federal
stormwater regulations to mean that non-stormwater discharges
are prohibited not only to the MS4 but from it and through it as well
by: (1) incorrectly stating the Clean Water Act §402(p)(B)(ii) of the
Clean Water Act requires permittees effectively prohibit non-storm
water discharges into watercourses (means receiving waters) as
well as to the MS4; and (2) a misreading of Federal Register
Volume 55, No. 222, 47990 (federal register) which contains an
error with regard to the non-stormwater discharge prohibition.

§402(p)(B)(ii) does not, as the tentative order's fact sheet asserts,
include watercourses, which according to Regional Board staff,
means waters of the State and waters of the United States, both of
which lie outside of the MS4. The original text of §402(p)(B)(ii)
actually reads as follows: Permits for discharges from municipal
storm sewers "shall include a requirement to effectively prohibit
non-stormwater discharges into the storm sewers.s There is no
mention of watercourses.

The tentative order's fact sheet also relies on the afore-cited federal
register which states: 402(p)(B)(3) requires that permits for
discharges from municipal storm sewers require the municipality to
"effectively prohibit" non-storm water discharges from the municipal
storm sewer. The fact sheet is correct about this. The problem is
that the federal register is wrong here. It confuses 402(p)(B)(3),
which addresses stormwater (not non-stormwater) discharges from
the MS4, with 402(p)(B)(2), which once again prohibits non
stormwater discharges to the MS4. It should be noted that in the
same paragraph above the defective federal register language, it
says that ... permits are to effectively prohibit non-storm water
discharges to the municipal separate storm sewer svstem.

8MunicipaJ storm sewers is a truncated version of municipal separate stormwater system (MS4).
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In any case, this issue has been resolved since the federal register
was published in November of 1990. All MS4 permits in the United
States issued by USEPA prohibit non-stormwater discharges only
to the MS4. USEPA guidance, such as the Illicit Discharge
Detection and Elimination: A Guidance Manual bases investigation
and monitoring on non-stormwater discharges being prohibited to
the MS4. And, with the exception of Los Angeles Regional Board
MS4 permits, MS4 permits issued by other Regional Boards also
limit the MS4 discharge prohibition to the MS4. Beyond this, the
draft Caltrans MS4 permit and draft Phase II MS4 permits also limit
the non-stormwater prohibition to the MS4.

Conclusion: The Regional Board does not have the legal authority
to extend the non-stormwater discharge prohibition from or through
the MS4.

Recommended Correction: Revise the non-stormwater
discharge prohibition to be limited to the MS4 only and delete
all requirements that are based on the prohibition from or
through the MS4. This includes the non-stormwater
prohibition that is linked to CERCLA.

5. Receiving Water Monitoring (Attachment "En)

The purpose of receiving water monitoring is to:

a. Determine whether the receiving water limitations are being achieved,

b. Assess trends in pollutant concentrations over time, or during specified
conditions,

c. Determine whether the designated beneficial uses are fully supported as
determined by water chemistry, as well as aquatic toxicity and
bioassessment monitoring.

Receiving water monitoring is to be performed at various in-stream stations.

At issue is "a" because it serves to determine compliance with receiving water
limitations. The Regional Board has no legal authority to compel compliance with
receiving water limitations through in-stream monitoring. Monitoring requirements
relative to MS4 permits are limited to effluent discharges and the ambient
condition of the receiving water, as §122.22(C)(3) clearly indicates:
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The permit requires all effluent and ambient monitoring necessary to
show that during the term of the permit the limit on the indicator
parameters continues to attain water quality standards.

According to Clean Water Act §502, effluent monitoring is defined as outfall
monitoring:

The term "effluent limitation" means any restriction established by a State or
the Administrator on quantities, rates, and concentrations of chemical,
physical, biological, and other constituents which are discharged from point
sources into navigable waters, the waters of the contiguous zone, or the
ocean, including schedules of compliance.

40 CFR §122.2 defines a point source as:

... the point where a municipal separate storm sewer discharges to waters
of the United States and does not include open conveyances connecting
two municipal separate storm sewers, or pipes, tunnels or other
conveyances which connect segments of the same stream or other waters
of the United States and are used to convey waters of the United States.

In short, effluent monitoring in a receiving water because cannot be required
because it lies outside the bounds of the outfall.
Regarding monitoring purposes "b" and "c" no argument is raised here provided
that it is understood that assessing trends in pollution concentrations would be:
(1) limited to ambient water quality monitoring; and (2) permittees shall be not
responsible for funding such monitoring. With respect to the latter, the Regional
Board's surface water ambient monitoring program (SWAMP) should be charged
with this responsibility. MS4 permittees fund SWAMP activities through an annual
surcharge levied on annual MS4 permit fees.

Recommended Corrective Action: Delete 1(a) and make it clear that 1(b)
and (c) relate to ambient monitoring that is not the responsibility of MS4
permittees.

6. Stormwater Outfall Based Monitoring

The purpose of stormwater outfall based monitoring - including TMDL monitoring
-- is to:

a. Determine the quality of a Permittee's discharge relative to municipal
action levels, as described in Attachment G of this Order,
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b. Determine whether a Permittee's discharge is in compliance with
applicable wet weather WQBELs derived from TMDL WLAs,

c. Determine whether a Permittee's discharge causes or contributes to an
exceedance of receiving water limitations.

Insofar as "a" is concerned, outfall monitoring for stormwater for attainment of
municipal action levels (MALs) would be acceptable were it not for their purpose.
MALs represent an additional monitoring requirement for non-TMDL pollutants.
MALs should really be used to replace TMDL WLAs as alternatives to addressing
receiving water quality. As noted in the National Research Council Report to
USEPA:

The NSQD (Pitt et al., 2004) allows users to statistically establish action
levels based on regional or national event mean concentrations developed
for pollutants of concern. The action level would be set to define
unacceptable levels of stormwater quality (e.g., two standard deviations
from the median statistic, for simplicity). Municipalities would then routinely
monitor runoff quality from major outfalls. Where an MS4 outfall to surface
waters consistently exceeds the action level, municipalities would
need to demonstrate that they have been implementing the stormwater
program measures to reduce the discharge of pollutants to the
maximum extent practicable. The MS4 permittees can demonstrate the
rigor of their efforts by documenting the level of implementation through
measures of program effectiveness, failure of which will lead to an inference
of noncompliance and potential enforcement by the permitting authority

Instead of following the above Regional Board staff has chosen to create another
monitoring requirement, without regard for cost or benefit to water quality or to
permittees. Non-TMDL pollutants should be not be given special monitoring
attention until it has been determined that they pose an impairment threat to a
beneficial use. Such a determination needs to be done by way of ambient
monitoring performed by the Regional Board SWAMP. The resulting data could
then be used to develop future TMDLs if necessary.

Furthermore, many of the MAL constituents (both stormwater and non-storm
water) listed in Appendix G, are included in several TMDLs such as metals and
bacteria. This is, of course, a consequence of the redundancy created by two
approaches that are intended to serve the same purpose: protection of water
quality.

Recommended Correction: Either require substitution of TMDLs with MALs or
eliminate MALs entirely.

As for stormwater outfall monitoring purpose "bu
, such monitoring cannot be used

to determine compliance with wet weather WQBELs based on TMDL WLAs for
the following reasons:
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a) The wet-weather WQBEL is based on a TMDL WLA in the receiving water
that is non-ambient. As mentioned, federal regulations only require
ambient monitoring in the receiving water, which by definition can never
be deemed the same as wet weather monitoring. They are mutually
exclusive. Regional Board staff has also incorrectly determined that a
WQBEL may be the same as the TMDL WLA, thereby making it a
"numeric effluent limitation." Although numerous arguments may be
marshaled against the conclusion, the most compelling of all is the State
Water Resources Control Board's clear opposition to numeric effluent
limitations.

In Water Quality Orders 2001-15 and 2009-0008 the State Board made it
clear that: we will generally not require "strict compliance" with water
quality standards through numeric effluent limitations," and instead "we will
continue to follow an iterative approach, which seeks compliance over
time" with water quality standards.

[Please note that the iterative approach to attain water quality standards
applies to the outfall and the receiving water.]

More recently, the State Board commented in connection with the draft
Caltrans MS4 permit that numeric WQBELs are not feasible as explained
in the following provision from its most recent Caltrans draft order:

Storm water discharges from MS4s are highly variable in
frequency, intensity, and duration, and it is difficult to characterize
the amount of pollutants in the discharges. In accordance with 40
CFR § 122.44(k)(2), the inclusion of BMPs in lieu of numeric
effluent limitations is appropriate in storm water permits. This Order
requires implementation of BMPs to control and abate the
discharge of pollutants in storm water to the MEP.

b) The State Board's decision not to require numeric WQBELs in this
instance appears to have been influenced by among other
considerations, the Storm Water Panel Recommendations to the
California State Water Resources Control Board in re: The
Feasibility of Numeric Effluent Limits Applicable to Discharges of
Storm Water Associated with Municipal, Industrial and Construction
Activities.

Regarding purpose "b" it should also be noted that the Regional Board's
setting of WQBELs to translate the TMDL WLA in the receiving water to
the outfall is premature. Regional Board staff apparently has not
performed a reasonable potential analysis as required under §
122.44(d)(1 )(i), which states:
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Limitations must control all pollutants or pollutant parameters
(either conventional, nonconventional, or toxic pollutants) which
the Director determines are or may be discharged at a level that
will cause, have the reasonable potential to cause, or contribute
to an excursion above any [s]tate water quality standard, including
[s]tate narrative criteria for water quality."

No such reasonable potential analysis has been performed - even though
USEPA guidance requires it as part of documenting the calculation of
WQBELs in the NPDES permit's fact sheet. According to USEPA's
NPDES Permit Writers' Manual:

Permit writers should document in the NPDES permit fact sheet
the process used to develop WQBELs. The permit writer should
clearly identify the data and information used to determine the
applicable water quality standards and how that information, or
any applicable TMDL, was used to derive WQBELs and explain
how the state's anti-degradation policy was applied as part of the
process. The information in the fact sheet should provide the
NPDES permit applicant and the public a transparent,
reproducible, and defensible description of how the permit writer
properly derived WQBELs for the NPDES permitB

The fact sheet accompanying the tentative order contains no reference to
a reasonable potential analysis.

Complicating the performance of a reasonable potential analysis is the
absence of (1) outfall monitoring data; and (2) ambient water quality
standards. Though federal regulations require monitoring at the outfall,
the Regional Board has not required it up until now. Even if outfall
monitoring data were available to determine whether pollutants
concentrations in the discharge exceeded the water quality standard is not
possible. This is because, as mentioned earlier, TMDL WLAs are not
expressed as ambient standards. A TMDL is an enhanced water quality
standard. As noted in the National Research Council's Assessing the
TMDL Approach to Water Quality Management, a report commissioned by
the United States Congress in 2001:

... EPA is obligated to implement the Total Maximum Daily Load
(TMDL) program, the objective of which is attainment of ambient
water qualitv standards through the control of both point and
nonpoint sources ofpollution.

'United States Environmental Protection Agency, NPDES Permit Writers' Manual, September, 2010, page
6-30.
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Recommended Correction: Eliminate this requirement.

c.) Regarding purpose "c", the determinant for a water quality standard
exceedance is in the discharge from the outfall - not in the receiving water.
The use of numeric WQBELs -- though incorrectly defined and established
in this instance -- represents the compliance standard in discharges from
the outfall. Adding a second compliance determinant in the receiving water
is unnecessary and is not authorized under federal stormwater regulations
because the receiving water lies outside the scope of the MS4.

Recommended Corrective Action: Eliminate this requirement.

7. Non-Storm Water Outfall Based Monitoring

The purposes of this type of monitoring are as follows:

a. Determine whether a Permittee's discharge is in compliance with applicable
dry weather WQBELs derived from TMDL WLAs.

b. Determine whether a Permittee's discharge exceeds non-storm water action
levels, as described in Attachment G of this Order,

c. Determine whether a Permittee's discharge contributes to or causes an
exceedance of receiving water limitations,

d. Assist a Permittee in identifying illicit discharges as described in Part VI.D.9 of
this Order.

Regarding "a," This requirement is redundant in view of the aforementioned
MALs and in any case is not authorized under federal stormwater regulations.
402(p)(B)(ii) of the Clean Water Act only prohibits discharges to the MS4 (streets,
catch basins, storm drains and intra MS4 channels), not through or from it. This
applies to all water quality standards, including TMDLs. Nevertheless,
compliance with dry weather WQBELs can be achieved through BMPs and other
requirements called for under the illicit connection and discharge detection and
elimination (ICDDE) program, or requiring impermissible non-stormwater
discharges to obtain coverage under a permit issued by the Regional Board.

Recommended Correction: Delete this requirement and specify compliance with
dry weather WLAs, expressed in ambient terms, through the implementation of
the ICDDE program.

Withy regard to "b", see previous responses regarding MALs and the limitation of
non-stormwater discharge prohibit to the MS4.
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Recommended Correction: Delete this requirement because it exceeds the
non-stormwater discharge prohibition to the MS4; and determine whether
MALs or TMDLs are to be used to protect receiving water quality.

Regarding "c", as mentioned, non-stormwater discharges cannot by applied to
receiving water limitations because of they are only prohibited to the MS4, not
from or through it.

Recommended Correction: Delete this requirement because it exceeds the
non-stormwater discharge prohibition to the MS4.

Regarding "d", this requirement is reasonable and in keeping with federal
regulations with the exception that the identification of illicit discharges must
adhere to the field screening requirements in CFR 40 §122.26. No non
stormwater discharge monitoring shall occur unless flow is first discovered at the
outfall. This would trigger the implementation of additional requirements that the
tentative order does not include,

8. New Development/Re-development Effectiveness Monitoring

The purpose of this requirement is a dubious and is not authorized under federal
stormwater regulations as it relates to monitoring. To begin with, requiring such
monitoring is premature given the absence of outfall monitoring in the current and
previous MS4 permits that would characterize an MS4's pollution contribution
relative to exceeding ambient water quality standards, Without the determination
of statistically significant exceedances of water quality standards, detected at the
outfall, the imposition of runoff infiltration requirements is arbitrary. Further, there
is nothing in federal stormwater regulations that require monitoring on private or
public property. Monitoring, once again, is limited to effluent discharges at the
outfall and to ambient monitoring in the receiving water.

Beyond this, monitoring for BMP effectiveness poses a serious challenge to what
determines "effectiveness" -- effective relative to what standard? It is also not
clear how such monitoring is to be performed.

Recommended Correction: Delete this requirement.

The MRP of the tentative order proposes regional studies "to further characterize
the impact of the MS4 discharges on the beneficial uses of the receiving waters.
Regional studies shall include the Southern California Stormwater Monitoring
Coalition (SMC) Regional Watershed Monitoring Program (bio-assessment),
sediment monitoring for Pyrethroid pesticides, and special studies as specified in
approved TMOLs (see Section XIX TMOL Reporting, below}."

Regional studies also lie outside the scope of the MS4 permit. However,
because federal regulations require ambient monitoring in the receiving water, a
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task performed by the Regional Board's SWAMP, regional watershed monitoring
for aforementioned target pollutants can be satisfied through ambient monitoring.
This can be accomplished with little expense on the part of permittees by: (1)
using ambient data generated by the Regional Board SWAMP; (2) re-setting the
County's mass emissions stations to collect samples 2 to 3 days following a
storm event (instead of using a flow-based sampling trigger); and (3) using any
data generated from existing coordinated monitoring programs (e.g., Los Angeles
River metals TMDL CMP), provided that the data is truly ambient.

END COMMENTS
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Mr. Samuel Unger 
Executive Officer 
Los Angeles Regional Water Quality Control Board 
320 4th Street, Suite 210 
Los Angeles, CA 90013 
 
Attention: Renee Purdy, Regional Programs Section Chief 

Ivar Ridgeway, Stormwater Permitting Chief 
  
Dear Mr. Unger: 
 
TECHNICAL COMMENTS ON TENTATIVE ORDER NO. R4-2012-XXXX AND NPDES 
PERMIT NO. CAS004001 - WASTE DISCHARGE REQUIREMENTS FOR MUNICIPAL 
SEPARATE STORM SEWER SYSTEM (MS4) DISCHARGES WITHIN THE LOS ANGELES 
COUNTY FLOOD CONTROL DISTRICT, INCLUDING THE COUNTY OF LOS ANGELES, 
AND THE INCORPORATED CITIES THEREIN, EXCEPT THE CITY OF LONG BEACH 
 
The City of Los Angeles (City) Bureau of Sanitation (Bureau) appreciates the opportunity to provide 
technical comments on the Los Angeles Regional Water Quality Control Board (Regional Board) 
Tentative Order No. R4-2012-xxxx and NPDES Permit NO. CAS004001 - Waste Discharge 
Requirements for Municipal Separate Storm Sewer System (MS4) Discharges within the Los Angeles 
County Flood Control District, Including the County of Los Angeles, and the Incorporated Cities Therein, 
Except the City of Long Beach (Tentative Order). The Bureau appreciates the time your staff has 
dedicated to meeting with us and the process that has provided the opportunity for substantial engagement 
and input.  

The City of Los Angeles is committed to continuing to implement TMDLs and MS4 Permit provisions 
and   proactive efforts to improve water quality as demonstrated by programs currently being 
implemented: 

• On November 2, 2004, the voters of Los Angeles overwhelmingly passed Proposition O, which 
authorized the City of Los Angeles to issue a series of general obligation bonds for up to $500 
million for projects to protect public health by cleaning up pollution, including bacteria and trash, 
in the City's watercourses, beaches and the ocean, in order to meet Federal Clean Water Act 
requirements.  In addition, the measure is funding improvements to protect water quality, provide 
flood protection, and increase water conservation, habitat protection, and open space. The bonds 
allow the City to purchase property and/or improve municipal properties for projects that: 

o Protect rivers, lakes, beaches, and the ocean;  

o Conserve and protect drinking water and other waters sources;  

o Reduce flooding and use neighborhood parks to decrease polluted runoff; and 
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o Capture, clean up, and reuse stormwater.  

Through Proposition O, the City of Los Angeles is implementing key water quality projects, such 
as the rehabilitation of Echo Park Lake and Machado Lake, upgrading and building low flow 
diversions in the Santa Monica Bay watershed, and utilizing LID principles such as permeable 
pavement and bioretention cells to retrofit the Los Angeles Zoo parking lot. 

• In 2010, the City of Los Angeles developed and implemented Green Street Standard Plans.  The 
Green Street Standard Plans are City approved construction details for Green Street elements that 
incorporate stormwater best management practices (BMPs) into the pre-approved designs. Use of 
the Green Street Standard Plans improves water quality and increases water use efficiency by 
diverting street runoff into planter areas to cleanse stormwater and urban runoff, provide 
irrigation for landscaping, and recharge groundwater.  

• In 2011, the Los Angeles City Council unanimously passed a landmark Low Impact Development 
Ordinance (LID), effective in May 2012. Developed by the Bureau of Sanitation in collaboration 
with community members, environmental organizations, business groups and the building 
industry, the LID ordinance calls for development and redevelopment projects to mitigate runoff 
in a manner that captures rainwater at its source, while utilizing natural resources including rain 
barrels, permeable pavement, rainwater storage tanks, infiltration swales or curb bumpouts to 
contain water.  

The Bureau is providing technical comments on the Tentative Order and looks forward to discussing the 
comments with Regional Board staff.  Given the complex nature of the comments, key technical issues 
are identified below while detailed discussions of the key technical issues are provided in Attachment A.  
Additional and supporting technical comments are provided in Attachments B and C.   

Watershed Management Programs 

• The Watershed Management Programs are a Welcomed, Necessary and Important Shift in the 
Implementation of Stormwater Programs in the Los Angeles Region 

• More Time is Needed for the Development of the Watershed Management Programs 

• Several Provisions of the Order must be Modified so as not to Negate the very Intent and Purpose 
of the Watershed Management Programs to Focus Resources on the Highest Priorities Within 
Each Watershed  

• This Includes Modifications of the Receiving Water Limitations Language to Help the Permittees 
Focus on Established Watershed Priorities and make this section consistent with TMDL 
provisions 

• An Additional Provision is Needed that Provides for the Development of an Integrated Plan, 
Consistent with Recent EPA Guidance on the Integration of Wastewater and Stormwater 
Requirements 

TMDLs 

• There are Multiple and Substantive Discrepancies Between the Specific Permit Provisions and 
State Adopted and EPA Promulgated TMDLs 

• Where TMDL WLAs are Based Upon Receiving Waters, Effluent Limitations Should not be 
Established  

• If Water Quality Objectives are met in the Receiving Water, Permittees Should be in Compliance 
with the Associated TMDL Provisions  

Monitoring and Reporting Program 

• The MRP should Allow Permittees to Focus Monitoring Efforts on Watershed Priorities 

• Modifications are Needed to the Toxicity Testing Requirements 
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Discharge Prohibitions

• The Requirement to Prohibit, in lieu of "Effectively Prohibit," Non-Storm Water Discharges is
Inconsistent with the Clean Water Act and Associated Federal Regulations

Non-Stormwater Action Levels

• Throughout the Permit, Revisions are Necessary in order to Clarify that Non-Storm water Action
Levels are not Effluent Limitations

• The Approach to Establishing and 1Jtilizing Non-Storm Water Action Levels Needs to be Revised

Minimum Control Measures

• Revisions are Needed in the Planning and Land Development Provisions Pertaining to the City's
LID Ordinance and the Definition ofBiofiltration

• Streamlining of the Facilities under State Purview is Needed

In addition to the key issues above, the impact of the regional funding should be considered. In July of
2013, the results of the countywide Water Quality Initiative Founding will be available. At that time, we
suggest to cooperatively evaluate the impact of these results to reprioritize the provisions of this Permit.
A possible mechanism is to include a re-opener clause in the permit to occur at that time as described in
Attachment C.

Thank you for considering our technical comments on the Tentative Order. The City of Los Angeles is
committed to continuing to work with other Pennittees, the environmental community, and you and your
staff in our shared mission to protect and improve water quality. If there are any questions, please contact
me at (213) 485-0587.

Sincerely,

~~HANI'Ph.
Bureau of Sanitation

SK:ll
WPDCR8967

cc: Deborah J. Smith, Los Angeles Regional Water Quality Control Board
Michael Mullin, Mayor's Office
Rafael Prieto, CLA
Charles Modica, CLA
David Hirano, CAO
Emilio Rodriguez, CAO
Traci Minamide, Bureau of Sanitation/EXEC
Varouj S. Abkian, Bureau of Sanitation/EXEC
Adel Hagekhalil, Bureau of Sanitation/EXEC
Barry Berggren, Bureau of SanitationlWCSD
Mas Dojiri, Bureau of SanitationlEMD
Omar Moghaddam, Bureau of Sanitation/RAD

List of Attachments:
Attachment A: Detailed Discussion ofKey Technical Issues
Attachment B: Detailed Technical Comment Matrix
Attachment C: Suggested Provision to Provide for the Development of an Integrated Plan
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ATTACHMENT A 

DETAILED DISCUSSION OF KEY TECHNICAL ISSUES 

 

WATERSHED MANAGEMENT PROGRAMS 

1. The Watershed Management Programs are a Welcomed, Necessary and Important Shift in the 

Implementation of Stormwater Programs in the Los Angeles Region 

The Bureau supports the Watershed Management Program approach in the Tentative Order, with 

modifications as discussed below.  A watershed-based program is the ideal approach for the 

implementation of stormwater programs in the Los Angeles Region as it allows for the integration of all 

program elements, focuses efforts on the highest priorities for each watershed through the customization 

of actions and strategies, and affords agencies the opportunity to comply with requirements. This 

approach also supports the current efforts undertaken by agencies to obtain grant funding for water 

quality projects, as many grant criteria are based on coordinated watershed management efforts.  Finally, 

this approach supports implementation of TMDLs, which are developed and implemented at the 

watershed scale.  

2. More Time is Needed for the Development of the Watershed Management Programs 

The Watershed Management Programs are a welcomed and necessary shift in the management of 

stormwater.  However, the development of the Watershed Management Programs will be a complex 

process, especially as Permittees will need to engage not just with each other but also with the Regional 

Board and also likely provide for public participation.  In addition, many Permittees may need to receive 

official approval by their respective councils or boards prior to submitting a plan that commits the 

Permittees to a substantial investment of public resources.  That approval process itself will take many 

months to complete.   

Therefore, as this very important paradigm shift occurs, the Bureau requests that the time period to submit 

the draft Watershed Management Programs increases from 12 months to 18 months.  Such a time period 

is consistent with the time typically provided by the Regional Board for development of individual 

TMDL implementation plans.   

Given the number of Watershed Management Programs that must be developed by Permittees that are in 

multiple watersheds, such as the Bureau, the additional time would provide a substantial benefit without 

substantively delaying the implementation of the final Watershed Management Programs.   

During the 18 months that the Watershed Management Programs are under development, the Bureau will 

continue to implement its stormwater program that already includes many activities consistent with the 

requirements of the Tentative Order, including implementation of previously approved TMDL 

implementation plans, implementation and enforcement of the Low Impact Development (LID) 

ordinance, and green streets standards.   

Request:  The following revisions are requested: 

• Revise Part VI.C.2.b as follows: 

Permittees that elect to develop a Watershed Management Program must notify the 

Regional Water Board no later than six months after the effective date of this Order.  

Such notification shall specify if the Permittee(s) are requesting a 12 month or 18 

month submittal date for the draft Watershed Management Program, per Part 

VI.C.2.c.i – iii.  Within 60 days of the receipt of the notification, the Regional Board 

Executive Officer shall notify the Permittee(s) of the required submittal date for the 

Watershed Management Program. 
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• Revise Part VI.C.2.c. as follows: 

Permittees that elect to develop a Watershed Management Program shall submit a draft 

plan to the Regional Water Board Executive Officer no later than 1 year after the 

effective date of this Order as follows: 

i. For Permittees that elect to collaborate on the development of a Watershed 

Management Program, Permittees shall submit the draft Watershed 

Management Program no later than 18 months after the effective date of 

this Order if the following conditions are met in 50% of the land area in 

the watershed: 

(1) Commence development of a Low Impact Development (LID) 

ordinance within 60 days of the effective date of the Order. 

(2) Commence development of a policy that specifies the use of green 

street strategies for transportation corridors within 60 days of the 

effective date of the Order. 

(3) Demonstrate in the notification of the intent to develop a 

Watershed Management Program that Part VI.C.2.b.i(1) and (2) 

have been met in 50% of the watershed area. 

ii. For Permittees that elect to develop an individual Watershed Management 

Program, Permittees shall submit the draft Watershed Management 

Program no later than 18 months after the effective date of this Order if 

the following conditions are met: 

(1) Commence development of a Low Impact Development (LID) 

ordinance within 60 days of the effective date of the Order. 

(2) Commence development of a policy that specifies the use of green 

street strategies for transportation corridors within 60 days of the 

effective date of the Order. 

(3) Demonstrate in the notification of the intent to develop a 

Watershed Management Program that Part VI.C.2.b.ii(1) and (2) 

have been met. 

iii. For Permittees that elect not to implement the conditions under Part 

VI.C.2.c.i or Part VI.C.2.c.ii, Permittees shall submit the draft Watershed 

Management Program no later than 12 months after the effective date of 

this Order. 

• Revise Table 9 (page 46) as follows: 

Part Provision Due Date 

VI.C.2.b Notify Regional Water Board of intent to develop 

Watershed Management Program and request submittal 

date for draft Watershed Management Program 

6 months after Order 

effective date 

VI.C.2.cb For Permittee(s) that elect not to implement the 

conditions of Part VI.C.2.c.i or Part VI.C.2.c.ii, submit 

draft plan to Regional Water Board Executive Officer 

12 months 1 year 

after Order effective 

date 

VI.C.2.c For Permittee(s) that meet requirements of Part 

VI.C.2.c.i or Part VI.C.2.c.ii, submit draft plan to 

Regional Water Board Executive Officer 

18 months after 

Order effective date 
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3. Several Provisions of the Order must be Modified so as not to Negate the very Intent and 

Purpose of the Watershed Management Programs to Focus Resources on the Highest Priorities 

Within Each Watershed. 

Currently, the Watershed Management Program Provisions (Part VI.C) mostly focus on the integration 

and sequencing of the minimum control measures and TMDLs as the basis for the Watershed 

Management Programs.  However, there are other key provisions of the Order that must also be integrated 

into Section VI.C in order not to negate the very intent and purpose of the Watershed Management 

Programs – focusing resources on the highest priorities within each watershed, including: 

• Part III.A:  Non-Stormwater Action Levels.  In the Discharge Prohibition provisions, Part 

III.A.4.c. requires Permittees to take action when data, for even one sample, exceed the non-

stormwater action levels identified in Attachment G.  In the Watershed Management Program 

provisions, Part VI.C.3.b.iv.(2) addresses non-stormwater discharges, but the provision does not 

specifically limit the requirements to watershed priorities.  As many of the constituents for which 

non-stormwater action levels have been established would not be identified as a priority for the 

watershed as there is no impairment in the receiving water, per the State’s Listing Policy, 

requiring Permittees to take action for non-priority issues would negate the concept of 

prioritization and sequencing of actions via the Watershed Management Programs.   

For example, in the Los Angeles River watershed, non-stormwater action levels have been 

established for chloride, sulfate, TDS, and aluminum, yet none of these pollutants are on the 

303(d) list for the Los Angeles River. The non-stormwater action levels have been established at 

or below water quality standards.  The practical outcome would be that Permittees would be 

obligated to address even single sample exceedances from an outfall for any of the pollutants with 

assigned non-storm water action levels, in direct conflict with the prioritization processes in Part 

VI.C.3.a, which is the foundational concept of the Watershed Management Programs.  Without 

the ability to prioritize and sequence actions, the Watershed Management Programs are negated. 

• Part V.A:  Receiving Water Limitations.  While the Watershed Management Program 

provisions do provide for the fulfillment of the requirements for Part V.A.3.a and Part V.A.4, it is 

limited only to watershed priorities.  Without a commensurate change in Part V.A., Permittees 

will still be obligated to develop and implement an Integrated Monitoring and Compliance Report 

for non-watershed priorities (e.g., pollutants that are not impairing the receiving water).  Similar 

to the non-stormwater action levels, this results in negating the prioritization and sequencing of 

actions that are fundamental to the Watershed Management Programs. 

• Attachment E:  Monitoring and Reporting Program (MRP).  As currently written, there does 

not appear sufficient flexibility to modify monitoring requirements to support the Watershed 

Management Programs.  This is of particular concern for the outfall monitoring requirements, 

which, as currently written, will require a significant level of resources without clear benefit to 

addressing receiving water issues.  The MRP should allow for modification of monitoring 

requirements to focus efforts on watershed priorities identified in the Watershed Management 

Programs to ensure the effective and efficient use of resources.  The WMP will identify specific 

priorities based on TMDLs and 303(d) Listings, which will allow MS4s to tailor monitoring to 

address the Primary Objectives and provide data to support management decisions.  The current 

MRP requirements, specifically the outfall monitoring requirements, will divert resources and 

attention from watershed priorities, which are focused on receiving water issues.   

• Attachment G:  Municipal Action Levels (MALs).  Attachment G is the only location in the 

Order where the concept of MALs are utilized or referenced.  Therefore, it is unclear how the 

MALs fit into the requirements of the Order, especially within the Watershed Management 
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Programs in Part VI.C.  Attachment G notes that where MALs are exceeded, each Permittee shall 

submit a MAL Action Plan with the Annual Report.  The requirement to submit an additional 

report that requires an assessment of sources and identification of BMPs would be redundant for 

Permittees that are developing and implementing a Watershed Management Program.  In 

addition, the discussion in Attachment G related to MALs does not provide a nexus to receiving 

waters.  Consistent with the comments provided above for the non-storm water action levels, 

there should be a nexus between exceedances in the receiving water and exceedances of MALs so 

as not to negate the prioritization aspect of the Watershed Management Programs.  Otherwise, 

Permittees may be required to address pollutants that do not meet the priority requirements 

outlined in Part VI.C for the Watershed Management Programs. 

Request:  To clearly and fully integrate the other provisions of the Order with the intent of the Watershed 

Management Programs to focus on watershed priorities, the following changes are requested: 

• Watershed Management Programs 

o Modify Part VI.C.1.b as follows: 

Participation in a Watershed Management Program is voluntary and allows a 

Permittee to customize the requirements in Part VI.D (Minimum Control Measures) 

address the highest watershed priorities, including achieving compliance with the 

requirements of Part VI.E (Total Maximum Daily Load Provisions) and Attachments 

L through R by customizing the control measures and the requirements of the 

provisions specified in Part VI.C.1.b.i-viii.  Implementation of an approved 

Watershed Management Program fulfills the requirements of and constitutes 

compliance with these provisions.  A Permittee shall not be considered in violation 

of the following provisions of this Order as long as the Permittee is implementing 

an approved Watershed Management Program: 

i. Part III.A (Prohibitions – Non-Storm Water Discharges) 

ii. Part V.A (Receiving Water Limitations) 

iii. Part VI.B (Monitoring and Reporting Program Requirements) 

iv. Part VI.D (Minimum Control Measures) 

v. Part VI.E (Total Maximum Daily Loads) 

vi. Attachment E (Monitoring and Reporting Program) 

vii. Attachment G (Non-Storm Water Action Levels and Municipal Action 

Levels) 

viii. Attachments L through R (TMDL Provisions) 

• Non-storm water action levels  

o Modify the language in Part VI.C.3.b.iv(2) as follows: 

For pollutants identified as a watershed priority and where Permittees identify 

non-storm water discharges from the MS4 as causing exceedances in the 

receiving water as s source of pollutants in the source assessment, the Watershed 

Control Measures shall include… 

o Consistent with the language already used in the Tentative Order linking the Watershed 

Management Programs to the Receiving Water Limitations provisions, add the following 

language to the end of Part VI.C.3.b.iv(2): 
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Actions taken by Permittees as part of the Watershed Management Program to 

address non-stormwater discharges fulfill the requirements under Part 

III.A.4.c and Part III.A.4.d. 

o Modify the language in Part III.A.4.c. as follows: 

For Permittees implementing an approved Watershed Management Program, 

compliance with this Part III.A.4.c shall be achieved as outlined in Part 

VI.C.3.b.iv(2).  Implementation of an approved Watershed Management 

Program, including Part VI.C.3.b.iv(2), fulfills the requirements of Part 

III.A.4.c. 

o Modify the language in Part III.A.4.d. as follows: 

For Permittees implementing an approved Watershed Management Program, 

compliance with this Part III.A.4.d shall be achieved as outlined in Part 

VI.C.3.b.iv(2).  Implementation of an approved Watershed Management 

Program, including Part VI.C.3.b.iv(2), fulfills the requirements of Part 

III.A.4.d. 

• Receiving Water Limitations   

o Modify Part V.A.4 as follow: 

A Permittee shall not be considered in violation of Part V.A. of this Order so 

long as the Permittee has complied with the procedures set forth in Part V.A.3. 

above and is implementing the revised storm water management program and its 

components, and the Permittee does not have to repeat the same procedure for 

continuing or recurring exceedances of the same receiving water limitations 

unless directed by the Regional Water Board to modify current BMPs or develop 

additional BMPs.   

o Add the following language to Part VI.C.3.c.iii.(3)(d): 

The milestones and implementation schedule in (a)-(c) fulfill the requirements in 

Part V.A.3.a to prepare an Integrated Monitoring Compliance Report.  A 

Permittee shall not be considered in violation of Part V.A. of this Order if the 

Permittee is in compliance with the applicable requirements of Part VI.C. 

• Monitoring Program   

o Add the following language regarding flexibility, consistent with the language and 

approach used for the minimum control measures, to Part VI.B:   

“Dischargers shall comply with the MRP and future revisions thereto, in Attachment E, 

or may in lieu of the requirements in Attachment E, implement a customized 

monitoring program as set forth in an approved Watershed Management Program per 
Part VI.C.” 

o Add the following language to Part VI.C.5: 

Permittees in each WMA shall develop an integrated monitoring program and 

assessment program as set forth in Part IV of the MRP (Attachment E), or in lieu of the 

requirements in Part IV of the MRP, implement a customized monitoring program as 

set forth in an approved Watershed Management Program as defined below.  Each 

monitoring program shall to assess progress toward achieving the water quality-based 

effluent limitations and/or receiving water limitations per the compliance schedules, and 

progress toward addressing the highest water quality priorities for each WMA.  The 
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customized monitoring program shall be submitted as part of the Watershed 

Management Program and will be subject to approval by the Executive Officer.  The 

customized monitoring program shall be designed to address the Primary Objectives 

detailed in Attachment E, Part II.A and shall include the following program elements: 

o Receiving Water Monitoring 

o Stormwater Outfall Monitoring 

o Non-Storm Water Outfall Monitoring 

o New Development/Re-Development Effectiveness Tracking 

o Regional Studies 

• Municipal Action Levels 

o Include the following language at the end of Attachment G: 

“Implementation of an approved Watershed Management Program per Part 

VI.C of the Order fulfills all requirements related to the development and 

implementation of the MAL Action Plan.  A Permittee that is implementing an 

approved Watershed Management Program per Part VI.C shall not be 

considered in violation of this Part VIII of Attachment G.” 

4. An Additional Provision is Needed that Provides for the Development of an Integrated Plan, 

Consistent with Recent EPA Guidance on the Integration of Wastewater and Stormwater 

Requirements 

In recent years, USEPA has begun to embrace integrated planning approaches to municipal wastewater 

and stormwater management. USEPA has committed to working with States and communities to 

implement and utilize integrated planning approaches to municipal wastewater and stormwater 

management in its October 27, 2011 memorandum “Achieving Water Quality Through Municipal 

Stormwater and Wastewater Plans”
1
and in its June 5, 2012 memorandum “Integrated Municipal 

Stormwater and Wastewater Planning Approach Framework.” 

Integrated planning will assist municipalities on their critical paths to achieving the human health and 

water quality objectives of the Clean Water Act (CWA) by identifying efficiencies in implementing the 

sometimes overlapping and competing requirements that arise from distinct wastewater and stormwater 

programs, including how best to make capital investments. Integrated planning can also facilitate the use 

of sustainable and comprehensive solutions, including green infrastructure, that protect human health, 

improve water quality, manage stormwater as a resource, and support other economic benefits and quality 

of life attributes that enhance the vitality of communities. The integrated planning approach does not 

remove obligations to comply with the CWA, but rather recognizes the flexibilities in the CWA for the 

appropriate sequencing of work. 

Per the June 5, 2012 Memorandum, USEPA states “We encourage all Regions to work with their States to 

identify appropriate opportunities for implementing the Integrated Planning approach.”  The Watershed 

Management Programs that are provided for in Part VI.C of the Tentative Order are very similar in 

concept to the Integrated Planning Framework developed by USEPA and provide an appropriate 

opportunity for implementing the Integrated Planning approach.  However, there are some key additional 

considerations, not currently provided for in the Watershed Management Programs, that would result 

from the development and implementation of an Integrated Plan.   

The Bureau recognizes that the Watershed Management Programs alone are a paradigm shift in the 

management of stormwater.  However, as this shift occurs, the Bureau requests that the Order also 

provide the opportunity for Permittees to take the evolution one step further via the development and 

                                                 
1
 The October 27, 2011 and June 5, 2012 memoranda are available at http://cfpub.epa.gov/npdes/integratedplans.cfm. 
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implementation of an Integrated Plan.  As the Integrated Planning Framework is relatively new to the 

States, the Bureau is not proposing any delays in the reissuance of this Order.  However, consistent with 

the approaches identified by USEPA to incorporating the Integrated Plans into NPDES Permits
2
, the 

Bureau is requesting that a reopener provision is included in Part VI.C of the final Order. 

Request:  Include an additional provision that would provide for (a) the development of an Integrated 

Plan, consistent with USEPA’s Integrated Planning Framework and (b) a reopener of the Order to 

incorporate the Integrated Plan(s).  The Bureau has provided a proposed provision as well as a Finding 

to support the additional provision in Attachment C. 

 

TOTAL MAXIMUM DAILY LOAD (TMDLs) 

1. There are Multiple and Substantive Discrepancies Between the Specific Permit Provisions and 

State Adopted and EPA Promulgated TMDLs 

There are multiple and substantive discrepancies between the specific TMDL provisions and the TMDLs 

adopted by the State and promulgated by EPA.  For example, the Los Angeles River Bacteria TMDL 

Basin Plan Amendment states (page 6): 

MS4 dischargers can demonstrate compliance with the final dry weather WLAs by demonstrating that 

the final WLA are met instream or by demonstrating one of the following conditions at outfalls to the 

receiving waters: 

1. Flow-weighted concentration of E. coli in MS4 discharges during dry weather is less than or 

equal to 235 MPN/100mL, based on a weighted-average using flow rates from all measured 

outfalls; 

2. Zero discharge during dry weather; 

3. Demonstration of compliance as specified in the MS4 NPDES permit which may include the 

use of BMPs where the permit’s administrative record supports that the BMPs are expected to 

be sufficient to implement the WLA in the TMDL, the use of calculated loading rates such 

that loading of E. coli to the segment is less than or equal to a calculated loading rates that 

would not cause or contribute to exceedances based on a loading capacity representative of 

conditions in the River at the time of compliance or other appropriate method. 

The third and final method, which provides both BMP based and load based methods for demonstrating 

compliance, is not provided in the Order.  The Order must be consistent with the WLAs as outlined in the 

Basin Plan Amendment and this method of compliance must therefore be incorporated into the Order.  

Additional discrepancies are identified and detailed in Attachment B. 

Request: The Bureau requests that the Regional Board review and address issues with specific TMDLs as 

outlined in Attachment B to this letter. 

2. Where TMDL WLAs are Based Upon Receiving Waters, Effluent Limitations Should not be 

Established 

Assigning effluent limitations where WLAs are based upon receiving waters is inconsistent with the 

relevant WLAs in various TMDLs and is an inappropriate method of ensuring that MS4 permittees 

                                                 
2
 See USEPA’s Integrated Municipal Stormwater and Wastewater Planning Approach Framework at pg. 6: “All or part of an 

integrated plan can be incorporated into an NPDES permit as appropriate. Limitations and considerations for incorporating 

integrated plans into permits include: …Reopener provisions in permits consistent with section 122.62(a) may better facilitate 

adaptive management approaches.”  The referenced framework is attached to USEPA’s June 5, 2012 memorandum (see 

footnote 1 for a link to the document). 
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comply with water quality standards.  Given that many of the TMDLs and the WLAs contained therein 

are expressed in terms of the receiving water and do not necessarily translate to effluent limitations, 

receiving water limitations are more appropriate under most circumstances.  For example, the WLAs in 

the LA River Bacteria TMDL are expressed as allowable exceedance days, not as concentration based 

effluent limitations.  Discharges from the MS4 that are greater than the proposed effluent limits could 

nonetheless result in receiving water concentrations lower than the numeric target and in conformity with 

the TMDL and WLAs. (See Comment Matrix for additional examples)    

Thus, if the permit revision proceeds in this manner, the Regional Board will have established a system 

whereby a Permittee could be acting in conformity with a relevant TMDL by ensuring it meets all 

applicable receiving water limitations, yet still be in violation of an effluent limit established in its permit 

that was supposedly derived from and designed to achieve consistency with that TMDL.  We do not 

believe such a result is intended, and can be addressed by not establishing effluent limits where the 

relevant WLAs have been expressed as a receiving water limit.  

In addition, the fact that Permittees will be required to request TSOs also raises the issue of mandatory 

minimum penalties (MMPs).  Pursuant to Water Code section 13385(h) and (i), MMPs are required for 

certain violations of effluent limitations.  It is critical that the implementation of these WLAs in the 

permit be in the form of receiving water limitations, in order to avoid exposing the Permittees to MMPs 

for violations that cannot be prevented.   

Request:  Ensure that limitations are consistent with the assumptions and requirements of the TMDLs 

and where appropriate incorporate receiving water limitations. 

3. If Water Quality Objectives are met in the Receiving Water, Permittees Should be in 

Compliance with the Associated TMDL Provisions 

Provision VI.E.2 presents the compliance determination provisions that provide multiple mechanisms for 

demonstrating compliance, which is greatly appreciated.  However, some clarification regarding the 

definition and intent of “receiving water limitation” as used in these provisions is requested.  As currently 

written, Parts VI.E.2.d.2 and VI.E.2.e.2c identify one of several conditions that Permittee’s can use to 

demonstrate compliance as: 

There are no exceedances of the applicable receiving water limitation for the specific pollutant(s) 

associated with a specific TMDL in the receiving water(s) at, or downstream of, the Permittee’s 

outfall(s); 

It is unclear if VI.E.2.d.2 and VI.E.2.e.2c (1) limit “receiving water limitations” to those identified in the 

TMDL provisions, or (2) include applicable water quality objectives per the definition of “receiving water 

limitations” identified in Attachment A. 

As the ultimate end goal of the TMDL is protection of beneficial uses, attainment of water quality 

objectives/criteria protective of those uses should constitute compliance with the TMDL provisions.  

Therefore, please either (a) clarify that “receiving water limitations” is synonymous with the definition 

provided in Attachment A or (b) modify the language as suggested below. 

Request: If the use of “receiving water limitation” in Parts VI.E.2.d.2 and VI.E.2.e.2c is limited to those 

identified in the TMDL provisions, modify the language as follows (additions in bold, underlined text): 

There are no exceedances of the applicable receiving water limitation associated with a specific 

TMDL or water quality objective for the specific pollutant(s) in the receiving water(s) at, or 

downstream of, the Permittee’s outfall(s); 
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MONITORING AND REPORTING PROGRAM 

1. The MRP should Allow Permittees to Focus Monitoring Efforts on Watershed Priorities 

The MRP identifies five Primary Objectives in the Purpose and Scope subsection (Attachment E.II.A pg 

E-3).  The Bureau agrees that these objectives are appropriate and provide a solid foundation upon which 

to develop a monitoring program to evaluate MS4 impacts on receiving water as well as to inform 

management decisions that will improve water quality.  However, the specific monitoring requirements 

contained in the remainder of the MRP will not provide the appropriate data to meet the Primary 

Objectives.  The MRP should allow for modification of monitoring requirements to focus efforts on 

watershed priorities identified in the Watershed Management Programs (WMPs) to ensure the effective 

and efficient use of resources.  The WMP will identify specific priorities based on TMDLs and 303(d) 

Listings, which will allow MS4s to tailor monitoring to address the Primary Objectives and provide data 

to support management decisions.  The current MRP requirements, specifically the outfall monitoring 

requirements, will divert resources and attention from watershed priorities, which are focused on 

receiving water issues.  The following provides several examples: 

• The Regional Board adopted LA River Bacteria TMDL established a schedule that prioritizes 

MS4 implementation.  As presented in the TMDL Staff Report (page 64), “Through extensive 

discussions involving a broad spectrum of stakeholders, four primary locations where water 

contact activities are known or likely to occur were categorized as the highest priority.”  The 

TMDL schedule recognized the need to focus resources where public health risks were likely the 

greatest.  Additionally, the TMDL recommends outfall monitoring on the same prioritized 

schedule to support implementation actions.  As currently written, the dry weather outfall 

monitoring outlined in the MRP would require Permittees to monitor for bacteria at all outfalls in 

the LA River and tributaries within five years and take actions in contradiction to the 

prioritization dictated in the TMDL.  The MS4 Permittee developed monitoring program for the 

LA River watershed should allow for recognition of the TMDL prioritization and the 

establishment of a consistent monitoring approach. 

• The Regional Board adopted LA River Nutrients TMDL included ammonia WLAs for the three 

Water Reclamation Plants (WRP) in the watershed (City of LA Donald C. Tillman and 

LA/Glendale WRPs and the City of Burbank WRP) as well as for MS4 Permittees. Since the 

adoption of the TMDL, all three POTWs have upgraded their plants to remove ammonia and the 

Regional Board has adopted new ammonia criteria into the Basin Plan.  Because of the WRP 

upgrades, ammonia criteria are consistently met instream as demonstrated by WRP data collected 

in Reaches 3, 4, and 5 of the LA River and the Burbank Western Channel and MS4 data collected 

in Reach 1.  However, the current requirements in the MRP will require MS4 Permittees to 

collect outfall data for a constituent that is no longer impairing the LA River. Having MS4s in the 

LA River monitor for ammonia, as currently required, at all outfalls is not necessary since MS4 

discharges are not causing an impairment as there is no impairment.  The MS4 Permittee 

developed monitoring program for the LA River watershed should allow for recognition of the 

conditions and the receiving water.    

• The wet weather outfall monitoring approach requires each individual MS4 Permittee to monitor 

at least one major outfall per HUC-12 subwatersheds within the Permittee’s jurisdiction.  For the 

LA River watershed alone that would require between 20 and 108 wet weather sampling sites 

depending on the interpretation of the permit.  However, the reality is that the data collected will 

have little value in providing the information MS4 Permittees need to focus BMPs (both 

structural and non-structural).  The reasons being that 1) management actions must be targeted 

within a subwatershed (i.e., focus street sweeping on industrial areas), 2) the majority of 

structural BMPs for wet weather are distributed throughout a subwatershed in areas where they 

are expected to result in the most effective reduction of loading rather than at the end of an 
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outfall, and 3) MS4 Permittees have significantly more outfalls than can be monitored (the City of 

Los Angeles has more than 1,000 in the LA River watershed alone) and must rely on planning 

tools such as models of various complexity.  The proposed individual outfall data will provide an 

aggregate description of loading, but will not inform Permittees as to the areas (i.e., land uses) 

that generate the largest loadings and provide direction for focused actions.  The MS4 Permittee 

developed monitoring programs should allow for a modification to the approach to ensure 

appropriate data are collected to inform management decisions.  These data could also be used to 

evaluate the extent to which MS4 discharges are affecting receiving water quality.  

In summary, the Bureau agrees with the MRP Program Objectives, but believes the MRP should allow for 

modification of monitoring requirements to focus efforts on watershed priorities identified in the WMP.  

As currently written, there does not appear sufficient flexibility to modify monitoring requirements.  This 

is of particular concern for the outfall monitoring requirements, which, will require a significant level of 

resources without clear benefit to addressing receiving water issues.   

Request:  Utilize the following revised language in Attachment E to allow for more efficient approaches 

to conducting monitoring to support developing and implementing effective management actions as well 

as to assess compliance. 

• Part II.C 

The Monitoring Program provides flexibility to allow Permittees to develop an integrated 

monitoring program to address all of the monitoring requirements of this Order and 

other monitoring obligations or requirements in a cost efficient and effective manner.  In 

lieu of the requirements outlined in Part IV.A, Permittees may elect to submit a 

customized IMP as part of the Watershed Management Program as outlined in Part 

VI.C of the Order.  The development and implementation of a customized IMP as part 

of a Watershed Management Program fulfills the requirements of this Monitoring and 

Reporting Program. 

• Part II.D 

The Monitoring Program provides flexibility to allow Permittees to coordinate 

monitoring efforts on a watershed or subwatershed basis to leverage monitoring 

resources in an effort to increase cost-efficiency and effectiveness and to closely align 

monitoring with TMDL monitoring requirements and Watershed Management Programs.  

In lieu of the requirements outlined in Part IV.B, Permittees may elect to submit a 

customized CIMP as part of the Watershed Management Program as outlined in Part 

VI.C of the Order.  The development and implementation of a customized CIMP as 

part of a Watershed Management Program fulfills the requirements of this Monitoring 

and Reporting Program. 

• Part IV.A.4  

Where appropriate (e.g., dry-weather outfall based screening program), the Integrated 

Monitoring Program may develop and utilize alternative approaches to meet the 

Primary Objectives (Part II.A) and address the five Monitoring Program elements 

(Part II.E).  Sufficient justification shall be provided in the IMP for the alternative 
approach(es).  The alternative approach(es) must be screening level monitoring 

strategies to avoid more costly analytical procedures if approved by the Regional Water 

Board Executive Officer. 

• Part IV.B (add new bullet) 

Where appropriate, the Coordinated Integrated Monitoring Program may develop and 

utilize alternative approaches to meet the Primary Objectives (Part II.A) and address the 
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five Monitoring Program elements (Part II.E).  Sufficient justification shall be provided in 

the CIMP for the alternative approach(es).  The alternative approach(es) must be approved 

by the Regional Water Board Executive Officer. 

2. Modifications are Needed to the Toxicity Testing Requirements 

The standard EPA whole effluent toxicity (WET) test methods were developed for continuous point 

source wastewater discharges and do not take into account the unique features pertaining to stormwater 

and non-stormwater discharges. However, the MRP requirements for toxicity testing at outfalls are 

essentially the same as the wastewater plants in the region.  The applicability of the WET method for use 

on intermittent MS4 discharges has never been properly validated.  Indeed, the existing EPA WET 

methods (EPA 2002a-c and EPA 1995) were not designed to assess the extremely dynamic and transient 

nature of urban runoff.  Stormwater discharges typically last a (highly variable) number of hours, while 

most toxicity tests last several days; the tests continue to expose organisms to stormwater for periods far 

exceeding the duration of actual exposure to stormwater in the real world. The net effect is to 

overestimate the toxic effects of stormwater.   

The MRP requires stormwater Permittees to conduct both dry and wet weather outfall toxicity testing and 

Permittees are required to conduct accelerated monitoring if a test results in a “fail.”  Storm events are 

episodic in nature and represent acute (not chronic) conditions, making the accelerated monitoring 

prescribed in the MRP not appropriate for storm event monitoring.  The inapplicability of accelerated 

monitoring for storm events demonstrates the inherent difference between the regulation of stormwater 

and wastewater.   

Additionally, individual outfalls often carry a minute percentage of the total volume in the receiving 

waters and as such toxicity observed in one outfall sample will likely have no affect on receiving water.  

The current approach is appropriate for wastewater discharges but not urban runoff and they should be 

treated differently.   

Furthermore, it is inappropriate to place wastewater program elements such as the Toxicity Reduction 

Evaluation (TRE) in an MS4 permit.  The MRP is focused on identifying individual constituents that are 

causing or contributing to receiving water impairments such that information is available to develop and 

implement control measures.  Requiring Permittees to implement a TRE subverts the process by which 

they will identify and address water quality issues.   

Lastly, the more appropriate approach for urban runoff is to identify whether toxicity exists in the 

receiving water, identify pollutants that are causing toxicity through toxicity identification evaluations 

(TIEs), and then incorporate monitoring of pollutants that are causing toxicity into the outfall monitoring.  

Request: Remove the outfall toxicity testing and TRE requirements. 

 

DISCHARGE PROHIBITIONS 

 

1. The Requirement to Prohibit, in lieu of “Effectively Prohibit,” Non-Storm Water Discharges is 

Inconsistent with the Clean Water Act and Associated Federal Regulations 
 

The Tentative Permit proposes to require that “Each Permittee shall, …, prohibit non-storm water 

discharges through the MS4 to receiving waters ….”  This requirement to prohibit non-storm water 

discharges is different from the previous permit and is inconsistent with controlling language in the Clean 

Water Act and associated federal regulations.  Specifically, both the Clean Water Act and the previous 

permit require each permittee to “effectively prohibit non-storm water discharges” – not prohibit.  (33 

U.S.C.S., §1342(p)(3)(B)(ii); see also Order No. 01-182, as amended.)  The difference between the term 

“effectively prohibit” and “prohibit” may be significant when being interpreted by a court of law in that 

without the modifying term “effectively,” a court might determine that the City and other Permittees are 
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legally required to prohibit all such discharges and any such non-storm water discharge that enters the 

storm drain system is a violation of the permit, regardless of the Permittees ordinance, programs to 

enforce the ordinance and other control programs.  In other words, the requirement on the Permittee 

would extend beyond adopting and enforcing local ordinances, and other control programs, to keep such 

discharges from happening but would make the Permittee legally responsible and liable for any such 

prohibited non-storm water discharge entering the MS4 system.  Such a position is untenable for the City, 

and is inconsistent with CWA legislative history, regulations and associated guidance. 

 

The legislative history of the CWA suggests that congress intended a pragmatic and sensible approach to 

the “effectively prohibit” language.  Section 1342(p) was added to the CWA in 1987.
3
 According to 

Congress, the purpose of the new provisions was to provide “an improved and less burdensome process 

for control of discharges of stormwater, particularly for municipalities.” (133 Cong. Rec. S733 (daily ed. 

Jan. 13, 1987).).”   

 

Section 1342(p)(3)(B) can be read as requiring only that the permit contain a provision that “effectively 

prohibits” non-stormwater discharges to the MS4.  In other words, this section could be interpreted as 

placing a requirement on the language in the permit or local ordinances such that there is no 

misunderstanding by those who use it that illicit discharges into the MS4 are prohibited.  

 

“Subsection [(p)(3)(B)] requires that permits for municipal storm sewers contains [sic] a 

requirement to effectively prohibit non-storm-water discharges into storm sewers. Under this 

provision, all such permits must assure that such discharges are prohibited. [. . .] They must 

include a requirement to effectively prohibit non-stormwater discharges into storm sewers and 

controls to reduce the discharge of pollutants to the maximum extent practicable . . .” 

(Emphasis added.)  

 

(133 Cong. Rec. H131 (daily ed. Jan. 7, 1987).) 

  

Essentially, this interpretation construes (p)(3)(B)(ii) to require the prohibition and (p)(3)(B)(iii) to 

provide the mechanism for that prohibition. However, this language does not dictate that a holder of the 

permit fails to “effectively prohibit” illicit discharges every time such a discharge occurs. Rather, 

(p)(3)(B)(iii) provides the mechanism and the standard of care to be applied in “prohibiting” illicit 

discharges. 

 

This interpretation is also consistent with Environmental Protection Agency (EPA) Permit Writing 

Guidelines (April 2010), which also take a realistic and practical approach in defining the expectations of 

permit holders. “In many circumstances, sources of intermittent, illicit discharges are very difficult to 

locate, and these cases may remain unresolved.”  This guideline and the interpretation of (p)(3)(B)(ii)-(iii) 

above, when taken together, substantially narrow the meaning of “effectively prohibit” to apply only to 

the regulatory (e.g. ordinance drafting) aspect of the permit process. This is vastly different from an 

interpretation of (ii) as requiring a permit holder to in fact prohibit any and all illicit discharges into the 

MS4. 

 

Further, the federal regulations provide that each permittee’s application shall consist of:  

                                                 
3
 Section 1342(p)(3)(B) provides: 

“(B) Municipal discharge. Permits for discharges from municipal storm sewers— 

(i) may be issued on a system- or jurisdiction-wide basis; 

(ii) shall include a requirement to effectively prohibit non-stormwater discharges into the storm sewers; and 

(iii) shall require controls to reduce the discharge of pollutants to the maximum extent practicable, including management 

practices, control techniques and system, design and engineering methods, and such other provisions as the Administrator or the 

State determines appropriate for the control of such pollutants.” (33 U.S.C. §1342(p)(3)(B).) 
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(i) Adequate legal authority. A demonstration that the applicant can operate pursuant to legal 

authority established by statute, ordinance or series of contracts which authorizes or enables the 

applicant at a minimum to:  

(B) Prohibit through ordinance, order or similar means, illicit discharges to the municipal separate 

storm sewer;  

(C) Control through ordinance, order or similar means the discharge to a municipal separate 

storm sewer of spills, dumping or disposal of materials other than storm water; (D) Control 

through interagency agreements among coapplicants the contribution of pollutants from one 

portion of the municipal system to another portion of the municipal system;  

(E) Require compliance with conditions in ordinances, permits, contracts or orders; and (F) Carry 

out all inspection, surveillance and monitoring procedures necessary to determine compliance and 

noncompliance with permit conditions including the prohibition on illicit discharges to the 

municipal separate storm sewer.  (40 C.F.R. § 122.26(d)(2)(i).) 

 

This is consistent with a reading of (p)(3)(B)(ii) as requiring only that the permit holder establish a clear 

regulatory scheme by ordinance or otherwise. In other words, the rule requires that the permit holder have 

adequate legal authority to prohibit through ordinance and control through ordinance illicit discharges to 

the MS4. The permit holder must also have sufficient legal authority to require compliance with the 

regulatory scheme and to carry out its inspection, surveillance, and monitoring procedures.  The 

regulation does not seem to require the permit holder to prevent any and all discharges to the MS4.   

The Federal Register indicates that a permit holder “effectively prohibits” illicit discharges by creating a 

program to detect and control illicit discharges to the MS4. It specifically discusses implementation of 

“effective prohibition on non-stormwater discharges,” which requires a detailed SWMP and a listing of 

constituents they may or may not deem “illicit.” The following excerpts provide an overview of the 

relevant sections from the Federal Register:   

 

[T]oday’s rule begins to implement the ‘effective prohibition’ by requiring municipal operators of 

municipal separate storm sewer systems serving a population of 100,000 or more to submit a 

description of a program to detect and control certain non-storm water discharges to their 

municipal system.”  (55 Fed. Reg. 47,990 (Nov. 16, 1990).) 

 

The phrase “begins to implement,” implies that achieving “effective prohibition” does not occur all at 

once, but rather, requires implementation of certain steps or processes. This implication is further 

supported by the excerpts below, which specifically outline the parameters of “effective prohibition.”   

 

Today's rule has two permit application requirements that are designed to begin implementation 

of the effective prohibition. The first requirement . . . addresses a screening analysis which is 

intended to provide sufficient information to develop priorities for a program to detect and 

remove illicit discharges. The second provision . . . requires municipal applicants to develop a 

recommended site-specific management plan to detect and remove illicit discharges (or ensure 

they are covered by an NPDES permit) and to control improper disposal to municipal separate 

storm sewer systems. . . . In light of the language in the statute, permit conditions should do more 

than plan for controls during the term of the permit. A strong effort to have the necessary police 

powers and controls based on pollutant data should be undertaken before permits are issued. (Id.) 

 

The extended excerpt above makes three major points. First, “effective prohibition” involves a series of 

steps and processes included in the SWMP. Second, a permit holder must do more than merely monitor 

the MS4 for illicit discharges; it must actively seek them out and utilize its police powers to enforce the 

provisions of the permit. Third, this combination of policies and procedures satisfies the statutory 

mandate of 1342(p)(3)(B).  
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In addition, the Federal Register sections discussing the requirements for small MS4s, also support the 

policies/procedures definition of “effectively prohibit”:  

 

In today’s rule, any NPDES permit issued to an operator of a regulated small MS4 must, at a 

minimum, require the operator to develop, implement and enforce an illicit discharge detection 

and elimination program. Inclusion of this measure for regulated small MS4s is consistent with 

the ‘effective prohibition’ requirement for large and medium MS4s. (NPDES Regulations for 

Revision of the Water Pollution Control Program Addressing Storm Water Discharges, 64 Fed. 

Reg. 68,722. (Dec. 8, 1999), emphasis added.) 

 

Finally, the EPA MS4 Permit Improvement Guide (Guide) also supports the interpretation of “effectively 

prohibit” as requiring the design and implementation of policies and procedures. Though this guide is 

designed primarily for small MS4s, its objectives apply to large MS4s as well. (EPA, 833-R-10-001, MS4 

Permit Improvement Guide (2010).) Chapter Three of the Guide, “Illicit Discharge Detection and 

Elimination,” provides the requisite guidelines to permit writers in drafting provisions that satisfy the 

prohibitions against illicit discharges. Chapter three provides that both small and large MS4s: 

 

. . . are required to address illicit discharges into the MS4 system. An illicit discharge is defined 

as any discharge to a municipal separate storm sewer system that is not composed entirely of 

stormwater, except allowable discharges pursuant to an NPDES permit (40 CFR 122.26(b)(2)).  

In addition to requiring [a] permittee to have the legal authority to prohibit non-stormwater 

discharges from entering storm sewers (CWA Section 402(p)(3)(B)) (see Chapter I), MS4 permits 

must also require the development of a comprehensive, proactive Illicit Discharge Detection 

Elimination (IDDE) program. 

 

An effective IDDE program is more than just a program to respond to complaints about illicit 

discharges or spills. Permittees must proactively seek out illicit discharges, or activities that could 

result in discharges, such as illegal connections to the storm sewer system, improper disposal of 

wastes, or dumping of used motor oil or other chemicals.” (Id. at 24.) 

 

In sum, federal regulations and guidance support an interpretation of “effectively prohibit” as requiring a 

series of polices and procedures designed to detect, control, and remove illicit discharges to an MS4. 

None of these sources interpret “effectively prohibit” to require complete prevention of all non-

stormwater discharges or to impose absolute liability upon a permit holder for all such discharges.  

 

In City of Abeline v. EPA; City of Irving v. EPA, 324 F.3d 657 (5th Cir. 2003), the Fifth Circuit denied 

review of two cities’ Tenth Amendment “as applied” challenges to their MS4 stormwater permits and 

foreclosed their arguments regarding overextended liability for third party discharges. The cities had 

argued before the Environmental Appeals Board (EAB) that by refusing to authorize all discharges under 

the permit, EPA had transferred liability to the city, which forced the city to use its police powers to stop 

such discharges and is contrary to the scheme established by the storm water regulations, which places 

responsibility for controlling and obtaining legal authorization for storm water discharges on the 

discharger rather than the municipality. (2001 EPA App. LEXIS 10 (July 16, 2001). The court disagreed: 

“The Cities’ argument is foreclosed, however, by the conclusion of the [EAB] that, because the Cities’ 

permits expressly provide that liability for third-party discharges is not transferred to the permittee, the 

Cities’ are not liable for such discharges so long as they comply with their SWMP’s.  (Id. at 18.) 

 

Although the requirement to “effectively prohibit” non-stormwater discharges is not defined, a review of 

the legislative history, as well as the EPA regulations and decisions from case law, indicate that a permit 

holder “effectively prohibits” non-stormwater discharges from entering an MS4 by implementing a set of 
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policies and procedures to monitor, control and remove illicit discharges.  The removal of the term 

“effectively prohibit” in the Tentative Permit, and replacing it with “prohibit” would imply that the 

Regional Board is looking to make this requirement more stringent than federal law, and would arguably 

make the City and all other permittees liable for any prohibited discharge into the their portion of the 

MS4, regardless of their control efforts to prohibit such non-stormwater discharges. 

 
Request:  The Bureau requests that Part III.A.1 (and other relevant provisions where “prohibit” is 

currently used)is modified to require each Permittee to “effectively prohibit” non-storm water discharges 

– not prohibit non-storm water discharges. 

 

NON-STORM WATER ACTION LEVELS 

 

1. Throughout the Permit, Revisions are Necessary in order to Clarify that Non-Storm water 

Action Levels are not Effluent Limitations 

 
Currently, the non-stormwater action levels are used as requirements throughout the Tentative Order.  

However, the Tentative Order does not provide any context or discussion related to the intended use, 

basis, or rationale for the non-stormwater action levels outside of the Fact Sheet and that discussion is 

limited to the section related to monitoring (pgs. F-119 through F-125).  As such, there are several 

modifications and additions that need to be included in the Order. 

 

Request:  The Bureau requests the following modifications to the Tentative Order: 

• Add a definition for non-storm water action level in Attachment A. 

• Add explanatory text to Attachment G.  Similar to the text provided for municipal action levels, a 

narrative is needed that fully describes the basis, intended use, and rationale for the for the non-

stormwater action levels. 

• Revise Standard Provision 14(f).  The Bureau recommends that this subsection be revised to 

explicitly state that a non-stormwater action level is not an effluent limitation.  Accordingly, the 

last sentence of Part.VI.A.14(f) should be revised as follows: “An effluent limitation, for these 

purposes, does not include a receiving water limitation, a compliance schedule, a best 

management practice, a municipal action level, or non-stormwater action level. 

• Add clarifying language to the Fact Sheet.  On page F-119, the last sentence in the subsection 

titled “Approach for deriving Action Levels” should be modified as follows:  “Action levels in 

this Order are based upon numeric or narrative water quality objectives and criteria as defined 

in the Basin Plan, the Water Quality Control Plan for Ocean Waters of California (Ocean Plan), 

and the CTR; however, Action Levels are not considered to be water quality objectives or 

criteria, or water quality based effluent limitations.  They are screening tools and trigger the 

need for certain implementation actions if exceeded.  Exceedance of an Action Level does not 

constitute a violation of a water quality objective, criteria or receiving water limitation.” 

 

2. The Approach to Establishing and Utilizing Non-Storm Water Action Levels Needs to be 

Revised 

 

Several issues have been identified with the current approach to establishing and utilizing the non-storm 

water action levels, including:   

 

• Non-storm water action levels have been established for pollutant-waterbody combinations 

with effective TMDLs.  Contrary to the statement on Page F-119 of the Fact Sheet that action 

levels have been established “where a TMDL has not been developed,” there are numerous 

instances in Attachment G where non-storm water action levels have in fact been established 
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where an effective TMDL is in place.  For example, WQBELs have been established in the 

Tentative Order to implement TMDLs for the following pollutant-waterbody combinations, yet 

action levels have also been assigned: 

o Los Angeles River Watershed: copper, bacteria, and nitrate nitrogen  

o Ballona Creek:  bacteria, copper, lead, selenium 

It is inappropriate and confusing to establish non-storm water action levels where WQBELs have 

also been established to implement an effective TMDL.  Permittees, including the Bureau, have 

invested considerable resources in developing implementation plans for these TMDLs.  The 

introduction of non-storm water action levels are therefore inappropriate and unnecessary for 

those pollutant-waterbody combinations with established TMDLs. 

• The analysis that establishes the non-storm water action levels cannot be verified based 

upon the information presented in the Fact Sheet.  The Fact Sheet does not provide detailed 

calculations or information on how each of the non-storm water action levels were developed and 

provides only one example of such derivation (for nickel in discharges to salt water).  As such, 

the Regional Board’s calculations behind each non-storm water action level cannot be verified.  

Given that these non-storm water action levels may trigger significant actions by Permittees, it is 

imperative that Permittees can verify that each non-storm water action level is appropriate and 

validly established. 

• Action Levels Should be Established in Order to Isolate Problematic Outfalls.  As described 

on Page F-119 of the Fact Sheet, a Reasonable Potential Analysis (RPA) was conducted to 

calculate non-storm water action levels for CTR priority pollutants following Section 1.4 of the 

Policy for the Implementation of Toxic Standards for Inland Surface Waters, Enclosed Bays, and 

Estuaries of California (SIP).  However, as noted on Page 3, footnote 1 of the SIP, the SIP does 

not apply to the regulation of stormwater discharges.   

 
The result is that non-storm water action levels have been established that in certain instances, 

such as selenium, are below water quality objectives.  Given that there is not a nexus between 

receiving water quality and outfall concentrations, establishing non-storm water action levels 

lower than water quality objectives may exacerbate the impact to Watershed Management 

Programs.  Permittees would not only be required to address exceedances without any impairment 

to receiving waters, but Permittees would also be required to address pollutants for which 

exceedances have not yet occurred from of the MS4 in addition to lacking a connection to 

impairment in the receiving water. 

 

Similar to the municipal action levels, the non-storm water action levels can be powerful in 

isolating problematic outfalls.  However, by establishing the action level at or below the water 

quality objective, it is quite feasible that all discharges will likely exceed one of the action levels 

thus making it particularly difficult to prioritize action/outfalls.  As part of the Watershed 

Management Programs, Permittees can utilize existing data and local knowledge to propose 

appropriate non-storm water action levels.  As part of the Watershed Management Program, the 

action levels would be subject to Executive Officer approval. 

 

• Non-Storm Water Action Levels Should Focus on 303(d) Listings.  Page F-118 of the Fact 

Sheet states: 

“Given the need for additional data on non-storm water discharges from the MS4 where a 

TMDL has not been developed, USEPA and the State have used action levels as a means 

to gauge potential impact to water quality and to identify the potential need for additional 

controls for non-storm water discharges in the future.” 
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Using the rationale stated in the Fact Sheet, the non-storm water action levels should be 

established only for pollutant-waterbody combinations on the 303(d) list where TMDLs have not 

yet been established.  This approach would be consistent with the Watershed Management 

Programs and would provide appropriate additional rigor to the stormwater program without 

negating the concept of prioritization. 

 

Request:  The Bureau requests the following for non-stormwater action levels: 

 

• Delete all non-storm water action levels where an effective TMDL is in place 

• The Regional Board should provide information (calculations and/or data and procedures) such 

that all action levels in the Tentative Order can be verified 

• Where non-storm water action levels are warranted, provide for appropriate non-storm water 

action levels to be developed as part of the Watershed Management Program in order to ensure 

that problematic outfalls are isolated and addressed 

• Revise the overall approach to non-storm water action levels such that action levels are only 

established for pollutant-waterbody combinations on the 303(d) list where TMDLs have not yet 

been established 

 

 

MINIMUM CONTROL MEASURES 

 

1. Revisions are Needed in the Planning and Land Development Provisions Pertaining to the 

City’s LID Ordinance and the Definition of Biofiltration   

The City appreciates the addition of the Local Ordinance Equivalence language. The creation of the 

City’s Low Impact Development (LID) Ordinance, which went into effect in May 2012, included 

extensive stakeholder input including Regional Board staff participation. In many ways, the City’s LID 

ordinance goes beyond the requirements of the proposed land development requirements; including 

expanding the targeted categories and lowering the projects size thresholds.  The City recommends the 

City’s LID Ordinance be deemed equivalent. 

 

Additional and more detailed comments on the Planning and Land Development Provision are provided 

in Attachment B.  The Bureau supports allowing biofiltration as an alternative to infiltration and rainwater 

harvesting since it provides high pollutant removal efficiencies, is sustainable, and in many cases provides 

incidental infiltration.  Biofiltration as an equivalent to infiltration is also desirable due to the dense nature 

of urban development in the City. The number of biofiltration design variations allows their use in a 

multitude of site and design constraints. The City wishes to maintain the maximum amount of flexibility 

possible when it comes to BMP selection so that creative and innovative opportunities can be explored 

that will result in cost-effective mechanisms for reducing multiple pollutants of concern. This is 

particularly important given the number of TMDLs that Permittees must address in the Los Angeles 

Region.  

 

One major distinction between the proposed biofiltration provisions and the City’s LID Ordinance is the 

proposed narrowed definition of biofiltration.  The proposed biofiltration definition excludes planter 

boxes that prevent incidental infiltration.  In our established practice in the City of Los Angeles, when 

infiltration is not feasible, planter boxes are used to provide high quality treatment as well as significant 

runoff reduction through evapotranspiration.  However, in many of those cases, even incidental 

infiltration is a major cause of concern due to structural and geotechnical considerations.  As a result, the 

City requires biofiltration systems to be lined in some cases to prevent any infiltration.  The City views 

the use of lined planter boxes as an additional tool for onsite stormwater mitigation and as a reasonable 

approach for reducing stormwater pollution, while protecting public safety and property.   
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Request: The Bureau requests that Regional Board staff consider the City’s LID Ordinance as an 

equivalent mechanism for compliance with the Planning and Land Development MCM provisions.  The 

Bureau also requests to revise the definition of biofiltration to include planter boxes including those that 

do not allow for incidental infiltration. 

 

2. Streamlining of the Facilities under State Purview is Needed 

The Tentative Order expands the permittees responsibilities over facilities that are subject to State 

purview; primarily those covered under the Industrial General Permit (IGP) and Construction General 

Permit (CGP).  With respect to IGP, many of these facilities are also required to be tracked and inspected 

as part of the proposed Industrial/Commercial Facilities Program.  Reducing overlap with inspections 

conducted by the State and information tracked by SMARTS will allow the City to focus resources on 

areas that will maximize reduction of pollution loads from these facilities. 

 

With respect to the CGP construction sites, the provisions listed under the Development Construction 

Program, significantly expand the permittees’ oversight and inspection for construction sites with greater 

than one acre of disturbed soil.  The City of Los Angeles building and grading inspectors, visit these sites 

during construction as well upon completion of the construction prior to issuance of the certificate of 

Occupancy of the development project.  As part of these inspections, the City can propose a mechanism 

for referral to the State any problematic sites.  However more detailed specialized inspection to 

determined compliance with the State’s regulations would be best performed by State inspectors. 

 

Request: The Bureau recommends that industrial facilities covered under the IGP and construction sites 

covered under the CGP be kept under State Purview.  Instead of the added responsibilities for the 

permittees, the Bureau recommends a streamlined process for the permittees to refer noted problematic 

sites to the Regional Board. 
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Additional 

Comment # 

Document 

Reference: 
Issue 

 

Comments 

 

PART III:  DISCHARGE PROHIBITIONS 

1  

Tentative Order 

III.A.1 

Pg. 42 

The Requirement to 

prohibit, in lieu of 

“effectively prohibit,” 

non-stormwater 

discharges is inconsistent 

with the Clean Water Act 

and associated 

regulations 

The Tentative Permit proposes to require that “Each Permittee shall, …, prohibit non-storm water discharges 

through the MS4 to receiving waters ….”  This requirement to prohibit non-storm water discharges is different 

from the previous permit and is inconsistent with controlling language in the Clean Water Act and associated 

federal regulations.  Specifically, both the Clean Water Act and the previous permit require each permittee to 

“effectively prohibit non-storm water discharges” – not prohibit.  (33 U.S.C.S., §1342(p)(3)(B)(ii); see also 

Order No. 01-182, as amended.)   We requests that Part III.A.1 (and other relevant provisions where “prohibit” 

is currently used) is modified to require each Permittee to “effectively prohibit” non-storm water discharges – 

not prohibit non-storm water discharges.  Please refer to the Attachment A for a more detailed discussion of 

this concern. 

2  

Tentative Order 

III.A.4.a.c 

III.A.4.a.d 

Pg. 30-31 

Revisions are necessary 

so as not to negate the 

intent of the Watershed 

Management Programs 

See comments provided in Attachment A. 

3  

Tentative Order 

III 

Table 8 
Pg. 35 

Overtly restrictive 

requirements for 

dechlorinated/ 

debrominated swimming 

pool/spa discharges” and 

for “dewatering of 

decorative fountains”.   

The testing required for residential pools, spas, and decorative fountains prior to discharging is cumbersome 

and much too sophisticated for most property owners to conduct.  In addition, in Los Angeles County alone, 

there are 16,000 public pools and an undetermined number of decorative fountains, which will be subject to 

this testing prior to discharge. The cost of testing kits or laboratory analysis will pose a huge burden on the 

homeowners, as well as recreation and parks departments within the City and County.  Please consider deleting 

this condition.  We agree with the requirement for volumetrically and velocity controlling these discharges but 

for a different reason namely that the storm drain system should be able to handle it.  Regardless of the rate of 

discharge, there would not be a significant loss to evaporation or infiltration when discharging into the storm 

drain system. 

4  

Tentative Order 

III 

Table 8 

Pg. 36 

The allowable spray 

washing application rate 

of 0.006 gallons is 

unrealistic 

The allowable spray washing application rate of 0.006 gallons is too low and we are not aware of any product 

that would meet this application rate.  Please remove application rate for high pressure, low volume spray-

washing.  Even higher application rates may not result in wash water discharges reaching the storm drain 

system. 
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PART V:  RECEIVING WATER LIMITATIONS 

5  

Tentative Order 

V.A.1 

Pg. 39 

The Receiving Water 

Limitations Provisions 

are Inconsistent with the 

Intent of the Watershed 

Management Program 

See comments provided in Attachment A. 

PART VI.A:  STANDARD PROVISIONS 

6  

Tentative Order, 

VI.A.2.i 

Pg. 39 

Waterboards should be 

the lead regulators for 

industrial and 

construction sites with a 

general NPDES permit 

The requirement to control discharges associated with industrial and construction activity including those that 

have coverage under a State NPDES exceeds past practices and conflicts with the provisions of these NPDES 

permits that give the authority to the State agencies to regulate them.  In addition the State is collecting 

significant application and annual fees from these sites for the purpose of tracking and enforcing these permits.  

Finally at the May 3
rd

 Board Workshop on the MS4 Permit, Regional Board members specifically instructed 

the Regional Board staff to write the permit to maintain authority and responsibility for these sites.  

Subsequently on the July 9
th

 workshop, Regional Board staff viewed positively this overlapping.  Since 

permittees have multiple challenges as part of this permit, the Bureau will like to request that, during the 

duration of this permit cycle, the Waterboards maintain responsibility for these sites. 

7  

Tentative Order, 

VI.A.2.viii 

Pg.  39 

The permittees should 

not be held responsible 

for comingled 

discharges pending 

establishment of these 

interagency agreements. 

Much of our MS4 system is receiving stormwater discharges from the highways owned by the State of 

California Department of Transportation (Caltrans).  These discharges have typical concentrations above water 

quality standards and thus they will cause and contribute to the violation of receiving water limitations.  The 

State Water Resources Control Board is currently processing an updated Caltrans Stormwater Permit.  The 

permittees should not be held responsible for comingled discharges pending establishment of these interagency 

agreements. 

8  

Tentative Order, 

Part VI.A.3.a 

Pg. 40 

 

The requirement to 

secure the necessary 

fiscal resources places 

compliance with this 

Permit over other 

municipal priorities  

Requiring “each permittee to exercise its full authority to secure the fiscal resources necessary to meet all 

requirements of this Order” is beyond the scope of the MS4 and the Regional Board’s authority.  The logical 

extension of this statement is that a permittee must place the funding for meeting MS4 requirements above any 

other requirements a permittee, especially a municipality, must meet.  Please revise this statement to 

acknowledge that municipalities are required to meet competing regulatory, infrastructure, and social goals. 
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9  

Tentative Order, 

VI.A.4.a 

Pg. 40 

Include requirement for 

Watershed Management 

coordination 

Please include a provision for all permittees, even for those not participating in watershed-wide Watershed 

Management Plans, to coordinate and share information regarding their permit-compliance activities. 

10  

Tentative Order, 

VI.A.7.a 

Pg. 41 

Allow Permit changes for 

error correction 

Please include a provision to allow changes to this Order to correct errors made on developing the provisions of 

this Order or based on newly found evidence or technical research. 

11  

Tentative Order, 

VI.A.7.d.ii 

Pg. 42 

Minor modifications 

provisions 

40 CFR Section 122.63 includes additional provisions for allowing minor modifications other than the two 

listed.  Also more frequent monitoring and reporting does not necessarily constitute a minor modification and 

unexpected expansion of existing monitoring efforts may be a major imposition on municipalities. 

12  

Tentative Order, 

VI.A.8 

Pg. 42 

Standard Provision 8 is 

More Appropriate for 

Direct Point Source 

Discharges such as a 

Publicly Owned 

Treatment Works 

(POTWs) 

The Tentative Order includes a standard provision that is more appropriate as applied to direct point source 

discharges such as POTWs rather than stormwater from MS4 systems.  Specifically, the Tentative Permit 

includes a standard provision that states, “Any discharge of waste to any point(s) other than specifically 

described in this Order is prohibited, and constitutes a violation of this Order.”  (Tentative Permit, p. 42.)  The 

Tentative Order broadly discusses permit coverage in Findings D, however, this broad discussion does not 

clearly articulate the geographic extent of coverage or the points of discharge with respect to discharges into 

receiving waters.  Because it is difficult to identify the actual “points” of discharge from an MS4 system, this 

standard provision should be deleted. 

13  

Tentative Order, 

VI.A.10 

Pg. 42-43 

Standard Provision 10 

Inappropriately 

Prohibits the Discharge 

of Any Properly 

Registered Pesticide 

that Ultimately May be 

Released to Waters of 

the United States 

The Tentative Order includes a standard provision that would effectively prohibit the discharge of any properly 

registered pesticide to any waste stream that may ultimately be released to waters of the United States.  

(Tentative Permit, p. 42-43.)  Such a prohibition is inconsistent with applicable law.  As proposed, this 

prohibition implies that any discharge of a pesticide may cause or contribute to a violation of an applicable 

water quality standard.  However, such is not the case.  There are many water quality objectives for pesticides 

that are set at low levels.  A water quality objective at a low level is not equal to prohibition on any pesticide.  

Furthermore, there are many properly registered pesticides, which by legal definition include herbicides, which 

are not considered to be a threat to aquatic life or other applicable beneficial uses.  Moreover, this standard 

provision overstates applicable law with respect to application of requirements for NPDES permits. For an 

NPDES permit to be required, there must be “a point source discharge of a pollutant to a water of the United 

States.”  As proposed, this standard provision would apply to “any waste stream that may be released to waters 

of the United States.”  Such a requirement is inconsistent with the CWA.  (See 33 U.S.C. § 1342.)  Finally, as 

proposed, this standard provision makes the Bureau potentially liable for discharges outside of its control.  As 

discussed previously, the City can “effectively prohibit” discharges through ordinances and control programs, 

however, the Bureau cannot itself be held liable for discharges that occur in violation of the prohibitions 

established by the Bureau in its ordinances. 
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14  

Tentative Order, 

VI.A.14 

Pg. 43-44 

It is Inappropriate to 

Include Descriptions 

with Respect to the 

Regional Board’s 

Enforcement 

Authority 

The standard provisions are considered operational provisions of the Tentative Permit, the violation of which 

are enforceable through the Regional Board’s discretionary authority and through actions brought by third 

parties through citizen suits.  Accordingly, it is inappropriate to include as part of the standard provisions 

descriptions with respect to the Regional Board’s enforcement authority.  To the extent that the Regional Board 

wants to inform the Permittees and the public about potential enforcement for violation of the permit, such 

language is more appropriate for inclusion as part of the findings or the fact sheet, not operational provisions of 

the permit.  The Bureau requests that Standard Provision 14 be removed from the operational provisions of the 

Tentative Order. 

PART VI.B:  MONITORING AND REPORTING PROGRAM (MRP) REQUIREMENTS 

15  

Tentative Order, 

VI.B 

Pg. 45 

Revise language to 

provide flexibility in the 

monitoring programs to 

support the Watershed 

Management Programs 

As discussed in Comment #79, flexibility is requested for a customized monitoring program to support the 

Watershed Management Programs.  As such, the Bureau requests that the following language regarding 

flexibility, consistent with the language and approach used for the minimum control measures, is added to Part 

VI.B:   

“Dischargers shall comply with the MRP and future revisions thereto, in Attachment E, or may in lieu of the 

requirements in Attachment E, implement a customized monitoring program as set forth in an approved 

Watershed Management Program per Part VI.C.” 

PART VI.C:  WATERSHED MANAGEMENT PROGRAMS (WMPs) 

16  

Tentative Order, 

VI.C.1.b 
Pg. 45 

Clearly Identify the 

Provisions Addressed 

via the Watershed 

Management Program. 

See comments provided in Attachment A.  The intent is to identify in one provision all of the elements that will 

be included in the Watershed Management Program, the provisions of the Order that will be fulfilled via the 

Watershed Management Programs, and that Permittees will be in compliance with these provisions via the 

implementation of the Watershed Management Programs. 

17  

Tentative Order, 

VI.C.1.d 

Pg. 46 

Delete goal related to not 

causing exceedances of 

non-storm water action 

levels 

As currently written in the Tentative Order, there is not a nexus between receiving water data (the basis for 

establishing watershed priorities per Part VI.C) and the non-stormwater action levels.  Exceedances of the non-

stormwater action levels may occur without any commensurate exceedance or impact in the receiving water.  

Establishing a goal that is based upon not exceeding non-storm water action levels would therefore negate the 

very intent of the Watershed Management Programs – focusing on priorities, as defined by receiving water 

issues.  As discussed in Comment #130, non-storm water action levels are more appropriately used to prioritize 

BMPs within a watershed.  
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18  

Tentative Order, 

VI.C.2.b 

Pg. 47 

Additional time is 

needed to develop the 

WMPs 

See comments provided in Attachment A. 

19  

Tentative Order, 

VI.C.3.a.ii 

Pg. 47-48 

Categorization should 

not presume all 

waterbodies exceed 

applicable water quality 

standards 

As currently phrased, all waterbodies would be classified as exceeding applicable water quality standards.  

Category 3 should be revised as follows (additions in bold, underlined text; deletions in strike out text): 

Category 3:  Waterbody-pollutant combinations Pollutants for which there are insufficient data to 

indicate there is not a water quality impairment in the receiving water according to the State’s Listing 

Policy, but which exceed applicable water quality standards. 

20  

Tentative Order, 

VI.C.3.b.ii 

Pg. 49 

Redundant with Part 

VI.C.1.d 

The goals listed for control measures are redundant with the goals identified in Part VI.C.1.d. and should be 

deleted.  The implementation of control measures are the mechanism to achieve the goals identified in Part 

VI.C.1.d and no additional goals are necessary for Part VI.C.3.b.   

21  

Tentative Order, 

VI.C.3.b.iv.1 

Pg. 50 

Provide schedule for the 

implementation of 

Minimum Control 

Measures 

Except few MCM provisions, most are not provided with an implementation schedule.  During the July 9, 

2012 workshop, Regional Board staff indicated that for MCMs similar to the existing permit, their 

implementation should be immediate.  For those that are different or new, the process to set them in place 

should start upon the effective date of the Permit.  The Bureau requests that language in the permit be provided 

for clarification. 

22  

Tentative Order, 

VI.C.3.b.iv.(1)(d) 

Pg. 51 

Approved WMPs should 

replace in whole, not in 

part, the requirements in 

Part VI.D.4 – 9 

While the WMPs may revise in whole or in part the existing requirements in Part VI.D.4 through Part VI.D.9, 

once approved, the WMP itself will be the document through which the Permittees will implement the 

stormwater program.  In order to clearly identify the requirements for the Permittees, and provide clarity 

regarding how compliance with Part VI.D.4 through Part VI.D.9 will be determined, revise this provision as 

follows: 

Such customized actions, which may modify in whole or in part the requirements in Part VI.D.4 to 

Part VI.D.9, once approved as part of the Watershed Management Program, shall replace in whole or in 

part the requirements in Part VI.D.4 to Part VI.D.9 for participating Permittees. 

23  

Tentative Order, 

VI.C.3.b.iv.(2) 

Pg. 51 

Provision should 

explicitly state that it 

applies to watershed 

priorities 

The provision should explicitly state that it applies to watershed priorities and should be revised as follow: 

For pollutants identified as a watershed priority and where Permittees identify non-storm water 

discharges from the MS4 as causing exceedances in the receiving water as s source of pollutants in the 

source assessment, the Watershed Control Measures shall include… 
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24  
Tentative Order, 

VI.C.3.b.iv(2) 

Modify language to 

ensure non-stormwater 

discharge provisions do 

not negate the flexibility 

intended by the WMPs  

It is currently unclear how the non-stormwater action levels integrate with the concept of prioritization for the 

Watershed Management Programs.  As noted in Comment #17, the fundamental purpose of the Watershed 

Management Programs is to address the highest watershed priorities, which per the Tentative Order, are based 

upon identified issues in the receiving water (via TMDLs and 303(d) listings).  Non-stormwater action levels 

are not integrated into the Watershed Management Program approach and may negate the concept of 

prioritization.  The non-stormwater action levels do not have a nexus to receiving water conditions and would 

require Permittees to investigate and address issues on an outfall by outfall basis, even if the pollutant is not 

causing exceedances in the receiving water and therefore not identified as a watershed priority.  The Bureau 

has provided additional comments on how the non-stormwater action levels should be revised (see Comment 

#130).  In addition, consistent with the language already used in the Tentative Order linking the Watershed 

Management Programs to the Receiving Water Limitations provisions, add the following language to Part 

VI.C.3.b.iv(2): 

Actions taken by Permittees as part of the Watershed Management Program to address non-

stormwater discharges fulfill the requirements under Part III.A.4.c and Part III.A.4.d. 

25  

Tentative Order, 

VI.C.3.b.iv.(4)(a) 

Pg. 52 

 

Typo 

Please revise as follows: 

“…contained in this Part VI.E and Attachments L through R…” 

26  

Tentative Order, 

VI.C.3.c.iii(3)(c) 

Pg. 53 

Achieving Receiving 

Water Limitations within 

Permit Term may not be 

feasible 

TMDL schedules that have been adopted by Regional Board most typically exceed 5 years, which 

acknowledges that implementation of measures to attain water quality standards in receiving waters may 

exceed a Permit term.  Additionally, as noted by EPA in multiple presentations by Deborah Nagle (Director, 

Water Permits Division, Office of Water) on EPA’s integrated planning framework (similar in concept and 

approach to the Watershed Management Programs), EPA acknowledges that the schedule to address water 

quality priorities will exceed a five year permit term (a recorded version of the presentation can be found here: 

https://www1.gotomeeting.com/register/497791865.)   

As the requirement to include a schedule that achieves milestones as soon as possible is included in Part 

VI.C.3.c.iii(3)(b), the Bureau requests that this provision in Part VI.C.3.c.iii(3)(c) is deleted in its entirety. 

27  

Tentative Order, 

VI.C.2.a 

Pg. 46-47, Table 9 

Schedule to commence 

implementation of WMP 

not consistent with 

referenced provision 

Part VI.C.4 requires implementation of the WMPs upon approval by the Regional Board Executive Officer, 

while Table 9 states implementation is required upon submittal of the final plan.  Given the importance of 

Executive Officer approval to clearly identify the expectations for implementation of and compliance with the 

Order, and considering the potential for a petition for the Watershed Management Program to be heard by the 

Regional Board within 30 days of approval by the Executive Officer, Table 9 should be revised to be 

consistent with Part VI.C.4 and state “upon approval by the Executive Officer.” 
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28  

Tentative Order, 

VI.C.5 

Pg. 54 

Modify language to 

provide flexibility, 

consistent with concept 

and approach for MCMs 

As currently written, there does not appear to be sufficient flexibility to modify monitoring requirements to 

support the Watershed Management Programs.  This is of particular concern for the outfall monitoring 

requirements, which, as currently written, will require a significant level of resources without clear benefit to 

addressing receiving water issues.  The MRP should allow for modification of monitoring requirements to 

focus efforts on watershed priorities identified in the Watershed Management Programs to ensure the effective 

and efficient use of resources.  The WMP will identify specific priorities based on TMDLs and 303(d) 

Listings, which will allow MS4s to tailor monitoring to address the Primary Objectives and provide data to 

support management decisions.  The current MRP requirements, specifically the outfall monitoring 

requirements, will divert resources and attention from watershed priorities, which are focused on receiving 

water issues.  The Bureau requests that Part VI.C.5 is modified as follows: 

• Permittees in each WMA shall develop an integrated monitoring program and assessment program as set 

forth in Part IV of the MRP (Attachment E), or in lieu of the requirements in Part IV of the MRP 

implement a customized monitoring program as set forth in an approved Watershed Management Program 

per Part VI.C.  Each monitoring program shall to assess progress toward achieving the water quality-based 

effluent limitations and/or receiving water limitations per the compliance schedules, and progress toward 

addressing the highest water quality priorities for each WMA.  The monitoring program shall be designed 

to address the Primary Objectives detailed in Attachment E, Part II.A and shall include the following 

program elements: 

o Receiving Water Monitoring 

o Stormwater Outfall Monitoring 

o Non-Storm Water Outfall Monitoring 

o New Development/Re-Development Effectiveness Tracking 

o Regional Studies 

29  

Tentative Order, 

VI.C.6.a.i.(4) and 

VI.C.6.a.i.(7) 

Pg. 54 

 

Adapting the WMPs to 

re-evaluate watershed 

priorities and soliciting 

public feedback is not 

feasible on an annual 

basis 

Given the amount of resources necessary to develop the WMPs, modifications during the Permit term should 

be limited to areas that improve upon the current goals and objectives.  Modifications that would significantly 

change the WMPs, such as re-evaluating the highest watershed priorities and soliciting feedback via a public 

participation process, are more appropriately done once per Permit term as part of the Report of Waste 

Discharge, or every five years, whichever is sooner.   
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PART VI.D:  STORMWATER MANAGEMENT PROGRAM MINIMUM CONTROL MEASURES 

30  

Tentative Order, 

VI.D.2.a.v 

Pg. 57 

Sites under Industrial and 

commercial General 

Permits should be under 

the purview of 

Waterboards 

This provision requires the permittees to conduct additional enforcement action prior to referral to Regional 

Board.  The Bureau recommends that violations of the Industrial and Construction General Permits can be 

immediate and there should not have to be inspected and sited by the permittees prior to the referral. Again 

these facilities are under the purview of the State.  This Permit can be used as an opportunity to streamline the 

oversight of these facilities and improve the efficiency of both municipal and State inspection units. 

31  

Tentative Order, 

VI.D.4.c.ii 

Pg. 59 

Minor revision 

Add "Participate in or organize events targeted to residents and population subgroups to educate and involve 

the community in stormwater..." 

32  

Tentative Order, 

VI.D.4.d.3 

Pg. 60 

Targeted facilities 

Please consider removing pharmacies from the list.  Improper disposal of drugs are already been in the focus of 

municipal wastewater and refuse collection programs.  Instead consider including paint stores to the list. 

33  

Tentative Order, 

VI.D.6.c.i.2 

Pg. 70 

Remove “whichever is 

greater” wording 

Consider removing the “whichever is greater” wording.  In calculating the design Stormwater Quality Design 

Volume (SWQDv), either the 0.75 inch or the 85
th

 percentile can be used.  The two methods are considered 

equivalent and the 85
th

 percentile was calculated to be the 0.75-inch for downtown Los Angeles.  Currently the 

0.75-inch storm criterion has been used throughout the County for uniformity.  While requiring the 85
th

 

percentile to be used instead appears more technically appropriate, requiring calculating both criteria and using 

the greater value appears punitive. 

34  

Tentative Order, 

VI.D.6.c.i.4 

Pg. 70 

Green roofs should not 

be considered for on-site 

retention 

Consider deleting this sentence since it is redundant with item VI.D.6.c.i.1 and green roofs are not feasible.  

Their infeasibility is due to regional climate and implementability considerations.  Clarify as it was explained 

in the July 9
th

 Workshop that permittees will have the discretion to outright consider green roofs as unfeasible. 

35  

Tentative Order, 

VI.D.6.c.ii.2.a 

Pg. 70 

Suggested infiltration 

infeasibility 

Infiltration technical infeasibility should be based on 1) an infiltration rate, Ksat  ≤  0.3 in/hr and connectivity to 

higher Ksat soils is infeasible; and 2) amending in-situ soil is infeasible 
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36  

Tentative Order 

VI.D.6.c.iii 

Pg. 71 

Offsite mitigation will be 

difficult to implement 

Even without the proposed restrictions to offsite mitigation, the Bureau believes that this alternative will be 

rarely exercised.  As part of the City’s low impact Development, an in-lieu fee was considered and not 

incorporated and we view onsite mitigation as the most practical approach.  The State’s Mitigation Fee Act, 

California Code Section 66000-66008 has additional requirements for collecting mitigation fees for approving 

development projects.  These restrictions create cumbersome, accounting, and legal consideration and the City 

may not be able to meet.  For these reasons we encourage flexibility in implementing on-site BMPs, including 

allowing planter boxes with impermeable liner and treatment systems without the need of implementing offsite 

projects. 

37  

Tentative Order 

VI.D.6.c.iii 

Pg. 71 

Biofiltration should be 

considered equivalent to 

retain on-site. 

If the 1.5 x SWQDv requirements is kept that allows for the over-sizing of the biofiltration BMPs, please 

clarify that the biofiltration BMPs are considered as equivalent as “retain on site” BMPs.  Biofiltration BMPs 

such as planter boxes allow for a significant loss of the stormwater runoff through evaporation and 

transpiration. 

38  

Tentative Order 

VI.D.6.c.iii.1.b.ii 

Pg. 71 

No need to have raised 

underdrains 

The requirement for raised underdrain placement to achieve nitrogen removal is inconsistent with standard 

industry designs and is based on limited evidence that this change will improve nitrogen removal.  Furthermore 

by raising the underdrain, other water quality problems may result such as low dissolved oxygen and bacterial 

growth due to the septic conditions that will be created.  Also the second sentence should refer to Appendix H 

not I. 

39  

Tentative Order 

VI.D.6.c.iii.2.b 

Pg. 72 

No need to provide on-

site treatment when 

offsite mitigation is used. 

The requirement to provide treatment for the project site runoff when offsite mitigation is provided is punitive 

and unfair considering that an alternative site needs to be retrofitted to retrain the equivalent volume.  Please 

consider removing this on-site requirement when mitigation occurs in an offsite location. 

40  

Tentative Order, 

I.D.6.c.iii.4.b 
Pg. 73 

Allow offsite location 

flexibility 

The conditions listed for offsite projects are overly restrictive.  Consider expanding the location of the offsite 

projects to within watershed or within the permittees jurisdiction so there will be better opportunities and 

flexibility for permittees. 

41  

Tentative Order, 

I.D.6.c.iii.4.c 

Pg. 73 

Delete groundwater 

recharge as a priority 

The emphasis of this permit should be focused on water quality.  The requirement to place projects to 

maximize ground water recharge benefit will not necessarily improve water quality. 

42  

Tentative Order 

VI.D.6.c.iii.4 

d, f, h 
73 -74 

 

In-lieu fee is not feasible 

These conditions will make it very difficult for the permittes to implement. Our experience when considering 

an in-lieu fee for untreated runoff was that there would not be enough fees collected to implement a project. In 

addition the proposed fee was scrutinized and challenged by the building industry and this condition may not 

be legally defendable. Please remove these conditions is offsite mitigation is kept as an alternative. 

43  

Tentative Order 

VI.D.6.c.iv.1 

Pg. 74 

Minor item 

New development and redevelopment projects should be referred to as “new projects” as indicated in page 69, 

item C.i.1. 
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44  

Tentative Order 

VI.D.6 

Table 11 

Pg. 75 

 

The proposed effluent 

benchmarks are not 

feasible and should be 

replaced by design 

parameters 

We support the removal of the monitoring requirements for new projects as “they had appeared in the “working 

Proposal” document.  However since there are no monitoring requirements, the permit should not specify 

benchmark standards but instead design parameters such as an acceptable flow through rate (i.e: 100 in/hr).  

The effluent concentration benchmarks for treatment BMPs will not be attainable when considering that these 

values were selected from the median of the best available datasets of the stormwater BMP database site. 

45  

Tentative Order 
VI.D.6.c.v.1.a.i 

Pg. 75 

Ep is not widely used 

Erosion Potential (Ep) is not a widely used term in our region, and may not be the most appropriate term to be 

used as an indicator of the potential hydromodification impacts. 

46  

Tentative Order 

VI.D.6.c.v.1.a.iv 

76 

Use the State’s 

Hydromodification 

Policy instead 

The requirement for development of a new Interim Hydromodification Control Criteria is unnecessary 

considering there is already peak storm control requirements on the existing MS4 Permit and that the State 

Water Board is finalizing the Statewide Hydromodification Policy. 

47  

Tentative Order 

VI.D.6.c.v.1.c.i.1 

Pg. 77 

Excessive 

Hydromodification 

Control design 

parameters 

The requirement to retain on site the 95
th

 percentile storm is excessive and inconsistent with all other storm 

design parameters that appear in this order.  It may also not be an appropriate storm in terms of soil deposits for 

the soil deprived streams such as Santa Clara Creek.  Again consider referring to the statewide policy for a 

consistent and technical basis of the hydromodification requirements. 

48  

Tentative Order 

VI.D.6.d.iv.1 

Pg. 81 

Schedule 

The requirement for implementing these provisions within 60 days is reasonable however for reasons of 

consistence please considers providing a timeline for all other provisions that do not have a schedule or clarify 

when the newly required provisions for their implementation process should be initiated. 

49  

Tentative Order 

VI.D.7.d 

Pg. 83 

There is no threshold for 

construction projects 

Consider introducing a minimum threshold for construction sites such as those for grading permits.  As written 

minor repair works or trivial projects will be considered construction projects and will unnecessarily be subject 

to these provisions. 

50  

Tentative Order 

VI.D.7, Table 12 

Pg. 83 

Not all proposed 

construction BMPs in 

Table 12will be 

applicable 

 

Some of the listed BMPs will not be applicable for all construction sites.  Please consider replacing the title of 

the Table 12 to “Applicable Set of BMPs for Construction Sites” 

51  

Tentative Order 

VI.D.7.e-j 

Pgs 84-90 

General Construction 

Permit sites are under the 

purview of the State. 

All these provisions refer to the construction sites than are greater than one acre.  As such these sites are subject 

to the General Construction Permit provisions and within the authority of the State agencies.  Towards ensuring 

compliance with these regulations, the State is collecting a significant fee that covers inspection and tracking of 

these facilities.  We are disputing the need to establish an unnecessary parallel enforcement scheme for these 

sites.    Please consider maintaining these sites under State purview. 

52  

Tentative Order 

VI.D.7.g-j 

Pgs 84-90 

Please refer to General 

Construction Permit 

instead of including 

many of these provisions. 

Much of the proposed language is taken fro the General Construction Permit.  However as a way of reducing 

the length of the text and prevent conflicting requirements please consider referring to the GCP and its SWPPP 

requirements. 
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53  

Tentative Order 

VI.D.7.g.ii.9 

Pg. 85 

Please use SWPPP terms 

instead of ESCP 

 

The term Erosion and Sediment Control Plan is introduced.  There is no need to introduce a new document for 

construction sites that are subject to GCP’s SWPPP requirements. 

54  

Tentative Order 

Table 13 

Pg. 87 

Delete Table 13 

Delete Table 13 which is the same as Table 12. 

55  

Tentative Order 

Table 17 

Pg. 90 

The City of Los Angeles 

will not be able to 

accommodate this 

inspection requirement.  

The suggested inspections could not be possibly accommodated based on current resources because of the 

concurrent need to visit all sites.  The City of Los Angeles has limited inspection staff, and these requirements 

will introduce significant staffing needs during the rain season.  We believe that inspecting GCP sites is the 

purview of the State. 

56  

Tentative Order 

VI.D.7.j.ii.2.a 

Pg. 90 

Delete requirement for 

inspection prior to 

construction 

Consider deleting this requirement as being unnecessary.  The placement of BMPs may not be needed based on 

the season of construction and the panned construction phases.  A better requirement would be to inspect sites 

at the beginning of the rain season such as the months of September and October. 

57  

Tentative Order 

VI.D.8.f.ii 

Pg. 99 

Allow for exposed 

washing facilities if 

equipped with rain 

diversion gages 

Consider using the language as appears in the 2001 MS4 Permit.  Some older washing facilities are still open 

and not self-contained, however they are equipped with rain diversion gages that minimizes to a large extend 

the release of stormwater pollution. 

58  

Tentative Order 

VI.D.8.h.ii 

Pg. 100 

Delete the recommended 

approach on how to 

dispose liquid material 

The process by which the material removed from MS4 should not be allowed to reenter the MS4 is 

unnecessarily prescriptive.  Additional option that the two listed for disposing liquid material exist and 

permittees should be these options.  Consider including only the first sentence of this subsection.  

59  

Tentative Order 

VI.D.8.h.vii 

Pg. 102 

Retrofit of catch basins 

in non-TMDL areas. 

It is unreasonable to prescribe the installation of CB curb opening screens on catch basins that are located 

within a watershed that has not been identified as being impaired for trash.  This requirement should be 

removed since if an impairment is identified it would be address through a TMDL. 

60  

Tentative Order 

VI.D.8.i.iv.1 

Pg. 105 

Delete the second 

sentence of this 

provision. 

The requirement to clean a parking lot, once a month, even if inspection indicates no presence of debris or oil 

buildup, is unnecessary. 

PART VI.E:  TOTAL MAXIMUM DAILY LOADS (TMDLs) 
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61  

Tentative Order 

VI.E.2.b.v.2 

VI.E.2.d.i.2 

VI.E.2.e.i.2 

Pg. 112, 113, 114 

Please correct the 

language as 

recommended 

Since the ultimate end goal of the TMDL is protection of beneficial uses, attainment of water quality 

objectives/criteria protective of those uses should constitute compliance with the TMDL. However, Section E 

Parts 2.b.v.2, 2.d.i.2, and 2.e.i.2 limits this concept to applicable receiving water limitations.  If water quality 

objectives/criteria are met in the receiving waters, Permittees should be in compliance with the TMDL 

regardless if the receiving water limitation is explicitly incorporated into the permit.   

 

Additionally, the language places upstream dischargers in jeopardy if downstream dischargers cause or 

contribute to exceedances. The current language indicates that compliance can be demonstrated if there are no 

exceedances at, or downstream of, the Permittee’s outfall.  For example, if a water quality objective is met in 

Reach 6 of the LA River but not in Reach 2 (over 20 miles downstream and a change in flow of over 80 cfs), 

those discharging to Reach 6 could be considered out of compliance.   

 

Based on these issues, please revise as follows: 

Section E Part 2.b.v.2 “Demonstrate that the discharge from the Permittee’s MS4 is treated to the level that 

does not exceed the applicable water quality-based effluent limitation or water quality objective.” 

 

Section E Parts 2.d.i.2 and 2.e.i.2 as follows: There are no exceedances of the applicable receiving water 

limitation water quality objectives for the pollutant(s) associated with the specific TMDL in the receiving 

water(s) at, or downstream of, the Permittee’s outfall(s). 

62  

Tentative Order 

VI.E.2.d.i.4.b 

Pg. 113 

Clarify the intended 

purpose of design 

standard 

This incorporation of such a design standard seems to imply that during larger storms, water quality standards 

may not have to be met.  Also please clarify if this is a recommendation or the intent is to prohibit the 

implementation of BMPs that will provide partial treatment of this design storm. 

63  

Tentative Order 

Note 38 
Pg. 113 

Provide a consistent 

definition of outfall 

Suggested text for Note 1: 

A municipal stormdrain outfall (or conduit) shall have a minimum pipe size of 24-inch diameter where a 

maintenance access or other point of access can be built based on hydraulic engineering design standards at the 

Permittee’s jurisdictional boundary.   

64  

Tentative Order 

VI.E.3.d 

Pg. 115 

Additional time is needed 

for Watershed 

Management Plan 

Please note our comment regarding additional time will be needed for a more comprehensive Watershed 

Management Program Plan in Attachment A. 

65  

Tentative Order 

VI.E.4.b 

Pg. 116 

Establish an 

iterative/adoptive 

approach for State 

Adopted TMDLs 

This provision will put the City of Los Angeles in immediate determination of non-compliance and will require 

us to request a time schedule order within 45 days of the effective day of the permit.  The City developed 

implementation plans for compliance of these TMDLs, however RWQCB staff did not provide any feedback or 

acknowledge that the proposed actions will be acceptable.  We request that the State Adopted TMDLs, where 

final Compliance Deadlines have passed or are required prior to the development of the Watershed 

Management Program, be treated similar of the EPA promulgated TMDLs, and be required to  submit updated 

implementation plans as part of the Watershed Management Program Plan. 
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66  

Tentative Order 

VI.E.5.b.i.2.b 

Pg. 119 

The DGR or similar 

exercise to quantify 

institutional controls 

should be done for two 

consecutive years during 

the permit 5-year cycle. 

The intent of the DGR is to obtain a measure of the effectiveness of institutional controls.  Institutional controls 

are those measures/programs that adjust human behavior, in this case not contributing to stormwater pollution.  

These are typically long term programs and their results are not immediate.  Prescribing an annual DGR is not 

sensible since representative data collection may not be realized. 

67  

Tentative Order 

VI.E.5.c.i 
Page 122 

Inconsistent reporting 

due dates 

This section states that  the compliance report is due October 31, 2012; while Attachment E, Section XIX 

TMDL Reporting, pg. E-56 states that a report is due December 15, 2013.  Please revise the dates to be 

consistent. 

ATTACHMENT A:  DEFINITIONS 

68  
Definitions 

A-1 

Industry-Established 

Definitions 

Allow industry-established definitions for specific BMPs such as Biofiltration, bioretention, bioswale, green 

roof, infiltration, planter boxes (other flow through treatment BMPs), rainfall harvest & use and thus no need 

to define them here.  However, if it is decided to keep them, we suggest the revisions as shown below. 

69  
Definitions 

A-1 
Biofiltration 

Industry standards considers planter boxes are a form of biofiltration. Recommend incorporating the language 

from the planter boxes definition into the biofiltration. Depending on the soil conditions, biofiltration may or 

may not be infiltrated into the ground; regardless runoff will be infiltrated through a soil media.   

70  
Definitions 

A-2 
Bioretention 

Definition should not go into designing the BMP. Recommend removing the 2
nd

 sentence of the definition. 

71  
Definitions 

A-4 
Green roof 

Green roof means a roof that is partially or completely covered with vegetation and a growing medium, 

planted over a waterproofing membrane.  It may also include additional layers such as a root barrier, subdrain, 

and irrigation system.  

72  
Definitions 

A-5 
Infiltration 

Downward movement of water through soil in-situ soils or amended soils.  For consistency, if examples are 

going to be given, each BMP definition should be given examples. Recommend removing the 2
nd

 line of the 

current definition.  Also provide definition for uncontaminated ground water infiltration that refers to the 

introduction of groundwater to the MD4 system as defined on page 27 of the Order. 
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73  
Definitions 

A-7 

Planter boxes and other 

high flow treatment 

BMPs 

Planter boxes should not be grouped with the high flow treatment BMPs.  In the City of Los Angeles, we have 

been requiring planter boxes to have a flow-through velocity less than 5 inch/hour rate.  Please define “high 

flow treatment BMPs” and a specific flow through rate.  Also please accept planter boxes as one of the 

biofiltration options even if they do not allow for incidental infiltration.  In the city of Los Angeles, planter 

boxes are one of the most common BMPs.  This was reaffirmed with the recently implemented LID 

requirements that involved participation with Heal the Bay and other environmental advocacy organizations.  

Removing planter boxes as an option will make the land Development and Planning Requirements 

unattainable. 

74  
Definitions 

A-8 
Rainfall harvest and use 

Definition should not limit capture only from the roof and it should be open to capture runoff from the entire 

site if feasible. 

75  

Definitions 

A-1 

to 

A-9 

Terms to be added 
Please add the following definitions; Municipal Action Level (MAL), Non-Storm Water Action Level, Areas 

of Special Biological Signification (ASBS), and Minimum Control Measure (MCM) 

76  

Definitions 

A-1 

to 

A-9 

Terms to be deleted 

These terms are in the definitions section.  They appear to be terms used for wastewater permit requirements 

and are not used anywhere in this permit language.  They are Average Monthly Effluent Limitation (AMEL), 

Daily Discharge, Dilution Credit, Instantaneous Maximum Effluent Limitation, Instantaneous Minimum 

Effluent Limitation, Maximum Daily Effluent Limitation (MDEL), Mixing Zone, and Satellite Collection 

System.  Please delete these terms from the Attachment A. 

77  

Definitions 

A-10 

to 

A-12  

Acronyms and 

Abbreviations 
Please include these acronyms and Abbreviations; EMC and MUN 

ATTACHMENT D:  STANDARD PROVISIONS 

78  

Standard 

Provisions 

D-1 

To 

D-11 

Repeated sections’ titles 
There is Subsection VI.A also named Standard Provisions.  Consider renaming this section as “Additional 

Standard Provisions” 
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ATTACHMENT E:  MONITORING AND REPORTING PROGRAM 

79  Attachment E 

Flexibility is needed to 

focus efforts on 

watershed priorities 

The MRP should allow for modification of monitoring requirements to focus efforts on watershed priorities.  

The WMP will identify specific priorities based on TMDLs and 303(d) Listings, which will allow MS4s to 

tailor monitoring to address the Primary Objectives and provide data to support management decisions.  As 

currently written, there does not appear sufficient flexibility to modify monitoring requirements.  This is of 

particular concern for the outfall monitoring requirements, which, as currently written, will require a 

significant level of resources without clear benefit to addressing receiving water issues.   

80  
Attachment E 

II.E.2.b 

Revision to storm water 

outfall monitoring goal 

to apply only to TMDLs 

with final compliance 

dates during the Permit 

Term 

Determining compliance with applicable wet weather WQBELs derived from TMDL WLAs is only necessary 

when the final compliance date is within this Permit term.  As the collection of such data is costly, it should 

only be required if (1) the Permittee elects to assess compliance at the outfall in lieu of the receiving water and 

(2) if the final TMDL compliance date is within the Permit term.  Therefore, the objective should be revised as 

follows: 

“Determine whether a Permittee’s discharge is in compliance with applicable wet weather WQBELs 

derived from TMDL WLAs with final compliance dates within the term of the Order.” 

81  
Attachment E 

II.E.3.a 

Revision to storm water 

outfall monitoring goal 

to apply only to TMDLs 

with final compliance 

dates during the Permit 

Term 

As noted in Comment #80 related to wet weather WQBELs, determining compliance with applicable dry 

weather WQBELs derived from TMDL WLAs is only necessary when the final compliance date is within this 

Permit term.  Therefore, the objective should be revised as follows: 

“Determine whether a Permittee’s discharge is in compliance with applicable dry weather WQBELs 

derived from TMDL WLAs with final compliance dates within the term of the Order.” 

82  

Attachment E, 

II.E.4.,  

Pg. E-4 

Program element 

language should be 

consistent  

The information that is expected be generated to evaluate the effectiveness of new development/re-

development (Attachment E. Part X) is focused on tracking and documenting the each new development/re-

development subject to the requirements of Part VI.D.6 of the Order.  As such, the monitoring program 

elements in Attachment E. Part II should be consistent.  Please revise Part II.E.4 as follows: 

New Development/Re-development effectiveness monitoring tracking.  The objective of best management 

practices (BMP) effectiveness monitoring tracking is to determine track whether the conditions in the 

building permit issued by the Permittee are implemented to ensure the volume of storm water associated 

with the design storm is retained on-site as required by Part VI.D.6.c.i of this Order, and as conditioned in 

the building permit issued by the Permittee. 
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83  

Attachment E, 

III.F.2, 

Pg. E-5 

Grab samples may be 

appropriate for 

additional constituents or 

sampling approaches 

The current requirement limiting grab samples for bacteria, oil and grease, cyanides, and volatile organics 

unnecessarily limits the ability for MS4s to collect grab samples for other constituents that are intended to be 

collected as grab (i.e., chromium) and instances where grab samples are considered to appropriately 

characterize conditions (i.e., dry weather).  Suggest removing the sentence or alternatively revise as follows: 

 

Grab samples shall be taken only for constituents that are required to be collected as such (i.e., pathogen 

indicator bacteria, oil and grease, cyanides, and volatile organics) and in instances where grab samples are 

generally expected to be sufficient to characterize conditions (i.e., dry weather). 

84  
Attachment E, 

III.H, pg. E-6 

Reporting requirements 

are spread throughout 

the MRP and create 

confusing requirements 

Part III.H is the first of a number of requirements related to reporting.  The requirements in the MRP appear 

duplicative at times and led to some confusion.  Please either remove Part III.H as the reporting requirements 

are laid out in detail in Parts XIV through XVIII or revise Part III.H.1 to simply refer to Parts XIV through 

XVIII. 

85  

Attachment E, 

IV.A 

Pg. E-6 

Flexibility is needed to 

focus efforts on 

watershed priorities 

The IMPs should allow for modification of monitoring requirements to focus efforts on watershed priorities.  

The WMP will identify specific priorities based on TMDLs and 303(d) Listings, which will allow MS4s to 

tailor monitoring to address the Primary Objectives and provide data to support management decisions.  As 

currently written, the IMP requirements appear to only allow flexibility to modify screening approaches for dry 

weather outfall monitoring.  More efficient approaches may be justifiable for other components of the IMP and 

should be allowed.  Please revise Part IV.A.4 as follows: 

 

Where appropriate (e.g., dry-weather outfall based screening program), the Integrated Monitoring Program 

may develop and utilize alternative approaches to meet the Primary Objectives (Part II.A) and address the 

five Monitoring Program elements (Part II.E).  Sufficient justification shall be provided in the IMP for the 

alternative approach(es).  The alternative approach(es) must be screening level monitoring strategies to 

avoid more costly analytical procedures if approved by the Regional Water Board Executive Officer. 

86  

Attachment E, 

IV.B 

Pg. E-7 

Flexibility is needed to 

focus efforts on 

watershed priorities 

The CIMPs should allow for modification of monitoring requirements to focus efforts on watershed priorities.  

The WMP will identify specific priorities based on TMDLs and 303(d) Listings, which will allow MS4s to 

tailor monitoring to address the Primary Objectives and provide data to support management decisions.  As 

currently written, the CIMP requirements do not appear to allow flexibility to modify monitoring approaches.  

More efficient approaches may be justifiable for other components of the CIMP and should be allowed.  Please 

add a new bullet to Part IV.B. as follows: 

Where appropriate, the Coordinated Integrated Monitoring Program may develop and utilize alternative 

approaches to meet the Primary Objectives (Part II.A) and address the five Monitoring Program elements 

(Part II.E).  Sufficient justification shall be provided in the CIMP for the alternative approach(es).  The 

alternative approach(es) must be approved by the Regional Water Board Executive Officer. 
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87  

Attachment E, 

IV. A.6 

E-7 

Reduction in the 

monitoring efforts 

should be allowed 

Just for clarification, this provision for the IMP to address all TMDL and Non-TMDL monitoring does not 

prevent a reduction in the frequency, number of locations, or parameters.  We anticipate that integrating all 

monitoring programs will result in a more efficient monitoring effort where the number of sampling events and 

analyses may be significantly reduced. 

88  

Attachment E, 

IV.C.3 

Pg. E-7 

Additional time is 

needed to complete 

CIMPs 

Twelve months is not sufficient time to complete a CIMP.  Individual watersheds can have upwards of 40 

agencies that may participate in a CIMP.  Additionally, Regional Studies that may be addressed by CIMPs 

could include all 80 plus LA County Copermittees.  For reference, TMDL requirements for monitoring 

program submittal, which tend to address one type of constituent, typically exceed 12 months.  For more 

complicated monitoring (such as the LA/Long Beach Harbors) TMDL have 20 months.  The primary challenge 

for submitting coordinated monitoring programs is twofold:  1) working with a large group to come to 

consensus on a technical approach and 2) developing and signing agreements (cost sharing and memoranda of 

agreement).  To truly allow for a coordinated approach that allows Permittees to develop a robust technical 

approach and work through the approval process (often through City council approval) at least 18 months are 

needed.  Please revise the requirement for CIMPs to be submitted from 12 months to 18 months. 

89  

Attachment E, 

Table E-1 

Pg. E-11 

Machado Lake 

Pesticides & PCBs 

TMDL 

The table states that the Monitoring Plan is due on September 20, 2012.  However per attachment A to 

Resolution No. R10-008, “Table 7-38.2. Machado Lake Pesticides and PCBs TMDL, Implementation 

Schedule”, Page No. 13, Task Number 4 the deadline is 1.5 years from effective date of the TMDL which was 

March 20, 2012.  Thus the Monitoring Plan is due September 20, 2013.  Please make this correction. 

90  

Attachment E, 

Table E-1 

Pg. E-12 

Los Angeles River 

Nitrogen Compounds 

and Related TMDLs 

Table E-1 indicates that the Monitoring plan was due in March 2005.  The County of Los Angeles, in 

cooperation with the City of Los Angeles, submitted the required document in March 2005. 

91  

Attachment E, 

VI.C.b.ii 

Pg. E-14 

Trigger for initiating wet 

weather sampling 

Permittees should be allowed to utilize an alternative to the prescribed rainfall triggers for conducting wet 

weather monitoring.  Permittees have been monitoring the LA region watersheds for years and have a good 

understanding of how each watershed responds to rainfall events under varying circumstances.  As such, the 

Permit should allow Permittees to propose an alternative in the C/IMPs to the prescribed rainfall triggers. 

92  

Attachment E, 

VII.A.10 

Pg. E-16 

MS4 Map and Outfall 

Database 

The City of Los Angeles has a comprehensive database of its stormwater collection system.  However there is 

no dataset with Effective Impervious Area (EIA) overlay for our region.  Also we don’t have data on their 

consistency of having non-stormwater discharges.  Furthermore occasionally we observe errors or missing and 

outdated data.  Please understand that these discrepancies would not constitute a violation. 

93  

Attachment E, 

VII.A.11 

Pg. E-17 

Requirement to 

photograph every outfall 

Requiring MS4s to photograph every outfall is extremely burdensome for large cities.  This one component of 

the MRP would require significant resources of those MS4s that are adjacent to waterbodies, or in the case of 

the City waterbodies in multiple watersheds.  Request that the photographs be included in the database “if 

available.” 
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94  
Attachment E, 

VIII.A, pg. E-17 

Flexibility is needed to 

focus efforts on 

watershed priorities 

The current permit language requires each Permittee to select one site per jurisdiction per HUC-12 watershed.  

In the LA River watershed alone 108 sites would be required to meet this requirement.  This requirement 

would result in a significant cost to Permittees without a commiserate benefit.  The approach results in sites 

that have comingled discharges from multiple land uses making the data difficult if not impossible for 

Permittees to use in evaluating where to focus minimum control measures and source control BMPs as well as 

where to site and build structural controls to treat stormwater.  Furthermore, the proposed approach would still 

require Permittees to extrapolate the data to calculate their total loads to receiving waters and evaluate the 

potential impact.  However, this approach would be fraught with inaccuracies as one would have to try and 

desegregate land uses to apply the loadings to other outfalls within the Permittee’s jurisdiction.  Flexibility 

should be provided such that an alternative approach could be submitted with the IMP or CIMP.  Such an 

alternative could include the monitoring of representative land use sites. A representative land use approach 

would provide Permittees the core data needed to evaluate their overall loading to receiving waters as well as 

utilize a modeling approach to identify problematic areas and develop and implement control strategies 

through the WMP.  

95  
Attachment E, 

VIII.A.1, pg. E-17 

Wet weather monitoring 

at manholes is often 

unsafe and infeasible 

Sampling in manholes results in entering confined space, often in roads such as major arterials, which can be 

very expensive because of additional safety requirements for the crew and the need to coordinate with police 

regarding traffic impacts. Please add “where feasible given technical and safety constraints” following the 

word manhole. 

96  
Attachment E, 

VIII.B.1, pg. E-17 

Toxicity testing of MS4 

discharges is 

inappropriate 

MS4 discharges are not the same as wastewater plant effluent which represents a single continuous discharge 

of typically consistent quality to receiving waters.  Rather, urban runoff is episodic in nature.  Furthermore, 

individual outfalls carry a minute percentage of the total flow in the receiving waters and as such toxicity 

observed in one outfall sample will likely have no affect on the receiving water.  The current approach is 

appropriate for wastewater discharges but not urban runoff and they should be treated differently.  The more 

appropriate approach for urban runoff is to identify whether toxicity exists in the receiving water, identify 

pollutants that are causing toxicity through toxicity identification evaluations (TIEs), and then incorporate 

monitoring of pollutants that are causing toxicity into the outfall monitoring. Please remove toxicity 

monitoring requirements from the stormwater outfall monitoring program.  

97  

Attachment E, 

VIII.B.1.c, pg. E-

18 

Flow measurement is not 

needed 

Flow is a parameter that can easily and relatively accurately be estimated based on the drainage area, and the 

precipitation data for each outfall.  Requiring flow measuring equipment for outfall measurement will further 

increase the cost to about $30,000 per location.  Consider deleting the flow measuring requirement. 

98  
Attachment E, 

IX.E, pg. E-21 

WMP and C/IMPs 

should set the priorities 

for source ID 

The permit provides flexibility to select the method by which Permittees determine significant non-stormwater 

discharges.  Similar flexibility should be provided in setting priorities for source investigation.  Flexibility 

should be provided such that an alternative approach could be submitted with the IMP or CIMP. It appears this 

flexibility is provided and we support this approach.    
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99  

Attachment E, 
IX.F.3 and G, pg. 

E-22 

Requirement to conduct 

water quality monitoring 

of significant non-

stormwater discharges  

Requiring Permittees to monitor all significant non-stormwater discharges results in a disconnect between 

receiving water issues and monitoring, is inconsistent with some TMDL implementation schedules, and will 

result in Permittees being required to take action at drains that are not a priority as identified in the WMP.  As 

an example of inconsistencies with receiving water issues, based on the data collected in Reaches 1, 3, 4, 5 and 

the Burbank Western Channel (the reaches original listed in the TMDL), the LA River is meeting ammonia 

TMDL targets.  Having MS4s in the LA River monitor for ammonia, as currently required, at all outfalls is not 

necessary since MS4 discharges are not causing an impairment as there is no impairment.  Additionally, the 

Permit requires actions to be taken based on outfall data, even though there is no corresponding receiving 

water issue.  As an example of inconsistency with a TMDL, the LA River Bacteria TMDL prioritizes outfall 

monitoring and implementation on a reach by reach basis.  The intent was to require Permittees to focus efforts 

on the priorities as outlined in the TMDL.  If outfall monitoring is required everywhere and action must be 

taken then there is no prioritization as required in the TMDL.  Flexibility should be provided such that an 

alternative approaches could be submitted with the IMP or CIMP.  Alternatives could include changes to the 

constituents monitored based on watershed priorities (i.e., not including constituents for which there is no 

receiving water impairment even though there is a TMDL or where a TMDL implementation schedule 

explicitly incorporates priorities). Additionally, alternatives to the monitoring approach could include 

conducting snap shot sampling events where all discharges over a short time period are sampled rather than 

spaced out quarterly as currently required. 

100  
Attachment E, 
IX.G, pg. E-22 

Toxicity testing of MS4 

discharges is 

inappropriate 

MS4 discharges are not the same as wastewater plant effluent which represents a single continuous discharge 

of typically consistent quality to receiving waters.  Rather, urban runoff is episodic in nature.  Furthermore, 

individual outfalls carry a minute percentage of the total flow in the receiving waters and as such toxicity 

observed in one outfall sample will likely have no affect on the receiving water.  The current approach is 

appropriate for wastewater discharges but not urban runoff and they should be treated differently.  The more 

appropriate approach for urban runoff is to identify whether toxicity exists in the receiving water, identify 

pollutants that are causing toxicity through toxicity identification evaluations (TIEs), and then incorporate 

monitoring of pollutants that are causing toxicity into the outfall monitoring. Please remove toxicity 

monitoring requirements from the non-stormwater outfall monitoring program.  

101  
Attachment E, 

IX.H.2, pg. E-24 

Requirement to collect 

composite samples 

during dry weather 

Collection of dry weather samples as composite samples rather than grab samples is unnecessary to 

characterize conditions during dry weather and will significantly increase the cost of sample collection without 

a commiserate benefit.  Current Regional Board approved TMDL CMPs allow for grab samples during dry 

weather as do LA Region wastewater NPDES permit receiving water monitoring requirements.  The 

requirement to collect flow-weighted composite samples should be removed.   

102  
Attachment E, X, 

pg. E-24 

Land Development 

Tracking 

This list of effectiveness tracking does not match with the information provided on Section Vi.D.6.d.iv on page 

82.  Also delete item 11 from the list since this is not a site specific feature and can be easily mapped for our 

region using rain gage data. 
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103  

Attachment E, 

XI.A 

E-25 

 

Pyrethroid Study 

Monitoring for Pyrethroids is a task that requires samples to be sent to special laboratories outside city/EMD 

that are equipped with instruments to analyze the eight compounds to detection levels as close to 1 ng/g dry 

weight.  Therefore preparing the samples to be analyzed individually and reporting is not feasible in 90 days, 

and requires more time than analysis of the samples in-house.  Request to reporting of the data to be extended 

to 150 days from sample collection date. 

104  

Attachment E, 

XI.B 

E-28 

SMC watershed 

monitoring program 

SMC monitoring program requiring each MS4 to sample 6 sites from different land uses in their watershed and 

report on a common data base equates to 90 sites.  This monitoring is very comprehensive in answering a) 

what is the conditions of streams in s. California, b) what are the stressors that affect stream condition.  Any 

additional monitoring as prescribed in stormwater outfall based and non-stormwater outfall based monitoring 

(E-17 to E-20) may be already conducted as part of SMC.  Subsequently, additional monitoring based on this 

permit may be found to be duplicative. If outfall monitoring is conducted as part of SMC program, it would be 

included as part of IMP or CIMP to regional board. 

105  

Attachment E, 
XII 

Pg. E-28 

Toxicity monitoring 

methods 

The toxicity monitoring methods required appear to be based on wastewater treatment plant toxicity testing 

requirements.  The application of a wastewater approach is inappropriate for monitoring related to urban 

discharges and effects in receiving waters.  Additionally, LA MS4 permits are the only MS4 permits we are 

aware of that require outfall toxicity monitoring and prescribe follow-up requirements that are essentially the 

same as wastewater plants.  This section should be revised so that the approach is appropriate for addressing 

MS4 issues.   

106  
Attachment E, 

XII, pg. E-28 

Toxicity testing of MS4 

discharges is 

inappropriate 

MS4 discharges are not the same as wastewater plant effluent which represents a single continuous discharge 

of typically consistent quality to receiving waters.  Rather, urban runoff is episodic in nature.  Furthermore, 

individual outfalls carry a minute percentage of the total flow in the receiving waters and as such toxicity 

observed in one outfall sample will likely have no affect on the receiving water.  The current approach is 

appropriate for wastewater discharges but not urban runoff and they should be treated differently.  The more 

appropriate approach for urban runoff is to identify whether toxicity exists in the receiving water, identify 

pollutants that are causing toxicity through toxicity identification evaluations (TIEs), and then incorporate 

monitoring of pollutants that are causing toxicity into the outfall monitoring. Please revise so that the toxicity 

monitoring requirements are only applicable to receiving water monitoring.  

107  

Attachment E, 

XII.F.1.a&b, pg. 

E-29 

Defining receiving water 

and effluent limits in the 

MRP 

The MRP is not the appropriate place within a NPDES permit to assign receiving water and/or effluent 

limitations within a permit.  Currently Part XII.F1.a&b essentially sets toxicity effluent limitations.  Part 

XII.F.1.a&b should be removed. 
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108  
Attachment E, 

XII.F, pg. E-29 

Conditions during which 

acute toxicity testing is 

conducted 

Part XII.F does not clearly state under what flow conditions acute toxicity testing should be conducted.  

Additionally, Part XII.F.2.c states that Permittees may elect to report midpoint results from a chronic test as 

acute results.  However, acute testing should only be conducted during wet weather and chronic testing should 

only be conducted during dry weather.  Conducting a seven day (168 hours) toxicity test to evaluate the effects 

of storms in the LA region that typically only result in elevated flows for less than 48 hours provides no 

relevant information on receiving water conditions.  Similarly, requiring acute testing during dry weather when 

conditions are stable provides no relevant information on receiving water conditions.  Additionally, acute 

effects will be observed in chronic tests.  Please clarify that acute toxicity testing is to be conducted during wet 

weather.   At a minimum, do not limit the ability of Permittees to use data generated during chronic tests to 

calculate acute endpoints to top smelt as currently proposed. 

109  

Attachment E, 

XII.F.2.c.i, pg. E-

30 

TIE trigger 

The proposed TIE triggers are based on wastewater permitting and are not appropriate for MS4 monitoring.  

The proposed thresholds should be replaced with a 50% mortality threshold consistent with the approach 

recommended in guidance published by USEPA for conducting TIEs (USEPA, 1996, Marine Toxicity 

Identification Evaluation. Phase I Guidance Document EPA/600/R-96/054), which recommends a minimum 

threshold of 50% mortality because the probability of completing a successful TIE decreases rapidly for 

samples with less than this level of toxicity.  Additionally, experience in conducting TIEs in receiving waters 

in the region supports using a higher percent mortality trigger to provide a reasonable opportunity for a 

successful TIE.  During TMDL monitoring in the Calleguas Creek Watershed (CCW) in 2003 and 2004, TIEs 

were initiated on samples exceeding the 50% threshold (the majority of which displayed 100% mortality.  In 

that study, toxicity degraded in approximately 40% of the samples on which TIE procedures were conducted 

making the results inconclusive (and effectively useless in pinpointing specific toxicants).  The Regional Board 

approved monitoring program for the CCW Toxicity TMDL utilizes a 50% threshold for TIE initiation.  If a 

50% threshold is an acceptable approach for a toxicity TMDL that focuses on receiving water issues as well as 

various types of discharges (i.e., MS4, agriculture, and wastewater) it should also be acceptable in a MS4 

permit.  The City is not opposed to conducting TIEs, rather, TIEs should be initiated where there is a 

reasonable chance of successfully identifying the pollutant(s) causing toxicity.  As such, the proposed TIE 

trigger should be replaced with a threshold of 50% mortality.   

110  
Attachment E, 

XII.G.3, pg. E-30 

Conditions during which 

chronic toxicity testing is 

conducted 

Part XII.G.3 does not clearly state under what flow conditions chronic toxicity testing should be conducted.  

Chronic testing should only be conducted during dry weather.  Conducting a seven day (168 hours) chronic 

toxicity test to evaluate the effects of storms in the LA region that typically only result in elevated flows for 

less than 48 hours provides no relevant information on receiving water conditions.  Similarly, requiring acute 

testing during dry weather when conditions are stable provides no relevant information on receiving water 

conditions.  Additionally, acute effects will be observed in chronic tests.  Please clarify that chronic toxicity 

testing is to be conducted during dry weather.    
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111  

Attachment E, 

XII.G.3.a, pg. E-

31 

Requirement to conduct 

three species testing 

Notwithstanding the previous comments requesting the removal of outfall toxicity testing, the requirement to 

conduct three species testing at outfalls will result in a significant additional cost (essentially tripling of costs) 

without a demonstrated benefit.  Furthermore, requiring re-screening every 24 months will result in screening 

every six wet weather and four dry weather events.  Re-screening at this frequency is based on wastewater 

monitoring.  Re-screening requirements are not included in the monitoring requirements for the Ventura 

County Waiver for Irrigated Lands which addresses discharges similar (i.e., episodic and transient) to MS4 

discharges.  Please remove the requirement for the three species testing and require Permittees to propose an 

appropriate species.  At a minimum, remove the re-screening requirements such that screening is conducted 

only once within the permit term.  

112  

Attachment E, 

XII.G.3.a.viii, pg. 

E-31 

Toxicity testing of MS4 

discharges is 

inappropriate 

See above comments regarding the requirement for toxicity monitoring at the outfall.  Remove Part 

XII.G.3.a.viii. 

113  

Attachment E, 

XII.F.2.c.i, pg. E-

30 

TIE trigger 

The proposed TIE trigger is based on wastewater permitting and is not appropriate for MS4 monitoring.  The 

proposed threshold of greater than 1.0 TUc should be replaced with a 50% mortality threshold consistent with 

the approach recommended in guidance published by USEPA for conducting TIEs (USEPA, 1996, Marine 

Toxicity Identification Evaluation. Phase I Guidance Document EPA/600/R-96/054), which recommends a 

minimum threshold of 50% mortality because the probability of completing a successful TIE decreases rapidly 

for samples with less than this level of toxicity.  Additionally, experience in conducting TIEs in receiving 

waters in the region supports using a higher percent mortality trigger to provide a reasonable opportunity for a 

successful TIE.  During TMDL monitoring in the Calleguas Creek Watershed (CCW) in 2003 and 2004, TIEs 

were initiated on samples exceeding the 50% threshold (the majority of which displayed 100% mortality.  In 

that study, toxicity degraded in approximately 40% of the samples on which TIE procedures were conducted 

making the results inconclusive (and effectively useless in pinpointing specific toxicants).  The Regional Board 

approved monitoring program for the CCW Toxicity TMDL utilizes a 50% threshold for TIE initiation.  If a 

50% threshold is an acceptable approach for a toxicity TMDL that focuses on receiving water issues as well as 

various types of discharges (i.e., MS4, agriculture, and wastewater) it should also be acceptable in a MS4 

permit.  The City is not opposed to conducting TIEs, rather, TIEs should be initiated where there is a 

reasonable chance of successfully identifying the pollutant(s) causing toxicity.  As such, the proposed TIE 

trigger should be replaced with a threshold of 50% mortality.   

114  

Attachment E, 

XII.G.4., pg. E-31 

XII.I, pg. E-32 

XII.J, pg. E-32 

 

TRE Requirements 

It is inappropriate to place wastewater program elements such as the Toxicity Reduction Evaluation (TRE) in 

an MS4 permit.  The MRP is focused on identifying individual constituents that are causing or contributing to 

receiving water impairments such that information is available to develop and implement control measures.  

Requiring Permittees to implement a TRE subverts the process by which they will identify and address water 

quality issues.  Please remove all references to TREs. 
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115  

Attachment E, 

XII.G.4 

Pg. E-31 

Additional toxicity 

testing 

It is unclear if this provision is requiring Permittees to conduct accelerated monitoring.  If so, it is 

inappropriate to place wastewater program elements such as accelerated monitoring into an MS4 permit.  MS4 

discharges are not the same as wastewater plant effluent which represents a continuous discharge of typically 

consistent quality.  Rather, urban runoff is episodic in nature.  The current approach is appropriate for 

wastewater discharges but not urban runoff and they should be treated differently.  The more appropriate 

approach for urban runoff is to identify the cause of toxicity if observed to exceed an appropriate threshold 

through toxicity identification evaluations (TIEs).  It is not to require accelerated monitoring, particularly if 

toxicity is observed during a wet weather event.  Please remove all references to additional/accelerated toxicity 

testing. 

116  

Attachment E, 
XII 

E-32 

TRE Workplan 

The MS4 permittees conduct a TIE when sediment toxicity is observed as required by Toxics TMDL (e.g. 

Ballona Creek Estuary).  TRE has been traditionally required for toxicity of effluent of POTWs.  All of the 

BMPs included in the implementation plans discuss the adaptive measures implemented to reduce the toxics.  

Subsequently TRE will be unnecessary and will be a duplicative effort when TIE is conducted.  Recommend to 

remove all provisions and requirements for TRE in this section. 

117  

Attachment E, 

XIV.L&M, pg. E-

39 

Turnaround time on data 

Data should be required for submittal with annual reports.  Requiring the submittal of data between 30 and 90 

days will not allow Permittees to complete appropriate QA/QC of the data and provide additional information 

regarding the context of the data.  Please remove the short term turnaround requirements and require all data 

and supporting information be submitted with the annual reports.  

118  
Attachment E, 

XV, pg. E-39 

Hard copy reporting 

requirements 

As both the City and the Regional Board are working to increase e-submittals of materials please revise the 

submittal requirements for the annual report to be only via electronic.   

119  

Attachment E, 

XVII.A 

Pg. E-40 

Initial watershed 

summary information 

The permit requires the submittal of watershed summary information in the first year.  However, Permittees 

will still be developing the requested information as part of the WMP.  Rather than providing the requested 

information in year one as part of the annual report, it would be more efficient for Permittees that are 

participating in a WMP to submit the same information as part of the WMP submittal and then every odd year 

thereafter.  Permittees that are not participating in a WMP could still be required to submit the information in 

year 1. 

120  

Attachment E, 

XVIII.A.2.d,  

Pg. E-43 

This natural drainage 

systems comparison 

study has limited 

applicability in the city 

of Los Angeles. 

Part XVIII.A.2.d requires the following “For natural drainage systems, develop a reference watershed flow 

duration curve and compare it to a flow duration curve for the subwatershed under current conditions.”  This 

requirement is not appropriate for the City of Los Angeles, since only a very small part of the City drains into a 

natural drainage system and no reference subwatershed may be found since Los Angeles is substantially 

developed.  The City of Los Angeles would accept in participating for a limited comparison study with other 

municipalities.  However we believe this condition will be applicable for permittees that Permittees that have 

significant areas that drain to natural drainage systems. 
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121  

Attachment E 

Table C 

Machado 

Pesticides and 

PCBs TMDL 

E-54 

Monitoring and 

Reporting Plan and 

Quality Assurance 

Project Plan 

The TMDL BPA (page 13) states that: 

1.5 years after effective date of TMDL, submit a LWQMP, MRP Plan and QAPP for approval by the Ex. 

Officer to comply with a MOA.  If there is already a LWQMP and QAPP in place to implement the Machado 

Lake Nutrient TMDL, these documents may be amended to address the requirements of this TMDL.  This 

TMDL was effective on March 2012.  1.5 year after this date which is September 2013, is when this plan is 

due.  Therefore we request to correct the date of submission of the plan in permit from Sep. 20, 2012 to 

September 20, 2013 to be consistent with BPA for this TMDL. 

122  

Attachment E 

Table C 

Machado 

Pesticides and 

PCBs TMDL 

E-54 

Begin Phase 1 

Monitoring 

This activity needs to be performed 30 days from date of Executive Officer approval of MRP and QAPP or 

October 20, 2013.  However during that time Machado Lake will be under construction of a massive 

Proposition O-funded project, the Machado Lake Ecosystem Rehabilitation Project.  This project is estimated 

to be completed on March 2016.  As such monitoring can only start after completion of construction.  Please 

consider revising the dates to reflect the schedule of this project or acknowledge that no monitoring is expected 

to commence. 

123  

Attachment E 

Machado 

Pesticides and 

PCBs TMDL – 

E-54 

Phase 1 Monitoring 

As described in the comment above, monitoring cannot be performed during this period (October 20, 2013 to 

October 20, 2015) due to the construction of the lake.  Please revise the proposed schedule to reflect the 

construction phase of the Machado Lake Ecosystem Rehabilitation Project. 

124  

Attachment E 

Table C 

Echo Park Lake 

Nutrient TMDL 

E-60 

Reporting Table C requires that the annual reporting start on December 15, 2012 annually thereafter.  Please note that no 

monitoring results will be submitted by December 2012 nor by December 2013, because Echo Park Lake is 

under construction for the Proposition O-funded Echo Park Lake Rehabilitation Project.  The first year of 

water quality data will be submitted by December 15, 2014. 

125  

Attachment E 

Table C 

Echo Park Lake 

PCBs and 

Organochlorine 

Pesticide TMDL 

E-60 to E-61 

Compliance Monitoring, 

Fish Tissue Monitoring, 

Stormwater Monitoring, 

Reporting 

Table C requires that the compliance monitoring start on December 15, 2013 annually thereafter.  Please note 

that Echo Park Lake is under construction for the Proposition O-funded Echo Park Lake Rehabilitation Project 

through the end of 2013.  The first year of water quality data will be submitted by December 15, 2014. 
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ATTACHMENT F:  FACT SHEET 

126  
Attachment F, 

Pg. F-100 

Ballona Creek Toxics 

TMDL 

Per last column of Table F-7, final compliance date is Jan. 11, 2021.  The TMDL BPA allows 15 years after 

effective date of TMDL for final compliance.  Attachment F, page F-82, gives an effective date of 1/11/2008 

for this TMDL.  It appears that adding 15 years to the effective date of 2008, will make 2023 (not 2021) the 

final compliance date. 

ATTACHMENT G:  NON-STORMWATER ACTION LEVELS AND MUNICIPAL ACTION LEVELS 

127  
Attachment G 

 

Incorrect cross-

references 

The tables with action levels (ALs) for brackish waters include a footnote noting that the ALs are set as the 

most stringent between the freshwater and salt water ALs.  The footnote references tables for these ALs as H-# 

and H-# (H-9 and H-11 in the case of the brackish ALs in Table G-10 for the Dominguez Channel, for 

example).  The reference to H-# tables is incorrect and should refer to the corresponding G-# tables (G-9 and 

G-11 for the Dominguez Channel example). 

128  

Attachment G 

I-VII 

Pg. G-1-13 

Non-Storm Water 

Action Levels cannot be 

verified based upon the 

information provided 

Since the Tentative Order (TO) does not include detailed derivation of the ALs, it is not possible to verify or 

comment on the validity of the numbers presented in Attachment G for priority pollutants.  However, a 

situation where an AL may be incorrect has been identified in the case of mercury.  The daily maximum AL 

for discharges to non-ocean waters is either 0.1 µg/L, or 1.0 µg/L in the tables provided for all of the 

watersheds.  No information for this variation is provided.  

129  

Attachment G 

I-VII 

Pg. G-1-13 

Non-Storm Water 

Action Levels cannot be 

verified based upon the 

information provided 

The Fact Sheet does not provide detailed calculations or information on how each of the non-storm water 

action levels were developed and provides only one example of such derivation (for nickel in discharges to salt 

water).  As such, the Regional Board’s calculations behind each non-storm water action level cannot be 

verified.  Given that these non-storm water action levels may trigger significant actions by Permittees, it is 

imperative that Permittees can verify that each non-storm water action level is appropriate and validly 

established. 
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130  
Attachment G 
VIII, pg. G-17-18 

Municipal Action Levels 

are not utilized or 

referenced in the Order 

Attachment G is the only location in the Order where the concept of MALs are utilized or referenced.  

Therefore, it is unclear how the MALs fit into the requirements of the Order, especially within the Watershed 

Management Programs in Part VI.C.  Attachment G notes that where MALs are exceeded, each Permittee shall 

submit a MAL Action Plan with the Annual Report.  The requirement to submit an additional report that 

requires an assessment of sources and identification of BMPs would be redundant for Permittees that are 

developing and implementing a Watershed Management Program.  In addition, the discussion in Attachment G 

related to MALs does not provide a nexus to receiving waters.  Consistent with the comments provided for the 

non-storm water action levels, there should be a nexus between exceedances in the receiving water and 

exceedances of MALs so as not to negate the prioritization aspect of the Watershed Management Programs.  

Otherwise, Permittees may be required to address pollutants that do not meet the priority requirements outlined 

in Part VI.C for the Watershed Management Programs.  The following language should be included in 

Attachment G, Part VIII: 

“Implementation of an approved Watershed Management Program per Part VI.C of the Order fulfills all 

requirements related to the development and implementation of the MAL Action Plan.  A Permittee that is 

implementing an approved Watershed Management Program per Part VI.C shall not be considered in 

violation of this Part VIII of Attachment G.” 

ATTACHMENT H:  BIORETENTION/BIOFILTRAION DESIGN CRITERIA 

131  

Attachment H 

2.b 

H-1 

Placement of the 

underdrain 

This guidance Attachment encourages the placement of the underdrain near the top of the gravel storage layer.  

However based on our established biofilter design, the underdrain needs to be placed near the bottom to 

prevent septic conditions.  Since biofiltration will be used where infiltration is not allowed or soil is poorly 

draining, the biofilter will result in standing water if the underdrain is shifted higher and will result in degraded 

water quality such as high bacteria and low dissolved oxygen levels. 

ATTACHMENT I:  DEVELOPER TECHNICAL INFORMATION AND GUIDELINES 

132  
Attachment I 

I-1 
No context provided 

There is no discussion in the Order that refers to this Attachment.  Please introduce this attachment and its 

purpose in the requirements in Part VI.D:  Stormwater Management Program Minimum Control Measures. 

ATTACHMENT M:  TMDL PROVISIONS FOR SANTA MONICA BAY WMA 
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133  

Attachment M 
A.2 

M-1 

Santa Monica Bay 

Bacteria TMDL water 

quality standards do not 

apply at the effluent 

discharge 

The Santa Monica Bay Bacteria TMDL water quality standards do not apply at the effluent discharge (storm 

drains, creeks, or channels) as stated on Part A.2.  Instead, the water quality limitations apply at the point zero 

mixing zone (runoff discharge and wave wash).  The Bureau recommends that the language be changed to 

“Permittees shall comply with the following final water quality-based limitations at the shoreline monitoring 

stations designated in the Santa Monica Bay Beaches Bacteria TMDL during …” 

 

134  

Attachment M 

A.2 

M-1 

Exclude Geometric 

Mean column 

The draft permit states that compliance with the bacteria effluent limitations including Geometric Mean 

standard for dry weather becomes effective upon the effectiveness of the permit. The TMDL re-opener adopted 

on June 7, 2012 does not differentiate between dry or wet weather geometric mean. Instead, the geometric 

mean is calculated using both wet and dry data with compliance deadline of July 15, 2021.  Please consider 

removing from the table, the column with Geometric Mean standards.  See page M-6 on this Attachment for 

the Geometric Mean provision. 

135  

Attachment M 

A.3.b 

M-5 

Update of annual 

allowable exceedances 

This part includes the annual allowable exceedance days of single sample objective for three seasons. Per June 

7, 2012 Board adopted re-opener, the allowable exceedance during winter dry period (November 1 to March 

31) has increased to nine (9) and two(2) for shoreline monitoring stations under daily and weekly sampling 

frequency respectively. The table should be updated to reflect this change.    

136  

Attachment M 
A.3.c 

M-5 

Antidegradation 

provision is not 

applicable in this case 

This part tabulates a list of shoreline monitoring stations subject to antidegradation provisions. Included in the 

list are monitoring stations SMB 2-13, and SMB 3-08 within the jurisdictional groups 2 and 3.  These locations 

provide stormwater runoff treatment and diversion and thus the reason for water quality improvement.  Also 

due to unique climate patterns during which this data was collected, it does not ensure that this water quality 

will remain at these levels.  For these reasons these locations should not be subject to antidegradation and 

should be removed from the table.   

137  

Attachment M 

A.3.d 

M-6 

Geometric Mean 

standards become 

effective on July 15, 

2021 

Per the Board adopted re-opener for Santa Monica Bay Bacteria TMDL, there is no differentiation of wet and 

dry geometric mean standard. The geometric mean is calculated for all data regardless of weather condition 

with compliance deadline of July 15, 2021.  Please consider stating that “permittees shall comply with the 

following geometric mean receiving water limitation for all shoreline monitoring stations along Santa Monica 

Bay beaches no later than July 15, 2021.” 

138  

Attachment M 

E.1.d,e,f 

M-12 

Provisions to be 

removed 

Both E.1.d & e are not part of the Ballona Creek Trash TMDL and are not included in any other of the Trash 

TMDLs incorporated into the permit. Also part E.1.f ignores these requirements for compliance.  Please 

consider removing these two requirements. 

139  

Attachment M 

E.3.b.i –E.3.b.iv 

M-13 

Inclusion of Geometric 

Mean standard 

Compliance deadline for Geometric Mean standard for Ballona Creek is the same as Santa Monica Bay. See 

item 134 above.  Consider removing from the tables in part i , ii ,iii, and iv,  the column with Geometric mean 

standards. 
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140  

Attachment M 

E.3.c.i 

M-14 

Update of annual 

allowable exceedances 

The Winter Dry annual allowable exceedance days for single sample have increased similarly as that of Santa 

Monica Bay as approved in the June 7, 2012 re-opener hearing. The table should be updated to reflect this 

change. See comment No. 135. 

141  

Attachment M 

E.3.c.iii,iv,v 

M-14 to M-15 

Geometric Mean 

standards become 

effective on July 15, 

2021 

Compliance deadline with the Geometric Mean standard for bacteria is the same of that for Santa Monica Bay. 

See comment No. 137,  Please revise to state that “Permittees shall comply with the following geometric mean 

receiving water limitations for discharges to Ballona Creek Estuary; Ballona Creek Reach 2 the confluence 

with Ballona Creek Estuary; and Centinela Creek at the confluence with Ballona Creek Estuary no later than 

July 15, 2021.”.  Similarly, the language for Parts iv, and v should also be modified    

142  

Attachment M 
F.1.b 

M-17 

Exclude Geometric 

Mean column  

Compliance deadline for Geometric Mean standard for Marina del Ray is the same as Santa Monica Bay. See 

item No. 137. 

143  

Attachment M 

F.c.i 

M-17 

Update of annual 

allowable exceedances 

The Winter Dry annual allowable exceedance days for single sample have increased similarly as that of Santa 

Monica Bay as approved on the June 7, 2012 re-opener hearing. The table should be updated to reflect this 

change. Also see comment No.135. 

144  

Attachment M 

F.c.iii 

M-18 

Geometric Mean 

standards become 

effective on July 15, 

2021 

Compliance deadline with the Geometric Mean standard for bacteria is the same of that for Santa Monica Bay. 

See comment No. 137. 

ATTACHMENT O:  TMDL PROVISIONS FOR LOS ANGELES RIVER WMA 

145  

Attachment O 

A.3 

O-1 to O-3 

Newly developed 

effluent limitations 

The Trash Effluent Limitations listed were not previously identified.  Also they appear to be inconsistent value 

from the Los Angeles River Trash TMDL’s final resolutions and the source of the data is not specified.  Please 

provide effluent limitations to be consistent with the TMDL standards or specify source of data. 

146  

Attachment O 

C.2.d 

O-1 to O-3 

Wet Weather definition 

is inconsistent with 

TMDL documents 

Footnote #47 defines wet weather as “any day when maximum flow is equal or greater than 500 cfs measured 

in Wardlow gage station".  This is not consistent with Los Angeles River Bacteria TMDL definition of wet 

weather which is defined as "a day with rainfall of 0.1 inch or more plus the 3 days following the rain event."  

Please see footnote #6, page 10 of Attachment A, Los Angeles River Bacteria TMDL and page 22 of Los 

Angeles River Bacteria TMDL.  Please make this correction 
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147  

Attachment O 

D.2 

O-6 

Effluent limitations are 

inconsistent with 

assumptions of the 

WLAs 

The WLAs in the LA River Bacteria TMDL assigned to the MS4 are expressed as allowable exceedance days. 

The WLAs are not expressed as concentration based effluent limitations.  Discharges from the MS4 could be 

greater than the proposed effluent limits but concentrations in the wave wash could be lower than the numeric 

target.  Furthermore, the TMDL allows for a certain number of exceedances of the single sample maximum, 

which may also allow for exceedances of the proposed effluent limitations without violating the assumptions 

of the WLAs.  As such, the assignment of effluent limitations as concentration based limitations is not 

consistent with the requirements or assumptions of the WLAs and should be removed.  Only receiving water 

limitations are appropriate given that both the TMDL target and the WLAs are expressed in the receiving 

waters.  Additionally, this approach unnecessarily places MS4 permittees in a position to receive mandatory 

minimum penalties for the exceedance of effluent limits that are not consistent with assumptions of the WLAs.  

If the interest in providing effluent limitations is to allow discharges to differentiate from other comingled 

discharges, the interest can be addressed in Part E. Special Provisions by revising b.v, d.i, and e.i to include an 

additional mechanism for demonstrating compliance that states that a Permittee shall be deemed in compliance 

if there are no exceedances of applicable water quality objectives at the Permittee’s MS4 outfall(s). 

148  

Attachment O 

D.3 

O-6 

Interim, load-based 

WQBELs 

The load-based allocations are grouped, but can be separated by jurisdiction based on drainage area, per the 

BPA.  Footnote 48 should be revised to state that the load-based interim WQBELs can be separated into 

individual jurisdictions based on proportional drainage area. 

149  

Attachment O 

D.5.a.1 

O-12 

Compliance  

Determination is 

inconsistent with the 

TMDL BPA 

The TMDL BPA (page 6) states that: 

MS4 dischargers can demonstrate compliance with the final dry weather WLAs by demonstrating that the final 

WLA are met instream or by demonstrating one of the following conditions at outfalls to the receiving waters: 

1. Flow-weighted concentration of E. coli in MS4 discharges during dry weather is less than or equal to 

235 MPN/100mL, based on a weighted-average using flow rates from all measured outfalls; 

2. Zero discharge during dry weather; 

3. Demonstration of compliance as specified in the MS4 NPDES permit which may include the use of 

BMPs where the permit’s administrative record supports that the BMPs are expected to be sufficient to 

implement the WLA in the TMDL, the use of calculated loading rates such that loading of E. coli to the 

segment is less than or equal to a calculated loading rates that would not cause or contribute to 

exceedances based on a loading capacity representative of conditions in the River at the time of 

compliance or other appropriate method. 

 

The third and final method, above, which provides both BMP based and load based methods for demonstrating 

compliance is not provided in the permit.  The permit must be consistent with the WLAs as outlined in the 

BPA. 
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Attachment B – Detailed Comment Matrix 

  
 Page 30 of 31 

Additional 

Comment # 

Document 

Reference: 
Issue 

 

Comments 

 

150  

Attachment O 

F.2.c 

O-15 

Mass-Based allocations 

table for nutrients is 

inconsistent with the 

TMDL document 

Please include the two key missing footnotes shown on Section 6, page 6-18 of the TMDL document: 

1
 This input includes effluent from storm drain systems during both wet and dry weather. 

4
 Each wasteload allocation must be met at the point of discharge. A three year average will be used to evaluate 

compliance. However, if applicable water quality criteria for ammonia, dissolved oxygen and pH, and the 

chlorophyll a target are met in the lake, then the total phosphorous and total nitrogen allocations are considered 

attained. In assessing compliance with wasteload allocations, responsible jurisdictions assigned both northern 

and southern subwatershed allocations may combine allocations.  

151  

Attachment O 

F.3.c 

O-16 

Wasteload allocation 

table for PCBs is 

inconsistent with the 

TMDL document 

Please include the two key missing footnotes shown on Section 6, page 6-28 of the TMDL document: 
1

This input includes effluent from storm drain systems during both wet and dry weather. 
3 

Each wasteload allocation must be met at the point of discharge. 

152  

Attachment O 

F.3.d 

O-16 

Alternative wasteload 

allocation table for PCBs 

is inconsistent with the 

TMDL document 

Please include the two key missing footnotes shown on Section 6, page 6-29 of the TMDL document: 
1

This input includes effluent from storm drain systems during both wet and dry weather. 
3 

Each wasteload allocation must be met at the point of discharge. 

153  

Attachment O 

F.4.c 

O-17 

Wasteload allocation 

table for chlordane is 

inconsistent with the 

TMDL document 

Please include the two key missing footnotes shown on Section 6, page 6-39 of the TMDL document: 
1

This input includes effluent from storm drain systems during both wet and dry weather. 
3 

Each wasteload allocation must be met at the point of discharge. 

154  

Attachment O 

F.4.d 

O-17 

Alternative wasteload 

allocation table for 

Chlordane is inconsistent 

with the TMDL 

document 

Please include the two key missing footnotes shown on Section 6, page 6-40 of the TMDL document: 
1

This input includes effluent from storm drain systems during both wet and dry weather. 
3 

Each wasteload allocation must be met at the point of discharge. 

Also the TMDL document does not mention a three-year average for Total Chlordane associated with 

Suspended Sediment and Annual average for Total Chlordane in Water Column.  Please make these 

corrections 

155  

Attachment O 

F.5.c 

O-17 

Wasteload allocation 

table for dieldrin is 

inconsistent with the 

TMDL document 

Please include the two key missing footnotes shown on Section 6, page 6-49 of the TMDL document: 
1

This input includes effluent from storm drain systems during both wet and dry weather. 
3 

Each wasteload allocation must be met at the point of discharge. 
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Attachment B – Detailed Comment Matrix 

  
 Page 31 of 31 

Additional 

Comment # 

Document 

Reference: 
Issue 

 

Comments 

 

156  

Attachment O 

F.5.d 

O-18 

Alternative wasteload 

allocation table for 

dieldrin is inconsistent 

with the TMDL 

document 

Please include the two key missing footnotes shown on Section 6, page 6-50 of the TMDL document: 
1

This input includes effluent from storm drain systems during both wet and dry weather. 
3 

Each wasteload allocation must be met at the point of discharge. 

Also the TMDL document does not mention a three-year average for Total dieldrin associated with Suspended 

Sediment and Annual average for Total dieldrin in Water Column.  Please make these corrections 
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ATTACHMENT C: 

Proposed Language for Tentative Order No. R4-2012-xxxx and 

NPDES Permit NO. CAS004001: 

Suggested Findings and Provisions to Provide for the Development of an Integrated Plan 

Finding 

1.   In recent years, USEPA has begun to embrace integrated planning approaches to municipal 

wastewater and stormwater management. USEPA further committed to work with states and 

communities to implement and utilize integrated planning approaches to municipal wastewater 

and stormwater management in its October 27, 2011 memorandum “Achieving Water Quality 

Through Municipal Stormwater and Wastewater Plans”
1
 and in its June 5, 2012 memorandum 

“Integrated Municipal Stormwater and Wastewater Planning Approach Framework.” 

2.  Integrated planning will assist municipalities on their critical paths to achieving the human 

health and water quality objectives of the Clean Water Act (CWA) by identifying efficiencies in 

implementing the sometimes overlapping and competing requirements that arise from distinct 

wastewater and stormwater programs, including how best to make capital investments. Integrated 

planning can also facilitate the use of sustainable and comprehensive solutions, including green 

infrastructure, that protect human health, improve water quality, manage stormwater as a 

resource, and support other economic benefits and quality of life attributes that enhance the 

vitality of communities. The integrated planning approach does not remove obligations to comply 

with the CWA, but rather recognizes the flexibilities in the CWA for the appropriate sequencing 

of work.   

3.  This Order provides the opportunity for the permittees to develop an Integrated Plan consistent 

with the USEPA Integrated Planning Approach Framework distributed via the June 5, 2012 

memorandum
1
.     

Provision  

[Recommended Placement:  Add new provision at Part VI.C.7] 

INTEGRATED PLANS 

1.  In lieu of a Watershed Management Program, the Permittees may alternatively elect to 

develop an Integrated Plan that addresses the overlapping and competing requirements that arise 

from their wastewater and storwmater programs.  The principles of the Integrated Plan are to:  

• Maintain existing regulatory standards that protect public health and water quality.  

• Allow a municipality to balance various CWA requirements in a manner that 

addresses the most pressing public health and environmental protection issues first.  

 

2.  The Integrated Plan shall: 

 

                                                           
1
 The October 27, 2011 and June 5, 2012 memoranda are available at 

http://cfpub.epa.gov/npdes/integratedplans.cfm. 
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• Reflect State requirements and planning efforts and incorporate State input on priority 

setting and other key implementation issues;  

 

• Provide for meeting water quality standards and other CWA obligations by utilizing 

existing flexibilities in the CWA and its implementing regulations, policies and guidance;  

 

• Maximize the effectiveness of funds through analysis of alternatives and the selection and 

sequencing of actions needed to address human health and water quality related 

challenges and non-compliance.  

 

• Incorporate effective innovative technologies, approaches and practices, including green 

infrastructure.  

 

• Evaluate and address community impacts and consider disproportionate burdens resulting 

from current approaches as well as proposed options.  

 

• Ensure that existing requirements to comply with technology-based and core 

requirements (e.g., proper operation and maintenance of facilities, secondary treatment 

requirements, nine minimum controls for combined sewer overflows (CSOs), including 

elimination of dry weather overflows, and stormwater minimum measures) are not 

delayed.  

 

• Ensure that a financial strategy is in place, including appropriate fee structures.  

 

• Provide appropriate opportunity for meaningful stakeholder input throughout the 

development of the plan.  

2.  The responsibility to develop an integrated plan rests with the Permittee.   Development of an 

Integrated Plan is entirely voluntary. 

3.  Where a Permittee has developed an Integrated Plan, the Regional Board shall reopen this 

Order and consider the plan in modifying the requirements of this Order. 
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Information on Establishment of Bed Sediment Wasteload 

Allocations for the Ballona Creek and LA/LB Harbors Toxics 

TMDLs 

 
The Los Angeles Regional Water Quality Control Board (Regional Board) Tentative Order No. 

R4-2012-XXXX presents language incorporating Total Maximum Daily Load (TMDL) 

requirements.  The following memorandum discusses two TMDLs included in the Tentative 

Order: 

 

• Ballona Creek Estuary Toxic Pollutants TMDL (BC Toxics TMDL) 

• Dominguez Channel and Los Angeles/Long Beach Harbors Toxics TMDL (Harbors 

TMDL) 

 

Both the BC Toxics and Harbors Toxics TMDLs assign mass-based sediment wasteload 

allocations (WLAs) to stormwater.  The WLAs were developed to address elevated levels of 

pollutants in bed sediment.  The loading capacities and corresponding WLAs in the TMDLs 

represent the mass of pollutants associated with the sediments that settle on the bottom of the 

waterbodies, which is a subset of what is discharged.  The Tentative Order assign MS4 effluent 

limitations set equal to the TMDL WLAs and includes language indicating the WLAs apply to 

sediment-bound pollutants that settle in the estuary.  However, additional clarity based on the 

allowable discharge would be helpful to develop implementation plans and evaluate compliance 

utilizing suspended sediment data.   

 

The following discusses approaches to provide additional information in the Tentative Order to 

support incorporation of allowable discharged loads into the Permit.  

 

Ballona Creek Toxics TMDL 

The BC Toxics TMDL includes targets and allocations in sediments for cadmium, copper, lead, 

silver, zinc, chlordane, DDT, Total PCBs and Total PAHs.  As discussed in the BC Toxics 

TMDL Staff Report, the mass-based allocations are based on the sediments deposited in the 

estuary rather than what is discharged to the watershed. Detailed information regarding 

parameters for sediment deposition is provided on page 33 of the BC Toxics TMDL, based on 

data from 1991 – 2001. As described on page 36 of the Staff Report, pollutant specific loading 

capacity was calculated by multiplying the average annual deposition of fine sediments (5,004 

m
3
/year) by the numeric targets for sediments.  The TMDL assumes a bulk sediment density of 

1.42 metric tons per cubic meter (mt/ m
3
).   

 

Table 1 uses the information in the TMDL to generate MS4 WLAs expressed as sediment 

discharged, using the following steps: 

 

• The loading capacity (Column 3) is calculated based on the amount of sediment discharged 

(Column 1) as presented in the TMDL times the TMDL target (Column 2).  Note that 

loading this was calculated using the bulk sediment density of 1.42 mt/ m
3
. 
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• The MS4 WLAs (Column 5) based on total discharged sediment calculated using the same 

approach as the TMDL (loading capacity multiplied by the percent MS4 area in the 

watershed = 91.4% [Column 4]).  

 

The approach presented in Table 1 is consistent with a number of toxics TMDLs in the Region 

(Colorado Lagoon Toxics TMDL, Marina del Rey Toxics TMDL, and the Santa Monica Bay 

Toxics TMDL). 

 
Table 1.  Proposed MS4 Allowable Loadings based on Ballona Creek Toxics TMDL Loading Capacities 

Calculated Using Total Discharged Sediment 

 (1) (2) (3) (4) (5) 

Metals 

Sediment 

Discharged 

(mt/year)
1
 

TMDL Target 

(mg/kg) 

Loading Capacity 

Based on Total 

Discharged 

Sediment 

(kg/yr) 

Percent MS4 

area in the 

watershed 

MS4 WLAs Based 

on Total 

Discharged 

Sediment 

(kg/yr) 

Cadmium  

63,350 

1.2 76.0 

91.4% 

69.5 

Copper 34 2,154 1,969 

Lead 46.7 2,959 2,704 

Silver 1 63.4 57.9 

Zinc 150 9,503 8,686 

Organics 

Sediment 

Discharged 

(mt/year)
1
 

TMDL Target 

(ug/kg) 

Loading Capacity 

Based on Total 

Discharged 

Sediment 

(g/yr) 

Percent MS4 

area in the 

watershed 

MS4 WLAs Based 

on Total 

Discharged 

Sediment 

(g/yr) 

Total DDT 

63,350 

22.7 100 

91.4% 

91.5 

Total PCB  4022 1,438 1,314 

Total PAH 0.5 254,807 232,894 

Chlordane 1.58 31.7 29.0 

LA/Long Beach Harbors Toxics TMDL 

The Harbors Toxics TMDL includes targets and allocations in sediments for copper, lead, zinc, 

total PAHs, total DDT, and total PCBs.  Similar to the BC Toxics TMDL, the mass-based 

allocations are based on the sediments deposited rather than what is discharged to the watershed.  

Section 6 of the TMDL Staff Report (TMDLs and Allocations, pg 91) states (emphasis added):  

The loading capacity of the contaminated sediments within each waterbody was calculated 

from multiplying the sediment quality target by the average annual sediment deposition 

rate (Equation 3; See also Appendix III, Part 1). 

 TMDL = total sediment deposition rate x SQV or BSAF 

where sediment deposition rate = average annual mass of sediment deposited per waterbody 

 

As the information was not presented in the TMDL documents, USEPA’s modeling contractor 

(Tetra Tech) provided the LSPC total sediment loadings discharged into the waterbodies on an 

annual basis.  Table 2 presents the loading capacity calculated as the product of the total 

sediment discharged into a waterbody and the TMDL target.  Table 3 then presents suggested 
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allowable loading for LA County MS4 permittees based on the product of the loading capacity 

(Table 2) by the percent LA County MS4 area draining each waterbody.   

 
Table 2. Total Annual Loading Capacity Based on Discharged Sediments  

Waterbody Name 

Total Sediment 

Discharged into 

Waterbody 

(kg/yr)
1
 

Total Annual Loading Capacity based on Sediment 

Discharged 

Cu 

(kg/year) 

Pb 

(kg/year) 

Zn 

(kg/year) 

PAH 

(kg/year) 

DDT 

(g/year) 

PCB 

(g/year) 

Dominguez Channel Estuary  2,470,201 207.3 284.7 914.5 24.52 9.63 21.95 

Consolidated Slip  355,560 0.97 1.33 4.27 0.11 0.05 0.10 

Inner Harbor - POLA  1,580,809 
37.02 50.84 163.3 4.38 1.72 3.92 

Inner Harbor - POLB  674,604 

Outer Harbor - POLA  572,349 
4.53 6.22 19.99 0.54 0.21 0.48 

Outer Harbor - POLB  1,828,407 

Fish Harbor  30,593 0.30 0.41 1.32 0.04 0.01 0.03 

Cabrillo Marina  38,859 0.61 0.84 2.69 0.07 0.03 0.06 

San Pedro Bay  19,056,271 6.73 9.25 29.70 0.80 0.31 0.71 

Los Angeles River Estuary  21,610,283 2,488 3,418 10,977 294.3 115.6 263.5 

Cabrillo Beach  27,089 0.5 0.7 2.4 0.1 0.03 0.06 

1 – 2002-2005 LSPC modeled average annual sediment load from adjacent watersheds utilized in the EFDC model 

to calculate loading capacity based on settled sediment.    
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Table 3. Proposed Los Angeles County MS4s Allowable Loadings based on TMDL Loading Capacities 

Calculated Using Total Discharged Sediment 

Waterbody Name 
Percent of Land 

Area  

Allowable Loading for LA County MS4 Dischargers 

Cu 

(kg/year) 

Pb 

(kg/year) 

Zn 

(kg/year) 

PAH 

(kg/year) 

DDT 

(g/year) 

PCB 

(g/year) 

Dominguez Channel Estuary  95.8% 198.6 272.4 874.9 23.45 9.23 20.94 

Consolidated Slip  98.4% 0.95 1.31 4.20 0.11 0.04 0.10 

Inner Harbor - POLA  
77.4% 28.67 39.33 126.4 3.39 1.33 3.04 

Inner Harbor - POLB  

Outer Harbor - POLA  
59.0% 2.67 3.67 11.80 0.32 0.12 0.28 

Outer Harbor - POLB  

Fish Harbor  99.7% 0.30 0.41 1.31 0.04 0.01 0.03 

Cabrillo Marina  99.0% 0.60 0.83 2.66 0.07 0.03 0.06 

San Pedro Bay  12.0% 0.81 1.11 3.57 0.10 0.04 0.09 

Los Angeles River Estuary  8.5% 211.0 290.1 932.3 24.99 9.79 22.39 

Cabrillo Beach  100% NA NA NA NA 0.03 0.06 

  
Cu 

(mg/kg) 

Pb 

(mg/kg) 

Zn 

(mg/kg) 

PAH 

(mg/kg) 

DDT 

(ug/kg) 

PCB 

(ug/kg) 

Los Angeles River Estuary 

Dischargers
1 NA 34 46.7 150 4022 1.58 3.2 

1 – The Los Angeles River Estuary Dischargers, which includes all discharges that do not directly discharge into the 

estuary, were assigned sediment quality value (SQV) based allocations.  SQVs are currently set at the more 

protective of ERLs or fish tissue associated sediment targets. 
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GAIL FARBER, Director

COUNTY OF LOS ANGELES

DEPARTMENT OF PUBLIC WORKS

"To Enrich Lives Through Effective and Caring Service"

900 SOUTH FREMONT AVENUE
ALHAMBRA, CALIFORNIA 91803-1331

Telephone: (626) 458-5100

http://dpw.lacounty.gov ADDRESS ALL CORRESPONDENCE TO:
P.O. BOX 1460

ALHAMBRA, CALIFORNIA 91802-1460

IN REPLY PLEASE

REFER TO FILE: WM-9

July 23, 2012

Mr. Samuel Unger, P.E., Executive Officer
California Regional Water Quality

Control Board —Los Angeles Region
320 West Fourth Street, Suite 240
Los Angeles, CA 90013-2343

Attention Mr. Ivar Ridgeway

Dear Mr. Unger:

COUNTY OF LOS ANGELES — COMMENTS ON DRAFT NATIONAL POLLUTANT
DISCHARGE ELIMINATION SYSTEM PERMIT FOR MUNICIPAL SEPARATE
STORM SEWER SYSTEM DISCHARGES

On behalf of the County of Los Angeles (County), thank you for the opportunity to
comment on the proposed draft National Pollutant Discharge Elimination System Permit
for Municipal Separate Storm Sewer System (MS4) Permit (Draft Permit) released on
June 6, 2012. Enclosed are our comments for your review and consideration and to be
included in the Administrative Record.

The County has implemented many programs to improve stormwater and urban runoff
quality in compliance with current MS4 Permit. These will continue to be implemented
under the new MS4 Permit. The County is committed to improving the health of our
water bodies. Our goal is to seek a permit that will allow permittees the flexibility to
work together and focus their efforts on identified pollutants so that available resources
are used most effectively. To that end, we submit the enclosed comments to the Draft
Permit.

DEPARTMENT OF PUBLIC WORKS

COUNTY OF LOS ANGELES

GAIL FARBER, Director

July 23, 2012

"To Enrich Lives Through Effective and Caring Service"

900 SOUTH FREMONT AVENUE
ALHAMBRA, CALIFORNIA 91803-1331

Telephone: (626) 458-5100
http://dpw.lacounty.gov ADDRESS ALL CORRESPONDENCE TO:

P.O. BOX 1460
ALHAMBRA, CALIFORNIA 91802-1460

IN REPLY PLEASE

REFER TO FILE: WM-9

Mr. Samuel Unger, P.E., Executive Officer
California Regional Water Quality

Control Board - Los Angeles Region
320 West Fourth Street, Suite 200
Los Angeles, CA 90013-2343

Attention Mr. Ivar Ridgeway

Dear Mr. Unger:

COUNTY OF LOS ANGELES - COMMENTS ON DRAFT NATIONAL POLLUTANT
DISCHARGE ELIMINATION SYSTEM PERMIT FOR MUNICIPAL SEPARATE
STORM SEWER SYSTEM DISCHARGES

On behalf of the County of Los Angeles (County), thank you for the opportunity to
comment on the proposed draft National Pollutant Discharge Elimination System Permit
for Municipal Separate Storm Sewer System (MS4) Permit (Draft Permit) released on
June 6, 2012. Enclosed are our comments for your review and consideration and to be
included in the Administrative Record.

The County has implemented many programs to improve stormwater and urban runoff
quality in compliance with current MS4 Permit. These will continue to be implemented
under the new MS4 Permit. The County is committed to improving the health of our
water bodies. Our goal is to seek a permit that will allow permittees the flexibility to
work together and focus their efforts on identified pollutants so that available resources
are used most effectively. To that end, we submit the enclosed comments to the Draft
Permit.
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Mr. Samuel Unger
July 23, 2012
Page 2

Since the start of the permit renewal process in May 2011, staff of the California
Regional Water Quality Control Board, Los Angeles Region (Regional Board), has
expressed a willingness to work with stakeholders. However, permittees were not
advised of the full scope of the proposed permit terms until the issuance of the full draft,
and then were given only 45 days to comment. It is our strong belief that the 45-day
public comment period does not provide sufficient time to conduct a thorough review of
a highly complex permit over 500 pages long. Many crucial issues in the Draft Permit
remain unresolved. The key issue, as explained in detail in the enclosed comments, is
that the Draft Permit contains receiving water limitations language that essentially
renders compliance impossible. The Regional Board cannot legally adopt a permit that
permittees cannot comply with.

We believe that given sufficient time, this issue as well as most, if not all, issues can be
resolved, avoiding the need to address them at the hearing. To address this and other
critical issues in the Draft Permit, the County would like the opportunity to work with staff
to develop creative solutions to address concerns of all stakeholders, including Regional
Board members and the environmental community.

We also urge the Regional Board to postpone adoption of the Draft Permit in light of the
case pending in front of the U.S. Supreme Court, County v. Natural Resources Defense
Council. We expect that the U.S. Supreme Court will hear oral arguments in this matter
in early December 2012. As the Regional Board is aware, the ruling in
the case could clarify the scope of this permit. The Regional Board should not be
adopting a new permit while there is uncertainty over it. There is no pending need for
the Regional Board to act precipitously prior to the U.S. Supreme Court's hearing, which
is only 90 to 120 days from the currently scheduled date for the consideration of the
permit.

For these reasons, we request that the Regional Board extend the current public
comment period by 90 days to allow the parties to fully comment on the Draft Permit's
provisions. We further request that, after the first period of public comment, the
Regional Board issue a second Draft Permit and reopen public comment on that second
Draft Permit for 60 days. This will allow the permittees and the public to be advised of
the Regional Board staff's position with respect to the initial comments made and to
respond to any proposed revisions in light of those initial comments. It will also allow
the parties additional time to work with staff in an attempt to resolve the outstanding
issues that currently exist.

Mr. Samuel Unger
July 23, 2012
Page 2

Since the start of the permit renewal process in May 2011, staff of the California
Regional Water Quality Control Board, Los Angeles Region (Regional Board), has
expressed a willingness to work with stakeholders. However, permittees were not
advised of the full scope of the proposed permit terms until the issuance of the full draft,
and then were given only 45 days to comment. It is our strong belief that the 45-day
public comment period does not provide sufficient time to conduct a thorough review of
a highly complex permit over 500 pages long. Many crucial issues in the Draft Permit
remain unresolved. The key issue, as explained in detail in the enclosed comments, is
that the Draft Permit contains receiving water limitations language that essentially
renders compliance impossible. The Regional Board cannot legally adopt a permit that
permittees cannot comply with.

We believe that given sufficient time, this issue as well as most, if not all, issues can be
resolved, avoiding the need to address them at the hearing. To address this and other
critical issues in the Draft Permit, the County would like the opportunity to work with staff
to develop creative solutions to address concerns of all stakeholders, including Regional
Board members and the environmental community.

We also urge the Regional Board to postpone adoption of the Draft Permit in light of the
case pending in front of the U.S. Supreme Court, County v. Natural Resources Defense
Council. We expect that the U.S. Supreme Court will hear oral arguments in this matter
in early December 2012. As the Regional Board is aware, the ruling in
the case could clarify the scope of this permit. The Regional Board should not be
adopting a new permit while there is uncertainty over it. There is no pending need for
the Regional Board to act precipitously prior to the U.S. Supreme Court's hearing, which
is only 90 to 120 days from the currently scheduled date for the consideration of the
permit.

For these reasons, we request that the Regional Board extend the current public
comment period by 90 days to allow the parties to fully comment on the Draft Permit's
provisions. We further request that, after the first period of public comment, the
Regional Board issue a second Draft Permit and reopen public comment on that second
Draft Permit for 60 days. This will allow the permittees and the public to be advised of
the Regional Board staff's position with respect to the initial comments made and to
respond to any proposed revisions in light of those initial comments. It will also allow
the parties additional time to work with staff in an attempt to resolve the outstanding
issues that currently exist.
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Mr. Samuel Unger
July 23, 2012
Page 3

If you have any questions, please contact me at (626) 458-4300 or
ghildeb@dpw.lacounty.gov or your staff may contact Ms. Angela George at
(626) 458-4325 or ageorge a~dpw.lacounty.gov.

Very truly yours,

GAIL FARBER
Director of Public Works

.,

r

GARY HILDEBRANQ
Assistant Deputy Director
Watershed Management Division

RW: jtz
P:\wmpub\Secretarial\2012 Documents\Letter\County Comment on Draft NPDES MS4 Permit.docx/C12188

Enc.

cc: Chief Executive Office (Dorothea Park)
County Counsel (Judith Fries)

Mr. Samuel Unger
July 23, 2012
Page 3

If you have any questions, please contact me at (626) 458-4300 or
ghildeb@dpw.lacounty.gov or your staff may contact Ms. Angela George at
(626) 458-4325 or ageorge@dpw.lacounty.gov.

Very truly yours,

GAIL FARBER
Director of Public Works ....

ftu:; 71z/dt6~
v

GARY HILDEBRAND
Assistant Deputy Director
Watershed Management Division

RW:jtz
P:lwmpubISecrelanal12012 DocumenlslLellerlCounty Commenl on Draft NPDES MS4 Permll.docxlC121 BB

Ene.

cc: Chief Executive Office (Dorothea Park)
County Counsel (Judith Fries)
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County of Los Angeles Comments 

Draft Tentative Order No. R4-2012-XXXX, NPDES No. CAS004001 

General Comments Page 1 08/02/2012 

General Comments 

Comment 

# 

Permit 

Element/Issue/Concern 

Location in 

Draft Tentative 

Order 

Comment/Recommendation 

1 Request for Extension of 

Time in Which to Submit 

Comments and to 

Continue the Hearing 

 The County requests that the current public comment period be extended by 90 days to allow 

the parties to fully comment on the draft Permit’s provisions.  We further request that, after 

that period of public comment, the Regional Board issue a second draft, tentative Permit and 

reopen public comment on that second draft Permit for 60 days.  The hearing on the Permit 

can occur 30 to 60 days after comments are submitted on the second draft, or at another time 

as the Regional Board finds appropriate. 

 

This request is made because the 45 day period that has been currently given to the 

Permittees has been inadequate.  This request is also made because the Regional Board should 

not conduct a hearing on a new permit while a case that could directly impact the scope of the 

new Permit, Los Angeles County Flood Control District v. Natural Resources Defense Council, is 

pending before the United States Supreme Court. 

 

First, the current 45 day period that has been provided for comments on the draft Permit is 

grossly inadequate, such that it amounts to a violation of due process.  The draft Permit and its 

accompanying documents are over 500 pages long.  The draft Permit is highly complex, 

requiring extensive analysis of the obligations it imposes.  The proposed Permit will impose 

significant costs on the Permittees, costs which must be fully analyzed and considered.  

Although Regional Board staff held some workshops on permit proposal, the County had no 

knowledge of the Permit’s definitive terms until it was issued on June 6, 2012, and its issuance 

was the first time a complete permit, rather than merely proposed portions subject to revision, 

was issued to the Permittees and the public. 

 

   As a public agency with a responsibility to protect the public fiscal resources, the County must 

fully consider all aspects of the draft Permit and consult with many different departments 

before providing a full response.  The 45 day period does not provide sufficient time for the 

County to do so.  It also does not allow the County to adequately prepare and submit its 

evidence on the duties and costs proposed under the Permit. 
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1 

(cont.) 

Request for Extension of 

Time in Which to Submit 

Comments and to 

Continue the Hearing 

 Second, there is currently pending in the United States Supreme Court the case of Los Angeles 

County Flood Control District v. Natural Resources Defense Council.  We expect that the 

Supreme Court will hear oral arguments in this matter in early December 2012.  As the 

Regional Board is aware, the ruling in the case could clarify the reach of the Permit. The 

Regional Board should not be adopting a new permit while there is a cloud over hanging it.  

There is no pending need for the Board to act precipitously prior to the Supreme Court’s 

hearing which is only 90 to 120 days from the currently scheduled date for the consideration of 

the Permit. 

 

For these reasons, we request that the Regional Board extend the current public comment 

period by an additional 90 days, issue of a second draft permit for public comment, and hold 

the hearing on the draft Permit be held 30 to 60 days after close of the comments on the 

second tentative draft, or at another time as the Regional Board finds appropriate. 

2 Incorporation of Previous 

Comments 

 To the extent that they have not been incorporated, the County of Los Angeles reiterates and 

incorporates by reference our comments submitted on February 9, 2012, April 12, 2012, 

April 18, 2012, and May 12, 2012 (Exhibits A through D). 

3 LA County MS4  Throughout the draft Permit, including the findings and the fact sheet, the draft Permit refers 

to the “L.A. County MS4.”  This reference is both confusing and inaccurate.  The County 

understands that, by referring to the “L.A. County MS4,” the intent is to refer to the LACFCD 

and the other Permittees’ MS4s as a whole.  The reference, however, is confusing because the 

County of Los Angeles itself is a Permittee, and the reference to the “L.A. County MS4” could 

be taken as referring to the County’s MS4, as opposed to all of the Permittees’ MS4’s. 

 

   Recommendation 

The County requests that all references to “L.A. County MS4” be replaced in the more accurate 

reference of “MS4s subject to this Order.”  The County further requests that all references to 

the “L.A. County MS4 Permit” should be replaced with a reference to the “permit for the 

MS4s.” 

RB-AR13877
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# 
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Element/Issue/Concern 
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Draft Tentative 

Order 

Comment/Recommendation 

4 Violation of Water Code 

§13360 

 The draft Permit violates Water Code §13360.  Water Code §13360(a) provides in pertinent 

part: 

 

No waste discharge requirement or other order of a Regional Board or the State Board 

or decree of a court issued under this division shall specify the design, location, type of 

construction, or particular manner in which compliance may be had with that 

requirement, order, or decree, and the person so ordered shall be permitted to comply 

with the order in any lawful manner. 

 

The draft Permit consists of 123 pages of detailed, prescriptive requirements.  It contains 19 

attachments, including a detailed monitoring and reporting program; bioretention/biofiltration 

design criteria; developer technical information and guidelines; and TMDL provisions for seven 

watershed areas.  The detailed, prescriptive requirements of the draft Permit violate Water 

Code §13360. 

 

   Recommendation 

Delete all specified activities and all provisions of the draft Permit that specify the design, 

location, type of construction, or particular manner required to comply with obligations of the 

draft Permit.  Alternatively, include a provision that states, “No Permittee is required to comply 

with any provision of this Order that specifies the design, location, type of construction, or 

particular manner required to comply with the obligations of this Order, which are included as 

suggestions only.” 

RB-AR13878
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# 
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Draft Tentative 

Order 

Comment/Recommendation 

5 Contact Information for 

County of Los Angeles 

Table 2 

[Page 8] 

The contact person for the County of Los Angeles is not correct. 

 

   Recommendation 

Revise to: 

Gary Hildebrand, Assistant Deputy Director 

626-458-4300 

ghildeb@dpw.lacounty.gov 

RB-AR13879
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6 Natural Sources II.A. 

[Page 13] 

It should be clearly stated that it is not the intent of this Permit to address naturally occurring 

pollutants, which are outside the control of the Permittees.  Other MS4 Permits, such as Order 

No. R8-2009-0030 (NPDES No. CAS 618030) already includes such language. 

 

   Recommendation 

Include as a finding the following: 

“This Order is intended to regulate the discharge of pollutants in urban storm water runoff 

from anthropogenic (generated from human activities) sources and/or activities within the 

jurisdiction and control of the Permittees and is not intended to address background or 

naturally occurring pollutants or flows.” 

7 Permit Scope II.E. 

[Page 16] 

This finding recites that “[n]on-storm water discharges through an MS4 are prohibited . . . .”  

This is legally incorrect.  Clean Water Act Section 402(p)(3)(B)(ii) requires MS4 Permittees to 

include requirements in their permits to “effectively prohibit non-stormwater discharges into 

the storm sewers.”  33 U.S.C. § 1342(p)(3)(B)(ii) (emphasis supplied). 

 

Moreover, as will be discussed in greater depth with respect to Part III of the draft Permit, the 

origination point, and responsible Permittee, for the non-stormwater discharge into the MS4 is 

most often very different  than the discharge point, which may be operated by another 

Permittee.  Thus, this finding raises both legal and practical issues requiring correction. 

 

   Recommendation 

Change the first two sentences of the final paragraph of this Finding as follows: 

 

Non-storm water discharges consist of all discharges to the MS4 that do not originate from 

precipitation events.  Non-storm water discharges to an MS4 must be effectively prohibited... 

RB-AR13880
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8 Geographic Coverage and 

WMAs 

II.F. 

[Pages 17-18] 

This finding includes a statement regarding “[f]ederal, state, regional or local entities” outside 

the area of the Los Angeles County Flood Control District and not named as Permittees under 

the draft Permit may operate MS4 facilities and/or discharge to the MS4 and water bodies 

covered by this Order. 

 

The County is concerned about such discharges, but disagree with the Finding, which suggests 

that it is the responsibility of the Permittees, who do not have primary jurisdiction over such 

dischargers, to address these discharges through “necessary legal authority to control the 

contribution of pollutants to its MS” and to include a “comprehensive planning process that 

includes intergovernmental coordination, where necessary.” 

 

   Unlike the current Permit, Order No. 01-182, which in Finding D.2 acknowledges both 

uncontrolled entities within the Permit coverage area and outside the area, this finding only 

references sources located outside the area of the LACFCD.  In fact, there are dischargers 

within the area of the LACFCD, such as schools, universities, federal facilities and other 

dischargers which are beyond the control of the Permittees.  These facilities are, of course, 

subject to the jurisdiction of the Regional Water Board.   This finding should be modified to 

reflect sources both within and without the Permit coverage area, as was done in Finding D.2 

of Order 01-182. 

RB-AR13881
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8 

(cont.) 

Geographic Coverage and 

WMAs 

II.F. 

[Pages 17-18] 

Recommendation 

The language of this finding should reflect the concerns outlined above.  The fourth paragraph 

of Part II.F should be revised as follows: 

 

 Federal, state, regional or local entities within a Permittee’s boundaries or outside 

of the Permittee’s in jurisdictions outside the Los Angeles County Flood Control 

District, and not currently named as Permittees in this Order, may operate MS4 

facilities and/or discharge to the MS4 and waterbodies covered by this Order.  The 

Permittees may lack legal jurisdiction over these entities under state or federal 

constitutions.  These entities are subject to the Regional Water Board’s own 

authority, either under the Phase II Stormwater Permit or generally under the 

Porter-Cologne Water Quality Act.  Given the Regional Water Board’s authority 

over these entities, the Regional Water Board is responsible for taking the lead in 

assuring that pollutants are controlled from these entity’s discharges in a manner 

consistent with the requirements of this Order including, without limitation, such 

steps as are necessary to ensure that discharges from such entities or to the MS4s 

owned or operated by the Permittees do not cause or contribute to violations of 

Parts III, IV and V of this Order.  Pursuant to 40 CFR sections 122.26(d)(1)(ii) and 

122.26(d)(2)(iv), each Permittee shall maintain the necessary legal authority to 

control the contribution of pollutants to its MS4 and shall include in its storm 

water management program a comprehensive planning process that includes 

intergovernmental coordination, where necessary. 

RB-AR13882
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9 MS4 Requirements II.H. 

[Page 19] 

The last paragraph of this finding states:  “This Order implements the federal Phase I NPDES 

Storm Water Program requirements.  These requirements include three fundamental 

elements: (i) a requirement to effectively prohibit non-storm water discharges through the 

MS4, (ii) requirements to implement controls to reduce the discharge of pollutants to the 

maximum extent practicable, and (iii) other provisions that the Regional Water Board 

determines necessary for the control of pollutants in MS4 discharges in order to achieve water 

quality standards.” 

 

This paragraph misstates the requirements of the Clean Water Act.  The Act, in 33 U.S.C. § 

1342(p)(3)(B)(ii) and (iii) requires only that MS4 permits must “include a requirement to 

effectively prohibit non-stormwater discharges into the storm sewers” and “shall require 

controls to reduce the discharge of pollutants to the maximum extent practicable, including 

management practices, control techniques, and system, design and engineering methods, and 

such other provisions as the Administrator or the state determines appropriate for the control 

of such pollutants.” 

 

There is no provision in the Act that requires the Regional Water Board to include “other 

provisions that the Regional Water Board determines necessary for the control of pollutants in 

MS4 discharges in order to achieve water quality standards.”  As the Ninth Circuit held in 

Defenders of Wildlife v. Browner, 191 F.3d 1159, 1165-66, the last clause of 33 U.S.C. § 

1342(p)(3)(B)(iii) gives the state the “discretion” to require stormwater discharges to achieve 

water quality standards, but also the discretion not to require such controls. 

 

   Recommendation 

Revise the final paragraph of Part II.H as follows: 

 

This Order implements the federal Phase I NPDES Storm Water Program requirements.  These 

requirements include two fundamental elements:  (i) a  requirement to effectively prohibit 

non-storm water discharges to through the MS4, and (ii) requirements to implement controls 

to reduce the discharge of pollutants to  the maximum extent practicable.” 
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10 TMDLs II.J.1. 

[Page 20-23] 

In this Finding, it is stated that the draft Permit must incorporate requirements “that are 

consistent with and implement WLAs that are assigned to discharges” from the MS4.  The 

Finding further states that “[t]his Order requires Permittees to comply with the TMDL 

Provisions in Part VI.E. and Attachments L through R, which are consistent with the 

assumptions and requirements of the TMDL WLAs assigned to discharges from the Los Angeles 

County MS4.” 

 

With respect to MS4 permits, however, it is not required that TMDLs be incorporated 

“consistent with the assumptions and requirements” of the TMDL WLAs. An NPDES permit is 

required to comply with 40 C.F.R. § 122.44(d)(1)(vii)(B) (which is cited in the finding) only 

“when applicable.” See 40 C.F.R § 122.44, which states, prior to any substantive provisions, that 

NPDES permits should contain the requirements set forth in that section “when 

applicable.” Subparagraph 122.44(d)(1)(vii)(B) is a subsection of subparagraph 

122.44(d)(1). Subparagraph 122.44(d)(1) is captioned “Water quality standards and State 

requirements” and, consistent with that caption, sets forth requirements “necessary to: (1) 

achieve water quality standards . . . .” 

 

Pursuant to 33 U.S.C. § 1342(p)(3), however, municipal stormwater permits are not required to 

mandate compliance with water quality standards.  The entirety of 40 C.F.R. § 122.44(d)(1), 

including § 122.44(d)(1)(vii)(B), is thus not applicable.  This result is derived from the plain 

language of 33 U.S.C. § 1342(p)(3) as well as by the holding in Defenders of Wildlife, supra.   

RB-AR13884
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10 

(cont.) 

TMDLs II.J.1. 

[Page 20-23] 

 33 U.S.C. § 1342(p)(3) provides in pertinent part: 

(A) Industrial discharges 

Permits for discharges associated with industrial activity shall meet all applicable 

provisions of this section and Section 1311 of this title.   

(B) Municipal discharge 

Permits for discharges from municipal storm sewers –  

. . . 

(ii) shall include a requirement to effectively prohibit non-stormwater discharges into 

the storm sewers; and  

(iii) shall require controls to reduce the discharge of pollutants to the maximum extent 

practicable . . . .   

(Emphasis added.) 

 

The Clean Water Act, in 33 U.S.C. § 1311(b)(1)(C), requires that not later than July 1, 1977, 

NPDES permits must include effluent limitations necessary to meet water quality standards.  

This provision explicitly is not applicable to municipal stormwater permits.  Instead as the Ninth 

Circuit held in Defenders, “§ 1342(p)(3)(B)(iii) replaces the requirements of § 1311 with the 

requirement that municipal storm-sewer dischargers ‘reduce the discharge of pollutants to the 

maximum extent practicable’ . . . In the circumstances, the statute unambiguously 

demonstrates that Congress did not require municipal storm-sewer discharges to comply 

strictly with 33 U.S.C. § 1311(b)(1)(C).” 191 F.3d at 1165 (emphasis in original). 

 

Thus, because MS4 permits are not required to contain provisions obligating MS4 permittees 

to meet water quality standards, the portions of 40 C.F.R. § 122.44 that address compliance 

with those standards do not apply.  This includes 40 C.F.R. § 122.44(d)(1)(vii)(B).  See also 

Letter dated January 28, 2011 to USEPA Administrator Lisa Jackson and Peter Silva, Assistant 

Administrator of USEPA, Office of Water, which is attached (Exhibit E – NACWA 1-28-11 

Municipal Letter to EPA) in the Exhibits accompanying these comments and which analyzes 

these points at length. 
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10 

(cont.) 

TMDLs II.J.1. 

[Page 20-23] 

Recommendation 

This finding, the provisions of Part VI.E. and the attachments relating to TMDLs, should be 

revised to delete reference to the authority of 40 C.F.R. § 122.44(d)(1)(vii(B) or any statement 

that TMDLs must be incorporated into the draft Permit consistent with the assumptions and 

requirements of the TMDLs.  Such TMDLs should be reflected through BMPs. 

11 Total Maximum Daily 

Loads 

II.J.1. 

[Pages 20-23] 

The County is concerned that final WLAs for State-adopted TMDLs have been incorporated as 

numeric effluent limitations that apply at the point of discharge from the MS4 and, where 

applicable, as receiving water limitations.  The more appropriate approach is to incorporate 

interim and final WLAs as BMP-based effluent limitations defined as TMDL Control Measures 

required in the Watershed Management Program. 

 

   Recommendation 

Refer to the attached file titled “Exhibit F – LACMS4 Redlined TMDL Excerpts 20Jul2012Rev” for 

language in the Findings section that addresses this concern. 

12 Unfunded Mandates II.Q. 

[Page 24] 

This Finding (and the Fact Sheet) assert that the draft Permit does not constitute a state 

mandate subject to Article XIII B, Section 6 of the California Constitution.  Draft Permit, p. 24. 

 

The Regional Water Board has no jurisdiction to make this finding for the purposes of article 

XIII B, section 6.  The California Legislature has specifically charged the Commission on State 

Mandates with the task of determining whether a mandate is a state or federal mandate and 

whether a local agency or school district is entitled to a subvention of funds pursuant to the 

California Constitution.  The Commission has exclusive jurisdiction to make that determination. 

Govt. Code § 17552.  Conversely, the Regional Water Board has no jurisdiction to make that 

determination.  As such, any such finding or determination in this Permit is entitled to no 

deference and carries no weight.  Larson v. State Personnel Board (1994) 28 Cal.App.4
th

 265, 

273-274 (decisions of agency are not entitled to deference where agency acts in excess of its 

jurisdiction); Department of Park & Recreation v. State Personnel Board (1991) 233 Cal.App.3d 

813, 824 (same). 
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12 

(cont.) 

Unfunded Mandates II.Q. 

[Page 24] 

The Fact Sheet also contains several erroneous statements with respect to this issue.  First, it 

states that the requirements of this order do not constitute a new program or higher level of 

service.  That statement is factually incorrect.  The draft Permit contains many new obligations 

and requirements that were not previously imposed on the Permittees, including incorporation 

of a number of TMDLs into the Permit.  These requirements are new programs or higher levels 

of service. 

 

Second, as stated above, the Regional Water Board does not have legal jurisdiction to 

determine whether the mandates included in the draft Permit are federal, as opposed to state, 

mandates.  As noted, any findings on that issue are entitled to no weight.  However, where the 

draft Permit directs the Permittees to undertake a specific program in order to implement the 

MEP standard, as opposed to allowing the Permittees to design their own program, this 

directive constitutes a state mandate.  See Long Beach Unified School District v. State of 

California (1990) 225 Cal.App.3d 155, 172-73. 

 

Third, the Fact Sheet states that the Permittee’s obligations under the draft Permit are similar 

to and in many respects less stringent than the obligations on non-governmental dischargers.  

There is no evidence to support this finding which is factually incorrect.  The obligations under 

the draft Permit are not similar to obligations imposed on non-governmental dischargers.  

These obligations, including but not limited to the obligation to inspect for illicit connections 

and discharges, to inspect commercial, industrial and construction sites, to reduce wasteload 

pollutant loads in compliance with TMDLs, to impose minimum BMPs for roadway paving and 

repairs and to implement regional watershed management programs, monitoring, and other 

requirements are obligations that are not imposed on non-governmental dischargers. 
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12 

(cont.) 

Unfunded Mandates II.Q. 

[Page 24] 

Fourth, the Fact Sheet states that the Permittees have requested the draft Permit.  Permittees 

have not requested this Permit; they are obligated under federal law to apply for it.  Finally, 

contrary to the Fact Sheet, there is no evidence or cited legal authority to support the 

contention that Permittees can assess fees to pay for all of the obligations imposed by the draft 

Permit.  In fact, the fee authority of the Permittees is extremely limited, and more so in the 

wake of the recent passage of Proposition 26. 

 

Recommendation 

Delete Finding II.Q. 

13 Economic Considerations II.R. 

[Pages 24-25] 

This finding asserts that “the Regional Water Board finds that the requirements in this Permit 

are not more stringent than the minimum federal requirements.”  There is no factual support 

for this assertion, which appears intended to bolster the argument that the draft Permit’s 

requirements do not represent a state mandate.  The County submits that there are numerous 

requirements that exceed “the minimum federal requirements.”  Additionally, as noted in 

comments in response to Finding II.H, there is no Clean Water Act “requirement” to “include 

other provisions that the Regional Water Board has determined appropriate to control such 

pollutants . . . .”  Such “other provisions” may be included in an MS4 permit, but they are 

placed there at the complete discretion of the Regional Water Board, not as a result of any 

requirement in the Act.  Defenders of Wildlife, supra, 191 F.3d at 1166. 

 

   Recommendation 

Delete that portion of Finding II.R beginning, “As noted in the preceding finding” and ending, 

“are mandated by federal law.” 
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14 Non-Storm Water 

Discharge Prohibition 

into the MS4 

III.A.1. 

[Page 26] 

The Permit requires that: “Permittee shall, for the portion of the MS4 for which it is an owner 

or operator, prohibit non-storm water discharges through the MS4 to receiving waters except 

where such discharges are either . . .” 

 

This language goes beyond the requirements of the Clean Water Act, which only requires that 

permits “effectively prohibit” non-stormwater discharges “into the storm sewers.”  It does not 

require the prohibition of discharges of such non-storm waters to receiving waters.   

 

Moreover, the Permittee that has the authority and ability to effectively prohibit discharges TO 

the MS4 will often be different from the Permittee controlling the MS4 at the point where it 

discharges into receiving waters.  The MS4 begins in the street, which is most often within a 

city, and often ends at the outfall to the receiving water, an outfall which may be part of the 

MS4 operated by another city or by the LACFCD.  While the language of the Permit 

appropriately limits responsibility to that “portion of the MS4” for which it is owner or 

operator, there remains ambiguity as to the responsibility for such discharges. 

 

   Recommendation 

Revise as follows:  “Each Permittee shall, for the portion of the MS4 for which it is an owner or 

operator, effectively prohibit non-storm water discharges intothrough the MS4 to receiving 

waters except where such discharges are either:…” 
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15 Prohibitions of Non-

Storm Water Discharges 

– Comprehensive 

Environmental Response, 

Compensation, and 

Liability Act (CERCLA) 

Discharges 

III.A.1.b & 

Attachment F –

IV.A.5 

[Page 26 & 

Pages F-25 – 

F-26] 

As proposed, all discharges authorized by the USEPA under CERCLA, including well 

development and redevelopment of extraction wells, which normally require coverage under 

General NPDES Permit No. CAG994004 – Discharges of Groundwater from Construction and 

Project Dewatering to Surface Waters in Coastal Watersheds of Los Angeles and Ventura 

Counties would be exempt.  CERCLA discharges may fall under CAG914004 – Discharges of 

Treated Groundwater from Investigation and/or Cleanup of Volatile Organic Compounds 

Contaminated Sites to Surface Waters in Coastal Watersheds of Los Angeles and Ventura 

Counties, or CA834001 – Waste Discharge Requirements for Treated Groundwater and Other 

Wastewaters from Investigation and/or Cleanup of Petroleum Fuel-Contaminated Sites to 

Surface Waters in Coastal Watersheds of Los Angeles and Ventura Counties.  There should be 

no exception for CERCLA discharges to comply with permit requirements that other dischargers 

must follow.  MS4 Permittees do not have such waivers when compliance is not practicable; 

other dischargers should be held to the same standards. 

 

In addition, although discharges are required to comply with applicable water quality 

standards, the requirement can be waived if compliance is not practicable.  The Permit also 

waives prior notification for unplanned discharges, and only requires notification within 

24 hours after the unplanned discharge has occurred.  Such waivers can have significant 

impacts to MS4 Permittees as they are held liable for discharges to their MS4.  Lack of 

notification prior to an unplanned discharge can also impact operations and system capacity, as 

well as endanger field staff and contractors working in its storm drains and channels. 

 

   Recommendation 

Require CERCLA dischargers to seek coverage under the appropriate NPDES Permit and comply 

with all requirements.  In addition, dischargers must notify MS4 Permittees prior to unplanned 

discharges, and comply with any requirements issued by the MS4 Permittee. 
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16 Conditional Exemptions 

from Non-Storm Water 

Discharge Prohibition – 

Potable Water Sources 

III.A.2.a.ii. 

[Page 28] 

As proposed, Permittees are required to work with potable water suppliers that may discharge 

to the Permittee’s MS4 to “ensure” notification, monitoring and recordkeeping.   The 

Permittees cannot “ensure” that a third party, such as a potable water supplier, will undertake 

the required notice, monitoring and recordkeeping.  It is appropriate for the Permittees to 

require such steps as a condition for entry of the discharge into their MS4. 

 

In addition, recordkeeping by the potable water supplier would only be required for discharges 

greater than one acre-foot (325,581 gallons).  In previous discussions the proposed threshold 

was in the range of 25,000 to 30,000 gallons for potable water suppliers and/or distributors. 

 

   Recommendation 

Revise as follows:  “Additionally, each Permittee shall work with potable water suppliers that 

may discharge to the Permittee’s MS4 to requireensure: (1) notification at least 72 hours prior 

to a planned discharge and as soon as possible after an unplanned discharge; (2) monitoring of 

any pollutants of concern9 in the potable water supply release; and (3) record keeping by the 

potable water supplier for all discharges greater than 30,000 gallons one acre-foot. 

17 Conditional Exemptions – 

ASBS and non-ASBS 

III.A.2.b. & 

III.A.3.a 

[Pages 28-29] 

The list of conditionally exempted non-storm water discharges within the ASBS (Part III.A.3.a.) 

includes categories not exempted under the non-ASBS section (Part III.A.2.b.).  For example, 

hillside dewatering, naturally occurring ground water seepage via an MS4, and non-

anthropogenic flows from a naturally occurring stream via a culvert or MS4 are conditionally 

exempt within the ASBS, but is not listed in the non-ASBS section.  Exemption of these 

categories are essential for structural and slope stability, and should apply in areas not 

designated as ASBS. The list of exemptions should be consistent for both. 

 

   Recommendation 

Add “hillside dewatering,” naturally occurring ground water seepage via an MS4, and Non-

anthropogenic flows from a naturally occurring stream via a culvert or MS4. 

RB-AR13891
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# 

Permit 
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Draft Tentative 

Order 

Comment/Recommendation 

18 Permittee Requirements 

for Prohibitions of Non-

Storm Water Discharges 

III.A.4.a.i.-vi. 

[Pages 29-30] 

As proposed, MS4 Permittees must develop and implement procedures to ensure that 

dischargers not named in the MS4 Permit provide advanced notification to the Permittee of its 

non-stormwater discharge, obtain local permits, conduct appropriate monitoring, implement 

additional BMPs or control measures (Table 8), and maintain records of its discharges as a 

condition of discharges into the Permittee’s MS4. 

 

A Permittee cannot ensure that a third party discharger follow requirements relating to its 

discharge.  Such a requirement would potentially make the Permittee liable for any failure of 

the third party discharger to follow the requirements set forth in the draft Permit. 

 

In addition, the language can be interpreted more broadly than Regional Water Board staff 

may have intended.  While a footnote to this provision names such parties as POTW operators, 

potable water supply and distribution agencies and other governmental entities, it presumably 

could apply to any private company or individual as well.  While this provision appears to shift 

to the discharger responsibility for controlling its discharge, the Permittee will incur 

administrative costs.  Also, is this requirement applicable to discharges such as irrigation 

runoff, car washing, and other occasional, but repetitive activities conducted by non-

institutional dischargers? 

 

   Recommendations 

Revise as follows:  “a. Develop and implement procedures to ensure that for a discharger, if not 

a named Permittee in this Order, to fulfills the following for non-storm water discharges to the 

Permittee’s MS4:…” 

 

In addition, clarify that this provision only applies to significant institutional discharges. 

RB-AR13892
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Comment 

# 

Permit 
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Draft Tentative 

Order 

Comment/Recommendation 

19 Monitoring and Data 

Evaluation of Discharges 

Authorized Under Other 

NPDES Permits 

III.A.4.c. 

[Page 30] 

As proposed, MS4 Permittees are responsible for evaluating monitoring data from the Non-

Storm Water Outfall-Based Monitoring Program to determine whether any authorized 

categories of non-storm water discharges, including those authorized under another NPDES 

Permit, are a source of pollutants that causes or contributes to an exceedance of applicable 

Receiving Water Limitations (RWLs) or Water Quality Based Effluent Limitations (WQBELs).  If 

monitoring data show exceedances of applicable WQBELs or action levels, the Permittee must 

take further actions to determine whether the discharge is causing or contributing to 

exceedances of RWLs. 

 

If the Permittees determine that authorized discharges contribute to a significant portion of 

non-storm water discharges that may have caused or contributed to an exceedance, the 

Permittee(s) should not be required to take further actions to determine whether the 

authorized discharges are a source of pollutants that causes or contributes to an exceedance of 

receiving water limitations.   This places the burden to regulate NPDES-authorized discharges 

on the MS4 Permittees when such responsibilities lie with the Regional Water Board to 

evaluate the discharges they permit. Instead, the Permittee(s) should be allowed to focus 

resources on investigating the unauthorized discharges, and report the authorized discharges 

to the Regional Water Board for further evaluation and action. 

 

   Recommendation 

Remove the requirement to take further actions from on authorized or permitted (under other 

individual or general NPDES permits) discharges permitted under other NPDES Permitsthat may 

have caused or contributed to an exceedance of WQBELs or RWLs.  This responsibility should 

lie with the Regional Water Board. 

RB-AR13893
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Order 

Comment/Recommendation 

20 Conditional Exempt Non-

Storm Water Discharge –

Causing or Contributing 

to Exceedance 

III.A.4.d. 

[Pages 30- 31] 

If a conditionally exempt non-storm water discharge listed in Part III.A.2.b is a source of 

pollutants that causes or contributes to an exceedance of applicable standards, the MS4 

Permittee(s) must report it in its annual report, and take one of four actions:  “effectively 

prohibit” the discharge (defined to not allow the discharge to the MS4 until the discharger 

obtains coverage under a separate NPDES permit), impose conditions in addition to those in 

Table 8, provide for diversion of the discharge to the sanitary sewer or provide treatment of 

the discharge prior to discharge of the receiving water. 

 

Since “effectively prohibit” requires the discharger to either stop the discharge (which may be 

difficult given the circumstances of the discharge) or obtain an NPDES permit, it makes more 

sense for the discharger to apply directly to the Regional Water Board for coverage under the 

NPDES permit, as this places the responsibility on the discharger to ensure that it is complying 

with the Clean Water Act. 

 

The ultimate responsibility for non-stormwater discharges is that of the discharger, not the 

Permittee.  The Permittee must, under the Clean Water Act, “effectively prohibit” non-allowed 

non-stormwater discharges, but the Permittee is not responsible for arranging treatment or 

diversion to sanitary sewers.  Obviously, a discharger can contract with a sanitary sewer to 

handle the discharge, but that is a responsibility for the discharger, not the Permittee.  Source 

control and source remediation should always be the preferred action to encourage and instill 

change in polluting behaviors. 

RB-AR13894
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Comment/Recommendation 

20 

(cont.) 

Conditional Exempt Non-

Storm Water Discharge –

Causing or Contributing 

to Exceedance 

III.A.4.d. 

[Pages 30- 31] 

Recommendation 

Revise as follows: 

d. If the Permittee determines that any of the conditionally exempt non-storm water 

discharges identified in Part III.A.2.b above is a source of pollutants that causes or contributes 

to an exceedance of applicable receiving water limitations and/or water quality-based effluent 

limitations, the Permittee(s) shall report its findings to the Regional Water Board in its annual 

report. Based on this determination, the Regional Water Board Permittee(s) shall alsoeither: 

 

i. Require Effectively prohibit
18

 the non-storm water discharge to obtain an NPDES permit to 

the MS4; or 

 

ii. Impose conditions on the dischargers, in addition to those in Table 8, subject to approval by 

the Regional Water Board Executive Officer, on the non-storm water discharge such that it will 

not be a source of pollutants; or 

 

iii.  Provide for diversion of the non-storm water discharge to the sanitary sewer; or 

 

iv. Provide treatment of the non-storm water discharge prior to discharge to the MS4 or 

receiving water. 

21 Prohibition of 

Conditionally Exempt 

Non-Storm Water 

Discharge  

III.A.4.f. 

[Pages 31] 

See Comment No. 20 above.  The discharger should apply directly to the Regional Water Board 

for coverage under the NPDES permit, as this places the responsibility on the discharger to 

ensure that it is complying with the Clean Water Act. 

 

   Recommendation 

Delete this provision. 

RB-AR13895
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22 Regulatory Relief 

Through Source Specific 

Water Quality Monitoring 

III.A.5. 

[Page 31] 

Liability for receiving water limitation violations should not follow for any exceedance of a 

water quality standard.  Nevertheless, we support the intent of this provision, which is to 

acknowledge that Permittees should not be liable for exceeding receiving water limitations 

and/or water quality-based effluent limitations due to authorized or conditionally exempt non-

stormwater discharges.   

 

We believe, however, that the provision as written would be difficult to utilize and contains 

ambiguous language.   

 

First, NPDES Permittees (the “authorized discharges”) may not be required to monitor their 

discharges and in any event, would send monitoring reports to the RWQCB, not Permittees.  

Also, coordinating sampling taken at the point of discharge and in the receiving water would 

very extremely difficult, especially if the discharge point is some distance from the point of 

entry into the MS4.  Also, “natural flows” are not monitored.  Therefore, we recommend that 

for the “authorized discharges,” there be no requirement for source specific monitoring data. 

 

Second, there is no definition as to what constitutes “other relevant information regarding the 

specific non-storm water discharge as identified in Table 8.”  The requirements of Table 8 apply 

to dischargers, not the Permittees. 

 

Third, none of these non-stormwater discharges should lead to liability for the Permittees 

unless there is a failure by Permittees to comply with the requirements of the Permit for that 

discharge category.  Thus, if the Permittee fails to require certain BMPs or monitoring, it 

cannot benefit from the “safe harbor.” 

 

It is possible that multiple discharges could occur concurrently that could cumulatively cause or 

contribute to an exceedance.  Permittees are also concerned about the extensive and 

widespread monitoring that may be required to provide that burden of proof. 
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22 

(cont.) 

Regulatory Relief 

Through Source Specific 

Water Quality Monitoring 

III.A.5. 

[Page 31] 

Recommendation 

Revise as follows: 

5. If a Permittee demonstrates that the water quality characteristics of a specific authorized (as 

identified in Part III.A.1.(a)(-(d)) or conditionally exempt (as identified in Part III.A.2.) essential 

non-storm water discharge resulted in an exceedance of applicable receiving water limitations 

and/or water quality based effluent limitations during a specific sampling event, the Permittee 

shall not be found in violation of applicable receiving water limitations and/or water quality-

based effluent limitations for that specific sampling event.  Such a demonstration must be 

based on source specific water quality monitoring data from the authorized or conditionally 

exempt essential non-storm water discharge and other relevant information regarding the 

specific non-storm water discharge as identified in Table 8.  In the case of conditionally exempt 

non-storm water discharges, the Permittee shall only be required to show that it imposed all 

conditions on the specific discharge as required in this Part III. 

23 All Discharge Categories – 

Segregation of Flows, 

Notification 

Table 8, 

Attachment F – 

IV.A.5. 

[Page 33, 

Page F-26] 

As written, the Permit would require segregation of conditionally exempted discharges from 

potential sources of pollutants.  Since the MS4 can receive flows from multiple discharges and 

sources, segregating the conditionally exempt flows may not be feasible. 

 

Most residential swimming pools hold from 20,000 to 22,000 gallons of water, and decorative 

fountains even less.  Is the one-acre foot threshold intended to exempt residential swimming 

pools and most decorative fountains from advanced notification?  This notification would only 

apply to lakes dewatering and municipal/county/commercial swimming pools that are 

approximately half the size of an Olympic-sized swimming pool (approximately 660,000 
gallons).  Notification should be set at 30,000 gallons. 

RB-AR13897
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23 

(cont.) 

All Discharge Categories – 

Segregation of Flows, 

Notification 

Table 8, 

Attachment F – 

IV.A.5. 

[Page 33, 

Page F-26] 

Recommendation 

Revise as follows: 

When logistically and economically feasible, sSegregate conditionally exempt non-storm water 

discharges from potential sources of pollutants to prevent introduction of pollutants to the 

MS4 and receiving water. 

 

Whenever there is a discharge of one acre-foot 30,000 gallons or more into the MS4, the MS4 

Permittee Los Angeles County Flood Control District shall require advance notification by the 

discharger to the all potentially affected MS4 Permittees, including at a minimum the District 

and the Permittee with jurisdiction over the land area from which the discharge originates.  

The threshold may be decreased accordingly based on any low flow diversion structures 

downstream of the point of discharge. 

24 Table 8 – Conditions and 

BMPs – Prescriptive and 

Resource Intensive  

Table 8, 

Attachment F – 

IV.A.5. 

[Pages 33-36, 

Page F-27 ~ 

F-28] 

 

First, the use of the word “ensure” in the conditions/BMPs should be deleted, since the 

requirement is being asked of a third-party discharger, not the Permittee.  A Permittee cannot 

“ensure” the conduct of a third-party discharger.  The provision should use the term “require” 

instead. 

 

Second, the Permit would add tremendous burden on MS4 Permittees to address exempt non-

storm water discharges which are generally perceived to be low risk.  Specifically, Section 

III.A.2.b combined with Table 8 would require Permittees to develop and implement 

procedures to ensure discharges meet very prescriptive and often highly resource intensive 

BMPs.  For the dewatering of lakes, swimming pools/spas, and decorative fountains, the 

requirement to inspect and clean the MS4 inlet and MS4 outlet to the receiving water 

immediately prior to discharge raises significant practical problems.  The owner/operator of 

the outlet often is different from the owner/operator of the inlet or the initial MS4 (such as the 

street), and thus not aware of the discharge.  The MS4 outlet may also not be easily identifiable 

by the discharger or the initial MS4 owner/operator.  This requirement is logistically infeasible, 

impractical, highly resource-intensive, and expensive.  Moreover, since the outlet (which is 

discharging water from numerous sources) is constantly discharging, there should not be a 

need to clean it out. 
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24 

(cont.) 

Table 8 – Conditions and 

BMPs – Prescriptive and 

Resource Intensive  

Table 8, 

Attachment F – 

IV.A.5 

[Pages 33-36, 

Page F-27 ~ 

F-28] 

 

Recommendation 

Revise as follows: 

Require Ensure procedures for advanced notification by the lake owner/operator to the 

Permittee(s) no less than 72 hours prior to the planned discharge. 

Immediately prior to discharge, visible trash on the shoreline or on the surface of the lake shall 

be removed and disposed of in a legal manner.  

Immediately prior to discharge, the discharge pathway, leading to the MS4 the MS4 inlet to 

which the discharge is directed, and the MS4 outlet from with the water will be discharged to 

the receiving water, shall be inspected and cleaned out by the discharger. 

Discharges shall be volumetrically and velocity controlled by the discharger to minimize 

resuspension of sediments. 

The discharger shall take measures to stabilize lake bottom sediments. 

Require Ensure procedures for water quality monitoring for pollutants of concern in the lake. 

Require Ensure record-keeping of lake dewatering by the lake owner/operator. 

25 Table 8 – Landscape 

Irrigation Using Potable 

Water 

Table 8 

[Page 34] 

As noted above, irrigation water discharges are subject to the requirements of an ordinance 

adopted pursuant to AB 1881.  Moreover, it is unclear how individual dischargers (who most 

often will be individual residents) can implement BMPs to minimize runoff or implement water 

conservation programs.  Such programs also are the responsibility of the water purveyor, not 

the MS4 operators. 

 

   Recommendation 

Revise as follows: 

General Conditions 

 

Discharge allowed if runoff due to potable landscape irrigation is minimized through the 

adoption and implementation of an ordinance specifying water efficient standards, as well as 

an outreach and education program focusing on water conservation and landscape water use 

efficiency adopted pursuant to AB 1881. 

 

Conditions/BMPs - delete 

RB-AR13899
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26 Non-Commercial Car 

Washing by Residents or 

Non-Profit Organizations 

Table 9 

[Page 36] 

We have concern about the enforceability of any BMPs applicable to residents or non-profit 

organizations, which may be high school clubs or athletic teams.  Most of these activities occur 

during the weekend, when municipal staff are not working.  It would be very costly to attempt 

any enforcement during non-working hours. 

 

RB-AR13900
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27 The Receiving Water 

Limitations Section Must 

be Revised 

V.A. 

[Pages 37-38] 

The Receiving Water Limitation section of the draft Permit is both unlawful and unwise.  The 

draft: 

 

• turns upside down prioritization of efforts to reduce stormwater pollution under the 

Permit by emphasizing those pollutants of less significance over those of greater 

significance; 

• fails to include provisions that would incentivize Permittees to coordinate their efforts 

under this section with the TMDLs as well as other goals of the Permit;  

• is an abuse of discretion because it is impossible to comply with; and 

• creates inordinate liability for Permittees due to third party lawsuits. 

 

All of these deficiencies can be remedied, and this section of the Permit improved, by making 

this section consistent with the approach to TMDLs set forth in Part VI.E. 

 

According to the draft Fact Sheet issued in support of the draft Permit, a Permittee can be 

found in violation of Parts 1 and 2 of the receiving water limitations, even though the 

Permittees are complying in good faith with the iterative process set forth in Part 3.  In 

contrast, where there are exceedances of pollutants addressed by TMDLs, a Permittee is not 

considered to be in violation of the Permit if it is in compliance with an approved watershed 

management program.  The combination of these two parts of the Permit results in the Permit 

turning upside down the prioritization of efforts to address pollutants in stormwater. 

RB-AR13901
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27 

(cont.) 

The Receiving Water 

Limitations Section Must 

be Revised 

V.A. 

[pages 37-38] 

As a result of the draft Permit’s approach to receiving water limitations, a Permittee must give 

priority to those pollutants whose exceedances cause a violation of the receiving water 

limitation section.  Otherwise the Permittee would be in violation of the Permit.  Those 

exceedances, however, are exceedances which the Regional Water Board has considered to be 

of lesser priority as not warranting the preparation of a TMDL as of this time. 

 

On the other hand, it is the pollutants which are the subject of the TMDL that have been found 

to be of greater significance.  Accordingly, it is to those pollutants to which the parties’ efforts 

should be most directed.  The approach set forth in the receiving water limitation section, 

however, turns this prioritization upside down. 

 

To remedy this circumstance, the draft Permit should provide that pollutants not covered by 

TMDLs but whose presence violates receiving water limitations should be addressed by the 

Permittees in conjunction with their watershed management program when one is being 

developed or exists, and compliance with that watershed management program is compliance 

with receiving water limitations.  By doing so, Permittees can incorporate and prioritize their 

efforts to address exceedances of non TMDL pollutants with their efforts to address pollutants 

addressed by TMDLs. 

 
   Second, the receiving water limitation section fails to provide any incentive for innovative 

programs that might address exceedances of receiving water limitations.  The County 

recommends that an incentive be included to develop new, innovative approaches, particularly 

those that will result in greater infiltration of stormwater before it reaches the MS4.  

Accordingly, we propose that a paragraph be added to the receiving water limitation section 

that would provide that a Permittee can be deemed in compliance if it is developing projects 

that will result in greater infiltration of stormwater in the watersheds where the water 

limitations are being exceeded. 

 

Third, the receiving water limitations section, as drafted, is unlawful and an abuse of discretion.  

The section, as written, is impossible to comply with. 
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27 

(cont.) 

The Receiving Water 

Limitations Section Must 

be Revised 

V.A. 

[pages 37-38] 

It is well recognized that stormwater is variable and that municipal stormwater Permittees do 

not have control over stormwater flows.  As a result, it is difficult, and at times impossible, to 

engineer solutions or adopt programs to fully address the pollutants in stormwater.  The State 

Water Board’s Blue Ribbon Panel (see Exhibit G - State Water Board Blue Ribbon Panel Final 

Report) found in 2006, “it is not feasible at this time to set enforceable numeric effluent 

criteria for municipal BMPs and in particular urban discharges.”  In response to public comment 

dated April 27, 2012, regarding the draft tentative order for the renewal of the MS4 Permit for 

the California Department of Transportation, State Water Board staff cited this finding of the 

Blue Ribbon Panel and endorsed it. 

 

The current draft of the receiving water limitations, however, does not recognize the finding by 

the State Water Board’s Blue Ribbon Panel and there is no evidence in the fact sheet that 

supports a finding that the Permittees can comply with this section.  On the contrary, our 

analysis of available outfall monitoring data supports the Blue Ribbon Panel’s conclusion.   

Because storm drain outfall monitoring has not been conducted in Los Angeles County in the 

past, we conducted an analysis of available outfall monitoring data from urbanized areas 

similar to Los Angeles County.  The purpose of the analysis was to compare real outfall 

monitoring results from urban areas with applicable Water Quality Standards.  The results, 

summarized in Exhibit H Outfall Data Summary, show that storm drain discharges can and do 

exceed Water Quality Standards.  For example, discharges exceeded the e. Coli and other 

bacterial Water Quality Objectives 50 to 100 percent of the time.  Unless a water body has an 

established bacterial TMDL – and there are currently no bacterial TMDLs for Dominguez 

Channel and San Gabriel River – it is not possible for Permittees to comply with the receiving 

water limitations. 
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27 

(cont.) 

The Receiving Water 

Limitations Section Must 

be Revised 

V.A. 

[pages 37-38] 

Finally, the receiving water limitations language, as drafted, creates inordinate legal liability for 

Permittees due to third-party law suits.  In the past, Regional Water Board staff has said that 

they would exercise prosecutorial discretion with respect to enforcement, but those 

statements provide no comfort to Permittees.  Exhibit I - Stockton Summary 2012-07-20 is a 

technical memorandum that discusses how a Permittee subject to similar language, the City of 

Stockton, was subject to a lawsuit even though it was in full compliance with the iterative 

process. 

 

As discussed above, the Permit recognizes this issue with respect to those pollutants addressed 

by TMDLs.  There is no reason why a different standard should apply to the pollutants not 

addressed by TMDLs. 

 

Recommendation 

Part V should include the following paragraph: 

 

In lieu of preparing an integrated monitoring compliance report set forth in Part 

V.A.3.a. a Permittee may address discharges from the MS4 that cause or contribute 

to a violation of receiving water limitations in their watershed management 

program applicable to the receiving water.  The Permittee shall not be considered to 

be in violation of Part V.A. of this Order if it is in compliance with that watershed 

management program. 

 

   Part V should also add the following: 

 

If a Permittee is found to have discharges from its MS4 causing or contributing to an 

exceedance of an applicable water quality standard or causing a condition of 

nuisance in the receiving water, the Permittee shall be deemed in compliance with 

Parts 1 an 2 above, unless it fails to implement the requirements provided in Parts 3 

and 4 as otherwise covered by a provision of this order specifically addressing the 

constituent in question, as applicable. 
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27 

(cont.) 

The Receiving Water 

Limitations Section Must 

be Revised 

V.A. 

[pages 37-38] 

Alternatively, the County is supportive of the proposed CASQA Receiving Water Limitation 

language in Exhibit J – CASQA proposal - Receiving Water Limitation Provision to Stormwater 

NPDES Permits. 

28 Definition of Receiving 

Water Limitations 

Page A-8 

(Definitions) 

The definition of receiving water limitation includes any applicable numeric or narrative water 

quality objective or criterion contained in the “water quality control plan for the Los Angeles 

Region (Basin Plan), water quality control plans or policies adopted by the State Water Board, 

or federal regulations, including but not limited to 40 C.F.R. § 131.38.”  Draft Permit, p. A-8 

(emphasis added). 

 

The reference to “policies” adopted by the State Water Resources Control Board is ambiguous.  

The State Board adopts water quality objectives and water quality control plans, not policy 

resolutions.  See Water Code § 13170.  It is not clear what is meant by policies. 

 

Additionally, the definition should not reference “criterion” under federal regulations.  

Permittees are not required to comply with federal water criteria.  A Permittee is only required 

to comply with water quality standards adopted by the state or federal government that are 

applicable to the particular waterbody.  In referring to “criterion” that might be under federal 

regulations, the definition could be construed as referring to criteria with which Permittees are 

not required to comply.  It creates ambiguity in the definition. 

 

   Recommendation 

The reference to “policies” adopted by the State Board and “criterion” should be deleted from 

the definition of receiving water limitation. 

29 Notification for 

Exceedances 

V.3.a. 

Footnote 23 

[Page 37] 

30 days does not provide sufficient time to do the data analysis and determination. 

   Recommendation 

For footnote 23, revise to read: 

“Within 3090 days of receipt of analytical results from the sampling date. 
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Comment 

# 

Permit 

Element/Issue/Concern 

Location in 

Draft Tentative 
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Comment/Recommendation 

30 Legal Authority VI.A.2.a. 

[Page 38] 

This provision states that each Permittee must establish and maintain adequate legal authority 

to “control pollutant discharges . . . from its MS4 . . . .”  The federal stormwater regulations do 

not require that Permittees have adequate legal authority to control discharges from an MS4 

(see 40 CFR § 122.26(d)(2)) but instead focus on the Permittee’s legal authority to control 

pollutant discharges to the MS4.  This is appropriate, as the Clean Water Act requires the 

effective prohibition of non-authorized non-stormwater discharges to the MS4, and all of the 

subparts of 40 CFR § 122.26(d)(2)(A-F) similarly and exclusively require legal authority to 

address discharges to the MS4.   

 

   Recommendation 

Revise to read:  “Each Permittee must establish and maintain adequate legal authority, within 

its respective jurisdiction, to control pollutant discharges into and from its MS4 through 

ordinance, statute, permit, contract or similar means.  This legal authority must, at a minimum, 

authorize or enable the Permittee to: “ 

31 Discharges from 

Industrial and 

Construction Activity 

VI.A.2.a.i. 

[Page 39] 

This provision appears to require Permittees to enforce industrial and construction sites with 

coverage under an NPDES permit.  The Regional Water Board is the agency charged with 

enforcing such permits.  The federal regulations require only that a Permittee “[c]ontrol 

through ordinance, permit, contract, order or similar means, the contribution of pollutants to 

the municipal storm sewer by storm water discharges associated with industrial activity and 

the quality of storm water discharged from sites of industrial activity.”  40 CFR § 

122.26(d)(2)(i)(A).  Thus, references to the control of stormwater discharges from construction 

sites are inapplicable, though such discharges may be required to be controlled under other 

provisions, such as those prohibiting illicit discharges.  The reference to grading ordinances 

should be removed, as this specification of the method of compliance violates Water Code § 

13360. 
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31 

(cont.) 

Discharges from 

Industrial and 

Construction Activity 

VI.A.2.a.i. 

[Page 39] 

Recommendation 

The following language is requested: 

 

i.  Control the contribution of pollutants to its MS4 from storm water discharges associated 

with industrial and construction sites and control the quality of storm water discharged from 

industrial and construction sites.  Permittees are not required to enforce the requirements of 

any NPDES permit covering an industrial and construction site. This requirement applies both 

to industrial and construction sites with coverage under an NPDES permit, as well as to those 

sites that do not have coverage under an NPDES permit.  Grading ordinances must be updated 

and enforced as necessary to comply with this Order; 

32 Prohibit Non-storm water 

discharges 

VI.A.2.a.ii. 

[Page 39] 

The County suggests one clarifying change in this provision, to clarify the intent of the Clean 

Water Act and the regulations relating to discharges to the MS4: 

 

   Recommendation 

Revise to read: 

Prohibit all non-storm water discharges to its MS4 not otherwise authorized or conditionally 

exempt pursuant to Part III.A. 

33 Interagency Agreements VI.A.2.viii. 

[Page 39] 

This provision requires control and contribution of pollutants from one portion of the shared 

MS4 to another portion of the MS4 through interagency agreements between non-Permittees.   

The regulations require legal authority for agreements between co-Permittees, but not 

between non-Permittees. 

 

   Recommendation 

This provision should be deleted. 
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# 

Permit 
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Draft Tentative 

Order 

Comment/Recommendation 

34 Determine Compliance 

and Noncompliance 

VI.A.2.a.ix. 

[Page 39] 

This provisions requires inspections, etc. to determine “compliance and noncompliance with . . 

. the provisions of this Order, including the prohibition of non-storm water discharges into . . . 

receiving waters.”  The federal stormwater regulations, by contrast, require that Permittees 

have legal authority to carry out inspections to determine compliance with permit conditions, 

“including the prohibition on illicit discharges to the municipal separate storm sewer.”  40 CFR 

§ 122.26(d)(2)(i)(F).  As noted above, there is no requirement in the Clean Water Act or the 

regulations for the control of discharges into “receiving waters,” but rather discharges into the 

municipal storm sewer.  Alternative language is suggested below: 

 

   Recommendation 

In the first sentence of VI.A.2.ix., delete “and receiving waters” at the end of the sentence. 

35 Fiscal Resources VI.A.3.a. 

[Page 40] 

This provision requires each Permittee to “exercise its full authority to secure the fiscal 

resources necessary to meet all requirements of this Order.”  The federal stormwater 

regulations do not require this provision, but only that a “fiscal analysis” be conducted of the 

necessary capital and operation and maintenance expenditures” necessary to comply permit 

programs.  While each Permittee is required to meet the requirements of the Permit, and thus 

is responsible for finding adequate funding, the Permit should not include this extra provision, 

which is not authorized by the Clean Water Act or the regulations and which moreover 

infringes on the authority of municipal governments to prepare budgets. 

 

   Recommendation 

This provision should be deleted, and the remaining subsections renumbered. 
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36 Responsibilities of the 

Permittees 

VI.A.4.a. 

[Page 40] 

Subsection (ii) requires a Permittee to “coordinate” among departments and agencies to 

facilitate the implementation of the order “an efficient and cost-effective manner.”  This 

provision is proscriptive as well as vague and is in violation of Water Code § 13360.  Obviously, 

a Permittee would presumably wish to comply with the Permit in an “efficient and cost-

effective manner,” but that standard is vague and ambiguous and should not be a source of 

separate liability imposed by the Regional Water Board or a citizens’ suit plaintiff.  Moreover, 

there is no support for this requirement in the Clean Water Act or the implementing 

regulations. 

 

There similarly is no support in the Act or regulations for the requirements of subsection (iii), 

which relates to intra-agency and inter-agency cooperation requirements.  Obviously, 

Permittees will need to cooperate with regard to many of the provisions of the draft Permit 

and will need to coordinate with internal agencies or departments to ensure that the 

municipality or entity is aware of Permit requirements.  These common sense steps should not 

be a separate requirement of the Permit, however.  Such a requirement also is in violation of 

Water Code § 13360 as specifying a method of compliance. 

 

   Recommendation 

We request subsections (ii) and (iii) be deleted. 

37 Public Review VI.A.5.a. 

[Page 41] 

This provision recites that documents submitted to the Regional Water Board in compliance 

with the Order “shall be made available to members of the public” pursuant to either the 

Freedom of Information Act or the California Public Records Act.  It is not clear why this 

requirement is in the Permit, as the Regional Water Board, as the custodian of the document, 

will have responsibility to comply with these statutes, not the Permittees.  Since these statutes 

in any event are applicable to public documents, this provision is unnecessary and should be 

deleted. 

 

   Recommendation 

We request VI.A.5.a. be deleted and the remaining subsection be renumbered. 
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38 Reopener and 

Modification 

VI.A.7.a. 

[Page 41] 

This provision, relating to the modification, revocation, reissuance or termination of the Order 

must include a reference to the requirements of California law, including the Water Code and 

the Administrative Procedure Act.  Requested language is as follows: 

 

   Recommendation 

Amend the first sentence to read:  This Order may be modified, revoked, reissued, or 

terminated in accordance with the provisions of 40 CFR sections 122.44, 122.62, 122.63, 

122.64, 124.5, 125.62 and 125.64, as well as in accordance with provisions of California law, 

including the requirements of the Water Code and the Administrative Procedure Act, Chapter 

4.5 of Part 1 of Division 3 of the Government Code. 

39 Incorporation of 

Provisions of USEPA 

Guidance 

VI.A.7.A.vi. 

[Page 42] 

This provision would authorize modification, etc. of the Permit to incorporate provisions of 

“USEPA guidance concerning regulated activities.”  This is not appropriate; as such “legislative 

guidance” (which would include any guidance so prescriptive that it would require changes in 

an existing permit) has no regulatory significance unless incorporated through formal 

rulemaking.  Natural Resources Defense Council v. EPA, 643 F.3d 311, 320-21 (D.C. Cir. 2011). 

 

   Recommendation 

Delete “USEPA guidance concerning regulated activities” from this provision. 

40 Minor Modifications VI.A.7.d. 

[Page 42] 

This provision relating to minor modifications under 40 CFR § 122.63 provides that minor 

modifications may only correct typographical errors or require more frequent monitoring or 

reporting by a Permittee.  This regulation, however, allows for an additional modification, the 

changing of an interim compliance date.  We therefore request the following modified 

language: 

 

   Recommendation 

iii.  Change an interim compliance date in a schedule of compliance, provided the new date is 

not more than 120 days after the date specified in the existing permit and does not interfere 

with attainment of the final compliance date requirement. 
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Permit 
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41 Toxic Wastes and other 

Pollutionable Materials  

VI.A.11. & 12. 

[Page 43] 

These provisions require, respectively, that the discharge of waste resulting from the 

combustion of toxic or hazardous wastes to the waters of the United States is prohibited and 

that oil and other “pollutionable materials” shall not be stored or deposited in areas where 

they may be carried off the “property” and/or “discharged to surface waters.”  Neither of these 

provisions is relevant to the Permit, which regulates the property only of the Permittees.  The 

provisions of Part VI.C of the Permit relating to public agency activities adequately cover the 

releases noted in Parts VI.A.11 and VI.A.12.  Moreover, these provisions are vague and 

ambiguous, and do not address discharges to the MS4, which is the Clean Water Act 

requirement applicable to the Permittees. 

 

   Recommendation 

Delete Parts VI.A.11 and VI.A.12. 

42 Enforcement for Trash 

TMDLs 

VI.A.14.h. 

[Page 45] 

This section discusses the enforcement of water quality based effluent limitations for trash 

TMDLs, but is not consistent with the language included in the adopted trash TMDLs, which 

allows for installation of full capture devices as a compliance method. 

 

   Recommendation 

For consistency, include or at minimum, reference, language describing the various compliance 

methods per the approved trash TMDLs. 

 

Add the following new subparagraph iii.: 

“iii.  Subparagraphs i. ii. do not apply to Permittees who have installed approved, full capture 

systems throughout their jurisdictional area covered by the Trash TMDLs.” 
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43 General General As previously commented, Receiving Water Limitations have been repeatedly described as 

targets for which Minimum Control Measures and other BMPs should be designed.  However, 

receiving water quality is the result of many other concurrent discharges besides MS4s, 

including nonpoint and instream sources. Receiving water limitations should not be considered 

as effluent targets. 

44 Adaptive Management 

Process for Watershed 

Management 

VI.C. 

[Pages 45-56] 

Related to our Comment No. 27 for Part V Receiving Water Limitations, the draft Permit needs 

to be revised to address pollutants not covered by TMDLs but whose presence violates 

receiving water limitations.  Such exceedances should be addressed by Permittees in 

conjunction with their watershed management program or jurisdictional storm water 

management program, and compliance with that program should equate compliance with 

receiving water limitations.  This allows Permittees to incorporate and prioritize their efforts to 

address exceedances of non-TMDL pollutants with their efforts to address pollutants addressed 

by TMDLs. 

 

   Recommendation 

Add the following to the end of Part VI.C.1.b.: 

“and to address discharges that cause or contribute to receiving water limitations exceedances 

not covered under a TMDL. 

45 Definition of Terms VI.C.1.d. 

[Page 46] 

As previously commented, the staff tentative order has not provided definitions for Numeric 

Action Levels. There are various terms used throughout the documents that are unclear or 

vague and need to be clearly defined. 

 

   Recommendation 

Include definitions for terms used throughout the Permit.  Specifically, include definitions for 

"Numeric Action Levels." 

46 General VI.C.1.d. 

[Page 46] 

Recommendation 

As previously commented, revise to read: "The goal of the Watershed Management Programs is 

to ensure that discharges from the Los Angeles County Permittees' MS4…" 
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47 Non-stormwater 

Discharges from the MS4 

into Receiving Water 

VI.C.1.f.i. 

[Page 46] 

VI.C.3.a.iii (1) 

[Page 48] 

As previously commented, the tentative order refers to "non-stormwater discharges from the 

MS4 to receiving waters…" 

 

Recommendation 

Remove "from the MS4 into receiving waters" throughout the document. 

48 Watershed Management 

Program Process 

VI.C.2.a. 

[Page 46-47] 

While implementing the Watershed Management Program places Permittees in compliance 

with certain permit requirements, it is not clear if Permittees will be in compliance during the 

development phase.  Furthermore, more clarity is needed on whether or not Permittees will 

continue existing programs during the development phase. 

 

Recommendation 

Add language that states prior to notifying the Regional Water Board of its intent to develop a 

Watershed Management Program, Permittees shall be in compliance by continuing existing 

programs and implementation programs.  Additionally, after providing notification, Permittees 

shall be in compliance with the permit during the development of the Watershed Management 

Program until approval is received from the Regional Water Board.  Upon approval, Permittees 

shall be in compliance with pertinent requirements by implementing the Watershed 

Management Program. 

49 Timelines for 

Implementation 

VI.C.2.a.i. 

[Pages 46-47] 

As previously commented, the staff tentative order provides one year for Permittees to submit 

a draft Watershed Management Program Plan. 

 

The preparation of a plan will require extensive research, data collection and monitoring.  Such 

an integrated monitoring effort must be given sufficient time (at least a year to develop and 

initiate) in order to provide the necessary water quality information for the preparation of a 

draft WMP Plan that includes a Reasonable Assurance Analysis. 

RB-AR13913



County of Los Angeles Comments 

Draft Tentative Order No. R4-2012-XXXX, NPDES No. CAS004001 

Watershed Management Program Page 39 08/02/2012 

Part VI.C.  Watershed Management Program 

Comment 

# 

Permit 

Element/Issue/Concern 

Location in 

Draft Tentative 

Order 

Comment/Recommendation 

49 

(cont.) 

Timelines for 

Implementation 

VI.C.2.a.i. 

[Pages 46-47] 

In addition, coordination amongst many Permittees to develop such a plan on a watershed 

basis will require agreements and memorandums of understanding to determine each 

Permittee’s responsibilities and financial contributions. Such agreements and MOUs will 

require at least 6 months to a year to prepare and adopt. 

 

Recommendation 

Synchronize the preparation of the draft WMP Plan with the integrated monitoring plan.  

Provide sufficient time for data/information gathering and analyses to prepare the draft WMP 

Plan.  Recommend 2 years after Permit adoption date. 

50 Due Date for 

Implementation of WMP 

VI.C.2.a.i. 

[Pages 46-47] 

As previously commented, the proposed due date for start of implementation of the 

Watershed Management Program as listed in Table 9 is not consistent with the narrative in 

VI.C.4. 

 

Recommendation 

Revise Table 9 to state that the due date for beginning implementation of the WMP is "Upon 

submittal approval of final plan by the Regional Water Board Executive Officer". 

 

In addition, add an item to the table that provides a deadline for when the Regional Water 

Board will approve the implementation plan. 

51 Source Assessment and 

Control Measures 

VI.C.3.a. & b. 

[Pages 47-50] 

As previously commented, the staff tentative order requires identification of potential sources 

of pollutants categorized as Highest and High Priority, or pollutants covered under a TMDL, and 

pollutants on the State 303(d) Listing.  Furthermore, Permittees must prioritize these issues and 

propose/implement control measures to address them. 

 

The TMDL program is designed to allow for prioritization of pollutants and impairments, and to 

provide timelines to address these pollutants.  Requiring Permittees to also address 303(d) 

listing pollutants outside of a TMDL process forces Permittees to further spread their already 

scarce resources. The focus should be on TMDL pollutants. 
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51 

(cont.) 

Source Assessment and 

Control Measures 

VI.C.3.a. & b. 

[Pages 47-50] 

Recommendation 

Focus the WMP efforts on TMDL pollutants (Category 1), and designate State (303(d)) Listing 

pollutants (Category 2) optional for source assessment, selection and implementation of 

control measures, etc. 

 

Or, as an incentive for Permittees to address non-Category 1 pollutants, the draft Permit should 

provide that a Permittee will not be considered in violation of the receiving water limitations 

for a water body-pollutant combination not covered under a TMDL if that water body-pollutant 

combination is being addressed by an approved, expanded watershed management program. 

52 Adaptive Management 

Process 

VI.C.6.a. & b. 

[Pages 55-56] 

As previously commented, the tentative order requires Permittees to base their adaptive 

management process on several factors. Clarity should be added to indicate Permittees must 

consider the factors, but it is not a requirement to include all of them. 

 

   Recommendation 

Revise to read: "Permittees in each Watershed Management Area shall implement an adaptive 

management process, at least twice during the permit term, adapting the Watershed 

Management Program to become more effective, based on, but not limited to by considering 

the following: 

53 Evaluation of Watershed 

Management Program 

VI.C.6.a.i. 

[Page 54] & 

Attachment F 

[Page F-44] 

With respect to implementing the iterative process to adapt the Watershed Management 

Program to become more effective, there are conflicting timelines in Fact Sheet (Page F-44) and 

Watershed Management Section (Page 54).  While the Fact Sheet states the iterative process 

must be implemented at least twice during the permit term, the Watershed Management 

Section language states it should be done on an annual basis starting in 2015.  The schedule 

requirements for the adaptive management process should be consistent throughout the 

Permit. 

 

The County is concerned about the significant amount of resources required to complete the 

adaptive management process on an annual basis.  Consistent with the language used in the 

Fact Sheet, the iterative process should be implemented at least twice during the permit term. 
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53 

(cont.) 

Evaluation of Watershed 

Management Program 

VI.C.6.a.i. 

[Page 54] & 

Attachment F 

[Page F-44] 

Recommendation 

Revise both the implementation timeline (Table 9 on Page 47) and adaptive management 

language (VI.C.6.a.i.) to state the iterative process shall be performed at least twice during the 

Permit term. 

54 Receiving Water 

Limitations Exceedances 

Addressed by the 

Adaptive Management 

Process 

VI.C.6.a.ii.(1) & 

6.b.ii.(1) 

[Pages 55 & 56] 

Related to our Comment No. 27 for Part V. Receiving Water Limitations, we recommend the 

following as a remedy to address pollutants not covered by TMDLs but whose presence violates 

receiving water limitations.  Such exceedances should be addressed by Permittees in 

conjunction with their watershed management program or jurisdictional storm water 

management program, and compliance with that program should equate compliance with 

receiving water limitations.  This allows Permittees to incorporate and prioritize their efforts to 

address exceedances of non-TMDL pollutants with their efforts to address pollutants addressed 

by TMDLs. 

 

   Recommendation 

Add "The Permittee shall not be considered in violation of a Receiving Water Limitation 

(Part V.A.) or a Water Quality Based Effluent Limitation if it is implementing the adaptive 

management process." 

55 Reasonable Assurance  Attachment A Recommendation 

Provide a definition for Reasonable Assurance in Attachment A that clearly states its criteria 

and legal justification. 
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Location in 

Draft Tentative 

Order 

Comment/Recommendation 

56 General Requirements VI.D.1.a. 

[Page 56] 

This section states that each Permittee may implement customized actions within each general 

category of control measures as set forth in an approved Watershed Management Program.  

The deadline to submit a draft Watershed Management Program Plan is one year after the 

effective date of the Permit and the final Plan is due 3 months after receipt of the Regional 

Water Board’s comments.  That means that it could easily take 1½ years or more for 

Permittees to have an approved Watershed Management Program.  It is not clear if the 

Permittees are expected to implement all of the minimum control measures in the draft 

tentative order until their customized actions are approved. 

 

   Recommendation 

For those Permittees that have indicated their intent to customize their minimum control 

measures through a Watershed Management Program, allow them to continue implementing 

the Stormwater Quality Management Program requirements per the current (2001) Permit. 

57 Timelines for 

Implementation 

VI.D.1.b.i. 

[Page 56] 

This section states that unless otherwise noted, each Permittee shall ensure implementation of 

requirements contained in Part VI.D within 30 days after the effective date of the Order.  Most 

of the requirements in the section do not have a separate time schedule noted and would need 

to be implemented within 30 days of the effective date.  While immediate implementation is 

feasible for such requirements that exist in the current (2001) Permit, it is not feasible to 

implement most new requirements, such as the Integrated Pest Management Program.  Such 

new requirements should be allotted more time to develop and implement within 30 days. 

 

   Recommendation 

Clarify the language such that the 30 day timeline only applies to carryover requirements from 

the current (2001) Permit and development of new requirements are to begin within 30 days 

of the effective date. 
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58 General VI.D.4.a.i. 

[Page 58] 

This section requires that a PIPP must be implemented “that includes, but is not limited to, the 

requirements listed in this part.”  (emphasis supplied.)  This is problematic language, because it 

purports to state that a PIPP must include unspecified additional requirements that could be 

found wanting by the RWQCB or a court. 

 

   Recommendation 

Modify to read “Each Permittee shall implement a Public Information and Participation 

Program (PIPP) that includes, but is not limited to at a minimum, the requirements listed in this 

Part VI.D.4.” 

59 Residential Outreach VI.D.4.d.i.(3) 

[Page 60] 

Same as Comment No. 58. 

 

   Recommendation 

Modify to read "Distribute activity specific stormwater pollution prevention public education 

materials to at, but not limited to at a minimum, the following points of purchase:" 
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60 Nurseries VI.D.5.b.i.(1)(d) 

[Page 61] 

This draft Permit now includes nurseries and nursery centers as a critical source to be tracked.  

There is no clear justification for including these types of commercial facilities. 

 

   Recommendation 

Provide justification for including these sites as a critical source. 

61 Coverage Under other 

Permits 

VI.D.5.b.ii.(10) 

[Page 62] 

The draft Permit requires the inventory to have the ability to denote if the facility is known to 

maintain coverage under the State Water Board's General NPDES Permit for the Discharge of 

Stormwater Associated with Industrial Activities (Industrial General Permit) or other individual 

or general NPDES permits or any applicable waiver issued by the Regional or State Water Board 

pertaining to storm water discharges. 

 

   Recommendation 

To assist the Permittees in completing the inventory, we request the State Water Board and 

Regional Water Board to provide a listing of all new and any closed Industrial General Permit 

facilities on a quarterly basis. 

62 Business Assistance 

Program – Time to 

Develop and Implement 

VI.D.5.c.ii. 

[Page 62] 

Because there is no distinct timeline noted for this requirement, Part VI.D.1.b.i. as currently 

written requires this provision be implemented within 30 days after the effective date of this 

Order.  This provision is a new requirements and the County will need additional time to 

develop and implement a Business Assistance Program. 

 

   Recommendation 

Revise to read:  “Each Permittee shall implement a Business Assistance Program within one 

year of the effective date of this Order to provide technical information…” 

63 Exclusion of Facilities 

Previously Inspected by 

the Regional Water Board 

VI.D.5.e.i.(2) 

[Page 64] 

This provision requires each Permittee to review the State Water Board's Storm Water Multiple 

Application and Report Tracking System (SMARTS) database at defined intervals to determine if 

an industrial facility has recently been inspected by the Regional Water Board.  We have had 

much difficulty in extracting a listing of facilities within the unincorporated County areas since 

many times, the listed jurisdiction is not correct (for example, the site is listed as being within a 

particular city, but is actually within an unincorporated County area). 
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63 

(cont.) 

Exclusion of Facilities 

Previously Inspected by 

the Regional Water Board 

VI.D.5.e.i.(2) 

[Page 64] 

Recommendation 

Request that the Regional Water Board maintain a list of the facilities within the region 

according to their proper jurisdiction and make it available to the Permittees.  Regional Water 

Board should also provide the Permittees with a quarterly listing of facilities they have 

inspected. 
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64 Existing ordinances NA Permittees that have adopted LID ordinances and corresponding technical documents should 

be allowed to implement those existing requirements.  

65 Inconsistent criteria for 

projects subject to post 

construction BMP 

requirements 

VI.D 6.b.i(a)-(h) 

[Pages 67-68] 

This provision establishes the scope of development projects subject to post construction 

controls.  The surface area criteria is inconsistent as sometimes the criterion is based on 

impervious area and other times it is based on surface area.  

 

Recommendation 

For items b, c, d, e and h where “surface area” is used, clarify by using “disturbed surface area”.  

66 Inappropriate 

terminology for project 

descriptions 

VI.D.6.b.i.(b)&(c) 

[Page 68] 

The terms "industrial parks" and "commercial strip malls" are inconsistent with terminology 

normally used to describe development projects and will create confusion between the project 

developer and Permittees. 

 

Recommendation 

Revise to read: "industrial projects parks" and "commercial projects strip malls" to provide 

Permittees with flexibility to include broader coverage.  Items b and c may be combined for 

simplicity.  

67 Clarification of 

redevelopment projects 

subject to post 

construction BMPs 

VI.D6.b.i(i) 

[Page 68] 

This provision needs to be clarified to remove ambiguity and confusion for the Permittees. 

 

Recommendation 

The term "Redevelopment projects in subject categories" should be modified to read 

"Redevelopment projects in categories 'a through h' above". 

68 Exemptions to 

Applicability 

(“Grandfather clause”) 

VI.D.6.b.ii.(d) 

[Page 69] 

Language of the draft Permit states that:  (d) Existing Development or Redevelopment projects 

shall mean projects that have been constructed or for which grading or land disturbance 

permits have been submitted and deemed complete prior to the adoption date of this Order, 

except as otherwise specified in this Order.”  The ideal time to incorporate LID into projects is 

during the early planning phases before tentative maps have been approved.  Projects that are 

already past this stage should be considered to be existing projects. 
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68 

(cont.) 

Exemptions to 

Applicability 

(“Grandfather clause”) 

VI.D.6.b.ii.(d) 

[Page 69] 

Recommendation 

Delete Section (d) and replace it with the following language: 

“Existing Development or Redevelopment shall mean projects that have been constructed; or 

have discretionary approval such as tentative maps, conditional use permits, and plot plans; or 

have permits for construction for non-discretionary projects.  Projects that are not exempt as 

of the effective date of this order must comply with the requirements of this Order.” 

69 Use of green roofs is not 

practical on all buildings 

VI.D.6.c.i.(4) 

[Page 70] 

There are a variety of issues to be considered when assessing the viability of green roofs.  The 

structure type (wood frame is not a practical application), and building use are primary factors.  

Further, green roofs in the LA area will need irrigation.  A water budget study and building type 

study should be performed to determine design guidelines prior to mandating large scale use. 

 

Recommendation 

Delete Part VI.D.6.c.i.(4) 

70 Unnecessary BMP 

analysis 

Vi.D.6.c.i.(4) 

[Page 70] 

This section implies that all projects must analyze green roofs and rain water harvests systems.  

Projects should only be required to provide this type of analysis if they cannot infiltrate in 

another fashion.  Then they should analyze green roofs and rainwater harvest systems before 

moving into other alternatives such as biofiltration. Also it is not practical to analyze green roof 

systems at the tentative development phase of a project.  This type of system requires detailed 

structural building plans and would have to be designed and reviewed at a building permit 

stage of development.  

 

Recommendation 

In Part IV.D.6.c.i.(4), change “each Permittee shall consider” to “each Permittee may consider” 

71 Alternative compliance 

process is difficult to 

follow and will be nearly 

impossible to 

administer.   

VI.D.6.c.ii 

[Page 70] 

The alternative compliance process provided in this tentative order is very complex and 

convoluted and will be difficult to administer consistently. 

 

Recommendation 

Streamline the process and simplify and clarify the language. 
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72 Regional Ground Water 

Replenishment 

VI.D.6.c.ii. 

[Page 70] 

Currently, the Permit appears to allow developers to do Regional ground water replenishment 

without demonstrating technical infeasibility of on-site infiltration.  We disagree with this 

approach.  Regional ground water replenishment should only be an option after having 

demonstrated technical infeasibility. 

 

   Recommendation 

Revise VI.D.6.c.ii. as follows: 

Alternative Compliance for Technical Infeasibility or Opportunity for Regional Ground Water 

Replenishment. 

 

Also revise VI.D.6.c.ii.(1) as follows: 

In instances of technical infeasibility or where a project has been determined to provide an 

opportunity to replenish regional ground water supplies at an offsite location, each Permittee 

may allow projects to comply with this Order though the alternative compliance measures as 

described in Part VI.D.6.c.iii. 

73 Alternative Compliance 

for Technical 

Infeasibility  

VI.D.6.c.ii.(2)(d)&(e) 

[Page 71] 

Tentative Permit requires infiltration BMPs in locations where either known soil and/or 

groundwater contamination exists (or has been closed and left in-place) or where hazardous 

substances are stored underground in underground storage tanks.  The tentative Permit in a 

casual manner recognizes in this section, that technical infeasibility does (may) exist.  But while 

it provides for alternative compliance for “brownfield” sites and for sites where “pollutant 

mobilization” is a documented concern, it doesn’t provide for any real alternatives for these 

kinds of industrial/commercial properties (unless the property owner owns multiple properties 

in the same subwatershed and can afford to substitute and subject another property to these 

retention and infiltration BMPs).  We do not want infiltration around new/existing USTs and 

piping or in and through contaminated soil, whether in the cleanup phase or closed (as 

contamination may be allowed to remain in-place under a condition which would prevent 

further migration of pollutants. 
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73 

(cont.) 

Alternative Compliance 

for Technical 

Infeasibility 

VI.D.6.c.ii.(2)(d)&(e) 

[Page 71] 

Recommendation 

Infiltration BMPs should be prohibited at or near properties that are contaminated or store 

hazardous substances underground.  Treatment Control BMPs as prescribed in the current 

Permit as part of SUSMP is the preferred way to deal with these kinds of sites. 

74 Technical Infeasibility 

and Alternative 

Compliance Measures 

VI.D.6.c.ii. 

[Pages 70-71] 

Clarify that all projects have to prove technical Infeasibility first before they are allowed to 

consider Alternative Compliance Measures.  The current Permit language is confusing and 

contradicts itself. 

75 Attachment I  VI.D.6.c.iiii (1)(b)(ii) 

[Page 72] 

Attachment I does not discuss design criteria to achieve enhanced nitrogen removal. 

 

Recommendation 

Include the appropriate criteria. 

76 Off site projects – Cash 

in lieu option 

VI.D.6.c.iii.(4)(h) 

[Page 74] 

We expect the “Cash in lieu” option will almost always be favored by the developers since it is 

easier than designing and constructing a project.  However, the program will be problematic 

and expensive for the Permittees to administer.  Based on our conversation with Regional 

Water Board Staff on July 17, 2012, it is our understanding that the Cash in lieu provision is 

intended to be a discretionary tool for the Permittee. 

 

Recommendation 

Revise the language to reflect the intent of the Cash in lieu provision.  

77 Definition of watershed 

and subwatershed 

VI.D.6.c.iii.(4)(b) 

[Page 73] 

The Basin Plan (appendix 2) uses the terms "hydrologic unit, hydrologic area, and hydrologic 

subareas" not HUC-12 or HUC-10.   Clarification should be provided to reconcile the different 

terms.  We suggest that the permit use the "hydrologic area" as equivalent to HUC-12 

hydrologic area. 
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78 Time frame for third 

party petition 

VI.D.6.c.iii(4)(g) 

[Page 74] 

The schedule for third party petition of offsite projects or EO approval should not be open 

ended but limited to 30 days. 

 

Recommendation 

Add the following to the end of this section: “if received within 30 days of Permittee approval 

of the offsite project. The Regional Water Board shall have 90-days to review the petition and 

approve it or deny it.  If a Regional Water Board response is not received within 90-days of 

third party petition, then the original Permittee approval shall be upheld.” 

79 Projects that treat water 

offsite through 

retention, infiltration or 

use should not also have 

to treat water onsite. 

Vi.C.6.c.iv.(1) 

[Page 74] 

Revise to indicate that no onsite treatment is required. 

80 Cause or Contribute to 

Exceedance 

Vi.C.6.c.iv (1)(b) 

[Page 74] 

Such requirements center on the treatment of stormwater runoff from the project site, 

including meeting the pollutant specific benchmarks set forth in the attached table (Table 11) 

and “ensure that the discharge does not cause or contribute to an exceedance of water quality 

standards at the Permittee’s downstream MS4 outfall.”  We have some concerns with respect 

to the second requirement.  The requirement not to cause or contribute to exceedance of a 

water quality standard is not contained in the CWA, which only requires Permittees to 

effectively prevent non-stormwater discharges to the MS4 and to take steps to the MEP to 

address pollutants in discharges from the MS4.  Additionally, more clarity is needed on the 

meaning of “Permittee’s downstream MS4 outfall.” 

 

   Recommendation 

Delete paragraph iv (1)(b).  In addition, delete Paragraph (3) on Page 75, with similar language 

….”each Permittee shall ensure that the new development or redevelopment will not cause or 

contribute to an exceedance of applicable water quality-based effluent limitations”  

RB-AR13925



County of Los Angeles Comments 

Draft Tentative Order No. R4-2012-XXXX, NPDES No. CAS004001 

Planning and Land Development Page 51 08/02/2012 

Part VI.D.6.  Planning and Land Development Program 

Comment 

# 

Permit 

Element/Issue/Concern 

Location in 

Draft Tentative 

Order 

Comment/Recommendation 

81 Benchmarks Applicable 

to New Development 

Treatment BMPs.  

Conventional Pollutants 

and Metals. 

VI.C.6.c.iv.(1)(a) 

Table 11 

[Pages 74-75] 

Table 11 was developed from the median effluent water quality values of the three highest 

performing BMPs, per pollutant, in the storm water BMP database.  BMP selection should be 

based on the median for all BMPs and not the three highest performing BMPs.  In addition, one 

should select most performing BMP as a whole and not just for one pollutant.  This table sets 

unrealistically low threshold that cannot be met with the available technology. 

 

During the staff workshop on July 9, 2012 staff indicated this table was intended as a set of 

guidelines for choosing BMPs and not intended to be used as effluent limits. 

 

Recommendation 

Revise the language to reflect the stated intent that Table 11 is only a guideline.  If 

performance standards remain, replace Table 11 with Attachment C from the Ventura County 

Permit. 

82 Erosion Potential (Ep) 

Method 

VI.D.6.c.v. 

[Pages 75-79] 

Any Method to be used in Hydromodification should be simple and practical. 

 

Recommendation 

Instead of using the Erosion Potential (Ep) method, the critical flow that triggers the movement 

of sediment can be computed.  This critical flow shall be less than the 85 or 95 percentile 

values to achieve hydromodification. 

83 Hydromodification 

(Flow/Volume/Duration) 

Control Criteria 

VI.C.6.c.v. 

[Page 75] 

The tentative order states that “the purpose of modification is to implement hydrologic control 

measures to prevent erosion and protect stream habitat in natural drainage systems.  

However, in the same paragraph, it states, the purpose of hydrologic controls is to minimize 

changes in post development. 

 

Recommendation 

Clarify. 
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84 Erosion Potential (Ep) 

Method 

VI.D.6.c.v.(a)(1) 

[Page 75] 

Erosion Potential (Ep) has to be computed based on Appendix J.  There is not sufficient 

information in Appendix J that clearly describes how to compute Ep.  What frequency-base 

storms or flow durations should the Ep be computed? 

 

Recommendation 

Clarify Ep formula, in addition, Ep Equation in Appendix J shall be checked for accuracy and the 

parameters and their units shall be adequately defined. 

85 Interim 

Hydromodification 

Control Criteria. 

VI.D.6.c.v.(c) 

[Page 77] 

Site retention of the 95 percentile storm was suggested to achieve modification.  Specify the 

duration of the storm.  For Water Quality purpose such as Hydromodification and TMDLs, the 

percentile is a preferred method.  The 2-year 24-hour rainfall event is good for analyzing 

extreme events like floods.  

86 Unreasonable 

expectations for 

maintenance 

agreements 

VI.D.6.d.iii. 

[Page 81] 

Requiring maintenance agreements for all LID practices is highly problematic.  Most LID 

strategies will be implemented at the site level (including individual residents) and to require 

homeowners to enter into maintenance agreements for their LID practices is impractical and a 

huge cost implications.  Rather the maintenance agreements should be limited to regional 

facilities and/or treatment control BMPs. 

87 Inspection of BMPs VI.D.6.d.iv.(1)(c)(ii) 

[Page 82] 

BMP inspection based on a fixed time interval is arbitrary and poor use of resources.  The 

Permittee should be allowed to prioritize inspection based on previous inspection history. 

88 Post Construction BMPs 

O&M 

VI.D.6.d.iv.(1)(d) 

[Page 82] 

 

"The Permittee shall require annual reports by the other parties demonstrating proper 

maintenance and operations"  This proposed language is not practical and is difficult to enforce 

on private property owners  As an alternative we recommend that private property owners 

should maintain their records on site, and make them available upon request. 
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89 General Comment VI.D.7.b. 

[Page 83] 

The term “construction site” is not defined in this section or in Attachment A – Definitions. 

   Recommendation 

Define “construction site” in this section or in Attachment A – Definitions.  Recommend using 

the same definition for “construction site” as the Construction General Permit (2009-0009-

DWQ). 

90 

 

Table 12. Minimum Set of 

BMPs for all Construction 

Sites 

VI.D.7.d.i.(1) 

Table 12 

[Page 83] 

The draft Permit requires an effective combination of erosion and sediment control BMPs from 

Table 12.  However, the title of the table, “Minimum Set of BMPs for All Construction Sites” 

implies that all the listed BMPs would be required on all construction sites.  Not all of those 

BMPs such as a silt fence are applicable for all construction sites disturbing less than one acre 

of soil. 

 

   Recommendation 

Revise the title of Table 12 to note that the BMPs listed are required if applicable. 

91 Database or Tracking 

System for Construction 

Sites less than one acre 

VI.D.7.d.i(2) 

[Page 84] 

It is unclear what “activities that require a permit” means.  Does this refer to Building and 

Grading Permits issued by the Permittee or is the database required to track permits issued by 

outside agencies, such as California Department of Fish and Game, RWQCB, etc. 

 

   Recommendation 

Clarify “activities that require a permit”. 

92 Construction Sites one 

acre or greater 

VI.D.7.f. 

[Page 84] 

The statement “all activities involving soil disturbance” is unclear. This section of the Permit 

pertains to construction sites 1 acre or greater. 

 

   Recommendation 

Revise to state: “The requirements contained in this part apply to all construction site activities 

involving soil disturbance with the exception of agricultural activities”. In addition, insert a 

subtitle at Section (e) Stating “Requirements for Construction Sites greater than One Acre” 
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93 Database or Tracking 

System for Construction 

Sites one acre or greater 

VI.D.7.g.ii.(3) 

[Page 85] 

The inventory / tracking system shall contain, at a minimum:  The proximity all water bodies, 

water bodies listed as impaired by sediment-related pollutants, and water bodies for which 

sediment related TMDL has been adopted and approved by USEPA. This information is already 

contained in the State’s Storm Water Multiple Application and Report Tracking System 

(SMARTS) Database. The SMARTS Database already inventories construction sites greater than 

one acre and the proximity to the above water bodies. 

 

   Recommendation 

Allow Permittees to use existing non-electronic inventory/tracking systems if they work.  Also, 

clearly state that this requirement only applies to construction sites greater than one acre. 

94 Database or Tracking 

System for Construction 

Sites one acre or greater 

VI.D.7.g.ii.(4) 

[Page 85] 

The inventory / tracking system shall contain, at a minimum:  Significant threat to water quality 

status, based on consideration of factors listed in Appendix 1 to the Statewide General Permit 

for Discharges of Storm Water Associated with Construction Activity (Construction General 

Permit).  This information is already contained in the State’s Storm Water Multiple Application 

and Report Tracking System (SMARTS) Database. The SMARTS Database already inventories 

construction site greater than one acre and identifies water body risks. 

 

Recommendation 

Allow Permittees to use existing non-electronic inventory/tracking systems if they work.  Also, 

clearly state that this requirement only applies to construction sites greater than one acre. 

95 Table 14. - Erosion 

Controls 

VI.C.7.i.v. 

Table 14 

[Page 88] 

 

It is unclear if these Erosion Control BMPs, (Hydraulic Mulch, Hydro-seeding, Soil Binders, Straw 

Mulch, Geo-textiles and Mats, Wood Mulching), are intended to be minimum requirements of 

if they are suggested as Erosion Control options.  It is not always applicable to use these BMPs 

in concert with each other. 

 

   Recommendation 

Clarify that one or a combination of the listed BMPs shall be selected and implemented as 

erosion controls. 
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96 Table 14. - Sediment 

Controls 

VI.C.7.i.v. 

Table 14 

[Page 88] 

It is unclear if these Sediment Control BMPs (Fiber Rolls, Gravel Bag Berms and Check Dams) 

are intended to be minimum requirements of if they are suggested as Sediment Control 

options.  They are not always applicable on all construction sites disturbing one acre or more. 

 

   Recommendation 

Clarify that one or a combination of Sediment Control BMPs for prevention of sediment 

discharges along the perimeter of the Project site shall be implemented.  

97 Table 14. - Additional 

Controls 

VI.C.7.i.v. 

Table 14 

[Page 88] 

Stabilized Construction Roadway and Entrance/Exit Tire Wash are not applicable to all 

construction sites disturbing more than one acre. 

 

   Recommendation 

Clarify that these BMPs should be implemented as needed.  

98 Table 15. - Additional 

Controls 

VI.C.7.i.v. 

Table 15 

[Page 89] 

Advanced Treatment Systems are not applicable to all Risk Level 3 Projects and is listed as an 

optional BMP in the Construction General Permit. 

 

   Recommendation 

Delete this BMP from the additional BMPs list. 

99 Table 15. - Non- Storm 

Water Management 

VI.C.7.i.v. 

Table 15 

[pages 89] 

 

Dewatering Operations  is not always applicable 

 

Recommendation 

Delete this BMP from the Non-Storm Water Management BMP list. 

100 Construction Site 

Inspection Frequency 

VI.D.7.j.ii. 

Table 17 

[Page 90] 

The inspection frequencies identified in Table 17 are in direct contradiction to the Construction 

General Permit (2009-0009-DWQ). 

 

Recommendation 

Delete Table 17 and insert the inspection frequencies already identified in Construction 

General Permit (2009-0009-DWQ) - Attachments A, C, D and E. 
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101 Public Construction 

Activities Management 

Project Applicability 

VI.D.8.b.iii. 

[Page 93] 

This requirement states that for Permittee-owned projects that disturb less than one acre of 

soil, implement an effective combination of erosion and sediment control BMP’s from Table 13 

on page 87.  It is not clear that these requirements do not apply to maintenance work. 

 

   Recommendation 

Revise to read:  “For Permittee-owned or operated projects that disturb less than one acre of 

soil, except where the project is considered maintenance work, each Permittee shall require an 

effective combination of erosion and sediment control BMP’s from Table 13.” 

102 Public Facility Inventory – 

Time to Implement 

VI.D.8.c.i. 

[Page 93] 

Because there is no distinct timeline noted for this requirement, Part VI.D.1.b.i. as currently 

written requires this provision be implemented within 30 days after the effective date of this 

Order.  This provision is a new requirement and the County will need additional time to develop 

an inventory of its facilities that are potential sources of storm water pollution. 

 

   Recommendation 

Revise to read:  “Each Permittee shall developmaintain an updated inventory of all Permittee-

owned or operated (i.e., public) facilities within its jurisdiction that are potential source of storm 

water pollution within one year of the effective date of this Order.” 

103 Inventory for Retrofitting 

Opportunities – Time to 

Implement 

Vi.D.8.d.i. 

[Page 94] 

Because there is no distinct timeline noted for this requirement, Part VI.D.1.b.i. as currently 

written requires this provision be implemented within 30 days after the effective date of this 

Order.  This provision is a new requirement and the County will need additional time to develop 

an inventory of existing Development for Retrofitting Opportunities. 

 

   Recommendation 

Revise to read:  “Each Permittee shall develop an inventory for retrofitting opportunities that 

meets the requirements of this Part VI.8.D within 2 years of the effective date of this Order. 

104 Contractual 

Requirements for BMPs 

VI.D.8.e.iv. 

[Page 96] 

This provision requires contractors hired by the Permittee to be contractually required to 

implement and maintain the activity specific BMPs listed in Table 18.  Flexibility is needed to 

allow Permittees to require implementation of their own equivalent set of BMPs.  This language 

is already included under the Development Construction Program in Part VI.D.7.h.iii. 
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104 

(cont.) 

Contractual 

Requirements for BMPs 

VI.D.8.e.iv. 

[Page 96] 

Recommendation 

For consistency with other parts of the Permit, revise to read:  “any contractors hired by the 

Permittee…shall be contractually required to implement and maintain the activity specific BMPs 

listed in Table 18 or an equivalent set of BMPs for the range of activities in Table 18. 

105 Integrated Pest 

Management Program – 

Time to Implement 

VI.D.8.g.ii. 

[Page 99] 

Because there is no distinct timeline noted for this requirement, Part VI.D.1.b.i. as currently 

written requires this provision be implemented within 30 days after the effective date of this 

Order.  This provision is a new requirement and the County will need additional time to develop 

an IPM program. 

 

   Recommendation 

Revise to read:  “Each Permittee shall implement an IPM program within one year of the 

effective date of the Order.  It shall thatincludes the following:” 

106 Integrated Pest 

Management 

VI.D.8.g.iii.(2) 

[Page 100] 

This requirement states that no application of pesticides or fertilizers should occur (1) when two 

or more consecutive days with greater than 50% chance of rainfall are predicted by NOAA, (2) 

within 48 hours of a ½-inch rain event, or (3) when water is flowing off the area where the 

application is to occur. This requirement does not apply to the application of aquatic pesticides.  

There are some herbicides, such as pre-emergent herbicides, that require rainfall for activation.  

The Permit needs to allow flexibility for application of such types of pesticides or herbicides. 

 

Recommendation 

Revise to read:  (3) when water is flowing off the area where the application is to occur. This 

requirement does not apply to the application of aquatic pesticides, or to herbicides that are 

required or allowed by their product label to be activated by rainfall.” 
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107 Trash Management at 

Public Events 

VI.D.8.h.iv.(c) 

[Page 101] 

This requirement states that catch basins, trash receptacles, and grounds in the event area be 

cleaned out within 24 hours subsequent to the event.  Many of these events occur during the 

weekend when crews are not available. 

 

Recommendation 

Revise to:  “Provide clean out of catch basins, trash receptacles, and grounds in the event area 

within 24 hours one business day subsequent to the event. 

108 Trash Management VI.D.8.h.v. 

[Page 101] 

Recommendation 

Clarify that these requirements only apply to areas not subject to a trash TMDL. 

109 Installation of Trash 

Excluders on Catch Basins 

in Areas Not Subject to a 

Trash TMDL 

VI.D.8.h.vii 

[page 102] 

This condition requires trash excluders or equivalent devices be installed on catch basins in 

areas that are not subject to trash TMDL’s within two years of adoption of this Order.  The two 

year time period is not feasible. 

   Recommendation 

We recommend that the timeline be extended to four years to allow for funding to be secured, 

locations to be identified, design to be prepared, contract to be issued for construction and 

maintenance, and installation of the devices. 

110 Road Reconstruction 

BMPs 

VI.D.8.iii(11, 12) 

[Page 105] 

This section requires various BMPs be implemented for Road Reconstruction work, including 

(11) Avoid stockpiling soil, sand, sediment, asphalt material and asphalt grinding materials or 

rubble in or near MS4 or receiving waters. 

(12) Protect Stockpiles must be protected with a cover or sediment barriers during a rain. 

 

For roads in mountainous areas, it is essential that we have the ability to stockpile native 

materials removed from the roads in selected areas adjacent to the roads for future 

maintenance needs.  It is not practical to haul away these materials and purchase similar 

materials for later use. 
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110 

(cont.) 

Road Reconstruction 

BMPs 

VI.D.8.iii(11, 12) 

[Page 105] 

Also, it is not feasible to cover stockpiles of native material along mountainous roads, or non-

native materials such as rip rap or gravel larger than 1-inch in diameter, as these materials will 

not wash away during rainfall events. 

 

   Recommendation 

Revise to read: 

(11) Avoid stockpiling non-native soil, sand, sediment, asphalt material and asphalt grinding 

materials or rubble in or near MS4 or receiving waters.  

(12) Protect non-native soil stockpiles with a cover or sediment barriers during a rain, except 

non-native materials such as rip rap or gravel that is larger than 1-inch in diameter. 

111 Parking Facilities 

Maintenance 

VI.D.8.i.iv.(1) 

[Page 105] 

This requirement specifies the use of street sweeping equipment for maintaining parking 

facilities clean.  This language is too prescriptive.  Permittees should be allowed to select the 

means and methods to maintain their parking lots. 

 

   Recommendation 

Revise to read:  “Permittee-owned parking lots exposed to storm water shall be kept clear of 

debris and excessive oil buildup and cleaned using street sweeping equipment no less than 

2 times per month…” 

112 Emergency Procedures VI.D.8.j.i.(3) 

[Page 105] 

Minor repairs may require more than one day to complete.  It may take several days to assess 

the damages, gather materials and supplies, conduct the repair work, and clean-up the site. 

 

   Recommendation 

Revise to read:  (3) Minor repairs of essential public service systems and infrastructure in 

emergency situations (that can be completed in three days less than one day) are not subject to 

the notification provisions. 
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113 Employee and Contractor 

Training 

VI.D.8.k.i & ii. 

[Page 106] 

This provision requires training of employees and contractors no later than 1 year after Order 

adoption and annually thereafter before June 30.  The language is not consistent with that 

under the Illicit Connections/Illicit Discharges Elimination Program, that provides Permittees the 

flexibility to provide the training themselves or include contractual requirements for training 

(VI.D.9.f.ii.). 

 

   Recommendation 

For consistency with other parts of the Permit, revise to read: 

(1) Each Permittee shall, no later than 1 year after Order adoption and annually thereafter 

before June 30, train all of their employees and contractors in targeted positions (whose 

interactions, jobs, and activities affect storm water quality), or include contractual requirements 

for training, on requirements of the overall storm water management program to: 

 

(2) Each Permittee shall, no later than 1 year after Order adoption and annually thereafter 

before June 30, train all of their employees and contractor who use or have the potential to use 

pesticides or fertilizers (whether or not they normally apply these as part of their work), or 

include contractual requirements for training. 
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114 General – Timelines for 

Written Standard 

Operating Procedures 

VI.D.9. 

[Pages E-106 – 

E-110] 

The Permit requires written standard operating procedures, written spill response plans, and 

for the IC/ID Elimination Program.  During the 2001 Permit term, the Model Program for 

Stormwater Quality Management Program was allowed approximately 6 months to be 

updated.  As the Permit will require inter-agency response and coordination, sufficient time is 

required to develop, update, and coordinate such procedures with various impacted 

municipalities and non-Permittee agencies. 

 

   Recommendation 

Provide a minimum of 9 to 12 months to update and develop new written procedures as 

necessary.  If written procedures are tied to the Watershed Management Plans (WMP) or 

individual Implementation Plans (IPs), additional time may be required to reflect any changes 

due to the WMPs and IPs. 

115 Illicit Discharge Source 

Investigation and 

Elimination 

VI.D.9.iv.(3) 

& 

VI.D.9.b.v. 

[Page 108] 

Requires the Permittee to initiate a permanent solution if the source of the illicit discharge 

cannot be traced, including diversion of the entire flow to the sanitary sewer or treatment. 

 

As previously commented, there may be situations where the illicit discharge is extremely 

difficult to trace, the responsible party/parties is/are not clear, diversion to the sanitary sewer 

is not feasible (due to the size or location of the discharge), or treatment is too cost 

prohibitive.  For example, the oil discharge discovered in January 2011 in the Dominguez 

Channel near 223rd Street in the City of Carson involved months of investigation involving 

multiple agencies and possible responsible parties.   The discharger(s) must be held responsible 

and be part of the solution.  

 

Even if there might be sufficient sanitary sewer capacity, the Permittee cannot guarantee 

diversion when that system is likely owned by another entity. 
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115 

(cont.) 

Illicit Discharge Source 

Investigation and 

Elimination 

VI.D.9.b.iv.(3) 

& 

VI.D.9.b.v. 

[Page 108] 

Recommendation 

Revise as follows: 

iv.(3)  If the source of the illicit discharge cannot be traced to a suspected responsible party, 

affected Permittees shall implement its spill response plan and then initiate a permanent 

solution as described in section 9.b.v below.. 

 

v. In the event the Permittee is unable to eliminate an ongoing illicit discharge following full 

execution of its legal authority and in accordance with its Progressive Enforcement Policy, or 

other circumstances prevent the full elimination of an ongoing illicit discharge, including the 

inability to find the responsible party/parties, the Permittee shall provide for diversion of the 

entire flow to the sanitary sewer or provide treatment.  In either instance, the Permittee(s) 

shall notify the Regional Water Board within 30 days of such determination and shall provide a 

written plan for review and comment that describes the efforts that have been undertaken to 

eliminate the illicit discharge, a description of the actions to be undertaken, anticipated costs, 

and a schedule for completion available information for the Regional Water Board to further 

and appropriate actions against the suspected discharger(s). 
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116 TMDLs  are Applicable to 

Receiving Waters 

VI.E.1.a. 

[Page 111] 

Part VI.E.1.a. This part provides that the Permittees shall achieve WLAs and meet the other 

requirements of TMDLs covering receiving waters impacted by the Permittees’ MS4 discharges.  

The Permit and its attachments are ambiguous, however, with respect to the application of 

those TMDLs to receiving waters as opposed to the MS4. 

 

   Recommendation 

Add as a final sentence to Part VI.E.1.a. the following:  “The TMDLs apply to the receiving waters 

identified in Attachments L-R.” 

117 Commingled Discharges VI.E.2.b. 

[Pages 111-112] 

As previously commented, 40 CFR section 122.26(a)(3)(vi) provides that “Co-Permittees need 

only comply with permit conditions relating to discharges for which they are operators.” This 

section was adopted in anticipation of intra-system, multi- or co-permittee approaches to storm 

water management, See In re City of Irving, Texas Municipal Separate Storm Sewer System, 

Environmental Administrative Decisions 111, 128 (EAB 2001), and thus this section applies to 

commingled discharges. Accordingly, the section on commingled discharges should make clear 

that where there is a commingled discharge to a receiving water, the Permittees who contribute 

to the commingled discharge are required to work together to assure that the waste load 

allocation is met, but no one Permittee is responsible for meeting the waste load allocation itself 

or is responsible for addressing pollutants that come from another Permittee’s MS4. The section 

on commingled discharges needs to be clarified to make this principle clear. 

 

Subparagraph iii states compliance shall be determined for the group as a whole. This 

contradicts subparagraph ii and 40 CFR § 122.26(a)(3)(vi) which provide that each Permittee is 

only responsible for discharges from the MS4 for which they are owners and/or operators. 

Subparagraph iii needs to be clarified to make clear that it is not intended to conflict with 

subparagraph ii. 
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117 

(cont.) 

Commingled Discharges VI.E.2.b. 

[Pages 111-112] 

Recommendation 

Add the following sentence at the end of subparagraph iii:  “A determination that the discharge 

of the group as a whole exceeds a waste load allocation or water quality standard shall not be 

construed to mean that the discharge of any one Permittee is not in compliance with the waste 

load allocation or water quality standard.” 

118 Commingled Discharges VI.E.2.b.iv. 

[Page 112] 

 

As previously commented, this section states that each Permittee is responsible for 

demonstrating that its discharge did not cause or contribute to an exceedance. For clarification, 

this section should be modified to provide that where a commingled discharge exceeds 

applicable water quality standard, all Permittees that have contributed to the commingled 

discharge are responsible for determining the source(s) of the pollutants. 

 

Recommendation 

For clarification, subparagraph iv should be replaced with, “For purposes of compliance 

determination all Permittees that have contributed to the commingled discharge are 

responsible for determining the source of the pollutants.” 

119 Commingled Discharges VI.E.2.b.v. 

[Page 112] 

 

As previously commented, this subparagraph addresses how a Permittee can demonstrate that 

its discharge did not cause or contribute to an exceedance. Where a Permittee receives 

commingled discharges from upstream permitted and non-permitted sources, the Permittee 

should be allowed to show that its discharge contains pollutants, the sources over which the 

Permittee does not have control. 

 

   Recommendation 

Add a subparagraph 4 that says, “Demonstrate that its discharge contains contributions from 

other sources, including but not limited to discharges of other Permittees, which have the 

potential to have caused or contributed to the exceedance at issue. 
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120 Compliance by 

Demonstration of No 

Discharge 

VI.E.2.b.v.1. 

[Page 112] 

As previously commented, item (1) states that compliance may be demonstrated if there is no 

discharge from the Permittee’s MS4 into the applicable receiving water. This language is not 

consistent with the sections for Interim WQBELs and/or RWLs or for Final WQBELs and/or RWLs. 

 

Recommendation 

Revise to read: “Demonstrate that there is no discharge from the Permittee’s MS4 into the 

applicable receiving water during the time period subject to the water quality based effluent 

limitation and/or receiving water limitation for the pollutant(s) associated with 

a specific TMDL;” 

121 Receiving Water 

Limitations Addressed by 

a TMDL 

VI.E.2.c.iii. 

[Page 113] 

This subparagraph provides that as long as a Permittee is in compliance with the applicable 

TMDL requirements in a time schedule order (TSO), it is not the Regional Water Board’s 

intention to take an enforcement action for violations of Part V.A. of this Order for the specific 

pollutant(s) addressed in the TSO.  While this is not the Regional Water Board’s intention, this 

would open Permittees up to third-party lawsuits.  Therefore, the reference to a TSO should be 

replaced with the Watershed Management Program. 

 

Recommendation 

Change the subparagraph to: “As long as a Permittee is in compliance with the Watershed 

Management Program, the Permittee shall not be in violation of the applicable Receiving Water 

Limitations.” 

122 The Final WQBEL Effluent 

Limitations and WLAs 

Should be Reflected as 

BMPs, Not Numeric 

Effluent Limits 

VI.E.2.e. 

[Page 114] 

If WQBELs or TMDL WLAs are included in the Permit they are not required to be reflected in the 

form of numeric effluent limits.  With respect to this Permit, it is an abuse of discretion to do so.  

If WQBELs or TMDL WLAs are included in the Permit, they should be reflected in the form of 

BMPs. 

RB-AR13940



County of Los Angeles Comments 

Draft Tentative Order No. R4-2012-XXXX, NPDES No. CAS004001 

TMDLs Page 66 08/02/2012 

Part VI.E.  Total Maximum Daily Load Provisions 

Comment 

# 

Permit 

Element/Issue/Concern 

Location in 

Draft Tentative 

Order 

Comment/Recommendation 

123 Final WQBELs and/or 

Receiving Water 

Limitations 

VI.E.2.e. 

[Page 114] 

The County is very concerned with staff’s proposal to express final TMDL WLAs as strict numeric 

WQBELs and/or Receiving Water Limitations in the Permit. The State Water Board's Blue Ribbon 

Panel (see Exhibit G - State Water Board Blue Ribbon Panel Final Report) found in 2006 that "it is 

not feasible at this time to set enforceable numeric effluent criteria for municipal BMPs and in 

particular urban discharges."  As mentioned in our Comment No. 27 regarding the proposed 

RWL language, in its response to public comments dated April 27, 2012, regarding the Draft 

Tentative Order for the renewal of the Caltrans MS4 Permit, State Water Board staff cited the 

Blue Ribbon Panel’s findings in defending its decision to not incorporate NELs in that Permit. 

State Water Board staff stated, “Consistent with the findings of the Blue Ribbon Panel and 

precedential State Water Board orders (State Water Board Orders Nos. WQ 91-03 and WQ 

91-04), this Order allows the Department [Caltrans] to implement BMPs to comply with the 

requirements of this Order.” (SWRCB Comment Response Report, for Caltrans MS4 Permit, April 

27, 2012, Page 2 of 110). 

 

State Water Board staff further noted that “in November 12, 2010, USEPA issued a revision to a 

November 22, 2002 memorandum in which the USEPA had ‘affirm[ed] the appropriateness of an 

iterative, adaptive management best management practice (BMP) approach’ for improving 

stormwater management over time. In the revisions, USEPA recommended that, in the case the 

permitting authority determines that MS4 discharges have the reasonable potential to cause or 

contribute to a water quality excursion, the permitting authority, where feasible (emphasis 

added), include numeric effluent limitations as necessary to meet water quality standards. 

However, the revisions recognized that the permitting authority’s decision as to how to express 

water quality based effluent limitations (WQBELs), i.e. as numeric effluent limitations or BMPs, 

would be based on an analysis of the specific facts and circumstances surrounding the Permit. 

Moreover, USEPA has since invited comment on the revisions to the memorandum and will be 

making a determination as to whether to ‘either retain the memorandum without change, to 

reissue it with revisions, or to withdraw it.’” (ibid). 
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123 

(cont.) 

Final WQBELs and/or 

Receiving Water 

Limitations 

VI.E.2.e. 

[Page 114] 

The Regional Water Board is not required to reflect the final WQBELs as numeric effluent limits. 

40CFR 122.44(k)(2) and (3) specifically authorizes the use of BMPs. The State Water Board, in its 

response to comments on the proposed Caltrans Permit, specifically said that it may “impose 

BMPs for control of storm water discharges in lieu of numeric effluent limitations,” citing section 

122.44(k)(2) and (3).  It has not been demonstrated that it is feasible to reflect the final WQBELs 

as numeric effluent limits. In addition, it has not been proven that these final WQBELs can 

currently be met. 

 

In this regard, although Regional Water Board staff stated during the May 3 workshop that it is 

feasible to incorporate NELs at this time, staff did not provide evidence to substantiate the 

feasibility of NELs. In assessing the feasibility of NELs in stormwater permits, the Blue Ribbon 

Panel based its evaluation on four criteria: (1) The ability of the State Water Board to establish 

appropriate objective limitations or criteria; (2) how compliance determinations would be made; 

(3) the ability of dischargers and inspectors to monitor for compliance; and (4) the technical and 

financial ability of dischargers to comply with the limitations or criteria (emphasis added). In 

response to a Regional Water Board member question regarding the cost to comply with 

TMDLs, staff responded that cost analyses were completed as part of TMDL development.  

Significantly, the analysis of costs in the TMDLs did not address the question of the financial 

ability of dischargers to comply with the limitations or criteria. Nor did the analysis include a 

cost-benefit analysis or address whether the means to comply with the TMDL was cost effective. 

The analyses in the TMDLs specifically did not include a cost benefit analysis or a determination 

of whether it was cost effective. It is also important to note that staff’s cost analyses were not 

held to the “reasonable assurance” standard, and no quantitative analyses were done to 

demonstrate that the BMPs assumptions used by staff would have a reasonable assurance of 

meeting TMDL standards. In fact, during TMDL development, many Permittees made comments 

to this end regarding staff’s cost analyses for TMDLs. The County agrees with State Water Board 

staff that NELs, numeric WQBELs and/or Receiving Water Limitations currently are not feasible 

in stormwater permits. Los Angeles Region MS4 dischargers should not be held to enforceable 

NELs when discharges into the MS4, such as from Caltrans and construction sites, are not being 

held to the same standard. 
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123 

(cont.) 

Final WQBELs and/or 

Receiving Water 

Limitations 

VI.E.2.e. 

[Page 114] 

The Regional Water Board staff has submitted no evidence that demonstrates that compliance 

with numeric WQBELs or WLAs is feasible.  The fact sheet contains no evidence.  Instead the fact 

sheet solely cites unidentified work allegedly performed in adopting the TMDLs.  That work is 

not set forth in the fact sheet, and no such work demonstrating feasibility has been performed.  

Indeed, when preparing the TMDLs, no analysis was performed as to whether TMDLs could be 

achieved under the MEP standard, or any other standard, and no analysis was performed of 

whether the implementation was feasible. 

 

To further evaluate the feasibility of the numeric approach and explore possible alternatives, the 

County conducted an extensive review and analysis of other Phase I permits, EPA guidance 

documents and policies, and other pertinent information.  The results of these analyses and 

additional related comments are contained in Exhibit K - TMDLs into SW Permits Review 

20Jul12, Exhibit Q - Comments TM LACMS4 TMDLs 21Jul2012, & Exhibit R - TMDL Compliance 

Assessment 21Jul2012, and hereby incorporated as part of this comment. 

 

Recommendation 

Revise the draft Permit to implement final TMDL WLAs using BMPs.  See Exhibit F – LACMS4 

Redlined TMDL Excerpts 20Jul2012Rev for suggested language. 

 

Alternatively, insert new section E.2.e.ii, “Two years before the compliance deadline for an 

applicable final water quality-based effluent limitation and/or final receiving water limitation, 

Regional Water Board shall evaluate progress made by Permittees toward compliance with the 

standard, including review of the results from Permittees’ adaptive management process 

(VI.C.6.), to determine whether the compliance timeline should remain unchanged, or if the 

Order should be revised to incorporate a new compliance timeline.” 
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124 The Permit Should not 

Contain Final WQBELs 

Based on TMDLs Where 

Compliance with the 

TMDL Will Occur After 

the Expiration Date of 

This Permit 

VI.E.2.e. 

[Page 114] 

The Permit is a five year permit.  Many of the TMDLs incorporated into the draft Permit contain 

compliance dates more than five years from the hearing on this Permit.  The Regional Water 

Board is not required to include WQBELs and WLAs that are applicable only after the expiration 

of the Permit.  The fact sheet and draft Permit contain no reason for doing so. 

 

It is an abuse of discretion for the Permit to contain WQBELs and WLAs that are applicable after 

the termination of the Permit.  It is also not good policy, as it could restrict the flexibility of the 

Regional Water Board and the Permittees to address these matters in subsequent permits. 

 

   Recommendation 

Delete all references in the Permit and attachments to final WQBELs or final WLAs that are not 

applicable until after the five year termination date of this Permit. 

125 The Permit Should 

Require Compliance with 

State Adopted TMDLs 

Where Final Compliance 

Dates Have Passed 

Through Implementation 

of BMPs Not Numeric 

Effluent Limits 

VI.E.4. 

[Page 116] 

For the reasons set forth above, the Permit is not required to reflect interim or final TMDL WLAs 

as numeric effluent limits.  The State Water Board’s Blue Ribbon Panel (see Exhibit G - State 

Water Board Blue Ribbon Panel Final Report) has found that it is not feasible to set numeric 

effluent limits at this time, and there is no evidence that the Permittees can comply with final 

wasteload allocations set forth in those TMDLs whose final compliance dates have passed.  

There is no evidence and the fact sheet contains no reference to any such evidence. 

 

At the time the TMDLs were adopted, there was no evidence submitted that the TMDLs 

wasteload allocations could be reached on the adopted, final compliance dates.  No analysis was 

made as to whether they could be accomplished through implementation of programs that met 

the MEP or any other standard. 

 

   It is an abuse of discretion for this Regional Water Board to adopt a permit with which the 

Permittees cannot comply.  If this Regional Water Board is going to require compliance with 

state adopted TMDLs where the adopted final compliance deadline has passed, then the 

Regional Water Board should require compliance through implementation of BMPs whether 

than numeric effluent limits. 

RB-AR13944



County of Los Angeles Comments 

Draft Tentative Order No. R4-2012-XXXX, NPDES No. CAS004001 

TMDLs Page 70 08/02/2012 

Part VI.E.  Total Maximum Daily Load Provisions 

Comment 

# 

Permit 

Element/Issue/Concern 

Location in 

Draft Tentative 

Order 

Comment/Recommendation 

125 

(cont.) 

The Permit Should 

Require Compliance with 

State Adopted TMDLs 

Where Final Compliance 

Dates Have Passed 

Through Implementation 

of BMPs Not Numeric 

Effluent Limits 

VI.E.4. 

[Page 116] 

Recommendation 

Part VI.E.4.a. should read as follows:  “Permittees shall address water quality-based effluent 

limitations and/or receiving water limitations in state-adopted TMDLs for which final compliance 

deadlines have passed either through a watershed management program or through 

implementation of BMPs that address those pollutants.  Exceedances of the WLAs should be 

addressed in the watershed management program or, if the Permittee is not participating in a 

watershed management program, in the Permittee’s integrated monitoring compliance report 

where required.” 

126 

 

Timeframe for Submittal 

of Request for TSO 

VI.E.4.b. 

[Page 116] 

Should the TSO option remain, allow Permittees at least 3 months from the date of the Permit 

adoption to request a TSO. 

 

Recommendation 

Revise to read: "...may within 45 days90 days request a time schedule order (TSO)..." 

127 Compliance Status during 

TSO Application Process 

VI.E.4.b. 

[Page 116] 

As previously commented, the process to request a TSO and its approval by the Regional Water 

Board can potentially last a long time.  Should the TSO option remain, the Permittees should be 

considered in compliance with the applicable receiving water limitations and/or water quality 

based effluent limitations from the initiation of the application process to its final approval. 

 

Recommendation 

Add as item e: "A Permittee that has applied for a TSO or is in compliance with the requirements 

of a Regional Water Board issued TSO is not considered in violation of the applicable final 

receiving water limitations and/or water quality based effluent limitations.” 

128 TMDL Reopeners TMDL Provisions As previously commented, several TMDLs, such as the Machado Lake Nutrients and Trash 

TMDLs, provide for reconsideration prior to final compliance deadlines.  The tentative order 

proposal does not reflect this. 

 

Recommendation 

For consistency, statements should be added to the TMDL provisions to reflect that the Regional 

Water Board will reconsider those TMDLs prior to their final compliance deadlines. 
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129 State Adopted TMDLs 

where Final Compliance 

Deadlines have Passed 

VI.E.4. 

[Page 116] 

The draft Permit language does not include any provisions for once TMDL limits are achieved. 

 

Recommendation 

Language should be added to state that compliance monitoring will be discontinued when the 

subject waterbody is delisted from the Clean Water Act section 303(d) list. 
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130 Numeric Action Level VI.C.1.f.iv. 

[page 46] 

Recommendation 

Provide a definition of “numeric action levels” in Attachment A. 

131 Event Mean 

Concentrations (EMC) 

VI.D.6.c.iii.3. 

[Page 72] 

Recommendation 

Provide a definition of “event mean concentrations” in Attachment A and provide more detail 

about where the referenced “published studies” can be obtained. 

132 Illicit Discharge [Page A-4 ] The definition should be consistent with federal law as set forth in 40 CFR § 122.26(b)(2). 

 

   Recommendation 

Revise the definition to follow 40 CFR § 122.26(b)(2) as follows:  “Illicit discharge means any 

discharge to a municipal separate storm sewer that is not composed entirely of storm water 

except discharges pursuant to a NPDES permit (other than the NPDES permit for discharges 

from the municipal separate storm sewer) and discharges resulting from firefighting activities. 

133 Outfall [Page A-7] Recommendation 

Add the definition of “outfall” in 40 CFR §122.26 (b)(9). 

 

“Outfall means a point source as defined by 40 CFR 122.2 at the point where a municipal 

separate storm sewer discharges to waters of the United States and does not include open 

conveyances connecting two municipal separate storm sewers, or pipes, tunnels or other 

conveyances which connect segments of the same stream or other waters of the United States 

and are used to convey waters of the United States.” 

134 Reasonable Assurance [Page A-8] See Comment No. 55. 

135 Receiving Water 

Limitation 

[Page A-8] Recommendation 

See Comment No. 28 in the Receiving Water Limitations section. 

136 Receiving Water 

Limitation 

[Page A-8] The Permit is ambiguous as to what constitutes a receiving water and what constitutes a 

municipal separate storm sewer. 
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136 

(cont.) 

Receiving Water 

Limitation 

[Page A-8] Recommendation 

Add the underlined sentence to the definition of receiving water so that it reads as follows:  A 

“water of the United States” into which waste and/or pollutants are or may be discharged.  All 

waters of the United States for which beneficial uses are designated in the Basin Plan are 

receiving waters under this Order and not municipal separate storm sewers. 

137 Acronyms  and 

Abbreviations 

[Page A-10] Recommendation 

Revise list to show the following:  ROWD; CERCLA; O&M; MEP; CIMP; IMP; WMPP; EIA; ESAs; 

TMRP; and PMRP. 
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138 Drainage Boundary General The HUC boundaries do not match the watershed boundaries.  This means that certain areas 

drain to different locations depending on whether you look at the HUC or Watershed 

boundary. 

 

   Recommendation 

Revise maps to match boundaries. 
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# 
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Location in 

Draft Tentative 
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Comment/Recommendation 

139 MS4 Map General MS4 Map appears to be a misnomer.  The “MS4” also includes municipal streets, curb and 

gutters, ditches, etc.  However, the maps in Attachment C do not show these portions of the 

MS4.  The maps also include Waters of the United States. 

 

   Recommendation 

Revise the title of Attachment C to:  Storm Drain MS4 Maps by Watershed Management Area 
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Order 

Comment/Recommendation 

140 Reporting III.H.3. 

[Page E-5] 

This section references Parts XVII.A.5 and XVII.A.7 of the MRP, which do not exist. 

 

141 Integrated Monitoring 

Programs Timeline 

IV.C.5. 

[Page E-8] 

The requirement to begin monitoring 30 days after the RB’s approval of the IMP and CIMP does 

not provide sufficient time. 

 

If a plan is submitted as part of a CIMP, at the minimum, the following steps must be followed 

to begin monitoring after the plan is approved by RB: 

1. Finalize agreement between all jurisdictions (estimated 3 months assuming all the 

terms of the agreement other than cost have been agreed upon.  Jurisdictions cannot 

commit to funding until the plan has been approved and finalized) 

2. Bring a consultant on board and develop site specific plans for the installation of the 

monitoring equipment  (estimated 6 to 8 months)  

3. Obtain various permits, i.e., Corps of Engineers, Fish and Game, Coastal Commission, 

encroachment, acquire property rights (if some of the monitoring stations cannot be 

installed/constructed within the existing right of way), identify utility conflicts 

(estimated 10 to 12 months) 

4. Advertise, award and construct/install monitoring stations (estimated 12 to 24 months) 

 

If plan is submitted as part of an IMP, at the minimum, the following steps must be taken prior 

to the start of monitoring after the plan is approved by RB:  

1. Bring a consultant on board and develop site specific plans for the installation of the 

monitoring equipment   (estimated 6 to 8 months)  

2. Obtain various permits, i.e. Corps of Engineers, Fish and Game, Coastal Commission 

encroachment, acquire property rights (some of the monitoring stations cannot be 

installed/constructed within the existing right of way), identify utility conflicts 

(estimated 10 to 12 months) 

3. Advertise, award and construct/install monitoring stations (estimated 12 to 24 months) 
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141 

(cont.) 

Integrated Monitoring 

Programs Timeline 

IV.C.5. 

[Page E-8] 

Regional Water Board has typically allowed 6 months or more to implement approved TMDL 

Coordinated Monitoring Plans.  The monitoring program being required in the draft Permit is 

much more complex than any TMDL CMP and potentially would also require more coordination 

amongst Permittees. 

 

   Recommendation 

Revise to read: 

Monitoring Implementation of the IMP or CIMP shall commence within 30 days 6 months after 

approval of the IMP or CIMP plan by the Executive Officer of the Regional Water Board. 

142 TMDL Monitoring Plans 

Los Angeles River 

Watershed – Table E-1 

Table E-1 

[Page E-12] 
The table indicates that the monitoring plan was not submitted for the LA River Nutrients 

TMDL.  Permittees submitted the monitoring work plan on March 23, 2005, which to the best 

of our knowledge was never approved by the Regional Water Board. 

 

  Recommendation 

Revise the Date of Final Plan submittal accordingly. 

143 Wet Weather Receiving 

Water Monitoring – 

Minimum Requirements 

VI.C.1.a. 

[Page E-14] 

The permit requirement states that the receiving water shall be monitored a minimum of three 

times per year for all parameters except aquatic toxicity, which must be monitored at least 

twice per year, or more frequently if required by applicable TMDL CMPs. 

 

Toxicity monitoring for wet weather should be limited to once a year since aquatic toxicity has 

been well characterized through past monitoring activities under the current permit. 

 

  Recommendation 

Revise to read:  “The receiving water shall be monitored a minimum of three times per year 

during the wet weather season for all parameters except aquatic toxicity, which must be 

monitored at least twice once per year, or more frequently if required by applicable TMDL 

CMPs. 
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144 Definition of “Wet 

Weather” for Receiving 

Water & Storm Water 

Outfall Based Monitoring 

VI.C.1.b & 

VIII.B.b. 

[Page E-14, E-17 

& E-18] 

“Wet weather” is defined differently for discharges to marine water (0.1” of precipitation 

determined from at least 50% of LAC-controlled rain gauges in the watershed) and freshwater 

(20% greater than base flow or as defined by effective TMDLs within the watershed). 

 

This will create practical challenges during sampling, as not all rain gauges provide data in real-

time, not all streams have gauges, and TMDLs may have different requirements.  It is better to 

limit determination based on a single or representative set of gauges that do provide real-time 

data, or are based on predicted rainfall. 

 

In addition, significant volumes of discharges from potable water suppliers, wastewater 

reclamation plants, etc., can account for more than the 20% threshold if the river is relatively 

dry.  Conflicts may also arise if different TMDLs have varying requirements for base flow. 

 

The definition should be consistent in order to develop consistent monitoring programs with 

comparable results.  Representative samples will not be comparable amongst monitoring 

programs.  Determination of base flow for unmonitored streams may be burdensome.  The 

definition of “wet weather” should also be based on predicted precipitation, not base flow. 

 

   Recommendation 

Allow Permittees to agree upon and propose one method, consistent with TMDL requirements, 

to determine sampling trigger conditions for wet weather monitoring to ensure data are 

comparable across monitoring programs. 
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145 Coordinating Receiving 

Water and Storm water 

Outfall Monitoring 

VI.C.1.c. & 

VIII.B.1.b.iv; 

Attachment F – 

XIII.C.2 

 

[Pages E-15, 

E-18, & F-18] 

The draft Permit proposes to require taking receiving water samples within 6 hours of taking 

storm water outfall samples.  Coordinating trigger conditions between many outfall and 

receiving water sites will be time consuming and burdensome, requiring complex telemetry 

and data management systems to ensure that triggering times are coordinated.  This condition 

is too prescriptive. 

 

This section could create conflicts if a Permittee decides to submit an IMP and other Permittees 

within the watershed submitted a CIMP.  The trigger for sampling in the receiving water for the 

IMP and the CIMP could be different and therefore generate inconsistent results. 

 

   Recommendation 

Eliminate this requirement and allow affected agencies to coordinate trigger conditions 

between outfall and receiving water sites using an approach that is reasonable and practical.  

The IMP or CIMP would include recommendations on the start of receiving water monitoring in 

relation to the start of outfall-based monitoring. 

146 Dry Weather Receiving 

Water Monitoring – 

Minimum Requirements 

VI.D.1.a. 

[Page E-15] 

One of the dry weather monitoring events “shall be during the month with the historically 

lowest instream flows.”  It is unclear how many years of data are required to determine the 

“historically lowest” month?  The sampling point may be in a stream not equipped with stream 

gauges.  If stream gauges records exist, it may be possible to have zero flows. 

 

 Recommendation 

Remove this requirement.  Sampling during dry weather should be just that, “sampling during 

dry weather” as defined in the MRP. 

 

Alternatively, revise as follows:  “One of the monitoring events shall be during the month with the 

historically lowest instream flows for the last 10 years, provided the instream data is available.” 
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147 Definition of “Dry 

Weather” for Receiving 

Water Monitoring 

VI.D.1.b.i. & ii. 

[Page E-15] 

“Dry weather” is defined differently for discharges to marine water (less than 0.1” of 

precipitation on days not less than three days after a rain event of 0.1 inch or greater, 

determined from at least 50% of LAC-controlled rain gauges in the watershed) and freshwater 

(less than 20 percent greater than the base flow or as defined by effective TMDLs within the 

watershed). 

 

This will create practical challenges during sampling, as not all rain gauges provide data in real-

time, not all streams have gauges, and TMDLs may have different requirements.  It is better to 

limit determination based on a single or representative set of gauges that do provide real-time 

data, or are based on predicted rainfall. 

 

In addition, significant volumes of discharges from potable water suppliers, wastewater 

reclamation plants, etc., can account for more than the 20% threshold if the river is relatively 

dry.  Conflict may also arise if different TMDLs have varying requirements for base flow. 

 

The definition should be consistent in order to develop consistent monitoring programs with 

comparable results.  Representative samples will not be comparable amongst monitoring 

programs.  Determination of base flow for unmonitored streams may be burdensome.  The 

definition of “dry weather” should also be based on precipitation, not base flow. 

 

  Recommendation 

Allow Permittees to agree upon and propose one method, consistent with TMDL requirements, 

to determine sampling trigger conditions for dry weather monitoring to ensure data are 

comparable across monitoring programs. 
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148 Receiving Water 

Monitoring – Aquatic 

Toxicity & Monitoring 

Methods 

VI.C.1.d.vi & 

VI.D.1.c.vii, XII.F 

& G 

[Page E-15 –  

E-16, & E-28 – 

E-30] 

As written, the permit requires 2 wet weather and 2 dry weather receiving water monitoring 

events tested for acute and chronic aquatic toxicity, and for dry weather, once during the 

month with the historically lowest instream flows. 

 

Aquatic toxicity has been well characterized through past monitoring activities, and should not 

require more than one sampling each for wet and dry weather. 

 

In addition, acute toxicity testing requires a minimum exposure of 48 hours, and chronic 

toxicity testing requires 5 days.  A storm event would rarely last beyond several hours, let alone 

48 hours or 5 days.  Toxicity testing should not be applied to wet weather samples.  Should 

toxicity testing during wet weather still be required, it should be limited to acute toxicity 

testing. 

 

   Recommendation 

Remove requirement to conduct toxicity testing for wet weather samples, or limit the testing 

to acute toxicity.  Aquatic toxicity monitoring in the receiving water should be conducted twice 

per year, once each during wet and dry weather. 

149 MS4 Map Elements VII.A. 

[Page E-16] 

It will be very difficult to fit all the information listed under this section on one map. 

  Recommendation 

The IMP and/or CIMP plan(s) shall include maps of the MS4 to include the following 

information: 

150 MS4 Map Elements – 

Open Channels and 

Underground Pipes 

VII.A.6. 

[Page E-16] 

The permit requirement is to map the location and length of all open channel and underground 

pipes 18 inches in diameter or greater.  Many of the pipes connecting to FCD catch basins are 

18 inches and greater, but would not need to be included on the map to get an accurate layout 

of the storm drain system. 

 

  Recommendation 

Revise to read: The location and length of all open channel and underground pipes 18 inches in 

diameter or greater (except for catch basin connector pipes). 
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151 MS4 Map – Major Outfall 

Catchment Areas 

VII.A.10. 

[Page E-16] 

The Permit requires mapping storm drain outfall catchment areas for each major outfall within 

the Permittee’s jurisdiction. 

 

Determination of accurate catchment areas will require extensive review of project files, 

topography maps, and field surveys to confirm catchment boundaries.  It will require more than 

six (6) months to a year to complete this task. 

 

  Recommendation 

Provide at least 2 years to complete this requirement  

152 Monitoring Locations for 

Storm Water Outfall 

Based Monitoring 

VIII.A.1. 

[Page E-17] 

As written, the Permit allows for monitoring of continuous flows at manholes and in channels 

as a discharge from an outfall.  We disagree with the concept of treating flows within a channel 

or manhole as an “outfall” discharge.  Such locations should be considered “alternative 

monitoring locations.” 

 

   Recommendation 

Revise as follows:  “Storm water discharges from the MS4 shall be monitored at major outfalls, 

and/or alternative monitoring locations, such as manholes or in channels or storm drains at the 

Permittee’s jurisdictional boundary.” 

153 Storm Water Outfall 

Based Monitoring – HUC 

12 

VIII.A.2. 

[Page E-17] 

In Part VIII.A, the permit requires monitoring at least one major outfall per sub-watershed (HUC 

12).  The prescriptive requirement to use HUC 12 subwatersheds is worrisome especially in the 

urbanized areas of the Greater Los Angeles Area.  The USGS developed the HUC system using 

topography maps, which may not reflect the true drainage patterns in an urbanized setting. 
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153 

(cont.) 

Storm Water Outfall 

Based Monitoring – HUC 

12 

VIII.A.2. 

[Page E-17] 

If the Permittee were to use HUC 12 boundaries, is implementing an IMP, and receives flows 

from other jurisdictions, the Permittee must conduct upstream outfall monitoring.  There are a 

number of jurisdictions which are covered by multiple sub-watersheds; e.g., the Cities of 

Torrance and Carson are covered by three HUC 12 sub-watersheds (see attached Exhibit L – 

storm drain unincorported_6x4 (A1)).  A similar situation occurs with several of the 

approximately 150 unincorporated county islands.  These cities and unincorporated county 

islands receive storm water flows from other jurisdictions.  Therefore, based the requirements 

of this section, if the Permittee is implementing an IMP, each City and unincorporated county 

island would be required to install six monitoring stations. 

 

The HUC 12 boundaries also do not coincide with the Watershed Management boundaries (see 

attached Exhibit L – storm drain unincorported_6x4 (A1)).  If Permittees submit plans as part of 

a CIMP, overlaps in boundaries may result in the same outfall monitoring locations being 

identified in multiple CIMPs submitted by the Watershed Management Groups. 

 

It is our assumption that the intention is not for unreasonable, redundant, and ineffective 

monitoring to be performed as a part of the outfall monitoring program.  As written, this 

section is overly prescriptive and would result in unintended consequences that may be 

infeasible to implement. 

 

   Recommendation 

Allow Permittees to design and implement a plan (IMP or CIMP), subject to Regional Water 

Board Executive Officer approval, that identifies outfall/monitoring locations that are 

representative of the land uses within the Permittee’s jurisdiction regardless of the number of 

sub-watersheds. 

154 Definition of “Significant 

Non-Storm Water 

Discharges” 

VII.A.11.e. 

[Page E-17] 

“Significant non-storm water discharges” is not defined on this page. 

  Recommendation 

Add “(as defined in Part IX.B.1.).” 

RB-AR13958
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155 Storm Water Outfall 

Based Monitoring 

Frequency 

VIII.B.1.a. 

[Page E-17] 

The Permit requires storm water discharges are to be monitored a minimum of three times per year 

for all parameters except aquatic toxicity, which must be monitored once per year (unless a 

proximate downstream receiving water monitoring location has not exhibited aquatic toxicity 

during the past two years).  

 

If repeated results from outfall monitoring do not exhibit aquatic toxicity, monitoring of aquatic 

toxicity should be discontinued. 

 

  Recommendation 

Revise as follows:  “Storm water discharges shall be monitored a minimum of three times per year 

for all parameters except aquatic toxicity, which shall be monitored once per year (unless a 

proximate downstream receiving water monitoring location has not exhibited aquatic toxicity 

during the past two years, or the outfall monitoring location has not exhibited aquatic toxicity for 

three consecutive years).” 

156 Storm Water Outfall 

Based Monitoring 

Frequency 

VIII.B.1.b.iii. 

[Page E-18] 

The draft Permit states:  “Monitoring of storm water discharges shall occur during wet weather 

conditions resulting from the first rain event of the year and at least two additional wet weather 

events within the same wet weather season. Permittees shall target the first storm event of the 

storm year with a predicted rainfall of at least 0.25 inch at a seventy percent probability of rainfall at 

least 24 hours prior to the event start time. Permittees shall target subsequent storm events that 

forecast sufficient rainfall and runoff to meet program objectives and site specific study needs. 

Sampling events shall be separated by a minimum of three days of dry conditions (less than 0.1 inch 

of rain each day).” 

 

These are varying triggers to start monitoring for TMDLs or at the mass emission stations within 

each watershed.   Therefore, data collected from each of these monitoring programs cannot be 

used for comparison purposes. 

 

  Recommendation 

Wet weather monitoring should be coordinated amongst outfalls, TMDLs, and mass emissions 

stations to ensure the results can be comparable. 
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157 Storm Water Outfall 

Based Monitoring – 

Sampling Methods 

VIII.C.2. 

[Page E-19] 

Editorial changes for clarification. 

 

   Recommendation 

Revise as follows:  “If a Permittee is not participating in an IMP or CIMP, the a flow-weighted composite 

sample of the for a storm water discharge shall be taken with using a continuous sampler.  The samples 

, or it shall be taken as a combination of a minimum of 3 sample aliquots, taken during in each hour of 

discharge forwithin the first 24 hours of the discharge or for the entire discharge if the storm event is 

less than 24 hours.   Each aliquot shall be being separated by a minimum of 15 minutes within each 

hour of discharge, unless the Regional Water Board Executive Officer approves an alternate protocol.” 

158 Non-Storm Water Outfall 

Based Screening and 

Monitoring/Screening & 

Monitoring Plan 

IX.A.1. 

[Page E-20] 

Six (6) months is not sufficient amount of time to develop a stand-alone outfall screening and 

monitoring plan.  The same resources will be used to develop the IMPs or the CIMPs and 

determining how to comply with the IMPs and CIMPs, since there is very little time to transition 

from the current Permit to the new Permit.  The same time should be allotted to prepare the 

IMP or the CIMP, and the non-storm water outfall based screening and monitoring plan.   

 

  Recommendation 

Delete the phrase, “or within six (6) months of effective date of this Order.” 

159 Definition of Significant 

Non-Storm Water 

Discharge 

IX.C.1.b. & 

IX.E.1.d. 

[Pages E-20 & 

E-21] 

One of the suggested determining criteria for a significant non-storm water discharge is:  b. 

Discharges for which existing monitoring data exceeds non-storm water Action Levels identified 

in Attachment G of this Order may be considered significant non-storm water discharges. 

 

A one-time exceedance of an action level may occur due to a one-time discharge or conditions 

that may have caused or contributed to that exceedance.  Since all major outfalls designated as 

having significant non-storm water discharges are prioritized for source identification, to 

minimize chasing after episodic exceedances, allow Permittees to focus resources on persistent 

discharges and exceedances. 
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159 

(cont.) 

Definition of Significant 

Non-Storm Water 

Discharge 

IX.C.1.b. & 

IX.E.1.d. 

[Pages E-20 & 

E-21] 

Recommendation 

b. Discharges for which existing monitoring data consistently exceeds (three or more 

consecutive exceedances) non-storm water Action Levels identified in Attachment G of this 

Order may be considered significant non-storm water discharges. 

160 Inventory of MS4 Outfalls 

with Non-Storm Water 

Discharges 

IX.D.2. 

[Page E-21] 

Recommendations 

d. Description of receiving water at the point of discharge – If the monitoring location is far 

from the receiving water and does not directly discharge into the receiving water, by CWA 

definition it would not be an outfall and must be noted as a monitoring location. 

 

i. Photographs of significant discharge – If the monitoring location is at a manhole, 

photographing the significant non-storm water discharge or indicators of discharge will be very 

costly due to the need for traffic control.  It may not be possible to visually confirm the flow 

and take a photograph. 

 

k. All diversions either upstream or downstream of the outfall – Clarify how far upstream or 

downstream of the major outfall the diversion should be to be for it to be included. 

 

l. Observations regarding discharge characteristics – If the monitoring locations are at 

manholes, visual confirmation of the existence of debris and floatables will be very costly due 

to the need for traffic control.  It may not be possible to make a visual confirmation. 

161 Definition of “Other 

Outfalls” 

IX.E.1.b 

[Page E-21] 

“Other outfalls” is used without a definition.  “Outfall” is clearly defined per 40 CFR 

§122.26(b)(9).  The Permit should not use “other outfalls” to refer to manholes or other 

potential points of monitoring. 

 

   Recommendation 

Conform to the definition of “outfall in 40 CFR § 122.26(b)(9) 
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162 Prioritized Source 

Identification 

IX.E.2 

[Pages E-21 – 

E-22] 

"The schedule shall ensure that source IDs are conducted for no less than 25% of the outfalls in 

the inventory within three years of the effective date of this order and 100% of the outfall 

within 5 years of the effective date of this order."   

 

Outfall inventory activities are ongoing and can change over time.  For example if 10 outfalls 

are found in 2012, then by 2017, all 10 should be source ID’ed.  Current language doesn't 

account for outfalls that may have new sources of non-stormwater discharges.  For example, 50 

outfalls are found in 2017.  Does this mean all 50 have to be sourced ID’ed that same year, 

based on it being 5 years from the effective date of the order? 

 

   Recommendation 

This provision should be reworded as follows:: "The schedule shall ensure that source IDs are 

conducted for no less than 25% of the outfalls in the inventory within three years of the 

effective date of this order 25% of outfalls are source ID’ed from date of inventory, and 100% 

of outfalls within 5 years of the effective date of this orderare source ID’ed from date of 

inventory." 

163 Monitoring Non-Storm 

Water Discharges 

Exceeding Criteria 

IX.G.1. 

[Page E-22] 

Monitoring of significant non-storm water outfall discharges that have significant non-storm 

water discharges within 90 days of identification or EO approval of CIMP or IMP may not be 

logistically feasible.  The County of Los Angeles has approximately 150 unincorporated County 

islands, with potentially 4 or more monitoring sites.  It is anticipated that some monitoring sites 

will be in underground storm drains.  To measure flows and take samples would require 

installing auto-samplers, which, similar to outfall monitoring stations, would require additional 

funds and extended period of time: 

1. Bring a consultant on board and develop site specific plans for the installation of the 

monitoring equipment  (estimated 6 to 8 months)  

2. Obtain various permits (i.e. encroachment) acquire property rights (some of the 

monitoring stations cannot be installed within the existing right of way), identify utility 

conflicts (estimated 10 to 12 months) 

3. Advertise, award and construct/install monitoring stations (estimated 12 to 24 months) 
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163 

(cont.) 

Monitoring Non-Storm 

Water Discharges 

Exceeding Criteria 

IX.G.1. 

[Page E-22] 

Recommendation 

Allow Permittees to determine a reasonable number of outfalls or alternative monitoring sites 

with significant non-storm water discharges to monitor each year, cover all watersheds over 

the Permit term, enough to perform parametric and non-parametric statistical analysis to 

determine trends. Based on the process and timeline discussed above, allow at least 30 months 

to begin monitoring. 

164 Southern California 

Stormwater Monitoring 

Coalition 

XI.B.1. 

[Page E-27] 

Recommendation 

Add San Bernardino as a county storm water agency. 

165 Aquatic Toxicity 

Monitoring Methods 

XII.B. 

[Page E-28] 

As currently proposed, aquatic toxicity monitoring must be conducted using flow-weighted 

composite sampling protocols.  This is reasonable and acceptable for wet weather events.  For 

dry weather events, flow rates rarely vary much over time.  Requiring flow-weighted 

composites for dry weather will cause costly and time consuming effort to calculate pace flow 

volumes for mostly previously unmonitored outfall sites. 

 

   Recommendation 

Add language to allow affected agencies to utilize time-weighted composite non-storm water 

sampling. 

166 Standard Monitoring and 

Reporting Provisions 

XIV.A.b.1. 

[Page E-36] 

This period may be extended by request of the Regional Water Board Executive Officer or 

USEPA at any time. 

 

   Recommendation 

This period may be extended by request of the Regional Water Board Executive Officer or 

USEPA at any time prior to the end of three years. 

167 Standard Monitoring and 

Reporting Provisions 

XIV.L. 

[Page E-39] 

The monitoring program required under this Permit would generate a very large amount of 

data including receiving water, TMDL, and outfall monitoring.  To QA/QC, format, and analyze 

such a large amount of information is not feasible within 90 days of sample collection. 
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167 

(cont.) 

Standard Monitoring and 

Reporting Provisions 

XIV.L. 

[Page E-39] 

Recommendation 

Allow 180 days. 

168 Reporting Monitoring 

Results in Writing 

XIV.M. 

[Page E-39] 

Related to Comment No. 29 in Part V, Receiving Water Limitations, 30 days of the 

determination and no later than 60 days after the receipt of the monitoring data is not 

sufficient time to do data analysis and determination. 

 

   Recommendation 

Revise to read: 

“…within 3090 days of the determination and no later than 60120 days after receipt of the 

monitoring data”. 

169 Estimated Baseline 

Percent of EIA 

XVII.A.3.b. & 

XVlll.A.1.a. 

[Pages E-41& 

E-42] 

The purpose for these requirements is not clear and the burden is substantial.  The 

requirement to determine the EIA baseline and the cumulative change in EIA would be 

extremely difficult due to the large and highly dense urban area within Los Angeles County. 

   Recommendation 

Delete these requirements. 

170 Effectiveness Assessment 

of Storm Water Control 

Measures 

XVIII.A.2.a. 

[Page E-42] 

MRP requires a rainfall summary that includes the highest “volume” event expressed in 

inches/24hrs. Inches of rainfall in a 24-hr period is not a “volume”.  Furthermore, a watershed 

with high imperviousness can generate higher “runoff volumes” with lower “rainfall 

precipitation” than a watershed with low imperviousness and higher “rainfall precipitation”. 

 

   Recommendation 

Since it refers to a Rainfall Summary, revise to “event with the highest precipitation 

(inches/24hrs).” 

171 Effectiveness Assessment 

of Storm Water Control 

Measures 

XVIII.A.2.b. 

[Page E-43] 

Same as Comment No. 170.  Permit refers to total storm volume (in inches). 

 

   Recommendation 

Refer to “total storm rainfall precipitation (inches).” 
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172 Receiving Water and 

Outfall Monitoring 

VI.C, D, VIII.A,B, 

IX.A,B,D,F,G 

[Pages E-14 – 

E-24] 

There is no consistency in the naming conventions of wet weather monitoring, stormwater 

monitoring, dry weather monitoring, non-stormwater monitoring.  For example, Part VI.C. is 

called “Minimum Wet Weather Receiving Water Monitoring Requirements” while Part VIII. Is 

called “Storm Water Outfall Based Monitoring.”  It is not clear whether “Wet Weather” and 

“Storm water” are being used interchangeably.  If yes, the Permit should be revised so only one 

term is used.  Otherwise, define both terms.  This concern also applies to “Dry Weather” and 

“Non-Storm Water.” 

 

   Recommendation 

Be consistent in the use of terminology, or clearly define terms if they are not interchangeable. 

173 Rainfall Records Attachment E  

 

Throughout Attachment E there are references to measuring and reporting rainfall totals (or 

making monitoring decisions based on rainfall amounts).  There are several rain gauges 

throughout the County.  The document does not mention a specific rain gauge.  Note that some 

gauges are manual and would not be able to provide real-time rainfall data, and some have 

real-time telemetry but may be subject to transmission errors. 

 

   Recommendation 

If Permittee(s) choose to use rain gauge data to trigger monitoring activities, allow use of rain 

gauges that are representative of the watershed being monitored. 

174 Reference Watershed 

Flow Duration Curve for 

Natural Drainage System 

XVIII A.2d. 

[Page E-43] 

As written, the Permit requires developing a reference watershed flow duration curve for a 

natural drainage system and comparing it to a flow duration curve for the subwatershed under 

current conditions.  Stream gage information is necessary to develop a flow duration curve.  

Stream gauge information is limited to specific locations and is not available for all streams. 

 

   Recommendation 

Revise as follows: “For natural drainage systems, develop a reference watershed flow duration 

curve and compare it to a flow duration curve for the subwatershed under current conditions, 

provided stream gauge information is available.” 
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175 Identifying Exceedances XVIII.A.5.a. 

[Page 44 ] 

All exceedances must be identified in the Integrated Monitoring Compliance Report, even if 

there is only a single exceedance.  

 

   Recommendation 

The reporting threshold should be set higher (e.g., 3 exceedances in a row) to focus on 

persistent issues, not one time occurrences. 

176 Santa Clara River 

Nitrogen Compounds 

TMDL 

XIX.A. Since the impairment for the Santa Clara River for Nitrogen Compounds was removed from the 

303(d) list, the TMDL should not be included in the MS4 Permit. 

 

Recommendation 

Remove all references to the Santa Clara River Nitrogen Compounds TMDL from the MS4 

Permit and all attachments. 

177 Santa Monica Bay  

Nearshore and Offshore 

Debris TMDL – TMRP 

Implementation 

XIX.B. 

[Page E-50] 

The Permit requires starting the implementation of the Trash Monitoring and Reporting Plan 

(TMRP) 30 days from receipt of the letter of approval from the Regional Water Board Executive 

Officer, or the date a plan is established by the Executive Officer.  The TMDL itself provides for 

6 months, not 30 days, to start implementation, and this requirement is part of the Basin Plan 

[cq] 

 

   Recommendation 

Revise the TMRP implementation start date to match that set within the TMDL. 

178 Santa Monica Bay  

Nearshore and Offshore 

Debris TMDL – TMRP and 

PMRP Results Submittal 

XIX.B. 

[Page E-50] 

The Permit requires TMRP and PMRP results to be submitted by December 15, 2013, and 

annually thereafter.  The timeline is unreasonable; the December 2013 report will not have any 

monitoring results.  The CIMP is due 12 months after the effective date of this Order, or 

October 2013.  Assuming it takes the Regional Water Board a few months to review and 

approve the CIMP (by early 2014), it will take 6 months to ideally a year to initiate monitoring.  

The first monitoring data will not be available until mid-2014 to early 2015. 

 

   Recommendation 

Change deliverable to reflect status updates, not only the results of the TMRP and PMRP. 
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179 Malibu Creek Watershed 

Trash TMDL – TMRP 

Results Submittal 

XIX.A. 

[Page E-51] 

The Permit requires TMRP results to be submitted by December 15, 2013, and annually 

thereafter.  The timeline is unreasonable; the December 2013 report will have limited results.  

Per the TMDL, the CMP is due September 2012.  Assuming it takes the Regional Water Board a 

few months to review and approve the TMRP (by early 2013), and the TMDL provides 6 months 

to initiate monitoring.  The first monitoring data will not be available until mid-2013.  Only 

partial-year results may be reported by December 15, 2013. 

 

   Recommendation 

Change the TMRP due date to a minimum of one year after the start of monitoring. 

180 Reporting Deadlines for 

San Gabriel River Metals, 

Puddingstone Reservoir 

Nutrient, Puddingstone 

Reservoir Mercury, and 

Puddingstone Reservoir 

PCBs and OC Pesticides 

TMDLs 

XIX. 

[Pages E-65 ~ 

E-67] 

The RWQCB is requesting annual reporting of monitoring results to begin on Dec. 15, 2012.  

This would only be 4 months after the adoption of the Permit and before the monitoring plan is 

even required to be submitted to the RWQCB. 

 

  Recommendation 

An Annual Monitoring Report should not be due until 2 years after the monitoring plan is 

approved.  This allows 6 months to create a scope for monitoring and hire a contractor, 1 year 

for monitoring, and 6 months to prepare the monitoring report. 

181 Submission Deadlines for 

San Gabriel River Metals  

and Los Cerritos Channel 

Metals Implementation 

Plans 

XIX.E & F 

[Pages E-65 & 

E-69] 

If an IMP or CIMP is due to the RWQCB 9 to 12 months after adoption of the Permit and the 

Watershed Management Program is due to the RWQCB 1 year after adoption of the Permit, it 

is infeasible to assume an implementation plan can be developed and delivered to the RWQCB 

prior to the submittal of the IMP or CIMP and implementing the monitoring program. 

 

   Recommendation 

Deadlines to develop and submit the Implementation Plan should be proposed in the 

Watershed Management plan, and after monitoring data is obtained from the IMP or CIMP..  

This will allow sufficient time to use the data obtained from the IMP or CIMP to inform the 

decisions made in the Implementation Plan. 

182 Legg Lake Trash TMRP 

Reports & TMRP Reports 

MFAC 

XIX.E. 

[Page E-65] 

As written, the Permit requires reporting of Permittee(s) compliance with the installation of full 

capture systems.  Per the RWQCB approved TMRP full capture devices or a MFAC program 

were not required for the responsible parties to be in compliance with the TMDL.  
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182 

(cont.) 

Legg Lake Trash TMRP 

Reports & TMRP Reports 

MFAC 

XIX.E. 

[Page E-65] 

Recommendation 

Remove this reporting requirement from the Permit.  Alternatively, revise as follows: “Report 

compliance with the approved TMRP.” 

183 Colorado Lagoon Annual 

Monitoring Reports 

XIX.F. 

[Page E-70] 

Providing a date for when the monitoring plan is due is infeasible since there is no way to tell 

when CLTMP will be approved by the RWQCB.  

 

   Recommendation 

An Annual Monitoring Report should not be due until 2 years after the monitoring plan is 

approved.  This allows 6 months to create a scope for monitoring and hire a contractor, 1 year 

for monitoring, and 6 months to prepare the monitoring report. 
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184 Description of the Los 

Angeles County MS4 

II.A. 

[Page F-4] 

The County objects to the description of the MS4 covered under the Permit on F-4 as the “Los 

Angeles County MS4,” as this title unfairly suggests that the County has principal responsibility 

for this MS4.  This is not the case, as is discussed elsewhere in these comments.  It is requested 

that the MS4s be referred to simply as “MS4s subject to this Order.” 

 

   Recommendation 

Replace all mentions of “Los Angeles County MS4” in Order with “MS4s subject to this Order.” 

185 MS4 in the County II.A. & Table F-2 

[Page F-4 – F-5] 

On Page F-5, it is stated that the MS4 in the County is “controlled in large part by the Los 

Angeles County Flood Control District (LACFCD), among others . . . . “  In fact, since the MS4 is 

defined to include not only catch basins, storm drains and channels but also “roads with 

drainage systems, municipal streets, catch basins, curbs, gutters, ditches, man-made channels, 

or storm drains,” 40 CFR § 122.26(b)(8) (quoted in footnote 1 of the Fact Sheet), the actual 

extent of the MS4 within the boundaries of the LACFCD is much greater than set forth in Table 

F-2.  For example, the length of the MS4 including streets, storm drains and channels is 

approximately 31,000 miles.  Only about 2,900 miles of that total is comprised of flood control 

infrastructure operated by the LACFCD, and of that subtotal, the majority of the open channels 

operated by the LACFCD are in fact “receiving waters” under the Permit and thus not MS4. 

 

Also, Table F-2 needs to be corrected to reflect the correct land area for the County, which 

does not include federal national forest lands or the land areas of incorporated cities. 

 

   Recommendation 

Delete “controlled in large part by the Los Angeles County Flood Control District (LACFCD), 

among others” on Page F-5. 

 

Table F-2 should be modified in the following ways.  First, the entry for LA County in the table 

should be also for the LACFCD.  Second, the area in square miles shown for LA County should 

be 3,100 minus national forest lands and incorporated areas.  Also, there should be a notation 

that open channels may constitute receiving waters, not part of the MS4. 
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186 Regulatory Background IV.A.1. 

[Page F-21] 

In the first full paragraph on Page F-21, regarding non-stormwater discharges to the MS4, it is 

stated that the federal stormwater regulations treat storm water and non-storm water 

discharges “from MS4s” with requirements that “are significantly different.”  This is not 

correct.  It is correct that the Maximum Extent Practicable (“MEP”) standard required by 33 

U.S.C. § 1342(p)(3)(B)(iii) does not apply to discharges of non-stormwater to the storm sewer, 

which is subject to 33 U.S.C. § 1342(p)(3)(B)(ii).  However, the regulations treat both 

stormwater and non-stormwater equally once they are in the MS4 and are to be discharged.   

 

The Clean Water Act states that the MS4 permit "shall require controls to reduce the discharge 

of pollutants to the maximum extent practicable . . . .". 33 U.S.C. § 1342(p)(3)(B)(iii) (emphasis 

supplied).  The Act does not parse between the discharge of non-stormwater and stormwater.  

Moreover, the preamble to the federal stormwater regulations also acknowledges that "MEP 

control measures" would be implemented to address not only pollutants in "stormwater" but 

also from "non-stormwater discharges." 

 

   The preamble states: 

 

[Permittees are required] to develop management programs for four types of pollutant  

sources which discharge to large and medium municipal storm sewer systems. Discharges 

from [such systems] are usually expected to be composed primarily of: (1) Runoff from  

commercial and residential areas; (2) storm water runoff from industrial areas; (3) runoff 

from construction sites; and (4) non-storm water discharges.  Part 2 of the permit application  

has been designed to allow [permittees] the opportunity to propose MEP control measures 

for each of these components of the discharge."  

 

55 Fed. Reg. at 48052 (emphasis supplied). 
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186 

(cont.) 

Regulatory Background IV.A.1. 

[Page F-21] 

This language sets forth USEPA's understanding of the plain language of the Act: "pollutants" 

must be controlled to the MEP from the MS4 "discharge," not merely stormwater.  To correct 

these errors, we suggest the following changes: 

 

   Recommendation 

On November 16, 1990, USEPA published regulations to implement the 1987 amendments to 

the CWA. (55 Fed. Reg. 47990 et seq. (Nov. 16, 1990)). The regulations establish minimum 

requirements for MS4 permits. The regulations address both storm water and non-storm water 

discharges from MS4s.; however, the minimum requirements for each are significantly 

different. This is evident from USEPA’s preamble to the storm water regulations, which states 

that “Section 402(p)(B)(3) [of the CWA] requires that permits for discharges from municipal 

separate storm sewers require the municipality to “effectively prohibit” non-storm water 

discharges from the municipal storm sewer … Ultimately, such Nnon-storm water discharges 

through a municipal separate storm sewer system must either be removed from the system or 

become subject to an NPDES permit” (55 Fed. Reg.47990, 47995 (Nov. 16, 1990).5 USEPA 

states that MS4 Permittees are to begin to fulfill the “effective prohibition of non-storm water 

discharges” requirement by: (1) conducting a screening analysis of the MS4 to provide 

information to develop priorities for a program to detect and remove illicit discharges, (2) 

implementing a program to detect and remove illicit discharges, or ensure they are covered by 

a separate NPDES permit, and (3) to control improper disposal into the storm sewer. (40 CFR § 

122.26(d)(2)(iv)(B).) These non-storm water discharges therefore are not subject to the MEP 

standard. 

187 Storm water and Non-

Storm water  

IV.A.2. 

[Page F-22] 

The statement on Page F-22 that “non-precipitation related discharges are not storm water 

discharges and, therefore, are not subject to the MEP standard in CWA section 402(p)(3)(B)(iii)” 

is incorrect.  Such discharges are subject to the MEP standard as part of the total discharge, 

along with stormwater and other flows, from the MS4.  Their discharge into the MS4 is subject 

to the “effectively prohibit” standard set forth in the Act, as the Fact Sheet notes.  See 

preceding discussion. 
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187 

(cont.) 

Storm water and Non-

Storm water 

IV.A.2. 

[Page F-22] 

Recommendation 

The last two sentences of the first paragraph on this page should be deleted. 

188 Non-Storm Water 

Regulation 

IV.A.3. 

[Page F-22] 

Section IV.A.3 uses language from the preamble the federal stormwater regulations to support 

an argument that “regulation of non-storm water discharges through an MS4 is not limited to 

the MEP standard in CWA section 402(p)(3)(B)(iii).” 

 

The preamble language quoted in this section defines “illicit discharge.”  However, the actual 

definition of “illicit discharge,” contained in the Code of Federal Regulations, does not support 

this argument.  “Illicit discharge” is defined in 40 CFR section 122.26(b)(2) to be:  “Illicit 

discharge means any discharge to a municipal separate storm sewer that is not composed 

entirely of storm water except discharges pursuant to a NPDES permit (other than the NPDES 

permit for discharges from the municipal separate storm sewer) and discharges resulting from 

firefighting activities.”  (emphasis supplied).  The plain language of this regulation controls over 

ambiguous comments in the Preamble.   

 

The use of “through” in the Preamble is ambiguous in this context, since the question being 

addressed in Section IV.A.3 are discharges “from the MS4.”   And, other Preamble language 

contradicts the conclusions in Part IV.A.3 by indicating that the discharge from an MS4 system 

is also composed of “non-stormwater discharges.”  See Comment No. 186 on Section IV.A.1 of 

the Fact Sheet, above. 

 

   Recommendation 

Section IV.A.3 should be deleted. 

189 Monitoring of Discharges 

Permitted under NPDES 

Permit No. CAG990002 

IV.A.5. 

[Page F-27] 

In the last sentence in the first full paragraph on Page F-27, concerning discharges permitted 

under NPDES Permit No. CAG990002, it is stated that notice to MS4 operators, including the 

LACFCD, has been added “to ensure that Permittees are aware of the requirement and can 

monitor the discharge to the MS4 as appropriate.”  While a Permittee can voluntarily monitor 

such discharge, it is the discharger which has the responsibility for monitoring its discharge, not 

the Permittee. 
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189 

(cont.) 

Monitoring of Discharges 

Permitted under NPDES 

Permit No. CAG990002 

IV.A.5. 

[Page F-27] 

Recommendation 

The final clause of this sentence should be modified as follows:  “and can monitor the discharge 

to the MS4 or require monitoring by the discharger, as appropriate.” 

190 Technology-Based 

Effluent Limitations 

IV.B. 

[Page F-30] 

On Page F-30, the Fact Sheet states that “Section 301(b)(1)(A) of the CWA and 40 CFR section 

122.44(a) require that NPDES permits include technology based effluent limits” and that the 

MEP standard is the “applicable federal technology based standard that MS4 owners and 

operators must attain to comply with their NPDES permits.”  To avoid confusion, we note that 

Defenders of Wildlife v. Browner, 191 F.3d 1159 (9
th

 Cir. 1999) holds that MS4 operators are not 

required to apply the technology-based requirements of Section 301 of the Clean Water Act.  

The MEP standard is “technology-based,” but in the sense that it does not require compliance 

with water quality standards, not in the sense that it is a technology based effluent limit 

derived from CWA Section 301.  Footnote 16 of the Fact Sheet accurately states this distinction. 

191 MEP Standard IV.B. 

Footnote 12 

[Page F-30] 

Footnote 12 states, “Note that the MEP standard only applies to storm water discharges from 

the MS4.  Non-storm water discharges are subject to a different standard – specifically, non-

storm discharges through the MS4 must be effectively prohibited.”  For the reasons discussed 

above, this statement is wrong based both on the clear language of the CWA and the Preamble 

to the federal stormwater regulations.  All discharges from the MS4 are subject to the MEP 

standard, not merely stormwater discharges. 

 

   Recommendation 

Delete Footnote 12. 
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192 Water Quality-Based 

Effluent Limitations 

IV.C. 

[Pages F-31 – 

F-34] 

With respect to the discussion of the inclusion of WQBELs in the Permit, several points are 

ignored or mis-stated in the Fact Sheet.  First, Section 402(p)(3)(B)(iii) of the CWA provides that 

an MS4 permit  “shall require controls to reduce the discharge of pollutants to the maximum 

extent practicable, including management practices, control techniques and system, design 

and engineering methods, and such other provisions as the Administrator or the State 

determines appropriate for the control of such pollutants.”  As the Fact Sheet recognizes (on 

Page F-32), this section does not require the inclusion of WQBELs but makes their inclusion 

discretionary.  Thus, if the Regional Water Board includes WQBELs in the Permit, it must do so 

in a way in which it does not abuse that discretion. 

 

The Fact Sheet states (on Page F-32) that the State Water Board had previously concluded that 

sole reliance in MS4 permits on BMP-based requirements was not sufficient to ensure the 

attainment of water quality standards, citing State Water Board Order No. 2001-015.  In this 

order, the State Board actually determined that the iterative process applied to the 

requirement to comply with water quality standards, and the State Board determined that the 

permit in question “does not require strict compliance with water quality standards . . . .” 

Order No. 2001-15, at 7.  Thus, the Order does not appear to be support for the Fact Sheet’s 

statement. 

 

The Fact Sheet states that “WQBELs are included where the Regional Water Board has 

determined that discharges from the MS4 have the reasonable potential to cause or contribute 

to an excursion above water quality standards,” citing 40 CFR § 122.44(d)(1)(i-iii) and 

122.44(d)(1)(vii)(B).  These regulations, however, do not apply to MS4 permits.  Pursuant to 40 

CFR § 122.44, an NPDES permittee is required to comply with various provisions under 122.44, 

including the above-cited regulations, only “when applicable.” (40 C.F.R § 122.44 states that 

NPDES permits should contain the requirements set forth in that section “when applicable.”)  
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192 

(cont.) 

Water Quality-Based 

Effluent Limitations 

IV.C. 

[Pages F-31 – 

F-34] 

Subparagraphs 122.44(d)(1)(i-iii) and (vii)(B) are subsections of subparagraph 122.44(d)(1).  

Subparagraph 122.44(d)(1) is captioned “Water quality standards and State requirements” and, 

consistent with that caption, sets forth requirements “necessary to: (1) achieve water quality 

standards . . . .”  Pursuant to 33 U.S.C. § 1342(p)(3), however, municipal stormwater discharges 

are not required to comply with water quality standards.  Provisions in subparagraph 

122.44(d)(1) are thus not applicable. 

 

   This result comes from the plain language of the Clean Water Act,  as confirmed by the Ninth 

Circuit in Defenders of Wildlife.  33 U.S.C. § 1342(p)(3) provides in pertinent part: 

 

(A) Industrial discharges 

 

Permits for discharges associated with industrial activity shall meet all applicable 

provisions of this section and Section 1311 of this title.   

 

(B) Municipal discharge 

 

Permits for discharges from municipal storm sewers – . . . (iii) shall require controls to 

reduce the discharge of pollutants to the maximum extent practicable, including 

management practices, control techniques and system, design and engineering 

methods, and such other provisions as the Administrator or the State determines 

appropriate for the control of such pollutants  

 

(emphasis added). 
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192 

(cont.) 

Water Quality-Based 

Effluent Limitations 

IV.C. 

[Pages F-31 – 

F-34] 

The CWA, in 33 U.S.C. §1311(b)(1)(C), required that NPDES permits include effluent limitations 

necessary to meet water quality standards no later than July 1, 1977.  This provision is not 

applicable to municipal stormwater permits.  As the Ninth Circuit held in Defenders, section 

“1342(p)(3)(B)(iii) replaces the requirements of § 1311 with the requirement that municipal 

storm-sewer dischargers ‘reduce the discharge of pollutants to the maximum extent 

practicable’ . . . In the circumstances, the statute unambiguously demonstrates that Congress 

did not require municipal storm-sewer discharges to comply strictly with 33 U.S.C. § 

1311(b)(1)(C).” 191 F.3d at 1165 (emphasis in original). 

 

Because MS4 permits are not required to obligate MS4 Permittees to meet water quality 

standards, the portions of 40 CFR § 122.44 that address compliance with those standards do 

not apply.  Because there is no requirement that an MS4 permit include provisions that require 

compliance with water quality standards, there is no requirement that WQBELs or TMDL WLAs 

be included in the MS4 permit.  Such WLAs may instead be expressed in the form of BMPs. 

 

   Recommendation 

Modify the discussion on Pages F-31 to F-34 to correct the existing text to reflect the points 

made above.  

193 2010 USEPA 

Memorandum 

IV.C. 

Footnotes 24 & 

25 

[Pages F-33 & 

F-34] 

The Fact Sheet cites, in two footnotes, a 2010 USEPA memorandum which revised an earlier 

USEPA memorandum, dated November 22, 2002, regarding the inclusions of TMDL WLAs in 

MS4 permits.  Due to substantial objections regarding the conclusions and non-regulatory 

origin of this memorandum (Exhibit E – NACWA 1-28-11 Municipal Letter to EPA), USEPA issued 

a letter on March 17, 2011 requesting formal comments on this memorandum and indicating 

that it would be making a decision by August 2011 whether to affirm the memorandum, revise 

it or withdraw it.  No decision on the memorandum has been made to date.  Also, the 2010 

USEPA memorandum is a guidance memorandum, which the Agency has stated has no binding 

effect on any person, including USEPA, states or any regulated party.  Given these facts, we 

believe that this memorandum should not be cited as authority in the Fact Sheet. 
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193 

(cont.) 

2010 USEPA 

Memorandum 

IV.C. 

Footnotes 24 & 

25 

[Pages F-33 & 

F-34] 

Recommendation 

Remove citation to the 2010 memorandum in Footnote 24 and delete Footnote 25. 

194 Rationale for Receiving 

Water Limitations 

V. 

[Pages F-35 – 

F-38] 

On Pages F-35 to F-38, the Fact Sheet sets forth a rationale for the receiving water limitations 

(“RWL”) provisions in Part V of the Order.  There are a number of statements in this rationale 

which require correction.  The Fact Sheet cites authorities that are not applicable to MS4 

permits or stand for different propositions than as cited in the Fact Sheet. 

 

It is first noted that the Phase II Stormwater Regulations final rule is cited.  This rule does not 

cover large and medium MS4s and thus is not authority for the Order. 

 

   While the attainment of water quality standards is an appropriate goal for any MS4 permit, the 

means of attempting to attain those standards, and the point of compliance for the Permittees 

in the Permit, is critical, as demonstrated by the Ninth Circuit’s decision in Natural Resources 

Defense Council v. County of Los Angeles, 673 F.3d 880 (9
th

 Cir. 2011), cert. granted, __ U.S. __ 

(June 25, 2012).  In that decision, the Ninth Circuit disregarded language in Order No. 01-182 

providing that the means of complying with Part 2.2 of that permit, which prohibits discharges 

that “cause or contribute to violations of water quality standards,” was to engage in the 

iterative process set forth in Part 2.3.  The Ninth Circuit instead held that each subsection of 

Part 2 of the Permit was to be enforced separately, including Part 2.2 and its “cause or 

contribute” prohibition. 

 

We note that the court’s opinion ignored the statement of former Board Chair and current 

Board Member Francine Diamond (see Exhibit M - RWQDB Francine Diamond Letter 1-30-

2002) and the sworn written testimony of then-Executive Officer Dennis Dickerson that Part 

2.2 was to be read in conjunction with Part 2.3, and that exceedances of water quality 

standards would not per se subject the Permittees to liability under the Permit and the CWA. 
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194 

(cont.) 

Rationale for Receiving 

Water Limitations 

V. 

[Pages F-35 – 

F-38] 

The Fact Sheet (at Page F-35) incorrectly asserts that the Order, “consistent with CWA section 

402(p)(B)(3)(iii) and 40 CFR section 122.44(d)(1), … includes a provision stating that discharges 

from the MS4 that cause or contribute to an exceedance of receiving water limitations are 

prohibited.”  This section of the CWA does not require such language, but only that pollutants 

discharged from the MS4 be controlled to the MEP.  Also, 40 CFR § 122.44(d)(1) does not apply 

to MS4 permits, as noted in the Comment No. 192 regarding the implementation of TMDLs 

through WQBELs. 

 

   The Fact Sheet further states on Page F-35 that the “cause or contribute” language is “in accord 

with the State Water Board’s finding in Order WQ 98-01 . . .”  In that order, however, the State 

Water Board upheld RWL permit language that expressly made compliance with the water 

quality standards subject to compliance with a BMP-based approach.  Order WQ 98-01 at 9-10.  

The RWL language in that Permit, unlike the language proposed for the Order, was truly 

iterative, expressly stating that Permittees would “not in violation of this provision [prohibiting 

exceedances of water quality objectives] so long as they are in compliance with” an iterative 

process that requiring evaluation of a drainage area management plan.  Order WQ 98-901 at 6-

7. 

 

The Fact Sheet also states on Page F-35 that USEPA Region IX, in a “series of comment letters” 

(the only one cited in the Fact Sheet dates from January 21, 1998), contended that “MS4 

discharges must meet water quality standards.”  The comment letter in question, however, 

was sent before the Ninth Circuit’s decision in Defenders of Wildlife, supra.  In Defenders, the 

Ninth Circuit expressly ruled that MS4 dischargers were not required to meet such water 

quality standards. 
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194 

(cont.) 

Rationale for Receiving 

Water Limitations 

V. 

[Pages F-35 – 

F-38] 

While the Fact Sheet states (Page F-36) that each of three provisions in the Permit’s RWL 

language “are independently applicable” (and thus enforceable, see NRDC, 673 F.3d at 897), 

this very fact makes the Permit’s present RWL language untenable for Permittees.  As 

demonstrated by the NRDC litigation itself, which was brought against the County, the LACFCD 

and in a separate action, the City of Malibu, Permittees covered by the Order would have no 

protection against another citizens’ suit (or possible enforcement action by the Regional Water 

Board) for exceedances of water quality standards not subject to the TMDLs, exceedances that 

will occur as a result of the extreme variability and uncontrolled nature of municipal storm and 

non-stormwater discharges. 

 

The statement (on Page F-37) that the Regional Water Board “will work with the MS4 

Permittees through the process outlined in Part V.A.3 in this Order” or through the watershed 

management programs which mirror “the iterative process in Part V.A.3) so that additional 

controls are implemented in an expeditious manner to address exceedances of receiving water 

limitations that are caused or contributed to by discharges from the MS4” thus, unfortunately, 

provides no comfort or assurance to Permittees.  Permittees still are faced with a condition 

requiring strict compliance with water quality standards and which can be enforced in citizens’ 

suits with the potential for civil penalties, the payment of attorneys’ fees and the award of 

injunctive relief, relief that might conflict with the requirements of the Order. 

 

   The County is not looking for a “safe harbor,” and the Order’s multiple compliance provisions 

are fully applicable and subject to enforcement if they are violated or ignored.  The County is, 

however, requesting RWL provisions that do not leave them, and every other Permittee, in 

potential violation of the Order (and the CWA) the day that the Order is issued. 

 

   Recommendation 

We request that this section of the Fact Sheet be modified to reflect these comments and that 

the alternative approaches to the current RWL language in Part V of the Permit discussed 

elsewhere in these comments be incorporated in the Order. 
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195 Watershed Management 

Program – Minimum 

Control Measures 

VI.B. 

[Page F-42] 

The listing of the minimum control measures that can be modified through the watershed 

management program omits the Planning and Land Development Program, which is 

inconsistent with Part VI.C.3.b.iv. on page 50. 

 

   Recommendation 

Add “Planning and Land Development Program” to the list. 

196 Timelines for 

Implementation 

VI.C.1.b. 

[Page F-45] 

The fact sheets states that “All obligations continue the implementation of existing MS4 

program requirements.”  It is our understanding that the intent of this sentence is to indicate 

that those existing MS4 program requirements are to continue to be implemented without 

disruption. 

 

   Recommendation 

Rephrase the sentence to clearly state the intent. 

197 PIPP Implementation  VI.C.4.c. 

[Page F-55] 

Reference to a County-sponsored PIPP is not consistent with the text in Part VI.D.4.b.i.(1). 

 

   Recommendation 

For consistency, revise to read “County-sponsored wide PIPP” 

198 Development 

Construction Program 

Implementation – 

inspection frequency  

VI.C.7.d. 

[Page F-72] 

The language refers to a requirement to inspect during five phases of construction.  This 

requirement had been included in the staff working proposal but was modified in the draft 

tentative order and should also be revised in the fact sheet. 

 

   Recommendation 

Revise as follows:  “The Permittee is responsible for conducting inspection and enforcement of 

erosion and sediment control measures at specified times and frequencies during construction, 

including prior to land disturbance, during grading and land development, during streets and 

utilities activities, during vertical construction, and during final landscaping and site 

stabilization.” 
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199 Development 

Construction Program 

Implementation – 

training and educational 

material 

VI.C.7.d. 

[Page F-73] 

The language refers to a requirement development and distribution of training and educational 

material to the development community.  This requirement had been included in the staff 

working proposal but was removed from the draft tentative order and should no longer be 

referenced. 

 

   Recommendation 

Delete the following:  “In addition, the Permittee must develop and distribute training and 

educational material and conduct outreach to the development community.  To ensure that 

the construction program is followed, construction operators must be educated about site 

requirements for control measures, local storm water requirements, enforcement activities, 

and penalties for non-compliance. 

200 Total Maximum Daily 

Load Provisions 

VI.D. 

[Pages F-80, 

F-81 & F-99] 

The Fact Sheet (Page F-80) states that “Federal regulations require that NPDES permits must 

include conditions consistent with the assumptions and requirements of any available waste 

load allocation,” citing 40 CFR § 122.44(d)(1)(vii)(B).  As discussed elsewhere, this regulation 

does not apply to NPDES permits for municipal stormwater sewers.  Similarly, the statement 

that an “NPDES permit should incorporate the WLAs as numeric WQBELs, where feasible,” 

does not follow from the CWA or the regulations.  See previous discussion.  A similar comment 

is made with regard to the statement on Page F-99 regarding WQBELs being consisting “with 

the assumptions and requirements of any WLA” and the citation of 40 CFR § 

122.44(d)(1)(vii)(B) as support.  We also note that in footnote 37, the 2010 USEPA 

memorandum is cited.  For the reasons cited above, it should not be used as authority in the 

Fact Sheet. 

 

   Recommendation 

On Page F-80, delete the second sentence in the third paragraph on the page.  Also on Page 

F-80, delete the final paragraph, which continues onto the top of Page F-81. On PageF-81, 

delete footnote 37.  On Page F-99, delete first full sentence on the page, beginning with 

“WQBELS must be consistent . . . .” 

201 Total Maximum Daily 

Loads 

Attachment F 

[Page F-80]  

Recommendation 

Refer to the attached file titled “Excerpts Relevant to TMDLs.” 
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202 Reopener and 

Modification Provisions 

VI.E.4. 

[Page F-108] 

The Fact Sheet cites various CFR sections as the basis for reopener and modification provisions 

in the Permit.  As reflected in Order No. 01-182 and the requirements of California law, the 

reopener and modifications requirements are also subject to California law, including the 

Water Code and the provisions of the Administrative Procedure Act applicable to adjudicatory 

hearings.  Additionally, the “minor modification” provisions of the regulations also allow non-

hearing modifications for other items, the relevant one being alterations of interim compliance 

dates. 

 

   Recommendation 

The first two sentences under subdivision 4 should read as follows: 

 

These provisions are based on 40 CFR sections 122.44, 122.62, 122.63, 122.64, 124.5, 125.62, 

and 125.64, the provisions of the California Water Code and the Administrative Procedure Act 

in the Government Code applicable to adjudicative hearings and implementing regulations and 

are also consistent with Order No. 01-182.  The Regional Water Board may reopen the Permit 

to modify Permit conditions and requirements, as well as revoke, reissue, or terminate in 

accordance with federal regulations and California law and regulations. 

203 Socioeconomic 

Considerations 

XIV. 

[Page F-131] 

The Fact Sheet states that “federal law requires MS4 permits to include requirements to 

effectively prohibit non-storm water discharges into the storm sewers, in addition to requiring 

controls to reduce the discharge of pollutants in storm water to the maximum extent 

practicable and other provisions that the agency determines are necessary for the control of 

pollutants in MS4 discharges.”  As noted throughout these comments, the MEP standard 

applies to “pollutants” discharged from the MS4, not only stormwater. 
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203 

(cont.) 

Socioeconomic 

Considerations 

XIV. 

[Page F-131] 

Recommendation 

Correct the language in the Fact Sheet as follows: 

 

Among other requirements, federal law requires MS4 permits to include requirements to 

effectively prohibit non-storm water discharges into the storm sewers, in addition to requiring 

controls to reduce the discharge of pollutants in storm water to the maximum extent 

practicable and other provisions that the agency determines are necessary for the control of 

pollutants in MS4 discharges. 

204 Factors Affecting 

Pollutant Concentrations 

in MS4 Discharges 

XIV.C. 

[Page F-135] 

In the Water Code § 13241 analysis, and the discussion of water quality conditions that could 

reasonably be achieved (Page F-135), it is stated that the six factors “generally accepted” to 

affect pollutant concentrations in MS4 discharges were land use, climatic conditions, seasons, 

percentage impervious, rainfall amount and intensity, runoff amount and watershed size.  The 

County also believes that additional factors, including motor vehicle operation and aerial 

deposition create pollutant loadings and influence pollutant concentrations. 

 

   Recommendation 

The Fact Sheet should be modified as follows: 

 

• Land use 

• Climatic conditions 

• Season (i.e. for southern California, dry season and winter wet season) 

• Percentage imperviousness (in particular, “effective impervious area” or “EIA”) 

• Rainfall amount and intensity (including seasonal “first-flush” effects) 

• Runoff amount 

• Watershed size 

• Motor vehicle operation 

• Aerial deposition 

205 Funding Sources – 

Assembly Bill 2554 

XIV.D. 

[Pages F-142 – 

F-143] 

See the Comment No. 65 in the comments submitted by the Los Angeles County Flood Control 

District. 
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206 Unfunded Mandates XV. 

[Pages F-146 – 

F-149] 

The discussion of whether the Permit represents an unfunded state mandate, set forth on 

Pages F-146-149 of the Fact Sheet, does not belong there.  As set forth in greater detail in the 

Comment No. 12 on the Findings (Part II.Q,) the Regional Water Board does not have 

jurisdiction to determine the issue of whether the Permit represents an unfunded mandate; 

the Legislature specifically placed that jurisdiction exclusively in the hands of the Commission 

on State Mandates.  Moreover, as set forth in the Comment No. 12, the analysis of why the 

Permit is not an unfunded state mandate is deficient. 

 

   Recommendation 

Delete this section of the Fact Sheet. 
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207 General – Setting Non-

Storm Water Action 

Levels (NALs) 

[Pages G-1 

~ G-16] 

The proposed non-storm water action levels are the same as water quality objectives.  Because 

the purpose of action levels is to identify the worst problems and prioritize actions, these 

action levels should be set at a higher level. 

 

   Recommendation 

Review available monitoring data to set 90
th

 percentile values as action levels. 

208 General – Pollutants with 

Non-anthropogenic 

Sources 

[Pages G-1 

~ G-16] 

Pollutants that are known to be dominated by, or heavily contributed by, natural sources 

should not have as action levels: e.g., Sulfate, Cyanide, Selenium, Nickel, Cadmium, Aluminum, 

TSS, pH, etc. 

 

   Recommendation 

Remove Action Levels for these pollutants. 

209 General – Setting 

Municipal Action Levels 

(MALs) 

[Pages G-17  

~ G-18] 

The Municipal Action Levels are currently set at the 75
th

 (upper 25
th

) percentile values (based 

on the Correction to Attachment G issued by the Regional Water Board on June 19, 2012).  We 

appreciate this correction; however MALs should be set using the 90
th

 (upper 10
th

) percentile 

values to allow for true prioritization of follow-up actions, which is the approach used in the 

San Diego Permit. 

 

   Recommendation 

Set MALs using the 90
th

 percentile values. 

210 MAL for pH VIII. 

[Page G-17] 

The MAL for pH is set at 7.7; allowable values for pH have always been set as a range. 

   Recommendation 

Set the MAL for pH to values outside of range 6.0–9.0. 
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211 Criteria for Submitting a 

MAL Action Plan 

VIII 

[Page G-17] 

The draft Permit states:  “Beginning Year 3 after the effective date of this Order, each 

Permittee shall submit a MAL Action Plan with the Annual Report (first MAL Action Plan due 

with December 15, 2013 Annual Report) to the Regional Water Board EO, for those 

subwatersheds with a running average of twenty percent or greater of exceedances of the 

MALs in any discharge of storm water from the MS4.” 

 

If the effective date of the Order is October 2012, October 2012 would be the beginning of 

Year 1, and October 2013 would be the beginning of Year 2, not Year 3.  The MAL Action Plan 

should be submitted with the December 15, 2014 Annual Report. 

 

In addition, the time period for determining the “running average” should be clarified. 

 

   Recommendation 

Revise the due date for submission of the first MAL Action Plan to December 15, 2014.  Clarify 

the time period used for determining the MAL “running average”. 

212 Shellfish Criteria for Total 

Coliform Bacteria NAL 

Tables G-3, G-4, 

G-7, G-8, G-11, 

G-15, G-16, G-

20, G-23, & G-24 

[Pages G-2 

~ G-14] 

Non-Storm Water Action Levels for Total Coliform Bacteria currently are set to the water 

quality objectives for shellfish harvesting.  Because the purpose of action levels is to identify 

the worst problems and prioritize actions, these action levels should be set to a higher level. 

 

Most if not all watersheds within the greater Los Angeles Region are impaired for bacteria.  

Available monitoring data show the REC-1 criteria for Daily Maximum, 10,000/100ml, are 

already frequently exceeded.  Setting the NALs even lower would be counter to the intent of 

prioritization. 

 

   Recommendation 

Review available monitoring data to set 90
th

 percentile values as action levels. 

RB-AR13986



County of Los Angeles Comments 

Draft Tentative Order No. R4-2012-XXXX, NPDES No. CAS004001 

Attachment G.  NALs & MALs Page 112 08/02/2012 

Attachment G - Non-Storm Water Action Levels and Municipal Action Levels 

Comment 

# 

Permit 

Element/Issue/Concern 

Location in 

Draft Tentative 

Order 

Comment/Recommendation 

213 Drinking Water 

(Municipal and Domestic 

Supply [MUN]) Criteria 

for Methylene Blue 

Active Substances 

(MBAS), Nitrite, Turbidity, 

and Aluminum 

Tables G-1, G-3, 

G-5, G-6G-7, G-

21, G-22, & G-23 

[Pages G-2 ~ G-

12] 

Non-Storm Water Action Levels for MBAS, Nitrite, Turbidity, and Aluminum currently are set to 

the water quality objectives for drinking water (MUN).  Because the purpose of action levels is 

to identify the worst problems and prioritize dry-weather monitoring of outfalls and taking 

appropriate follow-up actions, these action levels should be set to a higher level.  Drinking 

water (end-of-tap) criteria should not be used as end-of-pipe criteria or as action levels for the 

MS4.  Setting the NALs even lower is counter to the intent of prioritization. 

 

   Recommendation 

Review available monitoring data to set 90
th

 percentile values as action levels. 

214 General Tables G-2, G-6, 

G-10, G-14, & G-

22 

[Pages G-2 ~ 

G-12] 

There are several references to “Table H-#” throughout the attachment.  Correct as necessary. 

 

   Recommendation 

Correct references to “Table H-#” to “Table G-#.” 
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Attachment H.  Bioretention/Biofiltration Design Criteria 

Comment 

# 

Permit 

Element/Issue/Concern 

Location in 

Draft Tentative 

Order 

Comment/Recommendation 

215 Bioretention/Biofiltration Sections 1, 2 & 

3) 

[Pages H 1-2 ] 

Recommendation 

Provide a sketch to readily show the various features of Bioretention / biofiltration areas 

described in words in numbered Sections 1,2 and 3 of this attachment. 

216 Minimum Infiltration 

Rate of 0.15”/hour 

Section 4.a 

[Page H-2] 

When calculating the capacity of an infiltration system,…in-situ soil or amended on-site soils 

have a demonstrated infiltration rate under saturated conditions of no less than 0.15 inch/hour 

The industry standard for infiltration rate is 0.5”/hour. 

 

   Recommendation 

Increase the minimum infiltration rate to 0.5”/hour.  

217 Minimum design flow 

 

Section 4.b 

[Page H-2] 

Bioretention BMPs shall be designed to accommodate the minimum design flow at a surface 

loading rate of 5 inches per hour and no greater than 12 inches per hour.  It is unclear what is 

meant by surface loading rate. 

 

   Recommendation 

Provide a definition of surface loading rate.  Does this mean the planting media must percolate 

within the 5-12 inch/hour range or that the drainage system must be designed so as to provide 

a inflow velocity within that range? 

218 Total Volume Section 4.b 

[Page H-2] 

b. Bioretention BMPs shall be designed to accommodate the minimum design flow at a surface 

loading rate of 5 inches per hour and no greater than 12 inches per hour, and shall have a total 

volume , including pore spaces and pre-filter detention volume of no less than the SWQDv.  

This phrase states that “total volume”= pore spaces+ pre-filter detention.  This should also 

include above ground storage. 

 

Recommendation 

The sum should be “total volume”= pore spaces + pre-filter detention + above ground storage 

219 Planting Media  Section 6.b 

[Page H-3] 

Recommendation 

This Section should more clearly define the planting media as a percentage mix of sand and 

compost by weight or volume. 
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Comment 

# 

Permit 

Element/Issue/Concern 

Location in 

Draft Tentative 

Order 

Comment/Recommendation 

220 TMDL Reopeners TMDL Provisions As previously commented, several TMDLs, such as the Machado lake Nutrients TMDL, provide 

for reconsideration prior to final compliance deadlines. The tentative order proposal does not 

reflect this. 

 

Recommendation 

For consistency, statements should be added to the TMDL provisions to reflect that the Regional 

Water Board will reconsider those TMDLs prior to their final compliance deadlines. 

221 Santa Clara River 

Nitrogen Compounds 

TMDL 

Table K-1, 

Attachment L – 

A. 

Since the impairment for the Santa Clara River for Nitrogen Compounds was removed from the 

303(d) list, the TMDL should not be included in the MS4 Permit. 

 

Recommendation 

Remove all references to the Santa Clara River Nitrogen Compounds TMDL from the MS4 

Permit.  

222 Los Angeles County is not 

a Permittee for the 

Dominguez Channel 

Toxics TMDL 

Tables K-4, K-5, 

and K-6 

The County of Los Angeles should be removed as a Permittee subject to the provisions of the 

Dominguez Channel and Greater Los Angeles and Long Beach Harbor Waters Toxic Pollutants 

TMDL. 

 

Attachment K, Tables K-4, K-5, and K-6, identify the County as Permittees subject to the 

Dominguez Channel and Greater Los Angeles and Long Beach Harbor Waters Toxic Pollutants 

TMDL.  This designation violates the Amended Consent Decree (Exhibit N –Amended Consent 

Decree) entered on August 24, 1999 by the United States District Court in United States v. 

Montrose Chemical Corporation, et al., Case No. CV90-3122-AAH (JRx) (“Amended Consent 

Decree”). 
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# 
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Comment/Recommendation 

223 Los Angeles County is not 

a Permittee for the 

Dominguez Channel 

Toxics TMDL 

Tables K-4, K-5, 

and K-6 

In 1999 the United States and the State of California settled a lawsuit with local governmental 

entities over the environmental condition of the Dominguez Channel and the Los Angeles and 

Long Beach Harbors.  The lawsuit was brought by the United States on behalf of the United 

States Environmental Protection Agency, the Department of the Interior and the National 

Oceanic and Atmospheric Agency, and by the State of California on behalf of the State Lands 

Commission, the Department of Fish & Game, the Department of Parks and Recreation, the 

Department of Toxic Substances Control and the Los Angeles Regional Water Quality Control 

Board. 

 

   The settlement is set forth in the Amended Consent Decree.  The County and the LACFCD are 

two of the parties to this settlement.  The Regional Water Board also was a party, with the 

Executive Officer signing the Amended Consent Decree on behalf of the Regional Water Board. 

 

   The Amended Consent Decree resolved all liability of the settling local governmental entities for 

all natural resource damages with respect to the “Montrose NRD Area” and all response costs 

incurred in connection with the “Montrose NPL Site” (Amended Consent Decree, p. 19).  The 

Montrose NRD Area was defined to include the Los Angeles and Long Beach Harbors (Amended 

Consent Decree, ¶ 6.J).  The Montrose NPL Site was defined to include the Torrance Lateral, the 

Dominguez Channel from Laguna Dominguez to the Consolidated Slip, and that portion of the 

Los Angeles Harbor known as the Consolidated Slip (Amended Consent Decree, ¶ 6.I.). 

 

Under the Amended Consent Decree, the Regional Water Board explicitly agreed that, except 

for certain circumstances not applicable here, the Regional Water Board would not take any civil 

or administrative action against any of the settling local governmental entities for any civil or 

administrative liability for natural resource damages (Amended Consent Decree, ¶ 11).  Natural 

resource damages were defined to include loss of use, restoration costs and resource 

replacement costs, among other costs (Amended Consent Decree, ¶ 6.L). 
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# 
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Location in 

Draft Tentative 
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Comment/Recommendation 

223 

(cont.) 

Los Angeles County is not 

a Permittee for the 

Dominguez Channel 

Toxics TMDL 

Tables K-4, K-5, 

and K-6 

The Regional Water Board also agreed that, except for certain circumstances not applicable 

here, the Regional Water Board would not take any civil or administrative action against any of 

the settling local governmental entities, to compel response activities or to recover response 

costs in connection with the Montrose NPL site (Amended Consent Decree, ¶ 17).  Response 

costs were defined to include all costs of response as provided in 42 U.S.C § 9607(a)(1-4)(A) and 

as defined by 42 U.S.C § 9601(25).  (Amended Consent Decree, ¶ 6.M).  These response 

activities and costs included activities to remove hazardous substances from the environment, 

to monitor, assess, and evaluate the release or threat of release of hazardous substances (see 

42 U.S.C. §9601(23)), and actions consistent with a permanent remedy such as diversions, 

dredging and excavations (see 42 U.S.C. §9601(24). 

 

   The Permit’s imposition of obligations on the County to comply with the Dominguez Channel 

and Greater Los Angeles and Long Beach Harbor Water Toxic Pollutants TMDL, including the 

requirement to comply with the concentration-based effluent limitations for pollutant 

concentrations in the sediment, violates the Amended Consent Decree.  Under the Amended 

Consent Decree, the Regional Water Board has explicitly agreed that it will not require the 

County and LACFCD to take these and other actions (Amended Consent Decree, ¶¶ 11 and 17). 

 

   Recommendation: 

Delete the designation of the County as subject to the Dominguez Channel and Greater Los 

Angeles and Long Beach Harbor Waters Toxic Pollutants TMDL in Attachment K, Tables K-4, K-5, 

and K-6. 

224 Reach Designations Attachment L Both USEPA and Los Angeles Region’s Basin Plan are used for reach designations.  To be 

consistent, continue to use the reach designations as shown in the TMDL documents that have 

been issued. 

 

RB-AR13991



County of Los Angeles Comments 

Draft Tentative Order No. R4-2012-XXXX, NPDES No. CAS004001 

Attachments K-R.  TMDLs Page 117 08/02/2012 

Attachments K-R.  Total Maximum Daily Loads Provisions 

Comment 

# 
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225 Exceedance Day Values Attachment M 

[Page M-5] 

The data under item c on Page M-5 is from the original Santa Monica Bay Beaches Bacterial 

TMDL.  However, the Revised Tentative Basin Amendment for this TMDL has different allowable 

exceedance day values. 

 

Recommendation 

Update the values to be consistent with the Revised Tentative Basin Amendment for the Santa 

Monica Bay Beaches Bacterial TMDL. 

226 Machado Lake Trash 

TMDL 

TMDL Provisions 

for the 

Dominguez 

Channel 

[Page N-2] 

As previously commented, the tentative order assigns a numerical value for trash generation 

rate of 5334 gallons of uncompressed trash per square mile per year. The Basin Plan 

Amendment does not use this method. 

 

Recommendation 

The WQBELs should be consistent with those in the adopted TMDL that are expressed as a 

percent reduction from baseline and not assigned as individual baselines to each City and the 

County. As discussed in its approved Trash Monitoring and Reporting Plan, the County of Los 

Angeles intends to comply with this TMDL by installing full capture devices consistent with Part 

VI.E.5.b. of the tentative order proposal. 

227 San Gabriel River Metals 

and Impaired Tributaries 

Metals and Selenium 

TMDL 

TMDL Provisions 

for the San 

Gabriel River 

[Page P-1] 

As previously commented, it is unclear where the values in the table under Section E.1.b for wet 

weather water quality based effluent limitations come from. They do not match the approved 

TMDL in units or values. 

 

Recommendation 

Clearly explain why there is a difference in the values. If it is merely a conversion, then explain 

such. If it is not a conversion, then provide the justification for adjusting the values. 

 

RB-AR13992



Exhibits for LA County Comments on Draft Tentative Order 
 

• Exhibit A - Transmittal & Comments on TMDL and Monitoring Sections 
(Workshop 1-23-12).pdf 
 

• Exhibit B - MCM Working Proposal Comments - County of LA 4-12-2012.pdf 
 

• Exhibit C - RB MCM Draft Language Comments FINAL (Discharge 
Prohibitions).pdf 
 

• Exhibit D - LA County and LACFCD Comments on Working Proposals [RWL-
TMDL-WMP 5-14-12].pdf 
 

• Exhibit E - NACWA 1-28-11 Municipal Letter to EPA & 3-30-12 EPA 
Response.pdf 
 

• Exhibit F - LACMS4 Redlined TMDL Excerpts 20Jul2012Rev.docx 
 

• Exhibit F - LACMS4 Redlined TMDL Excerpts 20Jul2012Rev.pdf 
 

• Exhibit G - State Water Board Blue Ribbon Panel Final Report.pdf 
 

• Exhibit H - Outfall Data Summary.pdf 
 

• Exhibit I - Stockton Summary 2012-07-20.pdf 
 

• Exhibit J - CASQA proposal - Receiving Water Limitation Provision to Stormwater 
NPDES Permits.pdf 
 

• Exhibit K - TMDLs into SW Permits Review 20Jul12.pdf 
 

• Exhibit L - storm drain unincorported_6x4 ( A1 ).pdf 
 

• Exhibit M - RWQDB Francine Diamond Letter 1-30-2002.pdf 
 

• Exhibit N - Amended Consent Decree.pdf 
 

• Exhibit P - LAR Nutrients Transmittal & Monitoring Work Plan.pdf 
 

• Exhibit Q - Comments TM LACMS4 TMDLs 21Jul2012.pdf 
 

• Exhibit R - TMDL Compliance Assessment 21Jul2012.pdf 
 

• Exhibit S - Clearer Structure, Cleaner Water (Little Hoover).pdf 
 

• Exhibit T - nrc_stormwaterreport.pdf 
 

• Exhibit U - Smail et al 2012_EST_Metal contamination in Bight after CWA 
implementation.pdf 

RB-AR13993



(~:~ I L FAR[3ER, Director

February 9, 2012

COUNTY OF LOS ANGELES

DEPARTMENT OF PUBLIC WORKS

"To Enrich Lives Through Effective and Caring Service"

900 SOUTH FREMONT AVENUE
ALHAMBRA, CALIFORNIA 9 1 803-1 33 1

Telephone: (626) 458-5100

http://dpw.lacounty.gov ADDRESS ALL CORRESPONDENCE TO:
P.O. BOX 1460

ALHAMf3RA, CALIFORNIA 91802-1460

IN REPLY PLEASE

REFER TO FILE: W M—~

Ms. Renee Purdy, Chief
California Regional Water Quality

Control Board —Los Angeles Region
Regional Programs Section
320 V~/est Fourth Street, Suite 200
Los Angeles, CA 90013

Dear Ms. Purdy:

COMMENT LETTER —LOS ANGELES COUNTY MUNICIPAL SEPARATE STORM
SEWER SYSTEM PERMIT WORKSHOP ON JANUARY 23, 2012

On behalf of the Los Angeles County Flood Control District and the County of
Los Angeles, thank you for the opportunity to comment on the California Regional Water
Quality Control Board, Los Angeles Region's presentation on January 23, 2012, on the
Los Angeles County Municipal Separate Storm Sewer System Permit. Enclosed are
our comments for your review and consideration.

We look forward to working with you on developing draft language for the next
Municipal Separate Storm Sewer System Permit. If you have any questions, please
contact me at (626) 458-4300 or ghildeb@dpw.lacounty.gov or your staff may contact
Ms. Angela George at (626) 458-4325 or ageorge@dpw.lacounty.gov.

Very truly yours,

GAIL BARBER
Director of Public Works ~.

~~ ~,' ~c~'C~.~~~,~ ,,~~
GARY H I L~ E B RAN D
Assistant Deputy Director
Watershed Management Division

AT : j tz
P:\wmpub'~,Secretarial\2012 Documents\Letter\Comments on Monitoring and TMDL.docx\C12036

Enc.

cc: Chief Executive Office (Dorothea Park)
County Counsel (Judith Fries)
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COMMENTS OF THE LOS ANGELES COUNTY FLOOD CONTROL DISTRICT AND
THE COUNTY OF LOS ANGELES REGARDING INFORMATION PRESENTED

DURING THE LOS ANGELES WATER QUALITY CONTROL BOARD WORKSHOP
DATED JANUARY 23, 2012

Thank you for the opportunity to comment on the presentations dated January 23, 2012,
which focused on the TMDLs and monitoring elements of the new Los Angeles County
Municipal Separate Storm Sewer System (MS4) Permit. The Los Angeles County Flood
Control District (LACFCD) and the County of Los Angeles (County) appreciate
Los Angeles Water Quality Regional Board (LARWQCB) staff’s efforts to solicit
stakeholders’ input before the release of the draft MS4 Permit. These comments are
preliminary, and the LACFCD and the County and reserve the right to make additional
comments on the TMDL provisions of the new permit as it continues through the permit
development process.

TMDL PROVISIONS

The LACFCD and the County support the use of the action-based Reasonable
Assurance framework to implement TMDLs. Our comments below focus on various
details of how that framework should be implemented.

1. Effect of NRDC, Inc. v. County of Los Angeles

Under the decision of the United States Court of Appeal for the Ninth Circuit in
NRDC, Inc. v. County of Los Angeles improved flood control channels operated by
the LACFCD are considered to be portions of the MS4 and not a navigable water.
This includes, but is not limited to, all improved portions of the Los Angeles River,
San Gabriel River and Ballona Creek, as well as their improved channels and
tributaries. Because these channels are MS4, they are not navigable waters to
which any TMDL is applicable and the LARWQCB has no jurisdiction to apply
TMDLs to them. While the County and the LACFCD do not agree with the reasoning
of the Ninth Circuit and are awaiting a decision from the United States Supreme
Court as to whether it will hear the case, that decision is currently binding on the
County, LACFCD and the LARWQCB. TMDLs do not apply to any improved water
body under the jurisdiction of the LACFCD and should not be included in the permit.

2. Action-based compliance approach should apply to final Wasteload
Allocations (WLAs) as well as interim WLAs.

Staff indicated during the workshop that the action-based compliance approach is
currently only applicable to interim WLAs, and that although a final decision has not
been made, compliance with final WLAs may be assessed using numeric effluent
limits. There is no logical basis for not using the same approach to assess
compliance with final WLAs.
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In fact, two MS4 permits issued by the Santa Ana Regional Board, Order R8-2010-
0033 and Order R8-2010-0036, which apply to municipalities within Riverside and
San Bernardino Counties, provide that permittees shall comply with final dry weather
WLAs for the Middle Santa Ana River Bacteria Indicator TMDL through the
implementation of an approved Comprehensive Bacteria Reduction Plan (CBRP)
which is conceptually similar to the Reasonable Assurance Plan being proposed by
the LARWQCB staff. The CBRP also contains interim compliance requirements and
detailed reporting and scheduling requirements. It also may be updated by order of
the Santa Ana Regional Board if monitoring reflects that Best Management Practices
(BMPs) are not sufficient to attain compliance with the WLAs. We urge LARWQCB
staff to apply the action-based approach to final WLAs compliance for TMDLs in the
Los Angeles Region.

3. Instead of Time Schedule Order, LARWQCB should require compliance with
TMDLs developed by EPA and TMDLs with past compliance dates through the
action based compliance and Reasonable Assurance Plans.

Staff is proposing that Permittees may request a Time Schedule Order (TSO) if
immediate “non-compliance” is anticipated for TMDLs, such as for USEPA’s
“technical” TMDLs which were developed without implementation plans, or for
TMDLs that have passed compliance dates. Staff has said that TSOs, if granted,
would provide Permittees with only up to five years to meet the final WLAs, although
they have not indicated the basis for this position. Such an approach would be
legally defective, an administrative nightmare and would result in a permit that could
not be complied with, since there could be an immediate finding that the Permittees
were in violation of its terms.

TSOs are authorized under Water Code § 13300, which provides:

Whenever a regional board finds that a discharge of waste is taking place
or threatening to take place that violates or will violate requirements
prescribed by the regional board, or the state board . . . the board may
require the discharger to submit for approval of the board . . . a detailed
time schedule of specific actions the discharger will take in order to correct
or prevent a violation of requirements.

Time schedule orders are issued where the discharger cannot immediately meet
permit requirements. A time schedule should include only dates for complete
design, complete financial arrangements, start of construction, 50% completion of
work, and full compliance with requirements. 22 Cal. Code Reg. § 2231.

Instead, the LARWQCB can accomplish its goals and reflect the provisions of these
TMDLs by including in the permit a schedule of interim compliance dates or
provisions for action-based compliance as a means for complying with these
TMDLs.
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The plain language of the statute indicates that a TSO is not to be issued unless the
regional board finds that a waste discharge is occurring “that violates or will violate
requirements prescribed by the regional board, or the state board.” The permittees
cannot be in violation of TMDLs that did not include a compliance schedule. In the
case of the EPA TMDLs, EPA itself has recommended that the TMDLs be
incorporated into MS4 permits in the form of BMPs, which can be adjusted as
necessary based on monitoring. See “Establishing Total Maximum Daily Load
(TMDL) Waste Load Allocations (WLAs) for Storm Water Sources and NPDES
Permit Requirements Based on Those WLAs” (EPA 2002).

We are very concerned that the TSO approach lacks regulatory consistency and
does not provide Permittees sufficient time to comply. For example, the
Los Angeles River Metals TMDL, developed by LARWQCB staff, provides a 22-year
timeline to achieve final WLAs. USEPA has adopted a Metals TMDL for the
neighboring San Gabriel River Watershed without a compliance schedule. If the
TSO approach is adopted, Permittees could be required to meet final WLAs for the
same pollutants within five years.

The TSO approach would also present significant logistical challenges for
LARWQCB staff because Permittees would be required to submit a large number of
TSO applications upon adoption of the new permit. The administrative burdens
associated with this process will be significant. Also, Permittees have the right to
challenge a TSO to the State Board, potentially increasing those burdens.

We believe that the appropriate course for the LARWQCB would be to implement
these TMDLs through BMP-related action plans such as that contemplated by the
draft Part 7 provisions. Such an approach would remain enforceable through the
permit but would not subject the Permittees to the immediate threat of possible
litigation. We look forward to meeting with LARWQCB staff to further explore the
issues associated with the implementation of these TMDLs.

4. TMDLs should be grouped by watershed.

Two of the handouts from the January 23 workshop – one entitled “MS4 Permit
Provisions to Implement Trash TMDLs” and the other entitled “Part 7. Total
Maximum Daily Loads (TMDLs) Provisions” – appear to provide two conflicting ways
of organizing TMDLs in the new permit. The former would suggest an organization
based on pollutant type, while the latter would suggest an organization based on
watershed.

We support organizing TMDLs by watershed, because such organization is more
conducive to efficient and effective implementation.
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5. Factual corrections to the responsible agencies matrix.

One of the handouts during the January 23 workshop was a matrix summarizing the
responsible agencies for TMDLs to be incorporated into the new permit. Following
are errors in the matrix and should be corrected:

 For the Lake Elizabeth, Munz Lake, and Lake Hughes Trash TMDL, the
LACFCD should not be listed as a responsible agency because as these
waterbodies are located outside of LACFCD’s service area, and the TMDLs
themselves do not identify the LACFCD as a responsible agency.

 For the Long Beach City Beaches and Los Angeles River Estuary Bacteria
TMDL, the County should not be listed as a responsible agency because
there is no unincorporated County area within this subwatershed, and the
TMDL itself does not identify the County as a responsible agency.

 For the Colorado Lagoon TMDL, the County should not be listed as a
responsible party, because there is no unincorporated County area within this
subwatershed, and the TMDL itself does not identify the County as a
responsible party.

6. Proposed TMDL language

Finally, at the request of LARWQCB staff, the we would like to provide the draft
language below for staff’s consideration.

“Part 7 - Total Maximum Daily Load Provisions

A. General Provisions

1. Part 7 of this Order incorporates provisions to assure that Los Angeles
County MS4 Permittees comply with Wasteload Allocations (WLAs) and other
requirements of TMDLs as they apply to each Permittee. TMDLs are grouped
by watershed in Part 7.D through 7.X.

2. Each Permittee shall attain the storm water WLAs incorporated into this Order
by using one of the following approaches:

a. Numeric Effluent Limit, or
b. Action Based with Reasonable Assurance

Each approach is described in detail in Sections B and C below.

3. The TMDLs shown in Table 1 below assign WLAs to Permittees and have an
interim and/or final WLA attainment deadline during the permit term and/or
have milestones scheduled for completion during the permit term. The
TMDLs shown in Table 2 assign WLAs to Permittees but have no compliance
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schedule or specific implementation requirements for attaining the WLAs.
Permittees shall comply with these TMDLs pursuant to Section B or C below.

Table 1: List of TMDLs

Resolution Name Resolution
No.

Effective
Date

Ballona Creek Estuary Toxic Pollutants 2005-008 11-Jan-06

Ballona Creek Metals TMDL 2007-015 29-Oct-08

Ballona Creek Trash TMDL 2001-014 28-Aug-02

Ballona Creek Trash TMDL-Revision 2004-023 11-Aug-05

Ballona Creek, Ballona Estuary, and Sepulveda Channel
Bacteria TMDL

2006-011 27-Apr-07

Colorado Lagoon Pesticides, PAH's, PCB, Metals etc TMDL R09-005 14-Jun-11

Lake Elizabeth, Munz Lake, Lake Hughes Trash TMDL 2007-009 6-Mar-08

Legg Lake Trash TMDL 2007-010 6-Mar-08

Los Angeles Harbor Bacteria TMDL 2004-011 10-Mar-05

Los Angeles Metals TMDL (Revised) R10-003 3-Nov-11

Los Angeles Metals TMDL 2007-014 29-Oct-08

Los Angeles River Nutrient TMDL (Revision of Interim WLAs) 2003-016 27-Sep-04

Los Angeles River Nutrients TMDL 2003-009 23-Mar-04

Los Angeles River Trash TMDL 2001-013 28-Aug-02

Los Angeles River Trash TMDL Revised 2007-012 23-Sep-08

Machado Lake Nutrient TMDL 2008-006 11-Mar-09

Machado Lake Trash TMDL 2007-006 6-Mar-08

Malibu Creek Bacteria TMDL 2004-019R 24-Jan-06

Malibu Creek Trash TMDL 2008-007 7-Jul-09

Marina del Rey Back Basins Bacteria TMDL 2003-012 18-Mar-04

Marina del Rey Harbor Toxics TMDL 2005-012 22-Mar-06

San Gabriel East Fork Trash TMDL 1999-015 17-Apr-01

San Gabriel East Fork Trash TMDL (Revision of Implementation
Schedule) - see 1999-015

2000-010 17-Apr-01

Santa Clara River Nutrients TMDL 2003-011 23-Mar-04

Santa Monica Bay Beaches Dry Weather Bacteria TMDL 2002-004 15-Jul-03

Santa Monica Bay Beaches Wet Weather Bacteria TMDL 2002-022 15-Jul-03

Upper Santa Clara River Chloride TMDL 2004-004 4-May-05

Upper Santa Clara River Chloride TMDL Implementation Plan
Re-Consideration

2006-016 12-Jun-08

Upper Santa Clara River Chloride TMDL Implementation Plan
Reconsideration & Revise Chloride WQ Objectives

2008-012 6-Apr-10
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Table 2: List of TMDLs (EPA Established)

Resolution Name Resolution
No.

Effective
Date

Los Cerritos Channel Metals TMDLs for Copper, Lead and Zinc EPA
Established

17-Mar-10

Malibu Creek Nutrient TMDL EPA
Established

21-Mar-02

San Gabriel River Metals and Selenium TMDL EPA
Established

26-Mar-07

B. Numeric Effluent Limitations

1. Permittees choosing the Numeric Effluent Limit approach shall attain the
numeric WLAs in accordance with the applicable TMDL’s Basin Plan
Amendment and/or as specified in the specific TMDL section of this Order.

2. Attainment of the numeric WLA shall be demonstrated through monitoring
conducted either in the receiving waters or at stormdrain outfalls in
accordance with a monitoring plan approved by the Executive Officer.

3. Permittee shall complete specific actions (monitoring plans, implementation
plans, special studies) as required by each TMDL.

4. A Permittee shall be deemed in compliance with the TMDL WLAs if one of the
following is attained:

a. No exceedances of WLAs are detected at the representative outfalls, or
b. No exceedances of the WLAs are detected in the receiving waters at or

downstream of the Permittee’s discharge, or
c. No discharge occurs from the Permittee’s jurisdictional area.

C. Action Based with Reasonable Assurance

1. Permittees choosing the Action Based with Reasonable Assurance approach
shall attain the numeric WLAs by implementing BMPs in accordance with a
Reasonable Assurance Plan approved by the Executive Officer.

2. The Reasonable Assurance Plan must be submitted to the Executive Officer
for approval within one year of the effective date of this Order and must
include the following elements:

a. Describe specific BMPs each Permittee will implement within the
watershed during the term of this Order to address each pollutant of
concern,

b. Detailed schedules for BMP implementation within the term of this Order,
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c. Quantitative analyses showing reasonable assurance that the proposed
BMPs will (1) attain applicable interim and/or final WLAs during the term of
this Order and/or (2) represent progress towards attaining interim and/or
final WLAs outside of the term of this Order,

d. A monitoring program designed to assess the effectiveness of the
proposed BMPs.

3. Structural BMPs shall be sized to treat stormwater runoff from the Water
Quality Design Storm (WQDS). The WQDS is defined as the 85th percentile
24-hour runoff volume specific to the watershed in question.

4. Within 6 months upon a determination by the Executive Officer that interim or
final WLAs are not being met, Permittees shall propose additional BMPs for
the approval of the Executive Officer.

5. At any time during implementation of a Reasonable Assurance Plan, a
Permittee with good cause (for example, unexpected delays outside of the
Permittee’s control in obtaining necessary regulatory permits) may petition the
Executive Officer for modifications to the approved Reasonable Assurance
Plan.

6. A Permittee shall be deemed in compliance with TMDL WLAs if it is
implementing its Reasonable Assurance Plan in good faith and implements
additional BMPs as described in Part 7.C.4 above.

MONITORING PROGRAM

The monitoring program as described during the January 23 workshop consists of four
elements: regional monitoring, TMDL compliance monitoring, wet-weather storm drain
outfall monitoring, and dry-weather storm drain outfall monitoring. At this time, our
comments will focus on two main areas: regional monitoring and outfall monitoring.

In particular, we are very concerned about the proposed outfall monitoring
requirements, which do not appear to consider the massive scale and highly complex
nature of the storm drain network within Los Angeles County. We urge LARWQCB staff
to reconsider the proposed approach and work collaboratively with Permittees to
develop a more workable program.

Regional Monitoring

1. The mass emissions monitoring program should be scaled back.

As indicated in its November 2010 Report of Waste Discharge, the LACFCD
believes that the monitoring frequency for the mass emissions monitoring program
can be scaled back and still provide the necessary data to assess long term trends
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in receiving water quality. Scaling back the mass emissions monitoring program
would free up resources to conduct additional monitoring such as in tributary
watersheds.

Secondly, the Permit should make clear that the mass emissions monitoring is to
measure the mass of pollutants in the receiving water in order to identify trends and
to facilitate additional BMPs and is not for compliance. Because the mass emissions
stations measure pollutants from all sources including non-MS4 sources, the
monitoring is not to be used for compliance purposes.

2. The LID special study should be reconsidered.

The proposed regional monitoring program includes a requirement to study the
effectiveness of LID implementation. As LARWQCB staff may be aware, the
Stormwater Monitoring Coalition has conducted a Low Impact Development for
Southern California study since 2007 in which the LACFCD has been a participant.
Any new requirement to study LID effectiveness should be informed by past and
current efforts to avoid redundancy.

Outfall Monitoring

3. The outfall monitoring requirements are unrealistic, overly prescriptive, and
should be completely revised.

The proposed outfall monitoring requirements, especially those for non-stormwater
runoff, are not workable for a number of reasons as discussed below. However, we
acknowledge the importance of outfall monitoring as part of a robust and
accountable stormwater program. As such, where possible, in addition to describing
our concerns regarding the proposed requirements, we have also provided general
feedback towards the development of a more workable outfall monitoring program to
reduce stormwater and non-stormwater pollutant loading incrementally and more
cost-effectively. We look forward to further discussions with LARWQCB staff to
explore these ideas more fully.

Our first concern with the proposed requirements is that they do not appear to fully
consider the massive scale and the complex nature of the stormdrain system within
Los Angeles County. Los Angeles County Permittees collectively own thousands of
stormdrain outfalls, all of which would be subject to a highly resource intensive
screening process (i.e. seven-day flow measurements plus concurrent daily bacteria
grab samples) under the proposed approach. We do not believe that the proposed
“shot-gun” approach is an effective way to reduce dry-weather pollutant loading in
such a massive and complex system. Instead, we urge LARWQCB staff to consider
a tiered approach combined with some form of representative sampling of “major
outfalls” as defined by 40 CFR § 122.261.

1 Major municipal separate storm sewer outfall (or ‘‘major outfall’’) means a municipal separate storm sewer outfall that
discharges from a single pipe with an inside diameter of 36 inches or more or its equivalent (discharge from a single conveyance
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The concept of representative sampling is crucial for entities such as the County,
which consists of approximately 80 unincorporated islands throughout the Permit
area, resulting in potentially a very large number of monitoring locations under the
proposed requirements. To map, inventory, determine the drainage area of each
outfall, characterize flow contributions from dischargers covered under other NPDES
permits and Waste Discharge Requirements (WDRs), and propose monitoring
locations based on analysis of all the information collected would require significantly
more time than the proposed schedule allows.

Second, the proposed requirements do not appear to consider the highly variable
and episodic nature of most non-stormwater runoff. For most non-stormwater runoff,
a one-time seven-day screening of an outfall is simply a snap-shot and is not
representative of non-stormwater runoff.

Third, the proposed requirements appear to require Permittees to identify “high
priority” outfalls by determining the relative flow contributions from 1) other permitted
discharges, 2) authorized non-stormwater discharges, and 3) illicit discharges.
Attempting to characterize non-stormwater runoff in this manner is futile in a highly
complex and comingled stormdrain network because most non-stormwater runoff is
episodic and highly variable and the attempt would not likely provide meaningful
results. Also the responsibility of determining the contribution of flows from other
NPDES/WDR permittees should not lie with MS4 Permittees. Instead the
LARWQCB should direct those dischargers to provide that information. We urge
LARWQCB staff to consider a more strategic and targeted approach to identifying
“high priority” drains such using factors such as land use and drainage area or data
from available trend analyses.

It is critical to program sustainability that Permittees have the flexibility to focus
response on high priority locations and larger issues. Laboratory analyses require
approximately one week to complete. By the time the results are available for
Permittees to review and take action, the “one-time” illicit discharge would have
passed through the system. It would be unrealistic to expect an upstream
investigation conducted over a week after the illicit discharge was observed to detect
the source. This issue is highlighted in a dry-weather screening and monitoring
program evaluation submitted as part of San Diego MS4 Permittees’ Report of
Waste Discharge. The approach taken by the North Orange County MS4
Permittees (Santa Ana Region) in implementing their dry-weather reconnaissance
program is to focus on outfalls with persistent issues. Rather than pursue every
result above a tolerance interval (or action level), they are allowed to prioritize and
focus on discharges of greater concern; e.g., outfalls with persistent issues

other than circular pipe which is associated with a drainage area of more than 50 acres); or for municipal separate storm sewers
that receive storm water from lands zoned for industrial activity (based on comprehensive zoning plans or the equivalent), an
outfall that discharges from a single pipe with an inside diameter of 12 inches or more or from its equivalent (discharge from
other than a circular pipe associated with a drainage area of 2 acres or more).
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(2 consecutive hits or more), outfalls known to drain problematic areas, etc., and
take appropriate steps for investigation and corrective action.

Recommendation – The Permittees should be given at least one year to
collaboratively evaluate the MS4 system and propose an integrated monitoring
program and response protocols for the approval of the Executive Officer. The
proposal would assess stormwater and non-stormwater runoff from Permittees’
jurisdictional areas and should be based on the following general framework:

 The outfall monitoring program should be integrated with existing monitoring
efforts throughout the Los Angeles Region (e.g., TMDL monitoring, monitoring
by other NPDES permittees, etc).

 Non-stormwater outfall monitoring should be done at the same outfalls where
stormwater monitoring will occur. This will allow for a more effective use of
resources and provide an appropriate baseline characterization of non-
stormwater runoff. Additional non-stormwater outfall monitoring may be
conducted based on a set of approved triggers.

 For Permittees that have disconnected jurisdictional areas, such as the
County, representative outfalls should be selected.

 Outfall monitoring site selection criteria should be based on drain size,
drainage area, history, land use, staff knowledge and experience, etc.

 Outfall monitoring should be limited to “major outfalls.” A Permittee may
propose an alternative monitoring location (e.g., manhole, where a drain
crosses jurisdictional boundaries, catch basin, etc.) if it is not able to find an
outfall location.

 Should monitoring results indicate a cause for concern (e.g., results above a
pre-determined threshold), response protocols can be triggered to investigate
the sources.

4. Miscellaneous comments

a. Action levels – We support the concept of action levels, provided they are
based on thresholds proposed by Permittees as part of the monitoring program.
For example, the Orange County MS4 Permittees in the Santa Ana Region
developed tolerance intervals and used them as action levels to trigger corrective
action.

b. Please provide clarification on the following terms: jurisdictional
boundaries, significant non-stormwater or dry-weather flow, and baseline
non-stormwater flows – We recommend that jurisdictional boundaries be tied to
land use authority, since the selection criteria for proposed outfall monitoring
locations is dependent upon the representative land uses of outfall drainage.
Should flow be utilized as part of an action level, further evaluation is required to
establish thresholds for “significant non-stormwater flows” and “baseline non-
stormwater flows.”
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GAIL FARBER, Director

April 12, 2012

COUNTY OF LOS ANGELES

DEPARTMENT OF PUBLIC WORKS

,•To Enrich Lives Through Effective and Caring Service"

900 SOUTH FREMONT AVENUE
ALHAMBRA, CALIFORNIA 91803-1331

Telephone: (626)458-5100

http://dpw.lacounty.gov gDDRESS a1,L CORRESPOrmErrCE TO:
P.O. BOX 1460

ALHAMBRA, CALIFORNIA 91802-1460

Ms. Renee Purdy, Chief
California Regional Water Quality

Control Board —Los Angeles Region
Regional Programs Section
320 West Fourth Street, Suite 200
Los Angeles, CA 90013

Dear Ms. Purdy:

IN REPLY PLEASE

REFER TO FILE: WM-9

COUNTY OF LOS ANGELES COMMENTS
STAFF WORKING PROPOSAL ON MINIMUM CONTROL MEASURES

On behalf of the County of Los Angeles, thank you for the opportunity to comment on
the draft working proposal for Minimum Control Measures released on March 21, 2012.
Enclosed are our comments for your review and consideration.

If you have any questions, please contact me at (626) 458-4300 or
ghildeb@dpw.lacounty.gov or your staff may contact Ms. Angela George at
(626) 458-4325 or ageorge@dpw.lacounty.gov.

Very truly yours,

GAIL FARBER
Director of Public Works

GARY HIL EBRAND
Assistant Deputy Director
Watershed Management Division

AT: jtz
P:\wmpub~Secretaria1~2012 Documents\Letter\MCM-County.docx/C12096

Enc.

cc: Chief Executive Office (Dorothea Park)
County Counsel (Judith Fries)
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County of Los Angeles Comments

Staff Working Proposal on Minimum Control Measures

Comment #
Identify Permit

Element/Issue/Concern

Location in

Working

Proposal

Comment/Recommendation

The staff working proposal includes a limited set of definitions focused on the Planning and

Land Development Program. There are various terms used through the remaining

programs that are unclear or vague and need to be clearly defined.

County Recommendation

Include definitions for terms used in all six programs. Specifically, include definitions for

"outfall" (per 40 CFR 122.26), "construction" (same as in current permit definition,

including that it does not include routine maintenance to maintain original line and grade,

hydraulic capacity, or original purpose of facility). "Progressive Enforcement Policy" is

discussed in the Industrial/Commercial Facilities Program (pg. 18), but the term is used

throughout the working proposal. Please clarify how the Progressive Enforcement Policy is

intended to be used. Finally, delete the definition for Effective Impervious Area (EIA) as it is

not used within the working proposal.

Parts of the minimum control measures appear to require permittees to undertake actions

that should be the responsibility of the State Water Board or Regional Board. For example,

VI.C.7.d.i. & ii., or Part VI.C.7.d.ii.(b) No Exposure Verification should be done by State

Water Board or Regional Board staff, because it is the State Water Board that issues

certificates of no exposure.

VI.C.1.c

[page 2-3]

General

2 Regulatory responsibility General

1 Need definitions of terms used

throughout the permit language

General Page 1
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County of Los Angeles Comments

Staff Working Proposal on Minimum Control Measures

Comment #
Identify Permit

Element/Issue/Concern

Location in

Working

Proposal

Comment/Recommendation

VI.C.1.c

General

1 Need definitions of terms used3 Significant increase in

requirements

General Based on our review, implementation of the proposed minimum control measures program

would be significantly more labor and resource intensive than that for the current LA

County MS4 Permit and the Ventura County MS4 Permit. At the same time, it is not clear in

many instances what water quality improvement would result from implementing the

requirements. For example, the proposal requires an detailed inventory of public facilities

that would be very resource intensive; however, the intent of this exercise is not clear or

how the information would be used.

Based on discussions with staff, it appears that some of this is a matter of language

interpretation. We would welcome additional meetings with staff to fully understand

staff's intent behind the requirements and to assist in crafting language that more clearly

reflects staff's intent.

General Page 2
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County of Los Angeles Comments

Staff Working Proposal on Minimum Control Measures

Comment #
Identify Permit

Element/Issue/Concern

Location in

Working

Proposal

Comment/Recommendation

The phrase "and control the quality of stormwater discharged from industrial and

construction sites" is vague and extraneous.

County Recommendation

Delete this phrase and keep the rest of the sentence. The sentence should read as follows:

"Control the contribution of pollutants to its MS4 from stormwater discharges associated

with industrial and construction activity."

2 Interagency Agreements VI.C.2.vii & viii

[page 4]

Requiring Permittees to enter into agreements with other agencies is not feasible since

Permittees cannot require each other to sign such agreements or agree to take on liability

as part of such agreements. Further, "shared MS4" may not be the most suitable language

for these items.

County Recommendation

Delete parts vii. and viii. We'd also welcome a meeting to discuss this (and other) issues.

Replace the words "shared MS4" with "interconnected MS4".

3 Structural BMPs VI.C.2.a.xi and

xii.

[pages 4 - 5]

These sections appear to make permittees responsible for making sure that not only public

but also private structural BMPs are operable and maintained. Permittees' role with the

operation and maintenance of private post-construction BMPs should be limited to high

risk industrial and commercial facilities only. See comment 30 in the Planning and Land

Development Program.

Legal Authority

1 Quality of stormwater discharged VI.C.2.a.i

[page 4]

Legal Authority Page 3
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County of Los Angeles Comments

Staff Working Proposal on Minimum Control Measures

Fiscal Resources

Comment #
Identify Permit

Element/Issue/Concern

Location in

Working

Proposal

Comment/Recommendation

1 Budget line items VI.C.3.b.ii

[page 5]

The intent of this section is not clear. Also, the phrase “budget line items” is vague and

should be clarified or replaced. Depending on how the language is interpreted, this

requirement can be potentially very problematic for permittees such as the County of LA

whose budget is very complex.

County Recommendation

Clarify the intent of this section. Replace “budget line items” with “program area”.

2 Exercise full authority VI.C.3.a

[page 5]

This section requires each Permittee to “exercise its full authority to secure the fiscal

resources necessary to meet all requirements of this Order.” The phrase "exercise its full

authority" is vague and should be clarified.

Every municipality has a budget which must balance various needs including public health

and safety. If a municipality determines that it cannot fully fund all aspects of the Permit’s

requirements (and seeks relief from the RWQCB from those aspects), could it be found in

violation of the Permit for not having exercised its full authority?

Fiscal Resources Page 4
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County of Los Angeles Comments

Staff Working Proposal on Minimum Control Measures

Public Information and Participation Program

Comment # Permit Element/ Issue/ Concern

Location in

Working

Proposal

Comment/Recommendation

1  PIPP Implementation VI.C.6.a.i.

[page 6]

This section requires that a PIPP must be implemented “that includes, but is not limited

to, the requirements listed in this part.” (emphasis supplied.) This is problematic

language, because it purports to state that a PIPP must include unspecified additional

requirements that could be found wanting by the RWQCB or a court.

County Recommendation

Modify to read “Each Permittee shall implement a Public Information and Participation

Program (PIPP) that includes, but is not limited to at a minimum , the requirements listed

in this part.”

VI.C.6.b.i.(1)

[page 6]

The County of Los Angeles recognizes the cost-effectiveness in participating in a

collaborative and coordinated PIPP program, and supports a regional PIPP program as one

of the options; however, the County does not have plans to sponsor a countywide PIPP.

County Recommendation

Modify to read “By jointly implementing a regional PIPP program”

VI.C.6.d.i Same as comment 2.

[page 7]

County Recommendation

Modify to read "Working in conjunction with a regional, watershed-wide, or individual

PIPP…"

4 Residential Outreach VI.C.6.d.i.(3) Same as comment 1.

[page 8]

County Recommendation

Modify to read "Distribute activity specific stormwater pollution prevention public

education materials to, but is not limited to at a minimum , the following points of

purchase:"

2 PIPP Implementation

3 Residential Outreach

PIPP Page 5
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County of Los Angeles Comments

Staff Working Proposal on Minimum Control Measures

Public Information and Participation Program

Comment # Permit Element/ Issue/ Concern

Location in

Working

Proposal

Comment/Recommendation

N/A If permittees choose to jointly participate in a regional or watershed-wide PIPP, this will

take a minimum of 6 months to one year to set up by the time legal agreements and any

contracts are developed, adopted and signed. The timeline must acknowledge the time it

will take to form partnerships and coordinated multi-permittee programs.

Implementation within the first permit year is too aggressive.

County Recommendation

Allow permittees 18 months to develop and implement regional or watershed-wide PIPP.

5 Develop and Implement Program

– Timeline

PIPP Page 6
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County of Los Angeles Comments

Staff Working Proposal on Minimum Control Measures

Comment #
Identify Permit Element/ Issue/

Concern

Location in

Working

Proposal

Comment/Recommendation

1 Track Critical Sources - Minimum

fields of information

VI.C.7.b.ii.(6)

[page 10]

It is not clear what is meant by description of economic activities performed and principal

products used.

County Recommendation

Please clarify the intent of this language.

2 Inspect Critical Sources VI.C.7.d.i.

[page 11-16]

The working proposal limits the applicable BMPs to those from the CASQA handbook as

listed in the tables. Provide flexibility to use other equivalent BMPs.

County Recommendation

Revise to: "At each facility, inspectors shall verify that the operator is implementing the

source control BMPs listed in Tables [TBD] and [TBD] or other equivalent BMPs for the

corresponding facility type…"

The current MS4 Permit requires follow up inspections to be conducted within 4 weeks of

the initial inspection, whereas the working proposal required they be completed within 2

VI.C.7.e.iii.(1)

[page 18]

Industrial / Commercial Facilities Program

3 Progressive Enforcement

the initial inspection, whereas the working proposal required they be completed within 2

weeks. Four weeks is necessary due to the vast number of facilities required to be

inspected by the County.

County Recommendation

Revise to 4 weeks.

County Recommendation

Allow the initial investigation, including the site visit, to occur within four five business

days.

[page 18]

VI.C.7.f.iii.

(footnote)

[page 19]

4 Investigation of complaints

transmitted by Regional Board

Staff

Industrial-Commercial Page 7
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County of Los Angeles Comments

Staff Working Proposal on Minimum Control Measures

Comment #
Identify Permit Element/ Issue/

Concern

Location in

Working

Proposal

Comment/Recommendation

Draft Permit VI.C.8 (pages 20-40)

1 Existing ordinances NA Permittees that have adopted LID ordinances and corresponding technical documents

should be allowed to implement those existing requirements.

2 Reference for drain time (72 hrs)

to control vectors is not

consistent with current State

guidance

Page 21, 8.a.i(6) Permit should reference current DHS BMP Vector Manual and 96 hr drain time

recommendation. See: http://westnile.ca.gov/resources.php

3 Inconsistent criteria for projects

subject to post construction BMP

requirements.

Page 21, 8.b.i(1) This provision establishes the scope of development projects subject to post construction

controls. The criteria are inconsistent as sometimes the criterion is based on impervious

area and other times it’s based on surface area. Impervious area is a more accurate

surrogate to use for establishing project eligibility and relevant to water quality issues.

4 Inappropriate terminology for

project descriptions.

Page21, 8.b.i(1) The terms "industrial parks" and "commercial strip malls" are inconsistent with terminology

normally used to describe development projects and will create confusion between the

project developer and Permittees. Revise to read "industrial projects" and "commercial

projects" to provide Permittees with flexibility to include broader coverage.

5 Freeways are covered under the

Caltrans MS4 Permit.

Page 21,

8.b.i(1)(g)

County does not construct freeways and has no control over the Caltrans project

development process. Delete the word 'freeways'

6 Clarification of redevelopment

projects subject to post

construction BMPs.

Page 22,

8.b.i(1)(i)

This provision needs to be clarified to remove ambiguity and confusion for the Permittees.

Suggest that the term "Redevelopment projects in subject categories" be modified to read

"Redevelopment projects in categories 'a through h' above"

7 SWQDv criteria Page 24, 8.c.i(2) This provision requires the permittees to select the most stringent SWQDv standard

between two standards, a 0.75-inch 24-hour rain event and the 85th percentile 24-hour

rain event. Clarify that rainfall depth for the 85th percentile 24-hour rain event is to be

determined based on the isohyetal map prepared by the County of Los Angeles. If more

than 0.75-inch, this rainfall depth is to be used to determine the SWQDv.

Planning and Land Development Program

Planning Page 8

RB-AR14013



County of Los Angeles Comments

Staff Working Proposal on Minimum Control Measures

Comment #
Identify Permit Element/ Issue/

Concern

Location in

Working

Proposal

Comment/Recommendation

Planning and Land Development Program

8 Reference to 72 hrs is

inconsistent with current state

guidance

Page 24,

8.c.i)(6)

See Comment No. 2

9 Use of green roofs is not practical

on all buildings

Page 24, 8.c.i(7) There are a variety of issues to be considered when assessing the viability of green roofs.

The structure type (wood frame is not a practical application), and building use are primary

factors. Further, green roofs in the LA area will need irrigation. A water budget study and

building type study should be performed to determine design guidelines prior to mandating

large scale use.

10 Unnecessary BMP analysis Page 24, 8.c.i(7)

and (8)

Provisions 7 and 8 imply that all projects must analyze green roofs and rain water harvests

systems. Projects should only be required to provide this type of analysis if they cannot

infiltrate in another fashion. Then they should analyze green roofs and rainwater harvest

systems before moving into other alternatives such as biofiltration. Also it is not practical to

analyze green roof systems at the tentative development phase of a project. This type of

system requires detailed structural building plans and would have to be designed and

reviewed at a building permit stage of development.

Planning Page 9
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County of Los Angeles Comments

Staff Working Proposal on Minimum Control Measures

Comment #
Identify Permit Element/ Issue/

Concern

Location in

Working

Proposal

Comment/Recommendation

Planning and Land Development Program

11 California Plumbing Code Page 25

8.c.iii (8)

Current California Plumbing Code (CPC) adopted by the Building Standards Commission

(BSC) is based on the 2009 Uniform Plumbing Code published by IAPMO, not the National

Standard Plumbing Code published by PHCC. Also, Building Standards law dictate that no

local jurisdiction can lesson any requirement adopted by the BSC. The CPC requires that all

plumbing fixtures within the building be served by potable water (601.1 of the CPC).

Potable water is defined as water that is satisfactory for drinking, culinary, or domestic

purposes that meet the requirements of the California Department of Public Health (218.0

of the CPC). The exception to this is in the case of Non-Potable water systems in Non-

Residential buildings, utilizing recycled water (treated to tertiary standards and meets

statewide standards of California Department of Public Health) may be used for flushing

urinals, water closets, and trap primers for floor drains and floor sinks (1613A.0 of the CPC).

In order to introduce such an ordinance at the local level, the BSC would first need to adopt

statewide building standards allowing for rainwater re-use systems within the building for

the above listed purposes.

12 Alternative compliance process is

difficult to follow and will be

nearly impossible to administer.

Page 25, 26 and

27, 8.c.ii

The alternative compliance process provided in this working proposal is very complex and

convoluted and will be difficult to administer consistently. Please streamline the process

and simplify and clarify the language.

13 Impediments to regional

groundwater replenishment

projects

Pages 25 and 26 If the intent of the permit is allow offsite groundwater replenishment projects as equivalent

to on-site retention then the requirement to treat all runoff before it goes to an offsite

project is detrimental and unwarranted. As currently structured the project proponent

must treat the runoff to a high standard (i.e. water quality objectives) before it can be used

for offsite groundwater recharge projects. This will severely limit this "equivalent"

alternative. Furthermore the regional groundwater replenishment projects should be

limited to private projects unless the Permittee opts to develop public projects. Private

projects are acceptable as long as mitigation was completed prior to project occupancy.

(i.e. no cash in lieu funds, or project lists)

Planning Page 10
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County of Los Angeles Comments

Staff Working Proposal on Minimum Control Measures

Comment #
Identify Permit Element/ Issue/

Concern

Location in

Working

Proposal

Comment/Recommendation

Planning and Land Development Program

14 Inconsistency in the alternative

compliance table

Page 25 and 26 The Medium Preferred Options presented in the table are unclear and confusing as

currently presented. There also appears to be some overlap within the Medium Preferred

Options and with the Most Preferred offsite regional groundwater recharge option (actually

the two options appear to be exactly the same). The table could benefit from streamlining

and simplification. Suggest that the medium preferred options be merged into one option

and replaced with language similar to that utilized within the Ventura County NPDES MS4

Permit (R4-2010-0108): “Regardless of the methods through which Permittees allow

project applicants to implement alternative compliance measures, the result must be at

least the same level of water quality protection…” Or, staff may consider replacing the

table with a flow chart.

15 Amendment of site soils to

improve infiltration properties is

not practical in the vast majority

of cases. This is not a realistic

alternative

Page 27,

8.c.ii(2)(a)

Site soils that have poor infiltration characteristics can not be amended to improve those

characteristics for concentrated infiltration BMPs such as bioretention since lower strata

soils will still impede infiltration. Eliminate as an alternative.

16 Definition of "smart growth and

infill development"

Page 27,

8.c.ii(2)(f)

These terms need to be clearly defined otherwise there will be considerable confusion as to

what qualifies as smart growth (e.g. walking trails)

17 If retention is used offsite, then

on-site treatment should be

waived

Page 27, 8.c.iii A project that is retaining runoff at an offsite location in the same watershed should not

have to also install treatment controls on-site since full treatment will be provided resulting

in equal environmental benefit.

18 Equivalent SWQDv criteria Page 28,

8.c.iii.(1)(c)

See Comment 7.

19 Off site projects - permittee

discretion.

Page 28,

8.c.iii.(2) and (3)

Allow Permittees the discretion to chose whether they want to develop an offsite program

alternative.

Planning Page 11
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County of Los Angeles Comments

Staff Working Proposal on Minimum Control Measures

Comment #
Identify Permit Element/ Issue/

Concern

Location in

Working

Proposal

Comment/Recommendation

Planning and Land Development Program

20 Definition of watershed and

subwatershed

Page 28,

8.c.iii.(3)(b)

The Basin Plan (appendix 2) uses the terms "hydrologic unit, hydrologic area, and

hydrologic subareas" not HUC-12 or HUC-10. Clarification should be provided to reconcile

the different terms. We suggest that the permit use the "hydrologic area" is equivalent to

HUC-12 hydrologic area.

21 Indicates that Permittees will

oversee the construction of

offsite projects for private

development - risk to Permittee

is unacceptable

Page 29,

8.c.iii(3)(f)

The Permittee cannot be expected to develop a program where the MS4 is responsible for

ensuring completion of an offsite mitigation project. The bid climate, unforeseen site

conditions and other events that impact construction costs place too much risk on the

Permittee to ensure private development mitigation. Private developers may be able to

secure an offsite location, but initial and long-term agreements will likely make this a rare

case. This type of offsite mitigation is generally not feasible, and should not be relied upon

as a viable alternative. Accordingly, the options listed in the Table on page 25 - 26 should

be equivalent - not a hierarchy.

22 Time frame for third party

petition.

Page 29,

8.c.iii(3)(g)

The schedule for third party petition of offsite projects or EO approval should not be open

ended but limited to 30 days.

23 Equivalent SWQDv criteria Page 30,

8.c.iii(4)

See Comment 7.

24 Projects that treat water offsite

through retention, infiltration or

use should not also have to treat

water onsite.

Page 30, 8.c.iv Revise to indicate that no onsite treatment is required

Planning Page 12
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County of Los Angeles Comments

Staff Working Proposal on Minimum Control Measures

Comment #
Identify Permit Element/ Issue/

Concern

Location in

Working

Proposal

Comment/Recommendation

Planning and Land Development Program

25 Cause or contribute to

exceedance

Page 30-33,

8.c.iv

Such requirements center on the treatment of stormwater runoff from the project site,

including meeting either the pollutant specific benchmarks set forth in the attached table

or “ensure that the discharge does not cause or contribute to an exceedance of water

quality standards at the Permittee’s downstream MS4 outfall.”

We have some concerns with respect to the second requirement. The requirement not to

cause or contribute to exceedance of a water quality standard is not contained in the CWA,

which only requires permittees to effectively prevent non-stormwater discharges to the

MS4 and to take steps to the MEP to address pollutants in discharges from the MS4.

Additionally, more clarity is needed on the meaning of “Permittee’s downstream MS4

outfall” and "cause or contribute to".

26 Benchmarks for treatment

control BMP performance are

unsubstantiated.

Page 31,

8.c.iv.(1)(a)

There are no non-infiltration based BMPs that can reliably achieve sanitary quality and

pesticide bench-mark limits 100 percent of the time. Treatment BMPs are not a practical

method for the removal of pesticides. Source control of pesticides is by far superior to

treatment. The requirements described in this section will place an impractical risk on the

developer and the MS4. Monitoring of BMPs by developers will not be an effective use of

funds. Pesticides that cause receiving water toxicity must be controlled at the source (such

as was done with diazinon).

Planning Page 13
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County of Los Angeles Comments

Staff Working Proposal on Minimum Control Measures

Comment #
Identify Permit Element/ Issue/

Concern

Location in

Working

Proposal

Comment/Recommendation

Planning and Land Development Program

27 Inappropriate development of

BMP performance standards

Page 31,

8.c.iv(2)

This provision is essentially establishing water quality based effluent limits for treatment

control BMPs. Furthermore the effluent limits are in fact water quality objectives. There a

number of reason why this is inappropriate. To begin with, the current knowledge of BMP

performance is limited to establishing technology based performance standard. This is the

concept that is imbedded in the Ventura permit and has technical basis for its inclusion.

Second the direct application of water quality objectives to the end of pipe effluent quality

as shown in the Table on page 31 and 32 does not account for the conditions in the

receiving water. When WQBELs are established for wastewater plant, the derivation is

based on the receiving water conditions that may allow for dilution/mixing zone, site

specific objectives, hardness adjustment, etc. And finally as noted in comment #26 we are

unaware of any BMPs that can meet the benchmark levels. This is because in some case

we have no performance data (e.g. pyrethroids) and other cases there is no BMPs of the

public domain type that can meet the objective (e.g. bacteria).

28 Unreasonable expectations for

maintenance agreements

Page 38,

8.d.iii(1)

Requiring maintenance agreements for all LID practices is unrealistic and not

commensurate with water quality improvement. Most LID strategies will be implemented

at the site level (including individual residents) and to require homeowners to enter into

maintenance agreements for their LID practices is impractical and a huge cost implications.

Rather the maintenance agreements should be limited regional facilities and/or treatment

control BMPs.

29 Inspection of BMPs Page 40,

8.d.iv(1)(c,d)

BMP inspection based on a fixed time interval is arbitrary and poor use of resources. The

Permittee should prioritize inspection based on previous inspection history. Private parties

should be allowed the same flexibility if inspection is completed by a certified 3rd party.

Planning Page 14
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County of Los Angeles Comments

Staff Working Proposal on Minimum Control Measures

Comment #
Identify Permit Element/ Issue/

Concern

Location in

Working

Proposal

Comment/Recommendation

Planning and Land Development Program

30 Post Construction BMPs O&M Page 40

8.d. iv(d)

"The Permittee shall require annual reports by the other parties demonstrating proper

maintenance and operations" This proposed language is not practical and is difficult to

enforce on private property owners As an alternative we recommend that private property

owners should maintain their records on site, and make them available upon request.

Attachment TBD Bioretention/Biofiltration Design Criteria (pages 74-82)

1 Biofiltration/Bioretention Design

Criteria: provide as guidance

Pages 74 - 79 The specificity of the Biofiltration/Bioretention Criteria should be provided as guidance. The

permittees should not be required to adopt the criteria as stated in the attachment.

Permittees should be given the ability to adopt guidelines and standards appropriate to the

Los Angeles region and reflect the most up-to-date understanding of

bioretention/biofiltration pollutant removal effectiveness. Specifications provided as

guidance versus a hard and fast requirement will allow for continued experimentation and

innovation. The guidelines issued via the Ventura TGM and Bay Area MRP are not yet a year

old and it can be expected that these specifications can/will be modified as we gain on-the-

ground experience.

2 Biofiltration/Bioretention Design

Criteria: submittal requirements

Pages 74 - 79 The submittal requirements for bioretention/biofiltration soils are excessive and supersede

other procedures and practices in place that ensure adequate implementation of treatment

control BMPs. The submittal requirements are likely to discourage the use of

bioretention/biofiltration practices. The Regional Board should allow Permittees to

determine compliance through established guidance, plan review, and inspections. Soil mix

submittal requirements should be deleted.

Planning Page 15
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County of Los Angeles Comments

Staff Working Proposal on Minimum Control Measures

Comment #
Identify Permit Element/ Issue/

Concern

Location in

Working

Proposal

Comment/Recommendation

Planning and Land Development Program

3 LID Training Page 81

J

Requiring "each Permittee shall facilitate implementation of LID by providing key industry,

regulatory, and other stakeholders with information regarding LID objectives and

specifications through a training program" is not cost effective. There are other methods

to providing information on LID implementation short of formal training. Please revise this

section to allow Permittees to provide information regarding LID through their websites.

Planning Page 16
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County of Los Angeles Comments

Staff Working Proposal on Minimum Control Measures

Comment #
Identify Permit Element/ Issue/

Concern

Location in

Working

Proposal

Comment/Recommendation

1 General Comment This proposed language includes many of the same requirements as the General

Construction Permit. A construction project that falls under GCP does not need to also be

regulated by the MS4 permit.

The proposed language seems to indicate that all soil disturbing activities regardless of size

must comply with all the requirements under this program.

County Recommendation

Clarify that projects under 1 acre only need to comply with a minimum set of BMPs.

Construction Site Inventory/Electronic Tracking System for all types of permits as listed is

nice to do but can be potentially very problematic and costly to implement, and thus

should not be mandatory.

County Recommendation

Allow permittees to use existing non-electronic inventory/tracking systems if they work.

Reduce the amount of information required to be tracked, particularly for small projects

(under 1 acre).

The proposed language seems to indicate that all soil disturbing activities regardless of size

must prepare a Rain Event Action Plan. The language should be clarified to indicate that

this requirement does not apply to projects under 1 acre.

County Recommendation

Clarify that projects under 1 acre only need to comply with a minimum set of BMPs.

Development Construction Program

2 General Comment VI.C.9.d.

[Page 41]

3 Inventory/Electronic Tracking VI.C.9.e.

[page 41]

4 Rain Event Action Plan (REAP) VI.C.9.f.ii (3)(i)

[page 43]

Construction Page 17
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County of Los Angeles Comments

Staff Working Proposal on Minimum Control Measures

Comment #
Identify Permit Element/ Issue/

Concern

Location in

Working

Proposal

Comment/Recommendation

Development Construction Program

The working proposal limits the applicable BMPs to those in the CASQA or Caltrans

handbooks. Allow flexibility to use other equivalent BMP manuals, such as the Los Angeles

County Department of Public Works Construction Site BMP Manual.

County Recommendation

Revise to: "Permittees are authorized to substitute the listed BMPs with the equivalent

BMP contained in the most current version of the California Stormwater BMP Handbook

(Construction), or other equivalent handbook, through the term of this Order."

6 Inspection Frequencies VI.C.9.h.ii.(1)&(

2)

[pages 47-49]

The inspection frequencies in these sections appear excessive. For example, Section

VI.C.9.h.ii.(2) on page 48 would appear to require 5 different inspections regardless of

project size. Finally, some of the inspection frequencies are not consistent with those

required under the State's CGP.

County Recommendation

Add flexibility to allow the Permittees to select the appropriate times to inspect projects,

such as during the grading and land development activities.

5 Tables of Minimum and

Additional BMPs

VI.C.9.g.

[pages 43-47]

Construction Page 18
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County of Los Angeles Comments

Staff Working Proposal on Minimum Control Measures

Comment #
Identify Permit

Element/Issue/Concern

Location in

Working

Proposal

Comment/Recommendation

Inventory, mapping and populating the highly detailed minimum fields of information for all

the listed sites is very resource intensive. The list of facilities is very extensive and covers

facilities that are already regulated under separate permits. In addition, the County has no

jurisdiction over public schools. Annual updating of the inventory and map is unnecessary

since municipal facilities do not change as frequently as private businesses.

County Recommendation

Remove from the inventory list schools and facilities that are regulated under separate

permits. The map and inventory should be updated once during the permit term. Allow at

least 2 years to complete the inventory.

The information required in the inventory is excessive and potentially very resource

intensive. For example, determining which MS4 outfalls receive discharge from a facility

may require field investigations which would be very resource intensive.

County Recommendation

2 Minimum fields of information

for municipal facilities inventory

VI.C.10.c.ii.

[page 54]

Public Agency Activities Program

1 Maintain Inventory and Map

Facilities

VI.C.10.c.

[pages 53-54]

County Recommendation

Revise the first sentence of the section to read: 'Each Permittee should consider shall

including the following minimum fields of information…"

Developing an inventory of retrofitting opportunities that includes municipal, industrial,

commercial, and residential areas would be extremely resource intensive. Inventory of

existing development should not be required as part of the minimum control measures, but

instead, if feasible, part of a larger TMDL implementation strategy.

County Recommendation

Clarify the intent of the inventory, which based on our discussion with staff, appears to be

identifying regional treatment opportunities as opposed to parcel level opportunities. This

section should be revised to reflect this intent.

3 Inventory of Existing

Development for Retrofitting

Opportunities

VI.C.10.d. [page

54]

Public Agency Activities Page 19
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Staff Working Proposal on Minimum Control Measures

Comment #
Identify Permit

Element/Issue/Concern

Location in

Working

Proposal

Comment/Recommendation

Public Agency Activities Program

This table lists specific BMPs from the Caltrans Stormwater Quality Handbook Maintenance

Staff Guide. Allow flexibility to use alternate equivalent BMPs, such as those in the CASQA

Municipal BMP Handbook.

County Recommendation

Include in the table the BMPs from the CASQA Municipal BMP Handbook. Revise the

language to read: "Each Permittee shall implement and maintain the general and activity

specific BMPs listed in Table [TBD] or other set of equivalent BMPs…"

Clarify this section so that it only applies to permanent vehicle and equipment washing

areas.

County Recommendation

Revise to read: "Each Permittee shall implement and maintain the activity specific BMPs

listed in Table [TBD] (BMPs for Public Agency Facilities and Activities) for all fixed vehicle

and equipment washing;"

VI.C.10.f.i & iii.

[page 59]

4 Implement and maintain the

general and activity specific BMPs

VI.C.10.e.iii.

Table [TBD]

[page 57]

5 Vehicle and Equipment Washing

and equipment washing;"

The County is supportive of implementing an integrated pest management program.

However, this language does not consider costs associated with such a program. There are

instances when application of environmentally friendly pesticides that do not threaten

water quality is the least costly method to manage pests. Allow flexibility to continue use

of such pesticides so long as it is done according to applicable permits and established

guidelines without the need to demonstrate measurable reductions in pesticide use.

County Recommendation

Delete "(7)(c) Demonstrate measurable reductions in pesticide use."

6 Landscape, Park, and

Recreational Facilities

Management - pesticides

application

VI.C.10.g.

[page 60]

Public Agency Activities Page 20

RB-AR14025
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Staff Working Proposal on Minimum Control Measures

Comment #
Identify Permit

Element/Issue/Concern

Location in

Working

Proposal

Comment/Recommendation

Public Agency Activities Program

At the time of adoption of the 2001 MS4 Permit, Sanitary Sewer Systems did not have their

own Waste Discharge Requirements or a separate NPDES Permit. However, in 2006,

separate Waste Discharge Requirements were adopted to regulate sanitary sewer systems.

Therefore, they no longer need to be covered under the MS4 Permit.

County Recommendation

Delete the section referencing sanitary sewer systems.

7 Infiltration from Sanitary Sewer

to MS4/Preventive Maintenance

VI.C.10.h.ix.(4)

[page 64]

Public Agency Activities Page 21
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Staff Working Proposal on Minimum Control Measures

Comment #
Identify Permit Element/ Issue/

Concern

Location in

Working

Proposal

Comment/Recommendation

Illicit Connection and Illicit Discharge Elimination Program

1 MS4 Mapping 11.b.i.

[page 68]

While an electronic MS4 map may be useful, to develop and maintain such as system is

potentially very resource intensive, and the benefit of such a system may not be justifiable.

This requirement should be optional.

County Recommendation:

Revise the section to read: "Each Permittee is encouraged to shall maintain an up-to-date-

and accurate electronic MS4 map. If possible, the map should be maintained within a GIS.

The MS4 map should must show the following , at a minimum : "

11.c.i

[page 69]

The provision requires the monitoring of authorized non-stormwater discharges. It is

unclear what specific monitoring activities are required. We also believe characterizing and

monitoring authorized non-stormwater discharges from other NPDES/WDR permittees

should not lie with MS4 Permittees. Instead the LARWQCB should direct the other

NPDES/WDR permittees to characterize and monitor their own discharges and report back

to them.

2 Implementation of Non-

Stormwater Outfall-Based

Monitoring

Program to Detect IC/IDs Level

County Recommendation

Remove characterization and monitoring of authorized non-stormwater discharges.

IC-ID Page 22
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Staff Working Proposal on Minimum Control Measures

Comment #
Identify Permit Element/ Issue/

Concern

Location in

Working

Proposal

Comment/Recommendation

Illicit Connection and Illicit Discharge Elimination Program

11.d.ii, 11.g.i.(2) County Recommendations

[page 69, 72] Modify the language as follows:

(ii) At a minimum, each Permittee shall initiate conduct an investigation(s) to identify

and locate the source within one business day 48 hours of becoming aware of the

illicit discharge.

(2) Initiation of investigation of all public and employee ID and spill complaints within

one business day 24 hours of receiving the complaint to access validity.

Add as footnote; similar qualifier used for Industrial/Commercial Facilities Inspection:

Permittees may comply with the Permit by taking initial steps (such as logging,

prioritizing, and tasking) to “initiate” the investigation within that one business day.

However, the Regional Water Board would expect that the initial investigation,

3 Illicit Discharge Source

Investigation and Elimination

However, the Regional Water Board would expect that the initial investigation,

including a site visit, to occur within two business days.

IC-ID Page 23
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Staff Working Proposal on Minimum Control Measures

Comment #
Identify Permit Element/ Issue/

Concern

Location in

Working

Proposal

Comment/Recommendation

Illicit Connection and Illicit Discharge Elimination Program

11.d.iv.(1)

[page 70]

This section states: “…Permittee shall immediately notify the responsible party of the

problem, and require the responsible party to conduct all necessary corrective actions to

eliminate the non-stormwater discharge within 48 hours of notification.”

This may not be feasible. For example, an illicit discharge could occur and the Permittee

may not be able to immediately identify the responsible party. Additionally, if the illicit

discharge occurs on a weekend or during a large public event, it may not be feasible to

eliminate the illicit discharge within 48 hours (i.e. contractors and equipment may not be

readily available). However, it may be possible to initiate some activities to contain the

illicit discharge and minimize its impacts.

County Recommendations

“…Permittee shall immediately notify the responsible party of the problem and require the

responsible party /parties to immediately initiate conduct all necessary corrective actions

4 Illicit Discharge Source

Investigation and Elimination

responsible party /parties to immediately initiate conduct all necessary corrective actions

to eliminate the illicit non-stormwater discharge within 48 hours of notification . Upon

being notified that the discharge has been eliminated, the Permittee(s) shall conduct a

follow-up investigation to verify that the discharge has been eliminated and cleaned up to

the satisfaction of the Permittee(s) . Each Permittee shall document its follow-up

investigation. Each Permittee may seek recovery and remediation costs from responsible

parties or require compensation for the cost of field screening, monitoring and all

inspection , and investigation s , cleanup, and oversight activities. ”

Define "Progressive Enforcement Policy."

IC-ID Page 24
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Comment #
Identify Permit Element/ Issue/

Concern

Location in

Working

Proposal

Comment/Recommendation

Illicit Connection and Illicit Discharge Elimination Program

5 Illicit Discharge Source

Investigation and Elimination

11.d.iv.

[page 71]

County Recommendations

Add (3):

"(3) If the source of the illicit discharge cannot be traced to a suspected responsible party,

affected Permittees shall implement the approved illicit discharge/spill response plan.

11.d.iv.(2) County Recommendations

[page 70] Add the same recovery and remediation costs language from (1) to (2):

"Each Permittee may seek recovery and remediation costs from responsible parties or

require compensation for the cost of field screening, monitoring and investigations."

11.d.iv.(2)

[page 70]

The provision requires Permittees notify upstream jurisdictions in writing if the source of

the illicit discharge was determined to originate from that jurisdiction. The permit should

provide flexibility in how Permittees communicate with each other and other jurisdictions

and agencies, such as via telephone or email.

6 Illicit Discharge Source

Investigation and Elimination

7 Illicit Discharge Source

Investigation and Elimination

There may be illicit discharges that are visually observed and not determined from

screening activities. In such cases there may not be characterization and field screening

data to provide.

County Recommendations

Modify to read "…the Permittee shall notify i nform in writing both the upstream

jurisdiction and the Regional Board within 30 days of such determination and provide all

the information collected al characterization and field screening data collected as a

component of the field survey and efforts taken to identify its source ."

IC-ID Page 25
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Comment #
Identify Permit Element/ Issue/

Concern

Location in

Working

Proposal

Comment/Recommendation

Illicit Connection and Illicit Discharge Elimination Program

11.d.v.

[page 71]

Requires the Permittee to work with the Regional Board to provide diversion of the entire

flow to the sanitary sewer or provide treatment if the Permittee is unable to eliminate an

ongoing illicit discharge.

There may be situations where the illicit discharge is extremely difficult to trace, the

responsible party(ies) is not clear, diversion to the sanitary sewer is not feasible (due to the

size or location of the discharge), or treatment is too cost prohibitive. For example, the oil

discharge discovered in January 2011 in the Dominguez Channel near 223rd Street in the

City of Carson involved months of investigation involving multiple agencies and possible

responsible parties. The discharger(s) must be held responsible and be part of the solution.

County Recommendation

In the event the Permittee is unable to eliminate an ongoing illicit discharge following full

execution of its legal authority and in accordance with its Progressive Enforcement Policy,

including the inability to find the responsible party/parties, or other circumstances prevent

8 Illicit Discharge Source

Investigation and Elimination

including the inability to find the responsible party/parties, or other circumstances prevent

the full elimination of an ongoing illicit discharge, the Permittee shall notify the Regional

Water Board in writing within 30 days of such determination and work with provide

available information for to the Regional Water Board t o take action against the suspected

discharger(s) provide for diversion of the entire flow to the sanitary sewer or provide

treatment . In either instance, the Permittee shall notify the Regional Water Board in

writing within 30 days of such determination and shall provide a written plan for review

and comment that describes the efforts that have been undertaken to eliminate the illicit

discharge, a description of the actions to be undertaken, anticipated costs, and a schedule

for completion.

IC-ID Page 26
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Comment #
Identify Permit Element/ Issue/

Concern

Location in

Working

Proposal

Comment/Recommendation

Illicit Connection and Illicit Discharge Elimination Program

11.e.i & ii

[page 71]

Requires the Permittee to complete a suspected illicit connection investigation within 21

days, and ensure elimination of the connection within 90 days upon confirmation of an

illicit MS4 connection.

The County consists of approximately 80 unincorporated islands throughout the Permit

area. The County requires sufficient time to address suspected illicit connections, and

would like to see the same timeframes carried over from the current to the new Permit.

County Recommendations

Modify to read:

(i) " … complete initiate an investigation within 21 days…"

(ii) "…ensure that the connection is eliminated within 90 180 days…"

11.f.ii.(1) & (2) The provision makes reference to a "County sponsored PIPP."

[Page 71-72]

9 Identification and Response to

Illicit Connections

10 Public Reporting of Non-

Stormwater Discharges and Spills

[Page 71-72]

The County of Los Angeles recognizes the cost-effectiveness in participating in a

collaborative and coordinated PIPP program, and supports a countywide PIPP program as

one of the options; however, the County does not have plans to sponsor a countywide

PIPP.

County Recommendation

Modify to read “(1) By jointly implementing a regional PIPP program”

Replace "PIPP" with "hotline".

IC-ID Page 27
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Comment #
Identify Permit Element/ Issue/

Concern

Location in

Working

Proposal

Comment/Recommendation

Illicit Connection and Illicit Discharge Elimination Program

11 Public Reporting of Non-

Stormwater Discharges and Spills

11.f.iv.

[page 72]

The provision requires annual evaluations of procedures.

County Recommendation

In light of the large number and variety of potential stakeholders that could be involved in

these procedures, we recommend that evaluations be conducted once during the Permit

term.

11.g. i.(1), (3)

[page 72]

County Recommendations

"(2) Initiation of Iinvestigation of all public and employee ID and spill complaints within 24

hours one business day of receiving the complaint to assess validity."

"(3) Response to ID and spills for containment within 2 4 hours of becoming aware of the

ID or spill, except where such IDs or spills occur on private property, in which case the

response should be within 2 hours of gaining legal access to the property."

12 Illicit Discharge and Spill

Response Plan

response should be within 2 hours of gaining legal access to the property."

IC-ID Page 28
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GAIL rARBCR, Director•

April 18, 2Q12

COUNTY OF LOS ANGELES

DEPARTMENT OF PUBLIC WORKS

"To Enrich Lives Through Effective and Caring Service"

900 SOUTH FRFMONT AVENUL-
ALHAMBRA, CALIFORNIA 91803-1331

Telepl~oi~e: 1626) 458-5 I00

l~ttp://dpw.Iacounty.gov ADDRESS ALL CORRESPONDENCE TO:
P.O. BOX 1460

ALHAMBRA, CALIPORN[A 91802-1460

IN REPLY PLEASE

REFER TO FILE: WM-9

Ms. Renee Purdy, Chief
California Regional Water Quality

Control Board —Los Angeles Region
Regional Programs Section
320 West Fourth Street, Suite 200
Los Angeles, CA 90013

Dear Ms. Purdy:

COUNTY OF LOS ANGELES AND LOS ANGELES COUNTY
FLOOD CONTROL DISTRICT COMMENTS
STAFF WORKING PROPOSAL ON NONSTORMWATER DISCHARGE
PROHIBITIONS

On behalf of the County of Los Angeles and the Los Angeles County Flood Control
District, thank you for the opportunity to comment on the draft working proposal for
Nonstormwater Discharge Prohibitions released on March 28, 2012. Enclosed are our
comments for your review and consideration.

If you have any questions, please contact me at (626) 458-4300 or
ghildeb@dpw.lacounty.gov or your staff may contact Ms. Angela George at
(626) 458-4325 or ageorge@dpw.lacounty.gov.

Very truly yours,

GAIL FARBER
Director of Public Works

,.
GARY HIL EBRAND
Assistant Deputy Director
Watershed Management Division

ACL:jtz
P:\wmpub\Secretaria1~2012 DocumentslLetter\Comment NSW.docx\C12098

Enc.

cc: Chief Executive Office (Dorothea Park)
County Counsel (Judith Fries)
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County of Los Angeles and Los Angeles County Flood Control District
Regional Board Staff Working Proposal on Discharge Prohibitions

Comment  # Permit Element/ Issue/ Concern
Location in 
Draft Permit

Comment/Recommendation

NA The working proposal would add tremendous burden on MS4 permittees to address what 
are authorized nonstormwater discharges.  These discharges are generally perceived to be 
low risk.  If the Regional Board has evidence that any authorized discharge poses significant 
risk to receiving water quality, then Regional Board should issue separate individual or 
general NPDES permits to address those discharges.   

Recommendation
Staff should consider a less prescriptive approach.  For example, significantly simplifying 
Table X to address authorized non‐stormwater discharges would be advisable.  We would 
be happy to meet with staff to further discuss these issues, including a BMP‐based approach
for addressing non‐stormwater discharges.  

III.A.1.a, c.;  
III.A.2.

The proposed language refers to the "effective prohibition of non‐storm water discharges…"
throughout the document, and defines such discharges as "discharges into the MS4 and 
from the MS4 into receiving waters." 

[Page 1]
This definition is clearly not authorized by the Clean Water Act (CWA).

33 U.S.C. § 1342 (p)(3)(B](ii) requires that municipal permittees "effectively prohibit" the 
discharge of non‐stormwater into the MS4.  It does not require the effective prohibition of 
non‐storm water discharges from the storm sewers (MS4) to the receiving water. 

33 U.S.C. § 1342(p)(3)(iii) requires municipalities to "reduce the discharge of pollutants to 
the maximum extent practicable (MEP).  33 U.S.C. § 1362(12) defines "discharge of 
pollutants" not to include discharges into the MS4, but rather "any addition of any 
pollutant to navigable waters from any point source..."

Discharge Prohibitions

2

Effective Prohibition of Non‐
Storm Water Discharges into MS4 
and from MS4 into Receiving 
Water

1

General approach

1 of 7 Printed:  04/18/2012
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County of Los Angeles and Los Angeles County Flood Control District
Regional Board Staff Working Proposal on Discharge Prohibitions

Comment  # Permit Element/ Issue/ Concern
Location in 
Draft Permit

Comment/Recommendation

Discharge Prohibitions

It also raises significant proof and enforcement issues.  A municipality can identify individual 
dischargers to its MS4 and control that discharge through its ordinances, permitting 
authority or other enforcement mechanisms.  However, given the mixing of discharges in 
the MS4 system from multiple sources (e.g., flows from individual and General NPDES 
permittees, POTWs, other municipal runoff, and other discharges authorized or exempted 
by the State or Regional Board, etc.), as well as the fact that the inlet to the MS4 may be 
operated by a different entity than the outlet of the MS4 to the receiving waters, it is very 
difficult for a permittee to take effective action to address non‐stormwater discharges from 

the MS4.

The Regional Board should acknowledge that certain activities that generate pollutants 
present in urban runoff may be beyond the ability of the permittees to eliminate. Examples 
of these include operation of internal combustion engines, atmospheric deposition, brake 
pad wear, tire wear and leaching of naturally occurring minerals from local geography.

Recommendation
Remove "and from the MS4 into receiving waters" throughout the document.

III.A.1.b. The definition of “storm water” does not follow the regulatory definition, which does not 
include the words “related to precipitation events.”

[Page 1]
Recommendation
Delete "related to precipitation events."

3

Definition of "Storm Water"

2
cont.

Effective Prohibition of Non‐
Storm Water Discharges into MS4 
and from MS4 into Receiving 
Water

2 of 7 Printed:  04/18/2012
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County of Los Angeles and Los Angeles County Flood Control District
Regional Board Staff Working Proposal on Discharge Prohibitions

Comment  # Permit Element/ Issue/ Concern
Location in 
Draft Permit

Comment/Recommendation

Discharge Prohibitions

III.A.1.c. The definition of “illicit discharge” does not follow the federal regulations 40 CFR § 
122.26(b)(2):  “Illicit discharge means any discharge to a municipal separate storm sewer 
that is not composed entirely of storm water except discharges pursuant to a NPDES permit 
(other than the NPDES permit for discharges from the municipal separate storm sewer and 
discharges resulting from any fire fighting activities.”  The proposed definition improperly 
refers to discharges “from the MS4 into a receiving water.”  Also, there is no limitation of 
firefighting activities to “emergency” firefighting activities.

[Page 1]
Recommendation
Delete "from the MS4 into a receiving water" and "emergency".

III.A.3.a.; 
III.A.5., a. & b.;

Table X

[Page 2; 5]

The proposed language suggests that MS4 Permittees are responsible for ensuring non‐
stormwater discharges regulated by a separate individual or general NPDES permit comply 
with those permits.  If true, this places the burden to regulate such discharges on the MS4 
Permittees when such responsibilities lie with the Regional Board.  

The individual and general permits issued by the Regional Board should include the 
requirement for dischargers to explore and consider alternatives to discharge to the MS4 .  
Dischargers should have already considered other options prior to requesting approval from 

MS4 Permittees to discharge to the MS4.

Recommendation
"5. Each Permittee shall develop and implement procedures to require that dischargers 
obtain all necessary permits and water quality certifications prior to discharge to the MS4. 
ensure all conditionally authorized non‐storm water discharges into the MS4  and from the 
MS4 into receiving waters identified in sections A.3 and A.4 above comply with the 
applicable conditions.  These procedures shall include, at a minimum, the following:"

Delete 'III.A.5.a. & b."

4

Definition of "Illicit Discharge"

5

Responsibility to regulate 
individual and general NDPES 
permits.  

3 of 7 Printed:  04/18/2012
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County of Los Angeles and Los Angeles County Flood Control District
Regional Board Staff Working Proposal on Discharge Prohibitions

Comment  # Permit Element/ Issue/ Concern
Location in 
Draft Permit

Comment/Recommendation

Discharge Prohibitions

III.A.3.b, Table X As currently proposed, natural flows are not allowed to cause or contribute to exceedances 
of applicable standards.  MS4 permittees should not be responsible for natural flows.

[Page 3]
Recommendation
Create a separate authorized discharges category for natural discharges, ie. natural springs, 
flows from riparian habitats and wetlands, diverted stream flows authorized by the State or 
Regional Water Board, uncontaminated groundwater infiltration, and uncontaminated 
pumped groundwater not regulated by a separate NPDES permit.  Remove the above 
discharges from Table X.

III.A.8., III.A.9. As proposed, potable water discharges required by state or federal law and discharges from 

emergency fire fighting activities would be allowed to contribute  to short‐term 

exceedances of applicable standards.  This is a lower standard compared to that for MS4 
Permittees, who are required to meet the "cause or contribute" standard.  Discharges 
entering the MS4 should be held to the same standard as discharges from the MS4.  

[Pages 7, 8]
Recommendation
Consistently use "cause or contribute" throughout the Permit.

III.A.3.b.viii., 
III.A.5.c., Table 

X

The County of Los Angeles has an existing ordinance addressing landscape irrigation.  The 
permit should allow permittees to continue to implement their existing ordinances if they 
are deemed equivalent.  The proposed language, especially in Table X, is too prescriptive.  

[Pages 3, 6, and 
12]

Recommendation
Allow permittees to continue implement their existing ordinances that prohibit excessive 
landscape irrigation runoff.

6

Natural flows

7

Regulatory consistency

8

Landscape irrigation

4 of 7 Printed:  04/18/2012
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County of Los Angeles and Los Angeles County Flood Control District
Regional Board Staff Working Proposal on Discharge Prohibitions

Comment  # Permit Element/ Issue/ Concern
Location in 
Draft Permit

Comment/Recommendation

Discharge Prohibitions

III.A.4 As currently proposed, all authorized discharges into the ASBS are required to meet RWLs 
and WQBELs.

[Page 5]
These requirements go beyond the ASBS Special Protections, which provide that authorized 
non‐stormwater discharges only “shall not cause or contribute to a violation of the water 
quality objectives in Chapter II of the Ocean Plan nor alter natural ocean water quality in an 
ASBS.”  Since these requirements apply specifically to discharges to the ASBS, the reference 
to RWLs and WQBELs should be deleted.

Finally, the proposed language is confusing and appears to require separate and specific 
authorization for each and every discharge in sub‐part A.3.  

Recommendation
Revise Section III.A.4.b. as follows:  "The discharges fall within one of the categories in sub‐
part A.3 and are specifically authorized by the Los Angeles Water Board."  Also, delete the 
reference to RWLs and WQBELs in Section III.A.4.c.

III.A.6 As proposed, Permittees must require dischargers not named in the MS4 permit to provide 
advanced notification to the Permittee of its non‐stormwater discharge, obtain local 
permits, conduct appropriate monitoring, and implement additional BMPs or control 
measures as a condition of discharges into the Permittee’s MS4.  

[Page 6]
As written, the language can be interpreted more broadly than Regional Board staff may 
have intended.  While a footnote to this provision names such parties as POTW operators, 
potable water supply and distribution agencies and other governmental entities, it 
presumably could apply to any private company or individual as well.  While this provision 
appears to shift to the discharger responsibility for controlling its discharge, the Permittee 
will incur administrative costs.  Also, is this requirement applicable to discharges such as 
irrigation runoff, car washing, and other occasional, but repetitive activities conducted by 
non‐institutional dischargers?

Recommendation
Clarify that this provision only applies to significant institutional discharges. 

9

ASBS

10

Dischargers not MS4 Permittee

5 of 7 Printed:  04/18/2012
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County of Los Angeles and Los Angeles County Flood Control District
Regional Board Staff Working Proposal on Discharge Prohibitions

Comment  # Permit Element/ Issue/ Concern
Location in 
Draft Permit

Comment/Recommendation

Discharge Prohibitions

III.A.7 The proposed language requires that Permittees evaluate monitoring data from the Non‐
Storm Water Outfall‐Based Monitoring Program to determine whether any categories of 
non‐storm water discharges are a source of pollutants that causes or contributes to an 
exceedance of applicable Receiving Water Limitations (RWLs) or Water Quality Based 
Effluent Limitations (WQBELs).  If the Permittee determines that a category of non‐storm 

water discharges is a source of pollutants that causes or contributes to an exceedance of 
applicable RWL or WQBELs, the Permittee shall report its findings to the Regional Water 
Board in the annual report, and either prohibit the discharge from either entering the MS4 
or the receiving waters, impose conditions in addition to those set forth in Table X or 
require the discharger to require coverage under a separate “state or Regional Water Board 
permit prior to discharge to the MS4.”

[Pages 6‐7]
It is difficult to provide comments on any activities related to the monitoring program, 
RWLs, or WQBELs when the definitions and specifics of these programs have not been 
provided.  At minimum, the Permittees should not be responsible for evaluating the 
monitoring data for discharges covered under another NPDES Permit, as explained earlier in 
Comment 5.  Permittees can assist the Regional Board in making such evaluations by 
providing available information.  If a discharge is found to be a source of pollutants, the 
Regional Board should prohibit the discharge, impose additional conditions, or require 
coverage under another Permit.  

Recommendation
Remove Section III.A.7, with the understanding that the integrated monitoring program and 
an adaptive management approach will result in prioritized investigations of exceedances.

11

Monitoring data evaluation

6 of 7 Printed:  04/18/2012
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County of Los Angeles and Los Angeles County Flood Control District
Regional Board Staff Working Proposal on Discharge Prohibitions

Comment  # Permit Element/ Issue/ Concern
Location in 
Draft Permit

Comment/Recommendation

Discharge Prohibitions

III.A.8. The proposed language provides that if a Permittee demonstrates that a specific non‐storm 

water discharge from a potable water supply or distribution system not otherwise regulated 
by a separate NPDES permit, but required by state or federal statute and regulation, caused 
[to be defined] a short‐term exceedance of applicable RWLs and/or WQBELs during a 
specific sampling event, the Permittee shall not be found in violation for that specific 
sampling event.  Demonstration must be based on monitoring data from the specific 
discharge, other relevant information (refer to Table X), and documentation of the 
statutes/regulations requiring such discharges, and the conditions under which the 
discharge was required.

[Page 7]
It is difficult to provide comments when the definition of "caused" and the specifics of 
"RWLs", "WQBELs", and the burden of proof are not provided.  It is also possible that 
multiple discharges could occur concurrently that could cumulatively cause or contribute to 
an exceedance.  Permittees are also concerned about the extensive and widespread 
monitoring that may be required to provide that burden of proof.  

Recommendation
Revise the regulatory relief language so the burden of proof is not put on MS4 permittees.

Table X The working proposal would add tremendous burden on MS4 permittees to address 
authorized nonstormwater discharges which are generally perceived to be low risk.  
Specifically, Section III.A.5 combined with Table X, would require permittees to develop and 
implement procedures to ensure discharges meet very prescriptive and often highly 
resource intensive BMPs.  For example, to address dewatering of lakes, swimming pools, 
and decorative fountains, permittees must ensure that MS4 inlets and outlets are inspected 
and cleaned immediately prior to discharge.  This and many other similar requirements in 
Table X are not feasible in practice and not necessary.

Recommendation
See Comments 1 and 5.  We welcome the opportunity to meet with staff to discuss how to 
revise Table X so that it is more implementable.    

12

Regulatory relief

13

Table X
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GAIL FARBER, Director

IVI ay 14, 2012

COUNTY OF L~ S ANGELE S

DEPARTMENT OF PUBLIC WORKS

"To Enrich Lives Through Effective and Caring Service"

900 SOUTH FREMONT AVENUE
ALHAMBRA, CALIFORNIA 9183-1331

Telephone: (626) 458-5100

http://dpw.lacounty.gov ADDRESS ALL CORRESPONDENCE TO:
P.O. BOX 1460

ALHAMBRA, CALIFORNIA 91802-1460

IN REPLY PLEASE

REFER TO FILE: V V M-9

Ms. Renee Purdy, Chief
California Regional Water C~uality

Control Board —Los Angeles Region
Regional Programs Section
320 West fourth Street, Suite 200
Las Angeles, CA 90013

Gear Ms. ~'urdy:

LQS ANGELES COUNTY FLOOD CONTROL DISTRICT AND
COUNTY CAF LAOS ANGELES — COMMENTS ON STAFF WORKING PROPOSALS
ON WATERSHED MANAGEMENT PROGRAIV~ AND GENERAL TOTAL MAXIMUM
DAILY LOADS AND RECEIVING WATER LIMITATION PROVISIONS

On behalf of the Los Angeles County Flood Control District and the County of
Los Angeles, thank you for the opportunity to comment on the draft Staff Working
Proposals on the Watershed Management Program and General Total Maximum Daily
Load and Receiving Water Limitation provisions released on April 23, 2012. Enclosed
are oar comments for your review and consideration.

If you have any questions, please contact me at (626) 458-4300 or
ghildeb a~dpw.lacounty.gov or your staff ray contact Ms. .Angela George at
(626) 458-4325 or ageorge~~dpvv.lacounty.gov.

Very truly yours,

GAIL FARBE~
Director of Public Works

~~ ,~
`' ~-~~ ;:,rt /~ ~ ~~

~,.~ d,,~

GARY HILDE~RAND
Assistant Deputy Director
Watershed Management Division

ACL:jtz
P:\wmpub\Secretarial\2012 Documents\LetterlRB TMDL RWL W~VIP.d~c\C12123

Enc.

cc: Ck~i~f executive Office (Dorothea 'ark)
County Counsel (Judith Fries)
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Los Angeles County Flood Control District and County of Los Angeles Comments 
Staff Working Proposal on Receiving Water Limitations 

Receiving Water Limitations Page 1 Printed on 05/14/2012 

Receiving Water Limitations 

Comment 
# 

Identify Permit 
Element/Issue/Concern 

Location in 
Working 
Proposal 

Comment/Recommendation 

1  Compliance with 
Receiving Water 
Limitations 

V.A. 
[Pages 1 & 2] 

The County and the LACFCD are very concerned about staff’s proposal to keep the Receiving 
Water Limitations language essentially unchanged from the current permit.  This approach 
would not only render compliance with the permit very difficult if not impossible, it would also 
inappropriately establish two different compliance standards in the permit. 
 

      Based on the interpretation of the Regional Board and the Ninth Circuit Court of Appeals, this 
language essentially requires that stormwater discharges to receiving waters must meet water 
quality standards at the point of discharge if the receiving water exceeds water quality 
standard (unless, as discussed below, the receiving waters is being addressed by a TMDL with 
an implementation schedule).  In other words, where a pollutant is not being addressed by a 
TMDL with an implementation schedule, there is in fact a de facto never‐to‐be‐exceeded 
Numeric Effluent Limit (NEL) in the permit. 
 

      The State Water Board’s Blue Ribbon Panel found in 2006 that "[I]t is not feasible at this time 
to set enforceable numeric effluent criteria for municipal BMPs and in particular urban 
discharges."  In fact, in its response to public comments dated April 27, 2012, regarding the 
Draft Tentative Order for the renewal of the MS4 permit for the California Department of 
Transportation (Caltrans), State Water Board staff cited the Blue Ribbon Panel’s findings in 
defending its decision to not incorporate NELs in the Caltrans permit.  State Water Board staff 
stated, “Consistent with the findings of the Blue Ribbon Panel and precedential State Water 
Board orders (State Water Board Orders Nos. WQ 91‐03 and WQ 91‐04), this Order allows the 
Department [Caltrans] to implement BMPs to comply with the requirements of this Order.”  
(Page 2 of 110). 
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Los Angeles County Flood Control District and County of Los Angeles Comments 
Staff Working Proposal on Receiving Water Limitations 
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Receiving Water Limitations 

Comment 
# 

Identify Permit 
Element/Issue/Concern 

Location in 
Working 
Proposal 

Comment/Recommendation 

1 
(cont.) 

Compliance with 
Receiving Water 
Limitations 

V.A. 
[Pages 1 & 2] 

Based on discussion with Regional Board staff, staff appears to believe that the “de facto NEL” 
issue is moot because exceedances will be addressed by TMDLs, and that staff is already 
proposing language to find permittees not in violation of the Receiving Water Limitation if they 
are “in compliance with the applicable TMDL requirement(s), including compliance 
schedules…” (Page 3, Staff Working Proposal for General TMDL Provisions).  Based on our 
analysis, however, not all exceedances will be addressed by TMDLs.  For example, our review of 
2010‐11 water quality data found wet weather exceedances of the fecal coliform water quality 
objective in Dominguez Channel.  Because currently there is no bacterial TMDL for Dominguez 
Channel, permittees discharging into Dominguez Channel potentially could have been found in 
violation of the Receiving Water Limitations unless they have evidence that their MS4 
discharges did not cause or contribute to the receiving water exceedances.  On the other hand, 
because there is a bacterial TMDL for Malibu Creek, permittees in that watershed would not 
have been in jeopardy if they were implementing BMPs to address the TMDL.  During the May 
3 workshop, Board Member Glickfeld asked how permittees could be in immediate violation of 
the Receiving Water Limitation; the Dominguez Channel exceedances would be one such 
example. 
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Los Angeles County Flood Control District and County of Los Angeles Comments 
Staff Working Proposal on Receiving Water Limitations 
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Receiving Water Limitations 

Comment 
# 

Identify Permit 
Element/Issue/Concern 

Location in 
Working 
Proposal 

Comment/Recommendation 

1 
(cont.) 

Compliance with 
Receiving Water 
Limitations 

V.A. 
[Pages 1 & 2] 

This apparent double standard is not appropriate.  Congress intended for TMDLs to be a 
mechanism by which dischargers can prioritize and address the worst water quality problems.  
The proposed RWL language would have the unintended consequence of nullifying the 
prioritization process and put permittees in a position of having more legal liability for lower 
priority (i.e. non‐TMDL) water quality issues. 
 
It is also inconsistent with the watershed management program that is meant to assist in 
prioritizing resources in order to devote them to the high priority water quality issues.  If a 
permittee is in violation of the receiving water limitation even though it is implementing a 
watershed management program or is otherwise in compliance with the iterative process, 
resources will be directed to addressing those exceedances of receiving water limitations that 
are not otherwise addressed by the plan, which would be those pollutants that would have 
been designated as being of lower priority, rather than those of higher priority.  This is the 
opposite of how an effective program should be designed. 

       
      Recommendation 
      Add Section V.A.5 as follows:  “If a Permittee is found to have discharges from its MS4 that 

cause an exceedance of any applicable water quality standard or water quality objective, or has 
created a condition of nuisance, the Permittee will not be in violation of this Order if the 
Permittee has complied with the requirements set forth in Part V.A.3 above or is in compliance 
with a watershed management program that covers the receiving water at issue.” 

2    V. (footnote 1)  The definition of Receiving Water Limitation in footnote 1 includes any applicable numeric or 
narrative water quality standard contained in the “Water Quality Control Plan for the Los 
Angeles Region (Basin Plan), water quality control plans or policies adopted by the State Water 
Resources Control Board, or federal regulations . . . .”  The reference to “policies” adopted by 
the State Water Resources Control Board is ambiguous.  The State Board adopts water quality 
objectives in water quality control plans not in policy resolutions.  See Water Code § 13170.  It 
is not clear what is meant by “policies.”  It should be noted that the definition of water quality 
standards under the current permit does not include a reference to “policies.” 

       

RB-AR14045



Los Angeles County Flood Control District and County of Los Angeles Comments 
Staff Working Proposal on Receiving Water Limitations 

Receiving Water Limitations Page 4 Printed on 05/14/2012 

Receiving Water Limitations 

Comment 
# 

Identify Permit 
Element/Issue/Concern 

Location in 
Working 
Proposal 

Comment/Recommendation 

2 
(cont.) 

  V. (footnote 1)  Recommendation 
Strike the words “or policies” from footnote 1. 

3    V. (footnote 1)  The definition of Receiving Water Limitation includes any applicable numeric or narrative water 
quality standard, “or limitation to implement the applicable water quality standard,” for the 
receiving water.  Applicable water quality standards are set forth in the Basin Plan.  The phrase 
“or limitation to implement the applicable water quality standard” is undefined and 
ambiguous.  The Basin Plan contains water quality standards, not “limitations” to implement 
those standards.  See Water Code § 13241.  It should be noted that the definition of water 
quality standards under the current permit does not include a reference to a “limitation to 
implement the applicable water quality standard.” 

       
      Recommendation 

Strike the words “or limitation to implement the applicable water quality standard,” from 
footnote 1. 

RB-AR14046



Los Angeles County Flood Control District and County of Los Angeles Comments 
Staff Working Proposal on General TMDL Provisions 

Total Maximum Daily Loads Page 5 Printed on 05/14/2012 

Total Maximum Daily Loads 

Comment 
# 

Identify Permit 
Element/Issue/Concern 

Location in 
Working 
Proposal 

Comment/Recommendation 

1  Incorporating previous 
comments  

General  To the extent that they have not been incorporated, the LACFCD and the County reiterate and 
incorporate by reference our comments submitted on February 9, 2012. 
 
 

2 
 
 
 
 
 
 
 
 
 
 
 
 

Commingled Discharges  VI.E.2.b 
[Page 2] 

 
 
 
 
 
 
 
 
 
 

VI.E.2.b.ii. & iii. 
[Page 2] 

40 CFR section 122.26(a)(3)(vi) provides that “Co‐permittees need only comply with permit 
conditions relating to discharges for which they are operators.”  This section was adopted in 
anticipation of intra‐system, multi‐ or co‐permittee approaches to storm water management,  
See In re City of Irving, Texas Municipal Separate Storm Sewer System, Environmental 
Administrative Decisions 111, 128 (EAB 2001), and thus this section applies to commingled 
discharges.  Accordingly, the section on commingled discharges should make clear that where 
there is a commingled discharge to a receiving water, the permittees who contribute to the 
commingled discharge are required to work together to assure that the waste load allocation is 
met, but no one permittee is responsible for meeting the waste load allocation itself or is 
responsible for addressing pollutants that come from another permittee’s MS4.  The section on 
commingled discharges needs to be clarified to make this principle clear.   
 
Subparagraph iii states compliance shall be determined for the group as a whole.  This 
contradicts subparagraph ii and 40 CFR section 122.26(a)(3)(vi) which provide that each 
Permittee is only responsible for discharges from the MS4 for which they are owners and/or 
operators.  Subparagraph iii needs to be clarified to make clear that it is not intended to 
conflict with subparagraph ii. 

       
      Recommendation 
      Add the following sentence at the end of subparagraph iii:  A determination that the discharge 

of the group as a whole exceeds a waste load allocation or water quality standard shall not be 
construed to mean that the discharge of any one permittee is not in compliance with the waste 
load allocation or water quality standard. 
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Los Angeles County Flood Control District and County of Los Angeles Comments 
Staff Working Proposal on General TMDL Provisions 

Total Maximum Daily Loads Page 6 Printed on 05/14/2012 

Total Maximum Daily Loads 

Comment 
# 

Identify Permit 
Element/Issue/Concern 

Location in 
Working 
Proposal 

Comment/Recommendation 

3  Comingled Discharges  VI.E.2.b.iv 
[Page 2] 

This section states that each Permittee is responsible for demonstrating that its discharge did 
not cause or contribute to an exceedance.  For clarification, this section should be modified to 
provide that where a commingled discharge exceeds an applicable water quality standard, all 
Permittees that have contributed to the commingled discharge are responsible for determining 
the source(s) of the pollutants. 
 

      Recommendation 
For clarification, subparagraph iv should be replaced with, “For purposes of compliance 
determination all permittees that have contributed to the commingled discharge are 
responsible for determining the source of the pollutants. 

4  Comingled Discharges  VI.E.2.b.v  
[Page 2] 

This subparagraph addresses how a permittee can demonstrate that its discharge did not cause 
or contribute to an execeedance.  Where a permittee, like the Flood Control District, receives 
commingled discharges from upstream permitted and non permitted sources, the permittee 
should be allowed to show that its discharge contains pollutants, the sources over which the 
permittee does not have control. 
 

      Recommendation 
Add a subparagraph 4 that says, “Demonstrate that its discharge contains contributions from 
other sources, including but not limited to discharges of other permittees, which have the 
potential to have caused or contributed to the exceedance at issue. 

5  Compliance by 
Demonstration of No 
Discharge 

VI.E.2.b.v.1. 
[Page 2] 

Item (1) states that compliance may be demonstrated if there is no discharge from the 
Permittee’s MS4 into the applicable receiving water.  This language is not consistent with the 
sections for Interim WQBELs and/or RWLs or for Final WQBELs and/or RWLs. 

       
      Recommendation 
      Revise to read:  “Demonstrate that there is no direct or indirect discharge from the Permittee’s 

MS4 into the applicable receiving water during the time period subject to the water quality‐
based effluent limitation and/or receiving water limitation for the pollutant(s) associated with 
a specific TMDL;” 

RB-AR14048



Los Angeles County Flood Control District and County of Los Angeles Comments 
Staff Working Proposal on General TMDL Provisions 

Total Maximum Daily Loads Page 7 Printed on 05/14/2012 

Total Maximum Daily Loads 

Comment 
# 

Identify Permit 
Element/Issue/Concern 

Location in 
Working 
Proposal 

Comment/Recommendation 

6  Receiving Water 
Limitations Addressed by 
TMDL 

VI.E.2.c.iii 
[Page 3] 

This section provides that a permittee shall not be considered in violation of a Receiving Water 
Limitation if it is in compliance with applicable TMDL requirements in a time schedule order.  It 
should also provide that a permittee is not in violation if it is in compliance with an applicable 
watershed management program. 
 

      Recommendation 
Add the words “watershed management program or” before the words “time schedule order.” 

7  Final WQBELs and/or 
Receiving Water 
Limitations 

VI.E.2.e 
[Page 4] 

The County and the LACFCD are very concerned with staff’s proposal to express final TMDL 
WLAs as strict numeric WQBELs and/or Receiving Water Limitations in the permit.  The State 
Water Board's Blue Ribbon Panel found in 2006 that "it is not feasible at this time to set 
enforceable numeric effluent criteria for municipal BMPs and in particular urban discharges."  
As mentioned in our comment regarding the proposed RWL language, in its response to public 
comments dated April 27, 2012, regarding the Draft Tentative Order for the renewal of the 
Caltrans MS4 permit, State Water Board staff cited the Blue Ribbon Panel’s findings in 
defending its decision to not incorporate NELs in that permit.  State Water Board staff stated, 
“Consistent with the findings of the Blue Ribbon Panel and precedential State Water Board 
orders (State Water Board Orders Nos. WQ 91‐03 and WQ 91‐04), this Order allows the 
Department [Caltrans] to implement BMPs to comply with the requirements of this Order.”  
(SWRCB Comment Response Report, for Caltrans MS4 Permit, April 27, 2012, Page 2 of 110). 
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Total Maximum Daily Loads Page 8 Printed on 05/14/2012 

Total Maximum Daily Loads 

Comment 
# 

Identify Permit 
Element/Issue/Concern 

Location in 
Working 
Proposal 

Comment/Recommendation 

7 
(cont.) 

Final WQBELs and/or 
Receiving Water 
Limitations 

VI.E.2.e 
[Page 4] 

State Water Board staff further noted that “in November 12, 2010, USEPA issued a revision to a 
November 22, 2002 memorandum in which the USEPA had ‘affirm[ed] the appropriateness of 
an iterative, adaptive management best management practice (BMP) approach’ for improving 
stormwater management over time.  In the revisions, USEPA recommended that, in the case 
the permitting authority determines that MS4 discharges have the reasonable potential to 
cause or contribute to a water quality excursion, the permitting authority, where feasible 
(emphasis added), include numeric effluent limitations as necessary to meet water quality 
standards.  However, the revisions recognized that the permitting authority’s decision as to 
how to express water quality based effluent limitations (WQBELs), i.e. as numeric effluent 
limitations or BMPs, would be based on an analysis of the specific facts and circumstances 
surrounding the permit.  Moreover, USEPA has since invited comment on the revisions to the 
memorandum and will be making a determination as to whether to ‘either retain the 
memorandum without change, to reissue it with revisions, or to withdraw it.’” (ibid). 
 
The Regional Board is not required to reflect the final WQBELs as numeric effluent limits.  40 
CFR 122.44(k)(2) and (3) specifically authorizes the use of BMPs. The State Water Board, in its 
response to comments on the proposed Caltrans permit, specifically said that it may “impose 
BMPs for control of storm water discharges in lieu of numeric effluent limitations,” citing 
section 122.44(k)(2) and (3). 
 
It has not been demonstrated that it is feasible to reflect the final WQBELs as numeric effluent 
limits.  In addition, it has not been proven that these final WQBELs can currently be met. 
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Total Maximum Daily Loads 

Comment 
# 

Identify Permit 
Element/Issue/Concern 

Location in 
Working 
Proposal 

Comment/Recommendation 

7 
(cont.) 

Final WQBELs and/or 
Receiving Water 
Limitations 

VI.E.2.e 
[Page 4] 

In this regard, although Regional Board staff stated during the May 3 workshop that it is 
feasible to incorporate NELs at this time, staff did not provide evidence to substantiate the 
feasibility of NELs.  In assessing the feasibility of NELs in stormwater permits, the Blue Ribbon 
Panel based its evaluation on four criteria: (1) The ability of the State Water Board to establish 
appropriate objective limitations or criteria; (2) how compliance determinations would be 
made; (3) the ability of dischargers and inspectors to monitor for compliance; and (4) the 
technical and financial ability of dischargers to comply with the limitations or criteria (emphasis 
added).  In response to a Regional Board member question regarding the cost to comply with 
TMDLs, staff responded that cost analyses were completed as part of TMDL development.  
Significantly, the analysis of costs in the TMDLs did not address the question of the financial 
ability of dischargers to comply with the limitations or criteria.  Nor did the analysis include a 
cost‐benefit analysis or address whether the means to comply with the TMDL was cost 
effective.  The analyses in the TMDLs specifically did not include a cost benefit analysis or a 
determination of whether it was cost effective.  It is also important to note that staff’s cost 
analyses were not held to the “reasonable assurance” standard, and no quantitative analyses 
were done to demonstrate that the BMPs assumptions used by staff would have a reasonable 
assurance of meeting TMDL standards.  In fact, during TMDL development, many permittees 
made comments to this end regarding staff’s cost analyses for TMDLs.  The County and the 
LACFCD agree with State Water Board staff that NELs, numeric WQBELs and/or Receiving 
Water Limitations currently are not feasible in stormwater permits.  Los Angeles Region MS4 
dischargers should not be held to enforceable NELs when discharges into the MS4, such as 
from Caltrans and construction sites, are not being held to the same standard. 
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Identify Permit 
Element/Issue/Concern 
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7 
(cont.) 

Final WQBELs and/or 
Receiving Water 
Limitations 

VI.E.2.e 
[Page 4] 

Recommendation 
 
Add “or” to the end of section E.2.e.i.3, and add section E.2.e.i.4 as follows: “The Permittee has 
submitted and is fully implementing an approved, revised Watershed Management Program.” 
 
Alternatively, insert new section E.2.e.ii, “Two years before the compliance deadline for an 
applicable final water quality‐based effluent limitation and/or final receiving water limitation, 
Regional Board shall evaluate progress made by Permittees toward compliance with the 
standard, including review of the results from Permittees’ adaptive management process 
(VI.C.6.), to determine whether the compliance timeline should remain unchanged, or if the 
Order should be revised to incorporate a new compliance timeline.” 

8  TSOs for USEPA 
Established TMDLs and 
State Adopted TMDLs 
where Compliance 
Deadlines have Passed 

VI.E.3. & 4. 
[Pages 4‐6] 

The Time Schedule Order (TSO) is being proposed as a mechanism to address USEPA 
established TMDLs which do not have implementation schedules.  A TSO is an enforcement 
action and should only be used as a last resort, if at all, to address such TMDLs. 
 
It is our understanding that Regional Board staff has been informed that Permittees must 
immediately comply with USEPA TMDLs that do not have implementation schedules and State 
TMDLs where compliance dates have passed.  This is incorrect.  In fact, in the proposed 
Caltrans MS4 permit the State Board staff addresses the incorporation of TMDLs into that 
permit by providing that the permit shall be reopened in one year to include TMDL provisions, 
including allowing the use of BMPs.  See proposed Caltrans permit, sections E.4.a and b.  No 
TSO is required. Regional Board staff should follow the same approach here. 

     
      Recommendation 

Permittees can meet the requirements of USEPA TMDLs and State TMDLs where compliance 
dates have passed through implementation of BMPs or through compliance with BMPs set 
forth in watershed management programs.  Alternatively, follow State Board staff’s lead and 
incorporate some TMDLs (ie. EPA TMDLs) through a reopener of the permit at a later time.   
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8 
(cont.) 

TSOs for USEPA 
Established TMDLs and 
State Adopted TMDLs 
where Compliance 
Deadlines have Passed 

VI.E.3. & 4. 
[Pages 4‐6] 

The permit should also clearly state the Regional Board's intent to adopt appropriate 
implementation schedules for USEPA established TMDLs through reopeners. 

9  Timeframe for Submittal 
of Request for TSO 

VI.E.3. & 4.b. 
[Pages 5 & 6] 

Should the TSO option remain, allow Permittees at least 12 months from the date of the permit 
adoption to request a TSO. 

       
      Recommendation 
      Revise to read:  "...may within 12 months request a time schedule order (TSO)..." 

10  Compliance Status during 
TSO Application Process 

VI.E.3.c 
[Page 5] & 
VI.E.4.e 
[Page 6] 

The process to request a TSO and its approval by the Regional Board can potentially last a long 
time.  Permittees should be considered in compliance with the applicable receiving water 
limitations and/or water quality based effluent limitations from the initiation of the application 
process to its final approval. 

     
      Recommendation 
      Please revise to read:  "A Permittee that has applied for a TSO or is in compliance with the 

requirements of a Regional Water Board issued TSO is not considered in violation of..." 
11  Permittees and TMDLs 

Matrix 
Attachment I 

Table A 
[Page 1] 

As previously commented, for the Lake Elizabeth, Munz Lake, and Lake Hughes Trash TMDL, 
the Los Angeles County Flood Control District (LACFCD) should not be listed as a responsible 
agency because these waterbodies are located outside of the LACFCD's service area and the 
TMDLs themselves do not identify the LACFCD as a responsible agency. 

       
      Recommendation 
      Remove the LACFCD as a Permittee under the Lake Elizabeth, Munz Lake, and Lake Hughes 

Trash TMDL. 
12  TMDL Reopeners  TMDL Provisions Several TMDLs, such as the Machado lake Nutrients TMDL, provide for reconsideration prior to 

final compliance deadlines.  The working proposal does not reflect this. 
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12 
(cont.) 

TMDL Reopeners  TMDL Provisions Recommendation 
For consistency, statements should be added to the TMDL provisions to reflect that the 
Regional Board will reconsider those TMDLs prior to their final compliance deadlines. 

13  Machado Lake Trash 
TMDL 

TMDL Provisions 
for the 

Dominguez 
Channel 

The working proposal assigns a numerical value for trash generation rate of 5,334 gallons of 
uncompressed trash per square mile per year.  Therefore the LACFCD is to reduce 16.41 gallons 
of uncompressed trash to zero by 3/6/2016. This is inconsistent with the method used in the 
Basin Plan Amendment. 

    C.2.c.   
    [Page 2 of 8]  Recommendation 
      The LACFCD should not be assigned a trash generation rate since the LACFCD property does not 

generate trash. 
14  Machado Lake Trash 

TMDL 
TMDL Provisions 

for the 
Dominguez 
Channel 

The working proposal assigns a numerical value for trash generation rate of 5334 gallons of 
uncompressed trash per square mile per year.  The Basin Plan Amendment does not use this 
method. 

    C.2.c.   
    [Page 2 of 8]  Recommendation 
      The WQBELs should be consistent with those in the adopted TMDL that are expressed as a 

percent reduction from baseline and not assigned as individual baselines to each City and the 
County.  As discussed in its approved Trash Monitoring and Reporting Plan, the County of Los 
Angeles intends to comply with this TMDL by installing full capture devices consistent with Part 
VI.E.5.b. of the working proposal. 

15  San Gabriel River Metals 
and Impaired Tributaries 
Metals and Selenium 
TMDL 

TMDL Provisions 
for the San 
Gabriel River 

WMA 

It is unclear where the values in the table under Section E.1.b for wet weather water quality 
based effluent limitations come from.  They do not match the approved TMDL in units or 
values.  

    E.1.b.   
    [Page 1 of 9]  Recommendation 
      Clearly explain why there is a difference in the values.  If it is merely a conversion, then explain 

such.  If it is not a conversion, then please provide the justification for adjusting the values. 
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16  Los Angeles Area Lakes 
TMDL 

TMDL Provisions 
for the San 
Gabriel River 

WMA 

The values in the working proposal are not the same as shown in the approved LA Area Lakes 
TMDL.  The WLAs for Total Nitrogen for Claremont should be 829, not 745, and for the County 
of Los Angeles should be 3,390, not 829. 

    E.3.b)(2)   
    [Page 4 of 9]  Recommendation 
      Correct the table to match the values in the LA Area Lakes TMDL.  If the values are not adjusted 

to match those in the TMDL, provide justification for not matching a TMDL that was adopted 
less than two months ago by the EPA. 
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Watershed Management Program 
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Element/Issue/Concern 

Location in 
Working 
Proposal 

Comment/Recommendation 

1  Definitions of Terms  VI.C.1.d. 
[Page 1] 

The staff working proposal has not provided definitions for Water Quality Based Effluent 
Limitations and Numeric Action Levels.  There are various terms used throughout the 
documents that are unclear or vague and need to be clearly defined. 

       
      Recommendation 
      Include definitions for terms used throughout the Permit.  Specifically, include definitions for 

"Water Quality Based Effluent Limitations" and "Numeric Action Levels." 
2  General  General  Receiving Water Limitations have been repeatedly described as targets for which Minimum 

Control Measures and other BMPs should be designed.  However, receiving water quality is the 
result of many other concurrent discharges besides MS4s, including nonpoint and instream 
sources.  Receiving water limitations should not be considered as effluent targets. 

       

3  General  VI.C.1.d.  Recommendation 
    [Page 1]  Revise to read:  "The goal of the Watershed Management Programs is to ensure that 

discharges from the Los Angeles County Permittees' MS4…" 
4  Non‐stormwater 

Discharges from the MS4 
into Receiving Water 

VI.C.1.f.i. 
[Page 1] 

The staff working proposal refers to "non‐stormwater discharges from the MS4 to receiving 
waters…" 

     
    VI.C.3.a.iii.(1)  Recommendation 
    [Page 4]  As previously commented, we recommend removing "from the MS4 into receiving waters" 

throughout the document. 
       

RB-AR14056



Los Angeles County Flood Control District and County of Los Angeles Comments 
Staff Working Proposal on Watershed Management Program 

Watershed Management Program Page 15 Printed on 05/14/2012 

Watershed Management Program 

Comment # 
Identify Permit 

Element/Issue/Concern 

Location in 
Working 
Proposal 

Comment/Recommendation 

5 
 

Timelines for 
Implementation 

VI.C.2.a.i 
Table [TBD] 

The staff working proposal provides for one year for Permittees to submit a draft Watershed 
Management Program Plan. 

    [Pages 2‐3]   
      The preparation of a plan will require extensive research, data collection and monitoring.  Such 

an integrated monitoring effort must be given sufficient time (at least a year to develop and 
initiate) in order to provide the necessary water quality information for the preparation of a 
draft WMP Plan that includes a Reasonable Assurance Analysis.  

       
      In addition, coordination amongst many Permittees to develop such a plan on a watershed 

basis will require agreements and memorandums of understanding to determine each 
Permittee’s responsibilities and financial contributions.  Such agreements and MOUs will 
require at least 6 months to a year to prepare and adopt. 

       
      Recommendation 
      Synchronize the preparation of the draft WMP Plan with the integrated monitoring plan.  

Provide sufficient time for data/information gathering and analyses to prepare the draft WMP 
Plan, which could be 2 years after Permit adoption date. 

6  Due Date for 
Implementation of WMP 

VI.C.2.a.i 
Table [TBD] 

The proposed due date for start of implementation of the Watershed Management Program as 
listed in Table [TBD] is not consistent with the narrative in VI.C.4. 

    [Page 2]   
      Recommendation 
      Revise Table [TBD] to state that the due date for beginning implementation of the WMP is 

"Upon submittal approval of final plan by the Regional Board Executive Officer" 
7  Due date for First 

Evaluation of WMP 
VI.C.2.a.i. 
Table [TBD] 

The proposed due date for the submittal of revisions to the Watershed Management Plan is 1½ 
years after submittal of the final plan.  The due date should be based on the date the plan was 
approved by the Executive Officer. 

    [Page 2]   
      Recommendation 
      Revise Table [TBD] to state the plan is due “1½years after submittal approval of final plan by 

the Executive Officer 
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8 
 

Source Assessment and 
Control Measures 

VI.C.3.a. & b. 
[Pages 4‐6] 

The staff working proposal requires identification of potential sources of pollutants categorized 
as Highest and High Priority, or pollutants covered under a TMDL, and pollutants on the State 
303(d) Listing.  Furthermore, Permittees must prioritize these issues and propose/implement 
control measures to address them. 

       
      The TMDL program is designed to allow for prioritization of pollutants and impairments, and to 

provide timelines to address these pollutants.  Requiring Permittees to also address 303(d) 
listing pollutants outside of a TMDL process forces Permittees to further spread their limited 
resources.  The focus should be on TMDL pollutants. 

       
      Recommendation 
      Focus the WMP efforts on TMDL pollutants (Category 1), and designate State (303(d)) Listing 

pollutants (Category 2) optional for source assessment, selection and implementation of 
control measures, etc. 

9  Interim milestones and 
dates for TMDLs 

VI.C.3.b.iv.(5).(b)
[Page 9] 

The staff working proposal requires interim milestones and dates for TMDLs that do not 
include interim or final WQBELs and/or RWL with compliance deadlines during the permit 
term. 

       
      Clarification is needed whether these proposed interim milestones and dates are enforceable if 

they are not met. 
       
      Recommendation 
      Add "The interim milestones and dates will not be used as an enforceable provision." 

10  Sizing of Structural 
Controls 

VI.C.3.b.iv.(4)(c) 
[Page 9] 

The staff working proposal requires that structural controls be sized at a minimum to treat the 
volume of stormwater runoff from the 85th percentile, 24‐hour storm. 

       
      Recommendation 
      Delete "At minimum" 
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11  Legal Authority to Compel  VI.C.3.b.iv.(6) 
[Page 10] 

The staff working proposal requires Permittees to have legal authority implement or to compel 
implementation of the Watershed Control Measures identified in the plan. 

       
      The requirement is problematic since Permittees do not have the authority to compel each 

other to implement permit requirements.  Permittees are not responsible for each others' 
implementation or compliance. 

       
      Recommendation 
      Remove "or compel implementation of." 

12  Integrated Watershed 
Monitoring and 
Assessment 

VI.C.5. 
[Page 11] 

It is difficult to provide meaningful comments when the staff working proposal refers to 
monitoring and assessment requirements that have not been provided. 

     
      Recommendation 
      At minimum, the integrated monitoring program should be synchronized with the Watershed 

Management Program Plan to provide sufficient time for development and implementation of 
both components. 

13  Adaptive Management 
Process 

VI.C.6.a. & b. 
[Page 11] 

The staff working proposal requires Permittees to base their adaptive management process on 
several factors.  Clarity should be added to indicate Permittees must consider the factors, but it 
is not a requirement to include all of them. 

       
      Recommendation 
      Revise to read:  "Permittees in each Watershed Management Area shall implement an adaptive 

management process, at least twice during the permit term, adapting the Watershed 
Management Program to become more effective, based on, but not limited to by considering 
the following: 
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14 
 

Receiving Water 
Limitations  exceedances 
addressed by the 
adaptive management 
process 

VI.C.6.a.ii.(1) & 
6.b.ii.(1) 

[Pages 12 & 13] 

The intent of these items are to state that by implementing the adaptive management process 
in conjunction with the Watershed Management Program (Part VI.C) a Permittee has satisfied 
the requirements in Part V.A.4 to address continuing exceedances of Receiving Water 
Limitations. 
 
Recommendation 
Add "The Permittee shall not be considered in violation of a Receiving Water Limitation (Part 
V.A.) or a Water Quality Based Effluent Limitation if it is implementing the adaptive 
management process." 
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January 28, 2011 
 
Lisa Jackson 
Administrator 
U.S. Environmental Protection Agency 
Ariel Rios Building 
1200 Pennsylvania Avenue, NW 
Washington, DC 20460 
 
Peter Silva 
Assistant Administrator, Office of Water 
U.S. Environmental Protection Agency 
Ariel Rios Building 
1200 Pennsylvania Avenue, NW 
Washington, DC 20460 
 
Dear Ms. Jackson and Mr. Silva: 
 
The undersigned municipal organizations write in response to the recent distribution of a 
November 12, 2010 memorandum from James A. Hanlon, Director of the Office of Wastewater 
Management, and Denise Keehner, Director of the Office of Wetlands, Oceans and Watersheds, 
to all Water Management Division Directors in EPA Regions 1 – 10, entitled “Revisions to the 
November 22, 2002 Memorandum ‘Establishing Total Maximum Daily Load (TMDL) 
Wasteload Allocations (WLAs) for Storm Water Sources and NPDES Permit Requirements 
Based on Those WLAs.’”  In this memorandum, EPA states that it is “updating and revising” 
four elements of the 2002 guidance in order to reflect “current practices and trends” in permits 
and WLAs for stormwater discharges, specifically: 
 

• Providing numeric water quality-based effluent limitations in NPDES permits for 
stormwater discharges; 

• Disaggregating stormwater sources in a WLA; 
• Using surrogates for pollutant parameters when establishing targets for TMDL 

loading capacity; and 
• Designating additional stormwater sources to regulate and treating load allocations as 

wasteload allocations for newly regulated stormwater sources. 
 
The undersigned organizations have serious concerns both with the substance of this 
memorandum, particularly with the first and third elements above, and with the process and 
timing of its distribution.  We believe that the memorandum contains significant misstatements 
of the existing law and regulations applicable to municipal separate storm sewer systems (MS4s), 
and that even if the memorandum itself is not subject to judicial review any future NPDES 
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permits or TMDLs based on the guidance contained in the memorandum would be subject to 
legal challenge. 
 
Process and Timing 
 
As it stands, the November 12 memorandum would make sweeping changes in the Agency’s 
existing approach to the development of WLAs for municipal stormwater sources and the 
issuance of MS4 permits for those sources.  These changes appear to reflect some of the options 
that are currently being considered by the Agency in the context of the national rulemaking it has 
initiated to strengthen its stormwater regulatory program.  That initiative was announced by the 
Agency on December 28, 2009 (74 Fed. Reg. 68617), and EPA has subsequently stated that its 
intention is to issue a final regulation by November of 2012.  All of the undersigned 
organizations and many of their individual members have participated in this rulemaking 
initiative, and have submitted written comments to the Agency regarding its proposed changes to 
the stormwater permit program.  The unexpected release of the November 12 guidance 
memorandum is particularly inappropriate in light of this ongoing rulemaking effort, because the 
substance of the memorandum effectively presumes the outcome of that initiative before a 
proposed version of the regulation has been made available for public review and comment. 
 
Furthermore, the issuance of the November 12 memorandum without solicitation of any input 
from the regulated community is procedurally improper, because the memorandum proposes 
significant substantive changes to existing EPA policy.  For example, the 2002 guidance stated 
that: 
 

EPA expects that most WQBELs for NPDES-regulated municipal and small 
construction storm water discharges will be in the form of BMPs, and that 
numeric limits will be used only in rare instances. 
 

This statement was consistent with EPA’s existing stormwater regulations at 40 CFR §122.34 
and with the guidance contained in EPA’s August 26, 1996 Interim Permitting Approach for 
Water-Quality Based Effluent Limitations in Storm Water Permits, 61 Fed. Reg.43761, and its 
November 6, 1996 Questions and Answers Regarding Implementation of an Interim Permitting 
Approach for Water Quality-Based Effluent Limitations in Storm Water Permits, 61 Fed. Reg. 
57425.  Each of the latter two documents were formal policies signed by the Assistant 
Administrator for Water and duly published in the Federal Register.  In contrast to the approach 
described in those formal regulations and policy statements, the November 12 memorandum 
states that EPA’s “expectations have changed as the stormwater permit program has matured,” 
and that: 
 

EPA now recognizes that where the NPDES authority determines that MS4 
discharges and/or small construction stormwater discharges have the reasonable 
potential to cause or contribute to water quality standards excursions, permits for 
MS4s and/or small construction stormwater discharges should contain numeric 
effluent limitations where feasible to do so. 
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The expression of such a fundamental change in EPA’s approach to MS4 permitting in an 
informal guidance memorandum, without public review or comment and without publishing 
notice of its issuance in the Federal Register is improper.  A substantial body of case law 
suggests that when an agency significantly changes its interpretation of an existing policy, the 
agency must do so after engaging in formal notice and comment rulemaking.  See, e.g., 
Paralyzed Veterans of America v. D.C. Arena, 117 F.3d 579 (D.C. Cir. 1997); Appalachian 
Power Co. v. EPA, 208 f.3d 1015 (DC. Cir. 2000).  In CropLife America v. EPA, 329 F.3d 876 
(D.C. Cir. 2003), the D.C. Circuit Court of Appeals held that a document containing “clear and 
unequivocal language, which reflects an obvious change in established agency practice,” is 
subject to notice and comment rulemaking requirements under the Administrative Procedure Act.  
Similarly, in Alaska Professional Hunters Ass’n, Inc. v. Federal Aviation Administration, 177 
F.3d 1030 (D.C. Cir. 1999), the court stated that: 
 

When an agency has given its regulation a definitive interpretation, and later 
significantly revises that interpretation, the agency has in effect amended its rule, 
something it may not accomplish without notice and comment. Syncor Int'l Corp. 
v. Shalala, 127 F.3d 90, 94-95 (D.C.Cir.1997), is to the same effect: a 
modification of an interpretive rule construing an agency's substantive regulation 
will, we said, "likely require a notice and comment procedure." 

 
The November 12 memorandum clearly reflects a fundamental change in the Agency’s previous 
interpretations of its existing municipal stormwater permit regulations.  To move from the 
position that numeric effluent limitations will be used “only in rare instances” to a 
recommendation that such limits should be used “where feasible” is the type of “obvious 
change” in the Agency’s permitting regime that was addressed in the CropLife decision.  329 
F.2d at 881.   
 
Indeed, the memorandum goes even further than this, by stating that the type of numeric, water 
quality-based effluent limitations that EPA now expects to see included in both municipal and 
industrial stormwater permits should “use numeric parameters such as pollutant concentrations, 
pollutant loads, or numeric parameters acting as surrogates for pollutants, such as stormwater 
flow volume or percentage or amount of impervious cover.”  This would represent a dramatic 
change in the type of conditions that have been required in such permits over the last two 
decades of the stormwater program.  Despite certain verbal assurances that we have received 
from the Agency that it does not intend to impose such restrictions as end-of-pipe limits on each 
individual MS4 outfall, that is the advice which the memorandum appears on its face to be 
giving to State and Regional permitting authorities.1  If the memorandum means what it appears 
to say, it would be a major shift in policy that should only be adopted after formal consultation 
with affected members of the regulated community and the public at large. 
 
 

                                                 
1 As noted at page 4 of the memorandum, EPA recognized at the time of its original, 2002 guidance memo that “the 
available data and information usually are not detailed enough to determine waste load allocations for NPDES-
regulated storm water discharges on an outfall-specific basis.”  However, the memorandum suggests that permit 
writers now “may have better data or better access to data and, over time, may have gained more experience since 
2002” in developing WLAs for specific categories of discharges. 
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Mischaracterization of Existing Law and Regulation 
 
1. Compliance with Water Quality Standards.   
 
We have serious concerns with EPA’s mischaracterization of the applicable statutory and 
regulatory requirements for municipal stormwater permits in the memorandum.  The Agency’s 
purported justification for the imposition of numeric effluent limitations in MS4 permits relies 
upon a distortion of the plain language of the Clean Water Act (CWA), and a mischaracterization 
of the Ninth Circuit’s holding in Defenders of Wildlife v. Browner, 191 F.3d 1159 (9th Cir. 1999).  
The opening clause of CWA § 402(p)(3)(b)(iii) states that, unlike industrial stormwater permits, 
MS4 permits “shall require controls to reduce the discharge of pollutants to the maximum extent 
practicable . . . .”  A subordinate clause goes on to specify that such controls shall include 
“management practices, control techniques and system, design and engineering methods, and 
such other provisions as the Administrator or the State determines appropriate for the 
control of such pollutants.”  Each of those controls is subject to the limitation in the first clause 
that they shall be required “to the maximum extent practicable.” 
 
However, EPA’s November 12 memorandum paraphrases this provision in a manner which 
suggests that the final clause referring to “such other provisions as the Administrator or the State 
determines appropriate” is independent and coequal with the requirement to reduce pollutants to 
the “maximum extent practicable.”  This paraphrase distorts the syntax of  § 402(p)(3)(B)(iii) 
and the intent of Congress in enacting this provision.  The November 12 memorandum also 
suggests, incorrectly, that the Ninth’s Circuit’s opinion in Defenders supports this misreading of 
the statute.  It is true that, in dicta at the end of its decision, the court suggested that the “such 
other provisions” clause allowed EPA the discretion to include “either management practices or 
numeric limitations” in MS4 permits.  The court did not say, however, that the discretion to 
include numeric limitations or to require compliance with water quality standards could be 
exercised without regard to the “maximum extent practicable” limitation in the statute.  That 
issue was not presented by the facts of the case before it, and it was not addressed in the court’s 
opinion.  Had the court so ruled, it would have been contrary to the plain language of the statute 
and subject to reversal on appeal. 
 
In fact, the federal courts have consistently ruled that the MEP standard is the only standard that 
MS4 discharges are required to meet.  Natural Resources Defense Council, Inc. v. U.S. EPA, 966 
F.2d 1292, 1308 (9th Cir. 1992) (CWA § 402(p)(3)(B) “retained the existing, stricter controls for 
industrial stormwater dischargers but prescribed new controls for municipal storm water 
discharge); Defenders of Wildlife v. Browner, 191 F.3d 1159, 1165 (9th Cir. 1999) (CWA § 
402(p)(3)(B) “replaces” the requirements of § 301 with the MEP standard for MS4 discharges, 
and it creates a “lesser standard” than § 301 imposes on other types of discharges); 
Environmental Defense Center v. EPA, 319 F.3d 398 (9th Cir. 2003), vacated, rehearing denied 
by, and amended opinion issued at 344 F.3d 832 (9th Cir. 2003) (CWA “requires EPA to ensure 
that operators of small MS4s ‘reduce the discharge of pollutants to the maximum extent 
practicable’”); Mississippi River Revival, Inc. v. City of St. Paul, 2002 U.S. Dist. LEXIS 25384 
(N.D. Minn. 2002) (“the CWA specifically exempts municipal storm water permittees” from the 
requirement to ensure that water quality standards are met). 
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Consequently, the Agency’s recommendation in the November 12 memorandum that, where 
feasible, NPDES authorities should include numeric effluent limitations as necessary to meet 
water quality standards whenever MS4 discharges have the reasonable potential to cause or 
contribute to an excursion of those standards not only signals a dramatic change in EPA’s 
existing policy, but also exceeds the Agency’s authority under the CWA.  The qualification that 
such limits shall be used where “feasible” appears to relate only to the permitting authority’s 
technical ability to calculate the necessary limitations, whereas the “maximum extent 
practicable” standard in the CWA was intended to encompass both the technical and economic 
achievability of the controls imposed on municipal dischargers.  Further, stormwater discharges 
are highly variable in peak and volume.  Implementation of numeric effluent limits to stormwater 
discharges fails to recognize this variability.  Current stormwater treatment technologies are 
generally limited to treating the first 3/4” to 1” of rainfall during a 24 hour period.  Technologies 
to economically treat larger or longer storms do not exist.  Lastly, many existing state water 
quality standards were developed prior to the 1987 CWA amendments that led to the creation of 
NPDES programs for stormwater management.  Consequently, they did not foresee the need to 
consider the ramifications of managing stormwater when setting water quality standards.  Most 
existing standards are limited to consideration of steady-state streamflow conditions that occur 
during dry weather.  Existing water quality standards are therefore inappropriate for managing 
transitory, non-steady state storm flow conditions and inappropriate for establishing numeric 
effluent limits in stormwater permits for storm flow conditions. 
 
Moreover, it is not at all clear that the types of numeric effluent limitations contemplated by the 
memorandum are “feasible” in a purely technical sense.  For example, a recent study on “The 
Feasibility of Numeric Effluent Limits Applicable to Discharges of Storm Water Associated with 
Municipal, Industrial and Construction Activities” contained in the Storm Water Panel 
Recommendations to the California State Water Resources Control Board (June 19, 2006) 
concluded that “[i]t is not feasible at this time to set enforceable numeric effluent criteria for 
municipal BMPs and in particular urban discharges,” and that “[f]or catchments not treated by a 
structural or treatment BMP, setting a numeric effluent limit is basically not possible.”  EPA 
suggests in the memorandum that State and EPA have obtained “considerable experience” in 
calculating TMDLs and WLAs for stormwater sources since 2002, that monitoring the impacts 
of stormwater sources has become “more sophisticated and widespread,” and that “better 
information” on the effectiveness of stormwater controls is now available.  However, it does not 
provide that information in this memorandum, nor does it suggest that the recent information and 
experience to which it alludes support the technical feasibility of reducing the impact of 
municipal stormwater sources to meet the type of numeric effluent limitations it seeks to impose.  
The undersigned organizations would appreciate the opportunity to review and discuss this 
information. 
 
2. Consistency with TMDL Wasteload Allocations.  
 
The November 12 memorandum also misrepresents existing law in stating that, if the State or 
EPA has established a TMDL for an impaired water that includes WLAs for stormwater 
discharges, “permits for either industrial stormwater discharges or MS4 discharges must contain 
effluent limits and conditions consistent with those WLAs.”  The requirement to meet TMDL 
WLAs is merely a subset of the requirement to meet water quality standards, which those WLA’s 
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are calculated to implement.2  Since MS4 discharges are not subject to the requirement to meet 
water quality standards to begin with, they cannot be required to comply with TMDL WLAs 
without regard to the “maximum extent practicable” standard established in the Act. 
 
The only authority cited in the memorandum for EPA’s assertion that both industrial and 
municipal stormwater permits must contain effluent limitations consistent with TMDL WLAs is 
a subsection in the Agency’s general NPDES permit regulations at 40 CFR 
§ 122.44(d)(1)(vii)(B).  However, that rule does not apply to municipal stormwater permits.  The 
opening sentence of 40 CFR § 122.44 states that “each NPDES permit shall include conditions 
meeting the following requirements when applicable.”  The rule then enumerates a variety of 
permit conditions, some of which apply to municipal stormwater permits, and others that do not.  
The subject of subsection (d) is the requirement to ensure compliance with state water quality 
standards, which (as discussed above) applies to all NPDES permits except MS4 permits.   
 
The opening sentence to subsection (d) of the rule has been included in the Agency’s general 
NPDES permit regulations since 1983, long before the 1987 CWA amendments created the 
separate and independent “maximum extent practicable” standard for MS4 discharges.  In 1989, 
subsection (d) was expanded by the addition of the seven subparagraphs in § 122.44(d)(1) to 
further describe the procedures a permitting authority should use to determine whether an 
NPDES permit must include a water quality-based effluent limit.  54 Fed. Reg. 23868 (June 2, 
1989).  Each of the additional provisions was intended to describe the procedures for 
implementing state water quality standards.  Subparagraph (vii) was added to describe two 
fundamental principles for deriving water quality-based effluent limits: first, that they must be 
derived from water quality standards, and second that they must be consistent with any WLAs 
based upon those water quality standards.  Id.   
 
Shortly after the 1989 revisions to 40 CFR § 122.44 were promulgated, EPA issued an August 21, 
1989 memorandum from James R. Elder, Director, Office of Water Enforcement, to Water 
Management Division Directors, Regions I – X entitled “New Regulations Governing Water 
Quality-Based Permitting in the NPDES Permitting Program” That memorandum emphasized 
that the additional provisions in 40 CFR § 122.44(d) were merely intended to clarify existing 
requirements for water quality-based permitting.  As explained in the memorandum, 
 

Subsection (d) covers water quality standards and state requirements.  Prior to the 
promulgation of these new regulations the subsection was non-specific, requiring 
only that NPDES permits be issued with requirements more than promulgated 
effluent guidelines as necessary to achieve water quality standards.  We have 
strengthened considerably the requirements of §122.44(d).  The new language is 
very specific and requires water quality-based permit limits for specific toxicants 
and whole effluent toxicity where necessary to achieve state water quality 
standards.  (Emphasis added.) 
 

Because MS4 permits are not required to achieve state water quality standards, as discussed 
above, none of the requirements in 40 CFR § 122.44(d) are applicable to such permits.  Pursuant 
to the plain language of the CWA, and consistent with the Ninth Circuit’s decision in Defenders 
                                                 
2 Cf. 40 CFR § 130.2(h):  “WLAs constitute a type of water quality-based effluent limitation.” 
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of Wildlife v. Browner, EPA may exercise its discretion to require MS4 discharges to comply 
with water quality standards, or WLAs based on those standards, only to the “maximum extent 
practicable.” 
 
Use of Surrogates for Pollutant Parameters 
 
The undersigned organizations all support the goal of reducing pollutants and improving water 
quality.  However, we have serious concerns with EPA’s suggestion in the November 12 
memorandum that NPDES authorities should use a numeric target for stormwater volume or 
impervious cover as a “surrogate parameter” for specific pollutants when developing TMDL 
WLAs for waters impaired by stormwater sources.  We do not believe that the CWA or the 
Agency’s implementing regulations give EPA the authority to regulate flow as a surrogate for 
pollutants in TMDLs.  CWA § 303(d) requires each State to establish the total maximum daily 
load for specific “pollutants,” at a level necessary to implement the applicable water quality 
standards for those pollutants.  Stormwater flow or volume, while it may contribute to 
“pollution” within the meaning of CWA § 502(19), is not a “pollutant” as defined in CWA § 
502(6).  We do not believe that the statement in 40 CFR §130.2(i) that “TMDLs can be 
expressed in terms of mass per time, toxicity or other appropriate measure” relieves the 
permitting authority of the obligation to calculate the necessary load for specific pollutants.  Nor 
does the mere fact that “it may be difficult to identify a specific pollutant (or pollutants) causing 
the impairment” for waters impaired by stormwater sources excuse the requirement that 
“TMDLs shall be established for all pollutants preventing or expected to prevent attainment of 
water quality standards.”  40 CFR § 130.7(c)(1)(ii). 
 
Although the concept of using flow or impervious cover as surrogates for pollutants in setting 
TMDL loading targets may have been implemented in some States (Connecticut, Maine and 
Vermont), as EPA suggests, to our knowledge the legal basis for this approach has not yet been 
examined by the courts, and it has been opposed in other locations.  For example, the comments 
filed by the Commonwealth of Virginia Department of Transportation (VDOT) to the draft 
Benthic TMDL for Accotink Creek in Fairfax County, Virginia, point out that since stream flow 
is not a pollutant the draft TMDL fails to establish a quantifiable load for anything within the 
legal definition of a pollutant.  VDOT recommends, instead, that stream flow and subsequent 
reductions in flow be identified as possible best management practices during implementation as 
opposed to being used for the WLA.3 
 
We agree that reductions in stormwater flow through the implementation of BMPs, including 
“green infrastructure” and “low impact development” can help reduce pollutant loads from 
municipal stormwater sources and achieve improvements in water quality.  However, under the 
Agency’s existing statutory and regulatory authority, those reductions cannot be expressed as 
specific numeric targets for stormwater flow volume or impervious cover in calculating TMDL 
WLAs. 
 
 
 
 
                                                 
3 Comments submitted to EPA Region 3 on August 11, 2010. 
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Conclusion 
 
The undersigned organizations and their members are committed to improving municipal 
stormwater quality through the use of BMPs and green infrastructure/LID concepts.   We 
are eager to continue working with the Agency on water quality improvements for both 
stormwater and non-stormwater discharges.  However, the implementation of numeric limits 
continues to be inappropriate both economically and technologically until such time as treatment 
technology advances to a state where larger volume flows can be treated in a more economic 
fashion.  Given these difficulties and in light of the dramatic changes to EPA’s existing policies 
for municipal stormwater permits reflected in the November 12 memorandum, as well as the 
fundamental shortcomings in the Agency’s analysis of its legal authority for those changes, we 
recommend that the memorandum be withdrawn for further consideration.  That process should 
include consultation with the regulated community, and we look forward to working with the 
Agency in that regard.  Further, such sweeping changes to the Agency’s municipal stormwater 
program are premature and should not be implemented prior to the release of the final 
regulations that the Agency is expecting to issue by November of 2012. 
 

 
Sincerely, 
 
 
 
Peter B. King 
Executive Director 
American Public Works Association 
 
 
 
 
Ken Kirk  
Executive Director 
National Association of Clean Water Agencies 
 
 
 
Susan Gilson 
Executive Director 
National Association of Flood & Stormwater Management Agencies 
 
cc: Nancy Stoner, OW 
 James Hanlon, OWM 
 Denise Keehner, OWOW 
 Water Management Division Directors, Regions 1-10 
 Water Quality Branch Chiefs, Regions 1 - 10 
 Permits Branch Chiefs, Regions 1 – 10 
 Association of State and Interstate Water Pollution Control Administrators 
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MAR 3 0 2011 

Ms. Susan Gilson 
Executive Director 
National Association of Flood and 

Stormwater Management Agencies 
1333 H Street, NW 
West Tower l Oth Floor 
Washington, DC 20005 

Dear Ms. Gilson : 

OFFICE OF 
WATER 

Thank you for your January 28, 2011, letter in which you express concerns with the 
process that the Environmental Protection Agency (EPA) used when issuing the November 12, 
2010, memorandum from James A. Hanlon and Denise Keehner entitled "Revisions to the 
November 22, 2002, Memorandum ̀ Establishing Total Maximum Daily Loads (TMDL) 
Wasteload Allocations (WLAs) for Storm Water Sources and NPDES Permit Requirements 
Based on those WLAs." You also raised issues regarding the substance of the memorandum 
and EPA's interpretation of existing law and regulation. 

ProcessIssues 

The letter states that your organization believes that EPA's issuance of the November 12, 
2010, memorandum without soliciting input from the regulated community is procedurally 
improper, because the memorandum proposes significant substantive changes to existing EPA 
policy . The letter also states the view that the memorandum contains significant misstatements 
of the existing law and regulations that apply to municipal separate storm sewer systems (MS4s), 
and questions the timing of the memorandum in light of EPA's ongoing stormwater rulemaking 
process. In a recent letter, you were advised that we are taking comments on the 2010 
memorandum until May 16, 2011 . We look forward to your comments. 

We do not agree that the memorandum presents a substantive change in requirements 
applicable to stormwater discharge permits. EPA's regulations have always allowed for the 
issuance of numeric limitations in MS4 permits. The revised memorandum merely reflects the 
Agency's view that based on improvements in stormwater controls and stormwater permitting 
across the country since the 2002 memorandum was issued, numeric effluent limitations can be 
specified in NPDES stormwater permits in more than just "rare instances" where feasible . 
Further, the 2010 memorandum uses the term "numeric effluent limitations" broadly to include 
other types of numeric limits in addition to end-of-pipe limits . These other types of limits 
include numeric parameters acting as surrogates for pollutants such as stormwater flow volume 
or percentage or amount of impervious cover. The 2002 memorandum stated that EPA expected 
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that numeric effluent limitations for stormwater discharges would be rarely used because, in 
most circumstances, the Agency anticipated that there would be a lack of sufficient data to 
support the development of numeric effluent limitations. 

Your letter indicates that the memorandum can be read that EPA is advising NPDES 
permit authorities to impose end-of-pipe limitations on each individual outfall in a municipal 
separate storm sewer system. As you noted, EPA has indicated that, in general, it does not 
anticipate that end-of-pipe effluent limitations on each MS4 outfall will be used frequently . In 
the context of the 2010 memorandum, numeric effluent limitation can be a significantly broader 
term than just end-of-pipe limitations, and can include limitations expressed as pollutant 
reduction levels for parameters that are applied system-wide rather than to individual discharge 
locations, expressed as requirements to meet performance standards for surrogate parameters or 
for specific pollutant parameters, or could be expressed as in-stream targets for specific pollutant 
parameters . Under this approach, NPDES authorities have significant flexibility to establish 
numeric effluent limitations in permits that may, or may not, include end-of-pipe pollutant 
concentrations . 

The 2002 memorandum referenced the 1996 "Interim Permitting Approach for Water 
Quality-Based Effluent Limitations in Storm Water Permits," explaining the difficulties inherent 
in deriving numeric effluent limitations for wet weather discharges . While the 1996 Interim 
Permitting Approach focused solely on water quality-based effluent limitations in wet weather 
permits, the 2002 memorandum addressed both development of TMDLs with stormwater 
discharge sources and development of water quality-based effluent limitations in permits 
reflecting the WLAs in TMDLs. The 2002 memorandum expressed an expectation that WLAs 
for regulated stormwater discharges would be "fairly rudimentary" and recommended that 
WLAs be expressed "as a single number for all NPDES-regulated storm water discharges" or, if 
data allows, by category of discharge such as municipal or construction discharges . (2002 Memo 
p. 4) . Thus, the memorandum did not preclude the use of numeric effluent limitations in permits, 
but recognized that the "rudimentary" level of information for specific stormwater sources would 
make numeric effluent limitations likely only in rare instances. Eight years later, EPA has 
updated this assessment that numeric effluent limitations are only rarely feasible, based on 
developments in both the TMDL program and in the stormwater permitting program. The 
approach underlying both the 2002 memorandum and the 2010 memorandum is the same ; the 
circumstances have changed. 

Both the 2002 and the 2010 memoranda are based on the same regulatory provisions, and 
those regulations have not changed in the interim. In particular, 40 CFR 122.44(d) (1) (vii) (B) 
provides that water quality effluent limitations in NPDES permits must be consistent with the 
assumptions and requirements of any available wasteload allocation for the discharge . In 
addition, the regulations provide flexibility in the use of numeric limits for stormwater 
discharges. See 40 CFR 122.44(k) . Both the 2002 memorandum and the 2010 memorandum 
express EPA's expectations with respect to implementing these provisions in light of the extent 
of information and experience with stormwater permitting existing at their respective times. Far 
from being a significant departure from existing practice, the 2010 memorandum reflects the 
reality that is evidenced in a number of existing stormwater permits. 
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In sum, the 2010 memorandum provides general recommendations that reflect the 
existing regulations and the manner in which some States currently use numeric limitations in 
stormwater permits, and does not express a novel or unique approach to either stormwater 
permitting or TMDL development. As such, the 2010 memorandum reflects the incremental 
evolution of the stormwater permits program and the TMDL program that has been occurring 
since 2002. 

Existing Law and Regulation 

In your letter, you indicate that you interpret the Clean Water Act (CWA) and the Ninth 
Circuit's decision in Defenders of Wildlife v. Browner, 191 F.3d 1159 (9th Cir. 1999) as limiting 
EPA's authorities in exercising its discretion to require MS4 discharges to comply with water 
quality standards . Section 402(p)(3)(B) of the CWA provides that permits for discharges from 
municipal storm sewers "shall include a requirement to effectively prohibit non-stormwater 
discharges into the storm sewers ; and shall require controls to reduce the discharge of pollutants 
to the maximum extent practicable, including management practices, control techniques and 
system, design and engineering methods, and such other provisions as the Administrator or State 
determines appropriate for the control of such pollutants." Your interpretation of section 402(p) 
(3) (B) (iii) is that the clause "and such other provisions as the Administrator or State determines 
appropriate . . ." is subordinate to the "limitation in the first clause that they shall be required `to 
the maximum extent practicable ."' (Letter, p. 4) . That interpretation, however, is at odds with the 
actual language of the decision . "Under that discretionary provision [`such other provisions as 
the Administrator . . . determines for the control of such pollutants.'], the EPA has the authority 
to determine that ensuring strict compliance with state water-quality standards is necessary to 
control pollutants . " 191 F.3d at 1166 . 

In your letter, you indicate that you disagree that EPA's regulations require permits for 
discharges from municipal separate storm sewers to contain effluent limitations and conditions 
consistent with applicable WLAs in a TMDL. As discussed above, 40 CFR 122.44(d) (1) (vii) 
(B) provides that water quality effluent limits must be consistent with the assumptions and 
requirements of any available wasteload allocation of the discharge . As indicated in the 
November 12, 2010, memorandum, EPA interprets this provision as applying to permits for 
discharges from municipal separate storm sewers . EPA believes that this regulatory framework, 
consistent with the Defenders of Wildlife decision, is not a new or a revised interpretation and 
provides flexibility for an NPDES authority to set appropriate deadlines for compliance with 
WLAs for municipal separate storm sewers . (See, e.g., 64 Fed. Reg. 68722, 68753 - 54 (Dec. 8, 
1999) .) As explained in the November 12, 2010 memorandum, EPA expects the permitting 
authority to include in the permit record a sound rationale for determining any compliance 
schedule in the permit to meet permit limitations that are consistent with an applicable WLA. 
Where a TMDL has been established and there is an accompanying implementation plan that 
provides a schedule for a municipal separate storm sewer system to implement the TMDL, the 
permitting authority should consider the schedule as it decides whether and how to establish 
enforceable interim requirements and interim dates in the permit . 
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Your letter also expresses concern about EPA's authority to use a surrogate parameter, 
such as impervious cover or stormwater flow volume, for pollutants when developing TMDL 
WLAs for waters impaired by stormwater sources . Specifically, your letter raised concerns over 
whether the numeric TMDL endpoint derived from a surrogate TMDL meets the requirements of 
CWA § 303(d)(1)(C) which requires each State to establish the total maximum daily load for 
specific "pollutants." In response, such TMDLs are expected to demonstrate a linkage between 
the surrogate parameter (e.g ., stormwater flow volume or percentage of a watershed's 
impervious cover), the toxic or other pollutants in the stormwater, and the impaired condition of 
the waterbody. As such, the use of a surrogate parameter is consistent with CWA Section 
303(d)(1)(C), which requires that the TMDL load "shall be established at a level necessary to 
implement the applicable water quality standard," but does not dictate the specific methodology 
for calculating or expressing the TMDL. The use of a surrogate parameter for TMDLs is also 
consistent with EPA's regulations, which specify that "TMDLs can be expressed in terms of 
either mass per time, toxicity, or other appropriate measure." (40 C.F.R . § 130.2(i)) . 

In addition, the use of surrogate parameters in TMDLs is also consistent with the Court's 
decision in Friends of the Earth v. U.S. Environmental Protection Agency, 346 F. Supp. 2d 182, 
200-01 (D.D.C . 2004), reversed and remanded on other grounds, 446 F.3d 140 (D.C . Cir. 2006), 
cert. denied sub nom D. C. Water & Sewer Authority v. Friends of the Earth, 549 U.S . 1175 
(2007), which concluded that a TMDL that achieves the pertinent water quality standard using a 
surrogate parameter is permissible. While no court has specifically ruled on the legality of 
stormwater "surrogate" TMDLs, courts have upheld EPA's use of "surrogates" in other CWA 
contexts . For example, the National Pollutant Discharge Elimination System regulations allow 
use of a surrogate indicator in developing water quality-based effluent limitations to implement 
narrative water quality standards ; See 40 C.F.R. § 122.44(d)(1)(vi)(C) . Use of a surrogate 
indicator also has been accepted in the context of establishing technology-based effluent 
limitations. See 40 C.F.R. § 125.3(h)(1) ; see also Rybachek v. EPA, 904 F.2d 1276, 1291-91 
(9th Cir. 1990)(upholding EPA use of settleable solids in placer mining as toxic pollutant 
indicator) ; American Petroleum Institute v. EPA, 858 F.2d 261, 263 (5th Cir. 1988), rehearing 
and rehearing in banc denied and opinion clarified at 864 F.2d 1156 (5`h Cir. 1989) (upholding 
EPA use of diesel oil as "indicator" pollutant for other toxic chemicals) . 

It is EPA's view that when a waterbody impairment is based on a narrative water quality 
standard, such as aquatic life use, or where a waterbody impairment is not attributed solely to a 
"pollutant," it is reasonable for the state to identify another (surrogate) environmental indicator 
that can be used to develop a quantified TMDL. In waterbodies where a major source of the 
impairment is urban stormwater sources, the use of a surrogate measure, such as impervious 
cover or stormwater flow, expressed as a quantitative target may be appropriate for TMDL 
development. A numeric impervious cover or stormwater flow target can represent the 
cumulative effects of both water quantity and water quality to a waterbody (i.e ., volume and 
velocity of the water and loading of a particular pollutant [e.g ., metals, sediment, nutrients]) and 
establish a numeric target that would be expected to provide attainment of the water quality 
standards. If they are used, surrogate parameters should be linked to the water quality standard 
that the TMDL is designed to achieve. 
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In summary, although EPA does not agree that the November 12, 2010 memorandum 
substantively changes stormwater permitting or TMDL development requirements, in order to 
address stakeholder concerns, the Agency is taking comments on the memorandum until May 16, 
2011 . EPA will then determine whether to revise and reissue the memorandum, to withdraw it, 
or to make no changes . EPA emphasizes that the discussion in the 2010 memorandum is 
guidance, and that the statutory provisions and EPA regulations described in the document 
contain the legally binding requirements, not the memorandum itself. As such, it does not 
impose legally binding requirements on EPA, States, or the regulated community, nor does it 
confer legal rights or impose legal obligations upon any member of the public . Comments on the 
2010 memorandum can be directed to Kevin Weiss at weiss.kevin (&,epa.),ov. 

If you have any additional questions, please do not hesitate to contact me or your staff 
may contact Jim Hanlon, Director of the Office of Wastewater Management at (202) 564-0748 
or Denise Keehner, Director of the Office of Wetland, Oceans and Watersheds at 
(202) 566-1566 . 

Sincerely, 

Nancy K.l Stoner 
Acting Assistant Administrator 
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Los Angeles County MS4 Permit- June 6 2012 

EXCERPTS RELEVANT TO TMDLS, SECTIONS INCLUDED ARE THOSE TO 
WHICH CHANGES ARE PROPOSED  
II. FINDINGS (PP. 20-23) 

J.1. Total Maximum Daily Loads (TMDLs) 

Clean Water Act section 303(d)(1) requires each state to identify the waters within its boundaries 
that do not meet water quality standards. Water bodies that do not meet water quality standards 
are considered impaired and are placed on the state’s “CWA Section 303(d) List”. For each listed 
water body, the state is required to establish a TMDL of each pollutant impairing the water 
quality standards in that water body. A TMDL is a tool for implementing water quality standards 
and is based on the relationship between pollution sources and in-stream water quality 
conditions. The TMDL establishes the allowable pollutant loadings for a water body and thereby 
provides the basis to establish water quality-based controls. These controls should provide the 
pollution reduction necessary for a water body to meet water quality standards. A TMDL is the 
sum of the allowable pollutant loads of a single pollutant from all contributing point sources (the 
waste load allocations or WLAs) and nonpoint sources (load allocations or LAs), plus the 
contribution from background sources and a margin of safety. (40 CFR section 130.2(i).) MS4 
discharges are considered point source discharges. 

40 CFR 122.44(k)(3) allows the use of BMPs to control or abate the discharge of pollutants 
when numeric effluent limitations are infeasible or when practices are reasonably necessary to 
achieve effluent limitations and standards or to carry out the purposes and intent of the CWA. 
The legislative history and the preamble to the federal storm water regulations indicated that 
Congress and the USEPA were aware of the difficulties in regulating urban and storm water 
runoff solely through traditional end-of-pipe treatment.  

Numerous receiving waters within Los Angeles County do not meet water quality standards or 
fully support beneficial uses and therefore have been classified as impaired on the State’s 303(d) 
List. The Regional Water Board and USEPA have each established TMDLs to address many of 
these water quality impairments. Pursuant to CWA section 402(p)(B)(3)(iii) and 40 CFR section 
122.44(d)(1)(vii)(B), this Order includes requirements that are consistent with and implement 
WLAs that are assigned to discharges from the Los Angeles County MS4 from 33 State adopted 
and USEPA established TMDLs. This Order requires Permittees to comply with the TMDL 
Provisions in Part VI.E and Attachments L through R, which are consistent with the assumptions 
and requirements of the TMDL WLAs assigned to discharges from the Los Angeles County 
MS4. A comprehensive list of TMDLs by watershed management area and the Permittees 
subject to each TMDL is included in Attachment K. 

This Order requires the development of Watershed Management Programs that will include 
TMDL Control Measures (Part VI.C.3) and Reasonable Assurance Analyses (Part VI.C.5) that 
will attain the TMDL WLAs.  If control measures proposed and implemented per the Watershed 
Management Programs and other requirements are not effective in meeting WLAs, the 
Permittees are required to revise the Watershed Management Programs with additional control 
measures. 
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Absent the development and/or implementation of the Permittee developed Watershed 
Management Programs, the WLAs will become final numeric WQBELs. 

Waste load allocations in these TMDLs are expressed in several ways depending on the nature of 
the pollutant and its impacts on receiving waters and beneficial uses.  

Bacteria WLAs assigned to MS4 discharges are expressed as the number of allowable 
exceedance days that a water body may exceed the Basin Plan water quality objectives 
for protection of the REC-1 beneficial use. Since the TMDLs and the WLAs contained 
therein are expressed as receiving water conditions, receiving water limitations have been 
included in this Order that are consistent with and implement the allowable exceedance 
day WLAs. WQBELs to attain the WLAs consist of TMDL Control Measures and are 
defined in the details of the Watershed Management Programs. Permittees demonstrate 
compliance with the TMDL provisions by implementing the actions and schedules 
identified in the Watershed Management Programs. Permittees may also demonstrate 
compliance with the WQBELs and TMDL by showing 1) Receiving waters Water 
quality-based effluent limitations are also included meet equivalent to the Basin Plan 
water quality objectives 2) there is no discharge from the MS4, or 3) demonstrating 
attainment of the WLAs for MS4 discharges.  to allow the opportunity for Permittees to 
individually demonstrate compliance at an outfall or jurisdictional boundary, thus 
isolating the Permittee’s pollutant contributions from those of other Permittees and from 
other pollutant sources to the receiving water. 

WLAs for trash are expressed as progressively decreasing allowable amounts of trash 
discharges from a Permittee’s jurisdictional area within the drainage area to the impaired 
water body. WQBELs to attain the WLAs consist of TMDL Control Measures and are 
outlined in Section ** or defined in the details of the Watershed Management Programs, 
which are required to implement the provisions of the Trash TMDLs including the 
specific formula for calculating and allocating annual reductions in trash discharges from 
each jurisdictional area within a watershed. Permittees demonstrate compliance with the 
TMDL provisions by implementing the actions and schedules identified in the Watershed 
Management Programs. Permittees may also demonstrate compliance with the BMP-
based WQBELs and TMDL by showing 1) Receiving waters meet the Basin Plan water 
quality objectives 2) there is no discharge from the MS4, or 3) demonstrating attainment 
of the WLAs for MS4 discharges. 

The Trash TMDLs require each Permittee to make annual reductions of its discharges of 
trash over a set period, until the numeric target of zero trash discharged from the MS4 is 
achieved. The Trash TMDLs specify a specific formula for calculating and allocating 
annual reductions in trash discharges from each jurisdictional area within a watershed. 
The formula results in specified annual amounts of trash that may be discharged from 
each jurisdiction into the receiving waters. Translation of the WLAs or compliance points 
described in the TMDLs into jurisdiction-specific load reductions from the baseline 
levels, as specified in the TMDL, logically results in the articulation of an annual 
limitation on the amount of a pollutant that may be discharged. The specification of 
allowable annual trash discharge amounts meets the definition of an “effluent limitation”, 
as that term is defined in subdivision (c) of section 13385.1 of the California Water Code. 
Specifically, the trash discharge limitations constitute a “numeric restriction … on the 
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quantity [or] discharge rate … of a pollutant or pollutants that may be discharged from an 
authorized location.” 

TMDL WLAs for other pollutants (e.g., metals and toxics) are expressed as concentration 
and/or mass. WQBELs to attain the WLAs consist of TMDL Control Measures and are 
defined in the details of the Watershed Management Program. and water quality-based 
effluent limitations have been specified consistent with the expression of the WLA, 
including any applicable averaging periods. Permittees demonstrate compliance with the 
TMDL provisions by implementing the actions and schedules identified in the Watershed 
Management Programs. Permittees may also demonstrate compliance with the BMP-
based WQBELs and TMDL by showing 1) Receiving waters meet the Basin Plan water 
quality objectives 2) there is no discharge from the MS4, or 3) demonstrating attainment 
of the WLAs for MS4 discharges. Some TMDLs specify that, if certain receiving water 
conditions are achieved, such achievement constitutes attainment of the WLA. In these 
cases, receiving water limitations and/or provisions outlining these alternate means of 
demonstrating compliance are included in the TMDL provisions in Part VI.E of this 
Order. 

The inclusion of TMDL control measure-based water quality-based effluent limitations and 
receiving water limitations to implement applicable WLAs provides a clear means of identifying 
required actions that will attain the desired water quality outcomes within the permit and ensures 
accountability by Permittees to implement actions necessary to achieve the limitations. The 
permit is clear that attainment of applicable water quality standards and consistency with the 
assumptions and requirements of any applicable WLA are requirements of the Permit, but, given 
the iterative nature of this requirement under CWA Section 402(p)(3)(B)(iii), the permit is also 
clear that compliance with the performance standards and provisions contained in the permit 
constitutes adequate progress toward compliance with WLAs for this permit term.  

A number of the TMDLs for bacteria, metals, and toxics establish WLAs that are assigned 
jointly to a group of Permittees whose storm water and/or non-storm water discharges are or may 
be commingled in the MS4 prior to discharge to the receiving water subject to the TMDL. 
TMDLs address commingled MS4 discharges by assigning a WLA to a group of MS4 Permittees 
based on co-location within the same subwatershed. Permittees with co-mingled MS4 discharges 
are jointly responsible for meeting the water quality-based effluent limitations and receiving 
water limitations assigned to MS4 discharges in this Order. "Joint responsibility" means that the 
Permittees that have commingled MS4 discharges are responsible for implementing programs in 
their respective jurisdictions, or within the MS4 for which they are an owner and/or operator, to 
meet the water quality-based effluent limitations and/or receiving water limitations assigned to 
such commingled MS4 discharges. 

In these cases, federal regulations state that co-permittees need only comply with permit 
conditions relating to discharges from the MS4 for which they are owners or operators (40 CFR 
§ 122.26(a)(3)(vi)). Individual co-permittees are only responsible for their contributions to the 
commingled MS4 discharge. This Order does not require a Permittee to individually ensure that 
a commingled MS4 discharge meets the applicable water quality-based effluent limitations 
included in this Order, unless such Permittee is shown to be solely responsible for an 
exceedance. 
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Additionally, this Order allows a Permittee to clarify and distinguish their individual 
contributions and demonstrate that its MS4 discharge did not cause or contribute to exceedances 
of applicable water quality-based effluent limitations and/or receiving water limitations. If such a 
demonstration is made, though the Permittee’s discharge may commingle with that of other 
Permittees, the Permittee would not be held jointly responsible for the exceedance of the water 
quality-based effluent limitation or receiving water limitation. Individual co-permittees who 
demonstrate compliance with the water quality-based effluent limitations will not be held 
responsible for violations by non-compliant co-permittees. 

Given the interconnected nature of the Los Angeles County MS4, however, the Regional Water 
Board expects Permittees to work cooperatively to control the contribution of pollutants from 
one portion of the MS4 to another portion of the system through inter-agency agreements or 
other formal arrangements. 

IV. EFFLUENT LIMITATIONS AND DISCHARGE SPECIFICATIONS (P. 37) 

A. Effluent Limitations 

1. Technology Based Effluent Limitations: Each Permittee shall reduce pollutants in storm 
water discharges from the MS4 to the maximum extent practicable (MEP). 

2. Water Quality-Based Effluent Limitations (WQBELs). This Order establishes WQBELs 
consistent with the assumptions and requirements of all available TMDL waste load allocations 
assigned to discharges from the Los Angeles County MS4.  

a. Each Permittee shall comply with applicable WQBELs as set forth in Part VI.E of this 
Order, pursuant to applicable compliance schedules. 

VI. PROVISIONS (P. 111-123) 

E. Total Maximum Daily Load Provisions 

1. The provisions of this Part VI.E. implement and are consistent with the assumptions and 
requirements of all waste load allocations (WLAs) established in TMDLs for which some or all 
of the Permittees in this Order are responsible. 

a. Part VI.E of this Order includes provisions that are designed to assure that Permittees 
achieve WLAs and meet other requirements of TMDLs covering receiving waters impacted by 
the Permittees’ MS4 discharges. TMDL provisions are grouped by Watershed Management 
Area WMA (WMA) in Attachments L through R.  

b. The Permittees subject to each TMDL are identified in Attachment K. 

2.  Water Quality Based Effluent Limitations Implementing TMDL WLAs 

In lieu of inclusion of numeric water quality based effluent limitations at this time, this Order 
requires Permittees subject to WLAs to propose and implement best management practices 
(BMPs) that will be effective in ultimately achieving the numeric WLAs. The Regional Water 
Board may, at its discretion, revisit this decision within the term of this Order or in a future 
permit, as more information is developed to support the inclusion of numeric water quality based 
effluent limitations. 

a. The Permittees shall attain the applicable WLAs contained in Attachments L through R, by 
implementing water quality based effluent limitations (WQBELs) defined in Part VI.E.2.c and 
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VI.E.2.d in accordance with the assumptions and requirements of the WLAs established in the 
TMDLs, including implementation plans and schedules, where provided for in the State 
adoption and approval of the TMDL (40 CFR §122.44(d)(1)(vii)(B); Cal. Wat. Code 
§13263(a)). 

b.iii. Pursuant to Part VI.C, a Permittee may, individually or as part of a watershed-based 
group, develop and submit for approval by the Regional Water Board Executive Officer a 
Watershed Management Program that addresses all water quality-based effluent 
limitationsWLAs and receiving water limitations to which the Permittee is subject pursuant to 
established TMDLs. 

c. Where an Executive Officer Approved Watershed Management Program has been 
approved, WQBELs to implement TMDL WLAs are defined as the TMDL control measures 
outlined in the approved Watershed Management Program Plan consistent with Part VI.C.   

c. The Permittees shall comply with the applicable water quality-based effluent limitations 
and/or receiving water limitations contained in Attachments L through R, consistent with the 
assumptions and requirements of the WLAs established in the TMDLs, including 
implementation plans and schedules, where provided for in the State adoption and approval of 
the TMDL (40 CFR §122.44(d)(1)(vii)(B); Cal. Wat. Code §13263(a)). 

d. A Permittee may comply with water quality-based effluent limitations and/or receiving water 
limitations in Attachments L through R using any lawful means. 

32. Compliance Determination 

a. General 

id. A Permittee may comply with the water quality- based effluent limitations implementing 
the water quality-based effluent limitations and/or receiving water limitationsWLAs in 
Attachments L through R using any lawful means. 

i. A Permittee shall demonstrate compliance at compliance monitoring points established in 
each TMDL or, if not specified in the TMDL, at locations identified in an approved TMDL 
monitoring plan or in accordance with an approved integrated monitoring program per 
Attachment E, Part VI.C.5 (Integrated Watershed Monitoring and Assessment).  

ii. Compliance with water quality-based effluent limitations shall be determined as 
described in Parts VI.E.2.d, VI.E.2.e, VI.E.2.f or VI.E.2.g below.Parts VI.E.2.d and 
VI.E.2.e, or for trash water quality-based effluent limitations as described in Part VI.E.5.b, 
or as otherwise set forth in TMDL specific provisions in Attachments L through R.  

iii. A Permittees obligation to meet the WLAs is met if the water quality standards in the 
impaired receiving waters are met as shall demonstratedemonstrated through monitoring 
compliance at compliance monitoring points established in each TMDL or , if not specified 
in the TMDL, at locations identified in an approved TMDL monitoring plan, or in 
accordance with an approved integrated monitoring program per Attachment E, Part VI.C.5 
(Integrated Watershed Monitoring and Assessment).  

iv. If a Permittee fails to demonstrate compliance with water quality-based effluent 
limitations through one of the methods described in Parts VI.E.2.d, VI.E.2.e, VI.E.2.f or 
VI.E.2.g below, or as otherwise set forth in TMDL specific provisions in Attachments L 
through R, they will be considered in violation of this Order.   
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v.[TechEd1] If the implementation of a Watershed Management Program does not result 
achievement of the WLAs in accordance with the Reasonable Assurance Analysis and 
Schedule, Permittees are required to demonstrate that additional TMDL Control Measures 
are being implemented and will result in compliance with the WLAs in the shortest time 
possible.  

iii. Pursuant to Part VI.C, a Permittee may, individually or as part of a watershed-based group, 
develop and submit for approval by the Regional Water Board Executive Officer a Watershed 
Management Program that addresses all water quality-based effluent limitations and receiving 
water limitations to which the Permittee is subject pursuant to established TMDLs. 

b. Commingled Discharges 

i. A number of the TMDLs establish WLAs that are assigned jointly to a group of 
Permittees whose storm water and/or non-storm water discharges are or may be 
commingled in the MS4 prior to discharge to the receiving water subject to the TMDL. 

ii. In these cases, pursuant to 40 CFR section 122.26(a)(3)(vi), each Permittee is only 
responsible for discharges from the MS4 for which they are owners and/or operators. 

iii. Where Permittees have commingled discharges to the receiving water, compliance at the 
outfallattainment of the WLA or  to the receiving water or in the receiving water standards 
shall be determined for the group of Permittees as a whole unless an individual Permittee 
demonstrates that its discharge did not cause or contribute to the exceedance, pursuant to 
subpart v. below. 

iv. For purposes of compliance determination, each all Permittees that have contributed to 
the commingled discharge is are responsible for demonstrating determining the source of 
pollutants. that its discharge did not cause or contribute to an exceedance of an applicable  
at the outfall or receiving water limitation(s) in the target receiving water.  

v. A Permittee may demonstrate that its discharge did not cause or contribute to an 
exceedance of an applicable water quality-based effluent limitation WLA or receiving water 
limitation in any of the following ways:  

(1) Demonstrate that there is no discharge from the Permittee’s MS4 into the applicable 
receiving water; or  

(2) Demonstrate that the discharge from the Permittee’s MS4 is treated to a level that 
does not exceed the applicable water quality-based effluent limitationWLA or receiving 
water standard; or 

(3) For exceedances of bacteria receiving water limitations or water quality-based 
effluent WLAslimitations, demonstrate through a source investigation pursuant to 
protocols established under California Water Code section 13178 or other accepted 
source identification protocols that pollutant sources within the jurisdiction of the 
Permittee or the Permittee’s MS4 have not caused or contributed to the exceedance of the 
Receiving Water Limitation(s). 

(4) Demonstrate that its discharge contains contributions from other sources, including 
but not limited to discharges of other Permittees, which have the potential to have caused 
or contributed to the exceedance at issue. 
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c. Receiving Water Limitations Addressed by a TMDL 

i. For receiving water limitations in Part V.A. associated with water body pollutant 
combinations addressed in a TMDL, Permittees shall achieve compliance with the receiving 
water limitations in Part V.A. as outlined in this Part VI.E. and Attachments L through R of 
this Order.  

ii. A Permittee shall not be considered in violation of Part V.A. of this Order for the specific 
pollutant addressed in the TMDL, if it is in compliance with the applicable TMDL 
requirement(s), including compliance schedules, of this Part VI.E. and Attachments L 
through R. 

iii. As long as a Permittee is in compliance with the applicable TMDL requirements in a time 
schedule order (TSO) issued by the Regional Water Board pursuant to California Water Code 
sections 13300 and 13385(j)(3), it is not the Regional Water Board's intention to take an 
enforcement action for violations of Part V.A. of this Order for the specific pollutant(s) 
addressed in the TSO. . 

d. Interim Water Quality-Based Effluent Limitations Implementing WLAs and 

Receiving Water Limitations 

i. A Permittee shall be considered in compliance with an applicable WQBELs implementing 
interim or final water quality-based effluent limitationWLAs and/or interim receiving water 
limitation for the pollutant(s) associated with a specific TMDL if any of the following is 
demonstrated: 

(1) There are no violations of the interim water quality-based effluent limitation for the 
pollutant(s) associated with a specific TMDL at the Permittee’s applicable MS4 
outfall(s),381 including an outfall to the receiving water that collects discharges from 
multiple Permittees’ jurisdictions; 

(2) There are no exceedances of the applicable receiving water limitation for the 
pollutant(s) associated with a specific TMDL in the receiving water(s) at, or 
downstream of, the Permittee’s outfall(s);  

(3) There is no direct or indirect discharge from the Permittee’s MS4 to the receiving 
water during the time period subject to the water quality-based effluent limitation and/or 
receiving water limitation for the pollutant(s) associated with a specific TMDL; or 

(14) The Permittee has submitted and is fully implementing an approved Watershed 
Management Program pursuant to Part VI.C that provides reasonable assurance that 
interim or final water quality-based effluent limitationsWLAs will be achieved per 
applicable compliance schedules.  

(a) To be considered fully implementing an approved Watershed Management Program, 
a Permittee must be implementing actions consistent with the approved program and 
applicable compliance schedules, including structural BMPs. 

                                                 
1 38 An outfall may include a manhole or other point of access to the MS4 at the Permittee‟s jurisdictional boundary. 
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(b) Structural storm water BMPs must be designed and maintained to treat storm water 
runoff from the 85th percentile, 24-hour storm, and maintenance records must be up-to-
date and available for inspection by the Regional Water Board. 

(c) A Permittee that does not implement the Watershed Management Program in 
accordance with the milestones and compliance schedules shall demonstrate compliance 
with its interim or final water quality-based  

effluent limitations and/or receiving water limitations pursuant to Part VI.E.2.d.i.(21)-
(43), abovebelow. 

(21) There are no violations of the interim water quality-based effluent 
limitationexceedances of the interim or final numeric WLAs and/or water quality 
standards for the pollutant(s) associated with a specific TMDL at the Permittee’s 
applicable MS4 outfall(s),382 including an outfall to the receiving water that collects 
discharges from multiple Permittees’ jurisdictions; 

(32) There are no exceedances of the applicable receiving water limitationwater quality 
standard that would qualify the waterbody as being impaired for the pollutant(s) 
associated with a specific TMDL in the receiving water(s) at, or downstream of, the 
Permittee’s outfall(s); or 

(43) There is no direct or indirect discharge from the Permittee’s MS4 to the receiving 
water during the time period subject to the water quality-based effluent limitation and/or 
receiving water limitation for the pollutant(s) associated with a specific TMDL; or 

e4. State Adopted TMDLs where Final Compliance Deadlines have Passed 

a. Permittees shall comply immediately with water quality-based effluent limitations and/or 
receiving water limitations to implement WLAs in state-adopted TMDLs for which final 
compliance deadlines have passed pursuant to the TMDL implementation schedule.i.  

b. Where a Permittee believes that additional time to comply with the final water quality-
based effluent limitations and/or receiving water limitations is necessaryis necessary to 
meet an applicable WLA beyond that allowed in the TMDL compliance schedule, a 
Permittee may within 45 days of Order adoption request a time schedule order pursuant to 
California Water Code section 13300 for the Regional Water Board’s consideration.include 
a time schedule and justification for additional time in the Watershed Management 
Program. 

c. Permittees may either individually request a TSO, or may jointly request a TSO with all 
Permittees subject to the water quality-based effluent limitations and/or receiving water 
limitations, to implement the WLAs in the state-adopted TMDL.  

iid. At a minimum, a request for a time schedule orderthe justification for additional time in 
the Watershed Management Program Plan shall include the following:  

(1)i. Data demonstrating the current quality of the MS4 discharge(s) in terms of 
concentration and/or load of the target pollutant(s) to the receiving waters subject to the 
TMDL; 

                                                 
2 38 An outfall may include a manhole or other point of access to the MS4 at the Permittee‟s jurisdictional boundary. 
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ii(2). A detailed description and chronology of structural controls and source control 
efforts, since the effective date of the TMDL, to reduce the pollutant load in the MS4 
discharges to the receiving waters subject to the TMDL; 

iii(3). Justification of the need for additional time to achieve the water quality-based 
effluent limitations and/or receiving water limitations; 

iv(4). A detailed time schedule of specific actions the Permittee will take in order to 
achieve the water quality-based effluent limitations and/or receiving water limitations; 

v(5). A demonstration that the time schedule requested is as short as possible, taking into 
account the technological, operation, and economic factors that affect the design, 
development, and implementation of the control measures that are necessary to comply 
with the effluent limitation(s); and 

vi(6). If the requested time schedule exceeds one year, the proposed schedule shall 
include interim requirements and the date(s) for their achievement. The interim 
requirements shall include both of the following: 

(1a) Effluent limitation(s) for the pollutant(s) of concern; and 

(2b) Actions and milestones leading to compliance with the effluent limitation(s). 

iii. If a Permittee does not submit justification for additional time in a Watershed 
Management Program Plan, or the plan is determined to be inadequate by the Regional 
Water Board Executive Officer and the Permittee does not make the necessary revisions 
within 90 days of written notification that plan is inadequate, the Permittee shall be required 
to immediately demonstrate compliance with the numeric WLAs contained in Attachments 
L through R immediately based on monitoring data collected under the MRP (Attachment 
E) for this Order. 

e. Final Water Quality-based Effluent Limitations and/or Receiving Water 

Limitations 

i. A Permittee shall be deemed in compliance with an applicable final water quality-based 
effluent limitation and/or final receiving water limitation for the pollutant(s) associated with a 
specific TMDL if any of the following is demonstrated: 

(1) There are no violations of the final water quality-based effluent limitation for the specific 
pollutant at the Permittee’s applicable MS4 outfall(s)393; 

(2) There are no exceedances of applicable receiving water limitation for the specific pollutant 
in the receiving water(s) at, or downstream of, the Permittee’s outfall(s); or 

(3) There is no direct or indirect discharge from the Permittee’s MS4 to the receiving water 
during the time period subject to the water quality-based effluent limitation and/or receiving 
water limitation for the pollutant(s) associated with a specific TMDL. 

f3. USEPA Established TMDLs 

                                                 
3 39 Ibid. 
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TMDLs established by the USEPA, to which Permittees are subject, do not contain an 
implementation plan adopted pursuant to California Water Code section 13242. However, 
USEPA has included implementation recommendations as part of these TMDLs. In lieu of 
inclusion of numeric water quality based effluent limitations at this time, this Order requires 
Permittees subject to WLAs in USEPA established TMDLs to propose and implement best 
management practices (BMPs) that will be effective in ultimately achieving the numeric 
WLAs. The Regional Water Board may, at its discretion, revisit this decision within the term 
of this Order or in a future permit, as more information is developed to support the inclusion 
of numeric water quality based effluent limitations. 

ai. Each Permittee shall propose BMPs to achieve the WLAs contained in the applicable 
USEPA established TMDL(s), and a schedule for implementing the BMPs that is as short as 
possible, in a Watershed Management Program Plan.  

bii. Each Permittee may either individually submit a Watershed Management Program Plan, 
or may jointly submit a plan with all Permittees subject to the WLAs contained in the 
USEPA established TMDL. 

ciii. At a minimum, each Permittee shall include the following information in its Watershed 
Management Program Plan, relevant to each applicable USEPA established TMDL: 

(1)i. Available data demonstrating the current quality of the Permittee’s MS4 discharge(s) 
in terms of concentration and/or load of the target pollutant(s) to the receiving waters 
subject to the TMDL; 

ii(2). A detailed description of BMPs that have been implemented, and/or are currently 
being implemented by the Permittee to achieve the WLA(s), if any; 

iii(3). A detailed time schedule of specific actions the Permittee will take in order to 
achieve the applicable WLA(s); 

iv(4). A demonstration that the time schedule requested is as short as possible, taking into 
account the time since USEPA establishment of the TMDL, and technological, operation, 
and economic factors that affect the design, development, and implementation of the 
control measures that are necessary to comply with the WLA(s); 

(a1) For the Malibu Creek Nutrient TMDL established by USEPA in 2003, in no case 
shall the time schedule to achieve the final numeric WLAs exceed five years from the 
effective date of this Order; and 

(5)v. If the requested time schedule exceeds one year, the proposed schedule shall include 
interim requirements and numeric milestones and the date(s) for their achievement. 

ivd. Each Permittee subject to a WLA in a TMDL established by USEPA since 2010 shall 
submit a draft of a Watershed Management Program Plan to the Regional Water Board 
Executive Officer for approval no later than one year after the effective date of this Order. 

ev. Each Permittee subject to a WLA in a TMDL established by USEPA prior to 2010 shall 
submit a draft of a Watershed Management Program Plan to the Regional Water Board 
Executive Officer for approval no later than six months after the effective date of this Order. 

fvi. If a Permittee does not submit a Watershed Management Program Plan, or the plan is 
determined to be inadequate by the Regional Water Board Executive Officer and the 
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Permittee does not make the necessary revisions within 90 days of written notification that 
plan is inadequate, the Permittee shall be required to demonstrate compliance with the 
numeric WLAs immediately based on monitoring data collected under the MRP (Attachment 
E) for this Order. 

4. State Adopted TMDLs where Final Compliance Deadlines have Passed 

a. Permittees shall comply immediately with water quality-based effluent limitations and/or 
receiving water limitations to implement WLAs in state-adopted TMDLs for which final 
compliance deadlines have passed pursuant to the TMDL implementation schedule. 

b. Where a Permittee believes that additional time to comply with the final water quality-
based effluent limitations and/or receiving water limitations is necessary, a Permittee may 
within 45 days of Order adoption request a time schedule order pursuant to California Water 
Code section 13300 for the Regional Water Board’s consideration. 

c. Permittees may either individually request a TSO, or may jointly request a TSO with all 
Permittees subject to the water quality-based effluent limitations and/or receiving water 
limitations, to implement the WLAs in the state-adopted TMDL.  

d. At a minimum, a request for a time schedule order shall include the following:  

i. Data demonstrating the current quality of the MS4 discharge(s) in terms of concentration 
and/or load of the target pollutant(s) to the receiving waters subject to the TMDL; 

ii. A detailed description and chronology of structural controls and source control efforts, 
since the effective date of the TMDL, to reduce the pollutant load in the MS4 discharges to the 
receiving waters subject to the TMDL; 

iii. Justification of the need for additional time to achieve the water quality-based effluent 
limitations and/or receiving water limitations; 

iv. A detailed time schedule of specific actions the Permittee will take in order to achieve the 
water quality-based effluent limitations and/or receiving water limitations; 

v. A demonstration that the time schedule requested is as short as possible, taking into account 
the technological, operation, and economic factors that affect the design, development, and 
implementation of the control measures that are necessary to comply with the effluent 
limitation(s); and 

vi. If the requested time schedule exceeds one year, the proposed schedule shall include 
interim requirements and the date(s) for their achievement. The interim requirements shall 
include both of the following: 

(1) Effluent limitation(s) for the pollutant(s) of concern; and 

(2) Actions and milestones leading to compliance with the effluent limitation(s). 

g5. Water Quality-Based Effluent Limitations for Trash  

i. Permittees assigned a Waste Load Allocation in a trash TMDL shall comply as set forth 
below.are assigned water quality based effluent limits based on the use of BMPs described 
as full capture, partial capture, institutional controls, or minimum frequency of assessment 
and collection as described below, and any combination of these may be employed to 
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achieve compliance.  The method of compliance shall be outlined in the Watershed 
Management Program Plan. 

a. Effluent Limitations: Permittees shall comply with the interim and final water 
quality-based effluent limitations for trash set forth in Attachments L through R for the 
following Trash TMDLs: 

i. Lake Elizabeth Trash TMDL (Attachment L) 

ii. Santa Monica Bay Nearshore and Offshore Debris TMDL (Attachment M) 

iii. Malibu Creek Watershed Trash TMDL (Attachment M) 

iv. Ballona Creek Trash TMDL (Attachment M) 

v. Machado Lake Trash TMDL (Attachment N) 

vi. Los Angeles River Trash TMDL (Attachment O) 

vii. Peck Road Park Lake Trash TMDL (Attachment O) 

viii. Echo Park Lake Trash TMDL (Attachment O) 

ix. Legg Lake Trash TMDL (Attachment P) 

b. Compliance 

i. Pursuant to California Water Code section 13360(a), Permittees may comply with the 
trash effluent limitations using any lawful means. Such compliance options are broadly 
classified as full capture, partial capture, institutional controls, or minimum frequency of 
assessment and collection, as described below, and any combination of these may be 
employed to achieve compliance: 

(1) Full Capture Systems: 

(a) The Basin Plan authorizes the Regional Water Board Executive Officer to certify full 
capture systems, which are systems that meet the operating and performance 
requirements as described in this Order, and the procedures identified in “Procedures and 
Requirements for Certification of a Best Management Practice for Trash Control as a Full 
Capture System.”404 

(b) Permittees are authorized to comply with their effluent limitations through certified 
full capture systems provided the requirements of paragraph (c), immediately below, and 
any conditions in the certification, continue to be met. 

(c) Permittees may comply with their effluent limitations through progressive installation 
of full capture systems throughout their jurisdictional areas until all areas draining to 
Lake Elizabeth, Malibu Creek, Ballona Creek, Machado Lake, the Los Angeles River 
system, Legg Lake, Peck Road Park Lake, and/or Echo Park Lake are addressed. For 

                                                 
4 40 The Regional Water Board currently recognizes eight full capture systems. These are: Vortex Separation 
Systems (VSS) and seven other Executive Officer certified full capture systems, including specific types or designs 
of trash nets; two gross solids removal devices (GSRDs); catch basin brush inserts and mesh screens; vertical and 
horizontal trash capture screen inserts; and a connector pipe screen device. See August 3, 2004 Los Angeles 
Regional Water Quality Control Board Memorandum titled “Procedures and Requirements for Certification of a 
Best Management Practice for Trash Control as a Full Capture System. 
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purposes of this Order, attainment of the effluent limitations shall be conclusively 
presumed for any drainage area to Lake Elizabeth, Malibu Creek (and its tributaries), 
Ballona Creek (and its tributaries), Machado Lake, the Los Angeles River (and its 
tributaries), Legg Lake, Peck Road Lake, Echo Park Lake, and/or Lincoln Park Lake 
where certified full capture systems treat all drainage from the area, provided that the full 
capture systems are adequately sized and maintained, and that maintenance records are 
up-to-date and available for inspection by the Regional Water Board. 

(i) A Permittee shall be deemed in compliance with its final effluent limitation if it 
demonstrates that all drainage areas under its jurisdiction and/or authority are serviced by 
appropriate certified full capture systems as described in paragraph (1)(c). 

(ii) A Permittee shall be deemed in compliance with its interim effluent limitations, 
where applicable:  

1. By demonstrating that full capture systems treat the percentage of drainage areas in the 
watershed that corresponds to the required trash abatement. 

2. Alternatively, a Permittee may propose a schedule for installation of full capture 
systems in areas under its jurisdiction and/or authority within a given watershed, targeting 
first the areas of greatest trash generation, for the Executive Officer’s approval. A 
Permittee shall be deemed in compliance with its interim effluent limitations provided it 
is fully in compliance with any such approved schedule.  

(d) Permittees that chose to comply through the sole use of full capture systems are not 
required to conduct a Reasonable Assurance Analysis for trash or implement revisions to 
the selected TMDL Control Measures per the process outlined in the Watershed 
Management Program Plan. 

(e2) If a Permittee relying on full capture systems has failed to demonstrate that the full 
capture systems for any drainage area are adequately sized and maintained, and that 
maintenance records are up-to-date and available for inspection by the Regional Water 
Board, and that it is in compliance with any conditions of its certification, shall be 
presumed to have discharged trash in an amount that corresponds to the percentage of the 
baseline waste load allocation represented by the drainage area in question. (a) A 
Permittee may overcome this presumption by demonstrating (using any of the methods 
authorized in Part VI.E.35.gb) that the actual or calculated discharge for that drainage 
area is in compliance with the applicable interim or final effluent limitationWLAs. 

(2) Partial Capture Devices and Institutional Controls: Permittees may comply with their 
interim and final effluent limitations through the installation of partial capture devices 
and the application of institutional controls.415 

(a) Trash discharges from areas serviced solely by partial capture devices may be 
estimated based on demonstrated performance of the device(s) in the implementing 
area.426 That is, trash reduction is equivalent to the partial capture devices’ trash 
removal efficiency multiplied by the percentage of drainage area serviced by the devices. 

                                                 
5 41 While interim effluent limitations may be complied with using partial capture devices, compliance with final effluent 
limitations cannot be achieved with the exclusive use of partial capture devices. 
6 42 Performance shall be demonstrated under different conditions (e.g. low to high trash loading). 
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(b) Except as provided in subdivision (c), immediately below, trash discharges from areas 
addressed by institutional controls and/or partial capture devices (where site-specific 
performance data is not available) shall be calculated using a mass balance approach, 
based on the daily generation rate (DGR) for a representative area.437 The DGR shall be 
determined from direct measurement of trash deposited in the drainage area during any 
thirty-day period between June 22nd and September 22nd exclusive of rain events448, 
and shall be re-calculated every year thereafter unless a less frequent period for 
recalculation is approved by the Regional Water Board Executive Officer. The DGR shall 
be calculated as the total amount of trash collected during this period divided by the 
length of the collection period. 

DGR = (Amount of trash collected during a 30-day collection period459 / (30 days) 
The DGR for the applicable area under the Permittees’ jurisdiction and/or authority shall 
be extrapolated from that of the representative drainage area(s). A mass balance equation 
shall be used to estimate the amount of trash discharged during a storm event.4610 The 
Storm Event Trash Discharge for a given rain event in the Permittee’s drainage area shall 
be calculated by multiplying the number of days since the last street sweeping by the 
DGR and subtracting the amount of any trash recovered in the catch basins.4711 For each 
day of a storm event that generates precipitation greater than 0.25 inch, the Permittee 
shall calculate a Storm Event Trash Discharge. 

Storm Event Trash Discharge = [(Days since last street sweeping*DGR)] – [Amount of 
trash recovered from catch basins]4812 
The sum of the Storm Event Trash Discharges for the storm year shall be the Permittee’s 
calculated annual trash discharge. 

Total Storm Year Trash Discharge = Σ Storm Event Trash Discharges from Drainage 
Area 
(c) The Executive Officer may approve alternative compliance monitoring approaches for 
calculating total storm year trash discharge, upon finding that the program will provide a 
scientifically-based estimate of the amount of trash discharged from the Permittee’s MS4. 

(d) Permittees that chose to comply through the use of partial capture devices and 
institutional controls shall conduct a Reasonable Assurance Analysis for trash and 
implement revisions to the selected trash TMDL Control Measures per the process 
outlined in the Watershed Management Program. 

                                                 
7 43 The area(s) should be representative of the land uses and activities within the Permittees‟ authority and shall be 

approved by the Executive Officer prior to the 30-day collection period. 
8 44 Provided no special events are scheduled that may affect the representative nature of that collection period. 
9 45 Between June 22nd and September 22nd 
10 46 Amount of trash shall refer to the uncompressed volume (in gallons) or drip-dry weight (in pounds) of trash 
collected. 
11 47 Any negative values shall be considered to represent a zero discharge. 
12 48 When more than one storm event occurs prior to the next street sweeping the discharge shall be calculated from 
the date of the last assessment. 
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(3) Combined Compliance Approaches: 

(a) Permittees may comply with their interim and final effluent limitations through a 
combination of full capture systems, partial capture devices, and institutional controls. 
Where a Permittee relies on a combination of approaches, it shall demonstrate 
compliance with the interim and final effluent limitations as specified in (1)(c) in areas 
where full capture systems are installed and as specified in (2)(a) or (2)(b), as appropriate, 
in areas where partial capture devices and institutional controls are applied. 

(b) Permittees that chose to comply through the use of partial capture devices and 
institutional controls shall conduct a Reasonable Assurance Analysis for trash and 
implement revisions to the selected trash TMDL Control Measures per the process 
outlined in the Watershed Management Program. 

(4) Minimum Frequency of Assessment and Collection Approach: 

If allowed in a trash TMDL and approved by the Executive Officer, a Permittee may 
alternatively comply with its final effluent limitations by implementing a program for 
minimum frequency of assessment and collection (MFAC) in conjunction with BMPs. To 
the satisfaction of the Executive Officer, the MFAC/BMP program must meet the 
following criteria: 

(a) The MFAC/BMP Program includes an initial minimum frequency of trash assessment 
and collection and suite of structural and/or nonstructural BMPs. The MFAC/BMP 
program shall include collection and disposal of all trash found in the receiving water and 
shoreline. Permittees shall implement an initial suite of BMPs based on current trash 
management practices in land areas that are found to be sources of trash to the water 
body. The initial minimum frequency of trash assessment and collection shall be set as 
specified in the following 

TMDLs: 

(i) Malibu Creek Watershed Trash TMDL 

(ii) Machado Lake Trash TMDL 

(iii) Legg Lake Trash TMDL 

(b) The MFAC/BMP Program includes reasonable assurances that it will be implemented 
by the responsible Permittees. 

(c) MFAC protocols may be based on SWAMP protocols for rapid trash assessment, or 
alternative protocols proposed by Permittees and approved by the Regional Water Board 
Executive Officer.  

(d) Implementation of the MFAC/BMP program should include a Health and Safety 
Program to protect personnel. The MFAC/BMP program shall not require Permittees to 
access and collect trash from areas where personnel are prohibited. 

(e) The Regional Water Board Executive Officer may approve or require a revised 
assessment and collection frequency and definition of the critical conditions under the 
MFAC: 
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(i) To prevent trash from accumulating in deleterious amounts that cause nuisance or 
adversely affect beneficial uses between collections; 

(ii) To reflect the results of trash assessment and collection; 

(iii) If the amount of trash collected does not show a decreasing trend, where necessary, 
such that a shorter interval between collections is warranted; or 

(iv) If the amount of trash collected is decreasing such that a longer interval between 
collections is warranted. 

(f) At the end of the implementation period, a revised MFAC/BMP program may be 
required if the Regional Water Board Executive Officer determines that the amount of 
trash accumulating between collections is causing nuisance or otherwise adversely 
affecting beneficial uses. 

(g) With regard to (4)(e)(i), (4)(e)(ii), or (4)(e)(iii), above, the Regional Water Board 
Executive Officer is authorized to allow responsible Permittees to implement additional 
structural or non-structural BMPs in lieu of modifying the monitoring frequency. 

 

ii. If a Permittee is not in compliance with its applicable interim and/or final effluent 
limitation as identified in Attachments L through R, then it shall be in violation of this 
Order. 

(1) A Permittee relying on partial capture devices and/or institutional controls that has 
violated its interim and/or final effluent limitation(s) shall be presumed to have violated the 
applicable limitation for each day of each storm event that generated precipitation greater 
than 0.25 inch during the applicable storm year, except those storm days on which it 
establishes that its cumulative Storm Event Trash Discharges has not exceeded the 
applicable effluent limitation. 

(2) If a Permittee relying on full capture systems has failed to demonstrate that the full 
capture systems for any drainage area are adequately sized  and maintained, and that 
maintenance records are up-to-date and available for inspection by the Regional Water 
Board, and that it is in compliance with any conditions of its certification, shall be presumed 
to have discharged trash in an amount that corresponds to the percentage of the baseline 
waste load allocation represented by the drainage area in question. (a) A Permittee may 
overcome this presumption by demonstrating (using any of the methods authorized in Part 
VI.E.5.b) that the actual or calculated discharge for that drainage area is in compliance with 
the applicable interim or final effluent limitation. 

iii. Each Permittee shall be held liable for violations of the effluent limitations assigned to 
their area. If a Permittee’s compliance strategy includes full or partial capture devices and it 
chooses to install a full or partial capture device in the MS4 physical infrastructure of 
another public entity, it is responsible for obtaining all necessary permits to do so. If a 
Permittee believes it is unable to obtain the permits needed to install a full capture or partial 
capture device within another Permittee’s MS4 physical infrastructure, either Permittee may 
request the Executive Officer to hold a conference with the Permittees. Nothing in this 
Order shall affect the right of that public entity or a Permittee to seek indemnity or other 
recourse from the other as they deem appropriate. Nothing in this subsection shall be 
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construed as relieving a Permittee of any liability that the Permittee would otherwise have 
under this Order. 

4. TMDL c. Monitoring and Reporting Requirements (pursuant to California Water Code 

section 13383) 

ia. Each Permittee shall conduct monitoring for TMDLs in accordance with approved TMDL 
monitoring plans or an approved integrated monitoring program per Attachment E, Part 
VI.C.5 (Integrated Watershed Monitoring and Assessment).  

iib. Each Permittee shall submit a TMDL Compliance Report as part of its Annual Report 
detailing compliance with the applicable interim and/or final water quality based effluent 
limitations. Reporting shall include the information specified below. The report shall be 
submitted on the reporting form specified by the Regional Water Board Executive Officer. 
The report shall be signed under penalty of perjury by the Permittee’s principal executive 
officer or ranking elected official or duly authorized representative of the officer, consistent 
with Part V.B of Attachment D (Standard Provisions), who is responsible for ensuring 
compliance with this Order. Each Permittee shall be charged with and shall demonstrate 
compliance with its applicable effluent limitations beginning with its October 31, 2012 TMDL 
Compliance Report. 

iiic. Each TMDL Compliance Report shall include a demonstration of compliance through a 
description of the TMDL Control Measures outlined in accordance with the schedule 
prescribed in the Watershed Management Program or through the use of monitoring data 
collected in accordance with the applicable monitoring plan. The report shall also include a 
comparison of monitoring data to any applicable milestones outlined in the Watershed 
Management Program Plan and a plan for revising the TMDL Control Measures if progress 
towards meeting the milestones has not been achieved.    

ivd. For Trash TMDLs, the report shall also include the applicable information outlined below 
depending on the compliance mechanism chosen. 

(1)i. Reporting Compliance based on Full Capture Systems: Permittees shall provide 
information on the number and location of full capture installations, the sizing of each full 
capture installation, the drainage areas addressed by these installations, and compliance 
with the applicable interim or final effluent limitation, in its TMDL Compliance Report. 
The Los Angeles Water Board will periodically audit sizing, performance, and other data to 
validate that a system satisfies the criteria established for a full capture system and any 
conditions established by the Regional Water Board Executive Officer in the certification. 

(2)ii. Reporting Compliance based on Partial Capture Systems and/or Institutional Controls: 

(a1) Using Performance Data Specific to the Permittee’s Area: In its TMDL Compliance 
Report, a Permittee shall provide: (i) site-specific performance data for the applicable 
device(s); (ii) information on the number and location of such installations, and the 
drainage areas addressed by these installations; and (iii) calculated compliance with the 
applicable effluent limitations. 

(b2) Using Direct Measurement of Trash Discharge: Permittees shall provide an 
accounting of DGR and trash removal via street sweeping, catch basin clean outs, etc., in 
a database to facilitate the calculation of discharge for each rain event. The database shall 
be maintained and provided to the Regional Water Board for inspection upon request. In 
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its TMDL Compliance Report, a Permittee shall provide information on its annual DGR, 
calculated storm year discharge, and compliance with the applicable effluent limitation. 

(3)iii. Reporting Compliance based on Combined Compliance Approaches: 

Permittees shall provide the information specified in Part VI.E.5.c.i(1) for areas where full 
capture systems are installed and that are specified in Part VI.E.5.c.i(2)(a) or (b), as 
appropriate, for areas where partial capture devices and institutional controls are applied. In 
its TMDL Compliance Report, a Permittee shall also provide information on compliance 
with the applicable effluent limitation based on the combined compliance approaches.  

(4)iv. Reporting Compliance based on an MFAC/BMP Approach: 

The MFAC/BMP Program includes a Trash Monitoring and Reporting Plan, and a 
requirement that the responsible Permittees will self-report any non-compliance with its 
provisions. The results and report of the Trash Monitoring and Reporting Plan must be 
submitted to Regional Board with the Permittee’s Annual Report. 

ii.e. Violation of the reporting requirements of this Part shall be punishable pursuant to, inter 
alia, California Water Code section 13385, subdivisions (a)(3) and (h)(1), and/or section 
13385.1. 
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FACT SHEET PP 80-107 

D. TOTAL MAXIMUM DAILY LOAD PROVISIONS (PP.80- 

Clean Water Act section 303(d)(1)(A) requires each State to conduct a biennial assessment of its 
waters, and identify those waters that are not achieving water quality standards. These waters are 
identified as impaired on the State’s Clean Water Act section “303(d) List” of water quality 
limited segments. The Clean Water Act also requires States to establish a priority ranking for 
waters on the 303(d) List and to develop and implement Total Maximum Daily Loads (TMDLs) 
for these waters. A TMDL specifies the maximum amount of a pollutant that a waterbody can 
receive and still meet water quality standards, and allocates the acceptable pollutant load to point 
and nonpoint sources. The elements of a TMDL are described in 40 CFR sections 130.2 and 
130.7. A TMDL is defined as “the sum of the individual waste load allocations for point sources 
and load allocations for nonpoint sources and natural background” (40 CFR § 130.2). 
Regulations further require that TMDLs must be set at “levels necessary to attain and maintain 
the applicable narrative and numeric water quality standards with seasonal variations and a 
margin of safety that takes into account any lack of knowledge concerning the relationship 
between effluent limitations and water quality” (40 CFR section 130.7(c)(1)). The regulations at 
40 CFR section 130.7 also state that TMDLs shall take into account critical conditions for stream 
flow, loading and water quality parameters. Essentially, TMDLs serve as a backstop provision of 
the CWA designed to implement water quality standards when other provisions have failed to 
achieve water quality standards. 

Upon establishment of TMDLs by the State or the USEPA, the State is required to incorporate, 
or reference, the TMDLs in the State Water Quality Management Plan (40 CFR sections 
130.6(c)(1) and 130.7). The Regional Water Board’s Basin Plan, and applicable statewide plans, 
serves as the State Water Quality Management Plan governing the watersheds under the 
jurisdiction of the Regional Water Board. When adopting TMDLs as part of its Basin Plan, the 
Regional Water Board includes, as part of the TMDL, a program for implementation of the 
WLAs for point sources and load allocations (LAs) for nonpoint sources. 

TMDLs are not self-executing, but instead rely upon further Board orders to impose pollutant 
restrictions on discharges to achieve the TMDL’s WLAs. Federal regulations require that 
NPDES permits must include conditions consistent with the assumptions and requirements of 
any available waste load allocation (40 CFR section 122.44(d)(1)(vii)(B)). Similarly, sState law 
requires both that the Regional Water Board implement its Basin Plan when adopting waste 
discharge requirements (WDRs) and that NPDES permits apply “any more stringent effluent 
standards or limitations necessary to implement water quality control plans…” (Cal. Wat. Code 
§§ 13263, 13377). 

EPA recommends that NPDES permitting authorities use numeric effluent limitations where 
feasible as these types of effluent limitations create objective and accountable means for 
controlling stormwater discharges. 371 An NPDES permit should incorporate the WLAs as 
numeric WQBELs, where feasible. Where a non-numeric permit limitation is selected, such as 
                                                 
1 37 USEPA (2010) “Revisions to the November 22, 2002 Memorandum „Establishing Total Maximum Daily Load 

(TMDL) Wasteload Allocations (WLAs) for Storm Water Sources and NPDES Permit Requirements Based on Those 
TMDLs‟.” Issued by James A. Hanlon, Director, Office of Wastewater Management and Denise Keehner, Director, 
Office of Wetlands, Oceans and Watersheds. November 12, 2010. 
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BMPs, the permit’s administrative record must support the expectation that the BMPs are 
sufficient to achieve the WLAs. (40 CFR §§ 124.8, 124.9, and 124.18.) The USEPA has 
published  guidance for establishing WLAs for storm water discharges in TMDLs and their 
incorporation as numeric WQBELs in MS4 permits. 

While the increasing sophistication in monitoring and modeling in the storm water program have 
moved forward efforts to create linkages between storm water and receiving water quality the 
challenge of developing those linkages remains substantial. The National Academy of Science 
noted: “…pollutant loadings in stormwater effluent vary dramatically over time and stormwater 
is notoriously difficult to monitor for pollutants.”382 Modeling approaches while useful in 
understanding and predicting acceptable loads for receiving waters still include a significant 
degree of uncertainty especially for stormwater because storm events are highly variable in 
frequency and duration and are not easily characterized. The level of uncertainty in monitoring and 
modeling stormwater contributions raises concerns about the ability to use modeled 
concentrations or load as numeric WQBELs. The panel of experts convened by the State Water 
Board in 2006 concluded “[f]or catchments not treated by a structural or treatment BMP, setting 
a numeric effluent limit is basically not possible.”39 3 

EPA allows discretion to establish BMP-based WQBELs and but identifies that when WQBELs 
are expressed as BMPs, “the permit should contain objective and measurable elements (e.g., 
schedule for BMP installation or level of BMP performance). The objective and measureable 
elements should be included in permits as enforceable provisions. Permitting authorities should 
consider including numeric benchmarks for BMPs and associated monitoring protocols or 
specific protocols for estimating BMP effectiveness in storm water permits. These benchmarks 
could be used as thresholds that would require the permittee to take additional action specified in 
the permit, such as evaluating the effectiveness of the BMPs, implementing and/or modifying 
BMPs, or providing additional measures to protect water quality.”4 The Watershed Management 
Program elements of this permit provide for objective, measureable, and enforceable elements of 
the permit while allowing for the adaptive management, which is a basic assumption in many of 
the adopted TMDLs. 

37 5As required, permit conditions are included in this Order consistent with the assumptions and 
requirements of the available WLAs assigned to MS4 discharges, which have been established in 
thirty-three TMDLs. The Regional Water Board adopted twenty-five (25) TMDLs and USEPA 
established seven (7) TMDLs that assign WLAs to MS4 Permittees within the County of Los 
Angeles. In addition, the Santa Ana Regional Water Board adopted a TMDL that assigns WLAs 
to the Cities of Pomona and Claremont. The TMDLs included in this Order along with the 
adoption and approval dates are listed in the table below. Permit conditions for two of these 
TMDLs – the Marina del Rey Harbor Bacteria TMDL and the Los Angeles River Watershed 
                                                 
2 38 National Academy of Science, 2008, Urban Stormwater Management in the United States 
3 39 Currier et al., 2006, The Feasibility of Numeric Effluent Limits Applicable to Discharges of Storm Water 
Associated with Municipal, Industrial and Construction Activities 
4 40 USEPA (2010) 
5 37 USEPA (2010) “Revisions to the November 22, 2002 Memorandum „Establishing Total Maximum Daily Load 

(TMDL) Wasteload Allocations (WLAs) for Storm Water Sources and NPDES Permit Requirements Based on Those 
TMDLs‟.” Issued by James A. Hanlon, Director, Office of Wastewater Management and Denise Keehner, Director, 
Office of Wetlands, Oceans and Watersheds. November 12, 2010. 
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Trash TMDL – were previously incorporated into Order No. 01-182 during re-openers in 2007 
and 2009, respectively (Orders R4-2007-0042 and R4-2009-0130). TMDLs are typically 
developed on a watershed or subwatershed basis, which facilitates a more accurate assessment of 
cumulative impacts of pollutants from all sources. An overview of each Watershed Management 
Area, including the TMDLs applicable to it, is provided below. 

OMITTED TABLE AND WMA DISCUSSION 

 

1. Compliance Determination for Interim and Final WLAs 

This permit establishes BMP-based WQBELs to attain the WLAs. This Order requires the 
Permittees to demonstrate compliance with the TMDL provisions through any of the following 
means: 

1) The Permittee has submitted and is fully implementing an approved Watershed 
Management Program, which includes analyses that provide the Regional Water Board 
with reasonable assurance that the watershed control measures proposed will achieve the 
applicable WLAs  and receiving water limitations consistent with relevant compliance 
schedules; or 

2) There are no exceedances of the applicable receiving water limitation for the pollutant(s) 
associated with a specific TMDL in the receiving water(s) at, or downstream of, the 
Permittee’s outfall(s)6; or  

3) There are no violations of the WLAs for the pollutant(s) associated with a specific TMDL 
at the Permittee’s applicable MS4 outfall(s),7 including an outfall to the receiving water 
that collects discharges from multiple Permittees’ jurisdictions; 

4) There is no direct or indirect discharge from the Permittee’s MS4 to the receiving water 
during the time period subject to the WLA and/or receiving water limitation for the 
pollutant(s) associated with a specific TMDL; or 

For TMDLs that establish individual mass-based WLAs or a concentration-based WLA such as 
the Trash TMDLs, Nitrogen TMDLs, and Chloride TMDL, this Order requires Permittees to 
demonstrate compliance with their assigned WQBELs individually. 

A number of the TMDLs for Bacteria, Metals and Toxics establish WLAs that are assigned 
jointly to a group of Permittees whose storm water and/or non-storm water discharges are or may 
be commingled in the MS4 prior to discharge to the receiving water subject to the TMDL. 
TMDLs address commingled MS4 discharges by assigning a WLA to a group of MS4 Permittees 
based on co-location within the same subwatershed. Permittees with co-mingled storm water are 
jointly responsible for meeting the WQBELs WLAs and receiving water limitations assigned to 
MS4 discharges in this Order. "Joint responsibility" means that the Permittees that have 
commingled MS4 discharges are responsible for implementing programs in their respective 
jurisdictions, or within the MS4 for which they are an owner or operator, to meet the WQBELs 
WLAs and/or receiving water limitations assigned to such commingled MS4 discharges. 

                                                 
6 An outfall may include a manhole or other point of access to the MS4 at the Permittee‟s jurisdictional boundary. 
7  An outfall may include a manhole or other point of access to the MS4 at the Permittee‟s jurisdictional boundary. 
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In these cases, federal regulations state that co-permittees need only comply with permit 
conditions relating to discharges from the MS4 for which they are owners or operators. (40 CFR 
§ 122.26(a)(3)(vi).) Individual co-permittees are only responsible for their contributions to the 
commingled discharge. This Order does not require a Permittee to individually ensure that a 
commingled MS4 discharge meets the applicable WQBELsWLAs included in this Order, unless 
such Permittee is shown to be solely responsible for the exceedancessource.   

Additionally, this Order allows a Permittee to clarify and distinguish their individual 
contributions and demonstrate that its MS4 discharge did not cause or contribute to exceedances 
of applicable WQBELs and/or receiving water limitations. In this case, though the Permittee’s 
discharge may commingle with that of other Permittees, the Permittee would not be held jointly 
responsible for the exceedance of the WQBELs WLA or receiving water limitation. 

Individual co-permittees who demonstrate compliance with the WQBELs WLAs will not be held 
responsible for violations by non-compliant co-permittees. 

Demonstrating Compliance with Interim Limitations. This Order provides Permittees with 
several means of demonstrating compliance with applicable interim WQBELs and/or interim 
receiving water limitations for the pollutant(s) associated with a specific TMDL. These include 
any of the following:  

a. There are no violations of the interim WQBELs for the pollutant(s) associated with a specific 
TMDL at the Permittee’s applicable MS4 outfall(s),18 including an outfall to the receiving water 
that collects discharges from multiple Permittees’ jurisdictions; 

b. There are no exceedances of the applicable receiving water limitation for the pollutant(s) 
associated with a specific TMDL in the receiving water(s) at, or downstream of, the Permittee’s 
outfall(s); 

c. There is no direct or indirect discharge from the Permittee’s MS4 to the receiving water during 
the time period subject to the WQBEL and/or receiving water limitation for the pollutant(s) 
associated with a specific TMDL; or  

d. The Permittee has submitted and is fully implementing an approved Watershed Management 
Program, which includes analyses that provide the Regional Water Board with reasonable 
assurance that the watershed control measures proposed will achieve the applicable WQBELs 
and receiving water limitations consistent with relevant compliance schedules. 

Demonstrating Compliance with Final Limitations. This Order provides Permittees with three 
general means of demonstrating compliance with an applicable final WQBEL and/or final 
receiving water limitation for the pollutant(s) associated with a specific TMDL. 

These include any of the following: 

a. There are no violations of the final WQBEL for the specific pollutant at the Permittee’s 
applicable MS4 outfall(s)29; 

b. There are no exceedances of applicable receiving water limitation for the specific pollutant in 
the receiving water(s) at, or downstream of, the Permittee’s outfall(s); or 
                                                 
8 1 An outfall may include a manhole or other point of access to the MS4 at the Permittee‟s jurisdictional boundary. 
9 2 Ibid. 
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c. There is no direct or indirect discharge from the Permittee’s MS4 to the receiving water during 
the time period subject to the WQBEL and/or receiving water limitation for the pollutant(s) 
associated with a specific TMDL. 

This Order provides the opportunity for Permittees to demonstrate compliance with interim and 
final WLAs effluent limitations through development and implementation of a Watershed 
Management Program, where Permittees have provided a reasonable demonstration through 
quantitative analysis (i.e., modeling or other approach) that the control measures/BMPs to be 
implemented will achieve the WLAs interim effluent limitations in accordance with the schedule 
provided in this Order. It is premature to consider application of this action based compliance 
demonstration option to the finalnumeric effluent limitations. and final receiving water 
limitations that have deadlines outside the term of this Order. More data is needed to validate 
assumptions and model results regarding the linkage among BMP implementation, the quality of 
MS4 discharges, and receiving water quality. 

At a minimum, the Watershed Management Program must include the following data and 
information relevant to the established TMDL: 

i. Available data demonstrating the current quality of the MS4 discharge(s) in terms of 
concentration and/or load of the target pollutant(s) to the receiving waters subject to the TMDL; 

ii. A detailed time schedule of specific actions the Permittee will take in order to achieve the 
WLA(s); 

iii. A demonstration that the time schedule requested is as short as possible, taking into account 
the time since establishment of the TMDL, and technological, operation, and economic factors 
that affect the design, development, and implementation of the control measures that are 
necessary to comply with the WLA(s); and 

iv. If the requested time schedule exceeds one year, the proposed schedule shall include interim 
requirements, including numeric milestones, and the date(s) for their achievement. 

Each Permittee subject to a WLA in a TMDL established since 2010 must submit a draft of a 
Watershed Management Program Plan to the Regional Water Board Executive Officer for 
approval no later than one year after the effective date of this Order.  

Each Permittee subject to a WLA in a TMDL established prior to 2010 must submit a draft of a 
Watershed Management Program Plan to the Regional Water Board Executive Officer for 
approval no later than six months after the effective date of this Order.  

Based on the nature and timing of the proposed watershed control measures, the Regional Water 
Board will consider appropriate actions on its part, which may include: (1) no action and 
continued reliance on permit conditions that require implementation of the approved watershed 
control measures throughout the permit term; (2) adopting an implementation plan and 
corresponding schedule through the Basin Plan Amendment process and then incorporating 
water quality based effluent limitations and a compliance schedule into this Order consistent 
with the State-adopted implementation plan; or (3) issuing a time schedule order to provide the 
necessary time to fully implement the watershed control measures to achieve the WLAs. 

During the term of this Order, there are very few deadlines for compliance with final effluent 
limitations applicable to storm water, or final receiving water limitations applicable during wet 
weather conditions. Most deadlines during the term of this Order are for interim effluent 
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limitations applicable to storm water, or for final effluent limitations applicable to non-storm 
water discharges and final dry weather receiving water limitations. 

There are only five State-adopted TMDLs for which the compliance deadlines for final water 
quality-based effluent limitations applicable to storm water occur during the term of this Order. 
These include: Santa Clara River Chloride TMDL, Santa Clara River Nitrogen TMDL, Los 
Angeles River Nitrogen TMDL, Marina del Rey Harbor Toxics TMDL, and LA Harbor Bacteria 
TMDL. In most of these five TMDLs, compliance with the final water quality-based effluent 
limitations assigned to MS4 discharges is expected to be achieved (e.g., Santa Clara River 
Chloride TMDL310), or a mechanism is in place to potentially allow additional time to come into 
compliance (e.g. reconsideration of the Marina del Rey Harbor Toxics TMDL implementation 
schedule). 

The Regional Water Board will evaluate the effectiveness of this action-based compliance 
determination approach in ensuring that WLAs interim effluent limitations for storm water are 
achieved during this permit term. If this approach is effective in achieving compliance with 
interim effluent limitationsWLAs for storm water during this permit term, the Regional Water 
Board will consider during the next permit cycle whether it would be appropriate to allow a 
similar approach. for demonstrating compliance with final water quality-based effluent 
limitations applicable to storm water. 

2. Compliance Schedules for Achieving TMDL Requirements 

A Regional Water Board may include a compliance schedule in an NPDES permit when the 
state’s water quality standards or regulations include a provision that authorizes such schedules 
in NPDES permits.411 In California, TMDL implementation plans512 are typically adopted 
through Basin Plan Amendments. The TMDL implementation plan, which is part of the Basin 
Plan Amendment, becomes a regulation upon approval by the State of California Office of 
Administrative Law (OAL).613 Pursuant to California Water Code sections 13240 and 13242, 
TMDL implementation plans adopted by the Regional Water Board “shall include … a time 
schedule for the actions to be taken [for achieving water quality objectives],” which allows for 
compliance schedules in future permits. This Basin Plan Amendment becomes the applicable 
regulation that authorizes an MS4 permit to include a compliance schedule to achieve effluent 
limitations derived from wasteload allocations.  

                                                 
10 3 Data from land use monitoring conducted under the LA County MS4 Permit from 1994-99 indicate chloride 
concentrations ranging from 3.2-48 mg/L, while more recent data from the mass emissions station in the Santa Clara 
River (S29) indicate concentrations ranging from 116-126 mg/l in dry weather, and 25.1-96.3 mg/l in wet weather, 
suggesting that storm water has a diluting effect on chloride concentrations in the receiving water.  
11 4 See In re Star-Kist Caribe, Inc., (Apr. 16, 1990) 3 E.A.D. 172, 175, modification denied, 4 E.A.D. 33, 34 (EAB 
1992)). 
12 5 TMDL implementation plans consist of those measures, along with a schedule for their implementation, that the 
Water Boards determine are necessary to correct an impairment. The NPDES implementation measures are thus 
required by sections 303(d) and 402(p)(3)(B)(iii) of the CWA. State law also requires the Water Boards to implement 
basin plan requirements. (See Wat. Code §§ 13263, 13377; State Water Resources Control Board Cases (2006) 136 
Cal.App.4th 189.)  
13 6 See Gov. Code, § 11353, subd. (b). Every amendment to a Basin Plan, such as a TMDL and its implementation 
plan, requires approval by the State Water Board and OAL. When the TMDL and implementation plan is approved by 
OAL, it becomes a state regulation. 

RB-AR14097



 

 Page 25 of 27 

Where a TMDL implementation schedule has been established through a Basin Plan 
Amendment, it is hereby incorporated into this Order as a compliance schedule to achieve 
interim and final WQBELs and corresponding receiving water limitations, in accordance with 40 
CFR section 122.47. WQBELs must be consistent with the assumptions and requirements of any 
WLA, which includes applicable implementation schedules.714 California Water Code sections 
13263 and 13377 state that waste discharge requirements must implement the Basin Plan.815 
Therefore, compliance schedules for attaining WQBELs derived from WLAs must be based on a 
state-adopted TMDL implementation plan and cannot exceed the maximum time that the 
implementation plan allows. 

In determining the compliance schedules, the Regional Water Board considered numerous 
factors to ensure that the schedules are as short as possible. Factors examined include, but are not 
limited to, the size and complexity of the watershed; the pollutants being addressed; the number 
of responsible agencies involved; time for Co-Permittees to negotiate memorandum of 
agreements; development of water quality management plans; identification of funding sources; 
determination of an implementation strategy based on the recommendations of water quality 
management plans and/or special studies; and time for the implementation strategies to yield 
measurable results. Compliance schedules may be altered based on the monitoring and reporting 
results as set forth in the individual TMDLs. 

In many ways, the incorporation of interim and final WQBELs and associated compliance 
schedules is consistent with the iterative process of implementing BMPs that has been employed 
in the previous Los Angeles County MS4 Permits in that progress toward compliance with the 
final WLAseffluent limitations may occur over the course of many years. However, because the 
waterbodies in Los Angeles County are impaired due to MS4 discharges, it is necessary to 
establish more specific provisions in order to: (i) ensure measurable reductions in pollutant 
discharges from the MS4, resulting in progressive water quality improvements during the 
iterative process, and (ii) establish a final date for completing implementation of BMPs and, 
ultimately, achieving effluent limitations and water quality standards. 

The compliance schedules established herein are consistent with the implementation plans 
established in the individual TMDLs. The compliance dates for meeting the final WQBELs and 
receiving water limitations for each TMDL are listed below in Table F-7. 

 

OMITTED TABLE 

 

3. State Adopted TMDLs with Past Final Compliance Deadlines 

                                                 
14 7 See 40 C.F.R. § 122.44(d)(1)(vii)(B). 
15 8 Cal. Wat. Code, § 13263, subd. (a) (“requirements shall implement any relevant water quality control plans that 

have been adopted”); Cal. Wat. Code, § 13377 (“the state board or the regional boards shall . . . issue waste 
discharge requirements and dredged or fill material permits which apply and ensure compliance with all applicable 
provisions of the [CWA], thereto, together with any more stringent effluent standards or limitations necessary to 
implement waste quality control plans, or for the protection of beneficial uses, or to prevent nuisance”); see also, 
State Water Resources Control Board Cases (2006) 136 Cal.App.4th 189. 
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As required by federal regulations, this Order includes WQBELs necessary to achieve applicable 
wasteload allocations assigned to MS4 discharges. In some cases, the deadline specified in the 
TMDL implementation plan for achieving the final wasteload allocation has passed. (See Table 
F-8) This Order requires that Permittees comply immediately with WQBELs and/or receiving 
water limitations for which final compliance deadlines have passed. 

 

OMITTED TABLE 

 

Where a Permittee determines that its MS4 discharge may not meet the final WQBELs for the 
TMDLs in Table F-8 upon adoption of this Order, the Permittee may request a time schedule 
order (TSO) from the Regional Water Board. TSOs are issued pursuant to California Water Code 
section 13300, whenever a Water Board "finds that a discharge of waste is taking place or 
threatening to take place that violates or will violate [Regional Water Board] requirements." 
Permittees may individually request a TSO, or may jointly request a TSO with all Permittees 
subject to the WQBELs and/or receiving water limitations. Permittees must request a TSO to 
achieve WQBELs for the TMDLs in Table F-8 no later than 45 days after the date this Order is 
adopted. 

In the request, the Permittee(s) must include, at a minimum, the following: 

a. Location specific data demonstrating the current quality of the MS4 discharge(s) in terms of 
concentration and/or load of the target pollutant(s) to the receiving waters subject to the TMDL;  

b. A detailed description and chronology of structural controls and source control efforts, 
including location(s) of implementation, since the effective date of the TMDL, to reduce the 
pollutant load in the MS4 discharges to the receiving waters subject to the TMDL; 

c. A list of discharge locations for which additional time is needed to achieve the water quality 
based effluent limitations and/or receiving water limitations;  

d. Justification of the need for additional time to achieve the water quality-based effluent 
limitations and/or receiving water limitations for each location identified in Part VI.E.3.c, above; 

e. A detailed time schedule of specific actions the Permittee will take in order to achieve the 
water quality-based effluent limitations and/or receiving water limitations at each location 
identified in Part VI.E.3.c, above; 

f. A demonstration that the time schedule requested is as short as possible, consistent with 
California Water Code section 13385(j)(3)(C)(i), taking into account the technological, 
operation, and economic factors that affect the design, development, and implementation of the 
control measures that are necessary to comply with the effluent limitation(s); and 

g. If the requested time schedule exceeds one year, the proposed schedule shall include interim 
requirements and the date(s) for their achievement. The interim requirements shall include both 
of the following:  

i. WQBEL(s) Effluent limitation(s) for the pollutant(s) of concern; and 

ii. Actions and milestones leading to compliance with the effluent limitationWQBEL(s). The 
Regional Water Board does not intend to take enforcement action against a Permittee for 
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violations of specific WQBELs and corresponding receiving water limitations for which the final 
compliance deadline has passed if a Permittee is fully complying with the requirements of a TSO 
to resolve exceedances of the WQBELs for the specific pollutant(s) in the MS4 discharge. 
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Background 
The NPDES storm water permit program came into being as a result of the 1987 
amendments to the federal Clean Water Act and its implementing regulations.  In 
California, the State Water Resources Control Board (State Water Board) and 

the nine Regional Water Quality Control Boards (Regional Water Boards) 
implement the NPDES storm water program.  

 
The Clean Water Act amendments, Section 402(p) require that discharges of 
storm water from large and medium municipal separate storm sewer systems 

(MS4s) and discharges of storm water associated with industrial activities be in 
compliance with NPDES permits.  MS4 permits require that the discharge of 

pollutants be reduced to the maximum extent practicable (MEP).  Discharges 
associated with industrial activities, were required to meet the technology based 
standards of best available technology economically achievable (BAT) or best 

conventional pollutant control technology (BCT), and to meet water quality 
standards. 

 
In 1990, USEPA promulgated regulations (40 CFR Part 122.26) for the NPDES 
storm water program.  These regulations clarified what industrial activities were 

subject to storm water permit.   Construction that resulted in a land disturbance of 
five or more acres was included as an industrial activity subject to NPDES storm 

water permit.  The regulations also delineated what was to be included in permit 
applications and the programmatic elements that were to be in a permit and 
storm water management program for MS4s or storm water pollution prevention 

plan for industrial activities.  

California’s Permits 
In 1990, MS4 permits were issued to Santa Clara County by the San Francisco 
Bay Regional Water Board and to Los Angeles County by the Los Angeles 
Regional Water Board.  These permits were appealed to the State Water Board.  

The primary basis of the appeals was the lack of numeric limits in the permits.  
The entities that brought the appeals argued that the permits needed to include 

numeric limits, as the discharges of pollutants must not only be reduced to the 
MEP, but they must also meet water quality standards.  The State Water Board, 
in hearing these appeals, determined that it was not feasible at the time to 

develop numeric limits for MS4 permits, and that water quality standards could 
and should be achieved through the implementation of best management 

practices (BMPs).  Since this ruling, the Regional Water Boards have typically 
not included numeric limits in storm water permits.   
 

The State Water Board has adopted NPDES General Permits for the Discharge 
of Storm Water Associated with Industrial Activities and for the Discharge of 

Storm Water Associated with Construction Activities.  Both of these permits 
contain language stating that developing numeric limitations is infeasible.   
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Court Decisions 
In addition to these actions on MS4 permits at the State level, there have been a 
number of rulings from the federal courts regarding the NPDES Storm Water 
program. 

 
One of the most significant is from the federal court, 9 th District Court of Appeals 

from 1999.  In its published opinion on Defenders of Wildlife vs. Browner, the 
Court held that MS4 permits need not require strict compliance with water quality 
standards.  Rather, compliance was to be based upon the MEP standard.  

However, the permitting authority (the State Water Board/Regional Water Boards 
for California) could at their option require compliance with standards.  The State 

Water Board through the permit and appeals process has in fact required that the 
discharges from MS4s meet water quality standards, but has stated that 
compliance with numeric standards can be achieved through the implementation 

of BMPs in an iterative fashion. 
 

The Browner decision also found that discharges of storm water associated with 
industrial activities must be in strict compliance with water quality standards.  
 

In 2004 the State Water Board conducted a public hearing on a draft General 
Industrial Storm Water permit.  This draft permit met with significant opposition 

from non-government or non-industrial organizations (NGOs) due to the absence 
of numeric limits.  Staff revised the draft permit to include the benchmarks 
contained in the USEPA multi-sector general permit. This change resulted in 

strong opposition from the regulated community.  
 

The concerns that have been raised by the NGOs and the regulated community 
are similar, though they do not necessarily agree on the best way to address 
them.  Both believe that permitting has become overly complex, and that it is 

extremely difficult, if not impossible to objectively determine if a facility, operation 
or municipality is in compliance with its permit requirements.  The NGOs argue 

that requiring storm water permittees to comply with numeric effluent limits will 
result in an easier way to measure compliance.  The regulated community 
agrees, to a degree, but they argue that it is not simply a matter of selecting a 

number that is suitable for a POTW or industrial waste discharge. Due to the 
unique nature of storm events and storm water discharges, any numeric limit that 

is placed in a storm water permit must take into consideration the episodic nature 
of storm events and be truly representative of storm water discharges.  In 
addition, the regulated community has argued that there are going to be 

pollutants in storm water discharges that did not originate in the MS4 (run on) or 
that they do not have the means to control, and therefore should be given special 

consideration.  
 
In response to these arguments, State Water Board directed staff to convene a 

panel of storm water experts to examine the feasibility of developing numeric 
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limits for storm water permits.  Specifically, this panel of experts was asked to 

consider the following: 
  

“Is it technically feasible to establish numeric effluent limitations, or 

some other quantifiable limit, for inclusion in storm water permits?  
How would such limitations or criteria be established, and what 

information and data would be required?” 
 
“The answers should address industrial general permits, construction 

general permits, and area-wide municipal permits.  The answers 
should also address both technology-based limitations or criteria and 

water quality-based limitations or criteria.  In evaluating establishment 
of any objective criteria, the panel should address all of the following:   
 

(1) The ability of the State Water Board to establish appropriate 
objective limitations or criteria; (2) how compliance determinations 

would be made; (3) the ability of dischargers and inspectors to monitor 
for compliance; and (4) the technical and financial ability of 
dischargers to comply with the limitations or criteria.”  

  
Staff invited 10 individuals from the academic and scientific community to 

participate on the panel.  Of the 10, eight agreed to participate.  These eight met 
in a public session on September 14, 2005 and heard presentations from the 
regulated and NGO communities.  They also heard comments from the public at 

large.  They met again on September 15, 2005 to discuss the public comments 
and to begin to formulate a response.  It was also decided at this meeting that 

they would form sub-committees to address municipal (MS4), industrial and 
construction discharges separately.  These sub-committees worked on drafts 
statements for each of these, circulating them over the course of a number of 

months. 
 

The panel met again in private session on April 3 and 4, 2006.   The purpose of 
these meetings was to address unresolved issues and to develop the final 
response to the State Water Board.  It was also decided to combine the three 

working statements into one Statement of Findings.  The following discussion is 
the panel’s findings and is broken into three program element areas: municipal, 

construction, and industrial. 
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Panel’s Findings on Feasibility of Numeric Effluent Limits 
Applicable to Municipal Activities  

Municipal Observations 
1. The current practice for permitting, designing, and maintaining 

municipal stormwater treatment facilities (called BMPs herein) on the 
urban landscape does not lend itself to reliable and efficient 

performance of the BMPs because:   
 

• Permitting agencies, including EPA, States, and local governments, 
have rarely developed BMP design requirements that consider the 
pollutants and/or parameters of concern, the form(s) that the 

pollutants or parameters are in, the hydrologic and hydraulic nature 
of how they pollutants and flow arrive, and then the resulting unit 

processes (treatment and/or flow management processes) that 
would be required to address these pollutants or parameters.   

• The permitting agencies generally are not accountable for the 

performance of the BMP, and thus give much leeway to the 
developer with respect to the type of BMPs to be constructed, and 

to the details of the design, although some states do have detailed 
design standards and have conducted performance tests to identify 
acceptable devices for their area. 

• The developer is not responsible in most all cases for the 
performance of the BMP, so the treatment facilities are designed to 

minimize the cost and/or area of the facility and/or ease of 
permitting, not maximize the pollutant removal efficiency and/or 

flow management of the BMP 

• Because BMPs are not held to  any, or very few, long-term 
performance criteria, they are typically not maintained except for 

aesthetic purposes. Very few stormwater agencies are responsible 
for BMP maintenance on private property, and public facilities are 

maintained mostly in response to clogging and/or resultant 
drainage or aesthetic problems. Even for stormwater agency 
facilities, maintenance is often limited. 

 

2. The principal reasons for the failure of BMP performance is improper 

BMP selection, design and/or lack of maintenance. 
 

• The California BMP Handbooks and other local requirements leave 

too much of the BMP selection and design to the discretion of the 
designer, and thus do not address many if not all of the receiving 

water quality issues 
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• BMPs need to be designed to facilitate maintenance; this is rarely 

done because it costs the developer money and the BMP designer 
is rarely responsible for the maintenance. 

 

• Given the amount of debris in urban runoff, and the fact that the 
hydraulic capacity of many BMPs may be exceeded several to 

many times per year, BMPs require more maintenance than other 
types of stormwater control facilities.  Since urban BMP 

maintenance is generally left to untrained homeowner associations 
and maintenance personnel for commercial properties, inadequate 
maintenance is a near certainty.  Even stormwater agencies often 

do not have and/or apply the resources necessary to maintain 
agency owned BMPs. 

 
 
3. Improvements in the design of municipal BMPs, including residential 

and commercial as well as municipally owned facilities are necessary 
to ensure better performance (i.e. sizing, geometry, inlet and outlet 

design, etc.) and to specifically target receiving water quality issues.   

The Problem with Existing Effluent Limit Approaches 

Effluent limit approaches usually focus only on conventional water quality 

constituents that may not be solely or at all responsible for the receiving water 
beneficial use impairments in urban receiving waters. The important stressors 

that affect many use impairments can include one or more of the following and 
may vary in importance from system to system: 
 

• The effect of increased flows and/or volumes (i.e. 
hydromodification) that can lead to stream channel 

erosion/sedimentation with resulting habitat destruction 
 

• Sediment contamination (such as enrichment of urban stream 

sediments with fine-grained heavily polluted particulates; large 
organic debris masses causing low sediment DO; settled bacteria 

causing large bacteria gradients with sediment depth etc.) 
 

• Impaired aesthetic value (caused by gross floatables, noxious 

sediments, etc.) 
 

• Unsafe conditions (caused by dangerous debris, highly fluctuating 
stream flows and stages, etc.) 

 

• Dissolved and suspended pollutants that are bioavailable in the 
water column and/or result in downstream sediment contamination 
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• Elevated temperatures from urban heating effects on runoff and on 

open conveyances and permanent pool BMPs 
 
It is very difficult to determine specific causative agents or the level of control 

needed, for a specific beneficial use impairment in a receiving water body.  The 
Stormwater Effects Handbook: A Tool Box for Watershed Managers, Scientists, 
and Engineers (Burton, G.A. Jr., and R. Pitt, ISBN 0-87371-924-7. CRC Press, 
Inc., Boca Raton, FL. 2002. 911 pages) was written to be used as a guide for 
stormwater managers to identify their local receiving water problems and to 

assist in identifying the causative factors. The methods described would need to 
be applied to a specific area or region to obtain an understanding of local 

conditions and problems. Although expensive, comprehensive investigations 
such as these should be considered an investment to help minimize wasteful 
expenditures due to the application of inappropriate control practices in a 

watershed.  
 

Monitoring for enforcement of numeric effluent limits would also be challenging.  
While spot checks could be made at some of the many outfalls in an area, there 
is wide variation in stormwater quality from place to place, facility to facility, and 

storm to storm.  Coefficients of variation approaching 1 or higher are not 
uncommon and there are few factors that can be used to significantly reduce this 

variation.  Analysis of the National Stormwater Quality Database indicates that 
geographical location and land use are the most important factors affecting 
stormwater quality for most constituents.  Some are also affected by the 

antecedent dry period before the rain and more highly developed watersheds 
(containing large fractions of impervious areas) often show elevated “first-flush” 

concentrations in the first portion of the storms for some, but not all pollutants.  
Since the storm-to-storm variation at any outfall can be high, it may be 
unreasonable to expect all events to be below a numeric value.  In a similar 

circumstance, there are a number of storms each year that are sufficiently large 
in volume and/or intensity, to exceed the design capacity volume or flow rates of 

most BMPs.  Assessing compliance during these larger events represents yet 
another challenge to regulators and the regulated community. 

Technical Issues 

Even for conventional pollutants, there presently is no protocol that enables an 
engineer to design with certainty a BMP that will produce a desired outflow 

concentration for a constituent of concern.  A possible exception is removal of 
Total Suspended Solids in extended detention basins, and some types of media 
filters.  The typical approach for evaluating BMP pollutant removal efficiency has 

been percent removal; but observed removal efficiencies vary greatly from facility 
to facility and it has been demonstrated that percent removal varies directly with 

the inflow concentration.   
 
Few, if any, BMPs are designed using the first principles laws of physics, 

chemistry and/or biology for pollutant removal and/or flow-duration control.  It will 
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take a substantial research effort, including data gathering on well-designed 

BMPs, to develop design criteria for the removal of pollutants with confidence 
intervals that enable us to make reliable estimates of the median and variance of 
the effluent concentrations to be expected from the various types of BMPs.  Until 

this is done, it will be very difficult to assign legally enforceable numerical effluent 
limitations to any particular BMP. 

 
Drawing upon the body of knowledge that currently exists regarding pollutant 
removal efficiency, it is possible to estimate mean effluent concentrations and 

variances for a number of constituents for different types of BMPs, albeit not in a 
legally enforceable sense.  Effluent concentration distributions for a number of 

BMPs are available in the International BMP Database (www.bmpdatabase.org) 
from more then 250 studies throughout the US.  The following outlines key issues 
that have been identified regarding the technical feasibility of setting objective 

criteria for both existing areas and new or redeveloping areas: 
 

• Effluent concentration estimates could be made for a given 
constituent and a particular BMP from a larger number of BMPs 
than available in the BMP Database using literature values of 

percent removal and local or national data on stormwater runoff 
EMC data.  However, the results from this work would be 

significantly less reliable then the BMP Database data as it could 
be biased if the influent concentrations for the studied BMP types 
did not match general urban runoff. 

• Designing the facility more rigorously with respect to the physical, 
chemical and biological processes (e.g. unit processes) that are 

active in the BMP would give confidence that the BMP would 
perform at least as well, if not better than the average performance 

determined from the literature.  A WEF/ASCE task force is currently 
updating their Urban Runoff Quality Management Manual of 
Practice; design guidance of BMPS will make better use of the 

physical, chemical, and biologic processes taking place in the BMP 
before, during and after a storm event.  This manual will build upon 

recent research efforts employing a unit process based approach 
for BMP design and selection.  These research efforts were 
supported by the Water Environment Research Foundation 

(WERF) and the National Cooperative Highway Research Program 
(NCHRP). 

• A BMP designed and constructed according to a set of criteria 

described above, could be presumed to deliver an effluent with a 
mean constituent concentration and variance similar to the 

performance numbers developed from the literature if it is properly 
maintained. Enforcement would comprise periodic inspection of 

the facility using a checklist of items to be inspected.  While not an 
effluent limit, this seems practical and quantifiable. 
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• Most all existing development rely on non-structural control 

measures, making it difficult, if not impossible to set numeric 
effluent limits for these areas because little is known about the 
quantity and quality performance of non-structural controls.  

However, certain development characteristics in some existing 
development areas that minimize the amounts of impervious areas 

in a drainage area have been shown to be quite effective in 
reducing adverse hydromodifications in the receiving waters, and 
should be encouraged. 

Municipal Recommendations 
It is not feasible at this time to set enforceable numeric effluent criteria for 

municipal BMPs and in particular urban discharges.  However, it is possible to 
select and design them much more rigorously with respect to the physical, 
chemical and/or biological processes that take place within them, providing more 

confidence that the estimated mean concentrations of constituents in the 
effluents will be close to the design target.  Moreover, with this more rigorous 

design and an enforceable maintenance program, it can be presumed that these 
facilities will continue to deliver effluent qualities that are reasonably close to the 
design effluent concentrations over the life of the facility.  And if proper 

maintenance is performed (enforced), the facilities can be expected to perform 
throughout their design life at the same or better efficiency as when newly 

constructed.  Depending on the pollutants and parameters of concern and BMP 
choices, it is very likely that treatment trains of structural BMPs will be required in 
many cases. 

 
For catchments not treated by a structural or treatment BMP, setting a numeric 

effluent limit is basically not possible.  However, the approach of setting an 
“upset” value, which is clearly above the normal observed variability, may be an 
interim approach that would allow “bad actor” catchments to receive additional 

attention.  For the purposes of this document, we are calling this “upset” value an 
Action Level because the water quality discharged from such locations are 

enough of a concern that most all could agree that some action should be taken.  
Action Levels could be developed using at least three different approaches.  
These approaches include: 1) consensus based approach; 2) ranked percentile 

distributions; 3) statistically-based population parameters.   
 

The consensus-based approach would be to agree upon effluent concentrations 
that all parties feel are not acceptable.  For example, most parties would likely 
agree that an average concentration of dissolved copper above 100 ug/l from an 

urban catchment would not be acceptable.  This would be an Action Level value 
that would trigger an appropriate management response.  This approach may not 

directly address the issue of establishing numeric effluent criteria and achieving 
desired effluent quality, but the consensus-based approach would ensure that 
the “bad actor” watersheds received needed attention. 
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The ranked percentile approach (also a statistical approach) relies on the 

average cumulative distribution of water quality data for each constituent 
developed from many water quality samples taken for many events at many 
locations.  The Action Level would then be defined as those concentrations that 

consistently exceed some percentage of all water quality events (i.e. the 90th 
percentile).  In this case, action would be required at those locations that were 

consistently in the outer limit (i.e. uppermost 10th percentile) of the distribution of 
observed effluent qualities from urban runoff. 
 

The statistically based population approach would once again rely on the 
average distribution of measured water quality values developed from many 

water quality samples taken for many events at many locations.  In this case, 
however, the Action Level would be defined by the central tendency and variance 
estimates from the population of data.  For example, the Action Level could be 

set as two standard deviations above the mean, i.e. if measured concentrations 
are consistently higher than two standard deviations above the mean, an Action 

situation would be triggered.  Other population based estimators of central 
tendency could be used (i.e. geomean, median, etc.) or estimates of variance 
(i.e. prediction intervals, etc.).  Regardless of which population-based estimators 

are used (or percentile from above), the idea would be to identify the [statistically-
derived] point at which managers feel concentrations are significantly beyond the 

norm. 
 
The ranked percentile and population-based estimators are highly dependent 

upon the data sets used to calculate them.  There are a number of options that 
were considered by the Panel, but ultimately they were broken into two distinct 

categories. The first category was for new development/redevelopment and the 
second was for built out urban environments.  For new 
development/redevelopment, the panel recommends using the data set 

associated with the international BMP database (www.bmpdatabase.org).  This 
data set represents the variety of water quality from the most up to date, best 

conducted and reported BMP studies. The database effort does not limit itself to 
BMPs types or designs; it focuses on technically sound monitoring studies and 
reporting information.  Therefore there could be some screening of studies to 

those thought to be well designed BMPs to then develop effluent quality 
distributions and statistics on performance. Certainly, there is no expectation that 

urban stormwater managers could improve water quality beyond what would be 
reported in this dataset.   
 

In built-out urbanized environments, there are greater opportunities to examine 
various data sets for setting Action Levels.  For the Panel, these opportunities 

were a function of spatial scale.  The first opportunity would be at the local scale.  
Some urban stormwater monitoring programs have been in existence for 10 
years or longer.  Examples include the Los Angeles County Department of Public 

Works, City of Sacramento, Orange County, San Diego County, amongst others.  
Using permit specific data sets may make sense if issues of climatic variability or 
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localized geomorphology are important.  The next scale would be to combine 

these California municipal permit monitoring data sets, especially if lack of data 
for specific constituents of concern in any one location or region is an important 
issue.  The largest scale would be the National Stormwater Quality Database 

(NSQD) from municipal monitoring programs across the nation 
(http://unix.eng.ua.edu/~rpitt/Research/ms4/Paper/Mainms4paper.html).  This 

data set includes monitoring data from urban areas such as residential, 
commercial, industrial, freeway, institutional, and mixed use which is especially 
useful if small sample size limits the use of local data.  One advantage of using 

smaller (and local), rather than larger, spatial scales is the ability to update data 
sets for revising Action Levels.  The NSQD may not be updated for quite some 

time, but local data sets can be updated periodically (annual amendments, 10-
year rolling averages, every permit cycle, etc).  Ultimately, Action Levels would 
be expected to become lower as outliers are removed from data sets and as 

improved water quality data are collected through targeted management actions.  
It may be appropriate to eliminate older data sets as well over time. 

 
One element to consider when comparing monitoring data to Action Levels is the 
concept of a design volume for water quality (also known as the Water Quality 

Capture Volume – WQCV, WEF #23 and ASCE publication #87, 1998) or a 
design flow rate.  The WERF and NCHRP efforts mentioned above include 

recommendations regarding design sizing using continuous simulation 
techniques for both volume-based and rate -based BMPs.  The Panel 
acknowledged that several to more times each year, the runoff volume or flow 

rate from a storm will exceed the design volume or rate capacity of the BMP.  
Stormwater agencies should not be held accountable for pollutant removal from 

storms beyond the size for which a BMP is designed.  
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A Technically Sound and Pragmatically Enforceable BMP Design and the Permit 

Process 

The diagram below provides guidance for determining what BMPs are required in 
a newly developing watershed.  Under Condition 1 where the receiving water 

quality is not impaired, determination of the appropriate BMP would be by Best 
Professional Judgment (BPJ). Any of the “state approved” BMPs could be used.  

The permittee would be required to design the treatment facilities in accordance 
with the California BMP Handbook, which should be revised as a criteria 
manual, rather than a guidance 

manual and include more 
physiobiochemically based design 
criteria designed to address an agreed 
upon set of “Pollutants and 
Parameters of Concern” based upon 
knowledge of the pollutants and 
parameters that generally are of 
concern in urban runoff, with perhaps 
some differences on receiving water 
type. 
 
A detailed maintenance plan and 

schedule would be required that 
includes: 

1. Actions to be taken and when, 

2. Designation of the party legally 
accountable for the facility 

maintenance, and    
3. A whole-life cost estimate for 

the facility that include 

maintenance.   
 

Compliance with the design criteria 
and the maintenance plan and 
schedule would constitute 
achievement of the design effluent 
criteria . In the event of failure by the 

responsible party to perform the 
required maintenance and/or to 
perform it to the required level of 

quality, the whole-life cost schedule 
could be used to determine the 

consideration that the  defaulting 
responsible party would pay to the 
new responsible party that takes over 

the maintenance. 

Identify  
Receiving Water 

Body 

 
Water Body 

303d listed? 

Require 
Technology-
Based BMPs 

BPJ 

Identify 
Constituents of 

Concern 

Have 
TMDLs 

been set? 

 

 

 

 

Require BMP(s) 
 by BAT for 

Constituents of 
Concern 

BMPs selection 
based on  
removal 
efficiency 

 

yes 

yes 

no 

no 

Condition 1 

Condition 2 

Condition 3 

Monitor BMP 
Maintenance for 

Compliance 

Monitor BMP 
Maintenance for 

Compliance 

Monitor BMP 
Maintenance for 

Compliance 
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Under Condition 2  where water quality impairment exists but a TMDL has not 
yet been performed, BAT would be required, which means applying the BMPs 
that can practicably (to be defined) be employed to produce the lowest effluent 

concentrations (e.g. the lower grouping of BMP effluent quality) of the 
constituent(s) of concern.  Several types of BMPs may fulfill the BAT standard if 

these BMPs have performance that is not statistically or practically differentiable.  
This case will allow flexibility in choosing among that sets of BMPs that 
demonstrate superior performance.  As in the case of Condition 1, compliance 

with the maintenance plan and schedule would constitute compliance with the 
design effluent criteria. 

 
Condition 3, which occurs when a TMDL has been specified for the BMP or for 
the tributary watershed, may (or may not be) actually be less stringent that 

Condition 2 if the TMDL allows for a higher effluent concentration of the 
constituents of concern than that discharged by a BAT facility.  The same 

requirements would apply for the design criteria, and the maintenance plan and 
schedule would constitute the guarantee of design effluent concentrations from 
the BMP. 

Strategies for Stormwater Management to Protect Urban Water Environments 

Stormwater effluent limits can become very complex if all the issues are to be 

directly addressed. If complex, they are not likely to be workable. However, too 
much simplification can also lead to ineffective programs. Therefore, a 
reasonable first step is needed, based on local data. Compliance monitoring (e.g. 

BMP inspections) is also needed to ensure that the goals are likely to be met. 
Most likely goals will have to be revised over time. The overall strategy should 

contain these objectives: 
 

• Effectiveness 

• Affordability 

• Enforceability, and 

• Flexibility 
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Table 1 - Effects of Urbanization on Hydrologic Regime in Colorado and Georgia 

Annual 
Precipitation

Mean 
Storm 
Depth* 

Runoff Events per Year Annual Runoff (mm) 

Location 
Millimeters 
per Year Millimeters Undeveloped Developed Undeveloped Developed 

Fort Collins, 
CO 335 11 27 47 12 124 

Atlanta, GA 1262 18 48 78 36 500 

* Values obtained from Fig. 5.3 ASCE  MOP (1998) 

 

Runoff volume and peak flows have been recognized as two of the most 
important stormwater factors needing control.  Table 1  (Roesner and Nehrke) 

shows that urbanization dramatically changes the hydrologic regime of urban 

waterways.  In both Atlanta (a higher rainfall area) and Fort Collins (a semiarid 
area), the number of runoff events per year on developed land increases by a 

factor of 2 times the number of runoff events that occur in the undeveloped state; 
and the runoff volume increases by a factor of ten!  The peak flows also increase 
dramatically as shown in Figure 1  below, but as also seen on the figure, the 

peak flow frequency curve can be adjusted back to its predevelopment character 
by the proper application of runoff controls.  But while these controls restore the 

peak flow frequency to its natural regime, the duration of flows at the low end (but 
still channel “working”) of the flow frequency curve is greatly increased, which 
raises potential for channel scour in stream channels with erosive soils. 

 

Figure 1 - Exceedance Frequencies for Detention Basins in Fort Collins, Colorado 

Exceedance Frequency for Detention Basins in Fort Collins, Colorado
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Since many of the stormwater pollutants are strongly associated with 

particulates, stormwater particulate control is also often a component of 
stormwater control programs. Therefore, an effective stormwater control strategy 
that could be encouraged is a combination of several practices, listed below in 

the order of increasing events: 
 

• On-site stormwater reuse, evapotranspiration and infiltration for the 
smallest storms and up to specific targeted events, depending on site 
limitations (soil characteristics and groundwater contamination 

potential) (usually by conservation design emphasizing infiltration, 
disconnecting paved areas, etc.)  

• Treatment of excess runoff that cannot be infiltrated, again, up to a 
specific targeted runoff volume (usually by sedimentation or filtration) 

For pollutants of concern, it should be demonstrated that the BMP(s) 
need to include the physical, biological, and/or chemical treatment 
processes that address the typical pollutants of concern and/or 

specific pollutants in the case of 303D listed water bodies or those 
with established TMDLs. 

• Control of energy discharges for the channel forming events (such as 
through storage-release, focusing on flow-duration analyses and peak 
flow frequency analyses).  To be most effective, this should to be 

completed under a watershed management plan and not site-by-site. 

• Provide safe drainage for damaging events (conventional drainage, 

plus secondary drainage systems) 

• In watersheds that are already experiencing damaging flow impacts to 

streams, it could be in many circumstances much more cost-effective 
(and effective period) to develop through a watershed plan a natural 
stream stabilization approach that could address both the existing 

development and the remaining smaller infill or otherwise smaller new 
development.  In these cases, requiring the remaining new 

development to implement flow-duration control would not solve the 
issue in a measurable way and resources would be better spent 
restoring the functions of the creek with instream enhancements. 
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Panel’s Findings on Feasibility of Numeric Effluent Limits 
Applicable to Construction Activities 

Construction Observations 
Regarding the question of the technical feasibility of Numeric Limits for 
stormwater discharges from construction activities, the Panel bases its 

recommendations on the following observations. 
 

1. Limited field studies indicate that traditional erosion and sediment controls 
are highly variable in performance, resulting in highly variable turbidity 
levels in the site discharge. 

2. Site-to-site variability in runoff turbidity from undeveloped sites can also be 
quite large in many areas of California, particularly in more arid regions 

with less natural vegetative cover and steep slopes. 
3. Active treatment technologies involving the use of polymers with relatively 

large storage systems now exist that can provide much more consistent 

and very low discharge turbidity. However, these technologies have as yet 
only been applied to larger construction sites, generally five acres or 

greater. Furthermore, toxicity has been observed at some locations, 
although at the vast majority of sites, toxicity has not occurred.  There is 
also the potential for an accidental large release of such chemicals with 

their use 
4. To date most of the construction permits have focused on TSS and 

turbidity, but have not addressed other, potentially significant pollutants 

such as phosphorus and an assortment of chemicals used at construction 
sites. 

5. Currently, there is no required training or certification program for 
contractors, preparers of soil erosion and sediment control Stormwater 
Pollution Prevention Plans, or field inspectors. 

6. The quality of stormwater discharges from construction sites that 
effectively employ BMPs likely varies due to site conditions such as 

climate, soil, and topography.  
7. The States of Oregon and Washington have recently adopted similar 

concepts to the Action Levels described earlier. 

Construction Recommendations 
It is the consensus of the Panel that active treatment technologies make Numeric 

Limits technically feasible for pollutants commonly associated with stormwater 
discharges from construction sites (e.g. TSS and turbidity) for larger construction 
sites.  Technical practicalities and cost-effectiveness may make these 

technologies less feasible for smaller sites, including small drainages within a 
larger site, as these technologies have seen limited use at small construction 

sites.  If chemical addition is not permitted, then Numeric Limits are not likely 
feasible.  Whether the use of Numeric Limits is prudent, practical or necessary to 
more effectively achieve nonpoint pollution control is a separate question that 
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needs to be answered, but is outside the scope of this Panel. However, Action 

Levels are likely to be more commonly feasible.  For small sites or smaller 
drainages within larger sites, or where chemicals cannot be used, the Panel 
recommends that Action Levels be specified. 

 
Advanced systems lend themselves to Numeric Limits because of historically 

reliable treatment, while non-active controls are less predictable.  Advanced 
systems have been in use in some form since the mid-1990s. At this time, there 
are two general types of systems.  With each general system the stormwater is 

retained on-site, treated, and released more slowly.  One system employs 
polymer coagulation and sedimentation.  The second system employs polymer 

coagulation with direct filtration.  Both types o f systems are considered reliable, 
and can consistently produce a discharge less than 10 NTU.  These systems 
have been used successfully at many sites in several states since 1995 to 

reduce turbidity to very low levels.  Non-active erosion and sediment control 
BMPs, while effective when applied and adequately maintained, produce more 

highly variable in effluent quality, making setting Numeric Limits difficult, if not 
impossible.   
 

An important consideration in setting Numeric Limits or Action Levels is tha t in 
many locations in California the natural background turbidity and/or TSS levels in 

stormwater runoff are quite high.  This is particularly true in semi-arid or arid 
regions, which tend to have less vegetative cover.  For example, natural runoff 
concentrations in Emerald Creek, on the Newport Coast, above any developed 

areas have been over 5,000 mg/l during runoff events.  The Los Angeles County 
Monitoring Data sets included an open land use watershed that also showed 

TSS levels significantly above other types of urban land uses.  Therefore, it is 
important to consider natural background levels of turbidity or TSS in setting 
Numerical Limits or Action Levels for construction activities.  The difficulty in 

determining natural background concentrations/levels for all areas of the state 
could make the setting of Numeric Limits or Action Levels impractical from an 

agency resource perspective. 
 
While the Panel concludes that Numeric Limits or Action Levels are technically 

feasible, the Panel has several reservations and concerns. 
 

1. The active treatment systems have generally been employed on sites five 
acres or larger. While the systems are technically feasible for sites of any 
size, including sites or drainages as small as an acre or less, the cost may 

be prohibitive.  The cost-effectiveness of active treatment systems is 
greatly enhanced for large drainage areas, at which construction occurs 

for an extended period of time, over one or more wet season.  There is 
also a more “passive” active system that is employed in New Zealand that 
uses captured rainfall to release the chemical into flows entering a 

detention system that requires less instrumentation and flow measurement 
infrastructure.   Even more passive systems such as the use of polymer 
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logs and filter bags are currently under development for small sites.  

Regardless, the Panel recommends that the Board give particular 
attention to improving the application of cost-effective source controls to 
small construction sites. 

2. In considering widespread use of active  treatment systems, full 
consideration must be given to whether issues related to toxicity or other 

environmental effects of the use of chemicals has been fully answered.  
Consideration should be given to longer-term effects of chemical use, 
including operational and equipment failures or other accidental excess 

releases. 
3. Consideration should be given to the seasonality of applying Numerical   

Limits.  There may be sites where summer only construction that complies 
with Action Levels may be preferred to year-round that sites that include 
winter construction that complies with Numeric Limits.  In such cases, 

applying Numeric Limits to summer construction may be a disincentive to 
scheduling active grading during dry periods.  Allowing summer only 

construction sites to comply with action levels would discourage winter 
construction activities. 

4. Consideration should be given to whether Numeric Limits would apply to 

all construction sites or only those with significant disturbed soil areas 
(e.g. active grading, un-vegetated and/or un-stabilized soils).  A site could 

meet certain conditions to be considered “Stabilized” for the runoff season.  
5. Where Numeric Limits are not feasible or where they would not apply 

during designated seasons or site conditions, the Panel recommends that 

the Board consider the concept of Action Levels for sites where only 
traditional erosion and sediment controls are applied or construction sites 

that are considered “stabilized” for the runoff season.  An Action Level 
indicates a failure of BMPs (within some storm size limits).   

6. The Board should consider Numeric Limits or Action Levels for other 

pollutants of relevance to construction sites, but in particular pH.  It is of 
particular concern where fresh concrete or wash water from cement 

mixers/equipment is exposed to stormwater.    
7. The Board should consider the phased implementation of Numeric Limits 

and Action Levels, commensurate with the capacity of the dischargers and 

support industry to respond.  
8. The Panel recommends that a Numeric Limit or Action Level should be 

compared to the average discharge concentration.  The minimum number 
of individual samples required to represent the average discharge 
concentration for a storm will need to be defined. 

9. The Board should set different Action Levels that consider the site’s 
climate region, soil condition, and slopes, and natural background 

conditions (e.g. vegetative cover) as appropriate and as data is available.  
With active treatment systems, discharge quality is relatively independent 
of these conditions.  In fact, active treatment systems could result in 

turbidity and TSS levels well below natural levels, which can also be a 
problem for receiving waters. 
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10. The Board should consider whether the Numeric Limits or Action Levels 

should differ between receiving waters that are water quality limited with 
respect to turbidity, sediment or other pollutants associated with 
construction, from those water bodies that are not water quality limited. 

11. The Panel recommends that Numeric Limits and Action Levels not apply 
to storms of unusual event size and/or pattern (e.g. flood events).  The 

determination of Water Quality Capture Volume should consider the 
differing climate regions to specify these events.   

12. The Board should set Numeric Limits and Action Levels to encourage 

loading reductions as appropriate as opposed to only numeric 
concentrations.  Examples include phased construction (e.g. limited 

exposed soil areas or their duration), infiltration, and spraying captured 
runoff in vegetated areas as means to reduce loading. 

13. The Panel is concerned that the monitoring of discharges to meet either 

the Action Levels or Numeric Limits may be costly.  The Panel 
recommends that the Board consider this aspect. 
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Panel’s Findings on Feasibility of Numeric Effluent Limits 
Applicable to Industrial Activities 

Industrial Observations 
The Panel believes that Numeric Limits are feasible for some industrial 
categories. Industries have control over their facilities. They control access, 
construction practices, product substitution to affect pollution prevention and the 

types of treatment systems to be used to mitigate stormwater runoff.  There are 
many treatment systems or prevention practices that have been in place for 

lengthy periods, extending back to the 1980s in many cases. For example, there 
is much known today about construction materials, such as roofing materials 
(roofing composition, gutters, paints and coatings, products that abrade or tend 

to create solids or litter, etc). Other examples include development of pervious 
surfaces, or infiltration methods.   

 
The decision for the value of Numeric Limits should be made in one of two ways. 
When there is a TMDL that defines the permissible load for a watershed, the 

Numeric Limits should be set to meet the TMDL. Consideration mus t be given for 
both the pollutant concentration as well as the volume of runoff, since both 

contribute to the impacts that required the TMDL to be implemented.  
 
When there is no TMDL, the Numeric Limits should be based upon sound and 

established practices for storm water pollution prevention and treatment, using 
an approach analogous to that used in the NPDES wastewater process in the 
1970s. In this approach phased, Numeric Limits were first set that were based 

upon the use of best currently available technology, and permittees were given a 
defined period for compliance.  Permits were established based upon industry 

types or categories, with the recognition that each industry has its own specific 
problems and financial viability.  
 

To establish Numeric Limits for industrial sites requires a reliable database, 
describing current emissions by industry types or categories, and performance of 

existing BMPs. The current industrial permit has not produced such a database 
for most industrial categories because of inconsistencies in monitoring or 
compliance with monitoring requirements. The Board needs to reexamine the 

existing data sources, collect new data as required and for additional water 
quality parameters (the current permit requires only pH, conductivity, total 

suspended solids, and either total organic carbon or oil and grease) to establish 
practical and achievable Numeric Limits.   
 

In cases where the industrial activity is similar to activities covered by the MS4 
permit (roofs, parking lots, etc), the approach or limits for industries should be the 

same as for MS4 permittees.  In cases where the industrial activity is similar to 
land disturbance activities (e.g. landfills, gravel mines, etc.), there exists data and 
design experience with runoff control, capture and advanced treatments systems 

(e.g. systems using polymer to enhance total suspended solids removal – see 
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the construction section) that may make Numeric Limits feasible for new facilities, 

and the approach and limits should be the same as for construction permittees. 
The same conditions and issues related to active treatment discussed in the 
construction section apply here. 

 
In cases where there is less certainty in the data for both stormwater 

characterization or BMP performance to establish Numeric Limits, there maybe 
sufficient data to establish Action Levels.  Action Levels set for industrial sites 
that discharge to MS4s should not exceed those set for MS4 permittees. 

 
The Panel recognizes that existing and new facilities may have to be treated 
differently and recommends the approach in Table 2.  

 

Table 2- Approach to Establish Numeric Limits or Action Levels at Existing or New 
Facilities 

  Numeric Limits  Action Levels  Notes 

Indoor No 
Yes, similar to 

MS4 
 

Existing 
Facility 

Outdoor 

Yes if data are 
adequate for the 
specific 

industrial activity 
and BMP 

Yes, using 
industrial 
database 

Action Levels 
should approach 
MS4 action 

levels. 

Indoor 
Yes – BMP 

Database 
 

Technology 

based, similar to 
MS4 New 
Development  

New 
Facility 

Outdoor 

No, unless 

sufficient data 
exist for the 

specific 
industrial activity 
and BMP 

Yes when 

sufficient data are 
available 
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Industrial Recommendations 
The Panel has several reservations and concerns: 
 

• The Panel recognizes the inadequacy of current monitoring data sets and 

recommends improved monitoring to collect data useful for establishing 
Numeric Limits and Action Levels.   

• Required parameters for future monitoring should be consistent with the 
type of industrial activity instead of the current parameters (i.e., monitor for 

heavy metals when there is reasonable expectation that the industrial 
activity will cause greater heavy metals concentrations in the storm water). 

• Insofar as possible, the Panel prefers the use of California data (or 

National data if it can be shown to be applicable to CA) in setting Numeric 
Limits and Action Levels.   

• The Panel recognizes that economies of scale exist for large facilities and 
large groups of single facilities.   

• Industrial facilities that do not discharge to MS4s should have to 

implement BMPs for their non-industrial exposure (e.g., parking lots, roof 
runoff) similar to commercial facilities in MS4 jurisdictions. 

• Regardless of Action Levels or Numeric Limits, the permittees should 
implement a suite of minimum BMPs – good housekeeping, employee 

training, preventing materials from exposure to rain, etc. 

• SIC categories are not a satisfactory way of identifying industrial activities 

at any given site.  The Board should develop a better method of 
characterizing industrial activities that can impact storm water.   

• The Panel recognizes this is a large task and recommends prioritizing the 

implementation of this approach to achieve the greatest reduction of 
pollutants statewide.  

• Increasingly, a number of industries have moved industrial activities 
indoors, preventing storm water pollution.  The Panel recognizes that 
these facilities should be granted some sort of regulatory relief from 

industrial Numeric Limits or action levels, but should still be required to 
comply with MS4 permit requirements. 

  
The Panel recognizes the need to make progress in monitoring and reducing 
storm water discharge from industrial facilities, but urges the Board to consider 

the total economic impact and not unduly penalize California industries with 
respect to industries outside of California. 

 
 

RB-AR14124



Page 1 of 2 
 

Exhibit H:  Outfall Data Summary 

 
Ventura County Non-stormwater 

Constituents Units 
# 

Sample 
Proposed 

NAL* 
# 

Exceeded % Exceedance Min Mean Max 
pH   30 6.5-8.5 11 36.7% 7.5 8.5 9.9 
Nitrate-N mg/L 6 1.0 3 50% 0.2 1.7 3.1 
MBAS mg/L 15 0.5 1 6.7% 0.02 0.3 2.4 
E. Coli MPN/100ml 46 235 25 54% 10 3140 43520 
Aluminum µg/L 15 1000 0 0% 1.3 23 170 
Copper µg/L 15 30.7-268 1 7% 1.3 13.0 48 
Lead µg/L 15 235-4420 0 0% 0.02 0.3 1.1 
Zinc µg/L 15 243-1707 0 0% 1.2 7.1 19 
Selenium µg/L 15 8.2 3 20% 0.1 5.7 42 
Mercury µg/L 21 1000 0 0% 3.9 27.4 51 
*Non-stormwater Action Level as proposed in the LA County MS4 Permit; most values came from the Basin Plan. 

Ventura County Stormwater 

Constituents Units 
# 

Sample 
Basin 
Plan 

# 
Exceeded 

% 
Exceedance Min Mean Max 

pH   64 6.5-8.5 2 3.1% 6.5 7.6 8.8 
Nitrate + Nitrite as N mg/L 56 1.0 20 35.7% 0.4 1.1 6.2 
Phosphorus as P mg/L 56 0.1   56 100% 0.2 0.8 2.7 
Cadmium µg/L 56 5 0 0% 0.1 0.5 2.2 
Chromium µg/L 56 50 1 1.8% 1.1 7.9 56 
Copper µg/L 56 3.4-105 36 64.3% 4.1 30.2 120 

Lead µg/L 56 
11.9-
1245 1 1.8% 0.8 11.5 39 

Mercury ng/L 74 200 0 0% 3.9 37.6 90 
Nickel µg/L 56 100.0 0 0% 1.8 11.5 70 
Zinc µg/L 56 33.2-735 26 46.4% 22.0 144 380 
Cyanide mg/L 56 0.022 0 0% 0.0027 0.0028 0.0072 
E.Coli MPN/100ml 56 235.0 56 100% 850 24581 241920 
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Orange County Stormwater  

Constituents Units
Basin 
Plan 

# 
Sample 

# 
Exceeded 

% 
Exceedance Min Mean Max 

Nitrate + Nitrite as N mg/L 1 59 28 47.5% 0.3 1 3 
Total Phosphate as P mg/L 0.1 59 59 100% 0.2 0.5 3.3 

North Orange County Non-stormwater  

Constituents Units 
# 

Sample 
Proposed 

NAL* 
# 

Exceeded 
% 

Exceedance Min Mean Max 
pH   1146 6.5-8.5 102 8.9% 5.27 7.99 10.21 
Nitrate-N mg/L 1150 1.0 1073 93.3% 0.02 3.73 158 
MBAS mg/L 1106 0.5 102 9.2% 0.03 0.29 28.4 
Total Coliform CFU/100ml 661 10000 507 77% 20 628240 1.38E+08
Fecal Coliform CFU/100ml 1041 400 804 77% 8 117153 88000000
Enteroccocus CFU/100ml 1116 104 1053 94% 1 30381 16100000
Copper µg/L 1151 4.8-681 16 1% 0.9 8 180 
Lead µg/L 1152 0.7-111 1 0.1% 0.5 1 21 
Zinc µg/L 1149 42.4-3639 6 1% 2.0 25 3400 
Selenium µg/L 1022 8.2 105 10% 0.5 4.34 110 
Mercury µg/L 16 1 0 0% 0.05 0.07 0.18 

*Non-stormwater Action Level as proposed in the LA County MS4 Permit; most values came from the Basin Plan. 
 
South Orange County Non-stormwater  

Constituents Units 
# 

Sample 
Proposed 

NAL* # Exceeded 
% 

Exceedance Min Mean Max 
pH   1456 6.5-8.5 27 1.9% 6.45 7.89 9.72 
Nitrate-N mg/L 1451 1.0 1386 95.5% 0.1 3.76 24.3 
MBAS mg/L 1247 0.5 68 5.5% 0.01 0.23 38.8 
Total Coliform CFU/100ml 1115 10000 917 82% 30 134874 9600000
Fecal Coliform CFU/100ml 1357 400 1200 88% 9 26516 5300000
Enteroccocus CFU/100ml 1426 104 1399 98% 9 20494 3100000
Copper µg/L 1436 18.8-808 9 0.6% 0.5 8.0 520 
Lead µg/L 1367 3.3-115 2 0.1% 0.5 0.79 11 
Zinc µg/L 1436 144-3837 4 0.3% 2 35.6 2900 

*Non-stormwater Action Level as proposed in the LA County MS4 Permit; most values came from the Basin Plan. 
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Kare n As hb y 

707 Fourth Street, Suite 200 

Davis, CA 95616 

530.753.6400 (phone) 

530.753.7030 (fax) 

karena@lwa.com 

D A T E :  July 20, 2012 
 

T O :  Frank Wu 
Aracely Lasso 

 

S U BJ E C T:  Summary of the Legal Action Taken by 
the Coalition for a Sustainable Delta 
against the City of Stockton and 
County of San Joaquin 

 

cc: Malcolm Walker, LWA
 

 
BACKGROUND 

On February 18, 2009, the Coalition for a Sustainable Delta, Belridge Water Storage 
District, Berrenda Mesa Water District, Cawelo Water District, North of the River 
Municipal Water District, Wheeler Ridge-Maricopa Water Storage District, and Dee 
Dillon (Coalition) filed a third party citizen lawsuit under the Clean Water Act (CWA) and 
Endangered Species Act (ESA) against the City of Stockton (City) and the County of 
San Joaquin (County)1. Unlike most NGOs, the Coalition is comprised of various water 
districts and farmers. The case2 involves alleged violations of the CWA and ESA from 
the City and County’s municipal stormwater systems due to alleged violation of the 
municipal stormwater National Pollutant Discharge Elimination System (NPDES) permit 
applicable to the discharges. The Coalition contends that the relief sought by their 
complaint will ultimately result in additional or increased water deliveries to Coalition 
members. 

In support of the violations alleged, the Coalition specifically cited, inter alia, the 
following: 

                                            
1 The Coalition for a Sustainable Delta filed their Notice of Intent to Sue for Violations of the Clean Water 
Act and Endangered Species Act with the City and the County on July 1, 2008. 
2 Coalition for a Sustainable Delta, et. Al, v. City of Stockton and County of San Joaquin, United States 
District Court, Eastern District of California, Case No. 2:09-cv-00466-JAM-DAD. 
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• Violations of the Water Quality Exceedance Prohibition are set forth in the 
Permittees’ own annual reports, and restated in specific detail in Attachment A to 
the Notice Letter, including the date of the violation, the pollutant at issue, the 
location of the violation, the Water Quality Standard exceeded, the reported 
exceeding concentration, and the citation to where the Permittees expressly 
reported the violation3. 

• Discharges from MS4s are prohibited from causing noncompliance with specified 
receiving water limitations (cite Section C.1, 2002 and 2007 permits). In addition, 
the discharges may not cause or contribute to an exceedance of any applicable 
water quality standards set forth in the Basin Plan or otherwise (cite Section D.1 
2002 Permit and C.2 2007 Permit)4 

Within this section of the complaint, the Plaintiffs allege multiple “violations” of the Water 
Quality Exceedance Prohibition and cite the Annual Reports submitted from the City 
and the County to the Central Valley Regional Water Quality Control Board (Regional 
Board) from 2003-2009 as evidence of the alleged violations5.   

The Receiving Water Limitations-based claims of relief include:  

• The MS4 Permits prohibit discharges that cause noncompliance with Receiving 
Water Limitations; 

• The City and County’s discharges have caused and continue to cause 
noncompliance with the Receiving Water Limitations in violation of the MS4 
Permits; 

• Each day that the City and County have caused noncompliance with the 
Receiving Water Limitations constitutes a separate and distinct violation of the 
MS4 Permits 

Since the lawsuit was filed, the City and County have expended significant resources 
responding to the allegations and in settlement discussions with the Plaintiff. To date, a 
settlement has not yet been reached. 

RECEIVING WATER LIMITATIONS LANGUAGE 

Pursuant to a petition that was filed against a municipal stormwater permit and 
subsequent discussions with US EPA, in 1999 the State Water Resources Control 

                                            
3 A. Discharge Prohibitions, 1. Violations of Water Quality Exceedance Prohibition, Items 59 – 78, pgs. 
16-19, Complaint for Declaratory and Injunctive Relief and Civil Penalties. 
4 B. Receiving Water Limitations, Items 85-87, Complaint for Declaratory and Injunctive Relief and Civil 
Penalties. 
5 Within the Annual Reports and pursuant to the 2002 and 2007 municipal stormwater NPDES Permits, 
the City and the County summarize the exceedances of the Receiving Water Limitations and identify 
when the urban discharge may have “caused or contributed” to a water quality exceedance. 
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Board (State Board) issued Order No. WQ 99-05. This precedential Order included 
specific receiving water limitations language that was to be incorporated into all future 
stormwater permits.  Since the issuance of this Order, the municipal stormwater 
permittees have understood that the receiving water limitations language, like that 
expressed within the City and County’s 2002 and 2007 municipal stormwater permits, 
established an iterative management approach as a basis for compliance.   

The 2002 (Provisions C, D.1 and D.2) and 2007 (Provision C) municipal stormwater 
permits included similar receiving water limitations language (the 2007 language is 
provided below): 

C. Receiving Water Limitations 
 

1. Receiving water limitations are site-specific interpretations of water quality standards from 
applicable water quality control plans. As such they are required as part of the permit. However, a 
receiving water condition not in conformance with the limitation is not necessarily a violation of 
this Order. The Regional Water Board may require an investigation to determine cause and 
culpability prior to asserting a violation has occurred. Discharges from MS4s shall not cause the 
following in receiving waters: [various water quality objectives are listed below this paragraph]  
 

2. The discharge shall not cause or contribute to an exceedance of any applicable water quality 
standards.  
 

3. The Permittees shall comply with Discharge Prohibition A.2 and Receiving Water Limitations C.1 
and C.2 through timely implementation of control measures and other actions to reduce pollutants 
in the discharges in accordance with the SWMP and other requirements of this Order, including 
any modifications. The SWMP shall be designed to achieve compliance with Receiving Water 
Limitations C.1 and C.2. If exceedance(s) of water quality objectives or water quality standards 
(collectively, WQS) persist notwithstanding implementation of the SWMP and other requirements 
of this Order, the Permittees shall assure compliance with Discharge Prohibition A.2 and 
Receiving Water Limitations C.1 and C.2 by complying with the following procedure:  
 

a. Upon a determination by either the Permittees or Regional Water Board that discharges 
are causing or contributing to an exceedance of an applicable WQS, the Permittees shall 
promptly notify and thereafter submit a report to the Executive Officer that describes 
BMPs that are currently being implemented and additional BMPs that will be 
implemented to prevent or reduce any pollutants that are causing or contributing to the 
exceedance of WQSs. This Report of Water Quality Exceedance (RWQE) shall be 
incorporated in the Annual Report unless the Regional Water Board directs an earlier 
submittal. The RWQE shall include proposed revisions to the SWMP and an 
implementation schedule containing milestones and performance standards for new or 
improved BMPs, if applicable. The RWQE shall also include a monitoring program and 
the rationale for new or improved BMPs, including a discussion of expected pollutant 
reductions and how implementation of additional BMPs will prevent future exceedance of 
WQSs. The Regional Water Board may require modifications to the RWQE.  

 
b. The Permittees shall submit any modifications to the RWQE required by the Regional 

Water Board within 30 days of receipt of all data from analytical laboratories.  
 

c. Within 30 days following approval of the RWQE by the Executive Officer, the Permittees 
shall revise the SWMP and monitoring program to incorporate the approved modified 
BMPs that have been and will be implemented, implementation schedule, and any 
additional monitoring required. 
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d. The Permittees shall implement the revised SWMP and monitoring program in 
accordance with the approved schedule. 

 

So long as the Permittees have complied with the procedures set forth above and are 
implementing the revised SWMP, the Permittees do not have to repeat the same procedure 
for continuing or recurring exceedances of the same receiving water limitations unless 
directed by the Executive Officer to develop additional BMPs. 

Since the issuance of the 2002 and 2007 permits, the City and County have understood 
that the receiving water limitations language established an iterative process whereby 
they would report exceedances of water quality objectives to the Regional Board and 
perform corrective actions and/or implement additional BMPs as necessary in order to 
address the identified exceedances and to comply with the Permit.  
For the past decade, the City and County have followed this iterative process to improve 
the implementation of their stormwater program and to improve water quality. The City 
and County implement a comprehensive water quality monitoring program to 
characterize trends and identify specific pollutants of concern (POCs).  The results of 
water quality monitoring analyses and the identification of the POCs have assisted the 
City and County in establishing the priorities for the Stormwater Program and in 
targeting implementation measures to protect the beneficial uses of the receiving 
waters. 

RECEIVING WATER LIMITATIONS - ITERATIVE PROCESS  

Provision C.3 of the 2007 Permit requires the Permittees to develop Reports of Water 
Quality Exceedances (RWQEs) on an event by event basis when the Permittees 
determined that their stormwater discharges had likely caused or contributed to an 
exceedance of applicable water quality standard. 
 
To support this effort, all receiving water monitoring data are compared with applicable 
water quality objectives (WQOs) contained in:  

• The Water Quality Control Plan for the Sacramento and San Joaquin River 
Basins (Basin Plan);  

• The California Toxics Rule (CTR); and/or 
• California Title 22 regulations. 

Figure 1 shows the steps used by the City and the County to determine if a RWQE is 
needed and what information is included.  
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Figure 1. Cause and Contribute Exceedance Determination and RWQE Reporting 
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No cause and 
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No 
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inputs that may have caused or contributed to 

the cause and contribute exceedance 

Yes 

Cause and contribute 
exceedance 

Report cause and 
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upstream receiving 

water data in RWQE 
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The approach consists of three steps: 

Step 1: Measured receiving water concentrations are compared against the relevant 
WQOs from the Basin Plan, the CTR, and/or the Title 22 drinking water maximum 
contaminant levels (MCLs). 
 
Step 2: When the reported receiving water concentrations exceed the WQOs, the urban 
runoff concentrations as monitored from upstream outfalls are compared to the WQOs. 
Based on these comparisons, the WQO exceedances are classified as “likely caused or 
contributed to by urban runoff” if both urban discharge and urban receiving water 
concentrations exceed the lowest applicable WQO. 
 
Step 3: When water quality exceedances are determined to be “likely caused or 
contributed to by urban runoff,” upstream receiving water exceedances are reported to 
characterize any upstream input into the waterways that may also have caused or 
contributed to the exceedance. 
 
Pursuant to the Permit, the City and County address those constituents identified as 
potentially causing or contributing to an exceedance of a water quality objective6. The 
RWQEs are summarized in each annual report along with the control measures (e.g., 
street sweeping) that specifically target these constituents and have the potential to 
reduce these exceedances. The approach used in annual reports is viewed as a 
planning-level effort to urban discharge impacts. The ROWD allows for a more long-
term view of exceedances to determine the pollutants of concern (POCs) using data 
from the entire permit term as well as from other permit terms as data allows.  
 
As an example in the 2007-08 Annual Report the City and County identified the 
following constituents that had the potential to cause or contribute to exceedances of 
water quality standards: 
 

• Metals (aluminum, copper, lead, and zinc) 
• Pathogen indicators (E. coli and fecal coliform) 
• 4,4’-DDD 
• Bis(2-ethylhexyl)phthalate 
• Total dissolved solids and specific conductivity 

 
In response to these exceedances the City and County identified control measures that 
were in place to address these pollutants.  These are summarized in the following table: 
 

                                            
6 It should be noted, that simple comparisons of receiving water constituent concentrations to the WQO 
do not consider the duration of exceedances. The duration of wet weather event exposure depends on 
the hydrology of the waterbody, which can be very dynamic, and thus, more likely that an acute 
(instantaneous) exposure to a contaminant would occur. Many constituents monitored do not have 
corresponding WQOs in the CTR, Basin Plan, and Title 22 Regulations (e.g., pyrethroids). Therefore, they 
cannot be evaluated using this process. 
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Pollutant Addressed Activity 
Aluminum street sweeping, catch basin cleaning, industrial and 

commercial inspections, illicit discharge elimination, and 
public education 

Copper  street sweeping, catch basin cleaning, BMPs directed at auto 
repair/body shops and promoted through the stormwater 
program 

Lead same control measures as copper and household hazardous 
waste collection for products containing lead such as batteries, 
paint, and electronics

Zinc same control measures as other metals plus upstream 
monitoring to assess background conditions 

Pathogens street sweeping, storm drain system cleaning and 
stenciling, illicit discharges inspection and elimination, and 
pet waste disposal stations at City parks.  In addition the 
City implemented a comprehensive Pathogen Plan to 
identify bacteria sources and to expand or modify the 
stormwater program to address those sources that are 
controllable.  This plan included extensive source tracking 
monitoring in the 6 different water bodies. 

4,4’- DDT No new control measures as this pollutant is from historic 
applications. However, there is general public education for 
pesticide use.

Bis(2-ethylhexyl)phthalate 
(DEHP) 

Only one exceedance occurred and DEHP is a known lab 
contaminant, and it is frequently detected at significant 
levels in field and laboratory blanks. No new control 
measures were identified. 

Total dissolved solids Infrequent and marginal exceedances.  However, street 
sweeping and illicit discharge control address total 
dissolved solids. 

 

REPORT OF WASTE DISCHARGE – LONG TERM ASSESSMENT OF RECEIVING 
WATER QUALITY  
As noted above the Annual Report provides a planning level assessment of the 
pollutants that are identified as potentially contributing or causing an exceedance of a 
water quality standard.  The development of the Report of Waste Discharge provides 
the City and County with an opportunity to evaluate long-term trends (considering 
frequency, magnitude, etc.) and identify additional control measures.  A summary of the 
RWQEs is developed and then the following approach is used to identify the urban 
discharge and receiving water monitoring-based POCs:  

• First, event-waterbody combinations are tallied. The number of event-waterbody 
combinations is defined as the number of sampling events multiplied by the 
number of waterbodies sampled.  

• The event-waterbody combinations are then assessed to determine how many 
samples exceeded the benchmark rate of 25% for cause or contribute 
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exceedances for a given constituent. This benchmark was established by the 
Permittees in order to provide a conservative guideline for the identification of 
POCs and allow for a prioritization of the stormwater program activities. This 
approach was used for the POC identification in the 2007 and 2012 ROWDs.  

A depiction of this process is shown in the flow chart in Figure 2.   

 

Figure 2. Process for Determination of POCs during a Permit Term 

 
For the 2012 ROWD, the RWQEs from the 2002 and 2007 permit terms were 
summarized and evaluated to determine the POCs that pose the greatest impact from 
urban runoff to receiving waters and to evaluate the long-term trends. As a result of that 
analysis, the list of 7 POCs identified in 2002-2007 was reduced to a subset of 4 POCs 
(Fecal coliform, E. Coli, Iron, and Aluminum). In addition, long term trends in POCs in 
urban runoff were assessed in box plots and statistically significant changes were 
determined in order to characterize urban runoff for the 2012 ROWD. The analysis 
presented in the 2012 ROWD indicated that overall urban runoff quality was maintained 
or had improved.  

For two of the four POCs the City and County developed pollutant specific control plans.  
Additional pollutant control plans were also developed for TMDL related pollutants in 
which urban runoff had been identified as a source of the pollutant. These plans include 
the following: 
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• Pesticide Plan  

• Pathogen Plan 

• Mercury Plan 

• Low DO Plan 
Various control measures and monitoring efforts were identified for each plan. A short 
summary of these efforts for each pollutant is summarized below. 

Pesticide Plan  

• Pesticide-specific outreach provided through the public education and outreach 
programs;  

• Coordination with HHW collection agencies;  
• Promotion of landscaping alternatives, such as the use of IPM; and 
• Monitoring of diazinon, chlorpyrifos, and pyrethroids. 

Pathogen Plan 

• Public education and outreach to promote proper disposal of pet waste; 
• Installation of pet waste stations and signage at local parks; 
• Identification and inspection of facilities holding livestock within the SUA;  
• Investigation of illicit connections and SSOs; and 
• Three-phased monitoring of 6 watersheds within the SUA and upstream for fecal 

indicator bacteria, and source-specific Bacteroidales to identify bacterial sources 
(canine, livestock – cow/horse, human, and universal). 

Mercury Plan  

• Promotion of proper handling and disposal of mercury-containing products 
through public education and outreach, including outreach to Permittee staff and 
industrial and commercial facilities; 

• BMPs to minimize erosion, and transport of sediment-associated mercury; and 
• Monitored total mercury and methylmercury over a period of three years, during 

three wet weather events and two dry weather sampling events each year. 

Low DO Plan 

• Monitoring water quality and sediment to assess potential impacts from urban 
runoff on receiving water quality with respect to DO. 

In summary the ROWD provided the opportunity to consider and evaluate the POCs 
and guide the direction and implementation of the Stormwater program.   
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SUMMARY – RAMIFICATIONS OF RWL LANGUAGE  

For over a decade, the City of Stockton and the County of San Joaquin’s storm water 
discharges have been regulated and have complied with a municipal stormwater permit 
that included agreed upon receiving water limitations language from US EPA and the 
State Water Board.  During this timeframe, the City and County in good faith engaged in 
the iterative process to assess the impact of the urban discharges on the receiving 
waters, report those assessments to the Regional Board (on an event by event, annual, 
and long-term basis), identify additional control measure that may be necessary, and 
implement those control measures. It was also understood that the implementation of 
the iterative process was deemed as compliance with the permit and would assist the 
City and the County in identifying the POCs and in improving their stormwater program. 

Although the City and County complied with the receiving water limitations 
requirements, and have not been cited for non-compliance by the Regional Board, the 
citizen suit was filed in 2009. In addition to the citizen suit being filed, the suit included a 
much more stringent interpretation of the receiving water limitations and how 
compliance with the permit must be determined. The citizen suit has resulted in 
significant resources being expended in the settlement discussions that could have, 
instead, been spent on the implementation of the program. This is especially important 
given the economic hardship that the City of Stockton is currently experiencing7. 
Moreover, the receiving water language, as interpreted by the Coalition, is being used 
as a weapon as a means to seek relief not properly related to water quality or 
compliance with standards. 

 

 

                                            
7 http://www.stocktongov.com/files/News_2012_6_28_BankruptcyPetition.pdf  
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February 21, 2012 
 
Mr. Charles Hoppin, Chair 
State Water Resources Control Board 
P.O. Box 100 
Sacramento, CA 95812-0100  
 
Subject:  Receiving Water Limitation Provision to Stormwater NPDES Permits 
 
Dear Mr. Hoppin: 
 
As a follow up to our December 16, 2011 letter to you and a subsequent January 25, 2012 
conference call with Vice-Chair Ms. Spivy-Weber and Chief Deputy Director Jonathan Bishop, the 
California Stormwater Quality Association (CASQA) has developed draft language for the receiving 
water limitation provision found in stormwater municipal NPDES permits issued in California.  This 
provision, poses significant challenges to our members given the recent 9th Circuit Court of Appeals 
decision that calls into question the relevance of the iterative process as the basis for addressing the 
water quality issues presented by wet weather urban runoff.   As we have expressed to you and other 
Board Members on various occasions, CASQA believes that the existing receiving water limitations 
provisions found in most municipal permits needs to be modified to create a basis for compliance 
that provides sufficient rigor in the iterative process to ensure diligent progress in complying with 
water quality standards but also allows the municipality to operate in good faith with the iterative 
process without fear of unwarranted third party action.  To that end, we have drafted the attached 
language in an effort to capture that intent.  We ask that the Board give careful consideration to this 
language, and adopt it as ‘model’ language for use statewide.   
 
Thank you for your consideration and we look forward to working with you and your staff on this 
important matter. 
 
Yours Truly, 

 
Richard Boon, Chair 
California Stormwater Quality Association 
 
cc: Frances Spivy-Weber, Vice-Chair – State Water Board   

Tam Doduc, Board Member – State Water Board  
Tom Howard, Executive Director – State Water Board  
Jonathan Bishop, Chief Deputy Director – State Water Board  
Alexis Strauss, Director – Water Division, EPA Region IX 
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CASQA	  Proposal	  for	  Receiving	  Water	  Limitation	  Provision	  

D.	  RECEIVING	  WATER	  LIMITATIONS	  	  

1. Except	  as	  provided	  in	  Parts	  D.3,	  D.4,	  and	  D.5	  below,	  discharges	  from	  the	  MS4	  for	  which	  a	  
Permittee	  is	  responsible	  shall	  not	  cause	  or	  contribute	  to	  an	  exceedance	  of	  any	  applicable	  water	  
quality	  standard.	  	  

2. Except	  as	  provided	  in	  Parts	  D.3,	  D.4	  and	  D.5,	  discharges	  from	  the	  MS4	  of	  storm	  water,	  or	  non-‐
storm	  water,	  for	  which	  a	  Permittee	  is	  responsible,	  shall	  not	  cause	  a	  condition	  of	  nuisance.	  

3. In	  instances	  where	  discharges	  from	  the	  MS4	  for	  which	  the	  permittee	  is	  responsible	  (1)	  causes	  or	  
contributes	  to	  an	  exceedance	  of	  any	  applicable	  water	  quality	  standard	  or	  causes	  a	  condition	  of	  
nuisance	  in	  the	  receiving	  water;	  (2)	  the	  receiving	  water	  is	  not	  subject	  to	  an	  approved	  TMDL	  that	  
is	  in	  effect	  for	  the	  constituent(s)	  involved;	  and	  (3)	  the	  constituent(s)	  associated	  with	  the	  
discharge	  is	  otherwise	  not	  specifically	  addressed	  by	  a	  provision	  of	  this	  Order,	  the	  Permittee	  shall	  
comply	  with	  the	  following	  iterative	  procedure:	  	  	  

a. Submit	  a	  report	  to	  the	  State	  or	  Regional	  Water	  Board	  (as	  applicable)	  that:	  

i. Summarizes	  and	  evaluates	  water	  quality	  data	  associated	  with	  the	  pollutant	  of	  
concern	  in	  the	  context	  of	  applicable	  water	  quality	  objectives	  including	  the	  
magnitude	  and	  frequency	  of	  the	  exceedances.	  	  

ii. Includes	  a	  work	  plan	  to	  identify	  the	  sources	  of	  the	  constituents	  of	  concern	  
(including	  those	  not	  associated	  with	  the	  MS4to	  help	  inform	  Regional	  or	  State	  
Water	  Board	  efforts	  to	  address	  such	  sources).	  

iii. Describes	  the	  strategy	  and	  schedule	  for	  implementing	  best	  management	  
practices	  (BMPs)	  and	  other	  controls	  	  (including	  those	  that	  are	  currently	  being	  
implemented)	  that	  will	  address	  the	  Permittee's	  sources	  of	  constituents	  that	  are	  
causing	  or	  contributing	  to	  the	  exceedances	  of	  an	  applicable	  water	  quality	  
standard	  or	  causing	  a	  condition	  of	  nuisance,	  and	  are	  reflective	  of	  the	  severity	  of	  
the	  exceedances.	  	  The	  strategy	  shall	  demonstrate	  that	  the	  selection	  of	  BMPs	  will	  
address	  the	  Permittee’s	  sources	  of	  constituents	  and	  include	  a	  mechanism	  for	  
tracking	  BMP	  implementation.	  	  	  The	  strategy	  shall	  provide	  for	  future	  refinement	  
pending	  the	  results	  of	  the	  source	  identification	  work	  plan	  noted	  in	  D.3.	  ii	  above.	  	  	  

iv. Outlines,	  if	  necessary,	  additional	  monitoring	  to	  evaluate	  improvement	  in	  water	  
quality	  and,	  if	  appropriate,	  special	  studies	  that	  will	  be	  undertaken	  to	  support	  
future	  management	  decisions.	  	  

v. Includes	  a	  methodology	  (ies)	  that	  will	  assess	  the	  effectiveness	  of	  the	  BMPs	  to	  
address	  the	  exceedances.	  	  	  

vi. This	  report	  may	  be	  submitted	  in	  conjunction	  with	  the	  Annual	  Report	  unless	  the	  
State	  or	  Regional	  Water	  Board	  directs	  an	  earlier	  submittal.	  
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b. Submit	  any	  modifications	  to	  the	  report	  required	  by	  the	  State	  of	  Regional	  Water	  Board	  
within	  60	  days	  of	  notification.	  The	  report	  is	  deemed	  approved	  within	  60	  days	  of	  its	  
submission	  if	  no	  response	  is	  received	  from	  the	  State	  or	  Regional	  Water	  Board.	  

c. Implement	  the	  actions	  specified	  in	  the	  report	  in	  accordance	  with	  the	  acceptance	  or	  
approval,	  including	  the	  implementation	  schedule	  and	  any	  modifications	  to	  this	  Order.	  	  	  

d. As	  long	  as	  the	  Permittee	  has	  complied	  with	  the	  procedure	  set	  forth	  above	  and	  is	  
implementing	  the	  actions,	  the	  Permittee	  does	  not	  have	  to	  repeat	  the	  same	  procedure	  
for	  continuing	  or	  recurring	  exceedances	  of	  the	  same	  receiving	  water	  limitations	  unless	  
directed	  by	  the	  State	  Water	  Board	  or	  the	  Regional	  Water	  Board	  to	  develop	  additional	  
BMPs.	  

4. For	  Receiving	  Water	  Limitations	  associated	  with	  waterbody-‐pollutant	  combinations	  addressed	  in	  
an	  adopted	  TMDL	  that	  is	  in	  effect	  and	  that	  has	  been	  incorporated	  in	  this	  Order,	  the	  Permittees	  
shall	  achieve	  compliance	  as	  outlined	  in	  Part	  XX	  (Total	  Maximum	  Daily	  Load	  Provisions)	  of	  this	  
Order.	  	  For	  Receiving	  Water	  Limitations	  associated	  with	  waterbody-‐pollutant	  combinations	  on	  
the	  CWA	  303(d)	  list,	  which	  are	  not	  otherwise	  addressed	  by	  Part	  XX	  or	  other	  applicable	  pollutant-‐
specific	  provision	  of	  this	  Order,	  the	  Permittees	  shall	  achieve	  compliance	  as	  outlined	  in	  Part	  D.3	  
of	  this	  Order.	  

5. If	  a	  Permittee	  is	  found	  to	  have	  discharges	  from	  its	  MS4	  causing	  or	  contributing	  to	  an	  exceedance	  
of	  an	  applicable	  water	  quality	  standard	  or	  causing	  a	  condition	  of	  nuisance	  in	  the	  receiving	  water,	  
the	  Permittee	  shall	  be	  deemed	  in	  compliance	  with	  Parts	  D.1	  and	  D.2	  above,	  unless	  it	  fails	  to	  
implement	  the	  requirements	  provided	  in	  Parts	  D.3	  and	  D.4	  or	  as	  otherwise	  covered	  by	  a	  
provision	  of	  this	  order	  specifically	  addressing	  the	  constituent	  in	  question,	  as	  applicable.	  
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S UB J E CT :  Incorporating TMDLs into Stormwater Permits: Assessment of Approaches 

and Recommended Permit Language 
   

1 INTRODUCTION/BACKGROUND/PURPOSE 
On June 6, 2012, the Los Angeles Regional Water Quality Control Board released the Draft 
Waste Discharge Requirements for Municipal Separate Storm Sewer System (MS4) Discharges 
within the Los Angeles County Flood Control District, Including the County of Los Angeles, and 
the Incorporated Cities Therein, Except the City of Long Beach1 (hereafter Draft Los Angeles 
Permit) for public comment. An area of concern in the Draft Los Angeles Permit is the 
expression of final Total Maximum Daily Load (TMDL) limits as strict numeric Water Quality 
Based Effluent Limitations (WQBELs). The use of numeric effluent limitations (NELs) as 
opposed to a Best Management Practice (BMP)-based approach to assess final TMDL 
compliance increases the liabilities, in the long run, for all permittees including the County of 
Los Angeles (County) and Los Angeles County Flood Control District (LACFCD).  

To better understand the context for the TMDL requirements in the Draft Los Angeles Permit, 
the County and LACFCD requested a review of: 

1) Recent existing and pending Phase I MS4 permits, with priority given to more recent 
California permits, to evaluate the range of approaches each permit uses to incorporate 
final TMDL compliance; and  

2) EPA policies/guidance and regulations regarding the incorporation of TMDLs into 
NPDES permits and options for TMDL compliance.  

                                                 
1 Order No R4-2012-XXXX, NPDES Permit No. CAS004001 
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This Technical Memorandum summarizes the findings of the review and provides an assessment 
of alternatives including a discussion of the pros and cons of alternatives, and provides a 
recommended approach. The major sections of the Technical Memorandum include: 

Section 2 Review and summary of the relevant portions of the documents 

Section 3 Assessment of the approaches 

Section 4 Recommended approach including recommended permit language 

2 SCOPE OF REVIEW AND SUMMARY OF DOCUMENTS 

2.1 Federal Policies and Guidance 
Over the last decade, the United State Environmental Protection Agency (EPA) has issued a 
succession of policy memoranda and guidance documents regarding the incorporation of TMDLs 
into stormwater permits. Over time, the EPA guidance has increased the emphasis on the degree 
to which TMDLs are incorporated into stormwater permits. To some extent, this is likely due to 
the increasing sophistication of the TMDLs in assigning Waste Load Allocations (WLAs) to 
stormwater sources. Notwithstanding the efforts to provide guidance, there remains a lack of 
clear direction from EPA on how to incorporate TMDLs into stormwater permits as many of the 
EPA guidance documents remain draft or are under further consideration. The most recent 
significant EPA memorandum in 2010 generated significant controversy and while EPA has not 
rescinded it, they have requested comments and in that request issued clarifications on the 
interpretation of the memorandum. 

This review included the following EPA documents: 

1) Guidance for Developing TMDLs in California (EPA Region 9). January 7, 2000 
2) Establishing Total Maximum Daily Load (TMDL) WLAs for Storm Water Sources and 

NPDES Permit Requirements Based on Those WLAs (Wayland and Hanlon). November 
22, 2002  

3) TMDLs to Stormwater Permit Handbook (Draft) (EPA). November 2008  
4) Revision to the November 22, 2002 Memorandum “Establishing Total Maximum Daily 

Load (TMDL) Wasteload Allocations (WLAs) for Storm Water Sources and NPDES 
Permit Requirements Based on Those WLAs” (Hanlon and Keehner). November 12, 2010 

5) Untitled Letter (Kevin Weiss). March 17, 2011 

2.1.1 Summary of Federal Policies and Guidance 

Guidance for Developing TMDLs in California (EPA Region 9, 2000) 

The document was included in the evaluation because it was issued by the EPA Region 9, but it 
provides limited information on incorporating WLAs into stormwater permits. The guidance 
document provides an overview of the Federal and State requirements for developing TMDLs. 
While stormwater permits are mentioned in the document they are not the focus of the guidance. 

“…effluent limitations must be consistent with any wasteload allocations developed as part 
of TMDLs approved or established by EPA. This provision applies to all types of NPDES 
permits (including stormwater and general permits). If these procedures are not addressed in 
the TMDL, the NPDES permit writer determines the specific method of assuring that a new 
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or revised permit is consistent with its wasteload allocation at the time the permit is 
scheduled for issuance”2 

Establishing Total Maximum Daily Load (TMDL) Wasteload Allocations (WLAs) for Storm Water 
Sources and NPDES Permit Requirements Based on Those WLAs (Wayland and Hanlon, 2002)  

This EPA memorandum provides the first significant discussion on incorporating TMDL WLAs 
into stormwater permits. The memorandum “affirms the appropriateness of an iterative adaptive 
management BMP approach”3 for WLAs in stormwater permits. The discussion does not 
distinguish between interim and final WLAs, which would imply that the approach may be 
applied to either or both. 

In the summation of key points EPA notes that “WLAs and LAs are to be expressed in numeric 
form in the TMDL”4 but goes on to state “WQBELs for NPDES-regulated storm water 
discharges that implement WLAs in TMDLs may be expressed in the form of best management 
practices (BMPs) under specified circumstances. If BMPs alone adequately implement the 
WLAs, then additional controls are not necessary.”5 When BMPs are used, the permit’s 
administrative record and fact sheet need to support the sufficiency of the BMPs to meet the 
WLAs. Later in the memorandum EPA strengthens the guidance that BMPs may be used with 
the recommendation that WQBELs should be expressed as BMPs (or similar) in lieu of numeric 
limits.6  

While the memorandum does not preclude the use of NELs to express WLAs in stormwater 
permits, EPA recommends the use of a BMP-based approach and notes that it expects numeric 
limits “will be used only in rare instances” due to the variability in the size, location, frequency 
and duration of the discharges.  

The memorandum further expresses support for and the expectation that permits will include 
mechanisms for evaluating the performance of BMPs and making adjustments to the BMPs as 
necessary to protect water quality. 

TMDLs to Stormwater Permit Handbook (Draft), (EPA, 2008) 

EPA released the Draft TMDLs to Stormwater Permits Handbook in November 2008. The 
comment period for the document remained open until February 2009, but EPA has never 
finalized this document or issued a response to the comments received. 

The draft handbook provides guidance to permit writers on incorporating WLAs into stormwater 
permits. Section 6 provides a general discussion of several options available to implement water 
quality controls noting that there is “no guidelines for which approach is the most appropriate to 
use.7 The discussion does not draw a distinction between interim and final WLAs, once again 
implying that the approach may be applied to either or both. Options listed include: 

                                                 
2 EPA 2000, p. 12. 
3 Wayland and Hanlon 2002, p. 5 
4 Wayland and Hanlon 2002, p. 2; citing 40 CFR §130.2(h) & (i) 
5 Wayland and Hanlon 2002, p. 2; citing 33 U.S.C. §1342(p)(3)(B)(iii); 40 CFR. §122.44(k)(2)&(3). 
6 Wayland and Hanlon 2002, p. 4, citing 33 U.S.C. §1342(p)(3)(B)(iii) and  Interim Permitting Approach for Water 
Quality-Based Effluent Limitations in Storm Water Permits, (EPA, 1996) 
7 EPA 2008, pp.135-137 
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 Requiring implementation of specific BMPs in the permit; 
 Providing a recommended menu of potential BMPs in the TMDL, implementation plan, 

or the permit for sources to evaluate and select; 
 Referencing BMP performance standards in the TMDL, implementation plan, or the 

permit; 
 Recommending the selection of BMPs and developing benchmark values or performance 

measures; 
 Requiring the review of existing BMPs and selecting additional BMPs to achieve 

progress toward addressing the WLA; and 
 Consider NELs. 

For each option the draft handbook notes the considerations that would affect the use of the 
option, such as available background information including previous studies, nature of the source 
or geographic area. For the last option, NELs, the discussion merely notes the permit writer 
could determine BMPs are not an appropriate way to express effluent limitations. The only 
example cited for expressing WLAs as NELs was the August 2007 draft version of the Ventura 
MS4 permit, which contained wet and dry weather NELs8. (This permit is further discussed in 
Section 2.2.) 

Revision to the November 22, 2002 Memorandum “Establishing Total Maximum Daily Load 
(TMDL) Wasteload Allocations (WLAs) for Storm Water Sources and NPDES Permit 
Requirements Based on Those WLAs” (Hanlon and Keehner, 2010) 

In 2010, EPA issued a policy memorandum updating key aspects of Wayland and Hanlon, 2002, 
including the incorporation of the WLAs into NPDES stormwater permits. The significant 
change for the purpose of this assessment was the change in the recommendations regarding 
incorporating WLAs into stormwater permit.  

The 2010 memorandum asserts that considerable experience has been gained in developing 
TMDLs and WLAs that address stormwater sources and the technical capacity to monitor 
stormwater has increased and become more sophisticated.9 These changes resulted in a 
fundamental shift in EPA’s position regarding using BMPs as effluent limits for WLAs. Whereas 
in 2002, EPA recommended the use of BMPs as effluent limits for WLAs, the 2010 
memorandum states: 

“Where the TMDL includes WLAs for stormwater sources that provide numeric pollutant 
load or numeric surrogate pollutant parameter objectives, the WLA should, where 
feasible, be translated into numeric WQBELs in the applicable stormwater permits.”10 

Even with this shift, discretion is still left to the permit writer to express the effluent limitations 
as BMPs. When BMPs are used as effluent limitations, “the permit should contain objective and 
measurable elements (e.g., schedule for BMP installation or level of BMP performance). The 
objective and measurable elements should be included as enforceable provisions.” The 
memorandum goes on to suggest that the permit include benchmarks for BMPs and monitoring 

                                                 
8 EPA 2008, p.138 
9 Hanlon and Keehner, 2010 p. 1 
10 Hanlon and Keehner, 2010 p. 3 
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that would trigger additional actions,11 and that the TMDL implementation schedule be 
considered in establishing whether or how to incorporate enforceable interim requirements. 
Finally, EPA expects that the rationale for using a BMP-based approach in the permit’s 
administrative record reflect the improved knowledge of BMP effectiveness and monitoring.  

Untitled Letter (Kevin Weiss) March 17, 2011  

As noted, the 2010 memorandum caused considerable concern and in response EPA issued a 
letter in 2011 requesting comments on the 2010 memorandum. The comment period closed on 
May 16, 2011. EPA has not issued a revision or response to comments, but EPA staff indicated a 
revision of the 2010 memorandum is currently being reviewed by EPA.12  

In the letter requesting comments, EPA responded to some of the concern expressed by 
stakeholders and emphasized that permit writers have considerable flexibility in establishing 
limitations in permit noting in particular: 

 EPA does not anticipate that NELs applied “end-of-pipe” will be used frequently; 
 NELs are broadly defined and can include surrogates such as stormwater volume; and 
 The 2010 memorandum is intended as guidance and does not include legally binding 

requirements. 

2.2 Recent NPDES Permits 
Eight MS4 Permits were selected for review to explore approaches to compliance with final 
TMDL WLAs. The permits reviewed were selected from the most recent permits currently in 
effect (issued from 2009 onward) and included a diversity of areas. Six of the reviewed permits 
were from California including Regions 2, 4, 8, 9, and one state-wide permit.13 A complete 
listing of the current Phase I MS4 permits in California is provided in Attachment 1.14 These 
eight, included three draft permits to represent the most current approaches being considered for 
MS4 permits. In addition to the California permits, the review included the draft general permit 
for large and medium MS4s in the State of Washington and the recent Washington D.C. MS4 
permit (issued by EPA Region 3).15 EPA Region 9 has not issued any recent Phase I MS4 
permits so no local EPA permits were available for review. 

1) R8-2010-0036 San Bernardino County Flood Control District, the County of San 
Bernardino, and the Incorporated Cities of San Bernardino County within the Santa Ana 
issued by the Santa Ana Regional Water Quality Control Board (San Bernardino Permit) 

2) Order R4-2010-0108 Municipal Separate Storm Sewer Systems within the Ventura 
County Watershed Protection District, County of Ventura, and the Incorporated Cities 
Therein issued by the Los Angeles Regional Water Quality Control Board. (Ventura 
Permit)  

                                                 
11 Hanlon and Keehner, 2010 p. 3 
12 Personal Communication with Kevin Weiss, July 2012.  
13 Several California Regional Boards are not represented because they had not reissued an MS4 permit since 2009. 
14 Posted on http://www.waterboards.ca.gov/water_issues/programs/stormwater/phase_i_municipal.shtml accessed 
on July 5, 2012.  
15 EPA Region 9 has not issued any recent Phase 1 MS4 permits so no local EPA permits were available for review.  
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3) Order No. R8-2009-0030 The County of Orange, Orange County Flood Control District 
and the Incorporated Cities of Orange County within the Santa Ana Region issued by the 
Santa Ana Regional Water Quality Control Board. (North Orange County Permit) 

4) Order R2-2009-0074 San Francisco Bay Region Municipal Regional Stormwater NPDES 
Permit issued by the San Francisco Bay Regional Water Quality Control Board (Bay 
Area Permit) 

5) Tentative Order 2012-XX-DWQ NPDES Statewide Storm Water Permit for State of 
California Department of Transportation issued by the State Water Resources Control 
Board. April 27, 2012 (Draft Caltrans Permit) 

6) Administrative Draft Order R9-2012-0011 NPDES Permit and Waste Discharge 
Requirements for Discharges From The Municipal Separate Storm Sewer Systems 
(MS4s) Draining the Watersheds within the San Diego Region issued by the San Diego 
Regional Water Quality Control Board. (Draft San Diego Permit) 

7) NPDES Permit No. DC0000221 Authorization to Discharge under the National Pollutant 
Elimination System Municipal Separate Storm Sewer System Permit, October 7, 2011, 
issued by USEPA Region 3. (Washington D.C. Permit) 

8) Draft Phase I Municipal Stormwater Permit National Pollutant Discharge Elimination 
System and State Waste Discharge General Permit for discharges from Large and 
Medium Municipal Separate Storm Sewer Systems, October 19, 2011, issued by the State 
of Washington Department of Ecology. (Draft Washington State Permit) 

2.2.1 Summary of Recent NPDES Permit TMDL Provisions 

San Bernardino Permit 

The San Bernardino Permit incorporates WLAs for the Middle Santa Ana River Bacteria TMDL 
and the Big Bear Lake Nutrient TMDL. The interim and final WLAs are incorporated as BMP-
based WQBELs. The BMP-based compliance approach includes explicit implementation 
measures consistent with the implementation plans of the TMDLs.  

The permit provides a separate, stand alone provision on how compliance with the WLAs will be 
determined: 

“The determination of compliance with the WLAs shall be based on the implementation 
of the BMPs specified in the implementation plans for the approved TMDLs or based on 
plans developed per the approved TMDLs. The Permittees obligation to meet the WLAs is 
met if the water quality standards in the impaired receiving waters are met through the 
implementation of the control measures approved by the Regional Board.”16 

The Middle Santa Ana River TMDL includes a provision that if the BMP process is not 
implemented or completed for the dry weather conditions within the specified timeframe, the 
WLAs will become the final numeric WQBELs. 

Final WQBELs for the Middle Santa Ana River Bacteria TMDL wet weather conditions are 
beyond the permit expiration date, but the permit notes that if the permit is still in effect in 

                                                 
16 San Bernardino Permit D.7, p. 58. 
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December 31, 2025, and the Regional Board has not adopted alternative WQBELs, the WLAs 
will become final numeric WQBELs. 

Ventura Permit 

The Ventura County Permit incorporates final WLAs for 13 TMDLs for the various water bodies 
in Ventura County. The 13 TMDLs are a combination of Basin Plan amendments adopted by the 
Los Angeles Regional Water Quality Control Board and TMDLs promulgated by EPA, which do 
not include implementation plans. Five of the TMDLs establish interim WLAs where the final 
compliance dates exceed the term of the permit. 

The Ventura County Permit contains key provisions regarding how the permittees will attain and 
comply with the WLAs, respectively: 

“I. Each Permittee shall attain the storm water WLAs incorporated into this Order by 
implementing BMPs in accordance with the TMDL Technical Reports, Implementation 
Plans, or as identified as a result of TMDL special studies specified in the Basin Plan 
Amendment. 
II. The Permittees shall comply with the following Wasteload Allocations consistent with 
the assumptions and requirements of the Wasteload Allocations documented in the 
Implementations Plans, including compliance schedules, associated with the State 
adoption and approval of the TMDL at compliance monitoring points established in each 
TMDL (40 CFR 122.44(d)(1)(vii)(B).”17 

Specific permit provisions are included for each TMDL, the major components of which are: 
numeric WLAs or interim WLAs; compliance monitoring; and actions and special studies.  

In nine of the TMDLs,18 the permit specifies that the permittees “shall implement BMPs to 
achieve the following MS4 WLAs…19” similar language is used for final and interim WLAs.20 

The Regional Board adopted TMDLs include compliance monitoring provisions, which state 
compliance is determined through the specified monitoring. The two EPA promulgated TMDLs 
do not include compliance monitoring provisions. (See examples below.) Those TMDLs with the 
compliance monitoring provisions contain language requiring an iterative application of BMPs to 
achieve the WLAs, whether or not the WLA section contained the “shall implement BMPs to 
achieve the following MS4 WLAs” statement. 

Example #1: TMDL for Nitrogen Compounds in the Santa Clara River (State Adopted) 

“(b) Compliance Monitoring: 

                                                 
17 Ventura County Permit Part 5, p. 88. 
18 Three TMDLs where this language is not stated are: Malibu Creek Watershed Nutrients (EPA promulgated); the 
Malibu Creek and Lagoon Bacteria (State adopted); Calleguas Creek Watershed Boron, Sulfate, and TDS (State 
adopted). One TMDL does not include WLAs, Calleguas Creek Nitrogen Compounds and Related Effects, because 
permitted stormwater was considered a minor source. Ventura County Permit pp. 88-100. 
19 See for example, Revolon Slough and Beardsley Wash Trash TMDL, 10.a, p.97. 
20 See for example, Calleguas Creek Metals and Selenium TMDL 8.a, p. 94. 
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1) Compliance with the WLAs is to be determined through receiving water monitoring 
conducted in accordance with the Santa Clara River Nitrogen TMDL Monitoring 
Program approved by the Executive Officer. 
2) If any WLA is exceeded at a compliance monitoring site, permittees shall implement 
BMPs in accordance with the TMDL Technical Report, Implementation Plans or as 
identified as a result of TMDL special studies identified in the Basin Plan Amendment. 
Following these actions, Regional Water Board staff will evaluate the need for 
enforcement action.”21 

Example #2: TMDL for Chloride in Santa Clara River, Reach 3 (USEPA Promulgated) 

“(b) Compliance Monitoring: This TMDL was established and approved by U.S. EPA 
and did not include an implementation plan.”22 

North Orange County Permit  

The North Orange County Permit incorporates WLAs for six TMDLs, including four TMDLs 
established by the SARWQCB and two TMDLs promulgated by USEPA. Similar to the San 
Bernardino Permit, the North Orange County Permit provides a separate, stand alone provision 
on how compliance with the WLAs will be determined: 

1. “Except for sediment TMDLs in San Diego Creek and Newport Bay, compliance 
determinations shall be based on monitoring within the receiving waters. For sediment 
TMDLs, compliance determination shall be based on monitoring in the Creek. 
2. Based on the TMDLs, effluent limits have been specified to ensure consistency with the 
wasteload allocations. If the monitoring results indicate an exceedance of the wasteload 
allocations, the permittees shall reevaluate the current control measures and propose 
additional BMPs/control measures. This reevaluation and proposal for revisions to the 
current BMPs/control measures (revised plan) shall be submitted to the Executive Officer 
within 12 months of determining that an exceedance has occurred. Upon approval, the 
permittees shall immediately start implementation of the revised plan.”2324 

While the permit uses the phrase “effluent limits” in the compliance provision, it is not specified 
as an NEL or as an effluent limit expressed as BMPs. However, Finding 52 of the permit states 
in part: 

“This order requires permittees to comply with established TMDL wasteload allocations 
specified for urban runoff and/or storm water by implementing the necessary BMPs.”25 

Further, Finding 73 of the permit identifies that the WLAs have been incorporated but NELs 
have not been established. 

                                                 
21 Ventura County Permit p. 90. 
22 Ventura County Permit p. 91. 
23 North Orange County Permit p. 79. 
24 Compliance with the Sediment TMDLs in San Diego Creek and Newport Bay is based on a 10-yr running average 
at the monitoring point in San Diego Creek. North Orange County Permit p. 78. 
25 North Orange County Permit p. 18. 
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“This order includes wasteload allocations for those constituents for which either the 
U.S. EPA has promulgated or the Regional Board has established TMDLs. Federal 
regulations (40 CFR 122.44(d)(vii)(B)) require that the Permits be consistent with the 
applicable wasteload allocations in the TMDLs. Consistent with the federal storm water 
laws and regulations, the order does not include numeric effluent limits for other 
potential pollutants. Federal Clean Water Act requires the permittees to have 
appropriate controls to reduce the discharge of pollutants to the maximum extent 
practicable, including management practices, control techniques and systems, design and 
engineering methods, and such other provisions as the Administrator or the State 
determines appropriate for the control of such pollutants (33 USC 1342(p)(3)(B)). MEP 
is a dynamic performance standard and it evolves as our knowledge of urban runoff 
control measures increases.”26 

Bay Area Permit 

The Bay Area Permit incorporates provisions to implement the requirements of three TMDLs, 
Diazinon and Pesticide Related Toxicity for Urban Creeks, Mercury, and PCBs. The focus of the 
permit provisions are on the implementation actions required of the MS4 dischargers. 
Compliance with the wasteload allocations is not specifically addressed. The Diazinon and 
Pesticide Related Toxicity provision notes the WLA but the enforceable actions are the 
implementation actions. 

“This provision implements requirements of the TMDL for Diazinon and Pesticide 
related Toxicity for Urban Creeks in the region. The TMDL includes urban runoff 
allocations for Diazinon of 100 ng/l and for pesticide related toxicity of 1.0 Acute 
Toxicity Units (TUa) and 1.0 Chronic Toxicity Units (TUc) to be met in urban creek 
waters. However, urban runoff management agencies (i.e., the Permittees) are not solely 
responsible for attaining the allocations because their authority to regulate pesticide use 
is constrained by federal and State law. Accordingly, the Permittees’ requirements for 
addressing the allocations are set forth in the TMDL implementation plan and are 
included in this provision.” 27   

Both the mercury and PCBs TMDLs have final attainment dates beyond the permit term. Similar 
to the Diazinon and Pesticide Related Toxicity TMDL the focus is on implementation actions. 
The permit does not mention the PCBs WLAs or establish any interim numeric WLAs. The 
mercury WLA and an interim loading milestone are identified. Both are beyond the permit term, 
2028 and 2018 respectively.  

Monitoring provisions that address the TMDLs are part of the Pollutants of Concern Long-Term 
Monitoring Elements of the permit. For PCBs and mercury, these provisions note that the 
monitoring in combination with load avoidance assessments will be used to determine progress 
toward achieving the WLAs. 28 

                                                 
26 North Orange County Permit p. 25. 
27 Bay Area Permit, Provision C.9, p.80. 
28 Bay Area Permit, Table 8.4 footnotes 43 and 44, p.75. 
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Draft Caltrans Permit 

Caltrans is subject to 50 TMDLs statewide.29 With this geographic breadth, the approach taken 
by the State Board is to allow each Regional Board to identify TMDL-specific requirements for 
Attachment IV of the Draft Caltrans Permit. One TMDL is addressed in the attachment, and 
“[f]or all remaining TMDLs, the Regional Water Boards, in consultation with the State Water 
Board and the Department, will develop TMDL-specific permit requirements where necessary 
within one year of the effective date of this Order. Regional Water Board staff will also prepare 
supporting analyses explaining how the proposed TMDL-specific permit requirements will 
implement the TMDL and are consistent with the assumptions and requirements of any 
applicable WLA and, where a BMP-based approach to permit limitations is selected, how the 
BMPs will be sufficient to implement applicable WLAs.” 
Provision E.4 specifies that Caltrans will be required to comply with all the TMDLs listed in 
Attachment IV. 

“Once the TMDL-specific permit requirements are adopted, the Department shall comply 
with the incorporated requirements in accordance with the specified compliance due 
dates.  
Compliance due dates that have already passed are enforceable as of the effective date of 
the approval of the TMDL-specific permit requirements. TMDL-specific compliance due 
dates that exceed the term of this Order may be included for reference, and will become 
enforceable in the event that the Order is administratively extended.”30 

The incorporation of the TMDL requirements will go through a formal reopener process.31 Given 
the diversity of TMDLs, it is expected that compliance requirements will be TMDL specific and 
may include BMP-based effluent limitations and NELs. 

Draft San Diego Permit 

The Draft San Diego Permit contains six TMDLs that apply to subsets of the copermittees. Each 
TMDL establishes a three part-WQBELs that are a combination of Receiving Water Limitations 
(concentration based as measured in the receiving water); NELs (concentration or load based as 
measured in the discharges at the MS4 outfalls), and BMPs (expressed a requirement to 
implement BMPs to achieve the WQBELs). Compliance assessment with the final WLA is based 
on meeting the WQBELs, e.g.:  

The Responsible Copermittee is required to achieve its WLAs, thus must be in compliance 
with the WQBELs under Specific Provision 3.b, by December 31, 2021.32 

In the case of the bacteria TMDLs, when the receiving water limitation is exceeded, the 
responsible copermittee can use compliance with the NEL as demonstration of meeting the 
WQBELs.  

                                                 
29 Draft Caltrans Permit, Finding 36, p. 14. 
30 Draft Caltrans Permit E.4; p. 56. 
31 Draft Caltrans Permit E.11.c; p. 63. 
32 Draft San Diego Permit, Attachment E, 3.c.1, p. E-8. 
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Interim effluent limits are established for those WLAs with future attainment dates. Several 
approaches are used to assess compliance with the interim effluent limits, including percentage 
load reductions, percent reduction in exceedance frequency, and concentration based effluent 
limits.  

The Receiving Water Limitations and Effluent Limitations section of the permit contain clear 
statements regarding compliance with the WQBELs of the TMDLs. 

“c. Discharges from MS4s must not cause or contribute to the violation of any receiving 
water limitations expressed as water quality based effluent limitations (WQBELs) 
required to meet the WLAs established for the TMDLs in Attachment E to this Order, 
pursuant to the applicable TMDL compliance schedules.” 33 

“b. Pollutants in discharges from MS4s must be reduced to comply with any effluent 
limitations expressed as WQBELs required to meet the WLAs established for the TMDLs 
in Attachment E to this Order, pursuant to the applicable TMDL compliance 
schedules.” 34 

Draft Washington D.C. Permit  

The EPA Region 3 permit is structured somewhat differently than California permits. The permit 
does not contain either a discussion of effluent limitations or receiving water limitations. The 
Discharge Limitation section of the permit contains two clauses relevant to assessing compliance 
with TMDLs and WLAs. 

“1.4.2 Attain applicable wasteload allocations (WLAs) for each established or 
approved Total Maximum Daily Load (TMDL) for each receiving water body, consistent 
with U.S.C. §1342(p)(B)(iii); 40 C.F.R. § 122.44(k)(2) and (3)… 
 Compliance with the performance standards and provisions contained in Parts 2 
through 8 of this permit shall constitute adequate progress towards compliance with 
DCWQS and WLAs for this permit term.”35 

Sections 2 through 8 of the permit include the familiar components of a stormwater management 
program: Legal Authorities, Resources, and Stormwater Program Administration; SWMP; 
Implementation of Stormwater Control Measures; Monitoring and Assessment of Controls; 
Reporting Requirements; Stormwater Model; and Standard Conditions for NPDES Permits. 

The permit’s TMDL section (4.10) requires the development of a Consolidated TMDL 
Implementation Plan (to be submitted within two years of permit issuance), which must include a 
compliance schedule, pollutant load reduction numeric benchmarks; control measures to achieve 
the benchmarks; interim benchmarks when attainment is beyond the permit term; and 
demonstration through modeling that the WLA can be achieved through the selected controls. 
The Consolidated TMDL Implementation Plan becomes an enforceable element of the permit 
when approved. 

                                                 
33 Draft San Diego Permit, II.A.2, p. 10 
34 Draft San Diego Permit, II.A.3, p. 11 
35 Draft Washington D.C. Permit p. 6. 

RB-AR14150



July 18, 2012 Page 12 

 

The Washington D.C. Permit does not explicitly identify numeric or narrative effluent limits for 
the TMDLs. Based on the discussion in the fact sheet EPA considers the BMPs to be non-
numeric effluent limits.36  

The fact sheet that accompanies the permit notes that EPA incorporated relevant implementation 
actions from the existing TMDLs implementation plans, e.g., tree plantings and green roofs. The 
implementation actions are enforceable elements of the permit.37 These aspects of the permit are 
not in a separate section of the permit but integrated into the stormwater control measures, which 
as a whole are defined as meeting the Maximum Extent Practicable standard for this permit term. 
Examples of implementation actions include: 

 Achieve a minimum net annual tree planting rate of 4,150 plantings annually, with the 
objective of a District-wide canopy cover of 40% by 2035. 

 Install a minimum of 350,000 square feet of green roofs on District properties during the 
permit term. 

Draft Washington State Permit 

In October 2011, the State of Washington released a draft Phase I general permit to revise the 
existing 2007 general permit. Appendix 2 of the draft permit identifies 18 TMDLs. Beyond the 
expansion of the number of specific TMDLs included in Appendix 2, the draft TMDL provisions 
are essentially unchanged from the 2007 permit. 

The Washington State Permit does not include any mention of WLAs in the permit. The permit 
identifies specific implementation actions required from each TMDL and notes: 

“A. For applicable TMDLs listed in Appendix 2, affected Permittees shall comply with 
the specific requirements identified in Appendix 2...” 
“B. For applicable TMDLs not listed in Appendix 2, compliance with this permit shall 
constitute compliance with those TMDLs.”38 

The required BMPs are specific actions for various stormwater program elements, such as: 

Public Outreach & Education: Each Permittee shall conduct public education and outreach 
activities to increase awareness of bacterial pollution problems and promote proper pet 
waste management behavior.39 

Operations & Maintenance: Each Permittee shall install and maintain animal waste 
collection and/or education stations at municipal parks and other Permittee owned and 
operated lands reasonably expected to have substantial domestic animal (dog and horse) use 
and the potential for pollution of stormwater.40  

                                                 
36 See discussion on the Hickey Run TMDL in the Draft Washington D.C. Permit Fact Sheet p. 31. 
37 Draft Washington D.C. Permit Fact Sheet p. 29. 
38 Washington State Permit Provision S.7, p. 62. 
39 Washington State Permit Appendix 2, p. 4. 
40 Washington State Permit Appendix 2, p. 8. 
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3 ASSESSMENT OF APPROACHES 
For the most part, official EPA guidance on how to address TMDLs in stormwater permits 
remains in draft form. The most significant EPA guidance documents are the: Wayland and 
Hanlon (2002) and Hanlon and Keehner (2010) policy memoranda; and the 2008 draft guidance 
document. With the controversy that surrounded the release of the Hanlon and Keehner 
memorandum, it is not clear if these policy recommendations remain in effect or if EPA has 
reverted to the Wayland and Hanlon. EPA’s Total Maximum Daily Loads (TMDLs) and 
Stormwater website41 only lists the Wayland and Hanlon (2002) memorandum in its resource 
section.  

Regardless of the status of the guidance, each of the EPA documents reviewed allows for 
discretion on the part of the permitting authority in the use of numeric limits for stormwater. This 
flexibility is a key aspect of both Wayland and Hanlon (2002), and Hanlon and Keehner (2010).  

The guidance documents do not alter the flexibility allowed in federal regulations, but the 2010 
guidance may have changed the level of documentation needed to demonstrate that NELs are 
infeasible. (However, if the Washington D.C. permit fact sheet is an example of the required 
documentation, the infeasibility documentation requirements may not be that extensive.) 

The review of the EPA documents did not find difference as to how interim and final WLAs may 
be addressed by WQBELS. The guidance did not limit BMP-based approaches to interim WLAs. 

EPA guidance does emphasize that NPDES provisions implementing TMDLs be enforceable, 
objective, and measurable. The Hanlon and Keehner memorandum notes that NELs provide this 
type of accountability, but also notes that WQBELs expressed as BMPs can include objective 
and measurable elements. Such measurable elements might include “schedule for BMP 
installation or level of BMP performance” or “numeric benchmarks for BMPs and associated 
monitoring protocols or specific protocols for estimating BMP effectiveness.”42 

Permitting authorities have taken a variety of approaches to incorporating TMDLs into 
stormwater permits, demonstrating that permitting authorities continue to exercise discretion 
with this permitting requirement. 

The structure of the MS4 permits differs based on the permitting authority and very few of the 
permits clearly identify whether TMDL provisions are effluent limitations, but all consider the 
provisions implementing the TMDLs, whether numeric or BMPs, to be enforceable components 
of the NPDES permit. Most of the permits reviewed take a BMP-based approach to the attaining 
and assessing compliance with the WLAs. Two permits took a hybrid BMP-based approach 
where the numeric wasteload allocations were incorporated into the permit along with BMPs. 
One permit identified WQBELS to include NELs along with BMPs. It is too early to assess the 
Caltrans permit, since the TMDL section will not be completed until a year after the permit’s 
adoption. But it is expected that the final TMDL provisions in the Caltrans Permit will include a 
combination of BMP-based and numeric WQBELs based on the approaches taken by the nine 
California Regional Boards. There was no distinction in any of the permits between interim and 
final WLAs.  

                                                 
41 http://water.epa.gov/lawsregs/lawsguidance/cwa/tmdl/stormwater_index.cfm  accessed on July 9, 2012 
42 Hanlon and Keehner , 2010, p. 3 
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Summary of TMDL Approaches in Recent Permits 

Permit Method of Assessing Compliance Difference Between Interim and Final WLAs 

San Bernardino BMP-based No difference noted 

Ventura  Hybrid BMP-based No difference noted 

North Orange County Hybrid BMP-based No difference noted 

Bay Area BMP-based No difference noted 

Tentative Caltrans Unable to determine Unable to determine 

Draft San Diego  Hybrid numeric, 3 part WQBEL, 
Receiving Water Limitations, NELs, 
and BMPs 

No difference noted 

Washington D.C. BMP-based No difference noted 

Draft Washington 
State 

BMP-based No difference noted 

 

The Washington D.C. and the Bay Area permits, integrate most aspects of the TMDL 
requirements into the permit conditions. The permits do not explicitly state the BMPs are 
WQBELs but in the context of the permit they are enforceable components intended to comply 
with the TMDL assumptions and conditions. The permits do not distinguish between interim and 
final WLAs. The Washington D.C. permit does require the discharger to develop a Consolidated 
TMDL Implementation Plan, which is to include additional benchmarks for assessing attainment 
of the WLAs. 

The draft Washington State Permit is in essence an integrated permit, similar to the Washington 
D.C. and Bay Area permits but because it is a general permit applicable to all medium and large 
MS4s in the state, the details of each TMDL are not applicable to all dischargers and are 
identified in an appendix. Although not explicitly stated in the permit, presumably each 
permittee would integrate these specific actions into their Stormwater Management Plan. The 
permit does not explicitly state the BMPs are WQBELs.  

The Ventura Permit and North Orange County permits take a hybrid BMP-based approach while 
including numeric WLAs. In both permits, compliance with the TMDLs is based on monitoring; 
the WLAs are not identified as NELs. In the Ventura Permit the compliance determination refers 
back to the TMDL implementation plans.43 This provision of the Ventura Permit is annotated 
with 40 CFR 122.44(d)(1)(vii)(B)44 implying that the Regional Board considers the 
implementation plan elements to be effluent limitations. While both permits include interim and 
final WLAs they are not handled differently.  

The San Bernardino Permit provides clear language that the WQBELs are a series of 
implementation actions (BMPs) required of the dischargers. Interim WQBELs include a series of 

                                                 
43 Ventura Permit Part 5.III, p. 88. 
44 “Effluent limits developed to protect a narrative water quality criterion, a numeric water quality criterion, or both, 
are consistent with the assumptions and requirements of any available wasteload allocation for the discharge 
prepared by the State and approved by EPA pursuant to 40 CFR 130.7.” 
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implementation actions. The final WQBELs require the development of a comprehensive plan 
that will establish the specific actions to be implemented to achieve the WLAs. Both interim and 
final WQBELs are BMP based, but the permit does contain a provision that if the 
implementation actions are not completed as specified, the WLAs will become the final NELs. 

The Draft San Diego permit identifies three-part WQBELs for each TMDL. The WQBELs 
include: Receiving Water Limitations; final NELs and interim NELs where applicable; and a 
requirement to implement the BMPs.  

Summary of Pros and Cons 

Permit Pros Cons Uncertainty 

San 
Bernardino 

 TMDL plan development 
allows dischargers to 
determine appropriate BMPs 
 BMPs clearly identified as 
WQBELs 

 Until plan development future 
requirements and means of 
compliance assessment 
unknown 
 Separate TMDL requirements 
sit outside of SWMP as 
additional program 
requirements 

 Requires strong stakeholder 
commitment to plan 
development process 
 Defaults to numeric 
WQBELs if process not 
completed 

Ventura   Identification of BMPs as 
basis for compliance provides 
protection if monitoring data 
show exceedances of WLAs 
 Monitoring results trigger 
iterative process 

 Lack of clarity the WQBELS 
and whether WLAs are in fact 
NELs 
 Separate TMDL requirements 
sit outside of SWMP as 
additional program 
requirements 

 Implementation or 
compliance could be 
challenged or questioned by 
dischargers, regulators, or 
3rd party given lack of 
clarity 

North 
Orange 
County 

 Identification of BMPs as 
basis for compliance provides 
protection if monitoring data 
show exceedances of WLAs 
 Monitoring results trigger 
iterative process 

 Lack of clarity the WQBELS 
and whether WLAs are in fact 
NELs 
 Separate TMDL requirements 
sit outside of SWMP as 
additional program 
requirements 

 Implementation or 
compliance could be 
challenged or questioned by 
dischargers, regulators, or 
3rd party given lack of 
clarity 

Bay Area  Clear objective and 
measureable requirements to 
implement TMDLs 
 WLAs cannot be interpreted 
as NELs 
 TMDL requirements 
integrated into stormwater 
program 

 BMPs are not clearly identified 
as WQBELs 

 Implementation or 
compliance could be 
challenged or questioned by 
dischargers, regulators, or 
3rd party given lack of 
clarity 

Draft San 
Diego  

 WQBELs clearly identified  Final and interim WLAs 
incorporated as NELs 

 Stormwater monitoring 
variability likely to result in 
NEL exceedances 

 Lack of clarity if all 
WQBELs must be achieved 
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Summary of Pros and Cons 

Permit Pros Cons Uncertainty 

Washington 
D.C. 

 Clear objective and 
measureable requirements to 
implement TMDLs 
 WLAs cannot be interpreted 
as NELs  
 TMDL requirements 
integrated into stormwater 
program 

 Explicit BMP requirements 
limit adaptive management. 

 

Draft 
Washington 
State 

BMP-based requiring specific 
stormwater management 
program actions 

 BMPs are not clearly identified 
as WQBELs 

 Implementation or 
compliance could be 
challenged or questioned by 
dischargers, regulators, or 
3rd party given lack of 
clarity 

4 RECOMMENDED APPROACH 
While the increasing sophistication in monitoring and modeling in the stormwater program have 
moved forward efforts to create linkages between stormwater and receiving water quality the 
challenge of developing those linkages remains substantial. In 2008 the National Academy of 
Science noted: 

“…pollutant loadings in stormwater effluent vary dramatically over time and stormwater 
is notoriously difficult to monitor for pollutants.” 45 

Modeling approaches while useful in understanding and predicting acceptable loads for receiving 
waters still include a significant degree of uncertainty especially for stormwater because storm 
events are highly variable in frequency and duration and are not easily characterized.46 
The level of uncertainty in monitoring and modeling stormwater contributions raises concerns 
about the ability to use modeled concentrations or load as strict NELs.  

“It is thus difficult to understand how much of a pollutant a stormwater point source 
contributes to a degraded waterbody, much less determine how best to reduce that 
loading so that the waterbody will meet its TMDL.”47 

In 2006, the panel experts convened by the State Water Resources Control Board concluded: 

“For catchments not treated by a structural or treatment BMP, setting a numeric effluent 
limit is basically not possible.”48 

This review found no evidence that indicating that NELs are feasible on a broad scale. While 
NELs may be feasible in specific cases, the uncertainty inherent in stormwater monitoring and 

                                                 
45 National Academy of Science, 2008, Urban Stormwater Management in the United States, p.52-53 
46 Wayland and Hanlon, 2002, p.4 
47 National Academy of Science, 2008, Urban Stormwater Management in the United States, p.52-53 
48 Currier et al., 2006, The Feasibility of Numeric Effluent Limits Applicable to Discharges of Storm Water 
Associated with Municipal, Industrial and Construction Activities, p. 8. 
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modeling at present is too great to support broad inclusion of NELs. Almost all documents 
reviewed allow for or support the concept of using BMP-based compliance for TMDLs. Further, 
no evidence was found indicating that indicated the approach used for final WLAs could not be 
BMP-based. To best meet the requirements of the Federal regulations at present BMPs should be 
used as WQBELs.  

Ideally the TMDL implementing conditions in the stormwater NPDES permit should be 
established in a manner that: includes provisions that provide objective and measureable 
direction to permittees; preserves the ability to adapt the implementation to meet changing 
conditions and improved understanding of the watershed dynamics; and provides a means to 
assess compliance. To do this, the Draft Los Angeles Permit needs to be modified to: 

1. Establish WQBELs to implement the WLAs in the permit, but the WLAs should be not 
identified as the WQBELs. The WLAs can be incorporated into the permit to provide the 
linkage to the WQBELs, but should not be considered a numeric WQBEL. 

2. Clearly define the process for determining compliance and ensure one option is through 
the iterative implementation of BMPs per the approved implementation plans or 
Watershed Management Program. Where implementation actions are implemented per 
the approved schedule, the permittee would be in compliance. Where implementation 
plans are not implemented per the approved schedule, the permittee would not be in 
compliance. Consistent with recent MS4 permits California and Washington D.C., and 
EPA guidance, the compliance assessment provisions can be structured in a manner that 
provides accountability and enforceability while still utilizing adaptive management for 
the implementation of BMPs. 

3. Compliance assessment should also consider other instances in which the Permittee 
would be in compliance (such as attainment of water quality standards in receiving 
waters, no discharge, etc.).  

4. Define attainment of the WLAs and compliance with the permit provisions as clearly 
separate concepts. For example, if WLAs are not attained, the permit could require 
additional actions from the permittees, but as long as the approved implementation plan 
was implemented per the approved schedule, then the permittee would be in compliance. 

5. Monitoring and reporting requirements need to be consistent with the approved TMDLs, 
but flexible enough to allow for the development of integrated monitoring programs. The 
monitoring requirements need to provide the information needed to evaluate progress 
towards attaining the WLAs. The monitoring points need to be clearly defined as one 
option for defining compliance and not the sole option. As noted above, where the WLAs 
are expressed as BMPs, there is an important distinction between attaining the WLAs and 
complying with the permit provisions. The monitoring and reporting requirements can be 
structured in a way to assess the implementation of BMPs and measure progress toward 
attainment of the WLAs. 

The recommended approach for making these modifications is to take key approaches and 
language from the permits identified above and citations from EPA guidance and regulations to 
develop recommended modified language for each of the following sections of the draft permit: 

 Permit Findings 
o Statement that TMDLs have been incorporated 
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 Effluent Limitations 
o Statement that WQBELs include the TMDL required BMPs 

 TMDL Implementation Provisions 
o Listing TMDLs 
o Statement of how newly adopted TMDLs would be added into to the permit 
o Requirement for permittee developed implementation action plans  
o Statement regarding adaptive management  
o Statement of how compliance with the WQBELs will be determined 
o Statement that compliance with WQBELs constitutes compliance with the TMDL 

WLAs. 
 TMDL Specific Requirements 

o Summary implementation requirements including measureable goals such as 
schedules for BMP implementation, water quality benchmarks, and BMP 
performance standards 

o Monitoring and reporting 
o Adaptive management provisions, such as benchmarks or action levels for BMP 

performance or other triggers for additional BMP implementation. 

The language will include clear definitions and findings to clarify the key concepts outlined 
above and utilize the structure of the Watershed Management Program to define the BMPs, 
measureable goals, and adaptive management provisions. To the extent possible, existing 
language and approaches in the draft permit will be utilized to assist with acceptability of the 
language modifications.  

4.1 Recommended Language 
Recommended permit language is provided in Attachment 2. 
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Listing of Current California Phase 1 ms4 permits 
Region 1 

 City of Santa Rosa, Sonoma County Water Agency and County of Sonoma - Order No. 
R1-2003-0062 

Region 2 

 Municipal Regional Stormwater NPDES Permit - Order No. R2-2009-0074 

Region 3 

 City of Salinas Municipal Storm Water Discharges - Order No. R3-2004-0135 

Region 4 

 City of Long Beach Order No. 99-060 
 County of Los Angeles and the Incorporated Cities Therein except the City of Long 

Beach Order No. 01-182  
 Ventura County Municipal Separate Storm Sewer (MS4) Permit - Tentative Order R4-10-

0108 

Region 5 

 Cities of Citrus Heights, Elk Grove, Folsom, Galt, Rancho Cordova, Sacramento, and 
County of Sacramento, Storm Water Discharges from Municipal Separate Storm Sewer 
System  
Order No. R5-2008-0142, Waste Discharge Requirements/Monitoring & Reporting 
Program/NPDES Permit No. CAS082597, Adopted on 11 September 2008 

 County of Kern and City of Bakersfield Discharges from Municipal Separate Storm 
Sewer System Order No. 5-01-130 

 County of Fresno, Fresno Metropolitan Flood Control District, California State 
University Fresno, and the Cities of Fresno and Clovis Discharges from Municipal 
Separate Storm Sewer System Order No. 5-01-048 

 City of Antioch, City of Brentwood, City of Oakley, Contra Costa County, and Contra 
Costa County Flood Control and Water Conservation District Storm Water Discharges 
from Municipal Separate Storm Sewer System Order No. 5-00-120. 

 City of Modesto Storm Water Discharges, R5-2008-0092  
 City of Stockton and County of San Joaquin Storm Water Discharges, R5-2007-0173 
 County of Sacramento and Cities of Citrus Heights, Elk Grove, Folsom, Galt, and 

Sacramento Stormwater Discharges From Municipal Separate Storm Sewer Systems 
Resolution - Approving Storm Water Quality Improvement Plan, Adopted on 15 October 
2004 - Order No. R5-2008-0142 

 Stockton Port District, Facility-Wide Storm Water Discharges From Municipal Separate 
Storm Sewer System and Non-Storm Water Discharges From the Port of Stockton Order 
No. R5-2004-0136, Waste Discharge Requirements/Reporting and Monitoring Program, 
NPDES Permit No. CAS0084077, Adopted on 15 October 2004 

  

RB-AR14158



July 18, 2012 Page 2 

ATTACHMENT 1 

 

Region 6 

 City of South Lake Tahoe, El Dorado and Placer County Order No. R6T-2005–0026 

Region 7 

 Riverside County Flood Control and Water Conservation District, County of Riverside, 
Coachella Valley Water District, Incorporated Cities of Riverside within the Whitewater 
River Basin Order No. R7-2008-0001 

Region 8 

 San Bernardino County Transportation, County of San Bernardino and Incorporated 
Cities of San Bernardino County within the Santa Ana Region - Order No. R8-2010-0036 

 County of Orange, Orange County Flood Control District and Incorporated Cities of 
Orange County within the Santa Ana Region - Order No. R8-2009-0030 

 Riverside County Flood Control and Water Conservation District, County of Riverside 
and Incorporated Cities of Riverside County within the Santa Ana Region - Order No. 
R8-2010-0033 - NPDES Permit No. CAS618033) 

Region 9 

 Orange County Municipal Storm Water Permit - Order No. R9-2009-0002 
 Riverside County and the Incorporated Cities of Riverside within the San Diego Region 

NPDES No. CAS0108766 - Order No. R9-2004-001 
 San Diego Municipal Storm Water Permit - Order No. R9-2007-0001 

State Permit 

 State of California Department of Transportation – Order 99-06-DWQ 
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California Regional Water Quality Control Board
Los Angeles Region

Over 50 Years Serving Coastal Los Angeles and Ventura Counties
Recipient of the 2001 Environmental Leadership Award from Keep California Beautiful

320 W. 4th Street, Suite 200, Los Angeles, California 90013
Phone (213) 576-6600   FAX (213) 576-6640  -  Internet Address:  http://www.swrcb.ca.gov/rwqcb4

California Environmental Protection Agency
***The energy challenge facing California is real.  Every Californian needs to take immediate action to reduce energy consumption***

***For a list of simple ways to reduce demand and cut your energy costs, see the tips at: http://www.swrcb.ca.gov/news/echallenge.html***

  Recycled Paper
Our mission is to preserve and enhance the quality of California’s water resources for the benefit of present and future generations.

Winston H. Hickox
Secretary for

Environmental
Protection

Gray Davis
Governor

January 30, 2002

The Los Angeles Regional Water Quality Control Board is deeply concerned that storm water and urban
runoff pollution continues to be the single greatest threat to our water quality in the Los Angeles region. 
To address this threat, this Regional Board, and indeed all Regional Boards throughout the State of
California, are required by federal law to issue permits to municipalities so that, over time, this source of
pollution is reduced to the maximum extent practicable.  Last month, the Los Angeles Regional Board
adopted an updated permit, the third issued in Los Angeles County since 1990, that includes updated
measures intended to bring us closer to water quality that will meet our water quality standards.

Collectively, we are obligated by law to have a storm water permit that moves us forward in controlling
this source of pollution.  Federal law makes the cities and county responsible for what is discharged from
their storm water collection system.  Similarly, federal and state law make the Regional Board
responsible for issuing permits that protect the waters of the Los Angeles region.  There is no doubt that
storm water pollution is a serious threat to our environment and economy and there is no doubt that
“upstream communities” contribute significantly to the level of pollutants that find their way to our
beaches.  As each of you already know, the “Clean Beaches Program” is one of our highest
environmental quality priorities.

The permit is very practical in its approach.  The County of Los Angeles remains the lead Permittee and
this arrangement allows individual cities to avoid many obligations and costs that they might otherwise
incur.  The permit adopted by the Regional Board was substantially modified from its first draft issued in
April 2001.  Three full drafts were prepared, each in turn, incorporating many of the comments offered
by the cities as well as the county, who are together, responsible for permit implementation.  In summary,
the staff of the Regional Board expended enormous effort to meet with representatives of the Permittees
over an eleven-month period, culminating in two mediation sessions facilitated by the United States
Environmental Protection Agency and many changes made to the permit that reflected the preferences of
the Permittees.

We understand that there are two principal areas of concern that have been raised during the development
of the permit and which remain of concern.  These are:

• Receiving water quality and the process to be used under the permit to address a lack of
progress in meeting water quality standards and,

• A provision to shift from “site education visits” at pollution sources to “site inspections”. 

The former provision on receiving water language and what has come to be known as the “iterative”
process, is language previously approved by the State Water Resources Control Board.  This language
has been contained in all municipal storm water permits in California since 1999.  The State Board
shaped the language as part of a precedential decision to address the concerns of dischargers and the
environmental community, and to protect water quality.  Because the language arises from a State Board
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Our mission is to preserve and enhance the quality of California’s water resources for the benefit of present and future generations.

precedential decision, the Regional Board did not have the discretion to depart from its provisions in any
significant way. 

The receiving water compliance process outlined in the permit allows for each Permittee to work
cooperatively with the Regional Board to identify additional measures, if required, to improve water
quality to meet receiving water standards.  If the measures adopted do not achieve that result, further
measures can be developed.  This iterative approach is intended to obtain progress over time.  The
provision is expressly intended to serve as the vehicle by which the Regional Board will obtain Permittee
compliance with receiving water standards.  To that end, the key aspect is that a good faith effort be
pursued by Permittees to utilize this process.

The latter provision on inspections is a limited effort to identify and correct sources of pollution that
represent a significant threat to water quality.  As contained in the permit, the inspection obligation is
limited in scope and represents a minimal level of effort from that already required in the existing
educational site visit program.  A number of changes in the provisions of the inspection program were
made as a result of the mediation process.  It must also be noted that the inspection provision allows a
considerable period of time to the Permittees to complete the first round of inspections (two and a half
years) and significantly limits the scope of the inspection to the barest of requirements.

The storm water permit adopted by the Regional Board is a carefully crafted response to the pollution
caused by storm water and seeks to advance our efforts to control pollution at its source while limiting
permit obligations on each city to the greatest possible degree. Yet, I am deeply concerned that the story
of this permit has not been fully communicated to each leader in our community.

Enclosed with this letter is a Question and Answer document that is intended to respond to some of the
most important points raised by those who dispute elements of this permit.  Each of us has an obligation
to fulfill our responsibilities in a reasonable manner.  I believe that the Regional Board has pursued a fair
and equitable process, affording everyone involved the utmost opportunity for participation and
comment.  To a very great degree the comments made by Permittees were incorporated in the final
permit. Nevertheless, the Regional Board’s Executive Officer will, in the near future, be meeting with
city and county representatives to engage in a dialogue to ensure that the provisions of the permit are
clearly understood and, that any uncertainty in how elements of the permit are to be implemented, are
discussed.

In closing, I simply ask that you weigh the advantages of improved water quality with the very limited
additional obligations that each city is asked to assume.  After careful consideration, it is my hope that
the distraction of appeals and potential litigation and its costs will give way to a renewed commitment to
improving the quality of our shared environment to the benefit of our citizens today and for future
generations.

Francine Diamond
Chair

enclosure
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The  New Los Angeles County
Municipal Storm Water Permit

Answers to Frequently Asked Questions
About Storm Water and the Storm Water Permit

How serious is storm water pollution in the Los Angeles area?

• Studies and research conducted by regional agencies, academic institutions, and
universities have identified storm water and urban runoff as leading sources of pollutants
to surface waters in Southern California.  Water quality assessments conducted by the
Regional Board identified impairment, or threatened impairment, of beneficial uses of
water bodies in the Los Angeles region.  Pollutants found in storm water can have
damaging effects on both human health and aquatic ecosystems.

• Studies performed in the coastal waters of Santa Monica Bay document a clear
relationship between gastrointestinal illness in swimmers and water quality.  Water
quality is compromised by polluted storm water discharges.

• The County of Los Angeles’s Integrated Receiving Water Impacts Report (1994-2000)
identified as a cause of impairments the pollutants of concern identified in municipal
storm water discharges. These include toxic pollutants such as heavy metals, polycyclic
aromatic hydrocarbons, pathogens, and pesticides.  Large quantities of these pollutants
are carried in storm water.

• The City of Long Beach is inundated with hundreds of tons of trash that flow down the
Los Angeles River after storm events from upstream municipalities.  The harbors of Los
Angeles and Long Beach must contend with polluted sediments that require special and
expensive handling to keep their harbors open.

What are the basic provisions of  the Los Angeles County storm water permit?

The Permit requires that city departments coordinate and implement best management practices
in several program areas including:

• Public Outreach and Education
• Planning and Construction
• Public Agency Activities
• Business Inspections, and
• Illicit Connection and Illicit Flows Detection and Elimination

The purpose of these programs is to implement pollution prevention programs that will, to the
maximum extent practicable, reduce the discharge of pollutants from the storm drain system to
protect receiving waters and their beneficial uses – in short, to achieve cleaner water - which
now, is seriously polluted.

RB-AR14164



Storm Water Q & A
January 29, 2002

2

What are the benefits of cleaner storm water?

• Clean water not only provides aesthetic benefits, but it also helps generate jobs and
economic growth. The recreation and tourism industry is the second largest employer in
the nation, and is a particularly valuable component of the Los Angeles coastal economy.

• A significant portion of recreational spending comes from water-related activities, such
as swimming, boating, sport fishing, and hunting.  Activities related to the County’s $2
billion per year tourist industry depend on the access and enjoyment of clean surface
water bodies.  Each year, Americans take more than 1.8 billion trips to water destinations,
largely for recreation, spending money and creating jobs in the process.

• The commercial fish and shellfishing industry contributes to the U.S. economy. This
industry also relies on clean water to sustain the fisheries and deliver products that are
safe to eat.

• Los Angeles area depends and relies heavily on the groundwater resources to sustain its
population and economic life. Recharge of the groundwater basins uses storm runoff as a
source. The proposed Los Angeles Forebay recharge project will recharge storm runoff
from the Los Angeles River into the Los Angeles Forebay to replenish the groundwater
basins. This project once completed would offset the need for imported water use for
basin replenishment, and creates yet another local water resource and provides ongoing
annual savings up to $10 million per year. Groundwater is an important source of water
in southern Los Angeles County, providing approximately 40% of the total demand.

What is the risk of polluted beaches to the Los Angeles area economy?

• Southern California’s tourist economy depends on reliable, high quality water supplies
and resources.  Clean beaches are a necessary element of the Southern California image
and the consequences of polluted beaches can be catastrophic to local beach communities
and businesses.  If the perception of Southern California’s beaches were to develop into a
negative stereotype, the broader implications for economic health and economic growth
would be serious.

• In recent years, the economy of Huntington Beach was negatively impacted by the
consequences of polluted urban runoff.  Local businesses were nearly driven out of
business and the community has experienced just how serious the threat of poor water
quality can be (the Huntington Beach experience is reviewed in greater detail later in this
report).

Does the storm water permit represent an unfunded state mandate?

• The permit requirements do not constitute an unfunded state mandate.  The unfunded
mandate restrictions pertain to the implementation of various state laws and not federal law.
The State Board has already considered the matter and ruled that the State constitutional
unfunded mandate prohibition does not apply to permits issued by the Regional Boards
pursuant to the federal Clean Water Act.  (In Re: San Diego Unified Port District, Board
Order No. WQ 90-3; and In re: Bellflower et al., Board Order No. WQ 2000-11.)
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• The municipal storm water permit implements the federal Clean Water Act.  As a duly
authorized entity to implement the Clean Water Act on behalf of the US EPA, the action does
not violate the California constitutional prohibition on unfunded mandates.

• Nonetheless, Regional Board staff carefully crafted a permit program that is both managable
and cost effective, while still complying with Federal law and being protective of the
environment.

Has  sufficient time been provided to develop the dry weather flows diversion/ treatment plans
required by the permit?

The permit, as adopted by the Regional Board, extended the timeline for completion of the dry
weather flows diversion/treatment plans from six months to eighteen months in response to
requests for the time extension from the County Sanitation Districts of Los Angeles County and
the Coalition for Practical Regulation.

Why is an industrial/ commercial inspection program being required?

• Even though we are in the third five-year permit term, the active measures taken so far to
control storm water pollution have been very limited in scope.  Storm water quality is not
improving and urbanization, industrialization, and population growth are contributing
ever greater pollutant loads.  To achieve improved storm water quality, more effective
measures are required.

• The previous permit required that municipalities conduct educational site visits at
industrial and commercial sites.  In the new permit, these visits are now being upgraded
to inspections that are intended to not require a substantial level of effort greater than that
required for the site education visits that have been conducted to date.  Actual inspection
requirements are very limited.  For those businesses operating under the State General
Industrial Storm Water Permit, the only expectation is that the inspection confirm
whether the site has filed for a state permit and whether they have a Storm Water
Pollution Prevention Plan on site.  There is no requirement for the municipalities to
conduct a detailed analysis of any plans.

• The inspection program is based on the assumption that the Regional Board and each
municipality will work in a partnership to ensure compliance.  With inspections
conducted by local governments, more businesses can be quickly assessed to determine if
their site posses a disproportionate threat to water quality.  The Regional Board can then
pursue those sites that are not in compliance and ensure that water quality problems are
addressed.

• The need for inspections is clear.  Studies carried out by the Permittees have shown that
specific business and commercial activities contribute significant amounts of
conventional and toxic pollutants into storm water runoff discharged to the storm sewers.

• If the region is to make significant progress toward cleaning up waters impaired by storm
water runoff, control of conventional and toxic pollutants from industrialized and
commercial activities is critical.  Federal regulations clearly acknowledge the
significance of pollutants from heavy industry, and mandate that municipalities have
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source control programs for facilities in specified industrial sectors.  The significance of
these industrial activities – plus commercial activities such as automotive repair – was
underscored in a critical source identification program conducted by Los Angeles County
in 1997.i

Where else are similar inspection programs being implemented?

Across the country numerous municipal storm water permits require implementation of programs
to control the contribution of pollutants in storm water discharges from industrial and
commercial facilities. Many jurisdictions currently implement programs to control the
contribution of pollutants from industrial and commercial sites (including inspections) as part of
their storm water permit. Communities implementing inspection programs under a municipal
storm water permit include:

• Broward, Sarasota and Palm Beach counties in Florida,
• Cities of Tulsa and Oklahoma in Oklahoma,
• Cities of Corpus Christi and Forth Worth in Texas,
• City of Seattle in Washington State,
• City of Portland in Oregon, and
• Santa Clara County, Sacramento County, and Alameda County in Northern California.

In Southern California, San Diego County is in the process of developing and implementing a
business inspection program to control storm water discharge quality.

How much will the inspection program cost?

• In developing the inspection program, the Regional Board listened carefully to the concerns
expressed by the cities and the county and included permit language that significantly limits
the obligations of the Permittees with respect to their obligations under the inspection
program.  For example, it is expected that inspections of restaurants will be a very minor
additional task among many already conducted by the County and those few cities that
perform restaurant inspections.

• As noted above, for those businesses operating under the State General Industrial Storm
Water Permit, the only expectation is that the inspection confirm whether the site has filed
for a state permit and whether they have a Storm Water Pollution Prevention Plan on site.
There is no requirement for the municipalities to conduct a detailed analysis of any plans.

• The frequency of inspections will require only two inspections during the five year term of
the permit.  For facilities covered under the State General Industrial Storm Water Permit,
many cities have relatively few of these in their city limits.  Combined with the limited
obligation to simply verify the existence of a Storm Water Pollution Prevention Plan (not to
evaluate its sufficiency) and the limited number of inspections over five years (two
inspections), it would appear that most cities have the ability to easily comply with this
provision using existing staff resources.

• The County of Los Angeles has estimated the entire financial burden for all cities and the
county to inspect the construction, commercial and industrial sites covered by this permit at
$8 million over the five year permit term.  This equates to $1.6 million per year and would
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represent the level of effort associated with about 20 full time staff to cover this permit
requirement over the entire county.  In most cities, however, the level of effort is expected to
be covered with existing staff who simply add a few tasks to inspection activities already
being performed.

Is the Illicit Connection Program costly and unnecessary?

• Studies have demonstrated that swimming in contaminated water can cause gastrointestinal
problems including nausea, vomiting, or diarrhea; infections of the eye, ear, nose, or throat;
and viral diseases such as hepatitis.  Dry weather flows in the storm drain system are a
principal factor conveying contaminated water to our beaches.  Illegal connections foster a
continuation of a serious health problem if not corrected.  Reducing the frequency of beach
closures is also one of the Governor’s and Cal/EPA’s highest priority environmental
programs.

• The Illicit Connection program is required under US EPA regulations.  It provides the
framework for assessing the existence of illegal connections into the storm drain system.
Illegal connections permit untreated wastewater into the storm water system instead of the
sanitary sewer system.  Because discharges from the storm water system is not treated, illicit
connections allow raw sewage to flow directly to the rivers, bays, and coastal waters of the
region.

• For example, the City of Santa Monica found an illegal cross connection on 20th

Street and Colorado Avenue that may not have been detected if not for the
requirement in the permit.  The County of Los Angeles has also found such cross
connections or improper connections that may not have been detected were it not for
the permit requirements.

• The cost of not implementing pollution prevention programs, such as the illicit connection
elimination program, contribute to continuated, frequent beach closures.  Beach closures
have the potential to severely jeopardize the Los Angeles County tourist economy.

Do the permit requirements infringe on local land-use planning?

• The permit places no constraints on what land uses a municipality may authorize or how a
municipality may zone its jurisdiction.

• The permit requires cities to place certain conditions on projects for new and redevelopment
to reduce pollutants from the storm drain system.  However, these conditions do not
constitute land use planning or zoning by the Regional Board and they do not invade the
fundamental, municipal choice to make land use decisions and zone accordingly. The LA
County MS4 permit does not impermissibly infringe on the ability of municipalities to carry
out their land use planning authority and responsibilities.

Are permit time frames unrealistic?

• Throughout the permit renewal process, Regional Board staff was responsive to comments
and worked with municipalities to develop reasonable requirements and time frames within
the framework of state and federal regulations.
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• In addition to the reasonable time frames that were agreed upon early in the process, at least
eleven deadlines contained in the third draft were extended by a further 6 months to over one
year as a result of discussions with municipalities before the December 13, 2001 Board
Meeting.

• Municipalities have had more than two five-year permit terms to implement many of these
requirements, and the changes made to the permit are incremental improvements.  Whenever
reasonable, staff did incorporate extended timelines for implementation.

What does to “reduce storm water discharges to the maximum extent practicable” (MEP
Standard) mean?

Congress created the “maximum extent practicable” (MEP) standard to allow regulators the
flexibility necessary to tailor programs to the site-specific nature of municipal storm water
discharges. Regulations do not define what exactly constitutes the MEP standard:

• In general, MEP relies on best management practices (BMPs) that emphasize pollution
prevention and source control (i.e. the first line of defense), with additional structural
controls as needed (an additional line of defense).

• Municipalities are required to implement technically feasible BMPs to reduce storm
water pollutants unless they can show locational impracticability or that the costs
outweigh the water quality benefits to be derived. There must be a serious attempt to
comply and practical solutions may not be lightly rejected.

• The permitting agency is the ultimate arbiter on whether there has been sufficient
reduction of pollutants as a result of implementation of BMPs. This authority was
upheld in a court decision by the U.S. Court of Appeals with jurisdiction over California,
(Defenders of Wildlife v. Browner (9th Cir. 1999)).

Does the permit language put cities in violation of receiving water limitations immediately and
open them to third party lawsuits?

• The LA County municipal storm water permit incorporates language that provides for
protecting receiving waters and their beneficial uses as required by the federal Clean Water
Act.  The State Water Resources Control Board has previously disapproved less-restrictive
language in municipal storm water permits.  The language in the LA County municipal
permit tracks language the State Water Resources Control Board has previously approved in
precedential decisions in 1999 and again in 2001.  Other municipal permits in the state
contain the same language, and to the Regional Board’s knowledge have not triggered citizen
suits, as feared by some municipalities.

• The receiving water language states that if storm water flows from the storm drain system
cause or contribute to continuing impairment of receiving waters, municipalities must
implement control measures to eliminate the harm through the iterative implementation of
best management practices in a timely manner.  To invoke this provision, either the Permittee
or the Regional Board must make a determination that water quality standards are being
exceeded before the iterative process is activated.
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• The first opportunity to make such a determination will occur after the submittal of the next
Annual Report in October 2002.  Assuming that a decision is made to invoke the iterative
process, municipalities would be required to submit a corrective plan with the next Annual
Report in October 2003, and submit a progress report every alternate year after that until the
exceedences have been corrected.

• A violation of the permit would occur when a municipality fails to engage in a good faith
effort to implement the iterative process to correct the harm.  As long as the Permittee is
engaged in a good faith effort, the specific language of the permit provides that the Permittee
is in compliance.  As discussed at the Regional Board’s July 2001 workshop and the
December 2001 board meeting, the presence of the iterative process language makes clear the
Permittees’ mechanism for compliance with receiving water language.  Even if water quality
does not improve as a result of the implementation efforts, there is no violation of the
permit’s receiving water provision as long as a good faith effort is underway to participate in
the iterative process.  The basic premise is that an incremental effort is appropriate to identify
additional best management practices that will ultimately result in improved storm water
quality.

Did the Regional Board discontinue the US EPA facilitation effort despite requests for
continuation?

• The Regional Board Executive Officer and staff participated, during November and
December 2002, in two US EPA facilitated sessions to consider, and possibly revise, the
most contentious part of the permit – the requirement to inspect businesses for compliance
with local storm water ordinances.

• Prior to the mediation session, Regional Board staff committed considerable time over the
entire year to meeting with municipalities and interested parties, conducting workshops,
responding to questions, providing updates, issuing three complete drafts, and making many
revisions at the request of the Permittees.

• The facilitation effort was partially successful and resulted in many changes being made to a
portion of the permit (the inspection program), changes that many of the cities wanted.

• Despite the improvements made to this portion of the permit during mediation, no final
agreement was reached on the inspection program.  Many of the municipalities continued to
object to the inspection program despite the Regional Board’s inclusion of many of the
specific comments made at their request.

• As a result, the draft permit recommended to the Regional Board included provisions for a
limited inspection program that incorporated many of the comments offered by those
participating in the mediation sessions including the City of Signal Hill, the County of Los
Angeles, the City of Los Angeles, and the City of Downey.

Is the cost of permit implementation really $54 billion?

• The quoted $54 billion cost of implementation for the Los Angeles area is taken from an
analysis performed for the California Department of Transportation using assumptions that
have been challenged.  These assumptions include that, (i) 1.2 inches of rainfall would have
to be captured and treated to remove all pollutants; and (ii) to achieve this level of pollution
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reduction six treatment plants with the capacity to process 500 million gallons per day of
storm water each would have to be constructed.   The study’s approach assumes a “Regional
Solution” that is the opposite of the lower cost, solve the problem before it starts approach
embodied in the adopted permit by using best management practices.  The MS4 permit does
not require treatment as described in the Caltrans study nor does it validate the assumptions
that are made.

• The permit takes an iterative best management practices implementation approach to
protecting receiving waters and their beneficial uses (try a solution, if it doesn’t work, try
some additional solutions). This approach explicitly takes into consideration the costs and
appropriateness of implementation measures and places the responsibility for sound choices
with the municipalities.

• The US EPA estimated in 1996 that the cost of implementation of the storm water program
for all the medium and large municipalities in the United States combined would be about
$50 billion over 20 years.

• Based on self-reported cost figures provided by the City of Los Angeles and other
municipalities, the total cost estimate for permit implementation countywide is between $12
million and $145 million annually.  The cost of implementation of revised provisions in the
storm water permit is expected to represent a modest incremental increase over current costs.

How can a city better calculate the cost of implementing a program to satisfy the requirements
of the permit?

The cost of implementing the permit will vary from city to city depending on the kind of services
it already provides.  The best measure of the cost of programs to improve storm water quality is
to survey municipalities around the nation and in California who have instituted a special storm
water utility fee.  In Los Angeles County, the City of Los Angeles, the City of Long Beach,
Santa Monica, Calabasas, and Santa Clarita have special storm water assessments, and may
provide the best estimates of the true cost of program implementation in the area.

What is the runoff diversion experience of the City of Laguna Niguel?

Dry weather flow diversions are a method by which to mitigate or temporarily eliminate high
bacteria levels in urban runoff from flowing onto local beaches and into the surfzone where there
is human/water contact. The storm drain water is diverted to a sanitary sewer line for treatment.

• Aliso Creek drains to the City of Laguna Beach and to the beach.  For several years, the
Orange County Sanitation Districts (OCSD) has diverted dry weather flows within Aliso
Creek to the sanitary sewer for treatment.

• A small tributary to Aliso Creek has been found to have bacteria levels that are excessive
and a violation of the San Diego Region Basin Plan for bacteria.  This condition occurs
above the point of diversion.

• The San Diego Regional Board adopted a Cleanup and Abatement Order for the OCSD to
begin an iterative process to determine the source(s) of the excessive bacteria counts and
mitigate the problem.
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• OCSD now  diverts  flows farther upstream during dry weather to capture in-flows
from the tributary with high bacteria counts that drains to Aliso Creek.

• During wet weather the same tributary continues to have high   bacteria counts but
the flows are not diverted. Diversion to a wastewater tretment plant is not possible
during wet weather because of high flows.

• The San Diego Regional Board through the iterative process, requires OCSD to
investigate potential source of the high bacteria counts and eliminate the source or
sources.

What is the experience of the City of Huntington Beach with beach closures?

The beaches along Huntington Beach have been plagued by many closures the past few years
due to excessively high bacteria levels coming from the Talbert Marsh outlet into the south end
of Huntington State Beach.  The possibility of a single cause or multiple causes led muncipal
agencies in Orange County to spend much time and money to determine the source(s) of the
excessive bacteria.

• Onshore pipes and groundwater were investigated as possible sources as were the
offshore sewer outfall and the storm drain system including Talbert Marsh itself.

• Dry weather diversion of the storm drain system to the sanitary sewer as a temporary
solution measure has had immediate positive effects on coastal water quality.

• High bacteria counts may persist during during wet weather when diversions cannot take
place.

• The municipalities still need to investigate the source(s) of the high bacteria and to reduce
or eliminate those sources.

• When beaches are closed, tourism suffers and tourist dollars are spent elsewhere.

How can the public [residents in the municipality] become informed and educated about the
impacts of storm water and how to prevent pollution?

• A mainstay of the storm water program in Los Angeles since 1990 has been activities to
foster public education, participation, and involvement.

• On-going outreach efforts include radio public service announcements, television
commercial spots, literature at public service counters, K-12 educational materials, flyers,
and handouts at businesses which sell pesticides or motor oils.

• Residents may also call help lines such as 1(888) CLEAN LA or 1 (800) 974-9794 operated
respectively by the County of Los Angeles and the City of Los Angeles.  These numbers may
be used to obtain information on household hazardous waste collection sites and oil
recycling. The numbers can also be used to report incidents of illegal dumping or illegal
discharges, clogged catch basins, and request information be mailed on storm water pollution
in the Los Angeles area.
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• Residents may obtain information and become better educated about the impacts of storm
water pollution and prevention by visiting various web sites.  To find your city’s website,
first visit the State of California’s main home page at www.ca.gov and scroll down and click
on the “City Websites” button (on the lower right) to find your specific city in the index.

• Environmental activities or environmental problem areas in your area, are posted on the
following web site. Type in your Zip code:

http://www.epa.gov/epahome/commsearch.htm

• For information on what you can do to prevent storm water pollution, see:

http://www.swrcb.ca.gov/nps/lookwhatyoucando.html

• For information on water quality at the beach you want to visit, go to:

http://www.healthebay.org/baymap/default.asp

• For a location to recycle used motor oil, go to:

www.ciwmb.ca.gov/UsedOil/CrtCntrs.asp

More Information

Office of Wastewater Management
U.S. EPA

http://cfpub1.epa.gov/npdes/stormwater/

Office of Wastewater Management -
Storm Water Library

http://www.epa.gov/owm/swlib.htm

Virginia's Stormwater Management
Program

http://www.dcr.state.va.us/sw/stormwat.htm

Palm Beach County NPDES Program http://www.pbco-npdes.com/

Metropolitan Department of Public
Works Nashville BMP Manual

http://www.nashville.org/pw/bmp_manual.html

Best Management Practices for Storm
and Surface Water, Municipal Research
& Services Center Serving Washington
Cities and Counties

http://www.mrsc.org/environment/water/water-
s/SW-BMP.htm

Quality of Our Nation's Water U.S.
EPA

http://www.epa.gov/305b/

Idaho DEQ - Catalog of Stormwater
Best Management Practices

http://www2.state.id.us/deq/water/stormwater_catalo
g/chapter1_3.asp

Library of Storm Water Resources http://www.stormwater-resources.com/library.htm
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MD Stormwater Management Program http://www.mde.state.md.us/environment/wma/stor
mwatermanual/

Florida Stormwater, Erosion, and
Sedimentation Control Inspector's
Manual

http://www.broward.org/dni00835.htm

Dynamic Watershed Management
Project City of Greensboro NC

http://www.ci.greensboro.nc.us/stormwater/index.ht
m

Ohio EPA, DSW Stormwater Program http://www.epa.state.oh.us/dsw/storm/index.html

National Pollutant Discharge
Elimination System Florida

http://www.dep.state.fl.us/water/stormwater/npdes/i
ndex.htm

BMP Manual New Jersey http://www.state.nj.us/dep/watershedmgt/bmpmanua
l.htm

NonPoint Source Pointers (Factsheets)
U.S. EPA

http://www.epa.gov/OWOW/NPS/facts/

Draft Stormwater Design Manual New
York

http://www.dec.state.ny.us/website/dow/swmanual/

USGS Fact Sheets Home Page http://water.usgs.gov/wid/indexlist.html

Washington State Stormwater
Technical Manual

http://www.ecy.wa.gov/programs/wq/stormwater/ma
nual.html

City of Monterey CA – Storm Water
Program

http://www.monterey.org/publicworks/storminfo.ht
ml

U.S. EPA Urban Storm Water BMP
Study

http://www.epa.gov/OST/stormwater/

Center for Watershed Protection http://www.cwp.org/

Seattle Public Utilities Surface Water
Pollution Prevention

http://www.cityofseattle.net/util/surfacewater/default
.htm

                                                          
i
 Critical Source Selection and Monitoring Report, County of Los Angeles Department of Public Works

(September 3, 1996), in which the Principal Permittee identified high risk activities that pollute storm
water in the County.  Five of these activities – scrap metals, trucking, chemical, primary metal, metal
fabricating – are partly regulated by the State’s General Industrial Activities Storm Water Permit for
Industrial Activities.  The other activity – automotive services – is not subject to the State’s General
Industrial Activities Storm Water Permit or to USEPA Phase 1 regulations.  Also, through industrial
waste inspections conducted during the first permit term for sanitation departments, several Permittees
identified two additional activities – retail gas outlets (RGOs) and restaurants – as high risk for storm
water pollution.
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AMENDED CONSENT DECREE

This'" Amended Consent Decree ("Amended Decree") is made and

3 entered into by and among the united States of America ("the United

4 States"), on behalf of the National Oceanic and Atmospheric

5 Administration ("NOAA"), the Department of the Interior ("DOI"),

6 and the united States Environmental Protection Agency ("EPA"), and

7 the State of California ("state"), on behalf of the State Lands

8 Commission, the Department of Fish & Game, and the Department of

9 Parks and Recreation, the Department of Toxic Substances Control

10 ("DTSC"), and the California Regional Water Quality Control Board;

11 Los Angeles Region ("Regional Board"), Defendant county Sanitation

12 District No. 2 of Los Angeles County ("LACSD"), and the other

13 entities listed in Attachment A hereto, which are hereafter

14 collectively referred to as the "Settling Local Governmental

15 Entities" except where otherwise specifically provided. This

16 Amended Decree is not intended to affect in any way the United

17 States' and the State's claims against any entity other than LACSD

18 and those other entities listed in Attachment A.

19 INTRODUCTION

20 The United States, on behalf of NOAA and DOl in their

21 capacities as natural resource trustees (hereafter the "Federal

22 Trustees"), and on behalf of EPA, and the state, on behalf of the

23 state Lands Commission, the Department of Fish & Game and the

24 Department of Parks and Recreation in their capacities as natural

25 resource trustees (hereafter the "stat.e Trustees") (the Federal

26 Trustees and state Trustees collectively are referred to as "the

27 Trustees"), filed the original complaint in this action on June 18,

28 1990, under Section 107 of the comprehensive Environmental
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1 Response, Compensation, and Liability Act of 1980, as amended

2 ("CERCLA"1, 42 U.S.C. § 9607, seeking, inter alia, recovery for

3 damages, including damage assessment costs and related response

4 costs, for injury to, destruction of, and loss of natural resources

5 resulting from releases of hazardous substances, specifically

6 including dichlorodiphenyltrichloroethane and its metabolites

7 (hereafter collectively "DDT"), and polychlorinated biphenyls

8 (hereafter "PCBs"), from facilities in and around Los Angeles,

9 California, into the environment, including the area defined herein

10 as the Montrose Natural Resource Damages Area (the "Montrose NR[)

11 Area"), and for response costs incurred and to be incurred by EPA

12 in connection with releases of hazardous substan,ces into the

13 environment from the Montrose Chemical Corporation site located at

14 20201 South Normandie Avenue, Los Angeles, California. The

15 original complaint was amended on June 28, 1990, and again on

16 August 16, 1991 ("Second Amended complaint" or "Complaint").

17 Defendant LACSD filed its answer to the Complaint and counterclaims

18 against the United States and the State on September 30, 1991.

19 In the First Claim for Relief of the Complaint, plaintiffs

20 asserted a claim against ten defendants, including LACSD, und'er

21 section 107(a) (1-4) (C) of CERCLA, 42 U.S.C. § 9607(a) (1-4) (C), for

22 the alleged natural resource damages, including damage assessment

23 costs and related response costs: In the Second Claim for Relief

24 of therComplaint, the united States asserts a claim for recovery of

25 costs incurred and to be incurred by EPA in response to the release

26 or threatened release of hazardous substances into the environment

27 at the Montrose NPL Site, as described in the complaint, pursuant

28 to section 107 (a) (1-4) (A) of CERCLA, 42 U.S.C. § 9607 (a) (1-4) (A).

2.
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1 The Second Claim for Relief, brought at the request of and on

2 behalf of_EPA, does not allege liability on the part of any of the

3 Settling Local Governmental Entities.

4 EPA is the lead agency with regard to the conduct of response

5 activities at the Montrose NPL site. The state, through its

6 support agencies DTSC and the Regional Board, also participates in

7 Montrose NPL site response activities consistent with Subpart F of

8 CERCLA's National Contingency Plan, 40 C.F.R. §§ 300.500 - 300.525.

9 While the State has not filed a claim in the instant action to

10 recover response costs incurred and to be incurred at the Montrose

1l NPL Site, DTSC and the Regional Board have incurred response costs

12 in connection with the Montrose NPL site.

13 The Montrose NPL site was placed on the National Priorities

14 List of Superfund sites in October 1989. CERCLA and the National

15 Contingency Plan ("NCP") require that a site investigation gather

16 the data necessary to assess the threat to human health and the

17 environment of actual or threatened releases of hazardous

18 substances from a facility, to include any place where a hazardous

19 substance has come to be located. Consistent with those

20 requirements, EPA's continuing investigation of the Montrose NPL

21 site indicates that the Montrose NPL site is contaminated

22 significantly by DDT and other hazardous substances released during

23 the manufacture of DDT, with ,.DDT and those other hazardous

24 substances present at the Montrose NPL site in soil, groundwater,

25 stormwater channel sediments, and sediments in portions of LACSD's

26 Joint Outfall ("J.O.") "0" and District 5 Interceptor sewer lines.

27 As a result of the ongoing investigation of the Montrose NPL site,

28 a series of response activities is currently underway, including a

3.
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1 remedial investigation and a feasibility study ("RIfFS") of the DDT

2 contamina'E.ed. soil and groundwater underlying the Montrose DDT Plant

3 Property and surrounding areas of the Montrose NPL Site, the

4 conduct of a time-critical removal action at the Montrose NPL site

5 to investigate and remove Montrose DDT from soil in residential

6 areas within four blocks of the Montrose DDT Plant Property, the

7 conduct of an Engineering Evaluation and Cost Analysis ("EEfCA") to

8 investigate the aerial fallout of DDT dust emitted from the former

9 Montrose DDT plant on residential and commercial areas in close

10 proximity to the Montrose DDT Plant Property, and the conduct of a

11 removal action to remove DDT contaminated sediments from the J,O.

12 "0" sewer adjacent to and downstream of the Montrose DDT Plant

13 Property.

14 In addition, as a result of information developed and

15 assembled, inter alia, in connection with the Trustees' damage

16 assessment relating to DDT and PCB contamination of the offshore

17 area alleged in the First Claim for Relief in this action, EPA has

18 extended its Montrose NPL Site investigation to include that

19 portion of the Montrose NRD Area comprised of the offshore area

20 contaminated by DDT and PCBs released into the LACSD sewer lines

21 and subsequently deposited in the sediments of the Palos Verdes

22 shelf near the White's Point outfall. EPA has not, however,

23 extended its investigation of the'Montrose NPL Site to include the

24 Los Angeles and the Long Beach Harbors (other than the Consolidated

25 Slip in Los Angeles Harbor).

26 certain of the defendants filed cross-complaints and third

27 party complaints alleging that some or all of the Settling Local

28 Governmental Entities named in Attachment A are also liable for

4.
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1 damages and response costs related to the alleged natural resource

2 injuries associated with the Montrose NRD Area and for response

3 costs at the Montrose NPL site. The bases for liability on the

4 part of the Settling Local Governmental Entities as alleged in the

5 cross-complaints and third party complaints relate primarily to the

6 involvement of those entities in the provision of pUblic services

7 such as the collection, conveyance, treatment, and disposal of

8 wastewater and disposal of residuals; collection and conveyance of

9 stormwater runoff; ownership and operation of portions of the

10 contaminated facilities, including portions of the Montrose NPL

11 Site; and pest and vector control; and their alleged involvement as

12 arrangers for transport, disposal or treatment and/or as

13 transporters of hazardous substances; and their alleged involvement

14 as owner/operators of facilities where hazardous substances have

15 been treated or disposed.

16 federal and state law.

These claims have been brought under

17 The federal law claims, brought under CERCLA, are based in

18 part on the Settling Local Governmental Entities' alleged

19 involvement as present and past owners and/or operators of

20 facilities at which hazardous substances were disposed by the

21 generator defendants, as persons who arranged for transport,

22 disposal or treatment of hazardous substances, and as persons who

23 accepted hazardous substances for transport to disposal or
",

24 treatment facilities. As alleged in the cross-complaints and the

25 third party complaints, the state law claims, brought under

26 statutory and common law, are based in part on the Settling Local

27 Governmental Entities' alleged statutory and common law

28 responsibilities, alleged involvement in releases of various

5.
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1 substances, their relationship to other dischargers, and their

2 alleged ;esponsibility for contamination and conditions in the

3 contaminated areas, including the Montrose NPL site. A broad range

4 of relief is sought in the cross-complaints and third party

5 complaints, including costs incurred and to be incurred and

6 damages, including natural resource damages relating to the

7 allegations in the First Claim for Relief and to the Montrose NPL

8 site.

9 subsequent to the filing of this action, plaintiffs and the

10 Settling Local Governmental Entities entered into settlement

11 negotiations under the supervision of Special Master Harry V.

12 Peetris pursuant to Pretrial Order No.1, dated March 18, 1991.

13 Those negotiations occurred over the ensuing seventeen month period

14 and resulted in a consent decree that resolved the liability of all

15 of those entities to plaintiffs for natural resource damages and

16 for response costs at the Montrose NPL site as defined in the

17 consent decree approved by the District Court on April 26, 1993

18 (the "1993 Decree"). The District Court approved the 1993 Decree

19 without the Special Master having informed the District Court of

20 the total amount of damages being sought by the Trustees in order

21 to avoid the impairment of the ongoing settlement negotiations with

22 the non-settling defendants.

23 At the time of the settlement negotiations concerning the 1993

24 Decree, the signatories to the 1993 Decree (including these

25 Settling Local Governmental Entities) and the other defendants were

26 aware that in addition to response activities undertaken under

27 CERCLA at the Montrose NPL Site, EPA had conducted a preliminary

28 evaluation under CERCLA of contamination in the Santa Monica Bay

fi .
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1 (hereafter referred ,to as "the Santa Monica Bay CERCLIS site"),

2 which included an evaluation of portions of the Palos Verdes shelf.

3 The signatories to the 1993 Decree further understood that on

4 September 17, 1990, after the filing of this action, EPA determined

5 that it would conduct no further investigation or response

6 activities under CERCLA regarding the Santa Monica Bay CERCLIS

7 site. The signatories to the 1993 Decree understood that EPA's "no

8 further action" determination was subject to reconsideration by

9 EPA, and that nothing in the 1993 Decree was intended to affect the

10 authority or jurisdiction of EPA to take further action. Moreover,

11 the 1993 Decree specifically reserved the authority of EPA to take

12 further action. The signatories to the 1993 Decree also understood

13 that DDT contamination on the Palos Verdes shelf was excluded from

14 EPA's preliminary evaluation of the Santa Monica Bay CERCLIS site

15 and was deferred for possible future evaluation as part of the

16 Montrose NPL Site in the event that EPA decided to extend the

17 Montrose NPL site investigation to the Palos Verdes shelf, which

18 EPA has now done.

19 In addition, the signatories to the 1993 Decree understood at

20 the time of the negotiation of the 1993 Decree that EPA's

21 investigation of the Montrose NPL site was continuing. At that

22 time, the signatories to the 1993 Decree understood that the

23 Montrose NPL site investigation _included the LACSD J. O. "D" and

24 District 5 Interceptor sewer lines, but that the investigation had

25 not extended to the Palos Verdes shelf. The signatories to the

26 1993 Decree further understood that the Montrose NPL site

27 investigation included the stormwater pathway from the former

28 Montrose DDT Plant property downstream to the Consolidated Slip,

7.
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1 but not beyond. The signatories to the 1993 Decree also understood

2 that the geographical extent of the Montrose NPL Site investigation

3 was sUbject to continued re-evaluation by EPA in the course of the

4 continued investigation, and the signatories to the 1993 Decree

5 agreed that nothing in the 1993 Decree was intended to affect the

6 authority or the jurisdiction of EPA to extend the Montrose NPL

7 site investigation or to take other response activities with

8 respect to the Palos Verdes shelf, and accordingly the 1993 Decree

9 specifically reserved the authority of EPA to take such response

10 activities.

11 The terms of the 1993 Decree were based on, inter alia,

12 plaintiffs' evaluation of factors including, but not limited to,

13 the nature and extent of the Settling Local Governmental Entities'

14 involvement in causing the alleged contamination; these entities'

15 past efforts to control and address the sources of such

16 contamination; the alleged natural resource damages and estimated

17 cost of restoration activities on the Palos Verdes shelf portion of

18 the Montrose NRD Area, including possible capping, dredging, and

19 treatment of contaminated sediments, and replacement or acquisition

20 of equivalent resources; the contamination at the Montrose NPL site

21 and estimated cost of response activities at relevant areas of the

22 Montrose NPL Site; past and ongoing efforts of others such as

23 Montrose, in studying contamination at the Montrose NPL Site; and

24 the Settling Local Governmental Entities' cooperation in resolving

25 their liability at a relatively early stage of this litigation.

26 Pursuant to the terms of the 1993 Decree, the settling Local

27 Governmental Entities agreed to make payments of $42,200,000 for

28 natural resource damages and $3,500,000 for response costs. To

8.
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1 date, in accordance with the terms and conditions of the 1993

2 Decree, tne Settling Local Governmental Entities have made payments

3 for damages to natural resources and for response costs into escrow

4 accounts established and maintained by LACSD and the City of Los

5 Angeles, respectively, pursuant to the terms and conditions of the

6 1993 Decree. Under the terms and conditions of the 1993 Decree,

7 the Settling Local Governmental Entities have paid into the escrow

8 account maintained by LACSD the following funds for natural

9 resource damages: i) $1,500,000 pursuant to Paragraph 8.A of the

10 1993 Decree; ii) $7,800,000 pursuant to Paragraph 8.B of the 1993

11 Decree; and iii) $10,000,000, $9,000,000, and $8,000,000 in three

12 payments made pursuant to Paragraph 10.A of the 1993 Decree. In

13 addition, under the terms and conditions of the 1993 Decree, the

14 Settling Local Governmental Entities have paid into the escrow

15 account maintained by the City of Los Angeles the total amount of

16 $3,500,000 for response costs pursuant to the terms of Paragraph

17 17.A of the 1993 Decree.

18 On March 21, 1995, the Ninth Circuit Court of Appeals reversed

19 the decision of the District Court approving and entering the 1993

20 Decree, and remanded the cause to the District Court to determine,

21. in light of further information provided by plaintiffs, "the

22 proportional relationship between the $45.7 million to be paid by

23 the settling defendants and the'governments' current estimate of

24 total potential damages'~ and "to evaluate the fairness of that

25 proportional relationship in light of the degree of liability

26 attributed to the settling defendants," and in light of the

27 numerous "other relevant factors" properly considered in the

28 evaluation of a settlement of this type.

9 •
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1 On March 22,. 1995, the District Court ruled on pre-trial

2 motions previously made by the Montrose-affiliated Defendants and

3 defendant westinghouse Electric Corporation ("Westinghouse"),

4 holding that the collective liability of the Montrose-affiliated

5 Defendants under the First Claim for Relief is limited to the total

6 of all response costs plus a maximum of $50,000,000 for natural

7 resource damages, and that plaintiffs have the burden of proving

8 that any pre-1980 damages for which plaintiffs seek recovery are

9 indivisible from post-1980 damages. The District Court further

10 ruled that the First Claim for Relief is barred by the applicable

11 statute of limitations and ordered the dismissal of that First

12 Claim as against the Montrose-affiliated Defendants and

13 Westinghouse. The District Court subsequently certified its

14 rUlings on the $50,000,000 limitation on damages and on the statute

15 of limitations for interlocutory appeal under 28 U.S.C. § 1292(b).

16 The Court of Appeals thereafter accepted plaintiffs' petitions for

17 appeal of those rUlings, and those appeals are presently pending

18 and unresolved.

19 Notwithstanding the March 21st decision of the Court of

20 Appeals and the March 22nd rulings of the District Court, the

21 Parties hereto remain desirous of resolving all of the contingent

22 liability of the Settling Local Governmental Entities to

23 plaintiffs, DTSC, and the Regional Board with respect to the

24 natural resource damages relating to the Montrose NRD Area and

25 response costs relating to the Montrose NPL site.

26 In pursuing such resolution of liability, plaintiffs, DTSC,

27 the Regional Board, and the Settling Local Governmental Entities

28 seek to revise and to amend the 1993 Decree to take account of

10.
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1 developments occurring since the District court's initial approval

2 of the 1993 Decree ..,. Under the direct supervision of the Special

3 Master, the Parties have reached agreement on the Amended Decree

4 that includes covenants not to sue by the Trustees for natural

5 resource damages for the Montrose NRD Area, and by EPA, DTSC, and

6 the Regional Board for response costs for the Montrose NPL Site,

7 including the offshore areas. In addition, the Settling Local

8 Governmental Entities are provided contribution protection. The

9 basis for this amended agreement is set forth below.

10 The Parties have considered again each of the factors,

11 enumerated above, that were considered by them in connection with

12 the settlement reflected by the 1993 Decree. Additionally, the

13 Parties and the Special Master have considered each of the relevant

14 later developments, including the guidance provided by the Ninth

15 Circuit Court of Appeals in united States· v. Montrose Chemical

16 corp., 50 F.3d 741 (9th Cir. 1995), the Trustees' estimates of

17 resource restoration costs and the value of interim lost use of

18 resources as reported in the Fall of 1994, EPA's announcement on

19 July 10, 1996, regarding its projected response activities at the

20 Montrose NPL site and related adjustments to the Trustees'

21 estimated resource restoration costs and interim lost use claim,

22 plaintiffs' estimate of the potential costs of EPA response action,

23 and an appropriate evaluation in order to estimate costs and

24 damages for settlement purposes for all parties.

25 As a result, the Parties have determined an appropriate

26 settlement amount, which is set forth in this Amended Decree, based

27 on, inter alia, current estimates of total potential costs and

28 damages. In determining the settlement amount, the Parties have

11.
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1 considered the proportional relationship between the amount to be

2 paid by !:he Settling Local Governmental Entities and a current

3 estimate of total potential costs and damages based on a scenario

4 that reasonably may be used to estimate costs and damages for

5 settlement purposes. In assessing the proportional relationship,

6 EPA and the Trustees have considered the relative roles of both the

7 Settling Local Governmental Entities and the generator defendants

8 in creating the conditions that gave rise to EPA's claim for

9 response costs and the Trustees' claim for assessment costs and

10 damages.

11 Plaintiffs' determination of the appropriateness of the

12 settlement amount to be paid by the Settling Local Governmental

13 Entities necessarily considers the fact that the Settling Local

14 Governmental Entities are situated in a manner that is

15 funda.mentally different from the generator defendants vis-.1!-vis th.e

16 plaintiffs' claims for costs and damages.

17 First, the generator defendants are the sources of the problem

18 that is the sUbject of EPA's response activities and the Trustees'

19 restoration program. Plaintiffs' allegations specifically concern

20 the effects of DDT and PCBs. The Montrose-affiliated Defendants

21 (i.e., the DDT defendants) are primarily responsible for the DDT

22 contamination on the Palos Verdes shelf. The PCB defendants were

23 major sources of PCBs. In conirast, the roles of the Settling

24 Local Governmental Entities were sUbstantially different. In

25 general, they were passive conduits of wastewater and stormwater.

26 Thus, any flows of DDT and PCBs that passed through collection

27 system(s) and ocean outfall(s) owned and/or operated by the various

28 Settling Local Governmental Entities to the Palos Verdes shelf are
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1 far less significant to plaintiffs' assessment of relative

2 contribut~on to plaintiffs' claims for costs and damages.

3 Moreover, the volumes of wastewater and stormwater that flowed

4 through collection system(s) and ocean outfall (s) owned and/or

5 operated by the various Settling Local Governmental Entities is not

6 highly significant to plaintiffs' assessment of relative

7 contribution because it is the DDT and PCBs in the wastewater

8 and/or stormwater that gave rise to this action and not the effects I

9 of wastewater or stormwater flow in general.

10 Second, the amounts of DDT and PCBs discharged by the

11 generator defendants were sUbstantial. In united States v.

12 Montrose Chemical Corp., 793 F. supp. 237, 240-241 (C.D. Cal.

13 1992), this Court considered the respective contributions of

14 contaminants to the Palos Verdes shelf of each group of generator

15 defendants and determined that the plaintiffs' settlement

16 methodology was reasonable. The plaintiffs believe that in view of

17 currently available information, the estimates of the contributions

18 of the generator defendants recited in the Court's opinion continue

19 to be reasonable. The Montrose-affiliated Defendants are

20 responsible for the discharge of approximately 5.5 million pounds

21 of DDT, westinghouse is responsible for the discharge of

22 approximately 38,000 pounds of PCBs, and settling defendants

23 Potlatch Corporation and Simpson 'paper Company are responsible for

24 the discharge of approximately 4,500 pounds of PCBs.

25 Third, the Settling Local Governmental Entities were largely

26 if not completely unaware of the discharge of DDT in the wastewater

27 from the Montrose DDT plant, the runoff of DDT contaminated

28 stormwater from the Montrose DDT Plant Property to the Los Angeles

13.
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1 Harbor, or the massive ocean dumping by Montrose of its DDT waste

2 until well after the vast amount of DDT had been discharged by the.,.
3 DDT defendants.

4 Fourth, because the Settling Local Governmental Entities were

5 and are not-for-profit pUblic entities obligated to provide

6 essential public services through the operation of sewer systems

7 and stormwater channels, they are unlike the generator defendants

8 that discharged the DDT and PCBs at issue as part of for-profit

9 enterprises.

10 Fifth, the Settling Local Governmental Entities, in particular

11 LACSD, undertook significant actions to halt the discharge of· DDT

12 and PCBs from the Montrose DDT Plant Property, the Westinghouse

13 plant and the Potlatch/Simpson plant. Those actions began with

14 LACSD's early efforts to monitor discharges from its outfalls,

15 efforts to identify the source of DDT that was identified in the

16 effluent, efforts to curtail the Montrose DDT discharge as early as

17 1969, and subsequent efforts to identify and curtail industrial

18 sources of PCBs. LACSD's efforts resulted in large reductions in

19 the amounts of those contaminants in the discharge from the

20 outfalls involved herein, including a massive decline in DpT

21 discharge from the White's Point outfall after the Montrose DDT

22 Plant Property ceased discharging its process waste to the LACSD

23 sewer. In addition, LACSD has engaged in sUbstantial monitoring on

24 the Palos Verdes shelf and the results of the LACSD monitoring were

25 made available to, and used by, the Trustees to better understand

26 the conditions currently existing on the Palos Verdes shelf.

27 Sixth, the stormwater channels and outfalls owned and/or

28 operated by Settling Local Governmental Entities, other than

14.
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1 LACSD's White's Point Outfall, and other activities by Settling,

2 Local Governmental Entities are believed to have contributed far

3 lower quantities of DDT and PCBs to the area which is the sUbject

4 of this action (to the extent that they contributed any DDT or

5 PCBs). In addition, those contributions, if any, are understood to

6 be in areas with a less direct relationship to the areas which are

7 the sUbject of the plaintiffs' claims.

8 Seventh, the Montrose-affiliated Defendants, as the owners and

9 operators of the plant at which the DDT was manufactured and from

10 which the DDT was released into the environment, not the Settling

11 Local Governmental Entities, bear the overwhelming responsibility

12 for the DDT contamination of the groundwater and soil underlying

13 the Montrose DDT Plant Property, the stormwater channels (including

14 the Kenwood Drain, the Torrance Lateral, and the Dominguez Channel)

15 and the Consolidated Slip, the LACSD sewers, and nearby

16 neighborhoods. Of the Settling Local Governmental Entities only

17 LACSD, the County of Los Angeles, and the City of Los Angeles, as

18 the owners of the sewers, the stormwater channels, and pUblic

19 rights-of-way that are contaminated with Montrose DDT waste, can

20 conceivably have any "factual responsibility" for the cleanup .of

21 DDT and other hazardous substances released or dumped by the

22 Montrose-affiliated Defendants, and their responsibility is minimal

23 when compared with that of the M~ntrose-affiliatedDefendants who

24 are responsible for manufacturing and formulating the DDT and

25 releasing it into the environment including the sewers, the

26 stormwater channels and the pUblic rights-of-way.

27 Eighth, the Settling Local Governmental Entities continue to

28 cooperate with plaintiffs in resolving their potential liability
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1 relatively early in the suit, and without contested litigation. By

2 agreeing ~o payment of the settlement amount, the Settling Local

3 Governmental Entities have assumed both the risk that such amount

4 might later prove to be an overestimate and the possibility that

5 such total amount might later prove to have been underestimated.

6 Additionally, plaintiffs have considered of particular signif icance

7 the continued high degree of cooperation of the Settling Local

8 Governmental Entities with plaintiffs as evidenced by their

9 continued willingness to resolve this lengthy action without

10 further litigation or trial, despite rUlings of the District Court

11 that, if affirmed by the Court of Appeals, would have serious

12 adverse effect upon plaintiffs' positions herein.

13 The Parties further recognize that the District Court's

14 rUlings of March 22, 1995, as they presently stand, both bar and

15 preclude any recovery of damages under the First Claim for Relief

16 and limit the potential amount of such recovery if recovery is not

17 totally barred and precluded. Further, the fact that plaintiffs

18 now have the burden of proving that any pre-1980 damages for which

19 plaintiffs seek recovery are indivisible from post-1980 damages

20 also may limit plaintiffs' ability to recover all damages alleged

21 under the First Claim for Relief.

22 In estimating possible damages and costs for settlement

23 purposes, the Parties recognize"that control of the contaminated

24 offshore sediments through response activities by EPA on the Palos

25 Verdes shelf more than likely will be based upon an evaluation of

26 similar approaches, involving similar types of costs, and achieving

27 similar results, as would have been obtained through physical

28 restoration by the Trustees of those same offshore areas of the
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1 Montrose NRD Area had that action been taken by the Trustees,

2 except €hat EPA has greater statutory and administrative

3 flexibility in the manner in which it undertakes response

4 activities. The plaintiffs believe that EPA's flexibility will

5 result in the incurrence of lower expenses for physical activities

6 that are similar to those that the Trustees evaluated. Thus, the

7 Trustees' 1994 estimate for physical restoration activity is not

8 believed to reflect the actual costs to EPA of a response action on

9 the Palos Verdes shelf and the Trustees' estimates may in fact

10 exceed the actual costs of the EPA response action.

11 Based on the above-recited considerations, and without

12 limiting the Governments' position at trial, the Governments'

13 current estimate of total damages and costs for settlement purposes

14 is between $225 million and $250 million. For the purposes of

15 settlement, the payment of $45.7 million by the Settling Local

16 Governmental Entities under this Amended Decree is reasonable. It

17 reflects a proportion of about one-fifth to be paid by the Settling

18 Local Governmental Entities, which is more than reasonable given

19 their limited role, as set forth above, and their cooperation in

20 settlement.

21 The united States and the State also have agreed on the

22 application of the settlement funds between EPA/DTSC response costs

23 relating to the Montrose NPL Site" (as defined herein to inclUde the

24 effluent-affected sediments on the Palos Verdes shelf) and the

25 Trustees' damage assessment costs and natural resource damages

26 relating to the Montrose NRD Area. The United States and the State

27 have agreed that the Settling Local Governmental Entities should

28 pay a total of $23,700,000 to the Trustees for natural resource
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1 damages and costs which amounts to approximately one-fifth of the

2 Trustees '.,. total damages and costs as estimated for settlement

3 purposes. Similarly, the United States and the state have agreed

4 that the Settling Local Governmental Entities should pay a total of

5 $22,000,000 to EPA and DTSC for response costs which also amounts

6 to approximately one-fifth of EPA's and DTSC's total response costs

7 as estimated for settlement purposes.

8 In determining the settlement amount paid for EPAjDTSC

9 response costs and for the Trustees' damage assessment costs and

10 natural resource damages, the United states and the State have

11 considered the current estimates of potential costs and damages and

12 the proportional relationship between the amount to be paid in

13 settlement and potential costs and damages, and the court decisions

14 noted above. In addition, the united States and the State have

15 considered the total amount of available settlement funds, the

16 expenses incurred by the Trustees in connection with the

17 characterization of the effluent-affected DDT and PCB contaminated

18 sediment deposit on the Palos Verdes shelf and the assessment of

19 the contaminated sediments on the environment and the usefulness of

20 much of their work to EPA; EPA's current estimate of the expenses

21 associated with initiating response activity on the Palos Verdes

22 shelf; the Trustees' current estimates of the funds required to

23 initiate scoping studies with resPect to the planning of biological

24 restoration programs designed to aid in the recovery of injured

25 trust resources; and the availability of funds from the settlement

26 with Potlatch Corporation and Simpson Paper Company.

27 All claims against the Settling Local Governmental Entities,

28 including claims for costs, damages, contribution, and other
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1 claims, are addressed and covered by this Amended Decree. This

2 Amended Decree resolves the Settling Local Governmental Entities'

3 liability to the United states, on behalf of the Federal Trustees,

4 and the state, on behalf of the State Trustees, for natural

5 resource damages alleged in the Complaint with respect to the

6 Montrose NRD Area, and liability to the united states and the state

7 for response costs incurred and to be incurred in connection with

8 the Montrose NPL Site, as defined herein, and provides contribution

9 protection to the Settling Local Governmental Entities for all

10 matters addressed herein. Except where otherwise specifically

11 stated, this Amended Decree is intended to cover all past and

12 future response cost claims which the united States and the state

13 (through its authorized agencies) may have with respect to the

14 Montrose NPL site against the Settling Local Governmental Entities.

15 This settlement is made in good faith after arms-length

16 negotiations conducted under the supervision of Special Master

17 Harry V. Peetris pursuant to Pretrial Order No.1. Entry of this

18 Amended Decree is the most appropriate means to resolve the matters

19 covered herein and is fair, reasonable and in the .public interest.

20 NOW, THEREFORE, IT IS HEREBY ORDERED, ADJUDGED, AND DECREED:

21 JURISDICTION AND VENUE

22 1. For purposes of entry and enforcement of this Amended

23 Decree only, the Parties to this Amended Decree agree that the

24 Court has personal jurisdiction over the Parties and has

25 jurisdiction over the sUbject matter of this action and the Parties

26 to this Amended Decree pursuant to 28 U.S.C. §§ 1331, 1345, and

27 1367, and sections 106, 107, and 113(b) of CERCLA, 42 U.S.C.

28 §§ 9606, 9607, and 9613(b), and the principles of supplemental
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1 jurisdiction. Solely for the purposes of this Amended Decree, the

2 Parties waive all objections and defenses that, they may have to
.,.

3 jurisdicti,on of the Court or to venue in this District and to

4 service of process. Nothing herein shall constitute: an admission

5 or a finding that this court has jurisdiction over the cross-claims

6 or third party complaints against the Settling Local Governmental

7 Entities or over any counterclaims against plaintiffs; an admission

8 or finding that any counterclaim, cross-claim or third party

9 complaint states a claim upon which relief may be granted; or a

10 waiver of any defenses to any such counterclaim, cross-claim or

11 third party complaint.

12 SETTLING LOCAL GOVERNMENTAL ENTITIES

13 2. The Settling Local Governmental Entities that are Parties

14 to this Amended Decree are listed in Attachment A to this Amended

15 Decree and for purposes of implementing Paragraphs 8 through 12

16 herein are further delineated in Attachment B to this Amended

17 Decree as the Category I entities (i. e., LACSD and the var ious

18 other county sanitation districts of Los Angeles County) and the

19 Category II entities (i.e., the other Settling Local Governmental

20 Entities).

21 APPLICABILITY OF AMENDED DECREE

22 3 • The provisions of this Amended Decree, including the

23 covenants not to sue and contribution protection, shall be binding

24 on, apply to, and inure to the benefit of the United States and the

25 State, and to the Settling Local Governmental Entities and their

26 agencies and departments, including those that may be sued

27 independently, both proprietary and non-proprietary, and including

28 their past, present and future officials, directors, employees,
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1 predecessors, successors and assigns. No change in the ownership

2 or organizational form or status of any Settling Local Governmental

3 Entity shall affect its rights or obligations under this Amended

4 Decree.

5 EFFECT OF SETTLEMENT/ENTRY OF JUDGMENT

6 4. This Amended Decree was negotiated and executed by the

7 Parties hereto in good faith at arms-length to avoid the

8 continuation of expensive and protracted litigation and is a fair

9 and equitable settlement of claims which were vigorously contested.

10 The execution of this Amended Decree is not, and shall not

11 constitute or be construed as, an admission of liability by any of

12 the Parties to this Amended Decree, nor is it an admission or

13 denial of any of the factual allegations set out in the Complaint,

14 counterclaims, cross-claims, or third party complaints, or an

15 admission of violation of any law, rule, regulation, or policy by

16 any of the Parties to this Amended Decree. Nothing in this Amended

17 Decree is intended to affect the authority or jurisdiction of EPA

18 to take action beyond the boundaries of the Montrose NPL Site.

19 5. upon approval and entry of this Amended Decree by the

20 Court, this Amended Decree shall constitute a· final jUdgme.nt

21 between and among the united States and the State, and the Settling

22 Local Governmental Entities.

23 DEFINITIONS

24 6. This Amended Decree incorporates the definitions set

25 forth in section 101 of CERCLA, 42 U.S.C. § 9601. In addition,

26 whenever the following terms are used in this Amended Decree, they

27 shall have the following meanings:

28 A. "Damage Assessment Costs" shall mean all costs associated
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with the planning, design, implementation and oversight of the

Trustees r damage assessment process, which addresses the fact,

extent and quantification of the injury to, destruction of or loss

of natural resources and the services provided by these resources

resulting from releases of hazardous substances alleged in the

First Claim for Relief in the Complaint, and with the planning of

restoration or replacement of such natural resources and the

services provided by those resources, or the planning of the

acquisition of equivalent resources or services, and any other

costs necessary to carry out the Trustees' responsibilities with

respect to those natural resources, including all related

enforcement costs.

B. "Date of Execution of the 1993 Decree" shall mean

November 2, 1992, which is the date by which the 1993 Decree was

signed by all of the following: the authorized representatives of

each of the Settling Local Governmental Entities, of the State, and

of the EPA, and by the Assistant Attorney General of the

Environment and Natural Resources Division of the United States

Department of Justice.

C. "Date of Execution of this Amended Decree" shall mean the

date by which this Amended Decree has been signed by all of the

following: the authorized representatives of each of the Settling

Local Governmental Entities, of the state, and of the EPA, and by

the Assistant Attorney General of the Environment and Natural

Resources Division of the United States Department of Justice.

D. "Date of Initial Approval of this Amended Decree" shall

mean the date on which this Amended Decree has been initially

approved and signed by the United States District Court.

22.
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1 E. "Date of Final Approval of this Amended Decree" shall

2 mean the ""later of (1) the date on which the Distr ict Court has

3 approved and entered this Amended Decree as a judgment and all

4 applicable appeal periods have expired without an appeal being

5 filed, or (2) if an appeal is taken, the date on which the District

6 Court's judgment is affirmed and there is no further right to

7 appellate review.

8 F. "Joint Outfall system" shall mean that wastewater

9 collection, treatment and disposal facility of certain county

10 sanitation districts of Los Angeles County discharging effluent

11 through the White's Point Outfall and consisting of the Joint Water

12 Pollution Control Plant and the associated sewers, pumping plants,

13 inland water reclamation plants, treatment plants, treatment plant

14 outfall sewers and incidental sanitation works operated pursuant to

15 the 1995 Amended Joint Outfall Agreement by LACSD and as defined

16 therein, including subsequent modifications to that system, as

17 contemplated by that agreement.

18 G. "Montrose-affiliated Defendants" shall mean,

19 collectively, the Montrose Chemical Corporation of California

20 ("Montrose"), Chris-Craft Industries, Inc. ("Chris-Craft"), Rhone-

21 Poulenc Basic Chemicals Co. ("Rhone-Poulenc") now a division of

22 Rhone-Poulenc, Inc., Atkemix Thirty-Seven, Inc. ("Atkemix") ,

23 Stauffer Management Company, and ZENECA Holdings Inc. formerly

24 known as ICI American Holdings, Inc. ("ICI").

25 H. "Montrose DDT Plant property" shall mean for purposes of

26 this Amended Decree the thirteen (13) acre parcel at 20201 South

27 Normandie Ave., Los Angeles, California 90044, which is the site of

28 Montrose Chemical Corporation of California's former DDT production
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1 and formulation plant. The Montrose DDT Plant Property is part of

2 the Montrose NPL Site.

3 I. ""Montrose NPL Site" for purposes of this Amended Decree,

4 includes, but is not limited to, the Montrose DDT Plant Property;

5 the real property located at 1401 West Del Amo Boulevard, Los

6 Angeles, California and owned by Jones Chemicals, Inc.; those

7 portions of the Normandie Avenue Ditch adjacent to and south of

8 20201 South Normandie Avenue; the Kenwood Drain; the Torrance

9 Lateral; the Dominguez Channel (from Laguna Dominguez to the

10 Consolidated Slip); the portion of the Los Angeles Harbor known as

11 the Consolidated Slip from the mouth of the Dominguez Channel south

12 to, but not including or proceeding beyond, Pier 200B and Pier

13 200Y; the LACSD's J.O. "0" sewer from manholes 033 to 05

14 (approximately Francisco Street to 234th Street); the District 5

15 Interceptor sewer from manholes A475 to A442 (approximately

16 Francisco Street to Sepulveda Boulevard); the real property on

17 which the sewer rights-of-way are located for those portions of the

18 District 5 Interceptor and J.O. "0" sewer identified above; the

19 real property burdened by the adjacent railroad right-of-way for

20 those portions of the District 5 Interceptor and J.O. "0" sew.er

21 identified above; the "Montrose CERCLA Removal site" as defined in

22 EPA Region IX's Unilateral Administrative Order 95-18, Findings of

23 Fact at § 3, , 2, dated June 7, 1995; those areas of the Palos

24 Verdes shelf where effluent-affected DDT- and/or PCB-contaminated

25 sediments have corne to be located, respectively; and any other

26 areas that EPA determines to be part of the EPA Montrose NPL site

27 investigation; except that the Montrose NPL site shall not include,

28 for purposes of this Amended Decree, the following locations:
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1 (1) any other location or area designated as a hazardous

2 substance release site pursuant to the California Hazardous

3 Substance Account Act, California Health and Safety Code

4 §§ 25300 et seq., or which is the sUbject of a cleanup or

5 abatement order pursuant to the Porter-Cologne Water

6 Quality Control Act, California Water Code §§ 13000, et

7 seq., other than the area defined herein as the Montrose

8 NPL site, at which one or more hazardous substances

9 released from the Montrose DDT Plant Property or from the

10 plant(s) once operated there have come to be located;

11 (2) any other location or area listed on, proposed for or

12 added by EPA to, the National Priorities List (currently

13 found at 40 C.F.R. Part 300, Appendix B), other than the

14 area defined herein as the Montrose NPL Site, at which

15 one or more hazardous substances released from the

16 Montrose DDT Plant Property or from the plant(s) once

17 operated there have come to be located; and

18 (3) the proposed Del Amo NPL Site as it may be defined by

19 EPA.

20 J. "Montrose NRD Area" shall mean for purposes of this

21 Amended Decree the area defined in the 1993 Decree as the Montrose

22 NRD site and shall mean the area in and around the Channel Islands,

23 the Palos Verdes shelf, the San Pedro Channel inclUding Santa

24 Catalina Island, and the Los Angeles and Long Beach Harbors as

25 described in the Complaint and as described in the draft Damage

26 Assessment Plan and draft Injury Determination Plan published by

27 the Trustees on February 6, 1990 and March 8, 1991, respectively.

28 K "Parties" shall mean each of the signatories· to this
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1 Amended Decree.

2 L. "I:latural Resource Damages" shall mean damages, including

3 loss of u.se, restoration costs, resource replacement costs or

4 equivalent resource values, and Damage Assessment Costs, and

5 response costs incurred by the Trustees, with respect to injury to,

6 destruction of, or loss of any and all natural resources in and

7 around the Montrose NPL site and the Montrose NRD Area.

8 M. "Response Costs" shall mean for purposes of this Amended

9 Decree all costs of response as provided in section 107(a) (1-4) (A)

10 of CERCLA, 42 U.S.C. § 9607(a) (1-4) (A), and as defined in Section

11 101(25) of CERCLA, 42 U.S.C. § 9601(25), that the United states or

12 the State have incurred or will incur with respect to the Montrose

13 NPL site.

14 NATURAL RESOURCE CLAIM PAYMENTS

15 7. The settling Local Governmental Entities shall pay to the

16 Trustees a total sum of $23,700,000 plus all interest accrued on

17 all funds deposited in the escrow account (the "Escrow")

18 established in accordance with Paragraph 8.A of the 1993 Decree

19 (the "Settlement Amount") for the promises and undertakings of the

20 Trustees herein, with the Settling Local Governmental Entities

21 jointly and severally responsible for this obligation except as

22 hereinafter provided in Paragraphs 8 through 10. The Settlement

23 Amount shall be paid by the disbursement of funds paid into the

24 Escrow established in accordance with Paragraph 8.A of the 1993

25 Decree, and maintained under Paragraph 8.A of this Amended Decree.

26 The provisions of this Amended Decree are not intended to and shall

27 not be interpreted to restrict the ultimate authority and

28 discretion of the Trustees to determine the use of settlement funds
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1 received for Natural Resource Damages in accordance with the

2 provisio~ of CERCLA and regulations issued thereunder. Nor are

3 the provisions of this Amended Decree intended to restrict the

4 right of the Settling Local Governmental Entities to allocate

5 responsibility for payment of the Settlement Amount by agreement

6 among themselves, provided that no such allocation is binding on

7 the Trustees.

8 8. A. The Category I entities shall continue to maintain the

9 Escrow established for the deposit of payments by the Category I

10 and Category II entities pursuant to the 1993 Decree, with said

11 Escrow bearing interest on commercially reasonable terms, in a

12 federally-chartered bank with an office in the State of California.

13 The Category I entities shall bear all costs of maintaining the

14 Escrow. The category I entities shall notify the Trustees in

15 writing of any payments to or disbursements from the Escrow and

16 provide on request all documentation concerning the account,

17 including any agreements concerning the determination of interest

18 rates.

19 B. Subject only to the provisions of Paragraph B.C, the

20 obligations of the Category I entities and of the category II

21 entities establishing and maintaining the Escrow as specified in

22 the 1993 Decree are contractual obligations to the Trustees under

23 the 1993 Decree, and shall-remain contractual obligations

24 enforceable under the terms and conditions of this Amended Decree

25 effective as of the Date of Execution of this Amended Decree, and

26 those obligations shall be enforceable as a matter of contract law

27 until such time as this Amended Decree is finally entered py the

28 Court. The consideration for these contractual undertakings by the
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1 category I entities and by the category II entities includes the

2 immediate;. cessation of litigation activities by the Trustees

3. against those entities until a determination is made by the

4 District court as to the entry of this Amended Decree.

5 C. All settlement funds paid into the Escrow shall remain in

6 the Escrow and may not be withdrawn except to make the payment

7 required by Paragraph 9.A of this Amended Decree or as specified in

8 Paragraph 14.F of this Amended Decree or unless a final jUdicial

9 determination is made that entry of this Amended Decree will not be

10 approved, and one of the Parties to this Amended Decree exercises

11 its option pursuant to Paragraph 29 to void the agreement. If that

12 latter event occurs, all sums paid into the Escrow and all accrued

13 interest shall be returned to the Category I entities and to the

14 appropriate Category II entities.

15 9. within ten (10) working days after the Date of Final

16 Approval of this Amended Decree, the amount of $23,700,000,

17 together with all interest that has accrued on all settlement funds

18 in the Escrow since the Date of Execution of the 1993 Decree, and

19 except as otherwise provided in Paragraph 14.B, shall be paid to

20 the Trustees, payment to be made as follows:

21 A. The Category I entities, for themselves and the Category

22 II entities, shall cause that amount to be paid from the Escrow

23 into the Registry of the court, CUnited states District Court for

24 the Central District of California, to be administered by the

25 Registry of the Court for the Trustees. This payment shall be made

26 in the manner specified in Paragraph 9.B below, and the amount so

27 paid and any interest thereon shall be administered and disbursed

28 as provided in Paragraphs 9.C and 9.D below.
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1 B. The payment described in Paragraph 9.A shall be made by

2 certified or bank check or warrant payable to the "Clerk, United

3 States Dis:trict Court." The check or warrant shall include on its

4 face a statement that it is a payment in civil Action No. CV 90-

5 3122 AAH (JRx) (C.D. CaL), and shall be sent to:

6

7

8

Office of the Clerk
United states District Court for

the Central District of California
312 North spring street
Los Angeles, CA 90012.

9 The Category I entities, as Escrow holder, shall cause copies of

10 the check or warrant and of any transmittal letter accompanying the

11 check or warrant to be sent to the Trustees as provided in

12 Paragraph 37 of this Amended Decree.

13 C. The Registry of the Court shall administer all amounts

14 paid under Paragraph 9.A in an interest bearing joint account

15 ("Registry Account") as provided in the Order Directing the Deposit

16 of Settlement Amount into the Registry of the Court ("Deposit

17 Order") issued by the District Court pursuant to Rule 67 of the

18 Federal Rules of civil Procedure, 28 U.S.C. § 2041, and Local Rule

19 22 of the Local Rules for the Central District of California. The

20 Deposit Order shall be attached to this Amended Decree and shall be

21 entered by the District Court at the time of entry of this Amended

22 Decree.

23 D. All settlement funds and all interest accrued thereon in

24 the Registry Account shall be held in the name of the "Clerk,

25 United states District Court," for the benefit of the Trustees.

26 All disbursements from the Registry Account shall be made to the

27 Trustees by order of the Court in accordance with the provisions of

28 28 U.S.C. § 2042 and the Local Rules for the Central District of
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1 California.

2 10 . ..,. A. For purposes of this Amended Decree, and without any

3 admission by LACSD, the Parties acknowledge that LACSD has a'

4 special interest in the elimination or control of hazardous

5 substance contamination in the marine sediments underlying the

6 waters in and around the White's Point outfall. For purposes of

7 this Amended Decree', and without any admission by the City of Los

8 Angeles and the city of Long Beach, the Parties likewise

9 acknowledge that the City of Los Angeles and the City of Long Beach

10 have a special interest in the elimination or control of hazardous

11 substance contamination in the Los Angeles-Long Beach Harbors. In

12 recognition of the special interest of LACSD, Los Angeles County

13 and the cities of Los Angeles and Long Beach, respectively, the

14 Trustees agree that representatives of those entities may

15 participate on an advisory panel to the Trustees in the development

16 of the final restoration plan (if, and when, a final restoration

17 plan is developed), and in that role shall have reasonable

18 opportunity to provide input to the Trustees regarding that plan.

19 The Trustees shall nonetheless have the ultimate responsibility and

20 authority for the adoption, development and implementation of any

21 restoration plan. The Trustees' agreement to the creation of this

22 advisory panel shall not be interpreted to require consultation

23 with that panel regarding development of factual information or

24 legal positions with respect to the conduct of the damage

25 assessment or the litigation of this case or that the panel will

26 have the right to vote on any plan proposals.

27 COVENANTS NOT TO SUE FOR NATURAL RESOURCE DAMAGES

28 11. Except as specifically provided in Paragraphs 12 and 13
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1 of this Amended Decree, the United States, and the state, and

2 agencies or instrumentalities thereof, each hereby covenants not to

3 sue or to take any other civil or administrative action against any

4 of the Settling Local Governmental Entities for any and all civil

5 or administrative liability to the united States, the state, and

6 agencies or instrumentalities thereof, for Natural Resource Damages

7 under CERCLA, 42 U.S.C. 55 9601 et seq., or under any other

8 federal, state or common law. The foregoing covenants not to sue

9 represent a restatement of the covenants currently in effect

10 pursuant to Paragraph 14 of the 1993 Decree. The 1993 Decree

11 covenants shall remain in effect until the Date of Initial Approval

12 of this Amended Decree. Upon the Date of Initial Approval of this

13 Amended Decree, the 1993 Decree covenants shall no longer be in

14 effect and shall be superseded by the covenants set forth in this

15 Paragraph, which shall remain in effect so long as the Settling

16 Local Governmental Entities are fUlfilling their obligations under

17 this Amended Decree, and sUbject to the Parties' rights to void

18 this Amended Decree pursuant to Paragraph 29. The united States,

19 and the State, and agencies or instrumentalities thereof, further

20 agree that since the category II entities have paid the entire sum

21 required to be paid by them into the Escrow in accordance with

22 Paragraph 8.B of the 1993 Decree all their obligations hereunder

23 with respect to claims for Natural Resource Damages, except as

24 provided in Paragraph 41 of this Amended Decree, have been

25 completely fulfilled, with the category I entities continuing to be

26 obligated under all provisions of this Amended Decree regarding

27 Natural Resource Damages.

28
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RESERVATION OF RIGHTS FOR NATURAL RESOURCE DAMAGES1

2 12. A.

c (

Notwithstanding any other provision of this Amended

3 Decree, the Trustees reserve the right to institute proceedings

4 against any Settling Local Governmental Entity in this action or in

5 a new action seeking recovery of Natural Resource Damages, as

6 defined herein, based on (1) conditions unknown to the Trustees on

7 the Date of Execution of this Amended Decree that contribute to

8 injury to, destruction of, or loss of natural resources ("Unknown

9 Conditions") i or (2) information received by the Trustees after the

10 Date of Execution of this Amended Decree which indicates there is

11 injury to, destruction of, or loss of natural resources, of a type

12 unknown to the Trustees as of the Date of Execution of this Amended

13 Decree ("New Information").

14 B. An increase solely in the Trustees' assessment of the

15 magnitude of the injury, destruction or loss to natural resources,

16 or in the estimated or actual Natural Resource Damages shall not be

17 considered to be Unknown Conditions or New Information within the

18 meaning of Paragraph 12.A (1) or (2), nor shall a determination by

19 the Trustees that a previously identified natural resource injury

20 was caused by that party's release of a hazardous sUbstanc,e,

21 inclUding hazardous substances other than PCBs or DDT, be

22 considered New Information or Unknown Conditions.

23 C. The Settling Local Go~ernmental Entities reserve their

24 right to contest any proceeding allowed by Paragraphs 12.A and 13

25 of this Amended Decree, and do not by consenting to this Amended

26 Decree waive any defenses, except to the extent specified in

27 Paragraph 20. C of this Amended Decree. In the event that the

28 Trustees institute proceedings under Paragraph 12.A of this Amended
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1 Decree, the Settling Local Governmental Entities reserve the right

2 to asser1! potential cross-claims, counterclaims or third party

3 claims against the United States or the State, or any employee,

4 officer, agency or instrumentality thereof, relating solely to such

5 claims asserted by the Trustees pursuant to Paragraph 12.A.

6 Nothing in this Amended Decree shall' be deemed to constitute

7 preauthorization of a claim within the meaning of section 111 of

8 CERCLA, 42 U.S.C. S 9611.

9 D. In addition to defenses that may be asserted by the

10 Settling Local Governmental Entities pursuant to Paragraph' 12. C

11 above, and a defense that a future release of hazardous substances

12 now present in the sediments of the Palos Verdes shelf was the

13 result of conditions or information known to the Trustees on the

14 Date of Execution of this Amended Decree, the Settling Local

15 Governmental Entities will not be liable for Natural Resource

16 Damages arising from a future release of hazardous substances now

17 present in the sediments of the Palos Verdes shelf, to the extent

18 that it is established that the release, the injury to natural

19 resources, and the Natural Resource Damages, resulted from LACSD's

20 institution of full secondary treatment of wastewater flows through

21 the White's Point outfall.

22 13. Notwithstanding any other provision of this Amended

23 Decree, the covenants not to sue'in Paragraph 11 shall apply only

24 to matters addressed in Paragraph 11 and specifically shall not

25 apply to the following claims:

26 A. claims based on a failure by the Settling Local

27 Governmental Entities to satisfy the requirements of this Amended

28 Decree;
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1 B. claims for criminal liability;

2 C. claims for violations of any other federal, state or

3 local law or permit, including but not limited to violations of the

4 Clean Water Act, 33 U.S.C. §§ 1311, et seq., and any National

5 Pollutant Discharge Elimination System ("NPDES") permit issued

6 thereunder, and the Porter-Cologne Water Quality Control Act,

7 California Water Code §§ 13000, et seq.; and

8 D. claims arising from the past, present, or future

9 disposal, release or threat of release of hazardous substances that

10 do not involve the Montrose NPL site and/or the Montrose NRD Area.

11 PAYMENTS WITH RESPECT TO RESPONSE ACTIVITIES

12 14. A. The Settling Local Governmental Entities shall pay

13 to the united States and the State a total sum of $22,000,000 (the

14 "Montrose NPL site Response Cost Settlement Amount"). The Montrose

15 NPL site Response Cost Settlement Amount shall be paid through

16 monetary payments in accordance with the terms of Paragraphs 14.B

17 through 14.G below.

18 B. The Settling Local Governmental Entities, through the

19 City of Los Angeles as their agent, shall continue to maintain the

20 escrow account ("Response Costs Escrow") estab"lished by those

21 Parties pursuant to the 1993 Decree, inclUding all settlement funds

22 that have been deposited therein, to wit, $3,500,000, and any

23" interest that has accrued thereon since the date of deposit with

24 said Response Costs Escrow continuing to bear interest on

25 commercially reasonable terms, in a federally-chartered bank with

26 an office in the State of California. The settling Local

27 Governmental Entities shall pay into the Response Costs Escrow

28 those additional amounts set forth below on the dates indicated
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1 below:

(
,,- ;-

(

2 . January 15, 1997: $5,900,000.00

3 In addition, within ten (10) working days after the Date of Initial

4 Approval of this Amended Decree, the amount of $12,600,000,

5 together with all interest that has accrued on that amount since

6 the Date of Execution of this Amended Decree in the Escrow

7 maintained pursuant to Paragraph 8.A of this Amended Decree, shall,

8 be paid into the Response Costs Escrow.

9 C. The Settling Local Governmental Entities shall bear all

10 costs of establishing the Response Costs Escrow. The city of Los

11 Angeles, acting as agent for the Settling Local Governmental

12 Entities, shall notify EPA and the State immediately after the

13 above payments have been made, and will provide on request all

14 documentation concerning the account, inclUding any agreement

15 concerning the determination of interest rates.

16 D. subject only to the provisions of Paragraph 14. E, the

17 obligations of the Settling Local Governmental Entities to continue

18 to maintain the Response Costs Escrow and to pay the amounts

19 specified above into the Response Costs Escrow within the specified

20 times are contractual obligations to the United States and the

21 State, effective as of the Date of Execution of this Amended

22 Decree, and those obligations shall be enforceable as a matter of

23 contract law regardless of when br whether this Amended Decree is

24 finally entered by the Court. The consideration for these

25 contractual undertakings by the Settling Local Governmental

26 Entities includes the immediate cessation of litigation activities

27 by the united States and the State against the Settling Local

28 Governmental Entities until a determination is made by the District
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1 Court as to the entry of this Amended Decree.

2 E. ~ll settlement funds paid into the Response Costs Escrow'

3 shall remain in the Response Costs Escrow and may not be withdrawn

4 except to make the payments required by paragraphs 14.F and 14.G of i

5 this Amended Decree or unless a final jUdicial determination is,

6 made that entry of this Amended Decree shall not be approved, and

7 one of the Parties, to this Amended Decree exercises its option

8 pursuant to Paragraph 29 to void the agreement. If that latter

9 event occurs, all sums paid into the Response Costs Escrow and all

10 accrued interest shall be returned to the Settling Local

1'1 Governmental Entities.

12 F. within ten (10) working days after the Date of Final

13 Approval of this Amended Decree, the settling Local Governmental

14 Entities shall pay to the State from the Response Costs Escrow the

15 sum of $140,000, together with a pro rata share of all interest

16 that has accrued on that amount since the Date of Execution of this

17 Amended Decree. The payment to the State shall be made by

18 certified check made payable to "Cashier, California Department of

19 Toxic Substances Control," and shall bear on its face this case

20 name and number. Payment shall be mailed to:

21

, 22

23

Department of Toxic Substances Control
Accounting/Cashier
400 P Street, 4th Floor
P.O. Box 806
Sacramento, CA 95812-0a06

24 Notice of said payment shall be given to the State as provided in

25 Paragraph 37 of this Amended Decree.

26 G. The payment to the United States shall be in the sum of

27 $21,860,000, together with a pro rata share of all interest that

28 has accrued on this amount as specified in this Paragraph 14.G.
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( c.
1 Within ten (10) working days after the Date of Final Approval of

2 this Amended Decree, the Settling Local Governmenta·l Entities shall

3 make payments to the United States from the Response Costs Escrow

4 as follows: 1) $2,500,000, together with all interest that has

5 accrued on the $3,500,000 deposited in the Response Costs Escrow

6 established pursuant to Paragraph 17 of the 1993 Decree, to the

7 "united States Environmental Protection Agency, Montrose Chemical

8 National Priorities List Superfund site Special Account", 2)

9 $1,000,000 for past response costs incurred by EPA with respect to

10 the Montrose NPL site for deposit by EPA in the Hazardous Substance

11 Superfund, and 3) $3,500,000, together with a pro rata share of

12 interest that has accrued since ten (10) working days after the

13 Date of Initial Approval of this Amended Decree, to the "united

14 States Environmental Protection Agency, Montrose Chemical National

15 Priorities List Superfund Site-Palos Verdes Shelf Operable unit

16 Special Account".

17 On January 30, 1997, or ten (10) days after the Date of Final

18 Approval of this Amended Decree, whichever is later, the Settling

19 Local Governmental Entities shall pay from the Response Costs

20 Escrow the sum ot' $14,860,000, together with all remaining sums

21 that have accrued in the Response Costs Escrow established pursuant

22 to Paragraph 14 of this Amended Decree, to the "united States

23 Environmental Protection Agency, Montrose Chemical National

24 Priorities List Superfund site-Palos Verdes Shelf Operable unit

25 Special Account".

26 Payments to the united States shall be made by Electronic

27 Funds Transfer ("EFT" or "wire transfer") in accordance with

28 instructions provided by the United States to the Settling Local

37.

RB-AR14213



(

1 Governmental Entities sUbsequent to the lodging of this Amended

2 Decree. ~ny EFT received after 11:00 A.M. (Eastern Time) will be

3 credited on the next business day. The Settling Local Governmental

4 Entities shall send notice of the EFT to plaintiffs as provided in

5 Paragraph 37 of this Amended Decree. All payments to the United

6 States under this Paragraph 14.G shall reference the Montrose

7 Chemical Corporation of California Superfund Site, site # 9T26, DOJ

8 Case # 90-11-3-511, and U.S.A.O. file number 9003085.

9 H. If the united States or the State must bring an action to

10 collect any payment required under this Paragraph 14, the Settling

11 Local Governmental Entities shall reimburse the United States and

12 the State for all costs of such action, including but not limited

13 to attorney's fees.

14. I. EPA commits to expend the settlement funds paid by the

15 Settling Local Governmental Entities to the United States

16 Environmental Protection Agency, Montrose Chemical National

17 Priorities List Superfund site Special Account on EPA response

18 activities with respect to the Montrose NPL Site, except those

19 areas of the Palos Verdes shelf where effluent-affected DDT- and/or

20 PCB-cont.aminated sediments have come to be located. All such funds

21 not used in accordance with the provisions of this Paragraph 14.I

22 may be applied to the Hazardous Substance Superfund, but only after

23 the completion of the response activities at the Montrose NPL site.

24 J. EPA commits to expend the settlement funds paid by the

25 Settling Local Governmental Entities to the united States

26 Environmental Protection Agency, Montrose Chemical National

27 Priorities List Superfund site - Palos Verdes Shelf Operable unit

28 Special Account for response activities with respect to the
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1 Montrose NPL site Palos Verdes Shelf Operable Unit. All such funds

2 not used in accordance with the provisions of this Paragraph 14.J

3 may be. deposited in the Hazardous Substance Superfund but only

4 after completion of the EPA response activities.

5 IN-KIND SERVICES

6 15. A. LACSD agrees to provide in-kind services to EPA in

7 lieu of the cash payments required by Paragraph 14 of this Amended

8 Decree in settlement of the response cost claims of the United

9 States and the State, SUbject to the conditions· set forth in

10 Paragraphs 15.B and 15.C below. Such services shall be valued by

11 mutual agreement of EPA and LACSD. Costs of in-kind services

12 provided by LACSD through contractors shall be approved by EPA,

13 with the concurrence of DTSC , prior to implementation of the

14 contract.

15 B. In the event that LACSD provides in-kind services

16 pursuant to this Amended Decree, such services shall be provided by

17 LACSD as a contractor retained by the EPA and shall total in value

18 not more than $2,000,000, the services to be valued at the time

19 rendered. EPA shall not request that LACSD provide more than

20 $1,000,000, in services in any twelve month period after the Date

21 of Initial Approval of this Amended Decree. However, EPA and

22 LACSD, by written agreement, may modify the annual limits

23 established above, or extend the period for provision of services,

24 inclUding provision for long term monitoring projects.

25 C. In requesting the provision of in-kind services pursuant

26 to Paragraph 15.A of this Amended Decree, EPA shall make work

27 assignments to LACSD in writing and shall set forth the scope and

28 specifications of the work required and the date by which LACSD
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1 and/or the approved contractors will deliver the work product of

2 the particular assignment. In making assignments, EPA will consult

3 with LACSD, and LACSD can propose modifications to the work

4 assignments. EPA may specify that all or a portion of a particular

5 assignment is to be performed by a contractor, by LACSD or by

6 identified LACSD staff members; provided that, to the extent

7 practicable, the EPA shall accommodate LACSD's reasonable requests

8 regarding the availability of its personnel. All services provided

9 under this Amended Decree by LACSD shall be sUbject to full

10 oversight and control by EPA. EPA shall have full access to all

11 work in progress required under this agreement, whether by LACSD

12 personnel or by contractors. LACSD shall submit quarterly

13 statements to EPA itemizing the cost of services provided during

14 the preceding quarter, and cumUlatively from the Date of Initial

15 Approval of this Amended Decree.

16 16. For purposes of this Amended Decree, and without any

17 admission by LACSD, the Parties acknOWledge that LACSD has a

18 special interest in the elimination or control of hazardous

19 substance contamination in the marine sediments underlying the

20 waters in and around the Palos Verdes shelf. For purposes of this

21 Amended Decree, and without any admission by the City of Los

22 Angeles and the city of Long Beach, the Parties acknOWledge that

23 the city of Los Angeles and the City of Long Beach have a special

24 interest in the elimination or control of hazardous substance

25 contamination in the Los Angeles-Long Beach area. Plaintiffs

26 maintain that the hazardous substance contamination in the

27 sediments of the Palos Verdes shelf and the Los Angeles-Long Beach

28 Harbors has resulted in substantial injury to resources held in
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1 trust by the Trustees and that the elimination or control of the

2 contamination in these sediments would facilitate the recovery of

3 the injured resources. Plaintiffs further maintain that the

4 release or threatened release of these same contaminated sediments

5 may present a significant threat to human health or the

6 environment, and that the reduction or elimination of these threats

7 from the contaminated sediments would provide substantial benefit

8 to the pUblic health, welfare and the environment. EPA is

9 undertaking the investigations required under CERCLA and the NCP to

10 select response activities for the contaminated effluent-affected

11 deposit on the Palos Verdes shelf. EPA, in consultation with DTSC,

12 may determine that one or more activities are necessary or may

13 determine that no action is appropriate. The Settling Local

14 Governmental Entities acknowledge that one of the response

15 activities EPA might undertake with respect to significantly

16 reducing or eliminating the threat presented by the contaminated

17 sediments is to isolate all or a portion of the contaminated

18 sediments on the Palos Verdes shelf thereby significantly reducing

19 or eliminating human exposure to and ecological impact from such

20 contaminants. To the extent that EPA might decide to choose a

21 response activity that isolates the contaminated sediments, the

22 Settling Local Governmental Entities further acknowledge that a

23 possible ready source of clean s~diment suitable for isolating the

24 contaminated sediment on the Palos Verdes shelf may be found in the

25 Los Angeles-Long Beach Harbors. To the extent it is consistent

26 with the obligations and responsibilities of EPA under the

27 provisions of CERCLA and the applicable regulations governing use

28 of recoveries, EPA commits to the expenditure of at least
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1 $13,900,000 on the Palos Verdes shelf and at least $5,000,000 with

2 respect to. activities affecting the Los Angeles-Long Beach Harbors.

3 EPA further commits to expend these settlement funds on

4 investigation, design and implementation activities for response I

5 activities that involve the elimination or control of contaminated

6 sediments with respect to th.e Palos Verdes shelf. If EPA, in

7 consultation with DTSC, in applying the provisions of CERCLA and

8 applicable regulations and examining the scientific and engineering

9 objectives of remediation of the Palos Verdes shelf contaminated

10 sediments, and taking into account the available settlement funds;

11 determines to expend settlement funds in a manner different than

12 described in this Paragraph, EPA will provide an explanation of its

13 decision to representatives of LACSD, the City of Los Angeles, and

14 the City of Long Beach. However, the provisions of this Paragraph

15 with respect to the use of settlement funds are not intended to and

16 do not make EPA's decisions with respect to any response activity

17 reviewable in any jUdicial or administrative proceeding.

18 COVENANT NOT TO SUE FOR MONTROSE NPL SITE RESPONSE

19 ACTIVITIES AND

20 COSTS AND RESERVATION OF RIGHTS

21 17. Except as specifically provided in Paragraphs 18 and 19

22 of this Amended Decree, the united states, the State, and agencies

23 and instrumentalities thereof, e~ch hereby covenants not to sue or

24 take administrative action against any of the Settling Local

25 Governmental Entities, to compel response activities or to recover

26 Response Costs incurred or to be incurred in the future in

27 connection with the Montrose NPL Site including, but not limited

28 . to, costs for studies and evaluations of the area covered by
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1 response activities under CERCLA Sections 106 and 107, 42 U.S.C.

2 §§ 9606 a~ 9607, or pursuant to the California Hazardous Substance

3 Account Act, California Health and Safety Code §§ 25300 et seq., or

4 any other state statute or state common law. In addition, the

5 united states, the State, and agencies and instrumentalities

6 thereof, each hereby covenants not to sue or take administrative

7 action against any of the Settling Local Governmental Entities, to

8 compel response activities or to recover Response Costs incurred or

9 to be incurred in the future in connection with the Montrose NPL

10 site under the Resource Conservation and Recovery Act ("RCRA")

11 sections 3008(h), 3013, or 7003, 42 U.S.C. §§ 6928(h), 6934 or

12 6973, or California Health and Safety Code § 25187. The State, and

13 agencies and instrumentalities thereof, further covenants not to

14 sue or take administrative action against any of the Settling Local

15 Governmental Entities, to compel response activities or to recover

16 Response Costs incurred or to be incurred in the future in

17 connection with the Montrose NPL Site under RCRA section 7002, 42

18 U.S.C. § 6972. The foregoing covenants not to sue include a

19 restatement of the covenants currently in effect pursuant to

20 Paragraph 18 of the 1993 Decree. The 1993 Decree covenants shall

21 remain in effect until the Date of Initial Approval of this Amended

22 Decree. Upon the Date of Initial Approval of this Amended Decree,

23 the 1993 Decree covenants shall rio longer be in effect and shall be

24 superseded by the covenants set forth in this Paragraph which shall

25 remain in effect so long as the settling Local Governmental

26 Entities are fUlfilling their obligations under this Amended

27 Decree, subject to the Parties' rights to void this Amended Decree

28 pursuant to Paragraph 29 of this Amended Decree.
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1 states, and the state, and agencies or instrumentalities thereof,

2 further agree that since the Category II entities have paid the

3 entire sum required to be paid by them into the Response Costs

4 Escrow as specified in Paragraph 14 of the 1993 Decree, including

5 the Response Costs the Category II entities are required to pay in

6 accordance with the provisions of this Amended Decree, the

7 obligations of the Category II entities hereunder with respect to

8 the Montrose NPL Site, except as provided in Paragraphs 14, 21 and

9 41 of this Amended Decree, have been completely fulfilled, with the

10 Category I entities continuing to be obligated under all provisions

i1 of this Amended Decree.

12 18. The covenants set forth in Paragraph 17 pertain only to

13 matters expressly specified therein, and extend only to the

14 Settling Local Governmental Entities. Any claim or defense which

15 the United states or the state has against any other person or

16 entity not a party to this Amended Decree is expressly reserved.

17 The United states and the State reserve, and this Amended Decree is

18 without prejUdice to, all other rights and claims against the

19 Settling Local Governmental Entities, individually or collectively,

20 with respect to all other matters, including but not limited to,

21 the following:

22 A. any and all claims against a Settling Local Governmental

23 Entity based upon or resulting frbm a failure to meet a requirement

24 of this Amended Decree;

25

26

B.

C.

claims for criminal liability;

claims for violations of any other federal law or permit,

27 including, but not limited to, violations of the Clean Water Act,

28 33 U.S.C. §§ 1311, et seq., and any NPDES permit issued thereunder,
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1 or any other state or local law or permit, including, but not

2 limited .,to, the Porter-Cologne Water Quality Control Act,

3 California Water Code §§ 13000, et seq., but excluding those state;

4 or local laws or permits that the state or local government has

5 used or could use to compel a response action or tp recover

6 Response Costs at the Montrose NPL Site; and

7 D. the issuance or enforcement of civil or administrative

8 orders issued pursuant to sections 104(e) and 106 of CERCLA, 42

9 U.S.C. §§ 9604(e) and 9606, for information, access or cooperation

10 with efforts by the United states with regard to response

11 activities at the Montrose NPL Site, including but not limited to,

12 the sanitary sewers of the Category I entities downstream of the

13 former Montrose DDT Plant Property connections, including review of

14 the design of the project and rerouting of flows to the extent

15 practicable to dewater the sewer(s} for the response operation in

16 the sewers; or

17 E. claims arising from the presence of a hazardous substance

18 at any location outside of the Montrose NPL Site, including, but

19. not limited to, the proposed Del Amo NPL site as it may be defined

20 by EPA.

21 19. A. In addition to the reservations set out in Paragraph

22 18, the united States and the State reserve, and this Amended

23 Decree is without prejudice to, the right to institute proceedings

24 in this action or in a new action seeking to compel the Settling

25 Local Governmental Entities to take a response action or reimburse

26 the united States or the State for additional Response Costs if

27 subsequent to the Date of Execution of this Amended Decree, the

28 united States or the State:
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receives, in whole or in part, information unknown

2 to EPA o~DTSC as of the Date of Execution of this Amended Decree,

3 indicating that one or more of the Settling Local Governmental

4 Entities released after the Date of Execution of this Amended

5 Decree one or more hazardous substances that come to be located at

6 the Montrose NPL site and that EPA or DTSC determines may be a

7 threat to human health or the environment, provided that the

8 foregoing shall not be deemed to apply to a re-exposure or

9 resuspension on the Palos Verdes shelf of the DDT or PCB-

10 contaminated sediments currently located there;

11 2. discovers a condition at the Montrose NPL site that

12 EPA or DTSC determines may be a threat to human health or welfare

13 or the environment, and that was unknown to EPA or DTSC prior to

14 the Date of Execution of this-Amended Decree.

15 B. The Settling Local Governmental Entities reserve their

16 right to contest any proceeding allowed by Paragraph 18 and

17 Paragraphs 19.A.1 and 19.A.2 of this Amended Decree and do not by

18 consenting to this Amended Decree waive any defenses, except as

19 specified in Paragraph 20.C of this Amended Decree. In the event

20 that the United States or the State institutes proceedings under

21 Paragraphs 19.A.1 or 19.A.2 of this Amended Decree, the Settling

22 Local Governmental Entities reserve the right to assert potential

23 cross-claims, counterclaims or -'-third party claims against the

24 united States, the state, or any employee, officer, agency or

25 instrumentality thereof, relating solely to such claims asserted by

26 the united States or the State, and the agencies or

27 instrumentalities thereof, pursuant to Paragraphs 19.A and 19.B.

28 Nothing in this Amended Decree shall be deemed to constitute
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1 preauthorization of a claim within the meaning of Section 111 of

2 CERCLA, ~ U.S.C. S 9611, or 40 C.F.R. § 300.700(d).

3 COVENANTS BY SETTLING LOCAL GOVERNMENTAL ENTITIES

4 20. A. SUbj ect to Paragraphs 12. C and 19. B, each of the

5 Settling Local Governmental Entities hereby covenants not to sue or

6 to assert any administrative claim or cause of action of any kind

7 against the United States, or any employee, officer, agency or

8 instrumentality thereof, and/or the State, or any employee,

9 officer, agency or instrumentality thereof (but not including

10 counties, cities, local governmental entities or sanitation

11 districts), .for any matters relating to Natural Resource Damages,

12 as defined herein, including, but not limited to the counterclaims

13 asserted in LACSD' s .Answer to the complaint in this action, or

14 claims arising pursuant to any other federal, state or common law,

15 including, but not limited to, any direct or indirect claim

16 pursuant to section 112 of CERCLA, 42U.S.C. § 9612, against the

17 Hazardous Substance Superfund, any claim pursuant to section 113(f)

18 of CERCLA, 42 U.S.C. § 9613 (f), for contribution, or any claim

19 pursuant to the Federal Tort Claims Act, 28 U.S.C. §§ 1346(b) and

20 2671, et seq., or any claim arising from any express or implied

21 contract pursuant to 28 U.S.C. § 1346(a) (2) or 28 U.S.C.

22 § 1491 (a) (1) .

23 B. SUbject to Paragraphs i2.C and 19.B, each Settling Local

24 Governmental Entity hereby covenants not to sue and agrees not to

25 assert any administrative claim or cause of action of any kind

26 against the united States, or any employee, officer, agency or

27 instrumentality thereof, and/or the state, or any employee,

28 officer, agency or instrumentality thereof (but not including
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1 counties, cities, local governmental entities or sanitation

2 districts-, with respect to the Montrose NPL Site, the Montrose NRD i

3 Area, or with respect to this Amended Decree, including but not

4 limited to (1) any direct or indirect claim for reimbursement from

5 the Hazardous Substance Superfund established pursuant to 26 U.s.C.

6 § 9507, under CERCLA sections 106 (b) (2), 111, 112, or 113, 42

7 U.S.C. §§ 9606(b) (2),9611,9612 or 9613, any claim pursuant to the

8 Federal Tort Claims Act, 28 U.S.C. §§ 1346(b) and 2671 et seg., or

9 any claim arising from any express or implied contract pursuant to

10 28 U.S.C. § 1346(a) (2) or 28 U.S.C. § 1491(a) (1), or any claim

11 pursuant to the California Hazardous Substance Account Act,

12 California Health and Safety Code §§ 25300 et seg., or under any

13 other provision of law; (2) any claim related to the Montrose NPL

14 site or the Montrose NRD Area under CERCLA Sections 107 or 113, 42

15 U.S.C. §§ 9607 or 9613, against the United states, including any

16 department, agency, or instrumentality of the United States and/or

17 the State, or any employee, officer, agency or instrumentality

18 thereof (but not including counties, cities, local governmental

19 entities or sanitation districts); or (3) any claims arising out of

20 response activities at the Montrose NPL Site. Nothing in tliis

21 Amended Decree shall be deemed to constitute preauthorization of a

22 claim within the meaning of section 111 of CERCLA, 42 U.S.C.

23 § 9611, or 40 C.F.R. § 300.700(d).

24 C. In any subsequent administrative or jUdicial proceeding

25 initiated by plaintiffs for Natural Resource Damages, injunctive

26 relief, recovery of Response Costs, or other appropriate relief

27 with respect to the Montrose NPL Site, the Settling Local

28 Governmental Entities shall not assert, and may not maintain, any
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1 defense or claim based upon principles of waiver, res jUdicata,

2 collater~ estoppel, issue preclusion, claim splitting, or other

3 defense based upon any contention that the claims raised by the

4 plaintiffs in the subsequent proceeding were or should have been

5 brought in the instant case; provided, however, that nothing in

6 this Paragraph 20. C affects the enforceability of plaintiffs'

7 covenants not to sue set forth in Paragraphs 11 and 17 of this

8 Amended Decree:

9 PENALTIES FOR LATE PAYMENTS

10 21. A. If the payment required of the Settling Local

11 Governmental Entities by Paragraph 9 of this Amended Decree is not

12 made by the date specified in that Paragraph, the Settling Local

13 Governmental Entities shall be liable, in addition to the payment

14 specified in Paragraph 9, for the following amounts to the Trustees

15 for each day of delay in payment:

16 Days of Delay Payment Per Day of Delay

17 1~14 $ 2500/day

18 15-60 $ 3750/day

19 Beyond 60 Days $ 5000/day

20 Payments due under this Paragraph 21.A shall be paid 'by

21 certified or bank check or warrant and disbursed to the Trustees,

22 50% to the united States and 50% to the State, to the addressees

23 identified in Paragraph 37. Stipulated penalties due under this

24 Paragraph 21.A are due within thirty (30) days following receipt by

25 the Settling Local Governmental Entities of a written demand by the

26 United States or the State for payment of such stipUlated

27 penalties.

28 B. If any payment required of the Settling Local Governmental
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Entities by Paragraphs 14.B, 14.F, or 14.G of this Amended Decree

is not ~de by the dates specified in those Paragraphs, the

Settling Local Governmental Entities shall be jointly and severally

liable, in addition to the payments specified in Paragraphs 14.B,

14.F, or 14.G of this Amended Decree, for the following amounts to

the united states and the State for each day of delay in payment:

stipulated penalties are due within thirty (30) days following

receipt by the Settling Local Governmental Entities of a written

demand by the united states or the State for payment of such

stipulated penalties. All payments under this Paragraph 21.B for

stipulated penalties shall be made in accordance with instructions

provided by the united states or the State to the Settling Local

Governmental Entities subsequent to the lodging of this Amended

Decree, with notice to the United States or the State, all as

provided in Paragraph 14.F of this Amended Decree. Payment of any

stipulated penalty pursuant to this Paragraph 21. B shall be in

addition to any other remedy or 'sanction available to the United

States and the State for the failure of the Settling Local

Governmental Entities to make timely payment under this Paragraph.

22. Payments due under Paragraph 21.A shall be in addition to

any other remedies or sanctions that may be available to the United

states and the State on account of the Settling Local Governmental

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Days of Delay

1-14

15-60

Beyond 60 Days

Payment Per Day of Delay

$ 2500/day

$ 3750/day

$ 5000/day
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1 Entities' failure to comply with the terms of this Amended Decree,

2 provided ~hat a failure by the Settling Local Governmental Entities

3 to make timely payment as provided in this Amended Decree shall not

4 constitute a material default unless the delay in payment exceeds

5 thirty (30) days from the due date provided in this Amended Decree.

6 RETENTION OF RECORDS

7 23. A. Until ten years after the entry of this Amended

8 Decree, each Settling Local Governmental Entity shall preserve and

9 retain all records and documents now in its possession or control

10 or which come into its possession or control, that relate to the

11 release of any hazardous substance to or from the Montrose· NPL

12 Site, and which have not been determined to be privileged in

13 accordance with the procedures in Paragraph 23.B of this Amended

14 Decree. At the conclusion of this document retention period, each

15 Settling Local Governmental Entity shall notify the United States

16 and the State at least ninety (90) days prior to the destruction of

17 any such records or documents, and upon request by the united

18 States and the State, each Settling Local Governmental Entity shall

19 make available any such records or documents at a location within

20 Region IX of EPA designated by the united States and the State ..

21 B. with respect to the obligation to retain records and

22 documents set forth in Paragraph 23.A, each Settling Local

23 Governmental Entity may assert that certain documents, records and

24 other information are privileged under attorney client privilege,

25 or any other privilege recognized under state or federal law. In

26 connection with the assertion of any such claim of privilege, the

27 Settling Local Governmental Entity shall provide the United States

28 and the State with the following: (1) title of document or record;
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1 (2) date of document or record; (3) name and position of the author

2 of the d~ument or record; (4) description of the sUbject of the

3 document or record; and (5) the specific basis for the privilege

4 asserted.

5 DISCLAIMERS

6 24. Nothing in this Amended Decree, or any of its provisions,

7 or any of the United States' or the State's determinations or

8 actions taken pursuant to this Amended Decree, is intended to or

9 shall be interpreted as supporting or opposing County sanitation

10 Districts of Orange county's presently pending application for a I

11

12

13

14

renewal of its NPDES permit granting a waiver

treatment requirements, issued pursuant to Section

Clean Water Act, as amended, 33 U.S.C. § 1311(h).

INDEPENDENT CONTRACTOR

of secondary i
I

301(h) ofthei

I

15 25. It is understood and agreed that LACSD, its agents,

16 officers, employees, and contractors in the performance of the work

17 and services provided pursuant to paragraph 15 of this Amended

18 Decree shall act as independent contractors and not as agents or

19 employees of EPA.

20 NO WAIVERS OF CONFIDENTIALITY OR PRIVILEGE

21 26. DisClosure, whether oral or written, including provision

22 of data, reports, documents, and other material and information, by

23 the United States and the State to LACSD or to any contractor

24 engaged directly or indirectly by LACSD for work required pursuant

25 to Paragraph 15 of this Amended Decree is not intended to and shall

26 not constitute a waiver of any otherwise applicable exemption or

27 privilege from disclosure under federal or state law. Where the

28 united States and the State have identified any such information as
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1 confidential and/or privileged, LACSD and its contractors shall not

2 disclose such information, in whatever form, to any other person

3 without prior written authorization by the united states and the

4 state. LACSD shall notify the united States and the state

5 immediately and in writing of any claim by any other person that a

6 disclosure is required by law or order of a court of competent

7 jurisdiction and shall provide a reasonable opportunity to the

8 united states and the state to pursue appropriate remedies.

9 27. LACSD may assert any confidentiality claims available to

10 LACSD under state or federal law covering part or all of the

11 information provided to the united states and the State pursuant to

12 Paragraph 15 of this Amended Decree. If LACSD is requested by the

13 United states and the State under this Amended Decree to produce a

14 document obtained from a third party which LACSD is obligated to

15 protect from disclosure by state or federal law, it shall not

16 produce such documents until such time as the United states and the

17 state have taken appropriate measures to allow production.

18 CONFIDENTIAL INFORMATION/OWNERSHIP OF MATERIALS

19 28. All data, reports, stUdies, and other documents developed

20 by LACSD directly or by any contractor retained by LACSD for work

21 required pursuant to Paragraph 15 of this Amended Decree shall be

22 and remain the property of the united states and the State. All

23 such materials shall be confidential and shall not be disclosed by

24 LACSD or its contractors to any person except as authorized in

25 writing by the United States and the State, or as required by law.

26 VOIDABILITY

27 29. In the event that a final jUdicial determination is made

28 by the District court or, upon appellate review, by a higher court,

53.

RB-AR14229



1 that the entry of this Amended Decree shall not be approved, this

2 Amended Decree and the settlement embodied herein shall be voidable

3 by written notice to the other Parties at the sole discretion of

4 any party to this Amended Decree. If a party voids this Amended

5 Decree pursuant to this Paragraph, the terms hereof may not be used

6 as evidence in any litigation or other proceeding.

7 ·COMPLIANCE WITH OTHER LAWS

8 30. This Amended Decree shall not be construed in any way to

9 affect any past, current, or future obligation of the Settling

10 Local Governmental Entities (individually or collectively) or any

11 other person or entity to comply with any federal, state or local

12 law.

13 RETENTION OF JURISDICTION

14 31. The Court shall retain jurisdiction of this matter for

15 the purpose of entering such further order, direction, or relief as

16 may be necessary or appropriate for the construction,

17 implementation, or enforcement of this Amended Decree.

18 AUTHORIZED REPRESENTATIVE

19 32. Each undersigned representative of the Settling Local

20 Governmental Entities certifies that he or she is fully authorized

21 to enter into the terms and conditions of this Amended Decree and

22 to legally execute and bind that party to this Amended Decree.

23 MODIFICATION

24 33. The terms of this Amended Decree may be modified only by

25 a subsequent written agreement signed by all of the Parties

26 signatory hereto, and approved by the Court as a modification to

27 this Amended Decree.

28
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1 PUBLIC COMMENT

2 34 . .,. The Parties acknowledge that this Amended Decree will be

3 sUbject to a 30-day pUblic comment period as provided in 28 C.F.R.

4 § 50.7. The Parties further acknowledge that this Amended Decree

5 may be the sUbject of a pUblic meeting as specified in section 7003

6 of RCRA, 42 U.S.C. S 6973. The united states reserves the right to

7 withdraw its consent to this Amended Decree if comments received

8 disclose facts or considerations which show that this Amended

9 Decree is inappropriate, improper, or inadequate. The Settling

10 Local Governmental Entities consent to the entry of this Amended

11 Decree by the Court without further notice.

12 PROTECTION AGAINST CLAIMS

13 35. The united States and the State acknowledge and agree

14 that the payments to be made by the Settling Local Governmental

15 Entities pursuant to this Amended Decree represent a good faith

16 settlement and compromise of disputed claims and that the

17 settlement represents a fair, reasonable, and equitable discharge

18 for the matters addressed in this Amended Decree. with regard to

19 any costs, damages, or other claims against the Settling Local

20 Governmental Entities for matters addressed in this Amended Decree,

21 the Settling Local Governmental Entities are entitled to, as of the

22 Date of Initial Approval of this Amended Decree, such protection as

23 is provided in section 113(f) of'CERCLA, 42 U.S.C. § 9613(f), and

24 all other provisions of federal or state statute or of common law

25 which limit or extinguish their liability to persons not party to

26 this Amended Decree. No contribution protection is provided

27 pursuant to this Amended Decree for any claim for Response Costs

28 under CERCLA incurred in connection with the presence, release, or
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1 threatened release of a hazardous substance outside the Montrose

2 NPL Site.~Any rights Settling Local Governmental Entities may have

3 to obtain contribution or otherwise recover costs or damages from ,

4 persons not party to this Amended Decree are preserved.

5 36. The Trustees have determined that the payments to be made

6 pursuant to Paragraphs 7-9 of this Amended Decree are appropriate

7 actions necessary to protectc and restore the natural resources

8 damaged by the release of DDT, PCBs, and other hazardous substances

9 alleged in the First Claim for Relief in the Complaint and that the

10 payments satisfy the requirements of Section 122(j) (2) of CERCLA,

11 42 U.S.C. § 9622 (j) (2).

12 NOTICE

13 37. Any notice required hereunder shall be in writing and

14 shall be delivered by hand, facsimile or overnight mail as follows:

15 Notice to the united States and the State:

16 Chief
Environmental Enforcement Section

17 U.S. Department of Justice
1425 New York Ave, N.W.

18 Washington, D.C. 20005
Facsimile No. (202) 514-2583

Coordination and Service List entered June 26, 1992, and any

Notice to settling Local Governmental Entities shall be provided in

19

20

21

22

23

24

25

26

Supervising Deputy Attorney General
Land Law section
Office of the Attorney General
300 South spring Street
Los Angeles, CA 90013
Facsimile No. (213) 897-2801

accordance with the provisions of the Order Re:

amendment thereto.

Discovery

27

28
Each party to this Amended Decree may change the person(s) it

has designated to receive notice for that party, or the addresses
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1 for such notice, by filing a written notice of such change with the

2 Court an~serving said notice on each of the other Parties to this

3 Amended Decree, or in accordance with the provisions of the Order

4 Re: Discovery Coordination and Service List entered June 26, 1992,

5 and any amendment thereto.

6 38. This Amended Decree may be executed in any number of

7 counterparts, and each executed counterpart shall have the same,

8 force and effect as an original instrument.

9 ENTIRE AGREEMENT

10 39. This Amended Decree constitutes the entire understanding

11 of the Parties with respect to its sUbject matter, and upon the

12 Date of Initial Approval of this Amended Decree shall supersede the

13 1993 Decree with respect to the rights and Obligations of the

14 Parties.

15 EFFECTIVE AND TERMINATION DATES

16 40. This Amended Decree shall be effective upon the date

17 which this Amended Decree has been initially approved and signed by

18 the united States District Court.

19 41. The Court may terminate this Amended Decree upon joint

20 motion by the Settling Local Governmental Entities, after 45 days

21 notice, upon fulfillment of the obligations of all of the Settling

22 Local Governmental Entities under this Amended Decree. Termination

23 of this Amended Decree and the'" operation of the provisions of

24 Paragraphs 11 and 17 with respect to termination of the obligations

25 of Category II entities shall not affect the provisions herein for

26 contribution protection, document retention, and the covenants not

27 to sue and reservations of rights, which shall remain in effect as

28 an agreement among the Parties.
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42. By signature below, all Parties consent to this Amended

2 Decree.

3

4

5

ORDER

THE FOREGOING Amended Consent Decree among plaintiffs the

6 United states and the state of California and the Settling Local

7 Governmental Entities is hereby APPROVED. There being no just

8 reason for delay, this Court expressly directs, pursuant to Rule

9 54(b), Federal Rules of civil Procedure, ENTRY OF FINAL JUDGMENT in

10

11

accordance with the terms of this Amended Consent Decree this _
--J. qJJi DAY of A~ 'lV)l , 199ft, each party hereto shall bear

12 its own costs and attorney's fees except as specifically provided

13 herein.

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28
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1 FOR THE UNITED STATES OF AMERICA:

2 WE HEREBY CONSENT to the entry of the Amended Consent Decree

3 in United States, et al. v. Montrose Chemical Corporation of

4 California, et aI" No, CV 90-3122-AAH (JRx), subject to the public

5 notice and comment requirements of 28 C,F.R, § 50.7.

6

7

8 DATE:

9

10

11

12
DATE:

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

WILLIAM A, WEINISCHKE
STEVEN O'ROURKE
KATHRYN SCHMIDT
JON A. MUELLER
PHILLIP A. BROOKS
Environmental Enforcement Section
Environment and Natural Resources

Division
united States Department of Justice
Post Office Box 7611
Ben Franklin station
Washington, D.C. 20044
(202) 514-4046

59.

RB-AR14235



1

2 DATE:

3

4

5

6

7

8
DATE:

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

6-

JOHN' J. LYONS
Ass1stant R gional Counsel
ufiited States Environmental

Protection Agency
Region IX
75 Hawthorne street
San Francisco, CA 94105
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1

2

3

4

5

6

FOR ~HE CALIFORNIA DEPARTMENT OF FISH AND GAME:

WE HEREBY CONSENT to the entry of the Amended Consent Decree iru

United States. et al. v. Montrose Chemical Corooration oe

California, et al., No. CV 90-3122-AAH (JRX) , sUbject to the public

notice and comment requirements of 28 C.F.R. § 50.7.

7 DATE: /Ib /f"
•

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

~<u~~
JK2QBELINE ~. SCHAFER
Director of California Department of

Fish and Game
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Statei
I

I

PUblil
I
I

i

I
i
I

Consent Decree iru
I

corporation oflChemicalMontrosev.al.etStates.

WE HEREBY CONSENT to the entry of the Amended

FOR THE CALIFORNIA STATE LANDS COMMISSION:

united

California. et al., No. CV 90-3122-AAH (JRx), sUbject to the

notice and comment reqUirementstf 28 C.F.R. §) 50).7" .

L J1 j,o / '1 -+-.
i) Urr~ ( [ r7!:!l ~~

V ROBERT C. HIGHT 0 '7
Executive Officer of the

Lands Commision

DATE: August 20. 1996.'

6

7

8

3

5

2

4

9

1

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28
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2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

DATE:.JAo/'__~__ J-~.~~~
Director California Department of

Parks and Recreation
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1 FOR THE CALIFORNIA DEPARTMENT OF TOXIC SUBSTANCES CONTROL
(formerly a part of the California Department of Health

2 Services):

3 WE HEREBY CONSENT to the entry of the Amended Consent Decree

4 in United States, et al. v. Montrose Chemical Corporation of

5 California, et al., No. CV 90-3122-AAH (JRx) , subject to the

50.7.C.F.R.

JESSE HU
California Department of
Toxic Substances Control

require~28

DATE: ~lc'-lz..,=-\~,a,~~ _

public notice and comment

8

7

6

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

64.

RB-AR14240



(-

1
FOR THE CALIFORNIA, REGIONAL WATER QUALITY CONTROL BOARD, LOS

2 ANGELES REGION:

3 WE HEREBY CONSENT· to the entry of the Amended Consent Decree i

4 United States et al. v. Montrose Chemical Cor oration of

5 California. et al., No. CV 90-3122-AAH (JRx) , subject to the

6 public notice and comment requirements of 28 C.F.R. § 50.7.

7
DATE:

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

JOijN NORTON . .
Aeting Executive Director
Regional Water Quality Control Boar
Los Angeles Region
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Re: United States ofAmerica, et al. v. Montrose Chemical, et al.
United States District Court for the Central District of California
Civil Action No. 903122 AAH (JRxl

IN WITNESS WHEREOF, the parties have caused this AMENDED CONSENT
DECREE to be executed on the date hereinabove set forth.

APPROVED:

KNAPP, MARSH, JONES & DORAN

By:&/l~#-
District Counsel

ATTEST:

'0\- . r----.--:I' , .
\,./~:I'+. 1,-' .' ........)', '. C""
.' ~~\' ....l,,"'-. --'. ," ; .',>..

Secretary "J
rJUL 1 7 \996

SOUTH BAY CITIES SANITATION
DISTRICT OF LOS ANGELES COUNTY

~~
Chairperson, Board of Directors
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Re: United States ofAmerica, et al. v. Montrose Chemical. et al.
United States District Court for the Central District of California
Civil Action No. 90 3122 AAH (JRx)

IN WITNESS WHEREOF, the parties have caused this AMENDED CONSENT
DECREE to be executed on the date hereinabove set forth.

APPRC \'ED:

KNAPP, MARSH, JONES & DORAN COUNTY SANITATION DISTRICT
NO. 1 OF LOS ANGELES COUNTY

~ .' .: ........ ;
,-

- ,_. ,--. '", "_. '" .~'

Chairperson, Board of Directors
By: /i~I),~-'_

District Counsel

ATTEST:

By:
\'~> ' -c:- r·
-~.•\ ~ \'\ \ j"1 • .It. -;. \,' -;. \ '" j-\ '.

Secretary I
AUG '1 4 1996
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Re: United States of America. et al. v. Montrose Chemical. et al.
United States District Court for the Central District of California
Civil Action No. 90 3122 AAH (JRxl

IN WITNESS WHEREOF. the parties have caused this AMENDED CONSENT
DECREE to be executed on the date hereinabove set forth,

APPROVED:

KNAPP, MARSH, JONES & DORAN COUNTY SANITATION DISTRICT
NO.2 OF LOS ANGELES COUNTY

By: /1/lJU.ruA
District Counsel

ATTEST:

By:

68.

... / I <:..~, __ ~.... /
-~.... --':~~~,:,,: ..L. L . ,..-:'/ ",: ,.:(.·o:::c:.k..

Chairperson, Board' Of Directors!
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Re: United States ofAmerica. et al. v. Montrose Chemical. et al.
United States District Court for the Central District of California
Civil Action No. 903122 AAH (JRx)

IN WITNESS WHEREOF. the parties have caused this AMENDED CONSENT
DECREE to be executed on the date hereinabove set forth.

APPROVED:

KNAPP, MARSH, JONES & DORAN

ATTEST:

COUNTY SANITATION DISTRICT
NO.3 OF LOS ANGELES COUNTY

By: { 1.... l c'vt.-J
C rperson, Board of Directors

\ ../

\
. ... ' ..:. \ I -,' •..•.

'. '. \A..s ( ;\.

Secretary

,,
'.

AUG 1 4 1996
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Re: United States of America, et al. v. Montrose Chemical, et al.
United States District Court for the Central District of California
Civil Action No. 903122 AAH (JRx)

IN WITNESS WHEREOF, the parties have caused this AMENDED CONSENT
DECREE to be executed on the date hereinabove set forth.

APPROVED:

KNAPP, MARSH, JONES & DORAN

1l/t21tt~
District Counsel

ATTEST:

COUNTY SANITATION DISTRICT
NO.4 OF LOS ANGELES COUNTY

By:k LdYV1'L~t&
Chairperson, Board of Directors
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Re: United States ofAmerica, et al. v. Montrose Chemical. et al.
United States District Court for the Central District of California
Civil Action No. 903122 AAH ORJ()

IN WITNESS WHEREOF, the parties have caused this AMENDED CONSENT
DECREE to be executed on the date hereinabove set forth.

APPROVED:

KNAPP, MARSH, JONES & DORAN

By:Ift,/2~~
DistriCtCDUnSei

ATTEST:

r:<) .

4
" . .",,r- ..

./ [, """ f"-.' . .'.
, .... 1 '\\C'[J -- \ ,.: ,t.\..\.

SecretarY ~ .
JUL 1 7 1996

COUNTY SANITATION DISTRICT
NO.5 OF LOS ANGELES COUNTY

By: _A~a~.e..~}----=IJ~~=.&:=7'~~~' =-~__
Chairperson, Board of Directors
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Re: United States of America, et al. v. Montrose Chemical, et al.
United States District Court for the Central District of California
Civil Action No. 903122 AAH (JRJe)

IN WITNESS WHEREOF, the parties have caused this AMENDED CONSENT
DECREE to be executed on the date hereinabove set forth.

APPROVED:

KNAPP, MARSH, JONES & DORAN

By: ;I,IZ)U~
District Counsel

ATTEST:

\j ,--- /
By: ,_, ' ", '. I,.' "\

Secretary

AUG 1 4 1996

72.

COUNTY SANITATION DISTRICT
NO.8 OF LOS ANGELES COUNTY

,;' i~/1 I
airpersoii, Board of Directors
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Re: United States ofAmerica. et al. v. Montrose Chemical. et al.
United States District Court for the Central District of California
Civil Action No. 903122 AAH ORJe)

IN WITNESS WHEREOF, the parties have caused this AMENDED CONSENT
DECREE to be executed on the date hereinabove set forth.

APPROVED:

KNAPP, MARSH, JONES & DORAN

By:3/2&~
District Counsel

ATTEST:

COUNTY SANITATION DISTRICT
NO.9 OF LOS ANGELES COUNTY

IJ
erson, Board of Directors

~,

'.
\-" ,"""'"By: _'_ '.'-:...fu.,\ '\..

Secretary

'JUL 2 4 1996
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Re: United States of America, et at. v. Montrose Chemical. et al.
United States District Court for the Central District of California
Civil Action No. 903122 AAH (JRx)

IN WITNESS WHEREOF, the parties have caused this AMENDED CONSENT
DECREE to be executed on the date hereinabove set forth.

APPROVED:

KNAPP, MARSH, JONES & DORAN

By: y2llt~
District Counsel

ATTEST:

COUNTY SANITATION DISTRICT
NO. 11 OF LOS ANGELES COUNTY

By:
--:::::----:------:::-----:---::-=-:---

~ ·;~.,1 Chairperson, Board of Directors

.~!\ •
.'. "K-' r---

By: ;.~\ \,\A 1\;' '::;,
, _cretar)'

74.
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Re: United States ofAmerica, et al. v. Montrose Chemical, et al.
United States District Court for the Central' District of California
Civil Action No. 90 3122 AAH (JRx)

IN WITNESS WHEREOF, the parties have caused this AMENDED CONSENT
DECREE to be executed on the date hereinabove set forth.

APPROVED:

KNAPP, MARSH, JONES & DORAN

By: i1,12ltt~
District Counsel

ATTEST:

COUNTY SANITATION DISTRICT
NO. 14 OF LOS ANGELES COUNTY

By:~~Va~'''--~''0;::'.~c:~"I=·:;:·~~-~·~'=z7"~:,-' _
Chairperson. Board f ir"ectors

.:-......--(.-. i

'" '< • ~('
- ._ \ -~ :, I :; J"---

I
JUL 2 4 \996
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Re: United States ofAmerica. et at. v. Montrose Chemical. et at.
United States District Court for the Central District of California
Civil Action No. 903122 AAH (JRx)

IN WITNESS WHEREOF, the parties have caused this AMENDED CONSENT
DECREE to be executed on the date hereinabove set forth.

APPROVED:

KNAPP, MARSH, JONES & DORAN

By:3~
District Counsel

ATTEST:

:-JUL 2 4 1996

COUNTY SANITAnON DISTRICT
NO. 15 OF LOS ANGELES COUNTY

By:AB77lad 12 ~~~
Chairperson, Board of lrectors

76.
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Re: United States of America, et al. v. Montrose Chemical, et al.
United States District Court for the Central District of California
Civil Action No. 903122 AAH (JRx)

IN WITNESS WHEKEOF, the parties have caused this AMENDED CONSENT
DECKEE to be executed on the date hereinabove set forth.

APPROVED:

KNAPP, MARSH, JONES & DORAN COUNTY SANITATION DISTRICT
NO. 16 OF LOS ANGELES COUNTY

. "
/.'.' •. I _/--:- . .-'.

Chairperson, Board of Directors
By: Jl/2)f1~

District Counsel

ATTEST:

.", '
... ...\- il., .
~~C' ~.UCi"

Secretary

C·r\".. f
--d t~· .... \ \c:' \.....

I
JUl 2 4 1996

77.
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Re: United States of America, et al. v. Montrose Chemical, et al.
United States District Court for the Central District of California
Civil Action No. 903122 AAH (JRxl

IN WITNESS WHEREOF, the parties have caused this AMENDED CONSENT
DECREE to be executed on the date her~inabove set forth.

APPROVED:

KNAPP, MARSH, JONES & DORAN COUNTY SANITATION DISTRICT
NO. 17 OF LOS ANGELES COUNTY

\ \
\ I . ;

. :\ .. \. J ,.

Chairperson, Board of Directors .
By:

--=--,-------::::--::----:-=":----
1l,1}~

District Counsel

ATTEST:

-"-,.'

" .
By;......~... '\.\ (\ (\.

Secretary
! '. \) ''"-

!'JUL' 2 4 1996
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Re: United States ofAmerica, et al. v. Montrose Chemical, et al.
United States District Court for the Central District of California
Civil Action No, 90 3122 AAH (JRx)

IN WITNESS WHEREOF, the parties have caused this AMENDED CONSENT
DECREE to be executed on the date her~inabove set forth.

APPROVED:

'JUL 2 4 1996

KNAPP, MARSH, JONES & DORAN

By:,&I2.k~
District Counsel

ATTEST:

By; , , '-"', -'-__
SecretalY

COUNTY SANITATION DISTRICT
NO. 18 OF LOS ANGELES COUNTY

/ /' ~
.' // .......... ,. /.- ...

B ' " /~"-. ----Y:,d' /7., \
.' Chairperson, Board of Directors

79.
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Re: United States ofAmerica, et al. v. Montrose Chemical, et al.
United States District Court for the Central District of California
Civil Action No. 903122 AAH (Jllie)

IN WITNESS WHEREOF, the parties have caused this AMENDED CONSENT
DECREE to be executed on the date her~inabove set forth.

APPROVED:

KNAPP, MARSH, JONES & DORAN

BY:/Y,~
District Counsel

ATTEST:

COUNTY SANITATION DISTRICT
NO. 19 qF LOS ANGELES COUNTY

\ 'Ir
By: ~·r:-~:(W~

- Chairperson,V:Soard of Directors

By:

,

l
Secretary

/. .
........ !

AUG 14 1996
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Re: United States ofAmerica, et al. v. Montrose Chemical, et al.
United States District Court for the Central District of California
Civil Action No. 903122 AAH (JRJe)

IN WITNESS WHEREOF, the parties have caused this AMENDED CONSENT
DECREE to be executed on the date herfinabove set forth.

APPROVED:

\
\

KNAPP, MARSH, JONES & DORAN

/-Z~
District Counsel

4.TTEST:

.-
-r". . . '".

By-;.._---:::__\c...,."'-,'''-'i'c...' _ -=-,--'--,-,-,.'-'\,.......__,
Secretary

JUL 2 4 1996

COUNTY SANITATION DISTRICT
NO. 20 OF LOS ANGELES COUNTY

,

By'. _-="J;V:'f.'~~/'::;..~::::•.:...:'"..~.;;t:/:::'~/~~' t/:;,../__f\ ~. . .... ........
hairperson. Board 0 , Directors

...../
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Re: United States of America, et al. v. Montrose Chemical, et al.
United States District Court for the Central District of California
Civil Action No. 903122 AAH (JRx)

IN WITNESS WHEREOF, the parties have caused this AMENDED CONSENT
DECREE to be executed on the date her~inabove set forth.

APPROVED:

By: .,
-=-:-----:~--':-____::_=:_o---

'Chairperson, Board of Directors

COUNTY SANITATION DISTRICT
NO. 21 OF LOS ANGELES COUNTY

~~/
... I l '- .~r2b~

District Counsel

KNAPP, MARSH, JONES & DORAN

ATTEST:

\
"\ "'-\." ...... ~.

Secretary

---. "-" i, I.: .,
!

~JUl 2 4 1996

82.
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Re: United States ofAmerica, et al. v. Montrose Chemical, et al.
United States District Court for the Central District of California
Civil Action No. 903122 AAH (JRx)

IN WITNESS WHEREOF, the parties have caused this AMENDED CONSENT
DECREE to be executed on the date her~inabove set forth.

APPROVED:

KNAPP, MARSH, JONES & DORAN

By:g,a&~
District Counsel

ATTEST:

COUNTY SANITATION DISTRICT
NO. 22 OF LOS ANGELES CO l'

BY:'~~'/
Chairperson, Board 0 lrectors

fill:'
Secretary rJ\Jl 2 4 1996

83.
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Re: 'United States of America, et al. v. Montrose Chemical, et al.
United States District Court for the Central District of California
Civil Action No. 90 3122 AAH (JRx)

IN WITNESS WHEREOF, the parties have caused this AMENDED CONSENT
DECREE to be executed on the date her:~inabove set forth.

APPROVED:

KNAPP, MARSH, JONES & DORAN COUNTY SANITATION DISTRICT
NO. 23 OF LOS ANGELES COUNTY

By: J?~/l~
District Counsel

By: - /' "
"- - - ....... '-7 ........ (,.~ .... '/c:.tt· ..~'.z.:

{Chairperson, Board or, Directors V
"

".

AUG 1 4 1996

• .,~-.. I, ......... i ,"
R... : '" " ·I"l ...·L·, "--• -~ --,-""-','--~_."".•~. .:....-,-,--,"-=.--

'. Secretary
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Re: United States ofAmerica, et al. v. Montrose Chemical, et al.
United States District Court for the Central District of California
Civil Action No_ 90 3122 AAH ORx)

IN WITNESS WHEREOF, the parties have caused this AMENDED CONSENT
DECREE to be executed on the date her_~inabove set forth.

APPROVED:

KNAPP, MARSH, JONES & DORAN

By:/Jd/k~
District Counsel

ATTEST:

By:-=---,::--_~--,----,-_. __------''----_

Secretary

AUG 1 4 1996

COUNTY SANITATION DISTRICT
NO. 26 OF LOS ANGELES COUNTY

By: ~~~ZZL~~~~?-/---,--- __
irectors
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Re: United States ofAmerica, et al. v. Montrose Chemical, et al.
United States District Court for the Central District of California
Civil Action No. 903122 AAH (JRJe)

IN WITNESS WHEREOF, the parties have caused this AMENDED CONSENT
DECREE to be executed on the date het:7inabove set forth.

APPROVED:

KNAPP, MARSH, JONES & DORAN

By:i]'~
District Counsel

OCT 15 1996
ATTEST:

I- ,- '. r1 J.. \ l " tt...

.Secretary

.---.... ./-;. .
.4- ..... , " ; ;.

- '~ I- l, J..' ,-.

..'

86.
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Re: United States ofAmerica, et al. v. Montrose Chemical, et al.
United States District Court for the Central District of California
Civil Action No. 903122 AAH Ollie)

IN WITNESS WHEREOF, the parties have caused this AMENDED CONSENT
DECREE to be executed on the date her~inabove set forth.

APPROVED:

KNAPP, MARSH, JONES & DORAN

BY:,i?/?~
District ouhsel

COUNTY SANITATION DISTRICT
NO. 28 OF LOS ANGELES COUNTY

, / ;/ .,.
! ....II.'. t..,!~r-- ,

B . :,},~ ·'1 ,t'.< / - '.Y: , / /cjl . J-"''--, -<~~
'Chairperson, Board of DirectorS--:~,

/

ATTEST,

fJUL2 A 1996

. ",--
By: _.::. .__ ., . ". :-.

--'--'--'-'~''---~-----"

Secre[ury

87.

RB-AR14263



Re: United States ofAmerica, et al. v. Montrose Chemical, et al.
United States District Court for the Central District of California
Civil Action No. 903122 AAH (JRx)

IN WITNESS WHEREOF, the parties have caused this AMENDED CONSENT
DECREE to be executed on the date her~inabove set forth.

APPROVED:

KNAPP, MARSH, JONES & DORAN

By:lJt/l::)u~
District Counsel

ATTEST:

B'":. -_._~-----'---~"'----
Secretary

AUG 1 4 1996

COUNTY SANITATION DISTRICT
NO. 29 OF LOS ANGELES COUNTY

Chairperson, Board of Directors

88.
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Re: United States ofAmerica, et al. v. Montrose Chemical, et at.
United States District Court for the Central District of California
Civil Action No. 90 3122 AAH (JRx)

IN WITNESS WHEREOF. the parties have caused this AMENDED CONSENT
DECREE to be executed on the date her~inabove set forth.

APPROVED:

KNAPP, MARSH, JONES & DORAN

BY:0~
Districtcounse

ATTEST:

COUNTY SANITATION DISTRICT
NO. 32 OF LOS ANGELES COUNTY

8ecretary
AUG 14 1996
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Re: United States ofAmerica, et al. v. Montrose Chemical, et al.
United States District Court for the Central District of California
Civil Action No. 903122 AAH (JRx)

IN WITNESS WHEREOF, the parties have caused this AMENDED CONSENT
DECREE to be executed on the date her~inabove set forth.

APPROVED:

KNAPP, MARSH, JONES & DORAN COUNTY SANITATION DISTRICT
NO. 34 OF S ANGELES COUNTY

By:Ea&~
District Counsel

By: { ~.r?<-/·9
Chairperson, Board of Directors

ATTEST:

__ ...r- .

JUl ? ~ 1996

•;-'

Secretory
By:

--=---~-'--

90.
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Re: United SUites ofAmerica, et al. v. Montrose Chemical, et al.
United States District Court for the Central District of California
Civil Action No. 903122 AAH (JRx)

IN WITNESS WHEREOF, the parties have caused this AMENDED CONSENT
DECREE to be executed on the date herrinabove set forth.

APPROVED:

KNAPP, MARSH, JONES & DORAN

BY:it~~~
DIS rict Coun 1

ATTEST:

Chairperson, Board of Directors

OCT 15 1996

i

.~ . ,'0 .
n:v-~--...l -l ... '- iJ ~ "I

Secremry /

91.
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I FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2

(-

3 The City of Los Angeles HEREBY CONSENTS to the entry of the Amended

4 Decree in United States. et al. v. Montrose Chemical Corporation of California. et aL. No. CV

5 90-3 I 22-AAH CJrx), subject to the public IJotice and comment requirements of28 CF.R. §50.7.

6

7

8

9

10

II DATED: October2L 1996

12

13
ATTEST:

14

15

16 J. MICHAEL CAREY
C-85484

'.

FOR THIRD-PARTY DEFENDANT CITY OF

LOS ANGELES, a municipal corporation

JAMES K. HAHN, City Attorney

By4~itL
Deputy City Attorney

17

18

19 APPROVED AS TO FORM AND LEGALITY:

~~::M~C~
. KEITH W. PRITSKER

Deputy City Attorney

24

25

26

27

28 32XW

92.
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTlTIES:

The [local governmental entity] HEREBY CONSENTS to
the entry of the Amended Decree in united States, et al. v.
Montrose Chemical Corporation of California, et al., No. CV 90
3122~AAH (JRx), SUbject to the public notice and comment
requirements of 28 C,F~R. § 50.7.

Attest:

lOity Attorney

CITY OF ALHAMBRA, a Municipal
corporation

Approved As To Form:

93~

8'-Zb-'7bDate:

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

lA.'Q:160-l63.J
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The [local governmental entity] HEREBY CONSENTS to
the entry of the Amended Decree in united States, et al. v.
Montrose Chemical Corporation of California. et al., No. CV 90
3122-AAH (JRx), sUbject to the pUblic notice and comment
requirements of 28 C.F.R. § 50.7.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16
1

17

18

19

20

21
1

22!
I

231
24

25

26

27
1

281

L·\X2: 160-163.1

Date. : September 19, 1996

94.

(

CITY OF ARCADIA, CALIFORNIA

By >tP!L"4kd
[Mayor/Chairperson)

Pro Tem

Attest:

Approved As To Form:
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The City of ':;(1.\ ES If! HEREBY CONSENTS to the entry
of the foregoing Amended Consent Decree in the action entitled
United States of America, et al. v. Montrose Chemical Corporation
of California, et al. , C. D. Cal., No. CV 90-3122-AAH (JRx) ,
subject to the public notice,and comment requirements of 28 C.F.R.
§ 50.7.

DATED: Sf.II'1£ffl(}e-r<. II , 1996.

Attest:

Approved as to Form:

dk -t!2nr,orneY

95.
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2

3

4

5

6

FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The City of Azusa HEREBY CONSENTS to the entry of the Amended Decree in United
States et al v Montrose Chemical Corporation of California et al., No. CV 90-3122-AAH (JRx),
subject to the public notice and comment requirements of28 C.F.R. §50.7.

7 Date: }\-t.Uh·v { '"-t-\./ L· .I '1 'i h
I

8

9

10

11

12

CITY OF A2V.5A

,
J..-i -./',

By A.-vJ.\. ...> j", ur.-/ ...J,'..'-A.--- f·"

Stephen Alexander, Mayor

Attest:

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

O:'-.'T'.SPD\612S3 96.

//

City Clerk '

Approved As To Form:

.
.,. .0~J/v, (. !dt//fJ~J"

City Attorney

.'
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1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2 The CITY OF BALDWIN PARK HEREBY CONSENTS to the entry of the
Amended Decree in United States. et al. v. Montrose Chemical

3 Corporation of California. et al., No. CV 90-3122-AAH (JRx) ,
subject to the public notice and comment requirements of 28 C.F.R.

4 § 50.7.

5

6 Date:

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

CITY OF BALDWIN PARK

:~,,:~~0.~==-==----- _
~

City Clerk

Approved As To Form:

';
By I &Lj rJ»~

Robert S. Bower, Esq.
City Attorney

97.
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1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2

3

4

5

The City of Bell HEREBY CONSENTS to the entry of the
Amended Decree in united States, et al. v. Montrose Chemical
Corporation of California, et al.. No. CV 90-3122-AAH (JRx),
sUbject to the pUblic notice and comment"requirements of 28 C.F.R.
§ 50.7.

6

7 Date: ~. 110J tq q("

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28 34633

98.

i

orney

./
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The CITY OF BELL GARDENS HEREBY CONSENTS to the entry of the Amended
Decree in United States, et al. v. Montrose Chemical Corporation of California et al" No. CV
90-3122-AAH (Jllie), subject to the public_.notice and comment quirements of28 C.F.R_ Section
50.7

Attest:

(i:§@_-
RONALD HART
City Clerk

Approved As To Form:

. ARNOLDO BELTRAN
ity Attornev

99.
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LAX2: 168290.1

FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The city of Bellflower HEREBY CONSENTS to the entry of
the Amended Decree in united States. et al. v. Montrose Chemical
Corooration of California. et al., No. cv 90-3~22-AAH (JRx),
sUbject to the public notice and comment requirements of 28 C.F.R.
S 50.7.

-

Date: November 12. 1996

Mayor

Approved As To Form:

ib#va!,«~

100.
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1 POR THE SET1LING LOCAL GOVERNMENTAL ENTITIES:

2

3 The City of Bradbury HEREBY CONSENTS to the entry of the Amended Decree in United

4 States et al. v. Montrose Chemical Corp.. et aI., U.S.D.C. No. CV 90-3122-AAH (Irx), subject to the

5 public notice and comment requirem.Jnts of28 C.P.R. § 50.7.

ATTEST:

Claudia Saldana

City Clerk

Type Name of City Clerk

C. Edward DiIkes

Richard G. Barakat

Type Name of City Attorney

Type Name ofMayor

By:

6

7 Dated: J(}-,;.q- 9£
>

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

101.
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The City of Carson HEREBY CONSENTS to the entry
of the foregoing Amended Consent Decree in the action entitled
United States of America, etal. v. Montrose Chemical Corporation
of California, et al. , C. D. Cal., No. CV 90-3l22-AAH (JRX),
subject to the public notice "and comment requirements of 28 C.F.R.
§ 50.7.

Attest:

"" --.f'< ..ILU/.~ '~"'

City Cl"erk /

APP(?) aag;' .

9608C9 10072-00005 ddp 0203184 0

102.
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1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2

3 THE CITY OF CERRITOS HEREBY CONSENTS to the entIy ofthe Amended Decree

4 in United States. et al. v. Montrose Chemical Corporation of California. et aI., No. CV 90-3122-AAH

5 (JRx), subject to the public notice and comment requirements of28 C.F.R. § 50.7.

6

7 Dated: 1&u..J,Qj;, d. \().1' ,<,), <.J, to

8

9

10

11

19

20

21

22

23

24

25

26

27

28

2712.01 OQ0029·00Qi 12116/96

Attest:

04'I!J'··./d-~
City Clerk

Approved As To Form:

n'(J- ~) SsG
City Attorney

PRINTED ON RECYCLED PAPER

103.
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1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2

3 The City of Claremont HEREBY CONSENTS to the entry of the
Amended Decree in United States, et al. v. Montrose Chemical

4 Corporation of California, et al., No. CV 90-3122-AAH (JRx),
subject to the public notice and comment requirements of 28

5 C.F.R~ § 50.7.

6

7

8

9

10

11

12

13

14

15

16

17

18

Date: September 10, 1996 City of Claremont

By

Approved As To Form:

BEST BEST & KRIEGER LLP

19

20

21

22

23

24

25

26

27

28

By

104.
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The CITY OF COMMERCE HEREBY CONSENTS to the entIY ofthe Amended Decree
in United States, et at v. Montrose Chemical Corporation of California, et aI., No. CV 90-3122
AAH (JRx), subject to the public notice and,comment requirements of28 C.F.R. Sec 'on 50.7

Date: November 6. 1996.

Attest:

Approved As To Form:

Francisco Leal
City Attorney

105,
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FOR '1'HB SB'l'TLlNG LOCAL GOVERNJ!ENTAL ENTITIES:

The C1ty or compton HDEBY CONIilENTS to the entry of the
Aaended Consent Decree in the aodon entitled Unitt4

o 0
c. D. cal., No. c:v 90-3122-AAH (J1lx), SUI:ljeClt

lie notice and comment requirement. of 28 C.P.R. f 50.7.

foreqoi

to the

FOR: I
I
I

ern \)J' COJI1I7O.
I

N~-am-e--o~r~)Ublic Entity

~ GRANT. CLEGG II, clt;O:y
DA.TED: I1eJ,-S--- , 19116 •

·-··--··-r -- ._- ..- _ .. -- ..-
106.

RB-AR14282



(
\; -

1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2

3 The city of Covina HEREBY CONSENTS to the entry of the
Amended Decree in united States l et al. v. Montrose Chemical

4 Corporation of California, et al. l No. CV 90-3122-AAH (JRx),
sUbject to the public notice and comment requirements of 28 C.F.R.

5 § 50.7.

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

Date:

~L)
yor .

Attest:

City Attorney

28 34633

107.
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The City of Cudahy HEREBY CONSENTS to the entry of the
foregoing Amended Consent Decree in the action entitled United
States of America, et aI, v, Montrose Chemical Corporation of
California, et aI" C, D. Cal., No, CV 90-3l22-AAH (JRx), subject
to the public notice and comment requirements of 2S C.F.R. § 50.7.

DATED: September 3,

19~bcJM.rn
David M. Silva

Mayor

Attest:

--+-I'll .
./. j;':'''__ .) \ .--,~ _>J l- - .... ''- ...... - .... '----,

Jack M. Joseph
City Clerk

Approved as to Form:

-=:::::::::
.~.

MIEhael C, Celanfuono
City Attorney

lOS.
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1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2

3

4 The City of Culver City HEREBY CONSENTS to the entry of the
Amended Consent Decree in United States, et al. 'v. Montrose

5 Chemical Corporation of California, et al., No. CV 90-3122-AAH
(JRx), subject to the public notice and comment requirements of 28

6 C.F.R. §50.7.

7

8 DATED: ~s.. .....1M 1~1 1"A.('
9

10

~J~-?7.G==~·By:
Ml\.YOR, EDWARD WOL~Z

By: Z1·4.~ <

CIT[ ATTORNEy~1f::;RMAN~"="'Y:;-.-"'HE=RR=I"'N~G

11

12

13 DATED:

14

15

16

17

18
DATED:

19

20

21

22

23

24

25

26

27

28

Attest:

By:
CITY CLERK, TOM CRUNK

by Ela Valladares, Deputy City

Approved As To Form:

Clerk

109.
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The City of Diamond Bar HEREBY CONSENTS to the entry of
the foregoing Amended Consent Decree in the action entitled united
States of America, et al. v. Montrose Chemical Corporation of
California, et al. , C. D. Cal., No. CV 90-3122-AAH (JRx), sUbject
to the public notice and co~ment requirements of 28 C.F.R. § 50.7.

DATED: August 20, 1996.

2~~G--= r ~p~~
Eileen Ansari

Mayor

Attest:

~~Lynd,?- Bu:!:"gess
C.L"C.jl Cle>:>J(

110.
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The City of Downey HEREBY CONSENTS to the entry of the
Amended Decree in United States. et al. v. Montrose Chemical
Corporation of California. et al., No. CV 90-3122-AAH (JRx) ,
subject to the pUblic notice and comment requirements of 28
C.F.R. § 50.7.

Attest:

CITY OF DOWNEY

~AlI~~
Timothy B. McOsker

(/,f,Udith E. McDonnell, City Clerk

111.

Date: _~ 1-) ('1'1&

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

LAX2:168324.1
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CITY OF DUARTE

( (
1 FOR THE SETT15NG LOCAL GOVERNMENTAL ENTfrlES:

2

3

4
The CITY OF DUARTE HEREBY CONSENTS to the entry of the Amended Decree in

5 United States, et al. Montrose Chemical Corporation of Califomia, et aI., No. CV 90-3122-AAH

6 (Jllie), subject to the public notice and comment requirements of28 C.F,P. Section 50.7.

7

r O
•

"

--

Approved As To Form:

MARLA AKANA, City Clerk

E. CLARKE MOSELEY,CitYAttOfI1e

PIllLI1P R. REYES, May

.~/

Attest:

8
[cb~'iCrDate:

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

I 25
j

I 26

f 27
I

I 28

~I

112.
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2

3 The City ofE! Monte HEREBY CONSENTS to the entry of the Amended Decree
in United States. et al. v. Montrose Chemical Corporation of California. et a!., No. CV 90-3122

4 AAH (Jrx), subject to the public notice and comment requirements of28 C.F.R. § 50.7.

5

6

7

8 Date: I-J?r'1l

9

10

11

12

13

14

15
Approved As To Form:

16

17

~via~k18
City Attorney

19

20

21

~~

CITY OF EL MONTE

By61t-~d&~~
Patricia A. Wallach
Mayor

Attest:

BY*~~0!c::.~L1f:';:+~I;'=<===---
egory D. Kor uner

. y Administrator

24

25

26

27

28

113.
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1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2

3 The City of EI Segundo HEREBY CONSENTS to the entry of
the Amended Decree in united States. et al. v. Montrose Chemical

4 Cornoration of California. et al., No. CV 90-3122-AAH (JRx),
sUbject to the pUblic notice and comment requirements of 28 C.F.R.

5 § 50.7.

6

7

8

9

10

11

Date: December 11, 1996

Attest:

12

13

14
City Clerk

15

16

17

18

19

20

21

22

23

24

25

26

27

28

114.

Approved As To Form:

Hensley,

RB-AR14290



1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2

3 The City of Gardena HEREBY CONSENTS to the entry of the Amended Decree in United

4 States et aI. v. Montrose Chemical Com.. et aI., U.S.D.C. No. CV 90-3122-AAH (Jrx), subject to the

5 public notice and comment requirem~mts of28 C.F.R. § 50.7.

I; 6

7 Dated: SEP 1 0 1:.:9;;:

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

BY:~.y~ea1.-
Mayor

Donald L. Dear

Type Name ofMayor

ATTEST:

. erk,

May Y. Doi
Type Name of City Clerk

Lisa E. Kranitz

Type Name of City Attorney

115.
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The The City of Glendora HEREBY CONSENTS to the entry
of the Amended Decree in united States, et al. v. Montrose
Chemical corporation of California, et al., No. CV 90-3122-AAH
(JRX) , subject to the pUblic notice and comment requirements of
28 C.F.R. § 50.7.

CITY OF GLENDORA, a Municipal
corporation

[City Clerk/Secretary]

Attest:

Approved As To Form:

116.

9/18/%Date:

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

LAX2: 16~63.1
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1 The City of Hawaiian Gardens HEREBY CONSENTS to the entry of

2 the Amended Decree in United States, et al. v. Montrose Chemical

3 Corporation of California, et al., No. CV 90-3122-AAAH (JRx) ,

4 subject to the public notice and comment requires of 28 C.F. R. §

5 50.7.

6

7 #""/7:'":- /-t/ , 1996
/

8

9

10

11

12

13

14

15

16 LAl.OO73157.01

17

18

19

20

21

22

23

24

25

26

27

28

~~~~~~'
Domenic Ruggeri, City Clerk

Julia E. Sylva, City At~orney

117.

RB-AR14293



(

FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The City of Hawthorne HEREBY CONSENTS to the entry of the
Amended Decree in United States, et al • v. Montrose Chemical
corporation of California, et al., No. CV 90-3122-AAH (JRx),
subject to the public notice and comment requirements of 28 C.F.R.
§50.7. .

Date: -'~=!=-r-MpMJ-=--..wci'4&'+'.LlCA"-"=0_u I

. ATTEST:

city Clerk

~==--='!2'e:==--
LARRY M. GUIDI, MAYOR
City of Hawthorne, California

APPROVED AS TO FORM:

118.
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The City of Hermosa Beach HEREBY CONSENTS to the entry of
the foregoing Amended Consent Decree in the action entitled united
States of America. et al. v. Montrose Chemical Corporation of
California. et al .. C. D. Ca~., No. CV 90-3122-AAH (JRx) , sUbject
to the pUblic notice and comment requirements of 28 C.F.R. § 50.7.

DATED: August 13, 1996.

Attest:

~t<-".)~
Ela1rleDerfVng

City Clerk

119.
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( (

Type Name ofMayor

Type Name of City Attorney

Type Name of City Clerk

Thomas E. Jackson

Steven N. Skolnik

Marilyn A. Boyette

APPROVED AS TO FORM:

7 Dated: September 3, 1996

1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2

3 The City of Huntington Park HEREBY CONSENTS to the entry of the Amended Decree in

4 United States et aI. v. Montrose Chemical Corp. et aI., U.S.D.C. No. CV 90-3122-AAH (Irx), subject

5 to the public notice and comment re~uirements of28 C.F.R. § 50.7.

--~
6

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

120.
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2

3 The City of Industry HEREBY CONSENTS to the entry of the Amended Decree in United
States, et aI.. vs. Montrose Chemical Corporation of California, et al .. No. CV 9O-3I22-AAH (JRx).

4 subject to the public notice and comment requirements of 28 C.F.R. § 50.7.

5

£5/ I ~ I ~(p -
6 Date:

, !

7

8

9

10

II

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

City Clerk

Approved As To Form:

121.
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1 The CITY OF INGLEWOOD HEREBY CONSENTS to the entry of the Amended

2 Decree in United States et al. v. Montrose Chemical Corooration of California.

3 et al., No. CV 90-3122-AAH (JRx). subject to the public notice and comment

4 requirements of 28 C.F.R. § 50.7.

10 :;;zr:/q/// .
11 C ~/.(lt;;z{:l tzJfz."J-O

City Clerk

5

6

7

8

9

DATE: September 10 , 1996

ifyor

/
\

12

13 ~~O
14 City Attorney
15

16

17

18

19

20

21

22

23

24

25

26

27

28

122.
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AND RELATED COUNTER, CROSS
AND THIRD PARTY ACTIONS.

UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

Plaintiffs,

Defendants.

v.

)

)

)

)

)

)

)

MONTROSE CHEMICAL CORPORATION )
OF CALIFORNIA, et al., - )

)

)

--------------)
)

)

)

--------------)

9

8

2

1

7

3

5

6

4

10

11

12

13

14

15

16

FOR CITY OF IRWINDALE, A Municipal Corporation:

WE HEREBY CONSENT to the entry of the Amended Consent Decree

in United States. et al. v. Montrose Chemical Corporation of

California. et aJ , No. CV 90-3122-AAH(JRx), subject to the public

notice and comment requirements of 28 C.F.R. §50.7.

17
Date: September 2, 1996

18

19.
By:

20

24 APPROVED AS TO FORM

iClerk
By:

21

23

22

25

26

27

28

By:
Andrew V. Arczynski
City Attorney
City of Irwindale

N \ WORK \AMENDCON

123.
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The City of La Habra Heights HEREBY CONSENTS to the entry
of the foregoing Amended Consent Decree in the action entitled
United States of America, et al. v. Montrose Chemical Corporation
of California, et al. , C. D. Cal., No. CV 90-3122-AAH (JRx) ,
subject to the public notice'and comment requirements of 28 C,F.R.
§ 50.7.

DATED: August 8, 1996.

Mayor

Attest:

'i2L~
Leslie L. Doolittle

City Clerk

Approved as to Form:

-----/7M1'"a~'uono
~ City Attorney

124,
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AND RELATED COUNTER, CROSS
AND THIRD PARTY ACTIONS.

UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

Plaintiffs,

Defendants.

v.

)

)

)

)

)

)

)

MONTROSE CHEMICAL CORPORATION )
OF CALIFORNIA, et al., -)

)

)

-------------)
)

)

)

--------------)

9

8

2

1

7

3

5

6

4

10

11

12

13

14

15

16

FOR CITY OF LA MIRADA, A Municipal Corporation:

WE HEREBY CONSENT to the entry of the Amended Consent Decree

in United States, et al. v. Montrose Chemical Corporation of

California, et al., No. CV 90-3122-AAH(JRx), subject to the public

notice and comment requirements of 28 C.F.R. §50.7.

17

18

19

20

Date:

By:

ATTEST:

21

Andrew V. Arczyn
Assistant City Attorney
City of La Mirada

By:

22 By:

27

28

25

26

23

24 APPROVED AS TO FORM

tJ '. WORY.\;t.MENDCON

125.

RB-AR14301



(

FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The City of La Puente HEREBYCONSENTS to the entry of the foregoing
Amended Consent Decree in the action entitled United States of America. et al. v. Montrose
Chemical Corporation of California. et al.. C. D. Cal., No. CV 90-3 I22-AAH (JRx), subject to
the public notice and comment requirements of28 C.F.R. § 50.7.

Dated September 24, 1996.

Attest:
../1

/Ii,~_
" Ity

City Att ey

Approved as to Form:

~!~L

126.
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(

'.. -- '""; -- . -.

1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2

.1
I

Type Name ofMayor

./ City Attorney

APPROVED AS TO FOR1vI:

/, ., /
U~ /.;.r J'((-<<-

Type Name of City Clerk
N. Kathleen Harnm

Robert L. Kress
Type Name of City Attorney

ATTEST:

3 The City of La Verne HEREBY CONSENTS to the entry of the Amended Decree in United

4 States et at v. Montrose Chemical Com.. et aI., U.S.D.C. No. CV 90-3122-AAH (Jrx), subject to the

5 public notice and comment requiremJnts of28 C.F.R. § 50.7.

6

7 Dated: fi- 3 -3'6

8

9

10

11

12

13

14

15

16

17

18

19 •

20

21

22

23

24

25

26

27

28

127.
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1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2

3

4

5

6

The CITY OF LAKEWOOD hereby consents to the entry of the Amended Decree in United

States, et at v. Montrose Chemical COIlloration of California, et aI., No. CV 90-3122-AAH (Jrx),

subject to the public notice and comment requirements of28 C.F.R. .Section 50,7.

7 DATED: August 27, 1996

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

128.

Approved As To Form:

~ ~l~(obll SanfOrddd:City Attorney
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1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2 The CITY OF LAWNDALE HEREBY CONSENTS to the entry of the
Amended Decree in United States, et al. v. Montrose Chemical

3 Corporation of California, et al., No. CV 90-3122-AAH (JRx),
subject to the public notice and comment requirements of 28 C.F.R.

4 § 50.7.

/ /

By iZ!a-<--e-e..tl;t-k·bndA1./V-
Harold Hofmann

Mayor V

5

6 Date:

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

CITY OF LAWNDALE

Attest:

Approved As To Form:

BY&~~~~,
City Attorney /<ViJ

129.

Esq.
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The City of Lomita HEREBY CONSENTS to the entry of
the Amended Decree in united States. et al. v. Montrose Chemical
Corporation of California. et al., No. CV 90-3122-AAH (JRx),
sUbject to the pUblic notice and comment requirements of 28 C.F.R.
§ 50.7.

lA..X2: 168246.1

Date: November 8, 1996

Attest:

Approved As ~o Form:

130.
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The City of Lynwood HEREBY CONSENTS to the entry of the
foregoing Amended Consent Decree in the action entitled united
States of America, et al. v. Montrose Chemical Corporation of
California, et al., C.D. Cal., No. CV 90-90-3122-AAH (JRx) ,
sUbject to the pUblic notice and comment requirements of 28
C.F.R. §50.7.

DATED:

- Mayor

Attest:

Approved as to Form:

City Attorney

131.
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1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2 The City of Manhattan Beach HEREBY CONSENTS to the entry

3 of the Amended Decree in United States, et al. V. Montrose Chemical

4 Corp., et al., U.S.D.C. No. CV 90-3122-AAH(JRx), subject to the

5 public notice and comment~equirementsof 28 C.F.R. § 50.7.

6

7 Dated: September 24. 1996

8

9

10

11

12

13[
14 i

I
I

15 .
!

16 :
I
!

17:
18

19

20·

!
21 .

22 !i
I'23

24

251

I
261

)
I

28i'
i
i:
I

Mayor

STEVE BARNES
Type Name of Mayor

ATTEST:

City Clerk

Win Underhill
Type Name of City Clerk

Robert V. Wadden, Jr.
Type Name of City Attorney

132.
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1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITlES:

2

3 The City of Maywood HEREBY CONSENTS to the entry of the Amended Decree in United

4 States et aI. v. Montrose Chemical Com. et aI., U.S.D.C. No. CV 0-3122-AAH (Jrx), subject to the

5 public notice and comment requirements of28 C.F.R. § 5 .7.

Type Name ofMayor Pro-Tern

6

7 Dated: 08-27-96

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Thomas Martin

Samuel A. Pena
Type Name of City Clerk

APPRO

ity Attorney

Cary Reisman

133.

>
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

~~~Robert T. Bartle~

Atte~ / ~
. I.' /~_/ ... j

! L.../. ,./- I / ;f'./'
i ..../-L-o.~ ...,l., /~ ./: ... ...../7.../ ('!It
Linda B. Proctor, City Clerk

/

~/,k y/ /.:,:'; -;DATED:

The City of Monrovia, California HEREBY CONSENTS to the
entry of the foregoing Amended Consent Decree in the action .
entitled United States of America, et al. v. Montrose Chemical
Corporation of California. et al., C. D. Cal., No. CV 90-3122-AAH
(JRx) , subject to the public notice and comment requirements of
28 C.F.R. § 50.7.

Approved as to Form:

Michele Beal Bagneri ,
City Attorney

134.
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The [local governmental entity] HEREBY CONSENTS to
the entry of the Amended Decree in united States, et al. v.
Montrose Chemical Corporation of California, et al., No. CV 90
3~22-AAH (JRx) , sUbject to the pUblic notice and comment
requirements of 28 C.F.R. § 50.7.

Date:
September 10, 1996 City of Montebello

By~~$~
[MaYQr}Cha:irpeon]

Attest:

Approved As To Form:

~·ll)L~/,-r·(l~
[City Attorney/General Counsel]

RB-AR14311
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I FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2

3 THE CITY OF MONTEREY PARK HEREBY CONSENTS to the entry of the

4 Amended Decree in United States. et al. v. Montrose Chemical Corporation of California. et aI.,

5 No. CV 90-3122-AAH (JRx), subjeft to the public notice and comment requirements of28 C.F.R.

6 § 50.7..

7

8

9

10

II

20

21

22

23

24

25

26

27

28

::!7ll.0 1 000029-000"7 12!16/96

THE CITY OF MONTEREY PARK

Attest:

dJ/h/Jdd1#tl
City Clerk

Approved As To Form:

City Attorney

PRINTED ON RECYCLED. PAPER.

136.
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(

FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The City of NORWALK HEREBY CONSENTS to the entry
of the foregoing Amended Consent Decree in the action entitled
United States of America. et al. v.'Montrose Chemical Corporation
of california. et al.. C. D. Cal., No. CV 90-3122-AAH (JRx),
subject to the public notice and comment requirements of 28 C.F.R.
§ 50.7.

DATED: SEPTEMBER 17,__________}" 1996.

Attest:

,
:'.~. L'<'~: ~ ......... ' /-,:,..~ 'J t ,'.'/-:t." (

CiA:y Clerk

Approved as to Form:

/ik ~;,9.'i1#y

137.
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1 FOR THE SETTLING LOCAL GOVERm1ENTAL ENTITIES:

·2
The city of Palos Verdes Estates hereby consents to the entry

3
of the Amended Decree in united States, et al. v. Montrose

4
Chemical Corporation of California, et al., No. CV 90-3122-AAH

5
(JRx) , sUbject to the pu,blic notice and comment requirements of 28

6
C.F.R. § 50.7.

7

8

9

10

11

12

Date: september

ATTEST:

17--, 1996 CITY OF PALOS VERDES ESTATES

13

14

15

16

17
APPROVED AS TO FORM:

18

19

20

21

22

23

24

25

26

27

28

KAHY" BALLMER
& HflOOWl

. ;'~

Scher, city Attorney

138.
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1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2

3 The City of Paramount HEREBY CONSENTS to the entry of the Amended Decree

4 in United States. et al. v. Montrose Chemical Corporation of California, et aI., No, CV 90-

S 3122-AAH (JRx), subject to the p~blic notice and comment requirements of 28 C,F,R. §

6 50,7,

7

8

9

10

11

12

13

14

~5

16

17

18

19

20

21

22

23

24

25

26

27

28 G:IADMINIMISCILBL\28CFR.WPD

139,

Manuel Guillen, Mayor

Attest:

. U
Kathie Mendoza, City Clerk

Approved As To Form:

Maurice O'Shea, City Attorney

RB-AR14315



(

The City of Pasadena HEREBY CONSENTS to the entry of the
Amended Decree in United States, et al. v. Montrose Chemical
Corporation of California, et al., No. CV 90-3122-AAH (JRx) ,
sUbject to the pUblic notice and comment requirements of 28
C.F.R. § 50.7.

Date: By:

Attest:

Ji'Vne
,.city

Approved As To Form:

&y;;;L
Assistant city Attorney

u$A/Con::.en,
:lee ree ..25520

140.
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1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2

3 The City of pico Rivera HEREBY CONSENTS to the entry of the Amended

4 Decree in United States, et al v. Montrose Chemical Corporation of

5 California, et al., No. CV 90-3122-AAH (JRX), sUbject to the pUblic

6 notice and comment requirements of 28 C.F.R. §50.7.

prlit\potlach.con

CITY OF PICO RIVERA

~av1~3-
APPROVED AS TO FORM:

S~t N~ls, City Attorney

ATTEST:

8

7

9

10

11

1211~kd-~~~~~~~c-.,----
Chris Schaefer,

13

14

15

16

17

18

19

20

21
22

23

24

25

26

27

28

141.
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1 The CITY OF POMONA HEREBY CONSENTS to the Amended Decree in United
States. et at v. Montrose Chemical Corporation of California. et al., No. CV 90-3122-AAH

2 (Jrx), subjet to the public notice and comment requirements of28 C.F.R. § 50.7.

3

4 DATE: SEPTEMBER 16, 1996

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

24

26

27

28

142.

CITY OF POMONA

~~Mayor

~:- ;jU
Io'IHVILL~

City Clerk

Approved As To Form:

~~t&z~
City Attorney

RB-AR14318



FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The City ofRancho PalosVerdesHEREBY CONSENTS to the entry
of the foregoing Amended Consent Decree in the action entitled
united States of America. et al, v. Montrose Chemical Corporation
of California. et al.. C. D. Cal.. No. CV 90-3122-AAH (JRx),
subject to the public notice and comment requirements of 28 C.F.R.
§ 50.7. _

DATED: _ --=";.:'e",p:..;t:..;e::.:;m",b:..;e::.;l::..;-....::.;3 , 1996 •

I ,

/

Mayor

Attest:

City Clerk
,-

Approved as to Form:

City"'Attorney

143.
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(,
, -

(
' ...

1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2

3 The City ofRedondo Beach HEREBY CONSENTS to the entry ofthe Amended Decree

4 in United States. et al. v. Montrose Chemical Cor:poration of California. et al., No. CV 90-3122

5 AAH (Jllie), subject to the public notice and comment requirements of28 C.F.R. § 50.7.

6

7 Date: September 3, 1996

8

9

10

II

12

13

14

IS

16

17

18

19

20

21

22

24

25

26

27

28

-'. 17() ~/ i.J< I (-;/,./. ...2". LV . /c. ,
LWM. BRAD PARTON, MAYOR

test:

Approved as to Form:

144.
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The City of Rolling Hills HEREBY CONSENTS to the entry of
the foregoing Amended Consent Decree in the action entitled united
states of America. et al. v. Montrose Chemical Corporation of
California. et al., C. D. Cal., No. CV 90-3122-AAH (JRx) , subject
to the pUblic notice and comment requirements of 28 C.F.R. § 50.7.

DATED: August 26, 1996.

~~~E~M~
Mayor

Attest:

r Craig Nealis
City Clerk

145.
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(

1 FOR SETTLING LOCAL GOVERNMENTAL ENTITIES:

2

3 The CITY OF ROLLING HILLS ESTATES HEREBY CONSENTS to the

4 entry of the Amended Decree in united States, et al. v. Montrose

5 Chemical corporation of california, et al., No. CV 90-3122-AAH

6 (JRx) , sUbject to the pUblic notice and comment requirements of

7 28 C.F.R. § 50.7.

"c...?

."Ll<'I~bILLS ES"'''''''''''S

Approved As To Form:

~~t~
City Attorney:)

Attest:

September if, 1996

8

9 Dated:

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

146.
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1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITlES:

2

3 The City ofRosemead HEREBY CONSENTS to the entry of the Amended Decree in United

4 States et a!. v. Montrose Chemical Corp.. et a!., U.S.D.C. No. CV 90-3122-AAH (Irx), subject to the

5 public notice and comment requirem.ents of28 C.F.R. § 50.7.

6

7 Dated: t2--.J1-~.;2) / 6':/£

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

By:m~~MaYor

ype Name ofMayor

ATTEST:

Nancy Valderrama
Type Name of City Clerk

APPROVED AS TO FORM:

Robert L. Kress

Type Name of City Attorney

147.
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\,

1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITlES:

2

3 THE CITY OF SAN DIMAS HEREBY CONSENTS to the entry of the Amended

4 Decree in United States, et aI. v. Montrose Chemical Corporation ofCa1iforrua. et aI., No, CV 90-3122

5 AAH (JRx), subject to the public no.pce 'and comment requirements of28 C,F,R, § 50.7.

6

7 Dated:

8

9

10

11

3 5 l1i 12_~ V"\ ~

ffi :"7'z .-;::;::::
13o :::Ie

t'.: cn ez ~C\ S2
< ::;I t':l::::;

14U C·CN
~ ~ ,

<;j ..;:~&;
== 'C 15""'::I~-

SLJ...-,
;:.:: .-

Z OIllN
~-

'"
-= <:; 16"= er,

. c.2zu:
"- 17~ g~

a ~,-

18

19

20

21

22

23.

24

25

26

27

28

THE CITY OF SAN DIMAS

Attest:

Approved As To Form:

t/uJ- (;j,~
City Attorney

2712.01 000029·0007 12.'16/96 PRINTED ON RECYCLEP PAPE~

148,
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1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2

3 The City of San Gabriel HEREBY CONSENTS to the entry of the Amended Decree in United

4 States et ai. v. Montrose Chemical Corp. et aI., U.S.D.C. No. CV 90-3122-AAH (Jrx), subject to the

5 public notice and comment requirements of28 C.F.R. § 50.7.

6

7 Dated:

8

9

10

11

12

13

14

15

16

17

18

1Q-- II
20

21

22

23

24

25

26

27

28

BYYMy~Mayor

Mary Cammarano, I.layor
Type Name of Mayor

ATTEST:

~~Cltyer

Cynthia Bookter, City Clerk
Type Name of City Clerk

~RM
City Attorney

Robert L. Kress
Type Name of City Attorney

149.
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The City of ';&N Ii1 flli-IIJe' HEREBY CONSENTS to the entry
of the foregoing Amended Consent Decree in the action entitled
United States of America. et al. v. Montrose Chemical Corporation
of California. et al .. C. D. Cal., No. CV 90-3122-AAH (JRx) ,
subject to the public notic~ and comment requirements of 28 C.F.R.
§ 50.7.

DATED: 'SfP7fr::I!Sic i", , 1996.

Mayor

Attest:

City Clerk

Approved as to Form:

/(!(/L-( =. Q",v..Yt7C

150.
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1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2

3 The City of Santa Fe Springs HEREBY CONSENTS to the entry of the Amended Decree in

4 United States et aI. v. Montrose Chemical Corp. et aI., U.S.D.C. No. CV 90-3122-AAH (Jrx), subject
-

5 to the public notice and comment requirements of28 C.F.R. § 50.7.
./

CitY Clerk

ATTEST:

~~-

Steven N. Skolnik

Type Name of City Attorney

APPROVED AS TO FORM:

Type Name of City Clerk

Type Name ofMayor

City Attorney

Marilyn Jannak

George Minnehan

L/
By.·----':....,"";"'..' ..-'-~....,7.""./r"--",",,'7"".::-=-::4-4 -=--_-=-_----=-~,..· ......lCf-·7 -< .. ~" '( ..

• ) , Mayor

6

7 Dated: 9-12-96

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

151.
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1 FOR THE SETTLING LOCAL GOVERNMENT ENTITIES:

2
The City of Sierra Madre HEREBY CONSENTS to the entry of the Amended Decree in

3 United States et al V Montrose Chemical Corporation of Califomia et ai, No. CV 90-3122
AAH (Jrx), subject to the public notice and comment requirements of28 C.F.R. § 50.7.

City Attorney

Attest:

Approved As To Form:
)

BY:·-,L---=_..,L.~~.L:::3:::::::~~='~==-
M or

lerra Madre,

4

5
Date:

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

152,
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l FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:·

2 The CITY OF SIGNAL HILL HEREBY CONSENTS to the entry of the
Amended Decree in United States. et al. v. Montrose Chemical

3 Corporation of California. et al., No. CV 90-3l22-AAH (JRx),
subject to the public notice and comment requirements of 28 C.F.R.

4 § 50.7.

5

6

7

8

9

lO

II

l2

l3

l4

l5

l6

l7

l8

19

20

2l

22

23

24

25

26

27

28

Date: CITY OF SIGNAL HILL

Approved As To Form:

r ,
By / \-...;;.~,.- ,; p '\. .' ....... J..-

David J. Aleshire, Esq.
City Attorney

l53.
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

(

The City of South El Monte HEREBY CONSENTS to the entry of the
forgoing Amended Consent Decree in the action entitled United States of
America. et all v. Montrose Chemical Corporation of California. et al, C. D.
Cal., No. CV 90-3122-AAH (JRx), suhject to the puhlic notice and comment
requirements of 28 C.F.R. § 50.7.

DATED: August 13, 1996

Vice Mayor

Approved as to Form:

2<7. ~"1JJ I '/./.~
C Y Attorney

154.
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The city of south Gate HEREBY CONSENTS to the entry
of the foregoing Amended Consent Decree in the action entitled
united states of America. et al. v. Montrose Chemical Corporation
of California. et al.. C. D. Cal., No. CV 90-3122-AAH (JRx),
subject to the public notice and comment requirements of 28 C.F.R.
§ 50.7.

DATED: SEPTEMBER "to,__________, 1996.

, Mayor
/

Attest: J

! -e/ ~:' . I .'~/ il: -- --+-Cit rk .

155.
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITlES:

The CITY OF SOUTH PASADENA HEREBY CONSENTS to the entry of the
Amended Decree in United States, et. al. v. Montrose Chemical Corporation of California,
et. aI., No. CV 90-3 122-AAH (Jrx), subject to the public notice and comment requirements
of28 C.F.R. Section 50.7

Date: November 6 1996

Approved As To Form:

,

v .-:,'--~c-?~ ./J/
Francisco Leal
Interim City Attorney

By~ ...~ :!?"eif11t<\~ <I -

Dorothy . Cohen .
Mayor

Attest:

~A.~!J Jeannine A. Gregory
City Clerk

156.
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1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2
The City of Temple City HEREBY CONSENTS to the entry of the

'3 lImended Decree in United States. et al. v. Montrose Chemical
Corporation of California. et al., No. CV 90-3122-AAH (JRx),

4 subject to the public notice and comment requirements of 28 C.F.R.
§ 50.7.

5

6 Date:

7

8

9

10

September 3. 1996 City of Temple city

By (JatAi~
Mayor

Attest:

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Approved As to Form:

157,
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2

(
FOR THE SETTLING LOCAL GOVERNMENTAL

(~ --

ENTITIES:

The CITY OF TORRANCE HEREBY CONSENTS to the entry of the
3 Amended Decree in united States, et al. v. Montrose Chemical

Corporation of California. et al., No. CV 90-3122-AAH (JRx),.
4 sUbject to the pUblic notice and comment requirements of 28 C.F.R.

§ 50.7.
5

6
Date:

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

By: I~ eJ1(./?~
The Honorable Dee Hardison
Mayor

Attest:

Approved As To Form:

John L. Fellows Itt:
City Attorney

158.
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1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2

3 The CITY OF VERNON HEREBY CONSENTS to the entry of the
Amended Decree in United States. et al. v. Montrose Chemical

4 corporation of California. et al., No. CV 90-3122-AAH (JRX) ,
subject to the pUblic notice and comment requirements of 28 C.F.R.

5 § 50.7. .

6

7

8

9

Date: l I",
/ / I " CITY OF VERNON

:LO

11

Attest:

//;("
12

13

BRUCE V. MALKENHORST, City Clerk

Approved As To Form:

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

lAX2: 16046 1 159.

DAVID B. BREARLEY, cit

, /
/

Attorney

RB-AR14335
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(
'" -_--: -

I The City of Walnut HEREBY CONSENTS to the entry of the Amended Decree

2 in United States. et al v. Montrose Chemical Corporation of

3 California. et al., No. CV 90-3122-AAH (JRX), sUbject to the pUblic

4 notice and comment requirements of 28 C.F.R. S50.7.

5 CITY OF WALNUT

6

7

APPROVED AS TO FORM:

160.
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1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2 The CITY OF WEST COVINA HEREBY CONSENTS to the entry of the
Amended Decree in United States. et al. v. Montrose Chemical

3 Corporation of California. et al., No. CV 90-3122-AAH (JRx) ,
subject to the public notice and comment requirements of 28 C.F.R.

4 § 50.7.

5

6 Date: .' .,

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

CITY OF WEST COVINA

~f1~ I /' < .B/\\\, \, [~.A;'-'CL-,--.L (~~./ I.-L"_.\

Mic1).ael R. Touhey \
Mayor

Attest:

/ /.
,/ /'"BYco-~.,--=-__~ _

Janet Berry
City Clerk

Approved As To Form:

'.By .. ; , ,< ' . . ; '.. I \_

Elizabeth Hanna Dixon, Esq.
City Attorney

161 ..
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1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:,
2

3

4

5

City of Whittier .
The [local governmental entltYl HEREBY CONSENTS to

the entry of the Amended Decree in United States. et al. v.
Montrose Chemical Corporation of California. et al., No. CV 90
3122-AAH (JRx) , sUbject to the pUblic notice and comment
requirements of 28 C.F.R. § 50.7.

( 6

7

8

9

·10

11

12

13

14

Date:
11/12/96

irperson]

Attest:

[Cuty clerkjSecretary]
/

15
I
I

161i
I

171
I

18
1

( 19

20·

21

22

23

24

25

26

27

28

L·\X~: 16o.t63.1

Approved As To Form:

162.
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( (
FOR THE SETTLING LOCAL GOVERNMENT ENTITIES:

The City of Agoura Hills HEREBY CONSENTS to the entry
of the foregoing Amended Consent Decree in the action entitled
united States of America. et al. v. Montrose Chemical Corporation
of California. et al., C. D. Cal., No. CV 90-3122-AAH (JRx),
subject to the pUblic notice and comment requirements of 28
C.F.R. § 50.7.

DATED: August 19{ 1996

Attest:

Approved as to Form:

Grego
City

163.
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The City of Avalon HEREBY CONSENTS to the entry of the
foregoing Amended Consent Decree in the action entitled united
States of America, et al. v. Montrose Chemical corporation of
California, et al., C. D. Ca+., No. CV 90-3122-AAH (JRx), sUbject
to the public notice and comment requirements of 28 C.F.R. § 50.7.

DATED: l>ur:.II1Pe..r 7 , 199

--

Attest:

City

)
I

Approved as to Form:

«~t~

164.

RB-AR14340



( (

FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The City of Beverly Hills HEREBY CONSENTS to the entry of
the foregoing Amended Consent Decree in the action entitled united
States of America, et al. v. Montrose Chemical Corporation of
California. et al., C. D. CaJ., No. CV 90-3122-AAH (JRx), subject
to the pUblic n~~a~d comment requirements of 28 C.F.R. § 50.7.

OATED~;~ 'ur _.__
~

~~~ ~ .".
~~~

Approved as to Form:

0 tney

165.
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( ..

1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2 The CITY OF BURBANK HEREBY CONSENTS to the entry of the
Amended Decree in United States. et al. v. Montrose Chemical

3 Corporation of California. et al., No. CV 90-3122-AAH (JRx),
subject to the public notice and comment requirements of 28

4 C.F.R. §50.7.

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Date:

166.

CITY OF BURBANK

c J/~ - I" .
B . 'ytt, cJ_'ll,--

y -=,"::;-'--,-:.-~~,.,-----,.---
William D. Wiggins
Mayor

Attest:

By )n }11 oI~",-,
Margaret M. Lauerman
City Clerk/,

AP[,ovf f:b'o' o~,;
! iA /, ..

By / '/'-.//~

Car n A. Barnes
As istant City Attorney

i .
i ;: .:

f .I;;
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',.

167.

Attest:

City Clerk

Approved As To Form:

FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

Date:

The City of Glendale HEREBY CONSENTS to the
entry of the Amended Decree in united States, et al. v. Montrose
Chemical corporation of California, et al., No. CV 90-3122-AAH
(JRx), sUbject to the public notice and comment requirements of
28 C.F.R. § 50.7.

-

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

LAX2:I71288.1
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The City of Hidden Hills hereby consents to the entry of
the foregoing Amended Consent Decree in the action entitled United
States of America, et a 1, v. Montrose Chemical Corporation of
California, et al. , C. D. Cal" No, CV 90-3122-AAH (JRx) , subject
to the public notice and com~ent requirements of 28 C,F.R. § 50,7 .

DATED: .' ,
_--,f{,---~,---", , 1996.

Mont
Mayor

Attest:

Approved as to Form:

(h.-t -L,/ .j
Amanda F. Susskind
City Attorney

168.
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1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2

3 THE CITY OF LA CANADA FLlNTR1DGE HEREBY CONSENTS to the entry ofthe

4 Amended Decree in United States. et al. v. Montrose Chemical Corporation of California. et aI.,

5 No. CV 90-3122-AAH Ollie), subje.pt to the public notice and comment requirements of 28 C.F.R.

6 § 50.7.

7

I",' I ...... f ..11/8 Dated: fy"L....-'r:I'- <'-"" .,1, <:.-

9

10

11

19

20

21

22

23

24

25

26

27

28

2712.01 000029-0007 12116/96

THE CITY OF LA CANADA FLINTRIDGE

Attest:

City Clerk

Approved As To Form:

City Attorney

PRINTED ON RECYCLED PAPER

169.
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The City of Palmdale HEREBY CONSENTS to the entry
of the foregoing Amended Consent Decree in the action entitled
United States of America. et al. v. Montrose Chemical Corporation
of California. et al" C. D. Cal., No. CV 90-3122-AAH (JRx),
subject to the public notice and comment requirements of 28 C.F.R.
§ 50.7.

, 1996.

~MtyeMayor

Atte!

£7trw 2f!llmba"~
City Clerk

DATED:

Approved as to Form:

City' Attorney

170.
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1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2 The CITY OF SAN FERNANDO HEREBY CONSENTS to the entry of the
Amended Decree in United States. et al. v. Montrose Chemical

3 Corporation of California. et al., No. CV 90-3122-AAH (JRx),.
subject to the pUblic notice and comment requirements of 28 C.F.R.

4 § 50.7.

CITY OF

5

6 Date:

7

8

9

10

11

12

'13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

SAN FERNANDO

).. (

BY:;::--~//--"):"'-··~C='=-:'\./='..:....!--_.._. _

Rosa Chacon
Mayor

Attest:

,
By G,);~'1l1JL

Wilma Miller
City·Clerk

Approved As To Form:

By 11!~::"/'/:7:.
Michael Estrada, Esq.

City Attorney

171.
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2

3

4

5

6

7

8

9

10

II

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

LAX2:169412.1

(

FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The City of Santa Clarita HEREBY CONSENTS to the
entry of the Amended Decree in United States, et al. v. Montrose
Chemical Corporation of California. et al., No. CV 90-3l22-AAH
(JRx) , subject to the pUblic notice and comment requirements of
28 C.F.R. § 50.7.

-

Date: ,

,J 2

Attest:

Approved AS,To Form:
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1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2

3 The City of Santa Monica HEREBY CONSENTS to the entry of the

4 Amended Decree in United States. et al. y. Montrose Chemical

5 Corporation of California. et al., No. CV 90-3122-AAH (JRx), sUbject

6 to the public notice and comment requirements of 28 C.F.R. § 50.7.

7

8 Date:

9

10

11

12

13

14

15

16

17

18

19

20

21

22

')'_J

24

25

26

27

28

~ '2 I l"l"\1,.. CITY OF SANTA MONICA

By: ~~NJALII
City Manager

Attest:

~~-0&u'oA
MARIA STEWART
City Clerk

Approved as to form:
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The city of West Hollywood HEREBY CONSENTS to the entry
of the foregoing Amended Consent Decree in the action entitled
united States of America, et al. v. Montrose Chemical Corporation
of California, et al. , c. _D. Cal., No. CV 90-3122-AAH (JRx) ,
sUbject to the pUblic notice and comment requirements of 28 C.F.R.
§ 50.7.

DATED: August 19, 1996.

'J Mayor·

el Jenkins
Attorney
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FOR THE SETTLING LOCAL GOVERNMENT ENTITIES:

The City of Westlake Village HEREBY CONSENTS to the entry
of the foregoing Amended Consent Decree in the action entitled
United States of America, et al v. Montrose Chemical Corporation of
California, et al., C. D. Cal., No. CV 90-3122-AAH (JRx), subject
to the public notice and comment requirements of 28 C.F.R. § 50.7.

DATED: October qy, 1996

James E. Emmons
Mayor

Attest:

Laura(Jo
City C

APP_~ to Form:

/ /!{zC(-I..«{Z- ~.
1/ Laurence S. Wiener

City Attorney
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1 FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

2 The County ofLos Angeles, Los Angeles County Flood Control District, Southeast

3 Mosquito Abatement District, Compton Creek Mosquito Abatement District, Antelope Valley

4 Mosquito Abatement District, San Gabriel Valley Mosquito Abatement District, and Los Angeles

5 County West Vector Control District, formerly known as Los Angeles County West Mosquito

6 Abatement District, hereby consent to the entry of the Amended Consent Decree in United States,

7 et al. v. Montrose Chemical Corporation ofCalifornia. et al., No. CV 90-3 I22-AAH (JRx),

8 subject to the public notice and comment requirements of28 C.F.R. §50.7.

ATTEST:

~~~~~
EXECUTIVE OFFICER

ADOPTED
BOARD OF SUPERVISORS
COUNTY OF LOS ANGELES

. ~."
SEP 22 '9213

BOARD OF SUPERVISORS

~ CJ:i;..p..:)
MAYOR, County of Los Angeles.

20 Approved As To Form:

21 DE WITT W. CLINTON
County Counsel

9

10

11

12

13

14

15

16

17

18 Bf}M$J.f/-ii
19

22

23 BY-=i'+ii,"*,,~,..'-;..--r"""'~~-'-"=-"'--"-'

24

25

26

27

28
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1 FOR THE CITY OF LONG BEACH, CALIFORNIA:

2 WE HEREBY CONSENT to the entry of the Amended Consent Decree

3 in United States. et al. v. Montrose Chemical Corporation of

4 California, et al., No. CV 90-3122-AAH (JRx) , subject to the public

of Long Beach

0d:-
S C. HANKLA!

C'ty Manager, City8

7 DATE : _4C'--'-'~~c;.~",.Lc:.'_'...:',,-~~;.,.'_'....:._','--,__'_t'_j_,.1_,"7_'_

5 notice and comment re~jrements of 28 C.F. R. § 50.7.

6

9

10

'"
11

<D
.. <D

<:3 "E'1 12m ON
m >0

cco~co
;:I C)gog

13OC:::::
Ol

Ol
N

~..:: c·~~
u ..... rn Eo

. 0 ~.9r-- 14c:: 5;o~~
;:; ~ tiU~

~~~.g~ 15
'.~~~
UC'i!? 16

.s
17

18

19

20

21

22

23

24

25

26

27

28

APPROVED AS TO FORM

) J{;'7u1~: 19 '1.1-
JOHN. ·R~.eA.LH UN, C7 Atl.rr_.Y

''-, /)~/1""/, h' 4 -'I /
/J,i / /1 H •. { "'I .• '. .;"---It· v I?, '."rC-..,m'-rm.£. ..3-_

OEJ'UTY CITY ATToaNiY

l·9919 '93' 177.
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6 Defendants.

1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

-

9

10 .FOR COUNTY OF ORANGE:

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)
)
)

l
l
l
)

l
)

l

Plaintiffs,

v.

2

3

4

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States, et al. v. Montrose Chemical Corporation of California et aI., No. CV 90-3122-

13 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

14
/"".

15 Date:_-,=':.::'",'!:",:,,-P-,-T~~ --,-/::::c':...J.!..!...I...!.q_q~·"':;..' _

16

17 BY'-rJ~~~;;:;~~~!;!::':::===-_
Chair a , Board of Supervisors

18

19

20

21

22

23

24

25

26

27

28

ATTEST: f- ~
, ( , '1','1

By 'j." vlf.L~_(_,U'-~ \ . .; ,) c.{--~y---
Clerk of the Board of Supervisors
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1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

2

3

4
v.

Plaintiffs, Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

Defendants.6

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

9

10 FOR CITY OF ANAHEIM:

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States. et al. v. Montrose Chemical Corporation of California. et aI., No. CV 90-3122

13 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

14

15

16

17

18

25

24

22 "APPROVED AS T~~--d
23 By· /-:7.AJ~

~Altom.Y~

26

27

28

179.
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AND RELATED COUNTER, CROSS
AND THIRD PARTY ACTIONS.

UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

Plaintiffs,

Defendants.

v.

)

)

)

)

)

)

)

MONTROSE CHEMICAL CORPORATION )
OF CALIFORNIA, et al., -)

)

)

--------------)
)

)

)

-------------)

9

8

2

1

7

3

5

6

4

10

11

12

13

14

15

16

17

FOR CITY OF BREA, A Municipal Corporation:

WE HEREBY CONSENT to the entry of the Amended Consent Decree

in United States. et al. v. Montrose Chemical Corporation of

California. et al., No. CV 90-3122-AAH(JRx), subject to the public

notice and comment requirements of 28 C.F.R. §50.7.

Date:

18

19
B~?(/~__._.-~_. _

Mayor

20 ATTEST:

21

22

23

~/. /)
By: ~tL-uU/ U::c~

City Clerkl

24

25

26

27

28

By:
Andrew V. Arczyns
Assistant City Attorney
City of Brea

N\WORK\AMENDCON
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6 Defendants.

1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et ai.,

-

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

~
)

~
)
)
)

~
)
)
)

~

Plaintiffs,

v.

2

3

4

9

10 FOR CITY OF BUENA PARK, A Municipal Corporation:

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States, et al. v. Montrose Chemical Corporation of California, et ai., No. CV 90-3122

13 AAH(JRx), subject to the public notice-and comment requirements of 28 C.F.R. §50.7.

14

15 Date:,_---"'=k"'-'"-f1~"-='-'-""-~_:3....!.., ....:..(....:..'1....:.'1_(, _

16

17

18

19

20

21

(""

By_----.-··=scr.,,<,,""")-"'9.,.....,-'l-n-'-·""_.-"'oy......,="""M'-'I=.....o='O"'-:::- _
Mayor .' '-'"<:::::::

ATTEST:

By--,=~~-=:,--:.-e..-"--_m_._~~-'-' _
City Clerk

22 APPROVED AS TO FORr~: --- J
~;;i/' L23By~~Q' ,

24 Andrew V. Arczynski, Assis ant City Attorney

25

26

27

28

181.
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The City of Costa Mesa hereby consents to the entry of the Amended Decree

in United States, et al. V. Montrose Chemical Corporation of California, et aI., No.

CV 90-3122-AAH (JRxl, subject tothe public notice and comment requirements of

28 C.F.R. § 50.7.

Date :_"D'=-I/:....L::/uC-fD...:-:1"'--_
I I

ATTEST:

~T lR<~DePUtY(y Clerk
of the City of Costa Mesa

May ,City of Costa Mesa

APPROVED AS TO FORM:

~~ 8-,,,.1 6

City Attorney

182.
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6 Defendants.

1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et ai.,

-

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)

l

)
)
)
)
)
)
)

l
)
)
)

Plaintiffs,

v.

2

3

4

9

10 FOR~~~ CITY OF CYPRESS, A Municipal Corporation:

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States, et al. v. Montrose Chemical Corporation of California, et aI., No. CV 90-3122

13 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

14

15 Date: g,=-'I-!_~_f-,I_'7_·_b _

16

17

18

19

20

21

22

23

24

25

26

27

28

By~~/ti..,..=.o::::~~;{j+_=L-==-.-=---"- _

Mayor Walter K. BoWman

ATTEST: .', vll'
By . i.~~.~Q./

City Clerk Lillian M. Raina

183.
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1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)

l

)
)
)
)
)
)
)

l
)
)
)

Defendants.

Plaintiffs,

V.

6

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

2

3

4

9

10 FOR Qj~QIXCITY OF FOUNTAIN VALLEY, A Municipal Corporation:

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States et al. v. Montrose Chemical Corporation of California. et aI., No. CV 90-3122

13 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

14

15

16

17

18

20

21

19 ATTEST: r·,
By " ..... ,:J" Q::,~.l-} _

City Clerk I i,
"

j J
22

23

24

25

26

27

28

184.
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1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)
)
)

)
)
)
)
)
)
)
)
)

l
)

Defendants.

Plaintiffs,

v.

6

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

2

3

4

9

10 FOR ~IKYx0RCITYOF FULLERTON, A Municipal Corporation:

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States. et al. v. Montrose Chemical Corporation of California. et aI., No. CV 90-3122

13 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

14

15 Date:_"",~"",'""",r",--....!.q.,....·....!./....!.?1....:1....:" _
~ I

16 . i .

17 By_I'&t(i~\i\-..:..,\,'il=·~....,,-I'::--I-------
Mayor

18

19 ATTEST:

20 By ~)<:
crryrerk

21

22

23

24

25

26

27

28

l8S.
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6 Defendants.

1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

-

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

Case No, CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)
)
)
)
)
)
)
)
)
)
)
)

)
)
)

Plaintiffs,

v.

2

3

4

9

10 FOR: CITY OF HUNTINGTON BEACH:

"11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in Unite'd

12 States, et al. v, Montrose Chemical Corporation of California. et aI., No. CV 90-3122-,

13 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

14

Date:__~_","-/:'-- _

By_--";:,,,,'-,-"",-'T:'-,;'-,-"_'"._.~_.'_''_"_'_~'_"_'_~_"'_"_I _

City Clerk

/)
ATTEST:

By--.<-;;-fl)'--------.-A _
Mayor

15

16

17

18

19

20

21

22

23

24

25

26

27

28

186.
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1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)
)
)

l
l
)
)
)
)

l
)

Plaintiffs,

Defendants.

v.

6

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

2

3

4

9

10 FOR O<I~~~CITY OF IRVINE, A Municipal Corporation:

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States, et al. v. Montrose Chemical Corporation of California et aI., No. CV 90-3122

13 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

14

15 Date:. _

u

18

19

20

21

22

23

24

25

-----.
~--------_.. .

----- - -_._--
26 '-q:2't~5L -

.. -"".. . , -- -- -------
27

28

187.
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6 Defendants.

1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)
)
)

)
)
)
)
)
)
)
)

~
)
)

Plaintiffs,

v.

2

3

4

9

10 FOR <URYxl2>f" CITY OF LA HABRA, A Municipal Corporation:

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States, et al. v. Montrose Chemical Corporation of California, et aI., No. CV 90-3122- .

13 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

14

15 Date: ~ " ~/?hIV' 6",- 5! (q 76
j ;

16

17 By

18

19 ATTEST:. <:'7 .
20 By ,-.Jf..kv-.

City Clerk
21

22

23

24

25

26

27

28

188.
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6 Defendants.

1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

9

10 FOR CITY OF LA PALMA:

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

o

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)
)
)

)
)
)
)
)
)
)
)
)
)
)
)

Plaintiffs,

v.

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

2

3

4

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States et al. v. Montrose Chemical Corporation of California, et aI., No. CV 90-3122-

13 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

14

15 Date: S_e_pt_e_rnb_e_r_3,_1_99_6 _

16

17 By f.;:~.,~~ >ic~~.-'':':.z;:::::...-·
Mayor

18

19 ATTEST·'
i] I . ,

20 8B~U~Y bi~j6i~r~l.o{)I.
21

22

23

24

25

26

27

28

,. I:Ii).. .
.
' " , 11 "f-! -·,.1.-, '.-'- 0'"

'.--- - . y

189.
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6 Defendants.

1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

-

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

l
l
)
)

l
)
)
)
)

Plaintiffs,

v.

2

3

4

9

10 FOR ~nYx!Q;f CITY OF LOS ALAMITOS, A Municipal Corporation:

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 Slates, el al. v. Montrose Chemical Corporation of California, et aI., No. CV 90-3122-

13 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

14

15 Date:__S~e:..;:p_t_e_mb_e_r~9...:..,-=-19:..:9:...;6:.-- _

16

17

18

'\ n ~ 1"""\~'C?<,U)~By-....:::=-:7-- _
Mayor

21

22

23

24

25

26

27

28

190.
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1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)

~

l
)

l
)
)
)
)
)
)
)

Plaintiffs,

Defendants.

v.

2

3

4

6

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

9

10 FOR O:~JGIFCITY OF NEWPORT BEACH, A Municipal Corporation:

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States. et al. v. Montrose Chemical Corporation of California, et aI., No. CV 90-3122

13 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

14

15 Date: \::....:·.'1__' C,,-l,..:..../,_'.;""'{ _

,
;

By---.-~-2.\...:.....:.c-l--=_.=---.. i_' _
Mayor

16

17

18

19 ATTEST:

21

22

23

24

25

26

27

28

City Clerk

t~}J\;n.

~~~]1;;~)

191.
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9

10 FOR (ZJ:l\Y)(@E(CITY OF ORANGE, A Municipal Corporation:

6 Defendants.

1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

-

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

l
)

)
)
)
)
)

l
)
)

l

Plaintiffs,

v.

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

2

3

4

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States, et al. v. Montrose Chemical Corporation of California, et aI., No. CV 90-3122-.

13 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

14

15 Date:_..1..7~~~=<lL.---"t.:...lll..-;--..L-f-,L..J!,'- __

16

17 By_-.=:~~~~~~:::=",,""\~2:Z~~_

18

20

21

22

23

24

25

26

27

28

192.
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1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

~
)

)
)
)
)
)
)
)
)
)

. )

~
Defendants.

Plaintiffs,

v.

6

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

2

3

4

9

10 FOR ak1(YX(l)FXCITY OF PLACENTIA, A Municipal Corporation:

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States. et al. v. Montrose Chemical Corporation of California. et aI., No. CV 90-3122-

13 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

14

15

16

17

18

Date: 91.3/9(~
, J

/i
If'

By t. A
Mayor

19 ATIEST:/i l)' 0
20 By . ;~~lh,Ii'J..l,.I/)\~/11fl

City Clerk
21

22

23

24

25

26

27

28

193.
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6 Defendants.

1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

-

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)
)
)

~
)
)
)

~
~
)
)
)

Plaintiffs,

v.

2

3

4

9

10 FOR ftAlX;£m; CITY OF SANTA ANA, A Municipal Corporation:

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States, et al. v. Montrose Chemical Corporation of California et aI., No. CV 90-3122- .

13 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

14

15

16

17 BY_~~~~::::L~~~~~Q::::...-_

18

21

19 ATTE~ST:
20 By ~.......

i Clerk

22

23

24

25

26

27

28

194.

RB-AR14370



(
".--= -

6 Defendants.

1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

-:::

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

l
)

l
)

~
)
)

l
l
)

Plaintiffs,

v.

2

3

4

9

10 FOR QliJX'j(jQf CITY OF SEAL BEACH, A Municipal Corporation:

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States, et al. v. Montrose Chemical Corporation of California, et aI., No. CV 90-3122-

13 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

22

23

24

25

26

27

28

195.
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6 Defendants.

1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

~::

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)

l

)

l
)

~
)

~
)
)

Plaintiffs,

v.

2

3

4

9

10 FOR aJffiYX®:B<CITY OF STANTON, A Municipal Corporation:.

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States, et al. v. Montrose Chemical Corporation of California. et aI., No. CV 90-3122

13 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

14

16

17 BY~--b~~_-,7"'----t:===-""-----,----

18

19 Arrp9j ()lCJ.
20 BY~k~~~'--"":""':::=-------
21 '- '--

22

23

24

25

26

27

28

196.
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9

10 FOR ~l:iIXYxQf CITY OF TUSTIN, A Municipal Corporation:

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States, et al. v. Montrose Chemical Corporation of California. et aI., No. CV 90-312~

13 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

14

15 Date: x&.4 t:, 3,< 17'7'16
16 j.;
17 By M~f4t= WIi4W~
18

19 ATIEST:

20 By :::mnoCb~
City Clerk

6 Defendants.

1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

~
)

Plaintiffs,

v.

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

-

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

2

3

4

21

22

23

24

25

26

27

28

197.
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1 UNITED STATES OF AMERICA and

STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
OF CALIFORNIA, et aI.,

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)
)
)
)
)

~
)
)

~
)

l

Defendants.

Plaintiffs,

v.

2

3

4

5

6

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS..

9

10 FOR It!l'JI'i(OO CITY OF VILLA PARK, A Municipal Corporation:

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in Unjted

12 States. et al. v. Montrose Chemical Corporation of California. et aI., No. CV 90-3122~

13 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

14

15 Date:__f_~_~_7-_9_~ _
16

17

18

I' 7l' ,
By_--i·..,;.'::-!'':-:·'-:':''_1---"-._,•....l."_'-",1_'--=','-'=- _

Maror

21

20

19 ATTEST:

By JY(~4tN dGJluu
v,cily CI k

22

23

24

25

26

27

28

198.
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6 Defendants.

1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

-

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)
)
)

l

I
)
)
)

l
)

Plaintiffs,

v.

2

3

4

9

10 FOR Qkli\j()(»!r CITY OF YORBA LINDA, A Municipal Corporation:

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States, et al. v. Montrose Chemical Corporation of California, et aI., No. CV 90-3122

13 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

14

15 Date:_--:::7',:--=_I_'7_-__7'_10 _

16

17

18

19 A EST:

20 By ~ uJ~~
CityCJefk

21

22

23

24

25

26

27

28

199.

RB-AR14375
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6 Defendants.

1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

-

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)

I
)
)
)
)
)
)
)

I

Plaintiffs,

v.

2

3

·4

9

10 FOR COUNTY SANITATION DISTRICT NO.1 OF ORANGE COUNTY,

11 CALIFORNIA:

12 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

13 States, et al. v. Montrose Chemical Corporation of California, et aI., No. CV 90-3122

14 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

:: Date:__f-,i~,,2_·-?Lrb.....:7---C..-ir _

17 ~

18 B~~, ;,g~>.O"'-"of=
Chair, Boaof Diriictor

19

20 ATTEST:

21 BY_<""":f=.=:-:-rd=-,~:;b=c:-----

22

23

24

25

26

27

28

200.
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1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)
)
)

)
)
)
)
)

~

l
)
)

Defendants.

Plaintiffs,

v.

6

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

2

3

4

9

10 FOR COUNTY SANITATION DISTRICT NO.2 OF ORANGE COUNTY,

11 CALIFORNIA:

12 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

13 States et al. v. Montrose Chemical Corporation of California et aI., No. CV 90-3122-

14 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

15

16

17

18

19

20

21

22

23

24

25

26

27

28

201.
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6 Defendants.

1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

-

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)
)
)

)
)
)
)
)
)

l
)

l
)

Plaintiffs,

v.

2

3

4

9

10 FOR COUNTY SANITATION DISTRICT NO.3 OF ORANGE COUNTY,

11 CALIFORNIA:

12 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

13 States. et al. v. Montrose Chemical Corporation of California. et aI., No. CV 90-3122

14 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

~: Date:__<Y-f-'A_A-,<-o/1_7_·-'>.f----..,=- _
'i ~

17

18 By'~;d~~~~~~==:::::::::=--~
19

21

20 ATTEST:

By !J ...Zt/vjv
ecretary,

22

23

24

25

26

27

28

202.
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6 Defendants.

1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

-

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)
)
)

)
)
)
)
)
)
)
)

~
)
)

Plaintiffs,

v.

2

3

4

9

10 FOR COUNTY SANITATION DISTRICT NO.5 OF ORANGE COUNTY,

11 CALIFORNIA:

12 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

13 States, et al. v. Montrose Chemical Corporation of California. et aI., No. CV 90-3122

14 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

15

16 Date:__r_;"~_--,f_._.~_.'_J-,-,_/_~_",",_~_c:; _

17
~..

18 By_",,";:-,.,:""c::-....,,';-:_.7:::I.,...-. ....."'.',..,'-{",'··:::~:-±:f:-::::- _
Chair, Board of Dir~ors

19 / ,j

20

21

22

23

24

25

26

27

28

ATTEST: .

BY-rA..'f.·v i '-,
Secretary, irectors

203.
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6 Defendants.

1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI., .

-

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)
)
)

)
)
)
)
)
)
)
)
)
)
)
)

Plaintiffs,

v.

2

3

4

9

10 FOR COUNTY SANITATION DISTRICT NO.6 OF ORANGE COUNTY,

. 11 CALIFORNIA:

.12 WE HEREBY CONSENT to the entry of the Amended Consent Decr!'le in United

13 States. et al. v. Montrose Chemical Corporation of California, et aI., No. CV 90-3122-

14 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

18

17

21

By ~&£li:iJ[~
20 ATTEST: )

By -:::tA/<---'7A .

Secretary, Bo (:Ii f j:r ect rs
L ......./ I'22

19

23

24

25

26

27

28

204.
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9

10 FOR COUNTY SANITATION DISTRICT NO.7 OF ORANGE COUNTY,

11 CALIFORNIA:

6 Defendants.

1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

-

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)

~

)
)

1
)
)
)
)

1

Plaintiffs,

v.

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

2

3

4

12 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

13 States, et al. v. Montrose Chemical Corporation of California, et aI., No. CV 90-3122

14 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

15 . /

16 Date:_"":Y:::"/-I-/....o=.;J=J:-I-lh.L7_~·~f--------
17

18

19

20

21

22

23

24

25

26

27

28

,/ 1
BY~ rnc;. :soard of rectors

...r:[
f Directors
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1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

~
)

)

~
)

~
)

I
)

Defendants.

Plaintiffs,

v.

6

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

2

3

4

9

10 FOR COUNTY SANITATION DISTRICT NO. 11 OF ORANGE COUNTY,

11 CALIFORNIA:

12 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

13 States, et al. v. Montrose Chemical Corporation of California, et aI., No. CV 90-3122

14 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

15 ~ /

16 Date:_--'-"~'-T-/_"'(~_·,f/"-.t.0----,-9'_0:....... _

By_-=-..,.~/_,,,,,,_.-,._-."..'~'_'...,.'-...:....'.---',-,',;....'.:..~ _
Chair, Board of Directcrts

/17

18

19

20 ATTEST:

21 BY_-c;~j;:;;:;-;--f~~~r,;;;;;:;)j;;;:;::----

22

23

24

25

26

27

28

206.
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6 Defendants.

1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

-

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)
)
)

~
)
)
)

~
)

l
)
)

Plaintiffs,

v.

2

3

4

9

10 FOR COUNTY SANITATION DISTRICT NO. 13 OF ORANGE COUNTY,

11 CALIFORNIA:

12 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

13 States et al. v. Montrose Chemical Corporation of California, et aI., No. CV 90-3122

14 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

15
/'\ / "
I./i -"& /J/

16 Date:_~_':_0'_'_,_."_11(_"", _

17

18

19

By \. I-It>-n I. 'A-~i{U· {~,.:-:'~0tA_
Chair, Board of Directors i

,/-"20 ATTEST:
.']

21 By_---"-t-=,,.,-':(-=-/_l;o<"""'t."-(-;-,-,-,'if''~.~:-"7-------
S cretary, Boa d of irectors

22 (__I

23

24

25

26

27

28

207.
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l

9

10 FOR COUNTY SANITATION DISTRICT NO. 14 OF ORANGE COUNTY,

11 CALIFORNIA:

6 Defendants.

1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

-

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

~
)

~

I
)

~
)
)

Plaintiffs,

V.

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

2

3

4

12 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

13 States, et al. v. Montrose Chemical Corporation of California et aI., No. CV 90-3122

14 AAH(JRx), subjectto the public notice and comment requirements of 28 C.F.R. §50,7.

15

16

17

18

19

Date:._-1.(1~&(T~~<£l-=~'::""~;"'!""/.L:.9t)~~ _

By~~~72-,.;;.,.,..:::-~~d4!.--_
Chair, Board of i;>ifectors

22

20 ATTEST: ,./';7
21 By ~~,z.,.

Secretary, Bo 9f

23

24

25

26

27

28

208.
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1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

-

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)
)
)
)
)
)
)
)
)
)
)
)

)

l

Plaintiffs,

Defendants.

v.

2

3

4

6

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

9

10 FOR e±ffilillX COSTA MESA SANITARY DISTRICT:

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States. et al. v. Montrose Chemical Corporation of California, et aI., No. CV 90-3122

13 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

14

15 Date: ~=.j,<d) /2 I /9re.
;;

16

17

18

19 ATfES:' \ .

20 By \ t·\ Ur'\.i... ,J;y,1\/, I, '\
Secretary ~ c

21

22

23

24

25

26

27

28

209.
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6 Defendants.

GARDEN GROVE SANITARY DISTRICT:

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

.

7

.8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)
)
)

l
)

~
l
)

l

FOR:

v.

Plaintiffs,

UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

1

2

3

4

9

10

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States. et al. y, Montrose Chemical Corporation of California. et al" No. CV 90-3122-
, .

13 AAH(JRx), subject to the pUblic notice and comment requirements of 28 C.F.R. §50.7.

14

15

16
-

17 By_~~~~&::...J:.:::'-_-=- __-- _

Sheldon S. Singer

210.
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1 UNITED STATES OF AMERICA and )
STATE OF CALIFORNIA, )

2 )
Plaintiffs, )

3 )
v. )

4 )
MONTROSE CHEMICAL CORPORATION )

5 OF CALIFORNIA, et aI., )
~f )

6 Defendants. )
)

?
)

8
11

AND RELATED COUNTER, CROSS, )
AND THIRD PARTY ACTIONS. )

9

Case No. CV 9O-3122-AAH(JRx)

AMENDED CONSENT
DECREE

10 FORJ&kKY~MIDWAYCITY SANITARY DISTRICT:

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States, et al. v. Montrose Chemical Corporation of California, et aI., No. CV 90-3122-

13 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §SO.?

14

16

17 By---;~l~,-;-"'-Y-rf-_I._. -,A_Ce_~--'-;I--~__--=-
Pr~de~ ~

18

19

20

21

22

23

24

25

26

27

28

ATIEST

By ;Jj/~z/L('g yJ
Secretary /

211.
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6 Defendants,

1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

-

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)
)
)
)
)
)
)
)
)
)
)
)

Plaintiffs,

v.

2

3

4

9

10 FOR f}ji{i¥{ilii IRVINE RANCH WATER DISTRICT:

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States, et al. v. Montrose Chemical Corporation of California. et aI., No. CV 90-3122- '

13 AAH(JRx). subject to the pUblic notice and comment requirements of 28 C.F.R. §50.7.

14
.AUG 2', -15 Date: _

BY_-;=;-::===?C('5',>,=-,_,·\-:?-~,~_'_fZ_'1_:4_"~_~_'--"'--__
President/

16

17

18

19 ATTEST: _/ '
..r-- , /

20 By ./ .{ i-(..C(

Secretary
21

22

23

24

25

26

27

28

212.

RB-AR14388
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1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)
)
)

)
)
)
)
)
)

l
)
)
)
)

Defendants.

Plaintiffs,

v.

6

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

2

3

4

9

10 FOR al<l\Y~~ LOS ALAMITOS COUNTY WATER DISTRICT:

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States, et al. v. Montrose Chemical Corporation of California. et aI., No. CV 90-3122-

13 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

14

15 Date: September 12, 1996

16

17 By i lui';.. ~ l
President

18

19 ATTEST:) . ~
20 By ~d7f:~-+.,S"'e:=:c;-"re-:;:ta-::"ry~o......::,---=,--.!..-.-=....::-,--:........:..---",".--
21

22

23

24

25

26

27

28

213.
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1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
OF CALIFORNIA, et aI.,

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

l
)

)
)

l
l
)
)

l
lDefendants.

Plaintiffs,

v.

2

3

4

5

6

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

9

10 FOR YORBA LINDA WATER DISTRICT:

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States, et al. v. Montrose Chemical Corporation of California, et aI., No. CV 90-3122

13 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

14

15 Date: ~~ S! lCl"iL

16

17

18

19

20 By' --/;;~~~'~~~;cre:ran/---- etretary
21

22 APPROVED AS TO FORM:

23

24

25

26

27

28

McCormick, Kidman & Behrens

By~4~~
Arthur G. Kidman

214.
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6 Defendants.

1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

~,; .

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)
)
)

)
)

l
)
)

l
~
~

Plaintiffs,

V.

2

3

4

9

10 FOR ORANGE COUNTY FLOOD CONTROL DISTRICT:

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States et al. v. Montrose Chemical Corporation of California. et aI., No. CV 90-3122

13 AAH(JRx), subject to the public notice and comment requirements of 28 C.F.R. §50.7.

14

ATTEST: "

By ''i....(_L(A..z:( .'Ui._-~ . d~lN
Clerk of the Board oSupervisors

Date:_----"S~G:'-'-P....!.T_=_.-,-"I'-~~.L..'.L1"-{.J.."....:ci .;.:(-;....' _15

16

17 BY'_~~f=~::";'~~~~:::::~_

18

19

20

21

22

23

24

25

26

27

28

215.
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1 FOR THE SETTLING LOCAL GOVERNMENT ENTITIES:

2

3 The COUNTY OF VENTURA HEREBY CONSENTS to the,

4 ently ofthe Amended Decree-in-UnitedStates, et al. v. Montrose Chemical Corporation

5 of California, et al., U.S.D.C. Sase No. CV 9O-3122-AAH (JRx), subject to the public

6 notice and comment requirements of28 C.F.R § 50.7.

7

8 Date: December 17,1996

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28 g:\common\rro\montrose\consenta.cty

COUNTY OF VENTURA

APPROVED AS TO FORM:

JAMES L. McBRIDE, County Counsel

By=a~iRalaQw
ROBERT R. ORELLANA
Assistant County Counsel

216.
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The VENTURA REGIONAL SANITATION DISTRICI' HEREBY CONSENTS to
the entry of the Amended Decree in United States. et al, v.
Montrose Chemical corporation of California. et al., No. CV 90
J122-AAH (JRx) , sUbject to the public notice and comment
requirements of 2S C.F.R. § 50.7.

I .-'-1-'--
,// ~:: .(''1''--

.---
/

I

Mark A. Zirbel
General Counsel

VENTURA REGIONAL SANITATION DISTRICI'

RHONDA CATRON
Clerk of the Board

Attest:

Approved As To Form:

ARNOLD, BACK, MATHEWS, WOJKOWSKI &

ZIRBEL / / 11~ /7 /l
By ~11 f.--f--Y

B~~. dy zar::n: Board of Directors

.'
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" ... ' '-Date:

1

2

3

4

5

6

7

S

9

10

11

12

13

14

15 '

16'/
"
"

"17'1
I

lSi

19 I

20

21

22

23

24

25

26

27

2S

L-\X2: I 60463.1
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ATTEST:

APPROVED AS TO FORM:

Date: August 13,~1996

0-\'3- \0
'llig
ney

A«~'Daniel Mart'Lnez
City Clerk

By

BY_-I--'[1~mL.:..-t~/11~~:-.,.I:I.L./_-
Dr. Manuel M. Lopez

Mayor

The City of Oxnard hereby consents to the entry of the
Amended Decree in United States, et aJ. y. Montrose Chemical
Corporation of California. et aJ ., No. CV 90-3l22-AAH (JRx) ,
subject to the public notice and comment requirements of 28
C.F.R. §50.7.

FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28
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1 FOR THE SETTLING LOCAL GOVERNMENT ENTITIES:

2

3
The CITY OF PORT HUENEME HEREBY CONSENTS to the entry of the

4 Amended Decree in United States, et al. v. Montrose Chemical
corporation of California, et al., No. CV 90-3122-AH (JRx) ,

5 subject to the pUblic notice and comment requirements of
28 C.F.R. § 50.7. -

6

7

8

9 Dated:

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

CITY OF, PORT HUENEME

Attest:

city Cle

Approved As To Form:

City Attorney

219.
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Mayor?

The City of San Buenaventura HEREBY CONSENTS to the entry of the foregoing
Amended Consent Decree in the action entitled United States of America, et al. v,
Montrose Chemical Cor:poration of California, et aI., CD, Cal., No, CV 90-3122-AAH (JRx),
subject to the public notice and comment requirements of 28 C,F,R. §50,7,

Dated: y-/]- ,1996, ~

~'l;: ...:£;

Attest:

~~v::rt~/
/ cn, r

Approved as to Form:

t! City Attorney

220.
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1 THE CITY OF THOUSAND OAKS. CALIFORNIA. HEREBY CONSENTS to the entry of the Amended

2 Decree in United States et al. v. Montrose Chemical Corporation of California et al.

3 No. CV 90-3122-AAH (Jrx). subject to the public notice and comment requirements of 28

4 C.F.R. § 50.7.

5

6 Dated: September 5'0 . 1996.

7

8

9

10
11"---1"

.11

12

13 AP~~»VE~ A;/7rRM:
14 I U'7/0-.. /;, '-I UU:';~V1.-

Mar G. Sellers. City Attorney
15 cao.65D-40:6a:consent.mts

16

17

18

19

20

21

22

23

24

25

26

27

28

221.
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The city of Camarillo HEREBY CONSENTS to the entry
of the Amended Decree in United states, et al. v. Montrose
Chemical Corporation of California, et al., No. CV 90-3122-AAH
(JRx) , subject to the pUblic notice and comment requirements of
28 C.F.R. § 50.7.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

UX2:160463.3

Date: November 14, 1996

222.

(

BY_U-,-\'\.="'-;c"=:';~'-;) _=.".-u.--:;-:\;:;.-,~,-f-;-:-:r--.:;:.., _
David Smith, Mayor

Attest:

Approved As To Form:

~_L. \IJJ~
J. Robert Flandrick

RB-AR14398
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The Camarillo Sanitary District HEREBY CONSENTS to
the entry of the Amended Decree in United States. et al. v.
Montrose Chemical corporation of California, et al., No. CV 90
3122-AAH (JRx), sUbject to the pUblic notice and comment
requirements of 28 C.F.R. § 50.7.

By (!.-h tZ<1£e.& Y 2:J-t!' ,:LC
Charles K. Gase, Chair

Attest:

Approved As To Form:

November 14. 1996Date:

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

LAX2: 160463.3

223.

RB-AR14399



FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

CHANNEL ISLANDS BEACH COMMUNITY
The SERVICES.. DISTRICT. _ HEREBY CONSENTS to

the entry of the Amended Decree in United States. et al. v.
Montrose Chemical corporation of California. et al., No. CV 90
3122-AAH (JRx), sUbject to the pUblic notice and comment
requirements of 28 C.F.R. § 50.7.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

1.AX2: 160463.1

Date: October 8, 1996
CHANNEL ISLANDS BEACH COMMUNITY
SERVICES DISTRICT

BY) )L~_e--__) t.V~ ___

Marcia Marcus
President, Board of Directors

Attest:

G,~wJk
Gerard Kapus~~
Secretary, Board of Director~

Approved As To Form:
NORDMAN, CORMANY;'~ & COMPTON

M~
District General Counsel
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The OJAI VALLEY SANITARY DISTRICT HEREBY CONSENTS to
the entry of the Amended Decree in United States. et al, V.
Montrose Chemical Corporation of California. et al., No. CV 90
3122-AAH (JRx), sUbject to the pUblic notice and comment
requirements of 28 C.F.R. S 50.7.

B~·aIi%o· ;«~z7:-
Theodore L. Cartee ~

Chairman, Board of Directors

William M. Stone
Secretary, Board of Directors

Attest:

Approved As To Form:
NORDMAN, CORMANY, HAIR & CQMPTON

/ /

i

OJAI VALLEY SANITARY DISTRICT

22"5.

September 23, 1996Date:

1

2

3

4

5

6:

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

LAX2:1~63.1
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The SATICOY SANITARY DISTRICT HEREBY CONSENTS to
the entry of the Amended Decree in United States. et al, v.
Montrose Chemical Corporation of California. et al., No. CV 90
3122-AAH (JRx), sUbject to the pUblic notice and comment
requirements of 28 C.F.R. S 50.7.

SATICOY SANITARY DISTRICT

COMPTON

Debbie DeWees
Secretary, Board of Directors

test:

Approved As To Form:

NO ,: CORMANYK &

By /'
Jose lores
Pre ident, Board o{ Directors

Anthony H: rembley
District General Counsel

226.

FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

Date: September 17, 1996

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

The TRIUNFO SMTITATION DISTRICT HEREBY CONSENTS to
the entry of the Amended Decree in united States, et al. v.
Montrose Chemical Corporation of California, et al., No. CV 90
3122-AAH (JRX) , SUbject to the pUblic notice and comment
requirements of 28 C.F.R. § 50.7.

• Mathews
ral Counsel

TRIUNFO SANITATION DISTRIcr

BY~~
Ronald Stark
Chairman, Board of Directors

Attest:

Approved As To Form:

ARNOLD, BACK, MATHEWS, WOJKOWSKI &

ZIR~E -zBy ~

227.

January 9, 1997Date:

1

2

3

4

5

6

7

8

,9

10

11

12

13

14

151

16,
I

17
1
'

18

19

20

21

22

23

24

25

26

27

28

LAX2:160-l63.J
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1 FOR THE SEITLlNG LOCAL GOVERNMENT ENTITIES:

2

3 The VENTURA COUNTy FLOOD CONTROL DISTRICT HEREBY

4 CONSENTS to the entIy of the Amended Decree in United States, et al. v. Montrose

5 Chemical Corporation of Calif~rnia,et al., U.S.D.C. Case No. CV 9O-3122-AAH (JRx),

6 subject to the public notice and comment requirements of2S C.F.R. § 50.7.

7

8 Date: December 17,1996

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

VENTURA COUNTY FLOOD
CONTROL DISTRICT

ATTEST:

RICHARD D. DEAN, CLERK,
C Y OF VENTURA

APPROVED AS TO FORM:

JAMES L. McBRIDE, County Counsel

~. :J)(!' rI
By k,~\\ij-K:'-~Wi

ROBERT R. ORELLANA
Assistant County Counsel

28 g:\common\rro\montrose\consenta.fcd
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1 FOR THE SETTLING LOCAL GOVERNMENT ENTITIES:

2

3 The VENTIJRA CmJNTY WATERWORKS DISTRICT NO. I HEREBY

4 CONSENTS to the entry of the Amended Decree in United States, et al. v. Montrose

5 Chemical Corporation of California, et al., U.S.D.C. Case No. CV 9O-3122·AAH (JRx),
.~~

6 subject to the public notice and comment requirements of28 C.F.R. § 50.7.

7

APPROVED AS TO FORM:

JAMES L. McBRIDE, County Counsel

VENTURA COUNTY WATERWORKS
DISTRICT NO. 1

(~, ~~, 1'-'
I -,,) . I 1_) (\'\ I '-',

By \) Q-\.I"d ~I .v1.d "
ROBERT R. ORELLANA
Assistant County Counsel

ATTEST:

RICHARD D. DEAN, CLERK,
.~Y:::..OF~~-,-,-:7'"'""--;;;17' j ~

Deputy County Clerk

8 Date: December 17,1996

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

229.
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1 FOR THE SETTLING LOCAL GOVERNMENT EN'fIIIES:

2

3 The VENTURA CmJNTYWATERWORKS DISTRICT NO, 16 HEREBY

4 CONSENTS to the entIy of the Amended Decree in United States, et al. v. Montrose

5 Chemical Corporation of Calif~mia, et al., U.S.D.C. Case No. CV 90-3122-AAH (JRx),

6 subject to the public notice and comment requirements of28 C.F.R. § 50.7.

7

8 Date: December 17,1996

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28
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VENTURA COUNTY WATERWORKS
DISTRICT NO. 16

ATTEST:

RICHARD D. DEAN, CLERK,
C Y OF VENTURA

-;;u
Deputy County~...........-

APPROVED AS TO FORM:

JAMES L. McBRIDE, County Counsel

<~ tR'.-----.J. ,.,.,. I '. '.
By 1 :tJ,-vt . .,',.1M/(}J

ROBERT R. ORELLANA
Assistant County Counsel

RB-AR14406
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1 FOR THE SETTLING LOCAL GOVERNMENT ENTITIES:

2

3 The VENTIJRA COUNTY WATERWORKS DISTRICT NO 17 HEREBY

4 CONSENTS to the entry ofthe Amended Decree in United States, et al. v. Montrose

5 Chemical Corporation ofCalif~mia, et al., U.S.D.C. Case No. CV 9O-3122-AAH (JRx),

6 subject to the public notice and comment requirements of28 C.F.R. § 50.7.

7

8 Date: December 17, 1996

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

231.

VENTURA COUNTY WATERWORKS
DISTRICT NO. 17

ATTEST:

RICHARD D. DEAN~£LERK,
C TY OF vbNTURA

.....

APPROVED AS TO FORM:

JAMES L. McBRIDE, County Counsel

~------~\ W '1), 'tw'- •. f: { \ \ ('1,
By \ J ,j,.;,-X \ .~.Y. ..~

ROBERT R. ORELLANA
Assistant County Counsel

RB-AR14407
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

WE HEREBY CONSENT to the entry of the Amended. Consent Decree

in united States. et al. v. Montrose Chemical Corporation of

California. et al., No. CV 90-3122-AAH (JRx), subject to the

public notice and comment requirements of 28 C.F.R. § 50.7.
-::: -.

DATE :__--'tkJ"""7L'."'J--'r----'~"'c~1---'/:....,.!..L9~"~--

Attest:

DATE: _{,,-,l=l=Lt,pr:·-=~,--/=w+---,-J1,-Q,-,,'?: _
'J

APPROVED AS TO FORM:

T~r FG~rGOJNG IIISTRUMENT IS A
CORRECT COPY OF THE ORIGHIAL
e:; FILE IN THIS OFFICE

AttorneyJ

Mary I L~/Walkcr
BROBECK, PHLEGER & HARRISON LLP
Attorneys for City of Chino

ATTEST: Cu,'l'ug .;; g . 19 '1b

~udt: We« Ca/4wtg_
(SIgnature)

4MUllIi'i- -Yx/lcd ott;~
(litle) Lity of Chine. California

232.
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

WE HEREBY CONSENT to the-entry of the Amended Consent Decree

in united States. et al. v. Montrose Chemical Corporation of

California. et al., No. CV 90-3122-AAH (JRx), subject to the

public notice and comment requirements of 28 C.F.R. § 50.7.

DATE: _

DATE :-.=.,~""'~>Gf--<~.E.~-------

APPROVED AS TO FORM:

~~
A- c:J4--
Mary ~l'"'k,--e-r-=---------
BROB~t;";~LEGER& HARRISON LLP
Attorneys for city of Fontana

~.:s.~eld EU eman, Mayor _
City of Fontana

Attest:

Linda Nunn
Deputy City Clerk

233.
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DATE: __A_U_G_U_S.:..T.::......:.1.:..9.:..,---=l..:9..:9..:6:- _

(-

FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

WE HEREBY CONSENT to the entry of the Amended Consent Decree

in United States. et al. v. Montrose Chemical Corporation of

California. et al., No. CV 90-3122-AAH (JRx), subject to the

public notice and comment requirements of 28 C.F.R. § 50.7.

J~I21&~
Paul M. Eaton, Mayor
City of Montclair

DATE: __A_U_G_U_S.:...:.T:-l.:..9.:..,---=l..:9..:9_6:- _

APPROVED AS TO FORM:

jC(}LUu-g~ ~
~ity Attorney

234.
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FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

WE HEREBY CONSENT to the entry of the Amended Consent Decree

in united States. et al. v. Montrose Chemical Corporation of

California. et al., No. CV 90-3122-AAH (JRx), subject to the

public notice and comment requirements of 28 C.F.R. § 50.7.
::

DATE:__a_VW-f/{I--'-/{.;...tJ.../-(.....;.I.....;.tl~_cf,-"'.k_'__
J Skropos, Mayor

city 0 ontario

Attest:

DATE: ----'@g=.::;.::'O-tf--'uo...-'7:::....fL·.!-!gLf:t...:.&:::....-__
Marr • ~;i/rtes ••••••• Or ON1:........
Achng city Clerk •••• ~..J.. ~".

/ c} .···ORPOJ?~ ~·to \
... • r; .., ......:..
: :"",-V ..-.. • ~. '",""" \~...
- e....,; 'V':
~ *: DECEMBER i * :: ~ . :... .:
~"o .. ~
~. -0. 1891 ••- ~
./"\"..- ~.... \.,~ t- "

····.r. l.. !FORt-\.'"•••••..,., '

torney

APPROVED AS TO FORM:

Dougherty;- Cit
Iffr'l

"A~uJ~

,/Robert

235.
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AND RELATED COUNTER, CROSS
AND THIRD PARTY ACTIONS.

UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

Plaintiffs,

Defendants.

v.

)

)

)

)

)

)

)

MONTROSE CHEMICAL CORPORATION )
OF CALIFORNIA, et al., -)

)

)

--------------)
)

)

)

--------------)

7

8

2

1

9

3

5

6

4

10

11

12

13

14

15

16

FOR CITY OF UPLAND, A Municipal Corporation:

WE HEREBY CONSENT to the entry of the Amended Consent Decree

in United States. et al. v. Montrose Chemical Corporation of

California. et al., No. CV 90-3122-AAH(JRx), subject to the public

notice and comment requirements of 28 C.F.R. §50.7.

17
Date: September 9, 1996

18

19

20
ATTEST:

21

22

23

By:
. C{ty Clerk

24 APPROVED AS TO FORM

25

26

27

28

By: U r

Andrew V. Arczynsk
Assistant City Attorney
City of Upland

N \ WORK \ArJIENDCQN

236.
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"
FOR THE SETTLING LOCAL GOVERNMENTAL ENTITIES:

WE HEREBY CONSENT to the entry of the Amended Consent Decree

in United States. et al. v. Montrose Chemical Corporation of

California. et al., No. CV 90-3122-AAH (JRx), sUbject to the

pUblic notice and comment requirements of 28 C.F.R. § 50.7.
-::

DATE :__'"\--'-"'----'\....I."'-~"___''''IL.!l. _

DATE: c.,-'--_\-'-\--'--_"\-'--\o"'"'- _

APPROVED AS TO FORM:

Attorney for Cucamonga County
Water District

Mary L. Walker
BROBECK, PHLEGER & HARRISON LLP
Attorneys for Cucamonga county
Water District

Thomas E. Shollen
General Manager
Cucamonga County Water

District

Attest:

237.
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1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
OF CALIFORNIA, et aI.,

Case No. CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)

l

)
)

l
)

l
)
)
)

lDefendants.

Plaintiffs,

v.

2

3

4

5

6

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS.

9

10 FOR CHINO BASIN MUNICIPAL WATER DISTRICT:

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States, et al. v. Montrose Chemical Corporation of California, et aI., No. CV 90-3122

13 AAH(JRx), subject to the public notice ~nd comment requirements of 28 C.F.R. §50.7.

14

15 Date: September 4. 1996

18

21

19 ATTES~

20 By IJ~;(~r:1Secretary

22

23

24

25

26

27

28

238.
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6 Defendants,

1 UNITED STATES OF AMERICA and
STATE OF CALIFORNIA,

MONTROSE CHEMICAL CORPORATION
5 OF CALIFORNIA, et aI.,

-

7

8 AND RELATED COUNTER, CROSS,
AND THIRD PARTY ACTIONS,

Case No, CV 90-3122-AAH(JRx)

AMENDED CONSENT
DECREE

)
)

~
)

~

~
)
)

~
)

Plaintiffs,

v,

2

3

4

9

10 FOR SOUTH EAST REGIONAL RECLAMATION AUTHORITY:

11 WE HEREBY CONSENT to the entry of the Amended Consent Decree in United

12 States, et al. v, Montrose Chemical Corporation of California, et aI., No, CV 90-3122-

13 AAH(JRx), subject to the public notice and comment requirements of 28 C,F,R. §50,7,

14

Date:_--...:.<1_-....;1_2_-...:...'1_? _

~-BY-----,I'::m-'=.-CL=--."....~"'="""""'_"'- _
~hairman=-

15

16

17

18

19 ATTEST~:

20 ByJ~
S retary

21

22

23

24

25

26

27

28

239.
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ATTACHMENT "A"

CATEGORY I ENTITIES

As used in this decree, "the Category I entities" means the

following Settling Local Governmental Entities:

(1) the following county sanitation districts of Los

Angeles County:

South Bay cities sanitation District of Los Angeles County;

county Sanitation District No. 1 of Los Angeles County;

County Sanitation District No. 2 of Los Angeles County;

county Sanitation District No. 3 of Los Angeles County;

county Sanitation District No. 4 of Los Angeles County;

county Sanitation District No. 5 of Los Angeles County;

County Sanitation District No. 8 of Los Angeles County;

county Sanitation District No. 9 of Los Angeles county;

county Sanitation District No. 11 of Los Angeles County;

county Sanitation District No. 14 of Los Angeles county;

County Sanitation District No. 15 of Los Angeles county;

county Sanitation District No. 16 of Los Angeles County;

county Sanitation District No. 17 of Los Angeles County;

county Sanitation District No. 18 of Los Angeles County;_

county Sanitation District No. 19 of Los Angeles County;

county Sanitation District No. 20 of Los Angeles.County;

County Sanitation District No. 21 of Los Angeles county;

county Sanitation District No. 22 of Los Angeles county;

county Sanitation District No. 23 of Los Angeles County;

county Sanitation District No. 26 of Los Angeles County;

county Sanitation District No. 27 of Los Angeles county;

240.
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county Sanitation District No. 28 of Los Angeles county;

county Sanitation District No. 29 of Los ,Angeles County;

County Sanitation District No. 32 of Los Angeles county;

County Sanitation District No. 33 of Los Angeles County;

County Sanitation District No. 34 of Los Angeles County; and
-

County Sanitation District No. 35 of Los Angeles county.

CATEGORY II ENTITIES

As used in this decree, "the category II entities"

means the following Settling Local Governmental Entities:

(1) Third-party defendant City of Los Angeles, including

its proprietary and non-propriety departments;

(2) Third-party defendants in Los Angeles County that

discharge to the Joint outfall system, to wit:

The cities of Alhambra, Arcadia, Artesia, Azusa,

Baldwin Park, Bell, Bell Gardens, Bellflower, Bradbury,

Carson, Cerritos, Claremont, Commerce, compton, Covina,

CUdahy, Culver City, Diamond Bar, Downey, Duarte, EI

Monte, EI Segundo, Gardena, Glendora, Hawaiian Gardens,

Hawthorne, Hermosa Beach, Huntington Park, Industry,

Inglewood, Irwindale, La Habra Heights, La Mirada, La

Puente, La Verne, Lakewood, Lawndale, Lomita, Lynwood,

Manhattan Beach, Maywood, Monrovia, Montebello,

Monterey Park, Norwalk, Palos Verdes Estates,
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Paramount, Pasadena, pico Rivera, Pomona, Rancho Palos

Verdes, Redondo beach, Rolling Hills, Rolling Hills

Estates, Rosemead, San Dimas, San Gabriel, San Marino,

Santa Fe Springs, Sierra Madra, Signal Hill, South EI

Monte, South Gate, South Pasadena, Temple City,
~ .

Torrance, Vernon, Walnut, West Covina and Whittier;

(3) Third-party municipal defendants in Los Angeles County

that do not discharge to the Joint outfall system, to wit:

The cities of Agoura Hills, Avalon, Beverly Hills,

Burbank, Glendale, Hidden Hills, La Canada-Flintridge,

Palmdale, San Fernando, Santa Clarita, Santa Monica,

West Hollywood and Westlake Village;

(4) Third-party defendant County of Los Angeles, including

the following districts located therein:

county of Los Angeles, Los Angeles County Flood Control

District, Los Angeles County West Mosquito Abatement

District, Southeast Mosquito Abatement District, Compton Creek

Mosquito Abatement District, Antelope Valley Mosquito

Abatement District and the San Gabriel Valley Mosquito

Abatement District;

(5) Third-party defendant City of Long Beach;

(6) Third-party defendant Orange county, including dependent

special districts, third-party defendant municipalities, and
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special districts located in the County of Orange, to wit: The

cities of Anaheim, Brea, Buena Park, Costa Mesa, Cypress, Fountain

Valley, Fullerton, Huntington Beach, Irvine, La Habra, La Palma,

Los Alamitos, Newport Beach, orange, placentia, Santa Ana, Seal

Beach, stanton, Tustin, VilJ-a Park and Yorba Linda; the county

sanitation Districts of Orange County, inclUding county Sanitation

Districts Nos. 1, 2, 3, 5, 6, 7, 11, 13 and 14 of Orange County,

Costa Mesa Sanitary District, Garden Grove Sanitary District,

Midway City Sanitary District, Irvine Ranch Water District, Los

Alamitos County Water District, Yorba Linda Water District and the

County.of Orange, including its dependent special district, the

Orange county Flood Control District;

(7) Third-party defendant Ventura county, inclUding dependent

special districts, third-party defendant municipalities and special

districts located in the County of Ventura, to wit: The cities of

Oxnard, Port Hueneme, San Buenaventura and Thousand Oaks; the

Ventura Regional Sanitation District and its member cities (i.e.,

the cities of Oxnard, Port Hueneme, San Buenaventura, Thousand

Oaks, and Camarillo) and its member special districts (Le.,

Camarillo Sanitary, Channel Islands Beach Community Services, Ojai

Valley Sanitary, saticoy Sanitary, and Triunfo County Sanitation);

and the County of Ventura, inclUding its dependent special

districts the Ventura County Flood Control District and Ventura

county Waterworks Nos. 1, 16 and 17;

(8) Third-party defendant municipalities and water districts
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located in San Bernardino County, to wit:

(

The cities of Chino,

Fontana, Montclair, ontario and Upland; the Cucamonga County Water

District and the Chino Basin Municipal Water District; and

(9) Third-party defend~nt South East Regional Reclamation

Authority, a joint powers authority formed and existing in the

County of Orange.
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ATTACHMENT "B"
SETTLING LOCAL GOVERNMENTAL ENTITIES

The listed entities, for the purposes of this Decree,

generally are described as follows:

1. All of the cotinty Sanitation Districts of Los

Angeles county, which are also known as the Los Angeles

county sanitation Districts, including but not limited to

those Districts that are part of the Joint Outfall System

(JOS); and those Districts that are not part of the Joint

Outfall System, but are within the County, including those

Districts that release and have released wastes to other

systems and accordingly may also be included within the

groups described in the sUbparagraphs below.

2. The Settling Local Governmental Entities set forth

on Attachment A that own and/or operate and/or maintain

wastewater collection and conveyance systems and facilities

(1) that connect for the discharge of wastewater, directly

or indirectly, or (2) that arrange for the discharge of

wastewater, directly or indirectly, or (3) that accept

wastewater for transport, directly or indirectly, to the

collection, conveyance, treatment and disposal systems and

facilities owned and/or operated and/or maintained by any or

all of the districts referenced in SUbparagraph A above.

3. The City of Los Angeles, which owns, operates and

maintains wastewater collection, conveyance, treatment and

disposal system and facilities that discharge treated

wastewater though the Hyperion Treatment Plant and Terminal
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Island Treatment Plant into Santa Monica Bay and Los Angeles

Harbor.

4. The Settling Local Governmental Entities set forth

on Attachment A that own and/or operate and/or maintain

wastewater collection and conveyance systems and facilities
~

(1) that connect, for the discharge of wastewater, directly

or indirectly, or (2) that arrange for the discharge of

wastewater, directly or indirectly, or. (3) that accept

wastewater for transport, directly or indirectly, to the
I

wastewater collection, conveyance, treatment and disposal

systems and facilities of the City of Los Angeles,

consisting of:

a. The Settling Local Governmental Entities set forth

on Attachment A that own and/or operate and/or maintain

wastewater collection and conveyance systems and

facilities which connect for the discharge of

wastewater, directly or indirectly, or that arrange for

the discharge of wastewater, directly or indirectly, or

that accept wastewater for transport, directly or

indirectly, to the City of Los Angeles Hyperion

Treatment Plant; and

b. The Settling Local Governmental Entities set

forth an Attachment A that own and/or operate and/or

maintain wastewater collection and conveyance systems

and facilities which connect for the discharge of

wastewater, directly or indirectly, or that arrange for

the discharge of wastewater, directly or indirectly, or
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that accept wastewater for transport, directly or

indirectly, to the City Of Los Angeles Terminal Island

Treatment Plant.

5. The city of Los Angeles, the City of Long Beach,

and other Local Governm;ntal Entities that own, operate

and/or control a public harbor in the Pacific Ocean that

have caused or could cause a release, and/or have released

hazardous substances and wastes, and/or injured the natural

resources.

6. a. County sanitation Districts Nos. l, 2, 3, 5,

6, 7, ll, 13 and 14 of Orange County, California,

collectively known and referred to as "CSDOC", which

individually and jointly own and operate wastewater

collection, conveyance, treatment and disposal systems and

facilities which discharge treated wastewater through the

CSDOC outfall into the Pacific Ocean at the mouth of the

Santa Ana River.

b. The Settling Local Governmental Entities set forth

on Attachment A, that either are member agencies or serve

areas within the member agency cities or unincorporated

areas of CSDOC and that own and/or operate and/or maintain

wastewater collection and conveyance systems and facilities

that connect, for the discharge of wastewater, directly or

indirectly or that arrange for the discharge of wastewater,

directly or indirectly, or that accept wastewater for

transport, directly or indirectly, to the collection,

conveyance, treatment and disposal systems and facilities
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owned and operated' by any or all of the Districts

referred to in sUbparagraph F.l. above.

7. The Southeast Regional Reclamation Authority

("SERRA") and the Settling Local Governmental Entities that

either are member agenctes or serve areas within the member

agency cities or unincorporated areas of SERRA and that own

and/or operate and/or maintain wastewater collection and

conveyance systems and facilities that connect, for the

discharge of wastewater, directly or indirectly, or that

arrange for the discharge of wastewater directly or

indirectly or that accept wastewater for transport, directly

or indirectly, to the collection, conveyance, treatment and

disposal systems and facilities owned and operated by SERRA

that discharges treated wastewater through the SERRA outfall

into the waters of the Pacific Ocean in southern Orange

county at the mouth of the San Juan Creek.

8. The Settling Local Governmental Entities located

in Los Angeles 'and Ventura counties, set forth on Attachment

A that own and/or operate and/or maintain wastewater

COllection, conveyance and/or treatment and disposal systems

and facilities that connect for the discharge of wastewater,

directly or indirectly, or that arrange for the discharge of

wastewater, directly or indirectly, or that accept

wastewater for transport, directly or indirectly, to the

COllection, conveyance, treatment and disposal system and

facilities owned and/or operated and/or maintained by

Settling Local Governmental Entities in Ventura County which
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discharge treated wastewater through outfalls into Santa

Monica Bay in the vicinity of the coastlines of Los Angeles

and Ventura counties.

9. The city of Avalon which discharges treated

wastewater into the waters of the Pacific Ocean adjacent to

Santa Catalina Island.

10. a. Chino Basin Municipal Water District, known

and referred to herein as "CBMWD", which owns, operates and

maintains wastewater collection, conveyance, treatment and

disposal systems and facilities that discharge directly or

indirectly, a portion of its wastewater through the LACSD

wastewater collection, conveyance, treatment and disposal

facilities, including the Joint Outfall system into the

Pacific Ocean, and a portion of its treated wastewater into

the Santa Ana River and a portion of its treated wastewater

into the CSDOC Santa Ana River Interceptor sewer line which

connects to CSDOC facilities, including the outfall into the

Pacific Ocean at the mouth of the Santa Ana River.

b. The Settling Local Governmental Entities set forth

in Attachment A that either are the contract agencies or

serve areas within the contract agency cities or

unincorporated areas of CBMWD and that own and/or operate

and/or maintain wastewater collection and conveyance systems

and facilities that connect for the discharge of wastewater,

directly or indirectly or that arrange for the discharge of

wastewater, directly or indirectly, or that accept

wastewater for transport, directly or indirectly, to the
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collection, conveyance, treatment and disposal facilities

and systems owned and operated by CBMWD.

11. a. The Settling Local Governmental Entities set

forth on Attachment A that own and/or operate and/or

maintainsurface water, ~tormwater or drainage run-off

control systems, including creeks, rivers and improved

channels and other facilities which Ultimately discharge

surface waters, stormwaters and/or drainage into anyone or

more of the areas of wastewater discharge described in

sUbparagraphs A through J above.

b. The Settling Local Governmental Entities set forth

in Attachment A that own and/or operate and/or maintain

surface water, stormwater or drainage run-off control

systems, including but not limited to sidewalks, streets,

gutters, storm drains, creeks, rivers and improved channels

and other facilities that connect directly or indirectly and

discharge surface waters, stormwaters and/or drainage to

surface water, stormwater or drainage run-off control system

and facilities referred to in Paragraph K.l. above.

12. a. The Settling Local Governmental Entities set

forth an Attachment A that conducted pest and vector control

activities in areas of Los Angeles county where the surface

water, stormwater, or drainage run-off control systems are

part of or connect to the Los Angeles county Flood Control

District's system, or which conducted pest and vector

control activities in areas of Ventura, San Bernardino or

Orange Counties where the surface water, stormwater, or
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drainage run-off control systems

(
'.

are tributary to

discharge directly to the Pacific Ocean.

All references in paragraphs A through Labove,

relating to the ownership, operation or maintenance of any

systems or facilities o~ the actions and activities by any

of the entities set forth on Attachment A, include, for

purposes of this decree, all time periods related to any

allegations in the Plaintiff's Second Amended Complaint or

any cross-claim or third party complaint filed in the

action, and further include the predecessors, successors and

assigns of all the entities on Attachment A, and those

entities that have ceased to exist or have ceased the

operation or actions alleged, as of the date of final

approval of this Decree.
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1.0 INTRODUCTION 

1.1 Background  
 
The Los Angeles River flows for 51 miles from the Santa Monica Mountains at the 
western end of the San Fernando Valley to the Pacific Ocean at San Pedro Bay.  It 
drains a watershed with an area of 834 square miles.  Beneficial uses of the Los 
Angeles River and its tributaries include, but are not limited to, aquatic life, water supply, 
and recreation.  Impairments to beneficial uses in the Los Angeles River are numerous, 
amongst which are elevated levels of nutrients.  To address this impairment, the Los 
Angeles Regional Water Quality Control Board (LARWQCB) adopted the TMDL for 
Nitrogen Compounds and Related Effects in the Los Angeles River (TMDL) on July 23, 
2003.  This TMDL was subsequently promulgated by the United States Environmental 
Protection Agency and became effective on March 23, 2004.   
 
As part of the TMDL’s implementation, municipal separate storm sewer system (MS4) 
permittees within the watershed must submit to the LARWQCB, by March 23, 2005, for 
Executive Officer’s approval, a Monitoring Work Plan (Work Plan) to estimate nitrogen 
loadings associated with the runoff loads from the storm drain system.  This document 
fulfills the Work Plan requirement and describes a phased monitoring approach, starting 
with monitoring at the existing mass emissions station in the Los Angeles River.  The 
Work Plan also contains protocol and a schedule for implementing additional monitoring 
if necessary.   
 

1.2 Objectives 
 
Data collected from this Work Plan will be used to accomplish the following: 
 

• Measure the MS4 permittees’ compliance with the Waste Load Allocation (WLA) 
for minor point sources; 

• Estimate nitrogen loadings associated with runoff from the storm drain system; 
and 

• Provide data to calibrate the TMDL’s linkage analysis. 
 

1.3 Compliance Targets 
 
Waste loads are allocated to minor point sources enrolled under the National Pollutant 
Discharge Elimination System (NPDES) or Waste Discharge Requirement (WDR) 
permits, including Tapia Water Reclamation Plant (WRP), Whittier Narrows WRP, Los 
Angeles Zoo WRP, industrial and construction stormwater, and municipal storm water 
and urban runoff from MS4s.  Tables 1.1 and 1.2, below, list the WLA for minor point 
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sources.  The TMDL can also be downloaded from the RWQCB’s website at 
http://www.swrcb.ca.gov/rwqcb4/html/meetings/tmdl/LARiver/03_0902/BPA.pdf  
 
Table 1.1 Minor point source WLA for Ammonia. 

Receiving waters One-hour average 
(mg/L) 

Thirty-day average 
(mg/L) 

Los Angeles River above 
Los Angeles- Glendale 
WRP 

4.7 1.6 

Los Angeles River below 
Los Angeles-Glendale 
WRP 

8.7 2.4 

Los Angeles Tributaries 10.1 2.3 

 
 
Table 1.2   Minor point source WLA for nitrate-nitrogen and nitrite-nitrogen for all 

reaches. 
Constituent Thirty-day average (mg/L) 

Nitrate-nitrogen (NO3-N) 8 

Nitrite-nitrogen (NO2-N) 1 

Nitrate-nitrogen plus nitrite-nitrogen (NO3-N + NO2-N) 8 
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2.0  MONITORING PROGRAM 
 
The following section describes the proposed monitoring program and the justifications 
for its design.   

2.1 General Approach 
 
Nutrient loading from the MS4 system is generally considered minor compared to that 
from WRPs.  Consequently, a phased monitoring program is proposed where 
monitoring intensifies only when certain triggers are reached, signaling a chronic 
problem coming from a source other than a major WRP.  Monitoring reverts back to the 
baseline level when the problem has been mitigated or otherwise ceases to exist.  
Figure 2.1 illustrates this phased monitoring approach.  Figures 2.2 and 2.3 show the 
locations of the proposed sampling locations and their corresponding tributary areas.  
Table 2.1 below lists the constituents of concern for Levels One through Three of this 
monitoring program.   
 
 

Table 2.1  Target water quality constituents 
Group Constituent 

Conventional Water Quality 
Constituents 

Dissolved Oxygen 

Temperature 

Conductivity 

PH 

Nutrients 

Ammonia 

Nitrate + Nitrite 

Nitrate-Nitrogen 

Nitrite-Nitrogen 
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Figure 2.1.  Monitoring program schematic. 
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2.2 Level One Monitoring 
 
Level One Monitoring entails quarterly sampling at the existing Los Angeles County 
Department of Public Works (LACDPW) mass emissions station at Wardlow Avenue.  
Quarterly sampling corresponds to the frequency at which the major water reclamation 
plants in the upper watershed sample in the receiving water.  Each sample will consist 
of a 24-hour composite collected using the existing automated sampler on-site and will 
be analyzed at the County of Los Angeles Agricultural Commissions Weights and 
Measures Environmental Laboratory (ACWM Lab). 
 
Level Two Monitoring will commence if Level One Monitoring detects three consecutive 
exceedances of the TMDL’s waste load allocations for minor point sources.         

2.3 Level Two Monitoring 
 
Level Two Monitoring increases monitoring frequency at the Wardlow station from 
quarterly to monthly.  Three consecutive exceedances of the TMDL’s waste load 
allocations for minor point sources will trigger Level Three Monitoring.  On the other 
hand, if no exceedances are detected for three consecutive months, monitoring will 
revert back to Level One.     
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Figure 2.2.  Los Angeles River Nutrients TMDL monitoring program Level One Monitoring and Level Two Monitoring 
sampling site. 
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2.4 Level Three Monitoring 
 
Should there be three consecutive exceedances of the TMDL’s waste load allocations 
for minor point sources at Level Two Monitoring, Level Three Monitoring will be initiated.  
At Level Three, monthly sampling at the existing mass emissions station continues and, 
in addition, monthly sampling begins at three sites upstream from the existing mass 
emissions station.  The three upstream sites will be selected and used to focus in on the 
potential source areas from which the impairment originates.  Monitoring at these 
upstream sites will be conducted by the City of Los Angeles Watershed Protection 
Division.  Figure 2.3 illustrates possible Level Three sampling sites. 
 
If no exceedances are detected for three consecutive months at all of the Level Three 
sites, monitoring will revert back to Level One or Level Two depending on whether 
exceedances have continued at the mass emission station.  If exceedances continue at 
one or more Level Three stations but no exceedances are detected at the other Level 
Three stations, Level Three monitoring will continue only for those sites with 
exceedances until three consecutive sampling events detect no exceedances at the 
corresponding site(s). 
 
If Level Three Monitoring detects three consecutive exceedances of the TMDL’s waste 
load allocations for minor point sources at any of the Level Three sampling sites, 
Source Identification will commence. 
 

2.5 Source Identification 
 
Source identification is a continuously narrowing process used to determine the origin of 
contaminants.  Typically, source identification is based on a process of elimination.  A 
wide variety of source identification techniques exist. 
 
Most jurisdictions within the Los Angeles River watershed are subject to RWQCB-LAR’s 
Order No. 01-182, NPDES Permit No. CAS004001, Waste Discharge Requirements for 
Municipal Storm Water and Urban Runoff within the County of Los Angeles, commonly 
known as the “MS4 Permit”.  A notable exception to this MS4 Permit is the City of Long 
Beach; however, Long Beach is subject to a separate stormwater permit with 
substantially similar requirements.  The MS4 Permit was prepared with the objective of 
protecting the beneficial uses of receiving waters in Los Angeles County, including the 
Los Angeles River.  All jurisdictions subject to the MS4 Permit are required to “eliminate 
all illicit connections and illicit discharges to the storm drain system . . ..”  Various parts 
of the MS4 permit describe source identification procedures, for both point and non-
point sources. 
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Figure 2.3.  Example of possible Level Three sampling sites. 
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Because the Los Angeles River watershed encompasses many jurisdictions with a 
broad range of land uses, Source Identification must be conducted in a manner 
applicable to the conditions present.  In the event that Level Three monitoring detects 
exceedances at any station during sampling events in three consecutive months, the 
jurisdictions upstream of that station (but downstream of any station with a non-
exceedance, if applicable) will initiate a focused effort to identify sources of nutrients 
within the subject subwatershed(s).  Source Identification will proceed in accordance 
with the MS4 Permit, Long Beach’s stormwater permit, interagency agreements with 
non-permittee dischargers, and commonly-accepted practices. 
 

2.6 BMP Implementation 
 
The MS4 Permit defines Best Management Practices (BMPs): 
 

[BMPs] means methods, measures, or practices designed and selected to 
reduce or eliminate the discharge of pollutants to surface waters from point and 
nonpoint source discharges including storm water.  BMPs include structural and 
nonstructural controls, and operation and maintenance procedures, which can be 
applied before, during, and/or after pollution producing activities. 

 
The MS4 Permit mandates that “Permittees shall implement or require the 
implementation of the most effective combination of BMPs for storm water/urban runoff 
pollution control.”  Because the most effective combination of BMPs will be subject to 
the particular conditions causing the exceedance(s), selection and implementation of 
BMPs will be subject to those conditions. 
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3.0 METHODOLOGY 
 

3.1 Sample Collection 
 
3.1.1 County of Los Angeles  
 
Level One and Level Two sampling will consist of both grab and 24-hour flow composite 
samples to be collected by experienced LACDPW personnel using protocols 
established for the County’s core monitoring program under the MS4 Permit.  Flow at 
the Wardlow mass emissions station is continuously monitored by the United States 
Army Corps of Engineers (USACE), which keeps archived and real-time flow data on its 
Los Angeles Telemetry System website under gage number LARW Los Angeles River 
Above Wardlow St.:  
 
Archived: http://www.spl.usace.army.mil/cgi-bin/cgiwrap/zinger/lats_form_time.cgi 
 
Real-time: http://www.spl.usace.army.mil/cgi-in/cgiwrap/zinger/lats_form_last.cgi 
 
 
3.1.2  City of Los Angeles 
 
The City of Los Angeles Watershed Protection Division will collect samples from the 
tributary sites as part of the Level Three Monitoring.  Tributary sampling will occur in 
order from upstream to downstream.  Consistent with sampling protocols employed by 
the City of Los Angeles under NPDES permits for Donald C. Tillman WRP and 
Los Angeles-Glendale WRP, each sample will be a field measurement or grab sample 
collected from either the riverbank or an overpass.  Samples collected for laboratory 
analyses will be placed on ice in an ice chest and transported promptly under chain of 
custody to the City of Los Angeles’s Environmental Monitoring Division’s laboratory at 
Hyperion Treatment Plant.  Sampling will be coordinated to the extent practicable with 
sampling that occurs under the NPDES permits for the WRPs.  Proposed Level Three 
sampling sites shown in Figure 2.3 are located near USACE flow monitoring sites 
 

3.2 Laboratory Analysis 
 
Samples collected by LACDPW will be analyzed by the ACWM Lab.  The City of Los 
Angeles Environmental Monitoring Division will analyze samples collected by the City of 
Los Angeles Watershed Protection Division.  All sample analyses will follow the 
procedures described in Standard Methods for the Examination of Water and 
Wastewater, 20th Edition, 1998 or revision thereto.  Target constituents for the proposed 
monitoring program are listed in Table 2.1.   
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3.3 Data Management and Reporting 
 
Data analysis will involve comparison of collected data with the WLAs for minor point 
sources in the Los Angeles River Nutrients TMDL.  Three consecutive exceedances at 
each level of monitoring will trigger subsequent levels of monitoring as described in 
Section 2.0, Monitoring Program, above. 
 
All collected data will be entered into a database, compliant with the Standard Data 
Transfer Formats required by the LARWQCB beginning with the 2004-2005 storm year.  
LACDPW will prepare and submit quarterly reports to the LARWQCB summarizing the 
monitoring program’s findings.  LACDPW will email electronic copies of the quarterly 
reports to MS4 permittees.   
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July 21, 2012 
 

T O:  Frank Wu, Stormwater Manager 
Watershed Protection Division 

 

COP Y  T O:  Aracely Lasso, Mack Walker 
 

    
S UB J E CT :  Comments on the TMDL Provisions of the Tentative Order For Waste 

Discharge Requirements For Municipal Separate Storm Sewer System (MS4) 

Discharges within the Los Angeles County Flood Control District, including 

the County of Los Angeles, and the Incorporated Cities Therein, Except the 

City of Long Beach 
   

1 INTRODUCTION AND BACKGROUND 
This memorandum provides comments on the Total Maximum Daily Load (TMDL) 
Provisions of the Tentative Los Angeles Municipal Separate Storm Sewer System (MS4) 
Permit, (hereafter Tentative Permit) and provides an alternative approach. 

In choosing to incorporate TMDLs as numeric effluent limitations, the Regional Water 
Board staff seriously undermines the ability of MS4 Permittees to move forward with a 
productive approach to implementing permit requirements and puts them in immediate 
risk of non-compliance. Whereas, with the Watershed Management Program provisions, 
the Regional Water Board staff has identified a clear pathway to resolving many of the 
concerns that were observed during implementation of the previous Los Angeles MS4 
Permit. Permittees should be given the opportunity to demonstrate the effectiveness of this 
approach during this permit term. Subsequent permits can always modify the selected 
approach if it is not effective, but it should be given the opportunity to succeed. 

Based on the review of the Tentative Permit language, the WLAs for State-adopted TMDLs 
appear to have been incorporated as numeric effluent limitations that apply at the point of 
discharge from the MS4 and, where included in a TMDL, as receiving water limitations. The 
Tentative Permit outlines various methods of compliance with the numeric effluent 
limitations and receiving water limitations, but only allows for compliance with final WLAs 
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using water quality data compared to numeric values or a demonstration of no discharge. 
This approach is inappropriate and inconsistent for the following reasons: 

1. The TMDL Basin Plan Amendments, staff reports, and adoption records clearly 
outline assumptions for incorporation of WLAs into MS4 permits; these 
assumptions are not included in the Tentative Permit.  

2. The technical feasibility of translating WLAs into numeric effluent limitations is 
uncertain as is the ability for Permittees to comply with end of the pipe numeric 
effluent limitations.  

3. Multiple guidance documents, permit precedents, and technical analyses support 
the use of an alternative approach to incorporation of WLAs into permits that are 
consistent with the assumptions of the TMDLs and are technically feasible to 
implement. 

 
In fact, the Tentative Permit uses such an alternative approach to incorporate the U.S. 
Environmental Protection Agency (EPA) promulgated TMDLs into the permit. We would 
submit this approach is more consistent with EPA guidance than the approach used for the 
State-adopted TMDLs.   

To address the concerns identified above, the discussion outlined below provides an 
alternative approach to incorporate WLAs into the Los Angeles MS4 Permit. This approach 
is consistent with the approach the Regional Water Board used to incorporate the EPA 
promulgated TMDLs.  

1. Incorporate the WLAs as BMP-based effluent limitations defined as the TMDL 
Control Measures required in Watershed Management Programs and/or identified 
in the TMDL Implementation Plans. 

a. These BMP-based effluent limitations are consistent with the ‘action based 
demonstration’ described in the Fact Sheet of the Tentative Permit and 
would include objective and measurable implementation requirements (e.g., 
numbers of BMPs, performance standard, benchmarks, and implementation 
schedules). 

2. Define violations of the permit requirements to include 
a. Not implementing the Watershed Management Program on schedule. 
b. Not submitting, implementing, or updating the Watershed Management 

Program on schedule. 
 
We recognize that the Regional Water Board staff is concerned that issuing the Los Angeles 
MS4 Permit without numeric effluent limitations might create a situation in which the 
WLAs may not be achieved by the deadlines laid out in the TMDL Basin Plan Amendments 
and would not provide for a certain end point for the TMDL adaptive management process. 
The Watershed Management Program (Section VI.C.3) outlined in the Tentative Permit 
provides the structure to prevent or moderate the situations that would cause these 
concerns. The Watershed Management Program requires a Reasonable Assurance Analysis 
that provides a structure for evaluating when the WLAs will be achieved and an Adaptive 
Management Process (Section VI.C.6), which requires continual improvement. Further the 
Adaptive Management Process requires sufficient justification for additional time, 
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consistent with what would be required for a Time Schedule Order. This would allow this 
approach to be used for those TMDLs whose final compliance deadlines have passed. 

The Watershed Management Program section of the Tentative Permit provides clear 
enforcement authority for the Regional Water Board staff to ensure Permittees comply 
with the BMP-based effluent limitations implementing the TMDL provisions. This approach 
provides compliance certainty for those Permittees who are implementing their programs 
while recognizing the technical limitations of stormwater program implementation, such as 
the variability of storm water conditions, lack of control over sources of pollutants, 
limitations of treatment technologies, and the realities of municipal stormwater program 
funding sources. Additionally, this approach is consistent with the adaptive or phased 
TMDL process that is discussed in many of the TMDLs being incorporated into the permit.  

This approach provides assurance that the TMDL provisions in the Los Angeles MS4 Permit 
are consistent with the assumptions and requirements of the TMDLs and are supported by 
EPA guidance, and other MS4 permits. The concerns regarding these inconsistencies with 
the Regional Water Board Approach and the recommended approach are detailed in the 
remainder of the comments.  

 Section 2 Inconsistencies with WLA assumptions and requirements 

 Section 3 Use of numeric effluent limitations 

 Section 4 Recommended approach and suggested permit modifications 

2. INCONSISTENCIES WITH WLA ASSUMPTIONS AND REQUIREMENTS 
The method of incorporating the State-adopted WLAs into the Tentative Permit is not 
consistent with the assumptions of the WLAs for most if not all of the TMDLs. The 
inconsistencies are in three areas: 

1. The use of numeric effluent limitations does not recognize the uncertainties and 
assumptions inherent in the modeling used to develop the TMDL WLAs. 

2. The use of numeric effluent limitations does not reflect the adaptive management or 
phased implementation approach and assumptions outlined in the majority of 
TMDLs adopted in the Los Angeles region. 

3. In some cases, the numeric effluent limitations do not reflect specific assumptions 
included in the Basin Plan Amendments or are interpretations of the WLAs that are 
not consistent with the assumptions. 

Following are a number of examples that discuss and highlight these three inconsistencies. 

Inconsistencies with WLA Calculation Assumptions 
By applying the WLAs as numeric effluent limitations, they are being treated as strict 
compliance numbers. However, a TMDL is the best estimate given the available data. Every 
TMDL is developed by constructing a conceptual linkage between sources of pollution and the 
receiving water impairment. A model, able to represent the conceptual linkage, is used to 
perform the analysis determining the WLA and Load Allocation (LA) necessary to remove the 
receiving water impairment, which are then reduced by a margin of safety (MOS) to account for 
uncertainties. As the watershed responses generally driven by precipitation, the TMDL is 
developed to satisfy current weather patterns.  Uncertainties in the available data, data gaps, 
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assumption of weather patterns, and simplifications of the modeling the system combine to give 
reasonably accurate, but uncertain WLAs and LAs.   

To acknowledge the uncertainty, TMDLs generally include provisions for additional monitoring 
and adaptive management to ensure the WLA and LA are acting to remove the impairment and 
to modify them if not. Within the TMDL itself, the WLA and LA are not viewed as strict 
compliance numbers, but instead as reasonably accurate estimates. In fact, nearly all TMDLs 
adopted for waterbodies in the Los Angeles Region include a schedule under which the TMDL 
will be revaluated.  Directly applying the WLAs as numeric effluent limitations is contrary to the 
assumptions and requirements of the WLA. 

Given the uncertainties in the development of a Watershed Management Plan, Permittees cannot 
provide guarantees that the proposed actions can meet WLAs. However, the Permittees can 
develop Reasonable Assurance Analyses, where using the present knowledge of the watershed 
and reasonable assumptions, the set of non-structural and structural BMPs are determined with a 
high level of confidence that would result in achieving the WLAs.  

The Watershed Management Plan with the Reasonable Assurance Analysis is parallel and 
complementary to the TMDL development process. The TMDL process ends at the 
determination of the WLA for MS4s, and the other appropriate allocations for other sources. The 
Reasonable Assurance Analysis begins with the TMDL analysis, including the uncertainties 
generated as part of the TMDL, and must extend the analysis to include the future changes in the 
watershed, including redevelopment, growth, future meteorological conditions, and effectiveness 
of both non-structural and structural BMPs. These uncertainties prevent the Permittees from 
knowing precisely the numbers and types of BMPs required to achieve the WLA, but do allow 
for proposing the best estimate of what may be necessary.  Through implementation of the 
proposed actions and continued monitoring, the Permittees will be able to refine the 
implementation of BMPs to affect the required change in stormwater loading to ultimately 
achieve the WLAs. 

The uncertainty in model input data, estimates of future meteorological conditions, and 
effectiveness of non-structural and structural BMPs translates into level of uncertainty in the 
required actions to attain the WLAs. No tools are available to precisely determine required 
actions to meet specific limitations. The available tools for performing a Reasonable Assurance 
Analysis can be used to demonstrate the uncertainty of the inputs results in a range of calculated 
receiving water improvements. However, using the available tools and available information, the 
suite of actions and the schedule by which they should be performed can be determined that is 
the best estimate of what is necessary to achieve the WLAs. The Reasonable Assurance approach 
uses rigor and the best available knowledge to make decisions of how to affect water quality. 
Monitoring and adaptive management are used to change course, as necessary, to get closer to 
the target. Each step of the adaptive management process uses the information gained through 
monitoring the system, allowing a continuing refinement of necessary actions. The adaptive 
management process will result in quantum improvements in water quality continuing until the 
receiving water impairments are removed. 

WLAs are developed in TMDLs based on the available information and provide reasonable 
assurance the water quality objectives will be met in the receiving waters if the WLA is attained. 
Compliance with the WLA by Permittees should mimic the WLA development, namely through 
a Reasonable Assurance Analysis as is specified in the Tentative Permit (Section VI.C.3).   
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The Tentative Permit allows the opportunity for Permittees to address a number of TMDLs 
through the Watershed Management Plan through a Reasonable Assurance Analysis. The 
Watershed Management Plans include monitoring and adaptive management to ensure progress 
towards achieving the TMDL requirements. The Watershed Management Plan approach is 
consistent with and complementary to the TMDL development. 

Inconsistencies with Phased TMDL Assumptions 
In almost every TMDL adopted by the State in the Los Angeles Region, the TMDL has 
included an implementation schedule that defines a point at which the TMDL will be 
reconsidered to incorporate new information and potentially modify targets, allocations 
and/or implementation requirements. The specifics of the requirements vary, but the 
intent of the approach is clear and best summarized by the following discussion from the 
memorandum on the Dominguez Channel and Greater Los Angeles and Long Beach Harbor 
Waters Toxic Pollutants TMDL from Samuel Unger to Charles Hoppin, Frances Spivy-Weber 
and Tam Doduc dated January 27, 2012. 

 “The Harbors Toxics TMDL recognizes that a TMDL is built on current data and 
information, but that there will be opportunities to refine our scientific understanding 
of the Greater Harbors system during the TMDL’s implementation period. In this sense, 
the TMDL is a living document and provides opportunities to conduct special studies, 
collect new data, and address new policies.” 

The response to comments for multiple TMDLs includes responses such as the ones 
identified below. 

Los Angeles Harbor Bacteria TMDL 

Comment: The City supports a re-evaluation of reference system; Leo Carillo 
Beach/Arroyo Sequit is inappropriate for Los Angeles Harbor. The current reference 
system is an open coast beach subject to high wave and wind action. Conversely, Los 
Angeles Harbor Inner Cabrillo Beach is in a very protected area that has little wave 
action and is not always influenced by wind currents. BOS requests the 4-year re-
opener to include assessing the size of the reference system, annual adjustment of 
allowable exceedance days based on rainfall conditions, and an evaluation of natural 
variability in exceedance levels in the reference system(s). BOS requests an enclosed 
bay system versus an open coast system be included in this reassessment. It may not 
be possible to find a relatively unimpacted enclosed bay system locally. A possible 
option for this reassessment is the Natural Source Exclusion approach. Another 
approach is to select a reference system outside of the local area, but this raises 
questions regarding its relevancy to the local situation. 

Response to Comment: Regional Board Staff recognize the disadvantages of Leo 
Carillo as the reference beach – as was also recognized in the recent Marina del Rey 
bacteria TMDL (also an enclosed beach which used Leo Carillo Beach as a reference) 
– however, Leo Carillo is currently the best reference beach available. The Regional 
Board is currently working with the Southern California Coastal Water Research 
Project (SCCWRP) to locate and validate a more appropriate reference beach. 
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The 4-year reconsideration of the TMDL includes the reassessment of the 
reference system, consideration of adjustment of allowable exceedance days 
based on rainfall, and an evaluation of natural variability, as requested. 
(Emphasis added.) 

San Gabriel River and Tributaries Metals and Selenium TMDL 

Comment: The proposed TMDL assigns responsibility for metals loads arriving to 
city lands from atmospheric deposition and the National Forest. Recent studies 
(Sabin et al.) reveal that 57%-100% of the metals found in urban runoff are 
attributed to atmospheric deposition. This makes local government responsible for 
metals pollution outside their jurisdiction and control. 

Comment Nos. 4.4 to 13.4 added that the State Water Board suspended metals loads 
requirements in the Los Angeles River TMDL until 2011 and requested that the 
Regional Board resolve atmospheric deposition issues prior to reconsideration of 
the TMDL in 2012. The Regional Board should suspend the metals reduction 
requirements in this proposed TMDL until studies addressing atmospheric 
deposition are completed. 

Response to Comment:  Although municipalities may not have direct control over 
indirect atmospheric deposition, they do have control over infrastructures that 
facilitate pollutant washoff and discharge to the storm drain system and other 
surface waters. In addition, research suggests that re-suspended road dust is the 
primary source of atmospheric deposition of metals. It then follows that roads 
within the cities are the primary source of the metal-laden particulates that 
comprise the majority of atmospheric deposition loading. Nonetheless, the Regional 
Boards, State Board, and Air Resources Board have begun to address the issues and 
will develop appropriate policies or take other actions. The Regional Board and staff 
are committed to working with stakeholders to confirm recent studies and to 
further characterize the source and control measures. For example, staff requested 
$100,000 of State Contract funds during Fiscal Year 2006/07 for atmospheric 
deposition studies. 

The proposed TMDL already suspends metals reduction requirements until studies 
addressing atmospheric deposition are completed. The proposed TMDL shall be 
reconsidered at year 5 based on the results of special studies and reductions 
are not required until year 6. (Emphasis added.) 

These responses demonstrate the evolving understanding of the sources to water quality 
impairments a pattern of using TMDL reconsiderations to address uncertainty concerns 
with the TMDLs and identify the intent to not require compliance with TMDL requirements 
prior to the reconsiderations occurring. 

The inconsistency in the approach is further magnified by discussion in the Tentative 
Permit Fact Sheet. In the discussion on page F-98 regarding the State-adopted TMDLs with 
final effluent limitations during the term of the Order, the Fact Sheet states: 

“In most of these five TMDLs, compliance with the final water quality-based 
effluent limitations assigned to MS4 discharges is expected to be achieved (e.g., 
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Santa Clara River Chloride TMDL), or a mechanism is in place to potentially allow 
additional time to come into compliance (e.g. reconsideration of the Marina del 
Rey Harbors Toxics TMDL implementation schedule).” 

This statement recognizes a phased TMDL implementation approach was assumed during 
TMDL development, wherein reconsiderations would occur based on gathering of 
additional information and experience implementing actions to control the pollutants. This 
statement also epitomizes the difficulties facing Permittees in implementing TMDLs and 
complying with permit conditions. When TMDLs are adopted or compliance with uncertain 
WLAs is required, Regional Water Board staff state that reconsiderations are the 
mechanism that will be used to ameliorate these concerns. However, the Tentative Permit 
provisions require compliance with the numeric WLAs unless the Regional Water Board 
reconsiders the TMDL, putting the Permittee in the position of potentially being out of 
compliance with the permit conditions while waiting for Regional Water Board staff 
actions. Then, as demonstrated during the reconsideration of the Santa Monica Bay 
Bacteria TMDL, the Regional Water Board can refuse to consider any time extensions.  

It is inappropriate to address concerns with TMDL requirements through the use of 
reconsiderations and then impose conditions in the MS4 permit that do not allow the 
reconsideration process to be effectively utilized as intended. The County recognizes that 
each TMDL has different specific provisions associated with reconsideration, but the 
general approach, as shown by the example administrative records and hearing discussions 
described above appear to demonstrate an approach that addresses concerns with TMDL 
uncertainties and requirements by allowing for the adaptive management and evaluation 
of information being collected during TMDL implementation. The conditions implementing 
those TMDLs should therefore reflect those assumptions and approach. The use of numeric 
effluent limitations to implement the final WLAs is not consistent with the assumptions of a 
phased approach to implementation that considers modifications to the allocations and 
schedules based on the gathering of additional information.  

Inconsistencies with Specific TMDL WLA Assumptions 
In addition to being inconsistent with the phased approach to TMDL implementation 
discussed in the TMDLs, the numeric effluent limitations included in the permit are 
inconsistent with the assumptions of specific TMDL WLAs. Following are a few examples of 
TMDLs issued by the issued by the Regional Water Board in which the TMDL clearly states 
that the WLAs either will or can be implemented into permits as BMPs. 

Resolution TMDL TMDL Basis for Determining MS4 Compliance 

R10-010 Santa Monica Bay 
Nearshore Debris 
TMDL 

"Dischargers may comply with the WLA in any lawful manner, 
including the use of full capture systems; partial capture 
systems; and/or institutional controls." 
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Resolution TMDL TMDL Basis for Determining MS4 Compliance 

R10-007 Los Angeles River 
Bacteria TMDL 

"MS4 Permittees may achieve the WLAs by employing any 
viable and legal implementation strategy. A recommended 
implementation approach is called the "MS4 Load Reduction 
Strategy" (LRS) and requires coordinated effort by all MS4 
Permittees within a segment or tributary." 

MS4 dischargers can demonstrate compliance with the final 
dry weather WLAs by demonstrating that final WLA are met 
instream or by demonstrating one of the following conditions 
at outfalls to the receiving waters: 

1. Flow-weighted concentration of E. coli in MS4 discharges 
during dry weather is less than or equal to 235 MPN/100mL, 
based on a weighted-average using flow rates from all 
measured outfalls; 

2. Zero discharge during dry weather; 

3. Demonstration of compliance as specified in the MS4 NPDES 
permit which may include the use of BMPs where the permit’s 
administrative record supports that the BMPs are expected to 
be sufficient to implement the WLA in the TMDL, the use of 
calculated loading rates such that loading of E. coli to the 
segment or tributary during dry weather is less than or equal 
to a calculated loading rates that would not cause or contribute 
to exceedances based on a loading capacity representative of 
conditions in the River at the time of compliance or other 
appropriate method.” 

2008-006 Machado Lake 
Nutrient TMDL 

“…Concentration-based interim and final WLAs will be 
included in the stormwater permits in accordance with NPDES 
guidance and requirements.” [Waste Load Allocations; 
Machado Lake] 

"Stormwater Permittees may be deemed in compliance with 
waste load allocations by actively participating in a LWQMP 
and attaining the waste load allocations for Machado Lake. 
Stormwater permittees and the responsible party for the lake 
may work together to implement the LWQMP and reduce 
external nutrient load to attain the TMDL waste load 
allocations measured in the lake.  

Alternatively, MS4 Permittees may be deemed in compliance 
with the waste load allocations by demonstrating reduction of 
total nitrogen and total phosphorous on an annual mass basis 
measured at the storm drain outfall of the permittee’s drainage 
area." 

2007-015 Ballona Creek 
Metals TMDL 

"Each municipality and permittee will be required to meet the 
storm water waste load allocation at the designated TMDL 
effectiveness monitoring points. A phased implementation 
approach, using a combination of non-structural and structural 
BMPs may be used to achieve compliance with the stormwater 
waste load allocations. The administrative record and the fact 
sheets for the MS4 and Caltrans storm water permits must 
provide reasonable assurance that the BMPs selected will be 
sufficient to implement the waste load allocations." 
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The issue how the WLAs will be implemented is also found in discussions in the Staff 
Report justifying the adoption of the Basin Plan Amendment or in the Response to 
Comments: 

San Gabriel River Metals TMDL Response to Comments page 6:  

“The TMDL will not result in the application of CTR limits as end-of-pipe numeric limits 
for the municipalities. The TMDL supports the use of an iterative BMP approach. The 
Basin Plan amendment states, “A combination of non- structural and structural BMPs 
may be used to achieve compliance with the WLAs. The administrative record and the 
fact sheets for the MS4 and Caltrans permits must provide reasonable assurance that 
the BMPs selected will be sufficient to implement the WLAs. Reductions to be achieved 
by each BMP shall be documented and sufficient monitoring shall be put in place to 
verify that the desired reductions are achieved. The permits shall also provide a 
mechanism to make adjustments to the required BMPs as necessary to ensure their 
adequate performance.” 

Santa Clara River Nitrogen TMDL, page 62 of the Staff Report:  

“On November 22, 2002, the United States Environmental Protection Agency issued a 
Memorandum clarifying and providing guidance for establishing waste load 
allocations for storm water discharges in TMDLs. It is noted that TMDLs issued by the 
Regional Board prior to November 22, 2002 did not contain wasteload allocations for 
MS4 permittees. However, as the MS4 permittees are a minor load of ammonia, nitrite, 
and nitrate to the Santa Clara River, the compliance alternative is an iterative 
approach, which is consistent with the November 22, 2002 memorandum. This 
iterative, or adaptive management BMP approach, will be based on BMPs currently 
required in the NPDES permits for stormwater management.”   

Los Angles River Metals Basin Plan Amendment page 15, San Gabriel River Metals Basin 
Plan Amendment page 12, Ballona Creek Estuary Toxics TMDL page 7  1 

 “A phased implementation approach, using a combination of non-structural and 
structural BMPs may be used to achieve compliance with the stormwater waste load 
allocations. The administrative record and the fact sheets for the MS4 and Caltrans 
storm water permits must provide reasonable assurance that the BMPs selected will be 
sufficient to implement the waste load allocations. We expect the reductions to be 
achieved by each BMP will be documented and that sufficient monitoring will e put in 
place to verify that the desired reductions are achieved. The permits should also 
provide a mechanism to adjust the required BMPs as necessary to ensure their 
adequate performance.” 

Another inconsistency between the Tentative Permit and the TMDLs is the inclusion of 
effluent limitations for TMDLs where WLAs have been defined as receiving water 
limitations. The interpolation of the WLAs as numeric effluent limitations is inappropriate 
and does not accurately reflect the WLAs. For example, in the Santa Monica Bay, Los 

                                                 
1 The Ballona Creek Metals TMDL Basin Plan Amendment, p. 10 also includes the first two sentences of this 
quotation, but does not include the remaining language. 
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Angeles Harbor, Marina Del Rey, and Santa Clara River bacteria TMDLs, WLAs were 
assigned as the number of exceedance days in the receiving water. The Tentative Permit 
includes numeric effluent limitations equal to the Basin Plan water quality objectives for 
bacteria. This is inconsistent with the WLAs as there are no outfall-based WLAs included in 
these TMDLs and the assigned effluent limitations do not reflect the assumption in the 
WLAs that some exceedances may occur as a result of natural sources. Natural sources may 
be discharged through an MS4 and the inclusion of numeric effluent limitations that do not 
allow any exceedances and do not have any analysis in the Fact Sheet demonstrating how 
the numeric effluent limitations were derived from the receiving water exceedance day 
allocations is inconsistent with the TMDL. 

Finally, some methods for determining compliance with the TMDL WLAs are not reflected 
in the Tentative Permit. For example, the Los Angeles River Bacteria TMDL Basin Plan 
Amendment states (page 6): 

MS4 dischargers can demonstrate compliance with the final dry weather WLAs by 
demonstrating that the final WLA are met instream or by demonstrating one of the 
following conditions at outfalls to the receiving waters: 

1. Flow-weighted concentration of E. coli in MS4 discharges during dry weather is 
less than or equal to 235 MPN/100mL, based on a weighted-average using flow 
rates from all measured outfalls; 

2. Zero discharge during dry weather; 
3. Demonstration of compliance as specified in the MS4 NPDES permit which may 

include the use of BMPs where the permit’s administrative record supports that 
the BMPs are expected to be sufficient to implement the WLA in the TMDL, the 
use of calculated loading rates such that loading of E. coli to the segment is less 
than or equal to a calculated loading rates that would not cause or contribute 
to exceedances based on a loading capacity representative of conditions in the 
River at the time of compliance or other appropriate method. 

 
The third and final method identified in the Los Angeles River Bacteria TMDL, which 
provides both BMP based and load based methods for demonstrating compliance, is not 
provided in the Tentative Permit for final WLAs. The Tentative Permit must be consistent 
with the WLAs as outlined in the Basin Plan Amendment and this method of compliance 
must therefore be incorporated into the Order.  

3. USE OF NUMERIC EFFLUENT LIMITATIONS IS NOT REQUIRED AND IS 
TECHNICALLY INFEASIBLE, AND INCONSISTENT WITH MOST GUIDANCE AND 
EXISTING PRECEDENTS 

Numeric Effluent Limitations are Technically Infeasible 
The numeric effluent limitations are technically infeasible because the quantification of the 
precise stormwater impact is too uncertain and the sporadic manner in which stormwater is 
discharged defies set numeric limits. 

While the increasing sophistication in monitoring and modeling in the stormwater 
program have moved forward efforts to create linkages between stormwater and receiving 
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water quality the challenge of developing those linkages remains substantial. In 2008 the 
National Academy of Science noted: 

 “…pollutant loadings in stormwater effluent vary dramatically over time and 
stormwater is notoriously difficult to monitor for pollutants.” 2 

Modeling approaches while useful in understanding and predicting acceptable loads for 
receiving waters still include a significant degree of uncertainty especially for stormwater 
because storm events are highly variable in frequency and duration and are not easily 
characterized.3 

The level of uncertainty in monitoring and modeling stormwater contributions raises 
concerns about the ability to use modeled concentrations or load as strict numeric effluent 
limitations.  

 “It is thus difficult to understand how much of a pollutant a stormwater point source 
contributes to a degraded waterbody, much less determine how best to reduce that 
loading so that the waterbody will meet its TMDL.”4 

Numeric effluent limitations are calculated to ensure the discharge will not cause or contribute to 
an exceedance of a water quality standard. Consider the case where the WLA is a monthly 
average, but the MS4 only discharges during storm events.  Directly translating the WLA to a 
numeric effluent limitation would not be accurate because the frequency of discharge is not 
known. It is not unreasonable to assume one storm per month, in which case the water 
discharged from the MS4 will affect the receiving water for a limited duration, leaving the 
balance of the month unaffected by the MS4. If each storm event was required to meet numeric 
effluent limitations equal to the WLA, the effluent limitations would be more stringent than 
necessary to provide the required level of protection to the receiving water.   

When establishing a numeric effluent limitation, permitting authorities are required to consider 
the variability of the discharge. The variability of the MS4 discharge is dependent on the land 
use and precipitation levels. To determine appropriate effluent limitations, assumptions on the 
variability of discharge quantity and quality would need to be made.   

It is possible that there are situations where implementation of available non-structural and 
structural controls to will not reach WLAs.   

Inconsistency with Guidance and Existing Precedents 
Over the last decade, EPA has issued a succession of policy memoranda and guidance 
documents regarding the incorporation of TMDLs into stormwater permits, including:  

1) Guidance for Developing TMDLs in California (EPA Region 9). January 7, 2000 
2) Establishing Total Maximum Daily Load (TMDL) WLAs for Storm Water Sources and NPDES 

Permit Requirements Based on Those WLAs (Wayland and Hanlon). November 22, 2002  
3) TMDLs to Stormwater Permit Handbook (Draft) (EPA). November 2008  

                                                 
2 National Academy of Science, 2008, Urban Stormwater Management in the United States, p.52-53 
3 Wayland and Hanlon, 2002, p.4 
4 National Academy of Science, 2008, Urban Stormwater Management in the United States, p.52-53 
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4) Revision to the November 22, 2002 Memorandum “Establishing Total Maximum Daily Load 
(TMDL) Wasteload Allocations (WLAs) for Storm Water Sources and NPDES Permit 
Requirements Based on Those WLAs” (Hanlon and Keehner). November 12, 2010 

5) Untitled Letter (Kevin Weiss). March 17, 2011 
 
In each of these EPA documents, EPA allows for discretion on the part of the permitting 
authority in the use of numeric effluent limitations for stormwater or BMP-based effluent 
limitations. This flexibility is a key aspect of both Wayland and Hanlon (2002), and Hanlon and 
Keehner (2010). 

Further, it is important to note that the EPA documents did not identify any differences in 
how interim and final WLAs may be addressed by effluent limitations. In particular, the 
guidance did not limit BMP-based effluent limitation approaches to interim WLAs. 

EPA guidance does emphasize that NPDES provisions implementing TMDLs be enforceable, 
objective, and measurable. The Hanlon and Keehner memorandum notes that while 
numeric effluent limitations provide this type of accountability, effluent limitations 
expressed as BMPs can include objective and measurable elements. Such measurable 
elements might include as noted on page 3 of Hanlon and Keehner (2010), “schedule for BMP 
installation or level of BMP performance” or “numeric benchmarks for BMPs and associated 
monitoring protocols or specific protocols for estimating BMP effectiveness.” The Tentative 
Permit provides for enforceable, objective, and measurable provisions in the Watershed 
Management Program. 

In recent permit actions, permitting authorities have taken a variety of approaches to incorporate 
TMDLs into MS4 permits, demonstrating that permitting authorities continue to exercise 
discretion with this permitting requirement. In a review of eight recently issued (issued since 
2009) and draft permits in California, Washington D.C, and Washington State all but one of the 
permits identified a BMP-based approach. 

1) R8-2010-0036 San Bernardino County Flood Control District, the County of San Bernardino, and 
the Incorporated Cities of San Bernardino County within the Santa Ana issued by the Santa Ana 
Regional Water Quality Control Board (San Bernardino Permit) 

2) Order R4-2010-0108 Municipal Separate Storm Sewer Systems within the Ventura County 
Watershed Protection District, County of Ventura, and the Incorporated Cities Therein issued by 
the Los Angeles Regional Water Quality Control Board. (Ventura Permit)  

3) Order No. R8-2009-0030 The County of Orange, Orange County Flood Control District and the 
Incorporated Cities of Orange County within the Santa Ana Region issued by the Santa Ana 
Regional Water Quality Control Board. (North Orange County Permit) 

4) Order R2-2009-0074 San Francisco Bay Region Municipal Regional Stormwater NPDES Permit 
issued by the San Francisco Bay Regional Water Quality Control Board (Bay Area Permit) 

5) Tentative Order 2012-XX-DWQ NPDES Statewide Storm Water Permit for State of California 
Department of Transportation issued by the State Water Resources Control Board. April 27, 2012 
(Draft Caltrans Permit) 

6) Administrative Draft Order R9-2012-0011 NPDES Permit and Waste Discharge Requirements 
for Discharges From The Municipal Separate Storm Sewer Systems (MS4s) Draining the 
Watersheds within the San Diego Region issued by the San Diego Regional Water Quality 
Control Board. (Draft San Diego Permit) 
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7) NPDES Permit No. DC0000221 Authorization to Discharge under the National Pollutant 
Elimination System Municipal Separate Storm Sewer System Permit, October 7, 2011, issued by 
USEPA Region 3. (Washington D.C. Permit) 

8) Draft Phase I Municipal Stormwater Permit National Pollutant Discharge Elimination System and 
State Waste Discharge General Permit for discharges from Large and Medium Municipal 
Separate Storm Sewer Systems, October 19, 2011, issued by the State of Washington Department 
of Ecology. (Draft Washington State Permit) 

 
The Washington D.C. and the Bay Area Permits integrate most aspects of the TMDL 
requirements into the permit conditions. The permits do not distinguish between interim and final 
WLAs. The Washington D.C. permit requires the discharger to develop a Consolidated TMDL 
Implementation Plan, which is in many ways appears to be similar to the Watershed 
Management Program in the Tentative Permit. The Washington D.C. permit is particularly 
notable because it was issued in 2011 after the Hanlon and Keehner (2010) memorandum and 
was issued by EPA Region 3, indicating even EPA staff believe it is not essential to incorporate 
numeric effluent limitations to implement TMDLs. 

The Draft Washington State Permit also integrates the TMDL requirements into the permit but 
because it is a general permit the details of each TMDL, which are not applicable to all 
dischargers, are identified in an appendix. Although not explicitly stated in the permit, 
presumably each Permittee would integrate these specific actions into their Stormwater 
Management Plan. The TMDL language in this draft permit is essentially unchanged from 
existing permit.  

The Ventura Permit and North Orange County permits take a hybrid BMP-based approach while 
including numeric WLAs. In both permits, compliance with the TMDLs is based on monitoring; 
the WLAs are not identified as numeric effluent limitations. In the Ventura Permit the 
compliance determination refers back to the TMDL implementation plans. This provision of the 
Ventura Permit is annotated with 40 CFR 122.44(d)(1)(vii)(B) implying that the implementation 
plan elements are effluent limitations. While both permits include interim and final WLAs they 
are not handled differently.  

The San Bernardino Permit provides clear language that the effluent limitations are a series of 
implementation actions (BMPs) required of the dischargers. Interim effluent limitations include a 
series of implementation actions. The final effluent limitations require the development of a 
comprehensive plan that will establish the specific actions to be implemented to achieve the 
WLAs. Both interim and final effluent limitations are BMP based, but the permit does contain a 
provision that if the implementation actions are not completed as specified, the WLAs will 
become the final numeric effluent limitations. 

The Draft San Diego permit identifies three-part effluent limitations for each TMDL. The 
effluent limitations include: Receiving Water Limitations; final numeric effluent limitations and 
interim numeric effluent limitations where applicable; and a requirement to implement the 
BMPs. This permit is still draft and it is uncertain whether the proposed language will be carried 
through into subsequent drafts or the final order. 
It is too early to fully assess the Caltrans permit, since the TMDL section will not be completed 
until a year after the permit’s adoption. However the draft fact sheet establishes the basis for 
incorporating BMP-based effluent limitations.  
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Permit Method of Assessing 

Compliance 

Difference Between Interim and 

Final WLAs 

Washington D.C. 
Permit No. DC0000221 (2011) 

BMP-based No difference noted 

Bay Area 
R2-2009-00 

BMP-based No difference noted 

Ventura  
R4-2010-0108 

Hybrid BMP-based No difference noted 

North Orange County 
R8-2009-0030 

Hybrid BMP-based No difference noted 

San Bernardino  
R8-2010-0036 

BMP-based No difference noted 

Draft San Diego  
Administrative Draft Order R9-
2012-0011 

Hybrid numeric, 3 part effluent 
limitation, Receiving Water 
Limitations, numeric effluent 
limitations, and BMPs 

No difference noted 

Draft Washington State 
October 19, 2011 

BMP-based No difference noted 

Tentative Caltrans 
Tentative Order 2012-XX-DWQ 

Too early to determine Unable to determine 

 

These permits demonstrate that permitting authorities continue to incorporate TMDLs into 
MS4 permit as BMPs or implementation actions, even after numeric WLAs have been 
established and after the Hanlon and Keehner (2010) memorandum. The significant change in 
permits after 2010 was primarily a stronger focus on measureable and objective provisions to 
assess and ensure implementation progress. 

4. RECOMMENDED APPROACH AND SUGGESTED PERMIT MODIFICATIONS 
The TMDL implementing conditions in the Los Angeles MS4 Permit should be established in a 
manner that: includes provisions that provide objective and measureable direction to Permittees; 
preserves the ability to adapt the implementation to meet changing conditions and improved 
understanding of the watershed dynamics; and provides a means to assess compliance. To do 
this, the language in the Tentative Permit needs to be modified to: 

1. Establish BMP-based effluent limitations to implement the WLAs in the permit, but the 
WLAs should be not identified as the effluent limitations. The WLAs can be incorporated 
into the permit to provide the linkage to the effluent limitations, but should not be 
considered a numeric effluent limitation. 

2. Clearly define the process for determining compliance and ensure one option is through 
the iterative implementation of BMPs per the approved implementation plans or 
Watershed Management Program. Where these actions are implemented per the approved 
schedule, the Permittee would be in compliance. Where implementation plans are not 
implemented per the approved schedule, the Permittee would not be in compliance. 
Consistent with recent MS4 permits California and Washington D.C., and EPA guidance, 
the compliance assessment provisions can be structured in a manner that provides 
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accountability and enforceability while still utilizing adaptive management for the 
implementation of BMPs.  

3. Compliance assessment should also consider other instances in which the Permittee 
would be in compliance (such as attainment of water quality standards in receiving 
waters, no discharge).  

4. Define attainment of the WLAs and compliance with the permit provisions as clearly 
separate concepts. For example, if WLAs are not attained, the permit could require 
additional actions from the Permittees, but as long as the approved Watershed 
Management Program or TMDL Implementation Plan was implemented per the approved 
schedule, then the Permittee would be in compliance. 

5. Monitoring and reporting requirements need to be consistent with the approved TMDLs, 
but flexible enough to allow for the development of integrated monitoring programs. The 
monitoring requirements need to provide the information needed to evaluate progress 
towards attaining the WLAs. The monitoring points need to be clearly defined as one 
option for defining compliance and not the sole option. As noted above, where the 
effluent limitations are expressed as BMPs, there is an important distinction between 
attaining the WLAs and complying with the permit provisions. The monitoring and 
reporting requirements can be structured in a way to assess the implementation of BMPs 
and measure progress toward attainment of the WLAs. 

Based on the recommended approach, a red-line markup of the relevant TMDL provisions of the 
June 6, 2012 Tentative Permit has been developed and is attached to these comments 
(Attachment 1).  

Justification for Recommended Approach 
The approach being recommended in these comments is consistent with EPA guidance and 
other MS4 permits implementing TMDLs. It is also consistent with the approach used by 
the Regional Water Board staff in the Tentative Permit to incorporate the EPA promulgated 
TMDLs.  

Use of BMP-based effluent limitations is consistent with adaptive management, which is a key 
part of assumptions of TMDL adoption. Whereas, directly translating a WLA into a numeric 
effluent limitation significantly limits adaptive management. Once the WLAs are incorporated as 
end of pipe numeric effluent limitations the barrier to changing the numbers increases 
significantly.  

EPA guidance as previously noted in these comments, allows for the use of BMP-based 
effluent limitations, provided it is demonstrated that the BMPs will be sufficient to attain 
the WLAs. The Watershed Management Program will provide an adequate demonstration 
that the BMPs will be sufficient to comply with the WLAs. The Watershed Management 
Programs, with the requirements to identify TMDL Control Measures and a Reasonable 
Assurance Analysis provide a pathway to attaining the WLAs and if Permittees are not 
implementing the required actions on schedule there is a clear enforcement mechanism.  

Though written in many different ways, the guidance discussed above, several precedents, 
some TMDLs and the Fact Sheet for the Tentative Permit all include reference to one key 
requirement for justification of BMP-based effluent limitations: 
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The permit’s administrative record and fact sheet need to support the sufficiency of the 
BMPs to meet the WLAs.  

This requirement is the crux of the justification in the Tentative Permit Fact Sheet as to 
why the Regional Water Board cannot include non-numeric effluent limitations for final 
WLAs in the permit. 

 “It is premature to consider application of this action based compliance 
demonstration option to the final effluent limitations and final receiving water 
limitations that have deadlines outside the term of this Order. More data is needed 
to validate assumptions and model results regarding the linkage among BMP 
implementation, the quality of MS4 discharges, and receiving water quality.” 

However, the Tentative Permit clearly outlines a path, through the Watershed Management 
Program, to gather all of the information needed to make this finding. Given that the final 
compliance dates are outside of the term of the permit and the permit requires the 
demonstrations outlined in the Fact Sheet be developed if “action based compliance” is to 
be used, the Regional Water Board will have sufficient information to determine if “action 
based compliance” is appropriate to achieve the WLAs and will make that determination 
through the approval or disapproval of the Watershed Management Program. The 
alternative approach outlined above is therefore consistent with this requirement and 
supported by existing guidance, permit precedents, TMDL requirements and the Fact Sheet 
language itself. 

Parallel to the TMDL providing reasonable assurance that the WLA will result in 
elimination of the water quality impairment, the Reasonable Assurance Analysis identified 
in the Tentative Permit defines the set of non-structural and structural BMPs to meet the 
WLAs with reasonable assurance. Implementation of these BMPs on the schedule set out in 
the Reasonable Assurance Analysis should define the compliance with the TMDL. Because 
the processes are parallel, there should be as much confidence that the BMPs determined 
through the Reasonable Assurance Analysis will achieve the WLA as there is confidence 
that the TMDL developed WLAs (and LAs) will result in the receiving water impairment 
being removed. 

Finally, the State Water Board, in SWRCB Order 2009-085, identified their intent regarding 
TMDLs: 

“It is our intent that federally mandated TMDLs be given substantive effect. Doing so 
can improve the efficacy of California’s NPDES storm water permits. This is not to say 
that a wasteload allocation will result in numeric effluent limitations for municipal 
storm water discharges. But, when an approved TMDL is in place, the water boards 
will give substantive effect to the TMDL and allow it to become much more than an 
academic exercise.”  

                                                 
5 SWRCB Order 2009-08, In the Matter of the Petition of County of Los Angeles And Los Angeles County Flood 
Control District Waste Discharge Requirements Order No. R4-2006-0074 Issued by the  California Regional 
Water Quality Control Board, Los Angeles Region SWRCB/OCC FILE A-1780 
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The Watershed Management Program does just that, it establishes a substantive 
implementation of TMDLs in a California MS4 permit and would request that Permittees be 
given the opportunity to demonstrate the effectiveness of this approach during this permit 
term.  
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SUBJECT:  TMDL Compliance Assessment 
Reasonable Assurance of Compliance 

  

    

    
 

INTRODUCTION 

The Los Angeles Regional Water Quality Control Board (Regional Board) released the Draft Los 
Angeles County MS4 NPDES Permit (Draft Permit) on June 6, 2012. Comments on the Draft 
Permit are due to the Regional Board by July 23, 2012. The Regional Board is scheduled to hold 
a public hearing on September 6 and 7, 2012, to consider adoption of the Draft Permit. One of 
the most problematic areas of the Draft Permit is its expression of final TMDL limits as strict 
numeric Water Quality Based Effluent Limitations (WQBELs). The use of a numeric WQBELs 
as opposed to Best Management Practices (BMP) approach to assess final Total Maximum Daily 
Load (TMDL) compliance greatly increases the legal liabilities for all permittees regulated under 
the Draft Permit including the County of Los Angeles (County) and Los Angeles County Flood 
Control District (LACFCD).   

A robust technical argument to substantiate a BMP approach to assess final TMDL compliance is 
presented below. A quantitative analysis from a TMDL Implementation Plan is selected to serve 
as a tool to illustrate the complexities and uncertainties in the reasonable assurance process. The 
goal is to educate the lay person, including members of the Regional Board, on the challenges 
dischargers face and the reasons behind dischargers’ concerns regarding the numeric approach. 

PROBLEM STATEMENT 

The Draft Permit requires compliance with WLAs through numeric limitations, however there is 
imperfect information available to Permittees for knowing the precise current load of target 
constituents, and how to choose between available programmatic changes and structural BMPs 
to achieve the desired discharge quality.  

More importantly, TMDLs are developed using the best information available at the time. It is 
generally acknowledged in TMDLs that the information available is imperfect, and schedules are 
included for responsible parties to perform monitoring as part of the implementation program to 
inform an adaptive management strategy for ultimate compliance. 
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Development of a TMDL uses the available information and tools to determine the waste load 
allocations (WLA) for point sources and load allocations (LA) for non-point sources necessary to 
maintain the beneficial uses in the receiving waters.  Due to uncertainly introduced through data 
gaps and imperfect tools, TMDLs include a margin of safety (MOS) and generally incorporate 
the need to continue monitoring and adaptive management applying new information in a 
reasonable schedule to adjust the WLA and LA as necessary to maintain beneficial uses.  WLA 
and LA are dynamic.  Development of TMDLs are based on the data available and assumptions 
to how the sources are linked to the receiving water impairment.  The WLA and LA are the best 
estimates given what is know about the watershed at the time of TMDL development. 

Development of a Watershed Management Plan (Implementation Plan) by an agency to affect 
non-structural and structural BMPs to address WLAs faces additional uncertainty compared to 
TMDL development.  Not only does the Implementation Plan rely on available data and 
assumptions of how the sources are linked to the receiving water impairment, additional 
assumption are required to estimate the effectiveness of the BMPs including: future weather 
patterns, future land use patterns (growth), rates of redevelopment, effectiveness of non-
structural BMPs on amount and quality of runoff, how the programmatic changes might be 
reflected in the modeling, and effectiveness of structural BMPs on the amount and quality of 
runoff. 

Given the uncertainties in the development of a Watershed Management Plan, Permittees cannot 
provide guarenttees that the proposed actions can meet static WLAs.  However, the Permittees 
can develop Reasonable Assurance Plans, where using the present knowledge of the watershed 
and reasonable assumptions, the set of non-structural and structural BMPs are determined with a 
high level of confidence that would result in achieving the WLAs.  These plans are consistent 
with the assumptions made in developing WLAs and requirements of the WLAs.    

The Draft Permit allows the opportunity for Permittees to address a number of TMDLs through 
the Watershed Management Plan through a Reasonable Assurance Analysis.  Per Section VI.C.3 
of the Draft Permit, the Watershed Management Plans are required to include monitoring and 
adaptive management to ensure progress towards achieving the TMDL requirements.  Per the 
Draft Permit compliance with USEPA TMDLs may be demonstrated through Watershed 
Management Plans (Vi.E.3). 

Because the development of TDMLs is a dynamic process relying on adaptive management, 
likewise the Watershed Management Plan is dynamic and will rely on adaptive management.  
The Draft Permit allows a number of TMDLs to be addressed in the context of a Watershed 
Management Plan.  Establishing numerical effluent limitations for the final WLA makes little 
sense and creates unwarranted liability the Permittees cannot control.  BMP based limitations, 
determined through development of a Watershed Management Plan providing actions and 
schedules to meet the final WLAs should be adopted by the Regional Board in the Final Permit. 

TMDL DEVELOPEMENT 

A TMDL is developed to address a receiving water where a pollutant exceeds a water quality 
objective.  Waterbodies where water quality objectives are exceeded are placed on the 
303(d) list1.  The water quality objectives are developed to maintain the beneficial uses (e.g. 
                                                 
1 Section 303(d) of the Clean Water Act embodies the regulations surrounding TMDLs, and are implemented 
through 40 CFR § 130.2 and 130.7. 
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warm water aquatic life, or recreational contact) of the receiving water.  Monitoring data are 
typically used to identify receiving waters where objectives are not being met indicating an 
impairment and placement on the 303(d) list.  The TMDL document includes key components as 
listed in Table 1. The numerical TMDL is the WLA plus the LA plus a Margin of Safety (MOS).  
For the discussion of WLA and LA development the Source Analysis, Linkage Analysis, Critical 
Conditions, and Margin of Safety are the critical components in the TMDL process. 

Table 1:  Key Components of TMDL Development. 

Component Purpose 

Problem Statement Identifying the receiving water and how it is impaired 

Numeric Target Metric of how the receiving water quality will be evaluated 

Source Analysis Potential sources of the pollutant(s) affecting the target (point and 
non-point, natural and anthropogenic) 

Linkage Analysis Idealized manner of which the sources affect the receiving water 
target 

Waste Load and Load Allocations Amount of the pollutant(s) from point and non-point; and natural 
and anthropogenic resulting in meeting receiving water targets 

Margin of Safety A reserve from the allocations to account for the uncertainty in the 
Linkage Analysis 

Critical Conditions Conditions where it is necessary to meet the allocation  

Monitoring Monitoring to ensure allow assessment of the implementation in 
achieving the target 

Implementation and Schedule(1) Demonstration a feasible set of non-structural and structural BMPs 
exist to attain the WLA and LA, and the schedule to implement the 
BMPs 

Cost(1) Consideration of the implementation costs verses the benefit  

 1 Required by California Water Code, USEPA TMDLs are not subject to these components. 

A TMDL in its simplest level is the allowable amount of a pollutant from a watershed that will 
not adversely affect beneficial uses of the waterbody receiving the watershed drainage.  
Schematically, the steps to determine the WLA and LA and compliance evaluation are illustrated 
in Figure 1.  The source analysis considers where in the watershed and how the pollutant may be 
generated.  The linkage analysis is a model combining the sources, transport, and chemical-
physical-biological transformations of the pollutant between the areas of generation and the 
receiving water.  A MOS is determined reflecting the uncertainties in the source assessment, 
available data, and strength of the modeling for the linkage analysis.  The numeric TMDL is 
comprised of the WLAs for MS4s and POTWs balanced with the LA from agriculture and open 
space and a MOS so that the target is calculated to be achieved in the receiving water under 
critical conditions.  The implementation is necessary to demonstrate with reasonable assurance 
that there is a set of BMPs that can be implemented that should result in attaining the target in 
the receiving water.  Generally, the schedule is determined reflecting the magnitude of the 
implementation.  
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Figure 1.  Parallel Nature of TMDL and Reasonable Assurance Analyses. 
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Sources of Uncertainty 

Nearly every stage of the TMDL development has some level of uncertainty.  The uncertainty 
inherent in the process is reflected somewhat in the MOS, but also in the establishment of a 
monitoring program and inclusion of adaptive management provisions as part of TMDL 
implementation.  Generally, TMDLs are written to periodically assess the receiving water to 
determine if further action is necessary.  TMDLs are created as dynamic tolls to ensure the 
impairment is ultimately removed from the waterbody. 

Sources of uncertainty in the Source Assessment and Linkage Analysis affecting ability to 
accurately simulate pollutants in the receiving water with precision include: 

o Size of subwatersheds 

o All land uses and processes typically bended together at the subwatershed scale to 
produce flow and quality at the bottom of the subwatershed. 

o Physical mechanisms evaluated empirically  

o Land use typically lags behind reality 

o Pollutant generation rate per land use 

o Pollutant wash off rates 

o Pollutants may be modeled as particle associated (ie mass of pollutant/mass of sediment) 

o Precipitation varies over watershed (generally high quality precipitation data lacking) 

Factors affecting the ability to accurately forecast the effect of programmatic changes or 
structural BMP implementation on the concentration of the pollutant in the receiving water. 

o Population growth rate uncertain 

o Redevelopment rate and implementation low impact development (LID) practices. 

o Water conservation efforts uncertain 

o Use patterns (changing pollutant generation/washoff/etc rates) 

o Effectiveness of LID uncertain 

o Effectiveness of programmatic changes uncertain (eg effect of increasing street sweeping 
frequency uncertain). 

o Future weather (and other meteorological measures) may not match historic patterns 
leading to a model that is not representative of future conditions. 

The closer the model is able to simulate the actual watershed the more accurate will be the 
calculated allocations.  Uncertainty in the data and model inputs will decrease the precision of 
the calculated allocations.  The accuracy and precision are illustrated in Figure 2, where the 
effect of uncertainty in the model inputs is idealized as creating a bell curve around the 
calculated answer.  The bell curve represents the probability of what the true WLA might be 
given the model results and uncertainty in the inputs. The figure is portraying the confidence that 
the calculated result is equal to the allocation necessary to correct the impairment.  A model that 
captures the important watershed processes (correctly implements a correct conceptual model) 
will calculate accurate results.  However, the model is dependent on the quality of the input data, 
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so that even if the model is “correct”, improper input data may result in calculation of an 
incorrect WLA.  As the uncertainty in data increases the bell curve illustrated in Figure 2 would 
widen.  It is uncommon for modeling studies to perform uncertainty analyses to calculate the 
actual confidence in the model results.  The uncertainty analysis of a model is not trivial, and 
requires quantification of the uncertainty in the model inputs and parameters, which are not 
always known.  The pragmatic approach is to calculate the allocations and require monitoring 
and adaptive management to account for potential inaccuracy of the model or imprecise results 
from uncertain data.  The pragmatic approach results in a dynamic WLA that is refined over time 
as more information is obtained through monitoring and other studies. 
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Figure 2.  Schematic of Modeled WLA Accuracy and Precision in Determining True WLA. 

EXAMPLE IMPLEMENTATION PROGRAM 

The development of a Watershed Management Plan (with a Reasonable Assurance Analysis) by 
a Permittee lists the specific non-structural and structural BMPs the Permittee intends to install in 
the watershed to achieve the WLA.  The Watershed Management Plan parallels the development 
of a TMDL in many ways.  As illustrated in Figure 1, the Implementation Plan begins where the 
TMDL development ends, including the sources, linkage, etc.  If new information is available 
since the TMDL development it may be included in the analysis, or the Permittee may conduct 
special studies in an effort to fill data gaps identified in the TMDL.  The Implementation Plan is 
generally developed by first considering watershed changes in land use and redevelopment and 
then considering non-structural BMPs modification.  Structural BMPs are then explored to 
achieve the balance of the WLA reduction. 

Critical to the Watershed Management Plan are assessments of how the Land Use may change 
and at what rate redevelopment may occur in the future.  These changes typically determine 
changes in the loading of pollutants.  Additional work may be performed on this issue, for 
example running the Watershed Management Modeling System (WMMS) and adjusting the 
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redevelopment rate from 5% to 15% to demonstrate the range in resulting receiving water 
estimates through reasonable estimates of model inputs. 

Identification of non-structural BMPs opportunities is performed through looking at the current 
practices in the watershed and how modification of those practices may affect the sources of the 
pollutants.  For example street sweeping may be increased from twice a month with brush 
sweepers to weekly with vacuum sweepers.  The effective reduction of pollutants has to be 
estimated to determine how to change the modeling.  The available data include a wide range of 
sweeper effectiveness.  Additional work may be performed on this issue, for example running the 
WMMS adjusting sweeper effectiveness from typical broom to typical vacuum to demonstrate 
the range in receiving water estimates through reasonable estimates in model inputs. 

Identification of structural BMPs is performed by looking at the available land area and 
determining suitable projects.  Estimates for the removal efficiencies for the candidate BMPs are 
used in the model to calculate the numbers of BMPs to be installed in a subwatershed area.  
There are no modeling tools available that can locate individual structural BMPs.  Available 
modeling tools can only provide the number or volume of BMPs required per land area.  
Additional work may be performed on this issue, for example running the WMMS adjusting 
BMP effectiveness by ±20% to demonstrate the range in receiving water estimates through 
reasonable estimates in model inputs. 

Performing model runs where the control measures are varied, is a first order analysis of the 
model sensitivity.  However, as the pragmatic approach is followed in the TMDL 
implementation allowing adaptive management to determine the true WLA through monitoring 
and evaluation over time, the Watershed Management Plan follows adaptive management by 
modifying the BMP implementation as necessary to achieve true WLA.  Both the TMDL process 
to identify the true WLA and the Watershed Management Plant to achieve the true WLA are 
complementary dynamic processes. 

COMPLIANCE WITH NUMERIC LIMITATIONS 

Static numeric limitations will effectively force BMP design for a fraction of the numeric limit. 
To meet numeric effluent limitations, the design of BMPs would incorporate the level of 
uncertainty of the whole analysis and “over build” the solution to account for the unknown 
uncertainties.  Over building the BMP solutions greatly increases costs and unnecessarily 
disrupts the landscape. A schematization of how uncertainty effects the design level of BMPs 
when liable for effluent limit exceedances is presented in Figure 3.  In the Figure, the TMDL 
model uncertainty is portrayed as a bell curve around the calculated WLA.  If the Permittee is 
required to meet effleunt limitations, the design allocation would have to be lowered which 
corresponds to shifting the bell curve to the left on the Figure.  Compounded with reducing the 
design allocation is that the level of uncertainty necessarily increases with the Implementation 
Plan modeling due to assumptions of future land use changes (ie growth), rates of redevelopment 
(ie economic strength), effectiveness of non-structural BMPs, and performance of structural 
BMPs.  The increased level of uncertainty results in a wider bell curve further reducing the 
design loading, as illustrated in Figure 3.  The design of BMPs to meet the static numeric 
effluent limitations would necessarily need to consider the unlikely, but possible portion of the 
bell curve.  Finally, the levels of uncertainty in the inputs and data are not known.  Uncertainty 
analyses for the modeling systems are non-trivial to perform to quantify the model uncertainty.  
Permittees would not have the ability to determine a priori what loading would be the 
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appropriate design level to ensure compliance with effluent limitations.  The static WLA may be 
the wrong values that may not result in removing impairments, or the impairment may be 
removed at a different WLA. 
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Figure 3. Schematic of Uncertainty Affecting the Required Design Level for BMPs. 

SUGGESTED APPROACH FOR REASONABLE ASSURANCE OF COMPLIANCE 

The result from a Reasonable Assurance Analysis is a set of programmatic changes and BMP 
implementations that will provide the desired water quality with a high degree of confidence 
through a process that is parallel to the TMDL development.  A Reasonable Assurance Analysis 
results in the best estimate possible of the BMPs required for attainment of the WLAs.  TMDLs 
are developed to determine WLA and LA to provide reasonable assurance of obtaining water 
quality objectives. TMDLs generally require monitoring programs and identify adaptive 
management to refine the WLA and LA in the future to achieve and maintain the water quality 
objectives.  The TMDL paradigm (reasonable assurance of obtaining water quality objectives, 
monitoring, and adaptive management) that generated the WLA and LA should be acceptable for 
determining compliance with the TMDL WLA and LA and is consistent with federal regulations. 

Because the processes are parallel, there should be similar levels of confidence that the BMPs 
determined through the Reasonable Assurance Analysis will achieve the WLA as there is 
confidence that the TMDL developed WLAs (and LAs) will result in the receiving water 
impairment being removed. 

Program for compliance could have: 

o Initial programmatic changes and BMPs implementation designed to give reasonable 
assurance of MS4 obtaining the WLA and LA within a specified timeframe2. 

                                                 
2 The timeframe should be based on the pollutant 
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o Monitoring over the timeframe. 

o Reevaluation of the model, MS4 implementation, and monitoring data. If the receiving 
water is not obtaining the water quality objectives the process would repeat. 

When reasonable assurance can be made that the receiving water complies with the water quality 
objectives, the MS4 should be able to halt additional programmatic changes and BMP 
implementation. 

Monitoring and evaluation should provide the cornerstone of the adaptive management used to 
affect reasonable assurance of receiving waters meeting the water quality objectives.  

CONCLUSIONS 

Waste load allocations (WLA) and load allocations (LA) are developed in TMDLs based on the 
available information and provide reasonable assurance the water quality objectives will be met 
in the receiving waters if the WLA and LA are obtained.  It is well recognized that the WLA and 
LA may change in the future based on continued monitoring and TMDL reassessment.  
Compliance with the WLA by Permittees should mimic the WLA development, namely through 
a reasonable assurance analysis.  The Draft Permit provides for the development of Watershed 
Management Programs which include Reasonable Assurance Analyses to develop actions that 
provide the highest level of confidence given the available data in achieving the MS4 WLA. 

Everything known now can be used to determine a set of actions to meet the allocations.  It is 
impossible to know everything now and what is known has uncertainties.  Final numeric 
limitations require the Permittees to guarantee the allocations will be met.  Uncertainties in data 
prevent the Permittees from making such a guarantee. 

The suggested approach uses rigor and the best available knowledge to make decisions of how to 
affect water quality.  Monitoring and adaptive management are used to change course to get 
closer to the target, acknowledging the dynamic process of determining a WLA and the BMP 
implementation to meet the WLA.  Each step of the adaptive management process uses the 
information gained through monitoring the system, allowing a continuing refinement of 
necessary actions.  The envisioned adaptive management process will result in quantum 
improvements in water quality continuing until the receiving water impairments are removed. 
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State of California 
 

L I T T L E  H O O V E R  C O M M I S S I O N  
 
     
 

January 22, 2009 
 
The Honorable Arnold Schwarzenegger 
Governor of California 
 
The Honorable Darrell Steinberg   The Honorable Dave Cogdill 
President pro Tempore of the Senate  Senate Minority Leader 

and members of the Senate 
 
The Honorable Karen Bass    The Honorable Michael Villines 
Speaker of the Assembly    Assembly Minority Leader 

and members of the Assembly 
 
Dear Governor and Members of the Legislature: 
 
Clean water is a cornerstone of California’s economic and environmental well-being. 
 
As the state’s lead water quality guardians, the State Water Resources Control Board and the 
nine Regional Water Quality Control Boards play a critical role in the state’s health.  Their job 
is to protect and improve the state’s aquifers, rivers, lakes and shoreline. 
   
For that job, however, the boards today must rely on regulatory tools that are not adequate to 
address modern threats to water quality, resulting in a system that has lost the confidence of 
the very people it needs to ensure clean water.  The governor and Legislature must exercise 
their leadership to reform the current system into one that assures transparency, consistency 
and accountability, and demonstrates that it is improving water quality. 
 
The boards face a daunting task.  For decades, the boards’ actions, supported by substantial 
federal investment – have led to a dramatic decrease in water pollution from wastewater 
treatment plants and other so-called “point sources,” which discharge into water or the ground 
from a pipe.  The current threats to the state’s water quality, however, are far more difficult to 
solve, even as demand for clean water increases from a growing population and an 
economically important agricultural industry.   
 
Stormwater pollution, caused when rains pummel the impervious surfaces that dominate cities 
and suburbs and sweep debris and contaminants into the state’s waters, is one of the biggest 
water quality problems facing the state and country.  Local governments, homebuilders and 
many industries face expensive fixes to limit and capture stormwater, and water boards are 
struggling with how to best regulate a diffuse pollution source.  Other non-point sources, 
including agricultural runoff and decades-old legacy pollutants, also present challenges. 
 
California relies on a system created nearly four decades ago, with a state board and nine 
separate regional boards that enjoy enormous autonomy.  While regional decision-making 
remains essential to solutions that fit local conditions, the current structure places too little 
emphasis on accountability and outcomes.  No one is holding regional boards truly 
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accountable for protecting and improving water quality.  Regional boards, in turn, are 
overwhelmed by their tasks.  The inability of the state board to implement statewide policies, 
practices and standards leads to inconsistencies and inefficiencies in how regional boards 
operate, creating the perception by water users, environmentalists, local governments and 
others that the boards’ actions often are arbitrary and unfair.   
 
The boards’ continuing struggles with information technology, data and science lead to conflict 
over information, instead of policy.  This complicates the ability for the public and policy-
makers to get an accurate reading on the state of the state’s water quality, and to determine 
which regulatory programs are effective in improving water quality.  
 
California’s current system for ensuring water quality does not rank the biggest threats to 
water quality and systematically match its finite resources to address the most serious of them 
using the tools of scientific and economic analysis.  In this report, the Commission 
recommends the state board make better use of data to identify the biggest threats to water 
quality.  The Commission recommends making greater use of science in determining the cause 
and remedies to water contamination as well as economic analysis to inform which options 
offer the greatest improvement within the available resources.   
 
The Commission recommends reducing the size of the regional boards to seven members, all 
appointed by the governor, and making the regional chair a full-time position.  The state board 
should be expanded to nine members, with five members, also appointed by the governor, 
representing a statewide perspective.  The remaining four would be regional chairs serving 
staggered, two-year terms.  Regional boards should focus on setting policy, not issuing permits.   
 
While this review focuses on the water boards’ duties to regulate water quality, the Commission 
is hopeful that it can become part of a broader conversation the state needs to engage in about 
its overall governance strategy for water.  With a crashing Sacramento-San Joaquin River 
Delta, declining fish species, and continuing questions about how best to deliver water from 
north to south, California policy-makers must use 2009 to create an overall governance 
structure that can produce thoughtful responses that acknowledge the intertwined issues of 
water quality, water rights and water supply.   
 
Facing increasing demand for water and the likelihood of diminishing supply, California 
undoubtedly will have to rely on cleaner local water supplies to meet future needs.  The water 
boards will play a key role in this as they carry out their mission to protect and improve water 
quality.  Reforming those boards is a first step, and one that is urgently needed.  
 
 
 
        Sincerely, 

 
     Daniel W. Hancock 
     Chairman 
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Executive Summary 
 

alifornia is attempting to solve modern water pollution 
problems with an antiquated system. 
 

Nearly four decades after the Legislature created the legal foundation 
to police water quality in the state, the governance structure 
surrounding the State Water Resources Control Board and the nine 
Regional Water Quality Control Boards is showing its age.  The 
boards are overwhelmed and under-achieving, and have lost the 
confidence of a diverse array of water stakeholders. 
 
The decentralized regulatory and permitting structure – with largely 
autonomous regional boards issuing permits, conducting 
enforcement and carrying out a wide array of other duties – has 
created a system that lacks consistency, accountability and 
transparency, and is unable to match resources to priorities.  In fact, 
lack of prioritization is a fundamental weakness in state water quality 
regulation.  The water boards’ broad and ambitious mandate – to 
protect all waters at all times – set by state and federal law, makes it 
difficult to set priorities.  This mandate, coupled with a state board 
that does not exercise enough authority over regional boards and the 
boards’ failure to consistently consider the costs and benefits of 
various clean water solutions, leaves California’s water quality system 
with dozens of priorities and, in effect, no clear, statewide priorities. 
 
The state needs a smarter strategy to support the boards’ critically 
important mission: protecting and improving the state’s 7,800 square 
miles of surface water, as well as its ground water aquifers.  Demand 
for water will grow in a state expecting a population boom.  And as 
Governor Arnold Schwarzenegger’s drought declaration in summer 
2008 underscored, water is a scarce resource.  The boards’ work will 
have a profound impact on California’s future: Clean water is 
essential to the environment, the economy and the state’s well-being. 
 
Despite the importance of water, there are ominous signs of water 
quality problems throughout the state.  The ecological health of the 
Sacramento-San Joaquin River Delta, the country’s largest estuary 
and the key cog to the state’s daily efforts to deliver water from water-
rich Northern California to parched Southern California, is 
deteriorating, partially due to water quality problems.  Fish that rely 

C 
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on the Bay Delta, from the Delta Smelt to the Chinook Salmon, are 
disappearing, due to a combination of factors, including water 
pollution.  Beaches are closed due to water quality issues, and 
groundwater in parts of the Central Valley is tainted with 
contaminants. 
 
As these problems indicate, the state and regional water boards face 
enormous challenges as they attempt to find and lessen the sources 
of pollution.   
 
Urban stormwater is one of the biggest challenges the state faces.  
Stormwater pollution is essentially caused by modern city life, as 
rainwater sweeps metals, lawn fertilizer and other pollutants from 
city and suburban streets into nearby streams, lakes and the ocean.  
These sources of pollution are diffuse and difficult to control.  For 
example, the San Francisco Bay regional board has been working for 
a decade to determine ways to reduce copper pollution in the Bay.  
The answer may lie in changing the composition of brake pads in 
cars, which leave copper residue on roads that is pushed into the Bay 
during storms. 
 
No topic dominated the Commission’s study like stormwater 
regulation.  It is the area in which the boards’ patchwork of permits 
has an effect on virtually everyone in California.  More than 30,000 
stormwater discharges are subject to permits (compared to about 
2,200 permits for wastewater treatment) that regulate the behavior of 
large and small cities, construction sites and industry.  A diverse 
group of water users – the military, small and large businesses, home 
builders, local governments and more – face enormous costs as they 
try and control and limit stormwater pollution.  Regional boards issue 
many of the permits, and boards have differing philosophies and 
policies toward stormwater regulation in the absence of statewide 
policies and scientific consensus on causes and solutions.  As a 
result, stormwater discharges are subject to significantly different 
levels of regulation depending upon the region.  The costs of cleaning 
up stormwater are enormous, fueling the debate about who should 
pay.  The costs of stormwater pollution, however, are far greater, as 
beach closures impact the state’s economy and environmental 
damage threatens to impair wildlife.  
 
Other problems are equally difficult.  Agricultural runoff 
contaminates water throughout the Central Valley and other regions, 
and efforts are just getting underway to address it.  Many regions are 
seeking to lower levels of salinity in water, which limits its use for 
drinking supplies or irrigation.  So-called legacy pollutants, which 
settled into waterways years, decades or even a century ago, remain 
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harmful today.  Mercury used to aid gold mining in the Sierra Nevada 
in the 1800s continues to pollute many northern California water 
bodies. 
 
And while implementation of the federal Clean Water Act and the 
state’s Porter-Cologne Water Quality Control Act, the two key laws 
governing water quality, have made profound improvements in 
wastewater treatment discharges, wastewater remains a critical 
statewide problem.  Local governments, representing small, poor 
communities as well as larger, richer urban areas, are struggling to 
pay for upgrades needed to protect the state’s waters and ensure they 
are safe to swim in, fish in or drink.  An EPA report noted that 
California would need to spend more than $18 billion to properly 
upgrade and expand wastewater treatment. 
 
In its study of California’s water boards, the Commission focused on 
the boards’ role in water quality regulation, by design excluding the 
state water board’s administration of water rights.  Quality and 
supply and the rights to that supply are profoundly intertwined and 
worthy of broader analysis and discussion.  The Commission urges 
the state to use this report as a guide to improving water quality 
regulation, as well as a starting point for the important discussion on 
the much larger water issues facing the state, a discussion that must 
embrace water rights, water supply and restoration of the 
Sacramento-San Joaquin River Delta.  Clean water is essential to the 
state’s water future, but clean water is an unattainable goal without 
clear policies on the state’s other pressing water issues. 
 
Through public hearings, meetings of two Commission-created 
advisory committees, extensive interviews with stakeholders and a 
review of available research, the Commission identified the following 
critical problems with California’s efforts to regulate and improve 
water quality:   

 The relationship between the state and regional boards is not 
well-defined, leading to inconsistencies and inefficiencies 
among boards, an inability to set statewide priorities and a lack 
of focus on holding regional boards accountable for clean 
water outcomes.  In statute, the state board has significant 
authority to steer regional board policies and provide 
statewide leadership.  In practice, however, the state board 
does not provide enough oversight and regional boards have 
dramatically different approaches to similar problems, 
statewide priorities are unclear and there is not enough effort 
to understand which regional boards are the most effective at 
implementing clean water laws. 
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 The state and regional boards lack mechanisms to collect and 
analyze data properly, use scientific research and cost-
effectiveness reviews to drive decision-making and provide 
useful information to the public, policy-makers and other 
researchers.  Regional boards acknowledge they do not always 
have sufficient data to make decisions, determine whether 
programs are effective, or analyze whether the costs of 
regulation are worth the incremental benefits to our water 
supplies.  The state has struggled to implement an 
information technology system and coordinate scientific 
research so that it is applied in regulatory processes.  Basin 
plans, the key regulatory document dictating most regional 
board processes, are out of date in most regions.  

 An antiquated regional board structure limits candidates for 
regional boards, hinders transparent decision-making and asks 
volunteer board members to do too much.  Regional boards 
face complex decisions that require water expertise that some 
board members do not have.  Compounding that difficulty are 
ex parte rules that limit board members’ ability to 
communicate with stakeholders, who in turn feel they are not 
able to work with boards in a collaborative manner.  Federal 
and state conflict-of-interest provisions dramatically limit the 
pool of potential qualified candidates.   

 The appeals process is broken.  Few stakeholders expressed 
confidence in the appeals process, arguing it was unclear why 
the state board decided to hear an appeal or not, and that the 
state board often appeared unwilling to overturn regional 
board decisions.  In addition, because of their role as an 
appellate, the state board is reluctant to intervene in regional 
board matters that could benefit from a state board 
perspective before appeals are needed.   

 The state – both water boards and other state agencies – is 
struggling to adapt appropriate strategies to address non-point 
source pollution.  Non-point source pollution provides 
enormous challenges to the state and will require multi-
agency responses, but the state has no structures in place to 
address water quality problems that stem from land use, 
centuries-old pollution and air pollution.  Urban stormwater 
is a vexing problem with costly solutions, yet the state has not 
developed an adequate system for assessing and prioritizing 
this problem and other non-point source pollution problems. 

 
Inherent to the water boards’ inability to achieve better results is the 
governance structure.  Regional decision-making is a cornerstone of 
California water quality regulation, and it remains a sound structure, 
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due to differing local conditions.  But the boards have become too 
autonomous, and despite efforts by the state board to close the gulf 
between the boards, the structure creates in appearance and practice 
10 different agencies instead of one.  State board members, as co-
equal gubernatorial appointees with regional board members, have 
been unable or unwilling to exercise authority over the regional 
boards.  Examples abound of differing policies and processes at 
different regional boards that are incompatible with the goal of a 
coherent and cohesive state policy on water quality.  Regional boards 
have had dramatically different policies on water recycling, a key 
statewide issue, for example.  And boards have different methods of 
defining impaired water bodies, unduly complicating efforts to 
compare problems in different regions. 
 
In part due to this autonomous structure, there is little focus on 
clean water outcomes or accountability.  Regional boards admit they 
have difficulty in analyzing watersheds to determine whether their 
programs are protecting and improving water quality – the boards’ 
focus on issuing permits and determining whether dischargers abide 
by permits leaves too few resources dedicated to analysis of whether 
anything is actually working.  In addition, the state board has made 
little effort to understand why regional boards have dramatically 
different enforcement statistics, even accounting for size.  While the 
state board does have the authority to set statewide policies, set 
budgets and hear appeals of regional decisions, a disconnect remains 
between the state board and the nine regional boards. 
 
The boards also acknowledge they have difficulty prioritizing water 
quality problems.  Seventy-four separate revenue streams, most of 
which must be spent on specific purposes, prevent the boards from 
shifting resources toward planning or enforcement, for example.  
During these dire economic times, it is unlikely that the boards will 
receive more state funding.  But they should have more flexibility to 
match existing resources with priorities.  
 
In addition to the difficulty in pointing resources toward the most 
pressing problems, the boards fail to use any type of cost-benefit 
analysis to help determine priorities.  While full-scale cost-benefit 
analysis is costly and may not be warranted in many regulatory 
proceedings, the boards could do a better job of considering costs to 
find the quickest, cheapest solutions to improve and protect water 
quality.  Simply ignoring the costs of compliance means that, too 
often, the price is not worth the prize when the boards set tough 
standards. 
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Underlying many of the conflicts facing the boards is a lack of data 
and scientific research as well as poor information technology 
systems.  This has led to continual conflict among boards and 
stakeholders over information, before even beginning the discussion 
on proper policy.   
 
Data collection remains a key problem.  Water quality monitoring is 
sporadic throughout the state, leaving water boards to regulate on 
the basis of incomplete information.  A 2004 report noted that as 
much as 75 percent of the state’s rivers, streams, lakes and 
reservoirs were unmonitored.  The boards struggle to organize what 
data they do have, however.  One analysis of the water boards’ 
program to protect and enhance wetlands was hampered because 
more than 40 percent of the files for the program could not be 
located.   
 
The state board has struggled to implement a new IT system, making 
it difficult for the public, policy-makers and even board staff to 
conduct basic analysis.  Incredibly, many board programs still rely on 
paper records, rather than computerized data.  Environmental 
groups, such as the California Coastkeeper Alliance and Heal the 
Bay, are much better at using water board data to provide valuable 
information to the public than the boards can themselves. 
 
And while the boards conduct and fund scientific research, the state 
has thus far done a poor job of coordinating or consolidating that 
research or working to infuse it into regulatory programs.  Much 
more research is needed – the boards face a difficult challenge in 
regulating non-point sources such as stormwater, as there remains a 
lack of knowledge regarding the best, most cost-effective methods for 
reducing this kind of pollution – but the boards have failed to use 
science  available to them in an efficient, effective manner. 
 
The lack of data and science mean that the core regulatory document 
for each region – the basin plan – often is decades out of date.  As 
basin plans guide virtually all regulations in each region, this 
undermines the legitimacy of the state’s regulatory efforts.  Basin 
plans list the uses of water bodies and the limits on contaminants in 
each of the water bodies to support those uses.  Despite this, the 
state has not committed the resources to update them: Less than 
3 percent of the boards’ nearly 1,600 employees are dedicated to 
updating basin plans.  The boards’ funding structure, which relies 
mostly on fees to support specific permitting programs and almost no 
General Fund dollars, leaves little money available for this critical 
task.  The state must give this task higher priority, commensurate 
with the role the plans play in ensuring and protecting water quality. 
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General Fund dollars, leaves little money available for this critical 
task.  The state must give this task higher priority, commensurate 
with the role the plans play in ensuring and protecting water quality. 
 
In addition to such basic information problems, the boards’ appeals 
process undermines confidence in the board system.  The state board 
is the appellate body, and acts when petitions are filed protesting a 
regional board action.  The state board rarely overturns regional 
board decisions, however, and the state board does a poor job of 
explaining to stakeholders how it considers appeals and why appeals 
are denied.  In addition, the appellate role prohibits the state board 
from taking a more active approach to regional board issues before 
conflicts lead to appeals and later, costly litigation.  Stakeholders 
suggested there is a reluctance to launch an appeals process, for fear 
of reprisal. 
 
Regional board members face an increasingly difficult job, 
particularly for a position that is essentially a volunteer post.  
Permits and other issues facing board members involve complex 
issues that are difficult for many board members who lack technical 
water backgrounds to understand.   
 
Adding to the difficulty of the job are outdated ex parte rules that 
often prohibit board members from interacting with stakeholders 
outside of time-constrained public meetings.  This works against the 
kind of communication between stakeholders and board members 
required for problem solving, and leaves water users and others in 
the water community with no avenue to discuss complex issues with 
board members.  
 
A federal and state eligibility/conflict-of-interest rule, dubbed the 
10 Percent Rule, eliminates many potential board members from 
consideration for an appointment, making it difficult for governors to 
fill 81 regional board positions.  Five of the nine regional boards had 
one-third of their board positions unfilled during periods of the 
Commission’s study.  This high vacancy rate impairs boards’ abilities 
to establish quorums and conduct important business. 
 
Even the smoothest-running government agency, however, would 
struggle with the challenges facing the water boards.  Modern water 
pollution problems are increasingly difficult and increasingly outside 
of the typical regulatory purview of the boards.  Some studies, for 
example, suggest that mercury contamination in waters along the 
California coastline is caused by coal-burning power plants in China. 
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local governments on how to slow and capture fast-moving 
stormwater that collects pollutants and deposits them in our waters. 
 
All of these problems require important structural and procedural 
changes. 
 

Toward a Reformed State Agency 
 
A new, ideal system should include the following characteristics: 

 A unified state water quality agency.  Completely distinct 
regional boards may have been appropriate in past decades, 
but current common problems – urban stormwater, for 
example, or impairments caused by the same contaminants – 
call for a more centralized regulatory approach unified by a 
common vision and common processes.  A unified state 
agency can better identify key problems and priorities in the 
state and align resources to address those problems.  
Efficiencies gained by a stronger bond between the state and 
regions will lead to clean water outcomes faster and cheaper. 

 Local input.  The need for local input on water quality 
objectives remains important, as water bodies are unique, 
with their own problems and solutions.  Water quality 
objectives should continue to be set at the regional level, with 
vigorous debate and discussion among local stakeholders, 
while still subject to state oversight.   

 A focus on accountability and outcomes.  The public, and 
policy-makers, have a right to clearer information from the 
boards as to the state of the state’s waters, and to which 
programs are effective – and which are not.  Additionally, the 
boards must re-focus their mission, from ensuring that 
dischargers are abiding by their permits to this fundamental 
question: Are the state’s programs protecting and improving 
water quality? 

 Integrated science, accessible data.  As water pollution 
problems increase in complexity, there is a need for a stronger 
scientific presence within board programs.  The state board 
needs scientific advisors to help guide and coordinate 
research and utilize that research in regulation.  In addition, 
the boards’ dearth of water quality data must be rectified, and 
it can be: There are numerous federal, state and local 
agencies, as well as other groups, collecting information.  The 
state must pull that information into an integrated system 
that allows the boards and others to access and use the 
information that already has been gathered. 
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To increase efficiency, improve cohesiveness between the state and 
regional boards and to better develop statewide priorities, the state 
board and regional boards must be reformed.  The Commission 
proposes creating a 9-member state board, with five of the board 
members representing statewide perspectives.  The remaining four 
members would be chairpersons of regional boards, serving 
staggered, two-year terms on a rotating basis.  Regional board chairs, 
as well as the five state board members would be full-time, appointed 
by the governor and confirmed by the Senate.   
 
Regional boards should be reduced in size from nine to seven 
members, with the six part-time members – aside from the 
chairperson – paid a per diem.  The six part-time regional board 
members should represent various constituencies, including local 
government, industry, agriculture and nongovernmental 
organizations, as well as one spot reserved for a scientist or engineer 
with a background in water issues.  Regional boards’ missions should 
focus on broad policy issues, such as updating basin plans and 
setting regional priorities.   
 
Regional executive officers, and the executive director of the state 
board, would have expanded authority to issue permits, allowing the 
boards to focus on quasi-legislative actions such as developing up-to-
date basin plans.  Permits would continue to be issued in public 
hearings conducted by executive officers or the executive director.  
Regional executive officers would report to the executive director of 
the state water board. 
 
This new model would allow a stronger tie between the state and 
regional boards, create a “strong chair” model at the regional boards 
that would create new board leadership in the regions and at the 
state level and focus the state regional boards on policy, not permits.  
The state board would have better understanding of regional issues, 
and vice versa.  The model retains the idea of regional decision-
making, however, allowing regional input on setting water quality 
standards and beneficial uses.  By reducing the regional board size, 
governors should have an easier time filling all board positions. 
 
Other changes also are needed. 
 
Ex parte rules must be reformed to allow more communication 
between decision-makers and stakeholders.  The regulated 
community should have greater opportunity to talk with board 
members who have such significant power to influence their 
activities.  The boards should adopt rules similar to those used by 
other state regulatory boards such as the Integrated Waste 
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Management Board, which allow communication between regulators 
and the regulated as long as it is disclosed at public meetings.  These 
new rules should extend to executive officers if they are issuing 
permits.  
 
A separate appeals board, comprised of water experts and appointed 
by the governor, should be created to hear appeals of state and 
regional decisions.  This would restore confidence in the appeals 
process and allow the state board to become more active in regional 
board decisions before they are made.   
 
To increase regional board accountability and provide better 
information to the public, the state should create easy-to-understand 
report cards for major water bodies throughout the state.  Modeled 
after the report card issued by the environmental group Heal the Bay 
for state beaches, the report cards would provide the public with 
clear information about whether waters were safe to use, and 
whether board regulatory programs were effective.  The state would 
need to conduct a thorough, inclusive process to determine the 
criteria for issuing grades, and report cards could be produced by 
either the state board or an outside entity, such as a water research 
institute like the Southern California Coastal Water Research Project 
or the University of California. 
 
The boards must improve their use of science and data.  The state 
should create a water science advisory board to help the state board 
determine needed areas of research, coordinate various research 
projects going on across the state and help the water boards 
incorporate research into regulatory programs.  No new bureaucracy 
is needed – the board would consist of experts in water science who 
would provide advice to the state water board during regular 
meetings staffed by the state board.   
 
Along with creating these new avenues to increase the use of science 
at the boards, the state is in desperate need of a water quality data 
library.  The state should create an independent water data institute 
that would serve as a link to various federal, state and local agencies, 
as well as other groups, that gather water quality data.  An 
independent institute would provide a clearinghouse where the public 
and policy-makers could find and compare water data.  This would 
help the state leverage all of the water data that is gathered by 
various entities around the state but is currently not organized and 
analyzed. 
 
Of critical importance to the water boards’ effectiveness is updating 
basin plans in every region.  The boards’ reliance on out-of-date 
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basin plans, of which many are simply unresponsive to the current, 
non-point water pollution issues the boards face, hinders many of 
their programs.  The boards should emulate the model created by the 
Santa Ana Regional Water Quality Control Board, which created a 
stakeholder task force that led to robust research, consensus-
building and a largely re-written basin plan in 2004.  Stakeholders – 
not the cash-strapped state – funded the basin plan update.  
Authorizing regional board executive officers to issue permits and 
take other quasi-judicial actions will free up the board members to 
focus on modernizing basin plans. 
 
The water boards, and other state agencies, must focus on solving 
water quality problems in creative and collaborative ways.  The water 
boards must increase the use of public education programs, and 
stakeholder task forces to confront current and complex issues, as 
well as improving their use of regional monitoring to determine the 
overall effectiveness of problems and spot new trends.  The boards 
should find ways to examine watersheds and develop solutions that 
increase watershed health.  Water quality regulators and air quality 
regulators must work together to address air pollution’s effects on 
water, and discussion must occur among state leaders regarding land 
use decisions that impact water quality.   
 
Finally, the water boards should incorporate cost-effectiveness tests 
into their analysis of programs to help them prioritize and find the 
most cost-effective solutions to water quality problems.  The goal is 
not simply to eliminate costly fixes, but to help the regulated and 
regulators find ways to improve water quality in the most cost-
efficient manner possible and meet statutory requirements to balance 
water quality needs with other factors, such as economics. 
 
Throughout its review of the water boards, the Commission met 
many board members and staff who were professional, dedicated and 
tireless in their mission of protecting water quality.  Many were aware 
of the criticisms of the boards’ structures and processes and working 
diligently to improve the boards.  Efforts are underway at the state 
board to improve the information technology system, for example, 
and to adopt more statewide policies that provide direction to regional 
boards.  The problems the Commission found were not due to a lack 
of passion or professionalism by board personnel, but rather 
structural and systemic issues that can be and must be changed.  
This gives the Commission confidence that the water boards can 
improve their performance in the coming years.  
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Recommendation 1: To move toward a more consistent, transparent and accountable 
governance structure that allows for both statewide policy and regional flexibility, 
reform the State Water Resources Control Board and the Regional Water Quality 
Control Boards by strengthening ties between the boards, refocusing the boards on 
broad policy-making and restoring confidence in the appeals process.  Specifically, 
the state should: 

 Restructure the State Water Resources Control Board as a 
full-time, 9-member board charged with creating state policy, 
setting priorities and overseeing regional board activities.  
Members of the board should be appointed by the governor 
and confirmed by the state Senate.  Five members of the state 
board would serve solely as state board members, including 
one person who would be chairperson of the state board, as 
named by the governor.  These members should have the 
following backgrounds: One in engineering, one in water 
rights law, one in water quality, one in water-related science 
or resource economics, and another would represent the 
public.  The position of regional chairperson would become 
full-time.  Four regional chairpersons would serve on the state 
board for staggered, two-year terms, with membership 
rotating among all nine regional board chairpersons.   

 Reconstitute the nine Regional Water Quality Control Boards 
as seven-member boards with six part-time members and a 
full-time chairperson, all appointed by the governor.  The 
chairperson would be charged with monitoring statewide 
policies that are implemented at the regional level.  Boards 
would continue to be stakeholder-boards, with six part-time 
members with the following backgrounds: experience in water 
supply, conservation or production; irrigated agriculture; 
industrial water use; local government; water science or 
engineering; and experience with a nongovernmental 
organization associated with recreation, fish or wildlife.  
Regional boards would focus on updating basin plans, 
adopting Total Maximum Daily Loads and other quasi-
legislative functions.   

 Empower the executive officers of each Regional Water Quality 
Control Board and the executive director of the State Water 
Resources Control Board to issue permits, allowing the boards 
to focus on updating basin plans, setting broad policy and 
focusing on upcoming water quality challenges.  Executive 
officers would become Career Executive Assignment positions 
and report to the executive director of the State Water 
Resources Control Board.  Regional boards would conduct an 
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annual evaluation of the executive officer that would be taken 
under advisement by the executive director.  

 Exempt state and regional board members, regional board 
executive officers and the state board executive director from 
ex parte rules within the state Administrative Procedure Act 
that prohibit interaction with regulated entities.  Instead, 
require board members and permit-issuing executives to 
disclose their contacts with regulated entities at public 
meetings, as is currently done by other boards such as the 
Integrated Waste Management Board. 

 Create a new appeals board that would address appeals of 
quasi-adjudicative functions such as permits and enforcement 
actions.  Removing the appeals process from state board 
jurisdiction would restore confidence in the process and allow 
the state board to take a more proactive approach in regional 
board issues.  The members should have backgrounds in 
water issues and would be appointed by the governor to hear 
appeals.  The board would follow Administrative Procedure 
Act policies in conducting hearings. 

 
Recommendation 2: The state must improve and increase its use of data, scientific 
research and planning to better inform the public, respond to current and future 
water quality problems and focus more on accountability.  Specifically, the state 
should: 

 Create a Water Science Advisory Board for the State Water 
Resources Control Board. Members, appointed by the state 
board, should have backgrounds in environmental science 
and engineering.  The board would help both the state and 
regional water boards and other state water agencies 
coordinate research, propose needed research, advise the 
boards on how to incorporate research into regulatory 
processes and increase the effectiveness of scientific peer 
review. 

 Create an independent Water Data Institute that would act as 
a state library for water quality and supply data.  The 
institute would pool information from various state agencies 
and other water monitoring groups to provide accessible 
information to the public, regulators and researchers.   

 Develop report cards.  Report cards for each major water body 
should allow the public easy access to information they can 
use and could act as a way to hold regional boards 
accountable for their effectiveness.  The report cards should 
be developed and published by regional science institutes or 
an independent entity, such as the University of California.  
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 Launch a statewide effort to ensure that all regions have up-
to-date basin plans.  Regional boards should propose 
stakeholder-financed efforts similar to the one conducted by 
the Santa Ana Regional Water Quality Control Board. 

 
Recommendation 3: The state must increase focus on clean water outcomes and 
emphasize collaboration, creativity and problem-solving to address current water 
quality problems.  Specifically, the state should: 

 Collaborate with other government agencies.  Because land 
use, automobile emissions and other factors outside the 
traditional purview of the water boards are major contributors 
to non-point source pollution of water, the water boards must 
work with other government agencies on solutions.  The state 
water and air boards should routinely meet to develop 
regulatory strategies to address air pollution’s effects on 
water.  The state should revive the Environmental Protection 
Council, which already exists in statute and consists of the 
heads of each of the boards and departments within Cal/EPA.   

 Emphasize a watershed approach.  To increase focus on 
outcomes and solving complex problems, the water boards 
should develop more processes aimed at watershed health.   

 Use stakeholder task forces.  As the Santa Ana Regional 
Water Quality Control Board has done, other regional boards 
should increase the use of stakeholder task forces to work 
through difficult regulatory issues.  

 
Recommendation 4: The water boards must develop standardized economic analysis 
procedures to help set priorities and determine the most effective and efficient means 
to improve water quality.  

 To fully implement Porter-Cologne’s demand that water 
quality regulations be reasonable, given other economic and 
social factors, the boards must institute the use of economic 
analysis into decision-making.  Cost-effectiveness analysis 
also would increase transparency of board decision-making 
and help the boards set priorities. 
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Background 
 

s the state’s lead water regulators, California’s state and 
regional water boards are water cops with vast influence on 
the environment, economy and urban planning. 

 
The boards’ mission is as complex as the state is diverse, protecting 
water quality everywhere from the rain-soaked North Coast and the 
San Francisco Bay Delta to the Mojave Desert and the concrete 
streambeds of Los Angeles. 
 
Collectively, their jurisdiction includes 10,000 lakes, 200,000 miles of 
rivers and 3,000 miles of coastline.1  The boards police more than 
100 contaminants, ranging from the mercury that has polluted water 
since the Gold Rush to the trash generated by modern city life.  They 
issue more than 50,000 discharge permits to the biggest cities and 
the smallest wastewater treatment plants.2 
 
Today, the state and the boards face enormous pressures on water, 
one of California’s most valuable assets.  Continued population 
growth strains publicly-owned systems designed to treat and 
dispense wastewater.  Pollution caused by everything from 
automobile brake pads to lawn fertilizer surge from city streets into 
streams, rivers and the ocean when it rains.  In rural California, 
pesticides and animal waste, produced by an agricultural industry 
that is a key driver of the economy, pose continuing threats to 
community drinking water.  Throughout the state, the use of water 
for agriculture, wastewater treatment and other necessary functions 
increases salinity in water, complicating its re-use. 
 
Adding to the boards’ difficulties is this: Only a fraction of the state’s 
waters are monitored and assessed.  We truly cannot answer the 
most basic questions concerning the state of the state’s waters:  Is 
California water safe to drink, safe to swim in, safe to fish in or safe 
for aquatic life?  For a majority of the state’s waters, we do not know. 
 
Amid these challenges, the need for clean water has never been 
greater.  The state Department of Finance projects California will 
grow to 48 million people by 2030, with much of the growth occurring 
in water-poor Southern California.3  While the state currently meets 
most of its agricultural, municipal and industrial water needs most 

A 
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years, demand is growing.  Water conservation practices have been 
effective – cities use about the same amount of water today as they 
did in the mid-1990s, despite adding 3.5 million more people.4  Water 
use in urban areas, however, is expected to grow to 11.4 million acre-
feet in 2020 from 8.8 million acre-feet in 2003, a 77 percent 
increase.5  On top of this growing demand, experts believe global 
climate change will reduce the state’s snow pack, which is a key 
source of water; increase sea levels; and, otherwise alter the state’s 
hydrologic conditions. 
 
Water quality is a key factor in the state’s ongoing discussion on 
water supply.  In short, water quality is water supply.  Clean water is 
needed for drinking water, to help fish and to help farmers.  
Recycling both wastewater and urban stormwater are clearly needed 
to handle inevitable growing demand.  Thus, as water quality is 
critical to the state’s future, so too are the state and regional water 
boards. 
 
The Commission took up the study of California’s state and regional 
water boards to determine whether their structure and duties, and 
their relationship to each other, were adequate and appropriate for 
the challenges they face today.  The boards and their staff members 
work hard and face complex problems.  The issues regularly are 
contentious.  The stakes are immense for Californians today and 
tomorrow. 
 

From ‘The Big Stench’ to Porter-Cologne  
 
The beginning of water quality regulation in its present form dates to 
the Dickey Water Pollution Act of 1949, which created nine regional 
boards and the State Water Pollution Control Board.  At the time the 
new law was passed, California’s post-war population was swelling, 
raw sewage was dumped directly into the ocean and Central Valley 
steams were inundated with industrial waste.6  The Berkeley 
shoreline of San Francisco Bay was referred to as “The Big Stench” in 
the 1940s because of the pollution – human, industrial and other – 
draining through the city to the bay.7  Prior to the Dickey Act, the 
official response to the outbreaks of water-borne disease and major 
degradation of state waters was a confusing and ineffective jumble of 
local and state governmental jurisdiction over water quality policy. 
 
The Dickey Act marked the first major effort to implement state 
oversight of water quality.  The nine-member state board and five-
member regional boards created through the act were invested with 
the authority to impose requirements on discharges into water.  It 
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also created a regional approach to water quality regulation that 
continues today.  “Water pollution is largely a local or regional 
problem,’’ members of the Assembly Committee on Water Pollution, 
who drafted the act, concluded.8 
 
While the structure created by the Dickey Act remains, many of its 
philosophical and practical underpinnings since have been 
discarded.  The Dickey Act, for example, considered waste disposal a 
beneficial use of water; that is not the case today.  The Dickey Act 
also did not give the state the authority to require dischargers to 
clean up discharges that were in violation of requirements.9 
 
In part because of these issues, California lawmakers and regulators 
called for an update of the Dickey Act in the late 1960s.   
 
That overhaul was unveiled in 1969 as the Porter-Cologne Water 
Quality Control Act, ushering in the modern era of water quality 
regulation.  Named for Assemblyman Carly V. Porter and Senator 
Gordon Cologne, the law was described as the toughest water quality 
act in the nation.10  
 
Porter-Cologne outlined concepts that continue to be the cornerstone 
of state water quality policy today: 

 Discharge is a privilege, not a right.  Porter-Cologne’s preamble 
states that “the quality of all the waters of the state shall be 
protected for use and enjoyment by the people of the state,” 
and the act allowed the state to permit all discharges to 
surface water and ground water, and prohibit discharges 
entirely – a broad and powerful mandate. 

 Reasonableness is required.  Despite that broad authority, 
however, the law requires regulators to balance environmental 
protection with other factors.  The “waters of the state shall be 
regulated to attain the highest water quality which is 
reasonable, considering all demands being made and to be 
made on those waters and the total values involved, beneficial 
and detrimental, economic and social, tangible and 
intangible,” according to the statute.11 

 Basin plans as the underlying regulation.  Regional boards were 
required to develop water quality control plans, which would 
set the uses of each water body in the region, the water 
quality objectives needed to meet those uses and a program to 
ensure implementation of those objectives.  These so-called 
“basin plans” remain the core regulatory document for each 
region today. 
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California’s enactment of Porter-Cologne was part of a 
burgeoning environmental movement in the state and 
around the country sparked in part by dramatic examples of 
water pollution, most notably a spectacular fire on the 
pollutant-soaked Cuyahoga River in Cleveland and a massive 
oil spill that marred the Santa Barbara coastline.   
 
Following Porter-Cologne, the United States Congress 
enacted the Federal Water Pollution Control Act 
Amendments of 1972, now commonly referred to as the 
Clean Water Act.  The act emulated many aspects of 
California’s groundbreaking law. 
 

State, Federal Acts Provide Broad Mandate 
 
Both Porter-Cologne and the Clean Water Act are remarkable 
for their broad ambition.  Porter-Cologne demands the 
“quality of all the waters of the state shall be protected.”  The 
Clean Water Act goes even further, stating that a national 
goal for the discharge of pollutants into the navigable waters 
to be eliminated by 1985, with an interim goal that “water 
quality which provides for the protection and propagation of 

fish, shellfish, and wildlife and provides for recreation in and on the 
water be achieved by July 1, 1983.”12 
 
Critics of these lofty goals note two problems.  By calling for the 
protection of all waters, Porter-Cologne makes it difficult for the 
state’s water regulators to set priorities.  In addition, few could argue 
that Congress or the California Legislature have ever funded the 
environmental agencies charged with carrying out these laws to the 
level needed to accomplish their enormous tasks. 
 
UC Berkeley Professor of Law John Dwyer included the Clean Water 
Act as an example in his 1990 paper titled “The Pathology of 
Symbolic Legislation,” in which he argued that Congress approves 
unrealistic environmental legislation to score political points, while 
leaving regulatory agencies, and, often the courts, to turn symbolic 
goals into reasonable standards and programs.13  
 
The Clean Water Act, still the central federal law governing water 
quality, sought to protect the country’s surface waters in two key 
ways.  Water quality standards must be set for specific water bodies, 
and permits are issued requiring dischargers to use the best available 
technology to meet those standards.  The permit program is called 
the National Pollutant Discharge Elimination System (NPDES).  The 

Levels of Wastewater Treatment 

There are three levels of wastewater 
treatment.  The Clean Water Act 
requires secondary treatment for most 
wastewater treatment plants in the 
United States: 

 Primary.  Mechanical 
methods, such as filters and 
scrapers, are used to remove 
pollutants.  This process 
removes solid materials. 

 Secondary.  Biological 
methods, which reduce organic 
matter through bacterial 
metabolism, are used to remove 
pollutants. 

 Tertiary.  Mechanical, 
biological and chemical 
methods, which remove 
nutrients or other pollutants that 
resist other treatments. 
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NPDES program required minimum standards based on the best 
available technology, and thus most municipal wastewater treatment 
plants upgraded to what is referred to as secondary treatment.   
 
For the first decade of the Clean Water Act, regulators focused on 
implementing technology-based standards on point source 
discharges – contaminants that came out of the end of a pipe. 
 
That focus began to shift in the mid 1980s and early 1990s, however, 
to the Clean Water Act’s second approach to protect water quality, 
one that emphasized outcomes as measured by the condition of water 
bodies.  This part of the act requires states to assess water quality, 
determine which water bodies are unhealthy and then take steps to 
improve those “impaired” water bodies.  Each state is required to 
produce a list of impaired water bodies, referred to as the 303(d) list.  
Once a water body is listed as impaired, the state is required to 
prepare a total maximum daily load (TMDL), which determines the 
amount of pollutants that can be safely discharged into the water.  
This determination, essentially a pollution budget for each water 
body, then is used as a basis for assigning discharge limits to each 
discharger into the impaired water body. 
 
Though both were original components of the Clean Water Act, the 
impaired water bodies list and the creation of total maximum daily 
loads largely were ignored by the United States Environmental 
Protection Agency (US EPA) and states until environmental groups, 
through successful litigation, forced regulators to comply.  In 
California, lawsuits have led to consent decrees requiring water 
boards to develop TMDLs in three areas of the state in adherence 
with timelines developed in court.14 
 
The strict new requirements served as a stick to improve water 
quality.  Historically, the Clean Water Act also provided a carrot: 
federal money.  The act’s generous Federal Construction Grant 
Program initially covered 75 percent of project costs for wastewater 
treatment plants and upgrades and launched the largest nonmilitary 
public works program since the Interstate Highway System.15  Since 
1972, the federal government has contributed more than $76 billion 
to construct and improve plants around the country.16  Federal 
funding amounted to $1.2 billion between 1972 and 1987 in the San 
Francisco Bay Area alone.17 
 
The federal act gave water quality regulatory power to US EPA, but 
also allowed US EPA to delegate permitting and other duties to the 
states.  California became the first state to assume Clean Water Act 
responsibilities soon after the act was approved by Congress.18   
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Despite this delegation, US EPA wields significant clout over states.  
In California, US EPA has final say over numerous programs, and the 
state and regional boards spend considerable time working with the 
EPA to ensure they are in compliance with federal regulations.  As an 
example of US EPA’s prominence in state and regional board matters, 
the San Diego Regional Water Quality Control Board declined to 
approve a stormwater permit for southern Orange County in 
February 2008 after an US EPA representative spoke out against the 
permit during a public hearing.19  The permit is being revised to 
address the US EPA’s concerns.   
 
While Porter-Cologne was amended in 1972 to include language 
aimed at increasing consistency between state law and the Clean 
Water Act, there are differences.  Among the differences: 

 The Clean Water Act does not regulate discharges to ground 
water, for example, while Porter-Cologne does. 

 The Clean Water Act exempts agriculture from regulation; 
Porter-Cologne does not. 

 The Clean Water Act requires water quality standards to be 
set to the level that protects water, while Porter-Cologne 
allows regulators to consider other issues, such as economic 
considerations and past, present and probable beneficial 
uses of the water body.20  
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Regional Boards: The Frontline for Water 
Quality 
 
Both of the state’s major water quality regulation laws, the Dickey Act 
and Porter-Cologne, embraced the concept of nine powerful regional 
boards comprised of representatives of industry, local government 
and other stakeholders impacted by board decisions.  Porter-Cologne 
expanded the regional board from five members to nine members, as 
it remains today.  The nine members are appointed by the governor, 
confirmed by the state Senate and must reside or have a business in 
the region in which they serve.  
 
 
 
 

Source: Adapted from the State Water Resources Control Board.  “Regional Boards.”  
http://www.swrcb.ca.gov/regions.html.  Accessed March 4, 2008. 

 

Regional Boards 
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The Importance of Basin Plans 

Basin plans are the key regulatory document in any region.  “The basic purpose of the state’s basin 
planning effort is to determine the future direction of water quality control for protection of California’s 
waters,” according to the introduction in the North Coast Regional Water Quality Control Board’s basin 
plan. 

Basin plans, called water quality control plans in the Porter-Cologne Water Quality Control Act, fulfill 
requirements outlined in both federal and state law.  Porter-Cologne requires regional boards to develop 
basin plans that outline the following: 

Beneficial uses.  There are 23 beneficial uses defined by the state water board, ranging from drinking 
water to agricultural supply to recreational uses such as swimming.  In addition, some regional boards 
have adopted unique beneficial uses, such as a “cultural” designation signifying water used for cultural 
purposes such as Native American subsistence fishing in the North Coast region.  Basin plans typically list 
hydrologic units in the basin and the beneficial uses attributed to each segment.   

Water quality objectives.  Porter-Cologne calls on regional boards to assign water quality objectives 
that “in the Regional Water Board’s judgment, are necessary for the reasonable protection of the 
beneficial uses and for the prevention of nuisance.”  In developing water quality objectives, regional 
boards are required to analyze the following factors: 

 Past, present and probable future beneficial uses of water. 

 Environmental characteristics of the hydrographic unit under consideration, including the quality 
of water available thereto. 

 Water quality considerations that could reasonably be achieved through the coordinated control 
of all factors which affect water quality in the area.  

 Economic considerations.  

 The need for developing housing within the region.  

 The need to develop and use recycled water. 

Within basin plans, water quality objectives can be numeric limits, in which the amount of a contaminant 
must be less than the regional board requires, or narrative limits, such as the Central Valley Regional 
Water Quality Board’s description of limits on floating material in water, which states, “Water shall not 
contain floating material in amounts that cause nuisance or adversely affect beneficial uses.”  While some 
water quality objectives for specific contaminants are applicable across the basin, there are also site-
specific objectives.  Water quality objectives become the basis of permits issued by the board. 

Implementation plan.  Each basin plan includes a discussion of how the board will carry out the 
protection of water quality, including where discharges are prohibited, action plans for specific water 
bodies and other policies, such as total maximum daily loads.   

Surveillance and monitoring.  Basin plans also include descriptions of various monitoring programs 
within the region. 

Basin plans are amended after public hearings, and amendments must be approved by the regional board, 
the state board, the Office of Administrative Law and US EPA.  While the federal Clean Water Act 
requires states to update water quality standards every three years, regional boards typically only address 
a handful of issues in basin plans every three years due to staffing shortages.  Thus, the last statewide 
initiative to conduct a major basin plan update was done in the mid-1990s.  

Sources:  North Coast Regional Water Quality Control Board.  January 2007.  “Water Quality Control Plan for the North Coast 
Region.”  Central Valley Regional Water Quality Control Board.  October 2007.  “The Water Quality Control Plan for the California 
Regional Water Quality Control Board Central Valley Region.  The Sacramento River Basin and the San Joaquin River Basin.”  The 
Porter-Cologne Water Quality Control Act.  Ken Harris, Assistant Director, Office of Information Management and Analysis.  
October 16, 2008.  Personal communication with Commission. 
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The regional boards’ main duties are to: 

 Create and update basin plans.  Basin plans are the key 
regulatory document for each region, listing uses for specific 
water bodies, standards needed to protect those uses and 
plans to implement those standards.   

 Issue permits or waivers.  Dischargers – be it companies, local 
governments or even individuals – must receive permission 
from the regional boards to discharge.  Discharges to surface 
water are issued a permit through the federal NPDES.  
Discharges to the ground are issued a permit through the 
state Waste Discharge Requirement (WDR) process.  In 
addition, the boards can issue a general permit for an entire 
industry, requiring each discharger within the category to file 
notice with the boards that they are complying with general 
permit rules.  Finally, boards can issue a waiver to a category 
of dischargers, which typically requires dischargers to pay a 
fee and participate in water quality monitoring but does not 
include other requirements.  Permits are typically 
reviewed, updated and renewed every five years.   

 List, respond to impaired water bodies.  Regional boards 
develop biannual lists of impaired water bodies as 
required by the federal Clean Water Act.  To remedy a 
given impairment, the Clean Water Act requires states 
to develop total maximum daily loads for each water 
body, which limit the amount of contaminants allowed 
into a water body.  Each discharger is given a limit 
through the TMDL, which also includes an 
implementation schedule. 

 Monitor discharges and compliance with permits.  
Regional boards require dischargers to monitor their 
discharges and provide reports to the boards.  Some 
regions also require dischargers to contribute to 
regional monitoring programs that assess overall water 
quality in a watershed.  As part of their oversight role, 
regional boards also inspect wastewater treatment 
facilities and other dischargers. 

 Enforce regulations.  Regional boards take enforcement 
actions, including issuing fines, against dischargers 
who are violating terms of their permits.  Money from 
fines is placed in the Clean Up and Abatement 
Account, a fund managed by the state board.  Regional 
boards can request money from the fund for a project, 
though distribution is controlled by the state board.  
Regional boards also can enter into an agreement that 

Water Board Statistics 

Individual National Pollutant 
Discharge Elimination System 
permits cover 639 facilities in the 
state.  Another 1,765 facilities are 
regulated through a general NPDES 
permit.  About 6,800 facilities are 
regulated through a WDR permit.  
In 2006, California had 2,237 
impaired water body-pollutant lists.  
(Water bodies are listed by segment; 
therefore, the same river or lake can 
be listed more than once for 
differing contaminants based on 
different portions of that water 
body.)  Currently, the state is 
addressing 1,001 water body-
pollutant lists through 134 TMDL 
plans, though it has considerable 
work ahead, with 1,780 TMDLs still 
to be developed.   

Sources: State Water Resources Control 
Board.  April 30, 2008.  “Water Boards 
Baseline Enforcement Report, Fiscal Year 
2006-07.”  Pages 18, 25.  Also, State Water 
Resources Control Board and Water 
Education Foundation.  April 21, 2008.  
“Water Education Workshop for Board 
Members.”  Section 3: TMDLs. 
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can reduce fines in exchange for the discharger performing a 
supplemental environmental project, or SEP, such as 
increased monitoring, habitat restoration or public awareness 
campaigns. 

 
Regional boards typically hold monthly public meetings, in which 
they vote to adopt permits, take enforcement actions, implement 
TMDLs and conduct other business.   
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The chart shows the types of contaminants causing impairments to California waters that require the state to adopt total maximum 
daily loads or otherwise reduce the amount of the contaminant in water.  Pesticides and metals are the leading causes of 
impairment in the state. 

Source:  State Water Resources Control Board.  “California 2006 303(d) List.  Total Number Pollutants Listed by Pollutant Category.”  
http://www.waterboards.ca.gov/water_issues/programs/tmdl/docs/303dlists2006/epa/stats_2006_303dlist.xls.  Accessed September 12, 2008. 
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State Board: Designed to Set 
Policy, Provide Oversight 
 
In contrast to the regional boards, the 
State Water Resources Control Board is 
comprised of full-time board members.  
Each of the five members is appointed 
by the governor and confirmed by the 
Senate.  All but one member must 
represent a specific expertise, including 
a civil engineer, a professional engineer, 
an attorney with water rights experience 
and someone with experience in water 
quality issues.  The governor appoints 
the chair. 
 
Porter-Cologne’s framers intended 
decision-making largely to be conducted 
at the regional level, while the state 
board was to provide oversight and 
direction for the regional boards.  In a 
presentation to regional board members 
in April 2008, Third Circuit Court of 
Appeal Associate Justice Ronald Robie, 
who years earlier helped draft Porter-
Cologne, noted that the act enhanced 
the role of the state board and renamed 
the regional boards “California Regional 
Water Quality Control Boards” to 
emphasize that they were part of one 
state agency, not separate, local 
agencies.21   
 
The state board’s most important duties 
are: 

 Setting state policy.  Where it sees 
the need for statewide 
consistency on an issue, the 
state board can adopt a statewide 
policy to guide regional boards.  
The board currently has 16 
statewide policies, on issues 
ranging from enforcement to 
implementing toxics standards.   

State Water Policies 

The State Water Resources Control Board can set statewide 
policies to help guide regional board policy.  Statewide policies 
are intended to decrease inconsistency among the boards and 
address important statewide issues.  The board has adopted 15 
policies, and has amended some of those policies.  Here those 
policies and the dates they were adopted or last amended by 
the board: 

 Policy for Compliance Schedules in National Pollutant 
Discharge Elimination System Permits (April 15, 2008) 

 Water Quality Control Policy for Addressing Impaired 
Waters: Regulatory Structure and Options 
(May 16, 2005) 

 Water Quality Control Policy for Developing 
California's Clean Water Act Section 303(d) List 
(September 30, 2004) 

 Policy for Implementation and Enforcement of the 
Nonpoint Source Pollution Control Program 
(May 20, 2004) 

 Water Quality Enforcement Policy (February 19, 2002) 

 Policy for Implementation of Toxics Standards for 
Inland Surface Waters, Enclosed Bays, and Estuaries of 
California (February 24, 2005) 

 Water Quality Control Policy for Guidance on 
Development of Regional Toxic Hot Spot Cleanup 
Plans  (September 2, 1998) 

 Policies and Procedures for Investigation and Cleanup 
and Abatement of Discharges Under Water Code 
Section 13304 October 2, 1996) 

 Water Quality Control Policy for the Enclosed Bays 
and Estuaries of California (November 16, 1995)   

 Policy for Regulation of Discharges of Municipal Solid 
Waste (July 21, 2005) 

 Pollutant Policy Document for the San Francisco 
Bay/Sacramento-San Joaquin Delta Estuary 
(July 21, 2005)  

 Sources of Drinking Water Policy (February 1, 2006) 

 Water Quality Control Policy on the Use and Disposal 
of Inland Waters Used for Powerplant Cooling 
(June 19, 1975)  

 Policy Regarding Water Reclamation (January 6, 1977)   

 Maintaining High Quality Water/Antidegradation 
Policy Implementation for NPDES Permitting 
(October 24, 1968) 
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 Reviewing regional board activity.  The state board 
reviews and approves or denies some regional board 
actions, including basin plan amendments and 
TMDLs.  The state board also has authority to set 
the regional boards’ annual budgets. 

 Issuing statewide permits.  The state board also 
issues some statewide permits, such as stormwater 
permits for urban areas under 100,000 people, 
industrial uses, construction and the state 
Department of Transportation. 

 Providing financial assistance.  The state board 
oversees the distribution of federal and state dollars 
to help improve water quality.  Funds administered 
by the board include the Clean Water State 
Revolving Fund Program, which provides about 
$400 million annually in loans to help improve 
wastewater treatment facilities and other 
improvements and the Clean Beach Initiative, 
which uses voter-approved bond borrowing to 
improve water quality along the state’s coastline.   

 Hearing appeals.  The state board acts as an 
appellate for many regional boards quasi-
adjudicatory decisions.  Actions taken by regional 
boards, such as permitting and enforcement, can 
be petitioned to the state board.  The state board 
determines whether to hear the petition and can 
then uphold the regional boards’ action, remand 

the action back to the regional board with instructions on 
changes the state board desires, or take some other action, 
such as making changes to a permit or enforcement action on 
its own. 

 Monitoring.  The state board operates statewide monitoring 
programs, such as the Surface Water Ambient Monitoring 
Program (SWAMP), or Ground water Ambient Monitoring and 
Assessment (GAMA), with the goal of providing statewide 
water quality information and trends.  The board also staffs 
the new California Water Quality Monitoring Council, which 
was created through legislation in 2006 and is charged with 
working to coordinate various monitoring efforts throughout 
the state to provide better water quality information to the 
public.  

 Water rights.  The state board has broad power to determine 
who can use surface water in the state.  The board issues 
water rights permits, approves changes in water right permits, 

Fees, not General Fund, Drive 
Boards’ Budget 

Beginning with the 2002-03 budget, 
the water boards have increasingly 
relied less on the general fund and 
more on fees from permit holders, 
federal funding and other special 
funds to sustain their activities.  The 
General Fund contributed more than 
$101 million to the boards in the 
2001-02 budget year, for example, but 
only accounts for $38.7 million in the 
2008-09 budget year.  In 2008-09, the 
General Fund comprises only about 5 
percent of the boards’ $733 million 
budget. 

Board activities are funded by 74 
separate revenue streams in the   
2008-09 budget year, with most of the 
streams funding specific programs.   

Thus, as the boards’ duties have 
grown, along with the economy and 
population, the state has contributed 
less and less to their mission.  The 
boards have the authority to raise fees 
every year, but that funding level is set 
by the Legislature and governor 
during the budget process.  
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and enforces permits.  The Commission did not review the 
board’s administration of water rights. 

 

The State-Regional Relationship 
 
The history and structure of the regional water quality control boards 
have important implications for implementing statewide water 
policies and establishing common standards.  Just as all of the 
members of the state board are appointed by the governor, so too are 
all the members of each of the nine regional boards, making them 
semi-autonomous units.  In addition, basin plans crafted in each 
region can set different limits on the same contaminants in different 
water bodies based on local conditions. 
 
Despite language in Porter-Cologne stating that the state and regional 
boards “shall, at all times, coordinate their respective activities so as 
to achieve a unified and effective water quality control program in 
this state,” California’s approach to safeguarding and improving 
water quality relies on an inherently inconsistent system.22   
 
In her testimony to the Commission, state board chairwoman Tam 
Doduc described the state boards’ formal oversight of regional board 
activity as hearing petitions of regional board decisions, setting state 
policies, approving basin plan amendments and setting the budgets 
of regional boards. 
 
Attorneys for both the state and regional boards are located together 
in Sacramento to ensure that legal advice provided to the boards is 
consistent.   
 
There are other avenues to increase consistency among boards, 
which has been an issue championed by chairwoman Doduc during 
her tenure.  Executive officers of the regional boards meet monthly 
with the state board executive director.  All state and regional board 
members meet occasionally as the Water Quality Coordinating 
Committee.  The committee met in San Diego in April 2008, for 
example, for a two-day seminar for regional board members on the 
water boards’ history and current challenges, and again in October 
2008 for a two-day seminar that included discussion of innovative 
practices at different regional boards. 
 
Though statutory language requires consistent policies and 
procedures, critics of the current system say the relationship between 
the state and regional boards is ill-defined.  Several reform efforts in 
the past five years have sought to alter the relationship between the 

RB-AR14507



LITTLE HOOVER COMMISSION 

14 

boards, arguing that a different structure would better focus the 
state’s strategy and use its resources more efficiently.  Those efforts, 
all of which failed, include:   

 2003: Abolishing the boards.  Governor Schwarzenegger’s 
California Performance Review (CPR), launched soon after he 
took office in 2003, sought to abolish both the state and 
regional boards as part of a major overhaul of the California 
Environmental Protection Agency (Cal/EPA).  The overhaul 
would have shifted many environmental regulation duties 
from the quasi-independent boards to state departments.  The 
CPR called for a new division within Cal/EPA, called the 
Division of Water Quality that would have issued discharge 
permits, developed basin plans and performed most duties of 
the boards.  Backers of the idea suggested that placing a state 
department in charge of water regulation would increase 
consistency and efficiency throughout the state.  Opponents 
attacked the plan in part because it could limit the public’s 
ability to shape policy.   

 2005: Giving the state board more authority over regional staff.  
AB 1727 (Aghazarian) would have allowed the state board to 
appoint the executive officer of each regional board.  As the 
top staff person in each region, executive officers have 
tremendous power to set staff priorities and shape policy.  
Currently, executive officers are exempt positions in state 
government and are hired and fired by the regional boards.  
The 2005 proposal, sponsored by the Schwarzenegger 
administration, sought to give executive officers more power to 
issue permits and, by giving hiring authority of executive 
officers to the state board, give more control over daily policy 
to the state board.   

 2007: Revising the composition of the regional boards and 
giving the state board more authority to usurp regional boards.  
SB 1001 (Perata) sought to reduce the number of regional 
board members to seven from nine and broaden qualifications 
for board members to allow anyone with a “demonstrated 
interest and proven ability in the field of water quality” to be 
eligible for a regional board position.23  A component of this 
legislation allowed the state board to assume the duties of a 
regional board if the state board determined the regional 
board was not complying with state and federal water quality 
laws.   
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Water Quality Regulation Has Improved State’s 
Waters 
 
Porter-Cologne and the Clean Water Act as well as the work of water 
regulators have significantly improved the quality of California’s 
waters over the past three decades.  Most discharges are regulated, 
leading to a sharp decline in point source contamination.  
 
Billions of dollars of federal and state assistance has helped cities 
and communities build and improve wastewater treatment plants, 
dramatically reducing the amount of fecal matter in rivers and bays.  
Federal expenditures on municipal sewage treatment led to a jump in 
the number of Americans being served by wastewater treatment from 
42 percent in 1970 to 74 percent in 1985.24   
 
In California, one analysis showed that between 1971 and 2000, 
discharge volume and contaminant emissions into the Southern 
California coastal waters from large municipal-owned wastewater 
treatment plants fell 90 percent, despite substantial population 
growth.25  A wastewater treatment facility built after the Clean Water 
Act’s passage by the East Bay Municipal Utility District in the San 
Francisco Bay Area reduced the amount of metals in treatment 
discharge by 70 percent.26 
 
The Bay Area’s “Big Stench” is no more. 
 
California has marked other clean water successes in recent years.   
 
Efforts to control contaminant runoff from abandoned mines have 
reduced water pollution in the Central Valley.  A cleanup effort in 
summer 2007 at Abbott and Turkey Run mines stabilized 20,000 
pounds of mercury that would have run into Cache Creek, and the 
construction of a lime neutralization treatment plant at Iron 
Mountain Mine reduced the amount of metals running from the mine 
into the Sacramento River by 95 percent.27 
 
A 2006 evaluation of projects funded by the Clean Beach Initiative, 
which has used voter-approved bond funds to improve water quality 
along the state’s coastline, showed that five of eight projects designed 
to divert stormwater runoff into sanitary sewer systems reduced 
bacteria at beaches.  While the evaluation also found that some of the 
projects were not successful, it noted that millions of gallons of 
contaminated runoff had been removed from state beaches and that 
lessons learned from the projects could improve water quality in the 
future.28 

RB-AR14509



LITTLE HOOVER COMMISSION 

16 

The San Diego Regional Water Quality 
Control Board led an effort in early 2000 
to revitalize the San Diego Marina area by 
removing gasoline and diesel fuel from soil 
and ground water.  The last of five 
Cleanup and Abatement Orders was lifted 
in 2005.29 
 

Current Threats 
 
Despite these successes, the state is 
clearly not meeting the lofty goals of the 
Clean Water Act and Porter-Cologne.  
Examples of water quality problems 
abound: Several recent studies show 
rapidly declining numbers of pelagic fish 
species in the Sacramento-San Joaquin 
River Delta, including the endangered 
Delta Smelt, in part due to water quality.30 
A 2006 study of 181 private wells in 
Tulare County showed that more than 40 
percent had higher-than-allowed levels of 
nitrates.31 In one day in 2005, volunteers 
collected 61,117 discarded bottle caps 
along California’s coastline.32  
 
Nearly four decades after California and 
the federal government sought to eliminate 
water pollution, the state’s waters still face 
enormous threats.   
 
Wastewater remains a problem.  
Improvements in wastewater treatment 
are the most important legacy of water 
quality regulation in the country and in 
California, yet wastewater continues to 
contaminate the state’s waters. Some 
treatment plants have chronic problems, 
landing them on the EPA’s quarterly 
“Watch List” of the most troubled 
discharge facilities in the state.  Included 
on the EPA’s April 2008 list were 10 
publicly-owned plants that have been 
violating conditions of their permits 
continually for more than two years.33   

Stormwater Permits 

The state and regional boards both issues stormwater permits 
in California.  Most permits are broken into four categories: 

 Municipal program.  For medium (100,000 to 
250,000 people) and large (more than 250,000) 
areas, regional boards issue a permit to municipal 
separate storm sewer systems (MS4).  Most of these 
permits are issued to a group of co-permittees. For 
example, the Los Angeles Regional Water Quality 
Control Board issues one stormwater permit for all of 
Los Angeles County, with the permit including all of 
the cities within the county.  There are 85 co-
permittees for that permit. In all, there are 26 permits 
issued in the state for medium- and large-sized urban 
areas that regulate discharges from about 300 cities, 
counties and special districts.  For small 
communities, the state board has adopted one 
general permit that covers about 190 cities, counties 
and special districts. 

 Construction program.  The state board adopted a 
general permit for construction in the state that 
disturbs one acre or more of land.  There were about 
20,000 such construction sites in the state in spring 
2008.  Generally, the permit requires construction 
sites to develop Storm Water Pollution Prevention 
Plans and reduce pollutants using available 
technologies. 

 Industrial program.  The state board adopted a 
general permit that covers runoff from about 9,500 
industrial facilities.  Like the construction permit, 
industry is required to develop Storm Water 
Pollution Prevention Plans and reduce pollutants 
using available technologies. 

 Caltrans program.  The state board issued a 
statewide permit for the California Department of 
Transportation (Caltrans), which designs, constructs 
and maintains the state highway system, including 
bridges and tunnels.  The permit requires Caltrans to 
develop a Storm Water Management Plan. 

Sources: State Water Resources Control Board and Water Education 
Foundation.  April 21, 2008.  “Water Education Workshop for Board 
Members.”  Section 5 “Regulating construction storm water discharges.”  
Also, State Water Resources Control Board and Water Education Foundation.  
April 21, 2008.  “Water Education Workshop for Board Members.”  Section 
5 “Regulating industrial storm water discharges.”  Also, State Water 
Resources Control Board.  “Storm Water Program – Caltrans Program.”  
www.waterboards.ca.gov/water_issues/programs/stormwater/caltrans.shtml.  
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“There are lots of really badly maintained, undercapitalized, 
undermanaged systems, even in affluent areas,’’ Alexis Strauss, 
director of the water quality division for US EPA Region 9, told the 
Commission.34 
 
Underscoring her point, the EPA in April 2008 ordered seven sanitary 
districts in Marin County – one of the wealthiest counties in the 
United States – to make changes to their systems due to repeated 
sewage spills caused by deteriorating sewer pipes.  According to the 
order, the Mill Valley system recorded 110 sewage spills between 
December 2004 and February 2008.35  

State of the State’s Waters 

How clean – or dirty – are the state’s waters?  A dearth of water quality monitoring and the state’s failure to create an accessible 
site for available information depicting water quality in California makes answering this question difficult.  Here are three separate 
reports depicting the state of the state’s waters: 

Clean Water Act Section 305b Report.  The Clean Water Act’s Section 305b requires each state to assess the condition of its 
waters and submit the results to US EPA every two years.  Using information gathered through US EPA’s Environmental Monitoring 
and Assessment Program, the 2006 report, the most recent, focuses on assessments of two types of water in the state: coastal bays 
and estuaries and wade-able, perennial streams.  Results included: 

 The report suggests most of the state’s coastal waters are in “fair” or “good” condition, based on US EPA criteria.  High 
phosphorous levels were found in much of San Francisco Bay, while Southern California ports reported sediment chemical 
contamination.   

 Analysis focused on the number of benthic macroinvertebrates, such as crayfish, dragonflies and snails, living in streams 
versus the number that would be expected to live there based on models.  Overall, the report suggests 67 to 78 percent of 
wade-able perennial streams in California are in “good” condition. 

California Water Plan.  In the 2005 update of the California Water Plan, water quality conditions were reviewed by focusing on 
four areas: surface water; ground water; drinking water; and, environmental water, defined as the water that serves as habitat for 
fish, birds and other animals.  The plan outlines current issues within each area: 

 Surface water.  Thirteen percent of the total miles of the state’s rivers and streams were listed as impaired by at least one 
contaminant.  About 15 percent of the state’s lake acreage is impaired.   

 Ground water.  Sixty-two percent of the state’s wells met standards for contaminants.  In each of the state’s hydrologic 
regions, however, 24 to 49 percent of public water supply wells exceeded acceptable levels for one or more contaminants.   

 Drinking water.  Public water systems in the state collect water from about 15,000 ground water and 1,000 surface water 
sources.  About one-quarter of these sources have at least one contaminant at higher-than-allowable levels.   

 Environmental water.  While providing no specific measurements describing the extent of water quality impairment on 
riparian and aquatic habitats, the Water Plan noted that habitats can be affected by “legacy” pollutants, such as mercury. 

Heal the Bay report card.  The Southern California environmental group Heal the Bay has graded water quality at beaches for 
18 years.  The group assigns letter grades to beaches, based on monitoring data collected by local governments and dischargers on 
fecal indicator bacteria, considered to be the best indicator of whether beach water is safe for swimming.  

In its annual report card published in May 2008, 87 percent of 379 beach locations received an A or a B.  Los Angeles County 
recorded the lowest grades in the state, with 71 percent As and Bs.  Avalon Harbor Beach on Catalina Island, ranked last, received 
an F. 

Sources: State Water Resources Control Board.  October 2006.  “Water Quality Assessment of the Condition of California Coastal Waters and Wadeable Streams.”  
Also, California Department of Water Resources.  February 14, 2006.  “California Water Plan Update 2005: A Framework for Action.”  Volume 2, Chapter 13.  Also, 
Heal the Bay.  May 21, 2008.  “18th Annual Beach Report Card.”   
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According to a 2008 US EPA estimate, California would need to spend 
$18.2 billion to upgrade its wastewater treatment infrastructure to 
meet all water quality and public health needs.36  
 
Despite these needs, federal funding for improvements is waning.  
The initial funding program enacted with the Clean Water Act now 
provides far less money than it once did.  In the 1970s, federal 
dollars paid for 75 percent of projects. Congress stopped providing 
grants in 1987, launching in their place a revolving loan program, 
which provides low-interest loans for wastewater treatment plant 
upgrades. Federal contributions to the State Revolving Fund have 
shrunk to $48 million in 2008 from $144 million in 1996, while 
upgrade costs have increased.37 
 
Non-point sources the biggest threat.  A much bigger and broader 
threat comes in the form of so-called “non-point sources” of water 
pollution, such as urban stormwater runoff, agricultural runoff and 
legacy pollutants, all of which are diffuse and have no single pipe or 
source to control.  Non-point source pollution is responsible for 76 
percent of California water impairment.38 
 
Non-point sources were largely ignored as a source of pollution in 
need of regulation during the first decades of the Clean Water Act 
and Porter-Cologne.  But as point source pollution diminished and 
many water bodies remained impaired, attention turned to non-point 
sources.  The Clean Water Act was amended in 1987 to include non-
point sources in the NPDES permitting program. 
 
Non-point sources are much more difficult to regulate for obvious 
reasons.  The pollution is diffuse and difficult to trace to its sources.  
Its episodic nature makes non-point sources of water pollution even 
more difficult to monitor and assess.   
 
Water quality experts note that non-point source regulation, unlike 
point source regulation, is still a relatively new process and that 
effective programs, funding sources and scientific understanding 
have not been fully developed. 
 
Stormwater.  Rain storms sweep debris and pollutants from roads, 
parking lots and other impervious surfaces that dominate city 
landscapes into waterways, creating pollution in creeks, rivers, lakes 
and the ocean.   
 
In essence, modern life is the source of stormwater pollution.  
Urbanization has led to more paved, impervious land and more 
complex water pollution problems with unusual and hard-to-regulate 
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sources.  Land use decisions that increase the amount of non-
permeable surfaces in a city, for example, lead to more runoff.  
Studies conducted in the San Francisco Bay have found that copper 
from automobile brake pads, which falls from brakes onto streets and 
then is washed into storm drains during rain events, is a major 
source of pollution in the Bay.39 
 
Many of the most complicated and contentious issues facing water 
boards and the entities they regulate involve urban stormwater.  
Stormwater permits affect an enormous percentage of the population: 
More than 30,000 stormwater discharges are subject to permits, 
covering every populous area of the state, compared to only 2,200 
wastewater permits.40 
 
Financially-strapped local governments complain that stormwater 
requirements eat up money that could be spent on police protection, 
social services and other local priorities.  One study found that 
stormwater programs cost local governments between $18 and 
$46 per household annually.41 
 
Despite these difficulties, it is clear that stormwater pollution must 
be dealt with.  One recent study noted that metals from stormwater 
increased from 6 percent to 34 percent of the total metals pollution in 
water along the Southern California coastline between 1971 and 
2000.42 
 
Modern water regulators face this central dilemma: Urban 
development for decades has focused on collecting stormwater and 
conveying it quickly away from homes and other buildings to prevent 
flooding.  The concrete channels throughout the Los Angeles County 
basin direct 500,000 acre-feet of stormwater into the ocean every 
year, for example.   
 
Stormwater managers must develop strategies that in many ways run 
counter to those designed to prevent flooding.  To protect the ocean 
and other water bodies from the lawn fertilizers, pet waste, pesticide, 
oil, grease and trash that is flushed from city streets by rain, a key 
solution is to retain stormwater so that the soil catches contaminates 
as the water percolates into the ground.  Other strategies to address 
stormwater pollution include, cleaning streets, changing individual 
behaviors such as over-fertilizing lawns, or treating stormwater in a 
similar manner to treating wastewater.  The state and regional water 
boards, through their permitting process, seek to require cities, 
industries, construction activities and the state’s highway system to 
change practices to limit runoff and prevent contaminants from 
reaching streams, rivers and bays.   
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For much of the short history of stormwater regulation, rules have 
emphasized effort over outcomes.  The Clean Water Act’s 1987 
amendment regarding stormwater requires cities and other regulated 
entities to reduce stormwater pollution to the “maximum extent 
possible,” but Congress never defined that term.  Typical stormwater 
permits have required cities to develop and submit plans explaining 
their efforts.  The vagueness surrounding the regulation is in contrast 
to wastewater regulation, which typically provides treatment plants 
with numerical limits for certain contaminants.  
 
Some water users noted the differences in the way Congress treated 
point sources and non-point sources: When the Clean Water Act was 
approved in 1972, Congress gave states specific direction to require 
numeric limits in permits, and the federal government provided 
significant funding through a grant program to improve wastewater 
treatment facilities.  Through the 1987 amendment, the grant 
program became a loan program, and Congress did not require 
numeric limits in permits regulating cities.   
 
“With point sources, Congress provided both a carrot and a stick,’’ 
Mark Gold, president of Heal the Bay, said.  “With non-point sources, 
there is neither a carrot nor a stick.”43 
 
Disagreements now abound over many stormwater programs.  It is 
more difficult to monitor, and more difficult to determine whether 
specific programs are effective.  A blue ribbon panel of experts 
convened by the State Water Resources Control Board noted in a 
2006 report that both regulated entities and environmental groups 
complained that stormwater permitting “has become overly complex, 
and that it is extremely difficult, if not impossible to objectively 
determine if a facility, operation or municipality is in compliance with 
permit requirements.”44 
 
During the Commission’s study process, the National Research 
Council published a lengthy and damning report on national 
stormwater policy, essentially declaring it a failure.  “EPA’s current 
approach to regulating stormwater is unlikely to produce an accurate 
or complete picture of the extent of the problem, nor is it likely to 
adequately control stormwater’s contribution to water body 
impairment,” the report strongly states.45 
 
To improve effectiveness, California’s water boards are attempting to 
place more numeric limits or measurable requirements into 
stormwater permits, which is creating conflict with many 
stakeholders.  Regulated entities complained to the Commission that 
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the boards were using standards adapted for point sources in their 
efforts to better regulate stormwater.   
 
This dilemma must be addressed by the state as it works toward 
improving water quality and water supplies in the future.  Many 
argue that stormwater should not be treated as a problem, but as a 
resource.  Captured and treated stormwater could be reused.  The 
state’s water future – in which recycled water must play a larger role 
– may in part depend on improving stormwater strategies.   
 
Irrigated agriculture and dairies.  In rural areas, runoff from 
agriculture and dairies plays a role in water pollution.  Studies show 
that nitrates, often linked to farming practices, are affecting drinking 
water in parts of the Central Valley.  A 2007 report issued by the 
Central Valley Regional Water Quality Control Board summarized 
more than two years of monitoring and found, among other things, 
toxicity to algal species throughout the valley that is generally 
associated with herbicides and metals, such as copper, and sediment 
toxicity throughout the valley likely due to certain types of 
pesticides.46 
 
In part due to legislation enacted in 1999, regional water boards have 
begun to increase regulatory authority over irrigated agriculture, 
which is exempt from the Clean Water Act.  The two regions with the 
most agricultural activity both have adopted conditional waivers of 
waste discharge requirements in the past five years that affect 
agricultural practices.  Farmers are required to agree to the 
conditions of the waiver or face an individual waste discharge 
requirement.   
 
The Central Valley Regional Water Quality Control Board oversees 
about 7 million acres of cropland, while the Central Coast Regional 
Water Quality Control Board regulates a much smaller area – about 
600,000 acres.47  The two boards take somewhat different 
approaches to regulating water quality in their districts, based in part 
on their sizes. 
 
The Central Coast board requires farmers to participate in water 
quality education classes, participate in monitoring efforts and file 
regular reports with the board detailing activities geared toward 
improving water quality.  The Central Valley board requires farmers 
to participate in – and fund – coalitions that perform monitoring.  
Based on that monitoring, the coalitions prepare management plans 
to address problem areas.  Individual farmers are not required to 
submit reports as they are in the Central Coast region.  The Central 
Valley board has found some difficulty in ensuring that all 
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agricultural operations required to join a coalition do so – they have 
issued more than 1,400 enforcement orders requiring non-
participating landowners to do so.48 
 
While the Central Coast’s irrigated agriculture program includes 
operators that discharge into ground water, the Central Valley 
program only includes those who discharge to surface water.49   
 
In May 2007, the Central Valley Regional Water Quality Board issued 
a Waste Discharge Requirement covering all dairies in the region in 
existence since October 2005 – about 1,600 operations.  Most of the 
dairies that operate in California are located in the Central Valley 
region, and before the new requirements, most had not been 
regulated.  This had led to problems – a study of 425 wells at 
88 dairies found that 63 percent of dairies’ water was contaminated 
by nitrates.50  The new order requires dairies to prepare reports on 
how they handle animal waste and other potential contaminants and 
monitor ground water quality.  Dairy operators must enroll in a class 
designed to teach them how to comply with the new regulations.   
 
Dairy representatives estimate the new regulations will cost each 
dairy $30,000 to $36,000 each year and require them to change 
business practices.51   
 
Environmental groups argue that the regulations are long overdue 
and do not go far enough to successfully address the contamination.  
They note, for example, that the regulations contain no numeric 
limits or enforcement provisions.  Two groups, the Environmental 
Law Foundation and Asociacion de Gente Unida por el Agua, have 
sued the state board over the regulation.  The lawsuit remains 
pending.52 
 
Legacy Pollutants.  Another threat to the state’s waters is so-called 
legacy pollutants, or pollution that stems from historic practices.  
These pollutants stem from agriculture, manufacturing and mining 
activities that have been banned or are no longer practiced.  Legacy 
pollutants’ historical nature pose a significant challenge for 
regulators: It is often impossible to hold former dischargers 
accountable, and removal of contaminants can be difficult and costly. 
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Major legacy pollutants include: 

 Mercury.  Used in 19th century gold mining practices in the 
Sierra Nevada mountains, mercury is now a prevalent 
contaminant in the Central Valley and San Francisco Bay 
regions.  A study released in September 2008 showed that 
while some contaminants in sport fish declined during a     
30-year period, mercury levels in fish remained relatively 
constant.53 

 Polychlorinated Biphenyl (PCBs).  PCBs were used in 
numerous products until they were banned in 1979, after 
they were identified as causing cancer in humans and 
disrupting animal reproduction.  Despite the ban, PCBs linger 
and remain at high levels in San Francisco Bay and some 
Southern California lakes.54 

 Perchlorate.  Perchlorate, used in rocket fuel in the last half of 
the 20th century, has contaminated water in Sacramento 
County and Southern California, mostly in areas formerly 
used by the United States Department of Defense and the 
National Aeronautics and Space Administration.  The Central 
Valley, Santa Ana and Los Angeles Regional Water Quality 
Control Boards have worked with industry and the federal 
government to control and remove perchlorate.  

 

The Challenge Going Forward 
 
California ushered in state-governed water quality protection with the 
passage of the Dickey Act in 1949, which set a regional course for 
regulation.  The sweeping ambition of the Porter-Cologne Act in 1969 
raised expectations that the state could eliminate water pollution, 
and established the principles for how California would regulate point 
source discharges.  It made clear that discharge was a privilege, not a 
right, that solutions had to strike a reasonable balance between 
environmental protection and other concerns, and established basin 
plans as the foundation of regional regulation.   
 
At the federal level, the similarly ambitious Clean Water Act followed 
in 1972.  In its first incarnation, it attacked point source pollution 
such as industrial discharges and wastewater treatment.  The act has 
evolved to focus on non-point sources and developing solutions for 
impaired water bodies, most notably total maximum daily loads for 
identified contaminants.  This new focus has not come with the same 
level of federal funding that was available in the 1970s and 1980s, 
however. 
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California’s main regulatory tools to enforce its clean water laws are 
the State Water Resources Control Board and nine regional water 
quality control boards.  The state board sets policy and oversees the 
regional boards.  The regional boards, which largely act 
independently of each other, develop basin plans and issue permits, 
monitor the results and assess fines when necessary.  To a great 
degree, their structure and their policies reflect the major water 
protection laws passed in 1949, 1969 and 1972 with their heavy 
emphasis on point source pollution. 

Water Board’s Efforts to Improve Programs, Processes 

To their credit, the state water board has made several recent efforts to improve its programs and respond to criticism.  
Examples of the boards’ reform efforts include: 

 Strategic Plan Update.  Adopted in September 2008, the water boards’ Strategic Plan Update 2008 – 2012 
outlines priorities for the water boards, both in terms of clean-water outcomes and in improving processes.  The plan 
calls for the boards to prioritize programs for important watersheds, such as the Klamath River basin, for example, 
and prioritize needed basin plan updates.  The plan also addresses concerns involving transparency and consistency, 
and calls for the development of state and regional water board work plans that include ways to measure 
performance.  The plan has numerous specific goals with dates these goals will be achieved that will allow the 
Legislature, governor and stakeholders to assess board effectiveness.  The plan was adopted after a one-and-a-half-
year span that allowed significant stakeholder and staff input. 

 New Offices.  During the past two years, the state water board has created new offices within the board to improve 
effectiveness.  The Office of Information Management and Analysis is intended as a way to improve both the boards’ 
information technology systems and its ability to provide the public with useful information.  The office was created 
on July 1, 2008 and oversees IT systems such as California Integrated Water Quality System (CIWQS) and also will 
produce routine reports depicting water board activities and outcomes.  The Office of Research, Planning and 
Performance was created in 2006 to help better coordinate scientific research, work on strategic planning and 
develop performance measurement targets to help improve accountability within the water board system.  The 
Office of Public Participation was created in 2007 to help strengthen the boards’ efforts to involve the public in 
decision-making processes.   

 Expert Panels.  The state board has used panels of experts to review failing programs and make recommendations 
for change.  In two cases, the reviews have helped the board make improvements to critical programs – the CIWQS 
and the Surface Water Ambient Monitoring Program (SWAMP) – that needed extensive restructuring.  Both reviews 
were facilitated by Stephen Weisberg of the Southern California Coastal Water Research Project.  In both cases, 
initial reviews of the programs – made public by the state water board – provided a harsh assessment of the 
programs but offered clear direction to make changes.  For example, the review of CIWQS found that bifurcated 
management of the system and a broad, overly complex scope set the system up for failure.  In both cases, a second 
review conducted about a year later showed significant improvement.  

 Water Quality Improvement Initiative.  Unveiled in May 2008 by the Schwarzenegger administration, the 
Water Quality Improvement Initiative was a comprehensive legislative proposal to reform some aspects of the water 
boards.  The initiative called for the creation of a water quality council comprised of the chairpersons of each 
regional board to help improve consistency, and for the state and regional boards to establish priorities and report 
regularly to the Legislature on whether those priorities had been met.  In addition, the initiative would change the 
state’s interpretation of the 10 percent rule to allow potential appointees to serve on a board as long as they do not 
have income from an entity permitted by that specific board.  Other proposals include delegating permitting 
authority from the regional boards to the regional board executive officers to allow the regional boards to focus on 
broader policy issues.  In all, the initiative contained more than a dozen proposals for change.   
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These laws have significantly reduced much of pollution that plagued 
California in the 1960s and 1970s, especially water contamination 
from point sources.  But with the state’s continued economic and 
population growth over the decades, some problems, such as sewage 
discharges, still escape a complete solution, in some cases because of 
cost.  Other problems have emerged that defy easy solutions, such as 
stormwater runoff and agricultural runoff, as well as legacy pollution 
from old mines or contaminants from now-banned industrial 
practices.  They now represent the biggest challenges California and 
its water boards face in living up to its commitment to provide clean 
water to its people now and in the future. 
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An Outdated System 
 
Enacted in 1969, the Porter-Cologne Water Quality Control Act 
placed California in the vanguard of environmental protection. 
 
In recent years, however, the water quality regulatory system 
developed nearly four decades ago is showing signs of its age.  The 
system has not adapted to address modern water quality issues.  
Pollution from sources such as urban stormwater and agricultural 
runoff is now the biggest threat to surface water and groundwater.  
Legacy pollutants, such as mercury from mining practices, as well as 
aerial deposition from automobiles and other sources, also 
contaminate water.  The traditional system of issuing permits to 
dischargers and monitoring those dischargers is not well-equipped to 
handle complicated issues that involve land use, diffuse pollution 
sources and complex scientific inquiry. 
 
Regional boards are overwhelmed.  Basin plans, the key regulatory 
document for each region, are decades out of date.  Priorities are not 
matched to the most important threats to water quality.  Process 
trumps a focus on clean water outcomes.  Volunteer regional board 
members face increasingly difficult decisions that require a 
sophisticated understanding of water science and have profound 
ramifications for both the environment and the economy.  
Transparency, a key tenet of democratic government, is missing in 
regional board processes, as stakeholders complain they have little 
ability to interact with board members and do not always understand 
the rationale behind decisions.  Regional boards across the state have 
differing philosophies and processes, and the state board has not 
adequately exercised its authority to ensure that the boards operate 
as one state agency, rather than 10 separate entities.  Though the 
system is set up to protect water for the people of California, it is 
virtually impossible for the public to find easy-to-understand 
information on water quality in the state. 
 
The result is a troubled system that lacks credibility with 
stakeholders, ranging from environmentalists to regulated businesses 
and local governments to the Legislature.  In a disturbing illustration 
of the mistrust between the water boards and the water community, 
several stakeholders declined to publicly testify to the Commission 

RB-AR14521



LITTLE HOOVER COMMISSION 

28 

about the boards because they were concerned there would be 
reprisals for publicly airing their complaints.  
 
Worst of all, it is difficult to determine if the boards’ regulatory 
programs are effectively cleaning and protecting California’s waters.  
Many argue they are not. 
 
“During the past 15 years, we have flat-lined in the effort to protect 
water quality,’’ argues LaJuana Wilcher, a former administer with US 
EPA who advocates for a nation-wide overhaul of water quality 
regulatory practices.55 

Cities of Arcadia, et al. vs. Los Angeles Water Board 

Litigation involving 21 municipalities in Los Angeles County, the Building Industry Association (BIA) and the Los Angeles 
Regional Water Quality Board illustrates the difficulties boards are having regulating stormwater with out-of-date basin plans. 

In 2004, as the Los Angeles board was conducting a triennial review of its basin plan, the cities and BIA asked the board to 
review its water quality standards in relation to stormwater regulation.  Sections 13000 and 13241 of the Porter-Cologne Water 
Quality Control Act require the boards to enact standards that “attain the highest water quality which is reasonable,” and the 
boards must consider several factors, such as probable beneficial uses of water, environmental characteristics of water, water 
quality conditions that could be reasonably achieved, and economic considerations, when it sets standards.  The regulated 
entities argued that the basin plan’s standards were developed before stormwater regulation was in place, and that due to 
stormwater’s unique nature, new standards should be developed and applied in stormwater permits and during the TMDL 
process. 

The board did not review the standards, arguing that the standards were adequate because the boards had considered the 
reasonableness factor and other factors when they were first developed.  The state board approved the 2004 basin plan and 
declined to hear a petition for review from the regulated entities.  In 2005, the group sued the board in state superior court, 
arguing that both stormwater permits and TMDLs were based on water quality standards set without consideration of 
stormwater issues.  According to the lawsuit, the cities projected needing to spend several billion dollars complying with 
numeric limits on trash and trace metals as part of two TMDLs that were enacted based on existing water quality standards. 

In July 2008, Judge Thierry Patrick Colaw sided with the plaintiffs, concluding that during the creation of the original basin 
plan and subsequent revisions, “there is no substantial evidence in the record to show that the boards have ever analyzed the 
13241/13000 factors as they relate to stormwater.”  Colaw ordered the Los Angeles water board, and the State Water 
Resources Control Board, which has ultimate authority over the basin plans, to review water quality standards in the Los 
Angeles basin plan as they relate to stormwater. 

The order created angst and confusion in the region, as the state board concluded that it could not authorize any new activity, 
including construction and industrial activities, until the matter was resolved. The judge later allowed the water quality 
standards to stand while the board conducted its review, and thus construction and industrial activity were allowed to resume. 

But the lawsuit reveals what many stakeholders told the Commission: Stormwater regulation has been developed during the 
past 20 years based on standards that were largely created before nonpoint source water pollution was even considered.  Other 
regional boards also have basin plans and water quality standards that were developed for point sources but are now being 
used in stormwater regulation. 

Sources:  Porter-Cologne Water Quality Control Act, sections 13000 and 13241.  State Superior Court Judge Thierry Patrick Colaw.  July 2, 2008.  Judgment, 
Cities of Arcadia, et. Al. vs. State Water Resources Control Board and Los Angeles Regional Water Quality Control Board.  Michael Lauffer, Chief Counsel, 
State Water Resources Control Board.  July 16, 2008.  Memo to Dorothy Rice, Executive Director, State Water Resources Control Board.  State Superior Court 
Judge Thierry Patrick Colaw.  August 28, 2008.  Order, Cities of Arcadia, et. al. vs. State Water Resources Control Board and Los Angeles Regional Water 
Quality Control Board.  
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Through two public hearings, meetings of two Commission-created 
advisory committees, extensive interviews with stakeholders and a 
review of existing research, the Commission identified the following 
critical problems with California’s efforts to improve and protect 
water quality:   

 The relationship between the state and regional boards is not 
well-defined, leading to inconsistencies and inefficiencies 
among boards, an inability to set statewide priorities and a lack 
of focus on holding regional boards accountable for clean 
water outcomes.  In statute, the state board has significant 
authority to steer regional board policies and provide 
statewide leadership.  In practice, however, the state board 
does not provide enough oversight and regional boards have 
dramatically different approaches to similar problems, 
statewide priorities are unclear and there is not enough effort 
to understand which regional boards are the most effective at 
implementing clean water laws. 

 The state and regional boards lack mechanisms to collect and 
analyze data properly, use scientific research and cost-
effectiveness reviews to drive decision-making and provide 
useful information to the public, policy-makers and other 
researchers.  Regional boards acknowledge they do not always 
have sufficient data to make decisions or determine whether 
programs are working.  The state has struggled to implement 
an information technology system and coordinate scientific 
research so that it is applied in regulatory processes.  Basin 
plans, the key regulatory document dictating most regional 
board processes, are out of date in most regions.  

 An antiquated regional board structure and poor appeals 
process limits candidates for regional boards, hinders 
transparent decision-making, and asks volunteer board 
members to do too much.  Regional boards face complex 
decisions that require water expertise that some board 
members do not have.  Compounding that difficulty are ex 
parte rules that limit board members’ ability to communicate 
with stakeholders, who in turn feel they are not able to work 
with boards in a collaborative manner.  Federal and state 
conflict-of-interest provisions dramatically limit the pool of 
potential qualified candidates.  And few stakeholders have 
confidence in the appeals process.  

 The state – both water boards and other state agencies – is 
struggling to adapt appropriate strategies to address non-point 
source pollution.  Non-point source pollution provides 
enormous challenges to the state and will require multi-
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agency responses, but the state has no structures in place to 
address water quality problems that stem from land use, 
centuries-old pollution and air pollution.  Urban stormwater 
is a vexing problem with costly solutions, yet the state has not 
developed an adequate system for assessing and prioritizing 
this problem and other non-point source pollution problems. 

 

Inconsistencies and Inefficiencies 
 
The framers of California’s water quality regulatory system envisioned 
a decentralized governance structure that would lead to different 
objectives and standards in different regions.  That is appropriate, as 
different regions have different hydrological conditions, and a 
contaminant may impact one water body differently than another. 
 
But numerous stakeholders suggested that too often, regional board 
policies and processes vary dramatically, even on some of the most 
important statewide water issues.  Examples include: 
 
Water recycling.  The Legislature in 1991 declared its support for 
increasing water recycling in the state by calling for the state to use 
700,000 acre-feet of recycled water by 2000 and 1 million acre-feet by 
2010.  The 2000 goal was not met, and many believe the 2010 goal 
will not be met either.56  Regional boards play a critical role in water 
recycling projects because reused water is often injected into ground 
water basins, giving boards authority to regulate that discharge.  
Boards have taken widely different approaches to recycled water 
projects; in fact, all boards do not offer the same type of permits for 
recycled water, with some issuing a NPDES permit and others 
regulating projects through water reclamation requirements.  
 
“Inconsistent regulation of water recycling by state and local officials 
leads to confusion and uncertainty in how to design and manage 
water reuse systems and appears to have led to overly restrictive 
regulation and added costs, creating an obstacle to achieving the full 
potential for water reuse,” a 2003 report on water recycling noted.57  
 
The state board noted in 2007 that, “Regional Water Boards have 
established varying requirements for recycled water used for 
irrigation.  Some have established limitations for salts in recycled 
water and others have not.  Some water recycling irrigation projects 
have ground water monitoring requirements, but most do not.”58   
 
This can have profound effects: Los Angeles spent seven years 
working with the Los Angeles Regional Water Quality Control Board 
to obtain a permit to use recycled water for landscape irrigation 
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purposes such as watering golf courses.59  This frustration led to 
legislation in 2007 to allow entities seeking water recycling permits to 
bypass regional boards and obtain a permit from the state water 
board instead.60  
 
The state board is currently working on the creation of a statewide 
policy on water recycling. 
 
Stormwater.  Stormwater policy also varies widely from board to 
board. The Central Valley board issued a relatively brief stormwater 
management permit (62 pages) for the city of Stockton in December 
2007 that required the city to determine its own best management 
practices to address stormwater cleanup.  By comparison, the Los 
Angeles board issued a draft stormwater management permit to 
Ventura County in August 2007 that was nearly twice as long 
(115 pages) and far more specific about the tasks the county and 
cities within the county should perform and the numeric limits on 
specific pollutants in stormwater.  The permit listed specific best 
management practices that could be used and detailed how often 
streets should be swept.61 
 
“Instead of a statewide plan and comprehensive approach to 
stormwater, precedents are being set, conditions for permits are 
being imposed and numeric limits are being imposed in a 
fragmented, case-by-case manner,’’ said Terese Ghio, past president 
of the Industrial Energy Association.62 
 
The California Stormwater Quality Association, a group including 
local government stormwater managers and private consultants, has 
been advocating for several years that the state board develop a 
comprehensive stormwater policy for medium- and large-size cities 
that they argue would improve the effectiveness of stormwater 
regulation and better allow measurement of that effectiveness.  So 
far, however, the state board has not taken that up.63   
 
Thus, regional boards have radically different approaches to 
stormwater regulation, one of the most difficult and contentious 
water pollution issues facing the state.  
 
Monitoring, reporting and other processes.  How regional boards 
develop information and report water quality data also differs.  A 
2006 report reviewing the state’s Surface Water Ambient Monitoring 
Program – which is intended to gather and report statewide 
information on water quality – outlined several notable 
inconsistencies among regions.  The review found, for example, that 
the North Coast Regional Water Quality Control Board and the 
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Central Valley Regional Water Quality Control Board appeared to be 
compiling their lists of impaired water bodies differently, with the 
North Coast region declaring much larger swaths of water bodies 
impaired, while the Central Valley board listed much smaller 
segments.  The result makes it difficult to compare impaired water 
bodies in the two regions.  The report also noted that bioassessment 
tools – used to help determine the health of a water body – had been 
developed differently by different regional boards.64 
 
A report published by the State Water Resources Control Board in 
2006 depicting water quality across the state noted that regional 
board water quality “assessments cannot be successfully integrated 
into an accurate statewide report because regions use a variety of 
assessment approaches and do not always apply criteria 
consistently.”65 
 
A US EPA review of inspection and enforcement activities by regional 
boards noted that it was difficult to compare regions because 
inspection reports and permit compliance reviews were done 
differently in different regions.  “The documentation was not 
standardized across the RWQCBs (Regional Water Quality Control 
Boards) or the various water programs,” the EPA noted.66 
 
While the state water board’s newly-created Office of Information 
Management and Analysis is attempting to improve the board’s use of 
data and coordinate data gathering and reporting, inconsistent 
approaches to monitoring and data gathering limit the ability of the 
public and policy-makers to determine the health of the state’s 
waters and whether various state strategies to improve water quality 
are effective.   
 
Mark Lubell, an assistant professor in the Department of 
Environmental Science and Policy at the University of California, 
Davis, said he had attempted to study whether one of the state’s 
main thrusts on water policy – gathering local water interests 
together to develop long-term water resource plans, referred to as 
Integrated Regional Water Management Planning – was protecting 
water quality.  He found that due to different data gathering and 
monitoring in different watersheds, it was impossible to compare 
different water bodies in a meaningful way.  Thus, he was unable to 
determine whether a major statewide initiative – one that has 
consumed hundreds of millions of dollars – is effective.67 
 
Inconsistencies among boards also lead to inefficiency and expense.  
The Riverside County Flood Control and Water Conservation District 
reported that it spent nearly $2 million during a five-year period 
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preparing three different sets of reports and permit applications 
because the three regional boards overseeing pieces of the district all 
required different paperwork.68   
 
The state board can address regional inconsistency in multiple ways, 
including through rulings on appeals.  The most effective avenue, 
however, would be through state board policies, which are intended 
as guidelines for all regional boards to follow.  Currently, there are 
only 16 statewide policies.   
 
State board officials complain that enacting policies is a long, staff-
intensive process.  Because some policies require scientific research, 
policies can take several years to develop.  In addition, the state 
board is required to follow California Environmental Quality Act 
processes, which often take a year or longer.   
 

Little Focus on Outcomes or Accountability 
 
Are regional board permits, enforcement actions and other programs 
working to protect and improve California water quality?  It is difficult 
to say. 
 
Throughout the review process, the Commission found an alarming 
lack of information on the effectiveness of state water quality 
regulations.  Regional boards submit a significant amount of data to 
the state board, from lists of impaired water bodies to work plans 
outlining upcoming plans, but there is not enough analysis done by 
the state board to determine program effectiveness.  The state board 
does not provide enough leadership in directing regional board 
activity based on analysis of what is working, and what is not 
working.   
 
Too much discussion within the boards – and among stakeholders – 
is focused on processes; not enough attention is paid to whether 
these processes lead to the desired clean-water outcomes. 
 
Examples include: 

 In a report summarizing current water quality monitoring 
practices and suggesting changes, an executive of the San 
Diego Regional Water Quality Control Board noted that 
monitoring and surveillance information and analysis was not 
integrated into board programs, with the result being “the 
Regional Board is unable to efficiently assure discharger 
compliance with regulatory requirements and effectively 
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measure the performance and success of its own regulatory 
activities.”69 

 In a 2008 report detailing enforcement activities of the boards, 
the state water board noted that the boards do not track the 
environmental benefits of enforcement actions, such as the 
amount of pollutants reduced in water or the acres of 
wetlands or beaches restored.  “This information could be 
collected when the enforcement case is resolved,” the report 
notes.  But it currently is not.70 

 
There are numerous reasons for the lack of focus on outcomes.   
 
Reviews by US EPA of water board practices are influential in 
directing the boards’ activities, due to US EPA’s authority over Clean 
Water Act activities.  Many of US EPA’s reviews of California measure 
the boards’ processes and outputs, not outcomes.  For example, most 
of what US EPA measured in its 2007 “Enforcement and Compliance 
Assurance State Review Framework” report for California focused on 
processes, such as data inputs, penalties assessed and timely 
reporting, instead of environmental outcomes.71   
 
In addition, board members, staff and stakeholders argue the boards 
simply do not have enough resources to ensure programs are 
working.  Regional monitoring, which allows boards to take a broad 
look at the health of a watershed, is under-funded.  Regional 
monitoring is done in addition to self-monitoring conducted by 
permitees to ensure they comply with conditions of their permits, and 
is usually funded through the General Fund, not user fees.  An 
advisory group formed by the state water board produced a report in 
2000 with recommendations for surface water monitoring that 
suggested it would cost between $59 and $115 million annually to 
conduct a comprehensive monitoring program.72  In the eight years 
since, funding has never reached that level.  In the 2007-08 fiscal 
year, the state and regional boards spent about $9.5 million, or about 
16 percent of the minimum amount recommended – on ambient 
monitoring.73 
 
In some instances, court cases also create pressure to focus more on 
processes than outcomes.  A 1999 settlement between environmental 
groups and the US Environmental Protection Agency has forced the 
Los Angeles Regional Water Quality Control Board to develop 92 total 
maximum daily load plans in 13 years, and a 1997 settlement set up 
an 11-year schedule for the North Coast Regional Water Quality 
Control Board requiring two TMDLs per year.74  Some stakeholders 
argue that the tight timeline has led regional boards to quickly adopt 
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TMDLs without adequately determining whether they will have a 
positive impact on water quality.75   
 
Regardless of these pressures, stakeholders with numerous different 
perspectives complained to the Commission that a lack of focus on 
outcomes has led to a lack of accountability for regional boards.  
Local government officials and business interests subject to 
stormwater permits argue that some regional boards’ zeal to regulate 
leads to too-stringent requirements, which should be reined in by the 
state board.  Environmentalists argue that the state board does not 
do enough to ensure that regional boards are conducting timely 
enforcement actions to ensure that regulated entities are not fouling 
the state’s waters in violation of their permits. 
 
Regional boards differ considerably in their enforcement activities.  A 
2008 state board report on enforcement noted a wide range in the 
percent of violations that received enforcement among the regional 
boards, with one board pursuing only 30 percent of violations and 
another pursuing 97 percent.  The report noted that the “variation in 
enforcement actions reflects differing emphasis on enforcement at the 
Regional Water Boards.”76  There was no further discussion or 
analysis as to why that was, or whether one region or another was 
performing more effectively. 
 
In her testimony to the Commission, Linda Sheehan, executive 
director of the California Coastkeeper Alliance, referred to that report 
as an example of the state board’s reluctance to hold regional boards 
accountable for their actions.  Sheehan said the report did not delve 
further into reasons why regional boards’ performance on 
enforcement varied.  “Under its current authority and structure, the 
state board can and must – but generally fails to – call out under-
performance at the Regional Board level,” she said.77 
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Funding Constraints Limit Programs 

While offering many different perspectives on various problems facing the water boards, stakeholders and board 
officials were virtually unanimous on one issue: They argue there is not enough money made available to 
accomplish the state’s clean water goals. 

An unmet needs analysis performed by the state water board in 2001 found that the state and regional boards 
would need 260 percent more funding than they were receiving to fully carry out current duties and future 
duties based on emerging issues.  The Legislative Analyst’s Office concluded that the assumptions made by the 
state board in determining unmet needs were reasonable.  The report noted the following staffing deficiencies: 

 NPDES wastewater program.  While the state and regional boards need 233 staff, there are about 
100. 

 NPDES stormwater program.  While the state and regional boards need 400 staff, there are about 
100. 

 Wetlands and 401 certification.  While the state and regional boards need 134 staff, there are 16. 

 Waste Disposal Requirement program.  While the state and regional boards need 290 staff, 
there are 77. 

 Land disposal program.  While the state and regional boards need 164 staff, there are 70. 

This lack of staff hinders the boards’ abilities to perform duties.  A Legislative Analyst’s Office report found that 
more than one-fourth of major wastewater treatment facilities had permits that had expired because regional 
boards had not updated them. In addition, until the summer 2008, the water boards had yet to assess fines for 
9,592 mandatory minimum penalty violations that occurred between 2000 and 2007.  While a state board effort 
begun in summer 2008 is attempting to address the fine backlog, this lengthy period between violation and 
actual fine limits the deterrent effect that prompt enforcement actions might have.  

The boards are funded largely through fees and other non-General Fund sources.  In the water boards’ budget 
for the 2008-09 fiscal year, for example, only $38.7 million of the boards’ $733.1 million budget came from the 
General Fund.  

While the boards have the authority to raise fees to meet program costs, they cannot raise fees above the 
amount set in the budget every year by the Legislature and governor.  In other words, the governor and 
Legislature would have to agree to dramatically raise fees if they wanted to increase staffing to the levels called 
for in the water boards’ report.  Policy-makers have been unwilling to do so. 

In its budget analysis in 2008, the Legislative Analyst’s Office recommended a new fee for all water users to pay 
for water board programs, suggesting that a fee of less than $10 on every water utility hookup in the state would 
raise nearly $20 million for the boards. 

Sources: State Water Resources Control Board.  April 30, 2008.  “Baseline Enforcement Report.”  Legislative Analyst’s Office.  February 20, 
2002.  “Analysis of the 2002-03 Budget Bill.  Legislative Analyst’s Office.  February 20, 2008.  “Analysis of the 2008-09 Budget Bill.”  Linda 
Sheehan, Executive Director, California Coastkeeper Alliance.  April 24, 2008.  Written testimony to the Commission. 
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Boards Unable to Prioritize 
 
California has no current mechanism to appropriately prioritize water 
quality problems and steer resources toward the solutions to those 
problems.  
 
Faced with a broad mandate to protect all of the state’s waters, the 
water boards have been unable to focus on the most important water 
bodies or the most pressing contamination problems.  Testimony to 
the Commission largely centered on urban stormwater issues, which 
has a dramatic impact on local government and business, as well as 
the environment.  Should addressing stormwater be the boards’ top 
priority?  Many argue it should, but the state board has not indicated 
that it is, or should be, its top priority. 
 
There are true impediments to prioritization.  The boards’ increasing 
reliance on fees limits their ability to match resources to needs, for 
example. 
 
California’s water boards have an annual budget of more than 
$700 million, with most money coming from fees and other non-
General Fund sources.78  Board activities are funded by 74 separate 
revenue streams, which are often fees assessed for specific 
programs.79 
 
“Our actions are very much budget-driven,’’ Karl Longley, chairman 
of the Central Valley Regional Water Quality Control Board, told the 
Commission.  “The money is typically in an account and cannot be 
used outside of that account or for other purposes.  If there was a 
mechanism for the executive officers and the boards to redirect 
resources given proper justification, it would allow us to be more 
diligent in addressing priorities.” 
 
Critical activities such as basin planning, enforcement and ambient 
monitoring, all funded through the state General Fund, received less 
money for staff than did other activities, even those that could be 
considered a lower priority.   
 
Aside from administration, for example, staffing levels for the water 
boards’ underground storage tanks program are the highest of any 
program overseen by the boards.  The program regulates gas stations 
and other facilities that store potential contaminants underground, 
and is paid for entirely by fees from regulated businesses.  At one 
time, leaking underground storage tanks were a major problem in the 
state.  However, increased regulation has lessened the threat: The 
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number of active cases involving leaking 
underground storage tanks has fallen 
dramatically in the last 12 years, from 20,177 
in 1995 to 11,899 in 2007.80  Despite the 
change, the state and regional boards still have 
nearly 200 staff assigned to the program – far 
more than those working on stormwater 
permits, enforcement activities or even TMDLs. 
 
The underground storage tanks program may 
warrant as much staffing as it receives.  The 
boards do not conduct routine studies of their 
staffing and programs to determine whether 
staffing levels and priorities match. 
 
Water users and environmentalists complain 
that the boards are not focused on addressing 
the state’s biggest water quality issues or 
realistically solving problems.   
 
In the foothills of the Sierra Nevada, for 
example, a small sanitation district with a 
treatment plant that serves 83 people faces a 
$574,000 fine for violations of its NPDES permit 
for minor discharges into a creek bed that is dry 
most of the year.  The sanitation district may 
need to spend more than $4 million upgrading 

the facility, despite a letter from the state Department of Fish and 
Game that the fish the board’s regulations are trying to protect do not 
live in the creek and a letter from the state Department of Public 
Health noting that the “current degree of treatment is adequate to 
protect public health.”81 
 
In Los Angeles, local governments complain that they face expensive 
wastewater treatment upgrades because the Los Angeles Regional 
Water Quality Control Board continues to require that effluent in 
Ballona Creek, which is a fenced-off, concrete-lined channel, be 
treated to allow for swimming and other forms of contact recreation.82 
 
In the Central Valley, an effort to establish a total maximum daily 
load (TMDL) for methylmercury is focused on reducing mercury in the 
current discharges of wastewater and stormwater systems, despite 
studies showing that 75 to 80 percent of the mercury in the 
Sacramento-San Joaquin River Delta is not coming from those 
discharges.  The mercury pollution is a result of mining practices 
dating to the 1800s.  Regulated entities there argue they may be 

Staff May Be Too Concentrated            
in Sacramento 

About 45 percent of the state and regional water 
boards staff works for the state board in Sacramento.  
Some stakeholders suggested the boards could re-
allocate some staff to improve regional board 
performance. 

“… in many key areas, personnel are congregated at 
the state board, rather than on the ground in the 
regions, where the vast majority of actual permitting 
and enforcement is taking place,’’ Linda Sheehan, 
executive director of the California Coastkeeper 
Alliance, told the Commission in her testimony.   

According to water board budget year 2008-09 
information provided to the Commission, for 
example, 42 percent of the water boards’ 
enforcement staff and 45 percent of the boards’ basin 
planning staff work for the state board. 

During difficult financial times when the water 
boards should not expect new monies from the 
General Fund, the boards could look at deploying 
some staff in Sacramento to regional boards. 

Sources: Linda Sheehan, Executive Director, California 
Coastkeeper Alliance.  April 24, 2008.  Written testimony to the 
Commission.  Page 2.  State Water Resources Control Board.  
November 24, 2008.  “Budget Information for Little Hoover 
Commission, FY 08-09.”  Provided to the Commission. 
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forced to spend millions of dollars upgrading their systems even 
though the upgrades are not likely to result in a dramatic reduction 
of mercury in the water.83 
 
Meanwhile, environmentalists note that non-dairy feedlots, such as 
those for cattle, which have the potential for causing major water 
quality damage, go unregulated in the Central Valley.  And until an 
effort was initiated in summer 2008, the regional boards had levied 
more than 700 penalties during the previous eight years that had 
gone uncollected.84  By not pursuing penalties in a timely manner, 
the deterrence affect that might come from enforcement efforts is lost. 
 
Stakeholders told the Commission that the boards often are too 
narrowly focused on regulatory programs to work on larger solutions 
to the state’s most pressing water quality problems, such as legacy 
pollutants, urban stormwater and agricultural runoff. 
 
“There have not been enough forward-looking policies in the last 
decade,’’ said Craig Wilson, an attorney representing the dairy 
industry and the former chief counsel of the State Water Resources 
Control Board.  “The boards have been bogged down in minutia.”85 
 
One problem may be that the boards actually engage in too many 
prioritization processes.  A 2008 report for the Ocean Science Trust 
intended to help the boards increase the use of science in decision-
making noted that the “water boards prioritization processes are 
complex and numerous.”  The report listed six different activities or 
processes that the boards routinely conduct to set priorities.86  
 
The state board made an effort to begin infusing prioritization into its 
system in 2008 with the adoption of a new strategic growth plan.  
The plan calls for prioritizing TMDL implementation in important 
watersheds such as the Klamath and Bay Delta, for example.   
 

Struggling with Information Technology  
 
One of the most profound problems facing California’s water boards 
is its inability to develop information technology systems that can 
improve efficiency and provide better information to the boards, the 
public and policy-makers.  Gathering data and using it to produce 
useful information is a key job of the water boards: There are at least 
25 provisions in state statutes requiring the water boards to 
accumulate and produce information about water.87 
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Some of the best and easiest-to-use information about state water 
quality is produced not by the state, but by other interested groups.  
The California Coastkeeper Alliance has created on its Web site an 
interactive map showing the state’s impaired water bodies using data 
culled from the state water board.  The state does not have any 
similar maps on its Web site.  Heal the Bay, a Southern California-
based environmental group, produces weekly report cards on beaches 
across the state using monitoring information gathered by the water 
boards and local governments.  The president of the group said that 
occasionally water board staff ask his group for data because it is 
better organized.88 
 
Much of the monitoring data submitted to the regional water boards 
is still not electronic, and databases are not well organized.  A 2006 
report on a water board program designed to protect wetlands areas 
noted that when researchers sought to review 429 files regarding the 
program, they could only locate 257.  More than 40 percent of the 
files could not be found.89 
 
The state board’s central information technology system, the 
California Integrated Water Quality System (CIWQS), has had a 
troubled history.  CIWQS has been criticized by both the Legislative 
Analyst’s Office and an independent review panel as unreliable, 
difficult to use and responsible for data-entry backlogs throughout 
the system.   
 
“The State Water Board has a less functional system for water quality 
management than it had before CIWQS was implanted,” the 
independent review panel concluded in a July 2007 report.90 
 
The LAO noted that the state water board circumvented the 
Legislature in the initial stages of developing CIWQS.  Turned down 
for funding by the Legislature in the 2002-03 budget year, the state 
board went ahead with the project anyway, seeking funds from US 
EPA.91  Funding was less then originally intended, however, and the 
independent review panel found that a major problem with the 
system was that it was not funded appropriately to handle all of the 
functions the boards sought from the system.  The panel also noted 
that the governance of the program was bifurcated between the EPA 
and two divisions within the state water board, leading to little 
accountability or proper oversight.92 
 
In a follow-up report released in May 2008, the same panel found 
that significant progress had been made in improving the system but 
that there were still problems regarding the accuracy of data, the 
ability of the system to produce useful reports and the use of the 
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system by the public.93  Faulty algorithms in the programming can 
create false violations, for example, and it is still difficult for the 
public to navigate the system and determine what kinds of water 
quality issues are relevant in their region.  A report on enforcement 
actions produced by the state board in 2008 highlighted continuing 
problems with CIWQS: A chart depicting violations of stormwater 
permits showed five regions reporting more facilities with violations 
than the number of facilities inspected – an impossibility.   
 
The noncompliance rate “for the stormwater program is likely 
misleading due to the quality of information in the CIWQS database,” 
the report notes.94   
 

Lack of Data 
 
The water boards issue permits, set standards and adopt TMDLs 
every year that have serious consequences for both business and the 
environment, and water board officials acknowledge some of the 
those decisions are essentially made without sufficient information.  
Lack of monitoring data, the vastness of California’s waters and a 
still-growing understanding of water science contribute to regulatory 
guesswork.  The effect of regulation is often unknown.   
 
“We base our decisions on such little data,’’ Pamela Creeden, 
executive officer of the Central Valley Regional Water Control Board, 
acknowledged at a Commission advisory committee meeting.95   
 
In Creeden’s region, the controversial waiver for waste discharge 
requirements for irrigated agriculture adopted in 2006 notes that 
“although there is information that discharges of waste from irrigated 
lands have impaired waters of the state, information is not generally 
available concerning the specific locations of impairments, specific 
causes, specific types of waste, and specific management practices 
that could reduce impairments and improve and protect water 
quality.”96 
 
A joint effort by Cal/EPA and the state Resources Agency which 
sought to illuminate various environmental issues in California 
showed the difficulties facing the state.  According to the 2004 
“Environmental Protection Indicators for California” report, 
80 percent of the state’s shoreline, 72 percent of the bays, harbors 
and estuaries, and 75 percent of rivers, streams, lakes and reservoirs 
were unmonitored in 2002, making it impossible to determine 
whether those water bodies were safe for swimming.97 
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The lack of information is not altogether due to a simple lack of 
funding for more monitoring.  It is also a failure by the state to better 
coordinate information.  Numerous state and federal agencies – 
ranging from the United States Geological Survey to the state 
Department of Water Resources and Department of Fish and Game, 
as well as local monitoring groups – gather water data.  But there has 
been a limited effort by the state to pull that data together to make it 
accessible to regulators, the public and others who would be 
interested. 
 
This lack of coordination limits the state’s ability to protect and 
improve water quality and determine what programs are working.  
For example, water monitoring done through billions of dollars doled 
out through voter-approved water bonds, such as Propositions 13, 
40 and 50, have not been collected in a standardized format with the 
same type of quality assurance, leaving it difficult to compare 
monitoring and data.    
 
The California Environmental Data Exchange Network (CEDEN) has 
been intended as a way to link various water databases together.  
According to the CEDEN Web site, “CEDEN is a growing statewide 
cooperative effort of various groups involved in the water and 
environmental resources of the state of California,” and the purpose 
of the network is “to allow the exchange of water and environmental 
data between groups and to provide access to the public.”98 
 
CEDEN remains under development, however.  The project was 
recently transferred from the Department of Water Resources to the 
state water board, with the state water board allocating $500,000 in 
fiscal year 2007-08 to the project.99   
 

Lack of Science 
 
Countless water users, environmentalists and water experts noted 
that the water boards do not engage in sufficient scientific research 
to support new regulation.  In his testimony to the Commission, 
United States Navy Rear Admiral Len R. Hering, Sr. suggested the 
state’s water boards lacked credibility because they did not have a 
rigorous science program.100 
 
The water boards do conduct and fund a significant amount of 
scientific research.  A survey compiled in 2008 by the state water 
board found 95 current research projects funded by the state and 
regional boards.101  The boards also have a peer review program, 
requiring reviews of all science in regulatory programs, run in 
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partnership with the University of California.  And some regional 
boards contribute to independent science-based groups that conduct 
relevant research: The San Francisco Bay Regional Water Quality 
Control Board is a contributor to the San Francisco Estuary Institute, 
a nonprofit organization that conducts research and monitoring in 
the San Francisco Bay.  Three regional boards in Southern California 
and the state board are partners in the Southern California Coastal 
Water Research Project, a joint powers agency that conducts research 
and monitoring along the Southern California coastline. 
 
The problem, however, is that the state board has had no mechanism 
to keep track of board-funded research, centralize information 
gathered in that research and analyze the research to ensure it 
informs board programs across the state.  The result is an inefficient 
use of scientific resources, as well as a public perception that the 
water boards are not using science in their decision-making. 
 
The board created a new Office of Research, Planning and 
Performance in 2006, which is still in its development stage.  The 
survey of ongoing research was a first effort by the state board to get 
a better understanding of scientific studies throughout the regions.   
 
Compounding the boards’ inability to coordinate research and better 
infuse it into decision-making is the increasingly complex problems 
the boards face.  Even a robust scientific program would be 
challenged to find cost effective solutions to such difficult issues as 
non-point source pollution or watershed-wide issues.  Presentations 
at a 2008 meeting of the American Association for the Advancement 
of Science concluded, for example, that pesticides that run off the 
land and mix in rivers and streams combine to produce a greater 
toxic effect on salmon than the pesticides would have individually.102  
How do the boards design regulation to respond to that information? 
 
Two reports in the last three years – one commissioned by the state 
water board and another by the Ocean Science Trust – have sought 
ways to improve the use of science within water quality regulations in 
California, and each report has acknowledged the complexity of the 
subject matter the water boards are attempting to tackle.  The report 
commissioned by the Ocean Science Trust listed these subjects as in 
need of more scientific inquiry: 

 Total maximum daily loads and water quality objectives:  

 Better understanding of watershed functioning and 
pollutant origin and dynamics.  

 Developing scientifically based pollutant standards 
and water quality indicators. 
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 Evaluating the effectiveness and cost-to-benefit ratio of 
TMDLs as a regulatory tool.  

 Stormwater and non-point source impacts, origins and 
controls:  

 Understanding the origins, impacts, and the efficacy of 
management practices and measures related to 
stormwater, urban and agricultural nonpoint sources, 
and hydromodification.  

 Emerging contaminants:  

 Understanding the sources and impacts of emerging 
contaminants. 

 Determining how best to control emerging and legacy 
pollutants.  

 Climate change impacts on water quality:  

 Assessing the predicted water quality impacts of 
climate change using authoritative, non-politicized 
science.  

 Developing a strategic approach to predicted climate 
change impacts and their effects on the current 
regulatory framework.103 

 
Water users complain that the boards too often implement 
regulations without a sound understanding of the science behind the 
problems or solutions. 
 
“Stormwater science and technology lag behind regulatory 
implementation,’’ Chris Crompton, manager of the Environmental 
Resources Section for Orange County Public Works Department, told 
the Commission. 
 
Without adequate data and science, it is difficult for the water boards 
to determine the biggest threats to water quality and the best use of 
limited resources to address those threats. 
 

Outdated Basin Plans Undermine Credibility 
 
Throughout much of the state, basin plans – the key document 
outlining water quality standards for the region – are outdated.  The 
chairman of the Central Valley Regional Board said the salinity 
standards in his region’s basin plan have not been updated since the 
1970s.104  The executive officer of the Lahontan Regional Board said 
most sections of his region’s basin plan are 14 years old.105 
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In addition to being outdated, there is evidence 
that aspects of the original basin plans were 
created in the 1970s without scientific study or 
even accurate data.  “Many basin plan elements 
are found to lack a solid technical and scientific 
foundation,’’ notes a review of the Los Angeles 
Regional Water Quality Control Board’s basin 
plan conducted in 2003 by consultants hired by 
regulated entities.106  A similar review of the 
Central Valley Regional Water Quality Control 
Board’s basin plan noted that numerous water 
quality objectives placed into the basin plan 
were provided in a memo from the state board 
and were not based on local conditions.107  
 
While basin plans are supposed to be updated 
every three years, regional boards have rarely 
had the resources to conduct a full review, 
complete with new scientific research.   
 
Budget information provided by the state board 
shows that most regional boards have fewer 
than three staff members working on basin plan 
updates.  Of 1,592.7 employees in the entire 
system in fiscal year 2007-08, just 41.2 – or 2.6 
percent – were dedicated to basin planning. 
 
“Currently, basin planning updates are being 
conducted as a routine, housekeeping type of 
function instead of a true analysis of current 
conditions,’’ said Terese Ghio, past president of 
the Industrial Environmental Association and 
also a former member of the San Diego Regional 
Water Quality Control Board.108  
 
The last major statewide basin plan update was 
in 1994.  Many stakeholders note that the 
update occurred just as non-point source 
regulation began to truly be implemented, and 
current basin plans do not account for 
stormwater, despite its differences from a 
typical point discharge.  
 
Numerous conflicts arise in each region due to 
this problem, leading to arguments over 
information and science before water users and 

A Missed Opportunity 

In 2002, Californians approved Proposition 50, a 
$3.44 billion general obligation bond designed to 
improve water quality in the state.  In 2006, voters 
approved Proposition 84, a $5.388 billion general 
obligation bond designed to improve water quality, 
flood control and parks.  Both propositions included 
extensive funding for integrated regional water 
management plans (IRWMP), which is intended to 
bring various groups together in a region to create a 
plan to improve water quality and supply.  Funding 
goes both to the creation of the plans and to implement 
projects called for in the plans. 

Proposition 50 earmarked $500 million for IRWMP, 
which has been spent.  Proposition 84 earmarked 
$1 billion for IRWMP, most of which had not been 
spent when the Commission was conducting its study.  
IRWMP projects have been positive in many regions of 
the state, and regional water boards have participated 
in some of the projects. 

However, at a time when virtually every regional board 
in the state is struggling to impose regulation based on 
badly out-of-date basin plans, the IRWMP funding 
appears to be a missed opportunity.  Instead of creating 
new plans for each region, some of the funding could 
have gone to help regional boards work with 
stakeholders to revise and modernize basin plans.  
According to the propositions, however, the money is 
intended for local groups and local projects, not state 
government-sponsored functions. 

While an up-to-date basin plan would not likely 
accomplish all of the things an IRWMP calls for – basin 
plans would be less likely to spell out how a region 
could increase water supply, for example – there is 
little question that one of the most important issues 
facing water quality in the state is outdated basin plans.  
An effort to redo basin plans can bring stakeholders 
together to help plot out the state’s water future – the 
same goal that IRWMP has – without creating an 
entirely new bureaucracy.  

The state could have used some of the $1.5 billion in 
bond money approved during the last four years for 
water planning to update basin plans. 

Sources:  Smart Voter.  Proposition 84: Water Quality, Safety and 
Supply. Flood Control. Natural Resource Protection. Park 
Improvements.  State of California.  
http://www.smartvoter.org/2006/11/07/ca/state/prop/84.  Also, Smart 
Voter.  Proposition 50 Water Quality, Supply and Safe Drinking 
Water Projects. Coastal Wetlands Purchase and Protection State of 
California.  http://www.smartvoter.org/2002/11/05/ca/state/prop/50/.  
Also, State Water Resources Control Board and Department of Water 
Resources.  June 2007.  “Proposition 50 Chapter 8 Integrated 
Regional Water Management Grant Program Guidelines Proposal 
Solicitation Packages Second Round.” 
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other constituencies even begin to debate appropriate policy.  
Regulated entities contend that most water quality standards and 
beneficial uses were developed prior to stormwater regulations, and 
because stormwater is significantly different than point source 
discharges, basin plans should be updated to include standards 
specific to non-point sources.  
 
State and regional board officials acknowledge this problem.   
 
“The Basin Plans, originally written in the 1970s and periodically 
updated, currently do not fully reflect the Water Board’s fast-growing 
body of knowledge and evolving regulatory approaches to regional 
and statewide concerns such as stormwater, non-point sources (e.g. 
irrigated agriculture), and biological integrity,’’ reads the state water 
board’s current strategic plan.109   
 
The plan calls for all basin plans to be updated, but not until 2015. 
 
A major obstacle in updating basin plans is money.  The water 
boards do not generate any fees that could be applied to basin 
planning, so it is one of the few programs funded solely through the 
General Fund.  This is, in part, why major updating efforts have not 
occurred.   
 

Appeals Process Flawed 
 
Appeals were cited by State Water Resources Control Board 
chairwoman Tam Doduc as a key piece of the state board’s authority 
to direct regional board activities.  Any aggrieved person can appeal a 
regional board decision – such as a permit, or enforcement action – to 
the state board, which then has the power to overturn the regional 
board or send the issue back to the regional board with direction on 
changes that should be made. 
 
The Commission found, however, that many stakeholders do not 
have confidence in the appeals process.   
 
Regional board decisions rarely are overturned by the board.  
According to information provided to the Commission, the state board 
received 231 appeals of regional board actions between July 1, 2001, 
and June 30, 2008.  The board upheld regional board actions on 193 
of those appeals, modified regional board actions on 33 appeals, and 
is still making a determination on 5 appeals.  The board reversed 
14 percent of the regional board actions that were appealed to it in 
this seven-year period.110 
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In addition, the process of reviewing potential appeals appears 
troubling.  As described by Gary Wolff, vice chairman of the State 
Water Resources Control Board, the state board’s executive director 
and chief counsel vet appeals and then make a recommendation to 
the board members as to whether that appeal should be heard by the 
board or not.  It is up to board members to seek out staff to have a 
broader discussion on the potential appeal, and if board members do 
not respond, the executive director issues a letter to the petitioner 
with a decision as to whether the appeal will go forward.  Wolff 
acknowledged that in recent years, most of the decisions to consider 
appeals are based on whether a legal violation has occurred – not 
whether an action contradicts state policy or could clear up a 
controversial issue.   
 
Of particular concern is the inadequate explanation given to would-be 
petitioners.  For example, Laurel Firestone, an attorney representing 
the Visalia-based Community Water Center, told the Commission 
that she received a one-page letter informing her that the state board 
would not review a petition she filed concerning the Central Valley 
Regional Water Quality Control Board’s 2007 waiver for waste 
discharge requirements for dairies.  The waiver was a controversial 
issue, marking one of the first efforts to regulate dairies in the 
country.  Firestone said she received no further explanation from the 
board as to why her petition was denied.  It was only at the 
Commission’s hearing that she learned that there was a five-page 
explanation, a public document, on why the board denied the 
petition, but it was written by the board’s chief counsel.   
 
Two environmental groups, including the one represented by 
Firestone, since have gone to court to block the waiver, arguing it 
does not go far enough in regulating dairies.   
 
“It is pretty common to have an appeal dismissed without 
explanation,’’ noted Linda Sheehan, executive director of the 
California Coastkeeper Alliance, at the Commission’s April 2008 
hearing. 
 
While chairwoman Doduc touted the appeals process as a key check 
on regional board behavior, she acknowledged one flaw. 
 
“The petition process is a reactive process,’’ she noted.  “I think the 
state water board does need to be more proactive in terms of reaching 
out to regional boards, the various stakeholders and identifying 
emerging issues and getting ahead of the curve.” 
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The problem, however, is that because the state board handles 
appeals, it is not allowed to comment or intervene on an action taken 
by a regional board that could be appealed to the state board.  The 
state’s Administrative Procedure Act prohibits anyone who might 
have a role in an appellate process from expressing an opinion on a 
proceeding if an appeal is possible.111  Thus, the board’s role as judge 
prevents it from taking a proactive role in some regional board 
activities.  
 
“Most ‘coordination’ (between the state and regional boards) is 
reactive and happens at the end of processes when something goes 
wrong and there are appeals or lawsuits,” Chris Crompton, manager 
of environmental resources for Orange County, told the Commission 
in written testimony.  “This ‘back-end coordination’ is inefficient and 
hence costly, and has real environmental impacts from delayed 
decisions/actions.”112 
 

Outdated Rules Limit Critical Communications 
 
Another factor that undermines stakeholder confidence in the system 
is the boards’ strict prohibition against ex parte communications.  
Both state and regional board members are subject to Chapter 4.5 of 
the state Administrative Procedure Act, which prohibits 
communication between board members and anyone subject to an 
adjudicative proceeding, such as the issuance of a discharge permit, 
enforcement action or water rights permit.113  
 
Some water users and others involved in the process complain that 
ex parte rules limit regulated entities’ ability to discuss important 
and complex issues with board members.  Instead, local 
governments, businesses and other stakeholders are often limited to 
just a few minutes of testimony before the board during a formal 
hearing, despite the profound fiscal impact board decisions can have 
on these regulated entities. 
 
Carole Besswick, chairwoman of the Santa Ana Regional Water 
Quality Control Board and a former member of the South Coast Air 
Quality Management District, told the Commission that one of the 
biggest differences between the water boards and air district boards 
was that air board members had much more freedom to talk to the 
people they regulated.  As an air regulator, Beswick noted she 
frequently interacted with those she regulated, which helped her 
better understand the issues she and stakeholders faced.114 
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Others also have complained about the water boards’ ex parte rules, 
even other state agencies.  In a 2000 letter to the state water board, 
the state Department of Water Resources complained that the water 
boards’ “strict reading of the ex parte communication rules is not in 
the public interest, because it reduces the ability of the public and 
parties to seek assistance from the board and staff on complicated 
water rights issues and to work toward resolving problems.”115 
 
Ex parte rules are different at other state boards and commissions.  
The Integrated Waste Management Board was created in 1989 and 
the law enacting the board included what is referred to as a 
“sunshine” rule.  Section 40412 of the Public Resources Code allows 
for communication between board members and regulated entities as 
long the board member fully discloses the communication at a public 
meeting.116  Other boards, such as the California Public Utilities 
Commission and the state Air Resources Board, have similar 
provisions.  The “sunshine” rule allows regulators to interact with 
stakeholders so that they can become better informed, but at the 
same time ensures that all such communications are known to 
everyone interested in the proceeding. 
 
“As for the fairness of the process, the regulated community is 
frustrated by the fact that members of the SWCRB and the nine 
RWQCBs say they are unapproachable under state law,’’ complained 
Mick Pattinson, president and CEO of Barratt American Homes, a 
Southern California homebuilder.  “While it is perfectly acceptable 
and appropriate to speak with elected city, state and federal officials, 
it is unfathomable that the same rights do not apply to unelected 
board members.”117 
 

10 Percent Rule Limits Appointees 
 
Governors have long struggled to find interested, qualified people to 
serve on regional water boards.  With nine positions on each board, 
and because the positions are virtually voluntary, with only a 
$100 per diem paid per meeting, appointments are a continuing 
problem.   
 
As the Commission conducted its study, five of the nine regional 
boards each had three vacancies, leaving a third of these board spots 
unfilled.  Some boards have gone with as few as five members for 
months at a time.  This can lead to difficulties in achieving the 
quorum necessary for a board to take action, slowing down decision-
making and impacting the environment and businesses waiting for 
permits or other actions. 
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Part of the difficulty in finding appointees stems from the so-called 
10 Percent Rule, which is embedded in both federal and state law.  
The Clean Water Act prohibits anyone from serving on a board that 
issues permits if they have earned “a significant portion of his income 
directly or indirectly from permit holders or applicants for a 
permit.”118  Similar language was adopted into state statute.  The 
EPA later interpreted significant to mean 10 percent or more of 
income. 
 
The 10 Percent Rule goes beyond typical conflict-of-interest rules, 
which forbid people from participating in decisions that could affect 
their income, by prohibiting someone from even serving on a water 
board if they have a conflict.  The rule has dramatically narrowed the 
pool of potential water board candidates who were interested or 
qualified to serve. 
 
For example, Sari Sommerstram, a watershed consultant with a 
Ph.D. in resource planning and conservation, was appointed to serve 
on the North Coast Water Quality Control Board by Governor Arnold 
Schwarzenegger.  Despite her background in water, she was not 
allowed to continue on the board due to the 10 Percent Rule.  Her 
husband raised trees which were sold to timber companies for use in 
reforestation, and because those same companies were regulated by 
the water board, she had to leave the board soon after she joined 
it.119 
 
Additionally, while each regional board has a slot for a county 
supervisor, it is virtually impossible to find a supervisor who qualifies 
for a board position because counties are subject to regulation under 
stormwater permits and because in most medium- and large-sized 
California counties, supervisors are full-time county employees. 
 
For a governor, identifying 81 people interested in serving on a 
regional board who do not have a 10 Percent Rule conflict is a 
daunting task. 
 
There is widespread consensus among stakeholders and others in 
California that the 10 Percent Rule should be changed.  In her 
testimony to the Commission, however, Alexis Strauss of US EPA 
noted that it was extremely difficult to change US EPA regulations.  
Others noted that because California is one of only a few states with 
part-time political appointees making permit decisions – Colorado 
and Virginia are two other states with state water boards – there is 
little interest in Washington, D.C., to enact regulatory reform. 
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An Increasingly Complex Job 
 
As water quality regulations evolve to handle increasingly 
complicated pollution programs, some suggest a part-time board has 
a more difficult time making appropriate decisions.   
 
State Water Resources Control Board member Art Baggett told the 
Commission that many routine permits have grown from 10 to 
12 pages when he joined the board in 1999 to more than 100 pages 
today, in part because the state has stepped up enforcement of 
permits and dischargers are now more concerned about every 
detail.120  Permits can take up a significant amount of board time at 
monthly meetings.  Due to permits’ increased complexity, many 
stakeholders suggest that regional board members simply rubber 
stamp staff suggestions because they do not have the knowledge base 
to question the details.   
 
A former board member told the Commission that the boards can be 
overwhelmed by volumes of paperwork that are difficult to 
understand without a background in water science. 
 
Terese Ghio, who served on the San Diego Regional Water Quality 
Control Board, told the Commission that many regional board 
members were simply unqualified to render decisions on technical 
and science-based regulations.  Ghio noted she had a background in 
wastewater treatment and was able to question staff on permit 
technical issues, but many other board members are not.  
 
Even with technical expertise, Ghio noted the difficulty of the job.  “In 
some cases, it was thousands of pages given to us one week before 
the meeting,’’ she said. 
 
As the complexity of permits and other regulations grows, it is 
unclear whether regional boards can act as a check on staff, or other 
stakeholders, to ensure they are making the right decision for the 
environment and the economy. 
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U.S. Navy’s Stormwater Permit Illustrates Difficulties 

The United States Navy receives an industrial stormwater permit from the San Diego Regional Water Quality Control Board for 
operations on three Naval bases along ports in the San Diego region.  The 2002 permit has created conflict between the board 
and the Navy, and the Commission heard public testimony from the Navy and received written testimony from the executive 
officer of the San Diego board regarding the conflict.  The Commission is not taking a side in this dispute, rather, the Commission 
points to the issues surrounding the Navy’s stormwater permit as illustrative of several systemic problems: The boards are 
attempting to regulate non-point source pollution with standards that were developed before non-point source pollution was 
regulated, leading to a credibility problem among stakeholders who argue non-point standards should be different; the boards do 
not have the resources to conduct appropriate research to justify regulations or find cost-effective solutions to easing pollution 
problems; the boards are not as collaborative with stakeholders as they could be, which results in disputes that hinder progress 
toward protecting water quality; and, the relationship between the state and regional boards is unclear. 

The Navy makes several contentions regarding their 2002 permit and the toxicity standard required in the permit: 

 The standard is nearly impossible to meet without building a $300-million water treatment facility. 

 The board is using a standard created in the 1974 Water Quality Control Policy for the Enclosed Bays and Estuaries of 
California, which states that it is not intended for land runoff. 

 Based on letters between the Navy and the state water board, the state board and the regional board have differing 
interpretations of the 1974 Water Quality Control Policy for the Enclosed Bays and Estuaries of California which would 
lead to differing regulations, but the regional board has ignored the state board’s opinion and the state board has done 
nothing to direct the regional board on the issue. 

 A study conducted by the Navy shows that even when Navy stormwater is higher than the toxicity standard, the 
receiving water – the water to which the stormwater flows – still is not toxic.  Thus, the Navy argues that the standard is 
stricter than necessary to protect San Diego Bay. 

 The Navy study was completed in 2006 and offered two alternatives for the board to use when measuring toxicity, yet 
the board for two years did not responded to those suggestions.  “We believe the board did not consider the study 
because it does not have the technical expertise to review it,’’ Rear Admiral Len R. Hering Sr. said in his testimony to the 
Commission.  

The board argues that the permit and its use of the toxicity standard are valid.  It contends that: 

 The board’s basin plan states that “all waters shall be maintained free from toxic substances in concentrations that are 
toxic to or produce detrimental physiological responses in human, plant, animal, or aquatic life…” and that the board is 
properly interpreting that broad standard and standards within the Water Quality Control Policy for the Enclosed Bays 
and Estuaries of California, which actually calls for the eventual phasing out of all discharges into the state’s bays. 

 The Water Quality Control Policy for the Enclosed Bays and Estuaries of California sets the toxicity standard the Navy is 
required to abide by for all “industrial process waters,” which the board interprets as the Navy’s stormwater.  The state 
board’s interpretation that “industrial process waters” does not refer to stormwater could be considered by the state 
board if the Navy appealed its permit to the state board, which it has not done.  

 The board allowed the Navy four years from the date of the 2002 permit to begin complying with the toxicity standard. 

 There are Best Management Practices, such as detention basins, filtration and wetlands, that the Navy could create to 
meet the standard that would be cheaper than a treatment facility, but the board is prohibited by state law from dictating 
to the Navy or other regulated entities how they comply with their permits. 

 The Navy’s argument that the board should measure pollution in the receiving water, instead of measuring the Navy’s 
stormwater, is simply a way for the Navy to make no improvements to its stormwater discharge, and all dischargers 
should be measuring and improving their discharge. 

 The Navy was allowed to present the findings from its study to the board in a 2006 public hearing, and the board may 
use some of the information from the study in the re-issuance of the permit, which is scheduled for 2009. 

As the Commission was finalizing this study, the San Diego board was preparing a draft of a proposed new stormwater permit for 
the Navy that was scheduled to be adopted in early 2009.  

Sources: Rear Admiral Leendert “Len” Hering, Sr., United States Navy.  April 24, 2008.  Verbal and written testimony to the Commission.  Also, John Robertus, 
Executive Officer, San Diego Regional Water Quality Control Board.  September 26, 2008.  Memo to the Commission.  
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State Has Difficulty Addressing Modern Water 
Problems 
 
As focus in water quality regulation has shifted from point source 
pollution controls to non-point source pollution, the water boards 
have found it increasingly difficult to address and reduce water 
pollution.  Many non-point source pollution problems require 
solutions outside of the water boards’ typical regulatory programs, 
and more interaction with other state and local regulatory agencies. 
 
Consider: Studies suggest that some 
mercury contamination in water along 
the California coastline is caused by 
coal-burning power plants in China.121  
Other water pollution problems stem 
from sources closer to home, but are still 
difficult for water boards to address.  
Studies conducted by the Southern 
California Coastal Water Research 
Project have found that local air 
pollution contributes to water pollution.  
One study showed that 50 to 100 
percent of trace metals in stormwater 
runoff were deposited from the air.122  
Pollution from both vehicles and 
stationary sources, such as power 
plants, ends up in the water. 
 
“The old models that EPA has put 
forward to deal with stormwater as if it 
were just a subset of wastewater are not 
models that carry us forward,’’ Alexis 
Strauss,  director of the Water Division 
for EPA’s Region 9, told the Commission. 
 
The water boards need help from other 
regulatory agencies, particularly the 
state air resources board and other air 
districts.  In an attempt to begin 
addressing aerial deposition, the state 
Air Resources Board and the state Water 
Resources Control Board met in a joint 
public session in February 2006.  The 
boards heard presentations on the 
impacts of airborne metals and mercury 

How Proposition 218 Affects Stormwater  

Approved by voters in 1996, Proposition 218 requires local 
governments to obtain the approval of two-thirds of voters, 
or a majority of property owners, to raise certain fees or 
taxes.  The proposition excluded sewer, water or trash 
collection, however, allowing cities and counties to raise 
fees on utilities based on the vote of elected officials. 

Efforts to consider stormwater services as a utility exempted 
from Proposition 218 were challenged, and in 2002, an 
appellate court decision in Howard Jarvis Taxpayers 
Association v. City of Salinas found that charges imposed 
by the city to pay for stormwater management were not 
utility fees and therefore were not exempt from Proposition 
218 requirements. 

Because of this, many local government officials complain 
that they are unable to pay for stormwater management 
services in the same way they pay for wastewater 
treatment, despite facing the same kind of regulation as 
wastewater treatment.  Stormwater funds must come from 
the general funds of each municipality and compete with 
other services, such as police and fire protection.  One 
regional water board official noted that wastewater 
treatment operations in his region had an overall budget of 
about five times that of stormwater agencies.   

Efforts to amend Proposition 218 have been made in the 
Legislature but have been unsuccessful.  SCA 12, by state 
Sen. Tom Torlakson, D-Antioch, in 2007 would have 
exempted new or increased stormwater and urban runoff 
management fees from Proposition 218’s requirements, but 
it did not make it through the legislative process. 

Sources:  Legislative Analyst’s Office.  December 1996.  “Understanding 
Proposition 218.”  Senate Local Government Committee.  June 27, 2007.  
Tom Mumley, Assistant Executive Officer.  July 31, 2008.  Personal 
communication with Commission.  Bill Analysis, SCA 12 by state Sen. 
Tom Torlakson, D-Antioch. 
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in water and pledged to work together to continue investigating the 
issue.  But no formal relationship has been created. 
 
One avenue receiving attention as a way to better address non-point 
source pollution is through a broader focus on watershed health.  
The idea is to seek creative and collaborative ways to reduce water 
pollution when typical regulatory practices are not working.  Several 
efforts involving the water boards have been made to increase the 
focus on watershed-wide planning and projects.   
 
The state board launched a Watershed Management Initiative in 
1995, which required each regional board to develop management 
strategies for each of its watersheds and funded positions at each 
regional board to work on watershed issues.  Today, each regional 
board continues to employ a full-time or part-time person who works 
on watershed issues, mainly as a liaison between the boards and 
local watershed coalitions.  In addition, efforts by CalFed – the joint 
state-federal agency overseeing the Bay Delta – and a watershed 
council created by Cal/EPA and the state Resources Agency have 
sought to encourage watershed-level management and planning in 
recent years.  The state Department of Conservation, which is within 
the Resources Agency, is currently using money from Proposition 50 
and other state funds to continue work on adopting a statewide 
watershed program that would help develop local watershed 
management plans and projects.123 
 
Despite these efforts, the state is still struggling with implementing 
true watershed management.  The watershed council created by the 
state has disbanded, and many facets of its strategic plan, such as 
getting all state agencies to agree on a common set of watershed 
boundaries or coordinating regulatory programs at the watershed 
level, have not occurred.  An interagency task force of deputy 
directors that met for an 18-month period in 2005 and 2006 has 
disbanded.  Interest among state leaders in the topic has waxed and 
waned. 
 
The EPA and San Francisco Bay Regional Water Quality Board 
attempted to create a watershed permit that would regulate all 
entities, including non-point sources, discharging into one 
watershed, for example.  The effort was abandoned, however, because 
the regulators and stakeholders could not come up with solutions to 
fairly regulate very different sources all in one permit. 
 
The state has promoted the idea of watershed planning as a way to 
improve water quality and water supply, by distributing money 
through bonds in the past several years for local planning efforts.  
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About $640 million was proposed in Proposition 50 for Integrated 
Regional Water Management Planning (IRWMP) projects, for example, 
and another $1 billion is earmarked in Proposition 84 for similar 
projects. 
 
Participation in the IRWMP process by regional boards has been 
mixed, however.  Some boards, such as the Santa Ana Regional 
Water Quality Control Board and the North Coast Regional Water 
Quality Control Board, have been active participants.  Others have 
not. 
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Strengthening Ties, Solving 
Problems 
 
In a February 7, 1969, letter to the chairman of the State Water 
Resources Control Board, Assemblyman Carley V. Porter lamented 
that the state’s preeminent water quality law was 20 years old.  
“… we are indeed in different times and facing different situations 
than existed in 1949,” Porter wrote.  The letter urged a 
comprehensive review of the 1949 Dickey Act, and led to a major 
overhaul that became known as the Porter-Cologne Act that passed 
later that year.124 
 
Four decades after the creation of Porter-Cologne, a similar letter 
could be written about it: We are in different times and face different 
situations than the Porter-Cologne framers imagined in 1969. 
 
Through its study process, the Commission found two inseparable 
issues.  First, water quality problems in the state, and efforts to 
address them, are becoming increasingly complicated.  This was 
underscored by a report released in October 2008 by the National 
Research Council that essentially declared two decades of national 
stormwater regulatory policy a failure.125  Second, as it grapples with 
these complex water quality problems, California acts through a 
decentralized governance structure that lacks accountability and 
transparency, and is unable to match resources to priorities.  As a 
consequence, many in the water community – from environmental 
groups to regulated entities – have lost confidence in the system. 
 
The two issues combined lead the Commission to conclude that 
major reform is needed.  A 40-year-old regulatory structure is simply 
not equipped to handle current problems. 
 
A new, ideal system should include the following characteristics: 

 A unified state agency.  Completely distinct regional boards 
may have been appropriate in past decades, but current 
common problems – urban stormwater, for example, or 
impairments in different water bodies caused by the same 
contaminants or sources – call for a more centralized 
regulatory approach with a common vision and common 
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processes.  A unified state agency can better identify key 
problems in the state and align resources to address those 
problems.  Efficiencies gained by a stronger bond between the 
state and regions will get to clean water outcomes faster and 
cheaper. 

 Local input.  A need for local input on water quality objectives 
remains, however, as water bodies are unique, with unique 
problems and solutions.  Water quality objectives should 
continue to be set at the regional level, with vigorous debate 
and discussion among local stakeholders.   

 A focus on accountability and outcomes.  The public, and 
policy-makers, have a right to clearer information from the 
boards as to the state of the state’s waters, and to which 
regulatory programs are effective – and which are not.   
Additionally, the boards must expand their scope beyond 
ensuring that dischargers are abiding by their permits toward 
this fundamental question: Are our programs protecting and 
improving water quality?   

 Integrated science, accessible data.  As water pollution 
problems increase in complexity, California needs to integrate 
more scientific analysis into board programs.  The state board 
needs scientific advisors to help guide and coordinate 
research and use that research in regulation.  In addition, the 
boards’ dearth of water quality data must be rectified, and it 
can be:  Numerous federal, state and local agencies, as well as 
other groups, already are collecting information.  It is time for 
the state to make a serious effort to collect that information 
into an integrated system to allow the boards and others to 
use it to improve outcomes. 

 
This system – one unified agency, with local input, an emphasis on 
accountability and outcomes and better use of science and data – will 
allow the boards and their communities to communicate better with 
stakeholders, and to better address problems.  This should launch 
collaborative efforts in each region to focus on the most important 
tasks: updating basin plans, using science and economic analysis to 
drive decision-making, assessing program effectiveness and, when 
warranted, making swift changes. 
 
Above all, California’s water boards must set priorities.  A mission to 
protect all waters everywhere to the same level – as stated in Porter-
Cologne – simply is not possible, given the resources of the state, 
local governments and others.  Water bodies must be prioritized, and 
so too must solutions.  Economic analysis is needed to determine 
where the state can get the most clean up or pollution prevention for 
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each dollar spent.  Collaboration centered around watersheds is 
needed to spark innovative solutions to water quality problems that 
are caused by and affect entire ecosystems.   
 
Some water board officials noted they thought of themselves as water 
cops.  This is an apt description – the boards’ job is to police and 
protect the waters.  But just as modern policing has evolved to 
include the concept of community policing – with police working 
within neighborhoods to help prevent crime – so to must the water 
boards work in a collaborative way with water users and others who 
benefit from clean water to find solutions to water quality programs.  
Non-regulatory approaches could be appropriate answers in some 
watersheds. 
 
The key to board effectiveness in the future is up-to-date basin plans, 
built on current science and an understanding of non-point source 
pollution.  Basin plans were created more than 30 years ago.  Many 
water quality standards have not been updated since, and may not 
have been based on sound science or monitoring data when they 
were created.  This creates a fundamental lack of credibility in the 
boards’ decision-making.  The state, with stakeholder support, must 
launch an effort to ensure these foundational regulatory documents 
reflect the current status of water use and needs, as well as water 
protection priorities. 
 
The water boards have made recent efforts to improve.  New offices 
designed to improve information management, strategic planning and 
public participation are positive steps, and the boards should be 
commended for recognizing weaknesses and seeking ways to address 
those issues.  The Commission met countless board members and 
staff who were working diligently to better programs and board 
performance.  But the state water board’s boldest proposal, the 2008 
Water Quality Improvement Initiative, only recommend changes 
within the current structural framework.  The Commission believes a 
more profound change is required, one that will involve thoughtful 
and committed leadership and engagement by the governor and 
Legislature. 
 
Change will be difficult.  The Commission found that while virtually 
all stakeholders had a laundry list of complaints regarding the water 
boards, most did not endorse a major structural overhaul.  Many 
water users and others in the water arena preferred processes and 
actions taken by specific regional boards that benefited them.  The 
Commission’s goal is different: Its recommendations seek to drive 
change that will protect and enhance water quality through a process 
that is more fair, transparent and effective. 
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The Commission recommends reconstituting the state board as a 
nine-member board, with five of the board members serving solely on 
the state board and four members serving both on the state board 
and as a full-time chairperson of a regional board.  The regional 
chairpersons would rotate on and off the state board, and serve 
staggered, two-year terms.  All regional board chairpersons would be 
full-time, and appointed by the governor.  A state board that includes 
a mix of state and regional perspectives should produce a more 
unified agency and allow the state board a better understanding of 
regional issues and vice versa.  Regional board buy-in to state board 
policies and priorities would be increased, while the state board 
would continue to have a majority of voting members considering 
issues from a statewide vantage point.  Statewide priorities and 
policies would be more likely to be implemented under this structure.   

Other States’ Governance Structures 

During its study, the Commission examined the governance structures surrounding water quality regulation in other states to 
determine if there was a better model than the structure in California.  California is unique: No other state governs water 
quality with a gubernatorally-appointed state board and gubernatorally-appointed regional boards.   

Some states – including Virginia and Colorado – have appointees administering water quality, but both of those states have 
one board overseeing the entire state.  Most states have a bureaucracy that sets water quality standards, although some have 
a decentralized system, in which regional offices set standards and administer other programs, and many have a stakeholder 
board involved in some aspects of decision-making. 

The Commission could find no evidence that one governance style or another led to cleaner water.  Nonetheless, there may 
be lessons California can learn from other states’ systems.  California may learn from the following states that are comparable 
in terms of size and geography: 

 New York.  The Division of Water within the New York State Department of Environmental Conservation handles 
National Pollutant Discharge Elimination System (NPDES) program activities, water quality monitoring, standards, 
total maximum daily loads (TMDLs), non-point source programs, water resource permitting, permitting for 
discharges to ground water and dam safety.  The Department of Environmental Conservation has a central office in 
Albany and nine regional offices throughout the state.  The department maintains a Water Management Advisory 
Committee, which began in 1979 and is made up of environmental, business, municipal, academic and citizen 
representatives.  The committee allows water policies and issues to be vetted and informed by stakeholders. 

 Oregon.  The Oregon Department of Environmental Quality administers the NPDES program.  There is a central 
office in Portland and three regional offices.  The regional offices issue permits, handle compliance issues and take 
informal enforcement actions or refer potential enforcement issues to the central office.  The central office issues 
general permits, develops state regulations and policies and oversees regional offices.  While the department sets 
water quality standards, a gubernatorally-appointed Environmental Quality Commission approves those standards 
and hears appeals regarding penalties assessed by the department and other issues. 

 Florida.  The Florida Department of Environmental Protection administers the NPDES program.  Six regional offices 
issue most point source permits and ensure compliance with those permits, while the main headquarters issues all 
stormwater permits for the state.  Florida also has five water management districts, which administer flood 
management programs and control water rights and flow issues.  Each district is run by nine gubernatorial 
appointees, and each district has taxing authority to raise money to improve water quality and supply.   

 
Sources:  United States Environmental Protection Agency.  March 10, 2005.  “Permitting for Environmental Results: NPDES Profile: New York and Indian 
Country.”  Washington D.C.  United States Environmental Protection Agency.  September 27, 2005.  “Permitting for Environmental Results: NPDES Profile: 
Oregon and Indian Country.”  Washington D.C.  United States Environmental Protection Agency.  March 10, 2005.  “Permitting for Environmental Results: 
NPDES Profile: Florida and Indian Country.”  Washington D.C.  Robert Moresi, senior hydrogeologist, Black and Veatch, Tampa, FL.  September 19, 2008.  
Personal communication with Commission.   
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This new structure will eliminate barriers between the boards and 
improve communication and collaboration among regions.  It is the 
surest way to provide both a unified state agency while maintaining 
regional input through a regional board.  While the regional board 
chairpersons will become full-time positions, the other members of 
the regional board will remain part-time volunteers paid a per diem.  
The regional board chairpersons will represent the state board in 
their districts and be point persons for monitoring implementation of 
state policy at the regional level.   
 
Other structural changes are needed.  To improve confidence in the 
system and ensure accountability, the appeals process must be 
stripped from the state board and handled by a separate appeals 
board.  This will ensure appropriate oversight of board activities, 
restore confidence in the appeals process and, in addition, allow the 
state board more leeway to interact with regional boards before they 
make key decisions. 
 
To increase emphasis on science, the state should create a science 
advisory board to help the state and regional boards coordinate 
research and ensure that research is properly integrated into 
regulation.  Regional boards also should be encouraged to become 
involved in an independent, collaborative scientific institute such as 
the Southern California Coastal Water Research Project, which brings 
regulators and the regulated together to jointly sponsor scientific 
research. 
 
The state also must create an independent data institute to help 
gather, coordinate and present water data.  Acting as a water data 
library, the institute would allow the boards and others to tap into 
the vast amount of water quality information that is gathered, but 
currently not synthesized.  
 
The Commission realizes these are ambitious proposals, particularly 
in a period where both the state and local governments face daunting 
fiscal crises.  But there are savings to be had through these 
strategies, which can create government efficiency, leverage resources 
of multiple agencies and stakeholders, and reduce the conflict that 
can consume both public and private resources without producing 
better outcomes.   
 
Protecting and improving water quality is a challenging task, but one 
essential to the state’s vitality and growth.   
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Strengthening Ties, Redefining Roles  
 
The Commission considered abolishing the regional boards in favor of 
a bureaucracy controlled in Sacramento.  This idea was proposed in 
Governor Schwarzenegger’s California Performance Review and holds 
some appeal: One department could improve efficiencies and 
consistency. 
 
But many board officials and other stakeholders made a compelling 
case for the concept of regional decision-making for water quality 
regulation. 
 
“The water quality problems of the rainy North Coast are just 
fundamentally different than the water quality problems of the 
Central Valley or the Colorado River desert,’’ Craig Wilson, an 
attorney for the dairy industry and former chief counsel of the state 
board, told the Commission.  “I think having an agency that responds 
to those differences is important.”126 
 
Santa Ana Regional Water Quality Control Board chairwoman Carole 
Beswick was persuasive in her argument for a regional board 
approach, noting that an appointed board can work with businesses 
and other stakeholders in a way that a civil servant would likely 
not.127 
 
The Commission concludes that regional decision-making remains a 
sound approach. 
 
Yet the Commission encountered numerous problems with the 
current regional board structure.  Boards appear to have 
dramatically different approaches on some important policy issues 
and processes.  Despite Porter-Cologne’s framework giving the state 
board oversight authority of regional boards, the state board does not 
routinely exercise that authority and there is little accountability in 
the system to ensure that regional boards are achieving desired 
results or following state policies.   
 
“The state board is extremely reluctant to get involved in decisions 
made at the local level,’’ US Navy Rear Admiral Len Hering, Sr. told 
the Commission.128  
 
In addition, governors of both parties have struggled to find 81 
appointees at any given time who are qualified and interested in 
serving on regional boards, and as the complexity of water quality 
regulation has increased, it is questionable whether voluntary boards 
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are capable of awarding proper permits, making other technically 
difficult decisions, and acting as a check on staff as they were 
intended to be. 
 
The Schwarzenegger administration sought to address some of these 
issues through its proposed Water Quality Improvement Initiative.  To 
address inconsistency problems, the initiative proposed the Water 
Quality Council, which would consist of the chairpersons of the nine 
regional boards and the chair of the state board.  The council would 
hold public hearings and address issues of inconsistency by making 
suggestions to the state board.  The council also would help the state 
board set statewide priorities.   
 
The initiative also called for the reduction in size of regional boards 
from nine to seven members, and, in recognition of the regional 
boards’ struggles to handle complex issues, proposed allowing 
executive officers to issue federal NPDES permits.  Changes to the 
10 Percent Rule that would only prohibit someone from serving on a 
regional board if they earned income from an entity permitted by that 
board – not all boards – would widen the pool of potential regional 
board appointees. 
 
The initiative is a good start, but does not go far enough.   
 
Instead of creating a new council, the state board should be reformed 
to include some regional board representation.  Five members of the 
state board would be appointed by the governor to represent 
statewide interests, and have backgrounds similar to the current 
requirements, with one exception: instead of two spots for engineers, 
there should be one engineer position and another position for a 
scientist or resources economist with experience in water-related 
areas.  Four other members of the state board would be serving 
simultaneously as the chairperson of a regional board.  All of the 
members would be appointed by the governor, with the governor 
selecting the four regional board chairpersons to serve on the state 
board for two-year terms.   
 
All nine regional board chairpersons should work full-time, allowing 
them to better coordinate and implement statewide policies, while 
also allowing them more time to work with executive officers and staff 
members in each region and to serve as a check on staff.   All 
regional board chairpersons should have a background in water 
quality issues. 
 
The Commission supports the administration’s proposal to shrink 
regional boards to seven members.  The boards should continue to be 
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stakeholder boards, with the part-time members earning a per diem, 
which should be raised to $500 per meeting, as the administration 
proposed, and allowed to grow with inflation.  Raising the per diem 
would help make these positions more attractive to a wider group of 
people, not just those who can afford such a time-consuming, semi-
volunteer position. 
 
The state board would continue to set statewide policies and 
priorities.  In addition, the state board would be more capable of 
working with regional boards in advance of controversial decisions 
made at the regional level.   
 
The six part-time regional board members should represent the 
following backgrounds: experience in water supply, conservation or 
production, experience in irrigated agriculture, experience in 
industrial water use, experience in local government, experience as a 
water-related scientist or engineer, and experience with a 
nongovernmental organization associated with recreation, fish, 
wildlife or the environment.   
 
In addition, executive officers at each regional board would be 
allowed to conduct most permitting activity.  Permits would still be 
issued through a public hearing process with executive officers 
conducting hearings that allowed water users as well as the public to 
comment on permits.  Executive officers would become career 
executive assignment positions reporting to the executive director of 
the state board.  At the state level, the executive director would issue 
state permits through a similar public process. 
 
Regional boards would be required to conduct an annual review of 
the executive officer’s performance, which would be taken under 
advisement by the executive director.  This would further strengthen 
the relationship between the state and regions. 
 
This new structure has the following advantages: 

 Stronger tie between the state and regions.  Overlapping 
regional and state board membership allows for a clearer 
structural relationship between the state board and regional 
boards.  The frequent interaction between some regional 
board chairpersons, as they met as the state board, and the 
state board members would allow regions to share more 
information, to better set and implement similar priorities and 
to strengthen the concept of the boards as one state agency.  
In addition, changing the executive officer position from a 
regional board employee to a career executive assistant hired 
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by the executive director of the state board would further 
improve the relationship between the regional boards and the 
state board.   

 Strong chair bolsters leadership, clarifies state priorities.  
Implementing a “strong chair” system, in which the 
chairperson of the regional boards is full-time and the other 
members are not, allows the chairperson to develop more 
expertise in pertinent issues and become the true leader in 
the region on water quality.  This concept is based on the 
successful model used by the state Air Resources Board.   

 Retains regional decision-making.  While the overlap between 
the boards would improve consistency and efficiency, regional 
boards would still adopt basin plans, adopt TMDLs and 
otherwise control water quality policy in their region. 

 Focuses state and regional boards on planning and policy.  By 
delegating permitting authority to regional executive officers 
and the executive director of the state board, state and 
regional boards would have more time to discuss and consider 
broader policies and update basin plans.  This is the 
appropriate responsibility of the boards. 

 Improves governor’s ability to fill appointments.  This proposal 
would reduce the number of state and regional water board 
appointees from an unworkable 86 to a more feasible 68.  
Governors should have an easier time finding 54 part-time 
regional board appointees, compared to the current 81.  

 

Increasing Transparency and Accountability 
 
Several aspects of the water boards’ governance structure that hinder 
transparency and accountability require change.   
 
Communication should be improved.  Strict ex parte rules limit the 
ability to discuss issues with the regulated community.  This leaves 
discussion to public hearings, in which speakers are often limited to 
a few minutes of testimony.  These limits prevent communication 
between regulators and the regulated that could help boards better 
solve problems.  The result is a lack of trust among stakeholders of 
the boards, and a lack of understanding as to why boards take the 
actions they do.   
 
The Commission believes the water boards should adopt ex parte 
rules used by other boards, such as the Integrated Waste 
Management Board, that allow for communication between regulators 
and the regulated as long as they are disclosed in a public meeting.  
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If executive officers and the executive director are allowed to issue 
permits, they too should be allowed to communicate with all 
stakeholders as long as it is disclosed.   
 
For greater understanding and better outcomes, communication 
should be encouraged. 
 
Appeals process should be reformed.  Many water users and others in 
the water community complained about the appeals process, arguing 
the state board rarely heard appeals and rarely was willing to 
overturn regional board decisions.  The state board process of 
determining which appeals to consider is too staff-driven and often it 
is unclear to stakeholders why the board has not taken up an appeal.  
This adds to the mistrust stakeholders have for the boards. 
 
Additionally, the state board’s appellate role prohibits it from 
interacting with regional boards before they issue a controversial 
permit or make another decision that could be subject to appeal.  The 
Administrative Procedure Act, which governs much of the boards’ 
processes, require an absence of bias, prejudice or interest in a 
proceeding by a body that could hear the issue on appeal.  Thus, the 
system is set up to create distance between the state and regional 
boards on decision-making, contributing to inconsistency and lack of 
communication and interaction between the state and regional 
boards.   
 
Change is needed to restore confidence in the appeals process.   
 
In an effort to improve the water boards’ appeals process, the 
Commission examined how other state and federal environmental 
agencies that make quasi-judicial decisions, such as issuing permits, 
handle appeals. 
 
Large local air quality management districts, such as the South Coast 
Air Quality Management District and the Bay Area Air Quality 
Management District, have hearing boards that handle appeals of 
district board decisions.  The boards are appointed by the district 
board members and are paid a per diem for each meeting.  The 
hearing board for the Bay Area Air Quality Management District, a 
five-member board consisting of an attorney, an engineer, a member 
of the medical profession and two members of the public, meet 
between three to five times each quarter to hear requests for a 
variance from district rules and appeals of abatement orders and 
permits.  
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US EPA also has an appeals board, which hears appeals of regulatory 
actions taken by US EPA under the Clean Water Act, the Clean Air 
Act, the Safe Drinking Water Act and five other environmental laws.  
US EPA’s Environmental Appeals Board consists of four 
administrative law judges, who are appointed by the administrator of 
US EPA, who in turn is appointed by the President.  A panel of three 
of the four board members hears each case.  The board typically 
hears appeals based on the terms of federal permits or fines assessed 
by US EPA. 
 
The Commission believes the water board appeals process should be 
separated from the board, to improve trust in the process and to give 
the state board room to become more involved in regional board 
issues before they get to the appeals stage.   
 
A hearing board model is the best fit for the water boards.  A board 
comprised of three administrative law judges, with backgrounds in 
water-related issues and appointed by the governor, should be 
created to hear appeals.   
 
Anyone, whether regulated entities or members of the public, would 
be allowed to appeal a regional or state board decision to the appeals 
board, which would be required to review petitions for appeal and 
make decisions based on whether the action under the appeal was 
legally appropriate and consistent with state or regional policy.  The 
board should follow guidelines set out in the state’s Administrative 
Procedure Act for appeals processes, and should be required to issue 
a ruling on an appeal within 90 days of hearing.  Petitioners who 
were unsatisfied with the results of an appeal could then go to court, 
as they do now.   
 
Report cards would provide easy-to-understand information and add 
accountability.  One of the most valuable and easily accessible 
reports published on water quality in the state is the Beach Report 
Card created by the environmental group Heal the Bay.  Now in its 
18th year, the report card gives a letter grade to more than 375 
locations year-round, and has become so well respected that its 
grades have been used to obtain funding for water quality projects 
and cited during the water boards’ process of listing impaired water 
bodies.   
 
The grading process has gone through several iterations during the 
report cards’ history, and the current formula requires weekly testing 
at each site for three indicator bacteria.  The grading formula – a key 
to the credibility of the report cards – has been validated by the 
California Beach Water Quality Workgroup, an ad hoc committee that 
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includes regulators, regulated entities, local governments and 
environmental groups, and is geared toward whether a beach is safe 
for swimming.   
 
These report cards are important in two ways: They provide easily 
understandable information to the public, and they hold water 
quality regulators and dischargers accountable for outcomes.  
Beaches with poor grades indicate regulators and the regulated are 
not achieving the clean water called for by law. 
 
Statewide, the Commission found an alarming lack of easy-access 
information about water quality, and an equally alarming lack of 
focus on clean water outcomes by the water boards.  While the state 
does maintain a list of impaired water bodies to fulfill Clean Water 
Act requirements, it is difficult for the public to use that list to 
discern whether water bodies are truly safe for swimming, fishing or 
other uses. 
 
To address both of these issues, the Commission believes the state 
should create a report card system for water bodies across the state 
based on Heal the Bay’s Beach Report Card.  Publicly accessible, 
easy-to-understand letter grades for water bodies throughout the 
state would act as a scorecard for regional boards, by answering this 
simple question: Are programs working to protect and improve water 
quality? 
 
The report cards could emulate the state Air Resources Board’s Air 
Quality Index, which has become an important tool for the public in 
assessing whether air quality is safe or not.  Water body report cards 
could eventually provide a similar tool. 
 
This is a long-term project.  More monitoring would be needed, and 
decisions would need to be made regarding grading formulas.  While 
the Beach Report Card is geared toward whether ocean water is safe 
for swimming, other water bodies could be graded for fishing or other 
beneficial uses.  This process could be organized by the state water 
board with assistance from an expert panel, such as the California 
Water Quality Monitoring Council, by a research institute such as the 
Southern California Coastal Water Research Project, or the University 
of California.  The program could be tested on a pilot basis on 
significant water bodies with routine monitoring already in place, and 
then expanded. 
 
Report cards eventually could be used by the state board to measure 
regional board effectiveness, and for policy-makers to determine 
where water quality improvement projects are most needed. 
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Integrating Science  
 
The boards acknowledge the need for improving and integrating the 
use of science in their decision-making processes.  In a 2005 report 
commissioned by the state board to improve the use of science and 
engineering within the boards, consultant William Vance spoke with 
numerous board staff and wrote, “In general, the Regional Boards 
acknowledge their limitations in scientific expertise … .”  
Recommendations in the report focus on “creating a means or 
mechanism that will enable the Regional Boards to obtain scientific 
advice and recommendations from technical experts not readily 
accessible today.”129 
 
Too often, this deficit leads to disputes about science and 
information, rather than a productive discussion on developing an 
appropriate policy. 
 
Numerous recommendations for adding more science to water quality 
regulation have been made in the last few years.  US Navy Rear 
Admiral Len Hering, Sr. told the Commission he thought the water 
boards should emulate the state Air Resources Board and develop its 
own research center to work on water quality problems and 
solutions.  A report published in March 2008 by the California Ocean 
Science Trust listed 25 recommendations for improving links between 
academic scientists and the water boards, including building a 
directory of water quality experts with specific expertise to help 
regional boards find scientists to work with, designating a seat on the 
state board for a scientist, and reforming the contracting process to 
improve working relationships with outside scientists.130  
 
The report by Vance listed four possible structural changes, all 
submitted by regional and state board staff: 

 Set up “blue ribbon” science panels that would provide advice 
and guidance on complex scientific issues. 

 Create a science advisory panel that would provide technical 
review, comment and suggestions on Regional Board field 
studies and interpretation of data. 

 Create a pool of in-house experts that would be available to 
any of the Regional Boards on an as-needed basis (i.e., for 
expertise currently not available, such as economic analysis 
or risk assessment). 

 Set up an expeditious mechanism for consulting or 
contracting with experts in other state, federal or local 
agencies on highly technical issues or projects.131 
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Comparing the Water Boards to the Air Resources Board 

Several stakeholders told the Commission that the state’s air regulators – the California Air Resources Board – were more 
effective, transparent and respected than the water boards, and the water boards should do more to emulate the Air 
Resources Board.  In his testimony to the Commission, US Navy Rear Admiral Len R. Hering, Sr. suggested regulations 
proposed by the state’s Air Resources Board and local air pollution control districts were more credible because of the 
air board’s ability to conduct research showing that regulations were practical and effective. 

“California’s air program is known for a strict adherence to a science-based approach, including a state-operated research 
facility that leads the world in air pollution science and technology,’’ he said.  “Air regulators in this state uses science in 
all aspects, and include economic analysis as a key aspect of decision-making.  Water quality regulations, on the other 
hand, do not have the same scientific basis.” 

The air and water boards are not easily comparable, but there are interesting differences in the two regulatory systems 
that could be instructive to efforts to improve the water boards.   

The California Air Resources Board (CARB) and 35 local air districts regulate emissions in the state.  The CARB is 
responsible for regulating emissions from mobile sources, such as vehicles, fuels and consumer products, while the local 
air districts regulate emissions from stationary sources in their districts, such as factories or oil refineries.  The CARB 
consists of 11 members, each appointed by the governor, with the chairperson working full-time and the other members, 
who represent geographical areas in the state, specific professional backgrounds or the public, serving part-time.  Local 
air districts have varying rules as to board membership, with most including local elected officials and only some 
members who are appointed by the governor. 

Unlike the state water board, CARB rarely issues permits, and instead adopts quasi-legislative actions.  Local air districts 
issue permits.  There is less interaction between CARB and local air districts, as they are not a single, unified agency and 
CARB does not hear appeals of local air district decisions.  CARB is charged with setting ambient air quality standards for 
air basins that local air districts must work to attain through their permitting and policies, however.  Air regulators 
regulate fewer contaminants than do water regulators, and are charged with only addressing contaminants that affect 
human health.  CARB has formally identified 22 toxic air contaminants requiring regulation, while the water boards deal 
with far more contaminants.   

Resources also vary dramatically between the two regulatory sectors. The state Air Resources Board has about 1,200 
employees – not including the state’s 35 local air districts.  The water boards – both the state boards and the nine 
regional boards – employ a total of about 1,600 people.  Locally, the Central Valley Regional Water Quality Control 
Board has about 275 employees covering a region that includes more than 30 counties.  In contrast, the San Joaquin Air 
District covers eight counties and has about 500 employees.  One of CARB’s key funding sources is the motor vehicle 
account, which includes a fee charged to every car owner in the state.  The water boards lack a similar funding stream. 

CARB has a far more extensive scientific research arm than do the water boards.  State statutes require CARB to 
administer and coordinate all air pollution research funded by the state, conduct studies every three years on the 
feasibility of air quality models and other analytical tools used to determine air quality, and appoint a screening 
committee to provide the board with advice on needed research and review research projects.  While the water boards 
also have statutes requiring the state water board to determine state needs for water quality research and administer 
research, the statutes are less specific.  CARB also is required to prepare an assessment of the cost effectiveness of 
available and proposed controls on emissions and develop a list that ranks the possible controls from least cost-effective 
to most cost-effective.  Water law requires the water boards to consider economics when developing water quality 
objectives, but the statute is not specific as to how that should be done.  Thus, CARB typically conducts an extensive 
cost-benefit analysis of proposed regulations and has eight economists on staff, while the water boards rarely conduct a 
full cost-benefit analysis.    

Sources: Len R. Hering Sr., Rear Admiral, United States Navy.  April 28, 2008.  Testimony to the Commission.  Sacramento, CA.  Robert Jenne, Office 
of Legal Affairs, California Air Resources Board.  February 9, 2006.  “Key Air Agencies in California.”  Presentation to joint meeting of California Air 
Resources Board and State Watrer Resources Control Board.  Sacramento, CA.  Pamela Creeden, executive officer, Central Valley Regional Water 
Quality Control Board.  September 17, 2008.  Personal communication with Commission.  Health and Safety Code Division 26 Air Resources Part 2 
Air Resources Board Chapter 4 Research, 39701, 39703, 39705.  Health and Safety Code Division 26 Air Resources Part 2 Air Resources Board 
Chapter 3 General Powers and Duties, 39606, 39607, 39609.  Water Code Division 7 Water Quality, 13161, 13162, 13241.  
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All of these ideas have merit. 
 
The Commission believes the state can best improve its integration of 
science into the boards’ regulatory programs by creating a science 
advisory board.   
 
A science advisory board, appointed by the state water board, could 
help the state and regional boards determine where scientific 
research was needed, help the state board in acting as a 
clearinghouse for current scientific research, help the boards better 
incorporate research findings into regulatory proceedings and advise 
the state board on continuing education options for staff scientists.  
The board, a five-member board of scientists and engineers paid a 
per diem for attending monthly public meetings, would help 
institutionalize the role of science in water board processes while also 
remaining independent of the boards themselves.  The board could 
act as a liaison with outside scientists and regularly develop short- 
and long-term plans for scientific study.   

Regional Science Institutes a Key to Better Science at Boards 

Regional science institutes such as the Southern California Coastal Water Resources Program (SCCWRP) and the San 
Francisco Estuary Institute (SFEI) are invaluable to their respective regions.  Both bring regulators, scientists and 
stakeholders together to propose and conduct relevant research: 

 SCCWRP is a joint powers agency with 14 member agencies, including US EPA, the state water board and the 
Los Angeles, Santa Ana and San Diego regional boards, as well as several local government agencies.  Each 
agency contributes funding, and a commission comprised of representatives from each agency meets quarterly 
to oversee impartial research that can be used in regulatory processes.  SCCWRP’s achievements and ongoing 
activities include regional monitoring, including a report issued every five years on the health of the Southern 
California shoreline; important research into the effects of aerial deposition on coastal waters; and research that 
led to the state water board’s adoption of sediment quality objectives in 2008. 

 SFEI also is a joint powers authority involving regulators, regulated entities, scientists and other stakeholders, 
including environmental groups.  A board of directors guides research, including regional monitoring of San 
Francisco Bay; a wetlands science program; and studies on invasive species in San Francisco Bay. 

The Commission believes every regional board in the state should be affiliated with a body similar to SCCWRP or SFEI.  
The advantages are numerous:  Collaborations among regulators and the regulated over science can build consensus 
around the underlying scientific issues of regulations and therefore lessen conflict and build relationships and trust 
among regulators, water users and other clean water constituencies.  Also, a semi-independent agency can conduct and 
contract for research in a faster timeframe than state government.  While it is important for the water boards to have 
competent scientists on staff, board personnel are often overworked and these outside agencies can do more thorough 
work that may be more credible with all sides. 

Regions such as Lahontan and the Colorado River could combine to help create an institute that might include partners 
in the southern part of the Central Valley board’s jurisdiction.  In the Central Valley, the board could work with the new 
Delta governance structure to develop a science institute for work there.  The North Coast could create its own 
organization, which is suggested by the Ocean Science Trust report, or join the San Francisco Estuary Institute. 

Sources: Steve Weisberg, executive director, Southern California Coastal Water Research Project.  July 14, 2008.  Personal communication with 
Commission.  Also, San Francisco Estuary Institute.  “Region-wide Science for Ecosystem Management” brochure.  Accessed at 
http://www.sfei.org/about.  Also, T.C. Hoffman and Associates, LLC.  March 2008.  “Linking the Academic Community and Water Quality Regulators.”  
Prepared for the California Ocean Science Trust.   
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The board would not conduct research on its own, but act as a 
science oversight body for the boards.  This is not a call for a new 
bureaucracy – the board could use staff from the state board. 
 
As the Commission was preparing this report, Governor Arnold 
Schwarzenegger’s Delta Vision Blue Ribbon Task Force was preparing 
a strategic plan for the Sacramento-San Joaquin River Delta and a 
proposal for a new Delta governance structure.  As part of the 
process, there was discussion about the role of science in helping 
guide research in the Delta.  Two separate proposals – one by Jeffrey 
Mount and Judy Meyer of the CalFED Independent Science Board 
and another by a science advisor for the task force – both called for 
an oversight board to conduct annual reviews of all science aspects of 
Delta water and ecosystem management.132 
 
The rationale for a science oversight board in the Delta in both 
proposals applies equally to the need for a similar board as an arm of 
the state water board.  The Commission urges the state to consider 
creating one scientific board that could oversee both the Delta and 
other state water issues. 
 

Organizing, Leveraging Data 
 
Hundreds of entities across the state – state agencies, local 
governments and private agencies – collect water quality data.  Yet 
one of the biggest complaints among board officials, staff and 
stakeholders is the water boards’ inability to cohesively gather, 
publish and analyze data to help inform the public, determine if 
regulatory efforts are effective and to drive decision-making. 
 
The Legislature has sought to address this problem in several ways: 

 AB 1404, approved in 2007, requires the state water board to 
provide a report by January 2009 on the feasibility of creating 
an integrated data system focusing on water supply and 
involving the water board’s Division of Water Rights, the 
Department of Water Resources and the Department of Public 
Health. 

 SB 1070, approved in 2006, created the California Water 
Quality Monitoring Council to help develop a “cost-effective, 
coordinated, integrated, and comprehensive statewide 
network for collecting and disseminating water quality 
information and ongoing assessments of the health of the 
state’s waters and effectiveness of programs to protect and 
improve the quality of those waters.” 
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 AB 1747 and SB 1049, approved in 2003, required any group 
receiving funding from Proposition 50 for water quality 
improvements to also monitor affected waters to determine a 
project’s effectiveness.  The legislation required that the 
monitoring data be compliant with the state’s Surface Water 
Ambient Monitoring Program so that the data could be 
integrated and compared.   

 
These efforts point toward the need for a statewide system that can 
coordinate water data from multiple sources and provide the public, 
policy-makers, regulators and others with useful information.   
 
The state needs a water data library. 
 
In its strategic plan, the state water board advocates for the creation 
of a statewide water data institute: “To improve transparency and 
accountability by ensuring that Water Board goals and actions are 
clear and accessible, by demonstrating and explaining results 
achieved with respect to the goals and resources available, by 
enhancing and improving accessibility of data and information, and 
by encouraging the creation of organizations or cooperative 
agreements that advance this goal, such as establishment of a 
statewide water data institute.”133 
 
This is an idea that should be pursued.  The data institute could use 
new technology allowing for a federated system, linking data through 
a data exchange network.  Each data provider would be responsible 
for maintaining its data, but the data could be accessed through a 
common portal.  Some in the water community and board officials 
including Gary Wolff, vice chairman of the state water board, suggest 
the data institute should be managed by a non-state entity to 
encourage buy-in from the numerous data providers.  An institute 
could be housed in an existing entity, such as the Southern 
California Coastal Water Research Project or the San Francisco 
Estuary Institute, or controlled by the California Water Quality 
Monitoring Council created by SB 1070.   
 
This is a big task, as it would require hundreds of data gatherers to 
agree to standardized monitoring protocols and quality assurance, 
and allow their information to be used by others.  It also would 
require a stable funding stream.  But a coherent, easily-accessible 
library of data on water quality – and water use – would be a powerful 
tool for a state that faces profound water challenges in the future. 
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Updating Basin Plans 
 
Nothing undermines the water boards’ credibility and adds 
uncertainty to the regulatory process as much as outdated basin 
plans.  While the boards do make minor changes to the basin plans 
every three years, and add TMDLS to them as they are adopted, the 
last major update, in the mid 1990s, preceded the increase in non-
point source regulation.  Many controversies and conflicts at the 
regional board level stem from regional boards’ efforts to implement 
non-point source regulations using a basin plan that does not truly 
address the specificities of non-point source water pollution, which is 
different than point source water pollution.  Regulated entities have a 
legitimate argument that regulation should be tailored for 
stormwater, irrigated agriculture and other non-point sources. 
 
With the core regulatory document silent on some of the biggest 
water quality issues in the state, the regional boards are regulating in 
the dark. 
 
The Commission heard compelling testimony from officials with the 
Santa Ana Regional Water Quality Board, regarding a multi-year, 
multi-stakeholder effort to revise that region’s basin plan. 
 
Concerns in 1995 that water quality objectives related to nitrate-
nitrogen and salts would require dischargers to spend billions of 
dollars and might also discourage water recycling, the Santa Ana 
board created a task force to review the objectives to assure their 
technical and scientific validity.  Twenty-two water supply and 
wastewater agencies participated, eventually contributing 
$3.5 million to a process that involved significant research.  Regional 
board staff, including the executive officer, participated in nearly 
100 meetings as the task force prepared a major overhaul of several 
aspects of the regional board’s basin plan.134 
 
According to written testimony supplied to the Commission by Santa 
Ana Regional Water Quality Control Board chairwoman Carole 
Beswick, keys to the task force’s success included extensive 
discussions in the beginning of the process regarding the science 
needed, and the buy-in from all task force members that they would 
abide by regulations imposed by scientific findings.  In other words, 
stakeholders agreed to go where the science took them.135 
 
In 2004, the regional board approved significant changes to its basin 
plan based on the task force’s work, including revised boundaries for 
ground water subbasins and new water quality objectives for nitrate-
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nitrogen and salts in those ground water boundaries; new water 
quality objectives for other contaminants, such as chloride and 
sulfate; and new wasteload allocations for discharges of nitrogen and 
salts to the Santa Ana River.  In all, 10 major aspects of the basin 
plan were updated.136  
 
Gerard Thibeault, executive officer of the Santa Ana regional board, 
described the task force process to the Commission, and noted that 
when the basin plan updates were enacted, there was no dissenting 
testimony.  Thibeault emphasized the importance of the task force’s 
meetings, where regional board staff and stakeholders were able to 
hash out differences in lengthy conversations.  During public 
hearings before the board, speakers often are limited to a few 
minutes. 
 
“It is difficult to try and argue very complex technical issues in front 
of the board when all of the stakeholders have polarized positions,’’ 
he said.  “The task force allowed those arguments to be worked 
out.”137 
 
The Santa Ana region has unique characteristics that may have 
allowed it to gain unanimous support for basin plan changes that 
might be more difficult in other regions.  It is the state’s smallest 
region geographically. And a joint powers agency, the Santa Ana 
Watershed Project Authority, has effectively promoted collaboration 
among stakeholders in the region. 
 
Nonetheless, other regions should emulate the Santa Ana region to 
update their basin plans.  The state board should promote the idea 
and help facilitate regional board basin plan update task forces.  
Given the state’s budget deficit, it seems unlikely that the state will 
be able to pay for the work needed to update basin plans.  Thus, 
water users and others with a stake in clean water will need to 
contribute.  While it is an upfront cost, stakeholders will benefit in 
the long run by avoiding lengthy disputes over permits and other 
conflicts that result from outdated basin plans. 
 
Developing current basin plans is the most critical task facing the 
water boards. 
 

Solving Problems 
 
The state and regional water boards face an expanding set of threats 
to water quality at the same time that the state is grappling with 
water supply issues fueled by climate change, population growth and 
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a continuing dispute about the best ways to deliver water from north 
to south. 
 
Throughout its study, the Commission found the boards too often 
focused on processes instead of results.  The boards must reposition 
themselves from regulatory agencies to problem-solving agencies 
focused on clean water outcomes.  This will require three important 
steps: working more collaboratively with stakeholders and other 
federal, state and local agencies; focusing on watershed health; and 
incorporating cost-effectiveness tests into their analysis to help 
determine the best ways to approach water quality problems. 
 
A collaborative approach.  While the boards do follow state law and 
have public participation processes for virtually all of their 
proceedings, many stakeholders complained that the boards do not 
work in a collaborative manner.  This is despite examples of 
collaboration that have been productive: 

 Brake Pad Partnership.  Since the 1980s, studies showed high 
levels of copper in the southern portion of San Francisco Bay.  
Copper contamination continued in the Bay even as nearby 
wastewater treatment plants reduced copper discharges      
10-fold.  Continued monitoring and studies showed that area 
stormwater had unusually high levels of copper, and research 
was able to pinpoint a source for that copper: automobile 
brake pads.  Every time cars brake, bits of copper in brake 
pads land on streets. That copper is washed away during 
storms.  Faced with the near-impossible task of regulating 
automobile brake pads, which have design specifications 
mandated by the federal government, the San Francisco Bay 
Regional Water Quality Control Board and Bay Area 
stormwater managers decided to approach the brake pad 
industry to work on voluntary changes.  A coalition of 
stormwater managers, environmental groups, board staff and 
some brake pad manufacturers was formed, with each 
contributing funding to further study the issue.  The Brake 
Pad Partnership generated new research on copper in the Bay, 
including studies that allowed the Regional Board to relax 
limits on the amount of copper in the Bay while still 
upholding beneficial uses.  The group is now preparing 
legislation that could impose new state restrictions on the use 
of copper in brake pads that will have some industry 
support.138  

 Santa Ana Stormwater Quality Standards Task Force.  Attempts 
to create water quality objectives for bacteria in water used for 
recreation created controversy in the Santa Ana region, so the 
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board agreed to create a stakeholder task force to look at the 
issue.  Five entities are funding the task force, with no money 
coming from the regional board.  A total of 54 agencies and 
organizations, including environmental groups, are 
participating.  The task force began with three principles: new 
objectives and beneficial uses would be science-based, within 
current law, and all task force members agreed to support the 
new science-based objectives and standards even if it meant 
they would be more stringent.  The task force has met 
monthly and took a creative approach to determining the 
beneficial uses of some water bodies: They set up video 
cameras at 12 locations to determine whether people were 
using them for recreation or not.  Changes may allow some 
water bodies that are not used for recreation to have less 
stringent standards, in exchange for tougher standards where 
those water bodies meet receiving waters that are used for 
recreation.  This will allow regulated entities to spend more 
time and money on waters with higher-priority uses.  Basin 
plan amendments are expected to be completed in 2009.139 

 Water Plan Update Steering Committee.  In the past, the 
Department of Water Resources took sole responsibility for 
creating the Water Plan, which is the state’s master plan for 
water.  For its 2009 update of the Water Plan, however, DWR 
has created a Steering Committee of 19 state agencies, 
including the water boards, to better integrate water supply, 
water use efficiency, water quality, flood management 
planning and environmental stewardship into the plan.  The 
Steering Committee is working together on nine Water Plan 
items, including recommendations on how to adapt to climate 
change and updating and expanding regional reports.  DWR 
officials believe the committee will improve the Water Plan by 
including more attention to non-DWR issues, but also build 
inter-agency relationships to better address future water 
issues.140  

 
Within the water boards, the boards must do a better job of working 
with stakeholders and the public to solve problems.  The traditional 
method of issuing permits and requiring dischargers to monitor 
themselves is not as effective in dealing with non-point water 
pollution problems that have diffuse, hard-to-regulate origins.  For 
example, because stormwater pollution is caused in part by 
individual actions, public education may play a key role in 
addressing the problem.  In addition, stormwater permit processes 
that require stormwater agencies to develop best management 
practices to address stormwater pollution often do not include 
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enough interaction between the boards and agencies to determine 
program effectiveness during the five-year life of a typical permit. 
 
In an address delivered to the California Stormwater Quality 
Association in 2006, consultant Armand Ruby proposed annual 
meetings between regulators and stormwater agencies in which the 
two parties could consider monitoring data, determine the 
contaminants they were most concerned about and develop strategies 
to address those concerns.141  This does not often happen. 
 
“More time and attention should be paid to getting the public and the 
regulated community and the regulators into a room to talk, rather 
then just having three minutes of testimony from each side at a 
hearing,’’ noted Linda Sheehan, executive director of California 
Coastkeeper, at one of the Commission’s public hearings.  
 
In 2008, the state water board’s effort to develop a statewide water 
recycling policy may have helped create a new model for policy 
development.  With near unanimous dissent among stakeholders 
regarding a recycling policy proposal created by state water board 
staff, stakeholders agreed to work together and develop a policy that 
they would then propose to the board.  After several months, the 
stakeholder group – which consisted of environmental groups, 
municipal wastewater treatment groups and the Association of 
California Water Agencies – created a 13-page proposal that all sides 
agreed on.  The proposal suggested new goals for the use of recycled 
water in the state, called for state- and stakeholder-funded basin 
plan updates dealing with salt and nutrient issues, a streamlined 
permitting process to encourage recycled water projects, and the 
creation of an expert panel to advise the state on how to handle 
emerging contaminant issues that might affect wastewater and efforts 
to clean and recycle wastewater. 
 
Boards should use this model to develop future policies.   
 
Other sources of pollution will require more cooperation and 
collaboration among the water boards and other government 
agencies. 
 
The state has taken a small step toward addressing air pollution that 
contaminates water.  In February 2006, the state water board and 
the Air Resources Board met in a joint hearing to discuss aerial 
deposition and water pollution.  The board heard presentations on 
research suggesting, among other things, that wood burning stoves 
contribute to Lake Tahoe pollution and emissions from cement kilns 
contribute mercury to the San Francisco Bay.142 
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While more studies are needed, existing research is clear: Air 
pollution does impact water.   
 
While the initial meeting between the two state boards was positive, 
no subsequent meetings have been scheduled.  The boards should 
meet again, and perhaps annually, to begin determining how best to 
address this difficult situation.  Should the water boards begin 
regulating power plants, automobiles and other sources?  Should the 
air boards expand their scope, from regulating 22 toxic air 
contaminants the directly impact human health, to other 
contaminants that impact water?  How should regional boards and 
local air districts work together to address localized issues?  
 
In its report on the boards’ use of science, the California Ocean Trust 
noted several scientific questions regarding air pollution’s effects on 
water quality that needed addressing: 

 Developing studies and determining the impacts of 
atmospheric deposition pollutants on water quality and how 
to address this in TMDLs. 

 Developing conceptual frameworks and models to determine 
how these systems interact and effect water quality. 

 Determining pollutant loads in water from air- and land-based 
sources.143  

 
These questions and issued need to be addressed, and state 
environmental officials should be working on solutions. 
 
California needs a broad discussion of the impact of land 
development on water quality that is potentially beyond the scope of 
the water boards.  As California’s economy grows and changes, 
agricultural land is lost and urbanization increases, these issues will 
increase in importance.  
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Low Impact Development a Key Response to Stormwater 

As the water boards have attempted to improve regulation surrounding urban stormwater, they have begun to 
focus more on low impact development (LID) as both a key to reducing stormwater discharges and as a 
potential source of recycled water.  The state, as a whole, should continue discussing ways to encourage and 
improve LID. 

The goal of LID is to maintain the hydrology of a development site even as development occurs.  LID attempts 
to hold water on site through water storage and infiltration with the ground.  Examples of LID include rooftop 
gardens on public buildings, rain barrels that catch rain water for reuse, permeable pavement and other 
methods that decrease the imperviousness of an area that often occurs when it is developed into an urban use. 

LID marks a profound change in urban development.  Past practices focused on moving water from rain 
storms quickly away from development to prevent flooding.  In Los Angeles, for example, engineers designed 
concrete channels to convey large volumes of water from occasional but fierce rain storms. 

The water boards and other state agencies have made efforts to promote – and require – LID: 

 Central Coast LID Center.  Using $2.25 million from the state board, the Central Coast Regional 
Water Quality Control Board helped develop the Central Coast LID Center, which opened in 2008.  
The non-profit, affiliated with an already-existing LID center in Maryland, opened in San Luis Obispo 
in 2008, and will develop technical expertise for the state on LID, provide education and outreach 
on the topic and serve as a library for research on the issues. 

 LID Education Project.  Developed by the water boards, the Coastal Commission and several 
other groups, including the California Stormwater Quality Association, the project is intended to 
hold workshops and promote LID throughout the state to local government officials, state officials, 
developers and others.  The project, which was just launched 2008, is seeking to raise more than 
$2 million to pay for the workshops and other efforts. 

 LID Regulations.  Both the state water board and some regional boards have begun to require LID 
in permits.  The San Francisco Bay Regional Water Quality Control Board, for example, is requiring 
in stormwater permits that new development maintain pre-development erosion levels, while the San 
Diego Regional Water Quality Control Board in its stormwater permits is requiring all new 
development and redevelopment projects to implement LID where feasible.  Other boards are 
beginning to place numeric limits on development sites, limiting the amount of impervious surfaces 
in new development. 

The construction industry and municipalities have objected to some of the boards’ more aggressive efforts to 
require LID, arguing that it can increase design and construction costs.  In addition, local governments may 
need to review decades-old ordinances: The city of Lompoc, for example, found that ordinances required 
impervious concrete in parking lots, which conflicted with Central Coast Regional Water Quality Control 
Board’s requirements to dramatically decrease imperviousness. 

Despite these conflicts, most stakeholders agree that LID is an essential tool to addressing stormwater 
pollution.  In addition, LID may help local communities retain and eventually reuse water by recharging 
ground water basins.  A 2005 report by the Los Angeles and San Gabriel Rivers Watershed Council noted that 
500,000 acre-feet of stormwater runoff flow from the Los Angeles County basin to the ocean each year.  The 
report noted that if the region could instead capture that water and reuse it, Southern California would be less 
dependent on water imports from Northern California. 

Sources: Water Education Foundation.  2007.  “Stormwater Management: Turning Runoff into a Resource.”  Eric Berntsen, State Water 
Resources Control Board.  January 28, 2008.  “Incorporation of LID into State Water Board Programs.”  Roger Briggs, Executive Officer, 
Central Coast Regional Water Quality Control Board, and Al Wanger, Deputy Director, California Coastal Commission.  October 27, 
2008.  “Statewide Low Impact Development Education Project.”  Presented to the Water Quality Coordinating Committee.  Central Coast 
Regional Water Quality Control Board.  June 10, 2008.  “Staff report, Proposed Re-Direction of Low Impact Development Project Funds 
to Support the Central Coast Low Impact Development Center.” 
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There are already statutes in place that could be used to increase 
state government collaboration: 
 
Environmental Policy Council.  Section 71017 of the Public Resources 
Code creates the California Environmental Policy Council, which is 
comprised of the secretary of Cal/EPA and the heads of the other 
agencies within EPA, including the chairperson of the State Water 
Resources Control Board.  The council was created to provide 
guidance for entities seeking a consolidated permit from multiple 
environmental regulators.  It met in 1999 to help resolve issues 
relating to oxygenate methyl tertiary-butyl ether (MTBE), which was 
added to gasoline to mitigate air quality problems from gas but was 
later found to harm water quality.   
 
The council could be used to help address cross-media pollution 
issues affecting water quality. 
 
Environmental Goals and Policies Report.  Enacted by Governor 
Ronald Reagan in 1970, the Environmental Goals and Policies Report 
is intended to outline the state’s goals as they relate to land use, 
population growth and distribution, development and conservation of 
natural resources, including air and water quality.  The report is 
supposed to be produced by the Governor’s Office of Planning and 
Research, reviewed by the Legislature and approved by the governor 
every four years.  It has only been issued twice in 38 years: once in 
1978 and again in 2003.  The 2003 report, however, was published 
the same month that Governor Gray Davis was recalled and failed to 
generate comment or reaction from the Legislature or Governor 
Arnold Schwarzenegger. 
 
The 2003 report detailed expected population and economic trends, 
and how those trends could impact everything from air and water 
quality to agricultural land and open spaces to human health and 
energy resources.  The report also included 58 broad and specific 
goals for improving sustainable development in the state, including 
promoting infill development in cities, preserving water quality 
through watershed protection efforts and encouraging development 
that supports public transportation possibilities. 
 
Governors of both parties simply have ignored the statute calling for 
this report.  And while some of the issues that could be raised in this 
report are addressed in other ways – Governor Arnold 
Schwarzenegger has convened the Climate Action Team, consisting of 
multiple state agencies, to work on achieving greenhouse gas 
reductions, for example – an updated version of this report could help 
the state frame water quality priorities for the future, particularly as 
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they concern urban stormwater and other non-point pollution 
sources.   
 
Focusing on watershed health.  The state board’s new strategic plan 
emphasizes the boards’ need to focus on watersheds as a critical way 
to improve water quality.  “A watershed approach is hydrologically-
focused, recognizes the degree to which ground water and surface 
water bodies are connected physically, recognizes the linkages 
between water quantity and water quality, and requires a 
comprehensive watershed protection approach,’’ reads the preamble 
to the strategic plan.144  A key action item in the plan requires the 
state board to identify priority watersheds and focus resources on 
impairments in those watersheds.145   
 
National efforts underway to promote watershed-based planning and 
regulation can be used as examples.  The National Research 
Council’s report on stormwater, issued in October 2008, recommends 
that the EPA scrap its current stormwater permitting program in 
favor of regulating on a watershed basis.  The report proposes moving 
from a site-by-site and stormwater permitting process to a permitting 
process that focuses on broad goals within a watershed and would 
include point source dischargers and non-point source 
dischargers.146 
 
The National Research Council suggests integrating all discharge 
permitting under a municipal authority, which would be the lead 
permittee, and then identifying broad goals and objectives for the 
watershed and specific solutions for restoration and protection.  The 
report notes that federal funding would be required to help 
implement such a major change, which includes folding the TMDL 
program be folded into the new permitting system as well. 
 
Some states, notably Oregon, already have experimented with 
watershed permitting.  Oregon’s use of the watershed permitting 
concept led to a creative solution to addressing water impairment due 
to temperature, which affects the state’s salmon.  A discharger 
emitting heated water into the Tualatin River was allowed to plant 
trees that created shade and cooled water along the river.  The 
alternative would have required building an expensive system to cool 
the discharges that would have contributed to climate change.147   
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US EPA commissioned the stormwater 
study, and may attempt to implement a 
watershed approach in coming years.  
With this new federal focus in mind, the 
state and regional boards should 
emphasize watershed health by creating a 
new focus on how regulations affect 
watersheds.  The Central Coast Regional 
Water Quality Control Board has begin 
this process by creating a new 
performance measurement structure 
focused on healthy watersheds. 
 
Strategies the boards could implement 
include redeploying staff to place more 
emphasis on watershed health, increasing 
the use of regional monitoring to get a 
better sense of the overall state of 
watersheds, and working more closely 
with local watershed coalitions or 
convening watershed stakeholder groups.  
State law allows regional water boards to 
direct public agencies to conduct studies 
of issues affecting water quality, and in a 
presentation to state and regional board 
members in October 2008, Richard 
McMurtry of the Santa Clara County 
Creeks Coalition suggested using that 
authority to require all dischargers into a 
watershed to pool resources, study the 
watershed and develop priorities and 
strategies for addressing watershed-wide 
issues.  This could be a step toward 
watershed permitting. 
 
Legislation supported by the Building 
Industry Authority in 2008 authorized 
counties or cities to convene water quality 
committees to “develop and facilitate 
cooperation in achieving local water 
quality solutions” and develop watershed 

water quality management plans.  The legislation would have 
required regional boards to consider the plans as amendments to 
their basin plans.  The legislation, AB 938 by Assemblyman Charles 
Calderon, was approved by the Assembly but failed to pass in the 
Senate.   

Watershed-based Permitting 

According to the National Research Council, 
components of watershed-based permitting would 
include: 

 Centralizing responsibility and authority for 
implementation with a municipal lead 
permittee working in partnership with other 
municipalities in the watershed as co-
permittees.  

 Adopting a minimum goal in every watershed 
to avoid any further loss or degradation of 
designated beneficial uses within the 
watershed’s component water bodies. 

 Assessing water bodies that are not providing 
designated beneficial uses in order to set goals 
aimed at recovering these uses. 

 Defining careful, complete, and clear specific 
objectives to be achieved through 
management and permitting. 

 Comprehensive impact source analysis as a 
foundation for targeting solutions. 

 Determining the most effective ways to isolate, 
to the extent possible, receiving water bodies 
from exposure to those impact sources. 

 Developing and appropriately allocating 
funding sources to enable the lead permittee 
and partners to implement effectively. 

 Developing a monitoring program composed 
of direct measures to assess compliance and 
progress toward achieving objectives and 
diagnosing reasons for the ability or failure to 
meet objectives, in support of active adaptive 
management. 

 Developing a market system of trading credits 
as a tool available to municipal co-permittees 
to achieve watershed objectives, even if 
solutions cannot be uniformly applied.   

Source: National Research Council.  October 15, 2008.  “Urban 
Stormwater Management in the United States.  Page 391.  
Washington, D.C. 
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This is an arena where the board can and should exercise leadership 
on their own and convene watershed quality committees to provide 
input to the boards and, working with the EPA, begin considering 
pilot projects to implement watershed permitting. 
 
Focusing on watershed health should help the boards focus more on 
solving water quality problems and on outcomes.   
 

Central Coast Board Shifts Focus Toward Outcomes 

Concerned that too much emphasis was placed on processes instead of outcomes, the Central Coast Regional 
Water Quality Control Board has developed a new performance measurement strategy to emphasize clean 
water outcomes and measure progress toward those outcomes.  Through public meetings and internal staff 
meetings, the board created an overall vision statement for the agency and three specific, measurable goals.  
Four teams are working on achieving the goals, with staff from each program area involved in each team to 
ensure that changes happen system-wide.  Staff is allowed to spend about 10 percent of their time on the 
project.  Three of the teams are working on one of the specific goals, while the fourth team is charged with 
assessing the overall effectiveness of the new strategy. 

The project has already led the board’s agricultural program to begin comparing growers’ monitoring reports, 
water quality data for nitrate and toxicity in streams, pesticide use information and inspection information to 
determine overall water quality.  It is the first time the board has used Geographic Information System tools to 
link area land use and water quality data. 

The board’s vision is “Healthy Functioning Watersheds,” and the three goals, along with some ways the board 
will measurement achievement of the goals, are: 

 By 2025, 80 percent of our aquatic habitat is healthy and the remaining 20 percent 
exhibits positive trends in key parameters.  The board seeks to ensure all agriculture lands have 
riparian buffers, ensure open space preservation in all important groundwater recharge areas and 
ensure that all new developments and redevelopment projects are designed to minimize runoff and 
maximize groundwater recharge.  The board will likely develop a basin plan amendment to protect 
riparian and wetland habitat.     

 By 2025, 80 percent of lands within any watershed will be managed to maintain healthy 
watershed functions, and the remaining 20 percent will exhibit positive trends in key 
parameters.  The board will measure the percent of impervious surfaces in the region and seek ways 
to reduce those surfaces, and measure toxicity in runoff and seek to reduce toxicity.  Long term, the 
board will study trends in water quality based on land development and incentivize groundwater 
recharge and water recycling projects.   

 By 2025, 80 percent of our groundwater will be clean, and the remaining 20 percent will 
exhibit positive trends in key parameters.  The board will measure groundwater nitrate 
concentrations and salt to determine effectiveness, work on basin plan amendments for groundwater 
recharge area protections and work with dischargers to groundwater on development of site-specific 
salt management plans. 

Sources:  Roger Briggs, executive officer, Central Coast Regional Water Quality Control Board.  July 23, 2008.  Personal communication 
with the Commission.  And Central Coast Regional Water Quality Control Board.  June 4, 2008.  “Staff Report for Regular Meeting of 
June 4, 2008.  Status Report on Regional Board Vision and Measureable Goals.”  San Luis Obispo, CA. 
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Considering Economics.  Porter-Cologne requires the water boards to 
consider the economic consequences of regulations when they set 
water quality objectives, and states that “waters of the state shall be 
regulated to attain the highest water quality which is reasonable, 
considering all demands being made and to be made on those waters 
and the total values involved, beneficial and detrimental, economic 
and social, tangible and intangible.”148 
 
The statute, however, provides scant guidance on how the boards 
should specifically consider economic or other factors as they 
determine appropriate regulations.  In addition, a state appeals court, 
in City of Arcadia v. State Water Resources Control Board, gave the 
boards significant leeway in determining how they consider the costs 
of a regulation.149   
 
The state board has provided some guidance to regional boards as to 
how to consider the economics of water quality objectives through the 
board’s administrative manual, but the Commission’s questioning of 
regional board officials at its April 2008 hearing illustrated that the 
boards do not have a thorough or consistent process to determine the 
costs of new rules, nor do they attempt to determine the most cost-
effective ways to solve water quality problems. 
 
One former regional board member, Terese Ghio, told the 
Commission that she felt like the board gave very little thought to 
cost.   
 
“Cost-benefit analysis was never really vetted,’’ said Ghio, who was a 
member of the San Diego Regional Water Quality Control Board for 
four years.  “It’s talked about, the box is checked, but it’s never really 
done.”150 
 
This approach contrasts to the federal government, where US EPA 
has a lengthy history of using cost-benefit analysis in decision-
making.  Both Presidents Reagan and Clinton issued executive orders 
requiring cost-benefit analysis in EPA regulations, indicating bi-
partisan support for the concept.151  The EPA’s manual, “Guidelines 
for Preparing Economic Analyses,” is a lengthy document detailing 
the agency’s process for establishing the costs and benefits of 
regulations. 
 
A formal cost-benefit analysis can be time-consuming and expensive.  
At the very least, the state and regional boards should use cost-
effectiveness tests as they analyze their regulatory actions – such as 
water quality objectives and TMDLs.  Ranking options by cost-
effectiveness can help set priorities and find strategies that provide 
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the most benefit in terms of protecting and 
improving water quality.  Porter-Cologne’s 
requirement that regulations be reasonable 
suggests that the board should have a 
standardized procedure to analyze the 
potential costs of regulations, as well as 
some indication of the value of the potential 
benefits the regulations would produce.  
 
In a 2006 paper entitled, “A Guide to 
Consideration of Economics Under the 
California Porter-Cologne Act,” economists 
David Sunding and David Zilberman of 
University of California at Berkeley present 
their proposal for a economic evaluation 
process that can be used by the boards.  
Their proposal does not call for a full-scale 
cost-benefit analysis; instead it provides a 
method for the boards to gather information 
and provide a clear statement for the 
boards’ rationale in setting regulations.   
 
Adopting this process would improve 
transparency in the boards’ decision-making 
process, allow the boards more information 
as they adopt regulations and instill more 
confidence among stakeholders in board 
decisions.  Cost-effectiveness analysis could 
also help set priorities. 
 
The Clean Water Act prohibits using 
excessive cost as a reason for not 
implementing a water quality standard or a 
TMDL, and the Commission is not 
advocating for the elimination of regulations 
simply because they are expensive.  But 
adopting a formal process to analyze the 
costs of a regulation will provide the board 
with more information; boards are free to 
consider other issues in adopting 
regulations.  
 
In its report, the Ocean Science Trust noted: 
“Cost-benefit analysis of present regulatory, 
management, and remediation measures 

Proposed Economic Analysis for Water Boards 

In a 2006 paper, University of California professors David 
Sunding and David Zilberman proposed that the state and 
regional water boards conduct, at minimum, a relatively 
quick economic analysis before imposing new regulations.  
The professors presented an eight-step process: 

 A listing of the affected parties, including private 
industry and government agencies, together with a 
qualitative description of the impacts. 

 Solicitation of data from the public regarding 
potential compliance and related costs for the 
proposed policy. 

 The public’s reported cost of compliance in 
relation to the revenue, cost, and profit margin of 
affected firms, and relative to the total budget of 
affected public entities. 

 A statement of what the board staff thinks the costs 
are likely to be that specifically considers the data 
solicited from the public and the reasons for the 
board's estimate. 

 A statement of potential factors that could affect 
the estimate, such as technological uncertainties, 
monitoring limitations, etc. 

 A description of competitive conditions in the 
affected sectors, and an assessment of whether 
water quality regulations are likely to place 
California firms at a significant competitive 
disadvantage. 

 A statement of the average time needed to obtain 
permits from the various boards, and a qualitative 
assessment of the impacts of delay. 

 A statement of the goals to be achieved by the 
proposed regulation and an explicit consideration 
of these goals given the costs (i.e, at least a 
statement that "the board believes that $XX million 
represents a reasonable expenditure to achieve 
YY.") This description would include the types and 
numbers of beneficiaries, and an identification of 
other investments beyond those resulting from the 
regulation that are needed to produce the 
beneficial uses. 

Source: David Sunding and David Zilberman, College of Natural 
Resources, UC Berkeley.  April 6, 2006.  “A Guide to the Consideration of 
Economics Under the California Porter-Cologne Act.” Pages 53-54.  
Berkeley, CA. 
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could assist the water boards in choosing the most effective use of 
limited resources to improve water quality.”152 
 

Summary 
 
With California facing inevitable population growth, the climate 
change threat and the collapse of the Sacramento-San Joaquin River 
Delta, the need for clean water has never been greater. 
 
Created nearly 40 years ago, the current governance structure to 
ensure clean water is outdated and in need of reform.  The governor, 
Legislature and water quality regulators must act now to restore 
consistency, transparency and accountability to the state and 
regional water boards.  A more unified board system that can identify 
statewide priorities and implement them at the regional level is 
essential.  This new system, with up-to-date basin plans, a 
commitment to the use of science and data, and willingness to seek 
creative solutions to solve modern water quality problems, can be a 
key player in the state’s future.   
 
A failure to act endangers both the environment and the economy. 
 

Recommendation 1: To move toward a more consistent, transparent and accountable 
governance structure that allows for both statewide policy and regional flexibility, 
reform the State Water Resources Control Board and the Regional Water Quality 
Control Boards by strengthening ties between the boards, refocusing the boards on 
broad policy-making and restoring confidence in the appeals process.  Specifically, 
the state should: 

 Restructure the State Water Resources Control Board as a 
full-time, 9-member board charged with creating state policy, 
setting priorities and overseeing regional board activities.  
Members of the board should be appointed by the governor 
and confirmed by the state Senate.  Five members of the state 
board would serve solely as state board members, including 
one person who would be chairperson of the state board, as 
named by the governor.  These members should have the 
following backgrounds: One in engineering, one in water 
rights law, one in water quality, one in water-related science 
or resource economics, and another would represent the 
public.  The position of regional chairperson would become 
full-time.  Four regional chairpersons would serve on the state 
board for staggered, two-year terms, with membership 
rotating among all nine regional board chairpersons.   
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 Reconstitute the nine Regional Water Quality Control Boards 
as seven-member boards with six part-time members and a 
full-time chairperson, all appointed by the governor.  The 
chairperson would be charged with monitoring statewide 
policies that are implemented at the regional level.  Boards 
would continue to be stakeholder-boards, with six part-time 
members with the following backgrounds: experience in water 
supply, conservation or production; irrigated agriculture; 
industrial water use; local government; water science or 
engineering; and experience with a nongovernmental 
organization associated with recreation, fish or wildlife.  
Regional boards would focus on updating basin plans, 
adopting total maximum daily loads and other quasi-
legislative functions.   

 Empower the executive officers of each Regional Water Quality 
Control Board and the executive director of the State Water 
Resources Control Board to issue permits, allowing the boards 
to focus on updating basin plans, setting broad policy and 
focusing on upcoming water quality challenges.  Executive 
officers would become Career Executive Assignment positions 
and report to the executive director of the State Water 
Resources Control Board.  Regional boards would conduct an 
annual evaluation of the executive officer that would be taken 
under advisement by the executive director.  

 Exempt state and regional board members, regional board 
executive officers and the state board executive director from 
ex parte rules within the state Administrative Procedure Act 
that prohibit interaction with regulated entities.  Instead, 
require board members and permit-issuing executives to 
disclose their contacts with regulated entities at public 
meetings, as is currently done by other boards such as the 
Integrated Waste Management Board. 

 Create a new appeals board that would address appeals of 
quasi-adjudicative functions such as permits and enforcement 
actions.  Removing the appeals process from state board 
jurisdiction would restore confidence in the process and allow 
the state board to take a more proactive approach in regional 
board issues.  The members should have backgrounds in 
water issues and would be appointed by the governor to hear 
appeals.  The board would follow Administrative Procedure 
Act policies in conducting hearings. 
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Recommendation 2: The state must improve and increase its use of data, scientific 
research and planning to better inform the public, respond to current and future 
water quality problems and focus more on accountability.  Specifically, the state 
should: 

 Create a Water Science Advisory Board for the State Water 
Resources Control Board. Members, appointed by the state 
board, should have backgrounds in environmental science 
and engineering.  The board would help both the state and 
regional water boards and other state water agencies 
coordinate research, propose needed research, advise the 
boards on how to incorporate research into regulatory 
processes and increase the effectiveness of scientific peer 
review. 

 Create an independent Water Data Institute that would act as 
a state library for water quality and supply data.  The 
institute would pool information from various state agencies 
and other water monitoring groups to provide accessible 
information to the public, regulators and researchers.   

 Develop report cards.  Report cards for each major water body 
should allow the public easy access to information they can 
use and could act as a way to hold regional boards 
accountable for their effectiveness.  The report cards should 
be developed and published by regional science institutes or 
an independent entity, such as the University of California.  

 Launch a statewide effort to ensure that all regions have up-
to-date basin plans.  Regional boards should propose 
stakeholder-financed efforts similar to the one conducted by 
the Santa Ana Regional Water Quality Control Board. 

 
Recommendation 3: The state must increase focus on clean water outcomes and 
emphasize collaboration, creativity and problem-solving to address current water 
quality problems.  Specifically, the state should: 

 Collaborate with other government agencies.  Because land 
use, automobile emissions and other factors outside the 
traditional purview of the water boards are major contributors 
to non-point source pollution of water, the water boards must 
work with other government agencies on solutions.  The state 
water and air boards should routinely meet to develop 
regulatory strategies to address air pollution’s effects on 
water.  The state should revive the Environmental Protection 
Council, which already exists in statute and consists of the 
heads of each of the boards and departments within Cal/EPA.   
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 Emphasize a watershed approach.  To increase focus on 
outcomes and solving complex problems, the water boards 
should develop more processes aimed at watershed health.   

 Use stakeholder task forces.  As the Santa Ana Regional 
Water Quality Control Board has done, other regional boards 
should increase the use of stakeholder task forces to work 
through difficult regulatory issues.  

 
Recommendation 4: The water boards must develop standardized economic analysis 
procedures to help set priorities and determine the most effective and efficient means 
to improve water quality.  

 To fully implement Porter-Cologne’s demand that water 
quality regulations be reasonable, given other economic and 
social factors, the boards must institute the use of economic 
analysis into decision-making.  Cost-effectiveness analysis 
also would increase transparency of board decision-making 
and help the boards set priorities. 
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Conclusion 
 

alifornia’s state and regional water boards have a profound 
impact on the environment and the economy.  The boards issue 
more than 50,000 discharge permits, regulating the state’s 

biggest metropolises as well as its smallest wastewater treatment plants.  
Theirs is an enormous and challenging task: implementing ambitious 
and complicated federal and state laws, incorporating the still-evolving 
scientific understanding of pollution’s causes and solutions and working 
with limited resources. 
 
This job, however, is critical to the state’s future.  Demand for water 
grows with population growth.  Water supply is threatened by climate 
change and the potential for earthquakes to destroy the state’s levee 
system.  Pressures are mounting on the state to improve the health of 
the Sacramento-San Joaquin River Delta, protect threatened fish species 
and restore waters around the state to ensure they are swimmable, 
fishable and drinkable.   
 
Change is needed to help the boards meet their mission. 
 
Regional decision-making – an idea first conceived for California water 
quality regulation nearly 60 years ago – remains a sound approach, as 
conditions in different water bodies merit different approaches and 
standards.  But California needs a better way to set overarching state 
water quality policy, as well as a better way to implement policies that 
are important to the overall health of the state’s water bodies. 
 
This is nowhere more important than in the area of non-point source 
pollution.  The current system is based on the outdated model of 
combating source pollution, where emitters could be easily identified and 
their actions modified though the permit process.   
 
The Commission found a critical need for a more unified regulatory 
agency that has clear priorities and procedures that can be implemented 
throughout the state.  While current statutes give the State Water 
Resources Control Board ample authority to direct the nine Regional 
Water Quality Control Boards, in practice the regional boards are too 
independent, with differing policies and processes on even some of the 
most important statewide issues. 
 

C 
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The current structure has not produced a clear ranking of its water 
quality priorities, the first step in matching resources and action to the 
state’s biggest water quality threats.  The process for setting policy offers 
little transparency and little emphasis on accountability or outcomes.   
 
Given the tools that exist, it is unacceptable that the public and policy-
makers do not have easy-to-understand information to answer the most 
basic questions for water quality policy: What is the state of the state’s 
waters, and which water board programs are effective at improving water 
quality and which are not?   
 
Until the boards, starting with the state board, shift their focus from 
process to outcomes, the answers to these questions will remain elusive. 
 
Other problems also limit the boards’ effectiveness: Regional board 
members face too many technically difficult decisions, preventing them 
from focusing on broader policy issues.  The boards have struggled to 
collect and use data, and there is no state-led clearinghouse of scientific 
research or analysis indicating the best ways to tackle modern water 
quality problems. 
 
Structural solutions to these problems lie in strengthening the 
relationship between the state and regional boards, re-focusing 
gubernatorial appointees on big-picture problems and solutions, 
reforming the appeals process, creating more avenues for the boards to 
use science and economic analysis in rule-making, and developing a 
statewide water data institute to coordinate water quality data gathered 
throughout the state.  
 
These changes should re-focus the boards on setting priorities with the 
goal of protecting and improving California’s waters.  Ultimately, the 
boards’ effectiveness should be measureable by whether its actions 
improve water quality. 
 
Environmental regulation will always cause conflict, as regulators push 
for tougher standards, more protections, and, inevitably, more costs.  
Conflict at the water boards is not inherently a problem.  But the 
Commission found too much conflict about process and not enough 
confidence that the boards’ structure, policies and processes would lead 
to reasonable, effective solutions.  The boards must evolve to rebuild that 
confidence.  Change will be required too to begin showing more clean 
water success stories. 
 
As the Commission conducted its study in 2008 of the water boards’ 
governance structure, a task force appointed by Governor Arnold 
Schwarzenegger simultaneously was reviewing governance, water supply 
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and environmental issues in the Sacramento-San Joaquin River Delta.  
The Commission’s recommendations for a stronger, more proactive State 
Water Resources Control Board should not be in conflict with its earlier 
calls for a stronger governance structure for the state’s management of 
the Delta.  A strong state water board is essential to developing and 
implementing the policies that will help restore the Delta ecosystem and 
maintain water quality for not only the Delta, but the water transferred 
through it to the farms and cities of Central and Southern California.   
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The Commission’s Study Process 
 

he Commission initiated this study in early 2008 to review the 
governance structure regarding water quality regulation in the 
state and the relationship between the State Water Resources 

Control Board and the nine Regional Water Quality Control Boards.  The 
Commission’s goal was to assess the roles of the state and regional 
boards and the challenges facing the boards in their efforts to 
appropriately respond to the state's pressing water quality needs.  As 
part of its study, the Commission investigated how to best balance the 
need for consistent statewide policy and the need for flexibility to handle 
regional issues.  The Commission also explored the state's water quality 
goals and whether the state and regional boards have policies in place to 
reach those goals.   
 
As part of the study, the Commission convened two public hearings.  At 
the first public hearing, held in March 2008, the Commission heard from 
water quality regulators, including the chairwoman of the State Water 
Resources Control Board, two representatives of regional water quality 
control boards and the head of the United States Environmental 
Protection Agency’s Region 9 water division.  In addition, the Commission 
was briefed on the history of water quality regulation and the current 
roles of various state agencies in overseeing state water policy.  At the 
second hearing, in April 2008, the Commission received input from 
representatives of regulated entities and environmental groups.  Hearing 
witnesses are listed in Appendix A.   
 
The Commission also convened two advisory group meetings during the 
course of this study.  Both meetings included water quality regulators, 
representatives of regulated entities and environmental groups, 
legislative staff, and academics interested in water quality regulation.  
The first meeting, on May 21, 2008, focused on state water quality 
priorities and the advantages and disadvantages of the regional water 
quality control board system.  The second meeting, on June 25, 2008, 
included discussion on the Water Quality Improvement Initiative and 
other possible changes to water quality governance in the state. 
 
A subcommittee meeting, held on August 28, 2008, allowed the 
Commission to vet some ideas for reform through a group of water 
quality regulators and representatives of regulated entities and 
environmental groups.    

T 
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A list of people who participated in the advisory group and subcommittee 
meetings is included in Appendix B.   
 
Commission staff received valuable feedback from numerous 
stakeholders and other water quality experts, attended several State 
Water Resources Control Board meetings, one regional water quality 
control board meeting and the October 2008 meeting of the Water 
Quality Coordinating Council.   
 
All written testimony submitted electronically for each of the hearings, 
and this report is available online at the Commission Web site, 
www.lhc.ca.gov. 
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Appendix A 
 

Little Hoover Commission Public Hearing Witnesses 
 
 

Witnesses Appearing at Little Hoover Commission 
Public Hearing on California’s Water Boards, March 27, 2008 

 
 
Carole Beswick, Chairwoman, Santa Ana 
Regional Water Quality Control Board 
 
Lisa Beutler, Associate Director, Center for 
Collaborative Policy 
 
Tam Doduc, Chairwoman, State Water 
Resources Control Board 

Karl Longley, Chairman, Central Valley 
Regional Water Quality Control Board 
 
Alexis Strauss, Director, Water Division, 
United States Environmental Protection 
Agency, Region 9 
 
 
 

 
Witnesses Appearing at Little Hoover Commission 

Public Hearing on California’s Water Boards, April 24, 2008 
 
 
Chris Crompton, Manager, Environmental 
Resources Section, Orange County Public 
Works Department 
 
Laurel Firestone, Co-Executive Director, 
Community Water Center 
 
Terese Ghio, Vice President of 
Governmental Relations, Arena 
Pharmaceuticals 
 

Rear Admiral Leendert “Len” R. Hering, Sr., 
Commander, Navy Region Southwest 
 
Mick Pattinson, President, Barratt 
American Homes 
 
Linda Sheehan, Executive Director, 
California Coastkeeper Alliance 
 
Craig Wilson, Counsel, Community Alliance 
for Environmental Stewardship 
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Appendix B 
 

Little Hoover Commission Public Meetings 
 
 

California’s Water Boards Advisory Committee Meeting – May 21, 2008 
 

 
Desi Alvarez, Deputy City Manager, City of 
Downey 
 
Arthur Baggett, Board Member, State Water 
Resources Control Board 
 
Carole Beswick, Chairwoman, Santa Ana 
Regional Water Quality Control Board 
 
Alf Brandt, Principal Consultant, Assembly 
Committee on Water, Parks and Wildlife 
 
Kevin Buchan, Senior Coordinator, Bay 
Area Region and State Water Issues, 
Western States Petroleum Association 
 
Tony Francois, Attorney/Lobbyist, KP 
Public Affairs 
 
Craig Johns, Principal, California Resource 
Strategies, Inc. 
 

Roberta Larson, Attorney, California 
Association of Sanitation Agencies 
 
Phil Nails, Policy Consultant, Assembly 
Republican Caucus 
 
John Robertus, Executive Officer, San 
Diego Regional Water Quality Control Board 
 
Linda Sheehan, Executive Director, 
California Coastkeeper Alliance 
 
Brian White, Vice President for Legislative 
Affairs, California Forestry Association 
 
Craig Wilson, Counsel, Community Alliance 
for Environmental Stewardship 
 
Gary Wolff, Vice Chairman, State Water 
Resources Control Board 
 
 

 
 

 
California’s Water Boards Advisory Committee Meeting – June 25, 2008 

 
 
Nate Beason, Supervisor, Nevada County 
Board of Supervisors 
 
David Beckman, Director, Coastal Water 
Quality Project, Natural Resources Defense 
Council 
 
David Bolland, Senior Regulatory Advocate, 
Association of California Water Agencies 
 
Alf Brandt, Principal Consultant, Assembly 
Committee on Water, Parks and Wildlife 
 
Geoff Brosseau, Executive Director, 
California Stormwater Quality Association 

Kevin Buchan, Senior Coordinator, Bay 
Area Region and State Water Issues, 
Western States Petroleum Association 
 
Ken Farfsing, City Manager, City of Signal 
Hill 
 
Randal Friedman, California Government 
Affairs, United States Navy Region 
Southwest 
 
Mark Grey, Director of Environmental 
Affairs, Building Industry Association of 
Southern California 

RB-AR14597



LITTLE HOOVER COMMISSION 

104 

John Herrick, Counsel and Manager, South 
Delta Water Agency 
 
Craig Johns, Principal, California Resource 
Strategies, Inc. 
 
Roberta Larson, Attorney, California 
Association of Sanitation Agencies 
 
Karl Longley, Chairman, Central Valley 
Regional Water Quality Control Board 
 
Mark Newton, Director, Resources & 
Environmental Protection, Legislative 
Analyst's Office 

Mick Pattinson, President, Barratt 
American 
 
Dorothy Rice, Executive Director, State 
Water Resources Control Board 
 
Brian White, Vice President for Legislative 
Affairs, California Forestry Association 
 
Craig Wilson, Counsel, Community Alliance 
for Environmental Stewardship 
 

 
 
 

California’s Water Boards Subcommittee Meeting – August 28, 2008 
 

 
Geoff Brosseau, Executive Director, 
California Stormwater Quality Association 
 
Catherine Freeman, Senior Fiscal and 
Policy Analyst, Legislative Analyst's Office 
 
Mark Grey, Director of Environmental 
Affairs, Building Industry Association of 
Southern California 
 
Karl Longley, Chairman, Central Valley 
Regional Water Quality Control Board 
 
Mark Lubell, Associate Professor, 
Department of Environmental Science and 
Policy, University of California, Davis 

John Robertus, Executive Officer, San 
Diego Regional Water Quality Control Board 
 
Linda Sheehan, Executive Director, 
California Coastkeeper Alliance 
 
Gary Wolff, Vice Chairman, State Water 
Resources Control Board 
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Appendix C 
 

Selected Acronyms 
 
 

CARB: California Air Resources Board 
Cal/EPA: California Environmental Protection Agency 

Caltrans: California Department of Transportation 

CEDEN: California Environmental Data Exchange Network 

CIWQS: California Integrated Water Quality System 

CPR: California Performance Review 

CWA: Clean Water Act 

DOIT: Department of Information Technology 

DWR: Department of Water Resources 

EPA: United States Environmental Protection Agency 

GAMA: Groundwater Ambient Monitoring and Assessment 

IRWMP: Integrated Regional Water Management Plans 

LAO: Legislative Analyst’s Office 

LID: Low Impact Development 

MMP: Maximum Minimum Penalty 

MS4: Municipal Separate Storm Sewer Systems 

MTBE: Methyl Tertiary-butyl Ether 

NPDES: National Pollutant Elimination Discharge System 

PCBs: Polychlorinated Biphenyl 

RWQCBs: Regional Water Quality Control Boards 

SCCWRP: Southern California Coastal Water Resources Program 

SEP: Supplemental Environmental Project 

SFEI: San Francisco Estuary Institute 

SWAMP: Surface Water Ambient Monitoring Program 

TMDL: Total Maximum Daily Load 

WDR: Water Discharge Requirement 

WQCC: Water Quality Coordinating Committee 
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Preface 

Stormwater runoff from the built environment remains one of the great challenges of 
modern water pollution control, as this source of contamination is a principal contributor to 
water quality impairment of waterbodies nationwide.  In addition to entrainment of chemical and 
microbial contaminants as stormwater runs over roads, rooftops, and compacted land, 
stormwater discharge poses a physical hazard to aquatic habitats and stream function, owing to 
the increase in water velocity and volume that inevitably result on a watershed scale as many 
individually managed sources are combined.  Given the shift of the world’s population to urban 
settings, and that this trend is expected to be accompanied by continued wholesale landscape 
alteration to accommodate population increases, the magnitude of the stormwater problem is 
only expected to grow. 

In recognition of the need for improved control measures, in 1987 the U.S. Congress 
mandated the U.S. Environmental Protection Agency (EPA), under amendments to the Clean 
Water Act, to control certain stormwater discharges under the National Pollutant Discharge 
Elimination System.  In response to this federal legislation, a permitting program was put in 
place by EPA as the Phase I (1990) and Phase II (1999) stormwater regulations, which together 
set forth requirements for municipal separate storm sewer systems and industrial activities 
including construction. The result of the regulatory program has been identification of hundreds 
of thousands of sources needing to be permitted, which has put a strain on EPA and state 
administrative systems for implementation and management.  At the same time, achievement of 
water quality improvement as a result of the permit requirements has remained an elusive goal. 

To address the seeming intractability of this problem, the EPA requested that the 
National Research Council (NRC) review its current permitting program for stormwater 
discharge under the Clean Water Act and provide suggestions for improvement.  The broad goals 
of the study were to better understand the links between stormwater pollutant discharges and 
ambient water quality, to assess the state of the science of stormwater management, and to make 
associated policy recommendations.  More specifically, the study was asked to: 

(1) Clarify the mechanisms by which pollutants in stormwater discharges affect ambient 
water quality criteria and define the elements of a “protocol” to link pollutants in stormwater 
discharges to ambient water quality criteria.   

(2) Consider how useful monitoring is for both determining the potential of a discharge 
to contribute to a water quality standards violation and for determining the adequacy of 
stormwater pollution prevention plans.  What specific parameters should be monitored and when 
and where?  What effluent limits and benchmarks are needed to ensure that the discharge does 
not cause or contribute to a water quality standards violation? 
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viii Preface 

(3) Assess and evaluate the relationship between different levels of stormwater pollution 
prevention plan implementation and in-stream water quality, considering a broad suite of best 
management practices (BMPs). 

(4) Make recommendations for how to best stipulate provisions in stormwater permits to 
ensure that discharges will not cause or contribute to exceedances of water quality standards. 
This should be done in the context of general permits.  As a part of this task, the committee will 
consider currently available information on permit and program compliance. 

(5) Assess the design of the stormwater permitting program implemented under the Clean 
Water Act. 

There are a number of related topics that one might expect to find in this report that are 
excluded, because EPA requested that the study be limited to problems addressed by the 
agency’s stormwater regulatory program. Specifically, nonpoint source pollution from 
agricultural runoff, septic systems, combined sewer overflows, sanitary sewer overflows, and 
concentrated animal feeding operations are not addressed in this report.  In addition, alteration of 
the urban base-flow hydrograph from a number of causes that are not directly related to storm 
events (e.g., interbasin transfers of water, leakage from water supply pipes, lawn irrigation, and 
groundwater withdrawals) is a topic outside the scope of the report and therefore not included in 
any depth. 

In developing this report, the committee benefited greatly from the advice and input of 
EPA representatives, including Jenny Molloy, Linda Boornazian, and Mike Borst; 
representatives from the City of Austin; representatives from King County, Washington, and the 
City of Seattle; and representatives from the Irvine Ranch Water District.  The committee heard 
presentations by many of these individuals in addition to Chris Crockett, City of Philadelphia 
Water Department; Pete LaFlamme and Mary Borg, Vermont Department of Environmental 
Conservation; Michael Barrett, University of Texas at Austin; Roger Glick, City of Austin; 
Michael Piehler, UNC Institute of Marine Sciences, Keith Stolzenbach, UCLA; Steve Burges, 
University of Washington; Wayne Huber, Oregon State University; Don Theiler, King County; 
Charlie Logue, Clean Water Services, Hillsboro, Oregon; Don Duke, Florida Gulf Coast 
University; Mike Stenstrom, UCLA; Gary Wolff, California Water Board; Paula Daniels, City of 
Los Angeles Public Works; Mark Gold, Heal the Bay; Geoff Brosseau, California Stormwater 
Quality Association; Steve Weisberg, Southern California Coastal Water Research Project; Chris 
Crompton, Southern California Stormwater Monitoring Coalition; David Beckman, NRDC; and 
Eric Strecker, GeoSyntec. We also thank all those stakeholders who took time to share with us 
their perspectives and wisdom about the various issues affecting stormwater. 

The committee was fortunate to have taken several field trips in conjunction with 
committee meetings.  The following individuals are thanked for their participation in organizing 
and guiding these trips: Austin (Kathy Shay, Mike Kelly, Matt Hollon, Pat Hartigan, Mateo 
Scoggins, David Johns, and Nancy McClintock); Seattle (Darla Inglis, Chris May, Dan Powers, 
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Scott Bawden, Nat Scholz, John Incardona, Kate McNeil, Bob Duffner, Curt Crawford); and Los 
Angeles (Peter Postlmayr, Matthew Keces, Alan Bay, and Sat Tamarieuchi). 

Completion of this report would not have been possible without the Herculean efforts of 
project study director Laura Ehlers. Her powers to organize, probe, synthesize, and keep the 
committee on track with completing its task were simply remarkable.  Meeting logistics and 
travel arrangements were ably assisted by Ellen De Guzman and Jeanne Aquilino. 

This report has been reviewed in draft form by individuals chosen for their diverse 
perspectives and technical expertise, in accordance with procedures approved by the NRC’s 
Report Review Committee.  The purpose of this independent review is to provide candid and 
critical comments that will assist the institution in making its published report as sound as 
possible and to ensure that the report meets institutional standards for objectivity, evidence, and 
responsiveness to the study charge. The review comments and draft manuscript remain 
confidential to protect the integrity of the deliberative process.  We wish to thank the following 
individuals for their review of this report: Michael Barrett, University of Texas; Bruce Ferguson, 
University of Georgia; James Heaney, University of Florida; Daniel Medina, CH2MHILL; 
Margaret Palmer, University of Maryland Chesapeake Biological Laboratory; Kenneth Potter, 
University of Wisconsin; Joan Rose, Michigan State University; Eric Strecker, Geosyntec 
Consultants; and Bruce Wilson, Minnesota Pollution Control Agency. 

Although the reviewers listed above have provided many constructive comments and 
suggestions, they were not asked to endorse the conclusions and recommendations nor did they 
see the final draft of the report before its release. The review of this report was overseen by 
Michael Kavanaugh, Malcolm Pirnie, Inc., and Richard Conway, Union Carbide Corporation, 
retired.  Appointed by the NRC, they were responsible for making certain that an independent 
examination of this report was carried out in accordance with institutional procedures and that all 
review comments were carefully considered.  Responsibility for the final content of this report 
rests entirely with the authoring committee and institution.  

Claire Welty, 

Committee Chair 
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Summary 


Urbanization is the changing of land use from forest or agricultural uses to suburban and 
urban areas. This conversion is proceeding in the United States at an unprecedented pace, and 
the majority of the country’s population now lives in suburban and urban areas.  The creation of 
impervious surfaces that accompanies urbanization profoundly affects how water moves both 
above and below ground during and following storm events, the quality of that stormwater, and 
the ultimate condition of nearby rivers, lakes, and estuaries.   

The National Pollutant Discharge Elimination System (NPDES) program under the Clean 
Water Act (CWA) is the primary federal vehicle to regulate the quality of the nation’s 
waterbodies. This program was initially developed to reduce pollutants from industrial process 
wastewater and municipal sewage discharges.  These point sources were known to be responsible 
for poor, often drastically degraded conditions in receiving waterbodies.  They were easily 
regulated because they emanated from identifiable locations, such as pipe outfalls.  To address 
the role of stormwater in causing or contributing to water quality impairments, in 1987 Congress 
wrote Section 402(p) of the CWA, bringing stormwater control into the NPDES program, and in 
1990 the U.S. Environmental Protection Agency (EPA) issued the Phase I Stormwater Rules.  
These rules require NPDES permits for operators of municipal separate storm sewer systems 
(MS4s) serving populations over 100,000 and for runoff associated with industry, including 
construction sites five acres and larger. In 1999 EPA issued the Phase II Stormwater Rule to 
expand the requirements to small MS4s and construction sites between one and five acres in size. 

With the addition of these regulated entities, the overall NPDES program has grown by 
almost an order of magnitude.  EPA estimates that the total number of permittees under the 
stormwater program at any time exceeds half a million.  For comparison, there are fewer than 
100,000 non-stormwater (meaning wastewater) permittees covered by the NPDES program.  To 
manage the large number of permittees, the stormwater program relies heavily on the use of 
general permits to control industrial, construction, and Phase II MS4 discharges.  These are 
usually statewide, one-size-fits-all permits in which general provisions are stipulated.   

To comply with the CWA regulations, industrial and construction permittees must create 
and implement a stormwater pollution prevention plan, and MS4 permittees must implement a 
stormwater management plan.  These plans documents the stormwater control measures (SCMs) 
(sometimes known as best management practices or BMPs) that will be used to prevent 
stormwater emanating from these sources from degrading nearby waterbodies.  These SCMs 
range from structural methods such as detention ponds and bioswales to nonstructural methods 
such as designing new development to reduce the percentage of impervious surfaces.   

A number of problems with the stormwater program as it is currently implemented have 
been recognized. First, there is limited information available on the effectiveness and longevity 
of many SCMs, thereby contributing to uncertainty in their performance.  Second, the 
requirements for monitoring vary depending on the regulating entity and the type of activity.  For 
example, a subset of industrial facilities must conduct “benchmark monitoring” and the results 
often exceed the values established by EPA or the states, but it is unclear whether these 
exceedances provide useful indicators of potential water quality problems.  Finally, state and 
local stormwater programs are plagued by a lack of resources to review stormwater pollution 
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2 Urban Stormwater Management in the United States 

prevention plans and conduct regular compliance inspections.  For all these reasons, the 
stormwater program has suffered from poor accountability and uncertain effectiveness at 
improving the quality of the nation’s waters. 

In light of these challenges, EPA requested the advice of the National Research Council’s 
Water Science and Technology Board on the federal stormwater program, considering all entities 
regulated under the program (i.e., municipal, industrial, and construction).  The following 
statement of task guided the work of the committee: 

(1) 	Clarify the mechanisms by which pollutants in stormwater discharges affect ambient water 
quality criteria and define the elements of a “protocol” to link pollutants in stormwater 
discharges to ambient water quality criteria.   

(2) 	Consider how useful monitoring is for both determining the potential of a discharge to 
contribute to a water quality standards violation and for determining the adequacy of 
stormwater pollution prevention plans.  What specific parameters should be monitored 
and when and where?  What effluent limits and benchmarks are needed to ensure that the 
discharge does not cause or contribute to a water quality standards violation? 

(3) 	Assess and evaluate the relationship between different levels of stormwater pollution 
prevention plan implementation and in-stream water quality, considering a broad suite of 
SCMs. 

(4) 	Make recommendations for how to best stipulate provisions in stormwater permits to ensure 
that discharges will not cause or contribute to exceedances of water quality standards. 
This should be done in the context of general permits.  As a part of this task, the 
committee will consider currently available information on permit and program 
compliance. 

(5) Assess the design of the stormwater permitting program implemented under the CWA. 

Chapter 2 of this report presents the regulatory history of stormwater control in the 
United States, focusing on relevant portions of the CWA and the federal and state regulations 
that have been created to implement the Act.  Chapter 3 reviews the scientific aspects of 
stormwater, including sources of pollutants in stormwater, how stormwater moves across the 
land surface, and its impacts on receiving waters. Chapter 4 evaluates the current industrial and 
MS4 monitoring requirements, and it considers the multitude of models available for linking 
stormwater discharges to ambient water quality.  Chapter 5 considers the vast suite of both 
structural and nonstructural measures designed to control stormwater and reduce its pollutant 
loading to waterbodies.  In Chapter 6, the limitations and possibilities associated with a new 
regulatory approach are explored, as are those of a more traditional but enhanced scheme.  This 
new approach, which rests on the broad foundation of correlative studies demonstrating the 
effects of urbanization on aquatic ecosystems, would reduce the impact of stormwater on 
receiving waters beyond any efforts currently in widespread practice. 

THE CHALLENGE OF REGULATING STORMWATER 

Although stormwater has been long recognized as contributing to water quality 
impairment, the creation of federal regulations to deal with stormwater quality has occurred only 
in the last 20 years.  Because this longstanding environmental problem is being addressed so late 
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3 Summary  

in the development and management of urban areas, the laws that mandate better stormwater 
control are generally incomplete and are often in conflict with state and local rules that have 
primarily stressed the flood control aspects of stormwater management (i.e., moving water away 
from structures and cities as fast as possible).  Many prior investigators have observed that 
stormwater discharges would ideally be regulated through direct controls on land use, strict 
limits on both the quantity and quality of stormwater runoff into surface waters, and rigorous 
monitoring of adjacent waterbodies to ensure that they are not degraded by stormwater 
discharges. Future land-use development would be controlled to minimize stormwater 
discharges, and impervious cover and volumetric restrictions would serve as proxies for 
stormwater loading from many of these developments.  Products that contribute pollutants 
through stormwater—like de-icing materials, fertilizers, and vehicular exhaust—would be 
regulated at a national level to ensure that the most environmentally benign materials are used. 

Presently, however, the regulation of stormwater is hampered by its association with a 
statute that focuses primarily on specific pollutants and ignores the volume of discharges.  Also, 
most stormwater discharges are regulated on an individualized basis without accounting for the 
cumulative contributions from multiple sources in the same watershed.  Perhaps most 
problematic is that the requirements governing stormwater dischargers leave a great deal of 
discretion to the dischargers themselves in developing stormwater pollution prevention plans and 
self-monitoring to ensure compliance.  These problems are exacerbated by the fact that the dual 
responsibilities of land-use planning and stormwater management within local governments are 
frequently decoupled. 

EPA’s current approach to regulating stormwater is unlikely to produce an 
accurate or complete picture of the extent of the problem, nor is it likely to adequately 
control stormwater’s contribution to waterbody impairment.  The lack of rigorous end-of-
pipe monitoring, coupled with EPA’s failure to use flow or alternative measures for regulating 
stormwater, make it difficult for EPA to develop enforceable requirements for stormwater 
dischargers. Instead, the stormwater permits leave a great deal of discretion to the regulated 
community to set their own standards and to self-monitor.  Current statistics on the states’ 
implementation of the stormwater program, discharger compliance with stormwater 
requirements, and the ability of states and EPA to incorporate stormwater permits with Total 
Maximum Daily Loads are uniformly discouraging. Radical changes to the current regulatory 
program (see Chapter 6) appear necessary to provide meaningful regulation of stormwater 
dischargers in the future. 

Flow and related parameters like impervious cover should be considered for use as 
proxies for stormwater pollutant loading.  These analogs for the traditional focus on the 
“discharge” of “pollutants” have great potential as a federal stormwater management tool 
because they provide specific and measurable targets, while at the same time they focus 
regulators on water degradation resulting from the increased volume as well as increased 
pollutant loadings in stormwater runoff.  Without these more easily measured parameters for 
evaluating the contribution of various stormwater sources, regulators will continue to struggle 
with enormously expensive and potentially technically impossible attempts to determine the 
pollutant loading from individual dischargers or will rely too heavily on unaudited and largely 
ineffective self-reporting, self-policing, and paperwork enforcement. 
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4 Urban Stormwater Management in the United States 

EPA should engage in much more vigilant regulatory oversight in the national 
licensing of products that contribute significantly to stormwater pollution.  De-icing 
chemicals, materials used in brake linings, motor fuels, asphalt sealants, fertilizers, and a variety 
of other products should be examined for their potential contamination of stormwater.  Currently, 
EPA does not apparently utilize its existing licensing authority to regulate these products in a 
way that minimizes their contribution to stormwater contamination.  States can also enact 
restrictions on or tax the application of pesticides or other particularly toxic products.  Even local 
efforts could ultimately help motivate broader scale, federal restrictions on particular products. 

The federal government should provide more financial support to state and local 
efforts to regulate stormwater.  State and local governments do not have adequate financial 
support to implement the stormwater program in a rigorous way.  At the very least, Congress 
should provide states with financial support for engaging in more meaningful regulation of 
stormwater discharges.  EPA should also reassess its allocation of funds within the NPDES 
program.  The agency has traditionally directed funds to focus on the reissuance of NPDES 
wastewater permits, while the present need is to advance the NPDES stormwater program 
because NPDES stormwater permittees outnumber wastewater permittees more than five fold, 
and the contribution of diffuse sources of pollution to degradation of the nation’s waterbodies 
continues to increase. 

EFFECTS OF URBANIZATION ON WATERSHEDS 

Urbanization causes change to natural systems that tends to occur in the following 
sequence. First, land use and land cover are altered as vegetation and topsoil are removed to 
make way for agriculture, or subsequently buildings, roads, and other urban infrastructure.  
These changes, and the introduction of a constructed drainage network, alter the hydrology of the 
local area, such that receiving waters in the affected watershed experience radically different 
flow regimes than prior to urbanization.  Nearly all of the associated problems result from one 
underlying cause: loss of the water-retaining and evapotranspirating functions of the soil and 
vegetation in the urban landscape.  In an undeveloped area, rainfall typically infiltrates into the 
ground surface or is evapotranspirated by vegetation. In the urban landscape, these processes of 
evapotranspiration and water retention in the soil are diminished, such that stormwater flows 
rapidly across the land surface and arrives at the stream channel in short, concentrated bursts of 
high discharge.  This transformation of the hydrologic regime is a wholesale reorganization of the 
processes of runoff generation, and it occurs throughout the developed landscape.  When 
combined with the introduction of pollutant sources that accompany urbanization (such as lawns, 
motor vehicles, domesticated animals, and industries), these changes in hydrology have led to 
water quality and habitat degradation in virtually all urban streams. 

The current state of the science has documented the characteristics of stormwater runoff, 
including its quantity and quality from many different land covers, as well as the characteristics 
of dry weather runoff. In addition, many correlative studies show how parameters co-vary in 
important but complex and poorly understood ways (e.g., changes in macroinvertebrate or fish 
communities associated with watershed road density or the percentage of impervious cover).  
Nonetheless, efforts to create mechanistic links between population growth, land-use change, 
hydrologic alteration, geomorphic adjustments, chemical contamination in stormwater, disrupted 
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5 Summary  

energy flows and biotic interactions, and changes in ecological communities are still in 
development.  Despite this assessment, there are a number of overarching truths that remain 
poorly integrated into stormwater management decision-making, although they have been 
robustly characterized for more than a decade and have a strong scientific basis that reaches even 
farther back through the history of published investigations. 

There is a direct relationship between land cover and the biological condition of 
downstream receiving waters.  The possibility for the highest levels of aquatic biological 
condition exists only with very light urban transformation of the landscape.  Conversely, the 
lowest levels of biological condition are inevitable with extensive urban transformation of the 
landscape, commonly seen after conversion of about one-third to one-half of a contributing 
watershed into impervious area.  Although not every degraded waterbody is a product of intense 
urban development, all highly urban watersheds produce severely degraded receiving waters. 

The protection of aquatic life in urban streams requires an approach that 
incorporates all stressors.  Urban Stream Syndrome reflects a multitude of effects caused by 
altered hydrology in urban streams, altered habitat, and polluted runoff.  Focusing on only one of 
these factors is not an effective management strategy.  For example, even without noticeably 
elevated pollutant concentrations in receiving waters, alterations in their hydrologic regimes are 
associated with impaired biological condition. More comprehensive biological monitoring of 
waterbodies will be critical to better understanding the cumulative impacts of urbanization on 
stream condition. 

The full distribution and sequence of flows (i.e., the flow regime) should be taken 
into consideration when assessing the impacts of stormwater on streams.  Permanently 
increased stormwater volume is only one aspect of an urban-altered storm hydrograph.  It 
contributes to high in-stream velocities, which in turn increase streambank erosion and 
accompanying sediment pollution of surface water.  Other hydrologic changes, however, include 
changes in the sequence and frequency of high flows, the rate of rise and fall of the hydrograph, 
and the season of the year in which high flows can occur.  These all can affect both the physical 
and biological conditions of streams, lakes, and wetlands.  Thus, effective hydrologic mitigation 
for urban development cannot just aim to reduce post-development peak flows to 
predevelopment peak flows. 

Roads and parking lots can be the most significant type of land cover with respect to 
stormwater.  They constitute as much as 70 percent of total impervious cover in ultra-urban 
landscapes, and as much as 80 percent of the directly connected impervious cover.  Roads tend to 
capture and export more stormwater pollutants than other land covers in these highly impervious 
areas, especially in regions of the country having mostly small rainfall events.  As rainfall 
amounts become larger, pervious areas in most residential land uses become more significant 
sources of runoff, sediment, nutrients, and landscaping chemicals.  In all cases, directly 
connected impervious surfaces (roads, parking lots, and roofs that are directly connected to the 
drainage system) produce the first runoff observed at a storm-drain inlet and outfall because their 
travel times are the quickest. 
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6 Urban Stormwater Management in the United States 

MONITORING AND MODELING 

The stormwater monitoring requirements under the EPA Stormwater Program are 
variable and generally sparse, which has led to considerable skepticism about their usefulness.  
This report considers the amount and value of the data collected over the years by municipalities 
(which are substantial on a nationwide basis) and by industries, and it makes suggestions for 
improvement.  The MS4 and particularly the industrial stormwater monitoring programs suffer 
from a paucity of data, from inconsistent sampling techniques, and from requirements that are 
difficult to relate to the compliance of individual dischargers.  For these reasons, conclusions 
about stormwater management are usually made with incomplete information.  Stormwater 
management would benefit most substantially from a well-balanced monitoring program that 
encompasses chemical, biological, and physical parameters from outfalls to receiving waters.   

Many processes connect sources of pollution to an effect observed in a downstream 
receiving water—processes that can be represented in watershed models, which are the key to 
linking stormwater dischargers to impaired receiving waters.  The report explores the current 
capability of models to make such links, including simple models and more involved mechanistic 
models. At the present time, stormwater modeling has not evolved enough to consistently say 
whether a particular discharger can be linked to a specific waterbody impairment.  Some 
quantitative predictions can be made, particularly those that are based on well-supported causal 
relationships of a variable that responds to changes in a relatively simple driver (e.g., modeling 
how a runoff hydrograph or pollutant loading change in response to increased impervious land 
cover). However, in almost all cases, the uncertainty in the modeling and the data (including its 
general unavailability), the scale of the problems, and the presence of multiple stressors in a 
watershed make it difficult to assign to any given source a specific contribution to water quality 
impairment. 

Because of a 10-year effort to collect and analyze monitoring data from MS4s 
nationwide, the quality of stormwater from urbanized areas is well characterized. These 
results come from many thousands of storm events, systematically compiled and widely 
accessible; they form a robust dataset of utility to theoreticians and practitioners alike.  These 
data make it possible to accurately estimate stormwater pollutant concentrations from various 
land uses. Additional data are available from other stormwater permit holders that were not 
originally included in the database and from ongoing projects, and these should be acquired to 
augment the database and improve its value in stormwater management decision-making. 

Industry should monitor the quality of stormwater discharges from certain critical 
industrial sectors in a more sophisticated manner, so that permitting authorities can better 
establish benchmarks and technology-based effluent guidelines. Many of the benchmark 
monitoring requirements and effluent guidelines for certain industrial subsectors are based on 
inaccurate and old information.  Furthermore, there has been no nationwide compilation and 
analysis of industrial benchmark data, as has occurred for MS4 monitoring data, to better 
understand typical stormwater concentrations of pollutants from various industries. 

Continuous, flow-weighted sampling methods should replace the traditional 
collection of stormwater data using grab samples.  Data obtained from too few grab samples 
are highly variable, particularly for industrial monitoring programs, and subject to greater 
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7 Summary  

uncertainly because of experimenter error and poor data-collection practices.  In order to use 
stormwater data for decision making in a scientifically defensible fashion, grab sampling should 
be abandoned as a credible stormwater sampling approach for virtually all applications.  It 
should be replaced by more accurate and frequent continuous sampling methods that are flow 
weighted. Flow-weighted composite monitoring should continue for the duration of the rain 
event. Emerging sensor systems that provide high temporal resolution and real-time estimates 
for specific pollutants should be further investigated, with the aim of providing lower costs and 
more extensive monitoring systems to sample both streamflow and constituent loads. 

Watershed models are useful tools for predicting downstream impacts from 
urbanization and designing mitigation to reduce those impacts, but they are incomplete in 
scope and do not offer definitive causal links between polluted discharges and downstream 
degradation. Every model simulates only a subset of the multiple interconnections between 
physical, chemical, and biological processes found in any watershed, and they all use a grossly 
simplified representation of the true spatial and temporal variability of a watershed.  To speak of 
a “comprehensive watershed model” is thus an oxymoron, because the science of stormwater is 
not sufficiently far advanced to determine causality between all sources, resulting stressors, and 
their physical, chemical, and biological responses.  Thus, it is not yet possible to create a 
protocol that mechanistically links stormwater dischargers to the quality of receiving waters.  
The utility of models with more modest goals, however, can still be high—as long as the 
questions being addressed by the model are in fact relevant and important to the functioning of 
the watershed to which that model is being applied, and sufficient data are available to calibrate 
the model for the processes included therein. 

STORMWATER MANAGEMENT APPROACHES 

A fundamental component of EPA’s stormwater program is the creation of stormwater 
pollution prevention plans that document the SCMs that will be used to prevent the permittee’s 
stormwater discharges from degrading local waterbodies.  Thus, a consideration of these 
measures—their effectiveness in meeting different goals, their cost, and how they are 
coordinated with one another—is central to any evaluation of the stormwater program.  The 
statement of task asks for an evaluation of the relationship between different levels of stormwater 
pollution prevention plan implementation and in-stream water quality.  Although the state of 
knowledge has yet to reveal the mechanistic links that would allow for a full assessment of that 
relationship, enough is known to design systems of SCMs, on a site-scale or local watershed 
scale, that can substantially reduce the effects of urbanization. 

The characteristics, applicability, goals, effectiveness, and cost of nearly 20 different 
broad categories of SCMs to treat the quality and quantity of stormwater runoff are discussed in 
Chapter 5, organized as they might be applied from the rooftop to the stream.  SCMs, when 
designed, constructed, and maintained correctly, have demonstrated the ability to reduce runoff 
volume and peak flows and to remove pollutants.  A multitude of case studies illustrates the use 
of SCMs in specific settings and demonstrates that a particular SCM can have a measurable 
positive effect on water quality or a biological metric.  However, the implementation of SCMs at 
the watershed scale has been too inconsistent and too recent to be able to definitively link their 
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8 Urban Stormwater Management in the United States 

performance to the prolonged sustainment—at the watershed level—of receiving water quality, 
in-stream habitat, or stream geomorphology. 

Individual controls on stormwater discharges are inadequate as the sole solution to 
stormwater in urban watersheds. SCM implementation needs to be designed as a system, 
integrating structural and nonstructural SCMs and incorporating watershed goals, site 
characteristics, development land use, construction erosion and sedimentation controls, 
aesthetics, monitoring, and maintenance.  Stormwater cannot be adequately managed on a 
piecemeal basis due to the complexity of both the hydrologic and pollutant processes and their 
effect on habitat and stream quality.  Past practices of designing detention basins on a site-by-site 
basis have been ineffective at protecting water quality in receiving waters and only partially 
effective in meeting flood control requirements.   

Nonstructural SCMs such as product substitution, better site design, downspout 
disconnection, conservation of natural areas, and watershed and land-use planning can 
dramatically reduce the volume of runoff and pollutant load from a new development.   
Such SCMs should be considered first before structural practices.  For example, lead 
concentrations in stormwater have been reduced by at least a factor of 4 after the removal of lead 
from gasoline.  Not creating impervious surfaces or removing a contaminant from the runoff 
stream simplifies and reduces the reliance on structural SCMs. 

SCMs that harvest, infiltrate, and evapotranspirate stormwater are critical to 
reducing the volume and pollutant loading of small storms. Urban municipal separate 
stormwater conveyance systems have been designed for flood control to protect life and property 
from extreme rainfall events, but they have generally failed to address the more frequent rain 
events (<2.5 cm) that are key to recharge and baseflow in most areas.  These small storms may 
only generate runoff from paved areas and transport the “first flush” of contaminants.  SCMs 
designed to remove this class of storms from surface runoff (runoff-volume-reduction SCMs— 
rainwater harvesting, vegetated, and subsurface) can also help address larger watershed flooding 
issues. 

Performance characteristics are starting to be established for most structural and 
some nonstructural SCMs, but additional research is needed on the relevant hydrologic 
and water quality processes within SCMs across different climates and soil conditions.  
Typical data such as long-term load reduction efficiencies and pollutant effluent concentrations 
can be found in the International Stormwater BMP Database.  However, understanding the 
processes involved in each SCM is in its infancy, making modeling of these SCMs difficult.  
Seasonal differences, the time between storms, and other factors all affect pollutant loadings 
emanating from SCMs.  Research is needed that moves away from the use of percent removal 
and toward better simulation of SCM performance.  Research is particularly important for 
nonstructural SCMs, which in many cases are more effective, have longer life spans, and require 
less maintenance than structural SCMs.  EPA should be a leader in SCM research, both directly 
by improving its internal modeling efforts and by funding state efforts to monitor and report back 
on the success of SCMs in the field. 
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9 Summary  

The retrofitting of urban areas presents both unique opportunities and challenges. 
Promoting growth in these areas is desirable because it takes pressure off the suburban fringes, 
thereby preventing sprawl, and it minimizes the creation of new impervious surfaces.  However, 
it is more expensive than Greenfields development because of the existence of infrastructure and 
the limited availability and affordability of land.  Both innovative zoning and development 
incentives, along with the careful selection SCMs, are needed to achieve fair and effective storm-
water management in these areas.  For example, incentive or performance zoning could be used 
to allow for greater densities on a site, freeing other portions of the site for SCMs.  Publicly 
owned, consolidated SCMs should be strongly considered as there may be insufficient land to 
have small, on-site systems.  The performance and maintenance of the former can be overseen 
more effectively by a local government entity. The types of SCMs that are used in consolidated 
facilities—particularly detention basins, wet/dry ponds, and stormwater wetlands—perform 
multiple functions, such as prevention of streambank erosion, flood control, and large-scale 
habitat provision. 

INNOVATIVE STORMWATER MANAGEMENT AND REGULATORY PERMITTING 

There are numerous innovative regulatory strategies that could be used to improve the 
EPA’s stormwater program.  The course of action most likely to check and reverse degradation 
of the nation’s aquatic resources would be to base all stormwater and other wastewater 
discharge permits on watershed boundaries instead of political boundaries.  Watershed-
based permitting is the regulated allowance of discharges of water and wastes borne by those 
discharges to waters of the United States, with due consideration of: (1) the implications of those 
discharges for preservation or improvement of prevailing ecological conditions in the 
watershed’s aquatic systems, (2) cooperation among political jurisdictions sharing a watershed, 
and (3) coordinated regulation and management of all discharges having the potential to modify 
the hydrology and water quality of the watershed’s receiving waters. 

Responsibility and authority for implementation of watershed-based permits would be 
centralized with a municipal lead permittee working in partnership with other municipalities in 
the watershed as co-permittees.  Permitting authorities (designated states or, otherwise, EPA) 
would adopt a minimum goal in every watershed to avoid any further loss or degradation of 
designated beneficial uses in the watershed’s component waterbodies and additional goals in 
some cases aimed at recovering lost beneficial uses.  Permittees, with support by the states or 
EPA, would then move to comprehensive impact source analysis as a foundation for targeting 
solutions. The most effective solutions are expected to lie in isolating, to the extent possible, 
receiving waterbodies from exposure to those impact sources.  In particular, low-impact design 
methods, termed Aquatic Resources Conservation Design in this report, should be employed to 
the fullest extent feasible and backed by conventional SCMs when necessary. 

The approach gives municipal co-permittees more responsibility, with commensurately 
greater authority and funding, to manage all of the sources discharging, directly or through 
municipally owned conveyances, to the waterbodies comprising the watershed.  This report also 
outlines a new monitoring program structured to assess progress toward meeting objectives and 
the overlying goals, diagnosing reasons for any lack of progress, and determining compliance by 
dischargers. The proposal further includes market-based trading of credits among dischargers to 
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10 Urban Stormwater Management in the United States 

achieve overall compliance in the most efficient manner and adaptive management to determine 
additional actions if monitoring demonstrates failure to achieve objectives. 

As a first step to taking the proposed program nationwide, a pilot program is 
recommended that will allow EPA to work through some of the more predictable impediments to 
watershed-based permitting, such as the inevitable limits of an urban municipality’s authority 
within a larger watershed. 

Short of adopting watershed-based permitting, other smaller-scale changes to the EPA 
stormwater program are possible.  These recommendations do not preclude watershed-based 
permitting at some future date, and indeed they lay the groundwork in the near term for an 
eventual shift to watershed-based permitting. 

Integration of the three permitting types is necessary, such that construction and 
industrial sites come under the jurisdiction of their associated municipalities.  Federal and 
state NPDES permitting authorities do not presently have, and can never reasonably expect to 
have, sufficient personnel to inspect and enforce stormwater regulations on more than 100,000 
discrete point source facilities discharging stormwater.  A better structure would be one where 
the NPDES permitting authority empowers the MS4 permittees to act as the first tier of entities 
exercising control on stormwater discharges to the MS4 to protect water quality.  The National 
Pretreatment Program, EPA’s successful treatment program for municipal and industrial 
wastewater sources, could serve as a model for integration. 

To improve the industrial, construction, and MS4 permitting programs in their 
current configuration, EPA should (1) issue guidance for MS4, industrial, and construction 
permittees on what constitutes a design storm for water quality purposes; (2) issue guidance for 
MS4 permittees on methods to identify high-risk industrial facilities for program prioritization 
such as inspections; (3) support the compilation and collection of quality industrial stormwater 
effluent data and SCM effluent quality data in a national database; and (4) develop numerical 
expressions of the MS4 standard of “maximum extent practicable.”  Each of these issues is 
discussed in greater detail in Chapter 6. 

*** 

Watershed-based permitting will require additional resources and regulatory program 
support. Such an approach shifts more attention to ambient outcomes as well as expanded 
permitting coverage.  Additional resources for program implementation could come from 
shifting existing programmatic resources.  For example, some state permitting resources may be 
shifted away from existing point source programs toward stormwater permitting.  Strategic 
planning and prioritization could shift the distribution of federal and state grant and loan 
programs to encourage and support more watershed-based stormwater permitting programs.  
However, securing new levels of public funds will likely be required.  All levels of government 
must recognize that additional resources may be required from citizens and businesses (in the 
form of taxes, fees, etc.) in order to operate a more comprehensive and effective stormwater 
permitting program. 

PREPUBLICATION 


RB-AR14632



 
 
 

 

 

 

Chapter 1 

Introduction 


URBANIZATION AND ITS IMPACTS 

The influence of humans on the physical and biological systems of the Earth’s surface is 
not a recent manifestation of modern societies; instead, it is ubiquitous throughout our history.  
As human populations have grown, so has their footprint, such that between 30 and 50 percent of 
the Earth’s surface has now been transformed (Vitousek et al., 1997).  Most of this land area is 
not covered with pavement; indeed, less than 10 percent of this transformed surface is truly 
“urban” (Grübler, 1994). However, urbanization causes extensive changes to the land surface 
beyond its immediate borders, particularly in ostensibly rural regions, through alterations by 
agriculture and forestry that support the urban population (Lambin et al., 2001).  Within the 
immediate boundaries of cities and suburbs, the changes to natural conditions and processes 
wrought by urbanization are among the most radical of any human activity. 

In the United States, population is growing at an annual rate of 0.9 percent (U.S. Census 
Bureau, http://www.census.gov/compendia/statab/2007edition.html); the majority of the 
population of the United States now lives in suburban and urban areas (Figure 1-1).  Because the 
area appropriated for urban land uses is growing even faster, these patterns of growth all but 
guarantee that the influences of urban land uses will continue to expand over time.  Cities and 
suburbia obviously provide the homes and livelihood for most of the nation’s population.  But, as 
this report makes clear, these benefits have been accompanied by significant environmental 
change. Urbanization of the landscape profoundly affects how water moves both above and 
below ground during and following storm events; the quality of that stormwater (defined in Box 
1-1); and the ultimate condition of nearby rivers, lakes, and estuaries.  Unlike agriculture, which 
can display significant interchange with forest cover over time scales of a century (e.g., Hart, 
1968), there is no indication that once-urbanized land ever returns to a less intensive state.  
Urban land, however, does continue to change over time; by one estimate, 42 percent of land 
currently considered “urban” in the United States will be redeveloped by 2030 (Brookings 
Institute, 2004). In their words, “nearly half of what will be the built environment in 2030 
doesn’t even exist yet” (p. vi).  This truth belies the common belief that efforts to improve 
management of stormwater are doomed to irrelevancy because so much of the landscape is 
already built. Opportunities for improvement have indeed been lost, but many more still await 
an improved management approach. 

Measures of urbanization are varied, and the disparate methods of quantifying the 
presence and influence of human activity tend to confound analyses of environmental effects.  
Population density is a direct metric of human presence, but it is not the most relevant measure 
of the influence of those people on their surrounding landscape.  Expressions of the built 
environment, most commonly road density or pavement coverage as a percentage of gross land 
area, are more likely to determine stormwater runoff-related consequences.  An inverse metric, 
the percentage of mature vegetation or forest across a landscape, expresses the magnitude of 
related, but not identical, impacts to downstream systems.  Alternatively, these measures of land 
cover can be replaced by measures of land use, wherein the types of human activity (e.g.,  

11 


RB-AR14633



   

 

 

 

 
 
 
 

 

  

 

 
 
 
 

12 Urban Stormwater Management in the United States 

FIGURE 1-1 Histogram of population for the United States, based on 2000 census data.  The median 
population density is about 1,000 people/km2. SOURCE: Modified from Pozzi and Small (2005), who 
place the rural–suburban boundary at 100 people/km2. Reprinted, with permission, from ASPRS (2005). 
Copyright 2005 by the American Society for Photogrammetry and Remote Sensing. 

BOX 1-1 
What Is “Stormwater”? 

“Stormwater” is a term that is used widely in both scientific literature and regulatory documents.  It 
is also used frequently throughout this report.  Although all of these usages share much in common, there 
are important differences that benefit from an explicit discussion. 

Most broadly, stormwater runoff is the water associated with a rain or snow storm that can be 
measured in a downstream river, stream, ditch, gutter, or pipe shortly after the precipitation has reached 
the ground.  What constitutes “shortly” depends on the size of the watershed and the efficiency of the 
drainage system, and a number of techniques exist to precisely separate stormwater runoff from its more 
languid counterpart, “baseflow.”  For small and highly urban watersheds, the interval between rainfall and 
measured stormwater discharges may be only a few minutes.  For watersheds of many tens or hundreds 
of square miles, the lag between these two components of storm response may be hours or even a day. 

From a regulatory perspective, stormwater must pass through some sort of engineered 
conveyance, be it a gutter, a pipe, or a concrete canal.  If it simply runs over the ground surface, or soaks 
into the soil and soon reemerges as seeps into a nearby stream, it may be water generated by the storm 
but it is not regulated stormwater. 

This report emphasizes the first, more hydrologically oriented definition.  However, attention is 
focused mainly on that component of stormwater that emanates from those parts of a landscape that 
have been affected in some fashion by human activities (“urban stormwater”).  Mostly this includes water 
that flows over the ground surface and is subsequently collected by natural channels or artificial 
conveyance systems, but it can also include water that has infiltrated into the ground but nonetheless 
reaches a stream channel relatively rapidly and that contributes to the increased stream discharge that 
commonly accompanies almost any rainfall event in a human-disturbed watershed. 
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13 Introduction 

residential, industrial, commercial) are used as proxies for the suite of hydrologic, chemical, and 
biological changes imposed on the surrounding landscape. 

All of these metrics of urbanization are strongly correlated, although none can directly 
substitute for another. They also are measured differently, which renders one or another more 
suitable for a given application. Land use is a common measure in the realm of urban planning, 
wherein current and future conditions for a city or an entire region are characterized using 
equivalent categories across parcels, blocks, or broad regions.  Road density can be reliably and 
rapidly measured, either manually or in a Geographic Information System environment, and it 
commonly displays a very good correlation with other measures of human activity.  “Land 
cover,” however, and particularly the percentage of impervious cover, is the metric most 
commonly used in studying the effects of urban development on stormwater, because it clearly 
expresses the hydrologic influence and watershed scale of urbanization.  Box 1-2 describes the 
ways in which the percent of impervious cover in a watershed is measured. 

There is no universally accepted terminology to describe land-cover or land-use 
conditions along the rural-to-urban gradient. Pozzi and Small (2005), for example, identified 
“rural,” “suburban,” and “urban” land uses on the basis of population density and vegetation 
cover, but they did not observe abrupt transitions that suggested natural boundaries (see Figure 
1-1). In contrast, the Center for Watershed Protection (2005) defined the same terms but used 
impervious area percentage as the criterion, with such labels as “rural” (0 to 10 percent 
imperviousness), “suburban” (10 to 25 percent imperviousness), “urban” (25 to 60 percent 
imperviousness) and “ultra-urban” (greater than 60 percent imperviousness). 

Beyond the problems posed by precise yet inconsistent definitions for commonly used 
words, none of the boundaries specified by these definitions are reflected in either hydrologic or 
ecosystem responses.  Hydrologic response is strongly dependent on both land cover and 
drainage connectivity (e.g., Leopold, 1968); ecological responses in urbanizing watersheds do 
not show marked thresholds along an urban gradient (e.g., Figure 1-2) and they are dependent on 
not only the sheer magnitude of urban development but also the spatial configuration of that 
development across the watershed (Alberti et al., 2006).  This report, therefore, uses such terms 
as “urban” and “suburban” under their common usage, without implying or advocating for a 
more precise (but ultimately limited and discipline-specific) definition. 

Changing land cover and land use influence the physical, chemical, and biological 
conditions of downstream waterways. The specific mechanisms by which this influence occurs 
vary from place to place, and even a cursory review of the literature demonstrates that many 
different factors can be important, such as changes to flow regime, physical and chemical 
constituents in the water column, or the physical form of the stream channel itself (Paul and 
Meyer, 2001). Not all of these changes are present in any given system—lakes, wetlands, and 
streams can be altered by human activity in many different ways, each unique to the activity and 
the setting in which it occurs.  Nonetheless, direct influences of land-use change on freshwater 
systems commonly include the following (Naiman and Turner, 2000): 

• Altering the composition and structure of the natural flora and fauna, 
• Changing disturbance regimes, 
• Fragmenting the land into smaller and more diverse parcels, and 
• Changing the juxtaposition between parcel types. 
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14 Urban Stormwater Management in the United States 

BOX 1-2 
Measures of Impervious Cover 

The percentage of impervious surface or cover in a landscape is the most frequently used 
measure of urbanization.  Yet this parameter has its limitations, in part because it has not been 
consistently used or defined.  Most significant is the distinction between total impervious area (TIA) and 
effective impervious area (EIA).  TIA is the “intuitive” definition of imperviousness: that fraction of the 
watershed covered by constructed, non-infiltrating surfaces such as concrete, asphalt, and buildings. 
Hydrologically, however, this definition is incomplete for two reasons.  First, it ignores nominally “pervious” 
surfaces that are sufficiently compacted or otherwise so low in permeability that the rate of runoff from them is 
similar or indistinguishable from pavement.  For example, Burges and others (1998) found that the 
impervious unit-area runoff was only 20 percent greater than that from pervious areas—primarily thin sodded 
lawns over glacial till—in a western Washington residential subdivision.  Clearly, this hydrologic contribution 
cannot be ignored entirely. 

The second limitation of TIA is that it includes some paved surfaces that may contribute nothing to 
the stormwater-runoff response of the downstream channel.  A gazebo in the middle of parkland, for 
example, probably will impose no hydrologic changes into the catchment except for a very localized elevation 
of soil moisture at the edge of its roof.  Less obvious, but still relevant, would be the different downstream 
consequences of rooftops that drain alternatively into a piped storm-drain system with direct discharge into a 
natural stream or onto splash blocks that disperse the runoff onto the garden or lawn at each corner of the 
building.  This metric therefore cannot recognize any stormwater mitigation that may result from alternative 
runoff-management strategies, for example, pervious pavements or rainwater harvesting. 

The first of these TIA limitations, the production of significant runoff from nominally pervious surfaces, 
is typically ignored in the characterization of urban development.  The reason for such an approach lies in the 
difficulty in identifying such areas and estimating their contribution, and because of the credible belief that the 
degree to which pervious areas shed water as overland flow should be related, albeit imperfectly, with the 
amount of impervious area: where construction and development are more intense and cover progressively 
greater fractions of the watershed, it is more likely that the intervening green spaces have been stripped and 
compacted during construction and only imperfectly rehabilitated for their hydrologic functions during 
subsequent “landscaping.” 

The second of these TIA limitations, inclusion of non-contributing impervious areas, is formally 
addressed through the concept of EIA, defined as the impervious surfaces with direct hydraulic connection to 
the downstream drainage (or stream) system.  Thus, any part of the TIA that drains onto pervious (i.e., 
“green”) ground is excluded from the measurement of EIA.  This parameter, at least conceptually, captures 
the hydrologic significance of imperviousness.  EIA is the parameter normally used to characterize urban 
development in hydrologic models. 

The direct measurement of EIA is complicated.  Studies designed specifically to quantify this 
parameter must make direct, independent measurements of both TIA and EIA (Alley and Veenhuis, 1983; 
Laenen, 1983; Prysch and Ebbert, 1986).  The results can then be generalized either as a correlation 
between the two parameters or as a “typical” value for a given land use.  Sutherland (1995) developed an 
equation that describes the relationship between EIA and TIA.  Its general form is: 

EIA = A (TIA)B 

where A and B are a unique combination of numbers that satisfy the following criteria: 

TIA = 1 then EIA = 0% 
TIA = 100 then EIA = 100% 

A commonly used version of this equation (EIA = 0.15 TIA1.41) was based on samples from highly 
urbanized land uses in Denver, Colorado (Alley and Veenhuis, 1983; Gregory et al., 2005).  These results, 
however, are almost certainly region- and even neighborhood-specific, and, although highly relevant to 
watershed studies, they can be quite laborious to develop. 
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15 Introduction 

Historically, human-induced alteration was not universally seen as a problem.  In 
particular, dams and other stream-channel “improvements” were a common activity of municipal 
and federal engineering works of the mid-20th century (Williams and Wolman, 1984).  “Flood 
control” implied a betterment of conditions, at least for streamside residents (Chang, 1992).  And 
fisheries “enhancements,” commonly reflected by massive infrastructure for hatcheries or 
artificial spawning channels, were once seen as unequivocal benefits for fish populations (White, 
1996; Levin et al., 2001). 

By almost any currently applied metric, however, the net result of human alteration of the 
landscape to date has resulted in a degradation of the conditions in downstream watercourses.  
Many prior researchers, particularly when considering ecological conditions and metrics, have 
recognized a crude but monotonically declining relationship between human-induced landscape 
alteration and downstream conditions (e.g., Figure 1-2; Horner et al., 1997; Davies and Jackson, 
2006). These include metrics of physical stream-channel conditions (e.g., Bledsoe and Watson, 
2001), chemical constituents (e.g., Figure 1-3; House et al., 1993), and biological communities 
(e.g., Figure 1-4; Steedman, 1988; Wang et al., 1997). 

The association between watercourse degradation and landscape alteration in general, and 
urban development in particular, seems inexorable.  The scientific and regulatory challenge of 
the last three decades has been to decouple this relationship, in some cases to reverse its trend 
and in others to manage where these impacts are to occur. 

FIGURE 1-2 Conceptual model (left) and actual response (right) of a biological system’s 
response to stress.  The “Urban Gradient of Stressors” might be a single metric of urbanization, 
such as percent watershed impervious or road density; the “Biological Indicator” may be single-
metric or multi-metric measures of the level of disturbance in an aquatic community.  The right-
declining line traces the limits of a “factor-ceiling distribution” (Thomson et al., 1986), wherein 
individual sites (i.e., data points) have a wide range of potential values for a given position along 
the urban gradient but are not observed above a maximum possible limit of the biological index.  
The right-hand graph illustrates actual biological responses, using a biotic index developed to 
show responses to urban impacts plotted against a standardized urban gradient comprising 
urban land use, road density, and population.  SOURCE: Davies and Jackson (2006) (left) and 
Barbour et al. (2006) (right). Left figure, reprinted, with permission, Davies and Jackson (2006). 
Copyright by the Ecological Society of America. Right figure, reprinted, with permission, Barbour 
et al. (2006). Copyright by the Water Environment Research Foundation. 
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16 Urban Stormwater Management in the United States 

FIGURE 1-3 Example relationships between road density (a surrogate measure of urban 
development) and common water quality constituents.  Direct causality is not necessarily 
implied by such relationships, but the monotonic increase in concentrations with increasing 
“urbanization,” however measured, is near-universal.  SOURCE: Reprinted, with permission, 
from Chang and Carlson (2005). Copyright 2005 by Springer. 

FIGURE 1-4 Plots of Effective Impervious Area (EIA, or “connected imperviousness”) against 
metrics of biologic response in fish populations.  SOURCE: Reprinted, with permission, from 
Wang et al. (2001). Copyright 2001 by Springer.  
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17 Introduction 

WHAT’S WRONG WITH THE NATION’S WATERS? 

Since passage of the Water Quality Act of 1948 and the Clean Water Act (CWA) of 
1972, 1977, and 1987, water quality in the United States has measurably improved in the major 
streams and rivers and in the Great Lakes.  However, substantial challenges and problems 
remain.  Major reporting efforts that have examined state and national indicators of condition, 
such as CWA 305(b) reports (EPA, 2002) and the Heinz State of the Nation’s Ecosystem report 
(Heinz Center, 2002), or environmental monitoring that was designed to provide statistically 
valid estimates of condition (e.g., National Wadeable Stream Assessment; EPA, 2006), have 
confirmed widespread impairments related to diffuse sources of pollution and stressors. 

The National Water Quality Inventory (derived from Section 305b of the CWA) compiles 
data in relation to use designations and water quality standards.  As discussed in greater detail in 
Chapter 2, such standards include both (1) a description of the use that a waterbody is supposed 
to achieve (such as a source of drinking water or a cold water fishery) and (2) narrative or 
numeric criteria for physical, chemical, and biological parameters that allow the designated use 
to be achieved. As of 2002, 45 percent of assessed streams and rivers, 47 percent of assessed 
lakes, 32 percent of assessed estuarine areas, 17 percent of assessed shoreline miles, 87 percent 
of near-coastal ocean areas, 51 percent of assessed wetlands, 91 percent of assessed Great Lakes 
shoreline miles, and 99 percent of assessed Great Lakes open water areas were not meeting water 
quality standards set by the states (2002 EPA Report to Congress).1 

The U.S. Environmental Protection Agency (EPA) has also embarked on a five-year 
statistically valid survey of the nation’s waters 
(http://www.epa.gov/owow/monitoring/guide.pdf).  To date, two waterbody types—coastal areas 
and wadeable streams—have been assessed.  The most recent data indicate that 42 percent of 
wadeable streams are in poor biological condition and 25 percent are in fair condition (EPA, 
2006). The overall condition of the nation’s estuaries is generally fair, with Puerto Rico and 
Northeast Coast regions rated poor, the Gulf Coast and West Coast regions rated fair, and the 
Southeast Coast region rated good to fair (EPA, 2007).  These condition ratings for the National 
Estuary Program are based on a water quality index, a sediment quality index, a benthic index, 
and a fish tissue contaminants index. 

The impairment of waterbodies is manifested in a multitude of ways.  Indeed, EPA’s 
primary process for reporting waterbody condition (Section 303(d) of the CWA—see Chapter 2) 
identifies over 200 distinct types of impairments.  As shown in Table 1-1, these have been 
categorized into 15 broad categories, encompassing about 94 percent of all impairments.  59,515 
waterbodies fall into one of the top 15 categories, while the total reported number of waterbodies 
impaired from all causes is 63,599 (which is an underestimate of the actual total because not all 
waterbodies are assessed). Mercury, microbial pathogens, sediments, other metals, and nutrients 
are the major pollutants associated with impaired waterbodies nationwide.  These constituents 
have direct impacts on aquatic ecosystems and public health, which form the basis of the water 
quality standards set for these compounds.  Sediments can harm fish and macroinvertebrate 
communities by introducing sorbed contaminants, decreasing available light in streams, and 
smothering fish eggs.  Microbial pathogens can cause disease to humans via both ingestion and 
dermal contact and are frequently cited as the cause of beach closures and other recreational 

1 EPA does not yet have the 2004 assessment findings compiled in a consistent format from all the states.  EPA is 
also working on processing the states 2006 Integrated Reports as the 303(d) portions are approved and the states 
submit their final assessment findings.  Susan Holdsworth, EPA, personal communication, September 2007.  
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18 Urban Stormwater Management in the United States 

water hazards in lakes and estuaries.  Nutrient over-enrichment can promote a cascade of events 
in waterbodies from algal blooms to decreases in dissolved oxygen and associated fish kills.  
Metals like mercury, pesticides, and other organic compounds that enter waterways can be taken 
up by fish species, accumulating in their tissues and presenting a health risk to organisms 
(including humans) that consume the fish.   

However, Table 1-1 can be misleading if it implies that degraded water quality is the 
primary metric of impairment.  In fact, many of the nation’s streams, lakes, and estuaries also 
suffer from fundamental changes in their flow regime and energy inputs, alteration of aquatic 
habitats, and resulting disruption of biotic interactions that are not easily measured via pollutant 
concentrations.  Such waters may not be listed on State 303(d) lists because of the absence of a 
corresponding water quality standard that would directly indicate such conditions (like a 
biocriterion). Figure 1-5A, B, and C show examples of such impacted waterbodies. 

Over the years, the greatest successes in improving the nation’s waters have been in 
abating the often severe impairments caused by municipal and industrial point source discharges.  
The pollutant load reductions required of these facilities have been driven by the National 
Pollutant Discharge Elimination System (NPDES) permit requirements of the CWA (see Chapter 
2). Although the majority of these sources are now controlled, further declines in water quality 
remain likely if the land-use changes that typify more diffuse sources of pollution are not 
addressed (Palmer and Allan, 2006).  These include land-disturbing agricultural, silvicultural, 
urban, industrial, and construction activities from which hard-to-monitor pollutants emerge 
during wet-weather events. Pollution from these landscapes has been almost universally 
acknowledged as the most pressing challenge to the restoration of waterbodies and aquatic  

TABLE 1-1 Top 15 Categories of Impairment Requiring CWA Section 303(d) Action 
Cause of Impairment Number of Waterbodies Percent of the Total 
Mercury 8,555 14% 
Pathogens 8,526 14% 
Sediment 6,689 11% 
Metals (other than mercury) 6,389 11% 
Nutrients 5,654 10% 
Oxygen depletion 4,568 8% 
pH 3,389 6% 
Cause unknown - biological integrity 2,866 5% 
Temperature 2,854 5% 
Habitat alteration 2,220 4% 
PCBs 2,081 3% 
Turbidity 2,050 3% 
Cause unknown 1,356 2% 
Pesticides 1,322 2% 
Salinity/TDS/chlorides 996 2% 

Note: “Waterbodies” refers to individual river segments, lakes, and reservoirs.  A single waterbody can 
have multiple impairments.  Because most waters are not assessed, however, there is no estimate of the 
number of unimpaired waters in the United States.  SOURCE: EPA, National Section 303(d) List Fact 
Sheet (http://iaspub.epa.gov/waters/national_rept.control).  The data are based on three-fourths of states 
reporting from 2004 lists, with the remaining from earlier lists and one state from a 2006 list. 
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19 Introduction 

FIGURE 1-5A Headwater tributary in Philadelphia suffering from Urban Stream Syndrome.  
SOURCE: Courtesy of Chris Crockett, City of Philadelphia Water Department (2007). 

Center for Watershed Protection 

FIGURE 1-5B A destabilized stream in Vermont.  SOURCE: Courtesy of Pete LaFlamme, 
Vermont Department of Environmental Conservation. 
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20 Urban Stormwater Management in the United States 

FIGURE 1-5C An urban stream, the Lower Oso Creek in Orange County, California, following a 
storm event.  Oso Creek was formerly an ephemeral stream, but heavy development in the 
contributing watershed has created perennial flow—stormwater flow during wet weather and 
minor wastewater discharges and authorized non-stormwater discharges such as landscape 
irrigation runoff during dry weather.  Courtesy of Eric Stein, Southern California Coastal 
Research Water Project. 

ecosystems nationwide.  All population and development forecasts indicate a continued 
worsening of the environmental conditions caused by diffuse sources of pollution under the 
nation’s current growth and land-use trajectories. 

Recognition of urban stormwater’s role in the degradation of the nation’s waters is but 
the latest stage in the history of this byproduct of the human environment.  Runoff conveyance 
systems have been part of cities for centuries, but they reflected only the desire to remove water 
from roads and walkways as rapidly and efficiently as possible.  In some arid environments, 
rainwater has always been collected for irrigation or drinking; elsewhere it has been treated as an 
unmetered, and largely benign, waste product of cities.  Minimal (unengineered) ditches or pipes 
drained developed areas to the nearest natural watercourse.  Where more convenient, stormwater 
shared conveyance with wastewater, eliminating the cost of a separate pipe system but 
commonly resulting in sewage overflows during rainstorms.  Recognition of downstream 
flooding that commonly resulted from upstream development led to construction of stormwater 
storage ponds or vaults in many municipalities in the 1960s, but their performance has typically 
fallen far short of design objectives (Booth and Jackson, 1997; Maxted and Shaver, 1999; 
Nehrke and Roesner, 2004). Water-quality treatment has been a relatively recent addition to the 
management of stormwater, and although a significant fraction of pollutants can be removed 
through such efforts (e.g., Strecker et al., 2004; see http://www.bmpdatabase.org), the 
constituents remaining even in “treated” stormwater represent a substantial, but largely 
unappreciated, impact to downstream watercourses. 
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21 Introduction 

Of the waterbodies that have been assessed in the United States, impairments from urban 
runoff are responsible for about 38,114 miles of impaired rivers and streams, 948,420 acres of 
impaired lakes, 2,742 square miles of impaired bays and estuaries, and 79,582 acres of impaired 
wetlands (2002 305(b) report). These numbers must be considered an underestimate, since the 
urban runoff category does not include stormwater discharges from municipal separate storm 
sewer systems (MS4s) and permitted industries, including construction.  Urban stormwater is 
listed as the “primary” source of impairment for 13 percent of all rivers, 18 percent of all lakes, 
and 32 percent of all estuaries (2000 305(b) report).  Although these numbers may seem low, 
urban areas cover just 3 percent of the land mass of the United States (Loveland and Auch, 
2004), and so their influence is disproportionately large.  Indeed, developed and developing areas 
that are a primary focus of stormwater regulations contain some of the most degraded waters in 
the country. For example, in Ohio few sites with greater than 27 percent imperviousness can 
meet interim CWA goals in nearby waterbodies, and biological degradation is observed with 
much less urban development (Miltner et al., 2004).  Numerous authors have found similar 
patterns (see Meyer et al., 2005). 

Although no water quality inventory data have been made available from the EPA since 
2002, the dimensions of the stormwater problem can be further gleaned from several past 
regional and national water quality inventories.  Many of these assessments are somewhat dated 
and are subject to the normal data and assessment limitations of national assessment methods, 
but they indicate that stormwater runoff has a deleterious impact on nearly all of the nation’s 
waters. For example: 

•	 Harvesting of shellfish is prohibited, restricted, or conditional in nearly 40 percent of all 
shellfish beds nationally due to high bacterial levels, and urban runoff and failing septic 
systems are cited as the prime causes.  Reopening of shellfish beds due to improved 
wastewater treatment has been more than offset by bed closures due to rapid coastal 
development (NOAA, 1992; EPA, 1998). 

•	 In 2006 there were over 15,000 beach closings or swimming advisories due to bacterial 
levels exceeding health and safety standards, with polluted runoff and stormwater cited as 
the cause of the impairment 40 percent of the time (NRDC, 2007). 

•	 Pesticides were detected in 97 percent of urban stream water samples across the United 
States, and exceeded human health and aquatic life benchmarks 6.7 and 83 percent of the 
time, respectively (USGS, 2006).  In 94 percent of fish tissues sampled in urban areas 
nationwide, organochlorine compounds were detected. 

•	 Urban development was responsible for almost 39 percent of freshwater wetland loss 
(88,960 acres) nationally between 1998 and 2004 (Dahl, 2006), and the direct impact of 
stormwater runoff in degrading wetland quality is predicted to affect an even greater 
acreage (Wright et al., 2006). 

•	 Eastern brook trout are present in intact populations in only 5 percent of more than 
12,000 subwatersheds in their historical range in eastern North America, and urbanization 
is cited as a primary threat in 25 percent of the remaining subwatersheds with reduced 
populations (Trout Unlimited, 2006). 
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22 Urban Stormwater Management in the United States 

•	 Increased flooding is common throughout urban and suburban areas, sometimes as a 
consequence of improperly sited development (Figure 1-6A) but more commonly as a 
result of increasing discharges over time resulting from progressive urbanization farther 
upstream (Figure 1-6B).  According to FEMA (undated), property damage from all types 
of flooding, from flash floods to large river floods, averages $2 billion a year. 

•	 The chemical effects of stormwater runoff are pervasive and severe throughout the 
nation’s urban waterways, and they can extend far downstream of the urban source.  
Stormwater discharges from urban areas to marine and estuarine waters cause greater 
water column toxicity than similar discharges from less urban areas (Bay et al., 2003). 

•	 A variety of studies have shown that stormwater runoff is a vector of pathogens with 
potential human health implications in both freshwater (Calderon et al., 1991) and marine 
waters (Dwight et al., 2004; Colford et al., 2007). 

A B 

FIGURE 1-6 (A) New residential construction in the path of episodic stream discharge 
(Issaquah, Washington); (B) recent flooding of an 18th-century tavern in Collegeville, 
Pennsylvania following a storm event in an upstream developing watershed.  SOURCES: Derek 
Booth, Stillwater Sciences, Inc., and Robert Traver, Villanova University. 

WHY IS IT SO HARD TO REDUCE THE IMPACTS OF STORMWATER? 

“Urban stormwater” is the runoff from a landscape that has been affected in some fashion 
by human activities, during and immediately after rain.  Most visibly, it is the water flow over 
the ground surface, which is collected by natural channels and artificial conveyance systems 
(pipes, gutters, and ditches) and ultimately routed to a stream, river, lake, wetland, or ocean.  It 
also includes water that has percolated into the ground but nonetheless reaches a stream channel 
relatively rapidly (typically within a day or so of the rainfall), contributing to the high discharge 
in a stream that commonly accompanies rainfall.  The subsurface flow paths that contribute to 
this stormflow response are typically quite shallow, in the upper layers of the soil, and are 
sometimes termed “interflow.”  They stand in contrast to deeper groundwater paths, where water 
moves at much lower velocities by longer paths and so reaches the stream slowly, over periods 
of days, weeks, or months.  This deeper flow sustains streamflow during rainless periods and is 
usually called baseflow, as distinct from “stormwater.”  A formal distinction between these types 
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23 Introduction 

of runoff is sometimes needed for certain computational procedures, but for most purposes a 
qualitative understanding is sufficient. 

These runoff paths can be identified in virtually all modified landscapes, such as 
agriculture, forestry, and mining.  However, this report focuses on those settings with the 
particular combination of activities that constitute “urbanization,” by which we mean to include 
the commonly understood conversion (whether incremental or total) of a vegetated landscape to 
one with roads, houses, and other structures. 

Although the role of urban stormwater in degrading the nation’s waters has been 
recognized for decades (e.g., Klein, 1979), reducing that role has been notoriously difficult.  This 
difficulty arises from three basic attributes of what is commonly termed “stormwater”: 

1.	 It is produced from literally everywhere in a developed landscape; 
2.	 Its production and delivery are episodic, and these fluctuations are difficult to attenuate; 

and 
3.	 It accumulates and transports much of the collective waste of the urban environment. 

Wherever grasslands and forest are replaced by urban development in general, and 
impervious surfaces in particular, the movement of water across the landscape is radically altered 
(see Figure 1-7). Nearly all of the associated problems result from one underlying cause: loss of 
the water-retaining function of the soil and vegetation in the urban landscape.  In an undeveloped, 
vegetated landscape, soil structure and hydrologic behavior are strongly influenced by biological 
activities that increase soil porosity (the ratio of void space to total soil volume) and the number 
and size of macropores, and thus the storage and conductivity of water as it moves through the 
soil. Leaf litter on the soil surface dissipates raindrop energy; the soil’s organic content reduces 
detachment of small soil particles and maintains high surface infiltration rates.  As a 
consequence, rainfall typically infiltrates into the ground surface or is evapotranspired by 
vegetation, except during particularly intense rainfall events (Dunne and Leopold, 1978). 

In the urban landscape, these processes of evapotranspiration and water retention in the soil 
may be lost for the simple reason that the loose upper layers of the soil and vegetation are gone— 
stripped away to provide a better foundation for roads and buildings.  Even if the soil still exists, it 
no longer functions if precipitation is denied access because of paving or rooftops.  In either case, a 
stormwater runoff reservoir of tremendous volume is removed from the stormwater runoff system; 
water that may have lingered in this reservoir for a few days or many weeks, or been returned 
directly to the atmosphere by evaporation or transpiration by plants, now flows rapidly across the 
land surface and arrives at the stream channel in short, concentrated bursts of high discharge. 

This transformation of the hydrologic regime from one where subsurface flow once 
dominated to one where overland flow now dominates is not simply a readjustment of runoff flow 
paths, and it does not just result in a modest increase in flow volumes.  It is a wholesale 
reorganization of the processes of runoff generation, and it occurs throughout the developed 
landscape.  As such, it can affect every aspect of that runoff (Leopold, 1968)—not only its rate of 
production, its volume, and its chemistry, but also what it indirectly affects farther downstream 
(Walsh et al., 2005a).  This includes erosion of mobile channel boundaries, mobilization of once-
static channel elements (e.g., large logs), scavenging of contaminants from the surface of the urban 
landscape, and efficient transfer of heat from warmed surfaces to receiving waterbodies.  These 
changes have commonly inspired human reactions—typically with narrow objectives but carrying  
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24 Urban Stormwater Management in the United States 

FIGURE 1-7 Schematic of the hydrologic pathways in humid-region watersheds, before and 
after urban development.  The sizes of the arrows suggest relative magnitudes of the different 
elements of the hydrologic cycle, but conditions can vary greatly between individual catchments 
and only the increase in surface runoff in the post-development condition is ubiquitous.  
SOURCE: Adapted from Schueler (1987) and Maryland Department of the Environment; 
http://www.mde.state.md.us/Programs/WaterPrograms. 

additional, far-ranging consequences—such as the piping of once-exposed channels, bank 
armoring, and construction of large open-water detention ponds (e.g., Lieb and Carline, 2000). 

This change in runoff regime is also commonly accompanied by certain land-use activities 
that have the potential to generate particularly harmful or toxic discharges, notably those 
commercial activities that are the particular focus of the industrial NPDES permits.  These include 
manufacturing facilities, transport of freight or passengers, salvage yards, and a more generally 
defined category of “sites where industrial materials, equipment, or activities are exposed to 
stormwater” (e.g., EPA, 1992). 

Other human actions are associated with urban landscapes that do not affect stormwater 
directly, but which can further amplify the negative consequences of altered flow.  These actions 
include clearing of riparian vegetation around streams and wetlands, introduction of atmospheric 
pollutants that are subsequently deposited, inadvertent release of exotic chemicals into the 
environment, and channel crossings by roads and utilities.  Each of these additional actions further 
degrades downstream waterbodies and increases the challenge of finding effective methods to 
reverse these changes (Boulton, 1999).  There is little doubt as to why the problem of urban 
stormwater has not yet been “solved”—because every functional element of an aquatic 
ecosystem is affected.  Urban stormwater has resulted in such widespread impacts, both physical 
and biological, in aquatic systems across the world that this phenomenon has been termed the 
“Urban Stream Syndrome” (see Figure 1-5; Walsh et al., 2005b). 

Of the many possible ways to consider these conditions, Karr (1991) has recommended a 
simple yet comprehensive grouping of the major stressors arising from urbanization that 
influence aquatic assemblages (Figure 1-8).  These include chemical pollutants (water quality 
and toxicity); changes to flow magnitude, frequency, and seasonality of various discharges; the 
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physical aspects of stream, lake, or wetland habitats; the energy dynamics of food webs, sunlight, 
and temperature; and biotic interactions between native and exotic species.  Stormwater and 
stormwater-related impacts encompass all of these categories, some directly (e.g., water 
chemistry) and some indirectly (e.g., habitat, energy dynamics). Because of the wide-ranging 
effects of stormwater, programs to abate stormwater impacts on aquatic systems must deal with a 
broad range of impairments far beyond any single altered feature, whether traditional water-
chemistry parameters or flow rates and volumes. 
 
 
 
 Urbanization Urbanization 
 drivers effects 

 
 • Human 
 population 
 • Impervious 
 area 
 
 

• Vegetation 
loss 

• Road  density 
 
 
 
 
FIGURE 1-8 Five features that are affected by urban development and, in turn, affect biological 
conditions in urban streams.  SOURCES: Modified from Karr (1991), Karr and Yoder (2004), and Booth 
(2005). Reprinted, with permission, from Karr (1991). Copyright 2001 by Ecological Society of America. 
Reprinted, with permission, from Karr and Yoder (2004). Copyright 2004 by American Society of Civil 
Engineers.  Reprinted, with permission, from Booth (2005). Copyright 2005 by the North American 
Benthological Society. 
 
 
 The broad spatial scale of where and how these impacts are generated suggests that 
solutions, if effective, should be executed at an equivalent scale.  Although the “problem” of 
stormwater runoff is manifested most directly as an altered hydrograph or elevated 
concentrations of pollutants, it is ultimately an expression of land-use change at a landscape 
scale.  Symptomatic solutions, applied only at the end of a stormwater collection pipe, are not 
likely to prove fully effective because they are not functioning at the scale of the original 
disturbance (Kloss and Calarusse, 2006). 

The landscape-scale generation of stormwater has a number of consequences for any 
attempt to reduce its effects on receiving waters, as described below. 

 
 

Sources and Volumes 

 

The “source” of stormwater runoff is dispersed, making collection and centralized 
treatment challenging.  To the extent that collection is successful, however, the flip side of this 
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26 Urban Stormwater Management in the United States 

condition—very large volumes—becomes manifest.  Either an extensive infrastructure brings 
stormwater to centralized facilities, whose operation and maintenance may be relatively 
straightforward (e.g., Anderson et al., 2002) but of modest effectiveness, or stormwater remains 
dispersed for management, treatment, or both across the landscape (e.g., Konrad and Burges, 
2001; Holman-Dodds et al., 2003; Puget Sound Action Team, 2005; Walsh et al., 2005a; Bloom, 
2006; van Roon, 2007), better mimicking the natural processes of runoff generation but requiring 
a potentially unlimited number of “facilities” that may have their own particular needs for space, 
cost, and maintenance. 

Treatment Challenges 

Regardless of the scale at which treatment is attempted, technological difficulties are 
significant because of the variety of “pollutants” that must be addressed.  These include physical 
objects, from large debris to microscopic particles; chemical constituents, both dissolved and 
immiscible; and less easily categorized properties such as temperature.  Wastewater treatment 
plants manage a similarly broad range of pollutants, but stormwater flows have highly unsteady 
inflows and, when present, typically much greater volumes to treat. 

Industrial sources of stormwater pose a particularly challenging problem because 
potential generators of polluted or toxic runoff are widespread and are regulated under NPDES 
permitting by their activities, not by the specific category of industrial activity under which they 
fall. This complicates any systematic effort to identify those entities that should be regulated 
(Duke et al., 1999). Even for the limited number of regulated generators, pollution prevention 
measures are of uncertain effectiveness. 

Soil erosion from construction sites is another pollution source that has proven difficult to 
effectively control. Although most bare sites are relatively small and only short-lived, at any 
given time there can be many sites under construction, each of which can deliver sediment loads 
to downstream waterbodies at rates that exceed background levels by many orders of magnitude 
(e.g., Wolman and Schick, 1967).  Relatively effective approaches and technologies exist to 
dramatically reduce the magnitude of these sediment discharges (e.g., Raskin et al., 2005), but 
they depend on conscientious installation and regular maintenance.  Enforcement of such 
requirements, normally a low-priority activity of local departments of building or public works, 
is commonly lacking. 

Another difference between the stormwater and wastewater streams is that stormwater 
treatment must address not only “pollutants” but also physically and ecologically deleterious 
changes in flow rate and total runoff volume.  Treating these changes constitutes a particularly 
difficult task for two reasons. First, there is simply more runoff, as a rule, and so replicating the 
predevelopment hydrograph is not an option—the increased volume of runoff guarantees that 
some discharges, some of the time, must be allowed to increase.  Second, there is little agreement 
on what constitutes “adequate” or “effective” treatment for the various attributes of flow.  Even 
the most basic metrics, such as the magnitude of peak flow, can require extensive infrastructure 
to achieve (e.g., Booth and Jackson, 1997); other flow metrics that correlate more directly with 
undesired effects on physical and biological systems can require even greater efforts to match.  
In many cases, the urban-induced transformation of the flow regime makes true “mitigation” 
virtually impossible. 
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27 Introduction 

Widespread Cause and Effects 

The spatial scale of stormwater generation and its impacts is wide-ranging.  “Generators” 
are literally landscape-wide, and impacts can occur at every location in the path followed by 
urban runoff, from source to receiving waterbody (Hamilton et al., 2004).  There are few ways to 
demonstrate causal connections between distributed landscape sources and cumulative 
downstream effects (Allan, 2004), and so site-specific mitigation typically provides little lasting 
improvement in the watershed as a whole (Maxted and Shaver, 1997). 

Stormwater Measurements 

The desired attributes of stormwater runoff are normally expressed through a 
combination of physical and chemical parameters.  These parameters are commonly presumed to 
have direct correlation to attributes of human or ecological concern, such as the condition of 
human or fish communities, or the stability of a stream channel, even though these parameters do 
not directly measure those effects.  The most commonly measured physical parameters are 
hydrologic and simply measure the rate of flow past a specified location.  Both the absolute, 
instantaneous magnitude of that flow rate (i.e., the discharge) and the variations in that rate over 
multiple time scales (i.e., how rapidly the discharge varies over an hour, a day, a season, etc.) can 
be captured by analysis of a continuous time series of a flow.  Obviously, however, a nearly 
unlimited number of possible metrics, capturing a multitude of temporal scales, could be defined 
(Poff et al., 1997, 2006; Cassin et al., 2004; Konrad et al., 2005; Roy et al., 2005; Chang, 2007).  
Commonly only a single parameter—the peak storm discharge for a given return period (Hollis, 
1975)—has been emphasized in the past.  Mitigation of urban-induced flow increases have 
followed this narrow approach, typically by endeavoring to reduce peak discharge by use of 
detention ponds but leaving the underlying increase in runoff volumes—and the associated 
augmentation of both frequency and duration of high discharges—untouched.  This partly 
explains why evaluation of downstream conditions commonly document little improvement 
resulting from traditional flow-mitigation measures (e.g., Maxted and Shaver, 1997; Roesner et 
al., 2001; May and Horner, 2002). 

Other physical parameters, less commonly measured or articulated, can also express the 
conditions of downstream watercourses. Measures of size or complexity, particularly for stream 
channels, are particularly responsive to the changes in flow regime and discharge.  Booth (1990) 
suggested that discriminating between channel expansion, the proportional increase in channel 
cross-sectional area with increasing discharge, and channel incision, the catastrophic vertical 
downcutting that sometimes accompanies urban-induced flow increases, captures important end-
members of the physical response to hydrologic change.  The former (proportional expansion) is 
more thoroughly documented (Hammer, 1972; Hollis and Luckett, 1976; Morisawa and LaFlure, 
1982; Neller, 1988; Whitlow and Gregory, 1989; Booth and Jackson, 1997; Moscrip and 
Montgomery, 1997; Booth and Henshaw, 2001); the latter (catastrophic incision) is more 
difficult to quantify but has been recognized in both urban and agricultural settings (e.g., Simon, 
1989). Both types of changes result not only in a larger channel but also in substantial 
simplification and loss of features normally associated with high-quality habitat for fish and 
other in-stream biota.  The sediment released by these “growing channels” also can be the largest 
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28 Urban Stormwater Management in the United States 

component of the overall sediment load delivered to downstream waterbodies (Trimble, 1997; 
Nelson and Booth, 2002). 

Chemical parameters (or, historically, “water-quality parameters”; see Dinius, 1987; 
Gergel et al., 2002) cover a host of naturally and anthropogenically occurring constituents in 
water. In flowing water these are normally expressed as instantaneous measurements of 
concentration. In waterbodies with long residence times, such as lakes, these may be expressed 
as either concentrations or as loads (total accumulated amounts, or total amounts integrated over 
an extended time interval).  The CWA defined a list of priority pollutants, of which a subset is 
regularly measured in many urban streams (e.g., Field and Pitt, 1990).  Parameters that are not 
measured may or may not be present, but without assessment they are rarely recognized for their 
potential (or actual) contribution to waterbody impairment. 

Other attributes of stormwater do not fit as neatly into the categories of water quantity or 
water quality. Temperature is commonly measured and is normally treated as a water quality 
parameter, although it is obviously not a chemical property of the water (LeBlanc et al., 1997; 
Wang et al., 2003). Similarly, direct or indirect measures of suspended matter in the water 
column (e.g., concentration of total suspended solids, or secchi disk depths in a lake) are 
primarily physical parameters but are normally included in water quality metrics.  Flow velocity 
is rarely measured in either context, even though it too correlates directly to stream-channel 
conditions. Even more direct expressions of a flow’s ability to transport sediment or other 
debris, such as shear stress or unit stream power, are rarely reported and virtually never 
regulated. 

*** 

Urban runoff degrades aquatic systems in multiple ways, which confounds our attempts 
to define causality or to demonstrate clear linkages between mitigation and ecosystem 
improvement.  It is generally recognized from the conceptual models that seek to describe this 
system that no single element holds the key to ecosystem condition.  All elements must be 
functional, and yet every element can be affected by urban runoff in different ways.  These 
impacts occur at virtually all spatial scales, from the site-specific to the landscape; this breadth 
and diversity challenges our efforts to find effective solutions. 

This complexity and the continued growth of the built environment also present 
fundamental social choices and management challenges.  Stormwater control measures entail 
substantial costs for their long-term maintenance, monitoring to determine their performance, 
and enforcement of their use—all of which must be weighed against their (sometimes unproven) 
benefits. Furthermore, the overarching importance of impervious surfaces inextricably links 
stormwater management to land-use decisions and policy.  For example, where a reversal of the 
effects of urbanization cannot be realized, more intensive land-use development in certain areas 
may be a paradoxically appropriate response to reduce the overall impacts of stormwater.  That 
is, increasing population density and impervious cover in designated urban areas may reduce the 
creation of impervious surface and the associated ecological impacts in areas that will remain 
undeveloped as a result. In these highly urban areas (with very high percentages of impervious 
surface), aquatic conditions in local streams will be irreversibly changed and the Urban Stream 
Syndrome may be unavoidable to some extent.  Where these impacts occur and what effort and 
cost will be used to avoid these impacts are both fundamental issues confronting the nation as it 
attempts to address stormwater.  
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29 Introduction 

IMPETUS FOR THE STUDY AND REPORT ROADMAP 


In 1972 Congress amended the Federal Water Pollution Control Act (subsequently 
referred to as the Clean Water Act) to require control of discharges of pollutants to waters of the 
United States from point sources.  Initial efforts to improve water quality using NPDES permits 
focused primarily on reducing pollutants from industrial process wastewater and municipal 
sewage discharges. These point source discharges were clearly and easily shown to be 
responsible for poor, often drastically degraded conditions in receiving waterbodies because they 
tended to emanate from identifiable and easily monitored locations, such as pipe outfalls. 

As pollution control measures for industrial process wastewater and municipal sewage 
were implemented and refined during the 1970s and 1980s, more diffuse  sources of water 
pollution have become the predominant causes of water quality impairment, including 
stormwater runoff.  To address the role of stormwater in causing water quality impairments, 
Congress included Section 402(p) in the CWA; this section established a comprehensive, two-
phase approach to stormwater control using the NPDES program.  In 1990 EPA issued the Phase 
I Stormwater Rule (55 Fed. Reg. 47990; November 16, 1990) requiring NPDES permits for 
operators of municipal separate storm sewer systems (MS4s) serving populations over 100,000 
and for runoff associated with industrial activity, including runoff from construction sites five 
acres and larger. In 1999 EPA issued the Phase II Stormwater Rule (64 Fed. Reg. 68722; 
December 8, 1999), which expanded the requirements to small MS4s in urban areas and to 
construction sites between one and five acres in size. 

Since EPA’s stormwater program came into being, several problems inherent in its 
design and implementation have become apparent.  As discussed in more detail in Chapter 2, 
problems stem to a large extent from the diffuse nature of stormwater discharges combined with 
a regulatory process that was created for point sources (the NPDES permitting approach).  These 
problems are compounded by the shear number of entities requiring oversight.  Although exact 
numbers are not available, EPA estimates that the number of regulated MS4s is about 7,000, 
including 1,000 Phase I municipalities and 6,000 from Phase II.  The number of industrial 
permittees is thought to be around 100,000.  Each year, the construction permit covers around 
200,000 permittees each for both Phase I (five acres or greater) and Phase II (one to five acres) 
projects. Thus, the total number of permittees under the stormwater program at any time 
numbers greater than half a million.  There are fewer than 100,000 non-stormwater (meaning 
wastewater) permittees covered by the NPDES program, such that stormwater permittees 
account for approximately 80 percent of NPDES-regulated entities.  To manage this large 
number of permittees, the stormwater program relies heavily on the use of general permits to 
control industrial, construction, and Phase II MS4 discharges, which are usually statewide, one
size-fits-all permits in which general provisions are stipulated. 

An example of the burden felt by a single state is provided by Michigan (David 
Drullinger, Michigan Department of Environmental Quality Water Bureau, personal 
communication, September 2007).  The Phase I Stormwater regulations that became effective in 
1990 regulate 3,400 industrial sites, 765 construction sites per year, and five large cities in 
Michigan. The Phase II regulations, effective since 1999, have extended the requirements to 
7,000 construction sites per year and 550 new jurisdictions, which are comprised of about 350 
“primary jurisdictions” (cities, villages, and townships) and 200 “nested jurisdictions” (county 
drains, road agencies, and public schools).  Often, only a handful of state employees are 
allocated to administer the entire program (see the survey in Appendix C). 

PREPUBLICATION 


RB-AR14651
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In order to comply with the CWA regulations, permittees must fulfill a number of 
requirements, including the creation and implementation of a stormwater pollution prevention 
plan, and in some cases, monitoring of stormwater discharges.  Stormwater pollution prevention 
plans document the stormwater control measures (SCMs; sometimes known as best management 
practices or BMPs) that will be used to prevent or slow stormwater from quickly reaching nearby 
waterbodies and degrading their quality.  These include structural methods such as detention 
ponds and nonstructural methods such as designing new development to reduce the percentage of 
impervious surfaces.  Unfortunately, data on the degree of pollutant reduction that can be 
assigned to a particular SCM are only now becoming available (see Chapter 5). 

Other sources of variability in EPA’s stormwater program are that (1) there are three 
permit types (municipal, industrial, and construction), (2) some states and local governments 
have assumed primacy for the program from EPA while others have not, and state effluent limits 
or benchmarks for stormwater discharges may differ from the federal requirements, and (3) 
whether there are monitoring requirements varies depending on the regulating entity and the type 
of activity. For industrial stormwater there are 29 sectors of industrial activity covered by the 
general permit, each of which is characterized by a different suite of possible contaminants and 
SCMs. 

Because of the industry-, site-, and community-specific nature of stormwater pollution 
prevention plans, and because of the lack of resources of most NPDES permitting authorities to 
review these plans and conduct regular compliance inspections, water quality-related 
accountability in the stormwater program is poor.  Monitoring data are minimal for most 
permittees, despite the fact that they are often the only indicators of whether an adequate 
stormwater program is being implemented.  At the present time, available monitoring data 
indicate that many industrial facilities routinely exceed “benchmark values” established by EPA 
or the states, although it is not clear whether these exceedances provide useful indicators of 
stormwater pollution prevention plan inadequacies or potential water quality problems.  These 
uncertainties have led to mounting and contradictory pressure from permittees to eliminate 
monitoring requirements entirely as well as from those hoping for greater monitoring 
requirements to better understand the true nature of stormwater discharges and their impact. 

To improve the accountability of it Stormwater Program, EPA requested advice on 
stormwater issues from the National Research Council’s (NRC’s) Water Science and 
Technology Board as the next round of general permits is being prepared.  Although the drivers 
for this study have been in the industrial stormwater arena, this study considered all entities 
regulated under the NPDES program (municipal, industrial, and construction).  The following 
statement of task guided the work of the committee: 

(1) Clarify the mechanisms by which pollutants in stormwater discharges affect ambient 
water quality criteria and define the elements of a “protocol” to link pollutants in 
stormwater discharges to ambient water quality criteria.   

(2) Consider how useful monitoring is for both determining the potential of a discharge 
to contribute to a water quality standards violation and for determining the adequacy of 
stormwater pollution prevention plans.  What specific parameters should be monitored 
and when and where?  What effluent limits and benchmarks are needed to ensure that the 
discharge does not cause or contribute to a water quality standards violation? 
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(3) Assess and evaluate the relationship between different levels of stormwater pollution 
prevention plan implementation and in-stream water quality, considering a broad suite of 
SCMs. 

(4) Make recommendations for how to best stipulate provisions in stormwater permits to 
ensure that discharges will not cause or contribute to exceedances of water quality 
standards. This should be done in the context of general permits.  As a part of this task, 
the committee will consider currently available information on permit and program 
compliance. 

(5) Assess the design of the stormwater permitting program implemented under the 
CWA. 

The report is intended to inform decision makers within EPA, affected industries, public 
stormwater utilities, other government agencies and the private sector about potential options for 
managing stormwater. 

EPA requested that the study be limited to those issues that fall under the agency’s 
current regulatory scheme for stormwater, which excludes nonpoint sources of pollution such as 
agricultural runoff and septic systems.  Thus, these sources are not extensively covered in this 
report. The reader is referred to NRC (2000, 2005) for more detailed information on the 
contribution of agricultural runoff and septic systems to waterbody impairment and on 
innovative technologies for treating these sources.  Also at the request of EPA, concentrated 
animal feeding operations and combined sewer overflows were not a primary focus.  However, 
the committee felt that in order to be most useful it should opine on certain critical effects of 
regulated stormwater beyond the delivery of traditional pollutants.  Thus, changes in stream 
flow, streambank erosion, and habitat alterations caused by stormwater are considered, despite 
the relative inattention given to them in current regulations. 

Chapter 2 presents the regulatory history of stormwater control in the United States, 
focusing on relevant portions of the CWA and the regulations that have been created to 
implement the Act.  Federal, state, and local programs for or affecting stormwater management 
are described and critiqued. Chapter 3 deals with the first item in the statement of task.  It 
reviews the scientific aspects of stormwater, including sources of pollutants in stormwater, how 
stormwater moves across the land surface, and its impacts on receiving waters.  It reflects the 
best of currently available science, and addresses biological endpoints that go far beyond 
ambient water quality criteria.  Methods for monitoring and modeling stormwater (the subject of 
the second item in the statement of task) are described in Chapter 4.  The material evaluates the 
usefulness of current benchmark and MS4 monitoring requirements, and suggestions for 
improvement are made.  The latter half of the chapter considers the multitude of models 
available for linking stormwater discharges to ambient water quality.  This analysis makes it 
clear that stormwater pollution cannot yet be treated as a deterministic system (in which the 
contribution of individual dischargers to a waterbody impairment can be identified) without 
significantly greater investment in model development.  Addressing primarily the third item in 
the statement of task, Chapter 5 considers the vast suite of both structural and nonstructural 
measures designed to control stormwater and reduce its pollutant loading to waterbodies.  It also 
takes on relevant larger-scale concepts, such as the benefit of stormwater management within a 
watershed framework.  In Chapter 6, the limitations and possibilities associated with a new 
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regulatory approach are explored, as are those of an enhanced but more traditional scheme.  
Numerous suggestions for improving the stormwater permitting process for municipalities, 
industrial sites, and construction are made.  Along with Chapter 2, this chapter addresses the 
final two items in the committee’s statement of task. 
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Chapter 2 

The Challenge of Regulating Stormwater 


Although stormwater has long been regarded as a major culprit in urban flooding, only in 
the past 30 years have policymakers appreciated the significant role stormwater plays in the 
impairment of urban watersheds.  This recent rise to fame has led to a cacophony of federal, 
state, and local regulations to deal with stormwater, including the federal Clean Water Act 
(CWA) implemented by the U.S. Environmental Protection Agency (EPA).  Perhaps because this 
longstanding environmental problem is being addressed so late in the development and 
management of urban watersheds, the laws that mandate better stormwater control are generally 
incomplete and were often passed for other purposes, like industrial waste control. 

This chapter discusses the regulatory programs that govern stormwater, particularly the 
federal program, explaining how these programs manage stormwater only impartially and often 
inadequately. While progress has been made in the regulation of urban stormwater—from the 
initial emphasis on simply moving it away from structures and cities as fast as possible to its role 
in degrading neighboring waterbodies—a significant number of gaps remain in the existing 
system.  Chapter 6 returns to these gaps and considers the ways that at least some of them may 
be addressed. 

FEDERAL REGULATORY FRAMEWORK FOR STORMWATER 

The Clean Water Act 

The CWA is a comprehensive piece of U.S. legislation that has a goal of restoring and 
maintaining the chemical, physical, and biological integrity of the nation’s waters.  Its long-term 
goal is the elimination of polluted discharges to surface waters (originally by 1985), although 
much of its current effort focuses on the interim goal of attaining swimmable and fishable 
waters. Initially enacted as the Federal Water Pollution Control Act in 1948, it was revised by 
amendments in 1972 that gave it a stronger regulatory, water chemistry-focused basis to deal 
with acute industrial and municipal effluents that existed in the 1970s.  Amendments in 1987 
broadened its focus to deal with more diffuse sources of impairments, including stormwater.  
Improved monitoring over the past two decades has documented that although discharges have 
not been eliminated, there has been a widespread lessening of the effects of direct municipal and 
industrial wastewater discharges. 

A timeline of federal regulatory events over the past 125 years relevant to stormwater, 
which includes regulatory precursors to the 1972 CWA, is shown in Table 2-1.  The table reveals 
that while there was a flourish of regulatory activity related to stormwater during the mid-1980s 
to 1990s, there has been much less regulatory activity since that time. 

39 


RB-AR14661



  

 

  
  

  
 

    

  

  
   
  
  
 

  
  

    
     

 

 
 

   

 

  
 
  

 

 
 
   
  
  
 
  

40 Urban Stormwater Management in the United States 

TABLE 2-1 Legal and Regulatory Milestones for the Stormwater Program 
1886 Rivers and Harbors Act. A navigation-oriented statute that was used in the 1960s and 1970s to 

challenge unpermitted pollutant discharges from industry. 
1948 
1952 
1955 

Federal Water Pollution Control Act.  Provided matching funds for wastewater treatment 
facilities, grants for state water pollution control programs, and limited federal authority to act 
against interstate pollution. 

1965 Water Quality Act.  Required states to adopt water quality standards for interstate waters subject 
to federal approval.  It also required states to adopt state implementation plans, although failure to 
do so would not result in a federally implemented plan. As a result, enforceable requirements 
against polluting industries, even in interstate waters, was limited. 

1972 Federal Water Pollution Control Act.  First rigorous national law prohibiting the discharge of 
pollutants into surface waters without a permit. 

• Goal is to restore and maintain health of U.S. waters 
• Protection of aquatic life and human contact recreation by 1983 
• Eliminate discharge of pollutants by 1985 
• Wastewater treatment plant financing 

Clean Water Act Section 303(d) 
• Contains a water quality-based strategy for waters that remain polluted after the 

implementation of technology-based standards. 
• Requires states to identify waters that remain polluted, to determine the total maximum 

daily loads that would reverse the impairments, and then to allocate loads to sources.  If 
states do not perform these actions, EPA must. 

Clean Water Act Section 208 
• Designated and funded the development of regional water quality management plans 

to assess regional water quality, propose stream standards, identify water quality 
problem areas, and identify wastewater treatment plan long-term needs.  These plans 
also include policy statements which provide a common consistent basis for decision 
making. 

1977 Clean Water Act Sections 301 and 402  
1981 • Control release of toxic pollutants to U.S. waters 

• Technology treatment standards for conventional pollutants and priority toxic pollutants. 
• Recognition of technology limitations for some processes. 

1977 NRDC vs. Costle.  Required EPA to include stormwater discharges in the National Pollution 
Discharge Elimination System (NPDES) program. 

1987 Clean Water Act Amended Sections 301 and 402 
• Control toxic pollutants discharged to U.S. waters. 
• Manage urban stormwater pollution. 
• Numerical criteria for all toxic pollutants. 
• Integrated control strategies for impaired waters. 
• Stormwater permit programs for urban areas and industry. 
• Stronger enforcement penalties. 
• Anti-backsliding provisions. 
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41 The Challenge of Regulating Stormwater 

1990 EPA’s Phase I Stormwater Permit Rules are Promulgated 
• Application and permit requirements for large and medium municipalities 
• Application and permit requirements for light and heavy industrial facilities based on 

Standard Industrial Classification (SIC) Codes, and construction activity ≥ 5 acres 
1999 EPA’s Phase II Stormwater Permit Rules are Promulgated 

• Permit requirements for census-defined urbanized areas 
• Permit requirements for construction sites 1 to 5 acres 

1997- Total Maximum Daily Load (TMDL) Program Litigation 
2001 • Courts order EPA to establish TMDLs in a number of states if the states fail to do so.  

The TMDLs assign Waste Load Allocations for stormwater discharges which must be 
incorporated as effluent limitations in stormwater permits. 

2006-
2008 

Section 323 of the Energy Policy Act of 2005 
• EPA promulgates rule (2006) to exempt stormwater discharges from oil and gas 

exploration, production, processing, treatment operations, or transmission facilities 
from NPDES stormwater permit program. 

• In 2008, courts order EPA to reverse the rule which exempted certain activities in the 
oil and gas exploration industry from storm water regulations.  In Natural Resources 
Defense Council vs. EPA (9th Cir. 2008), the court held that it was “arbitrary and 
capricious” to exempt from the Clean Water Act stormwater discharges containing 
sediment contamination that contribute to a violation of water quality standards. 

2007 Energy Independence and Security Act of 2007 
• Requires all federal development and redevelopment projects with a footprint above 

5,000 square feet to achieve predevelopment hydrology to the “maximum extent 
technically feasible.” 

The Basic NPDES Program: Regulating Pollutant Discharges 

The centerpiece of the CWA is its mandate “that all discharges into the nation’s waters 
are unlawful, unless specifically authorized by a permit” [42 U.S.C. §1342(a)].  Discharges do 
not include all types of pollutant flows, however.  Instead, “discharges” are defined more 
narrowly as “point sources” of pollution, which in turn include only sources that flow through a 
discrete conveyance, like a pipe or ditch, into a lake or stream [33 U.S.C. §§ 1362(12) and (14)].  
Much of the focus of the CWA program, then, is on limiting pollutants emanating from these 
discrete, point sources directly into waters of the United States.  Authority to control nonpoint 
sources of pollution, like agricultural runoff (even when drained via pipes or ditches), is 
generally left to the states with more limited federal oversight and direction. 

All point sources of pollutants are required to obtain a National Pollutant Discharge 
Elimination System (NPDES) permit and ensure that their pollutant discharges do not exceed 
specified effluent standards. Congress also commanded that rather than tie effluent standards to 
the needs of the receiving waterbody—an exercise that was far too scientifically uncertain and 
time-consuming—the effluent standards should first be based on the best available pollution 
technology or the equivalent.  In response to a very ambitious mandate, EPA has promulgated 
very specific, quantitative discharge limits for the wastewater produced by over 30 industrial 
categories of sources based on what the best pollution control technology could accomplish, and 
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42 Urban Stormwater Management in the United States 

it requires at least secondary treatment for the effluent produced by most sewage treatment 
plants. Under the terms of their permits, these large sources are also required to self-monitor 
their effluent at regular intervals and submit compliance reports to state or federal regulators.   

EPA quickly realized after passage of the CWA in 1972 that if it were required to 
develop pollution limits for all point sources, it would need to regulate hundreds of thousands 
and perhaps even millions of small stormwater ditches and thousands of small municipal 
stormwater outfalls, all of which met the technical definition of “point source”.  It attempted to 
exempt all these sources, only to have the D.C. Circuit Court read the CWA to permit no 
exemptions [NRDC vs. Costle, 568 F.2d 1369 (D.C. Cir. 1977)]. In response, EPA developed a 
“general” permit system (an “umbrella” permit that covers multiple permittees) for smaller 
outfalls of municipal stormwater and similar sources, but it generally did not require these 
sources to meet effluent limitations or monitor their effluent. 

It should be noted that, while the purpose of the CWA is to ensure protection of the 
physical, biological, and chemical integrity of the nation’s waters, the enforceable reach of the 
Act extends only to the discharges of “pollutants” into waters of the United States [33 U.S.C. § 
1311(a); cf. PUD No. 1 of Jefferson County v. Washington Department of Ecology, 511 U.S. 
700 (1994) (providing states with broad authority under section 401 of the CWA to protect 
designated uses, not simply limit the discharge of pollutants)].  Even though “pollutant” is 
defined broadly in the Act to include virtually every imaginable substance added to surface 
waters, including heat, it has not traditionally been read to include water volume [33 U.S.C. § 
1362(6)]. Thus, the focus of the CWA with respect to its application to stormwater has 
traditionally been on the water quality of stormwater and not on its quantity, timing, or other 
hydrologic properties.  Nonetheless, because the statutory definition of “pollutant” includes 
“industrial, municipal, and agricultural waste discharged into water,” using transient and 
substantial increases in flow in urban watersheds as a proxy for pollutant loading seems a 
reasonable interpretation of the statute.  EPA Regions 1 and 3 have considered flow control as a 
particularly effective way to track sediment loading, and they have used flow in TMDLs as a 
surrogate for pollutant loading (EPA Region 3, 2003).  State trial courts have thus far ruled that 
municipal separate storm sewer system (MS4) permits issued under delegated federal authority 
can impose restrictions on flow where changes in flow impair the beneficial uses of surface 
waters (Beckman, 2007). EPA should consider more formally clarifying that significant, 
transient increases in flow in urban watersheds serve as a legally valid proxy for the loading of 
pollutants. This clarification will allow regulators to address the problems of stormwater in more 
diverse ways that include attention to water volume as well as to the concentration of individual 
pollutants. 

Stormwater Discharge Program 

By 1987, Congress became concerned about the significant role that stormwater played in 
contributing to water pollution, and it commanded EPA to regulate a number of enumerated 
stormwater discharges more rigorously.  Specifically, Section 402(p), introduced in the 1987 
Amendments to the CWA, directs EPA to regulate some of the largest stormwater discharges— 
those that occur at industrial facilities and municipal storm sewers from larger cities and other 
significant sources (like large construction sites)—by requiring permits and promulgating 
discharge standards that require the equivalent of the best available technology [42 U.S.C. § 
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43 The Challenge of Regulating Stormwater 

1342(p)(3)]. Effectively, then, Congress grafted larger stormwater discharges onto the existing 
NPDES program that was governing discharges from manufacturing and sewage treatment 
plants. 

Upon passage of Section 402(p), EPA divided the promulgation of its stormwater 
program into two phases that encompass increasingly smaller discharges.  The first phase, 
finalized in 1990, regulates stormwater discharges from ten types of industrial operations (this 
includes the entire manufacturing sector), construction occurring on five or more acres, and 
medium or large storm sewers in areas that serve 100,000 or more people [40 C.F.R. § 
122.26(a)(3) (1990); 40 C.F.R. § 122.26 (b)(14) (1990)].  The second phase, finalized in 1995, 
includes smaller municipal storm sewer systems and smaller construction sites (down to one 
acre) [60 Fed. Reg. 40,230 (Aug. 7, 1995) (codified at 40 C.F.R. Parts 122, 124 (1995)].  If these 
covered sources fail to apply for a permit, they are in violation of the CWA.   

Because stormwater is more variable and site specific with regard to its quality and 
quantity than wastewater, EPA found it necessary to diverge in two important ways from the 
existing NPDES program governing discharges from industries and sewage treatment plants.  
First, stormwater discharge limits are not federally specified in advance as they are with 
discharges from manufacturing plants.  Even though Congress directed EPA to require 
stormwater sources to install the equivalent of the best available technology or “best 
management practices,” EPA concluded that the choice of these best management practices 
(referred to in this report as stormwater control measures or SCMs) would need to be source 
specific. As a result, although EPA provides constraints on the choices available, it generally 
leaves stormwater sources with responsibility for developing a stormwater pollution prevention 
plan and the state with the authority to approve, amend, or reject these plans (EPA, 2006a, p. 15). 

Second, because of the great variability in the nature of stormwater flow, some sources 
are not required to monitor the pollutants in their stormwater discharges.  Even when monitoring 
is required, there is generally a great deal of flexibility for regulated parties to self-monitor as 
compared with the monitoring requirements applied to industrial waste effluent (not stormwater 
from industries).  More specifically, for a small subset of stormwater sources such as Phase I 
MS4s, some monitoring of effluent during a select number of storms at a select number of 
outfalls is required (EPA, 1996a, p. VIII-1).  A slightly larger number of identified stormwater 
dischargers, primarily industrial, are only required to collect grab samples four times during the 
year and visually sample and report on them (so-called benchmark monitoring).  The remaining 
stormwater sources are not required to monitor their effluent at all (EPA, 1996a).  States and 
localities may still demand more stringent controls and rigorous stormwater monitoring, 
particularly in areas undergoing a Total Maximum Daily Load (TMDL) assessment, as discussed 
below. Yet, even for degraded waters subject to TMDLs, any added monitoring that might be 
required will be limited only to the pollutants that cause the degraded condition [40 C.F.R. §§ 
420.32-420.36 (2004)]. 

Water Quality Management 

Since technology-based regulatory requirements imposed on both stormwater and more 
traditional types of discharges are not tied to the conditions of the receiving water—that is, they 
require sources only to do their technological best to eliminate pollution—basic federal effluent 
limits are not always adequate to protect water quality.  In response to this gap in protection, 
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44 Urban Stormwater Management in the United States 

Congress has developed a number of programs to ensure that waters are not degraded below 
minimal federal and state goals [e.g., 33 U.S.C. §§ 1288, 1313(e), 1329, 1314(l)].  Among these, 
the TMDL program involves the most rigorous effort to control both point and nonpoint sources 
to ensure that water quality goals are met [33 U.S.C. § 1313(d)]. 

Under the TMDL program, states are required to list waterbodies not meeting water 
quality standards and to determine, for each degraded waterbody, the “total maximum daily 
load” of the problematic pollutant that can be allowed without violating the applicable water 
quality standard.  The state then determines what types of additional pollutant loading reductions 
are needed, considering not only point sources but also nonpoint sources.  It then promulgates 
controls on these sources to ensure further reductions to achieve applicable water quality goals. 

The TMDL process has four separate components.  The first two components are already 
required of the states through other sections of the CWA: (1) identify beneficial uses for all 
waters in the state and (2) set water quality standards that correlate with these various uses.  The 
TMDL program adds two components by requiring that states then (3) identify segments where 
water quality goals have not been met for one or more pollutants and (4) develop a plan that will 
ensure added reductions are made by point and/or nonpoint sources to meet water quality goals 
in the future. Each of these is discussed below. 

Beneficial Uses. States are required to conduct the equivalent of “zoning” by 
identifying, for each water segment in the state, a beneficial use, which consists of ensuring that 
the waters are fit for either recreation, drinking water, aquatic life, or agricultural, industrial, and 
other purposes [33 U.S.C. § 1313(c)(2)(A)].  All states have derived “narrative definitions” to 
define the beneficial uses of waterbodies that are components of all water quality standard  
programs.  Many of these narrative criteria are conceptual in nature and tend to define general 
aspects of the beneficial uses.  For categories such as aquatic life uses, most states have a single 
metric for differentiating uses by type of stream (e.g., coldwater vs. warmwater fisheries).  In 
general, the desired biological characteristics of the waterbody are not well defined in the 
description of the beneficial use.  Some states, such as Ohio, have added important details to 
their beneficial uses by developing tiered aquatic life uses that recognize a strong gradient of 
anthropogenic background disturbance that controls whether a waterbody can attain a certain 
water quality and biological functioning (see Box 2-1; Yoder and Rankin, 1998).  Any aquatic 
life use tier less stringent than the CWA interim goal of “swimmable–fishable” requires a Use 
Attainability Analysis to support a finding that restoration is not currently feasible and recovery 
is not likely in a reasonable period of time.  This analysis and proposed designation must 
undergo public comment and review and are always considered temporary in nature.  More 
importantly, typically one or more tiers above the operative interim goal of “swimmable– 
fishable” are provided. This method typically will protect the highest attainable uses in a state 
more effectively than having only single uses. 

The concept of tiered beneficial uses and use attainability is especially important with 
regard to urban stormwater because of the potential irreversibility of anthropogenic development 
and the substantial costs that might be incurred in attempting to repair degraded urban 
watersheds to “swimmable–fishable” or higher status.  Indeed, it is important to consider what 
public benefits and costs might occur for different designated uses.  For example, large public 
benefits (in terms of aesthetics and safety) might be gained from initial improvements in an  
urban stream (e.g., restoring base flow) that achieve modest aquatic use and protect secondary 
human contact.  However, achieving designated uses associated with primary human contact or 
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45 The Challenge of Regulating Stormwater 

BOX 2-1 
Ohio’s Tiered Aquatic Life Uses 

“Designated” or “beneficial” uses for waterbodies are an important aspect of the CWA because 
they are the explicit water quality goals or endpoints set for each water or class of waters.  Ohio was one 
of the first states to implement tiered aquatic life uses (TALUs) in 1978 as part of its water quality 
standards (WQS).  Most states have a single aquatic life use for a class of waters based on narrative 
biological criteria (e.g., warmwater or coldwater fisheries) although many states now collect data that 
would allow identification of multiple tiers of condition.  EPA has recognized the management advantages 
inherent to tiered aquatic life uses and has developed a technical document on how to develop the 
scientific basis that would allow States to implement tiered uses (EPA, 2005a; Davies and Jackson, 
2006). 

Ohio’s TALUs reflect the mosaic of natural features across Ohio and over 200 years of human 
changes to the natural landscape.  Widespread information on Ohio’s natural history (e.g., Trautman’s 
1957 Fishes of Ohio) provided strong evidence that the potential fauna of streams was not uniform, but 
varied geographically.  Based on this knowledge, Ohio developed a more protective aquatic life use tier to 
protect streams of high biological diversity that harbored unique assemblages of rare or sensitive aquatic 
species (e.g., fish, mussels, invertebrates).  In its WQS in 1978, Ohio established a narrative Exceptional 
Warmwater Habitat (EWH) aquatic life use to supplement its more widespread general or “Warmwater 
Habitat” aquatic life use (WWH) (Yoder and Rankin, 1995). 

The CWA permits states to assign aquatic life uses that do not meet the baseline swimmable-
fishable goals of the CWA under specific circumstances after conducting a Use Attainability Analysis 
(UAA), which documents that higher CWA aquatic life use goals (e.g., WWH and EWH in Ohio) are not 
feasibly attainable.  These alternate aquatic life uses are always considered temporary in case land use 
changes or technology changes to make restoration feasible.  The accrual of more than ten years of 
biological assessment data by the late 1980s and extensive habitat and stressor data provided a key link 
between the stressors that limited attainment of a higher aquatic life use in certain areas and reaches of 
Ohio streams.  This assessment formed the basis for several “modified” (physical) warmwater uses for 
Ohio waters and a “limited” use (limited resource water, LRW) for mostly small ephemeral or highly 
artificial waters (Yoder and Rankin, 1995).  Table 2-2 summarizes the biological and physical 
characteristics of Ohio TALUs and the management consequences of these uses.  Channelization 
typically maintained by county or municipal drainage and flood control efforts, particularly where such 
changes have been extensive, are the predominant cause of Modified and Limited aquatic life uses.  
Extensive channel modification in urban watersheds has led to some modified warmwater habitat (MWH) 
and LRW uses in urban areas.  There has been discussion of developing specific “urban” aquatic life 
uses; however the complexity of multiple stressors and the need to find a clear link between the sources 
limiting aquatic life and feasible remediation is just now being addressed in urban settings (Barbour et al., 
2006). 

The TALUs in Ohio (EWHÆLRW) reflect a gradient of landscape and direct physical changes, 
largely related to changes to instream habitat and associated hydrological features.  Aquatic life uses and 
the classification strata based on ecoregion and stream size (headwater, wadeable, and boatable 
streams) provide the template for the biocriteria expectations for Ohio streams (see Box 2-2).  
Identification of the appropriate tiers for streams and UAA are a routine part of watershed monitoring in 
Ohio and are based on biological, habitat, and other supporting data.  Any recommendations for changes 
in aquatic life uses are subject to public comment when the Ohio WQS are changed. 

continues next page 
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46 Urban Stormwater Management in the United States 

BOX 2-1 Continued 

TABLE 2-2 Key features associated with tiered aquatic life uses in the Ohio WQS.  SOURCE: EPA 
(2005a Appendix B). 

Ohio’s water quality standards contain specific listings by stream or stream reach with notations 
about the appropriate aquatic life use as well as other applicable uses (e.g., recreation).  Much of the 
impact of tiered uses on regulated entities or watershed management efforts arises from the tiered 
chemical and stressor criteria associated with each TALU.  Criteria for compounds such as ammonia and 
dissolved oxygen vary with aquatic life use (see Table 2-2).  Furthermore, application of management 
actions in Ohio, ranging from assigning antidegradation tiers, awarding funding for wastewater 
infrastructure and other projects, to issuing CWA Section 401/404 permits, are influence by the TALU and 
the biological assemblages present.   

Ohio has been expanding its use of tiered uses by proposing tiered uses for wetlands 
(http://www.epa.state.oh.us/dsw/rules/draft_1-53_feb06.pdf) and developing new aquatic life uses for very 
small (primary headwater, PHW) streams.  Both of these water types have a strong intersection with 
urban construction and stormwater practices.  In Ohio this is especially so because the proposed 
mitigation standards for steams and wetlands are linked to TALUs (Ohio EPA, 2007). 

Davies and Jackson (2006) present a good summary of the Maine rationale for TALUs: “(1) 
identifying and preserving the highest quality resources, (2) more accurately depicting existing conditions, 
(3) setting realistic and attainable management goals, (4) preserving incremental improvements, and (5) 
triggering management action when conditions decline” (Davies et al., 1999).  Appendices A and B of 
EPA (2005a) provide more detailed information about the TALUs in Maine and Ohio, respectively. 
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47 The Challenge of Regulating Stormwater 

exceptional aquatic habitat may be much more costly, such that the perceived incremental public 
gains may be much lower than the costs that must be expended to achieve that more ambitious 
designation. 

Water Quality Criteria.  Once a state has created a list of beneficial uses for its waters, 
water quality criteria are then determined that correspond with these uses.  These criteria can 
target chemical, biological, or physical parameters, and they can be either numeric or narrative. 

In response to the acute chemical water pollution that existed when the CWA was 
written, the primary focus of water quality criteria was the control of toxic and conventional 
pollutants from wastewater treatment plants.  EPA developed water quality criteria for a wide 
range of conventional pollutants and began working on criteria for a list of priority pollutants.  
These were generally in the form of numeric criteria that are then used by states to set their 
standards for the range of waterbody types that exist in that state.  While states do not have to 
adopt EPA water quality criteria, they must have a scientific basis for setting their own criteria.  
In practice, however, states have promulgated numerical water quality standards that can vary by 
as much as 1,000-fold for the same contaminant but are still considered justified by the available 
science [e.g., the water quality criteria for dioxin—Natural Resources Defense Council, Inc. vs. 
EPA, 16 F.3d 1395, 1398, 1403-05 (4th Cir. 1993)]. 

The gradual abatement of point source impairments and increased focus on ambient 
monitoring and nonpoint source pollutants has led to a gradual, albeit inconsistent, shift by states 
toward (1) biological and intensive watershed monitoring and (2) consideration of stressors that 
are not typical point source pollutants including nutrients, bedded sediments, and habitat loss.  
For these parameters, many states have developed narrative criteria (e.g., “nutrients levels that 
will not result in noxious algal populations”), but these can be subjective and hard to enforce. 

The use of biological criteria (biocriteria) has gained in popularity because traditional 
water quality monitoring is now perceived as insufficient to answer questions about the wide 
range of impairments caused by activities other than wastewater point sources, including 
stormwater (GAO, 2000).  As described in Box 2-2, Ohio has defined biocriteria in its water 
quality standards based on multimetric indices from reference sites that quantify the baseline 
expectations for each tier of aquatic life use. 

Antidegradation. The antidegradation provision of the water quality standards deals 
with waters that already achieve or exceed baseline water quality criteria for a given designated 
use. Antidegradation provisions must be considered before any regulated activity can be 
authorized that may result in a lowering of water quality which includes biological criteria.  
These provisions protect the existing beneficial uses of a water and only allow a lowering of 
water quality (but never lower than the baseline criteria associated with the beneficial use) where 
necessary to support important social and economic development.  It essentially asks the 
question: is the discharge or activity necessary?  States with refined designated uses and 
biological criteria have used these programs to their advantage to craft scientifically sound, 
protective, yet flexible antidegradation rules (see Ohio and Maine).  Antidegradation is not a 
replacement for tiered uses, which provide a permanent floor against lowering water quality 
protection. Tiered beneficial uses and refined antidegradation rules can have substantial 
influence on stormwater programs because they influence the goals and levels of protection 
assigned to each waterbody. 
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48 Urban Stormwater Management in the United States 

BOX 2-2 
Ohio’s Biocriteria 

After it implemented tiered aquatic life uses  in 1978, Ohio developed numeric biocriteria in 1990 
(Ohio WQS; Ohio Administrative Code 3745-1) as part of its WQS.  Since designated uses were 
formulated and described in ecological terms, Ohio felt that it was natural that the criteria should be 
assessed on an ecological basis (Yoder, 1978).  Subsequent to the establishment of the EWH tier in its 
WQS, Ohio expanded its biological monitoring efforts to include both macroinvertebrates and fish (Yoder 
and Rankin, 1995) and established consistent and robust monitoring methodologies that have been 
maintained to the present.  This core of consistently collected data has allowed the application of 
analytical tools, including multimetric indices such as the Index of Biotic Integrity (IBI), the Invertebrate 
Community Index (ICI), and other multivariate tools.  The development of aquatic ecoregions (Omernik, 
1987, 1995; Gallant et al., 1989), a practical definition of biological integrity (Karr and Dudley, 1981), 
multimetric assessment tools (Karr, 1981; Karr et al., 1986), and reference site concepts (Hughes et al., 
1986) provided the basis for developing Ohio’s ecoregion-based numeric criteria. 

Successful application of biocriteria in Ohio was dependent on the ability to accurately classify 
aquatic ecosystem changes based on primarily natural abiotic features of the environment.  Ohio’s 
reference sites, on which the biocriteria are based, reflect spatial differences that were partially explained 
by aquatic ecoregions and stream size.  Biological indices were calibrated and stratified on this basis to 
arrive at biological criteria that present minimally acceptable baseline ecological index scores (e.g., IBI, 
ICI). Ohio biocriteria stratified by ecoregion aquatic life use and stream size are depicted in Figure 2-1. 

FIGURE 2-1 Numeric biological criteria adopted by Ohio EPA in 1990, using three biological indices [IBI, 
ICI, and the Modified Index of well-being (Mlwb), which is used to assessed fish assemblages] and 
showing stratification by stream size, ecoregion, and designated use (warmwater habitat, WWH; modified 
warmwater habitat-channelized, MWH-C; modified warmwater habitat-impounded, MWH-I; and 
exceptional warmwater habitat, EWH).  SOURCE: EPA (2006, Appendix B).  The basis for the Ohio 
biocriteria and sampling methods is found in Ohio EPA (1987, 1989a,b), DeShon (1995), and Yoder and 
Rankin (1995). 
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49 The Challenge of Regulating Stormwater 

Monitoring Programs to Identify Degraded Segments. Monitoring strategies by the 
states generally follow the regulatory efforts of EPA and seek to identify those waterbodies 
where one or more water quality standards are not being met.  Much of the initial ambient 
monitoring (i.e., monitoring of receiving waterbodies) was chemical based and focused on 
documenting changes in pollutant concentrations and exceedances of water quality criteria.  
Biological monitoring techniques have a long history of use as indicators of water quality 
impacts.  However, it was not until such tools became more widespread—initially in states like 
Maine, North Carolina, and Ohio—that the extent of stormwater and other stressor effects on 
waterbodies became better understood.  The biological response to common nonpoint stressors 
has driven the consideration of new water quality criteria (e.g., for nutrients, bedded sediments) 
that were not major considerations under an effluent-dominated paradigm of water management. 

In parallel with the increase in biocriteria has been the development of biological 
monitoring to measure beneficial use attainment. Integrated biological surveys have revealed 
impairments of waterbodies that go beyond those caused by typical point sources (EPA, 1996b; 
Barbour et al., 1999a). The substantial increase in biological assemblage monitoring during the 
1980s was enhanced by the development of more standard methods (Davis, 1995; Barbour et al., 
1999a,b; Klemm et al., 2003) along with conceptual advances in the development of assessment 
tools (Karr, 1981; Karr and Chu, 1999). Development of improved classification tools (e.g., 
ecoregions, stream types), the reference site concept (Stoddard et al., 2006), and analytical 
approaches including multivariate (e.g., discriminant analysis) and multimetric indices such as 
IBI and ICI (see Box 2-3; Karr et al., 1986; DeShon, 1995) resulted in biological criteria being 
developed for several states.  Biological monitoring approaches are becoming a widespread tool 
for assessing attainment of aquatic life use designation goals inherent to state water quality 
standards. Development of biocriteria represents a maturation of the use of biological data and 
provides institutional advantages for states in addressing pollutants without numeric criteria (e.g., 
nutrients) and non-chemical stressors such as habitat (Yoder and Rankin, 1998). 

Setting Loads and Restricting Loading. Section 303d of the CWA requires that states 
compare existing water quality data with water quality standards set by the states, territories, and 
tribes. For those waters found to be in violation of their water quality standards, Section 303d 
requires that the state develop a TMDL. Currently, approximately 20,000 of monitored U.S. 
waters are in non-attainment of water quality standards, as evidenced by not meeting at least one 
specific narrative or numeric physical, chemical, or biological criterion, and thus require the 
development of a TMDL.   

The TMDL process includes an enforceable pollution control plan for degraded waters 
based on a quantification of the loading of pollutants and an understanding of problem sources 
within the watershed [33 U.S.C. § 1313(d)(1)(C)].  Both point and nonpoint sources of the 
problematic pollutants, including runoff from agriculture, are typically considered and their 
contributions to the problem are assessed.  A plan is then developed that may require these 
sources to reduce their loading to a level (the TMDL) that ensures that the water will ultimately 
meet its designated use.  Most of the TMDL requirements have been developed through 
regulation. Additional effluent limits for point sources discharging into segments subject to 
TMDLs are incorporated into the NPDES permit. 
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50 Urban Stormwater Management in the United States 

BOX 2-3 
Commonly Used Biological Assessment Indices 

Much of the initial work using biological data to assess the effects of pollution on inland streams 
and rivers was a response to Chicago’s routing of sewage effluents into the Illinois River in the late 
1800s.  Early research focused on the use of indicator species, singly or in aggregate, and how they 
changed along gradients of effluent concentrations (Davis, 1990, 1995).  In the 1950s Ruth Patrick used 
biological data to assess rivers by observing longitudinal changes in taxonomic groups, and later in the 
1950s and 1960s “diversity indices” (e.g., Shannon-Wiener index, Shannon and Weaver, 1949) were 
used to assess aquatic communities (Washington, 1984; Davis 1990, 1995).  These indices were various 
mathematical constructs that measured attributes such as richness and evenness of species abundance 
in samples and are still widely used today in ecological studies.  Similarity indices are another approach 
that is used to compare biological assemblages between sites.  There are a wide multitude of such 
indices (e.g., Bray-Curtis, Jaccard) and all use various mathematical constructs to examine species in 
common and absent between samples. 

Biotic indices are generally of more recent origin (1970s to the present).  Hilsenhoff (1987, 1988) 
assigned organic pollution tolerances to macroinvertebrate taxa and then combined these ratings in a 
biotic index that is still widely used for macroinvertebrates.  Karr (1981) developed the Index of Biotic 
Integrity (IBI), a “multimetric” index that is composed of a series of 12 metrics of a Midwest stream fish 
community.  This approach has been widely adopted and adapted to many types of waterbodies 
(streams, lakes, rivers, estuaries, wetlands, the Great Lakes, etc.) and organism groups and is probably 
the most widely used biotic index approach in the United States.  Examples include the periphyton IBI 
(PIBI; Hill et al., 2000) for algal communities, the Invertebrate Community Index (ICI; DeShon, 1995) and 
benthic IBI (B-IBI, Kerans and Karr, 1994) for macroinvertebrates, a benthic IBI for estuaries (B-IBI; 
Weisberg et al., 1997), and a vegetative IBI for wetlands (VIBI-E; Mack, 2007). 

Various multivariate statistical approaches have also been used to assess aquatic assemblages, 
often concurrently with multimetric indices.  Maine, for example, uses a discriminant analysis that 
assesses stream stations by comparison to reference sites (Davies and Tsomides, 1997).  Predictive 
modeling approaches, incorporating both biotic and environmental variables, have been widely used in 
Great Britain and Europe (River Invertebrate Prediction and Classification System, RIVPACS; Wright et 
al., 1993), Australia (AUSRIVAS; Simpson and Norris, 2000), and more recently in the United States by 
Hawkins et al. (2000).  

All of these approaches now have a wide scientific literature supporting their use and application.  
EPA (2002a) reports that most states have a biomonitoring program with at least one organism group to 
assess key waters in their states, although the level of implementation and sophistication varies by state.  
For example, only four states have numeric biocriteria in their state water quality standards, although 11 
more are developing such biocriteria based on one or more of the above monitoring approaches (EPA, 
2002a).  The key to implementation of any of these approaches is to set appropriate goals for waters that 
can be accurately measured and then to use this type of information to identify limiting stressors (e.g., 
EPA Stressor Identification Process; EPA, 2000a). 
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51 The Challenge of Regulating Stormwater 

Total Maximum Daily Load Program and Stormwater 

The new emphasis on TMDLs and the revelation that impacts are primarily from diffuse 
sources has increased the attention given to stormwater.  If a TMDL assigns waste load 
allocations to stormwater discharges, these must be incorporated as effluent limitations into 
stormwater permits.  In addition, the TMDL program provides a new opportunity for states to 
regulate stormwater sources more vigorously.  In degraded waterbodies, effluent reductions for 
point sources are not limited by what is economically feasible but instead include requirements 
that will ensure that the continued degradation of the receiving water is abated.  If a permitted 
stormwater source is contributing pollutants to a degraded waterbody and the state believes that 
further reductions in pollution from that source are needed, then more stringent discharge 
limitations are required.  For example, in City of Arcadia vs. State Water Resources Control 
Board [135 Cal. App. 4th 1392 (Ca. Ct. App. 2006)], the court held in part that California’s zero 
trash requirements for municipal storm drains, resulting from state TMDLs, were not 
inconsistent with TMDL requirements or the CWA.  Thus, the maximum-extent-practicable 
standard for MS4s, as well as other technology-based requirements for other stormwater 
permittees, are a floor, not a ceiling, for permit requirements when receiving waters are impaired 
(Beckman, 2007).  Finally, since the TMDL program expects the states to regulate any source— 
point or nonpoint—that it considers problematic, any source of stormwater is fair game, 
regardless of whether it is listed in Section 402p, and regardless of whether it is a “point source.”  
Nonpoint source runoff from agricultural and silvicultural operations is in fact a common target 
for TMDL-driven restrictions [see, e.g., Pronsolino vs. Nastri, 291 F.3d 1123, 1130 (9th Cir. 
2002), upholding restrictions on nonpoint sources, such as logging, compelled by State’s 
TMDLs)]. 

Despite the potential for positive interaction between stormwater regulation and the 
TMDL program, there appears to be little activity occurring at the stormwater–TMDL interface.  
This is partly because the TMDL program itself has been slow in developing.  In 2000, the 
National Wildlife Federation applied 36 criteria to the 50 states’ water quality programs and 
concluded that 75 percent of the states had failed to develop meaningful TMDL programs 
(National Wildlife Federation, 2000, pp. 1–2). The General Accounting Office (GAO, 1989) 
identified the lack of implementation of TMDLs as a major impediment to attaining the goals of 
the CWA, which led to a spate of lawsuits filed by environmental groups to reverse this pattern.  
The result was numerous settlements with ambitious deadlines for issuing TMDLs.   

Commentators blame the delays in these TMDL programs on inadequate ambient 
monitoring data and on the technical and political challenges of causally linking individual 
sources to problems of impairment.  In a 2001 report, for example, the National Research 
Council (NRC) noted that unjustified and poorly supported water quality standards, a lack of 
monitoring, uncertainty in the relevant models, and a failure to use biocriteria to assess beneficial 
uses directly all contributed to the delays in states’ abilities to bring their waters into attainment 
through the TMDL program (NRC, 2001).  Each of these facets is not only technically 
complicated but also expensive.  The cost of undertaking a rigorous TMDL program in a single 
state has been estimated to be about $4 billion per state, assuming that each state has 100 
watersheds in need of TMDLs (Houck, 1999, p. 10476). 

As a result, the technical demands of the TMDL program make for a particularly bad fit 
with the technical impediments already present in monitoring and managing stormwater.  As 
mentioned earlier, the pollutant loadings in stormwater effluent vary dramatically over time and 
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stormwater is notoriously difficult to monitor for pollutants.  It is thus difficult to understand 
how much of a pollutant a stormwater point source contributes to a degraded waterbody, much 
less determine how best to reduce that loading so that the waterbody will meet its TMDL.  As 
long as the focus in these TMDLs remains on pollutants rather than flow (a point raised earlier 
that will be considered again), the technical challenges of incorporating stormwater sources in a 
water quality-based regulatory program are substantial.  Without considerable resources for 
modeling and monitoring, the regulator has insufficient tools to link stormwater contributions to 
water quality impairments. 

These substantial challenges in linking stormwater sources back to TMDLs are reflected 
by the limited number of reports and guidance documents on the subject.  In one recent report, 
for example, EPA provides 17 case studies in which states and EPA regions incorporated 
stormwater control measures into TMDL plans, but it is not at all clear from this report that these 
efforts are widespread or indicative of greater statewide activity (EPA, 2007a).  Indeed, it almost 
appears that these case studies represent the universe of efforts to link TMDLs and stormwater 
management together.  The committee’s statement of task also appears to underscore, albeit 
implicitly, EPA’s difficulty in making scientific connections between the TMDL and stormwater 
programs.  This challenge is returned to in Chapter 6, which suggests some ways that the two can 
be joined together more creatively. 

Other Statutory Authorities that Control Stormwater 

Although the CWA is by far the most direct statutory authority regulating stormwater 
discharges, there are other federal regulatory authorities that could lead to added regulation of at 
least some stormwater sources of pollution. 

Critical Resources 

If there is evidence that stormwater flows or pollutants are adversely impacting either 
endangered species habitat or sensitive drinking water sources, federal law may impose more 
stringent regulatory restrictions on these activities.  Under the Endangered Species Act, 
stormwater that jeopardizes the continued existence of endangered species may need to be 
reduced to the point that it no longer threatens the endangered or threatened populations in 
measurable ways, especially if the stormwater discharge results from the activity of a federal 
agency [16 U.S.C. §§ 1536(a), 1538(a)]. 

Under the Safe Drinking Water Act, a surface water supply of drinking water must 
conduct periodic “sanitary surveys” to ensure the quality of the supply (see 40 C.F.R. § 142.16).  
During the course of these surveys, significant stormwater contributions to pollution may be 
discovered that are out of compliance or not regulated under the Clean Water Act because they 
are outside of an MS4 area. Such a discovery could lead to more rigorous regulation of 
stormwater discharges.  For a groundwater source that supplies 50 percent or more of the 
drinking water for an area and for which there is no reasonably available alternative source, the 
aquifer can be designated as a “Sole Source Aquifer” and receive greater protection under the 
Safe Drinking Water Act [42 U.S.C. § 300(h)-3(e)].  Stormwater sources that result from 
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53 The Challenge of Regulating Stormwater 

federally funded projects are also more closely monitored to ensure they do not cause significant 
contamination to these sole source aquifers. 

Some particularly sensitive water supplies are covered by both programs.  The Edwards 
Aquifer underlying parts of Austin and San Antonio, Texas, for example, is identified as a “Sole 
Source Aquifer.” There are also several endangered species of fish and salamander in that same 
area. As a result, both the Safe Drinking Water Act and the Endangered Species Act demand 
more rigorous stormwater management programs to protect this delicate watershed. 

Stormwater is also regulated indirectly by floodplain control requirements promulgated 
by the Federal Emergency Management Agency (FEMA).  In order for a community to 
participate in the FEMA National Flood Insurance Program, it must fulfill a number of 
requirements, including ensuring that projects will not increase flood heights, including flood 
levels adjacent to the project site [see, e.g., 44 C.F.R. § 60.3(d)].  

Contaminated Sites 

Continuous discharges of contaminated stormwater and other urban pollutants 
(particularly through combined sewer overflows) have led to highly contaminated submerged 
sediments in many urban bays and rivers throughout the United States.  In several cases where 
the sediment contamination was perceived as presenting a risk to human health or has led to 
substantial natural resource damages, claims have been filed under the federal hazardous waste 
cleanup statute commonly known as Superfund (42 U.S.C. § 9601 et seq.).  This liability under 
the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) 
technically applies to any area—whether submerged or not—as long as there is a “release or a 
threat of release of a hazardous substance” and the hazardous substances have accumulated in 
such a way as to lead to the “incurrence of response [cleanup] costs” or to “natural resource 
damages” [42 U.S.C. §9607(a)].  Although only a few municipalities and sewer systems have 
been sued, Superfund liability is theoretically of concern for possibly a much larger number of 
cities or even industries whose stormwater contains hazardous substances and when at least some 
of the discharges were either in violation of a permit or unpermitted.  The National Oceanic and 
Atmospheric Administration brought suit against the City of Seattle and the Municipality of 
Metropolitan Seattle alleging natural resource damages to Elliott Bay resulting from pollution in 
stormwater and combined sewer overflows; the case was settled in 1991 (United States vs. City 
of Seattle, No. C90-395WD, http://www.gc.noaa.gov/natural-office1.html).  While some of the 
elements for liability remain unresolved by the courts, such as whether some or all of the 
discharges are exempted under the “federally permitted release” defense of CERCLA [42 U.S.C. 
§ 9601(10)(H)], which exempts surface water discharges that are covered by a general or 
NPDES permit from liability, the prospect of potential liability is still present. 

Diversion of Stormwater Underground or into Wetlands 

In some areas, stormwater is eliminated by discharging it into wetlands.  If done through 
pipes or other types of point sources, these activities require a permit under the CWA.  Localities 
or other sources that attempt to dispense with their stormwater discharges in this fashion must 
thus first acquire an NPDES permit. 
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54 Urban Stormwater Management in the United States 

Even without a direct discharge into wetlands, stormwater can indirectly enter wetland 
systems and substantially impair their functioning.  In a review of more than 50 studies, the 
Center for Watershed Protection found that increased urbanization and development increased 
the amount of stormwater to wetlands, which in turn “led to increased ponding, greater water 
level fluctuation and/or hydrologic drought in urban wetlands” (Wright et al., 2006).  They found 
that, in some cases, the ability of the wetlands to naturally remove pollutants became 
overwhelmed by pollutant loadings from stormwater. 

An even more common method of controlling stormwater is to discharge it underground.  
Technically, these subsurface discharges of stormwater, including dry wells, bored wells, and 
infiltration galleries, are considered by EPA to be infiltration or “Class V” wells, which require a 
permit under the CWA as long as they are in proximity to an underground source of drinking 
water (40 C.F.R. Parts 144, 146).  While EPA’s definition excludes surface impoundments and 
excavated trenches lined with stone (provided they do not include subsurface fluid distribution 
systems or amount to “improved sinkholes” that involve the man-made modification of a 
naturally occurring karst depression for the purpose of stormwater control), most other types of 
subsurface drainage systems are covered regardless of the volume discharged (40 C.F.R. § 
144.81(4)). 

Given EPA’s recent description of SCMs considered to be Class V injection wells (EPA, 
2008), most SCMs that rely on infiltration are exempted.  For example, if an infiltration trench is 
wider than it is deep, it is exempted from the Class V well regulations.  Residential septic 
systems are also exempted [see 40 C.F.R. §§ 144.1(g)(1)(ii) and (2)(iii)].  However, those that 
involve deeper dry wells or infiltration galleries appear to require Class V well permits under the 
Safe Drinking Water Act.  Because the use of these SCMs is likely to involve expensive 
compliance requirements, dischargers may steer away from them. 

Air Contaminants 

Air pollutants from vehicular exhaust and industrial sources that precipitate on roads and 
parking lots can also be collected in stormwater and increase pollutant loading (see Chapter 3 
discussion of atmospheric deposition).  While the Clean Air Act regulates these sources of air 
contamination, it does not eliminate them.  Stormwater that is contaminated with air pollutants 
may consist of both “legal” releases of air pollutants, as well as “illegal” releases emitted in 
violation of a permit, although the distinction between the two groups of pollutants is effectively 
impossible to make in practice. 

Pesticides and Other Chemical Products Applied to Land and Road Surfaces 

EPA regulates the licensing of pesticides as well as chemicals and chemical mixtures, 
although its actual authority to take action, such as restricting product use or requiring labeling, 
varies according to the statute and whether the product is new or existing.  Although EPA 
technically is allowed to consider the extent to which a chemical is accumulating in stormwater 
in determining whether additional restrictions of the chemical are needed, EPA is not aware of 
any instances in its Toxic Substances Control Act (TSCA) chemical regulatory decision-making 
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55 The Challenge of Regulating Stormwater 

in which it actually used this authority to advance water quality protection (Jenny Molloy, EPA, 
personal communication, March 13, 2008).   

In its pesticide registration program, EPA does routinely consider a pesticide’s potential 
for adverse aquatic effects from stormwater runoff in determining whether the pesticide 
constitutes an unreasonable risk (Bill Jordan, EPA, personal communication, March 14, 2008).  
EPA has imposed use restrictions on a number of individual pesticides, such as prohibiting aerial 
applications, requiring buffer strips, or reducing application amounts.  Presumably states and 
localities are tasked with primary enforcement responsibility for most of these use restrictions.  
EPA has also required a surface water monitoring program as a condition of the re-registration 
for atrazine and continues to evaluate available surface water and groundwater data to assess 
pesticide risks (Bill Jordan, EPA, personal communication, March 14, 2008). 

EPA STORMWATER PROGRAM 

Stormwater is defined in federal regulations as “storm water runoff, snow melt runoff, 
and surface runoff and drainage” [40 CFR §122.26(b)(13)].  EPA intended that the term describe 
runoff from precipitation-related events and not include any type of non-stormwater discharge 
(55 Fed. Reg. 47995). A brief discussion of the evolution of the EPA’s stormwater program is 
followed by an explanation of the permitting mechanisms and the various ways in which the 
program has been implemented by the states. As shown in Figure 2-2, the entire NPDES 
program has grown by almost an order of magnitude over the past 35 years in terms of the 
number of regulated entities, which explains the reliance of the program on general rather than 
individual permits.  Both phases of the stormwater program have brought a large number of new 
entities under regulation. 

Historical Background 

States like Florida, Washington, Maryland, Wisconsin, and Vermont and some local 
municipalities such as Austin, Texas, Portland, Oregon, and Bellevue, Washington, preceded the 
EPA in implementing programs to mitigate the adverse impacts of stormwater quality and 
quantity on surface waters. The State of Florida, after a period of experimentation in the late 
1970s, adopted a rule that required a state permit for all new stormwater discharges and for 
modifications to existing discharges if flows or pollutants increased (Florida Administrative 
Code, Chapter 17-25, 1982). The City of Bellevue, WA, established a municipal utility in 1974 
to manage stormwater for water quality, hydrologic balance, and flood management purposes 
using an interconnected system of natural areas and existing drainage features. 

EPA first considered regulating stormwater in 1973.  At that time, it exempted from 
NPDES permit coverage conveyances carrying stormwater runoff not contaminated by industrial 
or commercial activity, unless the discharge was determined by the Administrator to be a 
significant contributor of pollutants to surface waters (38 Fed. Reg. 13530, May 22, 1973).  EPA 
reasoned that while these stormwater conveyances were point sources, they were not suitable for 
end-of-pipe, technology-based controls because of the intermittent, variable, and less predictable 
nature of stormwater discharges. Stormwater pollution would be better managed at the local 
agency level through nonpoint source controls such as practices that prevent pollutants from 
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FIGURE 2-2 The number of permittees under the NPDES program of the Clean Water Act from 
1972 to the present.  Note that concentrated Animal Feeding Operations (CAFOs) are not 
considered in this report. 

entering the runoff. Further, EPA justified its decision by noting that the enormous numbers of 
individual permits that the Agency would have to issue would be administratively burdensome 
and divert resources from addressing industrial process wastewater and municipal sewage 
discharges, which presented more identifiable problems. 

The Natural Resources Defense Council (NRDC) successfully challenged the EPA’s 
selective exemption of stormwater point sources from the NPDES regulatory permitting scheme 
in federal court [NRDC vs. Train, 396 F.Supp. 1393 (D.D.C. 1975), aff’d NRDC vs. Costle 568 
F.2d. 1369 (D.C. Cir. 1977)]. The court ruled that EPA did not have the authority to exempt 
point source discharges from the NPDES permit program, but recognized the Agency’s 
discretion to use reasonable procedures to manage the administrative burden and to define what 
constitutes a stormwater point source.  Consequently, EPA issued a rule establishing a 
comprehensive permit program for all stormwater discharges (except rural runoff) including 
municipal separate storm sewer systems (MS4s), which were to be issued “general” or area 
permits after a period of study (41 Fed. Reg. 11307, March 18, 1976).  Individual permits were 
required for stormwater discharges from industrial or commercial activity, or where the 
stormwater discharge was designated by the permitting authority to be a significant contributor 
of pollutants. Comprehensive revisions to the NPDES regulations were published next, retaining 
the broad definition of stormwater discharges subject to the NPDES permit program and 
requiring permit application requirements similar to those for industrial wastewater discharges, 
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including testing for an extended list of pollutants (44 Fed. Reg. 32854, June 7, 1979; 45 Fed. 
Reg. 33290, May 19, 1980). 

The new NPDES regulations resulted in lawsuits filed in federal courts by a number of 
major trade associations, member companies, and environmental groups challenging several 
aspects of the NPDES program, including the stormwater provisions.  The cases were 
consolidated in the D.C. Circuit Court of Appeals, and EPA reached a settlement with the 
industry petitioners on July 7, 1982, agreeing to propose changes to the stormwater regulations to 
balance environmental concerns with the practical limitations of issuing individual NPDES 
permits and limited resources.  The Agency significantly narrowed the definition of stormwater 
point sources to conveyances contaminated by process wastes, raw materials, toxics, hazardous 
pollutants, or oil and grease, and it reduced application requirements by dividing stormwater 
discharges into two groups based on their potential for significant pollution problems (47 Fed. 
Reg. 52073, November 18, 1982).  EPA issued a final rule retaining the broad coverage of 
stormwater point sources, and a two-tiered classification to administratively regulate these 
stormwater discharges (49 Fed. Reg. 37998, September 26, 1984). 

The rule generated considerably controversy; trade associations and industry contended 
that application deadlines would be impossible to meet and that the sampling requirements were 
excessive, while the environmental community expressed a concern that additional changes or 
delays would exacerbate the Agency’s failure to regulate sources of stormwater pollution.  On 
the basis of the post-promulgation comments received, EPA determined that it was necessary to 
obtain additional data on stormwater discharges to assess their significance, and it conducted 
meetings with industry groups, who indicated an interest in providing representative data on the 
quality of stormwater discharges of their membership.  The Agency determined that the 
submission of representative data was the most practical and efficient means of determining 
appropriate permit terms and conditions, as well as priorities for the multitude of stormwater 
point source discharges that needed to be permitted (50 Fed. Reg. 32548, August 12, 1985). 

In the mean time, the U.S. House of Representatives and the Senate both passed bills to 
amend the CWA in mid-1985.  The separate bills were reconciled in Conference Committee, and 
on February 4, 1987, Congress passed the Water Quality Act (WQA), which specifically 
addressed stormwater discharges. The WQA added Section 402(p) to the CWA, which requires 
stormwater permits to be issued prior to October 1992 for (i) municipal stormwater discharges 
from large and medium municipalities based on the 1990 census; (ii) discharges associated with 
industrial activity; and (iii) a stormwater discharge that the Administrator determines contributes 
to the violation of a water quality standard or is a significant contributor of pollutants to waters 
of the United States. MS4s were required to reduce pollutants in stormwater discharges to the 
“maximum extent practicable” (MEP).  Industrial and construction stormwater discharges must 
meet the best conventional technology (BCT) standard for conventional pollutants and the best 
available technology economically achievable (BAT) standard for toxic pollutants.  EPA and the 
NPDES-delegated states were given the flexibility to issue municipal stormwater permits on a 
system-wide or jurisdiction-wide basis.  In addition, the WQA amended Section 402(l)(2) of the 
CWA to not require a permit for stormwater discharges from mining and oil and gas operations if 
the stormwater discharge is not contaminated by contact, and it amended Section 502(14) of the 
CWA to exclude agricultural stormwater discharges from the definition of point source. 

These regulations had been informed by the National Urban Runoff Program, conducted 
from 1978 to 1983 to characterize the water quality of stormwater runoff from light industrial, 
commercial, and residential areas (Athayde et al., 1983).  The majority of samples collected were 
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analyzed for eight conventional pollutants and three heavy metals, and a subset was analyzed for 
120 priority pollutants. The study indicated that on an annual loading basis, some of the 
conventional pollutants were greater than the pollutant loadings resulting from municipal 
wastewater treatment plants.  In addition, the study found that a significant number of samples 
exceeded EPA’s water quality criteria for freshwater. 

The Federal Highway Administration conducted studies over a ten-year period ending in 
1990 to characterize the water quality of stormwater runoff from roadways (Driscoll et al., 
1990). A total of 993 individual stormwater events at 31 highway sites in 11 states were 
monitored for eight conventional pollutants and three heavy metals.  In addition, a subset of 
samples was analyzed for certain other conventional pollutant parameters.  The studies found 
that urban highways had significantly higher pollutant concentrations and loads than non-urban 
highway sites. Also, sites in relatively dry semi-arid regions had higher concentrations of many 
pollutants than sites in humid regions. 

Final Stormwater Regulations 

EPA issued final regulations in 1990 establishing a process for stormwater permit 
application, the required components of municipal stormwater management plans, and a 
permitting strategy for stormwater discharges associated with industrial activities (55 Fed. Reg. 
222, 47992, November 16, 1990).  Stormwater discharges associated with industrial activity that 
discharge to MS4s were required to obtain separate individual or general NPDES permits.  
Nevertheless, EPA recognized that medium and large MS4s had a significant role to play in 
source identification and the development of pollution controls for industry, and thus 
municipalities were obligated to require the implementation of controls under local government 
authority for stormwater discharges associated with industrial activity in their stormwater 
management program.  The final regulations also established minimum sampling requirements 
during permit application for medium and large MS4s (serving a population based on the 1990 
census of 100,000 to 250,000, and 250,000 or more, respectively).  MS4s were required to 
submit a two-part application over two years with the first part describing the existing program 
and resources and the second part providing representative stormwater quality discharge data and 
a description of a proposed stormwater management program, after which individual MS4 
NPDES permits would be issued for medium and large MS4s.   

In addition, the regulations identified ten industry groups and construction activity 
disturbing land area five acres or greater as being subject to stormwater NPDES permits.  These 
industries were classified as either heavy industry or light industry where industrial activities are 
exposed to stormwater, based on the Office of Management and Budget Standard Industrial 
Classifications (SIC). The main industrial sectors subject to the stormwater program are shown 
in Table 2-3 and include 11 regulatory categories: (i) facilities with effluent limitations, (ii) 
manufacturing, (iii) mineral, metal, oil and gas, (iv) hazardous waste treatment, storage, or 
disposal facilities, (v) landfills, (vi) recycling facilities, (vii) steam electric plants, (viii) 
transportation facilities, (ix) treatment works, (x) construction activity, and (xi) light industrial 
activity.   
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59 The Challenge of Regulating Stormwater 

TABLE 2-3 Sectors of Industrial Activity Covered by the EPA Stormwater Program 
Category 

(see above) 
Sector SIC Major 

Group 
Activity Represented 

(i) A 24 Timber products 
(ii) B 26 Paper and allied products 
(ii) C 28 and 39 Chemical and allied products 
(i), (ii) D 29 Asphalt paving and roofing materials and lubricants 
(i) (ii) E 32 Glass, clay, cement, concrete, and gypsum products 
(i) (iii) F 33 Primary metals 
(i), (iii) G 10 Metal mining (ore mining and dressing) 
(i), (iii) H 12 Coal mines and coal mining-related facilities 
(i), (iii) I 13 Oil and gas refining 
(i), (iii) J 14 Mineral mining and dressing 
(iv) K HZ Hazardous waste, treatment, storage, and disposal 
(v) L LF Landfills, land application sites, and open dumps 
(vi) M 50 Automobile salvage yards 
(vii) N 50 Scrap recycling facilities 
(vii) O SE Steam electric generating facilities 
(viii) P 40, 41, 42, 43, 51 Land transportation and warehousing 
(viii) Q 44 Water transportation 
(viii) R 37 Ship and boat building or repairing yards 
(viii) S 45 Air transportation 
(ix) T TW Treatment works 
(xi) U 20, 21 Food and kindred products 
(xi) V 22, 23, 31 Textile mills, apparel, and other fabric product manufacturing, 

leather and leather products 
(xi) W 24, 25 Furniture and fixtures 
(xi) X 27 Printing and publishing 
(xi) Y 30, 39, 34 Rubber, miscellaneous plastic products, and miscellaneous 

manufacturing industries 
(xi) AB 35, 37 Transportation equipment, industrial or commercial machinery 
(xi) AC 35, 36, 38 Electronic, electrical, photographic, and optical goods 
(x) Construction activity 

AD Non-classified facilities designated by Administrator under 40 
CFR §122.26(g)(1)(l) 

SOURCE: 65 Fed. Reg. 64804, October 30, 2000. 
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60 Urban Stormwater Management in the United States 

The second phase of final stormwater regulations promulgated on December 8, 1999 (64 
Fed. Reg. 68722) required small MS4s to obtain permit coverage for stormwater discharges no 
later than March 10, 2003. A small MS4 is defined as an MS4 not already covered by an MS4 
permit as a medium or large MS4, or is located in “urbanized areas” as defined by the Bureau of 
the Census (unless waived by the NPDES permitting authority), or is designated by the NPDES 
permitting authority on a case-by-case basis if situated outside of urbanized areas.  Further, the 
regulations lowered the construction activities regulatory threshold for permit coverage for 
stormwater discharges from five acres to one acre. 

To give an idea of the administrative burden associated with the stormwater program and 
the different types of permits, Table 2-4 shows the number of regulated entities in the Los 
Angeles region that fall under either individual or general permit categories.  Industrial and 
construction greatly outweigh municipal permittees, and stormwater permittees are vastly more 
numerous that traditional wastewater permittees. 

TABLE 2-4 Number of NPDES wastewater and stormwater entities regulated by the CalEPA, 
Los Angeles Regional Water Board, as of May 2007 
Waste Type Individual Permittees General Permittees 
Wastewater and Non-stormwater Industry 103 574 
Combined Wastewater and Stormwater 23 0 
Stormwater (pre-1990) 45 0 
Industrial Stormwater (post-1990) 0 2990 
Construction Stormwater (post-1990) 0 2551 
Municipal Stormwater (post-1990) 100 0 
Total 271 6215 

Municipal Permits 

States with delegated NPDES permit authority (all except Alaska, Arizona, Idaho, 
Massachusetts, New Hampshire, and New Mexico) issued the first large and medium MS4 
permits beginning in 1990, some of which are presently in their fourth permit term.  These MS4 
permits require large and medium municipalities to implement programmatic control measures 
(the six minimum measures) in the areas of (1) public education and outreach, (2) public 
participation and involvement, (3) illicit discharge detection and elimination, (4) construction 
site runoff control, (5) post-construction runoff control, and (6) pollution prevention and good 
housekeeping—all to reduce the discharge of pollutants in stormwater to the maximum extent 
practicable. Efforts to meet the six minimum measures are documented in a stormwater 
management plan.  Non-stormwater discharges to the MS4 are prohibited unless separately 
permitted under the NPDES, except for certain authorized non-stormwater discharges, such as 
landscape irrigation runoff, which are deemed innocuous nuisance flows and not a source of 
pollutants. MS4 permits generally require analytic monitoring of pollutants in stormwater 
discharges for all Phase I medium and large MS4s from a subset of their outfalls that are 36 
inches or greater in diameter or drain 50 acres or more.  These data, at the discretion of the 
permitting authority, may be compared with water quality standards and considered (by default) 
to be effluent limitations, which refer to any restriction, including schedules of compliance, 
established by a state or the Administrator pursuant to CWA Section 304(b) on quantities, rates, 
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61 The Challenge of Regulating Stormwater 

and concentrations of chemical, physical, biological, and other constituents discharged from 
point sources into navigable waters, the waters of the contiguous zone, or the ocean (40 CFR 
§401.11). A future exceedance of an effluent limitation constitutes a permit violation.  However, 
permitting authorities have so far not taken this approach to interpreting MS4 stormwater 
discharge data. 

The Phase I stormwater regulations require medium and large MS4s to inspect “high-
risk” industrial facilities and construction sites within their jurisdictions.  Certain industrial 
facilities and construction sites of a minimum acreage are also subject to separate EPA/state 
permitting under the industrial and construction general permits (see below).  While EPA 
envisioned a partnership with municipalities on these inspections in its Phase I Rule Making, it 
provided no federal funding to build these partnerships.  Both industry and municipalities have 
argued that the dual inspection responsibilities are duplicative and redundant.  Municipalities 
have further contended that the inspection of Phase I industrial facilities and construction sites 
are solely an EPA/state obligation, although state and federal courts have ruled otherwise.  In the 
committee’s experience, many MS4s do not oversee or regulate industries within their 
boundaries. 

As part of the Phase II program, small MS4s are covered under general permits and are 
required to implement a stormwater management program to meet the six minimum measures 
mentioned above.  Unlike with Phase I, Phase II MS4 stormwater discharge monitoring was 
made discretionary, and inspection of industrial facilities within the boundary of a Phase II MS4 
is not required. 

Industrial Permits 

EPA issued the first nationwide multi-sector industrial stormwater general permit 
(MSGP) on September 29, 1995 (60 Fed. Reg. 50804), which was reissued on October 30, 2000 
(65 Fed. Reg. 64746). A proposed new MSGP was released for public comment in 2005 (EPA, 
2005b). The proposed MSGP requires that industrial facility operators prepare a stormwater 
pollution prevention plan (similar to an MS4’s stormwater management plan) that documents the 
SCMs that will be implemented to reduce pollutants in stormwater discharges.  They must 
achieve technology-based requirements using BAT or BCT or water quality-based effluent 
limits, which is the same requirement as for process wastewater permits.   

All industrial sectors covered under the MSGP must conduct visual monitoring four times 
a year. The visual monitoring is performed by collecting a grab sample within the first hour of 
stormwater discharge and observing its characteristics qualitatively.  A subset of MSGP 
industrial categories is required to perform analytical monitoring for benchmark pollutant 
parameters four times in Year 2 of permit coverage and again in Year 4 if benchmarks were 
exceeded in Year 2. The benchmark pollutant parameters, listed in Table 2-5, were selected 
based on the sampling data included with group permit applications submitted after the EPA 
issued its stormwater regulations in 1990. To comply with the benchmark monitoring 
requirements, a grab sample must be collected within the first hour of stormwater discharge after 
a rainfall event of 0.1 inch or greater and with an interceding dry period of at least 72 hours.  A 
benchmark exceedance is not a permit violation, but rather is meant to trigger the facility 
operator to investigate SCMs and make necessary improvements. 
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62 Urban Stormwater Management in the United States 

TABLE 2-5 Industry Sectors and Sub-Sectors Subject to Benchmark Monitoring 
MSGP 
Sector Industry Sub-sector 

Required Parameters for Benchmark 
Monitoring 

C Industry organic chemicals 
Plastics, synthetic resins, etc. 
Soaps, detergents, cosmetics, perfumes 
Agricultural chemicals 

Al, Fe, nitrate and nitrite N 
Zn 
Zn, nitrate and nitrite N 
Pb, Fe, Zn, P, nitrate and nitrite N 

D Asphalt paving and roofing materials TSS 
E Clay products 

Concrete products 
Al 
TSS and Fe 

F Steel works, blast furnaces, rolling and finishing mills 
Iron and steel foundries 
Non-ferrous rolling and drawing 
Non-ferrous foundries (casting) 

Al, Zn 
Al, Cu, Fe, Zn, TSS 
Cu, Zn 
Cu, Zn 

G Copper ore mining and dressing COD, TSS, nitrate and nitrite N 
H Coal mines and coal mining related facilities TSS 
J Dimension stone, crushed stone, and non-metallic 

minerals (except fuels) 
Sand and gravel mining 

TSS, Al, Fe 

Nitrate and nitrite N, TSS 
K Hazardous waste treatment, storage, or disposal NH3, Mg, COD, Ar, Cd, CN, Pb, Hg, Se, Ag 
L Landfills, land application sites, and open dumps Fe, TSS 
M Automobile salvage yards TSS, Al, Fe, Pb 
N Scrap recycling Cu, Al, Fe, Pb, Zn, TSS, COD 
O Steam electric generating facilities Fe 
Q Water transportation facilities Al, Fe, Pb, Zn 
S Airports with deicing activities BOD, COD, NH3, pH 
U Grain mill products 

Fats and oils 
TSS 
BOD, COD, nitrate and nitrite N, TSS 

Y Rubber products Zn 
AA Fabricated metal products except coating 

Fabricated metal coating and engraving 
Fe, Al, Zn, nitrate and nitrite N 
Zn, nitrate and nitrite N 

NOTE: BOD, biological oxygen demand; COD, chemical oxygen demand; TSS, total suspended solids. 
SOURCE: 65 Fed. Reg. 64817, October 30, 2000. 

EPA had already established technology-based effluent limitations for stormwater 
discharges for eight subcategories of industrial discharges prior to 1987, namely, for cement 
manufacturing, feedlots, fertilizer manufacturing, petroleum refining, phosphate manufacturing, 
steam electric, coal mining, and ore mining and dressing (see Table 2-6).  Most of these facilities 
were covered under individual permits prior to 1987 and are generally required to stay covered 
under individual stormwater permits.  Facilities in these sub-categories that had not been issued a 
stormwater discharge permit prior to 1992 are allowed to be covered under the MSGP, but they 
still have analytical monitoring requirements that must be compared to effluent limitation 
guidelines. An exceedance of the effluent limitation constitutes a permit violation. 
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63 The Challenge of Regulating Stormwater 

TABLE 2-6 Select Stormwater Effluent Limitation Guidelines for Illustrative Purposes 
Discharges Design Storm Pollutant 

Parameters 
Effluent Limitations 
(max per day) 

Phosphate Fertilizer Manufacturing 
Runoff (40 C.F.R. 418) 

Not specified Total P 
Fluoride 

105 mg/L 
75 mg/L 

Petroleum Refining (40 C.F.R. 419) Not specified O&G 
TOC 
BOD5 
COD 
Phenols 
Cr 
Hex Cr 
pH 

15 mg/L 
110 mg/L 
48 kg/1000 m3 flow 
360 mg/1000 m3 flow 
0.35 mg/1000 m3 flow 
0.73 mg/1000 m3 flow 
0.062 mg/1000 m3 flow 
6–9 

Asphalt Paving and Roofing Emulsion 
Products Runoff (40 C.F.R. 443) 

Not specified TSS 
O&G 
pH 

0.023 kg/m3 

0.015 kg/m3 

6.0–9.0 

Cement Manufacturing Material 
Storage Piles Runoff (40 C.F.R. 411) 

10 yr, 24 hour TSS 
pH 

50 mg/L 
6.0–9.0 

Coal Mining (40 C.F.R. 434 Subpart 
B) 

1 yr, 24 hour Fe 
Mn 
TSS 
pH 

7.0 mg/L 
4 mg/L 
70 mg/L 
6.0–9.0 

Steam Electric Power Generating (40 
C.F.R. 423) 

10 yr, 24 hour TSS 
pH 
PCBs 

50 mg/L 
6.0–9.0 
No discharge 

NOTE: BOD5, biological oxygen demand; COD, chemical oxygen demand; O&G, oil and grease; PCBs, 
polychlorinated biphenyls; TOC, total organic carbon; TSS, total suspended solids.  SOURCE: 40 C.F.R. 

At the issuance of the Final Storm Water Rule in 1990, EPA envisioned the use of a mix 
of general permits and individual permits to better manage the administrative burden associated 
with permitting thousands of industrial stormwater point sources.  In its original permitting 
strategy for industrial stormwater discharges, EPA articulated a four-tier strategy with the 
nationwide general permits: Tier 1 was baseline permitting, Tier 2 would incorporate watershed 
permits, Tier 3 would be industry category-specific permitting, and Tier 4 would encompass 
facility-specific individual permits.  In reality, individual permits, which would allow for the 
crafting of permit conditions to be better structured to the specific industrial facility based on its 
higher potential risk to water quality, and could include adequate monitoring for purposes of 
compliance and enforcement, have been sparsely used.  Similarly, neither the watershed 
permitting strategy nor the industry category-specific permitting strategy has found favor in the 
absence of better federal guidance and funding. 

Industrial stormwater general permits are issued by the State NPDES Permitting 
Authority in NPDES-delegated states, and may be in the form a single statewide permit covering 
thousands of industrial permittees or sector-specific stormwater general permits covering less 
than a hundred facilities. EPA Regions issue the MSGP in states without NPDES-delegated 
authority and for facilities on Native Indian and Tribal Lands.  EPA’s nationwide 2000 MSGP 
presently covers 4,102 facilities. 
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64 Urban Stormwater Management in the United States 

Construction Permits 

EPA issued the first nationwide construction stormwater general permit (CGP) in 
February 1998 (63 Fed. Reg. 7858).  The permits are valid for five-year terms.  The most recent 
CGP was issued in 2005 (68 Fed. Reg. 39087), and the EPA in 2008 administratively continued 
the CGP until the end of 2009, when it is expected to have developed effluent guidelines for 
construction activity (73 Fed. Reg. 40338). The EPA is presently under court order to develop 
effluent limitation guidelines for stormwater discharges from the construction and land 
development industry.  The construction general permit requires the implementation of 
stormwater pollution prevention plans to prevent erosion, control sediment in stormwater 
discharges, and manage construction waste materials.  Operators of the construction activity are 
required to perform visual inspections regularly, but no sampling of stormwater discharge during 
rainfall events is required.  As with the industrial and municipal permittees, an exceedance of an 
effluent limitation incorporated in a permit would be a violation of the CWA and is subject to 
penalties. 

EPA’s CGP covers construction activity in areas where EPA is the permitting authority, 
including Indian lands, Puerto Rico, the District of Columbia, Massachusetts, New Hampshire, 
New Mexico, Idaho, Arizona, and Alaska. All other states have been delegated the authority to 
issue NPDES permits, and these states issue CGPs based on the EPA model but with subtle 
variations. For example the California and Georgia CGPs include monitoring requirements for 
construction sites discharging to sediment-impaired waterbodies.  Wisconsin requires weekly 
inspections and an inspection within 24 hours of a rain event of 0.5 inches or greater.  Georgia 
imposes discharge limits of an increase of no more than 10 Nephelometric Turbidity Units 
(NTU) above background in trout streams and no more than 25 NTU above background in other 
types of streams. 

Permit Creation, Administration, and Requirements 

For individual permits, the entity seeking coverage submits an application and one permit 
is issued. The conditions of the permit are based on an analysis of information provided in a 
rather lengthy permit application by the facility operator about the facility and the discharge.  
Generally, it takes six to 18 months for the permittee to compile the application information and 
for the permitting authority to finalize the permit.  Individual permits are common for medium 
and large MS4s (Phase I), small MS4s in a few states (Phase II), and a few industrial activities. 

General permits, on the other hand, are issued by the permitting authority, and interested 
parties then submit an Notice of Intent (NOI) to be covered.  This mechanism is used where large 
numbers of dischargers require permit coverage, such as construction activities, most industrial 
activities, and most small MS4s (Phase II).  The permit must identify the area of coverage, the 
sources covered, and the process for obtaining coverage.  Once the permit is issued, a permittee 
may submit a NOI and receive coverage either immediately or within a very short time frame 
(e.g., 30 days). 

All permits contain “effluent limitations” or “effluent guidelines,” adherence to which is 
required of the permittee.  However, the terms (which are synonymous) are agonizingly broad 
and encompass (1) meeting numeric pollutant limits in the discharge, (2) using certain SCMs, 
and (3) meeting certain design or performance standards.  Effluent limitations may be expressed 

PREPUBLICATION 


RB-AR14686



  

 

 
 

 
 

 
 

 

65 The Challenge of Regulating Stormwater 

as SCMs when numeric limits are infeasible or for stormwater discharges where monitoring data 
are insufficient to carry out the purposes and intent of the CWA [122.44(k)].  If EPA has 
promulgated numerical “effluent guidelines” for existing and new stormwater sources under 
CWA Sections 301, 304, or 306, then the permits must incorporate the “effluent guidelines” as 
permit limits. 

Effluent limitations can be either technology-based or water quality-based requirements.  
Technology-based requirements establish pollutant limits for discharges on what the best 
pollution control technology installed for that industry would normally accomplish.  Water-
quality based requirements, by contrast, look to the receiving waters to determine the level of 
pollution reduction needed for individual sources.  There are national technology-based 
standards available for many categories of point sources, including many industrial sectors and 
municipal wastewater treatment plants.  In the absence of national standards, technology-based 
requirements are developed on a case-by-case basis using best professional judgment.  In 
general, BAT is the standard for toxic and non-conventional pollutants, while BCT is the 
standard for conventional pollutants.  Water quality-based effluent limitations are required where 
technology-based limits are found to be insufficient to achieve applicable water quality 
standards, including restoring impaired waters, preventing impairments, and protecting high-
quality waters.  Limitations must control all pollutants or pollutant parameters that are or may be 
discharged at a level which will cause, have reasonable potential to cause, or contribute to an 
excursion above any applicable water quality standard.  To distinguish between technology-
based and water quality-based effluent limits, consider that a permittee is required to meet a 
numeric pollutant limit in their stormwater discharge.  A technology-based limit would be based 
on studies of effluent concentrations coming from that technology, while a water quality-based 
limit would be based on some assessment of the impact of the discharge on a nearby receiving 
water (with the applicable water quality standard being the most conservative choice). 

EPA is presently writing stormwater “effluent guidelines” for airport de-icing operations 
and construction/development activity, with an estimated final action date of December 2009. 

Permits Prior to 1990 

A limited number of individual stormwater permits (perhaps in the low thousands) were 
first issued prior to 1990, the period before EPA promulgated regulations specific to stormwater 
discharges, and before EPA first received the authority to issue general NPDES permits.  These 
individual NPDES permits for industrial stormwater discharges, like traditional individual 
wastewater NPDES permits, incorporate numerical effluent limits and they impose discharge 
monitoring requirements to demonstrate compliance.  These facilities were selected for 
permitting before 1990, presumably because of the risk they presented to causing or contributing 
to the exceedance of water quality standards. 

Do Permittees Have to Meet Water Quality Standards in their Effluent? 

It is unclear as to whether municipal, industrial, and construction stormwater discharges 
must meet water quality standards.  Furthermore, even if such discharges were required to meet 
water quality standards, the absence of monitoring found within the permits means that 
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66 Urban Stormwater Management in the United States 

enforcement of the requirement would be difficult at best.  Nonetheless, some sources suggest 
that, with the exception of Phase II MS4 discharges, EPA’s intent is that stormwater discharges 
comply with water quality standards, especially where a TMDL is in place. 

First, the EPA Office of General Counsel issued a memorandum in 1991 stating that 
municipal stormwater permits must require that MS4s reduce stormwater pollutant discharges to 
the maximum extent practicable and must also comply with water quality standards.  
Recognizing the complexity of stormwater, EPA’s 1996 Interim Permitting Approach for Water 
Quality-Based Effluent Limitations in Storm Water Permits (61 Fed. Reg. 43761) stated that 
stormwater permits should use SCMs in first-term stormwater permits and expanded or better-
tailored SCMs in subsequent term permits to provide for the attainment of water quality 
standards. However, where adequate information existed to develop more specific conditions or 
limitations to meet water quality standards, these conditions or limitations are to be incorporated 
into stormwater permits as necessary and appropriate.   

As permitting authorities began to develop TMDL waste load allocations to address 
impaired receiving waters, and waste load allocations were assigned to stormwater discharges, 
EPA issued a TMDL Stormwater Policy.  It stated that stormwater permits must include permit 
conditions consistent with the assumptions and requirements of available waste load allocations 
(EPA, 2002b). Since waste load allocations derive directly from water quality standards, this 
could be interpreted as saying that stormwater discharges must meet water quality standards.  
However, EPA expected that most water quality-based effluent limitations for NPDES-regulated 
stormwater discharges that implement TMDL waste load allocations would be expressed as 
SCMs, and that numeric limits would be used only in rare instances.  This is understandable, 
given that storm events are dynamic and variable and it would be expensive to monitor all storm 
events and discharge points, particularly for MS4s, to demonstrate compliance with a waste load 
allocation expressed as a numeric effluent limitation.  Effluent limitations expressed as SCMs 
appear to be the best interim approach to demonstrate compliance with TMDLs, provided that 
these SCMs are reasonably expected to satisfy the waste load allocation in the TMDL.  As part 
of the TMDL, the NPDES permit must also specify the monitoring necessary to determine 
compliance with effluent limitations.  Where effluent limits are specified as SCMs, the permit 
should specify the monitoring necessary to assess if the load reductions expected from SCM 
implementation are achieved (e.g., SCM performance data). 

Implementation of the Stormwater Program by States and Municipalities 

NPDES-delegated states and Indian Tribes generally utilize the CGP and the MSGP as 
model templates for adopting their respective general permits to regulate stormwater discharges 
associated with industrial activity, including construction, within their jurisdictions.  
Nevertheless, some variations exist.  For example, the California CGP requires sampling of 
stormwater at construction sites that discharge to surface waters that are listed as being impaired 
for sediment.  Connecticut’s MSGP regulates stormwater discharges associated with commercial 
activity, in addition to industrial activity.  With respect to the municipal permits, the variability 
with which the stormwater program is implemented reflects the flexibility inherent in the MEP 
standard. In the absence of a definite description of MEP or nationwide effluent guidelines 
issued by EPA, states and municipalities have not been very rigorous in determining what 
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67 The Challenge of Regulating Stormwater 

constitutes an adequate level of compliance. This self-defined compliance threshold has been 
translated into a wide range of efforts at program implementation. 

A number of MS4 programs have been leaders in some areas of program implementation.  
For example, Prince George’s County, Maryland, was a pioneer in implementing low impact 
development (LID) techniques.  Notable efforts have been made by states and municipalities in 
the Pacific Northwest, such as Oregon and Washington.  California and Florida also are in the 
forefront of implementing comprehensive and progressive stormwater programs. 

Greater implementation is evident in states that had state stormwater regulations in place 
prior to the advent of the national stormwater program (GAO, 2007).  Some states issued early 
MS4 permits (e.g., California, Florida, Washington, and Wisconsin) prior to the promulgation of 
the national stormwater program, while a number of MS4s (e.g., Austin, Texas,; Santa Monica, 
California; and Bellevue, Washington) were already implementing comprehensive stormwater 
management programs.  In addition, some MS4s conducted individual stormwater management 
activities, such as street-sweeping, household hazardous waste collection, construction site plan 
review, and inspections, prior to the national stormwater program.  These areas are more likely 
than areas without a stormwater program that predated the EPA program to be successfully 
meeting the requirements of the current program. 

One of the obvious differences is the level of interest and effort exercised by coastal 
communities or communities in close proximity to a water resource that have immediate access 
to the beneficial uses of those resources but also have an immediate view of the impacts of 
polluted runoff. That interest may contrast with the less active posture of upstream or further 
inland communities that may not be as sensitive and willing to implement more stringent 
stormwater programs.  A recent report has found that programs with more specific permit 
requirements generally result in more comprehensive and progressive stormwater management 
programs (TetraTech, 2006a).  The report concluded that permittees should be required to 
develop measurable goals based on the desired outcomes of the stormwater program.  
Furthermore, additional stormwater permit requirements can be expected as more TMDLs are 
developed and wasteload allocations must be translated into permit conditions. 

GAO Report on Current Status of Implementation 

In 2007, the GAO issued a report to determine the impact of EPA’s Stormwater Program 
on communities (GAO, 2007). Some of the relevant findings are that urban stormwater runoff 
continues to be a major contributor to the nation’s degraded waters and that stormwater program 
implementation has been slow for both Phase I and Phase II communities, with almost 11 percent 
of all communities not yet permitted as of fall 2006.  Litigation, among other reasons, delayed 
the issuance of some permits for years after the application deadlines.  As a result, almost all 
Phase II and some Phase I communities are still in the early stages of program implementation 
although deadlines for permit applications were years ago—16 years for Phase I and six years for 
Phase II. EPA has acknowledged that it does not currently have a system in place to measure the 
success of the Phase I program on a national scale (EPA, 2000b).  Therefore, it is reasonable to 
conclude that the level of implementation of the stormwater program ranges widely, from 
municipalities having completed a third-term permit (such as Los Angeles County MS4 permit) 
to municipalities not yet covered by a Phase II MS4 permit. 
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68 Urban Stormwater Management in the United States 

The GAO report also indicates that communities’ inconsistent reporting of activities 
makes it difficult to evaluate program implementation nationwide.  Based on the report’s 
findings it seems that little auditing activity has been performed to gauge the status of 
implementation and effectiveness in achieving water quality improvements.  Most often cited is 
the effort by EPA’s Region 9 and the State of California auditors that recently discovered, among 
other things, that some MS4s (1) had not developed stormwater management plans, (2) were not 
properly performing an adequate number of inspections to enforce their stormwater ordinances, 
and (3) were lax in implementing SCMs at publicly owned construction sites.  They also found 
that some MS4s were not adequately controlling stormwater runoff at municipally owned and 
operated facilities, such as maintenance yards. In response to these findings, EPA issued in 
January 2007 an MS4 Program Evaluation Guidance document (EPA, 2007b).   

In the absence of a nationwide perspective of the implementation of the stormwater 
program, it is hard to make a determination about the program’s success.  There are communities 
and states that seem to have made great strides in implementing progressive stormwater 
programs, but it also seems that overall many programs are still in the early stages of 
implementation, while a number of communities are still waiting to obtain coverage under the 
MS4 permits.  In addition, it appears that there is no national uniform system of tracking success 
or cost data. All these unknowns make it very difficult to formulate any definite statements 
about how successful the implementation of the program is on a national perspective. 

Committee Survey 

In order to get a better understanding of how the stormwater program is implemented by 
the states, during 2007 the committee conducted two surveys asking states about their monitoring 
requirements, compliance determination, and other facts for each program (municipal, industrial, 
and construction). For the larger survey, 18 states representing all ten EPA regions responded to 
the survey. Both surveys and all responses are found in Appendix C. 

As expected, the responding states reported that Phase I MS4s are required to sample 
their stormwater discharges for pollutants, although the frequency of sampling and the number of 
pollutants being sampled tended to vary.  No state reported requiring Phase II MS4s to sample 
stormwater discharges.  Monitoring requirements for industrial stormwater varied by state from 
none in Minnesota, Nebraska, and Maine to benchmark monitoring required under the MSGP in 
Virginia, New York, and Wyoming.  California, Connecticut, and Washington require all 
industrial facilities to monitor for select chemical pollutants.  Connecticut, additionally, requires 
sampling for aquatic toxicity.  Most of the responding states do not require construction sites to 
do much more than visual monitoring periodically and after rain events.  Georgia and 
Washington require construction sites to monitor for parameters such as turbidity and pH.  
California and Oregon require sampling when the discharge is to a waterbody impaired by 
sediment. 

As mentioned previously, Phase I MS4s (but not Phase II MS4s) are required to address 
industrial dischargers within their boundaries.  There was considerable variability regarding the 
survey questions of whether MS4s can conduct inspections of industrial facilities and what 
industries are considered high risk. In all of the responding states except Virginia, the 
responders think that MS4s have the authority to inspect industries within their boundaries, 
although the extent to which this is done is not clear and, in the committee’s experience, is quite 
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rare. Many of the responding states have not identified “high-risk” facilities and targeted them 
for compliance scrutiny, although certain categories were felt to be problematic by the state 
employee responding to the survey, such as metal foundries, auto salvage yards, metal recyclers, 
cement plants, and saw mills.  In California and Washington, however, some of the Phase I MS4 
permits have identified high-risk facilities for the municipal permittee to inspect. 

Georgia, Maine, Minnesota, Nevada, New York, Vermont, and Washington have State 
Guidance Manuals for MS4 implementation, while in California a coalition of municipalities and 
the California Department of Transportation have developed MS4 guidance manuals.  The rest of 
the responding states rely on general guidance provided by the EPA.  State guidance manuals for 
the implementation of the industrial stormwater program were less common than guidance 
manuals for construction activity, with only California and Washington having such guidance 
manuals.  In contrast, except for Nebraska and Oklahoma, statewide guidance manuals for 
erosion and sediment control were available.  This may have resulted from the fact that many 
states had laws in place that required erosion and sediment control practices during land 
development, timber harvesting, and agricultural farming that predated the EPA stormwater 
regulations. 

In an attempt to determine the level of oversight that a state provides for industrial and 
construction operations, the survey asked whether and to whom stormwater pollution prevention 
plans (SWPPPs) are submitted.  Most of the responding states require the stormwater pollution 
prevention plans that industrial facilities prepare to be retained at the facility and produced when 
requested by the state. Only Oregon, Vermont, Washington, and Hawaii required industrial 
SWPPPs to be submitted to the state when seeking coverage under the MSGP.  The practice for 
the submittal of construction SWPPPs was similar, except that some states required that SWPPPs 
for large construction projects be submitted to the state. 

Compliance with the MS4 permit in the responding States is mainly determined through 
the evaluation of annual reports and program audits, although no indication was given of the 
frequency of audits. Regulators in Maine have monthly meetings with municipalities.  The 
responding states evaluate compliance with the MSGP by reviewing annual monitoring reports 
and conducting inspections of industrial facilities.  Connecticut characterized its industrial 
inspections as “regular,” Maine inspects industrial facilities twice per five-year permit cycle, 
while Vermont performs visual inspections four times a year.  No other responding states 
specified the frequency of inspections. Inspections and reviews of the SWPPPs constitute the 
main ways for responding states to determine the compliance of sites and facilities covered under 
the CGP. 

With respect to the extent of actual compliance, few states have such information, partly 
because it has not routinely been collected and analyzed.  West Virginia has found that, of the 
871 permitted industrial facilities in the state, 576 were delinquent in submitting the results of 
their benchmark monitoring.  Several case studies of compliance rates for municipal, industrial, 
and construction sites in Southern California are presented in Box 2-4.  The data suggest that 
compliance in all three groups is poor, particularly for industrial sites.  This may be partly 
explained by the preponderance of small businesses covered by the MSGP, whose operators may 
have financial difficulty in committing funds to SCMs, or lack a recognition and knowledge of 
the stormwater program and its requirements. 
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BOX 2-4 
Compliance with Stormwater Permits in Southern California 

Construction General Permits 

In order to determine the compliance of construction sites with the general stormwater permit, 
data were collected and analyzed from three sources: (1) an audit performed in June 2004 of the 
development construction program of five cities that are permittees in the Los Angeles County MS4 
permit (about 44 sites), (2) an audit performed in February 2002 of the development construction program 
(among others) of five Ventura County MS4 permittees (about 32 sites), and (3) a review and inspection 
of 24 large construction sites (50 acres or greater of disturbed land).  These sites accounted for about 5 
percent of all construction sites in the region at the time, and they represent both small and large 
construction sites.  The most common violations on construction sites were paper violations, such as 
incomplete SWPPPs and a lack of record keeping.  Forty (40) percent of the sites had some type of paper 
deficiency.  A close second is the absence of erosion and/or sediment control, observed on 30 percent of 
the sites. SOURCE: TetraTech (2002, 2006b,c). 

Industrial Multi-Sector General Permit 

For industrial sites, information was obtained from the following sources: (1) a review of SCM 
inspections performed in February 2005 which consisted of 38 sites in the transportation sector; (2) a 
review of inspections and non-filer identification information in the plastics sector performed in 2007, 
which consisted of about 100 permitted sites among a large number of non-filer sites; and (3) a review of 
13 area airport inspections and 55 port tenant inspections at the ports of Los Angeles and Long Beach.  
The sites are about 6 percent of the total number of permittees covered by California’s MSGP and 
represent some of the major regulated industrial sectors.  The most common violations observed at 
industrial sites were the lack of implementation of SCMs such as overhead cover, secondary containment 
and/or spill control.  Sixty (60) percent of the sites had poor housekeeping problems.  This was followed 
by incomplete stormwater pollution prevention plans (40 percent).  (SOURCE: E. Solomon, California 
EPA, Los Angeles Regional Water Board, personal communication, 2008). 

In another study, the California Water Boards with the assistance of an EPA contractor conducted 
inspections of 1,848 industrial stormwater permittees (21 percent of permitted facilities) between 2001 
and 2005 (TetraTech, 2006d).  Seventy-one (71) percent of the industrial facilities inspected were not in 
compliance with the MSGP and 18 percent were identified as a threat to water quality.  Fifty-six (56) 
percent of facilities that collected one or more water quality samples reported an exceedance of a 
benchmark. Facility follow-up inspections indicated that field presence of the California Water Boards 
inspectors improved facility compliance with the MSGP.   

Municipal Permits 

An audit similar to the TetraTech study described above was conducted for 84 Phase I and 
Phase II MS4s in California during the same period (TetraTech, 2006e).  The audits found that municipal 
maintenance facilities were often deficient in implementing SCMs, MS4 permittees did not obtain 
adequate legal authority to implement the program, they were not inspecting industrial facilities and 
construction sites or were inspecting them inadequately, and they were unable to evaluate program 
effectiveness in improving water quality.  Overall, the audits found that programs with more specific permit 
requirements generally resulted in more comprehensive and progressive stormwater management 
programs.  For example, the Los Angeles or San Diego MS4 permits enumerate in detail the permit tasks 
such as the frequency of inspection, the types of facilities, and the SCMs to be inspected that permittees 
must perform in implementing their stormwater program.  The auditors concluded that the specificity of 
the provisions enabled the permitting authorities to enforce the MS4 permits and improve the quality of 
MS4 discharges. 

continues next page 
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Box 2-4 Continued 

Compliance with Industrial Permits within MS4s 

The EPA and the California EPA Los Angeles Regional Water Board conducted a limited audit of 
the inspection program requirements of the Los Angeles County MS4 Permit and the City of Long Beach 
MS4 Permit in conjunction with industrial facilities covered under the MSGP within the Ports of Los 
Angeles and Long Beach (EPA, 2007c).  The Port of Long Beach is covered under a single NOI for its 53 
tenant facilities that discharge stormwater associated with industrial activity, while 137 industrial facilities 
within the Port of Los Angeles file independent NOIs.  At the Port of Los Angeles, of the 23 facilities that 
were inspected, 30 percent were judged to pose a significant threat to water quality, 43 percent were 
determined to have some violations with regard to implementation of SCMs or paperwork requirements, 
and 26 percent appeared to be in compliance with the MSGP.  At the Port of Long Beach, of the 21 
tenant facilities that were inspected, 14 percent were judged to pose a significant threat to water quality, 
52 percent were determined to have some deficiencies with regard to implementation of SCMs or 
paperwork requirements, and 33 percent appeared to be in full compliance with general permit 
requirements.  The Port of Long Beach had a more comprehensive stormwater monitoring program which 
indicated that several pollutant parameters were above EPA benchmark values.  Communication 
between the MS4 departments and the ports in both programs appeared deficient.  The EPA issued 20 
compliance orders for violations of the MSGP, but it did not pursue any action against the MS4s 
overseeing the industries because it was outside the scope of the EPA audit. 

Another aspect of compliance is the extent to which industrial facilities have identified 
themselves and applied for coverage under the state MSGP.  Six states responded to the 
committee’s survey about that topic; only two of the six (California and Vermont) have made 
efforts to determine the numbers of non-filers of an NOI to be covered by the MSGP.  In both 
cases, the efforts, which involved mailings, telephone calls, and file review, found that the 
number of non-filing facilities that should be subject to the MSGP was substantial (see Box 2-5 
for California’s data). Duke and Augustenborg (2006) studied this level of compliance (whether 
industries are filing an NOI for permit coverage) and found incomplete compliance that is 
variable among states and urbanized areas.  Texas and Oklahoma had higher levels of permit 
coverage than California or Florida. 

LOCAL CODES AND ORDINANCES THAT 

AFFECT STORMWATER MANAGEMENT
 

Zoning and building standards, codes, and ordinances have been the basis for city 
building in the United States for almost a century.  They define how to build to protect the 
health, safety, and welfare of the public, and to establish a predictable, although often lengthy 
and cumbersome, process for ensuring that built improvements become a well-integrated part of 
the larger urban environment.  Review processes can be as simple as a walk-through in a local 
building department for a minor house remodeling project.  In other cases, extended rezoning 
processes for larger projects can require several years of planning; multiple public meetings; 
multiple reviews by city, state, and federal agencies; and specialized studies to determine 
impacts on the natural environment and water, sewer, and transportation systems.   
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BOX 2-5 
Searching for Non-Filers Under the Industrial MSGP in Southern California 

The California Water Boards conducted an industrial non-filer identification study between 1995 
and 1998 (CA SWB, 1999).  The study had three components: (1) to develop a mechanism to identify 
facilities subject to the industrial stormwater general permit that had not filed an NOI, which involved a 
comparison of commercially available and agency databases with that maintained by the California Water 
Boards; (2) to communicate with operators of these facilities to inform them of their responsibility to 
comply, which was done using post-mail, telephone calls, and filed verification; and (3) to refer responses 
to the communication efforts to the Water Boards for any appropriate follow-up. 

About 9 percent of the potential non-filers submitted an NOI after the initial mail contact.  About 
52 percent of facilities indicated that they were exempt.  About 37 percent failed to respond and 16 
percent of mailed packages were returned unopened.  A follow-up on facilities that claimed they were 
exempt indicated that 16 percent of them indeed needed to comply.  Similarly 33 percent of facilities that 
failed to respond were determined as needing to file NOIs.  The study suggested that only half of facilities 
considered heavy industrial had filed NOIs through the first five years of the program (Duke and Shaver, 
1999). 

The California EPA Los Angeles Regional Water Board and the City of Los Angeles conducted a 
study in the City of Los Angeles between January 1998 and June 2000 to identify non-filers and evaluate 
compliance by door-to-door visits in industrially zoned areas of the city (Swamikannu et al., 2001).  The 
field investigations covered industrial zones totaling about 4.2 square miles, or about 22 percent of the 
area in the City of Los Angeles zoned for industrial land use.  A total of 1,103 of suspected non-filer 
facilities were subject to detailed on-site facility investigation.  Ninety-three (93) were determined to have 
already have submitted NOIs, and 436 were determined not to be subject to the industrial stormwater 
general permit.  The site visits identified 223 potential non-filers, or industrial facilities where site-visit 
evidence suggested the facilities probably needed to comply with relevant regulations but that had not 
filed NOIs or recognized their duty to comply at the time of the visit.  Of the facilities identified as potential 
non-filers, 202 were identified during detailed on-site investigations, or 18 percent of facilities inspected 
with that methodology; and 21 were identified during the less-detailed non-filer assessment visits, or 6 
percent of the 379 facilities inspected with that methodology.  In total, 295 of the 1,103 facilities visited 
under the project (about 27 percent) were known or suspected to be required to file NOIs under the 
permit, including 93 facilities that had previously filed NOIs and 202 facilities identified as probably 
required to file NOIs based on visual evidence of industrial activities exposed to stormwater.  Thus, prior 
to the project, only 31 percent of all facilities in the project area needing to comply had submitted an NOI. 

There is an overlapping and conflicting maze of codes, regulations, ordinances, and 
standards that have a profound influence on the ability to implement stormwater control 
measures, although they can be loosely categorized into three areas.  Land-use zoning is the first 
type of control. Zoning, which was developed in response to unsanitary and unhealthy living 
conditions in 19th-century cities, prescribes permitted land uses, building heights, setbacks, and 
the arrangement of different types of land uses on a given site.  Zoning often requires 
improvements that enhance the aesthetic and functional qualities of communities.  For example, 
ordinances prescribing landscaping, minimum parking requirements, paving types, and related 
requirements have been developed to improve the livability of cities.  These ordinances have a 
significant impact on both how stormwater affects waterbodies and on attempts to mitigate its 
impacts. 

The second category involves the design and construction of buildings.  National and 
international building codes and standards, such as the International Building Code, and Uniform 
Plumbing, Electrical, and Fire Codes, for example, allow local governments to establish 
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73 The Challenge of Regulating Stormwater 

minimum requirements for building construction.  Because these controls primarily affect 
building construction, they have less effect on stormwater discharges than zoning.  

The third category includes engineering and infrastructure standards and practices that 
govern the design and maintenance of the public realm—streets, roads, utilities rights-of-way, 
and urban waterways. Roadway design standards and emergency access requirements have 
resulted in contemporary cities that are 30 percent or more pavement, just to accommodate the 
movement and storage of vehicles in the public right-of-way.  The standards for the construction 
of deep utilities—water and sewer lines that are typically located underneath streets—are often 
the reason that streets are wider than necessary to safely carry traffic. 

Over time, these codes, standards, and practices have become more complex, and they 
may no longer support the latest innovations in planning practices. The past 10 to 20 years have 
seen a number of innovations in zoning and related building standards.  Mixed-use, mixed-
density communities that incorporate traditional patterns of community development (often 
described as “New Urbanism”), low impact development (LID), and transit-oriented 
development are examples of building patterns that challenge traditional zoning and city design 
standards. With the exception of LID, proposed new patterns of development and regulations 
connected with their implementation rarely incorporate specific guidelines for innovations in 
stormwater management, other than to have general references to environmental responsibility, 
ecological restoration, and natural area protection.  

The following sections describe in more detail the codes, ordinances, and standards that 
affect stormwater and our ability to control it, and alternative approaches to developing new 
standards and practices that support and encourage effective stormwater management. 

Zoning 

The primary, traditional purpose of zoning has been to segregate land uses thought to be 
incompatible.  In practice, zoning is used as a permitting system to prevent new development 
from harming existing residents or businesses.  Zoning is commonly controlled by local 
governments such as counties or cities, though the specifics of the zoning regime are determined 
primarily by state planning laws (see Box 2-6 for a discussion of land use acts in Oregon and 
Washington). 

Zoning involves regulation of the kinds of activities that will be acceptable on particular 
lots (such as open space, residential, agricultural, commercial or industrial), the densities at 
which those activities can be performed (from low-density housing such as single-family homes 
to high-density housing such as high-rise apartment buildings), the height of buildings, the 
amount of space structures may occupy, the location of a building on the lot (setbacks), the 
proportions of the types of space on a lot (for example, how much landscaped space and how 
much paved space), and how much parking must be provided.  Thus, zoning can have a 
significant impact on the amount of impervious area in a development and on what constitutes 
allowable stormwater management. 

As an example, local parking ordinances are often found within zoning that govern the 
size, number, and surface material of parking spaces, as well as the overall geometry of the 
parking lot as a whole. The parking demand requirements are tied to particular land uses and  
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Box 2-6 
Growth Management in the Pacific Northwest 

In Oregon, the 1973 Legislative Assembly enacted the Oregon Land Use Act, which recognized 
that the uncoordinated use of lands threatens orderly development of the environment, the health, safety, 
order, convenience, prosperity and welfare of the people of Oregon.  The state required all of Oregon’s 
214 cities and 36 counties to adopt comprehensive plans and land-use regulations.  It specified planning 
concerns that had to be addressed, set statewide standards that local plans and ordinances had to meet, 
and established a review process to ensure that those standards were met.  Aims of the program are to 
conserve farm land, forest land, coastal resources, and other important natural resources; encourage-
efficient development; coordinate the planning activities of local governments and state and federal 
agencies; enhance the state’s economy; and reduce the public costs that result from poorly planned 
development.  Setting urban growth boundaries is a major mechanism for implementing the act. 

The Washington State Legislature followed in 1990 with the Growth Management Act (GMA), 
adopted on grounds similar to Oregon’s act.  The GMA requires state and local governments to manage 
Washington’s growth by identifying and protecting critical areas and natural resource lands, designating 
urban growth areas, preparing comprehensive plans, and implementing them through capital investments 
and development regulations.  Similar again to Oregon, rather than centralize planning and decision-
making at the state level, the GMA established state goals, set deadlines for compliance, offered direction 
on how to prepare local comprehensive plans and regulations, and set forth requirements for early and 
continuous public participation.  Urban growth areas (UGAs) are those areas, designated by counties 
pursuant to the GMA, “within which urban growth shall be encouraged and outside of which growth can 
occur only if it is not urban in nature.”  Within these UGAs, growth is encouraged and supported with 
adequate facilities.  Areas outside of the UGAs are reserved for primarily rural and resource uses.  Urban 
growth areas are to be based on population forecasts made by counties, which are required to have a 20-
year supply of land for future residential development inside the boundary—a time frame also pertaining 
in the Oregon system.  In both states urban growth boundaries are reconsidered and sometimes adjusted 
to meet this criterion. 

It is important to note that the growth management efforts in the two states have no direct 
relationship to stormwater management.  Rather, the laws control development density, which has 
implications for how stormwater should be managed (see discussion in Chapter 5).  The local jurisdictions 
in Washington have reacted in different ways to link growth management and stormwater management.  
For example, the King County, Washington, stormwater code requires drainage review to evaluate and 
deal with stormwater impacts for development that adds 2,000 square feet or more of impervious surface 
or clears more than 7,000 square feet.  For rural residential lots outside the UGA, the impervious 
threshold is reduced to 500 square feet. 

Sources: 
http://bluebook.state.or.us/state/executive/Land_Conservation/land_conservation_history.htm 
http://www.oregonmetro.gov/index.cfm/go/by.web/id=277 
http://www.gmhb.wa.gov/gma/ and http://www.mrsc.org/Subjects/Planning/compfaqs.aspx 

zoning categories, and can create needless impervious cover.  Most local parking codes are 
overly generous and have few, if any, provisions to treat stormwater at the source (Wells, 1995).  
For example, in a co-housing project under construction in Fresno, California, current city codes 
require 27-foot-long parking spaces.  The developer, in an effort to reduce construction costs, 
requested that the length of spaces be reduced to 24 feet.  The city agreed to the smaller spaces if 
the developer would sign an indemnity clause guaranteeing that the local government would not 
be sued in case of an accident (Wenz, 2008).  

Similarly, landscaping ordinances apply to certain commercial and institutional zoning 
categories and specify that a fixed percentage of site area be devoted to landscaping, screening, 
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or similar setbacks.  These codes may require as much as 5 to 10 percent of the site area to be 
landscaped, but seldom reference opportunities to capture and store runoff at the source, despite 
the fact that the area devoted to landscaping is often large enough to meet some or all of their 
stormwater treatment needs. 

Zoning codes have evolved over the years as urban planning theory has changed, legal 
constraints have fluctuated, and political priorities have shifted.  The various approaches to 
zoning can be divided into four broad categories: Euclidean, performance, planned unit 
development, and form-based. 

Euclidean Zoning 

Named for the type of zoning code adopted in the town of Euclid, Ohio, Euclidean 
zoning codes are by far the most prevalent in the United States, used extensively in small towns 
and large cities alike.  Euclidean zoning is characterized by the segregation of land uses into 
specified geographic districts and dimensional standards stipulating limitations on the magnitude 
of development activity that is allowed to take place on lots within each type of district.  Typical 
land-use districts in Euclidean zoning are residential (single- or multi-family), commercial, and 
industrial. Uses within each district are usually heavily prescribed to exclude other types of uses 
(for example, residential districts typically disallow commercial or industrial uses).  Some 
“accessory” or “conditional” uses may be allowed in order to accommodate the needs of the 
primary uses.  Dimensional standards apply to any structures built on lots within each zoning 
district and typically take the form of setbacks, height limits, minimum lot sizes, lot coverage 
limits, and other limitations on the building envelope. 

Although traditional Euclidean zoning does not include any significant requirements for 
stormwater drainage, there is no reason that it could not.  Modern Euclidean ordinances include a 
broad list of “development standards” that address topics like signage, lighting, steep slopes, and 
other topics, and that list could be expanded to included stormwater standards for private 
development. 

Euclidean zoning is used almost universally across the country (with rare exceptions) 
because of its relative effectiveness, ease of implementation (one set of explicit, prescriptive 
rules), long-established legal precedent, and familiarity to planners and design professionals.  
However, Euclidean zoning has received heavy criticism for its unnecessary separation of land 
uses, its lack of flexibility, and its institutionalization of now-outdated planning theory.  . In 
response, variances and other methods have been used to modify Euclidean zoning so that it is 
better adapted to localized conditions and existing patterns of development.  The sections below 
briefly describe a range of innovations in local zoning regulations that have potential for 
incorporating stormwater controls into existing regulations. 

Incentive Zoning.  Incentive zoning systems are typically an add-on to Euclidean zoning 
systems.  First implemented in Chicago and New York City in 1961, incentive zoning is intended 
to provide a reward-based system to encourage development that meets established urban 
development goals.  Typically, a base level of prescriptive limitations on development will be 
established and an extensive list of incentive criteria with an associated reward scale will be 
established for developers to adopt at their discretion.  Common examples include floor-area-
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ratio bonuses for affordable housing provided on-site and height-limit bonuses for the inclusion 
of public amenities on-site. 

With incentive zoning, developers are awarded additional development capacity in 
exchange for a public benefit, such as a provision for low- or moderate-income housing, or an 
amenity, such as additional open space.  Incentive zoning is often used in more highly urbanized 
areas. Consideration for water quality treatment and innovative SCMs fits well within the 
incentive zoning model.  For example, redevelopment sites in urbanized areas are often required 
to incorporate stormwater control measures into developments to minimize impacts on aging, 
undersized stormwater systems in that area, and to meet new water quality requirements.  An 
incentive could be to allow greater building height, and therefore higher density, than under 
existing zoning, freeing up land area for SCMs that could also serve as a passive park area.  
Another example would be to allow a higher density on the site and to require not an on-site 
system but a cash payment to the governing entity to provide for consolidated stormwater 
management and treatment.  Off-site consolidated systems, discussed more extensively in 
Chapter 5, may require creation of a localized maintenance district or an increase in stormwater 
maintenance fees to offset long-term maintenance costs.   

Incentive zoning could be used to preserve natural areas or stream corridors as part of a 
watershed enhancement strategy.  For example, transferrable development rights (TDR) could be 
used in the context of the urban or semi-urban interface with rural lands.  Many of the formal 
TDR programs in Colorado (such as Fruita/Mesa County and Aspen/Pitkin) involve cities or 
counties seeking to preserve sensitive areas in the county, or outlying areas of the city, including 
the floodplain, in exchange for urban-level density on a more appropriate site (David D. Smith, 
Garfield & Hecht P.C., personal communication, 2008). 

Incentive zoning allows for a high degree of flexibility, but it can be complex to 
administer.  The more a proposed development takes advantage of incentive criteria, the more 
closely it has to be reviewed on a discretionary basis.  The initial creation of the incentive 
structure can also be challenging and often requires extensive ongoing revision to maintain 
balance between incentive magnitude and value given to developers. 

Performance Zoning 

Performance zoning uses performance-based or goal-oriented criteria to establish review 
parameters for proposed development projects in any area of a municipality.  At its heart, 
performance zoning deemphasizes the specific land uses, minimum setbacks, and maximum 
heights applicable to a development site and instead requires that the development meet certain 
performance standards (usually related to noise, glare, traffic generation, or visibility).  
Performance zoning sometimes utilizes a “points-based” system whereby a property developer 
can apply credits toward meeting established zoning goals through selecting from a menu of 
compliance options (some examples include mitigation of environmental impacts, providing 
public amenities, and building affordable housing units).  Additional discretionary criteria may 
also be established as part of the review process. 

The appeal of performance zoning lies in its high level of flexibility, rationality, 
transparency, and accountability.  Because performance zoning is grounded in specific and in 
many cases quantifiable goals, it better accommodates market principles and private property 
rights with environmental protection.  However, performance zoning can be extremely difficult 
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to implement and can require a high level of discretionary activity on the part of the supervising 
authority. City staff must often be trained to use specialized equipment to measure the 
performance of the development, and sometimes those impacts cannot be measured until the 
building is completed and the activity operating, by which time it may be difficult and expensive 
to modify a building that turns out not to meet the required performance standards.  Because 
stormwater performance is measurable (especially the amounts of water retained/detained and 
rates and amounts of water discharge), stormwater regulations could be integrated into a 
performance zoning system.  As with other topics, however, it might be time-consuming or 
require special equipment to measure compliance (particularly before the building is built). 

Planned Unit Development (Including Cluster Development and Conservation Design) 

A planned unit development (PUD) is generally a large area of land under unified control 
that is planned and developed as a whole through a single development operation or series of 
development phases, in accord with a master plan.  In California, these are known as Specific 
Plans. More specialized forms of PUDs include clustered subdivisions where density limitations 
apply to the development site as a whole but provide flexibility in the lot size, setback, and other 
standards that apply to individual house lots.  These PUDs provide considerable flexibility in 
locating building sites and associated roads and utilities, allowing them to be concentrated in 
parts of the site, with the remaining land use for agriculture, recreation, preservation of sensitive 
areas, or other open-space purposes. 

PUDs are typically, although not exclusively, found in new development areas and have 
significant open space and park areas that are often 25 percent or more of the total land area.  
This large amount of open space provides considerable opportunity for the use of consolidated, 
multifunctional stormwater controls. 

Form-Based Zoning 

Form-based zoning relies on rules applied to development sites according to both 
prescriptive and potentially discretionary criteria.  These criteria are typically dependent on lot 
size, location, proximity, and other various site- and use-specific characteristics.  Form-based 
codes offer considerably more flexibility in building uses than do Euclidean codes, but, as they 
are comparatively new, may be more challenging to create.  When form-based codes do not 
contain appropriate illustrations and diagrams, they are criticized as being difficult to interpret. 

One example of a recently adopted code with form-based features is the Land 
Development Code adopted by Louisville, Kentucky, in 2003.  This zoning code creates “form 
districts” for Louisville Metro. Each form district intends to recognize that some areas of the 
city are more suburban in nature, while others are more urban.  Building setbacks, heights, and 
design features vary according to the form district.  As an example, in a “traditional 
neighborhood” form district, a maximum setback might be 15 feet from the property line, while 
in a suburban “neighborhood” there may be no maximum setback.  Narrower setbacks allow 
increased density, requiring less land area for the same number of housing units and resulting in 
a smaller development footprint. 
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In rural and suburban areas, form-based codes can often reinforce the “open” character of 
development by preserving open site areas, which could be used for on-site stormwater 
management.  In denser, urban areas, however, some form-based ordinances favor shorter, more 
pedestrian-scale buildings that cover more of the site than taller buildings of the same square 
footage, on the basis that keeping activity closer to the ground and enclosing street frontages 
results in a better pedestrian environment and urban form.  One result of this preference is that 
there may be less of the site left potentially available for on-site stormwater detention or 
infiltration. Integrating stormwater management considerations into form-based codes may 
require a cash payment system where the developer contributes to financing of a district or 
regional stormwater treatment facility because on-site solutions are not available. 

Building Codes 

Building codes define minimum standards for the construction of virtually all types and 
scales of structures. With a few exceptions, building codes have limited direct impact on 
stormwater management.  The main example is where structural and geotechnical design 
standards, which stem from the need to protect buildings and infrastructure from water damage, 
discourage or prohibit the potential infiltration of water adjacent to building foundations.  Such 
standards can make it difficult to use landscape-based SCMs, such as porous pavement, 
bioinfiltration, and extended detention.  There is a need to examine and redefine structural and 
geotechnical “standards of care” that ensure the structural integrity of buildings and other 
infrastructure like buried utilities, in order for landscaped areas adjacent to structures to be 
utilized more effectively for SCMs.  For example, a developer building a mixed-use, medium-
density infill development in Denver intended to incorporate innovative approaches to 
stormwater management by infiltrating stormwater in a number of areas around the site.  The 
standard of care for the geotechnical design of building foundations typically requires that 
positive drainage be maintained a minimum of 5 feet from the building edge.  The geotechnical 
engineer required, when informed that water might be infiltrated in the area of the building and 
without further study, that the minimum distance to an infiltration area must be at least to 20 feet 
from the building, greatly limiting the potential for using the building landscape areas as SCMs.  
The City of Los Angeles is in the process of updating its Building Code, but it is not clear if it 
will be sufficiently comprehensive to address the use of some LID practices, such as on-site 
infiltration. The 2002 Building Code now in effect is written to require the builder to convey 
water away from the building using concrete or some other “non-erosive device.” 

Engineering and Infrastructure Standards and Practices 

Engineering standards and practices for public rights-of-way complement building and 
zoning codes which control development on private property.  Engineering standards and 
practices typically describe requirements for public utilities such as stormwater and wastewater, 
roadways, and related basic services.  For example, there are standards for parking and roadway 
design that typically describe the specific type of roadway and parking surfacing requirements.  
Regulations and standards often require minimum gradients for surface drainage, site grading, 
and drainage pipe size, all of which play an important role in how stormwater is transported.  
There are also often landscape planting requirements, including the requirement to mound 
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79 The Challenge of Regulating Stormwater 

landscape areas to screen cars, which can preclude the opportunity to incorporate SCMs into 
landscape areas. 

Unless right-of-way improvements are constructed as part of the subdivision process by 
private developers, improvements in the right-of-way are typically provided for by city 
government and public agencies.  Because engineering standards are often based on decades of 
refinement and have evolved regionally and nationally, they are difficult to change.  For 
example, street widths are determined more by the ability to maneuver emergency equipment 
and to accommodate water and sewer easements than the need for adequate lane widths for 
vehicles. Street lane-width requirements might be as narrow as 11 feet for each travel lane, 
resulting in a street width of 22 to 24 feet.  This could accommodate emergency vehicle access, 
which typically can require a minimum of 20 feet of unobstructed street.  However, because 
most streets also include potable water distribution lines and easement requirements for the lines, 
which are a minimum of 30 feet in width, this results in a minimum roadway width of 30 feet.  

Local drainage codes govern the disposal of stormwater and essentially dictate the nature 
and capacity of the stormwater infrastructure from the roof to the floodplain.  Like many codes, 
they were developed over time to address problems such as basement flooding, nuisance 
drainage problems, maintenance of floodplain boundaries, and protection of infrastructure such 
as bridges and sewers from storm damage.  Local drainage codes, many of which predate the 
EPA’s stormwater program, often involve peak discharge control requirements for a series of 
design storm events ranging from the 2-year storm up to the 100-year event.  Traditional 
drainage codes can often conflict with effective approaches to reducing runoff volume or 
removing pollutants from stormwater.  Examples of such codes include requirements for positive 
drainage, directly connected roof leaders, curbs and gutters, lined channels, storm-drain inlets, 
and large-diameter storm-drain pipes discharging to a downstream detention or flood control 
basins. 

Often, standards have been tested through legal precedent, and case law has developed 
around certain standards of care, which can further deter innovation.  Changes in design 
standards could result in unknown legal exposure and liability.  Specific types of equipment, 
maintenance protocols and procedures, and extensive training further discourage changes in 
established standards and procedures. 

Innovations in Codes and Regulations to Promote Better Stormwater Management 

A number of innovations have been developed in the previously described zoning, 
building codes, and infrastructure and engineering standards that make them more amenable to 
stormwater management.  These are described in detail below. 

Separate Ordinances for New and Infill Development 

Redevelopment of existing urban areas is almost universally more difficult and expensive 
than Greenfield development because of the deconstruction costs of the former, higher costs of 
designing around existing infrastructure, upgrading existing infrastructure, and higher costs and 
risks associated with assuming liability of pre-existing problems (contamination, etc).  
Redevelopment often occurs in areas of medium to high levels of impervious surface (e.g., 
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downtown areas). Such severely space-limited areas with high land costs drive up stormwater 
management costs.  Consequently, holding developers of such areas to the same stormwater 
standard as for Greenfield developments creates a financial disincentive for redevelopment.  
Without careful application, stormwater requirements may discourage needed redevelopment in 
existing urban areas.  This would be unfortunate because redevelopment can take pressure off of 
the development of lands at the urban fringe, it can accommodate growth without introducing 
new impervious surfaces, and it can bring improvements in stormwater management to areas that 
had previously had none. 

Stormwater planning can include the development of separate ordinances for infill and 
new developments.  Wisconsin has administrative rules that establish specific requirements for 
stormwater management based on whether the site is new development, redevelopment, or infill.  
Requirements for new development include reducing total suspended solids (TSS) by 80 percent, 
maintaining the pre-development peak discharge for the 2-year, 24-hour storm, infiltrating 90 
percent of the pre-development infiltration volume for residential areas, and infiltrating 60 
percent of the pre-development infiltration volume for non-residential areas.  Redevelopment 
varies from new development only in that the TSS requirement is less at 40 percent reduction.  
Requirements for existing developed areas in incorporated cities, villages, and towns do not 
include peak flow reduction or infiltration performance standards, but the municipalities must 
achieve a 40 percent reduction in their TSS load by 2013.  Other requirements unique to 
developed areas include public education activities, proper application of nutrients on 
municipality property, and elimination of illicit discharges 
(www.dnr.state.wi.us/org/water/wm/nps/stormwater/post-constr/).  Chapter 5 makes 
recommendations for the specific types of SCMs that should be used for new, low-density 
residential development as opposed to redevelopment of existing urban and industrial areas. 

Integrated Stormwater Management and Growth Policies 

In the city of San Jose, California, an approach was taken to link water quality and 
development policies that emphasized higher density in-fill development and performance-based 
approaches to achieving water quality goals. The city’s approach encourages stormwater 
practices such as minimizing impervious surface and incorporating swales as the preferred means 
of conveyance and treatment.  In urbanized areas, the policy then goes on to define criteria to 
determine the practicability of meeting numeric sizing requirements for stormwater control 
measures, and identifies Equivalent Alternative Compliance Measures for cases where on-site 
controls are impractical.  Equivalent Measures can include regional stormwater treatment and 
other specific projects that “count” as SCMs, including certain affordable and senior housing 
projects, significant redevelopment within the urban core, and Brownfield projects.  This is 
similar to in lieu fee programs that are sometimes implemented by municipalities to provide 
additional regulated parties with compliance options (see discussion in Chapter 6). 

This approach is a breakthrough in terms of measuring environmental performance, 
which is now focused only on what happens within the boundaries of a site for a project.  This 
myopic view tends to allow many environmentally unfriendly projects that encourage sprawl and 
expand the city’s boundaries to qualify as “low impact,” while more intense projects on a small 
footprint appear to have a much higher impact because they cover so much of the site.  San Jose 
brought several other layers of review, including location in the watershed (close to other uses or 
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81 The Challenge of Regulating Stormwater 

not) as a means of estimating performance.  A PowerPoint presentation describing their approach 
in greater detail is linked here (http://www.cmcgc.com/media/handouts/260126/THR-PDF/040-
Ketchum.PDF, Lisa Nisenson, Nisenson Consulting, LLC, personal communication, May 8, 
2007). 

Unified Development Codes 

A unified development code (UDC) consolidates development-related regulations into a 
single code that represents a more consistent, logical, integrated, and efficient means of 
controlling development.  UDCs integrate zoning and subdivision regulations, simplifying 
development controls that are often conflicting, confusing, and that require multiple layers of 
review and administration.  UDC development standards may include circulation standards that 
address how vehicles and pedestrians move, including provision for adequate emergency access.  
Utility standards are described for water distribution and sewage collection, and necessary utility 
easements are prescribed.  Because of the integrated nature of the code, efficiencies in 
requirements for right-of-way can reduce street widths or the reduction in setbacks, for example, 
resulting in more compact development. 

Design Review Incentives to Speed Permitting 

A number of incentives have been put in place to promote innovative stormwater control 
measures in cities such as Portland and Chicago, where environmental concerns have been 
identified as a key goal for development and redevelopment.  Practices such as the waiver or 
reduction of development fees, preferential treatment and review and approval of innovative 
plans, reduction in stormwater fees, and related incentives encourage the use of innovative 
stormwater practices.  In Chicago, the Green Permit Program initiated in April 2005 has proven 
attractive to many developers as it speeds up the permitting process.  Under the Green Permit 
Program, a green building adviser reviews design plans under an aggressive schedule long before 
a permit application is submitted.  There is one point of contact with intimate knowledge about 
the project to help speed up the permit process.  Projects going through the Green Permit 
Program receive benefits based on their “level of green.”  Tier I commercial projects are 
designed to be Leadership in Energy and Environmental Design (LEED) certified (see Box 2-7).  
Tier II projects must obtain LEED silver rating.  At this level, outside consultant review fees, 
which range from $5,000 to $50,000, are waived.  Tier III projects must earn LEED gold.  The 
goal for a Tier III project is to issue a permit in three weeks for a small project such as a 12-unit 
condo building. Thus, there is both time and money saved.  Private developers are interested in 
the time savings because they can pay less interest on their construction loans by completing the 
building faster. By the end of 2005, 19 green permits were issued.  The program’s director 
estimated that about 50 would be issued in 2006, which exceeds the city’s goal of 40. 

In Portland, Oregon, the city’s Green Building Program is considering instituting a new 
High-Performance Green Building Policy.  Along with goals for reducing global warming 
pollution, it proposes (1) waiving development fees if goals are exceeded by specified 
percentages and (2) eligibility for cash rewards and qualification for state and federal financial 
incentives and tax credits if even higher goals are achieved.  Developers can earn credits by  
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Box 2-7 
Innovative Building Codes 

An increased interest in energy conservation and more environmentally friendly building practices 
in general has led to various methods by which buildings can be evaluated for environmentally friendly 
construction, in addition to conventional code compliance.  The most popular system in the United States 
is the Leadership in Energy and Environmental Design (LEED) system developed in 2000. 

The LEED Green Building Rating System is a voluntary, consensus-based national rating system 
for developing high-performance, sustainable buildings.  LEED addresses all building types and 
emphasizes state-of-the-art strategies in five areas: sustainable site development, water savings, energy 
efficiency, materials and resources selection, and indoor environmental quality.  The U.S. Green Building 
Council is a 501(c)(3) nonprofit organization that certifies sustainable businesses, homes, hospitals, 
schools, and neighborhoods. 

The LEED system encourages progressive stormwater management practices as part of its rating 
system. The LEED system has identified specific criteria, with points assigned to each of the criteria, to 
assess the success of stormwater strategies.  Generally, the criteria are based on LID principles and 
practices and relate directly to the Better Site Design Handbook of the Center for Watershed Protection 
(CWP, 1998).  The system identifies eight categories by which building sites and site-planning practices 
are evaluated.  Of the 69 points possible to achieve the highest LEED rating, 16 points are directly related 
to innovative site design and stormwater management practices.  Six of the eight criteria describing 
sound site-planning practices relate directly to good stormwater practices, including the following: 

Erosion and sediment control; 
Site selection to protect farmland, wetlands, and watercourses; 
Site design to encourage denser infill development to protect Greenfield sites; 
Limitations on site disturbance; 
Specific requirements for the management of stormwater rate and quantity; and 
Specific requirements for the treatment of stormwater for TSS and phosphorous removal. 

The LEED rating system has been criticized because it focuses on individual buildings in building 
sites. A new category, LEED neighborhood development, was developed in response to consider the 
interrelationship of buildings and building sites and connections to existing urban infrastructure.  The 
category is currently in pilot testing.  Evaluation criteria related directly to stormwater include 

All requirements of the original site design criteria, 
A reduced requirement for parking based on access to transit and reduced auto use, and 
Site planning that emphasizes compact development. 

incorporating enhanced stormwater management and water conservation features into their 
projects, including the use of green roofs (Wenz, 2008). 

*** 

There are parallel challenges in the realm of community development and city building 
that tend to discourage innovative stormwater management policies and practices.  Building 
codes and zoning have evolved to reflect the complex relationship of legal, political, and social 
processes and frequently do not promote or allow the most innovative stormwater management.  
Engineering standards and practices that guide the development of roads and utilities present 
equal and possibly greater challenges, in that legal and technical precedents and large 
investments in public equipment and infrastructure present even more intractable reasons to 
resist change. 

PREPUBLICATION 


RB-AR14704



  

 

 

 
 

 
 

 
 

 
 
 

 

83 The Challenge of Regulating Stormwater 

The difficulty of implementing stormwater control measures cannot be attributed to an 
individual code, standard, or regulation.  It is important to unravel the complexities of codes, 
regulations, ordinances, and standards and practices that discourage innovative stormwater 
management and target the particular element (or multiple elements) that is a barrier to 
innovation. Elements that are barriers might not have been considered previously.  For example, 
roadway design is controlled more by access for emergency equipment and utilities rights-of-
way than by the need for wide travel lanes; it is the fire marshal and the water department that 
should be the focus of attention, rather than the transportation engineer. 

LIMITATIONS OF THE FEDERAL STORMWATER PROGRAM 

The regulation of stormwater discharges seems an inevitable next step to the CWA’s 
objective of “restoring the nation’s waters,” and EPA’s stormwater program is still evolving.  
Yet, in its current configuration EPA’s approach seems inadequate to overcome the unique 
challenges of stormwater and therefore runs the risk of only being partly effective in meeting its 
goals. A number of regulatory, institutional, and societal obstacles continue to hamper 
stormwater management in the United States, as described below. 

The Poor Fit Between the Clean Water Act’s Regulatory Approach 
and the Realities of Stormwater Management 

Controlling stormwater discharges with the CWA introduces a number of obstacles to 
effective stormwater regulation. Unlike traditional industrial effluent, stormwater introduces not 
only contaminants but also surges in volume that degrade receiving waterbodies; yet the statute 
appears focused primarily on the “discharge” of “pollutants.”  Moreover, unlike traditional 
effluent streams from manufacturing processes, the pollutant loadings in stormwater vary 
substantially over time, making effluent monitoring and the development of enforceable control 
requirements considerably more challenging.  Traditional use of end-of-pipe control technologies 
and automated effluent monitors used for industrial effluent do not work for the episodic and 
variable loading of pollutants in stormwater unless they account for these eccentricities by 
adjustments such as flow-weighted measurements.  Finally, at the root of the stormwater 
problem is increasingly intensive land use.  Yet the CWA contains little authority for regulators 
to directly limit land development, even though the discharges that result from these 
developments increase stormwater loading at a predictably rapid pace.  The CWA thus expects 
regulators to reduce stormwater loadings, but gives them incomplete tools for effectuating this 
goal. 

A more straightforward way to regulate stormwater contributions to waterbody 
impairment would be to use flow or a surrogate, like impervious cover, as a measure of 
stormwater loading (such as in the Barberry Creek TMDL [Maine DEP, 2003, pp. 16–20] or the 
Eagle Brook TMDL [Connecticut DEP, 2007, pp. 8–10]).  Flow from individual stormwater 
sources is easier to monitor, model, and even approximate as compared to calculating the 
loadings of individual contaminants in stormwater effluent.  Efforts to reduce stormwater flow 
will automatically achieve reductions in pollutant loading.  Moreover, flow is itself responsible 
for additional erosion and sedimentation that adversely impacts surface water quality.  Flow 
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provides an inexpensive, convenient, and realistic means of tracking stormwater contributions to 
surface waters. Congress itself recently underscored the usefulness of flow as a measure for 
aquatic impairments by requiring that all future developments involving a federal facility with a 
footprint larger than 5,000 square feet ensure that the development achieves predevelopment 
hydrology to the maximum extent technically feasible “with regard to the temperature, rate, 
volume, and duration of flow” (Energy Independence and Security Act of 2007, § 438).  Several 
EPA regions have also used flow in modeling stormwater inputs for TMDL purposes (EPA, 
2007a, Potash Brook TMDL, pp. 12–13). 

Permitting and Enforcement  

For industrial wastewater discharged directly from industrial operations (rather than 
indirectly through stormwater), the CWA requirements are relatively straightforward.  In these 
traditional cases, EPA essentially identifies an average manufacturer within a category of 
industry, like iron and steel manufacturers engaged in coke-making, and then quantifies the 
pollutant concentrations that would result in the effluent if the industry installed the best 
available pollution control technology. EPA promulgates these effluent standards as national, 
mandatory limits (e.g., see Table 2-7). 

TABLE 2-7 Effluent Limits for Best Available Technology Requirements  
for By-product Coke-making in Iron and Steel Manufacture. 

SOURCE: 40 C.F.R. § 420.13(a). 

By contrast, the uncertainties and variability surrounding both the nature of the 
stormwater discharges and the capabilities of various pollution controls for any given industrial 
site, construction site, or municipal storm sewer make it much more difficult to set precise 
numeric limits in advance for stormwater sources.  The quantity and quality of stormwater are 
quite variable over time and vary substantially from one property to another.  Natural causes of 
variation in the pollutant loads in stormwater runoff include the topography of a site, the soil 
conditions, and of course, the nature of storm flows in intensity, frequency, and volume.  In 
addition, the manner in which the facility stores and uses materials, the amount of impervious 
cover, and sometimes even what materials the facility uses can vary and affect pollutant loads in 
runoff from one site to another. Together, these sources of variability, particularly the natural 
features, make it much more difficult to identify or predict a meaningful “average” pollutant load 
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85 The Challenge of Regulating Stormwater 

of stormwater runoff from a facility.  As a result, EPA generally leaves it to the regulated 
facilities, with limited oversight from regulators, to identify the appropriate SCMs for a site.  
Unfortunately, this deferential approach makes the permit requirements vulnerable to significant 
ambiguities and difficult to enforce, as discussed below for each permit type. 

Municipal Stormwater Permits.  MS4 permits are difficult to enforce because the 
permit requirements have not yet been translated into standardized procedures to establish end-
of-pipe numerical effluent limits for MS4 stormwater discharges.  CWA Section 402(p) requires 
that pollutants in stormwater discharges from the MS4 be reduced to the maximum extent 
practicable and comply with water quality standards (when so required by the permitting 
authority). However, neither EPA nor NPDES-delegated states have yet expressed these criteria 
for compliance in numerical form. 

The EPA has not yet defined MEP in an objective manner that could lead to convergence 
of MS4 programs to reduce stormwater pollution.  Thus, at present MS4 permittees have no 
more guidance on the level of effort expected other than what is stated in the CWA: 

[S]hall require controls to reduce the discharge of pollutants to the maximum extent 
practicable, including management practice, control techniques and system, design and 
engineering methods, and such other provisions as the Administrator or the State 
determines appropriate for the control of such pollutants. [CWA Section 
402(p)(3)(B)(iii)] 

A legal opinion issued by the California Water Board’s Office of Chief Counsel in 1993 
stated that MEP would be met if MS4 permittees implemented technically feasible SCMs, 
considering costs, public acceptance, effectiveness, and regulatory compliance (Memorandum 
from Elizabeth Miller Jennings, Office of Chief Counsel, to Archie Matthews, Division of Water 
Quality, California Water Board, February 11, 1993).  In its promulgation of the Phase II Rule in 
1999, the EPA described MEP as a flexible site-specific standard, stating that: 

The pollutant reductions that represent MEP may be different for each [MS4 Permittee] 
given the unique local hydrological and geological concerns that may exist and the 
differing possible pollutant control strategies. (64 Fed. Reg. 68722, 68754) 

As matters stand today, MS4 programs are free to choose from the EPA’s menu of 
SCMs, with MEP being left to the discretionary judgment of the implementing municipality.  
Similarly, there are no clear criteria to be met for industrial facilities that discharge to MS4s in 
order for the MS4s to comply with MEP. The lack of federal guidance for MS4s is 
understandable. A stormwater expert panel convened by the California EPA State Water Board 
in 2006 (CA SWB, 2006) concluded that it was not yet feasible to establish strictly enforceable 
end-of-pipe numeric effluent limits for MS4 discharges.  The principal reasons cited were (1) the 
lack of a design storm (because in any year there are few storms sufficiently large in volume 
and/or intensity to exceed the design volume capacity or flow rates of most treatment SCMs) and 
(2) the high variability of stormwater quality influenced by factors such as antecedent dry 
periods, extent of connected impervious area, geographic location, and land use. 

Industrial and Construction Stormwater Permits.  The industrial and construction 
stormwater programs suffer from the same kind of deficiencies as the municipal stormwater 
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program.  These stormwater discharges are not bound by the MEP criterion, but they are required 
to comply with either technology-based or, less often, water quality-based effluent limitations.  
In selecting SCMs to comply with these limitations, the industrial discharger or construction 
operator similarly selects from a menu of options devised by the EPA or, in some cases, the 
states or localities for their particular facility (EPA, 2006a, p. 15).  For example, the regulated 
party will generally identify structural SCMs, such as fences and impoundments that minimize 
runoff, and describe how they will be installed.  The SWPPP must also include nonstructural 
SCMs, like good housekeeping practices, that require the discharger to minimize the opportunity 
for pollutants to be exposed to stormwater.  The SWPPP and the accompanying SCMs constitute 
the compliance requirements for the stormwater discharger and are essentially analogous to the 
numeric effluent limits listed for industrial effluents in the Code of Federal Regulations. 

This set of requirements leaves considerable discretion to regulated parties in several 
important ways.  First, the regulations require the discharger to evaluate the site for problematic 
pollutants; but where the regulated party does not have specific knowledge or data, they need 
only offer “estimates” and “predictions” of the types of pollutants that might be present at the 
site (EPA, 1996a, pp. IV-3, V-3). With the exception of visible features, the deferential site 
investigation requirements allow regulated parties to describe site conditions in ways that may 
effectively escape accountability unless there is a vigorous regulatory presence.   

Second, dischargers enjoy considerable discretion in drafting the SWPPP (EPA, 1996a, p. 
IV-3). Despite EPA’s instructions to consider a laundry list of considerations that will help the 
facility settle on the most effective plan (EPA, 2006a, p. 20), rational operators may take 
advantage of the wiggle room and develop ambiguous requirements that leave them with 
considerable discretion in determining whether they are in compliance (EPA, 2006a, pp. 15, 20, 
132). Indeed, the federal regulations do little to prevent regulated parties from devising 
requirements that maximize their discretion.  Instead, EPA describes many of the permit 
requirements in general terms.  For example, in its industrial stormwater permit program the 
EPA commands the regulated party to “implement any additional SCMs that are economically 
reasonable and appropriate in light of current industry practice, and are necessary to eliminate or 
reduce pollutants in . . . stormwater discharges” (EPA, 2006a, p. 23). 

EPA’s program provides few rewards or incentives for dischargers to go beyond the 
federal minimum and embrace rigorous or innovative SCMs.  In fact, if the regulated party 
invests resources to measure pollutant loads on their property, they are creating a paper trail that 
puts them at risk of greater regulation.  Under the EPA’s regulations, a regulated party “must 
provide a summary of existing stormwater discharge sampling data previously taken at [its] 
facility,” but if there are no data or sampling efforts, then the facility is off the hook (EPA, 
2006a, p. 20). Quantitative measures can thus be incriminating, particularly in a regulatory 
setting where the regulator is willing to settle for estimates. 

Dilemma of Self-Monitoring 

Unlike the wastewater program where there are relatively rigid self-monitoring 
requirements for the end-of-pipe effluent, self-monitoring is much more difficult to prescribe for 
stormwater discharges, which are variable over time and space.  [For example, compare 33 
U.S.C. § 1342(a)(2)-(b)(2) (2000) (outlining requirements for compliance under NPDES) with 
EPA, 2006a, p. 26 (outlining requirements for self-compliance under EPA regulations.)]  EPA’s 
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87 The Challenge of Regulating Stormwater 

middle ground, in response to these challenges, requires self-monitoring of select chemicals in 
stormwater for only a subset of regulated parties—Phase I MS4 permittees and a limited number 
of industrial facilities (see Table 2-8, EPA, 2006a, pp. 93-94).  Yet even for these more rigid 
monitoring requirements, the discharger enjoys some discretion in sampling.  The EPA’s 
sampling guidelines do prescribe regular intervals for sampling but ultimately must defer to the 
discharger insofar as requiring only that the samples should be taken within 30 minutes after the 
storm begins, and only if it is the first storm in three days (EPA, 2006a, p. 33). 

TABLE 2-8 Effluent Monitoring Requirements for Various Dischargers of Stormwater 
Source Category Type of Effluent Monitoring Required by EPA 
Phase I MS4 Municipality must develop a monitoring plan that provides for representative 

data collection. This requires the municipality, at the very least, to select at 
least 5 to 10 of its most representative outfalls for regular sampling and 
sample for selected conventional pollutants and heavy metals in its effluent. 

Phase II MS4 None 

Small subset of highest 
risk industries, like 
hazardous waste landfills 

Must conduct compliance monitoring as specified in effluent guidelines and 
ensure compliance with these effluent limits.  Must also conduct visual 
monitoring and benchmark monitoring. 

Larger subset of higher 
risk industrial 
dischargers 

Benchmark monitoring: Must conduct analytic monitoring to determine 
whether effluent exceeds numeric benchmark values; compliance with the 
numeric values is not required, however.  Must also conduct visual 
monitoring. 

Remaining set of 
industry except 
construction 

Visual monitoring: Must take four grab samples of stormwater effluent each 
year during first 30 minutes of a storm event and inspect the sample visually 
for contamination. 

Construction (larger than 
5 acres) 

Visual monitoring: Must take four grab samples of stormwater effluent each 
year during first 30 minutes of a storm event and inspect the sample visually 
for contamination.  

Construction (between 1 
and 5 acres) 

Visual monitoring: Must take four grab samples of stormwater effluent each 
year during first 30 minutes of a storm event and inspect the sample visually 
for contamination.  

Note: State regulators can and sometimes do require more—see Appendix C. 

Moreover, while the monitoring itself is mandatory, the legal consequences of an 
exceedance of a numerical limit vary and may be quite limited.  For a small number of identified 
industries, exceedances of effluent limits established by EPA are considered permit violations 
(65 Fed. Reg. 64766). For the other high-risk industries subject to benchmark monitoring 
requirements (see Table 2-5), the analytical limits do not lead to violations per se, but only serve 
to “flag” the discharger that it should consider amending its SWPPP to address the problematic 
pollutant (EPA, 2006a, pp. 10, 30, 34).  Although municipalities are required to do more 
extensive sampling of stormwater runoff and enjoy less sampling discretion, even municipalities 
are allowed to select what they believe are their most representative outfalls for purposes of 
monitoring pollutant loads (EPA, 1996a. p. VIII-1). 

PREPUBLICATION 


RB-AR14709



  

 

 

 

 
 

 

 

 
 

 
 

88 Urban Stormwater Management in the United States 

A large subset of dischargers—the remaining industrial dischargers and construction 
sites—are subject to much more limited monitoring requirements.  They are not required to 
sample contaminant levels, but instead are required only to conduct a visual inspection of a grab 
sample of their stormwater runoff on a quarterly basis and describe the visual appearance of the 
sample in a document that is kept on file at the site (EPA, 2006a, p. 28).  Certainly a visual 
sample is better than nothing, but the requirement allows the discharger not only some discretion 
in determining how and when to take the sample (explained below), but also discretion in how to 
describe the sample.   

A final set of regulated parties, the Phase II MS4s, are not required to perform any 
quantitative monitoring of runoff to test the effectiveness of SCMs (EPA, 1996a, p. 3). 

Making matters worse, in some states there appear to be limited regulatory resources to 
verify compliance with many of these permit requirements.  Thus, even though monitoring plans 
are subject to review and approval by permitting agencies, there may be insufficient resources to 
support this level of oversight. As shown in Appendix C, the total number of staff associated 
with state stormwater programs is usually just a handful, except in cases of larger states 
(California and Georgia) or those where there is a longer history of stormwater management 
(Washington and Minnesota).  In its survey of state stormwater programs, the committee asked 
states how they tracked sources’ compliance with the stormwater permits.  For the 18 states 
responding to the questionnaire, review of (1) monitoring data, (2) annual reports, and (3) 
SWPPP as well as on-site inspections were the primary mechanisms.  However, several states 
indicated that they conduct an inspection only after receiving complaints.  West Virginia tracked 
whether industrial facilities submitted their required samples and followed up with a letter if they 
failed to comply, but in 2006 it found that over 65 percent of the dischargers were delinquent in 
their sampling.  Although the states were not asked in the survey to estimate the overall 
compliance rate, Ohio admitted that at least for construction, “the general sense is that no site is 
100 percent in compliance with the Construction General Permit” (see Appendix C). 

Even where considerable regulatory resources are dedicated to ensuring that dischargers 
are in compliance, it is not clear how well regulators can independently assess compliance with 
the permit requirements.  For example, some of the permits will require “good housekeeping” 
practices that should take place daily at the facility.  Whether or how well these practices are 
followed cannot be assessed during a single inspection.  While a particularly non-compliant 
facility might be apparent from a brief visual inspection, a facility that is mildly sloppy, or at 
least has periods during which it is not careful, can escape detection on one of these pre-
announced audits. Facilities also know best the pollutants they generate and how or whether 
those pollutants might make contact with stormwater.  Inspectors might be able to notice some of 
these problems, but because they do not have the same level of information about the operations 
of the facility, they can be expected to miss some problems. 

Identifying Potentially Regulatable Parties 

Evidence suggests that a sizable percentage of industrial and construction stormwater 
dischargers are also failing to self-identify themselves to regulators, and hence these unreported 
dischargers remain both unpermitted and unregulated (GAO, 2005; Duke and Augustenborg, 
2006). In contrast to industrial pipes that carry wastes from factories out to receiving waters, the 
physical presence of stormwater dischargers may be less visible or obvious.  Thus, particularly 
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89 The Challenge of Regulating Stormwater 

for some industries and construction, if a stormwater discharger does not apply for a permit, the 
probability of detecting it is quite low. 

In Maine, less than 20 percent of the stormwater dischargers that fall within the 
regulatory jurisdiction of the federal stormwater program actually applied for permits before 
2005—more than a decade after the federal regulations were promulgated (Richardson, 2005).  
Yet there is no record of enforcement action taken by Maine against the unpermitted dischargers 
during that interim period.  Indeed, in the one enforcement action brought by citizens in Maine 
for an unpermitted discharge, the discharger claimed ignorance of the stormwater program.  In 
Washington, the State Department of Ecology speculates that between 10 and 25 percent of all 
businesses that should be covered by the federal stormwater permit program are actually 
permitted (McClure, 2004).  In a four-state study, Duke and Augustenborg (2006) found a higher 
percentage of stormwater dischargers—between 50 and 80 percent—had applied for permits by 
2004, but they concluded that this was still “highly incomplete” compliance for an established 
permit program. 

In 2007, the committee sent a short survey to each state stormwater program inquiring as 
to whether and how they tracked non-filing stormwater dischargers, but only six states replied to 
the questions and only two of the six states had any methods for tracking non-filers or 
conducting outreach to encourage all covered parties to apply for permits (see Appendix C).  
While the low response rate cannot be read to mean that the states do not take the stormwater 
program seriously, the responses that were received lend some support to the possibility that 
there is substantial noncompliance at the filing stage. 

In response to this problem of unpermitted discharges, the EPA appears to be targeting 
enforcement against stormwater dischargers that do not have permits.  In several cases, the EPA 
pursued regulated industries that failed to apply for stormwater permits (EPA Region 9, 2005; 
Kaufman et al., 2005).  The EPA has also brought enforcement actions against at least three 
construction companies for failing to apply for a stormwater permit for their construction runoff 
(EPA Region 1, 2004). Such enforcement actions help to make the stormwater program more 
visible and give the appearance of a higher probability of enforcement associated with non-
compliance.  Nevertheless, the non-intuitive features of needing a permit to discharge 
stormwater, coupled with a rational perception of a low probability of being caught, likely 
encourage some dischargers to fail to enter the regulatory system. 

Absence of Regulatory Prioritization 

Many states have been overwhelmed with the sheer numbers of permittees, particularly 
industry and construction sites, and lack a prioritization strategy to identify high-risk sources in 
particular need of rigorous and enforceable permit conditions.  For example, in California major 
facilities like the Los Angeles International Airport and the Los Angeles and Long Beach ports 
are covered under California’s MSGP along with a half-acre metal plating facility in El 
Segundo—all subject to the same level of compliance scrutiny even after nearly two decades of 
implementation!  Similarly, a multiphase, 20-year, thousand-acre residential development such 
as Newhall Land Development in North Los Angeles County is covered by the same California 
CGP as a one-acre residential home construction project in West Los Angeles, and subject to the 
same level of compliance scrutiny.  The lack of an EPA strategy to identify and address high-risk 
industrial facilities and construction sites (i.e., those that pose the greatest risk of discharging 
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90 Urban Stormwater Management in the United States 

polluted stormwater) remains an enormous deficiency.  Phase I MS4s, for example, are left to 
their own devices to determine how to identify the most significant contributors to their 
stormwater systems (Duke, 2007). 

Limited Public Participation 

Public participation is more limited in the stormwater program in comparison to the 
wastewater permit program, providing less citizen-based oversight over stormwater discharges.  
Typically, during the issuance of an individual NPDES permit (for either wastewater or 
stormwater) the public has a chance to comment and review the draft permit requirements that 
are specifically prescribed for a certain site and discharge.  While the same is true about the 
public participation during the adoption of a general stormwater permit, those general permits 
contain only the framework of the requirements and the menu of conditions, but do not prescribe 
specific requirements.  Instead, it is up to the permittee to tailor the compliance to the specific 
conditions of the site in the form of a SWPPP.  However, at this phase neither the public nor the 
regulators have access to the site-specific plan developed by the permittee to comply with the 
obligations of the permit.  In the case of general permits, then, the discharger has enormous 
flexibility in designing its compliance activities. 

Citizens also encounter difficulties in enforcing stormwater permit requirements.  
Citizens have managed to sue facilities for unpermitted stormwater discharges: this is a 
straightforward process because citizens need only verify that the facility should be covered and 
lacks a permit (Richardson, 2005). Overseeing facility compliance with stormwater permit 
requirements is a different story, however, and citizens are stymied at this stage of ensuring 
facility compliance. Citizens can access a facility’s SWPPP, but only if they request the plan 
from the facility in writing (EPA, 2006a, p. 25).  Moreover, the facility is given the authority to 
make a determination—apparently without regulator oversight—of whether the plan contains 
confidential business information and thus cannot be disclosed to citizens (EPA, 2006a, p. 26).  
But, even if the facility sends the plan to the citizens, it will be nearly impossible for them to 
independently assess whether the facility is in compliance unless the citizens station telescopes, 
conduct air surveillance of the site, or are allowed to access the facility’s records of its own self-
inspections. Moreover, to the extent that the stormwater outfalls are on the facility’s property, 
citizens might not be able to conduct their own sampling without trespassing.   

Not surprisingly, significant progress has nevertheless been made in reducing stormwater 
pollution when stormwater becomes a visible public issue.  This increased visibility is often 
accomplished with the help of local environmental advocacy groups who call attention to the 
endangered species, tourism, or drinking water supplies that are jeopardized by stormwater 
contamination.  Box 2-8 describes two cases of active public participation in the management of 
stormwater. 
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91 The Challenge of Regulating Stormwater 

BOX 2-8 
Citizen Involvement/Education in Stormwater Regulations 

The federal Clean Water Act, under Section 505, authorizes citizen groups to bring an action in 
U.S. or state courts if the EPA or a state fails to enforce water quality regulations.  Unsurprisingly, the few 
areas nationally where stormwater quality has become a visible public issue and significant progress has 
been made in reducing stormwater pollution have prominent local environmental advocacy groups 
actively involved. 

Heal the Bay, Santa Monica, California.  In Southern California, Santa Monica-based Heal the 
Bay has utilized research, education, community action, public advocacy, and political activism to improve 
the quality of stormwater discharges from MS4s in Southern California.  Heal the Bay operates an 
aquarium to educate the public, conducts stream teams to survey local streams, posts a beach report 
card on the web to inform swimmers on beach quality, appears before the California Water Boards to 
comment on NPDES stormwater permits, and works with lawmakers to sponsor legislative bills that 
protect water quality. 

In 1998, the organization helped co-author legislation to notify the public when shoreline water 
samples show that water may be unsafe for swimming.  California regulations (AB411) require local 
health agencies (county or city) to monitor water quality at beaches that are adjacent to a flowing storm 
drain and have 50,000 visitors annually (from April 1 to October 31).  At a minimum, these beaches are 
tested on a weekly basis for three specific bacteria indicators: total coliform, fecal coliform, and 
enterococcus. Local health officials are required to post or close the beach, with warning signs, if state 
standards for bacterial indicators are exceeded.  The monitoring data collected are available to the public. 

In order to better inform and engage the public, Heal the Bay has followed up with a web-based 
Weekly Beach Report Card (http://healthebay.org/brc/statemap.asp) and the release of an Annual 
California Beach Report Card assigning an “A” to “F” letter grade to more than 500 beaches throughout 
the state based on their levels of bacterial pollution.  Heal the Bay's Annual Beach Report Card is a 
comprehensive evaluation of California coastal water quality based on daily and weekly samples 
gathered at beaches from Humboldt County to the Mexican border.  A poor grade means beachgoers 
face a higher risk of contracting illnesses such as stomach flu, ear infections, upper respiratory infections, 
and skin rashes than swimmers at cleaner beaches.  

Heal the Bay was instrumental in passing Proposition O in the City of Los Angeles which sets 
aside half a billion dollars to improve the quality of stormwater discharges.  In the 2007 term of the 
California Legislature, the organization has sponsored five legislative bills to address marine debris, 
including plastic litter transported in stormwater runoff, that foul global surface waters (Currents, Vol. 21, 
No. 2, p.8, 2007). Heal the Bay also coordinates its actions and partners with other regional and national 
environmental organizations, such as the WaterKeepers and the NRDC, in advancing water quality 
protection nationally. 

Save Our Springs, Austin, Texas.  Citizen groups have played a very influential role in the 
development of a rigorous stormwater control program in the City of Austin, Texas.  Catalyzed in 1990 by 
a proposal for extensive development that threatened the fragile Barton Springs area, a citizens group 
named Save Our Springs Legal Defense Fund (later renamed Save our Springs Alliance) formed to 
oppose the development.  It orchestrated an infamous all-night council meeting, with 800 citizens 
registering in opposition to the proposed development and ultimately led to the City Council’s rejection of 
the 4,000-acre proposal and the formulation of a “no degradation” policy for the Barton Creek watershed.  
The nonprofit later sponsored the Save Our Springs Ordinance, a citizen initiative supported by 30,000 
signatures, which passed by a 2 to 1 margin in 1992 to further strengthen protection of the area.  The 
Save Our Springs Ordinance limits impervious cover in the Barton Springs watershed to a maximum of 
between 15 and 25 percent, depending on the location of the development in relation to the recharge and 
contributing zones.  The ordinance also mandates that stormwater runoff be as clean after development 
as before.  The ordinance was subject to a number of legal challenges, all of which were successfully 
defended by the nonprofit in a string of court battles. 

continues next page 
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Box 2-8 Continued 

Since its initial formation in 1990, the Save Our Springs Alliance has continued to serve a vital 
role in educating the community about watershed protection and organizing citizens to oppose 
development that threatens Barton Springs.  The organization has also been instrumental in working with 
a variety of government and nonprofit organizations to set aside large areas of parkland and open spaces 
within the watershed. Other citizen groups, like the Save Barton Creek Association, also play a very 
active, complementary role to the Save Our Springs Alliance in protecting the watershed.  These other 
nonprofits are sometimes allied and sometimes diverge to take more moderate stances to development 
proposals.  The resulting constellation of citizen groups, citizen outreach, and community participation is 
very high in the Austin area and has unquestionably led to a much more informed citizenry and a more 
rigorous watershed protection program than would exist without such grassroots leadership. 

Accounting for Future Land Use 

One of the challenges of managing stormwater from urban watersheds thus involves 
anticipating and channeling future urban growth.  Currently, the CWA does little to anticipate 
and control for future sources of stormwater pollution in urban watersheds.  Permits are issued 
individually on a technology-based basis, allowing for uncontrolled cumulative increases in 
pollutant and volume loads over time as individual sources grow in number.  The TMDL process 
in theory requires states to account for future growth by requiring a “margin of safety” in loading 
projections. However, it is not clear how frequently future growth is included in individual 
TMDLs or how vigorous the growth calculations are (for example, see EPA [2007a, pp. 12, 37], 
mentioning considerations of future land use as a consideration in stormwater related TMDLs for 
only a few—Potash Brook and the lower Cuyahoga River—of the 17 TMDLs described in the 
report). In any event, as already noted a TMDL is generally triggered only after waters have 
been impaired, which does nothing to anticipate and channel land development before waters 
become degraded.   

The fact that stormwater regulation and land-use regulation are largely decoupled in the 
federal regulatory system is understandable given the CWA’s industrial and municipal 
wastewater focus and concerns about federalism, but this limited approach is not a credible 
approach to stormwater management in the future.  Federal incentives must be developed to 
encourage states and municipalities to channel growth in a way that acknowledges, estimates, 
and minimizes stormwater problems.  

Picking up the Slack at the Municipal and State Level 

Because it involves land use, any stormwater discharge program strikes at a target that is 
traditionally within the province of state and even more likely local government regulation.  
Indeed, it is possible that part of the reason for the EPA’s loosely structured permit program is its 
concern about intruding on the province of state and local governments, particularly given their 
superior expertise in regulating land-use practices through zoning, codes, and ordinances. 

In theory, it is perfectly plausible that some state and local governments will step into the 
void and overcome some of the problems that afflict the federal stormwater discharge program.  
If local or state governments required mandatory monitoring or more rigorous and less 
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93 The Challenge of Regulating Stormwater 

ambiguous SCMs, they would make considerable progress in developing a more successful 
stormwater control program.  In fact, some states and localities have instituted programs that take 
these steps. For example, Oregon has established its own benchmarks based on industrial 
stormwater monitoring data, and it uses the benchmark exceedances to deny industries coverage 
under Oregon’s MSGP. In such cases, the facility operator must file for an individual 
stormwater discharge NPDES permit.  Some municipalities are also engaging in these problems, 
such as the City of Austin and its ban on coal tar sealants. 

Despite these bursts of activity, most state and local governments have not taken the 
initiative to fill the gaps in the EPA’s federal program (see Tucker [2005] for some exceptions).  
Because they involve some expense, stormwater discharge requirements can increase resident 
taxes, anger businesses, and strain already busy regulatory staff.  Moreover, if the benefits of 
stormwater controls are not going to materialize in waters close to or of value to the community 
instituting the controls, then the costs of the program from the locality’s standpoint are likely to 
outweigh its benefits. Federal financial support for state and local stormwater programs is very 
limited (see section below).  Until serious resources are allocated to match the seriousness and 
complexity of the problem and the magnitude of the caseload, it seems unlikely that states and 
local communities will step in to fill the gaps in EPA’s program.  These impediments help 
explain why there appear to be so many stormwater sources out of compliance with the 
stormwater discharge permit program as discussed above, at least in the few states that have gone 
on record. 

Funding Constraints 

Without a doubt, the biggest challenge for states, regions, and municipalities is having 
adequate fiscal resources dedicated to implement the stormwater program.  Box 2-9 highlights 
the costs of the program for the State of Wisconsin, which has been traditionally strong in 
stormwater management.  Phase I regulations require that a brief description of the annual 
proposed budget for the following year be included in each annual report, but this requirement 
has been dispensed with entirely for Phase II. 

Ever since the promulgation of the stormwater amendments to the CWA and the issuance 
of the stormwater regulations, the discharger community pointed out that this statutory 
requirement had the flavor of an unfunded mandate.  Unlike the initial CWA that provided 
significant funding for research, design, and construction of wastewater treatment plants, the 
stormwater amendments did not provide any funding to support the implementation of the 
requirements by the municipal operators.  The lack of a meaningful level of investment in 
addressing the more complex and technologically challenging problem of cleaning up 
stormwater has left states and municipalities in the difficult position of scrambling for financial 
support in an era of multiple infrastructure funding challenges. 

PREPUBLICATION 


RB-AR14715



  

 

 
 

 

 

 

 

 

 

     

     

     
 

94 Urban Stormwater Management in the United States 

BOX 2-9 
Preliminary Cost Estimates for Complying with  

Stormwater Discharge Permits in Wisconsin 

The Wisconsin Department of Natural Resources (WDNR) was delegated authority under the 
CWA to administer the stormwater permit program under Chapter NR 216.  There are 75 municipalities 
regulated under individual MS4 permits and 141 MS4s regulated under a general permit for a total of 216 
municipalities with stormwater discharge permits.   

As part of the “pollution prevention” minimum measure the municipalities are required to achieve 
compliance with the developed urban area performance standards in Chapter NR 151.13.  By March 10, 
2008, municipalities subject to a municipal stormwater permit under NR 216 must reduce their annual 
TSS loads by 20 percent.  These same permitted municipalities are required to achieve an annual TSS 
load reduction of 40 percent by March 10, 2013.  The reduction in TSS is compared to no controls, and 
any existing SCMs will be given credit toward achieving the 20 or 40 percent.  As part of their compliance 
with NR151.13 developed area performance standards, the municipalities are preparing stormwater plans 
describing how they will achieve the 20 and 40 percent TSS reduction.  They are required to use an 
urban runoff model, such as WinSLAMM or P8, to do the pollutant load analysis. 

As the permitted municipalities comply with the six minimum control measures and submit the 
stormwater plans for their developed area urban areas, the WDNR is learning how much it is going to 
cost to achieve the requirements in the stormwater discharge permits.  Some cities have already been 
submitting annual reports that include the cost of the six minimum measures.  Nine of the permitted 
municipalities in the southeast part of Wisconsin have been submitting their annual reports for at least 
four years. The average population of these nine communities is 17,700 with a range of about 6,000 to 
65,000. The average cost of the six minimum measures in 2007 for the nine municipalities is $162,900 
with a range of $11,600 to $479,000.  These costs have not changed significantly from year to year.  The 
average per capita cost is $9 with a range of $1 to $16 per person.  Street cleaning and catch basin 
cleaning (Figures 2-3 and 2-4) cost are included in the cost for the pollution prevention measure, and 
most of the cities were probably incurring costs for these two activities before the issuing of the permit. On 
average the street cleaning and catch basin cleaning represent about 40 percent of the annual cost for 
the six minimum measures.  These two activities will help the cities achieve the 20 and 40 percent TSS 
performance standards for developed urban areas. 

Information is available on the preliminary cost of achieving the 40 percent TSS performance 
standard for selected cities in Wisconsin.  The costs were prepared for 15 municipalities by Earth Tech 
Inc. in Madison, Wisconsin.  Areas of the municipality developed after October 2004 are not included in 
the TSS load analysis.  At this point in the preparation of the stormwater plans the costs are just capital 
cost estimates done at the planning level (Table 2-9).  Because the municipalities receive credit for their 
existing practices, these capital costs represent the additional practices needed to achieve the annual 40 
percent TSS reduction.  The costs per capita appear to decline for cities with a population over 50,000.  
All of the costs in Table 2-9 will increase when other costs, such as maintenance and land cost, are 
included. 

TABLE 2-9 Planning-Level Capital Cost Estimate to Meet 40 Percent TSS Reduction 

Population 
Number of 
Cities 

Average Cost 
($) 

Minimum 
Cost ($) 

Maximum 
Cost ($) 

Avg. Cost per Capita per 
Year over 5 Years ($) 

5,000 to 
10,000 

5 1,380,000 425,000 2,800,000 34 

10,000 to 
50,000 

6 4,600,00 2,700,00 9,200,000 35 

50,000 to 
100,000 

4 9,200,000 7,000,000 12,500,000 26 

SOURCE: Reprinted, with permission, from James Bachhuber, Earth Tech Inc., personnel communication 
(2008). Copyright 2008 by James Bachhuber, Earth Tech Inc. 
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continues next page 

Box 2-9 Continued 

For most of the 15 municipalities, the capital costs are for retrofitting dry ponds with permanent 
pools, installing new wet detention ponds, and improved street cleaning capabilities.  Because of their 
lower cost, the regional type practices have received more attention in the stormwater plans than the 
source area practices, such as proprietary devices and biofilters.  Municipalities with a higher percentage 
of newer areas will usually have lower cost because the newer developments tend to have stormwater 
control measures designed to achieve a high level of TSS control, such as wet detention ponds.  Older 
parts of a municipality are usually limited to practices with a lower TSS reduction, such as street cleaning 
and catch basin cleaning.  Of course, retrofitting older areas with higher efficiency practices is expensive, 
and the cost can go higher than expected when unexpected site limitations occur, such as the presence 
of underground utilities.  

Over the next five years all of the 15 municipalities must budget the costs in Table 2-9.  It is not 
clear yet how much of a burden these costs represent to the taxpayers in each municipality.  All the 
permits will be reviewed for compliance with the performance standards in 2013. 

FIGURE 2-3 Catch basin cleaning. Courtesy     FIGURE 2-4  Street cleaning. SOURCE: 
of Robert Pitt.  Selbig and Bannerman (2007). 

While a number of communities have passed stormwater fees linked to water quality as 
described below, a significant number of communities still do not have that financial resource.  
Municipalities that have not formed utility districts or imposed user fees have had to rely on 
general funds, where stormwater permit compliance must compete with public safety, fire 
protection, and public libraries.  This circumstance explains why elected local government 
officials have been reluctant to embrace the stormwater program.  Stormwater quality 
management is often not regarded as a municipal service, unlike flood control or wastewater 
conveyance and treatment.  A concerted effort will need to be made by all stakeholders to make 
the practical and legal case that stormwater quality management is truly another municipal 
service like trash collection, wastewater treatment, flood control, etc.  Even in states that do 
collect fees to finance stormwater permit programs, the programs appear underfunded relative to 
other types of water pollution initiatives. Table 2-10 shows the water quality budget of the 
California EPA, Los Angeles Regional Water Board.  The amount of money per regulated entity 
(see Table 2-4) dedicated to the stormwater program pales in comparison to the wastewater 
portion of the NPDES program, and it has declined over time.  Furthermore, of the more than $5 
billion dollars in low-interest loans provided in 2006 for investments in water quality 
improvements, 96 percent of that total funding went to wastewater treatment (EPA, 2007d). 
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TABLE 2-10  Comparison of Fiscal Year (FY) 02–03 Budget with FY 06–07 Budget for Water 
Quality Programs at the California EPA, Los Angeles Regional Water Board 
Program Funding Source 2002–2003 2006–2007 
NPDES1 Federal $2.8 mil $2.6 mil 
Stormwater State $2.3 mil $2.1 mil 
TMDLs Federal $1.47 mil $1.38 mil 
Spills, Leaks, Investigation 
Cleanup 

State $1.32 mil. $2.87 mil. 

Underground Storage Tanks State $2.78 mil. $2.74 mil. 
Non-Chapter 15 (Septics) State $0.93 mil. $0.93 mil. 
Water Quality Planning Federal $0.2 mil. $0.21 mil. 
Well Investigation State $1.36 mil. $0.36 mil. 
Water Quality Certification Federal $0.2 mil. $0.23 mil. 
Total $17.1 mil. $15.82 mil. 
1The NPDES row is entirely wastewater funding, as there is no federal money for implementing the 
stormwater program.  Note that the stormwater program in the table is entirely state funded. 

There are a number of potential methods that agencies can use to collect stormwater 
quality management fees, as described more extensively in Chapter 5.  A number of states now 
levy permit fees, with some permits costing in excess of $10,000, to help defray the costs of 
implementation and enforcement of their stormwater programs.  The State of Colorado, for 
example, has developed an elaborate fee structure for separate types of general permits for 
industry and construction, as well as MS4s (see http://www.cdphe.state.co.us/wq/permitsunit/ 
stormwater/StormwaterFees.pdf).  The ability of a state agency to collect fees generally must 
first be authorized by the state legislatures (see, e.g., Revised Code of Washington 90.48.465, 
providing the state agency with the authority to “collect expenses for issuing and administering 
each class of permits”).  The lack of state legislative authorization may limit some state agencies 
from creating such programs on their own.  In fact, in those states where fees cannot be levied 
against permittees, the stormwater programs appear to be both underfinanced and understaffed.  
Some municipalities have even experienced political backlash because of the absence of a strong 
state or federal program requiring them to engage in rigorous stormwater management (see Box 
2-10). 

Stormwater Management Expertise 

Historically, engineering curriculum dealt with stormwater management by focusing on 
the flood control aspects, with little attention given to the water quality aspects.  Thus, there has 
been a significant gap in knowledge and a lack of qualified personnel.  In areas where SCMs are 
just beginning to be introduced, many municipalities, industrial operators, and construction site 
operators are not prepared to address water quality issues; the problem is especially difficult for 
smaller municipalities and operators.  The profession and academia are moving to correct this 
shortfall. Professional associations such as the Water Environment Federation (WEF) and the 
American Society for Civil Engineers (ASCE) are co-authoring an update of the WEF/ASCE 
Manual of Practice “Design of Urban Runoff Controls” that integrates quality and quantity, after 
years of issuing separate manuals of design and operation for the water quality and water 
quantity elements of stormwater management. 

PREPUBLICATION 


RB-AR14718



  

 

 

 

 

 

 

  

 
 

 

 

 
 
 

97 The Challenge of Regulating Stormwater 

BOX 2-10 
A City’s Ability to Pay for Stormwater, Water, and Sewage Utility Fees 

With the implementation of the stormwater permit program of the CWA, stormwater utilities are 
becoming more common as a way to jointly address regional stormwater quality and drainage issues.  
One such program is the Jefferson County, Alabama, Storm Water Management Authority (SWMA), 
formed in 1997 under state legislation that enables local governments to pool their resources in a regional 
stormwater authority to meet regulations required by the CWA.  Jefferson County, the City of Birmingham, 
and 22 other regional municipalities in Jefferson, part of Shelby and part of St. Clair counties, Alabama, 
were required to comply with CWA regulations.  The act gave the stormwater program the ability to 
develop a funding mechanism for the program and to form a Public Corporation. 

Over the years, SWMA has been responsible for many activities.  One of their first goals was to 
develop a comprehensive GIS database to map outfalls, land uses, stormwater practices, and many other 
features that were required as part of the permit program.  Another major activity conducted by SWMA 
was the collection of water samples from about 150 sites in the authority’s jurisdiction, both during wet 
and dry weather.  SWMA also inspects approximately 4,000 outfalls during dry weather to check for 
inappropriate connections to the storm drainage system.  SWMA coordinates public volunteer efforts with 
local environmental groups, including the Alabama Water Watch, the Alabama River Alliance, the Black 
Warrior Riverkeeper, and the Cahaba River Society.  SWMA also inspects businesses and industries 
(including construction sites) within their jurisdictions that are not permitted by the Alabama Department 
of Environmental Management (ADEM).  SWMA does not enforce rules or issue fines, although it can 
report violators to the state.  In its most famous case, it reported McWane Inc. for pollution that led to 
investigations by the state and the federal government, and ultimately a trial and criminal convictions. 

The Birmingham News (Bouma, 2007) reported that from 1997 to 2005, SWMA’s responsibilities 
under the CWA increased substantially, although their fees did not rise.  In late 2005, SWMA proposed 
that member cities increase their stormwater charges from $5 a year to $12 a year per household for 
residences and from $15 to $36 per year for businesses.  At that point, the Business Alliance for 
Responsible Development (BARD), a group of large businesses, utilities, mining interests, developers 
and landowners, began to argue that the group was financially irresponsible, and its attorneys convinced 
member cities that they could save money by withdrawing from SWMA.  Even though SWMA withdrew its  
fee increase request, many local municipalities have pulled out of SWMA, significantly reducing the 
agency’s budget and ability to conduct comprehensive monitoring and reporting.  BARD claims the 
pollution control programs of the ADEM are sufficient. In their countersuit, several environmental groups 
maintain that ADEM has failed to adequately protect the state’s waters because the agency is 
underfunded, understaffed, and ineffective at enforcement.  Much of the Cahaba and Black Warrior River 
systems within Jefferson County have such poor water quality that they frequently violate water quality 
standards (http://www.southernenvironment.org).  SWMA has been significantly impaired in its ability to 
monitor and report water quality violations with the withdrawal of many of its original member 
municipalities and the associated reduced budget.  

At the same time, the sewer bill for a family of four in the region is expected to be about $63 per 
month in 2008.  Domestic water rates have also increased, up to about $32 per month (The Birmingham 
News, Barnett Wright, December 30, 2007).  Domestic water rates have increased in recent years in 
attempts to upgrade infrastructure in response to widespread and long-lasting droughts and to cover 
rising fuel costs.  It is ironic that stormwater management agency fees are very small compared to these 
other urban water agency fees per household by orders of magnitude.  The $12 per year stormwater fee 
was used to justify the dismantling of an agency that was doing its job and identifying CWA violators.  In 
order to bring some reasonableness to the stormwater management situation and expected fees, it may 
be possible for the EPA to re-examine its guidelines of 2 percent of the household income for sewer fees 
to reflect other components of the urban water system, and to ensure adequate enforcement of existing 
regulations, especially by underfunded state environmental agencies. 
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The split between water quantity and quality is evident in municipal efforts that have 
focused primarily on flood control issues and design of appropriate appurtenances tailored for 
this purpose. As discussed earlier, most municipal codes specify practices to collect and move 
water away as fast as possible from urbanized areas.  Very little focus has been put on practices 
to mitigate the quality of the stormwater runoff.  This is especially true in urbanized areas with 
separate municipal storm sewer systems.  Even the designation “sewer” is borrowed from the 
sanitary sewer conveyance system terminology.  In arid or semi-arid areas, these flood control 
systems have been maximally engineered such that river beds have become concrete channels.  
A typical example is the Los Angeles River, which most of the year resembles an empty 
freeway. This analysis does not intend to minimize the engineering feat of designing a robust 
and reliable flood control system.  For example, during the unusually wet 2005 season in 
Southern California, the Los Angeles area did not have any major flooding incidents.  However, 
based on recent studies (Stein and Ackerman, 2007) up to 80 percent of the annual metals 
loading from six watersheds in the Los Angeles area was transported by stormwater events. 

Because of the historical lack of focus on stormwater quality, municipal departments in 
general are not designed to address the issue of pollution in urban runoff.  Just recently and due 
to the stormwater regulations, cities have been adding personnel and creating new sections to 
deal with the issue.  However, because of the complexities of the task, many duties are spread 
among various municipal departments, and more often than not coordination is still lacking.  
Perhaps most problematic is the fact that the local governmental entities in charge of stormwater 
management are often different from those that oversee land-use planning and regulation.  This 
disconnect between land-use planning and stormwater management is especially true for large 
cities. It is not unusual for program responsibilities to be compartmentalized, with industrial 
aspects of the program handled by one group, construction by another, and planning and public 
education by other distinct units. Smaller cities may have one person handling all aspects of the 
program assisted by a consulting firm.  While coordination may be ensured, the task can be 
overwhelming for a single staff person. 

Beyond water quality issues, training to better understand the importance of volume 
control and the role of LID has not yet reached many practitioners.  Many established practices 
and industry standards in the fields of civil, geotechnical, and structural engineering were 
developed prior to the introduction of the current group of SCMs and can unnecessarily limit 
their use. Indeed, certain SCMs such as porous landscape detention, extended detention, and 
vegetated swales require special knowledge about soils and appropriate plant communities to 
ensure their longevity and ease of maintenance. 

Supplementing the Clean Water Act with Other Federal Authorities that Can Control 

Stormwater Pollutants at the Source 


EPA does have other supplemental authorities that are capable of making significant 
progress in reducing or even eliminating some of the problematic stormwater pollutants at the 
national level. Under both the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) and 
the TSCA, for example, EPA could restrict some of the most problematic pollutants at their 
source by requiring labels that alert consumers to the deleterious water quality impacts caused by 
widely marketed chemical products, restricting their use, or even banning them.  This source-
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99 The Challenge of Regulating Stormwater 

based regulation bypasses the need of individual dischargers or governments to be concerned 
with reducing the individual contaminants in stormwater.  

The City of Austin’s encounter with coal tar-based asphalt sealants provides an 
illustration of the types of products contributing toxins to stormwater discharges that could be far 
better controlled at the production or marketing stage.  Through detective work, the City of 
Austin learned that coal tar-based asphalt sealants leach high levels of polycyclic aromatic 
hydrocarbons (PAHs) into surface waters (Mahler et al., 2005; Van Metre et al., 2006).  The city 
discovered this because the PAHs were found in sediments in Barton Springs, which were in turn 
leading to the decline of the endangered Barton Creek salamander (Richardson, 2006).  By 
tracing upstream, the city was able to find the culprit—a parking lot at the top of the hill that was 
recently sealed with coal tar sealant and produced very high PAH readings.  Further tests 
revealed that coal tar sealants typically leach very high levels of PAHs, but other types of asphalt 
sealants that are not created from coal tar are much less toxic to the environment and are no more 
expensive than the coal tar-based sealants (City of Austin, 2004).  As a result of its findings, the 
City of Austin banned the use of coal tar-based asphalt sealants.  Several retailers, including 
Lowes and Home Depot followed the city’s lead and refused to carry coal tar sealants.  Dane 
County in the State of Wisconsin has now also banned coal tar sealants1. 

For reasons that appear to inure to the perceived impotency of TSCA and the enormous 
burdens of restricting chemicals under that statute, EPA declined to take regulatory action under 
TSCA against coal tar sealants (Letter from Brent Fewell, Acting Assisting Administrator, U.S. 
EPA, to Senator Jeffords, October 16, 2006, p. 3). Yet, it had authority to consider whether this 
particular chemical mixture presents an “unreasonable risk” to health and the environment, 
particularly in comparison to a substitute product that is available at the same or even lower price 
[15 U.S.C. § 2605(a); Corrosion Proof Fittings vs. EPA, 947 F.2d 1201 (5th Cir. 1991)]. Indeed, 
if EPA had undertaken such an assessment, it might have even discovered that the coal tar 
sealants are not as inferior as Austin and others have concluded; alternatively it could reveal that 
these sealants do present an “unreasonable risk” since there are substantial risks from the sealant 
without corresponding benefits, given the availability of a less risky substitute. 

A similar situation holds for other ubiquitous stormwater pollutants, such as the zinc in 
tires, roof shingles, and downspouts; the copper in brake pads; heavy metals in fertilizers; 
creosote- and chromated copper arsenate (CCA)-treated wood; and de-icers, including road salt.  
Each of these sources may be contributing toxins to stormwater in environmentally damaging 
amounts, and each of these products might have less deleterious and equally cost-effective 
substitutes available, yet EPA and other federal agencies seem not to be undertaking any analysis 
of these possibilities. The EPA’s phase-out of lead in gasoline in the 1970s, which led to 
measurable declines in the concentrations of lead in stormwater by the mid-1980s (see Figure 2-
5), may provide a model of the type of gradual regulatory ban EPA could use to reduce 
contaminants in products that are non-essential. 

1 See, e.g., Coal Tar-based pavement sealants studied, Science Daily, February 12, 2007, available at 
http://www.sciencedaily.com/upi/index.php?feed=Science&article=UPI-1-20070212-10255500-bc-us-sealants.xml; 
Matthew DeFour, Dane County bans Sealants with Coal Tar, Wisconsin State Journal, April 6, 2007, available at 
http://www.madison.com/wsj/home/local/index.php?ntid=128156&ntpid=5. 
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FIGURE 2-5 Trend of lead concentrations in stormwater in EPA rain zone 2 from 1980 to 2001.  Although 
the range of lead concentrations for any narrow range of years is quite large, there is a significant and 
obvious trend in concentration for these 20 years.  SOURCE: National Stormwater Quality Database 
(version 3). 

Some states are taking more aggressive forms of product regulation.  For example, in the 
mid-1990s, numerous scientific studies conducted in California by stormwater programs, 
wastewater treatment plants, the University of California, California Water Boards, the U.S. 
Geological Survey, and EPA showed widespread toxicity in local creeks, stormwater runoff, and 
wastewater treatment plant effluent from pesticide residues, particularly diazinon and chlopyrifos 
(which are commonly used organophosphate pesticides available in hundreds of consumer 
products) (Kuivila and Foe, 1995; MacCoy et al., 1995).  As a result, the California Water 
Boards and EPA listed many waters in urban areas of California as being impaired in accordance 
with CWA Section 303(d).  Many cities and counties were required to implement expensive 
programs to control the pollution under the MS4 NPDES permits to restore the designated 
beneficial uses of pesticide-impaired waters.  Figure 2-6 shows the results of one such action—a 
ban on diazinon. 

In sum, even though there are a number of sources of pollutants—from roof tiles to 
asphalt sealants to de-icers to brake linings—that could be regulated more restrictively at the 
product and market stage, EPA currently provides little meaningful regulatory oversight of these 
sources with regard to their contribution to stormwater pollution.  The EPA’s authority to 
prioritize and target products that increase pollutants in runoff, both for added testing and 
regulation, seems clear from the broad language of TSCA [15 U.S.C. § 2605(a)].  The 
underutilization of this national authority to regulate environmentally deleterious stormwater 
pollutants thus seems to be a remediable shortcoming of EPA’s current stormwater regulatory 
program. 
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101 The Challenge of Regulating Stormwater 

FIGURE 2-6 Trend of the organophosphate pesticide diazinon in MS4 discharges that flow into a 
stormwater basin in Fresno County, California, following a ban on the pesticide.  The figure shows the 
significant drop in the diazinon concentration in just four years to levels where it is no longer toxic to 
freshwater aquatic life.  EPA prohibited the retail sale of diazinon for crack and crevice and virtually all 
indoor uses after December 31, 2002, and non-agriculture outdoor use was phased out by December 31, 
2004. Restricted use for agricultural purposes is still allowed.  SOURCE: Reprinted, with permission, 
from Brosseau (2007). Copyright 2006 by Fresno Metropolitan Flood Control District. 

CONCLUSIONS AND RECOMMENDATIONS 

In an ideal world, stormwater discharges would be regulated through direct controls on 
land use, strict limits on both the quantity and quality of stormwater runoff into surface waters, 
and rigorous monitoring of adjacent waterbodies to ensure that they are not degraded by 
stormwater discharges.  Future land-use development would be controlled to prevent increases in 
stormwater discharges from predevelopment conditions, and impervious cover and volumetric 
restrictions would serve as a reliable proxy for stormwater loading from many of these 
developments.  Large construction and industrial areas with significant amounts of impervious 
cover would face strict regulatory standards and monitoring requirements for their stormwater 
discharges. Products and other sources that contribute significant pollutants through 
stormwater—like de-icing materials, urban fertilizers and pesticides, and vehicular exhaust— 
would be regulated at a national level to ensure that the most environmentally benign materials 
are used when they are likely to end up in surface waters. 

In the United States, the regulation of stormwater looks quite different from this idealized 
vision. Since the primary federal statute—the CWA—is concerned with limiting pollutants into 
surface waters, the volume of discharges are secondary and are generally not regulated at all.  
Moreover, given the CWA’s focus on regulating pollutants, there are few if any incentives to 
anticipate or limit intensive future land uses that generate large quantities of stormwater.  Most 
stormwater discharges are regulated instead on an individualized basis with the demand that 
existing point sources of stormwater pollutants implement SCMs, without accounting for the 
cumulative contributions of multiple sources in the same watershed.  Moreover, since individual 
stormwater discharges vary with terrain, rainfall, and use of the land, the restrictions governing 
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regulated parties are generally site-specific, leaving a great deal of discretion to the dischargers 
themselves in developing SWPPPs and self-monitoring to ensure compliance.  While states and 
local governments are free to pick up the large slack left by the federal program, there are 
effectively no resources and very limited infrastructure with which to address the technical and 
costly challenges faced by the control of stormwater.  These problems are exacerbated by the fact 
that land use and stormwater management responsibilities within local governments are 
frequently decoupled. The following conclusions and recommendations are made. 

EPA’s current approach to regulating stormwater is unlikely to produce an 
accurate or complete picture of the extent of the problem, nor is it likely to adequately 
control stormwater’s contribution to waterbody impairment.  The lack of rigorous end-of-
pipe monitoring, coupled with EPA’s failure to use flow or alternative measures for regulating 
stormwater, make it difficult for EPA to develop enforceable requirements for stormwater 
dischargers. Instead, under EPA’s program, the stormwater permits leave a great deal of 
discretion to the regulated community to set their own standards and self-monitor. 

Implementation of the federal program has also been incomplete.  Current statistics on 
the states’ implementation of the stormwater program, discharger compliance with stormwater 
requirements, and the ability of states and EPA to incorporate stormwater permits with TMDLs 
are uniformly discouraging.  Radical changes to the current regulatory program (see Chapter 6) 
appear necessary to provide meaningful regulation of stormwater dischargers in the future. 

Future land development and its potential increases in stormwater must be 
considered and addressed in a stormwater regulatory program.  The NPDES permit 
program governing stormwater discharges does not provide for explicit consideration of future 
land use. Although the TMDL program expects states to account for future growth in calculating 
loadings, even these more limited requirements for degraded waters may not always be 
implemented in a rigorous way.  In the future, EPA stormwater programs should include more 
direct and explicit consideration of future land developments.  For example, stormwater permit 
programs could be predicated on rigorous projections of future growth and changes in 
impervious cover within an MS4.  Regulators could also be encouraged to use incentives to 
lessen the impact of land development (e.g., by reducing needless impervious cover within future 
developments). 

Flow and related parameters like impervious cover should be considered for use as 
proxies for stormwater pollutant loading.  These analogs for the traditional focus on the 
“discharge” of “pollutants” have great potential as a federal stormwater management tool 
because they provide specific and measurable targets, while at the same time they focus 
regulators on water degradation resulting from the increased volume as well as increased 
pollutant loadings in stormwater runoff.  Without these more easily measured parameters for 
evaluating the contribution of various stormwater sources, regulators will continue to struggle 
with enormously expensive and potentially technically impossible attempts to determine the 
pollutant loading from individual dischargers or will rely too heavily on unaudited and largely 
ineffective self-reporting, self-policing, and paperwork enforcement. 

Local building and zoning codes, and engineering standards and practices that 
guide the development of roads and utilities, frequently do not promote or allow the most 
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innovative stormwater management.  Fortunately, a variety of regulatory innovations—from 
more flexible and thoughtful zoning to using design review incentives to guide building codes to 
having separate ordinances for new versus infill development can be used to encourage more 
effective stormwater management.  These are particularly important to promoting redevelopment 
in existing urban areas, which reduces the creation of new impervious areas and takes pressure 
off of the development of lands at the urban fringe (i.e., reduces sprawl). 

EPA should provide more robust regulatory guidelines for state and local 
government efforts to regulate stormwater discharges.  There are a number of ambiguities in 
the current federal stormwater program that complicate the ability of state and local governments 
to rigorously implement the program.  EPA should issue clarifying guidance on several key 
areas. Among the areas most in need of additional federal direction are the identification of 
industrial dischargers that constitute the highest risk with regard to stormwater pollution and the 
types of permit requirements that should apply to these high-risk sources. EPA should also issue 
more detailed guidance on how state and local governments might prioritize monitoring and 
enforcement of the numerous and diverse stormwater sources within their purview.  Finally, EPA 
should issue guidance on how stormwater permits could be drafted to produce more easily 
enforced requirements that enable oversight and enforcement not only by government officials, 
but also by citizens. Further detail is found in Chapter 6. 

EPA should engage in much more vigilant regulatory oversight in the national 
licensing of products that contribute significantly to stormwater pollution.  De-icing 
chemicals, materials used in brake linings, motor fuels, asphalt sealants, fertilizers, and a variety 
of other products should be examined for their potential contamination of stormwater.  Currently, 
EPA does not apparently utilize its existing licensing authority to regulate these products in a 
way that minimizes their contribution to stormwater contamination.  States can also enact 
restrictions on or tax the application of pesticides or even ban particular pesticides or other 
particularly toxic products. Austin, for example, has banned the use of coal-tar sealants within 
city boundaries. States and localities have also experimented with alternatives to road salt that 
are less environmentally toxic.  These local efforts are important and could ultimately help 
motivate broader scale, federal restrictions on particular products. 

The federal government should provide more financial support to state and local 
efforts to regulate stormwater.  State and local governments do not have adequate financial 
support to implement the stormwater program in a rigorous way.  At the very least, Congress 
should provide states with financial support for engaging in more meaningful regulation of 
stormwater discharges.  EPA should also reassess its allocation of funds within the NPDES 
program.  The agency has traditionally directed funds to focus on the reissuance of NPDES 
wastewater permits, while the present need is to advance the NPDES stormwater program 
because NPDES stormwater permittees outnumber wastewater permittees more than five fold, 
and the contribution of diffuse sources of pollution to degradation of the nation’s waterbodies 
continues to increase. 
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Chapter 3 

Hydrologic, Geomorphic, and Biological Effects of Urbanization on 


Watersheds 


A watershed is defined as the contributing drainage area connected to an outlet or 
waterbody of interest, for example a stream or river reach, lake, reservoir, or estuary.  Watershed 
structure and composition include both naturally formed and constructed drainage networks, and 
both undisturbed areas and human dominated landscape elements.  Therefore, the watershed is a 
natural geographic unit to address the cumulative impacts of urban stormwater.  Urbanization has 
affected change to natural systems that tends to occur in the following sequence.  First, land use 
and land cover are altered as vegetation and topsoil are removed to make way for agriculture or 
subsequently buildings, roads, and other urban infrastructure.  These changes, and the 
introduction of a built drainage network, alter the hydrology of the local area, such that receiving 
waters in the affected watershed can experience radically different flow regimes than they did 
prior to urbanization. This altered hydrology, when combined with the introduction of pollutant 
sources that accompany urbanization (such as people, domesticated animals, industries, etc.), has 
led to water quality degradation of many urban streams. 

This chapter first discusses the typical land-use and land-cover composition of urbanized 
watersheds. This is followed by a description of changes to the hydrologic and geomorphic 
framework of the watershed that result from urbanization, including altered runoff, streamflow 
mass transport, and stream-channel stability.  The chapter then discusses the characteristics of 
stormwater runoff, including its quantity and quality from different land covers, as well as the 
characteristics of dry weather runoff.  Finally, the effects of urbanization on aquatic ecosystems 
and human health are explored.   

LAND-USE CHANGES 

Land use has been described as the human modification of the natural environment into 
the built environment, such as fields, pastures, and settlements.  Important characteristics of 
different land uses are the modified surface characteristics of the land and the activities that take 
place within that land use.  From a stormwater viewpoint, land uses are usually differentiated by 
building density and comprised of residential, commercial, industrial, institutional, recreational, 
and open-space land uses, among others.  Each of these land uses usually has distinct activities 
taking place within it that affect runoff quality.  In addition, each land use is comprised of 
various amounts of surface land cover, such as roofs, roads, parking areas, and landscaped areas.  
The amount and type of each cover also affect the quality and quantity of runoff from urban 
areas. Changes in land use and in the land covers within the land uses associated with 
development and redevelopment are therefore important considerations when studying local 
receiving water problems, the sources of these problems within the watershed, and the 
stormwater control opportunities. 
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Land-Use Definitions 

Although there can be many classifications of residential land use, a crude and common 
categorization is to differentiate by density.  High-density residential land use refers to urban 
single-family housing at a density of greater than 6 units per acre, including the house, driveway, 
yards, sidewalks, and streets. Medium density is between 2 and 6 units per acre, while low 
density refers to areas where the density is 0.7 to 2 units per acre.  Another significant residential 
land use is multiple-family housing for three or more families and from one to three stories in 
height. These units may be adjoined up-and-down, side-by-side, or front-and-rear. 

There are a variety of commercial land uses common in the United States.  The strip 
commercial area includes those buildings for which the primary function is the sale of goods or 
services. This category includes some institutional lands found in commercial strips, such as 
post offices, court houses, and fire and police stations.  This category does not include 
warehouses or buildings used for the manufacture of goods. Shopping centers are another 
common commercial area and have the unique distinction that the related parking lot that 
surrounds the buildings is at least 2.5 times the area of the building roof area.  Office parks are a 
land use on which non-retail business takes place.  The buildings are usually multi-storied and 
surrounded by larger areas of lawn and other landscaping.  Finally, downtown central business 
districts are highly impervious areas of commercial and institutional land use. 

Industrial areas can be differentiated by the intensity of the industry.  For example, 
“manufacturing industrial” is a land use that encompasses those buildings and premises that are 
devoted to the manufacture of products, with many of the operations conducted outside, such as 
power plants, steel mills, and cement plants.  Institutional areas include a variety of buildings, for 
example schools, churches, and hospitals and other medical facilities that provide patient 
overnight care. 

Roads constitute a very important land use in terms of pollutant contributions.  The 
“freeway” land use includes limited-access highways and the interchange areas, including any 
vegetated rights-of-ways.  Finally, there are a variety of open-space categories, such as 
cemeteries, parks, and undeveloped land.  Parks include outdoor recreational areas such as 
municipal playgrounds, botanical gardens, arboretums, golf courses, and natural areas.  
Undeveloped lands are private or publicly owned with no structures and have a complete 
vegetative cover. This includes vacant lots, transformer stations, radio and TV transmission 
areas, water towers, and railroad rights-of-way. 

The preceding land-use descriptions are the traditional categories that make up the vast 
majority of the land in U.S. cities.  However, there are emerging categories of land use, such as 
those espoused under the term New Urbanism, which combine several area types (such as 
commercial and high-density residential areas).  Although land use can be broadly and generally 
categorized, local variations can be extremely important such that locally available land-use data 
and definitions should always be used. For example, local planning agencies typically do not 
separate the medium-density residential areas into subcategories.  However, this may be 
necessary to represent different development trends that have occurred with time, and to 
represent newly emerging types of land uses for an area.  Box 3-1 discusses the subtle influence 
that tree canopy could have on the residential land-use classification. 
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BOX 3-1 
The Role of Tree Cover in Residential Land Use 

Figure 3-1 shows two medium-density residential neighborhoods, one older and one newer.  Tree 
canopy is obviously different in each case, and it may have an effect on seasonal organic debris in an 
area and possibly on nutrient loads (although nutrient discharges appear to be more related to 
homeowner fertilizer applications).  Increased tree canopy cover also has a theoretical benefit in reducing 
runoff quantities due to increased interception losses.  In both cases, however, monitoring data to 
quantify these benefits are sparse.  Xiao (1998) examined the effect urban tree cover had on the rainfall 
volume striking the ground in Sacramento, California.  The results indicated that the type of tree or type of 
canopy cover affected the amount of rainfall reduction measured during a rain event, such that large 
broad-leafed evergreens and conifers reduced the rainfall that reached the ground by 36 percent, while 
medium-sized conifers and deciduous trees reduced the rainfall by 18 percent.  Cochran (2008) 
compared the volume and intensity of rain that reached the ground in an open area (no canopy cover) 
versus two areas with intact canopy covers in Shelby County, Alabama, over a year.  The sites were 
sufficiently close to each other to assume that the rainfall characteristics were the same in terms of the 
intensity and the variation of intensity and volume during the storm.  Rainfall “throughfall” was reduced by 
about 13.5 percent during the spring and summer months when heavily wooded cover existed. The 
rainfall characteristics at the leafless tree sites (winter deciduous trees) were not significantly different 
from the parking lot control sites.  In many locations around the county, very high winds are associated 
with severe storms, significantly decreasing the interception losses.  Of course, mature trees are known to 
provide other benefits in urban areas, including shading to counteract stormwater temperature increases 
and massive root systems that help restore beneficial soil structure conditions.  Additional research is 
needed to quantify the benefits of urban trees through a comprehensive monitoring program. 

FIGURE 3-1 Two medium-density residential areas (no alleys); the area on the right is older. 
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Trends in Urbanization 

Researchers at Columbia University (de Sherbinin, 2002) state that 83 percent of the 
Earth’s land surface has been affected by human settlements and activities, with the urbanized 
areas comprising about 4 percent of the total land use of the world.  Urban areas are expanding 
world-wide, especially in developing countries.  The United Nations Population Division 
estimates suggest that the world’s population will become mostly urbanized by 2010, whereas 
only 37 percent of the world’s population was urbanized in 1970.  De Sherbinin (2002) 
concludes that although the extent of urban areas is not large when compared with other land 
uses (such as agriculture or forestry) their environmental impact is significant.  Population 
densities in the cities are large, and their political, cultural, and economic influence is great.  
Most industrial activity is also located near cities.  The influence of urban areas extends beyond 
their boundaries due to the need for large amounts of land for food and energy production, to 
generate raw materials for industry, for building water supplies, for obtaining other resources 
such as construction materials, and for recreational areas.  One study estimated that the cities of 
Baltic Europe require from 500 to more than 1,000 times the urbanized land area (in the form of 
forests, agricultural, marine, and wetland areas) to supply their resources and to provide for 
waste disposal (de Sherbinin, 2002). 

Currently, considerable effort is being spent investigating land-use changes world-wide 
and in the United States in support of global climate change research.  The U.S. Geological 
Survey (USGS, 1999) has prepared many research reports describing these changes; Figure 3-2 
shows the results for one study in the Chicago and Milwaukee areas, and Figure 3-3 shows the 
results for a study in the Chesapeake Bay area. These maps graphically show the dramatic rate 
of change in land use in these areas.  The very large growth in urban areas during the 20 years 
between 1975 and 1995 is especially astonishing.  By 1995, Milwaukee and Chicago’s urbanized 
areas more than doubled in size from prior years.  Even more rapid growth has occurred in the 
Washington, D.C.–Baltimore area. 

FIGURE 3-2 The extent of urban land in Chicago and Milwaukee in 1955 (black), 1975 (red), 
and 1995 (yellow). SOURCE: USGS (1999). 
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FIGURE 3-3 This series of maps compares changes in urban, agricultural, and forested lands 
in the Patuxent River watershed over the past 140 years.  The top series shows the extent of 
urban areas (red) along with agriculture (gold), which was at its peak in the mid- to late 1800s.  
Since 1900, the amount of agricultural land has declined as urban and forested land (green) has 
increased. SOURCE: USGS (1999). 

Many different metrics can be used to measure the rate of urbanization in the United 
States, including the number of housing starts and permits and the level of new U.S. 
development.  The latter is tracked by the U.S. Department of Agriculture’s (USDA) National 
Resources Inventory (USDA, 2000).  The inventory, conducted every five years, covers all non-
federal lands in the United States, which is 75 percent of the U.S. total land area.  The inventory 
uses land-use information from about 800,000 statistically selected locations.  From 1992 to 
1997, about 2.2 million acres per year were converted from non-developed to developed status.  
According to the USDA (2000), the per capita developed land use (acres per person, a classical 
measure of urban sprawl) has increased in the United States between the years of 1982 and 1997 
from about 0.43 to about 0.49 acres per person.  The smallest amount of developed land used per 
person was for New York and Hawaii (0.15 acres), while the largest land consumption rate was 
for North Dakota, at about 10 times greater.  Surprisingly, Los Angeles is the densest urban area 
in the country at 0.11 acres per person.  The amount of urban sprawl is also directly 
proportionate to the population growth. According to Beck et al. (2003): 

In the 16 cities that grew in population by 10 percent or less between 1970 and 1990 
(but whose population did not decline), developed area expanded 38 percent—more 
than in cities that declined in population but considerably less than in the cities 
where population increased more dramatically.  Cities that grew in population by 
between 10 and 30 percent sprawled 54 percent on average.  Cities that grew 
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between 31 and 50 percent sprawled 72 percent on average.  Cities that grew in 
population by more than 50 percent sprawled on average 112 percent.  These 
findings confirm the common sense, but often unacknowledged proposition, that 
there is a strong positive relationship between sprawl and population growth. 

In most areas, the per capita use of developed land has increased, along with the 
population growth.  However, even some cities that had no population growth or had negative 
growth, such as Detroit, still had large amounts of sprawl (increased amounts of developed land 
used per person), but usually much less than cities that had large population growth.  Los 
Angeles actually had an 8 percent decreased rate of land consumption per resident during this 
period, but the city still experienced tremendous growth in land area due to its very large 
population growth.  The additional 3.1 million residents in the Los Angeles area during this time 
resulted in the development of almost an additional 400 square miles. 

Land-Cover Characteristics in Urban Areas 

As an area urbanizes, the land cover changes from pre-existing rural surfaces, such as 
agricultural fields or forests, to a combination of different surface types.  In municipal areas, land 
cover can be separated into various common categories—pictured and described in Box 3-2— 
that include roofs, roads, parking areas, storage areas, other paved areas, and landscaped or 
undeveloped areas. 

Most attention is given to impervious cover, which can be easily quantified for different 
types of land development. Given the many types of land cover described in Box 3-2, 
impervious cover is composed of two principal components: building rooftops and the 
transportation system (roads, driveways, and parking lots).  Compacted soils and unpaved 
parking areas and driveways also have “impervious” characteristics in that they severely hinder 
the infiltration of water, although they are not composed of pavement or roofing material.  In 
terms of total impervious area, the transportation component often exceeds the rooftop 
component (Schueler, 1994).  For example, in Olympia, Washington, where 11 residential 
multifamily and commercial areas were analyzed in detail, the areas associated with 
transportation-related uses comprised 63 to 70 percent of the total impervious cover (Wells, 
1995). A significant portion of these impervious areas—mainly parking lots, driveways, and 
road shoulders—experience only minimal traffic activity.  Most retail parking lots are sized to 
accommodate peak parking usage, which occurs only occasionally during the peak holiday 
shopping season, leaving most of the area unused for a majority of the time.  On the other hand, 
many business and school parking areas are used to their full capacity nearly every work day and 
during the school year. Other differences at parking areas relate to the turnover of parking 
during the day. Parked vehicles in business and school lots are mostly stationary throughout the 
work and school hours. The lighter traffic in these areas results in less vehicle-associated 
pollutant deposition and less surface wear in comparison to the greater parking turnover and 
larger traffic volumes in retail areas (Brattebo and Booth, 2003). 
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BOX 3-2 
Land Cover in Urban Areas 

For any given land use, there is a range of land covers that are typical.  Common land covers are 
described below, along with some indication of their contribution to stormwater runoff and their pollutant-
generating ability. 

Roofs.  These are usually either flat or pitched, as both have significantly different runoff 
responses.  Flat roofs can have about 5 to 10 mm of detention storage while pitched roofs have very little 
detention storage.  Roofing materials are also usually quite different for these types of roofs, further 
affecting runoff quality.  In addition, roof flashing and roof gutters may be major sources of heavy metals if 
made of galvanized metal or copper.  Directly connected roofs have their roof drains efficiently connected 
to the drainage system, such as direct connections to the storm drainage itself or draining to driveways 
that lead to the drainage system.  These directly connected roofs have much more of their runoff waters 
reaching the receiving waters than do partially connected roofs, which drain to pervious areas. 

A directly connected roof drain A disconnected roof drain (drains to pervious area) 

Parking Areas. These can be asphalt or concrete paved (impervious surface) or unpaved 
(traditionally considered a pervious surface) and are either directly connected or drain to adjacent 
pervious areas.  Areas that have rapid turnover of parked cars throughout the day likely have greater 
levels of contamination due to the frequent starting of the vehicles, an expected major source of 
pavement pollutants.  Unpaved parking areas actually should be considered impervious surfaces, as the 
compacted surface does not allow any infiltration of runoff.  Besides automobile activity in the parking 
areas, other associated activities contribute to contamination.  For example, parked cars in disrepair 
awaiting service can contribute to parking area runoff contamination.  In addition, maintenance of the 
pavement surface, such as coal-tar seal coating, can be significant sources of polycyclic aromatic 
hydrocarbons (PAHs) to the runoff. 

Paved parking area with frequent  Contamination of paved parking areas 
automobile movement    due to commercial activities 

continues on next page 
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BOX 3-2 Continued 

Storage Areas.  These can also be paved, unpaved, directly connected, or drained to pervious 
areas.  As with parking areas, unpaved storage areas should not be considered pervious surfaces 
because the compacted material effectively hinders infiltration.  Detention storage runoff losses from 
unpaved storage areas can be significant.  In storage areas (especially in commercial and industrial land 
uses), activities in the area can have significant effects on runoff quality. 

Contaminated paved storage area at vehicle junk yard   Heavy equipment storage area on concrete 
surface 

Streets. Streets in municipal areas are usually paved and directly connected to the storm 
drainage system.  In municipal areas, streets constitute a significant percentage of all impervious 
surfaces and runoff flows.  Features that affect the quality of runoff from streets include the varying 
amounts of traffic on different roads and the amount and type of roadside vegetation.  Large seasonal 
phosphorus loads can occur from residential roads in heavily wooded areas, for example.   

Wide arterial street with little roadside vegetation    Narrow residential street with substantial vegetation  

Other Paved Areas. Other paved areas in municipal regions include driveways, playgrounds, 
and sidewalks.  Depending on their slopes and local grading, these areas may drain directly to the 
drainage system or to adjacent pervious areas.  In most cases, the runoff from these areas contributes 
little to the overall runoff for an area, and the runoff quality is of relatively better quality than from the other 
“hard” surfaces. 

continues on next page 
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BOX 3-2 Continued 

Landscaped and Turf Areas. Although these are some of the only true pervious surfaces in 
municipal areas, disturbed urban soils can be severely compacted, with much more reduced infiltration 
rates than are assumed for undisturbed regional soils.  Besides the usually greater than expected 
quantities of runoff of pervious surfaces in urban areas, they can also contribute high concentrations of 
various pollutants.  In areas with high rain intensities, erosion of sediment can be high from pervious 
areas, resulting in much higher concentrations of total suspended solids (TSS) than from paved areas.  
Also, landscaping chemicals, including fertilizers and pesticides, can be transported from landscaped 
urban areas.  Undeveloped woods in urban areas can have close to natural runoff conditions, but many 
parks and other open-space areas usually have degraded runoff compared to natural conditions.  Turf 
grass has unique characteristics compared to other landscaped areas in that the soil structure is usually 
more severely degraded compared to natural conditions.  The normally shallower root systems are not as 
effective in restoring compacted soils and they can remain compacted due to some activities (pathways, 
parked cars, playing fields, etc.) that do not occur on areas planted with shrubs and trees. 

Soil erosion from turf areas with fine-grained soils during periods of high rain intensities 

Undeveloped Areas. Undeveloped areas in otherwise urban locations differ from natural areas.  
In many situations, they can be previously disturbed (cleared and graded) areas that have not been sold 
or developed.  They may be overgrown with various local vegetation types that thrive in disturbed 
locations.  In other situations, undeveloped areas may be small segments of natural areas that have not 
been disturbed or revegetated.  In this case, their stormwater characteristics may approach natural 
conditions but still be degraded due to adjacent activities and atmospheric deposition. 

SOURCE: Pitt and Voorhees (1995, 2002). 
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As described in Box 1-1, impervious cover is broken down into two main categories: 
directly connected impervious areas (or effective impervious area) and non-directly connected 
(disconnected) impervious areas (Sutherland, 2000; Gregory et al., 2005) (although it is 
recognized that these two states are end-members of a range of conditions).  Directly connected 
impervious area includes impervious surfaces which drain directly to the sealed drainage system 
without flowing appreciable distances over pervious surfaces (usually a flow length of less than 5 
to 20 feet over pervious surfaces, depending on soil and slope characteristics and the amount of 
runoff). Those areas are the most important component of stormwater runoff quantity and 
quality problems.  Approximately 80 percent of directly connected impervious areas are 
associated with vehicle use such as streets, driveways, and parking (Heaney, 2000). 

Values of imperviousness can vary significantly according to the method used to estimate 
the impervious cover.  In a detailed analysis of urban imperviousness in Boulder, Colorado, Lee 
and Heaney (2003) found that hydrologic modeling of the study area resulted in large variations 
(265 percent difference) in the calculations of peak discharge when impervious surface areas 
were determined using different methods.  They concluded that the main focus should be on 
effective impervious area (EIA) when examining the effects of urbanization on stormwater 
quantity and quality. 

Runoff from disconnected impervious areas can be spread over pervious surfaces as sheet 
flow and given the opportunity to infiltrate before reaching the drainage system.  Therefore, there 
can be a substantial reduction in the runoff volume and a delay in the remaining runoff entering 
the storm drainage collection system, depending on the soil infiltration rate, the depth of the 
flow, and the available flow length.  Examples of disconnected impervious surfaces are rooftops 
that discharge into lawns, streets with swales, and parking lots with runoff directed to adjacent 
open space or swales. From a hydrologic point of view, road-related imperviousness usually 
exerts a larger impact than rooftop-related imperviousness, because roadways are usually directly 
connected whereas roofs can be disconnected (Schueler, 1994).  

Methods for Determining Land Use and Land Cover 

Historically, land-use and land-cover information was acquired by a combination of field 
measurements and aerial photographic analyses—methods that required intensive interpretation 
and cross validation to guarantee that the analyst’s interpretations were reliable (Goetz et al., 
2003). Figure 3-4 is an example of a high-resolution panchromatic aerial photograph that was 
taken from an airplane in Toronto and used for measurements of urban surfaces (Pitt and 
McLean, 1986).  Most recently, satellite images have become available at high spatial resolution 
for many areas (<1 to 5 m resolution) and have the advantage of digital multi-spectral 
information more complete than even that provided by digital orthophotographs.  Minnesota has 
one of the longest records (over 20 years) of continuously recorded statistics on land cover and 
impervious surfaces derived from satellite images—information which has been incorporated 
into the Minnesota Statewide Conservation and Preservation Plan.  Some of the remaining 
problems to be overcome with satellite imagery include difficulties in obtaining consistent 
sequential acquisition dates, intensive computer processing time requirements, and large 
computer storage space requirements to store massive amounts of image information. 
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119 Effects of Urbanization on Watersheds 

FIGURE 3-4 Example of a high-resolution panchromatic aerial photograph of an industrial area 
used for measurements of urban surfaces.  SOURCE: Pitt and McLean (1986). 

The recommended approach for conducting a survey of land uses and development 
characteristics (land cover and activities) for an area is to use both aerial photography and site 
surveys. Aerial photography has improved greatly in recent years, but it is still not suitable for 
obtaining all the information needed for developing a comprehensive stormwater management 
plan. Initially, aerial photos should be used to identify the locations and extents of the various 
land uses in the study area. Neighborhoods representing homogenous land uses should then be 
identified for site surveys.  Usually, about 10 to 15 neighborhoods for each land use are 
sufficient for a community being studied (Burton and Pitt, 2002).  After the field surveys are 
conducted, the aerials are again used to measure the actual areas associated with land surface 
cover. This information can be used with field survey data to separate the surfaces into the 
appropriate categories for analyses and modeling. 

Box 3-3 presents a detailed study of land cover for several land uses in the southern 
United States using satellite imagery and ground surveys (Bochis, 2007; Bochis et al., 2008).  
The results presented here have been found to be broadly similar to other areas studied in the 
United States, although few studies have been as detailed, and there are likely to be regional 
differences. 

The general conclusion of many land-use and land-cover studies is that in urban areas, 
the amount of impervious surfaces has increased since the early years of the 20th century because 
of the tendency toward increased automobile use and bigger houses, which is associated with an 
increase in the facilities necessary to accommodate them (wider streets, more parking lots, and 
garages).  As shown in later sections of this report, the construction of impervious surfaces leads 
to multiple impacts on stream systems.  Therefore, future development plans and water resource 
protection programs should consider reducing impervious cover in the potential expansion of 
communities. Wells (1995), Booth (2000), Stone (2004), and Gregory et al. (2005) show that 
reducing the size and dimensions of residential parcels, promoting cluster developments 
(clustered medium-density residential areas in conjunction with open space, instead of large 
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120 Urban Stormwater Management in the United States 

BOX 3-3 
Land Use and Land Cover for the Little Shades Creek Watershed 

Data collected by Bochis-Micu and Pitt (2005) and Bochis (2007) for the Little Shades Creek 
watershed near Birmingham, Alabama, were acquired using IKONOS satellite imagery (provided by the 
Jefferson County Storm Water Management Authority) as an alternative to classical aerial photography to 
map the characteristics of the land uses in the monitored watershed areas, supplemented with verified 
ground truth surveys.  IKONOS is the first commercially owned satellite that provides 1-m-resolution 
panchromatic image data and 4-m multi-spectral imagery (Goetz et al., 2003).   

This project was conducted to evaluate the effects of variable site conditions associated with 
each land-use category.  About 12 homogeneous neighborhoods were investigated in each of the 16 
major land uses in this 2,500-hectare watershed.  Detailed land-cover measurements were made using a 
variety of techniques, as listed above, including field surveys for small details that were not visible with 
remote sensing tools (such as roof drain connectiveness, pavement texture, and landscaping 
maintenance practices).  Each of these individual neighborhoods was individually modeled to investigate 
the resultant variability in runoff volume and pollutant discharges.  These were statistically evaluated to 
determine if the land-use categories properly stratified these data by explaining significant fractions of the 
variability. Bochis-Micu and Pitt (2005) and Bochis (2007) concluded that land-use categories were an 
appropriate surrogate that can be used to describe the observed combinations of land surfaces.  
However, proper stormwater modeling should examine the specific land surfaces in each land-use 
category in order to better understand the likely sources of the pollutants and the effectiveness of 
candidate stormwater control measures (SCMs). 

This watershed has an overall impervious cover of about 35 percent, of which about 25 percent is 
directly connected to the drainage system.  Table 3-1 shows the average land covers for each of the 
surveyed land uses, along with the major source areas in each of the directly connected and 
disconnected impervious and pervious surface categories.  The impervious covers include streets, 
driveways, parking, playgrounds, roofs, walkways, and storage areas.  The directly connected areas are 
indicated as “connected” or “draining to impervious” and do not include the pervious area or the 
impervious areas that drain to pervious areas.  As expected, the land uses with the least impervious 
cover are open space (vacant land, cemeteries, golf courses) and low-density residential, and the land 
uses with the largest impervious covers are commercial areas, followed by industrial areas.  For a typical 
high-density residential land use in this region (having 15 or more units per hectare), the major land cover 
was found to be landscaped areas, subdivided into front- and backyard categories, while 25 percent of 
this land-use area is covered by impervious surfaces broken down into three major subcategories: roofs, 
streets, and driveways.  The subareas making up each land use show expected trends, with roofs and 
streets being the predominant directly connected impervious covers in residential areas, and parking and 
storage areas also being important in commercial and industrial areas. 

continues on next page 
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121 Effects of Urbanization on Watersheds 

BOX 3-3 Continued 

TABLE 3-1 Little Shades Creek Watershed Land Cover Information (percent and the predominant land 
cover) 

Land Use Directly Connected 
Impervious Cover (%) 

Disconnected 
Impervious Cover (%) Pervious Cover (%) 

High-Density 
Residential 

14 
(streets and roof) 

10 
(roofs) 

76 (front and rear 
landscaping) 

Medium-Density 
Residential (<1960 to 
1980) 

11 
(streets and roofs) 

8 
(roofs) 

81 (front and rear 
landscaping) 

Medium-Density 
Residential (>1980) 

14 
(streets and roofs) 

5 
(roofs) 

80 (front and rear 
landscaping) 

Low-Density 
Residential 

6 
(streets) 

4 
(roofs) 

89 (front and rear 
landscaping) 

Apartments 21 
(streets and parking) 

22 
(roofs) 

58 (front and rear 
landscaping) 

Multiple Families 28 
(roofs, parking , and 
streets) 

7 
(roofs) 

65 (front and rear 
landscaping) 

Offices 59 (parking, streets, 
and roofs) 

3 
(parking) 

39 (front and rear 
landscaping) 

Shopping Centers 64 (parking, roofs, 
and streets) 

4 
(roofs) 

31 (front landscaping) 

Schools 16 
(roofs and parking) 

20 
(playground) 

64 (front and rear 
landscaping, large 
turf) 

Churches 53 7 40 
(parking and streets) (parking) (front landscaping) 

Industrial 39 
(storage, parking, and 
streets) 

18 
(storage and roofs) 

44 (front and rear 
landscaping) 

Parks 32 
(streets and parking) 

33 
(playground) 

34 
(large turf and 
undeveloped) 

Cemeteries 7 15 78 
(streets) (parking) (large turf) 

Golf Courses 2 4 95 
(streets) (roofs) (large turf) 

Vacant 5 
(streets) 

1 
(driveways) 

94 
(undeveloped and 
large turf) 

SOURCE: Bochis-Micu and Pitt (2005) and Bochis (2007). Reprinted, with permission, from Bochis 
(2007).  Copyright 2007 by Celina Bochis.  
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122 Urban Stormwater Management in the United States 

tracts of low-density areas), building taller buildings, reducing the residential street width (local 
access streets), narrowing the width and/or building one-side sidewalks, reducing the size of 
paved parking areas to reflect the average parking needs instead of peak needs, and using 
permeable pavement for intermittent/overflow parking can reduce the traditional impervious 
cover in communities by 10 to 50 percent.  Many of these benefits can also be met by paying 
better attention to how the pavement and roof areas are connected to the drainage system.  
Impervious surfaces that are “disconnected” by allowing their drainage water to flow to adjacent 
landscaped areas can result in reduced runoff quantities. 

HYDROLOGIC AND GEOMORPHIC CHANGES 

The watershed provides an organizing framework for the management of stormwater 
because it determines the natural patterns of water flow as well as the constituent sediment, 
nutrient, and pollutant loads. In undeveloped watersheds, hillslope hydrologic flow-path systems 
co-evolve with microclimate, soils, and vegetation to form topographic patterns within which 
ecosystems are spatially arranged and adjusted to the long-term patterns of water, energy, and 
nutrient availability. The landforms that comprise the watershed include the network patterns of 
streams, rivers, and their associated riparian zones and floodplains, as well as component 
freshwater lakes, reservoirs, wetlands, and estuaries. 

This section starts with a discussion of precipitation measurement and characteristics 
before turning to the typical changes in hydrology and geomorphology of the watershed brought 
on by urbanization. In both the terrestrial and aquatic phases, retention and residence time of 
sediment and solutes decreases with increasing flow volume and velocity.  This results in 
relatively high retention and low export of water and nutrients in undeveloped watersheds 
compared to decreasing retention and greater pollutant export in disturbed or developed systems. 

The Storm in Stormwater 

The magnitude and frequency of stormwater discharges are not just determined by 
rainfall. Instead, they are the combined product of storm and inter-storm characteristics, land 
use, the natural and built drainage system, and any stormwater control measures (SCMs) that 
have been implemented.  The total volume and peak discharge of runoff, as well as the 
mobilization and transport of pollutants, are dependent on all aspects of the storm magnitude, 
catchment antecedent moisture conditions, and the interstorm period.  Therefore, information on 
the frequency distribution of storm events and properties is an important aspect of understanding 
the distribution of pollutant concentrations and loads in stormwater discharges.  In northern 
climates, runoff production from precipitation can be significantly delayed by the accumulation, 
ripening, and melt of snowpacks, such that much of the annual load of certain pollutants may be 
mobilized in peak flow from snowmelt events.  Therefore, measurement of precipitation and 
potential accumulation in both liquid and solid form is critical for stormwater assessment. 
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123 Effects of Urbanization on Watersheds 

Precipitation Measurements 

Any given storm is characterized by the storm’s total rainfall (depth), its duration, and the 
average and peak intensity. A storm hyetograph depicts measured precipitation depth (or 
intensity) at a precipitation gauge as a function of time; an example is shown in Figure 3-5.  This 
figure illustrates the typical high degree of variability of precipitation over the total duration of a 
storm.  In this example, the total storm depth is 50.9 mm, the duration is 19 hours, and the peak 
intensity is 0.56 mm/minute (peak depth of 2.79 mm divided by the measurement increment of 5 
minutes).  The average intensity is 0.045 mm/minute, quite a bit lower than the peak intensity, 
since the storm duration is punctuated by periods of low and no measurable precipitation. 

FIGURE 3-5 Example of a storm hyetograph at location RG2, September 20–21, 2001, Valley 
Creek watershed, Chester County, Pennsylvania.  The time increment of measurement is 5 
minutes, while the entire duration of this storm is about 16 hours. 
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124 Urban Stormwater Management in the United States 

In addition to measurements of individual storm events, precipitation data are routinely 
collected for longer time periods and compiled and analyzed annually when trying to understand 
local rainfall patterns and their impact on baseflow, water quality, and infrastructure design.  
Figure 3-6 shows the rainfall during 2007 at both humid (Baltimore) and arid (Phoenix) 
locations. Especially apparent in the Baltimore data is the fact that the majority of storm events 
are less than 20 mm in depth. 

Several networks of precipitation gauges are available in the United States; gauge data 
are available online from the National Climatic Data Center (NCDC) (http://ncdc.nws.noaa.gov).  
High-resolution precipitation data (i.e., with measurement intervals of an hour or less) are 
typically not recorded except at primary weather service meteorological stations, while daily 
precipitation records are more extensively collected and available through the Cooperative 
Weather Observer Program (http://www.nws.noaa.gov/om/coop/).  This distinction is important 
to stormwater managers because most stormwater applications require short-duration 
measurements or model results (minutes to hours).  Fortunately, a combination of precipitation 
gauges and precipitation radar estimates are available to estimate precipitation depth and 
duration, as well as additional methods to estimate snowfall and snowpack water equivalent 
depth and conditions. (A thorough description of precipitation measurement by radar is given by 
Krajewski and Smith [2001]).  While most of the conterminous United States is covered by 
NEXRAD radar for estimation of high-temporal-resolution precipitation at current resolutions of 
~4 km, the radar backscatter information requires calibration and correction with precipitation 
gauge data, and satellite estimates of precipitation are generally not sufficiently reliable for 
stormwater applications.  It goes without saying that the measurement, quality assurance, and 
maintenance of long-term precipitation records are both vital and nontrivial to stormwater 
management. 

Baltimore and Phoenix Precipitation 2007 

0 

10 

20 

30 

40 

50 

60 

70 

1/
1/

20
07

2/
1/

20
07

3/
1/

20
07

4/
1/

20
07

5/
1/

20
07

6/
1/

20
07

7/
1/

20
07

8/
1/

20
07

9/
1/

20
07

10
/1

/2
00

7

11
/1

/2
00

7

12
/1

/2
00

7 

date 

d
a
il

y
 p

r
e
c
ip

it
a
ti

o
n

 (
m

m
)

Baltimore 
Phoenix 

FIGURE 3-6 Daily precipitation totals for the Baltimore-Washington and Phoenix airports for 
2007. 

PREPUBLICATION 
  

RB-AR14746



 

 
 

 

 

 
 
 
 

 

 

 

 
  

 
 

Effects of Urbanization on Watersheds 125 

PREPUBLICATION 

Precipitation Statistics 

The basic characterization of precipitation is by depth-duration-frequency curves, which 
describe the return period, recurrence interval, and exceedance probability (terms all denoting 
frequency) of different precipitation intensities (depths) over different durations.  The 
methodology for determining the curves is described in Box 3-4.  Precipitation durations of 
interest in stormwater management range from a few minutes (important for determining peak 
discharge from small urban drainage areas) to a year (where the interest is in the total annual 
volume of runoff production).  As an example, one might be interested in the return period of the 
1-inch, 1-hour event, or the 1-inch, 24-hour event; the latter would have a much shorter return 
period, because accumulating an inch of rain over a day is much more common than 
accumulating the same amount over just an hour. 

The National Weather Service has developed an online utility to estimate the return 
period for a range of depth–duration events for any place in the conterminous United States 
(http://hdsc.nws.noaa.gov/hdsc/pfds/).  Figures 3-7 and 3-8 show examples of precipitation 
depth-duration-frequency curves for a humid location (Baltimore, Maryland) and an arid site 
(Phoenix, Arizona).  As an illustration of the climatic influence on the depth-duration-frequency 
curves, the 2-year, 1-hour storm is associated with a depth of 1.2 inches of precipitation in 
Baltimore, whereas this same recurrence interval and duration are associated with a depth of only 
0.6 inch of precipitation in Phoenix.  Durations from 5 minutes to one day are shown because 

BOX 3-4 
Determining Depth-Duration-Frequency Curves 

Depth-duration-frequency curves are developed from precipitation records using either annual 
maximum data series or annual exceedance data series.  Annual maximum data series are calculated by 
extracting the annual maximum precipitation depths of a chosen duration from a record.  In cases where 
there are only a few years of data available (less than 20 to 25 years), then an annual exceedance series 
(a type of “partial duration series”) for each storm duration can be calculated, where N largest values from 
N years are chosen. An annual maximum series excludes other extreme values of record that may occur 
in the same year.  For example, the second highest value on record at an observing station may occur in 
the same year as the highest value on record but will not be included in the annual maximum series.  The 
design precipitation depths determined from the annual exceedance series can be adjusted to match 
those derived from an annual maximum series using empirical factors (Chow et al., 1988; NOAA Atlas 
data series, see http://www.weather.gov/oh/hdsc/currentpf.htm, e.g., Bonnin et al., 2006).  Hydrologic 
frequency analysis is then applied the data series to determine desired return periods by fitting a 
probability distribution to the data to determine the return periods1 of interest.  The process is repeated for 
other chosen storm durations. 

1Analysis of annual maximum series produces estimates of the average period between years when a particular value is exceeded 
(“average recurrence interval”).  Analysis of partial duration (annual exceedance) series gives the average period between cases of 
a particular magnitude (“annual exceedance probability”).  The two results are numerically similar at rarer average recurrence 
intervals but differ at shorter average recurrence intervals (below about 20 years).  NOAA (e.g., Bonnin et al., 2006) notes that the 
use of the terminology “average recurrence interval” and “annual exceedance probability” typically reflects the analysis of the two 
different series, but that sometimes the term “average recurrence interval” is used as a general term for ease of reference. 
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126 Urban Stormwater Management in the United States 

this is the range typically used in the design of stormwater management facilities.  The shorter 
durations provide expected magnitude and frequency for brief but significant precipitation 
intensity peaks that can mobilize and transport large amounts of pollutants and erode soil, and 
they are used in high-resolution stormwater models.  More commonly, however, stormwater 
regulations are written for 24-hour durations at 2-, 10-, 25-, 50-, or 100-year recurrence intervals. 

Precipitation Depth-Duration-Frequency - BWI 
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FIGURE 3-7 Depth-duration-frequency curves for Baltimore, Maryland. 

Precipitation Depth-Duration-Frequency - Phoenix Airport 

3.5
 

3
 

P
r
e
c
ip

it
a
ti

o
n

 D
e
p

th
 (

in
)

2.5 

2 

1.5 

1 

0.5 

0 
0  10  20  30  40  50  60  70  80  90  100  

Return Period (years) 

 min 5
 min 15
 min 60
 hr 6
 hr 24 

FIGURE 3-8 Depth-duration-frequency curves for Phoenix, Arizona. 

PREPUBLICATION 

RB-AR14748



 

 
 

 
 

 
 

 

 

 
 
 
 
 
 
 

127 Effects of Urbanization on Watersheds 

Because storm magnitudes and frequencies vary by climatic region, it is reasonable to 
expect them to change during recurring climate events (e.g., El Niño) or over the long term by 
climate change.  Alteration in convective precipitation by major urban centers has been 
documented for some time (Huff and Changnon, 1973).  Some evidence exists that precipitation 
regimes are shifting systematically toward an increase in more intense rainfall events, which is 
consistent with modeled projections of global climate change increases in hydrologic extremes.  
Kunkel et al. (1999) analyzed precipitation data from 1,295 weather stations from 1931 to 1996 
across the contiguous United States and found that storms with extreme levels of precipitation 
have increased in frequency. The analysis considered short-duration events (1, 3, and 7 days) of 
1-year and 5-year return intervals.  A linear trend analysis using Kendall’s slope estimator 
statistic indicated that the overall trend in 7-day, 1-yr events for the conterminous United States 
is upward at a rate of about 3 percent per decade for 1931 to 1996; the upward trend in 7-day, 5
year events is about 4 percent per decade. These two time series are shown in Figure 3-9.  An 
increased frequency of intense precipitation events will shift depth-frequency-duration curves for 
a given location, with a given return period being associated with a more intense event.  
Alternatively, the return period for a given intensity (or depth) of an event will be reduced if the 
event is occurring more frequently.  In light of climate change, depth-duration-frequency curves 
will need to be updated regularly in order to ensure that stormwater management facilities are 
not underdesigned for an increasing intensity of precipitation.  Additional implications of climate 
change for stormwater management are discussed in Box 3-5. 

FIGURE 3-9 Nationally averaged annual U.S. time series of the number of precipitation events 
of 7-day duration exceeding 1-year (dots) and 5-year (diamonds) recurrence intervals. 
SOURCE: Reprinted, with permission, from Kunkel et al. (1999). Copyright 1999 by American 
Meteorological Society. 
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128 Urban Stormwater Management in the United States 

BOX 3-5 
Climate Change and Stormwater Management 

An ongoing report series issued by the U.S. Climate Change Science Program and the 
Subcommittee on Global Change Research summarizes the evidence for climate change to date and 
expected impacts of climate change, including impacts on the water resources sector 
(http://www.climatescience.gov/). According to the Intergovernmental Panel on Climate Change (IPCC 
2007), annual precipitation will likely increase in the northeastern United States and will likely decrease in 
the southwestern United States over the next 100 years.  In the western United States, precipitation 
increases are projected during the winter, whereas decreases are projected for the summer.  As 
temperatures warm, precipitation will increasingly fall as rain rather than snow, and snow season length 
and snow depth are very likely to decrease in most of the country.  More extreme precipitation events are 
also projected, which, when coupled with an anticipated increase in rain-on-snow events, would 
contribute to more severe flooding due to increases in extreme stormwater runoff. 

The predictions for increases in the intensity and frequency of extreme events have significant 
implications for future stormwater management.  First, many of the design standards currently in use will 
need to be revised, since they are based on historical data.  For example, depth-duration-frequency 
curves used for design storm data will need to be updated, because the magnitude of the design storms 
will change.  Even with revised design standards, in light of future uncertainty, new SCMs will need to be 
designed conservatively to allow for additional storage that will be required for regions with predicted 
trends in increased precipitation.  In addition, existing SCM designs based on old standards may prove to 
be undersized in the future.  Implementation of a monitoring program to check existing SCM inflows 
against original design inflows may be prudent to aid in judging whether retrofit of existing facilities or 
additional stormwater infrastructure is needed. 

Design Storms 

Given that only daily precipitation records are widely available, but short-duration data 
are required for stormwater analysis and prediction, design storms have been developed for the 
different regions of the United States by different state and federal resource agencies.  A design 
storm is a specified temporal pattern of rainfall at a location, created using an overall storm 
duration and frequency relevant to the design problem at hand.  Examples of design storms 
include the 24-hour, 100-year event for flood control and the 24-hour, 2-year event for channel 
protection. The magnitude of the design storm can be derived from data at a single gauge, or 
from synthesized regional data published by state or federal agencies.  The simplest form of a 
design storm is a triangular hyetograph where the base is the duration and the height is adjusted 
so that the area under the curve equals the total precipitation.  In instances where the hyetograph 
is to be used to estimate sequences of shorter duration intensities (i.e., minutes to a few hours) 
within larger duration events, depth-duration-frequency curve data can be used to synthesize a 
design storm hyetograph (see Chow et al., 1988).  An example design storm for the 100-year 
storm event for St. Louis based on NOAA Atlas 14 depth-duration-frequency data is shown in 
Figure 3-10. 
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129 Effects of Urbanization on Watersheds 

FIGURE 3-10 Hundred-year design storm for St. Louis based on NOAA Atlas 14 data. 

Conversion of Precipitation to Runoff 

Dynamics of Watershed Flowpaths 

Precipitation falling on the land surface is subject to evaporative loss to the atmosphere 
by vegetation canopy and leaf litter interception, evaporation directly from standing water on the 
surface and upper soil layers or impervious surfaces, and later transpiration through root uptake 
by vascular plants. Snowpack is also subject to sublimation (conversion of snow or ice directly 
to vapor), which results in the loss of a portion of the snow prior to melt.  The rate of evaporative 
loss depends on local weather conditions (temperature, humidity, wind speed, solar radiation) 
and the rate and duration of precipitation.  Precipitation (or snowmelt) in excess of interception 
and potential evaporative loss rates is then partitioned into infiltration and direct runoff.1 

There is a gradation of flowpaths transporting water, sediment, and solutes through a 
watershed, ranging from rapid surface flowpaths through generally slower subsurface flowpaths.  
Residence times generally increase from surface to subsurface flowpaths, with rapid surface flow 

1 The term runoff is often used in two senses.  For a given precipitation event, direct storm runoff refers to the 
rainfall (minus losses) that is shed by the landscape to a receiving waterbody.  In an area of 100 percent 
imperviousness, the runoff nearly equals the rainfall (especially for larger storms).  Over greater time and space 
scales, surface water runoff refers to streamflow passing through the outlet of a catchment, including base flow from 
groundwater that has entered the stream channel.  The raw units of runoff in either case are volume per time, but the 
volumetric flowrate (discharge) is often divided by contributing area to express runoff in units of depth per time.  In 
this way, unit runoff rates from various-sized watersheds can be compared to account for differences other than the 
contributing area. 
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130 Urban Stormwater Management in the United States 

providing the major contribution to flood flow while subsurface flowpaths contribute to longer-
term patterns of surface wetness.  Watershed characteristics that influence the relative dominance 
of surface versus subsurface flowpaths include infiltration capacity as affected by land cover, soil 
properties, and macropores; subsurface structure or soil horizons with varying conductivity; 
antecedent soil moisture and groundwater levels; and the precipitation duration and intensity for 
a particular storm. 

The distribution and activity of flowpaths result in changing patterns of soil moisture and 
groundwater depth, which result in patterns of soil properties, vegetation, and microbial 
communities. These ecosystem patterns, in turn, can have strong influences on the hydraulics of 
flow and biogeochemical transformations within the flowpaths, with important implications for 
sources, sinks, and transport of solutes and sediment in the watershed.  Riparian areas, wetlands, 
and the benthos of streams and waterbodies are nodes of interaction between surface and 
groundwater flowpaths, yielding reactive environments in which “hot spots” of biogeochemical 
transformation develop (McClain et al., 2003).  Thus, any alteration of surface and subsurface 
hydrologic flowpaths, for example due to urbanization, not only alters the properties of soil and 
vegetation canopy but also reforms the ecosystem distribution of biogeochemical 
transformations.   

Runoff Measurements 

Surface water runoff for a given area is measured by dividing the discharge at a given 
point in the stream channel by the contributing watershed area. The basic variables describing 
channel hydraulics include width, mean depth, slope, roughness, and velocity.  Channel 
discharge is the product of width, depth, and velocity and is typically estimated by either directly 
measuring each of these three components, or by development of a rating curve of measured 
discharge as a function of water depth, or stage relative to a datum, of the channel that is more 
easily estimated by a staff gauge or pressure transducer.  The establishment of a gauging station 
to measure discharge typically requires a stable cross section so that stage can be uniquely 
related to discharge.  Maintenance of reliable, long-term gauge sites is expensive and requires 
periodic remeasurement to update rating curves, as well as to remove temporary obstructions that 
may raise stage relative to unobstructed conditions.   

Most stream gauging in the United States is carried out by the USGS, and can be found 
on-line at http://waterdata.usgs.gov/nwis.  Recent reviews of standard methods of stream gauging 
and the status of the USGS stream gauging network are given by the USGS (1998) and the 
National Research Council (NRC, 2004). A major concern is the overall decline in the number 
of active gauges, particularly long-term gauges, as well as the representativeness of the stream 
gauge network relative to the needs of stormwater permitting.  For example, restored streams 
typically lack any gauged streamflow or water quality information prior to or following 
restoration.  This makes it very difficult to assess both the potential for successful restoration and 
whether project goals are met. 

Support of existing and development of new gauges is often in collaboration through a 
co-funding mechanism with other agencies.  Municipal co-funding for stations in support of 
National Pollutant Discharge Elimination System (NPDES) permitting is common and has 
tended to shift the concentration of active gauges toward more urban areas.  Note that the USGS 
river monitoring system was originally designed for resource inventory, and therefore did not 
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originally sample many headwater streams, particularly intermittent and ephemeral channels that 
are typically most proximal to stormwater discharges.  While this is beginning to change with 
municipal co-funding, headwater streams are still underrepresented in the National Water 
Information System relative to their ecological significance. 

Reliable records for stream discharge are vital because the frequency distribution and 
temporal trends of flows must be known to evaluate long-term loading to waterbodies.  
Magnitude and frequency analysis of sediment and other stream constituent loads consists of a 
transport equation as a function of discharge, integrated over the discharge frequency distribution 
(e.g., Wolman and Miller, 1960).  Different constituent loads have different forms of dependency 
on discharge, but are often nonlinear such that long-term or expected loads cannot be simply 
evaluated from mean flow conditions.  Similar to precipitation, discharge levels often follow an 
Extreme Value distribution, dependent on climate, land use, and hydrogeology, but which is 
typically dampened compared to precipitation due to the memory effects of subsurface storage 
and flows (e.g., Winter, 2007). 

Impacts of Urbanization on Runoff 

Shift from Infiltration and Evapotranspiration to Surface Runoff 

Replacement of vegetation with impervious or hardened surfaces affects the hydrologic 
budget—the quantity of water moving through each component of the hydrologic cycle—in a 
number of predictable ways.  As the percent of the landscape that is paved over or compacted is 
increased, the land area available for infiltration of precipitation is reduced, and the amount of 
stormwater available for direct surface runoff becomes greater, leading to increased frequency 
and severity of flooding. Reduced infiltration of precipitation leads to reduced recharge of the 
groundwater reservoir; absent new sources of recharge, this can lead to reduction in base flow of 
streams (e.g., Simmons and Reynolds, 1982; Rose and Peters, 2001).  Vegetation removal also 
results in a lower amount of evapotranspiration compared to undeveloped land.  This can have 
particularly profound hydrologic effects in those regions of the country where a significant 
percent of precipitation is evapotranspirated, such as the arid Southwest (Ng and Miller, 1980).  
Figure 3-11 illustrates the changes to these components of the hydrologic budget as the percent 
of impervious area is increased. 

It should be noted that the conversion in hydrology from infiltrated water to surface 
runoff following urbanization is not entirely straightforward in all cases.  Leaking pressurized 
water supply pipes and sanitary sewers, subsurface discharge of septic system effluent (Burns et 
al., 2005), infiltration of stormwater from unlined detention ponds, and lawn irrigation can offset 
reduced infiltration of precipitation, such that stream baseflow levels may actually be increased, 
especially during low base flow months, when such effects would be most pronounced (Konrad 
and Booth, 2005; Meyer, 2005). Cracks in sealed surfaces can also provide concentrated points 
of infiltration (Sharp et al., 2006).   
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132 Urban Stormwater Management in the United States 

FIGURE 3-11 As land cover changes from vegetated and undeveloped (upper left) to 
developed with increased connected impervious surfaces (lower right), the partitioning of 
precipitation into other components of the hydrologic cycle is shifted.  Evapotranspiration and 
shallow and deep infiltration are reduced, and surface runoff is increased.  SOURCE: Adapted 
from the Federal Interagency Stream Restoration Working Group (FISRWG, 2000).  

Relationship Between Imperviousness, Drainage Density, and Runoff 

Excess runoff due to urbanization is a direct reflection of the land uses onto which the 
precipitation falls, as well as the presence of drainage systems that receive stormwater from 
many separate source areas before it enters receiving waters.  Thus, a functional way of 
partitioning urban areas is by the nature of the impervious cover and by its connection to the 
drainage system, underlying the differentiation of total impervious area and effective impervious 
area discussed in Box 1-2. 

As examples of how runoff changes with urbanization, Figure 3-12 shows daily stream 
flow values for a low-density suburban catchment and a high-density urban catchment in the 
Baltimore, Maryland area.  The low-density site (Figure 3-12A) shows a strong seasonal signal 
and a marked decline in flow during an extreme drought in 2002.  In contrast, the more densely 
urbanized catchment (Figure 3-12B) shows a much greater variability in flow that is dominated  
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FIGURE 3-12 Daily time series of flows in (A) a low-density suburban and forested catchment 
(Baisman Run, http://waterdata.usgs.gov/md/nwis/uv/?site_no=01583580) and (B) a catchment 
dominated by medium- to high-density residential and commercial land uses (Dead Run, 
http://waterdata.usgs.gov/md/nwis/uv/?site_no=01589330).  Both lie within the Piedmont 
physiographic province. 

by impervious surface runoff, and a dampened response to the drought because natural 
groundwater flow is a much smaller component of the total discharge.   

The percentage of time a discharge level is equaled or exceeded is displayed by flow 
duration curves, which show the cumulative frequency distributions of flows for a given 
duration. Examples for three catchments in the Baltimore area are given in Figure 3-13, showing 
the tendency for urban areas to produce high flows with much longer aggregate durations. 

As another example of how runoff changes with imperviousness, a locally calibrated 
version of WinSLAMM was used to investigate the relationships between watershed and runoff 
characteristics for 125 individual neighborhoods in Jefferson County, Alabama (Bochis-Micu 
and Pitt, 2005).  Figure 3-14 shows the relationships between the directly connected impervious 
area values and the calculated volumetric runoff coefficient (Rv, which is the volumetric fraction 
of the rainfall that occurs as runoff), based on 43 years of local rain data.  As expected, there is a 
strong relationship between these parameters for both sandy and clayey soil conditions.  It is 
interesting to note that the Rv values are relatively constant until values of directly connected 
impervious cover of 10 to 15 percent are reached (at Rv values of about 0.07 for sandy soil areas 
and 0.16 for clayey soil areas)—the point where receiving water degradation typically has been 
observed to start (as discussed later in the chapter).  The 25 to 30 percent directly connected 
impervious levels (where significant degradation is usually observed) is associated with Rv 
values of about 0.14 for sandy soil areas and 0.25 for clayey soil areas; this is where the curves 
start to greatly increase in slope. 
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Flow frequency vs. discharge 
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FIGURE 3-13 Flow duration curves for three watersheds with distinct land use in the Baltimore, 
Maryland area. Urban areas have flashier runoff with greater frequency of low and high 
extreme flows. 
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FIGURE 3-14 Relationships between the directly connected impervious area (%) and the 
calculated volumetric runoff coefficients (Rv) for (A) sandy soil and (B) clayey soil. 
SOURCE: Reprinted, with permission, from Bochis-Micu and Pitt (2005). Copyright 2005 by 
Water Environment Federation, Alexandria, Virginia. 
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Relationship Between Runoff and Rainfall Conditions 

The runoff that results from various land uses also varies depending on rainfall 
conditions. For small rain depths, almost all the runoff originates solely from directly connected 
impervious areas, as disconnected areas have most of their flows infiltrated (Pitt, 1987).  For 
larger storms, both directly connected and disconnected impervious areas contribute runoff to the 
stormwater management system.  For example, Figure 3-15 (created using WinSLAMM; Pitt and 
Voorhees, 1995) shows the relative runoff contributions for a large commercial/mall area in 
Hoover, Alabama, for different rains (Bochis, 2007).  In this example, about 80 percent of the 
runoff originates from the parking areas for the smallest runoff-producing rains.  This 
contribution decreases to about 55 percent at rain depths of about 0.5 inch (13 mm).  This 
decrease in the importance of parking areas as a source of runoff volume is associated with an 
increase in runoff contributions from streets and directly connected roofs.  In many areas, 
pervious areas are not hydrologically active until the rain depths are relatively large and are not 
significant runoff contributors until the rainfall exceeds about 25 mm for many land uses and soil 
conditions. However, compacted urban soils can greatly increase the flow contributions from 
pervious areas during smaller rains.  Burges and others (1998), for example, found that more 
than 60 percent of the storm runoff in a suburban development in western Washington State 
originated from nominally “green” parts of the landscape, primarily lawns. 

A further example illustrating the relationship between rainfall and runoff is given for 
Milwaukee, summarized in Box 3-6. The two curves of Figure 3-16 show a relationship between 
rainfall and runoff that is typical of urban areas.  Very small storms (< 0.05 inch) produce no 
measurable runoff, owing to removal by interception storage and evaporation.  Storms that 
deposit up to one inch of rainfall constitute about 90 percent of the storm events in this region, 
but these events produced only about 50 percent of the runoff.  Very large events (greater than 3 
inches of precipitation) are rare and destructive, accounting for only a few percent of the annual 
rainfall events. 

FIGURE 3-15 Surfaces contributing to runoff for an example commercial/mall area.  
SOURCE: Reprinted, with permission, from Bochis (2007). Copyright 2007 by Celina 
Bochis. 

PREPUBLICATION 
  

RB-AR14757



   
 

 
 

 

 

 

 

 
 

 

  
 

 

 
  

 

 

136 Urban Stormwater Management in the United States 

BOX 3-6 
Example Rainfall and Runoff Distributions 

Figure 3-16 is an example of rainfall and runoff observed at Milwaukee, Wisconsin (Bannerman et 
al., 1983), as monitored during the Nationwide Urban Runoff Program (NURP) (EPA, 1983).  This 
observed distribution is interesting because of the unusually large rains that occurred twice during the 
monitoring program.  These two major rains would be in the category of design storms for conventional 
drainage systems.  These plots indicate that these very large events, in the year they occurred, caused a 
measureable fraction of the annual pollutant loads and runoff volume discharges, but smaller events were 
responsible for the vast majority of the discharges.  In typical years, when these rare design events do not 
occur, their pro-rated contributions would be even smaller. 

FIGURE 3-16  Milwaukee rainfall and runoff probability distributions, and pollutant mass discharge 
probability distributions (1981 to 1983).  Rain count refers to the number of rain events.  SOURCE: Data 
from Bannerman et al. (1983). 

More than half of the runoff from this typical medium-density residential area was associated with 
rain events that were smaller than 0.75 inch.  Two large storms (about 3 and 5 inches in depth), which are 
included in the figure, distort this figure because, on average, the Milwaukee area only expects one 3.5
inch storm about every five years, and 5-inch storms even less frequently.  If these large rains did not 
occur, such as for most years, then the significance of the smaller rains would be even greater.  The 
figure also shows the accumulated mass discharges of different pollutants (suspended solids, chemical 
oxygen demand [COD], phosphates, and lead) monitored during the Milwaukee NURP project.  When 
these figures are compared, it is seen that the runoff and pollutant mass discharge distributions are very 
similar and that variations in the runoff volume are much more important than variations in pollutant 
concentrations (the mass divided by the runoff volume) for determining pollutant mass discharges.   

These rainfall and runoff distributions for Milwaukee can thus be divided into four regions: 

• Less than 0.5 inch.  These rains account for most of the events, but little of the runoff volume, 
and they are therefore easiest to control.  They produce much less pollutant mass discharge and 
probably have less receiving water effects than other rains.  However, the runoff pollutant concentrations 
likely exceed regulatory standards for several categories of critical pollutants (bacteria and some total 
recoverable heavy metals).  They also cause large numbers of overflow events in uncontrolled combined  

continues next page 

PREPUBLICATION 
  

RB-AR14758



 

 
 

 

 

 
  

 

 
  

 
 

 

 
 

 
 
 
 

 

  

 

137 Effects of Urbanization on Watersheds 

BOX 3-6 Continued 

sewers.  These rains are very common, occurring once or twice a week (accounting for about 60 percent 
of the total rainfall events and about 45 percent of the total runoff-generating events), but they only 
account for about 20 percent of the annual runoff and pollutant discharges.  Rains less than about 0.05 
inch did not produce noticeable runoff. 

• 0.5 to 1.5 inches. These rains account for the majority of the runoff volume (about 50 percent 
of the annual volume for this Milwaukee example) and produce moderate to high flows.  They account for 
about 35 percent of the annual rain events, and about 20 percent of the annual runoff events, by number.  
These rains occur on average about every two weeks from spring to fall and subject the receiving waters 
to frequent high pollutant loads and moderate to high flows. 

• 1.5 to 3 inches. These rains produce the most damaging flows from a habitat destruction 
standpoint and occur every several months (at least once or twice a year).  These recurring high flows, 
which were historically associated with much less frequent rains, establish the energy gradient of the 
stream and cause unstable streambanks.  Only about 2 percent of the rains are in this category, but they 
are responsible for about 10 percent of the annual runoff and pollutant discharges. 

• Greater than 3 inches.  The rains in this category are included in design storms used for 
traditional drainage systems in Milwaukee, depending on the times of concentration and rain intensities.  
These rains occur only rarely (once every several years to once every several decades, or less 
frequently) and produce extremely large flows that greatly exceed the capacities of the storm drainage 
systems, causing extensive flooding.  The monitoring period during the Milwaukee NURP was unusual in 
that two of these events occurred.  Less than 2 percent of the rains were in this category (typically <<1 
percent would be in this category), and they produced about 15 percent of the annual runoff quantity and 
pollutant discharges.  However, when they do occur, substantial property and receiving water damage 
results (mostly associated with habitat destruction, sediment scouring, and the flushing of organisms 
great distances downstream and out of the system).  The receiving water can conceivably recover 
naturally to pre-storm conditions within a few years.  These storms, while very destructive, are sufficiently 
rare that the resulting environmental problems do not justify the massive controls that would be necessary 
to decrease their environmental effects. 

Alteration of the Drainage Network 

As shown in Figure 3-17, urbanization disrupts natural systems in ways that further 
complicate the hydrologic budget, beyond the imperviousness effects on runoff discussed earlier.  
As an area is urbanized, lower-order stream channels are typically re-routed or encased in pipes 
and paved over, resulting in a highly altered drainage pattern.  The buried stream system is 
augmented by an extensive system of storm drains and pipes, providing enhanced drainage 
density (total lengths of pipes and channels divided by drainage area) compared to the natural 
system.  Figure 3-18 shows how the drainage density of Baltimore today compares to the natural 
watershed before the modern stormwater system was fully developed.  The artificial drainage 
system occupies a greater percentage of the landscape compared to natural conditions, 
permanently altering the terrestrial component of the hydrologic cycle. 
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138 Urban Stormwater Management in the United States 

FIGURE 3-17 Alteration of the natural hydrologic cycle by the presence of piped systems.  Blue 
arrows represent the natural system; red arrows indicate short-circuiting due to piped systems.  
Note that several elements of the water cycle shown in this diagram are not considered in this 
report, such as septic systems, interbasin transfers of water and wastewater, and the influence 
of groundwater withdrawals. SOURCE: Courtesy of Kenneth Belt, USDA Forest Service, 
Baltimore, Maryland. 

Flowpaths are altered in other ways by urban infrastructure.  Buried stormwater and 
sewer pipes can act as infiltration galleries for groundwater, causing shortened groundwater 
flowpaths between groundwater reservoirs and stream systems.  Natural surface water pathways 
are often interrupted or reversed, as shown by the blue lines in Figure 3-19 for a drainage system 
in Baltimore.  Understanding how the system operates as a whole can often require knowledge of 
the history of construction conditions and field verification of the actual flow paths. 

Large-scale infrastructure such as dams, ponds, and bridges can also have a major impact 
on stormwater flows.  Figure 3-20 illustrates the interruption of the drainage network by bridges 
and culverts, even in places where there have been attempts to keep excessive development out 
of the riparian corridor.  Simulations and post-flood mapping in areas around Baltimore have 
shown that bridge abutments such as those shown in Figure 3-20 can slow down channel 
floodwaters during storms.  This is because water backs up behind bridges constructed across the 
floodplain and spreads out over land surfaces and then flows back into channels as floodwaters 
subside. Although reducing the severity of downstream flooding, this phenomenon also 
interrupts the transport of sediment, leading to local zones of both enhanced deposition and 
downstream scour. 
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FIGURE 3-18  Baltimore City before and after development of its stormwater system.  The left-
hand panel shows first- and second-order streams lost to development.  The right-hand panel 
shows the increase in drainage density resulting from construction of the modern storm-drain 
network.  SOURCE: Courtesy of William Stack, Baltimore Department of Public Works.   
 
 
 
Alteration of Travel Times 
 

The combination of impervious surface and altered drainage density provides 
significantly more rapid hydraulic pathways for stormwater to enter the nearest receiving 
waterbody compared to a natural landscape.  This is illustrated quantitatively by Figure 3-21, 
which shows that the lag time—the difference in time between the center of mass of precipitation 
and the center of mass of the storm response hydrograph—is reduced for an urbanized landscape 
compared to a natural one.   

The increase in surface runoff volumes and reduction in lag times between precipitation 
and a waterbody’s response give rise to greater velocities and volumetric discharges in receiving 
waters.  Storm hydrographs in a developed setting peak earlier and higher than they do in 
undeveloped landscapes.  This altered flow regime is of concern to property owners because 
upstream development can increase the probability of a flood-prone property being inundated.  
Properties in the floodplain and near stream channels are particularly susceptible to flooding 
from upstream development.  Such increased flood risk is accompanied by associated potential 
property damages and costs of replacement or repair. 
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140 Urban Stormwater Management in the United States 

FIGURE 3-19 Dead Run drainage system, Baltimore, Maryland.  Blue lines indicate surface 
(daylighted) drainage; orange indicates the subsurface storm-drain system.  The surface 
drainage system is highly disconnected.  From the coverage it is difficult to impossible to discern 
the flow direction of some of the surface drainage components.  SOURCE: Reprinted, with 
permission, from Meierdierks et al. (2004). Copyright 2004 by the American Geophysical Union. 
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FIGURE 3-20 Shaded-relief lidar image of a portion of the Middle Patuxent River valley in 
Howard County, Maryland, showing the pervasive interruption of the drainage network by 
bridges and culverts, even in places where there is an attempt to keep excessive development 
out of the riparian corridor.  SOURCE: Reprinted, with permission, from Miller, University of 
Maryland, Baltimore County. Copyright 2006 by Andrew J. Miller. 

Various descriptors can be used to quantify the effects of urbanization on streamflow 
including flood frequency, flow duration, mean annual flood, discharge at bankfull stage, and 
frequency of bankfull stage. The “classic” view of urban-induced changes to runoff was 
presented by Leopold (1968), who provided several quantitative descriptors of the effects of 
urbanization on the mean annual flood.  For example, Figure 3-22 shows the ratio of discharge 
before and after urbanization for the mean annual flood for a 1-square-mile area as a function of 
percentage of impervious area and percentage area served by a storm-drain system.  This shows 
that for unsewered areas, increases from 0 to 100 percent impervious area will increase the peak 
discharge by a factor of 2.5. However, for 100 percent sewered areas, the ratio of peak 
discharges ranges from 1.7 to 8 for 0 to 100 percent impervious area.  Clearly both impervious 
surfaces and the presence of a storm-drain system combine to increase discharge rates in 
receiving waters.  Combining this information with regional flood frequency data, a discharge– 
frequency relationship can be developed that shows the expected discharge and recurrence 
interval for varying degrees of storm-drain coverage and impervious area coverage.  An example 
is shown in Figure 3-23, using data from the Brandywine Creek watershed in Pennsylvania 
(Leopold, 1968). Bankfull flow for undeveloped conditions in general has a recurrence interval 
of about 1.5 years (which, in the particular case of the Brandywine, was 67 cubic feet per 
second); with 40 percent of the watershed area paved, this discharge would occur about three 
times as often. 
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142 Urban Stormwater Management in the United States 

FIGURE 3-21 Illustration of the effect of urbanization on storm hydrograph lag time, the 
difference in time between the center of mass of rainfall and runoff response before and after 
urbanization.  SOURCE: Leopold (1968). 
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FIGURE 3-22  Ratio of peak discharge after urbanization to peak discharge before urbanization 
for the mean annual flood for a 1-square-mile drainage area, as a function of percent impervious 
surface and percent area drained by storm sewers.  SOURCE: Leopold (1968). 
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144 Urban Stormwater Management in the United States 

FIGURE 3-23 Flood frequency curves as a function of percent impervious area and percent of 
area serviced by storm sewers. The unurbanized data are from Brandywine Creek, 
Pennsylvania.  SOURCE: Leopold (1968). 

Over the past four decades since this first quantitative characterization of urban 
hydrology, a much greater variety of hydrologic changes resulting from urbanization has been 
recognized. Increases in peak discharge are certainly among those changes, and they will always 
gather attention because of their direct impact on human infrastructure and potential for more 
frequent and more severe flooding.  The extended duration of flood flows, however, also affects 
natural channels because of the potential increase in erosion.  Ecological effects of urban-altered 
flow regimes are even more diverse, because changes in the sequence and frequency of high 
flows, the rate of rise and fall of the hydrograph, and even the season of the year in which high 
flows can occur all have significant ecological effects and can be dramatically altered by 
watershed urbanization (e.g., Rose and Peters, 2001; Konrad et al., 2005; Roy et al., 2005; Poff 
et al., 2006). 

*** 

The overarching conclusion of many studies is that the impact of urbanization on the 
hydrologic cycle is dramatic.  Increased impervious area and drainage connectedness decreases 
stormwater travel times, increases flow rates and volumes, and increases the erosive potential of 
streams.  The flooding caused by increased flows can be life-threatening and damaging to 
property. As described below, changes to the hydrologic flow regime also can have deleterious 
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145 Effects of Urbanization on Watersheds 

effects on the geomorphic form of stream channels and the stability of aquatic ecosystems.  
Although these impacts are commonly ignored in efforts to improve “water quality,” they are 
inextricably linked to measured changes in water chemistry and must be part of any attempt to 
recover beneficial uses that have been lost to upstream urbanization.  

Geomorphology 

Watershed geomorphology is determined by the arrangement, interactions, and 
characteristics of component landforms, which include the stream-channel network, the 
interlocking network of ridges and drainage divides, and the set of hillslopes between the 
channel (or floodplain) and ridge. The stream and ridge systems define complementary 
networks, with the ridge (or drainage divide) network separating the drainage areas contributing 
to each reach in the stream network.  At the hillslope scale, the ridges provide upper boundaries 
of all surface flowpaths which converge into the complementary stream reaches.  A rich 
literature describes the topology and geometry of stream and ridge networks (e.g., Horton, 1945; 
Strahler, 1957, 1964; Shreve, 1966, 1967, 1969; Smart, 1968; Abrahams, 1984; Rodriguez-Iturbe 
et al., 1992). 

Besides stream channels, a variety of other water features and landforms make up a 
watershed. Fresh waterbodies (ponds, lakes, and reservoirs) are typically embedded within the 
stream network, while wetlands may be either embedded within the stream network or separated 
and upslope from the channels.  Estuaries represent the interface of the stream network with the 
open ocean. Additional fluvial and colluvial landforms include alluvial fans, landslide features, 
and a set of smaller features within or near the channels and floodplains including bar deposits, 
levees, and terraces. Each of these landforms are developed and maintained by the fluvial and 
gravitational transport and deposition of sediment, and are therefore potentially sensitive to 
disruption or alteration of flowpaths, hydrologic flow regimes, and sediment supply. 

Stream Network Form and Ordering Methods 

Most watersheds are fully convergent, with tributary streams combining to form 
progressively larger channels downstream.  The manner is which streams from different source 
areas join to produce mainstreams strongly influences the propagation of stormwater discharge 
and pollutant concentrations, and the consequent level of ecological impairment in the aquatic 
ecosystem.   

Methods for indexing the topologic position of individual reaches within the drainage 
network have been introduced by Horton (1945), Strahler (1957), Shreve (1966, 1967) and 
others. All stream topologic systems are dependent on the identification of first-order streams— 
the most upstream element of the network—and their lengths and drainage areas.  Unfortunately, 
no universal standards exist to define where the stream head is located, or whether perennial, 
intermittent, and ephemeral channels should be considered in this determination.  While this may 
seem like a trivial process, the identification and delineation of these sources effectively 
determines what lengths and sections of channels are defined to be waterbodies and, thus, the 
classification of all downstream waterbodies. 
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Nadeau and Rains (2007) have recently reviewed stream-channel delineation in the 
United States using standardized maps and hydrographic datasets to better relate climate to the 
extent of perennial, intermittent, and ephemeral channel types.  Because this may influence the 
set of stream channels that are regulated by the Clean Water Act (CWA), it is the subject of 
current legal arguments in courts up to and including the Supreme Court (e.g., Solid Waste 
Agency of Northern Cook County v. U.S. Army Corps of Engineers, 531 U.S. 159 [2001], John A. 
Rapanos et al. vs. United States [U.S., No. 04-1034, 2005]). In addition to the stream-channel 
network, additional features (discussed below) that are embedded in or isolated from the 
delineated stream network (lakes, ponds, and wetlands) are subject to regulation under the CWA 
based on their proximity or interaction with the defined stream and river network.  Therefore, 
definition of the extent and degree of connectivity of the nation’s stream network, with an 
emphasis on the headwater region, is a critical determinant of the set of waterbodies that are 
regulated for stormwater permitting (Nadeau and Rains, 2007). 

Stream Reach Geomorphology 

Within the channel network, stream reaches typically follow a regular pattern of changes 
in downstream channel form.  Hydraulic geometry equations, first introduced by Leopold and 
Maddock (1953), describe the gross geomorphic adjustment of the channel (in terms of average 
channel depth and width) to the flow regime and sometimes the sediment supply.  Within this 
general pattern of larger flows producing larger channels, variations in channel form are evident, 
particularly the continuum among straight, meandering, or braided patterns.  These forms are 
dependent on the spatial and temporal patterns of discharge, sediment supply, transport capacity, 
and roughness elements.   

Most natural channels have high width-to-depth ratios and complexity of channel form 
compared with engineered channels.  Meanders are ubiquitous self-forming features in channels, 
created as accelerated flow around the outside of the meander entrains and transports more 
sediment, producing greater flow depths and eroding the bank, while decelerated flow on the 
inside of the meander results in deposition and the formation of lower water depth and bank 
gradients. These channels typically show small-scale alternation between larger cross sections 
with lower velocities and defining pools, and smaller cross sections with higher velocity flow in 
riffles. Braided streams form repeated subdivision and reconvergence of the channel in multiple 
threads, with reduced specific discharge compared to a single channel.  Natural obstructions 
including woody debris, boulders, and other large (relative to channel dimensions) features all 
contribute to hydraulic and habitat heterogeneity.  The complexity of these channel patterns 
contributes to hydraulic roughness, further dissipating stream energy by increasing the effective 
wetted perimeter of the channel through a valley and deflecting flow between banks. 

Embedded Standing Waterbodies 

Standing waterbodies include natural, constructed, or modified ponds and lakes and are 
characterized by low or near-zero lateral velocity.  They can be thought of as extensions of pools 
within the drainage network, although there is no clear threshold at which a pool can be defined 
as a pond or lake. When they are embedded within the channel network, they are characterized 
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with much greater cross-sectional area (width x depth), lower surface water slopes (approaching 
flat), and lower velocities than a stream reach of similar length.  Therefore, standing waterbodies 
function as depositional zones, have higher residence times, and provide significant storage of 
water, sediment, nutrients, and other pollutants within the stream network. 

Riparian Zone 

The riparian area is a transitional zone between the active channel and the uplands, and 
between surface water and groundwater.  The area typically has shallower groundwater levels 
and higher soil moisture than the surrounding uplands, and it may support wetlands or other 
vegetation communities that require higher soil moisture.  Riparian zones provide important 
ecosystem functions and services, such as reducing peak flood flows, transforming bioavailable 
nutrients into organic matter, and providing critical habitat. 

In humid landscapes, a functioning riparian area commonly is an area where shallow 
groundwater forms discharge seeps, either directly to the surface and then to the stream channel 
or through subsurface flowpaths to the stream channel.  The potential for high moisture and 
organic material content provides an environment conducive to anaerobic microbial activity, 
which can provide effective sinks for inorganic nitrogen by denitrification, reducing nitrate 
loading to the stream channel.  However, the width of the effective riparian zone depends on 
local topographic gradients, hydrogeology, and the channel geomorphology (Lowrance et al., 
1997). In steeply incised channels and valleys, or areas with deeper flowpaths, the riparian zone 
may be narrow and relatively well drained. 

Under more arid conditions with lower groundwater levels, riparian areas may be the 
only areas within the watershed with sufficient moisture levels to support significant vegetation 
canopy cover, even though saturation conditions may occur only infrequently.  Subsurface 
flowpaths may be oriented most commonly from the channel to the bed and banks, forming the 
major source of recharge to this zone from periodic flooding.  In monsoonal climates in the U.S. 
southwest, runoff generated in mountainous areas or from storm activity may recharge riparian 
aquifers well downstream from the storm or snowmelt activity.  Channelization that reduces this 
channel-to-riparian recharge may significantly impair riparian and floodplain ecosystems that 
provide critical habitat and other ecosystem services (NRC, 2002). 

Floodplains 

The presence and distribution of alluvial depositional zones, including floodplains, is 
dependent on the distribution and balance of upstream sediment sources and sediment transport 
capacity, the temporal and spatial variability of discharge, and any geological structural controls 
on valley gradient. Lateral migration of streams contributes to the development of floodplains as 
the outer bank of the migrating channel erodes sediment and deposition occurs on the opposite 
bank. This leads to channels that are closely coupled to their floodplains, with frequent overbank 
flow and deposition, backwater deposits, wetlands, abandoned channels, and other floodplain 
features. During major events, overbank flooding and deposition adds sediment, nutrients, and 
contaminants to the floodplain surface, and may significantly rework preexisting deposits and 
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drainage patterns. Constructional landforms typical of urbanized watersheds, such as levees, 
tend to disconnect streams from their floodplains. 

Changes in Geomorphology from Urbanization 

Changes to channel morphology are among the most common and readily visible effects 
of urban development on natural stream systems (Booth and Henshaw, 2001).  The actions of 
deforestation, channelization, and paving of the uplands can produce tremendous changes in the 
delivery of water and sediment into the channel network.  In channel reaches that are alluvial, the 
responses are commonly rapid and often dramatic.  Channels widen and deepen, and in some 
cases may incise many meters below the original level of their beds.  Alternatively, channels 
may fill with sediment derived from farther upstream to produce a braided form where a single-
thread channel previously existed. 

The clearest single determinant of urban channel change is the alteration of the 
hydrologic response of an urban watershed, notably the increase in stream-flow discharges.  
Increases in runoff mobilize sediment both on the land surface and within the stream channel.  
Because transport capacity increases nonlinearly with flow velocity (Vogel et al., 2003), much 
greater transport will occur in higher flow events.  However, the low frequency of these events 
may result in decreasing cumulative sediment transport during the highest flows, as described by 
standard magnitude and frequency analysis (Wolman and Miller, 1960), such that the maximum 
time-integrated sediment transport occurs at moderate flows (e.g., bankfull stage in streams in 
the eastern United States). 

If the increase in sediment transport caused by the shift in the runoff regime is not 
matched by the sediment supply, channel bed entrenchment and bank erosion and collapse lead 
to a deeper, wider channel form.  Increases in channel dimensions caused by increased 
discharges have been observed in numerous studies, including Hammer (1972), Hollis and 
Luckett (1976), Morisawa and LaFlure (1982), Neller (1988), Whitlow and Gregory (1989), 
Moscrip and Montgomery (1997), and Booth and Jackson (1997).  MacRae (1997), reporting on 
other studies, found that channel cross-sectional areas began to enlarge after about 20 to 25 
percent of the watershed was developed, commonly corresponding to about 5 percent impervious 
cover. When the watersheds were completely developed, the channel enlargements were about 5 
to 7 times the original cross-sectional areas. Channel widening can occur for several decades 
before a new equilibrium is established between the new cross-section and the new discharges. 

Construction results in a large—but normally temporary—increase in sediment load to 
aquatic systems (e.g., Wolman and Schick, 1967).  Indeed, erosion and sediment transport rates 
can reach up to more than 200 Mg/ha/yr on construction sites, which is well in excess of typical 
rates from agricultural land (e.g., Wolman and Schick, 1967; Dunne and Leopold, 1978); rates 
from undisturbed and well-vegetated catchments are negligible (e.g., <<1 Mg/ha/yr).  The 
increased sediment loads from construction exert an opposing tendency to channel erosion and 
probably explain much of the channel narrowing or shallowing that is sometimes reported (e.g., 
Leopold, 1973; Nanson and Young, 1981; Ebisemiju, 1989; Odemerho, 1992). 

Additional sediment is commonly introduced into the channel network by the erosion of 
the streambank and bed itself.  Indeed, this source can become the largest single fraction of the 
sediment load in an urbanizing watershed (Trimble, 1997).  For example, Nelson and Booth 
(2002) reported on sediment sources in the Issaquah Creek watershed, an urbanizing, mixed-use 
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watershed in the Pacific Northwest.  Human activity in the watershed, particularly urban 
development, has caused an increase of nearly 50 percent in the annual sediment yield, now 
estimated to be 44 tons/km2/yr1. The main sources of sediment in the watershed are landslides 
(50 percent), channel-bank erosion (20 percent), and stormwater discharges (15 percent). 

The higher flow volumes and peak discharge caused by urbanization also tend to 
preferentially remove fine-grained sediment, leaving a lag of coarser bed material (armoring) or 
removing alluvial material entirely and eroding into the geologic substrate (Figure 3-24).  The 
geomorphic outcome of these changes is a mix of erosional enlargement of some stream reaches, 
significant sedimentation in others, and potential head-ward downcutting of tributaries as 
discharge levels from small catchments increase.  The collective effects of these processes have 
been described by Walsh et al. (2005) as “Urban Stream Syndrome,” which includes not only the 
visible alteration of the physical form of the channel but also the consequent deterioration of 
stream biogeochemical function and aquatic trophic structures. 

Other changes also accompany these geomorphic changes.  Episodic inundation of the 
floodplain during floods may be reduced in magnitude and frequency, depending on the 
increases in peak flow relative to the deepening and resultant increase in flow capacity of the 
channel. Where deeply entrenched, this channel morphology will lower the groundwater level 
adjacent to the channel.  The effectiveness of riparian areas in filtering or removing solutes is 
thus reduced because subsurface water may reach the channel only by flowpaths now well below 
the organic-rich upper soil horizons. Removal of fine-grained stream-bottom sediment, or 
erosion down to bedrock, may substantially lower the exchange of stream water with the 
surrounding groundwater of the hyporheic zone. 

FIGURE 3-24 Example of an urban stream that has eroded entirely through its alluvium to 
expose the underlying consolidated geologic stratum below (Thornton Creek, Seattle, 
Washington). 
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150 Urban Stormwater Management in the United States 

In addition to these indirect effects on the physical form of the stream channel, 
urbanization also commonly modifies streams directly to improve drainage, applying channel 
straightening and lining to reduce friction, increase flow capacity, and stabilize channel position 
(Figure 3-25). The enlarged and often lined and straightened stream-channel cross section 
reduces the complexity of the bed and the contact between the stream and floodplain, and 
increases transport efficiency of sediment and solutes to receiving waterbodies.  Enhanced 
sedimentation of receiving waterbodies, in turn, reduces water clarity, decreases depth, and 
buries the benthic environment. 

FIGURE 3-25 Example of a channelized urban stream for maximized flood conveyance and 
geomorphic stability (Los Angeles River, California). SOURCE: Reprinted, with permission, from 
Water Resources Research.  Copyright by the American Geophysical Union. 

POLLUTANT LOADING IN STORMWATER 

Hydrologic flowpaths influence the production of particulate and dissolved substances on 
the land surface during storms, as well as their delivery to the stream-channel network.  Natural 
watersheds typically develop a sequence of ecosystem types along hydrologic flowpaths that 
utilize available limiting resources, thereby reducing their export farther downslope or 
downstream, such that in-stream concentrations of these nutrients are low.  As a watershed shifts 
from having mostly natural pervious surfaces to having heavily disturbed soils, new impervious 
surfaces, and activities characteristic of urbanization, the runoff quality shifts from relatively 
lower to higher concentrations of pollutants.  Anthropogenic activities that can increase runoff 
pollutant concentrations in urban watersheds include application of chemicals for fertilization 
and pest control; leaching and corrosion of pollutants from exposed materials; exhaust emissions, 
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leaks from, and wear of vehicles; atmospheric deposition of pollutants; and inappropriate 
discharges of wastes. 

Most lands in the United States that have been developed were originally grasslands, 
prairies, or forest. About 40 percent of today’s developed land went through an agricultural 
phase (cropland or pastureland) before becoming urbanized, while more than half of today’s 
developed land area has been a direct conversion of natural covers (USDA, 2000).  Agricultural 
land can produce stormwater runoff with high pollutant concentrations via soil erosion, the 
introduction of chemicals (fertilizers, pesticides, and herbicides), animal operations that are 
major sources of bacteria in runoff, and forestry operations.  Indeed, urban stormwater may 
actually have slightly lower pollutant concentrations than other nonpoint sources of pollution, 
especially for sediment and nutrients.  The key difference is that urban watersheds produce a 
much larger annual volume of runoff waters, such that the mass of pollutants discharged is often 
greater following urbanization. Some of the complex land-use–pollutant loading relationships 
are evident in Box 3-7, which shows the measured annual mass loads of nitrogen and phosphorus 
in four small watersheds of different land use monitored as part of the Baltimore Long-Term 
Ecological Research program.  Depending on the nutrient and the year, the agricultural and urban 
watersheds had a higher nutrient export rate than the forested subwatershed. 

BOX 3-7 
Comparison of Nitrogen and Phosphorus Export 

from Watersheds with Different Land Uses 

Land use is a significant influence on nutrient export as controlled by impervious area, sanitary 
infrastructure, fertilizer application, and other determinants of input, retention, and stormwater transport.  
Tables 3-2A and 3-2B compare dissolved nitrate, total nitrogen, phosphate, and total phosphorus loads 
exported from forest catchments with catchments in different developed land uses studied by the 
Baltimore Ecosystem Study (Groffman et al., 2004).  Loads were computed with the Fluxmaster system 
(Schwarz et al., 2006) from weekly samples taken at outlet gauges.  In these sites in Baltimore County, 
the forested catchment, Pond Branch, has nitrogen loads one to two orders of magnitude lower than the 
developed catchments.  Baisman Run, with one-third of the catchment in low-density, septic-served 
suburban land use, has nitrogen export exceeding Dead Run, an older, dense urban catchment.  In this 
case, nutrient load does not follow the direct variation of impervious area because of the switch to septic 
systems and greater fertilizer use in lower density areas.  However, Figure 3-26 shows that as impervious 
area increases, a much greater proportion of the total nitrogen load is discharged in less frequent, higher 
runoff events (Shields et al., 2008), reducing the potential to decrease loads by on-site SCMs.  Total 
phosphorus loads were similarly as low (0.05–0.6 kg P/ha/yr) as nitrogen in the Pond Branch catchment 
(forest) over the 2000–2004 time period, and one to two orders of magnitude lower compared to 
agricultural and residential catchments.   

It should be noted that specific areal loading rates, even in undeveloped catchments, can vary 
significantly depending on rates of atmospheric deposition, disturbance, and climate conditions.  The 
hydrologic connectivity of nonpoint pollutant source areas to receiving waterbodies is also a critical 
control on loading in developed catchments (Nadeau and Rains, 2007) and is dependent on both 
properties of the pollutant as well as the catchment hydrology.  For example, total nitrogen was high in 
both the agricultural and low-density suburban sites.  Total phosphorus, on the other hand, was high in 
the Baltimore Ecosystem Study agricultural catchment, but close to the concentration of the forest site in 
the low-density suburban site serviced by septic systems.  This is because septic systems tend to retain 
phosphorus, while septic wastewater nitrogen is typically nitrified in the unsaturated zone below a 
spreading field and efficiently transported in the groundwater to nearby streams. 

continues next page 
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BOX 3-7 Continued 

TABLE 3-2A Dissolved Nitrate and Total Nitrogen Export Rates from Forest and Developed Land-Use 
Catchments in the Baltimore Ecosystem Study 

Nitrate (kg N/ha/yr) Total N (kg N/ha/yr) 
Catchment Land Use 

2000 2001 2002 2000 2001 2002 
Pond Branch Forest 0.11 0.08 0.04 .47 .37 0.17 
McDonogh Agriculture 17.6 12.9 4.3 20.5 14.5 4.5 
Baisman Run Mixed Forest 

and Suburban 
7.2 3.8 1.5 8.2 4.2 1.7 

Dead Run Urban 3.0 2.9 2.9 5.6 5.3 4.2 

TABLE 3-2B Dissolved Phosphate and Total Phosphorus Export Rates from Forest and Developed 
Land-Use Catchments in the Baltimore Ecosystem Study 

Phosphate (kg P/ha/yr) Total P (kg P/ha/yr) 
Catchment Land Use 

2000 2001 2002 2000 2001 2002 
Pond Branch Forest 0.009 0.007 0.003 0.02 0.014 0.006 
McDonogh Agriculture 0.12 0.080 0.022 0.22 0.14 0.043 
Baisman Run Mixed Forest 

and Suburban 
0.009 0.005 0.002 0.02 0.011 0.004 

Dead Run Urban 0.039 0.037 0.03 0.10 0.10 0.08 
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FIGURE 3-26  Cumulative transport of total nitrogen at increasing flow levels from catchments in 
Baltimore City and County including dominantly forest (Pond Branch), low-density development on septic 
systems and forest (Baisman Run), agricultural (McDonogh), medium-density suburban development on 
separate sewers (Glyndon), and higher-density residential, commercial, and highway land cover (Dead 
Run).  SOURCE: Reprinted, with permission, from Shields et al. (2008).  Copyright 2008 by the American 
Geophysical Union. 
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Table 3-3 summarizes the comparative importance of urban land-use types in generating 
pollutants of concerns that can impact receiving waters (Burton and Pitt, 2002).  This summary is 
highly qualitative and may vary depending on the site-specific conditions, regional climate, 
activities being conducted in each land use, and development characteristics.  It should be noted 
that the rankings in Table 3-3 are relative to one another and classified on a per-unit-area basis.  
Furthermore, this table shows the parameters for each land-use category, such that the effects for 
a community at large would be dependent on the areas of each land use shown.  Thus, although 
residential land use is shown to be a relatively smaller source of many pollutants, it is the largest 
fraction of land use in most communities, typically making it the largest stormwater source on a 
mass pollutant discharge basis.  Similarly, freeway, industrial, and commercial areas can be very 
significant sources of many stormwater problems, and their discharge significance is usually 
much greater than their land area indicates.  Construction sites are usually the overwhelming 
source of sediment in urban areas, even though they make up very small areas of most 
communities.  A later table (Table 3-4) presents observed stormwater discharge concentrations 
for selected constituents for different land uses. 

The following section describes stormwater characteristics associated with urbanized 
conditions. At any given time, parts of an urban area will be under construction, which is the 
source of large sediment losses, flow path disruptions, increased runoff quantities, and some 
chemical contamination.  Depending on the time frame of development, increased stormwater 
pollutant discharges associated with construction activities may last for several years until land 
covers are stabilized. After construction has been completed, the characteristics of urban runoff 
are controlled largely by the increase in volume and the washoff of pollutants from impervious 

TABLE 3-3 Relative Sources of Parameters of Concern for Different Land Uses in Urban Areas 
Problem Parameter Residential Commercial Industrial Freeway Construction 

High flow rates 
(energy) 

Low High Moderate High Moderate 

Large runoff volumes Low High Moderate High Moderate 
Debris 
(floatables and gross solids) 

High High Low Moderate High 

Sediment Low Moderate Low Low Very high 
Inappropriate discharges 
(mostly sewage and cleaning 
wastes) 

Moderate High Moderate Low Low 

Microorganisms High Moderate Moderate Low Low 
Toxicants 
(heavy metals and organics) 

Low Moderate High High Moderate 

Nutrients 
(eutrophication) 

Moderate Moderate Low Low Moderate 

Organic debris 
(SOD and DO) 

High Low Low Low Moderate 

Heat 
(elevated water temperature) 

Moderate High Moderate High Low 

NOTE: SOD, sediment oxygen demand; DO, dissolved oxygen. 

SOURCE: Summarized from Burton and Pitt (2002), Pitt et al. (2008), and CWP and Pitt (2008).
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surfaces. Stormwater in this phase is associated with increases in discharges of most pollutants, 
but with less sediment washoff than from construction and likely less sediment and nutrient 
discharges compared to any pre-urbanization agricultural operations (although increased channel 
erosion may increase the mass of sediment delivered in this phase; Pitt et al., 2007).  A third 
significant urban land use is industrial activity.  As described later, industrial site stormwater 
discharges are highly variable, but often greater than other land uses. 

Construction Site Erosion Characteristics 

Problems associated with construction site runoff have been known for many years.  
More than 25 years ago, Willett (1980) estimated that approximately 5 billion tons of sediment 
reached U.S. surface waters annually, of which 30 percent was generated by natural processes 
and 70 percent by human activities.  Half of this 70 percent was attributed to eroding croplands.  
Although construction occurred on only about 0.007 percent of U.S. land in the 1970s, it 
accounted for approximately 10 percent of the sediment load to all U.S. surface waters and 
equaled the combined sediment contributions of forestry, mining, industrial, and commercial 
land uses (Willett, 1980).  

Construction accounts for a much greater proportion of the sediment load in urban areas 
than it does in the nation as a whole. This is because construction sites have extremely high 
erosion rates and because urban construction sites are efficiently drained by stormwater drainage 
systems installed early during the construction activities.  Construction site erosion losses vary 
greatly throughout the nation, depending on local rain, soil, topographic, and management 
conditions. As an example, the Birmingham, Alabama, area may have some of the highest 
erosion rates in the United States because of its combination of very high-energy rains, 
moderately to severely erosive soils, and steep slopes (Pitt et al., 2007).  The typically high 
erosion rates mean that even a small construction project may have a significant detrimental 
effect on local waterbodies. 

Extensive evaluations of urban construction site runoff problems have been conducted in 
Wisconsin for many years.  Data from the highly urbanized Menomonee River watershed in 
southeastern Wisconsin indicate that construction sites have much greater potentials for 
generating sediment and phosphorus than do other land uses (Chesters et al., 1979).  For 
example, construction sites can generate approximately 8 times more sediment and 18 times 
more phosphorus than industrial sites (the land use that contributes the second highest amount of 
these pollutants) and 25 times more sediment and phosphorus than row crops.  In fact, 
construction sites contributed more sediment and phosphorus to the Menomonee River than any 
other land use, although in 1979, construction comprised only 3.3 percent of the watershed’s 
total land area. During this early study, construction sites were found to contribute about 50 
percent of the suspended sediment and total phosphorus loading at the river mouth (Novotny and 
Chesters, 1981). 

Similar conclusions were reported by the Southeastern Wisconsin Regional Planning 
Commission (SEWRPC) in a 1978 modeling study of the relative pollutant contributions of 17 
categories of point and nonpoint pollution sources to 14 watersheds in the southeast Wisconsin 
regional planning area (SEWRPC, 1978). This study revealed construction as the first or second 
largest contributor of sediment and phosphorus in 12 of the 14 watersheds.  Although 
construction occupied only 2 percent of the region’s total land area in 1978, it contributed 
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approximately 36 percent of the sediment and 28 percent of the total phosphorus load to inland 
waters, making construction the region’s second largest source of these two pollutants.  The 
largest source of sediment was estimated to be cropland; livestock operations were estimated to 
be the largest source of phosphorus. By comparison, cropland comprised 72 percent of the 
region’s land area and contributed about 45 percent of the sediment and only 11 percent of the 
phosphorus to regional watersheds. When looking at the Milwaukee River watershed as a whole, 
construction is a major sediment contributor, even though the amount of land under active 
construction is very low. Construction areas were estimated to contribute about 53 percent of the 
total sediment discharged by the Milwaukee River in 1985 (total sediment load of 12,500 lb/yr), 
while croplands contributed 25 percent, streambank erosion contributed 13 percent, and urban 
runoff contributed 8 percent. 

Line and White (2007) recently investigated runoff characteristics from two similar 
drainage areas in the Piedmont region of North Carolina.  One of the drainage areas was being 
developed as part of a large residential subdivision during the course of the study, while the other 
remained forested or in agricultural fields.  Runoff volume was 68 percent greater for the 
developing compared with the undeveloped area, and baseflow as a percentage of overall 
discharge was approximately zero compared with 25 percent for the undeveloped area.  Overall 
annual export of sediment was 95 percent greater for the developing area, while export of 
nitrogen and phosphorus forms was 66 to 88 percent greater for the developing area. 

The biological stream impact of construction site runoff can be severe.  For example, 
Hunt and Grow (2001) describe a field study conducted to determine the impact to a stream from 
a poorly controlled construction site, with impact being measured via fish electroshocking and 
using the Qualitative Habitat Evaluation Index.  The 33-acre construction site consisted of 
severely eroded silt and clay loam subsoil and was located within the Turkey Creek drainage, 
Scioto County, Ohio. The number of fish species declined (from 26 to 19) and the number of 
fish found decreased (from 525 to 230) when comparing upstream unimpacted reaches to areas 
below the heavily eroding site. The Index of Biotic Integrity and the Modified Index of Well-
Being, common fisheries indexes for stream quality, were reduced from 46 to 32 and 8.3 to 6.3, 
respectively.  Upstream of the area of impact, Turkey Creek had the highest water quality 
designation available, but fell to the lowest water quality designation in the area of the 
construction activity. Water quality sampling conducted at upstream and downstream sites 
verified that the decline in fish diversity was not due to chemical affects alone. 

Municipal Stormwater Characteristics 

The suite of stormwater pollutants generated by municipal areas is expected to be much 
more diverse than construction sites because of the greater variety of land uses and pollutant 
source areas found within a typical city. Many studies have investigated stormwater quality, 
with the U.S. Environmental Protection Agency’s (EPA’s) NURP (EPA, 1983) being the best 
known and earliest effort to collect and summarize these data.  Unfortunately, NURP was limited 
in that it did not represent all areas of the United States or all important land uses.  More 
recently, the National Stormwater Quality Database (NSQD) (CWP and Pitt, 2008; Pitt et al., 
2008 for version 3) has been compiling data from the EPA’s NPDES stormwater permit program 
for larger Phase I municipal separate storm sewer system (MS4) communities.  As a condition of 
their Phase I permits, municipalities were required to establish a monitoring program to 
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characterize their local stormwater quality for their most important land uses discharging to the 
MS4. Although only a few samples from a few locations were required to be monitored each 
year in each community, the many years of sampling and large number of communities has 
produced a database containing runoff quality information for nearly 8,000 individual storm 
events over a wide range of urban land uses.  The NSQD makes it possible to statistically 
compare runoff from different land uses for different areas of the country. 

A number of land uses are represented in MS4 permits and also the database, including 
industrial stormwater discharges to an MS4.  However, there is no separate compilation of 
quantitative mass emissions from specific industrial stormwater sources that may have been 
collected under industrial permit monitoring efforts.  The observations in the NSQD were all 
obtained at outfall locations and do not include snowmelt or construction erosion sources.  The 
most recent version of the NSQD contains stormwater data from about one-fourth of the total 
number of communities that participated in the Phase I NPDES stormwater permit monitoring 
activities. The database is located at http://unix.eng.ua.edu/~rpitt/Research/ms4/mainms4.shtml.   

Table 3-4 is a summary of some of the stormwater data included in NSQD version 3, 
while Figure 3-27 shows selected plots of these data.  The table describes the total number of 
observations, the percentage of observations above the detection limits, the median, and 
coefficients of variation for a few of the major constituents for residential, commercial, 
industrial, institutional, freeway, and open-space land-use categories, although relatively few 
data are available for institutional and open-space areas.  It should be noted that even if there are 
significant differences in the median concentrations by the land uses, the range of the 
concentrations within single land uses can still be quite large.  Furthermore, plots like Figure 3
27 do not capture the large variability in data points observed at an individual site. 

There are many factors that can be considered when examining the quality of stormwater, 
including land use, geographical region, and season.  The following is a narrative summary of 
the entire database and may not reflect information in Table 3-4 and Figure 3-29, which show 
only subsets of the data. First, statistical analyses of variance on the NSQD found significant 
differences among land-use categories for all of the conventional constituents, except for 
dissolved oxygen.  (Turbidity, total solids, total coliforms, and total E. coli did not have enough 
samples in each group to evaluate land-use differences.)  Freeway sites were found to be 
significant sources of several pollutants.  For example, the highest TSS, COD, and oil and grease 
concentrations (but not necessarily the highest median concentrations) were reported for 
freeways. The median ammonia concentration in freeway stormwater is almost three times the 
median concentration observed in residential and open-space land uses, while freeways have the 
lowest orthophosphate and nitrite–nitrate concentrations—half of the concentration levels that 
were observed in industrial land uses. 

In almost all cases the median metal concentrations at the industrial areas were about 
three times the median concentrations observed in open-space and residential areas.  The highest 
lead and zinc concentrations (but not necessarily the highest median concentrations) were found 
in industrial land uses. Lower concentrations of TDS, five-day biological oxygen demand 
(BOD5), and fecal coliforms were observed in industrial land-use areas.  By contrast, the highest 
concentrations of dissolved and total phosphorus were associated with residential land uses.  
Fecal coliform concentrations are also relatively high for residential and mixed residential land 
uses. Open-space land-use areas show consistently low concentrations for the constituents 
examined.  There was no significant difference noted for total nitrogen among any of the land 
uses monitored. 
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FIGURE 3-27  Grouped box and whisker plots of data from the NSQD.  The median values are 
indicated with the horizontal line in the center of the box, while the ends of the box represent the 
25th and 75th percentile values.  The whickers extend to the 5th and 95th percentile values, and 
values outside of these extremes are indicated with separate dots.  These groups were 
statistically analyzed and were found to have at least one group that is significantly different 
from the other groups. The ranges of the values in each group are large, but a very large 
number of data points is available for each group.  The grouping of the data into these 
categories helps explain much of the total variability observed, and the large number of samples 
in each category allows suitable statistical tests to be made.  Many detailed analyses are 
presented at the NSQD website (Maestre and Pitt, 2005). 
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158 Urban Stormwater Management in the United States 

TABLE 3-4 Summary of Selected Stormwater Quality Data Included in NSQD, Version 3.0 
Fecal Nitrogen, 
Colif. Total Zn, 

TSS COD (mpn/100 Kjeldahl Phosphorus, Cu, Total Pb, Total Total 
(mg/L) (mg/L) mL) (mg/L) Total (mg/L) (µg/L) (µg/L) (µg/L) 

All Areas Combined (8,139) 

Coefficient of variation (COV) 2.2 1.1 5.0 1.2 2.8 2.1 2.0 3.3 
Median 62.0 53.0 4300 1.3 0.2 15.0 14.0 90.0 
Number of samples 6780 5070 2154 6156 7425 5165 4694 6184 
% samples above detection 99 99 91 97 97 88 78 98 
All Residential Areas Combined (2,586) 
COV 2.0 1.0 5.7 1.2 1.6 1.9 2.1 3.3 
Median 59.0 50.0 4200 1.2 0.3 12.0 6.0 70.0 
Number of samples 2167 1473 505 2026 2286 1640 1279 1912 

All Commercial Areas Combined (916) 
% samples above detection 99 99 89 98 98 88 77 97 

COV 1.7 1.0 3.0 0.9 1.2 1.4 1.7 1.4 
Median 55.0 63.0 3000 1.3 0.2 17.9 15.0 110.0 
Number of samples 843 640 270 726 920 753 605 839 

All Industrial Areas Combined (719) 
% samples above detection 97 98 89 98 95 85 79 99 

COV 1.7 1.3 6.1 1.1 1.4 2.1 2.0 1.7 
Median 73.0 59.0 2850 1.4 0.2 19.0 20.0 156.2 
Number of samples 594 474 317 560 605 536 550 596 

All Freeway Areas Combined (680) 
% samples above detection 98 98 94 97 95 86 76 99 

COV 2.6 1.0 2.7 1.2 5.2 2.2 1.1 1.4 
Median 53.0 64.0 2000 1.7 0.3 17.8 49.0 100.0 
Number of samples 360 439 67 430 585 340 355 587 

All Institutional Areas Combined (24) 
% samples above detection 100 100 100 99 99 99 99 99 

COV 1.1 1.0 0.4 0.6 0.9 0.6 1.0 0.9 
Median 18.0 37.5 3400 1.1 0.2 21.5 8.6 198.0 
Number of samples 23 22 3 22 23 21 21 22 

All Open-Space Areas Combined (79) 
% samples above detection 96 91 100 91 96 57 86 100 

COV 1.8 0.6 1.2 1.2 1.5 0.4 0.9 0.8 
Median 10.5 21.3 2300 0.4 0.0 9.0 48.0 57.0 
Number of samples 72 12 7 50 77 15 10 16 
% samples above detection 97 83 100 96 97 47 20 50 

NOTE: The complete database is located at: http://unix.eng.ua.edu/~rpitt/Research/ms4/mainms4.shtml. SOURCE: 
National Stormwater Quality Database. 
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159 Effects of Urbanization on Watersheds 

In terms of regional differences, significantly higher concentrations of TSS, BOD5, COD, 
total phosphorus, total copper, and total zinc were observed in arid and semi-arid regions 
compared to more humid regions.  In contrast, fecal coliforms and total dissolved solids were 
found to be higher in the upper Midwest. More detailed discussions of land use and regional 
differences in stormwater quality can be found in Maestre et al. (2004) and Maestre and Pitt 
(2005, 2006). In addition to the information presented above, numerous researchers have 
conducted source area monitoring to characterize sheet flows originating from urban surfaces 
(such as roofs, parking lots, streets, landscaped areas, storage areas, and loading docks).  The 
reader is referred to Pitt et al. (2005a,b,c) for much of this information. 

Industrial Stormwater Characteristics 

The NSQD, described earlier, has shown that industrial-area stormwater has higher 
concentrations of most pollutants compared to other land uses, although the variability is high.  
MS4 monitoring activities are usually conducted at outfalls of drainage systems containing many 
individual industrial activities, so discharge characteristics for specific industrial types are rarely 
available. This discussion provides some additional information concerning industrial 
stormwater beyond that included in the previous discussion of municipal stormwater.  In general, 
there is a profound lack of data on industrial stormwater compared to municipal stormwater, and 
a correspondingly greater uncertainty about industrial stormwater characteristics. 

The first comprehensive monitoring of an industrial area that included stormwater, dry 
weather base flows, and snowmelt runoff was conducted in selected Humber River catchments in 
Ontario (Pitt and McLean, 1986).  Table 3-5 shows the annual mass discharges from the 
monitored industrial area in North York, along with ratios of these annual discharges compared 
to discharges from a mixed commercial and residential area in Etobicoke.  The mass discharges 
of heavy metals, total phosphorus, and COD from industrial stormwater are three to six times 
that of the mixed residential and commercial areas.   

TABLE 3-5 Annual Storm Drainage Mass Discharges from Toronto-Area Industrial Land Use 

Measured 
parameter units 

annual mass discharges from 
industrial drainage area 

stormwater annual discharge ratio 
(industrial compared to residential 

and commercial mixed area) 
Runoff volume m3/hr/yr 6,580 1.6 
total solids kg/ha/yr 6,190 2.8 
total phosphorus kg/ha/yr 4,320 4.5 
TKN g/ha/yr 16,500 1.2 
COD kg/ha/yr 662 3.3 
Cu g/ha/yr 416 4.0 
Pb g/ha/yr 595 4.2 
Zn g/ha/yr 1,700 5.8 
SOURCE: Pitt and McLean (1986).  
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160 Urban Stormwater Management in the United States 

Hotspots of contamination on industrial sites are a specific concern.  Stormwater runoff 
from “hotspots” may contain loadings of hydrocarbons, trace metals, nutrients, pathogens and/or 
other toxicants that are greater than the loadings of “normal” runoff.  Examples of these hotspots 
include airport de-icing facilities, auto recyclers/junkyards, commercial garden nurseries, parking 
lots, vehicle fueling and maintenance stations, bus or truck (fleet) storage areas, industrial 
rooftops, marinas, outdoor transfer facilities, public works storage areas, and vehicle and 
equipment washing/steam cleaning facilities (Bannerman et al., 1993; Pitt et al., 1995; Claytor 
and Schueler, 1996). 

The elevated concentrations and mass discharges found in stormwater at industrial sites 
are associated with both the activities that occur and the materials used in industrial areas, as 
discussed in the sections that follow. 

Effects of Roofing Materials on Stormwater Quality 

The extensive rooftops of industrial areas can be a significant pollutant source area.  A 
summary of the literature on roof-top runoff quality, including both roof surfaces and underlying 
materials used as subbases (such as treated wood), is presented in Table 3-6.  Good (1993) found 
that dissolved metals’ concentrations and toxicity remained high in roof runoff samples, 
especially from rusty galvanized metal roofs during both first flush and several hours after a rain 
has started, indicating that metal leaching continued throughout the events and for many years.  
During pilot-scale tests of roof panels exposed to rains over a two-year period, Clark et al. (2008) 
found that copper roof runoff concentrations for newly treated wood panels exceeded 5 mg/L (a 
very high value compared to median NSQD stormwater concentrations of about 10 to 40 µg/L 
for different land uses) for the first nine months of exposure.  These results indicated that copper 
continued to be released from these wood products at levels high enough to exceed aquatic life 
criteria for long periods after installation, and were not simply due to excess surface coating 
washing off in the first few storms after installation. 

Traditional unpainted or uncoated hot-dip galvanized steel roof surfaces can also produce 
very high zinc concentrations. For example, pilot-scale tests by Clark et al. (2008) indicated that 
zinc roof runoff concentrations were 5 to 30 mg/L throughout the first two years of monitoring of 
a traditional galvanized metal panel.  These are very high values compared to median stormwater 
values reported in the NSQD of 60 to 300 µg/L for different land uses.  Factory-painted 
aluminum–zinc alloy panels had runoff zinc levels less than 250 µg/L, which were closer to the 
reported NSQD median values.  The authors concluded that traditional galvanized metal roofing 
contributed the greatest concentrations of many metals and nutrients.  In addition, they found that 
pressure-treated and waterproofed wood contributed substantial copper loads.  The potential for 
nutrient release exists in many of the materials tested (possibly as a result of phosphate washes 
and binders used in the material’s preparation or due to natural degradation). 

Other researchers have investigated the effects of industrial rooftop runoff on receiving 
waters and biota. Bailey et al. (1999) investigated the toxicity to juvenile rainbow trout of runoff 
from British Columbia sawmills and found that much of the toxicity may have been a result of 
divalent cations on the industrial site, especially zinc from galvanized roofs. 
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TABLE 3-6 Roof Runoff Analysis—A Literature Summary 
Water Quality Parameter Reference 

Roof Type Location 
Cu (µg/L) Zn (µg/L) Pb 

(µg/L) 
Cd 

(µg/L) 
As (µg/L) pH NH4 

+ 

(mg/L) 
NO3 

-

(mg/L) 
Polyester 
Tile 
Flat gravel 

Duebendorf, 
Switzerland 

6817 
1905 
140 

2076 
360 
36 

510 
172 
22 

3.1 
2.1 
0.2 

Boller 
(1997) 

Plywood w/ roof paper/tar 
Rusty galvanized metal 
Old metal w/Al paint 
Flat tar surface w/fibrous  

 reflective Al paint 
New anodized Al 

Washington 166T/128D 

20T/2D 

11T/7D 

25T/14D 

16T/7D 

877T/909D 

12200T/11900D 

1980T/1610D 

297T/257D 

101T/82D 

11T/<5D 

302T/35D 

10T/<5D 

10T/5D 

15T/<5D 

4.3 
5.9 
4.8 
4.1 

5.9 

Good 
(1993) 

Zinc-galvanized Fe Dunedin 
City, New 
Zealand 

560 µg/g 5901 µg/g 670 µg/g Brown & 
Peake 
(2006) 

Fe-Zn sheets  
Concrete slate tiles 
Asbestos cement sheets 
Aluminum sheets 

Ile-Ife, 
Nigeria 

6.77 
7.45 
7.09 
6.68 

0.06 
0.05 
0.06 
0.05 

1.52 
3.34 
2.26 
6.18 

Adeniyi 
and 
Olabanji 
(2005) 

Cu panels Munich, 
Germany 

200– 
11100 

6.7–7.0 Athanasia 
dis et al. 
(2006) 

Galvanized metals (primarily 
Galvalume®) 

Seattle, WA 10–1400 420–14700 ND Tobiason 
(2004) 

CCA wood Florida  1200–1800 Khan et 
Untreated wood 2–3 al. (2006) 

Note: D, dissolved; T, total; ND, not detected. 


SOURCE: Reprinted, with permission, from Clark et al. (2008). Copyright 2008 by American Society of Civil Engineers. 
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162 Urban Stormwater Management in the United States 

Effects of Pavement and Pavement Maintenance on Stormwater Quality 

Pavement surfaces can also have a strong influence on stormwater runoff quality.  For 
example, concrete is often mixed with industrial waste sludges as a way of disposing of the 
wastes. However, this can lead to stormwater discharges high in toxic compounds, either due to 
the additives themselves or due to the mobilization of compounds via the additives.  Salaita and 
Tate (1998) showed that high levels of aluminum, iron, calcium, magnesium, silicon, and sodium 
were seen in the cement-waste samples.  A variety of sands, including waste sands, have been 
suggested as potential additives to cement and for use as fill in roadway construction.  Wiebusch 
et al. (1998) tested brick sands and found that the higher the concentration of alkaline and 
alkaline earth metals in the samples, the more easily the heavy metals were released.  Pitt et al. 
(1995) also found that concrete yard runoff had the highest toxicity (using Microtox screening 
methods) observed from many source areas, likely due to the elevated pH (about 11) from the 
lime dust washing off from the site. 

The components of asphalt have been investigated by Rogge et al. (1997), who found that 
the majority of the elutable organic mass that could be identified consisted of n-alkanes (73 
percent), carboxylic acids such as n-alkanoic acids (17 percent), and benzoic acids.  PAHs and 
thiaarenes were 7.9 percent of the identifiable mass.  In addition, heterocyclic aromatic 
hydrocarbons containing sulfur (S-PAH), such as dibenzothiophene, were identified at 
concentration levels similar to that of phenanthrene.  S-PAHs are potentially mutagenic (similar 
to other PAHs), but due to their slightly increased polarity, they are more soluble in water and 
more prone to aquatic bioaccumulation.   

In addition to the bitumens and asphalts, other compounds are added to paving (and 
asphaltic roofing) materials.  Chemical modifiers are used both to increase the temperature range 
at which asphalts can be used and to prevent stripping of the asphalt from the binder.  A variety 
of fillers may also be used in asphalt pavement mixtures.  The long-term environmental effects 
of these chemicals in asphalts are unknown.  Reclaimed asphalt pavements have also been 
proposed for use as fill materials for roadways.  Brantley and Townsend (1999) performed a 
series of leaching tests and analyzed the leachate for a variety of organics and heavy metals.  
Only lead from asphalt pavements reclaimed from older roadways was found to be elevated in 
the leachate. 

Stormwater quality from asphalt-paved surfaces seems to vary with time.  Fish kills have 
been reported when rains occur shortly after asphalt has been installed in parking areas near 
ponds or streams (Anonymous, 2000; Perez-Rivas, 2000; Kline, 2002).  It is expected that these 
effects are associated with losses of the more volatile and toxic hydrocarbons that are present on 
new surfaces. It is likely that the concentrations of these materials in runoff decrease as the 
pavement ages.  Toxicity tests conducted on pavements several years old have not indicated any 
significant detrimental effects, except for those associated with activities conducted on the 
surface (such as maintenance and storage of heavy equipment; Pitt et al., 1995, 1999).  However, 
pavement maintenance used to “renew” the asphalt surfaces has been shown to cause significant 
problems, which are summarized below. 

A significant source of PAHs in the Austin, Texas, area (and likely elsewhere) has been 
identified as coal-tar sealants commonly used to “restore” asphalt parking lots and storage areas.  
Mahler et al. (2005) found that small particles of sealcoat that flake off due to abrasion by 
vehicle tires have PAH concentrations about 65 times higher than for particles washed off 
parking lots that are not seal coated.  Unsealed parking lots receive PAHs from the same urban 
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163 Effects of Urbanization on Watersheds 

sources as do sealed parking lots (e.g., tire particles, leaking motor oil, vehicle exhaust, and 
atmospheric fallout), and yet the average yield of PAHs from the sealed parking lots was found 
to be 50 times greater than that from the control lots.  The authors concluded that sealed parking 
lots could be the dominant source of PAHs in watersheds that have seal-coated surfaces, such as 
many industrial, commercial, and residential areas.  Consequently, the City of Austin has 
restricted the use of parking lot coal-tar sealants, as have several Wisconsin communities. 

Stored Materials Exposed to Rain 

Although roofing and pavement materials make up a large fraction of the total surface 
covers and can have significant effects on stormwater quality, leaching of rain through stored 
materials may also be a significant pollutant source at industrial sites.  Exposed metals in scrap 
yards can result in very high concentrations of heavy metals.  For example, Table 3-7 
summarizes data from three metals recycling facilities/scrap yards in Wisconsin and shows the 
large fraction of metals that are either dissolved in the runoff or associated with very fine 
particulate matter.  For most of these metals, their greatest abundance is associated with the 
small particles (<20 µm in diameter), and relatively little is associated with the filterable fraction.  
These metals concentrations (especially zinc, copper, and lead) are also very high compared to 
that of most outfall industrial stormwater. 

TABLE 3-7 Metal Concentration Ranges Observed in Scrapyard Runoff 
Particle Size Iron (mg/L) Aluminum (mg/L)  Zinc (mg/L) 

Total 20 – 810 15 – 70 1.6 – 8 
< 63 µm diameter 22 – 767 15 – 58 1.5 – 7.6 
< 38 µm diameter 21 – 705 15 – 58 1.4 – 7.4 
< 20 µm diameter 15 – 534 12 – 50 1.1 – 7.2 

< 0.45 µm diameter 
(filterable fraction) 0.1 – 38 0.1 – 5 0.1 – 6.7 

Copper (mg/L) Lead (mg/L) Chromium (mg/L) 
Total 1.1 – 3.8 0.6 – 1.7 0.1 – 1.9 

< 63 µm diameter 1.1 – 3.6 0.1 – 1.6 0.1 – 1.6 
< 38 µm diameter 1.1 – 3.3 0.1 – 1.6 0.1 – 1.4 
< 20 µm diameter 1.0 – 2.8 0.1 – 1.6 0.1 – 1.2 

< 0.45 µm diameter 
(filterable fraction) 0.1 – 0.3 0.1 – 0.3 0.1 – 0.3 

SOURCE: Reprinted, with permission, from Clark et al. (2000). Copyright 2000 by Shirley Clark. 
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164 Urban Stormwater Management in the United States 

OTHER SOURCES OF URBAN RUNOFF DISCHARGES 

Wet weather stormwater discharges from separate storm sewer outfalls are not the only 
discharges entering receiving waters from these systems.  Dry weather flows, snowmelt, and 
atmospheric deposition all contribute to the pollutant loading of urban areas to receiving waters, 
and for some compounds may be the largest contributor.  Many structural SCMs, especially 
those that rely on sedimentation or filtration, have been designed to function primarily with 
stormwater and are not nearly as effective for dry weather discharges, snowmelt, or atmospheric 
deposition because these nontraditional sources vary considerably in key characteristics, such as 
the flow rate and volume to be treated, sediment concentrsations and particle size distribution, 
major competing ions, association of pollutants with particulates of different sizes, and 
temperature.  Information on the treatability of stormwater vs. snowmelt and other nontraditional 
sources of urban runoff can be found in Pitt and McLean (1986), Pitt et al. (1995), Johnson et al. 
(2003), and Morquecho (2005). 

Dry Weather Flows 

At many stormwater outfalls, discharges occur during dry weather.  These may be 
associated with discharges from leaking sanitary sewer and drinking water distribution systems, 
industrial wastewaters, irrigation return flows, or natural spring water entering the system.  
Possibly 25 percent of all separate stormwater outfalls have water flowing in them during dry 
weather, and as much as 10 percent are grossly contaminated with raw sewage, industrial 
wastewaters, and so forth (Pitt et al., 1993).  These flow contributions can be significant on an 
annual mass basis, even though the flow rates are relatively small, because they have long 
duration. This is particularly true in arid areas, where dry weather discharges can occur daily.  
For example, despite the fact that rain is scarce from May to September in Southern California, 
an estimated 40 to 90 million liters of discharge flow per day into Santa Monica Bay through 
approximately 70 stormwater outlets that empty onto or across beaches (LAC DPW, 1985; 
SMBRP, 1994), such that the contribution of dry weather flow to the total volume of runoff into 
the bay is about 30 percent (NRC, 1984). Furthermore, in the nearby Ballona Creek watershed, 
dry weather discharges of trace metals were found to comprise from 8 to 42 percent of the total 
annual loading (McPherson et al., 2002). Stein and Tiefenthaler (2003) further found that the 
highest loadings of metals and bacteria in this watershed discharging during dry weather can be 
attributed to a few specific stormwater drains.   

In many cases, stormwater managers tend to overlook the contribution of dry weather 
discharges, although the EPA’s NPDES Stormwater Permit program requires municipalities to 
conduct stormwater outfall surveys to identify, and then correct, inappropriate discharges into 
separate storm sewer systems.  The role of inappropriate discharges in the NPDES Stormwater 
Permit program, the developed and tested program to identify and quantify their discharges, and 
an extensive review of these programs throughout the United States can be found in the recently 
updated report prepared for the EPA (CWP and Pitt, 2004).  The following photographs show 
various nontraditional sources of contaminants in urban runoff. 
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165 Effects of Urbanization on Watersheds 

Washing of vehicle engine and allowing runoff  Contamination of storm drainage with 
to enter storm drainage system.   inappropriate disposal of oil.  SOURCE: 
SOURCE: Robert Pitt.    Center for Watershed Protection. 

Dry weather flows from Toronto industrial area Sewage from clogged system overflowing 
outfall. SOURCE: Pitt and McLean (1986). into storm drainage system. SOURCE: 

Robert Pitt. 
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166 Urban Stormwater Management in the United States 

Failing sanitary sewer, causing upwelling of Dye tests to confirm improper sanitary 
sewage through soil, and draining to gutter and sewage connection to storm drainage  
then to storm drainage system.   system SOURCE: Robert Pitt. 
SOURCE: Robert Pitt. 

Snowmelt 

In northern areas, snowmelt runoff can be a significant contributor to the annual 
discharges from urban areas through the storm drainage system.  In locations having long and 
harsh winters, with little snowmelt until the spring, pollutants can accumulate and be trapped in 
the snowpack all winter until the major thaw when the contaminants are transported in short-
duration events to the outfalls (Jokela, 1990).  The sources of the contaminants accumulating in 
snowpack depend on the location, but they usually include emissions from nearby motor vehicles 
and heating equipment and industrial activity in the neighborhood.  Dry deposition of sulfur 
dioxide from industrial and power plant smokestacks affects snow packs over a wider area and 
has frequently been studied because of its role in the acid deposition process (Cadle, 1991).  
Pollutants are also directly deposited on the snowpack.  The sources of directly deposited 
pollutants include debris from deteriorated roadways, vehicles depositing petroleum products 
and metals, and roadway maintenance crews applying salt and anti-skid grit (Oberts, 1994).  
Urban snowmelt, like rain runoff, washes some material off streets, roofs, parking and industrial 
storage lots, and drainage gutters.  However, snowmelt runoff usually has much less energy than 
striking rain and heavy flowing stormwater.  Novotny et al. (1986) found that urban soil erosion 
is reduced or eliminated during winter snow-cover conditions.  However, erosion of bare ground 
at construction sites in the spring due to snowmelt can still be very high. 
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167 Effects of Urbanization on Watersheds 

Snowmelt.  SOURCE: Roger Bannerman. 

Construction site in early spring after snowmelt showing extensive sediment transport. 
SOURCE: Roger Bannerman. 

Sources of Contaminants in Snowmelt 

Several mechanisms can bring about contamination of snow and snowmelt waters.  
Initially, air pollutants can be incorporated into snowflakes as they form and fall to the ground.  
After it falls to the ground and accumulates, the snow can become further contaminated by dry 
atmospheric deposition, deposition of nearby lost fugitive dust materials (usually blown onto 
snow packs near roads by passing vehicles), and wash off of particulates from the exposed 
ground surfaces as it melts and flows to the drainage system. 

Snowflakes can remove particulates and gases from the air by in-cloud or below-cloud 
capture. In-cloud capture of pollutants can occur during snowflake formation as super-cooled 
cloud water condenses on particles and aerosols that act as cloud condensation nuclei.  This is 
known as nucleation scavenging and is a major pathway for air pollution to be incorporated into 
snow. Particles and gases may also be scavenged as snowflakes fall to the ground.  Gases can 
also be absorbed as snow falls. Snowflakes are more effective below-cloud scavengers than 
raindrops because they are bigger and fall slower.  Barrie (1991) reports that large snowflakes 
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HIGH DENSITY LOW DENSITY
FRESH FALLEN LAND USE LAND USE

COD 10 402 54
TS 86 2000 165
SS 16 545 4.5
TKN 0.19 2.69 2
NO3 0.15 0 0

P ------- 0.66 0.017
Pb ------- 0.95 -------
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capture particles in the 0.2- to 0.4-µm-diameter range, not by impaction but by filtering the air 
that moves through the snow flakes as they fall to the ground. 

Most of the contamination of snow in urban areas likely occurs after it lands on the 
ground. Table 3-8 shows the flow-weighted mean concentrations of pollutants found in 
undisturbed falling snow compared to snow found in urban snow cover (Bennett et al., 1981).  
Pitt and McLean (1986) also measured snowpack contamination as a function of distance from a 
heavily traveled road passing through a park.  The contaminants in the snow were at much 
greater concentrations near the road (the major source of blown contamination on the snow) than 
farther away. (The pollutant levels in the fresh fallen snow are generally a small fraction of the 
levels in the snow collected from urban study areas.)  Pierstorff and Bishop (1980) also analyzed 
freshly fallen snow and compared the quality to snow stored at a snow dump site.  They 
concluded that “pollutant levels at the dump site are the result of environmental input occurring 
after the snow falls.”  Some pollutants in snowmelt have almost no atmospheric sources.  For 
example, Oliver et al. (1974) found negligible amounts of chlorides in samples of snow from 
rooftops, indicating that the high chloride level found in the snowmelt runoff water comes almost 
entirely from surface sources (i.e., road salting).  Similar roadside snowpack observations along 
city park roads by Pitt and McLean (1986) also indicated the strong association of road salt with 
snowpack chloride levels. 

Runoff and Pollutant Loading from Snowmelt 

Snowmelt events can exhibit a first flush, in which there are higher concentrations of 
contaminants at the beginning compared to the total event averaged concentration.  The 
enrichment of the first portion of a snowmelt event by soluble pollutants may be due to 
snowpack density changes, where water percolation and melt/freeze events that occur in the 
snowpack cause soluble pollutants to be flushed from throughout the snowpack to concentrate at 
the bottom of the pack (Colbeck, 1981).  This concentrated layer leaves the snowpack as a highly 
concentrated pulse, as snow melts from the bottom due to warmth from the ground (Oberts, 
1994). 

TABLE 3-8 Comparison of Flow-Weighted Pollutant Concentration Means of Snow Samples 
from Boulder, Colorado 

Note: The units are mg/L.  SOURCE: Bennett et al. (1981). Permission pending. 
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169 Effects of Urbanization on Watersheds 

When it rains on snow, heavy pollutant loads can be produced because both soluble and 
particulate pollutants are melted from the snowpack simultaneously.  Also, the large volume of 
melt plus rain can wash off pollutants that have accumulated on various surfaces such as roads, 
parking lots, roofs, and saturated soil surfaces.  The intensity of runoff from a rain-on-snow 
event can be greater than a summer thunderstorm because the ground is saturated or frozen and 
the rapidly melting snowpack provides added runoff volume (Oberts, 1994). 

Figure 3-28 compares the runoff volumes associated with snowmelts alone to those 
associated with snowmelts mixed with rain from monitoring at an industrial area in Toronto (Pitt 
and McLean, 1986). Rain with snowmelt contributes over 80 percent of the total cold-weather 
event runoff volume. 

Whether pollutant loadings are higher or lower for snowmelt than for rainfall depends on 
the particular pollutant and its seasonal prevalence in the environment.  For example, the high 
concentrations of dissolved solids found in snowmelt are usually caused by high chloride 
concentrations that stem from the amount of de-icing salt used.  Figure 3-29 is a plot of the 
chloride concentrations in the influent to the Monroe Street detention pond in Madison, 
Wisconsin.  Chloride levels are negligible in the non-winter months but increase dramatically 
when road salting begins in the fall, and remain high through the snow melting period, even 
extending another month or so after the snowpack in the area has melted.  Bennett et al. (1981) 
found that suspended solids and COD loadings for snowmelt runoff were about one-half of those 
for rainfall. Nutrients were much lower for snowmelt, while the loadings for lead were about the 
same for both forms of precipitation.  Oberts (1994) reports that much of the annual pollutant 
yields from event flows in Minneapolis is accounted for by end-of-winter major melts.  End-of
winter melts yielded 8 to 20 percent of the total phosphorous and total lead annual load in 
Minnesota. Small midwinter melts accounted for less than 5 percent of the total loads.  Box 3-8 
shows mass pollutant discharges for a study site in Toronto and emphasizes the significance of 
snowmelt discharges on the total annual storm drainage discharges. 
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FIGURE 3-28 Runoff volumes for snowmelt events alone and when rain falls on melting snow 
packs (Toronto industrial area).  SOURCE: Pitt and McLean (1986). 
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FIGURE 3-29 Monroe Street detention pond chloride concentration of influent (1986–1988).  
SOURCE: House et al. (1993). 

Atmospheric Deposition 

The atmosphere contains a diverse array of contaminants, including metals (e.g., copper, 
chromium, lead, mercury, zinc), nutrients (nitrogen, phosphorus), and organic compounds (e.g., 
PAHs, polychlorinated biphenyls, pesticides).  These contaminants are introduced to the 
atmosphere by a variety of sources, including local point sources (e.g., power plant stacks) and 
mobile sources (e.g., motor vehicles), local fugitive emissions (e.g., street dust and wind-eroded 
materials), and transport from non-local areas.  These emissions, composed of gases, small 
particles (aerosols), and larger particles, become entrained in the atmosphere and subject to a 
complex series of physical and chemical reactions (Schueler, 1983). 

Atmospheric contaminants are deposited on land and water in two ways—termed wet 
deposition and dry deposition. Wet deposition (or wetfall) involves the sorption and 
condensation of pollutants to water drops and snowflakes followed by deposition with 
precipitation.  This mechanism dominates the deposition of gases and aerosol particles.  Dry 
deposition (or dryfall) is the direct transfer of contaminants to land or water by gravity (particles) 
or by diffusion (vapor and particles). Dry deposition occurs when atmospheric turbulence is not 
sufficient to counteract the tendency of particles to fall out at a rate governed, but not exclusively 
determined, by gravity (Schueler, 1983). 
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171 Effects of Urbanization on Watersheds 

BOX 3-8 
The Contribution of Dry Weather Discharges and 
Snowmelt to Overall Runoff in Toronto, Ontario 

An extensive analysis of all types of stormwater flow—for both dry and wet weather—was 
conducted in Toronto in the mid-1980s (Pitt and McLean, 1986).  The Toronto Area Watershed 
Management Strategy study included comprehensive monitoring in a residential/commercial area and an 
industrial area for summer stormwater, warm season dry weather flows, snowmelt, and cold season dry 
weather flows.  In addition to the outfall monitoring, detailed source area sheet flow monitoring was also 
conducted during rain and snowmelt events to determine the relative magnitude of pollutant sources.  
Particulate accumulation and wash-off tests were also conducted for a variety of streets in order to better 
determine their role in contaminant contributions.   

Tables 3-9 and 3-10 summarize Toronto residential/commercial and industrial urban runoff 
median concentrations during both warm and cold weather, respectively.  These tables show the relative 
volumes and concentrations of wet weather and dry weather flows coming from the different land uses.  
The bacteria densities during cold weather are substantially less than during warm weather, but are still 
relatively high; similar findings were noted during the NURP studies (EPA, 1983).  However, chloride 
concentrations and dissolved solids are much higher during cold weather.  Early spring stormwater 
events also contain high dissolved solids concentrations.  Cold weather runoff accounted for more than 
half of the heavy metal discharges in the residential/commercial area, while warm weather discharges of 
zinc were much greater than the cold weather discharges for the industrial area.  Warm weather flows 
were also the predominant sources of phosphorus for the industrial area.   

One of the interesting observations is that, at these monitoring locations, warm weather 
stormwater runoff only contributed about 20 to 30 percent of the total annual flows being discharged from 
the separate stormwater outfalls.  The magnitudes of the base flows were especially surprising, as these 
monitoring locations were research sites to investigate stormwater processes and were carefully 
investigated to ensure that they did not have significant inappropriate discharges before they were 
selected for the monitoring programs. 

In comparing runoff from the industrial and residential catchments, Pitt and McLean (1986) 
observed that concentrations of most constituents in runoff from the industrial watershed were typically 
greater than the concentrations of the same constituents in the residential runoff.  The only constituents 
with a unit-area yield that were lower in the industrial area were chlorides and total dissolved solids, which 
was attributed to the use of road de-icing salts in residential areas.  Annual yields of several constituents 
(total solids, total dissolved solids, chlorides, ammonia nitrogen, and phenolics) were dominated by cold 
weather flows, irrespective of the land use. 

A comparison of the Toronto sheet flow data from the different land-use areas indicated that the 
highest concentrations of lead and zinc were found in samples collected from paved areas and roads 
during both rain runoff and snowmelt (Pitt and McLean, 1986).  Fecal coliform values were significantly 
higher on sidewalks and on, or near, roads during snowmelt sampling, likely because these areas are 
where dogs would be walked in winter conditions.  In warm weather, dog walking would be less 
concentrated into these areas.  The concentrations for total solids from grass or bare open areas were 
reduced dramatically during snowmelt compared to rain runoff, an indication of the reduced erosion and 
the poor delivery of particulate pollutants during snowmelt periods.  Cold weather sheet flow median 
concentrations of particulate solids for the grass and open areas (80 mg/L) were much less than the TSS 
concentrations observed during warm weather runoff (250 mg/L) for these same areas.  Snowmelt total 
solids concentrations also increased in areas located near roads due to the influence of road salting on 
dissolved solids concentrations.  In the residential areas, streets were the most significant source of 
snowmelt solids, while yards and open areas were the major sources of nutrients.  Parking and storage 
areas contributed the most snowmelt pollutants in the industrial area.  An analysis of snow samples taken 
along a transect of a snowpack adjacent to an industrial road showed that the pollutant levels decreased 
as a function of distance from the roadway.  At distances greater than 3 to 5 meters from the edge of the  
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172 Urban Stormwater Management in the United States 

BOX 3-8 Continued 

snowpack, the concentrations were relatively constant.  Novotny et al. (1986) sampled along a transect of 
a snowpack by a freeway in Milwaukee.  They also found that the concentration of constituents 
decreased as the distance from the road increased.  Most of the measured constituents, including total 
solids and lead, were at or near background levels at 30 meters or more from the road. 

TABLE 3-9 Median Pollutant Concentrations Observed at Toronto Outfalls during Warm Weather1 

Measured Parameter Baseflow Stormwater 
Residential Industrial Residential Industrial 

Stormwater volume (m3/ha/season) — — 950 1500 
Baseflow volume (m3/ha/season) 1700 2100 — — 
Total residue 979 554 256 371 
Total dissolved solids 973 454 230 208 
Suspended solids <5 43 22 117 
Chlorides 281 78 34 17 
Total phosphorus 0.09 0.73 0.28 0.75 
Phosphates <0.06 0.12 0.02 0.16 
Total Kjeldahl nitrogen (organic N plus NH3) 0.9 2.4 2.5 2.0 
Ammonia nitrogen <0.1 <0.1 <0.1 <0.1 
Chemical oxygen demand 22 108 55 106 
Fecal coliform bacteria (#/100 mL) 33,000 7,000 40,000 49,000 
Fecal strep. bacteria (#/100 mL) 2,300 8,800 20,000 39,000 
Pseudo. aeruginosa bacteria (#/100 mL) 2,900 2,380 2,700 11,000 
Cadmium <0.01 <0.01 <0.01 <0.01 
Chromium <0.06 0.42 <0.06 0.32 
Copper 0.02 0.05 0.03 0.06 
Lead <0.04 <0.04 <0.06 0.08 
Zinc 0.04 0.18 0.06 0.19 
Phenolics (µg/L) <1.5 2.0 1.2 5.1 
α-BHC (ng/L) 17 <1 1 3.5 
γ-BHC (lindane) (ng/L) 5 <2 <1 <1 
Chlordane (ng/L) 4 <2 <2 <2 
Dieldrin (ng/L) 4 <5 <2 <2 
Pentachlorophenol (ng/L) 280 50 70 705 
1Values are in mg/L unless otherwise indicated.  Warm weather samples were obtained during the late 
spring, summer, and early fall months when the air temperatures were above freezing and no snow was 
present. 

continues next page 
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BOX 3-8 Continued 

TABLE 3-10 Median Pollutant Concentrations Observed at Toronto Outfalls during Cold Weather1 

Measured Parameter Base flow Snow melt 
Residential Industrial Residential Industrial 

Stormwater volume (m3/ha/season) — — 1800 830 
Base flow volume (m3/ha/season) 1100 660 — — 
Total residue 2230 1080 1580 1340 
Total dissolved solids 2210 1020 1530 1240 
Suspended solids 21 50 30 95 
Chlorides 1080 470 660 620 
Total phosphorus 0.18 0.34 0.23 0.50 
Phosphates <0.05 <0.02 <0.06 0.14 
Total Kjeldahl nitrogen (organic N plus NH3) 1.4 2.0 1.7 2.5 
Ammonia nitrogen <0.1 <0.1 0.2 0.4 
Chemical oxygen demand 48 68 40 94 
Fecal coliform bacteria (#/100 mL) 9800 400 2320 300 
Fecal strep bacteria (#/100 mL) 1400 2400 1900 2500 
Pseudomonas aeruginosa bacteria (#/100 mL) 85 55 20 30 
Cadmium <0.01 <0.01 <0.01 0.01 
Chromium <0.01 0.24 <0.01 0.35 
Copper 0.02 0.04 0.04 0.07 
Lead <0.06 <0.04 0.09 0.08 
Zinc 0.07 0.15 0.12 0.31 
Phenolics (mg/L) 2.0 7.3 2.5 15 
α-BHC (ng/L) NA 3 4 5 
γ-BHC (lindane) (ng/L) NA NA 2 1 
Chlordane (ng/L) NA NA 11 2 
Dieldrin (ng/L) NA NA 2 NA 
Pentachlorophenol (ng/L) NA NA NA 40 
1Values are in mg/L unless otherwise indicated.  Cold weather samples were obtained during the winter months when the air 
temperatures were commonly below freezing. Snowmelt samples were obtained during snowmelt episodes and when rain fell on 
snow. 
NA, not analyzed 

As atmospheric contaminants deposit, they can exert an influence on stormwater in 
several ways. Contaminants deposited by wetfall are directly conveyed to stormwater while 
those in dryfall can be washed off the land surface.  For both processes, the atmospheric load of 
contaminants is strongly influenced by characteristics such as the amount of impervious surface, 
the magnitude and proximity of emission sources, wind speed and direction, and precipitation 
magnitude and frequency (Schueler, 1983).  Deposition rates can depend on the type of 
contaminant and can be site-specific.  The relationships between atmospheric deposition and 
stormwater quality are, however, not well understood and difficult to determine.  Following are a 
few illustrative examples. 
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174 Urban Stormwater Management in the United States 

Southern California 

Several studies have addressed atmospheric deposition in Southern California (e.g., Lu et 
al., 2003; Harris and Davidson, 2005; Stolzenbach et al., 2007).  Stolzenbach et al. and Lu et al. 
conclude the following for this region: 
• 	 the major source of contaminants to the atmosphere in this region is associated with 

resuspended dust, primarily from roads, 
• 	 contaminants in resuspended dust may reflect historical as well as current sources and 

distant as well as local sources, 
• 	 atmospheric loadings to the receiving water are primarily the result of chronic daily dry 

deposition of large particles greater than 10 µm in size on the watershed rather than directly 
on a waterbody, 

• 	 significant spatial variability occurs in trace metal mass loadings and deposition fluxes, 
particularly along transportation corridors along the coast and the mountain slopes of the 
airshed, 

• 	 significant diurnal and seasonal variations occur in the deposition of trace metals, and 
• 	 atmospheric deposition of metals is a significant component of contaminant loading to 

waterbodies in the region relative to other point and nonpoint sources.  

Harris and Davidson (2005) have reported that traditional sources of lead to the south coast 
air basin of California accounted for less than 15 percent of the lead exiting the basin each year.  
They resolve this difference by considering that lead particles deposited during the years of 
leaded gasoline use are resuspended as airborne lead at this time, some decades after their 
original deposition. This result indicates that lead levels in the soil will remain elevated for 
decades and that resuspension of this lead will remain a major source of atmospheric lead well 
into the future. 

Sabin et al. (2005) assessed the contribution of trace metals (chromium, copper, lead, 
nickel, and zinc) from atmospheric deposition to stormwater runoff in a small impervious urban 
catchment in the Los Angeles area.  Dry deposition contributed 90 percent or more of the total 
deposition inside the catchment, indicating the dominance of dry deposition in semi-arid regions 
such as Los Angeles. Deposition potentially accounted for from 57 to 90 percent of the total 
trace metals in stormwater in the study area, demonstrating that atmospheric deposition can be an 
important source of trace metals in stormwater near urban centers. 

San Francisco 

Dissolved copper is toxic to phytoplankton, the base of the aquatic food chain.  Copper and 
other metals are released in small quantities when drivers depress their brakes.  The Brake Pad 
Partnership (http://www.suscon.org/brakepad/index/asp) has conducted studies to determine how 
much copper is released as wear debris, and how it travels through the air and streets to surface 
waters. A comprehensive and complex model of copper loads to and of transport and reactions 
in San Francisco Bay was developed (Yee and Franz, 2005).  Objectives were to provide daily 
loadings of flow, TSS, and copper to the bay and to estimate the relative contribution of brake 
pad wear debris to copper in the bay. The modeling results (Rosselot, 2006a) indicated that an 
estimated 47,000 kg of copper was released to the atmosphere in the Bay Area in 2003.  Of this 

PREPUBLICATION 


RB-AR14796



 

 
 

 

 

 
 

 

175 Effects of Urbanization on Watersheds 

amount, 17,000 kg Cu/yr was dry-deposited in subwatersheds; 3,200 kg Cu/yr was wet-deposited 
in subwatersheds; 1,200 kg Cu/yr was dry-deposited directly to bay waters; and 1,300 kg Cu/yr 
was wet-deposited directly to bay waters. The remaining 24,000 kg Cu/yr remained airborne 
until it left the Bay Area.  The contribution of copper from brake pads to the bay is estimated to 
range from 10 to 35 percent of the total copper input, with the best estimate being 23 percent 
(Rosselot, 2006a,b). 

Washington, D.C., Metropolitan Area 

Schueler (1983) investigated the atmospheric deposition of several contaminants in 
Washington, D.C., and its surrounding areas in the early 1980s.  The contaminants assessed 
included trace metals (cadmium, copper, iron, lead, nickel, and zinc), nutrients (nitrogen and 
phosphorus), solids, and organics as measured collectively by BOD and COD.  Dryfall solids 
loading increased progressively from rural to urban sites.  A similar trend was observed for total 
phosphorus, total nitrogen, and trace metal dry deposition rates.  Wet deposition rates exhibited 
few consistent regional patterns. 

The relative importance of wet and dry deposition varied considerably with each 
contaminant and each site.  For example, most of the nitrogen was supplied by wet deposition 
while most of the phosphorus was delivered via dry deposition.  If a contaminant is deposited 
primarily by wet deposition, it is likely that a major fraction of it will be rapidly entrained in 
urban runoff. 

Atmospheric sources were estimated to contribute from 70 to 95 percent of the total 
nitrogen load to urban runoff and 20 to 35 percent of the total phosphorus load. Overall, 
atmospheric deposition appeared to be a moderate source of pollutants in urban runoff.  
However, with the exception of nitrogen, atmospheric deposition was not the major source. 

Average annual atmospheric deposition rates suggested a general trend toward greater 
deposition rates from rural to suburban to urban sites.  This pattern was most pronounced for dry 
deposition. Wet deposition was the most important deposition mechanism for total nitrogen, 
nitrate, organic nitrogen, COD, copper, and zinc.  Dry deposition was most important for most 
soil-related constituents, such as total solids, iron, lead, total phosphorus, and orthophosphate. 

Measurements of rainfall pH showed median values between 4.0 and 4.1 at all stations and 
during all seasons.  Increased mobilization of trace metals from urban surfaces caused by acid 
rain was noted at several monitoring sites. 

*** 

Relationships between atmospheric deposition rates and the quality of urban stormwater 
are complex and cannot be generalized regionally or temporally.  Site-specific measurements or 
reliable estimates of (1) contaminant sources, (2) atmospheric particle size and contaminant 
concentrations, (3) deposition rates and mechanisms, (4) land surface characteristics, (5) local 
and regional hydrology and meteorology, and (6) contaminant concentrations in stormwater are 
needed to assess management decisions to improve stormwater quality.  Transportation is a 
major source of metals (lead in gasoline, zinc in tires, copper in brake pads).  The results of the 
modeling of copper in San Francisco and its watershed demonstrate the feasibility of modeling 
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176 Urban Stormwater Management in the United States 

the impact of a source, in this case copper input by atmospheric deposition, on water quality in a 
receiving waterbody. 

BIOLOGICAL RESPONSES TO URBANIZATION 

As discussed in Chapter 1, the biological integrity of aquatic ecosystems is influenced by 
five major categories of environmental stressors: (1) chemical, (2) hydrologic, (3) physical (e.g., 
habitat), (4) biological (e.g., disease, alien species), and (5) energy-related factors (e.g., nutrient 
dynamics).  Recent studies on biological assemblages in urban or urbanizing waters have begun 
to examine how stormwater stressors limit biological potential along various urban gradients 
(Horner et al., 2003; Carter and Fend, 2005; Meador et al., 2005; Barbour et al., 2008; Purcell et 
al., in press). Advances in biological monitoring and assessment over the past two decades have 
enabled much of this research.  Today, many states and tribes use biological data to directly 
measure their aquatic life beneficial uses and have developed numeric biocriteria that are 
institutionalized in their water quality standards.  Most of these approaches compare biology and 
stressors to suites of reference sites (Hughes, 1995; Stoddard et al., 2006), which can vary from 
near-pristine areas to agricultural landscapes.  While this section focuses on streams because of 
the wealth of data, similar work is being performed on other waterbody types such as wetlands 
(Mack and Micacchion, 2007) and estuaries, both of which are susceptible to stormwater 
pollutants such as metals because of their depositional nature (Morrisey et al., 2000). 

Aquatic life beneficial uses are based on achieving aquatic potential given feasible 
restorative actions. Because such potential may vary substantially across a region depending on 
land use and other factors, some states have adopted tiered aquatic life uses (see Box 2-1).  The 
potential of many urban streams is likely to be something less than “biological integrity” (the 
ultimate goal of the CWA) or even “fishable–swimmable” goals, which are the interim goals of 
the CWA. Indeed, there is a near-universal, negative association between biological 
assemblages in streams and increasing urbanization, to the extent that it has been termed the 
“Urban Stream Syndrome” (Walsh et al., 2005). Recent investigations that have quantified the 
responses of macroinvertebrates and other biological assemblages along multiple measures of 
urban/stormwater stressors have discussed how best to set aquatic life goals for urban streams 
(Booth and Jackson, 1997; Bernhardt and Palmer, 2007).  One of the most important 
contributions to this debate has been the development of the Biological Condition Gradient 
(BCG) concept by EPA. The BCG is an attempt to anchor and standardize interpretations of 
biological conditions and to unify biological monitoring results across the United States in order 
to advance the use of tiered aquatic life beneficial uses.  This section summarizes the 
characteristic biological responses to urban gradients, within the framework of the BCG, and it 
reviews evidence of biological responses within the aforementioned five major categories of 
environmental stressors. 

Biological Condition Gradient 

The BCG framework is an ecological model of how structural and functional components 
of biological assemblages change along gradients of increasing stressors of many kinds (Davies 
and Jackson, 2006). Ecological systems have some common general attributes related to their 
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177 Effects of Urbanization on Watersheds 

structure and function that form the basis for how biological organisms respond to stressors in 
the environment.  Over the past 20 years, development of biological indicators nationwide has 
taken advantage of these repeatable biological responses to stress; however, state benchmarks 
often have varied substantially, even between adjacent states.  To gain consistency, the EPA 
convened a national workgroup of EPA Regions, States, and Tribes to develop the BCG—a 
standardized, nationally applicable model that defines important attributes of biological 
assemblages and describes how these attributes change along a gradient of increasing stress from 
pristine environments to severely impaired conditions (Figure 3-30; Davies and Jackson, 2006).  
The goals of this work were to improve national consistency in the rating and application of 
biological assessment tools for all types of waterbodies and to provide a baseline for the 
development of tiered aquatic life uses. 

The Biological Condition Gradient:  Biological Response to 

Increasing Levels of Stress 


Levels of Biological Condition 
Natural structural, functional, and

taxonomic integrity is preserved.
 

Structure & function similar to natural 

community with some additional taxa &

biomass; ecosystem level functions are

fully maintained.
 

Evident changes in structure due to loss 

of some rare native taxa; shifts in relative 

abundance; ecosystem level functions

fully maintained.
 

Moderate changes in structure due to

replacement of sensitive ubiquitous taxa

by more tolerant taxa; ecosystem

functions largely maintained.
 

Sensitive taxa markedly diminished;

conspicuously unbalanced distribution 

of major taxonomic groups; ecosystem

function shows reduced complexity &

redundancy.
 

Extreme changes in structure and

ecosystem function; wholesale changes

in taxonomic composition; extreme

alterations from normal densities.
 

Chemistry, habitat, and/or flow 
regime severely altered from 

natural conditions. 

FIGURE 3-30 The Biological Condition Gradient (BCG) and summaries of biological condition 
along tiers of this gradient. SOURCE: Modified from Davies and Jackson (2006) by EPA. 
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178 Urban Stormwater Management in the United States 

To date, the BCG has been applied to assemblages including aquatic macroinvertebrates, 
fish, Unionid mussels, and algae in streams, but it could be applied to any organism group in any 
type of waterbody. The BCG is derived by applying a suite of ten ecological attributes that 
allows biological condition to be interpreted independently of assessment method (Table 3-11; 
Davies and Jackson, 2006). The first five attributes focus on taxa sensitivity, an important 
component of tools such as multimetric indices (e.g., the Index of Biotic Integrity [IBI], the 
Invertebrate Community Index [ICI]; see Box 2-3) used in the United States and Europe.  Many 
indicator taxa have been widely studied, and, for groups such as fish, historical data often exist.  
Most states have established lists of tolerant and intolerant species as part of their use of 
biological indices (Simon and Lyons, 1995).  The relatively large literature on species population 
and distribution changes in response to stressors and landscape condition offers insight into the 
mechanisms for population shifts, some of which are summarized in this section. 

The first two attributes of the BCG relate to those streams that are closest to natural or 
pristine, with most taxa “as naturally occur.”  Attribute 1 and 2 taxa are the most sensitive 
species that typically disappear with even minor stress.  Table 3-12 lists some example attribute 
1 taxa for four different regions of the United States.  Attribute 3 reflects more ubiquitous, but 
still sensitive, species that can provide information as human influence on the landscape becomes 
more obvious, but is not yet severe.  Attributes 5 and 6 are taxa that increase in abundance and 
distribution with increasing stress.  The organism condition attribute (7) includes the presence of 
anomalies (e.g., tumors, lesions, eroded fins, etc.) or the presence of large or long-lived 
individuals in a population. Most natural streams typically have few or incidental rates of 
“anomalies” associated with disease and stress. Natural waterbodies typically also have the 
entire range of life stages present, as would be expected.  However, as stress is increased, larger 
individuals may disappear or emigrate, or reproductive failure may occur.  Ecosystem function 
(attribute 8) is very difficult to measure directly (Davies and Jackson, 2006).  However, certain 
functions can be inferred from structural measures common to various multimetric indices, 
examples of which are listed in Table 3-13.  The last two attributes (9 and 10) may be of 
particular importance with regard to stormwater and urban impacts.  Cumulative impacts are a 
characteristic of urbanization, and biological organisms typically integrate the effects of many 
small insults to the landscape.  Additionally, most natural systems often have strong 
“connectance,” such that aquatic life often has stages that rely on migrating across multiple types 
or sizes of waterbodies. Urbanized streams can decrease connectance by creating migration 
blocks, including vertical barriers at road crossings and small dams (Warren and Pardew, 1998). 

TABLE 3-11 Ecological attributes that comprise the basis for the BCG 
1. Historically documented, sensitive, long-lived or regionally endemic taxa  
2. Sensitive-rare taxa 
3. Sensitive-ubiquitous taxa 
4. Taxa of intermediate tolerance 
5. Tolerant taxa 
6. Non-native or introduced taxa 
7. Organism condition 
8. Ecosystem functions 
9. Spatial and temporal extent of detrimental effects 
10. Ecosystem connectance 
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179 Effects of Urbanization on Watersheds 

TABLE 3-12  Example of Taxa that Might Serve as Attribute 1: “Historically Documented, 
Sensitive, Long-Lived, Regionally Endemic Taxa for Streams in Four Regions of the United 
States” 

SOURCE: Table 7 from Davies and Jackson (2006). Reprinted, with permission, from Davies and 
Jackson (2006). Copyright 2006 by Ecological Society of America. 

TABLE 3-13  Function Ecological Attributes or Process Rates and Their Structural Indicators 

SOURCE: Table 4 from Davies and Jackson (2006). Reprinted, with permission, from Davies and 
Jackson (2006). Copyright 2006 by Ecological Society of America. 
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180 Urban Stormwater Management in the United States 

Construction of a BCG creates a conceptual framework for developing stressor–response 
gradients for particular urban areas. The initial work done to develop the BCG derived a series 
of six tiers to describe a gradient of biological condition that is anchored in pristine conditions 
(“as naturally occurs”) and that extends to severely degraded conditions (see Figure 3-30).  
Exercises done by the national work group to derive such a gradient for macroinvertebrates in 
wadeable streams showed strong consistency in assigning tiers to datasets using the descriptions 
of taxa for each attribute along these gradients (Davies and Jackson, 2006).  Substantial data 
already exist to populate many of the attributes of the BCG and to provide mechanistic 
underpinning for the expected directions of change. 

The BCG is not a replacement for assessment tools such as the IBI or multivariate 
predictive models (e.g., RIVPACS approach), but rather a conceptual overlay for characterizing 
the anchor point-of-reference conditions and a consistent way to communicate biological 
condition along gradients of stress. As such, it has strong application to understanding 
stormwater impacts and to communicating where a goal is located along the gradient of 
biological condition. While most urban goals may be distant from “pristine” or “natural,” the 
BCG process can dispel misconceptions that alternate urban goals are “dead streams” or unsafe 
in some manner. 

Factors Limiting Aquatic Assemblages in Urban Waters 

A slew of recent investigations have quantified the responses of macroinvertebrates and 
other biological assemblages to multiple measures of urbanization and to stormwater in 
particular. One important conclusion of some of this work is that declines in the highest 
biological condition start with low levels of anthropogenic change (e.g., 5 to 25 percent 
impervious surface); higher levels of urbanization severely alter aquatic conditions (Horner et al., 
2003). This has important consequences for protecting sites with the highest biological integrity, 
as they may be among the most vulnerable.  The non-threshold nature of this aquatic response 
and the typical wedge-shaped response to multiple stressors by aquatic assemblages are 
discussed in Box 3-9. 

The sections that follow review the evidence underlying biological responses to each of 
the major categories of stressors: chemical, hydrologic, physical habitat, biological, and energy-
related factors.  As will be evident in some of the examples, the stressors themselves can interact 
(e.g., flow can influence habitat, habitat can influence energy processing, etc.), which increases 
the complexity of understanding how stormwater affects aquatic ecosystems. 

Biological Responses to Toxic Pollutants 

The chemical constituents of natural streams vary widely with climatic region, stream 
size, soil types, and geological setting.  Most small natural streams, outside of unique areas wth 
naturally occurring toxicants, have very low levels of chemicals considered to be toxicants and 
have relatively low levels of dissolved and particulate materials in general.  This applies to 
chemicals in the water column and in sediments.  Increasing amounts of impervious surface in 
the watershed typically increase the concentrations of many chemical parameters in runoff 
derived from urban surfaces (e.g., Porcella and Sorenson, 1980; Sprague et al., 2007).   
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181 Effects of Urbanization on Watersheds 

BOX 3-9 
Non-threshold Nature of the Decline of Biological 

Assemblages Along Urban Stressor Gradients 

Several recent surveys have demonstrated that biological assemblages begin to decline in 
condition with even low levels of urban disturbance as measured by various gradients of urbanization 
(e.g., May, 1996; Horner et al., 1997; May et al., 1997; Horner et al., 2003; Moore and Palmer, 2005; 
Barbour et al., 2008).  This box summarizes the work of Horner et al. (2003) in small streams in three 
regions: Montgomery County, Maryland; Austin, Texas; and the Puget Sound area of Washington.  
Geographic Information System (GIS) analyses using information such as land use, total impervious area, 
and riparian land use were used to develop multi-metric Watershed Condition Indices (WCIs) for each 
region.  These in turn were related to fish and macroinvertebrate indices, e.g., benthic IBIs, (B-IBI, all 
three regions), a fish IBI (F-IBI for Maryland) and an index that was the ratio of the sensitive coho salmon 
to the more tolerant cutthroat trout in collections for the Puget Sound lowland area. 

In each of these areas, no or extremely low urban development, substantial forest cover, and 
minimal disturbance of riparian zones characterized sites with the highest biological scores, but these 
conditions did not guarantee high scores because other impacts could limit biology even with these 
“natural” characteristics.  In all three regions, high urbanization and loss of natural cover always led to 
biological degradation (Figures 3-31 and 3-32).  The results of this study were similar to other recent 
studies such as Barbour et al. (2008) that identify a “wedge-shaped” relationship or a “polygonal” 
relationship (Carter and Fend, 2005) between urban gradients and biological condition.  These types of 
relationships have also been termed “factor-ceiling” relationships (Thomson et al., 1996).  The outer 
surface of these wedges or polygons reflects where the urban gradients limit biological assemblages, 
such that points below this surface typically represent sites affected by other stressors (e.g., combined 
sewer overflows, discharges, etc.).  In all of these studies it is easier to predict loss of biological 
conditions as the urban gradients (e.g., WCI) worsen than it is to ensure high biological integrity at low 
proportions of urban stress (because some other stressor may still limit aquatic condition). 

FIGURE 3-31  Plots of a measure of urbanization (TIA + Wetland & Forest Cover + IRI) versus B-IBIs for 
Austin, Texas (left), and Montgomery County, Maryland (right).  SOURCE: Horner et al. (2003).  
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182 Urban Stormwater Management in the United States 

BOX 3-9 Continued 

FIGURE 3-32  Plots of a measure of urbanization (TIA + Wetland & Forest Cover + IRI) versus B-IBIs for 
Puget Sound (left) and versus the ratio of coho salmon to cutthroat trout for Puget Sound (right).  
SOURCE: Horner et al. (2003). 

Horner et al. (2003) also focused on whether structural SCMs could moderate the effects of 
urbanization on biological assemblages.  They made detailed observations of two subbasins in the Puget 
Sound lowland area, one with a greater degree of stormwater management than the other (although 
neither had what would be considered comprehensive stormwater management with a focus on water 
quality issues).  As shown in Figure 3-33, at the highest levels of urbanization (triangles), the subbasin 
with the more extensive use of structural SCMs did have better biological conditions.  There was less 
evidence of biological benefit in the watershed that used SCMs but it had only moderate urbanization and 
more natural land cover (squares and diamonds).  There were no circumstances where high biological 
condition was observed along with the use of SCMs because high biological condition only occurred 
where little human alteration was present, and thus SCMs were not used. 

FIGURE 3-33  Macroinvertebrate community index versus structural SCM density with the highest, 
intermediate, and lowest one-third of natural watershed and riparian cover.  The upper and lower 
horizontal lines represent indices considered to define relatively high and low levels of biological integrity, 
respectively.  SOURCE: Horner et al. (2003). 
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183 Effects of Urbanization on Watersheds 

Stormwater concentrations of these pollutants can be variable and sometimes extreme or “toxic” 
depending on the timing of flows (e.g., first flush), although concentrations at base flows may 
not routinely exceed water quality benchmarks (Sprague et al., 2007).  Historical deposition of 
toxics in sediments can also be responsible for extremely high pollutant concentrations within 
waterbodies, even though the stormwater discharges may no longer be active.  These situations 
have been termed “legacy pollution” and are most commonly associated with urban centers that 
have a history of industrial production. 

Natural constituents such as dissolved materials (e.g., chlorides), particulate material 
(e.g., fine sediments), nutrients (e.g., phosphorus and nitrogen compounds), as well as a myriad 
of man-made parameters such as heavy metals and organic chemicals (e.g., hydrocarbons, 
pesticides and herbicides) have been documented to be increased and at times pervasive in 
stormwater (Heany and Huber, 1984; Paul and Meyer, 2001; Roy et al., 2003; Gilliom et al., 
2006) although specific patterns of concentrations can vary with region and ecological setting 
(Sprague et al., 2007). Water chemistry impacts can also arise from a complex array of 
permitted discharges, storm sewer discharges, and combined sewer overflows that are treated to 
certain limits but at times fail to remove all constituents from flows, especially when associated 
with storm events (Paul and Meyer, 2001).   

Streams in urban settings can have increases in toxicant levels compared to background 
concentrations.  In many instances these cases have been associated with loss of aquatic species 
and impairment of aquatic life goals (EPA, 2002a), which are usually explained in terms of 
typical lethal responses. The complexity of urban systems with regard to pathways, magnitude, 
duration, and timing of toxicity as well as possible synergistic or antagonistic effects of mixtures 
of pollutants argues for a broad approach to characterizing effects including not only toxicity 
testing, but also novel approaches and direct monitoring of biological assemblages (Burton et al., 
1999). What is problematic from a traditional management perspective is that aquatic 
communities may decline before exceedances of water quality criteria are evident (May et al., 
1997; Horner et al., 2003). 

The first three BCG attributes focus on populations of species of high to very high 
sensitivity, most of which are uncommon or absent in waters with any substantial level of 
urbanization. Multi-metric indices such as IBI, which reflect loss of these species, decline at 
least linearly with increasing urbanization (e.g., Miltner et al., 2004; Meador et al., 2005; Walters 
et al., 2005). Although toxicity to compounds varies with species, many species of federal and 
state endangered and threatened aquatic species are more sensitive than “commonly” used test 
species (Dwyer et al., 2005), such that the loss of aquatic species when toxicant levels exceed 
criteria are readily explained. 

The mechanisms of species population declines in response to chemical contaminants are 
likely complex and not just limited to direct lethality of the pollutant.  Indeed, initial chemical 
changes may have no “toxic” effects, but rather could change competitive and trophic dynamics 
by changing primary production and energy dynamics in streams.  For example, exposures to 
aromatic and chlorinated organic compounds from sediments derived from urban areas have 
been found to increase the susceptibility of salmonids to the bacterial pathogen Vibrio 
anguillarum (Arkoosh et al., 2001). Recent work has found that salmonids show substantial 
behavioral changes from olfactory degradation related to copper at concentrations as low as 2 
µg/L, well below copper water quality criteria and above levels measured in most stormwater
affected streams (Hecht et al., 2007; Sandahl et al., 2007).  Salmonid and other fish depend 
extensively on olfactory cues for feeding, emigration, responding to prey and predators, social 
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and spawning interactions, and other behaviors, such that loss or diminution of such cues may 
have population-level effects on these species (Sandahl et al., 2007).  Copper has been shown to 
cause olfactory effects on other species (Beyers et al., 2001) and to impair the sensory ability of 
the fish lateral line (Hernandez et al., 2006), which is nearly ubiquitous in fishes and important 
for most freshwater species in feeding, schooling, spawning, and other behaviors. 

Whole effluent toxicity testing or sediment toxicity testing may misclassify the effects of 
runoff and effluents in urban settings (Burton et al., 1999).  Short-term toxicity tests of 
stormwater often result in no identified toxicity.  However, longer studies (e.g., 30 days) have 
shown increasing toxicity with time (Masterson and Bannerman, 1994; Ramcheck and 
Crunkilton, 1995). This suggests that the mechanism of toxicity could be through an ingestion 
pathway, for example, rather than gill uptake.  Metals are often in high concentrations where fine 
sediments accumulate, and their legacy can extend past the time period of active discharge.  
Metal concentrations in urban stream sediments have been associated with high rates of fish and 
invertebrate anomalies such as tumors, lesions, and deformities (Burton, 1992; Ingersoll et al., 
1997; Smith et al., 2003). 

Biological Responses to Non-Toxicant Chemicals 

Non-toxic chemical compounds that occur in stormwater such as nutrients, dissolved 
oxygen (DO), pH, and dissolved solids as well as physical factors such as temperature can have 
impacts on aquatic life.  The effects of some of these compounds (e.g., DO, pH) have been well 
documented from other impacts (e.g., wastewater, mining), such that nearly all states have 
developed water quality criteria for these parameters.  For example, nutrient enrichment in 
stormwater runoff has been associated with declines of biological condition in streams (Miltner 
and Rankin, 1998). Chloride, sulfate, and other dissolved ions that are often elevated in urban 
areas can have effects on osmoregulation of aquatic organisms and have been associated with 
loss of species sensitive to dissolved materials such as mayflies (Kennedy et al., 2004).  The 
concentrations of these compounds can vary regionally (Sprague et al., 2007) and with the 
degree of urbanization. 

Water quality criteria for temperature were spurred by the need for thermal permits for 
industrial and power plant cooling water discharges.  There is a very large literature on the 
importance of water temperature to aquatic organisms; preference, avoidance, and lethal 
temperature ranges have been derived for many aquatic species (e.g., Brungs and Jones, 1977; 
Coutant, 1977; Eaton et al., 1995).  In addition, temperature is one of the key classification strata 
for aquatic life, in that streams are routinely classified as cold water, cool water, or warm water 
based on the geographic and natural settings of waters.  The removal of catchment and riparian 
vegetation and the general increase in surface runoff from impervious, man-made, and heat-
capturing surfaces has been associated with increasing water temperatures in urban waterbodies 
(Wang and Kanehl, 2003; Nelson and Palmer, 2007). A number of researchers have created 
models to predict in-stream temperatures based on urban characteristics (Krause et al., 2004; 
Herb et al., 2008). 
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Hydrologic Influences on Aquatic Life 

The importance of “natural” flow regimes on aquatic life has been well documented (Poff 
et al., 1997; Richter et al., 1997a, 2003).  As watersheds urbanize, flow regimes change from 
little runoff to over 40 to 90 percent of the rainfall becoming surface runoff (Roesner and 
Bledsoe, 2003). Flow regimes in urban streams typically are very “flashy,” with higher and 
more frequent peak events, compared to undisturbed systems (Poff et al., 1997; Baker et al., 
2004) and well as reduced base flows and more frequent desiccation (Bernhardt and Palmer, 
2007). Richter et al. (1996) proposed a series of indicators that could be used to measure 
hydrologic disturbance, many of which have been used in the recent studies identifying the 
hydrologic effects of stormwater on aquatic biota (Barbour et al., 2008).  Pomeroy et al. (2008) 
did an extensive review of which flow characteristics appear to have the greatest influence on 
biological metrics and biological integrity.  No single measure of flow was found to be 
significant in all studies; however, important attributes included flow variability and flashiness, 
flood frequency, flow volume, flow variability, flow timing, and flow duration. 

There are a number of mechanisms that may be responsible for the influence of flow 
characteristics on aquatic assemblages.  Aquatic species vary dramatically in their swimming 
performance and behaviors, and species are generally adapted to undisturbed flow regimes in an 
area. Many low- to moderate-gradient small streams in the United States, for example, have 
strong connections with their flood-prone areas and often possess habitat features that insulate 
poor swimming species from episodic natural high flows.  Undercut banks, rootwads, oxbows, 
and backwater habitats all can act as refugia from high flows.  Some aquatic species are more or 
less mobile within the sediments, like certain macroinvertebrates (meiofauna or hyporheos) and 
fish species such as sculpins and madtoms.  Secondary impacts from hydrologic changes such as 
bank erosion and aggradation of fines can render substrates embedded and prohibit organisms, 
particularly the meiofauna, from moving vertically within the bottom substrates (Schmid-Araya, 
2000). Substrate fining has been documented to occur with increasing urbanization, especially in 
the early stages of development, which can embed spawning habitats and eliminate or reduce 
spawning success of fish such as salmonids and minnows (Waters, 1995). 

Flood flows can cause mortality in the absence of urbanization.  For example, flood flows 
in streams under natural conditions have been documented as a cause of substantial mortality in 
young or larval fish such as smallmouth bass (Funk and Fleener, 1974; Lorantas and Kristine, 
2004). Increased flashiness from urbanization is likely to exacerbate this effect.  Thus, increases 
in the frequency of peak flows during spring will increase the probability of spawning failure, 
such that sensitive species may eventually be locally extirpated.  In urban areas, culverts and 
other flow obstructions can create conditions that may preclude re-colonization of upstream 
reaches because weak-swimming fishes cannot move past flow constrictions or leap past vertical 
drops caused by artificial structures.   

Hydrologic simplification and stream straightening that occur in urban streams, often as a 
result of increased peak flows or as a local management response, typically remove habitat used 
as temporary refuges from high flows, such as backwater areas, undercut banks, and rootwads.  
There is a large literature relating populations of fish and macroinvertebrates to various habitat 
features of streams, rivers, and wetlands.  The first two attributes of the BCG identify taxa that 
are historically documented, sensitive, long-lived, or regionally endemic taxa or sensitive-rare 
taxa. Many of these taxa are endangered because of large-scale changes in flow-influenced 
habitats; that is, threats of extinction often center on habitat degradation that influence spawning, 
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feeding, or other aspects of a species life history (Rieman et al., 1993).  In contrast, many of the 
fish and macroinvertebrate taxa that compose regional lists of tolerant taxa are tolerant to habitat 
changes related to flow disturbance as well as chemical parameters. Understanding the life 
history attributes of certain species and how they may change with multiple stressors (Power, 
1997) is an important tool for understanding complex responses of aquatic ecosystems to urban 
stressors. 

Geomorphic and Habitat Influences on Aquatic Life 

In natural waters, geomorphic factors and climate, modified by vegetation and land use, 
constrain the types of physical habitat features likely to occur in streams (Webster and 
D’Angelo, 1997). For example, very-low-gradient streams may have few riffles and be 
dominated by woody debris and bank cover, whereas higher gradient waters may have more 
habitat types formed by rapidly flowing waters (riffles, runs).  Aquatic life in streams is 
influenced directly by the habitat features that are present, such as substrate types, in-stream 
structures, bank structure, and flow types (e.g., deep-fast vs. shallow-slow).   

As discussed previously, human alteration of landscapes, encroachment on riparian areas, 
and direct channel modifications (e.g., channelization) that acompany urbanization have often 
resulted in unstable channels, with negative consequences for aquatic habitat.  As urbanization 
has increased, channel density has declined because streams have been piped, dewatered, and 
straightened (Meyer and Wallace, 2001; Paul and Meyer, 2001).  Changes in the magnitude, 
relative proportions, and timing of sediment and water delivery have resulted in loss of aquatic 
life and habitat via a wide range of mechanisms, including changes in channel bed materials, 
increased suspended sediment loads, loss of riparian habitat due to bank erosion, and changes in 
the variability of flow and sediment transport characteristics relative to aquatic life cycles 
(Roesner and Bledsoe, 2003). There are still significant gaps in knowledge about how 
stormwater stressors can affect stream habitat, especially as one moves from the reach scale to 
the watershed scale. Understanding the stage and trajectory of channel evolution is critical to 
understanding channel recovery and expected habitat conditions or in choosing effective 
restoration options (Simon et al., 2007).   

Across much of the United States, stream habitats have been altered to the imperilment of 
aquatic species (Williams et al., 1989; Richter et al., 1997b; Strayer et al., 2004).  A study of 
rapidly urbanizing streams in central Ohio identified the loss of highly and moderately sensitive 
species as a key factor the decline in the IBI in these streams (Miltner et al., 2004).  These 
streams had historical fish collections when they were primarily influenced by agricultural land 
use; sampling after the onset of suburban development documented the loss of many of these 
species attributable to land-use changes and habitat degradation along these urban streams.  
Along the BCGs that have been developed for streams, most of the species in attributes 1–3 are 
specialists requiring very specific habitats for spawning, feeding, and refuge.  Habitat alteration, 
either direct or indirect, creates harsh environments that tend to favor tolerant taxa, which would 
otherwise be in low abundance. Often these tolerant species are characterized by high 
reproductive potential, generalist feeding behaviors, tolerance to chemical stressors such as low 
DO, and pioneering strategies that allow rapid recolonization following acute stressful events.   
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Altered Energy Pathways in Urban Streams 

The pathways of energy flow in streams are an important determinant of aquatic species 
distributions. In most natural temperate streams, headwaters transform and export energy from 
stream side vegetation and adjacent land uses into aquatic biomass.  The types, amount, and 
timing of delivery of water, organic material, and debris have important consequences for 
conditions downstream (Dolloff and Webster, 2000).  The energy-transforming aspect of stream 
ecosystems is difficult to capture directly, so most measures are surrogates, such as the trophic 
characteristics of assemblages and chemical and physical characteristics consistent with natural 
energy processes. 

An increasingly urban landscape can have a complex array of effects on energy dynamics 
in streams (Allan, 2004).  Loss of riparian areas and changes in riparian vegetation can reduce 
the supply and quality of coarse organic matter that forms the base of aquatic food webs in most 
small streams.  The reduction in the amount of organic matter with riparian loss is obvious; 
however, changing species of vegetation (e.g., invasion or planting of exotic species) can affect 
the quality of organic matter and influence higher trophic levels because, for example, exotic 
species may have different nutrient values (e.g., C/N ratios, trace chemicals) or process nutrients 
at a different rate (Royer et al., 1999).  Furthermore, native invertebrate taxa may not be adapted 
to utilize the exotic material (Miller and Boulton, 2005).  For example, changes in leaf species in 
a stream may alter the macroinvertebrate community by favoring species that feed on fast-
decaying versus slow-decaying leaves (Smock and MacGregor, 1988; Cummins et al., 1989; 
Gregory et al., 1991). 

Other recent work is examining ways that changes in geomorphology with increasing 
urbanization can influence trophic structure in streams (Doyle, 2006).  Groffman et al. (2005) 
examined nitrogen processing in stream geomorphic structures such as bars, riffles, and debris 
dams in suburban and forested areas.  Although suburban areas had high rates of production in 
organic-rich debris dams and gravel bars, higher storm flow effects in urban streams may make 
these features less stable and able to be maintained (Groffman et al., 2005).  Changes in habitat 
and riparian vegetation may greatly alter trophic patterns of energy transport.  For example, local 
nutrient enrichments combined with reduced riparian vegetation can result in nuisance algal 
growths in waterbodies that are evidence of simpler energy pathways.  Corresponding effects are 
further water chemistry changes from algal decomposition (e.g.., low DO) or very high algal 
activity (e.g., high pH) (Ehlinger et al., 2004). 

The complexity of energy flow through simple ecosystems is illustrated in Figure 3-34, a 
“simplified” food web of a headwater stream published by Meyer (1994).  The forms in which 
nutrients are delivered to streams may be more important than actual concentrations as well as 
the availability of carbon sources essential for nutrient transformation.  The nutrient components 
that form the base of the food web in Figure 3-34 are the FPOM and CPOM boxes.  In many 
natural streams, woody and leafy debris are the most common form of nutrient input, and 
changes to urban landscapes often change this to dissolved and finer forms.  Urbanization can 
also reduce the retention of organic debris of streams (Groffman et al., 2005) and the timing of 
nutrient delivery. Timing can be of crucial importance since species spawning and growth 
periods may be specifically timed to take advantage of available nutrients. 
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188 Urban Stormwater Management in the United States 

FIGURE 3-34  Simplified diagram of a lotic food web showing sources and major pathways of organic 
carbon. Dotted lines indicate flows that are a part of the microbial loop in flowing water but not in 
planktonic systems.  SOURCE: Reprinted, with permission, from Meyer (1994). Copyright 1994 by 
Springer. 

As important as energy and nutrient dynamics are to stream function, many of the stream 
characteristics that determine effective energy flow are not typically considered when 
characterizing stormwater impacts.  The best chance for considering these variables and 
maximizing ecosystem function is through integrated, biologically based monitoring programs 
that include urban areas (Barbour et al., 2008) and stressor identification procedures (EPA, 2000) 
to isolate likely causes of impact and to inform the choices of SCMs. 

Biological Interactions in Urban Streams 

Streams in urbanized environments often are characterized by fewer native and more 
alien species than natural streams (DeVivo, 1996; Meador et al., 2005).  The influence of exotic 
species is not always predictable and may be most severe in lentic environments (e.g., wetlands, 
estuaries) and in riparian zones where various exotic aquatic plants can greatly alter natural 
systems in both structure and function (Hood and Naiman, 2000).  Riley et al. (2005) found that 
the presence of alien aquatic amphibians was positively related to degree of urbanization, as was 
the absence of certain native amphibian species.  In a review of possible reasons for this 
observation, he suggested that altered flow regimes were responsible.  In the arid California 
streams they studied, flow became more constant with urbanization (i.e., natural streams were 
generally ephemeral), which allowed invasion by exotic species that can prey on, compete with, 
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or hybridize with native species (Riley et al., 2005).  The alteration of stream habitat that 
accompanies urbanization can also lead to predation by domestic cats and dogs or collection by 
humans, especially where species (e.g., California newts) are large and conspicuous (Riley et al., 
2005). 

The effects of specific exotic species on aquatic systems has been observed to vary 
geographically, although recent work has found correlations between total invasion rate and the 
number of high-impact exotic species (Ricciardi and Kipp, 2008).  This suggests that overall 
efforts to reduce the importation or spread of all alien species should be helpful. 

The Role of Biological Monitoring 

The preceding sections illustrate the importance of biological data to understanding the 
complexities associated with urban and stormwater impacts to waterbodies.  Although categories 
of urban stressors have been discussed individually, these stressors routinely, if not universally, 
co-occur in urban waterbodies. Their cumulative impacts are best measured with biological tools 
because the biota integrate the influence of all of these stressors. 

Many programmatic aspects of the CWA arose as a response to rather obvious impacts of 
chemical pollutants that were occurring in surface waters during this time.  The initial focus of 
water quality standards was on developing chemical criteria that could serve as engineering 
endpoints for waste treatment systems (e.g., NPDES permits).  Rather general aquatic life goals 
for streams and rivers that were suitable for the initial focus of the CWA are now considered 
insufficient to deal with the complex suite of stressors limiting aquatic systems.  To that end, 
refined aquatic life goals and improved biological monitoring are essential for effective water 
quality management, including stormwater issues (NRC, 2001). Practical biological and physical 
monitoring tools have even been developed for very small headwater streams (Ohio EPA, 2002; 
Fritz et al., 2006), which are particularly affected by stormwater because of their prevalence 
(greater than 95 percent of channels), their relatively high surface-to-volume ratio, their role in 
nutrient and material processing, and their vulnerability to direct modification such as 
channelization and piping (Meyer and Wallace, 2001). 

Surrogate indicators of stormwater impacts to aquatic life (such as TSS concentrations) 
have been widely used because direct biological measures were poorly developed and these 
surrogates were assumed to be important to pollutant delivery to urban streams.  However, 
biological assessment has rapidly advanced in many states and can be readily applied or if 
needed modified to be sensitive to stormwater stressors (Barbour et al., 2008).  As Karr and Chu 
(1999) warned, the management of complex systems requires measures that integrate multiple 
factors.  Stormwater permitting is no different, and care must be taken to ensure that permitting 
and regulatory actions retain ecological relevance.  Surrogate measures have an essential role in 
the assessment of individual SCMs; however, this needs to be kept in context with the entire 
suite of stressors likely to be important to the aquatic life goals in streams. 

Stormwater management programs should not necessarily bear the burden of biological 
monitoring; rather, well-conceived biological monitoring should be the prevue of state and local 
government agencies (as discussed more extensively in Chapter 6).  Refined aquatic life goals 
developed for all waters, including urban waters, measured with appropriate biological measures, 
should be the final endpoint for management.  The collection of biological data needs to be 
closely integrated across multiple disciplines in order to be effective.  Pomeroy et al. (2008) 
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describe a multidisciplinary approach to study the effects of stormwater in urban settings, and 
Scholz and Booth (2001) also propose a monitoring approach for urban watersheds.  Such efforts 
are not necessarily easy, and many institutions find pitfalls when trying to integrate scientific 
information across disciplines (Benda et al., 2002). 

EPA water programs, such as the Total Maximum Daily Load (TMDL) program, have 
been criticized for having too narrow a focus on a limited number of traditional pollutants to the 
exclusion of important stressors such as hydrology, habitat alteration, and invasive taxa (Karr 
and Yoder, 2004)—all serious problems associated with stormwater and urbanization.  The 
science has advanced significantly over the past decade so that biological assessment should be 
an essential tool for identifying stormwater impacts and informing the choice of SCMs in a 
region or watershed. Although biological responses to stressors in the ambient environment are 
by their nature correlative exercises, ecological epidemiology principles or “stressor 
identification” methods can identify likely causative agents of impairment with relatively high 
certainty in many instances (Suter, 1993, 2006; EPA, 2000).  Coupled with other ambient and 
source monitoring information, biological information can form the basis for an effective 
stormwater program.  As an example, Box 3-10 introduces the Impervious Cover Model (ICM), 
which was developed using correlative information on the association between impervious cover 
and biological metrics.  The crux of the ICM is that stormwater management is tailored along a 
readily measureable gradient (impervious cover) that integrates multiple individual stressor 
categories that would otherwise be overlooked in the traditional pollutant-based approach to 
stormwater management.  Even the form of the ICM (as conceptualized in Figure 3-37) matches 
that outlined for the BCG (Figure 3-30).  Use of the ICM to improve the MS4 stormwater 
program is discussed in Chapter 6. 

BOX 3-10 
The Impervious Cover Model: An Emerging Framework  

for Urban Stormwater Management 

The Impervious Cover Model (ICM) is a management tool that is useful for diagnosing the 
severity of future stream problems in a subwatershed.  The ICM defines four categories of urban streams 
based on how much impervious cover exists in their subwatershed: high-quality streams, impacted 
streams, non-supporting streams, and urban drainage.  The ICM is then used to develop specific 
quantitative or narrative predictions for stream indicators within each stream category (see Figure 3-35).  
These predictions define the severity of current stream impacts and the prospects for their future 
restoration.  Predictions are made for five kinds of urban stream impacts: changes in stream hydrology, 
alteration of the stream corridor, stream habitat degradation, declining water quality, and loss of aquatic 
diversity. 

FIGURE 3-35 Changes in Stream Quality with Percent Impervious Cover in the Contributing Watershed.  SOURCE: 
Chesapeake Stormwater Network (2008). Reprinted, with permission, from Schueler (2008).  Copyright 2008 by T. 
Schueler.  
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191 Effects of Urbanization on Watersheds 

BOX 3-10 Continued 

The general predictions of the ICM are as follows.  Stream segments with less than 10 percent 
impervious cover (IC) in their contributing drainage area continue to function as Sensitive Streams, and 
are generally able to retain their hydrologic function and support good-to-excellent aquatic diversity.  
Stream segments that have 10 to 25 percent IC in their contributing drainage area behave as Impacted 
Streams and show clear signs of declining stream health.  Most indicators of stream health will fall in the 
fair range, although some segments may range from fair to good as riparian cover improves.  The decline 
in stream quality is greatest toward the higher end of the IC range.  Stream segments that range between 
25 and 60 percent subwatershed impervious cover are classified as Non-Supporting Streams (i.e., no 
longer supporting their designated uses in terms of hydrology, channel stability habitat, water quality, or 
biological diversity).  These stream segments become so degraded that any future stream restoration or 
riparian cover improvements are insufficient to fully recover stream function and diversity (i.e., the 
streams are so dominated by subwatershed IC that they cannot attain predevelopment conditions).  
Stream segments whose subwatersheds exceed 60 percent IC are physically altered so that they merely 
function as a conduit for flood waters.  These streams are classified as Urban Drainage and consistently 
have poor water quality, highly unstable channels, and very poor habitat and biodiversity scores.  In many 
cases, these urban stream segments are eliminated altogether by earthworks and/or storm-drain 
enclosure.  Table 3-14 shows in greater detail how stream corridor indicators respond to greater 
subwatershed impervious cover. 

TABLE 3-14 General ICM Predictions Based on Urban Subwatershed Classification (CWP, 2004): 
Prediction Impacted 

(IC 11 to 25%) 8 
Non-supporting 
(IC 26 to 60%) 

Urban Drainage 
(IC > 60%) 

Runoff as a Fraction of Annual 
Rainfall 1 

10 to 20% 25 to 60% 60 to 90% 

Frequency of Bankfull Flow per 
Year 2 

1.5 to 3 per year 3 to 7 per year 7 to 10 per year 

Fraction of Original Stream 
Network Remaining 

60 to 90% 25 to 60% 10 to 30% 

Fraction of Riparian Forest Buffer 
Intact 

50 to 70%  30 to 60% Less than 30% 

Crossings per Stream Mile 1 to 2 2 to 10 None left 
Ultimate Channel Enlargement 
Ration 3 

1.5 to 2.5 larger 2.5 to 6 times larger 6 to 12 times larger 

Typical Stream Habitat Score Fair, but variable Consistently poor Poor, often absent 
Increased Stream Warming 4 2 to 4 °F 4 to 8 °F 8+ °F 
Annual Nutrient Load 5 1 to 2 times higher 2 to 4 times higher 4 to 6 times higher 
Wet Weather Violations of Bacteria 
Standards  

Frequent Continuous Ubiquitous 

Fish Advisories Rare Potential risk of 
accumulation 

Should be presumed 

Aquatic Insect Diversity 6 Fair to good Fair Very poor 
Fish Diversity 7 Fair to good Poor Very poor 
1 Based on annual storm runoff coefficient; ranges from 2 to 5% for undeveloped streams. 
2 Predevelopment bankfull flood frequency is about 0.5 per year, or about one bankfull flood every two years. 
3 Ultimate stream-channel cross-section compared to typical predevelopment channel cross section. 
4 Typical increase in mean summer stream temperature in degrees Fahrenheit, compared with shaded rural stream. 
5 Annual unit-area stormwater phosphorus and/or nitrogen load produced from a rural subwatershed. 
6 As measured by benthic index of biotic integrity. Scores for rural streams range from good to very good. 
7 As measured by fish index of biotic integrity. Scores for rural streams range from good to very good. 
8 IC is not the strongest indicator of stream health below 10% IC, so the sensitive streams category is omitted from this table. 
SOURCE: Adapted from CWP (2004). 
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192 Urban Stormwater Management in the United States 

BOX 3-10 Continued 

Scientific Support for the ICM 

The ICM predicts that hydrological, habitat, water quality, and biotic indicators of stream health 
first begin to decline sharply at around 10 percent total IC in smaller catchments (Schueler, 1994).  The 
ICM has since been extensively tested in ecoregions around the United States and elsewhere, with more 
than 200 different studies confirming the basic model for single stream indicators or groups of stream 
indicators (CWP, 2003; Schueler, 2004).  Several recent research studies have reinforced the ICM as it is 
applied to first- to third-order streams (Coles et al., 2004; Horner et al., 2004; Deacon et al., 2005; 
Fitzpatrick et al., 2005; King et al., 2005; McBride and Booth, 2005; Cianfrina et al., 2006; Urban et al., 
2006; Schueler et al., 2008). 

Researchers have focused their efforts to define the specific thresholds where urban stream 
degradation first begins.  There is robust debate as to whether there is a sharp initial threshold or merely 
a continuum of degradation as IC increases, although the latter is more favored.  There is much less 
debate, however, about the dominant role of IC in defining the hydrologic, habitat, water quality, and 
biodiversity expectations for streams with higher levels of IC (15 to 60 percent).  

Caveats to the ICM 

The ICM is a powerful predictor of urban stream quality when used appropriately.  The first caveat 
is that subwatershed IC is defined as total impervious area (TIA) and not effective impervious area (EIA). 
Second, the ICM should be restricted to first- to third-order alluvial streams with moderate gradient and no 
major point sources of pollutant discharge.  The ICM is most useful in projecting the behavior of 
numerous stream health indicators, and it is not intended to be accurate for every individual stream 
indicator. In addition, management practices in the contributing catchment or subwatershed must not be 
poor (e.g., no deforestation, acid mine drainage, intensive row crops, etc.); just because a subwatershed 
has less than 10 percent IC does not automatically mean that it will have good or excellent stream quality 
if past catchment management practices were poor.   

ICM predictions are general and may not apply to every stream within the proposed 
classifications.  Urban streams are notoriously variable, and factors such as gradient, stream order, 
stream type, age of subwatershed development, and past land use can and will make some streams 
depart from these predictions.  Indeed, these “outlier” streams are extremely interesting from the 
standpoint of restoration.  In general, subwatershed IC causes a continuous but variable decline in most 
stream corridor indicators.  Consequently, the severity of individual indicator impacts tends to be greater 
at the upper end of the IC range for each stream category. 

Effects of Catchment Treatment on the ICM 

Most studies that investigated the ICM were done in communities with some degree of catchment 
treatment (e.g., stormwater management or stream buffers).  Detecting the effect of catchment treatment 
on the ICM involves a very complex and difficult paired watershed design.  Very few catchments meet the 
criteria for either full treatment or the lack of it, no two catchments are ever really identical, and individual 
catchments exhibit great variability from year to year.  Not surprisingly, the first generation of research 
studies has produced ambiguous results.  For example, seven research studies showed that ponds and 
wetlands are unable to prevent the degradation of aquatic life in downstream channels associated with 
higher levels of IC (Galli, 1990; Jones et al., 1996; Horner and May, 1999; Maxted, 1999; MNCPPC, 
2000; Horner et al., 2001; Stribling et al., 2001).  The primary reasons cited are stream warming 
(amplified by ponds), changes in organic matter processing, the increased runoff volumes delivered to 
downstream channels, and habitat degradation caused by channel enlargement. 
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193 Effects of Urbanization on Watersheds 

BOX 3-10 Continued 

Riparian forest cover is defined as canopy cover within 100 meters of the stream, and is 
measured as the percentage of the upstream network in this condition.  Numerous researchers have 
evaluated the relative impact of riparian forest cover and IC on stream geomorphology, aquatic insects, 
fish assemblages, and various indices of biotic integrity.  As a group, the studies suggest that indicator 
values for urban streams improve when riparian forest cover is retained over at least 50 to 75 percent of 
the length of the upstream network (Booth et al., 2002; Morley and Karr, 2002; Wang et al., 2003; Allan, 
2004; Sweeney et al., 2004; Moore and Palmer, 2005; Cianfrina et al., 2006; Urban et al., 2006).   

Application of the ICM to other Receiving Waters 

Recent research has focused on the potential value of the ICM in predicting the future quality of 
receiving waters such as tidal coves, lakes, wetlands and small estuaries.  The primary work on small 
estuaries by Holland et al. (2004) [references cited in CWP (2003), Lerberg et al. (2000)] indicates that 
adverse changes in physical, sediment, and water quality variables can be detected at 10 to 20 percent 
subwatershed IC, with a clear biological response observed in the range of 20 to 30 percent IC.  The 
primary physical changes involve greater salinity fluctuations, greater sedimentation, and greater pollutant 
contamination of sediments.  The biological response includes declines in diversity of benthic 
macroinvertebrates, shrimp, and finfish. 

More recent work by King et al. (2005) reported a biological response for coastal plain streams at 
around 21 to 32 percent urban development (which is usually about twice as high as IC).  The thresholds 
for important water quality indicators such as bacterial exceedances in shellfish beds and beaches 
appears to begin at about 10 percent subwatershed IC, with chronic violations observed at 20 percent IC 
(Mallin et al., 2001).  Algal blooms and anoxia resulting from nutrient enrichment by stormwater runoff 
also are routinely noted at 10 to 20 percent subwatershed IC (Mallin et al., 2004). 

The primary conclusion to be drawn from the existing science is that the ICM does apply to tidal 
coves and streams, but that the impervious levels associated with particular biological responses appear 
to be higher (20 to 30 percent IC for significant declines) than for freshwater streams, presumably due to 
their greater tidal mixing and inputs from near-shore ecosystems.  The ICM may also apply to lakes 
(CWP, 2003) and freshwater wetlands (Wright et al., 2007) under carefully defined conditions.  The initial 
conclusion is that the application of the ICM shows promise under special conditions, but more controlled 
research is needed to determine if IC (or other watershed metrics) is useful in forecasting receiving water 
quality conditions. 

Utility of the ICM in Urban Stream Classification and Watershed Management 

The ICM is best used as an urban stream classification tool to set reasonable expectations for the 
range of likely stream quality indicators (e.g., physical, hydrologic, water quality, habitat, and biological 
diversity) over broad ranges of subwatershed IC.  In particular, it helps define general thresholds where 
water quality standards or biological narrative conditions cannot be consistently met during wet weather 
conditions (see Table 6-2).  These predictions help stormwater managers and regulators to devise 
appropriate and geographically explicit stormwater management and subwatershed restoration strategies 
for their catchments as part of MS4 permit compliance.  More specifically, assuming that local monitoring 
data are available to confirm the general predictions of the ICM, it enables managers to manage 
stormwater within the context of current and future watershed conditions. 
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194 Urban Stormwater Management in the United States 

Human Health Impacts 

Despite the unequivocal evidence of ecosystem consequences resulting from urban 
stormwater, a formal risk analysis of the human health effects associated with stormwater runoff 
is not yet possible.  This is because (1) many of the most important waterborne pathogens have 
not been quantified in stormwater, (2) enumeration methods reported in the current literature are 
disparate and do not account for particle-bound pathogens, and (3) sampling times during storms 
have not been standardized nor are known to have occurred during periods of human exposure.  
Individual studies have investigated the runoff impacts on public health in freshwater (Calderon 
et al., 1991) and marine waters (Haile et al., 1999; Dwight et al,. 2004; Colford et al., 2007).  
Although these studies provide ample evidence that stormwater runoff can serve as a vector of 
pathogens with potential health implications (for example, Ahn et al., 2005, found that fecal 
indicator bacteria concentrations could exceed California ocean bathing water standards by up to 
500 percent in surf zones receiving stormwater runoff), it is difficult to draw conclusive 
inferences about the specific human health impacts from microbial contamination of stormwater.  
Calderon et al. (1991) concluded that the currently recommended bacterial indicators are 
ineffective for predicting potential health effects associated with water contaminated by nonpoint 
sources of fecal pollution.  Furthermore, in a study conducted in Mission Bay, California, which 
analyzed bacterial indicators using traditional and non-traditional methods (chromogenic  
substrate and quantitative polymerase chain reaction), as well as a novel bacterial indicator and 
viruses, traditional fecal indicators were not associated with identified human health risks such as 
diarrhea and skin rash (Colford et al., 2007). 

The Santa Monica Bay study (Haile et al., 1999) indicated that the risks of several health 
outcomes were higher for people who swam at storm-drain locations compared to those who 
swam farther from the drain.  However, the list of health outcomes that were more statistically 
significant (fever, chills, ear discharge, cough and phlegm, and significant respiratory) did not 
include highly credible gastrointestinal illness, which is curious because the vast majority of 
epidemiological studies worldwide suggests a causal dose-related relationship between 
gastrointestinal symptoms and recreational water quality measured by bacterial indicator counts 
(Pruss, 1998). Dwight et al. (2004) found that surfers in an urban environment reported more 
symptoms than their rural counterparts; however, water quality was not specifically evaluated in 
that study. 

To better assess the relationship between swimming in waters contaminated by 
stormwater, which have not been influenced by human sewage, and the risk of related illness, the 
California Water Boards and the City of Dana Point have initiated an epidemiological study.  
This study will be conducted at Doheny Beach, Orange County, California, which is a beach 
known to have high fecal indicator bacteria concentrations with no known human source.  The 
project will examine several new techniques for measuring traditional fecal indicator bacteria, 
new species of bacteria, and viruses to determine whether they yield a better relationship to 
human health outcomes than the indicators presently used in California.  The study is expected to 
be completed in 2010.  In addition, the State of California is researching new methods for rapid 
detection of beach bacterial indicators and ways to bring these methods into regular use by the 
environmental monitoring and public health communities to better protect human health. 
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195 Effects of Urbanization on Watersheds 

CONCLUSIONS AND RECOMMENDATIONS 

The present state of the science of stormwater reflects both the strengths and weaknesses 
of historic, monodisciplinary investigations.  Each of the component disciplines—hydrology, 
geomorphology, aquatic chemistry, ecology, land use, and population dynamics—have well-
tested theoretical foundations and useful predictive models.  In particular, there are many 
correlative studies showing how parameters co-vary in important but complex and poorly 
understood ways (e.g., changes in fish community associated with watershed road density or the 
percentage of IC). Nonetheless, efforts to create mechanistic links between population growth, 
land-use change, hydrologic alteration, geomorphic adjustments, chemical contamination in 
stormwater, disrupted energy flows, and biotic interactions, to changes in ecological 
communities are still in development.  Despite this assessment, there are a number of 
overarching truths that remain poorly integrated into stormwater management decision making, 
although they have been robustly characterized and have a strong scientific basis.  These are 
expanded upon below. 

There is a direct relationship between land cover and the biological condition of 
downstream receiving waters.  The possibility for the highest levels of aquatic biological 
condition exists only with very light urban transformation of the landscape.  Even then, 
alterations to biological communities have been documented at such low levels of 
imperviousness, typically associated with roads and the clearing of native vegetation, that there 
has been no real “urban development” at all.  Conversely, the lowest levels of biological 
condition are inevitable with extensive urban transformation of the landscape, commonly seen 
after conversion of about one-third to one-half of a contributing watershed into impervious area.  
Although not every degraded waterbody is a product of intense urban development, all highly 
urban watersheds produce severely degraded receiving waters.  Because of the close and, to date, 
inexorable linkage between land cover and the health of downstream waters, stormwater 
management is an unavoidable offshoot of watershed-based land-use planning (or, more 
commonly, its absence). 

The protection of aquatic life in urban streams requires an approach that 
incorporates all stressors.  Urban Stream Syndrome reflects a multitude of effects caused by 
altered hydrology in urban streams, altered habitat, and polluted runoff.  Focusing on only one of 
these factors is not an effective management strategy.  For example, even without noticeably 
elevated pollutant concentrations in receiving waters, alterations in their hydrologic regimes are 
associated with impaired biological condition. Achieving the articulated goals for stormwater 
management under the CWA will require a balanced approach that incorporates hydrology, 
water quality, and habitat considerations. 

The full distribution and sequence of flows (i.e., the flow regime) should be taken 
into consideration when assessing the impacts of stormwater on streams.  Permanently 
increased stormwater volume is only one aspect of an urban-altered storm hydrograph.  It 
contributes to high in-stream velocities, which in turn increase streambank erosion and 
accompanying sediment pollution of surface water.  Other hydrologic changes, however, include 
changes in the sequence and frequency of high flows, the rate of rise and fall of the hydrograph, 
and the season of the year in which high flows can occur.  These all can affect both the physical 
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196 Urban Stormwater Management in the United States 

and biological conditions of streams, lakes, and wetlands.  Thus, effective hydrologic mitigation 
for urban development cannot just aim to reduce post-development peak flows to 
predevelopment peak flows. 

A single design storm cannot adequately capture the variability of rain and how that 
translates into runoff or pollutant loadings, and thus is not suitable for addressing the 
multiple objectives of stormwater management.  Of particular importance to the types of 
problems associated with urbanization is the size of rain events.  The largest and most infrequent 
rains cause near-bank-full conditions and may be most responsible for habitat destruction; these 
are the traditional “design storms” used to design safe drainage systems.  However, moderate-
sized rains are more likely to be associated with most of the annual mass discharges of 
stormwater pollutants, and these can be very important to the eutrophication of lakes and 
nearshore waters. Water quality standards for bacterial indicators and total recoverable heavy 
metals are exceeded for almost every rain in urban areas. Therefore, the whole distribution of 
storm size needs to be evaluated for most urban receiving waters because many of these 
problems coexist.   

Roads and parking lots can be the most significant type of land cover with respect to 
stormwater.  They constitute as much as 70 percent of total impervious cover in ultra-urban 
landscapes, and as much as 80 percent of the directly connected impervious cover.  Roads tend to 
capture and export more stormwater pollutants than other land covers in these highly impervious 
areas because of their close proximity to the variety of pollutants associated with automobiles.  
This is especially true in areas of the country having mostly small rainfall events (as in the 
Pacific Northwest). As rainfall amounts become larger, pervious areas in most residential land 
uses become more significant sources of runoff, sediment, nutrients, and landscaping chemicals.  
In all cases, directly connected impervious surfaces (roads, parking lots, and roofs that are 
directly connected to the drainage system) produce the first runoff observed at a storm-drain inlet 
and outfall because their travel times are the quickest.  

Generally, the quality of stormwater from urbanized areas is well characterized, 
with the common pollutants being sediment, metals, bacteria, nutrients, pesticides, trash, 
and polycyclic aromatic hydrocarbons. These results come from many thousands of storm 
events from across the nation, systematically compiled and widely accessible; they form a robust 
data set of utility to theoreticians and practitioners alike.  These data make it possible to 
accurately estimate pollutant concentrations, which have been shown to vary by land cover and 
by region across the country. However, characterization data are relatively sparse for individual 
industrial operations, which makes these sources less amenable to generalized approaches based 
on reliable assumptions of pollutant types and loads.  In addition, industrial operations vary 
greatly from site to site, such that it may be necessary to separate them into different categories 
in order to better understand industrial stormwater quality. 

Nontraditional sources of stormwater pollution must be taken into consideration 
when assessing the overall impact of urbanization on receiving waterbodies.  These 
nontraditional sources include atmospheric deposition, snowmelt, and dry weather discharges, 
which can constitute a significant portion of annual pollutant loadings from storm systems in 
urban areas (such as metals in Los Angeles). For example, atmospheric deposition of metals is a 
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197 Effects of Urbanization on Watersheds 

very significant component of contaminant loading to waterbodies in the Los Angeles region 
relative to other point and nonpoint sources. Similarly, much of the sediment found in receiving 
waters following watershed urbanization can come from streambank erosion as opposed to being 
contributed by polluted stormwater.   

Biological monitoring of waterbodies is critical to better understanding the 
cumulative impacts of urbanization on stream condition. Over 25 years ago, individual states 
developed the concept of regional reference sites and developed multi-metric indices to identify 
and characterize degraded aquatic assemblages in urban streams.  Biological assessments 
respond to the range of non-chemical stressors identified as being important in urban waterways 
including habitat degradation, hydrological alterations, and sediment and siltation impacts, as 
well as to the influence of nutrients and other chemical stressors where chemical criteria do not 
exist or where their effects are difficult to measure directly (e.g., episodic stressors).  The 
increase in biological monitoring has also helped to frame issues related to exotic species, which 
are locally of critical importance but completely unrecognized by traditional physical monitoring 
programs. 

Epidemiological studies on the human health risks of swimming in freshwater and 
marine waters contaminated by urban stormwater discharges in temperate and warm 
climates are needed.  Unlike with aquatic organisms, there is little information on the health 
risks of urban stormwater to humans.  Standardized watershed assessment methods to identify 
the sources of human pathogens and indicator organisms in receiving waters need to be 
developed, especially for those waters with a contact-recreation use designation that have had 
multiple exceedances of pathogen or indicator criteria in a relatively short period of time.  Given 
their difficulty and expense, epidemiological studies should be undertaken only after careful 
characterization of water quality and stormwater flows in the study area. 
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Chapter 4 

Monitoring and Modeling 


As part of its statement of task, the committee was asked to consider several aspects of 
stormwater monitoring, including how useful the activity is, what should be monitored and when 
and where, and how benchmarks should be established.  As noted in Chapter 2, the stormwater 
monitoring requirements under the U.S. Environmental Protection Agency (EPA) stormwater 
program are variable and generally sparse, which has led to considerable skepticism about their 
usefulness. This chapter first considers the value of the data collected over the years by 
municipalities and makes suggestions for improvement.  It then does the same for industrial 
stormwater monitoring, which has lagged behind the municipal separate storm sewer system 
(MS4) program both in requirements and implementation.   

It should be noted upfront that this chapter does not discuss the fine details of MS4 and 
industrial monitoring that pertain to regulatory compliance—questions such as should the 
average end of pipe concentrations meet water quality standards, how many exceedances should 
be allowed per year, or should effluent concentrations be compared to acute or chronic criteria.  
Individual benchmarks and effluent limits for specific chemicals emanating from specific 
industries are not provided.  The current state of MS4 and industrial stormwater monitoring and 
the paucity of high quality data are such that it is premature and in many cases impossible to 
make such determinations.  Rather, the chapter suggests both how to monitor an individual 
industry and how to determine benchmarks and effluent limits for industrial categories.  It 
suggests how monitoring requirements should be tailored to accommodate the risk level of an 
individual industrial discharger.  Finally, it makes numerous technical suggestions for improving 
the monitoring of MS4s, building on the data already submitted and analyzed as part of the 
National Stormwater Quality Database.  Policy recommendations about the monitoring of both 
industries and MS4s are found in Chapter 6. 

This chapter’s emphasis on monitoring of stormwater should not be interpreted as a 
disinterest in other types of monitoring, such as biomonitoring of receiving waters, precipitation 
measurements, or determination of land cover.  Indeed, these latter activities are extremely 
important (they are introduced in the preceding chapter) and they underpin the new permitting 
program proposed in Chapter 6 (especially biological monitoring).  Stormwater management 
would benefit most substantially from a well-balanced monitoring program that encompasses 
chemical, biological, and physical parameters from outfalls to receiving waters.  Currently, 
however, decisions about stormwater management are usually made with incomplete 
information; for example, there are continued recommendations by many that street cleaning will 
solve a municipality’s problems, even when the municipality does not have any information on 
the sources of the material being removed.   

A second charge to the committee was to define the elements of a “protocol” to link 
pollutants in stormwater discharges to ambient water quality criteria.  As described in Chapter 3, 
many processes connect sources of pollution to an effect observed in a downstream receiving 
water. More and more, these processes can be represented in watershed models, which are the 
key to linking stormwater sources to effects observed in receiving waters.  The latter half of the 
chapter explores the current capability of models to make such links, including simple models, 
statistical and conceptual models, and more involved mechanistic models.  At the present time, 
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associating a single discharger with degraded in-stream conditions is generally not possible 
because of the state of both modeling and monitoring of stormwater. 

MONITORING OF MS4s 

EPA’s regulations for stormwater monitoring of MS4s is very limited, in that only the 
application requirements are stated [see 40 CFR § 122.26(d)].  The regulations require the MS4 
program to identify five to ten stormwater discharge outfalls and to collect representative 
stormwater data for conventional and priority toxic pollutants from three representative storm 
events using both grab and composite sampling methods.  Each sampled storm event must have a 
rainfall of at least 0.1 inch, must be preceded by at least 72 hours of a dry period, and the rain 
event must be within 50 percent of the average or median of the per storm volume and duration 
for the region.  While the measurement of flow is not specifically required, an MS4 must make 
estimates of the event mean concentrations (EMCs) for pollutants discharged from all outfalls to 
surface waters, and in order to determine EMCs, flow needs to be measured or calculated. 

Other than these requirements, the exact type of MS4 monitoring that is to be conducted 
during the permit term is left to the discretion of the permitting authority.  EPA has not issued 
any guidance on what would be considered an adequate MS4 monitoring program for permitting 
authorities to evaluate compliance.  Some guidance for MS4 monitoring based on desired 
management questions has been developed locally (for example, see the SCCWRP Technical 
Report No. 419, SMC 2004, Model Monitoring Program for MS4s in Southern California).  

In the absence of national guidance from EPA, the MS4 monitoring programs for Phase I 
MS4s vary widely in structure and objectives, and Phase II MS4 programs largely do not 
perform any monitoring at all.  The types of monitoring typically contained in Phase I MS4 
permits include the (1) wet weather outfall screening and monitoring to characterize stormwater 
flows, (2) dry weather outfall screening and monitoring under illicit discharge detection and 
elimination programs, (3) biological monitoring to determine storm water impacts, (4) ambient 
water quality monitoring to characterize water quality conditions, and (5) stormwater control 
measure (SCM) effectiveness monitoring.  

The Nationwide Stormwater Quality Database 

Stormwater monitoring data collected by a portion of Phase I MS4s has been evaluated 
for years by the University of Alabama and the Center for Watershed Protection and compiled in 
a database called the Nationwide Stormwater Quality Database (NSQD).  These data were 
collected in order to describe the characteristics of stormwater on a national level, to provide 
guidance for future sampling needs, and to enhance local stormwater management activities in 
areas with limited data.  The MS4 monitoring data collected over the past ten years from more 
than 200 municipalities throughout the country have great potential in characterizing the quality 
of stormwater runoff and comparing it against historical benchmarks.  Version 3 of the NSQD is 
available online at: http://unix.eng.ua.edu/~rpitt/Research/ms4/mainms4.shtml.  It contains data 
from more than 8,500 events and 100 municipalities throughout the country.  About 5,800 events 
are associated with homogeneous land uses, while the remainder are for mixed land uses. 
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The general approach to data collection was to contact EPA regional offices to obtain 
state contacts for the MS4 data, then the individual municipalities with Phase I permits were 
targeted for data collection. Selected outfall data from the International BMP Database were 
also included in NSQD version 3, eliminating any source area and any treated stormwater 
samples.  Some of the older National Urban Runoff Program (NURP) (EPA, 1983) data were 
also included in the NSQD, along with some data from specialized U.S. Geological Survey 
(USGS) stormwater monitoring activities in order to better represent nationwide conditions and 
additional land uses. Because there were multiple sources of information, quality assurance and 
quality control reviews were very important to verify the correctness of data added to the 
database, and to ensure that no duplicate entries were added. 

The NSQD includes sampling location information such as city, state, land use, drainage 
area, and EPA Rain Zone, as well as date, season, and rain depth.  The constituents commonly 
measured for in stormwater include total suspended solids (TSS), 5-day biological oxygen 
demand (BOD5), chemical oxygen demand (COD), total phosphorus (TP), total Kjeldahl 
nitrogen (TKN), nitrite plus nitrate (NO2+NO3), total copper (Cu), total lead (Pb), and total zinc 
(Zn). Less information is available for many other constituents (including filterable heavy 
metals and bacteria).  Figure 4-1 is a map showing the EPA Rain Zones in the United States, 
along with the locations of the communities contributing to the NSQD, version 3.  Table 4-1 
shows the number of samples for each land use and for each Rain Zone.  This table does not 
show the number of mixed land-use site samples.  Rain Zones 8 and 9 have very few samples, 
and institutional and open-space areas are poorly represented.  However, residential, commercial, 
industrial, and freeway data are plentiful, except for the few Rain Zones noted above. 

Land use has an important impact on the quality of stormwater.  For example, the 
concentrations of heavy metals are higher for industrial land-use areas due to manufacturing 
processes and other activities that generate these materials.  Fecal coliform concentrations are 
relatively high for residential and mixed residential land uses, and nitrate concentrations are 
higher for the freeway land use.  Open-space land-use areas show consistently low 
concentrations for the constituents examined.  Seasons could also be a factor in the variation of 
nutrient concentrations in stormwater due to seasonal uses of fertilizers and leaf drop occurring 
during the fall season. Most studies also report lower bacteria concentrations in the winter than 
in the summer. Lead concentrations in stormwater have also significantly decreased since the 
elimination of lead in gasoline (see Figure 2-6).  Most of the statistical tests used are multivariate 
statistical evaluations that compare different constituent concentrations with land use and 
geographical location. More detailed discussions of the earlier NSQD results are found in 
various references, including Maestre et al. (2004, 2005) and Pitt et al. (2003, 2004). 

TABLE 4-1 Number of Samples per Land Use and EPA Rain Zone 
Single land use 1 2 3 4 5 6 7 8 9 Total 
Commercial 234 484 131 66 42 37 64 0 22 1080 
Freeways 0 241 14 0 262 189 28 0 0 734 
Industrial 100 327 90 51 83 74 146 0 22 893 
Institutional 9 46 0  0  0  0  0  0 0  55  
Open Space 68 37 0 18  0  2  0  0 0  125  
Residential 294 1470 290 122 105 32 532 7 81 2933 
Total 705 2605 525 257 492 334 770 7 125 5820 
Note: there are no mixed-use sites in this table.  SOURCE: National Stormwater Quality Database. 

PREPUBLICATION 

RB-AR14837



   
 

 
 

 

 
 

 
 

 
 

216 Urban Stormwater Management in the United States 

FIGURE 4-1 Sampling Locations for Data Contained in the National Stormwater Quality 
Database, version 3. 

How the NSQD can be used to Calculate Representative EMC Values 

EMC values were initially used during the NURP to describe typical concentrations of 
pollutants in stormwater for different monitoring locations and land uses.  An EMC is intended 
to represent the average concentration for a single monitored event, usually based on flow-
weighted composite sampling.  It can also be calculated from discrete samples taken during an 
event if flow data are also available. Many individual subsamples should be taken throughout 
most of the event to calculate the EMC for that event.  Being an overall average value, an EMC 
does not represent possible extremes that may occur during an event. 

The NSQD includes individual EMC values from about 8,500 separate events.  
Stormwater managers typically want a representative single value for a land use for their area.  
As such, they typically evaluate a series of individual storm EMC values for conditions similar to 
those representing their site of concern.  With the NSQD in a spreadsheet form, it is relatively 
simple to extract suitable events representing the desired conditions.  However, the individual 
EMC values will likely have a large variability.  Maestre and Pitt (2006) reviewed the NSQD 
data to better explain the variability according to different site and sampling conditions (land use, 
geographical location, season, rain depth, amount of impervious area, sampling methods, 
antecedent dry period, etc.).  The most common significant factor was land use, with some 
geographical and fewer seasonal effects observed.  As with the original NURP data, EMCs in the 
NSQD are usually expressed using medians and coefficients of variation to reflect uncertainty, 
assuming lognormal distributions of the EMC values.  Figure 4-2 shows several lognormal 
probability plots for a few constituents from the NSQD.  Probability plots shown as straight lines 
indicate that the concentrations can be represented by lognormal distributions (see Box 4-1).   

PREPUBLICATION 
  

RB-AR14838



   

 
 

 
 

   

 

Monitoring and Modeling 217 
 

FIGURE 4-2 Lognormal probability plots of stormwater quality data for selected constituents (pooled data from NSQD version 1.1). 
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BOX 4-1 
Probability Distributions of Stormwater Data 

The coefficient of variation (COV) values for many constituents in the NSQD range from 
unusually low values of about 0.1 (for pH) to highs between 1 and 2.  One objective of a data analysis 
procedure is to categorize the data into separate stratifications, each having small variations in the 
observed concentrations.  The only stratification usually applied is for land use.  However, further 
analyses indicated many differences by geographical area and some differences by season.  When 
separated into appropriate stratifications, the COV values are reduced, ranging between about 0.5 to 1.0.  
With a reasonable confidence of 95 percent (α= 0.05) and power of 80 percent (β= 0.20), and a suitable 
allowable error goal of 25 percent, the number of samples needed to characterize these conditions would 
therefore range from about 25 to 50 (Burton and Pitt, 2002).  In a continuing monitoring program (such as 
the Phase I stormwater National Pollutant Discharge Elimination System [NPDES] permit monitoring 
effort) characterization data will improve over time as more samples are obtained, even with only a few 
samples collected each year from each site. 

Stormwater managers have generally accepted the assumption of lognormality of stormwater 
constituent concentrations between the 5th and 95th percentiles.  Based on this assumption, it is common 
to use the log-transformed EMC values to evaluate differences between land-use categories and other 
characteristics.  Statistical inference methods, such as estimation and tests of hypothesis, and analysis of 
variance, require statistical information about the distribution of the EMC values to evaluate these 
differences.  The use of the log-transformed data usually includes the location and scale parameter, but a 
lower-bound parameter is usually neglected. 

Maestre et al. (2005) conducted statistical tests using NSQD data to evaluate the lognormality 
assumptions of selected common constituents.  It was found in almost all cases that the log-transformed 
data followed a straight line between the 5th and 95th percentile, as illustrated in Figure 4-3 for total 
dissolved solids (TDS) in residential areas.  
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FIGURE 4-3 Probability plot of total dissolved solids in residential land uses (NSQD version 1.1 data). 
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BOX 4-1 Continued 

For many statistical tests focusing on the central tendency (such as for determining the 
concentrations that are to be used for mass balance calculations), this may be a suitable fit.  As an 
example, the model WinSLAMM (Pitt, 1986; Pitt and Voorhees, 1995) uses a Monte Carlo component to 
describe the likely variability of stormwater source flow pollutant concentrations using either lognormal or 
normal probability distributions for each constituent.  However, if the most extreme values are of 
importance, such as when dealing with the influence of many non-detectable values on the predicted 
concentrations, or determining the frequency of observations exceeding a numerical standard, a better 
description of the extreme values may be important.  

The NSQD contains many factors for each sampled event that likely affect the observed 
concentrations.  These include such factors as seasons, geographical zones, and rain intensities.  These 
factors may affect the shape of the probability distribution.  The only way to evaluate the required number 
of samples in each category is by using the power of the test, where power is the probability that the test 
statistic will lead to a rejection of the null hypothesis (Gibbons and Chakraborti, 2003). 

In the NSQD, most of the data were from residential land uses.  The Kolmogorov-Smirnov test 
was used to indicate if the cumulative empirical probability distribution of the residential stormwater 
constituents can be adequately represented with a lognormal distribution.  The number of collected 
samples was sufficient to detect if the empirical distribution was located inside an interval of width 0.1 
above and below the estimated cumulative probability distribution.  If the interval was reduced to 0.05, the 
power varies between 40 and 65 percent.  Another factor that must be considered is the importance of 
relatively small errors in the selected distribution and the problems of false-negative determinations.  It 
may not be practical to collect as many data observations as needed when the distributions are close.  
Therefore, it is important to understand what types of further statistical and analysis problems may be 
caused by having fewer samples than optimal.  For example, Figure 4-4 (total phosphorus in residential 
areas) shows that most of the data fall along the straight line (indicating a lognormal fit), with fewer than 
10 observations (out of 933) in the tails being outside of the obvious path of the line, or a false-negative 
rate of about 0.01 (1 percent). 

FIGURE 4-4 Normality test for total phosphorus in residential land uses using the NSQD. 
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BOX 4-1 Continued 

Further analyses to compare the constituent concentration distributions to other common 
probability distributions (normal, lognormal, gamma, and exponential) were also conducted for all land 
uses by Maestre et al. (2004).  Most of the stormwater constituents can be assumed to follow a lognormal 
distribution with little error.  The use of a third parameter in the estimated lognormal distribution may be 
needed, depending on the number of samples.  When the number of samples is large per category 
(approximately more than 400 samples) the maximum likelihood and the two-parameter lognormal 
distribution better fit the empirical distribution.  For large sample sizes, the L-moments method usually 
unacceptably truncates the distribution in the lower tail.  However, when the sample size is more 
moderate per category (approximately between 100 and 400 samples), the three-parameter lognormal 
method, estimated by L-moments, better fits the empirical distribution.  When the sample size is small 
(less than 100 samples, as is common for most stormwater programs), the use of the third parameter 
does not improve the fit with the empirical distribution and the common two-parameter lognormal 
distribution produces a better fit than the other two methods.  The use of the lognormal distribution also 
has an advantage over the other distribution types because it can be easily transformed to a normal 
distribution and the data can then be correctly examined using a wide variety of statistical tests.  

Fitting a known distribution is important as it helps indicate the proper statistical tests 
that may be conducted.  Using the median EMC value in load calculations, without considering 
the data variability, will result in smaller mass loads compared to actual monitored conditions.  
This is due to the medians underrepresenting the larger concentrations that are expected to occur.  
The use of average EMC values will represent the larger values better, although they will still 
not represent the variability likely to exist.  If all of the variability cannot be further explained 
adequately (such as being affected by rain depth), which would be highly unlikely, then a set of 
random calculations (such as that obtained using Monte Carlo procedures) reflecting the 
described probability distribution of the constituents would be the best method to use when 
calculating loads. 

Municipal Monitoring Issues 

As described in Chapter 2, typical MS4 monitoring requirements involve sampling during 
several events per year at the most common land uses in the area.  Obviously, a few samples will 
not result in very useful data due to the variability of stormwater characteristics.  However, 
during the period of a five-year permit with three samples per year, about 15 events would be 
sampled for each land use.  While still insufficient for many analyses, this number of data points 
likely allows the confidence limits to be reasonably calculated for the average conditions.  When 
many sites of the same land use are monitored for a region, substantial data may be collected 
during a permit cycle.  This was the premise of the NSQD where MS4 data were collected for 
many locations throughout the country.  These data were evaluated and various findings made.  
The following comments are partially based on these analyses, along with additional data 
sources. 
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Sampling Technique and Compositing 

There are a variety of methods for collecting and compositing stormwater samples that 
can result in different values for the EMC.  The first distinction is the mode of sample collection, 
either as grab samples or automatic sampling.  Obviously, grab sampling is limited by the speed 
and accuracy of the individuals doing the sampling, and it is personnel intensive.  It is for this 
reason that about 80 percent of the NSQD samples are collected using automatic samplers.  
Manual sampling has been observed to result in slightly lower TSS concentrations compared to 
automatic sampling procedures.  This may occur, for example, if the manual sampling team 
arrives after the start of runoff and therefore misses an elevated first flush (if it exists for the 
site), resulting in reduced EMCs. 

A second important concept is how and whether the samples are combined following 
collection. With time-based discrete sampling, samplers (people or machines) are programmed 
to take an aliquot after a set period of time (usually in the range of every 15 minutes) and each 
aliquot is put into a separate bottle (usually 1 liter).  Each bottle is processed separately, so this 
method can have high laboratory costs.  This is the only method, however, that will characterize 
the changes in pollutant concentrations during the event.  Time-based composite sampling refers 
to samplers being programmed to take an aliquot after a set period of time (as short as every 3 
minutes), but then the aliquots are combined into one container prior to analysis (compositing).  
All parts of the event receive equal weight with this method, but the large number of aliquots can 
produce a reasonably accurate composite concentration.  Finally, flow-weighted composite 
sampling refers to samplers being programmed to collect an aliquot (usually 1 liter) for a set 
volume of discharge.  Thus, more samples are collected during the peak of the hydrograph than 
toward the trailing edge of the hydrograph.  All of the aliquots are composited into one container, 
so the concentration for the event is weighted by flow. 

Most communities calculate their EMC values using flow-weighted composite sample 
analyses for more accurate mass discharge estimates compared to time-based compositing.  This 
is especially important for areas with a first flush of very short duration, because time
composited samples may overly emphasize these higher flows.  An automatic sampler with flow-
weighted samples, in conjunction with a bed-load sampler, is likely the most accurate sampling 
method, but only if the sampler can obtain a representative sample at the location (such as 
sampling at a cascading location, or using an automated depth-integrated sampler) (Clark et al., 
2008). 

Time- and flow-weighted composite options have been evaluated in residential, 
commercial, and industrial land uses in EPA Rain Zone 2 and in industrial land uses in EPA Rain 
Zone 3 for the NSQD data.  No significant differences were observed for BOD5 concentrations 
using either of the compositing schemes for any of the four categories.  TSS and total lead 
median concentrations in EPA Rain Zone 2 were two to five times higher in concentration when 
time-based compositing was used instead of flow-based compositing.  Nutrients in EPA Rain 
Zone 2 collected in residential, commercial, and industrial areas showed no significant 
differences using either compositing method.  The only exceptions were for ammonia in 
residential and commercial land-use areas and total phosphorus in residential areas where time-
based composite samples had higher concentrations.  Metals were higher when time-based 
compositing was used in residential and commercial land-use areas.  No differences were 
observed in industrial land-use areas, except for lead.  Again, in most cases, mass discharges are 
of the most importance in order to show compliance with TMDL requirements.  Flow-weighted 
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sampling is the most accurate method to obtain these values (assuming sufficient numbers of 
subsamples are obtained).  However, if receiving water effects are associated with short-duration 
high concentrations, then discrete samples need to be collected and analyzed, with no 
compositing of the samples during the event.  Of course, this is vastly more costly and fewer 
events are usually monitored if discrete sampling is conducted. 

Numbers of Data Observations Needed 

The biggest issue associated with most monitoring programs is the number of data points 
needed. In many cases, insufficient data are collected to address the objectives of the monitoring 
program with a reasonable amount of confidence and power.  Burton and Pitt (2002) present 
much guidance in determining the amount of data that should be collected. A basic equation that 
can be used to estimate the number of samples to characterize a set of conditions is as follows: 

n = [COV(Z1-α + Z1-β)/(error)]2 

where: 
n = number of samples needed. 

α = false-positive rate (1–α is the degree of confidence; a value of α of 0.05 is 
usually considered statistically significant, corresponding to a 1–α degree of 
confidence of 0.95, or 95%). 

β = false-negative rate (1–β is the power; if used, a value of β of 0.2 is common, 
but it is frequently and improperly ignored, corresponding to a β of 0.5). 

Z1–α = Z score (associated with area under a normal curve) corresponding to 1–α; 
if α is 0.05 (95% degree of confidence), then the corresponding Z1–α score is 
1.645 (from standard statistical tables). 

Z1–β = Z score corresponding to 1–β value; if β is 0.2 (power of 80%), then the 
corresponding Z1–β score is 0.85 (from standard statistical tables); however, if 
power is ignored and β is 0.5, then the corresponding Z1–β score is 0. 

error = allowable error, as a fraction of the true value of the mean. 

COV = coefficient of variation (sometimes noted as CV), the standard deviation  
divided by the mean (dataset assumed to be normally distributed). 

Figures 4-5 and 4-6 can be used to estimate the sampling effort, based on the expected 
variability of the constituent being monitored, the allowable error in the calculated mean value, 
and the associated confidence and power.  Figure 4-5 can be used for a single sampling point that 
is being monitored for basic characterization information, while Figure 4-6 is used for paired 
sampling when two locations are being compared.  Confidence and power are needed to control 
the likelihood of false negatives and false positives.  The sample needs increase dramatically as 
the difference between datasets becomes small when comparing two conditions with a paired  
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FIGURE 4-5 Number of samples to characterize median (power of 80% and confidence 
of 95%). SOURCE: Reprinted, with permission from, Burton and Pitt (2002). Copyright 
2002 by CRC Press. 

FIGURE 4-6 Number of paired samples needed to distinguish between two sets of 
observations (power 80% and confidence of 95%).  SOURCE: Reprinted, with 
permission from, Burton and Pitt (2002). Copyright 2002 by CRC Press. 
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analysis, as shown in Figure 4-6 (above and below an outfall, influent vs. effluent, etc.).  
Typically, being able to detect a difference of at least about 25 percent (requiring about 50 
sample pairs with typical sample variabilities) is a reasonable objective for most stormwater 
projects. This is especially important when monitoring programs attempt to distinguish test and 
control conditions associated with SCMs.  It is easy to confirm significant differences between 
influent and effluent conditions at wet detention ponds, as they have relatively high removal 
rates. Less effective controls are much more difficult to verify, as the sampling program 
requirements become very expensive. 

First-Flush Effects 

First flush refers to an assumed elevated load of pollutants discharged in the beginning of 
a runoff event. The first-flush effect has been observed more often in small catchments than in 
large catchments (Thompson et al., 1995, cited by WEF and ASCE, 1998).  Indeed, in large 
catchments (>162 ha, 400 acres), the highest concentrations are usually observed at the times of 
flow peak (Brown et al., 1995; Soeur et al., 1995).  Adams and Papa (2000) and Deletic (1998) 
both concluded that the presence of a first flush depends on numerous site and rainfall 
characteristics. 

Figure 4-7 is a plot of monitoring data from the Villanova first-flush study (Batroney, 
2008) showing the flows, rainfall, TSS concentration, TDS concentration, and TDS and TSS 
event mean concentrations for the inflow to an infiltration trench.  Because of the first-flush  

TS
S 

C
on

ce
nt

ra
tio

n 
(m

g/
L)

 
TD

S
 C

on
ce

nt
ra

tio
n 

(m
g/

L)
 

R
ai

nf
al

l (
in

) 

0.00 

0.16 
0.02 

0.04 

Antecedent Dry Time = 55.5 hours 
Total Inflow Volume = 42400 L 

Total Rainfall = 1.71 inches 

0.25 Inch Sample 
0.50 Inch Sample 
1.00 Inch Sample 
> 1.0 Inch Sample 
Sampling Points 
TSS Concentration 
TSS EMC 
TDS Concentration 
TDS EMC 

120 

Autosampler = 6 Samples per Bottle 

0.12 

In
flo

w
 a

t 
W

ei
r 

In
le

t 
Bo

x 
(c

fs
)

80 

40 

0.08 

0 

30 

200.04 

10 

0.00 0 

FIGURE 4-7 Villanova first-flush study showing pollutant concentration as a function of inflow rainfall volume.  This 
study collected runoff leaving the top floor of a parking garage.  Samples were taken of the runoff in one-quarter-inch 
increments, up to an inch of rain, and then every inch thereafter.  The plot of TSS concentration versus rainfall 
increment shows a strong first flush for this storm, while the TDS concentration does not.  SOURCE: Reprinted, with 
permission, Batroney (2008). Copyright 2008 by T. Thomas Batroney. 
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225 Monitoring and Modeling 

effect, a grab sample early in the storm would have over-predicted the TSS event mean 
concentration of the site, and a later sample would have under-predicted this same value, 
although for TDS the results would have been similar. 

Figure 4-8 shows data for a short-duration, high-intensity rain in Tuscaloosa, Alabama, 
that had rain intensities as great a 6 inches per hour for a 10-minute period.  The drainage area 
was a 0.4-ha paved parking lot with some landscaping along the edges.  The turbidity plot shows 
a strong first flush for this event, and the particle size distributions indicate larger particles at the 
beginning of the event, then becoming smaller as the event progresses, and then larger near the 
end. Most of the other pollutants analyzed had similar first-flush patterns like the turbidity, with 
the notable exception of bacteria. Both E. coli and enterococci concentrations started off 
moderately low, but then increased substantially near the end of the rain.  Several rains have 
been monitored at this site so far, and most show a similar pattern with decreasing turbidity and 
increasing bacteria as the rain continues.   

FIGURE 4-8 Pollutant variations during rain period (0.4-ha drainage area, mostly paved parking 
with small fringe turf area, Tuscaloosa, Alabama).  SOURCE: Robert Pitt. 
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226 Urban Stormwater Management in the United States 

 Sample collection conducted for some of the NPDES MS4 Phase I permits required both 
a grab and a composite sample for each event.  A grab sample was to be taken during the first 30 
minutes of discharge to capture the first flush, and a flow-weighted composite sample was to be 
taken for the entire time of discharge (every 15 to 20 minutes for at least three hours or until the 
event ended). Maestre et al. (2004) examined about 400 paired sets of 30-minute and 3-hour 
samples from the NSQD, as shown in Table 4-2.  Generally, a statistically significant first flush 
is associated with a median concentration ratio of about 1.4 or greater (the exceptions are where 
the number of samples in a specific category is much smaller).  The largest ratios observed were 
about 2.5, indicating that for these conditions the first 30-minute flush sample concentrations are 
about 2.5 times greater than the composite sample concentrations.  More of the larger ratios are 
found for the commercial and institutional land-use categories, where larger paved areas are 
likely to be found.  The smallest ratios are associated with the residential, industrial, and open-
space land uses—locations where there may be larger areas of unpaved surfaces. 

TABLE 4-2 Significant First Flush Ratios (First Flush to Composite Median Concentration) 
Parameter Commercial Industrial Institutional 

n sc R ratio n sc R ratio n sc R ratio 
Turbidity, NTU 11 11 = 1.32 X X 
COD, mg/L 91 91 ≠ 2.29 84 84 ≠ 1.43 18 18 ≠ 2.73 
TSS, mg/L 90 90 ≠ 1.85 83 83 = 0.97 18 18 ≠ 2.12 
Fecal coliform, col/100mL 12 12 = 0.87 X X 
TKN, mg/L 93 86 ≠ 1.71 77 76 ≠ 1.35 X 
Phosphorus total, mg/L 89 77 ≠ 1.44 84 71 = 1.42 17 17 = 1.24 
Copper, total, µg/L 92 82 ≠ 1.62 84 76 ≠ 1.24 18 7 = 0.94 
Lead, total, µg/L 89 83 ≠ 1.65 84 71 ≠ 1.41 18 13 ≠ 2.28 
Zinc, total, µg/L 90 90 ≠ 1.93 83 83 ≠ 1.54 18 18 ≠ 2.48 

Parameter Open Space Residential All Combined 
n sc R ratio n sc R ratio n sc R ratio 

Turbidity, NTU X 12 12 = 1.24 26 26 = 1.26 
COD, mg/L 28 28 = 0.67 140 140 ≠ 1.63 363 363 ≠ 1.71 
TSS, mg/L 32 32 = 0.95 144 144 ≠ 1.84 372 372 ≠ 1.60 
Fecal coliform, col/100mL X 10 9 = 0.98 22 21 = 1.21 
TKN, mg/L 32 14 = 1.28 131 123 ≠ 1.65 335 301 ≠ 1.60 
Phosphorus, total, mg/L 32 20 = 1.05 140 128 ≠ 1.46 363 313 ≠ 1.45 
Copper, total, µg/L 30 22 = 0.78 144 108 ≠ 1.33 368 295 ≠ 1.33 
Lead, total, µg/L 31 16 = 0.90 140 93 ≠ 1.48 364 278 ≠ 1.50 
Zinc, total, µg/L 21 21 = 1.25 136 136 ≠ 1.58 350 350 ≠ 1.59 

Note: n, number of total possible events; sc, number of selected events with detected values; R, result; X, not enough 

data; =, not enough evidence to conclude that median values are different; ≠, median values are different. “Ratio” is 

the ratio of the first flush to the full-period sample concentrations. 

SOURCE: NSQD, as reported by Maestre et al. (2004). 
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227 Monitoring and Modeling 

The data in Table 4-2 were from North Carolina (76.2 percent), Alabama (3.1 percent), 
Kentucky (13.9 percent), and Kansas (6.7 percent) because most other states’ stormwater permits 
did not require this sampling strategy.  The NSQD investigation of first-flush conditions for 
these data locations indicated that a first-flush effect was not present for all the land-use 
categories and certainly not for all constituents.  Commercial and residential areas were more 
likely to show this phenomenon, especially if the peak rainfall occurred near the beginning of the 
event. It is expected that this effect will more likely occur in a watershed with a high level of 
imperviousness, but even so, the data indicated first flushes for less than 50 percent of the 
samples for the most impervious areas.  This reduced frequency of observed first flushes in areas 
most likely to have first flushes is probably associated with the varying rain conditions during 
the different events, including composite samples that did not represent the complete runoff 
duration. 

Groups of constituents showed different behaviors for different land uses.  All the heavy 
metals evaluated showed higher concentrations at the beginning of the event in the commercial 
land-use category. Similarly, all the nutrients showed higher initial concentrations in residential 
land-use areas, except for total nitrogen and orthophosphorus.  This phenomenon was not found 
in the bacterial analyses. None of the land uses showed a higher population of bacteria at the 
beginning of the event.   

The general conclusion from these data is that, in areas having low and generally even-
intensity rains, first-flush observations are more common, especially in small and mostly paved 
areas. As an area increases in size, multiple routing pathways tend to blend the water, and runoff 
from the more distant locations reaches the outfall later in the event.  SCMs located at outfalls in 
areas having low levels of impervious cover should be selected and sized to treat the complete 
event, if possible.  Preferential treatment of first flushes may only be justified for small 
impervious areas, but even then, care needs to be taken to prevent undersizing and missing 
substantial fractions of the event. 

Seasonal first flushes refer to larger portions of the annual runoff and pollutant discharges 
occurring during a short rain season.  Seasonal first flushes may be observed in more arid 
locations where seasonal rainfalls are predominant.  As an example, central and southern 
California can have dry conditions for extended periods, with the initial rains of the season 
occurring in the late fall. These rains can be quite large and, since they occur after prolonged dry 
periods, may carry substantial portions of the annual stormwater pollutant load.  This is 
especially pronounced if later winter rains are more mild in intensity and frequent.  For these 
areas, certain types of seasonally applied SCMs may be effective.  As an example, extensive 
street, channel, and inlet cleaning in the late summer and early fall could be used to remove large 
quantities of debris and leaves from the streets before the first heavy rains occur.  Other seasonal 
maintenance operations benefiting stormwater quality should also be scheduled before these 
initial rains. 

Rain Depth Effects 

An issue related to first flushes pertains to the effects of rain depth on stormwater quality.  
The NSQD contains much rainfall data along with runoff data for most areas of the country.  
Figure 4-9 contains scatter plots showing concentrations plotted against rain depth for some 
NSQD data. Although many might assume a correlation between concentrations and rain depth,  
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228 Urban Stormwater Management in the United States 

FIGURE 4-9 Examples of scatter plots by precipitation depth.  SOURCE: NSQD. 

in fact there are no obvious trends of concentration associated with rain depth.  Rainfall energy 
determines erosion and wash-off of particulates, but sufficient runoff volume is needed to carry 
the particulate pollutants to the outfalls.  Different travel times from different locations in the 
drainage areas results in these materials arriving at different times, plus periods of high rainfall 
intensity (that increase pollutant wash-off and movement) occur randomly throughout the storm. 
The resulting outfall stormwater concentration patterns for a large area having various surfaces is 
therefore complex and rain depth is just one of the factors involved.   

Reported Monitoring Problems 

A number of monitoring problems were described in the local Phase I community MS4 
annual monitoring reports that were summarized as part of assembling the NSQD.  About 58 
percent of the communities described monitoring problems.  Problems were mostly associated 
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229 Monitoring and Modeling 

with obtaining reliable data for the targeted events.  These problems increased costs because 
equipment failures had to be corrected and sampling excursions had to be rescheduled.  One of 
the basic sampling requirements was to collect three samples every year for each of the land-use 
stations. These samples were to be collected at least one month apart during storm events having 
at least 0.1-inch rains, and with at least 72 hours from the previous 0.1-inch storm event.  It was 
also required (when feasible) that the variance in the duration of the event and the total rainfall 
not exceed the median rainfall for the area.  About 47 percent of the communities reported 
problems meeting these requirements.  In many areas of the country, it was difficult to have three 
storm events per year with these characteristics.  Furthermore, the complete range of site 
conditions needs to be represented in the data-collection effort; focusing only on a narrow range 
of conditions limits the representativeness of the data. 

The second most frequent problem, reported by 26 percent of the communities, 
concerned backwater tidal influences during sampling, or that the outfall became submerged 
during the event. In other cases, it was observed that there was flow under the pipe (flowing 
outside of the pipe, in the backfill material, likely groundwater), or sometimes there was no flow 
at all. These circumstances all caused contamination of the collected samples, which had to be 
discarded, and prevented accurate flow monitoring.  Greater care is obviously needed when 
locating sampling locations to eliminate these problems. 

About 12 percent of the communities described errors related to malfunctions of the 
sampling equipment.  When reported, the equipment failures were due to incompatibility 
between the software and the equipment, clogging of the rain gauges, and obstruction in the 
sampling or bubbler lines.  Memory losses in the equipment recording data were also 
periodically reported. Other reported problems were associated with lighting, false starts of the 
automatic sampler before the runoff started, and operator error due to misinterpretation of the 
equipment configuration manual. 

The reported problems suggest that the following changes should be made.  First, the rain 
gauges need to be placed close to the monitored watersheds.  Large watersheds cannot be 
represented with a single rain gauge at the monitoring station.  In all cases, a standard rain gauge 
needs to supplement a tipping bucket rain gauge, and at least three rain gauges should be used in 
the research watersheds. Second, flow-monitoring instrumentation also needs to be used at all 
water quality monitoring stations.  The lack of flow data greatly hinders the value of the 
chemical data.  Third, monitoring needs to cover the complete storm duration.  Automatic 
samplers need to be properly programmed and maintained to handle very short to very long 
events. It is unlikely that manual samplers were able to initiate sampling near the beginning of 
the events, unless they were deployed in anticipation of an event later in the day.  A more cost-
effective and reliable option would be to have semi-permanent monitoring stations at the various 
locations with sampling equipment installed in anticipation of a monitored event.  Most 
monitoring agencies operated three to five land-use stations at one time.  This number of 
samplers, and flow equipment, could have been deployed in anticipation of an acceptable event 
and would not need to be continuously installed in the field at all sampling locations. 

Non-Detected Analyses 

Left-censored data involve observations that are reported as below the limits of detection, 
whereas right-censored data involve above-range observations.  Unfortunately, many important 
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230 Urban Stormwater Management in the United States 

stormwater measurements (such as for filtered heavy metals) have large fractions of undetected 
values. These incomplete data greatly hinder many statistical tests.  To estimate the problems 
associated with censored values, it is important to identify the probability distributions of the 
data in the dataset and the level of censoring.  As discussed previously, most of the constituents 
in the NSQD follow a lognormal distribution.  When the frequencies of the censored 
observations were lower than 5 percent, the means, standard deviations, and COVs were almost 
identical to the values obtained when the censored observations were replaced by half of the 
detection limit.  As the percentage of nondetected values increases, replacing the censored 
observation by half of the detection limit instead of estimating them using Cohen’s maximum 
likelihood method produced lower means and larger standard deviations.  Replacing the censored 
observations by half of the detection limit is not recommended for levels of censoring larger than 
15 percent.  Because the Cohen method uses the detected observations to estimate the 
nondetected values, it is not very accurate, and therefore not recommended, when the percentage 
of censored observations is larger than 40 percent (Burton and Pitt, 2002).  In this case, 
summaries should only be presented for the detected observations, with clear notations stating 
the level of nondetected observations. 

The best method to eliminate problems associated with left-censored data is to use an 
appropriate analytical method. By keeping the nondetectable level below 5 percent, there are 
many fewer statistical analysis problems and the value of the datasets can be fully realized.  
Table 4-3 summarizes the recommended minimum detection limits for various stormwater 
constituents to obtain manageable nondetection frequencies (< 5 percent), based on the NSQD 
data observations. Some of the open-space stormwater measurements (lead, and oil and grease, 
for example) would likely have greater than 5 percent nondetections, even with the detection 
limits shown.  The detection limits for filtered heavy metals should also be substantially less than 
shown on this table. 

TABLE 4-3 Suggested Analytical Detection Limits for Stormwater Monitoring Programs to 
Obtain Less Than 5 Percent Nondetections 
Parameter Residential, Commercial, Industrial, Freeway Open Space 
Conductivity 20 µS/cm 20 µS/cm 
Hardness 10 mg/L 10 mg/L 
Oil and grease 0.5 mg/L 0.5 mg/L 
TDS 10 mg/L 10 mg/L 
TSS 5 mg/L 1 mg/L 
BOD5 2 mg/L 1 mg/L 
COD 10 mg/L 5 mg/L 
Ammonia 0.05 mg/L 0.01 mg/L 
NO2 + NO3 0.1 mg/L 0.05 mg/L 
TKN 0.2 mg/L 0.2 mg/L 
Dissolved P 0.02 mg/L 0.01 mg/L 
Total P 0.05 mg/L 0.02 mg/L 
Total Cu 2 µg/L 2 µg/L 
Total Pb 3 µg/L (residential 1 µg/L) 1 µg/L 
Total Ni 2 µg/L 1 µg/L 
Total Zn 20 µg/L (residential 10 µg/L) 5 µg/L 

SOURCE: Maestre and Pitt (2005). 
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231 Monitoring and Modeling 

Seasonal Effects 

Another factor that some believe may affect stormwater quality is the season when the 
sample was obtained.  If the few samples collected for a single site were all collected in the same 
season, the results may not be representative of the whole year.  The NPDES sampling protocols 
were designed to minimize this effect by requiring the three samples per year to be separated by 
at least one month. The few samples still could be collected within a single season, but not 
within the same week.  Seasonal variations for residential fecal coliform data are shown in 
Figure 4-10 for NSQD data for all residential areas.  These data were the only significant 
differences in concentration by season for any constituent measured.  The bacteria levels are 
lowest during the winter season and highest during the summer and fall (a similar conclusion 
was obtained during the NURP data evaluations). 

FIGURE 4-10 Fecal coliform concentrations in stormwater by season.  SOURCE: NSQD. 

Recommendations for MS4 Monitoring Activities 

The NSQD is an important tool for the analysis of stormwater discharges at outfalls.  
About a fourth of the total existing information from the NPDES Phase I program is included in 
the database. Most of the statistical analyses in this research were performed for residential, 
commercial, and industrial land uses in EPA Rain Zone 2 (the area of emphasis according to the 
terms of the EPA-funded research).  Many more data are available from other stormwater permit 
holders that are not included in this database.  Acquiring these additional data for inclusion in the 
NSQD is a recommended and cost-effective activity and should be accomplished as additional 
data are also being obtained from ongoing monitoring projects. 

The use of automatic samplers, coupled with bed-load samplers, is preferred over manual 
sampling procedures.  In addition, flow monitoring and on-site rainfall monitoring need to be 
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232 Urban Stormwater Management in the United States 

included as part of all stormwater characterization monitoring.  The additional information 
associated with flow and rainfall data will greatly enhance the usefulness of the much more 
expensive water quality monitoring.  Flow monitoring must also be correctly conducted, with 
adequate verification and correct base-flow subtraction methods applied.  A related issue 
frequently mentioned by the monitoring agencies is the lack of on-site precipitation information 
for many of the sites.  Using regional rainfall data from locations distant from the monitoring 
location is likely to be a major source of error when rainfall factors are being investigated. 

Many of the stormwater permits only required monitoring during the first three hours of 
the rain event. This may have influenced the EMCs if the rain event continued much beyond this 
time.  Flow-weighted composite monitoring should continue for the complete rain duration.  
Monitoring only three events per year from each monitoring location requires many years before 
statistically adequate numbers of observations are obtained.  In addition, it is much more difficult 
to ensure that such a small fraction of the total number of annual events is representative.  Also, 
there is minimal value in obtaining continued data from an area after sufficient information is 
obtained. It is recommended that a more concentrated monitoring program be conducted for a 
two- or three-year period, with a total of about 30 events monitored for each site, covering a 
wide range of rain conditions. Periodic checks can be made in future years, such as repeating 
concentrated monitoring every 10 years or so (and for only 15 events during the follow-up 
surveys). 

Finally, better watershed area descriptions, especially accurate drainage-area 
delineations, are needed for all monitored sites.  While the data contained in the NSQD are 
extremely useful, future monitoring information obtained as part of the stormwater permit 
program would be greatly enhanced with these additional considerations. 

MONITORING OF INDUSTRIES INCLUDING CONSTRUCTION 

The various industrial stormwater monitoring requirements of the EPA Stormwater 
Program have come under considerable scrutiny since the program’s inception.  Input to the 
committee at its first meeting conveyed the strong sense that monitoring as it is being done is 
nearly useless, is burdensome, and produces data that are not being used.  The requirements 
consist of the following. All industrial sectors covered under the Multi-Sector General Permit 
(MSGP) must conduct visual monitoring four times a year.  This visual monitoring is performed 
by collecting a grab sample within the first hour of stormwater discharge and observing its 
characteristics qualitatively (except for construction activities—see below).  A subset of MSGP 
industries are required to perform analytical monitoring for benchmark pollutant parameters (see 
Table 2-5) four times in year 2 of permit coverage and again in year 4 if benchmarks are 
exceeded in year 2. A benchmark sample is collected as a grab sample within the first hour of 
stormwater discharge after a rainfall event of 0.1 inch or greater and with an interceding dry 
period of at least 72 hours. An even smaller subset of MSGP industries that are subject to 
numerical effluent guidelines under 40 C.F.R. must, in addition, collect grab samples of their 
stormwater discharge after every discharge event and analyze it for specific pollutant parameters 
as specified in the effluent guidelines (see Table 2-6).  There is no monitoring requirement for 
stormwater discharges from construction activity in the Construction General Permit.  There is 
only an elective requirement that the construction site be visually inspected within 24 hours after 
the end of a storm event that is 0.5 inch or greater, if inspections are not performed weekly. 
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233 Monitoring and Modeling 

EPA selected the benchmark analytical parameters for industry subsectors to monitor 
using data submitted by industrial groups in 1993 as part of their group applications.  The 
industrial groups were required to sample a minimum of 10 percent of facilities within an 
industry group for pH, TSS, BOD5, oil and grease, COD, TKN, nitrate plus nitrite nitrogen, and 
total phosphorous. Each sampling facility within a group collected a minimum of one grab 
sample within the first 30 minutes of discharge and one flow-weighted composite sample.  Other 
nonconventional pollutants such as fecal coliform bacteria, iron, and cobalt were analyzed only if 
the industry group expected it to be present. Similarly, toxic pollutants such as lead, copper, and 
zinc were not sampled but rather self-identified only if expected to be present in the stormwater 
discharge.  As a result of the self-directed nature of these exercises, the data submitted with the 
group applications were often incomplete, inconsistent, and not representative of the potential 
risk posed by the stormwater discharge to human health and aquatic life.  EPA has not conducted 
or funded independent investigations and has relied solely on the data submitted by industry 
groups to determine which pollutant parameters are appropriate for the analytical monitoring of 
an industry subsector. Thus, there are glaring deficiencies; for example, the only benchmark 
parameter for asphalt paving and roofing materials is TSS, even though current science shows 
that the most harmful pollutants in stormwater discharges from the asphalt manufacturing 
industry are polycyclic aromatic hydrocarbons (compare Table 2-5 with Mahler et al., 2005). 

Aside from the suitability of benchmark parameters is the fact the too few samples are 
collected to sufficiently characterize the variability of pollutant concentrations associated with 
industrial facilities within a sector.  This is discussed in detail in Box 4-2, which describes one of 
the few efforts to collect and analyze data from the benchmark monitoring of industries done in 
Southern California. EPA has not requested a nationwide effort to compile these data, as was 
done for the MS4 program, although this could potentially lead to average effluent 
concentrations by industrial sector that could be used for a variety of purposes, including more 
considerate regulations. Finally, the compliance monitoring that is presently being conducted 
under the MSGP is of limited usefulness because it is being done to comply with effluent 
guidelines that have not been updated to reflect the best available technology relevant to 
pollutants of most concern.  All of these factors have led to an industrial stormwater monitoring 
program that is not very useful for the purposes of reducing stormwater pollution from industries 
or informing operators on which harmful pollutants to expect from their sites. 

Industrial-Area Monitoring Issues 

Monitoring at industrial sites has some unique issues that must be overcome.  The most 
important aspect for any monitoring program is understanding and specifying the objectives of 
the monitoring program and developing and following a detained experimental design to allow 
these objectives to be met.  The following discussion is organized around the reasons why 
monitoring at industrial sites may be conducted. 

Regional Monitoring of Many Facilities 

An important monitoring objective would be regional monitoring to calibrate and verify 
stormwater quality models, to randomly verify compliance at facilities not normally requiring  
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234 Urban Stormwater Management in the United States 

BOX 4-2 
The Plight of Industrial Stormwater Data 

Unlike the data collected by municipalities and stored in the NSQD, the benchmark monitoring 
data collected by permitted industries are not compiled or analyzed on a national basis.  However, there 
has been at least one attempt to compile these data on a more local basis.  California required that 
industrial facilities submit their benchmark monitoring data over a nine-year period, and it was 
subsequently analyzed by Michael Stenstrom and colleagues at UCLA (Stenstrom and Lee, 2005; Lee et 
al., 2007). The collected data were for such parameters as pH, turbidity, specific conductance, oil and 
grease (or total organic carbon), and several metals.  There are more than 6,000 industries covered 
under the California general permit, each of which was to have collected two grab samples per year for a 
limited number of parameters.  Whether these data were collected each year and for each industry was 
highly variable. 

The analysis of the data from Los Angeles and Ventura counties revealed that stormwater 
monitoring data are not similar to the types of data that the environmental engineering field is used to 
collecting, in particular wastewater data.  Indeed, as shown in Figure 4-11, stormwater data are many 
orders of magnitude more variable than drinking water and wastewater data.  The coefficients of variation 
for municipal and industrial stormwater were almost two orders of magnitude higher than for drinking 
water and wastewater, with the industrial stormwater data being particularly variable.  This variability 
comes from various sources, including intrinsic variability given the episodic nature of storm events, 
analytical methods that are more variable when applied to stormwater, and sampling technique problems 
and error. 

FIGURE 4-11  A comparison of data from four sources: wastewater influent, drinking water plant effluent, 
municipal stormwater, and industrial stormwater.  SOURCE: Reprinted, with permission from Stenstrom 
(2007). Copyright 2007 by Michael K. Stenstrom. 

This enormous variability means that it is extremely difficult to make meaningful statements.  For 
example, it was impossible, using different analyses, to correlate certain chemical pollutants with certain 
industries.  Furthermore, although the data revealed that there are exceedances of benchmark values for 
certain parameters (Al, Cu, Fe, Pb, and Zn in particular), the data are not of sufficient quantity or quality to 
identify problem polluters.  Finally, there were also large numbers of outliers (that is, samples whose 
concentrations were well above the 75th percentile range). 

PREPUBLICATION 
  

RB-AR14856



   

 
 

 

 

 

 

 
 

 

 

235 Monitoring and Modeling 

BOX 4-2 Continued 

Because of these large coefficients of variation, greater numbers of samples are needed to be 
able to say there is a significant difference between samples.  As shown in Figure 4-12 using COD and a 
50 percent difference in means as an example, one would need six data points to tell the difference 
between two wastewater influents, 80 data points if one had municipal stormwater data, and around 
1,000 data points for industrial stormwater.  These numbers obviously eclipse what is required under all 
states’ MSGPs. 

FIGURE 4-12  Number of cases needed to detect a certain percentage difference in the means, using 
COD as an example.  SOURCE: Reprinted, with permission from Stenstrom (2007). Copyright 2007 by 
Michael K. Stenstrom. 

For drinking water treatment, monitoring is done to ensure the quality of the product, while for 
wastewater, there is a permit that requires the plant to meet a specific quality of water.  Unlike these other 
areas of water resources, there are few incentives that might compel an industry to increase its frequency 
of stormwater monitoring.  As a result, industries are less invested in the process and rarely have the 
expertise needed to carry out self-monitoring. 

continues next page 
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236 Urban Stormwater Management in the United States 

BOX 4-2 Continued 

Permitted industries are not required to sample flow.  However, Stenstrom and colleagues used 
Los Angeles rainfall data (see Figure 4-13) as a surrogate for flow and demonstrated that there is a 
seasonal first-flush phenomenon occurring in early fall.  That is, samples taken after a prolonged dry spell 
will have higher pollutant concentrations.  There are always high concentrations of contaminants during 
the first rainfall because contaminants have had time to accumulate since the previous rainfall.  This is 
important because EPA asks the industrial permittees to collect data from the first rainfall, such that they 
may end up overestimating the mass emissions for the year.  Furthermore, it shows that numeric limits for 
grab samples would be risky because the measured data are highly affected by the timing of the storm. 

FIGURE 4-13  Annual precipitation in Los Angeles (left) and seasonal first flushes of various 
contaminants (right).  SOURCE: SOURCE: Reprinted, with permission from Stenstrom (2007). Copyright 
2007 by Michael K. Stenstrom. 

The controversy about numeric limits for industrial stormwater dischargers has existed for more 
than ten years in California.  A recent expert panel concluded that in some cases, numeric limits are 
appropriate (for construction, but not for municipalities).  Stenstrom’s recommendations are that industrial 
monitoring should be either ended or upgraded (for competent industries).  If upgraded, it should include 
more types of monitored parameters, a sampling method with a lower coefficient of variation, real-time 
monitoring as opposed to grab samples, more quality assurance/quality control, and web-based reporting.  
A fee-based program with a subset of randomly selected industries may be better than requiring every 
industry to sample.  Stenstrom and Lee (2005) suggest who might do this monitoring if the industry does 
not have the necessary trained personnel.  There is concern that the California water boards are too 
understaffed to administer such programs and respond to high emitters. 

SOURCES: Stenstrom and Lee (2005), Lee et al. (2007), Stenstrom (2007). 
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237 Monitoring and Modeling 

monitoring, and to establish benchmarks for compliance.  As shown in Box 4-2, haphazard 
monitoring throughout an area would require a very large effort, and would still likely result in 
large errors in the expected data. It is recommended that a regional stormwater authority 
coordinate regional monitoring as part of the MS4 monitoring requirements, possibly even at the 
state level covering several Phase I municipalities.  A coordinated effort would be most cost-
effective with the results compiled for a specific objective.  The general steps in this effort would 
include the following. 

(1) Compiling available regional stormwater quality data and comparing the available 
data to the needs (such as calibration of a regional model; verifying compliance of facilities not 
requiring monitoring; and establishing regional benchmarks).  This may include expanding the 
NSQD for the region to include all of the collected data, plus examination of data collected as 
part of other specialized monitoring activities.  These objectives will result in different data 
needs, so it is critical that the uses of the data are identified before sampling plans are 
established. 

(2) Identifying monitoring opportunities as part of other on-going activities that can be 
expanded to also meet data gaps for these specific objectives.  It is important to understand the 
time frame for the monitoring and ensure that it will meet the needs.  As an example, current 
NPDES stormwater monitoring only requires a few events to be sampled per year at a facility.  It 
may take many years before sufficient data are obtained unless the monitoring effort is 
accelerated. 

(3) Preparing an experimental design that identifies the magnitude of the needed data, 
considering the allowable errors in the results, and carrying out the sampling program.  Different 
types of data may have varying data quality objectives, depending on their use.  It may be 
possible to truncate some of the monitoring when a sufficient understanding is obtained. 

A regionally calibrated and verified model can be used to review development plans and 
proposed SCMs for new facilities.  When suitably integrated with receiving-water modeling 
tools, a stormwater model can also be used to develop discharge objectives and numeric 
discharge limits that are expected to meet regulatory requirements.  Eventually, it may be 
possible to couple watershed stormwater models with regional receiving water assessments and 
beneficial use studies.  Haphazard monitoring of a few events each year will be very difficult to 
correlate with regional receiving water objectives, while a calibrated and verified watershed 
model, along with receiving water assessments, will result in a much more useful tool and 
understanding of the local problems. 

Regional monitoring can also be targeted to categories of industries that were previously 
determined to be of low priority.  This monitoring activity would randomly target a specific 
number of these facilities for monitoring to verify the assumption that they are of low priority 
and are still carrying out the minimum management practices.  This activity would also quantify 
the discharges from these facilities and the performance of the minimum controls.  If the 
discharges are excessive when compared to the initial assumptions, or the management practices 
being used are not adequate, then corrective actions would be instigated.  A single category of 
specific industries could be selected for any one year, and a team from the regional stormwater 
management authority could randomly select and monitor a subset of these facilities.  An 
efficient experimental design would need to be developed based on expected conditions, but it is 
expected that from 10 to 15 such facilities would be monitored for at least a year in a large 
metropolitan area that has a Phase I stormwater permit, or even state-wide. 
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238 Urban Stormwater Management in the United States 

Regional monitoring is also necessary to more accurately establish benchmarks for 
numeric permits.  Geographical location, along with land use, is normally an important factor 
affecting stormwater quality. Receiving water impacts and desired beneficial uses also vary 
greatly for different locations. It is therefore obvious that compliance benchmarks also be 
established that consider these regional differences.  This could be a single statewide effort if the 
state agency has the permit authority and if the state has minimal receiving water and stormwater 
variations. However, in most cases, significant variations occur throughout the state and separate 
monitoring activities would be needed for each region.  In the simplest case, probability 
distributions of stormwater discharge quality can be developed for different discharge categories 
and the benchmarks would be associated with a specific probability value.  In some cases, an 
overall distribution may be appropriate, and only the sites having concentrations greater than the 
benchmark value would need to have additional treatment.  In all cases, a basic level of 
stormwater management should be expected for all sites, but the benchmark values would 
identify sites where additional controls are necessary.  The random monitoring of sites not 
requiring extensive monitoring could be used to identify and adjust the basic levels of control 
needed for all categories of stormwater dischargers. 

Identification of Critical Source Areas Associated with Specific Industrial Operations 

The objective of this monitoring activity would be to identify and characterize critical 
source areas for specific industries of concern.  If critical source areas can be identified, targeted 
control or treatment can be much more effective than relying only on outfall monitoring.  Many 
of the treatment strategies for industrial sites involve pollution prevention, ranging from covering 
material or product storage areas to coating galvanized metal.  Other treatment strategies involve 
the use of highly effective treatment devices targeting a small area, such as filters used to treat 
zinc in roof runoff or lamella plate separators for pretreatment of storage yard runoff before wet 
pond treatment. Knowledge of the characteristics of the runoff from the different areas at a 
facility is needed in order to select and design the appropriate treatment methods. 

Box 4-3 is a case study of one such group monitoring effort—for a segment of the 
telecommunications industry targeting a specific maintenance practice.  Instead of having each 
telecommunication company throughout the country conduct a detailed monitoring program for 
individual stormwater permits associated with maintenance efforts, many of the companies 
joined together under an industrial trade group to coordinate the monitoring and to apply for a 
group permit.  This was a significant effort that was conducted over several years and involved 
the participation of many regional facilities throughout the nation.  This coordinated effort spread 
the cost over these different participants, and also allowed significant amounts of data to be 
collected, control practices to be evaluated, and the development of screening methods that allow 
emergency maintenance operations of the telecommunication system to proceed in a timely 
manner.  The experimental design of this monitoring program allowed an efficient examination 
of factors affecting stormwater discharges from these operations.  This enabled the efficient 
implementation of effective control programs that targeted specific site and operational 
characteristics. Although the total cost for this monitoring program was high, it was much less 
costly than if each individual company had conducted their own monitoring.  In addition, this 
group effort resulted in much more useful information for the industry as a whole. 
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239 Monitoring and Modeling 

BOX 4-3 
Monitoring to Support a General Stormwater Group Permit  

Application for the Telecommunications Industry 

This monitoring program was conducted to support a group permit application for the 
telecommunications industry, specifically to cover maintenance operations associated with pumping water 
out of communications manholes that is then discharged into the storm drainage system.  Under federal 
and state environmental statues, the generator (owner or operator) is responsible for determining if the 
discharged water needs treatment.  The work performed under this project covered characterization, 
prevention, and treatment methods of water found in manholes.   

The objective of this project was to develop a test method to quickly evaluate water in manholes 
and then to recommend on-site treatment and preventative methods.  To meet the telecommunication 
industry needs, the evaluating tests of water found in manholes need to be simple, quick, inexpensive, 
field applicable, and accurate indicators of contaminated conditions.  The on-site treatment methods must 
be cost-effective and quickly reduce the concentrations of the contaminant of concern to acceptable 
levels before the water from manholes is discharged, to result in a safe environment for workers. 

A sampling effort was conducted by Pitt et al. (1998) to characterize the quality of the water and 
sediment found in manholes.  More than 700 water samples and 300 sediment samples were analyzed 
over a three-year period, representing major land-use, age, season, and geographical factors from 
throughout the United States.  The samples were analyzed for a wide range of common and toxic 
constituents.  The statistical procedures identified specific relationships between these main factor 
categories and other manhole characteristics.  Part of the project was to evaluate many field analytical 
methods.  Finally, research was also conducted to examine possible water treatment methods for water 
being pumped from telecommunication manholes. 

Summary of Sampling Effort and Strategy 

The objective of the monitoring program was to characterize telecommunication manhole water 
and sediment. Important variables affecting the quality of these materials were also determined.  A 
stratified random sampling design was followed, with the data organized in a full 24 factorial design, with 
repeated sampling of the same manholes for each season. The goal for the minimum number of samples 
per strata was ten.  This sampling effort enabled the determination of errors associated with the results, 
which was expected to be less than 25 percent.  In addition, this level of effort enabled comparison tests 
to be made outside of the factorial design.  Table 4-4 lists the constituents that were evaluated for each of 
the sample types. 

The immense amount of data collected during this project and the adherence to the original 
experimental design enabled a comprehensive statistical evaluation of the data.  Several steps in data 
analysis were performed, including: 

• exploratory data analyses (mainly probability plots and grouped box plots), 
• simple correlation analyses (mainly Pearson correlation matrices and  
  associated scatter plots), 
• complex correlation analyses (mainly cluster and principal component  
  analyses, plus Kurskal-Wallis comparison tests), and 
• model building (based on complete 24 factorial analyses of the most important  
  factors). 

continues next page 
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240 Urban Stormwater Management in the United States 

BOX 4-3 Continued 

The toxicity screening tests (using the Azur Microtox® method) conducted on both unfiltered and 
filtered water samples from telecommunication manholes indicated a wide range of toxicity, with no 
obvious trends for season, land use, or age.  About 60 percent of the samples were not considered toxic 
(less than an I25 light reduction of 20 percent, the light reduction associated with phosphorescent 
bacteria after a 25-minute exposure to undiluted samples), about 20 percent were considered moderately 
toxic, while about 10 percent were considered toxic (light reductions of greater than 40 percent), and 10 
percent were considered highly toxic (light reductions of greater than 60 percent).  Surprisingly, samples 
from residential areas generally had greater toxicities than samples from commercial and industrial areas.  
Samples from newer areas were also more toxic than those from older areas.  Further statistical tests of 
the data indicated that the high toxicity levels were likely associated with periodic high concentrations of 
salt (in areas using de-icing salt), heavy metals (especially filterable zinc, with high values found in most 
areas), and pesticides (associated with newer residential areas).  

TABLE 4-4 Constituents Examined in Water and Sediment from Telecommunication Manholes  
Constituent Unfiltered Water Filtered Water Sediment 
Solids, volatile solids, COD, Cu, Pb, and Zn X X X 
Turbidity, color, and toxicity (Microtox screening method) X X 
pH, conductivity, hardness, phosphate, nitrate, ammonia, 
boron, fluoride, potassium, and detergents 

X 

Odor, color, and texture X 
E. coli, enterococci, particle size, and chromium Selected 
Metal scan (ICP) Selected 
PAHs, phenols (GC/MSD), and pesticides X Selected Selected 
SOURCE: Pitt et al., (1998).  

Concentrations of copper, lead, and zinc were evaluated in almost all of the water samples, and 
some filtered samples were also analyzed for chromium.  From 470 to 548 samples (75 to 100 percent of 
all unfiltered samples analyzed) had detectable concentrations of these metals.  Filterable lead 
concentrations in the water were as high as 160 µg/L, while total lead concentrations were as high as 810 
µg/L.  Zinc values in filtered and unfiltered samples were as high as about 3,500 µg/L. Some of the 
copper concentrations were also high in both filtered and unfiltered samples (as high as 1,400 µg/L). 
Chromium concentrations as high as 45 µg/L were also detected. 

About 300 sediment samples were analyzed and reviewed for heavy metals.  An ICP/MS was 
used to obtain a broad range of metals with good detection limits.  The following list shows the median 
observed concentrations for some of the constituents found in the sediments (expressed as milligrams of 
the constituent per kilogram of dry sediment): 

Aluminum 14,000 mg/kg
 COD  85,000 mg/kg
 Chromium <10 mg/kg 
 Copper  100 mg/kg 

Lead  200 mg/kg 
Strontium 35 mg/kg 
Zinc  1,330 mg/kg 

continues next page 
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241 Monitoring and Modeling 

BOX 4-3 Continued 

Geographical area had the largest effect on the data observations, while land use, season, and 
age influenced many fewer parameters.  The most obvious relationship was found for high dissolved 
solids and conductivity associated with winter samples from snowmelt areas.  The high winter 
concentrations slowly decreased with time, with the lowest concentrations noted in the fall.  Another 
important observation was the common association between zinc and toxicity.  Residential-area samples 
generally had larger zinc concentrations than the samples from commercial and industrial areas.  
Samples from the newest areas also had higher zinc concentrations compared to samples from older 
areas.  No overall patterns were observed for zinc concentrations in sediment samples obtained from 
manholes.  Other constituents (especially nutrients and pesticides) were also found to have higher 
concentrations in water collected from manholes in newer residential areas.  Very few organic toxicants 
were found in the water samples, but sediment sample organic toxicant concentrations appeared to be 
well correlated to sediment texture and color.  About 10 to 25 percent of the sediment samples had 
relatively large concentrations of organics.  Bacteria analyses indicated some relatively high bacteria 
counts in a small percentage of the samples.  Bacteria were found in lower amounts during sampling 
periods that were extremely hot or extremely cold. Pacific Northwest samples also had the lowest bacteria 
counts. 

The data were used to develop and test predictive equations based on site conditions.  These 
models were shown to be valid for most of the data, but the highest concentrations were not well 
predicted.  Therefore, special comparisons of many site conditions were made for the manholes having 
water with the highest concentrations of critical constituents for comparison to the other locations.  It was 
interesting to note that about half of the problem manholes were repeated samples from the same sites 
(after complete pumping), but at different seasons, indicating continuous problems and not discrete 
incidents.  In addition, the problem manholes were found for all areas of the country and for most rain 
conditions.  Water clarity and color, along with sediment texture, were found to be significant factors 
associated with the high concentrations of other constituents, while land use was also noted as a 
significant factor.  These factors can be used to help identify problem manholes, but the rates of false 
positives and false negatives were found to be high.  Therefore, these screening criteria can be used to 
identify more likely problematic manholes, but other methods (such as confirmation chemical analyses) 
are also needed to identify those that could not be identified using these simpler methods. 

The field analytical test methods worked reasonably well, but had much higher detection limits 
than advertised, limiting their usefulness.  Due to the complexity and time needs for many of these on-site 
analyses, it is usually more effective to analyze samples at a central facility.  For scheduled maintenance 
operations, a crew could arrive at the site before the maintenance time to collect samples and have them 
analyzed before the maintenance crew arrives.  For emergency repairs, it is possible to pump the 
collected water into a tank truck for later analyses, treatment, and disposal.   

The treatment scenario developed and tested is relatively rapid and cheap and can be used for all 
operations, irrespective of screening analyses.  Chemical addition (using ferric chloride) to the standing 
water in the manhole was found to reduce problematic levels of almost all constituents to low levels.  
Slow pumping from the water surface over about a 15- to 30-minute period, with the discharged water 
then treated in 20-µm cartridge filters, allows the manhole to be entered and the repairs made relatively 
rapidly, with the water safely discharged.  The remaining several inches of water in the bottom of the 
manhole, along with the sediment, can be removed at a later time for proper disposal. 

SOURCE: Pitt et al. (1998). 
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242 Urban Stormwater Management in the United States 

Outfall Monitoring at a Single Industrial Facility for Permit Compliance and to Demonstrate 
Effectiveness of Control Practices 

Sampling at an individual facility results in outfall data that can be compared to pre-
control conditions and numeric standards.  There are many guidance documents and reports 
available describing how to monitor stormwater at an outfall.  Two comprehensive sources that 
describe stormwater monitoring procedures include the handbook written by Burton and Pitt 
(2002) and a recent guidance report prepared by Shaver et al. (2007).  There are a number of 
basic components that need to be included for an outfall characterization monitoring effort, many 
which have been described in this report.  These include the following: 
• rainfall monitoring in the drainage area (rate and depth, at least at two locations). 
• flow monitoring at the outfall (calibrated with known flow or using dye dilution methods). 
•	 flow-weighted composite sampler, with sampler modified to accommodate a wide range of 

rain events. 
•	 recommended use of water quality sonde to obtain high-resolution and continuous 


measurements of such parameters as turbidity, conductivity, pH, oxidation reduction 

potential, dissolved oxygen (DO), and temperature. 


•	 preparation of adequate experimental design that quantifies the needed sampling effort to 
meet the data quality objectives (adequate numbers of samples in all rain categories and 
seasons). 

•	 selection of constituents that meet monitoring objectives.  In addition, the analytical 

methods must be appropriately selected to minimize “nondetected” values. 


•	 monitoring station maintenance must also be conducted appropriately to ensure reliable 

sample collection.  Sampling plan must also consider sample retrieval, sample 

preparation and processing, and delivery to the analytical laboratory to meet quality 

control requirements.  


Burton and Pitt (2002) describe these monitoring components in detail, along with many other 
monitoring elements of potential interest (e.g., receiving water biological, physical, and chemical 
monitoring, including sediment and habitat studies), and include many case studies addressing 
these components, along with basic statistical analyses and interpretation of the collected data.  
Box 4-4 provides a detailed example of industrial stormwater monitoring at individual sites in 
Wisconsin. 

In general, monitoring of industries should be tailored to their stormwater pollution 
potential, considering receiving water uses and problems.  There are a number of site survey 
methods that have been developed to rank industry by risk that mostly rely on visual inspections 
and information readily available from regional agencies.  The Center for Watershed Protection 
developed a hot-spot investigation procedure that is included in the Urban Subwatershed 
Restoration Manual No. 11 (Wright et al., 2005).  This site survey reconnaissance method ranks 
each site according to its likely stormwater pollutant discharge potential.  A detailed field sheet is 
used when surveying each site to assist with the visual inspections. Cross and Duke (2008) 
developed a methodology, described in greater detail in Chapter 6, to visually assess industrial 
facilities based on the level of activities exposed to stormwater. They devised four categories— 
Category A, no activities exposed to stormwater; Category B, low intensity; Category C, medium 
intensity; and Category D, high intensity—and tested this scheme by examining many southern 
Florida industrial facilities.  About 25 percent of the facilities surveyed that were officially 
included in the stormwater permit program had no stormwater exposure (Category A), but very 
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243 Monitoring and Modeling 

few had submitted the necessary application to qualify for an exception under the “no exposure” 
rule. Slightly more than half of the of the surveyed facilities were included in the “no exposure” 
and “low exposure” categories, obviously deserving less attention compared to the higher impact 
categories. 

BOX 4-4 
Wisconsin’s Monitoring of Industrial Stormwater 

The State of Wisconsin also uses a site assessment method to rank industrial operations into 
three tiers, mostly based on their standard industrial codes.  This system groups facilities by industry and 
how likely they are to contaminate stormwater.  The general permits differ in monitoring requirements, 
inspection frequency, plan development requirements, and the annual permit fee.  The Tier 1 general 
permit covers the facilities that are considered “heavy” industries, such as paper manufacturing, chemical 
manufacturing, petroleum refining, ship building/repair, and bulk storage of coal, minerals, and ores.  The 
monitoring required of these facilities is presented in this box.  The Tier 2 general permit covers facilities 
that are considered “light” industries and includes such sites as furniture manufacturing, printing, 
warehousing, and textiles.  Facilities with no discharge of contaminated stormwater are in the Tier 3 
category and include sites that have no outdoor storage of materials or waste products. 

In accordance with the Wisconsin MSGP, Tier 1 industries are required to perform an annual 
chemical stormwater sampling at each outfall for those residual pollutants listed in the industry’s 
stormwater pollution prevention plan.  The one runoff event selected for sampling must occur between 
March and November and the rainfall depth must be at least 0.1 inch.  At least 72 hours must separate 
the sampled event and the previous rainfall of 0.1 inch.  The concentration of the pollutant must represent 
a composite of at least three grab samples collected in the first 30 minutes of the runoff event.  There is 
concern about the value of collecting so few samples from just one storm each year. 

To evaluate how well this sampling protocol characterizes pollutant concentrations in industrial 
runoff, the Wisconsin Department of Natural Resources partnered with the USGS to collect stormwater 
samples from three Tier 2 industrial sites (Roa-Espinosa and Bannerman, 1994).  Seven runoff events 
were monitored at each site, and the samples were collected using five different sampling methods, 
including (1) flow-weighted composites, (2) time-based discrete samples, (3) time-based composites, (4) 
a composite of discrete samples from first 30 minutes, and (5) time-based composite sheet flow samples.  
The first three methods have been described previously.  For the composite of discrete samples from the 
first 30 minutes, the sampler is programmed to take an aliquot after a set period of time (usually every 5 
minutes) and the aliquots are combined into one container.  The sampler stops collecting samples after 
30 minutes.  For many sites the samples are collected manually, so there is a high probability the sample 
does not represent the first 30 minutes of the event.  For the time-based composite sheet flow samples, a 
sheet flow sampler is programmed to take an aliquot of sheet flow after a set period of time (usually about 
every 5 to 15 minutes). All the aliquots are deposited in one bottle beneath the surface of the ground.  All 
of the parts of the hydrograph receive equal weight in the final concentration, but the larger number of 
aliquots makes for a reasonably accurate composite concentration.  This method is unique in that it can 
be placed near the source of concern.  Automatic samplers were used for the first four methods, while 
sheet flow samplers designed by the USGS were used for the fifth method (Bannerman et al., 1993).  
Samples were collected during the entire event.  All the automatic samplers had to be installed at a 
location with concentrated flow, such as an outfall pipe, while the sheet flow samplers could be installed 
in the pavement near a potential source, such as a material storage area. 

The time-based discrete, time-based composite, first-30-minute composite, and sheet flow 
samples were analyzed for COD, total recoverable copper, total recoverable lead, total recoverable zinc, 
TSS, total solids, and hardness.  In addition to these constituents, the flow-weighted composite samples 
were analyzed for antimony, arsenic, beryllium, chromium, ammonia-N, nitrate plus nitrite, TKN, and TP.  
All the analysis was done at the State Laboratory of Hygiene in Madison, Wisconsin, and the data are 
stored in the USGS’s QWDATA database. 

continues next page 
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BOX 4-4 Continued 

The number of samples collected during a runoff event varied greatly among the five types of 
sampling.  By design, the median number of samples collected for the first 30 minutes was three.  Limits 
on the funds available for laboratory cost limited the time-based discrete sampling to about six per storm.  
Since they are not restricted by laboratory cost, the composites can be based on more sub-samples 
during a storm.  Thus, the median numbers of sub-samples collected for the flow-weighted composite and 
time-based composite were 13 and 24, respectively.  The time-based composite sheet flow sample could 
not document the number of samples it collected, but it was set to collect a sample every few minutes. 

To judge the accuracy of the sampling methods, one method had to be selected as the most 
representative of the concentration and load affecting the receiving water.  Because a relatively large 
number of samples are collected and the timing of the sampling is weighted by volume, the flow-weighted 
composite concentrations were used as the best representation of the quality of the industrial runoff.  
Concentrations in water samples collected by the time-based composite method compared very well to 
those collected by the flow-weighted composite method, especially if the time-based composite  
resulted in 20 sub-samples or more.  This was not true for the discrete sampling method, because many 
fewer sub-samples were used to represent changes across the hydrograph.  The time-based composite 
sheet flow sampler produced concentrations slightly higher than the time-based composite samplers 
collecting water in the concentrated flow.  Concentrations from the sheet flow sampler are probably not 
diluted by other source areas such as the roof. 

Concentrations of total recoverable zinc and TSS collected in the first 30 minutes of the event 
were usually two to three times higher than the flow-weighted composite samples.  For many of the 
events, the highest concentration of these constituents occurred in the first 10 minutes of the event.  
Although the concentrations might be higher in the first part of the event, the earlier parts of the event 
might only represent one third or less of the total runoff volume.  Thus, using the concentrations from the 
first 30 minutes of the event could greatly overestimate the constituent load from the site. 

Along with accuracy, the selection of an appropriate sampling method must consider cost and the 
criteria for installing the sampling equipment.  To measure flow, the site must have a location where the 
flow is concentrated, such as a pipe or well-defined channel, and the runoff is just coming from the site.  
Out of 474 sites evaluated for this project, only 14 met the criteria for an accurate flow measurement.  A 
few more sites might be suitable for using an automatic sampler without flow measurements, but the 
number of sites would still be limited.  Sheet flow samplers can be used on most sites, since they are 
simply installed in the pavement near the source of concern.  

For each sampling method, approximate costs were determined including equipment, installation 
of equipment, and the analysis of one sample (Table 4-5).  Collecting the samples and processing the 
data should also be included, but they were not because this cost is highly variable.  Flow-weighted 
composite and time-based discrete sampling had the highest cost.  Flow measurements made the 
composite sampling more expensive, while the laboratory cost of analyzing six discrete samples 
increased the cost of the time-based discrete method.  It should be noted that hand grab samples could 
be used to collect the discrete samples in the first 30 minutes at lower cost, although this depends 
strongly on the skill of the person collecting the sample.  The sheet flow sampler could be the most cost 
effective approach to sampling an industrial site.  

TABLE 4-5 Cost of Using Different Sampling Methods in 1993 Dollars 
Method Estimated Cost for equipment, installation, and analysis of 

one sample 

Flow-weighted composite $16,052 
Time-based discrete $22,682 
Time-based composite $5,920 
First-30-minutes (automatic sampler) $6,000 
First-30-minutes (grab sample) $1,8001 

Time-based composite sheet flow sampler $2,889 
1Cost of laboratory analysis only. SOURCE: Reprinted, with permission, Roa-Espinosa and Bannerman 
(1994).  Copyright 1994 by the American Society of Civil Engineers. 
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BOX 4-4 Continued 

A determination must be made of how many runoff events should be sampled in order to 
accurately characterize a site’s water quality.  As shown in Table 4-6, representing a site with the results 
from one storm can be very misleading.  Concentrations in Table 4-6 were collected by the flow-weighted 
composite method.  The geometric means of EMCs from five or more events were very different than the 
lowest or highest concentration observed for the set of storms.  The chances of observing an extreme 
value by sampling just one event is increased by selecting a sampling method designed to collect a 
limited number of sub-samples, such as the first-30-minutes method.  Too few storms were monitored in 
this project to properly evaluate the variability in the EMCs, but sufficient changes occur between the zinc 
and TSS geometric means in Table 4-6 to suggest that a compliance monitoring schedule should include 
a minimum of five events be sampled each year.  

To overcome the high COV observed for municipal stormwater data collected in Wisconsin, 
EMCs should be determined for about 40 events (Selbig and Bannerman, 2007; Horwatich et al., 2008).  
The 40 event mean concentrations would probably represent the long-range distribution of rainfall depths, 
and there would be sufficient data available to perform some trend analysis, such as evaluating the 
benefits of an SCM implemented at an industrial site.  Monitoring 40 events each year, however, would 
be too costly for an annual compliance monitoring schedule for each industrial site. 

TABLE 4-6 Effects of Including a Different Number of Events in the Geometric Mean Calculation for Zinc 
and TSSa 

Number of Events Total Recoverable Zinc Total Suspended Solids 
AC Rochester 

1 (Lowest Concentration) 57 8 
1 (Highest Concentration) 150 84 
3 76 24 
5 91 36 

PPG Industries 
1 (Lowest Concentration) 140 32 
1 (Highest Concentration) 330 49 
3 153 57 
6 186 53 

Warman International 
1 (Lowest Concentration) 68 17 
1 (Highest Concentration) 140 56 
3 67 15 
5 81 26 
7 74 19 
aSamples were collected using the flow-weighted composite method. SOURCE: Reprinted, with 
permission, Roa-Espinosa and Bannerman (1994).  Copyright 1994 by the American Society of Civil 
Engineers. 

Results from this project indicate that the stormwater monitoring required at industrial sites cannot 
adequately characterize the quality of runoff from an industrial site.  Only collecting samples from the first 
30 minutes of a storm is probably an overestimate of the concentration, and a load calculated from this 
concentration would exaggerate the impact of the site on the receiving waters.  Time- and flow-based 
composite sampling would be much better methods for monitoring a site if there are locations to operate 
an automatic sampler.  For sites without such a location, the time-based composite sheet flow sampler 
offers the best results at the least cost.  Given all the variability in concentrations between runoff events, 
the annual monitoring schedule for any site should include sampling multiple storms. 
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246 Urban Stormwater Management in the United States 

Recommendations for Industrial Stormwater Monitoring 

Suitable industrial monitoring programs can be implemented for different categories of 
industrial activities. The following is one such suggestion, based on the likely risks associated 
with stormwater discharges from each type of facility. 

No Exposure to Industrial Activities and Other Low-Risk Industrial Operations 

For sites having limited stormwater exposure to industrial operations, such as no outdoor 
storage of materials or waste products, basic monitoring would not normally be conducted.  
However, roof runoff (especially if galvanized metals are used) and large parking areas need to 
be addressed under basic stormwater regulations dealing with these common sources of 
contaminants and the large amounts of runoff that may be produced.  Simple SCM guidance 
manuals can be used to select and size any needed controls for these sites, based on the areas of 
concern at the facility. For these facilities, simple visual inspections with no monitoring 
requirements may be appropriate to ensure compliance with the basic stormwater regulations.  A 
regionally calibrated stormwater quality model can be used to evaluate these basic stormwater 
conditions and to calculate the expected benefits of control measures.  Periodic random 
monitoring of sites in this category should be conducted to verify the small magnitude of 
discharges from these sites and the performance of SCMs. 

Medium-Risk Industrial Operations 

For “medium-intensity” industry facilities, site inspections and modeling should be 
supplemented with suitable outfall monitoring to ensure compliance.  As noted in Box 4-2, there 
can be a tremendous amount of variability in industrial runoff characteristics.  However, the 
dataset described in that example was a compilation of data from many different types of 
facilities, with no separation by industrial type. Even different facilities in a single industrial 
group may have highly variable runoff characteristics.  However, a single facility has much less 
variability, and reasonable monitoring strategies can be developed for compliance purposes.  As 
noted in Box 4-4, about 40 samples were expected to be needed for each site in that example.  
With typical permit periods of five years, this would require that less than ten samples per year 
(more than the three samples per year currently obtained at many locations) be collected in order 
to determine the EMC for the site for comparison to allowable discharge conditions.  Obviously, 
the actual number of samples needed is dependent on the variability of the runoff characteristics 
and the allowable error, as described elsewhere.  After about 10 to 15 storms have been 
monitored for a site, it would be possible to better estimate the total number of samples actually 
needed based on the data quality objectives. If the monitoring during the permit period indicated 
excessive stormwater discharges, then the SCMs are obviously not adequate and would need 
improvement.  The permit for the next five-year period could then be modified to reflect the need 
for more stringent controls, and suitable fines accessed if the facility was not in compliance.  It is 
recommended that absolute compliance not be expected in the industrial permits, but that 
appropriate benchmarks be established that allow a small fraction of the monitored events to 
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247 Monitoring and Modeling 

exceed the goals.  This is similar to discharge permit requirements for combined sewers, and for 
air quality regulations, where a certain number of excessive periods are allowed per year. 

High-Risk Industrial Facilities 

For “high-risk” industrial sites of the most critical nature, especially if noncompliance 
may cause significant human and environmental health problems, visual inspections and site 
modeling should be used in conjunction with monitoring of each event during the permit period.  
Because of the potential danger associated with noncompliance, the most stringent and robust 
controls would be required, and frequent monitoring would be needed to ensure compliance.  If 
noncompliance was noted, immediate action would be needed to improve the discharge 
conditions. This is similar to industrial and municipal NPDES monitoring requirements for point 
sources. 

MODELING TO LINKING SOURCES OF POLLUTION  

TO EFFECTS IN RECEIVING WATERS
 

Stormwater permitting is designed to regulate dischargers, develop information, and 
reduce the level of stormwater pollutants and impact on receiving waterbodies.  An important 
assumption is that the level of understanding of the stormwater system, through a combination of 
monitoring and modeling, is sufficient to associate stormwater discharges with receiving 
waterbody impacts. Impairment of waterbodies can occur for a variety of physical, chemical, 
and biological reasons, often with a complex combination of causes.  The ambient water quality 
of a receiving waterbody, which may result in a determination of impairment, is itself a function 
of the total mass loading of pollutant; dilution with stream discharge or standing waterbody 
volume; the capacity of the aquatic ecosystem to assimilate, transform, or disperse the pollutant; 
and transport out of the waterbody.  In addition to the chemical and physical attributes of the 
water, impairment may also be characterized by degraded biologic structure or geomorphic form 
of the waterbody (e.g., channel incision in urban areas).  Interactions between multiple pollutant 
loadings, long turnover and residence times, saturation effects, and cascading feedbacks with 
biological communities complicate the apparent response of waterbodies to pollutant discharge.  
This is particularly important when considering cumulative watershed effects, in which 
interactions between stressors and long-term alteration of watershed conditions may contribute to 
threshold responses of a waterbody to continued loading or alteration.  Under these conditions, 
simple “loading-response” relations are often elusive and require consideration of historical and 
local watershed conditions. 

As an example, pollutant loading at high stream flow or into strong tidally flushed 
systems may be advected downstream or into the coastal ocean without building up significant 
concentrations, while pollutant loading at low flow may not be effectively transported and 
dispersed and may build up to harmful concentrations.  In the former case the pollutant may be 
rapidly transported out of the local waterbody, but may impact a more distant, downstream 
system.  In addition, certain pollutants, such as inorganic nitrogen, may be discharged into 
surface waters and subsequently transformed and removed from the water column into 
vegetation or outgassed (e.g., volatilized or denitrified) into the atmosphere under certain 
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248 Urban Stormwater Management in the United States 

ecosystem conditions.  Sediment and other pollutants may be stored for long time periods in 
alluvial or lacustrine deposits, and then remobilized long after the initial loading into a stream 
reach or standing waterbody in response to extreme climate events, land-use change, reservoir 
management, or even reductions in the pollutant concentrations in the water column.  
Consequently, long lags may exist between the actual discharge of the sediment (and any 
pollutants adsorbed or otherwise stored within the deposits) and their contribution to waterbody 
impairment.  Therefore, understanding the fate of pollutants, particularly nonconservative forms, 
may require consideration of the full ecosystem cycling and transport of the material over long 
time periods. 

Impairment of waterbodies can be assessed on the basis of biological indicators, as 
discussed in Chapter 2. As organisms and communities respond to multiple stressors, it is not 
always clear what the direct or indirect effects of any specific pollutant discharge is, or how that 
may be exacerbated by correlated or interacting activity in the watershed.  The association of 
specific types of impairment with surrounding land use implicitly accounts for these interactions 
but does not provide a mechanistic understanding of the linkage sufficient to specify effective 
remedial activity.  However, much progress has been made in determining toxic effects of certain 
contaminants on different aquatic species assemblages (see, e.g., Shaver et al., 2007) and on 
quantifying impacts of land use on flow duration curves, EMCs, and loading rates for a number 
of pollutants (Maestre and Pitt, 2005).  For the latter effort, it has been shown that there is large 
variability within land-use categories, both as a function of specific SCMs and of innate 
differences due to historical legacies, climate, and hydrogeology. 

A protocol linking pollutants in stormwater discharges to ambient water quality criteria 
should be based on conservation of mass, in which the major inputs, outputs, transformations, 
and stores of the pollutant can be quantified. Indeed, these are the components of hydrologic and 
watershed models used to simulate the fate and transport of stormwater and its pollutants.  SCMs 
that improve ambient water quality criteria are designed to act on one or more of these mass 
balance terms.  A number of these measures act to reduce the magnitude of a stormwater source 
(e.g., porous pavement), while others are designed to absorb or dissipate a pollutant within a 
hydrologic flowpath downstream from a source (e.g., rain garden, detention pond, stream 
restoration). The latter requires some consideration of the flowpath from the source to the 
receiving waterbody.  Therefore, determining the major sources, sinks, and transformations of 
the pollutant should be the first step in this procedure.  For a number of pollutants there may be 
very few potential sources, while for others there may be multiple significant sources.  The 
spatial diversity of these sources and sinks may also range from uniform distribution to “hot 
spot” patterns that are difficult to detect and quantify.  Many stormwater models work effectively 
with sources, but are not structured to follow the transport or transformation of pollutants from 
source to waterbody along hydrologic flowpaths. 

Figure 4-14 shows the drainage area of Jordan Lake, an important regional drinking water 
source in the Triangle area of North Carolina.  Catchment areas are shaded to relate the 
percentage of industrial and commercial land cover, according to the National Land Cover 
Database (NLCD). Figure 4-15 shows a small tributary within the Jordan Lake watershed in 
Chapel Hill (outlined in Figure 4-14) with a high-resolution image of all impervious surfaces 
overlain on the topographically defined surface flowpath network.  Each of the distributed 
sources of stormwater is routed through a flowpath consisting of other pervious and impervious 
segments, within which additions, abstractions, and transformations of water and pollutants 
occur depending on weather, hydrologic, and ecosystem conditions.  The cumulative delivery 
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and impact of all stormwater sources include the transformations occurring along the flowpaths, 
which could include specific SCMs such as detention or infiltration facilities or simply 
infiltration or transformations in riparian areas or low-order streams.  The riparian area may be 
bypassed depending on stormwater concentration or piping, and it may have various levels of 
effectiveness on reducing pollutants depending on geomorphic, ecosystem, and hydrologic 
conditions. The ability of a stormwater model to capture these types of effects is a key property 
influencing its ability to associate a stormwater source with a waterbody outcome. 

FIGURE 4-14 The drainage area to Jordan Lake, a major drinking water reservoir in the 
Triangle area of North Carolina, is under nutrient-sensitive rules, requiring reductions in total 
nitrogen and phosphorus.  Drainage flowlines and catchment areas are from NHDplus, and are 
shaded according to their percentage of industrial and commercial land cover from the NLCD.  
The area outlined in red is a small urban catchment, detailed in Figure 4-15, and comprised of a 
wooded central region, surrounded by residential and institutional land use. 
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250 Urban Stormwater Management in the United States 

FIGURE 4-15 A small urban catchment in the Lake Jordan watershed of North Carolina with 
distributed sources of impervious surface (buildings and roads) stormwater arranged within the 
full surface drainage flowpath system.  Stormwater from each source is routed down surface 
and subsurface flowpaths to the nearest tributary and out the drainage network, with additions 
and abstractions of water and pollutants along each flowpath segment. 

This section discusses the fundamentals of stormwater modeling and the capabilities of 
commonly used models.  Much of this information is captured in a summary table at the end of 
the section (Table 4-7).  The models included are the following: 

•	 The Rational Method, or Q = C*I*A, where Q is the peak discharge for small urban 
catchments, A is the catchment area, I is the rainfall intensity, and C is a rainfall-runoff 
coefficient. 

•	 The Simple Method, which classifies stormwater generation and impact regimes by the 
percent impervious cover 

•	 TR-20 and TR-55 
•	 The Generalized Watershed Loading Function (GWLF) 
•	 Program for Predicting Polluting Particle Passage through Pits, Puddles, and Ponds (P8) 
•	 Model for Urban Stormwater Improvement Conceptualization (MUSIC) 
•	 Stormwater Management Model (SWMM) 
•	 Source Loading and Management Model (WinSLAMM) 
•	 Soil and Water Assessment Tool (SWAT) 
•	 Hydrologic Simulation Program–Fortran (HSPF) 
•	 Western Washington Hydrologic Model 
• Chesapeake Bay Watershed Model (CBWM) 

Detailed descriptions of some of these models and their unique applications are given in 
Appendix D. 
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Fundamentals of Stormwater Models 

Stormwater models are designed to evaluate the impacts of a stormwater discharge on a 
receiving waterbody.  In order to do this, the model must have the capability of describing the 
nature of the source term (volumes, constituents), transport and transformation to the receiving 
waterbody, and physical, chemical, and biological interaction with the receiving water body and 
ecosystem.  No model can mechanistically reproduce all of these interactions because of current 
limitations in available data, incomplete understanding of all processes, and large uncertainties in 
model and data components.  Computer resources, while rapidly advancing, still limit the 
complexity of certain applications, especially as spatial data become increasingly available and it 
is tempting to model at ever-increasing resolution and comprehensiveness.  Therefore, models 
must make a set of simplifying assumptions, emphasizing more reliable and available data, while 
attempting to retain critical processes, feedbacks, and interactions.  Models are typically 
developed for a variety of applications, ranging from hydraulic design for small urban 
catchments to urban and rural pollutant loading at a range of watershed scales. 

An evaluation of the current state of stormwater modeling should say much about our 
ability to link pollutant sources with effects in receiving waters.  Both stormwater models and 
models supporting the evaluation of SCM design and effectiveness are based on simulating a 
mass budget of water and specific pollutants.  The detail of mass flux, transformation, and 
storage terms vary depending on the scale and purpose of the application, level of knowledge 
regarding the primary processes, and available data.  In many cases, mechanisms of 
transformation may be either poorly understood or may be dependent on detailed interactions.  
As an example, nitrogen-cycle transformations are sensitive to very short temporal and spatial 
conditions, termed “hot spots” and “hot moments” relative to hydrologic flowpaths and moisture 
conditions (McClain et al., 2003). 

Stormwater runoff production and routing are common components of these models.  All 
models include an approach to estimate the production of stormwater runoff from one or more 
zones in the watershed, although runoff routing from the location(s) of runoff production to a 
point or waterbody is not always included explicitly.  Major divisions between approaches are 
found in the representation of the watershed “geography” in terms of patterns and heterogeneity, 
and in runoff production and routing. Some stormwater models do not consider the effects of 
routing from a runoff source to a local waterbody directly, but may attempt to reproduce net 
impacts at larger scales through the use of unit hydrograph theory to estimate peak flows, and 
delivery ratios or stormwater control efficiency factors to estimate export to a waterbody.   

There are a number of different approaches and paradigms used in stormwater models 
that include varying degrees of watershed physical, biological, and chemical process detail, as 
well as spatial and temporal resolution and the representation of uncertainty in model estimates.  
A number of researchers have written about the nature of watershed models (e.g., Beven, 2001; 
Pitt and Vorhees, 2002). At present, many hydrologic and stormwater models have become so 
complex, with multiple choices for different components, that standard descriptions apply only to 
specific components of the models.  The following discussion is generalized; most models fit the 
descriptions only to certain degrees or only under specific conditions in which they are operated. 
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Lumped Versus Distributed Approaches 

Central to the design of watershed models is the concept of a “control volume,” which is 
a unit within which material and energy contents and balances are defined, with boundaries 
across which material and energy transport occurs.  Control volumes can range from multiple 
subsurface layers and vegetation canopy layers bounded in three dimensions to a full watershed.  
Lumped models ignore or average spatial heterogeneity and patterns of watershed conditions, 
representing all control volumes, and the stores, sources, and sinks of water and pollutants in a 
vertically linked set of conceptual components, such as surface interception, unsaturated and 
saturated subsurface zones, and a single stream or river reach.  For example, SWAT or HSPF are 
conceptually lumped at the scale of subwatersheds (e.g., the level of geography in Figure 4-14) 
and do not show any spatial patterns at higher resolutions (e.g., Figure 4-15) than these units.  
While multiple land-use/soil combinations may be represented, these models do not represent the 
connectivity of the land segments (e.g., which land segments drain into which land segments) 
and assume all unique land segment types drain directly to a stream.   

Distributed models include some scheme to represent spatial heterogeneity of the 
watershed environment pertinent to stormwater generation, including land cover, soils, 
topography, meteorological inputs, and stream reach properties distributed through a set of 
linked control volumes.  Control volumes representing land elements, including vertically linked 
surface and subsurface stores, are connected by a representation of water and pollutant lateral 
routing through a network of flowpaths that may be predefined or set by the dynamics of surface, 
soil, and saturated zone water storage.  The land elements may be grid cells in a regular lattice, 
or irregular elements (e.g., triangles) with the pattern adapted to variations in land surface 
characteristics or hydraulic gradients. 

A number of models are intermediate between lumped and distributed, with approaches 
such as lumping at the subwatershed scale, incorporating statistical distributions of land element 
types within subwatersheds but without explicit pattern representation, or lumping some 
variables and processes (such as groundwater storage and flux), while including distributed 
representation of topography and land cover.  Thus, within the model SLAMM (Pitt and 
Vorhees, 2002), the catchment is described in sufficient detail to summarize the breakdown of 
different drainage sequences.  As an example, roof area will be broken down to the proportion 
that drains to pervious areas and to directly connected impervious areas.  An important 
distinction is that there is no routing of the output of one land element into another, such that 
there is no drainage sequence that may significantly modify the stormwater runoff from its 
source to the stream.  Implicitly, all land elements drain directly into a stream, although a loss 
rate or delivery ratio can be specified. 

The choice of a more lumped or distributed model is often dependent on available data 
and overall complexity of the model.  Simpler, lumped models may be preferred in the absence 
of sufficient data to effectively parameterize a distributed approach, or for simplicity and 
computational speed.  However, fully lumped models may be limited in their ability to represent 
spatial dependency, such as the development and dynamics of riparian zones, or the effects of 
SCM patterns and placement.  As there is typically an irreducible level of spatial heterogeneity in 
land surface characteristics down to very small levels below the resolution of individual flow 
elements, we note that all models lump at some scale (Beven, 2000). 
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Mechanistic Versus Conceptual Process Representation 

Mechanistic, or process-based, approaches attempt to reproduce key stormwater transport 
and transformation processes with more physically, chemically, or biologically based detail, 
while conceptual models represent fluxes between stores and transformations with aggregate, 
simplified mathematical forms.  No operational models are built purely from first principles, so 
the distinction between mechanistic and conceptual process basis is one of degree. 

The level of sampling necessary to support detailed mechanistic models, as well as 
remaining uncertainty in physicochemical processes active in heterogeneous environments 
typically limits the application of first-principle methods.  The development or application of 
more mechanistic approaches is currently limited by available measurements, which require both 
time and resources to adequately carry out.  Unfortunately, modeling and monitoring have often 
been mutually exclusive in terms of budgets, although it is necessary for both to be carefully 
planned and integrated. A new generation of sensors and a more rigorous and formal sampling 
protocol for existing methods will be necessary to advance beyond the current practice.   

At present, most operational hydrologic and transport models are based on a strong set of 
simplifying assumptions regarding active processes and/or the spatial variation of sources, sinks, 
and stores in the watershed. Runoff production can be computed by a range of more mechanistic 
to more conceptual or empirical methods.  More mechanistic methods include estimation of 
infiltration capacities based on soil hydraulic properties and moisture conditions, excess runoff 
production, and hydraulic routing over land surfaces into and through a stream-channel network.  
More conceptual approaches use a National Resources Conservation Service (NRCS) curve 
number approach (see Box 4-5) and unit hydrograph methods to estimate runoff volume and time 
of concentration. Pollutant concentrations or loads are often estimated on the basis of look-up 
tables using land use or land cover.  Land use- or land cover-specific EMC or unit area loading 
for pollutants can be developed directly from monitoring data or from local, regional, or national 
databases.  The NSQD statistically summarizes the results of a large number of stormwater 
monitoring projects (as discussed previously in this chapter).  The effects of SCM performance 
(typically percent removal) can be estimated from similar databases (e.g., 
www.bmpdatabase.org).  A set of models, such as SWAT, incorporate fairly detailed 
descriptions of nutrient cycling as an alternative to using EMC, requiring more detailed inputs of 
soil, crop, and management information.  Unfortunately, the detailed biogeochemistry of this and 
similar models is typically not matched by the hydrology, which remains lumped at individual 
Hydrologic Response Unit (HRU) levels using NRCS curve number methods, although options 
exist to incorporate more mechanistic infiltration excess runoff. 

Deterministic Versus Stochastic Methods 

Deterministic models are fully determined by their equation sets, initial and boundary 
conditions, and forcing meteorology.  There are no components that include random variation.  
In a stochastic model, at least one parameter or variable is drawn from a probability distribution 
function such that the same model set-up (initial and boundary conditions, meteorology, 
parameter sets) will have randomly varying results.  The advantage of the latter approach is the 
ability to generate statistical variability of outcomes, reflecting uncertainty in parameters, 
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processes, or any other component.  In fact, any deterministic model can be operated in a 
stochastic manner by sampling parameter values from specified probability distributions. 

It is recognized that information on the probability distribution of input parameters may 
be scarce.  For situations with limited information on parameter values, one option is to assume a 
uniform distribution that brackets a range of values of the parameter reported in the literature.  
This would at least be a start in considering the impacts of the variability of model inputs on 
outputs. A thorough discussion on methods for incorporating uncertainty analysis into model 
evaluation is provided in Chapter 14 of Ramaswami et al. (2005).  It should be noted that the 
ability to generate probability distribution information on stormwater outcomes requires a 
potentially large number of model runs, which may be difficult for detailed mechanistic and 
distributed models that have large computational loads.   

Continuous Versus Event-Based Approaches 

Another division between modeling approaches is the time domain of the simulation.  
Event-based models limit simulation time domains to a storm event, covering the time of rainfall 
and runoff generation and routing.  Initial conditions need to be estimated on the basis of 
antecedent moisture or precipitation conditions.  For catchments in which runoff is dominated by 
impervious surfaces, this is a reasonable approach.  In landscapes dominated by variable source 
area runoff dynamics in which runoff is generated from areas that actively expand and contract 
on the basis of soil moisture conditions, a fuller accounting of the soil moisture budget is 
required. Furthermore, event-based modeling is inappropriate for water quality purposes 
because it will not reproduce the full distribution of receiving water problems.  Continuous 
models include simulation of a full time domain composed of storm and inter-storm periods, thus 
tracking soil moisture budgets up to and including storm events. 

Outfall Models 

After beneficial use impairments are recognized, cause-and-effect relationships need to 
be established and restorative discharge goals need to be developed.  Models are commonly used 
to calculate the expected discharges for different outfalls affecting the receiving water in a 
community. All of the models shown in Table 4-7 can calculate outfall discharge quantities, 
although some may only give expected average annual discharge.  Models calculate these 
discharges using a variety of processes, but all use an urban hydrology component to determine 
the runoff quantity and various methods to calculate the quality of the runoff.  The runoff 
quantity is multiplied by the pollutant concentration in the outfall to obtain the mass discharges 
of the different pollutants. The outfall mass discharge from the various outfalls in the area can 
then be compared to identify the most significant outfalls that should be targeted for control.   

The most common hydrology “engines” in simple stormwater models are the NRCS 
curve number method or a simple volumetric runoff coefficient—Rv, the ratio of runoff to 
rainfall—for either single rainfall events or the total annual rainfall depth.  Runoff quality in the 
simple models is usually calculated based on published EMCs for similar land uses in the same 
geographical area. More complex models may use build-up and wash-off of pollutants from 
impervious surfaces in a time series or they may derive pollutant concentrations from more 
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detailed biogeochemical cycling mechanisms, including atmospheric deposition and other inputs 
(e.g., fertilizer). Some models use a combination of these processes depending on the area 
considered, and others offer choices to the model user.  Again, these processes all need local 
calibration and verification to reduce the likely uncertainty associated with the resultant 
calculated discharge conditions. 

Source Area 

When the outfalls are ranked according to their discharges of the pollutants of 
importance, further detailed modeling can be conducted to identify sources of the significant 
pollutants within the outfall drainage area.  Lumped parameter models cannot be used, as the 
model parameters vary within the drainage area according to the different source areas.  
Distributed area models can be used to calculate contributions from different source areas within 
the watershed area. This information can then be used to rank the land uses and source area 
contributions. In-stream responses can be calculated if the land-area models are linked to 
appropriate receiving-water models.   

Need for Coupling Models 

As urban areas become increasingly extensive and heterogeneous, including a gradient of 
dense urban to forest and agricultural areas, linkage and coupling of models to develop feedback 
and interactions (e.g., impacts of urban runoff hydraulics with stream scour and sedimentation, 
mixed with agricultural nutrient and sediment production on receiving waterbodies) is a critical 
area that requires more development.  In general, stormwater models were designed to track and 
predict discharges from sources by surface water flowpaths into receiving waterbodies, such that 
infiltration was considered to be a loss (or retention) of water and its constituents.  To fully 
evaluate catchment-scale impacts of urbanization on receiving waterbodies, the infiltration term 
needs to be considered a source term for the groundwater, and a groundwater component or 
model needs to be coupled to complete the surface–subsurface hydrologic interactions and 
loadings to the waterbody. 

Finally, each of the models may or may not incorporate explicit consideration of SCM 
performance based on design, implementation and location within the catchment.  As discussed 
in the next chapter, SCM models can range from simple efficiency factors (0–1 multipliers on 
source discharge) to more detailed treatment of physical, chemical, and biological transport and 
transformations. 

Linking to Receiving-Water Models 

Specific problems for urban receiving waters need to be identified through 
comprehensive field monitoring and modeling.  Monitoring can identify current problems and 
may identify the stressors of importance (see Burton and Pitt [2002] for tools to evaluate 
receiving water impairments).  However, monitoring cannot predict conditions that do not yet 
exist and for other periods of time that are not represented at the time of monitoring.  Modeling 
is therefore needed to gain a more comprehensive understanding of the problem.  In small-scale 
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totally urbanized systems, less complex receiving-water models are needed.  However, as the 
watershed becomes more complex and larger with multiple land uses, the receiving-water 
models also need to become more complex.  Complex receiving-water models need to include 
transport and transformations of the pollutants of concern, for example.  Examples of models 
shown on the comparison table that include receiving-water processes are MUSIC and HSPF.  
Other models (such as WinSLAMM) provide direct data links to external receiving-water 
models. Calibration and verification of important receiving-water processes that are to be 
implemented in a model can be very expensive and time consuming, and still result in substantial 
uncertainty. 

Model Calibration and Verification 

Calibration is the process where model parameters are adjusted to minimize the 
difference between model output and field measurements, with an aim of keeping model 
parameters within a range of values reported in the literature.  Model verification, similar to 
model validation, is used to mean comparison between calibrated model results using part of a 
data set as input and results from application of the calibrated model using a second 
(independent) part of the data set as input.  Oreskes et al. (1994) present the viewpoint that no 
model can really be verified; at best, verification should be taken to mean that a model is 
consistent with a physical system under a given set of comparison data.  This is not synonymous 
with saying that the model can reliably represent the real system under any set of conditions.  In 
general, the water quantity aspects of stormwater modeling are easier to calibrate and verify than 
the water quality aspects, in part because there are more water quantity data available and 
because chemical transformations are more complex to simulate.  A thorough discussion of the 
broad topic of model evaluation is provided by several excellent texts on this subject, including 
Schnoor (1996) and Ramaswami et al. (2005). 

Models in Practice Today 

Table 4-7 presents a set of models used for stormwater evaluation that range in 
complexity from first-generation stormwater models making use of simple empirical land 
cover/runoff and loading relations to more detailed and information-demanding models.  The 
columns in Table 4-7 provide an abbreviated description of some of the attributes of these 
models—common usage, typical application scales, the degree of model complexity, some data 
requirements (for the hydrologic component), whether the model addresses groundwater, and 
whether the model has the ability to simulate SCMs.  Models capable of simulating a water 
quality component require EMC data, with some models also having a simple build-up/wash-off 
approach to water quality simulation (e.g., SWMM, WinSLAMM, and MUSIC) and others 
simulating more complex geochemistry (e.g., SWAT and HSPF).  The set of columns in Table 4
7 is not meant to be exhaustive in describing the models, which is why websites are provided for 
comprehensive model descriptions and data requirements.   

In addition to the models listed in Table 4-7, a representative set of emerging research 
models that are not specifically designed for stormwater, but may offer some advantages for 
specific uses, are also described below. In general, it is important that models that integrate 
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257 Monitoring and Modeling 

hydrologic, hydraulic, meteorologic, water quality, and biologic processes maintain balance in 
their treatment of process details.  Both model design and data collection should proceed in 
concert and should be geared toward evaluating and diagnosing the consistency of model or 
coupled model predictions and the uncertainty attached to each component and the integrated 
modeling system.  The models should be used in a manner that produces both best estimates of 
stormwater discharge impacts on receiving waterbodies, as well as the level of uncertainty in the 
predictions. 

The Rational Method is a highly simplified model widely used to estimate peak flows for 
in sizing storm sewer pipes and other low level drainage pathways.  The method assumes a 
constant rainfall rate (intensity), such that the runoff rate will increase until the time at which all 
of the drainage area contributes to flow at its outlet (termed the time of concentration). The 
product of the drainage area and rainfall intensity is considered to be the input flow rate to the 
drainage area under consideration; the ratio of the input flow rate to an outflow discharge rate is 
termed the runoff coefficient.  Runoff coefficients for a variety of land surface types and slopes 
have been compiled in standard tables (see e.g., Chow et al., 1988).  The outflow is determined 
by multiplying inflow (rainfall intensity times drainage area) by the runoff coefficient for the 
land-surface type. As pointed out by Chow et al. (1988), this method is often criticized owing to 
its simplified approach, so its use is limited to stormwater inlet and piping designs. 

The Simple Method estimates stormwater pollutant loads for urban areas, and it is most 
valuable for assessing and comparing the relative stormwater pollutant load changes of different 
land use and stormwater management scenarios.  It requires a modest amount of information, 
including the subwatershed drainage area and impervious cover, stormwater pollutant 
concentrations (as defined by the EMC), and annual precipitation.  The subwatershed can be 
broken up into specific land uses, such that annual pollutant loads are calculated for each type of 
land use. Stormwater pollutant concentrations are usually estimated from local or regional data, 
or from national data sources.  The Simple Method estimates pollutant loads for chemical 
constituents as a product of annual runoff volume and pollutant concentration, as L = 0.226 R x 
C x A, where L = annual load (lbs), R = annual runoff (inches), C = pollutant concentration 
(mg/l), and A = area (acres). 

Of slightly increased complexity are those models initially developed decades ago by the 
Soil Conservation Service, now the NRCS of the U.S. Department of Agriculture (USDA).  
NRCS Technical Releases (TR) 20 and 55 are widely used in many municipalities, despite the 
availability of more rigorous, updated stormwater models.  Box 4-5 provides an overview of the 
NRCS TR-55 assumptions and approaches. 
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258 Urban Stormwater Management in the United States 

BOX 4-5 
NRCS Technical Release 55 

NRCS methods to estimate runoff volumes and flows have been popular since the early 1950s 
(Rallison, 1980).  Fundamentally they can be broken into the separation of runoff from the rainfall volume 
(Curve Number Method), the pattern of runoff over time (dimensionless unit hydrograph), and their 
application within computer simulation models.  In the late 1970s these components were packaged 
together in a desktop hydrology method known as Technical Release 55 (TR-55).  TR-55 became the 
primary model used by the majority of stormwater designers, and there is considerable confusion over the 
terms used to describe what aspects of the NRCS methods are in use. 

The NRCS Curve Number Method was first derived in the 1950s for prediction of runoff from 
ungauged agricultural areas.  It relates two summation ratios, that of runoff to rainfall and that of moisture 
retained to maximum potential retention. Two statistically based relations were developed to drive the 
ratio, the first of which is based on a “curve number” which depicts the soil type, land cover, and initial 
moisture content.  The second or initial abstraction is defined as the volume of losses that occur prior to 
the initiation of runoff, and is also related to the curve number.  Data were used to derive curve numbers 
for each soil type and cover as shown in Figure 4-17 (Rallison, 1980). 

The Curve Number method is a very practical method that gives “average” runoff results from a 
watershed and is used in many models (WIN TR-55, TR-20, SWMM, GWLF, HEC-HMS, etc.).  Caution 
has to be exercised when using it for smaller urbanizing storm events.  For example, past practice was to 
average curve numbers for developments for pavement and grass based on percent imperviousness.  
While this works well for large storms, for smaller storms it gives erroneous answers through violation of 
the initial abstraction relationship.  Current state manuals (MDE, 2000; PaDEP, 2006) do not allow paved- 
and unpaved-area curve numbers to be averaged.  When applied to continuous simulation models (such 
as in SWMM or GWLF), it requires an additional method to recover the capacity to remove runoff because 
the soil capacity to infiltrate water is restored over time. 

The NRCS Dimensionless Unit Hydrogaph has also evolved over many years and simply creates 
a temporal pattern from the runoff generated from the curve number method.  This transformation is 
based upon the time of concentration, defined as the length of time the water takes to travel from the top 
to the bottom of the watershed. The dimensionless curve ensures that conservation of mass is 
maintained.  The main purpose of this method is to estimate how long it takes the runoff generated by the 
curve number to run off the land and produce discharge at the watershed outlet.   

continues next page 
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259 Monitoring and Modeling 

BOX 4-5 Continued 

FIGURE 4-17  Development of curve number from collected data. SOURCE: Reprinted, with permission, 
from Rallison (1980). Copyright 1980 by the American Society of Civil Engineers. 

The NRCS curve number and dimensionless unit hydrograph were first incorporated in the Soil 
Conservation Service (SCS) TR-20 hydrologic computer model developed in the 1960s.  As most 
stormwater professionals did not have access to mainframes, SCS put together TR-55, which created a 
hand or calculator method to apply the curve number and dimensionless unit hydrograph.  In order to 
create this hand method, many runs were generated using TR-20 to develop patterns for different times 
of concentration.  The difficulty with using the original TR-55 in the modern era is that the simplifications 
to the hydrograph development do not allow the benefits of SCMs to be easily accounted for. 

The use of the term TR-55 has been equated with the curve number method; this has created 
confusion, especially when it is included in municipal code.  Further clouding the issue, there are two 
types of TR-55 computer models available.  One is based on the original, outdated, simplified hand 
method, and the other (Win TR-55) returns to the more appropriate application of the curve number and 
dimensionless hydrograph methods.  In either case, the focus of these models is on single event 
hydrology and cannot easily incorporate or demonstrate the benefits of the wide range of structural and 
nonstructural SCMs.  Note that the curve number and dimensionless unit hydrograph methods are 
incorporated in many continuous flow models, including SWMM and GWLF, as the basis of runoff 
generation and runoff timing. 
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260 Urban Stormwater Management in the United States 

A number of watershed models that are used for stormwater assessment are lumped, 
conceptual forms, with varying levels of process simplification and spatial patterns aggregated at 
the subwatershed level, with aspatial statistical distribution of land types as described above.  
The GWLF model (Haith and Shoemaker, 1987) is an example of this type of approach, using 
simple land use-based EMC with NRCS curve number estimates of runoff within a watershed 
context. GWLF is a continuous model with simplified upper- and lower-zone subsurface water 
stores, and a simple linear aquifer to deliver groundwater flow.  EMCs are assigned or calibrated 
for subsurface and surface flow delivery, while sediment erosion and delivery are computed with 
the use of the Universal Soil Loss Equation and delivery coefficients.  The methods are easily 
linked to a Geographical Information System (GIS), which provides land-use composition at the 
subwatershed level and develops estimates of runoff and loading that are typically used to 
estimate annual loading.  AVGWLF links GWLF with ArcView and is used as a planning- or 
screening-level tool.  A recent example of AVGWLF for nutrient loading linked to a simple 
stream network nutrient decay model for the development of a TMDL for a North Carolina water 
supply area is given in Box 4-6. 

P8 (Program for Predicting Polluting Particle Passage through Pits, Puddles, and Ponds) 
is a curve number-based model for predicting the generation and transport of stormwater runoff 
pollutants in urban watersheds, originally developed to help design and evaluate nutrient control 
in wet detention ponds (Palmstrom and Walker, 1990; http://wwwalker.net/p8/).  Continuous 
water-balance and mass-balance calculations are performed and consist of the following 
elements: watersheds, devices, particle classes, and water quality components.  Continuous 
simulations use hourly rainfall and daily air temperature time series.  The model was initially 
calibrated to predict runoff quality typical of that measured under NURP (EPA, 1983).  SCMs in 
P8 include detention ponds (wet, dry, extended), infiltration basins, swales, and buffer strips.  
Groundwater and baseflows are also included in the model using linear reservoir processes. 

MUSIC is a part of the Catchment Modelling Toolkit (www.toolkit.net.au) developed by 
the Cooperative Research Center for Catchment Hydrology in Australia (Wong et al., 2001).  
The model concentrates on the quality and quantity of urban stormwater, including detailed 
accounting of multiple SCMs acting within a treatment train and life-cycle costing.  It employs a 
simplified rainfall–runoff model (Chiew and McMahon, 1997) based on impervious area and two 
moisture stores (shallow and deep). TSS, total nitrogen, and total phosphorus are based on 
EMCs, sampled from lognormal distributions.  The model does not contain detailed hydraulics 
required for routing or sizing of SCMs, and it is designed as a planning tool. 

EPA’s SWMM has the capability of simulating water quantity and quality for a single 
storm event or for continuous runoff.  The model is commonly used to design and evaluate 
storm, sanitary, and combined sewer systems.  SWMM accounts for hydrologic processes that 
produce runoff from urban areas, including time-varying rainfall, evaporation, snow 
accumulation and melting, depression storage, infiltration into soil, percolation to groundwater, 
interflow between groundwater and the drainage system, and nonlinear reservoir routing of 
overland flow. Spatial variability is modeled by dividing a study area into a collection of 
smaller, homogeneous subcatchment areas, each containing its own fraction of pervious and 
impervious sub-areas.  Overland flow can be routed between sub-areas, between subcatchments, 
or between entry points of a drainage system.  SWMM can also be used to estimate the 
production of pollutant loads associated with runoff for a number of user-defined water quality 
constituents. Transport processes include dry-weather pollutant buildup over different land uses, 
pollutant wash-off from specific land uses, direct contribution of rainfall deposition, and the  
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261 Monitoring and Modeling 

BOX 4-6 
The B. Everett Jordan Lake GWLF Watershed Model Development 

Jordan Lake is a regionally important water supply reservoir at the base of the 1,686-square-mile 
Haw watershed in North Carolina (see Figure 4-18).  It is considered a nutrient-sensitive waterbody.  
Officials are now in the process of implementing watershed goals to reduce nitrogen and phosphorus, 
with the reduction goals differentiated by geographic location within the basin.  In support of the 
development of these rules as part of a TMDL effort, the North Carolina Division of Water Quality 
commissioned a water quality modeling study (Tetra Tech, 2003).  The modeling effort was needed to 
support the evaluation of nutrient reduction strategies in different parts of the watershed relative to Jordan 
Lake, which requires both a model of nutrient loading, as well as river transport and transformation.  
Given data and resource restrictions, a more detailed model was not considered feasible.  As GWLF does 
not support nutrient transformations in the stream network, the model was used in conjunction with a 
method to decay nutrient source loading by river transport distance to the lake.  A spreadsheet model 
was designed to take as input GWLF estimates of seasonal loads for 14-digit hydrologic unit code (HUC) 
subbasins of the Haw, and to reduce the loads by river miles between the subwatershed and Jordan 
Lake. The GWLF loading model was calibrated to observations in small subwatersheds within the Haw 
using HRUs developed from soil and NLCD land classes, updated with additional information from county 
GIS parcel databases and the 2000 Census.  This information was used to estimate subwatershed 
impervious surface cover, fertilizer inputs, runoff curve numbers, soil water capacity, and vegetation cover 
to adjust evapotranspiration rates.  Wastewater disposal (sewer or septic) was estimated on the basis of 
urban service boundaries. GWLF was used to provide loading estimates, using limited information on soil 
and groundwater nutrient concentrations, and calibrated delivery ratios.  In-stream loss was based on a 
first-order exponential decay function of river travel time to Jordan Lake, with the decay coefficient 
generated by estimates of residence time in the river network, and upstream/downstream nutrient loads 
following non-linear regression methods used in SPARROW (Alexander et al., 2000).  Further 
adjustments based on impoundment trapping of sediment and associated nutrient loads were carried out 
for larger reservoirs in the Haw.  The results provided estimates of both loading and transport efficiency to 
Jordan Lake, with estimates of relative effectiveness of sectoral loading reductions in different parts of the 
watershed.   

FIGURE 4-18  14 digit HUCs draining to Jordan Lake in the Haw River watershed of North Carolina.  
SOURCE: NHD+. 
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262 Urban Stormwater Management in the United States 

action of such SCMs as street cleaning, source control, and treatment in storage units, among 
others. Further details are provided in Appendix D. 

Watershed models such as SWAT (Arnold et al., 1998) or HSPF (Bicknell et al., 1997, 
2005) have components based on similar land-use runoff and loading factors, but also 
incorporate options to utilize detailed descriptions of interception, infiltration, runoff, routing, 
and biogeochemical transformations.  Both models are based on hydrologic models that were 
developed prior to the availability of detailed digital spatial information on watershed form and 
use conceptual control volumes that are not spatially linked.  HRUs are based on land use, soils, 
and vegetation (and crop) type, among other characteristics, and are considered uniformly 
distributed through a subbasin.  Within each HRU, simplified representations of soil upper and 
lower zones, or unsaturated and saturated components, are vertically integrated with a conceptual 
groundwater storage-release component.  There is no land surface routing and all runoff from a 
land element is considered to reach the river reach, with some delivery ratio if appropriate for 
sediment and other constituents.  Like GWLF, the models are typically not designed to estimate 
loadings from individual dischargers, but are used to help guide and develop TMDL for 
watersheds. SWAT and HSPF are integrated within the EPA BASINS system 
(http://www.epa.gov/waterscience/basins) with GIS tools designed to use available spatial data to 
set up and parameterize simulations for watersheds within the United States.  Examples of 
combining one of these models, typically designed for larger-scale applications (such as the area 
shown in Figure 4-14) with more site-specific models such as SLAMM or SWMM, are given in 
Box 4-7. 

BOX 4-7 
Using SWAT and WinSLAMM to Predict Phosphorus Loads in the Rock River Basin, Wisconsin 

Wisconsin Administrative Code NR 217 states that wastewater treatment facilities in Wisconsin 
must achieve an effluent concentration of 1 mg/L for phosphorus.  Alternative limits are allowed if it can 
be demonstrated that achieving the 1 mg/L limit will not “result in an environmentally significant 
improvement in water quality” (NR 217.04(2)(b)1).  In response to NR 217, a group of municipal 
wastewater treatment facilities formed the Rock River Partnership (RRP) to assess water quality 
management issues (Kirsch, 2000).  The RRP and the Wisconsin Department of Natural Resources 
funded a study to seek water quality solutions across all media, and not just pursue additional reductions 
from point sources.  A significant portion of the study required a modeling effort to determine the 
magnitude of various nutrient sources and determine potential reductions through the implementation of 
global SCMs. 

The Rock River Basin covers approximately 9,530 square kilometers and lies within the glaciated 
portion of south central and eastern Wisconsin (Figure 4-19).  The Rock River and its numerous 
tributaries thread their way through this landscape that spreads over 10 counties inhabited by more than 
750,000 residents.  There are 40 permitted municipalities in the watershed, representing 4 percent of the 
land area, and they are served by 57 sewage treatment plants.  Urban centers include Madison, 
Janesville, and Beloit as well as smaller cities such as Waupun, Watertown, Oconomowoc, Jefferson, and 
Beaver Dam. Although the basin is experiencing rapid growth, it is still largely rural in character with 
agriculture using nearly 75 percent of the land area.  Crops range from continuous corn and corn– 
soybean rotations in the south to a mix of dairy, feeder operations, and cash cropping in the north.  The 
basin enjoys a healthy economy with a good balance of agricultural, industrial, and service businesses. 

The focus of the modeling was to construct an intermediate-level macroscale model to better 
quantify phosphorus loads from point and nonpoint sources throughout the basin.  The three goals of the 
modeling effort were to (1) estimate the average annual phosphorus load, (2) estimate the relative 

continues next page 
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263 Monitoring and Modeling 

BOX 4-7 Continued 

contribution of phosphorus loads from both nonpoint (urban and agricultural) and point sources, and (3) 
estimate changes in average annual phosphorus loads from the application of global SCMs and point 
source controls. 

SWAT was selected for the agricultural analysis and WinSLAMM was selected to develop 
phosphorus loads for the urban areas.  WinSLAMM was selected to make estimates of stormwater loads, 
because it is already calibrated in Wisconsin for stormwater volumes and pollutant concentrations.  
Outputs of phosphorus loads from WinSLAMM were used as input to SWAT.  One output of SWAT was a 
total nonpoint phosphorus load based on agricultural loads calculated in SWAT and stormwater loads 
estimated by WinSLAMM. 

SWAT was calibrated with data from 23 USGS gauging stations in the Rock River Basin.  
Hydrology was balanced first on a yearly basis looking at average annual totals, then monthly to verify 
snowfall and snowmelt routines, and then daily.  Daily calibration was conducted to check crop growth, 
evapotranspiration, and daily peak flows.  Crop yields predicted by SWAT were calibrated to those 
published in the USDA Agricultural Statistics.  

Under current land-use and management conditions, the model predicted an average annual load 
of approximately 1,680,000 pounds of total phosphorus for the basin with 41 percent from point sources 
and 59 percent from nonpoint sources.  Less than 10 percent of the annual phosphorus load is generated 
by the urban areas in the watershed.  Evaluation of various SCM scenarios shows that with 
implementation of NR 217 (applicable point source effluent at 1 mg/L) and improvement in tillage 
practices and nutrient management practices, total phosphorus can be reduced across the basin by 
approximately 40 percent.  It is important to note that the nonpoint management practices that were 
analyzed were limited to two options: modifications in tillage practices, and adoption of recommended 
nutrient application rates.  No other management practices (i.e., urban controls, riparian buffer strips, etc.) 
were simulated.  Urban controls were not included because the urban areas contributed a relatively small 
percentage of the total phosphorus load.  Thus, loadings depicted by SWAT under these management 
scenarios do not necessarily represent the lowest attainable loads.  Results suggest that a combination of 
point and nonpoint controls will be required to attain significant phosphorus reductions. 

FIGURE 4-19  Rock River Basin, Wisconsin. SOURCE: Reprinted, with permission, from Kirsch (2000). 
Copyright 2000 by American Society for Biological and Agricultural Engineers. 
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264 Urban Stormwater Management in the United States 

The CBWM is a detailed watershed model that is extended from HSPF as a base, but 
includes additional components to incorporate stormwater controls at the land segment level.  
HSPF is operated for a number of subbasins, and each subbasin model includes different land 
segments based on land cover and soil units as aspatial, lumped distribution functions, but also 
includes representation of SCMs and (large) stream routing.  Model implementation at the scale 
of the full Chesapeake Bay watershed requires fairly coarse-grained land partitioning.  A 
threshold of 100 cfs mean annual flow is used to represent streams and rivers, and the one-to-one 
mapping of land segment to river reach produces large, heterogeneous land segments as the basic 
runoff-producing zones. SCMs are implemented either at the field or runoff production unit as 
distinct land segment types in terms of management or land cover, or as “edge-of-field” 
reductions of runoff or pollutant loads. The latter are assigned as static efficiency factors 
irrespective of flow conditions or season, with all SCMs within a land segment integrated into a 
single weighted efficiency value. 

SLAMM is designed for complex, urban catchments and is used as a planning tool to 
assess both stormwater and pollutant runoff production and the capability of specific stormwater 
control strategies to reduce stormwater discharges from urban sources.  It is specifically designed 
to capture the most significant distributed and sequential drainage effects of variable source areas 
in urban catchments (Pitt and Vorhees, 2002) and is based on detailed descriptions of the 
catchment composition, including both type and relative position (drainage sequence) of land 
elements.  The model is dependent on high-resolution classification or description of the 
catchment that has become increasingly available in urban areas over the past two decades, and 
comprehensive field assessment of runoff and pollutant loading from different urban land 
elements.  SLAMM uses continuous simulation for some aspects, such as the build up of street 
pollutant loads between storms, while using event-based simulation for runoff.  The description 
of build-up and wash-off is a critical component in urban stormwater models applied to areas 
with substantial impervious surfaces and is a good example of the need to match detailed and 
rigorous field sampling in order to adequately describe and represent dominant processes.  
Details of measurement and model representation for build-up and wash-off of contaminants are 
given in Box 4-8. 

Potential New Applications of Coupled Distributed Models 

The advent of high-resolution digital topographic and land-cover data over the past two 
decades has fueled a significant shift in runoff modeling towards “spatially explicit” simulations 
that distinguish and connect runoff producing elements in a detailed flow routing network.  
While models developed prior to the availability of high-resolution data or based on older 
paradigms developed in the absence of this information required spatial and conceptual lumping 
of control volumes, more recently developed distributed models may contain control volumes 
linked in multiple vertical layers (soil and aquifer elements) and laterally from a drainage divide 
to the stream, including stream-channel and riparian segments.  A set of models has been 
developed and applied to stormwater generation using this paradigm that can be applied at the 
scale of residential neighborhoods, resolving land cover and topography at the parcel level. 
These models also vary in terms of their emphasis, with some models better representing coupled 
surface water–groundwater interactions, water, carbon and nutrient cycling, or land–atmosphere 
interactions.  Boyer et al. (2006) have recently reviewed a set of hydrologic and ecosystem 
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BOX 4-8 
Build-up and Wash-off of Contaminants from Impervious Surfaces 

The accumulation and wash-off of street particulates have been studied for many years (Sartor 
and Boyd, 1972; Pitt, 1979, 1985, 1987) and are important considerations in many stormwater models, 
such as SWMM, HSPF, and SLAMM, that require information pertaining to the movement of pollutants 
over land surfaces.  Accumulation rates are usually obtained through trial and error during calibration, 
with little, if any, actual direct measurements.  Furthermore, those direct measurements that have been 
made are often misapplied in modeling applications, resulting in unreasonable model predictions. 

Historically, streets have been considered the most important directly connected impervious 
surface.  Therefore, much early research was directed toward measuring the processes on these 
surfaces.  Although it was eventually realized that other surfaces can also be significant pollutant sources 
(see Pitt et al., 2005b,c, for reviews), additional research to study accumulation and wash-off for these 
other areas has not been conducted, such that the following discussion is focused on street dirt 
accumulation and wash-off.  

Accumulation of Particulates on Street Surfaces 

The permanent storage component of street surface particulates is a function of street texture 
and condition and is the quantity of street dust and dirt that cannot be removed naturally by rain or wind, 
or by street cleaning equipment.  It is literally trapped in the texture of the street.  The street dirt loading at 
any time is this initial permanent loading plus the accumulation amount corresponding to the exposure 
period, minus the resuspended material removal by wind and traffic-induced turbulence.   

One of the first research studies to attempt to measure street dirt accumulation was conducted by 
Sartor and Boyd (1972).  Field investigations were conducted between 1969 and 1971 in several cities 
throughout the United States and in residential, commercial, and industrial land-use areas.  Figure 4-20 is 
a plot of the 26 test area measurements collected from different cities, but separated by the three land 
uses.  The data are the accumulated solids loading plotted against the number of days since the street 
had been cleaned by the municipal street cleaning operation or a “significant” rain.  There is a large 
amount of variability. The street cleaning and this rain were both assumed to remove all of the street dirt; 
hence, the curves were all forced through zero loading at zero days. 

FIGURE 4-20 Accumulation curves developed during early street cleaning research.  SOURCE: Sartor 
and Boyd (1972). 
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266 Urban Stormwater Management in the United States 

BOX 4-8 Continued 

A more thorough study was conducted in San Jose, California by Pitt (1979), during which the 
measured street dirt loading for a smooth street was also found to be a function of time.  As shown in 
Figure 4-21, both accumulation rates and increases in particle size of the street dirt increase as time 
between street cleaning lengthens.  However, it is also evident that there is a substantial residual loading 
on the streets immediately after the street cleaning, which differs substantially from the assumption of 
Sartor and Boyd that rains reduce street dirt to zero.   

FIGURE 4-21  Street dirt accumulation and particle size changes on good asphalt streets in San Jose, 
California. SOURCE: Pitt (1979). 

The San Jose study also investigated the role of different street textures, which resulted in very 
different street dirt loadings.  Although the accumulation and deposition rates are quite similar, the initial 
loading values (the permanent storage values) are very different, with greater amounts of street dirt 
trapped by the coarser (oil and screens) pavement.  Street cleaning and rains are not able to remove this 
residual material.  The early, uncorrected Sartor and Boyd accumulation rates that ignored the initial 
loading values were almost ten times the corrected values that had reasonable “initial loads.”  

Finally, it was found that, at very long accumulation periods relative to the rain frequency, the 
wind losses (fugitive dust) may approximate the deposition rate, resulting in very little increases in 
loading.  In Bellevue, Washington, with inter-event rain periods averaging about three days, steady 
loadings were observed after about one week (Pitt, 1985).  However, in Castro Valley, California, the rain 
inter-event periods were much longer (ranging from about 20 to 100 days), and steady loadings were 
never observed (Pitt and Shawley, 1982). 

Taking many studies into account (Sartor and Boyd 1972—corrected; Pitt, 1979, 1983, 1985; Pitt 
and Shawley, 1982; Pitt and Sutherland, 1982; Pitt and McLean, 1986), the most important factors 
affecting the initial loading and maximum loading values have been found to be street texture and street 
condition, and not land use.  When data from many locations are studied, it is apparent that smooth 
streets have substantially less loadings at any accumulation period compared to rough streets for the 
same land use.  Very long accumulation periods relative to the rain frequency result in high street dirt 
loadings.  However, during these conditions the wind losses of street dirt (as fugitive dust) may 
approximate the deposition rate, resulting in relatively constant street dirt loadings. 

continues next page 
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BOX 4-8 Continued 

Wash-off of Street Surface Pollutants 

Wash-off of particulates from impervious surfaces is dependent on the available supply of 
particulates on the surface that can be removed by rains, the rain energy available to loosen the material, 
and the capacity of the runoff to transport the loosened material.  Observations of particulate wash-off 
during controlled tests have resulted in empirical wash-off models.  The earliest controlled street dirt 
wash-off experiments were conducted by Sartor and Boyd (1972) to estimate the percentage of the 
available particulates on the streets that would wash off during rains of different magnitudes.  Sartor and 
Boyd fitted their data to an exponential curve, as shown in Figure 4-22 (accumulative wash-off curves for 
several particle sizes).  The empirical equation that they developed, N = No e-kR, is only sensitive to the 
total rain depth up to the time of interest and the initial street dirt loading. 

FIGURE 4-22  Street dirt wash-off during high-intensity rain tests.  SOURCE: Sartor and Boyd (1972). 

There are several problems with this approach.  First, these figures did not show the total street 
dirt loading that was present before the wash-off tests.  Most modelers have assumed that the asymptotic 
maximum shown was the total “before-rain” street dirt loading; that is, the No factor has been assumed to 
be the total initial street loading, when in fact it is only the portion of the total street load available for 
wash-off (the maximum asymptotic wash-off load observed during the wash-off tests).  The actual total 
street dirt loadings were several times greater than the maximum wash-off amounts observed.  STORM 
and SWMM now use an availability factor (A) for particulate residue as a calibration procedure in order to 
reduce the wash-off quantity for different rain intensities (Novotny and Chesters, 1981).  Second, the 
proportionality constant, k, was found by Sartor and Boyd to be slightly dependent on street texture and 
condition, but was independent of rain intensity and particle size.  The value of this constant is usually 
taken as 0.18/mm, assuming that 90 percent of the particulates will be washed from a paved surface in 
one hour during a 13 mm/h rain.  However, Alley (1981) fitted this model to watershed outfall runoff data 
and found that the constant varied for different storms and pollutants for a single study area.  Novotny 
examined “before” and “after” rain-event street particulate loading data using the Milwaukee NURP 
stormwater data (Bannerman et al., 1983) and found almost a three-fold difference between the 
proportionality constant value for fine (<45 �m) and medium-sized particles (100 to 250 �m).  Jewell et 
al. (1980) also found large variations in outfall “fitted” values for different rains compared to the typical 
default value.  They stressed the need to have local calibration data before using the exponential wash-
off equation, as the default values can be very misleading.  The exponential wash-off equation for 
impervious areas is justified, but wash-off coefficients for each pollutant would improve its accuracy.  The 
current SWMM5 version discourages the use of accumulation and wash-off functions due to lack of data, 
and the misinterpretation of available data. 

continues next page 
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268 Urban Stormwater Management in the United States 

BOX 4-8 Continued 

It turns out that particle dislodgement and transport characteristics at impervious areas can be 
directly measured using relatively simple wash-off tests.  The Bellevue, Washington, urban runoff project 
(Pitt, 1985) included about 50 pairs of street dirt loading observations close to the beginnings and ends of 
rains to determine the differences in loadings that may have been caused by the rains.  The observations 
were affected by rains falling directly on the streets, along with flows and particulates originating from 
non-street areas. When all the data were considered together, the net loading difference was about 10 to 
13 g/curb-m removed, which amounted to a street dirt load reduction of about 15 percent.  Large 
reductions in street dirt loadings for the small particles were observed during these Bellevue rains.  Most 
of the weight of solid material in the runoff was concentrated in fine particle sizes (<63 µm). Very few 
wash-off particles greater than 1,000 µm were found; in fact, street dirt loadings increased for the largest 
sizes, presumably due to settled erosion materials.  Urban runoff outfall particle size analyses in Bellevue 
(Pitt, 1985) resulted in a median particle size of about 50 µm; similar results were obtained in the 
Milwaukee NURP study (Bannerman et al., 1983).  The results make sense because the rain energy 
needed to remove larger particles is much greater than for small particles. 

In order to clarify street dirt wash-off, Pitt (1987) conducted numerous controlled wash-off tests on 
city streets in Toronto.  The experimental factors examined included rain intensity, street texture, and 
street dirt loading.  The differences between available and total street dirt loads were also related to the 
experimental factors.  The runoff flow quantities were also carefully monitored to determine the magnitude 
of initial and total rain water losses on impervious surfaces.  The test setup was designed and tested to 
best represent actual rainfall conditions, such as rain intensities (3 mm/h) and peak rain intensities (12 
mm/h). The kinetic energies of the “rains” during these tests were therefore comparable to actual rains 
under investigation.  Figure 4-23 shows the asymptotic wash-off values observed in the tests, along with 
the measured total street dirt loadings.  The maximum asymptotic values are the “available” street dirt 
loadings (No).  As can be seen, the measured total loadings are several times larger than these 
“available” loading values.  For example, the asymptotic available total solids value for the high-intensity 
rain–dirty street–smooth street test was about 3 g/m2 while the total load on the street for this test was 
about 14 g/ m2, or about five times the available load.  The differences between available and total 
loadings for the other tests were even greater, with the total loads typically about ten times greater than 
the available loads.  The total loading and available loading values for dissolved solids were quite close, 
indicating almost complete wash-off of the very small particles. 

FIGURE 4-23  Wash-off plots for high rain intensity, dirty street, and smooth street test, showing the total 
street dirt loading.  SOURCE: Pitt (1987). 

continues next page 

PREPUBLICATION 
  

RB-AR14890



   

 
 

 

 

 

 
 

 

 
 

 

 

 

 

 

269 Monitoring and Modeling 

BOX 4-8 Continued 

The availability factor (the ratio of the available loading, N0, to the total loading) depended on the 
rain intensity and the street roughness, such that wash-off was more efficient for the higher rain energy 
and smoother pavement tests.  The worst case was for a low rain intensity and rough street, where only 
about 4.5 percent of the street dirt would be washed from the pavement.  In contrast, the high rain 
intensities on the smooth streets were more than four times more efficient in removing street dirt (20 
percent removal). 

A final important consideration in calculating wash-off of street dirt during rains is the carrying 
capacity of the flowing water to transport sediment.  If the calculated wash-off is greater than the carrying 
capacity (such as would occur for relatively heavy street dirt loads and low to moderate rain intensities), 
then the carrying capacity is limiting.  For high rain intensities, the carrying capacity is likely sufficient to 
transport most or all of the wash-off material.  Figure 4-24 shows the maximum wash-off amounts (g/m2) 
for the different tests conducted on smooth streets plotted against the rain intensity (mm/h) used for the 
tests (data from Sartor and Boyd, 1972, and Pitt, 1987).  Wash-off limitations for rough streets would be 
more restrictive. 

FIGURE 4-24  Maximum wash-off capacity for smooth streets (based on measurements of Sartor and 
Boyd, 1972; Pitt, 1987). If the predicted wash-off, using the previous “standard” wash-off equations, is 
smaller than the values shown in this figure, then those values can be used directly.  However, if the 
predicted wash-off is greater than the values shown in this figure, then the values in the figure should be 
used. 

Accumulation and Wash-off Summary 

This discussion summarized street particulate wash-off observations obtained during special 
wash-off tests, along with associated street dirt accumulation measurements.  The objectives of these 
tests were to identify the significant rain and street factors affecting particulate wash-off and to develop 
appropriate wash-off models.  The controlled wash-off experiments identified important relationships 
between “available” and “total” particulate loadings and the significant effects of the test variables on the 
wash-off model parameters.  Past modeling efforts have typically ignored or misused this relationship to 
inaccurately predict the importance of street particulate wash-off.  The available loadings were almost 
completely washed off streets during rains of about 25 mm (as previously assumed).  However, the 
fraction of the total loading that was available was at most only 20 percent of the total loading, and 
averaged only 10 percent, with resultant actual wash-offs of only about 9 percent of the total loadings. 

In many model applications, total initial loading values (as usually measured during field studies) 
are used in conjunction with model parameters as the available loadings, resulting in predicted wash-off 
values that are many times larger than observed.  This has the effect of incorrectly assuming greater 
pollutant contributions originating from streets and less from other areas during rains.  This in turn results 
in inaccurate estimates of the effectiveness of different source area urban runoff controls.  Although 
streets can be important sources of runoff and stormwater pollutants, their significance varies greatly 
depending on the land use and rainfall pattern.  They are much more important sources in areas having 
relatively mild rains (e.g., the Pacific Northwest), where contaminants from other potential sources are not 
effectively transported to the storm drainage system. 
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270 Urban Stormwater Management in the United States 

models in terms of their ability to simulate sources, transport, and transformation of nitrogen 
within terrestrial and aquatic ecosystems.  Data and information requirements are typically high, 
and the level of process specificity may outstrip the available information necessary to 
parameterize the integrated models.  However, an emphasis is placed on providing mechanistic 
linkage and feedbacks between important surface, subsurface, atmospheric, and ecosystem 
components.  Examples of these models include the Distributed Hydrology Soil Vegetation 
model (DHSVM, Wigmosta et al., 1994); the Regional Hydro-Ecologic Simulation System 
(RHESSys, Band et al., 1993; Tague and Band, 2004); ParFlow-Common Land Model (CLM, 
Maxwell and Miller, 2007); the Penn State Integrated Hydrologic Model (PIHM, Qu and Duffy, 
2007); the Soil Moisture Distribution and Routing (SMDR) model (Easton et al., 2007); and that 
of Xiao et al. (2007). 

One advantage of integrating surface and subsurface flow systems within any of these 
model structures is the ability to incorporate different SCMs by specifying characteristics of 
specific locations within the flow element networks linked to the subsurface drainage.  Examples 
can include alteration of surface detention storage and release curves to simulate detention 
ponds, or soil depth, texture, vegetation, and drainage release for rainfall gardens.  The 
advantage of this approach is the tight coupling of these SCM features with the connected 
surface and subsurface drainage systems, allowing the direct incorporation of the SCM as sink or 
source terms within the flowpath network.  Burgess et al. (1998) effectively demonstrated that 
suburban lawns can become the major source of stormwater in seasonally wet conditions 
(Seattle), while Cuo et al. (2008) have explored the modification of DHSVM to include detention 
SCMs. Xiao et al. (2007) explicitly integrated and evaluated parcel scale SCM design and 
efficiency into their model.  Wang et al. (2008) integrated a canopy interception model with a 
semi-distributed subsurface moisture scheme (TOPMODEL) to evaluate the effectiveness of 
urban tree canopy interception on stormwater production, utilizing a detailed spatial dataset of 
urban tree cover. Band et al. (2001) and Law (2003) coupled a water-, carbon-, and nitrogen-
cycling model to a distributed water routing system modified from DHSVM to simulate nitrogen 
cycling and export in a high-spatial-resolution representation of forested and suburban 
catchments.  While these models have the potential to directly link stormwater generation with 
specific dischargers, the challenge of scaling to larger watersheds remains.  SMDR (Easton et al., 
2007) has recently been used to integrate rural and urban stormwater production, including 
dissolved phosphorus source and transport in New York State. 

Alternatives to mass budget-based models include fully statistical approaches such as 
simple regressions based on watershed land use and population (e.g., Boyer et al., 2002); 
nonlinear regression using detailed watershed spatial data and observed loads to estimate 
retention parameters and loading of nutrients, sediment, and other pollutants (e.g., Smith et al., 
1997; Brakebill and Preston, 1999; Schwarz et al., 2006); and Bayesian chain models (e.g., 
Reckhow and Chapra, 1999; Borsuk et al., 2001).  These models have the advantage of being 
data-based, and therefore capable of assimilating observations as they become available to 
update water quality probabilities, but also lack a process basis that might support management 
intervention.  A major debate exists within the literature as to the relative advantages of detailed 
process-based models that may not have inadequate information for parameterization, and the 
more empirical, data-based approaches. 

PREPUBLICATION 
  

RB-AR14892



   

 
 

   

 

 

 
  

 

 

 
 

 

 

 
 

 

 

 

 

 

 

 
 

 

 

 
 

  
 
 
 

 
 

1 

Monitoring and Modeling 271 

TABLE 4-7 Example Mathematical Models That Have Been or Can Be Used in Stormwater Modeling 
Model Common Use Typical 

Scale Complexity Data Requirements Ground-
water SCM Reference 

Rational 
Method 

Urban hydraulic 
design—peak flow 

Small Simple Land cover, rainfall 
intensity, Tc 

None None Standard hydrology 
text 

Simple 
Method 

Urban annual 
runoff, loads 

Small to 
medium 

Simple Impervious surface 
cover, land use, 
annual rainfall 

None None http://www.stormwa 
tercenter.net/monit 
oring%20and%20a 
ssessment/simple 
%20meth/simple.ht 
m 

TR-20 
TR-55 

Rural/urban runoff 
production for 
simple stormwater 
models, hydraulic 
design 

Small to 
medium 

Simple to 
medium 

Land use, soil 
texture, Tc 

None Pond sizing for 
hydraulic benefits 
and others through 
CN modification 

http://www.wsi.nrcs 
.usda.gov/products/ 
W2Q/H&H/Tools_ 
Models 

GWLF Rural/urban runoff, 
pollutant loading 

Medium to 
watershed 

Simple to 
medium 

Land use, soil 
texture, precipitation 
time series 

Simple 
linear 
reservoir 

Runoff reduction 
with CN 
modification 

Haith and 
Shoemaker (1987) 
http://www.avgwlf.p 
su.edu/overview.ht 
m 

P8 Urban runoff, 
pollutant loading 

Small to 
large 

Simple to 
medium 

Land use, soil 
texture, precipitation 
time series, SCM 
type and sizing 

Simple 
linear 
reservoir 

Runoff reduction 
with CN 
modification, ponds 
(evaluation and 
sizing), infiltration, 
street cleaning 

Palmstrom and 
Walker (1990) 
http://www.wwwalk 
er.net/p8/ 

MUSIC Urban runoff, 
pollutant loading, 
hydraulic design, 
simple receiving 
water 

Small to 
large 

Medium to 
complex 

Land use, soil 
texture, 
precipitation/PET? 
time series, drainage 
system details, SCM 
type and sizing 

Simple 
linear 
reservoir 

Comprehensive 
evaluation of SCM 
systems 

Wong (2000) 
(proprietary) 
http://www.toolkit.n 
et.au/cgi
bin/WebObjects/too 
lkit.woa/wa/product 
Details?productID= 
1000000 
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272 Urban Stormwater Management in the United States 

Model Common Use Typical 
Scale Complexity Data Requirements Ground-

water SCM Reference 

SWMM Urban runoff, 
pollutant loading, 
hydraulic design 

Small to 
large 

Medium to 
complex 

Land use, soil 
texture, 
meteorological time 
series, drainage 
system details, SCM 
type and sizing 

Simple 
linear 
reservoir? 

Infiltration 
practices, ponds, 
street cleaning 

http://www.epa.gov 
/ednnrmrl/models/s 
wmm 

PCSWMM Same as above Same as 
above 

Same as 
above 

Same as above Same as 
above 

Enhanced SCM 
compared to 
SWMM 

(proprietary) 
http://www.comput 
ationalhydraulics.c 
om/Software/PCS 
WMM.NET 

WinSLAMM Urban runoff, 
pollutant loads 

Small to 
large 

Intermediate Land cover, land 
use, development 
characteristics, 
soil texture, 
compaction, rainfall 
event time series, 
monthly PET, 
monthly water 
evaporation, SCM 
type and sizing 

Mounding 
under 
infiltration 
controls 

Comprehensive 
evaluation of SCM 
systems  

(proprietary) 
http://www.winslam 
m.com/prod01.htm 

SWAT Rural runoff, 
loading 

Medium to 
watershed 

Intermediate Land cover/land use, 
soil texture, 
precipitation, 
temperature, 
humidity, solar 
radiation time or PET 
series 

Simple 
subbasin 
reservoir 

Impoundments, 
agricultural 
conservation 
practices, nutrient 
management, 
buffers 

http://www.epa.gov 
/waterscience/BASI 
NS/bsnsdocs.html# 
swat 

HSPF Comprehensive 
watershed 
evaluation, 
receiving water 
dynamics 

Medium to 
watershed 

Complex Land cover/land use, 
soil texture, 
precipitation, 
temperature, 
humidity, solar 
radiation or PET time 
series 

Subbasin 
reservoir 

Infiltration, ponds Bicknell et al. 
(2005) 
http://www.epa.gov 
/ceampubl/swater/h 
spf/index.htm 

http://www.epa.gov 
/waterscience/BASI 
NS/bsnsdocs.html# 
hspf 
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Model Common Use Typical 
Scale Complexity Data Requirements Ground-

water SCM Reference 

WWHM 
HSPF engine with 
regional 
modifications, 

Puget 
Sound 

Complex Same as above Same as 
above 

Enhanced 
infiltration, ponds 
(from HSPF) 

http://www.ecy.wa. 
gov/programs/wg/st 
ormwater/wwhm_tr 
aining/index.html. 

CBWM 
HSPF engine with 
regional 
modifications, 
integration specific 
spatial data 
processing 

Chesapeake 
Bay 
Watershed 

Complex Same as above Same as 
above 

Enhanced 
infiltration, ponds 
(from HSPF) 

http://www.chesape 
akebay.net/phase5. 
htm 

1 Note: CN, curve number 
2 
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274 Urban Stormwater Management in the United States 

Limitations in Extending Stormwater Models to Biological Impacts 

The mass budget approach may be successful in developing the physical and chemical 
characteristics of the receiving waterbody in terms of the flow (or stage) duration curve, the 
distribution of concentrations over time, and the integrated pollutant storage and flux (load) 
terms.  However, the biological status of the waterbody requires a link between the physical and 
chemical conditions, primary productivity, and trophic system interactions.  Progressing from 
aquatic ecosystem productivity to trophic systems includes increasingly complex ecological 
processes such as competition, herbivory, predation, and migration.  To date, mechanistic 
linkage between flow path hydraulics, biogeochemistry, and the ecological structure of the 
aquatic environment has not been developed.  Instead, habitat suitability for different 
communities is identified through empirical sampling and analysis, with the implicit assumption 
that, as relative habitat suitability changes, transitions will occur between species or 
assemblages.  These methods may work well at the base of the trophic system (algae, 
phytoplankton) and for specific conditions such as DO limitations on fish communities, but the 
impacts of low to moderate concentrations of pollutants on aquatic ecosystems may still be 
poorly understood. A critical assumption in these and similar models (e.g., ecological 
community change resulting from physical changes to the watershed or climate) is the 
substitution of space for time.  More detailed understanding of the mechanisms leading to a shift 
in ecological communities and interactions with the physical environment is necessary to 
develop models of transient change, stability of the shifts, and feedback to the biophysical 
environment.   

Given these limitations, it should be noted that statistical databases on species tolerance 
to a range of aquatic conditions have been compiled that will allow the development of habitat 
suitability mapping as a mechanism for (1) targeting ecosystem restoration, (2) determining 
vulnerable sites (for use in application of the Endangered Species Act), and (3) assessing aquatic 
ecosystem impairment and “best use” relative to reference sites. 

*** 

Stormwater models have been developed to meet a range of objectives, including small-
scale hydraulic design (e.g., siting and sizing a detention pond), estimation of potential 
contributions of stormwater pollutants from different land covers and locations using empirically 
generated EMC, and large watershed hydrology and gross pollutant loading.  The ability to 
associate a given discharger with a particular waterbody impairment is limited by the scale and 
complexity of watersheds (i.e., there maybe multiple discharge interactions); by the ability of a 
model to accurately reproduce the distribution function of discharge events and their cumulative 
impacts (as opposed to focusing only on design storms of specific return periods); and by the 
availability of monitoring data of sufficient number and design to characterize basic processes 
(e.g., build-up/wash-off), to parameterize the models, and to validate model predictions. 

In smaller urban catchments with few dominant dischargers and significant impervious 
area, current modeling capabilities may be sufficient to associate the cumulative impact of 
discharge to waterbody impairment.  However, many impaired waterbodies have larger, more 
heterogeneous stormwater sources, with impacts that are complex functions of current and past 
conditions. The level of sampling that would be necessary to support linked model calibration 
and verification using current measurement technologies is both time-consuming and expensive.  
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275 Monitoring and Modeling 

In order to develop a more consistent capability to support stormwater permitting needs, there 
should be increased investment in improving model paradigms, especially the practice and 
methods of model linkage as described above, and in stormwater monitoring.  The latter may 
require investment in a new generation of sensors that can sample at temporal resolutions that 
can adjust to characterize low flow and the dynamics of storm flow, but are sufficiently 
inexpensive and autonomous to be deployed in multiple locations from distributed sources to 
receiving waterbodies of interest.  Finally, as urban areas extend to encompass progressively 
lower-density development, the interactions of surface water and groundwater become more 
critical to the cumulative impact of stormwater on impaired waterbodies. 

EPA needs to ensure continuous support and development of their water quality models 
and spatial data infrastructure.  Beyond this, a set of distributed watershed models has been 
developed that can resolve the location and position of parcels within hydrologic flow fields; 
these are being modified for use as urban stormwater models.  These models avoid the pitfalls of 
lumping, but they require much greater volumes of spatial data, provided by current remote 
sensing technology (e.g., lidar, airborne digital optical and infrared sensors) as well as the 
emerging set of in-stream sensor systems.  While these methods are not yet operational or 
widespread, they should be further investigated and tested for their capabilities to support 
stormwater management. 

CONCLUSIONS AND RECOMMENDATIONS 

This chapter addresses what might be the two weakest areas of the stormwater program— 
monitoring and modeling of stormwater.  The MS4 and particularly the industrial stormwater 
monitoring programs suffer from (1) a paucity of data, (2) inconsistent sampling techniques, (3) 
a lack of analyses of available data and guidance on how permittees should be using the data to 
improve stormwater management decisions, and (4) requirements that are difficult to relate to the 
compliance of individual dischargers.  The current state of stormwater modeling is similarly 
limited.  Stormwater modeling has not evolved enough to consistently say whether a particular 
discharger can be linked to a specific waterbody impairment, although there are many correlative 
studies showing how parameters co-vary in important but complex and poorly understood ways 
(see Chapter 3). Some quantitative predictions can be made, particularly those that are based on 
well-supported causal relationships of a variable that responds to changes in a relatively simple 
driver (e.g., modeling how a runoff hydrograph or pollutant loading change in response to 
increased impervious land cover).  However, in almost all cases, the uncertainty in the modeling 
and the data, the scale of the problems, and the presence of multiple stressors in a watershed 
make it difficult to assign to any given source a specific contribution to water quality 
impairment.  More detailed conclusions and recommendations about monitoring and modeling 
are given below. 

Because of a ten-year effort to collect and analyze monitoring data from MS4s 
nationwide, the quality of stormwater from urbanized areas is well characterized. These 
results come from many thousands of storm events, systematically compiled and widely 
accessible; they form a robust dataset of utility to theoreticians and practitioners alike.  These 
data make it possible to accurately estimate the EMC of many pollutants.  Additional data are 
available from other stormwater permit holders that were not originally included in the database 

PREPUBLICATION 
  

RB-AR14897



   
 

 
 

 

 

 

 
 

 

276 Urban Stormwater Management in the United States 

and from ongoing projects, and these should be acquired to augment the database and improve its 
value in stormwater management decision-making. 

Industry should monitor the quality of stormwater discharges from certain critical 
industrial sectors in a more sophisticated manner, so that permitting authorities can better 
establish benchmarks and technology-based effluent guidelines. Many of the benchmark 
monitoring requirements and effluent guidelines for certain industrial subsectors are based on 
inaccurate and old information.  Furthermore, there has been no nationwide compilation and 
analysis of industrial benchmark data, as has occurred for MS4 monitoring data, to better 
understand typical stormwater concentrations of pollutants from various industries.  The absence 
of accurate benchmarks and effluent guidelines for critical industrial sectors discharging 
stormwater may explain the lack of enforcement by permitting authorities, as compared to the 
vigorous enforcement within the wastewater discharge program. 

Industrial monitoring should be targeted to those sites having the greatest risk 
associated with their stormwater discharges.  Many industrial sites have no or limited 
exposure to runoff and should not be required to undertake extensive monitoring.  Visual 
inspections should be made, and basic controls should be implemented at these areas.  Medium-
risk industrial sites should conduct monitoring so that a sufficient number of storms are 
measured over the life of the permit for comparison to regional benchmarks.  Again, visual 
inspections and basic controls are needed for these sites, along with specialized controls to 
minimize discharges of the critical pollutants.  Stormwater from high-risk industrial sites needs 
to be continuously monitored, similar to current point source monitoring practices.  The use of a 
regionally calibrated stormwater model and random monitoring of the lower-risk areas will likely 
require additional monitoring. 

Continuous, flow-weighted sampling methods should replace the traditional 
collection of stormwater data using grab samples.  Data obtained from too few grab samples 
are highly variable, particularly for industrial monitoring programs, and subject to greater 
uncertainly because of experimenter error and poor data-collection practices.  In order to use 
stormwater data for decision making in a scientifically defensible fashion, grab sampling should 
be abandoned as a credible stormwater sampling approach for virtually all applications.  It 
should be replaced by more accurate and frequent continuous sampling methods that are flow 
weighted. Flow-weighted composite monitoring should continue for the duration of the rain 
event. Emerging sensor systems that provide high temporal resolution and real-time estimates 
for specific pollutants should be further investigated, with the aim of providing lower costs and 
more extensive monitoring systems to sample both streamflow and constituent loads. 

Flow monitoring and on-site rainfall monitoring need to be included as part of 
stormwater characterization monitoring.  The additional information associated with flow and 
rainfall data greatly enhance the usefulness of the much more expensive water quality 
monitoring. Flow monitoring should also be correctly conducted, with adequate verification and 
correct base-flow subtraction methods applied.  Using regional rainfall data from locations 
distant from the monitoring location is likely to be a major source of error when rainfall factors 
are being investigated.  The measurement, quality assurance, and maintenance of long-term 
precipitation records are both vital and nontrivial to stormwater management. 
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277 Monitoring and Modeling 

Whether a first flush of contaminants occurs at the start of a rainfall event depends 
on the intensity of rainfall, the land use, and the specific pollutant.  First flushes are more 
common for smaller sites with greater imperviousness and thus tend to be associated with more 
intense land uses such as commercial areas. Even though a site may have a first flush of a 
constituent of concern, it is still important that any SCM be designed to treat as much of the 
runoff from the site as possible. In many situations, elevated discharges may occur later in an 
event associated with delayed periods of peak rainfall intensity.   

Stormwater runoff in arid and semi-arid climates demonstrates a seasonal first-flush 
effect (i.e., the dirtiest storms are the first storms of the season).  In these cases, it is important 
that SCMs are able to adequately handle these flows.  As an example, early spring rains mixed 
with snowmelt may occur during periods when wet detention ponds are still frozen, hindering 
their performance.  The first fall rains in the southwestern regions of the United States may occur 
after extended periods of dry weather. Some SCMs, such as street cleaning targeting leaf 
removal, may be more effective before these rains than at other times of the year. 

Watershed models are useful tools for predicting downstream impacts from 
urbanization and designing mitigation to reduce those impacts, but they are incomplete in 
scope and typically do not offer definitive causal links between polluted discharges and 
downstream degradation.  Every model simulates only a subset of the multiple 
interconnections between physical, chemical, and biological processes found in any watershed, 
and they all use a grossly simplified representation of the true spatial and temporal variability of 
a watershed.  To speak of a “comprehensive watershed model” is thus an oxymoron, because the 
science of stormwater is not sufficiently far advanced to determine causality between all sources, 
resulting stressors, and their physical, chemical, and biological responses.  Thus, it is not yet 
possible to create a protocol that mechanistically links stormwater dischargers to the quality of 
receiving waters.  The utility of models with more modest goals, however, can still be high—as 
long as the questions being addressed by the model are in fact relevant and important to the 
functioning of the watershed to which that model is being applied, and sufficient data are 
available to calibrate the model for the processes included therein. 

EPA needs to ensure that the modeling and monitoring capabilities of the nation are 
continued and enhanced to avoid losing momentum in understanding and eliminating 
stormwater pollutant discharges.  There is a need to extend, develop, and support current 
modeling capabilities, emphasizing (1) the impacts of flow energy, sediment transport, 
contaminated sediment, and acute and chronic toxicity on biological systems in receiving 
waterbodies; (2) more mechanistic representation (physical, chemical, biological) of SCMs; and 
(3) coupling between a set of functionally specific models to promote the linkage of source, 
transport and transformation, and receiving water impacts of stormwater discharges.  Stormwater 
models have typically not incorporated interactions with groundwater and have treated 
infiltration and recharge of groundwater as a loss term with minimal consideration of 
groundwater contamination or transport to receiving waterbodies.  Emerging distributed 
modeling paradigms that simulate interactions of surface and subsurface flowpaths provide 
promising tools that should be further developed and tested for applications in stormwater 
analysis. 
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Chapter 5 

Stormwater Management Approaches 


A fundamental component of the U.S. Environmental Protection Agency’s (EPA) 
Stormwater Program, for municipalities as well as industries and construction, is the creation of 
stormwater pollution prevention plans.  These plans invariably document the stormwater control 
measures that will be used to prevent the permittee’s stormwater discharges from degrading local 
waterbodies. Thus, a consideration of these measures—their effectiveness in meeting different 
goals, their cost, and how they are coordinated with one another—is central to any evaluation of 
the Stormwater Program.  This report uses the term stormwater control measure (SCM) instead 
of the term best management practice (BMP) because the latter is poorly defined and not specific 
to the field of stormwater. 

The committee’s statement of task asks for an evaluation of the relationship between 
different levels of stormwater pollution prevention plan implementation and in-stream water 
quality. As discussed in the last two chapters, the state of the science has yet to reveal the 
mechanistic links that would allow for a full assessment of that relationship.  However, enough is 
known to design systems of SCMs, on a site scale or local watershed scale, to lessen many of the 
effects of urbanization. Also, for many regulated entities the current approach to stormwater 
management consists of choosing one or more SCMs from a preapproved list.  Both of these 
facts argue for the more comprehensive discussion of SCMs found in this chapter, including 
information on their characteristics, applicability, goals, effectiveness, and cost.  In addition, a 
multitude of case studies illustrate the use of SCMs in specific settings and demonstrate that a 
particular SCM can have a measurable positive effect on water quality or a biological metric.  
The discussion of SCMs is organized along the gradient from the rooftop to the stream.  Thus, 
pollutant and runoff prevention are discussed first, followed by runoff reduction and finally 
pollutant reduction. 

HISTORICAL PERSPECTIVE ON STORMWATER CONTROL MEASURES 

Over the centuries, SCMs have met different needs for cities around the world.  Cities in 
the Mesopotamian Empire during the second millennium BC had practices for flood control, to 
convey waste, and to store rain water for household and irrigation uses (Manor, 1966) (see 
Figure 5-1). Today, SCMs are considered a vital part of managing flooding and drainage 
problems in a city.  What is relatively new is an emphasis on using the practices to remove 
pollutants from stormwater and selecting practices capable of providing groundwater recharge.  
These recent expectations for SCMs are not readily accepted and require an increased 
commitment to the proper design and maintenance of the practices. 

With the help of a method for estimating peak flows (the Rational Method, see Chapter 
4), the modern urban drainage system came into being soon after World War II.  This generally 
consisted of a system of catch basins and pipes to prevent flooding and drainage problems by 
efficiently delivering runoff water to the nearest waterbody.  However, it was soon realized that 
delivering the water too quickly caused severe downstream flooding and bank erosion in the 
receiving water.  To prevent bank erosion and provide more space for flood waters, some stream 
channels were enlarged and lined with concrete (see Figure 5-2).  But while hardening and 
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FIGURE 5-1 Cistern tank, Kamiros, Rhodes (ancient Greece, 7th century BC).  SOURCE: 
Robert Pitt. 

FIGURE 5-2 Concrete channel in Lincoln Creek, Milwaukee, Wisconsin.  SOURCE: Roger 
Bannerman. 
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enlarging natural channels is a cost-effective solution to erosion and flooding, the modified 
channel increases downstream peak flows and it does not provide habitat to support a healthy 
aquatic ecosystem.   

Some way was needed to control the quantity of water reaching the end of pipes during a 
runoff event, and on-site detention (Figure 5-3) became the standard for accomplishing this.  
Ordinances started appearing in the early 1970s, requiring developers to reduce the peaks of 
different size storms, such as the 10-year, 24-hour storm.  The ordinances were usually intended 
to prevent future problems with peak flows by requiring the installation of flow control 
structures, such as detention basins, in new developments.  Detention basins can control peak 
flows directly below the point of discharge and at the property boundary.  However, when 
designed on a site-by-site basis without taking other basins into account, they can lead to 
downstream flooding problems because volume is not reduced (McCuen, 1979; Ferguson, 1991; 
Traver and Chadderton, 1992; EPA, 2005d).  In addition, out of concerns for clogging, openings 
in the outlet structure of most basins are generally too large to hold back flows from smaller, 
more frequent storms.  Furthermore, low-flow channels have been constructed or the basins have 
been graded to move the runoff through the structure without delay to prevent wet areas and to 
make it easier to mow and maintain the detention basin. 

Because of the limitations of on-site detention, infiltration of urban runoff to control its 
volume has become a recent goal of stormwater management.  Without stormwater infiltration, 
municipalities in wetter regions of the country can expect drops in local groundwater levels, 
declining stream base flows (Wang et al., 2003a), and flows diminished or stopped altogether 
from springs feeding wetlands and lakes (Leopold, 1968; Ferguson, 1994).   

The need to provide volume control marked the beginning of low-impact development 
(LID) and conservation design (Arendt, 1996; Prince George’s County, 2000), which were 
founded on the seminal work of landscape architect Ian McHarg and associates decades earlier 
(McHarg and Sutton, 1975; McHarg and Steiner, 1998).  The goal of LID is to allow for 
development of a site while maintaining as much of its natural hydrology as possible, such as 
infiltration, frequency and volume of discharges, and groundwater recharge.  This is 
accomplished with infiltration practices, functional grading, open channels, disconnection of 

FIGURE 5-3  On-site detention.  SOURCE: Tom Schueler. 
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impervious areas, and the use of fewer impervious surfaces.  Much of the LID focus is to manage 
the stormwater as close as possible to its source—that is, on each individual lot rather than 
conveying the runoff to a larger regional SCM. Individual practices include rain gardens (see 
Figure 5-4), disconnected roof drains, porous pavement, narrower streets, and grass swales.  In 
some cases, LID site plans still have to include a method for passing the larger storms safely, 
such as a regional infiltration or detention basin or by increasing the capacity of grass swales. 

Infiltration has been practiced in a few scattered locations for a long time.  For example, 
on Long Island, New York, infiltration basins were built starting in 1930 to reduce the need for a 
storm sewer system and to recharge the aquifer, which was the only source of drinking water 
(Ferguson, 1998). The Cities of Fresno, California, and El Paso, Texas, which faced rapidly 
dropping groundwater tables, began comprehensive infiltration efforts in the 1960s and 1970s.  
In the 1980s Maryland took the lead on the east coast by creating an ambitious statewide 
infiltration program.  The number of states embracing elements of LID, especially infiltration, 
has increased during the 1990s and into the new century and includes California, Florida, 
Minnesota, New Jersey, Vermont, Washington, and Wisconsin. 

FIGURE 5-4 Rain Garden in Madison, Wisconsin.  SOURCE: Roger Bannerman. 

Evidence gathered in the 1970s and 1980s suggested that pollutants be added to the list of 
things needing control in stormwater (EPA, 1983).  Damages caused by elevated flows, such as 
stream habitat destruction and floods, were relatively easy to document with something as simple 
as photographs. Documentation of elevated concentrations of conventional pollutants and 
potentially toxic pollutants, however, required intensive collection of water quality samples 
during runoff events.  Samples collected from storm sewer pipes and urban streams in the 
Menomonee River watershed in the late 1970s clearly showed the concentrations of many 
pollutants, such as heavy metals and sediment, were elevated in urban runoff (Bannerman et al., 
1979). Levels of heavy metals were especially high in industrial-site runoff, and construction-
site erosion was calculated to be a large source of sediment in the watershed.  This study was 
followed by the National Urban Runoff Program, which added more evidence about the high 
levels of some pollutants found in urban runoff (Athayde et al., 1983; Bannerman et al., 1983). 

*** 
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287 Stormwater Management Approaches 

With new development rapidly adding to the environmental impacts of existing urban 
areas, the need to develop good stormwater management programs is more urgent than ever.  For 
a variety of reasons, the greatest potential for stormwater management to reduce the footprint of 
urbanization is in the suburbs.  These areas are experiencing the fastest rates of growth, they are 
more amenable to stormwater management because buildings and infrastructure are not yet in 
place, and costs for stormwater management can be borne by the developer rather than by 
taxpayers. Indeed, most structural SCMs are applied to new development rather than existing 
urban areas. Many of the most innovative stormwater programs around the country are found in 
the suburbs of large cities such as Seattle, Austin, and Washington, D.C.  When stormwater 
management in ultra-urban areas is required, it entails the retrofitting of detention basins and 
other flow control structures or the introduction of innovative below-ground structures 
characterized by greater technical constraints and higher costs, most of which are charged to 
local taxpayers. 

Current-day SCMs represent a radical departure from past practices, which focused on 
dealing with extreme flood events via large detention basins designed to reduce peak flows at the 
downstream property line. As defined in this chapter, SCMs now include practices intended to 
meet broad watershed goals of protecting the biology and geomorphology of receiving waters in 
addition to flood peak protection. The term encompasses such diverse actions as using more 
conventional practices like basins and wetland to installing stream buffers, reducing impervious 
surfaces, and educating the public. 

REVIEW OF STORMWATER CONTROL MEASURES 

Stormwater control measures refer to what is defined by EPA (1999) as “a technique, 
measure, or structural control that is used for a given set of conditions to manage the quantity 
and improve the quality of stormwater runoff in the most cost-effective manner.”  SCMs are 
designed to mitigate the changes to both the quantity and quality of stormwater runoff that are 
caused by urbanization. Some SCMs are engineered or constructed facilities, such as a 
stormwater wetland or infiltration basin, that reduce pollutant loading and modify volumes and 
flow. Other SCMs are preventative, including such activities as education and better site design 
to limit the generation of stormwater runoff or pollutants. 

Stormwater Management Goals 

It is impossible to discuss SCMs without first considering the goals that they are expected 
to meet.  A broadly stated goal for stormwater management is to reduce pollutant loads to 
waterbodies and maintain, as much as possible, the natural hydrology of a watershed.  On a 
practical level, these goals must be made specific to the region of concern and embedded in the 
strategy for that region. Depending on the designated uses of the receiving waters, climate, 
geomorphology, and historical development, a given area may be more or less sensitive to both 
pollutants and hydrologic modifications.  For example, goals for groundwater recharge might be 
higher in an area with sandy soils as compared to one with mostly clayey soils; watersheds in the 
coastal zone may not require hydrologic controls.  Ideally, the goals of stormwater management 
should be linked to the water quality standards for a given state’s receiving waters.  However, 
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288 Urban Stormwater Management in the United States 

because of the substantial knowledge gap about the effect of a particular stormwater discharge on 
a particular receiving water (see Chapter 3 conclusions), surrogate goals are often used by state 
stormwater programs in lieu of water quality standards.  Examples include credit systems, 
mandating the use of specific SCMs, or achieving stormwater volume reduction.  Credit systems 
might be used for practices that are known to be productive but are difficult to quantify, such as 
planting trees. Specific SCMs might be assumed to remove a percent of pollutants, for example 
85 percent removal of total suspended solids (TSS) within a stormwater wetland.  Reducing the 
volume of runoff from impervious surfaces (e.g., using an infiltration device) might be assumed 
to capture the first flush of pollutants during a storm event.  Before discussing specific state 
goals, it is worth understanding the broader context in which goals are set. 

Trade-offs Between Stormwater Control Goals and Costs 

The potentially substantial costs of implementing SCMs raise a number of fundamental 
social choices concerning land-use decisions, designated uses, and priority setting for urban 
waters. To illustrate some of these choices, consider a hypothetical urban watershed with three 
possible land-cover scenarios: 25, 50, and 75 percent impervious surface.  A number of different 
beneficial uses could be selected for the streams in this watershed.  At a minimum, the goal may 
be to establish low-level standards to protect public health and safety.  To achieve this, sufficient 
and appropriate SCMs might be applied to protect residents from flooding and achieve water 
quality conditions consistent with secondary human contact.  Alternatively, the designated use 
could be to achieve the physical, chemical, and/or biological conditions sufficient to provide 
exceptional aquatic habitat (e.g., a high-quality recreational fishery).  The physical, biological, 
and chemical conditions supportive of this use might be similar to a reference stream located in a 
much less disturbed watershed. Achieving this particular designated use would require 
substantially greater resources and effort than achieving a secondary human contact use.  
Intermediate designated uses could also be imagined, including improving ambient water quality 
conditions that would make the water safe for full-body emersion (primary human contact) or 
habitat conditions for more tolerant aquatic species. 

Figure 5-5 sketches what the marginal (incremental) SCM costs (opportunity costs) might 
be to achieve different designated uses given different amounts of impervious surface in the 
watershed. The horizontal axis orders potential designated uses in terms of least difficult to most 
difficult to achieve. The three conceptual curves represent the SCM costs under three different 
impervious surface scenarios.  The relative positions of the cost curves indicate that achieving 
any specific designated use will be more costly in situations with a higher percentage of the 
watershed in impervious cover.  All cost curves are upward sloping, reflecting the fact that 
incremental improvements in designated uses will be increasingly costly to achieve.  The cost 
curves are purely conceptual, but nonetheless might reasonably reflect the relative costs and 
direction of change associated with achieving specific designated uses in different watershed 
conditions. 

The locations of the cost curves suggest that in certain circumstances not all designated 
uses can be achieved or can be achieved only at an extremely high cost.  For example, the 
attainment of exceptional aquatic uses may be unachievable in areas with 50 percent impervious 
surface even with maximum application of SCMs.  In this illustration, the cost of achieving even 
secondary human contact use is high for areas with 75 percent impervious surfaces.  In such 

PREPUBLICATION 
  

RB-AR14910



  

 
 

 

 

 
 

 

 

 
 

 
 

 

  

 

289 Stormwater Management Approaches 
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FIGURE 5-5 Cost of achieving designated uses in a hypothetical urban watershed.  MCC is the 
marginal control cost, which represents the incremental costs to achieve successive expansion 
of designated uses through SCMs.  The curves are constructed on the assumption that the 
lowest cost combination of SCMs would be implemented at each point on the curve. 

highly urbanized settings, achievement of only adequate levels of aquatic uses could be 
exceedingly high and strain the limits of what is technically achievable.  Finally, the existing and 
likely expected future land-use conditions have significant implications for what is achievable 
and at what cost. Clearly land-use decisions have an impact on the cost and whether a use can be 
achieved, and thus they need to be included in the decision process.  The trade-off between costs 
and achieving specific designated uses can change substantially given different development 
patterns. 

The purpose of Figure 5-5 is not to identify the precise location of the cost curves or to 
identify thresholds for achieving specific designated uses.  Rather, these concepts are used to 
illustrate some fundamental trade-offs that confront public and private investment and regulatory 
decisions concerning stormwater management.  The general relationships shown in Figure 5-5 
suggest the need for establishing priorities for investments in stormwater management and 
controls, and connecting land usage and watershed goals.  Setting overly ambitious or costly 
goals for urban streams may result in the perverse consequence of causing more waters to fail to 
meet designated uses.  For example, consider efforts to secure ambitious designated uses in 
highly developed areas or in an area slated for future high-density development.  Regulatory 
requirements and investments to limit stormwater quantity and quality through open-space 
requirements, areas set aside for infiltration and water detention, and strict application of 
maximum extent practicable controls have the effect of both increasing development costs and 
diminishing land available for residential and commercial properties.  Policies designed to 
achieve exceedingly costly or infeasible designated uses in urban or urbanizing areas could have 
the net consequence of shifting development (and associated impervious surface) out into 
neighboring areas and watersheds. The end result might be minimal improvements in “within
watershed” ambient conditions but a decrease in designated uses (more impairments) elsewhere.  
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290 Urban Stormwater Management in the United States 

In such a case, it might be sound water quality policy to accept higher levels of impervious 
surface in targeted locations, more stormwater-related impacts, and less ambitious designated 
uses in urban watersheds in order to preserve and protect designated uses in other watersheds. 

Setting unrealistic or unachievable water quality objectives in urban areas can also pose 
political risks for stormwater management.  The cost and difficulty of achieving ambitious water 
quality standards for urban stream goals may be understood by program managers but pursued 
nonetheless in efforts to demonstrate public commitment to achieving high-quality urban waters.  
Yet, promising what cannot be realistically achieved may act to undermine public support for 
urban stormwater programs.  Increasing costs without significant observable improvements in 
ambient water conditions or achievement of water quality standards could ultimately reduce 
public commitment to the program.  Thus, there are risks of “setting the bar” too high, or not 
coordinating land use and designated stream uses. 

The cost of setting the bar too low can also be significant.  Stormwater requirements that 
result in ineffective stormwater management will not achieve or maintain the desired water uses 
and can result in impairments.  Loss of property, degraded waters, and failed infrastructure are 
tangible costs to the public (Johnston et al., 2006).  Streambank rehabilitation costs can be 
severe, and loss of confidence in the ability to meet stormwater goals can result. 

The above should not be construed as an argument for or against devoting resources to 
SCMs; rather, such decisions should be made with an open and transparent acknowledgment and 
understanding of the costs and consequences involved in those decisions. 

Common State Stormwater Goals 

Most states do not and have never had an overriding water quality objective in their 
stormwater program, but rather have used engineering criteria for SCM performance to guide 
stormwater management.  These criteria can be loosely categorized as 

• Erosion and sedimentation control, 
• Recharge/base flow, 
• Water quality, 
• Channel protection, and 
• Flooding events. 

The SCMs used to address these goals work by minimizing or eliminating increases in 
stormwater runoff volume, peak flows, and/or the pollutant load carried by stormwater. 

The criteria chosen by any given state usually integrate state, federal, and regional laws 
and regulations. Areas of differing climates may emphasize one goal over another, and the 
levels of control may vary drastically.  Contrast a desert region where rainwater harvesting is 
extremely important versus a coastal region subject to hurricanes.  Some areas like Seattle have 
frequent smaller volume rainfalls—the direct opposite of Austin, Texas—such that small volume 
controls would be much more effective in Seattle than Austin.  Regional geology (karst) or the 
presence of Brownfields may affect the chosen criteria as well. 

The committee’s survey of State Stormwater Programs (Appendix C) reflects a wide 
variation in program goals as reflected in the criteria found in their SCM manuals.  Some states 
have no specific criteria because they do not produce SCM manuals, while others have manuals 
that address every category of criteria from flooding events to groundwater recharge.  Some 
states rely upon EPA or other states’ or transportation agencies’ manuals.  In general, soil and 
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291 Stormwater Management Approaches 

erosion control criteria are the most common and often exist in the absence of any other state 
criteria. This wide variation reflects the difficulties that states face in keeping up with rapidly 
changing information about SCM design and performance.   

The criteria are ordered below (after the section on erosion and sediment control) 
according to the size of the storm they address, from smallest to most extreme.  The criteria can 
be expressed in a variety of ways, from a simple requirement to control a certain volume of 
rainfall or runoff (expressed as a depth) to the size of a design storm to more esoteric 
requirements, such as limiting the time that flow can be above a certain threshold.  The volumes 
of rainfall or runoff are based on statistics of a region’s daily rainfall, and they approximate one 
another as the percentage of impervious cover increases.  Design storms for larger events that 
address channel protection and flooding are usually based on extreme event statistics and tend to 
represent a temporal pattern of rainfall over a set period, usually a day.  Finally, it should be 
noted that the categories are not mutually exclusive; for example, recharge of groundwater may 
enhance water quality via pollutant removal during the infiltration process.   

Erosion and Sedimentation Control.  This criterion refers to the prevention of erosion 
and sedimentation of sites during construction and is focused at the site level.  Criteria usually 
include a barrier plan to prevent sedimentation from leaving the site (e.g., silt fences), practices 
to minimize the potential erosion (phased construction), and facilities to capture and remove 
sediment from the runoff (detention).  Because these measures are considered temporary, smaller 
extreme events are designated as the design storm than what typically would be used if flood 
control were the goal. 

Recharge/Base Flow. This criterion is focused on sustaining the preconstruction 
hydrology of a site as it relates to base flow and recharge of groundwater supplies.  It may also 
include consideration of water usage of the property owners and return through septic tanks and 
tile fields. The criterion, expressed as a volume requirement, is usually to capture around 0.5 to 
1.0 inch of runoff from impervious surfaces depending on the climate and soil type of the region.  
(For this range of rainfall, very little runoff occurs from grass or forested areas, which is why 
runoff from impervious surfaces is used as the criterion.) 

Water Quality.  Criteria for water quality are the most widespread, and are usually 
crafted as specific percent removal for pollutants in stormwater discharge.  Generally, a water 
quality criterion is based on a set volume of stormwater being treated by the SCM.  The size of 
the storm can run from the first inch of rainfall off impervious surfaces to the runoff from the 
one-year, 24-hour extreme storm event.  It should be noted that the term “water quality” covers a 
wide range of groundwater and surface water pollutants, including water temperature and 
emerging contaminants. 

Many of the water quality criteria are surrogates for more meaningful parameters that are 
difficult to quantify or cannot be quantified, or they reflect situations where the science is not 
developed enough to set more explicit goals.  For example, the Wisconsin state requirement of 
an 80 percent reduction in TSS in stormwater discharge does not apply to receiving waters 
themselves.  However, it presumes that there will be some water quality benefits in receiving 
waters; that is, phosphorus and fecal coliform might be captured by the TSS requirement.  
Similarly water quality criteria may be expressed as credits for good practices, such as using 
LID, street sweeping, or stream buffers. 
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Channel Protection. This criterion refers to protecting channels from accelerated 
erosion during storm events due to the increased runoff.  It is tied to either the presumed 
“channel-forming event”—what geomorphologists once believed was the storm size that created 
the channel due to erosion and deposition—or to the minimum flow that accomplishes any 
degree of sediment transport.  It is generally defined as somewhere between the one- and five-
year, 24-hour storm event or a discharge level typically exceeded once to several times per year.  
Some states require a reduction in runoff volume for these events to match preconstruction 
levels. Others may require that the average annual duration of flows that are large enough to 
erode the streambank be held the same on an annual basis under pre- and postdevelopment 
conditions. 

It is not uncommon to find states where a channel protection goal will be written poorly, 
such that it does not actually prevent channel widening.  For example, MacRae (1997) presented 
a review of the common “zero runoff increase” discharge criterion, which is commonly met by 
using ponds designed to detain the two-year, 24-hour storm.  MacRae showed that stream bed 
and bank erosion occur during much lower events, namely mid-depth flows that generally occur 
more often than once a year, not just during bank-full conditions (approximated by the two-year 
event). This finding is entirely consistent with the well-established geomorphological literature 
(e.g., Pickup and Warner, 1976; Andrews, 1984; Carling, 1988; Sidle, 1988).  During monitoring 
near Toronto, MacRae found that the duration of the geomorphically significant predevelopment 
mid-bankfull flows increased by more than four-fold after 34 percent of the basin had been 
urbanized. The channel had responded by increasing in cross-sectional area by as much as three 
times in some areas, and was still expanding. 

Flooding Events.  This criterion addresses public safety and the protection of property 
and is applicable to storm events that exceed the channel capacity.  The 10- through the 100-year 
storm is generally used as the standard.  Volume-reduction SCMs can aid or meet this criterion 
depending on the density of development, but usually assistance is needed in the form of 
detention SCMs.  In some areas, it may be necessary to reduce the peak flow to below 
preconstruction levels in order to avoid the combined effects of increased volume, altered timing, 
and a changed hydrograph. It should be noted that some states do not consider the larger storms 
(100-year) to be a stormwater issue and have separate flood control requirements.   

Each state develops a framework of goals, and the corresponding SCMs used to meet 
them, which will depend on the scale and focus of the stormwater management strategy.  A few 
states have opted to express stormwater goals within the context of watershed plans for regions 
of the state. However, the setting of goals on a watershed basis is time-consuming and requires 
study of the watersheds in question. The more common approach has been to set generic or 
minimal controls for a region that are not based on a watershed plan.  This has been done in 
Maryland, Wisconsin (see Box 5-1), and Pennsylvania (see Box 5-2).  This strategy has the 
advantage of more rapid implementation of some SCMs because watershed management plans 
are not required. In order to be applicable to all watersheds in the state, the goals must target 
common pollutants or flow modification factors where the processes are well known.  It must 
also be possible for these goals to be stated in National Pollutant Discharge Elimination System 
(NPDES) permits.  Many states have selected TSS reduction, volume reduction, and peak flow 
control as generic goals. A generic goal is not usually based on potentially toxic pollutants, such 
as heavy metals, due to the complexity of their interaction in the environment, the dependence on  
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293 Stormwater Management Approaches 

BOX 5-1 
Wisconsin Statewide Goal of TSS Reduction for Stormwater Management 

To measure the success of stormwater management, Wisconsin has statewide goals for 
sediment and flow (Wisconsin DNR, 2002).  A lot is known about the impacts of sediment on receiving 
waters, and any reduction is thought to be beneficial.  Flow can be a good indicator of other factors; for 
example, reducing peak flows will prevent bank erosion. 

Developing areas in Wisconsin are required to reduce the annual TSS load by 80 percent 
compared to no controls (Wisconsin DNR, 2002).  Two flow-rated requirements for developing areas are 
in the administrative rules.  One is that the site must maintain the peak flow for the two-year, 24-hour 
rainfall event.  Second, the annual infiltration volume for postdevelopment must be within 90 percent of 
the predevelopment volumes for residential land uses; the number for non-residential is 60 percent.  Both 
of these flow control goals are thought to also have water quality benefits.   

The goal for existing urban areas is an annual reduction in TSS loads.  Municipalities must 
reduce their annual TSS loads by 20 percent, compared to no controls, by 2008.  This number is 
increased to 40 percent by 2013.  All of these goals were partially selected to be reasonable based on 
cost and technical feasibility.   

BOX 5-2 
Volume-Based Stormwater Goals in Pennsylvania 

Pennsylvania has developed a stormwater Best Management Practices manual to support the 
Commonwealth’s Storm Water Management Act.  This manual and an accompanying sample ordinance 
advocates two methods for stormwater control based on volume, termed Control Guidance (CG) 1 and 2.  
The first (CG-1) requires that the runoff volume be maintained at the two-year, 24-hour storm level (which 
corresponds to approximately 3.5 inches of rainfall in this region) through infiltration, evapotranspiration, 
or reuse.  This criterion addresses recharge/base flow, water quality, and channel protection, as well as 
helping to meet flooding requirements. 

The second method (CG-2) requires capture and removal of the first inch of runoff from paved 
areas, with infiltration strongly recommended to address recharge and water quality issues.  Additionally, 
to meet channel protection criteria, the second inch is required to be held for 24 hours, which should 
reduce the channel-forming flows.  (This is an unusual criterion in that it is expressed as what an SCM 
can accomplish, not as the flow that the channel can handle.)  Peak flows for larger events are required to 
be at preconstruction levels or less if the need is established by a watershed plan.  These criteria are the 
starting point for watershed or regional plans, to reduce the effort of plan development.  Some credits are 
available for tree planting, and other nonstructural practices are advocated for dissolved solids mitigation. 
See http://www.dep.state.pa.us/dep/deputate/watermgt/wc/subjects/stormwatermanagement/default.htm. 

the existing baseline conditions, and the need for more understanding on what are acceptable 
levels. The difficulty with the generic approach is that specific watershed issues are not 
addressed, and the beneficial uses of waters are not guaranteed. 

One potential drawback of a strategy based on a generic goal coupled to the permit 
process is that the implementation of the goal is usually on a site-by-site basis, especially for 
developing areas. Generic goals may be appropriate for certain ubiquitous watershed processes 
and are clearly better than having no goals at all.  However, they do not incorporate the effects of 
differences in past development and any unique watershed characteristics; they should be 
considered just a good starting point for setting watershed-based goals. 
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Role of SCMs in Achieving Stormwater Management Goals 

One important fundamental change in SCM design philosophy has come about because 
of the recent understanding of the roles of smaller storms and of impervious surfaces.  This is 
demonstrated by Box 3-4, which shows that for the Milwaukee area more than 50 percent of the 
rainfall by volume occurs in storms that have a depth of less then 0.75 inch.  If extreme events 
are the only design criteria for SCMs, the vast majority of the annual rainfall will go untreated or 
uncontrolled, as it is smaller than the minimum extreme event.  This relationship is not the same 
in all regions. For example, in Austin, Texas, the total yearly rainfall is smaller than in 
Milwaukee, but a large part of the volume occurs during larger storm events, with long dry 
periods in between. 

The upshot is that the design strategy for stormwater management, including drainage 
systems and SCMs, should take a region’s rainfall and associated runoff conditions into account.  
For example, an SCM chosen to capture the majority of the suspended solids, recharge the 
baseflow, reduce streambank erosion, and reduce downstream flooding in Pennsylvania or 
Seattle (which have moderate and regular rainfall) would likely not be as effective in Texas, 
where storms are infrequent and larger.  In some areas, a reduction in runoff volume may not be 
sufficient to control streambank erosion and flooding, such that a second SCM like an extended 
detention stormwater wetland may be needed to meet management goals.   

Finally, as discussed in greater detail in a subsequent section, SCMs are most effective 
from the perspective of both efficiency and cost when stormwater management is incorporated in 
the early planning stages of a community.  Retrofitting existing development with SCMs is much 
more technically difficult and costly because the space may not be available, other infrastructure 
is already installed, or utilities may interfere.  Furthermore, if the property is on private land or 
dedicated as an easement to a homeowners association, there may be regulatory limitations to 
what can be done. Because of these barriers, retrofitting existing urban areas often depends on 
engineered or manufactured SCMs, which are more expensive in both construction and 
operation. 

Stormwater Control Measures 

SCMs reduce or mitigate the generation of stormwater runoff and associated pollutants.  
These practices include both “structural” or engineered devices as well as more “nonstructural 
measures” such as land-use planning, site design, land conservation, education, and stewardship 
practices. Structural practices may be defined as any facility constructed to mitigate the adverse 
impacts of stormwater and urban runoff pollution.  Nonstructural practices, which tend to be 
longer-term and lower-maintenance solutions, can greatly reduce the need for or increase the 
effectiveness of structural SCMs.  For example, product substitution and land-use planning may 
be key to the successful implementation of an infiltration SCM.  Preserving wooded areas and 
reducing street widths can allow the size of detention basins in the area to be reduced. 

Table 5-1 presents the expansive list of SCMs that are described in this chapter.  For most 
of the SCMs, each listed item represents a class of related practices, with individual methods 
discussed in greater detail later in the chapter. There are nearly 20 different broad categories of 
SCMs that can be applied, often in combination, to treat the quality and quantity of stormwater 
runoff. A primary difference among the SCMs relates to which stage of the development cycle 
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295 Stormwater Management Approaches 

they are applied, where in the watershed they are installed, and who is responsible for 
implementing them.   

The development cycle extends from broad planning and zoning to site design, 
construction, occupancy, retrofitting, and redevelopment.  As can be seen, SCMs are applied 
throughout the entire cycle. The scale at which the SCM is applied also varies considerably.  
While many SCMs are installed at individual sites as part of development or redevelopment 
applications, many are also applied at the scale of the stream corridor or the watershed or to 
existing municipal stormwater infrastructure.  The final column in Table 5-1 suggests who would 
implement the SCM.  In general, the responsibility for implementing SCMs primarily resides 
with developers and local stormwater agencies, but planning agencies, landowners, existing 
industry, regulatory agencies, and municipal separate storm sewer system (MS4) permittees can 
also be responsible for implementing many key SCMs. 

In Table 5-1, the SCMs are ordered in such a way as to mimic natural systems as rain 
travels from the roof to the stream through combined application of a series of practices 
throughout the entire development site.  This order is upheld throughout the chapter, with the 
implication that no SCM should be chosen without first considering those that precede it on the 
list. 

Given that there are 20 different SCM groups and a much larger number of individual 
design variations or practices within each group, it is difficult to authoritatively define the 
specific performance or effectiveness of SCMs.  In addition, our understanding of their 
performance is rapidly changing to reflect new research, testing, field experience, and 
maintenance history.  The translation of these new data into design and implementation guidance 
is accelerating as well. What is possible is to describe their basic hydrologic and water quality 
objectives and make a general comparative assessment of what is known about their design, 
performance, and maintenance as of mid-2008.  This broad technology assessment is provided in 
Table 5-2, which reflects the committee’s collective understanding about the SCMs from three 
broad perspectives: 

•	 Is widely accepted design or implementation guidance available for the SCM and has it 
been widely disseminated to the user community? 

•	 Have enough research studies been published to accurately characterize the expected 
hydrologic or pollutant removal performance of the SCM in most regions of the country? 

•	 Is there enough experience with the SCM to adequately define the type and scope of 
maintenance needed to ensure its longevity over several decades? 

Affirmative answers to these three questions are needed to be able to reliably quantify or model 
the ability of the SCM, which is an important element in defining whether the SCM can be 
linked to improvements in receiving water quality.  As will be discussed in subsequent sections 
of this chapter, there are many SCMs for which there is only a limited understanding, 
particularly those that are nonstructural in nature. 

The columns in Table 5-2 summarize several important factors about each SCM, 
including the ability of the SCM to meet hydrologic control objectives and water quality 
objectives, the availability of design guidance, the availability of performance studies, and 
whether there are maintenance protocols.  The hydrologic control objectives range from 
complete prevention of stormwater flow to reduction in runoff volume and reduction in peak 
flows. The column on water quality objectives describes whether the SCM can prevent the 
generation of, or remove, contaminants of concern in stormwater. 
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TABLE 5-1 Summary of Stormwater Control Measures—When, Where, and Who 
Stormwater Control 
Measure 

When Where Who 

Product Substitution Continuous National, state, 
regional 

Regulatory agencies 

Watershed and Land-Use 
Planning 

Planning stage Watershed Local planning agencies 

Conservation of Natural 
Areas 

Site and watershed 
planning stage 

Site, 
watershed 

Developer, local planning 
agency 

Impervious Cover 
Minimization 

Site planning stage Site Developer, local review 
authority 

Earthwork Minimization Grading plan Site Developer, local review 
authority 

Erosion and Sediment 
Control 

Construction Site Developer, local review 
authority 

Reforestation and Soil 
Conservation 

Site planning and 
construction 

Site Developer, local review 
authority 

Pollution Prevention SCMs 
for Stormwater Hotspots 

Post-construction 
or retrofit 

Site Operators and local and 
state permitting agencies 

Runoff Volume Reduction— 
Rainwater harvesting 

Post-construction 
or retrofit 

Rooftop Developer, local planning 
agency and review 
authority 

Runoff Volume Reduction— 
Vegetated 

Post-construction 
or retrofit 

Site Developer, local planning 
agency and review 
authority 

Runoff Volume Reduction— 
Subsurface 

Post-construction 
or retrofit 

Site Developer, local planning 
agency and review 
authority 

Peak Reduction and Runoff 
Treatment 

Post-construction 
or retrofit 

Site Developer, local planning 
agency and review 
authority 

Runoff Treatment Post-construction 
or retrofit 

Site Developer, local planning 
agency and review 
authority 

Aquatic Buffers and 
Managed Floodplains 

Planning, construction 
and post-construction 

Stream corridor Developer, local plan
ning agency and review 
authority, landowners 

Stream Rehabilitation Postdevelopment Stream corridor  Local planning agency 
and review authority 

Municipal Housekeeping Postdevelopment Streets and storm-
water infrastructure 

MS4 Permittee 

Illicit Discharge Detection 
and Elimination 

Postdevelopment Stormwater 
infrastructure 

MS4 Permittee 

Stormwater Education Postdevelopment Stormwater 
infrastructure 

MS4 Permittee 

Residential Stewardship Postdevelopment Stormwater 
infrastructure 

MS4 Permittee 

Note: Nonstructural SCMs are in italics. 
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297 Stormwater Management Approaches 

The availability of design guidance tends to be greatest for the structural practices.  Some 
but not all nonstructural practices are of recent origin, and communities lack available design 
guidance to include them as an integral element of local stormwater solutions.  Where design 
guidance is available, it may not yet have been disseminated to the full population of Phase II 
MS4 communities. 

The column on the availability of performance data is divided into those SCMs where 
enough studies have been done to adequately define performance, those SCMs where limited 
work has been done and the results are variable, and those SCMs where only a handful of studies 
are available. A large and growing number of performance studies are available that report the 
efficiencies of structural SCMs in reducing flows and pollutant loading (Strecker et al., 2004; 
ASCE, 2007; Schueler et al., 2007; Selbig and Bannerman, 2008).  Many of these are compiled 
in the Center for Watershed Protection’s National Pollutant Removal Performance Database for 
Stormwater Treatment Practices (http://www.cwp.org/Resource_Libra
ry/Center_Docs/SW/bmpwriteup_092007_v3.pdf), in the International Stormwater BMP 
Database (http://www.bmpdatabase.org/Docs/Performance%20Summary%20June%202008.pdf), 
and by the Water Environment Research Foundation (WERF, 2008).  In cases where there is 
incomplete understanding of their performance, often information can be gleaned from other 
fields including agronomy, forestry, petroleum exploration, and sanitary engineering.  Current 
research suggests that it is not a question if whether structural SCMs “work” but more of a 
question of to what degree and with what longevity (Heasom et al., 2006; Davis et al., 2008; 
Emerson and Traver, 2008).  There is considerably less known about the performance of 
nonstructural practices for stormwater treatment, partly because their application has been 
uneven around the country and it remains fairly low in comparison to structural stormwater 
practices. 

Finally, defined maintenance protocols for SCMs can be nonexistent, emerging, or fully 
available. SCMs differ widely in the extent to which they can be considered permanent 
solutions. For those SCMs that work on the individual site scale on private property, such as rain 
gardens, local stormwater managers may be reluctant to adopt such practices due to concerns 
about their ability to enforce private landowners to conduct maintenance over time.  Similarly, 
those SCMs that involve local government decisions (such as education, residential stewardship 
practices, zoning, or street sweeping) may be less attractive because governments are likely to 
change over time.   

The following sections contain more detailed information about the individual SCMs 
listed in Tables 5-1 and 5-2, including the operating unit processes, the pollutants treated, the 
typical performance for both runoff and pollutant reduction, the strengths and weaknesses, 
maintenance and inspection requirements, and the largest sources of variability and uncertainty. 
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298 Urban Stormwater Management in the United States 

TABLE 5-2 Current Understanding of Stormwater Control Measure Capabilities 
SCM Hydrologic 

Control 
Objectives 

Water 
Quality 

Objectives 

Available 
Design 

Guidance 

Performance 
Studies 

Available 

Defined 
Maintenance 

Protocols 
Product Substitution NA Prevention NA Limited NA 
Watershed and Land-Use 
Planning 

All objectives Prevention Available Limited Yes 

Conservation of Natural 
Areas 

Prevention Prevention Available None Yes 

Impervious Cover 
Minimization 

Prevention 
and reduction 

Prevention Available Limited No 

Earthwork Minimization Prevention Prevention Emerging Limited Yes 
Erosion and Sediment 
Control 

Prevention 
and reduction 

Prevention 
and removal 

Available Limited Yes 

Reforestation and Soil 
Conservation 

Prevention 
and reduction 

Prevention 
and removal  

Emerging None No 

Pollution Prevention 
SCMs for Hotspots 

NA Prevention Emerging Very few No 

Runoff Volume 
Reduction—Rainwater 
harvesting 

Reduction NA Emerging Limited Yes 

Runoff Volume 
Reduction—Vegetated 
(Green Roofs, Bioretention 
Bioinfiltration, Bioswales) 

Reduction and 
some peak 
attenuation 

Removal Available Limited Emerging 

Runoff Volume 
Reduction—Subsurface 
(Infiltration Trenches, 
Pervious Pavements) 

Reduction and 
some peak 
attenuation 

Removal Available Limited Yes 

Peak Reduction and 
Runoff Treatment 
(Stormwater Wetlands, 
Dry/Wet Ponds) 

Peak 
attenuation 

Removal Available Adequate Yes 

Runoff Treatment 
(Sand Filters, 
Manufactured Devices) 

None Removal Emerging Adequate— 
sand filters 
Limited— 
manufactured 
devices 

Yes 

Aquatic Buffers and 
Managed Floodplains 

NA Prevention 
and removal 

Available Very few Emerging 

Stream Rehabilitation NA Prevention 
and removal 

Emerging Limited Unknown 

Municipal Housekeeping 
(Street Sweeping/Storm-
Drain Cleanouts) 

NA Removal Emerging Limited Emerging 

Illicit Discharge 
Detection/Elimination 

NA Prevention 
and removal 

Available Very few No 

Stormwater Education Prevention Prevention Available Very few Emerging 
Residential Stewardship Prevention Prevention Emerging Very few No 

Note: Nonstructural SCMs are in italics. 
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Stormwater Management Approaches 299 

Key: 
Hydrologic Objective Water Quality Objective Available Design Guidance? 
Prevention: Prevents generation of 
runoff 
Reduction: Reduces volume of runoff 
Treatment: Delays runoff delivery 
only 
Peak Attenuation: Reduction of peak 
flows through detention 

Prevention: Prevents generation, 
accumulation, or wash-off of 
pollutants and/or reduces runoff 
volume  
Removal: Reduces pollutant 
concentrations in runoff by physical, 
chemical, or biological means 

Available: Basic design or 
implementation guidance is available in 
most areas of the country are readily 
available 
Emerging: Design guidance is still 
under development, is missing in many 
parts of the country, or requires more 
performance data 

Performance Data Available? Defined Maintenance Protocol? Notes: 
Very Few: Handful of studies, not 
enough data to generalize about SCM 
performance 
Limited: Numerous studies have been 
done, but results are variable or 
inconsistent 
Adequate: Enough studies have been 
done to adequately define performance  

No: Extremely limited understanding 
of procedures to maintain SCM in 
the future  
Emerging: Still learning about how 
to maintain the SCM   
Yes: Solid understanding of 
maintenance for future SCM needs 

NA: Not applicable for the SCM 

Product Substitution 

Product substitution refers to the classic pollution prevention approach of reducing the 
emissions of pollutants available for future wash-off into stormwater runoff.  The most notable 
example is the introduction of unleaded gasoline, which resulted in an order-of-magnitude 
reduction of lead levels in stormwater runoff in a decade (Pitt et al., 2004a,b).  Similar reductions 
are expected with the phase-out of methyl tert-butyl ether (MTBE) additives in gasoline.  Other 
examples of product substitution are the ban on coal-tar sealants during parking lot renovation 
that has reduced PAH runoff (Van Metre et al., 2006), phosphorus-free fertilizers that have 
measurably reduced phosphorus runoff to Minnesota lakes (Barten and Johnson, 2007), the 
painting of galvanized metal surfaces, and alternative rooftop surfaces (Clark et al., 2005).  
Given the importance of coal power plant emissions in the atmospheric deposition of nitrogen 
and mercury, it is possible that future emissions reductions for such plants may result in lower 
stormwater runoff concentrations for these two pollutants. 

The level of control afforded by product substitution is quite high if major reductions in 
emissions or deposition can be achieved.  The difficulty is that these reductions require action in 
another environmental regulatory arena, such as air quality, hazardous waste, or pesticide 
regulations, which may not see stormwater quality as a core part of their mission. 

Watershed and Land-Use Planning 

Communities can address stormwater problems by making land-use decisions that change 
the location or quantity of impervious cover created by new development.  This can be 
accomplished through zoning, watershed plans, comprehensive land-use plans, or Smart Growth 
incentives. 
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300 Urban Stormwater Management in the United States 

The unit process that is managed is the amount of impervious cover, which is strongly 
related to various residential and commercial zoning categories (Cappiella and Brown, 2000).  
Numerous techniques exist to forecast future watershed impervious cover and its probable 
impact on the quality of aquatic resources (see the discussion of the Impervious Cover Model in 
Chapter 3; CWP, 1998a; MD DNR, 2005).  Using these techniques and simple or complex 
simulation models, planners can estimate stormwater flows and pollutant loads through the 
watershed planning process and alter the location or intensity of development to reduce them. 

The level of control that can be achieved by watershed and land-use planning is 
theoretically high, but relatively few communities have aggressively exercised it.  The most 
common application of downzoning has been applied to watersheds that drain to drinking water 
reservoirs (Kitchell, 2002). The strength of this practice is that it has the potential to directly 
address the underlying causes of the stormwater problem rather than just treating its numerous 
symptoms.  The weakness is that local decisions on zoning and Smart Growth are reversible and 
often driven by other community concerns such as economic development, adequate 
infrastructure, and transportation.  In addition, powerful consumer and market forces often have 
promoted low-density sprawl development.  Communities that use watershed-based zoning often 
require a compelling local environmental goal, since state and federal regulatory authorities have 
traditionally been extremely reluctant to interfere with the local land-use and zoning powers.   

Conservation of Natural Areas 

Natural-area conservation protects natural features and environmental resources that help 
maintain the predevelopment hydrology of a site by reducing runoff, promoting infiltration, and 
preventing soil erosion. Natural areas are protected by a permanent conservation easement 
prescribing allowable uses and activities on the parcel and preventing future development.  
Examples include any areas of undisturbed vegetation preserved at the development site, 
including forests, wetlands, native grasslands, floodplains and riparian areas, zero-order stream 
channels, spring and seeps, ridge tops or steep slopes, and stream, wetland, or shoreline buffers. 
In general, conservation should maximize contiguous area and avoid habitat fragmentation. 

While natural areas are conserved at many development sites, most of these requirements 
are prompted by other local, state, and federal habitat protections, and are not explicitly designed 
or intended to provide runoff reduction and stormwater treatment.  To date, there are virtually no 
data to quantify the runoff reduction and/or pollutant removal capability of specific types of 
natural area conservation, or the ability to explicitly link them to site design. 

Impervious Cover Reduction 

A variety of practices, some of which fall under the broader term “better site design,” can 
be used to minimize the creation of new impervious cover and disconnect or make more 
permeable the hard surfaces that are needed (Nichols et al., 1997; Richman, 1997; CWP, 1998a).  
A list of some common impervious cover reduction practices for both residential and commercial 
areas is provided below. 

PREPUBLICATION 
  

RB-AR14922



  

 
 

 
 
 
 
 
 

 

 
 
 

 
 

 
 
 
 
 
 

 

301 Stormwater Management Approaches 

Elements of Better Site Design: Single-Family Residential 
o	 Maximum residential street width  
o	 Maximum street right-of-way width  
o	 Swales and other stormwater practices can be located within the right-of-way 
o	 Maximum cul-de-sac radius with a bioretention island in the center 
o	 Alternative turnaround options such as hammerheads are acceptable if they reduce 

impervious cover 
o	 Narrow sidewalks on one side of the street (or move pedestrian pathways away from the 

street entirely) 
o	 Disconnect rooftops from the storm-drain systems  
o	 Minimize driveway length and width and utilize permeable surfaces 
o	 Allow for cluster or open-space designs that reduce lot size or setbacks in exchange for 

conservation of natural areas 
o	 Permeable pavement in parking areas, driveways, sidewalks, walkways, and patios 

Elements of Better Site Design: Multi-Family Residential and Commercial 
o	 Design buildings and parking to have multiple levels 
o	 Store rooftop runoff in green roofs, foundation planters, bioretention areas, or cisterns 
o	 Reduce parking lot size by reducing parking demand ratios and stall dimensions 
o	 Use landscaping areas, tree pits, and planters for stormwater treatment 
o	 Use permeable pavement over parking areas, plazas, and courtyards 

CWP (1998a) recommends minimum or maximum geometric dimensions for subdivisions, 
individual lots, streets, sidewalks, cul-de-sacs, and parking lots that minimize the generation of 
needless impervious cover, based on a national roundtable of fire safety, planning, transportation 
and zoning experts. Specific changes in local development codes can be made using these 
criteria, but it is often important to engage as many municipal agencies that are involved in 
development as possible in order to gain consensus on code changes. 

At the present time, there is little research available to define the runoff reduction 
benefits of these practices. However, modeling studies consistently show a 10 to 45 percent 
reduction in runoff compared to conventional development (CWP, 1998b,c, 2002).  Several 
monitoring studies have documented a major reduction in stormwater runoff from development 
sites that employ various forms of impervious cover reduction and LID in the United States and 
Australia (Coombes et al., 2000; Philips et al., 2003; Cheng et al., 2005) compared to those that 
do not. 

Unfortunately, better site design has been slowly adopted by local planners, developers, 
designers, and public works officials.  For example, although the project pictured in Figure 5-6 
has been very successful in terms of controlling stormwater, the better-site-design principles 
used have not been widely adopted in the Seattle area.  Existing local development codes may 
discourage or even prohibit the application of environmental site design practices, and many 
engineers and plan reviewers are hesitant to embrace them.  Impervious cover reduction must be 
incorporated at the earliest stage of site layout and design to be effective, but outdated 
development codes in many communities can greatly restrict the scope of impervious cover 
reduction (see Chapter 2). Finally, the performance and longevity of impervious cover reduction 
are dependent on the infiltration capability of local soils, the intensity of development, and the 
future management actions of landowners. 
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302 Urban Stormwater Management in the United States 

FIGURE 5-6 110th Street, Seattle, part of the Natural Drainage Systems Project.  This location 
exhibits several elements of impervious cover reduction. In particular, vegetated swales were 
installed and curbs and gutters removed.  There are sidewalks on only one side of the street, 
and they are separated from the road by the swales.  The residences’ rooftops have been 
disconnected from the storm-drain systems and are redirected into the swales.  SOURCE: 
Seattle Public Utilities. 

Earthwork Minimization 

This source control measure seeks to limit the degree of clearing and grading on a 
development site in order to prevent soil compaction, conserve soils, prevent erosion from steep 
slopes, and protect zero-order streams.  This is accomplished by (1) identifying key soils, 
drainage features, and slopes to protect and then (2) establishing a limit of disturbance where 
construction equipment is excluded.  This element is an important, but often under-utilized 
component of local erosion and sediment control plans. 

Numerous researchers have documented the impact of mass grading, clearing, and the 
passage of construction equipment on the compaction of soils, as measured by increase in bulk 
density, declines in soil permeability, and increases in the runoff coefficient (Lichter and 
Lindsey, 1994; Legg et al., 1996; Schueler, 2001a,b; Gregory et al., 2006).  Another goal of 
earthwork minimization is to protect zero-order streams, which are channels with defined banks 
that emanate from a hollow or ravine with convergent contour lines (Gomi et al., 2002).  They 
represent the uppermost definable channels that possess temporary or intermittent flow.  
Functioning zero-order channels provide major watershed functions, including groundwater 
recharge and discharge (Schollen et al., 2006; Winter, 2007), important nutrient storage and 
transformation functions (Bernot and Dodds, 2005; Groffman et al., 2005), storage and retention 
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303 Stormwater Management Approaches 

of eroded hill-slope sediments (Meyers, 2003), and delivery of leaf inputs and large woody 
debris. Compared to high-order network streams, zero-order streams are disproportionately 
disturbed by mass grading, enclosure, or channelization (Gomi et al., 2002; Meyer, 2003).  

The practice of earthwork minimization is not widely applied across the country. This is 
partly due to the limited performance data available to quantify its benefits, and the absence of 
local or national design guidance or performance benchmarks for the practice. 

Erosion and Sediment Control 

Erosion and sediment control predates much of the NPDES stormwater permitting 
program.  It consists of the temporary installation and operation of a series of structural and 
nonstructural practices throughout the entire construction process to minimize soil erosion and 
prevent off-site delivery of sediment.  Because construction is expected to last for a finite and 
short period of time, the design standards are usually smaller and thus riskier (25-year versus the 
100-year storm).  By phasing construction, thereby limiting the exposure of bare earth at any one 
time, the risk to the environment is reduced significantly. 

The basic practices include clearing limits, dikes, berms, temporary buffers, protection of 
drainage-ways, soil stabilization through hydroseeding or mulching, perimeter controls, and 
various types of sediment traps and basins.  All plans have some component that requires 
filtration of runoff crossing construction areas to prevent sediment from leaving the site.  This 
usually requires a sediment collection system including, but not limited to, conventional settling 
ponds and advanced sediment collection devices such as polymer-assisted sedimentation and 
advanced sand filtration.  Silt fences are commonly specified to filter distributed flows, and they 
require maintenance and replacement after storms as shown in Figure 5-7.  Filter systems are 
added to inlets until the streets are paved and the surrounding area has a cover of vegetation 
(Figure 5-8). Sedimentation basins (Figure 5-9) are constructed to filter out sediments through 
rock filters, or are equipped with floating skimmers or chemical treatment to settle out pollutants. 
Other common erosion and sediment control measures include temporary seeding and rock or 
rigged entrances to construction sites to remove dirt from vehicle tires (see Figure 5-10). 

FIGURE 5-7 A functioning silt fence (left) and an improperly maintained silt fence (right).  
SOURCES: EPA NPDES Menu of BMPs and Robert Traver. 
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304 Urban Stormwater Management in the United States 

FIGURE 5-8 Sediment filter left in place after construction.  SOURCE: Robert Traver. 

FIGURE 5-9  Sediment basin. SOURCE: EPA NPDES Menu of BMPs. 

FIGURE 5-10 Rumble strips to remove dirt from vehicle tires.  SOURCE: Laura Ehlers. 
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305 Stormwater Management Approaches 

Control of the runoff’s erosive potential is a critical element.  Most erosion and sediment 
control manuals provide design guidance on the capacity and ability of swales to handle runoff 
without eroding, on the design of flow paths to transport runoff at non-erosive velocities, and on 
the dissipation of energy at pipe outlets. Examples include rock energy dissipaters, level 
spreaders (see Figure 5-11), and other devices. 

Box 5-3 provides a comprehensive list of recommended construction SCMs.  The reader 
is directed to reviews by Brown and Caraco (1997) and Shaver et al. (2007) for more 
information.  Although erosion and sediment control practices are temporary, they require 
constant operation and maintenance during the complicated sequence of construction and after 
major storm events.  It is exceptionally important to ensure that practices are frequently 
inspected and repaired and that sediments are cleaned out.  Erosion and sediment control are 
widely applied in many communities, and most states have some level of design guidance or 
standards and specifications.  Nonetheless, few communities have quantified the effectiveness of 
a series of construction SCMs applied to an individual site, nor have they clearly defined 
performance benchmarks for individual practices or their collective effect at the site.  In general, 
there has been little monitoring in the past few decades to characterize the performance of 
construction SCMs, although a few notable studies have been recently published (e.g., Line and 
White, 2007). Box 5-4 describes the effectiveness of filter fences and filter fences plus grass 
buffers to reduce sediment loadings from construction activities and the resulting biological 
impacts. 

. 
FIGURE 5-11 Level spreader. SOURCE: Robert Traver. 
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BOX 5-3 
Recommended Construction Stormwater Control Measures 

1. As the top priority, emphasize construction management SCMs as follows: 
• Maintain existing vegetation cover, if it exists, as long as possible. 
• Perform ground-disturbing work in the season with smaller risk of erosion, and work off disturbed 

ground in the higher risk season. 
• Limit ground disturbance to the amount that can be effectively controlled in the event of rain. 
• Use natural depressions and planning excavation to drain runoff internally and isolate areas of potential 

sediment and other pollutant generation from draining off the site, so long as safe in large storms. 
• Schedule and coordinate rough grading, finish grading, and erosion control application to be completed 

in the shortest possible time overall and with the shortest possible lag between these work activities. 

2. Stabilize with cover appropriate to site conditions, season, and future work plans.  For example: 
• Rapidly stabilize disturbed areas that could drain off the site, and that will not be worked again, with 

permanent vegetation supplemented with highly effective temporary erosion controls until 
achievement of at least 90 percent vegetative soil cover. 

• Rapidly stabilize disturbed areas that could drain off the site, and that will not be worked again for more 
than three days, with highly effective temporary erosion controls. 

• If at least 0.1 inch of rain is predicted with a probability of 40 percent or more, before rain falls stabilize 
or isolate disturbed areas that could drain off the site, and that are being actively worked or will be 
within three days, with measures that will prevent or minimize transport of sediment off the property. 

3. As backup for cases where all of the above measures are used to the maximum extent possible but 
sediments still could be released from the site, consider the need for sediment collection systems 
including, but not limited to, conventional settling ponds and advanced sediment collection devices such 
as polymer-assisted sedimentation and advanced sand filtration. 

4. Specify emergency stabilization and/or runoff collection (e.g., using temporary depressions) 
procedures for areas of active work when rain is forecast. 

5. If runoff can enter storm drains, use a perimeter control strategy as backup where some soil exposure 
will still occur, even with the best possible erosion control (above measures) or when there is discharge to 
a sensitive waterbody. 

6. Specify flow control SCMs to prevent or minimize to the extent possible: 
• Flow of relatively clean off-site water over bare soil or potentially contaminated areas; 
• Flow of relatively clean intercepted groundwater over bare soil or potentially contaminated areas; 
• High velocities of flow over relatively steep and/or long slopes, in excess of what erosion control 

coverings can withstand; and 
• Erosion of channels by concentrated flows, by using channel lining, velocity control, or both. 

7. Specify stabilization of construction entrance and exit areas, provision of a nearby tire and chassis 
wash for dirty vehicles leaving the site with a wash water sediment trap, and a sweeping plan. 

8. Specify construction road stabilization. 

9. Specify wind erosion control. 

10. Prevent contact between rainfall or runoff and potentially polluting construction materials, processes, 
wastes, and vehicle and equipment fluids by such measures as enclosures, covers, and containments, as 
well as berming to direct runoff. 
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BOX 5-4 
Receiving Water Impacts Associated with Construction Site Discharges 

The following is a summary of a recent research project that investigated in-stream biological 
conditions downstream of construction sites having varying levels of erosion controls (none, the use of 
filter fences, and filter fences plus grass buffers) for comparison.  The project title is Studies to Evaluate 
the Effectiveness of Current BMPs in Controlling Stormwater Discharges from Small Construction Sites 
and was conducted for the Alabama Water Resources Research Institute, Project 2001AL4121B, by Drs. 
Robert Angus, Ken Marion, and Melinda Lalor of the University of Alabama at Birmingham.  The initial 
phase of the project, described below, was completed in 2002.  While this case study is felt to be 
representative of many sites across the United States, there are other examples of where silt fences have 
been observed to be more effective (e.g., Barrett et al., 1998). 

Methods 

This study was conducted in the upper Cahaba River watershed in north central Alabama, near 
Birmingham.  The study areas had the following characteristics.  (1) Topography and soil types 
representative of the upland physiographic regions in the Southeast (i.e., southern Appalachian and 
foothill areas); thus, findings from this study should be relevant to a large portion of the Southeast.  (2) 
The rainfall amounts and intensities in this region are representative of many areas of the Southeast and 
(3) the expanding suburbs of the Birmingham metropolitan area are rapidly encroaching upon the upper 
Cahaba River and its tributaries.  Stormwater runoff samples were manually collected from sheet flows 
above silt fences, and from points below the fence within the vegetated buffer.  Water was sampled 
during “intense” (≥1 inch/hour) rain events.  The runoff samples were analyzed for turbidity, particle size 
distribution (using a Coulter Counter Multi-Sizer IIe), and total solids (dissolved solids plus 
suspended/non-filterable solids).  Sampling was only carried out on sites with properly installed and well-
maintained silt fences, located immediately upgrade from areas with good vegetative cover.  

Six tributary or upper mainstream sites were studied to investigate the effects of sedimentation 
from construction sites on both habitat quality and the biological “health” of the aquatic ecosystem (using 
benthic macroinvertebrates and fish).  EPA’s Revision to Rapid Bioassessment Protocols for Use in 
Streams and Rivers was used to assess the habitat quality at the study sites.  Each site was assessed in 
the spring to evaluate immediate effects of the sediment, and again during the following late summer or 
early fall to evaluate delayed effects.  

Results 

Effectiveness of Silt Fences.  Silt fences were found to be better than no control measures at 
all, but not substantially.  The mean counts of small particles (<5 µm) below the silt fences were about 50 
percent less than that from areas with no erosion control measures, even though the fences appeared to 
be properly installed and in good order.  However, the variabilities were large and the difference between 
the means was not statistically significant.  For every variable measured, the mean values of samples 
taken below silt fences were significantly higher (p < 0.001) than samples collected from undisturbed 
vegetated control sites collected nearby and at the same time.  These data therefore indicate that silt 
fences are only marginally effective at reducing soil particulates in runoff water.  

Effectiveness of Filter Fences with Vegetated Buffers. Runoff samples were also collected 
immediately below filter fences, and below filter fences after flow over buffers having 5, 10, and 15 feet of 
dense (intact) vegetation.  Mean total solids in samples collected below silt fences and a 15-foot-wide 
vegetated buffer zone were about 20 percent lower, on average, than those samples collected only below 
the silt fence.  The installation of filter fences above an intact, good vegetated buffer removes sediment 
from construction site runoff more effectively than with the use of filter fences alone. 

continues next page 
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BOX 5-4 Continued 

Biological Metrics Sensitive to Sedimentation Effects (Fish).  Analysis of the fish biota 
indicates that various metrics used to evaluate the biological integrity of the fish community also are 
affected by highly sedimented streams.  As shown in Figure 5-12, the overall composition of the 
population, as quantified by the Index of Biotic Integrity (IBI) is lower; the proportion and biomass of 
darters, a disturbance-sensitive group, is lower; the proportion and biomass of sunfish is higher; the 
Shannon-Weiner diversity index is lower; and the number of disturbance-tolerant species is higher as 
mean sediment depth increases. 

FIGURE 5-12  Association between two fish metrics and amount of stream sediment.  NOTE: The IBI is 
based on numerous characteristics of the fish population.  The percent relative abundance of darters is 
the percentage of darters to all the fish collected at a site. SOURCE: Alabama WRRI. 

Benthic Macroinvertebrates.  A number of stream benthic macroinvertebrate community 
characteristics were also found to be sensitive to sedimentation.  Metrics based on these characteristics 
differ greatly between sediment-impacted and control sites (Figure 5-13).  Some of the metrics that 
appear to reflect sediment-associated stresses include the Hilsenhoff Biotic Index (HBI), a variation of the 
EPT index (percent EPT minus Baetis), and the Sorensen Index of Similarity to a reference site.  The HBI 
is a weighted mean tolerance value; high HBI values indicate sites dominated by disturbance-tolerant 
macroinvertebrate taxa.  The EPT% index is the percent of the collection represented by organisms in the 
generally disturbance-sensitive orders Ephemeroptera, Plecoptera, and Trichoptera. Specimens of the 
genus Baetis were not included in the index as they are relatively disturbance-tolerant.  The HBI and the 
EPT indices also show positive correlations to several other measures of disturbance, such as percent of 
the watershed altered by development. 

FIGURE 5-13  Associations between two macroinvertebrate metrics and the amount of stream sediment. 
SOURCE: Alabama WRRI. 
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309 Stormwater Management Approaches 

Reforestation and Soil Compost Amendments 

This set of practices seeks to improve the quality of native vegetation and soils present at 
the site. Depending on the ecoregion, this may involve forest, prairie, or chapparal plantings, 
tilling, and amending compacted soils to improve their hydrologic properties. 

The goal is to maintain as much predevelopment hydrologic function at a development 
site as possible by retaining canopy interception, duff/soil layer interception, evapotranspiration, 
and surface infiltration. The basic methods to implement this practice are described in Cappiella 
et al. (2006), Pitt et al. (2005), Chollak and Rosenfeld (1998), and Balusek (2003). 

At this time, there are few monitoring data to assess the degree to which land 
reforestation or soil amendments can improve the quality of stormwater runoff at a particular 
development site, apart from the presumptive watershed research that has shown that forests with 
undisturbed soils have very low rates of surface runoff and extremely low levels of pollutants in 
runoff (Singer and Rust, 1975; Johnson et al., 2000; Chang, 2006).  More data are needed on the 
hydrologic properties of urban forests and soils whose ecological functions are stressed or 
degraded by the urbanization process (Pouyat et al., 1995, 2007). 

Pollution Prevention SCMs for Stormwater Hotspots 

Certain classes of municipal and industrial operations are required to maintain a series of 
pollution prevention practices to prevent or minimize contact of pollutants with rainfall and 
runoff. Pollution prevention practices involve a wide range of operational practices at a site 
related to vehicle repairs, fueling, washing and storage, loading and unloading areas, outdoor 
storage of materials, spill prevention and response, building repair and maintenance, landscape 
and turf management, and other activities that can introduce pollutants into the stormwater 
system (CWP, 2005).  Training of personnel at the affected area is needed to ensure that 
industrial and municipal managers and employees understand and implement the correct 
stormwater pollution prevention practices needed for their site or operation. 

Examples of municipal operations that may need pollution prevention plans include 
public works yards, landfills, wastewater treatment plants, recycling and solid waste transfer 
stations, maintenance depots, school bus and fleet storage and maintenance areas, public golf 
courses, and ongoing highway maintenance operations.  The major industrial categories that 
require stormwater pollution prevention plans were described in Table 2-3.  Both industrial and 
municipal operations must develop a detailed stormwater pollution prevention plan, train 
employees, and submit reports to regulators.  Compliance has been a significant issue with this 
program in the past, particularly for small businesses (Duke and Augustenberg, 2006; Cross and 
Duke, 2008) Recently filed investigations of stormwater hotspots indicate many of these 
operations are not fully implementing their stormwater pollution prevention plans, and a recent 
GAO report (2007) indicates that state inspections and enforcement actions are extremely rare. 

The goal of pollution prevention is to prevent contact of rainfall or stormwater runoff 
with pollutants, and it is an important element of the post-construction stormwater plan.  
However, with the exception of a few industries such as auto salvage yards (Swamikannu, 1994), 
basic research is lacking on how much greater event mean concentrations are at municipal and 
industrial stormwater hotspots compared to other urban land uses.  In addition, little is presently 
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310 Urban Stormwater Management in the United States 

known about whether aggressive implementation of stormwater pollution prevention plans 
actually can reduce stormwater pollutant concentrations at hot spots. 

Runoff Volume Reduction—Rainwater Harvesting 

A primary goal of stormwater management is to reduce the volume of runoff from 
impervious surfaces.  There are several classes of SCMs that can achieve this goal, including 
rainwater harvesting systems, vegetated SCMs that evapotranspirate part of the volume, and 
infiltration SCMs. For all of these measures, the amount of runoff volume to be captured 
depends on watershed goals, site conditions including climate, upstream nonstructural practices 
employed, and whether the chosen SCM is the sole management measure or part of a treatment 
train. Generally, runoff-volume-reduction SCMs are designed to handle at least the first flush 
from impervious surfaces (1 inch of rainfall).  In Pennsylvania, control of the 24-hour, two-year 
storm volume (about 8 cm) is considered the standard necessary to protect stream-channel 
geomorphology, while base flow recharge and the first flush can be addressed by capturing a 
much smaller volume of rain (1–3 cm).  Where both goals must be met, the designer is permitted 
to either oversize the volume reduction device to control the larger volume, or build a smaller 
device and use it in series with an extended detention basin to protect the stream geomorphology 
(PaDEP, 2006). Some designers have reported that in areas with medium to lower percentage 
impervious surfaces they are able to control up to the 100-year storm by enlarging runoff
volume-reduction SCMs and using the entire site.  In retrofit situations, capture amounts as small 
as 1 cm are a distinct improvement.  It should be noted that there are important, although 
indirect, water quality benefits of all runoff-volume-reduction SCMs—(1) the reduction in runoff 
will reduce streambank erosion downstream and the concomitant increases in sediment load, and 
(2) volume reductions lead to pollutant load reductions, even if pollutant concentrations in 
stormwater are not decreased. 

Rainwater harvesting systems refer to use of captured runoff from roof tops in rain 
barrels, tanks, or cisterns (Figures 5-14 and 5-15).  This SCM treats runoff as a resource and is 
one of the few SCMs that can provide a tangible economic benefit through the reduction of 
treated water usage.  Rainwater harvesting systems have substantial potential as retrofits via the 
use of rain barrels or cisterns that can replace lawn or garden sprinkling systems.  Use of this 
SCM to provide gray water within buildings (e.g., for toilet flushing) is considerably more 
complicated due to the need to construct new plumbing and obtain the necessary permits. 

The greatest challenge with these systems is the need to use the stored water and avoid 
full tanks, since these cannot be responsive in the event of a storm.  That is, these SCMs are 
effective only if the captured runoff can be regularly used for some grey water usage, like car 
washing, toilet flushing, or irrigation systems (golf courses, landscaping, nurseries).  In some 
areas it might be possible to use the water for drinking, showering, or washing, but treatment to 
potable water quality would be required.  Sizing of the required storage is dependent on the 
climate patterns, the amount of impervious cover, and the frequency of water use.  Areas with 
frequent rainfall events require less storage as long as the water is used regularly, while areas 
with cold weather will not be able to utilize the systems for irrigation in the winter and thus 
require larger storage. 
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311 Stormwater Management Approaches 

FIGURE 5-14 Rainwater harvesting tanks at a      FIGURE 5-15  A Schematic of rainwater 
Starbucks in Austin, Texas.  SOURCE: Laura Ehlers. harvesting . SOURCE: PaDEP (2006). 

One substantial advantage of these systems is their ability to reduce water costs for the 
user and the ability to share needs.  An example of this interaction is the Pelican Hill 
development in Irvine, California, where excess runoff from the streets and houses is collected in 
enormous cisterns and used for watering of a nearby golf course.  Furthermore, compared to 
other SCMs, the construction of rainwater harvesting facilities provide a long-term benefit with 
minimal maintenance cost, although they do require an upfront investment for piping and storage 
tanks. 

Coombes et al. (2000) found that rainwater harvesting achieved a 60 to 90 percent 
reduction in runoff volume; in general, few studies have been conducted to determine the 
performance of these SCMs.  It should be noted that rainwater harvesting systems do collect 
airborne deposition and acid rain. 

Runoff Volume Reduction—Vegetated 

A large and very promising class of SCMs includes those that use infiltration and 
evapotranspiration via vegetation to reduce the volume of runoff.  These SCMs also directly 
address water quality of both surface water and groundwater by reducing streambank erosion, 
capturing suspended solids, and removing other pollutants from stormwater during filtration 
through the soil (although the extent to which pollutants are removed depends on the specific 
pollutant and the local soil chemistry).  Depending on their design, these SCMs can also reduce 
peak flows and recharge groundwater (if they infiltrate).  These SCMs can often be added as 
retrofits to developed areas by installing them into existing lawns, rights of way, or traffic 
islands. They can add beauty and property value. 

Flow volume is addressed by this SCM group by first capturing runoff, creating a 
temporary holding area, and then removing the stored volume through infiltration and 
evapotranspiration. Examples include bioswales, bioretention, rain gardens, green roofs, and 
bioinfiltration. Swales refer to grassy areas on the side of the road that convey drainage.  These 
were first designed to move runoff away from paved areas, but can now be designed to achieve a 
certain contact time with runoff so as to promote infiltration and pollutant removal (see Figure 5
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312 Urban Stormwater Management in the United States 

16). Bioretention generally refers to a constructed sand filter with soil and vegetation growing 
on top to which stormwater runoff from impervious surfaces is directed (Figure 5-17).  The 
original rain garden or bioretention facilities were constructed with a fabric at the bottom of the 
prepared soil to prevent infiltration and instead had a low-level outflow at the bottom.  Green 
roofs (Figure 5-18) are very similar to bioretention SCMs.  They tend to be populated with a 
light expanded shale-type soil and succulent plants chosen to survive wet and dry periods.  
Finally, bioinfiltration is similar to bioretention but is better engineered to achieve greater 
infiltration (Figure 5-19). All of these devices are usually at the upper end of a treatment train 
and designed for smaller storms, which minimizes their footprint and allows for incorporation 
within existing infrastructure (such as traffic control devices and median strips).  This allows for 
distributed treatment of the smaller volumes and distributed volume reduction. 

FIGURE 5-16 Vegetated swale. 	 FIGURE 5-17 Bioretention during a storm  
SOURCE: PaDEP (2006).	 event at the University of Maryland.  

SOURCE: Reprinted, with permission, from 
Davis et al. (2008). Copyright 2008 by the 
American Society of Civil Engineers. 

FIGURE 5-18 City Hall in the center of Chicago’s downtown was retrofitted with a green roof to 
reduce the heat island effect, remove airborne pollutants, and attenuate stormwater flows as a 
demonstration of innovative stormwater management in an ultra-urban setting.  SOURCE: 
Conservation Design Forum. 
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313 Stormwater Management Approaches 

FIGURE 5-19 Retrofit bioinfiltration at Villanova University immediately following a storm event.  
SOURCE: Robert Traver. 

These SCMs work by capturing water in a vegetated area, which then infiltrates into the 
soil below. They are primarily designed to use plant material and soil to evapotranspirate the 
runoff over several days. A shallow depth of ponding is required, since the inflows may exceed 
the possible infiltration ability of the native soil.  This ponding is maintained above an 
engineered sandy soil mixture and is a surface-controlled process (Hillel, 1998).  Early in the 
storm, the soil moisture potential creates a suction process that helps draw water into the SCM.  
This then changes to a steady rate that is “practically equal to the saturated hydraulic 
conductivity” of the subsurface (Hillel, 1998).  The hydrologic design goal should be to 
maximize the volume of water that can be held in the soil, which necessitates consideration of 
the soil hydraulic conductivity (which varies with temperature), climate, depth to groundwater, 
and time to drain.  Usually these devices are designed to empty between 24 and 72 hours after a 
storm event.  In some cases (usually bioretention), these SCMs have an underdrain. 

The choice of vegetation is an important part of the design of these SCMs.  Many sites 
where infiltration is desirable have highly sandy soils, and the vegetation has to be able to endure 
both wet and dry periods. Long root growths are desired to promote infiltration (Barr 
Engineering Co., 2001), and plants that attract birds can reduce the insect population.  
Bioretention cells may be wet for longer periods than bioinfiltration sites, requiring different 
plants. Denser plantings or “thorns” may be needed to avoid the destruction caused by humans 
and animals taking shortcuts through the beds. 

The pollutant removal mechanism operating for volume-reduction SCMs are different for 
each pollutant type, soil type, and volume-reduction mechanism.  For bioretention and SCMs 
using infiltration, the sedimentation and filtration of suspended solids in the top layers of the soil 
are extremely efficient.  Several studies have shown that the upper layers of the soil capture 
metals, particulate nutrients, and carbon (Pitt, 1996; Deschesne et al., 2005; Davis et al., 2008).  
The removal of dissolved nutrients from stormwater is not as straightforward.  While ammonia is 
caught by the top organic layer, nitrate is mobile in the soil column.  Some bioretention systems 
have been built to hold water in the soil for longer periods in order to create anaerobic conditions 
that would promote denitrification (Hunt and Lord, 2006a).  Phosphorus removal is related to the 
amount of phosphorus in the original soil.  Some studies have shown that bioretention cells built 
with agricultural soils increased the amount of phosphorus released.  Chlorides pass through the 
system unchecked (Ermilio and Traver, 2006), while oils and greases are easily removed by the 
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314 Urban Stormwater Management in the United States 

organic layer. Hunt et al. (2008) have reported in studies in North Carolina that the drying cycle 
appears to kill off bacteria. Temperature is not usually a concern as most storms do not overflow 
these devices. Green roofs collect airborne deposition and acid rain and may export nutrients 
when they overflow. However, this must be tempered by the fact that in larger storms, most 
natural lands would produce nutrients. 

A group of new research studies from North America and Australia have demonstrated 
the value of many of these runoff-volume-reduction practices to replicate predevelopment 
hydrology at the site. The results from 11 recent studies are given in Table 5-3, which shows the 
runoff reduction capability of bioretention. As can be seen, the reduction in runoff volume 
achieved by these practices is impressive—ranging from 20 to 99 percent with a median 
reduction of about 75 percent. Box 5-5 discusses the excellent performance of the bioswales 
installed during Seattle’s natural drainage systems project (see also Horner et al., 2003; Jefferies, 
2004; Stagge, 2006). Bioinfiltration has been less studied, but one field study concluded that 
close to 30 percent of the storm volume was able to be removed by bioinfiltration (Sharkey, 
2006). A very recent case study of bioinfiltration is provided in Box 5-6, which demonstrates 
that the capture of small storms through these SCMs is extremely effective in areas where the 
majority of the rainfall falls in smaller storms. 

TABLE 5-3 Volumetric Runoff Reduction Achieved by Bioretention 
Bioretention Design Location Runoff Reduction Reference 

Infiltration CT 99% Dietz and Clausen (2006) 
PA 86% Ermilio and Traver (2006) 
FL 98% Rushton (2002) 
AUS 73% Lloyd et al. (2002) 

Underdrain ONT 40% Van Seters et al. (2006) 
Model 30% Perez-Perdini et al. (2005) 
NC 40 to 60% Smith and Hunt (2007) 
NC 20 to 29% Sharkey (2006) 
NC 52 to 56% Hunt et al. (2008) 
NC 20 to 50% Passeport et al. (2008) 
MD 52 to 65% Davis et al. (2008) 
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315 Stormwater Management Approaches 

BOX 5-5 
Bioswale Case Study 

100th Street Cascade, Seattle, Washington 

A recent example of the ability of SCMs to accomplish a variety of goals was illustrated for water 
quality swales in Seattle, Washington.  As part of its Natural Drainage Systems Project, the City of Seattle 
retrofitted several blocks of an urban residential neighborhood with curbside vegetated swales.  On NW 
110th Street, the two-block-long system was developed as a cascade, due to the steep slope (6 percent).  
Twelve stepped, in-series biofilters were installed between properties and the road, each of which 
contains a storage area and an overflow weir.  During rain events, the cells were designed to fill before 
emptying into the cell downstream.  The soils in the bottom of each cell were over one foot thick and 
consisted of river rocks overlain by a swale mix.  Native plants were chosen to vegetate the sides of the 
swale. 

Extensive flow and water quality 
sampling occurred during 2003–2006 at the 
inflow and outflow of the biofilters as well as at 
references points elsewhere in the neighborhood 
that are not served by the new SCMs. Perhaps 
the most profound observation was that almost 
50 percent of all rainfall flowing into the cascade 
was infiltrated, resulting in a corresponding 
reduction in runoff.  Indeed, the cascade 
discharged measurable flow only during 49 of 
235 storm events during the period.  Depending 
on preceding conditions, the cascade was able 
to retain all of the flow for storms up to 1 inch in 
magnitude.  In addition to the reduction in runoff 
affected by the swales, they also achieved 
significant peak flow reduction, as shown in 
Figure 5-20.  Many peak flow rates were entirely dampened, even those where the inflow peak rate was 
as high as 0.7 cfs. 

FIGURE 5-20  Peak flow rates at the inlet and outlet of the cascade, as measured by two different 
devices: Campbell Scientific (left) and ISCO (right).  SOURCE: Horner and Chapman (2007). 
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316 Urban Stormwater Management in the United States 

BOX 5-5 Continued 

Water quality data were also extremely encouraging, as shown in Table 5-4.  For total suspended 
solids, influent concentration of 94 mg/L decreased to 29 mg/L at the outlet of the cascade.  Similar 
percent removals were observed for total copper, total phosphorus, total zinc, and total lead (see Table 5
4). Soluble phosphorus concentrations tended to increase from the inflow of the cascade to the outflow.   

TABLE 5-4 Typical Outflow Quality from the 100th Street Cascade. Permission pending. 
Pollutant Range (mg/L) 
Total Suspended Solids 10–40 
Total Nitrogen 0.6–1.4 
Total Phosphorus 0.09–0.23 
Soluble Reactive Phosphorus 0.02–0.05 
Total Copper 0.004–0.008 
Dissolved Copper 0.002–0.005 
Total Zinc 0.04–0.11 
Dissolved Zinc 0.02–0.06 
Total Lead 0.002–0.007 
Dissolved Lead <0.001 
Motor Oil 0.11–0.33 
SOURCE: Horner and Chapman (2007). 

Taking both measured concentrations and volume reduction into account, the cascade reduced 
the mass loadings for the contaminants by 60 percent to greater than 90 percent.  As shown in Table 5-5, 
pollutants associated with sediments were reduced to the greatest extent, while dissolved pollutants were 
less readily removed. 

TABLE 5-5 Pollutant Mass Loading Reductions at 100th Street Cascade. Permission pending. 
Pollutant Percent Reduction (90% Confidence Interval) 
Total Suspended Solids 84 (72–92) 
Total Nitrogen 63 (53–74) 
Total Phosphorus 63 (49–74) 
Total Copper 83 (77–88) 
Dissolved Copper 67 (50–78) 
Total Zinc 76 (46–85) 
Dissolved Zinc 55 (21–70) 
Total Lead 90 (84–94) 
Motor Oil 92 (86–97) 
SOURCE: Horner and Chapman (2007). 

This level of performance was compared to other parts of the neighborhood treated with 
conventional ditch and pipe systems.  The concentrations of almost all pollutants at the outlet of the 100th 

Cascade was significantly lower than a corresponding outlet at 120th Street. Furthermore, the ability of 
this SCM to attenuate peak flows and reduce runoff was remarkable. 
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317 Stormwater Management Approaches 

BOX 5-6 
SCM Evaluation Through Monitoring: 

Villanova Bioinfiltration SCM 

The Bioinfiltration Traffic Island located on the campus of Villanova University in Southeastern 
Pennsylvania is part of the Villanova Urban Stormwater Partnership (VUSP) BMP Demonstration Park 
(see Figure 5-21).  Originally funded through the Pennsylvania Growing Greener Program, and now 
through the State’s 319 nonpoint source monitoring program, the site has been monitored continuously 
since soon after it was constructed in 2001.  This monitoring has lead to a wealth of information about the 
performance and monitoring needs of infiltration SCMs. 

FIGURE 5-21 Villanova Bioinfiltration Traffic Island SCM.  SOURCE : Reprinted, with permission, from VUSP. 
Copyright by Villanova Urban Stormwater Partnership. 

The SCM is a retrofit of an existing curb-enclosed traffic island in the parking lot of a university 
dormitory complex.  The original grass area was dug out to approximately six feet.  The soil removed 
during the excavation was then mixed with sand onsite to create a 50 percent sand–soil mixture.  This soil 
mixture was then placed back into the excavation to a depth of approximately four feet, leaving a surface 
depression that is an average of two feet deep.  Care was taken during construction to prevent any 
compaction of either the soil mixture or the undisturbed soil below.  Placement of the mixed soil is shown 
in Figure 5-22. 

During construction two curb cuts were created to direct runoff into the SCM.  Creation of one of 
the cuts entailed filling and paving over an existing stormwater inlet to redirect the runoff that previously 
entered the stormwater drainage system of the parking lot.  Another existing inlet was used to collect and 
redirect runoff into the SCM.  Plants were chosen based on their ability to thrive in both extreme wet and 
dry conditions; the species chosen are commonly found on sand dunes where similar wet/dry conditions 
may exist. 

The contributing watershed is approximately 50,000 square feet and is 52 percent impervious 
surfaces.  The design goal of the SCM was for it to temporarily store the first inch of runoff.  The one-inch 
capture depth is based on an analysis of local historical rainfall data showing that capture of the first inch 
of each storm would account for approximately 96 percent of the annual rainfall.  This capture depth 
would therefore also account for the majority of the annual pollutant load coming from the drainage area. 

FIGURE 5-22  Placement of the mixed soil in the basin.  
Notice the construction equipment being kept away from  
the basin to avoid potential compaction of the sub-base.  
SOURCE : Reprinted, with permission, from VUSP.  
Copyright by Villanova Urban Stormwater Partnership. 

continues next page 
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318 Urban Stormwater Management in the United States 

BOX 5-6 Continued 

Continuous monitoring over multiple years has increased our understanding of how this type of 
structure operates and its benefits.  For example, Heasom et al. (2006) was able to produce a continuous 
hydrologic flow model of the site based on season.  Figure 5-23 shows the variability of the infiltration rate 
on a seasonal basis, and the relationship between infiltration and temperature (Emerson and Traver, 
2008).  This work has also shown no statistical change in performance over the five-year monitoring 
period.  
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FIGURE 5-23  Seasonal Infiltration Rate.  SOURCE: Reprinted, with permission, from Emerson and 
Traver (2008). Copyright 2008 by Journal of Irrigation and Drainage Engineering. 

When examining the yearly performance of the site from a surface water standpoint, it is easily 
shown that on a regular basis approximately 50 to 60 percent of the runoff that reaches the site is 
removed from the surface waters, and 80 to 85 percent of the rainfall is infiltrated (Figure 5-24). 
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FIGURE 5-24  2003 Performance and 2006 Performance. SOURCE : Reprinted, with permission, from VUSP. 
Copyright by Villanova Urban Stormwater Partnership. 
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319 Stormwater Management Approaches 

The performance of the SCM during individual storm events was examined in 2005.  Out of 77 
rainfall events, overflow was recorded for only seven events.  Generally overflow did not occur for rainfalls 
less than 1.95 inches except for one occasion.  As the bowl volume is much less than this value, 
substantial infiltration must be occurring during the storm event.  When one extreme 6-inch storm was 
recorded (Figure 5-25), it was surprising to note that infiltration occurred all during the storm event,  as did 
some unexpected peak flow reduction.  What is even more impressive is to examine the reduction in the 
duration of flows, which is directly related to downstream channel erosion (Figure 5-26).  Clearly the 
bioinfiltration SCM exceeded its design goals. 

FIGURE 5-25  October 2005 extreme storm event.   FIGURE 5-26 Flow duration curves, October 2005. 
storm event. SOURCE : Reprinted, with  SOURCE : Reprinted, with permission, from VUSP.  
permission, from VUSP. Copyright by Villanova   Copyright by Villanova Urban Stormwater Partnership. 
Urban Stormwater Partnership. 

Research on this site is currently examining water quality benefits and groundwater interactions.  
When evaluating the pollutant removal of bioinfiltration, it is critical to consider flow volumes and pollutant 
levels together.  For example, during many of the overflow events, there were higher nutrient levels 
leaving the SCM than entering due to the plants contained within the SCM.  However, when the runoff 
volume reduction is considered, the total nitrogen and phosphorus removed from the influent is 
impressive (Davis et al., 2008).  Water quality studies of the infiltrated water are still incomplete but 
generally show some conversion of nitrate to nitrite, and high chlorides from snow melt chemicals moving 
through the system.  Nutrient levels are relatively low in the samples at the 8-foot depth. 
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The strengths of vegetated runoff-volume-reduction SCMs include the flexibility to 
utilize the drainage system as part of the treatment train.  For example, bioswales can replace 
drainage pipes, green roofs can be installed on buildings, and bioretention can replace parking 
borders (Figure 5-27), thereby reducing the footprint of the stormwater system.  Also, through 
the use of swales and reducing pipes and inlets, costs can be offset.  Vegetated systems are more 
tolerant of the TSS collected, and their growth cycle maintains pathways for infiltration and 
prevents clogging. Freeze–thaw cycles also contribute to pathway maintenance.  The aesthetic 
appeal of vegetated SCMs is also a significant strength.   

Weaknesses include the dependence of these SCMs on native soil infiltration and the 
need to understand groundwater levels and karst geology, particularly for those SCMs designed 
to infiltrate. For bioinfiltration and bioretention, most failures occur early on and are caused by 
sedimentation and construction errors that reduce infiltration capacity, such as stripping off the 
topsoil and compacting the subsurface.  Once a good grass cover is established in the 
contributing area, the danger of sedimentation is reduced.  Nonetheless, the need to prevent 
sediment from overwhelming these structures is critical.  The longevity of these SCMs and their 
vulnerability to toxic spills are a concern (Emerson and Traver, 2008), as is their failure to 
reduce chlorides.  Finally, in areas where the land use is a hot spot, or where the SCM could 
potentially contaminate the groundwater supply, bioretention, non-infiltrating bioswales, and 
green roofs may be more suitable than infiltration SCMs.  

The role of infiltration SCMs in promoting groundwater recharge deserves additional 
consideration.  Although this is a benefit of infiltration SCMs in regions where groundwater 
levels are dropping, it may be undesirable in a few limited scenarios.  For example, in the arid 
southwest contributions to base flow from irrigation have turned some dry ephemeral stream 
systems into perennial streams that support the growth of dense vegetation, which may be less 
desirable habitat for certain riparian species (like the Arroyo toad in Southern California).  
Infiltration SCMs could contribute to changing the flow regime in cases such as these.  In most 
urban areas, there is so much impervious cover that it would be difficult to “overinfiltrate.”  
Nonetheless, the use of infiltration SCMs will change local subsurface hydrology, and the 
ramifications of this—good and bad—should be considered prior to their installation. 

FIGURE 5-27 North Carolina Retrofit Bioretention SCMs.  SOURCE: Traver. 
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321 Stormwater Management Approaches 

Maintenance of vegetated runoff-volume-reduction SCMs is relatively simple.  A visit 
after a rainstorm to check for plant health, to check sediment buildup, and to see if the water is 
ponded can answer many questions.  Maintenance includes trash pickup and seasonal removal of 
dead grasses and weeds. Sediment removal from pretreatment devices is required.  Depending 
on the pollutant concentrations in the influent, the upper layer of organic matter may need to be 
removed infrequently to maintain infiltration and to prevent metal and nutrient buildup. 

At the site level, the chief factors that lead to uncertainty are the infiltration performance 
of the soil, particular for the limiting subsoil layer, and how to predict the extent of pollutant 
removal.  Traditional percolation tests are not effective to estimate the infiltration performance; 
rather, testing hydraulic conductivity is required.  Furthermore, the infiltration rate varies 
depending on temperature and season (Emerson and Traver, 2008).  Basing measurements on 
percent removal of pollutants is extremely misleading, since every site and storm generates 
different levels of pollutants. The extent of pollutant removal depends on land use, time between 
storms, seasons, and so forth.  These factors should be part of the design philosophy for the site.  
Finally, it should also be pointed out that climate is a factor determining the effectiveness of 
some of these SCMs.  For example, green roofs are more likely to succeed in areas having 
smaller, more frequent storms (like the Pacific Northwest) compared to areas subjected to less 
frequent, more intense storms (like Texas). 

Runoff Volume Reduction—Subsurface 

Infiltration is the primary runoff-volume-reduction mechanism for subsurface SCMs, 
such that much of the previous discussion is relevant here.  Thus, like vegetated SCMs, these 
SCMs provide benefits for groundwater recharge, water quality, stream channel protection, peak 
flow reduction, capture of the suspended solids load, and filtration through the soil (Ferguson, 
2002). Because these systems can be built in conjunction with paved surfaces (i.e., they are 
often buried under parking lots), the amount of water captured, and thus stream protection, may 
be higher than for vegetated systems.  They also have lower land requirements than vegetated 
systems, which can be an enormous advantage when using these SCMs during retrofitting, as 
long as the soil is conducive to infiltration. 

Similar to vegetated SCMs, this SCM group works primarily by first capturing runoff and 
then removing the stored volume through infiltration.  The temporary holding area is made either 
of stone or using manufactured vaults.  Examples include pervious pavement, infiltration 
trenches, and seepage pits (see Figures 5-28, 5-29, 5-30, 5-31, and 5-32).  As with vegetated 
SCMs, a shallow depth of ponding is required, since the inflows may exceed the possible 
infiltration ability of the native soil.  In this case, the ponding is maintained within a rock bed 
under a porous pavement or in an infiltration trench.  These devices are usually designed to 
empty between 24 and 72 hours after the storm event. 

The infiltration processes operating for these subsurface SCMs are similar to those for the 
vegetated devices previously discussed. Thus, much like for vegetated systems, the level of 
control achieved depends on the infiltration ability of the native soils, the percent of impervious 
surface area in the contributing watershed, land use contributing to the pollutant loadings, and 
climate.  A large number of recent studies have found that permeable pavement can reduce 
runoff volume by anywhere from 50 percent (Rushton, 2002; Jefferies, 2004; Bean et al., 2007) 
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322 Urban Stormwater Management in the United States 

FIGURE 5-28  Schematic of a seepage pit. FIGURE 5-29  Porous asphalt.  SOURCE: SOURCE: 
PaDEP.    PaDEP. 

FIGURE 5-30 A retrofitted infiltration trench at FIGURE 5-31  Pervious concrete at 
Villanova University. SOURCE: Reprinted, with Villanova University.  SOURCE: Reprinted, 
permission, from VUSP. Copyright by VUSP. with permission from VUSP. Copyright by    

VUSP. 

FIGURE 5-32  A small office building conversion at the edge of downtown Denver included the 
replacement of a portion of the site’s parking with modular block porous pavement underlain by an 18
inch layer of crushed rock.  Rainfall on the porous pavement and roof runoff for most storm events are 
contained in the reservoir created by the crushed rock.  The pavement infiltrates runoff from most storm 
events for one-third of the impervious area on the half-acre site. 
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323 Stormwater Management Approaches 

to as much as 95 percent or greater (van Seters et al., 2006; Kwiatkowski et al., 2007).  Box 5-7 
describes the success of a recent retrofitting of asphalt with pervious pavement at Villanova 
University. 

The strengths of subsurface runoff-volume-reduction SCMs are similar to those of their 
vegetated counterparts.  Additional attributes include their ability to be installed under parking 
areas and to manage larger volumes of rainfall.  These SCMs typically have few problems with 
safety or vector-borne diseases because of their subsurface location and storage capacity, and 
they can be very aesthetically pleasing.  The potential of permeable pavement could be 
particularly far-reaching if one considers the amount of impervious surface in urban areas that is 
comprised of roads, driveways, and parking lots. 

The weaknesses of these SCMs are also similar to those of vegetated systems, including 
their dependence on native soil infiltration and the need to understand groundwater levels and 
karst geology. Simply estimating the soil hydraulic conductivity can have an error rate of an 
order of magnitude.  Specifically for subsurface systems that use geotextiles (not permeable 
pavement), there is a danger of TSS being compressed against the bottom of the geotextile, 
preventing infiltration. There are no freeze–thaw cycles or vegetated processes that can reopen 
pathways, so the control of TSS is even more critical to their life span.  In most cases (permeable 
pavement is an exception), pretreatment is required, except for the cleanest of sources (like a 
slate roof). Typically, manufactured devices, sediment forebays, or grass strips are part of the 
design of subsurface SCMs to capture the larger sediment particles. 

The maintenance of subsurface runoff-volume-reduction SCMs is relatively simple but 
critical.  If inspection wells are installed, a visit after a rainstorm will check that the volume is 
captured, and later that it has infiltrated.  Porous surfaces should undergo periodic vacuum street 
sweeping when a sediment source is present.  Pretreatment devices require sediment removal.  
The difficulty with this class of SCMs is that, if a toxic spill occurs or maintenance is not 
proactive, there are no easy corrective measures other than replacement. 

Low-Impact Development. LID refers primarily to the use of small, engineered, on-site 
stormwater practices to treat the quality and quantity of runoff at its source.  It is discussed here 
because the SCMs that are thought of as LID—particularly vegetated swales, green roofs, 
permeable pavement, and rain gardens—are all runoff-volume-reduction SCMs.  They are 
designed to capture the first portion of a rainfall event and to treat the runoff from a few hundred 
square meters of impervious cover. 

As discussed earlier, several studies have measured the runoff volume reduction of 
individual LID practices.  Fewer studies are available on whether multiple LID practices, when 
used together, have a cumulative benefit at the neighborhood or catchment scale.  Four 
monitoring studies have clearly documented a major reduction in runoff from developments that 
employ LID and Better Site Design (see Box 5-8) compared to those that do not.  In addition, six 
studies have documented the runoff reduction benefits of LID at the catchment or watershed 
scale using a modeling approach (Alexander and Heaney, 2002; Stephens et al., 2002; Holman-
Dodds et al., 2003; Coombes, 2004; Hardy et al., 2004; Huber et al., 2006).  
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BOX 5-7 
Evaluation Through Monitoring: Villanova Pervious Concrete SCM 

Villanova University’s Stormwater Research and Demonstration Park is home to a pervious 
concrete infiltration site (Figure 5-33).  The site, 
formerly a standard asphalt paved area, is 
located between two dormitories.  The area was 
reconstructed in the summer of 2002 and 
outfitted with three infiltration beds overlain with 
pervious concrete.  Usage of the site consists 
primarily of pedestrian traffic with some light 
automobile traffic.  The pervious concrete site is 
designed to infiltrate small-volume storms (1 to 2 
inches).  Roof top runoff is directly piped to the 
rock bed under the concrete.  For these smaller 
events, there is essentially no runoff from the 
site.  

Figure 5-33  Villanova University pervious 
concrete retrofit site. SOURCE: Reprinted, with 
permission, from VUSP. Copyright by VUSP. 

The pervious concrete is outlined with decorative pavers that divide the pervious concrete into 
three separate sections as seen in Figure 5-33.  Underneath these three sections are individual storage 
beds.  Since the site lies on a significant slope it was necessary to create earthen dams that isolate each 
storage area.  At the top of each dam there is an overflow pipe which connects the storage area with the 
next one downstream.  The final storage bed has an overflow that connects to the existing storm sewer.  
The beds are approximately 4 feet deep and are filled with stone, producing about 40 percent void space 
within the beds.  A geotextile pervious liner was laid down to separate the storage beds from the 
undisturbed soil below (Figure 5-34).  The primary idea was to avoid any upward migration of the in-situ 
soil, which could possibly reduce the capacity of the beds over time. 

FIGURE 5-34  Infiltration bed under construction.  Pervious concrete has functionality and workability similar to that of 
regular concrete.  However, the pervious concrete mix lacks the sand and other fine particles found in regular 
concrete. This creates a significant amount of void space which allows water to flow relatively unobstructed through 
the concrete. This site was the first attempt at creating a pervious concrete SCM in the area, and there were 
construction and material problems.  Since that time the industry has matured, and a second site on campus 
constructed in 2007 has not had any significant difficulties. SOURCE: Reprinted, with permission, from VUSP. 
Copyright by VUSP. 

continues next page 
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325 Stormwater Management Approaches 

Note the runoff from impervious concrete spilling over to the pervious concrete 

Continuous monitoring of the site over a number of years has considerably increased our 
understanding of infiltration.  Similar to the bioinfiltration site (Box 5-6), the infiltration rate of permeable 
concrete does vary as a function of temperature (Braga et al., 2007; Emerson and Traver, 2008), and the 
SCM volume reduction is impressive.  As shown in Figure 5-35, over 95 percent of the yearly rainfall was 
infiltrated with minimal overflow.  Besides hydrologic plots, water quality plots also show the benefits of 
permeable concrete (Kwiatkowski et al., 2007).  Because over 95 percent of the runoff is infiltrated, well 
over 95 percent of the pollutant mass is also removed.  Figure 5-36 shows the level of copper extracted 
from lysimeters buried under the rock bed and surrounding grass.  The plot is arranged in quartiles, with 
readings in milligrams per liter.  Lysimeter samples from under the surrounding grass and one foot and 
four feet under the infiltration bed all report almost no copper, compared to samples taken from the port in 
the rock bed and from the gutters draining the roof tops. 

continues next page 
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326 Urban Stormwater Management in the United States 

BOX 5-7 Continued 

FIGURE 5-35  Rainfall and corresponding outflow from the weir of the SCM.  SOURCE: Reprinted, with 
permission, from VUSP.  Copyright by VUSP. 

FIGURE 5-36  Copper measured at various locations.  The three quartiles correspond to the 25th, 50th, 
and 75th percentile value of all data collected.  A21 is a lysimeter location under the surrounding grass, 
while B11 and B13 refer to locations that are one foot and four feet under the infiltration bed, respectively. 
SOURCE: Reprinted, with permission, from VUSP. Copyright by VUSP. 
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327 Stormwater Management Approaches 

BOX 5-8 
Jordan Cove—An LID Watershed Project 

LID refers to the use of a system of small, on-site SCMs to counteract increases in flow and 
pollution following development and to control smaller runoff events.  Although some studies are available 
that measure the runoff volume reduction of individual LID practices, fewer studies are available on 
whether multiple LID practices, when used together, have a cumulative benefit at the neighborhood or 
catchment scale.  Of those listed in Table 5-6, Jordan Cove is the most extensively studied, as it was 
monitored for ten years as part of a paired watershed study that included a site with no SCMs and a site 
with traditional (detention) SCMs.  The watersheds were monitored during calibration, construction, and 
post-construction periods.  The project consisted of 12 lots, and the SCMs used were bioretention, porous 
pavements, no-mow areas, and education for the homeowners (Figure 5-37). 

TABLE 5-6 Review of Recent LID Monitoring Research on a Catchment Scale 

Location Practices Runoff 
Reduction 

Jordan Cove, USA 
Dietz and Clausen (2008) 

Permeable pavers, bioretention, grass swales, 
education 

84% 

Somerset Heights, USA 
Cheng et al. (2005) 

Grass swale, bioretention, and rooftop 
disconnection 

45% 

Figtree Place, Australia 
Coombes et al. (2000) 

Rain tanks, infiltration trenches, swales 100% 

FIGURE 5-37 Jordan Cove LID subdivision. Permission pending 

continues next page 
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BOX 5-8 Continued 

Figure 5-38 (right panel) displays the hydrograph from a post-construction storm comparing the 
LID, traditional, and control watersheds.  Note that the traditional watershed shows the delay and peak 
reduction from the detention basins, while the LID watershed has almost no runoff. The LID watershed 
was found to reduce runoff volume by 74 percent by increasing infiltration over preconstruction levels. 

FIGURE 5-38.  Significant changes in runoff volume (m3/week), runoff depth (cm/week) and peak 
discharge (m3/sec/week) after construction was completed (left panel).  Hydrograph of all three 
subdivisions in the project, showing the larger volume and rate of runoff from the traditional and control 
subdivisions, as compared to the LID (right panel). Permission pending. 

Comparisons of nutrient and metal concentrations and total export in the surface water shows the 
value of the LID approach as well as the significance of the reduction in runoff volume.  Figure 5-39 
shows the changes in pollutant concentration and mass export before and after construction for the 
traditional and LID subdivisions.  Note that concentrations of TSS and nutrients are increased in the LID 
subdivision (left-hand panel); this is because swales and natural systems are used in place of piping as a 
“green” drainage system and because only larger storms leave the site.  The right-hand panel shows how 
the large reduction in runoff achieved through infiltration can dramatically reduce the net export of 
pollutants from the LID watershed. 

FIGURE 5-39  Significant changes in pollutant concentration, after construction was completed (left).  
Units are mg/L for NO3-N, NH3-N, TKN, TP, and BOD, and µg/L for Cu, Pb, and Zn.  Significant changes 
in mass export (kg/ha/year) after construction was completed (right).  Permission pending 

SOURCE: Clausen (2007). 
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Peak Flow Reduction and Runoff Treatment 

After efforts are made to prevent the generation of pollutants and to reduce the volume of 
runoff that reaches stormwater systems, stormwater management focuses on the reduction of 
peak flows and associated treatment of polluted runoff.  The main class of SCMs used to 
accomplish this is extended detention basins, versions of which have dominated stormwater 
management for decades.  These include a wide variety of ponds and wetlands, including wet 
ponds (also known as retention basins), dry extended detention ponds (as known as detention 
basins), and constructed wetlands.  By holding a volume of stormwater runoff for an extended 
period of time, extended detention SCMs can achieve both water quality improvement and 
reduced peak flows. Generally the goal is to hold the flows for 24 hours at a minimum to 
maximize the opportunity of settling, adsorption, and transformation of pollutants (based on past 
pollutant removal studies) (Rea and Traver, 2005).  For smaller storm events (one- to two-year 
storms), this added holding time also greatly reduces the outflows from the SCM to a level that 
the stream channel can handle.  Most wet ponds and stormwater wetlands can hold a “water 
quality” volume, such that the flows leaving in smaller storms have been held and “treated” for 
multiple days.  Extended detention dry ponds greatly reduce the outflow peaks to achieve the 
required residence times. 

Usually extended detention devices are lower in the treatment train of SCMs, if not at the 
end. This is both due to their function (they are designed for larger events) and because the 
required water sources and less permeable soils needed for these SCMs are more likely to be 
found at the lower areas of the site.  Some opportunities exist to naturalize dry ponds or to 
retrofit wet ponds into stormwater wetlands but it depends on their site configuration and 
hydrology. Stormwater wetlands are shown in Figures 5-40 and 5-41.  A wet pond and a dry 
extended detention basin are shown in Figures 5-42 and 5-43.   

Simple ponds are little more than a hole in the ground, in which stormwater is piped in 
and out. Dry ponds are meant to be dry between storms, whereas wet ponds have a permanent 
pool throughout the year. Detention basins reduce peak flows by restricting the outflows and 
creating a storage area. Depending on the detention time, outflows can be reduced to levels that 
do not accelerate erosion, that protect the stream channel, and that reduce flooding.   

FIGURE 5-40 Constructed wetland at   FIGURE 5-41 Retrofitted stormwater wetland. 
SOURCE: PaDEP (2006). SOURCE: Reprinted, with permission, from 

                VUSP. Copyright by VUSP. 
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330 Urban Stormwater Management in the United States 

The flow normally enters the structure through a sediment forebay (Figure 5-44), which 
is included to capture incoming sediment, remove the larger particles through settling, and allow 
for easier maintenance. Then a meandering path or cell structure is built to “extend” and slow 
down the flows. The main basin is a large storage area (sometimes over the meandering flow 
paths). Finally, the runoff exits through an outflow control structure built to retard flow.  

Wet ponds, stormwater wetlands, and (to a lesser extent) dry extended detention ponds 
provide treatment.  The first step in treatment is the settling of larger particles in the sediment 
forebay. Next, for wet ponds a permanent pool of water is maintained so that, for smaller 
storms, the new flows push out a volume that has had a chance to interact with vegetation and be 
“treated.” This volume is equivalent to an inch of rain over the impervious surfaces in the 
drainage area. Thus, what exits the SCM during smaller storm events is baseflow contributions 
and runoff that entered during previous events.  For dry extended detention ponds, there is no 
permanent pool and the outlet is instead greatly restricted.  For all of these devices, vegetation is 
considered crucial to pollutant removal.  Indeed, wet ponds are designed with an aquatic bench 
around the edges to promote contact with plants.  The vegetation aids in reduction of flow 
velocities, provides growth surfaces for microbes, takes up pollutants, and provides filtering 
(Braskerud, 2001). 

FIGURE 5-42 Wet pond. SOURCE: PaDEP FIGURE 5-43 Dry extended detention  
(2006). pond. SOURCE: PaDEP (2006). 

FIGURE 5-44 Villanova University sediment forebay.  

SOURCE: Reprinted, with permission, from VUSP. Copyright by VUSP002E 
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The ability of detention structures to achieve a certain level of control is size related— 
that is, the more peak flow reduction or pollutant removal required, the more volume and surface 
area are needed in the basin.  Because it is not simply the peak flows that are important, but also 
the duration of the flows that cause damage to the stream channels (McCuen, 1979; Loucks et 
al., 2005), some detention basins are currently sized and installed in series with runoff-volume
reduction SCMs. 

The strength of extended detention devices is the opportunity to create habitats or 
picturesque settings during stormwater management.  The weaknesses of these measures include 
large land requirements, chloride buildup, possible temperature effects, and the creation of 
habitat for undesirable species in urban areas. There is a perception that these devices promote 
mosquitoes, but that has not been found to be a problem when a healthy biological habitat is 
created (Greenway et al., 2003). Another drawback of this class of SCMs is that they often have 
limited treatment capacity, in that they can reduce pollutants in stormwater only to a certain 
level. These so-called irreducible effluent concentrations have been documented mainly for 
ponds and stormwater wetlands, as well as sand filters and grass channels (Schueler, 1998).  
Finally, it should be noted that either a larger watershed (10–25 acres; CWP, 2004) or a 
continuous water source is needed to sustain wet ponds and stormwater wetlands. 

Maintenance requirements for extended detention basins and wetlands include the 
removal of built-up sediment from the sediment forebay, harvesting of grasses to remove 
accumulated nutrients, and repair of berms and structures after storm events.  Inspection items 
relate to the maintenance of the berm and sediment forebay. 

While the basic hydrologic function of extended detention devices is well known, their 
performance on a watershed basis is not.  Because they do not significantly reduce runoff volume 
and are designed on a site-by-site basis using synthetic storm patterns, their exclusive use as a 
flood reduction strategy at the watershed scale is uncertain (McCuen, 1979; Traver and 
Chadderton, 1992). Much of this variability is reduced when they are coupled with volume 
reduction SCMs at the watershed level.  Pollutant removal is effected by climate, short-
circuiting, and by the schedule of sediment removal and plant harvesting.  Extreme events can 
resuspend captured sediments, thus reintroducing them into the environment.  Although there is 
debate, it seems likely that plants will need to be harvested to accomplish nutrient removal (Reed 
et al., 1998). 

Runoff Treatment 

As mentioned above, many SCMs associated with runoff volume reduction and extended 
detention provide a water quality benefit. There are also some SCMs that focus primarily on 
water quality with little peak flow or volume effect.  Designed for smaller storms, these are 
usually based on filtration, hydrodynamic separation, or small-scale bioretention systems that 
drain to a subsequent receiving water or other device.  Thus, often these SCMs are used in 
conjunction with other devices in a treatment train or as retrofits under parking lots.  They can be 
very effective as pretreatment devices when used “higher up” in the watershed than infiltration 
structures. Finally, in some cases these SCMs are specifically designed to reduce peak flows in 
addition to providing water quality benefits by introducing elements that make them similar to 
detention basins; this is particularly the case for sand filters. 
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The sand filter is relied on as a treatment technology in many regions, particular those 
where stream geomorphology is less of a concern and thus peak flow control and runoff volume 
reduction are not the primary goals.  These devices can be effective at removing suspended 
sediments and can extend the longevity and performance of runoff-volume-reduction SCMs.  
They are also one of the few urban retrofits available, due to the ability to implement them 
within traditional culvert systems.  Figures 5-45 and 5-46 show designs for the Austin sand filter 
and the Delaware sand filter. 

Filters use sand, peat, or compost to remove particulates, similar to the processes used in 
drinking water plants.  Sand filters primarily remove suspended solids and ammonia nitrogen.  
Biological material such as peat or compost provides adsorption of contaminants such as 
dissolved metals, hydrocarbons, and other organic chemicals.  Hydrodynamic devices use 
rotational forces to separate the solids from the flow, allowing the solids to settle out of the flow 
stream.  There is a recent class of bioretention-like manufactured devices that combine inlets 
with planters. In these systems, small volumes are directed to a soil planter area, with larger 
flows bypassing and continuing down the storm sewer system.  In any event, for manufactured 
items the user needs to look to the manufacturer’s published and reviewed data to understand 
how the device should be applied. 

The level of control that can be achieved with these SCMs depends entirely on sizing of 
the device based on the incoming flow and pollutant loads.  Each unit has a certified removal rate 
depending on inflow to the SCM. Also all units have a maximum volume or rate of flow they 
can treat, such that higher flows are bypassed with no treatment.  Thus, the user has to determine 
what size unit is needed and the number to use based on the area’s hydrologic cycle and what 
criteria are to be met. 

With the exception of some types of sand filters, the strengths of water quality SCMs are 
that they can be placed within existing infrastructure or under parking lots, and thus do not take 
up land that may be used for other purposes.  They make excellent choices for retrofit situations.  
For filters, there is a wealth of experience from the water treatment community on their 
operations. For all manufactured devices there are several testing protocols that have been set up 
to validate the performance of the manufactured devices (the sufficiency of which is discussed in 
Box 5-9). Weaknesses of these devices include their cost and maintenance requirements.   

FIGURE 5-45 Austin sand filter. SOURCE: FIGURE 5-46 Delaware sand filter. 
Robert Traver.      SOURCE: Tom Schueler. 
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BOX 5-9 
Insufficient Testing of Proprietary Stormwater Control Measures 

Manufacturers of proprietary SCMs offer a service that can save municipalities time and money.  
Time is saved by the ability of the manufactures to quickly select a model matching the needs of the site.  
A city can minimize the cost of buying the product by requiring the different manufacturers to submit bids 
for the site. All the benefits of the service will have no meaning, however, if the cities cannot trust the 
performance claims of the different products.  Because the United States does not have, at this time, a 
national program to verify the performance of proprietary SCMs, interested municipalities face a high 
amount of uncertainty when they select a product.  Money could be wasted on products that might have 
the lowest bid, but do not achieve the water quality goals of the city or state.  

The EPA’s Environmental Technology Verification (ETV) program was created to facilitate the 
deployment of innovative or improved environmental technologies through performance verification and 
dissemination of information.  The Wet Weather Flow Technologies Pilot was established as part of the 
ETV program to verify commercially available technologies used in the abatement and control of urban 
stormwater runoff, combined sewer overflows, and sanitary sewer overflows.  Ten proprietary SCMs were 
tested under the ETV program (see Figure 5-47), and the results of the monitoring are available on the 
National Sanitation Foundation International website.  Unfortunately, the funding for the ETV program 
was discontinued before all the stormwater products could be tested.  Without a national testing program 
some states have taken a more regional approach to verifying the performance of proprietary practices, 
while most states do not have any type of verification or approval program. 

The Washington Department of Ecology has supported a testing protocol called Technology 
Assessment Protocol–Ecology that describes a process for evaluating and reporting on the performance 
and appropriate uses of emerging SCMs.  California, Massachusetts, Maryland, New Jersey, 
Pennsylvania, and Virginia have sponsored a testing program called Technology Acceptance and 
Reciprocity Partnership (TARP), and a number of products are being tested in the field.  The State of 
Wisconsin has prepared a draft technical standard (1006) describing methods for predicting the site-
specific reduction efficiency of proprietary sedimentation devices.  To meet the criteria in the standard the 
manufacturers can either use a model to predict the performance of the practice or complete a laboratory 
protocol designed to develop efficiency curves for each product.  Although none of these state or federal 
verification efforts have produced enough information to sufficiently reduce the uncertainty in selection 
and sizing of proprietary SCMs, many proprietary practices are being installed around the country, 
because of the perceived advantage of the service being provided by the manufacturers and the 
sometimes overly optimistic performance claims.   

All those involved in stormwater management, including the manufacturers, will have a much 
better chance of implementing a cost-effective stormwater program in their cities if the barriers to a 
national testing program for proprietary SCMs are eliminated.  Two of the barriers to the ETV program 
were high cost and the transferability of the results.  Also, the ETV testing did not produce results that 
could be used in developing efficiency curves for the product.  A new national testing program could 
reduce the cost by using laboratory testing instead of field testing.  Each manufacturer would only have to 
do one series of tests in the lab and the results would be applicable to the entire country.  The laboratory 
protocol in the Wisconsin Technical Standard 1006 provides a good example of what should be included 
to evaluate each practice over a range of particle sizes and flows.  These types of laboratory data could 
also be used to produce efficiency curves for each practice.  It would be relatively easy for state and local 
agencies to review the benefits of each installation if the efficiency curves were incorporated into urban 
runoff models, such as WinSLAMM or P8. 

continues next page 
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BOX 5-9 Continued 

Stormwater 360 Hydrodynamic Separator.    Downstream Defender. SOURCE:  Available online 
SOURCE: EPA (2005c)    at http://epa.gov/Region1/assistance/ceitts/ 

   stormwater/techs/downstreamdefender.html 

Bay Seperator: SOURCE: EPA (2005a). Stormfilter. SOURCE: EPA (2005b). 

FIGURE 5-47  Proprietary Manufactured Devices tested by the ETV Program.  

Regular maintenance and inspection at a high level are required to remove captured pollutants, to 
replace mulch, or to rake and remove the surface layer to prevent clogging.  In some cases 
specialized equipment (vacuum trucks) is required to remove built-up sediment.  Although the 
underground placement of these devices has many benefits, it makes it easy to neglect their 
maintenance because there are no signs of reduced performance on the surface.  Because these 
devices are manufactured, the unit construction cost is usually higher than for other SCMs.  
Finally, the numerous testing protocols are confusing and prevent more widespread applications. 

The chief uncertainty with these SCMs is due to the lack of certification of some 
manufactured devices.  There is also concern about which pollutants are removed by which class 
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335 Stormwater Management Approaches 

of device. For example, hydrodynamic devices and sand filters do not address dissolved 
nutrients, and in some cases convert suspended pollutants to their dissolved form.  Both issues 
are related to the false perception that a single SCM must be found that will comprehensively 
treat stormwater.  Such pressures often put vendors in a position of trying to certify that their 
devices can remove all pollutants.  Most often, these devices can serve effectively as part of a 
treatment train, and should be valued for their incremental contributions to water quality 
treatment.  For example, a filter that removes sediment upstream of a bioinfiltration SCM can 
greatly prolong the life of the infiltration device. 

Aquatic Buffers and Managed Floodplains 

Aquatic buffers, sometimes also known as stream buffers or riparian buffers, involve 
reserving a vegetated zone adjacent to streams, shorelines, or wetlands as part of development 
regulations or as an ordinance. In most regions of the country, the buffer is managed as forest, 
although in arid or semi-arid regions it may be managed as prairie, chapparal, or other cover.  
When properly designed, buffers can both reduce runoff volumes and provide water quality 
treatment to stormwater. 

The performance of urban stream buffers cannot be predicted from studies of buffers 
installed to remove sediment and nutrients from agricultural areas (Lowrance and Sheridan, 
2005). Agricultural buffers have been reported to have high sediment and nutrient removal 
because they intercept sheet flow or shallow groundwater flow in the riparian zone.  By contrast, 
urban stream buffers often receive concentrated surface runoff or may even have a storm-drain 
pipe that short-circuits the buffer and directly discharges into the stream.  Consequently, the 
pollutant removal capability of urban stream buffers is limited, unless they are specifically 
designed to distribute and treat stormwater runoff (NRC, 2000).  This involves the use of level 
spreaders, grass filters, and berms to transform concentrated flows into sheet flow (Hathaway 
and Hunt, 2006). Such designed urban stream buffers have been applied widely in the Neuse 
River basin to reduce urban stormwater nutrient inputs to this nitrogen-sensitive waterbody. 

The primary benefit of buffers is to help maintain aquatic biodiversity within the stream.  
Numerous researchers have evaluated the relative impact of riparian forest cover and impervious 
cover on stream geomorphology, aquatic insects, fish assemblages, and various indexes of biotic 
integrity. As a group, the studies suggest that indicator values for urban stream health increase 
when riparian forest cover is retained over at least 50 to 75 percent of the length of the upstream 
network (Goetz et al., 2003; Wang et al., 2003b; McBride and Booth, 2005; Moore and Palmer, 
2005). The width of the buffer is also important for enhancing its stream protection benefits, and 
it ranges from 25 to 200 feet depending on stream order, protection objectives, and community 
ordinances. At the present time, there are no data to support an optimum width for water quality 
purposes. The beneficial impact of riparian forest cover is less detectable when watershed 
impervious cover exceeds 15 percent, at which point degradation by stormwater runoff 
overwhelms the benefits of the riparian forest (Roy et al., 2005, 2006; Walsh et al., 2007).   

Maintenance, inspection, and compliance for buffers can be a problem.  In most 
communities, urban stream buffers are simply a line on a map and are not managed in any 
significant way after construction is over.  As such, urban stream buffers are prone to residential 
encroachment and clearing, and to colonization by invasive plants.  Another important practice is 
to protect, preserve, or otherwise manage the ultimate 100-year floodplain so that vulnerable 
property and infrastructure are not damaged during extreme floods.  Federal Emergency 
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336 Urban Stormwater Management in the United States 

Management Agency (FEMA), state, and local requirements often restrict or control 
development on land within the floodway or floodplain.  In larger streams, the floodway and 
aquatic buffer can be integrated together to achieve multiple social objectives. 

Stream Rehabilitation 

While not traditionally considered an SCM, certain stream rehabilitation practices or 
approaches can be effective at recreating stream physical habitat and ecosystem function lost 
during urbanization. When combined with effective SCMs in upland areas, stream rehabilitation 
practices can be an important component of a larger strategy to address stormwater.  From the 
standpoint of mitigating stormwater impacts, four types of urban stream rehabilitation are 
common: 

•	 Practices that stabilize streambanks and/or prevent channel incision/enlargement can 
reduce downstream delivery of sediments and attached nutrients (see Figure 5-48).  
Although the magnitude of sediment delivery from urban-induced stream-channel 
enlargement is well documented, there are very few published data to quantify the 
potential reduction in sediment or nutrients from subsequent channel stabilization. 

•	 Streams can be hydrologically reconnected to their floodplains by building up the profile 
of incised urban streams using grade controls so that the channel and floodplain interact 
to a greater degree. Urban stream reaches that have been so rehabilitated have increased 
nutrient uptake and processing rates, and in particular increased denitrification rates, 
compared to degraded urban streams prior to treatment (Bukavecas, 2007; Kaushal et al., 
2008). This suggests that urban stream rehabilitation may be one of many elements that 
can be considered to help decrease loads in nutrient-sensitive watersheds. 

•	 Practices that enhance in-stream habitat for aquatic life can improve the expected level of 
stream biodiversity.  However, Konrad (2003) notes that improvement of biological 
diversity of urban streams should still be considered an experiment, since it is not always 
clear what hydrologic, water quality, or habitat stressors are limiting.  Larson et al. (2001) 
found that physical habitat improvements can result in no biological improvement at all.  
In addition, many of the biological processes in urban stream ecosystems remain poorly 
understood, such as carbon processing and nutrient uptake. 

•	 Some stream rehabilitation practices can indirectly increase stream biodiversity (such as 
riparian reforestation, which could reduce stream temperatures, and the removal of 
barriers to fish migration). 
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337 Stormwater Management Approaches 

FIGURE 5-48 Three photographs illustrate stream rehabilitation in Denver.  The top left picture 
is a creek that has eroded in its bed due to urbanization.  The top right picture shows a portion 
of the stabilized creek immediately after construction.  Check structures, which keep the creek 
from cutting its bed, are visible in the middle distance.  The bottom image shows the creek just 
upstream of one of the check structures two years after stabilization.  The thickets of willows 
established themselves naturally.  The only revegetation performed was to seed the area for 
erosion control.  

It should be noted that the majority of urban stream rehabilitation projects undertaken in 
the United States are designed for purposes other than mitigating the impacts of stormwater or 
enhancing stream biodiversity or ecosystem function (Bernhardt et al., 2005).  Most stream 
rehabilitation projects have a much narrower design focus, and are intended to protect threatened 
infrastructure, naturalize the stream corridor, achieve a stable channel, or maintain local bank 
stability (Schueler and Brown, 2004). Improvements in either biological health or the quality of 
stormwater runoff have rarely been documented. 

Unique design models and methods are required for urban streams, compared to their 
natural or rural counterparts, given the profound changes in hydrologic and sediment regime and 
stream–floodplain interaction that they experience (Konrad, 2003).  While a great deal of design 
guidance on urban stream rehabilitation has been released in recent years (FISRWG, 2000; Doll 
and Jennings, 2003; Schueler and Brown, 2004), most of the available guidance has not yet been 
tailored to produce specific outcomes for stormwater mitigation, such as reduced sediment 
delivery, increased nutrient processing, or enhanced stream biodiversity.  Indeed, several 
researchers have noted that many urban stream rehabilitation projects fail to achieve even their 
narrow design objectives, for a wide range of reasons (Bernhardt and Palmer, 2007; Sudduth et 
al., 2007). This is not surprising given that urban stream rehabilitation is relatively new and 
rarely addresses the full range of in-stream alteration generated by watershed-scale changes.  
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338 Urban Stormwater Management in the United States 

This shortfall suggests that much more research and testing are needed to ensure urban stream 
habilitation can meet its promise as an emerging SCM. 

Municipal Housekeeping (Street Sweeping and Storm-Drain Cleanouts) 

Phase II NPDES stormwater permits specifically require municipal good housekeeping as 
one of the six minimum management measures for MS4s.  Although EPA has not presented 
definitive guidance on what constitutes “good housekeeping”, CWP (2008) outlines ten 
municipal operations where housekeeping actions can improve the quality of stormwater, 
including the following: 

• municipal hotspot facility management, 
• municipal construction project management, 
• road maintenance, 
• street sweeping, 
• storm-drain maintenance, 
• stormwater hotline response, 
• landscape and park maintenance , 
• SCM maintenance, and 
• employee training. 

The overarching theme is that good housekeeping practices at municipal operations provide 
source treatment of pollutants before they enter the storm-drain system.  The most frequently 
applied practices are street sweeping (Figure 5-49) and sediment cleanouts of sumps and storm-
drain inlets. Most communities conduct both operations at some frequency for safety and 
aesthetic reasons, although not specifically for the sake of improving stormwater quality (Law et 
al., 2008). 

Numerous performance monitoring studies have been conducted to evaluate the effect of 
street sweeping on the concentration of stormwater pollutants in downstream storm-drain pipes 
(see Pitt, 1979; Bender and Terstriep, 1994; Brinkman and Tobin, 2001; Zarrielo et al., 2002; 
Chang et al., 2005; USGS, 2005; Law et al., 2008).  The basic finding is that regular street 
sweeping has a low or limited impact on stormwater quality, depending on street conditions, 
sweeping frequency, sweeper technology, operator training, and on-street parking.  Sweeping 
will always have a limited removal capability because rainfall events frequently wash off 
pollutants before the sweeper passes through, and only some surfaces are accessible to the 
sweeper, thus excluding sidewalk, driveways, and landscaped areas.  Frequent sweeping (i.e., 
weekly or monthly) has a moderate capability to remove sediment, trash and debris, coarse 
solids, and organic matter. 

Fewer studies have been conducted on the pollutant removal capability of frequent 
sediment cleanout of storm-drain inlets, most in regions with arid climates (Lager et al., 1977; 
Mineart and Singh, 1994; Morgan et al., 2005). These studies have shown some moderate 
pollutant removal if cleanouts are done on a monthly or quarterly basis.  Most communities, 
however, report that they clean out storm drains on an annual basis or in response to problems or 
drainage complaints (Law, 2006). 
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339 Stormwater Management Approaches 

FIGURE 5-49 Vacuum street sweeper at Villanova University.  SOURCE: Robert Traver. 

Frequent sweeping and cleanouts conducted on the dirtiest streets and storm drains 
appear to be the most effective way to include these operations in the stormwater treatment train.  
However, given the uncertainty associated with the expected pollutant removal for these 
practices, street sweeping and storm-drain cleanout cannot be relied on as the sole SCMs for an 
urban area. 

Illicit Discharge Detection and Elimination 

MS4 communities must develop a program to detect and eliminate illicit discharges to 
their storm-drain system as a stormwater NPDES permit condition.  Illicit discharges can involve 
illegal cross-connections of sewage or washwater into the storm-drain system or various 
intermittent or transitory discharges due to spills, leaks, dumping, or other activities that 
introduce pollutants into the storm-drain system during dry weather.  National guidance on the 
methods to find and fix illicit discharges was developed by Brown et al. (2004).  Local illicit 
discharge detection and elimination (IDDE) programs represent an ongoing and perpetual effort 
to monitor the network of pipes and ditches to prevent pollution discharges. 

The water quality significance of illicit discharges has been difficult to define since they 
occur episodically in different parts of a municipal storm drain system.  Field experience in 
conducting outfall surveys does indicate that illicit discharges may be present at 2 to 5 percent of 
all outfalls at any given time.  Given that pollutants are being introduced into the receiving water 
during dry weather, illicit discharges may have an amplified effect on water quality and 
biological diversity. 

Many communities indicate that they employ a citizen hotline to report illicit discharges 
and other water quality problems (Brown et al., 2004), which sharply increases the number of 
illicit discharge problems observed. 
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Stormwater Education 

Like IDDE, stormwater education is one of the six minimum management measures that 
MS4 communities must address in their stormwater NPDES permits.  Stormwater education 
involves municipal efforts to make sure individuals understand how their daily actions can 
positively or negatively influence water quality and work to change specific behaviors linked to 
specific pollutants of concern (Schueler, 2001c).  Targeted behaviors include lawn fertilization, 
littering, car fluid recycling, car washing, pesticide use, septic system maintenance, and pet 
waste pickup.  Communities may utilize a wide variety of messages to make the public aware of 
the behavior and more desirable alternatives through radio, television, newspaper ads, flyers, 
workshops, or door-to-door outreach.  Several communities have performed before-and-after 
surveys to assess both the penetration rate for these campaigns and their ability to induce 
changes in actual behaviors. Significant changes in behaviors have been recorded (see Schueler, 
2002), although few studies are available to link specific stormwater quality improvements to the 
educational campaigns (but see Turner, 2005; CASQA, 2007). 

Residential Stewardship 

This SCM involves municipal programs to enhance residential stewardship to improve 
stormwater quality.  Residents can undertake a wide range of activities and practices that can 
reduce the volume or quality of runoff produced on their property or in their neighborhood as a 
whole. This may include installing rain barrels or rain gardens, planting trees, xeriscaping, 
downspout disconnection, storm-drain marking, household hazardous waste pickups, and yard 
waste composting (CWP, 2005).  This expands on stormwater education in that a municipality 
provides a convenient delivery service to enable residents to engage in positive watershed 
behavior. The effectiveness of residential stewardship is enhanced when carrots are provided to 
encourage the desired behavior, such as subsidies, recognition, discounts, and technical 
assistance (CWP, 2005).  Consequently, communities need to develop a targeted program to 
educate residents and help them engage in the desired behavior. 

SCM Performance Monitoring and Modeling 

Stormwater is characterized by widely fluctuating flows.  In addition, inflow pollutant 
concentrations vary over the course of a storm and can be a function of time since the last storm, 
watershed, size and intensity of rainfall, season, amount of imperviousness, pollutant of interest, 
and so forth. This variability of the inflow to SCMs along with the very nature of SCMs makes 
performance monitoring a complex task.  Most SCMs are built to manage stormwater, not to 
enable flow and water quality monitoring.  Furthermore, they are incorporated into the collection 
system and spread throughout developments.  Measurement of multiple inflows, outflows, 
evapotranspiration, and infiltration are simply not feasible for most sites.  Many factors, such as 
temperature and climate, play a role in how well SCMs function.  Infiltration rates can vary by 
an order of magnitude as a function of temperature (Braga et al., 2007; Emerson and Traver, 
2008), such that a reading in late summer might be twice that of a winter reading.  Determining 
performance can be further complicated because, e.g., at the start of a storm a detention basin 
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341 Stormwater Management Approaches 

could still be partially full from a previous storm, and removal rates for wetlands are a function 
of the growing season, not to mention snowmelt events. 

Monitoring of SCMs is usually performed for one of two purposes: functionality or more 
intensive performance monitoring.  Monitoring of functionality is primarily to establish that the 
SCM is functioning as designed. Performance monitoring is focused on determining what level 
of performance is achieved by the SCM. 

Functionality Monitoring 

Functionality monitoring, in a broad sense, involves checking to see whether the SCM is 
functioning and screening it for potential problems.  Both the federal and several state industrial 
and construction stormwater general permits have standard requirements for visual inspections 
following a major storm event.  Visual observations of an SCM by themselves do not provide 
information on runoff reduction or pollutant removal, but rather only that the device is 
functioning as designed. Adding some grab samples for laboratory analysis can act as a 
screening tool to determine if a more complex analysis is required. 

The first step of functionality monitoring for any SCM is to examine the physical 
condition of the device (piping, pervious surfaces, outlet structure, etc.).  Visual inspection of 
sediments, eroded berms, clogged outlets, and other problems are good indications of the SCM’s 
functionality (see Figure 5-50).  For infiltration devices, visiting after a storm event will show 
whether or not the device is functioning. A simple staff gauge (Figure 5-51) or a stilling well in 
pervious pavement can be used to measure the amount of water-level change over several days to 
estimate infiltration rates.  Minnesota suggests the use of fire equipment or hydrants to fill 
infiltration sites with a set volume of water to measure the rate of infiltration.  For sites that are 
designed to capture a set volume, for example a green roof, a visit could be coordinated with a 
rainfall event of the appropriate size to determine whether there is overflow during the event.  If 
so, then clearly further investigation is required. 

FIGURE 5-50 Rusted outlet structure. FIGURE 5-51 Staff gauge attached to 
SOURCE: Reprinted, with permission, ultrasonic sensor after a storm.  SOURCE: 
from Emerson. Copyright by Clay Emerson.  VUSP. 
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For extended detention and stormwater wetlands, the depth of water during an event is an 
indicator of how well the SCM is functioning.  Usually high-water marks are easy to determine 
due to debris or mud marks on the banks or the structures.  If the size of the storm event is 
known, the depths can be compared to what was expected for the structure.  Other indicators of 
problems would include erosion downstream of the SCM, algal blooms, invasive species, poor 
water clarity, and odor. 

For water quality and manufactured devices, visual inspections after a storm event can 
determine whether the SCM is functioning properly.  Standing water over a sand or other media 
filter 48 hours after a storm is a sign of problems.  Odor and lack of flow clarity could be a sign 
of filter breakthrough or other problems.  For manufactured devices, literature about the device 
should specify inspection and maintenance procedures.  

Monitoring of nonstructural SCMs is almost exclusively limited to visual observation due 
to the difficulty in applying numerical value to their benefits.  Visual inspection can identify 
eroded stream buffers, additional paved areas, or denuded conservation areas (see Figure 5-52). 

Performance Monitoring 

Performance monitoring is an extremely intensive effort to determine the performance of 
an SCM over either an individual storm event or over a series of storms.  It requires integration 
of flow and water quality data creating both a hydrograph and a polutograph for a storm event as 
shown in Figure 5-53. The creation of these graphs requires continuous monitoring of the 
hydrology of the site and multiple water quality samples of the SCM inflow and outflow, the 
vadose zone, and groundwater. Event mean concentrations can then be determined from these 
data. There should be clear criteria for the number and type of storms to be sampled and for the 
conditions preceding a storm.  For example, for most SCMs it would be improper to sample a 
second storm event in series, as the inflow may be free of pollutants and the soil moisture filled, 
resulting in a poor or negative performance.  (Extended detention basins are an exception 
because the outflow during a storm event may include inflows from previous events.)  The size 
of the sampled storm is also important.  If the water quality goal is focused on smaller events, the 
100-year storm would not give a proper picture of the performance because the occurrence is so 
rare that it is not a water quality priority. 
. 

FIGURE 5-52 Wooded conservation 
area stripped of trees. Note pile of 
sawdust. SOURCE: Robert Traver. 
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FIGURE 5-53  Example polutograph that displays inflow and outflow TSS during a storm event from the 
Villanova wetland stormwater SCM.  SOURCE: Reprinted, with permission, Rea and Traver (2005).  
Copyright 2005 by the American Society of Civil Engineers. 

For runoff-volume-reduction SCMs, performance monitoring can be extremely difficult 
because these systems are spread over the project site.  The monitoring program must consider 
multiple-size storms because these SCMs are designed to remove perhaps the first inch of runoff.  
Therefore, for storms of less than an inch, there is no surface water release, so the treatment is 
100 percent effective for surface discharges.  During larger events, a bioretention SCM or green 
roof may export pollutants.  When viewed over the entire spectrum of storms, these devices are 
an outstanding success; however, this may not be evident during a hurricane. 

Through the use of manufactured weirs (Figure 5-54), it is possible to develop flow-depth 
criteria based on hydraulic principles for surface flows entering or leaving the SCM.  Where this 
is not practical, various manufacturers have Doppler velocity sensors that, combined with 
geometry and depth, provide a reasonable continuous record of flow.  Measurement of depth 
within a device can be accomplished through use of pressure transducers, bubblers, float gauges, 
and ultrasonic sensors. Other common measures would include rainfall and temperature.  One 
advantage of these data recording systems is that they can be connected to water quality probes 
and automated samplers to provide a flow-weighted sample of the event for subsequent 
laboratory analysis. Field calibration and monitoring of these systems is required. 
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FIGURE 5-54 Weir flow used to measure flow rate.  Courtesy of Robert Traver. 

Groundwater sampling for infiltration SCMs is a challenge.  Although the rate of change 
in water depth can indicate volume moving into the soil mantle, it is difficult to establish whether 
this flow is evapotranspirated or ends up as baseflow or deep groundwater input.  Sampling in 
the vadose zone can be established through the use of lysimeters that, through a vacuum, draw 
out water from the soil matrix.  Soil moisture probes can give a rough estimation of the soil 
moisture content, and weighing lysimeters can establish evapotranspiration rates.  Finally 
groundwater wells can be used to establish the effect of the SCM on the groundwater depth and 
quality during and after storm events. 

Performance monitoring of extended detention SCMs is difficult because the inflows and 
outflows are variable and may extend over multiple days.  Hydrologic monitoring can be 
accomplished using weirs (Figure 5-54), flow meters, and level detectors.  The new generation of 
temperature, dissolved oxygen, and conductivity probes allows for automated monitoring.  (It 
should be noted that in many cases the conductivity probes are observing chlorides, which are 
not generally removed by SCMs.)  In many cases monitoring of the downstream stream-channel 
geomorphology and stream habitat may be more useful than performance monitoring when 
assessing the effect of the SCM. 

The performance monitoring of treatment devices is straightforward and involves 
determining the pollutant mass inflows and outflows.  Performance monitoring of manufactured 
SCMs has been established through several protocols.  An example is TARP, used by multiple 
states (http://www.dep.state.pa.us/dep/deputate/pollprev/techservices/tarp/).  This requires the 
manufacturer to test their units according to a set protocol of lab or field experiments to set 
performance criteria.  Several TARP member and other states have published revised protocols 
for their use.  These and other similar criteria are evolving and the subject of considerable effort 
by industry organizations that include the American Society of Civil Engineers. 
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Finally, much needs to be done to determine the performance of nonstructural SCMs, for 
which little to no monitoring data are available (see Table 5-2).  Currently most practitioners 
expand upon current hydrologic modeling techniques to simulate these techniques.  For example, 
disconnection of impervious surfaces is often modeled by adding the runoff from the roof or 
parking area as distributed “rainfall” on the pervious area.  Experiments and long-term 
monitoring are needed for these SCMs. 

More information on SCM monitoring is available through the International Stormwater 
BMP Database (http://www.bmpdatabase.org). 

Modeling of SCM performance 

Modeling of SCMs is required to understand their individual performance and their effect 
on the overall watershed. The dispersed nature of their implementation, the wide variety of 
possible SCM types and goals, and the wide range of rainfall events they are designed for makes 
modeling of SCMs extremely challenging.  For example, to model multiple SCMs on a single 
site may require simulation of many hydrologic and environmental processes for each SCM in 
series. Modeling these effects over large watersheds by simulating each SCM is not only 
impractical, but the noise in the modeling may make the simulation results suspect.  Thus, it is 
critical to understand the model’s purpose, limitations, and applicability.   

As discussed in Chapter 4, one approach to simulating SCM performance is through 
mathematical representation of the unit processes.  The large volumes of data needed for 
process-based models generally restrict their use to smaller-scale modeling.  For flow this would 
start with the hydrograph entering the SCM and include infiltration, evapotranspiration, routing 
through the system, or whatever flow paths were applicable.  The environmental processes that 
would need to be represented could include settling, adsorption, biological transformation, and 
soil physics. Currently there are no environmental process models that work across the range of 
SCMs. Rather, the state of art is to use general removal efficiencies from publications such as 
the International Stormwater BMP Database (http://www.bmpdatabase.org) and the Center for 
Watershed Protection’s National Pollutant Removal Database (CWP, 2000b, 2007b).  
Unfortunately, this approach has many limitations.  The percent removal used on a site and storm 
basis does not include storm intensity, period between the storms, land use, temperature, 
management practices, whether other SCMs are upstream, and so forth.  It also should be noted 
that percent removals are a surface water statistic and do not address groundwater issues or 
include any biogeochemistry.  

Mechanistic simulation of the hydrologic processes within an SCM is much advanced 
compared to environmental simulation, but from a modeling scale it is still evolving.  Indeed, 
models such as the Prince George’s County Decision Support System are greatly improved in 
that the hydrologic simulation of the SCM includes infiltration, but they still do not incorporate 
the more rigorous soil physics and groundwater interactions.  Some models, such as the 
Stormwater Management Model (SWMM), have the capability to incorporate mechanistic 
descriptions of the hydrologic processes occurring inside an SCM.   

At larger scales, simulation of SCMs is done primarily using lumped models that do not 
explicitly represent the unit processes but rather the overall effects.  For example, the goal may 
be to model the removal of 2 cm of rainfall from every storm from bioinfiltration SCMs.  Thus, 
all that would be needed is how many SCMs are present and their configuration and what their 
capabilities are within your watershed.  What is critical for these models is to represent the 
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interrelated processes correctly and to include seasonal effects.  Again, the pollutant removal 
capability of the SCM is represented with removal efficiencies derived from publications. 

Regardless of the scale of the model, or the extent to which it is mechanistic or not, 
nonstructural SCMs are a challenge.  Limiting impervious surface or maintenance of forest cover 
have been modeled because they can be represented as the maintenance of certain land uses.  
However, aquatic buffers, disconnected impervious surfaces, stormwater education, municipal 
housekeeping, and most other nonstructural SCMs are problematic.  Another challenge from a 
watershed perspective is determining what volume of pollutants comes from streambank erosion 
during elevated flows versus from nonpoint source pollution.  Most hydrologic models do not 
include or represent in-stream processes. 

In order to move forward with modeling of SCMs, it will be necessary to better 
understand the unit processes of the different SCMs, and how they differ for hydrology versus 
transformations.  Research is needed to gather performance numbers for the nonstructural SCMs.  
Until such information is available, it will be virtually impossible to predict that an individual 
SCM can accomplish a certain level of treatment and thus prevent a nearby receiving water from 
violating its water quality standard. 

DESIGNING SYSTEMS OF STORMWATER CONTROL MEASURES 

ON A WATERSHED SCALE
 

Most communities have traditionally relied on stormwater management approaches that 
result in the design and installation of SCMs on a site-by-site basis.  This has created a large 
number of individual stormwater systems and SCMs that are widely distributed and have become 
a substantial part of the contemporary urban and suburban landscape.  Typically, traditional 
stormwater infrastructure was designed on a subdivision basis to reduce peak storm flow rates to 
predevelopment levels for large flood events (> 10-year return period). The problem with the 
traditional approach is that (1) the majority of storms throughout the year are small and therefore 
pass through the detention facilities uncontrolled, (2) the criterion of reducing storm flow does 
not address the need for reducing total storm volume, and (3) the facilities are not designed to 
work as a system on a watershed scale.  In many cases, the site-by-site approach has exacerbated 
downstream flooding and channel erosion problems as a watershed is gradually built out.  For 
example, McCuen (1979) and Emerson et al. (2005) showed that an unplanned system of site-
based SCMs can actually increase flooding on a watershed scale owing to the effect of many 
facilities discharging into a receiving waterbody in an uncoordinated fashion—causing the very 
flooding problem the individual basins were built to solve. 

With the relatively recent recognition of unacceptable downstream impacts and the 
regulation of urban stormwater quality has come a rethinking of the design of traditional 
stormwater systems.  It is becoming rapidly understood that stormwater management should 
occur on a watershed scale to prevent flow control problems from occurring or reducing the 
chances that they might become worse.  In this context, the “watershed scale” refers to the small 
local watershed to which the individual site drains (i.e., a few square miles within a single 
municipality). Together, the developer, designer, plan reviewer, owners, and the municipality 
jointly install and operate a linked and shared system of distributed practices across multiple sites 
that achieve small watershed objectives.  Many metropolitan areas around the country have 
institutions, such as the Southeast Wisconsin Regional Planning Commission and the Milwaukee 
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347 Stormwater Management Approaches 

Metropolitan Sewage District, that are doing stormwater master planning to reduce flooding, 
bank erosion, and water quality problems on a watershed scale.  

Designing stormwater management on a watershed scale creates the opportunity to 
evaluate a system of SCMs and maximize overall effectiveness based on multiple criteria, such 
as the incremental costs to development beyond traditional stormwater infrastructure, the 
limitations imposed on land area required for site planning, the effectiveness at improving water 
quality or attenuating discharges, and aesthetics.  Because the benefits that accrue with improved 
water quality are generally not realized by those entities required to implement SCMs, greater 
value must be created beyond the functional aspects of the facility if there is to be wide 
acceptance of SCMs as part of the urban landscape.  Stormwater systems designed on a 
watershed basis are more likely to be seen as a multi-functional resource that can contribute to 
the overall quality of the urban environment.  Potential even exists to make the stormwater 
system a primary component of the civic framework of the community—elements of the public 
realm that serve to enhance a community’s quality of life like public spaces and parks.  For 
example, in central Minneapolis, redevelopment of a 100-acre area called Heritage Park as a 
mixed-density residential neighborhood was organized around two parks linked by a parkway 
that served dual functions of recreation and stormwater management. 

Key elements of the watershed approach to designing systems of SCMs are discussed in 
detail below.  They include the following: 

1. Forecasting the current and future development types. 
2. Forecasting the scale of current and future development. 
3. Choosing among on-site, distributed SCMs and larger, consolidated SCMs. 
4. Defining stressors of concern. 
5. Determining goals for the receiving water. 
6. Noting the physical constraints. 
7. Developing SCM guidance and performance criteria for the local watershed. 
8. Establishing a trading system. 
9. Ensuring the safe performance of the drainage network, streams, and floodplains. 
10. Establishing community objectives for the publically owned elements of stormwater 

infrastructure. 
11. Establishing a maintenance plan. 

Forecasting the Current and Future Development Types 

Forecasting the type of current and future development within the local watershed will 
guide or shape how individual practices and SCMs are generally assembled at each individual 
site. The development types that are generally thought of include Greenfield development (small  
and large scales), redevelopment within established communities and on Brownfield sites, and 
retrofitting of existing urban areas. These development types range roughly from lower density 
to higher density impervious cover.  Box 5-10 explains how the type of development can dictate 
stormwater management, discussing two main categories—Greenfield development and 
redevelopment of existing areas. The former refers to development that changes pristine or 
agricultural land to urban or suburban land uses, frequently low-density residential housing.  
Redevelopment refers to changing from an existing urban land use to another, usually of higher  
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348 Urban Stormwater Management in the United States 

BOX 5-10 
Development Types and their Relationship to the Stormwater System 

Development falls into two basic types.  Greenfield development requires new infrastructure 
designed according to contemporary design standards for roads, utilities, and related infrastructure.  
Redevelopment refers to developed areas undergoing land-use change.  In contrast to Greenfields, 
infrastructure in previously developed areas is often in poor condition, was not built to current design 
standards, and is inadequate for the new land uses proposed.  The stormwater management scenarios 
common to these types of development are described below. 

Greenfield Development 

At the largest scale, Greenfield development refers to planned communities at the developing 
edge of metropolitan areas.  Communities of this type often vary from several hundred acres to very large 
projects that encompassed tens of thousands of acres requiring buildout over decades.  They often 
include the trunk or primary stormwater system as well as open stream and river corridors.  The most 
progressive communities of this type incorporate a significant portion of the area to stormwater systems 
that exist as surface elements.  Such stormwater system elements are typically at the subwatershed scale 
and provide for consolidated conveyance, detention, and water quality treatment.  These elements of the 
infrastructure can be multi-functional in nature, providing for wildlife habitat, trail corridors, and open-
space amenities. 

Greenfield development can also occur on a small scale—neighborhoods or individual sites within 
newly developing areas that are served by the secondary public and tertiary stormwater systems.  This 
smaller-scale, incremental expansion of existing urban patterns is a more typical way for cities to grow.  A 
more limited range of SCMs and innovative stormwater management practices are available on smaller 
projects of this type, including LID practices. 

Redevelopment of Existing Areas 

Redevelopment within established communities is typically at the scale of individual sites and 
occasionally the scale of a small district.  The area is usually served by private, on-site systems that 
convey larger storm events into preexisting stormwater systems that were developed decades ago, either 
in historic city centers or in “first ring,” post-World War II suburbs adjacent to historic city centers.  
Redevelopment in these areas is typically much denser than the original use.  The resulting increase in 
impervious area, and typically the inadequacy of existing stormwater infrastructure serving the site often 
results in significant development costs for on-site detention and water quality treatment.  Elaborate 
vaults or related structures, or land area that could be utilized for development, must often be committed 
to on-site stormwater management to comply with current stormwater regulations. 

Brownfields are redevelopments of industrial and often contaminated property at the scale of an 
individual site, neighborhood, or district.  Secondary public systems and private stormwater systems on 
individual sites typically serve these areas.  In many cases, especially in outdated industrial areas, little or 
no stormwater infrastructure exists, or it is so inadequate as to require replacement.  Water quality 
treatment on contaminated sites may also be necessary.  For these reasons, stormwater management in 
such developments presents special challenges.  As an example, the most common methods of 
remediation of contaminated sites involve capping of contaminated soils or treatment of contaminants in 
situ, especially where removal of contaminated soils from a site is cost prohibitive.  Given that 
contaminants are still often in place on redeveloped Brownfield sites and must not be disturbed, certain 
SCMs such as infiltration of stormwater into site soils, or excavation for stormwater piping and other 
utilities, present special challenges. 
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349 Stormwater Management Approaches 

density, such as from single-family housing to multi-family housing.  Finally, retrofitting as used 
in this report is not a development type but rather the upgrading of stormwater management 
within an existing land use to meet higher standards. 

Table 5-7 shows which SCMs are best suited for Greenfield development (particularly 
low-density residential), redevelopment of urban areas, and intense industrial redevelopment.  
The last category is broken out because the suite of SCMs needed is substantially different than 
for urban redevelopment.  Each type of development has a different footprint, impervious cover, 
open space, land cost, and existing stormwater infrastructure.  Consequently, SCMs that are 
ideally suited for one type of development may be impractical or infeasible for another.  One of 
the main points to be made is that there are more options during Greenfield development than 
during redevelopment because of existing infrastructure, limited land area, and higher costs in 
the latter case. 

TABLE 5-7 Applicability of Stormwater Control Measures by Type of Development 
Stormwater Control Measure Low-Density 

Greenfield Residential 
Urban 

Redevelopment 
Intense Industrial 

Redevelopment 
Product Substitution ○ ● ● 
Watershed and Land-Use 
Planning 

■ ■ ○ 

Conservation of Natural Areas ■ � ○ 
Impervious Cover Minimization ■ � � 
Earthwork Minimization ■ � � 
Erosion and Sediment Control  ■ ■ ■ 
Reforestation and Soil 
Conservation 

■ ● ● 

Pollution Prevention SCMs � ● ■ 
Runoff Volume Reduction— 
Rainwater Harvesting 

■ ■ ● 

Runoff Reduction—Vegetated ■ ○ ● 
Runoff Reduction—Subsurface ■ ○ � 
Peak Reduction and Runoff 
Treatment  

■ � ○ 

Runoff Treatment ● ● ■ 
Aquatic Buffers and Managed 
Floodplains 

● � ○ 

Stream Rehabilitation ○ � � 
Municipal Housekeeping  ○ ○ NA 
IDDE ○ ○ ○ 
Stormwater Education ● ● ● 
Residential Stewardship ■ ● NA 
NOTE: ■, always; ●, often; ○, sometimes; �, rarely; NA, not applicable. 
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350 Urban Stormwater Management in the United States 

Forecasting the Scale of Current and Future Development 

The choice of what SCMs to use depends on the area that needs to be serviced.  It turns 
out that some SCMs work best over a few acres, whereas others require several dozen acres or 
more; some are highly effective only for the smallest sites, while others work best at the stream 
corridor or subwatershed level. Table 5-1 includes a column that is related the scale at which 
individual SCMs can be applied (“where” column).  The SCMs mainly applied at the site scale 
include runoff volume reduction—rainwater harvesting, runoff treatment like filtering, and 
pollution prevention SCMs for hotspots.  As one goes up in scale, SCMs like runoff volume 
reduction—vegetated and subsurface, earthwork minimization, and erosion and sediment control 
take on more of a role.  At the largest scales, watershed and land-use planning, conservation of 
natural areas, reforestation and soil conservation, peak flow reduction, buffers and managed 
floodplains, stream rehabilitation, municipal housekeeping, IDDE, stormwater education, and 
residential stewardship play a more important role.  Some SCMs are useful at all scales, such as 
product substitution and impervious cover minimization. 

Choosing Among On-Site, Distributed SCMs and Larger, Consolidated SCMs 

There are distinct advantages and disadvantages to consider when choosing to use a 
system of larger, consolidated SCMs versus smaller-scale, on-site SCMs that go beyond their 
ability to achieve water quality or urban stream health.  Smaller, on-site facilities that serve to 
meet the requirements for residential, commercial, and office developments tend to be privately 
owned. Typically, flows are directed to porous landscape detention areas or similar SCMs, such 
that volume and pollutants in stormwater are removed at or near their source.  Quite often, these 
SCMs are relegated to the perimeter project, incorporated into detention ponds, or, at best, 
developed as landscape infiltration and parking islands and buffers.  On-site infiltration of 
frequent storm events can also reduce the erosive impacts of stormwater volumes on downstream 
receiving waters.  Maintenance is performed by the individual landowner, which is both an 
advantage because the responsibility and costs for cleanup of pollutants generated by individual 
properties are equitably distributed, and a disadvantage because ongoing maintenance incurs a 
significant expense on the part of individual property owners and enforcement of properties not 
in compliance with required maintenance is difficult.  On the negative side, individual SCMs 
often require additional land, which increases development costs and can encourage sprawl.  
Monitoring of thousands of SCMs in perpetuity in a typical city creates a significant ongoing 
public expense, and special training and staffing may be required to maintain SCM effectiveness 
(especially for subgrade or in-building vaults used in ultra-urban environments).  Finally, given 
that as much as 30 percent of the urban landscape is comprised of public streets and rights-of
way, there are limited opportunities to treat runoff from streets through individual on-site private 
SCMs. (Notable exceptions are subsurface runoff-volume-reduction SCMs like permeable 
pavement that require no additional land and promote full development density within a given 
land parcel because they use the soil areas below roads and the development site for infiltration.) 

In contrast, publicly owned, consolidated SCMs are usually constructed as part of larger 
Greenfield and infill development projects in areas where there is little or no existing 
infrastructure.  This type of facility—usually an infiltration basin, detention basin, wet/dry pond, 
or stormwater wetland—tends to be significantly larger, serving multiple individual properties.  
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351 Stormwater Management Approaches 

Ownership is usually by the municipality, but may be a privately managed, quasi-public special 
district. There must be adequate land available to accommodate the facility and a means of up-
front financing to construct the facility. An equitable means of allocating costs for ongoing 
maintenance must also be identified.  However, the advantage of these facilities is that 
consolidation requires less overall land area, and treatment of public streets and rights-of-way 
can be addressed. Monitoring and maintenance are typically the responsibility of one 
organization, allowing for effective ongoing operations to maintain the original function of the 
facility.  If that entity is public, this ensures that the facility will be maintained in perpetuity, 
allowing for the potential to permanently reduce stormwater volumes and for reduction in the 
size of downstream stormwater infrastructure.  Because consolidated facilities are typically 
larger than on-site SCMs, mechanized maintenance equipment allows for greater efficiency and 
lower costs. Finally, consolidated SCMs have great potential for multifunctional uses because 
wildlife habitat, recreational, and open-space amenities can be integrated to their design.  Box 5
11 describes sites of various scales where either consolidated or distributed SCMs were chosen. 

Defining Stressors of Concern 

The primary pollutants or stressors of concern (and the primary source areas or 
stormwater hotspots within the watershed likely to produce them) should be carefully defined for 
the watershed. Although this community decision is made only infrequently, it is critical to 
ensuring that SCMs are designed to prevent or reduce the maximum load of the pollutants of 
greatest concern. This choice may be guided by regional water quality priorities (such as 
nutrient reduction in the Chesapeake Bay or Neuse River watersheds) or may be an outgrowth of 
the total maximum daily load process where there is known water quality impairment or a listed 
pollutant. The choice of a pollutant of concern is paramount, since individual SCMs have been 
shown to have highly variable capabilities to prevent or reduce specific pollutants (see WERF, 
2006; ASCE, 2007; CWP, 2007b). In some cases, the capability of SCMs to reduce a specific 
pollutant may be uncertain or unknown. 

Determining Goals for the Receiving Waters 

It is important to set biological and public health goals for the receiving water that are 
achievable given the ultimate impervious cover intended for the local watershed (see the 
Impervious Cover Model in Box 3-10).  If the receiving water is too sensitive to meet these 
goals, one should consider adjustments to zoning and development codes to reduce the amount 
of impervious cover.  The biological goals may involve a keystone species, such as salmon or 
trout, a desired state of biological integrity in a stream, or a maximum level of eutrophication in 
a lake. In other communities, stormwater goals may be driven by the need to protect a sole-
source drinking water supply (e.g., New York watersheds) or to maintain water contact 
recreation at a beach, lake, or river.  Once again, the watershed goals that are selected have a 
strong influence on the assembly of SCMs needed to meet them, since individual SCMs vary 
greatly in their ability to achieve different biological or public health outcomes. 
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BOX 5-11 

Examples of Communities Using Consolidated versus Distributed SCMs 


Stapleton Airport New Community 

This is a mixed-use, mixed-density New Urbanist community that has been under development 
for the past 15 years on the 4,500-acre former Stapleton Airport site in central Denver.  As shown in 
Figures 5-55 and 5-56, the stormwater system emphasizes surface conveyance and treatment on 
individual sites, as well as in consolidated regional facilities. 

FIGURE 5-55  The community plan, shown on the left, is organized around two day lighted creeks, 
formerly buried under airport runways, and a series of secondary conveyances which provide recreational 
open space within neighborhoods.  The image on the right illustrates one of the multi-functional creek 
corridors.  Consolidated stormwater treatment areas and surface conveyances define more traditional 
park recreation and play areas.  Courtesy of Stapleton Redevelopment Foundation.  

FIGURE 5-56  A consolidated 
treatment area adjacent to 
one of several neighborhoods 
that have been constructed as 
part of the project’s build-out.  

continues next page 
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353 Stormwater Management Approaches 

Heritage Park Neighborhood Redevelopment 

A failed public housing project adjacent to downtown Minneapolis, Minnesota, has been replaced 
by a mixed-density residential neighborhood.  Over 1,200 rental, affordable, and market-rate single- and 
multi-family housing units have been provided in the 100-acre project area.  The neighborhood is 
organized around two neighborhood parks and a parkway that serve dual functions as neighborhood 
recreation space and as surface stormwater conveyance and a consolidated treatment system (see 
Figure 5-57).  Water quality treatment is being provided for a combined area of over 660 acres that 
includes the 100-acre project area and over 500 acres of adjacent neighborhoods.  Existing stormwater 
pipes have been routed through treatment areas with treatment levels ranging from 50 to 85 percent TSS 
removal, depending on the available land area. 

FIGURE 5-57  View of a sediment trap and porous 
landscape detention area in the central parkway spine 
of Heritage Park.  The sediment trap in the center left 
of the photo was designed for ease of maintenance 
access by city crews with standard city maintenance 
equipment. Courtesy of SRF Consulting Group, Inc. 

The High Point Neighborhood 

This Seattle project is the largest example of the city’s Natural Drainage Systems Project and it 
illustrates the incorporation of individual SCMs into street rights-of-way as well as a consolidated facility.  
The on-site, distributed SCMs in this 600-acre neighborhood are swales, permeable pavement, and 
disconnected downspouts.  A large detention pond services the entire region that is much smaller than it 
would have been had the other SCMs not been built.  Both types of SCMs are shown in Figure 5-58. 

FIGURE 5-58  Natural drainage system methods have been applied to a 34-block, 1,600-unit mixed-
income housing redevelopment project called High Point.  Vegetated swales, porous concrete sidewalks, 
and frontyard rain gardens convey and treat stormwater on-site.  On the right is the detention pond for the 
development.  

continues next page 
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BOX 5-11 Continued 

Pottsdammer Platz 

This project, in the heart of Berlin, Germany, illustrates the potential for stormwater treatment in 
the densest urban environments by incorporating treatment into building systems and architectural pools 
that are the centerpiece of a series of urban plazas.  As shown in Figure 5-59, on-site, individual SCMs 
are used to collect stormwater and use it for sanitary purposes. 

FIGURE 5-59  Stormwater is collected and stored on-site in a series of vaults.  Water is circulated through 
a series of biofiltration areas and used for toilets and other mechanical systems in the building complex.  
Large storms overflow into an adjacent canal. Permission pending. 

Menomonee Valley Redevelopment, Wisconsin 

The 140-acre redevelopment of abandoned railyards illustrates how a Brownfield site within an 
existing floodplain can be redeveloped using both on-site and consolidated treatment.  As shown in 
Figure 5-60, consolidated treatment is incorporated into park areas which provide recreation for adjacent 
neighborhoods and serve as a centerpiece for a developing light industrial area that provides jobs to 
surrounding neighborhoods.  Treatment on individual privately owned parcels is limited to the removal of 
larger sediments and debris only, making more land available for development.  The volume of water that, 
by regulation, must be captured and treated on individual sites is conveyed through a conventional 
subsurface system for treatment in park areas.  

FIGURE 5-60  Illustrations show consolidated treatment areas in proposed parks.  The image on the left 
illustrates the fair weather condition, the center image the water quality capture volume, and the image on 
the right the 100-year storm event.  Construction was completed in spring 2007.  
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Noting the Physical Constraints 

The specific physical constraints of the watershed terrain and the development pattern 
will influence the selection and assembly of SCMs.  The application of SCMs must be 
customized in every watershed to reflect its unique terrain, such as karst, high water tables, low 
or high slopes, freeze–thaw depth, soil types, and underlying geology.  Each SCM has different 
restrictions or constraints associated with these terrain factors.  Consequently, the SCM 
prescription changes as one moves from one physiographic region to another (e.g., the flat 
coastal plain, the rolling Piedmont, the ridge and valley, and mountainous headwaters). 

Developing SCM Guidance and Performance Criteria for the Local Watershed 

Based on the foregoing factors, the community should establish specific sizing, selection, 
and design requirements for SCMs.  These SCM performance criteria may be established in a 
local, regional, or state stormwater design manual, or by reference in a local watershed plan.  The 
Minnesota Stormwater Steering Committee (MSSC, 2005) provides a good example of how 
SCM guidance can be customized to protect specific types of receiving waters (e.g., high-quality 
lakes, trout streams, drinking water reservoirs, and impaired waters).  In general, the watershed-
or receiving water-based criteria are more specific and detailed than would be found in a regional 
or statewide stormwater manual.  For example, the local stormwater guidance criteria may be 
more prescriptive with respect to runoff reduction and SCM sizing requirements, outline a 
preferred sequence for SCMs, and indicate where SCMs should (or should not) be located in the 
watershed. Like the identification of stressors or pollutants of concerns, this step is rarely taken 
under current paradigms of stormwater management. 

Establishing a Trading System 

A stormwater trading or offset system is critical to situations when on-site SCMs are not 
feasible or desirable in the watershed.  Communities may choose to establish some kind of 
stormwater trading or mitigation system in the event that full compliance is not possible due to 
physical constraints or because it is more cost effective or equitable to achieve pollutant 
reduction elsewhere in the local watershed.  The most common example is providing an offset 
fee based on the cost to remove an equivalent amount of pollutants (such as phosphorus in the 
Maryland Critical Area—MD DNR, 2003).  This kind of trading can provide for greater cost 
equity between low-cost Greenfield sites and higher-cost ultra-urban sites. 

Ensuring the Safe and Effective Performance of the Drainage Network, Streams, and 
Floodplains 

The urban water system is not solely designed to manage the quality of runoff.  It also 
must be capable of safely handling flooding from extreme storms to protect life and property.  
Consequently, communities need to ensure that their stormwater infrastructure can prevent 
increased flooding caused by development (and possibly exacerbated future climate change).  In 
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addition, many SCMs must be designed to safely pass extreme storms when they do occur.  This 
usually requires a watershed approach to stormwater management to ensure that quality and 
quantity control are integrated together, with an emphasis on the connection and effective use of 
conveyance channels, streams, riparian buffers, and floodplains. 

Establishing Community Objectives for the Publicly Owned Elements of Stormwater 
Infrastructure 

The stormwater infrastructure in a community normally occupies a considerable surface 
area of the landscape once all the SCMs, drainage easements, buffers, and floodplains are added 
together.  Consequently, communities may require that individual SCM elements are designed to 
achieve multiple objectives, such as landscaping, parks, recreation, greenways, trails, habitat, 
sustainability, and other community amenities (as discussed extensively above).  In other cases, 
communities may want to ensure that SCMs do not cause safety or vector problems and that they 
look attractive. The best way to maximize community benefits is to provide clear guidance in 
local SCM criteria at the site level and to ensure that local watershed plans provide an overall 
context for their implementation. 

Establishing an Inspection and Maintenance Plan 

The long-term performance of any SCM is fundamentally linked to the frequency of 
inspections and maintenance.  As a result, NPDES stormwater permit conditions for industrial, 
construction, and municipal permittees specify that pollution prevention, construction, and post-
construction SCMs be adequately maintained.  MS4 communities are also required under 
NPDES stormwater permits to track, inspect, and ensure the maintenance of the collective 
system of SCMs and stormwater infrastructure within their jurisdiction.  In larger communities, 
this can involve hundreds or even thousands of individual SCMs located on either public or 
private property.  In these situations, communities need to devise a workable model that will be 
used to operate, inspect, and maintain the stormwater infrastructure across their local watershed.  
Communities have the lead responsibility in their MS4 permits to assure that SCMs are 
maintained properly to ensure their continued function and performance over time.  They can 
elect to assign the responsibility to the public sector, the private sector (e.g., property owners and 
homeowners association), or a hybrid of the two, but under their MS4 permits they have ultimate 
responsibility to ensure that SCM maintenance actually occurs.  This entails assigning legal and 
financial responsibilities to the owners of each SCM element in the watershed, as well as 
maintaining a tracking and enforcement system to ensure compliance. 

Summary 

Taking all of the elements above into consideration, the emerging goal of stormwater 
management is to mimic, as much as possible, the hydrological and water quality processes of 
natural systems as rain travels from the roof to the stream through combined application of a 
series of practices throughout the entire development site and extending to the stream corridor.  
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357 Stormwater Management Approaches 

The series of SCMs incrementally reduces the volume of stormwater on its way to the stream, 
thereby reducing the amount of conventional stormwater infrastructure required.   

There is no single SCM prescription that can be applied to each kind of development; 
rather, a combination of interacting practices must be used for full and effective treatment.  For a 
low-density residential Greenfield setting, a combination of SCMs that might be implemented is 
illustrated in Table 5-8.  There are many successful examples of SCMs in this context and at 
different scales.  By contrast, Tables 5-9 and 5-10 outline how the general “roof-to-stream” 
stormwater approach is adapted for intense industrial operations and urban redevelopment sites, 
respectively. As can be seen, these development situations require a differ combination of SCMs 
and practices to address the unique design challenges of dense urban environments.  The tables 
are meant to be illustrative of certain situations; other scenarios, such as commercial 
development, would likely require additional tables. 

TABLE 5-8 From the Roof to the Stream: SCMs in a Residential Greenfield 
SCM What it Is What it Replaces How it Works 
Land-Use 
Planning 

Early site 
assessment 

Doing SWM design 
after site layout 

Map and plan submitted at earliest 
stage of development review 
showing environmental, drainage, 
and soil features 

Conservation 
of Natural 
Areas 

Maximize forest canopy Mass clearing Preservation of priority forests and 
reforestation of turf areas to 
intercept rainfall 

Earthwork 
Minimization 

Conserve soils and 
contours 

Mass grading and 
soil compaction  

Construction practices to conserve 
soil structure and only disturb a 
small site footprint  

Impervious 
Cover 
Minimization 

Better site design Large streets, lots and 
cul-de-sacs 

Narrower streets, permeable 
driveways, clustering lots, and 
other actions to reduce site IC 

Runoff 
Volume 
Reduction— 
Rainwater 
Harvesting 

Utilize rooftop runoff Direct connected roof 
leaders 

A series of practices to capture, 
disconnect, store, infiltrate, or 
harvest rooftop runoff 

Runoff 
Volume 
Reduction— 

Frontyard  
bioretention 

Positive drainage 
from roof to road 

Grading frontyard to treat roof, 
lawn, and driveway runoff using 
shallow bioretention 

Vegetated Dry 
swales 

Curb/gutter and storm 
drain pipes 

Shallow, well-drained bioretention 
swales located in the street right-
of-way 

Peak 
Reduction 
and Runoff 
Treatment 

Linear 
wetlands 

Large detention 
ponds 

Long, multi-cell, forested wetlands 
located in the stormwater 
conveyance system 

Aquatic 
Buffers and 
Managed 
Floodplains 

Stream buffer 
management 

Unmanaged stream 
buffers 

Active reforestation of buffers and 
restoration of degraded streams  

Note: SCMs are applied in a series, although all of the above may not be needed at a given residential 
site. This “roof-to-stream” approach works best for low- to medium-density residential development. 
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358 Urban Stormwater Management in the United States 

In summary, a watershed approach for organizing site-based stormwater decisions is 
generally superior to making site-based decisions in isolation.  Communities that adopt the 
preceding watershed elements not only can maximize the performance of the entire system of 
SCMs to meet local watershed objectives, but also can maximize other urban functions, reduce 
total costs, and reduce future maintenance burdens. 

TABLE 5-9 From the Roof to the Outfall: SCMs in an Industrial Context 
SCM 
Category 

What it Is What it Replaces How it Works 

Pollution 
Prevention 

Drainage mapping No map Analysis of the locations and connections of the 
stormwater and wastewater infrastructure from the 
site 

Hotspot site 
investigation 

Visual inspection Systematic assessment of runoff problems and 
pollution prevention opportunities at the site 

Rooftop 
management 

Uncontrolled 
rooftop runoff 

Use of alternative roof surfaces or coatings to 
reduce metal runoff, and disconnection of roof 
runoff for stormwater treatment   

Exterior maintenance 
practices 

Routine plant 
maintenance 

Special practices to reduce discharges during 
painting, powerwashing, cleaning, sealcoating and 
sandplasting 

Extending roofs for no 
exposure 

Exposed hotspot 
operations 

Extending covers over susceptible 
loading/unloading, fueling, outdoor storage, and 
waste management operations 

Vehicular  
pollution prevention 

Uncontrolled 
vehicle operations 

Pollution prevention practices applied to vehicle 
repair, washing, fueling, and parking operations 

Outdoor pollution 
prevention  
practices 

Outdoor materials 
storage  

Prevent rainwater from contact with potential 
pollutants by covering, secondary containment, or 
diversion from storm-drain system 

Waste management 
practices 

Exposed dumpster 
or waste streams 

Improved dumpster location, management, and 
treatment to prevent contact with rainwater or 
runoff 

Spill control 
plan and response 

No plan Develop and test response to spills to the storm-
drain system, train employees, and have spill 
control kits available on-site  

Greenscaping Routine landscape 
and turf 
maintenance 

Reduce use of pesticides, fertilization, and 
irrigation in pervious areas, and conversion of turf 
to forest  

Employee stewardship Lack of stormwater 
awareness 

Regular ongoing training of employees on 
stormwater problems and pollution prevention 
practices 

Site housekeeping and 
stormwater 
maintenance  

Dirty site and 
unmaintained 
infrastructure 

Regular sweeping, storm-drain cleanouts, litter 
pickup, and maintenance of stormwater 
infrastructure 

Runoff 
Treatment 

Stormwater retrofitting No stormwater 
treatment 

Filtering retrofits to remove pollutants from most 
severe hotspot areas  

IDDE Outfall analysis  No monitoring Monitoring of outfall quality to measure 
effectiveness 

Note: While many SCMs are used at each individual industrial site, the exact combination depends on the 
specific configuration, operations, and footprint of each site. 

PREPUBLICATION 

RB-AR14980



  

 
 

 

 

  
  

 

 

 
 

 

 

 
 

359 Stormwater Management Approaches 

TABLE 5-10  From the Roof to the Street: SCMs in a Redevelopment Context 
SCM 
Category 

What it Is What it Replaces How it Works 

Impervious 
Cover 
Minimization 

Site design to prevent 
pollution 

Conventional site 
design 

Designing redevelopment footprint 
to restore natural area remnants, 
minimize needless impervious 
cover, and reduce hotspot potential  

Runoff 
Volume 
Reduction— 
Rainwater 
Harvesting 
and Vegetated 

Treatment on the roof Traditional rooftops Use of green rooftops to reduce 
runoff generated from roof 
surfaces 

Rooftop runoff 
treatment 

Directly connected 
roof leaders 

Use of rain tanks, cisterns, and 
rooftop disconnection to capture, 
store, and treat runoff 

Runoff treatment in 
landscaping 

Traditional 
landscaping 

Use of foundation planters and 
bioretention areas to treat runoff 
from parking lots and rooftops 

Soil 
Conservation 
and 
Reforestation 

Runoff reduction in 
pervious areas 

Impervious or 
compacted soils  

Reducing runoff from compacted 
soils through tilling and compost 
amendments, and in some cases, 
removal of unneeded impervious 
cover 

Increase urban tree 
canopy 

Turf or landscaping Providing adequate rooting 
volume to develop mature tree 
canopy to intercept rainfall 

Runoff 
Reduction— 
Subsurface 

Increase permeability 
of impervious cover 

Hard asphalt or 
concrete 

Use of permeable pavers, porous 
concrete, and similar products to 
decrease runoff generation from 
parking lots and other hard 
surfaces. 

Runoff 
Reduction— 
Vegetated 

Runoff treatment in the 
street 

Sidewalks, curb and 
gutter, and storm 
drains 

Use of expanded tree pits, dry 
swales and street bioretention cells 
to further treat runoff in the street 
or its right-of-way 

Runoff 
Treatment 

Underground treatment Catch basins and 
storm-drain pipes 

Use of underground sand filters 
and other practices to treat hotspot 
runoff quality at the site 

Municipal 
Housekeeping 

Street cleaning  Unswept streets Targeted street cleaning on 
priority streets to remove trash and 
gross solids 

Watershed 
Planning 

Off-site stormwater 
treatment or mitigation 

On-site waivers Stormwater retrofits or restoration 
projects elsewhere in the 
watershed to compensate for 
stormwater requirements that 
cannot be met onsite 

Note: SCMs are applied in a series, although all of the above may not be needed at a given 
redevelopment site. 
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360 Urban Stormwater Management in the United States 

COST, FINANCE OPTIONS, AND INCENTIVES 

Municipal Stormwater Financing 

To be financially sustainable, stormwater programs must develop a stable long-term 
funding source. The activities common to most municipal stormwater programs (such as 
education, development design review, inspection, and enforcement) are funded through general 
tax revenues, most commonly property taxes and sales taxes (NAFSMA, 2006), which is 
problematic for several reasons.  First, stormwater management financed through general tax 
receipts does not link or attempt to link financial obligation with services received.  The absence 
of such links can reduce the ability of a municipality to adequately plan and meet basic 
stormwater management obligations.  Second, when funded through general tax revenues, 
stormwater programs must compete with other municipal programs and funding obligations.  
Finally, in programs funded by general tax revenue, responsibilities for stormwater management 
tend to be distributed into the work responsibilities of existing and multiple departments (e.g., 
public works, planning, etc.).  One recent survey conducted in the Charles River watershed in 
Massachusetts found that three-quarters of local stormwater management programs did not have 
staff dedicated exclusively for stormwater management (Charles River Watershed Association, 
2007). 

Increasingly, many municipalities are establishing stormwater utilities to manage 
stormwater (Kaspersen, 2000).  Most stormwater utilities are created as a separate organizational 
entity with a dedicated, self-sustaining source of funding.  The typical stormwater utility 
generates the large majority of revenue through user fees (Florida Stormwater Association, 2003; 
Black and Veatch, 2005; NAFSMA, 2006).  User fees are established and set so as to have a 
close nexus to the cost of providing the service and, thus, are most commonly based on the 
amount of impervious surface, frequently measured in terms of equivalent residential unit.  For 
example, an average single-family residence may create 3,000 square feet of impervious surface 
(roof and driveway area). A per-unit charge is then assigned to this “equivalent runoff unit.”  To 
simplify program administration, utilities typically assign a flat rate for residential properties 
(customer class average) (NAFSMA, 2006).  Nonresidential properties are then charged 
individually based on the total amount of impervious surface (square feet or equivalent runoff 
units) of the parcel. Fees are sometimes also based on gross area (total area of a parcel) or some 
combination of gross area and a development intensity measure (Duncan, 2004; NAFSMA, 
2006). 

Municipalities have the legal authority to create stormwater utilities in most states 
(Lehner et al., 1999). In addition to creating the utility, a municipality will generally establish 
the utility rate structure in a separate ordinance.  Separating the ordinances allows the 
municipality flexibility to change the rate structure without revising the ordinance governing the 
entire utility (Lehner et al., 1999). While municipalities generally have the authority to collect 
fees, some states have legal restrictions on the ability of local governments to levy taxes (Lehner 
et al., 1999; NAFSMA, 2006).  The legal distinction between a tax and a fee is the most common 
legal challenge to a stormwater utility.  For example, stormwater fees have been subject to 
litigation in at least 17 states (NAFSMA, 2006). To avoid legal challenges, care must be taken to 
meet a number of legal tests that distinguish a fee for a specific service and a general tax. 

PREPUBLICATION 
  

RB-AR14982



  

 
 

 

 

 
 

361 Stormwater Management Approaches 

Stormwater utilities typically bill monthly, and fees range widely.  A recent survey of 
U.S. stormwater utilities reported that fees for residential households range from $1 to $14 per 
month, but a typical residential household rate is in the range of $3 to $6 (Black and Veatch, 
2005). Despite the dedicated funding source, the majority of stormwater utilities responding to a 
recent survey (55 percent) indicated that current funding levels were either inadequate or just 
adequate to meet their most urgent needs (Black and Veatch, 2005). 

Both municipal and state programs can finance administrative programming costs 
through stormwater permitting fees.  Municipal stormwater programs can use separate fees to 
finance inspection activities.  For instance, inspection fees can be charged to cover the costs of 
ensuring that SCMs are adequately planned, installed, or maintained (Debo and Reese, 2003).  
Stormwater management programs can also ensure adequate funding for installation and 
maintenance of SCMs by requiring responsible parties to post financial assurances.  Performance 
bonds, letters of credit, and cash escrow are all examples of financial assurances that require up-
front financial payments to ensure that longer-term actions or activities are successfully carried 
out. North Carolina’s model stormwater ordinance recommends that the amount of a 
maintenance performance security (bond, cash escrow, etc.) be based on the present value of an 
annuity based on both inspection costs and operation and maintenance costs (Whisnant, 2007). 

In addition to fees or taxes, exactions such as impact fees can also be used as a way to 
finance municipal stormwater infrastructure investments (Debo and Reese, 2003).  An impact fee 
is a one-time charge levied on new development.  The fee is based on the costs to finance the 
infrastructure needed to service the new development.  The ability to levy impact fees varies 
between states. Municipalities that use impact fees are also required to show a close nexus 
between the size of the fee and the level of benefits provided by the fee; a failure to do so 
exposes local government to law suits (Keller, 2003).  Compared to other funding sources, 
impact fees also exhibit greater variability in revenue flows because the amount of funds 
collected is dependent on development growth. 

Bonds and grants can supplement the funding sources identified above.  Bonds and 
loans tend to smooth payments over time for large up-front stormwater investments.  For 
example, state and federal loan programs (state revolving funds) provide long-term, low-interest 
loans to local governments or capital investments (Keller, 2003). In addition, grant opportunities 
are sometimes available from state and federal sources to help pay for specific elements of local 
stormwater management programs. 

Municipalities require funds to meet federal and state stormwater requirements.  
Understanding of the municipal costs incurred by implementing stormwater regulations under 
the Phase I and II stormwater rules, however, is incomplete (GAO, 2007).  Of the six minimum 
measures of a municipal stormwater program (public education, public involvement, illicit 
discharge detection and elimination, construction site runoff control, post-construction 
stormwater management, and pollution prevention/good housekeeping—see Chapter 2), a recent 
study of six California municipalities found that pollution prevention activities (primarily street 
sweeping) accounted for over 60 percent of all municipal stormwater management costs in these 
communities (Currier et al., 2005).  Annual per-household costs ranged from $18 to $46. 
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362 Urban Stormwater Management in the United States 

Stormwater Cost Review 

Conceptually, the costs of providing SCMs are all opportunity costs (EPA, 2000).  
Opportunity costs are the value of alternatives (next best) given up by society to achieve a 
particular outcome.  In the case of stormwater control, opportunity costs include direct costs 
necessary to control and treat runoff such as capital and construction costs and the present value 
of annual operation and maintenance costs.  Initial installation costs should also include the value 
of foregone opportunities on the land used for stormwater control, typically measured as land 
acquisition (land price). 

Costs also include public and private resources incurred in the administration of the 
stormwater management program.  Private-sector costs might include time and administrative 
costs associated with permitting programs.  Public costs include agency monitoring and 
enforcement costs. 

Opportunity costs also include other values that might be given up as a consequence of 
stormwater management.  For example, the creation of a wet pond in a residential area might be 
opposed because of perceived safety, aesthetic, or nuisance concerns (undesirable insect or 
animal species).  In this case, the diminished satisfaction of nearby property owners is an 
opportunity cost associated with the wet pond.  On the other hand, if SCMs are considered a 
neighborhood amenity (e.g., a constructed wetland in a park setting), opportunity costs may 
decrease. In addition, costs of a given practice may be reduced by reducing costs elsewhere.  For 
example, increasing on-site infiltration rates can reduce off-site storage costs by reducing the 
volume and slowing the release of runoff. 

In general the cost of SCMs is incompletely understood and significant gaps exist in the 
literature. More systematic research has been conducted on the cost of conventional stormwater 
SCMs (wet ponds, detention basins, etc.), with less research applied to more recent, smaller-
scale, on-site infiltration practices.  Cost research is challenging given that stormwater treatment 
exhibits considerable site-specific variation resulting from different soil, topography, climatic 
conditions, local economic conditions, and regulatory requirements (Lambe et al., 2005). 

The literature on stormwater costs tend to be oriented around construction costs of 
particular types of SCMs (Wiegand et al., 1986; SWRPC, 1991; Brown and Schueler, 1997; 
Heaney et al., 2002; Sample et al., 2003; Wossink and Hunt, 2003; Caltrans, 2004; Narayanan 
and Pitt, 2006; DeWoody, 2007).  In many of these studies, construction cost functions are 
estimated statistically based on a sample of recently installed SCMs and the observed total 
construction costs. Observed costs are then related statistically to characteristics that influence 
cost such as practice size. Other studies estimate costs by identifying the individual components 
of a construction project (pipes, excavation, materials, labor, etc.), estimating unit costs of each 
component, and then summing all project components.  These studies generally find that 
construction costs decrease on a per-unit basis as the overall size (expressed in volume or 
drainage area) of the SCM increases (Lambe et al., 2005).  These within-practice economies of 
scale are found across certain SCMs including wet ponds, detention ponds, and constructed 
wetlands. Several empirical studies, however, failed to find evidence of economies of scale for 
bioretention practices (Brown and Schueler, 1997; Wossink and Hunt, 2003). 

Increasing attention has been paid to small-scale practices, including efforts to increase 
infiltration and retain water through such means as green roofs, permeable pavements, rain 
barrels, and rain gardens (under the label of LID).  The costs of these practices are less well 
studied compared to the other stormwater practices identified above.  In general, per-unit 
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construction and design costs exceed larger-scale SCMs (Low Impact Development Center, 
2007). Higher construction costs, however, may be offset to various degrees by reducing the 
investments in stormwater conveyance and storage infrastructure (i.e., less storage volume is 
needed) (CWP, 1998a, 2000a; Low Impact Development Center, 2007).  Others have suggested 
that per-unit costs to reduce runoff may be less for these small-scale distributed practices because 
of higher infiltration rates and retention rates (MacMullan and Reich, 2007). 

Compared to construction costs, less is known about the operation and maintenance costs 
of SCMs (Wossink and Hunt, 2003; Lambe et al., 2005; MacMullan and Reich, 2007).  Most 
stormwater practices are not maintenance free and can create financial and long-term 
management obligations for responsible parties (Hager, 2003).  Cost-estimation programs and 
procedures have been developed to estimate operation and maintenance costs as well as 
construction costs (SWRPC, 1991; Lambe et al., 2005; Narayanan and Pitt, 2006), but 
examination of observed maintenance costs is less common.  Based on estimates from Wossink 
and Hunt (2003), the total present value of maintenance costs over 20 years can range from 15 to 
70 percent of total capital construction costs for wet ponds and constructed wetlands and appear 
generally consistent with percentages reported in EPA (1999).  Operation and maintenance costs 
were also reported to be a substantial percentage of construction costs of infiltration pits and 
bioretention areas in Southern California (DeWoody, 2007).  Others estimate that over the life of 
many SCMs, maintenance costs may equal construction costs (CWP, 2000a).  In general, 
maintenance costs tend to decrease as a percentage of total SCM cost as the total size of the SCM 
increases (Wossink and Hunt, 2003). 

Very few quantifiable estimates are available for public and private regulatory 
compliance costs.  Compliance costs could include both initial permitting costs (labor and time 
delays) of gaining regulatory approval for a particular stormwater design to post-construction 
compliance costs (administration, inspection monitoring, and enforcement).  Compliance 
monitoring is a particular concern if a stormwater management program relies on widespread use 
of small-scale distributed on-site practices (Hager, 2003).  Unlike larger-scale or regional 
stormwater facilities that might be located on public lands or on private lands with an active 
stormwater management plan, a multitude of smaller SCMs would increase monitoring and 
inspection times by increasing the number of SCMs.  Furthermore, municipal governments may 
be reluctant to undertake enforcement actions against citizens with SCMs located on private 
land. 

Land costs tend to be site specific and exhibit a great deal of spatial variation.  Some 
types of SCMs, such as constructed wetlands, are more land intensive than others.  In highly 
urban areas, land costs may be the single biggest cost outlay of land-intensive SCMs (Wossink 
and Hunt, 2003). 

In general, cost analyses generally find that the cost to treat a given acreage or volume of 
water is less for regional SCMs than for smaller-scale SCMs (Brown and Schueler, 1997; EPA, 
1999; Wossink and Hunt, 2003).  For example, considering maintenance, capital construction, 
and land costs, recent estimates for North Carolina indicate that annual costs for wet ponds and 
constructed wetlands range between $100 and $3,000 per treated acre (typically less than 
$1,000). Per-acre annual costs for bioretention and sand filters typically ranged between $300 
and $3,500, and between $4,500 and 8,500, respectively.  However, if SCMs face space 
constraints, bioretention areas can become more cost effective.  Furthermore, other classes of 
small, on-site practices, such as grass swales and filter strips, can sometimes be implemented for 
relatively low cost. 

PREPUBLICATION 
  

RB-AR14985



   

 
 

 

 

 

364 Urban Stormwater Management in the United States 

There are exceptions to the general conclusion that larger-scale stormwater practices tend 
to be less costly on a per-unit basis than more numerous and distributed on-site practices.  For 
instance, in Sun Valley, California, a recent study indicates that installing small distributed 
practices (infiltration practices, porous pavement, rain gardens) was more cost effective than 
centralized approaches for a retrofit program (Cutter et al., 2008).  In this particular setting, the 
difference tended to revolve around the high land costs in the urbanized setting.  Small-scale 
practices can be placed on low-valued land or integrated into existing landscaping, reducing land 
costs. Centralized stormwater facilities require substantial purchases of high-priced urban 
properties. Similarly, small distributed practices (porous pavement, green roofs, rain gardens, 
and constructed wetlands) can also provide a more cost-effective approach to reducing combined 
sewer overflow (CSO) discharges in a highly urban setting than large structural CSO controls 
(storage tanks) (Montalto et al., 2007). 

SCMs are now a part of most development processes and consequently will increase the 
cost of the development.  Randolph et al. (2006) report on the cost of complying with stormwater 
and sediment and erosion control regulations for six developments in the Washington, D.C., 
metropolitan area.  These costs include primarily stormwater facility construction and land costs.  
The findings from these case studies indicate that stormwater and erosion and sediment control 
comprised about 60 percent of all environmental-related compliance costs for the residential 
developments studied and added about $5,000 to the average price of a home.  Nationwide, 
stormwater and erosion and sediment controls are estimated to add $1,500 to $9,000 to the cost 
of a new residential dwelling unit (Randolph et al., 2006). 

As a means to control targeted chemical constituents, SCMs may be an expensive control 
option relative to other control alternatives.  For example, nutrients from anthropocentric sources 
are an increasing water quality concern for many fresh and marine waters.  Some states (e.g., 
Virginia, Maryland, and North Carolina) require stormwater programs to achieve specific 
nutrient (nitrogen or phosphorus) stormwater standards.  The construction, maintenance, and 
land costs of reducing nitrogen discharge from residential developments using bioretention areas, 
wet ponds, constructed wetlands, or sand filters range from $60 to $2,500 per pound (Aultman, 
2007). These control costs can be an order of magnitude higher than nitrogen control costs from 
point sources or agricultural nonpoint sources.  The high per-pound removal costs are due in part 
to the relatively low mass load of nutrients carried in stormwater runoff.  These estimates, 
however, assume that all costs are allocated exclusively to nitrogen removal.  The high per-
pound removal costs from the control of single pollutants highlight the importance of achieving 
ancillary and offsetting benefits associated with stormwater control (e.g., removal of other 
pollutants of concern, stream-channel protection from volume reduction, and enhancement of 
neighborhood amenities). 

It should also be noted that installing SCMs in an existing built environment tends to be 
significantly more expensive than new construction.  Construction costs for retrofitted extended 
detention ponds, wet ponds, and constructed wetlands were estimated to be two to seven times 
more costly than new SCMs (Schueler et al., 2007).  Retrofit costs can be higher for a variety of 
reasons, including the need to upgrade existing infrastructure (culverts, drainage channels, etc.) 
to meet contemporary engineering and regulatory requirements.  Retrofitting a single existing 
residential city block in Seattle with a new stormwater drainage system that included reduced 
street widths, biofiltration practices, and enhanced vegetation cost an estimated $850,000 (see 
Box 5-5; Seattle Public Utilities, 2007).  Estimates suggested that the costs might have been even 
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365 Stormwater Management Approaches 

higher using more conventional stormwater piping/drainage systems (Chris May, personal 
communication, August 2007; EPA, 2007). 

As discussed earlier in the chapter, stormwater runoff can be reduced and managed 
through better site design to reduce impervious cover.  Low- to medium-density developments 
can reduce impervious cover through cluster development patterns that preserve open space and 
reduce lot sizes. Impervious surfaces and infiltration rates could be altered by any number of 
site-design characteristics such as reduction in street widths, reduction in the number of cul-de
sacs, and different setback requirements (CWP, 2000a).  Finally, impervious surface per capita 
could be substantially reduced by increasing the population per dwelling unit.  

Quantifying the cost of many of these design features is more challenging, and the 
literature is much less developed or conclusive than the literature on conventional SCM costs.  
Many design features described above (clustering, reduced setbacks, narrower streets, less curb 
and gutter) can significantly lower construction and infrastructure costs (CWP, 2001; EPA, 
2007). Such features may reduce the capital cost of subdivision development by 10 to 33 percent 
(CWP, 2000a). 

On the other hand, the evidence is unclear whether consumers are willing to pay for these 
design features. If consumers prefer features typically associated with conventional 
developments (large suburban lot, for example), then some aspects of alternative development 
designs/patterns could impose an opportunity cost on builders and buyers alike in the form of 
reduced housing value. For example, most statistical studies in the U.S. housing market find that 
consumers prefer homes with larger lots and are willing to pay premiums for homes located on 
cul-de-sacs, presumably for privacy and safety reasons (Dubin, 1998; Fina and Shabman, 1999; 
Song and Knapp, 2003). These effects, however, might be partly or completely offset by the 
higher value consumers might place on the proximity of open space to their homes (Palmquist, 
1980; Cheshire and Sheppard, 1995; Qiu et al., 2006).  Anecdotal evidence indicates that 
residents feel that Seattle’s Street Edge Alternative program (the natural drainage system retrofit 
program that combines swales, bioretention and reduced impervious surfaces) increased their 
property values (City of Seattle, undated). Studies that have attempted to assess the net change 
in costs are limited, but some evidence suggests that the amenity values of lower-impact designs 
may match or outweigh the disamentities (Song and Knapp, 2003). 

Incentives for Stormwater Management 

The dominant policy approach to controlling effluent discharge under the Clean Water 
Act is through the application of technology-based effluent standards or the requirements to 
install particular technologies or practices.  Some note that this general policy approach may not 
provide the regulated community with (1) incentives to invest in pollution prevention activities 
beyond what is required in the standard or with (2) sufficient opportunities or flexibility to lower 
overall compliance costs (Parikh et al., 2005). 

A loosely grouped set of policies, called here “incentive-based,”1 aim to create financial 
incentives to manage effluent or volume discharge.  Such policies tend to be classified into two 
groups: price- and quantity-based mechanisms (Stavins, 2000; Parikh et al., 2005).  Price-based 
mechanisms are created when government creates a charge (tax, fee, etc.) or subsidy (payment) 

1 These policies are sometimes called “market-based” policies, but that term will not be used here because many of 
the incentive-based policies discussed fail to contain features characteristic of a market system.  
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on an outcome that government wants to either discourage or encourage.  Ideally, the price 
would be placed on a target outcome (effluents discharged, volume of water released, etc.) and 
not on the means to achieve that outcome end (such as a tax or subsidy to adopt specific 
technologies or practices).2  Quantity-based policies require government to establish some 
binding limit or cap on an outcome (e.g., mass load of effluent, volume of runoff, etc.) for an 
identified group of dischargers, but then allow the regulated parties to “trade” responsibilities for 
meeting that limit or cap.  The opportunity to trade creates the financial incentive.  The trading 
concept is discussed in greater detail in Chapter 6, while this section focuses on price-based 
incentives. 

Some stormwater utilities offer reductions in stormwater fees to landowners who 
voluntarily undertake activities to reduce runoff from their parcels (Doll and Lindsey, 1999; 
Keller, 2003). The reduction in tax obligations, called credits, can be interpreted as a financial 
subsidy or payment for implementing on-site runoff controls.  Credit payments are typically 
made based on the volume of water detained.  For example, as part of Portland, Oregon’s Clean 
River Rewards program, residents and commercial property owners can reduce their stormwater 
utility fee by as much as 35 percent by reducing stormwater runoff from existing developed 
properties (Portland Bureau of Environmental Services, 2008a).  Residential and commercial 
property owners are given a number of ways to reduce runoff to receive this financial benefit.  In 
addition, Portland has a downspout disconnection program that aims to reduce discharge into 
CSOs in targeted areas in the city. Property owners may be reimbursed up to $53 per eligible 
downspout (Portland Bureau of Environmental Services, 2008b). 

Alternatively, stormwater utilities could (where allowed) also use fee revenue to provide 
private incentives for stormwater control through a competitive bidding process.  Such a bidding 
process (“reverse auction”) would request proposals for stormwater reduction projects and fund 
projects that reduce volume at the least cost.  Proposed investments that can meet the program 
objectives at the lowest per unit cost would receive payments.  Such a program creates private 
incentives to search for low-cost stormwater investments by creating a price for runoff volume 
reduction. The bidding program could also be used to identify cost-effective stormwater 
investments in areas targeted for enhanced levels of restoration.  A bidding program has been 
proposed as a way to lower overall costs of a stormwater program in Southern California (Cutter 
et al., 2008).  Revenue to fund such a competitive bid program could come from a variety of 
sources including stormwater utility fees or fees paid into an in lieu fee program. 

Finally, impact fees on new developments can be structured in a way to create incentives 
to reduce stormwater runoff volumes.  Charges based on runoff volume (or a surrogate measure 
like impervious surface) can provide an incentive for developers to reduce the volume of new 
runoff created. 

2 The literature on what level to set the price (tax or subsidy) is vast, complex, and controversial. Parikh et al. 
(2005) seem to wander into this debate (perhaps unwittingly) by making a distinction between taxes based on some 
optimality rule (marginal damage costs equal to marginal control costs) and those based on some other sort of 
decision rule.  Without getting into the specifics of this debate here, this discussion will simply assert more generally 
that price-based incentive policies structure taxes and subsidies to induce desirable behavioral change (rather than 
simply to raise revenue). 
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367 Stormwater Management Approaches 

CHALLENGES TO IMPLEMENTATION OF WATERSHED-BASED 

MANAGEMENT AND STORMWATER CONTROL MEASURES
 

The implementation of SCMs has seen variable success.  Environmental awareness, 
threats to potable water sources or to habitat for threatened and endangered species, problems 
with combined sewer overflows, and other environmental factors have caused cities such as 
Portland, Oregon; Seattle, Washington; Chicago, Illinois; and Austin, Texas to aggressively 
pursue widespread implementation of a broad range of SCMs.  In contrast, other cities have been 
slow to implement recommended practices, for many reasons.  This is particularly true for 
nonstructural SCMs, despite their popularity among planners and regulators for the past two 
decades. A host of real and perceived concerns about individual nonstructural SCMs are often 
raised regarding development costs, market acceptance, fire safety, emergency access, traffic and 
parking congestion, basement seepage, pedestrian safety, backyard flooding, nuisance 
conditions, maintenance, and winter snow removal operations.  While most of these concerns are 
unfounded, they contribute to a culture of inertia when it comes to code change (CWP, 1998a, 
2000a). As a result, some nonstructural SCMs are discouraged or even prohibited by local 
development codes.  Very few communities make the consideration of nonstructural practices a 
required element of stormwater plan review, nor do they require that they be considered early in 
the site layout and design process when their effectiveness would be maximized.  Finally, many 
engineers and planners feel they can fully comply with existing stormwater criteria without 
resorting to nonstructural SCMs. 

Cost Issues 

There are numerous cost issues that have proven to be significant barriers to the use of 
innovative SCMs.  Special construction techniques required for the proper design and function of 
SCMs, specially formulated manufactured soils, expensive subsurface vaults, and increased land 
area requirements as a result of increased stormwater storage requirements can significantly 
increase site development costs.  For smaller projects in highly urbanized areas where land costs 
are high, there can be a disproportionately large expense to comply with stormwater regulations, 
causing developers to seek, and often receive, exemption from requirements. 

Sediment removal and related maintenance activities required to ensure the proper 
ongoing functioning of SCMs are activities that are not a part of normal building maintenance.  
Data on maintenance costs of SCMs on privately owned facilities are limited, and management 
companies responsible for commercial and office building maintenance have yet to provide SCM 
maintenance as part of their services. 

Additional costs are incurred when development review periods by public agencies get 
extended because of an increased level of design review required to evaluate the compliance of 
SCMs with city ordinances. Additional review increases development costs and extends the 
design process. Even with specialized training for city staff to evaluate SCM submittals, 
deviation from the most basic type of SCM design seems to require extended review and 
documentation. 

Cost concerns are partly responsible for the markedly slow implementation of the 
stormwater program.  The federal deadlines for permit coverage have long passed; in fact more 
than 14 years have lapsed for medium and large municipalities.  A good part of the delay can be 
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explained by the resistance of states and local governments to the unknown cost burden.  Cities 
contend that the permit requirements are unreasonable, expensive, and unrealistic to achieve.  
Many local government officials view some permit provisions such as LID or better site design 
as intrusion into the land-use authority of local governments. 

As discussed in Chapter 2, the U.S. Congress provided no start-up or upgrade financial 
assistance, unlike what it did for municipally owned and operated wastewater treatment plants 
after the promulgation of the NPDES permit program under the Clean Water Act in 1972.  Local 
governments have been reluctant to tax residents or create stormwater utilities.  States like 
California and Michigan even have laws that require voter approval in order for local 
governments to assess new fees.  Thus, to implement the NPDES stormwater program, states 
have had to largely rely on stormwater permit fees collected to support a skeletal to modest staff 
for program oversight.  In Denver, and presumably in other cities, there is no reduction in 
stormwater fees when impervious area is reduced because of construction of on-site SCMs.  This 
amounts to a disincentive to do the “right thing.”  Meanwhile, the overall federal budget for the 
NPDES program, including stormwater, has been declining. 

Long-Term Maintenance of Stormwater Control Measures 

One of the weakest parts of most stormwater management programs is the lack of 
information about, and funding to support, the long-term maintenance of SCMs.  If SCMs are not 
inspected and maintained on a regular basis, the stormwater management program is likely to 
fail. This also negatively impacts the design process—if there is no inspection program oand no 
accountability for maintenance, the designer has no incentive to build better, more maintenance-
friendly SCMs. Finally, without an accurate assessment of the maintenance needs of an SCM, 
land owners and other responsible parties cannot anticipate their total costs over the lifetime of 
the device. 

Almost all SCMs require active long-term maintenance in order to continue to provide 
volume and water quality benefits (Hoyt and Brown, 2005; Hunt and Lord, 2006b).  
Furthermore, a typical municipality may contain hundreds or thousands of individual SCMs 
within its jurisdiction. Thus, the long-term obligations for maintenance are considerable.  For 
example, the annual maintenance cost of 100 medium-sized wet ponds (one-half acre to 2 acres) 
is estimated to be a quarter of a million dollars (Hunt and Lord, 2006c).  Currently, the majority 
of municipal stormwater programs do not have adequate plans or resources in place for the long-
term maintenance of SCMs (GAO, 2007).   

A number of issues confront the long-term maintenance of SCMs.  First, legal and 
financial responsibility for maintenance must be assigned.  Historically stormwater ownership 
and responsibility have been poorly defined and implemented (Reese and Presler, 2005).  If a 
party is an industrial facility that is required to obtain a permit, then responsibility for 
maintaining SCMs rests with the permittee.  Other instances are more ambiguous.  For 
residential developments, the responsibility for long-term maintenance could be assigned to the 
developer (e.g., establishing long-term financial accounts for maintenance), individual 
landowners, homeowners associations, or the municipality itself.  Some cities, like Austin and 
Seattle, assume responsibility for long-term maintenance of SCMs in residential areas.  Concerns 
over assigning responsibility to individual residential landowners or homeowners associations 
include insufficient technical and financial resources to conduct consistent maintenance and a 
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lack of inspection to require maintenance.  A recent survey of municipal stormwater programs 
found that less than one-third perform regular maintenance on stormwater detention ponds or 
water quality SCMs in general residential areas (Reese and Presler, 2005).  To ensure that 
adequate maintenance will occur, municipalities can require performance securities (performance 
bonds, escrow accounts, letter of credit, etc.) that ensure adequate funds are available for 
maintenance and repair in the event of failure to maintain the SCM by the responsible party. 

An effective maintenance program also requires a system to inventory and track SCMs, 
inspection/monitoring, and enforcement against noncompliance.  The large number of SCMs to 
track and manage creates management challenges.  Municipal stormwater programs must 
administer their regulatory programs, perform inspection and enforcement activities, and 
maintain SCMs in public lands/rights-of-way and sometimes in residential areas.  Municipal 
programs often do not have adequate staff to ensure that these maintenance responsibilities are 
adequately carried out. The lack of adequate staff for inspection and an inadequate system for 
prioritizing inspections have been repeatedly pointed out (Duke and Beswick, 1997; Duke, 2007; 
GAO, 2007). 

Tracking and monitoring costs may also create disincentives for municipalities to adopt 
or encourage smaller-scale SCMs.  For example, residential-scale rain gardens, porous 
driveways, rain barrels, and grass swales all have the potential to increase the cost and 
complexity of compliance monitoring because of the multitude of small infiltration devices that 
are located on private property as opposed to having fewer SCMs located in public rights-of-way 
or public lands. Small-scale distributed SCMs located on private property raise concerns of 
municipal willingness to inspect and enforce against noncompliance.  Indeed, some 
municipalities have banned innovative SCMs like pervious pavement because the municipalities 
have no means to ensure their maintenance and continued operation.   

Finally, there is concern that there is inadequate funding to maintain the growing number 
of SCMs on the landscape. The long-term funding obligation for maintenance has been difficult 
to assess (GAO, 2007), partly because many stormwater programs frequently do not have 
adequate accounting practices to define capital value and depreciation, maintenance, operation, 
or management programs (Reese and Presler, 2005).  The problem is compounded because the 
long-term maintenance cost associated with various types of SCMs is not well understood.  
Additional research and information are needed on the costs of maintaining the performance of 
SCMs as experienced in the field (rather than ex ante estimates based on design plans).  Research 
into long-term maintenance costs should include not only routine operation and maintenance 
costs but also costs for inspection and enforcement and remediation costs associated with SCM 
performance failures.  Such research is critical to understanding the long-term cost obligation 
that is being assumed by municipal stormwater programs that are responsible for managing a 
growing number of SCMs. 

At the present time, the maintenance schedule for many of the proprietary and non
proprietary SCMs is poorly defined.  It will vary with the type of drainage area and the activities 
that are occurring within it and with the efficiency of the SCM.  (For example, the city of Austin, 
Texas, has determined that the average lifespan of their sand filters ranges from 5 to 15 years, 
but can be as little as one year if there is construction in the drainage area.)  In order to establish 
a maintenance schedule, an assessment protocol needs to be adopted by municipalities.  The 
protocol, which is specific to the type of SCM, could consist of the following: each year 
municipalities would be required to collect data from a subset of their SCMs on public and 
private property, and then over a period of years these data could be used to determine 
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maintenance schedules, predict performance based on age and sediment loading, and identify 
failed systems.  A measurement of the depth of deposited sediment might be the only test needed 
for settling devices, such as hydrodynamic devices and wet detention ponds.  Two levels of 
analysis could be performed for infiltration devices—one based on simple visual observations 
and the other using an instrument to check infiltration rates.  These assessment methods for 
infiltration devices have been tested at the University of Minnesota (Gulliver and Anderson, 
2007). Without an assessment protocol for SCMs, the chances for poor maintenance and 
outright failure are greatly increased, it is difficult if not impossible to determine the actual 
performance of an SCM, and there will be insufficient data to reduce the uncertainty in future 
SCM design. 

Lack of Design Guidance on Important SCMs and Lack of Training 

Progress in implementing SCMs is often handicapped by the lack of local or national 
design guidance on important SCMs, and by the lack of training among the many players in the 
land development community (planners, designers, plan reviewers, public works staff, 
regulators, and contractors) on how to properly implement them on the ground.  For example, 
design guidance is lacking or just emerging for many of the non-traditional SCMs, such as 
conservation of natural areas, earthwork minimization, product substitution, reforestation, soil 
restoration, impervious cover reduction, municipal housekeeping, stormwater education, and 
residential stewardship. Some LID techniques are better covered, such as the standards for 
pervious concrete from the American Concrete Institute and the National Ready Mixed Concrete 
Association.  Design guidance for traditional SCMs such as erosion and sediment control may 
exist but is often incomplete, outdated, or lacking key implementation details to ensure proper 
on-the-ground implementation.  In other cases, design guidance is available, but has not been 
disseminated to the full population of Phase II MS4 communities.  For example, in an 
unpublished survey of state manuals used to develop national post-construction stormwater 
guidance, Hirschman and Kosco (2008) found that less than 25 percent provided sizing criteria, 
detailed engineering design specifications, or maintenance criteria. Nationwide guidance on 
SCM design and implementation may not be advisable or applicable to all physiographic, 
climatic, and ecoregions of the country.  Rather, EPA and the states should encourage the 
development of regional design guidance that can be readily adapted and adopted by municipal 
and industrial permittees.  Improvement of SCM design guidance should incorporate more direct 
consideration of the parameters of concern, how they move across the landscape, and the issues 
in receiving waters—a strategy both espoused in this report (page 351) and in recent publications 
on this topic (Strecker et al., 2005, 2007). 

The second key issue relates to how to train and possibly certify the hundreds of 
thousands of individuals that are responsible for land development and stormwater infrastructure 
at the local and state level.  New stormwater methods and practices cannot be effectively 
implemented until local planners, engineers, and landscape architects fully understand them and 
are confident on how to apply them to real-world sites.  Currently, stormwater design is not a 
major component of the already crowded curriculum of undergraduate or graduate planning 
engineering or landscape architecture programs.  Most stormwater professionals acquire their 
skills on the job. Given the rapid development of new stormwater technologies, there is a critical 
need for implementation of regional or statewide training programs to ensure that stormwater 
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professionals are equipped with the latest knowledge and skills.  The training programs should 
ultimately lead to formal certification for stormwater designers, inspectors, and plan reviewers. 

Different Standards in Different Jurisdictions That Are Within the Same Watershed 

Governmental and watershed boundaries rarely coincide, with the result that most 
watersheds are made up of many municipal bodies regulating stormwater management.  
Unfortunately in most cases there is no overarching stormwater regulatory structure that is based 
upon a watershed analysis. This can result in many unfortunate conflicts, where approval of a 
stormwater facility does not affect the community issuing the permit.  It is often said that the 
most effective stormwater management for an area high in the watershed is to speed the water 
downstream, thus saving the upstream community but severely damaging the downstream rivers.  
While this may be an exaggeration, the problems downstream are less of a concern to the upper 
watershed communities, and downstream communities may not be able to solve their water 
issues without help from the upstream communities. 

Often neighboring communities’ plans or the methods or data used do not coincide.  For 
example, often out-of-date rainfall distributions, methods, or standards are required in the code 
that do not apply to the newer focus on smaller storms and volume reduction.  If methods that 
include Modified Rational or TR-55 are used, it is difficult if not impossible to show the benefits 
in peak flow reduction gained through volume reduction devices.  Also, some municipalities may 
require curb and piping and not allow swales, impending the implementation of a cost-effective 
design. Finally, it is difficult to observe a measureable impact of SCMs when they are guided by 
a patchwork of regulations. One community may require removal of the first inch of runoff, and 
another may require the reduction of the 25-year, post-construction peak to the 10-year pre-
construction level. 

Water Rights that Conflict with Stormwater Management 

In the West, water is considered real property, governed by state law and regional water 
compacts.  Landowners in urban areas rarely own surface water rights and are typically 
prohibited from “beneficial use” of that water, which affects how SCMs are chosen.  For 
example, current practices in Colorado typically allow stormwater to be infiltrated within a short 
period of time on-site without violation of water laws.  However, storage of and/or pumping this 
water for broader distribution is considered to be a beneficial use and is therefore prohibited.  
Moreover, as discussed in Chapter 2, SCMs that manage stormwater by driving the water 
underground with a bored, drilled, or driven shaft or a hole dug deeper than its widest surface 
dimension are typically considered to be “injection wells,” requiring a federal permit and regular 
monitoring under the Safe Drinking Water Act. 

Some states prohibit infiltration because of concerns over long-term groundwater 
pollution. In California, which does not have a uniform policy for groundwater management and 
groundwater rights, authority over groundwater quality management falls to several regional and 
local agencies. For example, the Upper Los Angeles River Area (ULARA) has a court-
appointed Watermaster to manage the complex appropriation of its groundwater to user cities 
and agencies. The ULARA has clashed with the City of Los Angeles regarding rights to all of 
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the water that normally recharges the Los Angeles River via runoff from precipitation.  In 2000, 
the ULARA Watermaster expressed a concern with certain permit provisions of the Los Angeles 
County MS4 Permit for New Development/ Redevelopment that promoted infiltration, stating 
that the MS4 permit interfered with the adjudicated right of the City of Los Angeles to manage 
groundwater. 

Urban Development and Sprawl 

The continued expansion of urban areas is inevitable given population increases 
worldwide and the transition from agricultural to industrial economies.  Given that urbanization 
of almost any magnitude—even less than 10 percent impervious area—has been demonstrated to 
have an impact on in-stream water quality, a central question to be addressed is how water 
quality can be maintained as cities grow, without having negative impacts on social and 
economic systems.  Ideally, SCMs would perform their water quality function, contribute to the 
livability of cities, and enhance their economic and social potentials. 

Low-density, auto-oriented urban development, commonly known as sprawl, has been 
the predominant pattern of development in the United States, and increasingly worldwide, since 
World War II.  It has been widely criticized for its inefficient use of land, its high use of natural 
resources, and its high energy costs—all of which are associated with the required auto-oriented 
travel. Additionally, ongoing economic costs related to the provision of widely dispersed 
services and social impacts of a breakdown in community life have been identified (Brugemann, 
1974). Sprawl and the impacts on in-stream water quality that result from urbanization have 
been an inevitable consequence of improved economic conditions.  In the United States, sprawl 
constitutes the vast majority of development occurring today because a majority of the 
population is attracted to the benefits of a suburban lifestyle, government has subsidized roads 
and highways at the expense of public transit, and local zoning often limits development density. 

There has been a great deal of innovation in city planning and design in the past decade 
that encourages greater density and a return to urban living.  New types of zoning, New 
Urbanism, Smart Growth, and related innovations in urban planning and design have been 
developed in parallel with environmental regulations at local to national levels (see Chapter 2).  
They acknowledge the importance of protecting natural resources to maintain quality of life and 
have established water quality as an important consideration in city building. 

It is not clear that current stormwater regulations can be effectively implemented over the 
broad range of development patterns that characterize contemporary cities or if they 
inadvertently favor one type of development over another.  For example, on-site SMCs are often 
recommended as the preferred means of stormwater management, although they tend to 
encourage lower-density development patterns.  And while they are easily implemented and 
regulated given the incremental, site-by-site development that is typical of most urban growth, 
monitoring and maintenance can be expensive and difficult for both the individual property 
owner and the regulating authority. In highly urbanized areas, they are often relegated to 
subsurface systems that are expensive and that, to be effective, require high levels of 
maintenance.   

In newly developing areas, cluster development should be encouraged whenever possible, 
according to the Smart Growth principles of narrower streets, reduced setbacks, and related 
approaches to reduce the amount of impervious area required and land consumed.  Furthermore, 
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an interconnected series of on-site and consolidated SCMs can reduce subsurface stormwater 
piping requirements.  Most planned communities have dedicated park and open-space areas that 
can constitute 25 percent or more of a development’s total land area, making it feasible to easily 
accommodate consolidated SCMs (typically 8 to 10 percent of impervious area) within multi
functional open space and park lands.  Cost efficiencies such as a 30 percent reduction in 
infrastructure costs (Duaney Plater-Zyberk & Company, 2006) can be realized through Smart 
Growth development techniques.  Clustered housing surrounded by open space, laced with trails, 
has appreciated in value at a higher rate than conventionally designed subdivisions (Crompton, 
2007). 

In order to encourage infill or redevelopment over sprawl patterns of development, 
innovative zoning and other practices will be needed to prevent stormwater management from 
becoming onerous.  For example, incentive zoning or performance zoning could be used to allow 
for greater densities on a site, freeing other portions of the site for SCMs.  Innovations in 
governance and finance can also be used to incorporate consolidated SCMs into urban 
environments.  For example, the City of Denver, in updating its Comprehensive Plan, designated 
certain underdeveloped corridors and districts in the city as “areas of change” where it hoped to 
encourage large-scale infill redevelopment.  Given the scale of redevelopment, it would be 
feasible to establish special maintenance districts, allowing the development of consolidated 
SCMs that have multiple functions.  To fund land purchase and facility design and construction, 
cash in lieu of payments could be made. 

Safety and Aesthetic Concerns 

Vector-borne diseases, especially West Nile virus, are a concern when SCMs such as 
extended detention basins, constructed wetlands, and rain barrels are proposed.  Furthermore, 
other SCMs that are poorly designed, improperly constructed, or inadequately maintained may 
retain water and provide an ideal breeding ground for mosquitoes, increasing the potential for 
disease transmission to humans and wildlife.  Kwan et al. (2005) found that water-retaining 
SCMs increase the availability of breeding habitats for disease vectors and provide opportunistic 
species an extended breeding season. State Health Departments generally recommend that 
SCMs be designed to drain fully in 72 hours, which is the minimum time required for a mosquito 
to complete its life cycle under optimum conditions.  In SCMs where there is permanent standing 
water, such as stormwater wetlands, there is the possibility of introducing biota that might prey 
on mosquitoes.  Municipalities may have to consider the added cost of vector control and public 
health when implementing stormwater quality management programs. 

With larger consolidated and regional extended detention facilities, concerns about the 
safety of children who may be attracted to such SCMs and ensuing liability must be considered.  
These SCMs need to be fenced off or otherwise designed appropriately to reduce the risk of 
drowning. 

One aspect of stormwater management that is infrequently considered is the aesthetic 
appeal, or lack thereof, of SCMs.  The visual qualities of SCMs are important because they are a 
growing part of the urban landscape setting.  Although it can be assumed that landscapes that are 
carefully tended are often preferred over other types of landscapes, it depends substantially on 
one’s point of view. For example, an engineer may consider a particular SCM that is functioning 
as expected to be beautiful in the sense that its engineering function has been realized, even 
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though there is sediment buildup, algae, or other products of a properly functioning SCM visible.  
Similarly, a biologist or ecologist evaluating an ecologically healthy SCM in an urban context 
might find it to be beautiful because of its biological or ecological diversity, whereas another 
individual who evaluates the same SCM finds it to be “weedy.”  SCMs can be viewed as a means 
of restoring a degraded landscape to a state that might have existed before urban development.  
The desire to “return to nature” is a seductive idea that suggests naturalistic SCMs that may have 
very little to do with an original landscape, given the dramatic changes in hydrology that are 
inevitable with urban streams.  Each of these widely varied views of SCMs may be appropriate 
depending on the context and the viewer. 

One goal of stormwater management should be to make SCMs desirable and attractive to 
a broader audience, thereby increasing their potential for long-term effectiveness.  For example, 
the Portland convention center rain gardens demonstrate how native and non-native wetland 
plantings can be carefully composed as a landscape composition and also provide for stormwater 
treatment.  If context and aesthetics of a chosen SCM are poorly matched, there is a high 
probability that the SCM will be eliminated or its function compromised because of 
modifications that make its landscape qualities more appropriate for its context. 

CONCLUSIONS AND RECOMMENDATIONS 

SCMs, when designed, constructed, and maintained correctly, have demonstrated the 
ability to reduce runoff volume and peak flows and to remove pollutants.  However, in very few 
cases has the performance of SCMs been mechanistically linked to the guaranteed sustainment at 
the watershed level of receiving water quality, in-stream habitat, or stream geomorphology.  
Many studies demonstrate that degradation in rivers is directly related to impervious surfaces in 
the contributing watershed, and it is clear that SCMs, particularly combinations of SMCs, can 
reduce the runoff volume, erosive flows, and pollutant loadings coming from such surfaces.  
However, none of these measures perfectly mimic natural conditions, such that the accumulation 
of these SCMs in a watershed may not protect the most sensitive beneficial aquatic life uses in a 
state. Furthermore, the implementation of SCMs at the watershed scale has been too inconsistent 
and too recent to observe an actual cause-and-effect relationship between SCMs and receiving 
waters. The following specific conclusions and recommendations about stormwater control 
measures are made. 

Individual controls on stormwater discharges are inadequate as the sole solution to 
stormwater in urban watersheds. SCM implementation needs to be designed as a system, 
integrating structural and nonstructural SCMs and incorporating watershed goals, site 
characteristics, development land use, construction erosion and sedimentation controls, 
aesthetics, monitoring, and maintenance.  Stormwater cannot be adequately managed on a 
piecemeal basis due to the complexity of both the hydrologic and pollutant processes and their 
effect on habitat and stream quality.  Past practices of designing detention basins on a site-by-site 
basis have been ineffective at protecting water quality in receiving waters and only partially 
effective in meeting flood control requirements.   

Nonstructural SCMs such as product substitution, better site design, downspout 
disconnection, conservation of natural areas, and watershed and land-use planning can 
dramatically reduce the volume of runoff and pollutant load from a new development.   
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Such SCMs should be considered first before structural practices.  For example, lead 
concentrations in stormwater have been reduced by at least a factor of 4 after the removal of lead 
from gasoline.  Not creating impervious surfaces or removing a contaminant from the runoff 
stream simplifies and reduces the reliance on structural SCMs. 

SCMs that harvest, infiltrate, and evapotranspirate stormwater are critical to 
reducing the volume and pollutant loading of small storms. Urban municipal separate 
stormwater conveyance systems have been designed for flood control to protect life and property 
from extreme rainfall events, but they have generally failed to address the more frequent rain 
events (<2.5 cm) that are key to recharge and baseflow in most areas.  These small storms may 
only generate runoff from paved areas and transport the “first flush” of contaminants.  SCMs 
designed to remove this class of storms from surface runoff (runoff-volume-reduction SCMs— 
rainwater harvesting, vegetated, and subsurface) can also address larger watershed flooding 
issues. 

Performance characteristics are starting to be established for most structural and 
some nonstructural SCMs, but additional research is needed on the relevant hydrologic 
and water quality processes within SCMs across different climates and soil conditions.  
Typical data such as long-term load reduction efficiencies and pollutant effluent concentrations 
can be found in the International Stormwater BMP Database.  However, understanding the 
processes involved in each SCM is in its infancy, making modeling of these SCMs difficult.  
Seasonal differences, the time between storms, and other factors all affect pollutant loadings 
emanating from SCMs.  Research is needed that moves away from the use of percent removal 
and toward better simulation of SCM performance.  Hydrologic models of SCMs that 
incorporate soil physics (moisture, wetting fronts) and groundwater processes are only now 
becoming available.  Research is particularly important for nonstructural SCMs, which in many 
cases are more effective, have longer life spans, and require less maintenance than structural 
SCMs. EPA should be a leader in SCM research, both directly by improving its internal 
modeling efforts and by funding state efforts to monitor and report back on the success of SCMs 
in the field. 

Research is needed to determine the effectiveness of suites of SCMs at the watershed 
scale.  In parallel with learning more about how to quantify the unit processes of both structural 
and nonstructural practices, research is needed to develop surrogates or guidelines for modeling 
SCMs in lumped watershed models.  Design formulas and criteria for the most commonly used 
SCMs, such as wet ponds and grass swales, are based on extensive laboratory and/or field 
testing. There are limited data for other SCMs, such as bioretention and proprietary filters.  
Whereas it is important to continue to do rigorous evaluations of individual SCMs, there is also a 
role for more simple methods to gain an approximate idea about how SCMs are performing.  The 
scale factor is a problem for watershed managers and modelers, and there is a need to provide 
guidance on how to simulate a watershed of SCMs, without modeling thousands of individual 
sites. 

Improved guidance for the design and selection of SMCs is needed to improve their 
implementation. Progress in implementing SCMs is often handicapped by the lack of design 
guidance, particularly for many of the non-traditional SCMs.  Existing design guidance is often 
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incomplete, outdated, or lacking key details to ensure proper on-the-ground implementation.  In 
other cases, SCM design guidance has not been disseminated to the full population of MS4 
communities.  Nationwide guidance on SCM design and implementation may not be advisable or 
applicable to all physiographic, climatic, and ecoregions of the country.  Rather, EPA and the 
states should encourage the development of regional design guidance that can be readily adapted 
and adopted by municipal and industrial permittees.  As our understanding of the relevant 
hydrologic, environmental, and biological processes increases, SCM design guidance should be 
improved to incorporate more direct consideration of the parameters of concern, how they move 
across the landscape, and the issues in receiving waters. 

The retrofitting of urban areas presents both unique opportunities and challenges. 
Promoting growth in these areas is desirable because it takes pressure off the suburban fringes, 
thereby preventing sprawl, and it minimizes the creation of new impervious surfaces.  However, 
it is more expensive than Greenfields development because of the existence of infrastructure and 
the limited availability of land.  Both innovative zoning and development incentives, along with 
the selection of SCMs that work well in the urban setting, are needed to achieve fair and 
effective stormwater management in these areas.  For example, incentive or performance zoning 
could be used to allow for greater densities on a site, freeing other portions of the site for SCMs.  
Publicly owned, consolidated SCMs should be strongly considered as there may be insufficient 
land to have small, on-site systems.  The performance and maintenance of the former can be 
overseen more effectively by a local government entity.  The types of SCMs that are used in 
consolidated facilities—particularly detention basins, wet/dry ponds, and stormwater wetlands— 
perform multiple functions, such as prevention of streambank erosion, flood control, and large-
scale habitat provision. 
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Chapter 6 
Innovative Stormwater Management and Regulatory Permitting 

There are numerous innovative regulatory strategies that could be used to improve EPA’s 
stormwater program.  This chapter first outlines a substantial departure from the status quo, 
namely, basing all stormwater and other wastewater discharge permits on watershed boundaries 
instead of political boundaries.  Watershed-based permitting is not a new concept, but it has been 
attempted in only a few communities.  Development of the new permitting paradigm is followed 
by more modest and easily implemented recommendations for improving the stormwater 
program, from a new plan for monitoring industrial sites to encouraging greater use of 
quantitative measures of the maximum extent practicable requirement.  The recommendations in 
the latter half of the chapter do not preclude adoption of watershed-based permitting at some 
future date, and indeed they lay the groundwork in the near term for an eventual shift to 
watershed-based permitting. 

WATERSHED PERMITTING FRAMEWORK FOR MANAGING STORMWATER 

In its initial meeting in January 2007, the committee heard opinions that collectively 
pointed in a new direction for managing and regulating stormwater that would differ from the 
end-of-pipe approach traditionally applied by regulatory agencies under the National Pollutant 
Discharge Elimination System (NPDES) permits and be based instead on a watershed 
framework.  Indeed, the U.S. Environmental Protection Agency (EPA) has already given 
substantial thought to watershed permitting and issued a Watershed-Based NPDES Permitting 
Policy Statement (EPA, 2003a) that defined watershed-based permitting as an approach that 
produces NPDES permits that are issued to point sources on a geographic or watershed basis.  It 
went on to declare that, “The utility of this tool relies heavily on a detailed, integrated, and 
inclusive watershed planning process. Watershed planning includes monitoring and assessment 
activities that generate the data necessary for clear watershed goals to be established and permits 
to be designed to specifically address the goals.” 

In the statement, EPA listed a number of important benefits of watershed permitting: 

•	 More environmentally effective results; 
•	 Ability to emphasize measuring the effectiveness of targeted actions on improvements in 

water quality; 
•	 Greater opportunities for trading and other market-based approaches; 
•	 Reduced cost of improving the quality of the nation’s waters; 
•	 More effective implementation of watershed plans, including total maximum daily loads 

(TMDLs); and 
•	 Other ancillary benefits beyond those that have been achieved under the Clean Water Act 

(e.g., integrating CWA and Safe Drinking Water Act [SDWA] programs). 

Subsequent to the policy statement, EPA published two guidance documents that lay out 
a general process for a designated state that wishes to set up any type of permit or permits under 
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CWA auspices on a watershed basis (EPA, 2003b, 2007a).  It also outlined a number of case 
studies illustrating various kinds of permits that contain some watershed-based elements.  Box 6-
1 describes in greater detail the more recent report (EPA, 2007a) and its 11 “options” for 
watershed-based permitting.  Unfortunately, the EPA guidance is lacking in its description of 
what constitutes watershed-based permitting, who would be covered under such a permit, and 
how it would replace the current program for municipalities and industries discharging 
stormwater under an individual or general NPDES permit.  Few examples are given, some of 
which are not even watershed-based, with most of the examples involving grouping municipal 
wastewater treatment works under a single permit with no reference to stormwater.  Most of the 
11 options are removed from the fundamental concept of watershed-based permitting.  Finally, 
the guidance fails to elaborate on the policy statement goal to make water quality standards 
watershed-based. The committee concluded that, although the EPA documents lay some 
groundwork for watershed-based permitting—especially the ideas of integrated municipal 
permits, water quality trading, and monitoring consortia—the sum total of EPA’s analysis does 
not define a framework for moving toward true watershed-based permitting.  The guidance 
attends to few of the details associated with such a program and it has made no attempt to 
envision how such a system could be extended to the states and the municipal and industrial 
stormwater permittees.  This chapter attempts to overcome these shortcomings by presenting a 
more comprehensive description of watershed-based permitting for stormwater dischargers. 

The approach proposed in this chapter fits within the general framework outlined by EPA 
but goes much further.  First, it is intended to replace the present structure, instead of being an 
adjunct to it, and to be uniformly applied nationwide.  The proposal adopts the goal orientation 
of the policy statement and then extends it to root watershed management and permitting in 
comprehensive objectives representing the ability of waters to actually support designated 
beneficial uses. The proposal builds primarily around the integrated municipal permit concept in 
the policy statement and technical guidance.  Like EPA’s outline, the committee emphasizes 
measuring the effectiveness of actions in bringing improvements, but goes on from there to 
recommend a set of monitoring activities designed to support active adaptive management to 
achieve objectives, as well as to assess compliance.  Credit trading, indicator development, the 
rotating basin approach, and monitoring should be part of management and permitting programs 
within watersheds, and ideas are advanced to develop these and other elements. 

In addition to building on the work of EPA, the proposed approach tackles many of the 
impediments to effective watershed management identified in the National Research Council 
(NRC) treatise on watershed management (NRC, 1999).  That report noted that watershed 
approaches are easiest to implement at the local level; thus, the approach developed in this 
chapter is a bottom-up process in which programmatic responsibility lies mainly with 
municipalities. Because the natural boundaries of watersheds rarely coincide with political 
jurisdictions, watersheds as geographic areas are less useful for political, institutional, and 
funding purposes, such that initiatives and organizations directed at watershed management 
should be flexible. The proposed approach recognizes this reality and makes numerous 
suggestions for pilot testing, funding, and institutional arrangements that will facilitate success.  
Finally, NRC (1999) notes the need to “develop practical procedures for considering risk and 
uncertainty in real world decision-making in order to advance watershed management.”  The 
proposed revised monitoring system presented later in this chapter is designed to provide 
information in the face of ongoing uncertainty, i.e., adaptive management in a permitting 
context. 
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BOX 6-1 
EPA’s Current Guidance on Watershed-Based Permitting 

Rather than explicitly define watershed based permitting, the EPA’s recent guidance (EPA, 
2007a) groups a large number of activities as having elements of watershed-based permitting, and 
defines how each might be utilized by a community.  They are 

●   NPDES permitting development on a watershed basis, 
●  Water quality trading, 
●   Wet weather integration, 
●   Indicator development for watershed-based stormwater management, 
●   TMDL development and implementation, 
●   Monitoring consortium, 
●   Permit synchronization, 
●   Statewide rotating basin planning, 
●   State-approved watershed management plan development, 
●   Section 319 planning, and 
●   Source water protection planning. 

Taking these topics in order, the first option is generally similar to that in EPA (2003a,b), but with 
some more detail on possible permitting forms.  “Coordinated individual permits” implies that individual 
permits would be made similar and set with respect to one another and to a holistic watershed goal.  The 
nature of such permits is not fully described, and there are no examples given.  An “integrated municipal 
permit,” also presented in the earlier policy statement, would place the disparate individual NPDES 
permits in a municipality (e.g., wastewater plants, combined sewer overflows, municipal separate storm 
sewer systems [MS4s]) under one permit.  However, such a permit is not necessarily watershed-based.  
Finally, the “multi-source permit” could go in numerous directions, none of which are described in detail.  
In one concept, all current individual permittees who discharge a common pollutant into a watershed 
would come under one new individual permit that regulates that pollutant, while keeping the existing 
individual permits intact for other purposes.  The Neuse River Consortium is given as an example.  
Alternatively, a multi-source permit could cover all dischargers of a particular type now falling under one 
individual permit that regulates all of their pollutants (no examples are given).  In yet another application, 
this permit could be a general permit, and it would be identical to the existing general permits, except that 
it would be organized along watershed boundaries.  As above, it could be refined on the basis of pollutant 
or discharger type. 

The other ten options are more distant from the fundamental concept of watershed-based 
permitting. The water quality trading description is minimal, though it does mention a new EPA document 
that gives guidance to permittees for trading.  Wet weather integration, the third topic, can mean any 
number of things, from creating a single permit to cover all discharges of pollutants during wet weather in 
a municipality, as described above for “coordinated individual permits,” to just having all the managers of 
the systems get together and strategize.  Although a stated goal is to reduce the amount of water in the 
sewer system after a storm, this integration is not particularly well defined in the document, nor is it well 
differentiated from other activities that would normally occur under an MS4 permit. 

Indicator development for watershed-based stormwater management refers to identifying 
indicators that are better than one or a few pollutants at characterizing the degree of impairment wrought 
by stormwater.  Stormwater runoff volume is one indicator being developed by Vermont, and percent 
impervious surface is another.  As discussed in Chapter 2, some states have long used biological 
indicators that integrate the effects of many pollutants as well as physical stresses such as elevated flow 
velocities.  Indicators can be used as TMDL targets or as goals in NPDES permits.  Identifying and 
adopting indicators is, essentially, a prerequisite to implementing some of the other options listed above. 

Regarding the next topic on the list, the option of TMDL development is obvious, since the TMDL 
program is by definition watershed based.  If it can be made the highest priority, and if stormwater is a  

continues next page 
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BOX 6-1 Continued 

contributor, then the implementation plan can be an excellent way to combat stormwater pollution on a 
watershed basis.  Reducing the contribution of the pollutant from a stormwater source can involve water 
quality trading, better enforcement of existing permits, or creating new watershed-based permits.  Hence, 
again, there is considerable overlap with the previously discussed options. 

Developing a monitoring consortium is an option that works when sufficient data are not available 
to do much else.  The concept mainly refers to monitoring of ambient waters.  The activity is shared 
among partners (e.g., all wastewater plants in a region), with the goal of collecting and analyzing enough 
data to improve management decisions on a watershed basis, instead of for a single plant. 

The following topic, permit synchronization, refers to having all permits within a watershed expire 
and be renewed simultaneously.  This approach could be helpful for streamlining administrative, 
monitoring, and management tasks associated with maintaining the permits.  Some states have operated 
in this way, whereas others have decided not to.  It is one way to coordinate permits in cases where other 
types of watershed-based permitting would not work. Similarly, the statewide rotating basin approach, 
used by many states, relies on a five-year cycle.  The state is divided into major watersheds, and each 
watershed is in a different stage of the cycle every year.  It is a way to distribute the workload such that 
there is never a year when, for example, every watershed would require monitoring.  Since it is a 
statewide program, how it relates to a watershed-based permitting situation is not at all clear. 

With regard to the next topic, there has been a great deal of watershed planning around the 
nation and tremendous variety in form and comprehensiveness.  Plans generally contain some 
information on the state of the watershed, goals for the watershed, and activities to meet those goals.  
Development of such plans in areas that do not have them could facilitate watershed-based permitting by 
providing much needed information about conditions, sources of pollutants, and methods to reduce 
pollution. According to EPA, a watershed plan may or may not indicate the need for watershed-based 
permitting. 

The Section 319 Program refers to voluntary efforts to reduce pollution from nonpoint sources.  
The program in and of itself is not relevant to NPDES permits, since it deals strictly with activities that are 
not regulated.  However, these activities could be traded with more traditional stormwater practices as 
part of a watershed-based effort to reduce overall pollution reaching waterbodies.  Many watershed plans 
must consider guidance for the 319 program in order to get funding for their management activities. 

If the watershed in question contains a drinking water source (either surface water or 
groundwater), then a good source water protection plan can have a significant impact on NPDES 
permitting in a watershed.  Information collected during the assessment phase of source water protection 
could be used to help inform watershed-based permitting.  Also, NPDES permits could be rewritten taking 
into account the proximity of discharges to source water intakes. 

Following its coverage of the 11 options, EPA (2007a) gives a hypothetical example of picking six 
of the options to develop permitting for a watershed.  It discusses how the options might be prioritized, but 
in a very qualitative manner, according to considerations such as availability of funding and personnel, 
stakeholder desires, environmental impacts, and sequencing of events.  Chapter 1 of the report ends with 
a list of performance goals that might apply to the 11 options. 

Chapter 2 further explains the multi-source watershed-based permit, discussing, for example, 
who would be covered by it, who would administer it, and how credit trading fits in.  The chapter has a lot 
of practical, although quite intuitive, information about how to write such a permit.  Much of the decision 
making is left to the permit writer.  There are discussions of effluent limitations, monitoring requirements, 
reporting and record keeping, special conditions, and public notice.  Chapter 3 follows by presenting case 
studies, although fewer than appeared in 2003 and not all truly watershed based. 
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Watershed Management and Permitting Issues 

There are many implications of redirecting the stormwater management and regulatory 
system from a site-by-site, SCM-by-SCM approach to an emphasis on attainment of beneficial 
uses throughout a watershed. Most fundamentally, the program’s focus would shift to a primary 
concentration on broad goals in terms of, for example, achieving a targeted condition in a 
biological indicator associated with aquatic ecosystem beneficial uses or no net increase in 
elevated flow duration. Application of site-specific stormwater control measures (SCMs) would 
no longer constitute presumptive evidence of permit compliance, as is often the case in permits 
now, although it would still be an essential means to meeting goals.  Achieving those goals, 
however, would form the compliance criteria. 

In recognition of the demonstrated negative effects of watershed hydrologic modification 
on the attainment of beneficial uses, the proposal steps beyond the generally prevailing practice 
by embracing water quantity as a concern along with water quality.  The inclusion of hydrology 
is consistent with the CWA on several grounds. First, elevated runoff peak flow rates and 
volumes increase erosive shear stress on stream beds and banks and directly contribute 
particulate pollutants to the flow (such as suspended and settleable solids, as well as nutrients 
and other contaminants bound to the soil material).  Conversely, reduced dry-weather flows often 
occur in urban streams as a result of lost groundwater recharge and tend to concentrate pollutants 
and, hence, worsen their biological effects. Moreover, pollutant mass loading is the product of 
concentration and flow volume, and thus increased wet-weather surface runoff directly augments 
the cumulative burden on receiving waters.  Finally, regulatory precedent for incorporating 
hydrology exists, as demonstrated by Vermont’s stormwater program (LaFlamme, 2007). 

At this time, stormwater management and regulation are divorced from the management 
and regulation of municipal and industrial wastewater.  A true watershed-based approach would 
incorporate the full range of municipal and industrial sources, including (1) public streets and 
highways; (2) municipal stormwater drainage systems; (3) municipal separate and combined 
wastewater collection, conveyance, and treatment systems; (4) industrial stormwater and process 
wastewater discharges; (5) private residential and commercial property; and (6) construction 
sites. These many sources represent an array of uncoordinated permits under the current system 
and a strong challenge to developing a watershed-based approach. As pointed out in Chapter 2, 
multi-source considerations are an implicit facet of TMDL assessments, wherein states must 
consider both point and nonpoint sources. EPA (2003b) identified, among other possible permit 
types, an Integrated Municipal NPDES Permit, which would bundle all requirements for a 
municipality (e.g., stormwater, combined sewer overflows, biosolids, pretreatment) into a single 
permit.  The Tualatin River watershed in Oregon has faced this challenge, at least in part, 
through an innovative watershed permit that combines both wastewater treatment and 
stormwater, brings in management of agricultural contributions to thermal pollution, and allows 
for pollutant trading among sources (see Box 6-2).  It appears that the various participating 
parties did not use their energies in trying to allocate blame but instead determined the most 
effective and efficient ways of improving conditions.  For example, the municipal permittees 
willingly offered incentives to agricultural landowners to plant riparian shade trees as an 
alternative to more expensive means of reducing stream temperatures under their direct control.  
Indeed, with agriculture not being regulated by the Clean Water Act, watershed permitting and 
initiatives of this type represent the best, and perhaps only, mechanism for ameliorating negative 
effects of agricultural runoff that, left unattended, would undo gains in managing urban runoff.  
The Neuse River case study, discussed later in this chapter, is another example of bringing 
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392 Urban Stormwater Management in the United States 

agricultural contributions to aquatic degradation under control, along with urban sources, 
through a watershed-based approach. 

BOX 6-2 
Watershed-Based Permitting in Oregon 

Clean Water Services is a wastewater and stormwater utility that covers a special service district 
of 12 cities and unincorporated areas in urban Washington County, Oregon.  It was originally chartered in 
the 1970s as the Unified Sewerage Agency to consolidate the management of 26 “package” wastewater 
treatment facilities.  Its responsibilities expanded to stormwater management in the early 1990s and it 
now serves nearly 500,000 customers.  There are four wastewater treatment plants (WWTPs) in the 
district, with a dry weather capacity of 71 million gallons per day (MGD).  During low-flow months, the 
discharge from these plants can account for 50 percent of the water in the Tualatin River.  The district 
also own rights to one-quarter of the stored water in Hagg Lake.  The land use in the watershed is about 
one-third urban, one-third agriculture, and one-third forest. 

In 2001, the region was faced with TMDLs on the Tualatin River or its tributaries for total 
phosphorus, ammonia, temperature, bacteria, and dissolved oxygen.  By 2002, the area was also dealing 
with four expired NPDES permits and one expired MS4 permit (all of which had been administratively 
extended), approval of a second TMDL, and an Endangered Species Act (ESA) listing.  The region 
decided that it wanted to try to integrate all of these programs using a watershed-based regulatory 
framework. This would include a TMDL implementation mechanism, an ESA response plan, and 
integrated water resources management (meaning that water quantity, water quality, and habitat 
considerations would be made at the same time).  Prior to integration, water quality was covered by the 
TMDL and NPDES programs, but these programs did not cover water quantity and habitat issues.  The 
ESA listing addressed the habitat issues, but it was done totally independently of the TMDLs and NPDES 
permits.   

Thus, the region applied for an integrated municipal NPDES permit that bundles all NPDES 
permit requirements for a municipality into a single permit, including publicly owned treatment works 
(POTWs), pretreatment, stormwater, sanitary sewer overflows, and biosolids.  Initially, it encompassed 
the four WWTP permits, the one MS4 permit, and the industrial and construction stormwater permits.  The 
hope was that this would streamline multiple permits and capture administrative and programmatic 
efficiencies; provide a mechanism for implementing more cost-effective technologies and management 
practices including water quality credit trading; integrate watershed management across federal statutes 
such as the CWA, SDWA, and ESA; and encourage early and meaningful collaboration and cooperation 
among key stakeholders. 

This case study was successful because a single entity—Clean Water Services—was already in 
charge of what would have otherwise been a group of individual permittees.  Furthermore, all the NPDES 
permits had expired and the TMDL had just been issued, providing a window of opportunity.  The state 
regulatory agency was very willing, and EPA provided a $75,000 grant.  Finally, there was a robust water 
quality database and modeling performed for the area because of the previous TMDL work.  The 
watershed-based permit, the first in the nation, was issued February 26, 2004.  Among its unique 
elements are an intergovernmental agreement companion document signed by the Oregon Department 
of Environmental Quality (DEQ), water quality credit trading, and consolidation of reporting requirements.  
The water quality trading is one of the most interesting elements, and several variations have been 
attempted. Biological oxygen demand (BOD) and NH3 have been traded both intra-facility and inter-
facility. 

The temperature TMDL on the Tualatin River is a particularly interesting example of trading 
because it helped to bring agriculture into the process, where it would otherwise not have been involved.  
Along the length of the river, there are portions that exceed the temperature standard.  A TMDL allocation 
was calculated that would lower temperatures by the same amount everywhere, such that there would be 
no point along the river that would be in exceedance.  Options for reducing temperature include reducing 
the influent wastewater temperature (which is hard to do), reducing the total WWTP discharge to the  

continues next page 
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BOX 6-2 Continued 

Tualatin River (which is not practical), mechanically cooling or refrigerating WWTP discharge (which 
would require more energy), or trading the heat load via flow augmentation and increased shading (which 
is what was attempted). 

Clean Water Services choose to utilize a market-based, watershed approach to meet the Tualatin 
temperature TMDL.  It was market-based because it had financial incentives for certain groups to 
participate, it was cost-effective, and it provided ancillary ecosystem services.  It was a watershed-based 
approach because it capitalized on the total assimilative capacity of the basin.  What was done was to (1) 
provide cooling and in-stream flow augmentation by releasing water from Hagg Lake Reservoir, and (2) 
trade riparian stream surface shading improvement credits.  They also reused WWTP effluent in lieu of 
irrigation withdrawals.  For the riparian shading, they developed an “enhanced” CREP program to 
increase the financial incentives to rural landowners (with Clean Water Services paying the difference 
over existing federal and state programs).  Clean Water Services also made incentive payments to the 
Soil and Water Conservation District to hire people to act as agents of Clean Water Services.  Oregon 
DEQ’s Shadalator model was used to quantify thermal credits for riparian planting projects, which 
required that information be collected at 100-foot increments along the stream on elevation, aspect, 
wetted width, Nordfjord-Sogn Detachment Zone, channel incision, and plant type and planting corridor 
width. To summarize, over the five-year term of the permit, Clean Water Services will release 30 cfs/d of 
stored water from Hagg Lake each July and August and shade roughly 35 miles of tributary riparian area 
(they have already planted 34 miles of riparian buffer).  This plan involved an element of risk taking, since 
the actions of unregulated parties (such as farmers) have suddenly become the responsibility of Clean 
Water Services. 

Significant disadvantages of the current system of separate permits for municipal, 
construction, and industrial activities are (1) the permits attack the problem on a piecemeal basis, 
(2) they are hard to coordinate because they expire at different times, (3) they are not designed to 
allow for long-term operation of SCMs, and (4) they do not cover all discharges.  A solution to 
these problems would be to integrate all discharge permitting under municipal authority, as is 
proposed here. The lead permittee and co-permittees would bear ultimate responsibility for 
meeting watershed goals and would regulate all public and private discharges within their 
jurisdictions to attain them.  Municipalities are the natural focus for this role because they are the 
center of land-use decisions throughout the nation. 

Municipalities must be provided with substantially greater resources than they have now 
to take on this increased responsibility.  Beyond funding, regulatory responsibilities must be 
realigned to some degree.  The norm now is for states to administer industrial permits directly 
and generally attend to all aspects of permit management.  However, states, more often than not, 
are unable because of resource limitations to give permittees much attention in the form of 
inspection and feedback to ensure compliance.  At the same time, some states, explicitly or 
implicitly, expect municipal permittees to set up programs to meet water quality standards in the 
waters to which all land uses under their jurisdictions discharge.1  It only makes sense in this 

1 For example, the second Draft Ventura County [California] Municipal Separate Storm Sewer System Permit states 
(under Findings D.  Permit Coverage), “Provisions of this Order apply to the urbanized areas of the municipalities, 
areas undergoing urbanization and areas which the Regional Water Board Executive Officer determines are 
discharging storm water that causes or contributes to a violation of a water quality standard … .”  The permit further 
states (under Part 2—Receiving Water Limitations), “1. Discharges from the MS4 that cause or contribute to a 
violation of water quality standards are prohibited.  … 3. … This Order shall be implemented to achieve 
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situation to have designated states (or EPA for the others) specify criteria for industrial and 
construction permits but revise regulations to empower and support municipal co-permittees in 
compliance-related activities.  This paradigm is not unprecedented in environmental permitting, 
as under the Clean Air Act, states develop state implementation plans for implementation by 
local entities. For this new arrangement to work, states would have to be comfortable that 
municipalities could handle the responsibility and be able to exercise the added authority 
granted. The committee’s opinion is that municipalities generally do have the capability, 
working together as co-permittees with a large-jurisdiction lead permittee and with guidance and 
support from states. 

It bears noting at the outset that the proposed new program would not reduce the present 
system’s reliance on general permits.  Whereas a general permit now can be issued to a group of 
municipalities having differing circumstances, under the new system a permit could just as well 
be formulated in the same way for a group of varying watersheds.  General industrial and 
construction permits would be just as prevalent too. 

Toward Watershed-Based Permitting 

Watershed-based permitting is taken in this report to mean regulated allowance of 
discharges of water and wastes borne by those discharges to waters of the United States, with 
due consideration of (1) the implications of those discharges for preservation or improvement of 
prevailing ecological conditions in the watershed’s aquatic systems, (2) cooperation among 
political jurisdictions sharing a watershed, and (3) coordinated regulation and management of all 
discharges having the potential to modify the hydrology and water quality of the watershed’s 
receiving waters. 

Determining Watershed Scale for Permitting 

A fundamental question that must be answered at the outset of any move to watershed 
permitting is, What is a watershed?  Hydrologically, a watershed is the rain catchment area 
draining to a point of interest. Hence, the question comes down to, Where should the point of 
interest be located to define watersheds for permitting purposes?  If placed close to the initial 
sources of surface runoff (e.g., on each first-order stream just above its confluence with another 
first-order stream), attention would be very specifically directed.  However, there would be little 
flexibility to devise solutions for the greatest good.  For example, trading of the commodities 
runoff quantity and quality would be very restricted.  If on the other hand the point of interest is 
placed far downstream, thus defining a very large watershed, a welter of issues, and probably 
also of involved jurisdictions, would overly confuse the management and regulatory task. 

The U.S. Geological Survey (USGS) delineates watersheds in the United States using a 
nationwide system based on surface hydrologic features.  This system divides the country into 21 
regions, 222 subregions, 352 accounting units, and 2,262 cataloging units.  These hydrologic 
units are arranged within each other, from the smallest (cataloging units) to the largest (regions).  
USGS identifies each hydrologic unit by a unique hydrologic unit code (HUC) consisting of 2 to 

compliance with receiving water limitations.  If exceedence(s) of water quality objectives or water quality standards 
persist … the Permittee shall assure compliance with discharge prohibitions and receiving water limitations … .” 
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16 digits based on the four levels of classification in the hydrologic unit system.  Watersheds 
thus delineated are typically of the order a few square kilometers in area.  This system is now 
being linked to the National Hydrography Dataset (NHD) and the National Land Cover Dataset 
to produce NHDPlus, an integrated suite of application-ready geospatial datasets. 

The USGS system provides a starting point.  Ultimately, though, what constitutes a 
watershed will best be answered with reference to specific biogeophysical conditions and 
problems and by personnel at relatively close hand (i.e., state or regional oversight agency staff).  
A general guideline might be the catchment area of a waterbody influenced by a set of similar 
subwatersheds. Similar subbasins would presumably be amenable to similar solutions and 
trading off reduced efforts in some places for compensating additional efforts elsewhere, as well 
as to analysis and monitoring on a representative basis, instead of exhaustively throughout.  
Often, a watershed defined in this way would flow into another watershed and influence it.  
Thus, there would have to be coordination among managers and regulators of interacting 
watersheds. It would be common for several watersheds ranging from relatively small to large in 
scale to be nested. Each would have its management team, and a committee drawn from those 
teams should be formed to coordinate goals and actions.   

A prerequisite to moving toward watershed permitting, then, is for states or regions 
within states to delineate watersheds. California took this step early in the NPDES stormwater 
permitting process and offers a model in this respect, as well as in encompassing all jurisdictions 
coordinated by a lead permittee.  First, the state organized its California EPA regional water 
boards on a watershed basis. Furthermore, since 1992 it has been common in California to 
establish one jurisdiction as the lead permittee (e.g., Los Angeles County in the Los Angeles 
region, Orange County in the Santa Ana Region, and San Diego County in the San Diego 
Region) and all of the politically separate cities as co-permittees.  The lead permittee has 
typically been the jurisdiction most widely distributed geographically in the region and large 
enough to develop compliance mechanisms and coordinate their implementation among all 
participants. Box 6-3 describes the approach taken to delineating management units within the 
Chesapeake Bay watershed, which comprises parts of Pennsylvania, Maryland, Virginia, and the 
District of Columbia.  The case study illustrates well the approach advocated here of focusing on 
the outcome in the receiving water and considering all aspects of land and water resources 
management that determine that outcome. 

Steps Toward Watershed-Based Permitting 

Once a watershed is defined, a further question arises regarding how much and what part 
of its territory to cover formally under permit conditions.  Under the present system substantial 
development occurring outside Phase I or Phase II municipal jurisdictions is escaping coverage.  
Failing to control relatively high levels of development both outside a permitted jurisdiction and 
upstream of more lightly developed areas within a permitted area is particularly contrary to the 
watershed approach. Areas having a more urban than rural character are already essentially 
treated as urban in water supply and sewer planning, and the same should occur in the area of 
stormwater management.  Accordingly, the permit should extend to any area in the watershed, 
even if outside Phase I or II jurisdictions, zoned or otherwise projected for development at an 
urban scale (e.g., more than one dwelling per acre).  States do have authority under the CWA to 
designate any area for Phase II coverage based on projected growth or the presence of impact  
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BOX 6-3 
Watershed Delineation for the Chesapeake Bay 

The “Tributary Strategy Team” approach of the Chesapeake Bay Watershed provides a specific 
example of a watershed-scale approach to implementation of water quality control measures. Some 
background on this longstanding program is first provided, before turning to how watersheds were 
delineated.  In 1983, the states of Virginia, Maryland, and Pennsylvania; the District of Columbia; and 
EPA signed an agreement to form the Chesapeake Bay Program with a goal to restore and protect the 
bay, which was suffering from nutrient overenrichment, severely reduced submerged aquatic vegetation, 
and contamination by toxics.  In 1987 the program established a target of a 40 percent reduction in the 
amount of nutrients entering the Bay by 2000.  In 1992 the bay program partners agreed to continue the 
40 percent reduction goal beyond 2000 by allocating nutrient reduction targets to the bay’s tributaries.  In 
Chesapeake 2000, the most recent version of the Chesapeake Bay agreement, the nutrient reduction 
goals were reaffirmed, and an additional goal of sediment reduction was established.  New York, 
Delaware, and West Virginia, locations of the bay’s headwaters, also became involved in nutrient and 
sediment reduction.  Cap load allocations for nutrients (nitrogen and phosphorus) and sediment to be 
reached by 2010 were agreed upon by the states.  The states began developing 36 voluntary watershed-
based tributary strategies to meet the state cap load allocations covering the entire 64,000-square-mile 
Chesapeake Bay watershed. 

Watershed-based tributary strategies are developed in cooperation with local watershed 
stakeholders.  For rural areas, where stakeholders include farmers, nutrient strategies include promotion 
of management practices such as maintaining cover crops on recently harvested cropland to reduce soil 
erosion, reduction in nitrogen applications, conservation tillage, and establishment of riparian buffers.  For 
urban-area stakeholders such as homeowners and municipalities, tributary strategies include practices 
such as enhanced nutrient removal at WWTPs, low-impact development (LID) practices, erosion and 
sediment control practices, and septic system upgrades. 

The first cut at delineating the watershed, which was based on hydrography and topography, 
defined the eight major areas draining to the Chesapeake Bay: six major basins (Susquehanna, Potomac, 
York, James, Rappahannock, and Patuxent) plus smaller areas not draining to a major river on the 
Eastern and Western Shores of the bay in Maryland.  These subdivisions are disparate with respect to 
size (the Susquehanna can engulf almost the entire other seven), but direct drainage to the bay was the 
criterion at this level. 

The next cut was made at state borders.  For example, the Susquehanna traverses three states 
and was subdivided at the New York–Pennsylvania and Pennsylvania–Maryland political boundaries.  
Further cuts were subsequently made within some states.  The criteria for these cuts varied from state to 
state, but generally involved a combination of smaller political jurisdictions (e.g., county, township), 
subwatershed basin borders, and other local considerations, such as local interest and investment (e.g., 
watershed associations). 

The resulting delineations are highly variable in size but apparently satisfactory to the local 
parties who decided on the areas.  They represent individual “tributary strategy areas” but are also nested 
within the larger eight designations and involve interjurisdictional and interstate coordination where a 
subbasin is divided by a political boundary.  Although the example of the Chesapeake Bay is at a very 
large scale, the principles of watershed delineation it illuminates apply at all scales.   

PREPUBLICATION 
  

RB-AR15020



 
 

 

 
 

 

 

 

 

 
 

 

 

 

 

397 Innovative Stormwater Management and Regulatory Permitting 

sources. They should be required to do so for nationwide uniformity and best protection of water 
resources. 

It is essential to clarify that watershed-based permitting as formulated in this chapter 
differs sharply from what has been termed watershed (or basin) planning.  According to EPA, 
watershed planning “identifies broad goals and objectives, describes environmental problems, 
outlines specific alternatives for restoration and protection, and documents where, how, and by 
whom these action alternatives will be evaluated, selected, and implemented” 
(http://www.epa.gov/watertrain/planning/planning7.htm).  Drawing up such a plan is a time-
consuming process, which has often become an end in itself, instead of a means to an end.  
Completing a full watershed plan, as usually construed, should not be a prerequisite to  
watershed-based permitting.  Rather, the anticipated process would spring much more from 
comprehensive, advanced scientific and technical analysis of the water resources to be managed 
and their contributing catchment areas than from a planning framework. 

Effective watershed-based permitting as outlined in this report is composed of 

•	 Centralizing responsibility and authority for implementation with a municipal lead 
permittee working in partnership with other municipalities in the watershed as co-
permittees; 

•	 Adopting a minimum goal in every watershed to avoid any further loss or degradation of 
designated beneficial uses within the watershed’s component waterbodies; 

•	 Assessing waterbodies that are not providing designated beneficial uses in order to set 
goals aimed at recovering these uses; 

•	 Defining careful, complete, and clear specific objectives to be achieved through 

management and permitting; 


•	 Comprehensive impact source analysis as a foundation for targeting solutions; 
•	 Determining the most effective ways to isolate, to the extent possible, receiving 


waterbodies from exposure to those impact sources; 

•	 Developing and appropriately allocating funding sources to enable the lead permittee and 

partners to implement effectively; 
•	 Developing a monitoring program composed of direct measures to assess compliance and 

progress toward achieving objectives and diagnosing reasons for the ability or failure to 
meet objectives, in support of active adaptive management; and 

•	 Developing a market system of trading credits as a tool available to municipal co-
permittees to achieve watershed objectives, even if solutions cannot be uniformly 

applied. 


The system proposed herein is a significant departure from the road traveled in the 20 
years since CWA amendments began to bring stormwater under direct regulation.  This 
reorganization is necessary because of the failure of the present system to achieve widespread 
and relatively uniform compliance (see Chapter 2) and, ultimately, to protect the nation’s water 
resources from degradation by municipal, industrial, and construction runoff.  The workload 
associated with adopting this approach will be considerable and will take some time to complete.  
The structure of the new program should be fully in place within five years, which is considered 
to be a reasonable period to complete the work.  It could be fully implemented throughout the 
nation within ten years. However, interim measures toward its fulfillment should occur sooner, 
within one to two years. Such measures should be applied to each land-use and impact-source 
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category (i.e., existing residential and commercial development, existing industry, new 
development, redevelopment, construction sites).  For example, measures such as an effective 
impervious area limit or a requirement to maintain predevelopment recharge to the subsurface 
zone could make early progress in managing new development, and lead toward the ultimate, 
objective-based management and permitting strategy for that category.  Advanced source control 
performance standards would be appropriate interim measures for existing development.   

One innovative approach to watershed-based management that can ease the burden of the 
proposed new system is the rotating basin approach.  As described by EPA (2007a), this option 
entails delineating state watershed boundaries and grouping the watersheds into basin 
management units, usually by the state water pollution control agency.  Next, states implement a 
watershed management process on a rotating schedule, which is usually composed of five 
activities: (1) data collection and monitoring, (2) assessment, (3) strategy development, (4) basin 
plan review, and (5) implementation.  Over time, different waterbodies are intensively studied as 
part of the rotation. Data collected can be used to support a number of different reporting and 
planning requirements, including a finding of attainment of water quality standards, a 
determination of impairment, or possible delisting if the waterbody is found not to be impaired.  
Florida offers a good example of the rotating basin approach.  The Florida Department of 
Environmental Protection has defined five levels of intensity, or phases, each taking about one 
year to complete, and it has divided the state into 30 areas based on HUCs.  At any one time six 
areas are in each phase before rotating to a subsequent phase.  This division of effort would help 
alleviate the burden of moving to a new system of watershed-based permitting by programming 
the work over a period of years.  It could certainly be organized on a priority basis, in which the 
watersheds of greatest interest for whatever reason (e.g., having the highest resource values, 
being most subject to new impacts) would get attention first. 

An Objective-Based Framework 

The proposed framework for watershed-based management and regulation of stormwater 
relies on broad goals to retain and recover aquatic resource beneficial uses, backed by specific 
objectives (e.g., water quality criteria) that must be achieved if the goals are to be fulfilled.  
Meeting the objectives and overarching goals is intended to become the basis for determining 
permit compliance, instead of the current reliance on implementation of SCMs as presumptive 
evidence of compliance.   

The broad goals of retaining and recovering beneficial uses are entirely consistent with 
the antidegradation clause of the CWA.  Antidegradation means that the current level of water 
quality shall be maintained and protected, unless waters exceed levels necessary for maintaining 
their beneficial uses and the state finds that allowing lower water quality is necessary to 
accommodate important economic or social development.  In accordance with the 
antidegradation clause, a major pillar of the proposed concept is the goal of preventing 
degradation from the existing state of biological health, whatever it may be, to a lower state.  
Thus, fully and nearly pristine watersheds are to remain so and, at a minimum, partially or highly 
impaired ones are to suffer no further impairment.  Beyond this minimum, impaired waters 
should be assessed to determine if feasible actions can be taken to recover lost designated 
beneficial uses or at least improve degraded uses. 
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As discussed in Chapter 2, beneficial uses relate to the social and ecological services 
offered, or intended to be offered, by waterbodies.  For example, California has 20 categories of 
beneficial uses embracing water supply for various domestic, agricultural, and industrial 
purposes; provision of public recreation; and support of aquatic life and terrestrial wildlife 
(CalEPA, Central Coast Regional Water Board Basin Plan).  That beneficial uses are usually 
assigned at the state level by waterbody classes or specific waterbodies would not change under 
the proposed permitting program revision.  Most waters have several beneficial uses 
encompassing some water supply and ecological functions and, perhaps, some form of 
recreation. Unlike most current stormwater programs where attainment of beneficial uses is only 
implicit, these goals would become explicit in the altered system and officially promulgated by 
the authority operating the permit program (a designated state, in most cases, or EPA).  The 
permitting authority would then partner with municipal permittees to determine the conditions 
that must be brought to bear to attain beneficial uses, set objectives or criteria to establish those 
conditions, and follow through with the tasks to accomplish objectives. 

The proposed framework’s reliance on achieving objectives that reflect the cumulative 
aquatic resource effects of contributing watershed conditions suggests the following related 
concepts: 

• In whatever manner watershed boundaries are set, the full extent of the watershed from 
headwaters onward should be considered in defining objectives.  This is important even where 
watershed scale and boundaries are based on local and/or regional hydrogeomorphic 
circumstances and their associated management and regulatory needs.  Watersheds can and often 
will be defined and nested at different scales (e.g., streams tributary to a lake, a river flowing into 
an estuary or marine bay). 

• The scale of objectives must be consistent with the scale and recognized beneficial uses 
of the watershed(s) in question; for example, sustaining salmonid fish spawning could be the 
basis for a stream objective, while retaining an oligotrophic state could be the essential objective 
for a lake to which the stream is tributary. 

• Whenever beneficial uses pertain to living organisms (aquatic life or humans), 
representing the vast majority of all cases, objectives should be largely in biological terms.  That 
is not to say that supplementary objectives cannot be stated otherwise (e.g., in terms of flow 
characteristics, chemical water quality constituents, or habitat attributes), but the ultimate direct 
thrust of the program should be toward the biota. 

• Objectives must be carefully chosen to represent attributes of importance from a resource 
standpoint, limited in number for feasibility of tracking achievement, and defined in a way that 
achievement can be measured.  For example, nitrogen is generally the nutrient limiting algal 
growth in saline systems and in excess it stimulates growth that can reduce dissolve oxygen, 
killing fish and other aerobic organisms.  In this case the most productive objectives would 
probably target reduction of nitrogen concentration and mass flux and maintenance of dissolved 
oxygen. For waterbodies designated for contact recreation, fecal coliform indicators (although 
not directly pathogenic when waterborne) have proven to be an effective means of assessing 
condition and should continue to form the basis for objectives to protect contact recreation until 
research produces superior measures.  If drinking water supply is a designated beneficial use of a 
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lake, it will better serve that function in a lower than a higher state of eutrophication, which can 
be managed, according to a long limnological research record, by restricting water column 
chlorophyll a as an objective. Where the beneficial use is fish protection and propagation, 
biological criteria might include (1) maintenance of a specific population size of a resident fish 
species when that species’ population can be assayed conveniently; (2) maintenance of a 
numerical index (e.g., benthic index of biotic integrity) when a fish species of ultimate interest 
cannot be assessed so conveniently but is known or reasonably hypothesized to be associated 
with the index; or (3) a related parameter, such as eelgrass beds, which are important fish nursery 
areas in estuarine waters, such that areal coverage by these beds would be an appropriate 
objective to track over time.  An intermittent waterbody could have biological criteria related to, 
for example, fish migration or amphibian reproduction. 

• The achievement of objectives, or lack thereof, is the basis for follow-up and prescription 
of remedies in an active adaptive management mode; that is, falling short of objectives would 
trigger a search for reasons throughout the watershed, followed by identification of actions 
necessary and sufficient to remedy the shortfall, assessment of their ability to reach objectives, 
and the cost of doing so. In the course of this assessment it may be concluded that the objective 
itself is faulty and should be restated, replaced, or discarded. 

Basing the watershed framework principally on biological objectives grows out of the 
CWA’s fundamental charge to protect the biological (as well as physical and chemical) integrity 
of the nation’s waters.  The tie between specific physical and chemical conditions and the 
sustenance of aquatic biological communities is not well established through an extensive, well-
verified body of research. Moreover, living organisms consuming or living in water are subject 
to a vast multitude of simultaneous physical and chemical agents having the potential to harm 
them individually and interactively.  There are no realistic prospects for research to determine 
the levels of these numerous agents that must be maintained to support beneficial uses.  
Therefore, their integrative effects must be determined using measures of biological populations 
or communities of interest. 

By and large, state water quality standards as now promulgated would not serve the 
proposed objective-based system well.  They are usually not phrased in biological terms or with 
respect to hydrologic variables now known to have instrumental negative effects on aquatic 
organisms, but instead mostly as concentrations of selected chemical elements or compounds.  
However, there is no prohibition of biological or hydrologic standards in the law.  The 
recommended emphasis is consistent with and informed by the tiered aquatic life uses system 
applied by some states and illustrated for Ohio in Box 2-1.  The use of such systems must expand 
greatly to support the recommended framework.  An opportunity to do so exists through the 
triennial review already required for each state’s water quality standards. 

Certain special considerations affect the development and use of objectives as the device 
to carry forward watershed-based stormwater management and regulation.  First, other elements 
of the CWA beyond the stormwater program and other laws may very well be involved in a 
watershed (see Chapter 2).  Municipal and industrial wastewater discharges will often be 
contributors along with stormwater.  Aquatic organisms may be listed as threatened or 
endangered under the federal ESA or state authority.  Both objectives and the management and 
regulatory program designed to achieve objectives should reflect any such circumstances. 
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Instituting the proposed permitting program will require converting the TMDL program 
to one more suitable for its purposes and structure.  The TMDL program is watershed based and 
hence offers some precedent and experience applicable to the new system.  However, for the 
most part, it has operated only on waters declared to be impaired for specific pollutants, and it 
relies on management of specific physical and chemical water quality variables.  Furthermore, in 
its current mode it takes no account of potential future impact sources.  The TMDL program 
should be replaced with one adapted to the objective-based framework proposed here.  This new 
program should apply to all waters assigned objectives, “impaired” or not, and formulate limits 
in whatever terms are best to achieve objectives.  Hence, although the program would expand in 
coverage area, the efficient tailoring of objectives directly to beneficial uses could compensate 
for the expansion by targeting fewer variables.  Finally, the new program should look to the 
future as well as the present by encompassing the anticipated impacts of prospective landscape 
changes. 

The nature of a program to replace TMDLs can be glimpsed from a few attempts to move 
in the anticipated direction even under the existing structure.  For example, Connecticut collected 
data directly linking impervious cover to poor stream health in Eagleville Brook (Connecticut 
Department of Environmental Protection, 2007).  The stream’s TMDL was developed using 
watershed impervious cover as a surrogate parameter for a mix of pollutants conveyed by 
stormwater.  The intention is to reduce effective imperviousness by disconnecting impervious 
areas, installing unspecified SCMs, minimizing additional disturbance, and enhancing in-stream 
and riparian habitat. Flow was used as a surrogate for stormwater pollution in the Potash Brook, 
Vermont TMDL (Vermont DEC, 2006).  In this waterbody, the impairment was based on 
biological indices that were then related to a hydrologic condition believed to be necessary to 
achieve the Vermont criteria for aquatic life.  The TMDL will be implemented via the use of 
runoff-volume-reduction SCMs throughout the watershed. 

Impact Sources 

The CWA provides for regulating, as specific land-use types, only designated industrial 
categories, with construction sites disturbing one acre or more considered to be one of those 
categories.  Otherwise, it gives authority to regulate municipal jurisdictions operating separate 
storm sewer systems.  Generally speaking, these jurisdictions encompass, in addition to the 
industrial categories, the full range of urban land-use types, such as single- and multiple-family 
residential, various kinds and scales of commercial activity, institutional, and parks and other 
open space. All of these land uses and the activities conducted on them are, to one degree or 
another, sources of the agents that physically and chemically modify aquatic systems to the 
detriment of their biological health.  Hence, most of the impact sources to which these aquatic 
systems are subject are not directly regulated under CWA authority as are industrial sources, but 
instead are indirectly regulated through the municipal program.  Also, as already discussed, the 
situation is further complicated by the presence of municipal and industrial wastewater sources 
along with landscape sources contributing flow and pollutants to receiving waters via stormwater 
discharges. 

The watershed-based framework envisioned here relies on municipalities led by a 
principal permittee.  Thus, a fundamental task that municipal permittees charged with operating 
under a watershed-based permit must do is to find industries and construction sites in the 
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watershed that have not filed for permit coverage and bring them under regulation.  Furthermore, 
municipal co-permittees, with leadership by a watershed lead permittee, must classify industries 
and construction sites within their borders according to risk and accordingly prioritize them for 
inspection and monitoring (methods for doing this are discussed later in the chapter).  Municipal 
permittees must have better tools than they have had in the past to assess the various impact 
sources and formulate strategies to manage them that have a reasonably high probability of 
fulfilling objectives.  The present state of practice and research findings offers some directions 
for choosing or more completely developing these tools.  However, by no means are all the 
necessary elements available, and substantial new basic and applied research must be performed. 

From the literature come several possibilities to improve source analysis in the complex 
urban environment.  Some examples of apparent promise, drawn from Clark et al. (2006) include 
the following: 

• Nirel and Revaclier (1999) used the ratio of dissolved rubidium (Rb) to strontium (Sr) to 
identify and quantify the impact of sewage effluents on river quality in Switzerland.  Rubidium 
was present in larger quantities than strontium in feces and urine, making the ratio of these two 
elements an effective tracer that does not vary with river flow for a given water quality 
condition. Using the ratio alone produced the same conclusions regarding impact as measuring a 
host of physicochemical water quality variables.  The researchers estimated that the Rb:Sr ratio 
must be lower than 0.007 if biological diversity is to be maintained, which could be the basis of 
an objective to manage river water quality.  Although this case pertains to municipal wastewater 
and the technique works best in waters with a naturally low Rb:Sr ratio (e.g., calcareous regions), 
it success points out a potential avenue of research to simplify stormwater management on the 
basis of quantitative objectives related to biological integrity. 

• Cosgrove (2002) described the approach used in New Jersey to characterize the relative 
contribution of point and nonpoint sources of pollutants in the Raritan River Basin.  Twenty-one 
surface water sampling locations within the watershed were monitored four to five times per year 
from 1991 to 1997.  These data were evaluated by comparing the median concentration at each 
sampling location with land-use statistics.  Cumulative probability curves were also developed 
for each pollutant to demonstrate the probability that the concentration at a given location would 
be below a certain level (e.g., a stream standard).  These probability curves were useful in 
determining the risk that a given location would violate a particular standard.  The concentration 
data, coupled with continuous flow monitoring records, were utilized to determine the total load 
for each constituent.  Regression analysis was used to develop a relationship between the total in-
stream loads and flow.  Such an analysis provided an indication of municipal or industrial 
discharge versus diffuse-source-dominated locations.  Pollutant loads could then be converted to 
yield (load per unit area) to normalize the results for comparison from one station to another.  
The “screening level” methodology uses only existing data and, not requiring advanced 
modeling techniques, can be used to understand where to focus more rigorous modeling 
techniques. 

• Maimone (2002) presented the overall approach that was used to screen and evaluate 
potential pollutant sources within the Schuylkill River watershed as part of the Schuylkill River 
Source Water Assessment Partnership.  The partnership performed source water assessments of 
42 public water supply intakes for the Pennsylvania Department of Environmental Protection.  
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The watershed encompasses over 1,900 square miles with more than 3,000 potential point 
sources of contamination.  In addition, runoff from diverse land uses such as urban and 
agriculture had to be characterized using the Stormwater Management Model.  For all 42 surface 
water intakes, potential point sources were identified using existing databases.  The list was first 
passed through a series of Geographic Information System-based “screening” sieves to limit the 
sources to only those considered to be high priority (including proximity and travel time from 
source to intake). Ten categories were identified that cover the range of the most important 
contaminants that might be found within the watershed, and a representative or surrogate 
chemical was identified whose properties were used to stand in for the category.  Beyond the 
geographic screening, a more sophisticated screening was needed to limit the number of sites, 
using a decision support computer software program called EVAMIX.  The greatest benefit of 
EVAMIX, compared to other software, is that it allows mixed criteria evaluation, qualitative and 
quantitative, to be considered concurrently. EVAMIX produced source rankings representing an 
organized and consistent use of both the objective data and the subjective priorities of decision 
makers.  

• Hetling et al. (2003) investigated the effect of water quality management efforts on 
wastewater discharges to the Hudson River (from Troy, New York to the New York City 
Harbor) from 1900 to 2000. The paper demonstrated a methodology for estimating historic 
loadings where data are not available.  Under these circumstances, estimated historic sewered 
and treated populations and per capita values were used to calculate wastewater flow and 
loadings for 5-day biochemical oxygen demand (BOD5), total suspended solids (TSS), total 
nitrogen, and total phosphorus. The analysis showed that dispersed landscape sources have 
become the most significant contributors of the first two contaminants to the river, while 
municipal wastewater plants remain the largest sources of nutrients.  The methodology presented 
in this paper could be used by co-permittees to estimate present-day sources of various types and 
contribute to moving toward a comprehensive permit incorporating multiple sources. 

• Zeng and Rasmussen (2005) used multivariate statistics to characterize water quality in a 
lake and its tributaries. Tributary water was composed of three components.  Factor analysis 
demonstrated that stormwater runoff was the predominant cause of elevation of a group of water 
quality variables in a factor including TSS, the measurement of which is a convenient surrogate 
for all variables in the factor.  Similarly, municipal and industrial discharges could be 
characterized by total dissolved solids, and groundwater by alkalinity plus soluble reactive 
phosphorus. These sources can thus be distinguished through measurement of just four common 
water quality variables. Reducing the number of analytes reduces laboratory costs and allows 
resources to be freed up for other purposes. Cluster analyses performed on the data indicated 
that further savings could be realized by sampling just one among several stations in a cluster 
and sampling at just one point in time over a period of relatively stable water quality (e.g., a 
relatively dry period). 

A key research need associated with applying the proposed framework is assessment of 
these and other mechanisms for sorting out the contributions of the variety of impact sources in 
the urban environment.  Leading this effort would be a natural role for EPA. 
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Impact Reduction Strategies 

The philosophical basis for impact reduction under a modified permitting system 
centered on a lead municipal permittee and associated co-permittees is to avoid, as far as 
possible, exposing receiving waters to impact sources or to otherwise minimize that exposure.  
The concept embraces both water quantity and quality impact sources and specifically raises the 
former category to the same level of scrutiny as traditionally applied to water quality sources.  
Furthermore, the endpoints upon which success and compliance would be judged are directly 
related to achievement of beneficial uses.  This approach to impact reduction, where the direct 
focus is on reducing the loss of aquatic ecosystem functioning supportive of beneficial uses, 
fundamentally contrasts with the currently prevailing system.  What are primary concerns in the 
existing system (e.g., discharge concentrations of certain chemical and physical substances, 
technological strategies from a menu of practices) are still prospectively important, but only as a 
means toward realizing functional objectives, not as endpoints themselves.  To be sure, attaining 
beneficial uses will require wise choices among tools to decrease discharges and contaminant 
emissions.  However, the ultimate proof will always be in biological outcomes. 

As made clear in Chapters 3 and 4, linkages among myriad stressing agents, impact 
receptors, and specific mitigating abilities of technological fixes are poorly understood and not 
easily understandable. The proposed new paradigm acknowledges that the linkages are not 
established among the voluminous elements in an exceptionally complex system ranging from 
impact sources, through environmental transport and fate mechanisms, to ecosystem health.  
However, it is intuitively and theoretically clear that minimizing the generation of impacts in the 
first place and slowing their progression into aquatic environments can break the chain of 
landscape alteration that leads to increased runoff and pollutant production, modifies aquatic 
habitat, and ultimately causes deterioration of the biological community.  Landscapes can be 
managed in a preventive, integrated fashion that deals with the many undifferentiated agents of 
impact and avoids, or at least reduces, the damage.  Although the application of these theories 
may not automatically and quickly stem biological losses, the powerful mechanism of adaptive 
management, if correctly applied, can be used to make course corrections toward meeting the 
defined objectives. 

An earlier National Research Council (NRC) committee examined the scientific basis of 
EPA’s TMDL program and recommended “adaptive implementation” (AI) to water quality 
standards (NRC, 2001a).  That committee drew AI directly from the concept of adaptive 
management for decision making under uncertainty, introduced by Holling and Chambers (1973) 
and Holling (1978) and described it as an iterative process in which TMDL objectives and the 
implementation plans to meet those objectives are regularly reassessed during the ongoing 
implementation of controls.  Shabman et al. (2007) and Freedman et al. (2008) subsequently 
extended and refined the applicability of AI for promoting water quality improvement both 
within and outside of the TMDL program.  In that broader context, AI fits well with the 
framework put forward here.  Indeed, the proposed revised monitoring system presented later in 
this chapter is designed to provide information to support adaptive management in a permitting 
context. 
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The Stages of Urbanization and Their Effects on Strategy 

In waterbodies that are not in attainment of designated uses, it is likely that the physical 
stresses and pollutants responsible for the loss of beneficial uses will have to be decreased, 
especially as human occupancy of watersheds increases.  Reducing stresses, in turn, entails 
mitigative management actions at every life stage of urban development: (1) during construction 
when disturbing soils and introducing other contaminants associated with building; (2) after new 
developments on Greenfields are established and through all the years of their existence; (3) 
when any already developed property is redeveloped; and (4) through retrofitting static existing 
development.  Most management heretofore has concentrated on the first two of those life stages.   

The proposed approach recognizes three broad stages of urban development requiring 
different strategies: new development, redevelopment, and existing development.  New 
development means building on land either never before covered with human structures or in 
prior agricultural or silvicultural use relatively lightly developed with structures and pavements 
(i.e., Greenfields development).  Redevelopment refers to fully or partially rebuilding on a site 
already in urban land use; there are significant opportunities for bringing protective measures to 
these areas where none previously existed.  The term existing development means built urban 
land not changing through redevelopment; retrofitting these areas will require that permittees 
operate creatively. 

What is meant by redevelopment requires some elaboration.  Regulations already in force 
typically provide some threshold above which stormwater management requirements are 
specified for the redeveloped site. For example, the third Draft Ventura County Municipal 
Separate Storm Sewer System Permit defines “significant redevelopment” as land-disturbing 
activity that results in the creation or addition or replacement of 5,000 square feet or more of 
impervious surface area on an already developed site.  The permit goes on to state that where 
redevelopment results in an alteration to more than 50 percent of the impervious surfaces of a 
previously existing development, and the existing development was not subject to 
postdevelopment stormwater quality control requirements, the entire site becomes subject to 
application of the same controls required for new development.  Where the alteration affects 50 
percent or less of the impervious surfaces, only the modified portion is subject to these controls.  
All urban areas are redeveloped at some rate, generally slowly (e.g., roughly one or at most a few 
percent per annum) but still providing an opportunity to ameliorate aquatic resource problems 
over time.  Extending stormwater requirements to redeveloping property also gradually “levels 
the playing field” with new developments subject to the requirements.  As pointed out in Chapter 
2, some jurisdictions offer exemptions from stormwater management requirements to stimulate 
desired economic activities or realize social benefits.  Such exemptions should be considered 
very carefully with respect to firm criteria designed to weigh the relative socioeconomic and 
environmental benefits, to prevent abuses, to gauge just how instrumental the exemption is to 
gaining the socioeconomic benefits, and to compensate through a trading mechanism as 
necessary to achieve set aquatic resource objectives. 

It is important to mention that not only residential and commercial properties are 
redeveloped, but also streets and highways are periodically rebuilt.  Highways have been 
documented to have stormwater runoff higher than other urban land uses in the concentrations 
and mass loadings of solids, metals, and some forms of nutrients (Burton and Pitt, 2002; Pitt et 
al., 2004; Shaver et al., 2007). Redevelopment of transportation corridors must be taken as an 
opportunity to install SCMs effective in reducing these pollutants. 
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Opportunities to apply SCMs are obviously greatest at the new development stage, 
somewhat less but still present in redevelopment, but most limited when land use is not changing 
(i.e., existing development). Still, it is extremely important to utilize all readily available 
opportunities and develop others in static urban areas, because compromised beneficial uses are a 
function of the development in place, not what has yet to occur.  Often, possibly even most of the 
time, to meet watershed objectives it will be necessary to retrofit a substantial amount of the 
existing development with SCMs.  To further progress in this overlooked but crucial area, the 
Center for Watershed Protection issued a practical Urban Stormwater Retrofit Practices manual 
(Schueler et al., 2007). 

Practices for Impact Reduction 

As described in Chapter 5, in the past 15 to 20 years stormwater management has passed 
through several stages.  First, it was thought that the key to success was to match 
postdevelopment with predevelopment peak flow rates, while also reducing a few common 
pollutants (usually TSS) by a set percentage.  Finding this to require large ponds but still not 
forestalling impacts, stormwater managers next deduced that runoff volumes and high discharge 
durations would also have to decrease.  Almost simultaneously, although not necessarily in 
concert, the idea of LID arose to offer a way to achieve actual avoidance or at least minimization 
of discharge quantity and pollutant increases reaching far above predevelopment levels.  For 
purposes of this discussion, the SCMs associated with LID along with others are named Aquatic 
Resources Conservation Design (ARCD).  First, this term signifies that the principles and many 
of the methods apply not only to building on previously undeveloped sites, but also to 
redeveloping and retrofitting existing development.  Second, incorporating aquatic resources 
conservation in the title is a direct reminder of the central reason for improving stormwater 
regulation and management.  ARCD goes beyond LID to encompass many of the SCMs 
discussed in Chapter 5, in particular those that decrease surface runoff peak flow rates, volumes, 
and elevated flow durations caused by urbanization, and those that avoid or at least minimize the 
introduction of pollutants to any surface runoff produced.  This concentration reduction, together 
with runoff volume decrease, cuts the cumulative mass loadings (mass per unit time) of 
pollutants entering receiving waters over time.  The SCM categories from Table 5-1 that qualify 
as ARCD include 

• Product Substitution, 
• Watershed and Land-Use Planning, 
• Conservation of Natural Areas, 
• Impervious Cover Minimization, 
• Earthwork Minimization, 
• Reforestation and Soil Conservation, 
• Runoff Volume Reduction—Rainwater Harvesting, Vegetated, and Subsurface, 
• Aquatic Buffers and Managed Floodplains, and 
• Illicit Discharge Detection and Elimination. 

The menu of ARCD practices begins with conserving, as much as possible, existing trees, 
other vegetation, and soils, as well as natural drainage features (e.g., depressions, dispersed sheet 
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flows, swales). Clustering development to affect less land is a fundamental practice advancing 
this goal. Conserving natural features would further entail performing construction in such a 
way that vegetation and soils are not needlessly disturbed and soils are not compacted by heavy 
equipment.  Using less of polluting materials, isolating contaminating materials and activities 
from contacting rainfall or runoff, and reducing the introduction of irrigation and other non-
stormwater flows into storm drain systems are essential.  Many ARCD practices fall into the 
category of minimizing impervious areas through decreasing building footprints and restricting 
the widths of streets and other pavements to the minimums necessary.  Water can be harvested 
from impervious surfaces, especially roofs, and put to use for irrigation and gray water system 
supply. Harvesting is feasible at the small scale using rain barrels and at larger scales using 
larger collection cisterns and piping systems.  Relatively low traffic areas can be constructed 
with permeable surfaces such as porous asphalt, open-graded Portland cement concrete, coarse 
granular materials, concrete or plastic unit pavers, or plastic grid systems.  Another important 
category of ARCD practices involves draining runoff from roofs and pavements onto pervious 
areas, where all or much can infiltrate or evaporate in many situations.   

If these practices are used, but excess runoff still discharges from a site, ARCD offers an 
array of techniques to reduce the quantity through infiltration and evapotranspiration and 
improve the quality of any remaining runoff.  These practices include (1) bioretention cells, 
which provide short-term ponded and soil storage until all or much of the water goes into the 
deeper soil or the atmosphere; (2) swales, in which water flows at some depth and velocity; (3) 
filter strips, broad surfaces receiving sheet flows; (4) infiltration trenches, where temporary 
storage is in below-ground gravel or rock media; and (5) vegetated (“green”) roofs, which offer 
energy as well stormwater management benefits.  Natural soils sometimes do not provide 
sufficient short-term storage and hydraulic conductivity for effective surface runoff reduction 
because of their composition but, unless they are very coarse sands or fine clays, can usually be 
amended with organic compost to serve well.   

ARCD practices should be selected and applied as close to sources as possible to stem 
runoff and pollutant production near the point of potential generation.  However, these practices 
must also work well together and, in many cases, must be supplemented with strategies operating 
farther downstream.  For example, the City of Seattle, in its “natural drainage system” retrofit 
initiative, built serial bioretention cells flanking relatively flat streets that subsequently drain to 
“cascades” of vegetated stepped pools created by weirs, along more sloping streets.  The 
upstream components are highly effective in attenuating most or even all runoff.  Flowing at 
higher velocities, the cascades do not perform at such a high level, although under favorable 
conditions they can still infiltrate or evapotranspire the majority of the incoming runoff (Horner 
et al., 2001, 2002, 2004; Chapman, 2006; Horner and Chapman, 2007).  Their role is to reduce 
runoff from sources not served by bioretention systems as well as capture pollutants through 
mechanisms mediated by the vegetation and soils.  The success of Seattle’s natural drainage 
systems demonstrates that well-designed SCMs can mimic natural landscapes hydrologically, 
and thereby avoid raising discharge quantities above predevelopment levels. 

In some situations ARCD practices will not be feasible, at least not entirely, and the 
SCMs conventionally used now and in the recent past (e.g., retention/detention basins, 
biofiltration without soil enhancement, and sand filters) should be integrated into the overall 
system to realize the highest management potential. 

The proposed watershed-based program emphasizing ARCD practices would convey 
significant benefits beyond greatly improved stormwater management.  ARCD techniques 
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overall would advance water conservation, and infiltrative practices would increase recharge of 
the groundwater resource.  ARCD practices can be made attractive and thereby improve 
neighborhood aesthetics and property values.  Retention of more natural vegetation would both 
save wildlife habitat and provide recreational opportunities.  Municipalities could use the 
program in their general urban improvement initiatives, giving incentives to property owners to 
contribute to goals in that area while also complying with their stormwater permit. 

Municipal Permittee Roles in Implementing Strategies 

Municipal permittees sharing a watershed will have key roles in promoting ARCD under 
the proposed new system. First, the lead permittee and its partners would be called upon to 
perform detailed scientifically and technically based watershed analysis as the program’s 
foundation. The City of San Diego (2007) offers a model by which permittees could operate 
with its Strategic Plan for Watershed Activity Implementation.  The plan consists of 

•	 Activity location prioritization—locations prioritized for action based on pollutant 
loading potential; 

•	 Implementation strategy and activity prioritization—tiered approach identifying 
activities directed at meeting watershed goals over a five-year period; 

•	 Potential watershed activities—general list of activities required and potentially 
required to meet goals as guidance for planning and budgeting; 

•	 Watershed activity maps—specified locations for activities; and 
•	 Framework for assessment monitoring—a plan for development of the monitoring 

and reporting program. 
Municipal permittees would be required under general state regulations to make ARCD 

techniques top priorities for implementation in approving new developments and 
redevelopments, to be used unless they are formally and convincingly demonstrated to be 
infeasible. In that situation permit approval would still require full water quantity and quality 
management using conventional practices.  Beyond regulation, municipalities would be called 
upon to give private property owners attractive incentives to select ARCD methods and support 
to implement them.  Furthermore, they should supplement on-site ARCD installations with 
municipally created, more centralized facilities in subwatersheds.   

Other municipal roles in the proposed program revolve around the prominence of soil 
infiltration as a mechanism in ARCD.  Successful use of infiltration requires achieving soil 
hydraulic conductivity sufficient to drain the runoff collector quickly enough to provide capacity 
for subsequent storms and avoid nuisance conditions, while not so rapid that contaminants would 
reach groundwater.  One important task for municipal co-permittees will be defining watershed 
soils and hydrogeological conditions to permit proper siting and design of infiltrative facilities.  
A great deal of soils information already exists in any community but must be assembled and 
interpreted to assist stormwater managers.  U.S. Department of Agriculture soil surveys, while a 
start, are often insufficiently site-specific to characterize the subsurface accurately at a point on 
the landscape.  More localized data available to municipalities come from years of recorded well 
logs, soil borings, and percolation test results.  Municipalities should tap these records to define, 
to their best ability, soil types, hydraulic conductivities, and seasonal groundwater positions.  
Although abundant and valuable, these data are unlikely to be sufficient to define subsurface 
attributes across a watershed. Thus, municipalities should collect additional data (soil borings, 
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soils analyses, and percolation tests) to obtain a good level of assurance of the prospects for 
infiltrative ARCD. 

Part of the task for municipalities will be overcoming opposition to infiltration if it is 
unjustified. Some opponents discourage infiltration based on coarse soil survey data that may 
not apply at all at a locality, or they fail to take into account that the well-established ARCD 
practice of soil amendment, generally with organic compost, can improve the characteristics of 
somewhat marginal soils sufficiently to function well during infiltration.  While such amendment 
cannot increase hydraulic conductivity sufficiently in restrictive clay soils, the technique has 
proven to effectuate substantial infiltration and attendant reduction in runoff volumes and peak 
flow rates in Seattle’s natural drainage systems, discussed above.  These systems lie on variable 
soils, including formations categorized by the Natural Resources Conservation Service (2007) as 
being in hydrologic group C. This group generally has somewhat restricted saturated hydraulic 
conductivity in the least transmissive layer between the surface and 50 centimeters (20 inches) of 
between 1.0 micrometers per second (0.14 inches per hour) and 10.0 micrometers per second 
(1.42 inches per hour). Furthermore, additional runoff reduction often occurs through 
evapotranspiration, which is enhanced by the vegetation in ARCD systems.   

Another objection sometimes raised to infiltrating stormwater is its perceived potential to 
compromise groundwater quality.  Whether or not that potential is very great depends upon a 
number of variables: rate of infiltration, ability of the soil type to extract and retain contaminants, 
distance of travel to groundwater, and any contaminated layers through which the water passes.  
It is unlikely that urban stormwater, with its prevailing pollutant concentrations, will threaten 
groundwater if it travels at a moderate rate, through soils of medium or fine textures without 
contaminant deposits, to groundwater at least several meters below the surface.  To ensure that 
groundwater is not compromised when surface water is routed through infiltrative practices, 
municipalities must establish where appropriate conditions do and do not exist and spot 
infiltration opportunities accordingly.  Records of past waste disposal, leaks, and spills must be 
consulted to clean up or stay away from contaminated zones.  There are alternatives even if 
documented soils or groundwater limitations rule out infiltrative practices.  Much can be 
accomplished to reduce the quantities of contaminated urban runoff discharged to receiving 
waters through impervious surface reduction, water harvesting, and green roofs. 

One additional problem to infiltrating stormwater runoff exists in some relatively dry 
areas and must be countered by municipalities. Overirrigation of lawns and landscape plantings 
has already increased infiltration well over the predevelopment amount and raised groundwater 
tables, sometimes to problematic levels.  This unnecessary use of irrigation not only wastes 
potable water, often scarce in such areas, but reduces capacity to infiltrate stormwater without 
further water table rise. Municipalities should set up effective programs to conserve water and 
simultaneously increase stormwater infiltration capacity. 

A final element of an integrated management and permitting program under municipal 
control is use of capacity in the sanitary sewer and municipal wastewater treatment systems to 
treat some stormwater.  This initiative must be pursued very carefully.  For one reason, 
municipal treatment works have historically been overburdened with stormwater flows in 
combined sewers and have not yet broken free of that burden through sewer separation 
programs.  A second reason for care is that municipal sewage treatment plants are generally 
designed to remove particulates and decompose organic wastes, and not to capture the array of 
pollutants in stormwater, many dissolved or associated with the finest and most difficult to 
capture particles. Toxic contaminants can damage microbes and upset biological treatment 
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plants. Nonetheless, capacity exists in many WWTPs to treat stormwater.  The delivery of 
pollutants the plant was not designed to handle can be managed by pretreatment requirements, 
applied to industrial stormwater dischargers particularly.  Dry weather flows, consisting mostly 
of excess irrigation water runoff, can be diverted to treatment plants to prevent at least some of 
the nutrient and pesticide contamination that otherwise would flow to receiving waters.  
Additional capacity to treat stormwater can be gained by repairing defective municipal 
wastewater pipes that allow groundwater entry. 

Special Considerations for Construction and Industrial Land Uses 

All of the principles discussed above apply to industrial and construction sites as well: 
minimize the quantity of surface runoff and pollutants generated in the first place, or act to 
minimize what is exported off the site.  Unfortunately, construction site stormwater now is 
managed all too often using sediment barriers (e.g., silt fences and gravel bags) and 
sedimentation ponds, none of which are very effective in preventing sediment transport.  Much 
better procedures would involve improved construction site planning and management, backed 
up by effective erosion controls, preventing soil loss in the first place, which might be thought of 
as ARCD for the construction phase of development.  Just as ARCD for the finished site would 
seek to avoid discharge volume and pollutant mass loading increase above predevelopment 
levels, the goal of improved construction would be to avoid or severely limit the release of 
eroded sediments and other pollutants from the construction site.  Chapter 5 discusses 
construction-phase stormwater management in more detail. 

Other industrial sites are faced with some additional challenges.  First, industrial sites 
usually have less landscaping potentially available for land-based treatments.  Their discharges 
are often more contaminated and carry greater risk to groundwater.  On the other hand, industrial 
operations are amenable to a variety of source control options that can completely break the 
contact between pollutants and rainfall and runoff.  Moving operations indoors or roofing 
outdoor material handling and processing areas can transform a high-risk situation to a no-risk 
one. It is recommended that industrial permits strongly emphasize source control (e.g., pollution 
prevention) as the first priority and the remaining ARCD measures as secondary options (as 
outlined in Table 5-9).  Together these measures would attempt to avoid, or minimize to the 
extent possible, any discharge of stormwater that has contacted industrial sources. 

It is likely that the remaining discharges that emanate from an industrial site will often 
require treatment and, if relatively highly contaminated, very efficient treatment to meet 
watershed objectives. Some industrial stormwater runoff carries pollutant concentrations that are 
orders of magnitude higher than now prevailing water quality standards.  In these cases meeting 
watershed objectives may require providing active treatment, which refers to applying 
specifically engineered physicochemical mechanisms to reduce pollutant concentrations to 
reliably low levels (as opposed to the passive forms of treatment usually given stormwater, such 
as ponds, biofiltration, and sand filters).  Examples now in the early stages of application to 
stormwater include chemical coagulation and precipitation, ion exchange, electrocoagulation, 
and filtration enhanced in various ways.  These practices are undeniably more expensive than 
source controls and other ARCD options and traditional passive treatments.  If they must be used 
at all, it is to the advantage of all parties that costs be lowered by decreasing contaminated waste 
stream throughput rates to the absolute minimum. 
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Administrative and Funding Arrangements 

A number of practical, logistical considerations pertain to converting to the permitting 
and regulatory system discussed above.  These considerations include: 

•	 What design and performance standards should be placed on the management systems? 
•	 What administrative vehicles offer the best prospects for success? 
•	 What funding arrangements are necessary to support the revised permitting and 


management system?
 

Design and Performance Standards 

It has already been asserted under the discussion of objectives above that ultimate 
performance standards should be based on results in the aquatic systems under protection.  The 
report further advocates promulgating these standards primarily in terms of biological health (for 
protection of human health, aquatic life, or both), supplemented by measures of conditions well 
known to influence biological health quite directly, such as hydrologic variables.  It was further 
proposed that active adaptive management be applied in relation to the degree of achievement of 
water resource objectives. However, it would not be wise to standardize entirely on this level 
and leave all questions of the means to the end to individual permittees.  Certain design-level 
standards would also be appropriate.  An example is provided by the recently issued draft 
municipal permit for Ventura County, California.  In that permit, application of low-impact 
methods to new development and redevelopment is specified to hold the effective impervious 
area to 5 percent of the total contributing catchment.  While technical experts may disagree on 
the precise number, the point is that adopting such a standard gives a straightforward design 
requirement on an evidentiary basis.  Results in the receiving waters would still be tracked and 
used in active adaptive management if necessary, but effective application of the design standard 
would provide some level of initial assurance that the aquatic health standards can be met. 

Forging Institutional Partnerships 

At the heart of the proposal for a new system of regulating discharges to the nation’s 
waters is issuing permits to groups of municipalities in a watershed operating as co-permittees 
under a lead permittee.  Furthermore, the proposal envisions these municipal permittees 
assuming responsibility for and implementing the permits for all public and private dischargers 
in their jurisdictions.  These admittedly sweeping changes in the way waters have been managed 
almost everywhere in the nation raise serious issues of acquiescence to the new arrangements, 
compatibility, and devising a sufficient and stable funding base.  This section draws from the 
small number of examples where arrangements like those proposed here have been attempted. 

The Los Angeles County Municipal Storm Water Permit offers a case study in how to 
aggregate municipalities in a co-permittee system while still allowing prospective members 
latitude should they perceive their own interests to deviate, even considering the advantages of 
group action. The permit, first issued in 1990, presently covers five watersheds and 86 
municipal permittees.  During the process of reissuing the 1996 permit, the City of Long Beach 
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challenged the provisions of the Los Angeles County MS4 permit.  The city was given the option 
of applying for its own individual permit, which it did.  Long Beach was issued its own 
individual MS4 permit in 1999 with provisions similar to the Los Angeles County MS4 permit.  
As another example, a small coastal municipality (Hermosa Beach) covered by the Los Angeles 
County Municipal Storm Water Permit investigated the possibility of withdrawing from the 
county permit in 2000 to be reclassified as a Phase II municipality.  Just as with Long Beach, 
Hermosa Beach was given the option of applying for an individual permit as a Phase I MS4, but 
in the end Hermosa Beach elected to remain within the areawide permit.  Although this report 
strongly encourages cooperative participation of municipalities as co-permittees, it does not 
mandate it.  Rather, the flexibility illustrated above should be retained in the proposed new 
permitting program.  What matters for compliance with the CWA is that a municipality manage 
discharges in a manner at least equivalent to other permittees in the watershed. 

Stephenson and Shabman (2005) gave thought to the dilemma of entities who may not 
naturally work well together being asked to cooperatively solve a problem that all have had a 
share in creating. They argued that new organizational forms that consolidate multiple regulated 
entities under a single organizational umbrella could be used to coordinate and manage jointly 
the collective obligations of a group of regulated parties at lower costs to members.  Private and 
public regulated entities alike could benefit from participation in these new organizations.  Such 
cooperative organizations could offer participating parties financial incentives and decision-
making flexibility through credit trading programs. 

Two larger-scale compliance associations exist in the Neuse and Tar-Pamlico river basins 
in North Carolina (Stephenson and Shabman, 2005).  In both programs the state was concerned 
about nutrient enrichment of estuary waters and imposed an aggregate cap on industrial and 
municipal wastewater dischargers equivalent to a 30 percent reduction in nitrogen loads.  In both 
programs, the state granted individual point source dischargers a choice: (1) accept new 
requirements to control nitrogen through individual NPDES permits or (2) form and join a 
discharger association. The rigidities associated with individual NPDES permits provided 
enough incentive for most point source dischargers to opt for the second choice.  Compliance 
associations were then created and issued permits. 

The Neuse River rules cover nonpoint agricultural sources as well as point discharges.  
Counties are responsible for reducing nutrient loads, and farmers must either join county 
associations that apply different strategies or individually contribute to meeting objectives by 
setting aside 50- to 100-foot buffers along all streams. 

North Carolina requires compliance associations to meet a single mass load cap.  In the 
Tar-Pamlico case, the legal requirement to meet the cap was established by an enforceable 
contractual agreement signed by the association and the state.  In the Neuse program, a single 
“group compliance permit” was issued to the association.  Both legal mechanisms established 
financial penalties for the two associations if aggregate discharges of the group exceed the 
association cap. A key advantage of the association is similar to that of a formal effluent trading 
program—granting dischargers flexibility to decide how best to meet the aggregate load cap.  To 
date, the associations have managed to keep nitrogen loads considerably below their respective 
caps. Compliance costs have also fallen below original projections.  Further, there is some 
evidence that the association concept is producing incentives for strong cooperative behavior that 
did not exist prior to implementation. 

The case studies presented here illustrate ways in which both public and private entities 
subject to regulation can exercise options for operating autonomously should they not wish to 
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incorporate with a group, while still contributing to the achievement of watershed objectives.  
The case studies suggest that most dischargers conclude in the end that group membership offers 
considerable advantages. 

Funding Considerations 

The existing stormwater permit program is characterized, in most of the nation, by 
municipal Phase I and now Phase II permittees operating mostly alone.  In contrast the new 
system envisions coalitions of permittees that share a watershed operating in concert, under the 
coordination and leadership of a principal permittee.  The present structure tends to bring about 
duplication in effort and staff, whereas cooperation should stimulate efficiencies that could 
defray at least part or even much of the extra local costs associated with new responsibilities for 
municipal permittees. 

As explored in the preceding section, municipalities may not necessarily wish to join in 
co-permittee arrangements; and mechanisms are proposed to allow them to operate individually, 
as long as watershed objectives are met.  However, the state could encourage participation 
through financial inducements, for example, by estimating the resources needed to meet the 
requirements of each watershed permit and pointing out to permittees how shared resources can 
save each contributor money.  The state should also set preferences and better terms for grants in 
the favor of municipalities who join together. 

To the questions of administrative vehicles and funding arrangements, stormwater 
utilities are the preferred mechanism, and regulations should support creating stormwater 
utilities. It should be added that, with watershed-based permitting as proposed here, utilities 
should also be regionalized on a watershed basis.  A utility draws funds from the entities served 
in direct relation to the cost of providing the services, here management of the quantity and 
quality of stormwater discharged to natural waterbodies.  These funds must be dedicated to that 
purpose and that purpose only, and cannot be redirected to general agency coffers or for any 
unrelated use. 

Not only are more funds from more reliable sources needed, but monies should be 
redirected in ways differing from their allocation under the current system.  It was proposed 
earlier that a lead municipal permittee, working with other municipal co-permittees, be given 
responsibility for coordinating permitting and management of municipal, industrial, and 
construction stormwater permits, and even permits involving other sources, such as industrial 
process and municipal wastewaters.  Those entities would hence be doing work now devolving 
to individual private developers and industrial plants and other public authorities.  They would 
need to attract the revenue from those other bodies in proportion to the added work taken on.  A 
utility structure would provide a well-tested means of carrying out this reallocation. 

Stormwater utility fees are generally assessed according to a simple formula, such as a 
flat rate for all single-unit dwellings and in proportion to impervious area for commercial 
property. Some municipalities have investigated charging more directly according to the 
estimated quantity and quality of stormwater discharged into the public drainage system.  
Municipal permittees may choose to formulate such a system, but the development process itself 
is not a trivial task and, being based on general (and usually quite simple) hydrologic and water 
quality models, can generate considerable arguments from rate payers.  Going through this 
process is probably not necessary or even advisable for most municipal permittees, who will 
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have many new functions should the proposed system be adopted.  Instead, they should 
concentrate on implementing a fee structure based on a simple formula like the one above and 
then capture additional revenues for special functions that they will take over from industrial and 
construction permittees. 

As discussed previously, in the proposed program municipal co-permittees, with 
leadership by a watershed lead permittee, will be asked to classify industries and construction 
sites within their borders according to risk and accordingly prioritize them for inspection and 
monitoring. It is proposed in the section on Measures of Achievement, below, that inspection 
include reviewing and approving industrial and construction site stormwater pollution prevention 
plans (SWPPPs).  While many municipalities now inspect construction sites for stormwater 
compliance and some inspect industries, this work will increase significantly in the new system, 
and SWPPP review and approval will be a completely new element.  Moreover, municipalities 
would perform some industrial monitoring now conducted by the industries themselves and may 
monitor high-risk construction sites.  These special functions would require different institutional 
arrangements and substantial new revenue that could not be fairly charged to all rate payers.  
There are several possible sources for these funds.  One way would be to increase industrial and 
construction permit fees and direct large proportions to municipalities to support inspection and 
monitoring. The permitting authority (designated state or EPA) would still hold ultimate 
authority, and municipalities could refer industrial and construction permittees found during 
inspection to be out of compliance to the permitting authority for enforcement.  Another means 
would be to form consortia of industries of similar type and assess fees directly applicable to 
inspection and monitoring.  For example, scrapyards under the jurisdiction of the California EPA 
Los Angeles Regional Water Board formed a monitoring consortium under which sample 
collection by a qualified contractor rotates among the members, with funding by all.  While the 
members operate this system, it could be adapted to operation by municipal co-permittees. 

A second-level funding concern is, once revenues are generated, how should they be put 
to use?  It is very important that funds largely be devoted directly to the tasks at hand regarding 
the achievement of objectives instead of into excessive administrative and bureaucratic structure.  
These tasks are scientific and technical and are highly oriented toward what is actually going on 
in the drainage systems and their receiving waters.  Thus, the majority of funds should be 
directed to making scientific and technical judgments based on observations and monitoring 
results obtained in the field (see the discussion below). 

Measures of Achievement 

Critique of the Current Monitoring System 

No area exemplifies the differences between the present and proposed new stormwater 
permitting and monitoring systems more than the measures used to gauge achievement.  The 
current monitoring system is characterized by scattered and uncoordinated measurements of 
discharges from Phase I MS4s and some industries, and some visual observations of construction 
sites. The system proposed to take its place would emphasize monitoring of receiving water 
biological conditions as a data source for prescribing management adaptations to meet specified 
biological objectives. The discussion here first critiques the prevailing system to construct part 
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of the rationale for changing it.  It then proceeds to outline a recommended monitoring structure 
to replace it. 

To expand very briefly on the point that the present system is scattered and 
uncoordinated, monitoring under all three stormwater permits is according to minimum 
requirements not founded in any particular objective or question.  It therefore produces data that 
cannot be applied to any question that may be of importance to guide management programs, and 
it is entirely unrelated to the effects being produced in the receiving waters.  Phase I municipal 
permit holders are generally required to monitor some storms at some discharges for no stated 
purposes but to report periodically to the permitting agency (Phase II municipalities have no 
monitoring requirements, although they may represent the major or even only impact sources in 
a given watershed). The usual model for industries across the nation is to collect a few discharge 
grab samples a year and send the results to the permitting authority, plus occasionally to make 
observations for obvious signs of pollution (e.g., oil sheen, odor).  Construction site monitoring 
is less standardized and often involves no water quality monitoring at all.  Again, no permittee 
under any of the three programs is obligated according to national standards to check the effects 
of its discharges on receiving waters. Since the individual effects of any discharger are often not 
distinguishable from any other, the scattershot system would usually not be able to discern 
responsibility for negative effects in the receiving water ecosystem. 

Input to the committee conveyed the strong sense that monitoring as it is being done is 
nearly useless, burdensome, and producing data that are not being used.  For example, the City of 
Philadelphia conducts substantial amounts of wet weather monitoring, which is very expensive, 
but it can barely monitor for TSS in many of its heavily impacted streams (Crockett, 2007).  The 
resources to monitor for the more exotic pollutants do not exist.  Smaller municipal permittees 
without the resources and sophistication of a big-city program have difficulty performing even 
the most basic monitoring.  City water managers believe that the traditional stormwater program 
places too much emphasis on monitoring of individual chemicals rather than looking at 
ecological results (Crockett, 2007). 

Industry representatives have also described several problems they see in industrial 
stormwater monitoring as it is performed now (Bromberg, 2007; Longsworth, 2007; Smith, 
2007). One concerns the high degree of variability, from the methods used to what is actually 
measured (Stenstrom and Lee, 2005; Lee et al., 2007).  Opponents have been quite critical of the 
benchmarks to which industrial monitoring data are compared, believing that the benchmarks 
have no basis in direct measurements associating stormwater with impacts.  Some have 
suggested replacing monitoring with an annual stormwater documentation report to the 
permitting authority.  It seems that industry personnel disrespect the current monitoring 
framework for some good reasons and feel it conveys a burden for little purpose.  There was 
some implication that industry would be receptive to measures offering more meaningful 
information in place of poorly conceived monitoring requirements (Bromberg, 2007; 
Longsworth, 2007; Smith, 2007). 

Proposed Revised Monitoring System 

A structure in several tiers is proposed as a monitoring system to serve the watershed-
based permitting and management framework. 
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Progress Evaluation Tier. This tier would represent the ultimate basis for judgment on 
whether the objectives adopted for the watershed are being met.  Because these objectives would 
mainly be expressed in terms related to direct support of beneficial uses, so too would 
monitoring in the Progress Evaluation Tier principally emphasize direct measurements of 
ecological health.  The preferred model for this evaluation would be the paired watershed 
approach, which is based on the classic method of scientific experimentation and was developed 
for water resource management investigations by EPA (Clausen and Spooner, 1993).  Ideally, 
conditions in the waterbody under evaluation would be compared to conditions in the same 
waterbody before imposition of a permit and management scheme (before versus after 
comparison), as well as to conditions in a similar waterbody not subject to human-induced 
changes (affected system versus reference system comparison).  At least one of these 
comparisons must be made if both cannot.  If the objectives involve improving conditions, and 
not just avoiding more degradation, the reference should represent that state to which the 
objective points. 

This function has traditionally been the province of the permitting authority (i.e., the 
designated state or EPA). In the new program, the function is assigned to municipal permittees, 
guided by the lead permittee, to conduct or contract, but with a substantial contribution by the 
permitting authority in the form of material support and guidance.  The primary vehicle 
envisioned to perform the progress assessment is a well-qualified monitoring consortium serving 
the watershed, and perhaps other watersheds in the vicinity.  Case studies below present 
examples of successful joint ventures in monitoring that can serve as models.  The proposal is 
based on the belief that monitoring should be more manageable and effective at the watershed 
compared to the state level and, furthermore, that utilizing a consortium approach should make it 
feasible for a coalition of municipal co-permittee partners to commission monitoring. 

Findings of objective shortfall would trigger development of active adaptive management 
strategies. Generally, an assessment should be conducted to determine what additional measures 
should be put in place in regulating new development and redevelopment, as well as increasing 
coverage of existing developments with retrofits.  

Diagnostic Tier. The second tier would be designed to provide the municipal permittees 
with the necessary information to formulate active adaptive management strategies, and they 
would be responsible for this second tier as well as the first.  The Diagnostic Tier would be 
composed of assessment of information from the Compliance Reporting Tier, plus some specific 
field monitoring to determine the main reasons for ability or failure to meet objectives.  Some 
highly directed monitoring of receiving water conditions could determine the need to improve 
management of water quantity, water quality, or both.  A tool like the Vermont flow-duration 
curves is an example of a potentially useful device for diagnostic purposes.  To allow the use of 
such a tool, it is important that continuous flow recorders be installed on key streams in the 
watershed. The techniques described in the Impact Sources section above, once they are further 
developed, would also be useful in Diagnostic Tier monitoring. 

An important dimension of this tier would be prioritized inspection and monitoring of 
potentially high-risk industrial and construction sites.  In addition, data submitted by the 
industrial and construction permittees according to the Compliance Reporting Tier would assist 
in targeting dischargers to bring about the necessary improvements in water quantity and/or 
quality management. 
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Compliance Reporting Tier.  It is proposed that the first step in compliance reporting be 
submission of SWPPPs by all construction and industrial permittees (plus municipal corporation 
yards as an industrial-like activity) to the jurisdictional municipal permittee for review and 
approval. It is further proposed that the industrial permittees and municipal corporation yards be 
relieved of sample collection, if they develop SWPPPs making maximum possible use of ARCD 
practices, supplemented by active treatment as necessary, and the municipal permittee approves 
the SWPPP.  Construction sites would be given a similar sampling dispensation if they develop 
an approved SWPPP along the lines of Box 5-3. 

Otherwise, the permittees would be required to perform scientifically valid sampling and 
analysis and report results to the watershed co-permittees.  This more comprehensive and 
meaningful monitoring would increase the burden already felt by permittees and create a strong 
incentive to apply excellent SCMs. This burden could be relieved to a degree through 
participation with other similar dischargers in the watershed in a monitoring coalition.  As an 
example, in North Carolina coalitions of wastewater dischargers are working with the state 
Division of Water Quality (DWQ) to create and manage coalition-led watershed monitoring 
programs that operate in conjunction with DWQ’s ambient chemistry and biological programs 
(Atkins et al., 2007). Lee et al. (2007), after an assessment of industrial stormwater and other 
monitoring data, concluded that selecting a subset of permittees from each monitored category 
would yield better results at lower overall cost compared to monitoring at every location.  This 
strategy would permit the use of more advanced sampling techniques, such as flow-weighted 
composite samplers instead of grab sampling, to estimate representative loads from each 
category with improved accuracy and reduced variability. 

All permittees would still make observations of the SCMs and discharges and keep 
records. The final proposed step in compliance reporting is an annual report covering 
observations, SCM operation and maintenance, SWPPP modifications, and monitoring results (if 
any), to be sworn as to correctness, notarized, and submitted to the lead municipal permittee.  
The Massachusetts Environmental Results Program (April and Greiner, 2000) offers a possible 
model for compliance reporting and verification.  This program uses annual self-certification to 
shift the compliance assurance burden onto facilities.  Senior-level company officials certify 
annually that they are, and will continue to be, in compliance with all applicable air, water, and 
hazardous waste management performance standards.  The state regulatory agency reviews the 
certifications, conducts both random and targeted inspections, and performs enforcement when 
necessary. 

Research Tier. The final tier would be outside the permit system and exist to develop 
broad mechanistic understanding of stormwater impacts and SCM functioning important to assist 
permittees in reaching their objectives.  EPA and state agencies designated to operate the permit 
system would have charge of this tier.  These agencies would develop projects and contract with 
universities and other qualified research organizations on a competitive basis to carry out the 
research. 

Instructive Case Studies for the Proposed Revised Monitoring System 

Many municipalities, even large ones, would be challenged and burdened by taking on 
comprehensive watershed monitoring.  The Southern California Coastal Water Research Project 
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Authority (SCCWRP, http://www.sccwrp.org) offers an excellent model of how co-permittees in 
a watershed or an even broader area could organize to diffuse these challenges and burdens.  
SCCWRP is a joint-powers agency, one that is formed when several government bodies have a 
common mission that can be better addressed by pooling resources and knowledge.  In 
SCCWRP’s case, the common mission is to gather the necessary scientific information so that 
member agencies can effectively and cost-efficiently protect the Southern California marine 
environment.  Key goals adopted by SCCWRP are defining the mechanisms by which aquatic 
biota are potentially affected by anthropogenic inputs and fostering communication among 
scientists and managers.  Comprised of a multidisciplinary staff, SCCWRP encompasses units 
specializing in analytical chemistry, benthic ecology, fish biology, watershed conditions, 
toxicology, and emerging research. 

SCCWRP’s current mission stems from the results of a 1990 NRC review of marine 
environmental monitoring programs in the Southern California Bight (NRC, 1990).  It was 
determined that although $17 million was being spent annually on marine monitoring, it was not 
possible to provide an integrated assessment of the status of the Southern California coastal 
marine environment.  Most monitoring was associated with NPDES permit requirements and 
directed toward addressing questions about site-specific discharge sources.  As a result, most 
monitoring in the bight was restricted to an area covering less than 5 percent of the bight’s 
overall watershed, making it difficult to draw conclusions about the system as a whole.  The 
limited spatial extent of monitoring was also found to limit the quality of local-scale 
assessments, since the boundaries of most monitoring programs did not match the spatial and 
temporal boundaries of the important physical and biological processes in the bight. 

NRC (1990) further found that there was a lack of coordination among existing programs, 
with substantial differences in the parameters measured among programs, preventing integration 
of data. Even when the same parameters were examined, they were often measured with 
different methodologies or with different (or unknown) levels of quality assurance.  Moreover, 
the NRC found that even when the same parameters were measured in the same way, substantial 
differences in data storage systems among monitoring programs limited access to the data for 
more comprehensive assessment.  To avoid repetition of these shortcomings, the SCCWRP 
example should be given very thorough consideration as a template for the Progress Evaluation, 
Diagnostic, and Research Tiers in the proposed revised monitoring program. 

The San Gabriel River Regional Monitoring Program (SGRRMP, 
http://www.lasgrwc.org/SGRRMP.html) is a watershed-scale counterpart to the larger-scale 
regional monitoring efforts in Southern California.  The SGRRMP incorporates local and site-
specific issues within a broader watershed-scale perspective.  The program exists to improve 
overall monitoring cost effectiveness, reduce redundancies within and between existing 
monitoring programs, target monitoring efforts to contaminants of concern, and adjust 
monitoring locations and sampling frequencies to better respond to management priorities in the 
San Gabriel River watershed. Five core questions provide the structure for the regional program: 

• What is the environmental health of streams in the overall watershed? 
• Are the conditions at areas of unique importance getting better or worse? 
• Are receiving waters near discharges meeting water quality objectives? 
• Are local fish safe to eat? 
• Is body-contact recreation safe? 
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The workgroup convened to establish the program recommended monitoring designs to answer 
the core questions effectively and efficiently.  The resulting program is a multilevel monitoring 
framework that combines probabilistic and targeted sampling for water quality, toxicity, and 
bioassessment and habitat condition. 

The City of Austin, Texas, has more than 20 years of stormwater monitoring experience 
and offers additional guidance on designing and implementing watershed monitoring programs 
(City of Austin, 2006). Austin performs detailed periodic synoptic sampling in the watersheds it 
manages to track trends in stormwater quantity and quality.  The city uses the results to evaluate 
the impacts of land development on stormwater quantity and pollution, establishing statistical 
relationships between measures of these conditions and the amount of impervious cover.  Trend 
assessment over time leads to recommended changes to the City of Austin Environmental 
Criteria Manual as needed. 

Creating Flexibility and Incentives Within a Watershed Approach 

A watershed-based permitting approach to stormwater management focuses attention on 
watershed objectives and endpoints. To be able to achieve these goals, observable performance 
measures beyond the success of an individual SCM need to be identified that are consistent and 
necessary to meet designated uses.  These might include watershed-level numeric limits on the 
amount of a particular pollutant allowed to enter a waterbody (e.g., pounds of phosphorus) or 
various measures of allowable volume of discharge.  A watershed focus shifts attention away 
from specific SCM performance and site-specific technological requirements to achieving a 
larger watershed goal.  As a consequence, there is considerable management flexibility in 
deciding how these goals will be achieved.  Indeed, this flexibility was cited by the NRC (1999) 
as a prerequisite to successful watershed management. 

One way of exercising this flexibility is to create an “incentive-based” or “market-based” 
approach to choose how watershed goals are met.  It is recognized throughout the environmental 
management field that entities subject to regulation do not necessarily have equal opportunities 
and qualifications to comply sufficiently to sustain resources.  To compensate for this, the 
market-based approach allows individual discretion to select how effluent (or runoff volume) 
will be controlled (choice of technology, processes, or practices) and where they will be 
controlled (on site or off site). That is, any discharger legitimately unable to meet discharge 
quantity and quality allocations would be able to finance offsets elsewhere to achieve the 
watershed goals. An important element and challenge is to couple this decision-making 
flexibility with personal (typically financial) incentives so that people willingly make choices 
supportive of the watershed objectives.  Broadly stated, the idea is to create financial reasons and 
decision-making opportunities to lower compliance costs and create or implement new 
effluent/volume control options (Shabman and Stephenson, 2007). 

Because incentive-based policies require a shift in emphasis from technologies and 
practices to outcomes (e.g., volume or quantity of effluents), the municipal manager would not 
be responsible for deciding what SCM will be implemented in specific areas or hand picking 
specific practices to promote. Rather the stormwater program manager’s responsibilities shift to 
establishing watershed goals, developing metrics to measure outcomes and performance, and 
performing necessary inspection and enforcement activities. 
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Effluent trading, sometimes called “water-quality trading,” is one type of incentive-based 
policy. In an ideal form, effluent trading requires government to establish a binding aggregate 
limit or cap on an outcome (e.g., mass load of effluent, volume of runoff) for an identified group 
of dischargers. The cap or aggregate allowable discharge is set to support and achieve a socially 
determined environmental goal.  Because it is fixed, the cap provides the public assurances that 
environmental objectives will be achieved in the face of a growing and changing economy.  The 
total allowable discharge is then divided into discrete and transferable units, called allowances, 
and either distributed or auctioned to existing dischargers.  All dischargers must own sufficient 
allowances to cover their discharges. For instance, any new or expanding source must first 
purchase allowances (and hence effluent or volume reductions) from another source before 
legally discharging. The requirement to hold allowances on the condition to discharge and the 
positive allowance price creates financial incentives for pollution prevention.  Dischargers 
holding allowances rather than reducing discharge face forgone revenues that could have been 
achieved from the sale of allowances. Conversely, expanding dischargers have incentives to 
invest in pollution prevention in order to avoid the cost of purchasing additional allowances.  

In the context of the revised permit system advocated here, achievement of objectives 
(generally of a biological nature) will require some combination of strategies such as no net 
increases in hydrologic parameters (e.g., peak flow rates, durations, volumes), water pollutants, 
forest cover loss, and effective impervious area.  If one entity is unable to contribute adequately 
to meeting its share of compliance, then it must obtain the necessary credit by buying it from 
another similar entity that is able to contribute more than its designated share.  Ideally, all 
sources of a waterbody’s problems, not only stormwater, would come under the trading system. 

Implementing the market system requires development of a resource-based currency, a 
nontrivial exercise but one for which models are available in other fields, especially air 
emissions.  For example, emission trading has been a critical element of the nation’s strategy to 
limit sulfur dioxide and nitrogen oxide emissions (Ellerman et al., 2000).  Carbon trading is a 
cornerstone policy in the European Union effort to limit greenhouse gas emissions.  The EPA 
promotes the use of trading to help achieve the goals of the CWA and has issued several policy 
statements and recently published guidance on how trading programs can be grafted within 
existing NPDES permitting programs (EPA, 2003a, 2007b). 

However, compared to the air program, experience and success with trading in the water 
program have been limited (Shabman et al., 2002).  Furthermore, programs labeled trading have 
been implemented in a multitude of ways in the nation’s water quality program (Woodward et 
al., 2002; Stephenson et al., 2005; Shabman and Stephenson, 2007).  In many instances, trading 
programs are case-specific and isolated “trades” that do not fundamentally change the choice and 
incentives facing dischargers in a conventional permitting system.  The extent to which trading 
policies can be effectively employed on a watershed scale is limited not only by the physical 
differences between air and water mediums, but also by the unique legal structure of the CWA 
(Stephenson et al., 1999). For example, the CWA is oriented around imposing technology-based 
performance requirements on specific subset of discharge sources.  Individual NPDES permits 
require sources to achieve these agency-identified levels of performance and may specify how 
performance is achieved.  The statute also places limits and disincentives on the degree to which 
permit agencies can deviate from these limits (e.g., “antibacksliding”). 

Thus, the focus of the NPDES permitting system has been on individual source control 
and technologies, unlike the air program, which has a stronger statutory orientation around 
achieving broader air quality goals (ambient air quality standards).  The orientation of the 
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NPDES program limits the flexibility and incentives for regulated parties that might make 
market-oriented trading possible.  It turns out that some of the more successful applications of 
trading in the water program have occurred because of permitting innovations that effectively 
avoid some of these rigidities (see discussion of North Carolina point source control program on 
the Neuse River, above). 

Trading programs of various types have been proposed or suggested for stormwater 
(Thurston et al., 2003; Parikh et al., 2006).  Although conceptual models of a comprehensive 
trading program based on the total volume of allowable water to be discharged have been 
proposed, no working examples have yet to be implemented.  More limited versions of trading 
programs, however, have been developed.  These programs provide compliance flexibility for 
new sources of stormwater runoff.  In some locations, new developments face a requirement to 
provide a specific level of volume or effluent control from the parcel to be developed.  The 
regulated entity is typically obligated to meet this requirement with the applications of on-site 
SCMs. Trading programs create opportunities for regulated entities to meet their regulatory 
requirement off site (off the parcel to be developed), called here an offset.  In some trading 
programs, the off-site controls can be accomplished by the creation of an in lieu fee program.  
Such programs typically occur for dischargers that are not required to hold or obtain individual 
NPDES permits. 

In lieu fee programs offer some opportunity for regulated parties to make a financial 
payment (fee) to a local government entity in lieu of implementing on-site controls.  The fees are 
collected and used to implement stormwater controls in other areas of the watershed.  
Controlling runoff at a regional level rather than through the construction of many small on-site 
controls may be more cost-effective given the economies of scale associated with some SCMs 
(see Chapter 5 pages 362–363). The option for off-site controls also allows the stormwater 
program to direct investments in stormwater control to specifically targeted areas of the 
watershed. 

Examples of in lieu fee programs include Santa Monica, California, the Neuse River 
Basin in North Carolina, and Williamsburg, Virginia.  Santa Monica’s program requires new and 
redevelopment projects to treat a specific volume of runoff.  The program first requires the 
regulated entity to take all feasible steps to meet the requirement through the implementation of 
on-site infiltration practices. If the regulated party can demonstrate why it is economically and 
physically infeasible to install any type of infiltration or treatment SCM, the regulated party can 
pay a fee based on the volume of water that needs to be controlled (the total mitigation volume is 
the volume that would have been attenuated via an SCM).  The fee set by Santa Monica is 
$18/gallon of total required mitigation volume.  The $18 reflects the cost of constructing an SCM 
and maintaining it over 40 years (DeWoody, 2007).  Presumably these fees are used to construct 
infiltration measures elsewhere. 

The Neuse River Program requires all new land development to meet a nitrogen export 
standard of 3.6 pounds per acre per year (North Carolina Division of Water Quality, 1999).  The 
water quality goal for the Neuse basin is to reduce mass nitrogen loads by 30 percent in order to 
improve water quality in the estuary.  The export standard was set to achieve a 30 percent 
reduction from the average nitrogen load from lands prior to development.  Developers have the 
option to meet this export standard either through the application of on-site SCMs or by paying a 
fee into a state-administered Riparian Buffer Restoration Fund (see 15A North Carolina 
Administrative Code 02B .0240), which would be used to reduce nitrogen loads elsewhere in the 

PREPUBLICATION 
  

RB-AR15045



   
 

 
 

 

422 Urban Stormwater Management in the United States 

basin. Developer discretion, however, is not unlimited.  Under no circumstances may developers 
discharge more than an estimated 6.0 pounds per acre per year from a residential site. 

The Williamsburg program has an in lieu fee program for total phosphorus loads created 
by new development (Frie et al., 1996; Stephenson et al., 1998).  For every new development, 
the increase in total phosphorus load from stormwater runoff from impervious surfaces is 
estimated.  Developers have the choice to meet the phosphorus load reduction requirement 
through the application of on-site controls or by paying a fee to the city.  The fee is set at 
$5,000/lb of phosphorus, with the fees earmarked to the construction of regional stormwater 
facilities or for the preservation of open space within the city.  The presence of a fee option could 
also provide incentives for developers to implement source reduction practices. 

The above programs differ in some important ways.  For example, the Santa Monica 
program requires regulated entities to undergo a “sequencing” process that places regulatory 
preference on on-site controls before being able to use the fee option.  The Williamsburg 
program allows regulated entities the option to select between constructing on-site controls and 
paying the fee without a regulatory preference for on-site controls.  Sequencing rules tend to 
limit control options and thus the cost-effectiveness of these types of programs. 

In lieu fee programs are distinguished from other offset programs in that it is the 
responsibility of the local government (or more generally, any designated fee service provider 
such as a nongovernmental organization) to provide the off-site SCMs.  In lieu fee programs, 
common in the U.S. wetlands program, face a number of implementation and design challenges 
(Shabman and Scodari, 2004).  For example, enforcement sometimes becomes a concern because 
the local stormwater management agency responsible for constructing and maintaining the SCMs 
is also responsible for monitoring and enforcement.  These dual responsibilities create potential 
conflicts of interest; if an off-site mitigation project fails, there maybe no apparent overseeing 
agency to enforce corrective actions.  The lack of transparency in accounting to determine 
whether the offset projects provide enough compensation is also sometimes a challenge.  Finally, 
the ability to fully offset the volume of effluent discharge from a new development is contingent 
on collecting enough revenue from the fee to pay for the construction and maintenance of offsite 
SCMs. The delay between impacts and compensation and lack of full public cost accounting 
complicate the challenges of setting an appropriate fee. 

Ensuring that in lieu fee programs provide the necessary mitigation could be 
accomplished in a number of ways.  For example, an oversight agency may be designated to 
establish tracking and reporting requirements and monitor in lieu fee program performance.  Or, 
the potential conflicts of interest inherent in the lieu fee program design could be avoided by 
separating the provision of the off-site mitigation service from the monitoring and enforcement.  
It is possible to imagine that the private sector, rather than an in lieu fee administrator, could 
provide off-site stormwater reduction services to those subject to the stormwater control 
requirements.  In this case, the private sector would provide stormwater detention/retention 
services above and beyond what is required by law.  These private service providers would 
receive stormwater runoff credits for these investments (“above baseline”) that could be sold to 
developers who might wish to meet their control obligations in ways other than on-site controls.  
In essence, the role of searching, designing, and constructing offsite SCMs would be transferred 
to the private-sector stormwater credit providers.  The local stormwater managers, however, 
would retain full authority to monitor, verify, and enforce to ensure that these offsets are 
successfully implemented.  
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The flexibility provided by in lieu fee and trading programs requires that pollutant loads 
or runoff volume created at one site be reduced at another site.  Thus, a design issue confronting 
these types of programs is the consideration of the spatial extent in which offsetting activities can 
occur. The extent of the spatial range of offsetting activities in turn will depend partly on the 
nature and type of service being offset. For example, in the Neuse example nitrogen is a 
regional, basinwide concern with minimal localized effects.  In such cases, the offsetting 
activities might be allowed basinwide (after adjusting for nitrogen attenuation through the basin).  
In other situations where localized concerns maybe a greater concern (say from localized 
flooding), the flexibility offered by such programs may be more limited.  However, such spatial 
flexibility might also be a way to implement and achieve watershed planning objectives.  For 
example, development may be encouraged in high-impact areas, and offsetting fees could be 
used to protect and enhance water quality objectives in other areas.   

This last point deserves further explanation.  Although this chapter advocates that 
biological conditions in waterbodies should be maintained or improved, there are many urban 
areas where local waterbodies cannot achieve the same designated uses as less developed areas.  
If a goal-setting entity chose to do so, beneficial uses for waters in these areas could be set at 
levels that acknowledge this highly altered condition, such that these streams would not be 
expected to achieve the same biological condition as streams outside the urban core (see Chapter 
5 pages 8–10). This might be done to encourage development in high impact areas; San Jose, 
CA, provides an example (see Chapter 2).  In that city’s stormwater program, in urban areas 
where on-site control is either technically impossible (due to soil or space constraints) or 
prohibitively costly, the developers can meet the post-construction treatment standard by 
providing volume control either through participation in a regional stormwater project or by 
providing equivalent projects off site (e.g., stream restoration). 

It is also possible to design a stormwater offset program that allows the different 
functions of stormwater management to be separated to achieve watershed objectives.  For 
example, management of peak flow serves mostly to prevent localized flooding while more 
stringent volume control maybe required to protect stream channels and aquatic life.  Control of 
peak flow might be required on site or within a narrow geographic region.  In areas targeted for 
development, however, the volume control needed for channel protection might be transferred 
off site and into areas where watershed planning has identified the need for higher levels of 
stream channel protection or enhancement (more stringent water quality standards).  A similar 
watershed approach based on functional assessment was recommended for wetland 
compensation (NRC, 2001b).  

Regulatory and Legal Implications of Proposed Watershed-Based  

Permitting Framework for Managing Stormwater
 

EPA, the states, and municipal permittees would all have tasks to perform to transform 
the framework set forth in this report to a fully developed and functioning program.  These 
efforts would be rewarded with a program that is rooted in science, transparent in its aims, fairer 
for all than the current program, and better for the aquatic environment.  This section of the 
report outlines the tasks necessary to carry the proposal forward to full development. 

EPA should seek significant congressional funding to support the states and 
municipalities in undertaking this new program, in the nature of the support distributed to 
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upgrade municipal WWTPs after the 1972 passage of the Federal Water Pollution Control Act.  
Beyond financial support, EPA’s tasks emphasize broad policy formulation, regulatory 
modifications and adaptations necessary to initiate the new program, and guidance to the states 
and permittees.  The principal adaptation needed in the regulatory arena involves converting the 
current TMDL program to a form suitable for the new system.  Guidance would be needed in a 
number of crucial areas, and it is EPA’s natural role to develop it. 

States (or EPA for states without delegated authority) would have broad responsibilities 
to translate policies and federal regulations into their own regulatory and management systems.  
A key task in this regard would be to recast water quality standards into objectives most directly 
supporting sustenance and improvement of beneficial uses.  States already have considerable 
background for performing this task through their present definitions of beneficial uses, the 
Section 303(d) process for assessing waterbody compliance with water quality standards, and the 
triennial review of those standards.  However, the added prominence of biological aspects of 
beneficial uses and associated objectives will require additional analysis.  Other prominent state 
tasks will involve defining the watersheds subject to permits, forming bodies of co-permittees 
associated with the watersheds, and appointing the lead permittee.  Many other state tasks entail 
cooperative work with the permittees to support and assist them in funding and conducting their 
activities. 

Many aspects of the municipal permittees’ roles in implementing strategies were 
explored above in a section titled accordingly.  That section especially focused on activities to 
advance the use of ARCD methods.  More broadly, the permittees will be coordinators of all 
permits pertaining to the watershed’s aquatic resources, collectively pointed toward meeting 
objectives that the permittees adopt under state oversight.  Other categories of tasks assigned to 
the municipalities under the proposed system include monitoring, in the contexts of both 
inspections and sampling performed through a consortium, and enforcement actions and program 
adaptations to promote progress toward achieving objectives.  Box 6-4 provides a listing of 
anticipated tasks for the municipal permittees as well as the states and EPA. 

A Pilot Program as a Stepping Stone 

The shift of responsibility for stormwater regulation to municipalities under the 
watershed-based approach may lead to some surprises in implementation and enforcement.  
Primarily because of this, EPA is well advised to institute a pilot program that provides some 
experience in municipality-based stormwater regulation before instituting a nationwide program.  
This pilot program will also allow EPA to work through more predictable impediments to this 
watershed-based approach. The most obvious impediment arises from the inevitable limits of an 
urban municipality’s responsibility within a larger watershed: substantial growth and 
accompanying stormwater loading may occur on the outside periphery of a municipality’s 
designated boundaries. If an urban authority lacks legal authority over this future growth, and if 
this growth contributes significantly to water quality degradation, then a considerable share of 
the urban stormwater problem could remain poorly addressed.  A pilot program should help 
identify the extent of this jurisdictional slippage and help identify ways to overcome it.  Second, 
it is possible that some municipalities will balk at the added responsibility involved with the 
watershed-based approach, even with adequate funding.  Unless the objective performance 
standards are rigid, the monitoring requirements substantial, and the rewards for compliance  
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BOX 6-4 
Government Agencies Roles during the Operation of a  

Watershed-Based Permitting System 

EPA 

1. Petition Congress for significant funding support for states and municipal permittees, and develop a 
program of fairly distributing funds based on environmental and financial needs at the watershed level. 
2. Initiate regulatory modifications and clarifications necessary to establish the system. 
3. Set policies for watershed permitting based on this report’s recommendations. 
4. Adapt TMDL program for use in the new program. 
5. Produce guidance to assist the states and municipal permittees in the areas of: 

a. Developing a rotating basin approach; 
b. Developing an integrated municipal NPDES permit incorporating the full range of sources; 
c. Developing stormwater utilities and other funding mechanisms; 
d. Using impact source analysis (e.g., using reasonable potential analysis and new research results, 

industrial and construction site risk assessment); 
e. Using ARCD techniques for new development, redevelopment, and retrofitting; 
f. Developing monitoring consortia; 
g. Developing a credit trading system; 
h. Developing an active adaptive management program 

Designated States (or EPA otherwise) 

1. Define watersheds for which permits will be issued and set up a rotating basin approach to govern 
watershed analysis in support of subsequent steps. 
2. Formulate and formally adopt goals relative to avoiding any further loss or degradation of designated 
beneficial uses in each watershed’s component waterbodies and recovering lost beneficial uses. 
3. Use the results of the existing Section 303(d) process and supplementary work to assess the extent of 
designated beneficial use achievement in each watershed and set goals for protection and recovery. 
4. Match municipal permittees to watersheds and designate a lead permittee for each watershed. 
5. Estimate resource needs to fulfill permit requirements in each watershed. 
6. Develop a grant program, drawing on EPA and state funds, to support municipal permittees, with 
incentives for joining co-permittee associations. 
7. Identify areas outside the jurisdictions of permitted municipalities that should be brought into the 
program because of projected development or the existence of problem sources that would compromise 
the protection and recovery of beneficial uses. 
8. Use the triennial review process to modify water quality standards to the objective basis, emphasizing 
biological outcomes recommended in this report. 
9. Revise the TMDL program in accord with the needs of the new program. 
10. Set requirements for credit trading systems. 
11. Set up an integrated municipal NPDES permit incorporating the full range of sources. 
12. Work with municipal permittees to establish specific objectives as the basis for progress assessment. 
13. Work with municipalities to develop adaptive management programs responding to progress 
assessment results. 
14. Write municipal permits incorporating the above elements. 
15. Write industrial and construction general or individual permits incorporating the recommendations in 
this report. 
16. Allocate a substantial portion of industrial and construction permit fees to municipal permittees to 
oversee those sectors. 
17. Set requirements for municipalities and private properties to opt out of the defined program without 
compromising the achievement of objectives. 

continues next page 
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BOX 6-4 Continued 

18. Provide consultation, support, and guidance (adapted from EPA materials or originally produced) to 
municipal permittees in the areas of: 

a. Developing stormwater utilities and other funding mechanisms; 
b. Using impact source analysis (e.g., industrial and construction site risk assessment); 
c. Using ARCD techniques for new development, redevelopment, and retrofitting; 
d. Developing monitoring consortia; 
e. Developing a credit trading system 

19. Perform enforcement actions on non-complying dischargers referred by municipal permittees. 
20. Assess performance of municipal permittees and specify corrections, rewards, and penalties 
accordingly. 

Municipal Co-permittees (led by Lead Permittee) 

1. Adopt specific objectives as the basis for program progress assessment. 
2. Convert ordinances and regulations as needed to implement the modified program. 
3. Supplement and reorganize staffing to emphasize progress and compliance assessment as the 
principal functions of the program. 
4. Perform or contract detailed scientifically and technically based watershed analysis as a foundation for 
permit compliance. 
5. Assemble existing data on soils and hydrogeologic properties and supplement with additional data 
collection as necessary to assess infiltration prospects across the municipality. 
6. Create incentives for private property owners to maximize the use of ARCD methods in new 
development and redevelopment. 
7. Build subwatershed-scale, publicly owned ARCD works to supplement on-site management measures 
and as retrofits. 
8. Develop capacity for stormwater management in municipal WWTPs by reducing groundwater inflows 
to sanitary sewer lines. 
9. In areas experiencing excessive infiltration and groundwater table rise resulting from non-stormwater 
flows, develop capacity for stormwater management through infiltration by formulating water conservation 
programs. 
10. Identify industries and construction sites that are required to apply for permits but have not done so 
and compel their filing. 
11. Establish or enhance existing programs to inspect and oversee industries and construction sites; 
report non-complying dischargers to the state for enforcement actions. 
12. Set up or join a monitoring consortium structured to implement the progress evaluation and 
diagnostic tiers of the proposed monitoring program. 
13. Annually report monitoring results to the permitting authority; submit a comprehensive progress 
assessment triennially. 

compelling for municipalities that meet the standards, it is quite possible that noncompliance or 
bare minimal compliance will be the norm.  A pilot program provides a less politically charged 
atmosphere to experiment with the benefits of watershed-based regulation at the local level and 
to generate local government support for the approach.  Finally, because the watershed-based 
approach necessitates legislative amendments to the CWA, instituting a pilot program in the 
interim—both to improve the design of a watershed-based program as well as to generate 
enthusiasm for it—seems a sensible course. 

PREPUBLICATION 
  

RB-AR15050



 
 

 

 

 

  

 

427 Innovative Stormwater Management and Regulatory Permitting 

The pilot program should target those local governments that are most eager to redress 
water quality degradation in their watersheds, but feel stymied by what they perceive as 
inadequate legal authority and flexibility to make the necessary improvements.  Willing 
municipalities or regional governments would thus opt-in to the program.  The pilot program 
entices these more progressive municipalities to participate by allowing them to serve as the lead 
authority and providing them with much greater flexibility to determine how to meet their 
performance-based water quality goals with fewer legal constraints.   

Under the pilot program, a municipal government or similar legal authority would apply 
to EPA or a delegated state to be designated as the lead agency for that portion of the watershed 
within its legal jurisdiction. In the application itself the municipality would establish—using 
modeling and ambient data—how it plans at a general level to maintain or exceed its water 
quality goals (objective performance standards).  These goals must be at or above the state water 
quality goals, or if they are different (i.e., use biological criteria when the state adopts chemical 
criteria), the municipality must demonstrate how its performance standards will attain the 
equivalent of the state water quality goals at the downstream edge of the municipality’s border.  
The municipality would also be required to provide assurance of sufficient infrastructure and 
funding to allow it to develop a water quality plan, implement that plan, issue permits, and 
enforce the requirements within its boundaries.  Finally, municipal plans, once finalized, would 
need to meet minimum federal procedural requirements.  For example, the plans must be 
transparent and provide opportunities for public comment; they must be enforceable; and they 
must establish monitoring programs that will track whether they in fact meet the objective 
performance standards.  If a municipality fails to meet any of its performance standards by the 
requisite deadline, the state and EPA would have the option of revoking the municipality’s 
program, and reinstituting federal requirements.  Ideally, federal guidance would also be 
available to municipalities to provide direction on how they might institute a watershed-based 
plan within their boundaries, while still reserving considerable flexibility to allow them to 
develop creative and progressive stormwater solutions.  For example, municipalities would be 
encouraged to form stormwater utilities that are financed from point and even nonpoint sources 
that assist them in establishing rigorous permitting and enforcement of their water quality plan. 

Municipalities that voluntarily take on this role as lead authority will be rewarded with 
few legal constraints on how they meet their performance-based objectives.  NPDES permits for 
major sources will still be required and must meet federal minima (technology-based controls) to 
avoid possible hot spots surrounding large dischargers, and states would remain listed as the lead 
permittee for these permits, but the lead municipality or other regional government would be 
able to propose new, more stringent limits that are presumptively favored in revised NPDES 
permits.  Stormwater permits would also be mandatory, but their substantive requirements would 
be left wholly within the discretion of the lead municipality.  Finally, states and municipalities 
would not be required to comply with all of the federal regulations governing TMDLs (they 
would make a basic load calculation for pollutants contributing to degraded conditions, 33 
U.S.C. § 1313(d), but would not be required to do more).  Instead, the watershed-based program 
would be considered the functional equivalent of TMDLs for at least the municipality’s portion 
of the watershed since the program ensures that water quality objectives are met.  Municipalities 
could even be allowed to set interim goals over a period of a decade or more so that TMDLs 
need not be achieved in a single permit cycle. 

Other than federal minimum standards for major NPDES sources, municipalities would 
have primary if not exclusive authority to decide what types of sources (including nonpoint) 
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require permits, whether certain land uses might be taxed for stormwater management fees, and 
whether and how to create trading programs among the contributors to water quality impairments 
within their watershed.  Municipalities would also have legal authority to petition EPA to restrict 
upstream sources that contribute significantly to water quality degradation in ways that make it 
difficult for them to reach their goals.  Upstream governments or sources could also be subject to 
more rigorous federal or state TMDLs and could be vulnerable to tort and related claims from 
downstream municipalities.   

This added flexibility and authority for municipalities to control water quality problems 
within their legal jurisdiction—coupled with objective performance standards—should lead to 
more creative approaches to stormwater management that create significant benefits to the 
municipality (i.e., more green-space buffers along waterways for recreation) and stronger 
planning and taxation of new developments that otherwise might be uncontrolled.  Municipal 
green space, parks, and a variety of other public goods that both reduce stormwater and enhance 
the public enjoyment of the surface waters could result from allowing a municipality the freedom 
to determine how best to regulate sources within its local boundaries.  For example, rather than 
automatically allowing federally approved SCMs that have little aesthetic or recreational 
qualities, alternative approaches to SCMs that retain their effectiveness but provide other 
qualities (particularly qualities that draw the public outdoors for recreation or relaxation) are 
more likely to be encouraged or even required by a municipality that serves as lead over 
implementation of its water quality program.   

Although a national watershed-based approach to stormwater regulation is likely to 
require legislative amendments, the pilot program may not necessitate additional legislative 
authorization. It is possible that through regulation, EPA may be able to develop “in lieu of” or 
“functional equivalent” requirements that allow a rigorous watershed plan to substitute for the 
bare federal requirements governing stormwater regulation, general permits, and TMDL 
planning laid out in the CWA. This type of intricate legal analysis, however, is beyond the scope 
of this document. 

Final Thoughts 

The watershed-based stormwater permitting program outlined above is ultimately 
essential if the nation is to be successful in arresting aquatic resource depletion stemming from 
sources dispersed across the landscape.  EPA is called upon to adopt the framework now and set 
in motion a process to move it toward implementation over the next five to, at most, ten years.  
This chapter deals with some but not the entire realm of political, legal, regulatory, and logistical 
issues raised by converting to a fundamentally different system of management and permitting.  
Ideas are contributed regarding piloting and transitioning toward the new program, altering 
institutional arrangements to accommodate it, and incentives for effective participation.  For 
watershed-based permitting to take hold, specific actions will have to be undertaken by EPA, 
state permitting authorities, and municipal permittees during the adoption and transition process. 

The proposed program could be implemented by EPA in a number of ways, ranging from 
making it mandatory without any exception in all states and jurisdictions to leaving it entirely 
voluntary. The committee recommends neither extreme and believes the best course would be: 
(1) pilot test and refine the program as described in the report section titled “A Pilot Program as a 
Stepping Stone;” (2) make the refined program the default to be followed by all designated states 
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(and EPA in others) and all municipal, industrial, and construction permittees, unless a state 
permitting authority convincingly demonstrates to EPA’s satisfaction than an alternative 
approach will accomplish the program’s overall goal of retaining and recovering aquatic resource 
beneficial uses; (3) develop very significant incentives for states and permittees to participate; 
and (4) require objective demonstration by any state opting for an alternative that it is broadly 
achieving the goal to at least the same extent as states within the program, with appropriate 
sanctions for noncompliance. 

ENHANCEMENT OF EXISTING PERMITTING BASIS 

The current federal stormwater regulatory framework has been in place since 1990, and 
the point source NPDES program under which it is being implemented has existed since 1972.  
The U.S. Congress deliberately acted in 1987 to amend the federal CWA with the goal of 
addressing stormwater pollution because it had been identified as a leading cause of surface 
water impairments, and regulations were inadequate to address it effectively.  The total 
rethinking of the current framework of regulating stormwater pollution described above may 
require changes in statute and take a long time to implement.  Thus, in addition to the longer-
term approach that integrates a watershed-wide planning and permitting strategy into the 
program, several near-term solutions are also offered, with the objective of improving the current 
regulatory implementation and which at most might require changes in regulation.  

Problems Complying with Both Municipal and General Industrial Permits 

The NPDES permitting authority issues (1) separate individual permits or general permits 
to impose discharge requirements on small, medium, and large MS4s; (2) general permits that 
require construction activity operators who discharge stormwater to waters of the United States, 
including those who discharge via MS4s, to implement SCMs; and (3) general permits for 
operators of stormwater discharges associated with industrial activity who discharge to waters of 
the United States, including those who discharge via MS4s, to implement SCMs.  The MS4 
operators in turn are also required under the terms of their MS4 permits to require industries and 
construction site operators who discharge stormwater via the MS4 to implement controls to 
reduce pollutants in stormwater discharges to the maximum extent practicable, including those 
covered under the permitting authority’s NPDES general permits.  This dual-coverage scheme 
appears intended to recognize the separation of governmental authorities.  Unfortunately, in 
practice it is duplicative, inefficient, and ineffective in controlling stormwater pollution that 
enters the MS4 from diffuse and dispersed sources.  Particularly in the area of monitoring of 
water quality, the dual approach seems to have resulted in a lack of prioritization of high-risk 
industrial sources and the purposeless collection of industrial stormwater monitoring data or the 
poor use of it to strategically reduce the discharge of stormwater pollutants to the MS4. 

The preference of EPA to use general NPDES permits to alleviate the administrative 
burden associated with permitting more than a 100,000 point sources discharging stormwater is 
understandable. It would have been prudent to have some form of prioritization to select some 
subset of the whole as high-risk or have a strategy for identifying a subset for individual NPDES 
permits to better achieve the objective of ensuring compliance with water quality standards on 
the basis of potential risk. As discussed in Chapter 2, there are no federal guidelines for 
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430 Urban Stormwater Management in the United States 

prioritization (determining what industries are high-risk for stormwater discharges), and the state 
permitting authorities have largely not prioritized because of the overwhelming burden of 
administering a very expansive stormwater permitting program. 

In the existing permitting scheme, the MS4 operator cannot be faulted for having a 
reasonable expectation that the permitting authority’s general NPDES permits that regulate 
industrial activities and construction that discharge to the MS4 would require, at a minimum, a 
sufficient level of identification and implementation of SCMs to facilitate the MS4 operator’s 
compliance with the MS4 permit.  However, such controls are not identified by the NPDES 
permitting authority and rather are left to the choice of the industrial facility and construction site 
operators.  Furthermore, the NPDES permitting authority imposes weak to no discharge 
sampling requirements on industrial facility and construction activity operators, which greatly 
impairs the MS4’s ability to determine and control the worst regulated stormwater discharges to 
the MS4. Similarly, the NPDES permitting authority’s general permit for construction activity 
encourages construction facility operators to consider post-construction stormwater controls, but 
it does not require them, even though the MS4 permit’s programmatic measures mandate new 
development planning and post-construction controls as essential elements of the MS4 program.  
The lack of integration among stormwater permits and the absence of objective measures of 
compliance that are quantifiable is a glaring shortcoming in current stormwater permits and 
renders them difficult to enforce for water quality protection. 

The California EPA State Water Board asked an expert panel to evaluate the extent of 
implementation success of the stormwater program in California and the feasibility of numeric 
effluent limits in stormwater permits.  In its report (CA SWB, 2006), the panel concluded that 
the flexible approach of allowing a permittee to self-select SCMs for the purpose of controlling 
stormwater pollution was largely ineffective. The reasons stated were: (1) the SCMs were 
selected without proper consideration of design, performance, hydraulics, and function; (2) the 
MS4 permittees were not accountable for the performance of the SCMs; (3) the industrial and 
construction permittees were not responsible for the performance of the SCMs; and (4) the SCMs 
were seldom maintained properly except for aesthetic purposes.  In other words, the flexibility 
provided by self-determination, self-evaluation, and self-reporting did not assure that SCMs were 
being implemented to effectively reduce stormwater pollutants to the MEP.  Rather, the 
flexibility resulted in a lack of coordination of purpose and accountability between the MS4 
permittees who owned or operate the MS4 and the industry and construction permittees who 
discharge to the MS4.  Although typically enforcement by the permitting authority would have 
restored the integrity of the stormwater program, that remedy is likely to be ineffective here 
because the choice of SCMs is left too much to discretion and there are no quantifiable 
performance or design criteria for water quality purposes. 

Integration and Dissemination of Authority 

This section offers a near-term alternative solution to the problem cited above that 
utilizes the existing framework of the NPDES stormwater program.  The strategy builds on the 
authority of MS4s over industry and construction sites to implement an integrated permitting 
scheme to reduce stormwater pollution into the waters of the United States.  Unlike the first 
section of this chapter, it does not take a watershed approach to protecting water quality, even 
though the municipal stormwater programs may be more cost-effective if implemented on a 
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watershed scale. It also addresses a significant shortcoming of the current scheme, that is, failure 
to recognize the enormous staff resources that it would take at the federal and state level for 
successful implementation in the absence of the leadership of local governments.  Further, 
federal and state NPDES permitting authorities do not presently have, and can never reasonably 
expect to have, sufficient personnel under the principles of democratic governance, such as in the 
United States, to inspect and enforce stormwater regulations on more than 100,000 discrete point 
source facilities discharging stormwater.  A better structure would be one where the NPDES 
permitting authority empowers the MS4 permittees, who are local governments working for the 
public good, to act as the first tier of entities exercising control on stormwater discharges to the 
MS4 to protect water quality—an approach here called “integration.” 

The central concept of integration is to give the MS4s controlling jurisdiction and 
responsibility over discharges from construction and industry to the MS4 in addition to their 
responsibility to implement the programmatic minimum measures identified in regulation.  This 
approach would be similar to the current NPDES permitting scheme for publicly owned 
WWTPs, where a WWTP operator controls the quality of wastewater inputs (industrial waste 
streams) to make sure that the total output will not exceed water quality standards (see Box 6-5 
on the National Pretreatment Program).  The WWTP operators establish additional criteria such 
as local limits, require discharge monitoring of industrial wastes, and conduct inspections to 
make sure industrial discharges implement adequate wastewater treatment technologies, so that 
treated effluent from the wastewater treatment can comply with water quality standards to 
protect receiving waters. The same could be done for stormwater, except here the WWTP is 
replaced by the MS4, and the other inputs in this case are all industrial and construction 
discharges of stormwater into the MS4.  The criteria by which the outputs of the industries are 
judged could be either water quality- or technology-based criteria.  This arrangement puts the 
burden on the MS4 to identify high-risk industries because the MS4 is now responsible for the 
overall output (which could be, for example, the concentration of pollutants in stormwater 
monitored during events).  If put in this position, municipalities will make intelligent choices and 
adopt effective strategies to identify which industries and sources to focus upon.  Each of these 
issues is discussed in greater detail below. 

Determination of High-Risk Dischargers 

At present, the federal stormwater regulations do not specifically identify which sources 
would be considered high risk given the common pollutants in MS4 stormwater discharges.  
With the exception of the category of municipal landfills and hazardous waste treatment, storage, 
and disposal facilities, it does not even state that the other nine categories of industry singled out 
in the regulations for permitting under the multi-sector industrial stormwater general permit 
(MSGP) are really high risk. The devolution of this responsibility to the municipality is sensible 
because the municipality, as the land-use authority, already conducts development review and 
issues industrial conditional-use permits.  The permitting authority would still be responsible for 
inspecting high-risk state, federal, and other facilities over which the MS4 permittee has no 
jurisdiction.  In addition, the permitting authority would inspect municipal facilities such as 
airports, ports, landfills, and waste storage facilities to avoid the situation of self-inspection.  
Methods for ranking industries according to risk are discussed in a subsequent section. 
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BOX 6-5 
National Pretreatment Program 

EPA’s NPDES Permitting Program requires that all point source discharges to waters of the 
United States (i.e., “direct discharges”) must be permitted.  To address “indirect discharges” from 
industries to Publicly Owned Treatment Works (POTWs), EPA, through CWA authorities, established the 
National Pretreatment Program as a component of the NPDES Permitting Program.  The National 
Pretreatment Program requires industrial and commercial dischargers to treat or control pollutants in their 
wastewater prior to discharge to POTWs. 

In 1986, more than one-third of all toxic pollutants entered the nation’s waters from POTWs 
through industrial discharges to public sewers.  Certain industrial discharges, such as slug loads, can 
interfere with the operation of POTWs, leading to the discharge of untreated or inadequately treated 
wastewater into rivers, lakes, etc.  Some pollutants are not compatible with biological wastewater 
treatment at POTWs and may pass through the treatment plant untreated.  This “pass through” of 
pollutants impacts the surrounding environment, occasionally causing fish kills or other detrimental 
alterations of the receiving waters.  Even when POTWs have the capability to remove toxic pollutants 
from wastewater, these toxics can end up in the POTW’s sewage sludge, which in many places is land-
applied to food crops, parks, or golf courses as fertilizer or soil conditioner. 

The National Pretreatment Program is unique in that the general pretreatment regulations require 
all large POTWs (i.e., those designed to treat flows of more than 5 MGD) and smaller POTWs with 
significant industrial discharges to establish local pretreatment programs.  These local programs must 
enforce all national pretreatment standards (effluent limitations) and requirements, in addition to any more 
stringent local requirements necessary to protect site-specific conditions at the POTW.  More than 1,500 
POTWs have developed and are implementing local pretreatment programs designed to control 
discharges from approximately 30,000 significant industrial users. 

EPA has supported the pretreatment program through development of more than 30 manuals that 
provide guidance to EPA, states, POTWs, and industry on various pretreatment program requirements 
and policy determinations.  Through this guidance, the pretreatment program has maintained national 
consistency in interpretation of the regulations. 

The general pretreatment regulations establish responsibilities of federal, state, and local 
government, industry, and the public to implement pretreatment standards to control pollutants that pass 
through or interfere with POTW treatment processes or that may contaminate sewage sludge.  The 
general pretreatment regulations apply to all non-domestic sources that introduce pollutants into a POTW.  
These sources of “indirect discharge” are more commonly referred to as industrial users (IUs).  Since IUs 
can be as simple as an unmanned coin-operated car wash to as complex as an automobile 
manufacturing plant or a synthetic organic chemical producer, EPA developed four criteria that define a 
significant industrial user (SIU).  Many of the general pretreatment regulations apply to SIUs as opposed 
to IUs, based on the fact that control of SIUs should provide adequate protection of the POTW. 

Unlike other environmental programs that rely on federal or state governments to implement and 
enforce specific requirements, the Pretreatment Program places the majority of the responsibility on local 
municipalities. Specifically, Section 403.8(a) of the general pretreatment regulations states that any 
POTW (or combination of treatment plants operated by the same authority) with a total design flow 
greater than 5 million MGD and smaller POTWs with SIUs must establish a local pretreatment program. 
As of early 1998, 1,578 POTWs were required to have local programs.  Although this represents only 
about 15 percent of the total treatment plants nationwide, these POTWs account for more than 80 percent 
(i.e., approximately 30 billion gallons a day) of the national wastewater flow. 

Consistent with Section 403.8(f), POTW pretreatment programs must contain the six minimum 
elements described below (EPA, 1999): 

continues next page 
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433 Innovative Stormwater Management and Regulatory Permitting 

BOX 6-5 Continued 

1. Legal Authority 
The POTW must operate pursuant to legal authority enforceable in federal, state, or local courts, 

which authorizes or enables the POTW to apply and enforce any pretreatment regulations developed 
pursuant to the CWA.  At a minimum, the legal authority must enable the POTW to: 

i. deny or condition discharges to the POTW, 
ii. require compliance with pretreatment standards and requirements, 
iii. control IU discharges through permits, orders, or similar means, 
iv. require IU compliance schedules when necessary to meet applicable pretreatment standards 

and/or requirements and the submission of reports to demonstrate compliance, 
v. inspect and monitor IUs, 
vi. obtain remedies for IU noncompliance, and 
vii. comply with confidentiality requirements. 

2. Procedures 
The POTW must develop and implement procedures to ensure compliance with pretreatment 

requirements, including: 

i. identify and locate IUs subject to the pretreatment program, 
ii. identify the character and volume of pollutants contributed by such users, 
iii. notify users of applicable pretreatment standards and requirements, 
iv. receive and analyze reports from IUs, 
v. sample and analyze IU discharges and evaluate the need for IU slug control plans, 
vi. investigate instances of noncompliance, and 
vii. comply with public participation requirements. 

3. Funding 
The POTW must have sufficient resources and qualified personnel to carry out the authorities and 

procedures specified in its approved pretreatment programs. 

4. Local Limits 
The POTW must develop local limits or document why those limits are not necessary. 

5. Enforcement Response Plan (ERP) 
The POTW must develop and implement an ERP that contains detailed procedures indicating 

how the POTW will investigate and respond to instances of IU noncompliance. 

6. List of SIUs 
The POTW must prepare, update, and submit to the approval authority a list of all significant 

industrial users (SIUs). 

In addition to the six specific elements, pretreatment program submissions must include: 

●    A statement from the city solicitor (or the like) declaring the POTW has adequate authority to 
carry out program requirements; 

●    Copies of statutes, ordinances, regulations, agreements, or other authorities the POTW relies 
upon to administer the pretreatment program, including a statement reflecting the endorsement or 
approval of the bodies responsible for supervising and/or funding the program; 

●    A brief description and organizational chart of the organization administering the program; 
and 

●    A description of funding levels and manpower available to implement the program. 

continues next page 
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BOX 6-5 Continued 

The objectives of the National Pretreatment Program are achieved by applying and enforcing three types 
of discharge standards: (1) prohibited discharge standards, (2) categorical standards, and (3) local limits. 

Prohibited Discharge Standards 

All IUs, whether or not subject to any other national, state, or local pretreatment requirements, are 
subject to the general and specific prohibitions identified in 40 C.F.R. §§403.5(a) and (b), respectively.  
General prohibitions forbid the discharge of any pollutant(s) to a POTW that cause pass-through or 
interference.  These prohibited discharge standards are intended to provide general protection for 
POTWs. Examples of these include prohibitions on discharges of pollutants that can create fire or 
explosion hazards, cause corrosive structural damage, obstruct flow within the POTW, and interfere with 
the POTW’s biological treatment activity.  However, their lack of specific pollutant limitations creates the 
need for additional controls, namely categorical pretreatment standards and local limits. 

Categorical Standards 

Categorical pretreatment standards (i.e., categorical standards) are national, uniform, technology-
based standards that apply to discharges to POTWs from specific industrial categories (i.e., indirect 
dischargers) and limit the discharge of specific pollutants.  Categorical pretreatment standards for both 
existing and new sources are promulgated by EPA pursuant to Section 307(b) and (c) of the CWA.  
Limitations developed for indirect discharges are designed to prevent the discharge of pollutants that 
could pass through, interfere with, or otherwise be incompatible with POTW operations.  The categorical 
pretreatment standards can be concentration based or mass based.  For example, the pretreatment 
standard for the electrical and electronic component manufacturing industry (40 C.F.R. Part 469, 
Subparts A-D) are concentration-based daily maximum and monthly average limits that vary by subpart 
and pollutant parameter. 

Local Limits 

Prohibited discharge standards are designed to protect against pass-through and interference 
generally.  Categorical pretreatment standards, on the other hand, are designed to ensure that IUs 
implement technology-based controls to limit the discharge of pollutants.  Local limits, however, address 
the specific needs and concerns of a POTW and its receiving waters.  Federal regulations at 40 CFR 
§§403.8(f)(4) and 122.21(j)(4) require control authorities to evaluate the need for local limits and, if 
necessary, implement and enforce specific limits as part of pretreatment program activities. Local limits 
are developed for pollutants (e.g., metals, cyanide, BOD5, TSS, oil and grease, organics) that may cause 
interference, pass-through, sludge contamination, and/or worker health and safety problems if discharged 
in excess of the receiving POTW treatment plant’s capabilities and/or receiving water quality standards. 

It is likely that some of the designated high-risk facilities would be better regulated by 
individual stormwater NPDES permits.  In particular, good candidates for individual NPDES 
permits include international ports, airports, and multiphase construction land developments, 
which are similar (in the potential risk they pose to water quality) to traditional major wastewater 
facilities such as petroleum refineries and large POTWs. 
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435 Innovative Stormwater Management and Regulatory Permitting 

SCM Design Parameters, Numerical SCM Performance Criteria, and Monitoring 

For the integration approach to work, the permitting authority and the MS4 permittee 
must better delineate SCM design parameters, numerical performance criteria, and default SCMs 
based on best available technology or water quality standards for the discharge of industrial and 
construction stormwater. Both the ASCE International Storm Water Database (which is now 
called the WERF International Storm Water Database because it is maintained by the Water 
Environment Research Foundation) and the National Stormwater Quality Database (NSQD), 
which were developed with EPA funding, are comprehensive datasets that can be used to 
develop numeric technology-based effluent criteria or limits for industrial and construction 
stormwater discharges.  The MS4 can then determine the compliance of industry and 
construction activity with its requirements by using either some numeric criteria or a suite of 
SCMs that have been presumptively determined as capable of achieving the performance criteria.  
The EPA MSGP includes a general list of sector-specific SCMs, but these presently have no 
performance criteria associated with them.  It is important that the EPA continue to support both 
the WERF and the NSQD databases as the repositories of SCM performance and MS4 
monitoring data, so that MS4s can use them to establish local limits and update the performance 
criteria periodically to fully effectuate the iterative approach to ensuring that MS4 discharges 
eventually will meet water quality standards. 

The proposed integration scheme will also facilitate the MS4 permittee’s implementation 
of a purpose-oriented stormwater monitoring program directed toward identifying problematic 
industrial or construction stormwater discharges or high-risk industrial facility sectors.  The 
current benchmark monitoring conducted by MSGP facilities would be eliminated.  Instead, 
MSGP facilities would have the option of performing scientifically valid stormwater discharge 
sampling to demonstrate their compliance with performance criteria or to participate in an MS4-
led monitoring program by paying in lieu fees to support the cost of the purpose-oriented MS4 
monitoring program.  The net effect of this alternative is to pool the resources to come up with 
an optimal sampling strategy to replace what is now a stormwater monitoring strategy that is 
haphazard and not useful. 

MS4 Responsibilities 

Under integration, the MS4 permittee would be primarily responsible for the quality of 
stormwater discharges that exit the MS4 to the waters of the United States.  The MS4 permittee 
would not be responsible for stormwater discharges from federal and state facilities or for 
facilities that have been issued an individual NPDES permit for stormwater discharges.  The 
MS4 permittee would be responsible for implementing the six minimum program measures, 
assisting in the oversight and inspection of facilities covered under the MSGP and the 
construction general permit (CGP), and implementing a strategic water quality monitoring 
program to identify and control pollutant discharges from high-risk sites.  The permitting 
authority would share any fees collected under the MSGP and CGP with the MS4, and facilities 
covered by them would have the option to opt-out of self-monitoring and contribute equivalent 
funds to an MS4-led monitoring program.  Similarly, the permitting authority would be expected 
to support research and special studies that address issues of regional or national significance 
through partnerships with the MS4 permittees. 
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436 Urban Stormwater Management in the United States 

Some MS4s may balk at taking on more responsibility for the control of stormwater 
pollution, as required for integration to succeed. However, there are already several case 
examples that exist.  The State of Oregon requires facilities that discharge industrial stormwater 
to file a Notice of Intent (NOI) for coverage under the MSGP with both the state and the local 
MS4 (Campbell, 2007).  The state has an agreement with the local MS4s for the inspection of the 
facilities covered under the MSGP and the sharing of NOI fees.  The State of Tennessee has a 
statewide pilot program to partner with local MS4s for the inspection of construction sites that 
are covered under the CGP. 

Analogy to the WWTP Pretreatment Program 

It is certainly true that the MS4s are a more challenging point source to regulate for the 
discharge of pollutants than WWTPs.  WWTPs have fewer outfalls discharging to waters of the 
United States than MS4s, and inputs into them are through discrete rather than diffuse sources as 
in the case of MS4s. It is thus expected to be more difficult to identify problem stormwater 
sources and to hold them accountable for discharges in excess of standards.  This problem is not 
insurmountable, however.  Watershed and land-use hydrologic models can be developed and 
refined by strategic sampling of pollutant sources for use by MS4 permittees and regulatory 
agencies.  If EPA and state permitting authorities establish measurable outcomes as expected 
endpoints of progress, MS4 permittees will make intelligent choices about which measures to 
implement in order to meet these endpoints.  In large part, the lack of progress nationally towards 
controlling pollutants in stormwater discharges from the MS4s has been due to the absence of 
national SCM design standards, MS4 discharge performance criteria, and stormwater effluent 
guidelines. Presently, the MS4 permittees as owners and operators of the MS4 affirmatively 
approve connections to the conveyance system for rainfall runoff.  Historically the issuance of 
the MS4 connection permit has been based on the sizing of the pipes for the conveyance of flood 
waters. There are few barriers to including water quality considerations in reauthorizing these 
connections and adding new ones. 

Note that EPA did initially consider using the WWTP pretreatment approach for 
stormwater discharges by requiring MS4 permittees to be primarily responsible for discharges of 
stormwater associated with industrial activity through the MS4 (53 Fed. Reg. 49428; December 
7, 1988). However, EPA deviated from this approach in issuing its Final Storm Water Rule (55 
Fed. Reg. 48006; November 16, 1990). In the absence of regulations that specifically confer 
authority on MS4 permittees to establish local limits for stormwater discharges to the MS4 from 
industry and businesses, the EPA should promulgate specific SCMs and performance guidelines 
with rigorous requirements for self-monitoring and compliance in order to support the integrated 
framework for controlling stormwater pollution from MS4s. 

Potential Legal Barriers 

A revised stormwater program that requires MS4s to play a more significant role in 
enforcement and oversight and that provides greater specificity in permit requirements is not 
only contemplated, but arguably demanded by Congress in the CWA.  Specifically, Congress 
directs that MS4 permits be conditioned on the requirement that the MS4s “shall require controls 
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437 Innovative Stormwater Management and Regulatory Permitting 

to reduce the discharge of pollutants to the maximum extent practicable” 42 U.S.C. § 
1342(p)(3)(B)(iii). EPA has already conditioned Phase I MS4 permits on the requirement that 
the municipality establish that it has the legal authority to inspect discharges into the system and 
take regulatory and enforcement action against excessive or violating sources [40 C.F.R. § 
122.26(d)(2)(i)]. Nevertheless, to ensure that MS4s play an even more active role, EPA should 
include several additional requirements in its implementing regulations.  In addition to 
promulgating more detailed and specific SCM requirements as discussed above, EPA should also 
require that the Phase I MS4s establish that they possess sufficient funding and staff to effectuate 
their responsibilities [see, e.g., 40 C.F.R. § 403.8(f)(2) and (3) requiring this showing for the 
POTW program]. Like the POTW program, states should also be authorized as MS4 permittees 
when the local governments are unable or unwilling to carry out their mandatory stormwater 
permit responsibilities [see, e.g., 40 C.F.R. § 403.10(e) providing this authority for the POTW 
program]. 

Industrial Program 

The industrial stormwater permit program presently incorporates a menu of SCMs that 
are to be selected by the facility operator, a rudimentary monitoring program that includes visual 
observations, some water quality sampling for selected parameters for certain types of industries 
subject to numerical effluent limitations (see Table 2-6) or a set of pollutant-level benchmarks 
that are to be used as a measure to appropriately revise the SWPPP (see Table 2-5), and annual 
reporting. Neither SCM performance criteria nor the characteristics of a design storm for water 
quality purposes have been established. Given the broad discretion that facility operators enjoy 
as a result, it has been difficult to gauge compliance with the MSGP and initiate enforcement for 
non-compliance even though industrial stormwater discharges are required to meet effluent 
limitations (technology- or water quality-based) that reflect water quality standards (Duke and 
Beswick, 1997; Duke and Augustenborg, 2006; Wagner, 2006).  Several ideas to address some 
of the shortcomings in the implementation of the permitting program for industrial stormwater 
discharges are offered as additions to the concept of MS4 regulatory integration discussed 
previously.  They would substantively improve the current industrial stormwater permitting 
program even if the integration recommendations were not acted upon. 

Criteria for a Water Quality Design Storm and Subsequent SCM Selection 

To improve the quality of stormwater discharges from industry, provide for better 
accountability, and advance the objectives of the CWA, it is important first to identify the criteria 
for a water quality design storm as opposed to one for flood control design, where the objective 
is to protect human life and real property.  It is important that the permitting authority designate 
the basis for the determination of the water quality design storm, and explicitly state that it would 
form the criteria for evaluation of compliance with technology-based standards or water quality-
based standards. This is essential because the engineering design decisions that determine how 
much stormwater is to be treated to remove toxic pollutants that pose a risk to human health or 
aquatic life is more a policy matter than a scientific one (Schiff et al., 2007).  While modeling 
exercises using continuous simulation methods in theory could be performed for every project or 
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subwatershed or region to support planning decisions on how much stormwater needs to be 
treated for optimum water quality benefits, such a detailed analysis will be too cumbersome and 
cost-prohibitive for routine planning and implementation purposes.  Thus it is recommended that 
the EPA establish guidelines for the selection of water quality design storms for controlling 
pollution from MS4 and industrial stormwater discharges.  This would not be a new practice for 
EPA because the agency has previously established design storms for certain industrial sectors 
when promulgating effluent guidelines (Table 2-6).  Conceivably, unlike the technology limiting 
design storms that are set on rainfall recurrence intervals, the design storm to protect surface 
water quality and beneficial uses could be different for different eco-regions of the United States. 

The water quality design storm, which may be expressed as total rainfall depth, runoff 
volume, or rainfall intensity, incorporates the concept that extreme rainfall events are rare, and 
that a few times each year the runoff volume or flow rate from a storm will exceed the design 
volume or rate capacity of an SCM.  Therefore, for the purpose of best available technology and 
cost-effectiveness, industrial facility operators should not be held accountable for pollutant 
removal from storms beyond the size for which an SCM is designed.   

For MS4 operators, the concept of designing MS4s for both flood control conveyance 
(capital flood design) and for water quality protection (water quality design) involves a 
fundamental shift.  Whereas flood control engineers design conveyance systems with return 
frequencies of two years (streets), ten years (detention basins), 50 years, and 100 years 
(channels), the water quality design storm event is for a return frequency of six months to a year.  
The water quality design implicitly focuses on treating the first flush of runoff, which contains 
the highest load and concentration of pollutants and which occurs in the first half to one inch of 
runoff. In contrast, flood control designs are built to convey tens of inches of runoff. 

In addition to issuing the guidelines to support the setting of stormwater criteria for water 
quality design, it is important that the EPA establish SCM performance criteria based on best 
technologies and identify the “presumptive technologies” that have been demonstrated to achieve 
the performance criteria.  The water quality design storm and the best available technologies 
with their associated criteria can then form a basis for technology-based effluent limitations to be 
included in industrial stormwater permits.  If the facility operator elects the identified 
presumptive technology, then compliance monitoring requirements can be scaled down to a 
minimum to ensure that the treatment systems are being properly maintained.  On the other hand, 
if the operator elects to go with a suite of alternative SCMs, then the monitoring requirements 
sufficient to demonstrate that the suite of alternative SCMs are in fact achieving the effluent 
quality of the selected technology can be prescribed.  In such a scheme, visual monitoring will 
serve to ensure that the treatment systems are being properly maintained, and compliance can be 
reported using the same procedures as required presently for the industrial wastewater permits. 

How to Identify a High-Risk Industry 

Both the watershed-based permitting approach described previously in this chapter and 
the integration approach call for municipal permittees, as part of their responsibilities, to identify 
high-risk industrial stormwater dischargers. This involves identifying the potential sources of 
concern, evaluating the extent of their potential impacts, and then prioritizing them for 
attention—a classic risk assessment.  Municipalities would generally not be able to give equal 
and full attention to all sources, nor should they.  Unfortunately, what constitutes high risk or any 
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level of risk for industries covered by NPDES stormwater permits has not been defined by EPA, 
although the states have developed various interpretations (see Appendix C).   

Two methodologies for identifying industrial and commercial facilities that are 
considered high-risk for discharging pollutants in stormwater are presented below.  Box 6-6 
describes the “intensity of industrial activity” method devised for the City of Jacksonville (Duke, 
2007). This method uses telephone queries and a point scale system to visually score each 
facility based on the intensity of the industrial activities exposed to stormwater, and groups the 
results into categories A, B, C, or D in increasing order of intensity (Cross and Duke, 2008).  The 
categories are designed to distinguish high-risk facilities from low-risk facilities, and not to make 
fine distinctions among facilities with similar characteristics. This typology is sufficient to 
distinguish facilities with little or no potential for discharging pollutants associated with 
stormwater from facilities that might discharge those pollutants.  More than half of the facilities 
that were subject to Florida’s MSGP were determined to be low-risk (Cross and Duke, 2008).  

Box 6-7 outlines an empirical methodology used by the County of Los Angeles to rank 
the risk of industrial facilities for stormwater pollution on the basis of pollution potential P.  The 
pollution potential P was computed as a product of the number of on-site sources, percent 
imperviousness, pollutant toxicity, degree of exposure, and the number of facilities (Los Angeles 
County, 2001). Based on this ranking scheme, five top high-risk industries were selected: (1) 
automobile dismantlers, (2) automobile repair, (3) metal fabrication, (4) motor freight, and (5) 
automobile dealers.  Stormwater discharges from six facilities in each category were 
characterized over a two-year period, and the effectiveness of SCMs was assessed at a subset of 
them.  However, the monitoring was minimal, and so much of the prioritization was based on 
best professional judgment about pollutant discharges. 

Industrial Stormwater Discharge Monitoring 

Monitoring data from Phase I MS4s have been compiled in the NSQD for several years, 
making possible a number of important findings about the quality of municipal stormwater (see 
Chapter 3). Although industry that occurs within MS4s is technically included in the NSQD, the 
data are lumped together and not sector specific.  There is no comparable, reliable source of data 
specifically on industrial discharges, even though EPA requires benchmark monitoring for 
MSGP industrial permittees.  The intent was that industrial facility operators would use 
benchmark exceedances as action levels to improve SCMs, but this self-directed approach has 
been largely a failure. Many industrial facilities reported repeated exceedances of benchmark 
values without action, and others have failed to report any monitoring data at all.  In addition, the 
representativeness of single grab samples taken to characterize the discharge and less-than-
rigorous sample collection and quality assurance procedures have resulted in monitoring data 
that are not very useful. One of the only analyses of benchmark monitoring data ever done 
evaluated California’s program between 1992 and 2001 (see Box 4-2; Stenstrom and Lee, 2005; 
Lee et al., 2007). The study showed no relationship between facility type and stormwater 
discharge quality. The cited reasons for the poor relationship included variability in sampling 
parameters, sampling time, and sampling strategy—that is, poor data. 
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BOX 6-6 
Risk Assessment for Industrial Dischargers of Stormwater 

The City of Jacksonville has had very good success in determining what industries pose the 
highest stormwater risks by starting with businesses having the Standard Industrial Classification (SIC) 
codes designated for permit coverage but using multiple lists of potential sources and cross checking 
them to target inspections and other interventions where they will have the best effect.  Other clues to 
sources of interest include other environmental permits (e.g., wastewater NPDES permits, permits for 
discharge to sanitary sewer), tax records, records of fire code inspections, building permit filings, planning 
agency proceedings, contacts with business associations, marketing information put out by companies, 
Resource Conservation and Recovery Act hazardous waste reports, and telephone and field surveys. 

Duke (2007) proposed a 0- to 8-point scoring scheme (shown below) to rate the intensity of 
industrial activities exposed to stormwater.  The system is based on the relative amount of exposure to 
precipitation and runoff by industrial materials, processes, wastes, and vehicles.  Once municipalities 
gather the data and then classify their industries accordingly, they would have a very useful tool to 
program inspections and monitoring emphasizing the industries most risking their success in achieving 
established objectives.  A similar system could and should be developed for construction sites. 

0 points 
Small bulk waste, e.g., covered dumpster: area <100 m2 

Hazardous waste: containers not exposed to precipitation 
1 point 

Outdoor vehicle use: 1-2 vehicles, outdoors occasionally/never, not used in precipitation 
Vehicle washing outdoors, 1-2 vehicles, rarely or occasionally done 

2 points 
Outdoor vehicles, e.g., forklifts: 1-2, outdoors occasionally/never, used in precipitation 
Outdoor vehicles, e.g., forklifts: 1-2, outdoors every day, not used in precipitation 
Outdoor vehicles, e.g., forklifts: 3-4, outdoors occasionally/never, not used in precipitation 
Vehicle maintenance or re-fueling, 1-2 vehicles, rarely or occasionally done, outside 
Vehicle washing outdoors, 1-2 vehicles, regularly done 
Vehicles washing outdoors, 3 vehicles, rarely or occasionally done 

4 points 
Storage of materials or products: area < 100m2 and/or < five 55-gallon drums 
Fixed outdoor equipment: 1-2 small or large item(s) 
Outdoor vehicles, e.g., forklifts: 1-2, outdoors every day, used in precipitation 
Outdoor vehicles, e.g., forklifts: 3-4, outdoors occasionally/never, used in precipitation 
Outdoor vehicles, e.g., forklifts: 3-4, outdoors every day, not used in precipitation 
Uncovered shipping/receiving area: 1-2 docks 
Vehicle maintenance or re-fueling outdoors, 1-2 vehicles, regularly done 
Vehicle maintenance or re-fueling outdoors, vehicles, rarely or occasionally done 
Plant yard, rail lines, access roads: 1,000 ft2 

Small process equipment, e.g., compressors, generators: exposed to precipitation 
6 points 

Outdoor vehicles, e.g., forklifts: 3-4, outdoors every day, used in precipitation 
Outdoor vehicles, e.g., forklifts: > 5 or heavy, outdoors occasionally, used in precipitation 
Outdoor vehicles, e.g., forklifts: > 5 or heavy, outdoors every day, not used in precipitation 
Vehicle maintenance or re-fueling outdoors, 3 vehicles, regularly done 
Plant yard, rail lines, access roads: 1,000 ft2 

8 points 
Storage of materials or products: area 1002 and/or five 55-gallon drums 
Boneyard of scrap, disused equipment, similar 
Hazardous waste: containers exposed to precipitation 
Fixed outdoor equipment: small or 2 large items 
Outdoor vehicles, e.g., forklifts: > 5 or heavy, outdoors every day, used in precipitation 
Uncovered shipping/receiving area: 3 docks 
Plant yard, rail lines, access roads: 5,000 ft2 

Manufacturing activities, e.g., cutting, painting, coating materials: exposed to precipitation 
SOURCE: Duke (2007). 
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BOX 6-7 
Los Angeles County Critical Facilities Monitoring Data 

One of the few sources of data on industrial stormwater discharges comes from the County of 
Los Angeles.  A stepwise process was used to identify the highest-risk industrial/commercial facilities, 
which were then monitored to measure the quality of their stormwater discharges and to evaluate the 
effectiveness of SCMs.  The initial list of candidate facilities was identified from their relative numbers and 
the extent of their outdoor activities.  This list was then refined using an empirical equation for pollutant 
potential P: 

P = Q x R x T x E x N 
where 

Loading (Q) is the number of sources at a site and the likelihood of release; 
Imperviousness (R) of a site is the percent of paved area; 
Pollutant toxicity (T) denotes the number of toxic pollutants and the inherent toxicity of the mix; 
An exposure factor (E) signifies if activities are exposed to rainfall; and  
The Number (N) represents the total number of sites in the county. 

Each variable was assigned a qualitative number from 1 to 10, with 10 representing the worst condition.  
Based on this equation, five top “critical source” industries were determined: (1) automobile 

dismantlers; (2) automobile repair; (3) metal fabrication; (4) motor freight; and (5) automobile dealers.  Six 
facilities from each of these categories were monitored during five storms a year for two years.  The 
stormwater discharge samples were analyzed for general conventional pollutants, heavy metals, bacteria, 
and semi-volatile organic compounds.  Half of the facilities were then fitted with SCMs, which were 
monitored to evaluate their effectiveness. 

The highest median values were observed for total zinc (approx. 450 �g/L), dissolved zinc 
(approx. 360 �g/L), total copper (approx. 240 �g/L), and dissolved copper (approx. 110 �g/L) in 
stormwater discharges from fabricated metal sites.  However, levels for total and dissolved zinc did not 
appear to be significantly different among the industry types.  SCMs in the form of good housekeeping 
and spill containment measures were installed at half of the sites.  For total and dissolved zinc, the 
median concentration lowered or stayed nearly the same with the implementation of SCMs at the auto 
dismantling, auto repair, and fabricated metals industries (i.e., in none of the circumstances was the 
difference significant).  For total and dissolved copper, however, where the fabricated metal industry had 
displayed the highest median concentrations, levels were significantly reduced with the implementation of 
SCMs. The auto dismantling and auto repair businesses showed no significant differences in copper 
after the implementation of SCMs. 

SOURCE: Los Angeles County (2001). 

In the past, it has been proposed to EPA that it fund a project that would systematically 
collect the benchmark monitoring data across the nation, as has been done for MS4s, but these 
suggestions have been rejected. To get better data from specific industrial sectors, it is 
recommended that a small subset of industrial users and sectors be selected for composite 
sampling in a program directed by the MS4.  Alternatively, making a trained team responsible 
for monitoring of small-business industrial dischargers would reduce, if not eliminate, current 
problems with quality assurance. 

Monitoring of industrial stormwater discharges could be streamlined by considering the 
adoption of a Reasonable Potential Analysis (RPA), which is already part of the existing practice 
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in developing limits for NPDES wastewater permits (EPA, 1991).  The RPA is a procedure that 
uses statistical distribution assumptions in association with a limited number of wastewater 
discharge quality measurements to determine the likelihood that a receiving water quality 
standard would be violated, which assists the permitting authority in determining what permit 
limitations should be set to protect receiving water quality.  The effluent data from any treatment 
system may be described using standard descriptive statistics such as the mean concentration and 
the coefficient of variation. Using a statistical distribution such as the lognormal, an entire 
distribution of values can be projected from limited data; limits on pollutant concentrations in 
discharge can then be set at a specified probability of occurrence so that the receiving water is 
protected. An RPA for stormwater pollutants may be particularly relevant in developing 
performance criteria for SCMs for facilities discharging stormwater within the integrated 
framework of MS4 permitting.  Also, MS4 permittees could use the method to reduce the 
number of pollutants that high-risk industries would be required to monitor in order to 
demonstrate to the municipality that they are not the source of pollutants in MS4 discharges that 
are impairing surface waters.   

Construction Program 

The recommendations for stormwater discharges associated with construction activity are 
very similar to those offered for stormwater discharges associated with industrial activity.  The 
integration with the MS4 program is less of a challenge because municipalities have always had 
primacy on land development planning and construction activity.  Most municipalities have had 
requirements for soil erosion and sediment control plans on construction sites that precede the 
federal stormwater regulations.  EPA regulations already allow permitting authorities to approve 
Phase I and Phase II MS4 permittee oversight of CGP construction sites under the qualifying 
local program provision (40 C.F.R. 122.44(s)) (Grumbles, 2006).  The weakness in the 
implementation of this provision currently is the absence of rigorous SCM performance criteria 
guidelines for MS4s permittees to meet in order to be deemed as qualifying. 

The construction stormwater general permit program requires the development and 
implementation of an SWPPP.  The SWPPP, which must be prepared before construction begins, 
focuses on two major requirements: (1) describing the site adequately and identifying the sources 
of pollution to stormwater discharges associated with construction activity on site and (2) 
identifying and implementing appropriate measures to reduce pollutants in stormwater 
discharges to ensure compliance with the terms and conditions of this permit.  The SWPPP must 
describe the sequence of major stormwater control activities and the kinds of SCMs that will be 
in place, and it must identify interim and permanent stabilization practices, including a schedule 
of their implementation.  There is an expectation that the construction site operator will use good 
site planning, preserve mature vegetation, and properly stage major earth-disturbing activities to 
avoid sediment loss and prevent erosion.  Post-construction stormwater controls need to be 
considered, but are not required. Construction site operators are required to visually inspect the 
construction site weekly and perform a walk through before predicted storm events.  No annual 
reports are required, but records must be kept for a period of three years after permit coverage 
has been terminated.  There are no SCM performance criteria, other than a suggestion that most 
SCMs should be able to achieve 80 percent TSS removal.  As with industry, it is difficult to 
gauge compliance with the CGP except when inadequate SCMs result in a massive discharge of 
sediment from a construction site. 
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The pollutant parameters that are of concern in stormwater discharges from construction 
activity are TSS, settleable solids, turbidity, and nutrients from erosion; pH from concrete and 
stucco; and a wide range of metallic and organic pollutants from construction materials, 
processes, wastes, and vehicles and other motorized equipment.  The permitting authority, in 
addition to guidelines for the water quality design storm, must establish SCM performance 
criteria for stormwater discharges associated with construction activity.  The construction site 
operator should be given the option of implementing SCMs that are the presumptive technology, 
or equivalent SCMs that can achieve the performance criteria.  For example, the recommended 
SCMs in Box 5-3 could serve as the presumptive construction SCMs on a typical construction 
site that is less than 50 acres in size.  If the operator elects to go with a suite of alternative SCMs, 
then adequate monitoring must be performed to demonstrate that the alternative SCMs are in fact 
achieving the performance criteria.  In addition, the CGP presently does not mandate or require 
that post-construction SCMs be integrated with the MS4 permittee requirements under its New 
Development/Redevelopment Program requirements.  The proper planning for and 
implementation of SCMs that will help mitigate stormwater pollution from planned future use of 
the site will be critical to protecting water quality.  Thus the post-construction requirements of 
the CGP should be strengthened and better integrated with the new development/redevelopment 
requirements of the MS4 permits. 

Municipal Program 

Several key enhancements to the MS4 permitting program are needed to ensure that 
resources are targeted to achieve the greatest on-the-ground implementation of SCMs to make 
incremental progress in meeting water quality standards.  Six specific issues are discussed below; 
their implementation will require greater collaboration and flexibility among regulators and 
permitted parties.  These recommendations are suggested for communities that are not ready for 
the integrated watershed approach proposed in the prior section, and represent a bridge toward 
building internal capacity to implement them. 

Numeric Expression of “Maximum Extent Practicable” 

The ambiguity of the term “maximum extent practicable” (MEP) has been a major 
impediment to achieving meaningful water quality results in the MS4 program.  The EPA should 
develop numerical expressions of MEP in the next round of permit renewals that can be 
measured and tracked.  A national numeric benchmark should be avoided; states should focus on 
regional benchmarks that are tied to their water quality problems.  Four examples of methods to 
define MEP in a numeric manner are provided below: the first three are applied at a regional or 
state level, whereas the last (impervious cover-based TMDLs) offers more flexibility to be 
applied at individual sites. 

Establish Municipal Action Levels. This approach relies on the use of a national 
database of stormwater runoff quality to establish reasonable expectations for outfall monitoring 
in highly developed watersheds.  The NSQD (Pitt et al., 2004) allows users to statistically 
establish action levels based on regional or national event mean concentrations developed for 
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pollutants of concern.  The action level would be set to define unacceptable levels of stormwater 
quality (e.g., two standard deviations from the median statistic, for simplicity).  Municipalities 
would then routinely monitor runoff quality from major outfalls.  Where an MS4 outfall to 
surface waters consistently exceeds the action level, municipalities would need to demonstrate 
that they have been implementing the stormwater program measures to reduce the discharge of 
pollutants to the maximum extent practicable.  The MS4 permittees can demonstrate the rigor of 
their efforts by documenting the level of implementation through measures of program 
effectiveness, failure of which will lead to an inference of noncompliance and potential 
enforcement by the permitting authority. 

Site-Based Runoff and/or Pollutant Load Limits. This approach is primarily used for 
watersheds that are experiencing rapid development; it establishes numeric targets or 
performance standards for pollutant or runoff reduction that must be met on individual 
development sites.  The numeric targets may involve specific pollutant load limits or runoff 
reduction volumes.  For example, Virginia DCR (2007) and Hirschman et al. (2008) established 
a statewide computational method to ensure that SCMs are sized, designed, and sequenced to 
comply with specific nutrient-based load and runoff reduction limits.  The nutrient load limits of 
0.28 lb/acre/yr for total phosphorus and 2.68 lb/acre/yr for total nitrogen were computed using 
the Chesapeake Bay Model for Virginia tributaries to the bay.  The design process also requires 
the computation of runoff reduction volumes achieved to promote the use of nonstructural 
SCMs. The basic concept is that new development on non-urban land must not exceed the 
average annual nutrient load and runoff volume for non-urban land using effective SCMs in the 
watershed. This blended site-based runoff and load limit approach has been advocated by the 
Office of Inspector General (2007) and Schueler (2008a) and is under active consideration by 
several other Chesapeake Bay states. 

Wenger et al. (2008) reports on a no-net-hydrologic-increase strategy to protect 
endangered fish species in the northern Georgia Piedmont that sets specific on-site runoff 
reduction requirements for a range of land uses and design storm events.  A similar approach has 
been incorporated into the recently enacted Energy Independence and Security Act of 2007 that 
contains provisions that require that the “sponsor of any development or redevelopment project 
involving a Federal facility with a footprint that exceeds 5,000 square feet shall use site planning, 
design, construction, and maintenance strategies for the property to maintain or restore, to the 
maximum extent technically feasible, the predevelopment hydrology of the property with regard 
to the temperature, rate, volume, and duration of flow.” 

The challenge of defining MEP as a runoff reduction or pollutant load limit is that 
considerable scientific and engineering analysis is needed to establish the performance standards, 
evaluate SCM capability to meet them, and devise a workable computational approach that links 
them together at both the site and watershed levels.  In addition, care must be taken to define an 
appropriate baseline to represent predevelopment conditions that does not unduly penalize 
redevelopment projects or make it impossible to comply with limits at new development sites 
after maximum effort to apply multiple SCMs is made. 

Turbidity Limits for Construction Sites.  Numeric enforcement criteria can be used to 
define what constitutes an egregious water quality violation at construction sites and provide a 
technical criterion to measure the effectiveness of erosion and sediment control practices.  
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Currently, most states and localities do not specify either numeric enforcement criteria or a 
monitoring requirement within their CGP (see the survey data contained in Appendix C).  

A maximum turbidity limit would establish definitive criteria as to what constitutes a 
direct sediment control violation and trigger an assessment for remediation and prevention 
actions. For example, local erosion and sediment control ordinances could establish a numeric 
turbidity limit of 75 Nephelometric Turbidity Units (NTU) as an instantaneous maximum for 
rainfall events less than an inch (or a 25 NTU monthly average) and would prohibit visible 
sediment in water discharged from upland construction sites.  While the exact turbidity limit 
would need to be derived on a regional basis to reflect geology, soils, and receiving water 
sensitivity, research conducted in the Puget Sound of Washington indicates that turbidity limits 
in the 25 to 75 NTU can be consistently achieved at most highway construction sites using 
current erosion and sediment control technology that is properly maintained (Horner et al., 
1990). If turbidity limits are exceeded, a detailed assessment of site conditions and follow-up 
remediation actions would be required.  If turbidity limits continue to be exceeded, penalties and 
enforcement actions would be imposed.  Enforcement of turbidity limits could be performed 
either by state, local, or third party erosion and sediment control inspectors, or—under 
appropriate protocols, training, and documentation—by citizens or watershed groups. 

Impervious Cover Limits and IC-based TMDLs.  MS4s that discharge into TMDL 
watersheds also require more quantitative expression of how MEP will be defined to reduce 
pollutant loads to meet water quality standards.  Maine, Vermont, and Connecticut have recently 
issued TMDLs that are based on impervious cover rather than individual pollutants of concern 
(Bellucci, 2007). In such a TMDL, impervious cover is used as a surrogate for increased runoff 
and pollutant loads as a way to simplify the urban TMDL implementation process.  Impervious 
cover-based TMDLs have been issued for small subwatersheds that have biological stream 
impairments associated with stormwater runoff but no specific pollutant listed as causing the 
impairment (in most cases, these subwatersheds are classified as impacted according to the 
Impervious Cover Model [ICM]—see Box 3-10).  A specific subwatershed threshold is set for 
effective impervious cover, which means impervious cover reductions are required through 
removal of impervious cover, greater stormwater treatment for new development, offsets through 
stormwater retrofits, or other means. 

Traditional pollutant-based TMDLs would continue to be appropriate for “non-
supporting” and “urban drainage” subwatersheds, although they could be modified to focus 
compliance monitoring on priority urban source areas or subwatersheds that produce the greatest 
pollutant loads. Although EPA (2002) indicates that this analysis does not extend to 
demonstrating that changes will occur in receiving waters, it does outline a rigorous process for 
evaluating pollutant discharges and SCM performance.  More recent EPA guidance (2007c) 
recommends that MS4s conduct a four-step analysis, which is distilled to its essence below: 

Step 1: Estimate loads for pollutant of concern for the watershed. 
Step 2: Provide a specific list of SCMs that will be applied in the listed watershed. 
Step 3: Estimate the pollutant removal capability of the individual SCMs applied. 
Step 4: Compute aggregate watershed pollutant reduction achieved by the MS4. 

Although this is not a particularly new interpretation of addressing stormwater loads in 
watersheds listed as impaired and/or having written TMDLs, it is exceptionally uncommon for 
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individual MS4s to document the link between their stormwater discharges and water quality 
standard exceedances, as modified by the system of SCMs that they used to reduce these 
pollutants. As of 2007, EPA could only document 17 TMDLs that addressed stormwater 
discharges using this sequential analysis. EPA and states need to provide more specific guidance 
for MS4s to comply with TMDLs in their permit applications and annual reports. 

Focus MS4 Permit Implementation at the Subwatershed Level 

Chapter 5 noted the importance of the watershed context for making better local 
stormwater decisions.  This context can be formally incorporated into local MS4 permits by 
focusing implementation on a subwatershed basis, using the ICM, as described in Box 3-10 and 
outlined in Table 6-1.  When urban streams are classified by the ICM, this basic subwatershed 
planning process can be used to establish realistic water quality and biodiversity goals for 
individual classes of subwatersheds, as shown in Table 6-2.  As can be seen, goals for water and 
habitat quality become less stringent as impervious cover increases within the subwatershed.  
This subwatershed approach provides stormwater managers with more specific, measurable, and 
attainable implementation strategies than the one-size-fits-all approach that is still enshrined in 
current wet-weather management regulations.  

TABLE 6-1 Components of Subwatershed-Based Stormwater Management 

1.	 Define interim water quality and stormwater goals (i.e., pollutants of concern, biodiversity targets) and 
the primary stormwater source areas and hotspots that cause them. 

2.	 Delineate subwatersheds within community boundaries. 

3.	 Measure current and future impervious cover within individual subwatersheds. 

4.	 Establish the initial subwatershed management classification using the ICM. 

5.	 Undertake field monitoring to confirm or modify individual subwatershed classifications. 

6.	 Develop specific stormwater strategies within each subwatershed classification that will guide or shape 
how individual practices and SCMs are generally assembled at each individual site. 

7.	 Undertakes restoration investigations to verify restoration potential in priority subwatersheds. 

8.	 Agree on the specific implementation measures that will be completed within the permit cycle.  Evaluate 
the extent to which each of the six minimum management practices can be applied in each subwatershed 
to meet municipal objectives. 

9.	 Agree on the maintenance model that will be used to operate or maintain the stormwater infrastructure, 
assign legal and financial responsibilities to the owners of each element of the system, and develop a 
tracking and enforcement system to ensure compliance. 

10. Define the trading or offset system that will be used to achieve objectives elsewhere in the local 
watershed objectives in the event that full compliance cannot be achieved due to physical constraints 
(e.g., indexed fee-in-lieu to finance municipal retrofits). 

11. Establish sentinel monitoring stations in subwatersheds to measure progress towards goals. 

12. Revise subwatershed management plans in the subsequent NPDES permitting cycle based on monitoring 
data. 
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TABLE 6-2 Expectations for Different Urban Subwatershed Classes 

Lightly Impacted 
Subwatersheds 
(1 to 5% IC) 

• Consistently attain scores for specific indicators for hydrology, biodiversity, 
and geomorphology that are comparable to streams whose entire 
subwatersheds are fully protected in a natural state (e.g., national parks).  
Should provide for healthy reproduction of trout, salmon, or other keystone 
fish species. 

Moderately 
Impacted 
Subwatersheds 
(6 to 10% IC) 

• Consistently attain scores for specific stream indicators that are comparable to 
the highest 10 percent of streams in a population of rural watersheds in order 
to maintain or restore ecological structure, function, and diversity of the 
streams. The “good to excellent” indicator scores for this category of 
subwatersheds will be the benchmark against which the relative quality of 
more developed subwatersheds will be measured. 

Heavily Impacted 
Subwatersheds 
(11 to 25% IC) 

• Consistently attain good stream quality indicator scores to ensure enough 
stream function to adequately protect downstream receiving waters from 
degradation. 

• Function is defined in terms of flood storage, in-stream nutrient processing, 
biological corridors, stable stream channels, and other factors. 

Non-Supporting 
Subwatersheds 
(26 to 60% IC) 

• Consistently attain “fair to good” stream quality indicator scores. 
• Meet bacteria standards during dry weather and trash limits during wet 

weather. 
• Maintain existing stream corridor to allow for safe passage of fish and 

floodwaters. 

Urban Drainage 
Subwatersheds 
(61 to 100% IC) 

• Maintain “good” water quality conditions in downstream receiving waters. 
• Consistently attain “fair” water quality scores during wet weather and “good” 

water scores during dry weather. 
• Provide clean “plumbing” in upland land uses such that discharges of sewage 

and toxics do not occur. 
Note: the objectives presume some portion of the subwatershed has already been developed, thereby 
limiting attainment of objectives. If a subwatershed is not yet developed, managers should shift 
expectations up one category (e.g., urban drainage should behave like non-supporting).  Also, the 
specific ranges of IC that define each management category should always be derived from local or 
regional monitoring data.  Note that the ranges in IC shown to define a subwatershed management 
category are illustrative and will vary regionally. 

Some examples of how to customize stormwater strategies for different subwatersheds 
are described in Table 6-3.  This approach enables MS4s to utilize the full range of watershed 
planning, engineering, economic, and regulatory tools that can manage the intensity, location, 
and impact of impervious cover on receiving waters.  In addition, the application of multiple 
tools in a given subwatershed class helps provide the maximum level of protection or restoration 
for an individual subwatershed when impervious cover is forecast to increase due to future 
growth and development.  The conceptual management approach shown in Table 6-3 is meant to 
show how urban stream classification can be used to guide stormwater decisions on a 
subwatershed basis. The first column of the table lists some key stormwater management issues 
that lend themselves to a subwatershed approach and are explained in greater detail below. 
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TABLE 6-3 Examples of Customizing Stormwater Strategies on a Subwatershed Basis 

Stormwater 
Management 

Issue 

Lightly 
Impacted 

Subwatershed 
(1 to 5% IC) 

Moderately 
Impacted 

Subwatershed 
(6 to 10% IC) 

Impacted 
(IC 11 to 

25%) 

Non-
Supporting 

(IC 26 to 
60%) 

Urban Drainage 
(61% + IC) 

Linkage with Utilize extensive Implement site- Reduce the IC Encourage redevelopment, 
Local Land- land based or created for development intensification and 
Use Planning conservation watershed-based each zoning mass transit to decrease per-capita 
and Zoning and acquisition 

to preserve 
natural land 
cover 

IC caps and 
maximize 
conservation of 
natural areas 

category by 
changing local 
codes and 
ordinances 

IC utilization in the urban 
landscape. Develop watershed 
restoration plans to maintain or 
enhance existing aquatic resources. 

Site-based Allow no net Treat runoff from two-year design Treat runoff from the one-year 
Stormwater increase in storm, using SCMs to achieve design storm, using SCMs to 
Reduction and runoff volume, 100% runoff reduction achieve at least 75% runoff 
Treatment velocity and reduction 
Limits duration up to 

the five-year 
design storm 

Site-Based IC 
Fees 

None Establish Excess IC fee for 
projects that exceed IC for zoning 
category 

Allow IC mitigation fee 

Subwatershed 
Trading 

Receiving Area 
for Conservation 
Easements 

Receiving Area for Restoration 
Projects and/or Retrofit 

Receiving or 
Sending Area 
for Retrofit 

Sending Area for 
Restoration 
Projects 

Stormwater Measure in-stream metrics of biotic Track Check outfalls Check stormwater 
Monitoring integrity subwatershed and measure quality against 
Approach IC and 

measure SCM 
performance 

SCM 
performance 

municipal actions 
levels at outfalls 

TMDL Protect using Use IC-based TMDLs that use Use pollutant Use pollutant 
Approach antidegradation 

provisions of the 
CWA 

flow or IC as a surrogate for 
traditional pollutants 

TMDLs to 
identify 
problem 
subwatersheds 

TMDLs to 
identify priority 
source areas 

Dry Weather Perform in- Check for Screen outfalls Perform dry Perform dry 
Water Quality stream grab 

sampling of 
water quality at 
sentinel stations 

failing septic 
systems 

for illicit 
discharges 

weather 
sampling in 
streams and 
outfall 
screening 

weather sampling 
in receiving waters 

Addressing Protect or conserve natural areas, Perform Perform Use pollution 
Existing enhance riparian cover, assess road stream repairs, storage source controls 
Development crossings, and ensure farm, forest, 

and pasture best practices are used  
riparian 
reforestation, 
and residential 
stewardship 

retrofits and 
stream repairs 

and municipal 
housekeeping 
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Linkage with Local Land-Use Planning and Zoning.  Given the critical relation 
between land use and the generation of stormwater, communities should ensure that their 
planning tools (e.g., comprehensive plans, zoning, and watershed planning) are appropriately 
aligned with the intended management classification for each subwatershed.  For example, it is 
reasonable to encourage redevelopment, infill, and other forms of development intensification 
within non-supporting or urban drainage subwatersheds, whereas down-zoning, site-based IC 
caps, and other density-limiting planning measures are best applied to sensitive subwatersheds. 

Stormwater Treatment and Runoff Reduction MEP.  Subwatershed classification 
allows managers to define achievable numerical benchmarks to define treatment in terms of the 
maximum extent practicable.  Thus, a greater level of treatment is required for less-developed 
subwatersheds and a reduced level of treatment is applied for more intensely developed 
subwatersheds. This is most frequently expressed in terms of a rainfall depth associated with a 
given design storm.  Designers are required to treat and/or reduce runoff for all storm events up 
to the designated storm event.  This flexibility recognizes the greater difficulty and cost involved 
in providing the same level of treatment in an intensely developed subwatershed, as well as the 
fact that less treatment is needed to maintain stream condition in a highly urban subwatershed.   

The other key element of defining MEP is to specify how much of the treatment volume 
must be achieved through runoff reduction.  The runoff reduction volume has emerged as the 
primary performance benchmark to maintain predevelopment runoff conditions at a site after it is 
developed. In its simplest terms, this means achieving the same predevelopment runoff 
coefficient for each storm up to a defined storm event through a combination of canopy 
interception, soil infiltration, evaporation, rainfall harvesting, engineered infiltration, extended 
filtration, or evapotranspiration (Schueler, 2008b).  Once again, the physical feasibility and need 
to provide treatment through runoff reduction becomes progressively harder as subwatershed 
impervious cover increases. 

Site-Based IC Fees. Several economic strategies can be used to promote equity and 
efficiency when it comes to managing stormwater in different kinds of subwatersheds.  In lower-
density subwatersheds, an excess impervious cover fee can be charged to individual sites that 
exceed a maximum threshold for impervious cover for their zoning category.  Similarly, an 
impervious cover mitigation fee can be levied at individual development sites in more intensely 
developed subwatersheds when on-site compliance is not possible or it is more cost-effective to 
provide an equivalent amount of treatment elsewhere in the watershed.  The type of fee and the 
frequency that is used is expected to be closely related to the subwatershed classification. 

Subwatershed Trading. The degree of impervious cover in a subwatershed also has a 
strong influence on the feasibility, cost, and appropriateness of restoration projects.  
Consequently, any revenues collected from various site IC fees can be traded among 
subwatersheds to arrive at the least-cost, effective solutions.  In general, the most intensely 
developed subwatersheds are sending areas and the more lightly developed subwatersheds are 
used as receiving areas for such projects. 

Stormwater Monitoring Approach. Subwatershed classification can also be used to 
define the type and objectives for stormwater monitoring to track compliance over time.  For 
example, in sensitive subwatersheds, it may be advisable to routinely measure in-stream metrics 
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of biological integrity to ensure stream quality is being maintained or enhanced.  As impervious 
cover increases, stormwater managers may want to shift toward tracking of subwatershed 
impervious cover and actual performance monitoring of select SCMs to establish their 
effectiveness (e.g., impacted subwatersheds).  At even higher levels of impervious cover, streams 
are transformed into urban drainage, and monitoring becomes more focused on identifying 
individual stormwater outfalls with the worst quality during storm conditions. 

TMDL Approach.  Subwatershed classification may also serve as a useful tool to decide 
how to apply TMDLs to impaired waters, or how to ensure that healthy waters are not degraded 
by future land development. For example, most lightly developed subwatersheds will seldom be 
subject to a TMDL, or if so, urban stormwater is often only a minor component in the final waste 
load allocation. Antidegradation provisions of the CWA are often the best means to protect the 
quality of these healthy waters before they are degraded by future land development.  By 
contrast, impaired watersheds appear to be the best candidates to apply impervious cover-based 
TMDLs, as described earlier in this section.  As subwatershed impervious cover increases, more 
traditional pollutant-based TMDLs are warranted, with a focus on problem subwatersheds for 
non-supporting streams and priority source areas for urban drainage. 

Dry Weather Water Quality.  The type, severity, and sources of illicit discharges often 
differ among different subwatershed classifications, which can have a strong influence on the 
kind of dry weather detective work needed to isolate them.  For example, in lightly developed 
subwatersheds, failing septic systems are often the most illicit discharges, which prompts 
assessments at the lot or ditch level.  The storm-drain network and potential discharge source 
areas becomes progressively more complex as subwatershed impervious cover increases.  
Consequently, illicit-discharge assessments shift toward outfall screening, catchment analysis, 
and individual source analysis. 

Addressing Existing Development. The need for, type of, and feasibility for restoration 
efforts shift as subwatershed impervious cover increases.  In general, lightly developed 
watersheds have the greatest land area available for retrofits and restoration projects in the 
stream corridor.  Consequently, unique restoration strategies are developed for different 
subwatershed classifications (Schueler, 2004). 

Require More Quantitative Evaluation of MS4 Programs 

The next round of permit renewals should contain explicit conditions to define and 
measure outcomes from the six minimum management measures that constitute a Phase II MS4 
program.  Measurable program evaluation is critical to develop, implement, and adapt effective 
local stormwater programs, and has been consistently requested in permits and application 
guidance. To date, however, only a small fraction of MS4 communities have provided 
measurable outcomes with regard to aggregate pollutant reduction achieved by their municipal 
stormwater programs.   

CASQA (2007) defines a six-level pyramid to assess program effectiveness, beginning 
with documenting activities, raising awareness, changing behaviors, reducing loads from 
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sources, improving runoff quality, and ultimately leading to protection of receiving water quality 
(see Figure 6-1). 

AAsssseessssmmeenntt OOuuttccoommee LLeevveellss 

LLeevveell 11 –– DDooccuummeennttiinngg SSttoorrmmwwaatteerr PPrrooggrraamm AAccttiivviittiieess 

LLeevveell 22 –– RRaaiissiinngg AAwwaarreenneessss 

LLeevveell 33 –– CChhaannggiinngg BBeehhaavviioorr 

LLeevveell 44 –– RReedduucciinngg LLooaaddss ffrroomm SSoouurrcceess 

LLeevveell 55 –– IImmpprroovviinngg RRuunnooffff QQuuaalliittyy 

LLeevveell 66 –– 
PPrrootteeccttiinngg

RReecceeiivviinngg WWaatteerr 
QQuuaalliittyy 

Increasing 
Difficulty 

FIGURE 6-1 Pyramid of Assessment Outcome Levels for an MS4. SOURCE: CASQA (2007). 

At the current time, most MS4s are struggling simply to organize or document their 
program activities (i.e., the first level), and few have moved up the pyramid to provide a 
quantitative link between program activities and water quality improvements. The framework 
and methods to evaluate program effectiveness for each of the six minimum management 
measures has been outlined by CASQA (2007). Regulators are encouraged to work with 
permitted municipalities to define increasingly more specific quantitative measures of program 
performance in each succeeding permit cycle. 

Shift Monitoring Requirements to Measure the Performance of Stormwater Control Measures 

The lack of monitoring requirements in the Phase II stormwater program makes it 
virtually impossible to measure or track actual pollutant load or runoff volume reductions 
achieved. While the existing Phase I outfall monitoring requirements have improved our 
understanding of urban stormwater runoff quality, they are also insufficient to link program 
effort to receiving water quality. It is recommended that both Phase I and II MS4s shift to a 
more collaborative monitoring effort to link management efforts to receiving water quality, as 
described below: 

•	 If a review of past Phase 1 MS4s stormwater outfall monitoring indicates no violations of 
the Municipal Action Limits, then their current outfall monitoring efforts can be replaced 
by pooled annual financial contributions to a regional stormwater monitoring 
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452 Urban Stormwater Management in the United States 

collaborative or authority to conduct basic research on the performance and longevity of  
range of SCMs employed in the community. 

•	 If some subwatersheds exceed Municipal Action Levels, outfall monitoring should be 
continued at these locations, as well as additional source area sampling in the problem 
subwatershed to define the sources of the stormwater pollutant of concern.  

•	 Phase II MS4s should be encouraged to make incremental financial contributions to a 
state or regional stormwater monitoring research collaborative to conduct basic research 
on SCM performance and longevity.  Although the committee knows of no examples 
where this has been accomplished, this pooling of financial resources by multiple MS4s 
should produce more useful scientific data to support municipal programs than could be 
produced by individual MS4s alone.  Phase II communities that do not participate in the 
research collaborative would be required to perform their own outfall and/or SCM 
performance monitoring, at the discretion of the state or federal permitting authority.   

•	 All MS4s should be required to indicate in their annual reports and permit renewal 
applications how they incorporated research findings into their existing stormwater 
programs, ordinances, and design manuals. 

CONCLUSIONS AND RECOMMENDATIONS 

The watershed-based permitting program outlined in the first part of this chapter is 
ultimately essential if the nation is to be successful in arresting aquatic resource depletion 
stemming from sources dispersed across the landscape.  Smaller-scale changes to the EPA 
stormwater program are also possible.  These include integration of industrial and construction 
permittees into municipal permits (“integration”), as well as a number of individual changes to 
the current industrial, construction, and municipal programs. 

Improvements to the stormwater permitting program can be made in a tiered manner.  
Thus, individual recommendations specific to advancing one part of the municipal, industrial, or 
construction stormwater programs could be implemented immediately and with limited 
additional funds. “Integration” will need additional funding to provide incentives and to 
establish partnerships between municipal permittees and their associated industries.  Finally, the 
watershed-based permitting approach will likely take up to ten years to implement.  The 
following conclusions and recommendations about these options are made: 

The greatest improvement to the EPA’s Stormwater Program would be to convert 
the current piecemeal system into a watershed-based permitting system.  The proposed 
system would encompass coordinated regulation and management of all discharges (wastewater, 
stormwater, and other diffuse sources), existing and anticipated from future growth, having the 
potential to modify the hydrology and water quality of the watershed’s receiving waters.   

The committee proposes centralizing responsibility and authority for implementation of 
watershed-based permits with a municipal lead permittee working in partnership with other 
municipalities in the watershed as co-permittees, with enhanced authority and funding 
commensurate with increased responsibility.  Permitting authorities would adopt a minimum 
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goal in every watershed to avoid any further loss or degradation of designated beneficial uses in 
the watershed’s component waterbodies and additional goals in some cases aimed at recovering 
lost beneficial uses.  The framework envisions the permitting authorities and municipal co-
permittees working cooperatively to define careful, complete, and clear specific objectives aimed 
at meeting goals. 

Permittees, with support from the permitting authority, would then move to 
comprehensive scientific and technically based watershed analysis as a foundation for targeting 
solutions. The most effective solutions are expected to lie in isolating, to the extent possible, 
receiving waterbodies from exposure to those impact sources.  In particular, low-impact design 
methods, termed Aquatic Resources Conservation Design in this report, should be employed to 
the full extent feasible and backed by conventional SCMs when necessary.  This report also 
outlines a monitoring program structured to assess progress toward meeting objectives and the 
overlying goals, diagnosing reasons for any lack of progress, and determining compliance by 
dischargers. The new concept further includes market-based trading of credits among 
dischargers to achieve overall compliance in the most efficient manner and adaptive management 
to program additional actions if monitoring demonstrates failure to achieve objectives. 

Integration of the three permitting types, such that construction and industrial sites 
come under the jurisdiction of their associated municipalities, would greatly improve many 
deficient aspects of the stormwater program.  Federal and state NPDES permitting authorities 
do not presently have, and can never reasonably expect to have, sufficient personnel to inspect 
and enforce stormwater regulations on more than 100,000 discrete point source facilities 
discharging stormwater.  A better structure would be one where the NPDES permitting authority 
empowers the MS4 permittees to act as the first tier of entities exercising control on stormwater 
discharges to the MS4 to protect water quality.  The National Pretreatment Program, EPA’s 
successful treatment program for municipal and industrial wastewater sources, could serve as a 
model for integration. 

Short of adopting watershed-based permitting or integration, a variety of other smaller-
scale changes to the EPA stormwater program could be made now, as outlined below. 

EPA should issue guidance for MS4, MSGP, and CGP permittees on what 
constitutes a design storm for water quality purposes.  Precipitation events occur across a 
spectrum from small, more frequent storms to larger and more extreme storms, with the latter 
being a more typical focus of guidance manuals to date.  Permittees need guidance from regional 
EPA offices on what water quality considerations to design SCMs for beyond issues such as 
safety of human life and property.  In creating the guidance there should be a good faith effort to 
integrate water quality requirements with existing stormwater quantity requirements. 

EPA should issue guidance for MS4 permittees on methods to identify high-risk 
industrial facilities for program prioritization such as inspections.  Two visual methods for 
establishing rankings that have been field tested are provided in the chapter.  Some of these high-
risk industrial facilities and construction sites may be better covered by individual NPDES 
stormwater permits rather than the MSGP or the CGP, and if so would fall directly under the 
permitting authority and not be part of MS4 integration. 
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EPA should support the compilation and collection of quality industrial stormwater 
effluent data and SCM effluent quality data in a national database.  This database can then 
serve as a source for the agency to develop technology-based effluent guidelines for stormwater 
discharges from industrial sectors and high-risk facilities. 

EPA should develop numerical expressions to represent the MS4 standard of 
Maximum Extent Practicable.  This could involve establishing municipal action levels based 
on expected outfall pollutant concentrations from the National Stormwater Quality Database, 
developing site-based runoff and pollutant load limits, and setting turbidity limits for 
construction sites. Such numerical expressions would create improved accountability, bring 
about consistency, and result in implementation actions that will lead to measurable reductions in 
stormwater pollutants in MS4 discharges.   

Communities should use an urban stream classification system, such as a regionally 
adapted version of the Impervious Cover Model, to establish realistic water quality and 
biodiversity goals for individual classes of subwatersheds.  The goals for water and habitat 
quality should become less stringent as impervious cover increases within the subwatershed.  
This should not become an excuse to work less diligently to improve the most degraded 
waterways—only to recognize that equivalent, or even greater, efforts to improve water quality 
conditions will achieve progressively less ambitious results in more highly urbanized watersheds.  
This approach would provide stormwater managers with more specific, measurable, and 
attainable implementation strategies than the one-size-fits-all approach that is promoted in 
current wet weather management regulations. 

Better monitoring of MS4s to determine outcomes is needed.  Only a small fraction of 
MS4 communities have provided measurable outcomes with regard to aggregate flow and 
pollutant reduction achieved by their municipal stormwater programs.  A framework and 
methods to evaluate program effectiveness for each of the six minimum management measures 
have been outlined by CASQA (2007) and should be adopted.  In addition, the lack of 
monitoring requirements in the Phase II stormwater program makes it virtually impossible to 
measure or track actual pollutant load or runoff volume reductions achieved.  It is recommended 
that both Phase I and II MS4s shift to a more collaborative monitoring paradigm to link 
management efforts to receiving water quality. 

*** 

Watershed-based permitting will require additional resources and regulatory 
program support.  Such an approach shifts more attention to ambient outcomes as well as 
expanded permitting coverage.  Additional resources for program implementation could come 
from shifting existing programmatic resources.  For example, some state permitting resources 
may be shifted away from existing point source programs toward stormwater permitting.  
Strategic planning and prioritization could shift the distribution of federal and state grant and 
loan programs to encourage and support more watershed-based stormwater permitting programs.  
However, securing new levels of public funds will likely be required.  All levels of government 
must recognize that additional resources may be required from citizens and businesses (in the 
form of taxes, fees, etc.) in order to operate a more comprehensive and effective stormwater 
permitting program. 
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Appendix A 
Acronyms 

BAC 	 best attainable conditions 
BAT 	 best available technology 
BCG 	 Biological Condition Gradient 
BCT 	 best control technology 
BOD 	 biological oxygen demand 
CAFO 	 concentrated animal feeding operation 
CBWM	 Chesapeake Bay Watershed Model 
CCI 	 Census of Construction Industries 
CERCLA 	 Comprehensive Environmental Response, Compensation, and Liability 

Act 
CGP 	 Construction General Permit 
CN 	 Curve Number 
COD 	 chemical oxygen demand 
COV 	 coefficient of variability 
CWA  	 Clean Water Act 
DHSVM 	Distributed Hydrology, Soil, and Vegetation Model 
EIA 	 effective impervious area 
EMC 	 event mean concentration 
ERP 	 Enforcement Response Plan 
ETV 	 Environmental Technology Verification Program 
EWH 	 exceptional warmwater habitat 
FEMA 	 Federal Emergency Management Agency 
FHWA 	 Federal Highway Administration 
FIFRA 	 Federal Insecticide, Fungicide, and Rodenticide Act 
GIS 	 Geographic Information System 
GWLF 	 General Watershed Loading Function 
HRU 	 Hydrologic Response Unit 
HSPF 	 Hydrologic Simulation Program–Fortran 
HUC 	 hydrologic unit code 
ICM 	 Impervious Cover Model 
KCRTS 	 King County Runoff Time Series 
LDC 	 least disturbed conditions 
LEED 	 Leadership in Energy and Environmental Design 
LID 	 low-impact development 
MDC 	 minimally disturbed conditions 
MEP 	 maximum extent practicable 
MGD 	 million gallons per day 
MSGP 	 multi-sector industrial stormwater general permit 
MTBE 	 methyl tert-butyl ether 
NCSI	 Normalized Channel Stabilization Index 
NOI 	 Notice of Intent 
NPDES 	 National Pollutant Discharge Elimination System 
NRDC 	 Natural Resources Defense Council 
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NRI National Resource Inventory 
NSQD National Stormwater Quality Database 
NTU Nephelometric Turbidity Unit 
NURP National Urban Runoff Program 
PAH polycyclic aromatic hydrocarbons 
PCB polychlorinated biphenyl 
POTW publicly owned treatment works 
PUD planned unit development 
RCRA Resource Conservation and Recovery Act 
RPA Reasonable Potential Analysis 
SBUH Santa Barbara Unit Hydrograph 
SCCWRP Southern California Coastal Water Research Project Authority 
SCM stormwater control measure 
SIC Standard Industrial Classification 
SLAMM Source Loading and Management Model 
SMDR Soil Moisture Distributed and Routing 
SWAT Soil and Water Assessment Tool 
SWMM Stormwater Management Model 
SWPPP  stormwater pollution prevention plan 
TALU tiered aquatic life use 
TARP Technology Acceptance and Reciprocity Partnership 
TIA total impervious area 
TKN total Kjedahl nitrogen 
TMDL total maximum daily load 
TND traditional neighborhood development 
TOD transit-oriented development 
TSCA Toxic Substances Control Act 
TSS total suspended solids 
UAA Use Attainability Analysis 
UDC unified development code 
ULARA Upper Los Angeles River Area 
USLE Universal Soil Loss Equation 
WERF Water Environment Research Foundation 
WQA Water Quality Act 
WQS water quality standard 
WWH  warmwater habitat 
WWHM Western Washington Hydrologic Model 
WWTP wastewater treatment plant 
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Appendix B 

Glossary 


Antidegradation: Policies which ensure protection of water quality from a particular waterbody 
where the water quality exceeds levels necessary to protect fish and wildlife propagation and 
recreation on and in the water.  This also includes special protection of waters designated as 
outstanding natural resource waters.  Antidegradation plans are adopted by each state to 
minimize adverse effects on water. 

Best Management Practice (BMP): Physical, structural, and/or managerial practices that, 
when used singly or in combination, reduce the downstream quality and quantity impacts of 
stormwater.  The term is synonymous with Stormwater Control Measure (SCM). 

Biofiltration: The simultaneous process of filtration, infiltration, adsorption, and biological 
uptake of pollutants in stormwater that takes place when runoff flows over and through vegetated 
areas. 

Bioinfiltration: A particular SCM that is like bioretention but has more infiltration, and thus 
would be categorized as an infiltration process. 

Bioretention: A stormwater management practice that utilizes shallow storage, landscaping, and 
soils to control and treat urban stormwater runoff by collecting it in shallow depressions before 
filtering through a fabricated planting soil media.  This SCM is often categorized under 
“filtration” although it has additional functions. 

Buffer: The zone contiguous with a sensitive area that is required for the continued 
maintenance, function, and structural stability of the sensitive area.  The critical functions of a 
riparian buffer (those associated with an aquatic system) include shading, input of organic debris 
and coarse sediments, uptake of nutrients, stabilization of banks, interception of fine sediments, 
overflow during high-water events, protection from disturbance by humans and domestic 
animals, maintenance of wildlife habitat, and room for variation of aquatic system boundaries 
over time due to hydrologic or climatic effects.  The critical functions of terrestrial buffers 
include protection of slope stability, attenuation of surface water flows from stormwater runoff 
and precipitation, and erosion control. 

Stream buffers are zones of variable width that are located along both sides of a stream 
and are designed to provide a protective natural area along a stream corridor. 

Combined Sewer Overflow (CSO):  A discharge of untreated wastewater from a combined 
sewer system at a point prior to the headworks of a publicly owned treatment works.  CSOs 
generally occur during wet weather (rainfall or snowmelt).  During periods of wet weather, these 
systems become overloaded, bypass treatment works, and discharge directly to receiving waters. 
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Combined Sewer System:  A wastewater collection system that conveys sanitary wastewaters 
(domestic, commercial, and industrial wastewaters) and stormwater through a single pipe to a 
publicly owned treatment works for treatment prior to discharge to surface waters. 

Constructed Wetland: A wetland that is created on a site that previously was not a wetland.  
This wetland is designed specifically to remove pollutants from stormwater runoff. 

Created Wetland: A wetland that is created on a site that previously was not a wetland.  This 
wetland is created to replace wetlands that were unavoidably destroyed during design and 
construction of a project. This wetland cannot be used for treatment of stormwater runoff. 

Detention: The temporary storage of stormwater runoff in an SCM with the goals of controlling 
peak discharge rates and providing gravity settling of pollutants. 

Detention Facility/Structure:  An above- or below-ground facility, such as a pond or tank, that 
temporarily stores stormwater runoff and subsequently releases it at a slower rate than it is 
collected by the drainage facility system.  There is little or no infiltration of stored stormwater, 
and the facility is designed to not create a permanent pool of water. 

Drainage: Refers to the collection, conveyance, containment, and/or discharge of surface and 
stormwater runoff. 

Drainage Area: That area contributing runoff to a single point measured in a horizontal plane, 
which is enclosed by a ridge line. 

Drainage Basin: A geographic and hydrologic subunit of a watershed. 

Dry Pond: A facility that provides stormwater quantity control by containing excess runoff in a 
detention basin, then releasing the runoff at allowable levels.  Synonymous with detention basin, 
it is intended to be dry between storms. 

Effluent Limitation:  Any restriction imposed by the EPA director on quantities, discharge 
rates, and concentrations of pollutants that are discharged from point sources into waters of the 
United States, the waters of the contiguous zone, or the ocean. 

Effluent Limitation Guidelines:  A regulation published by the EPA Administrator under 
Section 304(b) of the Clean Water Act that establishes national technology-based effluent 
requirements for a specific industrial category. 

Exfiltration:  The downward movement of water through the soil; the downward flow of runoff 
from the bottom of an infiltration SCM into the soil. 

Extended Detention: A stormwater design feature that provides for the gradual release of a 
volume of water in order to increase settling of pollutants and protect downstream channels from 
frequent storm events.  When combined with a pond, the settling time is increased by 24 hours. 
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Appendix B 467 

Filter Strip: A strip of permanent vegetation above ponds, diversions, and other structures to 
retard the flow of runoff, causing deposition of transported material and thereby reducing 
sedimentation. As an SCM, it refers to riparian buffers, which run adjacent to waterbodies and 
intercept overland flow and shallow subsurface flow (both of which are usually sheet flow rather 
than a distinct influent pipe). The term is borrowed from the agricultural world.  

Flood Frequency: The frequency with which the flood of interest may be expected to occur at a 
site in any average interval of years.  Frequency analysis defines the n-year flood as being the 
flood that will, over a long period, be equaled or exceeded on the average once every n years. 

Frequency of Storm (Design Storm Frequency): The anticipated period in years that will 
elapse, based on average probability of storms in the design region, before a storm of a given 
intensity and/or total volume will recur; thus, a 10-year storm can be expected to occur on the 
average once every 10 years. Sewers designed to handle flows which occur under such storm 
conditions would be expected to be surcharged by any storms of greater amount or intensity. 

General Permit:  A single permit issued to a large number of dischargers of pollutants in 
stormwater.  General permits are issued by the permitting authority, and interested parties then 
submit a Notice of Intent (NOI) to be covered.  The permit must identify the area of coverage, 
the sources covered, and the process for obtaining coverage.  Once the permit is issued, a 
permittee may submit an NOI and receive coverage within a very short time frame. 

Grab Sample: A sample which is taken from a stream on a one-time basis without 
consideration of the flow rate of the stream and without consideration of time. 

Hotspot: An area where land use or activities generate highly contaminated runoff, with 
concentrations of pollutants in excess of those typically found in stormwater. 

Hydrograph: A graph of runoff rate, inflow rate, or discharge rate, past a specific point as a 
function of time. 

Hydroperiod:  A seasonal occurrence of flooding and/or soil saturation; it encompasses depth, 
frequency, duration, and seasonal pattern of inundation. 

Hyetograph:  A graph of measured precipitation depth (or intensity) at a precipitation gauge as a 
function of time. 

Impervious Surface or Impervious Cover: A hard surface area which either prevents or 
retards the entry of water into the soil.  Common impervious surfaces include roof tops, 
walkways, patios, driveways, parking lots or storage areas, concrete or asphalt paving, gravel 
roads, packed earthen materials, and oiled surfaces. 

Infiltration:  The downward movement of water from the surface to the subsoil. 

Infiltration Facility: A drainage facility designed to use the hydrologic process of runoff 
soaking into the ground, commonly referred to as percolation, to dispose of stormwater. 
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Infiltration Pond: A facility that provides stormwater quantity control by containing excess 
runoff in a detention facility, then percolating that runoff into the surrounding soil. 

Level Spreader:  A temporary SCM used to spread stormwater runoff uniformly over the 
ground surface as sheet flow. The purpose of level spreaders is to prevent concentrated, erosive 
flows from occurring.  Levels spreaders will commonly be used at the upstream end of wider 
biofilters to ensure sheet flow into the biofilter. 

Municipal Separate Storm Sewer System:  A conveyance or system of conveyances (including 
roads with drainage systems, municipal streets, catch basins, curbs, gutters, ditches, man-made 
channels, or storm drains) owned by a state, city, town, or other public body that is designed or 
used for collecting or conveying stormwater, which is not a combined sewer and which is not 
part of a publicly owned treatment works. 

National Pollutant Discharge Elimination System:  A provision of the Clean Water Act that 
prohibits the discharge of pollutants into waters of the United States unless a special permit is 
issued by EPA, a state, or, where delegated, a tribal government on an Indian reservation.  The 
permit applies to point sources of pollutants to ensure that their pollutant discharges do not 
exceed specified effluent standards.  The effluent standards in most permits are based on the best 
available pollution technology or the equivalent. 

Nonpoint Source: Diffuse pollution source, but with a regulatory connotation; a source without 
a single point of origin or not introduced into a receiving stream from a specific outlet.  The 
pollutants are generally carried off the land by stormwater.  Some common nonpoint sources are 
agriculture, forestry, mining, dams, channels, land disposal, and saltwater intrusion.   

Nonstructural SCM: Stormwater control measure that uses natural measures to reduce 
pollution levels, does not require extensive construction efforts, and/or promotes pollutant 
reduction by eliminating the pollutant source. 

Peak Discharge Rate:  The maximum instantaneous rate of flow during a storm, usually in 
reference to a specific design storm event. 

Point Source: Any discernible, confined, and discrete conveyance, including but not limited to 
any pipe, ditch, channel, tunnel, conduit, well, discrete fixture, container, rolling stock, 
concentrated animal feeding operation, landfill leachate collection system, vessel, or other 
floating craft from which pollutants are or may be discharged. 

Pollutant: A contaminant in a concentration or amount that adversely alters the physical, 
chemical, or biological properties of the natural environment.  Dredged soil, solid waste, 
incinerator residue, filter backwash, sewage, garbage, sewage sludge, munitions, chemical 
wastes, biological materials, radioactive materials (except those regulated under the Atomic 
Energy Act of 1954, as amended), heat, wrecked or discarded equipment, rock, sand, cellar dirt 
and industrial, municipal, and agricultural waste discharged into water (EPA, 2008). 

Polutograph: A graph of pollutant loading rate (mass per unit time) as a function of time. 
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Predevelopment Conditions:  Those conditions that existed at a site just prior to the 
development in question, which are not necessarily pristine conditions. 

Pretreatment:  The removal of material such as gross solids, grot, grease, and scum from flows 
prior to physical, biological, and chemical treatment processes to improve treatability.  The 
reduction of the amount of pollutants, the elimination of pollutants, or the alteration of the nature 
of pollutant properties in wastewater prior to or in lieu of discharging or otherwise introducing 
such pollutants into a publicly owned treatment works [40 C.F.R. § 403.3(q)].  Pretreatment may 
include screening, grit removal, stormwater, and oil separators.  With respect to stormwater, it 
refers to techniques employed in stormwater SCMs to help trap coarse materials and other 
pollutants before they enter the SCM. 

Recharge: The flow of groundwater from the infiltration of stormwater runoff. 

Recharge Volume: The portion of the water quality volume used to maintain groundwater 
recharge rates at development sites. 

Retention: The process of collecting and holding stormwater runoff with no surface outflow.  
Also, the amount of precipitation on a drainage area that does not escape as runoff.  It is the 
difference between total precipitation and total runoff. 

Retention/Detention Facility: A type of drainage facility designed either to hold water for a 
considerable length of time and then release it by evaporation, plant transpiration, and/or 
infiltration into the ground, or to hold stormwater runoff for a short period of time and then 
release it to the stormwater management system. 

Runoff: The term is often used in two senses. For a given precipitation event, direct storm 
runoff refers to the rainfall (minus losses) that is shed by the landscape to a receiving waterbody.  
In an area of 100 percent imperviousness, the runoff equals the rainfall.  Over greater time and 
space scales, surface water runoff refers to streamflow passing through the outlet of a watershed, 
including base flow from groundwater that has entered the stream channel. 

Soil Stabilization:  The use of measures such as rock lining, vegetation, or other engineering 
structure to prevent the movement of soil when loads are applied to the soil. 

Source Control: A type of SCM that is intended to prevent pollutants from entering 
stormwater.  A few examples of source control are erosion control practices, maintenance of 
stormwater facilities, constructing roofs over storage and working areas, and directing wash 
water and similar discharges to the sanitary sewer or a dead end sump. 

Stormwater:  That portion of precipitation that does not naturally percolate into the ground or 
evaporate, but flows via overland flow, interflow, channels, or pipes into a defined surface water 
channel or a constructed infiltration facility.  According to 40 C.F.R. § 122.26(b)(13), this 
includes stormwater runoff, snow melt runoff, and surface runoff and drainage. 
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Stormwater Control Measure (SCM):  Physical, structural, and/or managerial measures that, 
when used singly or in combination, reduce the downstream quality and quantity impacts of 
stormwater.  Also, a permit condition used in place of or in conjunction with effluent limitations 
to prevent or control the discharge of pollutants.  This may include a schedule of activities, 
prohibition of practices, maintenance procedures, or other management practices.  SCMs may 
include, but are not limited to, treatment requirements; operating procedures; practices to control 
plant site runoff, spillage, leaks, sludge, or waste disposal; or drainage from raw material storage. 

Stormwater Drainage System:  Constructed and natural features which function together as a 
system to collect, convey, channel, hold, inhibit, retain, detain, infiltrate, divert, treat, or filter 
stormwater. 

Stormwater Facility:  A constructed component of a stormwater drainage system, designed or 
constructed to perform a particular function or multiple functions.  Stormwater facilities include, 
but are not limited to, pipes, swales, ditches, culverts, street gutters, detention basins, retention 
basins, constructed wetlands, infiltration devices, catch basins, oil/water separators, sediment 
basins, and modular pavement. 

Structural SCMs: Devices which are constructed to provide temporary storage and treatment 
of stormwater runoff. 

Swale:  A shallow drainage conveyance with relatively gentle side slopes, generally with flow 
depths of less than one foot. 

Biofilter (same as a Biofiltration Swale): A sloped, vegetated channel or ditch that 
provides both conveyance and water quality treatment to stormwater runoff.  It does not 
provide stormwater quantity control but can convey runoff to SCMs designed for that 
purpose. 

Dry Swale: An open drainage channel explicitly designed to detain and promote the 
filtration of stormwater runoff through an underlying fabricated soil media.  It has an 
underdrain. 

Wet Swale:  An open drainage channel or depression, explicitly designed to retain water 
or intercept groundwater for water quality treatment.  

Technology-Based Effluent Limit: A permit limit for a pollutant that is based on the capability 
of a treatment method to reduce the pollutant to a certain concentration. 

Time of Concentration: The time period necessary for surface runoff to reach the outlet of a 
subbasin from the hydraulically most remote point in the tributary drainage area. 

Total Maximum Daily Load (TMDL):  The amount, or load, of a specific pollutant that a 
waterbody can assimilate and still meet the water quality standard for its designated use.  For 
impaired waters the TMDL reduces the overall load by allocating the load among current 
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pollutant loads (from point and nonpoint sources), background or natural loads, a margin of 
safety, and sometimes an allocation for future growth. 

Volumetric Runoff Coefficient (Rv): The value that is applied to a given rainfall volume to 
yield a corresponding runoff volume based on the percent impervious cover in a drainage basin. 

Water Quality-Based Effluent Limit (WQBEL): A value determined by selecting the most 
stringent of the effluent limits calculated using all applicable water quality criteria (e.g., aquatic 
life, human health, and wildlife) for a specific point source to a specific receiving water for a 
given pollutant. 

Water Quality SCM: An SCM specifically designed for pollutant removal. 

Water Quantity SCM:  An SCM specifically designed to reduce the peak rate of stormwater 
runoff. 

Water Quality Volume (Wqv): The volume needed to capture and treat 90 percent of the 
average annual stormwater runoff volume equal to 1 inch times the volumetric runoff coefficient 
(Rv) times the site area. 

Wetlands: Those areas that are inundated or saturated by surface water or groundwater at a 
frequency and duration sufficient to support, and that under normal circumstances do support, a 
prevalence of vegetation typically adapted for life in saturated soil conditions.  Wetlands 
generally include swamps, marshes, bogs, and similar areas.  This includes wetlands created, 
restored, or enhanced as part of a mitigation procedure. This does not include constructed 
wetlands or the following surface waters of the state intentionally constructed from sites that are 
not wetlands: irrigation and drainage ditches, grass-lined swales, canals, agricultural detention 
facilities, farm ponds, and landscape amenities. 

Wet Pond: A facility that treats stormwater for water quality by utilizing a permanent pool of 
water to remove conventional pollutants from runoff through sedimentation, biological uptake, 
and plant filtration. Synonymous with a retention basin. 

SOURCES: Most of the definitions are from EPA (2003), “BMP Design Considerations,” 600/R-
03/103, or EPA (2008), “Handbook for Developing Watershed Plans to Restore and Protect Our 
Waters,” EPA 841-B-08-002. 
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Appendix C 

Summary of Responses from State Stormwater Coordinators 


On February 21, 2007, on behalf of the committee, Jenny Molloy of EPA’s Office of Wastewater 
Management sent the following questions to a group of state stormwater program managers and 
received six responses (found in Tables C-1 and C-2). 

1. For industrial and/or construction: do you have information on non-filers, i.e., folks who 
should have submitted NOIs, but did not? If so, how old are these data, and how do they 
compare to overall numbers of those with permit coverage? How did you find and/or estimate 
the number of non-filers? 

2. Also for industrial and/or construction: do you have information on compliance rates? Yes, 
this is a really broad question, but something along the lines of: based on inspections (or 
monitoring data, or whatever metric you use), have you made any determinations on numbers of 
facilities out of compliance, or alternatively, in compliance? If so, define what you mean by 
compliance (paper violations, SWPPP/BMP inadequacies, water quality standards violations, 
etc.). 

TABLE C-1 Nonfilers 

State 

Information 
on 

Industrial 
Non-Filers 

Estimate 
Percent Non-
Filers as of 

Total 
Basis of 
Estimate 

Period of 
Estimate Comment 

CA Yes 50 percent of 
heavy industry 
statewide 

69 percent of 
industry within 
City of Los 
Angeles 

Study—CA Water 
Board, 1999; 
Duke and Shaver, 
1999. 

Study— 
Swamikannu et 
al., 2001 

1995–1998 

1998–2000 

MN No Study in 
progress 

OH No Plan outreach 
to business 

OR No Do not compile 
data 

VT Yes 88–90 percent 
of industry 

Mass mailing 2006 No response 
from 2,400 of 
3,000 mailings 

WI No 
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474 Urban Stormwater Management in the United States 

TABLE C-2 Compliance 

State 

Information on 
Compliance 

Rates 

Estimate of 
Covered 

Facilities Non-
Compliant 

Basis of 
Estimate 

Period of 
Estimate Comment 

CA Yes (Construction) 40 percent 
deficient in 
paperwork; 30 
percent with 
inadequate E&S 
controls 

MS4 
construction 
audit in Los 
Angeles and 
Ventura 
counties, and 
large CGP 
construction 
sites 

2002, 
2004, and 
2005 

Prioritized 
large CGP 
sites for 
inspection 

Yes (Industrial) 60 percent poor 
house-keeping 
practices; 40 
percent 
incomplete 
SWPPPs 

Transportation 
sector, 
plastics 
manufacturing 
inspections in 
Los Angeles 
County 

2005 and 
2007 

NH No Inspect in 
response to 
complaints 

OH No Inspect 
construction 
sites as a 
priority 

OR No Do not 
compile 
data 

VT No Plan to 
inspect for 
compliance 

WV Yes (Industrial) 66 percent failed 
to submit report 

Monitoring 
report 
submittal 
tracking 

2007 Mailed 
deficiency 
notices 

WI Yes (Construction) 38 percent with 
minor and 43 
percent with 
major violations 

A subsample 
of 1 percent of 
CGP sites 

2007 Perform 
inspections 
annually; no 
central 
database 
tracking 
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Appendix C 475 

In September 2007, the NRC Committee on Reducing Stormwater Discharge Contributions to 
Water Pollution sent the following survey to 50 state stormwater program managers. Responses 
were received from 18 states, including at least one from every EPA region. The blank survey is 
shown below, and Tables C-3 through C-9 contain the states’ responses. 

The NRC committee members will greatly appreciate receiving the following information from 
State Stormwater Coordinators. Please complete both sides of this form and return to 
Xavier Swamikannu, CalEPA, Los Angeles Regional Water Board, 
xswamikannu@waterboards.ca.gov or Fax: (213) 576-6625. 

State: 

Name of information provider: 


Please summarize your State’s Stormwater Permit Program 

Municipal Permit Industrial General Permit Construction General Permit 

What are the monitoring 
requirements? 

How is compliance demonstrated 
(monitoring or other activity)? 

To whom is the SWPPP 
submitted? 

Can an MS4 perform an 
inspection of an industry within 
its boundary? 

What industries are considered 
"high-risk”? 

Do BMP manuals exist for 
implementation guidance? 

No. of dedicated staff or FTEs 

Does your State Storm Water BMP Manual contain the following, and what are they? 
WQ sizing criteria 

Recharge criteria 

Channel protection criteria 

Overbank flood criteria 

Extreme flows 

Acceptable BMP list 

Detailed engineering specs for BMPs 

Soil and erosion control requirements 
(unless this is left to the local government) 
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476 Urban Stormwater Management in the United States 

TABLE C-3 Monitoring Requirements 
State Municipal Industrial Construction 

Alabama Monitoring requirements are 
specific to the Phase I MS4.  

MS4 Phase II permit does 
not require monitoring. 

Monitoring is specific to the 
General Permit type and 
associated discharge. 
Alabama has 18 NPDES 
Industrial Stormwater 
General Permits. 
http://www.adem.state.al.us/ 
genpermits.htm 

Monitoring is required under 
specific conditions, but in 
general compliance with the 
permit does not require 
monitoring. ADEM Admin. 
Code Chapter 335-6-12 is 
attached. 

California Monitoring requirements are 
specific to the Phase 1 MS4 
permits. 
MS4 Phase II permit 
monitoring is discretionary. 

2 wet weather sampling 
events per year – 4 basic 
parameters and other 
pollutants known to be on 
site. Quarterly visual 
monitoring. 

Visual monitoring before, 
during, and after rain events. 
Analytical monitoring for 
discharges to sediment-
impaired waterbodies.  

Connecticut Sample six outfalls once a 
year. Twelve chemical 
parameters. 

Sample all outfalls once a 
year. Ten chemical 
parameters plus aquatic 
toxicity. 

None, yet. Soon to modify 
permit to sample for 
turbidity. 

Georgia Dry weather outfall 
screening. 

Standard monitoring from 
the EPA MSGP. Additional 
monitoring for the pollutant 
of concern for industries that 
may be causing or 
contributing to stream 
impairment. 

Monitoring is required for a 
qualifying rain event (0.5 
inch) once after clearing and 
grubbing, and once after 
mass grading. 

Hawaii Visual and water chemistry 
sampling. 

Visual and water chemistry 
sampling. 

Visual 

Maine None No benchmark monitoring, 
only effluent limitations. 
Additional monitoring upon 
request based on discharges, 
complaints, audits, or 
inspections 

None 

Minnesota The Phase I MS4 permits for 
Minneapolis and St. Paul 
require monitoring. MS4 
Phase II permit does not 
require monitoring. 

The current state MSGP 
does not have monitoring 
requirements. The proposed 
next term draft permit would 
require at least 4 stormwater 
monitoring events per year. 

The current state CGP does 
not require monitoring. The 
proposed next term draft 
permit is not expected to 
include monitoring.  

Nebraska Stormwater monitoring 
required on different use 
sites. BMP monitoring. 

None. Monitoring can be 
required by the director 
through permit.  

None. Monitoring can be 
required by the director 
through permit. 

Nevada Required for storm events 
that produce runoff. 

None None 

New York Ad hoc Similar to monitoring in the 
EPA MSGP. 

None. Self-inspection. 

PREPUBLICATION 


RB-AR15100



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix C 477 

State Municipal Industrial Construction 
Ohio Phase I MS4 permits require 

some chemical and 
biological monitoring. 
Phase II MS4 permit does 
not require mandatory 
monitoring, although 
recommended as part of 
IDDE program.  

Similar to monitoring in the 
EPA MSGP, except 
annually. No priority 
chemical monitoring 
required. 

For the state CGP, no 
chemical monitoring. For 
special watershed CGPs 
associated with TMDLs, 
TSS monitoring required. 

Oklahoma Phase 1 MS4s permits 
require dry weather 
monitoring, floatables 
monitoring, and watershed 
characterization monitoring, 
including biological 
assessments. 

Quarterly visual monitoring 
and annual analytical 
monitoring. 

None 

Oregon Monitoring requirements are 
specific to the Phase I MS4.  
The Phase II MS4 permit 
does not require monitoring, 
though some permittees do 
monitor on their own 
accord. The average 
frequency is 2-4 times a 
year. 

Industrial facilities required 
to sample their stormwater 
discharge 4 times per year. 
Also required to conduct 
visual monitoring of their 
discharge on a monthly basis 
when discharge is present. 
Mining sites in addition are 
subject to the same 
requirements as in the state 
CGP since sediment is the 
main pollutant of concern. 

None. However, permittees 
discharging stormwater to 
waters listed specifically for 
turbidity/sedimentation on 
the most recent 303(d) list or 
that have a TMDL for 
turbidity/sedimentation have 
the option of either 
monitoring for turbidity or 
implementing additional 
BMPs. 

Vermont None other than the 
development of an IDDE 
program and follow-up until 
elimination occurs 

Benchmark monitoring for 
individual sectors, quarterly 
for the first year. Visual 
inspection 4 times per year. 
Effluent limitations (if 
applicable) once per year. 

None at present. Turbidity 
monitoring for moderate-
risk projects included in 
draft CGP. 

Virginia Monitoring requirements are 
specific to the Phase I MS4 
permit. The Phase II MS4 
permit does not require 
monitoring. 

Benchmark and effluent 
limitation (the same as 
EPA's 2000 MSGP), except 
we only require one sample 
per year for benchmark 
samples. 

None 

Washington Monitoring requirements are 
specific to the Phase I MS4, 
Outfall conveyance system 
monitoring. Selected outfalls 
for representative land uses 
are monitored intensively 
for a wide range of chemical 
constituents including 
toxicity. BMP effectiveness 

Industry required to sample 
for turbidity, pH, zinc, and 
petroleum oil and grease. If 
exceeds zinc benchmark, 
then also need to monitor for 
total copper, total lead, and 
hardness. There are 
additional monitoring 
requirements for different 

All state CGP sites are 
required to do weekly 
monitoring for turbidity and 
pH. If benchmark exceeded, 
specific actions/responses 
are triggered. For sites 
which discharge to waters 
impaired by phosphorous, 
turbidity, fine sediments, or 

PREPUBLICATION 


RB-AR15101



  
 

 

 

 
 

 

478 Urban Stormwater Management in the United States 

State Municipal Industrial Construction 
monitoring. Selected 
stormwater BMPs are 
monitored to determine 
performance and how 
effective the designs are.  
The Phase II MS4 permit 
does not require monitoring, 
except as required under the 
IDDE program or for a 
TMDL. 

industry categories. For 
discharges to impaired 
303(d) waters monitor 
required for the pollutants 
for which the waterbody is 
impaired.  

high pH, monitoring 
required for these 
parameters additionally. 

West 
Virginia 

NA Benchmark monitoring. 
Sector specific.  

None 

Wyoming None Benchmark monitoring for 
timber, metal mining, 
concrete and gypsum, 
junkyards and recycling. 
Effluent limitation 
monitoring for coal piles, 
concrete manufacture, and 
asphalt emulsion. 

None 

NOTE: NA, not answered. 
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TABLE C-4 How is Compliance Demonstrated? 
State Municipal Industrial Construction 

Alabama MS4 Phase I – monitoring 
and BMPs 
MS4 Phase II – BMPs 

Monitoring reporting and 
BMP implementation 

Inspections. Monitoring; 
SWPPP implementation 
during inspection; aerial 
reconnaissance 

California Annual and monitoring 
reporting. MS4 audits and 
inspections. 

Annual and monitoring 
reporting. Inspections. 

Annual certifications. 
Inspections 

Connecticut Annual and monitoring 
reporting. 

Annual and monitoring 
reporting. Inspections. 

Inspections. SWPPP review 
and implementation for 
large projects. 

Georgia Annual and monitoring 
reporting. 

Annual and monitoring 
reporting. 

Reporting. 

Hawaii Annual and Monitoring 
reporting. Inspections. 

Annual and monitoring 
reporting. Inspections. 

Inspections. Reporting. 

Maine Annual reporting and 
municipal audits. 

Inspections and audits, at 
least two per 5-year permit 
term. 

NA 

Minnesota Annual reporting and 
inspections. 

Nebraska MS4 audits and annual 
reporting. 

Inspections and SWPPP 
implementation.  

Inspections and SWPPP 
implementation—complaint 
only. 

Nevada Annual reporting, MS4 
audits, inspections. 

Annual reporting, 
inspections 

Inspections. 

New York Annual reporting and MS4 
audits. 

Annual and monitoring 
reporting. Inspections. 

Inspections and SWPPP 
implementation. 

Ohio Annual reporting. SWPPP implementation. SWPPP implementation.  
Oklahoma Annual reporting. MS4 

audits and compliance 
schedules. 

Annual and monitoring 
reporting. Inspections. 

SWPPP implementation 
and inspections based on 
complaints received. 

Oregon Annual and monitoring 
reporting. 

Annual and monitoring 
reporting. Action Plan 
approval. 

Inspections and SWPPP 
implementation.  

Vermont Annual reporting and MS4 
audits. 

Monitoring reporting. Inspections, recordkeeping. 

Virginia Registration statement 
BMP implementation. 

Monitoring reporting and 
inspections. 

Inspections. SWPPP and 
E&S plan implementation. 

Washington Implementation of 
prescriptive stormwater 
management program. 

Monitoring reporting and 
inspections. 

Inspections and monitoring 
reporting. 

West Virginia NA SWPPP implementation 
and monitoring reporting. 

Inspections. SWPPP 
implementation. 

Wyoming Periodic MS4 audits. Inspections, monitoring 
reporting. 

Inspections. 

NOTE: NA, not answered. 
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480 Urban Stormwater Management in the United States 

TABLE C-5 To Whom Is the SWPPP Submitted? 
State Municipal Industrial Construction 

Alabama MS4 Phase I – Storm Water 
Management Program 
(SWMP) sent to state. 
Should be available for 
review at the time of 
inspection. (SWPPP 
information should also be 
provided to the 
department.)  

MS4 Phase 2 – SWMP 
submitted with the Notice 
of Intent (NOI). 

No submittal to state. The 
SWPPP must be kept on 
site and made available for 
review at the time of 
inspection. 

No submittal to state. The 
SWPPP must be kept on 
site and made available for 
review at the time of 
inspection. 

SWPPP required to be 
submitted under certain 
circumstance during 
registration and re-
registration. 

California MS4 Phase 1 – SWMP 
incorporated as prescriptive 
requirements in the permit. 
MS4 Phase 2 – SWMP 
submitted to state with NOI 

No submittal to state. The 
SWPPP must be kept on 
site and made available for 
review at the time of 
inspection. 

No submittal to state. The 
SWPPP must be kept on 
site and made available for 
review at the time of 
inspection. 

Connecticut NA The SWPPP is submitted to 
the state only if requested. 

The SWPPP is submitted to 
the state only if requested. 

Georgia The SWMP is submitted to 
the state. 

The SWPPP is submitted to 
the state only if requested. 
Otherwise it is kept on-site. 

The E&S Control Plan 
equivalent to the SWPPP is 
submitted to the Local 
Issuing Authority. It is also 
submitted to the state if the 
project disturbs more than 
50 ac, or if there is no LIA. 

Hawaii NA The SWMP is submitted to 
the state. 

The SWMP is submitted to 
the state. 

Maine NA The SWPPP is submitted to 
the state only if requested. 

The E&S Control Plan 
equivalent to the SWPPP is 
submitted to the state for 
review. 

Minnesota Phase 1 MS4 - The SWMP 
is submitted to the state for 
review and public notice. 

The SWPPP is not required 
to be submitted to the state.  

The SWPPP must be must 
be submitted to the state for 
review for projects 
disturbing 50 acres or more, 
and has a discharge point 
within 2,000 feet of an 
impaired or special water 
listed in the state CGP. A 
SWPPP must also be 
submitted for projects 
proposing to use alternative 
method(s) for the 
permanent stormwater 
management system. 
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State Municipal Industrial Construction 
Nebraska NA The SWPPP is submitted to 

the state only if requested. 
The SWPPP is submitted to 
the MS4 permittee and to 
the state when requested. 

Nevada NA No submittal to state. The 
SWPPP must be kept on 
site. 

No submittal to state. The 
SWPPP must be kept on 
site. 

New York NA Some SWPPPs submitted 
to state (very few). 

About 1/6 SWPPPs 
submitted to state. 

Ohio NA The SWPPP is submitted to 
the MS4 permittee and to 
the state when requested. 

The SWPPP is submitted to 
the state. 

Oregon NA The SWPPP is submitted to 
the state on first application 
and when renewing 
coverage under the state 
MSGP. 

The SWPPP is submitted to 
the state on first application 
and when renewing 
coverage under the state 
CGP. Projects that are 
greater than 5 acres are 
subject to public notice and 
comment.  

Vermont NA A copy of the SWPPP is 
submitted to the state, and 
the original kept on site. 

The E&S Control Plan is 
submitted to the state. Low-
risk projects have a 
standard assigned E&S 
Control Plan – “Low Risk 
Handbook”. 

Virginia NA No submittal to the state. 
The SWPPP must be kept 
on-site. 

No submittal to the state. 
The SWPPP must be kept 
on-site. 

Washington NA The SWPPP is submitted to 
the state upon first 
application only. 
Otherwise, the SWPPP 
must be kept on site and 
must be made available to 
the state, the MS4 
permittee, or the public 
upon request. 

The SWPPP is not 
submitted to the state. The 
SWPPP must be kept on 
site and must be made 
available to the state, the 
MS4 permittee or the public 
upon request. 

West Virginia NA The SWPPP is submitted to 
the state upon first 
application only. 

The SWPPP is submitted to 
the state. 

Wyoming NA The SWPPP is submitted to 
the state for facilities >50 
ac. Class 1 waters not 
eligible for coverage under 
the state MSGP. 

The SWPPP is submitted to 
the state for projects >100 
ac or on Class 1 waters. 

NOTE: NA, not applicable. 
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TABLE C-6 Can an MS4 Inspect Industries Within Its Boundary? 
Alabama Yes, if adequate legal authority exists. 
California Yes. Local agencies inspection to ensure compliance with local stormwater or 

municipal ordinance. 
Connecticut Yes. Nothing specific. State MSGP requires industries to comply with the 

stormwater management program of the MS4 in which they are located. 
Georgia Yes 
Hawaii Yes 
Maine Yes 
Minnesota Yes. Capability to do this varies with the MS4. 
Nebraska Yes. Phase 1 MS4s only. 
Nevada Yes 
New York Yes. MS4s can inspect for illicit discharge detection and elimination. Industries 

can be inspected under local authority, but local inspections are infrequently 
conducted. 

Ohio Yes. Phase I MS4s can check for MSGP coverage and that a SWPPP exists in 
conjunction with pretreatment inspections. 

Oklahoma Yes 
Oregon Yes, under various authorities. Pretreatment, industrial stormwater, construction 

stormwater, etc. 
Vermont Yes. The MS4 can request an inspection but can be denied access. 
Virginia No. No state statute for private property access to inspect for stormwater 

management. Some do use Fire Marshall’s authority through the fire code. 
Washington Yes 
West Virginia NA 
Wyoming Yes. If the MS4 has authority. 
NOTE: NA, not answered. 
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TABLE C-7 What Industries Are Considered High Risk? 
Alabama Metal foundries.  
California None specified in the state MSGP. Some MS4 permits may specify high-risk 

industries. Construction activity discharging to sediment-impaired waterbodies 
are identified as high risk in the state CGP. 

Connecticut None specified in the state MSGP. 
Georgia None specified in the state MSGP. Facilities that may be causing or contributing 

to stream impairment are high risk. 
Hawaii None specified in the state MSGP 
Maine Auto salvage, scrap metal recycling, boatyards and marinas, concrete and 

asphalt, batch plants, vehicle maintenance facilities. 
Minnesota None specified in the state MSGP. Heavy industries are considered higher risk.  
Nebraska Ethanol, scrap metal recycling. 
Nevada Waste oil recyclers, auto salvage, aggregate mines, cement plants. 
New York Auto salvage, scrap recycling.  
Ohio None specified in the state MSGP. Individual stormwater permits required for 

some airports, landfills, sand and gravel operations, and bulk terminals. 
Oklahoma None specified in the state MSGP. 
Oregon None specified in the state MSGP. 
Vermont None specified in the state MSGP. Gravel pits, salvage yards, scrap recycling 

facilities are considered high risk.  
Virginia None specified in the state MSGP. 
Washington MS4 permit identifies a list of industries and land uses that the permittee must 

inspect (See Permit appendix 8). 
West Virginia None specified in the state MSGP. Mills and auto salvage yards are considered 

high risk. 
Wyoming None specified in the state MSGP. Case by case based on proximity to high class 

waters and industry type. 
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TABLE C-8 Do State BMP Manuals Exist for Implementation Guidance? 
State Municipal Industrial Construction 

Alabama No. Use EPA materials. No. Use EPA Materials. Yes. State E&S Manual. 
http://swcc.state.al.us/erosio 
n_handbook.htm 

California Yes. CASQA and Caltrans 
manuals. Not officially 
adopted. 

Yes. CASQA and Caltrans 
manuals. Not officially 
adopted 

Yes. CASQA and Caltrans 
manuals. Not officially 
adopted. 

Connecticut No No. An SWPPP guidance 
document is available 
online. 

Yes. E&S Guidelines (2002) 
and CT Stormwater Quality 
Manual (2004). 

Hawaii No. Use EPA materials. No. Use EPA materials. No. Use EPA materials. 
Georgia Yes. Georgia Stormwater 

Management Manual. 
No. Use EPA materials. Yes. Manual for Erosion and 

Sediment Control in 
Georgia. 

Maine Yes Yes Yes 
Minnesota Yes. The Minnesota 

Stormwater Manual at: 
http://www.pca.state.mn.us/ 
water/stormwater/stormwate 
r-manual.html 
Stormwater BMPs – 
Protecting Water Quality in 
Urban Areas at: 
http://www.pca.state.mn.us/ 
water/pubs/sw-
bmpmanual.html 

No. Plan to develop one. Yes. Fact sheets and 
guidance at: 
http://www.pca.state.mn.us/ 
water/stormwater/stormwate 
r-ms4.html#bmp 

Nebraska No No No 

Nevada Yes Yes Yes 

New York Yes Yes. A few state materials. Yes 

Ohio No. Use EPA materials. No. Use EPA materials. Yes. 
http://www.dnr.state.oh.us/w 
ater/rainwater/default/tabid/ 
9186/Default.aspx 

Oklahoma No. Use EPA materials. No. Use EPA materials. No. Use EPA materials. 
Oregon No No. Have BMP technical 

assistance guidance 
documents. 

Yes. Use of Oregon BMP 
manual is optional. 

Vermont Yes No Yes. Standards for 
designers, a field guide for 
contractors (2006), and the 
Low Risk Handbook. 

Virginia Yes. E&S control and 
stormwater handbooks. 

No Yes. E&S control and 
stormwater handbooks. 
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State Municipal Industrial Construction 
Washington Yes. 

Stormwater Management 
Manual for Western 
Washington (2005) and 
Stormwater Management 
Manual for Eastern 
Washington (2004) 

Yes. 
http://www.ecy.wa.gov/prog 
rams/wq/stormwater/manual 
.html 

Yes. 
http://www.ecy.wa.gov/prog 
rams/wq/stormwater/eastern 
_manual/index.html 

West 
Virginia 

No No Yes 

Wyoming No No. Refer to manuals from 
other states. 

No. Refer to manuals from 
other states. 

PREPUBLICATION 


RB-AR15109



  
 

 

 
 

   
   

 

   

   
   

 

 
   

486 Urban Stormwater Management in the United States 

TABLE C-9 Full-Time Staff Dedicated to the Stormwater Program 
State Municipal Industrial Construction Total Statewide 

Alabama 1.5 7 25–30 33.5–38.5 
California 89 
Connecticut 5 
Georgia 4.5 2.5 46 53 
Hawaii 0.5 1 2 3.5 
Maine 0.7 2.5 NA 
Minnesota 4.3 14 36 
Nebraska 3 
Nevada 1 1.5 3 5.5 
New York 7 1 11 19 
Ohio 18 
Oklahoma 7 
Oregon 1 4–5 (shared with 

construction) 
4–5 (shared with 

industrial) 
5–6 

Vermont 0.5 2 5 7.5 
Virginia 3 8 (shared with 

other programs) 
10 13 

Washington 10 17 16 43 
West Virginia NA 1 5 
Wyoming 4 
NOTE: NA, not answered. 
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Appendix D 

Select Stormwater Model Descriptions and Application 


DESCRIPTION OF THE SOIL AND WATER ASSESSMENT TOOL  

The Soil and Water Assessment Tool (SWAT) model (Arnold et al., 1998; Arnold and 
Fohrer, 2005; Gassman et al., 2007) is a tool for assessing water resource and nonpoint source 
pollution problems for a wide range of scales and environmental conditions across the globe 
(SWAT, 2008). SWAT is being used in the United States to support total maximum daily load 
(TMDL) analysis, to research the effectiveness of conservation practices within the U.S. 
Department of Agriculture Conservation Effects Assessment Program initiative (Mausbach and 
Dedrick, 2004; CEAP, 2007), to perform “macro-scale assessments” for large regions such as the 
upper Mississippi River basin (Arnold et al., 1999; Jha et al., 2006), and for a wide range of 
other water use and water quality applications. It is primarily used in agricultural watersheds, but 
an agricultural model must be used with an urban runoff model, such as WinSLAMM, when a 
watershed has both urban and agricultural nonpoint sources. 

SWAT has been found to be sound and suitable for long-term continuous simulations in 
agricultural watersheds (Borah and Bera, 2004). Although the model is primarily used for 
evaluating agricultural runoff problems, it is very useful for evaluating sources of pollutants and 
the benefits of management practices in watersheds containing both agricultural and urban areas, 
especially for TMDL analysis. Output from urban management models, such as WinSLAMM, 
can be input to SWAT for a mass balance analysis of pollutant sources and an evaluation of the 
most cost-effective approach to achieving pollutant reduction goals.  

SWAT is a basin-scale, continuous-time model that operates on a daily time step and is 
designed to predict the impact of management (point and nonpoint) on water, sediment, and 
agricultural chemical yields in ungauged watersheds. The model is a physically based model 
developed to simulate landscape processes with a high level of spatial detail in large watersheds. 
A watershed is divided into multiple subwatersheds, which are then further subdivided into 
hydrologic response units (HRUs) that consist of homogeneous land-use, management, and soil 
characteristics. A watershed can also be divided into only subwatersheds that are characterized 
by dominant land uses, soil type, and management. 

Processes simulated in the model are driven by the water balances in the watershed. The 
water balance is separated into a land phase and a routing phase of the hydrologic cycle. Loads 
of water, sediment, nutrients, and pesticides are controlled by the land phase. The routing phase 
determines the movement of water, sediments, nutrients, and pesticides through the channel 
network to the outlet of the watershed. The overall hydrologic balance is calculated for each 
HRU. This combination of upland and channel processes is an important strength of SWAT.  

Input information required to run the model include climatic data, soil properties, 
topography, vegetation, and land management practices in the watershed. Since most of the 
inputs are physically based or readily available, the watersheds can be modeled without 
collecting any monitoring data. It is important to note that SWAT is not a “parametric model” 
with a formal optimization procedure to fit any data (Santhi et al., 2005). Instead, a few 
important variables that are not well defined physically—such as runoff curve number, or the 

487
 

RB-AR15111
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Universal Soil Loss Equation’s cover and management factor—may be adjusted to provide a 
better fit.  

A key strength of SWAT is a flexible framework that allows the simulation of a wide 
variety of conservation practices and other best management practices, such as fertilizer and 
manure application rates and timing, cover crops, filter strips, conservation tillage, irrigation 
management, flood prevention structures, grassed waterways, and wetlands. The majority of 
conservation practices can be simulated in SWAT with straightforward parameter changes. 

THE SOURCE LOADING AND MANAGEMENT MODEL 

WinSLAMM, the Source Loading and Management Model, was developed starting in the 
mid-1970s as part of early EPA street cleaning and receiving water projects in San Jose (Pitt, 
1979) and Coyote Creek, California (Pitt and Bozeman, 1982). The primary purpose of the 
model is to identify sources of urban stormwater pollutants and to evaluate the efficiency of 
stormwater control measures. During the mid-1980s, the model was expanded to include more 
management options beyond street cleaning. The Nationwide Urban Runoff Program projects 
(EPA, 1983) provided a large dataset for model, especially for Alameda County, California (Pitt 
and Shawley, 1982); Bellevue, Washington (Pitt and Bissonnette, 1994); and Milwaukee, 
Wisconsin (Bannerman et al., 1983). Research funded by the Ontario Ministry of the 
Environment, Ottawa (Pitt, 1987), and the Toronto Area Watershed Management Strategy study 
in the Humber River (Pitt and McLean, 1986) also provided much information on bacteria 
sources in urban areas. During the mid-1980s, the model started to be used by the Wisconsin 
Department of Natural Resources (DNR) in their Priority Watershed Program (Pitt, 1986). The 
first Windows version of the model was developed in 1995 and the current version is 9.3. The 
model is continuously being updated based on user needs and new research (recent and current 
support from the Stormwater Management Authority of Jefferson County, Alabama; the 
Tennessee Valley Authority, Economic Development group; WI DNR; the USGS; and 
Imbrium). The next version currently being developed will include drag-and-drop watershed 
elements and more complete routing options. 

Over the years, WinSLAMM has been extensively revised and expanded and now 
includes a wide range of capabilities. The following lists several important model features: 

•	 The model can evaluate a long series of rain events; usually one to five years of typical 
rains are used, but several decades of rains can be evaluated. 

•	 The model is based on actual field data. Street dirt accumulation and wash-off equations 
and direct runoff from paved surfaces during all rains are used, for example, based on 
many thousands of actual measurements. 

•	 The effects of compacted urban soils are also considered. 
•	 Uncertainties of many modeling parameters are represented by built-in Monte Carlo 

components. 
•	 Costs of control practices can be directly calculated and considered in model runs. 
•	 Runoff flow-duration probability distributions and associated receiving water biological 

conditions are calculated based on site conditions and the control measures being used. 
•	 The model can be interfaced with several other models for more detailed drainage system 

and receiving water evaluations. 
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Appendix D 489 

Prior descriptions of WinSLAMM have been presented during the Engineering 
Foundation and in the Urban Water Modeling Conference series, and in other publications (e.g., 
Pitt, 1986, 1997, 1999; Pitt and Voorhees, 2002). The model website 
(http://www.winslamm.com/) also contains further model descriptions and references. 
The applications of WinSLAMM include the following: 

• Permit compliance—municipal pollutant loadings and discharge reductions 
• Evaluate alternative stormwater controls 

o City-wide 
o Watershed 
o Site development 

• Identify critical drainage areas: 
o ID critical land uses 
o ID critical source areas  
o Assist with cost-sharing 
o Identify the most cost-effective stormwater control and development scenarios. 

WinSLAMM is an urban stormwater model (it does not directly address agricultural areas, etc.). 
It is designed to be effective for multiple scales (individual lots to whole communities) and to 
calculate annual or seasonal pollutant loads. It evaluates individual or multiple stormwater 
control scenarios (source area, land use, drainage, outfalls), as shown in the following table: 

Hydro-
dynamic 
Devices 

Wet 
Detention 
Ponds 

Street 
Cleaning 

Biofil-
tration 

Porous 
Pave-
ment 

Rain 
Barrels/ 
Tanks 

Beneficial 
Uses of 
Stormwater 

Grass 
Swales 

Catch-
basin 
Cleaning 

Drainage 
Disconnec 
tions 

Roof X X X X X X 
Paved Parking/Storage X X X X X X X 
Unpaved Parking/Storage X X X X X X 
Playgrounds X X X X X X X 
Driveways  X X X X X X 
Sidewalks/Walks X X X X X X 
Streets/Alleys X X X X 
Undeveloped Areas X X X X X 
Small Landscaped Areas X X X X X 
Other Pervious Areas X X X X X 
Other Impervious Areas X X X X X X X 
Freeway Lanes/Shoulders X X X 
Large Landscaped Areas X X X 
Land Uses (multiple source 
areas) X 

X X X 

Drainage System  X X X X X X X 
Outfall X X X X X 
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490 Urban Stormwater Management in the United States 

The effectiveness of stormwater control measures (SCMs) are calculated based on the 
actual sizing and other attributes of the devices, the source area or outfall location characteristics, 
and the calculated runoff characteristics. The model does a complete mass balance and routing of 
water volume and particulate mass, considering the combined effects of all controls. Hydraulic 
and particle size routing occurs individually for each device, although serial effects of multiple 
devices are being expanded for these parameters in the newer model versions. The effects of the 
sedimentation controls are calculated using modified Puls hydraulic routing with surface 
overflow rate particulate routing. The performance of wet ponds has been verified by extensive 
monitoring of several ponds (http://unix.eng.ua.edu/~rpitt/SLAMMDETPOND/WinDetpond/ 
WinDETPOND%20user%20guide%20and%20documentation.pdf ). The infiltration and 
biofiltration devices use a combination of hydraulic routing with infiltration and evaporation 
losses, plus any pumped withdrawals. Evapotranspiration losses are being added to the devices in 
the next model update. Underdrain filtering is based on extensive tests of media filtration. Grass 
swale performance is calculated based on extensive laboratory and outdoor testing of particulate 
trapping of shallow flowing water and infiltration losses (Johnson et al., 2003; Kirby et al., 2005; 
Nara et al., 2006). Porous pavement performance is calculated based on infiltration losses and 
clogging effects. Street cleaning and catch-basin benefits are based on extensive EPA research, 
and newer updated research that has examined modern equipment. Hydrodynamic devices are 
based on the basic sedimentation processes but have been verified by tests conducted by the 
USGS and the DNR, plus continued tests at the University of Alabama. The following figure 
shows some example screen shots used to enter information for some of the controls. 
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Hydrodynamic Device Input Screen Main Wet Detention Pond Input Screen 

Street Cleaning Input Screen 
Porous Pavement Input Screen 

Biofilter Input Screen 

Grass Swale Input Screen 
Example control practice input screens for WinSLAMM. 
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Each land use is described by characterizing elements for each source area within the 
land use, including source area and land-use controls. Outfall and drainage system controls are 
described using the dropdown menus. A new drag-and-drop interface is currently being 
developed that will allow greater efficiency and flexibility in placement of controls and multiple 
land-use source areas. The following figure shows these screens. 

Current source area WinSLAMM screen and new drag-and-drop routing screen being developed. 

The calculated outputs from WinSLAMM are organized in several tiers. For most of the 
output options, a summary table is presented. The data in the summary table includes the 
following information: 

•	 Runoff volume (ft3, percent reduction; and Rv, runoff coefficient), particulate solids (lbs 
and mg/L), for 

o	 source area total without controls, 
o	 total before drainage system, 
o	 total after drainage system, and 
o	 total after outfall controls. 

•	 Total control practice costs: 
o	 capital costs, 
o	 land cost, 
o	 annual maintenance cost, 
o	 present value of all costs, and 
o	 annualized value of all costs. 

•	 Receiving water impacts due to stormwater runoff: 
o	 calculated Rv with and without controls, 
o	 approximate biological condition of receiving water (good, fair, or poor), and 
o	 flow duration curves (probabilities of flow rates for current model run and without 

controls). 
Most of this information is included on the first output page, while the flow duration curves are 
included on an optional second page, as shown in the following figure. 
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Summary Table with Detailed Output Tabs Flow Duration Summary Output Option 

The tabs along the top of the summary table enable additional information to be displayed 
for runoff volume, particulate solids, and pollutants, such as the following: 

•	 Runoff volume (ft3), source area contributions, particulate solids (lbs and mg/L), and 
pollutants (lbs and mg/L) 

o	 by source area for each rain event, 
o	 land-use total, 
o	 summary for all rains, 
o	 total for land use and for each event, 
o	 outfall summary, before and after drainage system and before and after outfall 

controls, 
o	 Rv (runoff volume only), 
o	 total losses (runoff volume only), and 
o	 calculated curve number (runoff volume only). 

An example of the detailed data for runoff volume is shown in the following figure. 

Runoff volume detailed WinSLAMM output. 
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Another group of output options are “one-line-per-event” datasets saved in a csv file 
format that can be opened in a spreadsheet for further data manipulation. These files can also be 
examined by selecting the “utilities/view file/use notepad or use Windows view,” pull-down 
menu option from the main WinSLAMM page. The data presented in these files include “One-
Line per Event Runoff Details,” with data for each event and statistical summaries for all events 
(number of events, total, equivalent annual total, minimum, maximum, average of all events, 
median, standard deviation, and coefficient of variation): 

• rain duration (hours), 
• rain inter-event period (days), 
• runoff duration (hours), 
• rain depth (inches), 
• runoff volume (ft3), 
• Rv, 
• average flow (cfs), 
• peak flow (cfs), and 
• suspended solids (lbs and mg/L). 

One of the main features of WinSLAMM is to identify the sources of pollutants for 
different rain conditions for a specific development. The following example plot shows how 
runoff volume originates from different sources in a medium-density residential area for different 
categories of rains. This type of plot is very useful when determining the most likely effective 
locations for stormwater controls, or for changes in development characteristics. 

A powerful feature of WinSLAMM is the batch processor that enables many control 
options to be quickly compared for an area. The following plot of the cost-performance data for 
one study site shows the unit costs associated with preventing particulate solids from being 
discharged from an area: 
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THE STORMWATER MANAGEMENT MODEL, VERSION 5 

The Stormwater Management Model (SWMM) can be used to evaluate a number of 
urban water hydrology and hydraulic problems. It is commonly used to design and evaluate 
separate storm drainage and sanitary systems and to evaluate combined sewers. Its detailed 
hydraulic capabilities have made it the most popular tool for evaluating CSO problems and 
controls. SWMM also includes various water quality options and it is currently being expanded 
to include a variety of low-impact development options. 

The U.S. EPA National Risk Management Laboratory and CDM, Inc., completely 
recoded the SWMM software recently, with the release of SWMM5. The original version of this 
software was developed between 1969 and 1971, with Metcalf and Eddy (M&E) of Palo Alto, 
California, as the main contractor to develop the different modules in the program. M&E 
subcontracted some of the modules to Water Resources Engineers of Walnut Creek, California 
(WRE) and the University of Florida (UoF). WRE (now part of CDM) developed the original 
RUNOFF, RECEIV, and GRAPH models. M&E developed the RUNOFF quality and 
STORAGe/Treatment routines. UoF developed the TRANSPORT module. In 1973, WRE 
developed the TRANS model that later in 1977 was modified to EXTRAN (Larry Roesner). Also 
in 1977, William James developed the minicomputer version known as FASTSWMM and 
SWESWMM. In 1984, Computational Hydraulics Institute (CHI), the company formed by 
William James, developed the first user-friendly microcomputer version known as PCSWMM. 
In 1988, version 4 of SWMM was released by EPA and included some of the enhancements 
developed by PCSWMM. Since that time, UoF (Wayne Huber and Jim Heaney), the University 
of Guelph (where William James taught), and Oregon State University (Wayne Huber) have 
been improving version 4, with the release of version 4.4gu in 1999 (James et al., 2002). 

SWMM5 was developed for many reasons: the previous versions were developed in 
DOS-based FORTRAN over more than a 30-year period with different levels of documentation. 
The development of the Windows environment and object-oriented programming techniques 
improved programming capabilities and graphical user interfaces. One advantage of the new 
model is that only a single file is needed, and not multiple modules, for a single simulation. A 
single file can now be created that contains RUNOFF, TRANSPORT, and/or EXTRANS at the 
same time. SWMM5 uses the same environment that EPANET uses, assigning the values to the 
objects used during the simulation. Other reasons for the new SWMM version are its ability to 
eventually develop routines for modeling SCMs, to improve the routing procedures of water 
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496 Urban Stormwater Management in the United States 

quality in the model, and to create the possibility to simulate real-time control by manipulating 
control structures (EPA, 2002). 

The following summary of SWMM5’s capabilities and applications is from the EPA’s 
SWMM5 website, where one can download the model and documentation 
(http://www.epa.gov/ednnrmrl/models/swmm/index.htm). 
“The EPA Storm Water Management Model (SWMM) is a dynamic rainfall-runoff simulation 
model used for single event or long-term (continuous) simulation of runoff quantity and quality 
from primarily urban areas. The runoff component of SWMM operates on a collection of 
subcatchment areas that receive precipitation and generate runoff and pollutant loads. The 
routing portion of SWMM transports this runoff through a system of pipes, channels, 
storage/treatment devices, pumps, and regulators. SWMM tracks the quantity and quality of 
runoff generated within each subcatchment, and the flow rate, flow depth, and quality of water in 
each pipe and channel during a simulation period comprised of multiple time steps.  

Capabilities 

SWMM accounts for various hydrologic processes that produce runoff from urban areas. 
These include: 

•	 time-varying rainfall  
•	 evaporation of standing surface water  
•	 snow accumulation and melting  
•	 rainfall interception from depression storage 
•	 infiltration of rainfall into unsaturated soil layers 
•	 percolation of infiltrated water into groundwater layers  
•	 interflow between groundwater and the drainage system 
•	 nonlinear reservoir routing of overland flow.  

Spatial variability in all of these processes is achieved by dividing a study area into a collection 
of smaller, homogeneous subcatchment areas, each containing its own fraction of pervious and 
impervious sub-areas. Overland flow can be routed between sub-areas, between subcatchments, 
or between entry points of a drainage system. 

SWMM also contains a flexible set of hydraulic modeling capabilities used to route 
runoff and external inflows through the drainage system network of pipes, channels, 
storage/treatment units and diversion structures. These include the ability to: 

•	 handle drainage networks of unlimited size  
•	 use a wide variety of standard closed and open conduit shapes as well as natural channels  
•	 model special elements such as storage/treatment units, flow dividers, pumps, weirs, and 

orifices 
•	 apply external flows and water quality inputs from surface runoff, groundwater interflow, 

rainfall-dependent infiltration/inflow, dry weather sanitary flow, and user-defined inflows  
•	 utilize either kinematic wave or full dynamic wave flow routing methods  
•	 model various flow regimes, such as backwater, surcharging, reverse flow, and surface 

ponding 
•	 apply user-defined dynamic control rules to simulate the operation of pumps, orifice 

openings, and weir crest levels 
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Appendix D 	 497 

In addition to modeling the generation and transport of runoff flows, SWMM can also 
estimate the production of pollutant loads associated with this runoff. The following processes 
can be modeled for any number of user-defined water quality constituents: 

•	 dry-weather pollutant buildup over different land uses  
•	 pollutant wash-off from specific land uses during storm events  
•	 direct contribution of rainfall deposition 
•	 reduction in dry-weather buildup due to street cleaning  
•	 reduction in wash-off load due to stormwater controls 
•	 entry of dry weather sanitary flows and user-specified external inflows at any point in the 

drainage system 
•	 routing of water quality constituents through the drainage system 
•	 reduction in constituent concentration through treatment in storage units or by natural 

processes in pipes and channels 

Applications 

Since its inception, SWMM has been used in thousands of sewer and stormwater studies 
throughout the world. Typical applications include: 

•	 design and sizing of drainage system components for flood control  
•	 sizing of detention facilities and their appurtenances for flood control and water quality 

protection 
•	 flood plain mapping of natural channel systems (SWMM 5 is a FEMA-approved model 

for NFPI studies) 
•	 designing control strategies for minimizing combined sewer overflows  
•	 evaluating the impact of inflow and infiltration on sanitary sewer overflows  
•	 generating non-point source pollutant loadings for waste load allocation studies  
•	 evaluating the effectiveness of stormwater controls for reducing wet weather pollutant 

loadings.” 

SWMM has been used as an engine by many other model developers in several countries. 
These other products usually add both front-end data collection and GIS support and post-
processing tools. In many cases, the integration of these additional tools is seamless. One of the 
more popular extensions has been a series of programs developed by Dr. Bill James at the 
University of Guelph and Computational Hydraulics International, Guelph, Ontario 
(http://www.computationalhydraulics.com/). The following is a brief description of 
PCSWMM.NET, their newest version that integrates SWMM5, as an illustration of the expanded 
capabilities that these SWMM program extensions can offer. This model is a GIS-based, 
graphical decision support system for EPA SWMM5 urban drainage modeling (sanitary, storm, 
and/or combined systems). It implements additional tools for streamlining sewer collection 
system model development, optimization and analysis. PCSWMM.NET allows both engineers 
and GIS professionals to work on the same data as it offers direct support for ESRI ArcGIS 
geodatabases, ArcView shape files, and ArcInfo E00 files, along with several open standard and 
proprietary GIS and CAD formats. The GIS engine is completely scalable, allowing a wide range 
of site conditions to be evaluated. 
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Other added attributes of PCSWMM.NET include advanced quality assurance and 
quality control features that include attribute validation, orphan detection, and pipe slope 
screening tools. As an example, disconnected entities (link, node, and subcatchment), missing 
data, and potential data errors such as negative pipe slopes are identified and reported. Calculator 
tools are also included for identifying and estimating missing data. For example, it is possible to 
manually control the calculation of subcatchment areas or conduit attributes from map units, or 
to turn on the autolength feature and have these spatial attributes automatically synchronized. 
The subcatchment widths can also be directly calculated from user-defined overland flow path 
lengths. A dry weather flow (DWF) analyzer tool allows for automatic creation of hourly, daily, 
and/or monthly patterns for sanitary sewer DWF model inputs. Subcatchment-specific 
hyetographs can be computed from rain-gauge calibrated radar-rainfall data through an area 
weighting process (DE-9IM model) relating a radar-rainfall overlay (polar coordinate, grid, etc.) 
to the model’s subcatchment polygons. This process supports any length of radar-rainfall time 
series and any number of radar cells or subcatchments. Native support is provided for Vieux and 
Associates (rain-gauge calibrated radar-rainfall data providers) data.  

A major feature of many of the third-party SWMM packages is additional support for 
importing data. PCSWMM.NET, for example, supports extended interfaces with GIS/CAD, 
database, spreadsheet, and delimited text files. The Import Data Wizard supports importing to 
multiple SWMM5 layers from multiple data sources simultaneously and provides data filtering 
and attribute matching control. An interesting feature of PCSWMM.NET is the ability to 
automatically transfer the site data directly into Google Earth for three-dimensional 
visualizations of the model layouts and the results. Other extended output features include the 
ability to create scatter plots for any two computed model time series (conduit depth vs. velocity, 
storage depth vs. discharge, subcatchment rainfall vs. runoff, etc.). Positive or negative strong, 
weak, or no correlation is reported. Trend lines or best-fit curves can also be plotted on the 
scatter plots. 

There is much third-party support for SWMM5. James et al. (2005) is the latest edition of 
the SWMM user guide, containing much supplemental material, including tutorials. Many 
beginning model users are intimidated by SWMM; however, it is quite possible to use the new 
versions quickly for a variety of common problems. As an example, Pitt has a comprehensive 
“hello world” user guide available at 
http://unix.eng.ua.edu/~rpitt/Class/Water%20Resources%20Engineering/WREMainPage.htm 
that is used in undergraduate water resources classes. This guide covers both storm drainage and 
sanitary collection system designs. The example is for a small area, but the guide is also 
applicable for larger and more complex situations. The following are a few selected screen shots 
from this guide showing some of the basic features of SWMM. 
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Example storm drainage system layout for SWMM5 evaluation. 

Extensive Help files are available that explains each parameter and input need. 
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Calculated water depth for a storm-drain system. 

Water surface profiles can also be calculated in SWMM5 to examine backwater problems. 
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Four-month rain history simulation using SWMM5. 

Road and pipe layout for sanitary sewer design for same area. 

Continuous simulations for water depths on sanitary sewer with SWMM5. 
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WESTERN WASHINGTON HSPF APPLICATION 

A Brief History of Western Washington Stormwater Hydrology Modeling 

Municipal stormwater management programs in western Washington go back more than 
30 years. They grew out of flood prevention and control programs and from there expanded to 
encompass concern with stream-channel and habitat damage by elevated storm flows and, later, 
water quality degradation by stormwater runoff. Early hydrologic modeling supporting 
retention/detention pond design to attempt control of elevated flows utilized a derivative of the 
Rational Method. By the late 1980s hydrologists had begun using HSPF for continuous flow 
modeling, but most modeling by other professionals was based on a Santa Barbara Unit 
Hydrograph (SBUH) approach rooted in the U.S. Soil Conservation Service (USCS; now Natural 
Resources Conservation Service, NRCS) TR-55 storm event–based model (USCS, 1986). The 
latter model was the basis for most analyses prescribed by the first comprehensive stormwater 
management manual issued in the region, King County’s Surface Water Design Manual (King 
County Surface Water Management Division, 1990). 

Shortly after the manual’s appearance some of the more experienced hydrologic analysts 
in the area began developing various dissatisfactions with the prevailing, highly simplified 
modeling methodology, focusing ultimately on its inability to produce pond designs that actually 
control peak discharge rates in a predictable manner. At the same time it became apparent that, 
although HSPF offered promise to improve analysis and design substantially, several factors 
limited its broader use. First, its relative complexity restricted effective use to the specialists. 
HSPF’s application was further limited by its extensive input data requirements and orientation 
to drainage catchments more on the order of square kilometers or larger than on development 
site-scale sizes. 

In 1992 King County and the University of Washington began work to develop a “runoff 
files” system to remove HSPF’s limitations and gain its benefits much more broadly (Jackson et 
al., 2001). The runoff files concept dates back to Lumb and James (1976), who developed it for 
flood analysis in DeKalb County, Georgia. Runoff files comprise a set of time-series data files of 
unit-area land surface runoff presimulated with HSPF for a range of land-cover conditions and 
soil types. To expedite analysis and design, the runoff files depend on a reduced hydrologic 
record that is statistically representative of the available extended record. Estimation of design 
flows and facilities design is accomplished by accessing and manipulating the runoff file data by 
means of supporting software. 

The work culminated in the development of the King County Runoff Time Series 
(KCRTS) software package. The Washington Department of Ecology (WDOE, 2005) later 
extended the runoff file coverage to all of western Washington and produced accompanying 
software—the Western Washington Hydrologic Model (WWHM). The next section briefly 
describes the initial runoff files development process, as an illustration of the effort necessary to 
establish a runoff files–based system. Subsequent sections discuss the characteristics, data 
requirements, capabilities, limitations, and applications of WWHM. 
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Runoff Files Development for KCRTS 

Approach 

To determine reliable flows and design stormwater management facilities, continuous 
hydrologic models must simulate long time series of flows, on the order of 40 years or more. To 
relieve the burden on the user imposed by these extensive data needs, an important feature of the 
runoff files method is selection of a shorter sample of hydrologic data that are statistically 
representative of the full record. As a prerequisite to developing KCRTS, the University of 
Washington compiled precipitation and flow records from a number of locations in King County 
and examined them to identify seven years that had flow statistics representative of the most 
critical conditions for stormwater facility design. An eighth year represents the hypothetical 100-
year discharge event, simulated by scaling up runoff from a large January 1990 storm. 

Steps in Development 

Eight steps were involved in developing the runoff files and KCRTS (Jackson et al., 
2001, a reference with more detail on each step): (1) selection of HSPF parameters for a range of 
land-cover conditions and soil types, (2) quality assurance and correction of rainfall data, (3) 
selection of a short climate record that accurately substitutes for the long record, (4) generation 
of runoff files using HSPF, (5) determining plot positions for peak annual flows so that the short 
record could be used for flow recurrence estimation, (6) creation of 100-year flood hydrographs, 
(7) model verification against long-term HSPF simulations, and (8) training the engineering 
community to use the new system. 

The first step was covered by preceding USGS work developing generalized model 
parameters from HSPF calibrations against flow data from 21 gauged streams in King and 
neighboring Snohomish County. These parameters were used with HSPF to generate hydrologic 
responses as time series of unit area land surface runoff for eight soil and land-cover types and 
two long-term hourly rainfall stations. King County soils are almost entirely derived from 
continental glaciation 12,000 years ago and consist of either low-porosity till or high-porosity 
outwash. These two soil types were paired with forest, pasture, and grass (lawn) to make up six 
soil and cover types. To these types were added two others, impervious and wetlands. One 
precipitation station represented the lowlands of western King County, and the other the foothills 
and valleys to the east. More stations were initially evaluated but discarded because of short 
records, data gaps, errors, and recording too coarse for the modeling purposes (e.g., in tenth-inch 
instead of hundredth-inch increments). 

In the third step, the longest, most complete rainfall record, from Seattle-Tacoma 
International Airport, was searched for any combination of seven water years that together would 
produce flow duration statistics for the selected soil and cover types that match the statistics from 
a simulation of the full record (step 5). The search yielded seven years from 1951 to 1987 that 
met this criterion. These years also proved to be acceptable for the eastern rain station. 

Generation of the 100-year frequency simulation (step 6) was complicated by the fact that 
a given storm generally does not produce maximum flows from all soil and land-cover types. 
However, the January 1990 storm, falling on already very wet ground, had characteristics that 
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did produce highly elevated flows from all of the types of interest. For till soils and impervious 
land, 100-year peak flow rates were estimated by fitting a Log Pearson Type III distribution to 
peak annual flows generated with the available 42-year record. This technique did not work well 
for outwash soils and wetlands, because of the relatively large soil storage in the former case and 
the flow attenuating effects of wetlands. In these cases semi-logarithmic graphing fit a flow 
frequency curve to peak flows. Scale factors were chosen to produce a weighted-average factor 
that increases the January 1990 peak flows from a mixture of soil and cover types to statistically 
determined 100-year rates. 

For verification (step 7), extensive tests of KCRTS-designed detention facilities were 
conducted by routing long-term HSPF-generated flow series from the full record through the 
units to determine if discrepancies in flow statistics from the short record caused faulty designs. 
Almost all designs using KCRTS met or came close to meeting their performance standards 
when tested with HSPF. Notwithstanding a small number of deviations at the relatively frequent 
recurrence end of the storm spectrum, producing both larger and smaller facilities than designed 
by HSPF, it was concluded that KCRTS-designed detention devices are expected to meet 
performance standards much better than units designed with single-event methodologies. Two 
watershed-scale (1,404 and 4,706 ha) tests demonstrated the utility of KCRTS as a basis for 
designing networks of detention facilities to maintain predevelopment stream hydrology (see 
KCRTS Case Study). 

KCRTS Case Study 

KCRTS was applied to compare the model’s ability to specify runoff detention facilities 
meeting runoff control standards to results using the SBUH method instead. The Soosette Creek 
watershed (1,404 ha) in King County provided the test case. This stream was already impacted 
biologically and expected to experience additional development to a full buildout condition. 
Predevelopment simulations were based on land cover obtained from 1985 aerial photographs. 
Pasture predominated in undeveloped areas at that time. The postdevelopment case assumed that 
all developable land would be built in high-density residential land use (10 to 15 dwellings per 
hectare), with assumed 25 percent impervious cover and 75 percent lawns. The supposition was 
that 91 percent of this development would drain to detention facilities, and the remainder would 
consist of small projects not subject to King County drainage review. It was further assumed that 
20 percent of the forest cover and all wetlands existing in 1985 would remain undisturbed. 

Performance standards applied to gauge results were as follows: (1) ability to match pre- 
and postdevelopment peak flow rates between the 2- and 10-year discharges, and (2) ability to 
match pre- and postdevelopment flow durations between 50 percent of the 2-year and the 50-year 
flow. More specifically, the Normalized Channel Stability Index (NCSI) was taken as a basis for 
judgment: 

NCSI = (2-yearpostdevelopment – 2-yearpredevelopment)/(10-yearpredevelopment – 2-yearpredevelopment) 

Previous observations of channel morphology, habitat characteristics and fish usage 
indicated that channels with an index greater than 1 are unstable and unable to support 
anadromous salmonid fish, whereas those with an index near zero have excellent habitat and 
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healthy fish populations, unless some other negative factor (e.g., blockage to fish passage, poor 
water quality) is present (Jackson et al., 2001). 

KCRTS-designed detention systems were estimated to maintain the two-year peak flow 
rates at different stream stations with very little change, whereas those facilities designed 
according to SBUH would allow increases of 15 to 20 percent. In the latter case two-year flow 
durations were forecast to rise by up to 80 percent, while those based on KCRTS would hold 
durations with almost no increases. The KCRTS facilities were also estimated to keep NCSI 
values at already degraded levels of 1.2–2.1, while the SBUH devices would permit further 
deterioration to 1.7–2.7. 

The Western Washington Hydrologic Model 

Characteristics 

WWHM is an outgrowth of KCRTS, extending the runoff-files approach from King 
County to all of western Washington. Accordingly, it utilizes model parameters and rainfall data 
from a wider area. The same eight soil and land-cover types underlying KCRTS are also used in 
WWHM, with parameter selections appropriate to the different locations in the region. Western 
Washington rainfall regimes are represented by 17 gauging stations at elevations below 457 m 
(1,500 ft), where almost all development occurs. For better representation of local conditions in 
the large area served by the model, it includes multipliers to adjust rainfall geographically. Pan 
evaporation coefficients similarly adjust evapotranspiration from place to place. 

Capabilities 

WWHM computes the pre- and postdevelopment 2- through 100-year flow frequency 
values from a detention facility discharge point. It then compares the pre- and postdevelopment 
flow durations to check if the device would meet WDOE’s flow control requirements, which are 
duration-based according to the following criterion: if postdevelopment flow duration values 
exceed any of the predevelopment durations occurring between 50 percent of predevelopment 
two-year up to the predevelopment 50-year surface runoff peak flow rates, then the requirement 
is not met. 

Limitations 

Being based on HSPF, WWHM shares the limitations inherent in that continuous model 
(e.g., not being capable of modeling backwater or tailwater situations). WWHM is a site-scale 
model and has been programmed specifically to design individual stormwater management 
practices. While the model can route runoff through multiple stormwater control devices in 
series, it cannot route through a natural lake or wetland. Routing effects become more important 
with increase in catchment area. For this reason it is recommended that WWHM not be used for 
drainage areas larger than 130 ha (320 acres). 
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Biographical Information for the Committee on Reducing Stormwater 


Discharge Contributions to Water Pollution 
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previously served on three NRC study committees.  She is the Chair-Elect of the Consortium of 
Universities for the Advancement of Hydrologic Science Inc. Dr. Welty received a B.A. in 
environmental sciences from the University of Virginia, an M.S. in environmental engineering 
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urban streams, identification of problem pollutants in stormwater, toxicity of stormwater 
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water chemistry. 

Derek B. Booth has joint positions as Senior Geologist at Stillwater Sciences, Inc., and Adjunct 
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Robert E. Pitt is the Cudworth Professor of Urban Water Systems in the Department of Civil, 
Construction, and Environmental Engineering at the University of Alabama (UA).  He is also 
Director of the UA interdisciplinary Environmental Institute.  Dr. Pitt’s research concerns the 
effects, sources, and control of urban runoff, which has resulted in numerous development 
management plans, stormwater ordinances, and design manuals.  Dr. Pitt has also developed and 
tested procedures to recognize and reduce inappropriate discharges of wastewaters to separate 
storm drainages.  He has investigated the sources and control of stormwater toxicants and 
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nationwide database of national stormwater permit information and conducting comprehensive 
evaluations of these data.  Dr. Pitt received a B.S. in engineering science from Humboldt State 
University, an M.S. in civil engineering from San Jose State University, and a Ph.D. in civil and 
environmental engineering from the University of Wisconsin. 
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natural sciences, applied ecology and field biology in 12 midwestern states.  Mr. Rankin’s 
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application of biological criteria and biological-based chemical criteria for aquatic life, and 
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from St. Bonaventure University and his M.S. in zoology from The Ohio State University. 

Thomas R. Schueler founded the Center for Watershed Protection in 1992 as a nonprofit 
organization dedicated to protecting our nation’s streams, lakes and wetlands through improved 
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received his B.S. in environmental science from the George Washington University. 

Kurt Stephenson is an associate professor of Environmental and Natural Resource Economics 
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stormwater management) as an offset to growth in point source loads.  He is a member of the 
Virginia Department of Environmental Quality’s Nutrient Trading Technical Advisory 
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Robert G. Traver is a professor of Civil and Environmental Engineering at Villanova 
University and the Director of the Villanova Urban Stormwater Partnership.  He conducts 
research on topics that include modeling of stream hydraulics, urban hydrology, water quality, 
and measures to mitigate stormwater effects of urbanization.  Most recently he has created a 
Stormwater Best Management Practice Demonstration and Research Park on the Villanova 
Campus.  Dr. Traver is also involved with the implementation of stormwater policy.  He has 
participated in a team study to review the effects of Pennsylvania’s water regulation from a 
watershed sustainability viewpoint, acted as a reviewer for Pennsylvania’s 1995 Best 
Management Practice Handbook, and has served as Chair for the 1998, 1999, 2001, 2003, and 
2005 Pennsylvania Stormwater Management Symposiums held at Villanova.  More recently he 
was selected to serve on the American Society of Civil Engineers’  External Review Panel of the 
Corps investigation of Hurricane Katrina. Dr. Traver is a retired LTC in the Army Reserves and 
a veteran of Operation Desert Storm.  He received his B.S. in civil engineering from the Virginia 
Military Institute, his M.S. in civil engineering from Villanova, and his Ph.D. in civil engineering 
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Wendy E. Wagner is the Joe A. Worsham Centennial Professor at the University of Texas 
School of Law. Before joining the UT faculty, she was a professor at Case Western Reserve 
University School of Law and a visiting professor at Columbia Law School and the Vanderbilt 
School of Law. Wagner’s research focuses on the interface between science and environmental 
law, and her articles have appeared in numerous journals, including the Columbia, Cornell, 
Duke, Georgetown, Illinois, Texas, Wisconsin, and Yale Law Reviews.  She has published on 
the practical problems with EPA’s current approach to stormwater regulation.  She has also 
written several articles on the challenges of regulating media like stormwater, on restoring 
polluted waters with public values, on the legal aspects of the regulatory use of environmental 
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modeling, and on technology-based standards. Ms. Wagner received a master’s degree in 
environmental studies from the Yale School of Forestry and Environmental Studies and a law 
degree from Yale Law School.  She clerked for the Honorable Judge Albert Engel, Chief Judge 
of the U.S. Court of Appeals for the 6th Circuit.  

William E. Wenk is founder and president of Wenk Associates, Inc., a Denver-based landscape 
architectural firm.  He is also an Adjunct Associate Professor of Landscape Architecture at the 
University of Colorado in Denver. For over 20 years, he has been influential in the restoration 
and redevelopment of urban river and stream corridors, the transformation of derelict urban land, 
and the design of public parks and open spaces.  Mr. Wenk was the Principal Urban Designer for 
the Menomonee River Valley Redevelopment, an award-winning “green infrastructure” 
redevelopment in Milwaukee that integrated a network of parks and open spaces through 
stormwater infrastructure, regional and local trails, and a restored river corridor into a proposed 
130-acre mixed-use and light industrial development.  Other projects of his include the Prairie 
Trail Community Master Plan in Ankeny, Iowa (a surface stormwater system designed to 
provide flood control and water quality for a new 1000-acre mixed-use community), and the 
Stapleton Airport Parks and Open Space Redevelopment (a surface stormwater drainage design 
for the 4,500-acre redevelopment), as well as the Stapleton Water Quality Guidelines book to 
guide planners and developers on how to integrate stormwater best management practices into 
redevelopment. Mr. Wenk received a B.S.L.A. and M.L.A. from Michigan State University and 
the University of Oregon, respectively. 
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ABSTRACT: In order to establish the status of metal contamination
in surface waters in the coastal ocean off Los Angeles, California, we
determined their dissolved and particulate pools and compared them
with levels reported in the 1970s prior the implementation of the
Clean Water Act. These measurements revealed a significant
reduction in particulate toxic metal concentrations in the last 33
years with decreases of ∼100-fold for Pb and ∼400-fold for Cu and
Cd. Despite these reductions, the source of particulate metals appears
to be primarily anthropogenic as enrichment factors were orders of
magnitude above what is considered background crustal levels.
Overall, dissolved trace metal concentrations in the Los Angeles
coastal waters were remarkably low with values in the same range as
those measured in a pristine coastal environment off Mexico’s Baja
California peninsula. In order to estimate the impact of metal
contamination on regional phytoplankton, the internalization rate of trace metals in a locally isolated phytoplankton model
organism (Synechococcus sp. CC9311) was also determined showing a rapid internalization (in the order of a few hours) for many
trace metals (e.g., Ag, Cd, Cu, Pb) suggesting that those metals could potentially be incorporated into the local food webs.

■ INTRODUCTION
The Southern California Bight (SCB) is a densely populated
and industrialized area subject to high levels of anthropogenic
inputs from wastewater treatment plants, urban and agricultural
runoff, oil and gas production, vessel activities, and hazardous
material spills.1 Nowhere is this more evident than in the
coastal ocean off Los Angeles, California. Los Angeles County
houses an estimated 10 million inhabitants2 that, together with
other SCB counties, generate more than 4.7 billion gallons of
treated effluent water per day.3 This effluent water is discharged
into the coastal ocean by nineteen municipal wastewater
treatment plants serving the Los Angeles area, including the
large Hyperion Treatment Plant (HTP) (City of Los Angeles)
and the Joint Water Pollution Plant (JWPCP) (Los Angeles
County Sanitation Districts).3 This effluent water is discharged
five miles offshore at a depth of 60 m.4 While regulation
through the Clean Water Act led to a large reduction in the
input of pollutants into the SCB beginning with its
implementation in 1972,5 effluent discharge from those
wastewater treatment plants continues to discharge several
metric tons of toxic metals such as Ag, Cu, Ni, Pb, and Zn into
the Bight every year.3,6,7

Current monitoring programs within the SCB have primarily
focused on determining temporal and spatial changes in metal
contamination in sediments and biota,8−11 and, therefore,
current data on the concentrations of water-column particulate
and dissolved metals in the marine environment off Los
Angeles are very limited. There is also no information about
metal accumulation within local phytoplankton species even
though several studies have shown that environmentally
relevant trace metals, including Cu, Ni, Pb, and Cd are readily
internalized by phytoplankton.12−16

In this study, we assayed the impact of the Clean Water act
on toxic trace metals in surface waters of the SCB off Los
Angeles by determining current levels of particulate and
dissolved metals and comparing these levels to measurements
done in the same locations in the early 1970s by Bruland and
Franks (1978).17 In addition, enrichment factors calculated for
particulate trace metals and a comparison of dissolved trace
metal levels measured off Los Angeles with those measured in a
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pristine environment off Punta Banda, Baja California, Mexico
(33° N, 117° W) and elsewhere in the SCB in 1989 were used
to evaluate the current status of metal contamination within
this area of the Bight. In order to more fully understand the
ecological impact of dissolved metals in these coastal waters, we
also determined trace metal internalization in the cyanobacteria
Synechococcus sp. CC9311 in an attempt to establish the
potential for biological uptake by local phytoplankton.

■ MATERIALS AND METHODS
Sample Collection and Study Site. Surface water samples

were collected in the SCB off Los Angeles in February and
September of 2009 (Figure 1). February samples were collected

in collaboration with the Los Angeles County Sanitation
District and the City of Los Angeles Sanitation District, and
September samples were collected in collaboration with the
USC Wrigley Institute for Environmental Studies. Station
numbers correspond to environmental monitoring stations of
these agencies. Detailed descriptions of the physical setting of
the sampling area have been previously reported.19,20 All
samples were collected using trace metal clean techniques at a
depth of approximately 1−2 m from the surface and
refrigerated until filtration (<12 h later). Samples for dissolved
trace metal analyses were also collected biweekly in Punta
Banda, Mexico from 2004 to 2005.
Particulate and Dissolved Metal Analyses. Refrigerated

samples were filtered (1.5 to 2 L) through acid-washed and
preweighed 0.45 μm polycarbonate filters to distinguish
between particulate (>0.45 μm) and dissolved (<0.45 μm)
trace metals. Filtration was performed in a class-100 clean
room, and samples were handled using trace metal clean
techniques. Dissolved samples were acidified using Optima
grade hydrochloric acid to a pH <2 and stored for at least one
month prior to preconcentration by organic extractions with
the APDC/DDDC ligand technique described in Bruland et al.
(1985).21 Particulate samples were dried to determine
particulate dry weight and analyzed for refractory and labile
metal concentrations as described in Bruland and Franks
(1978). This type of sequential leaching is commonly used to

determine which particulate metals are likely to be readily
desorbed from suspended particles (labile) from those more
strongly bound (refractory).17 The labile pool was determined
by placing the filters in an acetic acid leach (20% Optima grade
acetic acid for two hours). After the labile leach, the refractory
metal pool was then obtained by boiling the filters for 45 min in
acid-washed Teflon digestion bombs with Optima grade HF,
HCl, and HNO3. Total particulate trace metal concentrations
are reported as the labile + refractory trace metal pools. Trace
metal levels in all the particulate and dissolved pools were
quantified by ICPMS using external calibration curves and an
internal indium standard.

Phytoplankton Metal Internalization Experiments.
Axenic cultures of a Synechococcus sp. CC9311, a strain isolated
from the California current, were grown in filtered, amended
SCB seawater (collected using trace metal clean techniques
from the San Pedro Oceanographic Times Series station
(SPOTS) during November 2009) in acid washed polycar-
bonate containers at 18 °C at a 12/12 light cycle of 100 μmol
photons m−2 s−1. The SCB media was microwave sterilized,22

pH adjusted to 8.0−8.2 with sodium hydroxide, and amended
with N and P (final concentrations: 8.0 × 10−4 M Optima grade
nitric acid and 5.0 × 10−5 M phosphoric acid).
Cultures were acclimated to the modified SCB seawater

media for 3 transfers prior to transfer to 2 L experimental
vessels. The purity of the cultures was confirmed at each time
point via examination of DAPI (4′,6-diamidino-2-phenylindole)
stained aliquots using a Zeiss Axiostar epifluorescent micro-
scope and subsample addition to Marine Purity Broth.23 Cell
growth was estimated through microscopic examination and
flow cytometry at each time sampling point. For flow cytometry
(FC), samples were fixed with a final concentration of 0.1%
formalin prior to analysis and run along with an internal
standard of BD on a FACSCalibur Flow Cytometer. FC results
were analyzed using the CellQuest software (BD Biosciences).
Trace metals internalization experiments were performed in 2 L
acid washed polycarbonate bottles that were amended with
bioactive (nutrient and toxic) trace metals at concentrations
approximately 5× the dissolved concentrations found at near-
effluent discharge stations in the Palos Verdes area during
February 2009 (0.5 nM Al, 15 nM Ni, 10 nM Cu, 0.05 nM Ag,
1 nM Cd, 0.3 nM Pb, 595 nM Mo, 1 nM Co, 15 nM Zn, and 15
nM Fe). Amended and control cultures were filtered down at 0,
3, 6, 12, 24, and 48 h after trace metal additions. At each time
point, 50 mL aliquots were filtered onto acid-washed 0.45 μm
polycarbonate filters for total metal and intracellular metal
concentrations. The intracellular pool was determined using the
oxalate wash procedure.24,25 Trace metals were extracted with
heated acid digestions in sealed Teflon vessels containing
Optima grade nitric and hydrochloric acids. Trace metal
analysis of digested solutions was performed by ICPMS as
described above. Trace metal detection limits and procedural
blanks can be found in the Supporting Information.

■ RESULTS AND DISCUSSION
Spatial Distribution of Particulate Trace Metals. Actual

metal concentrations in the dissolved, particulate and intra-
cellular pools as well as other ancillary parameters are presented
in the Supporting Information. Geographical distribution of Zn,
Fe, Co, and V (in our study area) were similar to those
observed for Cu and Pb (Figure S2 Supporting Information).
Spatial distribution of particulate Cu, Co, Fe, V, and Zn suggest
that point sources and stormwater runoff were likely

Figure 1. Map of SCB sampling sites with potential sources of metal
input indicated with arrows. Sampling locations are identified using the
station numbers of the Los Angeles County Sanitation District and the
City of Los Angeles Sanitation District monitoring programs. Map was
generated using Ocean Data View.18
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contributors of particulate metals to the coastal ocean off Los
Angeles during our sampling. This is indicated by high
concentrations of these metals measured in the vicinity of the
San Gabriel River (7.7 nM Cu, 1.9 nM Co, 8.5 nM Fe, 23 nM
V, and 19 nM Zn), the Los Angeles River/Long Beach Port
area (9.5 nM Cu, 2 nM Co, 8.2 nM Fe, 26 nM V, and 19 nM
Zn), north of the HTP outfall (6 nM Cu, 610 pM Co, 3.2 nM
Fe, 9.2 nM V, and 16 nM Zn), and near the JWPCP outfall at
White Point (6.7 nM Cu, 1.6 nM Co, 8.3 nM Fe, 25 nM V, and
15 nM Zn). Particulate Ba levels were elevated in the White
Point and Los Angeles River/Port of Long Beach areas (mean
118 ± 6 nM) (Figure 2) suggesting a potential contribution
from vehicle emissions26 or from oil contamination27 to the
ambient metal load in these regions. In contrast to the other
metals, particulate Cd showed a different distribution with
levels being fairly uniform throughout the sampling area with
the highest levels (400−200 pM) observed off the coast of
Malibu, potentially due to differences in the point sources of
particulate Cd (Figure 2).
Although the high levels of metals near to effluent inputs are

not totally unexpected due to the large volume of water being
discharged into the area, their presence in areas up the coast
from the HTP outfall suggests a potential horizontal/vertical
transport of effluent particles in the coastal regions of Santa
Monica Bay. The high levels of particulate Al detected near the
San Gabriel River (1.2 nM) and Los Angeles River (670 nM)
suggest that the metals in those regions could be from
terrigenous sources. We cannot rule out other sources such as
atmospheric deposition which has been shown to be an
important source of some particulate metals (e.g., Cu) to the

region.28 However, high concentrations of sewage-tracer
dissolved Ag29 (Figure 5) near the river locations might
suggest that the ultimate source of these riverine metals are
from upriver discharges from water reclamation plants,
National Pollutant Discharge Elimination Systems, power
plants discharge, and/or storm drains.30,31

Temporal Gradients in Particulate Metals. A compar-
ison between the levels of particulate trace metals measured in
February 2009 samples and those measured in the same vicinity
in February 1976 by Bruland and Franks (1978)17 shows that
the overall levels of particulate metals has been largely reduced.
Specifically, concentrations measured in samples collected near
the JWPCP outfall and HTP outfalls have declined ∼400-fold
for Cd and Cu, ∼100-fold for Pb and V, ∼50 fold for Ni, and
∼10-fold for Zn and Ba relative to 1976 (Figure 3A). Similar
reductions were observed when comparing the concentrations
measured at the near-shore stations (noneffluent discharge
stations located anterior to the inner basin in 197617 and the
2009 samples closest to those stations (Figure S1 Supporting
Information) between 1976 and 2009 (∼60-fold decrease in
Cu, a ∼30-fold decrease in Cd, Pb, and Zn, and a ∼6-fold
decrease in Ni and V). This metal concentration decline is
consistent with reductions in mass discharges from the large
treatment plants into the SCB (from 1,184 × 109 L per year in
197632 to 1,402 × 109 L per year in 200933). The exception to
this temporal trend was Ba concentrations, which, on average,
were ∼1.5 times higher in 2009 at our near-shore stations,
potentially due to their inclusion in antifouling paints and
association with processed gasoline.26,27,34

Figure 2. Concentration gradient maps of particulate Cd, Cu, Ba, and Pb measured in February 2009 in the SCB. The metal concentration range is
indicated with the different colors. Maps were generated using Ocean Data View.18
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The overall characteristics of the particulate trace metals in
surface water samples remained largely unchanged with the
average percent labile particulate metals being lower in 1976
but within the same range (97% labile Cd in 1976 vs 91% ± 20
labile Cd in 2009; 38% labile Cu in 1976 vs 52% ± 30 labile Cu
in 2009; 61% labile Pb in 1976 vs 76% ± 26 labile Pb in 2009;
62% labile Zn in 1976 vs 54% ± 29 labile Zn in 2009; 64%
labile Ba in 1976 vs 42% ± 27 labile Ba in 2009; 67% labile V in
1976 vs 45% ± 27 labile V in 2009) with the exception of Ni
which had a lower average percentage of labile particulates in
2009 (57% labile Ni in 1976 vs 27% ± 25 labile Ni in 2009).
The reduction in particulate metal levels observed in the last

33 years in the coastal ocean off Los Angeles is not due to
improvements in sample collections and/or analytical protocols
as both sets of samples were collected and analyzed using
similar protocols. Furthermore, to reduce the seasonal and
spatial variability, both sampling campaigns took place in
February (1976 and 2009) at the same locations or within the
vicinity of each other.
Potential Sources of Particulate Trace Metals. The

source of particulate Cu, Ni, Zn, Ba, Cd, Pb, and Ba appears to
be primarily from anthropogenic sources. This is based on an
enrichment factor analysis (EF) in which metal concentrations
are normalized using the equation [Metal]/[Fe]sample/[Metal]/
[Fe]crust where [Metal]/[Fe]sample represent the concentration
of the metal of interest and Fe in the particulate surface water
sample and [Metal]/[Fe]crust represent the average concen-

tration of the metal of interest and Fe in the crust.1,2 EF
analysis has been shown to be a successful indicator of
anthropogenic sources of metals in particulate matter.36−39

In this analysis, enrichment factors were highest for Pb and
decreased on average as Pb > Cd > Ba > Zn > V > Ni > Cu >
Fe > Co (Figure 3B). The most highly enriched particulate
metals were Pb and Cd, which had ratios of, on average, ∼4 and
∼2 orders of magnitude above crustal levels, respectively. Both
Cd and Pb have shown elevated enrichment factors relative to
other metals and have been therefore implicated as having
anthropogenic sources.38,40 Cu, another particulate trace metal
of interest due to its known toxicity to picoplankton and
association with antifouling paint,6,34,41 had enrichment factors
∼1−2 orders of magnitude above crustal levels in stations near
the Port of Long Beach and the San Gabriel and Los Angeles
rivers. The elevated enrichment factor of Ba also suggests an
anthropogenic source of this particulate metal, while the lower
EFs for the remaining metals indicates that these metals are
likely to have primarily natural sources. Further research will be
required to definitively link the distribution of these metals to
specific sources and calculate realistic mass balance estimates
for the SCB.

Distribution of Dissolved Trace Metals. Variations in
water circulation patterns within the SCB and stormwater
runoff and sewage are likely to be major factors affecting the
distribution of dissolved trace metals in the Los Angeles area.
The major point sources influencing metal levels in the
February 2009 cruise appear to be the San Gabriel River as
elevated levels of Ag (13 pM), Cu (5 nM), Cd (210 pM), and
Pb (100 pM) were all detected near the river outflow (Figure
4). Mean and median concentrations for dissolved metals for
that cruise (mean ± standard deviation/median) were Ag, 6.8
± 3.6 pM/6.3 pM; Cu, 1.4 ± 0.9 nM/1.1 nM; Cd, 120 ± 31
pM/118 pM; and Pb, 43 ± 18 pM/37 pM. To a lesser extent,
relatively high levels (∼12 pM) of sewage-tracer Ag29 were also
measured in the vicinity of the JWPCP and HTP effluent
discharge outfalls (Figure 4). The elevated levels of Ag in these
areas (San Gabriel River outflow and near JWPCP and HTP’s
outfalls) suggest that some effluent discharge reached the
surface waters of these locations.
In contrast to the geographic patterns observed in February,

relatively high dissolved metal concentrations in September
were observed at stations located north of the Palos Verdes
Peninsula (4 nM Ni; 49 nM V; 169 nM Mo; 172 pM Co; 7 pM
Ag,) and off of Point Dume (252 pM Cd; 12 nM Fe) (Figure 5
and Figure S4 in the Supporting Information). The mean and
median dissolved concentrations of these metals in September
2009 (mean ± standard deviation/median) were Ni, 2.0 ± 0.5
nM/2.0 nM; V, 20 ± 6.8 nM/19 nM; Mo, 67 ± 22 nM/64 nM;
Co, 66 ± 34 pM/55 pM; and Ag, 2.9 ± 1.3 pM/2.6 pM.
Coastal currents and upwelling events could potentially explain
the seasonal variations observed for some metals such as Cd,
Co, Ni, Mo, V, and Fe that are strongly influenced by
circulation patterns, seasonal nutrient distributions, and bio-
logical activity.46−50 As the February sampling was carried out
during the rainy season (2.15−3.65 in. of precipitation
measured at Santa Monica and Palos Verdes during the week
of our cruise),42 differences in metal concentrations and
distributions are also likely to be related to variations in river
inputs (mean discharge from the San Gabriel River of 0.067 ft3/
s in February 2009 vs 0.0 ft3/s in September 2009)43 and
stormwater runoff, which are potentially large source of heavy
metals to the SCB.1,44,45

Figure 3. (A) Particulate metal concentrations measured at the near-
effluent outflow stations in February 1976 (black bars) and February
2009 (gray bars). The1976 values are mean values obtained at stations
443 (surface sample) and 361 (10 m off the bottom).17 The 2009
concentrations are mean ± standard deviation from stations 2802,
2903, and 3504 (Figure 1). The location of the 2009 stations was
selected based on their proximity to 1976 stations. Station coordinates
are available in the Supporting Information. (B) Box-plots of the
enrichment factors (EF) for particulate metals calculated for all
February 2009 stations. The dashed line represents the EF 1 order of
magnitude above what is considered crustal levels.35,36
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In addition to point sources, desorption from suspended
particles also appears to be an important process influencing
the concentration of some dissolved metals in the coastal ocean
off Los Angeles. This is evidenced by significant correlations
between the dissolved and the labile particulate pool for Cu and
Pb (Figure S3 Supporting Information). Pb had the highest
overall association between dissolved and labile pools (r2 =
0.61, all stations) with stations having high particulate Pb values
showing a stronger association (r2 = 0.92, stations with
particulates ≥4.6 nM Pb) (Figure S3B Supporting Informa-
tion). Cu also showed an association with 17 out of 29 stations
occurring within a 95% confidence interval of a linear
regression (r2= 0.37; Figure S3A Supporting Information).
These associations indicate that surface desorption from

suspended particulates may be a source of dissolved Cu and
Pb. This trend was not seen for other trace metals including
Cd, which had virtually no association between labile and
dissolved pools despite nearly 100% of Cd particulates being
labile in nature (Table S2 Supporting Information). The
sources of these particulate trace metals in the SCB have
primarily been associated with antifouling paint for Cu and
stormwater runoff and remobilization from sediments con-
taminated with Pb before the elimination of unleaded gasoline.
Deposition of Cu and Pb into the SCB has resulted in
enrichment of these metals in approximately 20% of the SCB
area with metals loads being especially high in some coastal
regions such as the Palos Verdes Shelf, harbors, and
industrialized port areas.8

Figure 4. Concentration gradient maps of dissolved Ag, Cu, and Cd measured in February and September 2009 in the SCB. The metal
concentration range is indicated with the different colors. Maps were generated using Ocean Data View.18
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Temporal Gradients in Dissolved Trace Metals in the
SCB Surface Waters. A comparison of dissolved metal
concentrations measured in this study with those measured in
1989 in the SCB29,47,51,52 suggests that median metals levels in
surface waters of the Bight have declined in general by a factor
of 2 for Ni, Cu, and Cd and by a factor of 3 for Ag, Co, and Pb
(Figure 5). Specifically, compared to the concentrations of trace
metals measured in the SCB 20 years ago, average values are
slightly lower for Cd, Cu, Ni, Ag, and Pb in 2009 (158 ± 15 pM
Cd in 1989 vs 134 ± 36 nM in 2009; 2.4 ± 0.4 nM Cu in 1989
vs 1.3 ± 0.7 in 2009; 16 ± pM Ag in 1989 vs 5 ± 3 pM in
2009).
The range of dissolved metal concentrations measured in

2009 off Los Angeles (1.2 pM − 13 pM Ag; 0.6 nM − 5 nM
Cu; 93 pM − 252 pM Cd; 1.2 nM − 4.3 nM Ni) were
comparable and not significantly different than the concen-
trations measure in the unpopulated area in Punta Banda,
Mexico, used as a “control” uncontaminated region (Figure 4).
In fact, dissolved Cd and Fe were slightly higher on average in
Punta Banda (Cd 134 ± 36 nM in Los Angeles and 489 ± 118
nM in Punta Banda; Fe 1.2 ± 2.3 nM in Los Angeles and 4.1 ±
2.1 nM in Punta Banda). The higher levels of these metals in
the Punta Banda area are most likely the result of strong
upwelling that occurs on the shelf of the Baja California
Peninsula.52,53

The Case of Lead. Our analysis of particulate and dissolved
Pb concentrations in the coastal ocean off Los Angeles suggests
that surface water contamination of this toxic metal has been
reduced since the elimination of leaded gasoline and shows
continuing decreases relative to previous measurements
performed in the late 1980s. Dissolved Pb concentrations

were last measured in this region in 1989 when Sañudo-
Wilhelmy and Flegal (1994)51 reported a 3-fold decrease in Pb
concentrations compared to the 1970s.54,55 February 2009
samples were within a similar range of near shore SCB samples
collected in 1989 (mean 77 pM ± 45 in 1989 compared to
mean 43 pM ± 18 in February 2009). In contrast, September
2009 samples were markedly lower with 19/26 stations having
dissolved Pb concentrations below our detection limit of 8 pM.
Pb concentrations had the largest difference between the two
sampling months of all measured trace metals, potentially due
to the strong association of this trace element with surface
runoff, oceanic advection, and particle scavenging.51,55 While
the dissolved levels of Pb have been significantly lowered, the
legacy of Pb enriched particles from previous aeolian deposits
and wastewater discharge can result in periodic pulses of
dissolved Pb from desorption from suspended particulates
(Figure 2, Figure S3 Supporting Information) introduced to the
water column by stormwater runoff and sediments resuspen-
sion. The elevated Pb levels measured near the San Gabriel
River outfall in the February 2009 samples support the
aforementioned mechanism.

Rapid Internalization of Trace Metals in Synechococ-
cus sp. CC9311. Trace metal additions to axenic cultures of
Synechococcus sp. CC9311 resulted in an increase in internal
metal concentrations on average after 3 h of exposure for Cd
(+16%), Co (+55%), Fe (+26%), Ni (+15%), Mo (+38%), Cu
(+29%), and Pb (+45%) suggesting that many toxic metals can
be introduced into the food chain within one tidal cycle (Figure
6). Internalization continued through the 6-h time point for Cd
(+28%), Ag (+31%), Co (+60%), Fe (+58%), Ni (+59%), Mo
(+49%), Cu (+58%), and Pb (+62%) with internalization of Pb

Figure 5. Box-plots of dissolved Cu, Ag, Pb, and Cu concentrations measured in the SCB in 1989 and in 2009 and in Punta Banda, Mexico. SCB
1989 concentrations were measured at near shore stations from Point Loma, Coronado, Imperial Beach, and the US-Mexico Border.29,47,51,52 SCB
2009 values are all the metal concentrations measured in February and September 2009 in our area of study. Punta Banda concentrations include all
the measurements in samples collected every 2 weeks from March 2004−April 2005 (Supporting Information). The arrows identify specific locations
or oceanographic processes where or when the metal concentrations were significantly higher.
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and Co continuing for 12 h (+77% for Pb and +78% for Co).
Al and Zn were not internalized during the course of the
experiment. The exposure to the metal spike resulted in
mortality of Synechococcus sp. after 48 h of exposure. While the
culture media may have had a lower concentration of dissolved
organic carbon (DOC) that could influence metal toxicity due
to organic complexation, we do not expect this to bias our
results as the majority of the metals used in our study are not
strongly chelated by DOC (e.g., Ag, Cd, Ni, Pb). Furthermore,
we used low nanomolar additions during our experiments,
already lower than the micromolar concentrations usually used
in this type of bioassay. The rapid internalization of these
metals in Synechococcus sp. indicates that even small inputs of
these metals into the marine environment can result in
biological uptake that has the potential for subsequent transfer
up in the food web and thus highlights the importance in
controlling toxic metal contamination.
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July 23, 2012     Sent via email to LAMS42012@waterboards.ca.gov  

Renee Purdy, Regional Program Section Chief 
Los Angeles Regional Water Quality Control Board 
320 4th Street, Suite 210 
Los Angeles, CA 90013 

 
rpurdy@waterboards.ca.gov  

RE:  City of Malibu Comments – Tentative Order No. R4-2012-XXXX, NPDES Permit No. 
CAS004001, Waste Discharge Requirements for Municipal Separate Storm Sewer System 
(MS4) Discharges within the Los Angeles County Flood Control District 

Dear Ms. Purdy: 

The City of Malibu thanks the Los Angeles Regional Water Quality Control Board and staff 
(Regional Board) for allowing the opportunity to review and comment on the subject proposed 
tentative order municipal stormwater permit for the Los Angeles region (Permit). The ongoing 
dialogue, workshops and public comment periods that were provided were much appreciated.  
However, it is important to note that the 45-day review period provided was inadequate for the level 
of review necessary for a permit of such critical importance. Local stormwater managers have an 
obligation to inform other municipal departments, legal counsel, city management and elected 
officials of the fiscal impact of this draft order.  The 45-day review period does not afford adequate 
time to properly evaluate the Permit, assess its financial, legal and resource implications, and inform 
city management and elected officials.  Additionally, many small permittee cities (like Malibu) have 
small staffs, often with only one staff member available to function on stormwater permit 
administration. So, while the Regional Board has provided opportunities for comment and public 
workshops on some preliminary sections of the Permit, these activities were not going on in 
isolation.  In the past few months, one staff member has also been responsible for preparing 
significant technical comments on the recent TMDL reopeners and responding to the Regional 
Board’s Request for Information on alleged bacterial exceedances, while also preparing the City’s 
annual stormwater reports, which are due September 4, 2012 (two days before this proposed 
hearing).  While the City appreciates the access and opportunity that Board staff provided to the 
permittees during the time that this draft permit was under development, and the opportunity to 
provide input, significant issues remain unresolved and many more have become evident now that 
this draft permit has been released in its entirety.  A 45-day review period for a 500-page permit is 
hardly adequate and has not provided us enough time to fully review and digest all the interrelated 
parts of this permit, consider the implications and costs of the proposal and provide complete and 
comprehensive comments.   
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The City joined the Los Angeles Permit Group’s (LA Permit Group) letter dated July 2, 2012 
requesting an extension to the review period. The City was disappointed to hear the extension was 
not granted.  The City therefore reiterates its request for additional time and urges the Regional 
Board to review the comments provided by all of the permittees, issue a revised draft permit, and 
accept additional comments on the revised draft before adopting a final permit. The costs are too 
high to rush through this process with so many questions left unanswered.  

The City of Malibu, as a participant in the LA Permit Group, supports and joins in the LA Permit 
Group’s letter reviewed by the City that is to be submitted by the LA Permit Group today, July 23, 
2012, and incorporates those comments herein by reference. Those comments are a balanced 
compromise of the various permittees’ views and are representative of the collective concerns of the 
permittees.  The negotiations and consensus building within that group have been vital to this 
process and yield workable recommendations for this complex permit.  The City encourages the 
Regional Board to consider the comments in that letter and adjust the proposed permit language 
accordingly.  The City of Malibu would also like to emphasize the following additional comments: 

1. The Receiving Waters Limitation language must be amended 

The Receiving Water Limitations language, beginning on page 37 at Section V, must be 
amended.  As written, the City can be deemed in violation of the Permit and vulnerable to 
costly citizen suits, even if it is acting in good faith to do everything in its power to correct 
exceedances.  Stated differently, even though the Regional Board requires cities to 
implement an iterative process to improve BMPs to address exceedances, the City is still in 
violation of the Permit during the iterative process. This was a serious defect in the last 
permit and it has not been remedied in this draft.    

Previously, municipal stormwater permittees had understood that the receiving water 
limitations language, in conjunction with Board Policy (WQ 99-05), established an iterative, 
adaptive management approach as a basis for permit compliance.  However, since the Permit 
language does not actually say that the permittee is in compliance while engaging in the 
adaptive management process, a federal court has determined that the permit violation still 
exists while the permittee is taking actions to address the problem.   

On July 13, 2011, the Ninth Circuit Court of Appeals in NRDC vs. County of Los Angeles / 
Los Angeles County Flood Control District found that the Defendant County had violated 
the Receiving Water Limitations, despite its compliance with the adaptive management 
process. The Court said that the obligation to not cause or contribute to violations of 
receiving water limitations is separate and distinct from the obligation to participate in 
adaptive management. Thus, a municipality is in violation of the Permit if its discharges 
cause or contribute to an exceedance of a water quality standard, even while improving its 
management practices and control measures. This is a fundamental change in interpretation 
of policy. The Court’s decision also contrasts sharply with the Board’s own understanding, 
as expressed in a 2002 letter from then-Chair Diamond answering questions about the 2001 
MS4 Permit in which she articulated the collective understanding that a violation of the 
permit would occur only when a municipality fails to engage in a good faith effort to 
implement the iterative process to correct the harm. 
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An MS4 permittee should not automatically be in violation of the Permit if there is an 
exceedance; the exceedance may not have even been caused from an MS4 discharge. The 
Permit must acknowledge that MS4 discharges are not the only source of pollutants in the 
water and regulate accordingly. If monitoring demonstrates that a particular compliance 
strategy is not working, through no fault of the discharger, then the discharger must have 
time to identify and implement a new strategy before being held liable for water quality 
alterations that may be beyond its control.  

To address this problem, the City recommends that the proposed CASQA language 
submitted by the LA Permit Group be used in lieu of the current language. This language 
resolves the problems listed above because it explicitly provides that if a permittee is found 
to have discharges from its MS4 causing or contributing to an exceedance of an applicable 
water quality standard or causing a condition of nuisance in the receiving water, the 
permittee shall be deemed in compliance with the discharge prohibitions while it undertakes 
its adaptive management strategies, unless it fails to report and implement its compliance 
strategy. 

2. Section I Table 2. Facility Information 

Please modify the City’s Facility Contact Name and Email to: Jennifer Brown, 
jbrown@malibucity.org, and the City Hall address to 23825 Stuart Ranch Road, Malibu, CA 
90265.   

3. Section III.A.2.a.ii. Conditional Exemptions from Non-Storm Water Discharge 
Prohibition on Pg. 28 Footnote 10  

This footnote states that, “Permittees shall require that the following information is 
maintained by the water suppliers …” The City requests that this requirement be deleted.  
The City has no authority over the Water District. Such a requirement is more appropriately 
placed on water providers by the State. Further, the Permit should not place requirements in 
footnotes, which are meant for clarifications, citations and references applicable to the main 
text. If the requirement is not deleted, the requirement must be properly placed within the 
Permit requirements in the text of the page. 

4. Section III.A.4.f. Permittee Requirements on Pg. 31  

This condition prohibits discharge “from” MS4.  This language should be changed to “to” in 
order to keep it consistent with Part III.A.4.d.i. 

5. Section III.A.5 on Pg. 31   

This condition regarding conditionally exempt non-stormwater discharges causing 
exceedances states, “[s]uch demonstration must be based on source specific water quality 
monitoring data from the authorized or conditionally exempt essential non-storm water 
discharge and other relevant information regarding the specific non-storm water discharge.” 
The conjunction should be changed to “or” rather than “and.”  It is also unreasonable to 
require monitoring from every conditionally-exempt discharge.  Further, given that most 
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exceedances of receiving water limitations are discovered after at least a day, it is not 
possible to obtain a simultaneous sample from a conditionally exempt essential non-storm 
discharge.  Therefore, a requirement for a permittee to provide water quality monitoring data 
from a past discharge to prove it is not in violation is an impossible task and sets  permittees 
up to fail. 

6. Table 8, footnote 20 on Pg. 33   

The requirement states, “Permittees shall require that the following information is 
maintained by the lake owner / operator…” It is not clear which permittee is responsible: the 
one whose MS4 discharge first enters or the one from where the discharge originates.   
Again, the permit should not have requirements in footnotes.  Footnotes are meant for 
clarifications, citations and references applicable to the main text.  Please clarify the 
requirement and remove it from the footnotes. 

7. Section V.A.3 Receiving Water Limitations on Pg. 37 and VI.D. Storm Water 
Management Program (SWMP) Minimum Control Measures on Pg. 56 

This appears to be a new requirement for a Storm Water Management Program. It is not 
clear if this is a substitution of the prior/current municipal permit’s Stormwater Quality 
Management Program (SQMP).  Does this SWMP replace SQMP? It is not clear why the 
Regional Board would eliminate an established program. Further, it is not clear whether this 
program is supposed to address all potential discharges to the MS4. The name seems to 
imply that it only applies to wet weather, thereby leaving permittees liable for non-storm 
discharges if  a program is not in place to address non-storm discharges to the MS4. If this 
program requirement is intended to address more than stormwater, the City suggests that the 
name be changed to something more suitable and inclusive, such as Water Protection 
Program, Runoff Management Program or another more appropriate title. 

8. Section VI A.2.a Provisions/Legal Authority on Pg. 38 and Pg. 39  

The provisions require a permittee to: “Control the contribution of pollutants to its MS4 
from storm water discharges associated with industrial and construction activity and control 
the quality of storm water discharged from industrial and construction sites.” This 
requirement is stated in the context of those sites that do and do not have state coverage 
under an NPDES permit.  Those sites which are subject to a State permit should be regulated 
by the State.  It is not the local permittee’s responsibility to enforce all conditions of the 
industrial or construction site’s statewide NPDES permit. Such enforcement is the 
responsibility of the State Water Board as the issuer of said permit.   

9. Section VI.A.2.a.viii Legal Authority on Pg. 39 

It is not clear how the Regional Board expects permittees to “Control of the contribution of 
pollutants from one portion of the shared MS4 to another portion of the MS4 through 
interagency agreements with other owners of the MS4 such as the State of California 
Department of Transportation.” Please provide examples of interagency agreements that 
would be applicable and effective to meet this requirement.  Additionally, there is minimal 
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infrastructure in much of Malibu and the City does not own or operate an extensive or 
modern system of curb and gutter, drainage pipes or flood control channels. In Malibu, there 
are approximately 232 total catch basins/culverts that the City maintains (cleans and marks 
with a “No Dumping” message) and there are no open channels in Malibu’s MS4 and only a 
few small channels inside the City limits that are fully Los Angeles County Flood Control 
District’s (LACFCD) MS4. The City has approximately 21,755 feet of closed storm drain.  
Despite having other agencies own portions of the MS4 in Malibu, the system is unlike most 
areas of Los Angeles County (where there is an elaborate system of co-mingled drains 
winding through multiple jurisdictions throughout the countywide MS4).  Therefore, the 
City fails to grasp the importance of interagency agreements for all permittees and finds it to 
be an excessive requirement.  Sometimes, the “one size fits all” approach does not fit for all 
requirements.  Instead, this provision should be changed to suggest that permittees consider 
adopting interagency agreements where necessary to establish responsibilities when an MS4 
is substantially shared by multiple agencies. 

10. Legal Authority Section VI.A.2.a.vii and VI.A.2.a.viii on Pg. 39 

In section VI.A.2.a.vii, the draft permit states that [permittees shall] "control the 
contribution of pollutants from one portion of the shared MS4 to another portion of the MS4 
through interagency agreements among Co-permittees." The intent and scope of this 
provision is not clear.  For example, it is not clear which permittees or which portions of the 
MS4 this is intended to cover.  Please clarify what a “Shared MS4” means, as that is not a 
defined term.  Additionally, if you can please provide some clarification as to what this 
provision is attempting to accomplish, permittees will be better able understand if they have 
the legal authority to comply with this mandate. Without additional information, it is 
difficult to determine the scope of this proposed requirement.    

11. Legal Authority Section VI.A.2.a.ix  Legal Authority on Pg. 39  

The following requirement is vague and unclear:    

“Carry out all inspections, surveillance, and monitoring procedures necessary 
to determine compliance and noncompliance with applicable municipal 
ordinances, permits, contracts and orders, and with the provisions of this 
Order, including the prohibition of non-storm water discharges into the MS4 
and receiving waters. This means the permittee must have authority to enter, 
monitor, inspect, take measurements, review and copy records, and require 
regular reports from entities discharging into its MS4…” 

Typically, the City obtains authority to enter private property by either a) receiving consent 
of the owner to enter the property to carry out inspections etc, or b) obtaining an inspection 
warrant from the court by providing sufficient evidence why an inspection warrant is 
required.  Please clarify the scope of the legal authority for inspections that is being 
proposed in the permit.    
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12. Section VI.A.5.b Public Review on Pg. 41  

This provision states, “All documents submitted to the Regional Water Board Executive 
Officer for approval shall be made available to the public for a 30-day period to allow for 
public comment.” It is not clear whether the Regional Board or the permittee will be 
required to hold the 30-day public review of documents.  Please clarify this language. 

13. Section VI.A.6 Regional Water Board Review on Pg. 41  

It is imperative that this Permit add a condition providing that when a permittee submits a 
plan or program to the Regional Board for review to meet a condition of this Permit, the 
Regional Board shall notify an agency of approval, denial and reasons for denial, or provide 
a request for corrections for within 60 days, or else the plans shall be deemed automatically 
approved.  This condition is not unusual and, in fact, is a standard process with the 
California State Department of Fish and Game for applicants submitting an application for a 
streambed alteration agreement.  Failure of the Regional Board staff to provide responses 
and comments or approval after a permittee submits a mandatory plan or report leaves the 
permittee in a state of uncertainty as to how it should proceed under its permit obligations.   

14. Section VI.A.14.f. Enforcement on Pg. 44 

The Permit states: 

“Pursuant to California Water Code section 13385.1(d), for the purposes of 
section 13385.1 and subdivisions (h), (i), and (j) of section 13385, “effluent 
limitation” means a numeric restriction or a numerically expressed narrative 
restriction, on the quantity, discharge rate, concentration, or toxicity units of a 
pollutant or pollutants that may be discharged from an authorized location. An 
effluent limitation may be final or interim, and may be expressed as a 
prohibition. An effluent limitation, for these purposes, does not include a 
receiving water limitation, a compliance schedule, or a best management 
practice.”  

This definition on its face appears to be problematic.  Does use of this definition preclude a 
WQBEL (especially a narrative or non-numeric WQBEL) or BMP-based compliance? 
Please clarify how this term is being used and why “for these purposes” it does not include a 
receiving water limitation, a compliance schedule or a best management practice. 

15. Section VI.C.2.a.i. Watershed Management Programs Implementation Requirements 
Table 9 on Pg. 46  

This table provides unreasonably short timeframes. Six months is not enough time to 
prepare preliminary analyses and obtain necessary funding allocations to make a decision 
whether or not to participate in a Watershed Management Program.  Additionally, due to the 
complexity of the watersheds, the number of responsible agencies and numerous TMDLs, 
one year is a woefully short timeframe to develop an effective strategy, including any 
studies necessary to determine what actions to take to comply with these various regulations.  
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Permittees who are collaborating in good faith with other agencies may be set up for failure 
with these short timeframes. The timeframes must be extended and there must be an 
opportunity for an administrative extension for good cause.   

Additionally, the Table would probably be better placed at the end of this section, since it 
applies to all of the subsections and each condition already states each deadline. 

16. Section VI.D.2.a.iii Progressive Enforcement and Interagency Coordination on Pg. 57  

This condition does not state a retention policy for records, just that a permittee shall retain 
records.  How long does the Regional Board intend for a permittee to retain such records to 
comply with this requirement? Please clarify if there is a certain timeframe or if it just needs 
to be consistent with permittees’ existing policies. Permittees have formal records retention 
policies and must be put on notice to modify those policies if necessary to comply with the 
Permit.   

17. Section VI.D.5.c.ii.b. Educate Industrial / Commercial Sources on Pg. 63  

“Distribution of storm water pollution prevention educational materials to operators of … 
distributors of pesticides, herbicides and fertilizers, if present.” Please clarify what is meant 
by “if present.” 

18. Section VI.D.5.d.ii Inspect Critical Commercial Sources on Pg. 63 

The condition requires that:  “Each Permittee shall inspect all commercial facilities 
identified in Part VI.D.5.b.” Please specify “critical” for commercial sources inspections, 
just so there is no question of the intent of this requirement and so that it is not 
misinterpreted to be all commercial facilities 

Additionally, the Permit requires: “Each Permittee shall require implementation of 
additional BMPs where storm water from the MS4 discharges to a significant ecological 
area (SEA).”  It is not clear if the term SEA is the same as Environmentally Sensitive Area 
(ESA) from the previous/current permit or if it is a new designation.  It is mentioned several 
times throughout the Permit.  Please clarify. 

19. Section VI.D.5.e.i.2 Exclusion of Facilities Previously Inspected by the Regional Water 
Board on Pg. 64 

The City supports this condition; however, if the State is collecting fees annually for the 
purposes of permitting these Industrial Facilities subject to the General permit, then the State 
should, at a minimum, inspect such facilities at least two times during the permit term. 
Alternatively, if the State is collecting inspection fees, then the municipal permittees should 
be allowed to recoup inspection costs from the State.  Furthermore, it is imperative that the 
State promptly update the database to track its inspection of these facilities.  This was not 
done during the term of the last permit for the one (now terminated) facility subject to the 
general permit within the City of Malibu.  The City discovered that the State had indeed 
inspected, but only after the City conducted an inspection of the facility.  
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20. Section VI.D.5.e.ii.3 Scope of Mandatory Industrial Facility Inspections on Pg. 65 and 
VI.D.5.g Significant Ecological Areas (SEAs) on Pg. 66 

VI.D.5.e.ii.3  states: “The Permittees shall require implementation of additional BMPs 
where storm water from the MS4 discharges to an environmentally sensitive area, a water 
body subject to TMDL Provisions in Part VI.E, or a CWA § 303(d) listed impaired water 
body. Likewise, if the specified BMPs are not adequately protective of water quality 
standards, a Permittee may require additional site-specific controls.” This seems to be 
repetitive of VI.D.5.g., which deals directly with SEAs and states, “For critical sources that 
discharge to MS4s that discharge to SEAs, each Permittee shall require operators to 
implement additional pollutant-specific controls to reduce pollutants in storm water runoff 
that are causing or contributing to exceedances of water quality standards.” The City 
suggests deleting the repetitive language from VI. D.5.e.ii.3 and, instead, editing VI.D.5.g to 
be more inclusive.  

21. Section VI.D.6 Planning and Land Development on Pg. 66 

The City supports this program’s name change to Planning and Land Development Program 
as it more clearly defines the program. 

22. SectionVI.D.6.a.i.6 Purpose on Pg. 67 

Drainage of a structural BMP within 96 hours at the end of rainfall may not be practical. The 
drainage of the BMP will most likely be used for landscape irrigation. Within 96 hours at the 
end of a rain event, landscape irrigation may not be needed. Other measures, such as 
recirculation, should be considered to minimize the potential for the breeding of vectors. 

23. Section VI.D.6.c.i.2 New Development and Redevelopment Project Performance 
Criteria on Pg. 70 

The City would like to again emphasize that the onsite retention of the SWQDv, as stated in 
Section VI.D.6.c.i.2, will be physically impossible for many projects in Malibu due to high 
groundwater, geotechnical hazards and geologic instability, or where there are adjacent 
onsite wastewater treatment systems (OWTS).  With this requirement, offsite infiltration or 
bioretention most likely will be infeasible since onsite retention is almost impossible in 
many areas of the City.  In other words, there is no other place to put the water in certain 
areas because the same problematic groundwater and geologic conditions are widespread 
throughout the City.  Groundwater replenishment is definitely not an option in most areas, as 
the City does not have a viable aquifer due to geological conditions.  Retrofitting an existing 
developed site has limited options, as Malibu already has a high percentage of open and 
undeveloped space and existing developed space that is primarily low density and rural 
residential, and the City has few existing commercial properties.  The only feasible option 
left for the very limited number projects that are in the City, which are already heavily 
regulated by the City’s approved Local Coastal Plan, is the onsite biofiltration systems.  
However, requiring 1.5 times the SWQDv is excessive, arbitrarily assigned and without any 
substantiation that treating 1.5 the volume will significantly improve the water quality any 
more than a design using the SWQDv.  
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24. Section VI.D.6.c.ii.(2)(f) Alternative compliance for Technical Infeasibility or 
Opportunity for Regional Ground Water Replenishment on Pg. 71  

This section should include any dewatering wells that are used to reduce the geotechnical 
hazards. The City has several dewatering wells located throughout the City that are used to 
stabilize the hillsides and slopes and to mitigate landslide threats. These dewatering wells 
are used to avoid rising groundwater that could cause landslides and other geotechnical 
hazards. Allowing the replenishment of groundwater in these locations would increase the 
amount of dewatering beyond what the existing dewatering pumps can produce. This will 
cause instability in the existing geotechnical hazard area. Lastly, the groundwater would not 
be replenished in this area since the groundwater pumps would collect the water. 

25. Section VI.D.6.c.ii.(2) Alternative compliance for Technical Infeasibility or 
Opportunity for Regional Ground Water Replenishment on Pg. 71 

The City suggests adding a section indicating that it would be technically infeasible to 
replenish groundwater supply located adjacent to OWTS. 

26. Section VI.D.6.c.iii Alternative Compliance Measures on Pg. 71   

The Alternative Compliance Measures detailed (starting on page 71) leave projects in the 
City of Malibu with few alternatives. As previously explained, offsite infiltration or 
bioretention will rarely be an option. Additionally, groundwater recharge cannot be 
performed within the City due to high groundwater, geotechnical hazards and geologic 
instability or where there are adjacent OWTS. 

27. Section VI.D.6.c.iii.4.b Offsite Project - Retrofit Existing Development on Pg. 73  

The City requests that the Regional Board add a footnote to explain where to find definitions 
and acronyms for HUCs and also include the information in Attachment A – Definitions 
since this is a new and unfamiliar term in this Permit. 

28. Section VI.D.6.c.v.1.b Exemptions to Hydromodification Controls on Pg. 76   

This condition states, “Permittees may exempt the following New Development and 
Redevelopment projects from implementation of hydromodification controls where 
assessments of downstream channel conditions and proposed discharge hydrology indicate 
that adverse hydromodification effects to present and future beneficial uses of Natural 
Drainage Systems are unlikely.” Permittees have no means to determine what future 
beneficial uses may be, only what current beneficial use determinations have been 
established.  Please delete “and future.” 

29. Section VI.D.6.c.v.1.c Interim Hydromodification Control Criteria on Pg. 77  

Delete “until the State or Regional Water Board adopts a final Hydromodification Policy or 
criteria” as this language is redundant and is previously stated in VI.D.6.c.v.1.a.iv. 
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30. Section VI.D.6.c.vii Annual Report on Pg. 77 

The Permit requires: “Each Permittee shall provide in their annual report to the Regional 
Water Board a list of mitigation project descriptions and pollutant and flow reduction 
analyses (compiled from design specifications submitted by project applicants and approved 
by the Permittee(s)) comparing the expected aggregate results of alternative compliance 
projects to the results that would otherwise have been achieved by retaining on site the 
SWQDv.” It is not clear what the “mitigation project descriptions” includes.  Please clarify 
if this means all planning project applications, only those for which construction is 
completed or something else. Further, is this only meant for offsite projects or groundwater 
replenishment projects? 

31. Section VI.D.6d.iv.1.c.i. Tracking, Inspection, and Enforcement of Post-Construction 
BMPs on Pg. 82 

Please clarify if the “Post-construction BMP Maintenance Inspection checklist” is an item 
that will be provided by the Regional Board or if is an item that the permittees are required 
to develop.  

32. Section VI.D.7.d.i.3 Requirements for Construction Sites Less than One Acre on Pg. 84  

The Permit states: “Inspect construction sites on as needed based on the evaluation.” This 
needs rewording for clarity.  The City suggests, “as needed basis to evaluate the factors…” 

33. Section VI.D.7 e-j Construction Site Requirements from Pg. 84-91  

Despite C. Applicability stating, “[t]he provisions contained in Part VI.D.7.d below apply 
exclusively to construction sites less than 1 acre. Provisions contained in Part VI.D.7.e – j, 
apply exclusively to construction sites 1 acre or greater,” it is not clear in each individual 
condition, e through j, that this threshold applies. Please add language to these conditions 
that is more explicit in clarifying that it only applies to sites greater than one acre. 

34. Section VI.D.7.g.ii.5 Construction Site Inventory / Electronic Tracking System on Pg. 
85   

The Permit requires that: “[e]ach Permittee shall complete an inventory and continuously 
update as new sites are permitted and sites are completed,” and it specifies that the current 
construction phase shall be included in the tracking database. It is unrealistic to require 
permittees to continuously update and be completely current, given the uncertain nature of 
construction schedules, delays in construction due to financing and other problems, etc. At 
best, a permittee may only be able to say a project is active or closed.  Please either delete 
VI.D.7.g.ii.5 or revise it to say “where feasible.” 

35. Section VI.D.7.h.ii.5 Construction Plan Review and Approval Procedures on Pg. 86 

Requiring a Qualified SWPPP Developer (QSD) to prepare an ESCP is excessive, especially 
if the project is less than one acre.  The City suggests removing the requirement of a QSD to 
develop an ESCP. 
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36. Section VI.D.7.j.ii.2  Construction Site Inspection on Pg. 90  

The Permit requires that permittees “inspect all phases of construction.”  Please clarify that 
this condition applies only to sites greater than or equal to one acre, perhaps by renaming the 
section to Construction Site Inspection for Sites Equal to or Greater than One Acre or a 
similar title. 

37. Section VI.D.8.c Public Facility Inventory on Pg. 93   

The Permit requires that “Each Permittee shall maintain an updated inventory of all 
Permittee-owned or operated (i.e., public) facilities within its jurisdiction that are potential 
sources of storm water pollution.” There are many facilities owned by other agencies within 
the jurisdictional limits of another public agency (e.g., federal, state, county, school district, 
etc.), over which the permittee has no control over activities at the other agency’s facility. 
Please include language that requires those agencies that are also permittees under this 
permit to provide this information to the City or jurisdictional lead where the facility is 
located. Additionally, please include language that would exempt facilities from the 
inventory requirement where the permittee city does not have authority over the agency and 
its facility and cannot require submittal of documentation. 

38. Section VI.D.8.d.iv.1 Inventory of Existing Development for Retrofitting Opportunities 
on Pg. 95 

The Permit states, “The Permittee’s storm water management program: Highly feasible 
projects expected to benefit water quality should be given a high priority to implement 
source control and treatment control BMPs in a Permittee’s SQMP.”  However, SQMP is 
not defined and seems to not be used anywhere else in the draft permit.  The City assumes 
that the Regional Board intended to write SWMP.  Please correct and clarify. 

39. Section VI.D.8.g.ii Landscape, Park, and Recreational Facilities Management on Pg. 95  

This section includes a description of “Integrated Pest Management.”  This definition is 
more appropriately placed in Attachment A – Definitions and as a footnote. The City 
suggests moving this information to where it is more appropriate. 

40. Section VI.D.8.h.vi.4 Catch Basin Labels and Open Channel Signage on Pg. 102  

This section details signage requirements for drainage facilities.  This requirement must be 
revised to explain that it only applies to facilities owned or operated by the Permittee.  

41. Section VI.D.8.h.vii Storm Drain Maintenance on Pg. 102 

This section, placing requirements for installing trash excluders within two years on catch 
basins not subject to a Trash TMDL, is excessive and may constitute an unfunded mandate. 
Therefore, the City requests that this requirement be deleted. As written, it seems to offer 
alternate options; however, this level of effort is not warranted if a trash problem has not 
been shown.  Please add language that specifies this applies only to those areas deemed 
Priority A and owned or operated by the permittee. 
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42. Section VI.D.8.h.x.3 Permittee Owned Treatment Control BMPs on Pg. 102 

“Residual water” needs to be added to definitions, as stated in the footnote. 

43. Section VI.D.9.c.iv Documentation on Pg. 108 

This section states, “Formal records must be maintained,” but does not specify the records 
retention schedule.  Does the Regional Board determine this timeframe or does each agency 
follow its own policy?  Please clarify. 

44. Section VI.D.9.d.iii Public Reporting of Non-Storm Water Discharges and Spills on Pg. 
109 

The Permit states, “Each Permittee shall ensure that signage adjacent to open channels, as 
required in Part F.8.h.vi, include information regarding dumping prohibitions and public 
reporting of illicit discharges.” This section needs to specify “Permittee-owned” open 
channels.  It would also, however, be acceptable to instead “suggest collaborating with 
owner to ensure …” 

45. Section VI.D.9.f.v Illicit Connection and Illicit Discharge Education and Training  on 
Pg. 110 

Clarify that new “targeted” permittee staff members, as identified in Section VI.D.9.f.i, will 
receive IC/ID training. While Malibu trains as many staff members as possible (regardless 
of their position), the Permit, as currently written, still would mandate that all new 
employees need this training. 

46. Section VI.E.2.c.iii Receiving Water Limitations Addressed by a TMDL on Pg. 113   

This section states, “it is not the Regional Water Board's intention to take an enforcement 
action for violations of Part V.A. of this Order for the specific pollutant(s) addressed in the 
TSO.” Although the Regional Board does not intend to take enforcement action if the 
permittee is in compliance with the TSO, submittal of a TSO and implementing a 
compliance plan does not shield the City from citizen suits and may actually increase the 
risk of legal liability from citizen suits while the City is implementing its compliance 
schedule. This is a significant vulnerability that needs to be resolved.  Ultimately, this is the 
same issue raised with the Receiving Water Limitations language in the first comment in 
this letter.  

47. Section VI.E.3.c.iv.1 USEPA Established TMDLs and all VI.E.3 on Pg. 115 

Conditions for compliance with Section VI.E.2.e.i.1-3 should apply to show compliance 
with EPA-Established TMDLs. 
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48. Section VI.E.5.b.i.1.c Full Capture Systems Compliance on Pg. 118 

The language stating “… progressive installation of full capture systems throughout their 
jurisdictional areas until all areas draining to Lake Elizabeth, Malibu Creek, Ballona Creek, 
Machado Lake, the Los Angeles River system, Legg Lake, Peck Road Park Lake, and/or 
Echo Park Lake are addressed” needs to specify “all areas draining through a permittee 
owned point source.” 

49. Section VI.E.5.b.i.2.b on Pg. 119, Footnote 43 

Please clarify that it is a 30-day collection period since the footnote comes before the first 
mention of it. Suggest adding “30-day period as discussed further” to the condition. 

The following are comments on the Monitoring and Reporting Program (Attachment E): 

50. Section VIII.A.2 Criteria for selecting outfalls on Pg. E-17 

The City requests that the Regional Board add an item ‘f’ providing that: “The selected 
outfall(s) for monitoring should be owned by the permittee where feasible.”  

51. Section VIII.B Identification of Outfalls with Significant with Non-Storm Water 
Discharge on Pg. E-20  

Please delete the extra “with” in the title (after “Significant”). 

52. Section VIII on Pg. E-20   

The numbering is off in this section. Inventory of MS4 Outfalls with Non-Storm Water 
Discharges should be “C” not “D.”  Please revise. 

53. Section IX.A.2 Objectives of the Non-Storm Water Outfall Screening and Monitoring 
Program on page E-19  

The City reiterates the LA Permit Group’s Comment #32 in the Technical Comments for 
this Attachment that requests, “Include “natural flows” or “natural sources” as a potential 
source of non-storm water flow” in this section. 

54. Section XVII Watershed Summary Information on Pg. E-40 

The requested information shall be provided for each watershed within the permittees 
jurisdiction. Please clarify “watershed.”  Is this meant to be Watershed Management Area or 
subwatershed HUC-12? 

55. Section XVIII Annual Assessment Reporting on Pg. E-41 

Does this requirement apply to Watershed Management Area or subwatershed HUC-12? 
Please clarify. 
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56. Section Monitoring & Reporting Santa Monica Bay TMDL for DDTs and PCBs on Pg. E-
50  

This requirement is not justified. With respect to PCBs, the listing for Santa Monica Bay 
(Decision ID 5308 in the fact sheet supporting the State Water Board’s 2010 Integrated 
Report) states that the line of evidence (LOE) used to support the listing included data from 
samples taken at only two stations (at Santa Monica Pier and Venice Pier) in July and 
November of 1999.  That may not be indicative of all conditions along the entire coastline 
and impairments cannot be assumed without scientific support. The fact sheets for all of the 
individual beaches state that there are zero samples with zero exceedances, the data and 
information type is unspecified and the data used to support the listing is unspecified.  These 
sites may have been added as placeholders in 2002 based only on the listing of the Santa 
Monica Bay offshore and nearshore listing and without specific data to support the listing at 
each individual beach.  All of those listings which formed the basis for the TMDL should 
have been considered only after applying the current listing policy.  Furthermore, a load 
based TMDL is ineffective for these beaches when the manufacture of PCBs is prohibited 
and federal EPA is considering further regulatory actions to control the release of PCBs.   

Further, it is widely believed that the initial DDT impairments are due to historic violations 
by the Montrose Chemical Corporation (well outside limits of the northern Santa Monica 
Bay), and that area of the ocean is now being addressed by EPA as a CERCLA (Superfund) 
site. Additionally, other contaminants, like PCBs, are believed to be elevated near 
wastewater treatment plant outfalls.  “Contaminant inputs from wastewater discharge, a 
major source of contamination to Santa Monica Bay (SMB), have declined drastically 
during the last three decades as a result of improved treatment processes and better source 
control.”1  Also, “the widespread distributions of DDTs and PCBs in SMB and highly 
confined distribution of LABs [linear alkylbenzenes] around the HTP [Hyperion Treatment 
Plant] outfall system were indicative of a dispersal mechanism remobilizing historically 
deposited contaminants to areas relatively remote from the point of discharge.”2

It is troubling that this listing and TMDL exist based on a past Integrated Report placeholder 
with one LOE, but none of the data or information is available in the State’s database.  In 
association with the Bight 2008 study program, the City of Malibu commissioned a series of 
sample events in the coastal receiving waters in the North Santa Monica Bay.  Samples were 

   In other 
words, the sources or discharges of these contaminants seem to have dissipated and 
enforcing this TMDL upon agencies that had no evidence of causing or contributing to the 
water quality impairment is unjustified.  Further, agencies not associated with the original 
discharge should not be held accountable for mitigation. The City of Malibu has no 
wastewater treatment plant outfall to discharge these pollutants and is certainly remote from 
point of discharge.  

                                                 
1 Bay, S.M., Zeng E.Y., Lorenson T.D., Tran K., and Alexander C., SCCWRP,Temporal and spatial distributions of 
contaminants in sediments of Santa Monica Bay, California, Abstract, 2003. Available at http://www.ncbi.nlm.nih.gov 
/pubmed/12648959. 
2 Bay, S.M., Zeng E.Y., Lorenson T.D., Tran K., and Alexander C., SCCWRP,Temporal and spatial distributions of 
contaminants in sediments of Santa Monica Bay, California, Abstract, 2003. Available at http://www.ncbi.nlm.nih.gov 
/pubmed/12648959. 
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taken in the wavewash for three pre-storm and three post-storm events at two different sites: 
(1) a reference type watershed with greater than 90% undeveloped land area and where there 
were no storm drain discharges; and (2) at a stretch of coastal receiving waters adjacent to 
storm drain discharge pipes on Broad Beach.   

Review of the samples showed that none of the samples analyzed had detected any 
Chlorinated and Organophosphorous Pesticides, using EPA standard method 625, which 
includes analysis of DDT and PCB.  The City, therefore, requests that additional monitoring 
and reporting requirements for DDT and PCB be removed.  

57. Documentation and Reporting – General 

The minimum control measures overall will require an inordinate amount of tracking and 
documentation, much of which may not lead to a demonstration that water quality is being 
protected.  While an electronic system is ideal, it is not always available to a permittee, is a 
costly endeavor and should be an optional method of maintaining records, not mandatory.  
The City of Malibu is in the process of developing such an electronic permitting system, but 
there is no guarantee that it will be completed in time to meet this condition or that the 
funding will be available to include all of the specifics of this provision.  Therefore, the City 
requests that: (1) the Regional Board take a closer look at this section and specify what data 
is of real value to determining compliance and/or water quality protection; and (2) allow for 
reasonable timeframes to comply with these requirements (if an advanced tracking and 
inventory system remains a requirement rather than a recommendation).  Additionally, there 
did not seem to be an annual report form for all of the general provisions and minimum 
control measures included.  Permittees should be given an opportunity to review and 
comment on whatever form will be used for the annual report and, ideally, it should have 
been provided with the draft permit for concurrent review.  The previous/current permit 
requires repetitive reporting and essentially several sections of “bean-counting” that have 
questionable benefits to protecting water quality or determining a permittee’s compliance.  
Please clarify the process that will be used to standardize annual reporting. 

Lastly, the City reserves its right to provide additional comments, should more time be provided.    

Malibu understands the inherent challenges in drafting a permit for such a diverse geographic 
region.  Again, the City would like to emphasize the need for flexibility and reasonableness when a 
one size fits all approach is not feasible for various parts of the County.  In the end, the Permit must 
identify a method of balancing the need to protect receiving water quality in a manner that accounts 
for the real, practical challenges that the permittees face.  The City continues to support the 
interactive approach to developing this permit and iterative options for compliance, thanks the 
Regional Board for the opportunity to comment, and urges the Regional Board to provide another 
complete second draft Tentative Order with an additional review period to allow permittees to have 
at least a total of 180 days to discuss and review the full document. We believe it important to 
review the entire draft permit and the new revisions that may arise from public comment to better 
understand the relationship among the various provisions.   
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If you have any questions regarding this letter, you may contact Jennifer Brown, Senior 
Environmental Programs Coordinator, at (310) 456-2489 ext. 275, or jbrown@malibucity.org. 

Sincerely, 

Jim Thorsen 
City Manager  

cc: Mayor Rosenthal and Honorable Members of the Malibu City Council 
Christi Hogin, City Attorney 
Vic Peterson, Environmental Sustainability Director 
Bob Brager, Public Works Director 
Jennifer Brown, Senior Environmental Programs Coordinator 
Ivar Ridgeway, Stormwater Permitting Chief, Regional Water Quality Control Board 
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VIA U.S. MAIL AND E-MAIL (PDF)

Mr. Ivar Ridgeway
California Regional Water Quality Control Board, Los Angeles Region
320 West 4th Street, Suite 200
Los Angeles, California 90013
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SUBJECT: Comments to the Los Angeles Regional Water Quality Control Boards
Tentative Order No. R4-2012-xxx, NPDES Permit No. CASOO400I

Dear Mr. Ridgeway:

The City of Monrovia (“City’) submits the following comments to the Los Angeles Regional Water
Quality Control Board’s (“Regional Board”) Tentative Order No. R4-2012-xxx, NPDES Permit No.
CASOO400I) (“Permit”). The LA Permit Group has also submitted comments regarding the Permit
which the City joins and incorporates herein. The City reserves the right to make additional legal
comments on the Permit prior to the close of the public hearing to adopt the Permit and at the
public hearing itself.

On behalf of the City of Monrovia, we hereby submit the following initial comments on the Permit:

1. The Time Provided to Review the Permit Is Insufficient and Denies Permittees Due
Process of Law

The period provided to review and comment on the Permit has been unreasonably short given the
breadth of the Permit. Beginning on March 28, 2012, Regional Board staff issued a series of Staff
Working Proposals pertaining to key sections of the Permit. Regional Board staff has used their
Staff Working Proposal workshops as a justification for the hurried manner in which the Permit was
developed. The same justification was used by the Executive Director in denying the LA Permit
Group’s request for a time extension.
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SUBJECT: Comments to the Los Angeles Regional Water Quality Control Board's
Tentative Order No. R4-2012-xxx, NPDES Permit No. CAS004001

Dear Mr. Ridgeway:

1887

The City of Monrovia ("City') submits the following comments to the Los Angeles Regional Water
Quality Control Board's ("Regional Board") Tentative Order No. R4-2012-xxx, NPDES Permit No.
CAS004001) ("Permit"). The LA Permit Group has also submitted comments regarding the Permit
which the City joins and incorporates herein. The City reserves the right to make additional legal
comments on the Permit prior to the close of the public hearing to adopt the Permit and at the
public hearing itself.

On behalf of the City of Monrovia, we hereby submit the following initial comments on the Permit:

1. The Time Provided to Review the Permit Is Insufficient and Denies Permittees Due
Process of Law

The period provided to review and comment on the Permit has been unreasonably short given the
breadth of the Permit. Beginning on March 28, 2012, Regional Board staff issued a series of Staff
Working Proposals pertaining to key sections of the Permit. Regional Board staff has used their
Staff Working Proposal workshops as a justification for the hurried manner in which the Permit was
developed. The same justification was used by the Executive Director in denying the LA Permit
Group's request for a time extension.
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This justification, however, fails for several reasons. First, Regional Board staff gave the
permittees only a few weeks to comment on each of the Staff Working Proposals. Furthermore,
the Regional Board staff did not respond to any comments, leaving permittees to guess at which
requirements would be incorporated into the Permit. Seeing the Permit in its entirety and having
the opportunity to understand how each of the sections and programs work together is imperative
in order for permittees to fully understand the Permit provisions and to prepare comments.

Second, despite all the working proposals, workshops, and meetings, the permittees are left with a
Permit that cannot be complied with from the first day the Permit goes into effect, due to the
Receiving Water Limitation (RWL) and the Waste Load Allocations (WLA) requirements that could
subject the pemiittees to third party lawsuits.

We believe the Regional Board wants a review process that is open and transparent. Providing
permittees only forty-five (45) days to comment makes this impossible. To develop and provide
relevant and meaningful comments, each permittee must first:

• Read a 500 page Permit;
• Study the 500 page Permit to understand how the provisions work together;
• Compare it to the last Permit;
• Evaluate the resource needs to comply with the Permit;
• Determine the fiscal and organizational impacts on City services, which requires

coordination with several City departments;
• Conduct technical and legal review of the Permit and prepare comments;
• Present information to and gather feedback from the City Council. Staff needs time to

conduct a thorough review of the items listed above, prior to presenting them to the City
Council; and

• Prepare written comments.

To ensure a proper review of the Permit, the City hereby requests an extension of 180 working
days to include a Revised Tentative Permit to be released with a 45-day comment period. The
intent of a Revised Tentative Permit is to ensure the permittees have the opportunity to review any
changes made to the existing draft and provide comments prior to the Permit adoption hearing.
Additionally, this extension request will resolve a conflict our city management and officials have
with the current September 6-7, 2012 hearing date, which overlaps with the annual League of
Cities conference in San Diego.

The extreme speed with which the Permit is being circulated and reviewed and proposed to be
adopted amounts to a denial of the City’s due process rights and is contrary to state and federal
law. By denying the permittees a meaningful opportunity to review and comment on a Permit that
so drastically affects the permittees’ rights and finances, the Regional Board has denied the
permittees due process rights under state and federal law. See Spring Valley Water Works v. San
Francisco; 82 Cal. 286 (1890) (reasonable notice and opportunity to be heard are essential
elements of “due process of law,” whatever the nature of the power exercised.) Furthermore,
under the Clean Water Act, a reasonable and meaningful opportunity for stakeholder participation
is mandatory. See, e.g., Arkansas Wildlife Fed’n v. ICI Ams., 29 F.3d 376, 381 (8th Cir. 1994)
(“the overall regulatory scheme affords significant citizen participation, even if the state law does
not contain precisely the same public notice and comment provisions as those found in the federal
CWA.”) For the reasons stated above, the Permit does not satisfy the Clean Water Act standard
and violates the City’s due process rights.
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2. The Permit Should Be Revised to Provide that Implementation of BMPs is Sufficient
to Constitute Compliance with the Permit

Permittees should be able to achieve compliance with the Permit through a best management
practice (“BMP”) based iterative approach. Regional Board staff has previously indicated that it
would not create a permit for which permittees would be out of compliance from the very first day
the Permit goes into effect. This necessarily means the Permit cannot require immediate strict
compliance with water quality standards. Yet the Fact Sheet states that a party whose discharge
“causes or contributes” to an exceedance of a water quality standard is in violation of the Permit,
even if that party is implementing the iterative process in good faith. See Fact Sheet at pp. F-35-
38. These positions are incompatible and effectively render the iterative approach meaningless.

As written, the Permit requires that all discharges to receiving waters must immediately meet water
quality standards to avoid violating the Permit. This presents an impossible standard for
permittees to meet, especially given the fact that thirty-three (33) TMDLs have been incorporated
into the Permit. This means that numerous water bodies that currently do not meet water quality
standards will be governed by the Permit and permittees will be subject to potential liability
immediately. Even for TMDLs for which the Regional Board issues time scheduling orders, such
orders will not protect a permittee from third-party lawsuits for measured exceedances, based on
the Permit’s current language. Even if such lawsuits are unfounded, the legal costs to defend such
suits are enormous. For this same reason, numeric effluent limitations for final wasteload
allocations should not be incorporated into the Permit, especially where we are dealing with
TMDLs that have been rushed through due to the Browner consent decree with the understanding
that they would be refined over time with reopeners as new information becomes available.

A BMP-based approach should be utilized in the Permit for final wasteload allocations and as a
definitive method of compliance for all Permit requirements, as outlined in EPA’s November 12,
2010 Revisions to the November 22, 2002 Memorandum “Establishing Total Maximum Daily Load
(TMDL) Wasteload Allocations (WLA5) for Storm Water Sources and NPDES Permit Requirements
Based on those WLAs.” (“EPA Memorandum”). See also 40 C.F.R. § 122.44(k).

To accomplish this purpose, the City supports using the receiving water limitation language
proposed by CASQA. Otherwise, cities are potentially vulnerable to third party lawsuits such as
those brought against the City of Stockton and the County of Los Angeles by third parties within
the last five years.

Furthermore, the EPA Memorandum is clear that an increased reliance on numerics should be
coupled with the “disaggregation” of different storm water sources within permits. See EPA
Memorandum at pp. 3-4. The Permit currently aggregates multiple sources of storm water runoff
while additionally imposing numeric standards. This will result in a system whereby the innocent
will be punished alongside the guilty for numeric standard exceedances. The Regional Board
should not allow this inequitable and legally unjustifiable result to occur.

Another reason for adopting a BMP-based approach is the fact that new and existing conditionally
exempt non-stormwater discharges may also contribute to measured exceedances. This
inequitable result means the exempt discharges may nonetheless contribute to permittee liability.
Furthermore, the process that the Permit calls for permittees to monitor exempted discharges to
determine if they are a significant pollutant source is overly onerous, costly, and puts permittees in
a position of undue liability.
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3. The Permit Improperly Intrudes Upon the City’s Land Use Authority in Violation of the
Tenth Amendment of the U.S. Constitution

To the extent that this Permit relies on federal authority under the Clean Water Act to impose land
use regulations and dictate specific methods of compliance, it violates the Tenth Amendment of
the U.S. Constitution. Furthermore, to the extent the Permit requires a municipal permittee to
modify its city ordinances in a specific manner, it also violates the Tenth Amendment. According to
the Tenth Amendment:

“The powers not delegated to the United States by the Constitution, nor prohibited by
it to the States, are reserved to the States respectively, or to the people.”

Article Xl, section 7 of the California Constitution also guarantees municipalities the right to “make
and enforce within [their] limits all local police, sanitary and other ordinances and regulations not in
conflict with general laws.” See also City of W. Hollywood v. Beverly Towers, 52 Cal. 3d 1184,
1195 (1991). Furthermore, the United States Supreme Court has held that the ability to enact land
use regulations is delegated to municipalities as part of their inherent police powers to protect the
public health, safety, and welfare of its residents. See Berman v. Parker, 348 U.S. 26, 32-33
(1954). Because it is a constitutionally conferred power, land use powers cannot be overridden by
State or federal statutes.

Even so, both the Clean Water Act and the Porter-Cologne Act provisions regarding NPDES
permitting do not indicate that the Legislature intended to preempt local land use authority.
Sheiwin Williams Co. v. City of Los Angeles, 4 Cal. 4th 893 (1993); California Rifle & Pistol Assn.
v. City of West Hollywood, 66 Cal. App. 4th 1302, 1309 (1998) (Preemption of police power does
not exist unless “Legislature has removed the constitutional police power of the City to regulate” in
the area); see Water Code § 13374 and 13377 and 33 U.S.C. § 1342 (b)(1)(B).

If the Permit is adopted, the City believes that this Permit could establish the Regional Board as a
“super municipality” responsible for setting zoning policy and requirements throughout Los Angeles
County. The prescriptive and one-size-fits-all nature of this policy will ensure that any resident or
business challenging the conditions set forth in this Permit would not only sue the municipality
charged with implementing these requirements, but would also have to sue the Regional Board
itself to obtain the requested relief. The City does not believe this is the intent of the Regional
Board. Rather than adopting programs that dictate the precise method of compliance, the
Regional Board should collaborate with the City and other permittees to develop a range of model
programs that each municipality could then modify and adopt according to its own individual
circumstances.

4. The Permit Constitutes an Unconstitutional Unfunded Mandate

The Permit contains mandates imposed at the Regional Board’s discretion that are unfunded and
go beyond the specific requirements of either the Clean Water Act or the EPA’s regulations
implementing the Clean Water Act, and thus exceed the “Maximum Extent Practicable” (“MEP”)
standard. Accordingly, these aspects of the Permit constitute non-federal state mandates. See
City of Sacramento v. State of California, 50 Cal. 3d 51, 75-76 (1990). Indeed, the Court of
Appeals has previously held that NPDES permit requirements imposed by the Regional Board
under the Clean Water and Porter-Cologne Acts can constitute state mandates subject to claims
for subvention. County of Los Angeles v. Commission on State Mandates, 150 Cal. App. 4th 898,
914-16 (2007).
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The Permit goes beyond federal law, as the Permit is at least twice as long, and in some cases,
three times as long as other MS4 permits developed by other Regional Boards in the State of
California, such as the Lahontan Regional Board and the Central Valley Regional Board, not to
mention permits developed by EPA. This means that either some Regional Boards are failing to
impose federally mandated requirements pursuant to the Clean Water Act, or the more likely
explanation is that the Regional Board is imposing requirements that go beyond federal law.

A. The Permit’s Minimum Control Measure Program is an Unfunded State Mandate

The Permit’s Minimum Control Measure program (“MCM Program”) qualifies as a new program or
a program requiring a higher level of service for which state funds must be provided. The
particular elements of the MCM Program that constitute unfunded mandates are:

• The requirements to control, inspect, and regulate non-municipal permittees and potential
permittees (Permit at pp. 38-40);

• The public information and participation program (Permit at pp. 58-60):
• The industrial/commercial facilities program (Permit at p. 63);
• The public agency activities program (Permit at pp. 56-63); and
• The illicit connection and illicit discharge elimination program (Permit at pp. 106-109).

The MCM Program requirement that the permittees inspect and regulate other, non-municipal
NPDES permittees is especially problematic and clearly constitutes an unfunded mandate. (See,
e.g., Permit at pp. 38-40.) These are unfunded requirements which entail significant costs for
staffing, training, attorney fees, and other resources. Notably, the requirement to perform
inspections of sites already subject to the General Construction Permit is clearly excessive.
Permittees would be required to perform pre-construction inspections, monthly inspections during
active construction, and post-construction inspections. The requirements of this Permit exceed
past permits, meaning that the Regional Board is requiring a higher level of service than in prior
permits. The same applies to the Permit’s onerous requirements to inspect and otherwise regulate
other permittees and potential permitees.

Furthermore, there are no adequate alternative sources of funding for inspections. User fees will
not fully fund the program required by the Permit. Cal. Gov’t Code, § 17556(d). NPDES permittees
already pay the Regional Water Quality Control Boards fees that cover such inspections in part. It
is inequitable to both cities and individual permittees for the Regional Board to charge these fees
and then require cities to conduct and pay for inspections without providing funding.

B. The Receiving Water Body Requirements Render the Permit an Unfunded Mandate

If strict compliance with state water quality standards in receiving water bodies is required—
including state water quality standard-based wasteload allocations—in the MS4 itself or at outfall
points and in receiving water bodies, the entire Permit will constitute an unfunded mandate
because such a requirement clearly exceeds both the Federal standard and the requirements of
prior permits, despite the fact no funding will be provided. See Building Industry Assn. of San
Diego County v. State Water Resources Control Bd., 124 Cal. App. 4th 866, 873, 884-85 (2004)
(though the State and Regional Boards may require compliance with California state water quality
standards pursuant to the Clean Water Act and state law, these requirements exceed the Federal
Maximum Extent Practicable standard.)
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C. The City Does Not Necessarily Have the Requisite Authority to Levy Fees to Pay
for Compliance With the Order

The abihty to fund the Permit through bond measures or tax increases does not render the Permit’s
program ineligible for a subvention claim because such funding mechanisms are contingent upon
voter approval, in some cases requiring supermajority votes. Howard Ja,vis Taxpayers Assoc. v.
City of Salinas, 98 Cal. App. 4th 1351(2002). The money available from other sources is both too
speculative and limited to cover all or even some of the costs imposed by the Permit. Such
speculative funding sources cannot count as viable sources of funding so as to preclude a
subvention claim. Cal. Gov’t Code, § 17556(f). Furthermore, even if some portions of the Permit’s
programs can be covered by user fees, these fees will not come close to covering all such costs,
meaning permittees’ general funds will have to be utilized to cover substantial portions of these
costs. Cal. Gov’t Code, § 17556(d) (the ability to charge fees only defeats a subvention claim
where the fees are sufficient to fully fund the program.)

5. The Permit’s Monitoring Program Exceeds the Requirements of Law

The Permit’s Receiving Water Monitoring Program is improper for going well beyond the scope of
monitoring requirements authorized under Water Code Sections 13267 and 13383. The relevant
portion of Water Code Section 13267 states:

“(b) (1) In conducting an investigation . . . the regional board may require that
any citizen or domiciliary, or political agency or entity of this state who has
discharged, discharges, or is suspected of having discharged or discharging, or who
proposes to discharge, waste outside of its region that could affect the quality of
waters within its region shall furnish, under penalty of perjury, technical or monitoring
program reports which the regional board requires. The burden, including costs, of
these reports shall bear a reasonable relationship to the need for the report and the
benefits to be obtained from the reports.”

The Regional Board’s failure to conduct and communicate the requisite cost-benefit analysis
pursuant to the monitoring requirements in the Permit constitutes an abuse of discretion. Water
Code 13267 and 13225(c).

The relevant portions of Water Code Section 13383 state:

“(a) The. . . regional board may establish monitoring, inspection, entry, reporting, and
recordkeeping requirements . . . for any person who discharges, or proposes to
discharge, to navigable waters.

(b) The . . . or the regional boards may require any person subject to this section to
establish and maintain monitoring equipment or methods, including, where
appropriate, biological monitoring methods, sample effluent as prescribed, and
provide other information as may be reasonably required.”

The Permit goes far beyond a requirement that a permittee “monitor” the effluent from its own
storm drains. The Permit’s Receiving Water Monitoring Program seems to require a complete
hydrogeologic model found in the receiving water body, which will in many cases be miles away
from many of the individual permittees’ jurisdictions. To the extent the Permit requires individual
permittees to compile information beyond their jurisdictional control, they are unauthorized.
Although Water Code Section 13383(b) permits the Regional Board to request “other information”,
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speculative and limited to cover all or even some of the costs imposed by the Permit. Such
speculative funding sources cannot count as viable sources of funding so as to preclude a
subvention claim. Cal. Gov't Code, § 17556(f). Furthermore, even if some portions of the Permit's
programs can be covered by user fees, these fees will not come close to covering all such costs,
meaning permittees' general funds will have to be utilized to cover substantial portions of these
costs. Cal. Gov't Code, § 17556(d) (the ability to charge fees only defeats a subvention claim
where the fees are sufficient to fully fund the program.)

5. The Permit's Monitoring Program Exceeds the Requirements of Law

The Permit's Receiving Water Monitoring Program is improper for going well beyond the scope of
monitoring requirements authorized under Water Code Sections 13267 and 13383. The relevant
portion of Water Code Section 13267 states:

"(b) (1) In conducting an investigation ... the regional board may require that ...
any citizen or domiciliary, or political agency or entity of this state who has
discharged, discharges, or is suspected of having discharged or discharging, or who
proposes to discharge, waste outside of its region that could affect the quality of
waters within its region shall furnish, under penalty of perjury, technical or monitoring
program reports which the regional board requires. The burden, including costs, of
these reports shall bear a reasonable relationship to the need for the report and the
benefits to be obtained from the reports."

The Regional Board's failure to conduct and communicate the requisite cost-benefit analysis
pursuant to the monitoring requirements in the Permit constitutes an abuse of discretion. Water
Code §§ 13267 and 13225(c).

The relevant portions of Water Code Section 13383 state:

"(a) The ... regional board may establish monitoring, inspection, entry, reporting, and
recordkeeping requirements . . . for any person who discharges, or proposes to
discharge, to navigable waters....

(b) The . . . or the regional boards may require any person subject to this section to
establish and maintain monitoring equipment or methods, including, where
appropriate, biological monitoring methods, sample effluent as prescribed, and
prOVide other information as may be reasonably required."

The Permit goes far beyond a requirement that a permittee "monitor" the effluent from its own
storm drains. The Permit's Receiving Water Monitoring Program seems to require a complete
hydrogeologic model found in the receiving water body, which will in many cases be miles away
from many of the individual permittees' jurisdictions. To the extent the Permit requires individual
permittees to compile information beyond their jurisdictional control, they are unauthorized.
Although Water Code Section 13383(b) permits the Regional Board to request "other information",
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such requests can only be “reasonably” imposed. Cal. Water Code § 13383(b). The information
requested by the Regional Board is unreasonable. It is not just limited to each individual
copermittee’s discharge. Rather, the Permit requires copermittees to analyze discharges and
make assumptions regarding factors well beyond their individual boundaries. This is not
reasonable, and is therefore not permitted under Water Code Sections 13225, 13267, and 13383.
It is equally unreasonable to require the monitoring of authorized or unknown discharges. See
Permit at p. 108.

6. The Permit Exceeds the Regional Board’s Authority by Requiring the City to Enter
into Contracts and Coordinate With Other Copermittees

The Regional Board cannot require the City to enter into agreements or coordinate with other
copermittees. The requirements that permittees engage in interagency agreements (Permit at p.
39) and coordinate with other copermittees as part of their stormwater management program
(Permit at p. 56-58) are unlawful and exceed the authority of the Regional Board. The Regional
Board lacks the statutory authority to mandate the creation of interagency agreements and
coordination between permittees in an NPDES Permit. See Water Code § 13374 and 13377.
The Permit creates the potential for City liability in circumstances where the permittee cannot
ensure compliance due to the actions of third party state and local government agencies over
which the City has no control. Such requirements are not reasonable regulations, and thus violate
state law. Communities for a Better Environment v. State Water Resources Control Bd., 132 Cal.
App. 4th 1313, 1330 (2005) (regulation pursuant to NPDES program must be reasonable.)

7. The Permit Fails to Consider Economic Impacts As Required by Water Code Sections
13000 and 13241

The Regional Board’s failure to adequately consider the economic impacts of the Permit, as
required by Water Code Sections 13000 and 13241, render the Permit invalid. Water Code
Section 13241 requires the Regional Board to include “[e]conomic considerations” with its
consideration of the Permit. As demonstrated above, the Regional Board is incorrect in its
assertion that consideration of economics is not required in this Permit. See Permit at pp. 24-25.
Because, as demonstrated above, the Permit requires new and higher levels of service in
numerous key regards, consideration of economic factors is necessary. City of Burbank v. State
Water Resources ControlBd., 35 Cal. 4th 613, 618, 627 (2005).

The alleged facts in the economic consideration section of the Fact Sheet misrepresent the
permittees’ data and fail to consider the economic impact of new, costly aspects of the Permit. The
Fact Sheet’s open skepticism of municipal financial reports is troubling, and indicates the Regional
Board has not taken permittees’ actual expenses seriously.

It is also premature and improper to assume that permittees will obtain funding from proposed
ballot measures and other sources of funding which have not even been approved, much less
voted on by the public. See Fact Sheet at pp. F-142-43. If the Regional Board wants to rely on
initiatives, such as the Los Angeles County Flood Control District’s Water Quality Funding Initiative,
as sources of funding to offset the costs of storm water management, it should delay its public
hearing and approval of the Permit until after the voters have actually voted on such initiatives.
Otherwise, if such initiatives fail to pass, the copermittees will be left to implement the Permit’s
requirements without the funds to do so. Even if the Water Quality Funding Initiative is approved
by the voters, the funds generated by the Initiative would not even be available until 2014 — well
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after the deadline for a majority of the compliance deadlines set forth in the Permit. Moreover, the
Water Quality Initiative will not cover all the costs imposed on all permittees by the Permit.

The Permit also fails to consider the significant additional costs that TMDLs will impose. The
incorporation of TMDLs and the massive expansion of monitoring requirements in the Permit,
which also trigger the need for additional inspectors, will inevitably cause the copermittees’ costs to
skyrocket. Furthermore, speculations about what people may be willing to pay for cleaner water
and social benefits from clean water have no real effect on cities’ bottom lines. Finally, the Permit
fails to account fully for all the expenses that implementing minimum control measures will impose.
For all these reasons, the consideration of economic impact is entirely lacking, which violates state
law.

8. The Permit’s Imposition of Joint and Joint and Several Liability for Violations is
Contrary to Law

The Permit appears to improperly impose joint liability and joint and several liability for water
quality based effluent limitations and receiving water exceedances. It is both unlawful and
inequitable to make a permittee liable for the actions of other permittees over which it has no
control. A party is responsible only for its own discharges or those over which it has control.
Jones v. E.R. Shell Contractor; Inc., 333 F. Supp. 2d 1344, 1348 (ND. Ga. 2004). Because the
City cannot prevent another permittee from failing to comply with the Permit, the Regional Board
cannot, as a matter of law, hold the City jointly or jointly and severally liable with another permittee
for violations of water quality standards in receiving water bodies or for TMDL violations. Under
the Water Code, the Regional Board issues waste discharge requirements to “the person making
or proposing the discharge.” Cal. Water Code § 13263(f). Enforcement is directed towards “any
person who violates any cease and desist order or cleanup and abatement order. . . or. . . waste
discharge requirement.” Cal. Water Code § 13350(a). In similar fashion, the Clean Water Act
directs its prohibitions solely against the “person” who violates the requirements of the Act. 33
U.S.C. § 1319. Thus, there is no provision for joint liability under either the California Water Code
or the Clean Water Act.

Furthermore, joint liability is proper only where joint tortfeasors act in concert to accomplish some
common purpose or plan in committing the act causing the injury, which will generally never be the
case regarding prohibited discharges. Kesmodel v. Rand, 119 Cal. App. 4th 1128, 1144 (2004);
Key v. CaIdwell, 39 Cal. App. 2d 698, 701 (1940). For any such discharge, it would be unlawful to
impose joint liability and especially joint and several liability. The issue of imposing liability for
contributions to “commingled discharges” of certain constituents, such as bacteria, is especially
problematic because there is no method of determining who has contributed what to an
exceedance.

For receiving water body exceedances, the Permit should specify that the burden is on the
Regional Board to show that any permittee’s discharge caused or contributed to that exceedance.
Requiring permittees to prove they did not cause or contribute an exceedance is both inequitable
and unlawful. Permittees should not be required to prove they did not do something when the
Regional Board has failed to raise even a rebuttable presumption that the contamination results
from a particular permittee’s actions. See Cal. Evid. Code § 500; Sargent Fletcher; Inc. v. Able
CorpS, 110 Cal. App. 4th 1658, 1667-1668 (2003).
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The City is dedicated to the protection and enhancement of water quality. The City, however, has
other functions that require funding as well. If this Permit is adopted as proposed, even in the best
case scenario, spending cuts to other crucial services such as police, fire, and public works are
certain. The permittees’ dwindling general funds simply cannot take the financial hit the Permit is
poised to impose on them. The City believes a more measured approach is necessary, especially
regarding how compliance in this Permit is achieved.

As public agencies, all parties involved in the NPDES permitting process have the obligation to
carry out their duties in a responsible, realistic, and reasoned manner. Requirements that tether
public agencies to impractical positions are counterproductive and violate our sacred charge as
representatives of the people. The City is committed to working with the State and Regional
Boards in order to achieve our mutual goals and looks forward to engaging in a constructive
dialogue with Regional Board staff on these issues.

Sincerely,

Enc. LA Permit Group Comment Letter

cc: Heather Maloney, Senior Management Analyst
Ron Bow, Director of Public Works
Craig A. Steele, esq., City Attorney
Sam Unger, LARWQCB
Deborah Smith, LARWQCB

City of Monrovia
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July 19, 2012

Ivar Ridgeway (and Electronically to LAMS42012@waterboards.ca.gov)
Los Angeles Regional Water Control Board
320 W. 4th Street, Suite 200
Los Angeles, CA 90013

Subject: Comment letter - Tentative NPDES Permit (Draft Order) for MS4 Dischargers
within the Los Angeles County Flood Control District

Dear Mr. Ridgeway:

The City of Monterey Park is an active and participating member of the Los Angeles Permit
Group and hereby incorporates their comments into this letter by reference. While the
Regional Board's ongoing effort to engage the permittees subject to the Tentative Permit
and solicit comments is greatly appreciated, there have been a number of comments the
City feels have not yet been satisfactorily addressed. The scheduled adoption hearing is
on September 6 and 7, 2012 which leaves the Regional Board staff with little time to
address the all of the comments being submitted. Recognizing the time limitations, we are
limiting the comments of this letter to items of primary concern.

1. The opening section (Facility Information, Table 2) that lists the names of the contact
person, thus incorporating the names into the MS4 permit is inappropriate as city
personnel are very likely to change over the next 5 or more years. Only the city
names and addresses should be listed.

2. Section D.1.b.i (page 56) indicates that all the Minimum Control Measures must be
implemented within 30 days of the effective date of the permit. The is not realistic
given that the permittees are being given 6 months in which to decide whether to
implement the MCMs or follow the Watershed Management Program as described
separately within the Tentative Permit.

3. Regional Board staff is to be complimented for their effort to facilitate compliance with
the Trash TMDL. Monterey Park has now installed some 300 full and/or partial trash
capture devices in catch basins within the Los Angeles River Watershed. This is in
addition to ongoing Daily Generation Rate studies. There is a degree of uncertainty
with Section E.5.b.i(2) (118) and clarification will be improved by inserting (see
italics): "(2) Partial Capture Devices which may include partial installation of full
capture devices and Institutional Controls."

Pride in the Past • Faith in the Future
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4. Previously submitted in a separate letter was a request for the Regional Board to
revise the Receiving Water Limitations (RWL). This is a critical issue for the city.
Under the current wording, any exceedance whether: (1) under an existing TMDL, (2)
listed on the 303d impaired waterbody list but where no TMDL is yet developed, or
(3) not listed as an impairment but listed as a water quality standard would subject
permittees to RWL requirements. For example, runoff would now be immediately
subject to limitations on such "pollutants" as aluminum, sulfates, chloride, etc. If these
pollutants were priorities, TMDLs or monitoring would already be in place; and to the
city's knowledge, no outfall monitoring has yet occurred. Cities must be given a
reasonable opportunity to determine the current level of these "pollutants", and then
develop economically and technically feasible control measures, preferably through
an iterative adaptive approach. We understand that several statewide efforts are
underway and the Regional Board is urged to review the proposed wording of these
efforts and remedy the current deficiencies in the Receiving Waters Limitations
wording.

We feel that the Receiving Water Limitations Language must be amended. As
written, the City can be deemed in violation of the permit, and vulnerable to costly
citizen suits, even if it is acting in good faith to do everything in its power to correct
exceedances. Stated differently, even though the RWaCB requires cities to
implement an iterative process to improve BMPS to address exceedances, the City is
still in violation of the permit during the iterative process. This was a serious defect in
the last permit and it has not been remedied in this draft.

Previously, municipal stormwater permittees had understood that the receiving water
limitations language in conjunction with Board Policy (Wa 99-05) established an
iterative, adaptive management approach as a basis for permit compliance.
However, since the permit language does not actually say that the permittee is in
compliance while engaging in the adaptive management process, a federal court has
determined that the permit violation still exists while the permittee is taking actions to
address the problem.

On July 13, 2011, the Ninth Circuit Court of Appeals in NRDC vs. County of Los
Angeles / Los Angeles County Flood Control District found that the Defendant County
had violated the receiving water limitations, despite its compliance with the adaptive
management process. The Court said that the obligation to not cause or contribute to
violations of receiving water limitations is separate and distinct from the obligation to
participate in adaptive management. Thus, a municipality is in violation of the permit
if its discharges cause or contribute to an exceedance of a water quality standard,
even while improving it management practices and control measures. This is a
fundamental change in interpretation of policy. The Court's decision also contrasts
sharply with the Board's own understanding as expressed in a 2002 letter from then
Chair Diamond answering questions about the 2001 MS4 Permit in which she
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articulated the collective understanding that a violation of the permit would occur only
when a municipality fails to engage in a good faith effort to implement the iterative
process to correct the harm.

An MS4 permittee should not automatically be in violation of the permit if there is an
exceedance; the exceedance may not have even been caused from an MS4
discharge. The permit must acknowledge that MS4 discharges are not the only
source of pollutants in the water and regulate accordingly. If monitoring demonstrates
that a particular compliance strategy is not working through no fault of the discharger,
then the discharger must have time to identify and implement a new strategy before
being held liable for water quality alterations that may be beyond its control. To
address this problem, the City recommends that the proposed CASQA language
submitted by the LA Permit Group be used in lieu of the current language.

5. Under the construction provisions for sites over 1 acre. Since the SWPPP program
(GCP) is in place and applications can now be electronically filed by contractors and
since this is a State Program, and since the State collects permit and inspection fees,
cities should not be responsible for ensuring the SWPPP application process and the
increased number of inspections unless the State provides a portion of the fees as
reimbursement to cities for the additional costs.

6. Under Section D.7.h.ii,(8), the verification that contractors have obtained various
State permits (401, 404, 1600, etc.) should not be the responsibility of the city. As
owner/operator of the flood control channels where the actual connections will be
made, verification of these permits should be the responsibility the Army Corps of
Engineers or the County Flood Control District.

7. Attachment A: Please provide definitions for: Construction Activity, Industrial Parks
and Commercial Strip malls, Trash excluders, AMAL and MDAL (page G-13).

8. Item (4) on page 70: This item should be eliminated. It forces an evaluation of green
roofs for every project, whether or not a green roof if proposed.

9. Section VI.D.7.f (page 84): land clearing for fire protection should not be considered
a construction activity.

10.The whole of the new outfall monitoring program represents an extremely expensive
endeavor. This needs to be completely revised in order to make it economically
viable. As part of several Los Angeles River TMDL groups, Monterey Park is facing a
shared cost of hundreds of thousands of dollars in monitoring costs. The costs for
this additional outfall monitoring which will include costs for post-construction
treatment system evaluation and even more additional costs for pyrethroid studies,
even if limited to HUC-12 units of approximately 20 square miles of tributary area will
be unachievable.. Attachment E should be listed as "items that could be included in
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a monitoring plan" and this program will then be developed over the next several
years.

11.Section 1I1.A.1 (page 26). "- - prohibit non-storm water discharges through the MS4 
_" ,should be changed to: "- - prohibit non-storm water discharges into the MS4 - _".
Leaving the wording as is would require permittees to discern non-exempt discharges
within comingle flows for upstream sources outside the jurisdiction of the permittee.

12. The entire section ix (page 103) dealing with sanitary sewers should be omitted.
Sanitary sewer system operations and maintenance are already addressed by an
existing WDR.

Finally, Monterey Park hereby incorporates the legal comments being submitted on behalf
of the City of Signal Hill, excluding those comments dealing solely with that city's submittal
of a separate Report of Waste Discharge.

Thank you in advance for consideration of these comments. Please call Amy Ho at
(626) 307-1383 if you have any questions or comments.

ely,-'--JLC72X.---
Paul L. Talbot
City Manager
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July 23,2012

VIA U.S. MAIL AND E-MAIL (PDF)

Mr. Ivar Ridgeway
California Regional Water Quality Control Board, Los Angeles Region
320 West 4th Street, Suite 200
Los Angeles, California 90013
LAMS42012@waterboards.ca.gov
rpurdy@waterboards.ca.gov
iridgeway@waterboards.ca.gov

Dear Mr. Ridgeway:

The City of Norwalk ("City') subrnits the following comments to the Los Angeles
Regional Water Quality Control Board's ("Regional Board") Tentative Order No. R4
2012-xxx, NPDES Permit No. CAS004001) ("Permit"). The LA Permit Group has
submitted cornments regarding the Perrnit, which the City joins and incorporates herein.
The City reserves the right to make additional legal comments on the Permit prior to the
close of the public hearing to adopt the Perrnit and at the public hearing itself.

On behalf of the City of Norwalk, we hereby submit the following initial comments on the
Permit:

1. The Time Provided to Review the Permit Is Insufficient and Denies
Permittees Due Process of Law

The period provided to review and comment on the Permit has been unreasonably short
given the breadth of the Permit. Beginning on March 28,'2012, Regional Board staff
issued a series of Staff Working Proposals pertaining to key sections of the Permit.
Regional Board staff has used their Staff Working Proposal workshops as a justification
for the hurried manner in which the Permit was developed. The same justification was
used by the Executive Director in denying the LA Permit Group's request for a time
extension.

82001-0004\1476459v I.doc
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This justification, however, fails for several reasons. First, Regional Board staff gave
the permittees only a few weeks to comment on each of the Staff Working Proposals.
Furthermore, the Regional Board staff did not respond to any comments, leaving
permittees to guess at which requirements would be incorporated into the Permit.
Seeing the Permit in its entirety and having the opportunity to understand how each of
the sections and programs work together is imperative in order for permittees to fully
understand the Permit provisions and to prepare comments.

Second, despite all the working proposals, workshops, and meetings, the permittees are
left with a Permit that cannot be complied with from the first day the Permit goes into
effect, due to the Receiving Water Limitation (RWL) and the Waste Load Allocations
(WLA) requirements that could subject the permittees to third party lawsuits.

We believe the Regional Board wants a review process that is open and transparent.
Providing permittees only forty-five (45) days to comment makes this impossible. To
develop and provide relevant and meaningful comments, each permittee must first:

• Read a 500 page Permit;
• Study the 500 page Permit to understand how the provisions work together;
• Compare it to the last Permit;
• Evaluate the resource needs to comply with the Permit;
• Determine the fiscal and organizational impacts on City services, which requires

coordination with several City departments;
• Conduct technical and legal review of the Permit and prepare comments;
• Present information to and gather feedback from the City Council. Staff needs

time to conduct a thorough review of the items listed above, prior to
presenting them to the City Council; and

• Prepare written comments.

To ensure a proper review of the Permit, the City hereby requests an extension of 180
working days to include a Revised Tentative Permit to be released with a 45-day
comment period. The intent of a Revised Tentative Permit is to ensure the permittees
have the opportunity to review any changes made to the existing draft and provide
comments prior to the Permit adoption hearing. Additionally, this extension request will
resolve a conflict our city management and officials have with the current September 6
7, 2012 hearing date, which overlaps with the annual League of Cities conference in
San Diego.

The extreme speed with which the Permit is being circulated and reviewed and
proposed to be adopted amounts to a denial of the City's due process rights and is
contrary to state and federal law. By denying the permittees a meaningful opportunity to
review and comment on a Permit that so drastically affects the permittees' rights and
finances, the Regional Board has denied the permittees due process rights under state
and federal law. See Spring Valley Water Works v. San Francisco, 82 Cal. 286 (1890)
(reasonable notice and opportunity to be heard are essential elements of "due process
of law," whatever the nature of the power exercised.) Furthermore, under the Clean
Water Act, a reasonable and meaningful opportunity for stakeholder participation is
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mandatory. See, e.g., Arkansas Wildlife Fed'n v. ICI Ams., 29 F.3d 376, 381 (8th Cir.
1994) ("the overall regulatory scheme affords significant citizen participation, even if the
state law does not contain precisely the same public notice and comment provisions as
those found in the federal CWA.") For the reasons stated above, the Permit does not
satisfy the Clean Water Act standard and violates the City's due process rights.

2. The Permit Should Be Revised to Provide that Implementation of BMPs is
Sufficient to Constitute Compliance with the Permit

Permittees should be able to achieve compliance with the Permit through a best
management practice ("BMP") based iterative approach. Regional Board staff has
previously indicated that it would not create a permit for which permittees would be out
of compliance from the very first day the Permit goes into effect. This necessarily
means the Permit cannot require immediate strict compliance with water quality
standards. Yet the Fact Sheet states that a party whose discharge "causes or
contributes" to an exceedance of a water quality standard is in violation of the Permit,
even if that party is implementing the iterative process in good faith. See Fact Sheet at
pp. F-35-38. These positions are incompatible and effectively render the iterative
approach meaningless.

As written, the Permit requires that all discharges to receiving waters must immediately
meet water quality standards to avoid violating the Permit. For example, city runoff
would now be immediately subject to limitations on such "pollutants" as aluminum and
iron. Cities must be given a reasonable opportunity to determine the current level of
these "pollutants", and then develop economically and technically feasible control
measures, preferably through an iterative adaptive approach.

This presents an impossible standard for permittees to meet, especially given the fact
that thirty-three (33) TMDLs have been incorporated into the Permit. This means that
numerous water bodies that currently do not meet water quality standards will be
governed by the Permit and permittees will be subject to potential liability immediately.
Even for TMDLs for which the Regional Board issues time scheduling orders, such
orders will not protect a permittee from third-party lawsuits for measured exceedances,
based on the Permit's current language. Even if such lawsuits are unfounded, the legal
costs to defend such suits are enormous. For this same reason, final wasteload
allocations should not be incorporated into the Permit, especially where we are dealing
with TMDLs that have been rushed through due to the Browner consent decree with the
understanding that they would be refined over time with reopeners as new information
becomes available.

A BMP-based approach should be utilized in the Permit, as outlined in EPA's November
12, 2010 Revisions to the November 22, 2002 Memorandum "Establishing Total
Maximum Daily Load (TMDL) Wasteload Allocations (WLAs) for Storm Water Sources
and NPDES Permit Requirements Based on those WLAs." ("EPA Memorandum"). See
also 40 C.F.R. § 122.44(k).
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To accomplish this purpose, the City supports using the receiving water limitation
language proposed by CASQA, which is similar to the language in the Draft Caltrans
Permit. If State agencies are granted this approach, municipalities should be granted
the same. Otherwise, cities will be potentially vulnerable to third party lawsuits such as
those brought against the City of Stockton and the County of Los Angeles by third
parties within the last five years.

Furthermore, the EPA Memorandum is clear that an increased reliance on numerics
should be coupled with the "disaggregation" of different storm water sources within
permits. See EPA Memorandum at pp. 3-4. The Permit currently aggregates multiple
sources of storm water runoff while additionally imposing numeric standards. This will
result in a system whereby the innocent will be punished alongside the guilty for
numeric standard exceedances. The Regional Board should not allow this inequitable
and legally unjustifiable result to occur.

Another reason for adopting a BMP-based approach is the fact that new and existing
conditionally exempt non-stormwater discharges may also contribute to measured
exceedances. This inequitable result means the exempt discharges may nonetheless
contribute to permittee liability.

3. The Permit Improperly Intrudes Upon the City's Land Use Authority in
Violation of the Tenth Amendment of the U.S. Constitution and the City's
Police Power

To the extent that this Permit relies on federal authority under the Clean Water Act to
impose land use regulations and dictate specific methods of compliance, it violates the
Tenth Amendment of the U.S. Constitution. Furthermore, to the extent the Permit
requires a municipal permittee to modify its city ordinances in a specific manner, it also
violates the Tenth Amendment. According to the Tenth Amendment:

"The powers not delegated to the United States by the Constitution, nor
prohibited by it to the States, are reserved to the States respectively, or to
the people."

Article XI, section 7 of the California Constitution also guarantees municipalities the right
to "make and enforce within [their] limits all local police, sanitary and other ordinances
and regulations not in conflict with general laws." See also City of W. Hollywood v.
Beverly Towers, 52 Cal. 3d 1184, 1195 (1991). Furthermore, the United States
Supreme Court has held that the ability to enact land use regulations is delegated to
municipalities as part of their inherent police powers to protect the public health, safety,
and welfare of its residents. See Berman v. Parker, 348 U.S. 26, 32-33 (1954).
Because it is a constitutionally conferred power, land use powers cannot be overridden
by State or federal statutes.

Even so, both the Clean Water Act and the Porter-Cologne Act provisions regarding
NPDES permitting do not indicate that the Legislature intended to preempt local land
use authority. Sherwin Williams Co. v. City of Los Angeles, 4 Cal. 4th 893 (1993);
California Rifle & Pistol Assn. v. City of West Hollywood, 66 Cal. App. 4th 1302, 1309

-4-
8200 1-0004\1476459v I.doc

RB-AR15178



(1998) (Preemption of police power does not exist unless "Legislature has removed the
constitutional police power of the City to regulate" in the area); see Water Code §§
13374 and 13377 and 33 U.S.C. § 1342 (b)(1)(B).

If the Permit is adopted, the City believes that this Permit could establish the Regional
Board as a "super municipality" responsible for setting zoning policy and requirements
throughout Los Angeles County. The prescriptive and one-size-fits-all nature of this
policy will ensure that any resident or business challenging the conditions set forth in
this Permit would not only sue the municipality charged with implementing these
requirements, but would also have to sue the Regional Board itself to obtain the
requested relief. The City does not believe this is the intent of the Regional Board.
Rather than adopting programs that dictate the precise method of compliance, the
Regional Board should collaborate with the City and other permittees to develop a
range of model programs that each municipality could then modify and adopt according
to its own individual circumstances.

4. The Permit Constitutes an Unconstitutional Unfunded Mandate

The Permit contains mandates imposed at the Regional Board's discretion that are
unfunded and go beyond the specific requirements of either the Clean Water Act or the
EPA's regulations implementing the Clean Water Act, and thus exceed the "Maximum
Extent Practicable" ("MEP") standard. Accordingly, these aspects of the Permit
constitute non-federal state mandates. See City of Sacramento v. State of California,
50 Cal. 3d 51, 75-76 (1990). Indeed, the Court of Appeals has previously held that
NPDES permit requirements imposed by the Regional Board under the Clean Water
and Porter-Cologne Acts can constitute state mandates subject to claims for
subvention. County of Los Angeles v. Commission on State Mandates, 150 Cal. App.
4th 898, 914-16 (2007).

The Permit goes beyond federal law, as the Permit is at least twice as long, and in
some cases, three times as long as other MS4 permits developed by other Regional
Boards in the State of California, such as the Lahontan Regional Board and the Central
Valley Regional Board, not to mention permits developed by EPA. This means that
either some Regional Boards are failing to impose federally mandated requirements
pursuant to the Clean Water Act, or the more likely explanation is that the Regional
Board is imposing requirements that go beyond federal law.

A. The Permit's Minimum Control Measure Program is an Unfunded State
Mandate

The Permit's Minimum Control Measure program ("MCM Program") qualifies as a new
program or a program requiring a higher level of service for which state funds must be
provided. The particular elements of the MCM Program that constitute unfunded
mandates are:

• The requirements to control, inspect, and regulate non-municipal permittees and
potential permittees (Permit at pp. 38-40);

-5-
82001~0004\1476459vl.doc

RB-AR15179



• The public information and participation program (Permit at pp. 58-60):
• The industrial/commercial facilities program (Permit at p. 63);
• The public agency activities program (Permit at pp. 56-63); and
• The illicit connection and illicit discharge elimination program (Permit at pp. 106

109).

We would like to draw particular attention to the following items that shift responsibility
from other agencies to the permittees:

• Under the construction provisions for sites over one (1) acre. There are overlaps
in SWPPP applications and inspections. Permittees should not be responsible
for ensuring the SWPPP application process and the increased number of
inspections being mandated. This should only be imposed on the City if the
State provides the City with a portion of the fees already collected as
reimbursement to cover those additional costs.

• Under Section D.7.h.ii.(8), the verification that contractors have obtained various
State permits (401, 404, 1600, etc.) should not be the responsibility of the city.
As owner/operator of the flood control channels where the actual connections
will be made, verification of these permits should be the responsibility of the
Army Corps of Engineers or the Los Angeles County Flood Control District.

The MCM Program requirement that the permittees inspect and regulate other, non
municipal NPDES permittees is especially problematic and clearly constitutes an
unfunded mandate. (See, e.g., Permit at pp. 38-40.) These are unfunded
requirements, which entail significant costs for staffing, training, attorney fees, and other
resources. Notably, the requirement to perform inspections of sites already subject to
the General Construction Permit is clearly excessive. Permittees would be required to
perform pre-construction inspections, monthly inspections during active construction,
and post-construction inspections. The requirements of this Permit exceed past
permits, meaning that the Regional Board is requiring a higher level of service than in
prior permits.

Furthermore, there are no adequate alternative sources of funding for inspections to be
conducted by the City. User fees will not fully fund the program required by the Permit.
Cal. Gov't Code, § 17556(d). NPDES permittees already pay the Regional Water
Quality Control Boards fees that cover such inspections in part. It is inequitable to both
cities and individual permittees for the Regional Board to charge these fees and then
require cities to conduct and pay for inspections without providing funding.

B. The Outfall Monitoring Program Is an Unfunded Mandate That Should be
Revised

Additionally, the newly proposed outfall monitoring program in its entirety represents an
extremely expensive endeavor. This needs to be completely revised in order to make it
economically viable. As part of the Coyote Creek/San Gabriel River Metals TMDL,
Norwalk is looking at a shared cost of hundreds of thousands of dollars in monitoring
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costs. The costs for this additional outfall monitoring which will include costs for post
construction treatment system evaluation and even more additional costs for pyrethroid
studies, even if limited to HUC-12 units of approximately 20 square miles of tributary
area will be unachievable. Attachment E should be listed as "items that could be
included in a monitoring plan" and this program will then be developed over the next
several years.

C. The Receiving Water Body Requirements Render the Permit an
Unfunded Mandate

If strict compliance with state water quality standards in receiving water bodies is
required-including state water quality standard-based wasteload allocations-in the
MS4 itself or at outfall points and in receiving water bodies, the entire Permit will
constitute an unfunded mandate because such a requirement clearly exceeds both the
Federal standard and the requirements of prior permits, despite the fact no funding will
be provided. See Building Industry Assn. of San Diego County v. State Water
Resources Control Bd., 124 Cal. App. 4th 866, 873, 884-85 (2004) (though the State
and Regional Boards may require compliance with California state water quality
standards pursuant to the Clean Water Act and state law, these requirements exceed
the Federal Maximum Extent Practicable standard.)

D. The City Does Not Necessarily Have the Requisite Authority to Levy
Fees to Pay for Compliance With the Order

The ability to fund the Permit through bond measures or tax increases does not render
the Permit's program ineligible for a subvention claim because such funding
mechanisms are contingent upon voter approval, in some cases requiring supermajority
votes. Howard Jarvis Taxpayers Assoc. v. City of Salinas, 98 Cal. App. 4th 1351
(2002). The money available from other sources is both too speculative and limited to
cover all or even some of the costs imposed by the Permit. Such speculative funding
sources cannot count as viable sources of funding so as to preclude a subvention claim.
Cal. Gov't Code, § 17556(f). Furthermore, even if some portions of the Permit's
programs can be covered by user fees, these fees will not come close to covering all
such costs, meaning permittees' general funds will have to be utilized to cover
substantial portions of these costs. Cal. Gov't Code, § 17556(d) (the ability to charge
fees only defeats a subvention claim where the fees are sufficient to fully fund the
program.)

5. The Permit's Monitoring Program Exceeds the Requirements of Law

The Permit's Receiving Water Monitoring Program is improper for going well beyond the
scope of monitoring requirements authorized under Water Code Sections 13267 and
13383. The relevant portion of Water Code Section 13267 states:

"(b) (1) In conducting an investigation. .. the regional board may require
that ... any citizen or domiciliary. or political agency or entity of this state
who has discharged, discharges, or is suspected of having discharged or
discharging, or who proposes to discharge, waste outside of its region that
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could affect the quality of waters within its region shall furnish, under
penalty of perjury, technical or monitoring program reports which the
regional board requires. The burden, including costs, of these reports
shall bear a reasonable relationship to the need for the report and the
benefits to be obtained from the reports."

The Regional Board's failure to conduct and communicate the requisite cost-benefit
analysis pursuant to the monitoring requirements in the Permit constitutes an abuse of
discretion. Water Code §§ 13267 and 13225(c).

The relevant portions of Water Code Section 13383 state:

"(a) The ... regional board may establish monitoring, inspection, entry,
reporting, and recordkeeping requirements . . . for any person who
discharges, or proposes to discharge, to navigable waters....

(b) The ... or the regional boards may require any person subject to this
section to establish and maintain monitoring equipment or methods,
including, where appropriate, biological monitoring methods, sample
effluent as prescribed, and provide other information as may be
reasonably required."

The Permit goes far beyond a requirement that a permittee "monitor" the effluent from
its own' storm drains. The Permit's Receiving Water Monitoring Program seems to
require a complete hydrogeologic model found in the receiving water body, which will in
many cases be miles away from many of the individual permittees' jurisdictions. To the
extent the Permit requires individual permittees to compile information beyond their
jurisdictional control, they are unauthorized. Although Water Code Section 13383(b)
permits the Regional Board to request "other information", such requests can only be
"reasonably" imposed. Cal. Water Code § 13383(b). The information requested by the
Regional Board is unreasonable. It is not just limited to each individual copermittee's
discharge. Rather, the Permit requires copermittees to analyze discharges and make
assumptions regarding factors well beyond their individual boundaries. This is not
reasonable, and is therefore not permitted under Water Code Sections 13225, 13267,
and 13383. It is equally unreasonable to require the monitoring of authorized or
unknown discharges. See Permit at p. 108.

6. The Permit Exceeds the Regional Board's Authority by Requiring the City
to Enter into Contracts and Coordinate With Other Co-Permittees

The Regional Board cannot require the City to enter into agreements or coordinate with
other co-permittees. The requirements that permittees engage in interagency
agreements (Permit at p. 39) and coordinate with other copermittees as part of their
stormwater management program (Permit at p. 56-58) are unlawful and exceed the
authority of the Regional Board. The Regional Board lacks the statutory authority to
mandate the creation of interagency agreements and coordination between permittees
in an NPDES Permit. See Water Code §§ 13374 and 13377. The Permit creates the
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potential for City liability in circumstances where the permittee cannot ensure
compliance due to the actions of third party state and local government agencies over
which the City has no control. Such requirements are not reasonable regulations, and
thus violate state law. Communities for a Better Environment v. State Water Resources
Control Bd., 132 Cal. App. 4th 1313, 1330 (2005) (regulation pursuant to NPDES
program must be reasonable.)

7. The Permit Fails to Consider Economic Impacts As Required by Water
Code Sections 13000 and 13241

The Regional Board's failure to adequately consider the economic impacts of the
Permit, as required by Water Code Sections 13000 and 13241, render the Permit
invalid. Water Code Section 13241 requires the Regional Board to include "[e]conomic
considerations" with its consideration of the Permit. As demonstrated above, the
Regional Board is incorrect in its assertion that consideration of economics is not
required in this Permit. See Permit at pp. 24-25. Because, as demonstrated above, the
Permit requires new and higher levels of service in numerous key regards,
consideration of economic factors is necessary. City of Burbank v. State Water
Resources Control Bd., 35 Cal. 4th 613, 618, 627 (2005).

The alleged facts in the economic consideration section of the Fact Sheet misrepresent
the permittees' data and fail to consider the economic impact of new, costly aspects of
the Permit. The Fact Sheet's open skepticism of municipal financial reports is troubling,
and indicates the Regional Board has not taken permittees' actual expenses seriously.

It is also premature and improper to assume that permittees will obtain funding from
proposed ballot measures and other sources of funding which have not even been
approved, much less voted on by the public. See Fact Sheet at pp. F-142-43. If the
Regional Board wants to rely on initiatives, such as the Los Angeles County Flood
Control District's Water Quality Funding Initiative, as sources of funding to offset the
costs of storm water management, it should delay its public hearing and approval of the
Permit until after the voters have actually voted on such initiatives. Otherwise, if such
initiatives fail to pass, the co-permittees will be left to implement the Permit's
requirements without the funds to do so. Even if the Water Quality Funding Initiative is
approved by the voters, the funds generated by the Initiative would not even be
available until 2014 - well after the deadline for a majority of the compliance deadlines
set forth in the Permit. Moreover, the Water Quality Initiative will not cover all the costs
imposed on all permittees by the Permit.

The Permit also fails to consider the significant additional costs that TMDLs will impose.
The incorporation of TMDLs and the massive expansion of monitoring requirements in
the Permit, which also trigger the need for additional inspectors, will inevitably cause the
copermitees' costs to skyrocket. Furthermore, speculations about what people may be
willing to pay for cleaner water and social benefits from clean water have no real effect
on cities' bottom lines. Finally, the Permit fails to account fully for all the expenses that
implementing minimum control measures will impose. For all these reasons, the
consideration of economic impact is entirely lacking, which violates state law.
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8. The Permit's Imposition of Joint and Joint and Several Liability for
Violations is Contrary to Law

The Permit appears to improperly impose joint liability and joint and several liability for
water quality based effluent limitations and receiving water exceedances. It is both
unlawful and inequitable to make a permittee liable for the actions of other permittees
over which it has no control. A party is responsible only for its own discharges or those
over which it has control. Jones v. E.R. Shell Contractor, Inc., 333 F. Supp. 2d 1344,
1348 (N.D. Ga. 2004). Because the City cannot prevent another permittee from failing
to comply with the Permit, the Regional Board cannot, as a matter of law, hold the City
jointly or jointly and severally liable with another permittee for violations of water quality
standards in receiving water bodies or for TMDL violations. Under the Water Code, the
Regional Board issues waste discharge requirements to "the person making or
proposing the discharge." Cal. Water Code § 13263(f). Enforcement is directed
towards "any person who violates any cease and desist order or cleanup and
abatement order ... or ... waste discharge requirement." Cal. Water Code § 13350(a).
In similar fashion, the Clean Water Act directs its prohibitions solely against the "person"
who violates the requirements of the Act. 33 U.S.C. § 1319. Thus, there is no provision
for joint liability under either the California Water Code or the Clean Water Act.

Furthermore, joint liability is proper only where joint tortfeasors act in concert to
accomplish some common purpose or plan in committing the act causing the injury,
which will generally never be the case regarding prohibited discharges. Kesmodel v.
Rand, 119 Cal. App. 4th 1128, 1144 (2004); Key v. Caldwell, 39 Cal. App. 2d 698, 701
(1940). For any such discharge, it would be unlawful to impose joint liability and
especially joint and several liability. The issue of imposing liability for contributions to
"commingled discharges" of certain constituents, such as bacteria, is especially
problematic because there is no method of determining who has contributed what to an
exceedance.

For receiving water body exceedances, the Permit should specify that the burden is on
the Regional Board to show that any permittee's discharge caused or contributed to that
exceedance. Requiring permittees to prove they did not cause or contribute an
exceedance is both inequitable and unlawful. Permittees should not be required to
prove they did not do something when the Regional Board has failed to raise even a
rebuttable presumption that the contamination results from a particular permittee's
actions. See Cal. Evid. Code § 500; Sargent Fletcher, Inc. v. Able Corp., 110 Cal. App.
4th 1658, 1667-1668 (2003).

9. The San Gabriel River Reach 1 Metals TMDL

As you are aware, the City of Norwalk is currently the Chair of the Coyote Creek and
San Gabriel River Reach 1 Metals TMDL Technical Committee and we are pleased with
the Regional Board staff's efforts to allow permittees subject to this USEPA TMDL to
prepare a Watershed Implementation .Plan in lieu of the Time Schedule Order as
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originally proposed in the original permit drafts. The city is also pleased to see that the
Regional Board's intent to recognize interim efforts as equating to compliance. Having
said that, just exactly how these efforts will be recognized is still too vague and this
needs to be further addressed (which will be contained in the Implementation Plan
submitted to the Regional Board in early 2013).

Also, the city is concerned that the final TMDL goals will be strict numeric limits. For the
purpose of this MS4 permit, it is requested that the final numeric limits be listed as
iterative adaptive goals and that as the final date of the implementation period
approaches, the Basin Plan be re-opened to review the progress to date and make a
determination at that time whether to establish strict numeric limits or a continuation of
the iterative adaptive process.

10. It is Unclear How Minimum Control Measures and the Watershed
Management Program Interact

It is not clear from the Tentative Permit whether the intent is for cities such as Norwalk,
which are subject to a US EPA TMDL to be given the option of implementing the
Minimum Control Measures (as all other permittees are) or developing a Watershed
Management Program. Section E.3.a (page 114) appears to require cities subject to
US EPA TMDLs to use only the Watershed Management Program option (page 45) and
conflicts with Section C.1.b (same page) where "participation in a Watershed
Management Program is voluntary..."

11. Additional Comments and Suggestions for Revision

• Attachment A: Please provide definitions for: Construction Activity, Industrial
Parks and Commercial Strip malls. Also provide a definition of "trash excluder."

• Item (4) on page 70: This item should be eliminated. It forces an evaluation of
green roofs for every project, whether or not a green roof is proposed.

• Section h.viii (page 102). This section requires installation of trash excluders in
Priority catch basins. Trash is not listed as impairment for either Coyote Creek
or Reach 1 of the San Gabriel River. Since these water bodies are not listed as
impaired, placement of these devices should be voluntary.

The City is dedicated to the protection and enhancement of water quality. The City,
however, has other functions that require funding as well. If this Permit is adopted as
proposed, even in the best case scenario, spending cuts to other crucial services such
as police, fire, and public works are certain. Norwalk's dwindling general funds simply
cannot take the financial hit this Permit is poised to impose on the City. The City
believes a more measured approach is necessary, especially regarding how compliance
in this Permit is achieved.
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As public agencies, all parties involved in the NPDES permitting process have the
obligation to carry out their duties in a responsible, realistic, and reasoned manner.
Requirements that tether public agencies to impractical positions are counterproductive
and violate our charge as representatives of the people. The City is committed to
working with the State and Regional Boards in order to achieve our mutual goals and
looks forward to engaging in a constructive dialogue with Regional Board staff on these
issues.

Thank you in advance for consideration of these comments. If you have any questions
or comments, pie e call Dan Garcia, City Engineer, at (562) 929-5727, or Adriana
Figueroa, Ad 'nistrative Services Manager, at (562) 929-5915.

//

M'ike Eg n
City Manager

cc: Kurt Anderson, Community Development Director
Dan Garcia, City Engineer
Adriana Figueroa, Administrative Services Manager
John Hunter, John Hunter &Associates
Steve Dorsey, City Attorney
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~ RANQlo FALOs vtRDES

July 23,2012

Maria Mehranian, Chairperson
California Regional Water Quality Control Board
Los Angeles Region
320 West Fourth Street, Suite 200
Los Angeles, CA 90013

Re: Comment Letter - Draft Los Angeles County MS4 NPDES Permit

Dear Madam Chair and Members of the Los Angeles Regional Water Quality Control
Board:

The incorporated cities on the Palos Verdes Peninsula, the Cities of Rancho Palos
Verdes, Palos Verdes Estates, Rolling Hills Estates and Rolling Hills, have been
working cooperatively on TMDL implementation and expect to continue to collaborate
as we implement this challenging new municipal stormwater permit. We want to work
with your staff to protect and restore the quality of our valuable water resources in a
manner that is most effective and takes advantage of the characteristics of our unique
community.

We are a coastal community proud of our beautiful coastline and its historically high
water quality as evidenced by the recent Heal the Bay Annual Report Card which listed
three of the beaches on the Peninsula out of six honor roll beaches in Los Angeles
County. The major land use designation on the Peninsula is low density residential with
significant portions of open space, including more than 1,400 acres of nature preserves
and an extensive network of dedicated recreational trails. Drainage from the Peninsula
is conveyed via a natural soft bottom canyon system in conjunction with structured
storm drain systems in portions of the more developed areas, and these systems are
intertwined and cross-connected.

We have five key concerns with respect to the draft Los Angeles County MS4 Permit.

1. Prioritize Most Cost Effective Solutions
This permit proposes an ambitious new monitoring program while at the same time
requiring significant new prescriptive implementation and administrative requirements
throughout all aspects of the permit-the extent of the prescriptive nature of this permit
is evidenced in the shear length alone. The permit proposes an extensive list of
substantial new requirements without regard for the need to prioritize water quality
objectives and municipal resources, without consideration for unique geography and
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geology, and without credible scientific evidence that the additional requirements will
actually achieve a set of prioritized water quality objectives. As noted in the Executive
Summary of the Little Hoover Commission Report1

"Urban stormwater is a vexing problem with costly solutions, yet the state has not
developed an adequate system for assessing and prioritizing this problem and
other non-point source pollution problems .... In addition to the difficulty in
pointing resources toward the most pressing problems, the boards fail to use any
type of cost-benefit analysis to help determine priorities..... Simply ignoring the
costs of compliance means that, too often, the price is not worth the prize when
the boards set tough standards."

It is our grave concern that this permit does not do a credible job of providing permittees
the opportunity to prioritize limited fiscal resources and to direct them toward the most
critical water quality issues in the most cost effective manner.

2. Adopt "Good Faith" Language
In light of the challenges so clearly articulated by the Little Hoover Commission, it is
essential that the Receiving Water Limitations language in the draft permit be amended.
As written, permittees can be deemed in violation of the permit and become vulnerable
to costly citizen suits even if they are acting in good faith to correct exceedances of
water quality standards. Because of this language, even though cities are required to
follow an iterative process to implement additional measures based on feedback from
the results of water quality monitoring to increase as necessary the effectiveness of
implementation measures, a city may be found in violation of the permit during the
iterative process. This was a serious defect in the last permit and is an issue being
considered at the statewide level as the State Water Resources Control Board
considers comments on Receiving Water Limitations language in the context of the
proposed draft CalTrans Stormwater Permit and the Phase II Municipal Stormwater
Permit. The California Stormwater Quality Association (CASQA) has proposed a cure
to this problem in language proposed in its comment letters on the CalTrans Stormwater
Permit and the Phase II MS4 Permit-we support the use of language consistent with
the CASQA proposed language.

3. Rely on Available & Effective Science
Similarly, requiring adherence to strict numeric water quality limits for compliance with
final TMDL objectives does not acknowledge the scientific uncertainty and limitations in
the data and models used to adopt the TMDLs in the first place, and does not address
the difficulties inherent in developing cost-effective measures for achieving the limits.
The Little Hoover Commission report aptly captures this problem as follows:

"California's current system for ensuring water quality does not rank the biggest
threats to water quality and systematically match its finite resources to address
the most serious of them using the tools of scientific and economic analysis."

1 Little Hoover Commission, January 2009. Clearer Structure, Cleaner Water: Improving Performance
and Outcomes at the State Water Boards.
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"The Commission recommends making greater use of science in determining the
cause and remedies to water contamination as well as economic analysis to
inform which options offer the greatest improvement within the available
resources."

"Much more research is needed-the boards face a difficult challenge in
regulating non-point sources such as stormwater, as there remains a lack of
knowledge regarding the best, most cost-effective methods for reducing this kind
of pollution-but the boards have failed to use science available to them in an
efficient, effective manner."

4. Integrate and Focus on Relevant Monitoring Requirements
Finally, we are alarmed by the extensive new monitoring provisions that go far beyond
what we had expected to be the focus of this next permit--integrated TMDL monitoring.
The Peninsula Cities have been focused on coordinated monitoring for the Machado
Lake Nutrient and Santa Monica Bay Bacteria TMDLs. We fully anticipated that the
monitoring requirements in the next permit would allow us to continue that focus by
amending our monitoring programs to incorporate the new TMDLs which have been
promulgated for these water bodies and for Los Angeles Harbor, as we believed that
TMDLs were the high priority focus of the Regional Board. Instead the 72-page
monitoring section of the draft permit introduces a myriad of new monitoring
requirements completely outside the monitoring requirements in the adopted TMDLs.

5. Provide Time for Adequate Review
While we appreciate the access and opportunity that Board staff provided to the LA
Permit Group during the time that this draft permit was under development, and the
opportunity to provide input, significant issues remain unresolved and many more have
become evident now that this draft permit has been released in its entirety. A forty-five
day review period for a 500-page permit is hardly adequate and has not provided us
enough time to fully review and digest all the interrelated parts of this permit, to consider
the implications, and provide complete and comprehensive comments. We have
however used the limited time as best we could to begin to develop a categorized list of
comments that are attached for your consideration; they are by no means
comprehensive and there are significant elements of the draft permit which we simply
have not had sufficient time to review and analyze.
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We appreciate the opportunity to provide these comments and urge the Board to review
the comments provided by all the permittees and to issue a revised draft permit for
additional comment prior to adopting a final permit.

Sincerely,

Gre ammer, Assistant City Manager
City of Rolling Hills Estates

B. Hendrickson, Interim Director
f Public Works

Rancho Palos Verdes

Allan Rigg, Director of Planning and
Public Works

City of Palos Verdes Estates

Attachment

Copies:
Charles Stringer, Vice-Chair
Francine Diamond, Board Member
Mary Ann Lutz, Board Member
Madelyn Glickfeld, Board Member
Maria Camacho, Board Member
Irma Munoz, Board Member
Sam Unger, Executive Officer
Ivar Ridgeway, Board staff
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Attachment:  Peninsula Cities Detailed Comments on  

Draft NPDES Permit for MS4 Discharges within LA County as noticed on June 6, 2012. 

“A” are high priority comments specific to the Palos Verdes Peninsula 

“B” are high priority comments generally applicable to most Permittees 

“C” are administrative issues that need to be resolved 

Rank Comment 

No. 

Permit section 

reference 

Pages  Comment  Recommended change 

A 1 III.A.3.a. ii.-vi. 29 The listed non-storm water discharges which are 

conditionally exempt within an Areas of Special 

Biological Significance (ASBS) should also be 

conditionally exempt in areas outside an ASBS, i.e., 

anywhere in the LA Basin.  The same concerns for 

structural stability, slope stability and naturally 

occurring flows are present on the Palos Verdes 

Peninsula as they are in ASBS in Malibu, this is 

especially clear from the recent landslide at Whites 

Point in San Pedro, as well as the active landslide areas 

on the Palos Verdes Peninsula. 

Add these conditionally exempt non-

stormwater discharges from 

III.A.3.a.ii.-vi. to the list in III.A.2.b. 

 

 

A 2 III.A.1.a. 

and 

III.A.2 

26 - 27 RB staff proposed language requires the permittees to 

“prohibit non-stormwater discharges through the MS4 

to receiving waters” except where authorized by a 

separate NPDES permit or conditionally authorized in 

sections  III.A.3-6.   

 

We do not understand the meaning or intent of the 

“through” language or how it could be practically or 

effectively enforced.  Once a prohibited discharge 

enters the MS4 it mixes with other permitted or 

conditionally authorized flows making it impossible to 

address the prohibited discharge separately. It is only 

Substitute the word “to” or “into” 

for the word “through” in both Part 

III.A.1.a. and Part III.A.2. 
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Rank Comment 

No. 

Permit section 

reference 

Pages  Comment  Recommended change 

practical to prohibit a discharge at the point of entry. 

 

The required legal authority provisions in the federal 

regulations  at 40CFR122.26 (d)(1)(ii) require legal 

authority to control discharges to the MS4 but not 

through the MS4.  Additionally, with respect to the 

definition of an illicit discharge at 40CFR122.26(b)(2), 

an illicit discharge is defined as “a discharge to the MS4 

that is not composed entirely of stormwater”. In issuing 

its final rulemaking for stormwater discharges on 

Friday, November 16, 1990
1
, USEPA states that: 

 

Furthermore, USEPA provides model ordinance 

language on the subject of discharge prohibitions: 

http://www.epa.gov/owow/NPS/ordinance/mol5.htm.  

Section VII Discharge Prohibitions of this model 

ordinance provides discharge prohibition language as 

follows: 

 

No person shall discharge or cause to be 

discharged into the municipal storm drain 

system or watercourses any materials, 

including but not limited to pollutants or waters 

containing any pollutants that cause or 

contribute to a violation of applicable water 

quality standards, other than storm water. 

 

 

A 3 V. 37 - 38 Receiving Water Limitations provisions in this draft 

tentative Permit must be amended.  As written, a 

The Receiving Water Limitation 

language needs to be revised to 

                                                           
1
 55 FR 47990-01 VI.G.2. Effective Prohibition on Non-Stormwater Discharges 
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Rank Comment 

No. 

Permit section 

reference 

Pages  Comment  Recommended change 

Permittee can be deemed in violation of the permit, 

and vulnerable to costly citizen suits, even if it is acting 

in good faith to do everything in its power to correct 

exceedances.  Stated differently, even though the 

RWQCB requires Permittees to implement an iterative 

process to improve BMPS to address exceedances, the 

City is still in violation of the permit during the iterative 

process. This was a serious defect in the last permit and 

it has not been remedied in this draft.  

 

clarify when a Permittee is in 

compliance with the Permit.  We 

recommend  Receiving Water 

Limitation language consistent with 

the California Association of 

Stormwater Quality language that 

was submitted in a comment letter 

on the CalTrans permit which has 

been provided in the comment 

letter from the LA Permit Group. 

A 4 VI.C.1.e. 45 - 46 This provision states that: 

 

Watershed Management Programs shall be developed 

using the Regional Water Board’s Watershed 

Management Areas (WMAs). Where appropriate, 

WMAs may be separated into subwatersheds to focus 

water quality prioritization and implementation efforts 

by receiving water.  

 

There are many permittees who have jurisdictional 

area within multiple watersheds with multiple TMDLs 

to be addressed. It is not clear from this language 

whether these provisions allow the option for the 

creation of a single Watershed Management Program 

by a group of permittees to address multiple 

watersheds within those jurisdictional boundaries.  At 

the workshop held on July 9, 2012, Regional Board staff 

indicated that Watershed Management Programs could 

be developed by a group of permittees such as those 

who have previously been working in jurisdictional 

groups towards TMDL compliance.  It may be most 

effective in terms of municipal resources for a group of 

Recommend that language be 

clarified to explicitly provide the 

option of development of a 

Watershed Management Program 

by one or more permittees which 

would address multiple watersheds 

and associated TMDLs at once 

within those jurisdiction(s)’ 

boundaries.  
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Rank Comment 

No. 

Permit section 

reference 

Pages  Comment  Recommended change 

permittees with similar land use and geography but 

which affect multiple watersheds to group together, 

e.g., the Peninsula Cities, to prepare a joint Watershed 

Management Program Plan within their defined 

jurisdictional boundaries. 

A 5 VI.D.6.a.i.3 

and 

VI.D.6.c.i.(2) 

67 The stated objective of mimicking the predevelopment 

water balance is not consistent with the requirement 

that the entire design storm be managed onsite, 

particularly with respect to hillside areas.   

Revise this requirement to subtract 

the predevelopment runoff volume 

from the design storm volume to 

determine the site-specific volume 

that must be retained onsite. 

A 6 VI.D.6.b.i.(1)(k) 68 Single-family hillside homes should not be included in 

the list of New Development Projects subject to the 

project performance criteria for water quality flow 

reduction under VI.D.6.c..  Because the language at 

VI.D.6.c.i.(1) states that “Each Permittee shall require 

all New Development and Redevelopment projects 

identified in Part VI.D.6.b to control pollutants, 

pollutant loads, and runoff volume emanating from the 

project site . . . .” and single family hillside homes are 

included under the list in Part VI.D.6.b without a 

threshold size, the draft permit language as written is 

requiring hillside home projects of any size to meet the 

numeric volume control requirements, even though we 

do not believe this was the intention of Regional Board 

staff. 

Recommend that the special 

requirements for hillside homes be 

relocated to a different location 

within VI.D.6 such as under 

Vi.D.6.a.i. as item (8) so that such 

projects  will not be included in the 

list of new 

development/redevelopment 

projects requiring strict numerical 

volume runoff reduction. 

 

A 7 V.D.6.b.i.(1)(a) 67 The draft permit lowers the threshold for single family 

residential projects subject to the numeric design 

criteria to 10,000 square feet of impervious area 

regardless of the number of units or the percent lot 

coverage. To apply numeric design standards to single-

family home projects of one or two units adds 

unnecessary complexity to the design and is an onerous 

Recommend that residential 

developments of one or two units be 

excluded from the strict numeric 

design criteria in favor of a simpler 

LID approach. 
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Rank Comment 

No. 

Permit section 

reference 

Pages  Comment  Recommended change 

requirement for such projects, especially those with a 

low percentage of lot coverage. 

A 8 VI.D.6.c.i.(4) 70 The language in this part is unclear and could be 

interpreted to mean that all projects must consider 

maximum use of green roofs and rainfall harvest and 

use regardless of whether retention of the Stormwater 

Quality Design Volume (SWQDv) has been met by other 

means such as bioretention and biofiltration.  

Furthermore even if the SWQDv cannot be met without 

consideration of green roofs and rainfall harvest and 

use, there may still be reasons of infeasibility that apply 

to use of these devices: 

 

Green roofs may not be feasible for a number of 

reasons including but not limited to: 

 

• Areas within Very High Fire Severity zones 

where the green roof installation runs counter 

to the fire protection guidelines 

• Use of green roofs may inhibit the Fire 

Department’s ability to ventilate a 

structure/utilize and access the roof for fire 

suppression 

•  Some pre-existing neighborhood 

compatibility/design standards and CC&Rs 

specify require roof pitches that are steeper 

than what would be technically feasible for 

application of green roofs.   

• Use of green roofs may compete with use of 

solar roofs which provide greenhouse gas 

reduction 

 

Recommend replacing the word 

“maximum potential for” with 

“feasibility of”, so that this provision 

would read: 

 

“When evaluating the potential for 

on-site retention, each Permittee 

shall consider the feasibility of 

evapotranspiration from green roofs 

and rainfall harvest and use if the 

SWQDv cannot be met by other 

means.”   

 

This would then clarify that the 

Permittee has discretion to 

determine feasibility and will be able 

to take into account a variety of 

issues including: building codes, fire 

hazards and required approvals by 

the Fire Department, the 

sophistication of the property 

manager, and other competing 

environmental benefits without 

explicitly listing in the MS4 Permit all 

the possible infeasibility issues with 

respect to green roofs and rainfall 

harvest. 
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Rank Comment 

No. 

Permit section 

reference 

Pages  Comment  Recommended change 

Maximizing rainfall harvest could be interpreted to 

require use of cisterns in situations where the occupant 

or property manager is not technically sophisticated 

enough to ensure the systems are properly maintained 

when use of rain barrels is more appropriate, e.g., for a 

single-family residence application.   

A 9 VI.D.6.c.v. 75 Because this draft permit includes all projects of one 

acre or more and 10,000 sf of impervious surface in the 

list of categories for new development/redevelopment 

criteria, large single family home projects and hillside 

homes (if the correction is not made) may now be 

subject to these hydromodification requirements 

whereas under the previous permit they were not 

because the peak flow control requirement for natural 

drainage systems only applied to housing 

developments of 20 units or more.  

 

The short 45 day review period for this permit has not 

allowed sufficient time to consult a hydrologist to 

determine what the cost of such a required study to 

meet the new Interim Hydromodification Control 

Criteria would be and how that would impact the cost 

of new development or redevelopment for a single 

family home project of just one unit. 

Exempt single family home projects 

of just one unit from the interim 

hydromodification requirement until 

the adoption of the State or 

Regional Water Board final 

hydromodification policy or criteria--

this will provide for sufficient review 

time to consider what approach is 

appropriate for projects of one unit. 

In the mean time single family 

hillside homes would still be 

required to meet the narrative 

requirements for hillside homes to 

conserve natural areas, protect 

slopes and channels and divert roof 

runoff and surface flow to vegetated 

areas, and those which meet the 

10,000 sf impervious surface and 1 

acre of disturbed area threshold 

would also be subject to the water 

quality/flow reduction numeric 

standards for the 85
th

 percentile 

storm. 

A 10 VI.D.6.d.iv. 81 The requirement for implementing a tracking and 

enforcement program for private development and 

redevelopment projects is a significant new 

Exclude single-family residential 

projects from annual reporting 

requirements i.e. from the 
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Rank Comment 

No. 

Permit section 

reference 

Pages  Comment  Recommended change 

requirement as it will demand a significant dedication 

of staff resources for administrative activity.  This is 

also onerous for single-family residential projects, in 

effect requiring homeowners to submit a letter every 

year and follow up by City staff if reports are not 

submitted.  

requirements at VI.D.6.d.iv. (d), and 

(e).  The Permittees would still 

maintain a record in the database of 

the project in accordance with (a) so 

that when future modifications to 

the project site occur via building 

permit, the permittee can verify the 

condition of the structural BMP as 

part of subsequent redevelopment 

projects on the property and ensure 

that the effectiveness is maintained 

over the long term without annual 

reporting by the homeowner. 

 

A 11 VI.D.7.f 84 Vegetation/brush clearing for fire prevention and 

control should not be considered a construction activity 

subject to the provisions of Part VI.D.7. In very high fire 

hazard areas vegetation/brush clearance to provide 

defensible space is an annual requirement by LA 

County Fire Department.  

Modify the statement to read: 

“The requirements contained in this 

part apply to all activities involving 

soil disturbance with the exception 

of agricultural activities and fire 

prevention and control activities”. 

A 12 Attachment E  Attachment E represents an enormous cost and goes 

far beyond what would be required for an integrated 

TMDL monitoring program.  More time is needed to 

provide detailed comments specific to the Palos Verdes 

Peninsula 

Recommend this Attachment be 

advisory in nature until permittees 

and the Regional Board can further 

discuss.  

A 13 Attachment G  This section is related to Attachment E and introduces 

numerous pollutants that now will need to be tested 

for.  More time is needed to provide detailed 

comments specific to the Palos Verdes Peninsula 

Similarly, this should only be 

advisory in nature at this time 

A 14 Attachment J  More time needed to provide detailed comments 

specific to the Palos Verdes Peninsula 

 

A 15 Attachment M M-5 Footnote 7 states that final receiving water limitations An additional table is needed 
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Rank Comment 

No. 

Permit section 

reference 

Pages  Comment  Recommended change 

are group-based and shared among all MS4 Permittees 

located within the sub-drainage area to each beach 

monitoring location.  We have previously provided to 

Regional Board staff information on which members of 

our jurisdictional groups have responsibility for which 

monitoring locations. 

showing the responsible agencies 

for each individual shoreline 

monitoring location. 

 

A 16 Attachment M 

C.2. 

M-8 The Santa Monica Bay DDT and PCB TMDL issued by 

USEPA assigns the waste load allocation as a mass-

based waste load allocation to the entire area of the 

Los Angeles County MS4 based on estimates from 

limited data from mass emissions stations to which 

none of the Peninsula cities are tributary. Land use on 

the Peninsula is significantly different than in the areas 

from which the data was collected.  Monitoring of 

stormwater discharges from the Peninsula may very 

well indicate that the Peninsula cities do not cause or 

contribute to the DDT and/or PCB impairment in Santa 

Monica Bay.  However because the TMDL has been 

translated into the Permit using only the mass-based 

waste load allocation applied to the entire area of Los 

Angeles County, the Peninsula cities will be obligated to 

wait until the entire LA Basin is in compliance to 

establish attainment of the TMDL waste load 

allocations. 

Include the concentration-based 

sediment targets from Table ES-1 of 

the TMDL as concentration-based 

Waste Load Allocations in the MS4 

Permit normalized for organic 

carbon (OC): 

 

DDT: 23 ng/g OC 

PCBs: 7 ng/g OC 

 

And to provide a mass-based option 

for compliance such that watershed 

management areas, subwatersheds 

and individual permittees have a 

means to demonstrate attainment 

of the final WLAs should also be 

expressed as an annual mass loading 

per unit area, e.g., per square mile.  

B 17 III.A.4.d.iii. 31 For municipalities to “provide for diversion of non-

storm water discharge to the sanitary sewer” is not the 

appropriate language and implies that the MS4 

permittee should bear the cost and responsibility for 

complying with this requirement which responsibility is 

properly borne by the discharger.  Furthermore, 

discharge of certain pollutants to POTW’s may not be 

permitted by the POTW operator, which is often not 

Substitute “require the discharger to 

obtain a permit and connect the 

non-storm water discharge to the 

sanitary sewer system if feasible” 
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Rank Comment 

No. 

Permit section 

reference 

Pages  Comment  Recommended change 

the MS4 Permittee. (throughout) 

B 18 III.A.4.d.iv 31 For municipalities to “provide for treatment” of a non-

storm water discharge is inappropriate use of public 

funds unless it is a discharge generated by the activity 

of the MS4 Permittee.  Instead the discharger must be 

required to obtain a permit and connect the discharge 

to the sanitary sewer, or to treat the discharge, but that 

would fall under “impose additional conditions” 

Strike this provision as it is already 

covered under “impose conditions in 

addition to those in Table 8” at ii.  

B 19 VI.A.3.a. 40 The Permit states that “Each Permittee shall exercise its 

full authority to secure the fiscal resources necessary to 

meet all requirements of this order”. 

 

This is an impossible permit demand. The scope of this 

tentative draft Permit is unprecedented in its demands 

on the fiscal resources of municipalities and it is 

impossible for municipalities to secure the fiscal 

resources to meet all the requirements of this order. 

Municipalities have a myriad of other obligations   

which also place demands on fiscal resources in an 

environment of diminishing budgets. Muncipalities 

must necessarily balance limited fiscal resources among 

competing demands and we will be obligated to 

prioritize those demands.   

Delete provision VI.A.3.a. as it 

establishes an impossible 

requirement, such a requirement is 

not in the existing permit, and no 

basis or authority for making this 

requirement has been provided by 

Regional Board staff. 

B 20 VI.A.14.h 44-45 Trash TMDLs typically provide that the zero trash 

objective is functionally achieved so long as certified 

full capture devices treat up to the 1-year, 1-hour 

storm. Yet the enforcement provisions for trash TMDLs 

indicates that violations are limited to the days of a 

storm event of greater than 0.25 inches. 

Please clarify how this provision with 

respect to enforcement will apply in 

instances where a permittee has 

complied with a final trash TDML via 

installation of certified full capture 

devices which are not designed to 

control a storm event of greater 

than the 1-year, 1-hour storm. 

B 21 VI.C.3.b.iii.(3) 50 We agree that watershed control measures may Please clarify that such projects are 
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include stream and/or habitat rehabilitation or 

restoration projects where they will contribute to 

demonstrable improvements of the physical, chemical 

and biological receiving water conditions. 

also appropriate candidates for 

retrofit for purposes of offsite 

volume mitigation by so indicating in 

VI.D.6.c.iii(4)(e). 

B 22 VI.C.6.a.i., 

 

54 States that “Permittees in each WMA shall implement 

an adaptive management process annually during the 

permit term, beginning in 2015,  . . .”  

This conflicts with Appendix F Fact Sheet, page F-44 

which states that “Permittees in each Watershed 

Management Area must implement the iterative 

process at least twice during the permit term, adapting 

the Watershed Management Program to become more 

effective,  .  . . .” also Table F-5 in the Fact sheet, page 

F-47 references parts VI.C.6.a.i  and indicates that the 

frequency twice during the permit 

 

An annual adaptive management process is too 

frequent for stormwater as the data supporting that 

adaptive process is not sufficiently robust over one 

storm season to make management decisions.  It is also 

time consuming to make changes as a group by 

committee and is not a practical to revise the 

Watershed Management Program Plan on an annual 

basis.  

There should be only one revision of 

the Watershed Management 

Programs required during the Permit 

term, and only when the monitoring 

data supporting the adaptive 

management/iterative process 

demonstrates that the modification 

is warranted. 

B 23 VI.C.6.b.i. 55 This provision appears to require the individual 

permittees within a WMA to implement the adaptive 

management process on an annual basis, i.e., more 

frequently than the WMA as a whole.  The adaptive 

management/iterative approach and timing should be 

consistent between individual permittees who are 

participating in a watershed management program and 

the watershed management program.   

Eliminate the separate jurisdictional 

requirements of Part IV.6.b. entirely 

as it is redundant with Part IV.6.a. 
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B 24 VI.D.1.b.i. 56 30 days is not a sufficient period of time to implement 

the minimum control measures. There are many 

provisions which necessitate lead time, planning and 

action by the governing body in order to implement. In 

addition it is difficult for Permittees to find all the 

required deadlines when they are sprinkled throughout 

the permit. 

Recommend that this language be 

revised to state Permittee shall 

within 30 days of the effective date 

of the permit initiate measures so 

that provisions of Part VI.D. are 

implemented in accordance with the 

Timeline for Implementation of 

Permit Requirements and then 

suggest including Table F-5 in the 

body of the permit at this location, 

i.e., at VID.1.b.i. 

B 25 VI.D.6.c.iii(4)(f) 73 The requirement that offsite projects must be 

completed within 4 years of the certificate of 

occupancy for the first project that contributed funds 

toward the construction of the offsite project is an 

impossible expectation for offsite projects of any 

significant scale, especially if they are being 

implemented within a different Permittee jurisdiction 

than where the project being mitigated is located.  

Municipalities cannot implement retrofit-type offsite 

projects without a significant portion of the 

construction funds in hand or committed, so this 

requirement will effectively limit the scale and 

effectiveness of offsite projects to those that are very 

small and can be funded within a narrow window of 

time to allow for design and construction of the retrofit 

project within the 4-year window. 

Recommend that this requirement 

be changed to “within 4 years of the 

certificate of occupancy for the last 

project that contributed funds 

toward the construction of the 

offsite project”. 

B 26 VI.D.6.c.vii. 79 The annual requirement that each Permittee prepare a 

list of mitigation project descriptions and pollutant and 

flow reduction analyses comparing the expected 

aggregate results of alternative compliance projects to 

This analysis that should be 

prepared as part of the Report of 

Waste Discharge for the next permit 

and could be prepared on a 
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results that would otherwise have been achieved by 

retaining on site the SWQDv is a significant new 

undertaking and will require significant technical 

resources, most likely through outside expertise. Due to 

the timeframes associated with the mitigation 

programs, in particular the off-site mitigation projects, 

such an analysis should not be required every year, but 

more appropriately once every four-five years in line 

with the time frame for offsite mitigation timelines and 

in order to provide meaningful information.   

watershed basis if permittees so 

choose. 

 

B 27 VI.D.6.d.i. 80 Please clarify that the provision that a Permittee may 

submit documentation that an alternate local Low 

Impact Development ordinance is equivalent to the 

Permit requirements can be employed for low impact 

development ordinances that were not pre-existing to 

this permit.  Some Permittees that have not yet 

developed a local LID ordinance pending adoption of 

this Permit may find that it is in the best interests of 

water quality and the broader interests of the 

community  to develop a local LID ordinance to achieve 

the same objectives in a manner that is more in keeping 

with local land use, geography and geology and 

pollutants of concern/TMDL objectives.  If such a local 

LID ordinance is developed subsequent to the adoption 

of this permit, then the Permittee should be able to 

submit the documentation of equivalence to the 

Executive Officer for review and comment during 

development of the ordinance so that a finding of 

equivalence could be made concurrent with the LID 

ordinance adoption. 

Recommend that VI.D.6.d.i.(1) be 

modified to read:  “Documentation 

shall be submitted within 180 days 

after the effective date of this Order 

for local LID ordinances in effect at 

the time of adoption, and for local 

LID ordinances developed 

subsequent to the effective date of 

the permit a documentation of local 

equivalence shall be provided to the 

Regional Board Executive officer for 

approval prior to final adoption of 

the local LID ordinance. 

B 28 VI.D.7.f 84 The exclusion of routine maintenance activities from 

the definition of “construction” under the current MS4 

Include in the discussion of what 

activities constitute construction the 
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permit does not appear to have been preserved in Part 

VI.D.7. Nor is there a definition of “construction” in 

Appendix A. 

following statement from the 

previous permit: 

“Construction does not include 

routine maintenance to maintain 

original line and grade, hydraulic 

capacity, or original purpose of the 

facility; emergency construction 

activities required to immediately 

protect public health and safety; 

interior remodeling with no outside 

exposure of construction material or 

construction waste to stormwater, 

mechanical permit work; or sign 

permit work.” 

B 29 VI.D.7.f 84 Need to exclude landscaping and gardening activities 

from the definition of construction.  Because there is 

no size limit for construction sites in the draft permit 

and based on the description of construction activity in 

Part VI.D.7.f, a homeowner who is gardening or 

conducting landscape activities that do not require a 

building permit would be subject to the provisions of 

VI.D.7. 

Recommend excluding activities that 

do not require a building or grading 

permit under local ordinance from 

the requirements of Part VI.D.7. Any 

potential problems with landscaping 

activities that result in potential for 

discharge of soil to the MS4 can be 

readily enforced through the illicit 

discharge program rather than the 

construction program. 

B 30 VI.D.7.g. 84-85 The requirement for Permittees to create an electronic 

tracking system for construction sites one acre and 

greater is redundant with the State Water Resources 

Control Board SMARTS tracking system under the 

General Construction permit.  It is a waste of public 

funds to create a redundant database requirement, 

especially for largely built-out communities where very 

few construction projects are large enough to trigger 

Provide the option for permittees to 

meet this requirement by regularly 

accessing and using the Statewide 

SMARTS system to monitor the 

status of construction sites within 

their jurisdictions. This makes 

particular sense for permittees that 

will require a submittal of a SWPPP 
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this requirement—since the Permittees are already 

required by Part VI.D.7. h.(8) to ensure that coverage is 

obtained under the General Construction Permit so all 

such projects would be required to upload their 

information to the SMARTS system and that 

information is also readily accessible to Regional Board 

staff as well. 

consistent with the Construction 

General Permit in lieu of a local 

Erosion and Sediment Control Plan. 

 

B 31 VI.D.9.b.v. 108 For municipalities to “provide for diversion of the entire 

flow to the sanitary sewer or provide treatment” with 

respect to an ongoing illicit discharge is not the 

appropriate language and implies that the MS4 

permittee should bear the cost and responsibility for 

complying with this requirement which responsibility is 

properly borne by the discharger 

Substitute “require the discharger to 

obtain an NPDES permit or connect 

the non-storm water discharge to 

the sanitary sewer system” 

B 32 VI.E.2.c.iii. 113 The statement that if a Permittee is in compliance with 

the applicable TMDL requirements in a time schedule 

order (TSO) issued by the Regional Board, it is not the 

Regional Water Board’s intention to take enforcement 

action for violations of Part V.A. Receiving Water 

Limitations does not prevent citizens (third parties) 

from bringing action against the Permittee pursuant to 

33 USC 1365, and may actually increase the ability of 

third parties to bring action by the explicit statement 

that the Regional Board does not intend to take 

enforcement. 

Recommend that TMDL 

requirements should be addressed 

through Watershed Management 

Plan revisions and approvals by the 

Regional Board Executive Officer 

rather than through a time schedule 

order. 

B 33 VI.E.4.b. 116 Rather than request a Time Schedule Order for State 

Adopted TMDLs where final compliance deadlines have 

passed, Permittees should have the option of revising 

the Watershed Management Plan to include the 

elements listed in VI.E.4.d.  Some TMDL final 

compliance deadlines will fall near the end of the next 

permit term or once it has expired  while the permit is 

Strike the phrase “within 45 days of 

Order adoption” 

 

Add the additional language to the 

end of VI.E.b.: 

 

“or include the information listed in 
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still in effect because the LARWQCB has not adopted a 

new permit (as is the case right now). The Permittees 

would not have requested a TSO within 45 days of 

Permit adoption because at the time the Permittees 

were in compliance with the interim objectives. 

VI.E.4.d.i-vi in its Watershed 

Management Plan.” 

B 34 VI.E.5.b.(c)(i) 118 The language here is not consistent with the language 

used to establish compliance in the TMDLs.  For 

Machado Lake Trash TMDL the language reads: 

 

“Zero will be deemed to have been met if full capture 

systems have been installed on all conveyances 

discharging to Machado Lake.”  

 

While the Santa Monica Bay Marine Debris TMDL 

language reads: 

 

“Compliance with percent reductions from the Baseline 

WLA will be assumed wherever properly-sized full 

capture sytems are installed and properly operated and 

maintained in corresponding percentages of the 

conveyance discharging to waterbodies within the 

Santa Monica Bay Watershed or directly to Santa 

Monica Bay.” 

Need to revise the language in the 

tentative draft permit at 

VI.E.5.b.(c)(i) to clarify that it is the 

MS4 conveyance system that must 

be serviced by the full capture 

systems, not “drainage areas”. 

B 35 Attachment A A-5 -6 Definition of Maximum Extent Practicable provided 

here is not a definition but a set of factors/criteria.  As 

noted on page F-30 of the Fact Sheet, “Neither 

Congress nor the USEPA has specifically defined the 

term ‘maximum extent practicable’. Rather, the MEP 

standard is a flexible and evolving standard.” 

Remove Maximum Extent 

Practicable from the definition 

attachment and rely instead for an 

understanding of the term on the 

discussion in the Fact Sheet on 

pages F-30 to F-31 which references 

State Board and USEPA 

interpretation. 

B 36 Attachment A A-8 In the definition of “Rainfall Harvest and Use”, why is Revise the definition of “Rainfall 

RB-AR15205



Peninsula Cities detailed comments     Page | 16  

 

Rank Comment 

No. 

Permit section 

reference 

Pages  Comment  Recommended change 

only rainfall runoff from a roof included in the category 

of rainfall harvest and use, it would seem that runoff 

from other types of impervious surfaces could also be 

beneficially used for irrigation. 

Harvest and Use” to avoid describing 

the source of the runoff, but simply 

use the term “rainfall runoff” and 

leave to the discretion of the 

Permittees to determine what 

sources of runoff can be beneficially 

used for irrigation and non-potable 

uses. 

B 37 Attachment F  More time needed to provide detailed comments   

B 38 Attachment M 

A. 

M-1 

through 

M-7 

This discussion in this section devoted to the Santa 

Monica Bay Beaches Bacteria TMDL creates confusion 

regarding the meaning of the terms "water quality 

objectives or standards, and "receiving water 

limitations" and "water quality-based effluent 

limitations"—it has effectively reversed the meaning of 

the terms and has set effluent limitations that are more 

strict than the receiving water limitations.   

Make suggested specific revisions in 

the following comments. 

B 39 Attachment M 

A.2. 

M-1 The language in Part M.A.2. is incorrect as is the title of 

the table.  As defined in Attachment A, page A-8, 

Receiving Water Limitations are the applicable numeric 

or narrative water quality objective criterion or 

limitation for the receiving water . . .Thus water quality 

objectives or water quality standards are those that 

apply in the receiving water.  Consistent with the 

TMDL, this table identifies the bacteriological objectives 

as set forth in Chapter 3 of the Basin Plan and serve as 

the numeric targets for the Santa Monica Bay Beaches 

Bacteria TMDL. 

Language at A.2. should be revised 

to read: 

 

Receiving Water Limitations are the 

bacteriological objectives set forth in 

Chapter 3 of the Basin. 

 

The main header in this table should 

be: 

Basin Plan Water Quality Objectives 

(MPN or cfu) 

B 40 Attachment M 

A.3. 

M-1 Part M.A.3 mistakenly uses the term “receiving water 

limitations” to refer to “waste load allocations”.  In the 

Santa Monica Bay Bacteria TMDL the term “allowable 

exceedance days” is synonymous with “waste load 

Throughout A.3. the term “receiving 

water limitations” should be 

replaced by the term “waste load 

allocations” 
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allocations”.  The Santa Monica Bay Beaches Bacteria 

TMDL Basin Plan Amendment Attachment A states that 

“Waste Load Allocations are expressed as allowable 

exceedance days”. 

B 41 Attachment N  

C.2 

N-3 The Machado Lake Nutrient TMDL provides for a 

reconsideration of the TMDL 7.5 years from the 

effective date prior to the final compliance deadline. 

This should be included in the schedule for attaining 

interim and final waste load allocations. 

Please include an additional 

statement taken from the Machado 

Lake Nutrient TMDL in item  3.C.2 

which describes the schedule for 

achieving interim and final waste 

load allocations: 

"By September 11, 2016 Regional 

Board will reconsider the TMDL to 

include results of optional special 

studies and water quality monitoring 

data completed by the responsible 

jurisdictions and revise numeric 

targets, WLAs, LAs and the 

implementation schedule as 

needed." 

B 42 Attachment K 

and 

Attachment N 

N-4 

through 

N-9 

Attachment K does not adequately clarify responsibility 

among Permittees for compliance with the VERY 

complex TMDL. The State Board requested a 

clarification of this issue from the Regional Board staff 

in its review of the Dominguez Channel and Greater Los 

Angeles and Long Beach Harbor Waters Toxic Pollutants 

TMDL.  Regional Board staff developed and submitted 

an Attachment D Responsible Parties Table RB4 Jan 27, 

12 which was provided to the State Board and 

responsible agencies during the SWRCB review of this 

TMDL, and is posted on the Regional Board website in 

the technical documents for this TMDL. This table 

should be included either in Attachment K or in 

Please incorporate into the MS4 

Permit the Responsible Parties Table 

RB4 Jan 27, 12 which was provided 

to the State Board and responsible 

agencies during the SWRCB review 

of this TMDL, and is posted on the 

Regional Board website in the 

technical documents for this TMDL 
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Attachment No to clarify permittee responsibilities. 

B 43 Attachment N 

E. 

 The Dominuguez Channel and Greater LA  and Long 

Beach Harbor Waters Toxic Pollutants TMDL provides 

for a reconsideration of the TMDL targets and WLAs.   

Please include an additional 

statement from the TMDL in 

Attachment N Part E: 

 "By March 23, 2018 Regional Board 

will reconsider targets, WLAs and 

LAs based on new policies, data or 

special studies." 

C 44 Table 2 1-8 Contact information should not be included in permit 

except in the form of a position/title, e.g., public works 

director, as it will change over time, some information 

is already incorrect 

Delete detailed contact information 

and include only position/title to 

whom information or 

correspondence should be directed. 

C 45 II Finding A 13 Primary pollutants of concern should be those 

identified on the 303d list for receiving waters in the LA 

Basin have been identified as being impaired, not a 

twelve-year-old receiving water impact report.  

Strike the reference to LACFCD 

Integrated Receiving Water Impacts 

Report from 1994-2000 and 

substitute reference to 303d list 

C 46 II Finding I 19 Finding I indicates that the Fact Sheet provides 

background and rationale for the permit requirements 

and incorporates the Fact Sheet into the Order as 

Attachment F, however many elements of the Fact 

Sheet rather than being explanatory of policy or 

background restate or expand the implementation 

requirements in the permit and in some cases 

statements in the fact sheet are inconsistent or 

contradictory with the main body of the permit.   

Eliminate inconsistencies between 

Attachment F and main body of 

permit by eliminating duplicative 

elements from Fact Sheet.  This will 

eliminate the need to update the 

Fact Sheet as revisions are made to 

the Permit. 

C 47 III.A.1.d.iv.  27 Important definitions should not be in footnotes, but 

should be included in Attachment A. Footnote 5 states 

that uncontaminated groundwater infiltration is 

distinguished from “inflow”, however the term “inflow” 

is not defined—typically it is used to refer to 

stormwater which infiltrates the sanitary sewer 

collection system, and if that is the reference this case 

Delete footnote 5. Move definition 

of “groundwater infiltration” from 

footnote 5 to Definitions in 

Attachment A .  Eliminate reference 

to “inflow” as it is not relevant in 

this situation. 
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it doesn’t really seem to be relevant.  

C 48 III.A.2.b.vi also 

Table 8 

28 To include street washing as a conditionally allowed 

conflicts with the Industrial/Commercial Source Control 

BMPs in Table 10 which only allows sidewalk rinsing in 

accordance with LARWQCB Resolution No. 98-08. Patio 

washing should be allowed in order to maintain 

sanitary conditions in outdoor eating areas as long as 

high pressure, low volume spray washing is used.  

Substitute “patio” for “street” so 

that sidewalk and patio rinsing are 

conditionally allowed but not street 

washing.  Also include patio washing 

in the Table 10 discussion of 

sidewalk washing for 

industrial/commercial source 

control BMPs. 

C 49 III.A.4.d.i. 31 Effectively prohibit as defined in footnote 18 actually 

represents two different actions, one of which is to 

prohibit the discharge, the second of which is to require 

that the discharger obtain an NPDES permit in which 

case the discharge becomes authorized. Requiring that 

the discharge obtain an NPDES permit may be in some 

instances be the most appropriate action, especially if 

the discharge falls within the scope of an existing 

general permit wherein the discharger should have 

already obtained coverage. 

Eliminate footnote 18 as a 

definition, and instead split 

III.A.4.d.i. into two possible actions: 

i. Prohibit the non-stormwater 

discharge or  

ii. Require that the discharger 

obtain coverage under 

an NPDES permit  

iii. Impose conditions in 

addition to those in 

Table 8 . . . 

C 50 III. Table 8 33 Please clarify what is meant by “segregate” Give examples of measures that 

could be taken to segregate non-

storm water discharges from 

potential sources of pollutants 

C 51 VI.A.14.f. 44 The definition of “effluent limitation” here is different 

than the definition in Attachment A which draws on 

40CFR122.2 

Define effluent limitation only in 

Attachment A 

C 51 VI.C.1.e. and 

VI.E.3.b. 

46 and 

114 

Part VI.E.3.b. provides that: 

Each Permittee subject to a USEPA Established TMDL 

may either individually submit a Watershed 

Management Program Plan, or may jointly submit a 

plan with all Permittees subject to the WLAs contained 

Please make these two provisions 

consistent with each other on 

multiple points as follows: 

 

Clarify at VI.C.1.e. that a Permittee 
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in the USEPA established TMDL. 

 

So by implication VI.E.3.b. suggests that it is possible for 

a Permittee to submit an individual Watershed 

Management Program Plan, even though it is not 

explicitly stated in VI.C.1.e. 

 

However Part VI.E.3.b. seems to suggest that in order 

to submit a joint Watershed Management Program 

Plan that all Permittees subject to the USEPA WLAs 

must participate, which may be impossible to achieve 

since a Permittee cannot be forced to participate in a 

joint Watershed Management Program Plan. 

 

may submit an individual Watershed 

Management Program Plan. 

 

Clarify at VI.E.3.b. that a Permittee 

may jointly submit a plan with some 

or all Permittees subject to the 

WLAs contained in the USEPA  

established TMDL. 

C 53 VI.D.6.b.i.(g) 68 The website link provided for the Green Infrastructure 

Green Streets guidance was not sufficient to locate the 

document.  Please confirm that this is the document 

that is referenced, and if not, clarify which is the 

intended reference: 

Managing Wet Weather with Green Infrastructure, 

Municipal Handbook: Green Streets.  Prepared by: Robb 

Lukes, Christopher Kloss, Low Impact Development 

Center.  December 2008 

EPA-833-F-08-009 

Please provide a more effective 

reference for the USEPA guidance 

document on Green Streets than a 

website link by referencing exact 

document title, authors, year of 

publication and USEPA document ID 

number. 

C 54 VI.D.7.f 84 If this description of construction is to be utilized for 

identifying what constitutes construction for all of Part 

IV.D.7, then it should appear early in this part and not 

buried in the middle of the section. Where it is 

currently located it applies only to construction sites 

one acre or greater and there is no explanation of what 

constitutes construction for sites less than one acre. 

The narrative in VI.D.7.f should be 

moved to the Applicability section at 

VI.D.7.c so that the applicability 

subsection actually discusses what 

types of activity constitute 

construction and are subject to the 

provisions of VI.D.7. 

C 55 VI.D.7.a.iv. 83-92 The hierarchy/outline structure of the Development Make IV.D.7.e. be entitled 
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Construction Program under IV.D.7 is very confusing 

and difficult to follow.  VI.D.7.d. is entitled 

“Requirements for Construction Sites Less than One 

Acre”, however there is not a subsequent subheading 

entitled “Requirements for Construction Sites of One 

Acre or more”.  There is also a redundant/unnecessary 

subheading at Part VI.D.7.d.i. entitled “For construction 

sites less than 1 acre, each Permittee shall:”, but there 

is no subsequent subheading Part VI.D.7.d.ii at all. 

There is a statement under under VI.D.7.c. that Parts 

VI.D.7.e-j apply exclusively to construction sites 1 acre 

or greater, so by implication parts VI.D.7.k and l apply 

to all categories, but that should be clarified via 

corrections to the outline structure. 

“Requirements for Construction 

Sites of One Acre or More” and 

demote the current subheadings of 

VI.D.7.e-j below this new IV.D.7.e 

heading to be VI.D.7.e. i.-vi. 

Do not assign an outline 

number/heading number for the 

statement “For construction sites 

less than 1 acre, each Permittee 

shall:” but simply allow that 

statement to be the introductory 

sentence to IV.7.d. 

Promote outline items VI.D.7.d.i.(1)-

(4) up an outline level so that they 

become VI.D.7.d.i.-iv. 

C 56 VI.D.8.h.ii. 100 Water removed by dewatering from solid material 

removed from the MS4 (including street sweeping 

material) could be disposed by percolation rather than 

requiring that the water be disposed via sanitary 

sewer—this would be analogous to the provision in 

VI.D.8.h.x(3)(b) where residual water from BMP 

treatment control devices can be “applied to the land 

without runoff". 

Add a third disposal option to 

VI.D.8.h.ii as follows: 

 

(3) Applied to the land without 

runoff 

C 57 VI.D.8.h.x.(3) 103 The term “residual water” has a footnote number 35 

stating that it is to be defined in Attachment A 

Definitions, however no definition of “residual water” is 

provided in Attachment A. 

Provide a definition of “residual 

water” in Attachment A. 

C 58 VI.D.8.k.i and ii 106 The language in the draft permit requires Permittees to 

train contractors on the requirements of the MS4 

Permit and on pesticide use.  Permittees should have 

the option of requiring contractors to train their own 

employees and enforce this via contract provisions 

Add a statement at V.D.8.k.i. that: 

“Each Permittee shall ensure 

contractors performing 

privatized/contracted municipal 

services are trained on the 
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similar to the provision under the Illicit Discharge 

section at VI.D.9.f.ii. 

requirements of the stormwater 

management program.  Permittees 

may provide training or include 

contractual requirements for MS4 

Permit training of contractor 

employees.” 

 

Add a statement at V.D.8.k.ii. that: 

 

“Each Permittee shall ensure 

contractors performing 

privatized/contracted municipal 

services who use or have the 

potential to use pesticides or 

fertilizers are trained on the 

requirements of the stormwater 

management program.  Permittees 

may provide training or include 

contractual requirements for MS4 

Permit training of contractor 

employees.” 

C 59 Table F-5  Timeline for Implementation of Permit Requirements is 

a helpful synopsis of all the deadlines in the permit.  

This table should be incorporated into the body of the 

permit rather than in the Fact Sheet as a helpful 

reference for permittees.   

Move Table F-5 into main body of 

permit as it is a vital reference for 

implementation of permit 

requirements. Make sure that 

timelines in Table F-5 are consistent 

with statements made in the permit. 

C 60 VI.E.5.b.(c) 118 Why was Santa Monica Bay left out of this list of 

waterbodies for which Permittees may comply with the 

effluent limitations through progressive installation of 

full capture systems? The Marine Debris TMDL allows 

for compliance via the installation of for full capture 

Recommend not listing specific 

water bodies in E.5.b.(c) because 

then it risks becoming obsolete if 

new TMDLs are established for 

trash, or if they are reconsidered.  
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devices. However if Board staff determines 

to leave the lists, then please add 

Santa Monica Bay to the list. 

C 61 VI.E.5.b.ii.(2) 121 Here and throughout full capture systems are designed 

to address a percentage of the MS4 conveyance 

system, not a drainage area. 

Here and throughout substitute 

“MS4 conveyance system” for 

“drainage area” when discussing 

compliance with a trash TMDL via 

the full capture system method 

C 62 VI.E.c.i. 122 Date for the first TMDL Compliance Report to be 

submitted with the Permittee’s Annual Report is 

incorrect as it is prior to the projected effective date of 

this draft tentative permit.  The Annual Reports to be 

submitted by Permittees in October 2012 will be 

consistent with the existing MS4 Permit not the draft 

permit. 

Correct the date for submitting the 

first TMDL Compliance Report with 

the Permittee’s Annual Report to be 

October 31, 2013, not 2012. 

C 63 Attachment A A-5 Definition of “infiltration” is not a description of the 

process of infiltration but rather a description of best 

management practices that utilize the infiltration 

process.  The term “infiltration” must be distinguished 

from “infiltration BMP” . 

Infiltration definition should be 

revised to be entitled Infiltration 

BMP. 

 

C 64 Attachment B 

figures 

 It is problematic that the Watershed Boundaries do not 

align with the HUC 12 Boundaries in many areas.  

Appears that the HUC 12 boundaries 

need to be revised, or else reference 

to the HUC 12 boundaries should be 

eliminated in favor of watershed 

boundaries. 

C 65 Attachment M 

B.3 

M-6 to 

M-7 

The WLAs in the adopted Santa Monica Bay Nearshore 

and Offshore Debris TMDL were expressed in terms of 

percent reduction of trash from Baseline WLA. Board 

staff have not transferred the Waste Load Allocations 

as expressed in the TMDL into the MS4 Permit, but 

have instead calculated annual trash discharge rates for 

each permittee based on a calculation using an 

Eliminate the detailed permittee-by-

permittee table with annual trash 

discharge rates in the table and 

instead create a simple table listing 

the interim and final waste load 

allocations on a percentage basis, 

only. 
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assumed tributary area. There are very likely to be 

errors in the tributary areas used in calculating these 

Waste Load Allocations and correcting them will 

necessitate reopening the Permit.  It makes far more 

sense for MS4 Permittees to verify and if necessary 

correct the tributary areas for their individual 

jurisdictions as part of the development of the Trash 

Monitoring and Reporting Plans and to simply include 

in the permit the schedule for percentage reduction 

from baseline applicable to all permittees. 
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City of Pico Rivera
PUBLIC WORKS DEPARTMENT
6615 Passons Boulevard· Pico Rivera, California 90660

(562) 801-4415
Web: www.pico-rivera.org· e-mail: 19aray@pico-rivera.org

Arturo Cervantes, P.E.
Director of Public Works/City Engineer

City Council
Bob J. Archuleta

Mayor

Gustavo V. Camacho
Mayor Pro Tem

David W. Armenta
Councilmember

Gregory Salcido
Councilmember

Brent A.Tercero
Councilmember

July 19,2012

Mr. Ivar Ridgeway
Regional Water Quality Control Board
320 W. 4th Street, Suite 200
Los Angeles, CA 90013

Subject: Tentative MS4 Order Comments

Dear Mr. Ridgeway:

The City of Pico Rivera is pleased to submit the attached comments for your consideration in re:
Order No. R4-2012-XXXX NPDES Permit No. CAS004001.

Please note that the City also supports comments submitted to you from the Los Angeles
Stormwater Permit (LASP) group. The City's comments are intended to be complimentary and
more specific to the issues raised in the LASP group letter. The City's comment letter also
contains additional issues not addressed in the LASP group letter.

Thank you for the opportunity to submit comments on this very important matter. Should you
have any questions, please feel free to call me.

Sincerely,

s\
Arturo Cervantes, P.E.
Director of Public Works/City Engineer

AC:lg

Attachments
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Comments Regarding Los Angeles MS4 Tentative Order No. R4-2012-XXXX
NPDES PERMIT NO. CAS004001 (issue date unspecified)

1. Numeric Water Quality Based Effluent Limitations (WQBELs) applied to
dry and wet weather Total Maximum Daily Load (TMDLs) waste load
allocations (WLAs) and to stormwater and non-stormwater municipal
action levels (MALs) are not authorized under federal stormwater
regulations and are not in keeping with State Water Resources Control
Board (State Board) water quality orders (WQOs).

The tentative order specifies that: Each Permittee shall comply with
applicable WQBELs as set forth in Part VI.E of this Order, pursuant to
applicable compliance schedules. The tentative order specifies two categories
of WQBELs, one for USEPA adopted TMDLs and one for Regional
Board/State adopted TMDLs. Regarding USEPA adopted TMDLs, it appears
that BMP-WQBELs may be used to meet TMDL WLAs in the receiving water.
For Regional Board/State-adopted TMDLs, the tentative order specifies a
different compliance method: meeting a "numeric" WQBEL which is derived
directly from the TMDL waste load allocation. For example, the wet weather
numeric WQBEL for dissolved copper for the Los Angeles River is 17 ug/1.

a. Issue: Regional Board staff is premature in requiring any kind of WQBEL
because no exceedance of any TMDL WLA at the outfall has occurred.
This is because outfall monitoring is not a requirement of the current MS4
permit or previous MS4 permits.

The Regional Board's setting of WQBELs - any WQBEL -- to translate the
TMDL WLA for compliance at the outfall is premature. Regional Board
staff apparently has not performed a reasonable potential analysis as
required under § 122.44(d)(1 )(i), which states:

Limitations must control all pollutants or pollutant parameters (either
conventional, nonconventional, or toxic pollutants) which the Director determines
are or may be discharged at a level that will cause, have the reasonable potential
[0 cause, or contribute to an excursion above any [s]tate water quality standard,
including [s]tate narrative criteria for water quality. "

No such reasonable potential analysis has been performed - even though
USEPA guidance requires it as part of documenting the calculation of
WQBELs in the NPDES permit's fact sheet. According to USEPA's
NPDES Permit Writers' Manual:

Permit writers should document in the NPDES permit fact sheet the process used
to develop WQBELs. The permit writer should clearly identifY the data and
information used to determine the applicable water quality standards and how
that information, or any applicable TMDL, was used to derive WQBELs and
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explain how the state's anti-degradation policy was applied as part of the
process. The information in the fact sheet should provide the NPDES permit
applicant and the public a transparent. reproducible, and detfnsible description
ofhow the permit writer properly derived WQBELs for the NPDESpermit. 1

The fact sheet accompanying the tentative order contains no reference to
a reasonable potential analysis -- a consequence of the fact that no outfall
monitoring has been required of the Regional Board either in the current
or previous MS4 permits for Los Angeles County. Outfall monitoring is a
mandatory requirement under federal regulations at CFR 40 §122.22,
§122.2 and §122.26. CFR 40 §122.22(C)(3) requires effluent and ambient
monitoring:

The permit requires all e.fJluent and ambient monitoring necessary to show that
during the term of the permit the limit on the indicator parameters continues to
attain water quality standards.

"Effluent monitoring," according to Clean Water Act §502, is defined as
outfall monitoring:

The term "effluent limitation" means any restriction established by a State or the
Administrator on quantities, rates, and concentrations of chemical, physical,
biological, and other constituents which are discharged from point sources into
navigable waters, the waters of the contiguous zone, or the ocean, including
schedules ofcompliance.

40 CFR §122.2, defines a point source as:

... the point where a municipal separate storm sewer discharges to waters of the
United States and does not include open conveyances connecting two municipal
separate storm sewers, or pipes, tunnels or other conveyances which connect
segments ofthe same stream or other waters ofthe United States and are used to
convey waters ofthe United States.

Conclusion: Because Regional Board staff has not required outfall
monitoring, it could have not have detected an excursion above a water
quality standard (includes TMDL WLAs). Therefore, it could not have
conducted a reasonable potential analysis and, as further consequence,
cannot require compliance with a WQBEL (numeric or BMP-based) or with
any TMDL or MAL until those burdens have been met.

Recommended Correction: Eliminate all reference to comply with
WQBELs until outfall monitoring and a reasonable potential analysis have
been performed.

1United States Environmental Protection Agency, NPDES Permit Writers' Manual, September, 2010, page
6-30.
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b. Issue: Even if Regional Board staff conducted outfall monitoring and
detected an excursion above a TMDL WLA and performed the requisite
reasonable potential analysis, it cannot require a numeric WQBEL strictly
derived from the TMDL WLA.

USEPA's 2010 guidance memorandum mentions that numeric WQBELs
are permissible only if feasible. 2 This conclusion was reinforced by a
memorandum from Mr. Kevin Weiss, Water Permits Division, USEPA
(Washington D.C.). He explains:

Some stakeholders are concerned that the 2010 memorandum can be read as
advising NPDES permit authorities to impose end-oi-pipe limitations on each
individual outfall in a municipal separate storm sewer system. In general, EPA
does not anticipate that end-or-pipe effluent limitations on each municipal
separate storm sewer system outfall will be used frequently. Rather, the
memorandum expressly describes "numeric" limitations in broad terms,
including "numeric parameters acting as surrogates for pollutants such as
stormwater flow volume or percentage or amount of impervious cover." In the
context ofthe 2010 memorandum, the term "numeric effluent limitation" should be
viewed as a significantly broader term than just end-of-pipe limitations, and could
include limitations expressed as pollutant reduction levels for parameters that are
applied system-wide rather than to individual discharge locations, expressed as
requirements to meet performance standards for surrogate parameters or for specific
pollutant parameters, or could be expressed as in-stream targets for specific
pollutant parameters. Under this approach, NPDES authorities have significant
flexibility to establish numeric effluent limitations in stormwater permits. 3

Reading the 2010 USEPA memorandum, together with Mr. Weiss's
memorandum, creates the inescapable conclusion that (1) numeric
WQBELs are permissible if "feasible" and (2) numeric WQBELs cannot be
construed to only mean strict effluent limitations at the end-of-pipe (outfall)
but more realistically must include surrogate parameters and other
variants as well. Regional Board staff failed to examine alternative
numeric WQBELs, along with BMP WQBELs, as a consequence of not
conducting the appropriate analysis.

In any case, the feasibility of numeric WQBELs, whether strictly derived
from TMDL WLAs or of the surrogate parameter type, the State Water
Resources Control Board has determined that numeric effluent
limitations are not feasible. In Water Quality Orders 2001-15 and 2009
0008 the State Board made it clear that: we will generally not require
"strict compliance" with water quality standards through numeric effluent

2Memorandum from James A. Hanlon, Director, Office of Waste Management, Revisions to the November
22, 2002 Memorandum Establishing Total Maximum Daily Load (TMDL) Waste Load Allocations (WLAs) for
Storm Water Sources and NPDES Permit Requirements Based on Those WLAs, November 12, 2010, page
3Memorandum from Kevin Weiss, Water Permits Division, USEPA (Washington D.C.), March 17,2011.

3

RB-AR15218



limitations, " and instead "we will continue to follow an iterative approach,
which seeks compliance over time" with water quality standards.

[Please note that the iterative approach to attain water quality standards
applies to the outfall and the receiving water.]

More recently, the State Board commented in connection with the draft
Caltrans MS4 permit that numeric WQBELs are not feasible as explained
in the following provision from its most recent Caltrans draft order:

Storm water discharges from MS4s are highly variable in frequency, intensity,
and duration, and it is difficult to characterize the amount ofpollutants in the
discharges. In accordance with 40 CFR § 122.44(k)(2), the inclusion ofBMPs in
lieu of numeric effluent limitations is appropriate in storm water permits. This
Order requires implementation of BMPs to control and abate the discharge of
pollutants in storm water to the MEP.

The State Board's decision not to require numeric WQBELs in this
instance appears to have been influenced by among other considerations,
the Storm Water Panel Recommendations to the California State Water
Resources Control Board in re: The Feasibility of Numeric Effluent Limits
Applicable to Discharges of Storm Water Associated with Municipal,
Industrial and Construction Activities.

Conclusion: The Regional Board does not have the legal authority to
require numeric WQBELs.

Recommended Correction: Eliminate all references to comply with
numeric WQBELs.

c. Issue: There cannot be a WQBEL to attain a dry weather TMDL WLA nor
a WQBEL that addresses a non-stormwater municipal action level (MAL).

The foundation for this argument lies in the federal limitation of non
stormwater discharges to the MS4 - not from or through it as the tentative
order concludes. Federal stormwater regulations only prohibit discharges
to the MS4 and limits outfall monitoring to stormwater discharges. This is
explained in greater detail under 4. Non-stormwater Discharge
Prohibitions.

Conclusion: Regional Board does not have the legal authority to compel
compliance with dry weather WQBELs or non-stormwater MALs.

Recommended Correction: Eliminate all references to comply with
numeric WQBELs.
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2. The tentative order has altered Receiving Water Limitation (RWL)
language causing it to be overbroad and inconsistent with RWL in the
current MS4 permit, the Ventura MS4 permit, State Board WQO 99-05,
the draft Caltrans MS4 permit, and RWL language recommended by
CASQA.

a. Issue: The proposed RWL language changes the "exceedance"
determinant from water quality standards and objectives to receiving water
limitations, thereby increasing the stringency of the requirement. The
tentative order RWL version reads: Discharges from the MS4 that cause
or contribute to the violation of receiving water limitations are prohibited.

Compare this with what is in the current MS4 permits for Los Angeles and
Ventura Counties:

Discharges from the MS4 that cause or contribute to a violation ofwater quality
standards are prohibited

Whereas standard RWL language limits water quality standards to what is
in the basin plan, and includes water quality objectives (relates to waters
of the State), the tentative order uses revised language that replaces
water quality standards with the following receiving water limitation criteria:

Any applicable numeric or narrative water quality objective or criterion, or
limitation to implement the applicable water quality objective or criterion, for the
receiving water as contained in Chapter 3 or 7 ofthe Water Quality Control Plan
for the Los Angeles Region (Basin Plan), water quality control plans or policies
adopted by the State Water Board, or federal regulations, including but not
limited to, 40 CFR § 131.38.

It is unclear why Regional Board staff has removed water quality
standards, which is a USEPA and State Board requirement, and replaced
them with the more global receiving water limitation language that include
additional compliance criteria (e.g., "or federal regulations including but
not limited to 40 CFR § 131.38"). Other "federal regulations" could include
CERCLA (Comprehensive Environmental Remediation and Compensation
Liability Act).

Enlarging the scope of the RWL from water quality standards to a universe
of other regulatory requirements exceeds RWL limitation language
established in State Board WOO 99-05, a precedential decision. The
order bases compliance on discharge prohibitions and receiving water
limitations on the timely implementation of control measures and other
action in the discharges in accordance with the SWMP (stormwater
management plan) and other requirements of the permit's limitations. It
goes on to say that if exceedances of water quality standards or water
quality objectives, collectively referred to as water quality standards
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continues, the SWMP shall undergo an iterative process to address the
exceedances. It should be noted that this language was mandated by
USEPA.

It should be noted that the draft Caltrans MS4 permit is scheduled for
adoption in September, as well as CASQA, proposes RWL language that
is in keeping with WQO 99-05.

Conclusion: Regional Board does not have the legal authority to re-define
RWL language to the extent it is proposing.

Recommended Correction: Replace RWL contained in the tentative order
with the CASQA model or with language contained in the draft Caltrans
MS4 permit.

b. Issue: By eliminating water quality standards, the tentative order has
created a separate compliance standard for TMDLs and for non-TMDLs.
Standard RWL language in other MS4 permits designates the SWMp4 as
the exclusive determinant for achieving water quality standards in the
receiving water. Since TMDLs are enhanced water quality standards, the
SWMP (or in this case the SQMP) should enable compliance with TMDLs.
Instead, the tentative order specifies compliance through implementation
plans - including plans that were discussed in several State/Regional
Board adopted TMDLs (e.g., the Los Angeles River Metals TMDL). The
absence of water quality standards also creates a separate compliance
standard for non-TMDLs. According to Regional Board staff, minimum
control measures (MCMs) which make up the SQMP, are intended to
meet non-TMDLs pollutants. Unclear is what defines non-TMDL pollutant.
If there are no water quality standards referenced in the RWL then what
are the non-TMDL pollutants that the MCMs are supported to address?

There is no authority under federal stormwater regulations to comply with
any criterion other than water quality standards. The RWL language
called-out in WQO 99-05, which was in response to a USEPA directive,
makes it clear that water quality standards represent the only compliance
criteria, not an expanded definition of receiving water limitations that
exclude such criteria.

MS4 permits throughout the State include TMDL WLAs. None of them,
however, has created a compliance mechanism that excludes water
quality standards as a means of attaining them. Further, the State Board
has, through the draft Caltrans MS4 permit and the draft Phase II MS4
permit, articulated its policy on compliance with water quality standards:

4USEPA and federal stormwater regulations use stormwater management program whereas the Los
Angeles County MS4 permit uses stormwater quality management plan (SQMP). In effect they are the
same. They consist of 6 core programs that must be implemented through MS4 permit.
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they are to be met through the implementation of stormwater management
programs. Equally noteworthy is that State Board has not created a dual
standard for dealing with TMDLs and non-TMDLs. This is an obvious
consequence of its adherence to WQO 99-05.

With regard to implementation plans contained in TMDLs, the Regional
Board has no legal authority to include them into the MS4 permit. This
issue discussed in greater detail later in these comments.

Conclusion: The tentative order must be revised to restore water quality
standards in RWL language and, by extension, enable compliance with
TMDLs and other water quality standards through the SQMP/MCMs.

Recommended Correction: Revise the tentative order to eliminate any
reference to complying with anything else except water quality standards
through the SQMP; and, therewith, eliminate any reference to complying
with implementation plans contained in State/Regional Board TMDLs.

3. The tentative order does not include the iterative process, a mechanism
that is integral to RWL language which serves to achieve compliance
with water quality standards.

a. Issue: The absence of the iterative process disables a safeguard to
protect permittees against unjustifiably strict compliance with water quality
standards - or in this case the expanded definition of receiving water
limitations -- that is a requisite feature in all MS4 permits issued in
California. The tentative order circumvents the iterative process by
creating an alternative referred to as the adaptive/management process
which is only available to those permittees that opt for a watershed
management program.

Despite the fact RWL language in MS4 permits since the 90's have
provided a description of an iterative process (the BMP adjustment
mechanism), the term "iterative process" has only recently been
specifically mentioned in them. The absence of this term resulted in the
9th Circuit Court Appeal's conclusion in NRDC v. Los Angeles County
Flood Control District that there is no "textual support" in the current MS4
permit for the existence of an iterative process. This resulted in the court's
conclusion that the LACFCD had exceeded water quality standards in the
hardened portions of the Los Angeles and San Gabriel Rivers. More
recent MS4 permit's issued in the State contain clear references to the
iterative process.

Notwithstanding the absence of water quality standards in the tentative order,
the iterative process must be included as required by Water Quality Orders
2001-15 and 2009-0008, wherein the State Board made it clear that: we will
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generallv not require "strict compliance" with water quality standards through
numeric effluent limitations." and instead "we will continue to follow an
iterative approach. which seeks compliance over time" with water qualitv
standards.

Moreover, both the draft Caltrans MS4 permit and the draft Phase II MS4
permit contain references to the iterative process. The draft Caltrans MS4
permit refers to the iterative process in two places: finding 20, Receiving
Water Limitations and in the Monitoring Results Report. Finding 20 states:

The effect of the Department's storm water discharges on receiving water quality is
highly variable. For this reason, this Order requires the Department to implement a
storm water program designed to achieve compliance with water quality standards,
over time through an iterative approach. If discharges are found to be causing or
contributing to an exceedance of an applicable Water Quality Standard, the
Department is required to revise its BMPs (including use of additional and more
effective BMPs). 5

Under the Monitoring Results Report section, the draft Caltrans MS4 permit
reiterates the iterative process within the context of the following: The MRR
shall include a summary of sites requiring corrective actions needed to
achieve compliance with this Order, and a review of any iterative procedures
(where applicable) at sites needing corrective actions.6

The draft Phase II MS4 references the iterative process in two places, in
finding 35 and under its definition of MEP. Finding 35 states:

This Order modifies the existing General Permit, Order 2003-0005-DWQ by
establishing the storm water management program requirements in the permit and
defining the minimum acceptable elements ofthe municipal storm water management
program. Permit requirements are known at the time ofpermit issuance and not left
to be determined later through iterative review and approval of Storm Water
Management Plans (SWMPs).

The draft Phase II MS4 permit also acknowledges the iterative process
through the definition of maximum extent practicable (which is also included
in the draft Caltrans MS4 permit), to the following extent:

MEP standard requires Permittees apply Best Management Practices (BMPs) that
are effective in reducing or eliminating the discharge ofpollutants to the waters of
the us. MEP emphasizes pollutant reduction and source control BMPs to prevent
pollutants from entering storm water runoff. MEP may require treatment ofthe storm
water runoff if it contains pollutants. The MEP standard is an ever-evolving. flexible.
and advancing concept. which considers technical and economic feasibility. BMP

5See draft Caltrans MS4 permit (Tentative Order No. 2012-XX-DWQ NPDES No. CAS000003), page 10.
6Ibid .. page 35.
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development is a dynamic process and may require changes over time as the
Permittees gain experience and/or the state of the science and art progresses. To do
this, the Permittees must conduct and document evaluation and assessment of each
relevant element of its program, and their program as a whole, and revise activities,
control measures/BMPs, and measurable goals, as necessary to meet MEP. MEP is
the cumulative result of implementing, evaluating, and creating corresponding
changes to a variety of technically appropriate and economically feasible BMPs,
ensuring that the most appropriate BMPs are implemented in the most effective
manner. This process of implementing. evaluating. revising. or adding new BMPs is
commonly referred to as the "iterative approach. ,,7

It should be clearly understood that the State Board is articulating clear policy
on the iterative process through these two draft MS4 permits and that they
must be followed by Regional Boards as subordinate jurisdictions.

Conclusion: The Regional Board has no authority to alter the iterative
process/procedure by making a revised and diluted version of it available only
to those MS4 permittees that wish to opt for watershed management program
participation. Quite the contrary, the Regional Board is legally compelled to
make the iterative process, as described herein, an undeniable requirement in
the tentative order.

Recommended Correction: Regional Board staff should incorporate the
iterative process into the tentative order in the findings section and in the
RWL section. It should also be referenced again under a revised MEP
definition.

4. The tentative order incorrectly articulates the non-stormwater discharge
prohibition to the MS4 to include discharges from and through it.

a. Issue: The tentative order mentions prohibiting non-stormwater discharges
not only to the MS4 but from and through it as well. Federal regulations
did not authorize the non-stormwater discharge prohibition to go beyond
"to" the MS4. This is a serious issue because extending the prohibition
from or through the MS4 would subject non-stormwater discharges
(including dry weather TMDL WLAs and non-stormwater municipal action
levels) to pollutant limitations at the outfall.

The tentative order attempts to justify interpreting federal stormwater
regulations to mean that non-stormwater discharges are prohibited not
only to the MS4 but from it and through it as well by: (1) incorrectly stating
the Clean Water Act §402(p)(B)(ii) of the Clean Water Act requires
permittees effectively prohibit non-storm water discharges into

7See State Water Resources Control Board Water Quality Order No. XXXX-XXXX-DWQ, NPDES General
Permit No. CASXXXXXX, page
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watercourses (means receiving waters) as well as to the MS4; and (2) a
misreading of Federal Register Volume 55, No. 222, 47990 (federal
register) which contains an error with regard to the non-stormwater
discharge prohibition.

§402(p)(B)(ii) does not (as the tentative order's fact sheet asserts)
include watercourses, which according to Regional Board staff, means
waters of the State and waters of the United States, both of which lie
outside of the MS4. The original text of §402(p)(B)(ii) actually reads as
follows: Permits for discharges from municipal storm sewers "shall
include a requirement to effectively prohibit non-stormwater discharges
into the storm sewers.8 There is no mention of watercourses.

The tentative order's fact sheet also relies on the afore-cited federal
register which states: 402(p)(B)(3) requires that permits for discharges
from municipal storm sewers require the municipality to "effectively
prohibit" non-storm water discharges from the municipal storm sewer.
The fact sheet is correct about this. The problem is that the federal
register is wrong here. It confuses 402(p)(B)(3), which addresses
stormwater (not non-stormwater) discharges from the MS4, with
402(p)(B)(2), which once again prohibits non-stormwater discharges to
the MS4. It should be noted that in the same paragraph above the
defective federal register language, it says that ... permits are to
effectively prohibit non-storm water discharges to the municipal separate
storm sewer system.

In any case, this issue has been resolved since the federal register was
published in November of 1990. All MS4 permits in the United States
issued by USEPA prohibit non-stormwater discharges only to the MS4.
USEPA guidance, such as the Illicit Discharge Detection and
Elimination: A Guidance Manual bases investigation and monitoring on
non-stormwater discharges being prohibited to the MS4. And, with the
exception of Los Angeles Regional Board MS4 permits, MS4 permits
issued by other Regional Boards also limit the MS4 discharge prohibition
to the MS4. Beyond this, the draft Caltrans MS4 permit and draft Phase
II MS4 permits also limit the non-stormwater prohibition to the MS4.

Conclusion: The Regional Board does not have the legal authority to
extend the non-stormwater discharge prohibition from or through the
MS4.

Recommended Correction: Revise the non-stormwater discharge
prohibition to be limited to the MS4 only and delete all requirements that
are based on the prohibition from or through the MS4. This includes the
non-stormwater prohibition that is linked to CERCLA.

8Municipal storm sewers is a truncated version of municipal separate stormwater system (MS4).
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5. The tentative order proposes to incorporate TMDL implementation
plans, schedules, and monitoring requirements without legal authority.

a. Issue: Placing Regional Board/State Board TMDLs into the MS4 would
result in serious consequences for permittees. For one thing, permittees
subject to TMDLs that contain an implementation schedule with
compliance dates for interim waste load allocations that have not been
met, based on Los Angeles County mass emissions station or other data
(e.g., from the Coordinated Monitoring Plan for the Los Angeles River
Metals TMDL), will be in automatic non-compliance once the MS4 permit
takes effect.

The tentative order proposes a safeguard in this event: coverage under a
time schedule order (TSO). Essentially, a TSO is an enforcement action
authorized under Porter-Cologne, the State's water code. The problem is
that the Regional Board, at its discretion, could issue a clean-up and
abatement order that could link permittees in the Dominguez Channel, Los
Angeles River, and San Gabriel River Watersheds to the remediation of
the Los Angeles and Long Beach Harbors which are currently CERCLA
sites (caused by DDT, pesticides, metals, which are considered toxics,
and other pollutants). Furthermore, the TSO, which is a State enforcement
action, will not help with respect to a federal violation because of
preemption. An exceedance will expose subject permittees to third party
litigation under the Clean Water Act. NRDC would be able to take the
matter straight to federal court.

In any case, the Regional Board has no legal authority under the Clean
Water Act to incorporate implementation plans, schedules, or monitoring
requirements into the MS4 permit. CWA §402(p)(B)(iii) simply states that
controls are required to reduce the discharge ofpollutants to the maximum
extent practicable, including management practices, control techniques
and system, design and engineering methods, and such other provisions
as the Administrator or the State determines appropriate for the control of
such pollutants. The application of this provision is limited to: (1) the
implementation of BMPs specified in a stormwater management plan
appropriated through the six core programs; and (2) outfall monitoring.
Monitoring, as mentioned earlier, is limited to outfall and ambient
monitoring. Ambient monitoring, which is receiving water-based, has been
assumed by the Regional Board and is funded through a stormwater
ambient monitoring program (SWAMP) surcharge on the annual MS4
permit fee. Federal stormwater regulations mention nothing about TMDL
implementation plans and schedules in an MS4 permit.

In fact, the Regional Board/State Board TMDL implementation plans,
implementation schedules, and monitoring should be voided and prevented
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from being placed into the MS4 permit because (1) they set compliance
determinant in the receiving water instead of the outfall; and (2) although the
TMDL monitoring program requirements specify ambient monitoring that is to
performed by MS4 permittees, including Caltrans, the Regional Board has
approved plans that treat wet weather monitoring as ambient monitoring,
even though they are mutually exclusive. The Clean Water Act definition of
ambient monitoring is the:

Natural concentration of water quality constituents prior to mixing of either
point or nonpoint source load of contaminants. Reference ambient
concentration is used to indicate the concentration of a chemical that will not
cause adverse impact to human health.

The natural concentration of water quality constituents can only mean the
state of a receiving water when it is not raining. This is further supported by
the phrase "prior to mixing of either point or non-point source load of
contaminants," which can only mean stormwater discharges from an outfall.
In other words, stormwater discharges from an outfall cannot be mixed with a
receiving water during a storm event because the ambient condition would be
lost. Outfall monitoring of stormwater discharges is evaluated against the
ambient condition of pollutant constituents in the receiving water for the
ostensible purpose of determining its pollutant contribution.

Conclusion: The tentative order lacks the legal authority to include TMDL
implementation plans, schedules, or monitoring plans adopted as basin plan
amendments. No permittee, subject to any TMDL that requires an
implementation plan, schedule, or monitoring plan can be compelled to
comply with any of them. Further, even if it were legally permissible for these
TMDL elements to be incorporated into the MS4 permit, no permittee could
be placed into a state of non-compliance because the legitimate compliance
point is in the outfall. Because no outfall monitoring has occurred, no
violation could arise and, therefore, there would be no need for a TSO.

Recommended Correction: Eliminate requiring TMDL implementation plans,
schedules, and monitoring to be incorporated into the tentative order.

6. The tentative order contains references to the federal Comprehensive
Environmental Remediation Compensation and Liability Act (CERCLA)
that would make them additional regulatory requirements.

a. Issue: The non-stormwater discharge prohibition under the tentative order
states:

Non-storm water discharges through an MS4 are prohibited unless
authorized under a separate NPDES permit; authorized by USEPA
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pursuant to Sections 104(a) or 104(b) of the federal comprehensive
Environmental Response, Compensation and Liability Act (CERCLA).

At first blush, the CERCLA provision appears innocuous. But what if non
stormwater discharge is not authorized under CERCLA? Conceivably the
MS4 permittee could be held responsible for those discharges. And because
CERCLA is referenced in the MS4 permit, it could become a potential third
party litigation issue. The inclusion of the CERCLA provision is even more
suspect when considering that no other MS4 in the State contains such a
reference. Beyond this, how would a permittee know if a discharge is one
covered under CERCLA?

Conclusion: CERCLA is an unnecessary reference in the MS4 permit and
has the potential to expose permittees to third party litigation. Further, the
non-stormwater discharge prohibition only "to" the MS4 makes this issue
academic. A permittee's only responsibility is to prohibit impermissible non
stormwater to the MS4, not through or from it; or to require the discharger to
obtain permit coverage.

7. The tentative order, under the effluent limitations section, contains
technical effluent based limitations (TBELs) which typically are not
included in MS4 permits and, in this particular case, does not appear to
be purposeful.

a. Issue: Part IV.A.1 of the tentative order states that TBELs shall reduce
pollutants in storm water discharges from the MS4 to the maximum extent
practicable (MEP).

It is not clear as to the reason for including TBELs into the tentative order
because they are generally not required of Phase MS4 permits. TBELS
are referenced in the tentative order, but are not found under
section 402(p), which addresses storm water, nor anywhere else
in federal regulations. It is a term used to collectively refer to best
available technologies, but again not in 402(p).

TBEL is a term USEPA uses to denote the following: (1) Best Practical
Control Technology Currently Available (BPT); (2) Best Conventional
Pollutant Control Technology (BCT); and (3) Best Available Technology
Economically Achievable (BAT). Since these provisions were established
prior to stormwater provisions of the CWA §402(p), they were applied to
industrial waste-water discharges (including construction activity which is
an industrial category sub-set). A clarifier connected to the sewer system
is a type of TBEL. POTWs are subject to TBELs example primary and
secondary treatment.
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According USEPA guidance:

WQBELs are designed to protect water quality by ensuring that water quality
standards are met in the receiving water. On the basis ofthe requirements ofTitle 40
of the Code of Federal Regulations (CFR) 125.3(a), additional or more stringent
e(fluent limitations and conditions, such as WQBELs, are imposed when TBELs are
not sufficient to protect water quality.9

Since the MS4 permit proposes WQBELs (adapted to meet water quality
standards at the outfall), it would appear that TBELs are irrelevant. In
essence, the proposed WQBELs is an admission from Regional Board staff
that TBELs are not sufficient to protect water quality.

Please note that the draft Caltrans and Phase II MS4 permits do not
reference TBELs.

Conclusion: Clarification is needed to determine the purpose of referencing
TBELs in the tentative order.

Recommended Correction: Either provide clarification and a justification
requiring TBELs given that the tentative order requires WQBELs, a more
stringent requirement. If clarification or justification cannot be provided, the
TBEL provision should be removed.

8. Minimum Control Measures (MCMs)

a. Issue: Generally, MCMs should not be detailed in the tentative order.
Instead, specific BMPs and other information should be placed in the
Stormwater Quality Management Plan (SQMP), which is the case under
the current MS4 permit. Federal guidance specifies that the core programs
are to be implemented through the SQMP as a means of meeting water
quality standards. More importantly, placing the specifics in the SQMP
makes it easier to revise. If specific BMPs remain in the tentative order,
and they are in error or need to be revised (e.g., to set BMP-WQBELs), a
re-opener would be required. For example, in Part I. Facility
Information, Table 2., the permittee contact information is out of date. It
would be better to place this and other detailed information in the SQMP
where it can be updated regularly without having to re-open the permit.

b. Issue: SUSMP

The tentative order replaces the Development Planning/SUSMP with
Planning and Land Development Program. However, the SUSMP is
mandated through a precedent-setting WQO issued by the State Board.
Nothing in the order's fact sheet provides an explanation of why the

9NPDES Permit Writers' Manual, September, 2010, page 5-40.
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SUSMP needs to be replaced. So doing would incur an unnecessary cost
to revise the SQMP and SUSMP guidance materials. This is not to
suggest that the Regional Board may not, in the final analysis, have the
legal authority to the change the SUSMP to its MCM equivalent.
Nevertheless, it would be helpful from an administrative convenience
standpoint to explain the need for the change in the fact sheet. It could be
argued that the low impact development (LID) techniques have been
successful implemented through the SUSMP program for over five years.

c. Issue: Retrofitting existing developments through the Land Use
Development Program is not authorized under federal stormwater
regulations. CFR 40 122.26 only authorizes retrofitting with respect to
flood control devices which is to be explained in the MS4 permit as the
following indicates:

A description ofprocedures to assure that flood management projects assess the
impacts on the water quality ofreceiving water bodies and that existing structural
flood control devices have been evaluated to determine ifretrofitting the device to
provide additional pollutant removal from storm water is feasible.

d. Issue: The MCMs in the tentative order require off-site infiltration for
groundwater recharge purposes. The tentative order is a stormwater
permit, not a groundwater permit. As mentioned, 402(p)(3)(iii) of the
Clean Water Act:

Permits ... shall require controls to reduce the discharge of pollutants to the
maximum extent practicable, including management practices, control techniques
and system, design and engineering methods, and such other provisions as the
Administrator or the State determines appropriate for the control of such
pollutants.

The use of other infiltration controls that do not promote groundwater
recharge have already demonstrated effectiveness in significantly
reducing pollutants to the maximum extent practicable (MEP). Requiring
infiltration anywhere for the purpose of recharging groundwater exceeds
the scope of the MS4 since infiltrating to such an extent would add costs
to the developer or permittee without significantly improving pollutant
removal performance. Further, this requirement is unwarranted and
premature because of the absence of outfall monitoring data that would
demonstrate the need for groundwater-recharge oriented infiltration
controls to address water quality standards and TMDLs vis-a-vis their
intended purpose of protecting beneficial uses in a receiving water.

Conclusion: Requiring infiltration controls to facilitate groundwater
recharge is not authorized under federal stormwater regulations. Further,
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many permittees are situated upstream of spreading grounds and other
macro-infiltration basins that would obviate the need for this requirement.
Recommended Correction: Eliminate this requirement from the order.

9. The Maximum Extent Practicable (MEP) definition needs to be
revised to reflect is updated definition found in the draft Phase II MS4
permit and in the draft Caltrans MS4 permit.

a. Issue: The order's MEP reference is a carry-over from the 2001 MS4
permit. A great deal has happened over the decade to warrant an
update. Fortunately, the State Board, through the draft Phase II and
Caltrans MS4 permits, has revised the MEP definition to be in keeping
with current realities. To that end it has proposed the following
definition:

MEP standard requires Permittees apply Best Management Practices (BMPs)
that are effective in reducing or eliminating the discharge ofpollutants to the
waters of the Us. MEP emphasizes pollutant reduction and source control
BMPs to prevent pollutants from entering storm water runoff. MEP may
require treatment ofthe storm water runoff if it contains pollutants. The MEP
standard is an ever-evolving, flexible, and advancing concept, which
considers technical and economic feasibility. BMP development is a dynamic
process and may require changes over time as the Permittees gain experience
and/or the state of the science and art progresses. To do this, the Permittees
must conduct and document evaluation and assessment of each relevant
element of its program, and their program as a whole, and revise activities,
control measures/BMPs, and measurable goals, as necessary to meet MEP.
MEP is the cumulative result of implementing, evaluating, and creating
corresponding changes to a variety of technically appropriate and
economically feasible BMPs, ensuring that the most appropriate BMPs are
implemented in the most effective manner. This process of implementing,
evaluating, revising, or adding new BMPs is commonly referred to as the
"iterative approach. ,,10

Conclusion: The order's MEP is out of data and inconsistent with State
Board policy.

Recommended Correction: Replace order's MEP definition with the
above-mentioned language.

10. The tentative order inappropriately includes the Middle Santa Ana River
Bacteria TMDL.

a. Issue: It should be abundantly clear that the Regional Board cannot
accept a TMDL adopted by another jurisdiction for implementation through

100p. Cit., page 35.
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the MS4 permit unless the Board includes into its basin plan as an
amendment. This argument has been raised by legal counsel for the City
of Claremont.

Conclusion: The Regional Board lacks legal authority to incorporate the
Middle Santa Ana River bacteria TMDL into the proposed order.

Recommended Correction: Eliminate the requirement.

11. Tentative order incorrectly asserts that its provisions do not constitute
unfunded mandates under the California Constitution.

a. Issue: Contrary to what the order asserts, it contains provIsions that
exceed federal requirements in several places, thereby creating potential
unfunded mandates. They include: (1) requiring wet and dry weather
monitoring in the receiving water; (2) requiring numeric WQBELs; (3)
requiring compliance with TMDL-related implementation plans, schedules,
and monitoring; (4) requiring the non-stormwater discharge prohibition to
include through and from the MS4; (5) revising the receiving water
limitation language to include overbroad compliance requirements; (6)
requiring groundwater recharge; and (7) monitoring for non-TMDL
constituents at completed development project sites.

Conclusion: The order patently proposes requirements that create
unfunded mandates.

Recommended Correction: Delete all of the aforementioned requirements
that exceed federal regulations.

END COMMENTS

17

RB-AR15232



Comments Regarding Los Angeles MS4 Tentative Order No. R4-2012-XXXX
NPDES PERMIT NO. CAS004001 (issue date unspecified)

Attachment E: Monitoring and Reporting Plan

1. RECEIVING WATER MONITORING

The purpose of receiving water monitoring is to:

a. Determine whether the receiving water limitations are being achieved,

b. Assess trends in pollutant concentrations over time, or during specified
conditions,

c. Determine whether the designated beneficial uses are fully supported as
determined by water chemistry, as well as aquatic toxicity and
bioassessment monitoring.

Receiving water monitoring is to be performed at various in-stream stations.

At issue is "a" because it serves to determine compliance with receiving water
limitations. The Regional Board has no legal authority to compel compliance with
receiving water limitations through in-stream monitoring. Monitoring requirements
relative to MS4 permits are limited to effluent discharges and the ambient
condition of the receiving water, as §122.22(C)(3) clearly indicates:

The permit requires all effluent and ambient monitoring necessary to
show that during the term of the permit the limit on the indicator
parameters continues to attain water quality standards.

According to Clean Water Act §502, effluent monitoring is defined as outfall
monitoring:

The term "effluent limitation" means any restriction established by a State or
the Administrator on quantities, rates, and concentrations of chemical,
physical, biological, and other constituents which are discharged from point
sources into navigable waters, the waters of the contiguous zone, or the
ocean, including schedules of compliance.

40 CFR §122.2 defines a point source as:

... the point where a municipal separate storm sewer discharges to waters
of the United States and does not include open conveyances connecting
two municipal separate storm sewers, or pipes, tunnels or other
conveyances which connect segments of the same stream or other waters
of the United States and are used to convey waters of the United States.
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In short, effluent monitoring in a receiving water because cannot be required
because it lies outside the bounds of the outfall.
Regarding monitoring purposes "b" and "c" no argument is raised here provided
that it is understood that assessing trends in pollution concentrations would be:
(1) limited to ambient water quality monitoring; and (2) permittees shall be not
responsible for funding such monitoring. With respect to the latter, the Regional
Board's surface water ambient monitoring program (SWAMP) should be charged
with this responsibility. MS4 permittees fund SWAMP activities through an annual
surcharge levied on annual MS4 permit fees.

Recommended Corrective Action: Delete 1(a) and make it clear that 1(b) and (c)
relate to ambient monitoring that is not the responsibility of MS4 permittees.

2. STORMWATER OUTFALL BASED MONITORING

The purpose of stormwater outfall based monitoring - including TMDL monitoring
-- is to:

a. Determine the quality of a Permittee's discharge relative to municipal
action levels, as described in Attachment G of this Order,

b. Determine whether a Permittee's discharge is in compliance with
applicable wet weather WQBELs derived from TMDL WLAs,

c. Determine whether a Permittee's discharge causes or contributes to an
exceedance of receiving water limitations.

Insofar as "a" is concerned, outfall monitoring for stormwater for attainment of
municipal action levels (MALs) would be acceptable were it not for their purpose.
MALs represent an additional monitoring requirement for non-TMDL pollutants.
MALs should really be used to replace TMDL WLAs as alternatives to addressing
receiving water quality. As noted in the National Research Council Report to
USEPA:

The NSQD (Pitt et a/., 2004) allows users to statistically establish action
levels based on regional or national event mean concentrations developed
for pollutants of concern. The action level would be set to define
unacceptable levels of stormwater quality (e.g., two standard deviations
from the median statistic, for simplicity). Municipalities would then routinely
monitor runoff quality from major outfalls. Where an MS4 outfall to surface
waters consistently exceeds the action level. municipalities would
need to demonstrate that they have been implementing the stormwater
program measures to reduce the discharge of pollutants to the
maximum extent practicable. The MS4 permittees can demonstrate the
rigor of their efforts by documenting the level of implementation through
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measures ofprogram effectiveness, failure of which will lead to an inference
of noncompliance and potential enforcement by the permitting authority

Instead of following the above Regional Board staff has chosen to create another
monitoring requirement, without regard for cost or benefit to water quality or to
permittees. Non-TMDL pollutants should be not be given special monitoring
attention until it has been determined that they pose an impairment threat to a
beneficial use. Such a determination needs to be done by way of ambient
monitoring performed by the Regional Board SWAMP. The resulting data could
then be used to develop future TMDLs if necessary.

Furthermore, many of the MAL constituents (both stormwater and non-storm
water) listed in Appendix G, are included in several TMDLs such as metals and
bacteria. This is, of course, a consequence of the redundancy created by two
approaches that are intended to serve the same purpose: protection of water
quality.

Recommended Correction: Either require substitution of TMDLs with MALs or
eliminate MALs entirely.

As for stormwater outfall monitoring purpose "b", such monitoring cannot be used
to determine compliance with wet weather WQBELs based on TMDL WLAs for
the following reasons:

1. The wet-weather WQBEL is based on a TMDL WLA in the receiving water
that is non-ambient. As mentioned, federal regulations only require ambient
monitoring in the receiving water, which by definition can never be deemed
the same as wet weather monitoring. They are mutually exclusive. Regional
Board staff has also incorrectly determined that a WQBEL may be the same
as the TMDL WLA, thereby making it a "numeric effluent limitation." Although
numerous arguments may be marshaled against the conclusion, the most
compelling of all is the State Water Resources Control Board's clear
opposition to numeric effluent limitations.

In Water Quality Orders 2001-15 and 2009-0008 the State Board made it
clear that: we will generally not require "strict compliance" with water quality
standards through numeric effluent limitations," and instead "we will continue
to follow an iterative approach, which seeks compliance over time" with water
quality standards.

[Please note that the iterative approach to attain water quality standards
applies to the outfall and the receiving water.]

More recently, the State Board commented in connection with the draft
Caltrans MS4 permit that numeric WQBELs are not feasible as explained in
the following provision from its most recent Caltrans draft order:
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Storm water discharges from MS4s are highly variable in frequency,
intensity, and duration, and it is difficult to characterize the amount of
pollutants in the discharges. In accordance with 40 CFR §
122.44(k)(2), the inclusion of BMPs in lieu of numeric effluent
limitations is appropriate in storm water permits. This Order requires
implementation of BMPs to control and abate the discharge of
pollutants in storm water to the MEP.

2. The State Board's decision not to require numeric WQBELs in this
instance appears to have been influenced by among other considerations,
the Storm Water Panel Recommendations to the California State Water
Resources Control Board in re: The Feasibility of Numeric Effluent Limits
Applicable to Discharges of Storm Water Associated with Municipal,
Industrial and Construction Activities.

Regarding purpose lib" it should also be noted that the Regional Board's
setting of WQBELs to translate the TMDL WLA in the receiving water to the
outfall is premature. Regional Board staff apparently has not performed a
reasonable potential analysis as required under § 122.44(d)(1)(i), which
states:

Limitations must control all pollutants or pollutant parameters (either
conventional, nonconventional, or toxic pollutants) which the Director
determines are or may be discharged at a level that will cause, have the
reasonable potential to cause, or contribute to an excursion above any
[s]tate water quality standard, including [s]tate narrative criteria for water
quality. "

No such reasonable potential analysis has been performed - even though
USEPA guidance requires it as part of documenting the calculation of
WQBELs in the NPDES permit's fact sheet. According to USEPA's NPDES
Permit Writers' Manual:

Permit writers should document in the NPDES permit fact sheet the
process used to develop WQBELs. The permit writer should clearly
identify the data and information used to determine the applicable water
quality standards and how that information, or any applicable TMDL, was
used to derive WQBELs and explain how the state's anti-degradation
policy was applied as part of the process. The information in the fact sheet
should provide the NPDES permit applicant and the public a transparent,
reproducible, and defensible description of how the permit writer properly
derived WQBELs for the NPDES permit. 1

1United States Environmental Protection Agency, NPDES Permit Writers' Manual, September, 2010, page
6-30.
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The fact sheet accompanying the tentative order contains no reference to a
reasonable potential analysis.

Complicating the performance of a reasonable potential analysis is the
absence of (1) outfall monitoring data; and (2) ambient water quality
standards. Though federal regulations require monitoring at the outfall, the
Regional Board has not required it up until now. Even if outfall monitoring
data were available to determine whether pollutants concentrations in the
discharge exceeded the water quality standard is not possible. This is
because, as mentioned earlier, TMDL WLAs are not expressed as ambient
standards. A TMDL is an enhanced water quality standard. As noted in the
National Research Council's Assessing the TMDL Approach to Water Quality
Management, a report commissioned by the United States Congress in 2001:

'" EPA is obligated to implement the Total Maximum Daily Load (TMDL)
program, the objective of which is attainment of ambient water qualitv
standards through the control of both point and nonpoint sources of
pollution.

Recommended Correction: Eliminate this requirement.

Regarding purpose "c", the determinant for a water quality standard exceedance
is in the discharge from the outfall - not in the receiving water. The use of
numeric WQBELs -- though incorrectly defined and established in this instance -
represents the compliance standard in discharges from the outfall. Adding a
second compliance determinant in the receiving water is unnecessary and is not
authorized under federal stormwater regulations because the receiving water lies
outside the scope of the MS4.

Recommended Corrective Action: Eliminate this requirement.

3. NON-STORM WATER OUTFALL BASED MONITORING

The purposes of this type of monitoring are as follows:

a. Determine whether a Permittee's discharge is in compliance with applicable
dry weather WQBELs derived from TMDL WLAs.

b. Determine whether a Permittee's discharge exceeds non-storm water action
levels, as described in Attachment G of this Order,

c. Determine whether a Permittee's discharge contributes to or causes an
exceedance of receiving water limitations,

d. Assist a Permittee in identifying illicit discharges as described in Part VI.D.9 of
this Order.
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Regarding "a," This requirement is redundant in view of the aforementioned
MALs and in any case is not authorized under federal stormwater regulations.
402(p)(B)(ii) of the Clean Water Act only prohibits discharges to the MS4 (streets,
catch basins, storm drains and intra MS4 channels), not through or from it. This
applies to all water quality standards, including TMDLs. Nevertheless,
compliance with dry weather WQBELs can be achieved through BMPs and other
requirements called for under the illicit connection and discharge detection and
elimination (ICDDE) program, or requiring impermissible non-stormwater
discharges to obtain coverage under a permit issued by the Regional Board.

Recommended Correction: Delete this requirement and specify compliance with
dry weather WLAs, expressed in ambient terms, through the implementation of
the ICDDE program.

Withy regard to "b", see previous responses regarding MALs and the limitation of
non-stormwater discharge prohibit to the MS4.

Recommended Correction: Delete this requirement because it exceeds the non
stormwater discharge prohibition to the MS4; and determine whether MALs or
TMDLs are to be used to protect receiving water quality.

Regarding "c", as mentioned, non-stormwater discharges cannot by applied to
receiving water limitations because of they are only prohibited to the MS4, not
from or through it.

Recommended Correction: Delete this requirement because it exceeds the non
stormwater discharge prohibition to the MS4.

Regarding "d", this requirement is reasonable and in keeping with federal
regulations with the exception that the identification of illicit discharges must
adhere to the field screening requirements in CFR 40 §122.26. No non
stormwater discharge monitoring shall occur unless flow is first discovered at the
outfall. This would trigger the implementation of additional requirements that the
tentative order does not include.

4. NEW DEVELOPMENTIRE-DEVELOPMENT EFFECTIVENESS
MONITORING

The purpose of this requirement is a dubious and is not authorized under federal
stormwater regulations as it relates to monitoring. To begin with, requiring such
monitoring is premature given the absence of outfall monitoring in the current and
previous MS4 permits that would characterize an MS4's pollution contribution
relative to exceeding ambient water quality standards. Without the determination
of statistically significant exceedances of water quality standards, detected at the
outfall, the imposition of runoff infiltration requirements is arbitrary. Further, there
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is nothing in federal stormwater regulations that require monitoring on private or
public property. Monitoring, once again, is limited to effluent discharges at the
outfall and to ambient monitoring in the receiving water.

Beyond this, monitoring for BMP effectiveness poses a serious challenge to what
determines "effectiveness" -- effective relative to what standard? It is also not
clear how such monitoring is to be performed.

Recommended Correction: Delete this requirement.

The MRP of the tentative order proposes regional studies "to further characterize
the impact of the MS4 discharges on the beneficial uses of the receiving waters.
Regional studies shall include the Southern California Stormwater Monitoring
Coalition (SMC) Regional Watershed Monitoring Program (bio-assessment),
sediment monitoring for Pyrethroid pesticides, and special studies as specified in
approved TMDLs (see Section XIX TMDL Reporting, below)."

Regional studies also lie outside the scope of the MS4 permit. However,
because federal regulations require ambient monitoring in the receiving water, a
task performed by the Regional Board's SWAMP, regional watershed monitoring
for aforementioned target pollutants can be satisfied through ambient monitoring.
This can be accomplished with little expense on the part of permittees by: (1)
using ambient data generated by the Regional Board SWAMP; (2) re-setting the
County's mass emissions stations to collect samples 2 to 3 days following a
storm event (instead of using a flow-based sampling trigger); and (3) using any
data generated from existing coordinated monitoring programs (e.g., Los Angeles
River metals TMDL CMP), provided that the data is truly ambient.

END COMMENTS
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ELLIOTT ROTHMAN
Mayor

July 23,2012

Mr. Ivar Ridgeway
California Regional Water Quality Control Board
Los Angeles Region
320 W. 4th Street, Suite 200
Los Angeles, CA 90013
(Electronically to LAMS42012@waterboards.ca.govi

OFFICE
OF THE
MAYOR

SUBJECT: Comments to the Draft National Pollutant Discharge Elimination System
(NPDES) Permit for Municipal Separate Storm Sewer System (MS4)
Discharges Within the Los Angeles County Flood Control District, Including
Unincorporated Areas of Los Angeles County, and the Incorporated Cities
Therein, Except the City of Long Beach (Los Angeles County MS4 Permit)
(NPDES Permit NO. CAS004001) for the City of Pomona

Dear Mr. Ridgeway:

The City of Pomona respectfully submits the following comments regarding the Los Angeles
Regional Water Quality Control Board ("Regional Water Board") Tentative Draft NPDES
Permit Order No. CAS004001 ("Permit") for Stonnwater Discharges from the Municipal
Separate Storm Sewer System (MS4) which was released for public comment by the Regional
Water Board on June 6, 2012. City stafflooks forward to working with you and Regional Water
Board Staff in the development of the 4th Term Los Angeles County MS4 Permit.

In going forward, the City of Pomona will address in detail the following items:

I. Time Extension
Il. Facility Information
Ill. Non Stormwater Discharge Prohibitations
rv. Total Maximum Daily Loads (TMDL's)
V. Middle Santa Ana River TMDL
VI. Unfunded Mandates
VII. Watershed Management Programs
VIII. Stonnwater Management Programs Minimum Control Measures
IX. Development Construction Program
x. Economic Consideration

City Hall, 505 S. Garey Avenue, Box 660, Pomona, CA 91769 (909) 620-2051 Fax (909) 620-3707
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Draft Tentative NPDES Permit for MS4s - City of Pomona
July 23,2012
Page 2 of9

Thus far, the LA Permit Group and other agencies have actively participated in its development
efforts and have submitted extensive comments on outstanding technical and legal concerns on
the Working Proposals, and provided testimony at staff level and board level workshops. The
"Regional Board Workshops" seemed to benefit the Regional Board staff by giving the
appearance of an interactive permit development process; however, the Agendas were packed
with other "Board" business and ran late. One Workshop did not begin until almost 4:00 pm
(almost 3 hours late) and the majority of the Permittees had to leave because of transit schedules.
Those who stayed were surprised when the Workshop ended because Board Members had to
leave. These were not Workshops. Workshops are designed to discuss the topic and deliberate
all points until resolved. The Workshops that were held were "Board Meetings" and an
opportunity for Board Staff to give the impression of collaboration on the Permit process. At
each meeting, the Permittees were limited in time to address issues since Board Staff indicated
there were time constraints. The most recent Staff Workshop provided approximately 30
minutes to discuss each of the chapters in a 500 page technical document. The structure of the
Workshops did not invite collaboration or extensive comments - since the time constraint issue
was designed into the meeting itself.

A lot has been accomplished so far and we appreciate the efforts of your staff. However, there
are still key issues that have far-reaching economic, technical, and legal implications for
Permittees that remain unresolved. While not all-inclusive due to the review period time
constraints, the City of Pomona has outlined the following issues that need to be resolved and
considered.

1. Time Extension

The City of Pomona believes an extension of time to review the 500 page Draft Permit is in
everyone's best interest to keep the permitting process as open and transparent as possible. The
City is committed to the process of cooperatively developing the next 4th generation Permit, and
has made every effort to stay engaged with Regional Board Staff and other Agencies in the
Permit development.

The Draft Permit has gone through major changes and contains numerous errors and
inconsistencies, and the short 45-day comment period does not allow staff or the City Attorney
adequate time to review and provide comments. Most importantly, Stormwater Managers have
an obligation to adequately inform other municipal departments, City Manager, and elected
officials on the fiscal impact of this draft order. The time to properly evaluate the Permit, assess
its financial, legal and personnel impacts cannot be accomplished in the 45-day review period.
Therefore, the City of Pomona respectfully requests, again, that the comment period be extended
by one-hundred and eighty (180) working days for Permittees to fully review and comprehend
the Draft Permit, work with Regional Board Staff to clarify and improve upon the Draft Permit,
prepare written comments on un-resolved issues, and avoid the need for litigation. It is
imperative that Municipalities be given an additional 180 days to review the Permit and develop
alternatives for the substantial issues found in this draft order. This could be accomplished by an
additional review of a tentative order before an adoption hearing is held.
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Draft Tentative NPDES Pennit for MS4s - City of Pomona
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II. Facility Information

Please correct the City of Pomona contact infonnation on Page 6 to read as follows: Julie
Carver, Environmental Programs Coordinator, Julie Carver@ci.pomona.ca.us

III. Non Stormwater Discharge Prohibitions

The tentative order mentions prohibiting non-stormwater discharges not only "to the MS4" but
"from and through it" as well. Federal regulations did not authorize the non-stormwater
discharge prohibition to go beyond "to the MS4." This is a serious issue because extending the
prohibition "from or through" the MS4 would subject non-stormwater discharges (including dry
weather Total Maximum Daily Load Wasteload Allocations and non-stormwater municipal
action levels) to pollutant limitations at the outfall.

All MS4 Permits in the United States issued by USEPA prohibit non-stonnwater discharges only
to the MS4. USEPA guidance, such as the fllicit Discharge Detection and Elimination: A
Guidance Manual bases investigation and monitoring on non-stormwater discharges being
prohibited to the MS4. With the exception of Los Angeles Regional Board MS4 Permits, MS4
Pennits issued by other Regional Boards also limit the MS4 discharge prohibition "to the MS4."
Beyond this, the draft Caltrans MS4 Permit and draft Phase II MS4 Pem1it also limit the non
stom1water prohibition "to the MS4." The City of Pomona recommends revising the non
stonnwater discharge prohibition to be limited "to the MS4 only" and delete all requirements that
are based on the prohibition "from or through the MS4." This includes the non-stormwater
prohibition that is linked to CERCLA.

IV. Total Maximum Daily Load

Of critical importance to this Permit and to water quality in the Los Angeles Region is the
incorporation of Total Maximum Daily Load (TMDLs) into the NPDES Pennit. The Draft
Pennit proposes to incorporate more TMDLs than any other Pennit in California issued to date.
As a result, the manner in which the TMDLs are incorporated into the Permit is a critical issue to
the Pennittees and will likely set a significant precedent for future MS4 Pennits.

We recognize and appreciate that TMDLs must be incorporated in such a way as to require
action to improve water quality. However, the Pennit should recognize the articulated goal of
many of the TMDLs to be adaptive management documents, using the iterative approach to
achieve the goals, and consider the challenges of trying to address the non-point nature of
stormwater. As such, it is imperative to have flexibility in selecting an approach to address the
TMDLs and the time frame by which to in1plement the approach. We would like to thank Board
Staff for providing the opportunity to submit an implementation schedule and BMPs in context
of a Watershed Management Plan to attain EPA TMDL Waste Load Allocations (WLA), and we
need the same flexibility to address Regional Board adopted TMDLs.

The City is in support of the LA Pennit Group's comments on the TMDLs and recommends that
the Regional Water Board:
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• Provide a provision which requires that a TMDL be reconsidered in light of information
that was not available when the TMDL was developed before the final WLAs become
effective. Whenever the reconsideration has been completed, the Permit should be
reopened to make changes to any wasteload allocation, time schedules, and other
pertinent information.

• Translate WLAs into Water Quality Based Effluent Limits (WQBELs), expressed as Best
Management Practices (BMPs).

• State that the implementation of the BMPs using an iterative process will place the
Permittee into compliance with the MS4 Permit.

• Provide for four (4) compliance options for both interim and final WLAs:
• Implement ActionslBMPs consistent with Watershed Management Program
• Compliance at the outfall (end of pipe)
• Compliance in the receiving water (river, creek, ocean)
• 0 direct discharges

• Allow for the adaptive management approach to be utilized for TMDL compliance,
consistent with the tirnelines identified in the Watershed Management Programs.

V. Middle Santa Ana River TMDL

The Middle Santa Ana River Bacteria TMDL is outlined in the Santa Ana Regional Board
NPDES Permit Order No. CAS618036 to San Bernardino County Flood Control District
(principal Permittee). The City of Pomona is not covered by this NPDES Pernlit.

To focus TMDL implementation efforts the Middle Santa Ana River (MSAR) Watershed TDML
Task Force was established, and it is administered by Santa Ana Watershed Project Authority
(SAWPA). The City joined the MSAR Task Force and meets regularly to coordinate water
quality management activities, and discuss in a forum the most cost effective and efficient
strategy to address the Bacterial Indicator TMDL Mandate. City staff also attends the
Comprehensive Bacteria Reduction Plan (CBRP) working group on identifying ifurban runoff is
the source of pollutant.

The City of Pomona would request from the Regional Water Board to acknowledge the City's
efforts and suppOli the continuation of working collaboratively with the MSAR Task Force and
the San Bernardino County StoIll1water Progranl's CBRP Working Group to achieve compliance
with the MSAR Watershed Bacteria Indicator TMDL. The San Bernardino County StoIll1water
Program has developed a CBRP, and the City requests to use their CBRP and reporting
requirements to be in compliance with the MSAR TMDL.

VI. Unfunded Mandates

The City respectfully disagrees with the Regional Board's positIOn regarding unfunded
mandates. We believe that a nUD1ber of the new and enhanced provisions in the Pernlit constitute
unfunded mandates as defined in Article XIII B, Section 6 (a) of the California Constitution.
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In May 2010, the Commission on State Mandates (Commission) found that certain provisions
within Los Angeles Municipal Storm Water Pennit Order No. Order 01-182 constituted
reimbursable state mandates within the meaning of the Califomia Constitution Article XIII B,
Section 6 (a). The test claims filed in 2003 and 2007 asserted that provisions of Los Angeles
Water Board Order 01-182 constitute reimbursable State mandates. Part 3.F.5(c) required the
Los Angeles claimants to install and maintain trash receptacles at specified transit stops. On
September 3, 2009, the Commission issued a [mal decision entitled "In re Test Claim On: Los
Angeles Regional Quality Control Board Order No. 01-182, Case Nos.: 03-TC-04, 03-TC-19,
03-TC-20, 03-TC-2l (Los Angeles Decision). The Los Angeles Decision approved the test
claims". The Commission found the trash receptacle requirement to be a reimbursable State
mandate.

The Draft Pennit states in Part II.Q and in Attachment F.XV. that "this Permit does not
constitute a new or a high level of service as compared to the requirements contained in the
previous Pennit." The City of Pomona disagrees. As one example, we believe the requirement
to install trash excluders or equivalent devices in areas not subject to a trash TMDL, constitutes
an unfunded mandate.

The Board states "if any of the provIsIons could be considered unfunded mandates, under
Government Code Section 17556, subdivision (d), a State mandate is not subject to
reimbursement if the local agency has the authority to charge a fee." The City is not able to
charge a fee for the installation of trash excluders on "Priority A" catch basins, monies will be
taken directly out of the City's General Fund. The City has a limited amount of funds that are
under local control. Any additional funds needed to raise money for stormwater programs would
need to come from increased/new stonnwater fees and grants. New general fees for stonnwater
are regulated under the State's Prop 218 regulations, and require a public vote; so, this is an item
that is not under direct control of the municipalities. The decision to raise the fees rests in the
hand of the voters and the Pennit language should reflect this. The Board's assertion that local
agencies have been granted fee authority through the Los Angeles County Flood Control
District's Funding Initiative is premature at best, because the initiative has not yet been placed on
the ballot nor approved by a majority vote.

VII. Watershed Management Programs

The City of Pomona supports the Regional Board's approach to address high priority water
quality issues through the development and implementation of Watershed Management
Programs. However, we have concerns with the language contained in Part VI.C of the Pennit.
One of our biggest concems is the proposed timeline for developing Watershed Management
Programs. Agencies wishing to participate in Watershed Management Programs would have only
one (I) year to develop a comprehensive Watershed Management Program. This is insufficient
time to organize the watershed cities and other agencies, develop cooperative agreements, initiate
the studies, calibrate the data, draft the plans, and obtain necessary City Council approvals.

We are concerned that Part VI.C. of the Pennit does not provide Cities wishing to participate in a
Watershed Management Program the option of developing their own programs, outside of the
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Watershed Management Program, to remain consistent with the requirements of the Pennit. For
example, a watershed group may develop a Watershed Management Program for TMDL and
monitoring purposes, and choose to implement the Minimum Control Measures as currently
prescribed by the Permit. This may not be appropriate for all Cities participating in the
Watershed Management Program. Individual Cities, when participating in a Watershed
Management Program, should be able to choose which elements of the Program they will
participate in, and which elements they will opt out of, preferring to implement the programs as
prescribed by the Permit.

The City, therefore requests that the Permit include clarifying language, providing the City with
the necessary flexibility to participate in a Watershed Management Program for the selected
program elements within the Permit. Alternatively, staff would suggest a phased approach
where some initial efforts (e.g. MOUs, funding mechanism, retrofit inventory) could be
completed and submitted within 12 months, but allow at least a 24 month timeline for the more
complicated or resource intensive efforts.

VIII. Storm Water Management Program Minimum Control Measures

The City is concerned that the timelines for implementation of the Minimum Control Measures
(MCMs) will not provide an adequate timeframe in which to implement the new and enhanced
Pennit conditions. Specifically, Pennit Part D.l.b. (i) states: "unless otherwise noted in Part
Vl.D., each Pennittee shall ensure implementation of the requirements contained in Part Vl.D.
within thirty (30) days after the effective date of the Order." Furthetmore, the municipal
stonnwater perfonnance standard to reduce pollutants to the maximum extent practicable is not
well defined and will depend on a number of factors I This constraint, as well as USEPA
position2

, that the iterative process is the basis for good stormwater management, supports the
need to provide flexibility in defining the criteria for customizing MCMs. Also for clarification
it would be constructive to state or define the tenus of adaptive management approach and the
iterative approach as equivalent and that the tenus can be used interchangeably.

The City respectfully requests that the timelines for implementation of the MCMs be extended to
one-hundred and eighty (180) days after the effective date of the Order, to allow Pennittees the
necessary time to develop new programs/plans, and enhance existing programs as prescribed in
the Pennit.

The next issue as stated in the Unfunded Mandate comment above refers to Provision
Vl.D.8.h.vii (page 102) which specifies additional trash BMPs regardless of whether the area is
subject to a trash TMDL. The City takes exception to this approach, as on the one hand the
MCM requires prioritization, cleaning and inspection of catch basins as well as street sweeping
and other management control measures to address trash at public events. And then even if the
Municipality is controlling trash through these control measures, the Municipality must still
install trash excluders (see page 102 regarding "additional trash management practices"). This

I See E. Jennings 2111/93 memorandum to Archie Mathews, State Water Resources Control Board.
, See Interim Permitting Approach for Water Quality-Based Effluent Limitations in Storm Water Permits, 61 FR
43761 (Aug. 26, 1996).
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makes little sense and the City would submit that if the initial control measures are successful,
then the "additional trash management practices" are unnecessary (as evident by the lack of a
TMDL). If the City has to install trash excluders on all Priority "A" catch basins, this would
cause undue hardship to our General Fund in excess of $2 Million dollars plus in the fust two
years after adoption. For the City to fund this requirement, the City would have to look at
additional staff lay-offs, elimination of other programs, and other extreme measures.

The third issue pertains to Provision VI.D.8.d (page 94) regarding retrofitting opportunities.
Provision VI.D.8.d.i requires that the City develop an inventory of retrofit opportunities within
the public right of way but then in provision VI.D.8.d.ii, the Draft Order requires the Permittees
screen existing areas of development, and furthermore in Provision V1D.8.d.iii the MS4 must
prioritize all existing areas of development. Reading these Provisions in whole would seem to
indicate that the City must identify all potential retrofit sites (private or publicly owned), and to
prioritize the sites. This is a contentious issue and should be addressed carefully. Stormwater
Regulations (40 CFR 122.26.(d)(2)(iv)(4) require consideration of retrofitting opportunities, but
the consideration is limited to flood management projects (i.e. public right of way) and does not
require consideration of private areas. The City recommends that for this Permit term, that the
retrofit provision (i.e. inventory, screening, and prioritization) be limited to public right of ways
lands only.

IX. Development Construction Program

The Draft Permit will require projects of one (1) acre or greater to prepare an Erosion and
Sediment Control Plan (ESCP). It is our understanding that the ESCP must include the same
elements of a Stormwater Pollution Prevention Plan (SWPPP). This Permit requirement
essentially places the burden of enforcement of the State Construction General Permit on the
municipal Permittees.

The State Construction General Permit already requires construction projects to prepare and
submit a SWPPP to the State Water Resources Control Board for review and approval. The City
appreciates the language indicating that SWPPPs prepared in accordance with the requirements
of the Constructional General Permit can be submitted in-lieu of an ESCP. However, the burden
of review and approval of SWPPPs is effectively shifted to the City with the addition of this
requirement. The City lacks the resources necessary to review, approve, and enforce the State
Construction General Permit.

Part VI.D.7.h.ii (9) requires Permittees to develop and implement a checklist to be used to
conduct and document review of each ESCP/SWPPP within thirty (30) days of the Order
adoption. Currently there is no accepted standardized SWPPP review checklist for the State
Construction General Permit. The burden of developing such a checklist falls solely to the
Permittees, but ultimately should be the State's responsibility. In addition, the City will be
required to allocate already limited resources to perform the mandatory construction site
inspections, which represent a two-hundred percent (200%) increase in the number of
inspections required for sites greater than one (I) acre.
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X. Economic Consideration

Given the current economic climate and the fact that the City's taxable retail sales are down,
assessed valuations are down, and unemployment has risen, the City has proposed closing the
only library in town, closing a fire station, laying off additional staff (when the workforce has
already been reduced by 30%), and reducing service levels just to fiscally survive. Every effort
must be made to ensure the remaining local tax dollars be carefully allocated to best protect our
environment, residents, and local businesses. It is staffs estimation that this Tentative Draft
Permit will significantly increase the regulatory burden on the City, the residents and businesses
by imposing more stringent requirements on new developments, increasing monitoring and
inspection requirements, and incorporating new regulations regarding TMDL implementation.
Preliminary indicators are these new provisions will roughly double the City's annual
compliance cost. In light of the above, the City requires that the Regional Board exercise its
discretion to ensure that the terms of the Tentative Draft Permit are commensurate with both the
water quality needs and the economic reality of the City of Pomona, and other municipalities.

Summary

The City supports the comment letter submitted by the LA Permit Group, which the City helped
to develop and it is incorporated herein by reference. The biggest concern for the City is the
Receiving Water Limitation (RWL) language. The RWL language creates a liability to the
municipalities that is unnecessary and counter productive, and exposes the municipalities to
enforcement actions by Regional Water Board and 3rd Party lawsuits, even when the
municipality is engaged in an adaptive management approach to address the exceedance.

The City recognizes that the Tentative Draft Order is a significant step forward in addressing
urban runoff in Los Angeles County. However, the short time frame to review a new
comprehensive Permit that is over 500 pages does not give the Permittees enough time to do a
quality review and provide comments. The Regional Board Members stated at a previous
meeting that they want a Permit that can be implemented and do not want to end up in litigation.
Therefore, the City of Pomona again is asking for an additional 180 days to review and comment
on the Draft Permit. The City would like to review another draft with the changes, and request
an additional 45 day cumment period. Other Regional Boards have given ample time for
Permittees to review and comment, and we are asking for the same consideration. Due to the
nature of the Draft Permit, the additional time is not an unreasonable request and we sincerely
hope that the Regional Water Board staff and Board Members grant the Pennittees the extension.

Flexibility is particularly important to the City of Pomona in these times of financial hardship.
The City has been particularly and seriously affected by the downturn in housing prices,
construction activity, and employment, all of which have contributed to the loss of tax revenues.
Notwithstanding such hardship, the City remains committed to improving water quality and
protecting beneficial use in receiving water.
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We look forward to continued collaboration with your staff to develop a Pemlit that improves
water quality and maximizes the effectiveness of available resources. Please feel free to contact
Julie Carver, Environmental Programs Coordinator at (909) 620-3628 if you have any questions
regarding the City of Pomona's comments.

Sincerely,

{?f;fNk 'I.'-'~ r.._---

Elliott Rothman, Mayor
City of Pomona
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Mr. Ivar Ridgeway
California Regional Water Quality Control Board, Los Angeles Region
320 West 4th Street, Suite 200
Los Angeles, California 90013
LAMS42012@waterboards.ca.gov
rpurdy@waterboards.ca.gov
iridgeway@waterboards.ca.gov

Re: Comment Letter on behalf of the City of Rancho Palos Verdes on Draft
MS4 Stormwater NPDES Permit for LA County

Dear Ms. Ridgeway:

The City of Rancho Palos Verdes ("City') submits the following comments to the Los
Angeles Regional Water Quality Control Board's ("Regional Board") Tentative
Order No. R4-2012-xxx, NPDES Permit No. CAS004001) ("Permit"). The City of
Rancho Palos Verdes has joined with other cities in the Palos Verdes Peninsula
("Peninsula cities") to submit a variety of technical comments that were previously
sent to your attention. In addition, the City notes that the LA Permit Group has
submitted comments regarding the Permit which the City joins and incorporates
herein. The City reserves the right to make additional legal comments on the Permit
prior to the close of the public hearing to adopt the Permit and at the public hearing
itself.

On behalf of the City of Rancho Palos Verdes, we hereby submit the following initial
comments on the Permit:

OF COUNSEL
MARK L. LAM KEN

SAYRE WEAVER
JIM R. KARPIAK

TERESA HO·URANO

1. The Time Provided to Review the Permit Is Insufficient and Denies
Permittees Due Process of Law

SAN FRANCISCO
TELEPHONE 4'5.421"'404

ORANGE COUNTY OFFICE
TELEPHONE 7'4.990,0901

TEMECULA OFFICE
TELEPHONE 951.695.2373

The period provided to review and comment on the Permit has been unreasonably
short given the breadth of the Permit. Beginning on March 28,2012, Regional Board
staff issued a series of Staff Working Proposals pertaining to key sections of the
Permit. Regional Board staff has used their Staff Working Proposal workshops as a
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justification for the hurried manner in which the Permit was developed. The same
justification was used by the Executive Director in denying the LA Permit Group's
request for a time extension.

With due respect, the City urges the Board to reconsider its position based upon
several reasons. First, Regional Board staff gave the permittees only a few weeks to
comment on each of the Staff Working Proposals. Furthermore, the Regional Board
staff did not respond to any comments, leaving permittees to guess at which
requirements would be incorporated into the Permit. Seeing the Permit in its entirety
and having the opportunity to understand how each of the sections and programs
work together is imperative in order for permittees to fully understand the Permit
provisions and to prepare comments.

Second, despite all the working proposals, workshops, and meetings, the permittees
are left with a Permit that cannot be complied with from the first day the Permit goes
into effect, due to the Receiving Water Limitation (RWL) and the Waste Load
Allocations (WLA) requirements that could subject the permittees to third party
lawsuits.

We believe the Regional Board wants a review process that is open and transparent.
Providing permittees only forty-five (45) days to comment makes this impossible. To
develop and provide relevant and meaningful comments, each permittee must first:

• Read a 500 page Permit;
• Study the 500 page Permit to understand how the provisions work

together;
• Compare it to the last Permit;
• Evaluate the resource needs to comply with the Permit;
• Determine the fiscal and organizational impacts on City services, which

requires coordination with several City departments;
• Conduct technical and legal review of the Permit and prepare comments;
• Present information to and gather feedback from the City Council. Staff

needs time to conduct a thorough review of the items listed above, prior to
presenting them to the City Council; and

• Prepare written comments.

To ensure a proper review of the Permit, the City hereby requests an extension of 180
working days to include a Revised Tentative Permit to be released with a 45-day
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comment period. The intent of a Revised Tentative Permit is to ensure the permittees
have the opportunity to review any changes made to the existing draft and provide
comments prior to the Permit adoption hearing. Additionally, this extension request
will resolve a conflict our city management and officials have with the current
September 6-7,2012 hearing date, which overlaps with the annual League of Cities
conference in San Diego.

The extreme speed with which the Permit is being circulated and reviewed and
proposed to be adopted amounts to a denial of the City's due process rights and is
contrary to state and federal law. By denying the permittees a meaningful
opportunity to review and comment on a Permit that so drastically affects the
permittees' rights and finances, the Regional Board has denied the permittees due
process rights under state and federal law. See Spring Valley Water Works v. San
Francisco, 82 Cal. 286 (1890) (reasonable notice and opportunity to be heard are
essential elements of "due process of law," whatever the nature of the power
exercised.) Furthermore, under the Clean Water Act, a reasonable and meaningful
opportunity for stakeholder participation is mandatory. See, e.g., Arkansas Wildlife
Fed'n v. leI Ams., 29 F.3d 376,381 (8th Cir. 1994) ("the overall regulatory scheme
affords significant citizen participation, even if the state law does not contain
precisely the same public notice and comment provisions as those found in the federal
CWA.") For the reasons stated above, the Permit does not satisfy the Clean Water
Act standard and violates the City's due process rights.

2. The Permit Should Be Revised to Provide that Implementation of BMPs
is Sufficient to Constitute Compliance with the Permit

Permittees should be able to achieve compliance with the Permit through a best
management practice ("BMP") based iterative approach. Regional Board staff has
previously indicated that it would not create a permit for which permittees would be
out of compliance from the very first day the Permit goes into effect. This necessarily
means the Permit cannot require immediate strict compliance with water quality
standards. Yet the Fact Sheet states that a party whose discharge "causes or
contributes" to an exceedance of a water quality standard is in violation of the Permit,
even if that party is implementing the iterative process in good faith. See Fact Sheet
at pp. F-35-38. These positions are incompatible and effectively render the iterative
approach meaningless.
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As written, the Permit requires that all discharges to receiving waters must
immediately meet water quality standards to avoid violating the Permit. This presents
an impossible standard for permittees to meet, especially given the fact that thirty
three (33) TMDLs have been incorporated into the Permit. This means that numerous
water bodies that currently do not meet water quality standards will be governed by
the Permit and permittees will be subject to potential liability immediately. Even for
TMDLs for which the Regional Board issues time scheduling orders, such orders will
not protect a permittee from third-party lawsuits for measured exceedances, based on
the Permit's current language. Even if such lawsuits are unfounded, the legal costs to
defend such suits are enormous. For this same reason, final wasteload allocations
should not be incorporated into the Permit, especially where we are dealing with
TMDLs that have been rushed through due to the Browner consent decree with the
understanding that they would be refined over time with reopeners as new
information becomes available.

A BMP-based approach should be utilized in the Permit, as outlined in EPA's
November 12,2010 Revisions to the November 22,2002 Memorandum "Establishing
Total Maximum Daily Load (TMDL) Wasteload Allocations (WLAs) for Storm
Water Sources and NPDES Permit Requirements Based on those WLAs." ("EPA
Memorandum"). See also 40 C.F.R. § 122.44(k).

To accomplish this purpose, the City supports using the receiving water limitation
language proposed by CASQA. Otherwise, cities are potentially vulnerable to third
party lawsuits such as those brought against the City of Malibu, City of Stockton and
the County of Los Angeles by third parties within the last five years.

Furthermore, the EPA Memorandum is clear that an increased reliance on numerical
values should be coupled with the "disaggregation" of different storm water sources
within permits. See EPA Memorandum at pp. 3-4. The Permit currently aggregates
multiple sources of storm water runoff while additionally imposing numeric
standards. This will result in a system whereby the innocent will be punished
alongside the guilty for numeric standard exceedances. The Regional Board should
not allow this inequitable and legally unjustifiable result to occur.

Another reason for adopting a BMP-based approach is the fact that new and existing
conditionally exempt non-stormwater discharges may also contribute to measured
exceedances. This inequitable result means the exempt discharges may nonetheless
contribute to permittee liability.
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3. The Permit Improperly Intrudes Upon the City's Land Use Authority in
Violation of the Tenth Amendment of the U.S. Constitution

To the extent that this Permit relies on federal authority under the Clean Water Act to
impose land use regulations and dictate specific methods of compliance, it violates
the Tenth Amendment of the U.S. Constitution. Furthermore, to the extent the Permit
requires a municipal permittee to modify its city ordinances in a specific manner, it
also violates the Tenth Amendment. According to the Tenth Amendment:

"The powers not delegated to the United States by the Constitution,
nor prohibited by it to the States, are reserved to the States
respectively, or to the people."

Article XI, section 7 of the California Constitution also guarantees municipalities the
right to "make and enforce within [their] limits all local police, sanitary and other
ordinances and regulations not in conflict with general laws." See also City ofW
Hollywood v. Beverly Towers, 52 Cal. 3d 1184, 1195 (1991). Furthermore, the
United States Supreme Court has held that the ability to enact land use regulations is
delegated to municipalities as part of their inherent police powers to protect the public
health, safety, and welfare of its residents. See Berman v. Parker, 348 U.S. 26, 32-33
(1954). Because it is a constitutionally conferred power, land use powers cannot be
overridden by State or federal statutes.

Neither the Clean Water Act and the Porter-Cologne Act provisions regarding
NPDES permitting indicate that the Legislature intended to preempt local land use
authority. Sherwin Williams Co. v. City ofLos Angeles, 4 Cal. 4th 893 (1993);
California Rifle & Pistol Assn. v. City ofWest Hollywood, 66 Cal. App. 4th 1302,
1309 (1998) (Preemption of police power does not exist unless "Legislature has
removed the constitutional police power of the City to regulate" in the area); see
Water Code §§ 13374 and 13377 and 33 U.S.C. § 1342 (b)(1)(B). As to the Clean
Water Act, there is certainly no express pre-emption in any statutory language, nor is
there any pre-emption based upon the City ordinances constituting some type of
"obstacle" or "impossibility" to the implementation of the federal law.

If the Permit is adopted, the City believes that this Permit could effectively establish
the Regional Board as a "super municipality" responsible for setting zoning policy
and requirements throughout Los Angeles County. The prescriptive and one-size
fits-all nature of this policy will ensure that any resident or business challenging the
conditions set forth in this Permit would not only sue the municipality charged with
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implementing these requirements, but would also have to sue the Regional Board
itself to obtain the requested relief. The City does not believe this is the intent of the
Regional Board. Rather than adopting programs that dictate the precise method of
compliance, the Regional Board should collaborate with the City and other permittees
to develop a range of model programs that each municipality could then modify and
adopt according to its own individual circumstances.

4. The Permit Constitutes an Unconstitutional Unfunded Mandate

The Permit contains mandates imposed at the Regional Board's discretion that are
unfunded and go beyond the specific requirements of either the Clean Water Act or
the EPA's regulations implementing the Clean Water Act, and thus exceed the
"Maximum Extent Practicable" ("MEP") standard. Accordingly, these aspects of the
Permit constitute non-federal state mandates. See City ofSacramento v. State of
California, 50 Cal. 3d 51, 75-76 (1990). Indeed, the Court of Appeals has previously
held that NPDES permit requirements imposed by the Regional Board under the
Clean Water and Porter-Cologne Acts can constitute state mandates subject to claims
for subvention. County ofLos Angeles v. Commission on State Mandates, 150 Cal.
App. 4th 898, 914-16 (2007).

The Permit goes beyond federal law, as the Permit is at least twice as long, and in
some cases, three times as long as other MS4 permits developed by other Regional
Boards in the State of California, such as the Lahontan Regional Board and the
Central Valley Regional Board, not to mention permits developed by EPA. This
means that either some Regional Boards are failing to impose federally mandated
requirements pursuant to the Clean Water Act, or the more likely explanation is that
the Regional Board is imposing requirements that go beyond federal law.

A. The Permit's Minimum Control Measure Program is an Unfunded
State Mandate

The Permit's Minimum Control Measure program ("MCM Program") qualifies as a
new program or a program requiring a higher level of service for which state funds
must be provided. The particular elements of the MCM Program that constitute
unfunded mandates are:
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• The requirements to control, inspect, and regulate non-municipal permittees
and potential permittees (Permit at pp. 38-40);

• The public information and participation program (Permit at pp. 58-60):
• The industrial/commercial facilities program (Permit at p. 63);
• The public agency activities program (Permit at pp. 56-63); and
• The illicit connection and illicit discharge elimination program (Permit at pp.

106-109).

The MCM Program requirement that the permittees inspect and regulate other, non
municipal NPDES permittees is especially problematic and clearly constitutes an
unfunded mandate. (See, e.g., Permit at pp. 38-40.) These are unfunded requirements
which entail significant costs for staffing, training, attorney fees, and other resources.
Notably, the requirement to perform inspections of sites already subject to the
General Construction Permit is clearly excessive. Permittees would be required to
perform pre-construction inspections, monthly inspections during active construction,
and post-construction inspections. The requirements of this Permit exceed past
permits, meaning that the Regional Board is requiring a higher level of service than in
prior permits.

Furthermore, there are no adequate alternative sources of funding for inspections.
User fees will not fully fund the program required by the Permit. Cal. Gov't Code, §
17556(d). NPDES permittees already pay the Regional Water Quality Control
Boards fees that cover such inspections in part. It is inequitable to both cities and
individual permittees for the Regional Board to charge these fees and then require
cities to conduct and pay for inspections without providing funding.

B. The Receiving Water Body Requirements Render the Permit an
Unfunded Mandate

If strict compliance with state water quality standards in receiving water bodies is
required-including state water quality standard-based wasteload allocations-in the
MS4 itself or at outfall points and in receiving water bodies, the entire Permit will
constitute an unfunded mandate because such a requirement clearly exceeds both the
Federal standard and the requirements of prior permits, despite the fact no funding
will be provided. See Building Industry Assn. ofSan Diego County v. State Water
Resources Control Bd., 124 Cal. App. 4th 866,873,884-85 (2004) (though the State
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and Regional Boards may require compliance with California state water quality
standards pursuant to the Clean Water Act and state law, these requirements exceed
the Federal Maximum Extent Practicable standard.)

C. The City Does Not Necessarily Have the Requisite Authority to Levy
Fees to Pay for Compliance With the Order

The ability to fund the Permit through bond measures or tax increases does not render
the Permit's program ineligible for a subvention claim because such funding
mechanisms are contingent upon voter approval, in some cases requiring
supermajority votes. Howard Jarvis Taxpayers Assoc. v. City ofSalinas, 98 Cal.
App. 4th 1351 (2002). The money available from other sources is both too
speculative and limited to cover all or even some of the costs imposed by the Permit.
Such speculative funding sources cannot count as viable sources of funding so as to
preclude a subvention claim. Cal. Gov't Code, § 17556(f). Furthermore, even if some
portions of the Permit's programs can be covered by user fees, these fees will not
come close to covering all such costs, meaning permittees' general funds will have to
be utilized to cover substantial portions of these costs. Cal. Gov't Code, § 17556(d)
(the ability to charge fees only defeats a subvention claim where the fees are
sufficient to fully fund the program.)

5. The Permit's Monitoring Program Exceeds the Requirements of Law

The Permit's Receiving Water Monitoring Program is improper for going well
beyond the scope of monitoring requirements authorized under Water Code Sections
13267 and 13383. The relevant portion of Water Code Section 13267 states:

"(b) (1) In conducting an investigation. . . the regional board may
require that ... any citizen or domiciliary, or political agency or entity
of this state who has discharged, discharges, or is suspected of having
discharged or discharging, or who proposes to discharge, waste outside
of its region that could affect the quality of waters within its region
shall furnish, under penalty of perjury, technical or monitoring
program reports which the regional board requires. The burden,
including costs, of these reports shall bear a reasonable relationship to
the need for the report and the benefits to be obtained from the
reports."
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The Regional Board's failure to conduct and communicate the requisite cost-benefit
analysis pursuant to the monitoring requirements in the Permit constitutes an abuse of
discretion. Water Code §§ 13267 and 13225(c).

The relevant portions of Water Code Section 13383 state:

"(a) The ... regional board may establish monitoring, inspection,
entry, reporting, and recordkeeping requirements ... for any person
who discharges, or proposes to discharge, to navigable waters....

(b) The ... or the regional boards may require any person subject to
this section to establish and maintain monitoring equipment or
methods, including, where appropriate, biological monitoring methods,
sample effluent as prescribed, and provide other information as may be
reasonably required."

The Permit goes far beyond a requirement that a permittee "monitor" the effluent
from its own storm drains. The Permit's Receiving Water Monitoring Program seems
to require a complete hydrogeologic model found in the receiving water body, which
will in many cases be miles away from many of the individual permittees'
jurisdictions. To the extent the Permit requires individual permittees to compile
information beyond their jurisdictional control, they are unauthorized. Although
Water Code Section 13383(b) permits the Regional Board to request "other
information", such requests can only be "reasonably" imposed. Cal. Water Code §
13383(b). The information requested by the Regional Board is unreasonable. It is
not just limited to each individual copermittee's discharge. Rather, the Permit
requires copermittees to analyze discharges and make assumptions regarding factors
well beyond their individual boundaries. This is not reasonable, and is therefore not
permitted under Water Code Sections 13225, 13267, and 13383. It is equally
unreasonable to require the monitoring of authorized or unknown discharges. See
Permit at p. 108.
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6. The Permit Exceeds the Regional Board's Authority by Requiring the
City to Enter into Contracts and Coordinate With Other Co-permittees

The Regional Board cannot require the City to enter into agreements or coordinate
with other co-permittees. The requirements that permittees engage in interagency
agreements (Permit at p. 39) and coordinate with other co-permittees as part of their
stormwater management program (Permit at p. 56-58) are unlawful and exceed the
authority of the Regional Board. The Regional Board lacks the statutory authority to
mandate the creation of interagency agreements and coordination between permittees
in an NPDES Permit. See Water Code §§ 13374 and 13377. The Permit creates the
potential for City liability in circumstances where the permittee cannot ensure
compliance due to the actions of third party state and local government agencies over
which the City has no control. Such requirements are not reasonable regulations, and
thus violate state law. Communities for a Better Environment v. State Water
Resources Control Bd., 132 Cal. App. 4th 1313, 1330 (2005) (regulation pursuant to
NPDES program must be reasonable.)

7. The Permit Fails to Consider Economic Impacts As Required by Water
Code Sections 13000 and 13241

The Regional Board's failure to adequately consider the economic impacts of the
Permit, as required by Water Code Sections 13000 and 13241, render the Permit
invalid. Water Code Section 13241 requires the Regional Board to include
"[e]conomic considerations" with its consideration of the Permit. As demonstrated
above, the Regional Board is incorrect in its assertion that consideration of economics
is not required in this Permit. See Permit at pp. 24-25. Because, as demonstrated
above, the Permit requires new and higher levels of service in numerous key regards,
consideration of economic factors is necessary. City ofBurbank v. State Water
Resources Control Bd., 35 Cal. 4th 613,618,627 (2005).

The alleged facts in the economic consideration section of the Fact Sheet
misrepresent the permittees' data and fail to consider the economic impact of new,
costly aspects of the Permit. The Fact Sheet's open skepticism of municipal financial
reports is troubling, and indicates the Regional Board has not taken permittees' actual
expenses seriously.
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It is also premature and improper to assume that permittees will obtain funding from
proposed ballot measures and other sources of funding which have not even been
approved, much less voted on by the public. See Fact Sheet at pp. F-142-43. If the
Regional Board wants to rely on initiatives, such as the Los Angeles County Flood
Control District's Water Quality Funding Initiative, as sources of funding to offset the
costs of storm water management, it should delay its public hearing and approval of
the Permit until after the voters have actually voted on such initiatives. Otherwise, if
such initiatives fail to pass, the copermittees will be left to implement the Permit's
requirements without the funds to do so. Even if the Water Quality Funding Initiative
is approved by the voters, the funds generated by the Initiative would not even be
available until 2014 - well after the deadline for a majority of the compliance
deadlines set forth in the Permit Moreover, the Water Quality Initiative will not
cover all the costs imposed on all permittees by the Permit.

The Permit also fails to consider the significant additional costs that TMDLs will
impose. The incorporation ofTMDLs and the massive expansion of monitoring
requirements in the Permit, which also trigger the need for additional inspectors, will
inevitably cause the copermittees' costs to skyrocket. Furthermore, speculations
about what people may be willing to pay for cleaner water and social benefits from
clean water have no real effect on cities' bottom lines. Finally, the Permit fails to
account fully for all the expenses that implementing minimum control measures will
impose. For all these reasons, the consideration of economic impact is entirely
lacking, which violates state law.

8. The Permit's Imposition of Joint and Joint and Several Liability for
Violations is Contrary to Law

The Permit appears to improperly impose joint liability and joint and several liability
for water quality based effluent limitations and receiving water exceedances. It is
both unlawful and inequitable to make a permittee liable for the actions of other
permittees over which it has no control. A party is responsible only for its own
discharges or those over which it has control. Jones v. E.R. Shell Contractor, Inc.,
333 F. Supp. 2d 1344, 1348 (N.D. Ga. 2004). Because the City cannot prevent
another permittee from failing to comply with the Permit, the Regional Board cannot,
as a matter of law, hold the City jointly or jointly and severally liable with another
permittee for violations of water quality standards in receiving water bodies or for
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TMDL violations. Under the Water Code, the Regional Board issues waste discharge
requirements to "the person making or proposing the discharge." Cal. Water Code §
13263(f). Enforcement is directed towards "any person who violates any cease and
desist order or cleanup and abatement order ... or ... waste discharge requirement."
Cal. Water Code § 13350(a). In similar fashion, the Clean Water Act directs its
prohibitions solely against the "person" who violates the requirements of the Act. 33
U.S.c. § 1319. Thus, there is no provision for joint liability under either the
California Water Code or the Clean Water Act.

Furthermore, joint liability is proper only where joint tortfeasors act in concert to
accomplish some common purpose or plan in committing the act causing the injury,
which will generally never be the case regarding prohibited discharges. Kesmodel v.
Rand, 119 Cal. App. 4th 1128, 1144 (2004); Key v. Caldwell, 39 Cal. App. 2d 698,
701 (1940). For any such discharge, it would be unlawful to impose joint liability
and especially joint and several liability. The issue of imposing liability for
contributions to "commingled discharges" of certain constituents, such as bacteria, is
especially problematic because there is no method of determining who has
contributed what to an exceedance.

For receiving water body exceedances, the Permit should specify that the burden is on
the Regional Board to show that any permittee's discharge caused or contributed to
that exceedance. Requiring permittees to prove they did not cause or contribute an
exceedance is both inequitable and unlawful. Permittees should not be required to
prove they did not do something when the Regional Board has failed to raise even a
rebuttable presumption that the contamination results from a particular permittee's
actions. See Cal. Evid. Code § 500; Sargent Fletcher, Inc. v. Able Corp., 110 Cal.
App.4th 1658, 1667-1668 (2003).

*****

The City is dedicated to the protection and enhancement of water quality. The City,
however, has other functions that require funding as well. If this Permit is adopted as
proposed, even in the best case scenario, spending cuts to other crucial services such
as police, fire, and public works are certain. The permittees' dwindling general funds
simply cannot take the financial hit the Permit is poised to impose on them. The City
believes a more measured approach is necessary, especially regarding how
compliance in this Permit is achieved.
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As public agencies, all parties involved in the NPDES permitting process have the
obligation to carry out their duties in a responsible, realistic, and reasoned manner.
Requirements that tether public agencies to impractical positions are
counterproductive and violate our sacred charge as representatives of the people. The
City is committed to working with the State and Regional Boards in order to achieve
our mutual goals and looks forward to engaging in a constructive dialogue with
Regional Board staff on these issues.

Sincerely,

~
Norman A. JJUIJVJU

cc: Jim Hendrickson, Interim Director Public Works
Andy Winje, Public Works
Ron Dragoo, Senior Engineer
Carol Lynch

82001-0004\1476809vl.doc
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July 19, 2012

Maria Mehranian, Chairperson
California Regional Water Quality Control Board
Los Angeles Region
320 West 4th St., Suite 200
Los Angles, CA 90013

SUBJECT: Draft NPDES Permit for LA County MS4 Discharges

Dear Honorable Chairperson Mehranian and Members of the Los Angeles Regional Water
Quality Control Board:

Supplemental to the detailed comments sent to you by the Peninsula Cities with regard
to the Draft NPDES Permit for MS4 Discharges, I am writing, on behalf of the Rolling
Hills City Council, to voice alarm, frustration and disappointment in the Draft NPDES
Permit regulations. As a policy document, and as goals for achieving cleaner water; the
draft permit, as the new means of achieving clean storm water, is flawed. Besides the
inconsistencies and errors in the draft permit itself (which have been highlighted in
letters from the Peninsula Cities' and the L.A. Permit Group), and only 45 days to
review and comment on the very complex 500 page document, there appears to be no
consideration or recognition of the significant cost impacts to cities or how the reporting
and infinite monitoring achieves the goals of the Clean Water Act in a prioritized
manner. The permit does not acknowledge the lack of funding sources and staff
resources necessary to locally implement the permit, the practicality of implementing
the regulations, the unique and environmental character of individual cities, or how the
substantial amount of reporting and monitoring will achieve the desired improvements
to water quality. Moreover, in how the permit is structured for implementation, it
results in a new industry and bureaucracy, with the main beneficiary being consultants.

More specifically, the Draft NPDES Permit creates an oppressive cost for cities. Rolling
Hills, for example, has only a $1.5 million annual budget. In this current economic
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environment, Rolling Hills and other communities lack the staff and resources to meet
the extensive draft permit obligations while currently maintaining basic community
needs. In the end, not only will the permit as drafted require an enormous amount of
paperwork, staff time and financial resources, it is not clear that all of these new
mandates will achieve cleaner storm water. What is clear is that these mandates will
require allocation of limited funds away from basic community needs. Moreover, the
timelines to develop new watershed management and monitoring programs within the
permit requirements are far too short. It takes considerable time to prepare action plans,
hire consultants, enter into MOAs with other agencies in the watershed, and secure
funding. The timelines in the permit are inadequate.

As previously communicated, the City of Rolling Hills in significant and numerous
ways is very unique. The City is, by design of its founders and the General Plan, a low
density, low impact, rural, gated residential community. In its approximately 3 square
miles consisting of numerous steep canyons where primary drainage is conveyed via
natural canyons, the City is surrounded 360-degrees by other municipalities. With a
population of approximately 1,800 and 684 single-family homes, Rolling Hills has no
multi-family, industrial or commercial land uses ofany type within the City. Residential lots .
range in size from a minimum of one-acre to as much as 17-acres and, most all the land is
pervious allowing for the natural infiltration of water. Roads are private, Le., not public
right-of-way and, they are not equipped with curb-and-gutter; therefore, they do not
convey trash or pollutants. Dry weather flows and significant rainfall events are
infiltrated within the natural, largely undisturbed and vegetated soft-bottom canyons
that are the primary drainage system; there is no continuous improved storm drain
system throughout the City. Source control is the primary means available to the City
for maintaining and improving water quality since structural control/ treatment
devices/ infiltration are not technically feasible or environmentally appropriate in steep,
natural canyons. Thus, Rolling Hills needs flexibility to create cost-effective, storm
water management policies that work for this unique community.

The City Council is on record supporting the environmental goal(s) of clean water and,
is committed to a solution that results in clean water. However, the process for
adopting the proposed Draft NPDES Permit for MS4 Discharges has not been conducive
to partnering in a solution, nor do the provisions help solve the problem. The Little
Hoover Commission in its report"Clearer Structure, Cleaner Water: Improving
Performance and Outcomes at the State Water Board (January 2009)" makes very
reasonable recommendations for improving an antiquated system for addressing storm
water. Similarly, its October 2011 report "Better Regulation: Improving California's
Rulemaking Process" recommends that cost effectiveness be considered in the
promulgation of regulations. It is not clear that cost has been considered at all in this
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process, and these are all recommendations that should be taken into consideration in
development of the Final NPDES Permit for MS4 Discharges.

I strongly urge you to revise the Final NPDES Permit for MS4 Discharges to provide
local governments with the flexibility to determine how best to meet the State's water
quality objectives as opposed to a 'one-size-fits-all' approach that fails to acknowledge
the unique characteristics and environment of cities. We request that requirements in
the permit be made to expire if the City demonstrates compliance and achievement of
the policy goals and the permit include provisions that focus on cleaning storm water
rather than indefinitely monitoring and reporting. In conclusion, the City is strongly
opposed to the proposed draft permit and requests a renewed effort to develop a new,
more constructive, cost-effective storm water program.

n:s /WVQ
lack, M.D.

JB:hl
Ol-19-12NPDESPermitMS4.docx

c: Rolling Hills City Council
California Regional Water Quality Control Board
Governor Jerry Brown
Congressman Henry Waxman
Assembly Member Bonnie Lowenthal
Senator Roderick Wright
Anton Dahlerbruch, City Manager
Michael Jenkins, City Attorney
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I wanted to clarify my prior email regarding the parties that were submitting the 
Comments I forwarded to you earlier today.  Please recognize that the prior 
Comments/Exhibits were submitted on behalf of the City of Signal Hill and all 
Cities/Agencies that may join in those comments. 
 
If you have any questions, please feel free to contact me. 
 
Thank you. 
 
Patricia Johnson 
Legal Secretary 
Rutan & Tucker, LLP 
611 Anton Boulevard, 14th Floor 
Costa Mesa, CA 92626 
714-641-5100 x 1544 
714-546-9035 Fax 
pJohnson@rutan.com 
www.rutan.com 

 
Privileged And Confidential Communication 
This electronic transmission, and any documents attached hereto, (a) are protected by the Electronic Communications 
Privacy Act (18 USC §§ 2510-2521), (b) may contain confidential and/or legally privileged information, and (c) are for the 
sole use of the intended recipient named above. If you have received this electronic message in error, please notify the 
sender and delete the electronic message. Any disclosure, copying, distribution, or use of the contents of the information 
received in error is strictly prohibited. 
 
IRS Circular 230 Notice: Pursuant to the Internal Revenue Service requirements we inform you 
that, unless specifically indicated otherwise, any tax advice contained in this e-mail, including any 
attachments, is not intended or written to be used, and cannot be used, by the recipient or any 
other person for the purpose of (i) avoiding penalties that may be imposed under the Internal 
Revenue Code or (ii) promoting, marketing, or recommending to another party any tax-related 
matter addressed herein. 
 

� Please consider the environment before printing this e-mail. 
From: Johnson, Patricia [mailto:PJohnson@rutan.com]  
Sent: Monday, July 23, 2012 9:22 AM 

To: rpurdy@waterboards.ca.gov; iridgeway@waterboards.ca.gov; 
LAMS42012@waterboards.ca.gov 

Cc: Montevideo, Richard; KFarfsing@cityofsignalhill.org 
Subject: SH/SW: Comments on Tentative Los Angeles County Municipal Separate Storm Sewer 

System (SM4) Permit 

 

Please see attached Comments on Draft MS4 NPDES Tentative 
Permit submitted on behalf of LA County & Cities Therein Except City 
of Long Beach by Rutan & Tucker, LLP, Richard Montevideo. 
 
Patricia Johnson 
Legal Secretary 
Rutan & Tucker, LLP 
611 Anton Boulevard, 14th Floor 
Costa Mesa, CA 92626 
714-641-5100 x 1544 
714-546-9035 Fax 
pJohnson@rutan.com 
www.rutan.com 
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Richard Montevideo 
Direct Dial: (714) 662-4642 

E-mail: rmontevideogrutan.com  

  

   

RUT, .1 & TUC:— ., ELF 

July 20, 2012 

VIA MESSENGER (WITH EXHIBITS) 
and ELECTRONIC MAIL (WITHOUT EXHIBITS) 

Ivar Ridgeway 
California Regional Water Quality Control 
Board, Los Angeles Region 
320 West 4th Street, Suite 200 
Los Angeles, CA 90013 
iridgeway@waterboards.ca.gov . 
rpurdy@waterboards.ca.gov  
LAMS42012@waterboards.ca.gov  

Re: Comments on Draft MS4 NPDES Permit For Los Angeles County and Cities 
Therein Except the City of Long Beach; Request for Production of Documents at 
Hearings; and Objections to Manner of Hearing  

Dear Mr. Ridgeway: 

This submittal is being made on behalf of the City of Signal Hill (with potentially other 

cities joining in all or portions of these Comments — Signal Hill and any joining cities are 

collectively referred to herein as the "Cities"). The Cities are submitting these comments in 

response to the June 6, 2012 Notice of Opportunity for Public Comment and Notice of Public 

Hearing on the draft National Pollutant Discharge Elimination System ("NPDES") for Municipal 

Separate Storm Sewer System (MS4) Discharges within the County of Los Angeles, and the 

incorporated Cities therein, except the City of Long Beach (NPDES No. CAS004001 "Proposed 

Permit"), and the Draft Fact Sheet/Staff Report regarding such Permit. Because of the length of 

these comments a table of contents is included below, followed by the Comments themselves 

and an Exhibit List, with the Exhibits all included on compact discs. 

611 Anton Blvd, Suite 1400, Costa Mesa, CA 92626 

PO Box 1950, Costa Mesa, CA 92628-1950 I 714.641.5100 I Fax 714.546.9035 
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I. 	REQUEST FOR PRODUCTION OF DOCUMENTS AT TIME OF HEARING 
AND OBJECTIONS TO PROCEDURE AND MANNER OF HEARING 

A. 	Request for All Applicable Evidence to be Physically Available at Hearing. 

As reflected in the Notice of the Public Hearing, the Hearing is to be conducted as a 

"formal adjudicatory proceeding pursuant to section 648 et seq. of Title 23 of the California 

Code of Regulations." (Hearing Notice, p. 3.) As such, the California Regional Water Quality 

Control Board, Los Angeles Regions ("Regional Board" or "Board") will be presiding over a 

formal adjudicative proceeding wherein it is to evaluate all of the evidence presented at that time 

concerning the propriety of the proposed reissuance of the Proposed Permit, and only after 

considering all such evidence, and arguments, is the Board to make a determination on whether 

to issue the Proposed Permit, and the terms and findings to include therein. As such, all 

documentation and other evidence to be presented in support of or in opposition to the 

reissuance of the Proposed Permit, or any part thereof, is hereby requested to be made 

available at the time of the hearing so that the Board, as the decision maker, may evaluate all 

of the evidence and make its decision based thereon. It is legally inappropriate for the decision-

maker to base its decision at a formal adjudicative hearing on evidence not presented to said 

decision-maker during the hearing process. 

The Cities thus respectfully object to any attempt by Board Staff to limit the evidence 

that is made available to the Regional Board at the hearing, and object to any assertion that 

evidence that was not made available to the Board at the hearing is somehow to be a part of the 
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administrative record. Any material not available at the time of this "formal administrative 

hearing" cannot be subsequently included as a part of the administrative record. 

Furthermore, the Cities specifically request that all documents and evidence that concern 

or in any way relate to any findings or Proposed Permit terms relating to any of the issues raised 

in these comments, be produced at the time of the adjudicative hearing and be available for 

review by respective witnesses, and for evaluation and consideration by the Board, before Permit 

reissuance. In short, the failure on the part of the Board staff to make this evidence and all other 

evidence available to the Board for consideration at the hearing would constitute a violation of 

due process of law. 

B. 	It is Unlawful for the Same Attorney to be Advising both the Regional Board 
Staff and the Board Itself at this Adjudicative Hearing. 

The Cities herein object to the assertions set forth in the Notice of Hearing, that the Los 

Angeles Water Board Staff is not a party to this proceeding, that the proceeding "does not 

involve investigative, prosecutorial or advocacy functions," and, that "assigning a separate staff 

to advocate on behalf of a particular position would not further the development of the issues 

before the Los Angeles Water Board." (Hearing Notice, p. 5.) 

As the Regional Board and Board Staff are aware, Regional Board Order No. R4-2006-

0074 involving the prior incorporation of the Santa Monica Bay Bacteria Total Maximum Daily 

Load ("SMB Bacteria TMDL") into the 2001 MS4 Permit was voided and set aside by the Los 

Angeles Superior Court. (See Exhibit "1,"  which includes copies of the July 30, 2010 
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Peremptory Writ of Mandate and the July 16, 2010 Judgment.' As set forth in the Superior 

Court's Writ of Mandate dated July 23, 2010, Board Order No. 2006-0074 was found to be 

invalid specifically because during the prior adjudicative hearing on the incorporation of the 

SMB Bacteria TMDL into the Permit, the Regional Board's counsel advised both the Regional 

Board Staff and the Regional Board itself. (See Exhibit "1,"  Writ of Mandate, p. 2.) 

Despite the recent adverse trial court decision on this precise issue, incredibly in the 

Notice of Hearing on the issuance of the Proposed Permit (a permit that is indisputably far more 

complex than was the previous permit modification to incorporate the SMB Bacteria TMDL), the 

Regional Staff claims that the adoption of this very far-reaching Proposed Permit only involves 

"limited facts in dispute," and thus that there is no need to assign "separate staff to 'advocate' on 

behalf of a particular position." (Notice of Hearing, p. 5.) Regional Board Staff then 

astonishingly claims that the "Los Angeles Water Board Staff is not a party to this proceeding" 

(id.), and makes this claim in spite of the fact that: "Staff's proposals, recommendations, and 

their participation in this proceeding exists for the purpose of advising and assisting the Los 

Angeles Water Board. Likewise, attorneys for the Los Angeles Water Board will advise and 

assist the Los Angeles Water Board, which includes the board members and its entire staff" 

(Id.) 

1 All Exhibits referenced herein are enclosed on labeled compact discs. 
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Thus, on the one hand, although the Hearing Notice recognizes that the Regional Board 

Staff has made proposals, is making recommendations, and will be participating in a "formal 

adjudicative" proceeding to explain and support its proposals and recommendations, at the same 

time, Board Staff wrongly claims that "Los Angeles Water Board Staff is not a party to this 

proceeding" and thus that the same attorney may advise both Staff and the Board itself (Id) The 

Cities object to this characterization of Regional Board Staff as being a non-party, as it is 

obvious that Board Staff has drafted and is recommending, i.e., advocating, the adoption of the 

Proposed Permit to the decision-maker. Board Staff has also prepared the Fact Sheet/Staff 

Report, a legally required document, and in addition will be responding to the publicly submitted 

comments and evidence. (Id. at p. 5.) 

The use of the same attorney by both the decision-maker and Board Staff is a blatant 

violation of California Law, particularly given the recently issued writ of mandate against the 

Regional Board for doing the very same thing. According to the Writ of Mandate issued by the 

Los Angeles Superior Court overturning Regional Board Order No. R4-2006-0074, should the 

Regional Board "choose to conduct any further hearing upon remand at such hearing the same 

person shall not act as both an advocate before the Los Angeles Regional Water Quality 

Control Board and an advisor to the Los Angeles Regional Water Quality Control Board . . . ." 

(Exhibit "1," Writ, p. 2.) The fact that the Regional Board is once again attempting to 

incorporate the SMB Bacteria TMDL into the Permit and in doing so, allowing the same counsel 

to advise both Board Staff and the Board, may very well subject the Board to being held in 
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contempt of Court, given the fact that the Writ of Mandate expressly forbids the Board from 

allowing the same counsel to advise both the Board and the Board Staff for the incorporation of 

the SMB Bacteria TMDL. 

In Nightlife Partners v. City of Beverly Hills (2003) 108 Cal.App.4 ffi  81, the Appellate 

Court found that Government Code sections 11425.10 and 11425.30 preclude a lawyer from both 

advocating on behalf of the staff of an administrative agency, and advising the decision-making 

body itself in the same administrative proceeding. There, the Court looked to the California 

Administrative Procedures Act ("APA") as providing guidance on the elements the California 

Legislature believed were needed for conducting a fair administrative hearing. The Court 

concluded that "one of the basic tenants of the California APA ... is that, to promote both the 

appearance of fairness and the absence of even a probability of outside influence on 

administrative hearings, the prosecutorial and, to a lesser extent, investigatory aspect of 

administrative matters must be adequately separated from the adjudicatory function." (Id. at 91.) 

The Appellate Court thus found that where "counsel performs as an advocate in a given case [he 

or she] is generally precluded from advising a decision-making body in the same case," with the 

Court then finding that the "adjudicative function" must be separate from the "investigative, 

prosecutorial and advocacy functions within the agency." (Id. at 92.) 

With this Notice of Hearing, and similar to the 2006 hearing conducted before the 

Regional Board to incorporate the SMB TMDL, the Regional Board is proposing to utilize a 

"single" counsel to "advise and assist" both "the Board members and its entire staff." Because 
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the substance of this hearing concerns the adoption of a very lengthy, highly complex and hotly 

disputed NPDES permit that is being proposed by Board Staff over the objections of a number of 

the affected Permittees, with the Hearing Notice confirming that Board Staff will be making a 

"staff presentation" and will be "advising and assisting the Los Angeles Water Board" in the 

course of the hearing, to suggest the Proposed Permit, can lawfully be conducted with the 

"same" counsel advising and assisting both the Board and its "entire staff," is a clear and direct 

violation of California Law. 

II. BASED ON CONTROLLING LAW AND THE EVIDENCE, THE PROPOSED 
PE' IT CANNOT LAWFULLY BE ADOPTED AT THIS TIME 

The Proposed Permit cannot lawfully be adopted at this time for the following reasons: 

(1) The Regional Board has no authority to issue a system-wide NPDES Permit or 

Waste Discharge Requirements ("WDRs") to parties such as Signal Hill, who have applied for 

their own separate permits, and not a system-wide NPDES Permit or WDRs; 

(2) The Proposed Permit terms requiring a Permittee involved in a co-mingled 

discharge to prove it did not cause or contribute to an alleged exceedance, violates basic tenants 

of due process of law and is fundamentally unenforceable. 

(3) The numerous provisions in the Proposed Permit requiring compliance with either 

water quality-based effluent limits, receiving water limits or other numeric limits, exceeds the 

Clean Water Act requirements and otherwise violate applicable State laws and policy. 
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(4) The Proposed Permit should be revised to be consistent with the maximent extent 

practicable ("MEP") standard provided for under the Clean Water Act ("CWA" or "Act"), by 

specifically allowing for deemed compliance through an iterative/adaptive management process. 

(5) The numeric limits sought to be imposed under the Proposed Permit are in many 

cases impossible to comply with, and as such, are contrary to law. 

(6) The "Discharge Prohibition" terms of the Proposed Permit impose a higher 

standard than the MEP Standard on the Permittees, and thus are inconsistent with federal law and 

are contrary to State law. 

(7) The Proposed Permit terms requiring compliance with numeric limits, irrespective 

of the MEP standard, along with the new Discharge Prohibition terms, were not adopted in 

accordance with the requirements of California Water Code ("CWC") sections 13000, 13263 and 

13241. 

(8) The Proposed Permit Monitoring and Reporting Program requirements, and 

related terms throughout the Proposed Permit were not developed in accordance with the 

requirements under CWC sections 13267, 13225 and 13165. 

(9) The California Environmental Quality Act ("CEQA") preempts the Planning and 

Land Development Program requirements contained in the Proposed Permit restricting and 

conditioning New Development and Redevelopment Projects by imposing various numeric 
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design conditions on such projects, and by imposing new Low Impact Development ("LID") and 

Hydro-modification requirements on all such projects. 

(10) Various portions of the Permit impose unfunded State mandates upon the 

permittee local agencies, and all such unfunded mandates will require that funds be provided to 

the Permittees by the State, in accordance with the California Constitution. 

A. 	The Regional Board is Without Authority To Issue A System-Wide MS4 
Permit or WDRs to Parties Who Filed Separate ROWD/Permit Applications 
and Who Have Not Agreed to be Included as Co-Permittees in a System-wide 
Permit.  

In June of 2006, the City of Signal Hill (and other cities) submitted separate 

ROWD/NPDES permit applications for their own separate NPDES Permits so as to obtain 

permit coverage specific to their respective jurisdictions. (See Exhibits "2,"  Signal Hill 2006 

ROWD/NPDES Appication.) 

Finding C "Permit Application" of the Proposed Permit (pp. 14-15) sets forth the 

Regional Board's proposed reasoning for failing to act on Signal Hill's and the other separately 

submitted ROWDs, and for the proposed decision to instead issue a single system-wide NPDES 

Permit for the County, the County Flood Control District and all cities within the County of Los 

Angeles, "except the City of Long Beach." The Regional Boards' refusal to issue a separate 

NPDES Permit to Signal Hill, and to instead include Signal Hill in a single system-wide permit, 

is not authorized anywhere under the Clean Water Act or State law, and, as such, is contrary to 

such laws. 
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As referenced in Finding C, in response to Signal Hill's ROWD submittal, the Executive 

Officer sent a letter dated July 12, 2006, wherein Board Staff asserted (wrongly) that the 

ROWD/Permit application submitted by Signal Hill was "incomplete." (See Exhibit "3" — 

July 12, 2006 letter to Signal Hill; also see Proposed Permit, p. 9, Finding C.) Nowhere in this 

letter, however, did the Executive Officer ever indicate that the Regional Board would refuse to 

issue an individual permit to Signal Hill, and instead, indicated the opposite, i.e., that the City 

was "proposing some positive changes" to its NPDES Permit, and that Board Staff looked 

'forward to working out these details with your Staff during the MS4 Permit Reapplication 

Process." (See Exhibits "3," p. 2.) 

In addition, according to Proposed Permit Finding C, the Regional Board Staff sent 

similar notices to all other ROWD/NPDES Permit applicants, and purportedly determined that 

each and every ROWD submitted to it was incomplete, including the Joint ROWD submitted by 

the County of Los Angeles and a large number of Los Angeles County cities. (Proposed Permit, 

pp. 14-15, Findings C.) 

What has been omitted from the Board's Finding C is that, on September 12, 2006, 

Signal Hill responded to the Executive Officer's July 12, 2006 letter, and explained, in response 

to each of the points raised in the letter, that Signal Hill's ROWD was consistent with the 

requirements of federal law, and satisfied the requirements of the federal regulations, including 

EPA's Interpretative Policy Memorandum. (Exhibit "4," p. 4.) Signal Hill's letter concluded 

that the City also looked forward to working with the Executive Officer to address the relevant 
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issues and to the "reissuance of the subject Municipal NPDES Permit for the City." (Id.) 

Unfortunately, neither the Executive Officer nor any other Regional Board Staff person ever 

provided a written response to Signal Hill's September 12, 2006, letter. 

In Finding C, Regional Board Staff relies upon 40 CFR 122.26(a)(1)(v) to argue that it 

has the "discretion as a permitting authority to determine whether to issue permits for discharges 

from MS4s on a system-wide or jurisdiction-wide basis." The assertion, however, is legally in 

error, as it is clear from the relevant regulations that the Regional Board has no authority to force 

a city into a system-wide permit, particularly when the city has not first agreed to such by filing a 

Joint ROWD Application, and when the city has specifically separately applied for its own 

individual NPDES Permit and thus expressed its desire not to be a part of a system-wide permit. 

Although 40 CFR § 122.26(a)(5) authorizes the issuance of a system-wide permit if a 

system-wide permit has been applied for, it does not authorize the issuance of a system-wide 

permit to a city who has not applied for such. Section 122.26(a)(iii) provides, in relevant part, as 

follows: 

(iii) The operator of a discharge from a municipal separate storm sewer 
which is part of a large or medium municipal separate storm sewer system must 
either: 

(A) 	Participate in a permit application (to be a permittee or to be a 
co-permittee) with one or more other operators of discharges from the large 
or medium municipal storm sewer system which covers all, or a portion of 
all, discharges from the municipal separate storm sewer system; [or] 
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issues and to the "reissuance of the subject Municipal NPDES Permit for the City." (Id.)

Unfortunately, neither the Executive Officer nor any other Regional Board Staff person ever
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individual NPDES Permit and thus expressed its desire not to be a part of a system-wide permit.

Although 40 CFR § 122.26(a)(5) authorizes the issuance of a system-wide permit if a

system-wide permit has been applied for, it does not authorize the issuance of a system-wide

permit to a city who has not applied for such. Section 122.26(a)(iii) provides, in relevant part, as

follows:

(iii) The operator of a discharge from a municipal separate storm sewer
which is part of a large or medium municipal separate storm sewer system must
either:

(A) Participate in a permit application (to be a permittee or to be a
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(B) 	Submit a distinct permit application which only covers 
discharges from the municipal separate storm sewers for which the operator 
is responsible. 

Accordingly, under the plain language of 40 CFR section 122.26(a)(3)(iii), an MS4 

discharger has the express ability to either submit a permit application in conjunction with other 

MS4 operators, or alternatively, to submit a "distinct permit application which only covers 

discharges from the" MS4 system in question. As such, only when a joint application is 

submitted for all or a portion of the MS4 system, then and only then does the Regional Board 

have the authority to approve the issuance of a system-wide NPDES Permit that covers those 

applying municipalities. There is, however, nothing anywhere in the regulations or under other 

federal law that allows a Regional Board to force a permit applicant to become a part of a 

system-wide permit, where it never applied for a system-wide permit with other co-permittees, 

and where it specifically filed, as Signal Hill has done, a "distinct permit application which only 

covers discharges from the municipal separate storm sewer for which the operator is 

responsible." (40 CFR § 122.26(a)(3)(iii).) 

In addition, there is specific authority which confirms that individual dischargers have the 

right to apply for their own individual permits and, when doing so, that a joint system-wide 

permit cannot properly be issued unless the applicant has not first agreed to be part of the 

system-wide application. In particular, for small MS4 Permittees (which would include the City 

of Signal Hill), the regulations are clear that cities such as Signal Hill cannot be forced into a 

joint system-wide NPDES Permit. Federal Regulations, 40 CFR sections 122.30 — 122.37 

227/065121-0080 
3682071.4 a07/20/12 

Ivar Ridgeway
July 20,2012
Page 12

(B) Submit a distinct permit application which only covers
discharges from the municipal separate storm sewers for which the operator
is responsible.

Accordingly, under the plain language of 40 CFR section 122.26(a)(3)(iii), an MS4

discharger has the express ability to either submit a permit application in conjunction with other

MS4 operators, or alternatively, to submit a "distinct permit application which only covers

discharges from the" MS4 system in question. As such, only when a joint application is

submitted for all or a portion of the MS4 system, then and only then does the Regional Board

have the authority to approve the issuance of a system-wide NPDES Permit that covers those

applying municipalities. There is, however, nothing anywhere in the regulations or under other

federal law that allows a Regional Board to force a permit applicant to become a part of a

system-wide permit, where it never applied for a system-wide permit with other co-permittees,

and where it specifically filed, as Signal Hill has done, a "distinct permit application which only

covers discharges from the municipal separate storm sewer for which the operator is

responsible." (40 CFR § 122.26(a)(3)(iii).)

In addition, there is specific authority which confirms that individual dischargers have the

right to apply for their own individual permits and, when doing so, that a joint system-wide

permit cannot properly be issued unless the applicant has not first agreed to be part of the

system-wide application. In particular, for small MS4 Permittees (which would include the City

of Signal Hill), the regulations are clear that cities such as Signal Hill cannot be forced into a

joint system-wide NPDES Permit. Federal Regulations, 40 CFR sections 122.30 - 122.37

227/065121-0080
3682071.4 a07/20/12

RB-AR15279



RUTAN 
RUTAN & TUCKER, UP 

Ivar Ridgeway 
July 20, 2012 
Page 13 

identify the permitting and application requirements for small MS4 dischargers. Section 122.33 

is entitled "If I am an operator of a regulated small MS4, how do I apply for an NPDES Permit 

and when do I have to apply?" This section then provides, in relevant part, as follows: 

(b) 	You must seek authorization to discharge under a general or 
individual NPDES Permit, as follows: 

(i) if your NPDES permitting authority has issued a general permit 
applicable to your discharge and you are seeking coverage under the general 
permit, you must submit a Notice of Intent (NOI) that includes the information 
on your best management practices and measurable goals required by § 122.34(d). 
You may file your own NOI, or you and other municipalities or 
governmental entities may jointly submit an NOI. If you want to share 
responsibilities for meeting the minimum measures with other municipalities 
or governmental entities, you must submit an NOI that describes which 
minimum measures you will implement and identify the entities that will 
implement the other minimum measures within the area served by your 
MS4. . 

(2)(i) If you are seeking authorization to discharge under an 
individual permit and wish to implement a program under § 122.34, you 
must submit an application to your NPDES permitting authority that 
includes the information required under §§ 122.21(f) and 122.34(d), an 
estimate of square mileage served by your small MS4, and any additional 
information that your NPDES permitting authority requests. ... . 

(ii) If you are seeking authorization to discharge under an 
individual permit and wish to implement a program that is different from the 
program under § 122.34, you will need to comply with the permit application 
requirements of § 122.26(d). 

(iii) If allowed by your permitting authority, you and another 
regulated entity may jointly apply under either paragraph (b)(2)(i) or 
(b)(2)(ii) of this section to be co-permittees under an individual permit. 

(3 ) 	If your small MS4 is in the same urbanized area as a medium 
or large MS4 with an NPDES storm water permit and that other MS4 is 
willing to have you participate in its stormwater program, you and the other 
MS4 may jointly seek a modification of the other MS4 permit to include you 
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as a limited co-permittee. As a limited co-permittee, you will be responsible 
for compliance with the Permit's conditions applicable to your jurisdiction. 
If you choose this option you will need to comply with the permit application 
requirements of § 122.26, rather than the requirements of § 122.34. You do 
not need to comply with the specific application requirements of 
§ 122.26(d)(1)(iii) and (iv) and (d)(2)(iii) (discharge characterization). You 
may satisfy the requirements in § 122.26(d)(1)(v) and (d)(2)(iv) (identification of 
a management program) by referring to the other MS4 stormwater management 
program. 

From the clear language of sections 122.33 and 122.26(a)(3)(iii), it is apparent that any 

individual MS4 operator has the right to apply for and obtain its own individual NPDES Permit, 

and that no individual MS4 Permittee can be forced upon a city, against its will and without the 

agreement of the various other jurisdictions to be included in the joint systems-wide permit. 

Instead, to be included in a joint, system-wide permit, all of the parties thereunder must agree to 

be a part of, and bound by, the permit terms of such a system-wide Permit. (40 CFR 

§§ 122.26(a)(3)(iii) and 122.33.) 

The clear intent of the regulations is to allow individual permittees to have control over 

the discharges for which they are to be responsible, and to only need rely upon their individual 

programs, if they so desire, to comply with the NPDES requirements applicable to their 

jurisdiction. To the extent an individual permittee wishes to be a part of a system-wide NPDES 

Permit, or to rely upon the efforts of others to meet its permit terms, it has that right as well. 

Refusing to issue a separate permit to the City of Signal Hill is not only contrary to law, 

as described above, it similarly would be an entirely arbitrary and capricious decision. 

Specifically, it must be recognized that Signal Hill, which is, in effect, an island within the City 
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of Long Beach, is seeking its own separate permit in light of the separate and distinct types of 

dischargers associated with Signal Hill's discharges which do not flow directly into any other 

jurisdictions/cities listed as "Permittees" under the Proposed Permit. Moreover, the City of Long 

Beach is specifically excepted out of the Proposed Permit, and in fact Long Beach was issued its 

own separate permit as far back as 1999, and has been operating under that permit ever since. 

The attached oral and power-point presentation presented to the Regional Board at a meeting on 

June 7, 2012 (Exhibit "5"),  not only shows that Signal Hill is an island within the City of Long 

Beach, but also the unique nature and differences in the discharges from the City of Signal Hill 

versus the other cities and jurisdictions identified as Permittees under the Proposed Permit. 

In light of the differences associated with discharges from the MS4 system within Signal 

Hill, and given the fact that the City of Long Beach has long since had its own separate permit, 

along with the fact that Signal Hill is surrounded entirely by the City of Long Beach, not only is 

there no legal basis in which to deny Signal Hill its own separate permit, there is similarly no 

factual or evidentiary basis upon which to force Signal Hill to be included as a permittee in the 

proposed system wide permit. Providing Long Beach a separate permit over thirteen years ago, 

but denying the same to Signal Hill, who is entirely surrounded by Long Beach and who has 

applied for its own separate permit, is proof positive that there is no rational justification that 

may be offered by the Regional Board for not providing Signal Hill with its own separate permit. 

In short, the Regional Board has no discretion to force a system-wide NPDES Permit on 

an individual city who has submitted a "distinct permit application which only covers 
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discharges from the municipal separate storm sewers for which the operator was responsible." 

(§ 122.26(a)(3)(iii)(B).) This plain language, combined with the clear language under 40 CFR 

§ 122.33 (applicable to small MS4s such as Signal Hill) along with the fact that Signal Hill is 

surrounded by another City (Long Beach) who is itself "exempt" out from the Proposed Permit, 

show there is no rational basis to deny Signal Hill its own separate permit. 

B. 	The Proposed Permit Terms Requiring A Permittee Involved In A 
Comingled Discharge To Prove It Did Not Cause Or Contribute To An 
Alleged Exceedance Violates Basic Tenants Of Due Process Of Law And Is 
Fundamentally Unenforceable.  

Even though the Proposed Permit recognizes that "federal regulations state that co-

permittees need only comply with permit conditions relating to discharges from the MS4 for 

which they are owners or operators (40 CFR § 122.26(a)(3)(vi))" (Proposed Permit, p. 22), it 

also then inconsistently provides that "Permittees with co-mingled MS4 discharges are jointly 

responsible for meeting the water quality-based effluent limitations and receiving water 

limitations assigned to MS4 discharges in this Order." (Id.) The Proposed Permit goes on to 

provide that "joint responsibility" not only means that the Permittees with co-mingled MS4 

discharges are responsible for implementing programs in their respective jurisdictions, but 

further that they are responsible "to meet the water quality-based effluent limitations and/or 

receiving water limitations assigned to such comingled MS4 discharges." (Id.) 
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Yet, the Proposed Permit, almost as if it is recognizing the illegality of its attempt to 

impose joint and several liability on Permittees, then attempts to diminish the impropriety of 

such terms by providing that: 

Additionally, this Order allows a Permittee to clarify and 
distinguish their individual contributions and demonstrate that 
its MS4 discharge did not cause or contribute to exceedances of 
applicable water quality-based effluent limitations and/or 
receiving water limitations. If such a demonstration is made, 
though the Permittees' discharge may comingle with that of 
other Permittees, the Permittee would not be held jointly 
responsible for the exceedance of the water quality-based 
effluent limitation or receiving water limitation. Individual co-
permittees who demonstrate compliance with the water 
quality-based effluent limitations will not be held responsible 
for violations by non-compliance co-permittees. 

(Proposed Permit, p. 22; also see Proposed Permit, p. 40 ["Each Permittee is required to comply 

with the requirements of this Order applicable to discharges within its boundaries. Permittees 

are not responsible for the implementation of the provisions applicable to other Permittees."]; 

and p. 112 ["In these cases, pursuant to 40 CFR section 122.26(a)(3)(w), each Permittee is only 

responsible for discharges from the MS4 for which they are owners and/or operators. LI Where 

permittees have comingled discharges to the receiving water, compliance at the outfall to the 

receiving water or in the receiving water shall be determined for the group of Permittees as a 

whole unless an individual Permittee demonstrates that its discharge did not cause or 

contribute to the exceedance, pursuant to subpart v. below.1.) 
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Accordingly, the Proposed Permit makes two things clear. First, it confirms that the 

Clean Water Act only imposes an obligation on Permittees to comply with permit conditions 

relating to discharges from an MS4 for which they are owners or operators. (See, e.g., Proposed 

Permit, p. 22.) Second, however, it turns this undisputed legal principle, i.e., that one is not 

responsible for another's discharge, on its head, by flip flopping the burden of proof and 

presuming a Permittee is responsible for a comingled exceedance "unless the Permittee" can 

"demonstrate that its MS4 discharge did not cause or contribute to exceedances of applicable 

water quality-based effluent limitations and/or receiving water limitations." (Id. at p. 22.) The 

theory of a presumed violation of law for a comingled exceedance is, however, plainly a theory 

that is contrary to the clear terms of the Clean Water Act and the Porter-Colon Act; and worse, 

violates fundamental principles of due process of law. 

Under the regulations to the Clean Water Act, it is undisputed that "Co-permittees need 

only comply with permit conditions relating to discharges from the municipal separate storm 

sewers for which they are operators." (40 CFR § 122.26(a)(3)(vi).) Irrefutable case authority, 

moreover, confirms that the Regional Board has the burden of proofing liability against an 

individual Permittee, regardless of whether or not there is a comingled exceedance, and that there 

is no such thing as "presumed," nor joint and several liability under either the Clean Water Act 

or the Porter-Cologne Act. 

For example, in an action seeking penalties under the Clean Water Act ("CWA"), the 

United States Supreme Court held that the burden of proof is placed squarely upon the shoulders 
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of the agency or third-party plaintiff, in that said Plaintiff must establish that the discharger has 

violated the CWA: "[T]he agency must prove that the contaminant-laden waters ultimately 

reach covered waters." (Rapanos v. United States (2006) 547 U.S. 715, 745.) 

Similarly, according to the Ninth Circuit Court of Appeals: 

Given that the CWA does not empower the EPA to bring an 
enforcement action on the basis of a violation of a compliance 
order alone, it follows that a court cannot assess penalties for 
violations of a compliance order under § 1319(d)  unless the EPA 
also proves, by a preponderance of the evidence, that the 
defendants actually violated the CWA in the manner alleged. 

We further interpret the CWA to require that penalties for 
noncompliance with a compliance order be assessed only after 
the EPA proves, in district court, and according to traditional 
rules of evidence and burdens of proof, that the defendants 
violated the CWA in the manner alleged in the compliance 
order. 

(Sackett v. E.P.A. (9 th  Cir. 2010) 622 F.3d 1139, 1145-47 [emphasis added] [reversed on other 

grounds, Sackett v. E.P.A. (2012) 132 S. Ct. 1367].) 

In fact, in a recent case specifically involving alleged co-mingled discharges in the Los 

Angeles Region, the Ninth Circuit Court of Appeal expressly rejected the very theory of 

presumed liability the Regional Board is putting forth with the Proposed Permit, where the Court 

found as follows: 
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of the agency or third-party plaintiff, in that said Plaintiff must establish that the discharger has

violated the CWA: "{T]he agency must prove that the contaminant-laden waters ultimately

reach covered waters." (Rapanos v. United States (2006) 547 U.S. 715, 745.)

Similarly, according to the Ninth Circuit Court of Appeals:

Given that the CWA does not empower the EPA to bring an
enforcement action on the basis of a violation of a compliance
order alone, it follows that a court cannot assess penalties for
violations of a compliance order under § 1319(d) unless the EPA
also proves, by a preponderance of the evidence, that the
defendants actually violated the CWA in the manner alleged.

We further interpret the CWA to require that penalties for
noncompliance with a compliance order be assessed only after
the EPA proves, in district court, and according to traditional
rules of evidence and burdens of proof, that the defendants
violated the CWA in the manner alleged in the compliance
order.

(Sackett v. EPA. (9th Cir. 2010) 622 F.3d 1139, 1145-47 [emphasis added] [reversed on other

grounds, Sackett v. EP.A. (2012) 132 S. Ct. 1367].)

In fact, in a recent case specifically involving alleged co-mingled discharges in the Los

Angeles Region, the Ninth Circuit Court of Appeal expressly rejected the very theory of

presumed liability the Regional Board is putting forth with the Proposed Permit, where the Court

found as follows:
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[W]e agree with the district court that, as the record is currently 
constituted, it is not possible to mete out responsibility for 
exceedances detected in the Santa Clara River and Malibu Creek 
(Claims 1 and 4). Like the district court, we are unable to identify 
the relationship between the MS4 and these mass-emissions 
stations. From the record, it appears that both monitoring stations 
are located within the rivers themselves. Plaintiffs have not 
endeavored to provide the Court with a map or cogent explanation 
of the inter-workings or connections of this complicated drainage 
system. We recognize that both the Santa Clara and Malibu Creek 
Monitoring Stations are downstream from hundreds or thousands 
of storm drains and MS4 channels. It is highly likely, but on this 
record nothing more than assumption, that polluted stormwater 
exits the MS4 controlled by the District and the County, and flows 
downstream in these rivers past the mass-emissions stations. To 
establish a violation, Plaintiffs were obligated to spell out this 
process for the district court's consideration and to spotlight how 
the flow of water from an ms4 "contributed" to a water-quality 
exceedance detected at the Monitoring Stations. 

(NRDC v. County of Los Angeles (2011) 673 F.3d 880, 901, petition for writ of certiorari granted 

in part, on other grounds, NRDC v. County of Los Angeles, 2012 U.S. LEXIS 4832 (2012).) 

Other courts have similarly recognized that the plaintiff in a CWA case bears the burden 

of proving a violation. (See, e.g., United States v. Range Prod. Co. (N.D. Tx. 2011) 793 F. Supp 

2d 814, 823 [court expressed doubt that civil penalties can be obtained without EPA ever proving 

defendant actually caused contamination]; Humane Soc 'y of the United States v. HVFG, LLC 

(S.D.N.Y 2010) 2010 US Dist LEXIS 44961, *21 ["Plaintiff has demonstrated sufficient 

undisputed material facts to prove that Defendant violated both its Slaughterhouse and CAFO 

SPDES Permits" (emphasis added)].) In the Matter of Vos, 2009 EPA ALJ LEXIS 8, an 

Administrative Law Judge similarly concluded as follows: 
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Other courts have similarly recognized that the plaintiff in a CWA case bears the burden

of proving a violation. (See, e.g., United States v. Range Prod. Co. (N.D. Tx. 2011) 793 F. Supp

2d 814, 823 [court expressed doubt that civil penalties can be obtained without EPA ever proving

defendant actually caused contamination]; Humane Soc y of the United States v. HVFG, LLC
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EPA failed to prove by preponderance of evidence that animal 
feedlot violated of 33 USCS § 1342 by its failure to apply for a 
National Pollutant Discharge Elimination System permit where, 
although EPA presented some evidence from which one could 
infer that feedlot discharged pollutants to waters of United States, 
such inferences were not equivalent of proof of actual discharge 

EPA cannot be expected to be stationed at a given site to obtain 
evidence of a discharge, [but] the evidence EPA did muster falls 
far short of their burden to prove that there was an actual discharge 
from Vos' feedlot to waters of the U.S . . . merely showing that 
water flows downhill is insufficient to meet EPA's burden of 
proof. 

(In the Matter of Vos, supra, [internal citations omitted] [emphasis added].) 

Similarly, under California law the Regional Board plainly bears the burden of proving a 

violation of the Porter-Cologne Act. To start with, pursuant to Evidence section 500, "[e]xcept 

as otherwise provided by law, a party has the burden of proof as to each fact the existence or 

nonexistence of which is essential to the claim for relief or defense that he is asserting." The 

Porter-Cologne Act, of course, does not otherwise provide otherwise i.e., for the burden to be 

shifted to the defendant, and the language at issue in the Proposed Permit is therefore contrary to 

State law as well. 

California Courts interpreting the Porter-Cologne Act have confirmed that the plaintiff 

does indeed bear the burden of proving a violation. (See, State of California v. City and County 

of San Francisco (1979) 94 Cal.App.3d 522, 530 ["once plaintiff had proved that there had 

been a discharge in violation of the Water Code it became defendant's burden to establish, by a 
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far short of their burden to prove that there was an actual discharge
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Similarly, under California law the Regional Board plainly bears the burden of proving a

violation of the Porter-Cologne Act. To start with, pursuant to Evidence section 500, "[e}xcept

as otherwise provided by law, a party has the burden ofproof as to each fact the existence or

nonexistence of which is essential to the claim for relief or defense that he is asserting." The

Porter-Cologne Act, of course, does not otherwise provide otherwise i. e., for the burden to be

shifted to the defendant, and the language at issue in the Proposed Permit is therefore contrary to

State law as well.

California Courts interpreting the Porter-Cologne Act have confirmed that the plaintiff

does indeed bear the burden of proving a violation. (See, State ofCalifornia v. City and County

of San Francisco (1979) 94 Cal.App.3d 522, 530 ["once plaintiff had proved that there had

been a discharge in violation of the Water Code it became defendant's burden to establish, by a
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preponderance of the evidence, that the amount of penalty imposed should be less than the 

maximum"].) City and County of San Francisco clearly shows that even if a burden is shifted, it 

is shifted only after the actual violation is first proven by plaintiff: 

Finally, in Tull v. United States (1987) 481 U.S. 412, there, the U.S. Supreme Court 

found that the Government's action for civil penalties under the Clean Water Act was a legal 

remedy akin to an 18 th  century action in debt, and thus, that there is a constitutional right to a 

trial by jury to determine liability. (Id. at 417-422.) The reasoning in Tull is analogous to the 

holding in City and County of San Francisco, supra, which held that the plaintiff has the burden 

of proving the threshold issue of liability under the Porter-Cologne Act. These cases all clearly 

show that liability under either the CWA or the Porter-Cologne Act triggers constitutional 

protections, and that the burden is on a plaintiff to prove a violation of one of these statutes, not 

the other way around. The regulations, furthermore, show quite conclusively that a particular 

alleged violation is only responsible for its own discharges and not discharges of others. (40 

CFR § 1222.26(a)(3)(vi).) 

In this case, the Proposed Permit not only contains a presumption of liability if there is a 

comingled exceedance, to add insult to injury, it recognizes that a Permittee violating the Permit 

may incur penalties, including mandatory maximum penalties. (Proposed Permit, p. 43-44.) In 

light of the above decisions, however, it is clear that the concept of "presumed guilt" is not an 

accepted principle of justice within the American System of Jurisprudence, and violates basic 

tenants of due process of law, plain statutory requirements and well-established precedent, to 
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presume a Permittee is in violation of the Permit and subject to penalties wherever there is a co-

mingled exceedance. As such, all such terms must be deleted from the Proposed Permit. 

C. 	The Numerous Provisions In The Proposed Permit Requiring Compliance 
With Various Forms Of Numeric Effluent Limits, Either Through WQBELs 
Or Receiving Water Limits, Exceed The Clean Water Act's Requirements 
For MS4 Permittees, And Otherwise Violate State Law And Policy.  

1, 	The Inclusion Of Numeric Limits In The Form Of Numeric WQBELs 
Or Receiving Water Limits, As A Matter Of Law, Go Beyond The 
MEP Standard And State Law and Policy. 

Part V of the Proposed Permit entitled "Receiving Water Limitations," has been 

explained in past State Board rulings as being an "iterative process." It was initially included 

and developed based on State Board Order No. 98-01, as amended by State Board Order No. 99-

05. According to State Board Order No. 99-05, "so long as the Permittees have complied with 

the procedures [the iterative process procedures] set forth above and are implementing the 

revised SWMP, the Permittees do not have to repeat the same procedure for a continuing or 

recurring exceedances of the same receiving water limitations unless directed by the Regional 

Water Board to develop additional BMPs." (See Exhibit "6,"  State Board Order No. 99-05.) 

In State Board Order No. 2001-15, the State Board confirmed that the process to be 

followed in municipal NPDES Permits towards achieving compliance with Water Quality 

Standards is to be an "iterative process," which focuses on timely improvements of BMPs: 

We will generally not require 'strict compliance' with water 
quality standards through numeric effluent limitations and we 
continue to follow an iterative approach, which seeks 
compliance over time. The iterative approach is protective of 
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revised SWMP, the Permittees do not have to repeat the same procedure for a continuing or

recurring exceedances of the same receiving water limitations unless directed by the Regional

Water Board to develop additional BMPs." (See Exhibit "6," State Board Order No. 99-05.)

In State Board Order No. 2001-15, the State Board confirmed that the process to be

followed in municipal NPDES Permits towards achieving compliance with Water Quality
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water quality, but at the same time considers the difficulty of 
achieving full compliance through BMPs that must be enforced 
throughout large and medium municipal storm sewer systems. 

(State Board Order No. 2001-15, P.  8, attached hereto as Exhibit "7.")  In fact, the permit that 

was the subject of State Board Order No. 2001-15 was a San Diego MS4 NPDES Permit with the 

State Board finding that the San Diego Permit was deficient, because it did not make clear that 

the "iterative process" was to be applied to both the receiving water limitation language as well 

as the language concerning exceedances of water quality objectives. (Id.) 

Similarly, in State Board Order No. 2001-12 DWQ, involving a general NPDES Permit 

for discharges of aquatic pesticides to surface waters, the State Board included specific language 

to be consistent with the "iterative process" discussed in Order No. 2001-15. The Receiving 

Water Limitation language included in Order No. 2001-12 DWQ provided, in part, that: "A 

discharger will not be in violation of receiving water limitation f2 as long as the discharger 

has implemented the BMPs required by this general permit and the following procedure is 

followed: . . . ." (See Exhibit "8,"  Order No. 2001-12 DWQ, p. 9.) 

In addition, in a Memorandum issued by the then Chair of the Regional Board, Francine 

Diamond, in commenting on the need for the Regional Board to follow the "iterative process," 

and not to "depart from its provisions in any significant way," Ms. Diamond stated as follows: 

The former provision on receiving water language and what has come to be 
known as the "iterative" process is language previously approved by the State 
Water Resources Control Board. This language has been contained in all 
municipal storm water permits in California since 1999. The State Board shaped 
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water quality, but at the same time considers the difficulty of
achieving fun compliance through BMPs that must be enforced
throughout large and medium municipal storm sewer systems.

(State Board Order No. 2001-15, p. 8, attached hereto as Exhibit "7.") In fact, the permit that

was the subject of State Board Order No. 2001-15 was a San Diego MS4 NPDES Permit with the

State Board finding that the San Diego Permit was deficient, because it did not make clear that

the "iterative process" was to be applied to both the receiving water limitation language as well

as the language concerning exceedances of water quality objectives. (Id.)

Similarly, in State Board Order No. 2001-12 DWQ, involving a general NPDES Permit

for discharges of aquatic pesticides to surface waters, the State Board included specific language

to be consistent with the "iterative process" discussed in Order No. 2001-15. The Receiving

Water Limitation language included in Order No. 2001-12 DWQ provided, in part, that: "A

discharger will not be in violation of receiving water limitation j2 as long as the discharger

has implemented the BMPs required by this general permit and the following procedure is

followed: ...." (See Exhibit "8," Order No. 2001-12 DWQ, p. 9.)

In addition, in a Memorandum issued by the then Chair of the Regional Board, Francine

Diamond, in commenting on the need for the Regional Board to follow the "iterative process,"

and not to "depart from its provisions in any significant way," Ms. Diamond stated as follows:

The former provision on receiving water language and what has come to be
known as the "iterative" process is language previously approved by the State
Water Resources Control Board. This language has been contained in all
municipal storm water permits in California since 1999. The State Board shaped
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the language as part of a precedential decision to address the concerns of 
dischargers and the environmental community, and to protect water quality. 
Because the language arises from a State Board precedential decision, the 
Regional Board did not have the discretion to depart from its provisions in 
any significant way. (See Exhibit "9,"  January 30, 2002 Memorandum from 
Francine Diamond ("Diamond Memo"), p. 1-2.) 

Ms. Diamond went on to find that a "key aspect" of complying with the "iterative 

process" is for the Permittee to make "a good faith effort" to comply: 

The receiving water compliance process outlined in the permit allows for each 
Permittee to work cooperatively with the Regional Board to identify additional 
measures, if required, to improve water quality to meet receiving water standards. 
If the measures adopted do not achieve that result, further measures can be 
developed. This iterative approach is intended to obtain progress over time. The 
provision is expressly intended to serve as the vehicle by which the Regional 
Board will obtain Permittee compliance with receiving water standards. To that 
end, the key aspect is that a good faith effort be pursued by Permittees to 
utilize this process. (Exhibit "9",  Diamond Memo, p. 2.) 

The Proposed Permit seeks "to modify the iterative process," contrary to the process set 

forth under State Board Order No. 99-05, and contrary to the Diamond Memo, particularly with 

the inclusion of language (specifically in Parts V. and VI.E.) that would hold Permittees in 

violation of the Permit, irrespective of their "good faith efforts" to comply and implement 

iterative MEP-compliant BMPs. For example, Part VI.E.2.e of the Proposed Permit requires a 

Permittee to demonstrate "[t]here are no violations of the final water quality-based effluent 

limitation" and "[t]here are no exceedance of applicable receiving water limitation for the 

specific pollutant in the receiving water(s) and/or downstream of, the Permittee's outfall(s)." 

(Proposed Permit, p. 114.) The inclusion of this and other language in Parts V, and VI.E, as 

discussed below, is not required by federal law and is contrary to State law and policy. Such 
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language was similarly not developed in accordance with the requirements of State law, as 

described below, namely CWC sections 13241, 13263 and 13000. 

There can be no legitimate debate that federal law does not compel the use of numeric 

effluent limits in municipal NPDES permits. For example, in BIA of San Diego County v. State 

Board (2004) 124 Cal.App.4th 866, 874, the California Court of Appeal acknowledged that the 

CWA is to be applied differently to municipal Stormwater dischargers than to industrial 

Stormwater dischargers, finding as follows: 

"In 1987, Congress amended the Clean Water Act to add 
provisions that specifically concerned NPDES permit 
requirements for storm sewer discharges. [Citations.] In these 
amendments, enacted as part of the Water Quality Act of 1987, 
Congress distinguished between industrial and municipal 
storm water discharges. . . . With respect to municipal storm 
water discharges, Congress clarified that the EPA has the 
authority to fashion NPDES permit requirements to meet 
water quality standards without specific numeric effluent 
limits and instead to impose "controls to reduce the discharge 
of pollutants to the maximum extent practicable." 

(Id., citing 33 USC § 1342 (p)(3)(B)(iii) and Defenders of Wildlife v. Browner (9th Cir. 1999) 

191 F.3d 1159, 1163 ("Defenders") (bolding added, italics in original).) 

In Defenders, the Ninth Circuit recognized the different approach taken by Congress for 

Stormwater, finding that "industrial discharges must comply strictly with state water-quality 

standards," while Congress chose "not to include a similar provision for municipal storm-

sewer discharges." (191 F.3d at 1165, emphasis added.) The Court found that "because 33 

U.S.C. § 1342(p)(3)(B) is not merely silent regarding whether municipal discharges must comply 
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with 33 U.S.C. § 1311," but instead section 1342(p)(3)(B)(iii) [of the CWA] "replaces the 

requirements of § 1311 with the requirement that municipal storm-sewer dischargers 'reduce 

the discharge of pollutants to the maximum extent practicable." The Court then held that "the 

statute unambiguously demonstrates that Congress did not require municipal storm-sewer 

discharges to comply strictly with 33 U.S.C. § 1311(b)(1)(C)." (Id. at 1165; also see Divers' 

Environmental Conservation Organization v. State Water Resources Control Board (Divers' 

Environmental) (2006) 145 Cal.App.4th 246, 256, emphasis added ["In regulating stormwater 

permits the EPA has repeatedly expressed a preference for doing so by the way of BMPs, 

rather than by way of imposing either technology-based or water quality-based numerical 

limitations."].) 

In the Divers' Environmental case, the plaintiff brought suit claiming that an NPDES 

Permit issued to the United States Navy by the San Diego Regional Board was contrary to law 

because it did not incorporate waste load allocations ("WLAs") from a TMDL as numeric 

effluent limits into the Navy's permit. After discussing the relevant requirements of the Clean 

Water Act, as well as governing case authority, the Court of Appeal acknowledged that in 

regulating stormwater permits EPA "has repeatedly expressed a preference for doing so by the 

way of BMPs, rather than by way of imposing either technology-based or water quality-based 

numerical limitations." (Id. at 256.) The Court went on to find that "it is now clear that in 

implementing numeric water quality standards, such as those set forth in CTR, permitting 
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with 33 U.S.C. § 1311," but instead section 1342(p)(3)(B)(iii) [of the CWA] "replaces the

requirements of§ 1311 with the requirement that municipal storm-sewer dischargers 'reduce

the discharge ofpollutants to the maximum extent practicable.'" The Court then held that "the

statute unambiguously demonstrates that Congress did not require municipal storm-sewer

discharges to comply strictly with 33 U.S.c. § 1311(b)(l)(C). " (Id. at 1165; also see Divers)

Environmental Conservation Organization v. State Water Resources Control Board (Divers'

Environmental) (2006) 145 Cal.App.4th 246, 256, emphasis added ["In regulating stormwater

permits the EPA has repeatedly expressed a preference for doing so by the way of BMPs,

rather than by way of imposing either technology-based or water quality-based numerical

limitations."] .)

In the Divers' Environmental case, the plaintiff brought suit claiming that an NPDES

Permit issued to the United States Navy by the San Diego Regional Board was contrary to law

because it did not incorporate waste load allocations ("WLAs") from a TMDL as numeric

effluent limits into the Navy's permit. After discussing the relevant requirements of the Clean

Water Act, as well as governing case authority, the Court of Appeal acknowledged that in

regulating stormwater permits EPA "has repeatedly expressed a preference for doing so by the

way ofBMPs, rather than by way of imposing either technology-based or water quality-based

numerical limitations." (Id. at 256.) The Court went on to find that "it is now clear that in

implementing numeric water quality standards, such as those set forth in CTR, permitting
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agencies are not required to do so solely by means of a corresponding numeric WQBEL's 

[water quality based effluent limit]." (Id. at 262.) 

Further, in a recent Appellate Court decision from the State of Oregon, Tualatin River 

Keepers, et al. v. Oregon Department of Environmental Quality (2010) 235 Ore. App. 132, the 

Oregon Court of Appeal similarly considered the need for WLAs from within a developed 

TMDLs to be enforced as strict numeric effluent limits within a municipal NPDES permit. The 

petitioners in that case as well argued that the Oregon Department of Environmental Quality 

("DEQ") had erred because it issued a permit that did not "specify wasteload allocations in the 

form of numeric effluent limits." (Id. at 137.) The Oregon Court discussed the purpose of a 

TMDL, noting it is required to be established for pollutants and waters of the State that are 

identified pursuant to section 1313(d) of the CWA, and went on to address petitioners' 

contention that the wasteload allocations were required under State law to have been 

incorporated into the Permit "in a meaningful way," i.e., through the use of numeric effluent 

limits. (Id. at 147-148.) 

What was not even argued in Tualatin was that federal law required a TMDL to be 

incorporated into a municipal NPDES Permit as a "numeric effluent limitation." Instead, the 

Court found that under the CWA, best management practices were considered to be a "type of 

effluent limitation," and that such best management practices were authorized to be used 

pursuant to the CWA, section 33 U.S.C. § 1342(p) as a means of controlling "storm water 

discharges." (Id. at 141-142, citing 33 U.S.C. § 1342(p) and 40 CFR § 122.44(k)(2)-(3).) The 
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agencies are not required to do so solely by means of a corresponding numeric WQBEL's

[water quality based effluent limit]." (Id. at 262.)

Further, in a recent Appellate Court decision from the State of Oregon, Tualatin River

Keepers, et al. v. Oregon Department ofEnvironmental Quality (2010) 235 Ore. App. 132, the

Oregon Court of Appeal similarly considered the need for WLAs from within a developed

TMDLs to be enforced as strict numeric effluent limits within a municipal NPDES permit. The

petitioners in that case as well argued that the Oregon Department of Environmental Quality

("DEQ") had erred because it issued a permit that did not "specify wasteload allocations in the

form of numeric effluent limits." (Id. at 137.) The Oregon Court discussed the purpose of a

TMDL, noting it is required to be established for pollutants and waters of the State that are

identified pursuant to section 1313(d) of the CWA, and went on to address petitioners'

contention that the wasteload allocations were required under State law to have been

incorporated into the Permit "in a meaningful way," i.e., through the use of numeric effluent

limits. (Id. at 147-148.)

What was not even argued in Tualatin was that federal law required a TMDL to be

incorporated into a municipal NPDES Permit as a "numeric effluent limitation." Instead, the

Court found that under the CWA, best management practices were considered to be a "type of

effluent limitation," and that such best management practices were authorized to be used

pursuant to the CWA, section 33 U.S.C. § 1342(P) as a means of controlling "storm water

discharges." (Id. at 141-142, citing 33 U.S.C. § 1342(p) and 40 CFR § 122.44(k)(2)-(3).) The
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Court in Tualatin concluded that Oregon law did not require that TMDLs be enforced through 

the use of numeric effluent limits, finding as follows: 

The applicable TMDLs in this case set forth specific wasteload 
allocations for municipal storm water. The permits at issue, in 
turn, indicate the bodies of water for which TMDLs and wasteload 
allocations have been established and reference the specific TMDL 
for those bodies of water. The permits provide in the "adaptive 
management" section that, "[w]here TMDL wasteload 
allocations have been established for pollutant parameters 
associated with the permittee's [municipal separate storm 
sewer system] discharges, the permittee must use the estimated 
pollutant load reductions (benchmarks) established in the 
[storm water management plan] to guide the adaptive 
management process." . . . Adequate progress toward 
achieving assigned wasteload allocations will be demonstrated 
through the implementation of best management practices that 
are targeted at TMDL-related pollutants." Pursuant to that 
section, permittees must evaluate progress toward reducing 
pollutant loads "through the use of performance measures and 
pollutant load reduction benchmarks developed and listed in the 
[stormwater management plan]." 

* * * 

Although the permits do not themselves include numeric 
wasteload allocations like those set forth in the TMDLs, the 
TMDL wasteload allocations are clearly referenced in the 
permits, and the permits require implementation of best 
management practices, set forth in the storm water 
management plans, to make progress towards meeting those 
wasteload allocations. Again, best management practices are a 
type of effluent limitation that is used in municipal storm water 
permits. See 40 CFR § 122.44(k)(2)-(13). Furthermore, the 
permits incorporate benchmarks, through incorporation of the 
storm water management plan, which are specific pollutant load 
reduction goals for the permittees. Those measures are "permit 
requirements" that properly incorporate the TMDL wasteload 
allocations. 
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Court in Tualatin concluded that Oregon law did not require that TMDLs be enforced through

the use of numeric effluent limits, finding as follows:

The applicable TMDLs in this case set forth specific wasteload
allocations for municipal storm water. The permits at issue, in
turn, indicate the bodies of water for which TMDLs and wasteload
allocations have been established and reference the specific TMDL
for those bodies of water. The permits provide in the "adaptive
management" section that, "[w]here TMDL wasteload
allocations have been established for pollutant parameters
associated with the permittee's [municipal separate storm
sewer system] discharges, the permittee must use the estimated
pollutant load reductions (benchmarks) established in the
[storm water management plan] to guide the adaptive
management process." ... Adequate progress toward
achieving assigned wasteload allocations will be demonstrated
through the implementation of best management practices that
are targeted at TMDL-related pollutants." Pursuant to that
section, permittees must evaluate progress toward reducing
pollutant loads "through the use of performance measures and
pollutant load reduction benchmarks developed and listed in the
[stormwater management plan]."

* * *
Although the permits do not themselves include numeric
wasteload allocations like those set forth in the TMDLs, the
TMDL wasteload allocations are clearly referenced in the
permits, and the permits require implementation of best
management practices, set forth in the storm water
management plans, to make progress towards meeting those
wasteload allocations. Again, best management practices are a
type of effluent limitation that is used in municipal storm water
permits. See 40 CFR § 122.44(k)(2)-(13). Furthermore, the
permits incorporate benchmarks, through incorporation of the
storm water management plan, which are specific pollutant load
reduction goals for the permittees. Those measures are "permit
requirements" that properly incorporate the TMDL wasteload
allocations.
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(Id. at 148-149, emphasis added.) 

Similarly, as discussed in part further below, it has long since been the policy of the State 

of California not to require the use of strict numeric limits for stormwater (urban runoff) 

dischargers, but rather to apply the MEP standard through an iterative BMP process. (See, e.g., 

Exhibit "10,"  State Board Order No. 91-04, p. 14 ["There are no numeric objectives or numeric 

effluent limits required at this time, either in the Basin Plan or any statewide plan that apply to 

storm water discharges." p. 14]; Exhibit "11,"  State Board Order No. 91-03, ["We . . . conclude 

that numeric effluent limitations are not legally required. Further, we have determined that 

the program of prohibitions, source control measures and 'best management practices' set 

forth in the permit constitutes effluent limitations as required by law."]; Exhibit "12,"  State 

Board Order No. 96-13, p. 6 ['federal laws does not require the [San Francisco Reg. Bd] to 

dictate the specific controls."]; Exhibit "13,"  State Board Order No. 98-01, p. 12 ["Stormwater 

permits must achieve compliance with water quality standards, but they may do so by requiring 

implementation of BMPs in lieu of numeric water quality-based effluent limitations."]; 

Exhibit "14,"  State Board Order No. 2000-11, p. 3 I"In prior Orders this Board has explained 

the need for the municipal storm water programs and the emphasis on BMPs in lieu of 

numeric effluent limitations."1; Exhibit "7,"  State Board Order No. 2001-15, p. 8 ["While we 

continue to address water quality standards in municipal storm water permits, we also continue 

to believe that the iterative approach, which focuses on timely improvements of BMPs, is 

appropriate."]; Exhibit "15,"  State Board Order No. 2006-12, p. 17 ["Federal regulations do not 
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(Id. at 148-149, emphasis added.)

Similarly, as discussed in part further below, it has long since been the policy of the State

of California not to require the use of strict numeric limits for stormwater (urban runoff)

dischargers, but rather to apply the MEP standard through an iterative BMP process. (See, e.g.,

Exhibit "10," State Board Order No. 91-04, p. 14 ["There are no numeric objectives or numeric

effluent limits required at this time, either in the Basin Plan or any statewide plan that apply to

storm water discharges." p. 14]; Exhibit "II," State Board Order No. 91-03, ["We . .. conclude

that numeric effluent limitations are not legally required. Further, we have determined that

the program of prohibitions, source control measures and 'best management practices' set

forth in the permit constitutes effluent limitations as required by law."]; Exhibit "12," State

Board Order No. 96-13, p. 6 [''federal laws does not require the [San Francisco Reg. Bd] to

dictate the specific controls."]; Exhibit "13," State Board Order No. 98-01, p. 12 ["Stormwater

permits must achieve compliance with water quality standards, but they may do so by requiring

implementation of BMPs in lieu of numeric water quality-based effluent limitations."];

Exhibit "14," State Board Order No. 2000-11, p. 3 ["In prior Orders this Board has explained

the need for the municipal storm water programs and the emphasis on BMPs in lieu of

numeric effluent limitations."]; Exhibit "7," State Board Order No. 2001-15, p. 8 ["While we

continue to address water quality standards in municipal storm water permits, we also continue

to believe that the iterative approach, which focuses on timely improvements of BMPs, is

appropriate."]; Exhibit "15," State Board Order No. 2006-12, p. 17 ["Federal regulations do not
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require numeric effluent limitations for discharges of storm water"]; Exhibit "16,"  Stormwater 

Quality Panel Recommendations to The California State Water Resources Control Board — The 

Feasibility of Numeric Effluent Limits Applicable to Discharges of Stormwater Associated with 

Municipal, Industrial and Construction Activities, June 19, 2006, p. 8 ["It is not feasible at this 

time to set enforceable numeric effluent criteria for municipal BMPs and in particular urban 

dischargers 1; and Exhibit "17,"  an April 18, 2008 letter from the State Board's Chief Counsel 

to the Commission on State Mandates, p. 6 ["Most NPDES Permits are largely comprised of 

numeric limitations for pollutants.. . . Stormwater permits, on the other hand, usually require 

dischargers to implement BMPs."].) 

Moreover, in a report issued by the National Research Council entitled "Assessing the 

TMDL Approach to Water Quality Management," 2001 (Exhibit "18")  the NRC concluded as 

follows: 

Many debates in the TMDL community have centered on the use 
of "phased" and "iterative" TMDLs. Because these terms have 
particular meanings, this report uses a more general term — 
adaptive implementation. Adaptive implementation is, in fact, 
the application of the scientific method to decision-making. It 
is a process of taking actions of limited scope commensurate 
with available data and information to continuously improve 
our understanding of a problem and its solutions, while at the 
same time making progress toward attaining a water quality 
standard. (Exhibit "18,"  p. 90.) 

With the inclusion of the various numeric limits set forth in Parts V. and VI. E. of the 

Proposed Permit, which are designed to require the Permittees to develop and implement 

impracticable BMPs, e.g., BMPs that are not economically feasible, where necessary to achieve 
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require numeric effluent limitations for discharges ofstorm water"]; Exhibit "16," Stormwater

Quality Panel Recommendations to The California State Water Resources Control Board - The

Feasibility ofNumeric Effluent Limits Applicable to Discharges of Stormwater Associated with

Municipal, Industrial and Construction Activities, June 19,2006, p. 8 ["It is not feasible at this

time to set enforceable numeric e.fJluent criteria for municipal BMPs and in particular urban

dischargers."]; and Exhibit "17," an April 18, 2008 letter from the State Board's Chief Counsel

to the Commission on State Mandates, p. 6 ["Most NPDES Permits are largely comprised of

numeric limitations for pollutants. . .. Stormwater permits, on the other hand, usually require

dischargers to implement BMPs."].)

Moreover, in a report issued by the National Research Council entitled "Assessing the

TMDL Approach to Water Quality Management," 2001 (Exhibit"18") the NRC concluded as

follows:

Many debates in the TMDL community have centered on the use
of "phased" and "iterative" TMDLs. Because these terms have
particular meanings, this report uses a more general term 
adaptive implementation. Adaptive implementation is, in fact,
the application of the scientific method to decision-making. It
is a process of taking actions of limited scope commensurate
with available data and information to continuously improve
our understanding of a problem and its solutions, while at the
same time making progress toward attaining a water quality
standard. (Exhibit "18," p. 90.)

With the inclusion of the various numeric limits set forth in Parts V. and VI. E. of the

Proposed Permit, which are designed to require the Permittees to develop and implement

impracticable BMPs, e.g., BMPs that are not economically feasible, where necessary to achieve
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strict compliance with receiving water limits or WQBELs, the Regional Board is imposing 

permit terms that are not required by federal law, and that are inconsistent with State law and 

policy. Further, as discussed below, imposing Permit terms that will result in the development 

and implementation of impracticable and/or technically or economically infeasible BMPs, are 

requirements that are, by definition, contrary to CWC sections 13263, 13241 and 13000. 

2. 	The Proposed Permit Requires The MS4 Permittees Comply With 
Numeric Limits. 

The Proposed Permit imposes a series of provisions designed to require that the 

Permittees strictly comply with numeric effluent limits, either through the incorporation of waste 

load allocations ("WLAs") from total maximum daily loads ("TMDLs") — which have been 

incorporated into the Permit as final or interim water quality based effluent limits ("WQBEL") — 

or through numeric receiving water limits (which appear to require strict compliance with water 

quality standards, irrespective of compliance with an iterative/adaptive management process). 

(Proposed Permit, Parts V and VI.E.) The Proposed Permit also makes clear that when the 

applicable numeric limits have not been complied with, that a Permittee will be subject to 

penalties, including, mandatory minimum penalties. (Proposed Permit, pp. 43-44.) 

Initially, Part V of the Permit, entitled "Receiving Water Limitations," prohibits 

"discharges from the MS4 that cause or contribute to the violation of receiving water 

limitations." (Proposed Permit, p. 37.) Moreover, although the Proposed Permit allows the 

Permittees to follow an iterative/adaptive management process in attempting to comply with 
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strict compliance with receiving water limits or WQBELs, the Regional Board is imposing

permit terms that are not required by federal law, and that are inconsistent with State law and

policy. Further, as discussed below, imposing Permit terms that will result in the development

and implementation of impracticable and/or technically or economically infeasible BMPs, are

requirements that are, by definition, contrary to ewe sections 13263, 13241 and 13000.

2. The Proposed Permit Requires The MS4 Permittees Comply With
Numeric Limits.

The Proposed Permit imposes a series of provisions designed to reqUIre that the

Permittees strictly comply with numeric effluent limits, either through the incorporation of waste

load allocations ("WLAs") from total maximum daily loads ("TMDLs") - which have been

incorporated into the Permit as final or interim water quality based effluent limits ("WQBEL") -

or through numeric receiving water limits (which appear to require strict compliance with water

quality standards, irrespective of compliance with an iterative/adaptive management process).

(Proposed Permit, Parts V and VLE.) The Proposed Permit also makes clear that when the

applicable numeric limits have not been complied with, that a Permittee will be subject to

penalties, including, mandatory minimum penalties. (Proposed Permit, pp. 43-44.)

Initially, Part V of the Permit, entitled "Receiving Water Limitations," prohibits

"discharges from the MS4 that cause or contribute to the violation of receiving water

limitations." (Proposed Pennit, p. 37.) Moreover, although the Proposed Permit allows the

Permittees to follow an iterative/adaptive management process in attempting to comply with
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such receiving water limits, it similarly makes clear that this iterative/adaptive management 

process only relieves the Permittees of having to continue to develop new and additional iterative 

BMPs, and does not provide any form of "safe harbor" or other protections from allegations the 

Permittees have violated the receiving water limits language even if they are complying with the 

iterative/adaptive management process. (See Proposed Permit, p. 55 ["The adaptive management 

process fulfills the requirements in Part V.A.4 to address continuing exceedances of receiving 

water limitations."].) 

In short, the Receiving Water Limitations section requires that the Permittee strictly 

comply with applicable water quality standards, or otherwise face prosecution and/or third party 

citizen suits. (See e.g., NRDC v. County of Los Angeles, 673 F.3d 880 (9th Cir. 2011), cert 

granted, 2012 U.S. LEXIS 4823.) 

In Part VI.E of the Proposed Permit entitled "Total Maximum Daily Load Provisions" the 

Permit requires that the Permittees achieve: (1) all final WQBELs and/or receiving water 

limitations that become effective so as to implement the applicable TMDLs (Proposed Permit, 

Part VI.E.2, p. 111-114); (2) all WQBELs and/or receiving water limitations to implement 

WLAs in State-adopted TMDLs where the final compliance deadlines have already passed 

(Proposed Permit, Part VI.E.4, pp. 116-117); (3) the interim and final water quality-based 

effluent limits for trash, which may be achieved through the use of certified full-capture systems 

(Proposed Permit, Part VI.E.5, pp. 116-123); (4) all interim WQBELs, except that compliance 

with interim WQBELs may be shown through the submission and implementation of an 
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such receiving water limits, it similarly makes clear that this iterative/adaptive management

process only relieves the Permittees of having to continue to develop new and additional iterative

BMPs, and does not provide any form of "safe harbor" or other protections from allegations the

Permittees have violated the receiving water limits language even if they are complying with the

iterative/adaptive management process. (See Proposed Permit, p. 55 ["The adaptive management

process fulfills the requirements in Part VA.4 to address continuing exceedances of receiving

water limitations. "].)

In short, the Receiving Water Limitations section requires that the Permittee strictly

comply with applicable water quality standards, or otherwise face prosecution and/or third party

citizen suits. (See e.g., NRDC v. County of Los Angeles, 673 F.3d 880 (9th Cir. 2011), cert

granted, 2012 U.S. LEXIS 4823.)

In Part VI.E of the Proposed Permit entitled "Total Maximum Daily Load Provisions" the

Permit requires that the Permittees achieve: (l) all final WQBELs and/or receiving water

limitations that become effective so as to implement the applicable TMDLs (Proposed Permit,

Part VI.E.2, p. 111-114); (2) all WQBELs and/or receiving water limitations to implement

WLAs in State-adopted TMDLs where the final compliance deadlines have already passed

(Proposed Permit, Part VLE.4, pp. 116-117); (3) the interim and final water quality-based

effluent limits for trash, which may be achieved through the use of certified full-capture systems

(Proposed Permit, Part VI.E.5, pp. 116-123); (4) all interim WQBELs, except that compliance

with interim WQBELs may be shown through the submission and implementation of an
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approved Water Quality Management Program if the Program provides "reasonable assurance 

that interim water quality-based effluent limitations will be achieved per applicable compliance 

schedules" (Proposed Permit, Part VI.E.2.d, p. 113); and (5) the WLAs contained in applicable 

US EPA established TMDLs, through the use of best management practices ("BMPs"), along 

with a schedule for implementing the BMPs, in as short a time as possible through an approved 

Watershed Management Program — which presumably must again provide "reasonable 

assurances that 'interim requirements and numeric milestones' will be achieved" (see Proposed 

Permit, Part VI.E.3.c.v, p. 115) [providing that if a Water Quality Management Program is not 

submitted, the Permittee must demonstrate compliance with the numeric WLAs in the US EPA 

TMDL "immediately."].) 

The Findings set forth under Part II.J of the Proposed Permit similarly provides that 

Permittees must achieve compliance with the numeric WQBELs, where it requires that the 

Permittees "comply with the TMDL provisions in Part VILE and Attachment L through R, which 

are consistent with the assumptions and requirements of the TMDL WLAs assigned to 

discharges from the Los Angeles County MS4." (Proposed Permit, pp. 20-23.) 

Accordingly, as discussed herein, the incorporation of TMDLs into the Permit as numeric 

requirements, along with the need to strictly adhere to receiving water limits in the Permit, 

represent the inclusion of requirements that ignore and exceed the MEP requirements under the 

Clean Water Act. Moreover, with the exception of those Permit provisions that allow for 

compliance through the submission of Watershed Management Plans, where "reasonable 
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approved Water Quality Management Program if the Program provides "reasonable assurance

that interim water quality-based effluent limitations will be achieved per applicable compliance

schedules" (Proposed Permit, Part VI.E.2.d, p. 113); and (5) the WLAs contained in applicable

US EPA established TMDLs, through the use of best management practices ("BMPs"), along

with a schedule for implementing the BMPs, in as short a time as possible through an approved

Watershed Management Program - which presumably must again provide "reasonable

assurances that 'interim requirements and numeric milestones' will be achieved" (see Proposed

Permit, Part V1.E.3.c.v, p. 115) [providing that if a Water Quality Management Program is not

submitted, the Permittee must demonstrate compliance with the numeric WLAs in the US EPA

TMDL "immediately."].)

The Findings set forth under Part I1.J of the Proposed Permit similarly provides that

Permittees must achieve compliance with the numeric WQBELs, where it requires that the

Permittees "comply with the TMDL provisions in Part V1.E and Attachment L through R, which

are consistent with the assumptions and requirements of the TMDL WLAs assigned to

discharges from the Los Angeles County MS4." (Proposed Permit, pp. 20-23.)

Accordingly, as discussed herein, the incorporation of TMDLs into the Permit as numeric

requirements, along with the need to strictly adhere to receiving water limits in the Permit,

represent the inclusion of requirements that ignore and exceed the MEP requirements under the

Clean Water Act. Moreover, with the exception of those Permit provisions that allow for

compliance through the submission of Watershed Management Plans, where "reasonable
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assurance" can, in fact, be provided, or through the use of full-capture measures for trash 

TMDLs, where such full-capture measures are technically and economically feasible, all such 

terms similarly represent requirements that cannot possibly be complied with. The inclusion of 

all such numeric limits within the Permit is not supported by sufficient findings, the evidence, or 

applicable law. 

D. 	The Proposed Permit Should Be Revised To Be Consistent With The 
Maximum Extent Practicable Standard By Specifically Allowing For Deemed 
Compliance Through An Iterative / Adaptive Management Process.  

As explained further below, the proposed adaptive management process, i.e., an iterative 

process, as set forth in Part V of the Proposed Permit, does not provide the Permittees with any 

form of "safe harbor" or deemed compliance with the receiving water limitation section of the 

Permit, nor with the other terms of the Permit incorporating waste load allocations ("WLAs") 

from TMDLs (Proposed Permit, Part VI.E). Instead, the Proposed Permit merely provides that 

complying with the "adaptive management process fulfills the requirements in V.A.4 to address 

continuing exceedances of receiving water limitations." (Proposed Permit, p. 55.) Yet, this 

language does nothing to protect the Permittees from third-party citizen suits or enforcement 

actions under the Permit, even if the Permittees are, in fact, carrying out the adaptive 

management iterative process in good faith. 

As discussed in detail above, rather than allowing municipalities to comply with the 

Permit terms through continued compliance with the adaptive management process/iterative 

process, i.e., to continue to implement BMPs that are consistent with the maximum extent 
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assurance" can, in fact, be provided, or through the use of full-capture measures for trash

TMDLs, where such full-capture measures are technically and economically feasible, all such

terms similarly represent requirements that cannot possibly be complied with. The inclusion of

all such numeric limits within the Permit is not supported by sufficient findings, the evidence, or

applicable law.

D. The Proposed Permit Should Be Revised To Be Consistent With The
Maximum Extent Practicable Standard By Specifically Allowing For Deemed
Compliance Through An Iterative / Adaptive Management Process.

As explained further below, the proposed adaptive management process, i.e., an iterative

process, as set forth in Part V of the Proposed Permit, does not provide the Permittees with any

form of "safe harbor" or deemed compliance with the receiving water limitation section of the

Permit, nor with the other terms of the Permit incorporating waste load allocations ("WLAs")

from TMDLs (Proposed Permit, Part VLE). Instead, the Proposed Permit merely provides that

complying with the "adaptive management process fulfills the requirements in V.A.4 to address

continuing exceedances of receiving water limitations." (Proposed Permit, p. 55.) Yet, this

language does nothing to protect the Permittees from third-party citizen suits or enforcement

actions under the Permit, even if the Permittees are, in fact, carrying out the adaptive

management iterative process in good faith.

As discussed in detail above, rather than allowing municipalities to comply with the

Permit terms through continued compliance with the adaptive management process/iterative

process, i,e., to continue to implement BMPs that are consistent with the maximum extent
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practicable standard as envisioned by Congress, the Proposed Permit makes clear that regardless 

of the MEP standard, numeric WQBELs and receiving water limits must be achieved. As 

discussed, moreover, imposing numeric limits on municipalities, in lieu of allowing for deemed 

compliance through the iterative BMP process, is a significant change in permit-writing policy in 

California, and is a change that ignores the reality that iterative BMPs are the only means by 

which municipalities have to comply with numeric WQBELs and receiving water limits. It is 

also a change that ignores the fact that requiring compliance with numeric limits will not in any 

way alter a Permittee's ability to achieve those limits or improve water quality. 

In short, municipalities have no means of attempting to achieve compliance with numeric 

WQBELs and receiving water limits, other than through complying in good faith with an 

iterative/adaptive management process. The Regional Board's Proposed Permit which demands 

that the Permittees do more is simply not possible and will only result in more litigation and 

wasted resources, without any benefit to the public. 

The Regional Board's desire to impose numeric limits on municipalities ignores the true 

limitations municipalities face when attempting to reduce the discharge of pollutants from their 

respective MS4 systems. There can be no dispute that municipal dischargers simply do not have 

the luxury of ceasing operations or installing a single or a series of filtration or treatment systems 

to eliminate pollutants from urban runoff. Municipalities do not generate the urban runoff, and 

cannot close a valve to prevent the rain from falling or runoff from entering the endless storm 

drain system. As such, to, in effect, conclude that municipalities must somehow develop BMPs 
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that go beyond the maximum extent practicable standard to meet numeric limits, is to require 

municipalities to develop and implement impracticable BMPs, i.e., BMPs that are not technically 

and/or economically feasible. 

The Proposed Permit includes a definition of the term "Maximum Extent Practicable" or 

"MEP." (Proposed Permit, Attachment A, pp. A-5 to A-6.) This definition of MEP is based on a 

February 11, 1993 Memorandum issued by the State Board's Office of Chief Counsel, subject 

"Definition of Maximum Extent Practicable" (Exhibit "19"  hereto, hereafter "Chief Counsel 

Memo"). The definition of MEP in the Proposed Permit is as follows: 

In selecting BMPs which will achieve MEP, it is important to 
remember that municipalities will be responsible to reduce the 
discharge of pollutants in storm water to the maximum extent 
practicable. This means choosing effective BMPs, and rejecting 
applicable BMPs only where other effective BMPs will serve 
the same purpose, the BMPs would not be technically feasible, 
or the cost would be prohibitive. The following factors may be 
useful to consider: 

1. Effectiveness: Will the BMP address a pollutant of 
concern? 

2. Regulatory Compliance: Is the BMP in compliance with 
storm water regulations as well as other environmental 
regulations? 

3. Public acceptance: Does the BMP have public support? 

4. Cost: Will the cost of implementing the BMP have a 
reasonable relationship to the pollution control benefits to be 
achieved? 
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applicable BMPs only where other effective BMPs will serve
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5. 	Technical Feasibility: Is the BMP technically feasible 
considering soils, geography, water resources, etc.? 

As noted in the Chief Counsel Memo, the term "MEP" as used by Congress was intended 

to include a requirement "to reduce the discharge of pollutants, rather than totally prevent such 

discharge," and Congress presumably applied an MEP standard, rather than a strict numeric 

standard with the "knowledge that it is not possible for municipal discharges to prevent the 

discharge of all pollutants in storm water." (Exhibit "19,"  p. 2, emphasis added.) 

Both the definition of MEP in the Proposed Permit and in the February 11, 1993, Chief 

Counsel Memorandum acknowledge the need to consider both "technical feasibility" and "cost," 

including specifically asking: "Will the cost of implementing the BMP have a reasonable 

relationship to the pollution control benefits to be achieved." In effect, both the Memorandum 

and the definition of MEP in the Proposed Permit confirm that the imposition of technically or 

economically impracticable BMPs, whether to achieve a numeric effluent limit or otherwise, are 

requirements that go beyond what is required by Congress under the Clean Water Act, and are, in 

effect, terms that are not suitable for imposition on municipal dischargers. 

In a letter from US EPA Headquarters, Benjamin H. Grumbles, to the Honorable Bart 

Doyle, dated August 22, 2003, US EPA provided similar "guidance on the definition of 

Maximum Extent Practicable (MEP)," where it stated as follows: 

You also ask EPA to provide guidance on the definition of 
Maximum Extent Practicable (MEP) and to provide examples of 
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its practical application. Congress established MEP but did not 
provide language defining this standard. EPA envisions MEP as 
an iterative process that considers such factors as conditions 
and beneficial uses of receiving wearers, MS4 size, climate, 
implementation schedules, current ability to finance the 
program, hydrology, geology, and capacity to perform 
operation and maintenance. EPA understands the importance of 
providing assistance to help communities implement MEP. We are 
looking at the information gathered from evaluating many MS4 
permits and programs. We hope to use this to provide examples of 
good storm water programs. 

(Exhibit "20"  hereto, p. 2.) US EPA has thus similarly confirmed that "MEP" is an iterative 

process that requires a consideration of various factors, including the practical conditions 

involved with compliance, as well as a City's ability to pay for, i. e. , "finance," the requirement. 

In a June 2006 report prepared by the Expert Storm Water Quality Numeric Effluent 

limits Panel, a panel commissioned by the State Water Board, and entitled, "Storm Water 

Feasibility of Numeric Effluent Limits Applicable to Discharges of Storm Water Associated With 

Municipal, Industrial and Construction Activities" (Exhibit "16"  hereto), the Panel concluded, 

"It is not feasible at this time to set enforcement numeric effluent criteria for municipal BMPs 

in particular for urban discharges." (Id. at p. 8.) Further, as explained below, in State Board 

Order after State Board Order, it has long since been the policy of the State of California that for 

municipal storm water, the emphasis must be "on BMPs in lieu of numeric effluent 

limitations." (Exhibit "14,"  State Board Order No. 2000-11, p.3; also see State Board Order 

No. 2001-15, p. 8 ["While we continue to address water quality standards in municipal storm 

water permits, we also continue to believe that the iterative approach, which focuses on timely 
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improvements of BMPs, is appropriate."]; Exhibit "15,"  State Board Order No. 2006-12, p. 17 

["Federal regulations do not require numeric effluent limits for discharges of storm water."]; and 

Exhibit "21",  November 22, 2002 US EPA Memorandum entitled "Establishing Total Maximum 

Daily Load (TMDL) Wasteload Allocations (WLAs) for Storm Water Sources as NPDES Permit 

Requirements based on those WLAs," p. 4 ("EPA's policy recognizes that because storm water 

discharges are due to storm events that are highly variable in frequency and duration and are 

not easily characterized, only in rare cases will it be feasible or appropriate to establish 

numeric limits for municipal and small construction storm water dischargers. ... Therefore, 

EPA believes that in these situations, permit limits typically can be expressed as BMPs and 

that numeric limits will be used only in rare instances.].) 

The ultimate outcome of imposing numeric effluent limits on municipalities will not be to 

improve water quality, but instead to increase litigation and attorneys fees in fighting 

enforcement actions and citizen suits (see, e.g., NRDC v. County of Los Angeles, supra, 673 F.3d 

880), and, as well, will subject municipalities to unnecessary penalty claims, including 

mandatory minimum penalties. (See Proposed Permit, p. 43-44, citing CWC § 13385.) The 

Cities respectfully request that the Proposed Permit be revised to recognize the technical and 

economic realities of attempting to reduce the discharge of pollutants in urban runoff, and that 

the numeric WQBELs and receiving water limits specifically be revised to allow for an MEP-

BMP deemed compliance approach. In particular, the Cities request that this deemed complaint 

approach be incorporated into both Part V.A of the Proposed Permit, as a part of the 

227/065121-0080 
3682071.4 a07/20/12 

Ivar Ridgeway
July 20,2012
Page 40

improvements of BMPs, is appropriate."]; Exhibit "IS," State Board Order No. 2006-12, p. 17

["Federal regulations do not require numeric effluent limits for discharges of storm water."]; and

Exhibit "21", November 22, 2002 US EPA Memorandum entitled "Establishing Total Maximum

Daily Load (TMDL) Wasteload Allocations (WLAs) for Storm Water Sources as NPDES Permit

Requirements based on those WLAs," p. 4 ["EPA's policy recognizes that because storm water

discharges are due to storm events that are highly variable in frequency and duration and are

not easily characterized, only in rare cases will it be feasible or appropriate to establish

numeric limits for municipal and small construction storm water dischargers. ... Therefore,

EPA believes that in these situations, permit limits typically can be expressed as BMPs and

that numeric limits will be used only in rare instances.].)

The ultimate outcome of imposing numeric effluent limits on municipalities will not be to

improve water quality, but instead to increase litigation and attorneys fees in fighting

enforcement actions and citizen suits (see, e.g., NRDC v. County ofLos Angeles, supra, 673 F.3d

880), and, as well, will subject municipalities to unnecessary penalty claims, including

mandatory minimum penalties. (See Proposed Permit, p. 43-44, citing CWC § 13385.) The
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BMP deemed compliance approach. In particular, the Cities request that this deemed complaint

approach be incorporated into both Part V.A of the Proposed Permit, as a part of the
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iterative/adaptive management process, and into Part VI.E of the Permit as deemed compliance 

with the WLAs from a TMDL, as well as deemed compliance with any applicable action level. 

In sum, in connection with Part V.A and Part VI.E (incorporating the various numeric 

WLAs in the TMDLs as numeric WQBEL and/or receiving water limits), the Permit should be 

revised to make clear that so long as the Permittees are implementing MEP compliant BMPs in 

good faith and in accordance with the iterative/adaptive management process, that they shall be 

deemed to be in compliance with such Permit terms. It has long been recognized by the State 

Board, as well as the courts and US EPA, that the use of MEP compliant BMPs is, in fact, the 

only means by which municipalities have to comply with MS4 permit terms. The Cities, 

therefore, respectfully request that this long-recognized means of compliance be incorporated 

into the Permit, and that the Permittees be deemed in compliance with all such requirements so 

long as they are acting in good faith and implementing MEP complaint BMPs. 

In a proposal put forth by the California Stormwater Quality Association ("CASQA"), 

CASQA proposed adding language to the receiving water limits section consistent with the 

above referenced deemed compliance approach. The Cities believe CASQA's proposal is a step 

in the right direction in attempting to developing a deemed compliance approach, but further 

believe that any such MEP BMP deemed compliance approach must equally extend to WLAs 

from TMDLs to be incorporated into the Permit, and also believe that CASQA's language should 

be expanded to make clear that good faith compliance with the iterative/adaptive management 
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In sum, in connection with Part V.A and Part VLE (incorporating the various numeric

WLAs in the TMDLs as numeric WQBEL and/or receiving water limits), the Permit should be

revised to make clear that so long as the Permittees are implementing MEP compliant BMPs in

good faith and in accordance with the iterative/adaptive management process, that they shall be

deemed to be in compliance with such Permit terms. It has long been recognized by the State

Board, as well as the courts and US EPA, that the use of MEP compliant BMPs is, in fact, the

only means by which municipalities have to comply with MS4 permit terms. The Cities,

therefore, respectfully request that this long-recognized means of compliance be incorporated

into the Permit, and that the Permittees be deemed in compliance with all such requirements so

long as they are acting in good faith and implementing MEP complaint BMPs.

In a proposal put forth by the California Stormwater Quality Association ("CASQA"),

CASQA proposed adding language to the receiving water limits section consistent with the

above referenced deemed compliance approach. The Cities believe CASQA's proposal is a step

in the right direction in attempting to developing a deemed compliance approach, but further

believe that any such MEP BMP deemed compliance approach must equally extend to WLAs

from TMDLs to be incorporated into the Permit, and also believe that CASQA's language should

be expanded to make clear that good faith compliance with the iterative/adaptive management
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process is, in fact, compliance with all applicable receiving water limits and WQBELs or other 

numeric effluent limits, including "action levels." 

E. 	Requiring Strict Compliance With Numeric Limits In A Municipal NPDES 
Permit In Most Cases Is Requiring Compliance With Terms That Are 
Impossible To Achieve.  

Several of the TMDLs incorporated into the Permit in the form of interim and/or final 

numeric limits, including those interim numeric limits that, in theory, can be complied with 

through the submission of Watershed Management Plans if "reasonable assurances" can be 

provided, are not possible to be complied with, and thus, are not appropriate for inclusion in the 

Proposed Permit. 

Specifically, the various numeric limits imposed as a result of the following TMDLs are 

unobtainable: (1) the Bacteria TMDL for the Los Angeles River (see Exhibit "22"  hereto, which 

are comments and documents submitted in opposition to its adoption, and showing the numerous 

deficiencies and problems with complying with such numeric limits); (2) the US EPA adopted 

Long Beach City Beaches and Los Angeles River Estuary Bacteria TMDL (see Exhibit "23", 

which are comments and documents submitted in opposition to its adoption and showing 

deficiencies and the problems with complying with this TMDL); (3) the Dominguez Channel and 

Greater Los Angeles Harbor and Long Beach Harbor Waters Toxic Pollutants TMDL (see 

Exhibit "24",  which are comments and documents submitted in opposition to its adoption and the 

problems with complying with the numeric limits therein); (4) the Los Angeles River Metals 

TMDL (see Exhibit "25",  which are the comments and documents submitted in opposition to its 
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adoption and the problems with complying with the numeric limits therein); (5) the Los Cerritos 

Channel Metals TMDL (see Exhibit "26"  which are the comments and documents submitted in 

opposition to its adoption and the problems with complying with the numeric limits therein); and 

(6) the Los Angeles River Trash TMDL (see Exhibit "27"  which are the comments and 

documents submitted in opposition to its adoption and the problems with complying with the 

numeric limits therein). 

Nor is strict compliance with the numeric receiving water limits and, in effect, the water 

quality standards that do not have a TMDL associated with them, possible to achieve for the 

same reasons the TMDL-numeric limits are unachievable. As explained in the various 

comments submitted in connection with each of these TMDLs, meeting many of the interim or 

any of the final numeric WLAs from these TMDLs, if imposed as suggested with the existing 

language in the Proposed Permit, as numeric WQBELs, is simply not possible. 

As a matter of law, the Clean Water Act does not require permittees to achieve the 

impossible. In Hughey v. JMS Dev. Corp., 78 F.3d 1523 (11th Cir.) cert. den., 519 U.S. 993 

(1996), the plaintiff sued JMS Development Corporation ("JMS") for failing to obtain a storm 

water permit that would authorize the discharge of storm water from its construction project. 

The plaintiff argued JMS had no authority to discharge any quantity or type of storm water from 

the project, i.e. a "zero discharge standard," until JMS had first obtained an NPDES permit. (Id. 

at 1527.) JMS did not dispute that storm water was being discharged from its property and that it 

had not obtained an NPDES permit, but claimed it was not in violation of the Clean Water Act 
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adoption and the problems with complying with the numeric limits therein); (5) the Los Cerritos
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numeric limits therein).

Nor is strict compliance with the numeric receiving water limits and, in effect, the water

quality standards that do not have a TMDL associated with them, possible to achieve for the

same reasons the TMDL-numeric limits are unachievable. As explained in the various

comments submitted in connection with each of these TMDLs, meeting many of the interim or

any of the final numeric WLAs from these TMDLs, if imposed as suggested with the existing

language in the Proposed Permit, as numeric WQBELs, is simply not possible.

As a matter of law, the Clean Water Act does not require permittees to achieve the

impossible. In Hughey v. JMS Dev. Corp., 78 F.3d 1523 (1Ith Cir.) cert. den., 519 U.S. 993

(1996), the plaintiff sued JMS Development Corporation ("JMS") for failing to obtain a storm

water permit that would authorize the discharge of storm water from its construction project.

The plaintiff argued JMS had no authority to discharge any quantity or type of storm water from

the project, i.e. a "zero discharge standard," until JMS had first obtained an NPDES permit. (Id.

at 1527.) JMS did not dispute that storm water was being discharged from its property and that it

had not obtained an NPDES permit, but claimed it was not in violation of the Clean Water Act
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(even though the Act required the permit) because the Georgia Environmental Protection 

Division, the agency responsible for issuing the permit, was not yet prepared to issue such 

permits. As a result, it was impossible for JMS to comply. (Id.) 

The Eleventh Circuit Court of Appeal held that the CWA does not require a permittee to 

achieve the impossible, finding that "Congress is presumed not to have intended an absurd 

(impossible) result." (Id. at 1529.) The Court then found that: 

In this case, once JMS began the development, compliance with 
the zero discharge standard would have been impossible. Congress 
could not have intended a strict application of the zero discharge 
standard in section 1311(a) when compliance is factually 
impossible. The evidence was uncontroverted that whenever it 
rained in Gwinnett County some discharge was going to occur; 
nothing JMS could do would prevent all rain water discharge. 

(Id. at 1530.) The Court concluded, "Lex non cogit ad impossibilia: The law does not compel 

the doing of impossibilities." (Id.) The same rule applies here. 

The Clean Water Act does not require Municipal Permittees to do the impossible and 

comply with unachievable numeric limits. Because Municipal Permittees are involuntary 

permittees, that is, because they have no choice but to obtain a municipal storm water permit, the 

Permit, as a matter of law, cannot impose terms that are unobtainable. (Id.) 

In this case, as reflected in the various comments submitted in connection with each of 

the then-proposed TMDLs, strictly complying with the various waste load allocations set forth in 

the TMDLs, and with the other numeric receiving water limits is not achievable by the 
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Permittees, given the variability of the potential sources of pollutants in urban runoff, as well as 

the unpredictability of the climate in Southern California. In fact, as discussed above in Divers, 

supra, 145 Cal.App.4th 246: "In regulating storm water permits the EPA has repeatedly 

expressed the preference for doing so by way of BMPs, rather than by way of imposing either 

technology-based or water quality-based numeric limitations." (Id. at 256.) According to the 

Divers Court: "EPA has repeatedly noted, storm water consists of a variable stew of pollutants, 

including toxic pollutants, from a variety of sources which impact the receiving body on a basis 

which is only as predictable as the weather." (Id. at 258.) 

Similarly, in BIA v. State Board, supra, 124 Cal.App.4th 866, 889-90, also discussed 

above, after having recognized the "practical realities of municipal storm sewer regulation," and 

the "physical differences between municipal storm water runoff and other pollutant discharges," 

and finding that the maximum extent practical approach was a "workable enforcement 

mechanism" (id. at 873, 884), the Court there concluded that the MEP standard was purposefully 

intended to be highly flexible concept that balances numerous factors including "technical 

feasibility, costs, public acceptance, regulatory compliance and effectiveness." (Id. at 889-90.) 

For many of the numeric limits, the "technical" and "economic" feasibility to comply 

simply do not exist, and imposing such requirements that go beyond "the limits of practicability" 

(Defenders of Wildlife v. Browner (1999) 191 F.3d 1159, 1162), is nothing more than an attempt 

to impose an impossible standard on municipalities that cannot withstand legal scrutiny. 

Accordingly, the imposition of the various numeric limits as strict water quality-based effluent 
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limits and/or receiving water limits is not only an attempt to impose an obligation that goes 

beyond the requirements of federal law, but equally important, represents an attempt to impose 

provisions that go beyond what is "practicable," and in this case, beyond what is "feasible." 

Because the law does not compel doing the impossible, the numeric limits to be incorporated into 

the Proposed Permit must be stricken. 

F. 	The "Discharge Prohibition" Terms Of Part III.A Of The Proposed Permit, 
To The Extent They Attempt To Impose A Higher Standard Than The MEP 
Standard On The Permittees, Are Inconsistent With Federal Law And 
Contrary To State Law.  

1. 	The MEP Standard Applies To Discharges Of Both "Non- 
Stormwater" And "Stormwater" From The MS4, 

Under Part III of the Permit, specifically Section A of Part III, the Proposed Permit 

attempts to require that each Permittee "prohibit non-stormwater discharges through the MS4 to 

receiving waters except where such discharges are  ...."either This language, combined with 

the findings in the Proposed Permit (Proposed Permit, p. 17) appear to be designed to provide the 

Regional Board with yet additional authority to attempt to require the imposition of numeric 

limits on the Permittees, irrespective of the maximum extent practicable standard. Yet, the 

suggestion that the Clean Water Act authorizes the Regional Board to impose a standard beyond 

the MEP standard on so-called "non-stormwater" discharges, or otherwise, is expressly refuted 

by the plain language of the Clean Water Act. Similarly, it is not supported by the requirements 

of the Porter-Cologne Act. 
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The CWA expressly applies the MEP standard to all "pollutants" discharged "from" the 

MS4, whether the discharges are classified as "non-stormwater" or "stormwater." Although 

"non-stormwater" is required to be "effectively prohibited" from entering "into" the MS4, the 

CWA does not treat discharges "from" the MS4 any differently if the "pollutants" in issue arose 

as a result of a "storm water" versus a "non-stormwater" discharge. (33 U.S.C. 

§ 1342(p)(3)(B)(iii).) Instead, under the CWA, regardless of the nature of the discharge, i.e., be 

it "storm water" or alleged "non-stormwater," the MEP standard continues to apply. (Id.) 

The language in the CWA requires municipalities to "require controls to reduce the 

discharge of pollutants to the maximum extent practicable." (Id.) The CWA then applies the 

MEP standard to the "discharge of pollutants" from the MS4, not to the discharge of 

"stormwater" or "non-stormwater" from the MS4. As such, the Regional Board's attempt to 

"prohibit non-stormwater discharges through the MS4 to receiving waters" rather than into the 

"storm sewer," (33 USC § 1342(p)(3)(b)(ii)), exceeds federal law and is not authorized under 

State law. 

Section 1342(p)(3)(B) of the CWA entitled "Municipal Discharge" provides, in its 

entirety, as follows: 

Permits for discharges from municipal storm sewers — 

(i) 	may be issued on a system— or jurisdictional— wide basis; 
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(ii) shall include a requirement to effectively prohibit non-stormwater discharges 

into the storm sewers; and 

(iii) shall require controls to reduce the discharge of pollutants to the maximum 

extent practicable, including management practices, control techniques and 

system, design and engineering methods, and such other provisions as the 

Administrator or the State determines appropriate for the control of such 

pollutants. (33 U.S.C. § 1342(p)(3)(B), emphasis added.) 

This language in the CWA has consistently been interpreted as requiring an application 

of the MEP standard to municipal discharges, rather than an application of a standard requiring 

strict compliance with numeric limits. Specifically, federal law only requires strict compliance 

with numeric effluent limits by industrial dischargers, but not by municipal dischargers. As the 

Ninth Circuit in Defenders, supra, 191 F.3d 1159 found, "Congress required municipal storm-

sewer dischargers 'to reduce the discharge of pollutants to the maximum extent practicable' 

finding that the Clean Water Act was "not merely silent" regarding requiring "municipal" 

dischargers to strictly comply with numeric limits, but in fact found that the requirement for 

traditional industrial waste dischargers to strictly comply with the limits was "replaced" with an 

alternative requirement, i.e., "that municipal storm-sewer dischargers 'reduce the discharge of 

pollutants to the maximum extent practicable . . . in such circumstances, the statute 

unambiguously demonstrates that Congress did not require municipal storm-sewer discharges 

to comply strictly with 33 U.S.C. § 1311(b)(1)(C). (Id. at 1165; emphasis added.) 
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Similarly, in BIA, supra, 124 Cal.App.4th 866, there as well the Appellate Court, relying 

upon the Ninth Circuit's holding in Defenders, agreed that "with respect to municipal 

stormwater discharges, Congress clarified that the EPA has the authority to fashion NPDES 

permit requirements to meet water quality standards without specific numeric effluent limits and 

instead to impose 'controls to reduce the discharger of pollutants to the maximum extent 

practicable." (Id. at 874, emphasis added.) The Court of Appeal in the BIA Case explained the 

reasoning for Congress' different treatment of Stormwater dischargers versus industrial waste 

dischargers when it stated that: 

Congress added the NPDES storm sewer requirements to 
strengthen the Clean Water Act and making its mandate 
correspond to the practical realities of municipal storm sewer 
regulation. As numerous commentators pointed out, although 
Congress was reacting to the physical differences between 
municipal storm water runoff and other pollutant discharges 
that made the 1972 legislation's blanket effluent limitations 
approach impractical and administratively burdensome, the 
primary points of the legislation was to address these 
administrative problems while giving the administrative bodies the 
tools to meet the fundamental goals of the Clean Water Act in the 
context of stormwater pollution. (Id. at 884, emphasis added.) 

The Proposed Permit appears to attempt to "back door" numeric limits on to the 

municipalities by the altered "Discharge Prohibition" language, and on its face goes beyond what 

was required by Congress with the 1987 Amendments to the CWA. 

In State Board Order No. 91-04, the State Board addressed the propriety of the 1990 

Municipal NPDES Permit for Los Angeles County, and particularly whether such permit, in 
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order to be consistent with applicable State and federal law, was required to have included 

"numeric effluent limitations." In addition to the State Board's interchangeable use of the terms 

"storm water" and "urban runoff" when discussing the applicable standard to be applied under 

the CWA (see discussion below), the State Board confirmed that the MEP standard applies to the 

"discharge of pollutants" from the MS4, and made no mention of the need to apply a different 

standard if the "discharge of pollutants" arose from alleged "non-stormwater" rather than 

"storm water." To the contrary, the State Board recognized the MEP standard applied to 

"pollutants in runoff," irrespective of the source of the pollutants, finding as follows: 

We find here also that the approach of the Regional Board, 
requiring the dischargers to implement a program of best 
management practices which will reduce pollutants in runoff, 
prohibiting non-stormwater discharges, is appropriate and proper. 
We base our conclusion on the difficulty of establishing 
numeric effluent limitations which have a rational basis, the 
lack of technology available to treat storm water discharges at 
the end of the pipe, the huge expense such treatment would 
entail, and the level of pollutant reduction which we anticipate 
from the Regional Board's regulatory program. (Exhibit "10," 
State Board Order No. 91-04, p. 16-17, emph. added.) 

This State Board Order, and others as discussed above, all show that although there are 

two requirements imposed upon municipalities under the CWA, one requiring that municipalities 

effectively prohibit "non-stormwater" "into" the MS4, and a second requiring municipalities to 

"reduce the discharge of pollutants to the maximum extent practicable," that the MEP standard 

applies to "pollutants in runoff' coming out of the MS4 system, regardless of whether such 

discharges are stormwater or non-stormwater. The only difference in the requirements to be 
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imposed upon the municipalities between "storm water" and "non-stormwater," involves the 

need for municipalities to adopt ordinances in order to "effectively prohibit non-stormwater 

discharges into the" MS4. 

2. 	The Definition Of "Stormwater" Includes "Dry Weather" Runoff. 

The Proposed Permit also appears to improperly seek to classify all dry-weather runoff as 

"non-storm water," and, therefore, to potentially impose a more stringent standard on Permittees 

for such dischargers, other than the MEP standard. Yet, the assertion that "dry weather 

discharges" do not also fall under the classification of "storm water," is inaccurate and directly 

controverted by the federal regulations. In fact, that the definition of "stormwater" includes 

"urban runoff," i. e. , dry-weather discharges, as well as precipitation events, has been admitted to 

by both the State Board and this Regional Board in the case of City of Arcadia v. State Board 

case, OCSC Case No. 06CCO2974, Fourth Appellate District Case No. G041545 (hereafter the 

"Arcadia Case"), as well as by the NRDC, the Santa Monica Baykeeper and Heal the Bay. As 

such, any attempt to redefine the term "stormwater" to exclude "dry weather," is contrary to law 

and should be rejected. 

First, it is clear from the plain language of the regulations that the term "stormwater" 

includes all forms of "urban runoff' in addition to precipitation events. Specifically, 

section 122.26(b)(13) reads as follows: "Storm water means storm water runoff, snow melt 

runoff, and surface runoff and drainage." (40 C.F.R. § 122.26(b)(13); italics in original, 

bolding and underlining added.) This definition starts with the inclusion of "storm water" and 
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and should be rejected.

First, it is clear from the plain language of the regulations that the term "stormwater"

includes all forms of "urban runoff' in addition to precipitation events. Specifically,

section l22.26(b)(13) reads as follows: "Storm water means storm water runoff, snow melt

runoff, and surface runoff and drainage." (40 C.F.R. § 122.26(b)(13); italics in original,

bolding and underlining added.) This definition starts with the inclusion of "storm water" and
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"snow melt runoff," and is then further expanded to include not only "storm water" and "snow 

melt runoff," but also "surface runoff' and "drainage." 

The Regional Board's proposed interpretation of this definition is an attempt to read the 

terms "surface runoff' and "drainage" out of the regulation. Such an interpretation is contrary to 

the plain language of the regulation itself, and is contrary to law. (See e.g., Astoria Federal 

Savings and Loan Ass 'n v. Solimino (1991) 501 U.S. 104, 112 [" [W]e construe statutes, where 

possible, so as to avoid rendering superfluous any parts thereof."]; City of San Jose v. Superior 

Court (1993) 5 Ca1.4th 47, 55 ["We ordinarily reject interpretations that render particular terms 

of a statute as mere surplusage, instead giving every word some significance."]; Ferraro v. 

Chadwick (1990) 221 Cal.App.3d 86, 92 ["In construing the words of a statute . . . an 

interpretation which would render terms surplusage should be avoided, and every word should 

be given some significance, leaving no part useless or devoid of meaning."]; Brewer v. Patel 

(1993) 20 Cal.App.4th 1017, 1022 ["We are required to avoid an interpretation which renders 

any language of the regulation mere surplusage."; and Hart v. McLucas (9th Cir. 1979) 535 

F.2d 516, 519 Min the construction of administrative regulations, as well as statutes, it is 

presumed that every phrase serves a legitimate purpose and, therefore, constructions which 

render regulatory provisions superfluous are to be avoided."].) 

Second,  beyond the plain language of the federal regulation, prior orders of the State 

Board confirm that the term "urban runoff' is included within the definition of "storm water." 

For example, in State Board Order No. 2001-15, the State Board regularly interchanges the terms 
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"snow melt runoff," and is then further expanded to include not only "storm water" and "snow

melt runoff," but also "surface runoff" and "drainage."

The Regional Board's proposed interpretation of this definition is an attempt to read the

terms "surface runoff" and "drainage" out of the regulation. Such an interpretation is contrary to

the plain language of the regulation itself, and is contrary to law. (See e.g., Astoria Federal

Savings and Loan Ass 'n v. Solimino (1991) 501 U.S. 104, 112 ["[W]e construe statutes, where

possible, so as to avoid rendering superfluous any parts thereof. "]; City ofSan Jose v. Superior

Court (1993) 5 Ca1.4th 47, 55 ["We ordinarily reject interpretations that render particular terms

of a statute as mere surplusage, instead giving every word some significance."]; Ferraro v.

Chadwick (1990) 221 Cal.App.3d 86, 92 ["In construing the words of a statute ... an

interpretation which would render terms surplusage should be avoided, and every word should

be given some significance, leaving no part useless or devoid of meaning. "]; Brewer v. Patel

(1993) 20 Cal.AppAth 1017,1022 ["We are required to avoid an interpretation which renders

any language of the regulation mere surplusage."; and Hart v. McLucas (9th Cir. 1979) 535

F.2d 516, 519 ["[l]n the construction of administrative regulations, as well as statutes, it is

presumed that every phrase serves a legitimate purpose and, therefore, constructions which

render regulatory provisions superfluous are to be avoided. "].)

Second, beyond the plain language of the federal regulation, prior orders of the State

Board confirm that the term "urban runoff" is included within the definition of "storm water."

For example, in State Board Order No. 2001-15, the State Board regularly interchanges the terms
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"urban runoff' with "storm water," and discusses the "controls" to be imposed under the Clean 

Water Act as applying equally to both. In discussing the propriety of requiring strict compliance 

with water quality standards, and the applicability of the MEP standard in Order No. 2001-15, 

the State Board asserted as follows: 

Urban runoff is causing and contributing to impacts on receiving 
waters throughout the state and impairing their beneficial uses. In 
order to protect beneficial uses and to achieve compliance with 
water quality objectives in our streams, rivers, lakes, and the 
ocean, we must look to controls on urban runoff. It is not enough 
simply to apply the technology-based standards of controlling 
discharges of pollutants to the MEP; where urban runoff is 
causing or contributing to exceedances of water quality standards, 
it is appropriate to require improvements to BMPs that address 
those exceedances. 

While we will continue to address water quality standards in 
municipal storm water permits, we also continue to believe that the 
iterative approach, which focuses on timely improvements of 
BMPs, is appropriate. We will generally not require "strict 
compliance" with water quality standards through numeric 
effluent limits and we will continue to follow a iterative 
approach, which seeks compliance over time. The iterative 
approach is protective of water quality, but at the same time 
considers the difficulties of achieving full compliance through 
BMPs that must be enforced through large and medium municipal 
storm sewer systems. (See Exhibit "7", Order 2001-15, p. 7-8; 
emphasis added.) 

Moreover, at the urging of the petitioner in Order No. 2001-15, the State Board went so 

far as to modify the "Discharge Prohibition A.2" language, which was challenged by the 

Building Industry Association of San Diego County ("BIA"), because such Discharge 

Prohibition was not subject to the iterative process. The State Board found as follows in this 

227/065121-0080 
3682071.4 a07/20/12 

Ivar Ridgeway
July 20, 2012
Page 53

"urban runoff' with "storm water," and discusses the "controls" to be imposed under the Clean

Water Act as applying equally to both. In discussing the propriety of requiring strict compliance

with water quality standards, and the applicability of the MEP standard in Order No. 2001-15,

the State Board asserted as follows:

Urban runoff is causing and contributing to impacts on receiving
waters throughout the state and impairing their beneficial uses. In
order to protect beneficial uses and to achieve compliance with
water quality objectives in our streams, rivers, lakes, and the
ocean, we must look to controls on urban runoff. It is not enough
simply to apply the technology-based standards of controlling
discharges of pollutants to the MEP; where urban runoff is
causing or contributing to exceedances of water quality standards,
it is appropriate to require improvements to BMPs that address
those exceedances.

While we will continue to address water quality standards in
municipal storm water permits, we also continue to believe that the
iterative approach, which focuses on timely improvements of
BMPs, is appropriate. We will generally not require "strict
compliance" with water quality standards through numeric
effluent limits and we will continue to follow a iterative
approach, which seeks compliance over time. The iterative
approach is protective of water quality, but at the same time
considers the difficulties of achieving full compliance through
BMPs that must be enforced through large and medium municipal
storm sewer systems. (See Exhibit "7", Order 2001-15, p. 7-8;
emphasis added.)

Moreover, at the urging of the petitioner in Order No. 2001-15, the State Board went so

far as to modify the "Discharge Prohibition A.2" language, which was challenged by the

Building Industry Association of San Diego County ("BIA"), because such Discharge

Prohibition was not subject to the iterative process. The State Board found as follows in this
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regard: "The difficulty with this language, however, is that it is not modified by the iterative 

process. To clarify that this prohibition also must be complied with through the iterative process, 

Receiving Water Limitation C.2 must state that it is also applicable to Discharge Prohibition A.2. 

. . . Language clarifying that the iterative approach applies to that prohibition is also necessary." 

(State Board Order No. 2001-15, p. 9.) 

The State Board further required that the Municipal NPDES permit challenged in that 

case be modified because the permit language was overly broad, as it sought to apply the MEP 

standard not only to discharges "from" MS4s, but also to discharges "into" MS4s, with the BIA 

claiming that it was inappropriate to require the treatment and control of discharges "prior to 

entry into the MS4," and with the State Board agreeing that such a regulation of discharges 

"into" the MS4 was inappropriate. [Id at 9 ["We find that the permit language is overly broad 

because it applies the MEP standard not only to discharges 'from' MS4s, but also to discharges 

"into' MS4s."].) 

In State Board Order No. 91-04, the State Board specifically relied upon EPA's 

Stormwater Regulations, to find that: "Storm water discharges, by ultimately flowing through a 

point source to receiving waters, are by nature more akin to non-point sources as they flow from 

diffuse sources over land surfaces." (State Board Order No. 91-04, p. 13-14.) The State Board 

then relied upon EPA's Preamble to said Stormwater Regulations, and quoted the following from 

the Regulation: 
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regard: "The difficulty with this language, however, is that it is not modified by the iterative

process. To clarify that this prohibition also must be complied with through the iterative process,

Receiving Water Limitation C.2 must state that it is also applicable to Discharge Prohibition A.2 .

. . . Language clarifying that the iterative approach applies to that prohibition is also necessary."

(State Board Order No. 2001-15, p. 9.)

The State Board further required that the Municipal NPDES permit challenged in that

case be modified because the permit language was overly broad, as it sought to apply the MEP

standard not only to discharges "from" MS4s, but also to discharges "into" MS4s, with the BIA

claiming that it was inappropriate to require the treatment and control of discharges "prior to

entry into the MS4," and with the State Board agreeing that such a regulation of discharges

"into" the MS4 was inappropriate. [ld at 9 ["We find that the permit language is overly broad

because it applies the MEP standard not only to discharges' from' MS4s, but also to discharges

"into'MS4s."].)

In State Board Order No. 91-04, the State Board specifically relied upon EPA's

Stormwater Regulations, to find that: "Storm water discharges, by ultimately flowing through a

point source to receiving waters, are by nature more akin to non-point sources as they flow from

diffuse sources over land surfaces." (State Board Order No. 91-04, p. 13-14.) The State Board

then relied upon EPA's Preamble to said Stormwater Regulations, and quoted the following from

the Regulation:
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For the purpose of [national assessments of water quality], urban 
runoff was considered to be a diffuse source for non-point source 
pollution. From a legal standpoint, however, most urban runoff is 
discharged through conveyances such as separate storm sewers or 
other conveyances which are point sources under the [Clean Water 
Act]. 55 Fed.Reg. 47991. (State Board Order No. 91-04, p. 14; 
emphasis added.) 

The State Board went on to conclude that the lack of any numeric objectives or numeric 

effluent limits in the challenged permit: "will not in any way diminish the permit's enforceability 

or its ability to reduce pollutants in storm water discharges substantially. . . . In addition, the 

[Basin] Plan endorses the application of 'best management practices' rather than numeric 

limitations as a means of reducing the level of pollutants in storm water discharges." (Id at 14, 

emphasis added.) (Also see Exhibit "16", Storm Water Quality Panel Recommendations to the 

California State Water Resources Control Board — The Feasibility of Numeric Effluent Limits 

Applicable to Discharges of Storm Water Associated with Municipal, Industrial and 

Construction Activities, June 19, 2008, p. 1 ["MS4 permits require that the discharge of 

pollutants be reduced to the maximum extent practicable (MEP)"], and p. 8 ["It is not feasible at 

this time to set enforceable numeric effluent criteria for municipal BMPs and in particular 

urban dischargers."]; Exhibit "13", State Board Order No. 98-01, p. 12 ["Storm water permits 

must achieve compliance with water quality standards, but they may do so by requiring 

implementation of BMPs in lieu of numeric water quality-based effluent limits."]; and Exhibit 

"14", State Board Order No. 2001-11, p. 3 ["In prior Orders this Board has explained the need 

for the municipal stormwater programs and the emphasis on BMPs in lieu of numeric effluent 

limitations."].) 
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For the purpose of [national assessments of water quality], urban
runoff was considered to be a diffuse source for non-point source
pollution. From a legal standpoint, however, most urban runoff is
discharged through conveyances such as separate storm sewers or
other conveyances which are point sources under the [Clean Water
Act]. 55 Fed.Reg. 47991. (State Board Order No. 91-04, p. 14;
emphasis added.)

The State Board went on to conclude that the lack of any numeric objectives or numeric

effluent limits in the challenged permit: "will not in any way diminish the permit's enforceability

or its ability to reduce pollutants in storm water discharges substantially. . .. In addition, the

[Basin] Plan endorses the application of 'best management practices' rather than numeric

limitations as a means of reducing the level ofpollutants in storm water discharges." (Id at 14,

emphasis added.) (Also see Exhibit "16", Storm Water Quality Panel Recommendations to the

California State Water Resources Control Board - The Feasibility of Numeric Effluent Limits

Applicable to Discharges of Storm Water Associated with Municipal, Industrial and

Construction Activities, June 19, 2008, p. 1 ["MS4 permits require that the discharge of

pollutants be reduced to the maximum extent practicable (MEP)"], and p. 8 ["It is not feasible at

this time to set enforceable numeric effluent criteria for municipal BMPs and in particular

urban dischargers."]; Exhibit "13", State Board Order No. 98-01, p. 12 ["Storm water permits

must achieve compliance with water quality standards, but they may do so by requiring

implementation of BMPs in lieu of numeric water quality-based effluent limits."]; and Exhibit

"14", State Board Order No. 2001-11, p. 3 ["In prior Orders this Board has explained the need

for the municipal stormwater programs and the emphasis on BMPs in lieu of numeric effluent

limitations."].)
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It is further important to note that this interpretation of the term "stormwater" as 

including "urban runoff," has been agreed to by both the Regional and State Boards, as well as 

by the NRDC, Heal the Bay, and the Santa Monica Baykeeper. Specifically, in the State and 

Regional Boards' Opening Appellate Brief in the Arcadia Case, they agreed that the term 

"stormwater" is to include "urban runoff," where they stated as follows: 

"Storm water," when discharged from a conveyance or pipe 
(such as a sewer system) is a "point source" discharge, but 
stormwater emanates from diffuse sources, including surface 
run-off following rain events (hence "storm water") and urban 
run-off.  (See Exhibit "28" hereto, which is a true and correct copy 
of the cited portion from the Boards' Opening Appellate Brief in 
the Arcadia Case; emphasis added.) 

This definition of the term "storm water" as including "urban runoff," was similarly 

accepted by the NRDC, the Santa Monica Baykeeper, and Heal the Bay (collectively, 

"Intervenors") in the Acadia Case, where they stated in their briefing as follows: 

For ease of reference, throughout this brief, the terms "urban 
runoff" and "stormwater" are used interchangeably to refer 
generally to the discharges from the municipal Dischargers' 
storm sewer systems. The definition of "stormwater" includes 
"storm water runoff, snow melt runoff, and surface runoff and 
drainage." (40 C.F.R. § 122.26(b)(13).) (See Exhibit "29," 
hereto, which is a true and correct copy of the cited portion of the 
Intervenors' Opening Appellate Brief in the Arcadia Case; 
emphasis added.) 

In sum, in light of the plain language of the federal regulation defining the term "storm 

water" to include "urban runoff," i.e., "surface runoff' and "drainage" in addition to "storm 

water" and "snow melt," and given the admissions by the State and Regional Boards and the 
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It is further important to note that this interpretation of the term "stormwater" as

including "urban runoff," has been agreed to by both the Regional and State Boards, as well as

by the NRDC, Heal the Bay, and the Santa Monica Baykeeper. Specifically, in the State and

Regional Boards' Opening Appellate Brief in the Arcadia Case, they agreed that the term

"stormwater" is to include "urban runoff," where they stated as follows:

"Storm water," when discharged from a conveyance or pipe
(such as a sewer system) is a "point source" discharge, but
stormwater emanates from diffuse sources, including surface
run-off following rain events (hence "storm water") and urban
run-off. (See Exhibit "28" hereto, which is a true and correct copy
of the cited portion from the Boards' Opening Appellate Brief in
the Arcadia Case; emphasis added.)

This definition of the term "storm water" as including "urban runoff," was similarly

accepted by the NRDC, the Santa Monica Baykeeper, and Heal the Bay (collectively,

"Intervenors") in the Acadia Case, where they stated in their briefing as follows:

For ease of reference, throughout this brief, the terms "urban
runoff" and "stormwater" are used interchangeably to refer
generally to the discharges from the municipal Dischargers'
storm sewer systems. The definition of "stormwater" includes
"storm water runoff, snow melt runoff, and surface runoff and
drainage." (40 C.F.R. § 122.26(b)(13).) (See Exhibit "29,"
hereto, which is a true and correct copy of the cited portion of the
Intervenors' Opening Appellate Brief in the Arcadia Case;
emphasis added.)

In sum, in light of the plain language of the federal regulation defining the term "storm

water" to include "urban runoff," i. e., "surface runoff' and "drainage" in addition to "storm

water" and "snow melt," and given the admissions by the State and Regional Boards and the
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Intervener Environmental Groups in the Acadia Case, it is clear that the term "storm water" as 

defined in the federal regulations, includes "surface runoff and drainage," i.e., "dry weather" 

runoff Accordingly, there is no basis to treat "dry-weather runoff' any more stringent under the 

CWA than wet weather, and as such, there is no basis to apply a different standard than the MEP 

standard to dry weather. 

G. 	The Proposed Permit Terms Requiring Compliance With Numeric Limits, 
Irrespective Of The MEP Standard, Along With The New "Discharge 
Prohibitions" Terms, Were Not Adopted In Accordance With The 
Requirements Of CWC 13000, 13263 And 13241.  

The receiving water limits in Part V of the Proposed Permit, the incorporation of the 

WLAs from the various TMDLs into Part VI.E of the Proposed Permit as numeric WQBELs, 

and the "Discharge Prohibitions" language in Part III.A of the Proposed Permit, were not 

developed in accordance with the requirements of State law. With each of these Permit terms, 

the Regional Board is seeking (at different points in time) to require strict compliance with 

numeric limits, irrespective of whether such terms will result in the need to develop and 

implement "impracticable" BMPs that are not technically and/or economically feasible or cost 

effective. By imposing requirements that go beyond the MEP standard as defined in the 

Proposed Permit itself, i.e., by adopting Permit terms that will result in Cities having to 

implement "impracticable" BMPs to comply with such terms, the Regional Board is, by 

definition, seeking to impose Permit terms that go beyond the requirements of federal law, and 

similarly, that are contrary to CWC sections 13241, 13263 and 13000. 
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Intervener Environmental Groups in the Acadia Case, it is clear that the term "storm water" as

defined in the federal regulations, includes "surface runoff and drainage," i. e., "dry weather"

runoff. Accordingly, there is no basis to treat "dry-weather runoff' any more stringent under the

CWA than wet weather, and as such, there is no basis to apply a different standard than the MEP

standard to dry weather.

G. The Proposed Permit Terms Requiring Compliance With Numeric Limits,
Irrespective Of The MEP Standard, Along With The New "Discharge
Prohibitions" Terms, Were Not Adopted In Accordance With The
Requirements Of CWC §§ 13000, 13263 And 13241.

The receiving water limits in Part V of the Proposed Permit, the incorporation of the

WLAs from the various TMDLs into Part VLE of the Proposed Permit as numeric WQBELs,

and the "Discharge Prohibitions" language in Part IILA of the Proposed Permit, were not

developed in accordance with the requirements of State law. With each of these Permit terms,

the Regional Board is seeking (at different points in time) to require strict compliance with

numeric limits, irrespective of whether such terms will result in the need to develop and

implement "impracticable" BMPs that are not technically and/or economically feasible or cost

effective. By imposing requirements that go beyond the MEP standard as defined in the

Proposed Permit itself, i. e., by adopting Permit terms that will result in Cities having to

implement "impracticable" BMPs to comply with such terms, the Regional Board is, by

definition, seeking to impose Permit terms that go beyond the requirements of federal law, and

similarly, that are contrary to CWC sections 13241, 13263 and 13000.
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As discussed above, federal law only require that municipal storm sewer dischargers 

"reduce the discharge of pollutants to the maximum extent practicable," and specifically does not 

require that such dischargers comply with numeric effluent limits. (See, e.g. Defenders, supra, 

191 F.3d 1159, 1165; also see Divers' Environmental, supra, 145 Cal.App.4th 246, 256, where 

the court found that: "In regulating stormwater permits the EPA has repeatedly expressed a 

preference for doing so by the way of BMPs, rather than by way of imposing either 

technology-based or water quality-based numerical limitations.") As such, any attempt to 

impose numeric limitations as proposed in the Proposed Permit, requires compliance with the 

requirements of the California Porter-Cologne Act, namely in this instance, CWC sections 

13263, 13241 and 13000. 

It is evident from the plain language of the definition of MEP, that the Regional Board's 

desire to force Permittees to attempt to comply with numeric limits is nothing more than an 

attempt to impose requirements on the Permittee that are not technically or economically 

feasible, or otherwise cost effective, and thus, that are not "reasonably achievable" or otherwise 

in compliance with the requirements of State law. In fact, the "maximum extent practicable" 

standard, as defined in the Proposed Permit and in the Chief Counsel Memo, requires the 

imposition of "practicable" BMPs only, considering the technical feasibility and costs of doing 

so, including whether the costs "of implementing the BMP have a reasonable relationship to the 

pollution control benefits to be achieved." (Proposed Permit, Appendix A, p. A-5-A-6.) 
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As discussed above, federal law only require that municipal storm sewer dischargers

"reduce the discharge of pollutants to the maximum extent practicable," and specifically does not

require that such dischargers comply with numeric effluent limits. (See, e.g. Defenders, supra,

191 F.3d 1159,1165; also see Divers' Environmental, supra, 145 Cal.App.4th 246,256, where

the court found that: "In regulating stormwater permits the EPA has repeatedly expressed a

preference for doing so by the way of BMPs, rather than by way of imposing either

technology-based or water quality-based numerical limitations.") As such, any attempt to

impose numeric limitations as proposed in the Proposed Permit, requires compliance with the

requirements of the California Porter-Cologne Act, namely in this instance, CWC sections

13263, 13241 and 13000.

It is evident from the plain language of the definition of MEP, that the Regional Board's

desire to force Permittees to attempt to comply with numeric limits is nothing more than an

attempt to impose requirements on the Permittee that are not technically or economically

feasible, or otherwise cost effective, and thus, that are not "reasonably achievable" or otherwise

in compliance with the requirements of State law. In fact, the "maximum extent practicable"

standard, as defined in the Proposed Permit and in the Chief Counsel Memo, requires the

imposition of "practicable" BMPs only, considering the technical feasibility and costs of doing

so, including whether the costs "of implementing the BMP have a reasonable relationship to the

pollution control benefits to be achieved." (Proposed Permit, Appendix A, p. A-5-A-6.)
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Similarly, as discussed below, CWC sections 13241, 13263 and 13000 all directly or 

indirectly require a consideration of "economics," as well as whether the terms in question are 

"reasonable achievable," including a balancing of the benefit of the requirement, e.g., "the total 

values involved, beneficial and detrimental, economic and social, tangible and intangible" 

(CWC § 13000), the "water quality conditions that could reasonably be achieved through the 

coordinated control of all factors which affect water quality in the area" (CWC § 13241), and 

the need to "take into consideration the beneficial uses to be protected" and the "water quality 

objectives reasonably required for that purpose" (CWC § 13263(a).) 

Accordingly, the Proposed Permit terms that go beyond a maximum "practicability" 

standard will, by definition under the terms of the Porter-Cologne Act, go beyond what the 

Regional Board has the authority to impose under California law. In essence, as a matter of law, 

permit terms that go beyond "maximum practicability" are terms that go beyond the balancing, 

reasonableness and economic considerations and other considerations required before any such 

permit terms can lawfully be imposed under California law. Here, because, as the courts have 

found, the imposition of numeric limits in a municipal storm water permit go beyond what is 

required under federal law, i.e., go beyond the MEP standard as discussed above, by definition 

they also go beyond the Regional Board's authority under State law. (See CWC §§ 13241, 

13263 and 13000.) 

Under the California Supreme Court's holding in Burbank v. State Board (2005) 35 

Ca1.4th 613 ("Burbank"), a regional board must consider the factors set forth in sections 13263, 
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Similarly, as discussed below, CWC sections 13241, 13263 and 13000 all directly or

indirectly require a consideration of "economics," as well as whether the terms in question are

"reasonable achievable," including a balancing of the benefit of the requirement, e.g., "the total

values involved, beneficial and detrimental, economic and social, tangible and intangible"

(CWC § 13000), the "water quality conditions that could reasonably be achieved through the

coordinated control of allfactors which affect water quality in the area" (CWC § 13241), and

the need to "take into consideration the beneficial uses to be protected" and the "water quality

objectives reasonably requiredfor that purpose" (CWC § 13263(a).)

Accordingly, the Proposed Permit terms that go beyond a maximum "practicability"

standard will, by definition under the terms of the Porter-Cologne Act, go beyond what the

Regional Board has the authority to impose under California law. In essence, as a matter of law,

permit terms that go beyond "maximum practicability" are terms that go beyond the balancing,

reasonableness and economic considerations and other considerations required before any such

permit terms can lawfully be imposed under California law. Here, because, as the courts have

found, the imposition of numeric limits in a municipal storm water permit go beyond what is

required under federal law, i.e., go beyond the MEP standard as discussed above, by definition

they also go beyond the Regional Board's authority under State law. (See CWC §§ 13241,

13263 and 13000.)

Under the California Supreme Court's holding in Burbank v. State Board (2005) 35

Ca1.4th 613 ("Burban~'), a regional board must consider the factors set forth in sections 13263,
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13241 and 13000 when adopting an NPDES Permit, unless consideration of those factors "would 

justify including restrictions that do not comply with federal law." (Id. at 627.) As stated by the 

Burbank Court, "Section 13263 directs Regional Boards, when issuing waste discharge 

requirements, to take into account various factors including those set forth in Section 13241." 

(Id. at 625, emphasis added.) Specifically, the Burbank Court held that to the extent the NPDES 

Permit provisions in that case were not compelled by federal law, the Boards were required to 

consider their "economic" impacts on the dischargers themselves, with the Court finding that 

such requirement means that the Water Boards must analyze the "discharger's cost of 

compliance." (Id. at 618.) 

The Court in Burbank thus interpreted the need to consider "economics" as requiring a 

consideration of the "cost of compliance" on the cities involved in that case. (Id. at 625 ["The 

plain language of Sections 13263 and 13241 indicates the Legislature's intent in 1969, when 

these statutes were enacted, that a regional board consider the costs of compliance when setting 

effluent limitations in a waste water discharge permit"]) The Court further recognized that the 

goals of the Porter-Cologne Act as provided for under Section 13000 are to "attain the highest 

water quality which is reasonable, considering all demands being made and to be made on those 

waters and the total values involved, beneficial and detrimental, economic and social, tangible 

and intangible." (Id. at 618, citing § 13000.) Moreover, under section 13263(a), waste 

discharge requirements developed by the Regional Board: "shall implement any relevant water 

quality control plans that have been adopted, and take into consideration the beneficial uses to be 
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13241 and 13000 when adopting an NPDES Permit, unless consideration of those factors "would

justify including restrictions that do not comply with federal law." (Id. at 627.) As stated by the

Burbank Court, "Section 13263 directs Regional Boards, when issuing waste discharge

requirements, to take into account various factors including those set forth in Section 13241."

(Id. at 625, emphasis added.) Specifically, the Burbank Court held that to the extent the NPDES

Permit provisions in that case were not compelled by federal law, the Boards were required to

consider their "economic" impacts on the dischargers themselves, with the Court finding that

such requirement means that the Water Boards must analyze the "discharger's cost of

compliance." (Id at 618.)

The Court in Burbank thus interpreted the need to consider "economics" as requiring a

consideration of the "cost of compliance" on the cities involved in that case. (Id at 625 ["The

plain language of Sections 13263 and 13241 indicates the Legislature's intent in 1969, when

these statutes were enacted, that a regional board consider the costs ofcompliance when setting

e.fJluent limitations in a waste water discharge permit."].) The Court further recognized that the

goals of the Porter-Cologne Act as provided for under Section 13000 are to "attain the highest

water quality which is reasonable, considering all demands being made and to be made on those

waters and the total values involved, beneficial and detrimental, economic and social, tangible

and intangible." (Id at 618, citing § 13000.) Moreover, under section 13263(a), waste

discharge requirements developed by the Regional Board: "shall implement any relevant water

quality control plans that have been adopted, and take into consideration the beneficial uses to be
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protected, the water quality objectives reasonably required for that purpose, other waste 

discharges, the need to prevent nuisance, and the provisions of Section 13241." (§ 13263(a).) 

In addition, section 13241 compels the Boards to consider the following factors when 

developing NPDES Permit terms: 

(a) Past, present, and probable future beneficial uses of 
water. 

(b) Environmental characteristics of the hydrographic unit 
under consideration, including the quality of water available 
thereto. 

(c) Water quality conditions that could reasonably be 
achieved through the coordinated control of all factors which 
affect water quality in the area. 

(d) Economic considerations. 

(e) The need for developing housing in the region. 

(1) 	The need to develop and use recycled water. 

(§ 13241.) In a concurring opinion in the Burbank case, Justice Brown made several significant 

comments regarding the importance of considering "economics" in particular, and the 

Section 13241 factors in general, when adopting an NPDES Permit that includes terms not 

required by federal law: 

Applying this federal-state statutory scheme, it appears that 
throughout this entire process, the Cities of Burbank and Los 
Angeles (Cities) were unable to have economic factors 
considered because the Los Angeles Regional Water Quality 
Control Board (Board) — the body responsible to enforce the 
statutory framework — failed to comply with its statutory 
mandate. 
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protected, the water quality objectives reasonably required for that purpose, other waste

discharges, the need to prevent nuisance, and the provisions ofSection 13241." (§ 13263(a).)

In addition, section 13241 compels the Boards to consider the following factors when

developing NPDES Permit terms:

(a) Past, present, and probable future beneficial uses of
water.

(b) Environmental characteristics of the hydrographic unit
under consideration, including the quality of water available
thereto.

(c) Water quality conditions that could reasonably be
achieved through the coordinated control of all factors which
affect water quality in the area.

(d) Economic considerations.

(e) The need for developing housing in the region.

(t) The need to develop and use recycled water.

(§ 13241.) In a concurring opinion in the Burbank case, Justice Brown made several significant

comments regarding the importance of considering "economics" in particular, and the

Section 13241 factors in general, when adopting an NPDES Permit that includes terms not

required by federal law:

Applying this federal-state statutory scheme, it appears that
throughout this entire process, the Cities of Burbank and Los
Angeles (Cities) were unable to have economic factors
considered because the Los Angeles Regional Water Quality
Control Board (Board) - the body responsible to enforce the
statutory framework - failed to comply with its statutory
mandate.
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For example, as the trial court found, the Board did not 
consider costs of compliance when it initially established its 
basin plan, and hence the water quality standards. The Board 
thus failed to abide by the statutory requirements set forth in 
Water Code section 13241 in establishing its basin plan. 
Moreover, the Cities claim that the initial narrative standards 
were so vague as to make a serious economic analysis 
impracticable. Because the Board does not allow the Cities to 
raise their economic factors in the permit approval stage, they 
are effectively precluded from doing so. As a result, the Board 
appears to be playing a game of "gotcha" by allowing the 
Cities to raise economic considerations when it is not practical, 
but precluding them when they have the ability to do so. (Id at 
632, J. Brown, concurring; emphasis added.) 

Justice Brown went on to find that: 

Accordingly, the Board has failed its duty to allow public 
discussion — including economic considerations — at the 
required intervals when making its determination of proper 
water quality standards. What is unclear is why this process 
should be viewed as a contest. State and local agencies are 
presumably on the same side. The costs will be paid by 
taxpayers and the Board should have as much interest as any 
other agency in fiscally responsible environmental solutions. 
(Id at 632-33.) 

Accordingly, before adopting any permit terms that impose requirements that exceed 

those set forth under federal law, specifically including a municipal NPDES Permit that seeks to 

require compliance with numeric limits (i.e., that go beyond the MEP standard provided under 

federal law), the Regional Board is required to comply with sections 13263, 13241 and 13000 of 

the CWC. However, in reviewing the findings in the Proposed Permit, as well as the Draft Fact 

Sheet, these requirements of the Porter-Cologne Act have clearly not been complied with. 
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For example, as the trial court found, the Board did not
consider costs of compliance when it initially established its
basin plan, and hence the water quality standards. The Board
thus failed to abide by the statutory requirements set forth in
Water Code section 13241 in establishing its basin plan.
Moreover, the Cities claim that the initial narrative standards
were so vague as to make a serious economic analysis
impracticable. Because the Board does not allow the Cities to
raise their economic factors in the permit approval stage, they
are effectively precluded from doing so. As a result, the Board
appears to be playing a game of "gotcha" by allowing the
Cities to raise economic considerations when it is not practical,
but precluding them when they have the ability to do so. (Jd at
632,1. Brown, concurring; emphasis added.)

Justice Brown went on to find that:

Accordingly, the Board has failed its duty to allow public
discussion - including economic considerations - at the
required intervals when making its determination of proper
water quality standards. What is unclear is why this process
should be viewed as a contest. State and local agencies are
presumably on the same side. The costs will be paid by
taxpayers and the Board should have as much interest as any
other agency in fiscally responsible environmental solutions.
(Jd at 632-33.)

Accordingly, before adopting any permit terms that impose requirements that exceed

those set forth under federal law, specifically including a municipal NPDES Permit that seeks to

require compliance with numeric limits (i.e., that go beyond the MEP standard provided under

federal law), the Regional Board is required to comply with sections 13263, 13241 and 13000 of

the CWC. However, in reviewing the findings in the Proposed Permit, as well as the Draft Fact

Sheet, these requirements of the Porter-Cologne Act have clearly not been complied with.
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In fact, there do not appear to be any findings, nor any evidence referenced in the 

Proposed Permit or in the Draft Fact Sheet, to show that the policy considerations set forth under 

section 13000 have been met, that the "reasonableness" considerations under section 13263 have 

been considered, nor that the analysis set forth under section 13241 had been conducted, 

specifically in connection with numeric WQBELs, the numeric receiving water limits or the new 

Discharge Prohibition requirements. In short, there has been no legitimate consideration of 

whether such Proposed Permit terms "could reasonably be achieved," in light of the 

"environmental characteristics" of the various water bodies in issue, their "economic" impacts on 

the dischargers, the impacts on "housing within the region," or the "past, present, and probable 

future uses of the water" (e.g., such as the bacteria TMDL objective of limiting bacteria from 

entering steep, concrete-lined flood control channels that are often fenced and posted, so as, to 

allow for swimming and other human recreation in there flood-control channels). 

The failure of the Regional Board to include a sincere discussion of the 

13241/13263/13000 factors on pages F-130 — F-146 of the Draft Fact Sheet, and to analyze the 

ability of the Permittees to technically, economically and otherwise "reasonably" comply with 

numeric limits, or even to discuss the Numeric Limits Panel's Report, long-established State 

Board policy or the reasoning of Congress under the Clean Water Act in limiting the 

requirements to be imposed on municipal permittees to the MEP standard, shows the Board's 

inability to adopt such terms in accordance with State law. 
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In fact, there do not appear to be any findings, nor any evidence referenced in the

Proposed Permit or in the Draft Fact Sheet, to show that the policy considerations set forth under

section 13000 have been met, that the "reasonableness" considerations under section 13263 have

been considered, nor that the analysis set forth under section 13241 had been conducted,

specifically in connection with numeric WQBELs, the numeric receiving water limits or the new

Discharge Prohibition requirements. In short, there has been no legitimate consideration of

whether such Proposed Permit terms "could reasonably be achieved," in light of the

"environmental characteristics" of the various water bodies in issue, their "economic" impacts on

the dischargers, the impacts on "housing within the region," or the "past, present, and probable

future uses of the water" (e.g., such as the bacteria TMDL objective of limiting bacteria from

entering steep, concrete-lined flood control channels that are often fenced and posted, so as, to

allow for swimming and other human recreation in there flood-control channels).

The failure of the Regional Board to include a sincere discussion of the

13241/13263/13000 factors on pages F-130 - F-146 of the Draft Fact Sheet, and to analyze the

ability of the Permittees to technically, economically and otherwise "reasonably" comply with

numeric limits, or even to discuss the Numeric Limits Panel's Report, long-established State

Board policy or the reasoning of Congress under the Clean Water Act in limiting the

requirements to be imposed on municipal permittees to the MEP standard, shows the Board's

inability to adopt such terms in accordance with State law.
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Instead of addressing the real issues and including a legitimate discussion of the 

13000/13263/13241 factors, incredibly the Fact Sheet seeks to rely on cost estimates from the 

2001 Permit that do not reflect compliance with the numeric WQBELs and receiving water limits 

sought to be imposed under the new Proposed Permit terms. Nor is there a discussion of these 

factors in relation to the Discharge Prohibition language under Part III.A. As the evidence does 

not exist to support the necessary Findings for Permit terms that go beyond the MEP standard, all 

such provisions requiring compliance with numeric limits are contrary to law and are arbitrary 

and capricious, and their inclusion in the Proposed Permit would constitute an abuse of 

discretion by the Regional Board if adopted. 

In a study prepared back in 2002, by the University of Southern California Study, entitled 

"An Economic Impact Evaluation of Proposed Storm Water Treatment for Los Angeles County," 

concluded that the cost of treating urban runoff in Los Angeles County could reach as high as 

$283.9 billion over 20 years. (Exhibit "30,";  see also Exhibit "31,"  "Financial and Economic 

Impacts of Storm Water Treatment Los Angeles County NPDES Permit Area" presented to 

California Department of Transportation Environmental Program, Report I.D. #CTSWRT-98-72, 

November, 1998, by Stanley R. Hoffman Associates; Exhibit "32,"  "Cost of Storm Water 

Treatment for the Los Angeles NPDES Permit Area," June 1998, by Brown & Caldwell, 

prepared for the California Department of Transportation [giving "conservatively low" estimates 

of the costs of treating Los Angeles Area Storm Water of $33-73 billion in capital costs, 

depending upon the level of treatment, with an additional $68-$199 million per year in operating 
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Instead of addressing the real issues and including a legitimate discussion of the

13000/13263/13241 factors, incredibly the Fact Sheet seeks to rely on cost estimates from the

2001 Permit that do not reflect compliance with the numeric WQBELs and receiving water limits

sought to be imposed under the new Proposed Permit terms. Nor is there a discussion of these

factors in relation to the Discharge Prohibition language under Part lILA. As the evidence does

not exist to support the necessary Findings for Permit terms that go beyond the MEP standard, all

such provisions requiring compliance with numeric limits are contrary to law and are arbitrary

and capricious, and their inclusion in the Proposed Permit would constitute an abuse of

discretion by the Regional Board if adopted.

In a study prepared back in 2002, by the University of Southern California Study, entitled

"An Economic Impact Evaluation ofProposed Storm Water Treatmentfor Los Angeles County, JJ

concluded that the cost of treating urban runoff in Los Angeles County could reach as high as

$283.9 billion over 20 years. (Exhibit "30,"; see also Exhibit "31," "Financial and Economic

Impacts of Storm Water Treatment Los Angeles County NPDES Permit Area" presented to

California Department of Transportation Environmental Program, Report LD. #CTSWRT-98-72,

November, 1998, by Stanley R. Hoffman Associates; Exhibit "32," "Cost of Storm Water

Treatment for the Los Angeles NPDES Permit Area," June 1998, by Brown & Caldwell,

prepared for the California Department of Transportation [giving "conservatively low" estimates

of the costs of treating Los Angeles Area Storm Water of $33-73 billion in capital costs,

depending upon the level of treatment, with an additional $68-$199 million per year in operating
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and maintenance costs]; Exhibit "33," "Cost of Storm Water Treatment for California Urbanized 

Areas," October, 1998, prepared for California Department of Transportation, by Brown & 

Caldwell [concluding that "Statewide stormwater collection and treatment costs range from 

$70.5 billion for Level 1 to $113.7 billion for Level 3. Annual operations and maintenance costs 

range from $145.2 million/year for Level 1 to $423.9 million/year for Level 3."];. and 

Exhibit "34," a copy of a Report entitled "NPDES Stormwater Costs Survey" by Brian K. 

Currier, Joseph M. Jones and Glen L. Moelle, California University, Sacramento dated January, 

2005 along with Appendix H included therewith entitled "Alternative Approaches to Stormwater 

Control" prepared by the Center for Sustainable Cities University of Southern California.) 

In a recent Economic Forecast prepared by the California State University, Long Beach, 

for the Sixteenth Annual Regional Conference for Southern California and its Counties, May 

2010 (Exhibit "35," "Economic Forecast"), a grim picture was painted of the present state of the 

economy for local governments throughout the Region. According to this Economic Forecast: 

Last year, the region's economy shed 460,000 jobs. This was on 
top of the 138,000 jobs lost in 2008, raising the cumulative two-
year loss to almost 600,000 jobs. The region has not experienced 
such a devastating job loss since the early 1990's. Over a three 
year period, 1991-93, the region lost 470,000. At that time it was 
thought to be the most significant downturn in the Southern 
California regional economy since the Great Depression." 

* * * 

This recession is the longest and one of the steepest declines in the 
post World War II era. What made this recession different is that 
the economy had not faced a financial crises of such magnitude 
since the Great Depression. The housing bubble, subprime interest 
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and maintenance costs]; Exhibit "33," "Cost of Storm Water Treatment for California Urbanized

Areas," October, 1998, prepared for California Department of Transportation, by Brown &

Caldwell [concluding that "Statewide stormwater collection and treatment costs range from

$70.5 billion for Levell to $113.7 billion for Level 3. Annual operations and maintenance costs

range from $145.2 million/year for Level 1 to $423.9 million/year for Level 3."];. and

Exhibit "34," a copy of a Report entitled "NPDES Stormwater Costs Survey" by Brian K.

Currier, Joseph M. Jones and Glen L. Moelle, California University, Sacramento dated January,

2005 along with Appendix H included therewith entitled "Alternative Approaches to Stormwater

Control" prepared by the Center for Sustainable Cities University of Southern California.)

In a recent Economic Forecast prepared by the California State University, Long Beach,

for the Sixteenth Annual Regional Conference for Southern California and its Counties, May

2010 (Exhibit "35," "Economic Forecast"), a grim picture was painted of the present state of the

economy for local governments throughout the Region. According to this Economic Forecast:

Last year, the region's economy shed 460,000 jobs. This was on
top of the 138,000 jobs lost in 2008, raising the cumulative two
year loss to almost 600,000 jobs. The region has not experienced
such a devastating job loss since the early 1990's. Over a three
year period, 1991-93, the region lost 470,000. At that time it was
thought to be the most significant downturn in the Southern
California regional economy since the Great Depression."

* * *
This recession is the longest and one of the steepest declines in the
post World War II era. What made this recession different is that
the economy had not faced a financial crises of such magnitude
since the Great Depression. The housing bubble, subprime interest
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loans, lax lending standards, and securitization of mortgages led to 
the near collapse of financial markets, crating the first ever 
downtown in the global economy in the modern era. . . . 
Unemployment surged as employers shed 4.7 million jobs in 2009. 
Bringing the total jobs lost since the onset of the recessing to 8.4 
million. 

(Exhibit "35," Economic Forecast, pp. 4 and 7; also see Exhibit "36," which includes a series of 

PowerPoint presentations presented at the Economic Forecast Conference on May 13, 2010, 

concerning the poor state of the national and regional economy.) 

Furthermore, in a Report entitled "A Guide to Consideration of Economics Under the 

California Porter-Cologne Act," by David Sunding and David Ziberman, University of 

California, Berkeley, March 31, 2005 (Exhibit "37,"), the authors reviewed the requirements of 

the Porter-Cologne Act regarding the need to consider "economics" and the other factors under 

section 13241, and concluded as follows: 

While the requirement to consider economics under Porter-
Cologne is absolute, the legislature and the courts have done little 
to particularize it. This report is an attempt to fill the gap and 
provide the Board with guidance as to how economics can and 
should be considered as required by Porter-Cologne. We write 
from our perspective as professional economists and academics 
who have engaged in water quality research and who have 
extensive experience with the application of economics to 
environmental regulation. (Exhibit "37," p. v.) 

Although of little consolation, California is not alone in its difficulties in attempting to 

regulate urban runoff, as California's problems are consistent with similar problems occurring 

throughout the United States, as reflected in a detailed 500 plus page report prepared for US EPA 

in 2008 by the National Research Council ("NRC") of The National Academies entitled, Urban 
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loans, lax lending standards, and securitization of mortgages led to
the near collapse of financial markets, crating the first ever
downtown in the global economy in the modern era....
Unemployment surged as employers shed 4.7 million jobs in 2009.
Bringing the total jobs lost since the onset of the recessing to 8.4
million.

(Exhibit "35," Economic Forecast, pp. 4 and 7; also see Exhibit "36," which includes a series of

PowerPoint presentations presented at the Economic Forecast Conference on May 13, 2010,

concerning the poor state of the national and regional economy.)

Furthermore, in a Report entitled "A Guide to Consideration of Economics Under the

California Porter-Cologne Act," by David Sunding and David Ziberman, University of

California, Berkeley, March 31, 2005 (Exhibit "37,"), the authors reviewed the requirements of

the Porter-Cologne Act regarding the need to consider "economics" and the other factors under

section 13241, and concluded as follows:

While the requirement to consider economics under Porter
Cologne is absolute, the legislature and the courts have done little
to particularize it. This report is an attempt to fill the gap and
provide the Board with guidance as to how economics can and
should be considered as required by Porter-Cologne. We write
from our perspective as professional economists and academics
who have engaged in water quality research and who have
extensive experience with the application of economics to
environmental regulation. (Exhibit"3 7," p. v.)

Although of little consolation, California is not alone in its difficulties in attempting to

regulate urban runoff, as California's problems are consistent with similar problems occurring

throughout the United States, as reflected in a detailed 500 plus page report prepared for US EPA

in 2008 by the National Research Council ("NRC") of The National Academies entitled, Urban
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Stormwater Management in the United States. (See Exhibit "38,"  and Exhibit "39,"  hereto.) 

This 500 page Report was prepared at EPA's request to "review [EPA's] current permitting 

program for stormwater discharge under the Clean Water Act and provide suggestions for 

improvement." (Exhibit "38,"  p. vii.) EPA's desire for the Report was based upon the 

recognition that "the current regulatory framework . . . was originally designed to address 

sewage and industrial wastes" and "has suffered from poor accountability and uncertainty 

about its effectiveness at improving water quality." (Exhibit "39,"  p. 1 (emphasis added).) 

EPA's 2008 NRC Report expressly acknowledges that reducing Stormwater pollution has proven 

to be "notoriously difficult," with the NRC finding that the current approach to regulating 

Stormwater "seems inadequate to overcome the unique challenges of stormwater." (Exhibit 

"38",  p. 23.) The NRC went on to conclude that because of the differences between Stormwater 

and traditional discharges, the current regulatory approach is a "poor fit." (Id. at 83.) 

According to the NRC, compared with traditional effluent streams, "the uncertainties and 

variability surrounding both the nature of stormwater discharges and the capabilities of various 

pollution controls . . . make it much more difficult to set precise limits in advance for stormwater 

sources." (Id. at 84.) In sum, the NRC's research showed that "the technical demands of the 

TMDL program make for a particularly bad fit with the technical impediments already present 

in monitoring and managing stormwater." (Id. at 51.) 

In light of the above-referenced evidence, a fair consideration of the factors set forth 

under sections 13000, 13263 and 13241, including specifically the need for a showing that the 
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Stormwater Management in the United States. (See Exhibit "38," and Exhibit "39," hereto.)

This 500 page Report was prepared at EPA's request to "review [EPA's] current permitting

program for stormwater discharge under the Clean Water Act and provide suggestions for

improvement." (Exhibit "38," p. vii.) EPA's desire for the Report was based upon the

recognition that "the current regulatory framework . .. was originally designed to address

sewage and industrial wastes" and "has suffered from poor accountability and uncertainty

about its effectiveness at improving water quality." (Exhibit "39," p. 1 (emphasis added).)

EPA's 2008 NRC Report expressly acknowledges that reducing Stormwater pollution has proven

to be "notoriously difficult," with the NRC finding that the current approach to regulating

Stormwater "seems inadequate to overcome the unique challenges of stormwater." (Exhibit

"38", p. 23.) The NRC went on to conclude that because of the differences between Stormwater

and traditional discharges, the current regulatory approach is a "poor fit." (Id. at 83.)

According to the NRC, compared with traditional effluent streams, "the uncertainties and

variability surrounding both the nature of stormwater discharges and the capabilities of various

pollution controls ... make it much more difficult to set precise limits in advance for stormwater

sources." (Id. at 84.) In sum, the NRC's research showed that "the technical demands of the

TMDL program make for a particularly badfit with the technical impediments already present

in monitoring and managing stormwater." (Id. at 51.)

In light of the above-referenced evidence, a fair consideration of the factors set forth

under sections 13000, 13263 and 13241, including specifically the need for a showing that the
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Proposed Permit terms, and specifically numeric limits, "could reasonably be achieved," as well 

as the need to consider "economics," and the need to consider all of the other factors in said 

sections, would result in the adoption of a different set of permit terms, and particularly terms 

that do not require compliance with numeric limits. 

Instead, the Proposed Permit, rather than including numeric limits, should include 

language that finds that the Permittees are in compliance with the various TMDL WLAs and 

receiving water limits if they are implementing MEP compliant BMPs, and complying with the 

iterative process set forth under State Board Order No. 99-05. It is this iterative compliant MEP 

BMP process that has been outlined again and again by the State Board, and that has consistently 

been acknowledged as being the appropriate process by the Courts. If the Regional Board 

desires to go beyond this iterative MEP compliant BMP process, and require compliance with 

numeric limits, then it must comply with all of the requirements set forth in sections 13000, 

13263 and 13241. It has not and in fact cannot do so with the Proposed Permit, and for this 

reason the Proposed Permit cannot lawfully be adopted at this time. 

H. 	The Proposed Permit Monitoring, And Reporting Program Requirements, 
And Related And Similar Terms Throughout The Proposed Permit Were 
Not Developed In Accordance With Law, As The Regional Board Has Failed 
To Comply With Water Code Sections 13267, 13225 and 13165.  

The Proposed Permit contains numerous requirements involving monitoring, 

investigation, studies and reporting, specifically including an extensive set of Monitoring and 

Reporting Program Requirements as referenced in Parts VI.B and VI.E.5. Under California law, 
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Proposed Permit terms, and specifically numeric limits, "could reasonably be achieved," as well

as the need to consider "economics," and the need to consider all of the other factors in said

sections, would result in the adoption of a different set of permit terms, and particularly terms

that do not require compliance with numeric limits.

Instead, the Proposed Permit, rather than including numeric limits, should include

language that finds that the Permittees are in compliance with the various TMDL WLAs and

receiving water limits if they are implementing MEP compliant BMPs, and complying with the

iterative process set forth under State Board Order No. 99-05. It is this iterative compliant MEP

BMP process that has been outlined again and again by the State Board, and that has consistently

been acknowledged as being the appropriate process by the Courts. If the Regional Board

desires to go beyond this iterative MEP compliant BMP process, and require compliance with

numeric limits, then it must comply with all of the requirements set forth in sections 13000,

13263 and 13241. It has not and in fact cannot do so with the Proposed Permit, and for this

reason the Proposed Permit cannot lawfully be adopted at this time.

H. The Proposed Permit Monitoring, And Reporting Program Requirements,
And Related And Similar Terms Throughout The Proposed Permit Were
Not Developed In Accordance With Law, As The Regional Board Has Failed
To Comply With Water Code Sections 13267, 13225 and 13165.

The Proposed Permit contains numerous requirements involving monitoring,

investigation, studies and reporting, specifically including an extensive set of Monitoring and

Reporting Program Requirements as referenced in Parts VI.B and VI.E.5. Under California law,

227/065121-0080
3682071.4 a07120/12

RB-AR15336



RUTAN 
RUTAN & TUCKER, LLP 

Ivar Ridgeway 
July 20, 2012 
Page 69 

before any monitoring, reporting, investigation and study requirements may be imposed upon a 

permittee, a cost/benefit analysis must be conducted and no such requirements can be imposed 

unless the Board has first shown that the burden, including the costs of these requirements, "bear 

a reasonable relationship" to their need. 

Section 13267, entitled "Investigation of Water Quality; Report; Inspection of Facilities," 

provides in relevant part, as follows: 

(a) A regional board, in establishing and reviewing any water 
quality control plan or waste discharge requirements, or in 
connection with any action relating to any plan or requirement 
authorized by this division, may investigate the quality of any 
waters of the state within its region. 

(b) (1) In conducting an investigation specified in subdivision (a), 
the regional board may require that any person who has 
discharged, discharges, or is suspected of having discharged or 
discharging, or who proposes to discharge waste within its region, 
or any citizen or domiciliary, or political agency or entity of this 
State . . . that could affect the quality of waters within its region 
shall furnish, under penalty of perjury, technical or monitoring 
program reports which the regional board requires. The 
burden, including costs, of these reports shall bear a 
reasonable relationship to the need for the report and the 
benefits to be obtained from the reports. In requiring those 
reports, the regional board shall provide the person with a 
written explanation with regard to the need for the reports, and 
shall identify the evidence that supports requiring that person to 
provide the reports. 

( § 13267, emphasis added.) In addition to section 13267, section 13225(c) mandates that the 

Regional Board similarly conduct a cost/benefit analysis if it requires a local agency to 
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investigate and report on technical factors involved with water quality. Section 13225(c) of the 

Water Code requires that each regional board, with respect to its region, shall: 

(c) 	Require as necessary any state or local agency to 
investigate and report on any technical factors involved in water 
quality control or to obtain and submit analyses of water; provided 
that the burden, including costs, of such reports shall bear a 
reasonable relationship to the need for the report and the 
benefits to be obtained therefrom. 

(§ 13225(c) (emphasis added); see also § 13165 [imposing this same requirement on the State 

Board where it requires a "local agency" to "investigate and report on any technical factors 

involved in water quality control; provided that the burden, including costs, of such reports 

shall bear a reasonable relationship to the need for the reports and the benefits to be obtained 

therefrom"1.) 

Because the findings in the Proposed Permit did not reflect that a cost/benefit analysis as 

required by sections 13267, 13225 and 13165 was conducted, and specifically because the 

evidence does not support a determination that the burden, including the costs of all such 

monitoring, investigations, studying and reporting obligations bears a "reasonable relationship" 

to the need for this information, the Proposed Permit cannot be adopted in its present form. 

I. 	The California Environmental Quality Act ("CEQA") Preempts The 
Planning And Land Development Program Requirements Set Forth In The 
Proposed Permit.  

Part VI.D.6 entitled "Planning and Land Development Program" contained on pages 66- 

83 of the Proposed Permit, sets forth a series of requirements on Permittees when reviewing, 
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approving and conditioning various New Development and Redevelopment projects within their 

respective jurisdictions. These provisions include, but are not limited to the following: 

(1) the need to "minimize impacts of stormwater and urban runoff on the biological 

integrity of natural drainage systems and water bodies in accordance with requirements under 

CEQA." 

(2) the need to "minimize the on land developments by minimizing soil compaction 

during construction designing projects to minimize the imperious area footprint, and employing 

Low Impact Development ("LID") design principle to mimic predevelopment water balance 

through infiltration, evapotranspiration, and rainfall harvest and use." 

(3) "Maintain existing riparian buffers and enhance riparian buffers when possible." 

(4) "Minimize pollutant loadings from impervious surfaces such as roof tops, parking 

lots, and roadways through the use of properly designed, technically appropriate BMPs 

(including Source Control BMPs such as good housekeeping practices), LID Strategies, and 

Treatment Control BMPs." 

(5) "Properly select, design and maintain LID and Hydro modification Control BMPs 

to address pollutants that are likely to be generated, reduce changes to pre-development 

hydrology, assure long-term function, and avoid the breeding of vectors." 
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(6) 	"Prioritize the selection of BMPs to remove storm water pollutants, reduce storm 

water runoff volume, and beneficially use storm water to support an integrated approach to 

protecting water quality and managing water resources in the following order of preference: 

(a) On-site infiltration, bioretention and/or rainfall harvest and use. (b) On-site biofiltration, off-

site ground water replenishment, and/or off-site retrofit." 

(Proposed Permit, p. 66-67.) The requirements set forth in the Planning and Land Development 

provisions thus impose various numeric design criteria on New Development and 

Redevelopment projects to minimize the impervious surface area and control runoff from 

impervious surface through infiltration, bioretention and/or rainfall harvest and use. (Proposed 

Permit, (p. 69-70.) These requirements on New Development and Redevelopment projects 

generally include various storm water volume design requirements, a series of Low Impact 

Development requirements, and numerous hydromodifications requirements, all purportedly 

designed to reduce, to a level of insignificance, the adverse environmental impacts on water 

quality from any given "New Development" or "Redevelopment" project. 

In effect, the provisions of the Proposed Permit involving the Planning and Land 

Development Program are an attempt to override the requirements set forth under the California 

Environmental Quality Act ("CEQA"), and as such, are provisions that are plainly preempted by 

State law. 
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CEQA is a comprehensive statute that requires governments to analyze "projects" to 

determine whether or not they may have significant adverse environmental impacts. If such 

significant adverse impacts are determined to be present by the lead governmental agency, then 

under CEQA, these impacts must be disclosed and reduced or mitigated to the extent feasible. 

CEQA expressly provides "local" entities the discretion to analyze and approve projects that are 

deemed appropriate for the local community, following the environmental analysis directed by 

such statute, including an analysis of the impacts of the project on water quality. Moreover, 

CEQA provides local agencies the discretion to adopt a Statement of Overriding Considerations 

if the public agency finds that "specific overriding economic, legal, social, technological, or 

other benefits of the project outweigh the significant effects on the environment." (PRC 

§ 21081.) 

By removing the Permittees discretion under CEQA to approve local developments 

projects, the Proposed Permit is in conflict with existing State law. For example, the Proposed 

Permit directly conflicts with CEQA by unlawfully attempting to direct how a local 

governmental agency is to approve a "project." Under PRC section 21081.6(c), a responsible 

agency — such as the Regional Board — cannot direct how a lead agency is to comply with 

CEQA's terms: 

Any mitigation measures submitted to a lead agency by a 
responsible agency or an agency having jurisdiction over natural 
resources affected by the project shall be limited to measures 
which mitigate impacts to resources which are subject to the 
statutory authority of an definitions applicable to, that agency. 
Compliance or non-compliance by a responsible agency or 
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agency having jurisdiction over natural resources affected by a 
project with that requirement shall not limit ... the authority of 
the lead agency to approve, condition, or deny projects as 
provided by this division or any other provision of law. (PRC 
§ 21081.6(c); emphasis added.) 

In direct conflict with the terms of CEQA, with the Proposed Permit, the Regional Board 

seeks to impose permit terms that plainly "limit the authority of the lead agency to approve, 

condition, or deny projects." Such requirements are contrary to CEQA. 

In addition, PRC section 21081.1 states that the lead agency's determination "shall be 

final and conclusive on all persons, including responsible agencies, unless challenged as 

provided in Section 21167." It similarly provides that the lead agency "shall be responsible for 

determining whether an environmental impact report, a negative declaration, or mitigated 

negative declaration shall be required for any project which is subject to this division." (PRC 

§ 21080.1(a).) Further, no additional procedural or substantive requirements beyond those 

expressly set forth in CEQA may be imposed upon a local agency's CEQA review process: 

It is the intent of the Legislature that courts, consistent with 
generally accepted rules of statutory interpretation, shall not 
interpret this division or the state guidelines adopted pursuant 
to Section 21083 in a manner which imposes procedural or 
substantive requirements beyond those explicitly stated in this 
division or in the state guidelines. (PRC § 21083.1.) 

Furthermore, PRC section 21001 provides that local agencies "should not approve 

projects as proposed if there are feasible alternatives or feasible mitigation measures available 

which would substantially lessen the significant environmental effects of such projects." (PRC 

§ 21001.) However, the assumption with the Proposed Permit's terms is that all runoff from a 
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wide class of New Development and Redevelopment projects will result in significant adverse 

impacts on the environment, namely, water quality, and that such impacts must, therefore, be 

mitigated by those particular mitigation measures as mandated in the Permit. Thus, the Proposed 

Permit dictates the terms and results of environmental review, without regard for CEQA's 

provisions, and eliminates a local governmental agency's discretion to consider and approve 

feasible alternatives or mitigation measures — even if alternative measures may have a lesser 

effect on the environment. The Proposed Permit's provisions, in short, would prevent 

environmentally preferable alternatives and/or mitigation measures, that would otherwise be 

required pursuant to CEQA, from being pursued and imposed. 

In addition, PRC section 21002 provides that, "the Legislature further finds and declares 

that in the event specific economic, social, or other conditions make infeasible such project 

alternatives or such mitigation measures, individual projects may be approved in spite of one or 

more significant effects thereof." PRC section 21081(b) then establishes a mechanism for local 

agencies to approve projects with unmitigated adverse impacts, by adopting a "Statement of 

Overriding Considerations." The Proposed Permit's and Land Development Planning Program 

requirements would thus unlawfully void a local agency permittee's discretion to approve a 

project without the various design standards being met, even if that local entity adopts a 

Statement of Overriding Considerations. 
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Accordingly, the Proposed Permit's Planning and Land Development Program 

requirements are in conflict with the provisions of CEQA, and cannot, therefore, lawfully be 

adopted. 

J. 	Various Portion Of The Proposed Permit Impose Unfunded State Mandates 
Which Are Not Permitted Under The California Constitution Unless First 
Funded By The State.  

Article XIII B, Section 6 of the California Constitution prohibits the Legislature or any 

State agency from shifting the financial responsibility of carrying out governmental functions to 

local governmental entities. Article XIII B, Section 6 provides in relevant part as follows: 

Whenever the Legislature or any state agency mandates a new 
program or higher level of service on any local government, the 
state shall provide a subvention of funds to reimburse such local 
governments for the cost of such program or increased level of 
service. . . . 

This reimbursement requirement provides permanent protection for taxpayers from 

excessive taxation and requires discipline in tax spending at both state and local levels. (County 

of Fresno v. State (1991) 53 Ca1.3d 482, 487.) Enacted as a part of Proposition 4 in 1979, it 

"was intended to preclude the state from shifting financial responsibility to local entities that 

were ill equipped to handle the task." (Id.) 

As discussed above, for example, the incorporation of the various numeric limits as a 

means of requiring compliance with the referenced TMDLs or receiving water limits, are all 

requirements that are clearly not mandated by federal law, but that are being included as new 

State mandates without the Regional Board providing a means of funding these mandates. Other 
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provisions within the Proposed Permit similarly impose unfunded State mandates that cannot 

become effective unless first funded by the State, such as the requirements imposed upon the 

permittees to inspect what are classified as State permitted facilities. (In fact, the Proposed 

Permit requires the permittees to perform such inspections, even though the Regional Board 

already collects an inspection fee to conduct the inspections of these State permitted facilities.) 

All of these Proposed Permit provisions, including the trash receptacle provisions (Proposed 

Permit, pp. 101-102), cannot properly be included in this Permit unless and until funding has 

been provided to the Permittees. The imposition of these various unfunded State mandates 

particularly including those associated with the TMDLs and the trash provisions, as well as the 

inspection of State facilities, without the State first providing funding would violate Article VI.B, 

Section 6 of the California Constitution. (See County of Fresno, supra, 53 Ca1.3d at 486, and 

Haze v. Commission on State Mandates (1992) 11 Cal.App.4th 1564, 1570.) 

These unfunded State mandates imposed by the Proposed Permit are underscored by 

Proposition 218's severe limitations on a local agency's ability to impose fees upon residents as 

a means of alleviating the enormous compliance costs created by such mandates. (See Howard 

Jarvis Taxpayers Association v. City of Salinas (2002) 98 Cal.App.4th 1351, 1353-54, 1358-59.) 

In that case, the Court of Appeal struck down the City of Salinas' "Stormwater Management 

Utility Fee" because said fee was not enacted by a required majority vote to effected property 

owners. (Id.) 
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Proposition 218 shares identical purposes with Proposition 4, which resulted in the 

constitutional amendment prohibiting unfunded mandates in 1979, i.e., to provide permanent 

protection for taxpayers from excessive taxation and to provide discipline in tax spending at both 

State and local levels. (See County of Fresno, 53 Cal.3d at 486.) The Regional Board's attempt 

to transfer these mandates down to local agencies, which in turn necessarily must attempt to 

recoup their costs from taxpayers, violates the California Constitution. 

ILL CONCLUSION 

For the foregoing reasons, the Proposed Permit for the County of Los Angeles and all 

cities incorporated therein, except the City of Long Beach, cannot be adopted as proposed; the 

terms of the Proposed Permit are not supported by the Findings; the proposed Findings are not 

supported by the evidence; and the Proposed Permit terms are otherwise contrary to law. 

Richard Montevideo 
R_M : j 1 k 
Enclosures 
cc: 	Mr. Kenneth Farfsing 

(1) Exhibit List 
(2) Supporting Exhibits (all on CD) 
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Page 78

Proposition 218 shares identical purposes with Proposition 4, which resulted in the

constitutional amendment prohibiting unfunded mandates in 1979, i. e., to provide permanent

protection for taxpayers from excessive taxation and to provide discipline in tax spending at both

State and local levels. (See County ofFresno, 53 Ca1.3d at 486.) The Regional Board's attempt

to transfer these mandates down to local agencies, which in turn necessarily must attempt to

recoup their costs from taxpayers, violates the California Constitution.

HI. CONCLUSION

For the foregoing reasons, the Proposed Permit for the County of Los Angeles and all

cities incorporated therein, except the City of Long Beach, cannot be adopted as proposed; the

terms of the Proposed Permit are not supported by the Findings; the proposed Findings are not

supported by the evidence; and the Proposed Permit terms are otherwise contrary to law.

Richard Montevideo
RM:jlk
Enclosures
cc: Mr. Kelmeth Farfsing

(1) Exhibit List
(2) Supporting Exhibits (all on CD)
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LIST OF EXHIBITS IN SUPPORT OF LEGAL COMMENTS ON 
DRAFT MS4 NPDES PERMIT FOR LOS ANGELES COUNTY AND 

CITIES THEREIN EXCEPT THE CITY OF LONG BEACH 
Submitted by Rutan & Tucker, LLP 

Richard Montevideo 
July 2012 

DESCRIPTION 
	

EXHIBIT NO. 

July 30, 2010 Peremptory Writ Of Mandate And The July 16, 	 1 
2010 Judgment in County of Los Angeles v. State Board, LASC 
Case No. BS122724 

City of Signal Hill ROWD/NPDES Permit Applications, June 2006 
	

2 

July 12, 2006 Letter from Executive Officer to Signal Hill 
	

3 

September 12, 2006 Signal Hill Letter to Executive Officer 
	

4 

Oral and Power-Point Presentation Provided To The Regional 
	

5 
Board At Board Meeting On June 7, 2012 

State Board Order No. 99-05 
	

6 

State Board Order No. 2001-15 
	

7 

Order No. 2001-12 DWQ 
	

8 

January 30, 2002 Memorandum from Francine Diamond, 	 9 
Regional Board Chair 

State Board Order No. 91-04 
	

10 

State Board Order No. 91-03 
	

11 

State Board Order No. 96-13 
	

12 

State Board Order No. 98-01 
	

13 

State Board Order No. 2000-11 
	

14 

State Board Order No. 2006-12 
	

15 
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Richard Montevideo
July 2012

DESCRIPTION EXHIBIT NO.

July 30, 2010 Peremptory Writ Of Mandate And The July 16, 1

2010 Judgment in County of Los Angeles v. State Board, LASC
Case No. BS122724

City of Signal Hill ROWD/NPDES Permit Applications, June 2006 2

July 12, 2006 Letter from Executive Officer to Signal Hill 3

September 12, 2006 Signal Hill Letter to Executive Officer 4

Oral and Power-Point Presentation Provided To The Regional 5
Board At Board Meeting On June 7, 2012

State Board Order No. 99-05 6

State Board Order No. 2001-15 7

Order No. 2001-12 DWQ 8

January 30, 2002 Memorandum from Francine Diamond, 9
Regional Board Chair

State Board Order No. 91-04 10

State Board Order No. 91-03 11

State Board Order No. 96-13 12

State Board Order No. 98-01 13

State Board Order No. 2000-11 14

State Board Order No. 2006-12 15
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EXHIBIT NO. DESCRIPTION 

LIST OF EXHIBITS IN SUPPORT OF LEGAL COMMENTS ON 
DRAFT MS4 NPDES PERMIT FOR LOS ANGELES COUNTY AND 

CITIES THEREIN EXCEPT THE CITY OF LONG BEACH 
Submitted by Rutan & Tucker, LIP 

Richard Montevideo 
July 2012 

Stormwater Quality Panel Recommendations to The California 

State Water Resources Control Board — The Feasibility of 

Numeric Effluent Limits Applicable to Discharges of Stormwater 

Associated with Municipal, Industrial and Construction Activities, 

June 19, 2006 

April 18, 2008 letter from the State Board's Chief Counsel to the 

Commission on State Mandates 

Report Issued by the National Research Council of the National 

Academies of Science Entitled "Assessing the TMDL Approach to 

Water Quality Management," September 2001 

February 11, 1993 Memorandum issued by the State Board's 

Office of Chief Counsel, subject "Definition of Maximum Extent 

Practicable " 

August 22, 2003 Letter from US EPA Headquarters, Benjamin H. 

Grumbles to Honorable Bart Doyle 

November 22, 2002 US EPA Memorandum Entitled "Establishing 

Total Maximum Daily Load (TMDL) Wasteload Allocations 

(WLAs) for Storm Water Sources as NPDES Permit Requirements 

Based on Those WLAs" 

Comments and Exhibits Relating to Bacteria TMDL for the Los 

Angeles River 

Comments and Exhibits Relating to US EPA adopted Long Beach 

City Beaches and Los Angeles River Estuary Bacteria TMDL 

16 

17 

18 

19 

20 

21 

22 

23 

UST OF EXHIBITS IN SUPPORT OF LEGAL COMMENTS ON

DRAFT MS4 NPDES PERMIT FOR LOS ANGELES COUNTY AND
CITIES THEREIN EXCEPT THE CITY OF LONG BEACH

Submitted by Rutan & Tucker, LLP

Richard Montevideo
July 2012

DESCRIPTION EXHIBIT NO.

Stormwater Quality Panel Recommendations to The California 16
State Water Resources Control Board - The Feasibility of
Numeric Effluent Limits Applicable to Discharges of Stormwater

Associated with Municipal, Industrial and Construction Activities,
June 19, 2006

April 18, 2008 letter from the State Board's Chief Counsel to the 17
Commission on State Mandates

Report Issued by the National Research Council of the National 18
Academies of Science Entitled "Assessing the TMDL Approach to
Water Quality Management," September 2001

February 11, 1993 Memorandum issued by the State Board's 19
Office of Chief Counsel, subject "Definition of Maximum Extent
Practica ble "

August 22, 2003 Letter from US EPA Headquarters, Benjamin H. 20
Grumbles to Honorable Bart Doyle

November 22, 2002 US EPA Memorandum Entitled "Establishing 21
Total Maximum Daily Load (TMDL) Wasteload Allocations
(WLAs) for Storm Water Sources as NPDES Permit Requirements

Based on Those WLAs"

Comments and Exhibits Relating to Bacteria TMDL for the Los 22
Angeles River

Comments and Exhibits Relating to US EPA adopted Long Beach 23
City Beaches and Los Angeles River Estuary Bacteria TMDL
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EXHIBIT NO. DZSCr.IPTION 

LIST OF EXHIBITS IN SUPPORT OF LEGAL COMMENTS ON 
DRAFT MS4 NPDES PERMIT FOR LOS ANGELES COUNTY AND 

CITIES THEREIN EXCEPT THE CITY OF LONG BEACH 
Submitted by Rutan & Tucker, LLP 

Richard Montevideo 
July 2012 

Comments and Exhibits Relating to Dominguez Channel and 

Greater Los Angeles Harbor and Long Beach Harbor Waters 

Toxic Pollutants TMDL 

Comments and Exhibits Relating to Los Angeles River Metals 

TMDL 

Comments and Exhibits Relating to Los Cerritos Channel Metals 

TMDL 

Comments and Exhibits Relating to Los Angeles River Trash 

TMDL 

Excerpts of Boards' Opening Appellate Brief in the Arcadia Case 

Excerpts of Intervenors' Opening Appellate Brief in the Arcadia 
Case 

2002 Study Prepared by University of Southern California, 

entitled "An Economic Impact Evaluation of Proposed Storm 

Water Treatment for Los Angeles County" 

Financial and Economic Impacts of Storm Water Treatment Los 

Angeles County NPDES Permit Area Presented to California 

Department of Transportation Environmental Program, Report 

I.D. #CTSWRT-98-72, November, 1998, by Stanley R. Hoffman 

Associates 

Cost of Storm Water Treatment for the Los Angeles NPDES 

Permit Area, June 1998 

24 

25 

26 

27 

28 

29 

30 

31 

32 

LIST OF EXHIBITS IN SUPPORT OF LEGAL COMMENTS ON
DRAFT MS4 NPDES PERMIT FOR LOS ANGELES COUNTY AND

CITIES THEREIN EXCEPT THE CITY OF LONG BEACH
Submitted by Rutan &Tucker; LLP

Richard Montevideo
July 2012

DESCRIPTION EXHIBIT NO.

Comments and Exhibits Relating to Dominguez Channel and 24

Greater Los Angeles Harbor and Long Beach Harbor Waters

Toxic Pollutants TMDL

Comments and Exhibits Relating to Los Angeles River Metals 25

TMDL

Comments and Exhibits Relating to Los Cerritos Channel Metals 26

TMDL

Comments and Exhibits Relating to Los Angeles River Trash 27
TMDL

Excerpts of Boards' Opening Appellate Brief in the Arcadia Case 28

Excerpts of Intervenors' Opening Appellate Brief in the Arcadia 29

Case

2002 Study Prepared by University of Southern California, 30
entitled "An Economic Impact Evaluation of Proposed Storm

Water Treatment for Los Angeles County"

Financial and Economic Impacts of Storm Water Treatment Los 31
Angeles County NPDES Permit Area Presented to California
Department of Transportation Environmental Program, Report
1.0. #CTSWRT-98-72, November, 1998, by Stanley R. Hoffman

Associates

Cost of Storm Water Treatment for the Los Angeles NPDES 32
Permit Area, June 1998
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DESCRIPTION EXHIBIT NO. 

LIST OF EXHIBITS IN SUF. C LT OF LEGAL COMMENTS ON 

D, AFT MS4 NPDES PERMIT FOR LOS ANGELES COUNTY AND 
CITIES THEREIN EXCEPT THE CITY OF LONG BEACH 

Submitted by Rutan & Tucker, LLP 

Richard Montevideo 
July 2012 

Cost of Storm Water Treatment for California Urbanized Areas 

October 1998 Prepared for California Department of 

Transportation, by Brown & Caldwell 

"NEPDES Stormwater Costs Survey" by Brian K. Currier, Joseph 

M. Jones and Glen L. Moelle, California University, Sacramento 

dated January 2005 along with Appendix H included therewith 

entitled "Alternative Approaches to Stormwater Control" 

prepared by the Center for Sustainable Cities University of 

Southern California 

Economic Forecast prepared by the California State University, 

Long Beach, for the Sixteenth Annual Regional Conference for 

Southern California and its Counties, May 2010 

PowerPoint Presentations Presented at the Economic Forecast 

Conference on May 13, 2010 

"A Guide to Consideration of Economics Under the California 

Porter-Cologne Act", by David Sunding and David Ziberman, 

University of Berkeley, March 31, 2005 

500 Plus Page Report Prepared for US EPA in 2008 by the 

National Research Council ("NRC") of the National Academies 

entitled, "Urban Stormwater Management in the Unite d States" 

October 15, 2008 National Academies of Science Press Release 

33 

34 

35 

36 

37 

38 

39 

LIST OF EXHIBITS IN SUPPORT OF LEGAL COMMENTS ON

DRAFT MS4 NPDES PERMIT FOR LOS ANGELES COUNTY AND

CITIES THEREIN EXCEPT THE CITY OF LONG BEACH

Submitted by Rutan & Tucker, LLP

Richard Montevideo

July 2012

DESCRIPTION EXHIBIT NO.

Cost of Storm Water Treatment for California Urbanized Areas 33

October 1998 Prepared for California Department of
Transportation, by Brown & Caldwell

"NEPDES Stormwater Costs Survey" by Brian 1<. Currier, Joseph 34

M. Jones and Glen L. Moelle, California University, Sacramento
dated January 2005 along with Appendix H included therewith
entitled "Alternative Approaches to Stormwater Control"
prepared by the Center for Sustainable Cities University of
Southern California

Economic Forecast prepared by the California State University, 35

Long Beach, for the Sixteenth Annual Regional Conference for
Southern California and its Counties, May 2010

PowerPoint Presentations Presented at the Economic Forecast 36

Conference on May 13, 2010

"A Guide to Consideration of Economics Under the California 37

Porter-Cologne Act", by David Sunding and David Ziberman,
University of Berkeley, March 31, 2005

500 Plus Page Report Prepared for US EPA in 2008 by the 38

National Research Council ("NRC") of the National Academies
entitled, "Urban Stormwater Management in the Unite d States"

October 15, 2008 National Academies of Science Press Release 39
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RECEIVED
f.

it 11 02 2010

1 ANDREA SHERIDAN ORDIN County Cou I$6EXEMPT FROM FILING FEES
JUDITH A. FRIES Principal Deputy SBN 0 0 7 GOVERNMENT CODE 6103

2 LAURIE E. DODS Deputy SBN 157756
Kenneth Hahn Hall of Administration

3
500 W. Temple St. Rm. 653

Los Angeles California 90012

4 Telephone 213 974-1923

Facsimile 213 687-7337

5 HOWARD GEST SBN 076514

6
DAVID W. BURHENN SBN 105482
BURHENN GEST LLP

624 South Grand Avenue
7

Suite 2200

Los Angeles California 9001.7

8
Telephone 213 688-7715

9

Facsimile 213 688-7716

Attorneys for Petitioners COUNTY OF LOS
1.0 ANGELES and LOS ANGELES COUNTY

FLOOD CONTROL DISTRICT

11

12
SUPERIOR COURT OF THE STATE OF CALIFORNIA

13
COUNTY OF LOS ANGELES

14
COUNTY OF LOS ANGELES and LOS

ANGELES COUNTY FLOOD CONTROL CASE NO. BS122724

15 DISTRICT

PROPOSER PEREMPTORY WRIT OF
16 Petitioners MANDATE

17
v. Date June 2 2010

18

Time 930 a.m.

STATE WATER RESOURCES CONTROL place Dept. 86

1.9 BOARD CALIFORNIA REGIONAL WATER
QUALITY CONTROL BOARD LOS

20 ANGELES REGION and DOES I through 50

21
inclusive

22 Respondents.

23

24 TO RESPONDENTS STATE WATER RESOURCES CONTROL BOARD AN

25 CALIFORNIA REGIONAL WATER QUALITY CONTROL BOARD LOS ANGELES REGION

26 WHEREAS judgment has been entered in this action ordering that a peremptory writ o.

27 mandate be issued from this Court

28

-l-PrROPOSEDjPEREMPTORY WRIT OF MANDATE
cý-

RB-AR15352



I THEREFORE IN ACCORDANCE WITH THE JUDGMENT YOU ARE HEREBY

2 COMMANDED

3 a To void and set aside Los Angeles Regional Water Quality Control Boar

4 Order No. R4-2006-0074 and all amendments to the Los Angeles County Municipal Storm Water

5 Permit Order No. 01-182 effected thereby

6 b To void and set aside State Water Resources Control Board Order WQ 2009

7 0008 without prejudice to the State Water Resources Control Boards consideration of the matters

8 addressed in Order WQ 2009-0008 based on any new administrative record that may come before it

9 c To. cease and suspend any and all activities taken by you pursuant to Lo

10 Angeles Regional Water Quality Control Board Order No. R4-2006-0074 or State Water Resource

11 Control Board Order WQ 2009-0008

12. d Should you choose to acrd-týe I Ensue-C SSn

L 0d iv 6 4-7- S Q c /tt t i-.qua . ni C.

13rmt--Qrder..l\lo-U týAect tlýe -terrrrs-eýrtta lerxitr-Bayeachs -Drq-ýathe

14 Bacteria-ýP BLIýegionýl-$ rrd Resaluti -No 920f14 -such-amendmentshall4co ata-hearing-i

15 wltrh the same person -lees not act as both an advocate before the Los Angeles Regional Wate

16 Quality Control Board and an advisor to the Los Angeles Regional Water Quality Control Board

17 and in i h the individual who participated as Regional Board counsel in the last Regional Boar

18 hearing not participate and

19 e To make and file a return to this writ ninety 90 days from the date a copy o

20 this writ is served on you showing what you have done to comply with this writ.

P
21 .Date July

. 2010 LOS LOS ANGELES PERIOR COURT CLERK

22 John A. Clarke . Kelly Encinas

23
ýý41M.Mas

24 LET THE FOREGOING WRIT ISSUE.

25

Dated July_ 2010

26 Superior Court Judge

27

28

-2-l1QEQSED PEREMPTORY WRIT OF MANDATE
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I PROOF OF SERVICE

2
1 am employed in Los Angeles County. I am over the age of 18 and not a party to this

3
action. My business address is 624 S. Grand Avenue 22d Floor Los Angeles California 90017.

On July 1 2010 1 served the foregoing documents described as

4

5

PROPOSED PEREMPTORY WRIT OF MANDATE

Q the original. of the document

6 true copies of the document

7 in separate sealed envelopes addressed as follows

8
See Attached List

BY U.S. MAIL I sealed and placed such envelope for collection and mailing to be

deposited on. the same day at Los Angeles California. The envelopes were mailed with postage

10
thereon fully prepaid. I am readily familiarwith Burhenn Gest LLPs practice of collection and

processing corresponding for mailing. Under this practice documents are deposited with the U.S.

11 Postal Service on the same day that is stated in the proof of service with postage fully prepaid at

Los Angeles California in the ordinary course of business.

12

Q BY FEDERAL EXPRESS I am. familiarwith the firms practice of collecting and

13 processing correspondence for delivery via Federal Express. Under that practice it would be picked

up by Federal Express on that same day at Los Angeles California and delivered to the parties as

14
listed on this Proof of Service the following business morning.

1.5 BY FACSIMILE I caused the above referenced document to be transmitted via facsimile

16
and to the parties as listed on this Proof of Service

Q BY PERSONAL SERVICE I caused such envelope to be delivered by messenger to the

17
office or home of the addressees.

18 0 STATE 1 declare under penalty of perjury under the laws of the state of California that the

19
above is true and correct.

Q FEDERAL I declare that l am employed in the office of a member of the bar of this court at

20 whose direction the service was made.

21 Executed on July 1 2010 at Los Angeles California.

22

23r.-24an Dunlap

25

26

27

28
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SERVICELIST

County of Los Angeles v. State Water Resources Control Board
Case No. BS122724

Edmund G. Brown Jr. Attorneys for State Water Resources

Attorney General of the State of California Control Board and Los Angeles Regional

Mary E. Hackenbracht Water Quality Control Board

Senior Assistant Attorney General

Helen G. Arens

Deputy Attorney General

300 South Spring Street Suite 1702

Los Angeles CA 90013

Telephone 213 897-2607

Facsimile 213 897-2802

Steve Fleischli Attorneys for Proposed Intervenor

Law Office of Steve Fleischli Heal the Bay
2515 Wilshire Blvd.

Santa Monica California 90403

Telephone 310 829-5568 Ext. 244

Facsimile 310 829-6820
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SUPERIOR COURT OF CALIFORNIA COUNTY OF LOS ANGELES

DATE 07/16/10 DEPT. 86

HONORABLE DAVID P. YAFFE JUDGE C. WASHINGTON DEPUTY CLERK

B. JAUREGUI COURTROOM ASST.

HONORABLE JUDGE PRO TE.4 ELECTRONIC RECORDING MONITOR

11.

NONE Deputy Sheriff NONE Reporter

830 am BS122724 Plaintiff

Counsel

COUNTY OF LOS ANGELES ET AL NO APPEARANCE
Defendant

VS Counsel

STATE WATER RESOURCES CONTROL
BOARD ET AL

NATURE OI PROCEEDINGS

CLERKS CERTIFICATE OF MAILING/
NOTICE OF ENTRY OF JUDGMENT AND JUDGMENT

I the below named Executive Officer/Clerk of the
above-entitled court do hereby certify that I am not
a party to the cause herein and that this date I

served Notice of Entry of the Judgment and Judgment
entered on 7/16/10 upon each party or counsel named
below by depositing in the United States mail at the

Courthouse in Los Angeles California one copy of
The original entered herein in a separate sealed
Envelope for each addressed as shown below with the

postage thereon fully prepaid.

Date

John A. Clarke Executive Officer/Clerk

By
C. WASHINGTON

STEVE FLEISCHLI
LAW OFFICE OF STEVE FLEISCHLI
2515 WILSHIRE BLVD.
SANTA MONICA CA 90403

MINUTES ENTERED
Page 1 of 2 DEPT. 86 07/16/10

COUNTY CLERK
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SUPERIOR COURT OF CALIFORNIA COUNTY OF LOS ANGELES

DATE 07/16/10 DEPT. 86

HONORABLE DAVID P. YAFFE iUDGE C. WASHINGTON DEPUTY CLERK

B. JAUREGUI COURTROOM ASST.
HONORABLE JUDGE PRO TEM ELECTRONIC RECORDING MONITOR

11.

NONE Deputy Sheriff NONE
Reporter

830 am BS122724 Plaintiff

Counsel

COUNTY OF LOS ANGELES ET AL NO APPEARANCE
Defendant

VS Counsel

STATE WATER RESOURCES CONTROL
BOARD ET AL

NATURE OF PROCEEDINGS

EDMUND G. BROWN JR
MARY HACKENBRACHT
HELEN G ARENS
300 SOUTH SPRING STREET STE 1702
LOS ANGELES CA 90013

MINUTES ENTERED
Page 2 of 2 DEPT. 86 07/16/10

COUNTY CLERK
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1 ANDREA SHERIDAN ORDIN County Counsel
JUDITH A. FRIES Principal Deputy SBN 070897

2 LAURIE E. DODS Deputy SBN 157756
Kenneth Hahn Hall of Administration

3 500 W. Temple St. Rm. 653

Los Angeles California 90012 ORIGINAL FILM
4 Telephone 213 974-1923

Facsimile 213 687-7337
JUL 16 2010

5 HOWARD GEST SBN 076514

6
DAVID W. BURHENN SBN 105482 LOS ANGELESBURHENN GEST LL

SUPERIOR COURT
7

624 South Grand Avenue
Suite 2200

Los Angeles California 90017
8

Telephone 213 688-7715

Facsimile 213 688-7716
9

Attorneys for Petitioners COUNTY OF LOS
10 ANGELES and LOS ANGELES COUNTY

FLOOD CONTROL DISTRICT
11

12 SUPERIOR COURT OF THE STATE OF CALIFORNIA

13
COUNTY OF LOS ANGELES

14
COUNTY OF LOS ANGELES and LOS

ANGELES COUNTY FLOOD CONTROL CASE NO. BS122724

15 DISTRICT

PRePEeLB JUDGMENT GRANTING
16 Petitioners PEREMPTORY WRIT OF MANDATE

17
v. Date June 2 2010

18
Time 930 a.m.

STATE WATER RESOURCES CONTROL Place Dept. 86

19 BOARD CALIFORNIA REGIONAL WATER
QUALITY CONTROL BOARD LOS

20 ANGELES REGION and DOES 1 through 50

21
inclusive

22 Respondents.

23

24 This matter came on for trial before the Honorable David P. Yaffe Superior Court Judge o

25 June 2 2010. Petitioners were represented by Howard Gest and David W. Burhenn of Burhenn

26 Gest LLP. Respondents were represented by Helen G. Arens Deputy Attorney General. Intervenoi

27 Heal the Bay was represented by Steve Fleischli.

28

-1-JUDGMENT
GRANTING PEREMPTORY WRIT OF MANDATE
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1 The Court having reviewed the record of Respondents proceedings in this matter the brief

2 submitted by counsel and having heard the arguments of counsel and being fully advised

3 IT IS HEREBY ORDERED ADJUDGED AND DECREED that.

4 1. The Petition for Writ of Mandate is granted. For the reasons set forth in the Court

5 minute order dated June 2 2010 Respondent California Regional Water Quality Control Board Lo

6 Angeles Region Regional Board committed a prejudicial abuse of discretion

7 2. A Peremptory Writ of Mandate shall issue commanding Respondents

8 a To void and set aside Los Angeles Regional Water Quality Control Boar

9 Order No. R4-2006-0074 and all amendments to the Los Angeles County Municipal Storm Water

10 Permit Order No. 01-182 effected thereby

11 b To void and set aside State Water Resources Control Board Order WQ 2009

12 0008 without prejudice to the State Water Resources Control Boards consideration of the matter

13 addressed in Order WQ 2009-0008 based on any new administrative record that may come before it

14 c To cease and suspend any and all activities taken by Respondents pursuant tc

15 Los Angeles Regional Water Quality Control Board Order No. R4-2006-0074 or State Wate

16 Resources Control Board Order WQ 2009-0008 and

17 d To make and file a return to this writ ninety 90 days from the date a copy o

18 this writ is served on them showing what they have done to comply with this writ.

19 3. The Peremptory Writ shall further command that should Respondent Regional Boar
COýaQUCT A-1 FLT-..sz. f-tNSvM0 R.EMA JOB A-r

20 choose to

SvCI-a t- ct ca

21 efect the ter
s of the rtt Mona

22 the same person Glees no

23 act as both an advocate before the Los Angeles Regional Water Quality Control Board and a

24 advisor to the Los Angeles Regional Water Quality Control Board andi which the Regional BoarfaALr-25counsel who participated in the last Regional Board hearing not participate.

26
4. ýýýC ýt LýSQ0ý.76ý\S Aratý ýýTýRv e loca ý-cý

-v S Qt2-oco JUO CMrfJ Ac pý ý9-wiýp.
27

28
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1 4. Petitioners are awarded their costs of suit in the amount of $

2 Dated JUL 1 6 2D10

3 David P. Yaffe

4 Superior Court Judge

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

-3-JUDGMENTGRANTING PEREMPTORY WRIT OF MANDATE

RB-AR15360



I PROOF OF SERVICE

2
I am employed in Los Angeles County. I am over the age of 18 and not a party to this

3
action. My business address is 624 S. Grand Avenue 22d Floor Los Angeles California 90017.

4
On July 1 2010 I served the foregoing documents described as

PROPOSED JUDGMENT GRANTING PEREMPTORY WRIT OF MANDATE
5

Q the original of the document
6

true copies of the document

7 in separate sealed envelopes addressed as follows

8
See Attached List

9
BY U.S. MAIL I sealed and placed such envelope for collection and mailing to be

deposited on the same day at Los Angeles California. The envelopes were mailed with postage

10
thereon fully prepaid. I am readily familiarwith Burhenn Gest LLPs practice of collection and

processing corresponding for mailing. Under this practice documents are deposited with the U.S.

I 1 Postal Service on the same day that is stated in the proof of service with postage fully prepaid at

Los Angeles California in the ordinary course of business.

12 Q BY FEDERAL EXPRESS I am familiarwith the firms practice of collecting and

13 processing correspondence for delivery via Federal Express. Under that practice it would be picked

up by Federal Express on that same day at Los Angeles California and delivered to the parties as

14
listed on this Proof of Service the following business morning.

15 BY FACSIMILE I caused the above referenced document to be transmitted via facsimile

16
and to the parties as listed on this Proof of Service.

Q BY PERSONAL SERVICE I caused such envelope to be delivered by messenger to the

17
office or home of the addressees.

18 STATE I declare under penalty of perjury under the laws of the state of California that the

19
above is true and correct.

20
Q FEDERAL I declare that I am employed in the office of a member of the bar of this court at

whose direction the service was made.

21 Executed on July 1 2010 at Los Angeles California.

22

23

24
Jan Dunlap

25

26

27

28
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SERVICELIST

County ofLos Angeles v. State Water Resources Control Board
Case No. BS122724

Edmund G. Brown Jr. Attorneys for State Water Resources

Attorney General of the State of California Control Board and Los Angeles Regional

Mary E. Hackenbracht Water Quality Control Board

Senior Assistant Attorney General

Helen G Arens

Deputy Attorney General

300 South Spring Street Suite 1702

Los Angeles CA 90013

Telephone 213 897-2607

Facsimile 213 897-2802

Steve Fleischii Attorneys for Proposed Intervenor

Law Office of Steve Fleischli Heal the Bay
2515 Wilshire Blvd.

Santa Monica California 90403

Telephone 310 829-5568 Ext. 244

Facsimile 310 829-6820
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CITY OF SIGNAL HILL

2175C yAvenues Signal Hill California 9 5-3799

June 12 2006
r

Via Messenger

Mr. Jonathan Bishop

Executive Director LARWQCB
Suite 200

320 West 41 Street

Los Angeles CA 90013-2342

Re City of Signal Hill Report of Waste Discharge - Renewal Application for

Municipal NPDES Permit

Dear Mr. Bishop

Please find enclosed the City of Signal Hills Report of Waste Discharge

ROWD Stormwater Quality Management Program and application for the

renewal of its 2001 Municipal National Pollutant Discharge Elimination Systems

NPDES permit. As requested we have also enclosed a copy a red lined

copy of where our permit differs from the ROWD being submitted by Los Angeles

County. The Signal Hill ROWD also includes a separate and complete

monitoring program as well.

Our ROWD provides a report on the 2001 NPDES Permit for Signal Hill and

further includes information on the County of Los Angeles and other cities

progress as the 2001 Permit is a joint NPDES Permit with the County and other

Los Angeles County cities. In preparing the ROWD Signal Hill relied on the

Countys ROWD as basis for its data and information on the programs of the

County and other cities covered under the 2001 Permit.

The City looks forward to working with the Regional and State Boards on the

issuance of the renewed NPDES Permit and is hopetul that Citys decision to

seek a separate permitwill be well received by the Boards since it Is an effort by

the City to better manage its storm water programs and better control the

discharge of pollutants from our municipal separate storm sewer system.
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Mr. Jonathan Bishop

June 12 2006

Page 2

As you are aware many of the smaller cities have been searching forcost-effective
programs to submit this ROWD cycle. Many cities have expressed the

desire to implement watershed and sub-watershed planning efforts. Cities have

also expressed the concern that the Regional Board will require unreasonable or

unduly costly programs for cities filing separate ROWDs.

It is our hope that future ROWDs will be based on watersheds and

subwatersheds instead of the current one-size fits all approach. This will assist

cities in better tailoring their programs to address specific water quality needs in

their communities. Subwatershed permits will assist Signal Hill in coordinating

our program with the City of Long Beachs program. As you are aware the City

of Long Beach has historically obtained a separate ROWD. The Signal Hills

ROWD contains some specific programs that we believe will better address the

water quality needs of our community. We are hopeful that the Regional Board

will consider appropriate rationale for replacement programs.

Please contact me if you have any questions or need any additional information

regarding this submittal. Thank you for your assistance and cooperation in this

matter.

Sincerely

Ct

Kenneth C. Fa si

City Manager

cc Mayor Council

Mr. David Aieshire City Attorney

Mr. Rich Montevideo Special Counsel

Mr. Charlie Honeycutt Public Works Director

Mr. John Hunter Storm Water Consultant

Mr. Don Wolfe Public Works Director LACDPW
Mr. Gerald Miller City Manager City of Long Beach

Attachments Signal Hill ROWD
Red-Lined Version
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Renewal Application for the Cityof Signal Hill
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1.0 INTRODUCTION

1.1 PURPOSE

In accordance with the requirements found in Part 6 Section S of the existing 2001 Los

Angeles County National Pollutant Discharge Elimination System NPDES Municipal

Stormwater Permit NPDES No. CAS004001 Order No. 01-182 this Report of Waste

Discharge ROWD constitutes the City of Signal Hills hereafter City Municipal

Stormwater NPDES Permit application for the renewal of Waste Discharge

Requirements WDRs adopted in Order No. 01-182 by the Regional Water Quality

Control Board Los Angeles Region Regional Board on December 13 2001. This

ROWD is thus being submitted as both a Report of Discharge under Order No. 01-182

an NPDES Permit that included as Permittees thereunder the County of Los Angeles

the Los Angeles County Flood Control District the Principal Permittee and all

incorporated Cities within the County except the City of Long Beach as well as an

application for the Citys renewal of this 2001 NPDES Permit. This ROWO includes a

report on the activities and results of the programs implemented under Order No.01-182for all Permittees thereunder consistent with the Countys ROWD along with

proposed programs and permit terms for the Citys renewed NPDES Stormwater Permit.

The City of Signal Hill is proud to have one of the best NPDES permit programs In the

County. Our program has consistently gone beyond the minimumrequirements in the

2001 NPDES Permit. The estimated costs to implementOrder No. 01-182 as set forth

in the Citys annual reports. was $3452800. The City invested over $534895 in

NPDES permit programs In 2004-05 alone This amounts to $126.27 per household

substantially above the Countywide average of $18 per household reported by the

Regional Board in 2005.

Several noteworthy projects include Signal Hills management of the Hamilton Bowl

Trash Reduction Project and the Willow Street/Cherry Avenue Corridor Clean Up

Program. The Hamilton Bowl Trash Reduction Project is a Best Management Practices

pilot program that is designing constructing operating and testing trash-catching

devices in a regional urban runoff retention facility. The project also includes the City of

Long Beach the County of Los Angeles and the State Water Board as funding partners.

In addition the Willow Street/Cherry Avenue Corridor Clean-Up Program collects trash

and debris along two of the Citys busiest commercial corridors. The program involves

the Long Beach Conservation Corp under contract to the City the Citys Public Works

Crews and the Citys bus shelter contractor. It includes the cleaning of the bus shelters

three times per week and weekly general clean-up of trash and debris.

Also the Citys Redevelopment Agency funded the Las Brisas Drainage Basin. The

drainage basin collects runoff from the 6-acre project site consisting of 80 units oflow-Income
housing a city mini-park and neighborhood community center. The non-profit

housing developer could not afford to construct the drainage basin and keep the

2271005121-000
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housing affordable for very-low income residents so the Signal Hill Redevelopment

Agency included the drainage basin costs in its financial assistance to the project.

Signal Hill has also been active in organizing many of the small cities in Los Angeles

County by providing scientific technical and legal experts in the area of storm water

and urban runoff. Known as the Coalition for Practical Regulation this ad hoc group of

cities presently totaling 43-cities is dedicated to finding cost-effective solutions to the

problems of storm water and urban runoff based on sound science and engineering.

The City has also taken the lead to organize various scientific studies and funding for

the Metals TMDL for the Los Angeles River.

These are just a few examples of the efforts undertaken by the City to improve water

quality not only in Signal Hill but in other parts of the County as well.

The City believes that this ROWO should place greater emphasis on the watersheds

and subwatersheds in the Region. Although there are large regional issues such as

the problems of airborne metals reaching receiving waters there are unique issues

confronting the watershed and subwatersheds. This ROWD moves from the traditional

approach of 84-cities applying with Los Angeles County as the Principal Permittee to

the City taking on greater responsibility for water quality in its community. This ROWD
emphasizes Best Management Practices BMPs in lieu of strict numeric limits. This

emphasis is based on the expectations of the United States Environmental Protection

Agency EPA as follows EPA expects that most WQBELs for NPDES-regulated

municipal storm water discharges will be in the form of BMPs and that numeric

limits will only be used in rare instances. US. EPA Memorandum of November 22

2002 from Robert Wayland Director of Wetlands Oceans and Watershed James

Hanlon Office of Wastewater Management EPA Headquarters to all Water Division

Managers -Regions 1-10

The BMP approach recognizes that cities have limited financial technical and scientific

resources to apply in any five-year NPDES permit cycle to pollution reduction programs.

It also recognizes that BMPs are in their infancy in terms of pollution reduction. For

example Caltrans peer reviewed studies indicate that the most recent generation of

structural BMPs such as sand-filters do not reduce metal pollutants found in surface

waters below the California Toxic Rule levels. Clearly additional investment in studies

design construction and testing will be required as a part of an iterative BMP process.

It is also important to note that following the issuance of Order No. 01-182 numerous

Permittees under the 2001 Permit filed legal challenges to many of the terms and

provisions of Order No. 01-182 as well as to the procedure and review and approval

process followed by the Regional Board when adopting the 2001 Permit. These legal

challenges remain pending before the Court of Appeal of the State of California Second

Appellate District Appellate Court Case No. B184034.1

1 The following Permittees are appellants and continue to challenge many of the

provisions in Order No. 01-182 The Cities of Arcadia Artesia Bellflower Beverly Hills

Carson Cerritos Claremont Commerce Covina Diamond Bar Downey Gardena

2271065121-0068
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Further in light
of the significance of implementing a new set of WDRs and an NPDES

Permit and the potential impacts on the environment from the same the City requests

that before any new Permit is issued based on this ROWD. that the State and Regional

Boards first take all action as required to comply with the California Environmental

Quality Act CEQA recognizing that any exemption provided under California Water

Code section 13389 is a limited exemption from Chapter 3 of CEQA only. Moreover

there is no exemption from CEQAwhere the State and Regional Boards impose permit

requirements which go beyond the federal law requirements set forth under the Clean

Water Act. Accordingly compliance with the requirements of CEQA before a new

municipal permit for the City is issued is essential so that all potentially significant

adverse impacts to the environment from this project are fully evaluated and properly

mitigated and so that all feasible alternatives to particular permit terms that may result

in potentially significant adverse impacts have been evaluated.

The City also remains concerned with the imposition of unfunded mandates under

Order No 01-182 and thus requests that any mandated programs under the new

permit only be imposed on the City where the requirements of the California

Constitution prohibiting the imposition of unfunded mandates upon the City have been

complied with. The City is presently a party to a lawsuit challenging a decision of the

Commission on State Mandates Commission refusing to consider various test claims

for reimbursementof costs to comply with certain storm water programs under the 2001

NPDES Permit. The lawsuit was filed by the City the County and other Los Angeles

County cities in Los Angeles County Superior Court with the Superior Court granting

judgment in the Citys favor and setting aside the Commissions decision refusing to

consider the test claims and directing that the Commission consider such claims. The

Commission appealed the decision and the case is pending before the California Court

of Appeal Second Appellate District. The renewed permit should not contain mandated

programs that are imposed in violation of the State Constitutions prohibition on

Imposing unfunded mandates on municipalities.

In addition because the Regional Board is not a State agency with State-wide

jurisdiction the Regional Board is not an agency that by itself has the authority to issue

an NPDES permit under the Clean Water Act. Accordingly the City requests that any

new NPDES permit to be issued to the City be issued only after it has been reviewed

and ultimately approved by the State Water Resources Control Board State Board.

The City is submitting this ROWD with the understanding that it is not waiving any

rights objections or challenges it has brought or may bring in connection with the

issuance of Order No 01-182 or any other related objections and challenges that may
have been brought by the City to other water quality orders directives or regulations

and with the understanding that the City is not waiving or relinquishing any rights it has

Hawaiian Gardens Industry Irwindale La Mirada Lawndale Monrovia Norwalk

Paramount Pico Rivera Rancho Palos Verdes Rosemead Santa Clarita Santa Fe

.Spring Signal Hill South Pasadena Torrance Vernon Walnut West Covina

Westlake Village Whittier and the County of Los Angeles and the Los Angeles County
Flood Control District.

7771089121-0008
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or may have in connection with any new permit to be issued to replace Order No.01-182.
In addition to the report and recommendations contained herein Permittees reserve

their right to object to those terms of the NPDES Permit or modifications to those terms

of the Permit which are not addressed in this ROWD. This ROWD and the contents

herein do not constitute a waiver of the Permittees rights to challenge objectionable

terms contained in previous current or future Permits and no contrary inference should

be drawn.

1.2 REGULATORY BACKGROUND

The 1972 Clean Water Act established the National Pollutant Discharge Elimination

System NPDES Permit program to regulate the discharge of pollutants from point

sources to waters of the United States. In response to the 1987 Amendments to the

Federal Clean Water Act CWA the United States Environmental Protection Agency

EPA developed Phase I of the NPDES Stormwater Program in 1990 which

established a framework for regulating urban stormwater runoff. The Phase
I program

addressed sources of stormwater runoff that had the greatest potential to negatively

impact water quality. Under Phase I EPA required NPDES Permit coverage for

stormwater discharges from

Medium and large municipal separate storm sewer systems MS4 with

populations of 100000 or more and

Companies that fall within eleven categories of industrial activity including

construction activities to be governed by the Phase 1 Permit.

Operators of MS4s regulated under the Phase I NPDES Stormwater Program were

required to obtain Permit coverage for stormwater discharges under their control. The

most significant portion of application was the development of a proposed stormwater

management program that would meet the standard of reducing the discharge of

stormwater pollutants from the MS4 to the maximum extent practicable MEP.

1.3 OBJECTIVES

The objective of the City in submitting this ROWD is to successfully renew an NPDES
Municipal Stormwater Permit that includes requirements to achieve the goal of

reducing pollutants to the MEP while taking into account

Feasibility

Financial resources available

Cost of implementation

Overall benefit to water quality

Effectiveness of existing Stormwater Quality Management Program

SOMP
Suggested improvements to existing SQMP

2271005121-0008
ý1

718275.01 a0811voa -4-

RB-AR15371



Suggested approaches to improve receiving water quality

Use of best available technologies and

Integration of impaired water body specific programs

1.4 PROGRAM DESCRIPTION

On December 13 2001 the Regional Board adopted Order No. 01-182 serving as the

NPDES Permit for municipal stormwater and urban runoff discharges within the County

of Los Angeles. The requirements of Order No. 01-182 apply to 84 Cities and the

unincorporated areas of Los Angeles County under County jurisdiction with the

exception of Avalon Long Beach and the portion of Los Angeles County In the

Antelope Valley which includes the Cities of Lancaster and Palmdale. Under the 2001

Permit the Los Angeles County Flood Control District is designated the Principal

Permittee and the County of Los Angeles along with 84 incorporated Cities are

designated Permittees. In Order No. 01-182 the Principal Permittee coordinates and

facilitates activities necessary to comply with the requirements of the Permit but is not

responsible for ensuring compliance of any of the Permittees. It should be noted that

many parts of Order No. 01-182 have been challenged in a lawsuit filed in Los Angeles

County Superior Court by a number of the Permittees thereunder. This legal challenge

remains pending on appeal in the Court of Appeal of the State of California Second

Appellate District Case No. B184034.

Through the 2001 Permit the Regional Board implemented a Watershed Management

Approach to address water quality protection in the region. The 2001 Permit divides

Los Angeles County into the following six Watershed Management Areas WMAs

Ballona Creek and Urban Santa Monica Bay WMA
Dominguez Channel/Los Angeles Harbor WMA
Los Angeles River WMA
Malibu Creek and Rural Santa Monica Bay WMA
San Gabriel River WMA
Santa Clara River WMA

A list of Permittees under the 2001 Permit according to Watershed Management Area
is provided in Table 1.

Table I -Table of Permittees under Citys 2001 Permit

SametVlonfca Ba -_ Los An Ids r
_

San-Ga

Malibu Creek and Other Rural Alhambra Artesia

Agoura Hills Arcadia Azusa

Calabasas Bell Baldwin Park

Los Angeles County Flood Control Bell Gardens Bellflower

Los Angeles County Burbank Bradbury

Malibu Commerce Cerritos

Westlake Village Compton Claremont

-Cudahy Covina

Ballona Creek and Other Urban El Monte Diamond Bar

777inny771-o n
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- --

---------Santa
Monica Bay Los Angetes_Riyer San Gab lver.

Beverly Hills Glendale Downey

Culver City Hidden Hills Duarte

ESegundo Huntington Park Glendora

LHermosa Beach La Canada Flintridge Hawaiian Gardens

Los Angeles Cityot Los Angeles City o Industry

Los Angeles County Flood Control Los Angeles County Flood Contrl Irwindale

Los Angeles County of Los Angeles County o La Habra Heights

Manhattan Beach Lynwood La Mirada

Palos Verdes Estates Maywood La Puente

Rancho Palos Verdes Monrovia La Verne

Redondo Beach Montebello Lakewood

Rollin Hills Monterey Park Los Angeles County Flood Control

-.Rolling Hills Estates Paramount Los Angeles County o

Santa Monica Pasadena Norwalk

West Hollywood Rosemead Pomona

San Fernando Pico Rivera

San Gabriel San Dimas

San Marino Santa Fe Springs

Dominguez ChanW-ýr Sierra Madre Walnut

Carson Signal Hill West Covina

Gardena South El Monte Whittier

Hawthorne South Gate

Inglewood South Pasadena manta Ctaer
LLawndale Temple City Santa Clarita

Lomita Vernon Los Angeles County Flood Control

Los Angeles City of Los Angeles County o

Los Angeles County Flood Control

Los Angeles County of

Torrance

Agencies Indicated in itafrcized font are present in more than one Watershrd Management Area. Indicates City

with the largest watershed population other than County of Los Angc..-s and the City of Los Angeles

2.0 APPLICANT INFORMATION

This ROWD is being submitted on behalf of the City of Signal Hill whose address and

contact information are as follows

Mr. Charlie Honeycutt

Director of Public Works

City of Signal Hill

2175 Cherry Avenue

Signal Hill CA 90755

3.0 PROGRAM ACCOMPLISHMENTS

The 2001 Los Angeles County NPDES Municipal Stormwater Permit set implementation

requirements for Discharge Prohibitions Receiving Water Limitations Storm Water

2271065121-0008
aý
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Quality Management Program Implementation Special Provisions Definitions and

Standard Provisions. Some requirements have been in place for several Permit cycles

some have evolved as a result of Permittee implementation and experiences and still

ionsothers were imposed on the Permittees by the Regional Board. All prohibitions and

limitations have been observed and followed to the maximum extent practicable to

ensure Permit compliance. However many Permit terms remain subject to challenge

through the pending legal challenge to Order No. 01-182.

The 2001 Permittees implemented programs that met and often exceeded the basic

provisions of the existing 2001 NPDES Permit but recognize that continued progress

requires program approaches that are strategic measurable beneficial cost-effective

and adaptive.

3.1 STORMWATER QUALITY MANAGEMENT PROGRAM

As a general requirement the 2001 Permittees implemented the SQMP developed for

the 2001 NPDES Permit and its components to reduce the discharge of pollutants in

stormwater from the MS4 to the MEP. Where necessary such Permittees implemented

additional controls to reduce the discharge of pollutants from the MS4. The Permittees

made a good faith effort to require and implement the most effective combination of

MEP-compliant best management practices BMPs for stormwater/urban runoff

pollution control.

The Principal Permittee in the 2001 NPDES Permit the Los Angeles County Flood

Control District coordinated and facilitated activities to comply with the requirements of

the NPDES Permit. The Los Angeles County Department of Public Works LACDPW
coordinated Permit activities among Permittees and the Principal Permittee acted as a

liaison between the Permittees and the Regional Board.

The Principal Permittee in the 2001 Permit implemented the Countywide Monitoring

Program and evaluated assessed and synthesized the results of the monitoring

program. Annual Monitoring Reports were submitted by August 15th of each year and

the 1994-2005 Integrated Receiving Water Impacts Report was submitted on

August 15 2005. In addition said Principal Permittee coordinated the collection

processing and submittal of annual reports to the Regional Board. The other

Permittees prepared an annual budget summary of expenditures applied to their

stormwater management program.

The 2001 Permittees obtained and possessed the necessary legal authority to prohibit

nonstormwater discharges to the storm drain system. Ordinances were adopted to

prohibit the discharge of runoff to the MS4 from wash water from the cleaning of gas

stations auto repair garages or other types of automotive services facilities mobile

auto washing steam cleaning mobile carpet cleaning and other such mobile

commercial and industrial operations areas where repair of machinery and equipment

which are visibly leaking oil fluid or antifreeze is undertaken storage areas of materials

containing grease oil or other hazardous substances and uncovered receptacles

containing hazardous materials chlorinated/brominated swimming pool water and filter

22fJtJ 111-tJOb
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backwash the washing of toxic materials from paved or unpaved areas washing

impervious surfaces in industriailcommercial areas and concrete or cement laden wash

water from concrete trucks pumps tools and equipment.

3.2 PUBLIC INFORMATION AND PARTICIPATION

The Principal Permittee under the 2001 Permit developed and implemented a Public

Information and Participation Program PIPP that met the following objectives

Measurably increase the knowledge of the target audience regarding the

MS4 the impacts of stormwater pollution and urban runoff on receiving

waters and the potential solutions to mitigate the problems caused by

stormwater and urban runoff

Measurably change the waste disposal and runoff pollution generating

behavior of target audiences by encouraging implementation of

appropriate solutions and

Involve and engage socio-economic groups and ethnic communities in

Los Angeles County to participate in mitigating the impacts of stormwater

and urban runoff pollution.

The public education campaign was designed to meet the objectives of the 2001

NPDES Permit. For the renewed Permit the City will work with the County Flood

Control District and will rely. on the Public Information and Participation Program

developed and to be implemented by the Flood Control District. Modifications to the

2001 Permit Program are proposed by the County Flood Control District based on

research results and current social marketing theory to achieve the desired behavioral

changes. The 2001 Permittees complied with the requirements of the PIPP under the

2001 NPDES Permit. Please see Appendix A for some specific examples provided by

the 2001 Permittees.

3.3 INDUSTRIAL/COMMERCIAL FACILITIES CONTROL

In accordance with the 2001 NPDES Permit the Permittees thereunder required the

implementation of pollutant reduction and control measures at industrial and commercial

facilities with the intent of attempting to further reduce pollutants In stormwater runoff

from the MS4 to the MEP standard. The pollutant reduction and control measures used

include source control BMPs and operational and maintenance procedures. The

objective of the Industrial/Commercial Facilities Control Program was to track inspect

and ensure compliance at industrial and commercial facilities that are labeled critical

sources of pollutants under the 2001 Permit The Industrial/Commercial Facilities

Control Program however is one of the programs in the 2001 Permit which remains

subject to legal challenge and Is a program which the City is not proposing to continue

to maintain in the renewed permit.

Any inspection obligations in exceedance of federal regulations constitute a State

mandate and should be funded by the Regional Board in accordance with the precepts

2 2 710651 2 1.DWRR
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set forth in Article XIII section 6 of the California Constitution. The Regional Board shall

consider the economic impacts of mandating Permit requirements that exceed federal

regulations. The federal regulations only require Permittees to have a program to

monitor and control pollutants in stormwater discharges from municipal landfills

hazardous waste treatment disposal and recovery facilities industrial facilities that are

subject to Section 313 of Title III of the Superfund Amendments and Reauthorization

Act of 1986 and industrial facilities that the municipalities determine are contributing a

substantial pollutant loading to the MS4. The City objects to any further requirement

being included in the renewed Permit.

Under the 2001 Permit Permittees developed and maintained databases for facilities

within their own jurisdictions identified as critical sources of stormwater pollution in the

2001 Permit. The critical sources tracked under the 2001 Permit are summarized

below

Restaurants

r Automotive service facilities

Y Retail gasoline outlets RGOs and automotive dealerships

U.S. EPA Phase I Facilities Tier I and 2
Y Other Federally-mandated Facilities as specified in 40

CFR 122.26d2ivC

Municipal landfills

Hazardous waste treatment disposal and recovery facilities

Facilities subject to SARA Title III also known as EPCRA.

The 2001 Permittees collected information and updated on a regular basis an inventory

of critical sources. Permittecs collected the following. Information for each industrial and

commercial facility

Name of facility and name of owner/operator

Address

Coverage under the GIASP or other individual or general NPDES permits

r A narrative description including SIC codes that best reflects the industrial

activities and principal products at each facility.

The County reported that the first round of inspections under the 2001 Permit for the

critical source facilities identified above were completed by August 1 2004 and that

inspections are currently underway for the second round under the 2001 Permit and

227/065121-0068

118215.01 306/12108 9-

RB-AR15376



are expected to be completed by Fall 2006. The critical source facilities under the 2001

Permit received educational materials on storm water pollution prevention practices and

were inspected to ensure that the facility

Does not pour oil and grease or oil and grease residue onto a parking lot

street or adjacent catch basin

Keeps trash bin areas clean and trash bin lids closed and does not fill

trash bins with washout water or any other liquid

Does not allow illicit discharges such as discharge of washwater from

floormats floors porches parking lots alleys sidewalks and street areas

in the immediate vicinity of the establishment filters or garbage/trash

containers

Removes food waste rubbish or other materials from parking lot areas In

a sanitary manner that does not create a nuisance or discharge to the

storm drain.

Maintains the facility area so that it is clean and dry and without evidence

of excessive staining

Implements housekeeping BMPs to prevent spills and leaks

Properly discharges wastewaters to a sanitary sewer and/or contains

wastewaters for transfer to a legal point of disposal

Is aware of the prohibition on discharge of non-stormwater to the storm

drain

Y Properly manages raw and waste materials including proper disposal of

hazardous waste

r Protects outdoor work and storage areas to prevent contact of pollutants

with rainfall and runoff

Labels inspects and routinely cleans storm drain inlets that are located

on the facilitys property

Trains employees to implement stormwater pollution prevention practices.

Y Routinely sweeps fuel-dispensing areas for removal of litter and debris

and keeps rags and absorbents ready for use in case of leaks and spills

Is aware that washdown of facility area to the storm drain is prohibited

Is aware of design flaws such as poor grading or inadequate roof covers

and berms and that appropriate BMPs are implemented

27101512 1-0088
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Inspects and cleans storm drain inlets and catch basins within each

facilitys boundaries no later than October 1st of each year

i- For service stations post signs close to fuel dispensers which warn

vehicle owners/operators against topping off of vehicle fuel tanks and

the use of automatic shut-off dispenser nozzles

Routinely checks outdoor waste receptacle and air/water supply areas

cleans leaks and drips and ensures that only watertight waste receptacles

are used and that lids are closed and

Trains employees to properly manage hazardous materials and wastes as

well as to implementother stormwater pollution prevention practices.

Has if needed a current Waste Discharge Identification WDID number

for facilities discharging stormwater associated with industrial activity and

that a Storm Water Pollution Prevention Plan is available on-site and is

effectively implementing BMPs in compliance with Los Angeles County

Code Regional Board Resolution 98-08 and the SQMP.

While Permittees were not required to inspect facilities under the 2001 NPDES Permit

that had been inspected by the Regional Board within 24 months the Principal

Permittee found it difficult to schedule inspections in advance without timely and

detailed information posted on the Regional Boards website on facilities they have or

are scheduled to inspect. The information provided on the website was not specific

enough to the Municipal Permittees and specifically for the unincorporated areas of the

County of Los Angeles. The Regional Boards spreadsheet of industrial facilities

inspected see link

http//www.waterboards.ca.gov/rwgcb4/html/programs/stormwater/sw industrial

inspections.html does not provide detailed enough jurisdictional information with

respect to the unincorporated areas of Los Angeles County.

More specific and complete information is needed from the Regional Board during this

next permit cycle to avoid redundant inspections of facilities which the City determines

to inspect and to avoid a waste of public resources. The 2001 Permittees ensured

compliance of industrial/commercial facilities that are labeled critical sources under

the 2001 NPDES Permit by requiring BMP implementation. The County reports that

various inspections resulted in additional BMPs being required of industrial/commercial

facilities. Most of the BMPs required were to address issues involving operations that

were exposed to stormwater washing operations and trash/litter management.

The 2001 Permittees participated in various task forces including the Los Angeles

County District Attorney Strike Force the City of Los Angeles Strike Force and the

Federal Los Angeles Environmental Group Strike Force and worked closely with the

Regional Board and other Permittees to resolve stormwater related violations and other

issues.
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Under the 2001 Permit the Los Angeles County Department of Public Works

Environmental Programs Division was the lead agency to implement pollutant reduction

and control measures through inspections of industrial and commercial facilities within

the unincorporated areas of Los Angeles County. The County reports that 3743

facilities in the unincorporated areas were inspected in the first round and that

approximately 15% of all sites resulted in BMPs being required to address stormwater

related pollution. Less than 1% of all facilities were referred to the Regional Board for

violations.

As part of other mandates imposed on the 2001 Permittees inspections of critical

source facilities with underground storage tanks in the unincorporated areas and 74

Permittee Cities and/or with industrial waste permits in the unincorporated areas and

in 38 Permittee Cities were conducted on a regular basis to require compliance with

stormwater regulations and requirements of the industrial/commercial facilities control

program during each inspection.

The Industrial/Commercial Facilities Control Program was designed to meet the

objectives of the 2001 NPDES Permit. The 2001 Permittee worked hard to comply with

the requirements of the Industrial/Commercial Facilities Control Program under the

2001 NPDES Permit. Please see Appendix A for some specific examples provided by

the 2001 Permitees.

3.4 DEVELOPMENT PLANNING

Under the 2001 Permit the Permittees implemented a Development Planning Program

that included compliance with the Standard Urban Stormwater Mitigation Plan SUSMP
described in the 2001 Permit. However the SUSMP Program in the 2001 Permit

remains subject to legal challenge and the City is not proposing the continued

application of the SUSMP Program for the next permit cycle.

In general as required by the 2001 Permit Permittees developed and made the

SUSMP guidelines available to developers even though the SUSMP provisions were

being challenged. Applicable projects have been conditioned to meet the SUSMP

requirements prioror to a new Permit being issued.

The County developed a technical manual for siting and design of BMPs for the

development community. The various types of structural BMPs the 2001 Permittees

required developers to incorporate into their projects included catch basin inserts

hydrodynamic devices vortex separators biofilters on-site clarifiers vegetative swales

perforated pipes in rock filled trenches and detention basins.

The Development Planning Program was designed to meet the objectives of the 2001

NPDES Permit. Please see Appendix A for some specific examples provided by the

2001 Permittees to comply with the 2001 Permit SUSMP Program.
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3.5 DEVELOPMENT CONSTRUCTION

Any inspection obligations in exceedance of federal regulations constitute a State

mandate and should be funded by the Regional Board in accordance with the precepts

set forth in Article XIII section 6 of the California Constitution. The Regional Board shall

consider the economic impacts of mandating Permit requirements that exceed federal

regulations. The federal regulations do not require Permittees to inspect the broad

scope of construction sites required by the 2001 NPDES Permit. The City continues to

reserve its objections to any inspection program that goes beyond that required by the

federal regulations.

Pursuant to the 2001 NPDES Permit the 2001 Permittees implemented a Development

Construction Program to control runoff from construction activity at all construction sites

within their jurisdictions. Construction projects were adequately reviewed for

compliance with the NPDES Permit which included the development of Storm Water

Pollution Prevention Plans SWPPP and compliance with the SUSMP requirements of

the 2001 NPDES Permit. As necessary enforcement actions were taken against

construction sites in violation of Permit requirements. It is important to recognize that

certain aspects of the construction program remain subject to a legal challenge by a

number of the 2001 Permittees and by the Construction Industry Coalition on Water

Quality CICWQ and the Building Industry Legal Defense Foundation. These

challenged portions of this program are therefore not being proposed for the next permit

cycle.

To better implement the Development Construction Program for the 2001 Permit the

2001 Principal Permittee placed materials clarifying the requirements of the

Development Construction Program on its website and developed a brochure on Water

Quality Regulations which is provided to the public with building permits issued by the

Countys Building and Safety Division.

The Development Construction Program was designed to meet the objectives of the

2001 NPDES Permit. Permittees worked hard to comply with the requirements of the

Development Construction Program under the 2001 NPDES Permit. Please see

Appendix A for some specific examples provided by the 2001 Permitees.

3.6 PUBLIC AGENCYACTIVITIES

The Public Agency Activities Program under the 2001 Permit has been fully

implemented by the Permittees. An inspection program for public facilities is in place to

ensure field yards are implementing recommended BMPs. The most noted success of

the Public Agency Activities Program is greater awareness among the County and

Cities staff members of stormwater issues. The 2001 Permittees in cooperation with

the County Sanitation Districts of Los Angeles completed the Treatment Feasibility

Study. This study investigated the possible diversion of dry weather discharges or the

use of alternative treatment control BMPs to treat flows that may impact public health

and safety and/or the environment. Other program successes include increased

cleanout of problem catch basins and street sweeping proper coverage of trash
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receptacles and storage bins for potential pollutants proper implementation of BMPs on

public construction sites installation of pervious pavement in parking lots and drainage

swales to increase filtration and equipped facilities with clarifiers for vehicle washing.

Notable improvements under the 2001 Permit as a result of the Public Agency Activities

Program were

Y Increased staff awareness

Decreased potential for pollutant runoff from Public Facilities and

Upgraded fuel systems at maintenance yards with features that meet and

exceed the requirements of the Permit. Some features include utilizing

aboveground storage tanks secondary containment berms canopies

which extend over the concrete fuel pad and fuel pads graded to prevent

sheet flow.

The Public Agency Activities Program was designed to meet the objectives of the 2001

NPDES Permit. Please see Appendix A for some specific examples provided by the

2001 Permittees.

3.7 ILLICIT CONNECTIONS/ILLICIT DISCHARGES ELIMINATION

Under the 2001 Permit the Permittees have increased public awareness of the impacts

of illicit connections and illicit discharges. The Public Hotline 1-888-CLEAN-LA
continues to effectively manage the receiving tracking and reporting of public

complaints. For some of the 2001 Permittees Closed Circuit TV monitoring was

employed to screen for illicit connections and for others field screenings have been

conducted.

Noteworthy improvements to the Illicit Connections/Illicit Discharges Program include

Improved inter-agency coordination

Prompt response to reported illicit discharges

Increased public and City staff awareness and

Increased public reporting

The Illicit Connectionslillicit Discharges Elimination Program was designed to meet the

objectives of the 2001 NPDES Permit. The 2001 Permittees worked hard to comply
with the requirements of the Illicit Connections/Illicit Discharges Elimination Program
under the 2001 NPDES Permit. Please see Appendix A for some specific examples

provided by the 2001 Permittees.

4.0 PRIORITIES FOR PROGRAM IMPROVEMENT

Municipal stormwater and urban runoff management programs in the Los Angeles

region were initiated with the June 18 1990 adoption of Order No. 90-079. A revised

Municipal NPDES Permit was issued in July 1996 and another in December 2001
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Order No. 01-182. The 2001 Permittees currently find themselves near the end of this

third Permit cycle and have conducted in-depth reviews of their current management

programs with an eye toward continued improvement. As public agencies the 2001

Permittees have an obligation to responsibly manage public funds as well as to protect

the quality of the environmental resources within their jurisdictions. In addition

Permittees citizens live and work in the Los Angeles region and Permittees recognize

that managing the impacts of stormwater and urban runoff in a cost effective manner is

.i the best Interest of all their residents.

The 2001 Permittees implemented programs that meet and often exceed the basic

provisions of the existing Permit but understand that continued progress requires

program approaches that are strategic beneficial measurable cost-effective adaptive

and fiscally responsible.

The remainder of this document provides a more in-depth discussion of specific

priorities and the proposed Permit programs for the renewed NPDES Permit. Any 2001

NPDES Permit program not identified in the ROWD as being a part of the renewed

permit has been excluded from the renewed permit terms and has not be carried over

into the proposed permits terms for either legal practical or cost reasons. Again it

should be noted that many of the 2001 Permit terms remain subject to legal challenge

and that as such the City has not included various portions of the 2001 NPDES Permit

which it has contended are contrary to State and/or federal law and/or are otherwise

arbitrary and capricious.

4.1 PROGRAM COMPONENTS

Recommended improvements for the next- Permit cycle would be to streamline specific

requirements eliminate other requirements provide the City with a safe harbor

provision maintain steady implementation of programs that have not been challenged

and that have been proven to work well and make results-based modifications to other

programs to better utilize limited resources. Components in each of the programs have

been identified as requiring some modification to improve the overall intent of the

Permit which is to develop achieve and implement a timely comprehensivecost-effectivestormwater pollution control program to reduce the discharge of pollutants in

stormwater from the MS4 to the MEP standard and consistent with the reasonableness

standards under State Law.

4.2 PRIORITY 1 -- RECOMMENDED LANGUAGE FOR RECEIVING WATER
LIMITATIONS INCLUDING FINDINGS OF FACT SAFE HARBOR
PROVISION AND DEFINITIONS

The Receiving Water Limitations language in Order No. 01-182 is another section of the

2001 Permit that is the subject of the pending legal challenge. The City recommends
that the Permit contain Receiving Water Limitations language which is consistent with

applicable law and with which the City can comply. Order No. 96-054 the 1996 NPDES
Permit included language which stated Timely and complete implementation by a

Permittee of the storm water management programs prescribed in this Order shall

227/O 121-0068 -ý-718775Ol 3061209

RB-AR15382



satisfy the requirements of this section and constitute compliance with receiving water

limitations. It further provided that where an exceedance of a water quality objective

had occurred that the Permittees were to submit stormwater programs that will

increase the likelihood of preventing future exceedances of water quality objectives.

This language was subsequently omitted by the Regional Board in Order No. 01-182. It

is imperative that the City have the support of the Regional Board when making a good

faith effort to comply with Permit requirements and that the City not be required to

implement BMPs that go beyond the MEP or reasonableness standards under federal

and state law.

Permittees as municipalities should not be required to strictly comply with water quality

standards/objectives. Rather compliance with such standards should be limited to

compliance through the use of reasonable and cost-effective MEP-compliant BMPs
Forcing the City to be in a never-ending state of non-compliance and requiring it to

strictly comply with water quality standards/objectives that are not reasonably

achievable or practicable is arbitrary and capricious and contrary to law. Further

exposing the City to immediate third party lawsuits is unproductive discourages

collaborative working relationships with non-governmental organizations and does not

achieve the primary goal of improving water quality.

The following are proposed Findings of Fact suggested Receiving Water Limitations

language and Definitions for the renewed permit

Findings ofFact

1. Urban Runoff includes discharges from residential industrial commercial

and construction areas within the Permit Area. In addition to Urban Runoff the MS4s

regulated by this order receive flows from agricultural activities open space state and

federal properties and facilities schools colleges and universities and other land uses

not under the control of the Permittee.

2. The Permittee lacks legal jurisdiction over discharges into their respective

MS4s from agricultural activities California and federal properties and facilities school

districts colleges and universities utilities and special districts wastewater

management agencies and other point and non-point source discharges otherwise

permitted by or under the jurisdiction of the Regional Board. The Regional Board

recognizes that the Permittee should not be held legally responsible for any discharges

or pollutants either in storm water or non-storm water running off of any such property

or facility. Similarly certain activities that generate pollutants present in Urban Runoff

are beyond the control or the authority of the Permittee to regulate. Examples of these

include but are not limited to the operation of internal combustion engines atmospheric

deposition brake pad wear tire wear residues from application of pesticides nutrient

runoff from agricultural activities and background conditions e.g. wildlife and leaching

of naturally occurring minerals metals and other elements from local geology.

3. The Regional Board finds that the unique aspects of the regulation of Urban

Runoff discharges through MS4s including but not limited to the intermittent nature of
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discharges and difficulties in monitoring and limited physical control over the

discharges will require adequate time and resources to determine what persons or

entities are responsible for reducing the discharge of pollutants in Urban Runoff

discharged from the MS4.

Receiving Water Limitations

1. The Permittee shall implement BMPs to attempt to reduce the

discharge of pollutants in Urban Runoff discharged from the Permittees MS4s
where such Urban Runoff causes or contributes to an exceedance of water

quality standards and objectives.

2. The Permittee shall comply with Paragraph 9 above through the

use of reasonable and cost-effective MEP-compliant BMPs. The BMPs shall be

designed taking into consideration those water quality standards and objectives

that are reasonably required to ensure the reasonable protection of properly

designated beneficial uses Only water quality standards/objectives which can

reasonably be achieved need to be complied with by the Permittee and only

after the Regional Board has considered a the past present and probably

beneficial uses of the receiving water b the environmental characteristics of the

hydrographic unit under consideration including the quality of water available

thereto c the water quality conditions that could reasonably be achieved

through the coordinated control of all factors which affect water quality in the

area d economic considerations e the need for developing housing in the

region and f the need to develop and use recycled water. In determining

whether any particular water quality standard or objective must be complied with

by a Permittee in addition to the above the Regional Board shall further

consider all demands being made and to be made on the subject waters and the

total values involved beneficial and detrimental economic and social tangible

and intangible. Compliance with applicable water quality standards and

objectives is to occur through an iterative BMP process consistent with the

provisions of this paragraph.

3. If an exceedance of a water quality standard/objective is due to or

believed to be due to discharges to the MS4 that are outside the Permittees

jurisdiction or control the Permittee shall advise the Executive Officer of such in

writing and thereafter need not implement BMPs to address such an

exceedance_

4. If the Permittee has acted reasonably and in good faith in

complying with the procedure set forth above and are implementing the revised

SQMP the Permtteee does not have to repeat the same procedure for continuing

or recurring exceedances of the same water quality standards/objectives unless

the Executive Officer determines that additional BMPs consistent with Section 2

above should be implemented to comply with applicable water quality

standards/objectives and provides written notice to the Permittee of this

determination and the basis for the determination.
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5. Reasonable and good faith compliance with the procedures set

forth in this section shall satisfy the requirements of this Order and shall

constitute compliance with applicable water quality standards/objectives.

Definitions

1. Maximum Extent Practicable or MEP is the standard established

by Congress in Clean Water Act section 402p3Biii that municipal

dischargers of storm water MS4s must meet. For the purpose of this Order MEP
is generally but not necessarily less stringent than best available control

technology the standard which industrial dischargers of storm water must meet.

MEP generally emphasizes pollution prevention and source control and includes

consideration of technical feasibility practicability. cost effectiveness benefits

derived regulatory compliance and public acceptance. Where cumulative cost

exceeds cumulative benefits a program or BMP is not considered practicable.

2. Urban Runoff is that water discharged to the MS4 for which the

Permittees are responsible when further discharged from the MS4 to receiving

waters. Urban Runoff includes discharges from residential industrial

commercial and construction areas that are not governed by a State issued

NPDES Permit within the Permit area but the term Urban Runoff expressly

excludes storm water and non-storm water discharges from agricultural activities

Statepermitted industrial. activities or construction sites open space State and

federal properties and facilities school district properties colleges and

universities waste water management agencies other NPDES-permitted

discharges and other point and non-point source discharges that are not subject

to regulation by the Permittee.

4.3 PRIORITY 2 - FUNCTION OF WATERSHED MANAGEMENT
COMMITTEES

Order No. 01-182 requires Watershed Management Committees WMCs to carry out

specific responsibilities as a group. These responsibilities included

a. Facilitate cooperation and exchange of information among Permittees

b. Establish goals and objectives and associated deadlines for the WMA as

the program implementation progresses

c. Prioritize pollution control efforts based on beneficial use impairments
watershed characteristics and analysis of results from studies and the

monitoring program
d. Develop and/or update and monitor the adequate implementation on an

annual basis of the tasks identified for the WMA
e. Assess the effectiveness of prepare revisions for and recommend

appropriate changes to the SQMP and its components
f. Continue to prioritize the Industrial/Commercial critical sources for

investigation outreach and follow-up and

g. Meet four times per year and as necessary.
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The Citys resources are limited. Requiring the City to perform additional tasks under

the WMCs is extremely difficult because it takes valuable resources away from working

on other Permit requirements that have a more significant impact on water quality.

The City believes it is important for key personnel within a W MA to meet on a quarterly

basis to facilitate cooperation when implementing stormwater programs and to

exchange experiences and information that may be of value. However the City

recommends having the flexibility to independently determine how to implement its

Permit programs in the manner that best suits it whether that be individually or as a

WMA. The City recommends that the WMC meeting structure be combined with the

impaired water body jurisdictional groups to form one joint meeting since many of the

same Permittee representatives are handling both obligations. This recommendation

would reduce the need for parallel meetings that are unnecessary. WMAs are

redundant since Permittees will be forced into watershed-based relationships as a result

of impaired water bodies.

4.4 PRIORITY 3 - INDUSTRIAL AND COMMERCIAL FACILITIES

CONTROL PROGRAM IMPROVEMENTS

Pursuant to the 2001 NPDES Permit Permittees were required to track inspect and

ensure compliance at industrial and commercial facilities that the Regional Board has

asserted are critical sources of pollutants in stormwater. These provisions in Order

No. 01-182 are presently being challenged by many of the 2001 Permittees in the

pending legal challenge.

The City proposes that the so-called Critical Sources referenced in the 2001 Permit

such as commercial facilities restaurants automotive service facilities retail gasoline

outlets and automotive dealerships and Phase I Facilities both Tier 1 and 2 not be

inspected under the renewed permit unless the City first determines that the facility is

an industrial facility that is contributing a substantial pollutant load to the MS4.

There is no authority under State or federal law for requiring the City to inspect

commercial facilities such as restaurants gasoline service stations or automobile

dealerships or any other commercial facilities. For industrial facilities the federal

regulations leave it to the Permittee to determine which facilities to inspect and when
and provide for the inspection of those industrial facilities which the Permittee

determines are contributing a substantial pollutant load to the MS4. Accordingly the

City requests that the existing Industrial and Commercial Facility Control Program

requirements under Order No. 01-182 be deleted from the Permit and replaced with

language which provides the City the discretion to inspect those industrial facilities it

determines are contributing a substantial pollutant load to the MS4.

Also the 2001 Permittees found it unnecessary and a waste of resources to repeatedly

inspect facilities that are found to be in compliance with the General Industrial Activities

Stormwater Permit GIASP. A much more effective inspection strategy would be to

repeatedly target industrial facilities that are not in compliance and where the Permittee

determines the industrial facility has contributed a substantial pollutant load to the MS4.
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Moreover for those industrial facilities the City determines to inspect the City

recommends that the Annual GIASP inspection fees collected by the State Water

Resources Control Board be distributed to the City for conducting such industrial facility

inspections. This would encourage and assist the City and other Permittees in making
such inspections and would avoid private industry from either paying two inspection

fees for a single inspection or being subject to redundant inspections. In addition to the

legal objections to the inspection program in Order No. 01-182 financial constraints

make it difficult for the City to carry out the level of inspections required under OrderNo.

01-182. Providing local agencies with sufficient monetary resources will facilitate more

inspections by the City.

4.5 PRIORITY 4 - PEAK FLOW CONTROL AND STANDARD URBAN
STORMWATER MITIGATION PLAN SUSMP

The City proposes that the Development Planning Program provisions as contained in

Order No. 01-182 be deleted and not carried forward into the next permit. Again these

provisions under Order No. 01-182 are being challenged by many of the 2001

Permittees as the State and Regional Boards are without authority to impose these

provisions and as such program provisions are inconsistent with state and/or federal

law.

Continuing to require compliance with the SUSMP provisions is to require compliance.

with a particular design criteria or other particular manner of compliance which is

contrary to the prohibition under California Water Code section 13360. In addition

continuing to require compliance with the SUSMP provisions and to compel

municipalities to impose certain mitigation measures to mitigate undefined impacts from

runoff from numerous development and redevelopment projects irrespective of what

mitigation measures may or may not be properly required under CEQA and the review

process set forth therein is arbitrary action that is contrary to law and the Regional and

State Boards lack the authority to impose any such requirements.

In addition the Peak Flow Control provisions included in the 2001 Municipal NPDES
Permit are in excess of the Regional and State Boards authority and are contrary to

law as neither the Clean Water Act nor the Porter-Cologne Act authorizes the State to

regulate the quantity of storm water or urban runoff.

Finally the State and Regional Boards should consider the impacts that the

Development Planning Program provisions will have on the development of low

income/affordable housing as required under Water Code sections 13241e and 13263.

4.6 PRIORITY 5 - SPECIFIC BMP REQUIREMENTS

Under Order No. 01-182 all Permittees were required to place and maintain trash

receptacles at all transit stops within their jurisdiction. Prescriptive requirements such

as this limit the ability of Permittees to analyze and determine the cost effectiveness and

appropriateness of BMPs to address pollutants of concern in discharges from their MS4.

They are further contrary to law. See e.g Water Code 13360.
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It is recommended that the City be given the flexibility to select suitable BMPs and their

respective locations to address pollutants of concern. The City also recommendsthat

the explicit requirement to place and maintain trash receptacles at all transit stops be

removed from the Permit as it is presently the subject of the legal challenge to Order

No. 01-182. Moreover any such mandates to be imposed upon the City may only be

imposed under the California Constitution if appropriate funds have been provided to

the Permittees to fund the mandate.

4.7 PRIORITY 6 - STORM WATER POLLUTION PREVENTION PLANS
SWPPP REDUNDANCY

The General Construction Activities Stormwater Permit GCASP Order No.99-08-DWQ
requires all dischargers where construction activities disturb one or more acres

to develop and implement a Storm Water Pollution Prevention Plan SWPPP eliminate

or reduce non-stormwater discharges to storm drain systems and other waters of the

nation and perform inspections of all BMPs. Requiring a Local SWPPP to substitute for

a State SWPPP is redundant and is the subject of the legal challenge to Order No.01-182.The requirement for a Local SWPPP should be deleted and is not being proposed

to be carried forward in the next permit cycle.

The City also proposes that the Development Construction Program requirements as

set forth under Order No. 01-182 be modified in the renewed permit so that the City not

be required to impose minimum unreasonable requirements on construction sites

such as unreasonable restrictions on the discharge of sedimentor construction related

material including sand gravel and other natural material that may runoff from a

construction site. This concern is also the subject of the pending legal challenge

4.8 PRIORITY 7 - ILLICIT CONNECTION/ILLICIT DISCHARGE
ELIMINATION PROGRAM IMPROVEMENTS

The 2001 Permittees are required to eliminate all illicit connections and illicit discharges

to the storm drain system and to document track and report all occurrences. The

Permit requires the field screening of open channels underground pipes and

underground pipes with a diameter of 36 Inches or greater by specific dates. Based on

an annual evaluation of patterns and trends of illicit connections and illicit discharges it

can be concluded that the following land use types contributed an average of 62.2% of

all illicit connections and 81.5% of all illicit discharges discovered

High Density Single Family Residential

Retail and Commercial

Light Industrial

Multiple Family Residential
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Transportation

The City recommends that in coordination with the County field screening be

concentrated in the five land use types above to maximize resources and target the

areas where most illicit connections and illicit discharges are currently found. It is

recommended that field screening in other land use types be optional since the Citys

resources are limited.

The City recommends that the term illicit disposal be removed from the definitions

section of the Permit since it serves no purpose and is not used in the Permit. Other

definitions need to be more explicitly defined to establish consistent implementation and

reporting by Permittees. The definition for illicit discharge should be revised to read

means any discharge to a constructed storm drain system excluding streets and

gutters that is prohibited under local state .. This revised definition will clearly

identify an illicit discharge as a non-stormwater discharge that has entered a

constructed storm drain system. The 2001 Permittees do not consider a spill or

discharge that is only in the gutter or roadway as being an illicit discharge since these

types of incidents are typically handled immediately and never reach the receiving

waters. Similar definition for illicit connection should be revised to read anSimilarly the Y

unpermitted connection which may allow an illicit discharge to enter a constructed storm

drain system excluding streets and gutters...

4.9 PRIORITY 8 - PERMIT FORMAT

The City finds the format of the 2001 Permit difficult to follow. The City recommends

that the Regional Board also include tables and matrices to assist the City with Permit

requirements expectations and submittal deadlines.

4.10 PRIORITY 9- PERMIT IMPLEMENTATION COSTS

Many Permittees in the 2001 Permit had to budget and divert earmarked money from

other municipal requirements to meet the obligations of the 2001 NPDES Permit The

City is concerned about the year-to-year increase in program implementation costs to

meet what are believed to be unreasonable programs that are not cost/effective and do

not foresee new revenue streams to help bridge the gap between Permit compliance

and other municipal programs. The Regional Board should not overlook the lack of

adequate resources to implementthe requirements of the Permit. Consideration should

be given to developing and implementing program requirements that target the largest

and most frequent sources of stormwater pollution and that utilize the Citys resources

prudently so as not to exhaust them beyond reasonable means. Some 2001 Permittees

have cited examples such as excessive industrial and commercial facility inspections

as required by the 2001 Permit as having detracted resources from their illicit

connection and illicit discharge field-screening program.
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4.11 PRIORITY 10 -DISCHARGE EXEMPTION REFERENCE

The City proposes to continue with the same program set forth under the 2001 Permit

for prohibiting non-stormwater discharges Part 1 of the 2001 Permit except that the

discharge exemption for potable drinking water supply and distribution systemreference

to American Water Works Association AWWA guidelines for dechlorination and

suspended solids reduction practices should be deleted. The City has determined that

these AWWA guidelines do not exist. Therefore it is recommended that the AWWA
reference be removed from the new permit.

4.12 PRIORITY 11 - LEGAL AUTHORITY

The task of amending or adopting a Permittee-specific stormwater and urban runoff

ordinance to enforce all requirements of the Permit takes a significant amount of time to

complete. It Is recommended that the Boards provide the City a minimumof 12 months

from the date of Permit adoption to complete all necessary changes to possess

adequate legal authority to comply with the new Permit.

4.13 PRIORITY 12 - ANNUAL REPORT ENHANCEMENTS

The City recommends streamlining the Municipal Stormwater Permit Annual Report to

only require the reporting of significant records that demonstrate BMP effectiveness and

compliance with the implementation of SQMP components to reduce the discharges of

pollutants in stormwater from the MS4 in accordance with the MEP and

reasonableness standards under federal and state law. Redundant requirements such

as the preparation of an assessment of the effectiveness of SQMP requirements to

reduce stormwater pollution which evaluates watershed-wide assessments conducted

by each WMC is unnecessary and a waste of resources.

The County reported that many 2001 Permittees had difficulties in submitting Annual

Reports by the October 15th deadline. Problems exist with the short timeframe that

Permittees are given between the end of the fiscal year typically June 30 and meeting

the deadline for submitting Annual Reports to the Principal Permittee so that data can

be compiled and summarized by the 2001 Principal Permittee for submittal by October

15th The City recommendschanging the Annual Report deadline from October 15th to

November 15th of each year.

The 2001 Permittees considered some information required for the Annual Report to be

irrelevant to achieving the goals of the Permit. For this reason and because of

proposed deletions and changes to the 2001 Permit it is recommended that the

following Annual Report questions be eliminated

Section IV.C.7 - How many of each of the following projects did your

agency review and condition to meet SUSMP requirements last year

Section IV.C.8 -What is the percentage of total development projects

that were conditioned to meet SUSMP requirements
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Section IV.D.5 -How many building/grading permits were issued to sites

requiring Local SWPPPs last year

Section IV.D6 -- How many building/grading permits were issued to sites

requiring coverage under the General Construction Activities Stormwater

Permit last year

Section IV.D.7 - How many building/grading permits were issued to

construction sites less than one acre in size last year

The following Annual Report tables should be modified to eliminate confusion and

improve the quality of data submitted

Section IV.F.10 -Delete and replace with the following illicit connections

table

Number of Number of Number of Number of Number of

Suspected Illicit Suspected Illicit Illicit Suspected Illicit Suspected Illicit

Connections Connections Connections Connections Connections

Reported Investigated Terminated found not to be that resulted in

Illicit Enforcement

Action

Section IV.F.13 --- Delete and replace with the following illicit discharges

table

Number of Number of Number of Illicit Number of Number of

Suspected Illicit Suspected Illicit Discharges Suspected Illicit Suspected Illicit

Discharges Discharges Terminated Discharges Discharges that

Reported Investigated found not to be resulted in

Illicit Enforcement

Action

4.14 PRIORITY 13 - PUBLIC INFORMATION AND PARTICIPATION

ENHANCEMENT

The County has recommended the requirement of a minimumof 35 million impressions

per year on the general public concerning stormwater quality via print local TV access

local radio or other appropriate media be deleted from the next permit cycle The

County believes a better process to quantify the effectiveness of a public information

and participation program is to use a presumptive measurement approach. According

to the County this presumptive measurement approach will quantify a percent reduction

or improvement in water quality as a result of implementing an integrated and
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effective public information and participation program. The City will participate with the

County and will be relying on the County and its efforts in the renewed permit as

compliance with the Public Information Program.

The Countys program is a cost-effective program that reaches millions of households in

the region. The City will also continue its own public education program of flyers press

releases and advertisements. In addition the City will run 30-second video spots on the

Citys cable television station.

4.15 IMPLEMENTATION APPROACHES

The 2001 Permittees worked diligently to develop comprehensive watershed programs.

Working across watershed boundaries with the other 2001 Permittees will require that

the Permittees continue to collectively develop relationships as well as standardized

procedures to facilitate increased collaboration. This will increase the effectiveness of

watershed programs being implemented. Permitees and the Regional Board must also

increase their understanding of the scientific basis of water quality and pollution source

control. Allowing for increased flexibility in the next permit is crucial to future successes.

Adopting prescriptive and inflexible permit requirements would be premature and

seriously undermine processes and commitments that have already been put into place.

The Regional Board should not adopt new requirements until sufficient data has been

collected so as to ensure success to a reasonable level of probability. The scientific

data underlying all Regional Board decisions should be subject to peer review

consistent with State and federal law.

Implementation approaches will be evaluated and amended to reflect Permit

requirements and achieve the goal of implementing program components to reduce the

discharges of pollutants in stormwater runoff from the MS4 to the MEP and

reasonablenessstandards.

The City desires to make improvements to the surface water quality in the region.

However due to our small size 2.2 square miles and small population 11089 the

City believes that the most cost-effective approach to permit compliance for the

renewed permit will be to carry out Best Management Practice programs in our

subwatersheds. The City is currently managing the Hamilton Bowl Trash Reduction

Project which includes the City of Long Beach the County of Los Angeles and the

State Water Board as funding partners. A Best Management Practices Effectiveness

Report is required at the end of the trash reduction project.

This project was originally intended to construct operate and test a series of trash

catching devices in the Hamilton Bowl a major runoff retention facility serving both

Signal Hill and Long Beach. Signal Hill intends to expand the Hamilton Bowl project

during the next permit cycle to complete a feasibility study of dry-weather diversion

injection well sand filters or other Best Management Practice approaches. This

feasibility study will assist the City in determining the most cost-effective approach to
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dealing with dry-weather runoff from the subwatershed and to establish a scope of work

program and apply for grant funding.

4.16 TOTAL MAXIMUM DAILY LOAD TMDL IMPLEMENTATION PLANS

The CWA of 1972 require States to develop a list of impaired waters and the pollutants

causing them to be impaired also known as the 303d List. States must then establish

a pollutant specific Total Maximum Daily Load TMDL for each listed water body for the

particular pollutant causing the impairment. TMDLs are guides to be used in bringing

impaired water bodies into compliance with water quality standards necessary to

sustain their designated beneficial uses and must be consistent with the State and

federal law requirements applicable to the adoption and implementation of TMDLs. One

of the objectives of this NPDES Permit is to protect the beneficial uses of receiving

waters in Los Angeles County by reducing the discharge of pollutants in stormwater

from the MS4 to the MEP and reasonableness standards through an iterative BMP

approach.

Waste load allocations established by a valid TMDL are to complied with through an

implementation plan which implementation plan is to be implemented through

appropriate BMPs.. The BMPs are adopted either as amendmentsto an NPDES Permit

or through other means such as the adoption of waste discharge requirements

WDRs or as proposed below through. a Memorandum of Understanding MOU
between the Boards and the affected dischargers. TMDLs to be applied to municipal

discharges should therefore be implemented through the subsequent adoption by the

Boards of either separate MOUs or WDRs which delineate the reasonable andcost-effective
MEP-compliant BMPs to be undertaken.

US EPA has stated that TMDLs can be implemented through a variety of mechanisms

even voluntary agreements. The City proposes that TMDLs be implemented through

Memorandums of Understanding MOUs between the State and Regional Boards and

the City. The City believes that implementing TMDLs through the NPDES Permits is not

the correct or desirable approach. Requiring strict compliance with numeric limits in a

TMDL by incorporation of the waste load allocations into the NPDES Permits would

subject the City to potential daily fines of $31500 and on-going third-party litigation.

The City is already struggling to fund water quality programs and is anticipating

additional expenses as more and more TMDLs are adopted..

A more equitable method of enforcement is an agreement between the Regional Board

and the City to implement Supplemental Environmental Programs SEPs. The MOUs
could specify that SEPs are the preferred alternative for non-compliance since they

would consist of programs designed to enhance the beneficial uses in the general

vicinity of any violation instead of fines to be paid to other accounts such as the State

Cleanup and Abatement Account. The MOUs could specify that the City would be

277/tlttl5121.OC

7182701 CM 112/06 -26-

RB-AR15393



t u

required to complete special studies pollution prevention pollution reduction

environmental restoration environmental auditing and increased public education.

The City thus recommends an MOU between the State and Regional Boards and

responsible agencies be adopted in lieu of including TMDLs in the NPDES Permit. The
TMDLs applicable to the City would then be implemented through the adoption of

separate MOUs setting forth reasonable and cost-effective BMPs. Such MOUs should

provide that good faith compliance and implementation of the BMPs set forth in the

developed Implementation Plan would constitute compliance with the adopted TMDLs.
The use of MOUs is authorized by the Water Quality Control Policy for Addressing

Impaired Waters Regulatory Structure and Options adopted by State Board Resolution

No. 2005-0050 June 16 2005. The effluent limitations in the Permit Itself should be

expressed as BMPs. See EPA Memorandum Establishing Total Maximum Daily Load

TMDL Waste Load Allocations WLAs for Storm Water Sources and NPDES Permit

Requirements Based on Those WLAs November 22 2002 p.4.

All BMPs proposed to be implemented to meet a TMDLs waste load allocations

should moreover be in accordance with the MEP and reasonableness requirements of

federal and State law and particularly the requirement that the City only be required to

comply with those water quality standards/objectives which. are reasonably achievable

taking into account economic considerations impacts on housing within the region the

past present and probable future beneficial uses of the water the environmental

characteristics of the hydographic unit under consideration including the quality of

water available thereto and the total values involved beneficial and detrimental

economic and social tangible and intangible.

As set forth in a November 22 2002 EPA Guidance Memorandum EPA Guidance

Memo EPA determined that where a TMDL is developed for stormwater discharges

because stormwater discharges are due to storm events that are highly variable in

frequency and duration and are not easily characterized only in rare cases will it be

feasible or appropriate to establish numeric limits for municipal and small construction

stormwater discharges. EPA further found that

Under certain circumstances BMPs are an appropriate form of effluent

limits to control pollutants in storm water. See 40 C.F.R. 122.44k2
3. If it is determined that a BMP approach including an iterative BMP
approach is appropriate to meet the storm water component of the TMDL
EPA recommends that the TMDL reflect this. Id. at p.

5 of EPAs
Guidance Memo.

5.0 WATER QUALITY MONITORING

The 2001 Permit provides that the results of the monitoring program should be used to

refine the SQMP for the reduction of pollutant loadings and the protection and

enhancement of the beneficial uses of the receiving waters in Los Angeles County.
The Monitoring Program set forth in Order No. 01-182 was not developed based on a

cost/benefit analysis where the benefits of the program were examined in comparison
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to its cost. As such the Monitoring Program in the 2001 Permit is the subject of the

pending legal challenge.

With respect to the renewed permit for the next permit cycle as the City believes that

the State and Regional Boards are required to conduct a cost/benefit analysis as

provided for under Water Code sections 13267b 13225c and 13165 before any

monitoring and reporting program can be imposed upon the City any monitoring and

reporting program to be carried out in the next permit cycle should only be imposed

upon the City after the State and Regional Boards have first conducted the requisite

cost/benefit analyses and thereafter to the extent any such cost/benefit analyses

shows the burdens of the monitoring or reporting program do not bear a reasonable

relationship to the need for the program and the benefits to be attained therefrom such

program should not then be imposed upon the City. Nor should the City then be

required to fund any such monitoring or reporting program.

Techniques to quantify the relationship between SQMP implementation and water

quality are still in their infancy and will mature through an iterative process over many
Permit cycles. Under the Countys Monitoring Program resources are proposed to be

shifted toward those studies and monitoring programs that allow for a better measure of

SQMP effectiveness and that lead to a reduction in pollutant loadings from urban and

storm water runoff.

The City of Signal Hill Monitoring Program is based upon the Countys proposed

sampling plan for Mass Emission Stations as set forth in the Countys proposed

ROWD. The Citys Monitoring Program will consist of the following

Executive Summary

Samples will be collected from 3 storm events at four locations during each rainy

season.

o 2 samples will he collected at each station 4 hours apart. recommended
Two samples will be collected at the same locations during the dry season.

Samples will be collected manually.

Water samples will be tested for 303d listed pollutants past sampling hits and

select GIASP parameters.

Sampling points are prior to commingling with Long Beach or CalTrans runoff.

Sampling Frequency

WetWeather Monitoring Events

Three 3 wet-weather monitoring events will be conducted during each rain season.

Monitoring will be conducted during the first rain event and two other events no closer

than 30 day intervals. Two samples will be collected at each monitoring station

Samples will be collected at four 4 locations described in the section below entitled
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Sampling Stations. The first samples at each sampling station will be collected within

four 4 hours of the beginning of the rain event. The second series of samples will be

collected approximately four 4 hours after the collection of the first samples. Due to

natural variations in rainfall all samples may not be able to be collected as scheduled

and it is acknowledged that sample collection schedules may need to be modified

during such times.

Dry-Weather Monitoring Events

Two 2 dry-weather monitoring events will be conducted during the dry-weather

season. One sample will be collected at each of the four 4 monitoring stations. The

samples will be collected during the dry-weather period of April 16th through October

31St. Samples shall be collected at intervals of no less than 60 days apart. Additionally

samples shall not be collected within three 3 days after any rainfall.

Sampling Parameters

Sample collections will be conducted in accordance with the U.S EPA sampling

protocols. The Citys sampling plan will test for the pollutants identified in the table

below Trip and sampling blanks will be used to verify proper handling procedures.

Pollutants

Tributary to Los Angeles River Tributary to Los Cerritos Channel

Oil and Grease Oil and Grease

Total Suspended Solids Total Suspended Solids

recommended recommended
Specific Conductance recommended Specific Conductance recommended
pH pH

Hardness Hardness

Temperature needed for metals tests Temperature needed for metals tests

Residual Chlorine Residual Chlorine

Bacteria Bacteria

Fecal Coliform Fecal Coliform

Total Coliform Total Coliform

Enterococcus Enterococcus

Nutrients Metals

Nitrate N Copper

Nitrite N Zinc

PAHs Lead

Bis2-ethylhexl phthalate

4-metholphenol

Metals
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Copper

Zinc

Lead

Cadmium
Aluminum

Diazinon

Monitoring Stations

Los Angeles River Watershed

Outflow samples There are six 6 major storm drain systems that convey runoff from

the City of Signal Hill to the Los Angeles River. Two 2 of-these systemsconvey runoff

that is not blended with runoff originating in the City of Long Beach and ultimately drains

into the Hamilton Bowl Detention Basin. Samples will be collected at the following

locations

1. The existing manhole at station 1610 at Gundry Avenue at the Pacific Electric

Railroad Right-of-way.

2. The existing manhole at station 181 near the intersection of Alamitos Avenue

and Walnut Avenue.

Inflow samples Due to the topographical nature of Signal Hill there are no applicable

lines within the Los Angeles River Watershed in Signal Hill with inflow from outside

areas.

Los Cerritos Channel Watershed

Outflow samples There are four 4 major storm drain systemsthat covey runoff from

the City of Signal Hill which ultimately flow into the Los Cerritos Channel. Each of

these lines convey commingled runoff from the Cities of Long Beach and Signal Hill.

Two storm drain lines can be sampled at locations where runoff originating in the City of

Long Beach will have a reduced impact on the sample results. Samples will be

collected from the following locations

1. The existing manhole at station 382 in Cherry just south of Spring Street.

2. A new manhole at the city boundary on California just south of Wardlow

Road.

Inflow samples Similarly to the areas draining to the Los Angeles River the City of

Signal Hill is essentially the top of the hill and there are no significant areas of inflow

from outside jurisdictions. There is a substantial amount of commingled runoff in

several storm drains within the Los Cerritos Channel watershed through numerous

catch basins. Segregation of flows will be virtually impossible.
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APPENDIX A - 2001 PERMITTEES PROGRAM ACCOMPLISHMENTS

The 2001 Permittees worked. hard to comply with the 2001 NPDES Permit requirements

and in certain instances had gone above and beyond the Permit requirements. The

following are some examples of accomplishments provided by the 2001 Permittees

Public Information and Participation Program

The Principal Permittee raised public awareness of stormwater pollution through

the following efforts Countywide media campaigns for the Stormwater

Urban/Runoff and Used Motor Oil Recycling programs the broadcast of pollution

prevention public service announcements PSAs through the 4 Our Planet media

partnership with KNBC television station and a partnership with the Heal the Bay

and innovative K-12 environmental education programs. More than 153 million

impressions were achieved.

The Principal Permittee partnered with the Cities of the Malibu Creek Watershed to

purchase 4 Our Planet PSAs on KNBC television station targeting specific

pollutants within the watershed.

Y Principal Permittee ethnic outreach efforts included English Spanish and Chinese

campaigns to promote used motor oil and filter recycling and stormwater pollution

prevention to a Black Latino and Chinese populations.

Two community pilot projects Florence Firestone and Union Pacific were

implemented to provide an opportunity for the general public local business and

community leaders to participate in a beautification event and facilitate Jhe

beginning of a long-term goal of keeping their communities clean by educating

others about pollution prevention with the collateral materials and the knowledge

they acquired from County Stormwater messages.

Y Quarterly public outreach strategy meetings were organized and hosted annually

by the Principal Permittee. Updates information and materials were provided to the

Permittees to improve and enhance their outreach efforts and keep them informed

about the Countywide media campaign.

Over 10 BMP workshops were held for corporate managers of restaurant chains

and retail gas station chains to facilitate the proper handling and disposal of

materials to divert them from entering the storm drain system. Approximately 145

restaurant managers and corporate staff attended the training workshops.

The Principal Permittee continues to conduct environmental education programs

developed to meet the educational needs of students enrolled in grades K-12 and

will enhance curriculum assessment and tracking efforts through its partnership

with the California Regional Environmental Education Consortium. More than

301700 students in 436 schools received stormwater pollution prevention

curriculum through these school outreach programs.
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The joint calendar project coordinated across multiple watersheds allowed

participating permittees to distribute to residents a full color one-page poster-type

calendar delivering the stormwater pollution prevention message through

compelling photographic images.

The Ballona WMC developed and distributed a joint mailer to promote stormwater

pollution prevention throughout the watershed. A bifold pamphlet was developed

providing a To Do list of activities that could cause pollution and suggested things

that individuals can do to reduce or eliminate the adverse impacts of these

activities. 133550 copies of the brochure were printed and distributed by the

participating agencies via direct mailing or as inserts into newsletters.

The City of Los Angeles Stormwater Program website had over 95000 more hits in

2004-05 than the previous year. This 38% increase along with responses to public

surveys indicate that the messages on preventing stormwater pollution improving

urban runoff water quality and protecting our water resources are reaching an

expanded audience.

The City of Los Angeles StormwaterPublic Education Program in partnership with

the California Coastal Commission and Malibu Foundation co-sponsored the 12th

annual Ocean Day Beach Clean at Dockweiler Beach on May 20 2005.

Y The City of Manhattan Beach has continued to promote awareness of stormwater

pollution prevention through its Ocean Safe City message which targets residents

and businesses within the City. It Is estimated that over half of the Citys residents

20000 participated in the Hometown Fair Household Hazardous Waste
Awareness Week and Earth Day events. The City operated a booth at each event

and gave out stormwater educational material to both adults and children.

The City of Rancho Palos Verdes promoted stormwater pollution prevention at

several City sponsored events throughout the year as well as using the City

newsletter and other media outlets to inform and educate its residents about the

importance of stormwater pollution prevention. The City participated with other

Ballona Creek WMA Cities to develop and produce a cooperative mailer and then

distributed it to all single-family households within the City.

The City of Rolling Hills Estates and the City of Rolling Hills jointly staff a public

education booth at the two-day annual Peninsula Street Fair. Teen volunteers

conduct a hands-on demonstration using the Countys Enviroscape model with

particular emphasis on targeted pollutants pet waste horse manure fertilizer and

pesticides After each demonstration the teens distribute public education

brochures such as the equestrian and landscaping BMP brochures and related

promotional items donated by the County. The City of Rolling Hills Estates also

conducts the same outreach at its annual City Celebration.

The Cities of Rolling Hills Estates and Rolling Hills distributed copies of

USEPAMIeather Channels video After the Storm and Algalita Marine Research
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Foundations video Plastics in the Open Ocean to middle and high school

environmental science teachers in public and private schools. All six periods of AP
Environmental Science students at Palos Verdes Peninsula High School were

shown these videos.

The City of Alhambra staffed a public education booth at its annual Chinese New
Year Celebration Water Awareness Week Seniors Health Fair and Earth Day
events where pollution prevention posters are displayed and public education

brochures and related promotional materials were distributed emphasis on trash

pet waste home owner maintenance such as landscaping and painting and

fertilizer and pesticide use. During some outreach events the Citys Enviroscape

Model was demonstrated with the assistance of children as the rainmakers.

The City of Hermosa Beach invited restaurants owner/operators to a stormwater

educational seminar to discuss the 2001 Municipal NPDES Permit and its

implications pertaining to their day-to-day operations. The establishments were

li then inspected and rated. Those which received the higher rates were recognized

by the Hermosa Beach City Council as the Clean Ocean Establishment and

honored by receiving a certification and a sticker to display at their facility.

The City of HermosaBeach participated with other members of the Santa Monica

Bay-Ballona Creek Watershed Management Committee to produce and mail

10000 direct mail pieces to all Hermosa Beach residents. Another project through

this joint effort was the development of the 2004 and 2005 calendars which were

produced and distributed to the public as a complimentary item.

The City of Hermosa Beach has provided various PSAs to the local Cable

Company in order to he aired as frequently as possible. These PSAs were

obtained from different sources such as the Los Angeles County Department of

Public Works and Earth 911. Where possible the PSAs were modified and tailored

for the Citys need. Examples were the CAN-IT and Dont feed the Storm Drain

PSAs.

The City of Signal Hill promoted local and countywide stormwater pollution

prevention programs and events on the Citys cable television channel and website

and in the Press Telegram and Signal Tribune newspapers. The City of Signal

Hills cable channel also reaches City of Long Beach residents and businesses.

City of Signal Hill published in the Press Telegram a public education piece entitled

Think Environment to raise public awareness of the importance of preventing

stormwater pollution and promote the Citys and Countys stormwater pollution

prevention programs. This piece reached 109000 newspaper subscribers in the

Signal Hill/Long Beach area.

City of Signal Hill developed pamphlets that are handed out to contractors and

homeownerswhen issuing building/construction permits. These pamphlets explain
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the BMPs that should be implemented and is specific to the activities of the

construction project such as painting or masonry/concrete work.

West Hollywood received a Partners in Education grant from the Santa Monica Bay

Restoration Commission to provide Russian/English pollution prevention

posters/flyers waterbrooms and follow-up visits to area restaurants.

In 2002 the City of Santa Clarita became aware that there was diazinon

contamination in a local creek. With cooperation and assistance from Los Angeles

County the City launched a very aggressive campaign to abate the contamination.

An intensive investigation effort a focused public outreach campaign and

cooperation from local retailers and residents all lead to a 96% reduction of the

initial diazinon levels. These efforts were implemented in compliance with the

Regional Boards requirements and highlight the power of public outreach.

Y The City of Santa Clarita continued its annual River Rally a river clean up and

stewardship event. River Rally helps restore the Santa Clara River through picking

up trash and debris and also helps educate local residents about the importance of

protecting the environment. Over the past eleven years River Rally has grown

from 100 participants to over 1400 last year. Participants range from the elderly to

young children with many youth organizations also lending their support.

Everyones enthusiastic efforts have made the event a great success the City is

proud to sponsor. In fact the City was honored by the Los Angeles Regional Board

with the Water Quality Stewardship Award in 2004. Over the events lifetime

volunteers have removed over 196000 pounds of trash and debris that otherwise

would have made its way downstream affecting neighboring communities and the

health of the river. River Rallys continuing popularity has helped City staff promote

stormwater pollution prevention litter prevention air quality household hazardous

waste disposal tree planting and other environmental issues.

The four Cities on the Palos Verdes Peninsula-Palos Verdes Estates Rancho

Palos Verdes Rolling Hills and Rolling Hills Estates-have partnered to run a %
page full-color ad four times per year in the Palos Verdes Peninsula News on days
of promotional circulation when distribution reaches every household on the Palos

Verdes Peninsula. The advertisement design uses an award-winning ad concept

and photograph that is tailored to target our watershed pollutants and behaviors of

concern.

Y Three Cities on the Palos Verdes Peninsula Palos Verdes Estates Rancho Palos

Verdes and Rolling Hills Estates jointly hosted a restaurant BMP training

workshop conducted by the County of Los Angeles. In addition to invitations

mailed by the County this event was promoted through the City of Rolling Hills

Estates work with the Peninsula Chamber of Commerce and shopping center

property management companies one of which provided the meeting space for the

workshop.
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The City of Culver City actively participated in environmental events such as

Childrens Earth Day Eco-station Ballona Creek clean-up Fiesta La Ballona and

Ballona Creek Marsh Fair

The City of Pasadena in coordination with the County of Los Angeles organized a

Gardening Workshop. The workshop included stormwater related issues and

handouts to assist the public in reducing pollutants to the MS4.

The City of Redondo Beach participated in the Heal The Bay Coastal Clean up day

by purchasing T-shirts and donating them to the volunteers of this program. The

City also conducted educational activities at various organized events such as the

event held at the Seaside lagoon by the Wyland foundation and the event at the

SeaLab which was widely attended by children. The Citys Quarterly Newsletter

publishes a regular stormwater related advertisement that provides the community
with a phone number if they have questions. Also the Adetphia Cable Company
broadcasts various storm water related PSAs in the City

The Mayor and City Council of Redondo Beach formeda Water Quality Task Force

in August 2005 made up of a diverse cross section of the community including

teachers students boaters non-profit organizations various member of the

general public the local chamber of commerce and harbor businesses. Within

twelve months the Task Force is to provide the City Council with recommendations

that will address water quality in the harbor and other waterfront areas of the City.

The City of Torrance has promoted local and countywide storm water pollution

prevention programs during California Coastal Clean-up Day at Torrance Beach

and at the City Yard Open House and the Health and Rideshare Fairs.

The City of Torrance in conjunction with Metropolitan Water District of Southern

California sponsors Protector Del Agua water efficient landscape classes on an

annual basis that teacher residents how to design and maintain landscapes that

use less.water and therefore generate less urban run off. In addition the two

agencies developed a Water Wise native plant garden and demonstration water

efficient landscape garden at the Madrona Marsh Nature Center and provide

corresponding brochures that demonstrate how these gardens look and how they

can reduce irrigation water and run off.

The Principal Permittee partnered with the Cities of Malibu Creek Watershed in the

creation of the Living Lightly in Our Watershed Guide which was distributed to

every household watershed-wide. This Guide has continued to be updated and

distributed at Public Libraries City Halls and through the Las Virgenes Municipal

Water Districts new home buyer program.

Newsletters containing a stormwater pollution prevention article and another on

recycling and proper disposal of household hazardous waste were mailed to all

50000 Burbank addresses including business.
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Stormwater education discussions and materials are passed out at all tours of the

City of Burbank Recycling Center. This includes groups and visitors from near by

elementary schools and community organizations. A mock demonstration of the

watershed highlights all the water collection features in the City and stresses the

importance of catch basins for stormwater runoff

The City of Vernon conducted a stormwater pollution prevention and compliance

workshop geared for commercial and industrial businesses. Since there are over

160 facilities operating under the General Industrial Activities Stormwater Permit

GIASP and over 800 facilities requiring an industrial/commercial inspection with

the City of Vernon the workshop has been instrumental in obtaining voluntary

compliance for the Municipal Stormwater Permit and the GIASP. The City of

Vernon also distributed bulk faxes to all businesses notifying them of important

stormwater event information.

The City of Los Angeles Stormwater Public Education Program has received

awards for many of its accomplishments including

2005 American Public Works Associations APWA Diversity Exemplary

Practices Program/Organization Category Award winner for its School

Assembly/Ocean Day Program. FY 04-05

2002 APWA Project of the Year Award for its outreach to home improvement

centers and pet stores and for the cost savings realized by the City through

public-private partnerships. FY 02-03

The City of Los Angeles Used Oil Recycling Public Education Program has

received awards for many of its accomplishments including

2004 Togetherness Award from the California Integrated Waste Management
Board CIWMB in recognition of a public/private partnership that exemplifies

outstanding coordination and cooperation in the implementation of a used oil

collection program. The El Sereno public outreach program saw a 42%
increase in the amount of oil collected at local collection centers. FY 03-04

2003 CAL EPA Program Innovation Award for the Your Street public

education campaign. FY 02-03

The City of Los Angeles in partnership with the California Coastal Commission and

Malibu Foundation also co-sponsored several annual Ocean Day Beach Clean Up
events at Dockweiler Beach FYs 03-04 and 04-05.

In April 2005 the City of Los Angeles launched the Los Angeles River - The

Future is Now public outreach campaign. FY 04-05.

The City of Hidden Hills provided and staffed a public outreach booth during the

Citys Annual Fiesta Day events held on October 1st and 2nd in 2005. The
Outreach booth provided residents with training and outreach materials and allowed
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the City to educate many of its residents on storm water pollution prevention and

best management practices used to minimize the amount of pollutants entering the

Citys storm drains.

The City of South Gate has completed installing inserts in all city-owned catch

basins and has contracted for regular inspections and cleaning.

Pasadena has passed an ordinance to lower the threshold of the SUSMP
application for the redevelopment projects from 5000 square feet to 1000 square

feet and the same ordinance includes provisions to include all hillside projects

regardless of their size for the SUSMP application and the numerical limits.

The City of Inglewood partnered with the County of Los Angeles during the Canlt

campaign resulting in a successful clean up day event Staff regularly attends

public events such as Earth Day Celebrations or West Basin Municipal Water

Districts Water Harvest Festival to distribute stormwater information brochures

present stormwater pollution demonstrations and provide commemorative

giveaways. The City contacted and worked with Heal the Bay to identify a Beach

Clean Up location in the Dominguez watershed. Prior to this activity only locations

along the beach near the Dominguez Channel were clean up spots. Heal the Bay

supplied the City with stormwater pollution workbooks for kids which staff

distributed to the Citys Recreation Department and the School District. The City is

contracted with Adopt-A-Waterway The City also arranges for stormwater

messages such as the USEPA video After the Storm to air on the Citys cable

channel.

Industrial/Commercial Facilities Control

The City of Signal Hill implemented pollutant reduction and control measures that

resulted in the installation of an onsite stormwater detention system as part of a12-acre
Shopping Center development.

West Hollywood assesses regulated businesses using an annual fee for NPDES
inspections and is adding another fee for annual inspections of post -construction

BMPs.

The City of Torrance and Metropolitan Water District of Southern California sponsor
the Commercial and Industrial Institutional Conservation Program that provides a

rebate of $150 per Water Mister Boom which are used to clean hard surfaces and

use only 20% of the water previously used for wash down of hard surfaces and

most of the water used evaporates or can be pushed toward landscaped areas

thereby virtually eliminating run off from surface cleaning

The City of Vernon has effectively integrated stormwater inspections with the

inspections required under the Health and Environmental Control Departments

jurisdiction such as the Hazardous Materials Inspection Program the Garment

Inspection Program the Food Processing Inspection Program and the Solid Waste

Inspection Program. The City of Vernon also conducted a stormwater pollution
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prevention and compliance seminar that promoted voluntary compliance of these

facilities.

The City of Los Angeles Inspection Enforcement Program is a member of the

City Attorneys multi-agency environmental task force which has launched several

investigative initiatives against chronic health safety and environmental violators

for possible enforcement action and/or criminal prosecution. The combined

authorities of the California Environmental Protection Agency California Air

Resources Board Regional Board California Department of Toxic Substances

Control Los Angeles County Health Hazmat Division and many other agencies

have targeted auto dismantlers metal plating businesses dry cleaners and other

industries through its Sun Valley MacArthur Park Wilmington and Chrome Plating

Initiatives. The inspections are a proactive response to community concerns

involving quality-of-life issues. FYs 03-04 thru FY 05-06.

Development Planning

The City of Rolling Hills Estates has adopted a landscaping ordinance that requires

new landscapes to be designed to conserve water using a water budget approach.

These requirements apply to new landscaping for commercial office and

institutional developments and to developer-installed landscaping in residential

subdivisions.

The City of Manhattan Beach requires commercial trash enclosures to be fully

enclosed and to be constructed with drainage to the sanitary sewer system. The

purpose of these construction requirements is to prevent stormwater contact with

the trash enclosures and to prevent water that does come in contact with the

enclosures from entering the storm drains. The City reviews building plans for the

trash enclosure requirements and has been proactive in reaching out to businesses

to increase awareness of the requirements.

The City of Rolling Hills Zoning Ordinance contains strict development standards

for development ratios on each property-the City is entirely residential with

minimumlot sizes of one acre. Only 35% of the net lot area may be developed with

impervious surfaces including all structures patios and other paved areas. Given

that the minimumlot size in the City is one acre this provision promotes infiltration

of stormwater into the ground and not onto streets. The Citys water efficient

landscaping ordinance requires use of a water budget and utilization of native

and/or drought resistant vegetation while preserving established native flora and

natural features of the lots.

The City of Rolling Hills encourages residents to install pervious surfaces when

landscaping or installing/reconstructing driveways. Many residents have replaced

their driveways with grass-crete and other porous material. Access to stables is

encouraged to be gravel and not paved. The Citys Zoning Ordinance precludes

large impervious surfaces i.e. driveways may not cover more than 20% of the area

of the yard in which they are located uncovered motor courts/parking pads may not
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cover more than 10% of the yard in which they are located. Tennis courts and

sports courts are encouraged to have pervious surfaces. Additionally the County

implements the hillside home requirement that roof runoff be diverted to vegetated

areas for all new development within the City.

The City of Signal Hill funded the construction of an infiltration basin as part of the

development of the Las Brisas affordable housing project. The basin collects dry

and wet weather runoff and then allows the runoff to percolate. The drainage basin

collects runoff from the six acre project site which consists of 80 units of low

income housing and a City mini-park and neighborhood community center. The

non-profit housing developer was unable to afford to construct the drainage basin

and keep the housing affordable for very low income residents and thus the Signal

Hill Redevelopment Agency included the drainage basin cost in its financial

assistance for the project.

i The City of Santa Clarita requires a solid roof for the trash enclosures on all

development and redevelopment projects that have trash requirements.

The City of Vernon has implemented specific post construction inspection

maintenance and mitigation plan requirements for operators of all treatment control

BMPs which are designed to retain water. Approval for the installation of a water

retaining BMP is performance based and requires the implementation of a

maintenance plan. The plan consists of weekly BMP inspections during presence

of water. in BMP accurate inspection and maintenance logs and a plan of action in

the event that a vector problem is discovered. These requirements are a result of

vector control concerns where treatment control BMPs product manufacturers fail

to provide an adequate vector exclusion device or attachment for their water

retaining product. Compliance determination is achieved through the Vernon

Industrial/Commercial Inspection Program.

Development Construction

The City of Rolling Hills implements strict grading practices. Only 40% of the net lot

area of a lot may be disturbed during construction. The City does not allow import

or export of soil from construction projects so that all grading must be balanced on

site.

The City of Torrance developed local pamphlets that are handed out to contractors

and homeowners when issuing building/construction permits. These explain the

BMPs that should be implemented and is specific to activities of the construction

project.

Public Agency Activities

Runoff from wash racks at the Rolling Hills Estates municipal stables is diverted to

the sanitary sewer via an approved pretreatment permit Pretreatment of this runoff

consists of screening to remove horsehair and gross solids.
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The City of Rolling Hills Estates has a proactive litter abatement program for

keeping public rights-of-way streets medians parks and trails free of litter and

debris. It also has a successful Adopt-a-Trails Cleanup and Maintenance program.

The City has accelerated street sweeping with all pLiblic streets swept twice per

month. The City has placed recycling bins for beverage containers in a number of

City parks and commercial areas.

The City of HermosaBeach operates an aggressive Public Agency Program which

includes street sweeping and catch basin cleaning activities. In addition the City

has outfitted 60% of its own and 100% of the County owned downtown area catch

basins with inserts to help reduce the amount of debris entering the storm drain

system. An annual contract with a private contractor is funded to ensure proper

cleaning and maintenance of the installed devices.

The City of Signal Hill established an E-Waste Collection Program to collect and

recycle electronic waste that was dumped in the public right-of-way. The City also

established a Curbside collection program for used motor oil. Do-it-yourselfers are

provided a free used motor oil/filter container that can be left at the curbside and

collected by the City for recycling. Approximately 150 gallons of used motor oil is

recycled annually through this program.

The City of Signal Hill established the Willow Street/Cherry Avenue Corridor Clean

Up Program. This program collects trash and debris along the Citys two busiest

commercial corridors on a weekly basis.

The City of Signal Hill has expanded its Bus Shelter Cleaning Program from one

cleaning per week to three cleanings per week.

The City of Signal Hill installed pet waste collection stations at City Parks and along

its trail systems. The pet waste collection stations have proven to be successful as

they are highly used.

The City of Signal Hill serves as the lead agency in sa partnership with the City of

Long Beach and the County of Los Angeles on the Hamilton Bowl Trash Reduction

Project. This project will construct and evaluate the effectiveness of various trash

removal devices in removing trash from stormwater runoff.

West Hollywood has installed debris excluders with grant funds from the California

Coastal Conservancy Los Angeles County and the Citys general fund.

West Hollywoods porous pavement parking lot at Spaulding Avenue was awarded

the American Public Works Associations Project of the Year Award and the

Outstanding Government Project Award from the American Society of Civil

Engineers.

Y West Hollywood provides daily hand pick up of litter and street sweeping services

on major arterials.
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In an effort to prevent illegal disposal of household hazardous waste HHW and to

provide residentsa safe and responsible means of HHW disposal the City of Santa

Clarita has implemented a very successful door-to-door HHW collection program.

During the term of the 2001-2006 NPDES Permit Santa Clarita has collected over

356857 pounds of hazardous waste with over 3880 households participating.

The Santa Clara River Steering Committee was recognized for its work in the

restoration of the local watershed and was honored with the 2003 Water Quality

Award for Water Body Restoration.

The Rolling Hills City Hall area Is landscaped with native and drought resistant

plants and maintained with minimal irrigation and application of fertilizers and

pesticides.

The City of Carson constructed approximately 4000 feet of landscaped median

islands. As an erosion control measure the City also constructed rolled AC curbs

on all properties adjacent to the street where erosion has been a problem.

The City of Culver City was awarded a grant totaling $1.252 million for structural

stormwater BMPs. The grant project which consists of the following multi-functional

BMPs will be completed by June 2008

2 bioretention cells or rain gardens in City parks that will provide infiltration

pollution remediation for multiple pollutants and aesthetic recreational medium

for the public.

672 innovative 2-tiered catch basin inserts that will provide full-capture for

gross pollutants including trash.

500 low-flow high-pressurized water broom for critical or potentially high

polluting businesses to reduce/eliminate nuisance flows and prevent dry

weather pollution from commercial areas. Bilingual door-to-door education will

be provided to business employees to ensure sustained and consistent use of

water brooms.

50 tamper-free recycling bins and trash receptacles in high trash-generating

areas such as schools and convenience stores.

- The City of Pasadena temporarily blocks catch basins during events such as the

Rose Parade where there is an elevated risk of excessive trash entering the storm

drain system.

The City of Santa Clarita through its negotiations with its residential solid waste

hauler successfully negotiated the free collection of E-Waste through Its bulky item

collections program. Now residents can have up to four free bulky item collections

per year of up to three items per collection.
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The City of Burbank continues to perform street sweeping of all City streets once a

week. This level of street cleaning helps to remove potential contaminants from

reaching the catch basins.

All City of Burbank employees involved with stormwator management and pollution

prevention are provided with a wallet size card containing contact information to

address stormwater concerns from the public as well as a list of allowable

discharges.

City of Los Angeles voters overwhelmingly supported Proposition 0 the Clean

Water Ocean River Beach Bay Storm Water Cleanup Measure -- General

Obligation Bonds on November 2 2004. Proposition C passed with nearly 76% of

City residentsvoting yes on the proposition.

Data from the City of Los Angeles Status and Trends Monitoring Program which

was established to characterize indicator bacteria levels and heavy metal pollutants

in the Los Angeles River Ballona Creek and Dominguez Channel watersheds has

been used for a variety of purposes Including TMDL development by regulatory

agencies determining baseline pollutant levels referenced in Sanitary Sewer

Overflow sampling protocol and for prioritizing watershed management strategies.

The City of Los Angeles installed four floating wetland islands in Echo Park Lake to

reduce nutrient loads and other pollutants associated with urban run-off Two

additional wetland islands were installed in MacArthur Park Lake and Debs Park

Pond respectively. FYs 04-05 and 05-06.

Illicit Connections/Illicit Discharges Elimination

The City of Rolling Hills Estates revised its solid waste ordinance to enhance its

code enforcement authority over improper disposal of manure among the

equestrian community. The ordinance requires that manure be kept in an enclosed

storage container and removed at least once per week or that manure used for

composting be kept in an enclosed composting container. The City facilitates this

requirement by offering enclosed manure storage containers and curbside manure

removal service with offsite composting through its residential solid waste franchise

agreement.

Manure collection and off-site composting services for owners of horses is available

through the City of Rolling Hills franchise waste hauler

y The City of Pasadena has established a separate Hotline for reporting illicit

discharges. The number is 626-744-STRM.

5 The City of Vernon has effectively integrated illicit discharge and illicit connection

detection and elimination procedures with the inspections required under the Health

and Environmental Control Departments jurisdiction i.e. Hazardous Materials

Inspection Program the Garment Inspection Program the Food Processing

Inspection Program and the Solid Waste Inspection Program. All facilities
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inspected regardless if the facility is covered under the Vernon

Commercial/Industrial Inspection Program are evaluated to ensure there are no

illicit discharges from the facility.

Best Management Practice and Capital Improvement Projects

Wetlands were constructed by the City of Los Angeles in AF Hawkins Park in South

Los Angeles that will treat onsite stormwater runoff and will serve as a water

feature that enhances the parks aesthetic values. FY 04-05.

The City of Los Angeles and the Los Angeles County Flood Control District are

developing the Tuxford Green project as a joint project that will decrease flooding

and improve stormwater quality at the intersection of Tuxford Street and San

Fernando Road. Underground cisterns will be built to remove trash debris oil and

grease and suspended pollutants. A demonstration landscaping feature will also

be constructed above the cisterns to be irrigated in part by the retained water. FY
04051

Construction began in July 2004 on improvements including non-traditional

stormwater management techniques at the Citys Sun Valley Park and Recreation

Center. The City of Los Angeles the Los Angeles County Flood Control District

area residents businesses and environmental groups developed this pilot project

that will alleviate local flooding enhance recreational opportunities and

demonstrate the effectiveness of non-traditional stormwater management

techniques. FY 03-04.

As part of the City of Los Angeles Low Flow Diversion LFD Program seven LFDs

were constructed to preventleliminate beach closures in Santa Monica Bay during

the summer months. The City received the 2004 National Environmental

Achievement Award for Public Service from the American Municipal Sewerage

Agencies AMSA upon completion of this project.

Los Angeles River Proprams_

Y Established in March 2005 the City of Los Angeles has led the Los Angeles River

Plastics Initiative Industry Task Force to develop recommendations on reducing

plastic bag litter in the river. Task force members include a cross-section of

representatives from industries that manufacture or distribute plastic bags and

polystyrene products retailers waste and recycling interests environmental and

Los Angeles River watershed advocacy groups and City staff. FY 04-05.

In May 2004 the City of Los Angeles hosted a day-long conference at the USC
Davidson Center for the scientific community regarding the science and biology of

the Los Angeles River. The conference included presentations on the current water

quality and habitat monitoring efforts taking place along the Los Angeles River and

concluded with a six-member panel discussing the critical issues facing the Los

Angeles River. FY 03-04.
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III

Interagency Coordination arid Planning

r The City of Los Angeles has embarked on developing an Integrated Resources

Plan IRP that addresses the facility needs of the Citys wastewater recycled

water and urban runoftstormwater management programs through the year 2020.

The County and municipalities neighboring the City are active participants in the

anticipated that this effort will benefit individual stormwater

programs and overall interagency coordination. FY 03-04.

Y The City of Los Angeles is working with the Los Arigeles Unified School District

LAUSD and Tree People to incorporate stormwater BMPs in the design guidelines

for schools. This cooperative effort is part of LAUSDs school construction and

renovation program. The Citys three goals are for the schools to 1 retain all

stormwater on-site 2 reuse or recharge all stormwater on-site and 3 incorporate

off-site water whenever feasible. FY 04-05.
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June 122006

Jonathan S. Bishop

Executive Officer

Los Angeles Regional Water Quality Control Board

320 West Fourth Street Suite 200

Los Angeles CA 90013

Re City of Downey Report of Waste Discharge ROWD in response to Los Angeles

Regional Water Quality Control Board Order No. 01-182 NPDES MS4 Permit.

Dear Mr. Bishop

The City of Downey is pleased to submit the attached City of Downey Specific Report of Waste

Discharge ROWD in response to Order No. 01-182 adopted by the Los Angeles Regional

Water Quality Control Board on December 13 2001. The National Pollutant Discharge

Elimination System NPDES Municipal Separate Storm Sewer System MS4 Permit resulting

from this order was issued to Los Angeles County Flood Control District as Principal Permittee

with the City of Downey and 83 other municipal agencies as Permittees. This the 2001 MS4

permit requires submission of this ROWD as a condition or application for a future i.e. 2006

NPDES MS4 permit.

The City of Downey has implemented an aggressive stormwater program that is making

significant and cost effective strides in meeting our shared current and future water quality

goals. As you will note in the Citys ROWD the Citys achievements in managing urban runoff

demonstrate that Downey has taken a regional leadership role in integrated water management

and protecting water quality.

The attached ROWD demonstrates Downeys commitment to continue improving water quality

within our jurisdiction and the region. We encourage you to review our submission and consider

what we have already accomplished not just during this permit cycle but by implementing

BMPs that will produce dividends for decades into the future. The City of Downey has a

demonstrated legacy of encouraging others to respect our regional water resources and will

continue to assist your staff in motivating others to our shared water quality goals. If you have

any outstanding questions or wish to discuss these issues further please contact me at562-904-7284.
Sincerely

Gerald M. Caton

City Manager

11111 BROOKSHIRE AVENUE POST OFFICE BOX 7016 DOWNEY CALIFORNIA 9024t-7016 wwwdowneyce.org
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1.0 INTRODUCTION

1.1 PURPOSE

This Report of Waste Discharge ROWD constitutes a National Pollutant Discharge

Elimination System NPDES Municipal Separate Storm Sewer System MS4 Permit

application for renewal of the Waste Discharge Requirements WDRs adopted on

December 13 2001 by the Regional Water Quality Control Board Los Angeles Region

Board in Part 6 Section S of Order No. 01-182 NPDES No. CAS004001. The City

of Downey is one of the Permittees identified within Order No. 01-182 which was

issued to the Los Angeles County Flood Control District the Principal Permittee the

County of Los Angeles and incorporated Cities within southern Los Angeles County

except the Cities of Long Beach and Avalon. While the Los Angeles County ROWD
integrates the activities and programs implemented by all of the Permittees identified

within Order No. 01-182 this Downey ROWD focuses on local programs and proposed

terms for a City of Downey NPDES MS4 Permit The city of Downey is unique in being

quartered between four distinctly different hydrologic watershed units and having its

own municipal water supply water conservation runoff water quality protection and

enforcement programs warranting issuance of a jurisdictionally distinct MS4 Permit.

This ROWD emphasizes Best Management Practices BMPs in lieu of strict numeric

limits as was first proposed by the United States Environmental Protection Agency

EPA EPA expects that most WQBELs for NPDES-regulated municipal storm water

discharges will be in the form of BMPs and that numeric limits will only be used in rare

instances US. EPA Memorandum of November 22 2002 from Robert Wayland

Director of Wetlands Oceans and Watershed James Hanlon Office of Wastewater

Management EPA Headquarters to all Water Division Managers - Regions 1-10. This

BMP approach recognizes that the City of Downey has limited financial technical and

scientific resources to apply toward ineffective pollution source control programs. It also

recognizes the rudimentary level of understanding regarding the cost and pollution

control effectiveness of BMPs. For example Caltrans peer reviewed studies indicate

that the recent structural BMPs such as the sand-filters identified in the Los Angeles

River Metals TMDL do not reduce the concentration of metals in surface waters below

California Toxic Rule CTR levels. Clearly additional investments in studies design

construction and testing of the iterative BMPs process are warranted.

Following the issuance of Order No 01-182 numerous Permittees including the City of

Downey filed legal challenges to many of the terms and provisions of that order as well

as to the procedure review and approval process followed by the Board in adopting it.

These legal challenges remain pending before the Court of Appeal of the State of

California Second Appellate District as Appellate Court Case No. 8184034.

1

The following Permittees are appellants and continue to challenge many of the

provisions In Order No. 01-182 The Cities of Arcadia Artesia Bellflower Beverly Hills

Carson Cerritos Claremont Commerce Covina Diamond Bar Downey Gardena

Hawaiian Gardens Industry Irwindale La Mirada Lawndale Monrovia Norwalk

1
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In recognition of the accelerating environmental significance of the 2001 WDRs and the

Boards apparent intent to incorporate numeric objectives into future MS4 Permits the

City of Downey requests that before the City or County ROWD becomes the basis for

issuance of new WDRs or Permit the Regional Board and State Water Resources

Control Board State Board first take all actions required to comply with the California

Environmental Quality Act CEQA. in particular recognizing that any exemption

provided under California Water Code section 13389 is limited to only CEQA Chapter 3.

Moreover there exists no CEQA exemption for State and Regional Board imposed

permit requirements that go beyond federal law as set forth under the Clean Water Act.

Compliance with CEQA requirements prior to the issuance of a new municipal permit

is essential in order that feasible alternatives to potentially-significantenvironmentally-adverse
permit terms can be evaluated and unavoidable adverse impacts resulting from

the project i.e. WDRs and MS4 permit be evaluated and properly mitigated.

The City of Downey further asserts that Order No. 01-182 amounts to the imposition of

an unfunded mandate and thus requests that any programs mandated under any new

MS4 permits only be imposed where the prohibiting unfunded mandate requirements of

the California Constitution have been fully complied with.

Since the Regional Board does not have State-wide jurisdiction It also does not solely

have the authority to issue an NPDES MS4 permit under the Clean Water Act.

Therefore the City of Downey requests that any NPDES MS4 permit under which the

City of Downey is a permittee be issued only after it has been reviewed and formally

III approved by the State Water Resources Control Board State Board

The City is submitting the Downey ROWD with the understanding that it is not waiving

any rights objections or challenges previously brought or which may arise in

connection with the issuance of Order No. 01-182 or any other related objections and

challenges that may have been brought by the City in regards to other water quality

orders directives or regulations. This ROWD is also submitted with the understanding

that the City is not waiving or relinquishing any rights it already has or may have in

connection with any new permit to be issued in replacement of Order No. 01-182. The

City of Downey reserves the right to object to the terms or modification of terms of

previous current and future NPDES MS4 Permit not addressed in this ROWD and the

contents herein do not constitute a waiver of the right to challenge objectionable terms

1.2 REGULATORY BACKGROUND

The 1972 Clean Water Act CWA established the NPDES Permit program to regulate

the discharge of pollutants from point sources to waters of the United States. In

response to the 1987 CWA amendments the United States Environmental Protection

Agency USEPA developed the 1990 Phase I NPDES Stormwater Program which

Paramount Pico Rivera Rancho Palos Verdes Rosemead Santa Clarita Santa Fe

Springs Signal Hill South Pasadena Torrance Vernon Walnut West Covina

Westlake Village Whittier and the County of Los Angeles and the Los Angeles County

Flood Control District.

-2-
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established a framework for regulating urban stormwater runoff The Phase I program

addressed sources of stormwater runoff with the greatest potential to negatively impact

water quality and required NPDES Permit coverage for stormwater discharges from

Municipal separate storm sewer systems MS4 serving populations of

100000 or more and

Companies that fall within eleven industrial activity categories including

construction activities that disturb five or more acres of land.

Phase I MS4 Operators were required to obtain NPDES Permit coverage for stormwater

discharges under their control. The most significant requirement was development of a

proposed stormwater management program that would meet the maximum extent

practicable MEP standard for reducing the discharge of pollutants from the MS4.

1.3 OBJECTIVES

The objective of this City of Downey ROWD is to develop a specific MS4 Permit that

focuses on the CWA goal of reducing pollutants to the MEP while taking into account

Feasibility of implementation measures based on available resources

Cost effectiveness and dependability of those implementation measures

Overall water quality improvements and elimination of impairments

Improving regional Stormwater Quality Management Programs SQMP
Considered suggestions and approaches to improve water quality

Integration with other impaired receiving water body specific programs.

With the Board having recently proposed to reopen the 2001 MS4 Permit to insert

numeric indicator bacteria standards when these microorganisms are known to

replicate within the drainage system the City of Downey ROWD is focus on controlling

runoff discharges to the MEP especially in city
owned and maintained MS4 elements.

Based on this nexus the City of Downey has invested significant effort in identifying and

distinguishing between state county city and privately owned and maintained elements

of the drainage system. While our effort is not yet complete due in part to outstanding

contractual disputes we have determined that most of the catch basins and

underground drainage systems elements within our jurisdiction are owned and operated

by Los Angeles County. While the City of Downey will continue to assist other agencies

in reducing runoff generation to all MS4 drainage elements based on the regulatory

approach now being Identified by the Board it is our interpretation that that the most

effective point of pollutant source control will be at the point of discharge which is for

the most part under the control i.e. ownership and management of other agencies.

1.4 PROGRAM DESCRIPTION

On December 13 2001 the Regional Board adopted Order No. 01-182 which

designates the Los Angeles County Flood Control District as the Principal Permittee

while the City of Downey County of Los Angeles and 83 other incorporated Cities are

delegated Permittees. The Los Angeles County MS4 Permit for stormwater and urban

runoff assigns the responsibility for coordinating and facilitating permit compliance
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activities to the Principal Permittee but not responsibility for ensuring permittee

compliance. As previously indicated many parts of Order No. 01-182 have been

challenged in a lawsuit filed in Los Angeles County Superior Court by a number of the

Permittees thereunder. This legal challenge remains pending on appeal in the Court of

Appeal of the State of California Second Appellate District Case No. B184034.

In the 2001 MS4 Permit the Regional Board laid the foundation of implementing future

watershed based management approaches to regional water quality protection. Since

the City of Downey is nearly equally split between the Los Angeles and San Gabriel

Rivers Watershed Management Areas the City has contributed to the implementation of

this philosophy by actively participating on both Water Management Area Committees

the county-wide NPDES MS4 Permit Executive Advisory Committee EAC and several

other watershed efforts e.g. watershed specific management and monitoring plans.
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2.0 APPLICANT INFORMATION

The City of Downey primarily manages the Los Angeles County MS4 Permit through the

Administrative and Engineering Divisions of the Department of Public Works. The

Program Administrative contact is Desi Alvarez Director of Public Works the Program

Coordinator is Gerry Greene Senior Civil Engineer and Water Resources Control

Specialist the Public Education Coordinator is Carol Rowland Administrative Assistant

and Keep Downey Beautiful Coordinator. These individuals can be directly contacted

through telephone number 562-904-7102 facsimile number 562-904-7296 or by writing

to the Department of Public Works P.O. Box 7016 Downey CA 90241-7016.

The official mean elevation of the City of Downey is about 117 above mean sea level

AMSL but ranges from about 140 in the North to less than 80 in the South. At 12.56

square miles in area the city is primarily situated on alluvial soils of mostly sandy silts

with some clay lenses. As shown in Figure 1 bout 5.59 and 6.97 square miles of the

total City of Downey area are located in the Los Angeles and San Gabriel River

Watersheds respectively. With the exception of some of the smaller drainage areas

must of the sub watersheds within the City of Downey are owned and maintained by

either the County of Los Angeles or the California Department of Transportation. In

some instances short lengths of City owned drainage systems discharge in the County

owned and maintained system which may result in additional interagency discussion

about proportioning of responsibility between the two MS4 operators.

Within the Los Angeles River Watershed the most northwesterly quarter 3.40 square

miles of the City drains to Reach 1 of the Rio Hondo A small landscaped area

operated by the Los Angeles County Flood Control District appears to drain to the

lowest portion of Rio Hondo Reach 2 but the irrigation system is vandalized inoperable

and no dry-weather discharges have been recently observed from the area. The

southwesterly 2.35 square miles of Downey drains to Reach 2 of the Los Angeles River

with Firestone Boulevard and the adjacent rail line demarcating the grade break

between drainages. In this area the Rio Hondo and Los Angels Rivers are both

concrete lined trapezoidal channels however the former is flat bottom with very little

flow while the Los Angeles River has a center low flow channel to convey treated

wastewater flows from upper watershed areas. The Rio Hondo confluence with the Los

Angeles River is located just North of Imperial Highway in the City of South Gate.

Within the San Gabriel River watershed the northeasterly 1.38 square miles of the City

drains to the rip rap lined soft-bottom Reach 2 of the San Gabriel River which contains

and infiltrates dry weather and most storm flows behind inflatable rubber dams. Most

areas South of Florence Boulevard 5.43 square miles Including the most commercial

and industrial portions of Downey drain to Reach I of the San Gabriel River which is

characterized by an effluent-conveying low flow channel within a concrete-lined

trapezoidal channel.
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City of Downey Watershed and Water Drainage Map
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Figure 1. Cityof Downey Watershed and Stormwater Drainage Area Map.
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During the 2000 Census the mostly residential population was estimated at 107323
and based on past growth is likely to reach 120000 by early 2007. At the last census

there were 34759 housing units but this figure has probably risen above 35000 due to

infill redevelopment resulting form lot splits and the construction of higher density

residential units. At the last census 2400 businesses were identified in the City of

Downey however partially in response to permit required changes to the business

license database over 3600 businesses were listed during the first quarter of 2006.

Groundwater elevations vary annually and seasonally but are generally forty feet or

more below ground surface. Potable water is supplied entirely by local groundwater.

The City of Downey Utility Division supplies potable water and operates the city sewage
collection system. The County Sanitation Districts of Los Angeles County operate a

series of trunk sewers that accept wastewater from the Downey owned and operated

collection system and convey it to Sanitation District treatment plants. Stormwater is

collected in a series of drainage inlets catch basins and drains most of which are

owned and maintained by the Los Angeles County Flood Control District. Operation

and maintenance of the city owned and operated portions of the drainage system is

funded from the City of Downey General Fund and must compete with other public

services such as the Police and Fire Departments Parks and Community Services for

scare fiscal resources.

Although the frequently changing level of intra-city and interdepartmental cooperation

and contribution of effort make estimating MS4 Permit program related expenditures

difficult or impossible to fully quantify identifiable expenditures have increased from an

estimated $715000 in 2001-02 to $1165000 in 2004-05 a 63% increase over only 3

years and much greater than the growth in the general fund during the same period.

The unfunded NPDES MS4 Permit mandates continue to impact the provision and

supply of other municipal services leading the City of Downey to seek additional

support from the State Board for General Industrial and Construction Inspections and

other Board mandated program requirements.
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3.0 2001 NPDES MS4 PERMIT PROGRAM ACCOMPLISHMENTS

The 2001 Los Angeles County NPDES Municipal Stormwater Permit contained

implementation requirements for Discharge Prohibitions Receiving Water Limitations

Storm Water Quality Management Program Implementation Special Provisions

Definitions and Standard Provisions. Some of these requirements are new and were

imposed on the Permittees by the Regional Board while others have evolved over

multiple permit cycles based partially on Permittee implementation experience. The

MS4 permit prohibitions and limitations have been observed and implemented to the

MEP standard of compliance however many of the Permit terms remain subject to

challenge or interpretation through the pending legal challenge to Order No. 01-182.

As an individual Permittee the City of Downey program met and often exceeded the

implementation provisions of the Permit but continued progress requires an adaptive

integrated approach thats strategic beneficial measurable and very cost-effective.

3.1 STORMWATER QUALITY MANAGEMENT PROGRAM SQMP

The City of Downey would like to gratefully acknowledge the significant efforts of the

Los Angeles County Department of Public Works LACDPW in implementing the

Countywide Monitoring Program including evaluation assessment and synthesis of the

data that went in to the Monitoring Report which was submitted by August 15th of each

year from 1994 to 2005. The County also installed channel nets and catch basin inserts

and excluders in their facilities to reduce the discharge of trash and other pollutants

from their portion of the regional MS4. As Principal Permittee it also authored the

Integrated Receiving Water Impacts Report that was submitted on August 15 2005
coordinated the collection processing and submittal of annual reports to the Regional

Board and developed the County-wide digital report submission format.

As a general requirement the City of Downey implemented the components of the Los

Angeles County SQMP to reduce the MS4 discharge of pollutants to the MEP. Since

the Regional Board has identified each adjacent river reach as being impaired for

multiple pollutants e.g. trash nutrients indicator bacteria metals and toxicity the City

of Downey has implemented an aggressive development planning program to reduce

the current and future discharge volume and mass emission of pollutants to local

receiving waters. Based on the limited nationwide experience in identifyingMEP-compliantbest management practices BMPs and even more constrained fiscal

resources the City of Downey has made a good faith effort to require and implement

the most effective combination for stormwater and urban runoff and pollution source

controls The City of Downey further encourages the Regional Board to adopt and

endorse the adequacy of the February 2 2004 Draft Technical Manual for Stormwater

BMPs in Los Angeles County so that another valuable tool would become available to

our residents developers and businesses
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On February 11 2003 the City of Downey City Council unanimously adopted

Ordinance 1142 completely revising Article 5 Chapter 7 of the City of Downey

Municipal Code DMC and granting staff the legal authority to prohibit nonstormwater

discharges to the storm drain system as mandated through the 2001 MS4 Permit.

Ordinance 1142 replaced the antiquated stormwater ordinances 1036 1095 and 1130

which had been adopted in response to prior NPDES MS4 permit requirements but

contained conflicting water quality protection requirements. The entire DMC is available

at www.downevcorg/cite clrk municode.php or can be located within Quick Links

portion of the City website www.down eyca.orq. Ordinance 1142 has been directly sent

to dozens of other cities developers consultants and violators in association with our

city stormwater program development construction and enforcement activities.

3.2 PUBLIC INFORMATION AND PARTICIPATION

The City of Downey has actively attended and participated in the Los Angeles County

Public Information and Participation Program PIPP including donations of $2000

during both 2004-5 and 2005-6. Furthermore we have reviewed draft materials for both

County and State agencies so that the resulting public education materials more closely

follows the intent goals of the complex regional water quality program. City of Downey
staff have also made dozens of presentations to various stakeholder groups including

other Watershed Management Committees the California Water Environment

Association the Southern California Association of Goverments SCAG Water Policy

Task Force WPTF and at the request of Board staff to School District Personnel at

the Los Angeles County Board of Education on May 1 2006. While we acknowledge

and share in the successes of the County Program elements identified in the County

ROWD we have continued and upgraded our own public education programs including

the long standing Keep Downey Beautiful KDB Campaign.

In 1977 members of the Citizens Health and Environmental Sanitation Committee

CHESC initiated the KDB program with the goal of keeping Downey clean and safe

through litter control and promoting public interest in improving the City. Since 2001
KDB has used the Litter Index LI method developed by Keep America Beautiful KAB
to quantify litter control efforts make the litter prevention work easier and reporting

results credible. The annual L1 is undertaken by a team of at least four scorers who visit

5 subareas selected as a fair representation of the land uses within each City of

Downey Council District. Using a four point scoring system where 1 indicates no litter

observed the sub-areas were rated and the data collected and averaged to obtain area

scores. Based on the results of the LI KDB conducts and monitors progress from

monthly cleanups in the most littered areas and City-wide clean ups in the Fall and

Spring. City wide cleanups consist of litter abatement graffiti control and planting at

designated areas. KDB also assists with an average of seven community service

projects per year referred to locally as custom cleanups and in September 2005 the

Heal the Bay inland site clean up. These volunteer efforts begin with brief presentation

regarding the cause and effects litter on the community and watersheds.

KDB averages 20 cleanups per year and over 5 tons of trash collected.
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KDB also has an after school educational and community outreach program that since

2001 has emphasized environment protection and storm water pollution prevention and

annually reaches over 600 elementary and middle school youths. KDB uses a variety

of educational materials including videos such as the Synthetic Sea Dont Trash

California and Waste in Place. The KAB curriculum is aimed at making students more

aware of the source characteristics and disposal options for municipal solid wastes.

Unsworth Elementary School recently received a grand prize award of $1500 in the

Wal-Mart Kids Recycling Challenge by collecting 2768 pounds of shopping bags nearly

a third of what was collectively recycled by 37 comparable Los Angeles areas schools.

KDB sponsors a booth at the annual Downey City Street Faire and along with public

educational brochures such as Dont Trash California and promotional items this year

distributed a test called What Goes in the Storm Drain. At the May 13 2006 Kids

Day event KDB sponsored an Environmental booth and used the Los Angeles County

Enviroscape model which emphasizes runoff transport and pollutants source controls.

In addition to KDB the City of Downey Department of Public Works coordinates

A quarterly newspaper format newsletter entitled One Persons Trash is

mailed to all City of Downey residents and businesses. The front page is

devoted to City specific issues such as litter prevention used oil recycling

pollution source control storm water and urban runoff pollution prevention

while interior pages consists of national environmentally themed articles.

Y A water themed coloring for elementary schoolquality protection contestfartists.The winners are acknowledged during a City Council meeting and

the art itself used in preparing the following years City published calendar.

Three thousand 2006 calendars were printed with funding from the

California Integrated Waste Management Board and 15 local business

sponsors and included the name addresses phone numbers and a map
to locate the 12 used oil and 6 oil filter recyclers in the City of Downey.

During the annual Street Faire event City of Downey Public Works staff

hand out BMP related brochures stickers with contact numbers for City

Services and educate residents about the municipal drainage system.

During the current Permit period City of Downey Staff sponsored or made several

professional presentations per year regarding stormwater issues BMP applications

and the challenges of TMDL implementation During the last quarter these included

On February 28 2006 the City Stormwater Coordinator was the Storm

Water Programs Issues Session Chair at the California Water

Environment Association CWEA Pretreatment Pollution Prevention and

Stormwater P3S Committee meetings in Burbank.

March 9 2006 presentation to the Southern California Association of

Governments SCAG Water Policy Task Force WPTF entitled Downeys
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BMP Strategy for Managing Stonnwater Runoff.- What Do the MS4 Permit

Annual Reports Tell Us About BMPs

An April 7 2006 Panel Session presentation entitled Numeric TMDLs and

Municipalities Are the Science Regulations BMPs Money orPolitical-will
there yet at the 78th CWEA Conference in Sacramento.

On May 1 2006 assisted Regional Board MS4 Permit Staff by making a

presentation on Infiltration BMPs to Los Angeles County School Districts.

A May 25 2006 presentation on BMPs for Public Works Projects for the

Orange County General MS4 Permittee Meeting.

The City of Downey recommends deleting from the PIPP is the effort to hold workshops

to educate corporate managers of restaurants and gas station chain. Despite the

commendable effort of the County and their consultants after sending out thousands of

invitations 10 BMP workshops attracted only 145 managers and staff. At the February

22 2006 workshop held in Lakewood at the behest of the Cities of Cerritos Downey
Lakewood and La Mirada and despite sending out over 500 hundred invitation letters

along with a hundred direct letters regarding unsatisfactory DHS restaurant inspections

in the City of Downey with a follow up reminder phone call less than a dozen

participants attended. This was a regrettable and significant waste of scarce municipal

resources which appears to have been repeatedly observed.

The City of Downey managed and provided matching funds along with Los Angeles

County several other Permittees and the USEPA for a Coalition for Environmental

Protection Restoration and Development CEPRD study entitled Market-Based

Strategies for Reducing Trash Loading to Los Angeles Area Watesheds. We hope to

continue this effort during the next year with either a follow up study or the analysis and

installation of a trash collecting system in conjunction with several upper Los Angeles

River Watershed cities pending further project regulatory approvals.

During the next MS4 Permit cycle the City of Downey intends to continue participating

in and supporting the Los Angeles County on the Public Information and Participation

Program while emphasizing our current highly successful City based effort. We will

track the Los Angeles County proposed social marketing theory effort to determine if it

achieves the desired behavioral changes in areas comparable to the demographic

characteristics observed in the City of Downey. However it Is also important to note that

our existing program has made a clearly demonstrable impact on our community and

does not require the same level of Regional Board oversight that other areas might.

3.3 INDUSTRIAUCOMMERCIAL FACILITIES CONTROL

As noted in our annual MS4 Permit reports implementation of the industrial and

commercial source control program within the City of Downey has been inconsistent

due to both inter- and Intra-agency challenges and our current greater emphasis on

enforcement public education development and construction program efforts.

However progress was made in implementing all aspects of this program.
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Within the City of Downey implementation of this program was initiallyseparated into 4

tasks 1 Database Development 2 Restaurant Source Inspections 3 General

Industrial Activity Stormwater Permit GIASP Inspections and 4 Other Critical Source

Inspections. Due in part to the challenges observed in implementing these tasks we
have also instituted a fifth task to identify businesses that are operating without the

appropriate business license however supplies needed to better implement all of these

task efforts only recently became available and scheduling conflicts during the

remaining period term suggest that it is unlikely to be fully implemented by late 2006.

Under the 2001 Permit the City of Downey was to develop and maintain a database for

facilities within our jurisdiction identified as critical sources of stormwater pollution. The

types of critical sources tracked as a result of the 2001 Permit are summarized below

Restaurants

Automotive service facilities

Retail gasoline outlets RGOs and automotive dealerships

U.S. EPA Phase I Facilities Tier 1 and 2
Federally-mandated 40 CFR 122.26d2ivC Facilities

Municipal landfills

Hazardous waste treatment disposal and recovery facilities

Facilities subject to SARA Title III also known as EPCRA.

The critical source information that is now being collected and regularly updated by the

City of Downey includes the following information about each identified industrial and

commercial facility

Name of facility and name of owner/operator

Address of facility and operator

9 Coverage under the GIASP or other individual or general NPDES permits

An SIC related code that reflects the activities or products at each facility.

In 2002 when the MS4 Permit requirements were first shared with the City of Downey

Finance Department they opined that our proprietary software included the necessary

data. In 2003 when an ASCII file of the data was finally made available the 4-digit

industry codes was found to not be based on SIC and a wide variety of business types

were spread among a few dozen codes. Due to recognized SIC limitations and NAFTA

non-compliance the City of Downey moved to implement the 6-digit North American

Industrial Classification System NAICS but was delayed by a repeatedly. extended 8

month backorder on deliveries from the National Technical Information Service NTIS.
The NAICS codes were first employed during late 2004 for the 2005 Business License

Renewal effort but by mid 2005 it was clear that about half of the designations were

made by a Cashier no longer. employed by the City who neither sought help from

engineering nor made a considered use of the common NAICS codes provided to her.

Our correction effort has continued into the second quarter of 2006 but since few

businesses are aware of either the SIC or NAICS codes a significant portion of the

effort is expended in correcting invalid and sometimes deceptively selected codes.
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In late 2003 while waiting for the back ordered NTIS discs the city focused on the MS4
Permit Restaurant Inspection requirement by contracting with the Los Angeles County

Department of Health Services DHS to conduct the inspections The DHS list of

restaurants was compared with the City of Downey Business License database and

found to include about 30% more records than the city license data file. The city

promptly initiated an effort to bring these new businesses into licensing compliance.

The DHS inspections formally.began in December 2003 and have continued since then

with the two inspections per permit cycle expected to be completed by the end of 2006.

While the City of Downey Business License list expanded considerably through

comparison with the DHS list there is no comparable master list for the City automotive

industry and the 2004-05 inspection effort was significantly frustrated by business

licenses not in the database licensed businesses that were closed during business

hours invalid business names and addresses. Following the previously alluded to

2006 Business License database correction effort a laptop has been purchased for the

Stormwater Coordinator and will hopefully reduce the challenges observed during the

previous inspection cycle. Despite these challenges Code Enforcement and Public

Works have continued to respond to complaints of illicit Discharges and have both

educated and Initiated enforcement for the following MS4 permit violations

Z Improper oil and grease disposal

Trash bins open loose trash in the bin area illegal bin area washout

Illicit wash water discharges e.g. floormats filters or garbage containers

improperlinfrequent removal of food waste and rubbish from parking area

Evidence of excessive staining food wastes or excessive wash down
Lack of housekeeping BMPs to prevent spills and leaks

Improper discharge of wastewaters or non-stormwater drainage

9 Improper raw waste or hazardous materials disposal

Improper exposure of work and storage areas to rainfall and runoff

Improper maintenance of privately owned drainage inlets on the facility

Lack of employee stormwater pollution prevention training re-enforcement

Lack of fuel-dispensing area maintenance and spill or leak controls

Improper washdown of facility areas and facilities to the MS4
D Lack of appropriate BMPs to mitigate pollutant source design flaws

Lack of annual on-site drainage inlet maintenance prior to October first

Lack of fueling station signage about topping off

Lack of automatic shut-off dispenser nozzles

Excessive spill staining or failure to use watertight waste receptacles

Improper employee training regarding hazardous materials and wastes

9 GIASP identified facilities must have a current WDID and active SWPPP.

The City of Downey did not explicitly track GIASP coverage status choosing to annually

compare the subset of the GIASP requiring City of Downey Business Licenses based
on industry code to the state maintained list of GIASP Permittees. Nineteen two
incorrectly identified as being in Downey facilities were identified in June of 2002.

Since then three facilities ceased operation one corrected its address three joined the

GIASP permit without municipal action and six have been directed one in May 2006
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by the City to obtain coverage. Currently there are 23 GIASP Permittees listed in the

City of Downey however one is physically on the South Gate side of our City boundary.

Efforts to complete the GIASP inspections have been frustrated by conflicting

information supplied by Industrial Permittees in early 2005 indicating that they had

already had a state inspection the slow posting of state inspections indicating that the

site had actually not been inspected and various challenges with SIC and NAICS

codes. A more skeptical Inspection effort is planned for the summerof 2006.

As indicated above and by the Principal Permittee municipal Permittees found it

impossible to schedule GIASP inspections based on the lack of timely information

regarding planned or completed state inspections on the Board website see link

www.waterboard.gp.gov/rwacb4/htm l/prociram s/stormwater/swindustrialins2ctions.htrnl.

While overlapping inspections resulted in additional BMP attention at critical source

facilities the acknowledged resource limitations of both state and local agencies

demands that more specific and complete information be available from the Regional

Board during future Permit cycles to avoid redundant efforts. Until that time the critical

source program should be curtailed or focused on more significant pollutant sources.

Despite these challenges the City promptly responds to complaint calls and refers firms

to the Board to obtain or settle disputes regarding inclusion under the industrial permit.

The City of Downey Critical Source Control Program was designed to meet the

objectives of the 2001 NPDES Permit. Some of the select accomplishments of our staff

related to the 2001 Permit include

One fourth of the 24 GIASP Permittees currently in the City of Downey
were directed into the program through the efforts of City Staff

Downey Restaurant Critical Source Inspections have located and

eliminated both illicit connections and illegal discharges many of which

have been previously reported to the Regional Board by letter

Downey Automotive Critical Source Inspections have eliminated both illicit

connections and illegal discharges many of which have been previously

reported to the Regional Board by letter

Downey has converted to the NAICS classification system which is more

precise and avoids spurious inappropriate critical source listing e.g. coin

laundromats and dry-cleaners that exist in the 2001 MS4 permit

Downey has taken the initiative to identify and license businesses that

were unlicensed in 2001 prioritizing small automotive repair facilities

Based on an Industrial Wastewater Permit termination City and Regional

Board staff cooperated in forcing an owner to obtain a NOT for their site

While the 2000 census reported 2400 Downey businesses partially due

to our MS4 Permit efforts that figure now exceeds 3600 most of which

are not critical pollutant source business types.

The Industrial/Commercial Facilities Control Program remains subject to legal

challenge and is a program which the City of Downey does not intend to continue under

the renewed permit. Any inspection obligations that exceed federal regulations

constitute a State mandate and should be funded by the Board In accordance with the
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precepts set forth in Article Xlii section 6 of the California Constitution. The Board shall

consider the economic impacts of mandating Permit requirements that exceed federal

regulations. The federal regulations only require Permittees to have a program to

monitor and control pollutants in stormwater discharges from municipal landfills

hazardous waste treatment disposal and recovery facilities industrial facilities that are

subject to Section 313 of Title III of the Superfund Amendments and Reauthorization

Act of 1986 and industrial facilities that the municipalities determine are contributing a

substantial pollutant loading to the MS4. The City therefore objects to any additional

requirements being included in the renewed Permit without compensatory support.

3.4 DEVELOPMENT PLANNING

The City of Downey has generally emphasized infiltration as a decentralized response

to the unfunded MS4 Permit mandate and the City Planning Department typically refers

most building projects to the Public Works Department for review. With the exception of

the 160 acre NASA Boeing redevelopment most projects fall planning into one of four

categories 1 Single family Residential 2 Non-SUSMP 3 SUSMP and 4 GCASP.

Small residential construction and addition projects of 400 square feet or moreP J typically

submit the square footage of their new impervious structures and can either submit an

infiltration design of their own or adopt a standard device configuration that Is

available from the Engineering Department. While other watersheds are moving toward

a % to 1/2 inch retention design the City of Downey has retained the SUSMP 0.75

design criteria for sizing infiltration devices and configures them to utilize inlets under

downspouts or trench drains to intercept general site flows and convey them to a stand

alone infiltration unit available from a local vendor. Although the infiltration volume is

based on the area of the additional impervious surfaces the inlet is often placed to

maximizewhole site flow interception and mitigate more surface area than just the

addition. Since these devices do not connect directly to building elements and are quite

rudimentary to install the infiltration unit may be sketched or simply attached and

referenced on the construction drawings. Once approved the parcel location and

device are recorded in the City of Downey GiS system. No maintenance agreements or

covenants accompany these installations which cost between five hundred and a few

thousand dollars each. These residential redevelopment requirements are identified as

needed to address regional water quality protection and runoff reduction initiatives.

Larger non-SUSMP projects typically receive a focused Engineering Division review of

their plan submittal to insure that 0.75 design criteria is correctly calculated and that a

landscaped area is included immediately upstream of the infiltration unit inlet whenever

possible. Those projects that increase site imperviousness over the existing condition

are required to provide peak flow detention capacity. The plans must include a list of

standard erosion control measures to be in place during construction. Projects that

might shift to the StJSMP category based on unexpected demolition e.g. parking lot

replacement are cautioned that prior stop work orders have resulted in construction

delays of 1 to 6 months with significantly higher costs for SUSMP review and approval.
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Projects that might require SUSMP preparation are typically conditioned on meeting

applicable Water Board imposed requirements and the proponents are encouraged to

meet with the City Stormwater Coordinator at the earliest stage of the development

process. Projects that increase the amount of impervious area following redevelopment

are generally required to file a more rigorous SUSMP that includes peak flow detention

design considerations. Typically City of Downey SUSMP projects are designed to meet

the 0.75 design standard using at minimum a combination of landscaped bio swales

and infiltration. City Engineering staff assist developers and their design professionals

in evaluating and selecting among potential BMP solutions to their development

challenges. Projects in this category are required to Include a BMP and erosion control

plan with their plan submittals. On three occasions Board remediation efforts and

SUSMP infiltration design efforts occurred indicative of a regulatory conflict or overlap

that should be addressed. All SUSMP projects are required to file a Covenant and

Agreement with the County Recorder for BMP maintenance and design conservation

prior to issuance of occupancy permits. A standard email with hotlinks to the SUSMP

guidelines and other supporting regulatory information such as the MS4 Permit and

303d listings is liberally provided to developers and their consultants even though the

SUSMP provisions are being challenged by the city. Applicable projects will continue to

be conditioned on meeting SUSMP requirements prior to new MS4 Permit issuance.

Redevelopment projects over one acre in extent are required to meet City of Downey
SUSMP infiltration requirements and file a Notice of Intent NOI prior to issuance of a

City Grading Permit. Due to delays in Waste Discharge Identification Number issuance

by the State Downey has accepted other indicators of NOI application. Exceptions to

the normal City of Downey SUSMP and GCASP process have occurred at the Downey

Landing Redevelopment Projects which file a separate appendix to the City of Downey

annual MS4 report and at Downey Unified School District projects due to the Districts

contention that the City does not have jurisdiction over their operations. In order to

minimize construction phase misunderstandings Engineering Staff pre-review project

SWPPPs before construction begins at the developers or contractors request. While

this effort has resulted in site specific SWPPPs that include fewer generic and unused

BMPs it has not reversed the tendency for these documents to fall into disuse and be

poorly maintained after the initiation of construction.

Despite the delay of Regional Board Staff in adopting the February 2 2004 draft

LACDPW technical manual for siting and design of BMPs for the development

community the City has tried to distribute and incorporate its recommendations to the

developer consultant and contractor communities. During this permit period developers

in the City of Downey have incorporated into their projects basin Inserts hydrodynamic

devices vortex separators biofilters on-site clarifiers vegetative swales perforated

pipes in rock filled trenches various infiltration systems retention and detention basins.

Since the development constructed today will impact water quality forty or more years

into the future the.City of Downey Development Planning Program was designed to

exceed the 2001 Permit objectives. The following Figure 2 shows that through this

aggressive city program more that 550 infiltration BMP projects have been permitted

and most are already constructed and operational. The accomplishments of this City
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directed program are scattered nearly randomly throughout each of the adjacent

watershed drainage areas and benefits the regional MS4 systems owned and operated

by several agencies. Over time this important City of Downey contribution will reduce

the discharge of runoff and the indicator bacteria that current replicate in the drainage

systems of these agencies. A summary of the City of Downey Development Planning

program accomplishments include

By 2005 all single family residential redevelopments or additions of more

than 400 square feet included a 0.75 design criteria infiltration device

Over 550 redevelopment projects in the City of Downey are conditioned to

include BMPs most based on infiltration of the 0.75 design criteria

These BMP projects have been recorded in the City GIS system and can

be queried and displayed by BMP type volume and other parameters

r Over 1% of the City of Downey housing stock already incorporates some
infiltration feature usually sized based on the 0.75 design criteria

By June 1 2006 over 1.4 million cubic feet 32 acre-feet of infiltration

storage volume has been constructed within the City of Downey

Ignoring evaporation transpiration and over-irrigation an average 14
storm season that is 80% retained based on the 0.75 design criteria

could potentially infiltrate 20 million cubic feet or 500 acre feet of water

Y Based on the above assumptions the City of Downey Integrated Water

Management Effort could already be potentially infiltrating nearly 3% of

our annual groundwater supplied potable demand of 17000 acre-feet

A significant fraction of this same volume should be credited as the City of

Downeys contribution to regional pollution source control efforts.

The City of Downey has implemented one of the most focused and aggressive

Development Planning Programs In Los Angeles County. While the City intends to

comply with the Standard Urban Stormwater Mitigation Plan SUSMP program during

the duration of this permit this element is subject to a legal challenge and the City of

Downey is proposing to discontinue its application during the next MS4 permit cycle.

-17-

RB-AR15432



City of Downey PermMtted Infiltration BMP Map
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Figure 2. City of Downey Permitted Infiltration BMP Map.
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3.5 DEVELOPMENT CONSTRUCTION

The Principal Permittee Development Construction Program requirements are on its

website and in a Water Quality Regulations brochure which is available to the public.

The City of Downey Development Construction Program focuses on addressing runoff

issues during the design phase by developing construction site drawings that address

the potential site pollution generation issues for each of the four levels identified in the

Development planning section. Construction projects were adequately reviewed for

compliance with NPDES Permit requirements including development of Storm Water

Pollution Prevention Plans SWPPP and compliance with the SUSMP requirements of

the 2001 NPDES Permit. Various levels of enforcement actions were taken against

construction sites found to be in violation of MS4 Permit requirements as identified

through the modified Downey Municipal Code Stormwater Ordinance 1142

The City of Downey Building and Safety Department provides informal but frequent

oversight of private construction projects while conducting their required structural

inspections. This oversight may include informal suggestions preventive actions and

the issuance of correction or violation notices for erosion or other pollution control

failures. They also observe whether infiltration devices are installed at project sites and

may suggest installation tips however they do not provide a formal installation

inspection service since these devices are not characterized in the Building Code.

Public Works inspectors observe and inspect projects that impact the Public Right or

Way or other publicly-owned structures such as the drainage system including

sidewalks driveway approaches and culverts. During this activity they will also note

and initiate corrective action for sediment tracking or other pollution generating activity

Recalcitrant sites or projects that are significant or intentional pollutant sources are

referred to Code Enforcement the Stormwater Coordinator or both when firm

enforcement measures are potentially warranted. Referrals can be initiated by Building

and Safety Inspectors Public Works Inspectors other municipal staff other agency

staff and the public including contractors and developers. Enforcement measures are

proportional progressive and may also be forwarded for attention by Board staff. The

latter is especially true for repeat offenders and specialty contractors that tend to spend

little time in the City of Downey e.g. swimming pool gunite services but show a blatant

disregard for regional water quality protection and MS4 Permit requirements.

Formal GCASP site inspections occur annually during the rainy season however the

City Stormwater Coordinator and Public Works Inspector also conduct informal Friday

site visits to verify weekend BMP placement. These inspections have noted significant

resistance among contractors in updating SWPPPs but much less resistance to BMP

upkeep and maintenance. While we have issued NOVs and reported technical

violations to the Board for further action our emphasis has been on controlling the

discharge of construction site pollutants especially sediments. We have also expended

significant effort in persuading these sites to obtain their Notice of Termination NOT at

project conclusion but efforts to link issuance of Certificate of Occupancy to NOT
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confirmation have been unproductive due to delays and complications in NOT

processing and acceptance by the Board. Since the State Board collects fees for

GCASP sites and is responsible for the discharges that emanate from them the City of

Downey proposes to eliminate inspections at these sites during the next permit cycle.

Certain aspects of this program remain subject to a legal challenge by the City of

Downey other 2001 MS4 Permittees the Construction Industry Coalition on Water

Quality CICWQ and the Building Industry Legal Defense Foundation. The

challenged portions of this program are therefore not being proposed for inclusion

during the next permit cycle. Inspection obligations in exceedance of federal

regulations constitute a State mandate and should be funded by the Board In

accordance with the precepts set forth in Article XIII section. 6 of the California

Constitution which mandate that the Board consider the economic impacts of Permit

requirements which exceed federal regulations. The City of Downey reserves its

objections to the broad scope of construction site inspections required by the 2001

NPOES Permit which go beyond the requirements of federal regulations.

3.6 PUBLIC AGENCY ACTIVITIES

The Utilities Division of the City of Downey Department of Public Works maintains the

City Sewer Collection System. In response to the MS4 Permit the prior Spill Prevention

Manual was significantly revised and distributed to the implementing Staff in June 2003

and subsequently to the Board. As noted in our annual reports City Staff are constantly

at work maintaining this sewer system and infrequently responding to spills usually

originating with private laterals or abandoned facilities With the adoption of recent

Sanitary Sewer Overflows Waste Discharge Requirements by the State Board this

program element is duplicative and should be discontinued from future MS4 Permits.

The 2001 Permittees in cooperation with the County Sanitation Districts of Los

Angeles completed the Treatment Feasibility Study. This study investigated the

possible diversion of dry weather discharges or the use of alternative treatment control

BMPs to treat flows that may impact public health and safety and/or the environment.

No diversion opportunities were identified within jurisdiction of the City of Downey.

The City of Downey initiated four GCASP construction projects during the 2001 MS4

permit cycle and participated extensively in the design of a fifth for the Metropolitan

Transit Authority MTA Division 4 Non Revenue Vehicle Maintenance Facility

Adequate SWPPPs with appropriate construction BMPs were prepared for each project.

Two of these projects were for the Firestone and Lakewood Boulevard reconstruction

projects which because of traffic loading are deemed unsuitable for direct infiltration

however as with all City of Downey streets the gutters on these Boulevards are

vacuum swept weekly to control pollutants in conformance with the Los Angeles River

Metals TMDL recommendations A grant was submitted to the Board for construction of

an Inverted bioswale median within Lakewood Boulevard but was not highly prioritized

by Board staff leading the City back to utilize the original state highway cross sections.

The MTA facility complied with SUSMP by utilizing two large rock filled infiltration

trenches to reduce the discharge of metals to the impaired Rio Hondo Reach I

receiving water as characterized in a two page information sheet previously forwarded
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to the Board for consideration. The Rio Hondo Event Center and Golf Course exceeds

SUSMP requirements by redirecting parking lot pollutants to landscaped swales an

infiltration system and the golf course water hazards eliminating a significant parking lot

pollutant source from the impaired Rio Hondo Reach 1 receiving water. The Downey

NASA Park project is still under design but current plans call for the conversion of a

10 acre parking lot into a municipal park that includes an innovative underground

infiltration basin with 8 acre-feet of retention and detention capacity

Storm Water Pollution Prevention Plans were prepared for both the City of Downey

Utility and Maintenance Service Yards. BMPs were implemented to reduce pollutants to

the MEP however both facilities are nearing the end of their useful life and costly new

structures e.g a fuel station canopy have been deferred for incorporation at the

proposed combined yard that is planned for construction and completion with the next

three years. Portions of each existing facility are served by clarifier structures where

vehicle rinsing is allowed while most of the solid waste and construction materials

handling occur in an unpaved area where suspended solid mobilization is controlled.

As indicated in the City of Downey Annual MS4 Permit Reports pesticides are stored in

a locked portion of the Maintenance Service Yard and applied under the supervision of

a State Certified Pest Applicator. Banned or unregistered pesticides were long ago

purged from this locker. Pesticides and fertilizers are not applied when rain is

anticipated and mulches are stored outdoors in an unpaved area that encourages

infiltration. Wavelength specific light inhibitors rather than aquatic herbicides are used

to control aquatic vegetation in ornamental city ponds and vector control of large

temporary pools Is managed by the Greater Los Angeles County Vector Control District.

The Operation and Management of City of Downey Storm Drain is undertaken by the

Department of Public Works with maintenance by the Utilities Division. Although none

of the City owned catch basins have been designated as collecting significant amounts

of trash the acknowledged city owned catch basins are cleaned twice annually. During

this permit cycle an Eagle Scout with the Boy Scouts of America and the City of

Downey undertook a significant review of the drainage information in the Geographical

Information System G1S and repainting of catch basin stencils. Many previously

unrecognized catch basins and drainage systems belonging to the City County and

Caltrans were located while the ownership of others remains unresolved. More GIS

corrections are planned at which point the city drainage map and maintenance

schedules will be formally updated and available for review. City owned channels

often just cement lined easements at street level are cleaned at least annually or more

often if needed due to illegal dumping. All City transit stops have trash receptacles that

are emptied daily During special events such as the Holiday Christmas Parade

Street Fair and Kids Day catch basin blocks are placed in advance and trash control

initiated in conjunction with crowd dispersal after which the blocks are removed.

During this permit cycle the City of Downey vacuum swept all of its streets and parking

lots on a weekly basis. Most streets are posted for parking enforcement on the

scheduled weekday but a few residents have opted out of this public service and are

responsible for their own litter control. There also remain a small number of private

-21-

RB-AR15436



streets on which the residents are responsible for litter and dust control. Sawcutting of

public streets requires an encroachment permit and a Public Works Inspector ensures

that unfamiliar contractors are educated in relation to local construction practices. The

Stormwater Coordinator provided MS4 Permit related training to the majority of the

Public Works Utility and Maintenance Services employees during two training sessions.

Code Enforcement and Building and Safety officials received similarly focused training.

There are no municipal facilities which warrant management under the GIASP program.

City of Downey employees and contractors are advised that emergency repair and

clean up activities should be undertaken in an environmentally friendly manner that

incorporates applicable BMPs. Although the City of Downey participated and Identified

drains for potential inclusion in the Treatment Feasability Study none were of high

priority or recommended for immediate implementation.

3.7 ILLICIT CONNECTIONS/ILLICIT DISCHARGES ELIMINATION

Since 2002 the City of Downey has supplied the Los Angeles County Department of

Public Works with a GIS representation of the location of any observed illicit

connections and illicit discharges. By the fall of 2006 City of Downey staff will have

investigated over 300 reported Illicit discharges and while many events became public

education opportunities an increasing number of violation notices and a limited number

of enforcement actions have resulted. The City Code Enforcement Division also

maintains separate Police Department files of additional minor discharge events.. In

addition 5 illicit or undocumented connections have been terminated or permitted with

the County. While we have received a few tips through the Los Angeles County Public

Hotline 1-888-CLEAN-LA the vast majority of calls are from residents to the City of

Downey Department of Pubic Works Code Enforcement or Fire Department. These

three city departments cooperate in handling minor events semi-autonomously but are

mutually dependent for specific professional experience and skill sets. Furthermore

when County drainage facilities are involved the city reports the incident to the Los

Angeles County Flood Control District via their 24 hour internal hotline.

The City of Downey Utilities Department has completed the MS4 permit required field

screening of all city-owned channels and is continuing to screen city storm drains as

they are identified during the GIS correction effort however it is notable that all illicit

connections identified to this point were either cryptic e.g. unpermitted curb cores or

unpermitted extensions/connections of private drains.

While the Los Angeles County Department of Public Works has prepared the MS4
Permit required formal analysis of the regional Illicit Discharge and Connection data

accumulated from the Permittees that submitted data the City of Downey specific data

shown in Figure 3 suggests a near random pattern that is slightly weighted towards City

Hall. The most common incidents are typically associated with residential remodel and

repair work Including the washing down of materials and supplies. or surfaces however

swimming pool discharges or construction activities and commercial auto detailing are

also often observed. Illicit connections have
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City of Downey Illicit Discharge and Illicit Connection Investigation Map
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Figure 3. City of Downey IllicitDischarge and Illicit Connection Investigation Map.
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1- A un-permitted residential landscaping curb core

Extension of the private drain line in auto dealership

Washing food into a drain line at rear of a fast food restaurant

Residential washing machine connected to a Caltrans surface drain

Bathroom connected to the roof drain of a multi story office building.

A significant fraction of the illicit discharges are from contractors construction materials

suppliers auto detailers pool and building maintenance services many of which have

neither a City of Downey Business License nor are headquartered within the city. It is

our supposition that many of these firms operate the same way throughout Los Angeles

County but are rarely in any one actively enforcing jurisdiction long enough to

establish a pattern or modus operendi. For this reason nearly two dozen City of

Downey letters to those businesses that blatantly ignored proper pollution source

control practices have been copied to the Board enforcement staff in anticipation that a

list of these establishments might be developed and more universally addressed. As an

example developers for the McDonalds Restaurant Corporation and Jays Gunite were

each reported to be violation of MS4 Permit requirements twice at different projects
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4.0 PRIORITIES FOR PROGRAM IMPROVEMENT

Municipal stormwater and urban runoff management programs in the Los Angeles

region were initiated with the June 18 1990 adoption of Order No. 90-079. A revised

Municipal NPDES Permit was issued in July 1996 and the current permit inDecember

2001 Order No. 01-182. The City of Downey in invigorated to have accomplished so

much during the third Permit cycle but remains frustrated by the unequal distribution of

responsibilities costs and risk among Permittees Regulators and Stakeholder groups.

Reflecting on the current state of affairs we conducted a review of our current

management programs with an eye toward future efforts. As public agencies all of the

2001 Permittees and Regulators have an obligation to responsibly manage public funds

and protect the quality of life and environmental resources within our jurisdictions. The

City of Downey has developed and implemented as outstanding program for managing
stormwater and urban runoff impacts in a cost effective manner that is commensurate

with the Maximum Extent Practicable MEP standard and regional best interests.

As summarized the City of Downey has an aggressive water quality program that

Supports both local and regional public education efforts

Has investigated over 300 illicit discharge reports

Interacts with other regional programs to improve regulation

Contributes to our understanding of water quality science

Continues to revise and correct the municipal drainage mapping system
Vacuum sweeps street gutters on a weekly basis

Cleans city owned channels and catch basins annually

Identifies transient regional waste dischargers for Board action

Provides professional education and training regarding program progress

Inspects critical pollutant sources within available resource constraints

r Is recognized by the APWA and Board Staff for progressive actions

Y Encouraged installation of over 1.4 million cubic feet of retention storage
Is already infiltrating hundreds of acre feet of potential runoff per year
Values the conservation and enhancement reasonably achievable

receiving water beneficial uses that do not endanger the public welfare

The remainder of this City of Downey Report of Waste. Discharge ROWD provides an

in-depth discussion of our specific priorities and proposed programs for implementation
under a City of Downey 2006 NPDES MS4 Permit A significant part of this effort will be

working with adjacent stakeholders and other MS4 operators to address indicator

bacteria regrowth and other stormwater and runoff constituents within the underground

drainage those agencies operate and maintain. Any 2001 NPDES Permit program not

identified below as being a part of the 2006 Permit has been excluded from the 2006

Permit terms for either legal practical or cost effectiveness reasons. It further bears

repeating that many of the 2001 Permit terms remain subject to legal challenge and

that as such the City of Downey has not included various portions of the 2001 NPDES
Permit which it contends may be contrary to State and/or federal law.
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4.1 PROGRAM COMPONENTS

The following recommended improvements for the next NPDES M84 Permit cycle

include streamlining specific requirements eliminating other requirements providing the

City of Downey with a safe harbor provision maintaining steady implementation of

programs that have not been challenged or that have proven to work well for our City
and emphasizing results-based modifications to other programs to better utilize limited

resources. Components in each of the programs have been identified as requiring

some modification to improve the overall intent of the Permit which is to develop

achieve and implement a timely comprehensive cost-effective stormwater pollution

control program to reduce the discharge of pollutants in stormwater from the M84 to the

MEP Standard and be consistent with the reasonableness standards under State Law.

4.2 PRIORITY I - RECOMMENDED ALTERNATIVE LANGUAGE FOR
RECEIVING WATER LIMITATIONS

The Receiving Water Limitations language in Order No. 01-182 is a section of the 2001

Permit that is subject to the pending legal challenge. The City of Downey recommends

that the Permit contain Receiving Water Limitations language which is consistent with

applicable law and with which the City can comply. Order No. 96-054 the 1996 NPDES
Permit in

ý ý
eluded language which stated Timely and complete implementation by a

Permittee of the storm water management programs prescribed in this Order shall

satisfy the requirements of this section and constitute compliance with receiving water

limitations. It further provided that where an exceedance of a water quality objective

had occurred the Permittees were to submit stormwater programs that will increase

the likelihood of preventing future exceedances of water quality objectives. This

language was omitted from Regional Board Order No. 01-182. It is imperative that the.

City of Downey have the support of the Regional Board when making a good faith effort

to comply with costly Permit requirements and not be required to implement BMPs that

go beyond the MEP or reasonableness standards under federal and state law.

The City of Downey like other municipal Permittees should not be required to strictly

comply with water quality standards or objectives especially those that have obvious or

ubiquitous natural sources and are assimilable in the environment. Rather compliance
with such standards should be limited to compliance through the use of reasonable and

cost-effective MEP-compliant BMPs. Constraining the City of Downey or other

Permittees to an immediate or never-ending state of non-compliance while requiring

strict compliance with water quality standards or objectives that are neither reasonably

achievable nor practicable is arbitrary and capricious as well as contrary to law.

Exposing the City of Downey and other Permittees to immediate third party initiated

lawsuits is unproductive discourages the potential for collaborative working

relationships with non-governmental organizations and doesnt achieve the laudable

and primary goal of improving receiving water quality.

The following are proposed Findings of Fact and suggested Receiving Water Limitations

language and definitions that should form the basis for the 2006 City of Downey NPDES
MS4 permit
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Findings of Fact

1. Urban Runoff includes discharges from residential industrial commercial

and construction areas throughout the adjacent watersheds. In addition to accepting
Urban Runoff from the City of Downey MS4 adjacent rivers receive flows from

agricultural open space state and federal lands and facilities schools community

colleges state universities and several other land use agencies not under the control or

legal jurisdiction of the City of Downey or any other municipal Permittee.

2. Utilities special districts wastewater management agencies and other point

and non-point sources which are otherwise pennitted by or under the jurisdiction of the

State or Regional Board also contribute discharges that may enter the City of Downey
MS4 and adjacent water bodies. The Regional Board recognizes that the City of

Downey cannot be held legally responsible for any discharges or pollutants either in

stormwater or nonstormwater running off of any such state regulated properties or

facilities. Similarly certain other activities that generate pollutants present in Urban

Runoff are beyond the control or authority of the City of Downey to regulate orprohibit.

Examples include internal combustion engine emissions atmospheric deposition brake

pad and tire wear pesticide residues agricultural runoff onsite wastewater treatment

systems and background conditions e.g. wildlife microbial replication brush fires and

other naturally occurring sources of elements derived from local soils and geology.

3. The Regional Board finds that the unique aspects of the regulation of Urban

Runoff discharges through MS4s includes but is not limited to the intermittent and

unpredictable nature of discharges difficulties in monitoring and limited physical control

over the discharge conveyance systems. These attributes will require adequate time

and resources to determine what persons or entities are responsible for reducing the

discharge ofpollutants in Urban Runoff discharged from the MS4.

Receiving Water Limitations

1. The City of Downey shall continue to implement BMPs that reduce the

discharge of pollutants from the City MS4 where such Urban Runoff discharges cause

or contributes to an exceedance of water quality standards and objectives.

2. The City of Downey shall comply with Paragraph I through the use of

reasonable cost-effective and MEP-compliant BMPs. The BMPs shall be designed

taking into consideration those water quality standards or objectives that are reasonably

required to ensure the reasonable protection of property designated beneficial uses.

Only water quality standards or objectives which can reasonably be achieved need to

be complied with by the City of Downey and only after the Board has considered a
the past present and probable future beneficial uses of the receiving water b the

environmental characteristics of the hydrographic unit at issue including the quality of

water available thereto c the water quality conditions that could reasonable be
achieved through the coordinated control of all factors which affect water quality in the

area d economic considerations e the need for developing housing in the region
and f the need to develop and use recycled water. In determining whether any
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II

particular water quality standard or objective must be complied with by the City of

Downey in addition to the above the Regional Board shall further consider all demands

being made or to be made on the subject waters and the total values involved
beneficial and detrimental economic and social tangible and intangible. Compliance
with applicable water quality standards or objectives is to occur through an iterative

BMP process consistent with the provisions of this paragraph.

3. If an exceedance of a water quality standard or objective is believed to be due

to discharges to the MS4 that are outside the City of Downeys jurisdiction or control

the City shall advise the Executive Officer of such in writing.

4. If the City of Downey has acted reasonably and in good faith in complying
with the procedure set forth above the City does not need to repeat the procedure for

recurring exceedances of the same water quality standards or objectives. The

Executive Officer may determine and provides written notice to the City that additional

BMPs consistent with Paragraph 2 above should be implemented to comply with the

water quality standards or objectives including the basis for the determination.

5. Reasonable and good faith compliance with the procedures set forth in

this section shall satisfy the requirements of this Order and shall constitute compliance
with applicable water quality standards or objectives.

Definitions

1. Maximum Extent Practicable or MEP is the standard established by

Congress in Clean Water Act section 402p3Biii that municipal

dischargers of stormwater MS4s must meet. MEP generally emphasizes
pollution prevention and source control and includes consideration of

technical feasibility practicability cost effectiveness benefits derived

regulatory compliance and public acceptance. Where cumulative costs

exceed cumulative benefits a program or BMP is not considered

practicable.

2. Urban Runoff is that water discharged to the MS4 for which the City of

Downey is partially responsible when further discharged from the MS4 to

receiving waters. Urban Runoff includes discharges from residential

industrial commercial and construction areas that are not governed by a
State issued NPDES Permit within the Permit area but the term Urban
Runoff expressly excludes stormwater and nonstormwater discharges
from agricultural State permitted industrial activities or construction sites

open space state and federal properties and facilities school district

properties colleges and universities waste water management agencies
other NPDES permitted discharges and other point and non point source

discharges that are not subject to regulation by the City of Downey.
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4.3 PRIORITY 2 - FUNCTION OF WATERSHED MANAGEMENT
COMMITTEES

Order No. 01-182 requires Watershed Management Committees WMCs to carry out

specific responsibilities as a group. These responsibilities included

a. Facilitating cooperation and exchange of information among Permittees

b. Establish goals and objectives and associated deadlines for the WMA as

the program implementation progresses

c. Prioritize pollution control efforts based on beneficial use impairments
watershed characteristics and analysis of results from studies and the

monitoring program

d. Develop and/or update and monitor the adequate implementation on an

annual basis of the tasks Identified for the WMA

e. Assess the effectiveness of prepare revisions for and recommend

appropriate changes to the SQMP and its components

f. Continue to prioritize the Industrial/Commercial critical sources for

investigation outreach and follow-up and

g. Meet four times per year and as necessary.

The Citys resources are limited. Requiring the City to perform additional tasks under

the WMCs is extremely difficult because it takes valuable resources away from working

on other Permit requirements that have a more significant impact on water quality.

While it is important for key personnel within a WMA to meet quarterly to facilitate

cooperation in implementing stormwater programs and to exchange experiences and

valuable information the City recommends having the flexibility to independently
determine how to implement its Permit programs whether that be individually or as part

of a WMA. The City recommends combing the WMC and impaired water body
jurisdictional groups meetings since the representatives will handle both obligations.

This recommendation would reduce the need for unnecessary parallel meetings.

4.4 PRIORITY 3 - INDUSTRIAL AND COMMERCIAL FACILITIES
CONTROL PROGRAM IMPROVEMENTS

Under Order No 01-182 the 2001 the City of Downey was required to track inspect
and ensure compliance at industrial and commercial facilities that the Regional Board

has asserted are critical sources of pollutants in stormwater. Those provisions of Order

No. 01-182 are presently being challenged by many of the 2001 Permittees including

the City of Downey in the previously referenced legal challenge.
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The City proposes that the so-called Critical Sources referenced in the 2001 Permit

such as commercial facilities restaurants automotive service facilities retail gasoline

outlets and automotive dealerships and Phase I Facilities both Tier I and 2 not be

inspected under the new Permit unless the City first determines that the facility is an

industrial facility that is contributing a substantial pollutant load to the MS4.

There is no authority under state or federal law requiring the City of Downey to inspect

commercial facilities such as restaurants automobile dealerships or gasoline service

stations. For industrial facilities the federal regulations leave it to the Permittee to

determine which facilities to inspect and when and provide for the inspection of those

Industrial facilities which a Permittee determines are contributing a substantial pollutant

load to the MS4. Accordingly the City requests that the existing Industrial and

Commercial Facility Control Program requirements under Order No. 01-182 be replaced

with a provision that gives the City the discretion to inspect industrial facilities it

determines are contributing a substantial pollutant load to the MS4.

Also the 2001 Permittees found it unnecessary and a waste of resources to repeatedly

inspect facilities that are found to be in compliance with the General Industrial Activities

Stormwater Permit GIASP. A more effective inspection strategy would target industrial

facilities that are not in compliance where the Board or City of Downey determines the

industrial facility has contributed a substantial pollutant load to the MS4.

Moreover for those industrial facilities the City chooses to inspect or that the Board

determines are not in compliance the City recommends that the Annual GIASP

inspection fees collected by the State Water Resources Control Board be distributed to

the City for conducting any such inspections. This would encourage the City to make

such inspections and avoid forcing industry to pay twice for a single inspection or being

subject to redundant inspections. In addition to the legal objections to the inspection

program in Order No. 01-182 financial constraints make it difficult for the City of

Downey to carry out the required level of inspections and providing local agencies with.

monetary resources will facilitate more City inspections.

4.5 PRIORITY 4 - PEAK FLOW CONTROL AND STANDARD URBAN
STORMWATER MITIGATION PLAN SUSMP

The City of Downey proposes that the Development Planning Program provisions as

contained in Order No. 01-182 be deleted and not carried forward into the new Permit.

State and Regional Boards are without authority to impose these provisions and as

such the program provisions are inconsistent with state and/or federal law and should

not be carried forward in the next Permit cycle. Moreover these. provisions under Order

No. 01-182 are being challenged by many of the 2001 Permittees.

Continuing to require compliance with the SUSMP provisions which reference a

particular design criteria or other particular manner of compliance is contrary to the

prohibition of California Water Code section 13360. Require compliance with SUSMP
provisions that compel municipalities to impose certain mitigation measures from

undefined numerous development and redevelopment projects discharges
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irrespective of what mitigation measures may or may not be properly required under

CEQA and the review process set forth therein is arbitrary action that is contrary to law

and the Regional and State Boards lack the authority to impose any such requirements.

The Peak Flow Control provisions included in the 2001 Municipal NPDES Permit are in

excess of the Regional and State Boards authority and therefore contrary to law as

neither the Clean Water Act nor the Porter-Cologne Act authorizes the State to

regulate the quantity of stormwater or urban runoff.

The State and Regional Boards must consider the impacts that the Development

Planning Program provisions will have on the development of low income or affordable

housing as required under Water Code sections 13241e and 13263.

4.6 PRIORITY 6 - SPECIFIC BMP REQUIREMENTS

Under Order No. 01-182 the City of Downey was required to place and maintain trash

receptacles at all transit stops within their jurisdiction. Prescriptive requirements such

as this limit the ability of the City to analyze and determine the cost effectiveness and

appropriateness of BMPs to address pollutants of concern in discharges from their MS4.

They are further contrary to law. See e.g. Water Code 13360.

it is recommended that the City be given the flexibility to select suitable BMPs and their

respective locations to address pollutants of concern. The City also recommends that

the explicit requirement to place and maintain trash receptacles at all transit stops be

removed from the Permit as it is presently the subject of the legal challenge to Order

No. 01-182. Moreover under the California Constitution any such mandates may only

be imposed upon the City if appropriate funds have been provided to fund the mandate

4.7 PRIORITY 6 - DEVELOPMENT CONSTRUCTION PROGRAM AND
STORM WATER POLLUTION PREVENTION PLANS SWPPP
REDUNDANCY

The General Construction Activities Stormwater Permit GCASP Order No.99-08-DWQ
requires all dischargers where construction activities disturb one or more acres

to develop and implement a Storm Water Pollution Prevention Plan SWPPP eliminate

or reduce non-stormwater discharges to storm drain systems and other waters of the

nation and perform inspections of all BMPs. Requiring a Local SWPPP to substitute for

a State SWPPP is redundant and is the subject of the legal challenge to Order No.01-182.The City of Downey recommends eliminating any references to Local SWPPP.

The City also recommends that the Development Construction Program requirements

as set forth under Order No. 01-182 be modified so that the City not be required to

impose minimum unreasonable requirements on construction sites such as

unreasonable restrictions on the discharge of sediment or construction related material

including sand gravel and other natural material that may erode from a construction

site. This concern is also the subject of the pending legal challenge
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4.8 PRIORITY 7 ILLICIT CONNECTION and ILLICIT DISCHARGE
ELIMINATION PROGRAM IMPROVEMENTS

The City of Downey has completed field screening of City owned open channels priority

underground pipes and expected to have completed field screening of underground

pipes with a diameter of 36 inches by December 12 2006. The City of Downey has

worked to eliminate illicit connections and illicit discharges to the storm drain system

resulting in 300 report investigations and control actions. No illicit connections to the

underground drain system have been detected and most connections were found on

private property that could be subject to access limitations. Based partially on data

submitted by the City of Downey the evaluation of patterns and trends in illicit

connections and illicit discharges prepared by Los Angeles County concluded that an

average of 62.2% of all illicit connections and 81.5% of all illicit discharges are from

High Density Single Family Residential typical urban areas

Retail and Commercial

Light Industrial

Multiple Family Residential

Transportation

The City of Downey IC and ID program suggests a two component pattern combining

random discharge reports by area residents and businesses with a normal distribution

centered along routes taken by agency staff. It is recommended that since City

resources are limited the field screening of underground pipes be abandoned in favor

of conducting more thorough Illicit discharge investigations and continued GIS mapping

efforts to delineate drainage system ownership and maintenance responsibilities.

The City of Downey recommends deleting the term illicit disposal from the definitions

section of the Permit since it is not used in the Permit and serves no useful purpose.

Other definitions need to be more explicitly defined or informally clarified to establish

consistent Implementation and reporting among Permittees and the intent of the Board.

The definition for illicit discharge should be revised to read any uncontrolled

discharge that enters or may reasonably enter the MS4 and is prohibited under local

state .. This revision identifies an illicit discharge as an uncontained non-stormwater

discharge that may enter the constructed storm drain system while allowing a spill or

wash water that enters the gutter or roadway to be contained and collected provided it

should not reach the receiving water.

4.9 PRIORITY 8 - PERMIT FORMAT

The City of Downey found that in many instances the format of the 2001 Permit and

Annual Report were difficult to understand redundant and convoluted. The City

encourages the Regional Board to informally provide examples tables and matrices to

assist the City with Permit requirements expectations and submittal deadlines.

-32-

RB-AR15447



4.10 PRIORITY 9 -PERMIT IMPLEMENTATION COSTS

The City of Downey has experienced a 63% increase in program implementation costs

over the past 3 years and consistently had to budget and divert money earmarked for

other municipal programs to meet the obligations of the 2001 NPDES MS4 Permit. The

City does not foresee new revenue streams to bridge the gap between future Permit

compliance and other municipal programs. The Board should acknowledge the regional

lack of implementation resources prioritize the largest and most significant sources of

pollution and thereby utilize local agency support prudently rather than preemptively

and exhaustingly. The City of Downey has cited the redundant industrial and

commercial. facility inspections as diverting other municipal service support. The effort

to insert numeric indicator bacterial objectives into the expiring 2001 permit reaffirms

our previous concerns that permit implementation costs may grow exponentially.

4.11 PRIORITY 10 -DISCHARGE EXEMPTION REFERENCE

The City of Downey proposes to continue with the same non-stormwater discharges

prohibition program 2001 Permit Part 1 except that the exemption for potable supply

systems should no longer reference non-existent American Water Works Association

AWWA guidelines for dechlorination and suspended solids reduction practices since

they are unenforceable.

4.12 PRIORITY 11 - LEGAL AUTHORITY

The task of amending and adopting an enforceable City of Downey specific stormwater

and urban runoff ordinance that addressed the requirements of the 2001 Permit took a

significant amount of time and effort to complete. If a similarly complex legal authority is

required by the Board the City should be provided at least 12 months from Permit

adoption to complete the necessary changes and possess adequate legal authority.

4.13 PRIORITY 12 - ANNUAL REPORT ENHANCEMENTS

The City of Downey recommends streamlining the Annual Report to only demonstrate

significant permit compliance and the effectiveness of BMPs used in accordance with

the MEP and reasonableness standards under federal and state law to reduce the

discharge of runoff pollutants from the MS4. Redundant requirements such as an

assessment of SQMP requirements in reducing runoff pollution are an unnecessary

waste of municipal resources. The City of Downey recommends eliminating the

following Annual Report section or questions

Section IV.B.2 - Inspection Program Provide the reporting data as

suggested in the following tables. and Section IV.B.3 - BMPs

Implementation Provide the reporting data as suggested in the following

table. it is unclear what the table was meant to include the GIASP
Critical Source Inspections or both. Provide more example rows to

complete or explain. Table should have been in portrait format.
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Section IV.C.7 -ý How many of each of the following projects did your

agency review and condition to meet SUSMP requirements last year

Section IV.C8 -- What is the percentage of total development projects

that were conditioned to meet SUSMP requirements

Section IV.D.5 -- How many building/grading permits were issued to sites

requiring Local SWPPPs last year

Section IV.D.6 -- How many building/grading permits were issued to sites

requiring coverage under the General Construction Activities Stormwater

Permit last year

Section IV.D.7 -- How many building/grading permits were issued to

construction sites less than one acre in size last year

The following Annual Report tables should be modified to eliminate confusion and

improve the quality of data submitted

Section IV.F. 10 -- Delete and re lace with the followin illicit connections table

Number of Number of Number of Number of Number of

Suspected Illicit Suspected Illicit Illicit Suspected Illicit Suspected Illicit

Connections Connections Connections Connections Connections

Reported Investigated Terminated found not to be that resulted in

illicit Enforcement

Action

Section IV.F.13 -Delete and replace with the following illicit discharges table

Number of Number of Number of Illicit Number of Number of

Suspected Illicit Suspected Illicit Discharges Suspected Illicit Suspected Illicit

Discharges Discharges Terminated Discharges Discharges that

Reported Investigated found not to be resulted in

Illicit Enforcement

Action

4.14 PRIORITY 13 -- PUBLIC INFORMATION AND PARTICIPATION

ENHANCEMENT

The City of Downey concurs with the County of Los Angeles in recommending that the

minimum 35 million massmedia impressions per year requirement be deleted from the

next MS4 permit. Furthermore based on the 1-2% attendance rate the City also

recommends deleting the restaurant and gas station Workshop management education

which was both costly and wholly ineffective. The City favors the cost-effective local

approach used in our continuing Keep Downey Beautiful Campaign the achievements

of which were previously summarized and reported in section 3.2.
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4.15 IMPLEMENTATION APPROACHES

The City of Downey has diligently initiated comprehensive watershed programs and

provided education to other agencies about Board requirements. As Chair of the

Executive Advisory Committee EAC current Chair of the San Gabriel River Watershed

.Managemen Committee SGR WMC active member of CREST and the San Gabriel

River Monitoring Workgroup committee member we have educated many stakeholders

about Basin Plan TMDL MS4 Permit Waste Discharge Requirements and their

implementation in the City of Downey. Others have suggested that Permittees could

meet the 2001 MS4 permit requirements and correct. 303d list impairments by

installing inexpensive catch basin inserts and trash diverting screens covering trash

cans or sweeping parking spaces. Not surprisingly these marginally effective BMPs

account for nearly 33000 of the nearly 35000 BMPs reported in the municipal annual

reports. Many of the Integrated Water Management and Jurisdictional TMDL

Implementation Plans are retreating to smaller and less effective 0.5 to 0.25 design

storms. These are the collective implementation standards for most of the existing city

watershed programs.

In contrast the city of Downey has implemented a development planning and

construction program that has resulted in the permitting and continuing installation of

more that 550 infiltration systems based on the 0.75 SUSMP design storm This

amounts to about 1.4 million cubic feet of retention storage and at this time the potential

to divert hundreds of acre feet of runoff per year. This volume is equal to more than 10

cubic feet of retention storage per City of Downey resident more than any other

Permittee and probably more retention storage than any other 2001 Permittee perhaps

more than the sum of all the other Permittees together. Adopting more prescriptive and

inflexible permit requirements would be premature and could undermine this City of

Downey program and our commitment to achieving regional water quality goals.

In recognition of the substantial achievements of the City of Downey it residents

builders and businesses we request the issuance of a City of Downey NPDES MS4

Permit that reflects our flexible approach to runoff management and contribution toward

achieving regional water quality goals. The ultimate goal of this MS4 Permit being to

implement cost-effective program components that reduce the discharges of pollutants

in storrnwater and urban runoff from the Municipal Separate Storm Sewer System to the

Maximum Extent Practicable standard and reasonableness requirements of federal and

state law.

4.16 TOTAL MAXIMUM DAILY LOAD IMPLEMENTATION PLANS

Under the Federal CWA of 1972 States must develop lists of impaired waters and the

pollutants causing them to be impaired also known as a 303d List. With the goal of

bringing each listed water body into compliance with water quality standards the States

must then establish pollutant specific TMDLs that are consistent with State and federal

law applicable to their adoption and implementation. One of the objectives of this

NPDES MS4 Permit is to protect existing beneficial uses for receiving waters around the
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City of Downey through an iterative BMP approach that reduces the discharge of

pollutants in stormwater to the MEP and reasonableness standards.

TMDL waste load allocations may be complied with through an Implementation Plan

that identifies appropriate BMPs and may be adopted as Waste Discharge

Requirements WDRs or a Memorandum of Understanding MOU between the

Board and affected dischargers. TMDLs applying to municipal discharges should be

implemented through the subsequent adoption by the Boards of separate MOUs which

delineate the reasonable and cost-effective MEP-compliant BMPs to be undertaken.

Such MOUs should provide that good faith compliance and implementation of the BMPs

set forth therein shall constitute compliance with the adopted TMDLs.

US EPA has stated that TMDLs can be implemented through a variety of mechanisms

including voluntary agreements. The City of Downey proposes that TMDLs be

implemented through Memorandums of Understanding MOUs between the Board and

the City. Implementing TMDLs through the NPDES Permits is contrary to EPA policy

which support the implementation of CWA stormwater requirements through an iterative

BMP based approach.

The City thus recommends an MOU between the State and Regional Boards and

responsible agencies be adopted in lieu of including TMDLs in the NPDES Permit. The

TM.DLs applicable to the City would then be implemented through the adoption of

separate MOUs setting forth reasonable and cost-effective BMPs. Such MOUs should

provide that good faith compliance and implementation of the BMPs set forth in the

developed Implementation Plan would constitute compliance with the adopted TMDLs.

The use of MOUs is authorized by the Water Quality Control Policy for Addressing

Impaired Waters Regulatory Structure and Options adopted by State Board Resolution

No. 2005-0050 June 16 2005. The effluent limitations in the Permit itself should be

expressed as BMPs. See EPA Memorandum Establishing Total Maximum Daily Load

TMDL Waste Load Allocations WLAs for Storm Water Sources and NPDES Permit

Requirements Based on Those WLAs November 22 2002 pA

All BMPs proposed to be implemented to meet a TMDLs waste load allocations

should moreover be in accordance with the MEP and reasonableness requirements of

federal and State law and particularly the requirement that the City only be required to

comply with those water quality standards/objectives which are reasonably achievable

taking into account economic considerations impacts on housing within the region the

past present and probable future beneficial uses of the water the environmental

characteristics of the hydographic unit under consideration including the quality of

water available thereto and the total values involved beneficial and detrimental

economic and social tangible and intangible.

As set forth in a November 22 2002 EPA Guidance Memorandum EPA Guidance

Memo EPA determined that where a TMDL is developed for stormwater discharges

because stormwater discharges are due to storm events that are highly variable in

frequency and duration and are not easily characterized only in rare cases will it be
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feasible or appropriate to establish numeric limits for municipal and small construction

stormwater discharges. EPA further found that

Under certain circumstances BMPs are an appropriate form of effluent

limits to control pollutants in storm water. See 40 C.F.R. 122.44k2
3. If it is determined that a BMP approach including an iterative BMP

approach Is appropriate to meet the storm water component of the TMDL
EPA recommends that the TMDL reflect this. Id. at p. 5 of EPAs
Guidance Memo.
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5.0 WATER QUALITY MONITORING

The intent of the City of Downey ROWD is to contribute to the regional monitoring effort

by focusing on a drainage area in which our communitys impact might become evident

while coordinating with other stakeholders whose regional programs are currently too

coarse to detect the incremental changes occurring in adjacent watershed areas. The

proposed City of Downey monitoring program is in conformity with the draft Los Angeles

County Monitoring Program which reallocates resources toward studies and monitoring

programs that allow for a better measure of SQMP effectiveness through a reduction in

pollutant loadings from urban and storm runoff.

The City has been an integral participant in the San Gabriel River Watershed Monitoring

Workgroup effort now managed by the Los Angeles and San Gabriel Rivers Watershed

Council since it was first initiated on March 2 2004 Similarly the City of Downey has

participated in making technical decisions and reviewing the Cleaner Rivers through

Effective Stakeholder-led TMDLs CREST process including recent in-kind

professional staff sampling services. The City of Downey is reluctant to betray the

significant technical and monetary investment by a variety of stakeholders through

recommendation and development of a competing monitoring program. Instead we

propose to implement a monitoring effort at the upper and lower extent of Reach 1 of

the Rio Hondo and cooperate with other Los Angeles or San Gabriel River monitoring

efforts provided the level of support does not undermine our local effort and is

commensurate with contributions from other municipal stakeholder agencies and our

contribution to the total contributory watershed. area.

As contemplated the City of Downey Monitoring effort will focus on Reach 1 of the Rio

Hondo River which begins at interstate 5 near the northernmost corner of the City and

ends at the confluence with the Los Angeles River at Imperial Highway just west of

Downey. Just over 27% 3.40 square miles of Downey drains to the Rio Hondo along

with portions of South Gate Bell Gardens Commerce and Montebello. In the draft

2006 303d listing documents this Reach has been listed as do not de-list for

ammonia and pH which is primarily being addressed through treatment plant

operational modifications by the County Sanitation Districts of Los Angeles County. The

adopted 2002 303d list this reach for copper high coliform count lead pH trash and

zinc. Trash is difficult to quantify effectively in low flows and pH seems to be highly

correlated with algae growth and supersaturated oxygen concentrations. Sincedry-weather
monitoring of trash and pH is too subjective and qualitative to facilitate effective

sampling they are not currently including in our monitoring proposal.

The proposed City of Downey monitoring effort would focus on Rio Hondo Reach 1 and

begin during the first quarter following City of Downey MS4 Permit acceptance when a

Monitoring and Sampling Quality Assurance Project Plan would be developed in

consultation with other local agencies and Board Staff. During the quarter after

acceptance of the Monitoring QAPP samples would be taken at the upper and lower

ends of this reach at locations agreed upon in consultation with Board Staff. In this area

dry weather flows are generally diffuse and braided across the channel bottom making
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collection of representative samples difficult Grab sampling are likely to require flow

concentration between a. narrow gap which should also facilitate more accurate flow

measurement. Parameters to be tracked include flow rate hardness metals broad

screen ICP/MS or AES method such as 200.7 indicator bacteria and semi-volatiles

GC/MS method such as 625.

A brief annual monitoring report would prepared and presented to the Board for

consideration along with suggestions for future monitoring or source control efforts.

This report would estimate pollutant loadings within Reach I based on flow and

concentrations as possible based on the analytical results available.
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California Regional Water Quality Control Board
Los Angeles Region 0

Recipient of the 2001 Environmental Leadership Award from Keep California Beautiful

Linda S. Adams 320 W. 4th Street Suite 200 Los Angeles California 90013 Arnold Schwarzenegger

Agency Sccrermy Phone 213 576-6600 FAX 213 576-6640 - Internet Address ltttpllwww.watcdoards.ca.govilosangeles
Governor

July 12 2006

Mr. Kenneth Farfsing City Manager

City of Signal Hill

2175 CherryAvenue

Signal Hill CA 90755

THE REISSUANCE OF THE NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM

MUNICIPAL STORM WATER DISCHARGE PERMIT FOR THE COUNTY OF LOS ANGELES

AND PERMITTEES NPDES No. CAS004001 ORDER No. 01-182 - REVIEW OF THE CITY

OF SIGNAL HILL REPORT OF WASTE DISCHARGE

Dear Mr. Farfsing

We have received the Report of Waste Discharge ROWD submitted on June 12 2006 for a

Signal Hill Municipal Separate Storm Sewer System Permit SHMS4 Permit. Municipal storm

water discharges from the City of Signal Hill are presently regulated under Regional Board

Order No. 01.182 which expires on December 12 2006.

The City of Signal Hill City by submitting a separate ROWD is pursing a separate MS4 permit

and will assume among other things the responsibility for a city specific stormwater

management program and monitoring program.

Our review of the ROWD Indicates that while the City is proposing some positive changes other

areas of the ROWD do not satisfy federal storm water regulations contained in the United

States Environmental Protection Agency USEPA Interpretive Policy Memorandum on

Reapplication Requirements for Municipal Separate Storm Sewer Systems Final Rule August

9 1996 61 Fed Reg. 41697. Some of the inadequacies Include

1. The elimination of inspection programs for commercial facilities

2. The elimination of the Development Planning Program Including SUSMP and peak flow

controls

3. The elimination of Local SWPPPs for all construction sites 1 acre and greater

4. The monitoring program description only includes a simplistic monitoring regime with a

lack of details such as whether samples will be grab or flow weighted composite

samples and

6. The proposal for inclusion of TMDL requirements only in memoranda of understanding

MOUs in lieu of TMDL Waste Load Allocations WLAs included in NPDES Permits as

required by federal regulations.

Federal Regulations 40 C.F.R. 122.44d1viiB require that NPDES Permits incorporate

all applicable TMDL WLAs when reissued and are made enforceable. There is no existing

California Environmental Protection Agency

C40
Recycled Paper

Our mission is to preserve and enhance the quality of Californias wager resources for the benefit of present and future generations.
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Mr. Kenneth Farfsing -2- July 12 2006

City of Signal Hill

authority to use MOUs for compliance within the NPDES regulatory scheme. Further any dry

weather WLAs are unaffected by storm water policy.

The ROW D did not satisfy the requirements in the United States Environmental Protection

Agency USEPA Interpretive Policy Memorandum on Reapplication Requirements for

Municipal Separate Storm Sewer Systems Final Rule August 9 1996 61 Fed Reg. 41697.

For these and other deficiencies in the ROWD we deem it incomplete.

We do however look forward to working out these details with your staff during the M54 permit

reapplication process. Our review will not be deemed to prejudice the Board from raising

additional subject matter not identified herein during the permit reissuance process. We intend

to conduct a series of work-group meetings to receive input over the coming months with

Permittee representatives and interested persons to assist us in developing permit

requirements. Pursuant to 40 CFR 122.6 Order 01-182 shall remain in effect and enforceable

until a replacement LA MS4 Permit with Signal Hill as a Permittee or Signal Hill MS4 Permit Is

adopted by the Board.

if you have any questions please do not hesitate to contact me at 213 576-6605 or Dr. Xavier

Swamikannu at 213 620-2094 or Carlos Urrunaga at 213 620-2083.

Sincerely

1ý ý
.

Jonathan S. Bishop

Executive Officer

Enclosure

cc Mr. Michael Levy Esq Office of the Chief Counsel State Water Resources Control Board

Mr. Bruce Fujimoto Division of Water Quality State Water Resources Control Board

Mr. Eugene Bromley CWA Standards and Permits USEPA Region IX

Mr. Dan Lafferty Watershed Mgmt Division Los Angeles County Dept. of Public Works

California Environmental Protection Agency

t Recycled Paper
Our mission is to preserve and enhance the quality of Californias water resources for the benefit of present and fwlure generations.

RB-AR15457



Exhibit4

RB-AR15458



oý sxGN.ýr

CITY OF SIGNAL HILL

2175ChdtryTvenue Slgnai HM California 90755-3799

September 12 2006

VIA FACSIMILE AND FIRST CLASS MAIL

Mr. Jonathan Bishop

Executive Officer

Regional Water Quality Control Board

Los Angeles Region

320 West 4th Street Suite 200
Los Angeles CA 90013

Subject Report of Waste Discharge for Renewal of the Municipal NPDES
Permit for the County of Los Angeles and Permittees NPDES No.

CAS 004001 Order No. 01-182

Dear Mr. Bishop

The purpose of this letter is to respond to your letter dated July 12 2006 concerning
the Citys Renewal Application for its Municipal NPDES Stormwater Permit i.e. Report
of Waste Discharge ROWD. We appreciate your acknowledgement that the City is

proposing positive changes with the ROWD but do not agree with your contentions that

the Citys ROWD does not satisfy federal storm water regulations or the US EPAs
Interpretative Policy Memorandum on Reapplication Requirements for Municipal

Separate Storm Sewer Systems or that the ROWD is otherwise inadequate. The

following numbered items correlate with the numbered comments in your letter of July

12

1. The Inspection Programs For Commercial Facilities Is Not Required

As set forth in the Citys ROWD the federal regulations only require Permittees to have

an inspection program for stormwater discharges from municipal landfills hazardous

waste treatment disposal and recovery facilities industrial facilities that are subject to

Section 313 of Title III of the Superfund Amendments and Reauthorization of 1986 and

industrial facilities that the municipality determines are contributing a substantial

pollutant loading to the MS4. 40 C.F.R. 122.26d2ivC. There is nothing in the

federal regulations that requires an inspection program for commercial facilities and

with respect to industrial facilities there is clearly no obligation on the part of the

municipalities to inspect state permitted industrial facilities that are already required to
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Mr. Jonathan Bishop

September 12 2006

Page 2

be inspected by the Regional Board or for that matter to have an inspection program

for any other industrial operations other.-than those -referenced above.

The ROWD is entirely consistent with the regulations as it provides for the inspection of

the industrial facilities identified in the regulations specifically including those which the

municipality determines are contributing a substantial pollutant loading to the municipal

storm sewer system.

Finally as you are aware the ability of the Regional Board to force a commercial or

industrial inspection program upon the City that is contrary to what the regulations allow

for is presently in litigation. Of course regardless of how the litigation is resolved there

remains nothing in the regulations requiring that such an inspection program be

included in the ROWD.

2. The Development Planning/SUSMP and Peak Flow Control Program Is

Not Required

Again as set forth in the Citys ROWD the SUSMP and Peak Flow provisions in the

existing permit are being challenged in court and as proposed are contrary to federal

law Water Code section 13360 and the procedures for evaluating and mitigating

environmental impacts under the California Environmental Quality Act CEQA. In

addition the specific SUSMP program in the existing permit and particularly the

Numeric Design Criteria set forth therein are plainly not required by the federal

regulations. To the contrary the federal regulations only provide for a general

management program to reduce pollutants from runoff from commercial and residential

areas that are discharged from the municipal storm sewer system.... 40 C.F.R.

122.26d2ivA.

Thus the regulations do not require the SUSMP or Peak Flow program imposed upon

the City under the 2001 Permit. The City will however continue to address runoff from

commercial and residential areas and in particular the impacts from such stormwater

discharges that are being discharged from the municipal storm sewer system in

accordance with the environmental review and mitigation process set forth under

California Environmental Quality Act.

3. Local SWPPPs For All Construction Sites One Acre and Greater Are

Inappropriate

The requirement in the existing NPDES Permit for developers to provide local Storm

Water Pollution Prevention Plans SWPPPs for all construction sites one acre and

greater is not a requirement set forth anywhere under the federal regulations and in

fact is duplicative of the requirement imposed on the State and Regional Boards under

the General Construction Activities Stormwater Permit issued by the State Board.

Nothing in the federal regulations requires municipalities to impose SWPPPs on all or
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Mr. Jonathan Bishop

September 12 2006

Page 3 -

any_ construction site one acre or otherwise. The SWPPP requirement was thus

appropriately left out of the ROWD submitted by the City.

4. The Monitoring Program Is Adequate and Consistent With Federal

Regulations

The federal regulations also do not require that any specific monitoring program be

included in a municipal NPDES Permit. Moreover with respect to monitoring in EPAs

Interpretative Policy Memorandum EPA stated that EPA encourages permitting

authorities to work with permittees to determine if storm water monitoring efforts are

appropriate and useful... Reapplication is an appropriate time for MS4s to evaluate

their monitoring program and propose changes to make the program more appropriate

and useful. To accomplish this municipalities may wish to consider using monitoring

techniques other than end-of--the pipe chemical-specific monitoring including habitat

assessments bioassessments and/or other biological methods. 61 Fed.Reg. 41698.

Accordingly in this case given the change in the administration of the monitoring

program from the County to the City in light of the Citys filing of a separate ROWD the

City has modified its monitoring program in a manner consistent with the regulations.

The City thus specifically requests that the Regional Board work with the City in

arriving at an appropriate monitoring program for the Citys ROWD as called for in the

federal regulations and consistent with EPAs Interpretative Policy Memorandum and

that the Regional Board give due consideration to the monitoring program proposed in

the Citys ROWD.

5. Compliance With TMDL Requirements Through An MOU In Lieu Of

Requiring Strict Compliance With Wasteload Allocations In the Permit Is Consistent

With the Federal Regulations and Policy

The federal regulation cited in your letter i.e. 40 C.F.R. 122.44d1viiB does not

require the incorporation of wasteload allocations as effluent limits in a municipal

NPDES permit. To the contrary this regulation only provides that when effluent limits

are developed to be protective of narrative water quality objective they must be

consistent with the assumptions and requirements of any available waste load

allocations for the discharge prepared by the state and approved by EPA pursuant to 40

C.F.R. 130.7. 40 C.F.R. 122.44d1viiB.

There is no authority and no requirement under State or federal law that compels the

incorporation of a TMDLs waste load allocation into a municipal NPDES Permit either

as a strict numeric effluent limit or otherwise. To the contrary as specifically set forth in

a November 22 2002 EPA Policy Memorandum entitled EPA Guidance Memorandum
for Developing TMDLS in California EPA determined the exact opposite was

appropriate finding that because stormwater discharges are due to storm events that
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Mr. Jonathan Bishop

September 12 2006

Page 4

are highly variable in frequency and duration and are not easily characterized only in

rare-cases will- itbe feasible or- appropriate-to establish numeric limits for municipal and

small construction storm water discharges. In fact EPA went on to find that in the

TMDL context not only are numeric effluent limits not required to be imposed on

municipal storm water dischargers that under such circumstances BMPs are an

appropriate form of effluent limits to control pollutants in storm water. See EPAs
November 22 2002 Guidance Memorandum p. 5 citing 40 C. F. R. 122.44k2 3.

In addition under federal law the permitting agency has discretion to decide what

practices techniques methods and other provisions are appropriate and necessary to

control the discharge of pollutants. City of Rancho Cucamonga v. Regional Water

Quality Control Board - Santa Ana Region 2006 135 Cal.App. 4th 1377 1389. This

discretion to determine appropriate and necessary practices techniques and methods
is also confirmed by EPAs Interpretive Policy Memorandum. 61 Fed. Reg. 41698
There is thus nothing in federal law requiring the incorporation of a TMDLs waste load

allocations into a municipal NPDES.

In light of the above and given the extensive information provided in the Citys ROWD
the ROWD plainly satisfies the requirements of EPAs Interpretive Policy Memorandum
as well as all other resubmission requirements provided for under the regulations. We
look forward to working with you to address these issues. and towards the reissuance of

the subject municipal NPDES Permit for the City with the existing Los Angeles County

MS4 NPDES Permit remaining in effect until such new permit is issued.

Thank you for your attention to the above and please do. not hesitate to contact the.

undersigned should you have any questions or need any additional information.

Sincerely

Kenneth C. Fa i

City Manager

Cityof Signal Hill

cc Mr. Bruce Fujimoto

Mr. Eugene Bromley

Mr. Dan Laufferty

Richard Montevideo Esq.
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Statement before the Los Angeles

Regional Water Quality Control Board

June 7 2012 Board Meeting

By

Steve Myrter Director of Public Works

City of Signal Hill

City of Signal Hills Storm Water Quality Program Overview

Citys Unique Geographic Characteristics

The City of Signal Hill City is a small community 2.1 square miles in size with a

current population of 11072. Our City is located is located in the geographic middle of
and completely surrounded by the City of Long Beach. The Newport-Inglewood fault

created the Citys unique hillside profile with elevation ranges from 25 feet to 360 feet

mean sea level. As a result surface runoff originates in the upland portions of the City

and flow directly into the City of Long Beach. The north slope runoff flows into the Los

Cerritos Watershed and the south slope runoff flows in the Los Angeles River Water

Shed. The City is served by two unique flood control facilities the Hamilton Bowl and

the California Bowl. These two storm water retention facilities control major portions of

the Citys drainage and provide unique opportunities for urban-runoff capture treatment
infiltration and monitoring.

Oil was discovered in the City in 1921 and this discovery ushered in several decades of

heavy industry including well drilling with oil sumps tank farms and refining. These
industries have left the City with a legacy of soil contamination and over 1700
abandoned oil wells including numerous leaking wells. The City formed its

redevelopment agency in 1978 with the express intent of remediating these

environmentally distressed properties. Since 1989 the Agency has invested over $15
million into soil remediation ground water clean-up and oil well abandonment projects.

Oil operations within our City continue to this day with over 1 million barrels pumped
annually.

The Citys unique industrial heritage and the problems associated with petroleum and
other heavy industries led the City to apply for and receive its own stand-alone County
Sanitation District. Although the Los Angeles County Sanitation Districts function as a
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county-wide system for 77 municipalities Signal Hills District 29 is a stand-alone entity

that includes all parcels in the community. The Signal Hill City Council serves as the

Board of Directors. District 29 has its own maintenance staff budget permits and fee

structure. This stand-alone district provides Signal Hill with the ability to constructdry-weatherdivision facilities to deal with urban runoff issues.

In summary it is this unique geographic and industrial heritage that the Citys Storm

Water Quality Program has been designed to address.

IMPLEMENTATION OF MS4 AND TMDL REQUIREMENTS

Land Development Program
The Land Development Program is an important element of the Citys Storm Water

Program. Low Impact Development LID BMPs to include infiltration bioretention

and biofiltration have been implemented for new development and redevelopment

projects. Verification inspections are conducted for every site during and prior to

completion of construction to ensure that the approved LID BMPs have been

correctly installed. The City began implementing LID type projects in 2004 with the

Las Brisas Affordable Housing Project well before the current proposals by the

Regional Board. In addition yearly inspections are conducted at each site to ensure

the LID BMPs are being maintained and continuing to function at their optimum
level.

Land Development sites noted in the presentation Las Brisas Affordable Housing

approved 2004 AA Concrete approved 2007 Fresh Easy approved 2009
Jack in the Box approved 2009 Palm Business Park approved 2009 US Bank

approved 2009 Fresh Easy approved 2010.

Industrial/Commercial Facilities Program
Although the two cycles of industrial/commercial inspections required by the 3rd term

MS4 permit have been completed the City uses its existing Industrial Waste

Discharge IWD Control Program to continue an active storm water compliance

inspection program. Over 100 commercial/industrial facilities have IWD Permits
and one permit provision is regular inspections ranging from one to six times each

year. These inspections are used as an opportunity to ensure storm water

compliance. Consequently over 200 storm water compliance inspections are

conducted each year. Many of the illicit discharges investigated in the City and
subsequently eliminated are first detected during routine IWD permit/storm water

inspections.

Los Angeles River Trash TMDL
The Los Angeles River TMDL is but one of a number of TMDLs that Signal Hill is

required to implement. Currently the other TMDLs include the Los Angeles River
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Metals TMDL the Los Angeles River Bacteria TMDL the Los Angeles River Estuary

Bacteria TMDL the Harbor Toxics TMDL and the Los Cerritos Channel Metals

TMDL.

Hamilton Bowl Storm Water Detention Basin
The Hamilton Bowl Storm Water Detention Basin is a 15 acre flood control facility

that is owned and operated by the Los Angeles Flood Control District.

Approximately half of the Citys storm water runoff flows to this facility where it is

retained and ultimately discharged into the Los Angeles River.

When the Regional Board adopted the Trash TMDL in 2001 there were very few

trash catching devices in existence. The only Board-approved devices at the time

were large and expensive concrete vault systems. known as continuous deflector

systems CDS. Signal Hill felt it was important to move forward on design and

testing of a cost-effective trash capture technologies. Accordingly Signal Hill

worked closely with the City of Long Beach and Los Angeles County to develop the

Hamilton Bowl Trash Capture System Project with the objective of evaluating the

effectiveness of various devices designed to remove trash and debris from urban

runoff.

Signal Hill submitted a grant application to fund the Hamilton Bowl Project in May
2002. The Project ultimately received grant funds with construction being completed
in 2006. Since 2007 a total of 27 tons have trash has been removed for the urban

water runoff that flows into the Hamilton Bowl.

Catch Basin Trash Capture Devices

Through the Los Angeles Regional Integrated Regional Water Management
Authority the City received a grant to install trash screens on 175 storm water catch

basin located within the Los Angeles River watershed. The installation of these

screens was completed in August 2011 and has proven to be highly effective in

preventing trash and debris from entering the storm drain system.

City Bus Stop Cleaning Program
The City funds a bus stop cleaning program which utilizes the Long Beach
Conservation Core to clean over 60 individual City bus stops on a weekly basis.

Street Sweeping Program
The City funds and utilizes a street sweeping contactor to ensure that City streets

are cleaning on a weekly basis.

City Alley Cleaning Program
The City funds an alley cleaning program which has proven to be highly effective in

eliminating trash and debris from finding its way into our street drainage gutters.

This program was initially implemented over 20 years ago.
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Citys Used Oil Recycling Program
The Citys recycling program includes encouraging the recycling of used oil and

used oil filters. In addition to the City Yard the City has two additional locations that

accept used oil and used oil filters for recycling from City residents. The City also

encourages the recycling of used oil used oil filters and other hazardous household

waste HHW such as electronic waste by promoting the various Round Up events

throughout the Los Angeles County area via City Council announcements and

information on the Citys webpage.

Illicit Connections/Illicit Discharge IC/ID Elimination Program

The IC/ID Elimination Program is a highly active element of the Citys Storm Water

Program. This is due to the multiple avenues available in detecting IC/IDs which

include 1 the inspection process described above 2 inspector reconnaissance while

traversing the City 3 referrals from Public Works field staff and 4 referrals from the

public business community and other agencies. The Public Works field staff is trained

annually in IC/ID detection and elimination in addition to Public Agency BMP training.

Their participation in detection is particularly helpful due to their daily outdoor presence
throughout the City.

Once detected IC/IDs are eliminated through an investigative process by the Citys
storm water inspector. If violations are observed during any investigation a Notice of

Violation NOV is issued to the Responsible Party RP and a timeline is given for

compliance. The timeline can be immediate e.g. an ongoing discharge to the MS4 or

within one to two weeks e.g. outdoor storage that requires proper containment.

Follow-up inspections are conducted regularly until the RP has achieved full

compliance. Second and third NOVs are issued if violations persist. However due to

the inspectors role in educating and assisting the RP in their path to compliance
continued noncompliance is rarely an issue.

The Citys IWD Control Program also aids the IC/ID Program. In cases of illicit

discharges involving waste water when the RP wishes to continue discharging the RP
is required to obtain an IWD Permit. The permit then requires the discharge to be
directed into the sanitary sewer system with proper pretreatment. The IWD program
also promotes the prevention of IC/IDs by requiring proper sanitary sewer connections

for any new businesses that plan to discharge waste water.

IC/ID investigations noted in the presentation 12/27/2011 - 2420 E 28th St Roccos
Deli Italiano 9/20/2011 - 2508 N Palm Dr 200 Lalonde Equipment Rental4/5/2011-2501

Orange Ave Power Trip Rentals 1/18/2011- 1800 E Spring St Hooman Nissan.
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Public Information and Participation PIP Program

In addition to the requirements of the 3rd term MS4 permit the City incorporates

additional efforts in its PIP Program. This includes nontraditional advertising such as

providing educational materials at distributional point-of-purchase POP locations.

POP locations include retailers in the automotive nursery pool maintenance and

hardware businesses. The Citys PIP Program also partners with the Used Oil

Recycling Program which was used recently to develop an advertisement Celebrate
Earth Day Everyday that was published in the local newspaper. The ongoing Mayors
Cleanup Campaign is conducted throughout the year and the event information is

advertised on the local newspaper. The City has also provided outreach materials and

interactive presentations at a variety of community events such as National Night Out
the Family Festival libraries and schools.

REGIONAL LEADERSHIP IN STORM WATER QUALITY

The City has demonstrated regional leadership by strongly implementing and enforcing
the MS4 permit. The City took a leadership role in the organization of 40 cities Los

Angeles County and Caltrans in the Los Angeles River Watershed to address the Los

Angeles River Metals TMDLs. Although not all cities agreed to support special studies

related to the Los Angeles River Metals TMDLs Signal Hill ultimately convinced 35 of

the cities the County and Caltrans to fund critical special studies.

The City led in the organization of Jurisdictional Group 1 for the Los Angeles River

Metals TMDLs and accommodated the withdrawal of the City of Los Angeles and the

County of Los Angeles by organizing the cities pursuant to MOAs with the Gateway
Council of Governments. Also the City of Signal Hill organized cities within the Los
Cerritos Channel Watershed to work with the EPA through MOAs with the Gateway
Authority JPA and to work with the Regional Board on an Implementation Plan.

The City has had a long productive working relationship with the City of Long Beach
since our drainage flows through this community. We will continue to work with the City

of Long Beach which was granted a separate permit in 1992. The Cities of Long Beach
and Signal Hill will need to work together on the implementation of the Los Angeles
River Bacteria TMDL the Los Angeles River Estuary TMDL and the Harbor Toxics

TMDL. The City of Long Beach and the City of Signal Hill are currently working together
on the Los Cerritos Channel Metals TMDL.

PROPOSED FY 2012-13 ENVIRONMENTAL PROGRAMS BUDGET

The City allocated a total of $650510 out of the General Fund and an additional

$466000 out of the RDA Fund in this fiscal year to achieve compliance with mandated
NPDESITMDL storm water quality programs. Staff estimates the total cost to the City to

maintain compliance with these programs in FY 2012-13 at approximately $870000 or
a City resident per capita cost of $78.
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IL

6

Signal

Hill

has

demonstrated

regional

leadership

by

strongly

implementing

and

enforcing

the

MS4

permit.

The

City

also

demonstrated

regional

leadership

by

organizing

the

County

Caltrans

and

the

40

cities

in

the

Los

Angeles

River

Watershed

to

address

the

Los

Angeles

River

Metals

TMDLs.

Although

not

all

cities

agreed

to

support

special

studies

related

to

the

LA

River

Metals

TMDLs

Signal

Hill

ultimately

convinced

35

cities

the

County

and

Caltrans

to

fund

critical

special

studies.
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f_r

-IfrJ

11ýr

T

-r

-

r

Air-
Signal

Hill

organized

Jurisdictional

Group

1
for

the

Los

Angeles

River

Metals

TMDLs

and

accommodated

the

withdrawal

of

the

City

of

Los

Angeles

and

the

County

of

Los

Angeles

by

reorganizing

the

Cities

pursuant

to

MOAs

with

the

Gateway

COG.

The

City

also

organized

the

cities

within

the

Los

Cerritos

Channel

Watershed

to

work

with

EPA

through

MOAs

with

the

Gateway

Authority

and

to

work

with

the

Regional

Board

on

an

Implementation

Plan.

The

City

maintains

a

strong

partnership

with

the

City

of

Long

Beach

A

IRE
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Acct.

Budget

Item

Description

Proposed

FY

12113

Comments

No.

Budget

510

Personnel

$
63010

309

Trash

Reduction

TMDL

$
74575

Storm

Water

Runoff

Trash

Capture

347

Annual

MS4

Permit

Fee

$

5000

Public

outreach

required

per

the

MS4

Permit

355

Legal

Services

$
50000

356

Storm

Water

Quality

Contract

Services

$427000

Includes

expenditures

required

for

special

Technical

Studies

studies

for

newly

implemented

and

proposed

TMDLs

372

Restaurant

/Industrial

Waste

Inspections

$
44000

Cost

offset

by

fees

376

Street

Sweeping

$150400

Bus

Shelter

Cleaning

$
31000

Cost

offset

by

Proposition

A

440

Recycling

and

Haz-Waste

$
24250

Proposed

FY

12-13

NPDES

Budget

$869235
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_ýt.

Te

I

-Y

Studies

Budget

91

j
ý

Sub-Acct.

Item

Description

Budget

Comments

No.

FY

12/13

356.1

Current

Storm

Water

Permit

Administration

$
48000

On-going

annual

Expenses

356.2

New

Storm

Water

Permit

Implementation

$120000

Includes

Additional

Monitoring

LID

Ordinance

Development

356.3

LA

River

Metals

TMDL

$
22000

Studies

Implementation

Plan

356.4

LA

River

Bacteria

TMDL

$
15000

Studies

Implementation

Plan

356.5

LA

River

Estuary

Bacteria

TMDL

$
20000

Studies

Implementation

Plan

356.6

LA

Harbor

Toxics

TMDL

$
20000

Studies

Implementation

Plan

356.7

Los

Cerritos

Channel

Metals

TMDL

$
17000

Studies

Implementation

Plan

357.8

Hamilton

Bowl

Low

Flow

Diversion

$
30000

Preliminary

Engineering

Phase

357.9

Water

Quality

Master

Plan

$135000

Phase

1

2

Total

Contracts

Technical

Studies

$427000

RB-AR15508



Final

FY

2011-12

Environmental

Program

expenditures

projected

at

$659000

Proposed

FY

2012-13

Environmental

Program

expenditures

of

$870000

Per

capita

cost

of

$78
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STATE OF CALIFORNIA
STATE WATER RESOURCES CONTROL BOARD

ORDER WQ 99 - 05

Own Motion Review of the Petition of

Environmental Health Coalition

to Review Waste Discharge Requirements Order No. 96-03
NPDES Permit No. CAS0108740

for Storm -Water and Urban Runoff from the

Orange County Flood Control District

and the

Incorporated Cities of Orange County
Within the San Diego Region

Issued by the

California Regional Water Quality Control Board
San Diego Region.

........

SWACB/OCC File A1 04.1

BY THE BOARD.

In Order.WQ 98-01 the State Water Resources Control Board State Water

Board ordered that certain receiving water limitation language be included in future municipal

storm water permits. Following inclusion of that language iiipermits issued by the

San Francisco Bay and San Diego Regional Water Quality Control Boards Regional Water

Boards for Vallejo and Riverside respectively the United States. Environmental Protection

Agency EPA objected to the permits. The EPA objection was based on the receiving water

limitationlanguage. The-EPA has now issued those permits itself and has included receiving

water limitation language it deems appropriate

RB-AR15512



In light of EPAs objection to the receiving water limitation-language in Order

WQ 98-01 and its adoption of alternative language the State Water Board is revising its

instructions regarding receiving water limitation language for municipal storm water permits. It

is hereby ordered that Order WQ 98-01 will be amended to remove the receiving water limitation

language contained therein and to substitute the EPA language. Based on the reasons stated here

and as a precedent decision the following receiving water limitationlanguage shall be included

in future municipal storm water permit$.Z

RECEVING WATER LIMITATIONS

The permittees shall comply with Discharge Prohibitions 3 and Receiving Water

Limitations .throug timely implementation of control measures and other actions to reduce

pollutants in the discharges in accordance with the SWMP and other requirements of this permit

including any modifications. The SWMP shall be designed to achieve compliance with

Receiving Water Limitations. If exceedances of water quality objectives or water quality

standards collectively WQS persist notwithstanding implementation of theSWMP and other.

N

requirements of this permit the permittees shall assure compliance with Discharge Prohibitions

and Receiving Water Limitations- by complying with the following procedure

In SWRCB Order WR 96-1 the State Water Board determined that watei quality orders are precedent decisions.

See Gov. Code 11425.60.

2
This language may be revised as necessary to ensure that terminology conforms with the rest of the permit.

3

Insert appropriate numbers for prohibitions and limitations that implement water quality objectives and water

quality standards.

-2-
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a. Upon a determination by either the permittees.or the Regional Water Board that discharges

are causing or contributing to an exceedance of an applicable WQS the permittees shall

promptly notify and thereafter submit a report to the Regional Water Board that describes

BMPs that-are currently being implemented and additional BMPs that will be implemented to

prevent or reduce any pollutants that are causing or contributing to the exceedance ofWQSs.

The report may be incorporated in-the annual update to the SWMP unless the Regional Water

-Board directs an earlier submittal. The
report shall include an implementation schedule. The

Regional Water Board may require modifications to the report..

b. Submit any modifications to the report required by the Regional Water Board within 30 days

of notification.

c. Within 30 days following approval of the report
described above by the Regional Water

Board the permittees shall revise the SWMP and monitoring program to incorporate the

approved modified BMPs that have been and will be implemented implementation schedule

and any additional monitoring required

d. Implement the revised SWMP and monitoring program in accordance with the approved

schedule.

So long as the permittees have complied with the procedures set forth above and

are implementingthe revised SWMP the permittees do not have to repeat thesame procedure for

continuing or recurring exceedances of the same receiving water limitations unless directed by

the Regional Water Board to develop additional BMPs.

-3-
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ORDER

IT IS ORDERED that. Order WQ 9801 is revised as discussed above.

CERTIFICATION

The undersigned Administrative Assistant to the Board does hereby certify that the foregoing is

a full true and correct copy of an order duly and regularly adopted at ameeting of the State

Water Resources Control. Board held on June 17 1999.

AYE James M. Stubchaer

Mary Jane Forster.

John W. Brown

Arthur G. Baggett Jr.

NO None

ABSENT None

ABSTAIN None

Ivlauree Marche

Administr live Assistant to the Board

-4-
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STATE OF CALIFORNIA

STATE WATER RESOURCES CONTROL BOARD

ORDER WQ 2001-15

In the Matter of the Petitions of

BUILDING INDUSTRY ASSOCIATION OF SAN DIEGO COUNTY
AND

WESTERN STATES PETROLEUM ASSOCIATION

For Review Of Waste Discharge Requirements Order No. 2001-01

for Urban Runoff from San Diego County

NPDES No. CAS0108758
Issued by the

California Water Quality Control Board

San Diego Region

SWRCB/OCC FILES A-1362 A-1362a

BY THE BOARD

On February. 21 2001 the San Diego Regional Water Quality Control Board

Regional Water Board issued a revised national pollutantdischarge elimination system NPDES

permit in Order No. 2001-01 permit to the County of San Diego County the 18 incorporated cities

within the County and the San Diego Unified Port District. The permit covers storm water discharges

from municipal separate storm sewer systems MS4 throughout the County. The permit is the second

MS4 permit
issued for the County although the first permit was issued more than ten years earlier.

NPDES permits generally expire after five years but can be extended administratively where the Regional Water

Board is unable to issue a new permit prior to the expiration date. As the record in this matter amply demonstrates

the Regional Water Board engaged in an extensive process of issuing draft permits accepting comments and

holding workshops and hearings since at least 1995.
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The permit includes various programmatic and planning requirements for the perminees

including construction and development controls controls on municipal activities controls on runoff from

industrial commercial and residential sources and public education. The types of controls and

requirements included in the permit are similarto those in other MS4 permits but also reflect the

expansion of the storm water program since the first MS4 permit was adopted for San Diego County

1 I years ago.

On March 23 2001 the State Water Resources Control Board State Water Board or

Board received petitions for review of the permit from the Building Industry Association of San Diego

County BIA and from the Western States Petroleum Association WSPA. The petitions are legally

and factually related and have therefore been consolidated for purposes of review. None of the

municipal dischargers subject to the permit filed a petition nor did-they file responses to the petitions.

I. BACKGROUND

MS4 permits are adopted pursuant to Clean Water Act section 402p. This federal

law sets forth specific requirements for permits for discharges from municipal storm sewers. One of the

requirements is that permits shall require controls to reduce the discharge of pollutants to the maximum

2

For a discussion of the evolution of the stormwater program consistent with guidance from the United States

Environmental Protection Agency U.S. EPA see Board Order WQ 2000-11.

On March 23 the State Water Board also received brief lcncrs from the Ramona Chamber of Commerce the North

San Diego County Association of Realtors the San Diego County Apartment Association the National Association

of Industrial and Office Properties and the California Building Industry Association. All of these letters state that

they are joining in the petition filed by BIA. None of the letters contain any of the required information for

petitions which is listed at Cal. Code of Rcgs. tit. 23 section 2050. These letters will be treated as comments on the

BIA petition. To the extent the authors intended the lettersbe considered petitions theyare dismissed.

Cal. Code of Regs. tit. 23 section 2054.

2
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extent practicable MEP. States establish appropriate requirements forthe control of pollutants
in the

permits.

This Board very recently reviewed the need for controls on urban runoff in MS4

permits
the emphasis on best management practices BMPs in lieu of numeric effluent limitations and

the expectation
that the level of effort to control urban runoff will increase over time. We pointed out

that urban runoff is a significant contributor of impairment to waters throughout the state and that

additional controls are needed. Specifically in Board Order WQ 2000-11 hereinafter LA SUSMP

order we concluded that the Los Angeles Regional Water Board acted appropriately in determining

that numeric standards for the design of BMPs to control runoff from new construction and

redevelopment constituted controls to the MEP.

The San Diego permit incorporates numeric design standards for runoff from new

construction and redevelopment similarto those considered in the LA SUSMP order. In addition the

permit
addresses programmatic requirements in other areas. The LA SUSMP order was a precedential

decision and we will not reiterate our findings and conclusions from that decision.

3 Board Order WQ 2000-11.

As explainedin that Order numeric design standards are not the same as numeric effluent limitations. While BIA

contends that the permit under review includes numeric effluent limitations it does not. A numeric design standard

only tells the dischargers how much runoff must be treated or infiltrated it does not establish numeric effluent

limitations proscribing
the quality of effluent that can be discharged following infiltration or treatment.

The San Diego permit also includes provisions that are different from those approved in the LA SUSMP Order but

which were not the subject of either petition. Such provisions include the inclusion of non-discretionary projects.

We do not make any ruling in this Order on matters that were not addressed in either petition.

Government. Code section 11425.60 State Board Order W R 96-1 Lagunitas Creek at footnote 11.

BIA restates some of the issues this Board considered in the LA SUSMP order. For instance BIA contends that it

is inappropriate
for the permit to regulate erosion control. While this argument was not specifically addressed in our

prior Order it is obvious that the most serious concern with runoff from construction is the potential for increased

erosion. It is absurd to contend that the permit should have ignored this impact from urban runoff.

3
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The petitioners make numerous contentions mostly concerning requirements that they

claim the dischargers will not be able to or should.not be required to comply with. We note that none

of the dischargers has joined in these contentions. We further note that BIA raises contentions that

were already addressed in the LA SUSMP order. In this Order we have
attempted to glean from the

petition issues that are not already fully addressed in Board Order Board Order WQ 2000-11 and

which may have some impact on BIA and its members. WSPA restated the contentions it made in the

petition it filed challenging the LASUSMP order. We will not address those contentions again. But

we will address whether the Regional Water Board followed the precedent established there as it relates

to retail gasoline outlets.

10 On November 8 2001 following the October 31 workshop meeting that was held to discuss the draft order BIA

submitted a supplemental brief that includes many new contentions raised for the first time. Interested persons

who were not petitioners filed comments on the draft order asking the State Water Board to address some of these.

The State Water Board will not address these contentions as they were not timely raised. Wat. Code 13320 Cal.

Code of Regs. lit. 23 2050a. Specific contentions that are not properly subject to review under water Code

section 13320 are objections to findings 16 17 and 38 of the permit the contention that permit provisions constitute

illegal
unfunded mandates challenges to the. permits inspection and enforcement provisions objections.to permit

provisions regarding construction sites the contention that post-construction requirements should be limited to

discretionary approvals the challenge to the provisions regarding local government compliance with the California

Environmental Quality Act and contentions regarding the term discharge in the permit. BIA did not meet the legal

requirements for seeking review of these portions of the permit.

On November 8 2001 the State Water Board received eight boxes of documents from BIA along with a Request

for Entry of Documents into the Administrative Record. BIA failed to comply with Cal. Code of Rcgs. tit. 23 section

2066b which requires such requests be made prior to or during the workshop meeting. The workshop meeting

was held on October 31 2001. The request will therefore not be considered. BIA also objected in this submittal that

the Regional Water Board did not include these documents in its record. The Regional Water Boards record was

created at the time the permit was adopted and was submitted to the State Water Board on June 11 2001. BIAs

objection is not timely.

4
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11. CONTENTIONS AND FINDINGS

Contention BIA contends that the discharge prohibitionscontained in the permit are

absolute and inflexibleare not consistent with the standard of maximum extent practicable

MEP and financially cannot be met.

Finding The gist ofBIAs contention concerns Discharge Prohibition A.2 concerning

exceedance of water quality objectives for receiving waters Discharges from MS4s which cause or

contribute to exceedances of receiving water qualityobjectives for surface water or groundwater are

prohibited. BIA generally contends that this prohibitionamounts to an inflexible zero contribution

requirement.

BIA advances numerous arguments regarding the alleged inability of the dischargers to

comply with this prohibition and the impropriety of requiringcompliance with water quality standards in

municipal storm water permits. These arguments mirror arguments made in earlier petitions that

required compliance with water quality objectives by municipal storm water permittees. See e.g.

Board Orders WQ 91-03 WQ 98-01 and WQ 99-05. This Board has already considered and

upheld the requirement that municipal storm water discharges must not cause or contribute to

exceedances of water quality objectives in the receiving water. We adopted an iterative procedure for

complying with this requirement wherein municipalitiesmust report instances where they cause or

contribute to exceedances and then must review and improve BMPs so as to protect the receiving

i
This Order does not address all of the issues raised by the petitioners. The Board finds that the issues that are not

addressed are insubstantial and not appropriate for State Water Board review. See People v. Barry 1987 194

Cal.App.3d 158 1239 Cal.Rptr. 349 Cal. Code Regs. tit. 23 2052. We make no determination as to whether we will

address the same or similar issues when raised in future petitions.

5
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waters. The language in the permit in Receiving Water Limitation C. I and 2 is consistent with the

language required in Board Order WQ 99-05 our most recent direction on this issue.

While the issue of the proprietyof requiringcompliance with water quality objectives

has been addressed before in several orders BIA does raise one new issue that was not addressed

previously. In 1999 the Ninth Circuit Court of Appeals issued an opinion addressing whether municipal

storm water permits must require strict compliance with water quality standards. Defenders of

Wildlife v. Browner 9th Cir. 1999 191 F.3d 1159. The court in Browner held that the Clean Water

Act provisions regarding storm water permits do not require that municipal storm-sewer discharge

permits ensure strict compliance with water quality standards unlike other permits. The court

determined that Instead the provision for municipal storm water permits replaces the requirements

of section 301 with the requirement that municipal. storm- sewer dischargers reduce the discharge of

pollutants to the maximum extent practicable including management practices control techniques and

system design and engineering methods and such other provisions as the Administrator .. determines

appropriate for the control of such pollutants. 191 F.3d at 1165. The court further held that the

Clean Water Act does grant the permitting agency discretion to determine what pollution controls are

appropriate for municipal storm water discharges. Id. at 1166. Specifically the court stated that U.S.

In addition to Discharge Prohibition A.2 quoted above the permit includes Receiving Water Limitation C.I with

almost identical language Discharges frQm MS4s that cause or contribute to the violation of water quality

standards designated beneficial uses and water quality objectives developed to protect beneficial uses ace

prohibited. Receiving Water Limitation C.2 sets forth the iterative process for compliance with C. I as required by

Board Order WQ 99-05.

Water quality objectives generally refers to criteria adopted by the state while water quality standards

generally refers to criteria adopted or approved for the state by the U.S. EPA. Those terms are used interchangeably

for purposes
of this Order.

s
Clean Water Act 301bIC requires that most NPDES permits require strict compliance with quality standards.

6
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EPA had the authority either to require strict compliance with water quality standards through the

imposition of numeric effluent limitations or to employ an iterative
approach toward compliance with

water quality standards by requiring improved BMPs over time. Id. The court in Browner upheld

the EPA permit language which included an iterative BMP-based
approach comparable to the

language
endorsed by this Board in Order WQ 99-05.

In reviewing the language in this permit and that in Board Order WQ 99-05 we point

out that our language similarto U.S. EPAs permit language discussed in the Browner case does not

require strict compliance with water quality standards. Our language requires that storm water

management plans be designed to achieve compliance with water quality standards. Compliance is to

be achieved over time through an iterative approach requiring improved BMPs. As pointed out by the

Browner court there is nothing inconsistent between this approach and the determination that the Clean

Water Act does not mandate strict complian ce with water quality standards. Instead the iterative

approach
is consistent with U.S. EPAs general approach to storm water regulation which relies on

BMps instead of numeric effluent limitations.

It is true that the holding in Browner allows the issuance of municipal storm water

permits that limit their provisions to BMPs that control pollutants to the maximum extent practicable

MEP and which do not require compliance with water quality standards. For the reasons discussed

below we decline to adopt that approach. The evidence in the record before us is consistent with

records in previous municipal permits we have considered and with the data we have in our records

including data-supporting our list prepared pursuant to Clean Water Act section 303d. Urban runoff is

causing and contributing to impacts on receiving waters throughout the state and impairing their

7
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beneficial uses. In order to protect
beneficial uses. and to achieve

compliance with water quality

objectives in our streams rivers lakes and the ocean we must look to controls on urban runoff. It is

not enough simply to apply the technology-based standards of controlling discharges of pollutants to the

MEP where urban runoff is causing or contributing to exceedances of water quality standards it is

appropriate to require improvements to BMPs that address those exceedances.

While we will continue to address water quality standards in municipal storm water

permits we also continue to believe that the iterative approach which focuses on timely improvement of

BMPs is appropriate.
We will generally not require strict compliance with water quality standards

through numeric effluent limitations and we will continue to follow an iterative approach which seeks

compliance over time. The iterative approach is protective of water quality but at the same time

considers the difficulties of achieving full compliance through BMPs that must be enforced throughout

large and medium municipal storm sewer systems.

We have reviewed the language in the permit and compared it to the model language in

Board Order WQ 99-05. The language in the Receiving Water Limitations is virtually identical to the

language in Board Order WQ 99-05. It sets a limitation on discharges that cause or contribute to

violation of water qualitystandards and then it establishes an iterative approach to complying with the

limitation. We are concerned however with the language in Discharge Prohibition A.2 which is

t6
Exceptions to this general rule arc appropriate where site-specific conditions warrant. For example the Basin Plan

for the Lake Tahoe basin which protects an outstandingnational resource water includes numeric effluent

limitations for storm water discharges.

While BIA argues that the permit requires zero contribution of pollutants in runoff and in effect contains

numeric effluent limitations this is simply not true. The permit is clearly BMP-based and there are no numeric

effluent limitations. BIA also claims that the permit will require the construction of treatment plants for stormwater

similar to the publicly-owned treatment works for sanitary sewage. There is no basis for this contention there is no

requirementin the permit to treat all storm water. The emphasis is on BMPs.

8
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challenged by BIA. This discharge prohibition is similar to the Receiving Water Limitation prohibiting

discharges that cause or contribute to exceedance of water quality objectives. The difficulty with this

language however is that it is not modified by the iterative process. To clarify that this prohibition also

must be complied with through the iterative process Receiving Water Limitation C.2 must state that it is

also applicable to Discharge Prohibition Al. The permit in Discharge Prohibition AS also

incorporates a list of Basin Plan prohibitions one of which also prohibits discharges that are not in

compliance with water quality objectives. See Attachment A prohibition 5. Language clarifying that

the iterative approach applies to that prohibition is also necessary.

BIA also objects to Discharge Prohibition A.3 which
appears to require that treatment

and control of discharges must always occur prior to entry into the MS4 Discharges into and from

MS4s containing pollutants which have not been reduced to the MEP are prohibited. An NPDES

permit is properly issued for discharge of a pollutant to waters of the United States2 Clean Water

Act 402a. The Clean Water Act defines discharge of a pollutant as an addition of a pollutant to

waters of the United States from a point source. Clean Water Act section 50212. Section

402p3B authorizes the issuance of permits for discharges from municipal storm sewers.

11

The iterative approach is not necessary for all Discharge Prohibitions. Forexample a prohibition against pollution

contamination or nuisance should generally be complied with at all times. See Discharge Prohibition A.I. Also

there may be discharge prohibitions for particularly sensitive water bodies such as the prohibition in the Ocean Plan

applicable to Areas of Special Biological Significance.

Discharge Prohibition A. I also refers to discharges into the MS4 but it only prohibits pollution contamination or

nuisance that occurs inwaters of the state. Therefore it is interpreted to apply only to discharges to receiving

waters.

j0
Since NPDES permitsare adopted as waste discharge requirements in California they can more broadly protect

waters of the state rather than being limited to waters of the United States. In general the inclusion of waters

of the state allows the protection of groundwater which is generally not considered to be waters of the United

States.

9

1
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We find that the permit language is overly broad because it applies the MEP standard

not only to discharges fromMS4s but also to discharges into MS4s. It is certainly true that in most

instances it is more practical
and effective to prevent and control pollution at its source. We also agree

with the Regional Water Boards concern stated in its
response that there may be instances where

MS4s use waters of the United States as part of their sewer system and that the Board is charged

with protecting all such waters. Nonetheless the specific language in this prohibition too broadly

restricts all discharges into an MS4 and does not

allow flexibility to use regional solutions where they could be applied in a manner that fully protects

receiving waters It is important to emphasize that dischargers into MS4s continue to be required to

implement
a full range of BMPs including source control. In particular dischargers subject to industrial

and construction permits must comply with all conditions in those permits prior to discharging storm

water into MS4s.

Contention State law requires the adoption of wet weather water quality standards

and the permit improperly enforces water quality standards that were not specifically adopted for wet

weather discharges.

Finding This contention is clearly without merit. There is no provision in state or

federal law that mandates adoption of separate water qualitystandards for wet weather conditions. In

arguing that the permit violates state law BIA states that because the permit applies the water quality

2
There are other provisions in the permit that refer to restrictions into the MS4. See e.g. Legal Authority D. 1.

Those provisions are appropriate because they do not apply the MEP standard to the permittees but instead require

the permittees to demand appropriate controls for discharges into their system. For example the federal regulations

require that MS4s have a program to reduce pollutants in storm water runoff from construction sites to the municipal

stormsewer system .. 40 C.F.R. 122.26d2ivXD.

10
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objectives that were adopted. in its Basin Plan and those objectives were not specifically adopted for

wet weather conditions only the Regional Water Board violated Water Code section 13241. These

allegations appear
to challenge water quality objectives that were adopted years ago.. Such a challenge

is clearly inappropriate as both untimely and because Basin Plan provisions cannot be challenged

through the water quality petition process. See Wat. Code 13320. Moreover there is nothing in

section 13241 that supports
the claim that Regional Water Boards must adopt separate wet weather

water quality objectives. Instead the Regional Water Boards response indicates that the water quality

objectives were based on all water conditions in the area. There is nothing in the record to support the

claim that the Regional
Water Board did not in fact consider wet weather conditions when it adopted its

Basin Plan. Finally Water Code section 13263 mandates the Regional Water Board to implement its

Basin Plan when adopting waste discharge requirements. Me Regional Water Board acted properly in

doing so.

B1A points to certain federal policy documents that authorize states to promulgate water

qualitystandards specific to wet-weather conditions Each Regional Water Board considers revisions

to its Basin Plan in a triennial review. That would be the appropriate forum for BIA to make these

comments.

Contention BIA contends that the permit improperly classifies urban runoff as

waste within the meaning of the Water Code.

These documents do not support the claim that U.S. EPA and the Clinton Administration indicated that the

absence of such regulations is a major problem that needs to be addressed as claimed in BIAs Points and.

Authorities at page 18.

11
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Finding BIA challenges Finding 2 which states that urban runoff is a waste as

defined in the Water Code and that it is a discharge of pollutants from a point source under the

federal Clean Water Act. BIA contends that the legislative history of section 13050d supports its

position that waste should be interpreted to exclude urban runoff. The Final Report of the Study

Panel to the California State Water Resources Control Board March 1969 is the definitive document

describing the legislative intent of the Porter-Cologne Water Quality Control Act. In discussing the

definition of waste this document discusses its broad application to current drainage flow or

seepage into waters of the state of harmful concentrations of materials including eroded earth and

garbage.

As we stated in Board Order WQ 95-2 the requirement to adopt permits for urban

runoff is undisputed and Regional Water Boards are not required to obtain any information on the

impacts of runoff prior to issuing a permit. At page 3. It is also undisputed that urban runoff contains

waste within the meaning of Water Code section 13050d and that the federal regulations define

discharge ofa pollutant to include additions of pollutants into waters of the United Statesfrom

surface runoff which is collected or channeled by man. 40 C.F.R. 122.2. But it is the waste or

pollutants in the runoff that meet these definitions of waste and pollutant and not the runoff itself.

The finding does create some confusion since there are discharge prohibitions that have been

incorporated into the permit that broadly prohibit the discharge of waste in certain circumstances.

The Regional Water Board is appropriately concerned not only with pollutants in runoff but also the volume of

runoff since the volume of runoff can affect the discharge of pollutants in the runoff. See Board Order WQ 2000-11

at page 5.

12
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See Attachment A to the permit. The finding will therefore be amended to state that urban runoff

contains waste and pollutants.

Contention BIA contends that the Regional Water Board violated California

Environmental Quality Act CEQA.

Finding As we have stated in several priororders the provisions of CEQA requiring

adoption of environmental documents do not apply to NPDES permits. BIA contends that the

exemption from CEQA contained in section 13389 applies only to the extent that the specific provisions

of the permit are required by the federal Clean Water Act. This contention is easily rejected without

addressing whether federal law mandated all of the permit provisions. The plain language of section

13389 broadly exempts the Regional Water Board from the requirements of CEQA to prepare

environmental documents when adopting any waste discharge requirement pursuant to Chapter 5.5

13370 et seq. which applies to NPDES permits BIA cites the decision in Committee for a

Progressive Gilroy v. State Water Resources Control Board 1987 192 Cal.App.3d 847. That

case upheld the State Water Boards view that section 13389 applies only to NPDES permits and not.

to waste discharge requirements that are adopted pursuant on to state law. The case did not concern

an NPDES permit and does not support BIAs argument.

Contention WSPA contends that the Regional Water Board did not follow this

Boards precedent for retail gasoline outlets RGOs established in the LA SUSMP order.

24
Water Code section 13389 see e.g. Board Order WQ 2000-11.

_
The exemption does have an exception for permits for new sources as defined in the Clean Water Act which is

not applicable here.
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Finding In the LASUSMP order this Board concluded that construction of RGOs is

already heavily. regulated and that owners may be limited in their ability to construct infiltration facilities.

We also noted that in light of the small size of many RGOs and the proximity to underground tanks it

might not always be feasible or safe to employ treatment methodologies. We directed the Los Angeles

Regional Water Board to mandate that RGOs employ the BMPs listed in a publication of the California

Storm Water Quality Task Force. Best Management Practice Guide - Retail Gasoline Outlets

March 1997- We also concluded that RGOs should not be subject to the BMP design standards at

this time. Instead we recommended that the Regional Water Board undertake furtherconsideration of

a threshold relative to size of the RGO number of fueling nozzles or some other relevant factor. The

LA SUSMP order did not preclude inclusion of RGOs in the SUSMP design standards with
proper

justification when the permit is reissued.

The permit adopted by the Regional Water Board did not comply with the directions

we set forth in the LA SUSMP order for the regulation of RGOs. The permit contains no findings

specific to the issues discussed in our prior order regarding RGOs and includes no threshold for

inclusion of RGOs in SUSMPs. Instead the permit requires the dischargers to develop and implement

SUSMPs within one year that include requirements forPriority Development Project Categories

including retail gasoline outlets. While other priority categories have thresholds for their inclusion in

SUSMPs the permit states Retail Gasoline Outlet is defined as any facility engaged in selling

gasoline.

16
Pcrmit at F. I.b2ax.
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The Regional Water Board responded that it did follow the directions in the

LA SUSMP order. First it points to findings that vehicles and pollutants they generate impact receiving

water quality. But the only finding that even mentions RGOs is finding 4 which simply lists RGOs

among the other priority development project categories as land uses that generate more pollutants.

The Regional Water Board staffalso did state some justifications for the inclusion of RGOs in two

documents. The Draft Fact Sheet explains that RGOs contribute pollutants to runoff and opines that

there are appropriate BMPs for RGOs. The staffalso prepared another document after the public

hearing which was distributed to Board Members prior to their vote on the permit and which includes

similar justifications
and references to studies. The LA SUSMP order called for some type of

threshold for inclusion of RGOs in SUSMPs. The permit does not do so. Also justifications for permit

provisions should be stated in the permit findings or the final fact sheet and should be subject to public

review and debate. The discussion in the document submitted after the hearing did not meet these

criteria. There was some justification in the Draft Fact Sheet but the fact sheet has not been

finalized.29 In light of our concerns over whether SUSMP sizing criteria should apply to RGOs it was

incumbent on the Regional Water Board to justify the inclusion of RGOs in the permit findings or in a

final fact sheet and to consider an appropriate threshold addressing the concerns we stated. The

Regional Water Board also responded that when the dischargers develop the SUSMPs the dischargers

See Comparison Between Tentative Order No. 2001-01 SUSMP Requirements and LARWQCB SUSMP

Requirements as Supported by SWRCB Order WQ 2000-11.

_
See 40 C.F.R. sections 124.6c and 124.8.

29
U.S. EPA regulations require that there be a fact sheet accompanying the permit. 40 C.F.R. 124.8. The record

contains only a draft fact sheet which was never published or distributed in final form. The Regional Water Board

should finalize the fact sheet accounting for any revisions made in the final permii and publish it on its web site as a

final document.

15
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might add specific BMPs and a threshold as directed in the LA SUSMP order. But the order

specifically
directed that any threshold and the justification therefore should be included in the permit.

The Regional Water Board did not comply with these directions.

III. CONCLUSIONS

Based on the discussion above the Board concludes that

1. The Regional Water Board appropriately required compliance with water quality

standards and included requirements to achieve reduction of pollutants to the maximum extent

practicable. The permit must be clarified so that the reference to the iterative process for achieving

compliance applies not only to the receiving water limitationbut also to the discharge prohibitionsthat

require compliance with water quality standards. The permit should also be revised so that it requires

that MEP be achieved for discharges from the municipal sewer system and for discharges to waters

of the United States but not for discharges into the sewer system.

2. The Regional Water Board was not required to adopt wet-weather specific water

quality objectives.

3. The Regional Water Board inappropriately defined urban runoff as waste.

4. The Regional Water Board did not violate the California Environmental Quality Act.

5. The permit will be revised to delete retail gasoline outlets from the Priority

Development Project Categories for Standard Urban Storm Water
Mitigation Plans. The Regional

Water Board may consider adding retail gasoline outlets upon inclusion of appropriate findings and a

threshold describing which outlets are included in the requirements.

16
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TV. ORDER

IT IS HEREBY ORDERED that the Waste Discharge Requirements for Discharges of

Urban Runoff from the Municipal Separate Storm Sewer Systems in San Diego County Order No.

2001-01 are revised as follows

1. Part A.3 The words into and are deleted.

2. Part C.2 Throughout the first paragraph the words Part A.2 and Part A.5 as it

applies to Prohibition 5 in Attachment A shall be inserted
following Part C.1.

3. Finding 2 Revise the finding to read URBAN RUNOFF CONTAINS

WASTE AND POLLUTANTS Urban runoff contains waste as defined in the California Water

Code and pollutants as defined in the federal Clean Water Act and adversely affects the quality of the

waters of the State.

4. Part F.I.b2a Delete section x.

In all other respects the petitions are dismissed.

CERTIFICATION
c

The undersigned Clerk to the Board does hereby certify that the foregoing is a full true and correct

copy of a resolution duly and regularly adopted at a meeting of the State Water Resources Control

Board held on November 15 2001.

AYE Arthur G. Baggett Jr.

Peter S. Silva

Richard Katz

NO

ABSENT

ABSTAIN
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Maureen Marche

Clerk to the Board
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CALIFORNIA STATE WATER RESOURCES CONTROL BOARD

WATER QUALITY ORDER NO. 2001-12-DWQ

STATEWIDE GENERAL NATIONAL POLLUTANT DISCHARGE ELIMINATION
SYSTEM NPDES PERMIT FOR DISCHARGES OF AQUATIC PESTICIDES

TO SURFACE WATERS OF THE UNITED STATES GENERAL PERMIT

GENERAL PERMIT NO. CAG990003

WASTE DISCHARGE REQUIREMENTS

The State Water Resources Control Board hereinafter SWRCB finds that

1. On March 12 2001 the Ninth Circuit Court of Appeals decided that discharges of

pollutants from the use of aquatic pesticidesin waters of the United States require

cove

Because of the serious public health pafety and economic implications of delay the

SWRCB developed this General Permit on an emergency basis in order to-provide

immediateNPDES permit coverage for broad categories of aquatic pesticide use in

California. The SWRCB will rescind or revise this General Permit if the law as stated in

the Talent decision changes.

2. States may request authority to issue general NPDES permits pursuant to Title 40 Code

of Federal Regulations CFR section 122.28. On June 8 1989 the SWRCB submitted

an application to the U.S. Environmental Protection Agency USEPA requesting

revisions to its NPDES Program in accordance with 40 CFR 122.28123.62 and

403.10. The application included a request to add general permit authority to its

approved NPDES program. On September 22 1989 the USEPA.Region 9 approved the

SWRCBs request and granted authorization for the State to issue.general NPDES

permits.

3. Federal regulation at 40 CFR 122.28al allows NPDES permits to be written to cover

a category of discharges within State political boundaries. This General Permit is

intended to authorize the short-term and seasonal discharges of pollutants to waters of the

United States water bodies resulting from the application of aquatic pesticides by public

entities for resource or pest management. These public entities are authorized by statute

to conduct resource or pest management projects.

4 This General Permit is intended to cover short-term or seasonal discharges by public

entities of pollutants to waters of the United States water bodies associated with the

application of aquatic pesticides for resource or pest management. Dischargers eligible

for coverage under this General Permit are public entities that ennrlnet m.-so irm or Lest
_

management controlmeasures. Public entities include entities that conduct resource or

pest management control measures for public purposes of protecting waterways and/or

the public health from harmful organisms regardless of the legal structure of the entity.

Examples of public entities that may obtain coverage under this General Permit include

but are not limited to Mosquito Abatement Districts and other local agencies responsible

for control of vectors and local State federal agenciesmutual water companies public
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water purveyors investor-owned utilities and homeowners associations responsible for

control of algae aquatic weeds and other organisms that adversely impact operation and

use of drinking water reservoirs water conveyance facilities irrigation canals and

natural water bodies. The organisms controlled by these public entities may be

destructive to the beneficial uses of waters including municipal and irrigation. supply

navigation - and aquatic life. Mosquitoes and other similarvectors constitute a serious

threat to public health. To avoid the adverse consequences from these harmful or

nuisance organisms the waters are treated with aquatic pesticides. These treatments make
it impossible for the waters to maintain their functional characteristics or simultaneously

meet all beneficial. uses.

5. The aquatic pesticides covered by this General Permit are applied directly into the water

body and/or directly to organisms in the water or on the water surface with the purpose

and intent of killing the target aquatic organisms. The impacts of these chemicals may
not be limited to the target organisms-other plants and aquatic life in the. treatment area

may be impacted. Due to water movement at the treatment locations the residual

pesticides can be carried to adjacent areas while concentrations in the water are still high

enough to cause adverse impacts not only to aquatic organisms but also to other

beneficial uses such as irrigation municipal water supplies and recreation. such as

swimming.As part of the pesticide registration process USEPA and the Department of

Pesticide Regulation DPR evaluate data submitted by registrants to assure that a

product used according to label instructions will cause no harm or adverse impact on

non-target organisms that cannot be reduced ormitigated. with protective measures or

use restrictions. A purpose of this Order is to minimize the areal extent and duration of

adverse impacts to beneficial uses of water bodies treated with aquatic pesticides.

6. DPR and the County Agricultural Commissioners CRCs regulate the sale and use of

pesticides in California. The use of pesticides must be consistent with the pesticide label

instructions and any Use Permits issued by the CACs. If applying a pesticide designated

as a restricted material then applicators must either be licensed by DPR or work under

the supervision of someone who is licensed. For the use of aquatic herbicides this must

be a Qualified Applicator Certificate with the category aquatic and must be reported to

the CACs where required by law or by agreement with DPR The USEPA and DPR have

reviewed pesticide label instructions priorto registration of the pesticides for use in

California and this review includes an evaluation of potential impacts to the

environment.

7. The States pesticide regulation laws provide special procedures for vector control

agencies operating under a cooperative agreement. The application of pesticides by

mosquito abatement districts and other vector control

and unique arrangement among the State Department of Health Services DHS DPR
CACs and vector control agencies. Vector control districts are not directly regulated by

DPR. Supervisors or applicators of restricted pesticides to control public health pests

must be licensed by DHS. Pesticide use by vector control agencies is reported to the

CACs in accordance with a 1.995 Memorandumof Understanding MOU among DPR
DHS and the CACs for the Protection of Human Health from the Adverse Effects of

2
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Pesticides and with cooperative agreements entered into between DHS and vector control

agencies pursuant to Health and Safety Code. Section 116180.

8. DPR regulates the use of pesticide-treated commodities and sites where needed to assure

that pesticide residues or breakdown products do not pose a hazard to human health or

the environment. DPR also regulates the use of pesticides to reduce the release of

residues. from treated sites. This includes regulation of wastes generated by applications

not in accordance with all laws and regulations including drift from applications.

Pesticide formulations may include the active ingredients and the inert ingredients.

Adjuvants. maybe added to the active ingredients inthe application equipment that is

used in the delivery of the pesticide. Pesticides may become waste after the application

has occurred. Adjuvants are regulated as. pesticides in California Other wastes

generated by the use ofpesticides are. not regulated by DPR. These wastes include

pesticide. residues and breakdown products. These wastespose a threat to the beneficial

uses of the States waters ifnot properly managed and therefore are subject to regulation

under this General Permit.

9. For the purposes of this Order the term pesticide shallincludea any substance or

mixture of substances intended to be. used for eradicating or defoliatingplants regulating

an organisms growth or for preventing destroying repelling or mitigating any pest

which may infest or be detrimental to vegetation man animals or households or that

may be present in any. agricultural or nonagricultural environment or b any spray

-adjuvant or c any breakdown products of these materials that adversely affect

beneficial uses. This Order.regulates the discharge ofpollutants which includes the.

residues of pesticides that are left in waters of the United States following application.

10. Although a discharge may be eligible for coverage under-this General Permit the

appropriate Regional Water Quality Control Board RWQCB may determine that the

discharge must be regulated under an individual permit or a different generalNPDES.

permit. If an individual or another general NPDES permit is issued for a discharge then

the applicability of this General Permit to the- discharge is immediately terminated on the

effective date ofthe other permit.

11. If the area of aquatic pesticide application extends beyond a single RWQCB boundary

then the discharges in each Region shall be. covered by a separate Notice of Intent NOI
under this General Permit. Only one annual fee must be submitted to the SWRCB.

12. The Threat To Water Quality TTWQ and Complexity rating for this General Permit is

III-c. This category is appropriate because aquatic pesticides applications incorporate

Best Management.Practices_to cQntrpi pneet Limpacts_to_beneficial..uses..and..shortterYn

violations of water quality objectives. The annual fee associated with this rating is $400

which has been determined in accordance with current state regulations. Future fees may

be adjusted if the regulations are revised.

13. The SWRCBhas considered antidegradation pursuant to 40 CFR 131.12 and SWRCB
Resolution 68-16. Discharges must be consistent with both State and federal

3
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antidegradation policies. These policies allow degradation of water quality only under

specified circumstances. Decreases in water quality must be in the best interests of the

people ofthe State and must. protect beneficial uses of water. The SWRCB finds that

water supplies and. public health would be seriously jeopardized- ifthe resource and pest

management projects were not allowed to continue. The SWRCB further finds that

adoption of this General Permit is a benefit to the people of the State and that the

provisions of this Order will minimize adverse impacts protect the States waterways
and ensure- full restoration of beneficial uses following completion of pesticide.

application projects. Therefore this Order is consistent with the antidegradation policies.

14. This General Permit does not authorize any take of endangered species.. The discharge is

prohibited from adversely impacting biologically sensitive or critical habitats including

but not.limited to habitat of species listed under federal or State endangered species laws.

To ensure that endangered species issues are raised to the responsible agencies the

SWRCB has notified the .U.S Fish and Wildlife Service National. Marine Fisheries.

Service and California Department of Fish and Game of this General Permit.

15. There may be other non-toxic or less toxic control measures available to minimize the

discharge of wastes to waters of the State This Order requires dischargers to evaluate

BMPs that may include alternative control options procedures to determine that water

quality impacts have been minimized and a determination that there are no feasible

alternatives to the selected resource or pest management Measures.

16. The SWRCB in establishing the requirements contained herein considered factors

including but not limited to the following

a Beneficial uses to be protected and the water quality objectives reasonably required

for that purpose

b. Other waste discharges

C. Past present and probable future beneficial uses of the waters under consideration

d. Environmental characteristics of the waters under consideration

e. Economic considerations

f. The need to control vectors to protect public health

g. The need to maintain conveyance facilities to provide water supplies for municipal

irrigation
and industrial purposes and

h. Seasonal and weather.conditions that require timely implementation of control

measures.

17. The designated beneficial uses of surface waters throughout the State may include municipal

dornest c.industri d ag icultuural.. u--aplywtiter.cQntact_and.non_c.ontact.recreation..

navigation ground waterrecharge fresh water replenishment hydropower generation

wildlife habitat cold freshwater and warm freshwater habitat fish migration and fish

spawning marine habitat estuarine habitat shellfish harvesting ocean commercial and
sport

fishing preservation of areas of special biological significance and preservation of rare and

endangered species To the extent that the applicable RWQCB Water Quality Control Plan

WQCP designates additional or different. beneficial uses the WQCP shall control.

4.
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18 USEPA establishes water quality criteriaforprioritypollutants in the National Toxics Rule

and the California Toxics Rule and RWQCBs establish water quality objectives for priority

pollutants in basin plans.
- The SWRCB Policy forImplementation of Toxics Standards for

Inland Surface Waters Enclosed Bays and Estuaries ofCalifornia. the Policy went-into

effect on May 22 2000 and generally requires limitations for all constituents that will cause

have the reasonable potential to cause or contribute to chronic toxicity in receiving waters

19. Because of the-nature of the discharge. of aquatic pesticides it is not feasible at this time for

the SWRCB to establishnumeric effluent limitations for the pollutants in discharges

associated with aquatic pesticide applications. Establishment ofnumeric effluent limitations

for pollutants is not feasible. because a aquatic pesticide applications are made directly to

the water body or to organisms on the water surface b there may be numerous short

duration intermittent pesticide releases to surface waters. from many different locations and

c there are numerous pesticides used and the SWRCB does not have the ability to establish

numeric effluent limitations for each of these constituents. Therefore pursuant to 40 CFR.

122.44k the effluent limitations contained in this General Permit are narrative and include

requirements to implement appropriate BMPs to minimize the areal extent and duration of

impacts caused by the discharge of pollutants and to allow for full restoration of water

quality and protection of beneficial uses of the receiving waters following completion of

resource or pest management projects.

20. Section 5.3 of the Policy provides that the SWRCB mayallow short-term or seasonal

categorical exceptions from meeting the priority pollutant criteria/objectives if it is

determined to be necessary to implement control measures for resource or pest. management

conducted by public entities to fulfillstatutory requirements- including but not limitedto

those in the California Fish and GameFood and Agriculture Health and Safety and Harbors

and Navigation codes.

21. Because of the emergency nature of this General Permit many of the actions that would -

normally occur priorto issuance of a permit granting.a categorical exception to priority

pollutant objectives/criteria have not yet occurred. This General Permit is issued as a

limited-term permit and it will expire January 31 2004. During the term ofthis General

Permit the public entities subject to the General Permit will complete necessary CEQA
documents and prepare other submittals to satisfy the criteria for the categorical exception.

These activities will provide the basis for future full-term. permits. The public entities will

also develop monitoring plans that will be the basis of monitoring requirements in future

permits.

22. As authorized under.the Policy this General P categoricalexsýeo--dishrsfrom requirements to meet applicable water quality criteria and objectives for

priority pollutants. The SWRCB recognizes that the dischargers may also cause or contribute

to exceedance of other applicable water quality standards for parameters or constituents that

are not priority pollutants that are contained in a Statewide Water Quality Control Plan or in

an RWQCB Basin Plan. This General Permit does not require immediate compliance with

such water quality standards. Dischargers must comply with appropriate conditions which

5
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are included in the General Permit including following label instructions and employing

BMPs. Dischargers are allocated a temporal zone of impact on beneficial uses of water

within which there may be a temporary exceedance of criteria but the resulting impact must

be transient and allow for full restoration of water quality and protection of beneficial uses

upon project completion. The exception only applies to water quality criteria/objectives for.

priority pollutants and not to other water quality standards such as the antidegradation

policy. For parameters or constituents that are not priority pollutants the dischargers are.

required to develop and implement improved BMPs to prevent or reduce such pollutants that

cause-or contribute to exceedance of water quality standards.

23. The information submitted with the NOI combined with the findings and requirements of

this General Permit satisfy the requirements to receive a categorical exception described in

Finding 20.

24. The action to adopt an NPDES permit is exempt from the provisions of Chapter 3 of CEQA
Public Resources Code Section 21100 et seq. in accordance with Section 13389 of the

California Water Code. Nevertheless this General Permit includes requirements to explore

alternatives and to implement BMPs as mitigation measures to address the policy provisions

of Chapter 1 of CEQA pursuant-to 23 C.CR. 3733.

25. The adoption of this General Permit including granting a categorical exception from meeting

applicable priority pollutant criteria and objectives isnecessary to avert an emergency. If

dischargers are prevented from applying aquatic pesticides immediately there is a likelihood

of a public health emergency and the adoption of this General Permit is therefore exempt

from CBQA pursuant to Title 14 CRC section 15269.

26. The SWRCB has notified interested agencies and persons of its intent to prescribe waste

discharge requirements WDRs in this General Permit and has provided them with an

opportunity for a public hearing and an opportunity to submit their written views and

recommendations.

27. The SWRCB in a public hearing heard and considered all comments pertaining to the

discharges to be regulated by-this General Permit.

28. This order shall serve as an NPDES permit pursuant to Section 402 of the Clean Water Act

CWA and amendments thereto and shall take effect upon the date of adoption.

IT IS HEREBY ORDERED that all dischargers who have submitted an NOT and annual fee

shall comply with the following

A. Application

1. Dischargers eligible for coverage under this General Permit are entities that conduct

resource or pest management control measures for public purposes of protecting

waterways and/or therpublic health from harmful organisms regardless of the legal

structure of the entity provided that

6
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a. The discharger submits to the following address a complete and accurate NOI
FormA to comply Attachment A project map and first annual fee to cover all

discharges by.that discharger within the boundaries of each RWQCB as defined in
Section 13200 of the California Water Code. The NOI must be signed in accordance

with.the signatory requirements of Standard Provision B.2. The NOI shall be
submitted to

Larry Nash

Regulation Unit

Division of Water Quality

State Water Resources Control Board

P.O. Box-100

Sacramento CA 95812

b. The discharger upon request submits any additional information which the SWRCB
and/or RWQCB determines is necessary in order to ascertain.whe$er the discharge

meets the criteria for coverage under this General Permit..

c The discharger does not receive a written Notification of Exclusion NOB from the

RWQCB. The dischargers authority to discharge under this General Permit

terminates upon receipt of an NOE.

d. If thedischarger receives a request to submit an application for an individual or other

general permit from the SWRCB or from an RWQCB the discharger will continue to

by covered by this General Permit until covered by are individual or .other general

NPDES permit.

B. Discharge Prohibitions

1. The discharge of wastes other than as described in this General Permit is prohibited.

2. The discharge of wastes shall not. create or cause conditions of nuisance or pollution.

3. The discharge shall not cause or contribute to long-term adverse impacts on beneficial.

uses of waters of the United States.

4. The discharge shall not adversely impact biologically sensitive or critical habitats

including but not limited- to habitat of species listed under federal or State endangered

species laws.

C. Effluent Limitations

1. The discharge of aquatic pesticides must comply with all pesticide label instructions

DPR and DHS regulations and. any Use Permitsissuedby CACs.

7

RB-AR15542



2. The discharge of aquatic pesticides shall be managed using BMPs discussed in

Section D to minimize the areal extent and duration- of inipacts caused by the discharge

of pollutants and to allow for full restoration of water quality and protection of beneficial

uses of the receiving waters following completion of resource or pest management

projects.
-

D. Best Management Practices BMPs

1. Dischargers must be licensed by DPR or DHS if such licensing is required for the aquatic

pesticide application project. The pesticide use must be consistent with the pesticide label

instructions and any Use Permits issued by CACs.

2. Prior to initial discharge under this General Permit the Discharger shall take steps to

notify potentially affected public and governmental agencies.

3. The dischargers will follow BMPs that are designed to maximize efficacy of control

efforts and minimize adverse impacts to the environment. The steps that will be followed

to identify appropriate BMPs include

a. Preliminary site evaluations. The discharger will conduct a site inspection to

verify the need for treatment options to treatment including non-toxic and less

toxic alternatives and suitability of the site for treatment

b. Secondary site evaluations and pre-treatment monitoring. The discharger will

determine the type and intensity of treatment needed. This evaluation will

include measurement and analysis of indicators to provide information on.

potential efficacy and water quality impacts.

c. Alternative Control Measures. The discharger will evaluate other available

BMPs and alternative control measures to determine ifthere are feasible

alternatives to the selected aquatic pesticide application project that could

reduce potential water quality impacts.

d. Treatment. Immediatelypriorto treatment the discharger will examine a series

of indicators and modify treatment plans accordingly. These indicators may
include day length precipitation recreational activity sunlight tidal water

exchange water depth water flows water turbidity and wind. If this

examinationindicates a potential for reduced control efficacy and/or heightened

water quality.impacts. the-treatment will-be rescheduled

e. Post-treatment. The discharger will assess control efficacy and water quality

impacts. The results of this assessment will be evaluated by the Discharger to

refine project operations through an adaptive management process.

E. Solids Disposal

8
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Solids removed from liquid wastes shall be disposed of in a manner that is consistent with

Chapter -15 Division 3 Title 23 of the California Code of Regulations CCR and approved

by the appropriate RWQCBs Executive officer.

F. Receiving Water Limitations

1. Discharges shall not adversely impact human health or the environment.

2. Discharges shall not cause or contributeto an exceedance of water quality standards

contained in a Statewide Water Quality.Control Plan or in the applicable RWQCB Basin

Plan for parameters or constituents that are not priority pollutants.

3. A discharger will not be in violation of Receiving Water Limitation F.2 as long as the

discharger has implemented the BMPs required by this General Permit and the following

procedure isfollowed

a. Should it be determined by the discharger the RWQCB or the SWRCB that

discharges of pollutants are causing or contributing to the exceedance of water

quality standards the discharger within 60 days of the determination shall

submit a report to the appropriate RWQCB that describes the BMPs that are

currently being implemented and the additional BMPs that will be implemented

to prevent or reduce such pollutants. The report shall include an

implementationschedule. The RWQCB may require modifications to the

report

b. Following approval of the report described in F.3.a the discharger shall

implement the additional BMPs in accordance with the schedule.

4. The discharger is granted a categorical exception from meeting the priority pollutant

criteria/objectives as specified Section 5.3 of the SWRCBs Policy for Implementation of

Toxics Standards for Inland Surface Waters Enclosed-Bays and Estuaries. This

exception is short-term including seasonal and applies only during and following the

use of aquatic pesticides that have been identified by the discharger in the NOI FormA
Attachment A. Any impacts on beneficial uses of water must be temporary in nature

and must allow for full restoration of the pre-project water quality and thus protection of

the beneficial uses upon project completion.

G. Provisions

1. The discharger must comply with all conditions of this General Permit including timely

submittal of technical and monitoring reports as directed by the appropriate RWQCBs
Executive Officer.

2. If in accordance with Best Management Practices D.3c. the discharger identifies

alternative control measures to the selected aquatic pesticide application project that

9
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could reduce potential water quality impacts and that are also feasible practicable and

cost-effective the discharger shall implement the identified alternative measures.

3. The discharger shall comply with the attached Monitoring and Reporting Program

MRP General PermitNo 2001-12-DWQ contained in Attachment B of this General

Permit and any revision thereto.

4. In accordance with the MRP the discharger shall submit a Monitoring Plan Plan to the

appropriate RWQCBs by March 1 2002 for approval. If the discharger chooses

compliance with the requirements to develop and implement a Monitoring Plan may be

accomplished by participating in a Regional Pesticide Monitoring Programs RPMPs.

5. Any discharger planning to comply with the MRP through an RPMP must so indicate at

Section VI. of the NOI. Individual discharger Plans should incorporate by reference the

RPMP Plans that have been prepared by RPMPs in which the discharger is participating.

The individual discharger Plan and
-any incorporated RPMP Plans must include

monitoring of a representative. project for each pesticide identified by the dischargers at

Section IV. B.. of the NOT. The dischargers and RPMPs shall implement the Plans by

July 1 2002 in accordance with any modifications required by the RWQCB.

6. The discharger shall comply with all the applicable items of the Standard Provisions and

Reporting for Waste Discharge Requirements Standard Provisions which are part of

this General Permit Attachment Q.

7. If the area of aquatic pesticide application extends beyond a single RWQCB_boundary
then the discharges in each Region shall be covered by an NOI. One annual fee must be

submitted to the SWRCB for all covered discharges from one entity.

8. For the RWQCB to receive immediate and accurate information regarding allpoints of

discharge the discharger shall establish and maintain a liaison contact with the

appropriate RWQCB. A list of designated liaison personnel telephone numbers and

specific areas of responsibility shall be submitted to the appropriate RWQCB within

30 days from the date of submittal of the NOI and after any update to the designated

personnel. list.

9. A copy ofthis General Permit shall be kept where key operating personnel can refer to the

documents. Key operating and site management personnel shall be familiar with its

contents.

10. When requested by USEPA the discharger shall also-complete-and submit Discharge

Monitoring Reports to USEPA. The submittal date shall be specified in the USEPA

request.

11. The discharger is required to retain records including all monitoring information and

copies of all reports required by this General Permit for five years unless directed

otherwise by an RWQCB.

10
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12. This General Permit expires on January 31 2004.

13. In the event of any change in control or ownership of land or waste discharge facilities

presently owned or controlled by the discharger the discharger shall notify the

succeeding owner or operator of the existence of this General Permit. by letter acopy of

which shall be. immediately forwarded to the appropriate RWQCCB office. The new.
discharger shall complete and submit to the SWRCB a revised NOI FormA
Attachment A in accordance with Application A. 1.

H. RWQCB Authorities

1. Following the SWRCBs adoption of this General Permit RWQCBs as necessary shall

a. Review and approve Monitoring Plans -submitted by dischargers and RPMPs.

b. Review monitoring reports and other reports submitted by thedischargers

conduct compliance. inspections and take appropriate enforcement actions

c. Issue-permits as they deem appropriate to individual dischargers categories of

dischargers or dischargers in a geographic area. Upon issuance of such permits

by an RWQCB this General Permit shall no longer regulate the affected

dischargers.

2. RWQCBs may require additional monitoring and reporting program requirements where

deemednecessary.

CERTIFICATION

The undersigned Clerk to the Board does hereby certify that the foregoing is a full true and

correct copy of an order duly and regularly adopted at a meeting of the State Water Resources

Control Board held on July 19 2001.

AYE Arthur Daggett Jr.

Richard Katz

Peter.Silva

NO None

ABSENT None

ABSTAIN None

Ma en ar e

Cl k to e Board
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STATE WATER RESOURCES CONTROL BOARD

FACT SHEET
FORWATER QUALITY ORDER NO 2001-12-DWQ

STATEWIDE GENERAL NATIONAL POLLUTANT DISCHARGE
ELIMINATION SYSTEM NPDES PERMIT FORDISCHARGES

OF AQUATIC PESTICIDES TO WATERS OF THE
UNITED STATES GENERAL PERMIT

GENERALPERMIT NO. CAG990003.

BACKGROUND

On March 12 2001 the Ninth Circuit Court of Appeals decided that discharges of pollutants

from the use of aquatic pesticides to waters of the United States require coverage under an

NPDES permit Headwaters. Inc. Y. Talent Irrigation Distri ctl. The decision was issued

just priorto the major season for applying aquatic pesticides. Because of the serious public

health safety and economic implications of delay in such applications this General Permit has

been developed on an emergency basis in order to provide coverage for broad categories of

aquatic pesticide use in California. The State Water Resources Control Board SWRCB will

rescind or revise this General Permit if the law as stated in the Talent decision. changes.

Coverage under this General Permit is available to public entities for discharges ofpollutants to

waters of the United States water bodies associated with the application of aquatic pesticides

for resource or pest management.. This limitation to public entities is based on the provisions

of the SWRCBs Policy for Implementation of Toxics Standards for Inland Surface Waters

Enclosed Bays and Estuaries of California the State ImplementationPolicy or SIP allowing

categorical exceptions from meeting priority pollutant criteria/objectives for resource or pest

management control measures conducted by public entities. Public Entity is defined in the

SIP to include the federal government or state county city and county city district public

authority or public agency The categorical exception provision also gives examples of

management programs that such public entities may conduct vector or weed control pest

eradication or fishery management. The entities that conduct such programs vary in legal

structure but all have in common a public role of protecting waterways and/or the public health

from harmful organisms. This General Permit is available to all such entities regardlessof legal

structure -including mutual water companies public water purveyors investor-owned utilities

and homeowners associations.

The SIP further provides that the categorical exception is for resource or pest management

conducted by public entities to fulfillstatutory requirements including but not limited to those

in the California Fish and Game Food and Agriculture Health and Safety and Harbors and

Navigation codes. Some of these statutory provisions do not mandate the management

programs but make their implementation discretionary. The exception is properly read to include

such discretionary programs.
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This General Permit does not cover indirect or non-point source discharges from agricultural or

other applications of pesticides to land that may be conveyed in storm water or irrigation runoff.

This General Permit does not cover applications of pesticides that are not registered for use on

aquatic sites. This General Permit does cover the uses of properly registered and applied

aquatic pesticides that constitute discharges of pollutants to waters of the United States.

The aquatic pesticides covered by this General Permit will be applied directly
into the water

body and/or directly to organisms in the water or on the water surface with the purpose and

intent of killing the target aquatic organisms. The impacts of these chemicals may not be limited

to the target organisms - other plants and aquatic life in the treatment area may be impacted.

Due to water movement at the treatment locations the residual pesticides can be. carried to

adjacent areas while concentrations in the water are still high enough to cause adverse impacts

not only to. aquatic organisms but also to other beneficial uses such as irrigation municipal

water supplies and recreation such as swimming.As part of the pesticide registration process

conducted by the U.S. Environmental Protection Agency USEPA and Department of Pesticide

Regulation DPR adverse impacts relevant to these beneficial uses have been evaluated and

determined not to be unreasonable. A purpose of this Order is to minimize the areal extent and

duration of adverse impacts to beneficial uses of water bodies treated with aquatic pesticides.

To qualify for coverage under this General Permit dischargers must meet the following criteria

1. The discharger must submit a fully completed Notice of Intent NOI a project map and

first annual fee.

2. The discharger must be a public entity.

3. Dischargers must be licensed by DPR or Department of Health Services DHS ifsuch

licensing is required for such public entities to apply aquatic pesticides.

The basic requirements of this General Permit include

1. The discharger must follow all pesticide label instructions and any Use Permits issued by

a County Agricultural Commissioner.

2. The discharger must implement best management practices BMPs.
3. The discharger must comply with monitoring requirements.

WATERS OF THE UNITED STATES

This General Permit regulates the addition ofpollutants associated with the application of

aquatic pesticides tonavigable waters. Navigable waters means waters of the. United States.

Waters of the United States include all waters currently used used in the past or susceptible to

use-in-interstate- commerce all--interstate-waters-all-other-waters the-use-degradation-or

destruction of which would or could affect interstate or foreign commerce. Waters of the

United States include waters used by interstate or foreign travelers for. recreation waters from

which fish or shellfish are taken and sold in interstate or foreign commerce impoundments of

and tributaries to waters of the United States and wetlands adjacent to waters of the

United States. For instance irrigation canals that exchange water with natural streams and lakes

are waters of the United States.
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EMERGENCY CONDITIONS

This General Permit is being issued under emergency conditions. On March 12 2001 the Ninth

Circuit Court of Appeals in Headwaters. Inc. v. Talent Irrigation District determined that

discharges of aquatic pesticides to waters ofthe United States require coverage under an NPDES
permit. Discharge of aquatic pesticides by the public entities covered by this General Permit is

necessaryat this time. These public entities conduct resource or pest management programs in

order to fulfillstatutory. requirements and to protect beneficial uses of water and the public

health. Many of the public entities would be unwilling to perform the activities prior to issuance

of an NPDES permit because of the substantial liability they could incur for discharging aquatic

pesticides in violation of the Clean Water Act CWA.

Because of the emergency nature of this General Permit many of the actions that would

normally occur priorto issuance of a permit granting a categorical exception to
priority pollutant

objectives/criteria have not yet occurred. This General Permit is issued as a limited termpermit
andit will expire January 31 2004. Duringthe term of.this General Permit activities will occur

that will provide the basis for a full-term permit in the future. The public entities subject.to the

General Permit will complete necessary California Environmental Quality Act CEQA
documents to justify the categorical exception. The public entities will develop monitoring plans

that will be the basis of monitoring requirements in-the next permit. The SWRCB will consider

issuing future permits that are more limited in. nature as to specific pesticides types ofresource

and pest management programs or areas of the State. The future permits will be based on the

submittals received during this General Permit term will specifywhether categorical exceptions

are warranted and will ensure that other applicable water quality standards including the

antidegradation policy are achieved.

RELATED PESTICIDE REGULATIONS

DPR and the County Agricultural Commissioners CACsregulate the sale and use of pesticides

in California. Pesticide applications subject.to this General Permit must be consistent with the

pesticide. label instructions and any Use Permits issued by the CACs. According to federal law

pesticide label language is under the sole jurisdiction of USEPA. Label language and any

changes thereto must be approved by USEPAbefore the product can. be sold in this country.

DPR cannot require manufacturers -to make changes in labels however DPR can refuse to

register products unless manufacturers. address unmitigated hazards by amending the pesticide

label. As part of the pesticide registration process USEPA and the California Department of

Pesticide Regulation DPR evaluate data submitted by registrants to assure that a product used

according to label instructions will cause no harm or adverse impact. on non-target organisms

that cannot be reduced-or mitigated with -protective-rneasures -or use-restrictions. Registrants

are required to submit data on the effects of pesticides on target pests efficacy as well as

nontarget effects. Data on nontarget effects include plant effects phytotoxicity fish and wildlife

hazards ecotoxicity impacts on endangered species effects on the environment environmental

fate breakdown products leachability and
persistence.
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Requirements that are specific to use in California are included in many pesticide labels that are

approved by USEPA. Applicators of a pesticide designated as a restricted material must either

be licensed by DPR or must work under the supervision of someone who is licensed. For aquatic

herbicides this must be a holder of a Qualified Applicator Certificate with the category

aquatic. Use must be reported to the CAC where required by law or by agreement with DPR.

State regulations require that the CAC determine if a substantial adverse environmental impact

will result from the proposed use. of a restricted material. If the CAC determines that this is

likely the commissioner may deny the Use Permit or may issue it under the condition that

site-specific use practices be followed beyond the label and applicable regulations to mitigate

potentially adverse effects DPR conducts scientific evaluations of
potential health and

environmental impacts and provides commissioners with information in the form of suggested

permit conditions. DPRs suggested permit conditions reflect minimum measures necessary to

protect people and the environment. CACs use this information and their evaluation of local

conditions to set site-specific limits in permits.

The States pesticide regulation laws-provide special procedures for vector control agencies

operating under cooperative agreements. See eg. Food and Agricultural Code 11408e. The

application of pesticides by mosquito abatement districts and other vector control agencies is

regulated by a special arrangement among the DHS DPR CACs and vector control agencies

Vector control districts are not directly regulated by DPk. Instead supervisors or applicators are

licensed by DHS. Pesticide use by vector control agencies is reported to the CAC in accordance

with a 1995 Memorandum of Understanding MOU among DPR DHS and the.CACs for the

Protection of Human Health from the Adverse Effects of Pesticides and with cooperative

agreements entered into between DHS and vector control agencies pursuant to Health and Safety

Code section 116180.

WATER QUALITY STANDARDS

USEPA established water quality criteria for priority pollutants in the National Toxics Rule and

the California Toxics Rule and Regional Water Quality Control Boards RWQCBs establish

water quality objectives for priority pollutants in basin plans. The SWRCB has adopted the SIP

that contains implementation provisions for these water quality criteria and objectives The SIP

provides that categorical exceptions may be granted to allow short-term or seasonal exceptions

from meeting the priority pollutant criteria/objectives ifnecessary to implement control

measures .. for resource or pest management conducted by public entities to fulfillstatutory

requirements. The SIP specifically refers to vector or weed control pest eradication and

fishery management as bases for categorical exceptions. This General Permitgrants.a

categorical exception from water quality criteria and objectives for
priority pollutants for the

application 6f aquatic pesticides by public entities itieexercise of reaource orpes

management powers authorized by State statute. The SWRCB recognizes that the discharges of

pollutants may also cause or contribute to exceedance of water
quality standards for parameters

or constituents that are not priority pollutants. This General Permit does not require immediate

compliance with such water quality standards but requires that the dischargers implement

additional BMPs to eliminate or reduce the pollutants that are causing or contributing to

exceedance.
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As a condition to retaining the categorical exception dischargers must comply with conditions

that are included in the General Permit. Further consistent with the SIP exception dischargers

are allocated a temporal zone of impact on beneficial uses of water within which there may be a

temporary exceedance of criteria but the resulting impact must be transient and must allow for

full restoration of water quality and protection of beneficial uses upon project completion. The

SIP exception applies only to water quality criteria/obj ectives for priority pollutants and not to

other water quality standards such as the antidegradation policy.

For parameters or constituents that are not priority pollutants dischargers must implement

appropriate BMPs to achieve compliance with other applicable water quality standards contained

in a Statewide Water Quality Control Plan or in an RWQCB Basin Plan. If the discharges of any

non priority pollutants cause or contribute to exceedance of water quality standards the

dischargers are required to develop and implement improved BMPs to prevent or reduce such

pollutants

EFFLUENT LINIITATIONS

NPDES permits for discharges to surface waters must meet all applicable provisions of

Sections 301 and 402 of the CWA. These provisions require controls of pollutant discharges that

utilize best available technology economically achievable BAT and best conventional pollutant

control technology BCT to reduce pollutants and any more stringent controls necessary to meet

water quality standards.

It is not feasible at this time for the SWRCB to establish numeric effluent limitations for

pollutants in discharges associated with aquatic pesticide applications. Establishment of numeric

effluent limitations for pollutants is not feasible because 1 aquatic pesticide applications are

made directly to the water body and/or to organisms in the water or on the water surface

2 there may .b numerous short duration intermittent pesticide releases to surface waters from

many.different locations and 3 there are numerous pesticides used including many inert

ingredients and the SWRCB does not have the ability to establish numeric effluent limitations

for each of these constituents. Therefore pursuant to Title 40 Code of Federal Regulations

CFR Section 122.44k the effluent limitations contained in this General Permit are narrative

and include requirements to implement appropriate BMPs including compliance with all

pesticide label instructions. The BMPs required herein constitute BAT and BCT and they will

be implemented to minimize the areal extent and duration of impacts caused by the discharge of

pollutants and to allow for full restoration of water quality and protection of beneficial uses of

the receiving waters following completion of resource or pest management projects.

BEST MANAGEMENT PRACTICESBMPs

The development of BMPs provides the flexibility necessary to establish controls to minimize

the areal extent and duration of impacts caused by the discharge of pollutants and to allow for

full restoration of water quality and protection of beneficial uses of the receiving waters

following completion of resource or pest management.projects. This flexibility allows

dischargers to implement different BMPs for different. types of applications and different types

of waters.
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Much of the BMP development has been incorporated in the pesticide regulation process by the

USEPA DPR DHS and CACs. As discussed above the dischargers must be licensed by DPR
or DHS if such licensing is required for the aquatic pesticide application project. The pesticide

use must be consistent with the pesticide label instructions and any Use Permits issued by CACs.

A pesticide label has been reviewed by both USEPA and DPR scientists to ensure that a product

used according to label instructions will cause no harm oradverse impact on non-target

organisms that cannot be reduced.or mitigated with protective measures or use restrictions.

Many of the label directions constitute BMPs to protect water quality and beneficial uses. Label

-directions may include precautionary statements regarding toxicity and environmental hazards

directions for proper handling dosage application and disposal practices prohibited activities

spill prevention and response measures and restrictions on type ofwater body and flow
conditions.

A Use Permit issued by the.CAC incorporates applicable suggested permit conditions from DPR
and local site-specific conditions

necessary. to protect the environment. State regulations require

that specific types of information be provided in an application to the CACsfor a pesticide use

permit. The CACsreview the application to assure that appropriate alternatives were considered

and that any potential adverse effects are mitigated.. The CACs also conduct pre-project

inspections on at least 5 percent of projects.

The General Permit requires that the dischargers must comply with all pesticide label

instructions DPR and DHS regulations and any Use Permits issued by the CACs. The General

Permit also specifies the steps that will be followed to identify and implement appropriate BMPs
that are designed to maximize efficacy of control efforts and minimize adverse impacts to the

environment. These steps are

1. Preliminary site evaluations. The discharger will conduct a site inspection to verify the

need for treatment options to treatment including non-toxic and less toxic alternatives

and suitability of thesite for treatment.

2. Alternative Control Measures. The discharger will evaluate other available BMPs and

alternative control measures to determine if there are feasible alternatives to the selected

aquatic pesticide application project that could reduce
potential water quality impacts.

3. Secondary site evaluations and pre-treatment monitoring. The discharger will determine

the type and intensity of treatment needed. This evaluation will include measurement and

analysis of indicators to provide information on potential efficacy and water quality

impacts.

4. Treatment. Immediatelyprior to treatment the discharger will examine a series of

indicators and modify treatment-plans-accordingly.- These indicators-may include-day

length ýirecipitation recreational activity sunlight tidal water exchange water depth

water flows water turbidity and wind. If this examination indicates a potential for

reduced control efficacy and/or heightened water quality impacts the treatment will be

rescheduled.
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5. Post-treatment. The discharger will assess control efficacy and water quality impacts.

The results of this assessment will be evaluated by the discharger to refine project

operations through an adaptive management process.

The selection of control measures that use non-toxic and less toxic alternatives is an example of

an effective BMP. Mosquito Control Districts and other vector control agencies. can select

larvicides for mosquito control in some situations that have very low toxicity and pose very little

or no threat to the environment. Specifically a for microbial larvicides e.g. Bacillus

thuringiensis israelensis Bacillus sphaericus USEPA has concluded that they do. not pose risks

to wildlife non-target species or the environment and b for methoprene USEPA has

concluded that asused in mosquito control programs it does not pose unreasonable risks to

wildlife or the. environment. Thin film larvicides e.g. Agnique also have low inherent toxicity._.

.Th General Permit includesrequirements for the dischargers to identify and implement

additional BMPs and alternative control measures where such additional BMPsand measures

will prevent or reduceimpacts to water quality.

MONITORING REOUIREMENTS

The. General Permit requires that the dischargers comply with the Monitoring and Reporting

Program MRP that is incorporated as Attachment B of the .Genera Permit Dischargers are
-

also required to submit technical and monitoring reports as directed by the.appropriate

RWQCBs Executive Officer. The MRP requires that the dischargers develop and implement

Monitoring Plan Plans to

I Document compliance with the requirements of the General Permit

2. Support the development implementation and effectiveness of BMPs and

3. Demonstrate the full restoration of water quality and protection of beneficial uses of the

receiving waters following completion of resource or pest management projects.

4. Identify and characterize aquatic pesticide application projects conducted by the discharger

5. Assure that projects are monitored that are representative of all pesticides and application

methods used by the discharger.

Dischargers must comply with these requirements either individually or by joining with other

dischargers to participate in one or more Regional Pesticide Monitoring Programs RPMPs.
Any. discharger.planning to comply through an RPMP must so indicate at Section VI of the NOI

Attachment A.

The establishment of the RPMPs by groups of dischargers that use similar pesticides and

for dischargers to cost-effectively comply with theapplication methods provides an opportunity

MRP. By combining resources and selecting a limited number of representative projects the

RPMPs will be able to conduct monitoring efforts that are comprehensive and technically sound.

Each Discharger shall submit a Plan to the appropriate RWQCBs by March 1 2002 for

approval. Copies of Plans developed by RPMPs shall be provided to the SWRCB and each

RWQCB. The Plan submitted by a discharger should describe any individual monitoring
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activities and incorporate by reference the RPMP Plans that have been prepared by RPMPs in

which the discharger is participating. The Plan must include monitoring of a representative

project for each pesticide identified by the discharger at Section IV. B. of the NOI. The

dischargers.and RPMPs shall implement the Plans by July 1 2002 in accordance with any
modifications required by the RWQCB.

The MRP lists six monitoring elements that must be incorporated in all monitoring plans except

for some plans for vector control projects. Monitoring exemptions may be appropriate for vector

control projects that use microbial larvicides thin film larvicides and methoprene. - These

aquatic pesticides may represent the non-toxic or less toxic pest control alternative with reduced

or no threat to the environment. Furthermore feasible specific quantitative test methods may not

be available for these pesticides at label application concentrations.. Dischargers of these

pesticides should document the rationale for not including plan elements where appropriate.

The MRP requires the dischargers to submit a monthly report to the RWQCB documenting

specific information for each aquatic pesticide treatment site. The discharger is also required to

submit a calendar-year annual report to the RWQCB by January 31 of the following year

beginning January 2003. The report shall include a summary for the previous year including

but not limited to 1 objectives of the monitoring programs.2 results and 3 interpretation

of data in relation to frequency duration and magnitude of impacts to beneficial uses.

NOTIFICATION REQUIREMENTS

To obtain coverage under this General Permit an NOI and the first annual fee $400.00 must be

submitted. A separate enrollment is required for discharges located within more than one

RWQCBs boundary as defined in Section 13200 of the California Water Code. Each

enrollment will coverall discharges occurring within the boundaries of that RWQCB. Only one

annual fee must be submitted to the SWRCB for all covered discharges from one entity.

Signing the certification on the NOI signifies that the discharger intends to comply with the

provisions of this General Permit. Dischargers are authorized to discharge upon submission of a

complete and accurate NOI application for coverage. The NOI Form A is included as

Attachment A within this General Permit package. The fully completed NOI a project map and

first annual fee constitute a complete application for coverage under this General Permit An
NOI must be signed to be valid. Dischargers who submit a valid NOl application are not

required to submit an.individual permit application.

The authorization to discharge under this General Permit is terminated upon receipt of a Notice

of Exclusion NOE or upon the adoption of either an individual or other general NPDES permit

covering-the discharge. The discharger--r-nust submit additional information-if-requested by-the

SWRCB or RWQCB. The -RWQCB may determine that a discharger submitting an NOI is not

eligible for coverage under this General Permit and may require submittal of an application for

an individual permit. Individual application formswill be provided by the appropriate RWQCB.

An NOE is a one-page notice that indicates that the proposed discharger is NOT eligible for coverage under this

General Permit and states the reason why.
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The completed NOI application. must be submitted to the following address

Larry Nash

Regulation Unit

Division of Water Quality

State Water Resources Control Board

P.O. Box 100

Sacramento CA 95812

This General Permit will expire on January31 2004.. Enrollees who are covered under this

General Permit must obtain coverage under another general permit for aquatic pesticide

applications or an individual NPDES permit.
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State Water Resources Control

Attachment A
California to Water Quality Order

Gray Davis
Environmental No. 2001-12-DWQ Governor

Protection Agency

NOTICE OF INTENT ýý
TO COMPLY WITH THE TERMS OF THE STATEWIDE GENEKALNAI ZONAL

POLLUTANT DISCHARGE ELIMINATION SYSTEM NPDES PERMIT
TO DISCHARGE AQUATIC PESTICIDES FOR DISCHARGES OF

AQUATIC PESTICIDES TO SURFACE WATERS OF THE UNITED STATES
GENERAL PERMIT NO. CAG996003

FORMA 0

1. NOTICE OF INTENT STATUS see instructions

MARK ONLY ONE ITEM 1. Q New ApgH 2. Chan a of Information for WDID

I. PESTICIDE APPLICATOR INFORMATION

Name/Agency Contact Person

Mailing Address Title

City County State Zip Phone

III. RECEIVING WATER INFORMATION

A. Do wastes and pesticide residues discharge to check all that apply

1 Q Canals Ditches or other constructed conveyance facilities owned and controlled by Applicator

2. Q Other conveyance systems - Enter owners name

3. Q Directly to waters of U.S e.g. river lake creek stream bay ocean eta

B. Regional Water Quality Control Boards where application sites are located REGION 12345678 or 9 REGION
List all regions where pesticide application is proposed.

C. Name of receiving water river lake creek stream bay ocean

IV. PESTICIDE APPLICATION INFORMATION

A. Target Organism _ __Algae Aquatic Weeds surface Aquatic Weeds submerged Mosquitoes and other Vectors

___OTHER identify

B Pesticides Used List Name and Active ingredients -

C. Period of Application. Start Date End Date

FOR OFFICE USE ONLY Date Received Date Sent To Regions
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V. VICINITY MAP AND FEE

Have you included vicinity maps with this submittal
...................................................................................................................................

Q YES Q NO

Separate vicinity maps must be submitted for each Region where a proposed discharge will occur.

Have you Included payment ofthe annual fee with this submittal .... .. . Q YES Q NO

VI. MONITORING AND REPORTING REQUIREMENTS

This permit includes a requirementtodevelop and implement an individual Pesticide Monitoring Plan or participate In Regional Pesticide Monitoring

Program. Check the applicable Box or Boxes

I will develop an individual Pesticide Monitoring Plan in accordance with the permit requirements................................................................................

I will participate in a Regional Pesticide Monitoring Program developed in accordance with the permit requirements......................................

VII. CERTIFICATION

I certify under penalty of law that- this document and all attachments were prepared under my direction and supervision in accordance with

a system designed to assure that qualified personnel properly gather and evaluate the. Information submitted. Basedon my inquiry of the

person or persons who manage the system or those persons directly responsible for gathering the information the information submitted

is to the best of my knowledge and belief true accurate and complete. I am aware that there are significant penalties for submitting false

information Includinb the possibility of fine or imprisonment. Additionally I certify that the provisions of the permit including developing and

implementing a monitoring program will be complied with.

Printed Name

Signature Date

Title

VIII. FORM A SUBMITTAL INFORMATION

A. Send the completed and signed Form A along with the annual lee and vicinity maps to

State Water Resources Control Board

Division of Water Quality

Regulations Unit

P.O. Box 100

Sacramento CA 95812-0100

J
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INSTRUCTIONS
FOR COMPLETING THE NOTICE OF INTENT TO DISCHARGE
AQUATIC PESTICIDES TO SURFACE WATERS OF THE STATE

GENERAL PERMIT

These instructions areintended to help you the discharger complete the Notice of Intent NOl form

for the general NPDES permit General Permit to Discharge Aquatic Pesticides to Surface Waters

General Permit. Please type or print clearly when completing the NOI form and vicinity maps

One NOI should be submitted by each owner/agency to cover all proposed discharges within the

boundaries of each Regional Water Quality Control Board RWQCB. If proposed discharges will

occur in more than one Region submit extra.copies of the NOI and maps for.each Region where a

discharge will occur. Only one annual fee is required for each owner/agency.

Section I -Status

Please mark whether this is the first time coverage under this General Permit has been requested or if

this is a change of information for a discharge already covered under this General Permit. If this is a

change of information please supply the eleven-digit WDID number for the discharge.

Section II -Pesticide Applicator Information

1. Name - The name first and last of the owner/operator. If the owner/operator is a company or

agency put the name of the company or agency in this space.

2. Mailing Address - The street number and street name where mail and correspondence should be

sent P.O. Box is acceptable.

3. City County State and Zip Code - The city county state and zip code that apply to the mailing

address given.

4. Telephone - Daytime telephone number of the owner/operator.

5. Contact Person -The name first and last of the contact-person for the owner/operator agency

company etc. listed above.

6. Title - The contact persons title.

Section III -Receiving Water Information

A. Check all boxes that apply. At least one box must be checked.

1. Check this box ifthe application site is a canal ditch or other constructed conveyance system

owned and controlled by the Applicator/Permittee.

2. Check this box ifthe application site is a canal ditch or other constructed conveyance system

owned and controlled by a different person or entity than the Applicator/Permittee. Clearly

print the name of the owner of the conveyance system.

3. Check this box ifthe pesticide will be applied directly to waters of the United States. Clearly

print the name of the river lake etc. where the-pesticide will be applied.

B. List all region numbers where pesticide application is proposed. Regional Water Board

boundariesare defined in Section 13200 ofthe California Water Code. The numbers for each

Region are given below.
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1- North Coast 2- San Francisco

3- Central Coast 4- Los Angeles

5- Central valley 6- Lahontan

Sacramento Fresno Redding South Lake Tahoe Victorville

7- Colorado River 8- Santa Ana

9- San Diego

C. Enter the name of the receiving water that the constructed conveyance empties into or if

applicable the name of the water body to which the pesticide is directly applied the same as in

A. 3..

Section IV.-Pesticide Application Information

A. Check the appropriate target organism. If the target organism is not listed check OTHER and list

the name or type of target organism in the space provided.

B. List the name and active ingredients of each pesticide to be used.

C. List the start and end date of proposed pesticide application

Section V- Vicinity Map and Fee

1. If you have included vicinity maps with your Form A submittal check the YES box ifyou have

not included the vicinity maps check the NO box. NOTE Vicinity maps of the proposed

pesticide application site must bexreceived.before your permit can be issued. You must submit

separate vicinity mapsfor each Regional Board service area where a discharge isproposed. If

applying for coverage under Region 5 please send in two additional copies of the required map if

applying for coverage under Region 6 please send in one additional copy of the required map.

2. Check the YES box if you have included payment of the $400 annual fee with your Form A
submittal. Check the NO box if you have not included this payment. NOTE Payment of this

fee must be received before you can obtain coverage under this General Permit. You will be

invoiced annually and payment is required to coritinue.coverage.

Section VI-Monitoring and Reporting Requirements

Monitoring and Reporting Program Section A. Monitoring Plans describes in detail the requirements

for monitoring activities to be conducted by the permittee. Check the appropriate box to indicate if

you will dtvelop an individual Pesticide Monitoring Program or if you will jointly establish and

support a Regional Pesticide Monitoring Program. You must check at least one of the boxes.

Section VII - Certification

1 Printed Name - Please print your name legibly. This section should be filled out by the person

responsible according to Section B.2.a. of the Standard Provisions Attachment C.

2. Signature and Date - Signature of person whose name is printed above and the date signed.

3. Title - The professional title of the person signing the NOI.

2
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Attachment B
to Water Quality Order

No. 2001-12-DWQ

STATE WATER RESOURCES CONTROL BOARD

MONITORING AND REPORTING PROGRAM FOR
STATEWIDE GENERAL NATIONAL POLLUTANT DISCHARGE
ELIMINATION SYSTEM NPDES PERMIT FOR DISCHARGES

OF AQUATIC PESTICIDES TO SURFACE WATERS
OF THE UNITED STATES GENERAL PERMIT

GENERAL PERMIT NO. CAG990003

A. MONITORING-PLANS Individual and Regional

Each discharger seeking coverage under this general permit shall submit a Monitoring

Plan Plan for approval by the appropriate Regional Water Quality Control Board

RWQCB and shall implement the Plan as approved. Plans shall achieve the following

goals

1. Document compliance with the requirements of the General Permit

2. Support the development implementation and effectiveness evaluation of Best

Management Procedures BMPs

3. Demonstrate the full restoration of water quality and protection of beneficial uses of

the receiving waters following completion of resource or pest management projects

4. Identify and characterize aquatic pesticide application projects projects conducted

by the discharger and

5. Assure that the Plan provides for monitoring of projects that are representative of all

pesticides and application methods used by the discharger.

BMPs include activities that. eliminate or reduce the discharge of pollutants that minimize

the areal extent and duration of impacts caused by the discharge of pollutants and that

identify and implement non-toxic or less toxic alternatives.

Dischargers must comply with the requirements of this Section either individually or by

participating in a Regional Pesticide Monitoring Programs RPMPs. Any discharger

planning to comply through an RPMP must so indicate at Section VI of the Notice of

Intent Attachment A
Each Discharger is responsible for submitting a Plan to the .appropriate RWQCBs by

March 1 2002 for approval. All Plans whether individual or RPMP must include

monitoring of at least one representative project for each pesticide identified by the

dischargers at Section IV. B. of the Notice of Intent. All Plans shall be implemented by

July 1 2002 in accordance with any modifications required by the RWQCB.
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All Plans shall incorporate the following elements except that monitoring exemptions

may be appropriate for vector control projects that use microbial larvicides thin film

larvicides and methoprene. These aquatic pesticides may represent the non-toxic or less

toxic pest control alternative with reduced or no threat to the environment. Furthermore

feasible specific quantitative test methods may not be available for these pesticides at

label application concentrations. Dischargers of these pesticides should document the

rationale for not including plan elements where appropriate

The following elements shall be included in each Plan unless exempted as described

above

1. Characterization ofrepresentative aquatic pesticide application projects including

diversity of actual pesticide use diversity in season receiving water types e.g.

canals creeks sloughs etc. climate differing rates ofpesticide applications or

concentrations project size area water volume and flow.

2. Visual assessment of existing orpotential adverse impacts on beneficial uses caused

by application of pesticides.

I

3. Water quality analyses using test procedures specified in 40 CFR Part 136 for

selected constituents and parameters to demonstrate full restoration of water quality

and protection of beneficial uses of the receiving waters following project

completion. Analyses shall include the active ingredients in the pesticides applied

and may include

a. Other constituents that have been identified that may adversely impact

beneficial uses of the receiving waters as a result of the project

b. Dissolved Oxygen

C. Temperature

d. pH
e. Turbidity

f. Hardness and other water quality parameters that may influence pesticide

persistence or toxicity and

g.
Electrical Conductivity.

4. A Quality Assurance Plan QAP to provide references standardized procedures

and quality specifications for the sampling analysis and data review procedures for

the monitoring program.

5. An evaluation of any non-toxic or less-toxicpest control methods that may provide

a practicable substitute for pesticide application. This evaluation shall include an

estimate of each alternatives costs a review of any known barriers to implementizig

the alternative and any solutions to overcoming those barriers.

2
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6. Evaluation ofthe effectiveness of representative BMPs to eliminate or reduce the

discharge of pollutants and minimize the areal extent and duration of impacts caused

by the discharge of pollutants.

B. AQUATIC PESTICIDE USE DOCUMENTATION

The discharger shallmaintain records of the following information for each treatment

site

1. The location of the treatment area address cross roads coordinates

2. The names ofthe water bodies treated canal creek lake

3. Project size the water surface area volume of water treated flow rate

4. Name formulation concentration and amount of pesticide used and

5. Documentation of activities in compliance with the General.Permit Section D.

Best Management Practices

Copies of these documentation records shall be submitted to the RW CB in monthlQ Y

Pesticide Use Reports due the 15h of the following month. Dischargers may use

Pesticide Use Report forms from DPR as part of the documentation.

C. REPORTING

All reports shall be submitted to the appropriate RWQCB Executive Officer. All reports

submitted in response to this Order must comply with the provisions stated in Standard

Provisions-and Reporting for Waste Discharge Requirements NPDES Attachment C
Section 1B Monitoring and Reporting Requirements including the signatory

requirements of Standard Provision B.2.

In addition. to the monthly submittal of the Pesticide Use Reports the discharger shall

submit a .calenda year Annual Report to the SWRCB by January 31 of the following year.

beginning January 2003. The discharger may refer to Annual Reports prepared by

applicable RPMPs. Copies of all reports prepared by RPMPs must be provided to the

SWRCB and each RWQCB The Annual Report shall contain tabular summaries of the

pesticide monitoring data obtained during the previous year in a format that satisfies the

requirements for inclusion in the Department of PesticideRegulations surface water

database. The Annual Report shall include a summary including but not limited to

1 objectives of the monitoring programs 2 results and 3 interpretation of data in

relation to frequency duration and magnitude of impacts to beneficial uses.

Sketches of sample locations chain of custody forms and other. information developed as

part of this monitoring program shall be maintained by the discharger and submitted to

the RWQCB upon request.

3
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Attachment C
to Water QualityOrder
No. 2001-12-DWQ

STATE WATER RESOURCES CONTROL BOARD SWRCB
STANDARD PROVISIONS AND REPORTING FOR

WASTE DISCHARGE REQUIREMENTS WDR FOR
STATEWIDE GENERAL NATIONAL POLLUTANT DISCHARGE
ELIMINATION SYSTEM NPDES PERMIT FOR DISCHARGES

OF AQUATIC PESTICIDES TO SURFACE WATERS
OF THE UNITED STATES GENERAL PERMIT

GENERAL PERMIT NO. CAG990003

A. General Provisions

1. Duty to Comply NO CFR 122.41 aCWC 133R11

a. The discharger must comply with all of the conditions of this permit. Any permit

noncompliance constitutes a violation of the CleanWater Act and the Porter-Cologne

Water Quality Control Act and is grounds for enforcement action for permit termination

revocation and reissuance or modification or for denial of a permit renewal application.

b. The discharger shall comply with effluent standards or prohibitions established under

Section 307a of the Clean Water Act for toxic pollutants and with standards for sewage
sludge use or disposal established under Section 405d of the Clean Water Act within the

time provided in the regulations that establish these standards or prohibitions even ifthis

permit has not been modified to incorporate the requirement.

2. Duty to Mitigate 40 CFR 122.411

a The discharger shall take all reasonable steps to minimize or prevent any discharge in

violation of this permit which has a reasonable likelihood of adversely affecting human
health or the environment.

3. Proper Operation and Maintenance. 40 CFR 122.41e

a. The discharger shall at all times properly operate and maintain all facilities and systems. of

treatment and control. and related appurtenances that are installed or used by the

discharger to achieve compliance with this permit. Proper operation and maintenance also

includes adequate laboratory controls and appropriate quality assurance procedures. This

provision requires. the. operation of backup-or. auxiliary_facilities or similar..systems which

are installed by a discharger only when necessary to achieve compliance with the

conditions of this permit.

4. Permit Actions 40 CFR 122.41fCWC 13263e 40 CFR 122.44b1

a. This permit may be modified revoked and reissued or terminated for cause. The filing of a

request by the discharger for a permit modification revocation and reissuance or
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termination or a notification ofplanned changes or anticipated noncompliance does not

stay any permit condition.

b. If any toxic effluent standard or prohibition including any schedule of compliance

specified- in such effluent standard or prohibition is promulgated under Section 307a of

the Clean. Water Act for. a toxic pollutant which is present in the discharge and that

standard or prohibition is more stringent than any limitation on the pollutant in this

permitthis permit shall be modified or revoked and reissued to conform to the toxic

effluent standard or prohibition and the discharger so notified.

5. Property Rights 40 CFR 122.41gCWC 13263g

a. This permit does not convey any property rights of any sort or any exclusive privileges.

b. All discharges of waste into water of the state are privileges not rights.

6. Duty to Provide Information 140 CFR 122.41hl

a. The discharger shall furnish the Regional Water Quality Control Board RWQCB the

SWRCBor the U.S. Environmental Protection Agency U.S. EPA within a reasonable

time any information which the RWQCB SWRCB or U.S. EPA may request to determine

compliance with this general permit. Upon request the discharger shall also furnish to the

RWQCB SWRCB or U.S..EPA copies of records required by this permit to be kept.

7. Inspection and Entry NO CFR 122.41h

a. The discharger shall allow the RWQCB SWRCB U.S. EPA and/or their authorized

representatives including an authorized contractor acting as their representative upon.the

presentation of credentials and other documents as may be required by law to

1 Enter upon the dischargers premises where a regulated facility or activity is located or

conducted or where records are kept under the conditions of this permit and

2 Inspect and photograph at reasonable times any facilities equipment including

monitoring and control equipment practices or operations regulated or required

under this permit and

3 Have access to and copy at reasonable times any records that must be kept under the

conditions of this permit and

4 Sample or monitor. at reasona_bletj.n for the purposs ofassuring permit

compliance or as otherwise authorized by the Clean Water Act or the Porter-Cologne

Water Quality Control Act any substances or parameters at any location.

2
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8. Bypass and Upset 40 CFR 122.41m 40 CFR 122.41n

a. Definitions.

1 Bypass means the intentional diversion of waste streams from any portion of a

treatment facility..

2 Severe property damage means substantial physical damage to property damage to

the treatment facilities which causes them to become inoperable or substantial and

permanent loss of natural resources which can reasonably be expected to occur in the

absence of a bypass. Severe property damage does not mean economic loss caused by

delays in production.

3 Upset means an exceptional incident in which there is unintentional and temporary

noncompliance with technology based permit effluent limitations because of factors

beyond the reasonable control of the discharger. An upset does not include

noncompliance to the extent caused by operational error improperly designed

treatment facilities inadequate treatment facilities lack of preventive maintenance or

careless-or improperoperation.

b. Prohibition of Bypass.

1 Bypass is prohibited and the RWQCB may take enforcement action against a

permittee for bypass unless

a Bypass was unavoidable to prevent loss-oflife personal injury or severe

property damage

b There were no feasible alternatives to the bypass such as the use of auxiliary

treatment facilities retention of untreated wastes or maintenance during normal

periods of equipment downtime. This condition is not satisfied if adequate

back-up equipment should have been installed in the exercise of reasonable

engineering judgement to. prevent a bypass which occurred during normal

periods of equipment downtime or preventive maintenance and

c The permittee submitted notices as required under 40 CFR 122.41 m3

c. Conditions necessary for a demonstration of upset.

1 A permittee who wishes to establish the affirmative defense of upset shall

demonstrate through properly signed contemporaneous operating logs or other

relevant evidence that

a An upset occurred and that the permittee can identify the causes of the upset

b The permitted facility was at the time being properly operated and

c The permittee submitted notice of the upset as required in 24 Hour Reporting.

3
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d The permittee complied with. any remedial measures required under

40 CFR 122.41 d
d. Burden of proof

In anyenforcement proceeding the permittee seeking to establish the occurrence of an

upset has the burden of proof.

9. Transfers 40 CFR 122.41L3 CWC 133771 40 CFR 122.61 ab
a. This permit is not transferable to any person except after notice to the RWQCB. The

RWQCB may require modification or reissuance of the permit conditions to change the

name of the discharger and incorporate such other requirements as may be necessary under

the Clean Water Act and the Porter-Cologne Water Quality Control Act.

10. Severability

a. The provisions of this Order are severable and ifany provision of this order or the.

application of any provisions of this Order to any circumstance is held invalid the

application of such provision to other circumstances and the remainder of this Order.shall

not be affected thereby.

11. Pollution. Contamination or Nuisance CWC 13050

a. Neither the treatment nor the discharge shall create a condition of pollution contamination

or nuisance.

B. Monitoring and Reporting Reauurements.
0

1. Monitoring and-Records 40 CFR 122.410 Title 23 CCR Div 3 Ch 14

a. Samples and.measurements taken for the purpose of monitoring shall be representative of

the monitored activity.

b. Records of monitoring information shall include

1 The date. exact place and time of sampling or measurements

2 The individuals who performed the sampling or measurements

3 The dimensions size and/or volume of vault

4 The duration of the discharge

5 The estimated. volume of discharge

6 The dates analyses were performed

4
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7 The-individuals who performed the analysis

8 The analytical techniques or methods used and

9 The results of.such analyses.

c. Monitoring results must be conducted according to test procedures under 40 CFR Part 136

or in the-case of sludge use or disposal approved under 40 CFR Part 136 unless otherwise

specified in 40 CFRPart 503 or unless other test procedures have been specified in-this

permit

2. Si atory Requirements 40 CFR 122-41k 40 CFR 122.221

a. All permit applications or NOIs submitted to the RWQCB SWRCB and/or U.S. EPA shall

be signed as follows

1 For a corporation by a responsible corporate officer. For the purpose of this

provision a. responsible corporate officer means a president secretary treasurer or

vice president of the corporation in charge of a principal business function or any
other person who performs similarpolicy or decision-making functions for the

corporation or the manager ofone or moremanufacturing production or operating

facilities employing. more than 250 persons or having a gross annual sales or.

expenditures exceeding $25 millionin second quarter 1980 dollars if authority to

sign documents has been assigned or delegated to the manager in accordance with

corporate procedures.

2 For a partnership or sole proprietorship by a general partner or the proprietor

respectively or

3 For a municipality State Federal or other public agency by either a principal

executive officer or ranking elected official. Forpurposes of this provision a.

principal executive officer of a. Federal agency includes the chief executive officer

having responsibility for the overall operations of a principal geographic unit of the

agency e.g. Regional Administrators of U.S EPA.

b. All reports required by this permit and other information requested by the RWQCB
SWRCB or U. S. EPA. shall be signed by a person described in paragraph a of this

provision or by a duly authorized representative of that person. A person is a duly

authorized representative only if.

1 The authorization is made in writing by a person described in paragraph a of this

provision 0

2 The authorization specified either an individual or a position having responsibility for

the overall operation of the regulated facility or activity such as the position of plant

manager operator of a well or a well field superintendent position of equivalent

responsibility or an individual orposition having overall responsibility for

5
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environmental matters for the company a duly authorized representative may thus be

either a named individual or any individual occupying a named position and

3 The written authorization is submitted to the RWQCB SWRCB or USEPA.

c. If an authorization under paragraph b of this provision is no longer accurate because a

different individual or position has responsibility for the overall operation of the facility a

new authorization satisfying the requirements of paragraph b of this provision must be

submitted to the RWQCB SWRCB or U.S. EPA priorto or-together with any reports

informationapplications or NOIs to be signed by an authorized representative.

d. Any person signing a document under paragraph a or b of this provision shall make the

following certification

I certify under penalty of law that this document and all attachments were prepared under

mydirection or supervision in accordance with a system designed to assure that qualified

personnel properly gather and evaluate the information submitted. Based on my inquiry of

the person or. persons who manage the system or those persons directly responsible for

gathering the information the.information submitted is to the best of myknowledge and

belief true accurate and-complete. I am aware that there are significant penalties for

submitting false information. including the possibility of fine and imprisonmentfor

knowing violations.

3. Monitoring Reports 40 CFR 122.411 4
a. Monitoring results shall be reported at the intervals specified in the permit

b. Monitoring results must be reported on a Discharge Monitoring Report DMR form or

forms approved by the RWQCB or SWRCB for reporting results of monitoring of

pollutants and sludge use or disposal practices.

c. Calculations for all limitations which require averaging of measurements shall utilize an

arithmetic mean unless otherwise specified. in this permit.

4. Compliance Schedules 40 CFR 122.411 5
a. Reports of compliance or noncompliance with interim and final requirements contained in

any compliance schedule of this permit shall be submitted no later than 14 days following

each schedule date.

5. Twenty-four Hour Reporting 40 CFR 122.411 6
a. The discharger shall report any noncompliance that may endanger health or the

environment. Any information shall be provided orally within 24 hours from the time the

discharger becomes aware of the circumstances. A written submission shall also be

provided within five days of the time the discharger becomes aware of the circumstances.

The written submission shall contain a description of the noncompliance and its cause the

period of noncompliance including exact dates and times and ifthe noncompliance has not

6
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been corrected the anticipated time it is expected to continue and steps taken or planned to

reduce eliminate and prevent reoccurrence of the noncompliance.

b. The following shall be included as-information that must be reported within 24 hours under

this paragraph

1 Any bypass which exceeds any effluent limitation in the permit.

2 Any upset which exceeds any effluent limitationin the permit.

3 Violation of a maximumdaily discharge limitation for any of the pollutants listed in

this permit is tobe reported within 24 hours. The RWQCB may waive the above

required written report under this provision on a case-by-case basis if an oral report
has been received within 24 hours.

6. Other Noncompliance 40 CFR 122.41 1 7
a. The discharger shall report all instances of noncompliance not reported under Provisions

B3 B.4 and 2.5 at the time monitoring reports are submitted. The
reports shall

contain the information listed in Provision B.5.

7.. Other Information 40 CFR 122.411 8
a. When the discharger becomes aware that it failed to submit any relevant facts in a permit

application or NOT or submitted incorrect information in a permit application NOI or in

any report to the.RWQCB SWRCB or U.S. EPA the discharger. shall promptly submit

such facts or information.

8. Planned Changes 40 CFR 122 41l1

a. The discharger shall give notice to the RWQCB as soon as possible of any planned physical

alterations or additions to the permitted facility. Notice is required under this provision

only when

1 The alteration or addition to a permitted facility may meet one of the criteria for

determining whether a facility is a new source in 40- CFR Part 122.29b or

2 The alteration or. addition could significantly change the nature or increase the

quantityof pollutants discharged. This nQtific4tion applies to pollutants which are

subject neither to effluent limitations in the permit nor to notification requirements

under 40 CFR Part 122.42 a 1 or

. The alteration or addition results in a significant change in the dischargers sludge use

or disposal practices and such alteration addition or change mayjustify the

application of permit conditions that are different from or absent in the existing

permit including notification of additional use or disposal sites not reported during

the permit application/NOI process or not reported pursuant to an approved land

application plan.

7

RB-AR15569



9 Anticipated Noncompliance 40 CFR 122.4112

a. The discharger shall give advance notice to the RWQCB or SWRCB of any planned

changes in the permitted facility or activity which may result in noncompliance with permit

requirements.

10. Discharge MonitoringOuality Assurance DMQA Program SWRCB/EPA 106 MOA

a. The discharger shall conduct appropriate analyses on any sample provided by-U.S.. EPA as

part of the DMQA program. The results of such analyses shall be-submitted to U.S. EPAs

DMQA manager.

C. Enforcement Provisions

1. The Clean Water Act provides that any person who violates a permit condition implementing

Sections 301 302 306 307 308 318 or 405 ofthe Clean Water Act is subject to a civil

penalty not to exceed $25000 per day ofviolation. Any person who negligently violates

permit conditions implementingSections 301 302 306 307 308 318 or 405 of the Clean

Water Act is subject to a fine of not less than $2500 nor more than$25000 per day for each

violation or by imprisonmentof not more than one year or both. Higher penalties may be

imposed for knowing violations and forrepeat offenders. The Porter-Cologne Water Quality

Control Act provides for civil and criminal penalties comparable to and in some cases greater

than those provided under theClean Water Act 40 CFR 122.41a2CWC Sections 13385

and 13387

2. The Clean Water Act provides that any person who knowingly makes any false statement

representation or certification in any record or other document submitted or required to be

maintained under this-permitincluding monitoring reports or reports of compliance or

noncompliance shall upon conviction be punished by a fine of not morethan $10000 per

violation or by imprisonmentfor not more than six months per violation or by both. 40 CFR

122-41lc 2
3. The Clean Water Act provides that any person who falsifies tampers with or knowingly

renders inaccurate any monitoring device or method required to be maintained under this

permit shall upon conviction be punished by a fine of not more than $10000 or by

imprisonmentfor not more than two years or both. Higher penalties may be imposed for

repeat offenders. 40 CFR 122.4105

8
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California Regional Water Quality Control Board ý.

Los Angeles Region C t

Over 50 Years Serving Casal Los Ands and Venture Coundes

Winston H. Hickol
Recipient of the 2001 EnviranwrnmhledetskipAwird from Keep California Beautiful

Grn Dtsi%

Set relan Spy

nroroomenrol 320 W jib Street Suite 200. Los Angeles. Ca6fomia 90013

proses n Phone 2131576.6600 FAX 213 576-WO Internet Address. blip. wnsv.suTcb.t-gorrugcb.

January 30.3002

The Los Aneeles Regional Water Quality Control Board is deeply concerned that storm water and urban

runoff pollution continues to be the single greatest threat to our water quality in the Los Angeles region.

To address this threat this Regional Board and indeed all Regional
Boards throughout the State of

Cali forn are required by federal law to issue permits to municipalities so that. over time. this source of

pollution is reduced to the maximum extent practicable. Last month the Los.Angeles Regional Board

adopted an updated permit. the third issued in Los Angeles County since 1990. that includes updated

measures intended to bring us closer to water quality that will meet our water quality standards.

Collectively we are obligated by law to have a storm water permit-that moves us forward incontrolling

this source of.pollution. Federal law makes the cities and county responsible for what is discharged from

their storm water collection system Similarly federal and state law make the Regional Board

responsible for issuing permits that protect the waters of the Los Angeles region. There is no doubt that

storm water pollution is a serious threat to our environment and economy and there is no doubt that

upstream communities contribute significantly to the level of pollutants that find their way to our

beaches. As each of you already know the Clean Beaches Programis one of our highest

environmental quality priorities.

The permit is very practical in its approach. The County of Los Angeles remains the lead Permittee and

this arrangement allows individual cinesto avoid many obligations and costs that they might otherwise

incur. The permit adopted by the Regional Board was substantially modified from its first draft issued in

April 2001.. Thteefull drafts were prepared each in turn incorporating many of the comments offered

by the cities as-well as the county who are together responsible for permit implementation. In summary

the staff of the Regional Board expended enormous effort to meet with representatives of the Permittees

over an eleven-month period culminating in twomediation sessions facilitated by the United-States

Environmental Protection Agency and many changes made to the permit that reflected the preferences
of

the Permittees.

We understand that there are two principal areas of concern that have been raised during the development

of the permit and which remain of concern. These are.

Receiving water quality and the process to be used under the permit to address a .lac of

progress in meeting water quality standards and

A provision to shift from site education visits at pollution sources to site inspections.

The former provision on receiving water language and what has come to be known as the iterative

process. is. language previously approved by the State Water Resources Control Board.. This language

has been contained iD all municipal storm water permits in California since 1999. The State Board.

shaped the language as part of a precedential decision to address the concerns of dischargers and the

environmental community and to protect water quality. Because the language. arises from a State Board

California Environmental Protection Agency
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precedential decision the Regional Board did. not have the discretion to depart from its provisions in an

significant way.

The receiving water compliance process outlined in the permit allows for each Permittee to work

cooperatively
with the Regional Board to identify additional measures. if required. to improve water

quality to meet receiving water standards. If the measures adopted do not achieve that result. further

measures can be developed. This iterative approach is intended to obtain progress over time. The

provision
is expressly intended to serve as the vehicle bywhicb the Regional Board will obtain Permittee

compliance with receiving water standards. To that end the key aspect is that -a good faith effort be

pursued by Permittees to utilize this process.

The latter provision on. inspections is a limited effort to identify and correct sources of pollution that

represent a significant threat to water quality. As contained in the permit the inspection obligation is

limited in scope and represents a minimal level of effort from that already required in the existing

educational site visit program. A number of changes in the provisions of the inspection. program were

made as a result of the mediation process. It must also be noted that the inspection provision allows a

considerable period of time to the Petmittees to complete the first round of inspections two and a half

years and significantly limits the scope of the inspection to the barest of requirements.

The storm water permit adopted by the Regional Board is a carefully crafted response to the pollution

caused by storm water and seeks to advance our efforts to control- pollution at its source while limiting

permit obligations on each city to the greatest possible degree. Yet I am deeply concerned that the story

of this permit has not been.fully communicated to each leader inour community.

Enclosed with this letter is a Question and Answer document that is intended to respond to some of the

most important points raised by those who dispute elements of this permit. Each of us has an obligation

to .fulfil our responsibilities in a reasonable manner. I believe that the Regional Board has pursued a fair

and equitable process affording everyone involved the utmost opportunity for participation and

comment. To a very great degree the comments made by Permittees were incorporated in the final

permit. Nevertheless the Regional Boards Executive Officer will in the near future be meeting with

city and county representatives to engage in a dialogue to ensure that the provisions of the permit are

clearly understood and. that any uncertainty in how elements of the permit are to be implemented.are

discussed.

In closing. I simply ask that you weigh the advantages of improved water quality with the very limited

-additional obligations that each city is asked to assume. After careful consideration it is my hope that

the distraction of appeals and potential litigation and its costs will give way to a renewed commitment to

improving the. quality of our shared environment to the benefit of our citizens today and for future

generations.

Francine Diamond

Chair
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The New Los Angeles.County

Municipal StormWater Permit

Answers to Frequently Asked Questions

About Storm Water and the Storm Water Permit

How serious is storm water pollution in the Los Angeles area

Studies-andresearch conducted by regional agencies. academic institutions. and

universities have identified storm water and urban runoff as leading sources of pollutants

to surface waters in Southern California. Water quality assessments conducted by the

Regional Board identified impairment or threatened impairmentof beneficial uses of

water bodies in the Los Angeles region. Pollutants found in storm water can. have

damaging effects on both human health and aquatic ecosystems.

Studies performed in the coastal waters of Santa Monica Bay document a clear

relationship between gastrointestinal illness in swimmers and water quality. Water

quality is compromised by polluted storm water discharges.

The Countyof Los Angeless Integrated Receiving Water Impacts Report 19442000
identified as a cause of impairments the pollutants of concern identified in municipal

storm water discharges. These include toxic pollutants such as heavy metals polycyclic

aromatic -hydrocarbons pathogens and pesticides. Large quantities of these pollutants

are carried in storm- water.

The Cityof Long Beach is inundated with hundreds of tons of trash that flow down the

Los Angeles River after storm events from upstream municipalities. The harbors of Los

Angeles and Long Beach. must contend with polluted sediments that require special and

expensive handling to keep their harbors open.

What arethe. basic provisions of the Los Angeles County storm- water permit

The Permit requires that city departments coordinate and implement best management practices

in several program areas including

Public Outreach and Education

Planning and Construction

Public Agency Activities

Business Inspections and

Illicit Connection and Illicit Flows Detection and Elimination

The purpose of these programs is to implement pollution. prevention programs that will to the

maximum extent practicable reduce the discharge of pollutants from the storm drain system to

protect receiving waters- and then beneficial uses -in short to achieve cleaner water - which

now.-is seriously polluted.
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What are the benefits of cleaner storm water

Clean water not only provides aesthetic benefits but it also helps generate jobs and

economic growth. The recreation and tourism industry is the second largest employer to

the nation-and is a particularly valuable component of the Los Angeles coastal economy.

A significant portion of recreational spending comes-from water-related- activities. such

as swimming boating. sport fishing. and hunting. Activities related to the Countys S2

billion per year tourist industry depend on the access and enjoyment of clean surface

water bodies. Each year. Americans take more than 1.8 billion trips to water destinations.

largely for recreation. spending money and creating jobs in the
process.

The commercial fish and shellfishing industry contributes to the U.S. economy. This

industry also relies on clean water to sustain the fisheries and deliver products that.are

safe to eat.

Los Angeles area depends and relics heavily on the groundwater resources to sustain its

population and economic life. Recharge of the groundwater basins uses storm runoff as a

source The proposed Los Angeles Forebay recharge project will recharge storm runoff

from the Los Angeles River into the Los Angeles Forebay to replenish the groundwater

basins. This project once completed would offset the need for imported water use for

basin replenishment and creates yet another local water resource and provides ongoing

annual savings.up to $10 million per year.
Groundwater is an important source of water

-

in southern Los Angeles County providing approximately 401/6 of the total demand.

What is the risk ofpoiuted beaches to the Los Angeles area economy

Southern Californiastourist economy depends on reliable.. high quality water. supplies

and resources. Clean beaches are a necessary element of the Southern California image

and the consequences of pollutedbeaches can be catastrophic to local beach communities

and businesses. If the perception ofSouthern Californias beaches were to develop into.a

negative stereotype the broader implications
for economic health and economic -growth

would be serious.

In recent years the economy of Huntington Beach was negatively impacted by the

consequences of polluted urban runoff. Local businesses were nearly. driven out of

business and the community has experienced just how serious the threat of poor water

quality can be the Huntington Beach experience is reviewed in greater detail later in this

report.

Does the storm water permit represent an unfunded state mandate

The permit requirements do not constitute an unfunded state mandate. The unfunded

mandate restrictions pertain to the implementation of various state. laws and not federal law.

The State Board has already considered the matter and.ruled that the State constitutional

unfunded mandate prohibition does not apply to permits issued by the Regional Boards

pursuant to the federal Clean Water Act. In Re. San Diego Unified Port District Board

Order No.WQ 90-3. and In re Bellflower et al. BoardOrder No. WQ 2000-11.
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The municipal storm water permit implements the federal Clean Water Act. As a duly
authorized entity to implement the Clean Water Act on behalf of the US EPA. the action does

not violate the California constitutional prohibition on unfunded mandates.

Nonetheless Regional Board staff carefully crafted a permit program that is both managable
and cost effective while still complying with Federal law and being protective of the

environment.

Has sufficient time been provided to develop the dry weatherflows diversion/treatment plans
required by the permit

The permit as adopted by the Regional Board extended the timeline for completion of the dry
weather flows diversion/treatment plans from six months to eighteen months in response to

requests
for the time extension from the- County Sanitation Districts of Los Angeles County and

the Coalition for Practical Regulation.

Why is an. industriaUcommercial inspection program being required

Even though we are in the third five-year permit term the active measures taken so far to

control storm water pollution have been very limited
in.scope. Storm water quality is not

improving and urbanization industrialization and population growth are contributing

ever greater pollutant
loads. To achieve improved storm water quality more effective

measures are required.

t

The.previous permit required that municipalities conduct educational site-visits at

industrial and commercial sites. In the new permit these visits are now being upgraded

to inspections that are intended to not require a substantial level of effort greater than that

required for the site education visits that have been conducted to date. Actual inspection

requirements.are very limited. For those businesses operating under the State General

Industrial Storm Water Permit the only expectation is that the inspection confirm

whether the site has filed. for a state permitand whether they have a Storm Water
Pollution Prevention Plan on site. There is no requirement for the municipalities to

conduct a detailed
analysis. of any plans.

The inspection program is based on the assumption that the Regional Board and each

municipality will work in a partnership to ensure compliance. With inspections

conducted by local governments more businesses can be quickly assessed to determine if

their site posses a disproportionate threat to water quality. The Regional Board can then

pursue those sites that are not in compliance and ensure that water quality problems are

addressed.

The need.for inspections is clear. Studies carried out by the Permittees have shown that

specific business and commercial activities-contribute significant amounts of

conventional and toxic pollutants into storm water runoff discharged to the storm sewers.

If the region is to make significant progress toward cleaning up waters impaired by storm

water runoff control of conventional and toxic pollutants from. industrialized and

commercial activities is critical. Federal regulations clearly acknowledge the

significance ofpollutants fromheavy industry and mandate that
municipalities have
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source control programs for facilities in specified industrial sectors. The sienificancc of

these industrial activities -
plus commercial activities such as automotive repair- va

underscored ina critical source identification program conducted by Los Angeles Couni%

in 1997.

Where else are similarinspection programs being implemented

Across the country numerous municipal storm water permits require implementation of programs

to control the contribution of pollutants in storm water discharges from industrial and

commercial facilities. Many jurisdictions currentlyimplement programs to control the

contribution of pollutants from industrial and commercial sites including inspections as pan of

their storm water permit. Communitiesimplementing inspection programs under a municipal

storm water permit include

Broward. Sarasotaand Palm Beach counties in Florida.

Cities of-Tulsa and Oklahoma in Oklahoma
Cities of Corpus Christi and Forth Worth in Texas

City of Seattle in Washington State

Cityof Portland in Oregon and

Santa Clara County Sacramento County and Alameda County in Northern California.

In Southern California San Diego County is in the process of developing and implementing a

business inspection program to control storm water discharge quality.

Now much will the inspectionprogram cost

In developing the inspection program the Regional Board listened. carefully to the concerns

expressed by the cities and the county and included permit language that significantly limits

the obligations of the Permittees with
respect to their obligations under the inspection

program. For example it is- expected that inspections of restaurants will be a very minor

additional task amongmany already conducted by the County and those few cities that

perform restaurant inspections.

As-noted above for. those businesses operating under the State General Industrial Storm
Water Permit the only expectation is that the inspection confirm whether the site has filed

for a state permit and whether they have a Storm Water Pollution Prevention Plan on site.

There is no requirement for the municipalities to conduct a detailed analysis of any plans.

The frequency of inspections will require only two inspections during the five year termof

the permit. For facilities covered under the State General Industrial Storm Water Permit

many cities have relatively few of these in their city limits. Combined with the limited

obligation to simply verify
the existence of a Storm Water Pollution Prevention Plan not to

evaluate its sufficiency and the limited number of inspections over five
years two

inspections it would appear that mostcities have the ability to easily comply with this

provision using existing staff resources.

The County of Los Angeles has estimated the entire financial burden for all cities and the

county to inspect the construction commercial and industrial sites covered by this permit at

$8 million over the five year permit term. This equates to S1.6 million per year and would
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represent the level of effort associated with about 20 full time staff to cover this permit

requirement over the entire county. In most cities however the level ofeffort is expected to

be covered with existing staff who simply add a few tasks to inspection activities alread.

being performed

Is the Illicit Connection Program costly and unnecessary

Studies have demonstrated that swimming in contaminated water can cause gastrointestinal

problems including nausea vomiting or diarrhea infections of the eye. ear nose or throat

and viral diseases such as hepatitis. Dry weather flows in the storm drain system are a

principal factor conveying contaminated water to our beaches. Illegal connections foster a

continuation of a serious health problem if not corrected. Reducinz the frequency of beach

closures is also one of the Governors and CaVEPAs highest priority environmental

programs.

The.Illicit Connection program is required under US EPA regulations. It provides the

framework for assessing the existence of illegal connections into the storm drain system.

Illegal connections permit untreated wastewater into the storm water system instead of the

sanitary sewer system. Because discharges fromthe storm water system is not treated. illicit

connections allow raw sewage to flow directly to the rivers bays and coastal waters of the

region.

For example the Cityof Santa Monica found an illegal cross connection on 20h

Street and. Colorado Avenue that may not have been detected if not for the

requirement in the permit. The County of Los-Angeles has also found such cross

connections or improper connections that may not have been detected were it not for

the permit requirements.

The cost of not implementing pollution prevention programs such as the illicit connection

elimination program contribute to continuated frequent beach closures. Beach closures

have the potential to severely jeopardize the Los Angeles County tourist economy.

Do the permit requirements infringe on local land-use planning

The permit places no constraints on what land uses a municipality may authorize or how a

municipality mayzone its jurisdiction.

e.
The permit requires cities to place certain conditions on projects for new and redevelopment

to reduce pollutants from the storm drain system. However these conditions do not

constitute land- use planning or-zoningby the Regional Board and they do not invade the

-fundamental municipal choice to make land use decisions and zone accordingly. The LA
County MS4 permit does not impermissibly infringe on the ability of municipalities to carry

out their land use planning authority. and responsibilities.

Are permit timeframes unrealistic

Throughout the permit renewal process Regional Board staff was responsive to comments

and worked with municipalities to develop reasonable requirements and time frames within

the framework of state and federal regulations.
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In addition to the reasonable time frames that were agreed upon early in the process. at least

eleven deadlines co tained in the third draft were extended by a further 6 months to over ono

year as a result of discussions with municipalities before the December 13. 2001 Board

Meetin

Municipalities have had more than two five-year permit terms to implement many of these

requirements and the changes made to the permit are incremental improvements. Whenever

reasonable staff did incorporate extended timelines for implementation.

What does to reduce storm water discharges to the maximum extent practicableJIEP
Standard mean

Congress created the maximum extent practicable MEP standard to allow regulators the

flexibility necessary to tailor programs to the site-specific nature of municipal storm water

discharges. Regulations. do not define what exactly constitutes the MEP. standard

In general. MEP relies on best management practices BMPs that emphasize pollution

prevention and source control i.e. the first line of defense with additional structural

controls as needed an additional line of defense.

Municipalities are required to implement technically feasible BMPs to reduce storm

water pollutants unless they can show locational impracticability or that the. costs

outweigh the- water
quality-benefits to be derived. Theremust be a serious attempt to

comply and practical solutions maynot be lightly rejected.

The permitting agency is the ultimate arbiter on whether there has been sufficient

reduction of pollutants as a result of implementation of BMPs. This authority was

upheld in a court decision by the U.S Court. of Appeals with jurisdiction over California.

Defenders of Wildlife v. Browner 90Cir. 1999.

Does the permit language put cities in violation ofreceiving water limitations immediately and

open them to third party lawsuits

The LA County municipal storm water permit incorporates language that provides for

protecting receiving waters and their beneficial uses as required by the federal Clean Water

Act. The State Water Resources Control Board has previously disapproved less-restrictive

language in municipal storm water permits. The language in the LA County municipal

permit tracks. language the State Water Resources Control Board has previously approved in

precedential decisions in 1999 and again in 2001. Other municipal permits. in the state

contain the same language and to the Regional Boards knowledge have not triggered citizen

suits as feared by some municipalities.

The receiving water language states that if storm water flows from the storm drain system

cause or contribute to continuing impairment of receiving waters municipalities must

implement control measures to eliminate the harm through the iterative implementation of

best management practices in a timelymanner. To invoke this provision either the Permittee

or the Regional Board must make a determination that water quality standards are being

exceeded before the iterative process is activated.
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The first opportunity to make such a determination will occur after the submittal of the next

Annual Report in October 2002. Assuming that a decision is made to invoke the iterative

process.. municipalities would be required to submit a corrective plan with the next Antn.ti

Report in-October 2003. and submit a progress report every alternate year after that until thc

.exceedence have been corrected.

A violation of the permit would occur when a municipality fails to engage in a good faith

effort to implement the iterative process to correct the harm. As long as the Perminee is

engaged in a good faith effort the specific language of the permit provides that the Permitee

is in compliance. As discussed at the Regional Boards July 2001 workshop andthe

December 2001 board meeting the presence ofthe iterative
process language makes clear the

Perminees mechanism for compliance with receiving water language. Even ifwater quality

does. not improve as a result of the implementation efforts there is no violation of the

permits receiving water provisionas long as a good faith effort is underway to participate in

the iterative process. The basic premise is that an incremental effort is appropriate to identify

additional best management practices. that will ultimately result in improved storm water

quality.

Did. the Regional Board discontinue the US EPAfacilitation effort despite requests for

continuation

The Regional Board Executive Officer and staff participated during November and

December 2002 in two US EPA facilitated sessions to consider and possibly revise. the

most contentious part of the permit the requirement.to inspect businesses for compliance

with local storm water ordinances.

-

Prior to the mediation session Regional Board staff committed considerable time over the

entire year to meeting with municipalities and interested parties conductingworkshops-respondingto questionsproviding updates issuing three complete drafts and making many
revisions at the request of the Permittees.

The facilitation effort was partially successful and resulted in many changes being made to a

portion of the permit the inspection program changes that many of the citieswanted.

Despite the improvements made to this portion of the permit during mediation no final

agreement was reached. on the inspection program. Many of the municipalities continued to

object to the inspection program despite the Regional Boards inclusion of many of the

specific comments made at their request..

As a result the draft permit recommended to the Regional Board included provisions for a

limited inspection program that incorporated many of the comments offered by those

participating in the mediation sessions including the City of Signal Hill the County of Los

Angeles -the City of Los Angeles. and the City of Downey.

Is the cost ofpermit implementation really $54 billion

The quoted S54 billion cost of implementation for the Los Angeles area is taken from an

analysis performed for the California Department of Transportation using assumptions that

have been challenged. These assumptions include that i1.2 inches of rainfall would have

to be captured and treated to remove all pollutants and ii to achieve this level of pollution
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reduction six treatment plants with the capacity to process 500 million gallons per day of

storm water- each would have to be constructed. The studys approach assumes a -Regional

Solution that is the opposite of the lower cost. solve the problem before it starts approach
embodied in the adopted permit. by usine best management practices. The MS4 permit dtc
not require treatment as described in the Caltrans study nor does it validate the assumptions
that are made.

The permit takes an iterative best management practices implementation approach to

protecting receiving waters and their beneficial uses try a solution. if it doesnt work. try

some additional solutions. This approach explicitly takes into consideration the costs and

appropriateness of implementation measures and places the responsibility for sound choices

with the municipalities.

The US EPA estimated in 1996 that the cost of implementation of the storm water program

for all the medium and large municipalities in the United States combined would be about

$50 billion over 20 years.

Based on self-reported cost figures provided by the City of Los Angeles and other

municipalities the total cost estimate for permit implementation countywide. is between $12

million and $145 million annually. The cost of implementation of revised provisions in the

storm water Hermit is expected to rcvreseut a modest incremental increase over current costs.

How can a city better calculate the cost of implementing a program to satisfy the requirements

of the permit

The cost of implementing the permit will vary from city to city depending on the kind of services

it already provides. The best measure of the cost ofprograms to improve storm water quality is

to survey municipalities around the nation. and in California. who have instituted a special storm

water utilityfee. In Los Angeles County the City of Los Angeles. the Cityof Long Beach

Santa Monica. Calabasas and Santa Clarita have special storm water assessments and may
provide the best estimates of the true cost of program implementation in the area.

What is the runoff diversion experience of the City ofLaguna Niguel

Dry weather flow diversions are. a method by which to mitigate or temporarily eliminate high

bacteria levels in urban runoff from flowing onto local beaches and into the surfzone where there

is human/water contact.. The storm drain water is diverted to a sanitary sewer line for treatment.

Aliso Creek drains to the City of Laguna Beach and to the beach. For several years the

Orange County-Sanitation Districts OCSD has diverted dry weather flows within Aliso

Creek to the sanitary sewer for treatment. -

A small tributary to Aliso Creek has been found to have bacteria levels that are excessive

and a violation of the San Diego Region Basin Plan for bacteria. This condition occurs

above
the.point of diversion.

The San Diego Regional Board adopted a Cleanup and Abatement Order for the OCSD to

begin an iterative process to determine the sources of the excessive bacteria counts and

mitigate the problem.
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OCSD now diverts flows farther upstream during dry weather to capture in-flows

from the tributary with high bacteria counts that drains to Aliso Creek.

During wet weather the same tributary continues to have high. bacteria counts but

the flows are not diverted. Diversion taa wastewater tretmentplant is not possible

during wet weather because of high flows.

The San Diego Regional Board through the iterative process. requires OCSD to

investigate potential source of the. high bacteria counts and eliminate the source or

sources.

What is the experience of the City ofHuntington Beach with beach closures

The beaches along Huntington Beach have been plagued by many closures the past few years

due to excessively-high bacteria levels coming from the Talbert Marsh outlet into the south end

of Huntington StateBeach. The possibility
of a single cause or multiple causes led muncipal

agencies in Orange County to spend much time and money to determine the sources of the

excessive bacteria.

Onshore pipes and groundwater were investigated as possible sources as were the

offshore sewer outfall and the storm drain system including Talbert Marsh itself.

Dry weather. diversion of the storm drain system to the. sanitary sewer as a temporary

solution measure has had immediate positive effects on coastal water quality.

High bacteria counts maypersist during during wet weather when diversions .canno take

place.

The municipalities still need to investigate the sources of the high bacteria and to reduce

or eliminate those sources.

When beaches are closed tourismsuffers and tourist dollars are spent elsewhere.

How can the public /residents in the municipalfryJ become informedand educated about the

impacts ofstorm water and how to prevent pollution

A mainstay of the storm water program in Los Angeles since 1990 has been activities to

foster public education. participation and involvement.

On-going. outreach efforts include radio public service announcements television

commercial spots literature at public service counters K- 12 educational materials flyers

and handouts at businesses which sell.pesticides or motor oils.

Residents may also.call help lines such as 1888 CLEAN LA or 1 800 974-9794 operated

respectively by the County of Los Angeles and the City of.Los Angeles. These numbers may

be used to obtain information on household hazardous waste collection sites and oil

recycling. The numbers can also be used toreport incidents of illegal dumping or illegal

discharges clogged catch basins and request information be mailed on storm water pollution

in the Los Angeles area.
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Residents may obtain information and become better educated about the impacts of storm

water pollution and prevention by visiting various web sites. To find your citys ww ebsite.

first visit the State of Californiasmain home page at w%-%%.cauov and scroll down and click

on the. City Websites button on the lower right to find your specific city in the index.

Environmental activities or environmental problem areas in your area. are posted on the

following.web site. Type in your Zip code

http//www.epa.gov/epahome/commsearch.htm

For information on what you can do to prevent storm water pollution. see

httv//www. swrep.. ca. gov/nps/Aookwhatvoucando.html

For information on water quality at the beach you want to visit. go to

http//www.healthebay.org/bayrnap/default.asp

For a location to recycle used motor oil go to

www.ciwmb. ca. gov/UsedOil/CrtCntrs.asn

More Information

ffice. of Wastc rater Manaacment http//cfpubl.epa.govinpdcs/sormwater/

U.S EPA

Office of Wastcwatcr.. Managemcnt - http//www.epa.gov/owrn/swlib.htm

Store W utcr Library

ViruiniasStormwater Management http//www.dcr.state.va.usisw/stormwat.htm

Prot m

Palm Beach County NPDES Protram http//www.pbco-npdes.com/

Mletronolitan Depanment of Public http//www.nasbyilte.org/pw/bmp_manual.btml

Work Nashville BMP Manual

Bea Management Practices for Storm

http//www.rnrsc.org/environment/water/water-andSurface Water Municipal Research s/SW-BMP.htm

Services Center. Serving Washington

Cities and Counties

Quality of Our Nations Water U.S. http/www.epa.gov/305b/

EPA

Idaho DEO - Catalog of Stormwater http//www2.state.ius/deq/water/stonnwitcr_catalo

Best Management Practices g/ehapterl 3.asp

Library of Storm. Water Resources http//wwwstormwater-resources.com/library.btm

suxmwaterQA 10
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LfD Stormater Management Program bttp//www.mde.smte.mcLus/environment%-ma tor

mwatermanual/

FluricL Siormnnawt. Froion. and hupiwww.broward.or4dniOO835.htm
ticdlimcniation C tnirol In. ccutrs

Manual

Dynamic \\atcrshed Manauemcnt hitp//www.ci.greensboro.nc.usrstorriwater-.ihdex.ht

Proicct City of Greensboro NC M

Ohio PA DSW Stortmrater Program http/www.epa.state.oh.usidswtstotm index.html

Nationni Pollutant Dis.hargtc bnp%rwww.dep.state.fl.tJSiwateristormwaternpdes i

Elimination System Florida ndex.btm

H\IP \lanual New Jersey http//www.state.nj.us/depiwatershedm_gubmpmanua

l.httn

\onPoint Source Pointers f Factsheets http//www.epa.gov/OWOW/NPS/facts/
U.S. EPA

Draft Stormwater Dcsien Manual New http//www.dec.state.ny.us/websiteldow/swmanual

York

LSGS Fact Sheets Home Pare http//water..usgs.gov/widiindexlist.html

\\ ahinuton State Stormwatcr bttp//www.ecy.wa.gov/programs/wq/stormwaterima

Technical Manual nual.html

Cityof Monterev CA - Storm. Water http//www.monterey.org/publicworks/storminfo.ht

Protmim ml

L.S. EPA Urban Storm Water BMP http//www.epa.gov/OST/stormwater/

Study

enter for \Vater.hcd Protection http//www.cwp.orgl

Seattle Public Utilities Surface Water http//www.cityofseattle.net/util/surfacewater/default

Pollution Prevention htm

Critical Source Selection and Monitoring Report County of Los Angeles Department of Public Works

September 3. 1996 in which the Principal Permittee identified high risk activities that pollutestorm

water in the County. Five of these activities -scrap metals. trucking chemical primary metal. metal

fabricating - are partly. regulated by the States General. Industrial Activities Storm Water Permit for

industrial Activities. The other activity - automotive services - is not subject to the States General

Industrial Activiti es Storm Water Permit or to USEPA Phase 1 regulations. Also through industrial

waste inspections conducted during the firstpermit term for sanitation departments several Permittees

identified two additional activities - retail gas outlets RGOs and restaurants - as high risk for storm

water pollution.

Storm Waver QA
January 29.2002
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STATE OF CA Iru
STATE WATER RESOURCES CONTROL BOARD own

In the Matter of the Petition of

NATURAL RESOURCES DEFENSE COUNCIL rý
INC.

ORDER NO. WQ 91-04
For Review of Waste Discharge
Requirements Order No. 90-079 of the
California Regional Water Quality
Control Board Los Angeles Region for
Los AngelesCounty and Co-Permittees.
NPDES Permit No. CA0061654. Our
File No. A-693.

BY THE BOARD
i

On July 18 1990 the State Water Resources Control

Board State Board received a petition from Natural Resources

Defense.Council Inc. petitioner seeking review of waste

discharge requirements which the California Regional Water

Quality Control Board Los Angeles Region Regional Board..

adopted in order No. 90-079.regulating discharges of storm water

from municipal separate storm sewers throughout tos Angeles

County.

Manyof the issues raised by the petitioner are

discussed in great detail in order No. WQ 91-03. whichwe are

also issuing today and which concerns a permit issued by the

Regional Water Quality Control Board San Francisco Bay Region

San Francisco Bay Regional Board regulating discharges ofstorm

water from municipalities in the Santa ClaraValley. Given the

similarity of these issues we will discuss most of the
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petitioners contentions in only a summary manner and will refer

to our determinations in Order No. WQ 91-03.1 In adopting that

Order we did consider the petitioners arguments and also those

of the Regional Board the dischargers and interested persons.

I. BACKGROUND

As we discussed in Order. No. WQ.91-03 over.the last

twenty years the Environmental Protection Agency EPA has

developed a program-to regulate discharges of storm water and

urban runoff through the National Pollutant Discharge Elimination

System NPDES of permits. The requirements for this program are

contained in Clean Water Act Section 402 p. In this case as in

the case of the San Francisco Bay Regional Board the Regional

Board adopted its permit regulating discharges from municipal

separate storm sewer systems prior to EPAs promulgation of

regulations implementing Section 402p.

As did the San Francisco Bay Regional Board the Los

Angeles Regional Board also proceeded to take earlier steps to

study and control storm water discharges while EPAs program

development was delayed. In 1975 the Regional Board adopted its

Water Quality Control Plan Basin Plan.2 The Basin Plan

characterized constituents commonly found in runoff and roughly

estimated runoff wasteloads through the Los Angeles River and

1 A major portion of our other Order involved discussion of Clean Water Act
Section 3041. That section does not apply here. However the discussion
concerning. the regulations which EPA adopted to implement Section 3041 ie.
40 CFR Section 122.44d is also relevant to this matter.

2 Water Quality Plan Report Santa Clara River Basin 4A and Los Angeles
River Basin 4B March 1975. The Basin Plan was approved by the State

Boardin Resolution No. 75-21.

2.
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Santa Clara River sub-basins.3 The Basin Plan also compared

local runoff data with the results of several investigations

conducted elsewhere in the nation.

The Basin Plan identified beneficial uses of the

surface waters within the region established water quality

obj.ectives to protect and enhance these uses and described a

detailed Implementation Plan-to achieve those objectives. The

beneficial uses of the surfaces waters typically include ground

water recharge replenishment contact and non-contact

recreation and wildlife habitat.4 A few creeks also support warm

and cold water habitat fish migration and-fish spawning uses.

Some reservoirs also provide municipal industrial supply and

industrial process water uses.5 Rare and endangered habitat and

agricultural supply were identified as existing beneficial uses

of several surface waters also.6 The Basin Plan listed marine..

habitat contact and non-contact recreation commercial and sport

fishing navigation and shellfish harvesting as the beneficial

uses of the Pacific Ocean.

The Basin Plan also established water quality

objectives. First it referred to several state policies for

water.quality control and statewide plans. These. include the

Water Quality Control Policy for the Enclosed.Bays and Estuaries

3 The 1975 Basin Plan divided Its region into two sub-b$sinS the Santa

Clara River Basin 14A and the Los Angeles River Basin 04B.
r

4 1975 Basin Plan Table 2-3.

5 Id.

6 Id.

3..

J
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of Calif and the Water Quality Control Plan for Ocean

Waters of California.8 The Basin Plan stated that the Ocean

Plan and the Bays and Estuaries Policies established effluent

quality requirements for certain discharges. Land runoff

however was specifically excluded from the effluent

requiremgnta.9

The receiving water quality objectives set forth in the

Basin Plan included several. general requirements and narrative

objectives. For inland surface waters enclosed bays and

estuaries in the Los Angeles River sub-basin narrative-receiving

water quality objectives were specified for tastes and odors

floating material suspended material settleable material oil

and grease sediment turbidity bacteria and several other

pollutants.10 The narrative toxicity objective required that all

waters be maintained free of toxic substances in concentrations

that are toxic to or produce detrimental physiological responses

inhuman plant animal or aquatic life.-11 The Basin Plan

7 The Bays and Estuaries Policy as this document is know was adopted on

May 16 1974.

8 The State Board first adopted this plan commonly known as the Ocean
Plan on July 6 1972. The State Board approved amendments to the Ocean Plan

on March 22 1990 by Resolution No. 90-27.

9 The 1975 Basin Plan states

This policy does not apply to wastes from vessels or land runoff

except as specifically indicated for siltation and combined server

flows. See page 1-4-S. -

10 1975 Basin Plan pages I-4-6 through 1-4-8.

11 Ibid. at page 1-4-8.

4.
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further specified limiting concentrations for inorganic

chemical constituents primarily heavy metals in waters used as

domestic and municipal supply.12 it also prescribed mean

mineral quality objectives for the Los Angeles River the San

Gabriel Riverand their tributaries.13

The Basin Plan also contained an Implementation Plan

to reduce wasteloads from various pollutant sources and their

effects on the basins waters. For urban runoff and storm water

discharges the Basin Plan indicated that the pollutants found in

runoff discharges varied considerably and exhibited a seasonal

nature. More specifically the Plan stated that the bulk.of

these. mass emissions is normally experienced in only a few days

of wet weather during the rainy season.n14 Although certain

beneficial uses such as groundwater recharge and recreational

uses may be temporarily impaired during storm flow conditions

the Basin Plan noted few traditional end-of-pipe controls

existed for runoff flows. It explained

..ther ib little if anything that canbe-doneto mitigate the effects of such runoff
except for improved air pollution control
practices improved urban housekeeping and
improved environmental levels of performance for
automotive equipment.15

12 Ibid. at page I-4-9.

13 Ibid. at Table 4-1 and pages 1-4-11 and I-4-12.

14 1975 Basin Plan Impact of Runoff Waste Loads page 11-15-94.

15 Id.S
5.
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i
Although much runoff data was included in the Basin Plan limited

-information about the significance or effects of runoff

discharges on receiving water quality existed.

The Basin Plan specified requirements and controls for

traditional point sources16 but storm water discharges were

not covered based on the difficulty of their regulation

....n practical and economical means has yet
been developed for containment and treatment of
urban runoff wastes for reduction of pollutants
prior to downstream release nor-are standards
for such measures presently in existence or
contemplated for the foreseeable future atleast
oft a widespread basis.... There are presently no
generally applicable effluent limits nor water
pollution control facilities in connection with
urban runoff that appear practical or economical.
The emphasis for water quality control from this
standpoint -should be public education public
cooperation in improved outdoor housekeeping
and continued search of solutions to the air

pollution problemsn17 Emphasis added

The Regional Board hasnot amended the portions of its

Basin Plan relating to storm water and urban runoff since 1975.

Therefore we conclude that the Basin Plan does not address

controls on such discharges except for the few practices listed

above. Clearly the effluent limitations listed for other point

sources are not meant to apply. In addition there are no

16 As was explained in Order No. WQ 91-03 throughout the years many
documents have treated storm water discharge-as a nonpoint source even though
it is lega117 a point source. This has led to some confusion in terminology.
However it is often obvious from statements in the document that decision
makers have sought to exclude storm water from requirements otherwise

applicable to point sources.

17 Ibid. at pages I-5-87 and 1-5-88.

6.
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S
numeric water quality. standards which have yet been developed.18

On April 11 1991 the State Board adopted-the Water Quality

Control Plan for Inland Surface Waters Inland Plan which is

applicable here. The Inland Plan establishes numeric water

quality objectives but allows dischargers of storm water a

maximum of ten years to achieve compliance.

As was discussed-in Order No. WQ 91-03 in. 1987 the

federal Clean Water Act was amended19 to add provisions

specifically requiring a regulatory program for storm water

discharges. Section 402 of the Clean Water Act wasamended to

add subsection 402p which establishesNPDES permit application

requirements for municipal storm water discharges and for storm

water discharges associated with industrial activities.20

Section402p includes the following requirements for

municipal discharges of storm water

Permits for discharges from municipal storm
sewers--i may be issued on a system- or

jurisdiction-wide basis ii shall include a

requirement to effectively prohibitnon-.stormwater
discharges into the storm sewers and

iiishall require controls toreduce the

discharge of pollutants to the maximum extent

practicable including management practices
control techniques and system design and
engineering methods and such other provisions as
the EPA Administrator. or the State determines

appropriate for the control of such pollutants.
Emphasis added.

18 The petitioner contends that numerical objectives conthined in the Ocean

Plan apply to discharges of storm water. We shall discuss that contention
infra.

19 The amendments are entitled Water Quality Act of 1987 -Public Law 100-4

February 4 1987.

20 Section 405p of the Water Quality Act of 1987.
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The Water Quality Act of 1987 also added Section 320 to

the Clean Water Act. This amendment created the National

Estuaries Program an effort to develop and implement

comprehensive conservation and management plans for estuaries of

national importance. In December 1987 a federal appropriations

act formally included Santa Monica Bay in EPAs National

Estuaries Program.21 The State of California-then organized the

Santa Monica Bay Restoration Project to coordinate local state

and federal activities to.develop the required plan which would

improve the condition of Santa Monica Bay. The nomination

document for this project indicated that urban runoff and storm

water discharges may contain heavy metals organic constituent

pathogens and other pollutants. that threaten or may impair the

beneficial uses.of Santa Monica Bay.22 As a part of this

project the Los Angeles Regional Board--and the numerous local

and regional governments and environmental interest groups that

also participate in the project--began a more thoroughinvesti-gationof runoff discharges to Santa Monica Bay. Because

existing runoff data was incomplete or inconsistent the Santa

Monica Bay-Restoration Project initiated detailed monitoring

studies
too identify pollutants in runoff.. flow especially

pathogens and to assess their effects on.the bay. This

monitoring work is now in progress.

21 National Estuary Program The Nomination of Santa Monica Bay
Environmental Affairs Agency May 1988.

22 Ibid. see Executive Summary. page viii and Storm Drains and Runoff
page 41.

8.
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The permit-which we are reviewing here was the result

of a cooperative effort of the Storm Water Permit Work Group

which was established to fulfill part of the objectives of the

Santa Monica Bay Restoration Project.. The Work Group assisted in

drafting the permit.

In order to implement the Basin Plan the provisions of

state law regarding adoption of waste discharge requirements23.

and the Clean Water Act provisions regarding storm water permits

the Regional Board issued a draft NPDES permit to regulate urban

runoff and storm water discharged throughout Los AngelesCounty.-The
revised draft permit designated-the County of Los Angeles as.

the Principal Permittee and 16 cities as Co-permittees the

dischargers. A workshop was held by the Regional Board onApril-231990 and a public hearing was held on June 18 1990 and on

the latter date the Regional Board adopted the NPDES permit

NPDES permit CA-0061654 Regional Board Order No. 90-079.

Subsequently the petitioner filed a timely petition for review

of theNPDES permit

II. CONTENTIONS AND FINDINGS
I

The petition raises a number of contentions which all

address whether the permit must includg numeric water quality

based effluent limitations. The petitioner argues that the Clean

Water Act requires permits regulating municipal discharges of

storm water to prescribe numeric effluent limitations for toxic

pollutants. The petitioner also contends that the permit does

23 California Water code -Section 13000 et seq.

9.
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not require controls which reduce pollutants to the maximum

extent practicable. Finally the petitioner argues that the

permit does not comply with the three-year time schedule required

in..Clean Water Act Section 402p.

A. The Need for Numeric Effluent Limitations

The petitioners arguments are based on the premise

that the dischargers municipal separatestorm sewer system

discharges pollutants toSanta Monica Bay and that these

discharges violate numeric water quality standards in the bay.

The numeric standards which the petitioner relies upon are found.

in the Ocean Plan. As we shall explain the petitioners broad

assertions vastly oversimplify the complex nature of the

dischargers flood control and drainage facilities imply that

the storm sewer system discharges only into Santa Monica Bay and

misconstrue ambient water quality criteria receiving water

quality standards and effluent limitations..

The County of Los Angeles Department of Public-Works

municipal separate -storm sewer system serves a geographic area.

greater than 4000 square miles24 and includes more than

87 overlapping local governmental jurisdictions. This system a

vast network of catchments street gutters conduits pipes and

channels that were designed for drainage and flood control

purposes collects urban runoff flows and storm water flows from

throughout Los Angeles County. The Countys Department of Public

Works and 87 cities own operate or maintain this enormous

24 See Regional Boards Response to Petitionpage 10.

10.
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municipal separate storm sewer system. More than 5000 outfalls

or point sources discharge-these runoff flows into both

constructed works and the natural streamsrivers and other

surface water bodies that comprise the Los Angeles River

hydrologic unit.

As we discussed in Order No. WQ 91-03 the specific

location at which the storm water outfall intersects receiving

watersýis where the point sourcedischarge occurs. While the

precise location of-each of the several thousand outfalls in Los.

Angeles County is understandablyomittedfrom the. record the

substantial majority of these outfalls discharge urban runoff and

storm water flows to surface waters--such as Ballona Creek

Coyote Creek and San Antonia Creek the Los Angeles River and

.
the San Gabriel River Rio Hondo and other waterbodies-throughoutthe hydrologic basin.25

Obviously not all of the dischargers 5000 municipal

separate storm sewer system outfalls actually discharge directly

to Santa Monica Bay. Although the numerous natural water courses

which receive storm water generally are ultimately tributary to

Santa Monica Bay they are the receiving waters. As such these

natural water courses cannot be considered elements of the

dischargers municipal separate storm sewer system. In fact

many of these surface waters are clearly identified in the Los

Angeles Regional Boards Basin Vlan.

25 The nomination document for the Santa Monica Bay Restoration Project
stated that over 60 storm drains empty into the Bay.

ý 11.
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O
In the Los Angeles Basin the storm sewer outfalls

generally discharge to the water courses upstream from Santa

Monica Bay. Both Santa Monica Bay and the water. courses which

receive the storm water discharges have beneficial uses.

However the uses of the streams creeks reservoirs and rivers

in the Los Angeles River Basin are not the same as the uses of

Santa Monica Bay. The upstream waters support fresh water uses.

while Santa Monica Bay sustains marine water uses.

As was described above.while the Basin Plan does

include narrative water quality objectives for the upstream

surface waters the Regional Board has. not yet developed numeric

objectives for all of the pollutants the petitioner enumerates.

Although the Inland Plan does contain numeric objectives up to

ten years is allowed for compliance.. The Ocean Plan also

includes numeric standards but these do not apply to discharges

of storm water.

The Ocean Plan states that all parts are applicable to

point source discharges to the ocean. Narratibe water quality

objectives and toxic materials limitations Table B do apply to

nonpoint sources but compliance is determined by direct

measurement in receiving waters. The petitioner. requests that

the storm water discharges be subject to Table B and also to

Table A which is meant only to apply to publicly-owned treatment

works

While on its face Table B may appear to apply to storm

water discharges it is clear from reading the Functional
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Equivalent Document26 which was adopted by the State Board at

the same time as the Ocean Plan that neither Table A nor Table B

are meant to apply to storm water discharges

The attainability analysis did not include
stormwater discharges because there are few data
available on pollutant concentrations in
stormdrains. EPAs proposed regulations for
stormwater discharges do not use water qu-
quality-based effluent limitsfor stormdrains.27

Instead an approach based on Best Management
Practices is proposed following an initial

period of characterization.

We do not propose to apply water quality-
based effluent limits such as Table B to
stormdrainsat this time.- Technology-based
standards will not be based on Table A but on
Best Management Practices. Since the-Table B

objectivesrepresent levels of pollutants that

are protective of beneficial uses they may be

applied to stormdratns at some future date. We
do not anticipate that this would occur until

adequate characterization data are available so.ý that attainability can be assessed and

implementation measures established.

Following the above statement the Functional

Equivalent-Document states that the Plan explainshow to apply

Table B objectives to nonpoint sources. From this statement it

is clear that in drafting the Ocean Plan the State Board was

viewing storm water discharges as nonpoint sources.. This

characterization is understandable. Storm water discharges

26 Functional Equivalent Document Amendment of the Water. Quality Control

Plan for Ocean Waters of California California Ocean Plan March 1990 at

pages 33 and 34.
r

27 It appears that the reference here was to numeric water quality-based
limitations since such limitations are required in Table B. As we explained
in Order No. WQ 91-03 water quality-based limitations need not always be

numeric

13.
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while ultimately flowing through a point source to receiving

waters are by nature more akinto nonpoint sources as they flow

from diffuse sources over land surfaces. This point is discussed

in the Preamble to EPAs storm water regulations

For the-purpose of national assessmentsof
water quality urban runoff was considered to be
a diffuse source or nonpoint source pollution.
From a legal standpoint however most urban
runoff is discharged through conveyances such as
separate storm sewers.-or other conveyances which
are point sources under the Clean Water Act.
55. Federal Register 47991.

Wetherefore conclude that the petitioner has

misinterpreted appropriate criteria and the applicability of

Ocean Plan provisions to storm water. There are no numeric

objectives or numeric effluent limits required at this time

i ý either in the Basin Plan or in any statewide plan that apply to

storm water discharges. This absence however will.not in any

way diminish the permits enforceability or its ability to reduce

pollutants in storm water discharges substantially. While

numeric objectives are contained in the Inland Plan these need

not be achieved for up to ten years. In addition the Plan

endorses the application of best management practices rather

than numeric limitations as a means of reducing the level of

pollutants in storm water discharges.

The permit which the Regional Board adopted is very

similar to that reviewed in Order No. WQ 91-03.- The NPDES permit

employs a two-fold strategy It effectively prohibits non-storm

14.
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water discharges and-illicit connections and it requires a

comprehensive series of regulatory governmental and educational

control measures.

As in the case of the permit issued by the San

Francisco Bay Regional Board the method by which the specific

control activities will be implementedis that the dischargers

must submit an Implementation Plan for approval by the Regional

Boards.Executive Officer and then must implement the Plan.

Thus. the permit lists-some but certainly not all of the

management practices which will be undertaken. The remaining

specific practices will be developed over atwo-year period

starting with adoption of .th NPDES permit.. In.addition theco-participantcities which have not yet been added to the permitS are also being required to select appropriate control measures.

Although the permit does not make specific reference to

violation of water quality-standards the permit will be read so

as to require the implementation of practices which will achieve

compliance with applicable standards. Such a requirement is

implicit in the issuance of an NPDES permit since that is a

minimum requirement of a permit as we discussed in Order
0

No. WQ 91-03. The requirement is also a part of the California.

Water Code. Water Code Section 13263. The permit does provide

that the Regional Board may in the future adopt numeric water

quality objectives and limitations.28

28 Permit Finding 19.

15.
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We concluded in Order No. WQ 91-03 that permits for

municipal separate storm sewer systems issued pursuant to Clean

Water Act Section 402p must contain effluent limitations based

on water quality standards. In addition the applicable water

quality standards are those established for the receiving waters

of the storm water discharges. We further concluded there that

even if such effluent limitations arb intended to require

compliance with water quality standards best management

practices constitute legally acceptable effluent limitations.

We find here as we didin Order No. WQ 91-03 that the permit

includes a comprehensive and stringent program-for reducing

pollutants in storm water discharge and that it will implement

the Basin Plan including the protection of beneficial uses.ý Wenote that the dischargers-argued in their response

that the fact that the permit was derived from a cooperative

effort prior to -the promulgation of regulations by EPA had

relevance to its enforceability. While we are-certainly pleased

that the dischargers and the Regional Board have been able to

work together in a cooperative and positive manner- the permit

which was adopted is a lawfully adopted NPDES permit and is

fully enforceable as such. The fact that it was adopted prior to

the deadline for adoption of such permits and prior to

promulgation of the regulations has no relevance to its

enforceability. The prohibitions and practices contained in the

16.
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permit must be obeyed and those prohibitions and practices must

result in compliance with any applicable water quality standards.

Just is in our review of the San Francisco Bay Regional

Boards permit we have reviewed.the appropriateness and

propriety of this permit. We find here also that the approach of

the Regional Board requiring the dischargers to implement a

program of best management practices which will reduce pollutants.

in runoff and prohibiting non-storm water discharges is

appropriate and proper. We base our conclusion on the difficulty

of establishing numeric effluent limitations which have a

rational basis.the lack of technology available to treat storm

water discharges at the end of the pipe-the huge expense such

treatment would entail and the level of pollutant reduction

.whic we anticipate from the Regional Boards regulatory program.

We feel compelled to note here our agreement with the Regional

Board that this permit does truly represent a massiveunder-taking.No other permit in the State andperhaps in thdnation

will-control the number-of outfalls in a metropolitan area as

this permit undertakes to.regulate.

B. The Maximum Extent Practicable Standard

The petitioners contend that the permit must include

specified management practices-in order tocomply with the

requirement in Clean Water Act Section 402p of reducing

pollutants in municipal-separate storm sewer discharges to the

maximum.extent practicable MEP. The petitioner states that MEP

means what can be done now must be done now. As we stated in

17.
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Order No. WQ 91-03 however we find that the Regional Boards

approach of requiring the dischargers to prepare a plan with

proposed control measures for approval by the Regional Board is

preferable to specifying all such measures in the permit. The

petitioner gives as an example a requirement for catch basin

cleaning which it claims would reduce pollutants. However- an.

effective and cost-effective storm water program requires an

analysis of. the specific area subject to regulation and should

not involve a simple listing of practices that all municipalities

must follow. As EPA stated in its Preamble to the draft storm

water regulations. -

A wide varietpof control measures to reduce
the discharge of pollutants from municipal storm
Sewer systems are currently available.The-iperformance of appropriate control measures is

highly dependent on site-specific factors. It is

therefore not practicable to define one standard
set of controls which will control all pollutants
in all municipalities. 53 Federal Register
494.5629

We also note that while we share the petitioners goal

of rapid achievement of-an effective practices program. the Clean

Water Act-does not require. implementation of all measures now

but rather has set forth a three-year time schedule for

compliance. We shall discuss this point further in the next .

section.

29 This point was also made in the preamble. to EPAs final regulations.
55. Fed. Reg. 48038. There a reference to the -legislative history of clean
Water Act Section 402p makes clear that Congress intent was not to dictate

specific practices.

S 18.
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C. Time Schedule for Compliance

The petitioner contends that the permit violates the

Clean Water Act by not requiring timely compliance with water

quality standards. We addressed this point in Order

No. WQ 91-03. Here also we find that the-permit contains

provisions requiring such compliance.

The permit includes a very aggressive and comprehensive

program of developing and implementing best management practices

over a three-year-period. The permit does require a program

aimed at compliance with applicable water quality standards and

all practices necessary to achieve such compliance must be in

place within three years of adoption of the permit. Therefore

the permit complies with the time schedule requirements of the

Clean Water Act. The permit also specifically provides that the

Regional Board may include more stringent effluent limitations

including numeric effluent limitations if necessary.

-III. CONCLUSIONS

After review of the record and consideration of the

contentions of the petitionersand for the reasons discussed

above and in Order No. WQ 9.1-03 we conclude

1. Impacts of storm water discharges on receiving.

waters and Santa Monica Bay are complicated and at this time it

would be infeasible-to establish numeric effluent limitations on

ý 19.
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discharges to storm drains in the Los Angeles River Basin which

are validly associated with impacts in Santa Monica Bay.

2. The permit adopted by the Regional Board requires

implementation of specific source control measures and

effectively prohibits discharges of non-storm water and violation

of water quality standards.

3. The provisions in the Clean Water Act regulating

municipal storm water discharges require effluent limitations and

achievement of water quality standards but the limitations may

consist ofsource control measures rather than numeric effluent

limitations.

4. It is appropriate and proper to issue a permit

regulating municipal separate storm sewer systems which requires

specific practices rather than cop.taining numeric effluent

limitations.

5. The specific control measures requested by the

petitioner should be considered by the Regional Board when

approval of the dischargers control plan is sought rather than

by this Board.

20.
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6. The permit complies with the time schedule

requirements of the Clean Water Act.

IV. ORDER

IT IS ORDERED that the petition is denied.

CERTIFyITION

.Th undersigned Administrative Assistant to the
Board does hereby certify that the foregoing is a full true
and correct copy of an order duly and regularly adopted at a
meeting of the.State Water. Resources Control Board held on
May 16 199 1.

AYE W. Don Maughan
Edwin H. Finster
Eliseo M. Samaniego
John Caffrey

NO None . r

ABSENT None

ABSTAIN None

aur March6
Admtrative Assistant to the Board
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STATE OF CALIFORNIA
STATE WATER RESOURCES CONTROL BOARD

in the Matter of the Petition of

CITIZENS FOR A BETTER ENVIRONMENT
SAVE SAN FRANCISCO BAY ASSOCIATION
AND SANTA CLARA VALLEY AUDUBON ORDER NO. WQ 91-03

SOCIETY

For Review of Waste Discharge

Requirements Order No. 90-094 of the

California Regional Water Quality
Control Board San Francisco Bay

Region. Our File No. A-695.

BY THE BOARD

On July 23 1990 the State Water Resources Control

Board State Board received a petition from Citizens for a

Better Environment Save San Francisco Bay Association and Santa

Clara Valley Audubon Society petitioners. The petition sought

review of waste discharge requirements adopted by the Regional

Water Quality Control Board San Francisco Bay Region Regional

Board in Order No. 90-094 regulating discharges of storm waterl

from municipal separate storm sewers throughout the Santa Clara

Valley. The storm drains discharge to creeks and streams which

are tributary to South San Francisco Bay South Bay.

The issues raised in the petition are complex and

concern two major federal regulatory programs--stormwater

i There are variant spellings of storm water and stormwater found in the

relevant statutes regulations and case law. We will adopt storm water
but quoted materials using stormwater will also appear in this Order.
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regulation and regulation of water bodies which do not attain

water quality standards. Given the complexity of these issues

we will review the background and requirements of these programs

and the application of these programs to municipal storm water

discharges throughout the Santa Clara Valley.

We note that the Regional Water Quality Control Board

Los Angeles Region issued a separate permit regulating storm

water discharges from municipalities in the Los Angeles area

which we have also reviewed. Order No. WQ 91-04 which is also

being issued today explores many of the same issues as this

Order. In preparing this Order we have reviewed the documents

submitted by persons interested in the Los Angeles petition.

I. BACKGROUND

A. The Need for a Storm Water Regulatory Program

Through the natural hydrologic cycle precipitation

condenses from clouds and falls on land surfaces where it

disperses in several ways. water may be temporarily captured in

the soil so plants may use and then transpire it. Rain or

snowfall may also quickly evaporate or may infiltrate the surface

soil to replenish ground water. Rain water and snow melt flow

over land areas and replenish creeks streams rivers and lakes.

But this runoff accumulates a variety of pollutants including

minerals nutrients bacteria suspended material heavy metals

and debris as it flows through the natural environment. Surface

runoff also becomes degraded as plants and animals use it.

Though gravitational flow eventually returns water to the oceana
2.
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rr
and evaporation again transforms this water on a broad scale the

accumulation of pollutants in runoff water may substantially

diminish water quality in a microcosm and thereby alter the

balance of important natural cycles.

In addition to the pollutants which accumulate in storm

water runoff pollutants also enter surface waters during dry

weather through storm drain systems. Pollutants may be

transported by wet weather flows or even by direct discharge to

the storm drains and later released to surface waters even

during times when there is no rainfall or snow melt. Examples of

these dry-weather pollutant discharges include water line

flushing landscape irrigation diverted stream flows rising

ground waters foundation drains air conditioning condensation

irrigation water springs water from crawl space pumps footing

drains lawn watering and individual residential car washing.

While there is some confusion in the terminology which

is used in the regulatory documents the former type of

discharge which occurs as a direct result of storm events is

usually referred to as storm water discharge while the latter

form of dry weather discharge is referred to as urban runoff.

Together we shall most commonly refer to the phenomenon as

storm water discharge.2 Storm water discharges may be

significant contributors of pollutants to surface waters.

2 In regulations the Environmental Protection Agency EPA adopted recently

storm water is defined as storm water runoff snow melt runoff and surface

runoff and drainage. 40 CFR Section 122.26a13. While storm water thus

includes urban runoff it must be noted that discharges which are not composed

of storm water such as illicit discharges to the municipal system from

industrial facilities are prohibited by the regulations. Thus many forms of

urban runoff may in fact be prohibited.

3.
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B. Municipal Separate Storm Sewer Systems

Municipal separate storm sewer systems essentially act

as conduits for pollutants from diffuse sources throughout the

urban environment and from discrete point sources associated with

industrial activities. The systems to which we shall refer in

this order are owned or operated by public agencies are designed

or used for collecting or conveying storm water and are not a

combined sewer.3 While separate storm sewer systems are legally

characterized as point sources within the meaning of the Clean

Water Act as discussed hereinafter the waste which they

discharge mostly originates as nonpoint diffuse waste flows from

urban development and activities including residences streets

and commercial establishments. Municipal separate storm sewer

systems are somewhat analogous to municipal sanitary sewer
r-ý

systems where those systems convey industrial wastewaters along

with domestic sewage. The sanitary sewers simply transport

industrial wastes to the treatment facility and then to the

receiving water. However storm water discharges and the

pollutants therein are also highly variable being affected

greatly by such factors as storm events land uses and receiving

water conditions and thus present even greater challenges for

their regulation and control.

3 40 CFR Section 122.26b8.

4.
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C. Early Attempts to Regulate Storm Water Discharges

In 1972 Congress adopted the Federal Water Pollution

Control Act Amendments of 19724 which created a comprehensive

program to protect surface waters. The Clean Water Act

emphasizes the control treatment and elimination of all

pollutant sources in order to protect vital uses of the nations

waters. Because scant information about runoff existed in 1972

the Clean Water Act mandated further assessment of runoff its

constituent pollutants the consequent water quality effects and

applicable control measures. Section 105 of the Act specified

that the development and application of waste management

methods to prevent reduce or eliminate pollutants from storm

water runoff would be a national priority.5

4 Public Law 92-500 86 Stat. 816 enacted October 18 1972 33 USC
Section 1151 et seq. Although characterized in the official title as
amendments the 1972 FWPCA essentially rewrote the pre-1972 Federal Water
Pollution Control Act. The 1972 amendments are commonly referred to as the
Clean Water Act and we will follow that practice. We shall use the
enumeration of clean Water Act sections rather than the comparable
United States Code designations.

5 The pertinent portions of Section 105 states

a The Administrator of the Environmental Protection Agency is
authorized to conduct in the Environmental Protection Agency and to
make grants to any state municipality or intermunicipal or
interstate agency for the purpose of assisting in the development of1 any project which will demonstrate a new or improved method of
preventing reducing and eliminating the discharge into any waters of
pollutants from sewers which carry storm water or both storm water and
pollutants....

d In carrying out the provisions of this section the Administrator
shall conduct on a priority basis an accelerated effort to develop
refine and achieve practical application of1 waste management methods applicable to point and nonpoint sources
of pollutants to eliminate the discharge of pollutants including but
not limited to elimination of runoff of pollutants and the effects of
pollutants from inplace or accumulated sources....

5.
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The Clean Water Act also included a major new

regulatory program intended to implement the Acts stated goal of

eliminating the discharge of pollutants into surface waters by

1985. Section 301 of the Act prohibits the discharge of any

pollutant to navigable waters from a point source6 unless the

discharge is authorized by a national pollutant discharge

elimination system NPDES permit. The provisions for adoption

of NPDES permits are contained in Section 402 of the Clean Water

Act.7

In 1973 EPA issued regulations which exempted certain

categories of point sources of pollution from the permit

requirements of Section 402.8 One of the categories of

discharges exempted by the 1973 regulations was separate storm

sewers-containing only storm runoff uncontaminated by any

industrial or commercial activity. In Natural Resources Defense

Council v. Costle D.C.Cir. 1977 568 F.2d 1369 the court held

6 A point source is defined in Section 50214 as any discernible
confined and discrete conveyance including but not limited to any pipe
ditch channel tunnel conduit well discrete fissure container rolling

stock concentrated animal feeding operation or vessel or other floating
craft from which pollutants are or may be discharged. It is important to

note that while the discharge of storm water to surface waters is a discharge
from a point source from a legal standpoint these discharges have often been

referred to in official documents as nonpoint discharges in recognition of

the manner in which they travel over land to the point of discharge.

7 Section 402 authorizes states to administer the NPDES program within their

boundaries. EPA has approved Californias NPDES program. Pursuant to the

provisions of the Porter-Cologne Water Quality Control Act California Water
Code Section 13000 et seq. NPDES permits are issued by the Regional Water

Quality Control Boards in California.

8 See 38 Fed. Reg. 18000 1973.
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that the Clean Water Act required NPDES permits for all

discharges of pollutants from point sources specifically

including the discharge of storm water. in that opinion9 the

court encouraged the use of general permits and alternative

permit conditions for storm water permits. It was not until

1990 after several aborted attempts that EPA finally issued

regulations for the issuance of storm water permits.9

D. Basin Planning Activities by the Regional Board

In 1975 the Regional Board adopted its Water Quality

Control Plan for the San Francisco Bay Region 1975 Basin

Plan.10 The 1975 Basin Plan broadly characterized suspected

constituents in runoff and roughly estimated pollutant mass

loadings from runoff throughout the region. These estimates

were derived from several earlier but limited runoff emission

studies. In the 1975 Basin Plan the Regional Board

acknowledged the necessity to obtain further knowledge about

storm water runoff and to undertake regulatory actions. Four

fundamental control strategies were described for urban runoff

1 Prevent contaminants from reaching urban land surfaces 2
Improve street cleaning and cleansing of other public areas

9 40 CFR Parts 122 123 and 124. See 55 Fed. Reg. 47990

November 16 1990.

10 The 1975 Basin Plan was approved by the State Board in Resolution

No. 75-28.
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3 Treat runoff prior to discharge to receiving waters and 4
New controls on land use and development.11

The 1975 Basin Plan concluded that until more

definitive research and study about runoff control strategies was

conducted the prudent regulatory path was to adopt and maintain

reasonable source control measures and comprehensive monitoring

programs. In approving the 1975 Basin Plan the State Board

stipulated that various actions in the Plan including the urban

runoff strategies constituted recommendations which the State

Board the Regional Board and other agencies should consider

further.12

The 1975 Basin Plan identified beneficial uses for

specified water bodies and listed water quality objectives to

protect such uses. Among the water quality objectives listed in

the 1975 Basin Plan was a narrative toxicity objective.13

Compliance with the narrative toxicity objective was to be

determined by bioassays. The Basin Plan further specified

limiting concentrations for inorganic chemical constituents

primarily heavy metals in waters used as domestic and municipal

supply.14

The 1975 Basin Plan did not specify numeric water

quality objectives. for the South Bay. It instead prohibited

11 1975 Basin Plan Chapter 5 Nonpoint Source Measures pages 5-39 through
5-41.

12 State Board Resolution No. 75-28.

13 The objective requires that all waters be maintained free of toxic
substances in toxic amounts. 1975 Basin Plan page 4-11.

14 1975 Basin Plan at page 4-18.

o.
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continued wastewater discharges to the South Bay with specified

exceptions to this prohibition.15 The Basin Plan also referred

to various plans and policies of the State Board including the

Water Quality Control Policy for the Enclosed Bays and Estuaries

of California.16 However the 1975 Basin Plan explicitly stated

that this policy does not apply to wastes from land runoff.17

After approval of the Basin Plan by the State Board

the beneficial uses and water quality objectives contained

therein were approved by EPA as water quality standards within

the meaning of the Clean Water Act. Thus in 1976 there were no

numeric water quality objectives for the South Bay and there was

a general prohibition against discharges thereto which did not

apply to storm water discharges.

in 1986 the Regional Board made substantial revisions

to the Basin Plan.18 The 1986 Basin Plan included numeric

objectives for specific toxic pollutants primarily heavy metals

in some of the surface waters in the Region. For surface waters

15 1975 Basin Plan pages 5-6 through 5-12 and 5-47.

16 The Bays and Estuaries Policy as this document is commonly known was

adopted on May 16 1974

17 1975 Basin Plan Bays and Estuaries Policy section at page 4-11. In the

Bays and Estuaries Policy the State Board had prohibited continued wstewater

discharges to the South Bay based on limited assimilative capacity generally
shallow depth and hydrodynamic circumstances restricting free movement and

wide dispersion.

18 The Regional Board amended the Basin Plan in Resolution No. 86-14 on

December 17 1986. This document will be referred to as 1986 Basin Plan.

The State Board approved the revisions on May 21 1987.

9.
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downstream from Carquinez Straits the Regional Board adopted

water quality objectives in Table III-2A which were to be

included in NPDES permits.

The 1986 Basin Plan reiterated the necessity ofsite-specificnumeric water quality objectives for the South Bay and

did not apply the Table III-2A objectives there. The 1986 Basin

Plan explained

The South Bay below the Dumbarton Bridge is

a unique water quality limited hydrodynamic and
biological environment which merits continued

special attention by the Board. Site specific
water quality objectives are absolutely necessary
in this area for two reasons. First its unique
hydrodynamic environment dramatically affects the
environmental fate of pollutants. Second
potentially costly nonpoint source pollution
control measures must be implemented to attain

any objectives in this area. The costs of those
measures must be factored into economic impact
considerations by the Board in adopting any
objectives for this area. Nowhere else in the

Region will nonpoint source economic
considerations have such an impact on the

attainability of objectives. Therefore for this

area the objectives contained in Tables III-2A
and III-2B will be considered guidance only and
should be used as part of the basis for site

specific objectives. Programs described in

Chapter IV will be used to develop site specific
objectives for it. Ambient conditions shall be
maintained until site specific objectives are
developed.19

The 1986 Basin Plan identified existing and potential

beneficial uses for the South Bay and its tributary surface

waters. Uses for the South Bay include industrial service

supply navigation body contact and non-contact recreation

commercial and sport fishing wildlife and rare and endangered

species habitat fish migration and spawning shellfish

19 1986 Basin Plan page 111-5.
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harvesting and estuarine habitat.20 For the numerous surface

r-ý water bodies tributary to the South Bay the beneficial uses

typically include municipal supply agricultural supply ground

water recharge body contact and non-contract recreation cold

and warm freshwater habitat wildlife habitat and fish migration

and spawning.

In order to protect beneficial uses the 1986 Basin

Plan contained a four-part implementation plan. The plan

included point source control measures nonpoint source control

measures estuarine management actions and continued planning

actions. While the plan for point sources included either

specific effluent limitations to be included in NPDES permits or

alternative limits based on site-specific water quality

objectives the plan for nonpoint sources did not-contain such

specific controls. It was noted in the 1986 Basin Plan that

wastes from diffuse sources such as agricultural operations

onsite treatment and disposal systems construction activities

urban runoff spills and dredging had not been thoroughly

investigated.21

While the 1986 Basin Plan did not call for the

immediate. regulation of storm water runoff the Plan did

20 1986 Basin Plan Table 2-1.

21 As was noted earlier while storm water runoff is legally a point source

and must be regulated as such many historical documents describe such

discharges as nonpoint sources. Regardless of. the nomenclature such

documents must be read in context. Where as here the Regional Board

distinguished between point sources and nonpoint sources including storm water

or urban runoff we must interpret its intent to exclude storm water runoff

from the rules for other point sources. In the Basin Plan it is obvious that

the Regional Board considered both storm water and urban runoff as nonpoint
sources.

11.
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summarize the findings of several local and national studies

r-ý

concerning urban and storm water runoff.22 Collectively these

studies indicated that runoff varies considerably but likely

contributes significant quantities of pollutants especially

heavy metals to the surface waters. The 1986 Basin Plan

instituted actions to identify more thoroughly local runoff

problems to evaluate existing control measures and to develop

specific additional measures. Local governmental agencies and

owners or operators of storm drain systems in the South Bay were

required to submit detailed information and to identify and

implement runoff control measures.

E. Preliminary Control Activities in the Santa Clara

Valley Storm Water System

The information required by the 1986 Basin Plan

provided some data regarding operation of the municipal separate

storm sewer system in the Santa Clara Valley. Throughout the

Valley a relatively flat region spanning approximately 700

square miles between the Santa Cruz Mountains and the Diablo

Range a complex network of storm sewers and natural drainage

courses collect and transport intermittent urban runoff and storm

waters from urban industrial residential and undeveloped areas.

The County of Santa Clara the Santa Clara Valley Water District

and 13 cities23 own operate or maintain the municipal separate

22 1986 Basin Plan pages XV--39 through TV-41.

23 The cities and towns are Campbell Cupertino Los Altos Los Altos Hills
Los Gatos Milpitas Monte Sereno Mountain View Palo Alto San Jose
Santa Clara Saratoga and Sunnyvale. They are sometimes referred to in the
record as Santa Clara Valley Nonpoint Source Agencies.

12.
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I storm sewers within the system. The collected flows are conveyed

and discharged into numerous creeks streams rivers and other

surface water bodies which comprise the Santa Clara hydrologic

unit of the San Francisco hydrologic basin and which are

ultimately tributary to the South Bay.24

In response to the 1986 Basin Plan requirements the

local agencies which discharge storm water runoff from their

storm drain systems into Santa Clara Valley drainage courses

developed an action plan to initiate a storm water runoff control

program.25 The program consisted of three principal phases 1
Dry- and wet-weather investigation and monitoring of pollutants

in runoff flows and in receiving waters 2 Identification and

evaluation of alternative pollutant control measures and 3
Development-of an implementation plan. The local agencies and

their consultants prepared and submitted reports when they

completed each phase of the program. The Implementation

Program the final phase was completed in March 1990. This

report described numerous individual and jurisdiction-wide runoff

pollutant control measures and the institutional arrangement to

implement them.

24 The eleven principal drainages or watersheds of the Santa Clara Valleys
include Calabazas Creek Coyote Creek and its tributaries Guadalupe River
and its tributaries San Tomas Aquinos Creek Saratoga Creek Sunnyvale East
drainage Sunnyvale West drainage Stevens Creek Permanente Creek
San Francisquito Creek and Adobe Matadro and Barron Creeks.

25 Santa Clara Valley Nonpoint Source Discharge Evaluation Action Plan

July 1987.
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F. Water Quality Act of 1987

1. Storm Water Provisions

In 1987 the federal Clean Water Act was amended26 to

add provisions specifically requiring a regulatory program for

storm water discharges. Section 402 of the Clean Water Act was

amended to add subsection 402p which establishes NPDES permit

application requirements for municipal storm water discharges and

for storm water discharges associated with industrial

activities.27

Section 402p1 provides that prior to October 1

1992 NPDES permits shall not be required for discharges

composed entirely of storm water. Exceptionsto this

prohibition include discharges from municipal separate storm

sewer systems serving a population of 250000 or more

Section 402p2C and where the stormwater discharge

contributes to a violation of a water quality standard or is a

significant contributor of pollutants to waters of the United

States. Section 204p2E. Regarding municipal discharges

Section 402p3B provides

Permits for discharges from municipal storm
sewers--i may be issued on a system- or jurisdiction
wide basis ii shall include a requirement to

effectively prohibit non-stormwater discharges into
the storm sewers and iii shall require controls to
reduce the discharge of pollutants to the maximum
extent practicable including management practices
control techniques and system design and

26 The amendments are entitled Water Quality Act of 1987 Public Law 100-4

February 4 1987.

27 Section 405p of the Water Quality Act of 1987.
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engineering methods and such other provisions as the

EPA Administrator or the State determines
appropriate for the control of such pollutants.
Emphasis added.

The issues raised in this petition concern the portions

of Section 402p addressing municipal discharges especially the

meaning of the requirement that municipalities must control and

reduce pollutant discharges to the maximum extent practicable.

These issues will be discussed in detail hereafter.

On December 7 1988 EPA issued draft regulations

intended to implement Section 402p. However despite the

statutory requirement that EPA promulgate regulations by

February 4 1989 the final regulations were not promulgated

until November 16 199028 after the Regional Board had issued

the permit which we are reviewing.

t 28 55 Fed. Reg. 47990.
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2. Section 3041

The Water Quality Act of 1987 also added Subsection

3041 to the Clean Water Act.29 Section 3041 generally

requires states to identify those surface waters which are

adversely affected by toxic conventional and nonconventional

pollutants. The surface waters may be included on any of three

lists which must be prepared. The list which we shall discuss

herein includes waters which are not expected to meet applicable

standards due entirely or substantially to discharges from

29 Section 308a of the Water Quality Act of 1987 added Section 30411
which states

Not later than 2 years after February 4 1987 each State shall submit to

the Administrator for review approval and implementation under this

subsection--Aa list of those waters within the State which after the application

of effluent limitations required under section 1311b2 of this title cannot

reasonably be anticipated to attain or maintain 1 water quality standards

for such waters reviewed revised or adopted in accordance with section

1313c2b of the title due to toxic pollutants or ii that water

quality which shall assure protection of public health public water supplies

agricultural and industrial uses and the protection and propagation of a

balanced population of shellfish fish and wildlife and allow recreational

activities in and on the water

B a list of all navigable waters in such State for which the State does

not expect the applicable standard under section 1313 of this title will be

achieved after the requirements of sections 1311b 1316 and 1317b of this

title are met due entirely or substantially to discharges from point sources

of any toxic pollutants listed pursuant to section 1317a of this title

C for each segment of the navigable waters included on such lists a

determination of the specific point sources discharging any such toxic

pollutant which is believed to be preventing or Impairing such water quality

and the amount of each such toxic pollutant discharged by each such source

and D for each such segment an individual control strategy which the State

determines will produce a reduction in the discharge of toxic pollutants from

point sources identified by the State under this paragraph through the

establishment of effluent limitations under section 1342 of this title and

water quality standards under section 1313c2B of this title which

reduction is sufficient in combination with existing controls on point and

nonpoint sources of pollution to achieve the applicable water quality

standard as soon as possible but not later than 3 years after the date of the

establishment of such strategy.

16.
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point sources. Section 30411B. The list is commonly

known as the B list.

Section 3041 also requires states to prepare

individual control strategies ICS to control toxic

pollutant discharges. To implement Section 3041 EPA

promulgated regulations on June 2 1989.30 The regulations

interpret an individual control strategy to mean a final NPDES

permit with supporting documentation showing that effluent limits

are consistent with an approved wasteload allocation or other

documentation which shows that the applicable water quality

standards will be met not later than three years after an

individual control strategy is established.31

The ICS or permit must reduce toxic pollutant

i discharges from identified point sources in combination with

existing controls on point and nonpoint sources of

pollutants.32 The regulations require ICSs for surface

waters on the B list i.e. for waters which do not or are not

expected to achieve applicable water quality standards due

30 54 Fed. Reg. 23896.

31 40 CFR Section 123.46c.

32. 40 CFR Section 123.46x.
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entirely or substantially to discharges from point sources of

toxic pollutants.33

On February 3 1989 the State Board sent EPA its B

list of impaired waters and contributing point sources. The

South Bay was included on this list because conditions violated

the narrative receiving water quality objective for toxicity.

Point sources which were identified as contributing to the

violation of standards included three municipal wastewater

treatment plants34 and stormdrains. Thelist identified seven

toxic pollutants cadmium copper lead mercury nickel

selenium and silver as causing the impairment.

G. Adoption of the Permit

In an attempt to fulfill the numerous requirements of

the 1986 Basin Plan amendments the provisions of state law

regarding adoption of waste discharge requirements35 the Clean

Water Act provisions regarding storm water permits and

33 40 CFR Section 130.10d. The regulations only require ICSs for those

surface waters identified on the B list. 40 CFR Section 123.46a. In a

recent court decision it was held that this interpretation was too narrow
and the regulations were remanded to EPA for reconsideration. Natural

Resources Defenses Council v. Environmental Protection Agency 9th Cir. 1990
915 F.2d 1314. The other lists required under Section 3041 are the Ai
list of surface waters not expected to attain water quality standards due to

toxic pollutants Section 30421Ai and the Aii list of surface

waters which will not attain water quality which assures protection of

public health public water supplies agricultural and industrial uses and

the protection and propagation of a balanced population of shellfish fish and

wildlife and allow recretional activities in and on the water.

Section 30411ii.

34 See our earlier order regarding these plants Order No. WQ 90-5.

35 California Water Code Section 13000 et seq.
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Section 3041 and the federal regulations regarding

Section 3041 the Regional Board issued a draft NPDES permit

for the Santa Clara Valley Nonpoint Sources Agencies the

dischargers storm water discharges throughout Santa Clara

Valley. Public hearings were held by theRegional Board on

May 16 and on June 20 1990 and on the latter date the Regional

Board adopted the NPDES permit NPDES permit CA0029718 Regional

Board Order No. 90-094. Subsequently the petitioners filed a

timely petition for review of the NPDES permit. On September 28

1990 EPA approved the permit as an ICS.36

II. CONTENTIONS AND FINDINGS

The petition raises a number of contentions which all

address whether the permit must include numeric waterquality-based
effluent limitations. The petitioners argue that both as

an NPDES permit regulating storm water discharges and as an ICS

the permit must prescribe numeric effluent limitations for toxic

pollutants specifically cadmium copper lead mercury nickel

selenium silver and toxic organic pollutants in regulated

storm water discharges.

The petitioners arguments contend that numeric

effluent limitations are required both pursuant to the legal

36 The document transmitting EPAs approval constituted EPAs final agency
action and is entitled Decision of the United States Environmental

Protection Agency on Listings under section 3041 of the Clean Water Act

Regarding the State of California. This Decision will be referred to as
3041 Decision. On page 20 EPA states EPA approves NPDES permit
CA0029718 as the individual control strategy for the South San Francisco Bay
Stormdrains. The permit requires attainment of water quality standards in
South San Francisco Bay.
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requirements for NPDES permits generally and for ICSs

specifically. The petitioners generally contend that the

dischargers are causing pollutants to enter the South Bay and to

violate water quality standards there and that the only

acceptable means to control this impact is to place numeric

limitations on the dischargers effluent. The petitioners also

contend that the permit does not comply with statutory deadlines

in the Clean Water Act. Finally the petitioners seek inclusion

of specified measures to reduce pollutants from transportation

facilities and practices.

In order to address the variousarguments made by the

petitioners we must discuss some of the factual assumptions

which the petitioners have made along with the legal

contentions. Our order of presentation-varies-somewhat-from the

petitioners but all of the major points are covered.37

A. Location of the Storm Water Discharges in the

Santa Clara Valley

The petitioners arguments are based on the premise

that the dischargers municipal separate storm sewer system

discharges pollutants to the South Bay and that these discharges

are significantly impairing its beneficial uses. The petitioners

contend that these beneficial uses are jeopardized by the failure

of the permit to contain numeric effluent limitations. As we

shall explain the petitioners broad assertions vastly

oversimplify the complex nature of the dischargers flood control

37 Any issue not specifically discussed herein is dismissed for failure to

raise substantial issues appropriate for review. 23 Calif. Code of

Regulations Section 2052a1.
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and drainage facilities imply that the storm sewer system

discharges only into the South Bay and misconstrue ambient water

quality criteria receiving water quality standards and effluent

limitations.

The storm drains are generally point sources38 which

discharge upstream from the South Bay.39 While pollutants may be

transported from the storm drains to the South Bay the process

of this transportation and the amounts of pollutants reaching the.

South Bay are unknown.

The documents and reports required by the 1986 Basin

Plan and which accompanied the permit application describe the

dischargers municipal separate storm sewer system. This system

a vast network of catchments street gutters conduits pipes and

channels collects-urban runoff flows and storm water flows from

eleven distinct watersheds and a land area greater than 700

square miles. Numerous outfalls point sources exist throughout

the entire Santa Clara Valley which discharge urban runoff and

storm water flows into nearby natural surface waters. The permit

38 The term point source is defined in the Clean Water Act as.

...an discernible confined. and discrete conveyance including but
not limited to any pipe ditch channel tunnel conduit well
discrete fissure container rolling stock concentrated animal feeding
operation or vessel or other floating craft from which pollutants
are or may be discharged... Section 50214.

39 The documents prepared by the State Board and EPA pursuant to

Section 3041 speak only vaguely of stormdrains and do not specify to which

specific stormdrains they refer. We do acknowledge that the petitioners may
have read these documents to mean that a determination had been made that

storm water discharges are known to contribute significant pollutants directly
to the South Bay. However as we will explain infra the decision to list
stormdrains as a point source on the B list was based on minimal information
and a reading of Section 3041 requiring listing under the circumstances.

r-.
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covers the dischargers entire jurisdiction. Many of the surface

waters are separately identified in the Basin Plan and water

quality standards are established as described above. The

surface waters then flow into the South Bay.

While the precise location of each outfall is not

apparent in the record and may not be known at this time the

dischargers storm sewers generally convey waste to specific

identified receiving waters other than the South Bay. The permit

contains a finding regarding the point of discharge

Discharge consists of the surface runoff
generated from various land uses in all the
hydrologic subbasins in the basin which discharge
into watercourses which in turn flow into South
San Francisco Bay.40

The natural water courses to which the storm sewers

discharge are not in themselves part of the dischargers

municipal separate stormsewer system. The EPA regulations

define the term municipal separate storm sewer as a conveyance

or system of conveyances including roads with drainage systems

municipal streets catch basins curbs gutters ditches.manmade

channels or storm drains ... r41 In the Santa Clara Valley the

storm sewer outfalls discharge to the water courses upstream

40 Permit Finding Number 3.

41 40 CFR Section 122.26b8.
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from the South Bay These water courses are themselves waters of

the United States.42

Storm water discharge which originates as a diffuse

nonpoint source flow becomes a point source addition of

pollutants at the discrete intersection of the conveyance

outfall and waters of the United States. While there may be

cases where it is difficult to distinguish waters of the United

States from the dischargers conveyance systems where the

outfall leads to a natural stream with designated beneficial uses

and water quality objectives the outfall is the point source.

The mouth of the river or creek at the South Bay is not a point

source. The dischargers storm sewer system conveys waste

though numerous point source outfalls to Santa Clara Valleys

creeks streams and rivers. Few storm sewers discharge directly

into South San Francisco Bay.

B. Conditions of the Receiving Waters

Both the South Bay and the water courses which receive

the storm water discharges have beneficial uses. However the

uses of the streams creeks and rivers in the Santa Clara Valley

are not the same as the uses of the South Bay. This point is

obvious since the upstream waters are fresh and the Bay is

42 The EPA regulations provide

Outfall means a point source as defined by 40 CFR 122.2 at the
point where a municipal separate storm sewer discharges to waters of
the United States and does not include open conveyances connecting two
municipal separate storm sewers or pipes tunnels or other

conveyances which connect segments of the same stream or other waters
of the United States and are used to convey waters of the United
States. 40 CFR Section l22.26b9.
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estuarine. The Valley surface waters are chiefly used for

municipal supply agricultural supply ground water recharge

body contact and non-contact recreation cold and warm freshwater

habitat wildlife habitat and fish migration and spawning and

in some cases for freshwater replenishment navigation and rare

and endangered species habitat.43

As described above the objectives contained in

Table III-2A of the 1986 Basin Plan are not applicable to the

South Bay.44 Even though the Basin Plan appears to state that

these objectives may apply to the Santa Clara Valley surface

waters the marine water criteria which are enumerated in

Table III-2A clearly do not. Criteria intended to protect marine

or estuarine water uses especially aquatic habitat cannot

simply be interpolated for freshwater uses such as drinking water

supply since the bases for the criteria are different.

A better reading of the 1986 Basin Plan is that EPAs

ambient fresh water criteria which are also the water quality

objectives in Table III-2B apply to the upstream water courses.

Table III-2A states that EPA fresh water criteria45 can be

applied seasonally where appropriate.r46 It appears that the

Regional Board intended that such fresh water criteria may be

43 1986 Basin Plan.

44 In Order No WQ 90-5 we recently directed the Regional Board to adopt
numeric water quality objectives for toxic pollutants in the South Bay.

45 EPAs most recent compilation of water quality criteria is the Gold
Book entitled Quality Criteria for Water 2986 EPA 440/5-86-001. These
criteria have not been adopted as rules or regulations.

46 1986 Basin Plan Table 111-2A footnote b.
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applied to such water courses as the Santa Clara Valley surface

waters. We reach this conclusion because ambient criteria for

protection of uses in freshwater are clearly more appropriate

than the estuarine or marine water criteria. The record

indicates that the water courses upstream of the South Bay may be

impaired or threatened by a variety of pollutant sources

including storm drains and nonpoint sources such as abandoned

mines. However none of the upstream water bodies was included

on the Section 3041 B list.

The petitioners argue that by including stormdrains

as contributors to impairment of the South Bay on the B list

toxic pollutants and toxicity known to be present in the

dischargers sic discharges are known to violate water quality

standards and impair uses.47 We find instead that the

decision to list storm drains as a point source on the B list was

based on the available evidence at the time and a broad reading

of the types of pollutant sources to the South Bay which should

be listed. In making the findings for the listing we stated

Our review of the data therefore
concerning the relative metals loadings from
point and nonpoint sources indicates that
impairments of water quality in the South Bay
cannot be attributed to one or the other-category
of source. Rather any regulatory strategy to
improve the water quality and protect beneficial
uses in the South Bay must take both categories
or sources into account.48

47 See Exhibit 2 to Petition page 11.

48 State Board Order No. WQ 90-5 it page 55.
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On April 11 1991 we adopted the Statewide Water

Quality Control Plans for Inland Surface Waters of California

Inland Plan and for Enclosed Bays and Estuaries of California

Bays and Estuaries Plan which include numeric water quality

objectives which will apply to the surface waters of Santa Clara

Valley and to the South Bay. The plans providefive years for

the Regional Board to determine what actions are appropriate to

ensure that storm water discharges are in compliance with the

numeric objectives. The Plans further provide All dischargers

shall be given a maximum of 1p years from the date of adoption of

this plan to come into compliance with the numerical objectives

in this plan. See March 26 1991 Draft at page A-28.

C. StormWater Discharge Characteristics

Pursuant to the 1986 Basin Plan requirements the

dischargers conducted dry- and wet-weather monitoring to

characterize urban runoff and storm water flows from the

municipal separate storm sewer system. From these

investigations cadmium chromium copper lead nickel and zinc

were found in detectable concentrations in residential

commercial and industrial land use runoff and in the Santa Clara

Valley surface waters. Arsenic mercury selenium and silver

were seldom detected.49 Further significant differences were

recorded between dry-weather and wet-weather stream

concentrations and runoff pollutant concentrations varied

49 Santa Clara Valley Nonpoint Source Study Volume I Loads Assessment

Report.
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considerably between storms and between locations. The evidence

suggests that storm water and urban runoff transport heavy metals

which are then deposited with sediments. in the Santa Clara Valley

creeks and streams. The physical aspects of runoff that is the

erosion and scour of these sediments in the receiving waters

resuspends pollutants during storm events. Wet weather flow in

the natural water courses likely transports resuspended

pollutants to the South Bay.

In comparing storm water runoff and receiving water

concentrations to EPAs criteria heavy metals concentrations

were typically less than the chronic toxicity criteria duringdry-weather
periods. Copper and to a lesser extent zinc lead and

cadmium exceeded the acute toxicity criteria values duringwet-weather.
Laboratory tests were also performed to study toxicity

using undiluted static-renewal effluent samples for both dry-and

wet-weather periods. The dry-weather test results were

inconsistent and inconclusive. In the dischargers wet-weather

laboratory samples approximately .7 percent of these samples

significantly affected Ceriodaphnia test. organisms. Even though

a few heavy metals did exceed acute toxicity criteria in the same

samples the lethal effects could not be definitively correlated

to the presence of particular heavy metals alone. Test results

suggest the presence of other unmeasured chemical agents or

factors.

The results of the characterization studies indicate

that the nature and effects of storm water discharges are
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complicated. While we are concerned about the effects of the

dischargers storm water discharges on aquatic life and other

beneficial uses we also note that the various point sources and

nonpoint sources affect these uses in a complicated andlittle-understood
fashion. In attempting to solve the problems of the

South Bay we must ensure that the Regional Board uses its

authority to control both point and nonpoint sources in the most

effective manner possible.

D. The Regional Boards Pollution Control Strategy

As we have discussed above the dischargers municipal

separate storm sewer system generally discharges waste into

numerous receiving waters and not directly into the South Bay.

The characterization studies which have been performed do suggest

that potential threats exist and-warrant appropriate control.

Following the requirements of the 1986 Basin Plan and Clean Water

Act Section 402p the Regional Board adopted the NPDES permit

as an initial element of its storm water control strategy for

protecting the surface waters of the Santa Clara Valley.

The NPDES permit employs a two-fold strategy it

prohibits non-storm water discharges and illicit connections and

it requires a comprehensive series of regulatory governmental

and educational control measures. The first element effectively

prohibits unpermitted industrial discharges into the storm sewer
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system and should also prohibit most dry-weather urban runoff

discharges.50

The second element prescribes area-wide andcommunity-specificsource reduction hydraulic and treatment-based control

measures. For example some of the regulatory measures include

local ordinances to prohibit litter and hazardous waste disposal

regulations governing oil and grease disposal provisions for

construction site drainage and increased use of permeable

landscaping and surfaces. Public agency control measures include

intensified street sweeping bimonthly community cleanup days

illegal dumping investigations and detention and infiltration

projects. As -potential contaminants in storm sewer flows

substantially originate from human activities the permit

. requires extensive educational and outreach programs geared

toward residents and small businesses.

The method by which the specific control activities

will be implemented is that the dischargers must submit a

Management Plan for approval by the Regional Board and then must

implement the Plan. Thus the permit lists some but not all of

the management practices which will be undertaken. The

dischargers have already identified a list of practices from

which the individual entities will select. The specific

50 Illicit discharge is defined in EPAs regulation as any discharge to a

municipal separate storm sewer that is not composed entirely of storm water.

except discharges pursuant to a NPDES permit other than the NPDES permit for
dischages from the municipal separate storm sewer and discharges resulting
from fire fighting activities. 40 CFR Section 122.26b2. While this
regulation was adopted subsequent to issuance of the permit it is assumed
that this definition will apply.
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practices will be selected over a two-year period starting with

adoption of the NPDES permit.

In addition to the basin-wide and community-specific

best management practices required by the permit and the

prohibitions against discharging non-storm water the permit also

prohibits discharges of storm water which cause or contribute to

violation of receiving water limitations. The receiving water

limitations disallow the creation of conditions of pollution or

nuisance in the receiving waters. In addition the discharge may

not cause a violation of any applicable water quality objective

for receiving waters.51

The permit does not include specific numeric effluent

limitations which would be measured at the outfalls. This

ýýý omission is the crux of the petitioners complaints.

E. Legal Requirements of Clean Water Act Sections 301

and 402p

The petitioners contend that the Clean Water Act and

regulations and court decisions interpreting the Act require the

inclusion of numeric effluent limitations in NPDES permits for

the discharge of storm water from a municipal separate storm

sewer system. We have reviewed these authorities and also

opinions we have received from EPA and conclude that numeric

effluent limitations are not legally required. Further we have

determined that the program of prohibitions source control

51 Permit Receiving Water Limitation B.2.
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measures and best management practices set forth in the permit

constitutes effluent limitations as required by law.

First and foremost the petitioners contend that by

virtue of the absence of numeric effluent limitations the permit

contains no effluent limitations or water quality-based

effluent limitations.52 The petitioners assert that effluent

limitations can only be numeric concentration values.for

individual constituents. Our review of the relevant law reveals

that the permits scheme of prohibitions source control measures

and best management practices constitutes valid effluent

limitations consistent with requirements of maximum extent

practicable controls and water quality standards.

Before we address the acceptability of practices as

effluent limitations we shall review the mandate-contained-in

the Clean Water Act that NPDES permits in general must contain

effluent limitations and we shall decide whether that mandate

applies to permits regulating municipal discharges of storm water

in particular.

Section 301 of the Clean Water Act prohibits the

discharge of any pollutant53 unless pursuant to a NPDES permit

52 Indeed even among Regional Board staff and the dischargers there appeared
to be confusion regarding the term effluent limitation. See e.g.
transcript from May 16 2990 Regional Board hearing at page 11. All parties
to the permit appeared to be under the impression that the permit did not
contain effluent limitations. As we will explain however our determination

that best management practices may constitute effluent limitations is

certainly not novel.

53 Discharge of a pollutant is defined to include any addition of any
pollutant to navigable waters from any point source. Clean Water Act Section

50212.
r-.

31.

RB-AR15638



or other method in compliance with the Act. Section 301b

further requires point sources to be in compliance with effluent

limitations which require the application of best practicable

control technology currently available and which are necessary

to meet water quality standards established under state law by

July 1 1977.54 Section 301 also requires compliance with any

more stringent effluent limitations which are necessary to

protect water quality standards. The former effluent limitations.

are generally referred to as technology-based while the latter

are referred to as water quality-based.

Thus the general rule in Section 301 is that point

sources must comply with effluent limitations. These effluent

limitations are contained in NPDES permits for which standards

are set out in Clean Water Act Section 402. Section 402a1
provides that permits may-allow the.discharge of pollutants so

long as the permit requires compliance with applicable

requirements including Section 301.

Subsection p was added to Section 402 in order to

clarify the specific requirements relating to discharges of storm

water. Section 402p3 specifies the permit requirements for

industrial and municipal discharges

A Permits for discharges associated with
industrial activity shall meet all applicable
provisions of this section and section 1311

Section 301 of this title.B Permits for discharges from municipal
storm

sewers--54
For certain pollutants effluent limitations which require best available

technology economically achievable must be met by March 31 1989. As will be

explained infra the deadlines contained in Section 301b are clearly not

applicable to municipal dischargers of storm water.
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11i may be issued on a system-or
jurisdiction-wide basisii shall include a requirement to

effectively prohibit non-stormwater discharges
into the storm sewers and

iiishall require controls to reduce the

discharge of pollutants to the maximum extent
practicable including management practices
control techniques and system design and.

engineering methods and such other provisions as
the Administrator or the State determines
appropriate for the control of such pollutants.55

While the permit requirements for industrial

discharges require compliance with all applicable provisions of

Section 402 and with Section 301 Section 402p3B is

ambiguous as to whether municipal storm water discharges must

comply with these general requirements including effluent

limitations. The requirements specified for municipal

discharges are only a prohibition against non-storm water

discharges and controls to reduce the discharge of pollutants

to the maximum extent practicable.56 Thus the first issue

which arises is whether the requirements of Section 301 and of

Section 402 other than subsection 402p apply to municipal

storm water discharges.

The petitioners claim that Section 402p requires the

inclusion of effluent limitations in permits and specifically

effluent limitations necessary to meet water quality standards.

55 It is clear that the time limitations in Seccion 301 do not apply to either

type of discharge. Industrial and large municipal discharges are given three

years after issuance to comply with permit terms. Section 402p4A.

56 The third provision in the municipal requirements.issuance on a system- or

jurisdiction-wide basis is couched in permissive rather than mandatory terms.
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The dischargers along with many interested municipalities

throughout the State claim that the only standards which they

must meet are the reduction of pollutants to the maximum extent

practicable MEP and the prohibition against non-storm water

discharges.

In reviewing the terms of Section 402p we find that

the meaning of the statute on its face is not clear. On the one

hand there is nothing in Section 402p which states that the

general provisions of Sections 301 and 402 do not apply to

municipal storm water discharges. This would lead us to conclude

that these general provisions do apply. On the other hand the

subsection applying to industrial discharges specifies that those

general provisions apply while the subsection referring to

municipal storm water discharges is silent on this point.

Because the meaning of the statute is ambiguous we will look to

other sources to determine the legislative intent.57

The legislative history is generally silent on the

meaning of the MEP standard and the distinction between

industrial and municipal discharges.58 However we have obtained

an interpretation from EPA and that interpretation must be

accepted as a valid interpretation of the federal law unless

57 See Cal. Jur. III Vol. 58 Statutes page 453.

58 2987 U.S. Code Cong. and Adm. News pages 38-39. Senator Durenberger is

quoted as saying that MEP includes such controls as management practices
control techniques and systems and design and engineering methods.
Volume 132 No. 143 Congressional Record S16443 October 16 1986.
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it is manifestly unreasonable. National Wildlife Federation v.

r-ý
Gorsuch D.C. Cir. 1982 693 F.2d 156. In a memorandum from its

Assistant Administrator and General Counsel59 EPA proceeds to

consider two plausible interpretations 1 Congress intended to

waive all Section 301 requirements for municipal discharges in

favor of the MEP standard or 2 the MEP statutory requirement

modified only the technology-based requirements contained in

Section 301 and left in place the need for water quality-based

requirements even if those requirements would be more stringent

than MEP. EPA concluded by adopting the latter interpretation.

EPA gave two reasons for its conclusion that municipal

storm water discharges do not need to meet technology-based

standards contained in Section 301 but that they must meet water

quality-based standards. First a contrary reading would require

the conclusion that Congress implicitly repealed Section 301 as

applied to these discharges. Such a conclusion would generally

be disfavored by courts. Second such a reading would interpret

the Water Quality Act of 1987 as weakening the standards of the

Clean Water Act whereas the available legislative history

indicates a desire to strengthen its provisions.

In reviewing EPAs interpretation we cannot conclude

that it is wholly unreasonable. Further we have an interest as

a state agency in supporting thisrationale. It is thestate-adoptedwater quality standards which EPA claims must be met by

provisions of the permit. We must conclude that it is in the

59 Memorandum from E. Donald Elliot to Nancy J. Marvel Regional Counsel EPA
Region IX regarding Compliance with Water Quality Standards in NPDES Permits
issued to Municipal Separate Storm Sewer Systems dated January 9 1991.
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interest of the State to be able to enforce its standards in the

provisions of NPDES permits. See Clean Water Act Section 510.

Further since the State has the authority to adopt the water

quality standards we believe that we can incorporate into these

standards the necessary flexibility to allow realistic

opportunity for compliance.60 we have used this flexibility in

our recently-adopted Inland Plan and Bays and Estuaries Plan.

These provide ten years for storm water dischargers to come into

compliance with numeric water quality objectives. In addition

the Plans emphasize source reduction of toxic pollutants and

development of best management practices before costlyend-of-the-pipetreatment is required. See California Inland Surface

Waters Plan at page A-24.

We therefore conclude that permits for municipal

separate storm sewer systems issued pursuant to Clean Water Act

Section 402p must contain effluent limitations based on water

quality standards. As we discussed earlier the applicable water

quality standards in this matter are those established for the

creeks and streams which are predominantly the receiving waters

of the storm water discharges. These standards appear generally

to be EPAs fresh water criteria. The Inland Plan also contains

applicable water quality objectives which will be submitted to

EPA for approval as water quality standards. Dischargers of

storm water are given a maximum of ten years to come into

60 The Regional Board adopts water quality objectives pursuant to its

authority in Water Code Section 13240 and following. This Board may also

pp
adopt water quality objectives pursuant to Water Code Section 13170.
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complaince with the numeric objectives-contained in the Inland

Plan. We will now consider whether best management practices

constitute acceptable effluent limitations or whether numeric

effluent limitations based on numeric water quality standards are

required.61

While the petitioners have correctly pointed to the

absence of numeric effluent limitations the permit prohibitsnon-stormwater discharges and includes receiving water limitations

and a requirement that the discharge not cause the violation of

any water quality objectives. The permit does therefore require

compliance with water quality standards. The major issue is

whether numeric effluent limitations are also required.

As we stated above the Regional Board and the

I dischargers assumed that the permit did not include effluent

limitations. However in its response to the petition Region IX

of EPA concludes that effluent limitations need not be numeric

and may instead constitute any measures to reduce pollutants in

the discharge including best management practices.62 This

response is also consistent with EPAs 3041 Decision in which

61 A point which is not directly at issue here is what sort of effluent
limitations are required to meet the MEP standard set forth in Section 402p.
While the question of what actions are required to achieve MEP may indeed be a

source of substantial controversy it is clear that the inclusion of best

management practices in a permit rather than numeric effluent limitations is
an acceptable means of complying with the MEP requirement. See Vol. 132
Congressional Record S16443 October 16 1986.

62 See letter from Harry Seraydarian Director Water Management Division to
Elizabeth Miller Jennings Senior Staff Counsel State Water Resources Control

Board dated October 24 1990.
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it approved the permit as an ICS pursuant to Clean Water Act

Section 3041. Because EPA undertook a final action in the

3041 Decision approving the permit with best management

practices rather than numeric effluent limitations we assume

that EPAs formal agency position is that expressed in the

response from Region IX. Therefore we shall follow this

interpretation unless it is manifestly incorrect.

The statutory definition of effluent limitation is

broad and supports EPAs contention that a numeric limit is not

required

The term effluent limitation means any
restriction established by a State or the
Administrator on quantities rates and
concentrations of chemical physical biological
and other constituents which are discharged from
point sources into navigable water the waters of
the contiguous zone or the ocean including
schedules of compliance. Clean Water Act
Section 50211.

The definition of effluent limitation contained in

EPAs regulations is similarly broad

Effluent limitation means any restriction
imposed by the Director or a State on
quantities discharge rates and concentrations
of pollutants which are discharged from
point sources into waters of the United
States the waters of the continguous zone or
the ocean. 40 CFR Section 122.2.

In a decision by a federal court of appeals the court

stated that it did not agree with the premise that effluent

limitations must be articulated in terms of a numeric effluent

standard. Natural Resources Defense Council v. Costle D.C.

Cir. 1977 568 F.2d 1369. Rather the court stated that
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Section 402 gives EPA considerable flexibility in framing the

permit to achieve a desired reduction in pollutant discharges.

The permit may proscribe industry practices that aggravate the

problem of point source pollution. 586 F.2d at 1380. Emphasis

added. Costle concerned whether specific discharges including

storm water must be regulated by NPDES permits. EPA had assumed

that numeric effluent limitations were required and argued that

these would be infeasible. Instead the court clarified that

specific practices could be required especially in cases such as

storm water regulations where numeric permit limitations would

be difficult to enforce.

Following the Costle case and several attempts by EPA

to establish a regulatory program for storm water permits the

Clean Water Act was amendedto incorporate Subsection 402p.

Given this background in the development of storm water

regulations it appears reasonable to assume that in adopting

subsection 402p Congress intended to allow EPA to regulate

practices as suggested by the court.

In a more recent decision by the Ninth Circuit court of

appeals it was held that numeric .technology-base effluent

limitations may not always be appropriate and that EPA must

include in permits it adopts whatever effluent limitations are

necessary to achieve state water quality standards. Trustees for

Alaska v. Environmental Protection Agency 9th Cir. 1984 749

F.2d 549. Section 302 of the Clean Water Act describes the use

of effluent limitations to protect beneficial uses of water where
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the application of technology-based standards is inadequate.63

This section states that water quality-based effluent limitations

may include alternative effluent control strategies. Clean

Water Act Section 302a. Plainly the term alternative

effluent control strategies encompasses the types of control

measures prescribed in the NPDES permit.64 Costle supra at

note 21.

Finally EPAs storm water regulations while not

specifically addressing the contents of municipal permits

clearly emphasize a best management practices approach. The

information which municipalities must submit in their

applications concerns establishment of a control program with

specific structural and non-structural controls. There is.

nothing in the-storm water regulations which would indicate an

approach which mandates numeric effluent limitations.

63 Section 302a provides

Whenever in the judgment of the Administrator or as identified under
section 3041 of this title discharges of pollutants from a point
source or group of point sources with the application of effluent
limitations required under section 301b2 of this title would
interfere with the attainment or maintenance of that water quality in
a specific portion of the navigable waters which shall assure

protection of public health public water supplies agricultural and
industrial uses and the protection and propagation of a balanced

population of shellfish fish and wildlife and allow recreational
activities in and on the water effluent limitation including
alternative effluent control strategies for such point source or
sources shall be established which can reasonably be expected to
contribute to the attainment or maintenance of such water quality.
Emphasis added.

64 EPA has also adopted regulations regarding the establishment of water
quality-based effluent limitations. These regulations are discussed in the

next section.
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In conclusion we agree with EPA that Sections 301 and

402 must be read to require municipal storm water discharges to

meet MEP and also to achieve compliance with water quality

standards. The most reasonable way of blending these two

sections together is to write permits which seek implementation

of water quality standards through the controls which constitute

MEP. In other words Section 402p should be read to require

permits to include actions which constitute MEP for the first

three years and then an evaluation of further actions which must

be taken if water quality standards are not protected. We do not

believe this reading is inconsistent with EPAs requirement that

standards be met within three years since MEP will be the most

effective method of achieving reductions in pollutants contained

in storm water as discussed below. Region IX of EPA expressed

this policy well in their response to the petition

Region 9 believes that it would be premature
for a municipal storm water permit to include
numerical effluent limitations. Storm drains
raise unique problems and differ from other types
of point source discharges in that only limited
information is currently available concerning the

sources and loadings of the pollutants and the
effectiveness of many of the control measures.
While NPDES permits have been issued since the
mid-1970s for industrial dischargers and POTWs
permitting of municipal storm drains is still in
its infancy and additional information is

necessary to determine the best means for

achieving compliance with water quality
standards.

As a final point we note that the provisions contained

in the permit also comply with the state law requirements for
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adoption of waste discharge requirements. Water Code Section

13263 provides that requirements

...shal implement relevant water quality
control plans if any have been adopted and
shall take into consideration the beneficial uses
to be protected and the water quality
objectives reasonably required for that
purpose....

We find that the permit includes a comprehensive and stringent

program for reducing pollutants in storm water discharge and

that it will implement the Basin Plan including the protection

of beneficial uses.

F. Legal Requirements of Clean Water Act

Section 304.1

The NPDES permit was issued pursuant to both Clean

Water Act Sections 402p and 3041. Thus the permit must be

adequate not only as a NPDES permit regulating storm water under

Section 402p but it must also meet the requirements of

Section 3041 and the regulations adopted thereunder.65

Section 304l1B required this Board to compile a

list of surface waters for which we do notexpect water quality

standards will be achieved after requirements of Section 301 and

other applicable sections are met due entirely or substantially

to discharges from point sources of specified toxic pollutants.

In addition for each segment of waters included on the B list

we were required to determine the specific point sources

65 The Section 3041 regulations concerning water quality-based effluent

limitations which we shall discuss in this section are applicable whenever

permits must require compliance with water quality standards and not just
where Section 3041 is applicable. Therefore these regulations would also
have to be satisfied even if these storm drains had not appeared on the 3041
B list.
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F. Legal Requirements of Clean Water Act

Section 3041

The NPDES permit was issued pursuant to both Clean

Water Act Sections 402p and 3041. Thus the permit must be

adequate not only as a NPDES permit regulating storm water under

Section 402p but it must also meet the requirements of

Section 3041 and the regulations adopted thereunder.65

Section 30411B required this Board to compile a

list of surface waters.for which we do not expect water quality

standards will be achieved after requirements of Section 301 and

other applicable sections are met due entirely or substantially

to discharges from point sources of specified toxic pollutants.

In addition for each segment of waters included on the B list

we were required to determine the specific point sources

65 The Section 3041 regulations concerning water quality-based effluent

limitations which we shall discuss in this section are applicable whenever

permits must require compliance with water quality standards and not just

where Section 3041 is applicable. Therefore these regulations would also

have to be satisfied even if these storm drains had not appeared on the 3041
B list.

42.

-based limits on one -or more point sources woul.a

result in the achievement of an applicable water

quality standard for a toxic pollutant or

iiThe discharge of a toxic pollutant from

one or more point sources regardless of any

nonpoint source contribution of the same

pollutant is sufficient to cause or is expected
to cause an excursion above the applicable water

quality standard for the toxic pollutant. 40 CFR

Section 130.10d5.

It should be noted that waters must be listed where

notwithstanding the impacts of nonpoint sources the contribution

of the point source is expected to cause the water body to

66 54 Federal Register 23868-23899.
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exceed water quality standards. Section 130.10d5ii. This

means that waters may be put on the B list even where the

nonpoint sources are the more significant contributors to the

violation of water quality standards. Moreover in its preamble

to the 3041 regulations EPA noted two points especially

relevant here. First EPA noted the difficulty ofdeveloping-ICSs
for storm water outfalls. 54 Federal Register 23884

1989. Second EPA discussed the lack of available data to make

the determinations required by Section 3041 and the short time

schedule available. Nonetheless EPA directed the states to

rely on existing and readily available data and discussed what

it considered to be the minimum existing and readily available

water quality data and information that a state and EPA can

reasonably attain. 54 Federal Register 23884 1989.

Taking together 40 CFR 130.10d5ii and EPAs

comments concerning storm water outfalls and scant available

data it is clear that there may be situations where point

sources are included on the B list where at the time of listing

their proportionate wasteload contribution to the excursion of

water quality standards is unknown where regulation through

traditional methods available for point sources is not feasible

and where any provisions requiring a reduction in the discharge

of pollutants from these point sources may not be adequate to

allow the receiving water to achieve water quality standards in

light of continuing contributions from nonpoint sources.

It appears that the instant matters includes all of

these variables. As was discussed above while the
ti
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j dischargers storm drains are point sources they do not

generally discharge directly to the South Bay and their relative

contribution via riverine transport to the South Bays

impairment is still unknown.67 In short given the available

data we do not believe that any restraints--that is numeric

effluent limitations--which could be imposed on the discharge of

pollutants through the storm drain system would alone attain

water quality standards in the South Bay.

We do note that EPAs definition of ICS may be read to

require that ICSs be Set so as to ensure that receiving waters

will achieve water quality standards. In 40 CFR Section 123.46

EPA set forth the requirements of ICS. The term ICS is defined

as afinal NPDES permit with supporting documentation showing

that effluent limits are consistent with an approved wasteload

allocation or other documentation which shows that applicable

water quality standards will be met not later than three years

after the ICS is established. Section 123.46c. However a

recent court decision has brought this requirement into question.

In Natural Resources Defense Council v. Environmental Protection

Agency 9th Cir. 1990 915 F.2d 1314 the court disapproved of

one portion of EPAs Section 3041 regulations and remanded the

67 In EPAs response to comments regarding its final decision regarding lists

of waters sources and pollutants under Section 3041 it conceded the lack
of scientific data available concerning South San Francisco Bay. EPA

concluded that narrative standards for toxicity are being exceeded in South

San Francisco Bay and that the exceedance is due substantially to POTW and

storm drain point source discharges of toxic pollutants. To support this

conclusion EPA pointed to a final Staff Report of the State Board supporting
our order No. WQ 90-5 wherein it is stated that the State Board agrees that

the relative contribution of point and nonpoint sources to ambient water

conditions has not been-established. 304I Decision.
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regulations to EPA for reconsideration. The court determined

that EPA must list point sources for all water bodies which

appear on any of the Section 3041 lists not just the B list.68

It did not reach the question whether ICSs are required for all

listed point sources or only for those related to B lists. This

is the issue which was remanded to EPA. In reading this court

decision it is apparent that it is not expected that all point

sources which are designated under Section 3041 are capable of

limiting pollutants to an extent that water quality standards

will be met in the receiving water. Further it is certainly

questionable whether an ICS will be able to ensure that the

receiving waters will achieve water quality standards.

The regulations themselves raise questions as to

whether it will always be feasible to assure compliance with

water quality standards simply through adoption of an ICS. The

pollutants associated with storm water discharges are apparently

bound up in sediments in dry weather periods and are resuspended

and transported in storm events. The Preamble to the Section

3041 regulations states that water quality impairments due to

sediments contaminated and deposited by active point sources

such as storm drains must be included on the B list.

68 The other two lists are known as the Ai list and the Aii list.
Section 304l1Ai requires a list of water bodies in which water quality
standards are not expected to be achieved after the application of effluent

limitations to point sources. The list required by Section 304l1Aii
must include waters which after application of effluent limitations to point
sources are not expected to assure protection of public health public water

supplies agricultural and industrial uses and the protection and propagation
of a balanced population of shellfish fish and wildlife and allow
recreational activities in and on the water.
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Nevertheless NPDES permits do not apply to the sediments.

54 Federal Register 23883. Given the complicated and little

understood process of transportation and resuspension of

sediments it is not possible to calculate numeric effluent

limitations which would apply to storm drain outfalls and would

be based upon water quality standards in downstream waters such

as the South Bay.

Notwithstanding the ambiguities raised in interpreting

Section 3041 we must still address whether the effluent

limitations contained in the permit are adequate as waterquality-based
effluent limitations pursuant to EPAs regulations. EPA

adopted regulations at 40 CFR 122.44d which set forth

requirements for water quality-based limitations. These

regulations were adopted to comply with Section 3041. See

54 Federal Register 23870.

EPAs regulations concerning the establishment of

limitations standards and other permit conditions including

effluent limitations appear in 40 CFR 122.44.

Section 122.44d1 requires the inclusion of requirements in

i
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NPDES permits necessary to achieve water quality standards.69

That subsection requires the inclusion of effluent limitations

for specific pollutants where those pollutants cause have the

reasonable potential to cause or contribute to an in-stream

excursion above narrative or numeric criteria within an ambient

water quality standard.

The petitioners point to Section 122.44d1 in

claiming that numeric effluent limitations are required.

However the term numeric effluent limitation does not appear

in Section 122.44d1. Concededly in most cases the easiest

and most effective chemical-specific limitation would be

numeric.70 However there is no legal requirement that

effluent limitations be numeric.

69 Section 122.44d1 provides in relevant part that NPDES permits must

includes

any requirements...necessary to...ajchieve water quality
standards....1 Limitations must control all pollutants or pollutant

parameters either conventional nonconventional or toxic pollutants
which the Director determines-are or may be discharged at a level

which will cause have the reasonable potential to cause or

contribute to an excursion above any State water quality standard....

iii When the permitting authority determines...that a

discharge causes has the reasonable potential to cause or
contributes to an in-stream excursion above the allowable ambient
concentration of a State numeric criteria within a state water quality
standard for an individual pollutant the permit must contain effluent

limits for that pollutant.

v ...WJhe the permitting authority determines... that a

discharge causes has the reasonable potential to cause or

contributes to an instream excursion above a narrative criterion
within a applicable State water quality standard the permit must

contain effluent limits for whole effluent toxicity.

70 in fact in our order regarding discharges from POTWs to the South Bay
we found that numeric effluent limitations were appropriate and feasible.
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Even in Section 122.44 there is specific provision for

best management practices in lieu of numeric effluent

limitations. Section 122.44k states that NPDES permits should
III

include ...bes management practices to control or abate the

discharge of pollutants when ... Numeric effluent limitations

are infeasible.... As we shall describe below we conclude that

numeric effluent limitations are infeasible as a means of

reducing pollutants in municipal storm water discharges at least

at this time. EPA Guidance allows further monitoring in lieu of

immediate permit limitations. InEPAs Permit Writers Guide to

Water Quality-Based Permitting for Toxic Pollutants numeric

limits are not required.71 Additionally the Inland Plan

provides up to ten years for storm water discharges to comply

with numeric objectives and specifically endorses source

reduction and best management practices to reduce pollutants.72

Finally EPA has formally approved the permit as an

ICS. In its 3041 Decision EPA stated

EPA approves NPDES permit CA0029718 as the
individual control strategy for the South San
Francisco Bay Stormdrains. The permit requires
attainment of water quality standards in South
San Francisco Bay. 3041 Decision page 20.

This final agency action is entitled to great deference as it is

a determination by the administrative agency authorized to carry

71 EPA Office of Water July 1987 EPA 440/4-87-005 Section 3.1.

72 We note here that there is certainly a lack of adequate information in the

record concerning the specifics of the storm water system and its impacts. We

point out however that regardless of how Section 122.44 is interpreted
municipal storm water dischargers have three years to come into compliance
with permit terms and the Regional Board incorporated a broad reopener
provision into the permit allowing the inclusion of more stringent effluent
limitations as required.
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out the program and which adopted the regulations which we are

now attempting to interpret. Clearly EPA found that the

.effluen limitations containedin the permit were adequate to

protect water quality standards and to comply with 40 CFR

Section 122.44.

As a final point we take note of the broad authority

the Regional Board possesses to regulate nonpoint sources which

contribute to degradation of the South Bay. While the permit

program under the Clean Water Act is limited to point sources

the Porter-Cologne Water Quality Control Act allows the Regional

Board to regulate directly all discharges to state waters

including nonpoint sources and impacts from existing sediments.

When this broad authority to ensure compliance with water quality

standards is considered it is clear that this permit along with

other actions the Regional Board will take as contemplated in

the 1986 Basin Plan provides adequate protection of the impaired

waters.. We conclude that the permit does comply with the

requirements of Section 3041 of the Clean Water Act.

G. The Appropriateness and Propriety of the Permit

Our review of the permit does not end with the

conclusion that the permit is legally defensible. Water Code

Section 13320 provides that this Board must determine whether the

Regional Boards action was appropriate and proper. Even though

numeric effluent limitations are not legally required we will

consider whether numeric effluent limitations would result in

more effective regulation of the dischargers storm water
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discharges. we note of course that the Regional Board clearly

left open the possibility of including numeric effluent

limitations at a later date. The critical question before us

then is whether it is appropriate and proper for numeric

effluent limitations to be applied at this time at each outfall

to receiving waters.

In order to obtain a realistic chance of compliance

with numeric effluent limitations dischargers would have to

install some kind of end-of-pipe treatment technology. However

few such technologies have been investigated or developed for

discharges of storm water and urban runoff. Available treatment

technologies are limited because storm waters involve high

volume intermittent flows from a large number of outfalls.

Physical treatment works generally necessitate interception and

central locations and requiretransport of storm sewer flows to

extensive land area for gravitational settling basins. The

pollutant removal efficiencies of wet- and dry-detention basins

were briefly examined in a national study conducted by EPA. For

metals the runoff constituents of most concern here these

physical treatment works varied in effectiveness. In the best

cases wet-detention basins removed 90 percent of the lead but

only about 50 percent of the copper and zinc found in influent

runoff. Consequently conventional end-of-pipe treatment

technologies have limited effectiveness.

Treatment techniques such as wet-detention basins also

require large land areas to contain high volume variable storm
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flows. These techniques therefore result in extremely high costs.

The County of Sacramento has submitted evidence to us estimating

that its capital costs to build conveyance and wet detention

treatment facilities would exceed $2 billion. Clearly the

potential.costs for end-of-pipe treatment would be substantial

while the benefit to the receiving water would be difficult to

predict accurately and reasonably. The impacts of holding large

amounts of storm water for treatment may also pose potential

adverse environmental impacts.

The inherent variability of storm water discharges also

make numeric effluent limitations and end-of-pipe treatment

impractical. The frequency duration and magnitude of storm

events and the constituents concentrations mechanisms

persistence and effects of runoff are poorly understood. As the

current drought exemplifies precipitation is highly variable

temporally and spatially. The specific pollutants in runoff

flows and their concentrations change dramatically from storm to

storm and from location to location. The dischargers monitoring

investigation studies illustrate the-variability of pollutants in

the dischargers runoff and possible receiving water effects.

Similar regional and national studies of storm water and urban

runoff discharges also reveal wide variability. The relative

contribution and bioavailability of the potentially toxic trace

metals in storm water remain uncertain. The mechanisms nature

and potential threat of pollutant accumulation in sediments must

be examined further.
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The intermittent. irregular discharges of storm water

also make it exceedingly difficult to formulate an appropriate

numeric effluent limitation which would bear a reasonable

relationship to established ambient water quality standards and

criteria. The regulatory authority must minimally know the

effluent flow rate or the volume and duration the receiving

water flow and available dilution in order to establish numeric

limitations. Without the necessary technical tools and a

fundamental understanding of runoff variability numeric effluent

limitations cannot be legitimately developed or applied at this

time.

In considering the anticipated effectiveness of the

permits best management practices approach we consider that the
i

discharges while conveyed through point sources are by nature

more comparable to nonpoint sources. They derive from a vast

variety of sources including streets residences commercial

areas construction sites and industrial facilities. Source

reduction and pollution prevention measures are presently the

only practical means of controlling the truly nonpoint diffuse

waste flows from urban development. It is therefore apparent to

us that a comprehensive and coordinated basin-wide approach

which stresses source reduction and elimination will be most

effective. This strategy focuses on the preventable causes

rather than quantifying the tolerable effects of pollutants in

runoff discharges.
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At least at this preliminary point in the regulatory

- program for storm water discharges it appears that an approach

which implements best management practices to reduce sources

and control pollutants is desirable. The Regional Board has

taken this approach but also has not foreclosed adding numeric

water quality-based effluent limits to the permit if it

determines such limits are also necessary after receiving further

monitoring data or after completion of a wasteload allocation for

the South Bay.

We note also the probable impacts on the South Bay of

mine drainage and resuspension of sediments. Just as we will

rely on practices to reduce pollutants from storm water

discharges impacts from mine drainage and sediment resuspension

must also be addressed if the South Bay is to achieve water

quality standards and protection of beneficial uses. As we have

stated our interpretation of Section 3041 of the Clean Water

Act implies a coordination of activities intended to reduce

impacts. from all sources. The activities which the Regional

Board has undertaken since 1986 are consistent with that

approach. This is also the direction given this Board by the

.cour in United States of America v. State Water Resources

Control Board 1986 182 Cal.App.3d 82 that we must assume a

.globa perspective in water quality planning activities. In

establishing objectives we must consider all available remedial

activities and not just those which may be more readily

regulated such as point sources.
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In summary given the lack of clear evidence linking

discharges of storm water in the Santa Clara Valley drainage

courses to actual impacts in the South Bay the difficulty of

establishing numeric effluent limitations which have a rational

basis the lack of technology available to treat storm water

discharges at the end of the pipe the.huge expenses such

treatment would entail and the level of pollutant reduction

which we anticipate from the Regional Boards regulatory program

we conclude that the permit is proper and appropriate.

H. Transportation Control Measures

The petitioners contend that the permit must include

specified transportation system control measures or

alternatively must name state and federal transportation entities

as co-permittees in order to regulate effectively runoff from

streets roads and highways. In support of these arguments the

petitioners contend that automobiles are the largest source of

toxic pollutants in urban runoff and storm water discharges to

the surface waters of the Santa Clara Valley. The specific

control measures. sought include extending regional transit

systems establishing inter-regional rail service limiting

further highway expansion and enactment of balanced growth

ordinances.

While runoff from highways and other transportation

facilities undoubtedly contributes pollutants to the dischargers

municipal separate storm sewer system. for a number of reasons we

decline to comply with the petitioners requests.
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First while the permit was issued prior to

promulgation of EPAs storm water regulations the Regional Board

proceeded in a manner consistent with those regulations in

issuing the permit to municipalities with control over the

municipal separate sewer system. Permits for municipal systems

are to name only those municipal entities. Industrial discharges

and other discharges which contain other than storm water are

to be regulated both through the permits issued to the

municipalities and through separate permits issued to industrial

facilities.73 Thus it was not improper for the Regional Board

to fail to name transportation authorities as dischargers.

Regarding the specified transportation measures

requested by the petitioners we find that the Regional Boards

approach of.requiring the municipalities to prepare a plan with

proposed control measures for approval by the Regional Board

preferable to specifying all such measures in the permit.74 The

permit does specifically require the dischargers to implement

control measures focussing on transportation-related runoff.75

73 In Finding 5 the permit states the Regional Boards intent to issue

separate NPDES permits to state or federal agencies including the California

Department of Transportation.

74 We note that this approach is consistent with EPAs regulations even

though the procedure differs. The regulations require submission of a plan
containing control measures as part of the application process. The final

permit envisioned in the permit will presumably contain the specified control
measures. In contrast the instant permit was issued long before permits will
be issued to large municipal dischargers under EPAs regulations but

development of the control program is a part of the permits provisions. The
result in both cases will be that a mandatory control program will be

developed after review of the municipalitys proposal. The final program will
be developed at an earlier date under the instant permit than under EPAs
regulations.

75 See Provision C.9. of the permit.
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I. Time Schedule for Compliance

The petitioners contend that the permit violates the

Clean Water Act by not requiring timely compliance with water

quality standards. Both Clean Water Act Sections 3041 and

402p require compliance with permit conditions within three

years of issuance of the permit. We find that the permit

contains provisions requiring such compliance.

Clean Water Act Section 304l1D provides that an

ICS must produce a reduction in the discharges of toxic

pollutants from point sources identified in order to achieve

the applicable water quality standard as soon as. possible but

not later than 3 years after the date of the establishment of

such strategy. EPA has interpreted this provision to mean that

Congress recognized that permittees will need a reasonable amount

of time not to exceed three years to comply with new effluent

limits that are necessary to achieve new water quality standards

or re-interpretations of existing water quality standards.06

Similarly Clean Water Act Section 402p4 requires

compliance with all permit conditions by large and medium

municipal storm water dischargers no later than three years from

the date of issuance. EPA has interpreted this provision

similarly to its interpretation of Section 30411D as

applying to all permit conditions including the requirement of

water quality-based effluent limitations-.77

76 54 Federal Register 23889 June 2 1989.

77 General Counsel Memorandum
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In reviewing the permit we find that its provisions do

require compliance with water quality standards and that all

practices necessary to achieve such compliance must be in place

within three years of adoption of the permit. Therefore the

permit complies with the time schedule requirements of the Clean

Water Act. We note further that the permit specifically provides

that it may be reopened for the inclusion of more stringent

effluent limitations including numeric effluent limitations if

necessary. If it appears within the three-year period after

issuance that new permit limitations are required the Regional

Board may proceed under the reopener provisions.78

III. CONCLUSIONS

After review of the record and consideration of the

contentions.. of the petitioners and for the reasons discussed

above we conclude

1. Impacts of storm water discharges on South San

Francisco Bay are complicated and at this time it would be

infeasible to establish numeric effluent limitations on

discharges to storm drains in the Santa Clara Valley which are

validly associated with impacts on the South Bay.

2. Pollutants associated with these storm water

discharges alone do not substantially impair or threaten the

beneficial uses of South San Francisco Bay.

3. The permit adopted by the Regional Board requires

implementation of specific source control measures and contains

Ilk
78 See Permit Finding 17 and Provision 12.
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general prohibitions against discharge of non-storm water and

violation of water quality standards.

4. The provisions in the Clean Water Act regulating

municipal storm water discharges require effluent limitations and

achievement of water quality standards but the limitations may

consist of source control measures rather than numeric effluent

limitations.

5. The provisions in the Clean Water Act concerning

impaired water bodies also allow the inclusion of source control

measures rather than numeric effluent limitations in permits for

point sources.

6. It is appropriate and proper to issue a permit

regulating municipal separate storm sewer systems which requires

specific-practices rather than containing numeric effluent

limitations.

7. The specific transportation control measures

requested by petitioners should be considered by the Regional

Board when approval of the dischargers control plan is sought

rather than by this Board.

8. The permit complies with the time schedule

requirements of the Clean Water Act.
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IV. ORDER

IT IS ORDERED that the petition is denied.

CERTIFICATION

The undersigned Administrative Assistant to the
Board does hereby certify that the foregoing is a full true
and correct copy of an order duly and regularly adopted at a

meeting of the State Water Resources Control Board held on

May 16 1991.

AYE W. Don Maughan
Edwin H. Finster
Eliseo M. Samaniego
John Caffrey

NO None

ABSENT None

ABSTAIN None

TaDrVen
Marchd

Admin trative Assistan to the Board
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ROW

STATE OF CALIFORNIA.
STATE WATER RESOURCES CONTROL BOARD

In the Matter of the Petition of

Save San Francisco Say
Association et al.

for Review of Waste Discharge ORDER NO. WQ 96-13

Requirements Order No. 95-180
NPDESPermit No. CAS029718 by the
California Regional Water Quality
Control Board San Francisco

Bay Region. File No. A-992.

BY THE BOARD

On August 23 1995 the Cali.fornia-Regional Water

Quality Control Board San Francisco Bay Region SFBRWQCB

adopted waste discharge requirements for storm water discharges

from municipal separate sewer systems throughout the Santa Clara

Valley. The waste discharge requirements constituted a national

pollutant discharge elimination system NPDES permit pursuant to

Section 402p of the federal glean Water Act CWA. Theco-permitteesinclude Santa Clara Valley Water District County of

Santa Clara and thirteen cities dischargers.

On September 25 1995 the State Water Resources

Control Board SWRCB received a petition from Save San Francisco

Bay Association San Francisco BayKeeper Peninsula Conservation

Center Foundation Sierra Club Bay Chapter Sierra Club Loma

Prieta Chapter Citizens committee to Complete the Refuge and

ý.
1 For an extensive discussion of the system see Order No. WQ 91-03

which concerned an earlier version of waste discharge requirements for the
same discharges.
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Silicon Valley Toxics Coalition petitioners Contesting the

issuance of the NPDES permit.2

1. BACKGROUND

The NPDES permit is a reissuance of a permit first

issued in 1990 for discharges of storm water from. municipal

separate storm sewer systems MS4s throughout the Santa Clara

Valley to creeks and streams tributary to South San Francisco

Bay. The earlier permit Order No. 90-094 was reviewed and

upheld by the SWRCB in Order No. WQ 91-03. That order included

extensive discussion of the federal. statutory and regulatory

requirements for storm water discharges from.MS4s which will not

be repeated here.

2 This order is based on the record before the SFBRWQCB. In addition
the record is supplemented by the following documents Municipal Separate
Storm Sewer System Permit Reapplication Policy transmitted by
Interpretative Policy Memorandum on Reapplication Requirements for Municipal

Separate Storm Sewer Systems U.S. Environmental Protection Agency EPA
May 17 1996 hereafter Reapplication Policy Interim Permitting Approach
for Water Quality-Based Effluent Limitations in Storm Water PermitsEPA
August 1 1996 hereafter Effluent Limitations. Policy Antibackalidina
Effect on Water Quality-Based Effluent Limitations. EPA. August 1. 1994
hereafter Antibackslidiag Brief and letter from Terry Oda EPA Region9
dated June 26 1996 concerning the Orange County storm water permit
hereafter letter from EPA Region 9. Following the close of the public

comment period several letters were received from interested persons. These
are not part of the record except for the comments received on the draft
order from counsel for the parties.
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II. CONTENTIONS AND FINDINGS

The petition contends that the SFBRWQCB should not have

issued the NPDES permit because the permit application was

incomplete and that -various.aspects of the permit are inadequate

or improper

Contention The NPDES permit should not have been

reissued because the permit application was insufficient.

Findings The petitioners contend that the permit

application submitted by the dischargers was insufficient and

that the SFBRWQCB was therefore prohibited from issuing the

permit. The petitioners cite regulations adopted by the EPA..

The EPA set forth detailed permit application

requirements for large and medium municipal separate storm sewer

discharges such as the discharges at issue here in 40 CFR

Section 122.26d. These requirements include extensive

information about the storm sewersystem and the methods by which

the municipal entities will regulate and monitor their

discharges. A part of these application requirements is

submission of a storm water management planSWMP to reduce the.

discharge of pollutants to the maximum extent practicable MEP.

40 CFR Section 122.26 d 2 iv The petitioners claim that

the dischargers SWMP does not contain adequate control measures.

The petitioners also claim that other information required in

Section 122.26d was missing including source identification

3 All other contentions raised in the petition which are not discussed
in this order are dismissed. 23 Code of California Regulations CCR Section

2052 People v. Barry 1987 194 Cal.App.3d 158.
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characterization data and assessment of controls. The

petitioners contend that the SFBRWQCB was precluded from issuing

the NPDES permit by 40 CFR Section 122.21e which limits the

issuance of NPDES permits where an application is incomplete.

It is not necessary to address the contention that

Section 122.21e prevents the SFBRWQCB from issuing an NPDES

permit if an application is incomplete since the EPA has issued a

policy and interpretative memo clarifying that while

reapplication for a second-round permit is required the permit

application requirements in 40 CFR Section 122.26d2 apply

only to first-round permit applications for large and medium.

MS4s and not to the second round of permits. Insteadthe

reapplication requirements are flexible and are based on the

minimum application requirements for all NPDES permits contained

in 40 CFR Section 122.21f. Reapplication Policy. The EPA

encourages the reapplication package to consist only of the

dischargers fourth annual.report which would include the

proposed SWMP. Id. As explained above the NPDES permit is a

second-round storm water permit and the EPA policy is therefore

applicable. The dischargers permit application was consistent

with the Reapplication Policy.

Administrative agencies are generally accorded a high

degree of deference in the areas of law which they regulate.

4 Annual reports are required components of all MS4 permits. Each

permit operates for five years and use of the fourth annual report allows for

timely preparation of a new permit.
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See e.g. Chevron U.S.A. v. Natural Res. Def. Council 1984

467 U.S. 837. In interpreting EPAs regulations it is proper

to accord significant deference to EPAs policy expressions. The

SWRCB will therefore follow the Reapplication Policy and other.

EPA policy statements discussed in this order in determining.

compliance with the Clean Water Act and EPAs regulations

promulgated thereunder.

Contention The petitioners contend that the permit

lacks control measures.

Finding The petitioners contend that the permit

improperly requires the dischargers to implement their SWMPand

instead should specify the control measures that dischargers must

implement. The petitioners believe that control measures must be

specified in.the permit pursuant to CWA Section 402p 3 B iii

The petitioners argue the SFBRWQCB should not have incorporated

the SWMP requirements into the permit without circulating the

SWMP as a part of the permit and that the permit should have

specified further control measures.

CWA Section 40.2p 3 B iii states that permits for

MS4s

Shall require controls to reduce the discharge
of pollutants to the maximum extent practicable
including management practices control techniques and

system design and engineering methods and such other
provisions as the State determines appropriate
for the control of such pollutants.

The petitioners.have misconstrued this section to mean

that the SFBRWQCB must dictate the specific controls that
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dischargers must.implement. Instead.the SWRCB interprets the

section to mean that the permit must contain provisions that will

require the dischargers to select and implement adequate

controls. It is perfectly appropriate for the SFBRWQCB.asit-did
here to implement this section by requiring the dischargers

to comply with their own SWMP and to make revisions to the SWMP

in the areas where the document was found. lacking. While the

SFBRWQCB did. incorporate the SWMP into the permit it also

provided for amendments to the SWMP as necessary to achieve MEP

and water quality standards. The SWRCB interprets the

incorporation not as applying to the SWMP as it existed on the

date the permit was adopted but as a continuing duty to comply

with any current SWMP provisions. In other words the permit

requires continual improvements to the SWMP and compliance with

the plan requirements. This approach is consistent with the

federal law and is in concert.with the approach favored by.the

EPA.

The permit requires the dischargers-to implement

control measures and BMPs to reduce pollutants in storm water

discharges to the MEP as provided by federal law. The federal

law does not require the SFBRWQCB to dictate the specific

controls. The permit recognizes the SWMP as a dynamic document

which requires ever-changing revisions and improvements as

monitoring and assessment of BMPs to provide new information.

The annual report is the mechanism for such assessment and the
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permit anticipates that assessment will result in modification of

the SWMP.

The SFBRWQCBs approach is supported.by the EPAs

policy documents. The Reapplication Policy transmitted by the

EPA acknowledges that the.best management practices BMPs that

will be implemented are contained in the SWMP and explains that

each annual report must include proposed revisions to the SWMP.

Reapplication Policy at page 3 40 CFR Section 122.42c2.

The EPA encourages use of the fourth annual report- as the basic

application package. In other words the EPA acknowledges the

SWMP as a dynamic document which should be revised more

frequently than the permit is reissued. The SFBRWQCB has

appropriately accommodated the needed flexibility in the SWMP

while also specifying the standards to be attained MEP and

compliance with water quality objectives and the areas requiring

improvement.

The SFBRWQCB found that theSWMP was generally

adequate although it required certain improvements to resolve

deficiencies in some of the actions and the time frame. NPDES

Permit finding 5. Provision C of the permit includes specific

requirements to improve and implement the SWMP. The permit

requires implementation of BMPs stated in the SWMP ensures

coverage of all major source areas known to the SFBRWQCB and

mandates improvements where necessary. The implementation and

effectiveness of the BMPs must be evaluated in the annual

reports. This combination of extensive control measures and an.
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annual evaluation of the..implementation and effectiveness of the

control measures is a program that meets the MEP standard.5

Contention The petitioners claim that the permit

unlawfully backslides. from the prior permit.

Findings Section 402o of the CWA contains

limitations on the ability of the permitting authority to reissue

NPDES permits that contain effluent limitations less stringent

than in a prior NPDES permit. The. provisions of Section 402o

are detailed and-contain several exceptions. The petitioners

claim that Section 402o was violated because the permit deleted

some of the activities specifically listed in the earlier permit

where these activities are covered by the SWMP. Further the

petitioners claim that the SWMP includes a time schedule and that

the time schedule violates the-EPA order In the Matter ofStar-KistCaribe Inc. NPDES Appeal No. 88-5.

The SWRCB does not agree that Section 402o has been.

violated. First as explained above the SFBRWQCB appropriately

ordered the dischargers to achieve MEP by complying with their

SWMP and by making improvements where necessary. In revising the

language from the first permit which specified all areas the

SWMP must cover to the second permit which instead ordered the

dischargers to comply with the SWMP where it did adequately

address those areas the SFBRWQCB did not adopt a less stringent

While the permit does not require the dischargers to estimate the

expected reduction of pollutant loads for each source control measure the EPA
has acknowledged that in most cases permitting authorities do nothave the

ability at this time to link directly the BMPs implemented with impacts on

receiving waters. Effluent Limitations Policy.
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permit. Second as-explained below the SFBRWQCB has latitude to

ý revise BMP requirements without violating Section 402o.

The_petitionersargue that CWA Section 402o prohibits

the SFBRWQCB from eliminating any previous requirements for BMPs

because the requirements were necessitated both to achieve MEP

and to protect water quality and that Section 402o prohibits

the adoption of less stringent effluent limitation if the

original limitation was adopted to protect water quality. While

the SWRCB agrees that theNPDES permit requirements to implement

BMPs are in part water-quality based effluent limitations the.

SWRCB does not read Section 402o to prohibit the SFBRWQCB from

revising the BMP requirements even if that may include

eliminating the need for some previously implemented BMPs.

Section 402o contains exceptions where

information is available which was not
available at the time of permit issuance and.

which would have justified the application of a less
stringent effluent limitation Section

.40 o 2 B i

6 In Order No. WQ 91-03 the SWRCB addressed the contention that the

requirement to implement BMPs did not constitute the water quality-based
effluent limitations required by the Clean Water Act. There it was stated

Our review of the relevant law reveals that the permits
scheme of prohibitions source control measures and best management
practices constitutes valid effluent limitations consistent with

requirements of maximum extent practicable controls and water

quality standards.

As stated above there is in fact no evidence that the BMP

requirements in this permit are less stringent or that any BMPs have been
eliminated.
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According to the EPA in its Antibacksliding.Brief revisions to

water quality-based effluent limitations based on new information

are appropriate so long as there is a net reduction in pollutant

loadings. Any revisions to BMPs incorporated into.or anticipated

by the permit clearly fall within this exception since they will

be the result of new information from monitoring or analysis of

effectiveness and the dischargers remain bound to the same

standards of compliance. The EPA has also acknowledged that the

process of developing the SWMP will result in revising BMPs as

new information becomes available. Reapplication Policy. It

is absurd to assume that such revisions would violate the

antibacksliding prohibition.

The SWRCB also finds that the SFBRWQCB did not violate

the EPAs rule in Star-Kist Caribe by allowing time for BMPs to

work and be evaluated and implemented. While the SWRCB agrees

..tha an NPDES permit cannot include a time schedule for

compliance with water quality objectives established prior to

July 1 19778 the SFBRWQCB has not established such a time

schedule here. Under the provisions of the permit the effluent

limitations i.e. the requirements to implement BMPs pursuant to

a SWMP are in place and effective immediately. The time

schedule for assessment and improvements are meant to increase

the ability of the SFBRWQCB and the dischargers to ensure that

the dynamic nature of selecting evaluating and implementing

BMPs occurs throughout the term of the permit.

8 See City of Stockton Order No. WQ 96-09.
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Contention The petitioners claim the permit does not

provide forcompliance with water quality standards.

Findings Storm water permits for MS4s must achieve

compliance with. water quality objectives.but they may do so by

requiring the-implementation of BMPs.. Order No. WQ91-03. The

petitioners claim that although the permit specifically prohibits

discharges that cause violation of water quality objectives that

prohibition is nullified by stating that the dischargers shall

comply through the timely implementation of control

measures and other actions to reduce pollutants in the

discharge. Permit Provision C.l. Provision C.I. also

authorizes the SFBRWQCB to reopen the permit if necessary to

require further BMPs or revision-of the SWMP. Id. Petitioners

claim the lengthy process of reopening the permit would result in

delays in achieving water quality objectives.

The petitioners concerns are not warranted. The WPDES

permit clearly requires the implementationof BMPs that will not

cause a violation of water quality objectives. The method for

achieving compliance is through implementation of a SWMP and BMPs

which must throughout the term of the permit be evaluated

assessed and improved. The reopener provision in C.I. simply

provides that if notwithstanding. these processes adverse

impacts to receiving waters persist the permit may be reopened.

The approach taken by the SFBRWQCB is consistentwith

statements from the EPA concerning the most effective regulation

of MS4s. The Effluent Limitations Policy encourages a permitting
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approach using expanded orbetter-tailored BMPs in second-round

permits. The EPA states that most MS4 permits include

educational and programmatic BMPs and describes this approach

as one where dischargers are required to-adopt and implement

adequate BMPs. In other words the permitting approach wherein

the discharger is required to implement a SWMP with BMPs has

been found by the EPA to be the most effective way to ensure

compliance with water quality standards at least until more

information is available definitively tying storm water

discharges to impacts on receiving waters. .Finally.asimila

approach taken by the RWQCB for the Santa Ana Region was

sanctioned by the EPA as follows

The Orange County storm water permit states that

receiving water limitations may not exceeded sic. but
then provides that if there are exceedences sic the

permittees would not be in violation of the permit if

they follow up with certain actions. We appreciate the

concerns. regarding the way the permit seems to

.sa that a violation is not a violation. However
the net effect of this condition is to focus on BMP
implementation for-now and this is consistent with the
draft national policy. Letter from EPA Region 9.

III. CONCLUSIONS

After review of. the record and consideration of the

contentions of the petitioner and for the reasons discussed

above the SWRCB concludes that the Regional Water Quality

Control Board San Francisco Bay Region acted appropriately. and

///
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properly in adopting the NPDES.permit for storm water discharges

from municipal separate storm sewers in the Santa Clara Valley.

IV. ORDER

IT IS ORDERED that the petition is denied.

CERTIFICATION

The undersigned Administrative Assistant to the Board
does hereby certify that the foregoing is a full true and
correct copy of an order duly and regularly adopted a meeting of
the State Water Resources Control Board held on September 19
1996.

AYE John P. Caffrey
John W. Brown
James M. Stubchaer
Mary Jane Forster

NO Marc Del Piero

ABSENT None.

ABSTAIN None.

Maur n
March-Admintrative Assist t to the Board
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San Francisco CA 94105-3 1
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XECUTIVE OFF

W. Walt Pettit

Executive Director

California State Water Resources

Control Board Gý 1

P.O. Box 100

Sacramento CA95812-0100 i.A..V

re Antibacksliding Related to Water Quality-Based
Effluent 13 J k.

Limitations

Dear Walt
3 f

The issue of aattbacksliding has been at the forefront of discussions regarding water

quality-based effluent ilimitations. Many dischargers are concerned with being bound to

effluent limitations they may not be able to meet. As a result they have been reluctant to

accept permits containing stringent water quality-based effluent limitations. This has

resulted in delays in issuing some permits.

To allay those concerns we. have prepared a brief on antibaclsliding as it relates to

water quality-based effluent limitations. The interpretation reflects the Agencys current

thinking on this matterand relies on published documents. In summarywe do riot believe

that antibacksliding is as onerous as some would believe. The statute provides sufficient

exceptions to theIprolubition against antibacksliding that allow for reasonable relaxation of

effluent limitations. The brief is enclosed.
ý

I hope this will. be of assistance to the State and Regional Boards. I am taking. the

liberty to forward copies to the Regional Boards CASA and Tri-TAC.

Sincerely

Catherine E. Kuhlman

Chief

Permits and Compliance Branch

cc Regional Water Quality Control Boards
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AN77BACKSLIDING
EFFECT ON WATER QUALITY-BASED EFFLUENT LIMITATIONS

Due to doubts about complying with effluent limitations based on stringent water

quality criteria the effect of antibacksliding section 402o of the Clean Water Act on

modifications of effluent limitations has become an important issue. Dischargers are loath

to accept permits with stringent water quality-based effluent limitations even where the

effectiveness of those effluent limitations are delayed through the use of compliance

schedules. The concern is the fear of being forever bound to effluent limitations that can

not be met.

To allay those concerns. two of the most prominent issues are addressed in this brief.

The first issue is whether antibackslidingprohibits relaxation of water quality-based effluent

limitations whose compliance date has not vet r---ed i.e. the effective date of those

1$%itations are delayed by a compliance Ire e. The second issue is whether

antibacksliding prohibits relaxation of water quarry-based effluent limitations which a

discharger has been unable to achieve.

The CWA prohibits reissuing or modifying a permit to include effluent limitations

less stringent than comparable effluent limitations in the previous permit unless certain

exceptions are met. Those exceptions are set forth n sections 303d4 and 402o2 of

-1ý CWA. These two sections of the CW.A. ý-de independent exceptions to the

prohibition. Meeting any one of the exceptions either section is. sufficient basis for

relaxing the effluent limitations. see 40 FR p. 20837 Vol. 58 No. 72 April 16 1993

Proposed Great Lakes Initiative GLI and Technical Support Do ment for Water

Quality-Based ToJdes Control TSD p. 113 EPA/505/2-90-001 March 1991

1 Effect on Water Quality-Based Effluent Limitations prior to the Compliance

Date.

Aatibackslidirig does not apply to changes made to an effluent limitationprior
to its

compliance date. If a permit is issued with a compliance schedule delaying the effective

date of a water quality-based effluent limitation that limitation may be relaxed without

concern for antibacksliding if the modification is made prior to the effective date of the

limitation. see GLI pp. 20837 20981 and 21045

2 Effect on Water Quality-Based Effluent Limitations being Violated.

The exceptions to the prohibition set forth in section 402o2 of the CWA applies

to water quality-based and best professional judgement BPJ based effluent limitations..

Water quality-based effluent limitations may be relaxed if any of the following is met TSD

_ p. 113
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Antiback tiding

August 1994

Paget

a There have been material and substantial alterations or additions to the permitted

facility which justify the application of less stringent effluent limitations.

b Good cause exists due to events beyond the permitteqs control and for which

there is no reasonably available remedy.

c The permittee has installed the treatment facilities required to meet the effluent

limitations in the previous permit and has properly operated and maintained the

facilities but still has been unable to meet the effluent limitations relaxation may
only be allowed to the treatment levels actually achieved.

d New information other than revised regulations guidance or test methods
justifies relaxation of water quality4-.-d permit limitations. This applies to water

quality-based limitations only 1ý .vise limitations result in a net reductir

in pollutant loadings and are not the result of another dischargers elimination or

substantial reductions of its discharge for reasons unrelated to water quality e.g.

plant shutdown.

Anyone of the above section 402o2 exýptions may be used as a basis to justi r

relaxation of water quality-based effluent imitations. Alternatively the provisions of

303d4 may be used to obtain such reli

Section 303d4 allows establishment of-law stringent water quality-based effluent

limitations. The criteria for the exceptions varies for attainmentand nonattainment waters

a Attainment Waters In waters where the applicable water qualitystandard has

been attained a water qualitybased effluent limitationmay be relaxed to the extent

that the less stringent limitation is consistent with the States antidegradation policy.

b Nonattainment Waters In waters where the applicable water quality standard has

not yet been. attained an effluent limitation based on a. total maximumdaily load

rMIDL or other waste load allocation may be made less stringent if the cumulative

effect of all such revisions assures attainment of the water quality standard or the

designated use which is not being attained is removedin accordance with the

applicable regulation 40 CFR 131.10.

It should be noted that any relaxation of an effluent limitation can not be less

stringent than the technology-based requirement set forth in the applicable effluent

limitations guideline or cause a violation of the applicable water quality standard. see
section 402o3 of the CWA

Aft
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I.

FLOW CHART A
ANITBACICSLIDING

REG4XAT70NOFEFFLUF.NTLIMITSBASEDONWATER QUAI177

402oxl/303d4 402o2
2

ALTERNATIVE

PATHS
AREWATER QUALITY IS ONE OF Tf 402ox2

STANDARDS ýY BEING
ATTAINED

EXCEPTIONS MEI

NO YES

YES

WATER NONA WATER
CWA 303d4B CWA 303d4XA

.Evmp

sNfismkes

In Law

acrd Fact

IS REVISION CONSISTENT
IS LIIWTF BASEDON TMIDUWLA

WITH APPROVED WILL CHANGE RESULT IN
ANTIDEGRADAIIONPOLICY ATTAINMENT OR HAS USE BEEN

CHANGED

NO
NO

YES YES

RELAXATION IS RELAXATION IS

NOT PERMIISSIBLE NOT PERMISSIBLE

402o3 REQ IS COMPLIANCE WTIH EFFLUEI4T GUIDELINES AND WATER QUALr1Y
STANDARDS WHICH INCLUDE ANTIDEGRADATION REQ ASSURED

NO Y

RELAXATION IS RELAXATION IS

NOT PERMSSIBLE PERMISSIBLE
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FLOW CMART B
ANTIBAQCSLIDING

RELAXATION OF EFFLUENTLlMITS BASED ONBP7VU REFLECT

SUBSEQUF.NlLY PROMULGATED LESSSTRINGENT EFPZUENT
GUIDELINES ORBASED ONWATER QUALITY

NO
IS ONE OF THE 402oX2 RELAXATION IS

EXCEPTIONS ADZ NOT PERNIISSIBLI

YES

402o3 REQ S IS COhOLIANCEWITHEFFLUENT
GUIDE. 24 S AND WATER QUALITY STANDARDS INCLUDE

ANTIDEGRADATION REQ S ASSURED

NO YES

RELAXATION IS RELAXATION IS

NOT PERMISSIBLE PERMISSIBLE

4
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PLOWRC
ANTIBACICSLIDJNG

RELAXATION OF ALL OTHER EFFLUENT LDMITS STANDARDS
AND CONDITIONS C LIMITS BASEDONEFFLUENT GUIDRT.I

BPJLIMITS TO REFLECrNEWBPJLIM TSy

NO
MEETS CAUSEFORPERMIT REL AýXATION IS

MODIFICATION IN EXISTING ýý NOTdERMJSSIBL
40 CFR 122.62

YES

402o3 REQUIREMENTS IS COMPLIANCE WITH EFFLUENT
GUIDELINES AND WATER QUALITY STANDARDS WEMCH INCLUDE

ANTIDEGRADATION REQUIREME TS ASSURED

NO YES

RELAXATION IS RELAXATION IS

NOT PER ESS1BLE PERNIISSMLE
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C
STATE OF CALIFORNIA

STATE WATER RESOURCES CONTROL BOARD

ORDER WQ 98-01

Own Motion Review of the Petition of

ENVIRONMENTAL HEALTH COALITION
to Review Waste Discharge Requirements Order 96-03

NPDES Permit No. CAS0108740
for Storm Water andUrban Runoff from the

Orange County Flood Control District

and the

Incorporated Cities of Orange County

Within the San Diego Region

Issued by the

California Regional Water Quality Control Board
San Diego Region.

SWRCB/OCC File A-1041

BY THE BOARD

On August 8 1996 the Regional Water Quality Control Board San Diego

Region Regional Water Board adopted Waste Discharge Requirements Order 96-03

NPDES No. CASOI08740 for storm water discharge from municipal separate sewer

systems for the incorporated cities of Orange County within the San Diego Regional

Water Boards boundaries Orange County permit. The waste discharge requirements

constitute a national pollutant discharge elimination system NPDES permit pursuant to

section 402p of the federal Clean Water Act CWA.

On March- 8 1996 the Regional Water Quality Control Board. Santa Ana Reg-ion. issued waste discharge

requirements for storm %valer discharge to the incorporated cities of Orange County within the Santa Ana

Regional Water Boards boundaries hat are essentially identical to the permit adopted by. the San Diego

Regional Water Board.

1.
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On September 6 1996 the State Water Resources Control Board S
SWRCBreceived a petition from the Environmental Health Coalition petitioner

contesting certain provisions of the NPDES permit. The SWRCB did not take formal

action on the petition within the 270 days specified in Title 23 California Code of

Regulations section 2052.d. The SWRCB will on its own motion review the Regional

Water Boards action as authorized by California Water Code section 13320a.

1. BACKGROUND

The primary issue raised by petitioner concerns the Regional Water

Boards implementation of the CWA requirement that all NPDES permits must include

technology-based effluent limitations and any more stringent limitation necessary to meet

water quality standards. Federal and state requirements relevant to the issues raised in the

petition are discussed below.3

CWA section 301a prohibits the discharge of any pollutant unless

pursuant to an NPDES permit. 33 U.S.C. S 1 3 1 1 a Section 301bI A requires

compliance with effluent limitations necessary to achieve compliance with

teclulology-based
standards e.g. best practicable control technology currently available or secondary

treatment. Section 301bIC also requires compliance with any more stringent

effluent limitation necessary to meet water quality standards. 33 U.S.C.

This order is based on the record before the Regional Water Board. The Regional Water Board also

issued an NPDES permit to the Department of Transportation and a petition was filed challenging that

permit. In preparing this order we have reviewed the record for the petition challenging that permit and

other documents noted in this Order.

See State Water Resources Control Board Order WQ 91-03 Citizens Fru it hcur F-ri% irnnrent. ýý ul.
t

ý.
for an extensive discussion of the reguLuorv framework for numicipal separate storm sewer syslems.
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131 1bIc. CWA section 402 establishes requirements for NPDES permits.

33 U.S.C. 1.342. NPDES permits must comply with section 301. Section 402p

establishes specific NPDES permit requirements for municipal storm water discharges

and for storm water discharges associated with industrial activities. Section 402p

includes a technology-based standard for storm water permits issued to municipal

separate storm sewer systems. Such permits must require

.. controls to reduce the discharge of pollutants to the maximum extent

practicable including management practices control techniques and

system design and engineering methods and such other provisions as the

Administrator or the State determines appropriate for the control of such

pollutants. 33 U.S.C. 1342p3Biii.

To comply with CWA sections 301 and 402 for municipal separate storm water

discharges a municipal storm water NPDES permit must include effluent limitations to

meet the technology-based standard to reduce pollutants to the maximum extent

practicable and any more stringent effluent limitations necessary to meet water quality

standards. The United States Environmental Protection Agency EPA has promulgated

regulations to implement NPDES requirements in CWA section 402 including storm

water requirements of CWA section 402p.1 See 40 C.f.R. Part 122.26.

J CWA Section 402p specifies that permits for industrial discharges are required to comply with all

technology-based and water quality-based requirements. Section 402p3A. In contrast. C\k/A

Section 402p specifies that permits for municipal separate storm water discharges shall require controls to

comply with technology-based requirements but does not specifically state that municipal permits 111LISt

require controls to comply with water quality-based requirements. Section 402p3B. 1 PA however

has interpreted the Clean Water Act to require permits for municipal separate storm water discharges to

include requirements to achieve compliance with water quality standards. See memorandum Compliance

with Water Quality Standards in NIDES Permits Issued to Municipal Separate Storm Sewer Systems

from E. Donald Elliott. General Counsel EPA to Nancy J. Marvel. Regional Counsel. IPA Region 9

January 9. 199.1.

3.
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CWA section 303 requires states to adopt water quality standards for

surface waters. 33 U.S.C. 1313. Water quality standards consist of the designated

uses of waters and. the water quality criteria for such waters that would support the

designated uses. The Regional Water Board in its Water Quality Control Plan for the

San Diego region has adopted water quality standards by designating the beneficial uses

for waters in the region-and establishing water quality objectives i.e. water quality

criteria to protect those uses. See Water Quality Control Plan for the San Diego

Basin 9 September 8 1994 at Chapters 2 and 3. The SWRCB has also adopted water

quality control plans and policies that specify water quality standards which are relevant

to this permit e.g. the SWRCB Ocean Plan. To comply with CWA section 301

municipal storm water permits must include effluent limitations where necessary to meet

these water quality standards.

NPDES permits issued by the Regional Water Boards including

municipal storm water permits typically include a requirement entitled discharge

limitations or effluent limitations that specifies the technology-based effluent

limitations and a requirement entitled receiving water limitations or receiving water

standards that specifies the water quality objectives in the Water Quality Control Plan

relevant to the discharge and limitations necessary to attain those objectives. The

receiving water limitations provision is used to implement the requirement of CWA

section 301b1C to include more stringent effluent limitations necessary to meet

4
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water quality standards. The limitations necessary to meet water quality standards are

also called the water quality-based effluent limitations. NPDES permits are generally

required to include numeric effluent limitations to implement the technology-based

standard and water quality-based effluent limitations to attain the water quality

standards. 40 C.F.R. 122.44. However the federal regulations allow the use of best

management practices BMPs to control or abate the discharge of pollutants when

numeric effluent limitations are infeasible. 40 C.F.R. 122.44k. The SWRCB has

determined that for municipal separate storm water permits BMPs constitute valid

effluent limitations to comply with both the technology-based and water quality-based

effluent limitation requirements. See SWRCB Orders WQ 91-03 and WQ 91-04. In

fact narrative effluent limitations requiring implementation of BMPs are generally the

most appropriate form of effluent limitations when designed to satisfy technology.

requirements including reduction of pollutants to the maximum extent practicable and

water quality-based requirements of the CWA.

SWRCB Order WQ 91-dconcluded that municipal permits must include effluent limitations necessary

to achieve water quality standards. See Order WQ 91-03 at slip op. 36. Orange County and other

interested persons have argued that section 402p does not require municipal permits to meet water quality

standards. While disagreeing it should be noted that section 402p contains explicit authority for states to

require provisions in addition to the maximumextent practical controls.

See memorandum Numeric Effluent Limitations in NPDES Permits from Elizabeth Miller Jennings.

Senior Staff .Counsel State Water Resources Control Board to Central Valley Regional Water Quality

Control Board Aug. I. 1997.

CPA has issued it national policy entitled Interim Permitting Approach for Water Quality-Based

Effluent Limitations in.Siormwater Permits. 61 Fed. Reg. 43761 Aug. 26 1996. that addresses issues

related to the type
ofeftluent limitations that are appropriate to provide for attainment of water quality

standards. The policy applies only to EPA. but EPA has encouraged states-to adopt similarpolicies fbr

storm water permits. The policy states that storm water permits need not include numeric waterquality-based
effluent limitations. Rather BMPs should he used to attain water quality-based effluent limitations.

which should be expanded in later permits if.necessary to provide for attainment of water quality standards.

5.
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11. CONTENTIONS AND FINDINGS S
The petitioner seeks review of the Orange County permit adopted by the

Regional Water Board. The Orange County NPDES permit adopted by the Regional

Water Board applies to the incorporated cities in Orange County within the boundaries of

the San Diego region. The Santa Ana Regional Water Board on March 8 1996 adopted

an NPDES permit for storm water discharges from the incorporated cities of Orange

County within the boundaries of the Santa Ana region.9 Orange County had requested

that the Santa Ana Regional Water Board adopt one permit for all of Orange County.

The San Diego Regional Water Board preferred to retain jurisdiction but agreed to adopt

a permit consistent with the permit adopted by the Santa Ana Regional Water Board.

Both permits for Orange County are essentially identical and require the permittees to

t

develop a plan establishing BMPs to control discharges to the maximumextent

practicable. The Orange County permittees adopted a plan called the drainage area

management plan DAMP that was approved by the San Diego Regional Water Board

on April 6 1996.10 Both permits also contain the same provision addressing receiving

water limitations which in relevant part states

l Receiving water limitations have been established based on beneficial

uses water quality objectives and water quality standards contained in

the Basin Plan and amendments thereto and on ambient water quality.

They are intended to protect
the beneficial uses and attain the water

quality objectivescontained in the Basin Plan. The discharge ofurban

storm water or non-storm water from a municipal storm sewer system

All other contentions raised in the petition which are not discussed in this order are dismissed.

Cal. Code Regs.. tit. 23. 2052 People v. Buret 1987 194 Cal.App.3d 158 239 Cal.Rptr. 349J.

No petition was tiled challenging the permit issued by the Santa Ana Regional Water Board.

The DAMP was also approved by the Santa Ana Regional Water Board.

6.
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for which the permittees are responsible under the terms of this permit

shall not cause continuing or recurring impairment of beneficial uses

or exceedances of water quality objectives. The permittees will not be

in violation of this provision so long as they are in compliance with the

requirements set forth in the following provision.

a. If the Executive Officer determines that a continuing or recurring

impairment of beneficial uses or exceedances of water quality

objectives has been caused by urban storm water discharges from

the municipal storm sewer system the following steps shall be

taken....

The remainder of the provision requires the Executive Officer to evaluate the DAMP and

if the Executive Officer determines that implementation of the DAMP will not have a

reasonable likelihood of preventing future impairment of beneficial uses or exceedances

of water quality objectives the permitteeswould be required to submit a report evaluating

impacts on water quality and proposing changes to implementation of the existing DAMP

or proposing revisions to the DAMP. The permittees would then be required to

implement the revised DAMP.

Petitioner contends that for several reasons this receiving water

limitations provision is inadequate under the CWA and its implementing regulations and

under the Porter-Cologne Water Quality Control Act Porter-CologneAct. Petitioner

points out that CWA section 402b. and implementing regulations require that NPDES

permits issued by state agencies comply with the C\VA. 33 U.S.C. 1342b. 40 C.F.R.

12325. The Porter-Cologne Act provides that permits issued subject to federal law

must ensure compliance with all applicable provisions of the ICWA and its

implementing regulations. together with any more stringent effluent standards or

ý limitations necessary to implement water qualitvv control plans. or. for the protection of

7. -
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beneficial uses or to prevent nuisance. Cal. Water Code 13377. Petitioner contends

that the receiving water limitations language fails to require attainment of water quality

standards.

1. Contention The receiving water limitations section fails to comply

with theCWA and the Porter-Cologne Act because it does not prohibit discharges that

contribute to as well as cause exceedances of water quality objectives as required by

federal regulations.

Finding- The SWRCB agrees that the NPDES permit must prohibit

discharges that cause or contribute to violations of water quality standards. Federal

regulations specify requirements that must be included in each NPDES permit.

40 C.F.R. 122.44. Each NPDES permit must include limitations necessary to achieve

water quality standards

Limitations must control all pollutants or pollutant parameters either

conventional nonconventional or toxic pollutants which the Director

determines are or may be discharged at a level which will cause have the

reasonable potential to cause or contribute to an excursion above any State

water quality standard including State narrative criteria for water quality.

40 C.P.R. 122.44d1i.t1 Emphasis added.

The receiving water limitations language of the Orange County NPDES permit requires

the penmittees to be responsible for those discharges that cause continuing or recurring

impairment of beneficial uses or exceedances of water quality objectives. To comply

with the CWA. the phrase quoted in the immediately preceding sentence shall be

interpreted so as to require permittees to control discharges that contribute to exceedances

This provision applies to state programs.
See 40 C.F.K. section 123.25.

S
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of water quality objectives. Of course such contributions would have to be substantial in

more than a de minimi.s amount contributions.

2. Contention The petitioner contends that the receiving water

limitations section in the permit violates the CWA and implementingregulations because

it does not require compliance with water quality standards. The permit states that the

permittees will not be in violation of receiving water limitations so long as they are in

compliance with the requirements for evaluating the DAMP.

Finding The SWRCB disagrees with petitioners contention. In SWRCB

Order WQ 96-13 the SWRCB reviewed and approved the storm water permit for certain

permittees in the Santa Clara Valley issued by the San Francisco Bay Regional Water

Board.. The Santa Clara Valley permit contains a receiving water limitations section that

specifically prohibits discharges that cause or contribute to a violation of water quality

objectives and states that the permittees shall comply .. through the timely

iin leinentation of control measures and other actions to reduce pollution in the

discharge. .Emphasi added. The receiving water limitations provision in the Orange

County permit prohibi.discharges that cause exceedances of water quality objectives

and states that the permittees will not be in violation of this provision so long as they are

in compliance with the requirements for evaluating and improving the effectiveness of

the DAMP. The Orange County permit receiving water limitations section is not. as a

practical matter. different than the Santa Clara Valley permit approved by this SWRCB.

n each case. compliance with the receiving water limitations is achieved by following a

9
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procedure to evaluate and improve the BMPs where necessary to comply with water

quality standards.

The SWRCB has already determined that the use of BMPs to achieve both

the technology-based effluent limitations and the water quality-based effluent limitations

complies with the CWA and the Porter-Cologne Act. See SWRCB Order WQ 91-03.

Accordingly the SWRCB agrees that use of the phrase that the permittees will not be in

violation of .. complies with the CWA and in fact used that same phrase in SWRCB

Water Quality Order 97-03-DWQ Waste Discharge Requirements for Discharges of

Storm Water Associated with Industrial Activities Excluding Construction Activities

NPDES General Permit No. CAS00000I the General.lndustrial Permit.

3. Contention The petitioner contends that the receiving water

limitations provision violates the CWA and implementing regulations because the

mechanism for determining exceedances of receiving water limitations is unworkable

and therefore would not result in achievement of water quality standards. The

perinittees are not considered. to be in violation of receiving water limitations as long as

the process for evaluating the DAMP are followed. This process however will not result

in achievement of water quality standards because 1 it is very difficult to demonstrate

that urban runoff has caused an exceedance of water quality objectives 2 Regional

Water Board staff stated at the Board hearing at which the permit was adopted that there

were inadequate resources to oversee the storm water program 3 the permit does not

require submittal of information on the adequacy of the DAMP until after the Ixecutivc

Officer determines that the. plan will not reWit in achievement of eater quality objectives

10.
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and 4 the permit places no time schedule on review of the adequacy of the plan to meet

water quality standards. The permit does not require any change to the DAMP until

directed by the Executive Officer. Due to these limitations water quality standards are

not likely to be achieved.

Finding Petitioner has raised legitimate concerns. As discussed above

permittees will be required to control discharges that contribute to exceedances of water

quality objectives. The SWRCBs charge under Water Code section 13320 is to

determine whether the Regional Water Board has acted appropriately. In this case. the

Regional Water Board has directed its Executive Officer to determine when receiving

water limitations have been exceeded. In order for such determinations to be made the

Executive Officer must devote sufficient resources to make such determinations in a

timely manner. Provided this is the case it can be concluded that the permit is adequate

to achieve water quality standards. This conclusion to uphold the permit language is

further predicated on the fact that to do otherwise would result in two inconsistent storm

water permits for Orange County.

Ill. ADDITIONAL ISSUES

While upholding the permit as appropriate the SWRCB has concerns that

future storm water permits contain the strongest and clearest possible language to protect

water quality. As evidenced by the discussion at the .lanuar 7. 1998 workshop review of

this petition there are serious disagreements as to how best to ensure such protection. A

review of the record leads to the following conclusions

11.
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f Future storm water permits should contain consistent requirements to ensure water

quality protection.

f Such permits must comply with CWA and Porter-Cologne Water Quality Control Act

requirements.

f Storm water permits must achieve compliance with water quality standards but they

may do so by requiring implementation of BMPs in lieu of numeric waterquality-based
effluent limitations.

f Permittees must ultimately be responsible for evaluating and revising BMPs to

achieve compliance with water quality standards.

f Permits should be written to clearly identify water quality standards and to clearly

require that permittees through the implementation of BMPs shall not cause or

contribute to exceedances of such water quality standards.

f Given the unique nature of the storm water discharges it is reasonable that

implementation take place where appropriate on a phased basis.

f Determinations that additional BMPs are necessary to achieve water quality standards

should be based on Findings by the permittees or the Regional Boards that storm

water discharges are a substantial in more than a cle n ininris amount contributor to

continuing or recurring exceedances of such standards.

0
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Based upon these conclusions and as a precedent decision12 the following

receiving water limitation language shall be included in future municipal storm water

permits.

RECEIVING WATER LIMITATIONS

1. Storm water discharges and authorized non-storm water discharges to

any surface or ground water shall not adversely impact human health

or the environment.

2. The SWMP shall be designed and implemented or shall he in the

process of being revised in accordance with the procedures set forth

below to ensure that discharges authorized by this permit shall not

cause or substantially in more than a de minimis amount contribute to

a continuing or recurring exceedance of any applicable water quality

standards contained in a Statewide Water Quality Control Plan or the

applicable Regional Water Quality Control Boards Basin Plan

3. If the discharges cause or contribute to an exceedance of the applicable

water quality standards permittee shall take the following steps

a. Upon a determination by either the facility operator or the

Regional Water Board that discharges are causing or contributing

to an exceedance of an applicable water quality standard the

facility operator shall promptly notify and thereafter submit a

report to the appropriate Regional Water Quality Control Board

that describes BMPs that are currently being implemented and

additional BMPs that will be implemented to prevent or reduce any

pollutarits that are causing or contributing to the exceedance of

water quality standards. The report may be incorporated in the

annual update to the SWMP unless the Regional Water Board

directs an earlier submittal. The report shall include an

implementation schedule. The Regional Water Quality Control

Board may require modifications to the report

h. Submit any nioditications to the report required by the Regional

Board within 30 days of notification

ti
12

In SWRCB Order WR-96-I. the SWRCB determined that water duality orders are precedent decisions.

See Gov. Code 1142-5.60.

13.
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It

c. Within 30 days following approval of the report described above

by the Regional Water Quality Control Board the facility operator.

shall revise its SWMP and monitoring program to incorporate the

approved modified BMPs that have been and will be implemented

the. implementation schedule and any additional monitoring

required

d. Implement the revised SWMP and monitoring program in

accordance with the approved schedule and

e. Reduce pollutants in storm water discharges and authorizednon-stormwater discharges following implementation of the SWMP
revised in accordance with paragraph 3 above to levels which shall

not cause or contribute to an exceedance of any applicable water

quality standards.

4. So long as permittees have complied with the procedures set forth in

paragraph 3 above and are implementing the revised SWMP they do not have

to repeat the same procedure for continuing or recurring exceedances of the

same receiving water limitations unless directed by the Regional Water Board

to develope additional BMPs.

IV CONCLUSIONS

After review of the record and consideration of the contentions of the

petitioner and for the reasons discussed above we conclude

1. The federal regulations implementing CWA section 402p require

NPDES permits to prohibit discharges of pollutants that cause or contribute to

exceedances of water quality standards and the permit will be so interpreted.

2. The specific portion of the receiving water limitations provision that

states that permittees will not be in violation of this provision so long as they are in

compliance with the requirements specifying the process for evaluating and improving

the effectiveness of the DAMP complies with the CWA.

3. The Regional Water Board acted appropriately in adopting the permit.S14.
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4. Receiving water limitation provisions of future municipal storm water

permits shall be consistent with this Order.

V. ORDER

IT IS ORDERED that Order 96-03 shall be interpreted as discussed above.

It is further otdered that in other respects the petition is denied.

CERTIFICATION

The undersigned Administrative Assistant to the Board does hereby certify that the

foregoing is a full true and correct copy of an order duly and regularly adopted at a

meeting of the State Water Resources Control Board held on January 22 1998.

AYE John Caffrey

Marc Del Piero

Mary Jane Forster

John W. Brown

NO None

ABSENT James M. Stubchaer

ABSTAIN None

our en Marche

Adminl trative Assistant to the Board

I
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STATE OF CALIFORNIA
STATE WATER RESOURCES CONTROL BOARD

ORDER WQ 2000 - 11

In the Matter of the Petitions of

THE CITIES OF BELLFLOWER ET AL. THE CITY OF ARCADIAAND
WESTERN STATES PETROLEUM ASSOCIATION
Review of January 26 2000 Action of the Regional Board

and

Actions and Failures to Act

by both the

California Regional Water Quality Control Board

Los Angeles Region and Its Executive Officer

Pursuant to Order No. 96-054

Permit for Municipal Storm Water and Urban Run-Off Discharges Within

Los Angeles County

NPDES NO. CAS614001

SWRCB/OCC FILES A-1280 A-1280a and A-1280b

BY THE BOARD

On July 15 1996 the Los Angeles Regional Water Quality Control Board Regional

Water Board issued a revised national pollutant discharge elimination system NPDES permit

in Order No. 96-054 permit to the 85 incorporated cities and the county within Los Angeles

County. the County. The permit covers storm water discharges from municipal separate storm

sewer systems throughout the County.2

This was the second storm water permit adopted for Los Angeles County and its cities. The firstpermit was the

subject of an earlier Order. In the Matter of Natural Resources Defense Council Inc. Order WQ 91-04. In this

permit the County is designated as the Principal Permittee and each city is designated as a permittee. The County

is required to submit various documents on behalf of all of the permittees.
2

The Regional Water Board has since issued a separate permit for one city Long Beach. The relevant provisions of

the Long Beach permit are similarto those in Order No. 96-054.
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The permit contains provisions for the regulation of storm water discharges from

development planning and construction.3 Pursuant to these provisions the County was required

to submit Standard Urban Storm Water Mitigation Plans SUSMPs.4 The SUSMPs are plans

that designate best management practices BMPs that must be used in specified categories of

development projects. The County submitted SUSMPs but the Regional Water Board approved

the SUSMPs only after making revisions. The Executive Officer issued the revised SUSMPs on

March 8 2000.5

On February 25 2000 the State Water Resources Control Board State Water Board or

Board received a petition for review of the actions and failures to act regarding the SUSMPs

from a number of cities the Building Industry Association of Southern California and the

Building Industry Legal Defense Foundation jointly referred to as Cities. A second petition

was received from the City of Arcadia. And a third petition was received from the Western

States Petroleum Association WSPA. On April 7 2000 the petitioners filed amendments to

their petitions concerning the March 8 2000 issuance of the SUSMPs. The Cities amendment

also revised the list of cities included in the petition. The Cities petition now includes 32 cities.

The petitions are legally and factually related and have therefore been consolidated for purposes

of review.6 The petitioners also requesteda stay of the SUSMPs. This request was denied by

letter dated May 11 2000.

3

Permit Part 2.III. These provisions focus more on post-construction impacts of development than on discharges

from construction activities.

4

Permit Part 2.III.A.1.c.

s
These are referred to herein as the Final SUSMPs. The Final SUSMPs also apply to Long Beach even though it is

subject to a separate permit.
6

Cal. Code of Regs. tit. 23 section 2054.

2
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On June 7 and 8 2000 the Board held a hearing in Torrance. Several entities including

7the petitioners the Regional Water Board and several environmental groups were designated

parties. The evidence from that hearing has been included in the record before the Board. The

record for comments on the petition was kept open until the end of the hearing. The parties were

allowed to submit post-hearing briefs.8

I. BACKGROUND

In
prior

Orders9 this Board has explained the need for the municipal storm water programs

and the emphasis on BMPs in lieu of numeric effluent limitations. The emphasis for preventing

pollution from storm water discharges is still on the development and implementation of

effective BMPs but with the expectation that the level of effort will increase over time. In its

Interim Permitting Approach1 the United States Environmental Protection Agency U.S. EPA

stated that first-round permits should include BMPs and expanded or better-tailored BMPs in

subsequent permits where necessary to attain water quality standards. Dischargers consultants

and academic institutions in California and nationwide have conducted numerous studies on the

effectiveness of BMPs and appropriate design standards. While many questions are still

The environmental groups are Natural Resources Defense Council Inc. Santa Monica BayKeeper and Heal the

Bay.
8

There are several documents that were not timely received and therefore are not made a part of the record before

the Board. The hearing notice specified that all evidence from parties must be received by May 31 2000. The

Regional Water Board submitted documents on June 6 2000. The hearing notice specified that policy statements

were due by the close of the hearing. Several comment letters were received June 12 13 and 19 2000. None of

these submittals are a part of the record. The post-hearing briefs were subject to a 10-page limit. The environmental

groups submitted objections to the post-hearing briefsubmitted by the Cities. First the environmental
groups

challenge the length of the brief. All briefs were subject to a 10-page limit. The Cities submitted a 10-page brief

with a 22-page attachment showing extensive proposed revisions to the SUSMPs. This submittal violates the page

limit and only the briefis considered part of the record. Second the environmental groups claim that an e-mail

message referred to by the petitioners is subject to attorney-clientprivilege and should not have been used in this

hearing. This e-mail message from the Regional Water Boards counsel to one of its engineers was placed in the

Regional Water Boards administrative record and submitted to the State Water Board. Any privilege that may have

attached to the message has been waived and no longer exists. Finally the post-hearing brieffrom the City of

Arcadia was received late and will not be considered. Documents submitted late for interim deadlines such as the

deadline for submitting responses to the petitions have been included in the record.
9

See especially Orders WQ 91-03 In the Matter of Citizens for a Better Environment et al. and WQ 91-04.
10

Interim Permitting Approach for Water Quality-Based Effluent Limitations in Storm Water Permits. 61 Federal

Register 57425.
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outstanding more is expected of municipal dischargers and many are implementingmore

effective programs.

While storm water management plans are improving our knowledge of the impacts is

also growing. Urban runoff has been determined to be a significant contributor of impairment to

waters throughout the state. In Los Angeles specifically beach closures are sometimes

associated with urban runoff. In adopting the SUSMPs the Regional Water Board took note of

the urgent need for preventing further pollution from. urban runoff and storm water discharges.

It is important to emphasize the role of the SUSMPs within the totality of regulating

storm water discharges and the purpose of these particular control measures. The requirement to

prepare SUSMPS was part of the development controls in the permit. In addition to

development controls the permit requires education public outreach programs to restrict illicit

connections and discharges and controls on public facilities. In the context of the entire effort

required by the permit the development controls can be seen as preventing the existing situation

from becoming worse.

The Final SUSMPs include a list of mandatory BMPs for nine categories of development.

There are provisions that are applicable to all categories and lists of BMPs for individual

categories. Requirements applicable to all categories include provisions to limit erosion from

new development and redevelopment requirements to conserve natural areas protection of

slopes and channels and storm drain stenciling. Examples of BMPs specific to categories of

discharge include. design of loading docks for commercial projects and design of fueling areas

for retail gasoline outlets. In most respects the Final SUSMPs were similarto those proposed by

the County. The significant departures were the inclusion of a numeric design standard for

structural or treatment control BMPs and the inclusion of certain types of projects that were not

4
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covered in the Countys proposal. The design standard creates objective and measurable criteria

for the amount of runoff that must be treated or infiltrated by BMPs.

The record indicates that the purpose of the development controls including the

SUSMPs is not simply to prevent pollution associated with construction runoff. As the

petitioners point out construction discharges are already subject to this Boards Statewide

Construction Permit. The development controls in the SUSMPs on the other hand focus on

post-construction runoff. They are aimed at limiting not just the pollutants in runoff from the

new development but also the volume of runoff that enters the municipal storm sewer system.

By limiting runoff from new development the SUSMPs prevent increased impacts from urban

runoff generally. There is adequate technical information in the record to show that by

controlling the volume of runoff from new development BMPs can be effective in reducing the

discharge of pollutants in storm water runoff.

The Procedure for Adopting the SUSMPs

The permit requires a program for controls on Development Planning and Construction.

It involved a number of submissions by the County in consultation with the Cities. The first
step

was submission of a checklist for determining priority projects and exempt projects. The

checklist was due on January 30 1998. A list of recommended BMPs for development projects

was also due on that date. The SUSMPs were due within six months of approval of the BMP

list and were to incorporate BMPs for certain categories of development. Following approval of

the SUSMPs the cities and County were to implement development programs for priority

projects consistent with the BMP list and the SUSMPs.

The BMP list was not approved until April 22 1999. Thereafter the County submitted

proposed SUSMPs on July 22 1999. The Regional Water Board held a public workshop on

5
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August 10 1999. Following the workshop the County submitted revisions to the SUSMPs on

August 12 1999. On August 16 1999 the Regional water Board gave notice that it would

discuss the SUSMPs in a public meeting on September 16 1999. There was significant

discussion at that meeting regarding the intent of the Executive Officer to approve the SUSMPs

but with revisions including a numeric design standard. At the conclusion of the meeting the

Regional Water Board members asked the Executive Officer to revise the SUSMPs and bring

them back to another meeting. On December 7 1999 the Executive Officer circulated revised

SUSMPs for public review. This document incorporated a numeric design standard and made

other revisions to the permittees proposal. The Regional Water Board held a hearing on the

SUSMPs on January 26 2000. At that meeting the Regional Water Board endorsed the

SUSMPs revised by the Executive Officer but directed him to make further changes. The

Executive Officer issued the Final SUSMPs on March 8 2000.

The Contents of the Final SUSMPs

The permit provides that the SUSMPs must incorporate the appropriate elements of the BMP

list and at a minimumapply to seven development categories 100-plus home subdivisions

10-plus home subdivisions 100000-plus square foot commercial developments automotive

repair shops retail gasoline outlets restaurants and hillside single-family dwellings.

The SUSMPs proposed by the County applied to these seven categories. Various BMPs

applied to the different categories and the SUSMPs contained narrative mitigation requirements

for source control and treatment. The July proposals stated

The development must be designed so as to mitigate infiltrate and/or treat the

site runoff generated from impervious directly connected areas that may
contribute pollutants of concern to the storm water conveyance system.

6
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There were no numeric design criteria for mitigation. According to various participants earlier

County drafts had included design standards to mitigate flows from 0.6-inch storm events. But

any numeric criteria had been removed from the version that was submitted.

In its revised SUSMPs submitted on August 12 the County explained in its cover letter

that the mitigation language did not mean that all runoff must be mitigated. Rather the Countys

intent was to omit a numerical standard from the SUSMPs. The revised SUSMPs no longer

referred to mitigation at all. Instead the following language replaced the mitigation requirement

The development must be designed so as to minimize to the maximum extent

practicable MEP the introduction of pollutants of concern that may result in

significant impacts generated from site runoff of directly connected impervious

areas DCIA to the storm water conveyance system as approved by the building

official.

The Final SUSMPs as approved by the Executive Officer and the Regional Water Board

included several revisions from the Countys submittal. The revision that is of greatest concern

to the petitioners is the addition of Design Standards for Structural or Treatment Control

BMPs.
11

The design standards require that developments subject to the SUSMPs shall be

designed to mitigate storm water runoff by treatment or infiltration from one of the following

1. The 85th percentile 24-hour runoff event determined as the maximized capture

storm water volume for the area... or

2. The volume of annual runoff based on unit basin storage water quality

volume to achieve 80 percent or more volume treatment... or

3. The volume of runoff produced from a 0.75 inch storm event prior to its

discharge to a storm water conveyance system or

4. The volume of runoff produced from a historical-record based reference24-hour
rainfall criterion for treatment 0.75 inch average for the Los Angeles

County area that achieves approximately the same reduction in pollutant

loads achieved. by the 85th percentile 24-hour runoff event.

The Final SUSMPs also include the narrative language quoted from the Countys August 22 1999 proposal.

7
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The Final SUSMPs also applied to two additional categories of development parking lots over

5000 square feet or with 25 or more spaces and exposed to storm water and to developments in

environmentally-sensitive areas. Other revisions included application to all projects in the

categories instead of discretionary projects only and the definition of redevelopment.

II. CONTENTIONS AND FINDINGS

Contention The petitioners contend that the Regional Water Board erred in not

complying with the Administrative Review Process within the permit and acted arbitrarily and

capriciously and in violation of the Clean Water Act and state law.

Finding The permit required the County in consultation with the cities subject to the

permit to submit SUSMPs. The permit includes some general minimum requirements for the

SUSMPs.13 The Executive Officer is granted authority to approve the SUSMPs.14

The permit also contains an administrative review process.15 The permit states that the

administrative review process formalizes the procedure for review and acceptance of reports

and documents and provides a method to resolve any differences in compliance expectations

between the Regional Board and Permittees prior to initiating enforcement action.16 Following

this introductory statement the permit includes two procedures. The first is for review and

approval or disapproval of reports and documents. The second is the dispute resolution section

that must be followed prior to enforcement action.

12
This Order does not address all of the issues raised by the petitioners. The Board finds that the issues that are not

addressed are insubstantial and not appropriate for State Water Board review. See People v. Barry 1987 194

Cal.App.3d 158 239 Ca1.Rptr. 349 Cal. Code Regs. tit. 3 052.
13

Permit Part 2 III.A.I.c.

14

Permit Part 2 III.A.2.

15
Permit Part 2 I.G.

61d.

8
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The process for review of documents that are subject to the Executive Officers approval

is that the Executive Officer will notify the permittees of the results of the review and approval

or disapproval within 120 days. If the Executive Officer does not do so the permittees must

notify the Regional Water Board of their intent to implement the documents without approval.

The Executive Officer then has 10 days to respond or the permittees may implement the

program and the Executive Officer may not make modifications.

The dispute resolution procedure is to be used when the Executive Officer determines

that a permittees storm water program is insufficient to meet the permits provisions. The

Executive Officer must send a Notice of Intent to Meet and Confer with the permittee. A meet

and confer period then ensues resulting in a written Storm Water Program Compliance

Amendment SWPCA. The permittee is provided time to comply with the SWPCA. The

Executive Officer is not allowed to take enforcement action against a permittee until the

Executive Officer notifies the permittee in writing that the administrative review process has

been exhausted and that a violation exists warranting enforcement.

The petitioners contend that the Executive Officer failed to notify the permittees that their

SUSMPs were inadequate within 120 days of its submittal. The petitioners also argue that by

revising the SUSMPs without pursuing the dispute resolution process the Regional Water Board

violated the terms of the permit.

The provision for review of documents which clearly includes the SUSMPs requires that

the Executive Officer notify the permittees of the results of the review and approval or

disapproval within 120 days. The County submitted the revised SUSMPs on August 12 1999.

Within 120 days the Regional Water Board held a workshop where staff expressed their

concerns with the SUSMPs. Also within 120 days the Regional Water Board itself held a public

9
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meeting where there was extensive discussion and concern by board members that the SUSMPs

did not include a numeric standard. And prior to any notification by the permittees that they

would proceed with implementing their SUSMPs the Regional Water Board held a hearing

January 26 2000 where it directed the Executive Officer to issue the SUSMPs with revisions.

The Executive Officer did so on March 8 2000.

It is clear from the record that the Executive Officer and the Regional Water Board itself

did inform the permittees that the SUSMPs were inadequate. There was no requirement for a

specific form for expressing disapproval of documents. The extensive discussion and meetings

on the need for revisions to the SUSMPs and the Executive Officers approval of revised

SUSMPs plainly refutes the allegation that the Regional Water Board never notified the

permittees of its disapproval of the Countys proposed SUSMPs.

The permittees also claim that the Regional Water Board violated the permit by failing

to institute the meet and confer process.7 The dispute resolution process which includes meet

and confer did not apply to the decision to disapprove the proposed SUSMPs. That process is

only required when the Regional Water Board ultimately takes an enforcement action against a

permittee. It is separate from the process for review and approval or disapproval of documents

and does not even appear to relate to possible enforcement actions for submission of inadequate

documents. This is illustrated by the fact that the provision regarding documents refers to

submittals from both the Principal Permittee and the individual permittees while the dispute

resolution provision refers only to the permittees. This distinction is relevant because the County

is charged with submitting the documents while the individual permittees are responsible for

compliance. A fair reading of the entire section on the administrative review process is that the

1 We note that permits are issued to permittees to allow discharges to waters of the state. It is only permittees and

not Regional Water Boards who can be charged with violating permits.

10
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review and approval or disapproval of documents applies to submission of documents by the

County on behalf of the cities while the dispute resolution process applies to enforcement

actions against any permittees for failing to implement adequate programs.

Contention The petitioners contend that the Regional Water Board was not authorized

to revise the SUSMPs to add more stringent requirements.

Finding The petitioners contend that the mitigation standards in the SUSMPs are more

stringent than the requirement in the permit to reduce pollutants in storm water runoff to the

maximum extent practicable MEP18. The issue of what level of protection constitutes MEP

will be discussed Infra in the discussion of the reasonableness of the numeric standards. But the

petitioners also make certain procedural claims on this point. They argue that in approving the

BMP list the Regional Water Board determined that those BMPs constituted MEP and that the

Board could not add additional BMPs in the SUSMPs. They also contend the Regional Water

Board itself had no authority to usurp the Executive Officers role in reviewing the SUSMPs.19

Finally the petitioners contend that the Regional Water Board was not authorized to mandate a

program for the permittees without amending the permit.

The permit requires the County to submit a list of BMPs for approval. The Regional

Water Board approved this list. Following approval of the list the County was required to

submit the SUSMPs which must incorporate the appropriate elements of the recommended

BMPs list.i20 The petitioners contend that by approving the list the Regional Water Board

determined that those BMPs constituted MEP and that under the terms of the permit the

Regional Water Board could not require additional BMPs.

18
The technology-based standard for controls under municipal storm water permits is MEP. For a fuller discussion

of this standard see Order WQ 91-03.
19

It is undisputed that at its January 26 2000 meeting the Board directed the Executive Officer to make additional

revisions to the SUSMPs
20

Permit Part 2 III.A.1.c.
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In addressing this contention we face what appears to be a fundamental

misunderstanding of the numeric design standards on the
part of the petitioners. The design

standards are objective criteria that developers must achieve in designing their BMPs. The design

standards are not separate BMPs. The standards tell what magnitude of storm event the BMPs

must be designed to treat or infiltrate. They do not specify the BMPs that must be employed.

The SUSMPs as submitted by the County specify BMPs for various categories of

development. Many of these BMPs are designed to minimize the pollutants in storm water

runoff by reducing flow through infiltration or by treatment. Examples of BMPs proposed by

the County include infiltration basins and trenches oil/water separators and media filtration.

The Countys proposed SUSMPs also included language requiring minimizing the introduction

of pollutants to the storm water conveyance system. That language remains unchanged in the

Final SUSMPs. The only significant difference between the two versions of the SUSMPs was

that the Regional Water Board established numeric criteria for designing the BMPs.

In adopting the Final SUSMPs the Regional Water Board based its decision on the MEP

standard .2 The Regional Water Board did not significantly revise the BMP list or specify

further the actions that developers must take to comply with the SUSMPs. Thus we find that the

Regional Water Board did not inappropriately revise its determination of what constituted MEP.

The Regional Water Board is the political body responsible for water quality control in

the Los Angeles region.22 While the Regional Water Board may delegate specified powers and

duties to its Executive Officer23 it can at any time act on its own behalf. The fact that the Board

authorized its Executive Officer to approve the SUSMPs in the permit did not mean that the

Board thereby denied itself the opportunity to provide direction to the Executive Officer in his

21
Resolution R-00-02.

zz Water Code sections 13200 and 13225.
23

Water Code section 13223.
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approval. Such an interpretation of its delegation authority would result in an improper failure of

the Board to assume responsibility for water quality in the region.

We also find that the Regional Water Board was authorized to revise the SUSMPs to

achieve compliance with the permits requirements. The SUSMPs are a part of implementation

of the permit. Because the permit regulates storm water discharges throughout the entire

Los Angeles region and it is implemented by 85 cities and the County it is obvious that the

permit could not spell out every detail of the program for the five-year term of the permit.

Instead the implementation is through the submission review and approval and implementation

of various programs including the SUSMPs.24 Where it receives a submission that it finds is not

consistent with the requirements of the permit it is reasonable for the Regional Water Board to

be able to require revisions. The Regional Water Board is not required to amend the permit each

time it approves a submittal or approves a submittal with revisions. On the other hand if the

Regional Water Boards action in requiring revisions is inconsistent with the terms of the permit

then the Board should not act without first amending the permit. While the Regional Water

Board could have required the County to make the revisions rather than making them itself we

see no harm in the Regional Water Boards approach.

As will be discussed below in most respects the Final SUSMPs are consistent with the

permit. Butthere are some portions of the SUSMPs that are not consistent and in those cases

the SUSMPs provisions are further revised in this Order.

Contention The petitioners make various procedural claims including that they were

denied due process and that the Regional Water Board violated the Administrative Procedure

24 A fuller discussion of the use of storm water management plans to incorporate a developing program is found in

Order No. WQ 91-03.
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Act the California Environmental Quality Act CEQA and the California Constitution Article

XIII B section 6 regarding state mandates.

Finding The petitioners point out that. at the January 26 2000 Regional Water Board

hearing there was some confusion over late changes to the SUSMPs and they contend they were

not provided adequate opportunity to comment. There was significant discussion of the

SUSMPs over several months. We do not agree with the petitioners that a program of this

magnitude must necessarily take years to develop. But we are concerned that at the

January 26 2000 hearing interested persons and permittees were not given adequate time to

review late revisions or to comment on them. Given the intense interest in this issue the

Regional Water Board should have diverged from its strict rule limiting individual speakers to

three minutes and conducted a more formal process. Such a process should provide adequate

time for comment including continuances where appropriate.25 But to the extent the Regional

Water Boards process caused any harm this Board cured those harms. We held a two-day

hearing in Los Angeles County where all parties were allowed significant time to present their

positions and testimony. In addition we allowed the introduction of new evidence that had not

been presented to the Regional Water Board. At this point all parties have been afforded a full

opportunity to review the Final SUSMPs to present their positions and evidence and to engage

in cross-examination. The petitioners due process rights have been protected.

The Board has already addressed the contentions regarding compliance with other laws in

prior decisions. The Administrative Procedure Act exempts the adoption of permits from its

requirements.
26 While the SUSMPs are not a permit they are implementingdocuments for a

25
For future adjudicative proceedings that are highly controversial or involve complex factual or legal issues we

encourage regional water boards to follow the procedures for formal hearings set forth in Cal. Code of Regs. tit. 23
section 648 et seq.
26 Government Code section 11352 See Order No. 95-4 In the Matter of the City and County of San Francisco.
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permit and are therefore subject to the exemption. Moreover they are relevant only to this

permit and are not a general rule of application. The constitutional provisions regarding state

mandates also do not apply to NPDES permits.27 As will be explained below the SUSMPs as

revised herein are consistent with MEP and therefore are federally mandated. The provisions of

CEQA requiring adoption of environmental documents also do not apply to NPDES permits.28

Again as an implementing document for the permit there is no requirement for a separate

CEQA analysis.29

Contention The petitioners contend that the SUSMPs do not properly apply the

maximum extent practicable standard.

Finding The permit consistent with Clean Water Act section 402p3Biii requires

controls to reduce the discharge of pollutants to the maximum extent practicable or MEP.30 In

approving the Final SUSMPs the Regional Water Board acknowledged that one of the primary

objectives of the municipal storm water program is the requirement to reduce the discharge of

pollutants from storm water conveyance systems to the MEP.31 While all parties appear to agree

that the standard for the SUSMPs is MEP they disagree about what level of effort is necessary to

comply with that standard.

The petitioners approach this issue from two angles. First they contend that the SUSMPs

will not provide water quality benefits that reflect MEP. Second they contend that there could

be adverse impacts on groundwater quality that have not been adequately evaluated.

27

See Order No. WQ 90-3 In the Matter of San Diego Unified Port District.
28

Water Code section 13389.
29 We do note with interest the environmental groups comment that if the permittees believed it was necessary to

comply with the APA and CEQA prior to adoption of the SUSMPs then they themselves would have violated those

acts in their submissions of the proposed SUSMPs.
30

Permit Finding 13.

31
Final SUSMPs at page 2 Resolution No. R-00-02 at page 3.
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Storm Water Design Standards as MEP

In adopting the Final SUSMPs the Regional Water Board found that many rivers and

streams in Los Angeles County are impaired for pollutants found in stormwater and urban

runoff and that storm water runoff carries pollutants
from nearly all types of developed

properties.32 Pollutant loading from the aggregate. of development in the basin results in

impairments from sediments metals complex organic compounds oil and grease nutrients and

pesticides.33 The Final SUSMPs reflect two goals to reduce the amounts of these pollutants
in

runoff and to reduce the ability of runoff to act as a conveyance system to deliver more

pollutants to receiving waters. The Final SUSMPs which include lists of BMPs and design

standards requiring treatment or infiltration address these two goals.

Clean Water Act section 402p3Biii which sets forth the requirements for

establishing MEP in municipal storm water permits provides that such permits shall require

controls to reduce the discharge of pollutants to the maximumextent practicable including

management practices control techniques and system design and engineering methods and such

other provisions as the Administrator or the State determines appropriate for the control of such

pollutants. The United States Environmental Protection Agency U.S. EPA in a guidance

document explains that BMPs should be used in first-round storm water permits and expanded

or better-tailored BMPs in subsequent permits where necessary to provide for the attainment of

water quality standards.i34 The Clean Water Act as interpreted by U.S. EPA does require that

in a second-round permit35 expanded BMPs may be appropriate. In light of the number of water

32
Resolution No. R-00-02.

33
Id.

34
Interim Permitting Approach for Water Quality-Based Effluent Limitations in Storm Water Permits 61 Federal

Register 57425 1996.
35

The original permit was issued in 1990. The 1996 permit is a second-round permit.
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bodies impaired by runoff in Los Angeles County it was appropriate to expand the scope of

BMPs during the permit term.

The regulations implementing section 402p specifically require municipalities to have

controls to reduce the discharge of pollutants from their storm sewer systems that receive

discharges. from areas of new development and significant redevelopment includingpost-construction
discharges.36 Clearly it was appropriate for the Regional Water Board to require

BMPs for new development and significant redevelopment. The permittees who submitted their

own version of SUSMPs with listed BMPs for categories of development appear to have no real

quarrel with this general mandate.

This Board has already endorsed requirements to limit the flow of the first flush of

storm water which may contain more significant pollutants.37 The permittees own version of

the SUSMPs required mitigation of storm water runoff by treatment or infiltration thus

conceding. the propriety of these two approaches to lessening the impact of storm water

discharges. The crux of the disagreement is that the Regional Water Board added numeric

design standards to establish the amount of runoff that must be treated or infiltrated and required

the mandatory application of these standards to categories of development.

The addition of measurable standards for designing the BMPs provides additional

guidance to developers and establishes a clear target for the development of the BMPs. The U.S.

EPA guidance manual suggests the use of design criteria and performance standards forpost-construction
BMPs.38 The numeric criteria the Regional Water Board adopted essentially

36
40 CFR section 122.26d2ivA2.

37
In the Matter of National Steel and Shipbuilding Company et al. Order WQ 98-07 at slip opinion 7.

3
Guidance Manual for the Preparation of Part 2 of the NPDES Permit Applications for Discharges from Municipal

Separate Strom Sewer Systems at page 6-4 November 1992.
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requires that 85 percent of the runoff from the development be infiltrated or treated.39 In

adopting these standards the Regional Water Board based its decision on a research review of

standards in other states and a statistical analysis of the rainfall in the area.. The standard was set

to gain the maximum benefit in mitigation while imposing the least burden on developers.
0

In

light of the evidence of the use of this or more stringent standards in other states the expert

testimony supporting this standard the endorsement by U.S. EPA in its comments and the

cost-effectiveness
of its implementation discussed below the Regional Water Board acted

appropriately in determining that the standards reflect MEP.41

We also find that the Regional Water Board appropriately applied these standards to

seven of the categories listed in the SUSMPs single-family hillside residences 100000 square

foot commercial developments automotive repair shops restaurants home subdivisions with 10

to 99 housing units home subdivisions with 100 or more housing units and parking lots with

5000 square feet or more or with 25 or.more parking spaces and potentially exposed to storm

water runoff.42 These categories except for parking lots were already targeted for special

treatment in the permit. The evidence shows that each listed category can be a significant source

of pollutants and/or runoff following development. It is appropriate that the design standards

apply so that BMPs for these categories of development result in the infiltration or treatment of a

significant about of the runoff.

79
Four different methods of calculation are permitted so the percentage of capture may vary slightly.

40
At the hearing in this matter Regional Water Board staff explained that the standard was set at the bottom of the

knee of the curve where the benefits of the mitigation requirements decrease and the cost increases. Other states

have set the standard higher along this curve requiring 90 to 95 percent mitigation.
41

This conclusion in no way departs from our acceptance of BMPs in lieu of numeric effluent limitations in storm

water permits. See e.g. Order WQ 91-03 and Order WQ 91-04. The numeric standard is a design standard for

BMPs. It does not quantify or limit the pollutants in the effluent. It also does not specify which of the listed BMPs

must be employed.
42

As discussed below this Board is revising the SUSMPs to delete the application of the design standards to retail

gasoline outlets and to locations within or directly adjacent to or discharging directly to environmentally-sensitive

areas.
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Potential Impacts on Ground Water

The petitioners contend that infiltration of runoff may lead to ground water pollution and

that the Regional Water Board did not properly consider such potential impacts. The mitigation

standards provide for a waiver where there is a risk of ground water contamination because a

known unconfined aquifer lies beneath the land surface or an existing or potential underground

source of drinking water is less than ten feet from the soil surface.43 The Final SUSMPs also

include a discussion on how to use infiltration so that the risk of contamination of groundwater is

reduced and where infiltration is not appropriate.44

The Regional Water Board did consider the potential impacts to groundwater from

infiltration and included appropriate limitations and guidance on its use as a BMP. These

provisions will ensure adequate protection of groundwater from any adverse impacts due to

infiltration.

Contention The petitioners contend the Regional Water Board failed to show that the

SUSMPs as adopted are cost-effective and that the benefits to be obtained outweigh the costs.

Finding The petitioners refer to the Preamble to the Phase II storm water regulations45

as the basis for their economic argument. The quoted language however does not wholly

support the petitioners contention. The Preamble states that President Clintons Clean Water

Initiative clarifies that the maximum extent practicable standard should be applied in a site

specific flexible manner taking into account cost considerations as well as water quality

effects.
46

It is clear that cost should be considered in determining MEP this does not mean that

43
Final SUSMP page 14.

44
Id. at page 15.

4s
64 Federal Register 68722 and following. These regulations do not apply to the permit but the general language

on MEP is relevant to EPAs interpretation of the standard.

46
64 Federal Register 68722 68732 December 8 1999.
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the Regional Water Board must demonstrate that the water quality benefits outweigh the

economic costs.

While the standard of MEP is not defined in the storm water regulations or the Clean

Water Act the term has been defined in other federal rules. Probably the most comparable law

that uses the term is the Superfund legislation or CERCLA at section 121b. The legislative

history of CERCLA indicates that the relevant factors to determine whether MEP is met in

choosing solutions and treatment technologies include technical feasibility cost and state and

public acceptance.47 Another example of a definition of MEP is found in . regulation adopted by

the Department of Transportation for onshore oil pipelines. MEP is defined as to the limits of

available technology and the practical and technical limits on a pipeline. operator ...4

These definitions focus mostly on technical feasibility but cost is also a relevant factor.

There must be a serious attempt to comply and practical solutions may not be lightly rejected.

If from the list of BMPs a permittee chooses only a few of the least expensive methods it is

likely that MEP has not been met. On the other hand if a permittee employs all applicable

BMPs except those where it can show that they are not technically feasible in the locality or

whose cost would exceed any benefit to be derived it would have met the standard. MEP

requires permittees to choose effective BMPs and to reject applicable BMPs only where other

effective BMPs will serve the same purpose the BMPs would not be technically feasible or the

cost would be prohibitive. Thus while cost is a factor the Regional Water Board is not required

to perform a cost-benefit analysis.

In reviewing the record it is apparent that the Regional Water Board did evaluate the cost

of the SUSMPs. While the petitioners claim there is no evidence in the record to show the

47
132 Cong. Rec. H 9561 Oct. 8 1986.

48
49 CFR section 194.5.
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SUSMPs are necessary and cost effective the opposite is true. The record is replete with

documentation of costs of pilot mitigation projects studies from similarprograms in other states

and research studies. The Regional Water Board complied with the requirement to consider cost.

The Regional Water Board found that the cost to include BMPs that will meet the

mitigation criteria will be one to two percent of the total development cost. This amount appears

reasonable especially in light of the amount of impervious surface already in Los Angeles

County and the impacts on impaired water bodies. In considering the cost of compliance it is

also important to consider the costs of impairment. The beach closures in the Los Angeles

region well documented in the evidence have reached critical proportions. These beach

closures clearly have a financial impact on the area and should be positively affected by the

SUSMPs.

We do note that there could be further cost savings for developers if the permittees

develop a regional solution for the problem. We recommend that the cities and the County

along with other interested agencies work to develop regional solutions so that individual

dischargers are not forced to create numerous small-scale projects. While the SUSMPs are an

appropriate means of requiring mitigation of storm water discharges we also encourage

innovative regional approaches.49

Contention The petitioners have raised contentions regarding details of the SUSMPs

including the amount of time allowed for inclusion of SUSMPs in local ordinances and their

application to both discretionary and non-discretionary projects. In addition during the

hearing certain ambiguities in the wording of the Final SUSMPs became apparent including the

provisions regarding redevelopment and environmentally-sensitive areas. In this portion of the

49 We note that the SUSMPs as written do not in any way preclude the development of regional solutions approved

by the Regional Water Board as a means to comply with the BMP and design standard requirements.
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Order we address these issues and also the application of the design standards to retail gasoline

outlets RGOs and the waiver funding requirements.

Finding The testimony at the hearing in this matter revealed that there are specific

provisions of the SUSMPs that create confusion as to the types of development projects subject

to the mitigation design standards. The petitioners also contend that application of the standards

to specific types of development either is unreasonable or is inconsistent with the terms of the

permit. The specific requirements are discussed below.

Retail Gasoline Outlets

Petitioner WSPA contends that RGOs should be excluded from the SUSMPs. Its petition

raised the same general contentions as the other petitioners but at the hearing WSPA presented

evidence specific to RGOs. In particular WSPA raised questions about the propriety of applying

the design standards for BMPs to RGOs. In considering this issue we. conclude that construction

of RGOs is already heavily regulated and that owners may be limited in their ability to construct

infiltration facilities. Moreover in light of the small size of many RGOs and the proximity to

underground tanks treatment may not always be feasible or safe. The mandatory BMPs that are

included in the SUSMPs may be adequate to achieve MEP at RGOs but the Regional Water

Board should add additional mandatory BMPs such as use of dry cleanup methods e.g.

sweeping for removal of litter and debris use of rags and absorbents for leaks and spills

restricting the practice of washing down hard surfaces unless the wash water is collected and

disposed of properly annual training of employees on proper spill cleanup and waste disposal

methods and the inclusion of BMPs to address trash receptacle areas and air/water supply
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areas.50 We conclude that because RGOs are already heavily regulated and may be limited in

their ability to construct infiltration facilities or to perform treatment they should not be subject

to the BMP design standards at this time and recommend that the Regional Water Board

undertake further consideration of a threshold relative to size of the RGO number of fueling

nozzles or some other relevant factor. This Order should not be construed to preclude inclusion

of RGOs in the SUSMP design standards with proper justification when the permit is reissued.

Redevelopment Projects

The SUSMPs were written to apply to new development and to some types of

redevelopment in nine categories of projects. The definition of redevelopment reflected the

intent of the Regional Water Board to define the scope of redevelopment projects subject to the

requirements. That definition51 however was somewhat confusing and it was apparent from

testimony at the hearing that the parties had different understandings of the scope of

redevelopment subject to the SUSMPs. In their post-hearing briefs the various parties appeared

to agree on the actual intent of the Regional Water Board in including redevelopment in the

SUSMPs. This intent was to include redevelopment that adds or creates at least 5000 square

feet of impervious surface to the original development and where the addition constitutes less

than 50 percent of the original development to limit the application of the BMP design standards

to the addition.

50
These BMPs are from a list of BMPs in a publication of the California Storm Water Quality Task Force. Best

Management Practice Guide - Retail Gasoline Outlets. March 1997. This publication includes BMPs in addition to

those listed in the SUSMPs. All BMPs recommended in this publication should be mandated.
51

The SUSMPs state Redevelopment means on an already developed site the creation or addition of at least

5000 square feet of impervious surfaces or the creation or addition of fifty percent or more of impervious surfaces

or the making of improvements to fifty percent or more of the existing structure. Redevelopment includes but is not

limited to the expansion of a building footprint or addition or replacement of a structure structural development

including an increase in gross floor area and/or exterior construction or remodeling replacement of impervious

surface that is not part of a routine maintenance activity and land disturbing activities related with structural or

impervious surfaces.
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While some parties requested further requirements for development it appears that the

Regional Water Boards original intent was relatively simple to apply and results in a fair and

appropriate application of the SUSMPs requirements to redevelopment. Therefore we will

revise the definition in the SUSMPs accordingly.

Environmentally-Sensitive Areas

The permit required that the SUSMPs address at least seven development categories.52

The final SUSMPs added two more categories parking lots of 5000 square feet or more or with

25 or more parking spaces and potentially exposed to storm water runoff and location within or

directly adjacent to an environmentally-sensitive area ESA. The petitioners contend that the

addition of ESAs was inappropriate because the permit refers only to development categories53

and ESA is a location category.

Whether or not the Regional Water Board went beyond the permits terms in including

this category we find a fundamental problem with the language of the SUSMPs regarding ESAs.

All of the other categories are relatively simple to apply because they describe the types of

development that fall within the category. For instance the threshold for a commercial

development is 100000 square feet. If the development is smaller it is not subject to the

SUSMPs. But for developments within ESAs the SUSMPs contain no threshold. This absence

led to speculation by the petitioners that something as small as a new patio on a home in an ESA

would make the SUSMPs applicable. The Regional Water Board at the hearing and in itspost-hearing
brief conceded that there should be some threshold. While the Regional Water Board

52
The categories listed in the permit are single-family hill residences 100000 square-foot commercial

developments automotive repair shops retail gasoline outlets restaurants home subdivisions with 10 to 99 housing

units and home subdivisions with 100 or more housing units. Permit Part 2 III.A.I.c.

53
Id.
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did recommend a specific threshold we believe that it is inappropriate for this Board to add a

threshold that has not been fully discussed by all interested persons.

While it may be appropriate to include more stringent controls for developments in ESAs

we also note that such developments are already subject to extensive regulation under other

regulatory programs. Moreover in light of the permit. language limiting the SUSMPs to

development categories ESAs are not an appropriate category within the SUSMPs. The

Regional Water Board may choose to consider the issue further when it reissues the permit.

Discretionary and Non-Discretionary or Ministerial Projects

The petitioners contend that the SUSMPs should apply only to projects that are

considered discretionary within the meaning of California Environmental Quality Act

CEQA.54 They argue that the inclusion of non-discretionary or ministerial projects is

inconsistent with the terms of the permit.

The permit provisions on development projects do refer to discretionary projects in

several places. The permittees are directed to develop a checklist for determining priority and

exempt projects.55 Priority projects are defined as development and redevelopment projects

requiring discretionary approval which may have a potential significant effect on storm water

quality.56 The permittees are also required to develop a BMP list.57 In developing the SUSMPs

the permittees are required to incorporate appropriate elements of the BMP list.58 Next the

permittees must develop a program on planning control measures for priority projects which are

limited to projects requiring discretionary approval consistent with the list of BMPs and the

14
Public Resources Code section 21000 et seq.

ss

Permit Part 2 III.A.I.a.

561d.

$7

Permit Part 2 III.A.I.b.

sa

Permit Part 2 III.A.I.c.
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SUSMPs.59 The permit further states that in order to assure compliance with .thes

requirements the permittees must develop guidelines on preparing CEQA documents that link

mitigation conditions to local discretionary project approvals.60

Taken as a whole the provisions of the permit appear to link the development

requirements for SUSMPs to developments that receive discretionary approval by local

governments as defined in CEQA. The SUSMPs are an implementation tool for the permit and

must be consistent with the permit. While the limitation of the SUSMPs to discretionary projects

may not be sufficiently broad for an effective storm water control program the Regional Water

Board acted inappropriately in expanding the SUSMPs to include non-discretionary projects.

The Regional Water Board may consider expanding the development controls beyond CEQA

discretionary projects when it reissues the permit. But at this time the SUSMPs must be revised

so that they are limited to development projects requiring discretionary approval within the

meaning of CEQA61

Waiver Funding Requirement

Where a waiver is granted from the design standard requirements the Final SUSMPs

provide that the permittee must require the project proponent to transfer the cost savings to a

storm water mitigation fund. The fund is to be operated by a public agency or a non-profit

entity to promote regional or alternative solutions for storm water pollution in the same storm

watershed. The petitioners contend that the funding requirement will create an additional

administrative burden.

59

Permit Part 2 -III.a.2

60

Permit Part 2 III.a.3.b.

61 We note that the Final SUSMPs already include a definition of discretionary project consistent with the

definition in the CEQA guidelines. Final SUSMPs at page 4 of 25 Title 14 California Code of Regulations section

15357. Apparently this definition was inadvertently retained after the Regional Water Board decided to expand the

SUSMPs beyond discretionary projects.
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The concept of a mitigation fund or bank is a positive idea for obtaining regional

solutions to storm water runoff. As a long-term strategy municipal storm water dischargers

should work to establish regional mitigation facilities which may be more cost-effective and

more technically effective than mitigation structures at individual developments. But at this

point there are not sufficient resources in place to require all permittees to establish such funds or

to find appropriate non-profit organizations. Before mandating funding preliminary questions

should be answered including who will manage the fund what types of projects it will be used

for what entities can legally operate such funds and how permittees will determine the amount

of the assessments. It would be appropriate for the County to consider developing a program

with the appropriate flood control agency or as a model for the separate cities to develop. There

may be suitable agencies to administer such funds but the development of programs may take

some time. The Regional Water Board should consider adopting such a program when it

reissues the permit after consultation with the appropriate local agencies.

III. CONCLUSIONS

Based on the discussion above the Board concludes that

1. The Regional Water Board complied with the procedural requirements of

the permit including the Administrative Review Process in approving the

Final SUSMPs.

2. The Regional Water Board was authorized to revise the SUSMPs by

including more stringent requirements than the permittees had proposed.

3. The Regional Water Board complied with did not violate the Administrative

Procedure Act CEQA or the Constitutional provisions on state mandates.

The petitioners due process rights have been protected

4. The Regional Water Board considered the costs of the SUSMPs and acted

reasonably in requiring these controls in light of the expected benefits to

water quality.
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5. The Final SUSMPs reflect a reasonable interpretation of development

controls that achieve reduction of pollutants in storm water discharges to the

maximum extent practicable.

6. The SUSMPs include adequate protections of groundwater quality from any

impacts from infiltration.

7. The SUSMPs will be revised to clarify the intent of the Regional Water

Board and to make them consistent with the permit. Specifically retail

gasoline outlets should not be subject to the BMP design standards because

they are already heavily regulated and may be limited in their ability to

construct infiltration facilities or to performtreatment. Redevelopment

projects should be subject to the SUSMPs only ifthey result in creation or

addition of 5000 square feet of impervious surfaces.

Environmentally-sensitive
areas should not be listed as a category in the SUSMPs. The

SUSMPs should only apply to discretionary projects. The requirement for

funding by project proponents who receive waivers should be deleted. The

SUSMPs will be amended as shown in the attachment to this Order.

8. In light of the revisions of the SUSMPs made by this Order and to allow the

permittees adequate time to adopt implementingordinances the deadline for

adopting ordinances will be revised to January 15 2001 and the effective

date of the Final SUSMPs will be revised to February 15 2001.
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IV. ORDER

IT IS HEREBY ORDERED. that the Standard Urban Storm Water Mitigation Plans for Los

Angeles County and Cities in Los Angeles County is revised consistent with the amendments

attached hereto. In all other respects the petitions are dismissed.

CERTIFICATION

The undersigned Administrative Assistant to the Board does hereby certify that the foregoing is

a full true and correct copy of an order duly and regularly adopted at a meeting of the State

Water Resources Control Board held on October 5 2000.

AYE Arthur G. Baggett Jr.

Mary Jane Forster

John W. Brown

NO None

ABSENT Peter S. Silva

ABSTAIN None

/s/

Maureen Marche

Administrative Assistant to the Board
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AMENDMENTS TO SUSMPS

These amendments are to the Final SUSMP as published March 8 2000

Page 3 of 25

First full paragraph

All discretionary development and redevelopment projects that fall into one of seven the

following categories are identified subject

to these SUSMPs. These categories are

Single-family Hillside Residences

100000 Square Foot Commercial Developments

Automotive Repair Shops

Retail Gasoline Outlets

Restaurants

Home Subdivisions with 10 to 99 housing units

Home Subdivisions with 100 or more housing units

Parking lots 5000 square feet or more or with 25 or more parking spaces and

potentially exposed to storm water runoff

Second full paragraph

two additional eeAeger-ies subject to

SUSMP requirements for- the Les Angeles Geunty N494 Permit. These ategor

sensitive afea and

paFlEing lets
000

feet eF fnefe er- with 25 er mere pafking spaees and petentially

exposed te-

Fourth full paragraph

Permittees shall amend codes if necessary not later than September 2000 January 15 2001

to give legal effect to the SUSMP requirements. The SUSMP requirements for projects

identified herein shall take effect not later than February 15 2001.

Page 4 of 25

Delete definition of Environmentally Sensitive Area

Revise Definition of Redevelopment
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Redevelopment means on an already developed site the creation or addition of at least 5000

square feet of impervious surfaces

rfaoes or- the making of improvements to fifty ent eF more of the isting

tee. Redevelopment includes but is not limited to the expansion of a building footprint or

addition or replacement of a structure structural development including an increase in gross

floor area and/or exterior construction or remodeling replacement of impervious surface that is

not part of a routing maintenance activity and land disturbing activities related with structural or

impervious surfaces. Where redevelopment results in an increase of less than fifty percent

of the impervious surfaces of a previously existing development and the existing

development was not subject to these SUSMPs the Design Standards apply only to the

addition and not to the entire development. -

Page 10 of 25

Add to Limited Exclusion Retail Gasoline Outlets

Page 15 of 25

Delete the first full paragraph storm water mitigation funding
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STATE OF CALIFORNIA

STATE WATER RESOURCES CONTROL BOARD

ORDER WQ 2006-001-2.

In the Matter-of the Petition of

BOEING COMPANY

1or R6view of Waste DischargeRequirernents WDR Orders

R4-2004-O1 11. f O06-.08QB and R4-2006.0.036 forihe

Santa .SusanaField.taliosatop

Issuedbythe
California Re-6a1 Water-Quality-Control Board

Los Angeles Region

SWRCB/OCC FILES A-i653 AND. A1.737

BY THE.RQARD.-

The Boeing CompanyfBoeing. operates tho Santa $lisana Field Laboratory

.S.SF inVentura .Count
1 TheLos Angeles ReglonalWateror-Quality Pontroll Board

Los AngelesWatet Board hasý.regulated wasteVvater discharges from.SSFUowatets-ofthe

United StHtessince.at.ieeist 18 2z The regulated disOharges includestbrnl water runoff

dlsche ges from groundwsterretnediation systems.industdal.wasteewater from ongoing

-operations sudlhas engine test stands. and _dotr estic wastewater irointwo sewsgetreatment

plants.

On July 12004 the Los Angeles WaterBoard te-Issued a perrnltto Boeing for

discharges fromSSFL Waste Discharge Requirements Order JO. R4-2004-0I 11.2004

Permit.. On Augu0t.22004-Boeing fileda.petiton-with the StateWater Resources Control

Boeing owns SSFLwith the National Aeronautical Space /Agency NASA. The United States

Department of Energy DOE also owns several buildings at the site. NASA and DOE are not named in

the permit reviewed herein and their partrcipatlonis not an Issue before-us.

2
Waste Discharge Requirements.OrderNo. 82.092 adopted December 7. 1902. Fhe permit was_

reissued in 1998.1998 Permit Waste Discharge Requirements Order No. 98-051 adopttd.June 29
1998. This Is a national pollutent.disc argesellmination.systemNPDES permit. No.CAQ0.01309.
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Board State Water Board -challenging the2004 Permits Our File No. A-1653. Boeing

requested that its. petitionbe hetdin abeyance
a

On January 19 2006 the Los Angeles Water-Board modified the 2004 Permit

adding. and revising
the ouffalls listed andihe effluent limitations Waste.Discharge

Requirements Order No. R4-2006-0008 January 2006 PerrnlL On February 21 2006 Boeing

filed a petition ehallenging.the January 2006Perct and The .fýilur of the Los Angeles Water

Board toadopt a CeaseandDesist Order with a compliance schedule and interim effluent

limitions. Our File-Na.A173TY B eing-alsoasked theState-Water-Board to adtlvate Its

20.04petillon 3lle No. A4635. On March .9..200 the. Los AngelesWaterBoardagain revised

Boeings perrnitthistime adding additional efl9uentthuitations. Waste Discharge

Requirements Order No. R4-20083-9036 March.2006.PermiL. On March 16x2006 Boeing filed

a petififlnrchallengingthe March 2006.Permit6 Boeing also.requested-a stay of various effluent

limitations. The State Water Board denied-the- stay request In -.Order WQ 2006-0007 6

Manybeings conteutiotis concern-the propriettiandlegailtyofnumeric

e penttirriitations.in thePermit In .p.atticula Hoeing emphasizes tatIts discharges are

largelytinwater and it point to .th Issues this--Board -faces as to whether toinclude numeric

eifiuent.0mitations instorm water-permits. As we-will explain the issues addressed in this-Order

are relevant only to.a-unique industrial operation subject to an Individual NPDE8 permit. Our

conclusions here do-not apply to the .issue of numeric effluent limitations for geneial permits

3 ComM tee to Bridge tiiýeGapCBG also died apettloh c hallengigg theperml. OurFUe
No. A.18530. TheState Water Board dismissed CBGs petition oil February 142005
4 The State Water Boards .regulations.aib apetidbner.1o reouestits petttionbehold.in.abeytarrce.

CahfomiaCodeof-Regulations Cal. Code Regs. tit. 23 2050subd.d When-apetitiori

challenging apermitis teldIn atieyancetheState Water Board does t act-uporrthe.petftion until itts

activated and hhe.challeriged- permitrernainsin ufforce and effect Ibid.

The March 16 petition was .not.assigne a separate-file numberand..instead is conslderedto be an
amendmetft.to. File No. A1737. AN of.the-pefttions filedby Hoeing have beenConsolIdated for-purposes

of review Cal. Code Regs. ta.23.20.54. The 2004 Permit.as modified is referred to as the Permit

Where necessary-Ow different versionsare referred toes the 2004 Permit the January 2006 Permit and

the March.2006 Permit

The Staie.Water Board. received the adniinistrahve-record andresporrses to the peli ions on May 75
2006. Partofthe record was a report Boeing submitted to the Los Angeles Water Board for its February

2006 meeting. CBG asks this Board tallrr it. the use of that.report All portions of the record were before

the Los Angeles.Water Board in its actions-and are. appropriately part of our adminlstrative.record. On
October 13 2006 Boeing submitted a new report to-the State Water Board and asks that it be considered

apart of our administrative-record. We decline to- do so That reportwas received long after the

Los Angeles Water Board acted and only two weeks before the.State Water Board issued its draft order

Inthismatter. Moreover Boeing refused to place Its petitions In .abeyanc which would have allowed

lime for the State Water Boaroto review the report and for Interested personstorespondto the permit.

See. Cad. Code Regs.. 23 2050.6. Boeings .reques is denied.

2.
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regulating discharges of-.storm water from thousands ofentities engaged in construction and

industrial activities

In this .Orde the State Water Board upholds the Permit in most respects. We

conclude that the Los Angeles Water Board acted properly in issuing the Permit and in including

requirements more akin to atypicail individual NPDES permit than the General Permit for

Industrial Adivities.T We. also conclude thatihe-Permit includes appropriate monitoring

requirements and sites. Moreover we conclude that at least until Boeing submits -a report of

waste discharge describirng Its-dumped diseherge the Petmitmust.confinUe.to.r iiatemany

of the discharges from .SS as .commingle wastewater rather than as storm water

discharges. We also conclude Outfall 001 Isduplicative with OutfallOl l sand thatOutfall.002Is

duplicative with Outfall 018 forei forc ement purposes. Onlytwo.ofthess outfaits should be

regulated with numeric effluent tirr Rations aex mplience points. The nurrtericeffluent
0

imitations contained in the Permitt were properly
calculated and were properly based on the

reasonable potential fortiischaraesfrr m SSFL to ceuse.oraontrioute to.exceed nces.nfwater

quality standards and it
tsappropriatas and proper fbrthe.Perrrtit to etain these numeric effluent

lirinitations. Finallj vve conclude thatthe Los Angeles Water Board- erred in fallingto issuea.

cease and desist order J00Oj including a campiience.schedule with interim effluent. irrittetions

following a.catastrophicflre.at SSFL in September 2005. We will remand -the Permit to the

Los Angeles WaterBoard to make revision.consistent vath this Order. The compliance

scheduleshallapply retroactively to the adoption oof the January 2006 Permit$

L .BACKGROUN

Boeings S.SFL.Is.Iocated at the top of Woolsey Canyon Road In SimiHills. The

site Includes approximately 1500acres of developedland.and 1200 awes of undeveloped land

Industrial activities thane occurred atthe siteformore than . years. These activities have

Included. research. development assembly disassembly and testing .dfrocke engines missile

components and chemit lasers. There h ave-also been nuclear reactors.at SSPI_ and the

administrative record shows evidence of accidents with these reactors. As of the time the

Permit was issued Boeing.activitles that contributed to discharges Include. rocket engine

7General Permit for Discharges of Storm Water Assocsated with industrial Adivitlee Excluding
Construction Activities.WQO.Nd. 97-03-DWQ.
e

AJl.contentlons not.discussed inIbisOrderare notsuffici entry substantial to warrant review.

.Se People v. Barry1987194 CalApp 3d 158Cal. -CodeRegs. fit 23 20-52o1.
G

3.
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testingfire-suppression pressure-testing-ofegrlipment to support rocket-engine-testing

domestic wastewater treatment- and contaminated groundwater treatment.

Boeing representatives have recently stated tnCltrding in testimony at the

hearing on its stay request that- the only existing discharges fromthe site are storm Water

runotL In particular Boeing representatives state thatit has stopped all rocket engine.-testing

.an will not resume testing if attaq until It-can. re-move all wastewater associated with testing.

fromthe site presumably by trucking theewastewaterotfsita-. In. addition they testified that the

treatment plants groundwaterremediation.ariddomestIc sewage treatment areQolonger

discharging .et.th site bunt instead -all wastewater.is -frucked away. There is notiiing in the

record to indicate-that -Boeing has submitted a report of waste.dischargeiregarding these

.change in its discharge or requested that-the Permit bemodifted.

Because of the historical .activitiesat. SSFLThe site Is subject.to rerrmediation

requirements pursuant to-the Resource.Conservatiarvand Recovery.Aptof i 576..RCRiý.7 The

lead -agenoyor the -RRGRA cleanup is the-CaGfoitiia epartmentof Toxic..SUbstancesControl

DISC. DISC repulates-nine closed .surface impoundments. The.site hadradioactive waste

that theUnited- StatesDepartment Of .E gy. DbEisresponsIblefor.tecor tarninating and

decommissioning.. -Boeing stilluses radioisotapesfor calibrating radiation detectors.and

accounting equipment-but there is no surface water.disciarge associated with these activities.

There its surface-runoff from throughout the site.tnclutling areas subject-to -RCRA cleanup The

.recor shows.that there are Instances where runofffrom SSFL has been aontar nated with or

haas.the.potentiat to becontaminlatedwith oonstituet is associatedvrith the historicalactiviles at.

the_srteand the RCRA remediation. For example the catchment tree ofQutfati..OO4is -
j

comprised of a iandscape with surface. soilcontaminated with mercury and other.cons ituents.

from thefomxr Sodium ReactorExperimentsite. Uritilthe contaminated soil -Wremoved a
likely finalremediatlon solution for thisarea Boeing has covered -the -.soil.with.an Impermeable

.cov -and atthe-.aottom of the catchment implenientsd BMtsto treat the runoff. if the cover

were compromised discharges frcn the sitecould entersurfaoe.waters. Thereare aIeo

.constituent that.have been detected-in n. nOff from thesitethat are associated with historic

Dischaargeerss mustsvbmit a report of waste discharge for any material change or proposed change in

the character location or volume of their discharge. War Code 13260 subdivisionc. The

discharges characterized In the Permit generally occur..only when there is wet weather runoff from ft
site. Thus it is within BoeingsknowledgeanO -control whether it will.enstrre that.process water 1$ not

commingled with storm water In the future.

10 42 United-States Code Annotated LLS.CA. 6901.et.seq.

4.
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activities. For example perr hlorate a chemical associated with rocket.prifpefant lesfing -has

been detected at an outtfall rieartha rocket propellanttesting area.

SSFL is situated in theSimi hills. Because.of Its location and topography and

the large size of the facility there 1s runoff front the site to several watersheds. Most of the

runoff.flows to Bell Creek which Is tributary to the Los. Angeles River. -There is also runoff into

various drainages of Arroyo Simi andtoRunkel .Dayto and Woolsey Canyons. The Permit

.establishes.eighteenoUtfall
r

Outfalls.001 and .00 are at the aoutherlyperimeter of the SSFL

and approAmately -sixty percentbf the runofifrom the
facility scharges ttirough Ittew -two

outfalls which lead to Bell Creek and then. tath L.os Angeles- iver. Outran 008 discharges to

Happy Valley and uttamately to Bell Cteatrarid the Los -Angeles River..Dlsdiarges.through

Outfails on 004x005 066.007 009 ahd010 flow to -small wateisheds to thenorthwest of

SSFL. These are.notiributaryto the Lds Angeles River.. Outfaiis.011. 012 015414 015-Qt6

017 and .01 each are sited near areas.of spetific activities onS$FL including the two

domestic sewage treatment plants. the groundwater treatment plant .an the rocket engine test

stand. Outfalls 012-0i7eachdlscfiarge to waters that flow through OcrtIells 011 or018 Which

In turn flow ughOutfalls 061 and 002 respectivetyThere.are.severat.points that are

important to-cur deliberations regarding these outfalis-.. 1 Outfalls 001X01.0 are each situated

along the permeter of SSPL-while butte is.01018 are situated inthe interior-ofthe site and

discharge through perimeter outfalls 2Outfilis 001 002 and .011-01 are authorized to

discharge commingled storm- water industrial process waterffram ground water treatment arid

rocket engine testing domcwastewaterfrbM the seWagetreatmentplants and S
Outfalfs 6010- are the only outfalls -designated iIn thePence as discharging orif storm .wate

runoff.

TheLosAngeles Water Boardinitially adopted the Perrnit-ithat Boeing-now

challenges in.July 2004. It amended the Permlt.in January-and March2006adding and.

revising effluent itmttations eachtime.. In January 2006 theLos Angeles Water-Board

considered but refused to adopt a. CMWhichwould have included a time schedule and interim

effluent limitations. Boeing filed a pefition challenging the July 2004.ier mitbutdid not seek

active revtewiof its challenge to the Permituridl February21 2006 when Boeing-also

challenged the January modifications Boeing.-also challenged the failure to-adopt the CDO.

These are designated OutfaS 001 through 018. -

It later challenged the.March modlflcatiottalso.

5.
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In addition to thePermit modifications which generally made the Permit more.

stringent there was also a significant physical event at SSFL that Impacted perritcomplianoe.

Beginning on September 28 2005 the Topanga Fve.swept through the site and burned

approcifnatetysenerity percent of thesite. The fire destroyed. Numerous plants-that had seined

as vegetative cover to control runoff. Atthe time.BMPs Boeing employed to minimize

.pollutant In runoff Were largely vegetative cover and the fire destroyed most.of this cover. The

frre also resulted in ashdeposiiohthmughoutthesitethe.result of-burned material from both

the site and adjacent areas which oonta fined contaminants regulated by the Permit. $irice.the

fire. Boeing has been engaged In stabilizing and restoring vegetative.doverand also-in buiidamg

new structural BMPs .a the site.

-11. CONTENTIONS AND FiNDINGS13

Cb e n.Boeing contends that most if.notall of its-discharge is storm water

runoff and hat itshouid beregulated in.a similar matnneras the State Water.BoarifsGenera.

Perrimiifor lndustrialActivsties..

Findina The diis6harres from SSFL are unusual in many-respects SSFL isa

very large industrial site in a rewrote area lnirtlm no tither industrial sites neariýjc. It ýiccupies a

large area onhillsides-withruncff flowing Into a number of different watersheds. There arevast

areas of historical contamination anddevelopmeritand also large areas of open space and

native vegetation. Calculations shtmvirthat SSlL has time potential. In a.24hour 10-year storm to

dls hargean ebtimated 272 million.galtorrs ofstori i.water rutOff. It iý the subject of ongoing

RCRA eieanup.ai.groundwater ternediaflon bile greater reduced frorhd peak activity

there -are still.ongoing -industrialactimtitiess occurring. While.lt.ofogtnally was situatedin a remote.

location thereaet ow manyreeidehbal developments nearbySsFL. The Permit -all wsBoeing

to disthame riot only storm water runoff from the-sita but also -industrial.proces water

virasteuwater from groundwater treatmentfacilitles and domesticwastewater from sewage

treatment plants_

The conditions described above make SSFLa unique site -especially because of

Its-size-the degree hittorioW 0 4rlt tmitlation andthesite topography that results In large

3
Boeing included various interrelated contentions in its2004 Petitign iis- February 2006 Petitionand its

Match 2006 Petition. Each pebtidh essentiaally.restated and revised the-grounds forthe petition. Each

petition alsoIncluded a statement of points and authorities which also stated the bases for-the petition

somewhatdifferentlythan the petition. itselt. The.t tatement of contentions herein Is an effort to

summarise and articulate these various arguments while not restating verbatim each of the contentions

listed in thedifferent documents.

6.
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amounts of runoff during storm events. The Permltreg4lates both storm water-only and

c omninjied-sib watet domestic and indusMal.proaess oyster discharges. As-will be

described below the legal requirerents forthere rlation of storm waten.only discharges vary

from those forthe.tegulafibn-of prdcespwafierdischarges. Wastewater-that commingles storm

water and procets water Is subject to the legal requirements for industrial process water. The

Permit was based on Boeings request through its. report of waste discharge forauthorization

to discharge.pnxess water andstori water from. severbi.duffalls at SSFL In its paf ersand

testimony Boeingstates that It is no anger discbarging process water hDm these.facc ities. If

that isstin orderfor its.permfto be revised.ai box ingly it must file -it report of wastedischarge

describing this change-in its discharge.r4

E.ight of the eighteeri-dutfallsapt SSFt.an storm wateronly outfails

Outfalls 003-01.0 These eight.outfalls.are. all petinveter -outfails-iowsthrough these outfallse

leave SSFL ttrrbugh different watersheds. The only other perimeter vutfalis-OutfalisQ01 and

0O2--red eiiis all of the commingledflows and together discharge approximately sbdy

the total flows .fro SSFi.. j
While-these eightoutfails amedesignated As storm water-only the t

record shows.that hheyeach have a signiticantpotenfiaf to discharge water contaminated by the

histpfic ai practices and rernediation activities aatSSPL Each Af these outfalls Is.assoclated with

areas of the site with significant-hrstorical.activdies Outlalls 003-007 receive runoff frompas t

and existing radidiorgical facilities runoff to Outfall 003 Is from the Rad loac lveMaterlal

Handling facility runoff to.Outfatl 004 is from theWum Readtor. Experiment runoffto Outfa$

005 is from SodiumBumPre 1runoffto Outfalt 006 is-rbm Sodium BumPit 2. and runoff to

Outfall 007 is from Building 100. Ouffalf bi08 which .disdmitrge to HappyValley is located near

failsthat fbr mbdy .used.perchlorate and that-cohetituent.hesbeen found In the runoff.

Outfell 009 receives WS-1 3.drainage and runoff to Outfall 0i0rs from Buiiding.203.and these

outfalls were addedtothe Permit based on monitoring in. me areas.15 There are nurn.emus

otheroperation. areas at SSFL that. do not haveindividual outfalls specifically assigned to-them.

Generally the outfaUs ltsed.3o the.Permit.ate associated with operationsperatiomove.rWhich -the

14
During the proceedings on the stay request Boeings-attorney.stated that the only process water

currently discharged is well purge water and that change in discharge would be raised to- the

Los Angeles Water. Board when the Permit is modified-or reissued. In-any evehtthe Permit as adopted

does regulateboth process water -and. storm water some of Itcommingled and. the evidence shows that

Boeing requested such a permit.

Thespec ific activities and runoff- potentialare described in detail Mrs.
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Los Angeles Water Board rather than DISC Is the lend agency.16 The outfalls along the

perimeterof SSFt however do capture all of the runoff that is kngwn tr have the potential to

contain contaminants associated with industrial activities.

Boeing -argues that its siitelscomparable to other-sites regulated by the General

Permit for Industrial Activities.. Itcontends iiattheLos. Angeles Water Board was-required-to

follow the assumptions contained in that permit Including the absence of numeric effluent

limitations therein. We disagreewith thispremise

SSFL Is a Unique sitewarrenting1hotough-and detailed regulation. ttis not at all

the same as-atypical facility subject th theGeneral Permit-for ndustciarl Acuities. Moreover it

is not permittedas a storm water uorily site. regardless-of whether the vast majority of the runoff
-

is storm water ratherthan process water. heefederai Clean WaterAct.requires that-all

discharges of wastewater containing pollutants from industrial sites must comply with the

technology-based requirements of best practicablecontrol technology currently available BCT

and best -available-technology economically achieuabla BAT- nd with-any more stringent.

limitationsnecessaryto.meetwaterui aliiy.standards. 33 SCA. 1314b. These saute

.standard apply to -dischargesof storm waterassoclated wiih induetrrai activities.ýGWA

402pj3Ai8 Whtl@ be some legal standards in section 301b apply to -both industrial

processwater and industrial storm water .th decision whetherto indutie numeric water. effluent

limitations varies dependingwhetherthepermit regulates process water even If mixed with

storm water or storm wateronty76. The separate rules for storm water.dischargesappty onlyto

discharges composed.entirety ofsstormwater. CWA 4O20.1 emphasis.addeO Forthis.

-reason the t eneral Permit-for Industrial. cfiviiiesauthorizesontystorm water-c charges.. Only

eight of the eighteen outfalls at SBFL IOutfalfsO03-010j are composed.entiretyof storm water.

The other ten outfalls whether or not they.may be composed of mostlyor almost entiretr.of

storm water as Boeing contends are subject to 1fre.same.reguiatory requirements.as anyother

industrialprocesswates Thus Boeing does not- qualify for coverage underthe General Permit

19 The Fact $heetto theyPermit includesa ihoroygh-disc ussioo Of the . ation. operations and

constituents associated with.each outfaii..

r
Clean Water Act CWA 30.1b Hereafter citations to. the federal .statut will referonly.-to-theCWA

citation.

1e
Defenders atWildlife v. Browner 9th .01r 1699 101 F.3d 1159.

19 As discussed In detail below process water permits must Include numeric effluent limitations unless it

is notfeasible.tolndude.such limitations. Storm watetronlypermlts are not required to include numeric

effluent limitations without the necessity of determining infeasibility.

g
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The Permit must include appropriate requirements for both process water and.

storm water diischarges..B.oeing also contends that numeric effluent limitations are not

.appropriat for process water dischargds.from SSFL pursuant to federal regulation0 We will

discuss in detail the propriety of numeric-effluent limitations oi1he variousoutfalls regulated in

the .Permit In general however we reject Boeings contention lhatthe Los Angeles Water

Board was required to regulate the-.various discharges from SSFL in a similar -manner to the

General Permitfor Industrial.ActMties

tont-entibn Boeing contends that the monitoring.and compliance-points are

inappropriate.

- F in The-Permit flats-eighteen outfails. Each outfall has numerous - numeric

effluent limitations for constituents for which The Los Angeles Water Board determined that

discharges had the reasonable potential tocauseor contribt teio exceedances of water quality

standards in surfacewaters. Boeing points out that. prior permitsforSSFL had fewer points

where monitoring was required and whereeffluentUrriltations.appliied. -A.brief history oftththe

Los -Angeles Water Boards permitting .strateg Isnecessarc in order.to understandthis

-contention.

Boeing u ilenges the 2 3.4 Perrri t and moditicatians.in danuary-and March-of

2008. The
prior permitwas adopted In 1998 Waste Discharge RequlrementsOrderNo.98-05111998 Permit.... The 1998.Permit regulated. stormwatermnoff industrial and domestic

wastewater and groundwater treatment discharges.fnolrn SSFI_ The 1998 Permit established

astompliance points 4utfalls 001 andOO which are 8000 feet south of-ft-finalivitentlo

ponds and Afalls 6. to the north The 1998 Permit-also stated thatthe storm water

discharges were covered by thetermIndustrial Storm Water Permit. and that ifs

requirements are incorporated -in Mel98 Pennitjýby reference.22 For Outfa lls 001 and 002

the 1998 Permit listed numeric effluent liniitatlonsfor 49 constituents. Outfalls 003-007 in the

1908 Permit have numeric effluent limitations for25.constrtuerits. Most effluent.llmitatlonswere

for daily maxirnurnand notfpr monthly average.

The 2.00 4 Permit.addedtilethree perimeter outfalls that were not listed in the

1998 Permit Outfalts 008-010and theeightinterior outfails Outfalls.011-018. The 2004

20
40-Code of Federal RegulationsC.F.R. 122.44k3.

Thus the 1998 Permit did notlist as separate outfalis three.of the perimeter outfalls listed In the 2.004

Permit 008-010 and -the eight interfor malls that lead to 001 and 0021011-018
22

998 Permrt.Finding ZT

-
1
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Permit also discussed the reasonable potential for discharges through the various outfalls to

cause or contribute to .exceedanceo criteria in the California Toxic Rule .CTas The 2004

Permit included numeric effluent limitations for40 constituents for Outfalis 001 and 002

IS numeric effluent -limitationsfor OutfaUs 003-00711 numeric effluent limitations for Outfags

0080.10 and 14 numeric
effluent

limitationsfor Outfalls015-017. There were no numeric

eftluentlimitations assigned to Outfaiis.-011 012 013 014 or 018. A significant change from

the 1998. Pemtitwas that the 2004 Permit induded maximumdaily loads In addition to the

maximum daily concentrations Inthe poor permit. in addition..some.ofthe limitations were more

stringent rettecthig theCT-R criteria and some constituents changed. Ttiusi the me or changes

from the-1988Permit to-the 2004 Permit were not the Inclusion of numeric effluentlimitations.in

thepermltthese were alteadyln the 1998 permit .includin numeric efliuerit iirriifations for

sto m-water-only discharges. The rnajor.changes were the addition of numeric effluent

limitations forthree.periix teroutfalls and forthreeinterioroutfails tightening of some numeric

effluent limitations to implehwuA the CTRcriteria and theaddition of Maximumdaily loading

limitations.

In January of 2001x based on riaonitorlrrg resultsinthe inteflirt if s Load Angeles.

Water Board -modified the 2004 Permit adding numeric-effluent limitations tfor Oufels 011 and

Ole-.and for Outfaiis 012 013-and 01421. ThispermitmodMeation occurred shortly aferthe

Topanga Fire Finally in March of-2000 the Los Angeles Water Board-again inotlfled the 2004

Permit this time revising numerlceffluent limitations to reflecttwe Total Maximum Daily-Loads

TMDLs the Board had adopted The result was more Stringent and new numeric effluent

limitations for outfalls-wlth disoharges of natelyflowing 1o..Tthe Los Angeles River Outfails 001.

002 011 and O18 27

28
40.C.F.R. Gtie 131.36. In the. CTR Ilia UnitedStates Envlrorimenlal Protection Agency.U.S.EPA

adopted water quality standards for priortt .pollutant jn California- The State Water Board adopted the

Policyf r Implementation OfToxics StandardsI Inland Surfare1Naters.Ehdosed Bays and Estuaries

of Calflomia.State-Implementation Plan or SIP In ordor.to.inaplemerrt tile CTR In permits. TbeCTR.and
the SIP wereeach adopted in 2000_

24
The-numeric effluent limitations for Outfalis 001 0t2 011 and018 are identical

25 Thereare 19 numeric effluent limitations listed for Outfalis 012 013 and 014.

26 The TMDLs were for metals and for putrient-Ioadfitg. in the Los Angeles River. TMDLs are required by

303 of the CWA. NPDES permits must be consistent with the assumptions and requirements of

TMDLs. 40C.F.R. 122.44.d1Xvif

.Som interioroutfafs ultimately flowing too the Los Mgeles Rivet-also haveTMDL-based effluent

rsrrltations.
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far each effluent limitation at eachoutfall the 2004 Permit requires Monitoring.

Boeing challenges both the number of outfalis listed.a compliance points and the breadth of

the monitoring requirements. NPDES permitsgenerally must rectire monitoring at each autfall

for each constituent for which there are ef8uent.1imitations28 The.federgl -regulations -do. not

require analyfical monitoringat faalities that discharge storm water associatedwifh industrial

activities but this relaxation of requirements Is generally associated with the nature of the

permit conditions. Thus where a permit regulating storm
wafer..dlscharges associated with

Industrial activity does contain-numericeeffluent limitations sampling requirements will be

appropriate while permits thatinclude BMPs In lieu of numeric efftuenttirriitations rmraý

require inspections acrd BMPevaluation rather than sarrrpling. Therefore to the-Went that

outfaHs are pi opedy listed as Compliance points and.that Numeric effluent limitatidns are

appropriate then the monitoring requirements are appropriate. We turn then to the. propriety of

listing eighteen outfalls as Compliance points.

In ieviewing the specificloeationsfor.sampling and compliance it$.irue that the

number.ef.outfalls has grown from the 1598 permit whldh.ttstedseven outfa -to the

2004 Permitwhich lists 18 outfalls. Moreover -when The 20-04 Permit was-adopted it Fisted 13

outfatls as Compliancepoints and when it was modified In. 2006 it listed 18 -outfa is as

compliance. points.. The actual activities at the SSFLdld not vary-greatly from 1998 until2006

although theLos Ahgeles Water Board did obtain more detailed monitoring date. over these

years. The chief change in regulatorystrategy that resulted in the addition of outfalis was the

Inclusion of intertor outfalis as compliance points. There are seven outfalls that all drain tb

-Outfails 001 and 002 In addition the.numberofperimeter outfalls grew from seven b. ten.

In reviewing the.propriety.vfi.adding these.outfalisas compliance points weaddress-the interior

and perimeteroutfalis separately.

We first consider the perimeteroutfalls. The 2004 Permit.added Outfalls 008

009 and. 010. Storm water runoff discharges from Outfalts 009and 010 to Arroyo Sirnl to the

40C.F.R. 122.441.

29
-40 C.FR.. 122.441214 and 4

30
Vol. 57 Federal Register 11394 11402.

1
Ibid.

Ibid

74
Qutfalis 011098.

94
dulfalls008.010 were added.

I
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north of SSFL Storm water runoff at Outfall 008 discharges from Happy Valley to-Dayton

Canyon Creek which ultimately-flows to Bell Creekand-then the Los Angeles River. Oudds

001.007 which have all been compliance0oints with numeric effluent limitations since at least

1998 each discharge to dtfferent watersheds around the perimeter of the site.

The FactSheet to the 2004-Permit describes In detail each outfall-the.locations

of former and current Industrial activities that are drained and the constituents of t oncem. All

of the perimeteroutfalls are. placed so that they woald.pick -kip pollutants. associated with

industrial activities. The. industrialactivitfesatthe siteInptuding the. prior activities.forwhich

there and historic contaminants. are indeed potentlally.substantiat contributors of pollutants to

surface waters Outfalls D01 and. 002 receive then vast majority ofthe.stte.s runoff.h ctuding

treated wastewater water from the groundwater treat mentsystems excess reclaimed.water

water from the engine test
stands.

and storm water. While the other perimeter outfalls have.

much less runoff and do not receive.. process wastewater they each drain areas that may

contain pollutants from the ntimerousindustrial activities conducted at the site. For example

Outfal1-010 drairs Building 203.vihlchisaubject1io.significant.remediaton measure under-the

direction oDTSC The buitding wasused for repair and calibration ofinstnments containing

mercury. -Currently the-buildinghouses.operations.related to laser.research Including polishing

fibers haridwipe soherit.and chemi ca l cleaning assembly-and testingof components

Should.BMPs fall These contaminants would pose signiflcanttisks to surface waters. We

conclude that each of these perimeter outfails is properlyssituatedas acomplianee.point3 - We

a lso.concludethat the 2004 Pemiitproperiy requires mmitgring.atieach of-these outfalls.

The interior outfallsgr raise different issues concerning their propriety. Each of

these putfalls Is authorized to receive commingledprocess and .storwater. Flows Through

Outfalls .01 013 01.6 and 017 discharge through Outfall 018. and thence through Outfall 002.

Plowsthrough O.utfalls- 014 and 015 discharge .throug Outfall 011. andthence through Outfall

001. Each of the six outlails thatf ow to Outfalls 011 and 01238s bcate.d near areas of

significant past and present industrial.activity..While the effluent iimitatonsfor012-017 vary

depending an the contaminants present at the spec ic -areas drained the effluent limitations for

001002 011 and018 are Identical reflecting that each .drain large areas of SSFL and that

All wastes are currently placedin containers and transportedoffisde for disposal.

We will discuss separately Infia the propriety of the numericeffluent limitations assigned to these

outfaiis.

u
Outfalls 4i1-018

I
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01 1 and 018 drain to 001 and. 002 respectively. The Fact Sheet for the January 2006 Permit

states Discharges from Outfalls 011 and 018 receive no additional treatment or additional

discharges prior to eziflng Outfalls 001-and.002.i
considering the decision by me Los Angeles Water Board to list

Outfals.011-018. as separate outtalk each with numericefuent limitations we again consider

the uniqueness of the SSFL site--itslarge size its hilltop location the significant chemicals

used ft past and to a lessere dent in the present. We.alsonote Boeings argument-that ft.

no longer intends to dlscharge.non-storm water flows although ithas not yet submitted a report

of waste discharge fora permit that would prohibit all discharges of industrial.-process and

domesticwastewater. Since the Permit currently regulates-process waterdischatges at each

intelor outfail. ills appropriate to apply numeric effluent limitations at each of these outfafts..

U.S EPA regulations require this approach

All permiteffluent limitations standards and prohibitions shall be

established fgr each outfall.
_

dis int of the.
oý

rmlfed faiciliAr. l00 lý ty except as

otherwise. provided-under122.44k BMPs where limitations are infeasible ...
40 CFR-1224x440

It is possible that.even if Boeiiag continues to ttlscharge cor. rrgled runoff

some of the numeric .effluen limitations In the interior and the perimeter may. in fact. courltthe

same violation twice in sycha manneras totreat a single-violatlon as mctltiple violations. in

otherwords if.discharges-are unchanged from an Interioroutfall to a perimeteroutfall and the

same numeric effluent limitations.areexceeded at each outfall Boeing .cauldb cited twice for

the sarrre violation. The ongoingmonltoring resu..lts reciuired bythePermit should disclose

whether-that is the case. Therefore If Boeing does not submit a report of waste discharge

limiting its di charges to storm water only the..Los.Angeles
VIaterBoard must consider whether

there is.double counting for violations at mote ti n one puffallarid ifthereis avoid this The

tor Angeles Water Board should undertake thisreview when it reissues a permit.

OuifaQs 012-017.

Fact.Sbeetior January.200 Peernit at.p.35 accompanying OrderN. R4400.6-0111. In its Response

to .Comment on the draft NPDES permit the Los Angeles Water. Board explains that the property

between Outfalls.0t71 and 011 and between Outfalls 002 and 018 is undeveloped land where nQ industrial

operations have occurred and that slaff will not oppose a decision to delete Outfails 001 and 002 as

compliance pouts.ora aecisipn to require monitoring only at these locations. Fact $heeet at p.34.

A
Thus so long-as numeric-effluent limitations are-appropriate each outfall must be regulated as a

compliance point. In the next Contention we discuss Boeings contenlon that the Los Angeles Water

Board erred In including. numeric effluent lmita tans and that ltshould have instead used BMPspursuant
to40.C.F.R. 122.44k.

13.
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Even before the Permit might bemodllied or reissued we -conclude that it was

not approptlate.forthe 2006 Permit to.establish compliance points atboth Outfalls 001 and 011

and at both Quffalls 002 and 018. As isclear from the -Fact Sheet and the Response to

Comments there is no evidence that there will be .an change in pollutants discharged between

Outfalls 011 and 001 or between Outfalls 018-and .002 According to the administrative record

there are no industrial operations ofother potential contributors of pollutants between each of

these points the only rationale provided was That the decision was within the-discretion of the

Los Angeles Water Board. But- in the exerciseof discretion.. there mustbs rationale.provtded.

ldot riallyfhe State Water Boardwould not r Waw the designafion ofsped outfall locations. In

this-ease because offhe.large nurnbervfftef his-01imitations andconstlluents regulated adding

Outfalls 011 and 018 will have the effect of doubling the number of anypermft vioiations.of

effluent limitations at O.utfalls.001 and 002 without.arry otbservable benefit to water quality. We

conclude that the Perrhit-shOuld not have.establisshed effluent.limtiations fcwOuffaigs6.11 -and

01841

Contention Boeing contendsthatttle.Perhift inappropriately contains numeric -

effluent liniitationsfor storm water y discharges thatthe Yrumeflceffluentiltnitatlons fot

commingledwastewater argi improperly calculated .an that the Permit improperlydetermines

thetBoeings.dlscharges have the reasonable.potentiaf to.reuse-or contribute to many of the

water quality standards- cited in the Permit.

Finding Before addressing these contentions we4ill.pointout that-therie are

only eight.orutfaits that are currently authorized .t discharge storm water only. While the othef

-ten-oudalls may discharge mostty..or as Boeingctaims al.mostentiretystbrrnwater the-fact

that the.Perrnitauthori es the discharge.of industrial process and domestic wastewaterom

these outfallsraises ddifferentIssues. in evaluating the .proptietyofth process the Los Angeles

Water.Board followed In detern iningreasonable potental.and inestablishing numeric effluent

limitations.

For the commingled lscharges- Outfalis 001 002 and 011-018.-the

LosMngelesWNater-Board wes-tequired.fo-adopt nurriericeffuent limitations unless it.was

infeasible to establish such limitations 42 in adopting numeric.effluent limitations it was. required

4 We will leave to the sound discretion of the Los Angeles Water Board whether to-delete the effluent

limitations from Outfalls 001. and 002 or from Outfalls 011 and 018 - Pending that determination this

Orderwill.stay the effect-of the effluent frmitations.for Outfails 011 and 018.

42
For process water. discharges 40 C.FR. 122.44k3 permits non-numerteeffluent limitations

geheralty in theform of BMPs where niimecia effluent rmiltations are not feasible. Communitfes fora

Better Environment v. State Water Board 2003109 Ca1.App.4th 1089 1105.
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to comply with the -SIP for piloritypollutants listed in the CTR. The SIP sets-forth the

methodology for determining which constituents-exhibit reasonable potenfiar and for

calculating the numeric-effluentlirnitatlons. in prior orders wehave.discussed in detail the

requirements of the SIP and the required methodology Ibrdetermining reasonable.potenfal and

calculating effluent limitations We have reviewed the methodology employed by the

Los Angeles Water Board and its explanation of its determinations and find these-efforts to be

exceptional.

We will address
B.oeirtgs contention that. In. light of-section 122.4-4k3 -allowing

the use of MPS in lieu-of numeric effluent fimitationswhere it Is infeasible to.establish numhric

effluent limitations the Los Angeles Water board acted improperlyor inappropriately in

establishing numeric eeff Uentlimitations
as

Boeing contepds thatit has.proven thatit-cannot

comply with numeric effluent limitations immediately and it dims thatLos Angeles Water

Board staff members concede that Boeing cannotlmmediatel cornplywith the requirements.46

There is littleprecedent concemingthe meaning- offhetprm infeasible in

section 122A4kX3. in Communi tesfor.a B.etierknvironrnent Supra the court upheld the

Boards conclusion that a riumericWQBEL was -not feasible Le. not appropriate .. We
vlew.the.issue.of determiningwhether . numeric effluent limitationIa leaslbleas aoimoerrdrrrtig

the ability or propriety ofestabtishIng such a Omit rather than the abil y of-.the diwhargerfo

comply. -in Communities the court -add ressed.thi3 feasibility of a. numeric effluent-where the

limitation implemented a narrative water quality objective there was -a need for ongoing study of

the constituent and there-was an upcoming TMQL forthe rbcutlar constituent Numeroi.is. -

otherc stituents were .eubjecttonumerlceffluen limitegons for the mixed storm water and

process waterdischarge inthat case .4 We disagree with Boeings reading.of the provision he.

thatfeasibility refers to its ability to comply with the limitations. Discharges of process

See 84. M the MafW.of Yuba City. State Water Board OrderNo. WQQ 2004-0Q13.and In. the Matter
of Cow Sanitation District No2 Order No. WQO 2003-0009.

Itis-frankly difficult to.determinewhetherB.oeing does in fact make this contention. Because of Its

emphasis on .cor iftled discharges being rosily or perhaps-allstorm water and tic use-ofthe term
infeasible to refetto the timein whichi t can achieve compliance discussed below It Is not entirely
clear thatBoeing is challenging the use of numeric. effluent limitations to regulate the commingled
wastewater. Nonetheless because it seeks to vacate any new humeri effluent.limits addedo the 2004
or 2006Petmlts applicable to combined storm water

ahdwastewater.dischargers.tpetition 2/21/06 we
will address this contention.

45 Memorandum of Points and Authorities 3/16/00 at p.23.

48
Seealso Intheli fter of National Steel and Shipbuilding Company Order WQ 98.07 approving

numeric effluent limitationsfor facility discharging storm water along with some process water
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wastewater from industrial sites and storm wate.6-ordy discharges associated with industrial

activity must comply with water quality standards Whether the permit limitations are written

as BMPs.or..-as. numeric efftuWt limitations the legal standard isthe same. As.wehave stated

before programs of prohibitions source control measures and BMPs constitute effluent.

limitations and can. bewrttten to achieve corn plilanc -v4th water quality.standards.48

inanyevent Boeing does notctearly argue that for
its commingled wastewater

dischargesit cannot achieve corripiiance wVith the numeric effluent limitations. Rather it argues

that it cannot achieve inrtecfiate C mpfiance. Mucci of its argument refers to the impacts of

the Topanga Fire.and tlie.need forum a to .com lnt compliance. This argument ie -relevant to

the need for compliatce-schiedules rather than whether numeric effluent iunitattons shouldbe-employed.We are also cognizant that Boeing had .been-siubjectt numeric effluent-limitatons

for.dischargesthrough 001 and 002 which drain all of the commingled wastewater outfalls

since at least 1998. Finally the arhburft of toxic-chemicals historically.and .currenc used atthe

s1te inaddition try.the shtopography thafresufls in large amounts of niholf allleadto the

conctuslorl that It is feasible .a appropriate. to establish nurrieric effluent limitations for the

commingledrunofffrom thesite. We concludethatthe Los -Angeles Water Board. did not at

inappropriately or irnproperiyin refusing to frudtlat.numeric..cffluent limitations were infeasible

pursuantto 40 CFR. section 12244k3 y.

However the Los AngelesWater Board must modify or reissue the permit so

that eltherOutfatis 001 and 002 .o Outfalls 011 and 018 are subjecttdnumeric-efittrent

limitations.butnotall-four otfalls.

There ere-eght outialls.that.are currently permitted.10dischatge only. storm

water runoff.49 These oilifailsexcept forOutfall008discharge to the northeast of SSFLinto

different watersheds than the major Outfalls 001 and 002. Outfall 008 discharges Through

Happy Valley and eventually to the Lod Angeles River butnot.through Outfalls 001 or 002. Al

of theseoutfalls exeeptforOutfal.l 008 have been recjulated with nurneic effluent limitations at

least since the 198. Permit. Each outfall is .positione so as to receive runoff from specif c
areas-assocratedwith historic.dr existing areas withc oritamination from-industtial activities.

47 CWA S 301bj.

t
in the Matter of Citizens fore Better Environment et eL OrderWO 91-3 at p.30-31.

as
Outfalis 003-010.
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Federal regi lations.do notrequire numeric effluent fmitationsfor discharges of

storm water.50 The Water Boatds can include numerIceffiuentiiimitations in Individual storm

water permitsor can choose not to. The Water Boards arealso-not required to perform a

reasonable.-potential analysis for each constituents We. have long held that storm water

permits issued in California need not always include numeric effluent limitations
sx

This- is not to

say that numeric-effluent limitations cannotbe included in storm water permits. In adding

subsection 2to section 122.44k the US EPA-explained that it was employing the Interim

Permitting Policy. for WaterQuaiiity-Based Eff ..uerttLimitations In Storm Waiter Permits interim

Permitting Policy. Vol. 64 Fed.Reg.58722 86788-.. The -interim Permitting Policy

generally endoraeenarrative efftuentiimitations based on.BMPs butit also supports. numeric

-effluent limitations where either there is adequate. information or thefacility has long been

subject to numeric effluent limitations
-

In cases where adequate Information.exIsts to develop more specitic

conditionsor limitations to.meetViafer quafitystandafds these conditions or

.limitation areto be.incorporatedintto storm water permits as necessary and

appropriate. This. rim permitting approach is not intendedto tfecthose

storm waterpermits that already Include appropriately derived numeric water

qual1tybased effluent limitations.Vol. 61 Fed. Reg..43761 repeated at Vol..

64. Fed. Reg. 68788

U.S. EPA explains that-the interim PerrnlttingPvtfcydoas not explicitly apply t6.

states and that states are encouraged to-adopt similar policies. ibid. -As Boeing-poirits outin

its papers the State Water Board is currently reviewing the Issues concerning whether storm

water permitsshould asa.general matter corjtain numeric effluent limitations. To assist us in

.thi task we appointed a Blue Ribbpn Panel and rpoently raceivedtheir report and

recommendatlonO0 The Panel was asked to address thefeasibility-of numeric eMuent

40 C.F.R. 12244k2.
$

DiversEnvirunmental Cbnservatlon Organization v State. Water kesources Control Board 2006
C6l.Rptr.3d __ _ 2006Wl 3423150.

-

See e.g. In .th Matfet of Crtzens fora 8.etter Environment eial. OrderWQ91- 3 at p30-31. Note.

that prforto 1999 there was nb sepprate exemptionfor storm water discharges apart from the general

rule requfrtig nqrrreric effluent. limitations except where Infeasible. Thug our older decisions and general

permits made determinations regarding feasibuity.In 1999 122.44k was amended to add the

subsection 2 which authorizes the permitting authority to include BMPs in lieu of numeric effluent

limitations in storm water permits without the necessity of making a determination of Infeasibility.

Vol. 64 Fed. Reg.68722 68847.

53
U.S..EPA issued the Interim PermittingPolicywas issued on August 1. 1996. Vol. 61 Fed.

Reg..43781
0

s The report. Is available at

htWANwwwatetboards.ca.gov/stormvdddooslnumeric/swpanel firmLreport.pdf.
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limitations In general Industrial permits general construction permits and area-wide municipal

permits1 Thus while the-report will help the State Water Board and Regional Water Boardsto

hose othe keporf Was never specifically intended to addressdesign these new peimits.thepPu

individual storm watert permits. The issues explored by the Panel are not directly applicable to

this permitand our decision here does not reflect or presage ourfuture actions and policies on

the Panel report.and the general question of nunlertc.efffuent limitations fgrstOrm water .permits

We...conduide that the Boeing -site is unique both from a physical standpoint-the

immense area covered the extensive past contamination existing activities and the amourlt.of

runoff fromthesteep-terraln--and from a regulatory star point sldce it has-been subject to

Individual permits with -numeric effluent limitations for storm water dischares..for many years..

The runoff from rentediationareas hasAhs potential to -contain contaminants froth-ft histbdc

industrial activities.
For example the catrhment..area of Outfall 004 Is comprised largely of.a

landscape whose surface.soff is-oontaminated with merturyarid othercontatninants fromthe

former Sodium Reaclor Experiment site Boeing. is remedlating this site and -may .ultimatel

remove the contar iinted
.soil.sanddispos .of.i of-site. Until DTSC authorr es such a W

sol on the contarrinated soll1a covered and Boeing uses BMPS at the bottom.ofthe

catchment to treat the .runoff It was appropriate and ptoperfort the Los Angeles Water-Board to

cbntinde to apply numeric effluent Hitations-at the stdO waterýonly outfalis .includin the

addition of Outfall .008i the 2004 Permit and in its modifications.

Boeingalso-contends that the Los Angeles Water Boardwas prohibited from

applyingihe. SIP when- it decide 1oestabiish nurneiic effluent liritationsfor theystormwater-onlyoutfalls.We disagree. U.S. EPA adopted waterqualtycrlteria for prig pollutants in

California in the CTk. 40C.F.R. Part 131.36. In-2000. the State Water Board adoptedthe

SIP-toimplement the.CTR The SIP Includes Instructions-on-determining reasonable potential

and. In calculating numeric effluentlamitations-for priority pollutants. Ttius. the SIP Is.legally

.applicabl only to priority pollutants listed in the CM
The. SIP is also notiegally.appliabfe to storm waterdischarges. in footnote I. of

the SIP we.-stated This Policy does not apply to regulation ofstortm water discharges. The.

State Water Board has adoptted precedential decisions addressing regulation of municipal

se
Ibid.

It is of course possible-that-some of the.pollgy decisions we will make regarding whether and how to

use numericeffluent limitations In general and area-wide storm water pemlts could uitimately.impact our

review of individual permitsbut we-have not even acted upon thereportsrecommendations yet.

Moreover the permit at Issueis an indriWuat permit that is a reissiianca of a.perrnitthat for almost
10 years has always Indlided numericeffiuent limitations forits storm water-only discharges

1.8.
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storm water discharges in Orders WQ 91-03 92-04. 9643 98-0t and 990-05. The State

Water Board has also adopted two statewide.gerierral perrnits-reguiatirig thedischarge of

pollutants contained in storm water from industrial andconstructfon ctivities All of the

references in this footnote refetto area-wide nlutiicipal permits-and generalpemilts that do not

include- numeric water quality-based numeric effluent limitations. Thus by this footnote we

made clear our policy that such permits are notrequiredto determine reasonable potential for

each constituent or to indude numeric tefffluent limitations.

While-the SIP does not legally apply to storm water discharges1hatir riot td -say

that.ff in an appropriate case a stontnwater parr t.includes numeric eftluentiimitations-the SIP

procedures cannot be-employed to determine reasonable potential and to calculate effluent

limitations. We have alreadyaddressed the. use of the SIP forndn dorty. pollutants 5r Where

a regional waterbboard makes- determinations concerning reasonable potential and calculating

numeric effluent limitatiO s.forconstituents not subjectto-treeCTR the -regional water-board

mustartic late the baset for its deter ii lions
ss

In Vabaa City w6 found that the regional

board properly relied onboth the SIP _andU.S.EPks Technical .Suppor Document for Water

Quality-$asedToxics Control TSD in
establishing

-numeric effluent-limitations for non-priority

pollutants-.m This-is precisely what the Los AngelesWaterBoard did in this -case. Just aw-the

SIP can be used-for non-priority- pollutants it can also be-usedfor.storm water discharges so

Tong as the methodology Is explained and justified. We conclude.that thePerrnff appropriately

.relie on the SIP the TSD and also the California Permit Writers Training Tool in developing

the -numeric eftluentlimitatlons. Serrausa.nme of These.documents are requited bby. a fommal

Policy or a .regulatio to be used to determine-raasonable.potential and to calculate numeric

effluent limitations for storm waterdischarge.the Los Angeles Water Board was requiied to

explain fully Its procedures S0 We-conpludethat the Los Angeies Water Board met that burden.

Contention Boeing claims that ihe-Los Angeles -Water.Boar erred in refusing

tQ issue a cease and desist. order with -a tour-year.comp ilanceadheEdule.and-1iritetim.effluent

limitations In 2006.

See eg. in the Matter of Napa Sanitation District Order WQO.2001-16 and In the .Matte of Yuba 4454

Order WQO.2004-0013.

Ibid.

EPA/5O5/2-90-001 March 1991.

so
See requirements for.calculating numeric equent limitations in 40 C.F.R. We 122.44d.

e
Boeing refers to draft OrdeNo. R4-2006-OYYY which was prepared by-stafffrom the Los Angeles

Water Board.
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Finding .Th request for a CDO with a compliance schedule raises different

issues thanBoeings claims that-numericeffiuerit limitations were inappropristebecausd

compliance with those limitations was infeasible. As we discussed above the Issue regarding

feasibility for inclusion of numeric effluent limitations pursuant to 40 C.F.R. section 122.44k3

concerns whether it Is-lappropriate or feasible from a regulatory perspective to -establish

numeric-effluent limitations. In any-event-the discharge is subject to the Strict reGuiremefts of

compliance. With water.quality standards. The propriety for ahenforcement action that includes

a time schedule to come into compliance with the periiititseffluent iimitations.does..turp on the

.specifi dischargers ability to complyu

The permitting history alone does not appear to justify the need for additional

time to comply with the-Permit Permits forSSFL have Included numeric effluent -limitations

since at-least 1998. The vast majority-.of new and revised effluent limitations wereaddedinJuly

2004. When Boeing flied -a .petitio in AuQust.2DD4 It.asked that the petition.remaln ih

abeyance-and it did-not allege. that. had. been Improperlydenied.a.ccirnpliafice schedule and

interim-limits. These issueswerera1sed in its appeals-of the200O.Perrift modifications. The

2O0 .modificafbn however were generallylimited to adding-effiuentlimitations to.the interior

Outfalls 0t2 0i4and 015-017. Thus on the.face of the permitting actions alone3t is difficult to

justify the-need.for a compliance scheduleand interim Iimitaflons especially Bbeings-request

that these revisions be retroactive to July 2004.

Boeing alsopoints out.-however the4evastating.effects of theTopangaFiire as

a basis. fora.compliance scheduleand interim limits. The rec ird Includes ample.eidence-thaf.

the. Topanga- Fire which destroyed vegetationt htough 70 pert er t of SSFL was indeed -amqar

incident that would slgnificaritly affect its ability to complywith the-numeric effluent limitationsin

the Permit The. photographs and testimony in the -record provide strong evidence that the

BMPs in place.priorto the September2005 flrewere substaniiaiijr destroyed and that in

addition ash fromthe .ft-likely.-contiln additional.c.ontarninants regulated 5y.the Permit. In

iighti of She large size.ofSSFLend the fact that most-of the volume of discharges are associated

with storm waterrunof0l- the. natural landscape has been used astho major -omponerit.in the

treatment system. Thus vegetation is used to prevent and remove pollutants from

moving.oti--CityofSecramento
V. State. Water Resources ConfroBoard_i992 2 Cal.App.4th 960965..

63
White commingling of process water and storm water result in -the legal treatment of the wastewater as

process water In reviewing the factual issues such as whether a lire resulted in the need fora

compfance schedule it is relevant that the wastewater discharges. are largely composed afst rmwater

runoff.
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Water Board acted inappropriately in refusing to issue an enforcement order with a compliance

module and Interim effluent-limitations based on the Impactsfrom the Topange Fire..

We have stated above that the Permit appropriately required strict compliance.

with water quality standards through nurhertc%effluent limitations. Our findings Inthis section do

not take .awayfro that conclusion. They address instead whether the Los AngelesWater-Board
acted inappropriately and improperlyby refusing to Issue. anenforcement action with a

time schedule where the site wassubject to -a fire than destroyed its control -structures. We find

that.-rtwas not justlfiableto demand lmmediatecompllancebyBoeing. -in vieWW of the impacts of

.thefir a time schedule was warranted based on the specific situation that Boeing laced. We

note that as an-enforcement action a COOdoes not-condone .permi violations. Rather It

constitutes a.findingof violation or impending violation of an order and It carries with it the

potential for higher fines should itbe violated. On the other hard there isno justification to

make the cornpllance schedule retroactive to July 2004 before the fire and. before Boeing even

pressed Its claim that it needed a.c ompliailcescheduld. We will rem.and.this Issue-to

Los Angeles WaterBoard to issue aiCOO. Any CDO should include..a -compliance schedule

thatis as.sbortas possible. The order should be retroactive to January19 .2008 when the

matter was considered.

111. CONCLUSIONS

1. The Boeing Permit isan Individual permit for commingledstorm water and industrial process

water-and should hotbe r gulatedthe sameas sftes.subjectto the General Permit for storm

water discMroesass tedWiithindustIndus Ai%vides

2. The monitoring requirements .i the-Pe rit-are appropriate.

3. OutfailsO01-010 which are situated on the perlnieteiof the property are property situated

as corripiiance points

4. Outfelis 012-017 which ane.situated .I the Interiorof the property are properly situated as

compliance.points at least while Boeing is authorized to discharge Industrial. process water.

treated groundwater and domesticwastewater.. But in any event it IS Inappropriate to.count

the some. violation twice insuch a manner at to treats. single violation as multiple violations.

5. Outfalls001 and 011 andOutfalls 002 and-O18 are duplicative because Outfafs 011 and

018. flow directly to Outfalls 001-and 002 respectively without any change in flows or

discharge in the interim and with only open. space between -them. The Permit should

B6
Wat Code 13385 subdivision e requires.conslderation of.- priorhMxy of violations in establlshh g

administrative liability for permit violations.
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include only one set of these outfalls as compliance points subject to numeric effluent

limitations.

6. The Permit appropriately contains numeric $ffluent limitations and These were properly

calculated based on determinations of reasonable potentiar to cause .o contribute to

exceedance of water quality standards.

7. The Los Angeles Water Board properly usedthe SIP-and federal guidance materials to

calculete-numeric effluent-limitations forstornm water discharges by explaining and justifying

Its methodology.

S. The Los Angeles Water Bciard acted inappropriately In. refusing to issue Boeing a CDO with

a compliance schedule and interim effluent limitations when. it modified the Permit in 2006

.base on .th effects of the Topange.Fire.

9. Nothing in this Order prevents enforcement oftheFerma. except insofar as the

Los Angeles Water Boardaddste compliance scheduleIne CDOwwhich compliance

schedule shall not. be effectivs.until January 1.9 2006 Also the CDO does not operate to

excuse violations of any Permit

l. .

111

111

i

I
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IV. ORDER

The- Permit is reinarrded to the Los Angeles. Water Board to revise the provisions

concerning OOutfalls 001 0029 011 and 018 consistent with this Order. The effluent limitations

from Outfalls 011-and 018 are- dyed pending a determination by the. Los Angeles-Water Board

deleting either Outfalls.011 and 01.8 or Outfalls 001 and 002 as compliance points. The

Los Angeles Wateraoard Is also-instructed to issue a ODOwith the shortest possible

compliance schedule which shall be based on the Impacts from the Topanga Fire with interim

eflluent lhtdtations and which-shall be effective January 192006.. The LosAngeles Water

Board Is Instructed to review the Permit toensure that numeric effluent limitations for different

outfalls do not co. unthe some violation twice In such emanner as to treatasingle violation as

multiple violations in all other respects the petitions are DENIED.

GERT1FIOAT1ON

The undersigned Clark. to ft Board does hereby certifythatthe toregotng is -a 101 true and

correct copy of an order duly and.regplaiiy adopted at a meeting oftheState Water Resources

Control Board held on Oecerrber 13 200.x.

AYE Tam-M.Doduc
Arthur G. Baggett

Charles R. Hoppin

Gary Wolff P.E. N.D.

NO None

ABSENT None

ABSTAIN None

-So Her
Clerk to the Board
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Background
The NPDES storm water permit program came into being as a result of the 1987

amendments to the federal Clean Water Act and its implementing regulations.. In

California the State Water Resources Control Board State Water Board and

the nine Regional Water Quality Control Boards Regional Water Boards

implement the NPDES storm water program.

The Clean Water Act amendments Section 402p require that discharges of

storm water from large and medium municipal separate storm sewer systems

MS4s and.discharges of storm water associated with industrial activities be in

compliance with NPDES permits. MS4 permits require that the discharge of

pollutants be reduced to the maximum extent practicable MEP. Discharges

associated with industrial activities were required to meet the technology based

standards of best available technology economically achievable BAT or best

conventional pollutant
control technology BCT and to meet water quality

standards.

In 1990 USEPA promulgated regulations 40 CFR Part 122.26 for the NPDES
storm water program. These regulations clarified what industrial activities were

subject to storm water permit. Construction that resulted in a land disturbance of

five or more acres was included as an industrial activity subject to NPDES storm

water permit. The regulations also delineated what was to be included in permit

applications and the programmatic elements that were to be in a permit and

storm water management program for MS4s or storm water pollution prevention

plan for industrial activities.

Californias Permits

In 1990 MS4 permits were issued to Santa Clara County by the San Francisco

Bay Regional Water Board and to Los Angeles County by the Los Angeles

Regional Water Board. These permits were appealed to the State Water Board.

The primary basis of the appeals was the lack of numeric limits in the permits.

The entities that brought the appeals argued that the permits needed to include

numeric limitsas the discharges of pollutants must not only be reduced to the

MEP but they must also meet water quality standards. The State Water Board

in hearing these appeals determinedthat it was not feasible at the time to

develop numeric limits for MS4 permits and that water quality standards could

and should be achieved through the implementation of best management

practices BMPs. Since this ruling the Regional Water Boards have typically

not included. numeric limits in storm water permits.

The State Water Board has adopted NPDES General Permits for the Discharge

of Storm Water Associated with Industrial Activities and for the Discharge of

Storm Water Associated with Construction Activities. Both of these permits

contain language stating that developing numeric limitations is. infeasible.

Page 1
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Court Decisions

In addition to these actions on MS4 permits at the State level there have been a

number of rulings from the federal courts regarding the NPDES Storm Water

program.

One of the most significant is from the federal court 9th District Court of Appeals

from 1999. In its published opinion on Defenders of Wildlife vs. Browner the

Court held that MS4 permits. need not require strict compliance with water quality

standards. Rather compliance was to be based upon the MEP standard.

However the permitting authority the State Water Board/Regional Water Boards

for California could at their option require compliance with standards. The State

Water Board through the permit and appeals process has in fact required that the

discharges from MS4s meet water quality standards but has stated that

compliance with numeric standards can be achieved through the implementation.

of BMPs in an iterative fashion.

The Browner decision also found that discharges of storm water associated with

industrial activities must be in strict compliance with water quality standards.

In 2004 the State Water Board conducted a public hearing on adraft General

Industrial Storm Water permit. This draft permit met with significant opposition

from non-government or non-industrial organizations NGOs due to the absence

of numeric limits. Staff revised the draft permit to include the benchmarks

contained in the USEPA multi-sector general permit. This change resulted in

strong opposition from the regulated community.

The concerns that have been raised by the NGOs and the regulated community
are similar though they do not necessarily agree on the best way to address

them. Both believe that permitting has become overly complex and that it is

extremely difficult if not impossible to objectively determine if a facility operation

or municipality is in compliance with its permit requirements. The NGOsargue
that requiring storm water permittees to comply with numeric effluent limits will

result in an easier way to measure compliance. The regulated community

agrees to a degree but they argue that it is not simply a matter of selecting a

number that is suitable for a POTW or industrial waste discharge. Due to the

unique nature of storm events and storm water discharges any numeric limit that

is placed in a storm water permit must take into consideration the episodic nature

of storm events and be truly representative of storm water discharges. In

addition the regulated community has argued that there are going to be

pollutants in storm water discharges that did not originate in the MS4 run on or

that they do not have the means to control and therefore should be given special

consideration.

In response to these arguments State Water Board directed staff to convene a

panel of storm water experts to examine the feasibility of developing numeric

Page 2
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limits for storm water permits. Specifically this panel of experts was asked to

consider the following

Is it technically feasible to establish numeric effluent limitations or

some other quantifiable limit for inclusion in storm water permits

How would such limitations or criteria be established and what

information and data would be required

The answers should address industrial general permits construction

general permits and area-wide municipal permits. The answers

should also address both technology-based limitations or criteria and

water quality-based limitations or criteria. In evaluating establishment

of any objective criteria the panel should address all of the following

1 The ability of the State Water Board to establish appropriate

objective limitations or criteria 2 how compliance determinations

would be made 3 the ability of dischargers and inspectors to monitor

for compliance and 4 the technical and financial ability of

dischargers to comply with the limitations or criteria.

Staff invited 10 individuals from the academic and scientific community to

participate on the panel. Of the 10 eight agreed to participate. These eight met

in a public session on September 14 2005 and heard presentations from the

regulated and NGO communities. They also heard comments from the public at

large. They met again on September 15 2005 to discuss the public comments

and to begin to formulate a response. It was also decided at this meeting that

they would form sub-committees to address municipal MS4 industrial and

construction discharges separately. These sub-committees worked on drafts

statements for each of these circulating them over the course of a number of

months.

The panel met again in private session on April 3 and 4 2006. The purpose of

these meetings was to address unresolved issues and to develop the final

response to the State Water Board. It was also decided to combine the three

working statements into one Statement of Findings. The following discussion is

the panels findings and is broken into three program element areas municipal

construction and industrial.
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Panels Findings on Feasibility of Numeric Effluent Limits

Applicable to Municipal Activities

Municipal Observations

1. The current practice for permitting designing and maintaining

municipal stormwater treatment facilities called BMPs herein on the

urban landscape does not lend itself to reliable and efficient

performance of the BMPs because

Permitting agencies including EPA States and local governments

have rarely developed BMP design requirementsthat consider the

pollutants and/or parameters of concern the formsthat the

pollutants or parameters are in the hydrologic and hydraulic nature

of how they pollutants and flow arrive and then the resulting unit

processes treatment and/or flow management processes that

would be required to address these pollutants or parameters.

The permitting agencies generally are not accountable for the

performance of the BMP and thus give much leeway to the

developer with respect to the type of BMPs to be constructed and

to the details of the design although some states do have detailed

design standards and have conducted performance tests to identify

acceptable devices for their area.

The developer is not responsible in most all cases for the

performance of the BMP so the treatment facilities are designed. to

minimize the cost and/or area of the facility and/or ease of

permitting not maximize the pollutant removal efficiency and/or

flow management of the BMP

Because BMPs are not held to any or very few long-term

performance criteria they are typically not maintained except for

aesthetic purposes. Very few stormwater agencies are responsible

for BMP maintenance on private property and public facilities are

maintained mostly in response to clogging and/or resultant

drainage or aesthetic problems. Even for stormwater agency
facilities maintenance is often limited.

2. The principal reasons for the failure of BMP performance is improper
BMP selection design and/or lack of maintenance.

The California BMP Handbooks and other local requirements leave

too much of the BMP selection and design to the discretion of the

designer and thus do not address many if not all of the receiving

water quality issues
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BMPs need to be designed to facilitate maintenance this is rarely

done because it costs the developer money and the BMP designer

is rarely responsible for the maintenance.

Given the amount of debris in urban runoff and the fact that the

hydraulic capacity of many BMPs may be exceeded several to

many times per year BMPs require more maintenance than other

types of stormwater control facilities. Since urban BMP

maintenance is generally left to untrained homeowner associations

and maintenance personnel for commercial properties inadequate

maintenance is a near certainty. Even stormwater agencies often

do not have and/or apply the resources necessary to maintain

agency owned BMPs.

3. Improvements in the design of municipal BMPs including residential

and commercial as well as municipally owned facilities are necessary

to ensure better performance i.e. sizing geometry inlet and outlet

design etc. and to specifically target receiving water quality issues.

The Problem with Existing Effluent Limit Approaches

Effluent limit approaches usually focus only on conventional water quality

constituents that may not be solely or at all responsible for the receiving water

beneficial use impairments in urban receiving waters. The important stressors

that affect many use impairments can include one or more of the following and

may vary in importance from system to system

The effect of increased flows and/or volumes i.e.

hydromodification that can lead to stream channel

erosion/sedimentation with resulting habitat destruction

Sediment contamination such as enrichment of urban stream

sediments with fine-grained heavily polluted particulates large

organic debris masses causing low sediment DO settled bacteria

causing large bacteria gradients with sediment depth etc.

Impaired aesthetic value caused by gross floatables noxious

sediments etc.

Unsafe conditions caused by dangerous debris highly fluctuating

stream flows and stages etc.

Dissolved and suspended pollutants that are bioavailable in the

water column and/or result in downstream sediment contamination
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Elevated temperatures from urban heating effects on runoff and on

open conveyances and permanent pool BMPs

It is very difficult to determine specific causative agents or the level of control

needed for a specific beneficial use impairment in a receiving water body. The

Stormwater Effects Handbook A Tool Box for Watershed Managers Scientists

and Engineers Burton G.A. Jr. and R. Pitt ISBN 0-87371-924-7. CRC Press

Inc. Boca Raton FL. 2002. 911 pages was written to be used as a guide for

stormwater managers to identify their local receiving water problems and to

assist in identifying the causative factors. The methods described would need to

be applied to a specific area or region to obtain an. understanding of local

conditions and problems. Although expensive comprehensive investigations

such as these should be considered. an investment to help minimize wasteful

expenditures due to the application of inappropriate control practices in a

watershed.

Monitoring for enforcement of numeric effluent limits would also be challenging.

While spot checks could be made at some of the many outfalls in an area there

is wide variation in stormwater quality from place to place facility to.facility and

storm to storm. Coefficients of variation approaching 1 or higher are not

uncommon and there are few factors that can be used to significantly reduce this

variation. Analysis of the National Stormwater Quality Database indicates that

geographical location and land use are the most important factors affecting

stormwater quality for most constituents. Some are also affected by the

antecedent dry period before the rain and more highly developed watersheds

containing large fractions of impervious areas often show elevated first-flush

concentrations in the first portion of the storms for some but not all pollutants.

Since the storm-to-storm variation at any outfall can be high it may be

unreasonable to expect all events to be below a numeric value. In a similar

circumstance there are a number of stormseach year that are sufficiently large

in volume and/or intensity to exceed the design capacity volume or flow rates of

most BMPs. Assessing compliance during these larger events represents yet

another challenge to regulators and the regulated community.

Technical Issues

Even for conventional pollutants there presently is no protocol that enables an

engineer to design with certainty a BMP that will produce.a desired outflow

concentration for a constituent of concern. A possible exception is removal of

Total Suspended Solids in extended detention basins and some types of media

filters. The typical approach for evaluating BMP pollutant removal efficiency has

been percent removal but observed removal efficiencies vary greatly from facility

to facility and it has been demonstrated that percent removal varies directly with

the inflow concentration.

Few if any BMPs are designed using the first principles laws of physics

chemistry and/or biology for pollutant removal and/or flow-duration control. It will
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take a substantial research effort including data gathering on well-designed

BMPs to develop design criteria for the removal of pollutants with confidence

intervals that enable us to make reliable estimates of the median and variance of

the effluent concentrations to be expected from the various types of BMPs. Until

this is done it will be very difficult to assign legally enforceable numerical effluent

limitations to any particular BMP.

Drawing upon the body of knowledge that currently exists regarding pollutant

removal efficiency it is possible to estimate mean effluent concentrations and

variances for a number of constituents for different types of BMPs albeit not in a

legally enforceable sense. Effluent concentration distributions fora number of

BMPs are available in the International BMP Database www.bmpdatabase.org
from more then 250 studies throughout the US. The following outlines key issues

that have been identified regarding the technical feasibility of setting objective

criteria for both existing areas and new or redeveloping areas

Effluent concentration estimates could be made for a given

constituent and a particular BMP from a larger number of BMPs
than available in the BMP Database using literature values of

percent removal and local or national data on stormwater runoff

EMC data. However the results from this work would be

significantly less reliable then the BMP Database data as it could

be biased if the influent concentrations for the studied BMP types

did not match general urban runoff.

Designing the facility more rigorously with respect to the physical

chemical and biological processes e.g. unit processes that are

active in the BMP would give confidence that the BMP would

perform at least as well if not better than the average performance
determined from the literature. A WEF/ASCE task force is currently

updating their Urban Runoff Quality Management Manual of

Practice design guidance of BMPS will make better use of the

physical chemical and biologic processes taking place in the BMP
before during and after a storm event. This manual will build upon
recent research efforts employing a unit process based approach
for BMP design and selection. These research efforts were

supported by the Water Environment Research Foundation

WERF and the National Cooperative Highway Research Program

NCHRP.

A BMP designed and constructed according to a set of criteria

described above could be presumedto deliver an effluent with a

mean constituent concentration and variance similar to the

performance numbers developed from the literature ifit is properly
maintained Enforcement would comprise periodic inspection of

the facility using a checklist of items to be inspected. While not an
effluent limit this seems practical and quantifiable.
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Most all existing development rely on non-structural control

measures making it difficult if not impossible to set numeric

effluent limits for these areas because little is known about the

quantity and quality performance of non-structural controls.

However certain development characteristics in some existing

development areas that minimize the amounts of impervious areas

in a drainage area have been shown to be quite effective in

reducing adverse hydromodifications in the receiving waters and

should be encouraged.

Municipal Recommendations

It is not feasible at this time to set enforceable numeric effluent criteria for

municipal BMPs and in particular urban discharges. However it is possible to

select and design them much more rigorously with respect to the physical

chemical and/or biological processes that take place within them providing more

confidence that the estimated mean concentrations of constituents in the

effluents will be close to the design target. Moreover with this more rigorous

design and an enforceable maintenance program it can be presumed that these

facilities will continue to deliver effluent qualities that are reasonably close to.the.

design effluent concentrations over the life of the facility. And if proper

maintenance is performed enforced the facilities can be expected to perform

throughout their design life at the same or better efficiency as when newly
constructed. Depending on the pollutants and parameters of concern and BMP
choices it is very likely that treatment trains of structural. BMPs will be required in

many cases.

For catchments not treated by a structural or treatment BMP setting a numeric

effluent limit is basically not possible. However the approach of setting an

upset value which is clearly above the normal observed variability may be an

interim approach that would allow bad actor catchments to receive additional

attention. For the purposes of this document we are calling this upset value an

Action Level because the water quality discharged from such locations are

enough of a concern that most all could agree that some action should be taken.

Action Levels could be developed using at least three different approaches.
These approaches include 1 consensus based approach 2 ranked percentile

distributions 3 statistically-based population parameters.

The consensus-based approach would be to agree upon effluent concentrations

that all parties feel are not acceptable. For example most parties would likely

agree that an average concentration of dissolved copper above 100 ug/I from an

urban catchment would not be acceptable. This would be an Action Level value

that would trigger an appropriate management response. This approach may not

directly address the issue of establishing numeric effluent criteria and achieving

desired effluent quality but the consensus-based approach would ensure that

the bad actor watersheds received needed attention.
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The ranked percentile approach also a statistical approach relies on the

average cumulative distribution of water quality data for each constituent

developed from many water quality samples taken for many events at many

locations. The Action Level would then be defined as those concentrations that

consistently exceed some percentage of all water quality events i.e. the 90th

percentile. In this case action would be required at those locations that were

consistently in the outer limit i.e. uppermost 10th percentile of the distribution of

observed effluent qualities
from urban runoff.

The statistically based population approach would once again rely on the

average distribution of measuredwater quality values developed from many

water quality samples taken for many events at many locations. In this case

however the Action Level would be defined by the central tendency and variance

estimates from the population of data. For example the Action Level could be

set as two standard deviations above the mean i.e. if measured concentrations

are consistently higher than two standard deviations above the mean an Action

situation would be triggered. Other population based estimators of central

tendency could be used i.e. geomean median etc. or estimates of variance

i.e. prediction intervals etc.. Regardless of which population-based estimators

are used or percentile from above the idea would be to identify thestatistically-derived
point at which managers feel concentrations are significantly beyond the

norm.

The ranked percentile and population-based estimators are highly dependent

upon the data sets used to calculate them. There are a number of options that

were considered by the Panel but.ultimately they were broken into two distinct

categories. The first category.was for new development/redevelopment and the

second was for built out urban environments. For new

development/redevelopment the panel recommends using the data set

associated with the international BMP database www.bmpdatabase.org. This

data set represents the variety of water quality from the most up to date best

conducted and reported BMP studies. The database effort does not limit itself to

BMPs types or designs it focuses on technically sound monitoring studies and

reporting information. Therefore there could be some screening of studies to

those thought to be well designed BMPs to then develop effluent quality

distributions and statistics on performance. Certainly there is no expectation that

urban stormwater managers could improve water quality beyond what would be

reported in this dataset.

In built-out urbanized environments there are greater opportunities to examine

various data sets for setting Action Levels. For the Panel these opportunities

were a function of spatial scale. The first opportunity would be at the local scale.

Some urban stormwater monitoring programs have been in existence for 10

years or longer. Examples include the Los Angeles County Department of Public

Works City of Sacramento Orange County San Diego County amongst others.

Using permit specific data sets may make sense if issues of climatic variability or
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localized geomorphology are important. The next scale would be to combine

these California municipal permit monitoring data sets especially if lack of data

for specific constituents of concern in any one location or region is an important

issue. The largest scale would be the National Stormwater Quality Database

NSQD from municipal monitoring programs across the nation

http//unix.eng.ua.edu/-rpitt/Research/ms4/Paper/Mainms4paper.html. This

data set includes monitoring data from urban areas such as residential

commercial industrial freeway institutional and mixed use which is especially

useful if small sample size limits the use of local data. One advantage of using

smaller and local rather than larger spatial scales is the ability to update data

sets for revising Action Levels. The NSQD may not be updated for quite some

time but local data sets can be updated periodically annual amendments10-year
rolling averages every permit cycle etc. Ultimately Action Levels would

be expected to become lower as outliers are removed from data sets and as

improved water quality data are collected through targeted management actions.

It may be appropriate to eliminate older data sets as well over time.

One element to consider when comparing monitoring data to Action Levels is the

concept of a design volume for water quality also known as the Water Quality

Capture Volume -WQCV WEF 23 and ASCE publication 87 1998 or a

design flow rate. The WERF and NCHRP efforts mentioned above include

recommendations regarding design sizing using continuous simulation

techniques for both volume-based and rate-based BMPs. The Panel

acknowledged that several to more times each year the runoff volume or flow

rate from a storm will exceed the design volume or rate capacity of the BMP.

Stormwater agencies should not be held accountable for pollutant removal from

storms beyond the size for which a BMP is designed.
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A Technically Sound and Pragmatically Enforceable BMP Design and the Permit

Process

The diagram below provides guidance for determining what BMPs are required in

a newly developing watershed. Under Condition 1 where the receiving water

quality is not impaired determination of the appropriate BMP would be by Best

Professional Judgment BPJ. Any of the state approved BMPs could be used.

The permittee would be required to design the treatment facilities in accordance

with the California BMP Handbook which should be revised as a criteria

manual rather than a guidance

manual and include more

physiobiochemically based design
Identify

Receiving Water

criteria designed to address an agreed Body

upon set of Pollutants and

Parameters of Concern based upon

knowledge of the pollutants and
Condition I

parameters that generally are of

concern in urban runoff with perhaps Require
no

some differences on receiving- water
Technology- Water Body
Based BMPs 303d listed

type. BPJ

A detailed maintenance plan and es

schedule would be required that
Monitor BMP

includes Maintenance for Identify

1. Actions to be taken and when Compliance Constituents of

2. Designation of the party legally
Concern

accountable for the facility

maintenance and

3. A whole-life cost estimate for Condition 2

the facility that include
Require BMPs Have

maintenance. by BAT for
no

TMDLs
Constituents of been set

Compliance with the design criteria
Concern

and the maintenance plan and
es

schedule would constitute

achievement of the design effluent Monitor BMP

criteria. In the event of failure by the Maintenance for BMPs selection

responsible party to perform the
Compliance based on

removal

required maintenance and/or to efficiency

perform it to the required level of

quality the whole-life cost schedule Con tion 3

could be used to determine the

consideration that the defaulting
Monitor BMP

responsible party would pay to the
Maintenancor

new responsible party that takes over
compliancfce

the maintenance.
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Under Condition 2 where water quality impairment exists but a TMDL has not

yet been performed BAT would be required which means applying the BMPs
that can practicably to be defined be employed to produce the lowest effluent

concentrations e.g. the lower grouping of BMP effluent quality of the

constituents of concern. Several types of BMPs mayfulfill the BAT standard if

these BMPs have performance that is not statistically or practically differentiable.

This case will allow flexibility in choosing among that sets of BMPs that

demonstrate superior performance. As in the case of Condition 1 compliance

with the maintenance plan and schedule would constitute compliance with the

design effluent criteria.

Condition 3 which occurs when a TMDL has been specified for the BMP or for

the tributary watershed may or may not be actually be less stringent that

Condition 2 if the TMDL allows for a higher effluent concentration of the

constituents of concern than that discharged by a BAT facility. The same

requirementswould apply for the design criteria and the maintenance plan and

schedule would constitute the guarantee of design effluent concentrations from

the BMP.

Strategies for Stormwater Management to Protect Urban Water Environments

Stormwater effluent limits can become very complex if all the issues are to be

directly addressed. If complex they are not likely.to be workable. However too

much simplification can also lead to ineffective programs. Therefore a

reasonable first step is needed based on local data. Compliance monitoring e.g.

BMP inspections is also needed to ensure that the goals are likely to be met.

Most likely goals will have to be revised over time. The overall strategy should

contain these objectives

Effectiveness

Affordability

Enforceability and

Flexibility

Page 12

RB-AR15776



Storm Water Panel on Numeric Limits June 19 2006

Table I - Effects of Urbanization on Hydrologic Regime in Colorado and Georgia

Annual
Mean

precipitation
Storm

Runoff Events per Year
Annual Runoff mm

Location
Depth

Millimeters
Millimeter Undeveloped Developed Undeveloped Developed

per Year

Fort Collins
335 11 27 47 12 124

CO

Atlanta GA 1262 18 48 78 36 500

Values obtained from Fig. 5.3 ASCE MOP 1998

Runoff volume and peak flows have been recognized as two of the most

important stormwater factors needing control. Table I Roesner and Nehrke

shows that urbanization dramatically changes the hydrologic regime of urban

waterways. In both Atlanta a higher rainfall area and Fort Collins a semiarid

area the number of runoff events per year on developed land increases by a

factor of 2 times the number of runoff events that occur in the undeveloped state

and the runoff volume increases by a factor of ten The peak flows also increase

dramatically as shown in Figure 1 below but as also seen on the figure the

peak flow frequency curve can be adjusted back to its.predevelopment character

by the proper application of runoff controls. But while these controls restore the

peak flow frequency to itsnatural regime the duration of flows at the low end but
still channel working of the flow frequency curve is greatly increased which

raises potential for channel scour in stream channels with erosive soils.

Figure 1 - Exceedance Frequencies for Detention Basins in Fort Collins Colorado

Exceedance Frequency for Detention Basins in Fort Collins Colorado

10.000

1.000

0.100

4 Uncontrolled

100Rmstr BMP for

rý Hist.l.4yr Controls

0.010 r

Undeveloped

l
ýý

7.ýyrFnpury

0.001
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Since many of the stormwater pollutants are strongly associated with

particulates stormwater particulate control is also often a component of

stormwater control programs. Therefore an effective stormwater control strategy

that could be encouraged is a combination of several practices listed below in

the order of increasing events

On-site stormwater reuse evapotranspiration and infiltration for the

smallest stormsand up to specific targeted events depending on site

limitations soil characteristics and groundwater contamination

potential usually by conservation design emphasizing infiltration

disconnecting paved areas etc.

Treatment of excess runoff that cannot be infiltrated again up to a

specific targeted runoff volume usually by sedimentation or filtration

For pollutants of concern it should be demonstrated that the BMPs
need to include the physical biological and/or chemical treatment

processes that address the typical pollutants of concern and/or

specific pollutants in the case of 303D listed water bodies or those

with established TMDLs.

Control of energy discharges for the channel forming events such as

through storage-release focusing on flow-duration analyses and peak
flow frequency analyses. To be most effective this should to be

completed under a watershed management plan and not site-by-site.

Provide safe drainage for damaging.events conventional drainage

plus secondary drainage systems
In watersheds that are already experiencing damaging flow impacts to

streams it could be in many circumstances much more cost-effective

and effective period to develop through a watershed plan a natural

stream stabilization approach that could address both the existing

development and the remaining smaller infill or otherwise smaller new
development. In these cases requiring the remaining new

development to implement flow-duration control would not solve the

issue in a measurable way and resources would be better spent

restoring the functions of the creek with instream enhancements.
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Panels Findings on Feasibility of Numeric Effluent Limits

Applicable to Construction Activities

Construction Observations

Regarding the question of the technical feasibility of Numeric Limits for

stormwater discharges from construction activities the Panel bases its

recommendations on the following observations.

1. Limited field studies indicate that traditional erosion and sediment controls

are highly variable in performance resulting in highly variable turbidity

levels in the site discharge.

2. Site-to-site variability in runoff turbidity from undeveloped sites can also be

quite large in many areas of.California particularly in more and regions

with less natural vegetative cover and steep slopes.

3. Active treatment technologies involving the use of polymers with relatively

large storage systems now exist that can provide much more consistent

and very low discharge turbidity. However these technologies have as yet

only been applied to larger construction sites generally five acres or

greater. Furthermore toxicity has been observed at some locations

although at the vast majority of sites toxicity has not occurred. There is

also the potential for an accidental large release of such chemicals with

their use

4.. To date most of. the construction permits have focused on TSS and

turbidity but have not addressed other potentially significant pollutants

such as phosphorus and an assortment of chemicals used at construction

sites.

5. Currently there is no required training or certification program for

contractors preparers of soil erosion and sediment control Stormwater

Pollution Prevention Plans or field inspectors.

6. The quality of stormwater discharges from construction sites that

effectively employ BMPs likely varies due to site conditions such as

climate soil and topography.

7. The States of Oregon and Washington have recently adopted similar

concepts to the Action Levels described earlier.

Construction Recommendations

It is the consensus of the Panel that active treatment technologies make Numeric

Limits technically feasible for pollutants commonly associated with stormwater

discharges from construction sites e.g. TSS and turbidity for larger construction

sites. Technical practicalities and cost-effectiveness may make these

technologies less feasible for smaller sites including small drainages within a

larger site as these technologies have seen limited use at small construction

sites. If chemical addition is not permitted then Numeric Limits are not likely

feasible. Whether the use of Numeric Limits is prudent practical or necessary to

more effectively achieve nonpoint pollution control is a separate question that
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needs to be answered but is outside the scope of this Panel. However Action

Levels are likely to be more commonly feasible. For small sites or smaller

drainages within larger sites or where chemicals cannot be used the Panel

recommends that Action Levels be specified.

Advanced systems lend themselves to Numeric Limits because of historically

reliable treatment while non-active controls are less predictable. Advanced

systems have been in use in some form since the mid-1990s. At this time there

are two general types of systems. With each general system the stormwater is

retained on-site treated and released more slowly. One system employs

polymer coagulation and sedimentation.. The second system employs polymer

coagulation with direct filtration. Both types of systems are considered reliable

and can consistently produce a discharge less than 10 NTU. These systems
have been used successfully at many sites in several states since 1995 to

reduce turbidity to very low levels. Non-active erosion and sediment control

BMPs while effective when applied and adequately maintained produce more

highly variable in effluent quality making setting Numeric Limits difficult if not

impossible.

An important consideration in setting Numeric Limits or Action Levels is tha t in

many locations in California the natural background turbidity and/or TSS levels in

stormwater runoff are quite high. This is particularly true in semi-arid or and

regions which tend to have less vegetative cover. For example natural runoff

concentrations in Emerald Creek on the Newport Coast above any developed

areas have been over 5000 mg/I during runoff events. The Los Angeles County

Monitoring Data sets included an open land use watershed that also showed

TSS levels significantly above other types of urban land uses. Therefore it is

important to consider natural background levels of turbidity or TSS in setting

Numerical Limits or Action Levels for construction activities. The difficulty in

determining natural background concentrations/levels for all areas of the state

could make the setting of Numeric Limits or Action Levels impractical from an

agency resource perspective.

While the Panel concludes that Numeric Limitsor Action Levels are technically

feasible the Panel has several reservations and concerns.

1. The active treatment systems have generally been employed on sites five

acres or larger. While the systems are technically feasible for sites of any
size including sites or drainages as small as an acre or less the cost may
be prohibitive. The cost-effectiveness of active treatment systems is

greatly enhanced for large drainage areas at which construction occurs

for an extended period of time over one or more wet season. There is

also a more passive active system that is employed in New Zealand that

uses captured rainfall to release the chemical into flows entering a

detention system that requires less instrumentation and-flow measurement

infrastructure. Even more passive systems such as the use of polymer
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logs and filter bags are currently under development for small sites.

Regardless the Panel recommends that the Board give particular

attention to improving the application of cost-effective source controls to

small construction sites.

2. In considering widespread use of active treatment systemsfull

consideration must be given to whether issues related to toxicity or other

environmental effects of the use of chemicals has been fully answered.
Consideration should be given to longer-term effects of chemical use
including operational and equipment failures or other accidental excess
releases.

3. Consideration should be given to the seasonality of applying Numerical
Limits.. There may be sites where summer only construction that complies
with Action Levels may be preferred to year-round that sites that include

winter construction that complies with Numeric Limits. In such cases
applying Numeric Limits to summer construction may be a disincentive to

scheduling active grading during dry periods. Allowing summer only

construction sites to comply with action levels would discourage winter

construction activities.

4. Consideration should be given to whether Numeric Limits would apply to

all construction sites or only those with significant disturbed soil areas

e.g. active grading un-vegetated and/or un-stabilized soils. A site could

meet certain conditions to be considered Stabilized for the runoff season.

5. Where Numeric Limits are not feasible or where they wouldnot apply

during designated seasons or site conditions the Panel recommends that

the Board consider the concept of Action Levels for siteswhere only

traditional erosion and sediment controls are applied or construction sites

that are considered stabilized for the runoff season. An Action Level

indicates a failure of BMPs within some storm size limits.

6. The Board should consider Numeric Limitsor Action Levels for other

pollutants of relevance to construction sites but in particular pH. It is of

particular concern where fresh concrete or wash water from cement

mixers/equipment is exposed to stormwater.

7. The Board should consider the phased implementation of Numeric Limits

and Action Levels commensurate with the capacity of the dischargers and

support industry to respond.

8. The Panel recommends that a Numeric Limit or Action Level should be

compared to the average discharge concentration. The minimum number
of individual samples required to represent the average discharge
concentration for a storm will need to be defined.

9. The Board should set different Action Levels that consider the sites

climate region soil condition and slopes and natural background
conditions e.g. vegetative cover as appropriate and as data is available.

With active treatment systemsdischarge quality is relatively independent
of these conditions. In fact active treatment systems could result in

turbidity and TSS levels well below natural levels which can also be a

problem for receiving waters.
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10. The Board should consider whether the Numeric Limitsor Action Levels

should differ between receiving waters that are water quality limited with

respect to turbidity sediment or other pollutants associated with

construction from those water bodies that are not water quality limited.

11. The Panel recommends that Numeric Limits and Action Levels not apply
to stormsof unusual event size and/or pattern e.g. flood events. The

determination of Water.Quality Capture Volume should consider the

differing climate regions to specify these events.

12. The Board should set Numeric Limitsand Action Levels to encourage

loading reductions as appropriate as opposed to only numeric

concentrations. Examples include phased construction e.g. limited

exposed soil areas or their duration infiltration and spraying captured

runoff in vegetated areas as means to reduce loading.

13. The Panel is concerned that the monitoring of discharges to meet either

the Action Levels or Numeric Limits may be costly. The Panel

recommends that the Board consider this aspect.
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Panels Findings on Feasibility of Numeric Effluent Limits

Applicable to Industrial Activities

Industrial Observations

The Panel believes that Numeric Limits are feasible for some industrial

categories. Industries have control over their facilities. They control access

construction. practices product substitution to affect pollution prevention and the

types of treatment systems to be used to.mitigate stormwater runoff. There are

many treatment systems or prevention practices that have been in place for

lengthy periods extending back to the 1980s in many cases. For example there

is much known today about construction materials such as roofing materials

roofing composition gutters paints and coatings products that abrade or tend

to create solids or litter etc. Other examples include development of pervious

surfaces or infiltration methods.

The decision for the value of Numeric Limits should be made in one of two ways.

When there is a TMDL that defines the permissible load for a watershed the

Numeric Limits should be setto meet the TMDL. Consideration must be given for

both the pollutant concentration as well as the volume of runoff since.both

contribute to the impacts that required the TMDL to be implemented.

When there is no TMDL the Numeric Limits should be based upon sound and

established practices for storm water pollution prevention and treatment using

an approach analogous to that used in the NPDES wastewater process in the

1970s. In this approach phased Numeric Limitswere first set that were based

upon the use of best currently available technology and permittees were given a

defined period for compliance. Permits were established based upon industry

types or categories with the recognition that each industry has its own specific

problems and financial viability..

To establish Numeric Limits for industrial sites requires a reliable database

describing current emissionsby industry types or categories and performance of

existing BMPs. The current industrial permit has not produced such a database

for most industrial categories because of inconsistencies in monitoring or

compliance with monitoring requirements. The Board needs to reexamine the

existing data sources collect new data as required and for additional water

quality parameters the current permit requires only pH conductivity total

suspended solids and either total organic carbon or oil and grease to establish

practical and achievable Numeric Limits.

In cases where the industrial activity is similar to activities covered by the MS4

permit roofs parking lots etc the approach or limits for industries should be the

same as for MS4 permittees. In cases where the industrial activity is similar to

land disturbance activities e.g. landfills gravel mines etc. there exists data and

design experience with runoff control capture and.advanced treatments systems.

e.g. systems using polymer to enhance total suspended solids removal - see
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the construction section that may make Numeric Limitsfeasible for new facilities

and the approach and limits should be the same as for construction permittees.

The same conditions and issues related to active treatment discussed in the

construction section apply here..

In cases where there is less certainty in the data for both stormwater

characterization or BMP performance to establish Numeric Limits there maybe
sufficient data to establish Action Levels. Action Levels set for industrial sites

that discharge to MS4s should not exceed those set for MS4 permittees.

The Panel recognizes .tha existing and new facilities may have to be treated

differently and recommends the approach in Table 2.

Table 2- Approach to Establish Numeric Limits or Action Levels at Existing or New
Facilities

Numeric Limits Action Levels Notes

Indoor No Yes similar to

MS4

Existing
Yes if data are

Action Levels

Facility
adequate for the Yes using

should approachOutdoor specific industrial
MS4 action

industrial activity database
levels.and BMP

Technology

Indoor
Yes- BMP based similar to

Database MS4 New
Development

New No unless

Facility sufficient data
Yes when

Outdoor
exist for the

sufficient data are
specific

available
industrial activity

and BMP
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Industrial Recommendations

The Panel has several reservations and concerns

The Panel recognizes the inadequacy of current monitoring data sets and

recommends improved monitoring to collect data useful for establishing

Numeric Limits and Action Levels.

Required parameters for future monitoring should be consistent with the

type of industrial activity instead of the current parameters i.e. monitor for

heavy metals when there is reasonable expectation that the industrial

activity will cause greater heavy metals concentrations in the storm water.
Insofar as possible the Panel prefers the use of California data or
National data if it can be shown to be applicable to CA in setting Numeric

Limits and Action Levels.

The Panel recognizes that economies of scale exist for large facilities and

large groups of single facilities.

Industrial facilities that do not discharge to MS4s should have to

implement BMPs for their non-industrial exposure e.g. parking lots roof

runoff similar to commercial facilities in MS4 jurisdictions.

Regardless of Action Levels or Numeric Limits the permittees should

implement a suite of minimum BMPs -good housekeeping employee

training preventing materials from exposure to rain etc.

SIC categories are not a satisfactory way of identifying industrial activities

at any given site. The Board should develop a better method of

characterizing industrial activities that can impact storm water.

The Panel recognizes this is a large task and recommends prioritizing the

implementation of this approach to achieve the greatest reduction of

pollutants statewide.

Increasingly a number of industries have moved industrial activities

indoors preventing storm water pollution. The Panel recognizes that

these facilities should be granted some sort of regulatory relief from

industrial Numeric Limits or action levels but should still be required to

comply with MS4 permit requirements.

The Panel recognizes the need to make progress in monitoring and reducing
storm water discharge from industrial facilities but urges the Board to consider

the total economic impact and not unduly penalize California industries with

respect to industries outside of California.
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State Water Resources Control Board

Office of Chief CounselUeda S. Adams Arnold Se6warzeness
Senator Jy 10011 Strees 2e Floor Swiamaao Calilbmis 95814

Governor
Envio menwi Prorealo P.O. Box 100 Saaatnan% California 93812-0100

916341-5161 VAX916341-3199 httpJlwww.wataboards.n.eov

April 18 2008

Ms. Paula Higashi Executive Director

Commission on State Mandates

980 Ninth Street Suite 300

Sacramento CA 95814

Dear Ms. Higashi

STORM WATER POLLUTION CONTROL REQUIREMENTS FILES 03-TC-04 03-TC-19
03-TC-20 03-TC-21 RESPONSE TO TEST CLAIMS 03-TC-04 03-TC-19 03-TC-20
03-TC-21

The State Water Resources Control Board State Water Board and the Los Angeles Regional

Water Quality Control Board Los Angeles Water Board Jointly file this opposition to Test

Claims 03-TC-04 03-TC-19 03-TC-20 and 03-TC-21. All of these test claims arise from a

single permit that was issued by the Los Angeles Water Board as Order No. 01-182 Waste

Discharge Requirements for Municipal Storm Water and Urban Runoff Discharges within the

County of Los Angelesand the Incorporated Cities therein Except the City of Long Beach the
Permit. The requests for reimbursement in the test claims arise almost entirely from two

requirements In the Permit and consolidation Is therefore proper.

The Permit was Issued by the Los Angeles Water Board pursuant to requirements in the federal

Clean Water Act CWA.2 The State Water Board and Los Angeles Water Board have been

authorized by the United States Environmental Protection Agency U.S. EPA to Issue NPDES

permits-which are mandated by the CWAr--In lieu of issuance of these permits by U.S. EPA.
The Permit regulates the discharge of storm water runoff from the municipal separate storm

sewer system MS4 of 84 cities and County of Los Angeles to rivers and the Santa Monica

Bay.

The federal Clean Water Act mandates that municipalities must apply for and receive permits

regulating discharges of pollutants from their MS4s to waters of the United States. Pursuant to

federal regulations the Permit contains numerous requirements for the cities and County to take

actions to reduce the flow of pollutants Into the rivers and the Bay known as Best Management
Practices BMPs. These test claims filed by 20 cities and the County seek reimbursement by

the State of California for expenses they incur in implementing two of the requirements of the

Permit 1 Inspections of commercial and industrial facilities and 2 Placement of trash

receptacles at transit sites.

The Permit serves as National Pollutant Discharge Elimination System permit NPDES No. CAS004001. It was

Issued by the Los Angeles Water Board on December 13 2001.

2
Federal Water Pollution Control Act FWPCA 33 U.S.CA. 1251 of seq. The federal Act Is referred to herein by

Its popular name the Clean Water Act CWAj and the code sections used are those for the CWA.

Cart fornia Envtrownenta l Protection Agency
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In order to obtain reimbursement the claimants must show that the requirements constitute a

new program or higher level of service. They must prove either. 1 the program must carry out

a govemmerial function of providing services to the public or 2 the requirements to

Implement a state policy impose unique requirements on local governments and do not apply

generally to all residents and entities In the state. The claimants must also prove that the costs

are mandated on them by the state rather than by federal law. Finally they must prove that

any additional costs beyond the federal mandate are substantial and not de minimis. The
claimants do not meet any of these tests.

The Permit as a whole and including the inspection and trash receptacle provisions is

mandated on the local governmentsby federal law. The federal mandate applies to many
dischargers of storm water both public and private and Is not unique to local governments.
The federal mandate requires that the Permit be issued to the local governments it Is not a

question of shifting the costs from the state to the local governments. The specific

requirements challenged are consistent with the minimum requirements of federal law. Even If

the Permit were to be Interpreted as going beyond federal law any additional state

requirements are de minhn/s. Moreover the costs are not subject to reimbursement because

the programs were proposed by the cities and County themselves and because they have the

ability to comply with these requirements through charges and fees and are not required to

raise taxes. The U.S. EPA has submitted a letter to the State Water Board dated April 10 2008
in agreement with this position.

Descilotion of the Test Claims

The test claims focus on two discrete requirements in the Permit the requirement to Inspect

certain Industrial and commercial facilities that discharge Into the MS4 and the requirement for

some of the permittees to place and maintain trash receptacles at transit stops.

Industrial and Commercial cilities Control Prom Part 4.C.

Test claims 03-TC-19 03-TC-20 and 03-TC-21 claim subvention for costs of complying with

permit requirements to reduce pollutants from industrial and commercial facilities. Test claims

03-TC-19 and 03-TC-20 are limited to Part 4.C.2.a. and b. the requirements to inspect industrial

and commercial facilities. Test Claim 03-TC-21 refers broadly to Part 4.C. the entire industrial

and commercial facilities control program but the costs discussed In the test claim are those

associated with inspections. See. Declaration of Richard Montevideo No. 4. Therefore the

Boards analysis of the subvention claims for Part 4.C. Is generally limited to the inspection

requirements.

Part 4.C. of the Permit requires permittees to Implement pollutant reduction and control

measures at industrial and commercial facilities within their jurisdictions. Permittees may
choose from various pollutant reduction and control measures alone or in combination and

Letter dated April 10 2008 from Alexis Strauss Director Water Division U.S. EPA to Tam M. Doduc Chair and

Dorothy R. Rice Executive Director State Water Board Attachment 3.
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before during or after the activities that generate pollutants. The permittees are required to

track inspect and ensure compliance at those facilities that are critical sources of pollutants in

storm water.

Critical sources are specified commercial facilities restaurants and automobile-related

businesses and industrial facilities that are required by federal regulations to obtain their own
NPDES storm water permits.

Part 4.C.2.a. and b. contain inspection requirements which are generally to conduct two

inspections of facilities over a 5-year period. The Permit describes what the inspector must look

at. For example Inspectors-at restaurants must see If operators pour grease into the street

and gas station inspectors must observe whether fuel-dispensing areas are swept. The Permit

states that for industrial sites Inspection requirements do not apply if the Los Angeles Water
Board conducted an inspection of the site within two years.

Trash Receptacle Requirements Part 4.F.5.c.3

Test claims 03-TC-04 and 03-TC-20 and 03-TC-21 claim subvention for costs of complying

with permit requirements for some of the perrnittees to place trash receptacles at public transit

stops. Claim 03-TC-21 states that it challenges the entirety of the storm drain operation and

maintenance and streets and road maintenance requirements but the only costs in these

sections for which it seeks reimbursement are for the placement and maintenance of trash

receptacles. The claims are limited to the trash receptacle requirements for those municipalities

that are not subject to a separate federal requirement the trash TMDL. The requirements are

to place trash receptacles at all-transit stops and to maintain these receptacles.

Discharge Prohibitions and Receiving Water Limitations Parts 1 and 2

Test claim 03-TC-21 appears to claim subvention for costs associated with Parts I and 2 of the

Permit which Include.general prohibitions and requirements to protect water quality. The claim

Itself falls to specify any particular costs associated with this claim other than a general study

that considers a hypothetical treatment plant. As discussed below storm water permits are

written with the assumption that there will be no treatment plant and the permit certainly does

not require one. In any event there are no signed declarations.to support this claim and no

estimate of costs to the specific claimants.

Bated ground of Federal Law Recuirem for Storm Water Permits

In order to understand the federal mandate that required this permit some background of the

federal law and of MS4s Is necessary. In 1972 the federal Clean Water Act was extensively

amended to implement a permitting system for all discharges of pollutants from point sources

4
As will be explained below the. Los Angeles Water Board has also adopted a federally-mandated total maximum

daily toad 1MDL for the deposition of trash into rivers and the Bay. The claimants do notclaim subvention for the

trash receptacle requirementsfor those cities and portions of the County subject to the TMDL presumably conceding

that those requirementsare not reimbursable.
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to waters of the United States. The permitsare issued pursuant to the national pollutant

discharge elimination system and are known as NPDES permits. The 1972 amendments

allowed U.S. EPA to authorize states to issue these permits. California was the first state in the

nation to obtain such authorization. In order to obtain this authorization the California

Legislature amended the Water Code finding that the state should implement the federal law in

order to avoid direct regulation by the federal government. The California legislature mandated
that Californias permit program must ensure consistency with federal law. The Water Boards

are the state agencies charged with Implementing the federal program. The State Water Board

incorporates the U.S. EPA regulations for Implementing the federal permit program.
Therefore both the CWA and U.S. EPA regulations are applicable to.the permit program In

California. In California
permits

to allowdischarges Into state waters are termed waste

discharge requirements. The term waste discharge requirements Is equivalent to the term

permit in the CWA when the waste discharge requirements are issued to comply with the

CWA.13 Thus waste discharge requirements that the Water Boards issue to comply with the

CWA are NPDES permits under federal law. When the Los Angeles Water Board a state

agency adopts an NPDES
permit

in lieu of U.S. EPA It must adopt as stringent a permit as the

federal agency would have.
4

The discharge of pollutants from point sources to waters of the United States Is illegal except in

compliance with an NPDES permit. In 1973 U.S. EPA Issued regulations that exempted
certain types of discharges It determined were administratively infeasible to regulate Including

storm water runoff. The reason that such regulation is difficult as will be more fully explained

below Is that storm water runoff generally is not subjected to any treatment. Instead it simply

runs off urban streets. Into gutters. and drainage ways and flows directly into streams lakes

and the ocean. This exemption was overruled in Natural Resources Defense Council v.

Costle 1977 568 F.2d.1369 which held that the exemption was Illegal and ordered U.S. EPA

CWA 301 and 402.

CWA 402b.

Wat. Code 13370 of seq. adding Chapter 5.5 to the Porter-Cologne Water Quality Control Act.

Wat Code 13372.

Wat Code 13370.

10
Cal. Code of Regs. tit. 23 C.C.R. 22352.

The permits may also include additional state requirements. C.C.R. tit. 23 2235.3 City of Buibank Y. State

Water Resources Coned Bd. 2005 35 Cal-4th 813.

12 Wat Code 113263.

3 Wat Code 13374

14 CWA 402b.

15 CWA 301a. In general navigable waters or waters of the United States Includes all surface waters such

as rivers lakes bays and the ocean. CWA 502..

16 The chief traditional categories of dischargis subjectto NPDES permits are industrial process wastewater and

sanitary sewer effluent. Both of these discharges we typically processed in a treatment plant before theyare

discharged to surface waters.

1

f
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to require NPDES permits for storm water runoff. In Castle the court suggested innovative

methods for permitting including using general permits for numerous sources and issuing

permits that proscribe industry practices that aggravate the problem of point source Pollution

Where permits proscribe actions that dischargers must implement these requirements are

commonly called best management practices BMPa.

Despite the Costle decision U.S. EPA had not adopted regulations implementing a permitting

program for storm water runoff by 1987. That year Congress amended the CWA specifically

requiring storm water permits for Industrial and municipal storm water runoff. The

amendments require NPDES permits fora discharge from a municipal separate storm sewer

system MS41 serving a population of 250000 or more.t The CWA contains three provisions

specific to permits for MS4s 1 Permits maybe Issued an a system- or jurisdictioon wide basis

2 Permits must include a requirement to effectively prohibit non-storm water discharges into

storm sewers and 3 Permits must require controls to reduce the discharge of pollutants to the

maximum extent practicable MEP.2 In describing the controls that permitsmust include the

statute states that the controls shall include management practices control techniques and

system design and engineering methods and such other
provisions

as the permit writer

determines appropriate for the control of such pofutants.2 Thus the federal law mandates that

permits issued to M84s must require management practices that will result In reducing

pollutants to the MEP. The state Is required by federal law to select the BMPs.23

In 1990 U.S. EPA adopted regulations to Implement section 402p.
21 The regulations define

which entities need to apply for permits and also the information they must include in permit

applications. The regulations define industrial activity to Include numerous categories of

manufacturing construction and other typically private enterprises .2 The regulations define

MS4s as storm sewer systems operated by numerous public agencies Including cities

counties states and the federal government.2 While both Industrial activities and MS4s must

Coatle. supra of 1380.

CWA 402p.

CWA 402p2C. U.S. EPA defines municipal separate stormsewer systems MS4s that serve a population

over 250000 as large MS4s. The populationof the County of Los Angeles Is approximately 9.5 million. Penh.
D.1.

a0 CWA 402pB.
2

ibid.

22
These are commonly referred to as best management practices or BMPs

23 NRCC v. USEPA 9th Cir. 1992 966 F.2d 1292.

24
Vol. 55 Federal Register Fed.Reg. 47990 and following.

26 40 C.F.R. 12228b14.
26 40 C.F.R. 122.26b8.
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obtain permits the requirements In the industrial permits must be more stringent than in. MS4
permits.

In order to obtain coverage under an NPDES permit as required by the CWA entities seeking

coverage file an application with the permitting authority and the permitting authority holds a

public hearing on contested permits. U.S. EPA regulations specify the Information that

applicants for MS4 permits must include In their applications.29 For large and medium MS4s
the application requirements are extensive.w Some of the application requirements relevant to

these Test Claims are management programs Including procedures to control pollution

resulting from construction activities at 122.26d1v legal authority to control the

contribution of pollutants associated with Industrial activity at 122.26d21A programs to

control Illicit discharges to the MS4 at 122.26d1v and conducting inspections to

determine compliance with permit conditions at 122.26dx2QF. The permit applicants

must propose management programs that the permitting authority will consider In adopting the

permit. The management programs must address oversight of discharges into the system

from the general population and from industrial and construction activities within Its jurisdiction

and also maintenance and control activities by the permittees.32

Most NPDES permits are largely comprised of numeric limitations for pollutants. Compliance is

measured by sampling the treated effluent which is discharged from a treatment plant Into

surface waters. These permits are written assuming that an engineered treatment plant can be

built and operated to obtain a specified effluent. Storm water permits on the other hand
usually require dischargers to -implement BMPs that will result In lessening the pollutants in the

runoff since without a treatment plant the pollutants can flow directly into surface waters. Storm

water permits apply to several types of entities---industries construction andmunicipalities-andall usually mandate BMPs. For municipalities that operate MS4s the BMPs require the

municipalities take actions that will lessen the incidence of pollutants entering storm drains by

regulating the behavior and practices of the municipalities their residents and their

businesses.

U.S. EPA has issued regulations and guidance documents that discuss the types of BMPs that

must be included in storm water permits in order to reduce the discharge of pollutants in storm

r
Defenders of 14100b v. owner 9th Cir. 1999 191 F.3rd 1159. The differences between municipal and industrial

permits are complicated but are relevant to the question whether this permit addresses a uniquely governmental

program and are therefore discussed In more detail below.

28 CWA 402b3.
n 40 C.F.R. 122.28a4. The U.S. EPA regulations have varied requirements depending on the size of the

population served by the MS4. A large MS4 serves a population of 250000 or more. 40 C.F.R. 12228bx4.
Los Angeles County and the 84 cities regulated by this permit far exceed the minimum population for a large MS4.

70
40 C.F.R. 122.26d.

31 40 C.F.R. 122.28d2tv.

32
Ibid

There may also be engineered solutions and there are some In Los Angeles but it Is important to keep in mind

that there Is no single engineered storm sewer treatment plant as there is for sanitary sewage.
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water to the maximum extent practicable. Numerous guidance documents point to inspections

of businesses and proper trash collection as important parts of an effective BMP program.a4

U.S. EPA has Issued an MS4 Program Evaluation Guide which includes a lengthy process for

conducting Inspections of businesses. This Guide makes dear that Inspections of businesses

are mandatory

Inspections

Most effective industrial/commercial inspection programs maintain a complete

facility inventory and group them according to prioritiesestablished by the

permittee. An Inspection frequency Is determined based on priority and a
database is used to manage such Information as Inspection findings

enforcement actions and required follow-up activities. Many permittees use and
cross-train existing staff to perform industrial/tommercial Inspections but some
permittees may need to maintain an exclusive stormwater inspector due to a

potentially large number of high-priority facilities. There should be an inspection

standard operating procedure that has been formalized and documented. It

should Include a Checklist to be used during the Inspection and possibly a report

format. Inspectors should be aware of federal state and local stormwater

regulations that may apply to industrial/commercial facilities. Inspectors should

be familiar with various types of BMPs commonly used at the types of facilities

typically found in the permitarea and should be able to educate facility operators

about such BMPs. In addition Inspectors should understand and use the

permittees established enforcement escalation response plan to gain

compliance as necessary. The Inspection staff should be proficient in the

enforcement escalation procedure and should properly document all enforcement

actions accordingly. Inspections should be used not only to identifynon-complianceIssues but as opportunity to educate facility operators about

proper stormwater BMP9.35

The Guide also states that MS4 programs must address trash and litter.
30

Adoption of the Los Angeles MS4 Permit

Starting in 1990 pursuant to the CWA amendments of 1987 the Los Angeles Water Board

issued storm water permits to the County of Los Angeles and to the cities therein. Without

such a permit the cities would be discharging pollutants in violation of federal law.36 The permit

See e.g. Guidance documents at

httol/cfoub.eDL.oov/node$Jdoa.dlndpamieM too idlavlewPofcv%20and%20GIgdance%20Documentsoroar

am ida6sortaname including httoJ/www.eoa aov/nodespubskanr 233-odf citing examples from MS4 permits

throughout the country.

ss MS4 Program Evaluation Guidance at pp. 77-78.

36
Id. at 79.

a
For reasons not relevant to this matter one city-Long Beach--has a separate permit. The current permit covers

84 cities.

36 CWA 301a 402p3B.
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that is the subject of these test claims Is the third such permit and was adopted December 13.

2001.30 It is largely comprised of requirements to implement BMPs most of which were

proposed by the permittees.0 The County and thirty-two of the cities challenged numerous

aspects of the permit and the process by which it was issued culminating in a court of appeal

decision upholding the permit in its entirety.

On February 1 2001 the County on behalf of all permittees
42

submitted a Report of Waste

Discharge permit application including a Stormwater Quality Management Plan SQMP. The

SQMP constituted the permittees proposal for the BMPs that would be required in the permit.

Permit C. The permit that was ultimately adopted was based on the SQMP with some
revisions and additions necessary to meet minimum federal requirements. Id. The SOMP
prepared by the County included several proposed BMPs that relate to inspections of

commercial and Industrial facilities and placement and maintenance of trash receptacles

1 Municipalities must conduct site visits to industrial and commercial facilities including

automotive service businesses and restaurants which must include a site walk-through

to verify for at a minimum evidence of BMP implementation and shall revisit facilities

and take enforcement where illicit discharges are found

2 Municipalities will maintain a database of automotive and food service facilities

including whether they have rNPDES stormwater permit coverage and

3 Municipalities must minimize trash from entering recreational water bodles remove

trash from open channels
7 and control litter and debris in streets.

The SQMP Included detailed requirements for municipalities to implement at construction sites

Including inspections by the munidpality. The SOMP proposed that all municipalities be

30 NPDES permits generally expire after 5 years and must be reissuedthereafter.

40 A single permit applies to the County and 84 cfttes. Thus while some entitles may disagree with some provisions

other entities will agree and the entire group may propose permit terms that some cities oppose. The entire group

submits a single proposed storm water management plan.

County or Los Angeles v. State Water Resources Control Board 2006143 Cal.App.4th 985 referred to hereafter

as County of Los Angeles

All permittees include the County and 84 cities. The County and the21 cities that fled these Test Claims

participated jointly with the application and permitting procedures with the remaining 83 cities who did not file Test

Claims.

The SOMP Is several hundred pages. Relevant sections are attached the entire SQMP is available should the

Commission request It

SOMP pp. 22-23 and 28.

Ibid.

SQMP ES-6

7
SQMP. ES-7

Ibid

SQMP pp. 24-28.
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required to collect trash along open channels and encourage voluntary trash collection in natural

stream channels.SO The SQMP contains an Illicit Connection and Illicit Discharge Elimination

Program which includes education of Inspectors employed by the permittees who will

Investigate businesses.51

Following adoption of the permit and a petition to the State Water Resources Control Board

State Water Board the County 32 cities52 the Los Angeles County Flood Control District

and industry groups representing builders filed suit challenging numerous provisions in the

Permit. The Superior Court upheld the Permit and the Court of Appeal affirmed the judgment in

its entirety
5s

First the court held that the permit as a whole imposes reasonable pollutant

discharge requirements. Because the minimum federal requirement Is that the permit require

the municipalities to reduce pollutants to the maximumextent practicable the court clearly

determined that the permits requirement are MEP. In its discussion of the consideration of

costs to the municipalities the court found that the permit did not exceed any federal

requirements

The permit explicitly states it is Intended to provide a cost-effective storm water

pollution program to the maximum extent possible. The permit applies the same
cost-effective analysis to efforts to reduce the flow of pollutants into receiving

waters. Moreover the Los Angeles Water Board in its finding referred to a

report specifying how the maximum extent practicable requirement includes

Cý considerations of costs and beneflts.44

The court also discussed various cost analysis reports and U.S. EPA Guidance. it rejected the

claim that the permits requirements exceeded the federal mandatory standard. The court

specifically upheld the inspection requirements stating. there is federal regulatory authority

that required the Los Angeles Water Board to consider Imposing the Inspection requirements.

Several of the permitteesfiled these test claims with the Commissionon State Mandates. The

Commission rejected the claims basing its determination on Government Code section 17516
subdivision tc which exempted Water Board permits from the requirements to reimbursestate-mandatedlocal funds. That action also resulted In a Court of Appeal decision finding that

subdivision to be unconstitutional and remanding to the Commissionto determine the test

claims
55

In its decision the court stated that the Commission must address factual issues

5 SQMP p. 28

s SQMP App. D

53 These Include 18 of the cries that tiled the Test Claims and Seillower Claremont Diamond Bar Gardena

Hawaiian Gardens Industry Irwindale La Mirada. Lawndale Monrovia Paramount Rosemead. Santa Clarita Santa

Fe Springs Torrance Walnut and Whittier.

51
County of Los Angeles supra Some of the determinations of the appellate court discussed here were not

published and thus cannot be cited as precedent In other cases. They are binding on the claimants. A copy of the

entire derision is attached.

5
Unpublished decision at p. 20.

55
Cormly of Los Angeles v. Commission on State Mandates 2007150 Cal.App.4th 898.
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regarding the requirements to conduct inspections and to place and maintain trash receptacles
constitute state or federal mandates.

Following Commission on State Mandates each of the four test claims was re-filed without any
revisions. All of the test claims are based upon requirements in the permit. Test Claim03-TC-04was filed by the County of Los Angeles and challenges the requirement to place trash

receptacles at transit stops. Test Claim 03-TC-19 was filed by the County of Los Angeles and

challenges the requirements to inspect industrial and commercial businesses. Test Claim03-TC-20was filed by nine cities and challenges the requirements for trash receptacles and

inspections and the general requirements for a construction program. Test Claim 03-TC-21

was re-filedby ten cities01 and challenges the following permit requirements discharge

prohibitions receiving water limitations Industrial program construction program storm drain

program and street and road maintenance02. While Test Claims 03-TC-20 and 03-TC-21

appear to assert broader requests for reimbursement they address in detail only the

requirements for inspections and trash receptacles and these are the only requirements that

the court in Commission on State Mandates stated were subject to the test claims. In light of

the absence of the necessary information for such claims and the courts remand we assume
that any claims additional to the Inspections and trash receptacles are not valid claims.

In addition to the litigation over this permit cities made similar arguments against an MS4 permit

adopted by the Santa Ana Regional Water Quality Control Board. In a published decision an

appellate court in that case made additional findings applicable to the arguments in this

matter..
It found that there was no evidence to support an argument that the permit exceeded

federal requirements. This finding is important because the cities in Rancho Cucamonga had

argued that a ground for overturning that permit was that it used the some provisions as had

S The State Water Board and Los Angeles Water Board received several Notices of Complete Test Filing a letter

dated October 10 2007. stated 03-TC-21 was complete a letter dated October 29 2007 stated that 03-TC-04 was

complete a letter dated October 29 2007 stated that 03-TC-19 was complete and a letter dated December 12

2007 stated 03-TC-20 was complete. On December 21 2007 the Commission extended time to respond to all four

test ashes until April 21.2008.

s
03-TC-04 challenges Permit Pad 4.F.5-c-

-1
03-TC-19 challenges Permit Part 4.C2a and b.

S
The cities that filed the test claim are Artesia Azusa Beverly Hills. Carson. Commerce Norwalk Rancho Palos

Verdes. Westlake Village. and Vernon.

03-TC-20 challenges Permit Part 4.C.2.a. and b. 4.E and 4.F.5.C.3.

The cities that filed the test claim are Arcadia Baldwin Park Bellflower Cerritos Covina Downey Monterey Park

Pico Rivera Signal Hill South Pasadena and West Covina.

82
03-TC-21 challenges Permit Parts 1 24.C. 4.E 4.F.5 and 6. In a letter dated January 18 2008 sent to the

Commission from Howard G.M. he states that the CMOs he represents which include five of the cities that filed the

claim do not currently intend to pursue a daim as to Pat I and 2 but that the limitation is without prejudice. In

light of the fact that Mr. Gast apparently does not represent all of the cities that tiled the claim and the limited nature

of this limitation we will address Parts 1 and 2 and ask the Commission to determine that these parts do not create a

reimbursablemandate.

150 Cal.App.4th 898 903.

City of Rancho Cucamonga v. Regional Water Quality Control Bawd 135 CalApp.4th 1377.
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been crafted for other permittees Including the Los Angeles MS4 permit. The Rancho

Cucamonga court specifically addressed Inspection requirements holding that federal law
either expressly or by implication required NPDES permittees to perform Inspections for Illicit

discharge prevention and detection including Inspection of industrial facilities and construction

sites. Because the Los Angeles MS4 permit is based on BMPs and courts have determined

that it is consistent with MEP it is necessarily no more stringent than required by federal law.

State Mandate Law

Article XIIIB Section 6 of the California Constitution requires subvention of funds to reimburse

local governments for state-mandated programs in specified situations. There are several

exceptions and limitations to the subvention requirements that provide bases for the

Commission to determine that the Test Claims are not subject to subvention. Article 111B

Section 6 provides Whenever the Legislature or any state agency mandates a new program

or higher level of service on any local government the State shall provide a subvention of funds

to reimburse that local government for the costs of the program or increased level of service.

Implementing statutes clarify that no subvention of funds is required If 1 the mandate

imposes a requirement that Is mandated by a federal law or regulation and results in costs

mandated by the federal government unless the statute or executive order mandates costs that

r exceed the mandate In that federal law or regulation Govt. Code 17556c or 2 the local

agency has the authority to levy service charges fees or assessments sufficient to pay Govt.

Code 17558d or 3 the local agency proposed the mandate Govt. Code 17556a.
Each of these exceptions to subvention applies to these Test Claims. All of the mandates for

which the Test Claims seek reimbursement are mandated by federal law or regulation. The

County and cities can assess fees for all of the costs Incurred. The claimants themselves as

part of the group of the County and 84 citieswho applied for the permit proposed most of the

specific requirements challenged.

Numerous judicial decisions have further defined limitations on the requirements for subvention

of funds. Specifically subvention Is only required if expenditure of tax monies is required and

not if the costs can be reallocated or paid. for with fees 6 In addition reimbursement to local

agencies is required only for the costs involved in carrying out functions peculiar to government
not for expenses Incurred by local agencies as an Incidental impact of laws that apply generally

to all state residents and entities. Laws of general application are not entitled to subvention.

The fact that a requirement may single out local governments is not dispositive where local

agencies are required to perform the same functions as private industry no subvention is

required.
67

County of Lao Angeles v. Commission on State Mandates 2003 110 Cal.App.4th 1178 Redevelopment Agency

v. Commission on State Mandates 1997 55 Cal.App.4th 978.

06
County of Los Angeles v. State of CalIfomia 1987 43 Cal.3d 48.

67
City of Richmond V. Commission on State Mandates 1998 64 Cal.App.4th 1190.
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The Permit is not subject to subvention It meets each of these exceptions. The requirements

that are the subject of the claims are part of permits that meet but do not exceed the minimum
federal requirements. The federal mandate is speccally directed at the municipalities and not

at the state in general. The costs for the programs can be paid for by levying service charges
including charges to companies for conducting their businesses fees for collection of refuse

fees for transit services and fees especially enacted for storm water programs. Compliance
with NPDES permits and specifically with storm water permits is required by private industry

also. In. fact the requirements for industrial and construction entities are more stringent than for

government dischargers. In addition the government requirements apply to all governmental

entities that operate MS4s Including state and federal facilities local government is not singled

out. The local agencies can assess fees to perform the required tasks tax monies are not

required. Finally to the extent that any portion of the claims would otherwise qualify for

subvention they are do rrrinimisand therefore do not qualify.

In its remand the court stated that the most significant issue is whether the two obligations in

question constitute federal or state mandates and that these present factual Issues for the

Commission to decide. The
courtJointed

to four cases that the Commissionstated would

apply in making this determination Each case is discussed below.

Cityof Sacramento v. State of California 1990 50 Cal. 3d 51 The court held that application of

unemployment insurance law to state and local agencies was not subject to subvention. In

discussing whether the requirement was a federal mandate the court held that the Issue is

whether compliance with the federal law was mandatory oroptional which is based on the

following factors A determination in each case must depend on such factors as the nature and

purpose of the federal program whether its design suggests an Intent to coerce when state

and/or local participation began the penalties if arty assessed for withdrawal or refusal to

participate or comply and any other legal and practical consequences of nonparticipation

noncompliance or withdrawal.t

Hayes v. Commission on State Mandates 1992 11 Cal.App.4th 1564 The court considered

claims for subvention for a special education mandate. It concluded that although the program

was a federal mandate the state had freely chosen to shift the costs to local governments and

that subvention was proper.
The court held that the test for whether there is a federal mandate

is whether compliance with federal requirements is a matter of true choice In.other words

whether participation in the federal program is truly voluntary.42 The court listed the significant

factual determinations In ourview the determination whether certain costs were imposed upon
a local agency by a federal mandate must focus upon the local agency which Is ultimately

es
The claimants referto limitations on assessing services fees under California law. The referenced low concerns

only the percent of voters who must approve the assessment. In fact the largest entity subject to the pe mitthe City

of Los Angeles has successfully adopted such an assessment.

Commfsa/on on State Mandates 150 Cal.App.4th 898 918.

D
Id.at919.

50 Cal.3d 51 76.

77
11 CalApp.4th 1564 1582.
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forced to bear the costs and how those costs came to be imposed upon that agency. If the

state freely chose to impose the costs upon the local agency as a means of implementing a

federal program then the costs are the result of a reimbursable state mandate regardless

whether the costs were imposed upon the state by the federal government.

Long Beach Unified School District v. State of California 1990 225 Cal.App.3rd 155 The court

held that subvention does apply where actions are mandated by the state which go beyond the

federal constitution or case law. Because federal law clearly would not have required steps for

de-segregation where there was no finding of segregation subvention applied.

San Diego Unified School District v. Commissionon State Mandates 2004 33 Cal.4th 859 A
school district sought subvention of funds to conduct expulsion hearings. The federal law made
expulsions discretionary but where expulsions occurred the federal law mandated certain

hearing procedures. The state law mandated expulsions whenever firearms were involved and

made all other expulsions discretionary. It also mandated some hearing procedures in addition

to the federal requirements. The Supreme Court held that for firearms expulsions the state

mandated a higher level of service and that all hearing costs for these expulsions were

reimbursable even those attributable to procedures mandated by federal law. It also held that

no hearing costs are reimbursable for expulsions that are discretionary under state law. Even if

the hearing procedures are mandated by state law the court found they are Incidental to federal

due process requirements and are de min/mis and therefore not reimbursable. In determining

that any additional state-mandated hearing costs were de minimis the court found that the state

reasonably set forth requirements that were intended to Implement the federal hearing

requirements challenged state rules or procedures that are Intended to implement an

applicable federal law-and whose costs are in context de minim/s-should be treated as part

and parcel of the underlying federal mandate.

The Claims do not Qualify for Subvention

The Programs are Federal Mandates that Aocly Directly to Local Governments the

State has not Shifted the Burden and the Mandates do not gaceed Federal Law

The challenged provisions are mandated by federal law. Two appellate courts have determined

that the provisions in this permit constitute MEP--the minimum requirements mandated by

federal law. The court in Los Angeles has determined that the Permitis cost-effective and

based on the MEP standard. The court in Rancho Cucamonga found that a very similarpermit

met the MEP standard and did not exceed the minimum federal standard. That case specifically

stated that the requirement to conduct Inspections reflected MEP. The federal law specifically

requires that permits be issued to the local governments that operate MS4s and that permits

must require programs and actions that will result In reducing the pollutants that discharge from

the MS4 to waters of the United States to the maximumextent practicable. The permit is a

federal mandate on the local governments. It is the local governments that must apply for and

obtain a permit. Without the permit the cities are discharging pollutants in violation of federal

rd. at 1593-4.

74
33 Caf.4th 859 889.
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law.75 If the Water Boards had not been authorized to Issue the permit In lieu of U.S. EPA that

federal agency would have issued a similar permit directly to the local governments.

The claimants contend that the Los Angeles Water Board exercised discretion to impose
requirements beyond those required by federal law because the Los Angeles Water Board had

a choice in establishing the mandated programs andthe Water Boards cannot point to any

provisions of the Clean Water Act or related regulations that require the programs at Issue in

this claim. The fact that some discretion is exercised In implementing -a federal program does

not mean that subvention is required. The court in Hayes explained that where the state has

some discretion in mandating the program but ultimately the factual situation requires some type

II

of mandate there is a federal mandate

The remaining question Is whether the states participation In the federal

program was a matter of true choice or was truly voluntary. The alternatives

were to participate in the federal program and obtain federal financial assistance

and the procedural protections accorded by the act or to decline to participate

and face a barrage of litigation with no real defense and ultimately be compelled

to accommodate the educational needs of handicapped children in any event.

We conclude that so far as the state Is concerned the Education of the

Handicapped Act constitutes a federal mandate.

- The central Issue before the Commission is whether the requirements to conduct inspections

and to place trash receptacles at bus and train stops exceed the federal mandate for MS4

permits. As to the inspections the claimants appear to concede that federal law specifically

requires MS4s to conduct Inspections of industrial facilities and construction sites but claim that

the Los Angeles Water Board could have conducted all of the inspections and instead exercised

Its discretion to shift the responsibility to the claimants. They base this contention on a permit

issued by the State Water Board to Industrial fadlities7 and contend that permit obligates the

Regional Water Boards including Los Angeles to conduct inspections. Therefore they claim

the Los Angeles Water Board has shifted that responsibility to the municipalities. They also

contend that the federal law does not specify that restaurants and automobile-related

businesses must be Inspected. As to the trash receptacles they claim that the federal law does

not specify this particular BMP.

In order to evaluate these contentions some more detailed discussion of the storm water

permitting scheme established by U.S. EPA is necessary. Of particular importance are the

process of selecting BMPs that are included in M64 permits the. obligation of MS4s to regulate

discharges from businesses into their systems Including discharges that are simultaneously

regulated by separate NPDES permits the process for selecting which businesses to regulate

and the requirement for MS4s to conduct inspections.

CWA if 301a. 402p3B.
76

Test Claim 03.TC-21 at page 10.

11 CalApp.41h 15841593.

7
Order No. 97-03-DWO htlnIt w.waterboards.ca.gov/ ldaasrindusomt.ndr
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The Process for Selecting BMPs

The chief argument regarding trash receptacles is that the federal law does not specify this

particular BMP and that therefore it exceeds federal law. The claimants appear to rely on

Hayes to argue that the exercise of any discretion In selecting requirements automatically

results in a reimbursable state mandate. As discussed above however the federal law

specifically requires that the Water Boards prescribe the BMPs that the MS4 must implement.

This Issue was addressed succinctly in Rancho Cucamonga

In creating a permit system for dischargers from municipal storm sewers
Congress Intended to implement actual programs. Cite to NRDC supra. The
Clean Water Act authorizes the imposition of permit conditions including

management practices control techniques and system design and engineering

methods and such other provisions as the Administrator or the State determines

appropriate for the control of such pollutants Cite to CWA 402p3Bll.
The Act authorizes states to issue permitswith conditions necessary to carry out

its provisions. Cite to 402a1. The permitting agency has discretion to

decide what practices techniques methods and other provisions are appropriate

and necessary to control the discharge of pollutants. Cite to NRDC. That is

what the Regional Board has created In the 2002 permit.7

Because the federal mandate requires the Water Boards to choose specific BMPs that are

included in MS4 permits as requirements the discretion exercised In selecting those BMPs Is

necessarily a part of the federal mandate. It Is not comparable to the discretion that the courts

in Hayes or San Diego spoke of where the state truly had a free choice The Los Angeles

Water Board was mandated by federal law to select BMPs thatwould result In compliance with

the federal MEP standard. The Water Board must comply with federal law requiring detailed

conditions for NPDES permits. This is completely different from the state discretion exercised

in San Diego where the state law compelled expulsions for bringing firearms to school while

the federal law clearly did not mandate such expulsions. Therefore it Is clear that the mere
exercise of discretion In selecting BMPs does not create a reimbursable mandate.

It Is conceivable that an MS4 permit Issued In California could require practices that exceed the

federal requirement of MEP. It Is clear however that inspection requirements do not exceed

MEP. That Issue has been specifically ruled on by Rancho Cucamongaand there are federal.

regulations discussed below that require these Inspections. The claimants allege however

that there Is no similar requirement for the placement of trash receptacles at transit stops. The
trash receptacle requirements In the Permit are different for those cities subject to a trash

TMDL than for other cities. The Los Angeles Water Board has adopted TMDLs forsome of the

water bodies that receive discharges from MS4s subject to the permit. As required by the

TMDL and federal law the permit contains specific provisions for permittees that are subject to

the trash TMDLs. The claimants do not seek subvention for those requirements. For

a
Rancho Cucamonga supra at 1389.

00
Ibid.
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permittees not subject to a trash TMDL the permit requires they implement BMPs to reduce

trash entering the MS4s including placing trash receptacles at all transit stops that have

shelters by August 1 2002 and at all other transit stops by February 3 2003 and that they

maintain trash receptacles as necessary. Permit Part 4.F.5.c.3.

The requirements regarding trash receptacles are found in the section of the Permit concerning

public agency activities. Part 4.F. This section imposes BMPs concerning sewage treatment

overflows construction by public agencies storm drain maintenance and operation and

municipal construction projects. In other words these are BMPs concerning the municipalities

own activities as opposed to its regulation of discharges into Its system by others. U.S. EPA
storm water regulations address BMP requirements for the MS4s maintenance and operation of

the storm sewer system. Specifically the MS4s plan must include maintenance activities and

schedules including a description of practices for operating and maintaining public streets

roads and highways and procedures for reducing the Impact on receiving waters of discharges

from municipal storm sewer systems.. 01 As early as 1993 the Executive Officer of the Los

Angeles Water Board directed all of the cities regulated by the permit to increase cleaning

frequency of and number of roadside trash receptacles in areas where needed .8

The requirements to control the release of trash Into MS4s and surface waters are at the heart

of the storm water program. Storm sewer waters carry suspended metals sedimentsalgae-promotingnutrients nitrogen and phosphorus floatable trash used motor oil raw sewage
pesticides and other toxic contaminants Into streams rivers lakes and estuaries across the

United States In carrying out the federal mandate to select BMPs the decision to require

ý. trash receptacles at transit stops Is a reasonable practicable and cost-effective method to

reduce trash in storm water runoff. The claimants have not and cannot explain how such a

requirement exceeds the federal standard of actions that reflect the maximum extent

practicable. The Permit also allows individual permittees to substitute BMPs for specific

requirements in the PermlL4

At bottom the trash receptacle requirements reflect the federal requirement to reduce pollutants

from the MS4.to the maximum extent practicable. It is federal law that animates the

requirement and federal law that mandates specificity in describing the BMPs.

The Role of M84s in Regulating Discharges from Industrial and Commercial

Activities

The claimants allege that because the Water Boards have a role in directly regulating

businesses within the jurisdiction of MS49 and therefore conduct inspections at such sites that

the requirements In the Permit for the MS4s to conduct inspections reflect a decision to shift the

costs of a federal mandate from the state to local government. The court in Hayes discussed

40 C.F.R. 122.28d2vA3.
82

Letter dated June 17 1993 from Robert P. GhlreHi to Thomas A. Tidemenson. Attachment 34.

03
Environmental Defense Center v. U.S. EPA 9th Cir. 2003 344 F.3d 832 841 emphasis added.

Permit Part 4.A.1.

t
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this issue. There the mandate was to the state generally and the state government decided to

shift the cost for implementing special education to local school districts. Here there is no

general mandate addressed to the entire state. Instead the federal law clearly required that

municipalities that operate MS4s must obtain and comply with a permit. The state does not

operate the MS4 the mandate is directed to the municipalities.

In addition to the requirements for permits issued to municipalities the Water Boards are also

mandated to Issue permits to entities that discharge storm water associated with Industrial

activity. As part of Its responsibilities for its In lieu program the State Boards must administer

and enforce all of its permits The State Water Board has Issued permits for Industrial and

construction discharges of storm water and the Los Angeles Water Board administersthose

permitswithin its jurisdiction. Therefore the Los Angeles Water Boarddoes conduct

inspections at businesses in Los Angeles County to ensure compliance with the state permits.

In addition the MS4 Permit requires the permitteesalso to conduct Inspections. This approach
which may result In two different entities inspecting the some businesses to review storm water

practices was specifically envisioned and required. by U.S. EPA In adopting Its storm water

regulations.

In promulgating its regulations for MS4s and Industrial dischargers U.S. EPA made clear its

intent to require industrial facilities that discharge into municipal storm sewers to obtain their

own NPDES permits and also to require MS4s to regulate and be liable for these same

discharges. In 1990 U.S. EPA adopted the regulations that spell out the federal mandates for

MS4s to develop and implement plans for regulation of industrial facilities. In Re Preamble to

the regulations it explained that MS4.permits are expected to require that controls be placed

on storm water discharges associated with Industrial activity which discharge through the

municipal system. it presented the rationale for this dual regulatory approach

U.S. EPA believes that municipal operators of large and medium municipal

systems have an Important role In source Identification and the development of

pollutant controls for Industries that discharge storm water through municipal

separate storm sewer systems Is appropriate. Under the CWA large and
medium municipalities are responsible for reducing pollutants in discharges from

municipal separate storm sewers to the MEP. Because storm water from

industrial facilities may be a major contributor of pollutants to municipal separate

storm sewer systems municipalities are obligated to develop controls for storm

water discharges associated with industrial activity through their system in their

storm water management program.

CWA 402p28.

CWA 402b.

s
In fact the Los Angeles Water Board acted to lessenany duplication of effort and costs to the municipal

permitteees by exempting them from Inspection requirements if the same facility has been inspected by the Board.

Vol. 55 Federal Register Fed.Reg. at 48009.

t
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Thus U.S. EPA specifically mandated that industrial facilities were to be subject to permits

issued directly to them by the Water Boards and also through MS4 permits where municipalities

must regulate the facilities Dischargers of storm water associated with industrial activity

through municipal separate storm sewer systems will be subject to municipal management

programs that address such discharges as well as to an Individual or general NPDES permit for

those discharges.

Requirements for MS4s
to Conduct Inspections

The federal regulations also specifically require local storm water agencies as part of their

responsibilities under NPDES permits to conduct Inspections. Throughout the federal law
there are numerous requirements for entities that discharge pollutants to waters of the United

States to monitor and inspect their facilities and their effluent p1 The claimants are the

dischargers of pollutants into surface waters as part of their permit allowing these dischargers

they must conduct inspections. The Los Angeles Water Board Is charged with administering

and enforcing the permit. Its policing responsibilities may also Include Inspecting the facilities

and waters it regulates but that does not mean it is shifting its responsibilities when it properly

mandates Inspections by MS4s.

The Process of Selecting Which Businesses MS4s Must Regulate

The claimants contend that federally mandated inspections do not include restaurants

automotive service facilities retail gasoline outlets or automotive dealerships. Instead they

claim that the federal mandate is limited to municipal landfills hazardous waste sites Industrial

facilities listed under the federal Superfund law and industrial facilities that the permittees

themselves determined are contributing substantial pollutants to their systems.

They base this contention on the U.S. EPAs regulations for MS4 applications. The federal

regulation states that the storm water management plan that MS4s must submit must address

the municipalities enforcement against pollutants from municipal landfills hazardous waste

treatment disposal- and recovery facilities industrial facilities that are subject to section 313 of

title III of the federal Superfund law and Industrial facilities that the municipal permit applicant

determines are contributing a substantial pollutant loading to the municipal storm sewer

system.94 The claim is essentially that after MS4s submitted their first application for a permit

which was required by the U.S. EPA regulations In 19909 and listed any industrial facilities they

deemed to be contributors of substantial pollutant loading the federal law did not mandate any

further actions regardless of whether new Information or monitoringmight reveal such

id. at 48058.

w
40 C.F.R. 122.28d2ivC. While the U.S.-EPA regulations are phrased as application requlrernents

wherein the MS4 must propose the various BMPs that will achieve MEP these requirements must be included M the

mandatory storm water management program. Los Angeles supra 143 Cal.App.4th 986 993.

See e.g. CWA 402b2B 40 C.F.R. 122.44I.

22
40 C.F.R. 122.26d2vC-emphasis added.

Vol. 55 Fed.Reg. 47990.
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contributors. This is not a reasonable reading of the federal regulation. In adopting this

regulation U.S. EPA acknowledged that this Initial selection by MS4s was only a starting point

and that the mandate was to follow where information and monitoring led

The object of the requirements In 122.26d2IvC is Initially to set priorities

for monitoring requirements. Then if the situation requires controls can be

developed and Instituted.... the selection of facilities is only a means of setting

priorities for facilities for the development of municipal plans. EPA agrees...

that there will be other facilities that are significant sources of pollutants and
should be addressed by municipalities as soon as possible under management

programs

As early as 1993 the Executive Officer of the Los Angeles Water Board directed all of the cities

regulated by the permit to Implement facility inspections of auto repair shops auto body shops
auto parts and accessory shops gasoline stations and restaurants. The letter noted that the

BMPs listed therein constitute the minimum required for area-wide Implementation and that the

list is not an additional requirement but incorporates BMPs already proposed by some
permittees. Thus it appears that the inspection requirements were in fact proposed by

permittees.s In any event MEP Is not limited to the sources and controls proposed by the

permittees. U.S. EPA Guidance documents make clear that MEP requires an iterative process

where municipalities assess sources conduct Investigations and improve their programs.90

The Local Governments have the Authority to Lew Service Chames. Fees or

Assessments to Pay for the Programs

The County and cities need not spend tax monies to comply with the Permit. They can and do

adopt fees from their residents and businesses that fund their storm water programs. The City

of Los Angeles the largest entity covered by the permit and which has not filed any test claims

adopted a fee ordinance based on property assessments for implementation of the program.

All of the municipalities have the ability to charge fees to businesses to cover inspection costs.

The cities trash collection responsibilities which include placement of trash receptacles are

also paid for through existing fees. Moreover the trash receptacle requirements that are the

subject of the Test Claims are limited to public transit stops. Any additional costs associated

with trash removal at these transit stops a service cities already provide could be borne by

transit users through higher transit fees.

The cities and the County have failed to show that they must use tax moniesto pay for these

requirements. It is also dear that any additional costs that could conceivably be considered

additional to the federal mandate would be de minlmis and would not require payment from tax

monies. For example it Is assumed that mostcities routinely place trash receptacles at bus

-stops. In fact the claimants make no allegation of any Increased costs from this requirement

i Letter dated June 17. 1993 from Robert P. GhireUi to Thomas A. Tidemanson. Attachment 34.

The Issue of proposals by the permittees is discussed below.

See e.g. U.S. EPA document on Evaluatingthe Effectiveness of Municipal Storm Water Programs.
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instead they conflate any costs by listing estimated trash receptacles catch basin and/or other

treatment devices - capital and installation costs.

The Local Governments Applied for the Permit and Proposed the Proarams

The County and cities bound by the permit requested the mandate and the Permit allows

alternatives In the manner of compliance. The County and cities jointly applied for the permit

and proposed a management plan that Is consistent with many of the requirements in the

permit. Relevant portions of the Report of Waste Discharge that the County submitted are

attached. The entire Report of Waste Discharge Is available upon request. It is clear from

these attachments which Include not only proposed programs but a draft permit that many of

the programs subject to the claims--dnduding regulation of industrial and commercial sites and

specifically restaurants and automobile-service businesses-were proposed in the permittees

original plan submitted in February 2001. For example the permittees proposed that the permit

prohibit discharge of wash waters from gas stations auto repair garages and other automotive

service facilities. In addition the permittees proposed a requirement that they visit

automotive service and food service facilities every two years and that they revisit facilities

and take enforcement action if there Is evidence of continuing illicit discharges. The

permittees submitted a lengthy list of proposed BMPs that site Inspectors should look for during

site visits.100 Whether the term Is site visir or Inspection it Is clear that the permittees

proposed the mandate. The permittees also proposed that the permit mandate trash collection

alongside or in improved open channels.101

The permit was issued upon the joint request of all of the petitioners with the County acting as

the lead. Where the County and 84 cities apply for a single area-wide permit the permitwriter

obviously Is not required to write separate requirements for each entity and the County may be

presumed to speak for the whole.

The Programs are not Mandates Peculiar to Govemment

Finally the NPDES permit program and the storm water requirements specifically are not

peculiar to local government. Industrial and construction facilities must also obtain NPDES
storm water permits. These permits however are more stringent than municipal permits

because the federal law requires that they meet more stringent technology-based standards and

that they attain strict compliance with water quality standards in receiving waters.102 As such

the only difference between the municipal storm water program and other storm water

requirements Is that federal law provides separate more lax requirements for the municipalities.

Claim 03-TC-21 at p2.

Report of Waste Discharge at R0000026.

o
Id. at R0000031.

70D
Id. at R0000273 - R0000360.

101
Jd at R0000038.

102
Defenders of 1110d life v. Browner supra.

Cdfornlo Bavlronmenta Pratecdon Agency

RB-AR15806



Ms. Paula Higashi Executive Director -21. April 18 2008.

The. Water Boards Implementation of federal law reflects this dichotomy and the fact that the

municipalities receive their own permit as required by CWA section 402p3xB does not

change the fact that storm water permit requirements are not peculiar to local government.

It is the municipalities who operate MS4s and who discharge pollutants to surface waters. It Is

the municipalities who must obtain permits and comply with those permits. Similarly industrial

dischargers who discharge storm water runoff to waters of the United States must also obtain

and comply with permits. The state Is not the discharger except In those situations where state

agencies operate M84s such as the Department of Transportation where they are themselves

subject to permits and the state Is not uniquely shifting a new program or higher level of

service onto munidpalities.103

Discussion of Test Clams that were not Substantiated

Development Construction Program Part 4.E

Test claim 03-TC-21 claims subvention of costs for the development construction program. It

did not however include any substantiation of this claim.

Public Agency Activities Program Part 4.F.5 and 8

Test claims 03-TC-04 03-TC-20 and 03-TC-21 claim subvention for portions of the public

agency activities program. Test claim 03-TC-21 claims subvention for the all requirements

concerning storm drain operation and streets and roads maintenance while test claims03-TC-04and 03-TC-20 are limited to the requirements to place trash receptacles at transit stops and

to maintain these receptacles. Test claim 03-TC-21 however did not include any

substantiation of this claim apart from the discussion of trash receptacles above.

Discharge Prohibitions and Receiving Water Limitations Parts I and 2

Test claim 03-TC-21 challenges the discharges prohibitions and receiving water limitations in

the Permit Parts I and 2 contain the basic prohibitions and requirements for attaining

compliance with water quality standards through an iterative process. The whole of the claim Is

that if enforced and read to literarily skj to require the City to prevent any and all exceedances

from urban runoff of all water quality standards or water quality objectives the costs would be

excessive. The court in County of Los Angeles supra rejected this exaggeration of the permits

terms and found the requirements to be entirely reasonable. In addition the Rancho

Cucamonga and Building Industry Association both upheld identical provisions and found them

to be reasonable and to be consistent with the minimum federal standard of MEP.

03
The State Water Board issues a separate permit to the Department of Transportation for both its muriapal

activities roads and freeways and Its industrial facilities construction and maintenance yards. The permit Is

available at httaJwew.wateft s.c a. y/stoemvtr/doca/caitrans/y rangamt.odf.
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Conclusion

For all the reasons set forth above the Test Claims must be dismissed. The Permit

requirements have already been upheld by.the courts as reflecting the federal Clean Water

Acts requirements for municipal storm water permitting. The permit in its entirety Including the

Test Claim provisions reflects the federally mandated federal minimum standard of reducing

pollutants to the maximumextent practicable . Further the cities can pay for any costs

associated with the requirements by levying service charges or fees. Finally to the extent that

any portion of the claims would otherwise qualify for subvention they are do minimis and
therefore do not warrant subvention.

I certify and declare under penalty of perjury under the laws of the State of California that the

foregoing is true and correct and that this document was executed on April 18 2008 at

Sacramento California.

Sincerely

bath Miller Jennings

Staff Counsel IV

Office of Chief Counsel

State Water Resources Control Board

10011 Street 22nd Floor 95814
P.O. Box 100

Sacramento CA 95812-0100

Telephone 916 341-5175

Facsimile 916 341-5199

Attachments

cc Howard Gest Esq. Ms. Tracy Egoscue via email only
Burhenn Gast LIP Executive Officer

624 South Grand Avenue Suite 2200 Los Angeles Regional Water Quality

Los Angeles CA 90017 Control Board

320 West 4th Street Suite 200

Richard Montevideo Esq. Los Angeles CA 90013

Rutan Tucker LLP

611 Anton Boulevard Suite 1400

P.O. Box 1950

Costa Mesa CA 92628-1950

Continued on next page
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cc Continued Ms. Dorothy Rice via email only
Executive Director

Ms. Carla Castaneda State Water Resources Control Board

Department of Finance A-15 10011 Street 25 Floor 95814
915 L Street 11th Floor P.O. Box 2815

Sacramento CA 95814 Sacramento CA 95812-2815

Michael J. Levy Esq. via email only Elizabeth Miller Jennings Esq. via email only
Office of Chief Counsel Office of Chief Counsel

State Water Resources Control Board State Water Resources Control Board

10011 Street 22nd Floor 95814. 10011 Street 22nd Floor 95814
P.O. Sox 100 P.O. Box 100

Sacramento CA 95812.0100 Sacramento CA 95812-0100
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PROOF OF SERVICE

I JEANNETTE L. BASHAW declare that I am over 18 years of age and not a party to the

within action. I am employed in Sacramento County at 1001. I Street 22nd Floor Sacramento California

95814. My mailing address is P.O. Box 100 Sacramento CA 95812-0100. On this date I served the

within documents

LETTER TO COMMISSION ON STATE MANDATES DATED APRIL 18 2008 REGARDING
STORM WATER POLLUTION CONTROL REQUIREMENTS FILES 03-TC-04 03-TC-19

03-TC-20 03-TC-21 RESPONSE TO TEST CLAIMS 03-TC-04 03-TC-19 03-TC-20 03-TC-21

BY FACSIMILE I caused.a true and correct copy of the document to be transmitted

by a facsimile machine compliant with rile 2003 of the California Rules of Court to the

offices of the addresses at the telephone numbers shown on the service list.

X BY HAND DELIVERY I caused a true and correct copy of the documents to be

hand-delivered to the persons as shown.

BY OVERNIGHT MAIL TO ALL PARTIES LISTED I am readily familiar with

my employers practice for the collection and processing of overnight mail packages.

Under that practice packages would bedsited with an overnight mail carrier that

same day with overnight delivery charges thereon fully prepaid in the ordinary course

of business.

X BY FIRST CLASS MAIL TO ALL PARTIES LISTED I am readily familiar with

my employers practice for the collection and processing of mail. Under that practice

envelopes would be deposited with the U.S. Postal Service that same day with first class

postage thereon fully prepaid in the ordinary course of business.. I am aware that on

motion of the party served service is presumed invalid if the postal cancellation date or

-postage meter date is more than one day after the date of deposit for mailing shown in

this proof of service

By placing a true copy thereof in separate sealed envelopes addressed to

See Exhibit A attached hereto and made a part hereof.

I certify and declare under penalty of perjury under the laws of the State of California that the

foregoing is true and correct and that this document was executed on April 18 2008 at Sacramento

California.

l ANNETTE L. BASRAW
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EXHIBIT A

VIA HAND DELIVERY VIA U.S. MAIL VIA U.S. MAIL

Paula Higashi Executive Director Howard Gent Esq.
Richard Montevideo Esq.

Commission on State Mandates Burhenn Gast LLP
Ruben Tucker. LLP

611 Anton Boulevard Suite 1400
980 Ninth Street Suite 300 824 South Grand Avenue Suite 2200

Sacramento CA 95814 Los Angeles CA 90017
P.O. Box 1950

Costa Mesa CA 92628-1950

Ms. Tracy Egoscue via .mal only VIA U.S. MAIL
Ms. Dorothy Rice vie small only

Executive Officer
Carta Castaneda

Executive Director

Los Angeles Regional Water Quality Departmece State Water Resources Control Board

Control Board
915 S

M of Fi A.15
10011 Street 251 Floor 95814

treet320 West-4th Street Suite 200 P.O. Box 2815

Los Angeles CA 90013
Sacramento CA 95814

Sacramento. CA 95812-2815

Michael J. Levy Esq. via small only Betsy Jennings Esq. via small only VIA U.S. MAIL
Office of Chief Counsel Office of Chief Counsel Leonard Kaye Esq.
State Water Resources Control Board State Water Resources Control Board County of Los AAnngqeles

1001 I Street 22n0 Floor 95814 10011 Street 224 Flow 95814 Auditor-ControlleTe Office

P.O. Box 100 P.O. Box 100 500 W. Temple Street Room 803

Sacramento CA 95812-0100 Sacramento CA 95812-0100 Los Angeles CA 90012

Jim s
U.S. MAII.

VIA U.S. MAIL
peno

State Cowfilers Office 8-08
Department Finance A.15

Division Audits
915 L Street. Suite 1190

300 Capitol Map Suite 518

Sacramento CA 95814
Sacramento. CA 95814

VIA U.S. MAIL
VIA U.S. MAIL

Clark Moseley
Scott Nichols

City of a Morrie
Alberez-Gtaanren Clovin

11333 Valley Boulevard
13181 Crossroads Parkway North

El Monte. CA 91731-3293
Suite 400

City of Industry CA 91746

W1 U.S. MAIL VIA U.S. MAIL VIA U.S. MAIL.
David Welihouse Allan Burdick Juliana F. Gmur

David Well house Associates Inc. MAXIMUS MAXIMUS
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with
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writi.
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and

draft
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to

protect
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difficult
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and
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in

the

implemen-
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a
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I
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the

scientific

basis

of

the

TMDL

program.

Also
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impor-

Although

the

reviewers

listed

above

have
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many
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the
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several

policy

issues

that

are
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tive

comments

and
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they

were

not

asked

to

endorse

the
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the

best

science

in

the

TMDL

program.

We

urge

Congress

clusions

or
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nor

did

they
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the
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draft
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the.
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and

the
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to

give
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to

the
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before
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review

of

this

report

was
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Frank
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this

report

so
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for
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procedures
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were

study

and

organizing

the
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who
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for
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who

was

able

to
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to

keep
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and
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the

text.

Finally

it
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that
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study
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most

thanks

to

Leonard
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Virginia
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and
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who

was

working
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a
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during

the
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invaluable

he
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and
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94

TMDL

Implementation

Challenges

97

Over

the

last

30

years

water

quality

management

in

the

Unite

References

102

States

has

been

driven

by

the

control

of

point

sources

of

pollution

at

the

use

of

effluent-based

water

quality

standards.

Under

this

paradigm

the

quality

of

the

nations

lakes

rivers

reservoirs

groundwater

and

APPENDIXES

coastal

waters

has

generally

improved

as

wastewatertreatment

plants

and

industrialdischargers

point

sources

have

responded

to

regulations

A

List

of

Guest

Presentations

at

the

First

Committee

Meeting

103

promulgated

under

authority

of

the

1972

Clean

Water

Act.

These

regu-lations

have

required

dischargers

to

comply

with

effluent-based

star-B

Biographies

of

the

Committee

Members

and

NRC

Stafl105

dards

for

criteria

pollutants

as

specified

in

National

Pollutant

Discharge

Elimination

System

NPDES

permits

issued

by

the

states

and

approved

by

the

U.S.

EnvironmentalProtection

Agency

EPA.

Although

success-ful

the

NPDES

program

has

not

achieved

the

nations

water

quality

goals

of

fishable

and

swimmable

waters

largely

because

discharges

from

other

unregulated

nonpoint

sources

of

pollution

have

not

been

as

successfullycontrolled.

Today

pollutants

such

as

nutrients

and

sedi-ment

which

are

often

associated

with

nonpoint

sources

and

were

not

considered

criteria

pollutants

in

the

Clean

Water

Act

are

jeopardizing

water

quality

as

are

habitat

destruction

changes

in

flow

regimes

a.

introduction

of

exotic

species.

This

array

of

challenges

has

shifted

the

focus

of

water

quality

management

from

effluent-based

to

ambient-based

water

quality

standards.

This

is

the

context

in

which

EPA

is

obligated

to

implement

the

Total

Maximum

Daily

Load

TMDL

program

the

objective

of

which

is

at-tainment

of

ambient

water

quality

standards

through

the

control

of

both

point

and

nonpoint

sources

of

pollution.

Although

the

TMDL

program

originated

from

Section

303d

of

the

Clean

Water

Act

it

was

largely

overlooked

during

the

1970s

and

1980s

as

states

focused

on

bringing

point

sources

of

pollution

into

compliance

with

NPDES

permits.

Citizen

lawsuits

during

the

1980s

forced

EPA

to

develop

guidance

for

the

TMDL

program

which

is

now

considered

to

be

pivotal

in

securing

the
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Assessing

the

TMDL

Approach

to

Water

Quality

ManagementExecutive

Summary

nations

water

quality

goals.

Under

TMDL

regulations

promulgated

in

pollution

will

be

needed

for

regulatory

and

nonregulatory

actions

to

be

1992

EPA

requires

states

to

list

waters

that

are

not

meeting

water

quality

equitable

and

effective.

Report

recommendations

are

targeted

1
at

criteria

set

for

specific

designated

uses.

For

each

impaired

water

the

those

issues

where

science

can

and

should

make

a

significant

contnbu-state

must

identify

the

amount

by

which

point

and

nonpoint

sources

of

tion

and

2
at

barriers

regulatory

and

otherwise

to

the

use

of

science

in

pollution

must

be

reduced

in

order

for

the

waterbody

to

meet

its

stated

the

TMDL

program.

Chapters

2
3.

and

4

discuss

the

information

re-water

quality

standards.

Meeting

these

requirements

many

of

which

quired

to

set

water

quality

standards

to

list

waters

as

impaired

and

to

have

been

imposed

by

court

order

or

consent

decree

has

become

the

develop

TMDLs

including

the

identification

of

pollution

sources

while

most

pressing

and

significant

regulatory

water

quality

challenge

for

the

Chapter

5

discusses

the

role

of

science

in

allocating

pollutant

loading

states

since

passage

of

the

Clean

Water

Act.

among

sources.

Chapters

3
and

4
go

into

considerable

detail

about

the

Given

the

most

recent

lists

of

impaired

waters

submitted

to

EPA

i

monitoring

modeling

and

statistical

analysis

methods

needed

to

collect

there

are

about

21000

polluted

river

segments

lakes

and

estuaries

data

and

convert

it

to

information

and

to

assess

and

reduce

uncertainty.

S
making

up

over

300000

river

and

shore

miles

and

5
million

lake

acres.

This

report

represents

the

consensus

opinion

of

the

eight-memb

The

number

of

TMDLs

required

for

these

impaired

waters

is

greater

than

NRC

committee

assembled

to

complete

this

task

The

committee

met

40000.

Under

the

1992

EPA

guidance

or

the

terms

of

lawsuit

settle-

three

times

during

a

three-month

period

and

heard

the

testimony

of

over

ments

most

states

are

required

to

meet

an

8-

to

13-year

deadline

for

40

interestedorganizations

and

stakeholder

groups.

The

MC

committee

completion

of

TMDLs.

Budget

requirements

for

the

program

are

stag-

feels

that

the

data

and

science

have

progressed

sufficiently

over

the

past

gering

as

well

with

most

states

claiming

that

they

do

not

have

the

per-

35

years

to

support

the

nations

return

to

ambient-based

water

quality.

sorrel

and

financial

resourcesnecessary

to

assess

the

condition

of

their

management.

Given

reasonableexpectations

for

data

availability

and

the

waters

to

list

waters

on

303d

and

to

develop

TMDLs.

A

March

2000

inevitable

limits

on

our

conceptual

understanding

of

complex

systems

report

of

the

General

Accounting

Office

GAO

highlighted

the

perva-

statements

about

the

science

behind

water

quality

management

must

be

sive

lack

of

data

at

the

state

level

available

to

set

water

quality

standards

made

with

acknowledgment

of

uncertainties.

The

committee

has

con-todetermine

what

waters

arc

impaired

and

to

develop

TMDLs.

eluded

that

there

are

creative

ways

to

accommodate

this

uncertainty

Subsequent

to

the

GAO

report

and

following

issuance

by

EPA

of

while

moving

forward

in

addressing

the

nations

water

quality

chal-updated

TMDL

regulations

Congress

requested

that

the

National

Re-

lenges.

These

broad

conclusions

are

elaborated

upon

below.

search

Council

NRC

assess

the

scientific

basis

of

the

TMDL

program

including

TMDL

PROGRAM

GOALS

the

information

required

to

identify

sources

of

pollutant

loadings

Sand

their

respective

contributions

to

water

quality

impairment

The

TMDL

program

should

focus

first

and

foremost

on

1w-

the

information

required

to

allocate

reductions

in

pollutant

load-

proving

the

condition

of

waterbodies

as

measured

by

attainment

of

ings

among

sources

designated

uses.

Work

on

meeting

the

strict

time

demands

within

the

whether

such

information

is

available

for

use

by

the

states

and

budget

constraints

cited

by

most

states

has

focused

on

administrative

whether

such

information

if

available

is

reliable

and

outcomes

as

measures

of

success

for

the

TMDL

program.

However

the

if

such

information

is

not

available

or

is

not

reliable

what

meth-

success

of

the

nations

premier

water

quality

program

should

not

be

odologies

should

be

used

to

obtain

such

information.

measured

by

the

number

of

TMDL

plans

completed

and

approved

nor

by

the

number

of

NPDES

permits

issued

or

cost

share

dollars

spent.

Of

concern

to

the

nations

lawmakers

was

the

paucity

of

data

and

infor-

Success

is

achieved

when

the

condition

of

a

waterbody

supports

its

des-mation

available

to

the

states

to

comply

with

program

requirements

and

ignated

use.

Adequate

monitoring

and

assessment

must

be

used

to

im-the

ng

of
actions

taken

impaired

to

water

meet

thebodies

and

to

designated

usecharacterize

the

effec-water

quality

standards.

Indeed

as

the

TMDL

program

proceeds

prove

tiveness

the

of

listing

use.

meet
the

best

available

science

especially

with

regard

to

nonpoint

sources

of
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the

TMDL

Approach

o

Water

Quality

ManagementExecutive

Summary

The

program

should

encompass

all

stressors

both

pollutants

and

uses

at

the

state

level

such

as

primary

and

secondary

contact

recreation.

pollution

hat

determine

the

condition

of

the

waterbody.

Proposed

The

appropriate

designated

use

may

not

be

the

use

that

would

be

realized

regulations

may

limit

the

applicability

of

the

program

to

only

those

water

in

the

waters

predisturbancecondition.Sufficient

science

and

examples

quality

problems

caused

by

chemical

and

physical

pollutants.

Given

exist

for

all

states

to

inject

this

level

of

detail

into

their

water

quality

their

demonstratedeffectivenessactivities

that

can

overcome

the

effects

standards.

To

ensure

that

designated

uses

are

appropriate

use

attainabil-of

pollution

and

bring

about

waterbody

restoration-such

as-

habitat

ity

analysis

should

be

considered

for

all

waterbodies

before

a

TMDL

is

restoration

and

channel

modification-should

not

be

excluded

from

con-

developed.

sideration

during

TMDL

plan

implementation.

EPA

should

approve

the

use

of

both

a

preliminary

list

and

an

ac-Scientific

uncertainty

is

a

reality

within

all

water

quality

pro-

tion

list

instead

of

one

303d

list.

Many

waters

now

on

state

303d

lists

grams

Including

the

TMDL

program

that

cannot

be

entirely

elimi-

were

placed

there

without

the

benefit

of

adequate

water

quality

stan-nated.

The

states

and

EPA

should

move

forward

with

decision-making

dards

data

or

waterbody

assessment.

These

potentially

erroneous

list-and

implementation

of

the

TMDL

program

in

the

face

of

this

uncertainty

ings

contribute

to

a

very

large

backlog

of

TMDL

segments

and

foster

tl

while

making

substantial

efforts

to

reduce

uncertainty.

Securing

desig-

perception

of

a

problem

that

is

larger

than

it

may

actually

be.

States

nated

uses

is

limited

not

only

by

a

focus

on

administrative

rather

than

should

be

allowed

to

move

those

waters

for

which

there

is

a

lack

of

ade-water

quality

outcomes

in

the

TMDL

process

but

also

by

unreasonable

quate

water

quality

standards

or

data

and

analysis

from

the

303d

list

back

expectations

for

predictive

certainty

among

regulators

affected

sources

to

a

preliminary

fist

as

shown

in

Figure

ES-1.

This

would

provide

the

and

stakeholders.assurance

that

listed

waters

are

indeed

legitimate

and

merit

the

resources

required

to

complete

a

TMDL.

If

no

legal

mechanism

exists

to

bring

this

about

one

should

be

created

by

Congress.

The

data

requirements

and

CHANGES

TO

THE

TMDL

PROCESS

other

criteria

that

should

be

used

to

differentiate

the

preliminary

list

from

the

action

list

are

discussed

in

the

report.

No

waterbody

should

remain

This

report

focuses

on

how

scientific

data

and

information

should

be

on

the

preliminary

list

for

more

than

one

rotating

basin

cycle.

used

within

the

TMDL

program.

Science

plays

a

crucial

role

in

the

Stan-

TMDL

plans

should

employ

adaptive

implementation.

As

shown

dards-setting

process

in

the

decision

to

add

waters

to

the

303d

list

in

the

in

Figure

ES-2

adaptive

implementation

is

a

cyclical

process

in

which

development

of

the

TMDL

plan

and

in

the

allocation

of

pollutant

loads

TMDL

plans

are

periodically

assessed

for

their

achievement

of

water

among

various

sources

although

its

importance

relative

to

the

role

of

quality

standards

including

designated

uses.

If

the

implementation

of

the

policy

decisions

varies.

The

committee

finds

that

although

the

state

of

TMDL

plan

is

not

achieving

attainment

of

the

designated

use

scientific

the

science

is

sufficient

to

develop

TMDLs

to

meet

ambient

water

qual-

data

and

information

should

be

used

to

revise

the

plan.

Adaptive

impl

ity

goals

in

many

situations

programmatic

issues

substantially

hinder

the

mentation

is

needed

to

ensure

that

the

TMDL

program

is

not

halted

be-use

of

the

best

available

science.

Thus

the

following

changes

in

the

cause

of

a
lack

of

data

and

information

but

rather

progresses

while

better

TMDL

process

are

recommended

with

an

understanding

that

without

data

are

collected

and

analyzed

with

the

intent

of

improving

upon

initial

such

changes

the

TMDL

program

will

be

unable

to

incorporate

and

im-

TMDL

plans.

Congress

and

EPA

need

to

address

the

policy

barriers

that

prove

upon

the

best

availablescientificinformation..

inhibit

adoption

of

an

adaptive

implementation

approach

to

the

TMDL

States

should

develop

appropriate

use

designations

for

water-

program

including

the

issues

of

future

growth

the

equitable

distribution

bodies

in

advance

of

assessment

and

refine

these

use

designations

of

cost

and

responsibility

among

sources

of

pollution

and

EPA

over-prior

to

TMDL

development.

Clean

Water

Act

goals

of

fishable

and

sight.

swimmable

waters

are

too

broad

to

be

operational

as

statements

of

des-ignated

uses.

Thus

there

should

be

greater

stratification

of

designated

This

refers

to

the

legal

definitions

of

pollutant

and

pollution

which

are

given

in

Box

I-I

of

Chapter

1.
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Summary

All

TMDL

Plan

Waters
Determineimmediate

and

Experiments

0

Model

Designated

Use/

Long-term

Actions/

Refinement

Standard

Monitoring

Screening

no

Assessment

Meeting

Designated

Use

yes

Preliminary

List

Back

to

initial

list

of

all

waters

ff

for

continuing

assessment

In

1

t

the

rotating

basin

process

Full

Review

Use/

Assessment

Standard

FIGURE

ES-2

Adaptive

Implementationflowchart.

1

i

1 L

Action

List

USE

OF

SCIENCE

IN

THE

TMDL

PROGRAM

3034

This

report

suggests

changes

in

the

data

used

and

analytical

method.

employed

that

will

support

the

revisions

to

the

TMDL

process

recom-TMDL

mended

above.

The

following

sections

highlight

the

use

of

science

in

the

Planning

TMDL

program

steps

as

illustrated

in

Figure

ES-I.

Additional

recom-mendations

about

the

scientific

basis

of

the

program

not

included

in

this

executive

summary

are

found

throughout

the

report.

Adaptive

Water

Quality

StandardsImplementation

The

TMDL

process

is

primarily

a

measurement

process

and

as

such

is

significantly

impacted

by

the

setting

of

water

quality

standards.

Water

FIGURE

ES-1

Framework

for

water

quality

management

quality

standards

consist

of

two

parts

a

specific

desired

use

appropriate

gyn.
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Approach

to

Water
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ManagementExecutive

Summary

to

the

waterbody

termed

a

designated

use

and

a

criterion

that

can

be

EPA

needs

to

develop

a

uniform

consistent

approach

to

ambient

measured

to

establish

whether

the

designated

use

is

being

achieved.

monitoring

and

data

collection

across

the

states.

The

rotating

basin

The

criterion

used

to

measure

whether

the

condition

of

a

water-

approach

used

by

several

states

is

an

excellent

example

of

a

framework

body

supports

Its

designated

use

can

be

positioned

at

different

points

than

can

be

used

to

conduct

waterbody

assessments

of

varying

levels

of

along

the

causal

chain

connecting

stressors

such

as

land

use

activi-

complexity

for

example

to

support

305b

reports

to

place

impaired

Wa-ties

to

biological

responses

in

a

waterbody.

Positioning

the

criterion

ters

on

a

preliminary

list

or

action

list

and

to

develop

TMDLs.

In

that

involves

a

trade-off

between

forecast

error

for

the

stressor-criterion

rela-

regard

EPA

should

set

the

TMDL

calendar

in

concert

with

each

tionship

and

the

adequacy

of

the

criterion

as

a

measure

surrogate

for

states

rotating

basin

program.

the

designated

use.

Model

results

that

forecast

the

impact

of

the

stressor

Evidence

suggests

that

limited

budgets

are

preventing

the

states

on

the

criterion

are

likely

to

be

more

uncertain

as

the

criterion

is

posi-

from

monitoring

for

a

full

suite

of

indicators

to

assess

the

condition

tioned

farther

from

the

stressor

and

closer

to

the

designated

use.

On

the

of

their

waters

and

from

embracing

a

rotating

basin

approach

to

other

hand

positioning

the

criterion

closer

to

the

stressor

and

farther

water

quality

management.

Currently

EPA

is

assessing

the

sufi

from

the

designated

use

is

likely

to

mean

that

the

criterion

is

a

poorer

ciency

of

state

resources

to

develop

and

implement

TMDLs.

Depending

measure

or

surrogate

for

the

designated

use.

on

the

results

of

that

assessment

Congress

might

consider

aiding

the

Biological

criteria

should

be

used

in

conjunction

with

physical

I
states

for

example

through

matching

grants

to

improve

data

collection

and

chemical

criteria

to

determine

whether

a

waterbody

Is

meeting

and

analysis.

its

designated

use.

In

general

biological

criteria

are

more

closely

re-

Evaluated

data

and

evidence

of

violation

of

narrativestandards

lated

to

the

designated

uses

of

waterbodies

than

are

physical

or

chemical

should

not

be

exclusively

used

for

placement

of

a

waterbody

on

the

measurements.

However

guiding

management

actions

to

achieve

water

action

fist

but

is

useful

for

placement

on

the

preliminary

list.

EPA

quality

goals

based

on

biological

criteria

also

depends

on

appropriate

should

develop.

guidance.

to

help

states

translate

narrative

standards

to

modeling

efforts.

numeric

criteria

for

the

purposes

of

303d

listing

and

TMDL

calculation

All

chemical

criteria

and

some

biological

criteria

should

be

de-

I

and

implementation.

fined

in

terms

of

magnitude

frequency

and

duration.

The

frequency

EPA

should

endorse

statistical

approaches

to

defining

all

waters

component

should

be

expressed

in

terms

of

a

number

of

allowed

excur-

proper

monitoring

design

data

analysis

and

impairment

assess-ions

in

a

specified

period.

Establishing

these

three

dimensions

of

the

meat.

For

chemical

parameters

these

statistical

approaches

might

in-criterion

is

crucial

for

successfully

developing

water

quality

standards

elude

the

binomial

hypothesis

test

or

other

methods

that

can

be

more

ef-and

subsequently

TMDLs.

fective

than

the

raw

score

approach

in

making

use

of

the

data

collected

to

Water

quality

standards

must

be

measurable

by

reasonably

ob-

determine

water

quality

impairment.

For

biological

parameters

the-taluable

monitoring

data.

In

many

states

there

is

a

fundamental

dis-

might

focus

on

improvement

of

sampling

designs

more

careful

identifi-crepancy

between

the

criteria

that

have

been

chosen

to

determine

cation

of

the

components

of

biology

used

as

indicators

and

analytical

whether

a

waterbody

is

achieving

its

designated

use

and

the

frequency

procedures

that

explore

biological

data

as

well

as

integrate

biological

with

which

water

quality

data

are

collected.

This

report

gives

examples

information

with

other

relevant

data.

-

of

this

phenomenon

and

makes

suggestions

for

improvement.

TMDL

Development

Waterbody

Assessment

and

Listing

The

scientific

basis

of

the

latter

half

of

the

TMDL

process

revolves

Ambient

monitoring

and

assessment

programs

should

form

the

basis

around

a

wide

variety

of

models

of

varying

complexity

that

are

used

to

for

determining

whether

waters

are

placed

on

the

preliminary

list

or

the

relate

waterbody

conditions

to

different

land

uses

and

other

factors.

action

list.

Models

are

a

required

element

of

developing

TMDLs

because

water

quality

standards

are

probabilistic

in

nature.

However

although

models

RB-AR15824
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can

aid

in

the

decision-malting

process

they

do

not

eliminate

the

need

techniques

that

can

combine

different

types

of

information.

Although

for

informed

decision-making.

the

modeling

framework

proposed

in

this

report

calls

for

improvementsUncertainty

must

be

explicitly

acknowledged

both

in

the

models

in

models

there

are

existing

models

that

can

be

applied

rapidly

and

ef-selected

to

develop

TMDLs

and

in

the

results

generated

by

those

festively

within

an

adaptive

implementationframework.

models.

Predictionuncertainty

must

be

estimated

in

a

rigorous

way

models

must

be

selected

and

rejected

on

the

basis

of

a

prediction

error

FINAL

THOUGHTS

criterion

and

guidance/software

needs

to

be

developed

to

support

un-certainty

analysis.

The

TMDL

program

currently

accounts

for

the

uncertainty

em-

Through

the

adoption

and

use

of

the

preliminary

list/action

list

ap-bedded

in

the

modeling

exercise

by

applying

a

margin

of

safety

proach

adequate

monitoring

and

assessment

approaches

sound

selection

MOS

EPA

should

end

the

practice

of

arbitrary

selection

of

the

of

appropriate

models

and

adaptive

implementation

described

in

this

MOS

and

instead

require

uncertainty

analysis

as

the

basis

for

MOS

report

the

TMDL

program

will

be

capable

of

utilizing

the

best

availablydetermination.

Because

reduction

of

the

MOS

can

potentially

lead

to

a

scientificinformation.

It

is

worth

noting

that

the

success

of

these

ap-significant

reduction

in

TMDL

implementation

cost

EPA

should

place

a

proaches

is

directly

related

to

the

provision

of

adequate

personnel

and

high

priority

on

selecting

and

developing

TMDL

models

with

minimal

financialresources

for

data

collection

management

and

interpretation

forecast

error.-

and

for

the

development

of

sufficiently

detailed

and

stratified

water

EPA

should

selectively

target

some

postimplementation

TMDL

quality

standards.

compliance

monitoring

for

verification

data

collection

so

that

model

prediction

error

can

be

assessed.

TMDL

model

choice

is

currently

hampered

by

the

fact

that

relatively

few

models

have

undergone

thor-ough

uncertainty

analysis.

Postimplementation

monitoring

at

selected

sites

can

yield

valuable

data

sets

to

assess

the

ability

of

models

to

relia-bly

forecast

response.

EPA

should

promote

the

development

of

models

that

can

more

effectively

link

environmentalstressors

and

control

actions

to

bio-logical

responses.

A
first

step

will

be

the

development

of

conceptual

models

that

account

for

known

system

dynamics.

Eventually

these

should

be

strengthened

with

both

mechanistic

and

empirical

models

al-though

empirical

models

are

more

likely

to

fill

short-term

needs.

Such

models

are

needed

to

promote

the

wider

use

of

biocriteria.

Monitoring

and

data

collection

programs

need

to

be

coordinated

with

anticipated

water

quality

and

TMDL

modeling

requirements.

For

many

parameters

there

arc

insufficient

data

to

have

confidence

in

the

results

generated

by

some

of

the

complex

models

used

in

practice

today.

Thus

EPA

should

not

advocate

detailed

mechanistic

models

for

TMDL

development

in

data-poor

situations.

Either

simpler

possibly

judgmental

models

should

be

used

or

preferably

data

needs

should

be

anticipated

so

that

these

situations

are

avoided.

In

order

to

carry

out

adaptive

implementation

EPA

needs

to

fos-ter

the

use

of

strategies

that

combine

monitoring

and

modeling

and

expedite

TMDLdevelopment.

This

should

involve

the

use

of

Bayesian

RB-AR15825
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Introduction

ever

in

even

modestly

complex

watersheds

multiple

sources

of

pollut-ants

made

it

difficult

to

unambiguouslydetermine

which

sources

were

responsible

for

the

standard

violation.

One

source

might

insist

that

the

cause

of

the

problem

was

the

discharge

from

others

or

at

least

that

its

own

contribution

to

the

problem

was

not

as

significant

as

the

contribu-tions

of

others.

Neither

the

available

monitoring

data

nor

the

analytical

methods

available

at

the

time

allowed

the

states

to

defensibly

mandate

differential

load

reductionrequirements

Houck

1999.

The

1972

amendments

recognized

this

analytical

dilemma

and

shifted

the

focus

of

water

quality

management

away

from

ambient

stan-dards.

Instead

all

dischargers

of

certain

pollutants

were

expected

t

limit

their

discharges

by

meeting

nationally

established

effluent

sta.

THE

RETURN

TO

AMBIENT-BASED

WATER

dards.

Effluent

standards

are

specified

in

National

Pollution

Discharge

QUALITY

MANAGEMENTElimination

System

NPDES

permits

issued

by

the

states

to

certain

pollutant

sources

and

approved

by

the

U.S.

EnvironmentalProtection

The

Federal

Water

Pollution

Control

Act

Amendments

of

1972

PL

Agency

EPA.

Effluent

standards

were

set

at

a

national

level

based

on

92-500

as

supplemented

by

the

Clean

Water

Act

CWA

of

1977

and

availabletechnologies

for

wastewatertreatment

appropriate

to

different

the

Water

Quality

Act

of

1987

are

the

foundation

for

protecting

the

na-

industry

groups

although-in

certain

waterbodies

effluent

standards

more

tions

water

resources.Precursors

to

the

Water

Quality

Act

go

back

to

stringent

than

the

technology-basedrequirement

have

been

required

to

the

Rivers

and

Harbors

Appropriations

Act

of

1899

often

referred

to

as

meet

local

water

quality

goals.

The

shift

to

effluent

standards

elimi-the

Refuse

Act

and

the

Water

Pollution

Control

Acts

of

1948

and

1965

nated

the

need

to

link

required

reductions

at

particular

sources

with

the

Rodgers

1994.

An

important

impetus

for

earlier

water

quality

legisla-

ambient

condition

of

a

waterbody.

Instead

each

regulated

source

was

tion

was

protection

of

public

health.

Over

time

this

purpose

was

sup-

simply

required

to

meet

the

effluent

standard

in

its

wastewater.

In

the

plemented

by

aesthetic

and

recreational

purposes

fishable

and

swimma-

intervening

period

since

passage

of

PL

92-500

pollutants

discharged

by

ble

and

then

by

the

goal

of

restoring

and

maintaining

the

chemical

industry

and

municipal

treatment

plants

have

declined

and

the

ambient

physical

and

biological

integrity

of

the

Nations

waters

Section

101a

quality

of

many

of

the

nations

lakes

rivers

reservoirs

groundwater

and

of

PL

92-500

coastal

waters

has

improved.

In

practice

each

of

these

general

purposes

must

be

restated

in

opera-

There

were

consequences

that

followed

the

embracing

of

effluen

tional

and

measurable

terms

as

ambient

waterquality

standards

which

based

standards

instead

of

ambient-basedstandards.

First

efforts

to

are

established

by

the

states

and

are

subject

to

federal

approval.

Section

measure

and

communicate

water

quality

accomplishments

were

often

303d

of

the

CWA

makes

it
a

responsibility

of

the

states

to

assess

whether

described

in

terms

of

compliance

with

wastewater

permit

conditions

ambient

standards

are

being

achieved

for

individualwatcrbodies.

If

am-

rather

than

the

condition

of

the

waters.

Second

effluent

standards

could

bient

standards

are

not

being

met

a

water

quality

management

program

only

apply

to

so-called

point

sources

rather

than

to

all

sources

of

a

pol-to

achieve

those

standards

is

anticipated.

lutant

or

other

forms

of

pollution

Box

1-1.

Pollutants

from

nonpoint

The

data

and

analytical

requirements

for

determining

both

the

causessources

derived

from

diffuse

and

hard-to-monitor

origins

such

as

land-of

a

failure

to

meet

ambient

standards

and

the

solutions

to

such

problems

disturbing

agriculturalsilvicultural

and

construction

activities

largely

have

challenged

water

quality

analysts

for

over

half

a

century.

Prior

to

escaped

oversight.

Third

attention

to

chemical

pollutants

measured

in

the

1972

Water

Pollution

Control

Act

Amendments

states

were

expected

discharge

water

came

to

dominate

water

quality

policy

and

the

physical

to

identify

pollutant

sources

that

were

resulting

in

violations

of

ambient

and

biological

determinants

of

the

ambient

condition

of

a

waterbody

water

quality

standards.

Once

the

sources

of

the

problem

were

carefully

were

less

frequently

considered.

A

pollutant

is

defined

as

a

substance

identified

controls

on

polluting

activities

would

be

put

in

place.

How-

added

by

humans

or

human

activities.

In

many

cases

the

condition

of

a

12
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The

303d

focus

on

ambient

water

quality

standards

has

returned

the

TMDL

analyses.

nation

to

a

water

quality

program

that

was

not

consideredimplementable

Subsequent

to

the

GAO

report

Congress

requested

that

the

National

35

years

ago

when

there

was

a

paucity

of

data

and

analytical

tools

for

Research

Council

NRC

analyze

on

a

broad

scale

the

scientific

basis

of

determining

causes

of

impairment

and

assigning

responsibility

to

various

the

TMDL

program.

The

NRC

was

asked

to

evaluate

sources.Determining

the

pollutant

load

from

a

regulated

point

source

is

a

relatively

straightforward

task

although

isolating

its

effect

in

a

com-

the

information

required

to

identify

sources

of

pollutant

loadings

plex

waterbody

remains

a

technical

challenge.

Such

technicaluncertain-

and

their

respective

contributions

to

water

quality

impairment

ties

in

relating

stresses

on

the

waterbody

to

impairment

are

compounded

the

information

required

to

allocate

reductions

in

pollutant

load-when

nonpoint

sources

of

pollutants

and

other

forms

of

pollution

are

ings

among

sources

considered.

Having

returned

the

focus

to

ambient

water

quality

condi-

whether

such

information

is

available

for

use

by

the

states

and

tions

are

we

better

positioned

today

than

we

were

years

ago

Do

we

whether

such

information

if

available

is

reliable

and

have

more

and

better

data

and

analytical

methods

Do

we

have

a

better

if

such

information

is

not

available

or

is

not

reliable

what

metf

understanding

of

watershed

events

and

processes

responsible

for

water

odologies

should

be

used

to

obtain

such

information.

_

quality

violations

These

are

the

science

questions

facing

the

nation

as

we

implement

Section

303d

of

the

Clean

Water

Act.

While

the

GAO

report

was

about

data

the

NRC

was

charged

to

fo-cus

on

reliable

Information

for

making

decisions.

In

presentations

made

to

the

NRC

committee

the

terms

data

and

information

often

were

NATIONAL

RESEARCH

COUNCIL

STUDY

used

as

synonyms

but

data

are

not

the

same

as

information.

Unanalyzed

data

do

not

constituteinformation.

Data

must

be

interpreted

for

their

Despite

recent

progress

the

demands

of

the

TMDL

program

weigh

meaning

through

the

filter

of

analytical

techniques

and

the

result

of

such

heavily

on

the

limited

resources

of

EPA

and

the

states.

The

TMDL

proc-

data

analysis

is

information

that

can

support

decision-making.

Knowing

ess

requires

high-quality

data

and

sophisticated

tools

to

analyze

those

what

data

are

needed

and

turning

those

data

into

informationconstitutes

data.

States

have

reported

having

insufficient

funds

inadequate

moni-

in

large

part

the

science

behind

a

water

quality

management

program.

toring

programs

and

limited

staff

to

collect

and

analyze

such

data

GAO

The

techniques

for

transforming

data

into

information

include

statistical

2000.

According

to

the

General

Accounting

Office

GAO

only

six

inference

methods

simulation

modeling

of

complex

systems

and

at

states

have

enough

data

to

fully

assess

the

condition

of

their

waterbodies

times

simply

the

application

of

the

best

professional

judgment

of

the

while

only

18

have

enough

data

to

place

their

waterbodies

on

the

list

of

analyst.

In

all

these

processes

there

will

always

be

some

uncertainty

5
impaired

waters

303d

list.

Forty

states

had

sufficienthigh-quality

data

and

thus

some

unreliability

about

whether

the

resulting

informatio

to

determine

TMDLs

for

waterbodics

impaired

primarily

by

point

accurately

characterizes

the

water

quality

problem

and

the

effectivenesssources

such

as

municipal

sewage

treatment

plants

and

29

had

sufficient

of

the

solutions.

Because

uncertainty

cannot

be

eliminated

determininghigh-quality

data

to

implement

these

TMDLs.

When

states

were

asked

whether

the

information

generated

from

data

analysis

is

reliable

is

a

about

waterbodies

impaired

primarily

by

nonpoint

sources

however

value

judgment.

Individuals

and

groups

will

have

different

opinions

only

three

claimed

to

have

sufficient

data.

about

whether

and

how

to

proceed

with

water

quality

management

given

The

GAO

report

outlined

several

critical

issues

for

consideration

by

a

certain

level

of

uncertainty.

the

states

and

EPA.

Beyond

questions

of

additional

funding

for

data

To

organize

its

deliberations

the

committeeconsidered

the

role

of

collection

and

staff

the

states

need

assistance

using

watershed

models

science

at

each

step

of

the

TMDL

process

from

the

initial

defining

of

all

many

reported

being

unclear

where

to

go

for

such

assistance.

There

ap-

waters

to

the

implementation

of

actions

to

control

pollution

the

report

is

pears

to

be

no

formalized

process

to

capitalize

on

lessons

learned

to

structured

around

this

organization.

Report

recommendations

are

tar-transfer

technology

and

to

share

knowledge.

Aside

from

the

reported

geted

1
at

those

issues

where

science

can

and

should

make

a

significant

lack

of

data

to

comply

with

the

TMDL

regulations

when

data

are

avail-

contribution

and

2
at

barriers

regulatory

and

otherwise

to

the

use

of

able

they

are

often

not

the

type

needed

for

sourceidentification

and

RB-AR15827
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science

in

the

TMDL

program.

Because

of

this

broad

scope

the

content

regulations

that

govern

the

current

program.

States

must

then

establish

of

the

report

extends

beyond

the

confines

of

the

charge

in

the

bulleted

a

priority

ranking

for

such

waters

taking

into

account

the

severity

of

the

items

above.

Chapters

2
3
and

4

discuss

the

information

as

defined

impairment

and

the

uses

to

be

made

of

such

waters.

For

unpaired

wa-above

required

to

set

water

quality

standards

to

list

waters

as

impaired

ters

the

states

must

establish

TMDLs

for

pollutants

necessary

to

secure

and

to

develop

TMDLs

including

the

identification

of

pollution

applicable

water

quality

standards.

The

CWA

fiuther

requires

that

once

sources

Chapter

5

comments

on

the

role

of

science

in

allocatjng

pollut-

water

quality

standards

are

attained

they

must

be

maintained.

ant

loading

among

sources.

Because

GAO

2000

already

documents

a

Figure

1-1

depicts

the

basic

steps

in

the

TMDL

process.

These

steps

widespread

lack

of

data

and

information

at

the

state

level

and

because

are

described

briefly

below

and

are

considered

in

greater

detail

through-availability

of

information

varies

significantly

from

state

to

state

the

out

the

report.

At

the

beginning

of

the

process

are

all

waterbodies

for

the

committee

did

not

devote

substantial

time

to

determiningavailability.

As

state

and

the

development

of

water

quality

standards

for

each

waterbody.

mentioned

above

whether

the

information

is

reliable

depends

on

the

de-

Water

quality

standards

are

established

outside

the

TMDL

process

and

grce

of

uncertaintydecision-makers

are

willing

to

accept

when

making

include

designated

uses

for

a

waterbody

and

measurable

water

qualif

regulatory

or

spending

choices-a

decidedly

nonscientificmatter.

Chapters

3
and

4

describe

in

detail

the

monitoring

modeling

and

statis-tical

analysis

methods

needed

to

collect

data

and

convert

it

to

informa-tion

and

to

assess

and

reduce

uncertainty.

Chapter

5

describes

an

ap-

All

Waters

proach

for

making

decisions

in

the

face

of

uncertainty.

This

report

represents

the

culmination

of

three

meetings

over

three

months

including

a

two-day

public

session

in

which

30

presentations

1

from

a

wide

variety

of

stakeholders

were

made

see

Appendix

B.

Given

i

Determine

the

information

gathered

during

the

study

period

and

the

collective

expe-

S
Destandd

Use/

rience

of

its

members

the

committee

feels

that

the

data

and

science

have

tandard

progressed

sufficiently

over

the

past

35

years

to

support

the

nations

re-turn

to

ambient-based

water

quality

management.

In

addition

the

need

for

this

approach

is

made

apparent

by

the

inability

of

a

large

percentage

Listing

of

the

nations

water

to

meet

water

quality

standards

using

point

source

controls

alone.

Given

reasonableexpectations

for

data

availability

and

inevitable

limits

on

our

conceptual

understanding

of

complex

systems

statements

about

the

science

behind

water

quality

management

must

be

made

with

acknowledgment

of

uncertainties.

Finally

the

committee

has

Planning

concluded

that

there

are

creative

ways

to

accommodate

this

uncertainty

while

moving

forward

in

addressing

the

nations

water

quality

chal-lenges.

These

broad

conclusions

are

elaborated

upon

throughout

this

report.

Implementation

CURRENT

TMDL

PROCESS

AND

REPORT

ORGANIZATION

Section

303d

requires

that

states

identify

waters

that

are

not

attaining

FIGURE

1-1

Conceptualized

steps

of

the

TMDL

process.

ambient

water

quality

standards

i.e.

are

impaired.

Although

new

rules

are

pending

at

the

request

of

Congress

this

report

focuses

nn

the

1992

RB-AR15828
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criteria

designed

to

assure

that

each

designated

use

is

being

achieved.

actions

envisioned

in

the

TMDL

plan

in

place.

Such

actions

could

in-Because

water

quality

standards

are

the

foundation

on

which

the

entire

elude

limitations

on

point

sources

beyond

technology-based

effluent

TMDL

program

rests

more

detailed

discussion

of

standard

setting

is

standards.

Also

using

best

management

practices

for

donpoint

sources

provided

in

Chapters

2
and

3.

as

well

as

addressing

pollution

problems

might

be

pan

of

implements-The

next

step

in

the

process

is

the

listing

of

impaired

waterbodies

if

tion

although

these

actions

are

not

required

by

Section

303d.

The

re-evaluation

of

available

data

suggests

that

certain

waterbodics

are

not

suits

of

implementation

actions

need

to

be

assessed

before

a

waterbody

meeting

standards.

According

to

Section

303d

all

impaired

waterbodies

can

be

removed

from

the

list.

Monitoring

in

this

phase

is

necessary

to

must

be

listed

by

the

states

or

responsible

agencies

and

submitted

to

EPA

measure

the

success

or

failure

of

the

plan.

Chapter

5

discusses

postim-every

two

years.

In

addition

the

states

should

provide

priority

ranking

plementation

monitoring

and

a

strategy

for

assuring

that

the

best

avail-for

the

waterbodies

on

the

303d

list.

Following

its

submission

EPA

able

science

is

used

in

the

TMDL

implementation

phase.

When

the

must

either

approve

or

disapprove

the

list.

Listing

of

a

waterbody

initi-

monitoring

proves

that

the

implementation

is

successful

i.e.

the

water

ates

a

costly

planning

process

and

may

lead

to

added

costs

to

implement

quality

standards

are

met

the

waterbody

can

be

delisted.

pollutant

controls

by

point

and

nonpoint

sources.

The

NRC

committee

heard

testimony

that

many

waterbodies

have

been

listed

based

on

limited

or

completely

absent

data

and

poorly

conceived

analytical

techniques

for

REFERENCES

data

evaluation.

Chapter

3

reviews

the

listing

process

and

makes

rec-ommendations

that

will

improve

the

reliability

of

the

listing

decision.

Brady

D.

2001.

Chief

of

the

Watershed

Branch

in

the

Assessment

and

Water-Once

an

impaired

waterbody

is

listed

a

planning

step

ensues.

Sec-

shed

Protection

Division

in

the

EPA

Office

of

Wetlands

Oceans

and

Wa-tion

303d

specifies

that

those

waters

impaired

by

pollutants

should

un-

tersheds.Presentation

to

the

NRC

Committee.

January

25

2001.

dergo

calculation

of

a

TMDL.

The

term

TMDL

has

essentially

two

EnvironmentalProtection

Agency

EPA.

1991.

Guidance

for

Water

Quality-meanings

EPA

1991

based

Decisions

The

TMDL

Process.

Washington

DC

EPA

Assessment

and

WatershedProtection

Division

General

Accounting

Office

GAO.

2000.

Water

Quality

-

Key

EPA

and

State

The

TMDL

ocess

is

used

for

implementing

state

water

quality

Decisions

Limited

by

Inconsistent

and

incomplete

Data.

OAO/RCED-standards-

that

is

it

is

a

plannin

process

thit

will

cad

to

the

oaTof

00-54.

Washington

DC

GAO.

meeting

the

water

gm_Jtty

stands

ds.

Houck

O.

A.

1999.

The

Clean

Water

Act

TMDL

Program

Law

Policy

and

The

TMDL

is

a

numerical

quantity

determining

the

present

and

lmplernentation.Washington

DC

Environmental

Law

Institute.

near

future

maximum

load

of

pollutants

from

point

and

nonpoint

sources

Rodgers

W.

H.

Jr.

1994.

Environmental

Law

Second

edition.

St.

Paul

MN

as

well

as

from

background

sources

to

receiving

waterbodies

that

will

West.Publishing

Co.

not

violate

the

state

water

quality

standards

with

an

adequate

margin

of

safety.

The

permissible

load

is

then

allocated

by

the

state

agency

among

.poin

and

nonpoint

sources.

The

calculationdescribed

above

requires

data

collection

and

various

forms

of

modeling

in

order

to

identify

sources

of

pollution

and

back-ground

conditions

calculate

the

maximum

load

that

will

meet

water

quality

standards

with

a

margin

of

safety

and

make

allocations

of

re-

sponsibility

for

load

reduction

to

point

and

nonpoint

sources.

Chapter

4

t

source

cn

of

much

source

controls

are

required

as

put

of

the

TMDL

program

is

reviews

modeling

capability

data

needs

for

model

implementation

and

now

of

much

of

the

debate

especially

with

regard

to

the

2000

regulations

the

appropriate

role

of

modeling

the

TMDL

that

are

on

hold.

Under

the

current

1992

regulations

303d

is

a

planning

in

planning

process.

exeteise

only.

Implementation

must

be

by

some

other

provisions

of

the

CWA

or

The

last

step

in

the

process

is

implementation

of

the

TMDL

and

the

other

programs.

Also

states

differ

in

their

ability

to

enforce

use

of

certain

best

delisting

of

the

waterbody.

Implementation

is

the

process

of

putting

the

j

managementpractices.
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Conceptual

Foundations

for

plies

to

a

specific

spatial

area-a

defined

waterbody-and

is

expected

to

Water

Quality

Management

be

met

over

all

areas

of

that

waterbody.

Thus

identifying

the

waterbody

of

interest

whether

a

lake

a

stream

segment

or

areas

of

an

estuary

is

a

first

step

in

setting

water

quality

standards.Waterbodies

vary

greatly

in

size-for

example

from

a

small

area

such

as

a

mixing

zone

below

a

point

source

discharge

on

a

river

to

an

estuary

formed

by

a

major

river

discharge.

Water

quality

standardsthemselves

consist

of

two

parts

a

specific

desired

use

appropriate

to

the

waterbody

termed

a

designated

use

and

a

criterion

that

can

be

measured

to

establish

whether

the

designated

use

is

being

achieved.

Barriers

to

achieving

the

designated

use

are

the

presence

This

chapter

describes

the

analytical

and

related

policy

challenges

of

of

pollutants

and

hydrologic

and

geomorphic

alterations

to

the

waterbody

implementing

an

ambient-focused

water

quality

management

program

or

watershed.

of

which

the

Total

Maximum

Daily

Load

TMDL

program

is

an

exam-plet.

The

goal

of

an

ambient

water

quality

management

program

is

to

measure

the

condition

of

a

waterbody

and

then

determine

whether

that

Appropriate

Designated

Uses

waterbody

is

meeting

water

quality

standards.

By

definition

this

process

is

dependent

on

the

setting

of

appropriate

water

quality

standards.

Al-

A

designated

use

describes

the

goal

of

the

water

quality

standard.

though

realistic

standard

setting

must

account

for

watershed

hydrologic

For

example

a

designated

use

of

human

contact

recreation

should

pro-ecological

and

land

use

conditions

the

corresponding

need

to

make

tect

humans

from

exposure

to

microbial

pathogens

while

swimming

policy

decisions

in

setting

standards

must

also

be

recognized.

In

addi-

wading

or

boating.

Other

uses

include

those

designed

to

protect

humans

tion

ambient-based

water

quality

management

requires

decision-making

and

wildlife

from

consuming

harmful

substances

in

water

fish

and

shell-under

uncertainty

because

the

possibility

for

making

assessmenterrors

is

fish.

Aquatic

life

uses

are

intended

to

promote

the

protection

and

propa-always

present.

Properly

executed

statistical

procedures

can

identify

the

gation

of

fish

shellfish

and

wildlife

resources.

magnitude

and

direction

of

the

possible

errors

so

that

knowledge

can

be

A

designated

use

is

stated

in

a

written

qualitative

form

but

the

de-incorporated

into

the

decisions

made.

In

addition

to

uncertaintiesinner-

scription

should

be

as

specific

as-possible.

Thus

more

detail

than

rec-ent

in

measuring

the

attainment

of

water

quality

standards

theie

are

un-

reational

support

or

aquatic

life

support

is

needed.

The

general

fish-certainties

in

results

from

models

used

to

determine

sources

of

pollution

able

and

swimmable

goals

of

the

Clean

Water

Act

constitute

the

be-to

allocate

pollutant

loads

and

to

predict

the

effectiveness

of

implemen-

ginning

rather

than

the

end

of

appropriate

use

designation.

For

exam-tation

actions

on

attainment

of

a

standard.

As

part

of

the

information

ple

a

sufficiently

detailed

designated

use

might

distinguish

between

needed

in

the

TMDL

program

this

uncertainty

must

be

understood

and

beach

use

primary

water

contact

recreation

and

secondary

water

contact

addressed

as

implementation

decisions

are

made.

recreation

Similarly

rather

than

stating

that

the

waterbody

needs

to

be

fishable

the

designated

use

would

ideally

describe

whether

the

water-AMBIENT

WATER

QUALITY

STANDARDS

I
These

uses

are

defined

differently

from

state

to

state.

In

Ohio

primary

contactrecreation

includes

full

body

immersionactivities

such

as

swimming

canoeing

Unlike

an

effluent

standard

an

ambient

water

quality

standard

ap-

and

boating.

Such

streams

or

rivers

must

have

a

depth

of

at

least

l
meter.

Sec-ondary

contact

recreation

includes

activities

such

as

wading

but

where

full

body

immersion

is

not

practical

because

of

depth

limitations.

The

fecal

bacteria

crite-Although

this

discussion

refers

to

the

TMDL

program

it

is

not

meant

to

be

a

ria

are

less

stringent

for

secondary

contactrecreation

than

for

primary

contactdescription

of

that

program

recreation.

22

104
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ý

faeptua
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IS

body

is

expected

to

support

a

desired

fish

population

e.g.

salmon

cA

trou

-

..

ý

a

Rk

or

bass

and

the

relative

invertebrate

or

other

biological

communities

BOX

1
i

.rý..

li

x

necessary

to

support

NO
ý

e.

rY

pport

that

population.

A

Although

small

headwater

streams

sfnhlainplbtmay

have

aesthetic

values

the

ma

not

hav

r

ý
ý-A

1

ýY

Y

e

the

ability

to

support

ex-

tensive

recreational

uses

themselves

r
e.

be

PePp1ally.

Strali

a
Flo

er

xdesi

oat

wimma

However

their

condition

fishable

or

s

astat

g

fishable

aviIO

e1nOtllGiyýTheýe

et@

stream

have

an

influence

on

the

ability

of

a

trartiý

ýt

.

otejgiýatl

am

area

to

achieve

use.

In

this

ty

down-

rtthatfa

tledC

et

Vs

d

a

particular

designated

E
q

9Sfgn

Ming.

C

i

aced

use

case

the

des-

ebl11.

te

4-

-

i

des-gn

se

for

the

smaller

waterbody

.ý.P..P

$

flgded

o

cpcixira

tle

may

be

defined

in

terms

fk@

dips.

dgý09ýIda

.cost-

veýexj

achievement

of

the

designated

uuse

o

eons

of

the1

Qis.

tgrbodles

of

the

larger

downstream

waterbody

a

d

leu

o

as

illustrated

in

the

discussion

of

criteria

below

Akitlpýi.ý4fa

nols

r

sto

ýkldii

gesr

I

IN

e.

In

many

lsetlf

e
ýI

etseat

ýr

ee

qpý

Itl.te

e

y
areas

of

the

United

States.

human

activities

have

radically

.

ýUdur

n

tlered

the

a

and

aft

la

ý

ý4tidesignated

la

dscaP

aquatic

ecosystems

sue

that

an

appro

riatbsin%a

s

eftfiodle

a

sr

h

P

c

ý

es

ttaltib.

G

necessarily

te

use

may

not

the

aquatic

life

PR

P.pp.ýýt

neted

tiftaeortaa

a8
ii

condition

that

present

in

a

watershed

s

-

ro

was

ZUAi4

ttlha

re

lest

eavil

sit

pre

disturbance

condition

whic

rnat_

_

ý

cess

rnfor

rtatlti

i

tamable.

h
may

be

f..ýy

R.

P.

in
tamable.

For

example

a

reproducing

trout

fishery

in

downtown

rate

Týf

n
gtmatf

U$edsýitttfi

PrQCess.resiJtts

f

gt

D.C.

may

be

desired

but

may

not

be

attainable

because

of

the

y
Y

tematityonJtnorlnggdfWater

ado

ýjl

bx
d

$rtdanalyiedj

development

history

of

the

area

or

the

altered

hydrologic

designating

p

Pvtartly

waterbody

Similarly

regime

of

the

wo.

tlcfiteltises

yeti

P

P

b

Q

qthe

lolregacUetie

and

h..f

Y

dean

area

near

the

treatment

plant

fors

jfjsh

harves

m

11

of

a

sewage

8s

5to
she

s
tllecIale

salable

lttjtrtermint

the

fm

oitarit

ri

l

eratio

a

-

-

8Y

ed

but

health

cilaiand

UYpterstieds

fici1itýableýtjie

etemr

ý

sid

ns

woul

est

it

a

on-

tiaur

c.

1

inealteý

titbtl

y

grate

i
as

a

icstnc

suifaliiafla

Fttýýierm6rere

may

-be

n$

ous

d

fish

harvest

wa

er.

...n

q

$
bf

ý.ý

R

ý.ýýise

ysreideslgrje.

t

decision

to

A
ý

di

eýerb

e51

use

that

would

not

have

existed

in

the

predisturbanceýcondittý

o_n.

Foraexx-le

me

t

l
jf

dirip

p

construction

of

a

lake

for

a

warm

FtiB.

r..

IT
Y

r

t

1

l
yý

l

C

A
e

water

fishery

ýý
fýi.

A

ý1u.

1ý

A

only

as

a

result

of

human

interven

is

a

use

possible

YLý

ý
4ta11

s.h.

Appropriate

use

don.

t9

-ý

t

elpýfora

designation

for

a

states

waterbodies

is

a

p

a

f
p

fit

evoyi%.

poy

apiare

policy

e-y

technical

anal

u-ý.y

-ý

ý

-

.ý

iý.ýý

vision

that

can

be

informed

b

tit3

OZ

edF

pia

lection

will

reflect

a

social

consensus

made

in
analysis

However

a

final

sse-

eadwate

14

wee

tý
ý1

consideration

of

the

r

..r

ý

cur-rent

condition

of

the

watershed

cur-

outs

fa
lls

so
u

tages

ý9ka

Ityl

tor

ý.

derived

certain

designated

its

predisturbance

condition

the

advan-from

a

esignated

use

and

they

rte

i

rý..ean

elalfi3dý

iFajn

leýýýich

the

designated

use.

Idea

costs

of

achieving

b4.

ý

$

.

Vii.

ýottnttýý

1/

e

.týteilz

fly

a

statewide

water

quality

management

pro-gram

dswlnlla.

a

J-

should

establish

a

detailed

gradient

of

use

designations

for

water-bodies.

Box

2-1

describes

the

multiple

tiers

of

designated

uses

devel-oiled

for

waters

in

Ohio.

The

criterion

may

be

positioned

at

any

point

in

the

causal

chain

of

Defining

a

Criterion

squares

shown

in

Figure

2-1.

Criteria

in

squares

2
and

3
are

possible

measures

of

ambient

water

quality

condition.

Square

2

includes

meas-A

water

quality

standard

includes

a

criterion

representing

the

condi-

ures

of

a

water

quality

parameter

such

as

dissolved.

oxygen

DO

pH

lion

of

the

waterbody

that

supports

the

designated

use.

Thus

the

desig-

nitrogen

concentration.

suspended

sediment

or

temperature.

Criteria

rated

use

is

a

description

of

a

desired

endpoint

for

the

waterbody

and

the

closer

to

the

designated

use

e.g.

square

3
include

measures

such

as

the

criterion

is

a

measurable

indicator

that

is

a

surrogate

for

use

attainmentcondition

of

the

algal

community

chlorophyll

a
a

comprehensive

index
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Because

the

designated

use

is

stated

in

written

and

qualitative

terms

1.

Pollutant

load

from

4.

Land

use

characteristics

of

the

the

challenge

is

to

logically

relate

the

criterion

to

the

designated

use.

each

source

channel

and

riparian

zone

flow

Establishing

this

relationship

is

easier

as

the

criterion

moves

closer

to

the

regime

species

harvest

condition

designated

use

Figure

2-1.

In

addition

the

more

precise

the

statement

pollution

of

the

designated

use

the

more

accurate

the

criterion

will

be

as

an

indi-cator

of

that

use.

For

example

the

criterion

of

fecal

coliform

count

may

be

used

for

determining

if

the

use

of

water

contact

recreation

is

achieved

2.

Ambient

pollutant

and

the

fecal

count

criterion

may

differ

among

waterbodies

that

have

concentration

in

waterbody

primary

versus

secondary

water

contact

as

their

designated

use.

.

Surrogate

variables

often

are

selected

for

use

as

criteria

because

they

are

easy

to

measure.

Although

the

surrogate

may

have

this

appealir

attribute

its

usefulness

can

be

limited

if

it

cannot

be

logically

related

to

designated

use.

For

example

chlorophyll

a

has

been

chosen

as

a

biocri-tenon

in

some

states

because

it

is

a

surrogate

for

aesthetic

conditions

or

3.

Human

health

and

biological

condition

the

status

of

the

larger

aquatic

ecosystem.

In

North

Carolina

the

ambi-cut

water

quality

standard

of

40

ag/l

for

chlorophyll

a

was

proposed

for

lakes

reservoirs

sounds

estuaries

and

other

slow-moving

waters

not

designated

as

trout

waters.

However

a

discussion

of

the

appropriate

designated

uses

for

the

waters

of

the

state

and

how

this

criterion

is

logi-Appropriate

designated

use

for

cally

related

to

those

uses

did

not

accompany

the

adoption

of

this

crite-the

waterbody

non.

As

with

setting

designated

uses

the

relationship

among

waterbodies

and

segments

must

be

considered

when

determiningcriteria.

For

exam-ple

where

a

segment

of

a

waterbody

is

designated

as

a

mixing

zone

for

a

d

discharge.

the

criterion

adopted

should

assure

that

the

mixing

zone

use

designated

n

2-1

uses.

Types

of

water

quality

criteria

and

their

position

relative

to

will

not

affect

the

attainment

of

the

uses

designated

for

the

surrounding

waterbody.

In

a

similar

vein

the

desired

condition

of

a

small

headway

stream

may

need

to

be

chosen

as

it

relates

to

other

waterbodies

in

I

watershed.

Thus

an

ambient

nutrient

criterion

may

be

set

in

a

small

measure

of

the

biological

community

as

a

whole

or

a

measure

of

con-

headwater

stream

to

secure

a

designated

use

in

a

downstream

estuary

tanunant

concentration

in

fish

tissue.

In

square

1
where

the

criterion

is

farther

from

the

designated

use

are

measures

of

the

pollutant

discharge

even

if

there

are

no

localized

effects

of

the

nutrients

in

the

small

head-from

a

treatment

plant

e.g.

biological

oxygen

demand

NH3

pathogens

water

stream.

Conversely

a

higher

fecal

coliform

criterion

that

supports

suspended

sediments

or

the

amount

of

a

pollutant

entering

the

edge

of

a

only

secondary

contact

recreation

may

be

warranted

for

a

waterbody

stream

from

runoff.

A

criterion

at

this

position

is

referred

to

as

an

effu-

with

little

likelihood

of

being

a

recreationalresource-if

the

fecal

load

ent

standard.

Finally

square

4

represents

criteria

that

are

associated

with

dissipates

before

the

flow

reaches

an

area

designated

for

primary

contact

sources

of

pollution

other

than

pollutants.

These

criteria

might

include

recreation.measures

such

as

flow

timing

and

pattern

a

hydrologic

criterion

abun-dance

of

nonindigenous

taxa

some

quantification

of

channel

modifica-tion

e.g.

decrease

in

sinuosity

etc.
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8.

PP

Quality

Management

DECISION

UNCERTAINTY

quality

to

ensure

attainment

of

designated

uses

should

include

all

five

classes

of

pollution.

The

broad-based

approach

implicit

in

these

five

V

features

is

more

likely

to

solve

water

resource

problems

because

it

re-Ambient-focused

water

quality

management

requires

one

to

ask

ý.ý

whether

the

designated

use

is

being

attained

and

if

not

the

reasons

for

quires

a

more

integrative

diagnosis

of

the

cause

of

degradation

NRC

nonattainment

and

how

the

situation

can

be

remedied.

Neither

of

these

1992.

questions

which

make

reference

to

the

chosen

criteria

can

be

answeredModels

that

relate

stressors

to

responses

can

be

of

varying

levels

of

with

complete

certainty.

Determining

use

attainment

requires

making

complexity

Chapter

4-

Sometimes

models

are

simple

conceptual

de-criterion

measurements

at

different

locations

in

the

waterbody

and

at

dif-

pictions

of

the

relationships

among

important

variables

and

indicators

of

ferent

times

and

comparing

the

measurements

to

the

standard.Individual

those

variables

such

as

the

statement

human

activities

in

a

watershed

measurements

of

a

single

criterion

constitute

a

sample

and

statistical

affect

water

quality

including

the

condition

of

the

river

biota.

More

inferenceprocedures

use

the

sample

data

to

test

hypotheses

about

complicated

models

can

be

used

to

make

predictions

about

the

assimila-whether

the

actual

condition

in

the

water

meets

the

criterion.

Errors

of

rive

capacity

of

a

waterbody

the

movement

of

a

pollutant

from

various

inference

are

always

possible

in

statistically

valid

hypothesis

testing.

It

point

and

nonpoint

sources

through

a

watershed

or

the

effectiveness

of

is

possible

to

falsely

conclude

that

a

criterion

is

not

being

met

when

it

is.

certain

best

management

practices.

It

is

also

possible

to

conclude

that

a

criterion

is

being

met

when

in

fact

it

I.

There

are

two

significant

sources

of

uncertainty

in

any

water

quality

is

being

violated.

Chapter

3

includes

recommendations

for

controlling

management

program

epistemic

and

aleatory

uncertainty

Stewart

and

managing

such

uncertainty.

2000.

Epistemic

uncertainty-incomplete

knowledge

or

lack

of

sufft-Water

quality

management

also

requires

models

to

relate

the

crite-

cient

data

to

estimate

probabilities-is

a

by-product

of

our

reliance

on

non

to

activities

that

might

control

pollution.

For

example

a

criterion

models

that

relate

sources

of

pollution

to

human

health

and

biological

requiring

a

certain

DO

level

may

be

chosen

to

help

meet

the

designated

responses.

We

are

limited

by

incomplete

conceptual

understanding

of

use

of

a

trout

fishery.

Models

will

be

required

to

relate

a

management

the

systems

under

study

by

models

that

are

necessarily

simplified

repro-practice

such

as

fertilizer

control

to

the

DO

criterion.

These

types

of

sentations

of

the

complexity

of

the

natural

and

socioeconomic

systems

models

can

be

broadly

labeled

as

models

that

relate

stressors

sources

of

as

well

as

by

limited

data

for

testing

hypotheses

and/or

simulating

the

pollutants

and

pollution

to

responses

-similar

to

models

used

in

haz-

systems.

Limited

conceptual

understanding

leads

to

parameter

uncer-ardous

waste

risk

assessment

and

many

other

fields.

Stressors

include

tainty.

For

example

at

present

there

is

scientificuncertainty

about

the

human

activities

likely

to

cause

impairment

such

as

the

presence

of

im-

parameters

that

can

represent

the

fate

and

transfer

of

pollutants

through

pervious

surfaces

in

a

watershed

cultivation

of

fields

too

close

to

the

watersheds

and

waterbodies.

It

is

plausible

to

argue

that

more

complete

stream

over-irrigation

of

crops

with

resulting

polluted

return

flows

the

data

and

more

work

on

model

development

can

reduce

epistemic

sneer

discharge

of

domestic

and

industrial

effluent

into

waterbodies

dams

and

tainty.

Thus

a
goal

of

water

quality

management

should

be

to

increase

other

channelizationintroduction

of

nonindigenous

taxa

and

overhar-

the

availability

of

data

improve

its

reliability

and

advance

our

modeling

vesting

of

fishes.

Indirect

effects

of

humans

include

the

clearing

of

natu-

capabilities.

Indeed

Chapter

4

describes

ways

in

which

improved

data

rat

vegetation

in

uplands

that

alters

the

rates

of

delivery

of

water

and

and

modeling

can

narrow

the

band

of

uncertainty

and

ways

to

character-sediment

to

stream

channels.

iu

the

remaining

uncertainty.

A

careful

review

of

direct

and

indirect

effects

of

human

activities

However

complete

certainty

in

support

of

water

quality

management

suggests

five

major

classes

of

environmentalstressorsalterations

in

decisions

cannot

be

achieved

because

of

aleatory

uncertainty

the

inher-physical

habitat

modifications

in

the

seasonal

flow

of

water

changes

in

eat

variability

of

natural

processes.

Aleatory

uncertainty

arises

in

sys-the

food

base

of

the

system

changes

in

interactions

within

the

stream

tans

characterized

by

randomness.

For

example

if

a

pair

of

dice

is

biota

and

release

of

contaminantsconventional

pollutants

Karr

1990

thrown

the

outcome

can

be

predicted

to

be

between

2
and

12

although

NRC

1992.

The

presence

of

one

of

more

of

these

in

a

landscape

may

the

exact

outcome

cannot

be

predicted.

The

example

of

the

dice

toss

be

responsible

for

changes

in

a

waterbody

that

result

in

failure

to

attain.a

represents

the

best-case

scenario

of

a

system

characterized

by

random-designated

use.

Ideally

models

designed

to

protect

or

restore

water
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1.

ness

because

it

is

a

closed

system

in

which

we

have

complete

confi-

designated

uses

are

expressed

with

more

detail

and

are

appropriately

dence

that

the

result

will

be

between

2
and

12.

Not

only

are

waterbodies

tiered

the

criterion

can

be

more

readily

related

to

the

use.

However

watersheds

and

their

inhabitantscharacterized

by

randomness

but

they

criteria

should

not

be

adopted

based

solely

on

the

ease

of

measurement

in

are

also

open

systems

in

which

we

cannot

know

in

advance

what

the

making

this

link

boundaries

of

possible

biological

outcomes

will

be.

Thus

uncertainty

is

a

reality

that

water

quality

management

must

3.

Expectations

for

the

contribution

of

science

to

mater

recognize

and

strive

to

assess

and

reduce

when

possible.

It

derives

from

quality

management

need

to

be

tempered

by

an

understanding

that

the

need

to

use

models

that

relate

actions

taken

to

alter

the

stressors

so

uncertainty

cannot

be

eliminated.

In

both

the

assessment

and

planning

that

the

desired

criterion

and

designated

use

of

a

waterbody

will

be

se-

processes

even

the

best

available

tools

cannot

banish

uncertainty

cured.

Although

the

purpose

of

water

quality

modeling

will

change

de-

stemming

from

the

variability

of

natural

systems.

pending

on

how

close

to

the

designated

use

the

criterion

is

positioned

the

importance

of

modeling

and

the

inevitableuncertainties

of

model

results

remain.
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prediction.

In

respect

to

the

setting

of

water

quality

standards

in

order

for

designated

Prediction

Science.

Decision

Making

and

the

Future

of

Nature.

D.

uses

to

reflect

the

range

of

scientificinformation

and

social

desires

for

Sarewitz

R.

A.

Pielke

Jr.

and

R.

Byerly

Jr.

eds.

Washington

DC

Island

water

quality

ere

must

be

substantialstratification

and

refinement

of

Press.

designated

uses.

Informationtiom

sCiýnce

can

-Wa-musfbe

partois

process

howeVCr

theieare

1uiavoidable

social

and

economic

decisions

t0

rrn44

e
a

ut

t
a

destred

.stat

for_cach

waterbody.-Second

although

science

should

be

one

cornerstone

of

the

program

an

unwarranted

search

for

scientific.certainty

is

detrimental

to

the

water

quality

management

needs

of

the

nation.

Recognition

of

uncertainty

and

creative

ways

to

make

decisions

under

such

uncertainty

should

be

built

into

water

quality

management

policy

as

discussed

in

the

remaining

chapters.

1.

Assigning

tiered

designated

uses

Is

an

essential

step

In

setting

water

quality

standards.

Clean

Water

Act

goals

e.g.

fishable

swimmable

are

too

broad

to

be

operational

as

statements

of

desig-nated

use.

However

designated

uses

will

still

remain

narrative

state-tttents.

2.

Once

designated

uses

are

defined

the

criterion

chosen

to

measure

use

attainment

should

be

logically

linked

to

the

designated

use.

The

criterion

can

be

positioned

anywhere

along

the

causal

chain

connecting

stressors

sources

of

pollution

to

biological

response.

As

the

1

.3
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Waterbody

Assessment

Listing

and

Delisting

those

standards.

Ideally

all

these

activities

are

encompassed

and

coordi-nated

under

the

umbrella

of

a

holistic

ambient

water

quality

monitoring

program

described

in

the

next

section.

However

given

resource

con-straints

the

approaches

currently

used

in

most

states

to

list

impaired

wa-ters

fall

short

of

this

ideal.

In

recognition

of

these

constraints

the

com-mittee

recommends

changes

to

the

TMDL

program

that

would

make

the

lists

more

accurate

over

the

short

and

long

terms.

In

addition

this

chap-ter

includes

discussion

on

identifying

waters

to

be

assessed

defining

.measurabl

criteria

for

water

quality

standards

and

interpreting

moni-toring

results

for

making

the

listing

and

delisting

decision.

S

On

July

27

2000

the

AssistantAdministrator

for

Water

at

the

U.

S.

ADEQUATE

AMBIENT

MONITORING

AND

ASSESSMENTEnvironmentalProtection

Agency

EPA

testified

before

a

U.S.

House

committee

that

over

20000

waterbodies

across

the

United

States

were

The

demands

of

an

ambient-focused

water

quality

management

pro-not

meeting

water

quality

standards

according

to

Section

303d

lists.

Be.

gram

such

as

the

TMDL

program

require

changing

current

approaches

cause

of

legal

time

and

resourcepressures

placed

upon

the

states

and

toward

monitoring

and

assessment

and

subsequent

decision-making.

In

EPA

there

is

considerableuncertainty

about

whether

many

of

the

waters

many

states

administrativeperformancemeasures

-e.g.

number

of

on

the

1998

303d

lists

are

truly

impaired.

In

many

instances

waters

pre-

TMDLs

developed

number

of

permits

issued

and

timeliness

of

actions

viously

resented

in

a

states

305b

report

or

evaluated

under

the

319

have

been

the

principal

measure

of

program

effectiveness

Box

3-1.

Program

were

carried

over

to

the

states

303d

list

without

any

support-

Such

administrativemeasures

are

important

but

reliance

on

such

meas-ing

water

quality

data

e.g.

see

Iowa

Senate

File

2371

Sections

7-12

ures

diverts

attention

and

resources

away

from

environmentalindicators

Credible

Data

Legislation.

Meanwhile

some

waters

that

may

be

im-

of

waterbody

condition--tlte

principal

measures

of

effectiveness

and

paired

have

yet

to

be

identified

and

listed.

success.

Rather

information

for

decision-making

should

be

based

on

The

creation

of

an

accurate

and

workable

list

of

impaired

waters

is

carefully

collected

and

interpreted

monitoring

data

Karr

and

Dudley

dependent

on

the

first

three

steps

of

the

Total

Maximum

Daily

Load

1981

Yoder

1997

Yoder

and

Rankin

1998.

The

committee

recognizes

TMDL

process

as

depicted

in

Figure

1-1.

States

need

to

decide

what

that

state

ambient

monitoring

programs

have

multiple

objectives

beyond

waters

should

be

assessed

in

the

first

place

how

to

create

water

quality

the

TMDL

program

e.g.

305b

reports

trends

and

loads

assessmen

standards

for

those

waters

and

then

how

to

determine

exceedance

of

and

other

legal

requirements

which

are

not

addressed

in

this

report.

is

suggested

that

to

make

efficient

use

of

resources

states

evaluate

the

The

Clean

Water

Act

Section

305b

report-the

National

Water

Quality

Inven-

extent

to

which

their

present

ambient

monitoring

programs

are

coordi-tory

Report-is

the

primary

vehicle

for

informing

Congress

and

the

public

about

mated

and

collectively

satisfy

their

objectives.

general

water

quality

conditions

in

the

United

States.

This

document

character-

Ambient

monitoring

and

assessment

begins

with

the

assignment

of

izes

water

quality

identifies

widespread

water

quality

problems

of

national

sig-

appropriate

designated

uses

for

waterbodies

and

measurable

water

qual-nificance

and

describes

various

programsimplemented

to

restore

and

protect

ity

criteria

that

can

be

used

to

determine

use

attainment

EPA

1995a.

our

waters

httpJ/www.epa.gov/305b1.

2

Under

the

Clean

Water

Act

Section

319

Noupoint

Source

Management

Pro-

The

criteria

which

may

include

biological

chemical

and

physical

meas-gram

States

Territories

and

Indian

Tribes

receive

grant

money

to

support

a

ures

define

the

types

of

data

to

be

collected

and

assessed.

In

response

to

the

GovernmentPerformance

and

Results

Act

the

EPA

Office

of

Water

wide

variety

of

activities

including

technicalassistancefinancialassistance

has

developed

national

indicators

for

surface

waters

EPA

1995a

and

a

education

training

technology

transfer

demonstration

projects

and

monitoring

to

assess

the

success

of

specific

nonpoint

sourceimplementatibn

projects

conceptual

framework

for

using

environmentalinformation

in

deeision-http//www.epa.gov/owow/nps/ewact.hmd.

making

EPA

1995b.

EPAs

Office

of

Research

and

Development

32

ý4
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r.

4oýd..

l

to

e1i

era

fJgl

recently

published

technical

guidelines

for

the

evaluation

of

ecological

ýs

qe

e

ý

UO

indicators

Jackson

et

al.

2000.

One

set

of

measurableparameters

L
aý

ý

p

I

q

.

ttc

hdýtýý

termed

indicators

in

Table

3-1

is

offered

for

illustration.

The

core

indi-KOF..L

try

.

nti

Oflte

pace

fr

Dte.

d
o

1e

t

A

.

4.r

-

o.

cators

include

baseline

biological

chemical

and

physical

parameters

that

comprise

the

basic

attributes

of

aquatic

ecosystemssupplemented

by

specific

chemical

physical

and

bacteriologicalparameters

from

water

sediment

and

tissue

media

depending

on

the

applicable

designated

uses

and

watershed-specific

issues.

Additionalindicators

not

listed

e.g.

biochemical

markers

and

whole

toxicity

testing

may

be

appropri-ate

as

the

situation

dictates.
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Q

C

More

than

one

criterion

may

be

necessary

to

determine

attainment

of

m

Z.9

w

a

designated

use

and

each

criterion

will

have

strengths

and

limitations.

o

In

E
c

h

In

many

instances

of

impairment-for

example

when

riparian

and

c

N
-
0

aquatic

habitats

have

been

modified

or

flow

regimes

altered-biological

a

o

ý
y

parameters

are

better

than

chemical

parameters

at

reflecting

the

condition

2

c

U
2
w
p

of

the

aquatic

ecosystem

Box

3-2.

This

is

because

biological

assem-w

t
a

t-

U
0

ý-ý.

blages

respond

to

and

integrate

all

relevant

chemical

physical

and

bio-Z

D

v

logical

factors

in

the

environment

whether

of

natural

or

anthropogenic

w

T8

origin.

On

the

other

hand

relying

only

on

biological

assessments

would

z

o

C
rn

o

not

allow

precise

enough

determination

of

associated

causes

and

sources

o

6

of

impairments

to

satisfy

water

quality

management

needs

including

E
c

ti

O

m
v

.

C

E
c

o.

TMDL

development.

Over

the

long

term

a

full

complement

of

meas.

U
N

04

C

.

U

.

N

l0

0

N

rn

E
E
v

$

ý

e
m

tired

parameters

must

be

the

goal

for

water

quality

monitoring

assessing

e0

C

mý

u-
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to

f
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ýýýzyrihiE

r.4..

ý.
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G
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imey

Js
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ý
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chemistry

and

biology

in

a

complementary

manner

and

in

their

most

ap-

_

e

xý

ý1Ya

v

i

propriate

indicator

role

1

B04cktýcý

Karr

991

ITFM

1992

1993

1995

Yoder

.4

asln1Prograx1n

odA

Stý

1997

Yoder

and

Rankin

1998.

ugh

At

present

monitoring

resourcesavailable

to

some

states

often

do

kh

Heimý

r..r

M
.

ti.

ristlcti

6

a

not

allow

for

collecting

and

Interpreting

data

for

such

a

comprehensive

tu.M

cal

x

fý

e

of

parameters.

Indeed

ITFM

199

P

ý

Floritfa

ý

AN

cot384W-

Mtdtuee.H

OD

e

allocated

reported

that

of

the

fundin

ds11

en

by

state

and

federal

agencies

to

water

quality

suit

Yaý

v1ýrýttýoH

ts

Ot

ity

management

ac-

1ý

y

w

bullies

only

0.2

percent

was

devoted

to

ambient

monitoring.

GAO

r

ý

Yaýtt

idfiQieJeaý

eon

pý

has

also

noted

the

lack

of

adequate

ýtt

ln

2000

state

budgets

for

the

collection

r

us

J

emeaningful

data

and

for

data

interpretation.

In

response

ý.

l

9ý

n

pd

aatýldFj

up

source

shortfalls

sponse

to

these

re-

the

tendency

has

been

to

use

only

a

single

indicator

of

_

r

s

M

rt

J

P

ý

c

Y.forsP4b1

I

g
it

q

fwd

eherat

ad

tbr

R

I...

..

to

Y

ambient

conditions

and

often

just

a

limited

number

of

observations.

Al-

1
4gg9.dd

j
ýitl.

irk

g

4wk

though

some

parameters

can

be

monitored

at

lower

costs

4Iý

ýý

J

monitoring

than

others.

all

eo

ta

tl

htilltiRge.ldf

cptýdut

the42OOOl

ptpgfartlzn

tors

can

be

costly

Yoder

and

Rankin

1995.

ztýetteral

ica

eý

I

1
ble

trrc

ý
ul

X8

rPa

4
e

ý

yyý2000e

lord

ov

datoi

....r.0taffigbo

P.4

dlail

After

standards

development

a

second

requirement

is

adoption

of

a

pp

a
esters

e
bel

vl

wrt

i

iaFto

W.S.

otatin

C

t

t.I

rý.J

a

..

HR

strategic

and

consistent

approach

to

sampling

and

assessment

given

Jim-

ebout7tine

r.o88m

ete

she

blo

d
data

collection

_.

x

W

Ywith3shacijlieselakingtý....

.

0

h._urtientfDEviltidfvldedýthasteteýln

a3Q

on

resources.

Currently

the

states

use

vastly

different

ý

t

p

frameworks

.are

sttiased

$
igt

by

rblogiafth

e9

1II

e

eke

er

as

for

monitoring

and

assessment

the

net

result

of

which

is

iepre

ear.

sent

ro
m

telý

o
lon

4a
W
ll
ýD
ert

9

a

widely

divergent

estimates

of

the

extent

of

impaired

waters

and

of

the

Uit

t
prd

proportion

of

waters

that

are

fully

assessed.

This

casts

tionEtesýtlnýt

neF

o

t

elý.

es.

uncertainty

not

only

about

what

water

a

great

deal

of

Ada

$
a

n
th

d
esou

In

e
n

quality

problems

are

the

most

im-

0118

t4

yvate

s

fi
4

portent

but

also

about

the

accuracy

ý

Yt

M

sý

t

t.

I

and

completeness

of

their

delinca-

srge

s-

ddrB

s

oytc

dl

lion.

Errors

in

these

I

estimates

often

become

evident

in

the

poor

credr

r

eýgas

L
R

NftýE

Pt3

08rp

.at

Beall

aye

tty

of

303d

listings.

brl

iF

q

n

U

rt

..

.

alp

rN

Ohl

ea1

tun

eaoi

ýýliliýtg

tonpat

a..t

th.

A

monitoring

strategy

that

has

promise

in

this

limited-resource

envi-

D

rogram

H

ý-v

dv

.CLOY

ý.

a

IT

a..Yj

.

$K18t1

ronment

is

the

rotating

basin

approach

1

allo

trfnd

btldgbt

IlstrdltS

alleged

commonly

referred

to

as

a

five-

r

h

ý.

Y.

y

ý

ýii

year

basin

approach

TTFM

1995

As

discussed

in

Box

3-3

for

Florida

asý

j

ýp

Ulf

J

ýt

p

it

t

iiii

.M.tG.

a
-i

.

t

yý

.Qi.-ýyY.t

g

MAN

this

approach

is

already

followed

by

a

number

of

states

at

least

in

how

gy

ambient

monitoring

is

accomplished.

As

part

of

a

rotatin

basin

a

preach

individual

waters

gýi1.

0

1

ppdsqctlo

s

ý

elareslst

are

assessed

at

differing

ý

ýiý

X44ý.

12

s.44.

s

mom

ý.Frsl

sYo

da

e

grbu

each

year

allowing

nB

levels

complexity

for

localized

problems

to

be

identified

and

solutions

er8

s

L

.

try

A

ýý.

i

F.

to

be

developed.

For

example

whether

an

individualassessment

consists

y

ýQ

p

Yuc

of

an

initial

screening

to

identify

gross

impairment

or

a

full

assessment

ý..

Mý

K

ý

_

with

more

serious

consequences

will

depend

on

how

the

information

is

to

be

used

for

305b

reports

303d

listing

or

other

water

quality

Pro-

ý

..ýr.1ýtl

grams.

Over

time

different

waterbodies

are

intensively

studied

as

part

a
f

...

of

the

rotation.

Data

collected

can

be

used

to

support

a

number

of

differ-

Y

ý

-

gta

cud

_

ti
tý

fý

4ýora

3
In

some

states

the

rotating

basin

approach

is

considered

to

be

art

of

the

ýs

ambi-ent

monitoring

program

8

-

yw

gram

while

in

others

it

is

a

separateprogram.

This

report

9

t.

pe.Biiy

assumes

the

fanner

throughout.

I

x

jAe

RB-AR15838
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ý.yrý

la

BOXt33Gorinu

d-

ent

reporting

and

planning

requirements

including

a

finding

of

attain-Arl

t-ýr

..Y

K
ý

ý

ý1

i

w

ment

of

water

quality

standards

a

determination

of

impairment

or

possi

ýii

.

ý-

ý
it

_

ý

X14

ble

delisting

if

the

waterbody

is

fo
un
d
not

to
be

im

aired.

Initial

assess-

a

lorlda.sBasintMana

emend

C
C
1

ýý.týý.

.

-_

ý

ý...9

1.-ýi

r

menu

that

identify

a

waterbody

as

potentially

impaired

could

be

fol-lowed

ký
e

c

W

ýxýýr

ýýý

up

by

more

thorough

assessment.

The

rotating

basin

approach

is

rAaýtý

lspFiaýf7

n

-ý

eýw

ýoM

an

iterative

process

where

the

end

result

is

both

continual

improvement

tr
ý-

.ýc

ý.

ýý.ýý-

of

water

quality

management

tools

and

policies

and

the

ability

to

respond

iFrolutNne

oaaýa

C.

i

to

emerging

issues.

.

i
plod

w

a

t

osý.ati

trConclusions

and

Recommendations

aw

31A

1.

To

achieve

the

goal

of

ambient-based

water

quality

manage-_ý

lZýtai-.

1.

meat

monitoring

and

reporting

must

mature

to

focus

on

the

condi-

tion

of

the

environment

as

the

principal

measure

of

success

rather

ýt
F

than

on

administrativemeasures.

.

Y

ý.

ýCOnO.M

ý
MMYr

it

J

yýý7ý1

CFln.aett

ýýýyrR

2.

Biological

parameters

should

be

used

in

conjunction

with

physical

and

chemical

parameters

to

assess

the

condition

of

water-MW

bodies.

The

use

of

both

biological

and

chemical.

parameters

is

needed

because

they

provide

different

and

complementary

types

of

information

about

the

source

and

extent

of

impairment.

3.

Evidence

suggests

that

limited

budgets

are

preventing

the

states

from

monitoring

for

a

full

suite

of

indicators

to

assess

the

con-

dilon

of

their

waters

and

from

embracing

a

rotating

basin

approach

to

water

quality

management.

Currently

EPA

is

assessing

the

suffi-ciency

of

state

resources

to

develop

and

implement

TMDLs.

Depending

on

the

results

of

that

assessment

Congress

might

consider

aiding

the

states

for

example

through

matching

grants

to

improve

data

collection

and

analysis.

EPA

would

be

instructed

to

develop

guidelines

for

such

a

program

if

needed

mating

eligibility

contingent

on

an

approved

state-wide

monitoring

and

assessmentstrategy.

4.

To

allow

states

to

better

target

limited

monitoring

budgets

EPA

should

set

the

TMDL

calendar

in

concert

with

each

states

ro-tating

basin

program.

The

rotating

basin

approach

used

by

several

states

is

an

excellent

example

of

a

rigorous

approach

to

ambient

moni-toting

and

data

collection

that

can

be

used

to

conduct

waterbody

assess-meats

of

varying

levels

of

complexity.

For

example

this

approach

can

be

used

to

create

305b

reports

to

list

impaired

waters

and

to

develop

RB-AR15839
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TMDLs.

Once

TMDLs

are

developed

the

rotating

basin

approach

could

order

reaches

i.e.

smaller

streams

to

the

NHD

in

order

to

document

the

allow

state

and

local

governments

to

issue

permits

and

implement

man-

location

of

waters

assessed

by

local

interest

groups.

Because

of

local

ssure

and

the

lack

of

a

regulatory

pre and

lakes

to

be

considered

and

because

Geographic

Information

Systems

GIS

can

document

the

existence

and

location

of

very

small

streams

and

DEFINING

ALL

WATERS

r

lakes

the

task

of

accurately

and

comprehensively

assessing

state

waters

has

become

formidable.

At

the

current

NHD

scale

states

contain

an

av-As

shown

in

Figure

1-1

the

TMDL

process

begins

with

identifica-

erage

of

about

70000

stream

reaches

100000

km

and

given

recent

lion

of

all

waters

for

which

achievement

of

water

quality

standards

is

to

trends

that

average

is

rising.

be

assessed.

The

proposed

regulations

for

the

TMDL

program

EPA

This

raises

the

question

of

how

large

the

region

of

validity

the

spa-1999a

define

a

waterbody

as

a

geographically

defined

portion

of

navi-

r3

tial

area

over

which

the

data

apply

is

for

data

gathered

at

a

single

moni-toxin

station.

The

uestion

is

cone

conceptually

g

jurisdiction

of

the

United

States

including

segments

of

rivers

streams

cause

the

variability

of

water

quality

is

large

and

continuous

in.both

lakes

wetlands

coastal

waters

and

ocean

waters.

The

proposed

regula-space

and

time.

In

practice

moreover

the

de

facto

valid

region

for

tions

also

require

that

states

identify

the

geographic

location

of

listed

monitoring

stations

is

extremely

large.

Given

the

spatially

detailed

waterbodies

using

a

nationally

recognized

georeferencing

system

as

treatment

of

rivers

and

streams

in

the

NHD

however

most

states

would

agreed

to

by

the

state

and

the

EPA.

States

identify

listed

waterbodies

need

to

gather

data

from

more

than

a

thousand

stations

per

year

to

main-using

a

variety

of

georeferencing

systems

including

stream

segments

in

tarn

an

average

monitoring

ratio

of

100

km

per

station

assuming.the

NHD

a

roximateldescribes

state

waters

This

distance

is

clearly

the

EPAs

reach

file

system

and

watersheds

in

the

U.

S.

Geological

Sur-

PP

Y

vey

USGS

system

of

hydrologic

drainage

basins.

The

use

of

such

sys-

greater

than

the

valid

region

for

monitoring

stations

on

most

surface

wa-tems

for

documenting

the

location

of

listed

waters

is

convenient

and

pro-

.tY

terse

especially

because

most

of

the

channel

length

in

state

waters

is

con-vides

a

degree

of

national

standardization

to

the

TMDL

process.

How-

tributed

by

relatively

small

streams

e.g.

drainage

areas

less

than

100

ever

the

selection

of

a

georeferencing

system

and

a

spatial

scale

for

de-

km

where

water

quality

conditions

may

vary

greatly

over

short

dis-fining

the

totality

of

state

waters

is

a

more

complicated

issue

aside

from

lances.

Thus

a

substantial

portion

of

state

waters

would

appear

to-be

the

policy

issue

of

national

standardization.

located

outside

of

the

valid

monitoring

region

for

a

state

monitoring

pro-The

EPAs

definition

of

waterbody

implies

that

all

state

waters

gram

of

1000

stations.

These

waters

are

either

left

out

of

the

decision

should

be

considered

in

the

search

for

impaired

waters

and

provides

no

process

and

are

deemed

not

impaired

by

default

or

they

are

included

in

guidance

on

a

practical

upstream

limit

or

spatial

scale

to

observe

in

that

theme

process

with

higher

error

rates.

search.

In

theory

the

hierarchy

of

tributaries

in

a

watershed

extends

up-

One

solution

to

this

problem

is

to

avoid

the

concept

of

a

valid

region

for

individual

monitoring

stations

entirely

and

replace

it

with

an

ap-stream

indefinitely.

In

practice

however

the

choice

of

a

lower

limit

on

spatial

scale

or

stream

size

has

a

very

large

influence

on

the

total

number

proach

in

which

monitoring

data

are

used

to

develop

statistical

models

of

of

stream

miles

and

small

lakes

that

are

included

in

the

definition

of

state

water

quality

in

state

waters.

Water

quality

conditions

at

monitoring

sites

waters

and

thus

require

some

form

of

assessment.

For

example

RF1

the

can

be

statistically

related

to

known

factors

that

cause

impairment

in

original

version

of

the

EPAs

national

reach

file

system

DeWald

et

al.

watersheds

the

size

and

location

of

stressors

for

example

thus

ena-1985

containedapproximately

65000

stream

reaches

totaling

approxi-

bling

estimates

of

water

quality

conditions

at

other

unmonitored

loca-I

million

Ian

of

stream

channels.

Now

considered

by

EPA

to

be

lions.

As

discussed

later

this

approach

may

also

benefit

the

listing

proc-mately

inadequate

for

describing

the

nations

river

and

stream

system

RFI

has

ess.

been

replaced

by

the

National

Hydrography

Dataset

NHD

containing

more

than

3

million

reaches

totaling

nearly

10

million

kin

of

channels.

Moreover

a

number

of

states

have

petitioned

the

EPA

to

add

still

lower-
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quency

at

which

the

criterion

can

be

violated

called

an

excursion

with-out

a

loss

of

the

designated

use

also

must

be

considered.

Thus

in

the

1.

Each

state

should

develop

a

catalogue

of

waterbodies

based

case

of
a

trout

fishery

the

criterion

might

specify

a

minimum

DO

or

on

the

National

Aydrography

Dataset

for

the

purposes

of

defining

maximum

chlorophyll

a
that

can

be

realized

for

a

period

of

time

and

the

state

waters

and

designing

sampling

and

assessmentprograms.

number

of

times

this

number

can

be

violated

before

there

is

demonstra-ble

harm

to

the

designated

use.

It

should

be

noted

that

these

numbers

are

2.

States

should

attempt

to

move

away

from

the

concept

of

a

re-

pollutant-specific

and

they

might

vary

with

season

depending

on

for

gioa

of

validity

of

individual

monitoring

stations

and

Instead

con-

example

fish

life-stage.

Sider

a

statistical

modeling

approach

to

assessing

the

condition

of

Establishing

these

three

dimensions

of

the

criterion

is

crucial

for

waters.

This

approach

would

combine

monitoring

data

with

estimates

of

successfully

developing

water

quality

standards.

Currently

there

are

water

quality

based

on

statistical

models.

ýr.

many

cases

where

there

are

insufficient

data

collected

in

one

or

more

of

these

three

dimensions

to

evaluate

attainment

of

water

quality

criteria.

b

addition

some

standards

are

virtually

impossible

to

comply

with

espe-DESIRABLE

CRITERIA

cially

when

the

frequency

of

allowable

excursions

is

zero

called

no-exceedance

standards.

Box

3-4

provides

three

examples

of

criteria

that

This

section

considers

the

desired

features

of

chemical

and

biological

are

either

unmeasurable

given.

current

monitoring

protocols

or

are

ex-criteria

as

surrogates

for

designated

use.

For

listing

and

delisting

put-

ceedingly

difficult

to

meet

and

thus

constitute

an

intractable

problem

for

poses

numeric

and

measurable

criteria

should

be

logically

derived

from

the

TMDL

program.

Careful

consideration

of

the

three

dimensions

of

the

designated

use

statement.

Ideally

appropriate

designated

uses

and

the

criterion

is

also

critical

to

the

development

of

appropriate

TMDLs.

associated

criteria

are

assigned

to

each

waterbody

prior

to

an

assessment.

In

the

law

the

letter

d

in

TMDL

refers

to

a

daily

load

which

has

been

Realistically

the

cost

and

effort

involved

in

categorizing

every

water-

interpreted

literally

in

some

legal

cases.

However

for

many

pollutants

body

in

advance

of

an

assessment

may

be

prohibitive

and

many

states

the

load

determined

over

a

longer

time

period

e.g.

a

season

or

year

is

programs

for

setting

appropriate

use

designation

are

continuing

efforts.

more

relevant

to

securing

the

designated

use.

Examples

of

this

are

nutri-As

is

noted

in

Chapter

5
it

is

advisable

to

conduct

a

site-specific

review

ent

and

sediment

criteria

where

the

duration

component

of

the

criterion

to

refine

the

standard

once

a

waterbody

is

listed

and

before

a

TMDL

is

is

generally

not

stated

as

daily.

initiated.

A

second

desirable

feature

is

that

the

measured

criterion

must

be

logi-One

desired

feature

of

a

criterion

is

that

it

must

be

measurable

with

cally

derived

from

the

qualitative

statement

of

the

designated

use.

The

available

monitoring

methods.

Unfortunately

federal

guidelines

for

wa-

closer

the

criterion

is

in

the

causal

chain

Figure

2-1

the

easier

it

is

ter

quality

assessment

EPA

1994

do

not

assure

this

feature.

In

many

make

that

connection.

This

has

led

to

increased

interest

in

biocriten..

cases

there

may

be

a

discrepancy

between

the

formulation

of

water

qual-

particularly

numeric

measures

of

fish

benthic

invertebrate

algal

and

ity

criteria

and

the

frequency

with

which

water

quality

data

are

gathered.

diatom

assemblages.Recommendations

to

adopt

biocriteria

are

often

A

criterion

may

not

be

a

single

number

but

instead

may

be

repre-

made

because

biocnteria

integrate

the

effects

of

multiple

stressors

over

sented

as

a

frequency

duration

and

magnitude.

In

the

context

of

a

Pol-

time

and

space

thus

minimizing

the

need

for

a

large

number

of

samples

lutant

the

magnitude

refers

to

how

much

of

the

pollutant

can

be

allowed

Karr.

2000.

A

second

advantage

of

using

biocriteria

is

that

unlike

in

the

water

while

still

achieving

the

designated

use.

The

magnitude

can

chemical

criteria

they

are

designed

to

be

specific

to

certain

regions

and

be

chosen

to

protect

against

either

acute

or

chronic

effects

of

a

pollutant.

Duration

refers

to

the

period

of

time

over

which

measurements

of

the

4

Specifying

the

magnitude

tequency

and

duration

is

critical

for

chemical

crite

pollutant

are

considered.Pollutant

levels

may

be

averaged

over

some

ria

but

may

not

be

necessary

for

certain

biologicalcriteria.

For

example

the

number

of

hours

or

days

to

determine

that

amount

of

the

pollutant

that

fecal

coliform

standard

is

best

defined

with

all

three

components.

On

the

other

can

be

present

without

a

loss

of

the

designated

use.

The

allowable

fre-

hand

many

biocriteria

such

as

111l

are

well

defined

by

a

single

number

because

they

integrate

biological

chemical

and

physical

effects

over

time.
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conditions.

For

example

a

swamp

forest

will

typically

violate

DO

crite-

sive

index

systems

have

been

developed

that

focus

on

characteristics

of

ria

and

waterbodies

in

mountain

areas

with

heavy

metal-bearing

rocks

the

biota

expected

in

the

particular

region

where

the

waterbody

is

lo-may

violate

heavy

metal

criteria.Biocriteria

that

are

regionally

relevant

cated

including

desired

fish

species

and

other

associated

organisms

Box

would

not

show

those

conditions

as

violations.

3-5.

Fecal

coliform

counts

and

algal

community

parameters

such

as

chlo-

The

scientific

community

measures

integrity

by

describing

the

bio-rophyll

a

are

a

type

of

biocriteria

but

they

are

not

comprehensive

meas-

logical

condition

of

waterbodies

that

as

much

as

possible

have

not

been

ures

of

waterbody

condition.

To

make

bioassessment

more

comprehen-

altered

by

human

activity.

When

pristine

or

minimally

disturbed
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41-0ý

ý

sites

are

used

to

define

integrity

any

site

that

has

been

altered

by

human

11.

80X.3

w

r

%s

AR

actions

must

by

definition

lack

integrity

because

its

biota

have

changed

tnde

3y

t
ýt$

03joas5950M

e
tý

ýý

1

xryaYý

ýý1r

ý

t

in

response

to

the

actions

of

humans.

For

obvious

reasons

reservoirs

fi
yr

Dilrlefeý

past

eFi3.es

.41.o9ý

seti

en

v
_

ayng

farm

ponds

and

other

waterbodies

created

by

human

actions

cannot

be

tit

4.

o.

frt

fný

ýJW

N.

ý

ý.ucriaii-Car

edbttý

ccýfuý7
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Those

na

e
c

assessed

using

this

standard.

Q
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pe.

fromB...Dili

g

bcomeavparisof4irafeýfmaaaeers

fgol

kits
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m3

rya
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However

it

does

not

follow

that

a

watcibodY

lacking

integrity

is

im-8tlti

1

ý

.

Itr

rrý

a

8.g

ý1

PQ

kiol

scan

ortito

n

ll

are

satfi

uýrf

p

rrtlo

d
or

that

restoring

biological

integrity

is

either

possible

or

desirable.

t

jypt

r

ti

etiiat

er

i

.r

ýIriii

sissinegrity

ipl

errs

ý..

iet

In

paired

dex

jig

A

waterbody

that

is

described

as

lacking

biological

integrity

should

not

ýogcaPll

1lat9ll

1
con

p

nýi

arias

stalls

dif

bt.

i
f

ý

ýýý

ý

r
t

be

assumed

to

be

in

aless-than-desirable

state.

Rather

when

a

bio-a

t
t

5
tl

Blj

idts

bib

lo

ýr

a

assessment

finds

that

a

waterbody

diverges

from

integrity

there

must

be

tlon

a

4g

1a

social

decision

about

whether

that

divergence

is

asteptable.

In

short.

a

co

diea8

ef

FbrýrýaKcýa

r.

1-

hi

t

Pi

ýliel

1834

j1

he

biota

of

minimally

disturbedsites-those

with

integrity-a

ti

lin

tb

lytlea

FotlsfsteýIteshirtlI

itoft3fleite

P

benchmark

a

standard

by

which

others

are

measured

deflit

v

1

The

protection

of

that

suurdard

or

something

very

close

to

it

ýý

at$

c1Foritl

oil

lassesGeprererltljgli8teody

it

is

iti

oil

ands

ýýfumisýaVnetdi

nfgrjtoiiljfdi

divbiae

an

t

1

likely

to

be

the

goat--the

end

toward

which

effort

is

directed-in

elisions

d1

hua2a

relatively

few

places

e.g.

national

parks.

The

modem

reality

is

that

RIVI

CSwlistbeW

toe

ri

land

t

z

we

are

not

able

to

preserve

all

areas

in

this

benchmarkcondition.

For

@S
a

i1a341

tv

r

p

lg

V
I

P009.

_

li.1.

a

.

st

is

not

re-1

jfo

s

strhlla1

jNo

tit

al

5

1.

r

example

restoring

salmon

to

every

Pacific

Northwest

stream

Al

b

ee.

nd

r

omldeý

9ý7

B
dsd$leopedt

ttj

tjý

tl

alistie

yet

a

restoration

goal

that

includes

viable

populations

of

cut-tat

ices

ý

f

.

88tKare

et

all

ý1

86

Ker

ands

tiuA

899

1Wi

dopes

rdppl

6

throat

trout

may

be

reasonable

even

in

many

urban

or

suburban

d
federal

epe

de

fltiio

E

988

tba

Eeta

i9

fardýil

streams.

Karr

2000

nd

tied

ý.

RA

999entf

b

ýMeg

fs.

ti
f

1999

tfýo.

I

RPtti

lion

o4RlPIýiistt

I
li

it

$rxeti

tes

ers

I

ltý

Measures

of

biological

condition

IB

inform

society

of

the

status

x....ý

ý..xýn

e.g.

n

ty

tior

Hav

e
i

.

velcj

Pa

o

fyerse

to

ttnq

is

a
ýSra

wae

P

tbod

of

a

water

resource.

But

society

must

decide

the

desired

designated

use

i
Xatn

15

itly

fit.

F

ffcwa

ý-e$Fniaia

m
bý

ctFeýsývailShassesseit

and

then

determine

what

level

on

the

index

numeric

scale

.

is

with

rca-niie7ýýastieQitt

ev

d

eFPe

pQ

es

eyVall

sonable

certainty

likely

to

protect

that

designated

use.

It

8

IC

.

xt.

ý

a

ýb

.ý

Y

if

NA

Ipsý

for

Aroe.

rtosgss

tsh

u

U

Recently.

the

EPA

Office

of

Water

has

convened

a

working

group

of

i

a

$

y

on

del.

S

h
li

states

and

other

supporting

institutions

to

better

define

the

gradient

a

l

biological

condition

from

pristine

to

highly

degraded

and

link

this

with

ý-

ti

t

r

a

operational

measures

such

as

numeric

biocriteria

in

a

manner

that

will

t

la

ensure

consistency

across

state

This

is

referred

to

as

tiered

aquatic

life

uses

and

is

expressed

as
programs.ocondition

axis.

Examples

of

ti.ý

_rr

ins

ed

this

framework

already

exist

in

Maine

Ohio

and

Vermont.

The

expec-al

tation

is

that

as

states

develop

a

more

detailed

system

of

tiered

desig-r

e

Jtj

bate

nated

uses

they

will

also

develop

measurablebiocriteria

logically

tied

to

ell

9

those

uses.
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All
Waters

1.

All

chemical

criteria

and

some

biological

criteria

should

be

defined

in

terms

of

magnitude

frequency

and

duration.

Each

of

these

three

components

is

pollutant-specific

and

may

vary

with

season.

The

frequency

component

should

be

expressed

in

terms

of

a

number

of

t.

Determine

allowed

excursions

in

a

specified

period

return

period

and

not

in

terms

Designated

Use/

of

the

low

flow

or

an

absolute

never

to

be

exceeded

limit.

The

re-

Standard

t

quirement

of

no

exceedances

for

many

water

quality

criteria

is

not

y.

Y..

achievable

given

natural

variability

atone

much

less

with

the

variability

associated

with

discharges

from

point

and

nonpoint

sources.

Screening

s

2.

Water

quality

standards

must

be

measurable

by

reasonably

Assessmentobtainable

monitoring

data.

In

many

states

there

is

a

fundamental

dis-crepancy

between

the

criteria

that

have

been

chosen

to

determine

whether

a

waterbody

is

achieving

its

designated

use

and

the

frequency

Preliminary

with

which

water

quality

data

are

collected.

List

3.

Biological

criteria

should

be

used

to

conjunction

with

physical

1

and

chemical

criteria

to

determine

whether

a

waterbody

Is

meeting

1

Its

designated

use.

Biocriteria

are

more

closely

related

to

designated

Full

Review

Use/

uses

they

can

be

defined

and

measured

and

they

integrate

the

effects

of

$

Assessment

Standard

multiple

stressors

over

time

and

space.

LISTING

AND

DELISTING

IN

A

DATA-LIMITED

Action

List

ENVIRONMENT

303d

As

discussed

at

the

beginning

of

this

chapter

states

are

confronted

with

lengthy

lists

of

impaired

waters

requiring

TMDLs

many

of

which

were

judged

against

inadequate

standards

or

were

not

fully

assessed

as

TMDL

part

of

a

comprehensive

ambient

monitoring

program.

This

section

pro-

Planning

poses

a

mechanism

for

managing

the

large

number

of

waters

requiring

attention

by

dividing

the

listing

process

into

multiple

smaller

steps

as

shown

in

Figure

3-1.

Figure

3-1

illustrates

a

framework

for

water

quality

management

that

Adaptive

is

more

detailed

than

the

conceptualized

steps

of

the

TMDL

process

Implementation

shown

in

Figure

1-1.

Figure

3-1

begins

with

the

identification

of

all

wa-ters

to

be

assessed

and

the

determination

of

appropriate

water

quality

FIGURE

3-1

Framework

for

water

quality

management.standards

as

in

the

current

TMDL

program.

Following

this

however
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waters

to

be

assessed

would

next

go

through

an

initial

screening

assess-

Creating

the

Preliminary

List

menu.

This

involves

comparing

available

and

often

limited

data

on

wa-

Determining

whether

there

should

be

some

minimum

threshold

of

ter

quality

conditions

with

the

existing

applicable

water

quality

criterion.

data

available

when

evaluating

waterbodies

for

attainment

of

water

qual-If

based

on

this

initial

screening

assessment

the

waterbody

is

considered

a

candidate

for

impairment

it

is

advanced

to

the

preliminary

list

for.

iry

standards

is

an

issue

of

great

concern

to

states.

On

the

one

hand

further

consideration.

It

should

be

relatively

easy

to

get

on

the

prelimi-

many

call

for

using

only

the

best

science

in

making

listing

decisions

nary

list

the

consequences

of

which

include

additional

and

immediate

while

others

fear

many

impaired

waters

will

not

be

identified

in

the

wait

investigation

to

determine

the

nature

and

reali

of

a

suspected

for

additional

data.

The

existence

of

a

preliminary

list

addresses

these

ty

problem

concerns

b

focusin

attention

on

waters

su

cted

to

be

impaired

with.

Y

spe

-The

term

preliminary

indicates

that

waterbodies

on

this

list

may

later

the

sequenýeýof

be

placed

on

an

action

list

but

they

may

also

be

declared

unimpaired.

out

imposing

on

stalCeholders

and

agencies

the

con

Such

a

preliminary

list

has

been

suggested

or

employed

in

some

states

e

TMDL-3eýeloptn

until

_additton-1a

irýi

orinatioi%ts

.aevýope3-an

e.g.

Florida.

evaluate

y
cases

biological

and

limited

water

quality

surveys

along

Those

waterbodies

placed

on

the

preliminary

list

are

the

object

of

a

In

many

more

complete

assessment

that

would

involve

additional

monitoring

and

with

an

inventory

of

existing

sources

of

pollution

may

provide

adequate

appropriate

analysis

of

new

data

to

reduce

the

uncertainty

about

their

information

for

a

screening

assessment

of

the

waterbody.

Evaluated

data

condition.

If

the

decision

from

the

full

assessment

is

that

the

waterbody

are

also

an

important

source

of

information

for

determining

if

a

water-is

impaired

then

it

moves

to

an

action

list.

One

might

think

of

the

ac-

body

should

be

placed

on

the

preliminary

list.

Evaluated

data

may

take

tion

list

as

the

states

impaired

waters

303d

list.

The

word

impaired

many

forms

e.g.

data

older

than

a

certain

age

beach

closures

based

on

is

a

term

of

art

Impaired

waters

under

Section

303d

are

analogous

to

fixed

rainfall

thresholds

visual

observations

and

statisticalinferences

water

quality

limited

segments

as

defined

in

the

federal

regulations

from

small

data

sets

and

have

been

describeddifferently

from

state

to

40

CFR

Section

130.2j.

The

consequence

of

advancing

to

the

action

state.

In

contrast

monitored

data

are

viewed

as

being

more

comprehen-list

is

that

additionalresources

are

needed

to

either

review

and

update

the

slue

typically

using

data

less

than

five

years

old

and

may

include

a

wide

existing

standard

or

complete

a

TMDL.

For

those

casts

in

which

the

array

of

direct

measurements

of

water

quality

including

physical

chemi-existing

criteria

are

not

appropriate

to

a

waterbody

Figure

3-1

allows

for

cal

or

biological

measures.

Use

of

evaluated

data

has

been

controversial

review

of

the

water

quality

standard

for

that

waterbody.

The

process

for

in

water

quality

assessments

under

the

Clean

Water

Act.

The

contro-completing

that

review-useattainability

analysis-is

discussed

in

versy

would

be

lessened

if

the

use

of

evaluated

data

were

limited

to

Chapter

5.

placing

waters

on

the

preliminary

list.

e

The

organizing

concept

in

this

idealized

process

is

continuous

and

The

quality

of

the.data

used

to

list

waterbodies

as

impaired

is

fr

concurrent

progress

toward

improved

monitoring

and

listing

decisions.

quently

a

concern.

Beyond

the

normal

data

ent

y

sampling

and

labors-The

process

moves

forward

from

a

position

of

limited

information

to

tory

errors

states

must

determine

the

reliability

of

the

data

coming

from

more

information

from

uncertainty

to

more

certainty

and

from

inaction

a

wide

range

of

sources

especially

for

evaluated

data.

Some

states

have

to

progressively

larger

and

possibly

more

costly

actions.

Were

EPA

to

responded

to

this

uncertainty

by

strictly

limiting

the

data

used

in

making

endorse

the

idealized

process

represented

in

Figure

3-1

the

listing

proc-

assessments

to

those

collected

by

the

states

lead

environmental

agency

ess

would

be

improved.

For

example

at

the

current

time

there

are

thou-

or

some

other

select

group

of

data

providers

such

as

USGS.

To

over-sands

of

waters

on

state

303d

lists

that

were

no

p
ace

ere

using

_a

W-quate

data

or

in

ormation.

aters

err

%-s

ca

eg

build

be

rnoved-back

s

to

tt

ttuun

tat

represetiedby

tfieýas

rewin

atsowtnF-tticEvaluated

data

and/or

information

provides

an

indirect

appraisal

of

water

qual-1

ity

through

such

sources

as

information

on

historical

adjacent

had

uses

aquatic

3-l

to

allow

a

more

complete

evaluation

to

lie

madb

-

riparian

health

and

habitat

location

of

sources.

results

from

predictive

mod-_

cling

using

input

variables

and

some

surveys

of

fish

and

wildlife.Monitored

data

refers

to

direct

measurements

of

water

quality

including

sediment

meas-1998

urementsbiousessments

and

some

fish

tissue

analyses

EPA

2000.

RB-AR15845



Waterbody

Assessment

Listing

and

Delisting

59

58

Assessing

the

TMDL

Approach

to

Water

Quality

Management

deuce.

For

example

Gibbons

in

press

suggests

testing

the

data

for

this

test

are

beyond

the

scope

of

this

document

but

can

be

found

in

normality

or

log

normality

and

then

examining

the

confidence

intervals

Smith

et

al.

2001

and

the

proposed

Chapter

62-303

of

the

Florida

Ad-ministrative

Code9.

surrounding

the

estimated

90

peremfile

of

the

chosen

distribution.

Whether

the

binomial

or

the

raw

score

approach

is

used

there

must

When

the

data

are

neither

normal

nor

lognormal

or

when

more

than

50

be

a

decision

on

an

acceptable

frequency

of

violation

for

the

numeric

percent

of

the

observations

are

censored

below

the

detection

limit

Gibbons

suggests

constructing

a

nonparametricconfidence

limit

based

criterion

which

can

range

from

0
percent

of

the

time

to

some

positive

the

binomial

distribution

of

ranked

data.

Another

approach

that

uses

number.

Under

the

current

EPA

approach

10

percent

of

the

sample

.

4ý.

all

the

data

to

make

a

decision

is

acceptance

sampling

by

variables

measurements

of

a

given

pollutant

made

at

a

station

may

exceed

the

ap-

Duncan

1974.

In

general

alternativestatistical

approaches

transform

plicable

criterion

without

having

to

list

the

surrounding

waterbody.

The

questions

about

the

proportion

of

samples

that

exceed

a

standard

into

choice

of

10

percent

is

meant

to

allow

for

uncertainty

in

the

decision

questions

about

the

center

or

another

parameter

of

a

continuous

distri

process.

Unfortunately

simply

setting

an

upper

bound

on

the

percentage

of

measurements

at

a

station

that

may

violate

a

standard

provides

insuffi-

bution.

It

should

be

noted

that

new

approaches

will

bring

new

analytics

ceent

information

to

properly

deal

with

the

uncertainty

concerning

im-

requirements

that

must

be

taken

into

consideration..

For

example

if

there

pairment.

_

is

a

requirement

to

specify

a

distributionsufficient

data

must

be

avail-The

choice

of

acceptable

frequency

of

violation

is

also

supposed

to

ý

able.

In

some

cases

data

from

other

similar

sites

may

be

needed

to

give

be

related

to

whether

the

designated

use

will

be

compromised

which

is

an

overall

assessment

of

distribution

type.

Finally

as

more

powerful

clearly

dependent

on

the

pollutant

and

on

waterbody

characteristics

such

statistical

procedures

are

used

water

quality

assessors

will

need

to

tn-as

flow

rate.

A

determination

of

10

percent

cannot

be

expected

to

apply

clearly

how

to

tun

the

tests

and

also

how

to

state

hypotheses

that

to

all

water

quality

situations.

In

fact

it

is

inconsistent

with

federal

wa-

clearly

relate

to

the

water

quality

criterion.

ter

quality

criteria

for

toxics

that

specify

allowableviolation

frequencies

of

either

one

day

in

three

years

four

consecutive

days

in

three

years

or

Statistical

Approaches

for

Biological

Parameters

30

consecutive

days

in

three

years

which

are

all

less

than

10

percent.

Embedded

in

the

EPA

raw

score

approach

is

an

implication

that

10

per-

Error

bands

exist

with

any

sampled

data

including

bioassessment

re-cent

is

an

acceptable

violation

rate

which

it

may

not

be

in

certain

cir-cumstances.

suits.

Thus

bioassessmcnt

procedures

must

also

be

designed

to

be

sta-tistically

sound.

The

utility

of

any

measure

of

stream

condition

depends

Both

the

raw

score

and

binomial

approaches

require

the

analyst

to

on

how

accurately

the

Original

sample

represents

the

condition

in

the

ý

throw

away

some

of

the

information

found

in

collected

data.

For

ex-if

the

criterion

is

1.0

measurements

of

1.
1
and

10

are

given

equal

stream--that

is

how

successful

it

is

in

avoiding

statistical

bias.

Prot

ample

importance

and

both

are

treated

simply

as

exceeding

the

standard.

Thus

_

cols

to

for

raaldng

such

measurements

are

established

in

the

technical

a

potentially

large

amount

of

information

about

the

likelihood

of

im-

htetsture

Karr

and

Chu

1999

as

well

as

in

guidance

manuals

produced

pairment

is

simply

discarded.

The

standard

deviation

can

be

used

to

set

by

EPA

Barbour

at

al.

1996

1999

EPA

1998a

Gibson

et

al.

2000.

There

are

three

principal

ways

variability

is

dealt

with

in

the

process

priorities

for

TMDL

development

or

other

restoration

activities.

There

of

deriving

and

using

biocriteria

Yoder

and

Rankin

1995.

First

vari-are

other

approaches

that

are

more

effective

at

extracting

information

ability

is

compressed

through

the

use

of

multimetricevaluation

mecha-from

a

single

monitoring

sample

thereby

reducing

the

number

of

sam-

nisms

such

as

IBI.

Reference

data

for

each

metric

are

compressed

into

pies

needed

to

make

a

decision

with

the

same

level

of

statistical

confi-

disrxete

scoring

ranges

i.e.

5
3
and

1.

Second

variability

is

stratified

via

tiered

uses

ecoregions

stream

size

categories

headwaters

wadable

This

proposed

rule

chapter

was

approved

for

adoption

by

the

Florida

Depart-

boatable

and

method

of

calibrating

each

metric

i.e.

vectoring

expecta-meat

of

EnvironmentalProtectionsEnvironmentalRegulationCommission

on

lions

by

stream

size.

Third

variability

is

controlled

through

standard-April

26

2001

but

has

not

been

officially

filed

for

adoption

by

the

Department

ause

of

a

pending

rule

challenge

before

the

Division

of

Administrative

ized

operating

procedures

data

quality

objectives

i.e.

level

of

taxon-bec

e

cruse

omy

index

sampling

periods

to

control

for

seasonal

effects

replication

Hings.
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Conclusions

and

Recommendations

of

sampling

and

training

Yoder

and

Rankin

1995.

One

can

for

exam-pie

avoid

seasonal

variation

by

carefully

defining

index

sampling

peri-ods

or

variation

among

microhabitats

by

sampling

the

most

represents-

1.

EPA

should

endorse

statistical

approaches

to

proper

moni-tive

microhabitat

Karr

and

Chu

1999.

Box

3-6

presents

results

of

sev-

toning

design

data

analysis

and

impairment

assessment.

For

chenli-eral

studies

in

which

the

error

around

biological

parameters

was

as-

cal

parameters

these

might

include

the

binomial

hypothesis

test

or

other

sessed.

statistical

approaches

that

can

more

effectively

make

use

of

the

data

col-lected

to

determine

water

quality

impairment

than

does

-the

raw

score

i

t

approach.

For

biological

parameters

these

might

focus

on

improvement

ý.

ý.

.
ýý1

r

X
..

.
s.

ý

ya

C.

_

of

sa

lin

designs

tars

cBOX

smp

g

more

careful

identification

of

the

components

of

ýý

1r

s

4i..

ý
77

_7.ýr.iT1-saCA..ý

diýfata

9011

gpý4meslfi

seasmatt

biology

used

as

indicators

and

analytical

procedures

that

explore

bio-S.

AWR

logical

data

as

well

as

integrate

biological

information

with

other

rele-Iva

P

Rf

t@ti

JýA

d
f1

4

chi

ýp

d
tai

-

vast

data.

nGil

flit

ýl

4
ri

bal

Jiff

ce

m

pg-

a
ký9s

rjti

lakgt

2.

States

should

be

required

to

report

the

statistical

properties

of

..qt

ll

tl

ýsoratetvlttý

ýIdýt

.ý1

rtýdke

the

sample

data

analyses

used

to

make

listing

determinations.

Error

cl
ý

tJ

Ided

by

hefiel

qe

and

lay

erco

rhlaý

toy

ibsar

pie

c

_

n

c

ter

rates

confidence

limits

or

other

means

of

conveying

uncertainty

should

In

ttieJab

etgteakeýva

abý1ý

th

ffe

.roatene

ete

t

r

a

ýz

ýý

_

be

presented

along

with

the

rationale

for

a

decision

to

list

or

delist

a

wa-alwasro.

rrie

itl

t
raF

1

RM

Is

Clrý

1.

NI

tiU

n
Of

ieiiera

ý
eýýas

u
tt

uo

IS

lqýj

pterbody.

4

ac

earieats40.

HART

Igwu

fan

x

Aex

f

tefeslw

t

l
eriake

van

lilty

r

el

o

f

IB

ýbýtilit

a

da

.

ý
ýýýq

p

y

bete/1ýýýrg

it

r

jýJ

etiloi

Peres

r

USE

OF

MODELS

IN

THE

LISTING

PROCESS

Ntnsothertsf

tl

es

lu

T

f.

utoo

A
-

ý1yQý

1iNia

matlo

of

zeal

etas

trove

al

B.I

F.

rgfter

id

d
al.

tSatt

s

vgtý

tp

and

As

stated

in

EPA

guidance

documents

as

well

as

the

Federal

Advi-iýýtate

tgyarf

iBltFýPu

etund8ýr

spry

Committee

Act

FACA

report

EPA

1998b

monitoring

data

are

R

eliýe

MW

41H

I

-Jiv

sfr

$

dr

r

p

3ariitý8ttj

the

preferred

form

of

information

for

identifying

impaired

waters.

R

J

ý
-

ý
jrepbred

itra

nd9s

study

Model

predictions

rr

might

be

used

in

addition

to

or

instead

of

monitoring

GrapdtotNafiSitialýPsilC

eat

p
t

ýetitwdasýsersgicllrig

data

for

two

reasons

1

modeling

could

be

feasible

in

some

situations

flýgrýJntpýýtýg

liýhiýtYrad_ýýýlivlttuhýe

teisttýis

n

isýse

t3

-fenceljtf

iit_

Na

ce

.cam

rýdi

fe

ý

JD

d

where

monitoring

is

not

and

2

integrated

monitoring

and

modelir

r

ai

T

i

1Aý.

b.2WV

i

.a4

U.ýii1y

Te

f
tfferer

.

I

P

systems

could

provide

better

information

than

monitoring

alone

for

the

.ý.ýl

ý
999

same

total

cost.

EPA

guidance

and

the

FACA

report

explicitly

recognize

k

the

obvious

practicality

of

the

fast

reason

but

largely

ignore

the

Poten-1I

ý

eý

ý

p
$

s

tial

importance

of

the

second.

This

section

considers

some

of

the

ways

in

which

modeling

might

be

used

as

a

complement

to

monitoring

and

e

-

q

ý

points

out

some

limitations

of

modeling

in

informing

the

listing

process.

I

s

Often

in

attempting

to

estimate

the

frequency

of

violation

of

a

stan-

dard

the

number

of

pollutant

concentrationmeasurements

made

in

a

waterbody

is

so

small

that

it

is

difficult

to

avoid

false

negative

error

with

the

desired

level

of

confidence.

One

way

in

which

a

simple

statistical

model

may

assist

in

interpreting

monitoring

data

in

such

cases

is

by

in-troducing

a

variable

to

the

analysis

that

is

correlated

with

pollutant

con-centration.

One

commoncorrelate

of

many

water

quality

time

series

is

RB-AR15847
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stream

flow

which

is

measured

continuously

at

many

monitoring

sta-

most

potentially

valuable

uses

of

modeling

in

relation

to

303d

listing

tions

including

nearly

all

USGS

stations.

The

statistical

methods

for

would

be

to

formalize

the

use

of

prior

information

on

impairment

prob-taking

advantage

of

correlated

stream

flow

data

are

called

record

exten-

ability

in

order

to

better

organize

the

decision

process.

That

is

modeling

sion

techniques

several

of

which

have

been

described

and

compared

by

techniques

such

as

SPARROW

Smith

et

al.

1997

could

be

used

to

es-Hirsch

1982.

By

modeling

pollutant

concentration

as

a

function

of

timate

preliminary

impairment

distributions

for

all

waterbodies

in

the

streamflow

and

using

the

resulting

model

to

estimate

a

denser

concentra-

state.

These

distributions

would

then

be

used

to

guide

monitoring

and

tion

time

series

a

better

estimate

of

the

frequency

distribution

of

pollut-

control

the

rates

of

false

positive

and

false

negative

error

either

through

ant

concentration

may

be

obtained.

The

predicted

concentration

time

Bayesian

or

other

methods

of

interpreting

monitoring

data.

Limited

series

then

may

be

tested

for

violation

frequency

using

either

the

bino-

monitoring

resources

generally

could

be

focused

on

the

sites

where

im-mial

approach

see

above

or

the

quartile

approach.

The

value

of

this

pairment

was

most

uncertain

i.e.

where

the

estimated

probability

of

im-modeling

approach

over

using

pollutant

data

alone

is

directly

dependent

paitment

was

neither

very

high

nor

very

low

potentially

improving

the

on

the

level

of

correlation

that

exists

between

the

pollutant

concentration

efficiency

of

monitoring.

Sites

at

the

extremes

of

the

impairment

distri

and

stream

flow.

Further

discussion

of

the

specific

extension

technique

buttons

i.e.

extremely

likely

or

unlikely

to

be

impaired

would-be

less

called

MOVE

Maintenance

of

Variance-Extension

appears

in

Helsel

frequently

monitored.

Decisions

for

placing

waters

on

a

preliminary

list

and

Hirsch

1991.

night

be

made

primarily

on

the

basis

of

such

modeling.

Formal

place-The

EPA

guidance

on

303d

listing

suggests

that

a

simple

but

useful

ment

of

a

waterbody

on

the

303d

list

would

require

additional

monitor-modeling

approach

that

may

be

used

in

the

absence

of

monitoring

data

is

ing.

dilution

calculations

in

which

the

rate

of

pollutant

loading

from

point

sources

in

a

waterbody

recorded

as

kg

per

day

in

NPDES

permits

for

example-is

divided

by

the

stream

flow

distribution

to

give

a

set

of

esti-

Conclusions

and

Recommendations

mated

pollutant

concentrations

that

may

be

compared

to

the

state

stan-dard.

Simple

dilution

calculations

assume

conservativemovement

of

1.

Models

that

can

fill

gaps

in

data

have

the

potential

to

generate

pollutants

through

a

watershed

and

ignore

the

fact

that

for

most

pollut-

information

that

will

Increase

the

efficiency

of

monitoring

and

thus

ants

some

loss

of

mass

occurs

during

transport

due

to

a

variety

of

proc-

increase

the

accuracy

of

the

preliminary

Usting

process.

For

example

esses

including

evaporation

settling

or

biochemicaltransformation

see

regression

analyses

that

correlate-pollutantconcentration

with

some

more

for

example

Novotny

and

O1em

1994.

Thus

the

use

of

dilution

calcu-

easily

measurable

factor

could

be

used

to

extend

monitoring

data

for

lations

will

tend

to

bias

the

decision

process

toward

false

.positiv

con-

preliminary

listing

purposes.

Models

can

also

be

used

in

a

Bayesian

clusions.

Lacking

a

clear

rationale

for

such

a

bias

a

better

approach

framework

to

determine

preliminary

probability

distributions

of

impair

would

be

to

include

a
best

estimate

of

the

effects

of

loss

processes

in

the

went

that

can

help

direct

monitoring

efforts

and

reduce

the

quantity

of

dilution

model.

monitoring

data

needed

for

making

listing

decisions

at

a

given

level

of

Section

303d

and

related

guidance

from

EPA

emphasize

the

impor-

reliability.

tance

of

searching

for

information

on

waterbodies

that

are

suspected

of

violating

water

quality

standards

which

is

understandable

given

the

de-sire

to

limit

the

number

of

sites

sampled

and

hence

the

cost

of

monitor-
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MODEL

SELECTION

CRITERIA

Mathematical

models

can

be

characterized

as

empirical

also

known

as

statistical

or

mechanisticprocess-oriented

but

most

useful

models

have

elements

of

both

types.

An

empirical

model

is

based

on

a

statistical

fit

to

data

as

a
way

to

statistically

identify

relationships

between

stressor

and

response

variables.

A

mechanistic

model

is

a

mathematical

charac-terization

of

the

scientificunderstanding

of

the

critical

biogeochemicalprocesses

in

the

natural

system

the

only

data

input

is

in

the

selection

of

model

parameters

and

initial

and

boundary

conditions.

Box

4-1

presents

a

simple

explanation

of

the

difference

between

the

two

types

of

models.

Water

quality

models

for

TMDL

development

are

typically

classify

This

chapter

addresses

the

planning

step

Figure

1-1

that

occurs

as

either

watershed

pollutant

load

models

or

as

waterbody

pollutant

once

a

waterbody

is

formally

listed

as

impaired.

Be

main

activity

re-

response

models.

A

watershed

model

is

used

to

predict

the

pollutant

quired

during

the

planning

step

is

an

assessment

of

the

relative

contribu-

load

to

a

waterbody

as

a

function

of

land

use

and

pollutant

discharge

a

tion

of

differentstressors

sources

of

pollution

to

the

impairment.

For

waterbody

model

is

used

to

predict

pollutant

concentrations

and

other

example

during

this

step

Total

Maximum

Daily

Loads

TMDLs

are

cal-

responses

in

the

waterbody

as

a

function

of

the

pollutant

load.

Thus

the

culated

for

the

chemical

pollutant

if

there

is

one

causing

the

impair-

waterbody

model

is

necessary

for

determining

the

TMDL

that

meets

the

ment

and

the

maximum

pollutant

loads

consistent

with

achieving

the

water

quality

standard

and

a

watershed

model

is

necessary

for

allocating

water

quality

standard

are

estimated.Pollutant

load

limits

alone

may

not

the

TMDL

among

sources.

Some

comprehensive

modeling

frameworks

secure

the

designated

use

however

if

other.sources

of

pollution

are

pre-

e.g.

BASINS

EPA

2001

and

Eutromod

Reckhow

et

al.

1992

in-sent.

Changes

in

the

hydrologic

regime

such

as

in

the

pattern

and

tim-

clude

both

but

most

water

quality

models

are

of

one

or

the

other

type.

ing

of

flow

or

changes

in

the

biological

community

such

as

in

the

con-

Except

where

noted

the

comments

in

this

chapter

reflect

both

watershed.

trol

of

alien

taxer

or

riparian

zone

condition

may

be

needed

to

attain

the

and

waterbody

models

examples

presented

may

address

one

or

the

other

designated

use

as

discussed

in

Chapter

2.

As

hydrologic

biological

model

type

as

needed

to

illustrate

concepts.

chemical

or

physical

conditions

change

the

estimation

of

the

TMDL

can

Although

prediction

typically

is

made

with

a

mathematical

model

change.

there

arc

certainly

situations

in

which

expert

judgment

can

and

should

br

Because

they

represent

our

scientificunderstanding

of

how

stressors

employed.

Furthermore

although

in

many

cases

a

complex

mathema

relate

to

appropriate

designated

uses

models

play

a

central

role

in

the

cal

model

can

be

developed

the

model

best

suited

for

the

situation

may

TMDL

program.

Models

are

the

means

of

making

predictions-not

only

be

relatively

simple

as

noted

in

examples

described

later

in

the

chapter.

about

the

TMDL

required

to

achieve

water

quality

standards

but

also

-

Indeed

reliance

on

professional

judgment

and

simpler

modeling

will

be

about

the

effectiveness

of

different

actions

to

limit

pollutant

sources

and

acceptable

in

many

cases

and

is

compatible

with

-the

adaptive

approach

modify

other

stressors

to

reach

attainment

of

a

designated

use.

This

to

TMDLs

described

in

Chapter

5.

chapter

discusses

the

necessity

for

and

limitations

of

models

and

other

Highly

detailed

models

are

expensive

to

develop

and

apply

and

may

predictive

approaches

in

the

TMDL

process.

Thus

it

directly

addresses

be

time

consuming

to

execute.

Much

of

the

concern

over

costs

of

the

committees

charge

of

evaluating

the

TMDL

programs

information

Tlv1DLs

appears

to

be

based

on

the

assumption

that

detailed

modeling

needs

and

the

methods

used

to

obtain

information.

I

techniques.

will

be

required

for

most

TMDLs.

In

the

quest

to

efficiently

allocate

TMDL

resources

states

should

recognize

that

simpler

analyses

i

can

often

support

informed

decision-making

and

that

complex

modeling

studies

should

be

pursued

only

if

wan-anted

by

the

complexity

of

the

68
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analytical

problem.

More

complex

modeling

will

not

necessarily

assure

Box

4-2

lists

desirable

model

selection/evaluation

criteria

in

considera-that

uncertainty

is

reduced

and

in

fact

can

compound

problems

of

un-

tion

of

the

decision

support

role

of

models

in

the

TMDL

process.

The

certain

predictions.

As

discussed

below

accounting

for

uncertainty

and

list

is

intended

to

characterize

an

ideal

model.

Given

the

limitations

of

representingwatershedprocesses

are

two

of

the

possible

criteria

that

existing

models

it

should

not

be

viewed

as

a

required

checklist

for

at-need

to

be

considered

when

selecting

an

analytical

model

for

TMDL

de-

tributes

that

all

present-day

TMDL

models

must

have.

velopment.

EPA

has

supported

TMDLs

which

are

typically

evaluated

through

predictive

modeling

water

quality

model

development

for

many

years

and

along

with

the

U.S.

Geological

Survey

USGS

the

U.S.

Army

lead

to

decisions

concerning

controls

on

pollutant

sources

or

other

stres-

Corps

of

Engineers

and

the

U.S.

D

artment

of

A

sors.

Thus

models

used

in

TMDL

analysis

provide

decision

support.

Department

griculture

is

responsi-
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r.

r

i
x.

A

t

s

r

V

ble

for

most

models

currently

being

applied

for

TMDL

development.

firn

.

v

Modela8elýacttott-77jjiGiitqýlý.Agency-wide

EPA

has

funded

model

development

and

technology

trans-zt

ýri4r

fer

activities

for

a

wide

range

of

models.

The

greatest

concentration

of

.ipApredl

ve

m

deleýauld

tfroadlyjdeiýed$b

e

ý

lrldinatical

this

effort

has

1

ý

1

_

ss

been

at

the

Center

for

Exposure

Assessment

Modeling

axpjressiq

sranilnit

9ttitlfi

udý

l
IAPted

Tutl7L

eclslotifattd

a

.

r

%_

CEAM.

In

contrast

to

the

broad

perspective

found

within

EPA

as

a

paitýliie

eX

piaq

atitiulQ

.kwvetf.t

mQ

iilf

ýwrý

e
riiiljos

whole

CEAM

has

demonstrated

a
clear

preference

for

mechanistic

mod-77te

opus

fh

ý
t

i
qq

endp

ýgIhned

els

as

evidenced

by

their

adoption

of

the

BASINS

modeling

system

c9i.c

srl

ýY

iý.Nlý..n

4P

r.

ýa.

nagemeiqý

pUonsd

vaitebýes

.

t

EPA

2001

as

the

primary

TMDL

modeling

framework

hlsy

eansA

ndt

ýesl

ý8

efl

g

8

inla

Jý

N

Iluta

r

qp0

Q

Models

developed

at

the

CEAM

and

incorporated

into

BASINS

ýt

.

.ý.ýý.

latlon

ra

gfe

.
ý.

_

ý

Ire

ý
ý.

Aý

_

s

_ien

oleo

ti

place

high

priority

on

correctly

describing

key

processes

which

is

re-l

Y

lated

to

but

different

from

model

selectioncriterion

2
see

Box

4-2.

Is

co

.tae

aP

ý

r

Its-

is

important

to

recognize

that

placing

priority

on

ultimate

process

d

r

r

scription

often

will

come

at

the

expense

of

the

other

model

selection

cri-teria.

For

one

thing

an

emphasis

on

process

description

tends-to

favor

PrRcess

ctia

Cte

tfq

iVgte

in

GIs

trm
l
6atr

at.thatthqutioýd

gar

iepC

sent

3-

.Yetýea

tlaixil

complex

mechanistic

models

over

simpler

mechanistic

or

empirical

Y

1ýN

Z

1v

ý/

i

C

untie

titieecnie

.
h

models

and

may

result

in

analyses

that

are

more

costly

than

is

necessary

t

for

effective

de

i

5i

ýf.

1

c

sion-making.

In

addition

physical

chemical

and

bio-.

_

ark.

aG

f-

4ýrr

lid

item

teP.4

t

Ný.

y2

a

logical

processes

in

terrestrial

and

aquatic

environments

are

far

too

com-roltnaicgsae

40

P

lacýrigwleýg

iti

rdklonunQ

rtat

Pty

td

un

to

Plex

to

be

conceptuallyunderstood

or

fully

represented

in

even

the

most

rnalie

triri

yariousR

anag

nen4ýpptiolisý

toed

dergý

0

Vat

a
rid

Vat

ýo

optio

_

j
patdtailow

Y1ýýlat

tl
triem9ofapto

th

detsa

si.

complicated

models.

For

the

purposes

of

the

TMDL

program

the

rit

eels

do

afire

t

teclrcuo

ns

aired

P

R.

t

nary

purpose

of

modeling

should

be

to

support

decision-making.

Our

P

Qir

5

inability

to

completely

describe

all

relevant

processes

can

be

accounted

for

by

quantifying

the

uncertainty

in

the

model

predictions.

lýpl$m

y1

pr

1ýdrýýýi4tl

r

but

ro

Ma

eji

atar

n

a
j
ti

ChapterS

eq

slit
t

UNCERTAINTY

ANALYSIS

IN

WATER

QUALITY

MODELS

eý

tta

ttl

ble

e

are

The

TMDL

program

currently

accounts

for

the

uncertainty

embed

su

tfatalat

ded

in

the

modeling

exercise

by

applying

a

margin

of

safety

MOS.

As

a

discussed

in

Chapter

1
the

TMDL

can

be

represented

by

the

following

equation

ýqýto

tila.

ý

4
.1ý

j

TMDL

EWLA

ELA

MOS

This

states

that

the

TMDL

is

the

sum

of

the

present

and

near

future

load

of

pollutants

from

point

sources

and

nonpoint

and

background

sources

to

receiving

waterbodies

plus

an

adequate

margin

of

safety

MOS

needed

to

attain

water

quality

standards.

mode

One

possible

metric

for

the

point

source

waste

load

allocation

EWLA

and

the

nonpoint

source

load

allocation

ELA

is

mass

per

unit

time

where

time

is

expressed

in

days.

However

other

units

of

time

may

RB-AR15853
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actually

be

more

appropriate.

For

example

it

may

be

better

to

use

a

sea-

Model

prediction

error

can

be

assessed

in

two

ways.

First.

Monte

son

as

the

time

unit

when

the

TMDL

is

calculated

for

lakes

and

reser-

Carlo

simulation

can

be

used

to

estimate

the

effect

of

model

parameter

voirs

or

a

year

when

contaminatedsediments

are

the

main

stressor.

error

model

equation

error

and

initial/boundary

condition

error

on

pre-EPA

1999

gives

additional

ways

in

which

a

TMDL

can

be

ex-

diction

error.

This

process

is

data-intensive

and

may

be

computationally

pressed

unwieldy

for

large

models.

A
second

and

simpler

alternative

is

to

com-pare

predictions

with

observations

although

the

correct

interpretation

of

the

required

reduction

in

percentage

of

the

eat

pollution

load

this

analysis

is

not

as

straightforward

as

it

may

seem.

If

a

model

is

i

m
_

overftted

to

calibration

data

and

the

test

or

verification

data

are

not

Q.atSarn

and

maintain

water

qu

alftY

star

ar

the

required

reduction

of

pollutant

load

to

attain

and

maintain

ri-

substantiallydifferent

from

the

calibration

data

the

prediction-observa-parian

biological

channel

or

morphologicalmeasures

so

that

water

don

comparison

will

underestimate

the

prediction

error.

The

best

way

to

quality

standards

are

attained

and

maintained

or

avoid

this

is

to

obtain

independentverification

data

substantiated

with

-

the

pollutant

load

or

reduction

of

pollutant

load

that

results

from

statistical

comparison

between

calibration

data

and

verification

data.

modifying

a

characteristic

of

a

waterbod

To

date

we

are

aware

of

no

thorough

error

propagation

studies

with

channel

8

y

riparian

water

the

mechanistic

models

favored

by

EPA

by

thorough

we

mean

that

all

qstandards

are

geomorphologic

attained

or

and

chemical

characteristicsmaintained.

iaso
o

that

water

errors

and

error

covariance

terms

are

estimated

and

are

plausible

for

the

quality

application.

Further

the

track

record

associated

with

even

limited

un-The

MOS

is

sometimes

a

controversial

component

of

the

TMDL

certainty

analyses

is

not

encouraging

for

water

quality

models

in

general.

equation

because

it

is

meant

to

protect

against

potential

water

quality

Among

empirical

models

only

the

relatively

simple

steady-state

nutrient

standard

violations

but

does

so

at

the

expense

of

possibly

unnecessaryinput-output

models

have

undergone

reasonably

thorough

error

analyses.

pollution-

controls.

Because

of

the

natural

variability

in

water

quality

For

example

Rcckhow

and

Chapra

1979

and

Reckhow

et

a.

1992

parameters

and

the

limits

of

predictability

a

small

MOS

may

result

in

report

prediction

error

of

approximately

30

percent

to

40

percent

for

nonattainment

of

the

water

quality

goal

however

a

large

MOS

may

be

cross-system

models

that

predict

average

growing

season

total

phospho-inefficient

and

costly.

The

MOS

should

account

for

uncertainties

in

the

rus

or

total

nitrogen

concentration

based

on

measured

annual

loading.

data

that

were

used

for

water

quality

assessment

and

for

the

variability

of

Prediction

errors

are

likely

to

be

higher

for

applications

based

on

esti-background

natural

water

quality

contributions.

It

should

also

reflect

mated

or

predicted

loading.

Prediction

error

will

be

higher

still

when

the

reliability

of

the

models

used

for

estimating

load

capacity.

these

simple

models

are

linked

to

statistical

models

to

predict

chlorophyll

Under

current

practice

the

MOS

is

typically

an

arbitrarily

selected

a

Secchi

disk

transparency

or

an

integrativemeasure

of

biological

end-numeric

safety

factor.

In

other

cases

a

numeric

value

is

not

stated

and

points

rather

conservative

choices

are

made

about

the

models

used

and

the

ef-

Most

error

analyses

conducted

on

mechanistic

water

quality

models

fectiveness

of

best

management

practices.

Consistent

with

our

concerns

have

also

focused

on

eutrophication

so

relatively

little

is

known

of

pre-NRC

2000

notes

that

since

parameters

involved

in

the

TMDL

detetmi-

diction

error

for

toxic

pollutants

microorganisms

or

other

important

nation

are

probabilistic

and

the

MOS

is

a

measure

of

uncertainty

the

stressors.

In

one

of

the

few

relatively

thorough

error

propagation

studies

MOS

should

be

determined

through

a

formal

uncertainty

and

error

Di

Toro

and

van

Straten

1979

and

van

Straten

1983

used

maximum

propagation

analysis.

There

is

also

a

compelling

practical

reason

for

ex-

likelihood

to

determine

point

estimates

and

covariances

for

parameters

in

plicit

and

thorough

quantification

of

uncertainty

in.

the

TMDL

via

the

a

seasonal

phytoplankton

model

for

Lake

Ontario.

Of

particular

note

MOS---reduction

of

the

MOS

can

potentially

lead

to

a

significant

reduc-

they

found

that

prediction

error

decreasedsubstantially

when

parameter

tion

in

TMDL

implementation

cost.

On

this

basis

alone

EPA

should

covarianees

were

included

in

error

propagationunderscoring

the

impor-place

a

high

priority

on

estimating

TMDL

forecast

uncertainty

and

on

tance

of

including

covariance

terms

in

error

analyses.

This

result

oc-selecting

and

developing

TMDL

models

with

minimal

forecast

error.

cuffed

because

while

individualparameters

might

be

highly

uncertain

specific

pairs

of

parameters

e.g.

the

half

saturationconstant

and

the

maximum

growth

rate

in

the

Michaelis-Menten

model

may

vary

in

a
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predictable

way

expressed

through

covariance

and

thus

may

be

collec-

to

assess

model

prediction

error.

TMDL

model

choice

is

currently

tively

less

uncertain.

Di

Toro

and

van

Straten

found

the

prediction

coef-

hampered

by

the

fact

that

relatively

few

models

have

undergone

thor-ficicnt

of

variation

to

range

from

8
percent

for

nitrate-N

to

390

percent

ough

uncertainty

analysis.

Postimplementation

monitoring

at

selected

for

ammonia-N

with

half

of

the

values

falling

between

44

percent

and

sites

can

yield

valuable

data

sets

to

assess

the

ability

of

models

to

relia-91

percent.

Zooplankton

prediction

errors

tended

to

be

much

higher.

bly

forecast

response.

Large

or

complex

models

that

pose

an

over-Beck

1987

found

that

the

error

levels

cited

in

these

studies

are

typical

whelming

computational

burden

for

Monte

Carlo

simulation

are

particu-of

those

reported

elsewhere.

There

is

evidence

to

suggest

that

the

current

larly

good

candidates

for

this

assessment.

models

of

water

quality

in

particular

the

larger

models

are

capable

of

generating

predictions

to

which

little

confidence

can

be

attached

Beck

1987.

MODELS

FOR

BIOTIC

RESPONSE

A

CRITICAL

GAP

The

need

for

understanding

the

prediction

uncertainty

of

chosen

models

is

not

new.

Indeed

recent

TMDL

modeling

and

assessment

The

development

of

models

that

link

stressors

such

as

chemict

guidance

from

EPA

often

mentions

the

importance

of

formal

uncertainty

pollutants

changes

in

land

use

or

hydrologic

alterations

to

biological

analysis

in

determining

the

MOS

EPA

1999.

However

EPA

has

con-

responses

is

a

significant

challenge

to

the

use

of

biocriteria

and

for

the

sistently

failed

to

either

recommend

predictive

models

that

are

amenable

TMDL

program.

There

are

currently

no

protocols

for

identifying

stres-to

thorough

uncertainty

analysis

or

provide

adequate

technical

guidance

sor

reductionsnecessary

to

achieve

certain

biocriteria.

A

December

for

reliable

estimation

of

prediction

error.

2000

EPA

document

EPA

2000

on

relating

stressors

to

biological

con-dition

suggests

how

to

use

professional

judgment

to

determine

these

re-lationships

but

it

offers

no

other

approaches.

As

discussed

below

in-Conclusions

and

Recommendations

formed

judgment

can

be

effectively

used

in

simple

TMDL

circum-stances

but

in

more

complex

systems

empirical

or

mechanistic

models

1.

EPA

needs

to

provide

guidance

on

model

application

so

that

may

be

required.

thorough

uncertainty

analyses

will

become

a

standard

component

of

There

have

been

some

developments

in

modeling

biological

re-TMDL

studies.

Predictionuncertainty

should

be

estimated

in

a

rigorous

sponses

as

a

function

of

chemical

water

quality.

One

approach

attempts

way

and

models

should

be

evaluated

and

selected

considering

the

pre-

to

describe

the

aquatic

ecosystem

as

a

mechanistic

model

that

includes

diction

error

need.

The

limited

error

analysis

conducted

within

the

the

full

sequence

of

processes

linking

biological

conditions

to

pollutant

QUAL2E-UNCAS

model

Brown

and

Barnwell

1987

was

a

start

but

sources

this

typically

results

in

a

relatively

complex

model

and

depends

there

has

been

little

progress

at

EPA

in

the

intervening

14

years.

heavily

on

scientific

knowledge

of

the

processes.

The

alternative

is

t

build

a

simpler

empirical

model

of

a

single

biological

criterion

as

a

func-ý

2.

The

TMDL

program

currently

accounts

for

the

uncertainty

tion

of

biological

chemical

and

physical

stressors.

Both

approaches

embedded

in

the

modeling

exercise

by

applying

a

margin

of

safety

have

been

pursued

in

research

dating

back

at

least

30

years

and

there

has

MOS

EPA

should

end

the

practice

of

arbitrary

selection

of

the

been

some

progress

on

both

fronts.

One

promising

recent

approach

is

to

MOS

and

instead

require

uncertainty

analysis

as

the

basis

for

MOS

combine

elements

of

each

of

these

methods.

For

example

Box

4-3

de-determination.

Because

reduction

of

the

MOS

can

potentially

lead

to

a

scribes

a

probability

network

model

that

has

both

mechanistic

and

em-significant

reduction

in

TMDL

implementation

cost

EPA

should

place

a

pirical

elements

with

meaningful

biological

endpoints.

high

priority

on

selecting

and

developing

TMDL

models

with

minimal

Advances

in

mechanistic

modeling

of

aquatic

ecosystems

have

oc-forecast

error.

curred

primarily

in

the

form

of

greater

process

especially

trophic

detail

and

complexity

as

well

as

in

dynamic

simulation

of

the

system

Chapra

3.

Given

the

computationaldifficulties

with

error

propagation

1996.

Still

mechanistic

ecosystem

models

have

not

advanced

to

the

for

large

models

EPA

should

selectively

target

some

postimplemen-

point

of

being

able

to

predict

community

structure

or

biotic

integrity.

tation

TMDL

compliance

monitoring

for

verification

data

collection

Moreover

the

high

level

of

complexity

that

has

been

achieved

with

this
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t

approach

has

made

it

difficult

to

use

statistically

rigorous

calibration

and

more

difficult

issue

is

that

of

gaining

assurance

of

a

cause-effect

methods

and

to

conduct

comprehensive

error

analyses

Di

Toro

and

van

relationship

between

chemical

predictors

and

biotic

metrics.

The

con-

of

empirical

models

of

biotic

condition

would

benefit

greatly

Straten

1

Beck

1987.

from

1

observational

data

that

show

the

effects

of

changes

in

chemical

The

empirical

Thmpi

Brical

approach

depends

on

a

statistical

equation

.i

which

over

a

time

period

when

other

factors

have

remainec.

the

biocriterion

is

estimated

as

a

function

of

a

stressorvariable.

Success

concentrations

relatively

constant

and

2

inclusion

of

as

many

factors

that

are

relevant

with

this

empirical

approach

has

been

primarily

limited

to

models

of

to

biotic

condition

as

possible.

The

latter

of

course

increases

the

re-rotatively

simple

biological

metrics

such

as

chlorophyll

a

Peters

1991

quirement

for

observational

data.

Despite

these

limitations

in

the

near

Reckhow

et

al.

1992.

For

reasons

that

are

not

entirely

clear

empirical

models

of

higher-level

biological

variables

such

as

indices

of

biotic

in-

term

empirical

models

may

more

easily

fill

the

need

for

biological

re-tegrity

have

not

been

widely

used.

Regressions

of

biotic

condition

on

sponse

models

than

would

mechanistic

models.

chemical

water

quality

measures

are

potentially

of

great

value

in

TMDL

development

because

of

their

simplicity

and

transparent

error

character-istics.

Two

accuracy

issues

however

need

to

be

considered.

First

is

the

Conclusions

and

Recommendations

obvious

question

of

whether

the

level

of

statisticalcorrelation

between

1.

EPA

should

promote

the

development

of

models

that

can

biotic

metrics

and

pollutant

concentrations

is

strong

enough

that

predic-

more

effectively

link

environmentalstressors

and

control

actions

to

tion

errors

will

be

acceptable

to

regulators

and

stakeholders.

A

second

biological

responses.

Both

mechanistic

and

empirical

models

should

be

ý6
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explored

although

empirical

models

are

more

likely

to

fill

short-term

needs.

Such

models

are

needed

to

promote

the

wider

use

of

biocriteria

at

the

state

level

which

is

desirable

because

biocriteria

are

a

better

indica-for

of

designated

uses

than

are

chemical

criteria

Ni

zy.tý_tiBOX

IT

ADDITIONAL

MODEL

SELECTION

ISSUES

Wýýt00rý4ýreq

.mp
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The

use

of

complex

mechanistic

models

in

the

TMDL

program

is

ro

iý

9

rt

r

warranted

if

it

helps

promote

the

understand

aM

rn

t

r

tng

of

complex

systems

as

tilitltieoýtnýýpaa

ýý
ýýtý

ý

.

ý

.

.
i

tub

long

as

uncertainties

in

the

results

are

reported

and

incorporated

into

de-

bd

es

2iirtiitile

piecls

e.

cision-making

However

there

may

be

a

tendency

to

use

complexeVaýatitealilsfeilIydJ

ýK

dpi

mechanistic

models

to

conduct

water

quality

assessments

in

situations

t

ýý
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4
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with

little
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water

quality

data

and/or

involving

major

rernediationexpenditures

or

legal

actions.

these

situations

there

is

usually

a

com-

-

1
-

t

mon

belief

that

the

expected

realism

in

the

model

can

compensate

for

a

ýY71mblentWabsQtiallt

tFar

lack

of

data

and

the

y

rF

Y

ata4

ýqui

ginupaederaf

e
p$

11

complexity

of

the

model

gives

the

impression

of

bllArgaifýatlciisi

1

4e

credibility.

However

given

that

uncertaintydatarýutaii1lheselataere

tile

da

eWI

er

s4ývatirila

in

models

is

likely

to

be

ex-

ttieýllSG$ýa

d

ftemet7partlci

i

ltiaiBum

acerbated

by

a

lack

of

data

the

recommended

strategy

is

to

begin

F

ý

Pu84

theteýaFýioaGnfiieisaJ

poONd

ps

with

a

q
o

l7RETda

ba

ace

simple

modeling

study

and

iteratively

expand

the

analysis

as

needs

and

new

information

dictate.

ýr

ý

ti

1Hiu6Js

waý

when

t

ý

ý

u

for

ý

$ýttftiesq

For

example

a

simple

analysis

using

models

like

those

d
escribed

rx

EPA

Mills

et

al.

1985

as

screening

procedures

by

use

i
faý

ores

could

be

low

run

quickly

at

standpro

rýr

ý

fý

g

I..

g.ta

cost

to

begin

to

understand

the

issues.

This

understand

t

vaAa

fiiaa

Ia0

f
e

d

ý

perhaps

understanding

mi

h

T

P.ý

tarn

ýl

elf

ý

Mddd

5..

def

through

sensitivity

analysis

that

data

should

be

col-

S

suggest

kmtýondrltr0

r

ý

r

GI

tcd

lec

on

current

land

use

or

that

a

limited

monitoring

program

is

war-

r

41

use

a

$o

die

k

tavelNpa3ti

it

ranted.

Following

acquisition

of

that

information/data

a

revised

per-

1

0.1

rru

.v

tW

ýedý

of

l

haps

more

detailed

model

could

be

developed.

This

might

result

in

the

ýý

nalbs

ltle

qq

t

these

ýný

TMDL

to

be

further

woo

tel.

Wý

1týhp1p..

ý

ý.ý

ý

ý

wI

.

Sa

.Su

cr

evaluated

using

adaptive

implementation

as

de-

pukhei

aU1UieA9

a

-

scribed

in

Chapter

5
or

it

might

lead

to

further

data

collection

and

re-

t

y

finement

of

the

model.

This

strategy

for

data-

a

g
kg.Y

tb

poor

situations

makes

efli-

ý

.

ýý

r

ý

cient

use

of

resources

and

targets

the

effort

toward

information

and

mod-e

will

reduce

uncertainty

as

the

s

Igo

Al

ls

that

the

analysis

proceeds.

ýý-

ý

ýý

ý.

ý

ý

to

The

data

required

for

TMDL

model

development

will

be

a

function

Nd

1

týffle

d

lity

criterion

and

its

location

and

the

analytical

proca

u

Ib

.

.

a

Mim.

dares

used

to

rdafe

the

1stressors

to

ýy

the

criterion.

Data

needs

may

include

hydrology

streamflow

precipitation

ambient

water

quality

measures

and

land

use

and

elevation

in

a

watershed

see

Box

4-4

for

more

infor-L1
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mation.

TMDL

development

will

also

likely

require

data

on

point/

non--F

-l

..

-

ý-

g1F.lý.

ia.

i.....

.1ý

1-

i.lrýr-

point

sources

and

pollutant

loads

atmospheric

deposition

the

effective-

BoXý

tiritiia

ness

of

current

best

management

practices

and

legacy/upstream

llut-Ys

T
t

z6

ant

sources.

Because

the

amount

of

available

data

varies

with

site

them

.j

piripo

ritr6bu

s0e

n5poquati

býdýtý/plýý

PCý1ts

itrtýsSS

LL

t

is

no

absolute

minimum

data

requirement

that

can

be

universally

set

for

rehti

Flesatplrali36ieaýIirtitBthaPdtaxtsoýorrit.

ý3ýjýbýýapaittYzf

us

du

091hpgFifloyy

6Frragn

jlxsyeq..

ejioNforfrtg

tie

ý

tiepUentyr

TMDL

development.

Data

availability

is

one

source

of

uncertainty

in

the

t

gpduceý

orýtno1ýitiint

you

etii

deýr%

iicn

najENCsýXaiý

development

of

models

for

decision

support.

Although

there

are

other

todteýýhloaý

ýqgs

7

ei

ye

iaa

sources

of

uncertainty

as

well

models

should

be

selected

smple

vs.

n
eiliasl

t18

I

I

CE

m.

pSkitý

complex

in

part

based

on

the

data

available

to

support

their

use.

Simple

vs.

Complex

Models

posm11Ieýgý

ml4atiotlatitren

ki

T
b

ýrgaUOt

M

-

The

model

selection

criteria.

concerning

cost

flexibility

adaptability

PtFta

t

nllný

ik9er

Gtiýe

testkýetiaId

fameiers

wave

r
ate

ed

alrsheis

4a

iryesý

ie

a

ýllpoil

and

ease

of

understanding

Box

4-2

all

tend

to

favor

simple

models

al-theipoiutatt

.ofco.n

ranj

I
spe

c

rms

atýd

erpla

$igtheet

they

may

fail

to

adequately

..

au

though

y

y

satisfy

the

first

criterion.

There

are

a

erjc

iltitiutba

toanyý

sln4lscoiri

many

situations

however

when

an

exceedingly

simple

model

is

all

that

iic

tg

factors

s

4a

sotialafi

valglipgivinslaný

im

10

is

7

r

fro

needed

for

TMDL

development

particularly

when

combined

with

uunp

goýtrcs

i7
ljus

ajlaiRepxiItyRodtTentlelafnPartsiotnlortal

pat

rtes

v
l

einc

te

ar

pie

.aithoyg

s

anilýant

as

been

adaptive

implementation

to

be

discussed

in

Chapter

5.

For

example

it

onw-.ITgrvtoi

heasten

tinNed

Statesb

n
..q

intGaua

o

m

Uie

is

not

uncommon

in

many

states

for

farm

fields

to

straddle

small

streams

a

tlFknpact

mii$

u

ea

telsewh

tb

Q

cows

being

allowed

a

y
r

i

em

tatileý

..

u

..-st.

947

with

g

ed

to

freely

graze

in

and

around

the

stream

If

a

s

p.

t
off.

ý

downstream

water

quality

standard

is

violated

a

simple

mental

model

linking

the

cows

to

the

violation

and

subsequent

actions

in

which

the

ryae

4
ý
ps

ctý.

4

a

first

step

might

be

to

limit

cow

access

to

the

riparian

corridor

wmay

ulti-eithyerklto9N-

.i

as

atfiýtititio

bpy

ei9i

R

mately

be

sufficient

for

addressing

the

impairment.

This

example

is10

rrn

aa

Y..

i.

ri

R.n

P
ems

ýd

i

flt8

ý
r

ýa

certainly

not

intended

to

suggest

that

all

TMDLs

will

be

simple

but

it

t
e

j-

fr

ý

e1ý8

n

does

suggest

the

value

of

simple

analyses

and

iterativeimplementation.

o

S

Box

4-5

presents

a

relatively

simple

modeling

exercise

based

on

a

sta.

tistical

rather

than

mechanistic

model

that

was

used

successfully

to

de-..

velop

a

TMDL

for

clean

sediment.

A

elan

r

l

i

With

regard

to

mechanistic

models

there

is

no

intrinsic

reason

to

lfldi

CýiaA

hd

to

fj

e

ptdý

t-A

COQ

choose

the

or

4r

to

aký

n

men

to

particular

scales

that

have

become

the

basis

for

representing

a

i

to

ný

la

processes

in

the

majority

of

mechanistic

water

quality

models.

As

an

alternative

Borsuk

ct

al.

2001

have

shown

that

it

is

possible

to

specify

tttas

_

-

MP

relatively

simple

mechanisticdescriptions

of

key

processes

in

aquatic

via

ý

st

r

ecosystems

which

limits

the

dimension

of

the

parameter

space

so

that

parameters

may

be

estimated

using

least

squares

or

Bayesian

methods

on

the

available

data.

The

SPARROW

model

Smith

et

al.

1997

is

another

-

more

statistically

based

alternative

that

includes

terms

and

functions

that

reflect

processes.

These

efforts

suggest

that

fruitful

research

direction

for

the

TMDL

program

is

the

development

of

models

that

are

based

on

RB-AR15858
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1t

_f

j
rFyýC

BOX-

r15iýx

f
ý

rýaý.

.
jt

process

understanding

yet

are

fitted

using

statistical

methods

on

the

ob-i

kvn

ý ý

ttlsq

of

a

Im

leEm

Itieý

Ilriýdil

ý1ý

servational

data.

u9ndedSedlmQnN1atlneýrelativel

tl

eýfo

r

de

S

pl

pL

su

bat3

ý

r

a4

I
aFY

Pilot

WatershedsfMDt.applications

Is

a

staUaýi

el

egressio

oaivate

ýgtlaýiifý

adjp

n

rieoC

mareýpredictor

var1abtesr

ýliýfndlcatoj

ma

belelthet..ttte.

Uutant

me

l
nýth5

y

rt1.

ý

A-

ý
l

L

.

A.

ve

sF

Q
or

trelal

C.W

tut

tA

ta

gdmfitc

deteim

ne

pall-ertC.tut

Another

approach

to

consolidate

modeling

efforts

and

develop

a

s

g

P

.TMbltaneyal

s

a

devtilo7MD

or

TMDLs

more

efficiently

is

the

pilot

watershed

concept.

Many

TMDLs

pana-

medimjnttf

114

pýý.

e

ePMa

coq.

88j

dastgn

tedtilse.

involve

small-

to

medium-sizedwatersheds

that

have

a

dominating

non-tetlirvat8rliotNNeso$aoppo

aYryy

to

tie

-

at

Iota

peclaliyttoýprovde

llgtft-guall

p

ripareas

l-flown

ut

point

source

pollution

problem

e.g.

the

Corn

Belt

region

watersheds

4

Lý

3

robe

1.

i

rt.

fionl

tttoarby

roervoi

7tie

d
ivotr

d

the

rtverx

ai7a

ý.

do

draining

forested

areas

or

suburban

watersheds.Watersheds

located

it

a11tyslyzlytglýheeecaýkspepdededýiienIrdorýliýs.Itttpl

the

same

ecoregion

may

have

similar

water

quality

problems

and

sob

1

M

1

fWJ

YN

DLN

I

t-cfib

he

ctelse

lobo

tem

sý

tions.

Thus

a

detailed

modeling

study

of

one

or

two

benchmark

water-ra

atlca

virltti

90111

rtisgpýItr

iiN

radr7ýtreams

ý-a

rev

rrJ

r

a

ý7ýary

y

d..

ý1-tý

.r

jý

sheds

can

vide

problem

identification

and

solutions.

These.

findings

itýare

Jgwet

at

any

p

n
U

ýttmt

ee

cttpamsr.Dyy1an

dtqýlmpalig

provide

uperidedeet

Iq

n
afo

ielj

iatapestýoi

ilie

h

dtogreph

could

potentially

be

extrapolated

to

less

investigated

but

similar

water-.

no.

r

o
r

c44

ýý

Important

blobell

ý

I

develo

tý

n

1...i

sheds.

To.

p
asedi

nt

TMQL

BNNfls.site

modele

dor

ap

ecj

th8

iation-hýPof

1sediment

concenitafiois

lo

streamtlovv

jlcnown

as.ti1li

a

rmerif

rating

wivej

at

ttie

lmpalreii

sit

.toiýhetkorresponitingdlmeitliating

irve

oran

j

UnimpairedJeftirerii

efaRe

tRatlrtg

rvesiwereite

elopedb

regrpaedi

Conclusions

and

Recommendations

ment

concentrationtort

treatnf

ow.

n
Ute

cas

otAgep

ieektheiaedltnen

t10V/

la

r

ý

r

r

fe

tionship

.

proximately

ttnearlwlth

pslopg

fil

ptgl

perRsecr

If

accompanied

by

uncertainty

analysis

many

existing

models

can

be

Based

rR

ia8ng

cutateýs

for

refere

Jrroeýatres

oirrnla

s
ý

a
aretl

Ffico

.99

a
.

j99

la

used

to

develop

TMDLs

in

an

adaptive

implementationframework.

ý..PRpt4

b@f

Qtae

rnua

fQaIP

MDLt

mplementattoýilsltoIower.ýthoiDeepýCree

fietlo

hi

utl

aýf

porolt

Adaptive

implementationdiscussed

in

detail

in

Chapter

5.

will

allow

for

totttbapprgvpdJýAQtinpneggmenZplan

ce

kiýcltanndlxmiidRAW

leindii

both

model

development

over

time

and

the

use

of

currently

available

titldt

tcomhlna4dp

f
iipTNA

prt9zi

MP

DI

p
c

data

and

methods.

It

provides

a

level

of

assurance

that

the

TMDL

will

laedMlent

curVeýodrpoýithbIýen

ultimately

be

successful

p
essful

even

with

high

initial

forecast

uncertainty.

w
t

.

4a

bmeasuroo

PVT

a

ra

ttiV

alp

I
the

1

ad_.

i

4

1

g

DS.

.

ý

.

ý

-Dýýu

ýo

1
3

griiate

en

sacmpliktiedthQSfttya

t

rttfýS1paý

pa

tietrex

edregiesslo

n

n
d

1.

EPA

should

not

advocate

detailed

mechanistic

models

ft

a
IS

.c

ý

rýa--

r.

.r

r..t

i117f

t

T_..

YlnAýetttftfai0fsca

kt

iý9iie

IrýItelpe

crý

rata

TMDL

development

in

data-poor

situations.

Either

simpler

possibly

t1iýicaft

ritidýtti

U

t

e
a

tarat

ý4a

i
...

k

judgmental

models

should

be

used

or

preferably

data

needs

should

be

ce.

n

ere

a

ý

t
xjr-

anticipated

so

that

these

situations

are

avoided.

The

strategy

of

ac-i

ýTtte

vt

flfpl

counting

for

data-limited

TMDLs

with

increasingly

detailed

models

esvi

rkR

ý

ID-

\.

VA

yMIDI

1.

ýTti

ý

a

t
In

various

forms

pilot

watersheds

have

for

years

been

the

basis

for

under-

ý.

y

standing

land

use

impacts

on

water

quality.

The

concept

is

implicit

in

the

ac-r

ceptance

and

use

of

export

coefficients

for

pollutant

load

assessment.

A

promi-nent

example

is

the

series

of

PLUARG

Pollution

from

Land

Use

Activities-I

Reference

Group

studies

to

determine

the

total

loads

of

pollutants

to

the

Great

Lakes.

The

group

used

several

pilot

watersheds

on

each

side

of

the

border

and

extrapolated

the

detailed

monitoring

and

modeling

results

into

the

entire

Great

Lakes

basin.
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needs

rigorous

verification

before

it

should

be

endorsed

and

imple-

trol

District

and

URS

Greiner

Woodward

Clyde

in

cooperation

with

EPA

mented.

Starting

with

simple

analyses

and

iteratively

expanding

data

Office

of

Water

Washington

DC.

Users

Guide

and

CD.

.collectio

and

modeling

as

the

need

arises

is

the

best

approach.

Beck

M.

B.

1987.

Water

quality

modeling

a

review

of

the

analysis

of

uncer-tainty.

Water

Resources

Research

231393-1442.

Beven

K.

J.

1996.

A

discussion

of

distributedhydrological

modeling.

Distrib-2.

EPA

needs

to

provide

guidance

for

determining

the

level

of

utcd

hydrological

modeling.

M.

B.

Abbott

and

J.

C.

Refsgaard

Ed.

Dor-detail

required

In

TMDL

modeling

that

is

appropriate

to

the

needs

drecht

Netherlands

Kluwer

Academic

Publishers.

pp.

255-278.

of

the

wide

range

of

TMDLs

to

be

performed.

The

focus

on

detailed

-

Borsuk

M.

E.

2001.

A

Probability

Bayes

Network

Model

for

the

Neuse

Estu-mechanistic

models

has

resulted

in

complex

costly

time-consuming

ary.

Unpublished

Ph.D.

dissertation.

Duke

University.

modeling

exercises

for

single

TMDLs

potentially

taking

away

resources

Borsuk

M.

E.

C.

A.-Stow

D.

Higdon

and

K.

H.

Reckhow.

2001.

A

Bayesian

from

hundreds

of

other

required

TMDLs.

Given

the

variety

of

existing

hierarchical

model

to

predict

benthic

oxygen

demand

from

organic

matter

watershed

and

water

quality

models

available

and

the

range

of

relevant

loading

in

estuaries

and

coastal

zones.

Ecological

Modeling

In

press.

model

selection

criteria

EPA

should

expand

its

focus

beyond

mechanis-

Brown

L.

C.

and

T.

O.

Barnwell

Jr.

1987.

The

enhanced

stream

water

qual

tic

process

models

to

include

simpler

models.

This

will

support

the

use

models

QUAL2E

and

QUAL2E-UNCASdocumentation

and

user

manual.EPA-600/3-87/007.

Athens

GA

EPA

EnvironmentalResearch

Labors-of

adaptive

implementation.

tors

Chapra

S.

C.

1996.

Surface

Water

Quality

Modeling.

New

York

McGraw-3.

EPA

should

support

research

in

the

development

of

simpler

Hill.

844

p.

mechanistic

models

that

can

be

fully

parameterized

from

the

avail-

Di

Toro

D.

M.

and

G.

van

Straten.

1979.

Uncertainty

in

the

Parameters

and

able

data.

This

would

lead

to

models

that

meet

several

model

selectionPredictions

of

Phytoplankton

Models.

Working

Paper

WP-79-27

Interna-criteria

present

in

Box

4-2

such

as

consistency

with

theory

assessing

tional

Institute

for

Applied

Systems

Analysis

Laxenburg

Austria.

uncertainty

and

consistency

with

available

data.

Endicott

C.

L.

and

T.

E.

McMahon.

1996.

Development

of

a

TMDL

to

reduce

nonpoint

source

sediment

pollution

to

Deep

Creek

Montana.

Report

to

4.

To

more

efficiently

use

scarce

resources

EPA

should

approve

Montana

Department

of

Environmental

Quality

Helena

Montana.

Montana

the

use

of

pilot

watersheds

for

TMDL

modeling.

Rather

than

detailed

State

University

Bozeman

Montana.

models

being

prepared

for

every

impaired

waterbody

pilot

TMDLs

EnvironmentalProtection

Agency

EPA.

1994.

Water

Quality

Standards

Handbook

Second

Edition.

EPA

623-B-94-005a.

Washington

DC

EPA

could

be

prepared

in

detail

for

a

benchmarkwatershed

e.g.

a

typical

Office

of

Water.

suburban

or

agricultural

watershed

and

the

results

could

be

extrapolated

EPA.

1999.

Draft

Guidance

for

water

Quality-basedDecisions

The

TMDL

to

similar

watersheds

located

in

the

same

ecoregion.

The

notion

of

ex-

Process

Second

Edition

Washington

DC

EPA

Office

of

Water.

tending

modeling

results

to

similar

areas

which

underlies

the

present-

EPA.

2000.

Stressor

Identification

Guidance

Document.EPA-822-B-00-02

day

use

of

export

coefficients

is

reasonable

if

applied

in

the

framework

1

Washington

DC

EPA

Office

of

Water

and

Office

of

Research

and

Devel-of

adaptive

implementation.

Such

a

framework

coupled

with

the

rapid

application

of

specific

controls/approaches

in

a

number

of

watersheds

EPA.

2001.

BASINS

Version

3.0

Users

Manual.

EPA-823-B-O1-001.

Wash-can

reveal

where

techniques

do

or

do

not

work

and

can

allow

for

appro-

ington

DC

EPA

Office

of

Water

and

Office

of

Science

and

Technology.

337p.

priate

modifications.

Mills

W.

B.

D.

B.

Porcella

M.

J.

Ungs

S.

A.

Gherini

K.

V.

Summers

L
Mok

G.

L.

Rupp

G.

L

Bowie

and

D.

A.

Haith.

1985.

Water

Quality

Assess-ment

A

Screening

Procedure

for

Toxic

and

ConventionalPollutants

in

Sur-REFERENCES

face

and

Ground

Water

Parts

I
and

11.

EPA/600/6-85/002ab.

Morgan

M.

G.

and

M.

Henrion.

1990.

Uncertainty.

New

York

Cambridge

ASCE.

1999.

National

Stormwater

Best

Management

Practices

BMP

Data-

University

Press.

332

p.

base.

Version

1.0.

Prepared

by

Urban

Water

Resources

Research

Council

of

National

Research

Council

NRC.

2000.

WatershedManagement

for

Potable

ASCE

and

Wright

Water

Engineers

Inc.

Urban

Drainage

and

Flood

Con-

Water

Supply-Assessing

the

New

York

City

Strategy.

Washington

DC

National

Academy

Press.
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Peters

R.

H.

1991.

A

critique

for

ecology.

Cambridge

Cambridge

University

Adaptive

Implementation

for

Impaired

Waters

Press.

366

p.

Reckhow

K.

H..

and

Chapra

S.

C.

1979.

Error

analysis

for

a

phosphorus

re-model.

Water

ResourcesResearch151643-1646.

tention

Reckhow

K.

H.

Coffey

S.

C.

Henning

M.

H.

Smith

K.

and

Banting

R.

1992.

EutromodTechnicalGuidance

and

Spreadsheet

Models

for

Nutrient

Loading

and

Lake

Eutrophication.

Duke

University

School

of

the

Environ-ment

Durham

NC.

Smith

R.

A.

G.

E.

Schwarz

and

R.

B.

Alexander.

1997.

Regional

interpreta-tion

of

water-quality

monitoring

data.

Water

ResourcesResearch33122781-2798.

Spear

R.

and

G.

M.

Hornberger.

1980.

Eutrophication

in

Peel

Inlet

-

II.

Iden-tification

of

criticaluncertainties

via

generalizedsensitivity

analysis.

Water

Research1443-49.

Water

quality

assessment

is

a

continuous

process.

The

finding

of

an

Ulanowicz

R.

E.

1997.

Ecology

the

ascendantperspective.

New

York

Co-

impaired

waterbody

during

assessment

triggers

a

sequence

of

events

that

lumbia

University

Press.

201p.

may

include

listing

of

the

water

development

of

a

Total

Maximum

Daily.

van

Straten

G.

1983.

Maximum

likelihoodestimation

of

parameters

and

un-

Load

IMDL

planning

of

state

and

federal

actions

and

implementation

certainty

in

phytoplankton

models.

In

M.

B.

Beck

and

G.

van

Staten

events

designed

to

comply

with

water

quality

standards-all

of

which

are

Editors

Uncertainty

and

Forecasting

of

Water

Quality.

Berlin

Springer

Verlag.

characterized

by

uncertainty.

This

chapter

describes

the

process

of

adap-Winer

R.

2000.

National

Pollutant

Removal

PerformanceDatabase

for

tive

implementation

of

a

water

quality

plan.

Adaptive

implementationStormwaterTreatment

Practices

Second

Edition.

Center

for

Watershedsimultaneously

makes

progress

toward

achieving

water

quality

standardsProtectionEllicott

City

MD.

Prepared

for

EPA

Office

of

Science

and

while

relying

on

monitoring

and

experimentation

to

reduce

uncertainty.

Technology

in

association

with

Tetra

Tech

Fairfax

VA.

SCIENCE

AND

THE

TMDL

PROCESS

The

planning

sequence

of

moving

from

data

to

analysis

to

informa-tion

and

knowledge

is

supposed

to

provide

confidence

-that

the

some-times

costly

actions

to

address

a

water

quality

problem

are

justified.

desire

for

this

confidence

is

often

behind

the

call

for

sound

science

ir

the

TMDL

program.

However

the

ultimate

way

to

improve

the

scien-tific

foundation

of

the

TMDL

program

is

to

incorporate

the

scientific

method

not

simply

the

results

from

analysis

of

particular

data

sets

or

models

into

TMDL

planning.

The

scientific

method

starts

with

limited

data

and

information

from

which

a

tentatively

held

hypothesis

about

cause

and

effect

is

formed.

The

hypothesis

is

tested

and

new

under-standing

and

new

hypotheses

can

be

stated

and

tested.

By

definition

science

is

this

process

of

continuing

inquiry.

Thus

calls

to

make

policy

decisions

based

on

the

the

science

or

calls

to

wait

until

the

science

is

complete

reflect

a

misunderstanding

of

science.

Decisions

to

pursue

some

actions

must

be

made

based

on

a

preponderance

of

evidence

but

there

may

be

a

need

to

continue

to

apply

science

as

a

process

data

col-89
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lection

and

tools

of

analysis

in

order

to

minimize

the

likelihood

of

future

All

errors.

Waters

Many

debates

in

the

TMDL

community

have

centered

on

the

use

of

phased

and

iterative

TMDLs.

Because

.thes

terms

have

particular

meanings

this

report

uses

a

more

general

term-adaptive

implementa-tion.

Adaptive

implementation

is

in

fact

the

application

of

the

scientificDetermine

method

to

decision-making.

It

is

a

process

of

taking

actions.

of

limited

Designated

Use/

1

scope

commensuratc.with_asradabldata.and.iittort

atiot

7to._6

tirtu

lr

Standard

improve

ou_our

tinderstandjng

of

a
rop

blem

audits-solutinns

while

at

i1-same

time

making

progress

toward

attaining

a

water

quality

standard

Plans

for

future

ieguliiory

nilcsfui.d

public

spending

should

be

to

tative

commitments

subject

to

revision

as

we

learn

how

the

system

responds

jo

Screening

actions

taken

early.on..

Assessment

Like

other

chapters

this

chapter

discusses

a

framework

for

water

quality

management

shown

in

Figure

5-1

which

is

the

same

as

Figure

3-1.

Before

turning

to

adaptive

implementation

it

discusses

an

impor-

Preliminary

tant

prior

step--review

of

water

quality

standards.

Before

a

waterbody

is

r

List

placed

on

the

action

303d

list

it

is

suggested

that

states

conduct

a
re-

1

view

of

the

appropriateness

of

the

water

quality

standard.

The

standards

review

may

result

in

the

water

not

being

listed

as

impaired

if

the

standard

used

for

the

assessment

was

found

to

be

inappropriate.

On

the

other

Full

Review

Use/

hand

the

same

process

may

result

in

a

stricter

standard

than

was

used

Assessment

Standard

in

the

assessment

process

in

which

case

the

waterbody

would

have

a

1

TMDL

plan

developed

to

achieve

that

revised

standard.

A

review

of

the

water

quality

standard

will

assure

that

extensive

planning

and

imple-mentation

actions

are

directed

toward

clearly

conceived

designated

uses

1
0

Action

List

and

associated

criteria

to

measure

use

attainment.

303d

1

REVIEW

OF

WATER

QUALITY

STANDARDS

TMDL

Water

quality

standards

are

the

benchmark

for

establishing

whether

a

Planning

watcrbody

is

impaired

if

the

standards

are

flawed

as

many

are

all

sub-sequent

steps

in

the

TMDL

process

will

be

affected.

Although

there

is

a

need

to

make

designated

use

and

criteria

decisions

on

a

waterbody

and

watershed-specific

basis

most

states

have

adopted

highly

general

use

Adaptive

designationscommensurate

with

the

federal

statutory

definitions.

Hint-

implementation

eycr

an

appropriate

water

quality

standard

must

be

defined

before

a.

TMILje__

igWLopgd

Within

the

framework

orthe

Clean

Water

Act

CWA

there

is

an

opportunity

for

such

analysis

termed

use

attainability

I

FIGURE

5-1

Framework

for

water

quality

management.

analysis

UAA.

RB-AR15862
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A

UAA

determines

if

impairment

is

caused

by

natural

contaminants

cý

.rj

n4j

a
C
a

ng

e

nonremovable

h
sicai

conditions

it

P
Y

legacy

pollutants

or

natural

condi-

4

lions

see

Box

5-1.

More

importantly

a

UAA

can

refine

the

water

qual-

ý

tt

ý

Thai

to

1

Iu
1

n3

Icftl

n

ti

ve

yt

ity

standard.

UAA

should

result

in

more

stratified

and

detailed

narrative

r

.-

ý

a

_..Q.

ýr.n

.

M.

ý_...

y

a

Wil

statements

of

the

desired

use

and

measurablecriterion.

For

example

a

ttttýa

a759o9nS

s

aucu

UAA

might

refine

the

designated

use

and

criterion

from

a

statement

that

ýAýý

the

water

needs

to

be

fishable

to

a

statement

calling

for

a

reproducing

ý

t

Q

trout

population.

Then

one

or

more

criteria

for

measuring

attainment

of

t

1

this

designated

use

are

described

these

might

include

minimum

dis-solved

oxygen

or

maximum

suspended

sediment

requirements.

Altema-tively

an

index

to

measure

biological

condition

appropriate

to

the

trout

att.

týkiltmeýittptQ..

t

pe-

fishery

designated

use

such

as

an

index

of

biological

integrity

I

y

via

sr.

M

RIM-be

defined.

ID

ma

Yýýt

S

R
bleis

nl.n

s
i

ter

W
a

Eo

jlitti

ýq
t

.114

r4

YýC

ý.ý..

l..

A3

NUmian0educoiid

tons

iiutestof

r

ýttielat

In

the

1990s

TMDLs

were

undertaken

for

some

waterbodies

where

ýa

the

designated

use

was

not

attainable

for

reasons

that

could

have

been

nnenf

of

erusajan_

cenno

c

so

.woul

ties

oeeii.

qwn

15i

en

rrsatiUaiiutoIsv$litý

jackt

asii

ssotn

disposed

of

by

a

UAA.

For

example

Thl

conducted

in

Louisiana

A

IUte1tSJ

i4

t4k

ý.ý

.lt

ý

c
e

resulted

in

the

conclusion

that

even

implementing

zero

discharge

of

a

ýý

ýýý

amst-

.tvQrBionýoc

othar.

ýh

.to

Iomtýi11ý1cýllUbrl$

4
ý

pollutant

would

not

bring

attainment

of

water

quality

standards

Houck

t

ýSpiude.fheatta

ntnerttQy

e

ease

o

1999.

A

properly

conducted

UAA

would

have

revealed

the

true

prob-

s.

kFOtiditio

i

to

f

lem-naturally

low

dissolved

oxygen

concentrations-before

the

time

Y

atýrtiti.

u

eettý

i

t

and

money

were

spent

to

develop

the

TMDL.

Unfortunately

UAA

has

n

raft

ltq

a

ý

t

lid

ýýý.

not

been

widely

employed.

Novotny

et

al.

1997

fo

that

e

ý.

tnd

t
19

states

tiGtll

g.h.

i

ý....

ý

ý
P.

reported

no

experience

with

UAA.

t

ý.

_

..

Kr..

.

The

majority

of

states

reported

a

few.

-g-

U.

to

less

than

100

UAAs

while

five

states

Indiana

Nebraska

New

York

atattgticfiprst

_

Oklahoma

and

Pennsylvania

performed

more

than

100.BCaýtris

...ýK

ý.

One

possible

explanation

for

the

failure

to

widely

employ

UAALtwn

sprea

trý

lilts

ti

aUV

nalysis

is

the

absence

of

useful

EPA

guidelines.

The

last

technical

sup-port

manuals

were

issued

in

the

early

1980s

EPA

1983

and

are

limited

to

physical

chemical

and

biological

analyses.

It

is

presently

not

clear

..

_

-

Ilk

what

technical

informationconstitutes

an

adequate

UAA

for

making

a

change

to

the

use

designation

for

a

waterbody

that

will

be

approved

by

the

EPA.

what

is

currently

expected

in

a

UAA.

Finally

EPA

has

offered

no

guid-In

addition

to

being

a

technical

challenge

standards

review

also

has

ance

on

what

constitutes

an

acceptable

UAA

in

waterbodies

of

different

important

socioeconomicconsequences

see

point

6
in

Box

5-1.

EPA

complexity

and

on

what

decision

criteria

will

be

accepted

as

a

basis

for

has

provided

little

information

on

how

to

conduct

socioeconomic

analy-

changing

a

use

designation.

This

is

significant

because

EPA

retains

the

ses

or

how

to

incorporate

such

analyses

in

the

UAA

decision.

The

socio-

authority

to

approve

state

water

quality

standards.

These

uncertainties

economic

analysis

suggested

by

EPA

is

limited

to

narrowly

conceived

discourage

state

use

of

UAA

because

there

is

no

assurance

that

EPA

will

financial

affordability

and

economy-wide

economic

impact

assessments

accept

the

result

of

the

UAA

effort

as

an

alternative

to

a

TMDL

cspe-e.g.

employment

effects

Novotny

et

al.

1997.

However

when

set-

cially

if

the

EPA

expectation

for

a

UAA

will

result

in

significant

analyti-ting

water

quality

standards

states

may

be

asked

to

make

decisions

in

cal

costs.

consideration

of

a

broader

socioeconomicbenefit-cost

framework

than

RB-AR15863
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Conclusions

and

Recommendations

TMDL

Plan

1.

EPA

should

Issue

new

guidance

on

UAA.

This

should

incorpo-rate

the

following

1
levels

of

detail

required

for

UAAs

for

waterbodies

of

different

size

and

complexity

2

broadenedsocioeconomicevaluation

and

decision

analysis

guidelines

far

states

to

use

during

UAA

and

3

the

relative

responsibilities

and

authorities

of

the

states

and

EPA

in

Immediate

and

Model

making

use

designations

for

specific

waterbodies

following

a

UAA

Experiments

-ý

8

8

Long-term

Actions/

Refinement

analysis.

Monitoring

2.

UAA

should

be

considered

for

all

waterbodies

before

a

TMDL

plan

is

developed.

The

UAA

will

assure

that

before

extensive

planning

/no

and

implementation

actions

are

taken

there

is

clarity

about

the

uses

to

be

Meeting

Designated

Use

secured

and

the

associated

criteria

to

measure

use

attainment.

UAA

is

especially

warranted

if

the

water

quality

standards

used

for

the

assess-

yes

ment

were

not

well

stratified.

However

the

decision

to

do

a

UAA

for

any

waterbody

should

rest

with

each

state.

Back

to

initial

list

of

all

waters

for

ADAPTIVE

IMPLEMENTATIONDESCRIBED

continuing

assessment

in

the

rotating

basin

process

Once

a

waterbody

is

on

the

303d

list

a

plan

to

secure

the

designated

use

is

developed

and

a

sequence

of

actions

is

implemented.

The

adaptive

FIGURE

5-2

Adaptive

Implementationflowchart..implementation

process

begins

with

initial

actions

that

have

a

high

de-gree

of

certainty

associated

with

their

water

quality

outcome.

Future

actions

must

be

based

on

1

continued

monitoring

of

the

waterbody

to

determine

how

it

responds

to

the

actions

taken

and

2

carefully

designed

there

may

be

significant

time

lags

between

when

actions

are

taken

to

re-experiments

in

the

watershed

This

concurrent

process

of

action

and

duce

nutrient

loads

and

resulting

changes

in

nutrient

concentration

learning

is

depicted

in

Figure

5-2.

This

is

especially

likely

if

nutrients

from

past

activities

are

tightly

boun.

The

plan

includes

the

following

related

elements

immediate

actions

to

sediments

or

if

nutrient-contaminated

groundwater

has

a

long

resi-an

array

of

possible

long-term

actions

success

monitoring

and

experi-

dance

time

before

its

release

to

surface

water.

For

many

reasons

lags

mentation

for

model

refinement.

In

choosing

immediate

actions

water-

between

actions

taken

and

responses

must

be

expected.

As

discussed

shed

stakeholders

and

the

state

should

expect

such

actions

to

be

under-

below

the

waterbody

should

-be

monitoredintensively

to

establish

taken

within

a

fixed

time

period

specified

in

the

plan.

If

the

impairment

whether

the

trajectory

of

the

measured

water

quality

criterion

points

problem

is

attributable

to

a

single

cause

or

if

the

impairment

is

not

se-

toward

attainment

of

the

designated

use.

vere

then

the

immediate

actions

might

be

proposed

as

the

final

solution

Longer-teen

actions

are

those

that

show

promise

but

need

further

to

the

nonattainment

problem.

However

in

more

challenging

situations

evaluation

and

development.

They

should

be

formulated

in

recognition

the

immediate

actions

alone

should

not

be

expected

to

completely

elimi-

of

emerging

and

innovative

strategies

for

waterbody

restoration.

The

nate

the

impairment.

commitment

in

the

plan

is

to

further

evaluate

such

actions

based

on

the

Regardless

of

what

immediate

actions

are

taken

there

may

not

be

an

collection

of

additional

data

data

analysis

and

modeling.

An

adaptive

immediate

response

in

waterbody

or

biological

condition.

For

example

implementation

plan

would

specify

analyses

of

specific

long-term

alter-
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natives

a

schedule

for

such

analyses

to

be

conducted

and

a

mechanism

for

subsequent

model

refinement

and

decision-making.

Experiments

for

supporting

such

analyses.

can

for

example

be

developed

to

test

the

site-specificeffectiveness

and

Success

monitoring

follows

after

implementation

actions.

If

success

response

time

of

best

management

practices

BMPs

like

riparian

buff-monitoring

shows

that

the

waterbody

is

meeting

water

quality

standards

ers

to

determine

the

fate

and

transport

of

pollutants

in

runoff

or

to

an-including

designated

uses

then

no

further

implementation

actions

would

swer

other

questions

critical

to

model

refinement.

Experiments

must

be

be

taken.

Waterbodies

should

be

returned

to

the

all

waters

list

see

carefully

designed

and

adequately

supported

with

both

funding

and

Figure

5-1

where

they

will

be

monitored

as

a

part

of

the

rotating

basin

staff

to

study

the

effectiveness

of

actions

in

the

watershed

context

and

to

process.

A

primary

purpose

of

success

monitoring

is

to

establish

com-

study

and

learn

about

watershed

processes

that

are

not

well

understood.

pliance

with

water

quality

standards

and

ultimately

make

the

delisting

TMDL

plans

for

waterbodies

with

relatively

simple

problems

that

can

be

decision.

Because

state

ambient

monitoring

programs

typically

have

addressed

with

high

certainty

about

cause

and

effect

might

not

include

limited

resources

it

may

be

necessary

to

design

and

implement

successexperimentation.

monitoring

for

the

TMDL

program

outside

the

rotating

basin

process.

All

the

actions

described

above

can

be

used

to

refine

the

origin.

Those

stakeholders

affected

by

303d

listing

and

TMDL

development

TMDL

plan

so

that

it

better

reflects

the

current

state

of

knowledge

about

may

have

an

incentive

to

make

a

significant

contribution

to

the

monitor-

the

system

and

innovative

modeling

approaches.

When

revising

the

ing

effort

to

assure

that

the

water

is

truly

impaired

and

that

the

best

pos-

TMDL

plan

water

managers

should

consider

whether

the

longer-term

_sible

models

are

being

used

for

plan

development.Stakeholder

moni-

actions

discussed

above

or

other

new

alternatives

should

be

imple-toring

would

be

conducted

with

input

on

its

design

by

the

state.

mented

in

addition

to

the

immediate

actions

called

for

in

the

original

One

of

the

most

important

applications

of

success

monitoring

data

is

plan.

TMDL

plans

for

complicated

systems

e.g.

a

reservoir

impacted

to

revise

and

improve

the

initial

TMDL

forecast

over

time.

This

revision

by

multiple

nonpoint

sources

of

pollution

can

be

expected

to

undergo

of

the

TMDL

model

can

be

formally

accomplished

using

techniques

such

more

revisions

before

water

quality

standards

including

designated

uses

as

Bayesian

analysis

data

assimilation

or

Kalman

filtering.

For

exam-

are

met

than

will

TMDL

plans

developed

for

simple

systems.

ple

a

TMDL

for

total

phosphorus

based

on

a

model

forecast

that

in-cluded

uncertainty

analysis

might

be

implemented

to

address

a

chloro-phyll

a

standard

violation.

As

part

of

the

implementation

program

TMDL

IMPLEMENTATIONCHALLENGES

monitoring

would

be

undertaken

to

assesssuccess

and

compliance.

At

the

end

of

the

five-year

rotating

basin

cycle

the

original

chlorophyll

a

forecast

could

be

combined

with

the

monitoring-basedchlorophyll

a

Allocation

Issues

time

trajectory

to

yield

a

revised

forecast

of

ultimate

chlorophyll

a

re-

Plan

implementation

involves

actions

taken

to

reduce

all

the

stressora

sponse.

This

revised

forecast

could

provide

the

basis

for

changes

to

be

implemented

during

the

next

five-year

cycle

in

order

to

meet

the

water

responsible

for

the

impairment.

The

allocation

of

financial

and

legal

ro-quality

standard.sponsibility

for

taking

those

actions

will

fall

on

stakeholders

in

the

wa-Techniques

to

accomplish

model

refinement

have

existed

for

some

tershed

who

may

not

receive

public

subsidies

for

taking

such

actions.

time

in

a

Bayesian

context

Reckhow

1985

and

under

various

labels

Because

of

these

cost

consequencesstakeholders

want

to

be

sure

that

and

modifications

they

are

being

applied

in

other

areas.

For

example

water

quality

standards

are

appropriate

and

that

total

load

limits

and

the

data

assimilation

Robinson

and

Lenmusiaux

2000

a

derivative

of

limits

proposed

on

other

stressors

e.g.

flow

modifications

are

neces-Bayesian

inference

is

being

widely

used

in

the

earth

sciences

to

augment

sary

to

secure

the

designated

use.

uncertain

model

forecasts

with

observations.

The

Bayesian

approach

The

committees

charge

included

a

request

to

evaluate

the

reliability

holds

particular

appeal

for

adaptive

TMDLs

because

it

involves

knowl-

of

the

information

required

to

allocate

reductions

in

pollutant

loadings

edge

updating

that

is

based

on

pooling

precision-weightedinformation.

among

sources.

Allocation

is

first

and

foremost

a

policy

decision

on

The

need

for

experimentation

to

be

part

of

the

plan

depends

on

the

how

to

distribute

costs

among

differentstakeholders

in

order

to

achieve

a

complexity

.o

the

problem

and

the

need

to

learn

more

about

the

system

water

quality

goal.

Consider

a

hypothetical

example

where

three
differ-.ýý
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ent

actions

are

possible

reduction

of

pollutant

loads

from

a

treatment

dard

but

the

wastewatertreatment

improvement

response

has

less

un-plant

reductions

in

pollutant

load

in

runoff

from

urban

areas

and

farm

certainty

then

the

actions

are

not

equivalent.

fields

and

increases

in

stream

flow

from

reduced

consumptive

irrigation

Determining

equivalency

across

sources

requires

predicting

or

meas-water

use.

Also

suppose

that

differentcombinations

of

all

of

these

ac-

uring

the

results

of

control

actions

rather

than

simply

noting

the

pres-tions

can

achieve

the

designated

use.

Allocation

becomes

a

difficult

de-

ence

or

absence

of

a

particular

control

technology

the

results

of

which

cision

because

the

differentcombinations

will

have

a

different

total

cost

may

vary

depending

on

how

it

is

operated

and

on

many

other

factors.

and

different

levels

of

perceived

fairness.

One

suggestion

might

be

to

Careful

thought

must

be

given

to

determining

meaningful

results

espe-choose

the

combination

of

actions

that

minimizes

total

cost.

However

cially

in

those

watersheds

where

actions

like

flow

augmentation

or

this

may

result

in

a

cost

distribution

that

places

most

of

the

burden

on

the

planting

of

oysters

in

an

estuary

are

being

used

as

substitutes

for

or

nec-customers

of

the

treatment

plant

for

example.

An

alternative

may

be

to

essary

complements

to

load

reduction

to

meet

the

designated

use.

reduce

loads

from

the

plants

and

from

runoff

by

the

same

proportion

Finally

because

it

should

be

focused

on

water

quality

outcomes

at

however

this

leaves

unanswered

whether

any

cost

responsibility

should

location

is

dependent

on

modeling

the

effects

of

different

actions

on

n

fall

on

the

irrigators.

Other

combinations

of

actions

would

have

other

tetbody

response.

Thus

the

issues

of

model

selection

and

uncertainty

cost

distribution

effects.

that

were

described

in

Chapter

4
for

TMDL

development

also

apply

to

Although

the

allocation

process

is

primarily

a

policy

decision

there

TMDL

allocation.

If

there

is

uncertainty

about

the

effect

of

certain

con-action

tht

who

bSar.thecoTmay

resist

taking

sum

is

one

important

role

that

science

can

play-determining

when

actions

-491

are

equivalent.

Water

quality

management

actions

are

defined

to

be

without

further

evidence

of

their

worth.

gdpptive

imylemcnjation

wiild

equivalent

when

their

implementation

achieves

the

designated

use

support

a
cautious

app

oarch

of

taking

low-cost

actions

with

a

high

Be-taking

uncertainty

into

consideration.

Note

that

there

are

two

aspects

of

ee

of

certainty

about

tiie

outcotttý

while

talgilg

parallel

longertetm

this

definition

of

equivalency.

First

equivalency

is

established

with

re-

actions

to

imprpye

model

capabilities

and

revise

control

strategic.

specs

to

ambient

outcomes

for

the

watershed

and

not

in

terms

of

pollutant

loading

comparisons

which

is

the

way

the

allocations

are

described

in

the

standard

TMDL

equation.

Second

the

definition

recognizes

that

Progressing

Toward

Adaptive

Implementationequivalency

must

account

for

the

relative

uncertainty

of

different

actions

with

respect

to

meeting

the

applicable

water

quality

standard.

The

TMDL

program

is

limited

by

an

incomplete

conceptual

One

common

scenario

might

be

the

need

to

establishequivalencyunderstanding

of

waterbodies

and

watersheds

by

models

that

are

between

nitrogen

load

reductions

from

a

proposed

agricultural

BMP

vs.

a

necessarilyabstractions

from

the

reality

of

natural

systems

and

by

proposed

wastewatertreatment

plant

improvement.Estimates

of

the

ef-

limited

data

for

testing

hypotheses

and/or

simulating

systems.

As

fectiveness

of

the

BMP

and

wastewatertreatment

technology

can

be

result

it

is

possible

for

a

waterbody

to

be

identified

as

impaired

when

It

made

in

a

controlled

setting

perhaps

with

field

studies

of

the

BMP

and

is

not

in

such

cases

the

costs

to

plan

and

implement

control

actions

are

with

experiments

at

the

treatment

plant.

To

achieve

equivalency

these

wasted.

On

the

other

hand

it

is

also

possible

that

an

impaired

waterbody

load

reductions

must

have

the

same

effect

on

meeting

the

water

quality

will

not

be

identified

resulting

in

other

adverse

consequences.

Many

of

standard

which

would

normally

be

determined

using

a

modeling

ap-

the

stakeholders

who

addressed

the

committee

expressed

concern

about

proach

as

described

in

Chapter

4.

It

is

quite

possible

that

the

nitrogen

the

ramifications

of

uncertainty

in

the

TMDL

process.

Some

cautioned

load

reductions

at

the

sources

the

agricultural

BMP

and

the

wastewater

against

listing

errors

noting

that

the

listing

decision

can

trigger

a

linear

treatment

plant

are

different

but

they

are

equivalent

in

that

they

are

pre-

and

inflexible

process

of

potentially

expensive

controls

on

land

use

and

dicted

to

have

an

identical

effect

on

the

standard.

Further

as

noted

pollutant

discharges

that

may

ultimately

prove

unwarranted.

Others

who

above

equivalency

is

a

function

of

both

the

forecasted

mean

and

forecast

are

concerned

that

impaired

waterbodies

will

go

unidentifiedadvocateduncertainty.

Thus

if

the

BMP

and

wastewatertreatmentimprovement

more

aggressive

and

comprehensive

actions

to

address

problems

quickly.

are

both

forecast

to

have

the

same

mean

effect

on

the

water

quality

stan-

These

differences

in

viewpoint

can

be

traced

to

the

policy

context

that
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now

governs

the

TMDL

program.

The

committee

views

adaptive

states

meet-

the

guidelines.

There

may

be

a

leadership

role

for

EPA

on

implementation

as

accommodating

this

spectrum

of

opinions.

waterbodics

that

cross

state

boundaries

like

the

Chesapeake

Bay.

If

adaptive

implementation

is

to

be

adopted

three

policy

issues

that

However

EPA

cannot

write

and

review

all

the

designated

uses

that

will

stand

in

the

way

of

acceptance

of

the

approach

must

be

addressed.

These

apply

to

each

of

the

nations

waterbodies

it

cannot

conduct

all

the

issues

are

described

without

specific

recommendations

on

their

solution

monitoring

and

make

all

the

listing

decisions

and

it

cannot

conduct

the

except

to

note

that

their

resolution

is

needed

in

order

for

the

TMDL

model

analyses

for

all

waterbodies.

The

scientificfoundation

for

program

to

fully

embrace

the

scientific

method.

Criticism

of

the

TMDL

adaptive

implementation

must

rely

on

state

initiative

and

leadership.

program

is

too

often

and

sometimesinappropriately

directed

at

the

Today

EPA

retains

an

extensive

oversight

role

for

the

TMDL

program.

quality

of

the

data

and

information

rather

than

at

these

underlying

policy

This

raises

the

possibility

that

in

an

effort

to

ease

the

administrative

issues.

burdens

of

reviewing

and

approving

every

TMDL

EPA

will

establishrequirements

for

uniformity.

This

may

result

in

standard

settinp

I.

The

listing

of

a

waterbody

and

the

initiation

of

the

TMDL

listing/delisting

and

modeling

approaches

that

are

nationally

consiste

process

appear

to

call

for

a

constraint

on

total

pollutant

loading

but

are

scientificallyinappropriate

for

the

planning

and

decision-makingassociated

with

population

growth

and

land

use

shifts

until

the

needs

of

the

diversity

of

waterbodies.

In

the

National

Pollution

designated

use

is

obtained.

Given

the

often

weak

water

quality

standards

Discharge

Elimination

System

NPDES

permitting

program

EPA

has

that

underlie

a

listing

the

long

lag

times

between

actions

taken

and

helped

states

assume

responsibility

for

point

source

permitting

such

that

measured

responses

and

the

uncertainty

in

our

ability

to

predict

what

EPA

does

not

review

every

permit

that

is

issued.

Using

similar

logic

actions

will

secure

a

designated

use

it

is

unrealistic

to

expect

that

there

EPA

need

not

review

every

TMDL.

The

concern

that

the

states

cannot

will

be

no

changes

in

economic

activity

and

in

land

uses

in

a

watershed

be

relied

upon

to

take

action

Houck

1999

needs

to

be

tempered

by

the

until

the

designated

use

has

been

achieved.

A
basis

for

accommodating

reality

that

continuedextensive

EPA

oversight

may

not

be

feasible

it

growth

and

change

in

watersheds

needs

to

be

established

as

adaptive

may

place

a

premium

on

developing

plans

instead

of

taking

actions

and

implementation

proceeds.

it

may

inhibit

the

nations

progress

toward

improved

water

quality.

The

2.

Many

waterbody

stressors

currently

lie

outside

the

CWA

adaptive

implementation

approach

may

require

increased

state

regulatory

framework

where

the

only

federal

enforcement

tool

available

assumption

of

responsibility

for

individual

TMDLs

with

EPA

oversight

is

point

source

discharge

limits.

Recognition

of

this

fact

was

a

focused

at

the

program

level

instead

of

on

each

individual

water

motivation

for

EPAs

endorsement

of

the

watershed

approach

in

1991

segment.

EPA

1993.

Nonetheless

in

some

cases

point

source

permitting

is

used

to

impose

conditions

on

point

sources

that

essentially

require

them

to

finance

control

practices

for

unregulated

nonpoint

sources

NAPA

Conclusions

and

Recommendations

2000.

Perceptions

of

the

inequity

and

the

ineffectiveness

of

such

a

requirement

may

be

manifested

as

technical

critiques

of

the

TMDL

The

call

for

adaptive

implementation

may

not

satisfy

those

who

seek

analysis

itself.

Distributing

the

cost

and

regulatory

burdens

for

more

definitive

direction

from

the

scientific

community.

Stakeholders

designated

use

attainment

in

a

way

that

is

deemed

equitable

by

all

and

responsible

agencies

seek

assurance

that

the

actions

they

take

will

stakeholders

is

critical

to

future

TMDL

program

success.

prove

correct

they

desire

predictions

of

the

costs

and

consequences

of

3.

Watersheds

can

range

in

size

from

a

few

acres

to

an

area

that

those

actions

in

as

precise

terms

as

possible.

However

waterbodies

exist

covers

several

states

and

their

diversity

can

be

as

far

reaching

as

the

inside

watersheds

that

are

subject

to

constant

change.

For

this

reason

diverse

climate

soils

topography

and

physiography

of

the

entire

United

and

others

even

the

best

predictive

capabilities

of

science

cannot

assure

States.

Consequently

the

approaches

and

solutions

to

water

quality

that

an

action

leading

to

attainment

of

designated

uses

will

be

initially

problems

must

be

responsive

to

the

unique

chaacteristics

of

the

identified.

Adaptive

implementation

will

allow

the

TMDL

program

to

surroundingwatershed.

EPA

can

set

broad

guidelines

for

each

states

move

forward

in

the

face

of

these

uncertainties.

water

quality

program

and

can

provide

technicalassistance

in

helping

Vie
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1.

EPA

should

act

via

an

administrative

rule

to

Incorporate

the

Guest

Presentations

at

the

elements

of

adaptive

Implementation

into

TMDL

guidelines

and

First

Meeting

of

the

NRC

Committee

regulations.

To

increase

the

scientificfoundation

of

the

TMDL

pro-

January

24-26

2001

gram

the

scientific

method

which

is

embodied

by

the

adaptive

imple-

mentation

approach

must

be

applied

to

water

quality

planning.

2.

If

Congress

and

EPA

want

to

improve

the

scientific

basis

of

Introduction

to

the

TMDL

Program

Current

Status

and

Future

the

TMDL

program

then

he

policy

barriers

that

currently

inhibit

Plans

adoption

of

an

adaptive

implementation

approach

to

the

TMDL

Don

Brady

EPA

Office

of

Water

program

should

be

addressed

This

includes

the

issues

of

future

growth

the

equitable

distribution

of

cost

and

responsibility

among

Congressional

Request

for

the

Study-Senatesources

of

pollution

and

EPA

oversight.

John

Pemberton

and

Peter

Washburn

Senate

Committee

on

Environmet

and

Public

Works

REFERENCESCongressional

Request

for

the

Study

House

Susan

Bodine

House

Subcommittee

on

Water

Resources

and

EnvironmentalProtection

Agency

EPA.

1983.

Technical

Support

Manual

Environment

Waterbody

Surveys

and

Assessments

for

Conducting

Use

Attainability

Analyses.

Washington

DC

EPA

Office

of

Water

Regulations

and

Stan-

March

2000

GAO

Report

on

Status

of

Water

Quality

Data

duds.

Patricia

McClure

General

Accounting

Office

EPA.

1993.

The

WatershedProtection

Approach

The

Annual

Report

1992.

EPA

840-S-93-001.Washington

DC

EPA

Office

of

Water.

EPA.

1994.

Water

Quality

StandardsHandbook

Second

Edition.

EPA

823-B-

EnvironmentalPerspective

on

the

TMIL

Program

and

this

Study

94-005a.Washington

DC

EPA

Office

of

Water.

Nina

Bell

NorthwestEnvironmental

Advocates

Houck

O.

A.

1999.

The

Clean-

Water

Act

TMDL

Program

Law

Policy

and

Implementation.

Washington

DC

Environmental

Law

Institute.

State

Perspectives

on

the

TMDL

Program

and

this

Study.

Novotny

V.

J.

Braden

D.

White

A

Capodaglio

R.

Schonter

R.

Larson

and

K.

Robbi

Savage

Association

of

State

and

Interstate

Water

Pollution

Algozin.

1997.

A

Comprehensive

UAA

TechnicalReference.91-NPS-1.

Control

AdministratorsAlexandria

VA

Water

Environment

Research

Foundation.

Shawn

McGrath

Western

GovernorsAssociationNational

Academy

of

Public

Administration.

2000.

Transforming

Environ-mental

Protection

for

the

21st

Century.

Washington

DC

National

Acad-

EPAs

Pressing

Science

Issues

for

the

TMDL

Program

emy

of

Public

Administration.

Page

86.

Lee

Mulkey

and

Tom

Barnwell

EPA

Office

of

Research

and

Reckhow

K.

H.

1985.

Decision

Theory

Applied

to

Lake

Management.

In

Development

Proceedings

of

the

North

American

Lake

Management

Society

Conference

p.

196-200.

Robinson

A.

R.

and

P.

F.

1.

Lermusiaux.

2000.

Overview

of

data

assimilation.

TMDL

Case

Studies

Harvard

Reports

in

Physical/Interdisciplinary

Ocean

Science.

Number

62.

Bruce

Zander

EPA

Region

VIII

Cambridge

MA

Harvard

University.

19p.

Gail

Mitchell

Bob

Ambrose

and

Tim

Wool

EPA

Region

IV

1

The

NRC

committee

does

not

necessarily

agree

with

all

the

comments

or

testimony

given

but

all

were

taken

into

account

103
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Water

Environment

Research

Foundation

Support

of

TMDL

Biographies

of

the

Research

Committee

Members

and

NRC

Staff

Dean

Carpenter

Water

Environment

Research

Foundation

Paul

Freedman

Limno-Tech

Inc.

Kent

Thornton

FTN

AssociatesStakeholderPresentations

Fred

Andes

Federal

Water

Quality

Coalition

Doug

Barton

National

Council

of

the

Paper

Industry

for

Air

and

Stream

Improvement

Richard

Bozek

Edison

Electric

Institute

Faith

Bums

National

CattlemansAssociation

Kenneth

A.

Reckhow

chair

is

a

professor

at

Duke

University

wi.

John

Cowan

National

Milk

ProducersFederation

Cynthia

Goldberg

Gulf

Restoration

Network

faculty

appointments

in

the

School

of

the

Environment

and

the

Depart-Jay

Jensen

National

Association

of

State

Foresters

ment

of

Civil

and

EnvironmentalEngineering.

In

addition

he

is

director

Norman

LeBlanc

Association

of

Metropolitan

Sewerage

Agencies

of

The

University

of

North

Carolina

Water

Resources

Research

Institute-Mike

Murray

National

Wildlife

Federation

and

an

adjunct

professor

in

the

Department

of

Civil

Engineering

at

North

Rick

Parrish

Southern

Environmental

Law

Center

Carolina

State

University.

He

currently

serves

as

president

of

the

Na-Rob

Reash

American

Electric

Power

and

the

Utility

Water

Act

Group

tional

Institutes

for

Water

Resources

and

is

chair

of

the

North

Carolina

Dave

Salmonsen

American

Farm

Bureau

FederationSedimentation

Control

Commission.

He

has

published

two

books

and

over

80

papers

principally

on

water

quality

modeling

monitoring

and

pollutant

loading

analysis.

In

addition

Dr.

Reckhow

has

taught

several

short

courses

on

water

quality

modeling

and

monitoring

design

and

he

has

written

eight

technical

guidance

manuals

on

water

quality

modeling.

He

is

currently

serving

or

has

previously

served

on

the

editorial

boards

of

Water

Resources

Research

Water

ResourcesBulletin.

Lake

and

Res-ervoir

Management

Journal

of

EnvironmentalStatistics

Urban

Eco-systems

and

Risk

Analysis.

He

received

a
B.S.

in

engineering

physic-from

Cornell

University

in

1971

and

a

PhD.

from

Harvard

University

environmental

systems

analysis

in

1977.

Dr.

Reckhow

is

currently

a

member

of

the

NRCs

Committee

to

Improve

the

USGS

National

Water

Quality

Assessment

Program.

Anthony

S.

Doniglan

Jr.

is

president

and

principal

engineer

for

AQUA

TERRA

Consultants.

His

expertise

is

in

watershed

modeling

nonpoint

pollution

and

water

quality

modeling

chemical

fate

transport

and

exposure

assessment

and

model

validation

and

testing.

Mr.

Donig-ian

has

30

years

of

a

broad

range

of

experience

in

the

development

test-ing

and

application

of

modem

analytical

techniques

for

the

assessment

of

environmentalcontamination

and

water

resources

planning

problems.

He

is

an

internationally

recognized

authority

on

modeling

nonpoint

pol-105
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lution

and

chemical

migration

in

the

environment

primarily

for

water

Impaired

Waters

Rule.

Mr.

Mandrup-Poulsen

received

his

B.S.

in

at-soil

and

groundwater

systems.

His

recent

research

and

applications

mospheric

and

oceanic

science

from

the

University

of

Michigan

and

his

studies

have

concentrated

on

regional

and

watershed-scale

modeling

of

M.S.

in

biological

oceanography

and

M.B.A.

from

Florida

State

Univer-nutrients

and

impacts

of

management

practices

movement

of

contami-

city.

nants

through

the

vadose

zone

groundwatercontamination

by

pesticides

and

hazardous

wastes

model

validation

issues

and

procedures

and

the

H.

Stephen

McDonald

is

a

principal

with

Carollo

Engineers.

He

evaluation

of

control

alternatives

such

as

best

management

practices

has

22

years

of

experience

in

the

areas

of

wastewater

planning

water-conservation

tillage

and

remedial

actions

at

waste

sites.

Mr.

Donigian

shed

management

wastewaterdisinfection

biosolids

treatment/reuse/

received

an

A.B.

in

engineering

sciences

and

a

B.S.

in

engineering

from

disposal

and

chemical

and

biological

wastewatertreatment/reuse.

He

is

Dartmouth

College

and

an

M.S.

in

civil

engineering

from

Stanford

Uni-

currently

project

manager

for

the

development

of

TMDLs

for

several

vcrsity.

watersheds

including

the

Truckee

River

from

Lake

Tahoe

to

Pyramid

Lake

and

the

Calleguas

Watershed

in

California.

For

the

Truckee

Rivet

James

R.

Karr

is

a

professor

of

aquatic

sciences

and

zoology

and

an

he

is

developing

the

Coordinated

Monitoring

Program

and

an

adaptive

adjunct

professor

of

environmentalengineeringenvironmental

health

managementwatershed/water

quality

modeling

and

stakeholder

process

and

public

affairs

at

the

University

of

Washington

Seattle.

He

was

on

to

establish

TMDLs

for

nutrients

nitrogen

and

phosphorus

and

total

the

faculties

of

Purdue

University

University

of

Illinois

and

Virginia

dissolved

solids

IDS.

Mr.

McDonald

has

developed

master

plans

for

PolytechnicInstitute

and

State

University

he

was

also

deputy

director

water

and

wastewatertreatmentfacilities

in

many

western

regions

in-and

acting

director

at

the

Smithsonian

Tropical

Research

Institute

in

cluding

Sacramento

County

the

city

of

Fresno

CA

and

the

cities

of

Panama.

He

has

taught

and

done

research

in

tropical

forest

ecology

or-

Reno

Sparks

and

Washoe

County

NV.

He

holds

a

B.S.

in

biology

from

nithology

stream

ecology

watershedmanagement

landscape

ecology

Portland

State

University

and

a
B.S.

in

chemical

engineering

from

Ore-conservation

biology

ecological

health

and

science

and

environmental

gon

State

University.

He

has

an

MBA

from

California

State

University

policy.

He

is

a

fellow

in

the

American

Association

for

the

Advancement

in

Hayward

and

is

a

registered

professional

engineer

in

California.

of

Science

and

the

American

Ornithologists

Union.

Dr.

Karr

has

served

on

the

editorial

boards

of

BioScienceConservation

Biology

Ecological

Vladimir

Novotny

is

a

professor

of

environmental

and

water

re-Applications

Ecological

Monographs

Ecology

Ecosystem

Health

sourcesengineering

at

Marquette

University

and

director

of

the

InstituteFreshwater

Biology

Ecological

Indicators

and

Tropical

Ecology.

He

for

Urban

Environmental

Risk

Management.

He

is

also

president

of

the

developed

the

index

of

biotic

integrity

1BI

to

directly

evaluate

the

ef-

consulting

firm

Aqua

Nova

International

Ltd.

His

research

has

included

fects

of

human

actions

on

the

health

of

living

systems.

Dr.

Karr

holds

a

risk

based

urban

watershedmanagementintegrating

water

quality

an

B.S.

in

fish

and

wildlife

biology

from

Iowa

State

University

and

an

M.S.

flood-control

objectives

development

of

an

adaptive

methodology

for

and

Ph.D.

in

zoology

from

the

University

of

Illinois

Urbana-Champaign.

online

computerized

modeling

and

real-time

control

of

wastewatertreatment

facilities

and

development

of

algorithms

for

control

of

urban

Jan

Mandrup-Poulsen

is

an

environmentaladministrator

with

the

sewer

systems.

He

developed

nationwide

manuals

on

attainment

of

wa-Watershed

Assessment

Section

of

the

Florida

Department

of

Environ-

ter

quality.

goals

use

attainability

analysis

and

abatement

of

winter

dif-mental

Protection.

He

is

responsible

for

evaluating

surface

water

quality

fuse

pollution

by

road

deicing

operations.

He

is

a

past

chair

of

an

inter-surface

water/groundwaterinteractions

and

mixing

zones

and

for

de-

national

group

of

specialists

dealing

with

diffuse

pollution

and

watershed

termining

the

Total

Maximum

Daily

Loads

TMDLs

allowable

to

sup-

management

with

the

International

Water

Association.

Dr.

Novotny

re-port

designated

uses.

He

has

coauthoredmaterials

on

nonpoint

source

ceived

a

diploma

engineer

degree

in

sanitary

engineering

and

a

candidate

regulation

in

Florida

and

permitting

guidance

documents

for

point

source

of

science

degree

in

sanitary

and

water

resources

from

the

Technical

discharges

in

Florida

with

consideration

of

the

TMDL

program.

He

is

a

University

of

Brno

Czechoslovakia

and

a

Ph.D.

in

environmental

engi-frequent

speaker

on

the

topics

related

to

the

Florida

Department

of

Envi-

neering

from

Vanderbilt

University.

ronmentalProtection

watershed

management

approach

TMDLs

and

the
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Richard

A.

Smith

joined

the

Water

Resources

Division

of

the

U.

S.

Cornell

University.

His

research

interests

include

water

supply

water

Geological

Survey

USGS

in

1975

and

began

working

with

a

small

re-

quality

and

flood

hazard

management

fishery

management

and

the

role

search

team

on

statistical

methods

in

water

quality

and

their

applications

of

economists

in

public

policy

formulation.

Dr.

Shabman

was

a

member

to

the

extensive

and

diverse

water

quality

monitoring

records

maintained

of

the

NRCs

Committee

on

Watershed

Management

Conunittee

on

by

the

USGS.

Throughout

the

1980s

his

research

dealt

with

patterns

of

USGS

Water

Resources

Research

Committee

on

Flood

Control

Altema-change

in

the

nations

water

quality

and

with

statistical

analysis

of

data

fives

in

the

American

River

Basin

and

the

Committee

on

Restoration

of

collected

from

the

more

than

400

stream

and

rivet

monitoring

stations

in

Aquatic

Ecosystems

Science

Technology

and

Public

Policy.

the

Surveys

NASQAN

program.

In

the

early

1990s

he

began

to

investi-gate

Laura

J.

Ehlers

is

a

senior

staff

officer

for

the

Water

Science

and

the

possibility

of

using

the

rapidly

advancing

technology

of

GIS

to

enable

the

use

of

monitoring

data

in

making

statistically

based

predic-

Technology

Board

of

the

National

Research

Council.

Since

joining

the

tions

of

water

quality

in

unmonitored

waters.

For

more

than

a

decade

be

NRC

in

1997

she

has

served

as

study

director

for

seven

committees

in-has

also

been

very

interested

in

the

question

of

the

adequacy

of

the

na-
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Stafe of .Californi

Memo r a n d u m

Archie Matthews Date FEB 111993
Division of Water Quality

Elizabe1r Miller zyennings -
Senior Staff Counsel
OFFICE OF THE CHIEF COUNSEL

From STATE WATER RESOURCES CONTROL BOARD

901 P Street Sacramento CA 95814

Mail Code G-8

Subject DEFINITION OF MAXIMUM EXTENT PRACTICABLE

ISSUE

What is the meaning of the standard maximum extent practicable
MEP as used in the Clean Water Acts storm water provisions

and how can this standard be communicated to the regulated
community How can this concept be included in the draft BMP
manual.

CONCLUSION

The standard maximum extent practicable is not specifically
defined for use in the storm water program. It has been defined
in other rules however to require taking all actions which are
technically feasible. I have included draft language for the
manual.

DISCUSSION

Section 402p of the Clean Water Act 33 U.S.C. 5 1342 p
provides that permits issued for discharges from municipal
separate storm sewers must require controls to reduce the

discharge of pollutants to the maximum extent practicable.
The statutory language provides that municipal permits

Shall require controls to reduce the discharge of

pollutants to the maximum extent practicable
including management practices control techniques and
system design and engineering methods and such other

1ý
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provisions as the EPA Administrator or the State
determines appropriate for the control of such
pollutants. Clean Water Act Section
402p3Biii 33 U.S.C. 1342p3Biii.

Neither Congress nor the U.S. Environmental Protection- Agency
EPA has defined the term maximum extent practicable and yet
this is the critical standard which municipal dischargers must
attain in order to comply with their permits. The State could
have spelled out the specific controls which the municipalities
were required to undertake. However such an approach would
have relinquished the municipal dischargers of any flexibility
in implementing their storm water programs.

On its face it is possible to discern some outline of the
intent of Congress in establishing the MEP standard. First the
requirement is to reduce the discharge of pollutants rather
than totally prohibit such discharge. Presumably the reason
for this standard and the difference from the more stringent
standard applied to industrial dischargers in Section402p3A is the knowledge that it is not possible for

municipal dischargers to prevent the discharge of all pollutants
in storm water. The second point which is clearly encompassed
in the standard is that it is the permitting agency and not the.
discharger which is the ultimate arbiter on whether there has
been sufficient reduction of pollutants.

The most difficult issue is determining how much pollutants must
be reduced or in other words which best management practices
BMPs must be employed in order to comply with the MEP
standard. While the term is not defined in the Clean Water Act
or the EPA regulations the same term does appear in other
federal laws and regulations and there are some definitions or
interpretations which may be useful to the storm water program.

In the Uranium Mill Tailings Radiation Control Act of 1978
42 U.S.C. 7901 et seq. the Department of Energy was

required to designate within one year of the Acts adoption to
the maximum extent practicable contaminated areas within the
vicinity of uranium processing sites. In addressing a lawsuit
brought after the Department designated very few of the
vicinity properties the federal court declared that MEP means
a substantial majority of the locations should have been
designated within the year. Sierra Club v. Edwards D.C.D.C.
1983 19 ERC 1357. Where a NEPA regulation required that to
the maximum extent practicable environmental clearance was
required for uncompleted projects which had never undergone NEPA
review a court held that the regulation mandates a meaningful
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environmental review rather than a perfunctory evaluation.
Save the Courthouse Committee v. Lynn S.D.N.Y. 1975 408

F.Supp. 1323.

In an interim final regulation recently promulgated by the

Department of Transportation MEP is defined where operators of
onshore oil pipelines must have resources to the maximum extent
practicable to remove and to mitigate or prevent worst case
discharges. 49 CFR Part 194. MEP is defined to mean

The limits of available technology and the practical
and technical limits on an individual pipeline
operator in planning the response resources required
to provide the on-water recovery capability and the
shoreline protection and cleanup capability to conduct

response activities .
Finally the term MEP is used in the Superfund legislation
wherein permanent solutions and alternative treatment
technologies must be selected to the maximum extent
practicable. CERCLA Section 121b. The legislativehistory
of the language indicates that the relevant factors in
determining whether MEP is met include technical feasibility
cost and state and public acceptance. 132 Cong. Rec. H 9561
Oct. 8 1986.

While each of the above interpretations and definitions varies
they do follow a pattern. The pattern that emerges is that
there must be a serious attempt to comply and that practical
solutions may not be lightly rejected. If a municipality
reviews a lengthy menu of BMPs and chooses to select only a few
of the least expensive it is likely that MEP has not been. met.
On the other hand if a municipal discharger employs all
applicable BINPs except those where it can show that they are not
technically feasible in the locality or whose cost would exceed
any benefit to be derived it would have met the standard. In
any case the burden would be on the municipal discharger to
show compliance.

The definitions contained in the pipeline regulation and the

Superfund leg-islative history are most analogous to storm water
regulation. The major emphasis in both of.these rules are
technical feasibility. Similarly the municipal dischargers
should be required to employ whatever BMPs are feasible i.e.
are likely to be effective and are not cost prohibitive. Thus
where a choice may be made between two BMPs which should provide
generally comparative effectiveness the discharger may choose
the least expensive alternative and exclude the more expensive
BMP. However it would not be acceptable either to reject all
antes which would address a pollutant source or to pick a BMP
based solely on cost which would be clearly less effective.
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As you know the BMP Guidance manual is being published by the
Task Force which is made up of dischargers rather than by the

State Water Board. As far as I know there is no intention for
the State Water Board to adopt the manual as its own guidance
document. Therefore it is important to stress in the manual
both in the section on MEP and in the front of the manual that
this manual is not a publication of the State or the Regional
Water Boards and that these Boards have not specifically
endorsed the contents. Rather the manual was assembled by a

group of dischargers in the interestof assisting themselves and
others to comply with the storm water permits. In the section
on MEP it should be stated that the final determination
regarding whether a discharger was reduced pollutants to the
maximum extent practicable can only be made by the Regional or
State Water Boards but that selection and implementation of
BMPs through consideration of the listed factors should assist
dischargers in achieving compliance.

The following language is suggested in order to clarify that the
manual is not the product of the State Water Board

This Manual was produced and published by the Storm
Water Task Force an advisory body of municipal
agencies regulated by the storm water program. T h i s
Manual is not a publication of the State Water
Resources Control Board or any Regional Water Quality
Control Board and none of these Boards has
specifically endorsed the contents thereof. The
purpose of this manual is to assist the members of the
Task Force and other dischargers subject to storm
water permits in attaining compliance with such
permits.

The following language is recommended in place of Insert A in
the manual for municipal dischargers

Although MEP is not defined by the federal
regulations use of this manual in selecting BMPs
should assist municipalities in achieving MEP. In
selecting BMPs which will achieve MEP it is important
to remember that municipalities will be responsible to
reduce the discharge of pollutants in storm water to
the maximum extent practicable. This means choosing
effective BMPs and rejecting applicable .MP only
where other effective BMPs willserve the same
purpose the BMPs would not be technically feasible
or the cost would be prohibitive. The following
factors may be useful to consider

1. Effectiveness Will the BMP address a pollutant
of concern
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2. Regulatory Compliance Is the BMP in compliance
with storm water regulations as well as other
environmental regulations

3. Public acceptance Does the BMP have public
support

4 cost Will the cost of implementing the BMP have
a reasonable relationship to the pollution
control benefits to be achieved

5. Technical Feasibility Is the BMP technically
feasible considering soils geography water
resources etc.

After selecting a menu of BMPs it is of course the

responsibility of the discharger to insure that all
BMPs are implemented.

40
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X1 UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

WASHINGTON D.C. 20460

ý
AUG 2 2003

oFFiCE of

The Honorable Ban Doyle .TE

CPR Steering Committee

Mayor Pro Tern

City of Sierra Madre

2175 Cherry Avenue

Signal Hill CA 90755

Dear Mayur Doyle

Thank you for your letter of March 2 S 2003 following up on our March 11 2003

meeting. Your letter requests the Environmental Protection Agencys EPA assistance with

several aspects of both the Los Angeles Region Basin Plan Review and the Los. Angeles County

MS4 NPDIS pennir.

I want to apologize for not responding sooner to your letter. You have raised many

important issues for us to look at in more detail. You have asked EPA to support an accelerated

review of the Los Angeles Bassin Plan as well as participating and helping build consensus in

completing the review EPA staff are working closely with Regional Board staff to develop

basin plan amendments and are actively working with stakeholder groups seeking solutions to

ongoing water quality problems in the Los Angeles Region.

In addition you have expressed concern about the need to complete numerous use

attainability analyses UAAs in order to designate proper water quality
standards for sm all

minor water bodies. You have asked for information on how various EPA Regions have

inuerprered the Tributary Rule and request guidance from EPA Headquarters to Region 9 and

California on this issue- EPA supports the states effort to identify and adopt appropriate

designated uses for the water bodies of concern. However EPA and state regulations require any

change in designated uses to go through the states water quality standards revision process

including the public participation process. In addition any change to a designated use that

results in a use that is not specified in Clean Water Act section 101a must be accompanied by it

UAA. This does not aatomanically mean that detailed case-by-case analyses would be required

for each water body. EPA believes that there are several approaches that may be appropriate for

conducting analyses to modify designated uses such as conducting a batch analysis for multiple

waters with similar characteristics or conducting simplified analyses depending on the water

bodys characteristics and the type and/or source of pollutants. EPA Region 9 is committed to

working with the Los Angeles Regional Water Quality Board -on any efforts it may undertake to

revise water bodies designated uses.
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California and EPA Region 9 are not unique in how they interpret the Tributary Rule.

Several other states have similar provisions contained in their water quality standards. Individual

states and EPA have generally interpreted these provisions as a mechanism to apply water quality

standards where an individual water bodys standards including designated uses are not

explicitly identified.

Your letter also raises issues related to the Los Angeles County MS4 permit. You have

requested that EPA clarify to the Regional Board the intent of the receiving waters limitations.

The Los Angeles Regional Water Quality Control Board developed a Frequently Asked

Questions FAQ document to help clarify this and otherquestions that have been raised about

this permit.. It is available at www.swreb.ca.govfrwgcb4. EPA believes this document clarifies

the irtcnt of the rceiving waters limitations language.

You also ask EPA to provide guidance on the defutitiou of Maximum Extent Practicable

MEP and to provide examplesof its practical application Congress established MEP but did

not provide language defining this standard. EPA envisions MEP as an iterative process that

considers such factors as conditions and beneficial uses ofreceiving waters MS4 sire climate

implementation schedules current ability to finance the program hydrology geology and

capacity to perform operation and maintenance. EPA understands the importance of providing

assistance to help communities implement MEP. We are looking at the information gathered

from evaluating many MS4 permits and programs. We hope to use this to provide examples of

good storm water programs.

You have raised concerns about implementation ofTMDLs through NPDES permits and

have asked EPA to provide samples of alternative implementation methods. EPA believes that

permits are a critical component of TMDI. implementation. In this situation the LA permit

contains a compliance framework that provides flexibility and time for communities to develop

cost-effective controls. EPA will continue to work with the Regional Board to make sure that

they consider different implementation methods for TMDLs

Your letter states that the Regional Board is not following EPAs November 2002 memo
on establishing TMDL Waste Load Allocations and Stormwater NPDES Permit Requirements.

You ask EPA to provide guidance to the Regional Board that supports this memo. EPA worked

closely with all ten Regions on this memo and expects that it will be followed by the states. Ive

asked my staffto follow up with the State and would be happy to discuss this with you further if

the Regional Board is not following the memo.

Finally you request approval of your FY 2003 program funding from this years

appropriation and request additional funding for demonstration projects along the Lower Los

Angeles and San Gabriel Rivers. EPA supports the types of demonstration projects that you are

proposing but as you know we always have requests to fund far more worthy projects than we

have funds for. I would be glad to talk with you further about your proposal for additional

funding.
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Thank you for sharing your concerns on these issues. Please contact me ifyou wish to

discuss any of this further or have your staff caH James A. Hanlon Director Office of

Wastewater Management at 202 564-074g.

Sincerely

Benjamin H. Grumbles

Deputy As3istant Administrator

TOTAL P.04
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A -_ UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
AM05 WASHINGTON D.C. 20460

ROY 2 2 OFFICE Of

WATER

MEMORANDUM

SUBJECT Establishing Total Maximum Daily Load TMDL Wasteload Allocations

WLAs for Storm Water Sources and NPDES Permit Requirements Based on

Those WLAs

FROM.. Robert H. Wayland M. Director

Office of l\ edares. Oceans and atrrsheds

James A. Hanlon Director

Office ofWastewater.kfunavernent /
TO Water Division Directors

Regions 1 - 10

This memorandum clarifies existingEPA regulatory requirements for and provides

guidance on establishing wasteload allocations WLAs for storm water discharges in total

maximum daily loads.TMDLs approved or established by EPA. It also addresses the

establishment of water quality-based effluent limits WQBELs and conditions inNational

Pollutant Discharge Elimination System NPDES permits based on the WLAs for storm water

discharges in TMDLs. The key points presented in this memorandum are as follows

NPDES-regulated storm water discharges musibe addressed by the wastcload

allocation component of a TMDL See 40 C.F.R. 130.2h.

NODES-regulated storm water discharges may tom be addressed by the load

allocation LAcomponent of a TMDL See 40 C.F.R. 130.2 g. h.

Storm water discharges from sources that are not currently subject to NPDES

regulation ing
be addressed by the load allocation component of a TMriL S

40 C.F.R. 1302g.

It may be reasonable to express allocations for NPDES-regulated storm water

discharges from multiple point sources as a single categorical wasteload allocation

when data and information are insufficient to assign each source or outfall

individual WLAs Se 40 C.FR 130.21. In cases where wasteload allocations

Intsmol Address URL M0dw.rwps.9ov
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are developed for categories of discharges these categories should be defined as

narrowly as available information allows.

The WLAs and LAs are to be expressed in numeric form in the TMDL. See 40

C.F.R. 130.2b i. EPA expects TMDL authorities to make separate

allocations to NPDES- regulated storm water discharges inthe form of WLAs
and unregulated storm water in the form of LAs. EPA recognizes that these

allocations might be fairly rudimentary because of data limitations and variability

in the system.

NPDES permit conditions must be consistent with the assumptions and

requirements of available WLAs. See 40 C.F.R. 122.44dX1viiB.

WQBELs for NPDESregulated storm water discharges that implement WLAs in

TMDLs may be expressed in the form of best management practices BMPs
under specified circumstances. lee 33 U.S.C. 1342p3Biii 40 C.F.R.

122.44k23. IfBMPs alone adequately implement the WLAs then

additional controls are not necessary.

EPA expects that most WQBELs forNPDES-regulated municipal and small

construction storm water discharges will be in the form of BMPs and that

numeric limitswill be used only in rare instances.

When a non-numeric water quality-based effluent limitis imposed the permits

administrative record including the fact sheet when one is required needs to

support
that the BMPs are expected to be sufficient to implement the WLA in the

TMDL. See 40 C.F.R. 124.8 124.9 124.18.

The NPDES permit must also specify the monitoring necessary to determine

compliance
with effluent limitations. ee 40 C.F.R. 122.441. Where effluent

limitsare specified as BMPs the permit should also specify the monitoring

necessary to assess if the expected load reductions attributed to BMP

implementation are achieved e g SMP performance data.

The permit
should also provide a mechanism to make adjustments to the required

BMPs as necessary to ensure their adequate performance.

This memorandum is organized as follows

1. Regulatory basis for inchiding NPD$S.regulated storm water discharges in WLAS

in7MDLs

Options for addressing storm water inTIVMLs andý
2
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III. Determining effluent limits in NPDES permits for storm water discharges

consistent with the WLA

1. Rees latory Basis for Includine NPDES-rejulated Storm Water Dircharpe a in WLAs
In TMDLs

As part of the 1987 amendments to the CWA Congress added Section 402p to the Act

to cover discharges composed entirely of storm water. Section 402p2 of the Act requires

permit coverage for discharges associated with industrial activity and discharges from large and

medium municipal separate storm sewer systems MS4. ice systems serving a population over

250000 or systems serving a population between 100000 and 250000 respectively. These

discharges are referred to as Phase I MS4 discharges.

In addition the Administrator was directed to study and issue regulations that designate

additional storm water discharges other than those regulated under Phase 1 to be regulated in

order to protect water quality. EPA issued regulations on December 8 1999 64 ER 68722
expanding the NPDES storm water program to include discharges from smaller MS4s including

all systems within urbanized areas and other systems serving populations less than 100000
and storm water discharges from construction sites that disturb one to five acres With

opportunities for area-specific exclusions. This program expansion is referred to.as Phase II.

Section 402p also specifies the levels of control to be incorporated into NPDES storm

water permits depending on the source industrial versus municipal storm water. Permits for

storm water discharges associated with industrial activity are to require compliance with an

applicable provisions of Sections 301 and 402 of the CWA jrall technology-based and water

quality-based requirements. So 33 U.S.C. 1342p3A. Permits for discharges from MS4s
however shall require controls to reduce the discharge of pollutants to the maximum extent

practicable .. and such other provisions as the Administrator or the State determines appropriate

for the control of such pollutants. wee 33 U.S.C. I342px3Biii.

Storm water discharges that are regulated under Phase I or Phase II of the NPDES storm

water program are point sources that must be included in the WLA portion of a TMDL. See 40

C.F.R 1.30.2h. Storm water discharges that are not currently subject to Phase 1 or Phase II of

the NPDES storm water program are not required to obtain NPDES permits. 33 U.S.C.

I342pXI p6. Therefore for regulatory purposes they are analogous to nonpoint sources

and maybe included in the LA portion of a TMDL. See 40 C.F.R. 130.2g.

II. Options for Addressioe Storm Water in TMDLS

Decisions about allocations of pollutant loads within a TMDL are driven by the quantity

and quality of existing and readily available water quality data. The amount of storm water data

available for a TMDL varies from location to location. Nevertheless EPA expects TMDL
authorities will make separate aggregate allocations to NPDES-regulated storm water discharges

3
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in the form of WLAs and unregulated storm water in the form of LAs. It may be reasonable

to quantify the allocations through estimates or extrapolations based either on knowledge of land

use patterns
and associated literature values for pollutant loadings or on actual albeit limited.

loading information. EPA recognizes that these allocations
might be fairly rudimentary because

of data limitations..

EPA also recognizes that the available data and information usually are not detailed

enough to determine waste load allocations for NPDES-regulated storm water discharges on an

outfall-specific basis. In this situation. EPA recommends
expressing the wasteload allocation in

the TMDL as either a single number for all NPDES-regulated stoma water discharges or when
information allows as -different WLAs for different identifiable categories municipal storm

water as distinguished from storm water discharges from construction sites or municipal storm

water discharges from City A as distinguished from City B. These categories should be defined

as narrowly as available information allows sg for municipalities separate WLAs for each

municipality and for industrial sources separate WLAs for different types of industrial storm

water sources or dischargers.

111. Deigrrn nine Effluent Limitsin NPDES Permits for Storm Water Discharges

Consistent w-Ift-h-t-h-e-W-L-Al

Where a TMDL has been approved. NPDES permits must contain effluent limits and

conditions consistent with the requirements and
assumptions of the wasteload allocations in the

TMDL 40 CFR 122.44d1viiB. Effluent limitations to control the discharge of.5
pollutants generally are expressed in numerical forrrr. However in light of 33 U.S.C.

1342p3Biii EPA recommends that for NPDES-regulated municipal and small

construction storm water discharges effluent limits should be expressed as best management

practices BMPs or other similarrequirements rather than as numeric effluent limits. Se
Interim Permitting Approach for Water Quality-Based Effluent Limitations in Storm Water

Permits 61 E$ 43761 Aug. 26. 1996. The Interim Permitting Approach Policy recognizes the

need for an iterative approach to control pollutants in storm water discharges. Specifically the

policy anticipates that a suite of BMPs will be used in the initial rounds of permits and that these

BMPs will be tailored in subsequent rounds.

EPAs policy recognizes that because storm water discharges are due to storm events that

are highly variable in frequency and duration and are not easily characterized only in rare cases

will it be feasible or appropriate to establish numeric limits for municipal and small construction

storm water discharges. The variabilityin the system and minimal data generally available make

it difficult to determine with precision or certaintyactual and projected loadings for individual

dischargers or groups
of dischargers. Therefore. EPA believes that in these situations permit

limits typically can be expressed as BMPs and that numeric limitswill be used only in rare

instances.
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Under certain circumstances BMPs are an appropriate form of effluent limits to control

pollutants
in storm water. See 40 CFR 122.44kX2 3. If it is determined that a BNP

approach including an iterative BMP approach is appropriate to meet the storm water

component of the TMDL EPA recommends that the TMDL reflect this.

EPA expects
that the NPDES permitting authority will review the information provided

by the TMDL see 40 C.F_R. 122.44d1viiB and determine whether the effluent limit is

appropriately expressed using a BMP approach including an iterative BMP approach or a

numeric limit. Where BMPs are used. EPA recommends that the permit provide a mechanism to

require use of expanded or better-tailored BMPs when monitoring demonstrates they are

necessary to implement the WL4 and protect water quality.

Where the NPDES permitting authority allows for a choice of BMPs a discussion of the

BMP selection and assumptions needs to be included in the permits administrative record

including the fact sheet when one is required. 40 C.F.R. 124.8 124.9 124.18. For general

permits this may be included in the storm water pollution prevention plan required by the permit.

40 C.F.R. 122.28. Permitting authorities may require the perntittee to provide supporting

information such as how the pennittee designed its management plan to address the WLAs.
See 40 C.FR 122.28. The NPDES permit must require the monitoring necessary to assure

compliance with permit limitations although the permitting authority has the discretion under

EPAs regulations to decide the frequency of such monitoring. SSI 40 CFR 122.441. EPA

recommends that such permits require collecting data on the actual performance of the BMPs.

These additional data may provide a basis for revised management measures. The monitoring

data arc likely to have other uses as well. For example the monitoring data might indicate if it is

necessary to adjust the BMPs. Any monitoring for storm water required as part of the permit

should be consistent with the states overall assessment and monitoring strategy.

The policy
outlined in this memorandum affirms the appropriateness of an iterative

adaptive management BMP approach whereby permits include effluent limits e.g a

combination of structural and non-structural BMPs that address storm water discharges

implement mechanisms to evaluate the performance of such controls and make adjustments j
more stringent controls of specific BMPS as necessary to protect water quality. This approach is

further supported by the recent report from the National Research Council NRC Assessing the

TMDL Approach to Water Quality Management National Academy Press 2001. The NRC

report
recommends an approach that includes adaptive implementation LL a cyclical process

in which TMDL plans we periodically
assessed for their achievement of water quality standards

and adjustments made as necessary. NRC Report at ES-5.

This memorandum discusses existing requirements of the Clean Water Act CWA and

codified in the TMDL and NPDES implementing regulations. Those CWA provisions and

regulations
contain legally binding requirements. This document describes these requirements it

does not substitute for those provisions or regulations. The recommendations in this

memorandum are not binding indeed there may be other approaches that would be appropriate
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in particular situations. When EPA makes a TIDL or permitting decision it will make each

decision on a case-by-case basis and will be guided by the applicable requirements of the CWA
and implementing regulations taking into account comments and information presented at that

time by interested persons regarding the appropriateness of applying these recommendations to

the particular situation. EPA may change this guidance in the future.

If you have any questions please feel free to contact us or Linda Boomazian Director of

the Water Permits Division or Charles Sutfin. Director of the Assessment and Watershed

Protection -Vivisiom

cc

Water Quality Branch Chiefs

Regions I-l0

Permit Branch Chiefs

Regions 1 - 10
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(Pronsolino, supra, 291 F.3d at p. 1127.) Thus, water quality standards 

protect water bodies, regardless of whether the pollution comes from a 

"point" or "non-point" source. 4  For purposes of the Act, water quality 

standards do not depend on whether the source of pollution is diffuse or 

difficult to regulate. The standards look to the overall condition of the 

water itself, (City of Burbank v. State Water Resources Control Bd. (2005) 

35 Ca1.4th 613, 620 (Burbank); see also 33 U.S.C. § 1313.) Separate 

statutory provisions address the technological feasibility of each source's 

pollution control requirements. (See, e.g., 33 U.S.C. § 1311(b)(1)(A), 

(b)(1)(B), (b)(2), (b)(3), & § 1342(p)(3)(B)(iii),) 

To achieve water quality standards, the Act prohibits discharges of 

pollutants from point sources to waters of the United States unless they 

meet federal requirements. (33 U.S.C. § 1311; Burbank, supra, 35 Ca1.4th 

at p. 620.) Two such types of discharges are industrial and -municipal urban 

storm water run-off, 5  one of the most significant sources of water pollution 

in the nation. (Environmental Defense Center, Inc: v. EPA (9th Cir. 2003) 

344 F.3d 832, 840-841.) 

Congress amended the Act in 1987 to require NPDES permits for 

urban run-off. (See 33 U.S.C. § 1342(p)(3)(B).) The 1987 changes did not 

affect any designated uses, other components of the water quality standards, 

or the need to protect water quality. Neither Congress nor U.S. EPA 

required states to revise their water quality standards in response to the 

4  Point sources of pollution come from a discrete conveyance, such 
as a pipe. Nonpoint sources are non-discrete sources, such as sediment run-
off. (Pronsolino, supra, at p. 1125; 33 U.S.C.§ 1362(14).) 

5  "Storm water," when discharged from a conveyance or pipe (such 
as a sewer system) is a. "point source" discharge, but storm water emanates 
from diffuse sources, including surface run-off following rain events 
(hence, "storm water") and urban run-off. 
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CONCLUSION .  

Appellant Water Boards request that this court overturn the judgment, 

vacate the writ of mandate and enter judgment in their favor. 

Dated: June 11, 2009 
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EDMTJND G. BROWN JR. 
Attorney General of California 
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Senior Assistant Attorney General 
JENNIFER F. NOVAK 
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Deput A  ttorne General 

JENNIF 	N e VAK 
Deputy ttorney General 
Attorneys for Appellants and Respondents 
State Water Resources Control Board and 
Regional Water Quality Control Board 
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Sometimes the EPA establishes and issues water quality criteria. For 

instance, EPA set criteria for toxic pollutants for the State called the 

California Toxics Rule ("CTR"). The CTR regulates 126 pollutants, 

including arsenic, lead, mercury, cyanide, asbestos, benzene, dioxin, and 

PCBs. (40 C.F.R. § 131.36.) Aside from some specified instances, the 

CTR applies "without exception" to 101 waters assigned any aquatic life 

or human health use classifications . . . ." (40 C.F.R. § 131.36(d)(10)(i).) 

Sometimes the Regional Board establishes and issues water quality criteria 

to meet the purposes of the Clean Water Act. As the California Supreme 

Court recognized, "EPA provides States with substantial guidance in the 

drafting of water quality standards." (Burbank, 35 Ca1.4th at 621.) For 

instance, the Clean Water Act requires a set of baseline pathogen standards 

in coastal recreation waters, such as Santa Monica Bay. (33 U.S.C. § 

1313(i)(1)(A).) Accordingly, the Regional Board established limits for 

enterococci in coastal recreation marine waters and E.coli in freshwater 

recreation waters that match the federally-required criteria. (Compare 40 

C.F.R. § 131.41(c)(1)-(2), with AR 2002 BAC 236.) 

Water bodies that do not meet water quality standards cause, among . 

other things, documented public health impacts. For example, in 2000, 

swimming in water contaminated with pathogens caused beachgoers 

between 627,800 and 1,479,200 excess gastrointestinal illnesses in Los 

Angeles and Orange Counties alone. (8 AA 1719.) One of the largest 

sources of pollution contributing to these health impairments is urban 

runoff. 3  (8 AA 1729; AR 2004 TR 6161.) Urban runoff is a two-part 

3 For ease of reference, throughout this brief the terms "urban runoff' and 
"stormwater" are used interchangeably to refer generally to the discharges 
from the municipal Dischargers' storm sewer systems. The definition of 
stormwater includes "storm water runoff, snow melt runoff, and surface 
runoff and drainage." (40 C.F.R. § 122.26(b)(13).) 
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Water Act. (See Abreu v. Svenhard's Swedish Bakery (1989) 208 

Cal.App.3d 1446, 1456 (court refused to apply a state law that would toll 

the statute of limitations, because doing so would "inevitably frustrate" 

federal national labor-management policy),) 

Conclusion 

For the foregoing reasons, the Environmental Groups respectively 

request that this Court reverse the trial court's judgment. 

DATED: June 5, 2009 	Respectfully submitted, 

NATURAL RESOURCES DEFENSE 
COUNCIL 

Michelle S. Mehta 

Attorney for Natural Resources Defense 
Council, Santa Monica Baykeeper, and 
Heal the Bay 
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STUDY OVERVIEW 

A. 	Introduction 

This study is the most comprehensive analysis to date of the potential 
costs required to meet new and emerging storm water regulations in the Los 
Angeles area. It confirms that advanced treatment of storm flows will likely be 
required to meet current and anticipated federal and state water quality 
standards. Such treatment will be extremely costly and will generate significantly 
negative economic consequences for our region. The principal study case, 
which contemplates 65 treatment plants to accommodate regional storm water 
requirements, shows that: 

a 

The capital costs required to build new collection and treatment 
facilities range from $43.7 billion to treat flows from about 70% of 
the historic average annual storm events to $283.9 billion for 97% 
of the expected storm events. 

The net employment impacts depend on the period studied, a 15- 
year construction period, or a subsequent period of operations. In 
the first period, losses range from over 22,000 full-time jobs per 
year to treat 70% of the annual storm events to 139,000 full-time 
jobs per year to achieve 97% storm event coverage. The 
corresponding annual job losses for post-construction plant 
operations and maintenance range from 59,000 jobs to over 
382,000. 

The present value (cost) of the net economic impacts from the 
project over 20 years ranges from —$25 billion to treat storms that 
drop 'A  inch per day or less (70% of storms or 22 days per year) to 
—$156 billion for 97% coverage, or a six fold increase in costs to 
treat an average of nine additional days of runoff per year. 

Over 20 years, the present value (cost) of the net economic 
impacts to El Monte will range from —$399 million to —$2.56 billion, 
—$492 million to —$3.17 billion for Inglewood, —$737 million to 
—$4.66 billion for Pasadena, —$321 million to —$2.2 billion for 
Pomona, and —$1.2 billion to —$7.7 billion for Torrance. 

The 20 year present value (cost) of the net economic impacts to 
each L.A. County household for these required storm water 
facilities ranges from about —$6,670 to treat the smallest 70% of 
storms to —$41,760 to treat 97% of the expected annual storm 
events. 
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B. 	Background 

Largely in response to lawsuits brought by environmental advocacy 
groups, state and federal regulators have dramatically expanded the scope of 
regional water quality controls to include storm water flows. Municipal Separate 
Storm Sewer System (MS4) permit provisions issued under the National 
Pollutant Discharge Elimination System (NPDES) program, together with 
issuance of the California Toxics Rule and the continuing expansion of the Los 
Angeles region's list of "impaired" waterbodies are greatly increasing the 
magnitude and scope of water quality regulations. Considering these 
developments, this study concludes that: 

"It is quite feasible, indeed likely, that the ultimate public 
policy result to these simultaneous requirements will be 
advanced treatment of storm water and urban runoff " 

Rainfall is naturally infrequent in the semi-arid Los Angeles area. On 
average, the basin experiences no rainfall, and thus no storm flows, for 
approximately 333 of 365 days per year (about 91% of the time). On the 
remaining 32 days per year, rain falling on natural canyons, residential areas, 
shopping centers, roads and other surfaces infiltrates into the ground or drains 
into catch basins, pipes, and flood control channels that eventually empty into the 
ocean. Previous protection programs recognized that there was no rationale for 
constructing facilities to divert and treat intermittent storm flows and focused on 
improving regional water quality without such drastic measures. 

New state and federal programs, however, are generating numerous 
stringent water quality standards that even temporary rain-driven storm flows 
usually exceed. Many of these storm water standards, in fact, are more stringent 
than those for existing sewage treatment plants. To meet the new requirements, 
the Los Angeles region must build and maintain a very large network of new 
collection and treatment facilities, most of which will be idle for the 91% of each 
year during which no rain falls. 

Several studies have estimated the costs of building these facilities, 
including a widely cited 1998 study for the California Department of 
Transportation, conducted by the water treatment and environmental engineering 
firm of Brown & Caldwell. This study found that construction of approximately 
480 facilities to divert and treat flows from about 90% of the annual expected 
storm events would cost approximately $53.6 billion. The Los Angeles County 
Sanitation District, which operates most of the region's water treatment plants, 
subsequently reviewed the Brown & Caldwell study and concluded that the costs 
were more likely to be in the range of $65 billion. 
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Given the magnitude of these cost estimates, a multidisciplinary team of 
experts from USC was asked to provide an independent, comprehensive 
assessment of the regulatory requirements and projected storm water treatment 
costs in the Los Angeles region. The team was composed of environmental, 
engineering, planning, and economics professionals and employed the following 
approach: 

(1) 70 years of daily rainfall data from 76 local rain gauge stations were 
analyzed to determine storm patterns and the volume of storm-
related flows that would require treatment. 

(2) The rainfall data were divided into three "scenarios" that 
approximate the 70%, 90% and 97% (22, 29, and 31 of 32 rainfall 
days respectively) cumulative distribution of the region's historic 
annual storm frequency. 

(3) For each of the three rainfall scenarios, the 20-year capital and 
operations and maintenance (O&M) costs required to meet the new 
storm water regulations were estimated for three facility 
construction "cases." These cases include: (a) the Brown & 
Caldwell approach of using similar-size, regionally dispersed plants; 
(b) siting hydrology-sized plants in each of the 65 regional sub-
basins (the study's "highlighted" or base case); and (c) a "political 
equity" approach that would site 130 hydrology-sized plants among 
each watershed and political jurisdiction. 

(4) Net employment impacts resulting from treatment facility 
construction and O&M spending and offsetting household income 
reductions (largely attributable to associated increased taxes) were 
estimated for the region and most of the communities in the region. 

(5) The present value of the net economic output generated by facility 
construction and O&M spending offset by reduced household 
spending was estimated for the region and most of the communities 
in the region. 

(6) The present value of the net economic output generated by facility 
construction and O&M spending offset by reduced household 
spending was estimated for municipalities within and adjacent to 
Los Angeles County — highlighted for the examples of El Monte, 
Inglewood, Pasadena, Pomona and Torrance. 

(7) The present values of the average net economic impacts to each 
Los Angeles County household for facility construction and 
operation in each of the construction and rainfall scenarios were 
estimated. 
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C. 	Key Findings 

This study confirms that the advanced level of treatment required to meet 
new and emerging storm water regulations will impose very large burdens on the 
regional economy. This study's treatment facility capital cost estimate based on 
the Brown & Caldwell approach is over $102 billion, which is considerably higher 
than either the Brown & Caldwell ($53.6 billion) or the Los Angeles County 
Sanitation District ($65 billion) estimate for comparable treatment capacities. 
Much of the increase is due to this study's use of higher current land costs. Even 
if land costs are excluded, the study still projects that the Brown & Caldwell 
treatment case will cost approximately $64.9 billion to construct. 

The study also demonstrates that storm water treatment costs and 
economic impacts greatly increase with the capacity of the facilities to treat rare, 
large storm events. On average, the Los Angeles area experiences about 32 
days of rainfall per annum. Typically, 22 (70%) of these wet days result in 0-0.5 
inches of rain, 0.5-1.5 inches fall on about 7 (20%) wet days, from 1.5 to 2.25 
inches are recorded on an average of only 2 (7%) days each year, and more 
than 2.25" falls about 1 day (3%) per year. Rain-driven storm water treatment 
facilities are basically idle for approximately 333 of 365 days, or over 91% of the 
average year (see Chart 1). 

Chart 1 
Average Annual Los Angeles Region Rainfall Over the Last 70 Years 
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The study examines the compliance costs and impacts associated with 
treatment of storm flows produced by 0-0.5" of rain (22 of 32 wet days, or 70% of 
the rain events per year), 0-1.25" of rain (the Brown & Caldwell assumption that 
corresponds to about 29 of 32 wet days or about 90% of the average rain events 
per year) and a 2.25" one-day storm (statistically about 97% of the average 
annual storm events). Costs and impacts were found to increase dramatically as 
storm water treatment capacity approaches the full annual rain event coverage. 

The study highlights the case of 65 plants, one in each major drainage 
sub-basin of the Los Angeles area, as a reasonably plausible engineering 
approach to address the region's new storm water discharge standards and 
requirements. To build a 65-plant system, the study estimates that the region 
would have to invest $43.7 billion for new collection and treatment capacity to 
accommodate the 22 days of flows generated by storms of less than 0.5 inch per 
day. These capital expenses increase to a total of $135.5 billion to build the 
capacity to accommodate the additional seven storm events per year that 
produce 0.5 —1.25 inches of rain per day. The cost of facilities that can treat 97% 
of the average daily rainfall drainage rises to nearly $283.9 billion. Even 
assuming that flows from fewer than 70% of the region's annual storm events are 
treated, advanced facilities will be very costly to construct (see Chart 2). 

Chart 2 
Collection and Treatment Facility Capital Costs 
by Storm Event Scenario for the 65-Plant Case 

70% Annual Storm Events 
	

90% Annual Storm Events 
	

971/® Annual Storm Events 
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Expenditures of this magnitude will substantially affect the regional 
economy. The study estimates that the net employment impacts associated with 
the construction and operation of 65 treatment plants will be strongly negative. 
Any short-term positive employment stimulus will be more than offset by the long-
term household income reductions necessary to pay for the new facilities. During 
the two decades of analysis, job losses will be larger in years 16-20, after the 
capital spending for new facilities in years 1-15 is completed. Taking a weighted 
average of the years from the two periods, the annual full-time equivalent 
("person year") job losses will range from approximately 31,400 in the event that 
flows from 70% of the annual storm events are treated to 199,750 to achieve 
97% coverage (see Chart 3). 

Chart 3 
Annual Net Full-Time Equivalent Employment Impacts 

by Storm Event Scenario for the 65-Plant Case 
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The study also estimates that the present value of the 20-year economic 
impacts associated with the 65-plant base case is strongly negative, again due 
primarily to higher taxes and lower household income and spending. The 
magnitude of these losses is predicted to range from a present value of —$24.8 
billion to build facilities that can treat flows from 70% of the annual storm events 
to —$155.6 billion for 97% storm event coverage (see Chart 4). 

Chart 4 
Present Value of 20-Year Net Output Losses Generated 

by Storm Event Scenario for the 65-Plant Case 
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About 80% of the predicted economic impacts associated with storm water 
treatment facilities will be focused in Los Angeles County. According to the 2000 
census, the County was home to approximately 3 million households. This study 
estimates that each County household will "pay" (experience a negative 
economic impact) of about $6,670 over 20 years to build facilities that can treat , 
70% of the expected storms and about $42,000 to achieve 97% storm coverage 
(see Chart 5). 

Chart 5 
Present Value of the 20-Year Cost Burden per L.A. County Household 

by Storm Event Scenario for the 65-Plant Case 
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Treatment Capacity 

	

70% Annual 	90% Annual 
	

97% Annual 

Construction Case 	 Storm Events 	Storm Events 
	

Storm Events 

Collection & Treatment Facility Capital Costs ($ Bil) 

Dispersed (B&C Approach) $37 $102 $192 

65 Larger Plants $44 $136 $284 

130 Smaller Plants $48 $148 $326 

Present Value of 20-Year Regional Net Output Losses ($ Bil) 

Dispersed (B&C Approach) -$23 -$64 -$122 

65 Larger Plants -$25 -$76 -$156 

130 Smaller Plants -$26 -$80 -$170 

Present Value of 20-Year Cost per LA County Household 

Dispersed (B&C Approach) $6,089 $17,269 $32,881 

65 Larger Plants $6,674 $20,432 $41,763 

130 Smaller Plants $7,064 $21,469 $45,605 

Average Annual Full Time Equivalent Job Losses 

Dispersed (B&C Approach) -26,776 -74,899 -141,783 

65 Larger Plants -31,433 -96,707 -199,750 

130 Smaller Plants -32,605 -99,313 -214,463 

The study's analysis of the dispersed, Brown & Caldwell plant siting 
approach and 130-plant construction cases is largely consistent with the 65-plant 
case assessment. In each instance, costs and impacts increase substantially as 
the storm water treatment capacity approaches full annual storm flow coverage 
(see Chart 6). 

Chart 6 
Summary of Study Findings by Construction Case 

And Level of Treatment 
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The study analyzes the net fiscal impact of the three treatment plant cases 
and three rainfall scenarios for most municipalities in Los Angeles County and in 
neighboring areas. Most municipalities will experience significant negative 
economic impacts over 20 years due to the costs of constructing, operating, and 
financing the required storm water treatment facilities. This result is illustrated in 
the study with specific reference to five geographically distinct communities, El 
Monte, Inglewood, Pasadena, Pomona and Torrance (see Chart 7). 

Chart 7 
Summary of Present Value of Net Economic Losses Over 20 Years 

by Community, Construction Case, and Level of Treatment ($ Millions) 

	

70% Annual 	 90% 

	

Storm Events 	Storm 

Dispersed (B&C Approach) 

Annual 
Events 

97% Annual 
Storm Events 

El Monte -$225 -$548 -$1,069 

Inglewood -$180 -$489 -$1,392 

Pasadena -$458 -$1,626 -$3,252 

Pomona -$10 -$133 -$499 

Torrance -$561 -$2,470 -$4,485 

65 Larger Plants 

El Monte -$399 -$1,232 -$2,569 

Inglewood -$492 -$1,522 -$3,174 

Pasadena -$737 -$2,188 -$4,664 

Pomona -$321 -$1,061 -$2,230 

Torrance -$1,201 -$3,714 -$7,745 

130 Smaller Plants 

El Monte -$238 -$915 -$2,064 

Inglewood -$427 -$1,428 -$3,143 

Pasadena -$942 -$2,978 -$6,483 

Pomona -$167 -$854 41,887 

Torrance -$1.075 -$3,382 -$7,497 
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D. 	Conclusion 

This study is consistent with previous analyses of Los Angeles County 
storm water cost burdens. It demonstrates that the collection and treatment of 
storm flows would very likely have enormous economic and policy consequences 
for our region. While the impact on the greater Southern California region is 
described in detail in Appendix A of this study, Charts 8, 9, and 10 summarize 
the consequences for each MS4 Permit city, the Los Angeles County 
unincorporated area, and many communities within the permit jurisdiction. Chart 
8 is based on the results for the principal 65 treatment plant analysis, while Chart 
9 summarizes the 130 treatment plant analysis, and Chart 10 is based on 
assumptions similar to those used in the 1998 Brown and Caldwell report for the 
California Department of Transportation. 

New regulations and standards increasingly require, for the first 
time, that communities throughout Los Angeles County collect and 
treat intermittent storm flows with advanced, expensive technology. 
Despite considerable population gains, regional water quality 
has been improving over time without such requirements. 

e 
	

To meet these new mandates, communities in the greater Los 
Angeles and surrounding areas must construct, maintain and 
operate a very large network of collection and treatment plants and 
facilities that presently does not exist. Most of these new 
facilities will remain idle for more than 90% of the time each 
year. 

The cost and size of the new collection and treatment facilities 
increase substantially as they are designed to accommodate a 
larger number of expected annual rain events. It will cost about 
six times more to build a system that can handle 97% versus 
70% of the region's annual average storm days, or to achieve 
about 9 additional days of storm event coverage. 

Over the twenty-year period analyzed in the report, most 
communities in the greater Los Angeles area will experience very 
significant employment and net economic losses caused by the 
new storm water regulations. The region as a whole is projected 
to lose from 27,000 to 214,,700 foil time jobs per year and suffer 
a net economic loss of from $23 billion to $170 billion to 
collect and treat intermittent storm flows. 
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NET ECONDITC E.' ACT 14 LOS ANGELES COW TY L.7.-f OTT AND COP, YEAR 41-20 

$5 I:. ALLEN PLANTS 

aty snd - 70% Annual/Morns Events 9 Anntni 	L Lit Bards 97% Annual Storm Event 

Acton 458,536 4377,647 4825,425 

Agoura Hills -$20,178,314 -$232,085,757 

Alhambra 4366,577.616 41.133,077,137 -$2,362,102,206 

Alondra Park -$19,742,466 -$61,038,797 -$127,311,488 

Alt adena 4102$04,071 - 4318;118,490 4663,788;483 

Arcadia -$367,695,271 41,137,180,717 -$2,371,699,940 

Artesia - 4135;507;968 " - 441903.1508 4874,356,212 

Avocado -Heights -$70,208,320 -$451,682,050 

Azusa $1,419,948,688  $4,669,061.039_ ,  $10,283,191,920 

Baldwin Park -$173,306,074- -$1,118,251,375 

Bar 4131,945,553 4407,848,009 4850,266,664 

Bellflower -$253,509,284 -$783,851,463 -$1,635,179,255 

Bea Gardens 3108,655,082 4335,969,696 - -$700,890,412 

Beverly Hills -$561,880,841 $1,736,176,437 -$8,616,973,383 

Bradbury - -S5,573,746 317,256.587 435,987.456 

Burbank -$650,627,462 -$2,010,966,543 -$4,191,783,190 

Calabasas $12,417334 $297;817 432,277,444 

Carson -$406,589,609 -$1,256,045,981 -$2,615,420,637 

Cerritos 4316.116,099 42,037215;929 

Charter Oak -$35,188,709 4108,824,260 . -$227,102,310 

Otrus -$19,546,643 480,452326 4126,186,816 

Claremont -$97,090,427 -$365,108,012 4802,796,288 

Commerce 4201,606358 1 _4622,345.646 41,293,978,132 

Compton 4276,514i08 - — -$854,675,971 -$1,781,606,932 

Covina 4303,009,404 4937,030,571 41.954,684,721 

Cudahy -$56,668,591 -$ 175,243,436 -$365,671,625 

Culver Ctty -$484,142,453 41,496,752,173 43,121,436,691 

Del Aire -$48,137,206 148,715,364-  
■ 

Diamond Bar 496,039,610 - 	-$334,625,486 4700,654,464 

Downey -$417,548,584 -$1,290,561,844 -$2,690,105,232 

Duarte 452,123,981 4154,486;917 4309,024,614 

East Compton -$9,490,971 -$29,342,488 -$61,195,741 

East La lArada .  417,759,367 -$54,908,194 4114,527,038 

East Los Angeles -$264,853,793 -$818,335,578 - 5 1,704,646,929 

East Pasadena • 	 4103,337,722 4319,625,942 4867,206,980 

East San Gabriel -$63,461,996 -$196,298,234 -$409,802,202 

B Monte 4398,658,472 41.232,230,196 -$2,568,760,027 

Segundo $705,854,813 52,129:079,443" $4,219,428:470 

Florence-Graham -$92,409,679 4285,631,218 4595,432,112 

Chart 8 
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City and CDP 
70% Annual Storm Beams 90% Annual Storm Events 97% Annual Storm Events 

Gardena 

Glendale 

Glendora 

-$324,601,630 

41,020,336,069 

-$133,384,161 

-$1,003,600,452 

43,159,794,904 
. 	. 	_ 

-$395,528,141 

-$2,093,294,791 

-$6,646,513,484 

-$791,625,672 

Hacienda Heights 4148,625,031 4459,517,049 . 	. 	. 	. 	_ 	. 
4958,448.555 

Hawaiian Gardens  -$33,400,030 -$103,253,630 -$215,314,673 

Hawthorne 4308,563,416  4954,072,751 ....., 	. 	.„ .. 
-$1,990,239,062 

Hermosa Beach  4160,181,692 -$495,298,598 -41,033,562,537 

hidden boas  
-$6,324,301 '•- 419,500,851 440,453,889 

Huntington Park -$232,234,227 -$718,038,792 -$1,497,761,126 

Industry 
_ 

-$339,035,437 ... 	. 	. 	,.. 	. 	. 41,112,664,892 42,300,801,567 

Inglewood -$492,288,935 41,521,964,606 -$3,174,115,672 

Irwindale $23,460,475   • 	$11,041,421 -$33,688,226 

La Canada Flintridge -$99,418,311 -$307,232,191 -$641,070,936 

La Crescent a-Montrose 
. 	_ 	. 

-574,908,595 4231,642,699 -$483,329.614 

Ladera Heights -$26,948,069 ---413,278,991 -5173,541,933 

La Habra Heights 164.240,434 .- • 	$151,623,481 $319,764,598 

Lakewood -$391,503,458 41,210,712,325 -52,526,394,885 

La I9rade 4127,903,450 4395,100,735 4822,625,496 

La Puente -$102,693,555 -$317,584,488 -$662,738,355 

La Verne $85,854,733  $179,359,824 $346,705,318 

Lawndale 4116,403,168 -$366,150,177 -$764,016,107 

Lennox -$57,091,337 4178,525,575 4368,236,270 

Lomita -$114,802,906  -$355,045,717 -$740,965,425 

Long Beach $1,237,469,238 $3,880,108,741 $8,230,318,918 

Los Angeles -$9,958,406,520 -$29,837,656,414 -$61,552,800,902 

Lynwood 4131,659,211 4407,020;916 -$848,791,302 

Malibu $240,678,433 $497,397,993 $868,215,926 

Manhattan Beach -$285,044,946 4881,704,996 ; 41,840,549,945 

Marina del Rey -$106,451,514 -$329,053,901  -$686,147,315 

Mayflower Village 49,421,386 429,135,404 460,797,072 

Maywood -$70,155,384 -$216,825,395 -$451,914,934 

Monrovia 4140,490,768 4536,004,592 41,065,512,788 

Montebello -$306,899,880  -$949,301,777 -$1,980,725,983 

Monterey Park 4245,365,944 47513,457,245 	.._ 41,581,301:,876 
_ ... 	. . 

North B Monte - $8,048,714 -$24,875,082  -$51,842,700 

Norwalk ... 	. 	- 4280,994,426 4868,695,965 . 41,811,561,942 

Palos Verdes Estates -$28,164,084 -$87,034,330 -$181,354,607 

Paramount -$144,131,424 4445,411,887 4928,148,470 

Pasadena -$736,509,128 -52,187,569,594 -$4,664,167,914 

Pico livers 12,204,8313,494_ $6,800 ,529,265 514,188,392,616 

Pomona -$321,254,696 -$1,060,623,305 -$2,229,806,257 

Fiancho Palos Verdes 4150,423,099 4465,245;084 = 4971,110:323 

Redondo Beach -$392,037,256 • 
._ 	_. 	. 	_ 	._... 	_ 
41,212,166,333 - $2,528.615,198 
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Caty 	41.. 

70% Annual Storm Events 90% Annual Storm 	nts 17% Annual Storm Event 

Rolling Hike 42,962,542 49,158,307 

-$145,433,221 

*4513,011,954 

419,097,125 

-$303,587,641 

41,069,195,335 

41,209,416,029 

4588,495,245 

$1,137,541,074 

41.251,048,909 

4283,190,267 

.525,293,923,794 
_ 	. 

Fb 	140s---Est at as 

Flasem 

-$47,019,722 

-5165,983.590 

Fbwland Heights 

tin Dimas 	 • 

4187,576,442 

486.480,841 ' 

4579,910,854 

-$290.243,744 

San Fernando 
- • 

San Gabriel' - 
- 	- 

--,,, 
$191,100,455 $604,512,811 

-4599,625,489 

San Marino 

Santa di-, 	a 	. 	• 

-$43,964,435 4135,175,472 

.110,887046.045 

Santa Fe Springs -$151,393,580 -$466,887,269 -$968,831,124 

Santa Monica 42.666.209,768 -, — • -45,974.246,103 
4.... 

Sierra Madre -542,855,728 -5132,540,689 -$276,474,313 

Signal HD  478,821.236 4243;389088 : 4506,232,893 

South B Monte -560,190,653 -$185,848,376 -$386,601,443 

Soetti Date: '777 - 	 • - 4780.576,631'-' -z- 41,625,011,267 

South Pasadena -$128,019,914 -$395,729,888 -$825,081,697 

South Sen CNierbi -.' -'416463,11677•'' 457074,704" 4119,032,146 

South San Jose Hills -$21,624,542 -$66,868,512 -$139,515,617 

South VVhittler 4104,530.034 •• 4323,163,2.57 4673,955.392 

Temple Oty -$138,787,412 -$429,177,228 -$895,492,871 

Torrance --**. • ::'-41:20 :1-,42471307:;•': 33.714,032,033 7 	47744,554,176 

Valinda -$50,091,383 -$154,921,719 4323,342,242 

Val Verde 44049084' -- 7,981,178 

Vernon -$112,764,628 -$347,548,285 -$720,322,609 

View Perk-Windsor: 1 1 - 

_ 
434.095,044 7-$105,385,140 _-:4219,687,706 

Vincent ---- -$180,360,023 -$376,398,698 
. 

- 4187583,708 '4390,782,153 

Walnut Park 435,958,412 -$111,191,259 -3231,986,664 

West Athena--  -S54,644.348 $113,916,192 

West Carson -$564,684,416 

West Compton 424,319,386 475,008,865 

West Covina -$449,892,865 -$1,391,230,859 -$2,902,883,619 

West HoNywoott • 4425;358,337 41,314,821,457, •42,741,202.536 

West iakir Village $20,845,414 $20,161,544 -$2,682,856 

Westmont 451;990,031  4180,754;176 -$335,348,175 

West Puente Valley -$20,895,443 -$64,584,460 -$134,625,532 

West VVIUttier-Los Metoi ...  465 	6.299 4202;780,833 4422,965,362 

WhIttier -5217,661,026 -$938,649,143 -$1,956,281,331 

-464,628,418 4199.646,389 4415,710,877 

LOS A NGELE-9-:U4 I N COR $2,019,749,885 $5,041,152,264 $9,814,300,143 

Total ' -413,776,308,258 	H 457,436,098,900 4117,227;732,638 

Source: T 	A25 
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Chart 9 

NE LLPACT LI LOS AN = 	COUNTY BY CITY AND CO?, YEARS 1-20 

130 2811ALLIER • 	 : 

City and CDP 
70% Ann' L, ortri &ants 90% Annual Storm Boards 97% Annual Storm Evora* 

Acton 4190,607 4738,710 -$1,791,204 

Agoura Fills 430,583,528 -$127,608,263 -$311,024,970 

Alhambra  4348,696,221 41121,189,624 -$2,495,853,499 

Alondra Park $121,687,214 $212,258,121 	• $468,362,890 

Modena - • 4112,014-„f 721-  43424937,266 •-••••• • • - 4751,689;103 

Arcadia -$284,555,689 -$976,160,249 

Artesia 4147:563,856 ..  4451,054,674 --,  4988,891,143 

Avocado Heights -$76, 199 ,427  4232,996551 -4509,377,822 

Azusa' 4179,013.647 -$546,844,224 41,198,158,587 

Baldwin Park -$180,979,110 4562,241;769 -$1,234,745,276 

Belt 452,079,548 -4263,524,164 4626,995,276 

Bellflower -----4275,778,859 -$843,221,275 

Bell Gardens 482,228,460 4292306,577 1-  4677,596,487 _ 

Beverly Hills -ie6;722,976 -$4,076,779,846 

Bradbury -$6 101 •   1936 994 440,849,680 

Burbank 4597,799,042 .  -$1,757,971,765 -$3,881,483,007 

Cslabasas $36,573,401 -  143,193,812 $58,802,100 

-$233,098,438 -41,791,548,818 

Cerritos . 449:266,778T 4480,747,875-' -  -$1,013,988,906 

Charter Oak 438,411,324 4117,336,767 - .. -$257,325,019 

Citrus -$20,072,352 
... _ 	_ 

 -561.872,535 4135,818,289 

Claremont -$169,418,516 -$517,515,854 

Commerce 4139,945,648 4515,997,782  -$1;129,005.959 

Compton -5248,102,048 -$818,269,103 -$1,847,998,254 

Covina 4109,445,885 4444,089,711  4994,204,757 

Cudahy -$60,257,927 

Culver City 
_ -$527,921,266 41,612,355,726 	_ 43,532,420,048 

Del Aire -$52,452,444 -5160,177,567  4350,988,077 

Diamond Bar 478,.850,537 4289,762,486 '4647.769,689 

Downey -$353,243,112 -51,193,909,977 .  -$2,711,652,150 

464 440M68 4237,073,448 4561,425,251 

East Compton -$9,481,302  429,952,301 

• -$19,369,802 -$59,161.030 • 4129,642,309 

East Los Angeles -$208,052,776 ,664,07E,044 

East Pasadena -$112,072,828 -$342,572,697 4761,829,701 

East San Gabriel $224,205,154 $624,657,151 $1,2 87 ,022,746  

B Monte 4237,577,213 4914953,560 $2,1063;928.941 

B Segundo -$108,165,792 -$387,614,269 -s892;4617846-  

Florence-trahaM -3100,138,804 4306,448,815 4671,572,759 
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-11 City and 70% Annual Storm Events 90% Annual Storm 	refs 97% Annual Slam Events 

Gardena -$292,755,651 -$962,644,806 42,120,862,833 

Gendale 41299,020,953 -33,968,587,196 48,694,861,728 

Glendora -$254,380,067 -$776,982,881 -$1,702,962,650 

Hacienda Heights 4162,119,743 
....._ 	. 	_ 	__ 4495,161,141 -$1,085,042,789 

Hawaiian Gardens 436,049,696 -$110,507,400 -$242,140,792 

Hawthorne 4308.588,234 4973,716,061 __ 	• . 42,124,316.540 

Hermosa Beach -$110,931,299 -$408,162,429 -$941,946,852 

hidden hills $1,620,908 44,505,056 -$18,221,742 

Huntington Park -----$253;317,808 -$773,718,792 -$1,695,623,282 

Industry 4259,757,617 _ 	. 	... . 4037.,616,006 $2,088,134,092 

Inglewood -$427,401,840  ---- — -$1,427,949,647  -$3,142,728,627 

Irwindale $96,688,934 5141,797,695 $276,409,496 

La Canada Flint ridge -$108,697,612 4332,186,833 4727,972,339 

to Crescent e-Mont rose 481,749,722 ., _ 	....._........_____ 	, • 	. 	. -•,... 4249,712,937 __ 	• 	_____ 	.....,..• 	,  -3547,496,269 

Ladera Heights -$29,345,962 -$89,607,258 4196,089,950 

La Habra Heights —417,612,157 _ 	,.. 	• 	, 	. 	_ .., 	_ 	.  458;328,822 -  •______ 	.........• _ 
4131,906,724 

Lakewood -$282,263,713 -$1,026,365,263 -$2,319,385,610 

La Mirada 4139,134,008 4424,740,597 4928,239,976 

La Puente -$52,787,183 -$224,867,323 -$548,311,951 

La Verne 4137,152,289 4419,769,832 4920,605,971  
_ 	• 

Lawndale -$91,647,500 4321210,7u -$735,215,976 

Lennox 462,281,292 _ 	, 	_ 	• 	..... 
-$190,247,387 $416,971,351 

Lomita -$124,876,886 
_  

-$381,976,729 -$838,200,071 

Long Beach 

Los Angeles 

$4,132,207,785 

12,141;945,399 -$12,141,945,399 

$13,536,333,692 .. 	. 	.. . 	, 
-$36,972,850,382 

$30,550,648,495  

-$79,875,809,304 

Lynwood $141,985,997 4435,424,141 -$955,559,116 

Malibu $273,088,211  $751,869,036 $1,577,559,337 

Manhattan Beach -$227,261,994 $788,339 ,976 41,788,99557 i 

Marina del Rey -$116,446,290 -$355,610,331 -$778,681,569 

Mayflower Village $2,146,766 ' 	47,829,375 -S32,626,373 . 	,  
Maywood -$25,195,250  -$136,637,876 -$361,603,910 

Monrovia 4240,823,679 -$747,484,814 $1,649,418,085 

Montebello 4349,100,779 -$1,066,991,957 -$2,338,041,485 

Monterey Park $188,027,600 -$662,988,142 41,459,891,108 

North El Monte $29,792,684 563,716,023 $134,747,437 

Norwalk 4304,357,432 4930,444,455 42,038.745,149 

Palos Verdes Estates $49,273,613 _ • 	_ $62,726,552  566.23e,529 

Paramount $49,098,828 -583,41.7,279 4251,242,591 

Pasadena -$941,843,317 -$2,977,709,897 -$6,483,083,765 

Pico Were $1,322,779 535,586,317 411200,269 

Pomona -$167,382,539 -$854,342,508 -$1,886,823,351 

Rancho Palos Verdes 437,890,384 -$254,584.236 4665,897252 

Redondo Beach -$375,440,036 -$1,203,684,730 -$2,684,701,189 
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City and CDP 
70% Annual Storm Events 90% Annual Storm Events 97% Annual Storm Event 

Fblling Ilits 

Rolling I-ills Estates 

rbsemead 

Fi3wland Heights 

San Dimas 

San Fernando 

San Gabriel 
._. _ 

San Marino 

Santa Clarita , . ....:_,.... 

41,489:957 .   

451,275,326 

 $2,601 ,693 

-$204,552,573 

493,394,404 - 

-$157,016,818 

4152,718,891 

-$41,831,769 

 $4,536,851,743 	- 

418,205:616 

41,008,919,994 - _ 

4 6,523, 30 

485,361,896 

417,500,275 

4168,639,876 

4139,431,iii ''..."  

420,131,095 

48,066,588 

4113,990,823 . 	___......  
-$119,226,780 

41,074,550,213 

-i54,660,049 
-663,378 

-$121,783,817 

437,154,707 

461 :320,965 

464,667,574 

-$39,236,089 
 

419,265,071 

-$965ci,ois' — 
426,340,298 

  46,421212 

-$156,724,173 

4197,152,880 
 . 	- 

 4624;740,420 

- ' 	4364,466,150 

	

_ 	. 

415,561,076 . 	. 
-$343,916,561 

4521,632.621 

-$1,368,748,837 

-$812,028,268 

-$1,050,749,366 

-$1,200,851,013 

-$284,726,051 

$42,549,462,108 

-$261,891,536 

-$6,747,169,557 

4479,565,735 

       4528,994,112 

-$129,265,845 

--_, 817,715,433,393 

-$104,606,2 79 

 -43;082,514;1151 

Santa Fe Springs 

	

.. 	_ 
Santa Monica 

Signal HII 

South El Monte 

South Gate 

	

South Pasadena 	---- 

South San Gabriel 

South San Jose Hills 

South VVIOttier 

Temple City 

Torrance 

Valinda 

Val Verde 

Vernon 

View Perk-VVindeor 

Vincent 

Walnut 

Walnut Park 

West Athens 

West Carson 

West Compton 

West Covina 

West Hollywood 

Westlake Village 

Westmont 

West Puente Valley 

West Whittier-Los Ni toc 

Whittier 

Willowbrook 

LOS ANGBES - UNINCOR 

-$142,361,383 

4260,822,064 

4107,811,371 

  4636 :481,597 
..-..........,.... ■.-.....,.......-..-- 

4425,915,120 

 -$61 ;482,934 

-$41,404,544 

4348,150324 

-$312,151,955 

-$569,482,420 

-$265,449,106 

41,506,693,193 

-$932,858,487 

4134,893,161 

-$88,926,868 

4762,748,439 

4386,997,900 

- 43,381,865,512 

---41e7,00,00 

-::$3- 7':-Si1,21196 38 1:40 11 76.--:  

4113 ;,4133,150 

-$189,984,123 

4199,002,283 

4119,848,010 

-$58,832,190 
-___ _ 	.. 	..  

-$291,634,650 

480:339,259 - 

4852,725,6 .61 

.47,497,063,527 

-$366,460,365 

-$422,005 
_ ..... . . 
-$805,821,883 

-$248A26,613 

	

— 	. 	.. _ 
-$416,763,164 

4435,472.280 

-$262,738,823 

-$128,819,486 

4638;490,782 

4174,736,186 

-$2,526,766,030 

43,098,979. ,844 

-$1,3 70,119 
4379,735.667 

-54 63,208.503 
$24,234,310

458.721,853 

$146,703,455 

471547,945 

-8300,511,734 

470,347,037 

$1,439,855,107 

$1,164,725,148 

I 41,415,018,830

--iii,iii;6ai' ----  
-$173,252,544 

$367,110,940 

4218,536,295 

 -$986,402,32 .9' 

4214,759,141 

$756,701,596 

4478,962,976 

42,221,186,060 

4469,374,571 

$11,748,122,399 85,011;597:587 

419,828,871,709 480,232,245,005 4127,641,574,484 rota! 

Source: Table A25 
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Chart 10 

NET ECCAIONIC IMPACT L.J LOS ANGELES COUNTY BY cay AND cop, YEARS 1-20 

" - 	Drraad (B S 	Apart „_ch 

aty and 
70% Annual Storm Events 90% Annual Storm Events 97% Alwyn! Storm Events 

Acton $3,266,993 
_ $9,050,739 514,226,237 

Agoura Hills 
_••__ 

-$34,223,169 $59,218,563 

Alhambra 4314,567,802 4552,439,929 41,109,025,349 

Alondra Park $98,580,146 -$46,684,620 -$87,859,344 

Modena 488,185,294 4242,674,035 4264,309,908 

Arcadia -575,237,112 4764,5 	- -$1,239,296,804 

Artesia -4118.223,749 4317,071,331 -$497,679,512 

Avocado Heights 460,632,049—  $56,008,475 -$27,212,396 

Azusa 4140,780,786 438,778,311 -$608,586,731 

Baldwin Park $88,309,368 $14,706,310 -$449,076,335 

Bell 4113.274.aci 	• ' ..-4204053,557 -$215,589,326 

Bellflower 
• 

$20,563,054 -$176,775,874 4816,878,351 

Bell Gardens 493,090,057 4153,769,878 	• 4278,244,480 

Beverly Hills -$483,325,277 -$1,335,700,807 -$2,404,697,684 

Bradbury $1,564,980 41,997,990 .1 .  -$182,309,991 

Burbank -$557,010,167 -5805,729,811 -$2,380,667,043 

Calabasas $84,871,262 • 245,004,675 $368,718,713 

Carson -$350,492,189 -$797,843,362 -$1,075,976,072 

Cerritos -533,266744 - 	4217,042,577 4479,918, 0335 
- - 

Charter Oak -$30,114,612 $8,645,550 -$7,572,205 

Citrus 415,848,786 =_412239,881 560„984,933 
— — 

-$41,760,497 
- 

-$58,612,064 Oaremont $39,377,861 

Commerce -453,694,386 4376A617740 4774;179.311 

Campton -$237,004,761 -$166,322,052 -$484,094,937 

Covina -$28,241,680 -$132,057,527 4890,230,264 

Cudahy 448,515,058 -$130,896,320 -$145,952,195 

Culver Ctty 4414,936,146 $1,015,828,7361 42,151,114,189 

Del Aire -$41,192,229 -$114,135,823 4214,701,188 

Diamond Bar 4111,440,386 -$229,402,706 4228,730,397 

Downey -$122,436,799 4351,049,921-  -$929,683,604 

Duarte $144,592,657 374,876,114 46,450,454 

East Compton -$8,137,796 422,452,747 $22,651,080 

East La Mirada -$15,222,514 -$41,993,211 478,992,173 

East Los Angeles $126,477,115 4216:666,07.4 -  -$457,676,161 

Bast Pasadena -$88,358,849 -3242,728,977 -$457,673,687 

East San Gabriel $33,174,020 -$149,445,949 4179,260,981 

B Monte $225,058,903 -$548,440,937 41,089,047,771 

B Segundo -$129,075,304 - $233,285,967  -$676,561,730 

Florence-Crehern 541,212,913 $93,567,088 $88,224,371 
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cats 
70% Annual Storm Ennis 90% Annual Storm Events 97% Annual Storm Events 

Gardena -$278,265,536 -$427,442,090 
-$1,337,853,647 

Ciendi le 4534,927,237 42,171,535,570 44,256,823,239 
Glendora $27,942,202 $79,193,608 4261,474,907 

}Hacienda Height. -- 4127,419,504 989,227,664 •69,718,281 
Hawaiian Gardens -$4,530,188 -$78,695,154 -81,680,935 

H srt horns -$251,537,010 -$684,993,837 -$935,022,718 

Hermosa Beach -$377,443,434 4710,397,462 

Bidden 45,008,030 $49,331,906 $33,646,051 

Huntington Park 4199,029,991 -$443,042,672 4700,070,111 

industry -$338,128,258 4839,537,707' 41t412,764,853 

Inglewood -$179,923,074 -$489,047,765 -$1,391,568,948 

Irwindale -$26,444,473 483,543,110 -$53,392,420 

La Canada Flint ridge $174,030,919 -$112,209,814 4115,822,894 

La Crescent a-Montrose $144,149,956 55,566,922 4253,726,877 

Ladera Heights -$23,160,671 -$63,937,239 -$10,339,228 

La _Habra HapIts 496,013,430--  .889,181,178 -521,748,155 

Lakewood -$233,845,344 -$375,930,581 -$630,777,799 

La Mirada 4110,258,788 498,787,144 '339,280,038 

La Puente $27,039,842 427,431,838 $78,410,680 

La Verne $98,572,373 '4240,598224 414,511,341 

Lawndale -$100,037,976 4279,476,977 '- -$211,547,842 

Lennox $54,401,166 429,372,024 45253,369 

Lomit a 498,246,666 '- -$289,51,572 —  '— -$403,431,158 

Long Beach -$523,113,360 4834,128,160 41;089,302,477 

Los Angeles -$9,800,604,653 -$25,196,415,687 — — -$48,507,165,695 

Lynwood $7,457,113 $12,747,776  4379,917,199 

Malibu 48,392,094 $41,124,983 $108,425,951 

Manhattan Beach -$246,944,554 -$427033,511 4734,984,772 

Marina del Rey 491,725,91i -$253,223,178 -$476,028,208 

Mayflower Village 48,085,756 -$22,179,039 328206,433 

Maywood -1360,277,586 -$61,403,067 -$119,460,841 

Monrovia 4187,865,437 4527,483,134 4555,391,872 

Montebello -$274,861,609 -$440,739,579 -$1,216,676,850 

Monterey Park $30,298,351 4580280206 .  4258,535,299,  
North B Monte -$6,916,961 419,104,550 $595,935 

Norwalk 44,074,235 -$237,526,051 4116,007,38 

Palos Verdes Estates -$24,123,213 $54,515,720 ---$206,763,248 

Paramount 43,257,780 4124,101,229. ..$92,309,041,  

Pasadena -$458,095,835 -$1,626,499,474 

Rco Fivers 4166,774,348 437,258,110 -5138;574203 

Pomona -$10,391,182 4133,339T475-------  1i-1199,319,676 

Rancho 	s Verdes 4128,648,011 $94,476,217 .1402,399,713 

Redondo Beach -$211,281,981 4925,665;708  :31;408,616,636 

19 

RB-AR15918



Cty and 
70% Annual Storm Evards 90% Annual Storm Events 97% Annual Storm Evental 

Wiling Rh 

Rolling Hills Estates 

Fbsemead 

Fbwland Heights 

San Dimas 	• 

San Fernando 

San Gabriel ' 

San Marino 

Santa Ciarita 

Santa Fe Springs 

Santa Monica 

Sierra Madre 

Signal 1411 . 

South B Monte 

South Gate 
_ 	.... 	. 

South Pasadena 

South San Gabriel 

South San Jose Hills 

South Whittier 

Temple City 

Torrance 

Valinda 

Val Verde 

Vernon 

View Park-Wmdsori-klls 
_ 	...._ 	.. 

Vincent 

Walnut 

Walnut Park 	. 

West Athens 

West Carson 

West Compton 
_. 	......._ 

West Covina 

West Hollywood 

Westmont 

West Puente Valley 

West Whittier-Los Met os 

Whittier 

Willowbrook 

LOS ANGELES - LININCOR 

Westlake Village  

 '." 

42,541,440 
,... . .. . 

-$40,201,697 

4142,914,073 

-$42,025,444 

' 45,848,421 

-$123,452,678 

4186,071,158 

-i3i,266,174 

$1,112,113,071 

-$42,339,287 

4669.169,695 

-$36,116,716 

486,327,490 

$9,590,384 

4215,671 t 73 

$108,802,223 

415.744,852 

:518,518,651 

$171,906,517 

-$85,691,006 

4561..063,814 

-$42,852,578 

$394,829 

-$98,541,915 

428,756,740 

-$40,753,944 

451,004.229 

-$30,795,120 

415177.270 

	

....._ 	_  . . 
-$75,263,735 

-$21179,784 .  

-$40,916,681 

4385,081.309 

444,548,646 

-$14,299,901 

455,314,393 

441,230,695 

. $85,487,839 

ii;o:i:4,055,068 

45,300,201 

-$66,422,486 

-$389,595,784 

 -$230,217,693 

4104,340,903 
. 	._ 
-$340,607,580 

4425,848,437 

-$164,647,467 

$2,408,232.864 

	

  - 	... 
-$239,178,893 

-$1,814,980,094 

	

. 	..... 
$3,432,382 

4187,169.813 

-$34,555,984 

 4384;532,598  

4197,708,236 

 ' 443,693;108 

-$34,690,079 

-$45,095,863 

-$222,127,181 

42,469,627,537
. 

 
, 	.., 	.. 

-$104,014,932 

$999,485 

-$68,988,901 

480,830,181 

	

 . 	..... 	. _ 
-$16,825,296 

4143,35044 

482,677,730 

 436,91%789 

4205,978,316----   

458,639,872 

-$418,885,863 

41,003,100,721 

$235,154,034 

4120,834,391 

	

..... 	. 	,.... 
$27,573,224 

486,087,826 

-$270,536,674 

-$31,893,890 ,_ . 

$5471,978,07-3-  — - 

410,638,039 

$20,134,458 

4331,935,847 

-$624,359,586 

-$509,935,046 

-$637,172,535 

4552.278,183 

-$89,397,800 

$4,34.4,382431 

-$375,270,676 

-$3,919,782,108 

-$86,052,834 

4252,170,143 

-$133,069,392 

 ' 4700,903,309 

-$362,176,844 

482,238,110 . 	...... 
$113,602,486 

$201,584,477 

4585,891,041 

44,485,106,148 

-$5,364,233 

$1,915,898 

4393,987,119 

-$151,916,981 

-$213,897,272 

4251,808,712 

$151,149,185 

$25,755,321 

 -$179,154,449 

$32,252,357 

-$680,418,757 

41,792,331.284 

$533,090,517 

-$19,138,810 
— . 	..  

$25,266,106 

484;167,813 

-$815,846,946 

$26,703,795 

$10,400,606;666 

Total 417,294,414,980 449,123,918,352 493,588,595,355 

Bourns: Table A2 5 
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SUMMAKY OF FINDINGS 

• The NPDES (National Pollutant Discharge Elimination System) requires 
advanced treatment of storm water. This study provides new estimates to 
compare with the results of earlier studies under a wide variety of "what if" 
combinations of cases and scenarios. 

• Capital costs and operating and maintenance costs vary widely among nine 
combinations of rainfall scenarios and construction cases. Cases I, II and III 
refer to three alternative treatment plant facility allocations: 480 plants (each 
with 42.5 million gallons capacity; 65 plants (one for each sub-basin); and 130 
plants (one for each city and unincorporated area, with more than one for 
cities straddling sub-basins. Rainfall Scenarios are: I. 1.25" of precipitation in 
24 hours; II. 0.5" precipitation in 24 hours; and III. 2.25" of precipitation in 24 
hours with a three-day runoff period. The range of costs over 20 years 
(expressed in net present value terms) is between $22.6 and $169.9 billion. 
The approximate mid-point of $100 billion is equivalent to a cost of $33,000 to 
each Los Angeles County household. 

• The study focuses on one of the low-cost combinations (Case II, Scenario II). 
This would not handle all the storm water in all circumstances because the 
facilities could only cope with a 0.5" storm. In other words, a waiver would be 
needed to implement this program. However, over the past 50 years there 
have been.an average of only 10 days per year when this rainfall level has 
been exceeded. This rainfall scenario and construction case combination has 
a capital cost of $43.74 billion and operating and maintenance costs of $127 
million. 

• To evaluate economic impacts, the study assumes that the system would be 
built over fifteen years. The total economic impacts are estimated over 
twenty years. It is assumed that the total costs are financed via a four 
percent, 20-year bond. 

• On the one hand, there is a construction stimulus that varies by location; on 
the other hand, the tax impact reduces consumer expenditures. The study 
uses an input-output model of the southern California area (IMPLAN) to 
calculate the aggregate net economic impacts, and then uses a spatially 
disaggregated economic impact model (SCPM) to allocate these impacts by 
individual city. Annual job losses of the conservative Scenario II, Case II (II, 
II) combination highlighted in this report are about 22,000 jobs during the 
construction phase, rising to almost 60,000 thereafter. The range of job 
losses across all combinations is 20,000 to 400,000 annual jobs. The net 
present value of the twenty-year costs of Scenario II, Case II are $24.851 
billion. Los Angeles county's share would be approximately $20.02, or 
approximately $6,670 per household. 
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• Almost all cities in the county experience net job losses. In the last five years 
of the 20-year planning period, the annual net economic losses of the (II, II) 
combination in five example cities (El Monte, Inglewood, Pasadena, Pomona 
and Torrance) ranged from $321.3 million in Pomona to $1.2 billion in 
Torrance. Under the most costly combination (III, Ill), Torrance's net 
economic losses amount to $7.5 billion. 

• The study makes no attempt to estimate the benefits from this degree of 
storm water treatment. However, it does show that achieving advanced 
treatment is very costly, especially if the region is required to accommodate 
the worst-case storms. 
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I. 	1:11 'ADDUCTION 

In 2000, the US Environmental Protection Agency (USEPA) established 

numerical criteria for priority toxic pollutants in the State of California in the form 

of the California Toxics Rule (CTR), filling a policy gap in water quality standards 

that was created in 1994 when a State court overturned California's water quality 

control plans. State policy makers have used the stringent CTR discharge limits 

to create a variety of State water quality standards, and will presumably refer to 

the numerical criteria in the CTR as new State and regional rules are 

promulgated 

The Water Quality Act of 1987 requires the USEPA to establish National 

Pollutant Discharge Elimination System (NPDES) requirements. The federal 

Clean Water Act (CWA) authorizes States to serve as the NPDES permitting 

authority in lieu of the USEPA, and the State of California exercises such in-lieu 

authority. 

The California State Water Resources Control Board and nine Regional Water 

Quality Control Boards are responsible for protecting water quality in California. 

The overarching objectives of the plans and policies developed by the Los 

Angeles Regional Water Quality Control Board (LARWQCB) are 

"... to preserve and enhance water quality and protect 

the beneficial uses of all regional waters." 

(LARWQCB, 1995, p. 1-1) 

The definition of "beneficial uses" includes agriculture, aquatic life, recreational 

uses such as fishing and swimming, and drinking water. The key enforcement 

mechanism for ensuring that Los Angeles County municipalities take active steps 

to ensure that storm water discharges and urban runoff into California 

waterbodies support the designated beneficial uses are the LARWQCB's 
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• Water Quality Control Plan, Los Angeles Region (Basin Plan, 1995), and 

• National Pollutant Discharge Elimination System Permit No. CAS004001 

(2001). 

NPDES Permit No. CAS004001 defines the waste discharge requirements for 

municipal storm water and urban runoff discharges with the County of Los 

Angeles and 84 cities operating municipal separate storm sewer systems (MS4s) 

located within the Los Angeles County Flood Control District. 

Storm water treatment is conventionally classified into three, cumulative levels. 

• Level I (physical treatment) focuses on settling and removing suspended 

solids and particulates. Techniques and procedures include screening 

and grinding, grit removal, influent chemical systems, and primary 

sedimentation. 

• Level II (disinfectant treatment) focuses on filtering and disinfecting to 

remove biological contaminants. Techniques and procedures include 

physical treatment plus chlorination, dechlorination, effluent filtration, 

effluent screening, and defoament. Disinfectant treatment of storm water is 

consistent with recreational beneficial uses. 

• Level Ill (advanced treatment) focuses on removal of small concentrations 

of priority toxics and heavy metals. The only standard technique is 

secondary treatment plus reverse osmosis. Advanced treatment of storm 

water eliminates virtually all pollutants and renders it appropriate for 

beneficial use as water for groundwater augmentation. 

USEPA policies require that MS4 communities reapply for an NPDES permit for 

five-year terms. The NPDES Permit for Los Angeles County and its incorporated 
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cities was first issued in 1990, reissued in 1996, and most recently reissued 

December 13, 2001. During this period, the focus of the permit has shifted from 

requiring municipalities to engage in best management practices (BMPs) to 

requiring municipalities to plan for the implementation of Total Maximum Daily 

Loads (TMDLs) of pollutants. 

Many California bodies of water do not yet meet applicable water quality 

standards. Section 303(d) of the federal CWA requires each State to list 

waterbodies that have been identified as "impaired" for (not achieving) one or 

more designated beneficial uses. Placing a waterbody on the 303(d) list triggers 

an LARWQCB planning process to establish the TDMLs of pollutants that these 

water bodies can receive that will protect the impeded beneficial uses. The 

USEPA entered a consent decree with several litigants requiring that LARWQCB 

adopt all such TDMLs by 2012. Presumably the NPDES Permit process will be 

used to implement load allocations for municipal storm water discharges. 

The draft 2002 update to the 1998 303(d) list for Los Angeles (Califomia Region 

4) includes 175 waterbodies. The draft 2002 list is adds 104 waterbodies to the 

1998 list and removes 73 for a net increase of 31 impairment listings. The draft 

2002 list includes virtually all of the major Los Angeles water bodies, including 

beaches and conveyances such as rivers. An analysis of the treatment 

responses necessary to eliminate the impairment identified for the waterbodies 

on the draft 2002 list appears in Appendix B. In a few cases, best management 

practices (BMPs) are all that is required, but the vast majority of cases will 

require treating discharges to at least secondary levels. In the majority of the 

cases, the combination of contaminants and beneficial use objectives will require 

advanced, level III treatment. 

The joint implications of the recent California Toxics Rule, the steadily increasing 

demands associated with NPDES Permit requirements (driven in part by the 

USEPA consent decree), and the growing number of major Los Angeles 
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waterbodies appearing on the 303(d) list are collectively a source of concern to 

the Los Angeles municipalities that will be responsible for achieving the resulting 

regulatory goals. It is quite feasible, indeed likely, that the ultimate public policy 

result to these simultaneous requirements will be advanced treatment of storm 

water and urban runoff. 

Most, if not all, of Los Angeles county's cities and communities would be 

significantly affected by such treatment plans. Recent reports (Brown and 

Caldwell, 1998; Hoffman Associates, 1998; Los Angeles County Sanitation 

District, 2002) place 10-year county-wide costs in the range of $53.6 - $65 

billion, including almost $200 million in annual operations and maintenance 

costs. These studies envision 480 new storm water treatment plants of 

approximately 29 acres each, occupying a total of 13,950 acres. 

Several questions motivate this study: 

1. How robust and how plausible are the previous capital cost 

estimates for achieving advanced storm flow treatment? 

2. What are the annualized capital cost equivalents for various 

plausible alternative combinations of cases and scenarios? 

3. What are annual operations and maintenance costs for alternative 

combinations of cases and scenarios? 

4. What are the net present values of twenty-year costs (capital and 

operations and maintenance) for various combinations of cases 

and scenarios? 

5. For each of these, how are the various costs distributed throughout 

the metropolitan area? 

6. How are they distributed by economic sector? 

7. How are various cities expected to be impacted? 
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This report does not account for any additional benefits from storm water 

treatment. Our focus is on the magnitude and distribution of costs associated 

with mandated treatments in light of rainfall and construction cost data. Most 

decision makers would agree that any benefits should meet or exceed these 

costs. 

There are major uncertainties as to the course of natural events and/or policy 

directions to be taken. It is, therefore, appropriate to elaborate alternative 

options. In the following sections, we discuss our choice of scenarios, rainfall 

assumptions and data, present capital and operations and maintenance costs for 

various cases (and their justifications) and test the economic impacts of each 

combination of scenario and case. The latter are investigated using a spatially 

disaggregated regional input-output model of the southern California (five-county) 

economy. 

• We find that the twenty-year compliance costs are significant, with net 

present values for the region in the range of $22.6 - $169.9 billion — 

depending on the combination of case and scenario. The mid-point of this 

range is almost $100 billion. Most of these costs accrue to LA county 

households, of which there were slightly more than three million in 2000. 

Using round numbers, the average household liability is $33,333. This is 

a substantial amount anywhere and especially controversial in a semi-arid 

region. 

• Investigating impacts on a city-by-city basis, shows that a few cities would 

experience twenty-year net benefits for some combinations of cases and 

scenarios because significant construction stimulus would take place 

within their borders; yet, overwhelmingly, there are net losses for most 

municipalities — in the range of $6.5-$7.5 billion for some cities. 

r 
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• Of the many scenarios and cases studied, a conservative combination 

places one treatment plant in each of the region's 65 sub-basins. Each 

such plant is built to handle the runoff from a one-half inch rainstorm (all 

runoff calculations in this report consider water losses due to interception 

and infiltration, as appropriate for the various scenarios). This is the most 

likely precipitation event — but one which requires that regulators accept 

the fact that there will be pollution standard exceedance in the event of 

larger storms. That combination requires capital costs of $43.7 billion and 

annual operating costs of $127 million. 

• Annual job losses, due to household spending diverted to finance these 

expenditures, range from over 22,000 jobs per year for the first 15 years, 

while the plants are being built, to almost 60,000 per year thereafter when 

the economic stimulus from construction is no longer in effect. The net 

present value of the twenty-year costs of the conservative combination of 

case and scenario are $24.851 billion. Los Angeles county's share of this 

sum is expected to be $20.022 billion, or approximately $6,670 per 

household. 
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II. 	ESTIMATING COSTS FOL. CSES AND SCENARIOS 

We study nine combinations of cases and scenarios. There are three alternative 

prototypical levels of rainfall accumulation combined with three scales of 

treatment plants. Each scale of treatment plant also has associated siting 

options around Los Angeles county. Advanced treatment capacity is assumed in 

all cases. 

11.1 	Rainfall Scenarios 

The Brown and Caldwell (1998) study assumed a 1.25" 24-hour storm. We have 

retained this default assumption as Scenario I. The other rainfall scenarios are 

based on our study of county rainfall data. We analyzed daily precipitation data 

at seventy-six representative stations throughout the entire monitoring area. 

These data were kept by the Los Angeles County Department of Public Works. 

Many of these stations have records of precipitation for over seventy years. Out 

of the total 1,484,090 station-days we found that only 132,299 station days had 

any trace of rainfall. Thus, 91.1 percent of the time there was no precipitation at 

all. 

Figure 1 summarizes the distribution of rainfall during the 24-hr period from the 

132,299 station-day data. These are the periods during which rainfall occurred. 

The data show that: 

• 69 percent of the time, 24-hr rainfall was between 0 and 0.5", 

• 16 percent of the time, it was between 0.5" and 1.0", 

• 7 percent of the time, it was between 1.0" and 1.5", and 

• rainfall was above 1.5" the remaining 8 percent of the time. 
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Figure 1. 24 Hours of Rainfall Distribution 

24 H ours Rainfall Distribution 
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In the interests of being conservative and because the great majority of the 24-hr 

rainfall data were below 0.5", we chose the 0.5" rainfall as Scenario H. We also 

calculated the average rainfall that occurred during continuous three-day periods 

in which precipitation occurred. The observed average total for these three-day 

storms was 2.25". This 2.25" value is also the 97th percentile for observed 24-hr 

rainfall. Thus, 2.25" with a three-day runoff period was chosen as the design 

rainfall for Scenario III. 

11.2 	Construction Cases 

We studied three treatment plant siting and sizing cases for each rainfall 

scenario. The 45.2 (average) million-gallon plants assumed in the Brown and 

Caldwell study constitute Case I. Because plant sizes are fixed for this case, the 

number of Case I plants varies with the rainfall scenario. This produces a 

relatively large number of treatment facilities, which we sited relatively uniformly 

throughout the region. Case II places one large treatment plant in each of the 

county's sub-basins for a total of 65 plants regardless of rainfall scenario. Case II 

plant sizes vary with rainfall. Case III is based on political "equity" with one 

treatment plant in each of the county's cities. There are 87 cities but many 

straddle more than one sub-basin. Drainage requirements dictate that such 

cities accommodate one plant per-sub basin. Census Designated Places (CDPs) 

include both incorporated and unincorporated communities. Unincorporated 

CDPs in Los Angeles county were added to adjacent cities for the purposes of 

this study. This produced a total of 123 sub-basin-CDP combinations in Los 

Angeles county. There are also seven residual basin areas that are neither 

incorporated nor designated as a CDP but which certainly experience rainfall. 

Case III then places a treatment plant in each one of these 130 areas with the 

plant sized to treat the runoff from each area. 
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11.2.1 ENR Construction Cost Index 

The analysis in Tables 2-4 assumes an Engineering News Record (ENR) 

Construction Cost Index (CCI; 1913 = 100) of 7420.88 for Los Angeles as of July 

5, 2002. The Brown and Caldwell and LACSD review study both used a twenty- , 

city average ENR CCI of 6710. Using the Los Angeles index provides a 

correction that brings the project to the current time and correct location. Note, 

however, that for the most accurate budget estimate, specific cost indices should 

be used based upon: 

• specific planned expenditures for every project, and 

• a projection of when the project is to be built. 

In contrast, the ENR CCI is based upon 

• 200 hours of common labor, 

• 25cwt of standard structural steel shapes, 

• 1.128 tons of Portland cement, and 

• 1,088 board-ft of 2x4 lumber. 

Thus, the components of the CCI are consistent with the materials included in 

treatment plants. 

11.2.2 Real estate costs 

The Brown and Caldwell and LACSD review study both used a real estate cost of 

$914,760 per acre. This figure significantly underestimates real estate costs for 
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most basin areas in this study. We have constructed weighted costs based on 

the distribution of residential, non-residential, and vacant land values. These 

improved estimates of land costs used were derived from a record of all 2001 

Los Angeles county real property transactions as reported by DataQuick 

Information Systems. These data were for various land uses, by city, including 

transactions labeled "vacant land." Because there is no way to tell exactly where 

plants will be sited, we computed a composite land cost index by weighting the 

DataQuick transactions data by the amount of land by general land use type in 

each city. Land use data were provided by the Southern California Association 

of Governments. Note that these values are specific to each basin, sub-basin, or 

City/CDP depending on the particular facility case. 

The various siting assumptions have implications for Collection System costs. 

Plant size is function of the design flow for the plant with 0.2455 acres of plant 

land needed per MG of flow. This figure determines the maximum and minimum 

plant acreage requirements of all nine combinations of cases and scenarios. 

Acres per plant is defined to mean how much land is needed to construct each 

individual treatment plant. The land requirements therefore vary with plant 

capacity (millions of gallons treated). In Case II and Case III, the plant sizes are 

determined based on required flow treatments (and hence drainage areas) of 

each individual sub-basin or individual City/CDP, and the plant sizes vary across 

rainfall scenarios. In the Case I scenarios, the plant size is fixed and the number 

of plants varies based on required flow treatments of each basin (because of 

different rainfall assumptions). Hence, given the nine different combinations of 

cases scenarios, there is a blending of costs across hundreds of different size 

plants. 

In some combinations, the required individual plant capacities may be quite small 

for a small city, e.g., Case III, Scenario II. Consequently, the required plant size 

can be very small, perhaps less than one acre. Consistent with the 9- 

combinations approach, the plant construction cost for such small (and arguably 
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unlikely) projects is included in the total cost for each combination. In some 

combinations, the required individual plant capacities may be quite large, e.g., a 

large basin in Case II, Scenario III. In these cases, the required plant size is very 

large, perhaps over one thousand acres. Again, in keeping with the 9- 

combination approach, the plant construction cost for even such large (and 

arguably unlikely) project is included in the total combination cost. Given the 

large number of plants and the large variety of sizes, the total cost difference 

across the combinations is not large. 

In the interests of conservatism, we have assumed that vacant land parcels 

would be available in Case III (the City/CDP option), and used the "vacant land" 

real estate costs as opposed to the weighted costs for unincorporated areas 

added to each basin. The weighted cost estimates were used.in all other cases. 

11.2.3 Engineering soft costs 

The Brown and Caldwell and LACSD studies both assumed a 20 percent 

"Engineering/Legal/Administrative" soft cost to account for additional project 

costs other than the land and physical construction costs. Most projects 

experience a much higher soft cost share of 25 percent to 50 percent, but 

normally do not include land in the value from which the percentage is taken. To 

correct this, we have applied an "Engineering/Legal/Administrative" soft cost of 

25 percent instead of 20 percent to the base construction value, and applied a 10 

percent soft cost to the corrected land values. 

11.2.4 Construction costs 

Treatment plant cost will vary with size of the plant, but not as significantly as 

expected. All plants are assumed to be the same 45.2 million gallons (MG) size 

in Case I, and the Brown and Caldwell cost capacity equation was used to 

compute the plant costs, subject to the data corrections identified above. The 
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Table 7. Economic Impacts of Household Expenditure Reductions for years 1 - 20 
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Combining data where possible, there are two periods to consider. Years 1-15 

each combine a construction stimulus effect with simultaneous reductions in 

household expenditures. Years 16-20 combine the stimulus from full-scale 

operations and maintenance expenditures with continued reductions in 

household expenditures. This is why Table 8, which summarizes net job impacts 

contains mostly negative entries. There are more jobs lost than gained and there 

are extraordinarily large net losses in the last interval when the stimulative effects 

of construction are over. There are, to be sure, gains in construction sector 

employment in Years 1-15, but these are more than offset by losses in all of the 

other industrial sectors. Depending on the combination of case and scenario, 

aggregate regional job losses range from an average of just over 20,000 (Rainfall 

Scenario II, Plant Case I) for each of the first fifteen years to over 150,000 

(Rainfall Scenario III, Plant Case III) in the same interval. In the post-

construction interval, these losses grow substantially from almost 47,000 to over 

400,000 jobs per year for the same two bookend combinations. Job losses for 

combination (II, II) are more than 22,000 in each of Years 1-15 and almost 

60,000 in each of the last five years. 

The other model used in this study is a proprietary model developed at USC, the 

Southern California Planning Model (SCPM) which has the unique capability to 

allocate all of the IMPLAN outputs to the various cities and communities 

throughout the five-county southern California metropolitan areas. SCPM has 

been used by our group for a variety of impact studies over the last twenty years. 

Its data components have continuously been updated. 
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Table 8. Net  Annual Employment Impacts by Scenario by Period 
Person-Year 

Industry 
CASE I CASE II CASE III 

Scenario I Scenario II Scenario III Scenario I Scenario II Scenario III Scenario I Scenario II Scenario III 
Agriculture -714 -256 -1,349 -905 -294 -1,874 -963 -316 -2,090 
Mining -59 -20 -114 -66 -22 -131 -66 -22 -134 
Construction 21,477 8,043 39,851 31,129 9,968 66,221 34,516 11,238 77,813 
Manufacturing -1,918 -672 -3,661 -2,248 -737 -4,568 -2,313 -763 -4,868 
TCPU -1,846 -662 -3,491 -2,200 -712 -4,566 -2,468 -808 -5,344 
Wholesale Trade -2,721 -957 -5,185 -3,241 -1,060 -6,611 -3,354 -1,106 -7,104 
Retail Trade -34,649 -12,550 -65,229 -45,223 -14,631 -94,273 -48,654 -15,933 -106,536 
FIRE -3,304 -1,179 -6,259 -4,136 -1,346 -8,529 -4,350 -1,429 -9,374 
Services -29,936 -10,609 -56,874 -36,512 -11,909 -74,907 -38,173 -12,560 -81,595 
Government -1,100 -396 -2,076 -1,409 -457 -2,926 -1,507 -494 -3,281 
Other -2,429 -881 -4,571 -3,184 -1,030 -6,642 -3,429 -1,123 -7,518 
Direct Effect -47,352 -16,905 -89,689 -59,017 -19,194 -121,770 -62,420 -20,503 -134,583 
Indirect Effect -2,213 -664 -4,470 -1,262 -462 -1,936 -827 -305 -642 
Induced Effect -7,634 -2,571 -14,799 -7,715 -2,573 -15,101 -7,514 -2,509 -14,807 
Total Effect -57,199 -20,140 -108,958 -67,994 -22,229 -138,806 -70,761 -23,316 -150,032 
Agriculture -1,100 -401 -2,066 -1,524 -492 -3,189 -1,587 -519 -3,497 

Mining -179 -65 -336 -246 -79 -514 -258 -84 -568 

Construction -1,047 -404 -1,915 -3,052 -986 -6,387 -1,852 -593 -4,273 

Manufacturing -4,643 -1,693 -8,716 -6,445 -2,081 -13,486 -6,697 -2,190 -14,758 

TCPU -3,207 -1,179 -5,997 -5,212 -1,683 -10,906 -4,783 -1,558 -10,628 

Wholesale Trade -6,142 -2,239 -11,531 -8,435 -2,724 -17,649 -8,855 -2,896 -19,511 

Retail Trade -41,853 -15,252 -78,588 -57,115 -18,444 -119,505 -60,282 -19,715 -132,778 

FIRE -5,678 -2,069 -10,661 -12,266 -3,961 -25,664 -8,180 -2,675 -18,019 

Services -59,768 -21,785 -112,218 -82,524 -26,649 -172,670 -88,156 -28,175 -189,808 

Government -1,560 -569 -2,929 -2,186 -706 -4,575 -2,250 -736 -4,958 

Other -2,824 -1,029 -5,303 -3,841 -1,240 -8,036 -4,066 -1,330 -8,955 

Direct Effect -82,227 -29,977 -154,372 -114,332 -36,921 -239,225 -118,622 -38,788 -261,385 

Indirect Effect -16,785 -6,129 -31,490 -25,224 -8,146 -52,778 -24,369 -7,963 -53,785 

Induced Effect -28,988 -10,578 -54,397 -43,289 -13,979 -90,577 -41,976 -13,720 -92,585 

Total Effect -128,000 -46,684 -240,259 -182,846 -59,046 -382,581 -184,968 -60,471 -407,755.  
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Selected SCPM results expressed in terms of total output effects (direct plus 

indirect plus induced, in 1999 millions of dollars) are shown in Tables 9 and 10. 

The associated direct, indirect and induced effects are shown in Appendix Tables 

A2-A7. Tables 9 and 10 show total impacts for a representative year in the 

intervals of Years 1-15 and Years 16-20 respectively. Just as in the case of 

regional job impacts, Tables 9 and 10 show both stimulative effects (top panels) 

resulting from construction and depressive effects (middle panels) resulting from 

financing. Net  impacts are shown in the third panel of each table. Now, 

however, the results are reported for the five counties in the Southern California 

metropolitan area, as regional total and for sub-areas of Los Angeles county 

constituting SCAG sub-regional planning areas. Whereas most of the direct 

effects are located within Los Angeles county, the five-county area is an 

integrated metropolitan economy making it quite likely that indirect and induced 

effects will be felt in neighboring counties. 

For the region, net annual losses in the first interval range from $1.186 billion 

(Rainfall Scenario II, Plant Case I) to $7.823 billion (Rainfall Scenario III, Plant 

Case III). All five of the counties also show net losses for these years. Within 

Los Angeles county, there are economic winners as well as losers. North Los 

Angeles county, for example shows some net gains for some of the combinations 

of cases and scenarios. This is because while expenditures may be funneled 

there, there are few households and thus relatively low taxation impacts. For the 

conservative combination (II, II), net annual losses are $1.242 billion for the 

region, most of which is expected to fall on Los Angeles county. 

In the second interval, the construction stimulus is removed and there are net 

losses for all areas, for all combinations. Net  annual losses for the region range 

from $3.830 billion (Rainfall Scenario II, Plant Case I) to $33.530 billion (Rainfall 

Scenario III, Plant Case III). For the (II, II) combination, net annual losses are 

expected to be $4.464 billion. 
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Table 9. Annual Total Impacts for years 1 - 15 	
Millions of $ 1999 

Scenario 

Los Angeles County 

Orange 
Count  y 

Riverside 
County 

San 
Bernardino 

County 

Ventura 
County 

Idol Amy° 
Verdugo 

City 0 Los 
Angeles 

North Los 
Angeles 
County 

San Gabriel 
Valley 

Southeast 
Los Angeles 

County 
South Bay 

Wesiside 
Cities 

Other Los 
Angeles 
County 

Los Angeles 
County Total 

S
tim

ulus E
ffect 

0 

of 
M 
- 

Scenario I 355.5 

156.1 

568.5 

2,382.5 

810.5 

4,358.9 

391.6 

1616 

718.2 

776.6 

344.8 

1,515.6 

1,145.8 

366.8 

2,124.0 

432.9 

151.0 

826.0 

176.1 

60.0 

262.2 

1,130.2 

476.7 

2,237.4 

6,791.3 

2,529.4 

12,630.8 

791.6 

295.0 

1,471.9 

262.1 

97.7 

487.4 

301.2 

112.2 

560.0 

179.5 

67.1 

333.7 

8,325 7 

3,101.4 

15,483.8 

Scenario II 

Scenario III 

M 
= 

E Scenario I 339.3 

108.8 

701.7 

3,576.9 

1,134.0 

7,539.4 

1,168.8 

335,9 

2,668.5 

1,003.1 

330.9 

2,152.5 

1,926.2 

622.8 

4,055.0 

520.4 

169.0 

1,081.2 

187.1 

60.0 

397.0 

961.3 

346.5 

1,947.3 

9,685.1 

3,105.9 

20,542.5 

1,129.2 

382.1 

2,395.7 

374.1 

119.9 

793.6 

429.8 

137.6 

911.8 

255.9 

132.1 

542_8 

11,874_0 

3,807.8 

25,186.5 

Scenario II 

Scenario III 

M 
E Scenario I 304.4 

103.8 

880.8 

3,404.7 

1,113.8 

7,827.9 

1,786,6 

473.9 

4,248.6 

770.6 

307.7 

1,662.2 

2,491.9 

629.1 

5,508.7 

550.4 

206.0 

1,168.5 

207.5 

67.7 

466.0 

1,176.5 

383.2 

2,640.2 

10,692.6 

3,485.3 

24,003.1 

1,248.1 

408,7 

2,803.0 

413.4 

134.7 

828.4 

474.9 

154.7 

1,066.6 

282.6 

92.1 

834.7 

13,111 5 

4,2735 

29,435.7 

Scenario II 

Scenario III 

Im
pa

cts
 of  H

ou
sehold 

Expenditure R
ed

uction 

o 

CD 
 

11 
M 
- 

Scenario I 662.6 

241.4 

1,244.4 

3,871.7 

1,410.3 

7,271.3 

345.9 

128.0 

649.7 

1,114.3 

405.9 

2,092.8 

1,403.5 

511.2 

2,638.0 

903.6 

329.1 

1,697.1 

529.3 

192.8 

994.1 

729.8 

265.8 

1,370.7 

9,560.8 

3,482.6 

17,956.0 

1,141.8 

415.9 

2,144.3 

346.6 

128.3 

650.9 

457.5 

166.8 

859.2 

262.6 

95.7 

493.2 

11,769.3 

4,287_0 

22,103.6 
Scenario II 

Scenario III 

C1 

cn M 
= 

Scenario I 860.5 

264.4 

1,842.4 

5,144.9 

1,681.5 

10,785.1 

459.7 

148.5 

961.9 

1,480.8 

478.2 

3,098.4 

1,865.1 

602.3 

3,902.5 

1,200.8 

387.8 

2,512.5 

703.4 

227.1 

1,471.7 

969.8 

313.2 

2,029.3 

12,705.1 

4,102.9 

28,583.9 

1,517.2 

490.0 

3,174.6 

460.8 

148.7 

963.7 

607.9 

196.3 

1,272.1 

349.0 

112.7 

730.2 

15,839.9 

5,050.6 

32,724.5 
Scenario II 

Scenario III 

D 
Cn  M 
E 

Scenario I 952.8 

311.7 

2,097.7 

5,567.1 

1,821.1 

12,256.8 

497.4 

162.7 

1,095.2 

1,602.3 

524.1 

3,527.7 

2,018.1 

660.2 

4,443.3 

1,299.3 

425.0 

2,860.7 

781.1 

249.0 

1,675.6 

1,049.4 

343.3 

2,310.5 

13,747.5 

4,497.0 

30,267.5 

1,641.7 

537.0 

3,614.5 

498.4 

183.0 

1,097.3 

857.8 

215.2 

1,448.3 

377.6 

123.5 

831.4 

18,9230 

5,535.8 

37,259,0 
Scenario ll 

Scenario III 

N
et Im

pacts 

co 
m 
- 

Scenario I -307.1 

-85.2 

-676.0 

-1,489.2 

-599.7 

-2.912.4 

45.6 

37.6 

68.5 

-337.7 

-81.1 

-577.2 

-257.7 

-144.6 

-511.9 

-470.7 

-178.1 

-871.1 

-353.1 

-132.8 

-711.8 

400.4 

210.8 

866.8 

-2,769.5 

-953.2 

-5,325.2 

-350.2 

-1209 

-672.4 

-84.5 

-28.6 

-183.5 

-158.3 

-54.4 

-299.2 

-83.1 

-28.6 

-159.5 

-3,443.6 

-1,1856 

-8,619.8 
Scenario II 

Scenario III 

D 
0  

cn 
M 
= 

Scenario I -541.2 

-177.6 

-1,140,7 

-1.568.0 

-527.5 

-3,225.7 

709.0 

187.5 

1,706.5 

-477.7 

-147.3 

-945.9 

63.1 

20.5 

152.4 

-680.4 

-218.8 

-1,431.3 

-516.3 

-167.1 

-1,074.7 

-8.5 

33.3 

-82.0 

-3,020.0 

-997.0 

-6,041.4 

-388.1 

-127.9 

-778.9 

-86.5 

-28_8 

-170.1 

-178.2 

-58_5 

-360.2 

-93 1 

-30.8 

-187.3 

-3,785.9 

-1,242.8 

-7,537.9 
Scenario II 

Scenario III 

> 
u/  M 

-7- 

Scenario I -648.3 

-207.9 

-1,416.9 

-2,162.4 

-707.2 

-4,626.9 

1,289.2 

311.2 

3,153,4 

-831.7 

-218.4 

-1,885.5 

473.7 

169.0 

1,065.4 

-746.9 

-219.0 

-1,692.1 

-553.6 

-181.2 

-1,209.8 

127.1 

39.9 

- 	329.7 

-3,054.9 

-1,011.7 

-6,264.4 

-393.7 

-130.4 

-811.8 

-85.0 

-28.3 

-168.9 

-182.9 

-604 

-381.7 

-95 0 

-31.4 

-196.7 

-3,811 6 

-1,262.3 

-7,823.2 
Scenario II 

Scenario III 
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Table 10. Annual Total Impacts for years 16 - 20 

Scenario 

Los Angeles County 

Orange Riverside 
Count 

San 
Bernardino 

Counly 

Ventura 
Counly 

- 	, 

Total Arroyo 
Verdugo 

City of L os 
Angeles 

North Los 
Angeles 
County 

San Gabriel 
Valley 

Southeast 
Los Angeles 

County 
South Bay 

Westside 
Cities 

Other Los 
Angeles 
County 

Los Angel.,  

County Total 

0 
3* 

Scenario I 58.3 	374.5 	59.1 	122.3 	178.4 	66.1 	26.4 	178.1 1,059.2 112.7 37.0 42.3 24.4 1,275.6 

Scenario II 03 
rn 

24.1 	122.0 	23.9 	52.8 	54.2 	22.1 	6.5 	72.3 379.9 40.4 13.3 15.2 8.8 457 5 

Scenario III - 90.7 	695.6 	110.3 	243.4 	335.8 	128.3 	41.9 	358.7 2,002.7 213.1 70.0 80.0 46.2 2,412.0 

p Scenario I 53.8 	585.2 	153.0 	148.8 	316.7 	79.9 	26.1 	1501 1,492,2 158.8 52.2 59.7 34_5 1,797.4 lus mCn Scenario II 17.1 	182.6 	45.5 	49.9 	104.0 	28.0 	8.5 	53.8 487.3 51.9 17.1 19.5 11.3 587.1 

= Scenario III 108,7 	1,155.2 	339.1 	310.4 	646.5 	159.2 	53.8 	298.8 3,071.7 328.8 107.5 122.9 70.9 3,699.8 

E Scenario I 41.0 	481.9 	218.8 	110.8 	340.8 	75.3 	25.3 	158.7 1,432.6 152.4 49.9 57.0 32 8 1,724.6 

m Scenario II 14.0 	152.5 	60.1 	43.9 	114.9 	28.2 	8.3 	52.6 474.5 502 16.4 18.8 10.8 570.8 

Scenario III 88.4 	993.3 	506.7 	230.5 	728.9 	152.7 	541 	342.9 3,096.2 330.1 ' 107.9 123.3 71.0 3,728.5 

Im
p

a
cts

 o
f  H

o
u

se
h

o
ld 

E
x

p
e

n
d

itu
re

 R
e

d
u

ctio
n

 

0 Scenario I 662.8 	3,871.7 	345.9 	1,114.3 	1,403.5 	903.6 	529.3 	729.8 9,580.8 1,141.8 346.6 457.5 282. 8 11,789,3 

m Scenario II 241.4 	1,410.3 	126.0 	405.9 	511.2 	329.1 	192.8 	285.8 3,482.6 4151 126.3 166 6 95.7 4.287.0 

- Scenario III 1,244.4 	7,271.3 	649.7 	2,092.8 	2,636.0 	1,697.1 	994.1 	1,370.7 17,956.0 2,144.3 850.9 859.2 493.2 22,103.6 

0 Scenario I 880.5 	5,144.9 	459.7 	1,480,8 	1,865.1 	1,200.8 	703.4 	969.8 12,705.1 1,517.2 460_6 607.9 349.0 15,639.9 

,..r. Scenario II 284.4 	1,661.5 	148.5 	478.2 	602.3 	387.8 	227.1 	3132 4,1021 490.0 148.7 198.3 112.7 5,050.6 

= Scenario III 1,842.4 	10,765.1 	961.9 	3,098.4 	3,902.5 	2,512.5 	1,471.7 	2,029.3 28,583.9 3,174.6 963.7 1,272.1 730.2 32,724.5 

Scenario I 952.8 	5,587,1 	497.4 	1,602.3 	2,018 - 1 	1,299.3 	761.1 	1,049.4 13,747.5 1,641.7 498.4 657.8 377.6 16,973 0 

Scenario II 311.7 	1,821.1 	162.7 	524.1 	660.2 	425.0 	249.0 	343_3 4,497.0 537.0 163.0 215.2 123.5 5,535 8 

Scenario III 2,097.7 	12,258.8 	1,095.2 	3,527.7 	4,443.3 	2,860.7 	1,675.6 	2,310.5 30,287.5 3,614.5 1,097.3 1,448.3 831.4 37,259.0 

p Scenario I -606_3 	-3,497.1 	-286.8 	-992.1 	-1,225.2 	-837.6 	-502.9 	-553.7 -8,501.6 -1,029.0 -309.8 -415.2 -238.2 -10.493.7 

Co 
RI 

Scenario II -217.3 	-1.2883 	-102.2 	-353.1 	-457.0 	-307.1 	-184.3 	-193.5 -3,102.7 -375.5 -113.0 -151 5 -86 9 -3,829.5 

Scenario 111 z - -1,153.8 	-6,575.7 	-539.4 	-1,849.4 	-2,300.1 	-1,568.8 	-952.2 	-1,013.9 -15,953.3 -1,931,2 -581.0 -779.2 -447,0 -19,891.7 

S3 Scenario I -826.7 	-4,579.8 	-308.7 	-1,332.2 	-1,548.4 	-1,121.9 	-677.2 	-819.9 -11,213.0 -1,358.5 -408.4 -548.2 -314.5 -13,842.5 ft 
3 Cl) Scenario II -287.3 	-1,478.9 	-103,0 	' 	-428.3 	-498.3 	-381.8 	-218.8 	-259.4 -3.615.5 -438.1 -131.7 -176 8 -101 4 -4,463.5 

3 a  "1  = -1,733.7 	-9,610.0 	-822.8 	-2.788.0 	-3.258.0 	-2,353.3 	-1,417.9 	-1,730.5 -23,512.1 -2,847.8 -856.3 -1,149.2 -659.3 -29,024.7 Scenario III 

0  Scenario I -911.8 	-5,105.2 	-278,6 	-1,491.5 	-1,877.3 	-1,224.0 	-735.8 	-890.7 -12,314.9 -1,4893 -446 5 -600 9 -344 8 -15,198.4 

(rg Scenario II -297.6 	-1,668.8 	•102.8 	-480.2 	-545.3 	-396,9 	-240.6 	290.7 -4,022 5 -486.8 -146 6 -190 4 -112 7 -4,965 0 

= Scenario III -2.009.3 	-11,263.5 	-588.5 	-3,297.3 	-3,716.4 	-2,707.9 	-1.620.9 	-1,987.6 -27,171.3 -3,284.4 -989.3 - 1,325.0 -780.4 -33,530.5 
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All of these effects were computed for all cities and CDPs in the five-county area. 

Results are shown in Tables A8-A15. These annual tables correspond to the 

typical years in each of the two intervals. Tables A8, A10, Al2, and A14, correspond to 

Years 1-15; and Tables A9, Al 1, A13, and A15 correspond to Years 16-20. The first 

Tables (A8 and A9) summarize total effects, while the following table pairs detail 

direct, indirect, and induced effects, respectively. Each of the eight tables lists 

stimulus effects for the nine combinations of cases and scenarios. These are the 

first nine columns. Household expenditure reduction effects appear in the next 

nine columns and net effects appear in the last nine columns. 

It is obviously cumbersome to discuss all of these results for hundreds of cities. 

Consider just some of the county's cities, namely El Monte, Inglewood, 

Pasadena, Pomona and Torrance. Tables 11 and 12 are laid out like Tables 9 

and 10. In Years 1-15, there are occasional economic winners. Pomona wins in 

two of the nine combinations of cases and scenarios. But overwhelmingly there 

are cities that are losers year after year. The four other cities show substantial 

losses for each combination of case and scenario. In Years 15-20, the stimulus 

associated with construction will have passed and all five of the cities experience 

substantial losses. Pomona's annual net losses are as "small" as $28.8 million 

per year (Rainfall Scenario II, Plants Case I) whereas Torrance's losses go as 

high as $777.4 million per year. Four of the five cities experience losses in Years 

1-15, Pomona's being the occasional exception. Pomona's advantage 

disappears in Years 16-20; once the construction stimulus is past, there are net 

losses for all these cities. 

Tables A16 - A21 in Appendix A summarize the direct, indirect and induced 

effects evaluated in this report. Direct costs always refer to the expenditures 

actually made in each city. Detailed plant site decisions are not predictable. Our 

approach is to site hypothetical plants at the lowest topographic elevations 

consistent with each plants case. In the 65-plant case, this means that there are 

direct expenditures in some cities, but not in others. 
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Scenario El Monte Inglewood Pasadena Pomona 

Scenario I 55.4 81.6 112.5 101.7 

Scenario II 18.0 29.6 52.7 40.4 

Scenario III 100.5 112.1 194.0 169.3 

Scenario I 29.9 32.8 147.1 58.4 

Scenario II 9.6 10.5 44.9 20.7 

Scenario III 63.5 69.7 300.4 121.4 

Scenario I 68.8 54.6 106.7 88.9 

Scenario II 27..9 21.3 37.7 38.9 

Scenario III 147.3 120.5 241.6 195.5 

Scenario I 87.2 105.1 214.9 95.9 

Scenario II 31.8 38.3 78.3 34.9 

Scenario III 163.7 197.3 403.6 180.2 

Scenario I 115.9 139.6 285.6 127.5 

Scenario II 37.4 45.1 92.2 41.2 

Scenario III 242.4 292.2 597.6 266.8 

Scenario I 125.4 151.1 309.0 138.0 

Scenario II 41.0 49.4 101.1 45.1 

Scenario III 276.0 332.7 6804 303.7 

Scenario I -31.8 -23.5 -102.4 5.8 

Scenario II -13.8 -8,7 -25.6 5.5 

Scenario III -63.2 -85.2 -209.6 -10.9 

Scenario I -85.9 -106.8 -138.5 -69 1 

Scenario II -27.8 -34.6 -47.3 -20.5 

Scenario III -178.9 -222.5 -297.1 -145.4 

Scenario I -56.6 -96.4 -202.3 -49.0 

Scenario II -13.1 -28.1 -63.4 -6.3 

Scenario III -128.7 -212.1 -438.7 -108.2 

Millions of $ 1999) 

Torrance 

91.1 

62.6 

184.3 

83.7 

26.8 

177.7 

146.1 

50.6 

317.7 

258.7 

94.2 

485.9 

343.8 

111.0 

719.4 

372.0 

121.7 

819.1 

-167.6 

-31.6 

-301.6 

-260.1 

-84.2 

-541.7 

-225.9 

-71.1 

-501.4 

Table 11. Annual Total Impacts for years 1 - 15 (El Monte, Inglewood, Pasadena, Pomona, Torrance) 
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Table 12. Annual Total Impacts for years 16 - 20 (El Monte, Inglewood, Pasadena, Pomona, Torrance) 
Millions of $ 1999 

Scenario El Monte Inglewood Pasadena Pomona Torrance 

Scenario I 8.5 13.0 17.6 16.0 13.5 

Cf) 
m 

Scenario II 2.6 4.6 8.1 6.2 9.6 

Scenario III 15.6 17.8 30.7 27.0 28.1 

0 Scenario I 3.9 4.3 23.5 9.1 11.2 

m 
Scenario II 1.3 1.4 7.2 3.2 3.7 

Scenario III 8.0 8.9 47.1 18.6 23.0 

C) Scenario I 9.7 7.2 14.2 12.7 20.0 
cn 
m Scenario II 3.9 2.9 5.1 5.5 6.9 

Scenario III 20.1 15.4 31.0 27.3 41.7 

Scenario I 87.2 105.1 214.9 95.9 258.7 

m 
Scenario II 31.8 38.3 78.3 34.9 94.2 

Scenario III 163.7 197.3 403.6 180.2 485.9 

C-) Scenario I 115.9 139.8 285.6 127.5 343.8 

Cn 
m 

Scenario II 37.4 45.1 92.2 41.2 111.0 

Scenario III 242.4 292.2 597.6 266.8 719.4 

C) Scenario I 125.4 151.1 309.0 138.0 372.0 

m Scenario II 41.0 49.4 101.1 45.1 121.7 

Scenario III 276.0 332.7 680.4 303.7 819.1 

C) Scenario I -78.7 -92.0 -197.3 -79.9 -245.2 

cn 
m 

Scenario II -29.1 -33.7 -70.2 -28.8 -84.7 

Scenario III -148.1 -179.6 -373.0 -153.1 -457.8 

C) Scenario I -112,0 -135.3 -262.1 -118.3 -332.6 

Co 
m Scenario II -36.1 -43.7 -85.0 -37.9 -107.4 

Scenario III -234.4 -283.3 -550.5 -248.2 -696.4 

C) Scenario I -115.6 -143.9 -294.8 - 125.2 -352.0 

r11 Scenario II -37.1 -46.6 -96.0 -39.6 -114.8 

Scenario III -255.9 -317.3 -649.3 - 276.4 -777.4 
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111.2 1:at Oresent Values 

There are several reasons to present our results in net present value terms 

rather than in annual terms. First, there is the standard rationale that gains or 

losses further in the future have less consequence than those occurring in the 

near term. The second is related to the first: There are two distinct intervals in 

the twenty-year study period. Most of the pain is felt in the years 16-20, when 

the stimulative effects are substantially reduced. Outcomes across these two 

intervals are best combined when proper account is given to which of these takes 

place first. A four-percent discount rate is used throughout for net present value 

calculations. This is consistent with the interest rate used in this study's bond 

cost calculations. 

Table 13 shows net present values for the region, the five counties and the Los 

Angeles county sub-areas introduced earlier. Regional present values range 

from losses of $22.649 billion (Rainfall Scenario II, Plants Case I) to losses of 

$169.866 billion (Rainfall Scenario Ill, Plants Case III). As might be expected, 

the brunt of the cost is borne by Los Angeles county with losses ranging from an 

$18.267 billion to a $136.815 billion loss. The city of Los Angeles incurs the 

greatest costs. These range from $9.853 billion to $79.308 billion. The 

highlighted (II, II) combination includes $24.851 billion of losses for the region, 

$20.022 billion for the Los Angeles county, of which $9.5 billion accrues to LA 

city. The direct, indirect and induced effects that make up these totals are 

itemized in Tables A22-A24 of Appendix A. 
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Table 13. Present Value of Net Total Impacts by County by Scenario 
(Millions of $ 1999 

County 
CASE 1 

Scenario 4 Scenario iii  Scenario III 

CASE II 

Scenario it Scenario 111 Scenario III 

CASE HI 

Scenario II Scenario 14 Scenario 111 

Aw
no

o  
se

le
ou

v  
so

i  

Arroyo Verdugo 

City of Los Angeles 

North Los Angeles County 

San Gabriel Valley 

Southeast Los Angeles County 

South Bay 

Westside Cities 

Other Los Angeles County 

-4,913.7 	-1,484.8 	-10,367.9 

-25,201.6 	-9,852.6 	-48,635.5 

	

-201.6 	165.9 	-572.2 

	

-6,206.8 	-1,552.1 	-10,988.6 

	

-5,893.5 	-2,737.6 	-11,377.5 

-7,304.2 	-2,739.5 	-13,563.2 

	

-5,169.6 	-1,932.5 	-10,267.9 

	

3,083.3 	1,865.7 	7,130.7 

-8,061.3 	-2,634.9 	-16,968.6 

-28,754.9 	-9,520.5 	-59,619.8 

7,125.1 	1,829.9 	17,434.6 

-8,604.6 	-2,696.9 	-17,408.2 

-3,126.2 	-1,003.7 	-6,353.7 

-10,337.9 	-3,326.6 	-21,731.1 

-7,414.0 	-2,398.7 	-15,453.9 

-2,121.5 	-270.5 	-5,189.3 

	

-9,462,4 	-3,046.8 	-20,720.3 

	

-36,661.9 	-11,987.7 	-79,308.4 

	

13,645.2 	3,206.1 	33,606.2 

	

-12,934.5 	-3,593.3 	-28,891.8 

	

1,120.8 	530.6 	2,659.5 

	

-11,352.6 	-3,416.1 	-25,507.2 

	

-7,973.5 	-2,609.8 	-17,455.3 

	

-788.5 	-275.1 	-1,197.5 

Los Angeles County Total -51,807.7 	-18,267.5 	-98,642.2 -61,295.3 	-20,022.0 	-125,289.9 -64,407.3 	-21,191.9 	-136,814.8 

Orange County -6,436.8 	-2,272.2 	-12,249.4 -7,672.6 	-2,504.9 	-15,699.8 -8,058.2 	-2,652.9 	-17,141.9 

Riverside County -1,704.6 	-596.9 	-3,254.3 -1,971.4 	-645.6 	-4,007.8 -2,054.0 	-677.5 	-4,323.6 

San Bernardino County -2,764.6 	-979.5 	-5,253.2 -3,336.0 	-1,087.6 	-6,845.7 -3,518.8 	-1,157.4 	-7,519.1 

Ventura County -1,512.5 	-532.4 	-2,878.3 -1,812.4 	-591.0 	-3,712.6 -1,908.9 	-628.2 	-4,066.4 

Total -64,226.2 	-22,648.6 -122,277.5 -76,087.7 	-24,851.2 	-155,555.8 -79,947.3 	-26,308.0 	-169,865.9 
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Because annual costs are available for all cities of the region, for all rainfall 

scenarios, net present values are also available for each combination of scenario 

and case. Tables A25-A28 of Appendix A show these results. Once again, 

these detailed model outputs are best highlighted by focusing on the five 

representative cities mentioned earlier. The top panel of Table 14 summarizes 

net present value of total economic effects. The net present values of direct, 

indirect and induced effects appear in the lower panels. Looking at the top panel 

of total net effects, all of the selected cities show substantial losses for all of the 

combinations of cases and scenarios. Most losses are expected to accrue to 

Torrance, where losses range from just over $561 million to $7.497 billion. 

Pasadena's losses are slightly lower but also substantial. Inglewood can expect 

net present value losses, ranging from almost $180 million to $3.174 billion. El 

Monte's losses are slightly greater, from just over $225 million to almost $2.569 

billion. The (II, II) combination also means losses for all of the cities, ranging 

from $321 million for Pomona to $1.201 billion for Torrance. 
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Table 14. Present Value of Net impacts by Scenario for Selected Cities (El Monte, Inglewood, Pasadena, Pomona, Torrance) 
(Millions of $ 1999 

City 
CASE I CASE II CASE III 

Scenario Ii Scenario 14 Scenario III Scenario II Scenario III Scenario III Scenario II Scenario III Scenario III 

El Monte -548.4 -225.1 -1,069.0 -1,232.2 -398.7 -2,588.8 -915.0 -237.6 -2,063.9 

IngleWbod -489.0 -179.9 -1,391.8 -1,522.0 -492.3 -3,174.1 -1,427.9 -427.4 -3,142.7 

Pasadena -1,826.5 -458.1 -3,252.4 -2,187.8 -738.5 -4,884.2 -2,977.7 -941,8 -6,483.1 

Pomona -133.3 -10.4 -499.3 -1,060.6 -321.8 -2,229.8 -854.3 -187.4 -1,886.8 

Torrance -2,489.6 -5e1.1 -4,485.1 -3,714.0 -1,201.4 -7,744.8 -3,381.8 -1,074.6 -7,497.1 

El Monte -431.6 -18.4.4 -845.3 -1,100.6 -355.4 -2,302.9 -779.1 -192.7 -1,781.0 

Inglewood -358.3 -134.4 -1,141.3 -1,374.1 -443.7 -2,875.2 -1,275.1 -378.9 -2,823.9 

Pasadena -1,383.0 -367.4 -2,745.9 -1,901.8 -842.2 -4,091.7 -2,686.0 -845.2 -5,884.4 

Pomona 18.2 42.6 -209.7 -886.7 -264.3 -1,877.0 -673.8 -107.7 -1,507.6 

Torrance -2,144.6 448.1 -3,862.8 -3,347.7 -1,081.1 -7,004.7 ,1004.1 -949.7 -6,710.5 

El Monte -38.5 -13.2 -74.2 -41.4 -13.7 -82.7 -42.1 -14.0 -66.1 

Inglewood -38.4 -112 -73.8 -41.4 -13.7 -82.9 -42.3 -14.D -86.7 

Pasadena -88.3 -29.4 -171.7 -84.0 -28.2 -162.6 -82.0 -27.5 -158.1 

Pomona -53.3 -18.6 -101.9 -60.7 -19.9 -123.0 -63.1 -20.8 -132.2 

Torrance -118.0 -40.6 -226.9 -127.7 -42.2 -255.5 -129.9 -43.0 -266.0 

El Monte -78.3 -27.4 -149.6 -90.2 -29.6 -183.2 -93.7 -30.9 -198.8 

Inglewood -92.4 -32.3 -176.5 -106.4 -34.9 -216.1 -110.5 -36.5 -232.2 

Pasadena -175.3 -61.3 -334.8 -201.9 -68.2 -409.9 -209.7 -69.2 -440.6 

Pomona -98.3 -34.4 -187.7 -113.2 -37.1 -229.9 -117.8 -38.8 -247.1 

Torrance -207.1 -72.4 -395.6 -238.8 -78.2 -484.4 -247.8 -81.8 -520.6 
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IV. 	DISCUSSION 

The results depicted in this study are not a standard cost-benefit analysis. No 

attempt has been made to quantify the benefits of storm water treatment. 

Rather, this is an impact study that acknowledges and accounts for both the 

stimulative and depressive economic effects associated with constructing new 

storm water treatment plants. We pose a number of if-then combinations of 

cases and scenarios, and investigate the implications of these in some detail, 

other things equal. A massive public works projects will be a bonanza for some 

sectors of the economy, but the costs of such projects have to come from 

somewhere and we have tried to account for these. We have explored a wide 

range of empirical and policy-relevant assumptions and our results bracket the 

dollar costs suggested in earlier studies. 

Our contributions to the discussion include carefully assessed inputs in terms of 

plausible rainfall and runoff assumptions as well as carefully researched 

treatment plant construction and operations data. We have also applied spatial 

economic models that describe the consequences of building and paying for 

these projects by industry as well as by city and community. 

Our combinations of cases and scenarios provide a range of results. Yet, which 

rainfall scenario and which plants case are the most relevant and deserving of 

special attention? We have highlighted a conservative combination, one that 

places one treatment plant in each of the region's 65 sub-basins and built to 

handle the runoff from a one-half inch rainstorm, the most likely precipitation 

event — but one which requires that regulators accept the fact that there will be 

pollution standard exceedance in the event of larger storms. That combination 

requires capital costs of $43.7 billion and annual operating costs of $127 million. 

Annual job losses, due to household spending diverted to finance these 

expenditures, range from over 22,000 jobs per year for the first 15 years, while 

the plants are being built, to almost 60,000 per year thereafter when the 
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economic stimulus from construction is no longer in effect. The net present value 

of the twenty-year costs of the conservative combination are $24.851 billion. Los 

Angeles county's share of this sum is expected to be $20.022 billion, or 

approximately $6,670 per household (using the 2000 census count of 

approximately 3 million LA county households). 

The requirements imposed by advanced treatment constitute a large component 

of a large cost. This requirement, therefore, requires further discussion. 

Advanced treatment requirements may be contested administratively and legally. 

In a few years, it is reasonable to suppose that technology improvements may 

reduce advanced treatment costs to the point that the administrative discussions 

are resolved. In light of the very large costs involved, and the pace of 

technological change, it is possible that very large costs will have been incurred 

for facilities that are unnecessary. 
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Table Al. Annual Total Stimulus and Annual Total Household Expenditure Reduction by Scenario 

Case I 480 161, 933 Plants ons of 5 1999 

Scenano 1 24h, 1.25 Scenario 2 24h, 0.5" Soenano 3 241141782:45222159  

126.232 

149 :5140 
1 414 

	

6 	 14 

 
76 
82 11  "425:518  

2.247 

3.072 

	

357 	 151 ;69 39  

a) Collection System 
b) Land Costs (Levels1 & 2) 
c) Level 3 without Land  

Annual Costs W/O Land Costs (A) = (a+c)/15 
Annualized Total Capital Costs with Land Costs (13: (u403+0113.5903 

An/waltzed Undeneritrn•Costs C = a 4b4e'0.1 13.5903 

Capital Costs 

O& M  Costs 

= A+C DI2 

12.489 
24,968 
64.909  

5.160 
7,532 

753 

7.228 
8,356 

21.738  
1,931 
2.746 

275 
10 

227 
237 

6.032 
990 

8.434 

d) Collection System 
e) Level 3 plus Levels 1 & 2 

Annual Total 0 & M Costs  (D) = dre 
Annual Total Stimulus for years 1- 15 
Annual Total Stimulus for years 16 2C 

	
= C+D 

Annual Total Household Expenditure Reduction for years 1 .21 
	

= 8+C +(50+150/2)/213 

Case 0 : 65 Plants 
Scenario 1 : 24h, 1.25" Scenario 2 : 24h, 0.5" Scenario 3 : 24h. 2.25" 

Capital Costs 

-0 & M Costs 

a) Collection System 

b) Land Costs (Levels1 & 2) 

c) Level 3 without Land  
Annual Costs W/O Land Costs (A) = 01+005 

Annualized Total Capital Costs with Land Costs (B: (a+b+cy13.5903 

Annualized Underwriting Costs (C)• [(e+b+c)*0.1Y13.5903  
d) Collection System 

e) Level 3 plus Levels 1 & 2  
Annual Total 0 & M Costs (D) = dse  

	

45,407 
	

13,222 
	

108,272 

	

24,556 
	

8,217 
	

47.716 

	

65.573 
	

22,298 
	

127.900 

	

7,399 	 2.368 	 15.745 

	

9.973 	 3,218 	 20,889 

	

997 	 322 	 2.089 

	

37 	 11 
	

89 

	

342 
	

116 
	

666 

	

379 
	

127 
	

755 

-Annual Total Stimulus for years 1 -15 
Annual Total Stimulus for years 16 • 20 

Annual Total Household Expenditure Reduction for years 1- 2( 

A+C+D/2 
= C+D 

= +C+(5D+15D2)20 

8,586 2.753 18,211 

1,376 448 2,844 

11,207 
	

3,619 
	

23.450 

Case Ill : 130 Plants 
Scenario 1 : 24h. 1.25" Scenario 2 : 24h, 0.5" Scenario 3 : 24h. 2.25° 

Capital Costs a) Collection System 

b) Land Costs (Levels1 & 2) 

c) Level 3 without Land  
Annual Costs W/0 Land Casts (A) = (a+c)/15 

Annualized Total Capital Costs with Land Costs Or, = (a+b+cy13.5903 
Annualized Underwriting Costs (C) = l(a+b+c)'0.11/13.5903  

	

60,162 
	

16,013 
	

148,558 

	

23,690 
	

7,928 
	

46,037 

	

63.873 
	

24,363 
	

130.949 

	

8,269 	 2,692 	 18,634 

	

10,870 	 3,554 	 23,954 

	

1,087 	 355 	 2,395 

0 & M Costs d) Collection System 

e) Level 3 plus Levels 1 & 2 
Annual Total 0 & 14 Costs (D) = cHe  

49 	 13 	 122 

222 	 78 	 438 

272 	 92 	 559 
Annual Total Stimulus for years 1.15 	 = A4C+D/2 
Annual Total Stimulus for years 16 - 20 
Annual Total Household Expenditure Reduction for years 1 .2( 	 = 8+C+15D+1502)/20 

	

9,492 	 3,093 	 21,309 

	

1,359 	 447 	 2.955 

	

12,127 
	

3.967 	 26,699 
C+D 

NOTES: 

Entries a, b, c, d, e Refer to the relevant cells of Tables 1-3. 

A = (04015 	Refers to the spreading out of capital costs over 15 years. 
B = (a+b+c)/13.5903 Refers to the 20-year 4% annualized value of capital 

costs, including land. 
C = (a+b-rc)'0.1/13.5903 Refers to the 20-year 4% annuitized value of 

underwriting costs, 

A + C + D/2 	Refers to annual capital cost stimulus plus 

annualized stimulus of underwriting costs plus 
average start-up 0 & M coals for Years 1-15. 

C + D 

	

	 Refers to annualized underwriting costs plus full 

annual 0 & M costs for Years 16-20. 
B + C + (50 +1502)20 Annual household expenditure reduction, Years 

1.20, is annual cost of all bonded indebtedness associated with 

the project, including capital, underwriting and 

0 & M costs, 
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Table A2. Annual Direct Impacts for years 1 -15 	 Mtllions of $ 1999 

Scenario 

Los Angeles County 

Orange 
County 

Riverside 
County 

San 
Bernardino 

County 

Ventura 
Total 

County Arroyo 
Verdugo 

City of Los 
Angeles 

North Los 
Angeles 

ty 

San Gabriel 
Valley 

Southeast 
Los Angeles 

County 
South Bay 

Westslde 
Cities 

Other Los 
Angeles 
County 

Los Angeles 
County Total 

S
ti m

ul us E
ff ect 

C
A

S
E

  I 

Scenario I 

	

194.8 	1,401.7 	• 	342.2 	514.9 	793.3 	225.7 	45.0 	958.9 

	

96.2 	445.0 	145.2 	247.3 	235.2 	73.8 	11.1 	412.8 

	

269.6 	2,535.1 	626.3 	1,029.0 	1,468.5 	440.7 	38.3 	1,918.8 

4,476.5 

1,666.7 

8,326.5 

0.1 

0.0 

0.2 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

	

0.5 	4,477.1 

	

0.3 	1,667.1 

	

0.8 	8,327.5 

Scenario II 

Scenario III 

C
A

S
E

 I I 

Scenario I 

	

110.1 	2,177.3 	1,098.3 	829.7 	1,424.8 	224.6 	0.0 	716.7 

	

33.3 	685.2 	313.3 	211.1 	461.4 	74.2 	0.0 	268.1 

	

215.5 	4,569,9 	2,518.9 	1,360.3 	2,986.7 	453.5 	0.0 	1,428.2 

6,381.5 

2,046.6 

13,533.0 

0.0 

0.0 

0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

	

0.3 	6,381.8 

	

0.1 	2,046.8 

	

0.5 	13,533.6 

Scenario II 

Scenario III 

0  

613  

E 

Scenario I 

	

51.1 	1,857.8 	1,708.8 	357.8 	1,935.3 	223.3 	0.7 	908.1 

	

21.3 	609.8 	448.5 	173.2 	647,8 	99.5 	0.3 	295.1 

	

112.0 	4,153.6 	4,073.7 	735.3 	4,258.5 	433.9 	1.5 	2,032.9 

7,041.0 

2,295.5 

15,801.4 

0.0 

0.0 

0.1 

0.0 

0.0 

0,0 

0.0 

0.0 

0.1 

0.0 	7,041. 

0.0 	2,295,6 

0.1 	15,801.6 

Scenario II 

Scenario III 

Im
p
acts

 of  H
o

u
seh

old 
E

xp
en

d
iture R

ed
u

ction 

CI 

M 
- 

Scenario I 

	

458.5 	2,819.9 	281.9 	772.4 	949.2 	643.2 	367.2 	507.9 

	

167.0 	954.3 	102.7 	281.3 	345.8 	234.3 	133.8 	185.0 

	

861.1 	4,920.4 	529.5 	1,450.8 	1,782.8 	1,208.0 	689.6 	954.0 

8,600.4 

2,404.2 

12,396,0 

132.1 

48.1 

248.1 

7.9 

2.9 

14.8 

66.3 

24.1 

124.5 

	

30.1 	6,836.7 

	

11.0 	2,490.3 

	

56.5 	12,839,9 

Scenario II 

Scenario III 

C
A

S
E

 II  

Scenario I 

	

609.3 	3,481.5 	374.7 	1,026.4 	1,261.4 	854.8 	488.0 	675.0 

	

196.8 	1,124.3 	121.0 	331.5 	407.4 	278.0 	157.6 	218.0 

	

1,274.9 	7,284.6 	784.0 	2,147.6 	2,639.4 	1,788.5 	1,021.0 	1,412.4 

8,771.0 

2,632.4 

18,352.3 

175.5 

56.7 

367.3 

10.5 

3.4 

21.9 

88.1 

28.4 

184.3 

	

40.0 	9,085.1 

	

12.9 	2,933.9 

	

83.7 	19,009.5 

Scenario II 

Scenario III 

m 
E 

E Scenario 1 

	

659.3 	3,767.1 	405.4 	1,110.6 	1,364.9 	924.9 	528.0 	730.4 

	

215.7 	1,232.3 	132.6 	363.3 	446.5 	302.5 	172.7 	238.9 

	

1,451.6 	8,294.0 	892.6 	2,445.2 	3,005.1 	2,036.3 	1,182.4 	1,608.1 

9,490.6 

3,104.5 

20,895.3 

189.9 

62.1 

418.2 

11.3 

3.7 

25.0 

95.3 

31.2 

209.9 

43.3 	9,830.5 

14.2 	3,215.7 

95.3 	21,643.6 

Scenario II 

Scenario III 

N
et Im

p
acts 

0 

g 
M 
- 

Scenario I 

	

-263.8 	-1,218.2 	60.2 	-257.4 	-155.9 	-417.5 	-322.2 	450.9 

	

-70.8 	-509.3 	42.5 	-34.1 	-110.8 	-160.5 	-122.7 	227.8 

	

-591.6 	-2,385.3 	96.8 	-421.6 	-314.2 	-767.3 	-651.3 	964.9 

-2,123.9 

-737.6 

-4,069.5 

-132.0 

-48.1 

-247.9 

-7,9 

-2.9 

-14.6 

-66.3 

-24.1 

-124.5 

	

-29.6 	-2,359.6 

	

-10.8 	-823.3 

	

-55.8 	-4,512.4 

Scenario II 

Scenario III 

> 
cn  M 
= 

Scenario I 

	

-499.2 	-1,304.2 	723.6 	-396.7 	163.4 	-630.1 	-488.0 	41.7 

	

-163.5 	-439.1 	192.4 	-120.3 	54.1 	-201.9 	-157.6 	50.1 

	

-1,059.5 	-2,714.7 	1,735.0 	-787.3 	347.3 	-1,335.0 	-1,021.0 	15.9 

-2,389.6 

-785.8 

-4,619.3 

-175.5 

-56.7 

-367.2 

-10.5 

-3.4 

-21.9 

1 

-28.4 

-184.3 

	

-39.7 	-2,703.7 

	

-12.8 	-887.0 

	

-83.2 	-5,475.9 
Scenario 11 

Scenario III 

° 

E 

Scenario I 

	

-608.2 	- 1,909.4 	1,303.3 	-752.7 	570.4 	-701.6 	-527.3 	175.8 

	

-194.4 	-622.5 	315.9 	-190.0 	201.3 	-203.1 	-172.4 - 	56.2 

	

-1,339.6 	,-4,140.4 	3,181.1 	-1,709.8 	1,253.4 	-1,602.4 	-1,161.0 	424.8 

-2,449.7 

-809.0 

-5,093.8 

- 169.9 

-62.1 

-418.1 

- 11.3 

-3.7 

-25.0 

-95.3 

-31.2 

-209.8 

	

-43.2 	-2,789.5 

	

-14.1 	-920.1 

	

-95.2 	-5,841.9 
m II 

Scenario III 
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Scenario 

Scenario 

Scenario II U) 
m 

13
9

1J
3

 Sn
In

UJ
U

S  

C) 

to 
1111 

0 

Scenario III 

Scenario III 

Scenario II 

Scenario II 

Scenario I 

Scenario I 

Scenario III 

Scenario II 

Scenario III 
Scenario I 

Scenario 11 

Scenario III 

Scenario I 

Scenario II 

Scenario III 

0 

m 

0 
U) 
m 

0 

m 

Scenario I 

Scenario II 

Scenario III 

Scenario I 

Scenario II 

Scenario III 

Scenario 

C) 

m 

CD 

a 
m 

Scenario II 

Scenario III 

Scenario I 

(Millions of $ 1999) 

Ventura 
County Total 

0.1 

0.1 

0.1 

739.0 

265.1 

1,397.1 

0.1 1,040.1 

0.0 339.6 

0.1 2,141.6 

0.0 1,000.! 

0,0 332.1 

0.0 2,161.0 

30.1 6,836.7 

11.0 2,490.3 

56.5 12,839.9 

40.0 9,085.1 

12.9 2,933.9 

83.7 19,009.5 

43.3 9,830.5 

14.2 3,215.7 

95.3 21,843.6 

-30.0 -8,097.7 

-10.9 -2,225.2 

-58.4 -11,442.8 

-39.9 -8,045.0 

-12.9 -2,594.2 

-83.6 -18,687.9 

-43.3 -8,830.0 

-14.2 -2,063.6 

-95-3 -19,482.6 

Table A3. Annual Direct Impacts for years 16 - 20 

Los Angeles County 

Orange 
County 

Riverside 
County 

San 
Bernardino 

County 
Arroyo 

Verdugo 
City of Los 
Angeles 

North Los 
Angeles 
County 

San Gabriel 
Valley 

Southeast 
Los Angeles 

County 
South Bay 

Westside 
Cities 

Other Los 
Angeles 
County 

Los Angeles 
County Total 

32.6 237.1 52.1 85.3 132.2 38.7 7.8 153.0 738.9 0.0 0.0 0.0 

15.6 72.7 21.3 39.6 37.7 12.3 1.9 64.0 265.0 0.0 0.0 0.0 

45.9 435.7 97.0 173.6 248.5 76.6 8.7 312.9 1,396.9 0.0 0.0 0.0 

20.5 371.2 143.1 96.6 251.3 40.2 0.0 117.2 1,040.0 0.0 0.0 0.0 

8.2 119.2 42.2 32.9 82,6 13.3 0.0 43.1 339.6 0.0 0,0 0.0 

40.1 756.2 318.7 203.2 512.1 79.7 0.0 231.4 2,141.5 0.0 0.0 0.0 

8.8 276.4 209.4 60.9 278.8 38.5 0.1 127,5 1,000.5 0.0 0.0 0.0 

3.4 91.4 57.0 27.5 94.4 16.0 0.1 42.3 332.1 0.0 0.0 0.0 

18.7 591.8 486.1 122.5 592.9 73.2 0.3 275.5 2,181.0 0.0 0.0 0.0 

458.5 2,619.9 281.9 772.4 949.2 643.2 367.2 507.9 6,600.4 132.1 7.9 86.3 

167.0 954.3 102.7 281.3 345.8 234.3 133.8 185.0 2,404.2 48.1 2.9 24.1 

881.1 4,920,4 529.5 1,450.6 1,782.8 1,208.0 689.8 954.0 12,396.0 248.1 14.8 124.5 

609.3 3,481.5 374.7 1,026.4 1,261.4 854.8 488.0 875.0 8,771.0 175.5 10.5 88.1 

196.8 1,124.3 121,0 331.5 407.4 276.0 157.8 218.0 2,832.4 58.7 3.4 28.4 

1,274.9 7,284.6 784.0 2,147.6 2,839.4 1,788.5 1,021.0 1,412.4 18,352.3 387.3 21.9 184.3 

659.3 3,767.1 405.4 1,110.6 1,364.9 924.9 528.0 730.4 9,490.6 189.9 11.3 95.3 

215.7 1,232.3 132.6 363.3 446.5 302.5 172.7 238.9 3,104.5 82.1 3.7 31.2 

1,451.6 8,294.0 892.6 2,445.2 3,005.1 2,036.3 1,162.4 1,608.1 20,895.3 418.2 25.0 209.9 

-425.9 -2,382.8 -229.8 -687.0 -817.0 -804.5 -359.4 -355.0 -5,881.5 -132.1 -7.9 -68.3 

-151.5 -681.6 -81.4 -241.8 -308,1 -222.0 -131.9 -121.0 -2,139.2 -48.1 -2.9 -24.1 

-815.3 -4,484.7 -432.5 -1,277.0 -1,534.2 -1,131.4 -682.9 -641.0 -10,999.0 -248.1 -14.8 -124.5 

-588.8 -3,110.3 -231.6 -929.8 -1,010.1 -814.6 -488.0 -557.8 -7,731.0 -175.5 -10.5 -88.1 

-190.6 -1,005.0 -78.8 -298.8 -324.7 -262.7 -157.6 -174.9 -2,492.8 -58.7 -3.4 -28.4 

-1,234.8 -8,528.4 -465.2 -1,944.4 -2,127.2 -1,708.7 -1,021.0 -1,181.0 -16,210.7 -387.3 -21.9 -184.3 

-650.5 -3,490.8 -196.0 -1,049.7 -1,068.1 -886.4 -527.9 -602.8 -8,490.1 -189.9 -11.3 -95.3 

-212.2 -1,140.9 -75.7 -335.8 -352.1 -288.5 -172.7 -196.8 -2,772.4 -62.1 -3.7 -31.2 

-1,432.9 -7,702.2 -406.4 -2,322.6 -2,412.3 -1,983.1 -1,162.2 -1,332.6 -18,734.3 -418.2 -25.0 -209.9 
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Table A4. Annual Indirect Impacts for years 1 -15 
	

(Millions of $ 1999) 

p
e
o
  s

ni
nt

ug
s  

a 

Scenario 

Los Angeles County 

Orange 
County 

Riverside 
County 

San 
Bernardino 

 
County 

Ventura 
County 

Total Arroyo 
Verdugo 

City of Los 
Angeles 

North Los 
Angeles 
County 

San Gabriel 
Valley 

Southeast 
Los Angeles 

County 
South Bay 

Westslde 
Cities 

Other Los 
Angelis 4s  
County 

Los Angeles 
County Total 

C) Scenario I 72.6 443.0 16.1 105.0 151.8 90.3 59.2 74.8 1,012.6 362.9 87.0 102.8 73.0 1,638.4 

m 
Scenario II 27.0 165.1 6.0 39.1 56.6 33.7 22.1 27.9 377,5 135.3 32.4 38.3 27.2 810.7 

Scenario III 134.9 823.7 30.0 195.2 282.2 167.8 110.1 139.0 1,882.8 674.9 161.9 191.2 135.7 3,046.5 

Scenario I 103.4 632.5 23.0 149.9 217.1 129.1 84.5 106.9 1,446.4 518.0 124.4 146.9 104.3 2,339.9 

Cr) 
m Scenario II 33.2 202.8 7.4 48.1 69.6 41.4 27.1 34.3 463.7 166.1 39.9 47.1 33.4 750.2 

Scenario III 219.4 1,342.1 48.9 318.0 460.8 273.9 179.3 226.8 3,069.0 1,098.9 263.9 311.7 221.4 4,964.P 

Scenario I 114.3 698.9 25.4 165.6 240.0 142.7 93.4 118.1 1,598.4 572.4 137.3 162.2 115.3 2,585. 

co 
m Scenario II 37.2 227.7 8.3 53.9 78.2 46.5 30.4 38.5 520.8 186.5 44.7 52.9 37.6 842.5 

Scenario III 256.7 1,569.8 57.1 371.9 539.4 320.7 209.8 265.3 3,590.6 1,285.5 308.4 364.4 259.0 5,807.9 

C) Scenario I 89.0 549.3 20.6 137.2 192.1 107.7 68.1 95.7 1,259.7 450.0 110.1 132.2 94.0 2,048.0 

cn 
m 

Scenario II 32.4 200.1 7.5 50.0 70.0 39.2 24.8 34.9 458.9 163.9 40.1 48.2 34.2 745.3 

Scenario III 167.1 1,031.7 38.6 257.8 360.6 202.3 128.0 179.8 2,365.9 845.1 206.7 248.3 176.5 3,842.5 

0 Scenario I 118.2 730.0 27.3 182.4 255.3 143.1 90.5 127.2 1,674.0 598.0 146.3 175.7 124.9 2,718.8 

U) 
m 

Scenario II 38.2 235.7 8.8 58.9 82.4 46.2 29.2 41.1 540.6 193.1 47.2 56.7 40.3 878.0 

Scenario III 247,3 1,527.4 57.2 381.6 534.1 299.5 189.4 266.1 3,502.7 1,251.1 306.0 367.6 261.3 5,688.8 

C) Scenario I 127.9 789.9 29.6 197.3 276.2 154.9 98.0 137.6 1,811.4 647.0 158.3 190.1 135.1 2,941.9 

m Scenario II 41.8 258.4 9.7 64.6 90.4 50.7 32.0 45.0 592.5 211,8 51.8 62.2 44.2 962.3 

Scenario III 281.6 1,739.0 85.1 434.5 608.1 341.0 215.7 303.0 3,988.1 1,424.5 348.4 418.5 297.5 6,477.1 

c-) Scenario I -16.4 -106.4 -4.4 -32.3 -40.3 -17.4 -8.9 -21.0 -247.1 -87.0 -23.0 -29.4 -21.0 -407.5 

Scenario II -5A -35.0 -1.5 -10.9 -13.4 -5.6 -2.7 -7.0 -81.4 -28.6 -7.6 -9.8 -7.0 -134.5 

Scenario III -32.1 -208.0 -8.6 -62.6 -78.6 -34.5 -17.9 -40.8 -483.1 -170.2 -44.8 -57.1 -40.8 -796.0 

0 Scenario I -14,8 -97.5 -4.3 -32.5 -38.2 -14.1 -6.0 -20.3 -227.7 -80.0 - 	-21.9 -28.8 -20.8 -378. 

cr) 
m Scenario II -5.0 -32.9 -1.4 -10.8 -12.8 -4.8 -2.1 -6.8 -76.9 -27.0 -7.4 -9.8 -6.9 -127.7 

Scenario III -27.9 -185.3 -8.3 -63.7 -73.3 -25.6 -10.2 -39.4 -433.7 -152.2 -42.2 -55.9 -39.9 -723.9 

C) Scenario I -13.6 -91.0 -4.1 -31.8 -36.2 -12.2 -4.6 -19.6 -212.9 -74.6 -20.9 -27.9 -19.8 -356.2 

m Scenario II -4.6 -30.7 -1.4 -10.6 -12.2 -4.2 -1.6 -8.6 -71.7 -25.2 -7.0 -9.3 -119.9 

Scenario III -24.9 -169.2 -8.0 -62.6 -68.8 -20.3 -5.9 -37.8 -397.5 -139.0 -40.0 -54.2 -38.5 -669.2 
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Table A5. Annual Indirect Impacts for years 16 - 20 (Millions of $ 1999) 

Scenario 

Los Angeles County 

Orange 
County 

Riverside 
County 

San 
Bernardino 

County 

Ventura 
County 

Total 
Arroyo 

Verdugo 
City of Los 

Angeles 

North Los 
Angeles 
County 

San Gabriel 
Valley 

Southeast 
Los Angeles 

County 
South Bay 

Westslde 
Cities 

Other Los 
Angeles 
County 

Los Angeles 
County Total 

C) Scenario I 11.0 60.1 2.2 14.4 17.3 10.5 8.2 9.3 133.0 51.1 11.8 13.7 9.1 218.6 

m 
Scenario II 4.0 21.5 0,8 5.1 6.2 3.8 3.0 3.3 47.6 18.3 4.2 4.9 3.2 78.3 

Scenario III 20.8 113.6 4.2 27.2 32.7 19.9 15.6 17.6 251.6 96.6 22.3 28.0 17.2 413.8 

(-) Scenario I 15.5 B5.2 3.2 20.4 24.8 15.0 11.6 13.2 188.8 72.1 18.8 19.6 13.0 310.4 

rn 
in Scenario II 5.0 27.9 1.0 6.7 8.1 4.9 3.8 4.3 61.8 23.6 5.5 6.4 4.2 101.5 

Scenario III 31.9 175.0 6.5 41.9 50.8 30.8 23.9 27.2 387.9 148,3 34.5 40.3 26.6 837 

Cl)
C)  

 
m 

Scenario I 15.0 

4.9 

80.6 

26.6 

3.0 

1.0 

19.3 

6.4 

22.8 

7.5 

14.0 

4.6 

11.1 

3.7 

12.3 

4.1 

178.1 

58.8 

68.8 

22.7 

15.7 

5.2 

18.3 

6.0 

12.1 

4.0 

293.0 

96.7 Scenario II 

Scenario III 32.5 174.2 8.5 41.7 49.2 30.2 24.1 26.5 384.7 149.0 33.9 39.4 26.1 633.2 

C) Scenario I 89.0 549.3 20.6 137.2 192.1 107.7 68.1 95.7 1,259.7 450.0 110.1 132.2 94.0 2,046.0 

cDn 
m 

Scenario II 32.4 

167.1 

200.1 

1,031.7 

7.5 

38.6 

50.0 

257.8 

70.0 

360,8 

39.2 

202.3 

24.8 

128.0 

34.9 

179.8 

458.9 

2,365,9 

163.9 

845.1 

40.1 

206.7 

48.2 

248.3 

34.2 

176.5 

745,3 

3,842.5 Scenario III 

Scenario I 118.2 730.0 27.3 182.4 255.3 143.1 90.5 127.2 1,874.0 598.0 146.3 175.7 124.9 2,718.8 

to 
m Scenario II 38.2 235.7 8.8 58.9 82.4 48.2 29.2 41.1 540.6 193.1 47.2 56.7 40.3 878.0 

Scenario III 247.3 1,527.4 57.2 381.6 534.1 299.5 189.4 268.1 3,502.7 1,251.1 306.0 367.6 261.3 5,688.8 

C) Scenario I 127.9 789.9 29.6 197.3 276.2 154.9 98.0 137.8 1,811.4 647.0 158.3 190.1 135,1 2,941.9 

m Scenario II 41.8 258.4 9.7 64.6 90.4 50.7 32.0 45.0 592.5 211.6 51.8 82.2 44.2 962.3 

Scenario III 281.6 1,739.0 65.1 43.4.5 608.1 341.0 215.7 303.0 3,988.1 1,424.5 348.4 418.5 297.5 6,477.1 

c-) Scenario I -77.9 -489.3 -18.3 -122.9 -174.8 -97.2 -59.9 -86.5 -1,128.8 -398.9 -98.3 -118.5 -84.9 -1,827.3 

rDn 
m 

Scenario II -28.4 

-148.2 

-178.6 

-918.0 

-6.7 

-34.4 

-44.8 

-230.6 

-63.8 

-328.1 

-35.5 

-182.4 

-21.9 

-112.4 

-31.6 

-162.2 

-411.3 

-2,114.3 

-145.8 

-748.5 

-35.9 

-184.4 

-43.2 

-222.3 

-31.0 

-159.3 

-667.0 

-3,428 Scenario III 

c-) Scenario I -102.7 -644.8 -24.1 -162.0 -230.5 -128.1 -78.9 ; 114.0 -1,485.2 -525.8 -129.4 -158.0 -111.9 -2,408. 

Scenario II -33.1 -207.9 -7.8 -52.2 -74.3 -41.3 -25.4 -36.7 -478.8 -169.5 -41.7 -50.3 -36.1 -776.5 

Scenario III -215.4 -1,352.4 -50.8 -339.7 -483.4 -268.7 -165.6 -239.0 -3,114.8 -1,102.8 -271.5 -327.3 -234.7 -5,051.2 

Scenario I -112.9 -709.3 -26.6 -178.1 -253.4 -140.9 -86.8 -125.3 -1,633.3 -578.2 -142.5 -171.8 -123.0 -2,648.8 

Scenario II -36.9 -231.8 -8.7 -58.2 -82.8 -46.0 -28.4 -41.0 -533.8 -189.0 -46.6 -56.1 -40.2 -865.7 

Scenario III -249.1 -1,564.9 -58.6 -392.8 -559.0 -310.8 -191.8 -276.5 -3,603.3 -1,275.5 -314.5 -379.1 -271.4 -5,843.9 
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Table A6. Annual Induced Impacts for years 1 -15 (Millions of $ 1999) 

Scenario 

Los Angeles County 

Orange 
County 

Riverside 
County 

San 
Bernardino 

County 

Ventura 
County Arroyo 

Verdugo 
City of Los 

Angeles 

North Los 
Angeles 
County 

San Gabriel 
Valley 

Southeast 
Los Angeles 

County 
South Bay 

Westslde 
Cities 

Other Los 
Angeles 
County 

Los Angeles 
County Total 

Scenario I 88.2 537.8 33.3 156.7 200.7 116.9 72.0 98.6 1,302.2 428.5 175.1 198.3 106.1 

rn 
m 

Scenario II 32.9 200.4 12.4 58.4 74.8 43.6 26.8 36.0 485.3 159.7 65.2 73.9 39.5 

Scenario III 163.9 1,000.1 61.9 291.5 373.3 217.4 133.8 179.6 2,421.5 798.9 325.6 368.8 197.2 

0 Scenario I 125.7 767.1 47.4 223.6 286.3 166.7 102.6 137.8 1,857.3 611.2 249.7 282.8 151.3 

m Scenario II 40.3 246.0 15.2 71.7 91.8 53.5 32.9 44.2 595.5 198.0 80.1 90.7 48.5 

Scenario III 266.8 1,627.5 100.7 474.3 607.5 353.8 217.7 292.3 3,940.5 1,296.7 529.8 600.1 321.0 

Scenario I 139.0 848.0 52.4 247.1 316.5 184.3 113.4 152.3 2,053.2 675.7 276.0 312.7 167.2 

0) 
m Scenario II 45.3 276.3 17.1 80.5 103.1 60.1 37.0 49.6 669.0 220.1 89.9 101.9 54.5 

Scenario III 312.2 1104.5 117.8 555.0 710.9 414.0 254.8 342.0 4,811,1 1,517.4 619.9 702.2 375.8 

C) Scenario I 115.1 702.4 43.4 204.7 262.2 152.7 94.0 128.2 1,700.7 559.7 228.7 259.0 138.5 

cn>  
m Scenario II 411 255.9 151 74.6 95.5 55.6 34.2 46.0 619.5 203.9 83.3 94.3 50.5 

Scenario III 216.2 1,319.2 811 384.5 492.4 286.8 176.5 236.9 3.194.1 1,051.1 429.4 488.4 260.2 

Scenario I 153.0 933.4 57.7 272.0 348.4 202.9 124.9 187.6 2,260.1 743.7 303.9 344.2 184.1 

Cl) 
m Scenario II 49.4 301.4 18.6 87.8 112.5 65.5 40.3 54.1 729.8 240.2 98.1 111.1 59.4 

Scenario III 320.1 1,953.1 120.8 569.2 729.0 424.6 261.3 350.8 4,728.9 1,556.2 635.8 720.1 385.2 

Scenario I 185.6 1,010.0 62.5 294.4 377.0 219.6 135.1 181A 2,445.5 804.8 328.8 372.4 199.2 

m Scenario II 54.2 330.4 20.4 98.3 123.3 71.8 44.2 59.3 800.0 283.3 107.6 121.8 65.2 

Scenario III 364.5 2,223.8 137.5 648.1 830.0 483.4 297.5 399.4 5,384.1 1,771.8 723.9 819.9 438.5 

Scenario I -271 -164.6 -10.2 -48.0 -81.4 -35.8 -22.0 -29.8 -398.5 -131.2 -53.6 -60.7 -32.5 

(g m Scenario II -9.1 

-52.3 

-55.4 

-319.1 

-3.4 

-19.7 

-18.2 

-93.0 

-20.7 

-119.1 

-12.1 

-69.4 

-7.4 

-42.7 

-10.0 

-57.3 

-134.2 

-772.6 

-44.2 

-254.3 

-18.0 

-103.9 

-20.4 

-117.7 

-10.9 

-62.9 Scenario III 
Scenario I -27.3 -168.4 -10.3 -48.5 -62.1 -36.2 -22.3 -29.9 -402.8 -132.6 -54.2 -61.3 -32.8 

cn 
m Scenario II -9.1 -55.5 -3.4 -16.2 -20.7 -12.1 -7.4 -10.0 -134.3 -44.2 -18.1 -20.5 -10.9 

	 Scenario III -53.4 -325.8 -20.1 -94.9 -121.5 -70.8 -43.6 -58.5 -788.4 -259.5 -106.0 -120.1 -84.2 

Scenario I -26.6 -162.0 -10.0 -47.2 -60.5 -35.2 -21.7 -29.1 -392.3 -129.1 -52.7 -59.7 -32.0 

cn 
m Scenario II -8.9 -54.1 -3.3 -15.6 -20.2 -11.8 -7.2 -9.7 -131.0 -43.1 -17.6 -19.9 -10.7 

Scenario III_ -52.3 -319.3 -19.7 -93.1 -119.2 -89.4 -42.7 -57.3 -773.1 -254.4 -103.9 -117.7 -63.0 

Total 

2,210.2 

823.8 

4,109.9, 

3,152.3 

1,010.7 

6188.0 

3,484 

1,135 .  

7,828.2 

2,886.6 

1,051.5 

5,421.3 

3,835.9 

1,238.7 

8,026.2 

4,150.8 

1,357.7 

9,138.3 

-876.4 

-227.8 

-1,311.4 

-683.8 

-228 .  

-1,338.1 

-665.8 

-222.3 

-1,312.1 
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Table A7. Annual Induced Impacts for years 16 - 20 	
Millions of $ 1999 

Scenario 

Los Angeles County 

Orange 
County 

Riverside 
County 

San 
Bernardino 

County 

Ventura 
County 

Total Arroyo 
Verdugo 

City of Los 
Angeles 

North Los 
Angeles 
County 

San Gabriel 
Valley 

Southeast 
Los Angeles 

County 
South Bay 

Westside 
Cities 

Other Los 
Angeles 
County 

Los Angeles 
County Total 

S
ti m

ulus Eff ect 

C
A

S
E

 I  

Scenario I 

	

12.7 	77.4 	 4.8 	22.6 	28.9 	16.8 	10.4 	13.9 

	

4.6 	27.8 	1,7 	8.1 	10.4 	6.0 	3.7 	5.0 

	

24.0 	146.3 	9.0 	42.6 	54.6 	31.8 	19.6 	28.3 

187.3 

67.2 

354.1 

61.7 

22.1 

116.5 

25.2 

9.0 

47.6 

28.5 

10.2 

53.9 

15.3 

5.5 

28.8 

318.0 

114.1 

601.1 

Scenario II 

Scenario III 

> 
0 

0)  M 
= 

Scenario I 

	

17.8 	108.7 	6.7 	31.7 	40.6 	23.6 	14.5 	19.5 

	

5.8 	35.5 	2.2 	10.3 	13.3 	7.7 	4.7 	6.4 

	

36.7 	224.0 	13.9 	65.3 	83.6 	48.7 	30.0 	40.2 

263.3 

66.0 

542.3 

86.6 

28.3 

178.5 

35.4 

11.6 

72.9 

40.1 

13.1 

82.6 

21A 

7.0 

44.2 

446.9 

145.9 

920.5 

Scenario II 

Scenario III 

cn  rn 

E 

Scenario I 

	

17.2 	104.9 	6.5 	30.8 	39.2 	22.8 	14.0 	18.8 

	

5.7 	34.6 	2.1 	10.1 	12.9 	7.5 	4.8 	6.2 

	

37.3 	227.4 	14.1 	66.3 	84.9 	49.4 	30.4 	40.8 

254.0 

83.7 

550.5 

83.6 

27.5 

181.2 

34.1 

11.2 

74.0 

38.7 

12.7 

83.8 

20.7 

6.8 

44.8 

431." 

142. 

934.3 

Scenario II 

Scenario III 

Im
pacts

 of  H
o usehold 

Expend
iture R

ed
uction 

0 
> 
0)  
M 
- 

Scenario I 

	

115.1 	702.4 	43.4 	204.7 	262.2 	152.7 	94.0 	126.2 

	

41.9 	255.9 	15.8 	74.6 	95.5 	55.8 	34.2 	48.0 
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Brown and Caldwell typical plant size of 45.2 MG was then used to treat the 

different flow amounts for Case I. 

In contrast, Cases II and III require construction of treatment plants with a wide 

variety of capacities. For plants up to 100 MG, we used Brown and Caldwell's 

cost capacity equation. For plants larger than 100 to 150 MG, we used $2.2 M per MG 

of runoff to be treated. For plants from 150 to 250 MG, we used $2.4 M per MG 

of runoff to be treated. For plants of more than 250, we used $2.5 M per MG of 

runoff to be treated. These costs are consistent with both the Brown and 

Caldwell and with the LACSD studies. 

The cost capacity equation is 

C = K x [Q 0.6], 	 (1.) 

where 

C = cost of construction in million of dollars, 

K = cost capacity constant of 11,237,200, and 

Q = design flow in millions of gallons. 

Table 1 gives construction costs for plant sizes representative of the hundreds in 

the study. These costs are based on tertiary treatment. Corrections for real 

estate costs based on specific plant location are applied to each of these values 

for each plant in every combination of case and scenario. Note that plant real 

estate costs constitute a large portion of the total cost of all combinations. 

Although Brown and Caldwell and LACSD effectively agree on the total plant 

costs, they disagree on exact breakdown for the three levels of treatment. This 

disagreement is likely based on specific methods used in each process and into 

which level of treatment each process is assigned. We calculated the breakdown 

based on the total project cost where 31.36 percent is the cost for the Level I 
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(primary) treatment, 14.98 percent is the cost for the Level II (secondary) 

treatment, and 53.66 percent is the cost for the Level Ill (tertiary) treatment. 

Table 1: Representative Treatment Plant Construction Costs 

Plant Design Capacity Construction Cost 

1 MG plant 11,237,200 

25 MG plant 77,521,491 

45.2 MG plant (Brown and Caldwell Model) 110,596,446 

100 MG plant 178,097,618 

200 MG plant 480,000,000 

500 MG plant 1,250,000,000 

1,000MG plant 2,500,000,000 

2,500 MG plant 6,250,000,000 

The costs of this study are based upon the following assumptions concerning 

treatment processes. 

• Level I treatment includes sewage pumping, screening and grinding, grit 

removal, influent chemical systems, and primary sedimentation. 

• Level II treatment includes chlorination, scrubbers, dechlorination, effluent 

filtration, effluent screening, effluent pumping/disposal, and defoament. 

• Level Ill treatment includes reverse osmosis. 

These processes are typical use in the industry today and are consistent with the 

Brown and Caldwell and LACSD studies. 
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11.2.5 Collection system costs 

Collection system costs are a function of the area of land to be treated by a plant 

and the amount of flow, which is in turn a function of runoff. For example, two 

basins of the same size (a fixed amount of land) with varying flows would have 

different collection system costs. Similarly, two basins of the same flow, but with 

different land areas would also have different collection system costs. This 

method is consistent with the methods used by Brown and Caldwell and by 

LACSD. 

The equation to calculate the collection system cost is 

C = K x [(A x Q) (3 .5] 	 (2.) 

Where 

C = cost of collection system in million of dollars, 

K = 0.0001318 x Q + 0.0594214, 	 (2.a) 

A = drainage area in acres, and 

Q = design flow of in millions of gallons. 

11.2.6 Operations and maintenance costs 

Annual operations and maintenance (O&M) costs were calculated on a 

percentage basis with a different percentage for each level of treatment. This 

method is consistent with the methods used by Brown and Caldwell and by 

LACSD. 

The O& M cost equation is 

C = M F, 	 ( 3 .) 
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where 

C = cost of operations and maintenance in million of dollars; 

M = capital cost for each functional element of the plant (collection system, 

level I treatment, level II treatment, and level III treatment), in million of 

dollars; and 

F = factor based on plant function, where 

F collection = 
 
1220.30, 

F level I = 484.66, 

F level II = 333.19, and 

F level III = 269.56. 

11.3 Summary of Cost Estimates 

Tables 2-4 summarize runoff and cost information for the nine combinations of 

rainfall scenarios and plant siting cases. Data are presented for the county's 

seven watersheds as well as county totals. The volume of storm water runoff 

was computed using modified coefficients of runoff with consideration of 

antecedent conditions. The runoff coefficients for the seven watersheds in each 

of the three rainfall scenarios are represented in Column 2 of Tables 2-4. In 

computing the total runoff volume it was also assumed that the first 0.06" of the 

design rainfall was assumed to fill the local depression areas and, therefore, did 

not contribute to runoff. The computed total runoff values for the seven drainage 

basins under each of the scenarios are shown in Column 4 of Tables 2-4. 

Economic impact analysis requires particular attention to the columns headed 

"Collection System" and "Level III plus Levels land II." These entries include 

land costs. As noted above, Level I (physical) treatment consists of equalization 

and sedimentation. Level II (disinfection) treatment consists of disinfection and 

dechlorination. Level III (advanced) treatment is the most ambitious and 

conventionally consists of reverse osmosis to remove heavy metals. 
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Reviewing all possible combinations of scenarios and cases, capital costs 

(including land) were lowest for Plant Case I, Rainfall Scenario II ($37 billion) and 

highest for Plant Case Ill, Rainfall Scenario Ill ($325.54 billion). Annual 

operations and maintenance costs were lowest for Plant Cases I and II and 

Rainfall Scenario II ($76 million) and were highest for Plant Case II, Rainfall 

Scenario Ill ($755 million). Collection System costs were added to these 

respective totals to define the basis for economic impact modeling. 
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Throughout this report, we afford special attention to the 65 Plants Case (II), 

which places one treatment plant in each sub-basin. In the interests of remaining 

conservative we will highlight the one-half-inch storm, Scenario II. The caveat, of 

course, is the implication that regulators will have to allow for pollution 

exceedance in periods of larger storms. For simplicity, we will occasionally refer 

to the highlighted combination as simply (II, II). Table 3 shows that capital costs 

for (II, II) are $43.7 billion while annual operating costs are $127 million. 
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III. 	ECONOMIC IMPACTS 

111.1 Annual Economic Impacts 

Building and operating a system of treatment plants of the scales described in 

Tables 2-4 involves large expenditures, many with stimulative secondary 

economic effects. Paying for these expenditures requires levels of taxation that 

often have opposite (and usually greater) depressive economic effects. 

Because construction staging information is not known at this point of the 

discussion, we assume that capital costs are evenly spread over fifteen years of 

construction activity. Operations and maintenance costs start small and reach 

full scale in year 16. This is a twenty-year analysis that combines a Year 1-Year 

15 construction and operations period, a Year 16-Year 20 full operations period 

and a Year 1-Year 20 financing period. 

We assume households throughout Los Angeles county are taxed for twenty 

years to repay four-percent twenty-year bonds (including 10 percent of 

underwriting costs). The depressive economic effects of this financing scheme 

are calculated by reducing households' expenditures by the amount of the annual 

tax needed to service this debt. 

Two economic models were used to study the full impacts of all of these activities 

(see Cho, et al 2000 and 2001 for a detailed discussion of our modeling 

approaches). The first is IMPLAN 

(http://www.implan.com/products/products.htm),  a 528-sector input-output model 

describing the economy of the five-county Southern California region. Costs 

from Tables 2-4 were processed to generate specific changes in regional final 

demands. See Table Al and accompanying description. Input-output models 

calculate all indirect and induced effects after subtracting leakages. In this 

context, direct effects include the construction of new facilities and the reductions 
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in household expenditures due to increased taxes. Direct effects are actual 

project expenditures from Tables 2-4. Not all of these expenditures are made in 

the five-county region and the model makes an allowance for direct expenditures 

that accrue to firms outside the region. These leakages are usually small 

quantities. Indirect effects consist of impacts on vendors from whom 

constructors purchase materials. Each such indirect impact creates additional 

but attenuating indirect impacts. A vendor who supplies more of his own product 

purchases additional inputs from his own vendors, and so forth. Labor is an 

especially important production input and induced impacts consist of the impacts 

specific to the labor sector. 

The IMPLAN model calculates all indirect effects (activities induced by vendors 

that supply goods and services to firms directly involved) and all induced effects 

(the result of changes in household sector expenditures) associated with the 

direct effects from construction and financing new treatment facilities. 

IMPLAN was applied 27 times for this study: 

• once for each of nine combinations of cases and scenarios for an average 

prototypical year in the interval of Years 1-15 (stimulus from construction 

and limited operations and maintenance); 

• once for each of nine combinations for a standard year in the period of 

Years 16-20 (stimulus from full operations and maintenance, but no 

construction) 

• and once for each of nine combinations for a standard year in the full 

period in Years 1-20 (uniform household expenditure reductions 

associated with financing the project) 
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The first two sets of simulations, estimate the stimulative economic effects 

produced when households receive and spend cash payments for rendering any 

services associated with these projects. This includes payments to labor by any 

associated vendors. The exception is land acquisition costs. The household 

sector has to pay for these as part of the financing of overall bond obligations but 

these transactions are not a stimulus. Eminent domain ensures that activities 

that are displaced in Cases I and II receive a cash payment for the loss of their 

land but we assume that these households and firms use these funds to 

purchase a new location. Many of these incremental activities spill over outside 

the region and, in any event, are not thought to be a major stimulant to the real 

estate market. 

Tables 5-7 summarize the 27 applications of the IMPLAN model. Each of the 27 

panels shows results aggregated to the level of ten one-digit SIC sectors. The 

entries in the first column in each panel are in terms of jobs (person-years). The 

entries in the second column of each table summarize income (output) multiplier 

effects. In column(s) two, direct-plus-leakage sums are derived from Tables 2-4. 

(See worksheet in Table Al). All impacts on all ten sectors are shown as well as 

the sum of indirect and induced effects. The "multiplier's shown in each column is 

the ratio of direct effects to total effects. All output multipliers are in the range of 

1.71 - 1.86. 
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Table 5. Economic Impacts of Construction, Lant cquisition, and Operating & Management Costs for years 1-15 
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Table A16. Annual Direct Impacts for years 1 - 15 (El Monte, Inglewood, Pasadena, Pomona, Torrance) 

Pomona 
Millions of S 19991 

Torrance Scenario El Monte Inglewood Pasadena 
 Scenario I 34.4 58.6 54.7 77.2 32.5 

m rDn 	Scenario II 102 21.0 31.2 31.3 40.7 
Scenario III 61.6 69.4 86.5 123.8 75.2 
Scenario I 0.0 0.0 64.7 23.5 0.0 

cn 	Scenario II 0.0 0.0 18.4 9.5 0.0 
Scenario III 0.0 0.0 125.5 47.2 0.0 

nario I 35.7 18.3 15.6 50.3 53.5 

m Scenario II 17.1 9.5 8.0 26.3 20.4 
Sce

m 

Scenario III 72.9 39.0 37.0 108,7 109.7 
Scenario I 60.9 76.1 146.7 64,1 185.4 
Scenario II 222 27.7 53.4 23.4 67.5 
Scenario III 114.5 142.9 275.5 120.5 348.1 
Scenario I 81.0 101.1 194.9 85.2 246.3 

m Scenario II 26.2 32.7 63.0 27.5 79.5 
Scenario III 169.4 211.6 407.9 178.4 515.4 

0 Scenario I 87.6 109.4 210.9 92.2 266.5 

m Scenario II 28.7 35.8 69.0 302 87.2 
Scenario III 192.9 240.9 464.4 203.1 586.8 
Scenario I -26.5 -17.5 -92.0 13.1 -152.9 

Cr) m Scenario II -12.0 -6.7 -22.3 7.9 -26.8 
Scenario III -52.9 -73.5 -189.0 3.3 -272.9 

0 Scenario I -81.0 -101.1 -130.3 -61.8 -246.3 

m Cr) Scenario II -26.2 -32.7 -44.5 -18.0 -79.5 
Scenario III -189.4 -211.8 -282.4 -131.1 -515.4 

0 Scenario I -51.9 -91,1 -195.3 -41.9 -213.0 

m Scenario II -11.6 -26.3 -61.0 -3.9 -66.8 
Scenario Ill -120.0 -201.9 -427.4 -94.3 -4772 
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Table A17. Annual Direct Impacts for years 16 - 20 (El Monte, Inglewood, Pasadena, Pomona, Torrance) 
fMillions of S 1999) 

 

Scenario El Monte Inglewood Pasadena Pomona 	Torrance 

Co

C)  

 
m 

Scenario I 
Scenario II 

5.7 

1.6 

10.0 

3.5 

92 

5.0 

12.7 

5.0 

5.6 

6.7 

Scenario III 10.4 12.0 14.7 20.7 13.1 
C) Scenario I 0.0 0.0 11.7 4.4 0.0 
Co 
m Scenario II 0.0 0.0 3.4 1.7 0.0 

Scenario III 0.0 0.0 22.7 8.8 0.0 

Co

C)  

 
m 

Scenario I 

Scenario II 
6.0 

2.7 

3.1 

1.5 

2.8 

1.3 

8.2 

4.0 

9.3 

3.3 

Ez° Scenario Ill 12.1 6.5 6.3 17.5 18.4 ,  

0 Scenario I 60.9 76.1 146.7 64.1 185.4 

Co 
m 

Scenario II 222 27.7 53.4 23.4 67.5 

Scenario III 114.5 142.9 275.5 120.5 348.1 

Co

C)  

 
m 

Scenario I 

Scenario II 

81.0 

26.2 

101.1 

32.7 

194.9 

63.0 

85.2 

27.5 

246.3 

79.5 

.Scenario III 189.4 211.6 407.9 178.4 515.4 

C) Scenario I 87.8 109.4 210.9 92.2 266.5 

Co 
m Scenario II 28.7 35.8 69.0 302 87.2 

Scenario III 192.9 240.9 464.4 203.1 586.8 

Scenario I -55.2 -66.1 -137.5 -51.5 -179.8 

Co 
m Scenario II -20.6 -24.2 -48,4 -18.4 -60.8 

Scenario III -104.0 -130.9 -260.8 -99.8 -335.0 

Scenario I -81.0 -101.1 -183.3 -80.9 -246.3 

Co 
m Scenario II -262 -32.7 -59.8 -25.8 -79.5 

Scenario Ill -169.4 -211.6 -385.2 -169.5 -515.4 

C) Scenario I -81.6 -106.3 -208.1 -84.0 -257.3 
Cl) 
m Scenario II -26.0 -34.3 -67.7 -26.1 -83.8 

Scenario III -180.8 -234.4 -458.1 
■.■ 

-185.6 -568.4 
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Table MB. Annual Indirect Impacts for years 1 - 15 (El Monte, Inglewood, Pasadena, Pomona, Torrance) 

(Millions of S 1999) 
Scenario El Monte -- Inglewood Pasadena Pomona Torrance 

Scenario I 8.5 8,3 29,9 8.8 25.7 

Scenario II 3.2 3.1 11.1 3.3 9.6 

Scenario III 15.8 15.4 55.6 16.4 47 7 

Scenario I 12.1 11.8 42.6 12.6 36.7 

Scenario II 3.9 3.8 13.7 4,0 11.8 

Scenario III 25.7 25,1 90.4 26.8 77,8 

Scenario I 13.4 13.1 47,1 13.9 40.6 

Scenario II 4.4 4.3 15.3 4.5 13.2 

Scenario III 30.1 29.4 105.7 31.3 91.1 

Scenario I 9.9 9.8 31.7 11.3 30.3 

Scenario II 3.6 3.6 1-T.6 4.1 11.0 

Scenario III 18.7 18.3 59.6 21.3 56.8 

Scenario I 13.2 13.0 42.2 15.1 40.2 

Scenario II 4.3 4.2 13.6 4.9 13.0 

Scenario III 27.7 27.2 88.2 31.5 84.2 

Scenario I 14.3 14.0 45.6 16.3 43.5 

Scenario II 4.7 4.6 14.9 5.3 14.2 

Scenario III 3t5 30.9 100.5 35.9 95.8 

Scenario I -1.5 -1.5 -1.9 -2.5 -4,6 

Scenario II -0.5 -0.5 -0,4 -0.8 -1.5 

Scenario III -2.9 -3.0 -4.0 -4.9 -9.1 

Scenario I -1.1 -1.1 0.4 -2.5 -3.6 

Scenario II -0.4 -0.4 0.0 -0.8 -1_2 

Scenario III -1.9 -2.0 2.1 -4.8 -6.3 

Scenario I -0.9 -1.0 1.4 -2.4 -3.0 

Scenario II -0.3 -0-3 0.4 -0.8 -1.0 

Scenario III -1.3_ -1.5 5.2 -4.6 -4.7 

p
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a  
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Co 
m 

C) 

Co 
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Table•A19. Annual Indirect Impacts for years 16 • 20 (El Monte, Inglewood, Pasadena, Pomona, Torrance) 
(Millions of S 19991 

Scenario El Monte Inglewood Pasadena Pomona Torrance 

C) Scenano I 0.9 0.9 4.4 1 . 1 3.2 

en Scenario II 0.3 0.3 1.6 0.4 11 

Scenario III 1.8 1.8 8.4 2.1 6. 0 

Scenario I 1.4 1.3 6.2 1.6 4.5 

en Scenario II 0.4 0.4 2.0 0.5 1.5 

Scenario III 2.8 2.8 12.8 3.3 9.3 

Scenario I 1.2 1.2 6.0 1.5 4.3 

m Scenario II 0,4 0.4 2.0 0.5 1.4 

Scenario III 2.7 2.7 12,9 3.2 9.3 

0 Scenario I 9.9 9.8 31.7 11.3 30.3 

en Scenario II 3.6 3.6 11.6 4.1 11.0 

Scenario III 18.7 18.3 59.6 21.3 56.8 

C) Scenario I 13.2 13.0 42.2 15.1 40.2 

cn m Scenario II 4.3 4.2 13.6 4.9 13.0 

Scenario III 27.7 27.2 88.2 31.5 84.2 

Scenario I 14.3 14.0 45.6 16.3 43.5 

Scenario II 4.7 4.6 14.9 5,3 14.2 

Scenario HI 31.5 30.9 100.5 35.9 95.8 

C) Scenario I -9.0 -8.8 -27.3 -10.2 -27.1 

U) Scenario II -3.3 -3.2 -10.0 -3.7 -9.9 

Scenario III -16.9 -16.6 -51.3 -19.2 -50.8 

Scenario I -11.9 -11.6 -36.0 -13.5 -35.7 

rn Scenario II -3.8 -3.7 -11.6 4.3 -11.5 

Scenario III -24.9 -24.4 -75.4 -28.3 -74.9 

0 Scenario I - 13.0 -12.8 -39.7 -14.8 -39.2 

m Scenario II -4.3 -4.2 -13.0 -4.8 -12.8 

Scenario III -28.8 -28.2 -87.5 -32.7 -86.5 
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Table A20. Annual Induced Impacts for years 1 - 15 (El Monte, Inglewood, Pasadena, Pomona, Torrance) 
(Millions of S 1999) 

Scenario 	 El Monte 	Inglewood 	Pasadena 	Pomona 	Torrance 

C) Scenario I 12.5 14.7 27.9 15.7 33.0 

m 
Scenario II 4.6 5.5 10.4 5.8 12.3 

Scenario III 232 27.4 51.9 29. 1 61 4 

C) Scenario I 17.8 21.0 39.8 22.3 47,1 

m 
Scenario II 5.7 6.7 12.8 7.2 15.1 

Scenario III 37.8 44.5 84.5 47.4 99.9 

C) Scenario I 19.7 23.2 44.0 24.7 52.0 

m Scenario II 6.4 7.6 14.3 8.0 17.0 

Scenario III 442 52.1 98.9 55.5 116.8 

Scenario I 16.3 192 36.5 20.5 43.1 

Cf) 
m 

Scenario II 5.9 7.0 13.3 7.5 15.7 

Scenario III 30.6 36.1 68.5 38.4 80.9 

C) Scenario I 21.7 25.5 48.5 27.2 57.3 

m Scenario II 7.0 8.2 15.7 8.8 18.5 

Scenario III 45.3 53.5 101.4 56.9 119.8 

C) Scenario I 23.4 27.6 52.4 29.4 62.0 
01 
m Scenario II 7.7 9.0 17.2 9.6 20.3 

EE Scenario III 51.6 60.9 115.5 64.8 136.4 

C) Scenario I -3.8 -4.5 -8.5 -4.8 -10.1 

cn 
m Scenario II -1.3 -1.5 -2.9 -1.6 -3.4 

Scenario III -7.4 -8.7 -16.6 -9.3 -19.6 

C) Scenario I -3.9 -4.6 -8.6 -4.8 -102 

Scenario II -1.3 -1.5 -2.9 -1.6 -3.4 

Scenario III -7.6 -8.9 -16.9 -9.5 -20.0 

Scenario I -3.8 -4.4 -8.4 -4.7 -9.9 

ci) Scenario II -1.3 -1.5 -2.8 -1.6 -3.3 

Scenario III -7.4 -8.7 -16.6 -9.3 -19.8 
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Table A21, Annual Induced Impacts for years 16 - 20 (El Monte, Inglewood, Pasadena, Pomona, Torrance) 
(Millions of S 19991 

Pomona 	Torrance 

Scenario I 1.8 2.1 4.0 2.3 4.7 

Scenario II 0.6 0.8 1.4 0.8 1.7 

Scenario III 3.4 4.0 7.6 4.3 90 

Scenario I 2.5 3.0 5.6 3.2 6.7 

Scenario II 0.8 1.0 1.8 1.0 2.2 

Scenario III 5.2, 6.1 11.6 6.5 13.7 

Scenario I 2.4 2.9 5.4 3.1 6.4 

Scenario II 0.8 0.9 1.8 1.0 2.1 

Scenario III 5.3 6.2 11.8 6.6 13.9 

Scenario I 16.3 19.2 36.5 20.5 43.1 

Scenario II 5.9 7.0 13.3 7.5 15.7 

Scenario III 30.6 36.1 68.5 38.4 80.9 

Scenario I 21.7 25.5 48.5 27.2 57.3 

Scenario II 7.0 8.2 15.7 8.8 18.5 

Scenario III 45.3 53.5 101.4 56.9 119.8 

Scenario I 23.4 27.6 52.4 29.4 62.0 

Scenario II 7.7 9.0 17.2 9.6 20.3 

Scenario III 51.6 60.9 115.5 64.8 136.4 

Scenario I -14.5 -17.1 -32.5 -182 -38.3 

Scenario II -5.3 -6.2 -11.8 -6.6 -14.0 

Scenario III  -272 -32.1 -60.9 -34.2 -72.0 

Scenario I -19.1 -22.6 -42.8 -24.0 -50.6 

Scenario II -6.2 -7.3 -13.8 -7.7 -16.3 

Scenario III -40.1 -47.3 -89.8 -50.3 -106.1 

Scenario I -21.0 -24.8 -47.0 -26.4 -55.5 

Scenario II -6.9 -8.1 -15.4 -8.6 -182 

Scenario III -46.3 -54.6 -103.7 -58.1 -122.5 

Scenario El Monte Inglewood, Pasadena 

z 

3 

C) 
Cn 

0 

cr) 

1
 3
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Table A22. Present Value of Ne 	act Impacts by County by Scenario 

County 
CASE I CASE II CASE In 

Scenario I Scenario II Scenario III Scenario I Scenario II Scenario III Soanano I Scenano II Scenano III 

Arroyo Verdugo 

City of Los Angeles 

-3.985.5 

-19,434.4 

-1,161.4 

-7,841.9 

-8,592.5 

-37.606.0 

-7005.8 

-22,189.1 

-2288.5 

-7,366.3 

-14,831,7 

-46,321.3 

-8,369.9 

-29.858.2 

-2,686.0 

-9.741.0 

-18.436.2 

-65,073.6 

North Los Angeles County 101.7 271.8 7.4 7,472.9 1,943.9 18,140.3 14,006.5 3,325.3 3.4,3644 
> 

San Gabriel Valley -4,560.4 -976.4 -7,843.7 -6,709.4 -2,075.9 -13.559.9 -10.964.0 -2,943.1 -24.751.8 

87 e 
County Southeast Los Angeles Cou -3,753.3 -1,990.7 -7,286.0 680 .7 -201.6 -1,396.6 3,657.2 1,368.0 7,973.1 

g3, South Bay -6,136.4 -2,333.3 -11,327.7 -9,019.6 -2,893.7 -19.066.6 -9.991.2 -2,966.3 -22,668.9 

Z Westside Cities -4,470.8 -1,690.0 -8,929.1 -6,631.4 -2,141.5 -13,875.3 -7,167.6 -2,343,4 -15,761.0 

Other Los Angeles County 4,136.3 2,233,4 9,143.1 -915.4 125.0 -2,742.7 464,1 138.3 1.429,6 

Los Angeles County Total -38.103.0 -13,488.4 -72,434.5 -45.678.4 -14.898.6 -93.653.9 -48,223.4 -15.848.1 -102.944.6  

Orange County -1,793.7 -653.5 -3,369.7 -2,385.2 -770.2 -4,990.9 -2.581.0 -844.2 -5.682.5 

Riverside County -107.1 -39.0 -201.2 - 142.3 -46.0 -297.8 -154.0 -50.4 -339.1 

San Bernardino County -900.6 -328.1 -1,691.6 -1,196.9 -386.5 -2.504.3 -1.295.0 -423,5 -2.851.2 

Ventura County -403.7 -145,0 -759.6 -540.4 -174.0 -1,131.6 -567.8 -192. 2 -1.294.5 

Total -41,308.1 -14,654.0 -78.456.5 -49,943.1 -16,275.1 -102.578.6 -52.841.3 -17,358.4 -113.111.9 
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Orange County 

Riverside County 

San Bernardino County 

Ventura County 

Total 

	

-1,953.8 	-678.4 	-3,742.6 

	

-498.8 
	

-173,7 	-954.3 

	

-619.6 	-2162 	-1,184.4 

	

-443.1 	-154.6 	-847.2 

	

-9,047.9 	-3,144,6 	-17,325.8 

CASE I 

Scenario I Scenario II Scenario 10 

-374.9 -130.0 -718.6 

-2,392.0 -830.5 4.582.1 

-94.5 -33.0 -180.8 

-662.8 -231.8 -1.266.0 

-880.3 -306.3 -1,684.9 

334.1 -149.6 -834.0 

-2472 -84.6 -476.3 

-446.8 -155.8 -654.5 

-5,532.7 	-1,921.6 	-10,597.3 

County 

Table A23. Present Value of P 	'direct Impacts by County by Scene! 

CASE II 

(Millions of S 19991 

CASE III 

Scenario I Scenano ll Scenano III Scenano I Scenano II Scenano 111 

-4182 -137.5 -842.8 -430.4 -142.3 -893.2 

-2,677.6 -879.9 -5,403.8 -2,764.8 -913.9 -5,749.9 

-107.3 -35.2 -217.4 -111.5 -36.8 -233.4 

-762,1 -249.7 -1,547.6 -793.5 -261.8 -1.667.2 

-994.2 -326.4 -2.010.4 -1,028.8 -339.9 -2.146.5 

-473.1 -156,0 -948.3 -483.4 -160.1 -993.9 

-262.4 -86.8 -522.4 -265.4 -88.1 -539.2 

-507.9 -166.6 -1,028.8 -527.2 -174.1 -1,103.2 

-6.202.7 -2.038.2 -12.521.4 -6.405.0 -2,117.0 -13.326.5 

-2,189.3 -719.5 -4.418.6 -2.259.1 -746.8 -4.698.8 

-563.3 -184.9 -1.140.0 -585.2 -193.3 -1.222.5 

-705.5 -231.3 -1,430.5 -734.6 -242.5 -1.539,4 

-505.3 -165.7 -1,024.1 -524.6 -173.2 -1,098.6 

.10.166.1 -3,339.6 -20.534.7 -10.508.5 -3.472.7 -21.885.9 
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County 

Arroyo Verclugo 

City of Los Angeles 

North Los Angeles County 

San Gabriel Valley 

Southeast Los Angeles County 

South Bay 

Westslde Cities 

Other Los Angeles County 

Los Angeles County Total 
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Table A24. Present Value of N( 	luced Impacts by County by Scenari 

(Millions of 	1999) 
CASE I CASE II CASE di 

Scenario I Soanano 111 Soanano III Soanano II Scenario II I Soanano ill Scenario I Soanano II Scenario ill 

-553.2 -193.5 -1.056.8 -637.3 -208.9 -1,294.0 -662.0 -218,5 -1.390.8 '  

-3,375.2 -1,180.2 -6.447.4 -3,888,3 -1.274.3 -7,894.7 -4,038.9 -1,332.8 -8.484.9 

-208.8 -73.0 -398.8 -240.5 -78.8 -488.3 -249.8 -82.4 -524.8 

-983.6 -343.9 -1,879.0 -1,133.2 -371.4 -2.300.7 -1,177.0 -388.4 -2,472.8 

-1,259.8 -440.5 -2,406.6 -1,451.3 -475.6 -2,946.8 -1,507.5 -497,5 -3,167.1 

-733.7 -256.5 -1,401.5 -845.2 -277.0 -1,716,1 -877.9 -289,7 -1,844.4 

-451.5 -157.9 -862.5 -520.2 -170.5 -1,056.2 -540.3 -178.3 -1,135.1 

-606.2 -212.0 -1,157.9 -698.3 -228.9 -1,417.8 -725.4 -239,4 -1.523.9 

-8,172.1 -2.857.5 -15.610.5 -9,414.2 -3.085.2 -19.114.6 -9.779.0 -3.226.9 -20,543.7 

-2.689.3 -940.4 -5,137.2 -3,098.1 -1,015,3 -6.290.3 -3,218.1 -1,061.9 -6.760.6 

-1.098,7 -384.2 -2,098.8 -1.265.7 -414.8 -2.569.9 -1,314.8 -433.8 -2,762.0 

-1.244.5 -4352 -2.377.2 -1,433.6 -469.8 -2.910.8 -1,489.2 -491.4 -3.128.5 

-665.6 -232.7 -1,271.5 -766.8 -251.3 -1.556.9 -796.5 -262.8 -1,673.3 

-13,870.2 -4,850.0 -26,4952 -15,978.5 -5236.5 -32,442.5 -16.597.5 -5.476.8 -34,868.1 
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Table A25. Present Value of Ns. Impacts by Place by Scenario 

CASE II 
(Millioins of S 19991 

CASE Ili 
City and CDP 

CASE I 

Scenario I Scenano Ill Scenano II Scenano III Scenano III Scenano I Scenario II Scenario III 
Acton 9.1 3.3 4.2 -0.4 -0.1 -0.8 -0.7 -0.2 - 1.8 
Agoura Hills 39.2 -34.2 59.2 -100.6 -20.2 -232.1 -127.6 -30.6 -311.0 

Alhambra -552.4 -314,6 -1,109.0 -1,133.1 -366.6 -2.362.1 -1,121.2 -348.7 -2. 495.9 
Alondra Park -46.7 98.6 -87.9 -61.0 -19.7 -127.3 212.3 121.7 468.4 
Altadena -242.7 -88.2 -264.3 -318.2 -102.9 -663.8 -342.9 -112.3 - 751.7 

Arcadia -764.7 -75.2 - 1.239.3 - 1,137.2 -367.7 -2,371.7 -976.2 -284.6 -2,182.9 
Artesia -317.1 -116.2 -497.7 -419.2 -135.6 -874.4 -451.1 -147.6 -988,7 
Avocado Heights 56.0 -60.6 -27.2 -216.9 -70.2 -451.7 -233.0 -76.2 -509.4 

Azusa -38.8 -140.8 -608.6 4,669.1 1,419.9 10.283.2 -546.8 -179.0 -1,198.2 

Baldwin Park 14.7 88.3 -449.1 -536.1 -173,3 -1,118.3 -562.2 -181.0 -1,234.7 

Bell -204.1 -113.3 -215.6 -407.8 -131,9 -850.3 -263.5 -52.1 -627.0 

Bellflower -176.8 20.6 -816.9 -783.9 -253.5 -1,635.2 -843.2 -275.8 -1,848.0 

Bell Gardens -153.8 -93.1 -276,2 -336.0 -108,7 -700.9 -292.3 -82.2 -677.6 

Beverly Hilts' -1,335.7 -483.3 -2,404.7 -1,736.2 -581.9 -3,617.0 -1,883.6 -609.7 -4,076.8 

Bradbury -2.0 1.6 182.3 -17.3 -5.6 -36.0 -18.6 -6.1 -40.8 

Burbank -805.7 -557.0 -2,380.7 -2,011.0 -650.6 -4,191.8 -1,758.0 -557,8 -3,881.5 

Calabasas 245.0 64.9 368.7 0.3 12.4 -32.3 43,2 36.6 58.8 

Carson -797.8 -350.5 -1,076.0 -1,256.0 -406.6 -2,615.4 -760.5 -233.1 - 1,781.5 

Cerritos -217.0 -33,3 -479.9 -977.4 -316.2 -2,037.2 -480.7 -49.3 -1,014.0 

Charter Oak 8.6 -30.1 -7.6 -108.8 -35.2 -227.1 -117.3 -38.4 -257.3 

Citrus -12.2 -15.8 61.0 -60.5 -19.5 -126.2 -61.9 -20.1 -135 

Claremont -58.6 -41.8 39.4 -365.1 -97.1 -802.8 -517.5 -169.4 -1,133.2 

Commerce -376.5 -53.7 -774.2 -622.3 -201.6 -1,294.0 -516.0 -139.9 -1,129.0 

Compton -166.3 -237.0 -484.1 -854.7 -276.5 -1,781.6 -818.3 -248.1 -1,848 

Covina -132.1 -28,2 -890.2 -937.0 -303.0 -1,954,7 -444.1 -109.4 -994.2 

Cudahy -130.9 -48.5 -146.0 -175.2 -56.7 -365.7 -185.9 -60.3 -408. 

Culver City -1,015.8 •-414.9 -2,151.1 -1,496.8 -484.1 -3,121.4 -1,612.4 -527.9 -3,532.4 

Del Aire .114.1 -41.2 -214.7 -148.8 -48.1 -310.1 -160.2 -52.5 

Desert View Highlands -14.8 -5.4 -27.9 -19.6 -6.3 -40.9 -21.2 -6.9 -46. 

Diamond Bar -229.4 -111.4 -226.7 -334.6 -96.0 -700.7 -289.8 -78.9 -647.8 

Downey -351.0 -122,4 -929.7 -1,290.6 -417.5 -2,690.1 -1,193.9 -353.2 -2,711. 

Duarte 74.9 144.6 -6.5 -154.5 -52.1 -309.0 -237.1 -64.4 -561.4 

East Compton -22.5 -8.1 22.7 -29.3 -9.5 -61.2 -30.0 -9.5 -66. 

East La Mirada -42.0 -15.2 -79.0 -54.9 -17.8 -114.5 -59.2 ' 	-19.4 -129. 

East Los Angeles -219.1 126.5 -457.7 -818.3 -264.9 -1,704.6 -725.1 -208.1 -1,594.1 

East Pasadena -242.7 -88.4 -457.7 -319.6 -103.3 -667.2 -342.6 -112.1 -751.8 

East San Gabriel -149.4 33.2 -179.3 -196.3 -63.5 -409.8 624.7 224.2 1,287.0 

El Monte -548.4 -225.1 -1,069.0 -1,232.2 -398.7 -2,568.8 -915.0 -237.6 -2,063 

El Segundo -233.3 -129.1 -676.6 2,129.1 705.9 4,269.4 -387.6 -108.2 -892 

Florence-Graham 93.6 41.2 88.2 -285.6 -92.4 -595.4 -306,4 -100.1 -871.6 

Gardena -427.4 -278.3 -1,337.9 -1,003.6 -324.6 -2,093,3 -962.6 -292.8 -2,120 

Glendale -2,171.5 -534.9 -4,256.8 -3,159.8 -1,020.3 -6,646.5 -3,968.6 -1,299.0 -8,694.9 

Glendora 79.2 27.9 -261.5 -395.5 -133.4 -791.6 -777.0 -254.4 -1,703 

Hacienda Heights 69.2 -127.4 -69.7 -459.5 -148.6 -958.4 -495.2 -162.1 -1,085 

Hawaiian Gardens -78.7 -4.5 -1.7 -103.3 -33.4 -215.3 -110.5 -36.0 -242.1 

Hawthorne -685.0 -251.5 -935.0 -954.1 -308.6 -1.990.2 -973.7 -308.6 -2,124 

Hermosa Beach -377.4 -137.1 -710.4 -495.3 -160.2 -1,033.6 -408.2 -110.9 -941. 

Hidden Hills 49.3 -5.0 33.6 -19,5 -6.3 -40.5 -4.5 1.6 -18.2 

Huntington Park -443.0 -199.0 -700.1 -718.0 -232.2 -1,497,8 -773.7 -253.3 -1,695.6 

Industry -839.5 -338.1 -1,412.8 -1,112.9 -339.0 -2,300.8 -937.6 -259.8 -2,088.1 

Inglewood -489.0 -179.9 -1,391.6 -1,522.0 -492.3 -3,174.1 -1,427.9 -427.4 -3,142. 

Irwindale -83.5 -26.4 -53.4 11.0 23.5 -33.7 141.8 96,7 276.4 

La Canada Flintridge -112.2 174.0 -115.8 -307.2 -99.4 -641.1 -332.2 -108.7 -728.0 

La Crescenta-Montrose 5.6 144,1 -253.7 -231,6 -74.9 -483,3 -249.7 -81,7 -547.  

Ladera Heights -63.9 -23.2 -10.3 -83.3 -26.9 -173.5 -89.6 -29,3 -196.1 

La Habra Heights 69.2 96.0 21.7 151.6 64,2 319,8 -58.3 -17,6 -131, 

Lake Los Angeles -7.9 -2.9 -14,8 -10.4 -3.3 -21.6 -11.2 -3.7 -24. 

Lakewood -375.9 -233.8 -630.8 -1,210.7 -391.5 -2,526.4 -1,026.4 -282.3 -2,319.4 

La Mirada -98.8 .110.3 39.3 -395,1 -127.9 -822,6 -424.7 -139.1 -928.2 

Lancaster -1,492.5 -541.7 -2,804.8 -1,966.6 -635.7 -4,107,2 -2,122.7 -694.7 -4,660.6 

La Puente -27.4 27.0 78.4 -317.6 -102,7 -662.7 -224.9 -52.8 -548.  

La Verne -240.6 98.6 -14.5 179.4 85.9 346.7 -419.8 -137.2 -920. 

Lawndale -279.5 -100,0 -211.5 -366.2 -118.4 -764.0 -321.2 -91,6 -735.2 
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City and COP 
CASE I 

Scenano TScenario II Scenario Scenario I 

Lennox -29,4 54.4 -5.3 -176.5 

Littlerock -2.2 -0.8 -4.1 -2.9 
Lomita -269.5 -98.2 -403.4 -355.0 

Long Beach -834.1 -523,1 -1,069.3 3,880.1 

Los Angeles -25,196.4 -9,800.6 -48,507.2 -29,837.7 

Lynwood 12.7 7.5 -379.9 -407.0 

Malibu 41.1 -8.4 106.4 497.4 
Manhattan Beach -427.1 -246.9 -735.0 -881.7 

Marina del Rey -253.2 -91.7 -476.0 -329.1 

Mayflower Village -22.2 -8.1 28.2 -29.1 

Maywood -61.4 -60.3 -119.5 -216.8 

Monrovia -527.5 -187.9 -555.4 -536.0 

Montebello -440.7 -274.9 -1,216.7 -949.3 

Monterey Park -580.3 30.3 -258.5 -758.5 

North El Monte -19.1 -6.9 0.6 -24.9 

Norwalk -237.5 -4.1 -116.0 -868.7 

Palmdale -1,117.3 404.5 -2,111.7 -1,795.5 

Palos Verdes Estates 54,5 -24.1 200.8 -87.0 

Paramount -124.1 -3.3 92.3 -445.4 

Pasadena -1,626.5 -458.1 -3,252.4 -2,187.6 

Pico Rivera -37.3 -166.8 -138.6 6,800.5 

Pomona -133.3 -10.4 -499.3 -1,060.6 

Quartz Hill -49.0 -17.8 -923 -64.3 

Rancho Palos Verdes 94.5 -128.6 -402.4 -465.2 

Redondo Beach -925.7 -211.3 -1,408.6 -1.212.2 

Rolling Hills -5.3 -2.5 -10.6 -9.2 

Rolling Hills Estates -66.4 -40.2 20.1 -145.4 

Rosemead -389.6 -142.9 -331.9 -513.0 

Rowland Heights -230.2 -42.0 -624.4 -579.9 

San Dimas -104.3 -5.8 -509.9 -290.2 

San Fernando -340.6 -123.5 -637.2 604.5 

San Gabriel -425.6 -166.1 -552.3 -599.6 

San Marino -104.0 -37.2 -89.4 -135.9 

Santa Clarita 2,408.2 1,112.1 4,344.4 10,887.1 

Santa Fe Springs -239.2 -42.3 -375.3 -466.9 

Santa Monica -1,815.0 -669.2 -3,919.8 -2,866.2 

Sierra Madre 3.4 -36.1 -86.1 - 132.5 

Signal Hill -187.2 -66.3 -252.2 -243.4 

South El Monte -34.6 9.6 -133.1 -185.8 

South Gate -384.5 -215.7 -700.9 -780.6 

South Pasadena -197.7 -108.8 -362.2 -395.7 

South San Gabriel -43.7 -15.7 -82.2 -57.1 

South San Jose Hills -34.7 -18.5 113.6 -66.9 
South Whittier -45.1 171.9 201.6 -323.2 

Temple City -222.1 -85,7 -585.9 -429.2 

Torrance -2,469.6 -561.1 •,485,1 -3,714.0 
Valinda -104.0 -42.9 -5.4 -154.9 

Val Verde 1.0 0.4 1.9 4.0 

Vernon -69.0 -98,5 -394.0 -347.5 

View Park-Windsor Hills -80.8 -28.8 -151.9 -105.4 

Vincent -16.8 -40.8 -213.9 -180.4 

Walnut -143.4 -51.0 -251.8 -187.6 

Walnut Park -82.7 -30.8 151.1 -111.2 

West Athens -36.9 -15.2 25.8 -54.6 

West Carson -206.0 -75.3 -179.2 -270.9 

West Compton -58.6 -21.2 32.3 -75,0 

West Covina -418.9 -40.9 -680.4 -1,391.2 

West Hollywood -1,003.1 -365.1 -1,792.3 -1,314.8 
Westlake Village 235.2 279.5 533.1 20.2 

Westmont -120,8 -44.5 -19.1 -160.8 

West Puente Valley 27.6 -14.3 25.3 -64.6 
West Whittier-Los Nietris -66.1 -55.3 -64.2 -202.8 
Whittier -270.5 -41.2 -815.8 -938.6 
Willowbrook -31.9 65.5 26.7 -199.6 

(Millions of S 1999) 
CASE II 
	

CASE n. 
Scenario IIf  Scenano III Scenario I Scenano II[ Scenario III 

	

-57.1 	-368.2 	-190.2 	-62.3 	
_4 

 

	

-11-04:9  8 	-74110° 	
-3.1 	 6.8 

	

-1.0 	- 

	

-382.0 	-124.9 	-838.2 

	

1,237.5 	8.230.3 	13.536.3 	4,132.2 	30.550.6 

	

-9,958.4 	-61,552.8 	-36.972.9 	-12.141.9 	-79,875.8 

	

-131.7 	-848.8 	-435.4 	-142.0 	-955.6 

	

240.7 	868.2751.9 	273.1 	1.577.6 

	

-265.0 	-1,840.5 	-788.3 

	

-227.3 	-1,789.0 

	

-106.5 	-686.1 	-355.6 	 -778. 

	

-747.5 	

-1162..41 

	

-25.2 	-361.6 

	

-9.4 	-60.8 	-7.8 	 -32.6 

	

-70.2 	-451.9 	-136.6 

	

-140.5 	-1,065.5 	 -240.8 	-1.649.4 

	

-306.9 	-1.980.7 	-1,067.0 	-349.1 	-2,338. 

	

-245.4 	-1,581.3 	-663.0 	-188.0 	-1,459.9 

	

-8.0 	-51.8 	63.7 	29.8 	134.7 

	

-281.0 	-1,811.6 	-930.4 	-304.4 	-2,038.7 

	

-578.6 	-3,752.2 	-1,947.5 	-636.0 	-4282,6 

	

-144.1 	-928.1 

	

-181.4 	62.7 	49,3 	66.2 

	

-83.4 	49.1 	-251.2 

-28.2  

	

-736.5 	-4,6642 	-2.977.7 	-941.8 	-6.483.1 

	

2,204.8 	14,188.4 	35.6 	1.3 	-11.2 

	

-321.3 	-2,229.8 -167.4 	-1,886. 

	

-20.8 	-134.3 

	

-150.4 	-971.1 	-254.6 	

-22.7 	-152 

	

3 	-37.9 	-665. 

	

-392.0 	-2,528.6 	-1,203.7 	-375,4 	-2,684.7 

	

-3.0 	-19.1 	-6.4 	-1.5 	-15.6 

	

-47.0 	-303.6 	-156.7 	-51,3 	-343. 

	

-166.0 	-1,069.2 	-197.2 	2.6 	-521. 

	

-187.6 	-1,209.4 24 	-204.6 	-1,368. 

	

-66.5 	-588.5 	
-6_364..57 

	

-93.4 	-812. 

	

191,1 	1,137.5 	-479.6 	-157.0 	-1,050. 

	

-193.9 	-1,251.0 	-529.0 	-152.7 	-1,200. 

	

-44.0 	-283.2 	-129,3 	-41.8 	-284. 

	

3,044.2 	25,293.9 	17,715.4 	4,536.9 	42,549. 

	

-968.8 	-104.6 	-18.2 	-261. 

:91527%4  

-60.6 	-390.8 	-199.0 	-64.7 	-435 
-36.0 	-232.0 

	

-119.8 	-39.2 
-17,7 	-113.9 -58.8 

	

-19.3 	
-262 
-128 

-87.6 	-564.7-291.6 	-95.5 	-638 
-24.3 	-155.7  

	

-80.3 	-26.3 	-174. 
-449,9 	-2,902.9 	-1,154.7 	-316.5 	-2,526,8 
-4264 	-2,741.2 	-1,415.0 	-463.2 	-3,099 

20.8 	-2.7 	22.7 	24.2 	-1.4 
-52.0 	-335.3 	-173.3 	-56.7 -379 
-20.9 	-134.6 	367.1 	146.7 	756 
-65.6 	-423.0 	-218.5 	-71.5 	-479 

-297.7 	-1,956.3 	-986.4 	-300.5 	-2,221 
-64.6 	-415.7 	-214.8 	-70.3 	-489.4 

	

-5,974.2 	-3,082.5 	-1,008.9 	-6,747 
-42.9 

	

-276.5 	-142.4 	-46.5 	-312 

	

-78.8 	-506.2 	-260.8 	-85.4 	-569. 

	

-60.2 	-386.6 	-107.8 	-17.5 	-265.4 

	

-252.5 	-1,628.0 	-636.5 	-168.6 	-1,506. 

	

-128.0 	-825.1 

-18.5 

	

-21.6 	113199:: 	

-46251..59 

	

-41.4 	

-1.2039..41 

	

-8.1 	
-134 
-932. 

-88 
-114.0 

	

-104.5 	-674.0 	-348.2 	 -762. 

	

-138.8 	-895.5 	-387.0 	-119.2 	-852. 

	

-1,201.4 	-7,744.6 	-3,381.8 	-1,074.6 	-7,497.1 

	

-50.1 	-323.3 	-167.1 	-54.7 	-366. 

	

1.3 	8.0 	-0.2 	-0.1 	-0.4 

	

-112.8 	-720.3 	-371.3 	-121.8 	-805. 

	

-34.1 -113.5 	-37.2 	-248. :237169..47 

-58.3 

	

-190.0 	-61.3 	-416 
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(Millions of S 1999) 

Soenano III 
-109.5 

-1,709.3 
-335.0 
-652.4 

-843.7 

-14.4 
-488.8 

-130.0 

-3.2 
-326.2 
-975.3 
-740.8 
-904.3 
-795.6 

-155.8 
-138.3 
-198.4 
-97.3 

-620.1 

-216.9 

-143.0 
-5.1 

-203.7 
-274.2 

-639.7 

-14.5 
-865.0 

-1902 
-1.3 

-45.9 
-52.7 

-217.9 

-5.2 
-169.2 

-1,304.5 
-269.7 

-152.7 
-391.9 

-54.1 
-17.3 

-533.9 

-174.2 
-41.3 

-26.4 
-6.2 

-2.0 
-13.8 

-4.3 

-109.8 
-3.5 

-51.2 
-353.0 
-17.5 

-29.8 
-5.8 

-51.5 
-160.6 

-3.0 
-17.3 
-2.6 

-0.1 

-21.7 
-108.3 

-.1125 .. 8  2 52  -812 
-986. 

-134.5 -843.0 
-26,3 -168 
-23.3 -148 
-33.5 -213 
-16.4 -105.1 

-104.8 -693.6 
-36.6 -232.6 
-23.9 -157.4 

-5. -0.9 
-34.4 -226. 

-684 

-943 

-32.1 -2082  

-0.2 -1 

-7.7 -49 

-8.9 -59 
-36.9 -236 
-0.9 -5.  

-28.6 -184 

-220.4 -1,413 

-45.6 -300. 
-25,8 -168. 

-66.2 -424 

-9.1 -58 
-2.9 -18.9 

-90.2 
-29.4  :658191 . 11  

-7.0 -44 

-4.5 -28 
-1.0 -6.  

-0.3 -2.1 

-2.3 -14. 

-0.7 -4. 
-18.6 -117 
-0.6 -3 

-8,7 -55. 

-59.7 -383. 

-3.0 -18. 

-5.0 -32. 

-1.0 -6. 

-8.7 -56.4 
-27.1 -173 

-0.5 -3 

-2.9 -19.1 

-0.4 -2 

0.0 -0.1 

-3.7 -22. 
-18.3 •116. 

AS  Snario I Scenario ce 	 1 

-8- 7668 ..61  
-172.2 

	

- 1 5160163 	:376296.69 

-2- 8189 .50  
-1,876.0 

-4-33361.82  

	

-142.5 	-908. 
-7.4 

	

-251.6 	-8 
-66.6 

-82.6 	-543.6 
-22.0 

-2.4 	

-139.6 
-1.6 

-51. 5 	.3  

	

-167.4 	 1 	, -355 9 
-501.7 -164.8 	-1.078 
-380.6 
-464.1 
-406.6 

-79.8 
-70.7 

-101.5 
-49.8 

.111.0 

-319.5 

-73.0 

-140.4 

-327.0  .7740 

-2.6 

-104.9 

-443.9 
-97.7 

-0.7 

•23.5 
-27.2 

-111.9 
-2.7 

-87.0 

-668.6 
-138.9 

-78.4 
-200,9 

-27.7 
-8.9 

-2_87945 4 

-21.2 
-13.5 

-3.2 

-1.0 

-7.1 

-2.2 
-56.2 

-1.8 

-26.3 
-181.2 

-9.0 

-15.3 
-3.0 

-26.5 

-82.3 
-1.6 

-8.9 
-1.3 

-0.1 
-11.0 
-55.5 

City and CDP ----.. CASE I CASE II 

Scenario I Scenano Ill Scenano III Scenario Scenano 

;ISO V100 -46.8 -16.4 -89.5 -53.9 -17.7 

Anaheim -692,1 -245,1 -1,315.4 -833.4 -271.8 

Brea -133.0 -47.3 -252.4 -162.8 -53.0 

Buena Park -252.0 -90.2 -476.8 -315.5 -102.5 

Costa Mesa -359.1 -125.7 -685.6 -4152 -136.0 

Coto de Caza -6.1 -2.1 -11.6 -7.1 -2.3 

Cypress -189.4 -67.7 -358.5 -236.6 -76.9 

Dana Point -56.2 -19.6 -107.4 -64,1 -21.0 

Foothill Ranch -1.3 -0.5 -2.5 -1.6 -OS 

Fountain Valley -134.0 -47.3 -255.1 -159.5 -52.1 

Fullerton -385.0 -137.1 -730.0 -473.5 -154,1 

Garden Grove -299.8 -106.2 -569.8 -361.2 -117,8 

Huntington Beach -371.1 -131.0 -706.2 -442.0 -144.3 

Irvine -355.4 -123.2 -681.4 -395.0 -129.9 

Lageria Beech -66.0 -23.1 -126.0 -76.6 -25.1 

Laguna Hills -59.2 -20.7 -113.1 -68.1 -2Z3 

Laguna Niguel -84.5 -29.6 -161.4 -97.6 -32.0 

Laguna Woods -41.0 -14.4 -78.3 -47.8 -15.6 

La Habra -235.7 -84.6 -445.4 -299.2 -97.1 

Lake Forest -93.5 -32.6 -178.8 -107.0 -35.1 

La Palma -55.7 -19.9 -105.4 -69.3 -22.5 

Las Flores -22 -0.8 -4.1 -2.5 -0.8 

Los Alamitos -79.1 -28.3 -149.8 -98.6 -32.1 

Mission Viejo -116.2 -40.7 -221.8 -134.8 -44.1 

Newport Beach -276.3 -96.4 -528.4 -315.7 -103.5 

Newport Coast -6.0 -2.1 -11.5 -7.1 -2.3 

Orange -356.2 -125.6 -678.1 -423.1 -138.2 

Placentia -77.5 -27.4 -147.4 -92.8 -30.3 

Portola Hills -0.5 -0.2 -1,0 -0.7 -0.2 

Rancho Santa Margarita -19.4 -6.8 -37.0 -22.5 -7.4 

Rossmoor -20.0 -7.2 -37.9 -25.4 -8.2 

San Clemente -92.1 -32.3 -175.8 -107.0 -35.0 

San Joaquin Hills -2.2 -0.8 -4.1 -2.6 -0.8 

San Juan Capistrano -70.4 -24.8 -134.1 -82.8 -27.1 

Santa Ana -546.1 -191.9 -1,041.2 -639.9 -209.3 

Seal Beach -104.0 -37.2 -196.8 -130.4 -42.3 

Stanton -61.1 -21.7 -116.1 -74.3 -24.2 

Tustin -164.6 -57.8 -313.9 -192.4 -62.9 

Tustin Foothills -22.6 -8.0 -43.2 -26.6 -8.7 

Villa Park -7.1 -2.5 -13.4 -8.5 -2.8 

Westminster -213.0 -75,7 -404.2 -259.7 -84.6 

Yorba Linda -70.4 -24.9 -133.8 -84.9 -27.7 

Banning -17.6 -6.2 -33.6 -20.3 -6.7 

Beaumont -11.3 -4.0 -21.6 -13.0 -4.3 

Bermuda Dunes -2.6 -0.9 -4.9 -3,0 -1.0 

Cabazon -0.8 -0.3 -1.6 -1.0 -0.3 

Calimesa -5.9 -2.1 -11.2 -6.8 -2.2 

Canyon Lake -1,9 -0.6 -3.6 -2.1 -0.7 

Cathedral City -47.5 -16.6 -90.7 -54.2 -17.8 

Cheny Valley -1.5 -0.5 -2.9 -1.7 -0.6 

Coachella -21.3 -7.5 -40.6 -25.1 -8.2 

Corona -147.4 -51.8 -280.8 -173.0 -56.6 

Desert Hot Springs -7Z -2.7 -14.6 -8.7 -2.8 

East Hemet -12.8 -4.5 -24.4 -14.7 -4.8 

El Cerrito -2.4 -0.8 -4.5 -2.8 -0.9 

Glen Avon -21.0 -7.4 -40.0 -25.1 -8.2 

Hemet -88.5 -24.0 -130.9 -79.0 -25.9 

Highgrove -1.4 .0S -2.6 -1.5 -0.5 

Home Gardens -7.1 -2.5 -13.4 -8.5 -2.8 

Homeland -1.1 -0.4 -2.0 -1.3 -0.4 

IdylIwild-Pine Cove -0.1 0.0 -0.2 -0.1 0.0 

Indian Wells -10.8 -3.7 -20.9 -11.0 -3.7 

Indio -45.8 -16.1 -87.5 -53.2 -17.4 
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City and CDP 
CASE I CASE II CASE Ili 

Scenario I Scenario II Scenano III Scenario I Scenano III Scenario III_ Scenano Ii 	Scenario II Scenario II I  
Lake Elsinore -32.2 -11.3 -61,4 -37.4 -12.2 	-76.0 -39.0 	- 12.9 -82 1 
Lakeland Village -2.5 -0.9 -4.7 -2.9 -0.9 -5.9 -3.0 -1.0 -6.5 
Lakeview -1.3 -0.5 -2.4 -1.6 -0.5 -3.2 -1.6 -0.5 - 3.5i 
La Ouinta -9.9 -3.4 -19.2 -10.3 -3.4 -20.4 -10,3 -3.4 -20.8 
March AFB -1.4 -0.5 -2.6 -1.6 -0.5 -3.2 -1.6 -0.5 -3.5 
Mecca -0.1 0.0 -0,2 -0.1 0.0 -0.2 -0.1 0.0 -0.3 
Mira Loma -13.5 -4.8 -25.7 -16.2 -5.3 -331 -17.0 -5.6 -36.2 
Moreno Valley -97.6 -34.1 -186.3 -112.4 -36.8 -228.2 -116,8 -38.5 -245.4 
Murrieta -22.7 -8,0 -43.4 -26.3 -8.6 -53.5 -27.4 -9.0 -57.8  

Murrieta Hot Springs -0.7 -0.2 -1.3 -0.8 -0.3 -1.6 -0.8 -0.3 -1.7 

Norco -24.4 -8.5 -46.9 -27.1 -8.9 -54.6 -27.9 -9.2 -57.8 

Nuevo -2.1 -0,7 -4,0 -2.5 -0.8 -5.2 -2.7 -0.9 -5.8 

Palm Desert -103.4 -36,2 -197.4 -119.7 -39.2 -243.4 -124.8 -41.2 -262.8 

Palm Springs -101.5 -35.3 -194.3 -114.4 -37.6 -231.2 -118.2 -39.1 -246.5 

Pedley -12.2 -4.3 -23.3 -14.5 -4.7 -29.5 -15.2 -5.0 -32.2 

Perris -29.9 -10.4 -57.2 -34,2 -11.2 -69.3 -35.5 -11.7 -74.: 

Quail Valley -0.5 -0.2 -0.9 -0.6 -0.2 -1.1 -0.6 -0.2 -1.: 

Rancho Mirage -25.6 -8.8 -49.3 -27.8 -9,2 -55.8 -28.4 -9.4 -58.2 

Riverside -427.3 -149.8 -815.4 -496.0 -162.4 -1,009.2 -517.1 -170.5 -1,090.( 

Romoland -1.4 -0.5 -2.6 -1.5 -0.5 -3.0 -1.6 -0.5 -3.; 

Rubidoux -17.1 -6.0 -32.7 -20.2 -6,6 -41.1 -21.1 -6.9 -44.7 

San Jacinto -16.9 -5.9 -32.2 -19.7 -6.4 .40.0 -20.5 -6.8 -43.1 

Sedco Hills -3.4 -1.2 -6.5 -3.9 -t3 -7.9 -4.0 -1.3 -8.5 

Sun City -20.5 -7.2 -39.0 -23.9 -7.8 -48.7 -24.9 -8.2 -52.5 

Sunnyslope -1.4 -0,5 -2.6 -1.6 -0.5 -3.3 -1.7 -0.6 -3.5 

Temecula -55.2 -19.3 -105.5 -63.8 -20.9 -129.8 -66.6 -22.0 -140.2 

Thousand Palms -0.8 -0.3 -1.5 -0.9 -0.3 -1.8 -0.9 -0.3 -1.9 

Valle Vista -3.2 -1,1 -6.1 -3,7 -1.2 -7.5 -3.8 -1.3 -8.0 

Wildomar -8.5 -3.0 -16.2 -9.8 -3.2 -19.8 -10.2 -3.3 -21.1 

Winchester -3.0 -1.1 -5.8 -3.6 -1.2 -7.3 -3.8 -1.2 -8.0 

Woodcrest -8.6 -3.0 -16.4 -9.8 -3.2 -19.9 -10.2 -3.4 -21.4 

Camarillo -79.0 -27.6 -150.9 -91.0 -29.8 -184.8 -94.6 -31,2 -198.7 

Casa Conejo -3.6 -1.3 -6.9 -4.3 -1,4 -8.9 -4.6 -1.5 -9.7 

Channel Islands Beach -4.8 -1.7 -9.1 -5.5 -1.8 -11.3 .5.8 -1,9 -12. ,  

El Rio -5.9 -2.0 -11.2 -6.7 -2,2 -13.7 -7.0 -2.3 -14i 

Fillmore -6.0 -2.1 -11.4 -6.9 -2.3 -13.9 -7.1 -2.4 -14.1 

Meiners Oaks -2.9 -1.0 -5.5 -3.3 -1.1 -6.6 -3.4 -1,1 

Mira Monte -7.4 -2.6 -14.2 -8.5 -2,8 -17.2 -8.8 -2.9 -18.,  

Moorpark -26.1 -9.2 -49.7 -31.1 -10.2 -63.6 -32.7 -10,8 -69.1 

Oak Park -0.6 -0.2 -1.1 -118 -0.2 -1.6 -0.8 -0.3 -1.1 

Oak View -2.9 -1.0 -5.5 -3.3 -1.1 -6.7 -3.4 -1.1 -7.: 

Ojai -6.0 -2.1 -11.5 -6.8 -2.2 -13.6 -7.0 -2,3 -14.1 

Oxnard -185.0 -64.7 -353.3 -213.5 -69,9 -433.7 -222.1 -73,3 -467. 

Pin, -0.2 -0,1 -0.4 -0.3 -0.1 ' 	-0.5 -0.3 -0.1 -0.1 

Port Hueneme -18.8 -6.6 -36.0 -21.6 -7,1 -43.9 -22.5 -7.4 -47.: 

San Buenaventura (Ventura) -169.2 -59.0 -323.6 -192.6 -63,2 -390.1 -199.5 -65.9 -417.: 

Santa Paula -29.7 -10.4 -56.5 -35.0 -11.4 -71.5 -36.7 -12,1 -77.1 

Simi Valley -220.7 -78.3 -418.7 -269.2 -87.7 -553.6 -284.7 -93.6 -610.4 

Thousand Oaks -496.2 -176.1 -939.5 -617.7 -200.7 -1,275.2 -656.5 -215,5 -1,416.' 

Adelanto -9.6 -3.4 -18.3 -11.4 -3.7 -23.4 -12.0 -4,0 -25.1 

Apple Valley -34.4 -12.1 -65.6 -40.1 -13,1 -81.8 ' 	-42.0 -13.8 -88.1 

Barstow -20.0 -6.9 -38.2 -22.4 -7.4 -45.2 -23.1 -7.6 -48.' 

Big Bear City -0.3 -0.1 -0.7 -0.4 -0.1 -0.8 -0,4 -01 -O.! 

Big Bear Lake -10.4 -3.6 -19.9 -11.7 -3.8 -23.7 -12.1 -4.0 -25J 

Bloomington -15.2 -5.3 -29.0 -17.7 -5.8 -35.9 -16.4 -6.1 -38J 

Chino -184.6 -65.9 -349.8 -228.2 -74,2 -470.8 -242.4 -79.6 -522,1  

Chino Hills -79.2 -28.5 -149.7 -100.7 -32.7 -208.9 -107.7 -35.3 -233.1 

Colton -67.5 -23.7 -128.9 -78.4 -25.7 -159.6 -81.8 -27.0 -172.. 

Crestline 	- -3.9 -1.4 -7.4 -4.5 -1.5 -9.2 -4.8 -1.6 -10. 

Fontana -121.1 -42,5 -230.9 -141,5 -46.3 -288.4 -147.9 -48.8 -3121 

Grand Terrace -39.9 -14.0 -76.1 -46.5 -15.2 -94.8 -48.6 -16.0 -102. 

Hesperia -43.2 -15.1 -82.4 -50.0 -16.4 -101.8 -52.2 -17.2 -110. 

Highland -27.4 -9.7 -52.3 -32.4 -10.6 -66.0 -33.8 -11.1 -71, 
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City and CDP 

Joshua Tree 
Lake Arrowhead 

Lenwood 
Loma Linda 

Mentone 

Montclair 
Morongo Valley 
Mountain View Acres 

Muscoy 
Nebo Center 

Ontario 
Rancho Cucamonga 

Redlands 
Rialto 

Running Springs 
San Antonio Heights 
San Bernardino 
Twentynine Palms 
Twentynine Palms Base 

Upland 
Victory'Ile 

Wrightwood 

Yucaipa 
Yucca Valley 
LOS ANGELES - UNINCOR 

ORANGE - UNINCOR 
RIVERSIDE - UNINCOR 
SAN BERNARDINO - UNINCOR 

VENTURA - UNINCOR 

(Kilian& of S 19991 

c 

Scenario I Scenario II Scenario III 

	

-0.6 	-02 	-1.2 

	

-2.6 	-0.9 	-5.1 

	

-0.3 	-0.1 

	

-15.9 	-5.6 	-30.3 

	

-3.0 	-1.1 	-5.7 

	

-349.9 	-126.1 	-660.1 

	

-0.1 	0.0 	-0.2 

	

-4.7 	-1.7 	-9.0 

	

-7.7 	-2,7 	-14.5 

	

-0.1 	0.0 	-0.3 

	

-397.8 	-141.2 	-755.3 

	

-189.0 	-66.7 	-359.7 

	

-88.5 	-30.9 	-169.3 

	

-68.5 	-24.0 	-130.7 

	

-0.1 	0.0 	-0.2 

	

-2.5 	-0.9 	-4.8 

	

-280.7 	-98.3 	-535.7 

	

-8.9 	-3.1 	-17.1 

	

0.0 	0.0 	-0.1 

	

-215.3 	-77,0 	-407.6 

	

-117.8 	-41.6 	-224.2 

	

-1,1 	-0.4 	-2.1 

	

-28.1 	-9.8 	-53.5 

	

-10.3 	-3.6 	-19.8 

	

5,472.0 	2,044.1 	10,400.8 

	

-212.4 	-75.0 	-405.4 

	

-219.6 	-77.1 	-418.6 

	

-314,1 	-111.4 	-597.0 

	

-247.5 	-86.3 	-473.3  

Scenario I 
-0.7 

-2.5 
-0.3 

-18.4 

-3.6 
-448.7 

-0.1 
-5.7 

-9.3 

-0.1 
-483.1 
-224.7 
-101.0 

-79.7 

0.1 
-3.1 

-325.3 
-10.3 

-0.1 

-268.2 

-140.0 
-1.0 

-32.7 

-11.8 

5,041.2 
-253.5 
-256.7 

-379.5 
-294.4 

Scenario II Scenario III Scenano I Scenario III Scenano ill 

	

-0.2 	-1.4 	-0.7 	-0.2 	-1.6 

	

-0.8 	-4.9 	-2.5 	-0.8 	-4 7 

	

-0.1 	-0.6 	-0.3 	-0.1 	-0.6 

	

-6.0 	-37.4 	-19.1 	-6.3 	-40.3 

	

-1.2 	-7.4 	-3.8 	-1.2 	-8.1 

	

-145.4 	-932.4 	-481.0 	-157.7 	-1.048.0 

	

0.0 	-0.3 	-0.1 	0.0 	-0.3 

	

-1.8 	-11.6 	-6.0 	-2.0 	-12.7 

	

-3.0 	-19,1 	-9.8 	-3.2 	-21.0 

	

0.0 	-0.3 	-0.2 	-0.1 	-0.3 

	

-157.4 	-992.8 	-510.5 	-167.9 	-1,093. 

	

-73.4 	-459.7 	-236.0 	-77.7 	-501.8 

	

-33.1 	-204.7 	-104.7 	-34.6 	-219.2 

	

-26.1 	-162.4 	-83.2 	-27.4 	-175.6 

	

0.0 	• 0.4 	0.2 	0.1 	0 

	

-1.0 	-6.5 	-3.3 	-1.1 	-7.2 

	

-106.5 	-661,5 	-339.1 	-111.6 	-714.4 

	

-3.4 	-20.9 	-10,7 	-3.5 	-22. 

	

0.0 	-0.1 	-0.1 	0.0 	-0.1 

	

-87.2 	-554.0 	-285.2 	-93.6 	-615.8 

	

-45.7 	-286.4 	-147.2 	-48.5 	-313.0 

	

-0.3 	-2.0 	-1.0 	-0.3 	-2.0 

	

-10.7 	-66.5 	-34.1 	-11.2 	-71. 

	

-3.9 	-23.9 	-12.3 	-4.0 	-25.7 

	

2,019.7 	9.814.3 	5,011.6 	1,439.9 	11,748.1 

	

-82.7 	-518.5 	-266.3 	-87.7 	-566.0 

	

-84.0 	-523.3 	-268.6 	-88.5 	-567.7 

	

-123.7 	-779.2 	-400.8 	-131.8 	-857.1 

	

-95.7 	-602.1 	-311,6 	-102.6 	-661.4 

 

CASE I CASE II CASE III 

    

Total -79,947 	-26.308 	-169. -64.226 	-22.649 	-122.277 -76.088 	-24.851 	-155.556 
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Table A26. Present Value of Di. 	Net Impacts by Place by Scenario 

City and CDP 
CASE I CASE II CASE III 

Scenario I - Scenano II 	Scenario III Scenano I Scenano II 	Scenano III Scenario I Scenano II Scenano II 
Acton 9.1 3.3 14.4 -0,3 0.0 -0.7 -0.7 -0.2 -1.6 
Agoura Hills 62.0 -26.3 102.6 -74.4 -11.6 -178.8 -100.3 -21.6 -253.7 
Alhambra -.441.5 -275.9 -896.7 -1,007.1 -3252 -2,107.3 -991.1 -305.7 -2.224.1 
Alondra Park -41,8 100.3 -76.5 -55.5 -17.9 -116.2 217.9 123.6 480.1 
Attadena -222.0 -81.0 -224.6 -295.7 -95.5 -618.6 -319.9 -104.6 -704.3 
Arcadia -655.3 -37.0 -1,030.5 -1,010.6 -326.2 -2.114.5 -844.7 -241.2 -1.906.3 
Artesia -279.3 -103.0 -425.4 -375.8 -121.4 -786.4 -406.1 -132.7 -894,3 
Avocado Heights 101.2 .44.6 58.6 -162.9 -52.6 -340.7 -175.6 -57.3 -386.8  

Azusa 11.6 -123.1 -512.5 4,727.3 1.439,0 10,401.6 -486.1 -159.0 -1,070.3 

Baldwin Park 69.6 107.5 -344.3 -472.7 -152.5 -989.4 -496,2 -159.2 -1,095.7 

Bell -162.0 , -98.6 -135.2 -359.7 -116.1 -752.5 -213.5 -35.6 -522.2 

Bellflower -111.6 43.3 -6922 -709.4 -229.1 -1,484.3 -766.1 -250.3 -1,686.5 

Bell Gardens -120.5 -81.4 -212.8 -297.0 -95,9 -621.4 -251.5 -68.6 -591.4 

Beverly Hills -1,144.5 -416.9 -2,038.6 -1,520.9 -4912 -3,182.3 -1,641.9 -536.4 -3,615.1 

Bradbury -0.1 2.2 185.9 -15.0 -4.8 -31.4 -16.3 -5.3 -35.9 

Burbank -571.7 -475.0 -1,933,9 -1,739.5 -561.7 -3,639.7 -1,475,2 464.5 -3,285.9 

Calabasas 256.2 88.8 390.3 12.9 16.6 -6.9 56.2 40.9 85,5 

Carson -630.8 -292.2 -756.5 -1,066.2 -044.3 -2,230.8 -563.4 -168.0 -1.369.2 

Cerritos -110.8 3.9 -276.8 -855.4 -276.2 -1,789.8 -354.2 -7.5 -748.5 

Charter Oak 16.5 -27.4 7.4 -99.9 -32.3 -209.0 -108.1 -35.4 -238.0 

Citrus -7.7 -14.2 69.7 -55.2 -17.8 -115.4 -56.4 -18.3 -124.2 

Claremont -16.8 -27.3 119.6 -318.9 -01.9 -709.9 470,2 -153.7 -1,035.2 

Commerce -243.1 -6.8 -520.0 -465.6 -150.4 -974.2 -352.0 -85.9 -781.6 

Compton -73.4 -204.5 -306.5 -748.0 -241.5 -1,565.0 -707.3 -211.5 -1,615.0 

Covina -53.6 -0.9 -740.3 -847.4 -273.6 -1,773.2 -351.3 -78.8 -799.6 

Cudahy -117.4 -43.8 -120.1 -159.8 -51.6 -334.4 -169.9 -55.0 -374.5 

Culver City -865.8 -362.4 -1,864.6 -1,322.9 -427.2 -2,768.1 -1,431.5 -468,3 -3,151.7 

Del Aire -102.0 -37.0 -191.4 -135.6 -43.8 -283.7 -146.7 -48.0 -323.0 

Desert View Highlands -14.1 -5.1 -26.5 -18.7 -6.0 -39.2 -20.3 -6.6 -44,6 

Diamond Bar -181.3 -94.6 -134.9 -279.4 -77.9 -588.5 -232.3 -59.9 -527.2 

Downey -239.5 -83.9 -715.5 -1,167.9 -377.1 -2,443.6 -1,068.1 -311.6 -2,452.5 

Duarte 96.8 152.2 35.6 -129.7 -44.0 -258.9 -211.4 -56.0 -508.0 

East Compton -20.5 -7.5 26.5 -27.2 -8.8 -56.9 -27.8 -8.8 -62.1 

East La Mirada -37.1 -13.5 -69.6 -49.3 -15.9 -103.2 -53.4 -17.5 -117.5 

East Los Angeles -128.7 157.8 -284.6 -717.1 -231.6 -1,500.4 -620.9 -173.6 -1,377.6 

East Pasadena -222.3 -81.2 -418.5 -296.3 -95.7 -620.0 -318.4 -104.1 -701.2 

East San Gabriel -136.2 37.8 -154.0 -181.0 -58.5 -378.7 640.6 229.4 1,320.5 

El Monte -431.6 -184.4 -845.3 -1,100.6 -355,4 -2,302.9 -779.1 -192.7 -1,7811 

El Segundo -148.0 -99.7 -512.7 2,222.5 736.6 4,456.6 -292.5 -76.6 -696.6 

Florence-Graham 122.5 51.3 143.5 -252.7 -81.6 -528.8 -272.4 -88.9 -600.2 

Gardena -333.0 -245.2 -1,157,6 -894.7 -288.9 -1,872.0 -849.3 -255.4 -1,882.5 

Glendale -1,807.0 -407.3 -3,561.0 -2,737.4 -882.0 -5,787.8 -3,529.1 -1,154.1 -7,769.6 

Glendora 142.2 50.0 -141.1 -323.2 -109.7 -644.8 -701.8 -229.6 -1,545.1 

Hacienda Heights 109.2 -113.5 6.7 -414.0 -133.7 -866.3 -448.0 -146.5 -988.4 

Hawaiian Gardens -69.0 -1.1 16.8 -92.2 -29.8 -192.9 -99.0 -32.3 -218.1 

Hawthorne -608.1 -224.8 -787.9 -867.0 -280.0 -1,814.0 -883.6 -278.8 -1,936.1 

Hermosa Beach -341.4 -124.5 -641.4 -454.2 -146.7 -950.5 -365,7 -96.9 -853.: 

Hidden Hills 52.8 -3.8 40.2 -15.8 -5.1 -33.1 -0.8 2.9 -10.1 

Huntington Park -379.4 -176.8 -578.5 -645.0 -208.3 -1,349.6 -697.9 -228.3 -1,5361 

Industry -686.1 -284.4 -1,120.0 -934.8 -280.7 -1,938.6 -752.0 -198.5 -1,696.1 

Inglewood -358.3 -134.4 -1,141.3 -1,374.1 -443.7 -2,875.2 -1,275.1 -376.9 -2,823.1 

Irwindale -22.2 -4.7 63.2 84.9 47.5 117.7 219.5 122.2 442.' 

La Canada Flintridge -82.8 184.4 -59.6 -273.0 -88.2 -571.4 -296.5 -96.9 -652.1 

La Crescenta-Montrose 23.2 150.3 -219.9 -211.5 -68.3 -442.6 -228.9 -74.9 -503.1 

Ladera Heights -54.9 -20.0 7.0 -73.0 -23.6 -152.7 -79.0 -25.8 -173.1 

La Habra Heights 74.5 97.9 31.9 157.7 66.2 332.1 -52.0 -15.5 -118.1 

Lake Los Angeles -7A -2.7 -13.8 -9.8 -3.2 -20.5 -10.6 -3.5 -23.: 

Lakewood -278.2 -199.7 -444.2 -1,098.1 -354.6 -2,297.5 -9091 -243.6 -2,072.1 

La Mirada -39,2 -89.4 153.1 -326.1 -105.3 -682.3 -352.8 -115.4 -776.1 

Lancaster -1,389.6 -505.8 -2,608.1 -1,848.9 -597.1 -3,868.6 -2,000.6 -654.4 -4,404.1 

La Puente -2.0 35.9 127.0 -288.2 -93.1 -603.0 -194.3 -42.7 -484.1 

La Verne -210.0 1092 44.1 214.0 97.2 416.8 -384.0 -125.3 -845.1 

Lawndale -251.7 -90.4 -158.4 -334.5 -108.0 -699.9 -288.4 -80.8 -666.1 
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CASE 
(Mil!toms of S 1999) 

City and GDP 
CASE II CASE 

Scenario ti Scenario III Scenario II Scenario I Scenario II 	Scenano III Scenario I Scenario III Scenario III 
Lennox -14.7 59.5 22.7 -159.9 -51.6 -334.6 -173,0 -56.6 -381.0 
Littlerock -2.0 -0.7 -3.8 -2.7 -0.9 -5.6 -2.9 -0.9 -6.4 
Lomita -244.2 -89.4 -355.0 -326.2 -105.3 -682.5 -352.1 -115.0 -775.6 
Long Beach -358.0 -357.9 -156.9 4,412.5 1,412.5 9.303,9 14,084.6 4.313.5 31.689. 
Los Angeles -19,498.8 -7,814.2 -37,610.4 -23,351.8 -7,830.4 -48.416.6 -30,252.3 -9.922.7 -65.815.6 
Lynwood 47,8 19.7 -312.8 -367.4 -118.7 -768.8 -394.6 -128.5 -870.5 
Malibu 50.5 -5,1 124,3 508.2 244,2 890.0 763.0 276.8 1.601.0 
Manhattan Beach -367.2 -226.1 -620.0 -814.6 -263.0 -1,705.2 -719.3 -204.4 -1,645.5 
Manna del Rey -228.5 -83.2 -428.5 -302.5 -97.7 -633.1 -328.6 -107.5 -723 

Mayflower Village -20.0 -7.3 32.4 -26.6 -8.6 -55.7 -5.2 3.0 -27.1 

Maywood -40.9 -53.2 -80.2 -194.0 -62.7 -405.9 -113.2 -17.4 -312. 

Monrovia -468,1 -167.3 -441.6 -469.8 -118.7 -932.1 -679.4 -218.3 -1,508.1 

Montebello -343.2 -240.7 -1,030.5 -836.7 -270.0 -1,752.0 -949.9 -310.5 -2.091. 

Monterey Park -496,9 59.5 -99.4 -661.7 -213.7 -1,384.6 -562.3 -154.8 -1,247 

North El Monte ,  -16.5 -6.0 5.6 -21.9 -7.1 -45,9 66.8 30.8 141.1 

Norwalk -152.4 25.7 46.6 -770.9 -248.9 -1,612.9 -828.6 -270.8 -1,824.9 

Palmdale -1,041.0 -377.9 -1,965.9 -1,708.3 -550,0 -3,575.4 -1,857.0 -606.1 -4.092.9 

Palos Verdes Estates 64.4 -20.7 219.6 -75.8 -24.5 -158.7 74.3 53.1 90.5 

Paramount -73.0 14.6 190.1 -387.0 -125.0 -809.7 -22.8 69.1 -124 

Pasadena -1,363.0 -367.4 -2,745.9 -1,901.6 -642.2 -4,091.7 -2,686.0 -845.2 -5,884.4 

Pico Rivera 16.3 -148.2 -36.0 6,860.1 2,224.4 14,308.4 96.8 21.6 115.8 

Pomona 18.2 42.6 -209.7 -886.7 -264.3 -1,877.0 -673.6 -107,7 -1,507. 

Quartz Hill -45.0 -16.4 -84.6 -59.8 -19.3 -125,2 -64.7 -21.2 -142. 

Rancho Palos Verdes 124.8 -118.1 -344.3 -430.7 -139.1 -901.2 -218.9 -26.1 -591.3 

Redondo Beach -837.6 -180.8 -1,239.7 -1,114.2 -359.8 -2,331.3 -1,103.0 -342,1 -2,476. 

Rolling Hills -4.6 -2.3 -9.3 -8.4 -2.7 -17.6 -5.7 -1.2 -14.0 

Rolling Hills Estates -56.3 -36.7 39,5 -133.7 -43.2 • 	:279.8 -144.6 -47.3 -318.4 

Rosemead -298.7 -110.7 -159.3 -403.8 -130,4 -844.9 -81.1 40.8 -273. 

Rowland Heights -174.0 -22.4 -517.0 -515.1 -166.3 -1,077.7 -557.3 -182.3 -1,227,1 

San Dimas -55.3 11.3 -416.3 -233.9 -48.0 -474.1 -305.8 -74.0 -688.8 

San Fernando -295.1 -107.5 -550.4 657.4 208.4 1,245.2 -424.3 -138.8 -934. 

San Gabriel -375.8 -148.6 -457.0 -542.3 -175.1 -1,134.7 -469.4 -133.1 -1,075. 

San Marino -87.1 -31.3 -57,1 -116.1 -37.5 -242.8 -108.6 -35.0 -241. 

Santa Clarita 2,532.3 1,155.5 4,581.4 11,030.1 3,091.0 25,584.3 17,864.1 4,585.9 42,861 

Santa Fe Springs -126.5 -2.9 -160,0 -337,3 -108.9 -705.8 30.1 26.2 21. 

Santa Monica -1,558.1 -580.3 -3,427.0 -2,581.9 -833.8 -5,402.3 -2,790.7 -912.4 -6,143 

Sierra Madre 13.7 -32.5 -66.3 -121.0 -39.1 -2532 -130.4 -42.6 -287.4 

Signal Hill -148.0 -52.7 -177.3 -198.9 -64,2 -416.1 -214.7 -70.1 -472. 

South El Monte 2.6 22.7 -62.3 -142.1 -45.9 -297.3 -62.0 -2.4 -168. 

South Gale -309.0 -189.2 -556.7 -693.3 -223.9 -1,450.7 -545.7 -138.7 -1,315. 

South Pasadena -161,1 -96.1 -292.1 -35.4.2 -114.4 -741.2 -383.1 -125.3 -843. 

South San Gabriel -39.0 -14.1 -73,3 -51.8 -16.7 -108.5 -56.1 -18.4 -123. 

South San Jose Hills -29.3 -16.6 123.9 -60.7 -19.6 -127.1 -35.0 -6.0 -75. 

South Whittier -15.6 182.2 258.0 -289.5 -93.5 -605.8 -313.3 -102.5 -689. 

Temple City -187.9 -73.7 -520.4 -389.9 -125.9 -815.7 -346.2 -105.8 -767.1 

Torrance -2,144.6 -448.1 -3,862.6 -3.347.7 -1,081.1 -7,004.7 -3,004.1 -949.7 -6,710. 

Valinda -92.9 -39.0 15.8 -142.2 -45.9 -297.5 -153.9 -50.3 -338 

Val Verde 1.0 0.4 2.0 4.1 1.3 8.1 -0,1 0.0 -0,3 

Vernon 62.7 -52.0 -143.6 -189.6 -61.2 -396.8 -205.2 -67.1 -451.7 

View Park-Windsor Hills -72.8 -26.0 -136.4 -96.7 -31.2 -202.3 -104.6 -34.2 -230. 

Vincent -3.0 -35.9 -187.5 -164,4 -53.1 -344.0 -173.4 -55.9 -381. 

Walnut -124,1 -44.3 -214.9 -165.9 -53.5 -347.1 -176.7 -57.3 -389. 

Walnut Park -74.0 -27.8 167.8 -101.2 -32.7 -211.9 -109.6 -35.8 -2412 

West Athens -31,1 -13,1 37.0 -47.9 -15.5 -100.2 -51.8 -17.0 -114.1 

West Carson -184.8 -68.0 -138.4 -248.0 -80.1 -518.9 -268.4 -87,8 -590.8 

West Compton -36.8 -13.5 73.8 -49.2 -15.9 -103.0 -53.3 -17.4 -117. 

West Covina -308.5 -2.4 -469.4 -1,264.6 -408,4 -2,646.0 -1,023.3 -273.2 -2,251.2 

West Hollywood -902.5 -330.4 -1,598.9 -1,205.6 -389.3 -2,522.6 -1,303.8 -426.3 -2,870. 

Westlake Village 242.7 282.2 547.5 28.9 23.7 15.1 31.8 27.2 17.7 

Westmont -109.5 -40.6 2.6 -148.2 -47.9 -310.1 -160.4 -52.5 -353.1 

West Puente Valley 35.2 -11.6 39.9 -55.7 -18.0 -116.5 376.4 149.8 776. 

West Whittier-Los Nietos -47.3 -48.7 -28.2 -181.0 -58.4 -378.7 -195.8 -64.1 -431.2 

Whittier -180.4 -9.8 -643.4 -836.0 -264.0 -1,748.4 -880.1 -265.4 -1,998. 

Willowbrook 1.3 77.1 89.9 -160.8 -51.9 -336.5 -174,0 -56.9 -383.1 
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(Millioins of S 1999) 

City and CDP 
CASE I CASE II CASE Hi 

Scenario I Scenario II Soanano III Scenario I Scenario IIl Scenano III Scenano I Scenario III Scenano III 
Aliso Viejo -32 -1.1 -5,9 .4.2 -1.4 	-8.8 -4.5 -1.5 	-10.0 
Anaheim -229.1 -83.4 -430.2 -304.4 -98.3 	-636.9 -329.4 -107.7 -725.2 
Brea -53.8 -19.6 -101.0 -71.5 -23.1 	-149.6 -77.4 -25.3 -170. 
Buena Park -139.8 -50.9 -262.4 -185.8 -60,0 	-388.8 -201.1 -65.8 -442.7 '  

Costa Mesa -60.2 -21.9 -113.0 -80.0 -25,8 	-167.4 -86.6 -28.3 -190.6 
Coto de Gaza -0.4 -0.2 -0.8 -0.6 -02 	-1.2 -0.6 -0.2 -1 
Cypress -103.9 -37.9 -195.2 -138,1 -44,6 	-289.0 -149.5 -48.9 -329 
Dana Point -1.7 -0.6 -3.3 -2.3 -0.7 	-4.9 -2.5 -0.8 -5 
Foothill Ranch -0.1 0.0 -0.2 -02 -0.1 	-0.3 -0.2 -0.1 -0.4 
Fountain Valley -28.0 -10.2 -52.6 -37.2 -12.0 	-77.8 -40.2 -13.2 -88. 
Fullerton -187.7 -68,4 -352.5 -249.4 -80.5 	-521.8 -269.9 -88.3 -594.1 11  
Garden Grove -97.4 -35.5 -183.0 -129.5 -41,8 	-270.9 -140.1 -45.8 -308. 
Huntington Beach -104.3 -38.0 -196.0 -138.7 -44.8 	-290.1 -150.0 -49.1 -330 

Irvine -19.8 -7.2 -37.1 -26.3 -8.5 	-54.9 -28.4 -9.3 -62 

Laguna Beach -5.0 -1.8 -9.4 -6.7 -2.2 	-14.0 -7.2 -2.4 -15. 

Laguna Hills -3.5 -1.3 -6.6 -4.6 -1.5 	-9.7 -5.0 -1.6 -11.1 !  
Laguna Niguel -4.4 -1.6 -8.3 -5.9 -1.9 	-12.3 -6.4 -2.1 -14,0 

Laguna Woods -2.8 -1.0 -5.2 -3.7 -1,2 	-7.7 -4.0 -1.3 -8.7 

La Habra -128.5 -46.8 -241.5 -170,9 -55.2 	-357.5 -18.4.9 -60.5 -407.2 

Lake Forest -5.3 -1.9 -10.0 -7.1 -2.3 	-14.9 -7.7 -2.5 -16.9 

La Palma -31.0 -11.3 -58.1 -41.4 -13,4 	-86.6 -44.4 -14.4 -97.7 

Las Flores -0.1 0.0 -02 -0.2 -0.1 	-0.4 -0.2 -0,1 -OA 

Los Alamitos -38.9 -14.2 -73.0 -51.6 -16.7 	-108.0 -55.9 -18.3 -123 

Mission Viejo -6.3 -2.3 -11.8 -8.4 -2.7 	-17.5 -9.1 -3.0 -20.0 

Newport Beach -42.2 -15.4 -79.2 -56.0 -18.1 	-117.2 -60.6 -19.8 -133.5 

Newport Coast -12 -0.4 -21 .1.6 -0.5 	-3.3 -1.7 -0.6 -3.7 

Orange -827 -30.1 -155.3 -109.9 -35.5 	-229.9 -118.9 -38.9 -261.7 

Placentia -25.4 -9.2 -47.7 -33.7 -10.9 	-70.6 -36.5 -11.9 -80.4 

Portola Hills -0.1 0.0 -0.1 -0.1 0.0 	-0.1 -0.1 0.0 -0 .  

Rancho Santa Margarita -1.2 -0.4 -2.3 -1.6 -0.5 	-3.4 -1.8 -0.6 .3. 

Rossmoor -14.0 -5.1 -26.3 -18,6 -6.0 	-39.0 -20.1 -6.6 -44.4 

San Clemente -2.4 -0.9 -4.5 -3.2 -1.0 	-6.6 -3.4 -1.1 -7. 

San Joaquin Hills -0.5 -0.2 -0.9 -0.6 -0.2 	-1.3 -0.7 -0.2 .1.4 

San Juan Capistrano -2.4 -0.9 -4.6 -3.2 -1.0 	-6.8 -3.5 -1,1 -7. 

Santa Ana -83.5 -30.4 -156.8 -110.9 -35.8 	-232.1 -120.1 -39.3 -264.3 

Seal Beach -77.4 -282 -145.3 -102.8 -33.2 	-215.1 -111.2 -36.4 -244. 

Stanton -24.8 -9.0 -46.6 -33.0 -10.6 	-69.0 -35.7 -11.7 -78 

Tustin -20.5 -7.5 -38.5 -27.3 -8.8 	-57.0 -29.5 -9.6 -64 

Tustin Foothills -3.9 -1.4 -7.3 -5.2 -1.7 	-10.8 -5.6 -1.8 -12 

Villa Park -2.0 -0.7 -3.8 -2.7 -0.9 	-5.6 -2.9 -0.9 -6. 

Westminster -88.5 -32.2 -166.3 -117.6 -38.0 	-2462 -127.3 -41.6 -280. 

Yorba Linda -18.8 -6.9 -35.4 -25.0 -8.1 	-52.4 -27.1 -8.9 -59. .  

Banning -0.8 -0.3 -1.5 -1.0 -0.3 	-2.2 .1.1 -0.4 -2. 

Beaumont -0.5 -0.2 -1.0 -0.7 -0.2 	-1.5 -0.8 -0.2 -1. 

Bermuda Dunes 0.0 0.0 0.0 0.0 0.0 	0.0 0.0 0.0 0. '  

Cabazon -0.1 0.0 -0.2 -0.1 0.0 	-0.2 -0.1 0.0 -0. 

Calimesa -0.3 -0.1 -0.6 -0.4 -0.1 	-0.9 -0.5 -02 -1.1 

Canyon Lake -0.1 0.0 -0.1 -0.1 0.0 	-0.2 -0.1 0.0 -O. 

Cathedral City -1.6 -0.6 -3.1 -2.2 -0.7 	-4.6 -2.4 -0.8 -5 .  

Cherry Valley -0.1 0.0 -0.2 -0,2 0.0 	-0.3 -0.2 -01 -0. 

Coachella 0.0 0.0 0.0 0.0 0.0 	0.0 0.0 0.0 0. 

Corona -14,0 -5.1 -26.3 -18.6 -6.0 	-38.9 -20.1 -6.6 -44. 

Desert Hot Springs -0.4 -0.1 -0.7 -0.5 -0.2 	-1.0 -0.5 -0.2 -1.1 

East Hemet -0.2 -0.1 -0.3 -0.2 -0.1 	-0.4 -0.2 -0.1 -O. 

El Cerrito -0.3 -0.1 -0.6 -0.4 -0.1 	-0.9 -0.5 -0.2 -1. 

Glen Avon -4.2 -1.5 -7.8 -5.5 -1.8 	-11.6 -6.0 -2.0 -13. 

Hemet -1.2 -0.4 -2.2 -1.6 -0.5 	-3.3 -1.7 -0.6 -3. 

Iiighgrove -0.1 0.0 -0.3 -0.2 -0.1 	-0.4 -0.2 -0.1 -0. 

Home Gardens -0.4 -0.1 -0.7 -0.5 -0.2 	-1.0 -0.5 -02 -1 .  
Homeland 0.0 0.0 -0.1 0.0 0.0 	-0.1 0.0 0.0 -0.1 

Idyllwild-Pine Cove 0.0 0.0 0.0 0.0 0.0 	0.0 0.0 0.0 0. 

Indian Wells -0.1 0.0 -0.3 -0.2 -0.1 	-0.4 -0.2 -0.1 -0.4 

Indio -0.1 0.0 -02 -0.1 0.0 	-0.3 -0.1 0.0 -0 .  
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Whorls of S 19991 

City and CDP 
CASE I 

,10¢0109111101.16HP 

CASE II CASE IP 

Scenario I Scenario III Scenario III Scenario Scenario II 	Scenario III Scenario I Scenario II Scenanc II I  

Lake Elsinore -1.5 -0.6 -2.9 -2.0 -0.7 -4.2 -2.2 -0.7 -4.8 

Lakeland Village -0.1 0.0 -0.1 -0.1 0.0 -0.2 -0.1 0.0 -0.3 

Lakeview 0.0 0.0 -0.1 0.0 0.0 -0.1 0.0 0.0 -C 1 

La Quinta -0,1 0.0 -0.1 -0.1 0.0 -0.2 -0.1 0.0 -0.2 

March AFB -0.1 0.0 -0.2 -0.1 0.0 -0.3 -0.1 0.0 -0.3 

Mecca 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 

Mira Loma -3.2 -12 -6.0 -4.2 -1.4 -8.8 -4.6 -1.5 -10.1 

Moreno Valley -5.1 -1.9 -9.6 -6.8 -2.2 -14.2 -7.4 -2.4 -16.2 

Murrieta -0.6 -0.2 -12 -0.8 -0.3 -1.7 -0.9 -0.3 -2.0 

Murrieta Hot Springs 0.0 0.0 0.0 0.0 0.0 -0.1 0.0 0.0 -0.1 

Norco 	• -1.6 -8.0 -5.7 -1.8 -11.9 -6.2 -2.0 -13.6 

Nuevo -0.1 0,0 -0.1 -0.1 0.0 -0.2 -0.1 0.0 -0.2 

Palm Desert -2.2 -0.8 -4.1 -2.9 -0.9 -6.0 -3.1 -1.0 -6.9 

Palm Springs -4.8 -1.8 -9.1 -6.4 -2.1 -13.4 -6.9 -2.3 -15.3 

Pedley -2_2 -0.8 -4.1 -2.9 -0.9 -6.1 -3.1 -1.0 -6.9 

Perris -1.3 -0.5 -2.5 -1.8 -0.6 -3.7 -1.9 -0.6 -4.2 

Quail Valley 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -0.1 

Rancho Mirage -0.8 -0.3 -1.5 -1.1 -0.3 -2.2 - 1.2 -0.4 -2.6 

Riverside -34.5 -12.6 -64.9 -45.9 -14.8 -96.0 -49.7 -16.2 -109.3 

Romoland -0.1 0.0 -0.1 -0.1 0.0 -02 -0.1 0,0 -0.2 

Rubidoux -2,7 -1.0 -5.1 -3.6 -1.2 -7.5 -3.9 -1.3 -8.6 

San Jacinto -0.3 -0.1 -0.6 -0.4 -0.1 -0.9 -0.5 -0.2 -1.0 

Sedco Hills -0.1 0.0 -0.2 -0.2 -0.1 -0.4 -0.2 -0.1 -0.4 

Sun City -0.9 -0.3 -1.6 -1.1 -OA -2.4 -1.2 -0.4 -2.7 

Sunnyslope -0.2 -0.1 -0.4 -0.3 -0.1 -0.5 -0.3 -0,1 -0.6 

Temecula -0.6 -0.2 -1.2 -0.8 -0.3 -1.7 -0.9 -0.3 -2.0 

Thousand Palms 0.0 0.0 -0.1 -0.1 0.0 -0.1 -0.1 0.0 -0.1 

Valle Vista 0.0 0.0 0.0 0.0 0.0 -0.1 0.0 0.0 -0.1 

Wildomar -0.3 -0.1 -0.5 -0.4 -0.1 -0.8 -0.4 -0.1 -0.9 

Winchester -0.1 0.0 -0.2 -0.1 0.0 -0.3 -0,2 -0.1 -0.4 

Wocxlcrest -0.6 -0.2 -1.2 -0.8 -0.3 -1.8 -0.9 -0.3 -2.0 

Camarillo 	• -8.7 -3.2 -16.3 -11.5 -3,7 -24.1 -12.5 -4.1 -27.5 

Casa Conejo -1.0 -0.4 -1.8 -1.3 -0.4 -2.7 -1.4 -0.5 -3.1 

Channel Islands Beach -0.1 -0.1 -0.3 -0.2 -0.1 -0.4 -0.2 -0.1 -0.5 

El Rio -0.4 -0.1 -0.7 -0.5 -0.2 -1.0 -0.5 -0.2 -1.1 

Fillmore -0.7 -0.2 -1.3 -0.9 -0.3 -1.9 -1.0 -0.3 -2.1 

Meiners Oaks 0.0 0.0 0.0 0.0 0.0 -0.1 0.0 0.0 -0.1 

Mira Monte -0.1 0.0 -0.2 -0.1 0,0 -0.3 -0.1 0.0 -0.3 

Moorpark -7.9 -2.9 -14.8 -10.4 -3.4 -21.8 -11.3 -3.7 -24.9 

Oak Park -0.4 -0.1 -0.8 -0,5 -0.2 -1.1 -0.6 -0.2 -1.3 

Oak View 0.0 0.0 -0.1 -0.1 0.0 -0.1 -0.1 0,0 -0.1 

Ojai 0.0 0.0 -0.1 -0.1 0.0 -0.1 -0.1 0.0 -0.2 

Oxnard -4.8 -1.8 -9.0 -6.4 -2.1 -13.4 -6.9 -2.3 -152 

PIN -0.1 0.0 -0.2 -0.1 0.0 -0.2 -0.1 0.0 -0,3 

Port Hueneme -0.5 -0.2 -0.9 -0.6 -0.2 -1.3 -0.7 -0.2 -1.5 

San Buenaventura (Ventura) -5.4 -2.0 -102 -72 -2.3 -15.0 -7.8 -2.5 -17,1 

Santa Paula -0.2 -0.1 -0.4 -0.3 -0.1 -0.6 -0.3 -0.1 

Simi Valley -86.0 -31.3 -161.4 -114.6 -37.0 -239.9 -1242 -40.6 -273.4 

Thousand Oaks -255.4 -92.0 -479.4 -3412 -110.1 -714.0 -369.1 -120.7 -813.0 

Adelanto -3.6 -1.3 -6.8 -4.8 -1.5 -10.0 -5.2 -1/ -11.4 

Apple Valley -2.4 -0.9 -4.5 -3.2 -1.0 -6.6 -3.4 -1.1 -7.5 

Barstow -0.5 -0.2 -0.9 -0.7 -0.2 -1.4 -0.7 -02 -1.6 

Big Bear City 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Big Bear Lake 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Bloomington -2.5 -0.9 -4.7 -3.3 -1.1 -6.9 -3.6 -1.2 -7.9 

Chino -92.3 -33.6 -173.4 -122.7 -39.6 -256.7 -132.7 -43.4 -292.2 

Chino Hills -52.3 -19.1 -98.3 -69.7 -2Z5 -145.8 -75.4 -24.6 -165.9 

Colton -6.3 -2.3 -11.8 -8.4 -2.7 -17.5 -9.0 -3.0 -19.9 

Crestline -0.1 0.0 -0.2 -0.2 -0.1 -0.4 -0.2 -0.1 -0.4 

Fontana -18.1 -34.0 -24.0 -7.8 -50,3 -26.0 -8.5 -57.3 

Grand Terrace -5.2 -1.9 -9.7 -6.9 -2.2 -14.4 -7,4 -2.4 -16.4 

Hesperia -3.5 -1.3 -6.6 -4.7 -1.5 -9.8 -5.1 -1,7 -11.1 

Highland -1,4 -0.5 -2.6 -1.9 -0.6 -3.9 -2.0 -0.7 -4.4 
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CASE I 

Scenano III 

CASE II 
(Mil!loins of 5 19991 

City and CDP CASE III 
Scenario I Scenario II Scenano I ScenanoII So;Tano III Soanano I Seeman() III Scenario 

Joshua Tree 
Lake Arrowhead 

Lenwood 

Lorna Linda 

0.0 

0,0 
0.0 

-1.2 

0.0 
0.0 

0.0 
-0.4 

0.0 
-0.1 

0.0 
-2.3 

0.0 
-0.1 

0.0 
-1.6 

0.0 
0.0 
0.0 

-0.5 

0.0 
-0.1 
0.0 

-3.4 

0.0 
-0.1 

0.0 
-1.7 

III 

	

0.0 	0.0 

	

0.0 	-0.1
, 

	

0.0 	0.0 

	

-0.6 	-3.8 
Montane -02 -0.1 -0.3 -0.2 -0.1 -0.4 -0.2 -0.1 -0.5 
Montclair -261.6 -95.3 -491.3 -347.6 -112.3 -727.3 -376.1 -123.0 -826.1 
Morongo Valley 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Mountain View Acres -1.2 -0.4 -2.3 -1.6 -0.5 -3.4 - 1.7 -0.6 -3.8 
Muscoy -0.3 -0.1 -0.5 -0.4 -0.1 -0.8 -0.4 -0.1 -0 
Nebo Center 0.0 0.0 0-0 0.0 0.0 0.0 0.0 0.0 0.0 
Ontano -148.3 -54.0 -278.6 -197.1 -63.7 -412.4 -213.3 -69,8 -469.6 
Rancho Cucamonga -40.7 -14.8 -76.5 -54.1 -17.5 -113.2 -58.5 -19.2 -128 .  

Redlands -6.0 -2.2 -11.2 -7.9 -2.6 -16.6 -8.6 -2.8 -18 

Rialto -6.7 -2.4 -12.5 -8.9 -2.9 -18.6 -9.6 -3.1 -21.1 

Running Springs 0.0 0.0 0.0 OA 0.0 -0,1 0.0 0.0 -0.1 

San Antonio Heights -1.3 -0.5 -2.5 -1.7 -0.6 -3.6 -1.9 -0.6 -41 

San Bernardino -21.3 -7.8 -40.1 -28.3 -9.2 -59.3 -30.7 -10.0 -67.5 

Twentynine Palms 0.0 0.0 -0.1 0.0 0.0 -0.1 0.0 0.0 -0.1 

Twentynine Palms Base 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Upland -113.7 -41.4 -213.5 -151.1 -48.8 -316.1 -163.4 -53.5 -359.9 

Victorville -19.4 -7.1 -36.4 -25.8 -8.3 -53.9 -27.9 -9.1 -61.4 

Wrightwood -0.8 -0.3 -1.5 -1.0 -0.3 -2.1 -1.1 -0.4 -2.4 

Yucaipa -1.6 -0.6 -3.0 -2.1 -0.7 -4.4 -2.3 -0.7 -5.0 

Yucca Valley 0.0 -0.1 -0.1 0.0 -0.2 -0.1 0.0 -0 .  

LOS ANGELES - UNINCOR 5,831.7 2,170.0 11,087.4 5,457.6 2,156.1 10,661.0 5,445.5 1,583.0 12,661 

ORANGE - UNINCOR 47.1 -17.2 -89.4 -63.7 -20.5 -133.5 -69.4 -22.7 -152 

RIVERSIDE - UNINCOR -15.7 -5.7 -29.5 -20.9 -6.7 -43.6 -22.6 -7.4 -49 

SAN BERNARDINO - UNINCOR -88.0 -32.1 -165.6 -117.0 -37.7 -24.4.8 -126.6 -41.3 -278 

VENTURA - UNINCOR -32.0 -10.8 -61.9 -4.4.3 -13.8 -93.4 -51.0 -16.7 -112 

Total -41,308 -14,654 -78.457 -49,943 -16,275 -102,579 -52,841 -17,358 -113,11 
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City and CDP 
CASE I 

Scenario I Scenario II 	Soanano III 

Acton 0.0 0,0 -0.1 

Agoura Hills -11.2 -3.9 -21.4 

Alhambra -40.4 -13.9 -77.4 

Alondra Park -1.3 -0.4 -2.4 

Altadena -2.9 -0.9 -5,8 

Arcadia -44.2 -15.5 -84.4 

Artesia -7.9 -2.7 -15,1 

Avocado Heights -34,1 -12.1 -64.6 

Azusa -19.6 -6.9 -37.4 

Baldwin Park -21.6 -7.6 -41.3 

Bell -16.0 -5,6 -30.6 

Bellflower -13.8 -4.8 -26.5 

Bell Gardens -11.9 -4.2 -22.6 

Beverly Hills -92.0 -31.7 -176.7 

Bradbury -0.9 -0.3 -1.6 

Burbank -115.9 -40.7 -221.0 

Calabasas -7.3 -2.5 -14.1 

Carson -94.1 -32.7 -180.2 

Cerritos -38.2 -13.3 -73.0 

Charter Oak -1.4 -0.5 -2.7 

Citrus -0.9 -0.3 -1.7 

Claremont -6.3 -2.1 -12.5 

Commerce -98,7 -34.8 -187.9 

Compton -42.1 -14.7 -80.4 

Covina -22.2 -7.7 -42.5 

Cudahy -2.0 -0.7 -3.8 

Culver City -58,7 -20.6 -111.9 

Del Aire -3.4 -1.1 -6.7 

Desert View Highlands -0.1 0.0 -0.2 

Diamond Bar -20.7 -7.2 -39.6 

Downey -30.5 -10.2 -59.3 

Duarte -4.5 -1.5 -8.7 

East Compton -0.1 0.0 -0.2 

East La Mirada -0.5 -0.2 -0.9 

East Los Angeles -36.0 -12.3 -69.3 

East Pasadena -1.9 -0.6 -3.7 

East San Gabriel -1.7 -0.6 -3.3 

El Monte -38.5 -13.2 -74.2 

El Segundo -62.2 -21.3 -119.7 

Florence-Graham -10.6 -3.7 -20.3 

Gardena -36.0 -12.6 -68.8 

Glendale -144.8 -50.8 -276.2 

Glendora -20.8 -7.2 -39.7 

Hacienda Heights -12.4 -4.3 -23.8 

Hawaiian Gardens -0.9 -0.3 -1.8 

Hawthorne -19.3 -6.6 -37.0 

Hermosa Beach -7.5 -2.6 -14.4 

Hidden Hills -2.3 -0.8 -4.5 

Huntington Park -15.9 -5.6 -30,5 

Industry -76.2 -26.8 -145.3 

Inglewood -38.4 -13.2 -73.8 

I rwindale -59.0 -20.9 -112.1 

La Canada Flintridge -13.4 -4.7 -25.6 

La Crescenta-Montrose -4.8 -1.7 -9.2 

Ladera Heights -4.7 -1.6 -9.0 

La Habra Heights -1.0 -0.3 -1.8 

Lake Los Angeles 0.0 0.0 -0.1 

Lakewood -19.9 -7.0 -37.9 

La Mirada -29.9 -10.5 -57.0 

Lancaster -31.8 -11.0 -60.8 

La Puente -5.6 -2.0 -10.7 

La Verne -6.4 -2.2 -12.4 

Lawndale -5.7 -2.0 -11.0 

CASE 11 

Scenario li Scenano Ili Scenano III Scenario I 
0,0 0,0 -0.1 0.0 

-13.0 -4.2 -26.3 -13.5 
-44.6 -14.7 -89.7 -45.6 

-1.3 -0.4 -2.6 -1.3 
-2.1 -0.7 -3,6 -1.8 

-51.5 -16.9 -104.8 -53.5 
-8.9 -2.9 -18.0 -9.2 

-41.3 -13.4 -85.0 -4.4.1 

-22.8 -7.5 -46.5 -23.9 
-25.1 -8.2 -51.1 -26.3 
-18.1 -6.0 -36.7 -18.8 
-15.2 -5.0 -30.6 -15.6 

-14,4 -4.7 -29.6 -15.2 

-101.0 -33.3 -202.6 -103.1 

-1.1 -0.3 -2.2 -1.1 

-135.3 -44.3 -275.7 -141.3 

-8.1 -2.7 -16.2 -8.3 

-105.9 -34.8 -214.1 -109.8 

-43.5 -14.3 -88.2 -45.1 

-1.5 -0.5 -3.0 -1,5 

-1.0 -0.3 -2.1 -1,1 

-5.3 -1.8 -9.9 -4.9 

-116.8 -38.2 -238.6 -122.5 

-48.1 -15.8 -97.6 -50.1 

-24.8 -8.2 -50.0 -25.5 

-2.2 -0.7 -4.4 -2.2 

-68.5 -22.4 -139.6 -71.5 

-3.2 -1.1 -6.2 -3.1 

-0.1 0.0 -0.2 -0.1 

-23.8 -7.8 -48.2 -24.7 

-29.3 -9.8 -56.8 -28.7 

-4.7 -1.6 -9.4 -4.8 

0.0 0.0 0.1 0.1 

-0.5 -0.2 -1.1 -0.5 

-38,7 -12,8 -77.2 -39.2 

-1.9 -0.6 -3.8 -1.9 

-2.0 -0.7 -4.1 -2.1 

-41.4 -13.7 -82.7 -42.1 

-66.7 -22.0 -133.1 -67,5 

-11.8 -3.9 -23.9 -12.2 

-41.7 -13.7 -84.8 -43.5 

-169.3 -55.4 -344.8 -176.6 

-23.7 -7.8 -48.0 -24.6 

-13.8 -4.5 -27,8 -14.2 

-1.0 -0.3 -1.9 -1.0 

-20.7 -6.8 -41.5 -21.2 

-8.1 -2.7 -16.3 -8.3 

-2.4 -0.8 -4.8 -2.4 

-18.1 -5.9 -36.6 -18.7 

-89.1 -29.2 -181.7 -93.3 

-41.4 -13.7 -82.9 -42.3 

-71.1 -23.2 -145.8 -74.8 

-15.8 -5.2 -32.2 -16.5 

-5.3 -1.7 -10.7 -5.5 

-5.2 -1.7 -10.6 -5.4 

-1.1 -0.4 -2.2 -1,1 

0.0 0.0 -0.1 0.0 

-23.0 -7.5 -46.8 -24.1 

-34.8 -11.4 -70.8 -36.3 

-35.7 -11.7 -72.2 -37.0 

-6.6 -2.2 -13.4 -6.9 

-6.8 -2.2 -13.5 -6.9 

-6.3 -2,1 -12.6, -6.4 

(Millioins of S 1999) 

CASE H 

Scenario HI Scenario I 
0.0 -0 1 

-4 4 -25 4 
-15.1 

-0.4 

-0.6 

.639 -17222.17  -17.7 

-3.0 -19.1 
-14.5 - 	7 

-7.9 -50. 
-8.7 -55. 
-6.2 -39.3 
-5.2 -32. 
-5.0 -32.6 

-34.1 -212.3 
-0.4 -2.4 

-46.6 -298. 
-2.7 -17.1 

-36.3 -229.0 
-14.9 -94.3 
-0.5 -3.1 
-0.4 -2 
-1.7 -8.8 

-40.3 -260 

-16.5 -105.1 

-8.4 -53 .  

-0.7 -4.  

-23.6 -151 .  

-1.0 -5.  
0.0 -0.2 

-8.2 -51. 
-9.6 -55. 
-1.6 -9.6 
0.0 0. 

-0.2 -1.1 

-13.0 -79. 
-0.6 -3.  
-0.7 -4.  

-14.0 -86.1 
-22.4 -137. 

-4.0 -25.3 
-14.4 -91, 
-58.2 -373.0 

-8.1 -51. 
-4.7 -29. 
-0.3 -2. 
-7.0 .43. 
-2.7 -17. 
-0.8 -4. 

-6.2 -39.1 
-30.7 -197 
-14.0 -86 .  

-24,6 -159 .  

-5.4 -34 .  

-1.8 -11. 
-1.8 -11. 
-0.4 -2.4 
0.0 -0.1 

-7.9 -50.8 
-12.0 -76.  
-12.2 -77.1 

-2.3 -14. 
-2.3 -13. 
-2.1 -13.3 

Table A27. Present Value of In 
	:A Net Impacts by Place by Scenario 
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(Millions of S 19991 

City and CDP 

Lennox 
Litherock 
Lomita 
Long Beach 

Los Angeles 
Lynwood 
Malibu 
Manhattan Beach 
Marina del Rey 

Mayflower Village 

Maywood 
Monrovia 
Montebello 
Monterey Park 

North El Monte 
Norwalk 

Palmdale 
Palos Verdes Estates 

Paramount 

Pasadena 
Pico Rivera 

Pomona 
Quartz Hill 
Rancho Palos Verdes 

Redondo Beach 
Rolling Hills 
Rolling Hills Estates 

Rosemead 
Rowland Heights 

San Dimas 
San Fernando 

San Gabriel 
San Marino 
Santa Clarita 
Santa Fe Springs 

Santa Monica 
Sierra Madre 
Signal Hill 
South El Monte 

South Gate 
South Pasadena 

South San Gabriel 
South San Jose Hills 
South Whittier 

Temple City 
Torrance 

Valinda 
Val Verde 

Vernon 
View Park-Windsor Hills 

Vincent 
Walnut 
Walnut Park 
West Athens 

West Carson 

West Compton 
West Covina 
West Hollywood 
Westlake Village 

Westmont 
West Puente Valley 

West Whither-Los Nietos 

Whittier 
Willowbrook 

	

-3.7 	-1.3 

	

-0.1 	0.0 

	

-5.3 	-1.8 

	

-157.5 	-53.8 

	

-2,361.1 	-819.7 

	

-9.7 	-3.3 

	

-3.7 	-1.3 

	

-11.5 	-3.8 
-5.5 

	

-0.4 	-0.2 

	

-6.0 	-2.0 

	

-15.9 	-5.4 

	

-34.7 	-122 

	

-37.1 	-13.0 

	

-1.1 	-0.4 

	

-27.2 	-9.5 

	

-21.6 	-7.5 

	

-6.1 	-2.1 

	

-24.1 	-8.4 

	

-88.3 	-29.4 

	

-14M 	-4.9 

	

-53.3 	-18.6 

	

-1.6 	-0.5 

	

-8.2 	-2.8 

	

-18.2 	-6.1 

	

-0.2 	-0.1 

	

-3.3 	-12 

	

-62.8 	-22.4 

	

-17.1 	-6.0 

	

-21.3 	-7.4 

	

-17.5 	-62 

	

-13.0 	-4.5 

	

-9.9 	-3.5 

	

-41.2 	-14.4 

	

-86.2 	-30.1 

	

-79.9 	-27.0 

	

-2.5 	-0.9 

	

-24.9 	-8.7 

	

-26.7 	-9.4 

	

-26,5 	-9,3 

	

-116 	-4.3 

	

-1.1 	-0.4 

	

-0.9 	-0.3 

	

-6.9 	-2.4 

	

-8.2 	-2.8 

	

-118.0 	-40.6 

	

-1.6 	-0.6 

	

0.0 	0.0 

	

-117.7 	-41.7 

	

-1.9 	-0.6 

	

-2.7 	-0.9 

	

-8.0 	-2.7 

	

-1.2 	-0.4 

	

-2.7 	-0.9 

	

-4.8 	-1.6 

	

-18.5 	-6.5 

	

-25.1 	-8.7 

	

-16.7 	-5.3 

	

-2.7 	-0.9 

	

-1.5 	-0.5 

	

-3.8 	-1.3 

	

-5.9 	-2.1 

	

-22.7 	-7,9 

	

-22.3 	-7.9  

Scenario Ili 
-7.1 
-0.1 

-10.2 
-303.7 

-4.523.1 

-18,7 
-7.1 

-22.2 
-10.9 

-0.8 
-11.6 
-30.8 

-66.3 
-70.8 

-2.2 
-52.0 
-41.4 
-11.7 

-46.1 

-171.7 

-28.2 
-101.9 

-3.0 
-15.8 

-35.4 
-0.4 
-6.4 

-119.0 

-32.6 

-40.7 
-33.3 
-24.8 
-18.9 
-78.6 

-164.6 

-154.7 
-4.9 

-47.6 
-50.9 

-50.5 
-24.1 

-2.1 
-1.8 

-13.3 
-15.6 

-226.9 

-3.1 
-0.1 

-223.6 
-3.8 

-5.2 

-15.3 
-2.4 

-5.1 
-9.5 

-35.2 
-48.1 

-33.1 
-5.1 

-2.9 
-7.2 

-11.3 
-43.6 

-42.5 

Scenario I Scenario II 
-4.0 
-0.1 
-5.8 

-165.3 
-2.642.1 

-10.4 

-4.3 
-11.2 

-4.5 

-0.5 
-6.1 

-16.2 
-40,3 
-43.4 

-1.3 
-31.1 
-24.2 

-6.9 

-27.3 

-84.0 
-14.7 

-60.7 
-1.7 

-9.0 

-17.4 
-0.2 
-3.9 

-76.9 
-19.7 

-24.4 
-20.6 
-14.9 
-11.7 

-47,4 

-99.0 

-80.4 
-2.6 

-28.1 
-31,8 
-30.7 

-13.8 
-1.1 

-1.0 
-7.6 
-9.3 

-127.7 
-1.8 

0.0 

-141.8 
-1.6 
-3.1 
-8.7 

-1.3 
-3.1 

-4.0 

-22.0 
-28.4 
-12.5 

-3.1 
-1.2 
-4.4 

-6.9 

-24.9 

-26.3 

Scenario III Scenario I Scenario II Scenano II 
-8.1

. 
8 1 	-4.2 	-1.4 	-8.6 

-0.1 	-0.1 	0.0 	-0.2 

	

-11.7 	-6.0 	-2.0 	-12.3 

	

-328.3 	-167.0 	-55.5 	-337.9 

	

-5,331.9 	-2.727.9 	-901.7 	-5.672.5 

	

-20.7 	-10,5 	-3.5 	-21.3 

	

-8.6 	-4.4 	-1.5 	-9.3 

	

-21,9 	-11.0 	-3.7 	-21. 

	

-8.2 	-4.0 	-1.4 	-7 

	

-1.0 	-0.5 	-0.2 	1 

	

-12.1 	-6,1 	-2.0 	-12 

	

-31.9 	-16.2 	-5.4 	-32 

	

-81.9 	-42.0 	-13.8 	-88.4 

	

-88.5 	-45.3 	-14.9 	-95. 

	

-2.5 	-1.3 	-0.4 	-2.7 

	

-63.2 	-32.5 	-10.7 	-68. 

	

-48.8 	-25.1 	-8.3 	-52.2 

	

-13.9 	-7.1 	-2.4 	-14 

	

-55.3 	-28.3 	-9.3 	-59.0 

	

-162.6 	-82.0 	-27.5 	-158.1 

	

-28.9 	-14.7 	-4.9 	-29.1 

	

-123.0 	-63,1 	-20.8 	-1322 

	

-3.3 	-1.7 	-0.6 	-3 .  

	

-18.1 	-9.2 	-3.1 	-19 - 

	

-33.8 	-17.0 	-5.7 	-32. 

	

-0.4 	-0.2 	-0.1 	-0 .  

	

-7.9 	-4.0 	- 1 . 3 	-8 

	

-158.6 	-82.4 	-27.1 	-177. 

	

-40.1 	-20.5 	-6.8 	-43.2 

	

-49.6 	-25.5 	-8.4 	-53. 

	

-42.2 	-21.7 	-7.1 	-46.1 

	

-30.2 	-15.4 	-5.1 	-32.4 

	

-24.0 	-12.2 	-4.0 	-25. 

	

-96.4 	-49.5 	-16.3 	-104. 

	

-201,0 	-103,0 	-34.0 	-216. 

	

-157.9 	-80.0 	-26.7 	-158. 

	

-5.1 	-2.6 	-0.9 	-5. 

	

-56.7 	-29.1 	-9.6 	-60. 

	

-65.0 	-33.3 	-11.0 	-70. 

	

-62.6 	-32.1 	-10.6 	-67.8 

	

-27.6 	-14.0 	-4.6 	-28.8 

	

-2.1 	-1.1 	-0.4 	-2.1 

	

-2.1 	-11 	-0.3 	-2 

	

-15.3 	-7.9 	-2.6 	-16 

	

-18.8 	-9.6 	-32 	-20 

	

-255.5 	-129.9 	-43,0 	-266 

	

-3.6 	-1.9 	-0.6 	-3 

	

-0.1 	0.0 	0.0 	-0.1 

	

-290.7 	-149.3 	-49.1 	-318 

	

-3.0 	-1.5 	-0.5 	-2 

	

-6.4 	-3.3 	-1.1 	-6 

	

-17.3 	-8.8 	-2.9 	-18 

	

-2.6 	-1.3 	-0,4 	-2. 

	

-6.3 	-3.2 	-1.1 	-6.8 

	

-7.5 	-3.7 	-1.3 	-6 

	

-44.9 	-23.1 	-7.6 	49.1 

	

-57.5 	-29.4 	-9.7 	-61. 

	

-22.2 	-10.8 	-3.7 	-17.2 

	

-6.3 	-3.2 	-1.1 	-6. 

	

-2.2 	-1.1 	-0.4 	-1 .  

	

-9.1 	-4.6 	-1.5 	-9 

	

-14.1 	-7.3 	-2.4 	-15 .  

	

-50.1 	-25.6 	-8.5 	-52. 

	

-53.9 	-27.8 	-9.1 	-59. 

Scenano I Scenano 

-t3 
0.0 

-1.9 
-54,7 

-868.3 
-3.4 
-1.4 
-3.8 
-1.5 
-0.2 

-2.0 

-5.4 
-13.2 
-14.2 

-0.4 

-10.2 
-7.9 

-2.3 
-9.0 

-28.2 
-4.9 

-19.9 
-0.5 

-3.0 

-5.8 
-0.1 

-1.3 
-25.0 

-6.5 

-8.0 
-6.7 

-4.9 
-3.8 

-15.5 

-32.5 
-26.7 

-0.9 
-92 

-10,4 
-10.1 

-4.5 
-0,4 

-0.3 
-2.5 
-3.0 

-42.2 

-0.6 
0.0 

-46.2 
-0.6 
-1.0 

-2.9 
-0,4 

-1.0 
-1.4 

-7.2 
-9.3 
-4.3 

-1.0 
-0.4 

-1.5 

-2.3 
-8.2 
-8.6 

CASE I 
CASE II 	 CASE III 

RB-AR16015



City and COP 
Scenario I 

CASE I 

Scenano II 	Scenario III Scenario I 

CASE 11 

Scenano II Scenano 

(Minims of S 19991 

III 

CASE Ili 

Scenario l i Scenario 
Aliso Viejo 
Ananaim 
Brea 

-10,2 
-220.2 

-45.9 

-3.5 
-76.7 
-16.0 

-19.5 
-421.3 

-87.6 

-11.1 
-249.2 
-52.9 

	

-3.7 	-22.4 

	

-81.8 	-504.3 

	

-17.3 	-107.4 

	

- 11.4 	-3.8 

	

-258.6 	-85.4 

	

-54.9 	-98.1 

Scenario III 

-23.6 

-540.3 

-115.4 
Buena Park -51.5 -18.1 -98.3 -59.7 -19.6 -121.6 -62.4 	-20.6 -131.6 
Costa Mesa -99.3 -34.0 -191.3 -105.3 -34.8 -209.5 -106.4 	-35.3 -216.2 
Coto de Caza -1.0 -0.3 -1.9 -1.1 -0.4 -2.3 -1.2 	-0.4 -2. 

Cypress -40.9 -14.3 -78.2 -47.1 -15.5 -95.7 -48.9 	-16.1 -102.6 
Dana Point -15.8 -5.5 -30.3 -17.3 -5.7 -34.8 -17.9 	-5,9 -36.9 
Foothill Ranch -0.5 -02 -1.0 -0.7 -0.2 -1,4 -0,7 	-0.2 -1.  

Fountain Valley -39.8 -13.9 -76.0 -46.0 -15.1 -93.4 -47.9 	-15.8 -100.8 

Fullerton -69.3 -24.0 -133.0 -76.6 -25.2 -154.2 -78.7 	-26.0 -162 .  
Garden Grove -67.3 -23.4 -128.7 -76.1 -25.0 -153.9 -78.9 	-26,0 -164.7 

Huntington Beach -69.9 -24.1 -134.3 -76.6 -25.2 -153.8 -78.5 	-26.D -161. 4  

Irvine -241.0 -82.9 -463.6 -259.7 -85.7 -519.3 -264.9 	-87.8 

Laguna Beach -21.0 -7.3 -40.2 -23.8 -48.3 -24.8 	-8.2 -51. 

Laguna Hills -18.2 -6.3 -35.0 -20.3 -6.7 -40.9 -20.9 	-6.9 -43.3j 

Laguna Niguel -16.4 -5.7 -31.5 -18.4 -6.1 -37.2 -19.0 	-6.3 -39.. ,  
Laguna Woods -12.7 -4.4 -24.2 -14.7 -4.8 -29.8 -15.2 	-5.0 -32.1 

La Habra -65.7 -23.3 -124.6 -80.5 -26.2 -165.5 -84.8 	-27.9 -182.0 

Lake Forest -33.1 -11.4 -63.5 -36.4 -12.0 -73.2 -37.4 	-12.4 -77,1 

La Palma -16.4 -5.7 -31.4 -18.3 -6.0 -36.8 -18.7 	-6.2 -38.6 

Las Flores -0.5 -0.2 -1.0 -0.6 -0.2 -1.2 -0.6 	-0.2 -1.3 

Los Alamitos -25.8 -9.1 -49.2 -30.3 -9.9 -61.9 -31.7 	-10.4 -67,1 

Mission Viejo -33.9 -11.8 -64.7 -38.9 -12.7 -78.9 -40.4 	-13.3 -84. 

Newport Beach • -83.8 -28.5 -161.9 -86.4 -28.7 -170.7 -86.4 	-28.8 

Newport Coast -0.8 -0.3 -1.6 -0.9 -0.3 -1.8 -0.9 	-0.3 -1.9 

Orange -121.1 -42.2 -231.6 -137.6 -45.2 -278.7 -142.7 	-47.1 -298 

Placentia -21.7 -7.5 -41.6 -24.0 -7.9 -48.4 -24.8 	-8.2 -51 

Portola Hills -0.2 -0.1 -0.4 -0.3 -0.1 -0.6 -0.3 	-0.1 -0. 

Rancho Santa Margarita -2.7 -0.9 -52 -3.1 -1.0 -6.3 -3.2 	-1.1 -6. 

-6.! Rossmoor -2.9 -1.0 -5.6 -3.2 -1.1 -6.5 -3.3 	-1.1 

San Clemente -43.9 -15.4 -83.7 -51.1 -16.7 -104.0 -53.6 	-17.7 -113. 2 

San Joaquin Hills -0.1 0.0 -0.3 -0.1 0.0 -0.3 -0.1 	0.0 

San Juan Capistrano -33.0 -11.7 -62.7 -39.3 -12,8 -80.6 -41.6 	-13.7 -88. 

Santa Ana -223.8 -78.0 -428.2 -253.9 -83.3 -513.8 -262.8 	-86.8 -549.0 

Seal Beach -4.3 -1.2 -8.8 -1.8 -0.7 -2.2 -0.9 	-0.4 O. 

Stanton -10.7 -3.7 -20.5 -11.8 -3.9 -23.7 -12.1 	-4.0 -24. 

Tustin -64.5 -22.5 -123.3 -73.4 -24.1 -148.7 -76.1 	-25.1 -159. 

Tustin Foothills -7.7 -2.7 -14.8 -8.7 -2.9 -17.5 -8.9 	-3.0 

Villa Park -1.2 -0.4 -2.2 -1.3 -0.4 -2.6 -1.3 	-0.4 -2.  

Westminster -24.9 -8.6 -47.7 -27.3 -9.0 -54.8 -27.9 	-9.2 -57. 

Yorba Linda 
Banning 

-19.9 

-4.2 

-7.0 

-1.5 

-37.8 

-8.0 
-23.3 

-4.7 

-7,6 
-1.5 

-47.6 

-9.6 

	

-24.4 	-8.0 

	

-4.9 	-1.6 

-51. lj  

Beaumont -3.0 -1.1 -5.8 -3.4 -1.1 -6.8 -3.5 	-1.2 -7.2 

Bermuda Dunes -1.5 -0.5 -2.8 -1.7 -0.6 -3,6 -1.8 	-0.6 -3.9 

Cabazon 0.0 0.0 0.0 0.0 0.0 0.0 0.0 	0.0 0.0 

Calimesa -1.8 -0.6 -3.5 -2.0 -0.7 -4.1 -2.1 	-0.7 -4.4 

Canyon Lake -0.4 -0.1 -0.7 -0.4 -0.1 -0.8 -0.4 	-0.1 -0.8 

Cathedral City -10.6 -3.7 -20.5 -11.5 -3.8 -23.0 -11.8 	-3.9 -24.2 

Cherry Valley -0.4 -0,1 -0.7 -0.4 -0.1 -0,8 -0.4 	-0.1 -0.8 

Coachella -9.4 -3.3 -17.9 -11.4 -3.7 -23.4 -12.1 	-4.0 -25.8 

Corona -55.5 -19.5 -105.7 -64.7 -21.1 -131.8 -67.8 	-22.4 -143.4 

Desert Hot Springs -1.2 -0.4 -2.4 -1.2 -0.4 -2,4 -1.2 	-0,4 -2.5 

East Hemet -1.6 -0.5 -3.0 -1.7 -0.6 -3.5 -1.8 	-0.6 -3.7 

El Cerrito -0.9 -0.3 -1.7 -1.1 -0.4 -2.2 -1.1 	-0.4 -2.4 

Glen Avon -7.9 -2.8 -15.0 -9.3 -3.0 -18.9 -9,7 	-3.2 -20.6 

Hemet -17.1 -6.0 -32.7 -19.6 -6.4 -39.9 -20.5 	-6.8 -43.1 

Highgrove -0.6 -0.2 -1.1 -0.6 -0.2 -1.2 -0.6 	-0.2 -1.2 

Home Gardens -4.3 -1.5 -8.1 -5.2 -1.7 -10.7 -5.5 	-1.8 -11.9 

Homeland -0.5 -0.2 -0.9 -0.6 -0.2 -1.3 -0.7 	-0.2 -1.4 

Idyllwild-Pine Cove -0.1 OM -0.1 0.0 0.0 -0.1 0.0 	0.0 -0.1 

Indian Wells -4.1 -1.3 -8.0 -3.2 -1.1 -5.9 -2.9 	-1.0 -5.0 

Indio -15.9 -5.6 -30.3 -18.7 -6.1 -38.2 -19.6 	-6.5 -41.6 
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(Millions of S 19991 

CASE I 
-1114111118.. 

CASE II CASE III 
City and CDP 

Scenario I Scenario II__ Scenario III Scenario I Scenano III Scenario III Scenario ii 	Scenano Ii] Scenano ill 

Lake Elsinore -8.5 -3.0 -16.3 -9.8 -3.2 -20.0 - 10.3 - 3.4 - 21.6 

Lakeland Village -0.8 -0.3 -1.5 -0.9 -0.3 -2.0 -1.0 -0.3 -2.2 

Lakeview -0.8 -0.3 -1.4 -1.0 -0.3 -2.0 -1.0 -0.3 -2.2 

La Quetta -1.6 -0.5 -3.3 -0.7 -0,3 -0.9 -0,4 -0.2 01 

March AFB -0.4 -0.1 -0.8 -0.5 -0.2 -1.0 -0.5 -0.2 -1.0 

Mecca 0.0 0.0 -0.1 0.0 0.0 -0.1 -0.1 0.0 -0.1 

Mira Lorna -1.9 -0.7 -3.7 -2.2 -0.7 -4.5 -2.3 -0.8 -4.9 

Moreno Valley -13.4 -4.6 -25.8 -14.6 -4.8 -29.2 -14,9 -.4.9 -30.6 

Munieta -11.5 -4.0 -22.0 -13.3 -4.3 -27.0 -13.8 -4.6 -29.1 

Munieta Hot Springs -0.3 -0.1 -0.5 -0.3 -0.1 -0.6 -0.3 -0.1 -Cl 

Norco -4.4 -1.4 -8.6 -3.2 -1.1 -5.7 -2.8 -1,0 -4.6 

Nuevo -1.1 -0.4 -2.1 -1.4 -0.5 -2.9 -1.5 -0.5 -3.3 

Palm Desert -34,3 -12.0 -65.5 -39.7 -13.0 -80.7 -41.6 -13.7 -87. 

Palm Springs -21.0 -7.1 -40.7 -20.8 -6.9 -40.8 -20.8 -6.9 -41. 

Pedley -2.4 -0.8 -4.6 -2.7 . 	-0.9 -5.6 -2.9 -0.9 -6. 

Perris -5.6 -1.9 -10.8 -5.9 -2.0 -11.9 -6.1 -2.0 -12.3 

Quail Valley -0.1 0.0 -0.2 -0.1 0.0 -0.1 70.1 0.0 -0.1 

Rancho Mirage -2.7 -0.8 -5.5 -1.3 -0.5 -1.8 -0.8 -0.3 -0,1 

Riverside -128.5 -44.8 -245.7 -145.7 -47.8 -295.0 -151.2 -49.9 -316.3 

Romoland -0.2 0.0 -0.3 -0.1 0.0 -0.2 -0.1 0.0 -0.2 

Rubidoux -3.2 -1.1 -6.0 -3.6 -1.2 -7.2 -3.7 -1.2 - 7. 7 

San Jacinto -6.2 -2.2 -11.9 -7.3 -2.4 -15.0 -7.7 -2.5 -16.3 

Sedco Hills -0.5 -0.2 -1.0 -0.5 -0.2 -1.0 -0.5 -0.2 -1.1 

Sun City -2.9 -1.0 -5.6 -3.6 -1.2 -7.3 -3.8 -1.2 -8.0 

Sunnyslope -0.6 -0.2 -1.1 -0.7 -0.2 -1.4 -0.7 -0.2 -1 

Temecula -25.5 -9.0 -48.7 -29.5 -9.7 -60.1 -30.9 -10.2 -65.1 

Thousand Palms -0.3 -0.1 -0.6 -0.3 -0.1 • -0.6 -0.3 -0.1 -0 

Valle Vista -0.7 -0.2 -1.3 -0.8 -0.2 -1.5 -0.8 -0.3 -1.6 

Wildomar -2.1 -0.7 -4.0 -2.4 -0.8 -4.7 -2.4 -0.8 -5.1 

Winchester -0.9 -0.3 -1.7 -1.1 -0.4 -2.3 -1.2 -0.4 -2 

Woodcrest -1.7 -0.6 -3.4 -1.8 -0.6 -3.7 -1.9 -0.6 -3.8 

Camarillo -25.7 -8.9 -49.4 -28.1 -9.3 -56.3 -28.7 -9.5 -59.1 

Casa Conejo -0.9 -0.3 -1,7 -1.0 -0.3 -2.0 -1.0 -0.3 -2.1 

Channel Islands Beach -0.7 -0.3 -1.4 -0.8 -0.3 -1.7 -0.9 -0.3 -1.8 

El Rio -0.4 -0.1 -0.8 -0.4 -0.1 -0.8 -0.4 -0.1 -0.8 

Fillmore -1.8 -0.6 -3.5 -2.0 -0,6 -3.9 -2.0 -0.7 -4.1 

Meiners Oaks -0.6 -0.2 -1.2 -0.7 -0.2 -1.4 -0.7 -0.2 -1.4 

Mira Monte -1.0 -0.3 -1.9 -1.1 -0.4 -2.1 -1.1 -0.4 -2.2 

Moorpark -5.4 -1.9 -10.5 -5.9 -2.0 -11.8 -6.0 -2.0 -12.4 

Oak Park -0.1 0.0 -0.1 -0.1 0.0 -0.2 -0.1 0.0 -0.2 

Oak View -0.3 -0.1 -0.5 -0.3 -0.1 -0.5 -0.3 -0.1 -0.5 

Ojai -1.3 -0.4 -2.5 -1.4 -0.4 -2.7 -1.4 -0.5 -2 

Oxnard -69.9 -24.4 -133.5 -80.0 -26.2 -162.3 -83.2 -27.4 -174 

Piru -0.1 0.0 -0.2 -0.1 0.0 -0.2 -0.1 0.0 -0 

Port Hueneme -3.8 -1.3 -7.3 -4.3 -1.4 -8.6 -4.4 -1.5 -9. 

San Buenaventura (Ventura) -63.5 -21.9 -121.9 -69.9 -23.0 -140,4 -71.7 -23.7 -148. 

Santa Paula -12.6 -4.5 -24.0 -15.4 -5.0 -31.6 -16.2 -5.3 -34. 

Simi Valley -38.5 -13.4 -73.7 -43.8 -14,4 -88.8 -45.6 -15.0 -95.4 

Thousand Oaks -91.9 -32,1 -175.7 -105.0 -34.4 -213.0 -109.2 -36.0 -228. 

Adelanto -2.5 -0.8 -4.7 -2.5 -0.8 -5.1 -2.6 -0.9 -5 

Apple Valley -8.8 -3.1 -16.8 -10.3 -3.4 -20.9 -10.8 -3.6 -22. 

Barstow -6.8 -2.3 -13.2 -7.1 -2.4 -14,2 -7.3 -2.4 -14 

Big Bear City -0.2 -0.1 -0.3 -0.2 -0.1 -0.4 -0.2 -0.1 -0. 

Big Bear Lake -5.3 -1.8 -10.2 -5.8 -1.9 -11.8 -6.0 -2.0 -12. 

Bloomington -2.4 -0.8 -4.6 -2.5 -0.8 -5.0 -2.5 -0.8 -5.1 

Chino -37.1 -12.9 -71.0 -42.0 -13.8 -85.0 -43.6 -14.4 -91.0 

Chino Hills -6.1 -2.1 -11.7 -7.1 -2.3 -14.4 -7.4 -2.4 -15.6 

Colton -20.1 -7.0 -38.4 -22.6 -7.4 -45.8 -23.5 -7.8 -49.0 

Crestline -2.5 -0.9 -4.7 -2.9 -0.9 -5.9 -3.0 -1.0 -6.4 

Fontana -26.6 -9.2 -51.0 -29.5 -9.7 -59.5 -30.5 -10.1 -63.4 

Grand Terrace -2.6 -0.9 -5.0 -2.6 -0.9 -5.2 -2.7 -0.9 -5 

Hesperia -11.5 -4.0 -22.0 -12.9 -4.2 -26.1 -13.4 -4.4 -28 

Highland -10.5 -3.7 -19.9 -12.6 -4,1 -25.7 -13.2 -4.3 -28.1 
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(Millions of S 19991 

City and CDP 
CASE I CASE II CASE ii, 

Scenano I Scenanolli Scenario III Soanano ii Scenario II 	Scenario III Scenano I Scenario hl Scenario III 

Joshua Tree -0.1 0.0 -0.3 -0.2 -0.1 -0.3 -0.2 -0.1 -0.3 

Lake Arrowhead -1.7 -0.6 -3.3 -1.4 -0.5 -2.7 -1.3 -0.5 -2.4 

Lenwood -0.2 -0.4 -02 -0.1 -0.4 -0.2 -0.1 -0.4 

Loma Linda -5.2 -1.8 -10.0 -5.9 -1.9 -12.0 -6.2 -2.0 -12.9 

Mentone -2.0 -0.7 -3.9 -2.4 -0.8 -5.0 -2.6 -0.8 -5.5 

Montdair -11.0 -3.8 -21.2 -12.1 -4.0 -24.3 -12.4 -4.1 -25.7 

Morongo Valley 0.0 0.0 -0.1 0.0 0.0 -0.1 0.0 0.0 -0.1 

Mountain View Acres -0.3 -0.1 -0.5 -0.3 -0.1 -0.6 -0.3 -0.1 -0.7 

Muscoy -6.1 -2.2 -11.6 -7.4 -2.4 -15.3 -7.9 -2.6 -16.9 

Nebo Center 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Ontario -99.8 -34.8 -190.9 -113.6 -37.3 -230.3 -118.2 -39.0 -247.5 

Rancho Cucamonga -56.2 -19.7 -107.4 -64.6 -21.2 -131.1 -67.3 -22.2 -141.4 

Redlands -21.0 -7.2 -40.4 -22.1 -7.3 -44.0 -22.4 -7.4 -45.5 

Rialto -15.2 -5.3 -29.1 -17.2 -5.6 -34.7 -17.8 -5.9 -37.2 

Running Springs 0.2 0.1 0.3 0.4 0.1 0.9 0.5 0.2 1.2 

San Antonio Heights -0.5 -0.2 -1.0 -0.6 -0.2 -1.1 -0.6 -0.2 -1.2 

San Bernardino -85.8 -29.9 -164.2 -97.0 -31.8 -196.4 -100.8 -33.3 -210.7 

Twentynine Palms -1.8 -0.6 -3.5 -2.1 -0.7 -4.3 -2.2 -0.7 -4.7 

Twentynine Palms Base 0.0 0.0 -0.1 0.0 0.0 -0.1 -0.1 0.0 -0.1 

Upland -28.7 -10.0 -54.8 -33.1 -10.8 -67.2 -34.5 -11,4 -72.5 

Victorville -33.5 -11.8 -63.8 -39.4 -12.9 -80.6 -41.6 -13,7 -88.3 

Wrightwood 0.2 0.1 0.3 0.6 0.2 1.3 0.7 0.2 1,7 

Yucaipa -7.9 -2.8 -15.0 -9.1 -3.0 -18.6 -9.6 -3.2 -20.2 

Yucca Valley -3.1 -1.1 -5.9 -3.4 -1.1 -6.9 -3.6 -1.2 -7.4 

LOS ANGELES - UNINCOR -202.5 -71.0 -386.4 -235.3 -77.0 -479.1 -245.9 -81.1 -518.7 

ORANGE - UNINCOR -70.2 -24.5 -134.2 -80.1 -26.3 -162.3 -83.0 -27.4 -173.9 

RIVERSIDE - UNINCOR -73.7 -25.9 -140.5 -86.0 -28.1 -175.3 -90.3 -29.7 -190,9 

SAN BERNARDINO - UNINCOR -96.7 -34.0 -184.1 -113.4 -37.1 -231.7 -119,4 -39.3 -253.1 

VENTURA-UNINCOR -124.5 -43.7 -237.4 -145.2 -47.5 -295.7 -151.7 -50.0 -320.3 

Total -9,048 -3.145 -17,326 
■•■ 

-10.166 -3,340 -20,535 -10,509 -3,473 -21,886 
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Table A28. Present Value of Int Net Impacts by 

CASE I 

Place by Scenario 

CASE II 

(MIMoms of S 1999 

CASE 
City and CDP 

Scenano I Scenario 111 Scenario Scenario II Scenano III Scenario Scenano 11 	Scenario III Scenario III 

Acton 0.0 0.0 -0.1 0.0 0.0 -0.1 0.0 0.0 -0.1 

Agoura Hills -11.5 -4.0 -22.0 -13.3 -4.4 -27.0 -13.8 -4. 6 -29.0 

Alhambra -70.6 -24.7 -134.8 -81.3 -26.6 -165.1 -84.5 -27.9 -177.5 

Alondra Park -3.6 -1.3 -6.9 -4.2 -1.4 -8.5 -4.4 -1.4 -9.1 

Attadena -17.8 -6.2 -33.9 -20.5 -6.7 -41.5 -21.3 -7.0 -44.6 

Arcadia -65.1 -22.8 -124.4 -75.0 -24.6 -152.4 -77.9 -25.7 -163.7 

Artesia -29.9 -10.5 -57.2 -34,5 -11.3 -70.0 -35.8 -11.8 -75.2 

Avocado Heights -11.1 -3.9 -21.2 -12.8 -4.2 -25.9 -13.3 -4.4 -27.9 

Azusa -30.7 -10.8 -58.7 -35.4 -11.6 -71,9 -36.8 -12.1 -77.3 

Baldwin Park -33.2 -11.6 -63.5 -38.3 -12.5 -77,7 -39.8 -13.1 -83.6 

Bell -26.1 -9,1 -49.8 -30.0 -9.8 -61.0 -31.2 -10.3 -65.6 

Bellflower -51.4 -18.0 -98.2 -59,2 -19.4 -120.3 -61.5 -20.3 -129.2 

Bell Gardens -21.3 -7.5 -40.8 -24.6 -8.1 -49,9 -25.5 -8.4 -53.6 

Beverly Hills -99.2 -34.7 -189.5 -114.3 -37.4 -232.0 -118.7 -39.2 -249.3 

Bradbury -1.0 -0.4 -1.9 -1.2 -0.4 -2.4 -1.2 -0.4 -2.6 

Burbank -118.2 -41.3 -225.8 -136.1 -44.6 -276.4 -141.4 -46,7 -297.1 

Calabasas -3.9 -1,4 -7.5 -4.5 -1.5 -9.1 -4,7 -1.5 -9.8 

arson -72.9 -25.5 -139.3 -84.0 -27.5 -170.6 -87.3 -28.8 -183.3 

Cerritos -68.1 -23.8 -130.1 -78.5 -25.7 -159.3 -81.5 -26.9 -171.2 

Charter Oak -6.4 -2.3 -12.3 -7.4 -2.4 -15.1 -7.7 -2.5 -16.2 

Citrus -3.7 -1.3 -7.1 -.4.3 -1.4 -8.6 -4,4 -1.5 -9.3 

Claremont -35.5 -12.4 -67.7 -40,8 -13.4 -62.9 -42.4 -14.0 -89.1 

Commerce -34,7 -12.1 -66.3 -40.0 -13.1 -81.2 -41.5 -13,7 -87.2 

Compton -50.9 -17.8 -97.2 -58.6 -19.2 -119.0 -60.9 -20.1 -127,9 

Covina -56.2 -19.7 -107.4 -64.8 -21.2 -131.6 -67.3 -22.2 -141.4 

Cudahy -11.5 -4.0 -22.0 -13.3 -4.3 -26.9 -13.8 -4.5 -29.0 

Culver City -91.4 -32.0 -174.6 -105.3 -34.5 -213.7 -109.4 -36.1 -229.7 

Del Aire -8.7 -3.0 -16.6 -10.0 -3.3 -20.3 -10.4 -3.4 -21.8 

Desert View Highlands -0.7 -0.2 -1.3 -0.8 -0.2 -1.5 -0.8 -0.3 -1.6 

Diamond Bar -27.3 -9.6 -52.2 -31.5 -10.3 -64.0 -32.7 -10.8 -68.7 

Downey -81.1 -28.4 -154.9 -93,4 -30.6 -189.7 -97.1 -32.0 -203.9 

Duarte -17.4 -6.1 -33.3 -20.1 -6.6 -40.8 -20.9 -6.9 -43.8 

East Compton -1.9 -0.7 -3.6 -2.2 -0.7 -.4.4 -2.3 -0.7 -4.8 

East La Mirada -4.4 -1.5 -8.4 -5.1 -1.7 -10.3 -5.3 -1.7 -11.0 

East Los Angeles -54.3 -19.0 -103.8 -62.6 -20.5 -127.1 -65.0 -21.5 -136.6 

East Pasadena -18.6 -6.5 -35.5 -21,4 -7.0 -43.4 -22.2 -7.3 -46.7 

East San Gabriel -11.5 -4.0 -22.0 -13.3 -4.3 -26.9 -13.8 -4.5 -28.9 

El Monte -78.3 -27.4 -149.6 -90.2 -29.6 -183.2 -93.7 -30.9 -196.8 

El Segundo -23.1 -8.1 -44.2 -26.7 -8.7 -54.1 -27.7 -9.1 -58.2 

Florence-Graham -18.3 -6.4 -34.9 -21.1 -6,9 -42.8 -21.9 -7.2 -46.0 

Gardena -58.4 -20.4 -111.5 -67.2 -22.0 -136.5 -69.8 -23.0 -146.7 

Glendale -219.7 -76.8 -419.7 -253.1 -82.9 -513.9 -262.9 -86.8 -552.3 

Glendora -42,2 -14.8 -80.7 .48.7 -15.9 -98.8 -50.5 -16.7 -106.2 

Hacienda Heights -27.5 -9.6 -52.6 -31.7 -10.4 -64.4 -32.9 -10.9 -69.2 

Hawaiian Gardens -8.8 -3.1 -16.7 -10.1 -3.3 -20.5 -10.5 -3.5 -22.0 

Hawthorne -57.6 -20.1 -110.1 -66.4 -21.8 -134.8 -68.9 -22.8 -144.8 

Herrnosa Beach -28.6 -10.0 -54.6 -32.9 -10.8 -66.8 -34.2 -11.3 -71.8 

Hidden Hills -1.1 -0.4 -2.1 -1.2 -0.4 -2.5 -1.3 -0.4 -2.7 

Huntington Park -47.7 -16,7 -91.1 -54.9 -18.0 -111.5 -57.0 -18.8 -119.8 

Industry -77.2 -27.0 -147.4 -88.9 -29.1 -180.5 -92.4 -30.5 -194.0 

Inglewood -92.4 -32.3 -176.5 -106.4 -34.9 -216.1 -110.5 -36.5 -232.2 

Irwindale -2.4 -0.8 -4.5 -2.7 -0.9 -5.6 -2.8 -0.9 -6.0 

La Canada Flintridge -16.0 -5.6 -30.6 -18.5 -6.1 -37.5 -19.2 , 	-6.3 -40.3 

La Crescenta-Montrose -12.9 -4.5 -24.6 -14.8 -4.9 -30.1 -15.4 -5.1 -32.3 

Ladera Heights -.4.4 -1.5 -8.4 -5.1 -1.7 -10.3 -5.2 -1.7 -11.0 

La Habra Heights -4.3 -1.5 -8.3 -5.0 -1.6 -10.1 -5.2 -1.7 -10.9 

Lake Los Angeles -0.5 -0.2 -0.9 -0.5 -0.2 -1.1 -0.6 -0.2 -1.2 

Lakewood -77.8 -27.2 -148.6 -89.6 -29.4 -182.0 -93.1 -30.7 -195.6 

La Mirada -29.7 -10.4 -56.8 -34.3 -11.2 -69.6 -35.6 -11.7 -74.8 

Lancaster -71.2 -24.9 -135.9 -82.0 -26.9 -166.4 -85.2 -28.1 -178.9 

La Puente -19.8 -6.9 -37,8 -22.8 -7.5 -46.3 -23.7 -7.8 -49.8 

La Verne -24.2 -8.5 -46.2 -27.9 -9.1 -56.6 -28.9 -9.6 -60.8 

Lawndale -22.0 -7.7 -42.1 -25.4 -8.3 -51.5 -26.4 -8.7 -55.4 
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City and CDP 

Lennox 

Littlerock 

Lomita 
Long Beach 

Los Angst" 
Lynwood 
Malibu 
Manhattan Beach 
Marina del Rey 

Mayflower Village 

Maywood 

Monrovia 
Montebello 

Monterey Park 
North El Monte 

Norwalk 
Palmdale 
Palos Verdes Estates 

Paramount 

Pasadena 

Pico Rivera 
Pomona 
Quartz Hill 
Rancho Palos Verdes 

Redondo Beach 

Rolling Hills 
Rolling Hills Estates 
Rosemead 
Rowland Heights 

San Dimas 
San Fernando 

San Gabriel 

San Marino 
Santa Clarita 

Santa Fe Springs 
Santa Monica 
Sierra Madre 
Signal Hill 
South El Monte 

South Gate 
South Pasadena 
South San Gabriel 

South San Jose Hills 
South Whittier 

Templ

Temple City 

orrance 

e 

 
Val Verde 

Vernon 

View Park-Windsor Hills 
Vincent 
Walnut 
Walnut Park 
West Athens 

West Carson 

West Compton 
West Covina 

West Hollywood 
Westlake Village 

Westmont 
West Puente Valley 

West Whittier-Los Nietos 
Whittier 
Willowbrook 

(MiMoms of 5 19991 

CASE I CASE II CASE lit 

Scenario II Scenario II 	Scenario III Scenano Scenario II 	Scenario III Scenano 11 Scenario Scenario 1;1 ':'  

-10.9 -3.B -20.8 -12.6 -4,1 -25.5 -13.1 -4.3 -27 4 
-0.1 0.0 -0.2 -0.1 0.0 -0.3 -0.1 0.0 -0.3 

-20.0 -7.0 -38.3 -23.1 -7,6 -46.8 -24.0 -7.9 -50.3 
-318.6 -111.4 -608,7 -367.1 -120.3 -745.3 -381.3 -125.6 -801.0 

-3,336.6 -1,166.7 -5373.6 -3,843.7 -1,259.7 -7,804.3 -3.992.6 -1.317.5 -8.387.8 
-25.4 -8.9 -48.5 -29.2 as -59.3 -30.4 -10.0 -63.8 
-5.6 -2.0 -10.8 -6.5 -2.1 -13.2 -6.7 -2.2 -14.2 

-48.5 -17.0 -92.7 -55.9 -18.3 -113.5 -58.1 -19.2 -122.0 
-19.2 -6.7 -36.6 -22.1 -7.2 -44.9 -23.0 -7.6 -48.2 

-1.8 -0.6 -3.4 -2.0 -0.7 -4.2 -2.1 -0.7 -4. 
-14.5 -5.1 -27,6 -16.7 -5.5 -33.9 -17.3 -5.7 -36.4 
-43.4 -15.2 -82.9 -50.0 -16.4 -101.6 -52.0 -17.1 -109.1 
-62.8 -22.0 -119.9 -72,3 -23.7 -146.8 -75.1 -24.8 -157.8 
-46.3 -16.2 -88.4 -53.3 -17.5 -108.2 -55.4 -18.3 -116. 
-1.5 -0.5 -2.8 -1.7 -0.6 -3.4 -1.8 -0.6 -3.7 

-57.9 -20.2 -110.6 -66.7 -21.9 -135.4 -69.3 -22.9 -145.6 
-54.7 -19.1 -104.5 -63.0 -20.6 -127.9 -65.4 -21.6 -137.5 

-3.7 -1.3 -7.1 -4.3 -1.4 -8.7 -4.5 -1.5 -9.4 
-27.0 -9.4 -51.6 -31.1 -10.2 -63.2 -32.3 -10.7 -67.9 

-175.3 -61.3 -334.8 -201.9 -66.2 -409.9 -209.7 -69.2 -440.6 
-38.9 -13.6 -74.4 -44.9 -14.7 -91.1 -46.6 -15.4 -97.9 
-98.3 -34.4 -187.7 -1132 -37.1 -229.9 -117.6 -38.8 -247.1 

-2.5 -0.9 -4.7 -2.8 -0.9 -5.8 -3.0 -1.0 -6. 
-22.1 -7.7 -42.3 -25.5 -8.4 -51.8 -26.5 -8.7 -55. • 
-69.9 -24.5 -133.6 -80.6 -26.4 -163.6 -83.7 -27.6 -175.: 

-0.5 -0.2 -0.9 -0.5 -02 -1,1 -0.6 -0.2 -1.2 
-6.8 -2.4 -13.0 -7.8 -2.6 -15.9 -8.1 -2,7 -17.1 

-28.1 -9.8 -53.6 -32.3 -10.6 -65.7 -33.6 -11.1 -70.6 
-39.2 -13.7 -74.8 -45.1 -14.8 -91.6 -46.9 -15.5 -98. 
-27.7 -9.7 -52.9 -31.9 -10.5 -64.8 -33.2 -10.9 -69.6 
-28.0 -9.8 -53.5 -32.3 -10.6 -65.5 -33,5 -11.1 -70.4 
-36.9 -12.9 -70.4 -42.5 -13.9 -86.2 -44.1 -14.6 -92. 

-7.0 -2.5 -13,4 -8.1 -2.6 -16.4 -8.4 -2.8 -17.6 
-82.9 -29.0 -158.4 -95.5 .31.3 -193,9 -99.2 -32.7 -208,4 
-26.5 -9.3 -50.7 -30.6 -10.0 -62.0 -31.7 -10.5 -66.7 

-177.0 -61.9 -338.2 -203.9 -66.8 -414.1 -211.8 -69.9 445.0. 
-7.8 -2.7 -14.8 -8.9 -2.9 -18.2 -9.3 -3.1 -19. 

-14.3 -5.0 -27.3 -16.5 -5.4 -33.4 -17.1 -5.6 -35.: 
-10,4 -3.6 -19.9 -12.0 -3.9 -24.3 -12.5 -4.1 -26.2 
-49.1 -17.2 -93.7 -56.5 -18.5 -114.7 -58.7 -19.4 -123. 
-24.1 -8.4 -46.0 -27.7 -9.1 -56.3 -28.8 -9.5 -60. 
-3.6 -1.3 -6.9 -42 -1.4 -8.5 -4.3 -1.4 -9.1 
-4.4 -1.6 -8.5 -5.1 -1.7 -10.4 -5.3 -1.8 -11.1 

-22.6 -7.9 -43.2 -26.0 -8.5 -52.8 -27.0 -8.9 -56.8 
-26.1 -9.1 -49.8 -30.1 -9.8 -61.0 -31,2 -10,3 -65.- 

-207.1 -72.4 -395.6 -238.6 -78.2 -484.4 -247.8 -81.8 -520.• 
-9.5 -3.3 -18.1 -10.9 -3.6 -22.1 -11.3 -3.7 -23.: 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.16.  

-14.0 -4.9 -26.8 -16.2 -5.3 -32.8 -16.8 -5.5 -35. 
-6.1 -2.1 -11.7 -7.1 -2.3 -14.4 -7.4 -2.4 -15. 

-11.1 -3.9 -21.3 -12,8 -4.2 -26.0 -13.3 -4.4 -28. i 
-11.3 -3.9 -21.6 -13.0 -4.3 -26,4 -13.5 -4.5 -28. 

-7.5 -2.6 -14.3 -8.6 -2.8 -17.5 -9.0 -3.0 -18.9 
-3.2 -1.1 -6.1 -3.7 -1.2 -7.4 -3.8 -1.3 -8.4 

-16.4 -5.7 -31.3 -18.9 -6.2 -38.3 -19.6 -6.5 -41.2 
-3.3 -1.2 -6.3 -3.8 -1.2 -7.7 -4.0 -1.3 -8.  

-85.3 -29.8 -162.9 -98.2 -32.2 -199.4 -102.0 -33.7 -214. 
-83.9 -29.4 -160.3 -96.7 -31.7 -196.3 -100.4 -33.1 -211.0 

-4.9 -1.7 -9.4 -5,7 -1.9 -11.5 -5.9 -1.9 -12. 
-9.9 -3,4 -18.8 -11.3 -3.7 -23.0 -11.8 -3.9 -24,8 
-3.9 -1.4 -7,4 -4.4 -1.5 -9.0 -4.6 -1.5 -9.  

-12.9 -4.5 -24.6 -14.8 -4.9 -30.1 -15.4 -5.1 -32.4 
-67.5 -23.6 -128.8 -77,7 -25.5 -157.8 -80.7 -26.6 -169.• 
-10.9 -3.8 -20.7 -12.5 -4.1 -25.4 -13.0 -4.3 -27. 
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(MilHuns of $ 19991 

CASE HI 
City and CDP 

Scenarios Soanano 11 	Scenano III Scenario I Scenario II 	Scenario III Scenario Scenario III Scenano III 

Aliso Viejo -33.5 -11.7 -64.0 -38.6 -12.7 -78.4 -40.1 -13.2 $4.2 

Anaheim -242.9 -8.4.9 -463.9 -279.8 -91.7 .568.1 -290.6 -95.9 -610.5 

Brea -33.4 -11.7 -63.7 -38.4 -12.6 -78.0 -39.9 -13,2 -83.8 

Buena Park -60.7 -21.2 -116.0 -70.0 -22.9 -142.1 -72.7 -24.0 -152.7 

Costa Mesa -199.6 -69.8 -381.2 -229.9 -75.3 -466.6 -238.8 -78.8 -501.7 

Coto de Gaza -4.7 -1.6 -8.9 -5.4 -1.8 -10.9 -5.6 -1.B -11.7 

Cypress 44.5 -15.6 -85.0 -51.3 -16.8 -104.1 -53.3 -17.6 -111.9. 

Dana Point -38.6 -13.5 -73.8 -44.5 -14.6 -90.4 -46.2 -15.3 -97.1 

Foothill Ranch -0.6 -0.2 -1.2 -0.7 -0.2 -1.5 -0.7 -0.2 -1.6 

Fountain Valley -66.3 -23.2 -126.6 -76.3 -25.0 -155.0 -79.3 -26.2 -166.6 

Fullerton -128.0 -44.8 -244.5 -147.4 -48.3 -299.4 -153.2 -50.5 -321.8 

Garden Grove -135.1 -47.2 -258.1 -155.7 -51.0 -316.0 -161.7 : 53.4 -339.7 

Huntington Beach -196.8 -68.8 -375.9 -226.7 -74.3 -460.3 -235.5 -77.7 -494,7 

Irvine -94.6 -33.1 -180.8 -109.0 -35.7 -221.3 -113.2 -37.4 -237.9 

Laguna Beach -40.0 -14.0 -76.4 46.1 -15.1 -93.5 -47.9 -15.8 -100.5 

Laguna Hills -37.5 -13.1 -71.6 -43.2 -14.1 -87.6 -44.8 -14.8 -94.2 

Laguna Niguel -63.6 -22.3 -121.6 -73.3 -24.0 -148.9 -76.2 -25.1 -160.0 

Laguna Woods -25.6 -8.9 -48.9 -29.5 -9.7 -59.9 -30.6 -10.1 -64.3 

La Habra -41.5 -14.5 -79.3 -47.8 -15.7 -97.1 -49,7 -16.4 -104.4 

Lake Forest -55.1 -19.3 -105.2 -63.5 -20.8 -128.9 -65.9 -21.8 -138.5 

La Palma -8.4 -2.9 -16.0 -9.6 -3.2 -19.6 -10.0 -3.3 -21.0 

Las Flores -1.5 -0.5 -2.9 -1.7 -0.6 -3.5 -1.8 -0.6 -3.8 

Los Alamitos -14.4 -5.1 -27.6 -16.6 -5.5 -33.8 -17.3 -5.7 -36.3 

Mission Viejo -76.0 -26.6 -145.2 -87.5 -28.7 -177.7 -90.9 -30.0 -191.0 

Newport Beach -150.4 -52.6 -287.3 -173.2 -56.8 -351.8 -180.0 -59.4 -378.1 

Newport Coast -4.0 -1.4 -7,7 -4.6 -1.5 -9.4 -4.8 -1.6 -10.1 

Orange -152.4 -53.3 -291.2 -175.6 -57.5 -356.5 -182.4 -60.2 -383.2 

Placentia -30.4 -10.6 -58.1 -35.0 -11.5 -71.1 -36.4 -12.0 -76.5 

Portola Hills -0.3 -0.1 -0.5 -0.3 -0.1 -0.6 -0.3 -0.1 -0.6 

Rancho Santa Margarita -15,5 -5.4 -29.5 -17.8 -5.8 -36.2 -18.5 -6.1 -38.9 

Rossmoor -3.1 -1.1 -5.9 -3.6 -1.2 -7.3 -3.7 -1.2 -7,8 

San Clemente -45.9 -16.0 -87.6 -52.8 .17.3 -107.3 -54.9 -18.1 -115.3 

San Joaquin Hills -1.6 -0.6 -3.0 -1.8 -0.6 -3.7 -1.9 -0.6 

San Juan Capistrano -35.0 -12.2 -66.8 -40.3 -13.2 -81.8 -41.8 -13.8 -87.9 

Santa Ana -238.8 -83.5 -456.2 -275.1 -90.2 -558.6 -285.8 -94.3 -600.3 

Seal Beach -22.4 -7.8 -42.7 -25.8 -8.4 -52.3 -26.8 -8.8 -56.2 

Stanton -25.7 -9.0 -49.0 -29.6 -9.7 -60.0 -30.7 -10.1 -64.5 

Tustin -79.6 -27.8 -152.0 -91.7 -30.1 -186.2 -95.2 -31.4 -200.1 

Tustin Foothills -11.0 -3.9 -21.1 -12.7 -4.2 -25.8 -13.2 -4.4 -27.7 

Villa Park -3.9 -1.4 -7.5 -4.5 -1.5 -9.2 -4.7 -1.5 -9.8 

Westminster -99.6 -34.8 -190.2 -114.7 -37.6 -232.9 -119.2 -39.3 -250.4 

Yorba Linda -31.7 -11.1 -60.6 -36.6 -12.0 -74.2 -38.0 -12.5 -79.8 

Banning -12.6 -4,4 -24.1 -14.6 -4.8 -29.6 -15.1 -5.0 -31.8 

Beaumont -7.7 -2.7 -14.8 -8.9 -2.9 -18.1 -9.3 -3.1 -19.5 

Bermuda Dunes -1.1 -0.4 -2.1 -1.3 -0.4 -2.6 -1.3 -0.4 -2.8 

Cabazon -0.7 -0.3 -1.4 -0.9 -0.3 -1.7 -0.9 -0.3 -1.9 

Calimesa -3.7 -1.3 -7.1 -4.3 -1.4 -8.7 -4.4 -1.5 -9.3 

Canyon Lake -1.4 -0.5 -2.7 -1.6 -0.5 -3.3 -1.7 -0.6 -3.6 

Cathedral City -35.2 -12.3 -67.2 -40.5 -13.3 -82.3 -42.1 -13.9 -88.4 

Cherry Valley -1.0 -0.4 -1.9 -1.2 -0.4 -2.4 -1.2 -0.4 -2.5 
Coachella -11.9 -4.2 -22.8 -13.7 -4.5 -27.9 -14.3 -4.7 -29.9 
Corona -77.9 -27.2 -148.8 -89.8 -29.4 -182.2 -93.2 -30.8 -195.9 
Desert Hot Springs -6.0 -2.1 -11.6 -7.0 -2.3 -14.1 -7.2 -2.4 -152 
East Hornet -11.1 -3.9 -21.1 -12.7 -4.2 -25.8 -13.2 -4.4 -27.8 
El Cerrito -1.1 -0.4 -2.2 -1.3 -0.4 -2.7 -1.4 -0.5 -2.9 
Glen Avon -9.0 -3.1 -17.1 -10.3 -3.4 -21.0 -10.7 -3.5 -22.5 
Hemet -50.2 -17.6 -95.9 -57.8 -19.0 -117.4 -60.1 -19.8 -126.2 
Highgrove -0.6 -0.2 -1.2 -0.7 -0.2 -1.5 -0.8 -0.2 -1.6 
Home Gardens -2.4 -0.8 -4.6 -2.8 -0.9 -5.6 -2.9 -0.9 -6.0 
Homeland -0.5 -0.2 -1.0 -0.6 -0.2 -1.3 -0.7 -0.2 -1.4 
Idyliwild-Pine Cove 0.0 0.0 -0.1 0.0 0.0 -0.1 0.0 0.0 -0.1 
Indian Wells -6.6 -2.3 -12.6 -7.6 -2.5 -15.4 -7.9 -2.6 -16.6 
Indio -29.9 -10.4 -57.0 -34.4 -11.3 -69.8 -35.7 -11.8 -75.0 
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(Millions of S 19991 
101011011611.841111.001011....1003P 

City and CDP 
CASE I CASE II CASE 

Scenario II Scenano II 	Scenano III _ Scenario II 	Scenario III Scenario III Scenano I Scenario Ili Scenario III 

Lake Elsinore -22.2 	-7.7 	-.42.3 -25.5 -8.4 -51.8 -26.5 -8.8 -55 7 

Lakeland Village -1.6 -0,6 -3.1 -1.8 -0.6 -3,7 -1.9 -0.6 -4 0 

Lakeview -0.5 -0.2 -0.9 -0.6 -0.2 -1.1 -0.6 -0.2 -1.2 

La Quinta -8.2 -2.9 -15.7 -9.5 -3.1 -19.2 -9.8 -3.2 -20.7 

March AFB -0.8 -0.3 -1.6 -1.0 -0.3 -2.0 -1.0 -0.3 -2.1 

Mecca -0.1 0.0 -0.1 -0.1 0.0 -0.1 -0.1 0.0 -0.1 

Mira Lorna -8.4 -2.9 -16.1 -9.7 -3.2 -19.7 -10.1 -3.3 -21.2 

Moreno Valley -79.0 -27.6 -150.9 -91.0 -29.8 -184.8 -94.5 -31.2 -198,6 

Murrieta -10.6 -3.7 -20.3 -12.2 -4.0 -24.8 -12.7 -4,2 -26.7 

Murrieta Hot Springs -0,4 -0.1 -0.7 -0.4 -0.1 -0.9 -0.5 -1.0 

Norco -15.8 -5,5 -30.2 -18.2 -6.0 -36.9 -18.9 -6.2 -39.7 

Nuevo -0.9 -0.3 -1.8 -1.1 -0.3 -2.1 -1.1 -0.4 -2.3 

Palm Desert -67.0 -23,4 -127.9 -77,1 -25.3 -156.6 -80.1 -26.4 -168.3 

Palm Spnngs -75.6 -26.4 -144.5 -87.1 -28.6 -176.9 -90.5 -29.9 -190.1 

Pedley -7.7 -2,7 -14.6 -8,8 -2.9 -17.9 -3.0 -19.3 

Penis -23.0 -8.0 -43.9 -26.5 -8.7 -53.7 -27.5 -9.1 -57,7 

Quail Valley -0.4 -0.1 -0.8 -0.5 -0.2 -0.9 -0.5 -0.2 -1.0 

Rancho Mirage -22.1 -7.7 .422 -25.5 -8.3 -51.7 -26.5 -8.7 -55.6 

Riverside -264.3 -92.4 -504.8 -304.5 -99.8 -618.2 -316.2 -104.4 -664.4 

Romoland -1,1 -0.4 -2.2 -1.3 -0.4 -2,7 -1.4 -0.5 -2.9 

Rubidoux -11.3 -3.9 -21.5 -13.0 -4.3 -26.4 -13.5 -4.5 -28.4 

San Jacinto -10.3 -3.6 -19.7 -11.9 -3.9 -24.1 -12.3 -4.1 -25.9 

Sedco Hills -2.8 -1.0 -5,3 -3.2 -1.0 -6.5 -3.3 -1.1 -7.0 

Sun City -16.7 -5.8 -31.8 -19.2 -6.3 -39.0 -19.9 -6.6 -41.9 

Sunnyslope -0.6 -0.2 -1.1 -0.7 -0.2 -1.4 -0.7 -0.2 -1.5 

Temecula -29.1 -10.2 -55.6 -33.5 -11,0 -68.0 -34.8 -11,5 -73.1 

Thousand Palms -0.4 -0.2 -0.9 -0.5 -0.2 -1.0 -0.5 -0.2 -1.1 

Valle Vista -2.5 -0.9 -4.8 -2.9 -1.0 -5.9 -3.0 -1.0 -6.3 

Wildomar -6.1 -2.1 -11,7 -7.0 -2.3 -14,3 -7.3 -2.4 -15.3 

Winchester -2.0 -0.7 -3.9 -2.3 -0.8 -4.7 -2.4 -0,8 -5.1 

Woodcrest -6.2 -2.2 -11.8 -7.1 -2.3 -14.5 -7.4 -2.4 -15.5 

Camarillo -44.6 -15.6 -85.2 -51.4 -16.8 -104.3 -53.4 -17.6 -112.1 

Casa Conejo -1.8 -0.6 -3.4 -2.1 -0.7 -4.2 -2.1 -0.7 -4.5 

Channel Islands Beach -3.9 -1.4 -7,5 -4.5 -1.5 -9.2 -4.7 -1.5 -9.9 

El Rio -5.1 -1.8 -9,7 -5.9 -1.9 -11.9 -6.1 -2.0 -12.8 

Fillmore -3.5 -1.2 -6.6 -4.0 -1.3 -8.1 -4.2 -1,4 -8.7 

Meiners Oaks -2.2 -0.8 -4.2 -2.6 -0,8 -5.2 -2.7 -0.9 -5,6 

Mira Monte -6.3 -2.2 -12.1 -7.3 -2.4 -14.8 -7.6 -2.5 -15.9 

Moorpark -12.8 -4.5 -24.5 -14.7 -4.8 -29.9 -15.3 -5.1 -32.2 

Oak Park -0.1 0.0 -0.2 -0.1 0.0 -0.3 -0.2 0.0 -0.3 

Oak View -2.6 -0.9 -4.9 -3.0 -1.0 -6.1 -3.1 -1.0 -6.5 

Ojai -4.6 -1.6 -8.8 -5.3 -1.7 -10.8 -5.5 -1.8 -11.6 

Oxnard -110.4 -38.6 -210.8 -127.1 -41.7 -258.1 -132.1 -43.6 -277.4 

Piru 0.0 0.0 -0.1 0.0 0.0 -0,1 0.0 0.0 -0.1 

Port Hueneme -14.5 -5.1 -27.8 -16.7 -5.5 -34.0 -17.4 -5.7 -36.5 

San Buenaventura (Ventura) -100.3 -35.1 -191.6 -115.6 -37.9 -234.6 -120.0 -39.6 -2522 

Santa Paula -16.8 -5.9 -32.1 -19.3 -6.3 -39.3 -20.1 -6.6 -42.2 

Simi Valley -96.1 -33.6 -183.6 -110.7 -36.3 -224.8 -115.0 -38.0 -241.6 

Thousand Oaks -148.8 -52.0 -284.3 -171.5 -56.2 -348.2 -178.1 -58.8 -3742 

Adelanto -3.6 -12 -6.8 -4.1 -1.3 -8.3 -4.3 -1.4 -8.9 

Apple Valley -23.2 -8.1 -44.3 -26.7 -8.8 -54.2 -27.8 -92 -58.3 

Barstow -12.6 -4,4 -24,1 -14.6 -4.8 -29.6 -15.1 -5.0 -31.8 

Big Bear City -0.2 -0.1 -0.3 -0.2 -0.1 -0.4 -0.2 -0.1 -0.4 

Big Bear Lake -5.1 -1.8 -9.7 -5.9 -1.9 -11,9 -6.1 -2.0 -12.8 

Bloomington -10.3 -3.6 -19.6 -11.8 -3,9 -24.0 -12.3 -4.1 -25.8 

Chino -55.2 -19.3 -105.4 -53.6 -20.8 -129.1 -66.0 -21.8 -138.8 

Chino Hills -20.8 -7.3 -39.8 -24.0 -7,9 -48.7 -24.9 -8.2 -52.3 

Colton -41.2 -14.4 -78.7 -47,4 -15,5 -96.3 -49,3 -16.3 -103.5 

Crestline -1.3 -0,4 -2.4 -1.5 -0.5 -3.0 -1.5 -0.5 -3.2 

Fontana -76.4 -26.7 -145.9 -88,0 -28.8 -178.7 -91,4 -30.2 -192.0 

Grand Terrace -32.2 -11.2 -61.4 -37.0 -12.1 -75.2 -38.5 -12,7 -80.8 

Hesperia -28.2 -9.9 -53.8 -32.5 -10.6 -65.9 -33,7 -11.1 -70.8 

Highland -15.6 -5.4 -29.7 -17.9 -5.9 -36.4 -18.6 -6.1 -39.1 
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CASE ill 

(MiMoms of S 19991 

Scenario II Scenario III Scenano I Scenano II Scenario III Scenario I Scenario II Scenario iil 
oshua Tree 	 -0.5 	-0.2 	-0.9 	-0.6 	-0.2 

	
1.1 	-0.6 	-0.2 	 2 

Lake Amu/head 	 -0.9 	-0.3 	-1,7 	-1.0 	-0.3 	-2.1 	-1.1 	-0.4 	-2.2 
Lenwood 	 -0.1 	0.0 	-0.2 	-0.1 	0.0 	-0.2 	-0.1 	0,0 	-0,3 
Loma Linda 	 -9.4 	-3.3 	-18.0 	-10.8 	-3.6 	-22.0 	-11.3 	-37 	-23.6 
Mentone 	 -0.8 	-0.3 	-1.6 	-1.0 	-0.3 	-1.9 	-1.0 	-0.3 	-2.1 
Montclair 	 -77.3 	-27.0 	-147.6 	-89.0 	-29.2 	-180.7 	-92.4 	-30.5 	-194.2 
Morongo Valley 	 -0.1 	0.0 	-0.1 	-0.1 	D.D 	-0.2 	-0.1 	0.0 	-0.2 
Mountain View Acres 	 -3.3 	-1,1 	-6.2 	-3.7 	-1.2 	-7.6 	-3.9 	-1.3 	-8.2 
Musooy 	 -1.3 	-0.4 	-2.4 	-1.5 	-0.5 	-2.9 	-1.5 	-0.5 	-3.2 
Nebo Center 	 -0.1 	-0.1 	-0.3 	-02 	-0.1 	-0.3 	-0.2 	-0.1 	-0.4 
Ontario 	 -149.7 	-52.3 	-265.9 	-172.4 	-56.5 	-350.1 	-179.1 	-59.1 	-376.3 
Rancho Cucamonga 	 -92,1 	-32.2 	-175.9 	-106.1 	-34.8 	-215.4 	-110.2 	-36.4 	-231. 
Redlands 	 -61.6 	-21.6 	-117.7 	-71.0 	-23.3 	-144.2 	-73.7 	-24.3 	-154.9 

Rialto 	 -46.6 	-16.3 	-89.1 	-53.7 	-17.6 	-109.1 	-55.8 	-18.4 	-117 

Running Springs 	 -0.2 	-0.1 	-0.4 	-0.2 	-0,1 	-0.5 	-0.2 	-0.1 	-O. 
San Antonio Heights 	 -0.7 	-0.3 	-1.4 	-0.8 	-0.3 	-1.7 	-0.9 	-0,3 	-1.8 
San Bernardino 	 -173.5 	-60.7 	-331.4 	-199.9 	-65.5 	-405.8 	-207.6 	-68.5 	-436.2 

wentynine Palms 	 .-7.1 	-2.5 	-13.5 	-8.1 	-2.7 	-16.5 	-8.4 	-2.8 	-17.8 
wentynine Palms Base 	 0.0 	0.0 	0.0 	0.0 	0.0 	0.0 	0.0 	0.0 	0.0 

Upland 	 -73.0 	-25.5 	-139.4 	-84.1 	-27.5 	-170.7 	-87.3 	-28.8 	-183.4 
Victorville 	 -64.9 	-22,7 	-124.1 	-74.8 	-24.5 	-151.9 	-77.7 	-25.6 	-163.3 

rightwood 	 -0.5 	-0.2 	-0.9 	-0.6 	-0.2 	-1.2 	-0.6 	-0.2 	-1.2 
ucaipa 	 -18.6 	-6.5 	-35.5 	-21.4 	-7.0 	-43.5 	-22.3 	-7.3 	-46 

Yucca Valley 	 -7.2 	-2.5 	-13.7 	-8.3 	-2.7 	-16.8 	-8.6 	-2.8 	-18.1 
LOS ANGELES - UNINCOR 	 -157.2 	-55.0 	-300.2 	-181.1 	-59.3 	-367.6 	-188.1 	-62.1 	-395.1 
ORANGE - UNINCOR 	 -95,2 	-33.3 	-181.8 	-109.6 	-35.9 	-222.6 	-113.9 	-37.6 	-239 
RIVERSIDE - UNINCOR 	 -130.2 	-45.5 	-248.6 	-149.9 	-49.1 	-304A 	-155.7 	-51.4 	-327 
SAN BERNARDINO - UNINCOR 	-129.4 	-45.3 	-247.2 	-149.1 	-48.9 	-302.7 	-154.9 	-51.1 	-325.4 

ENTURA - UNINCOR 	 -91.1 	-31.8 	-174.0 	-1D4.9 	-34.4 	-213.0 	-109.0 	-36.0 	-229 
otal 	 -13,870 	-4,850 	-26,495 	-15.978 	-5.236 	-32.442 	-16,597 	-5.477 	-34,86 
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The LARWQCB 1998 303(d) list significantly follows the NRDC et al. EPA 

Consent Decree mandating the development of 92 TMDLs for about 550 water 

body-pollutant units. In the 2002 list draft, many of these units have been split 

into several contaminants units. Further, water bodies have been merged into a 

single reach designation, making direct numeric comparisons difficult. However, 

ignoring the splits and merges, about 70 of those units will be deleted from that 

list and nearly 100 added. Clearly, this list is in significant flux, and treatment 

solutions developed based on the 2002 303(d) list will need to be adaptive to the 

addition of new and potentially difficult to treat contaminants. The middle two 

columns of Table B.1 were converted from the October 2002 303(d) list. The left 

column is a numeric list and the right column identifies that level of water 

treatment that is correlated with the pollutants in the adjacent column that are 

identified in bold text. Most discharges to the ocean require at least level II 

treatment and most inland discharges need level III advanced treatment. 

• "BMP" indicates that Best Management Practices may be sufficient to reach 

water quality objectives, 

• "Legacy" indicates that any discharge is from a historic source such as 

sediments 

• "Level I" is lower cost physical treatment 

• "Level II" is a disinfection treatment (ozone or UV light since chlorination may 

form other prohibited compounds), with level I pretreatment; and 

• "Level III" is an expensive advanced treatment such as reverse osmosis, 

denitrification, ion exchange, or granulated active carbon, with level I and II 

pretreatment. 
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Table B.1: October 2002, Draft 303(d) Listings in the Los Angeles Region 

Item # Water Body Name 303(d) Listed PollutantfStressor Treatment 

1 Abalone Cove Beach Beach Closures, DDTs , PCBs F  , Level II 

2 Aliso Canyon Wash Se Level Ill 

3 Amarillo Beach DDTF , PCBs F  Legacy 

4 Arroyo Seco Reach 1 Algae, Coliform, Trash Level III 

5 Arroyo Seco Reach 2 Algae, Coliform, Trash Level III 

6 Ashland Avenue Drain Coliform, Low DO, Toxicity Level Ill 

7 Avalon Beach Bacteria Level II 

8 Ballona Creek Cds , ChemA, Chlordane, Cu, DDT, 
Dieldrin, Virus, Coliform, Pb, PCBs, 
pH, Toxicitys , Se, Ags  Toxicity, ,Zinc 

Level Ill 

9 Ballona Creek Estuary Chlordane, DDTS,  Coliform, Pbs , 
PAHss , PCBsS,  Toxicitys , Shellfish 
Zn s  

Level Ill 

10 Ballona Creek Wetlands Exotics, Altered Habitat, Hydromod., 
Reduced Tidal, Trash 

Level I 

11 Bell Creek Coliform Level II 

12 Big Rock Beach Beach Closures, DDTF , Coliform, 
PCBs F  

Level II 

13 Bluff Cove Beach Beach Closures, DDTF, PCBsF  Level II 

14 Brown Barranca/Long Cyn Nitrate, Nitrite Level Ill 

15 Burbank Western 
Channel 

NH3, Cd, Odors, Scum, Trash Level Ill 

16 Cabrillo Beach (Inner) Beach Closures, DDTF, PCBs F  Level II 

17 Cabrillo Beach (Outer) Beach Closures, DDTF , Coliform, 
PCBs F  

Level II 

18 Calleguas Creek Reach 1 Chlordane, Cu, DDTs , Endosulfan, 
Hg, Ni, Nitrogen, PCBs, Toxicitys , 
Sedimentation, Zinc 

Level Ill 

19 Calleguas Creek Reach 2 NH3, ChemA, Chlordane, Cu, DDTS, 
Endosulfan, Fecal Coliform, 
Nitrogen, PCBs, Toxicitys , 
Sedimentation, Toxaphene s  

Level Ill 

20 Calleguas Creek Reach 3 Cl, NO2, NO3, Sedimentation, TDS Level III 
21 Calleguas Creek Reach 4 Algae, ChemA, ChlordaneS, DDTS, 

Chlorpyrifos, Endosulfan s, 
Dieldrin, Fecal Coliform, NO2, NO3, 
Nitrogen, PCBs, Se, Sedimentation, 
Toxaphenes , Toxicity, Trash 

Level Ill 

s=Sediments 
F=Fish Advisory (Normally due to legacy pollutants, requiring sediment treatment). 
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Item # Water Body Name 303(d) Listed Pollutant/Stressor Treatment 

22 Calleguas Creek Reach 5 Algae, ChemA, Chlordane s , 
Chlorpyrifos, Dacthal s , DDTs, 
Dieldrin, Endosulfans , Nitrogen, 
PCBs, Sedimentation, Toxaphene s, 
Toxicity, Trash 

Level III 

23 Calleguas Creek Reach 6 NH3, CI, DDTs , Fecal Coliform, NO2, 
NO3 , Sedimentation, Sulfates, TDS 

Level III 

24 Calleguas Creek Reach 7 NH3, B, CI, Fecal Coliform, OP 
Pesticides, Sedimentation, 
Sulfates, TDS 

Level III 

25 Calleguas Creek Reach 8 B, CI, Sedimentation, Sulfates, TDS Level III 

26 Calleguas Creek Reach 9A Algae, ChemA, DDT, Endosulfan, 
Fecal Coliform, NO2, NO3, 
Sedimentation, Sulfates, TDS, 
Toxaphenes  

Level III 

26 Calleguas Creek Reach 9B Algae, NH 3,ChemA, CI, DDT, 
Endosulfan, Fecal Coliform, 
Sedimentation, Sulfates, TDS, 
Toxaphenes, Toxicity 

Level III 

27 Calleguas Creek Reach 
10 

Algae, NH 3,ChemA, CI, DDT, 
Endosulfan, Fecal Coliform, NO2, 
Sedimentation, Sulfates, TDS, 
Toxaphenes, Toxicity 

Level III 

28 Calleguas Creek Reach 
11 

Algae, NH3,ChemA, CI, DDT, 
Endosulfan, Fecal Coliform, 
Sedimentation, Sulfates, TDS, 
Toxaphenes, Toxicity 

Level III 

29 Calleguas Creek Reach 
12 

NH3, Chlordane, DDT, 
Sedimentation, Sulfates, TDS 

Level III 

30 Calleguas Creek Reach 
13 

Algae, NH 3,ChemA, Chlordane, CI, 
DDT, Dieldrin, Endosulfan, HCH, 
PCBs, Sedimentation, Sulfates, 
TDS, Toxaphenes, Toxicity 

Level III 

31 Canada Larga (Ventura 
R) 

Fecal Coliform, Low DO Level II 

32 Carbon Beach Beach Closures, DDTF , PCBsF  Level II 
33 Castlerock Beach Bacteria, Beach Closures, DDTF , 

PCBsF  
Level II 

34 Channel Islands Harbor Pbs , Zn S  Legacy 
Level II 35 Channel Ilds Harbor Beach Bacteria 

36 Colorado Lagoon Chlordanes, DDT, Dieldrin, Pbs , 
PAHss , PCBs, Toxicitys , Zns  

Level III 

=Sediments 
F=Fish Advisory (Normally due to legacy pollutants, requiring sediment treatment). 
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Item # 	Water Body Name 303(d) Listed Pollutant/Stressor 	Treatment 

37 	Compton Creek Cu, Coliform, Pb, pH, 	 Level III 

38 Coyote Creek Fish Histology, Algae, Cu, 
Coliform, Pb, Se, Zn 

Level III 

39 Crystal Lake Low Do BMP / 
Level I 

40 Dan Blocker Beach Coliform 	 Level II 
41 Dockweiler Beach Beach Closures, Coliform Level II 

42 Dominguez Channel >VT Aldrin, NH3, ChemA, Chlordane, 
Crs, Cu, DDT's , Dieldrin, Coliform, 
Pb, PAHsS,  PCBs, Zn s  

Level III 

43 Dominguez Channel <VT Aldrin, NH 3 , Benthic, ChemA, 
Chlordane, Crs , Cu, DDTs , Dieldrin, 
Coliforrn, Pb, PAHsS,  PCBs, Zns  

Level III 

44 Dry Canyon Creek Fecal Coliform, Se Level III 

45 Duck Pond/Mugu Drain ChemA, Chlordane, DDTs , 
Nitrogen, Toxicit?, Toxaphene 

Level III 

46 Echo Park Lake Algae, NH3, Cu, Eutrophic, Pb, 
Odors, PCBs, pH 

Level Ill 

47 El Dorado Lakes Algae, NH3, Cu, Eutrophic, Pb, Hg, 
pH 

Level III 

48 Elizabeth Lake Eutrophic, Low DO, pH, Trash Level 111/I 

49 Escondido Beach Beach Closures, DDTF, PCBs F  Level II 

50 Beach Closures, DDTF, PCBsF  Level II 
51 B, NOR, NO3 , Sulfates, TDS Level III 
52 Hermosa Beach Beach Closures Level II 
53 Hobie Beach Bacteria Level II 

54 Hopper Creek Sulfates, TDS Level III 

55 Inspiration Point Beach Beach Closures, DDTF , PCBs F  Level II 

56 La Costa Beach Beach Closures, DDTF, PCBs F  Level II 

57 Lake Calabasas NH3 , DDT, Eutrophic, Odors, Low 
DO, pH 

Level III 

58 Lake Hughes Algae, Eutrophic, Fish Kills, Odors, 
Trash 

Level III 

59 Lake Lindero Algae, Cl, Eutrophic, Odors, 
EC(TDS), Trash 

Level III 

60 Lake Sherwood Algae, NH 3, Eutrophic, Hg, Low DO Level III 
61 Las Flores Beach Coliform, DDTF, PCBs F  Level II 
62 Las Tunas Beach Beach Closures, DDTF , PCBs F  Level II 
63 Las Virgenes Creek Coliforms, Nutrients (Algae), Low 

DO, Scum, Sedimentation, Se, Trash 
Level III 

s=Sediments 
F =Fish Advisory (Normally due to legacy pollutants, requiring sediment treatment). 
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Item # Water Body Name 303(d) Listed Pollutant/Stressor Treatment 

64 Legg Lake NH 3, Cu, Pb, Odors, pH, Trash Level Ill 

_65 Leo Carillo Beach Beach Closures, Coliform Level II 

66 Lincoln Park Lake NH3 Eutrophic, Pb, Odors, Low DO Level III 

67 Lindero Creek Reach 1 Algae, Coliform, Scum, Se, Trash Level III 

68 Lindero Creek Reach 2 Algae, Coliform, Scum, Se, Trash Level III 

69 Long Beach Harbor Benthic, DDTF , PAHs s, PCBs F , 
Toxici 

Legacy or 
Level III 

70 Long Point Beach Coliforrn, DDT F , PCBs F  Level II 

71 Los Angeles Fish Harbor DDT, PAHs, PCBs Legacy or 
Level III 

72 LA Hbr Consolidated Slip Benthic, Cds , Chlorodanes , Crs , 
Cus , DDTF , Dieldrin s , Pb s , Hgs , 
PAHs s, PCBsF, Toxicitys , Zn b  

Legacy or 
Level III 

73 LA Hbr Inner Breakwater DDT, PAHs, PCBs Legacy or 
Level III 

74 LA Hbr Main Channel Beach Closures, Cu s , DDTF , PAHs s , 
PCBs F, Toxicitys , Zns  

Level II 

75 LA Hbr Southwest Slip DOTE, PCBs F , Toxicitys  Legacy 

Legacy 
Level III 

76 LA River Estuary Chlorodanes , DDTs , Pbs , PCBs s , Zns  

77 LA River Reach 1 Al, NH3, Cd, Cu, Coliform, Pb, 
Nutrients (Algae), pH, Scum, Zn 

78 LA River Reach 2 NH3, Coliform, Pb, Nutrients 
(Algae), Odors, Oil, Scum 

Level III 

79 LA River Reach 3 3, nutrients (Algae), Odors, 
Scum 

Level Ill 

80 LA River Reach 4 NH3, Coliform, Pb, Nutrients 
(Algae), Odors, Scum 

Level Ill 

81 LA River Reach 5 NH3, ChemA, Nutrients (Algae), 
Odors, Oil, Scum 

Level Ill 

82 LA River Reach 6 1,1-DCE, Coliform, PCE, TCE Level III 

83 Los Cerritos Channel NH3, Chlordanes , Cu, Coliform, Pb, 
Zn 

Level III 

84 Lunda Bay Beach Beach Closures Level II 

85 Machado Lake (Harbor L) Algae, NH 3, ChemA, Chlordane, 
DDT, Dieldrin, Eutrophic, Odors, 
PCBs, Trash 

Level III 

86 Malaga Cove Beach Beach Closures, DDTF , PCBs F  Level II 

87 Malibou Lake Algae, Chlordane, Eutrophic, Low 
DO, PCBs 

Level III 

88 Malibu Beach Beach Closures, DDT F  Level II 

s=Sediments 
F=Fish Advisory (Normally due to legacy pollutants, requiring sediment treatment). 

r 
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Item # Water Body Name 303(d) Listed Pollutant/Stressor 	Treatment 
89 Malibu Creek Barriers, CoWorm, Nutrients 

(Algae), Scum, Sedimentation, Trash 
Level III 

90 Malibu Lagoon Benthic, Virus, Eutrophic, Coliform, 
pH, Shellfish, REC1 

Level IN or 
Level II 

91 Malibu Lagoon Beach Beach Closures, DDTF , Coliform, 
PCBs F  

Level II 

92 Manhattan Beach Beach Closures Level II 
93 Marina del Rey Basins Chlordanes, Cus , DDTS,  Dieldrin, 

Fish Consumption, Coliform, Pbs , 
PCBs s, Toxicitys, Zn5  

Level III 

94 Marina del Rey Beach Beach Closures, Coliform Level II 

95 Matilija Creek Reach 1 Barriers BMP 

96 Matilija Creek Reach 2 Barriers BMP 

97 Matilija Reservoir Barriers BMP 

98 McCoy Canyon Creek Fecal Coliform, NO3, Se Level III 

99 McGrath Beach Coliform Level II 

100 McGrath Lake Chlordanes, DDTs, Dieldrin5 , 
PCBss, Toxicity5  

Legacy 

101 Medea Creek Reach 1 Algae, Coliform, Sedimentation, Se, 
Trash 

Level III 

102 Medea Creek Reach 2 Algae, Coliform, Sedimentation, Se, 
Trash 

Level III 

103 Mint Canyon Reach 1 NO2, NO3  Level III 

104 Monrovia Canyon Lake Pb Level II or 
Level III 

105 Munz Lake Eutrophic, Trash Level III 

106 Nicholas Canyon Beach Beach Closures, DDT F , PCBs F  Level II 

107 Ormond Beach Bacteria Level II 

108 Palo Comado Creek Coliform Level II 

109 Palo Verde Shoreline Bch Pathogens, Pesticides Level III 

110 Paradise Cove Beach Beach Closures, DDTF, Coliform, 
PCBsF  

Level II 

111 Peck Road Park Lake Chlordane, DDT, Pb, Odors, Low 
DO 

Level III 

112 Peninsula Beach Bacteria Level II 

113 Pico Kenter Drain NH3, Cu, Virus, Coliform, Pb, PAHs, 
Toxicity, Trash 

Level III 

114 Piru Creek PH Level I 

115 Point Dune Beach Beach Closures, DDTF , PCBsF  Level II 

s=Sediments 
F=Fish Advisory (Normally due to legacy pollutants, requiring sediment treatment). 
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Item # Water Body Name 

116 Point Fermin Park Beach 

117 Point Vicente Beach 
118 Pole Creek 

119 Port Hueneme (Back) 

120 Portugese Bend Beach 

121 Promenade Park Beach 

122 Puddingstone Reservoir 

123 Puerco Beach 

124 Redondo Beach 

125 Resort Point Beach 

126 Rincon Beach 

127 Rio De Santa Clara 

128 Rio Hondo Reach 1 

129 Rio Hondo Reach 2 

130 Robert H. Myer Beach 

131 Rocky Point Beach 

132 Royal Palms Beach 

133 San Antonio Creek 

134 San Buenaventure Beach 

135 San Gabriel River Estuary 

136 San Gabriel River Reach 
1 

137 San Gabriel River Reach 
2 

138 San Jose Creek Reach 1 
139 San Jose Creek Reach 2 

140 San Pedro Bay 

141 Santa Clara River Estuary 

142 Santa Clara River Reach 
3 

143 Santa Clara River Reach 
7 

144 Santa Clara River Reach 
8 

Beach Closures Level II 

Nitrogen Level III 

Bacteria Level II 

Fish Histology Level III 

Cu, Coliform, Pb, Zn Level III 

Algae, Coliform, pH Level III 

Algae, Coliform, pH Level III 

NH3, CI, TDS Level III 

CI, Coliform, NO2, NO 3  Level III 

Level III CI, Coliform, NO2 

Bacteria Level II 

Bacteria Level II 

303 d Listed Pollutant/Stressor 

Beach Closures, DDTF , PCBs F  
Beach Closures 

Sulfates, TDS 

DDT, PCBs 

Beach Closures, DDTF , PCBs F  

Treatment 

Level II 
Level II 

Level III 
Level III 

Level II 

Chlordane, DDT, Hg, Low DO, 
PCBs 

Beach Closures, DDTF , PCBs F  
Beach Closures, DDTF , Coliform, 
PCBs F  

Beach Closures 

Level III 

Level II 
Level II 

Level II 

ChemA, Chlordane, DDT, Nitrogen, 
PCBs, Toxicitys , Toxaphene 

Cu, Coliform, Pb, pH, Trash,• 
Toxaphene 

Coliform 

Level III 

Level III 

Level II 

Beach Closures, DDTF , PCBs F  Level II 

Beach Closures, DDTF, PCBs F  Level II 

Fish Histology, 4Igae, Coliform Level III 

Crs , Cus, DDTF, PAHs , PCBsF , 
Toxicitys , Zns  

Legacy 

ChemA, Coliform, Toxaphene Level III 

5=Sediments 
F=Fish Advisory (Normally due to legacy pollutants, requiring sediment treatment). 
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Item # Water Body Name 303(d) Listed Pollutant/Stressor Treatment 

145 Santa Clara River Reach 
9 

Coliform Level II 

146 Santa Fe Dam Park Lake Cu, Pb, pH Level III 

147 Santa Monica Bay Chlordanes, DDTs , Debris, PAHs s , 
PCBss, Fish Consumption, Toxicitys  

Legacy 

148 Santa Monica Beach Beach Closures, Coliform Level II 

149 Santa Monica Canyon Coliform, Pb Level Ill 

150 Sea Level Beach Beach Closures, DDTF , PCBs F  Level II 

151 Sepulveda Canyon NH3, Coliform, Pb Level III 

152 Sespe Creek Cl, pH Level III 

153 Stokes Creek Coliform Level II 

154 Surfers Point at Seaside Bacteria Level II 

155 Topanga Beach Beach Closures, DDTF , Coliform 
PCBs F  

Level II 

156 Topanga Canyon Creek Pb Level III 

157 Torrance Beach Beach Closures, Coliform Level II 

158 Torrance Carson Channel Cu, Coliform, Pb Level III 

159 Torrey Canyon Creek NO2, NO3  Level III 

160 Trancas (Broad) Beach Beach Closures, DDTF , Coliform 
PCBsF  

Level II 

161 Triunfo Cyn Crk Reach 1 Pb, Hg, Sedimentation Level III 

162 Triunfo Cyn Crk Reach 2 Pb, Hg, Sedimentation Level III 

163 Tujunga Wash NH 3, Cu, Coliform, Odors, Scum, 
Trash 

Level III 

164 Venice Beach Beach Closures, Coliform Level II 

165 Ventura (Harbor) Keys Coliform Level II 

166 Ventura River Estuary Algae, Eutrophic, Coliform, Fecal 
Coliform, Trash 

Level III 

167 Ventura Reach 1 & 2 Algae Level III 

168 Verdugo Wash Reach 2 Algae, Coliform, Trash Level III 

169 Walnut Creek Wash pH, Toxicity Level III 

170 Westlake Lake Algae, NH3, Chlordane, Eutrophic, 
Pb, Low DO 

Level III 

171 Wheeler Canyon (Todd B) NO2, NO3,Sulfates, TDS Level III 

Level II 172 Whites Point Beach Beach Closures, DDTF, PCBs F  

173 Will Rogers Beach Beach Closures, Coliform Level II 

174 Wilmington Drain NH3, Cu, Coliform, Pb Level III 

175 Zuma Beach Beach Closures, DDTF , PCBsF  Level II 
s=Sediments 
F=Fish Advisory (Normally due to legacy pollutants, requiring sediment treatment). 
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SECTION 1 
EXECUTIVE SUMMARY 

This report evaluates the potential financial and economic impacts of implementing an enhanced 
storm water treatment program in the Los Anodes National Pollutant Discharge Elimination 

System (NPDESI Permit area as part of the Caltrans District 7 Storm Water Facilities Retrofit 
Evaluation. The full storm water treatment system would require about 553,6 billion in capital 
improvement costs which Includes land and 5198.9 million in annual, operations and maintenance 
costs. Land requirements for the estimated 480 treatment facilities would total about 13.950 acres. 
The evaluation methodology applies the EPA Municipal Screener approach and other selected 
economic indicators. . • 

1.1 	Preliminary Municipal Screener Impacts 

The EPA publication, Economic Guidance jorWair,..rsundArd5Warklms2k, describes a 
methodology for measuring economic impacts, One test in the described methodology is called the 
Preliminary Municipal Screener. According to the Workbook: 

"This guidance is presented to assist States and applicants in understanding the 

economic factors that may be considered, and the rypes of tests that can be used to 

determine if a designated use cannot be attained. if a variance, can be granted. of if 

degradation of high-quality water is warranted. To remove a designated use or obtain 

a vanance. the State or discharger must demonstrate that anatning the designated use 

would result in substantial and widespread economic and social impacts.' . 

The Municipal Screener test indicates whether a public entity will nor incur any substantial economic 
impacts from the proposed pollution control program. This Screener is the estimated Total Annual 
Pollution Control Cost per Household as a percent of Median Household Income in the community 
deemed "affordable" by the United States Environmental Protection Agency (EPA). The test 
specifies that local pollution control costs between I percent and 2 percent of median household 
income constitute "Mid-Range" impacts and greater than 2 percent constitute "Large" impacts. Thc 
estimated cost for existing pollution controls plus the full storm water system is about 31,295 per 
household annually which results in impels over 2 percent of median household income, therefore: 
this is judged to create a substantial economic impact. This total cost is comprised of the annual 
existing non-storm water pollution control cost of 5554 per household plus the annual average storm 
water cost estimate of 3741 per household. 

1.2 	Secondary Municipal Screener Impacts 

The EPA standards workbook also specifies that a secondary test must be done, if the Municipal 
Screener is not clearly less than 1 percent of median household income. Thc secondary test is 
intended to characterize the community's ability to obtain financing and to indicate the 
socioeconomic health of the community. As applied to the Los Angeles area, this test generates a 
score that is within EPA's Mid-Range level of economic impacts. 

Thc Secondary Test utilizes five indicators to form a composite assessment of the community's 
economic health and the financial impact of the pollution control project. Besides providing guidance 
on how to calculate each indicator, the Workbook supplies criteria for scoring each as I-weak, 2-mid- 
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range or 3-strong. For each of the five indicators the community is rated as weak. mid-range. or stronr. 

based on various thresholds that apply to specific indicators. For example. overall net debt is used as 

an indicator of a community's ability to meet debt obligations and its capacity to finance infrastructure. 

For example. if the Overall Net Debt Per Capita isreater than 53.000. the community would have less 

capacity to fund additional infrastructure and would therefore be rated weak with a rating of I. 

However, if the debt per capita is less than S1,000 it would be considered strove and asstened a rating 

of 3. The indicators arc then averaged to derive the Secondary Score. 

The results from the Preliminary Municipal Screcncr and the Secondary Screener arc measured jointly 

to determine whether the community would be expected to incur substantial impacts due to the 

proposed pollution control project. As shown on Table 1-1. for the Los Angeles area based on the 

secondary screener analysis. the score falls within the 1.5 to 2.5 range. When combined with an 

annualized cost greater than 2 percent of median household income, the joint score results in estimated 

substantial impacts. according to EPA's Substantial Impacts Matrix, as indicated by the "X" in Table 

1-1. 

1-3 	Widespread Impacts 

Based on the EPA methodology and other economic indicators presented below, the economic impacts 

arc judged to be both substantial and widespread for the full system storm water treatment costs. Other 

levels of treatment or funding sources may be considered to mitigate these impacts. 

1.3.1 Property Tax Impacts 

One measure of financial feasibility is the estimated impact on the property tax rate. The property tax 

rate for a single family unit is estimated to increase by 0.87 percentage points for the full system. 

When added to the median base property tax of 1.19 percent, this results in a total property tax of 2.06 

percent, increasing the annual property tax, bill by about 70 percent. Given the current economic 

climate in California, this estimated increase is clearly more than is likely to be absorbed by local 

single family households alone. For multi-family units, the estimated increase of 0.67 percentage 

points would also represent a potential sizable rental pass through. 

1.3.2 Sales Tax Impacts 

To compare the annualized storm water treatment costs to other economic indicators, a hypothetical 

increase of 6 percentage points above the present sales tax rate, to a level of about 12 percent, was 

estimated in lieu of increasing the property tax for the cost of full treatment. This impact is judged to 

be widespread and much higher than most households would consider acceptable, 
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Secondary' 
Score 

Municipal Preliminary Screener li  

 

Level of Adverse Impact  

Source: Stanley R. Hoffman Associeles, Inc. 
Economic Guidance for Water Quality Standards Workbook, 
U.S. Environmental Protection Agency 

Lase than 1.5 

Between 1.5 and 2.5 

Greater than 2.5 

Weak, 

1,4 ri.rog e 

Strong 

Between 	Greater than 
1.0 - 2.0 % 	2.0% 

Less than 
1.0 % 

Table 1-1 
Financial and Economic impacts of Storm Water Treatment 

Assessment of Substantial Impacts Matrix 

Los Angeles NPDES Area 

1. The Secondary Score represents a weighted average based on a number of 
economic criteria described in the text. 

2. The Municipal Preliminary Screener represents a percentage of median 
household income. 

3. Shaded erne denotes where substantial impacts are estimated to occur 
according to the EPA Preliminary and Secondary Municipal Screeners. 
The combined score for the Los Angeles NPDES area results 
in substantial impacts as shown in the figure by the X. 
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1.3.3 Land Requirement and Displacement Impacts 

Treatment facilities for storm water runoff are land intensive. The land and land cost requirements 
fo r  the full system arc about 13.950 acres and 6.1 billion dollars. requiring multiple treatment plants: 

About 67 percent of this acreage would be required for treatment Level I and the rest for treatment 

Level 3. While marginal or vacant parcels would initially be sought. potential displacement of many -
households and businesses as well as relocation and land acquisition costs would be required. 

1.3.4 Employment Impacts 

The Los Angeles area economy has been recovering from the deep recession of the early 1990s when 

the total County economy lost more than 400.000 jobs. The County is currently on a recovery path. 

The additional costs per household and per business arc likely to slow this recovery and cause some 

businesses to relocate or expand elsewhere. Again, while specific estimates of impacts are not made, 

the burden of additional costs of a substantial nature is viewed as widespread because the potential 

treatment plants would be distributed throughout the Los Angeles drainage areas. Since specific 

locations arc not identified. these displacement impacts are not quantified as pan of this study. . 

As was indicated earlier, the average household share of the financing burden would amount to about 

a 73 percent increase in annual property taxes. For many households, such an increase in property 

taxes would cause a significant reduction in their consumption and savings. Over time, landowners 

would also pass forward tax increases to renters as increased rents which would produce a reduction 

in consumption by renters. Such potentially widespread reduction in consumption among 

households would likely cause loss of retailing and other local serving jobs. 

13.5 Impacts on Outstanding Local Debt 

According to California Municipal Statistics, Inc.. there is an estimated S 11.6 billion of outstanding 

local public debt in Los Angeles County. The estimated cost of S53.6 billion for full storm water 

treatment would represent almost a fivefold increase in debt. Even the Secondary Municipal Screener 

level of S5.3 billion of estimated capital costs represents about 46 percent of existing unpaid local 

public debt. 

1.4 	Estimated Non-Storm Water Pollution Control Costs 

According to the EPA guidelines, the Municipal Scrcener approach provides an estimate of what is 

deemed "affordable" for pollution control programs. The present study first examined the 

incremental financial and economic burden of storm water treatment in the Los Angeles County 

NPDES Permit Area. However, other public pollution control programs also require funding and 

must be considered in setting expenditure priorities. According to the EPA Municipal Screener; the 

estimated incremental cost of any new pollution control program should be added to the existing and 

future costs for other types of pollution control programs, such as air quality. wastewater treatment, 

and solid and toxic waste disposal. 
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In Section 10 of this report. estimates of existing and future non-storm water pollution controls are 
made which can be added to the incremental costs for storm water treatment by area to determine 
whether they exceed the 2 percent of median household income criteria prescribed by the EPA 
methodology. Two approaches were utilized to estimate the impacts of existing and future non-storm 
water Pollution control costs in combination with estimated incremental storm water treatment costs: 
1) analysis of estimated localized. direct costs in California: and 2) a literature review. including a 
1990 comprehensive study by the EPA updated to 1998 dollars. Both methods result in estimated 
substantial impacts according to the EPA Municipal Screener methodology. 

These additional annual pollution control costs per household were based on localized California 
costs of wastewater user fees. tireloil disposal. automobile emissions testing and repairs, drinking 
water treatment and solid waste disposal. This amount was estimated to be about 5554 annually per 
household for the Los .  Angeles area compared with 5537 annually per household based on the 
nationwide EPA study. 

1-5 	Costs Limited by EPA Municipal Screeners 

When the estimated amount of 5703 per household at the Secondary Municipal Screener level of 
1.6 percent of median household income level (543.916). is reduced by the estimated cost of 5554 
for existing and future pollution controls. ,  this results in a net amount of 5149 per household for 
storm water treatment. If this annual amount of 5149 is multiplied by the estimated 3,228,269 
households in the Los Angeles County NPDES study area and is then capitalized using a 6 percent 
interest rate and a term of 20 years. this results in an estimated affordable capital cost of 55.3 billion, 
This represents about 9.9 percent of the estimated , full storm Water treatment cost of 553.6 billion. 
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SECTION 2 
INTRODUCTION 

	

2.1 	Project Description and Purpose 

This economic and financing analysis was prepared for the Los Angeles NPDES Permit Area as 

part of the Caltrans District 7 Storm Water Facilities Retrofit Evaluation. The analysis 

examines the economic and financial impacts that may arise for communities due to the increasing 

costs associated with successive le ■)els of storm water treatment implementation. The project 

description and costs were defined by Brown and Caldwell. This included storm water treatment 

technologies designed to meet water quality standards and objectives for a one year return frequency 

24 hour storrn. 

	

2.2 
	

Project Area 

The study area was limited to the Caltrans District 7 areas that drain to the Pacific Ocean in Los 

Angeles County as shown on Figure 2-1. The Los Angeles NPDES Permit Area includes those areas 

within Los Angeles County and within the watershed defined by the Santa Susana Mountains, Simi 

Hills and San Gabriel Mountains. Los Angeles County areas not represented in the study include 

Avalon. Lancaster, Palmdale and unincorporated areas near these cities. The Los Angeles County 

NPDES Permit Area is divided into six drainage basins and consists of approximately 1302.404 

acres of land. A relatively small portion of the Santa Ana River Basin is aggregated with the San 

Gabriel River Basin. The drainage basins that cover this arca include the following: 

► Dominguez Channel 

► Los Angeles River 

► Malibu 

► San Gabriel River 
► Santa Clara River 

► Santa Monica Bay 

Land-use and acreage for this area were categorized into several classifications and formed the 

foundation for analysis along With basic demographic and financial data. Of the total acreage, almost 

60 percent is open space, which represent the largest land use of the total NPDES area. The next 

most dominant land use is residential at about 22 percent. The remaining acreage covers other uses 

such as public, commercial and industrial. 
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Figure 2-1 

Drainage Basins in LA County 
NPDES Permit Area 

Stanley R. Hoffman and Associates. 1998 Financial and Economic Impacts of Storm Water Treatment 
Los Angeles County NPDES Permit Area 
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23 Data Sources 

To determine the tmpact on households. businesses and communities. data was analyzed based on 

several economic indicators. Examples of these indicators include the ability to pay as measured by 

the ratio of ptr hciuschold annualized storm water pollution costs to median household income, or 

the ability of local land uses to carry new debt. The following is a summary of the data sources used 
in prePanne this analysis: 

• Population. housing and employment data from the Southern California Association of 

Governments (SCAG). Regional Statistical Area Projections from 1994 to 2020. 

• Land use acreages were provided through the SCAG Geographical Information System (GIST 

Land Use database. 

• City and County Summary Report of Population and Housing, Department of Finance (DOF). 

1994 to 1998. 

• Consumer Price Index (CPI) for Los Angeles, Anaheim. and Riverside areas, U.S. Bureau of 

Labor Statistics Data. 

• Taxable Sales in California during 1996. California State Board of Equalization, and updated to 

1998 using the CPI. 

• The 1997-1998 Assessment Roll Release. Los Angeles County Assessor. 

Basic demographic variables including median household income and housing value from the 1990 

United States Census were updated to 1998 using the Consumer Price Index. 

2.4 Organization of the Report 

Sections organize the report in thc following manner: 

Section 3 — Environmental Protection Agency (EPA) Economic Guidelines: This section 

includes the project's key economic criteria based on EPA's guidelines. 

Section 4 — Costs of Storm Water Retrofit: The estimated costs of storm water treatment retrofit 

for specified treatment levels for both capital and annual operations and maintenance cost is shown. 

Section 5 — Los Angeles NPDES Permit Ares Land Uses: A description of the study area land 

uses and their relationship to the analysis variables of population, housing and income. 

Section 6 — Financing Approaches: Financing approaches to be considered arc identified. Key 

issues include funding ability, practical means of implementation and political feasibility, 

Section "7 — Financial Capacity of Local Jurisdictions: This includes the analysis of the ability of 

local communities to carry substantial new debt. 

Section 8 — Assessment of Market Conditions: An assessment of the market conditions under 

which some combination of financing strategies may be implemented is presented. 

R0006082  

Financial and Ecbnamic Impacts of Storm Water Trearmeni 

Las Angeles County NPDES Permit Area 
3 

Sarvc,P. Hodirnan AsFacalts 

RB-AR16047



Section 9.- Financial Spread of Costs: Presents the allocation of estimated capital and operations 
and maintenance costs of storm water retrofit among private sector land uses. 

Section 10 - Estimated Non-Storm Water Pollution Control Costs: This section presents the 
estimated costs of other pollution control programs using two approaches. These include costs 
related to air quality regulations, drinking water treatment, solid waste disposal and wastewater 
treatment. 

Section 1/ — Evaluation of Financial Impacts: An evaluation of the financial impacts of 
implementing the costs of storm water treatment according to EPA's economic guidelines. 
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SECTION 3 
ENVIRONMENTAL PROTECTION AGENCY (EPA) ECONOMIC GUIDELINES . 

T he approach used to evaluate the economic impacts of the storm water runoff collection and 

treatment facilities under consideration is based upon the approach and methods presented by 

EoncpjESvsefgyaicrQoajzSahglarglsQrkt82Qkidan Water t W and summarized in Figure 3-1, EPA's 
This analysis has focused on incremental costs for existing storm water treatment for residential and 

non-residential land uses, The Workbook • provides guidance to assist interested parties in 

determining whether attaining a specified water quality standard would result in "substantial and 

widespread economic and social impacts." The Workbook guidance "is not an exhaustive 

description of appropriate economic impact analyses," but it does describe "the types of information 

and analyses that should be considered." 

The Workbook calls for a financial analysis to determine "if the capital and the operating and 

maintenance costs' of pollution control will have a substantial impact." For public entities, the 

Workbook notes. "the households in the community will bear the cost either through an increase in 

user fees, an increase in taxes or a combination of both." Therefore, "the burden to households 

resulting from total annual pollution control costs must be estimated. In addition, the financial 

impact analysis must consider the community's ability to obtain financing and the general economic 

health of the community."  

Demonstrating that substantial economic impacts would occur from implementing pollution control 

"is not •sufficient reason to modify...or grant a variance from water quality standards" according, to 

the Workbook. Rather. the analysis must also include consideration of whether or not "compliance 

would create widespread socioeconomic impacts on the affected community." Financial impacts 

are those "that could cause ,far reaching and serious impacts to the 'community." While the 

Workbook states that "there arc no correct economic ratios or tests per se to evaluate socioeconomic 

impacts," it does say that each community must evaluate its own unique circumstances. The 

guidelines suggest the types of factors that should be considered, including changes in median 

household income, unemployment, and overall debt burden. 

3.1 Step-by-Step Methodology 

As shown on Figure 3-1, the Workbook identifies a five-step analysis to determine if the costs of a 
proposed project will likely result in substantial impacts. 

1. Verify Project Costs and Calculate the Annual Cost of the Pollution Control' 

2. Calculate Total Annualized Pollution Control Cost per Household 

3. Calculate and Evaluate the Municipal Preliminary Set-tenet -  Score 

4. Apply the Secondary Test 

5. Assess where the• community falls in The Substantial Impacts Mauix 
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Will the municipality incur 
substantial economic impacts? 

NO 

__11111111111.11_,AL:- 	  
Annualize Total Pollution Control Cons 

Allocate Total Pollution Control C01111 

The Preliminary Municipal Screener 

Applicant is nxparod 
to mon existing W21CT 

quality standards 

Estimate Total Pollution Control Costs 

Capital Cons and Annual 0 & M Cost of 
ExistIngand Proposed Polluuon Controls 

' The Secondary Test 
NO 

Will the municipality incur 
substantial impacts based on the cost of 

pollution control and the characterization of 
mtmicipality's current financial and 

economic well-being? 

4 

Applicant is required 
to meet existing water 

quality standards 

YES 
Sobrutodal Impacts 

Proceed to analysis of 
widespread impacts .  

Figure-3-1 
EPA Economic Guidelines 

Measuring Substantial Impacts (Public Entities) 

Source: Stanley R. Hoffman Associates, Inc. 
EPA Eazoomic Guidance For Water Quality Standards 

Note: Some mod has been modified for presentation purposes. 
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The Municipal Prelimmary &Teener (Step 3) is the estimated Total Annual Pollution Control Cost 

per Household as a percent of Median Household Income in the community. The Screener indicates 

whether a public entity will not incur any substantial economic impacts because of the proposed 

pollution control program. The Workbook identifies less than I % as "Little Impact." 1% to 2% as 

"Mid-Range Impact" and creater than 2% as Large Impact. If the Preliminary Screener results in 

either a Mid-Range or Large Impact. then the analysis is to proceed to the Secondary Test. 

3.2 The Secondary Test 

The Secondary Test includes five  to six indicators: 

Initial Indicators Considered Final Indicators Used 
1— - 

I. Bond Rating I. Bond Rating 

2. Overall net debt as percent of full market value of 

usable property 

2. Overall net debt per capita 

3.. Unemployment 3. Unemployment 

4. Median Household Income J. Median Household Income 

ti 3. 	Property tax collection rate 5. Property tax collection rate 

6. Property tax revenues as a percent of full market 

value of taxable properties 

6. Not applied 

In states with property tax limitations such as California, the Workbook notes that two of - the 
indicators may not be appropriate: Indicator #2 Overall Net Debt as Percent of Full Market Value 

of Taxable Property: and Indicator #6 - Property Tax Revenue as a Percent of Full Market Valu e o f 

Taxable Properties. The Workbook. recommends that Overall Net Debt Per Capita be used in place 
of Indicator #2 Overall Net Debt as Percent of Full Market Value of Taxable Property. Also, the 
Workbook recommends that for states where indicator #6 has no appropriate substitute, it can be 
dropped and the other five factors assigned equal weight. 

The final five indicators are used to form a composite assessment of the community's economic 

health and the financial impact of the required project. In addition to guidance on how to calculate 

each indicator, the Workbook provides criteria for scoring each indicator as 1-weak. 2-mid-range 

or 3-strong. For each of the five indicators the community is rated as weak, mid-range, or strong, 

based on various thresholds that apply to that specific indicator. For example, overall net debt is used 
as an indicator, of a community's ability to meet debt obligations and its capacity to fund 

infrastructure. If the Overall Net Debt Per Capita is greater than 53,000, the community would be 

rated weak in its capacity to fund additional infrastructure and assigned a rating of 1; however, if th e  
debt per capita is less than 51,000 it would have relatively more funding capacity and would be 

assigned a rating of 3. The indicators are then averaged to derive the Secondary Score. 

The results from the first two tests (Preliminary Municipal Screener and Secondary Test) arc 

regarded jointly in the Assessment of Substantial Impacts Matrix to ascertain whether the 
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community would be expected to incur substantial impacts due to the proposed pollution control 

project. 

.3.3 Evaluating Widespread Impacts 

The final test is the consideration of Widespread Impacts. This test must be done even if substantial 

impacts are likely to be determined based on earlier tests. This analysis will include both the 

quantitative indicators and a discussion of potential financial and economic ramifications throughout 

the community. 

• 
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SECTION 4 	- 
COSTS OF STORM WATER RETROFIT .  

Acost analysis was prepared by Brown and Caldwell to determine the cost of treating storm water 
runoff to meet water quality objectives for the Los Angeles NPDES Permit area. The capital 

costs for.the designated drainage basins, as estimated by BrOwn and Caldwell. have been used for 
this analysis. These estimates are for a specified number of treatment plants per drainage basin 
projected to treat storm water from a design storm .  conforming to a one year return frequency with 
a duration of 24 hours. The costs have been specified and estimated for three treatment levels plus 
collection costs as defined below and will be assumed to be incurred in 1998, the first year. The 
operations and maintenance costs are ongoing costs that will be much less than the capital costs, and 
can typically be funded on an annual basis rather than through debt financing. 

4.1 Storm Water Treatment Levels 

The.costs for this study have been organized into three levels of increasingly higher costs according 
to treatment level. Three treatment levels , were defined in the Brown and Caldwell June 1998 report. 
Cost  a Sliman \Valet Treatment  for LOS Auras County  NPDFS Pen-nit Area,  and were established 
using the water quality objectives set forth in the Los Angeles RWQCB (Regional Water Quality 
Control Board) Basin Plan. As stated in this report, the division points between treatment levels are 
basically the ability to remove sediment and trash; the ability to remove or kill bacteria; and the 
ability to remove metals. In addition to the three levels described below. there is a cost component 
of additional collection piping and distribution. which allows collection for treatment before the 
water runoff enters the major water courses. The three treatment levels include: 

I  evel Detention  and Screening 
This is the most commonly used storm water treatment technology and is used to remove floating 
debris and settle solids picked up by storm water. Level I is a conventional storm water treatment 
technology and represents a treatment technology that could be implemented for a large drainage 
area. The level 1 detention facilities were sized to capture the design storm and hold it for twenty-
four to seventy-two hours to allow the solids to settle and clarify the water. Level 1 will decrease 
pollutant concentrations but cannot meet all the objectives for beneficial use. 

J  eve'  2.; Filtration  .and Disinfectioji 
This cost level is cumulative with the preceding level, adding filtration and disinfection costs to level 
1 costs of detention and screening facilities. Storm water runoff often contains coliform, which are 
bacterial indicator organisms used to determine sanitary conditions. The levels of coliform in urban 
storm water will generally cause the receiving water to exceed levels considered safe for recreational 
contact. Most waters in California are designated to have a recreational beneficial use and the 
coliform objective linked to the beneficial use will be exceeded by inflow of storm water. Filtration 
anddisinfertion will kill bacterial organisms and allow the objectives for the recreational beneficial 
use to be met. High rate filtration and chlorination were added to the discharge from the detention 
basins in level 1. Dechlorination was also provided to protect organisms in the receiving water from 
the toxicity of any residual chlorination. The flow through treatment units have been designed to 
treat the captured storm water over a seventy-two hour period following the storm. Level 2 will 
allow storm water to meerthe requirements for the recreational beneficial uses. 
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Level 3. Advanced Treatment 
This level of advanced treatment adds a highly sophisticated treatment process to remove very small 

concentrations of toxic materials that are often found in urban runoff. Many of the waters in 

California arc designated as potential drinking water sources. The objectives for the beneficial use 

designation of municipal water supply may require advanced treatment. Even more restnctive than 

the drinking water standards. arc the standards for toxicity as it relates to sensitive species that could 

potentially exist in the receiving waters. Most waters have beneficial use designations that describe 

the aquatic environment and have objectives to protect these beneficial uses. Meeting these 

objectives with structural treatment units will require advanced treatment beyond what is normally 

expected of water treatment facilities. Reverse osmosis is included as the typical technology 

representing advanced toxic removal to achieve the required low concentrations. Storm water treated 

to level 3 is free of almost all pollutants and is suitable for all beneficial uses. 

4.2 Capital Costs 

The capital costs represent the costs of land and facilities. The costs of the facilities were developed 

from representative designs then scaled up for the individual watersheds and are based on flow rates. 

The number of treatment plants required is estimated at'480. For the purposes of this analysis, 

construction, and land purchase is assumed to take place at the beginning of the project in the first 

year and the annualized cost is assumed .to stay constant over the life of the project. 

Table 4-1 shows the estimated 1998 total capital costs of 553.6 billion. As indicated, the total capital 

costs include S12.5 billion in collection of flow costs, which arc 23 percent of the total costs. Thc 

largest share of the cost is for treatment level 2 at 520.5 billion, or 38 percent of the total. 

4.3 Operations & Maintenance Costs 

Operations and Maintenance costs include those costs required to operate and maintain the facilities 

on an annual basis. These include labor, routine materials and supplies, cicctric powcr and chemical 

costs for storm water treatment. Labor costs for operating the facilities are based on crews going to 

the treatment sites for 12 hours during each storm. Table 4-1 indicates that the annual operations 

and maintenance costs increase with each treatment level to an annual total of 5198.9 million. Thc 

largest amount is for treatment level 3 at 582.2 million per year or 41 percent of the total. 
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Table 4-1 
1998 Estimated Capital and Annual Operations and MaIntanunce Costs 

Financing and Economic Impacts of Storm Water Treatment 

Los Angeles County NPDES Permit Area 

Annual 
Treatment 	Capital Costs 	% to Total 	0 & M Costs 	% to Total 

Level 	Jin millions of sy  Capital Costs 	in.mIllions of S) 0 NI Costs 

Collection of Flows 312.486 23% 10.4 5% 
Level 1 • 	20,453 38% 57.1 29% 
Level 2 6,150 11% 49.1 25% 
Level 3 14.518 27% 82.2 41% 

353,605 100% 108.9 100% 

Source: Stanley R. Hoffman Associates, Inc. 

Brown and Caldwell 
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4.4 Land Requirements and Cost 

Land cost requirements for 480 treatment units are estimated at S6.1 billion as shown in Table 4 - 

This represents a total of 13.950 acres, split over treatment levels I and 2 at 67 percent and 33 
percent respectively. Land costs for properties that might accommodate treatment facilities were 

estimated at an overact of S435.600 per acre based on discussion with appraiser, John J. Biharv. Jr. 
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Table 4-2 
Land Acreage and Land Cost Requirements: 

Financing and Economic Impacts of Storm Water Treatment 
Los Angeles County NPDES Permit Area 

Level 1 Level 2 	J Total 	I 

Land Re quried (Acres) 
Los Angeles NPDES Permit Area 9.300 4.650 13,950 

Land Cost @ 3438,400/acre 
Los Angeles NPDES Permit Area 54,051.080,000 32.025,540,000 $6,076,620,000 

Percentage by Level 67% 33% 100% 

Note: Lend costs for properties that might accommodate trerrtment facilities were 
estimated at an average of $435,600 per acne based on discussion with appraiser 
John J. I3ihary. Jr. 

Source: Stanley R. Hoffman Associates, Inc. 
Brown and Caldwell 
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• SECTION 5 	 • 

LOS ANGELES COUNTY' NPDES PERMIT AREA: LAND USES 

he land use classification used for this analysis was taken from the Southern California 

Association of Governments' (SCAG) 1994 land use classifications as shown on Table 5-I. 

• Single family residential. including mobile homes 

• Multi-family residential 

• Commercial areas. including wholesale and retail trade and general services 

• Public uses. including public facilities. educational. military, and transportation 

• Light and heavy industrial uses 

▪ Other urban areas not included under other cateeories 

• Open spaces including parks and undeveloped lands 

Unknown, including acreage not elsewhere categorized and vacant land 

5.1 Land Use Classification 

The land use acreage breakdown from SCAG's Geographic Information System (GIS) database 

utilizes the following land-usc classifications. The residential category includes single family, multi-

family, mobile homes and trailer parks and mixed residential. Mixed residential refers to an area in 

which there are both single and multi-family uscs but where no single use predominates. The 

commercial category includes general office use, retail stores and commercial services and mixed 

commercial and industrial. The public category includes public facilities, educational institutions, 

military and transportation uses. Light industrial includes manufacturing, assembly and industrial 

services but not manufacturing which consists of processing raw materials or discharging industrial 

waste products. The other urban category involves railroads, truck terminals, communication 

facilities, mixed urban uses and areas under construction. The Open space category consists of local 

and regional parks, golf courses, cemeteries, gardens and arboreta and other open space and 

recreation. Thc miscellaneous category entails unknown land use, which is acreage that cannot be 

classified elsewhere and vacant land. Agricultural land use and water, except beaches and harbor 

and marina facilities, were not included. 

5.2 Design Flow 

Thc design flow is the millions of gallons of runoff that would be generated by a representative 

design storm: a Los Angeles area rainstorm conforming to a one year return frequency with a 

duration of 24 hours. The runoff was developed by a coeflici.mt of runoff that estimates the 

percentage of precipitation in the design storm that will become runoff based on the land use of the 

area and the imperviousness associated with that type of land use. Impervious areas are those areas 

where rainfall cannot be absorbed and thus surface runoff occurs. In arras of high urbanization, there 

arc more areas such as roof surfaces on structures and paved surfaces that do not allow infiltration 

of storm water as compared to undeveloped open spaces. Thc imperviousness for each type of land 

use was based on the values reported by the Santa Monica Bay Restoration Project Report. 

As shown in Table 5- 1, residential use accounts for only 25.6 percent of the total land area but 33.6 

percent of the total runoff. In contrast, open space accounts for 59.3 percent of total land uses but 
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Table 5-1 
Lind Uses and Design Flow 

Financing and Economic Impacts of Storrn Water Treatment 
Los Angeles County NPDES Permit Area 

Drainage Total Percent of Design Flow Percent of 
Basin Acres Total Acres _ 	tmgr Design Flow 

Single Family 378,494 22.2% 6,018 27.8% 
Multi-Family 57,619 3.4% 1.192 5.5% 
Commercial 59.427 3.5% 1,486 6.9% 
Public 90.892 5.3% 2.079 9.6% 
Industrial 75,391 4.4% 1,869 8.6% 
Other Urban 18,618 1.1% 426 2.0% 
Open 1.010,244 59.3% 8,514 39.3% 
Miscellaneous 11,719 0,7% 99 0.5% 
Total 1,702,404 100% 21,683 100% 

' (mg): millions of gallons 

Source: Stanley R. Hoffman Asaocintes, Inc. 

Brown and Caldwell 
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only 39.3 percent of the total runoff flows. This illustrates the relationship of imperviousness to 
urbanization described above. Runoff is critical in determinine costs because of the size of the 
facilities required to capture and treat storm water, and the concentrations of constituents of concern 
in the water. The Santa Monica Bay Restoration Project Report indicated that sunlit -leant 
concentrations are coming from residential areas. 

53 Variables for Land Use Analysis 

The purpose of this study is to determine the potential economic and financial impact on entities 
within the Los Angeles Area NPDES Permit area because of storm water retrofit costs. The above 
discussion of land use and runoff indicates that a highly urbanized area will generate more runoff 
and a higher concentration of potential constituents of concern than less urbanized areas. Therefore. 
the costs for storm water management will be higher for communities in these areas, To determine 
the potential impact over various land uses, the following data was utilized: 

▪ Population. housing. and employment statistics from the Southern California Association of 
Governments (SCAG) 

■ Household annual median and average income projections based on U.S. Census data, updated 
using the Consumer Price Index (CPI) 

Single and multi-family housing units and current population estimates from the California 
Department of Finance (DOF) to determine density and persons per household ratios 

53.1Population, Housing and Employment 

The 1994-1998 population, housing, and employment data from SCAG were tabulated for all the 
census tracts within the designated drainage areas as shown on Table 5-2. An estimate for 1998 was 
made based on the predicted average annual change from 1994 to 2000.The 1 998' total population 
for the drainage basins of about 9.3 million is 97 percent of the total Los Angeles County population 
estimate of 9.6 million for 1998'based on DOF and is projected to increase annually at an average 
of about 1 percent from 1998 to 2020. 

53.2Household Income 

Estimates for 1998 for median household income were made based on 1990 United States Census 
data obtained from the 1989 survey, and updated using the 1989 to 1998 change in the CPI of 26.0 
percent as shown on Table 5-3. Household income is used as an indicator with the EPA Municipal 
Screener described earlier in Section 3 to determine storm water facilities retrofit costs for single 
family and other land uses. The estimated 1998 median income for Los Angeles County is 543,916. 
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Table 6-2 
Population. Housing, and Employment Eelm Mac SCAB 1994 
Financing and Economic Impacts of Slorin Water Treatment 

Lot Angeles CoUnty WPDEi Permit Area 

Basin/Area 1994 1991 2000 2010 

, 

2015 2020 

1998 to 2020 

Numerical 

Change 

Percent 

Change 

Average 
Annual 

Change 

E212M20 
Dominguez 
LA River 
Malibu 
San Gabriel 
Santa Clara 	. 
Santa Monica Bay 

Total 

115012gthcta 
Dominguez 
LA River 
Malibu 
San Gabrial 
Santa Clara 
Santa Monica Bay 

Total 

	

463.471 	480,066 	488,585 	607,821 	520,829 	636,264 	56,189 	11.7% . 	0.5% 

	

5,648,189 5435,830 6,931,976 	6,484,652 	8,844,356 	7,241,690 	1,405,859 	24.1% 	1.0% 

	

73,133 	77,807 	79,782 	• 92.349 	98.087 	105,865 	28,258 	36.4% 	1,4% 

	

1.807,417 1.877,491 	1.913,541 	2.038,014 	2.111.267 	2,206,523 	329,031 	17.5% 	0.7% 

	

163,411 	203,921 	227.600 	355,558 	425,876 	508,649 	304,728 	149.4% 	4.2% 

	

777, 4 45 	784.835 	786.556 	798.228 	004.657 	811.703 	26 868. 	3 4% 	0 2% 

	

6,933,366 9,259,760 9,430,239 10,278,622 10,805,071 	11,410,68] 	2,150,933 	23.2% 	1.0% 

	

163,898 	165,311 	168,022 • 	173,961 	178,550. 	186,052 	20,741 	12.5% 	0,5% 

	

1,830,537 1,844,185 1,851,047 	2,029.715 	2,136.038 	2,299,713 	456,528 	24.7% 	1.0% 

	

27,063 	27,225 	27,306 	31,742 	34,236 	37,512 	10,287 	37.8% 	1.5% 

	

668,897 	563,438 	666,723 	599,80D ' 621,527 	660,322 	96,883 	17.2% 	0.7% 

	

52,279 	56,860 	68,971 	97,105 	125,301 	150,606 	93,956 	165.9% 	4.5% 

	

570,266 	571,461 	572,059 	578.772 	552.798 	555.494 	17 . 033 	3 0% 	0 1% 

	

3,202,940 3,228,269 3,241,127 	3,511,095 	3,678,450 	3,922,698 	694,429 	21 5% 	0 9% 

302,672 	319,728 	328,667 	365,853 	382,749 	403,893 	84,165 	26.3% 

	

2,465,071 2,612,887 2,690,087 	3,018,081 	3,140,993 	3.276,112 	663,224 	25.4% 
34,89.4 	41,554 	45,346 	50,0103 	52,371 	54,937 	13,383 	32.2% 

611,803 	655,842 	679,037 	807,746 	855,785 	899,348 	243,505 	37.1% 
53,398 	65,018 	71,744 	103,165 	125,266 	146,877 	81,659 	125.9% 

700‘ 022 	700.656 	713.013 	748.530 	761.289 	780,619 	72.183 	10 2% 

	

4,187,760 4,403,884 4,527,893 	5,091,398 	5,318,442 	5,581,985 	1,158,301 	26 3% 

Holtman Associates, Inc. 
California Aasociallon of Govennrnenia, Regional Slatialical Area Projections, 1994, 

EmoloYmeni  
Dominguez 
LA River 
Malibu 
San Gabriel 
Santo Clara 
Santa Monica Bay 

Total 

Source: Stanley R. 
Southern 
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Table 5-3 

1995 Estimated Medlin and Mean Household Income 

Financing and Economic Impacts of Storm Water Treatment 

Los Angeles County NPDES Permit Area 

	

1998 	1959 	 1998 	Estrriated Total 
Estimated 	Medan 	Est Median Household Income 

JUnadirbOrt 
	

Households HH Income HH Income' Based on Median  

Los Angeles NPDES Permit Area 	1228.269 
	

$34,965 	$43.916 . S 141.772.790,536 

1. 1995 median household Income projected based on CPI :Illation factor from 1989-1998: 1.26 

Souross:Stenlay R. Hoffman Associates. Inc. 
United States Census 1990 

Consumer Price Index. 1959 - 1998 Inflation Factor 

1989 - 1998 CPI InItelion Factor. 1.26 

2. Ratio of MedlinfAverage Household Income: 	0.740 
Masao on Countyeade.M•den Income) 

Southern Cadifonnis Atfoocionon of Go.ornmsrnio. Rniona, SR:Sof:col Area Projection  st, 1934 
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533Density 

The 1994 land uses from the GIS data base and the 1994 housing units from the Department of 

Finance were used to determine density as to housing units per acre for single family and multi-

family housing units as shown in Table 3-4. The Los Angeles River and Santa Monica Bay basins 

show the highest overall density at 8.35 and 9.30 units per acre. The Malibu basin has the lowest 

density at 2.71 units per acre. As shown in Table 5-4. the Los Angeles River and Santa Monica 

basins have the hi chest single and multi-family densities. 
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Table 5-4 

DensNy by Drainage Basin: 1994 

Financing and Economic Impacts of Storm Water Treatment 

Los Angeles County NPDES Pam111 Area 

Housing Unfit Persons Sin& Mulli - Total 

Single Multi Per Housil Famiy SF Units Family MF Unite Total Unita 	' 

Bran Fan* i Family 1 	Toler Population Unit Acres Per Acre MF Acme Per Acre Acres per Acre 

Domiliguaz 106,393 61,131 167,524 463,471 2.77 27,567.74 3.86 5.554.15 11.01  33,121.88 5.06 

LA River 866,583 771,061 1,839,644 5,6413,189 3.14 171,130.61 5.08 25,181.62 30.64 196,292.23 8.35 

Maelo 23,029 4,657 27,686 73,433 2.65 9,659.32 2.38 556.34 8.37 10,215.66 2.71 .  

San Gabriel 429,268 164,364 593,652 1,807,417 3.04 91,923.24 4.67 8,656.99 18.98 100,582.22 5.90 

Santa Clara 16,306 14,686 59,992 183,411 ' 2.72 18,269.59 2.48 1,341.79 10.95 19,601.67 3.06 

Santa Mantra 6lay ;99,055 300.52Q 665.575:  777.445 LIZ 	 55.721.53 5.37  15.820.51 73.17 71,542 04 EN 

Total 1,771,154 1,342,41• 3,154,073 1,933,311 2.13 374,212.32 1.73 57,013.311 24.21 431,355.70 7.31 

Scrums: Sberdey R. Ho liman Associelos, 

Dept. of Finance: Official State Estimable of Pop. meld Hawing May 1994 ' 

Souttem Ca64ornis Azacclation of Governments PopuLefion Connate@ 1994 
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SECTION 6 

FINANCING APPROACHES 

This section provides a brief overview of various sources and methods for financing the 

construction. operation and maintenance of the major storm water treatment facilities that Would 

be required to meet water quality standards. While no financing strategy is recommended at this 

time, there is a ranee of financing approaches used in California. Typically, in California more than . 

one financing approach is utilized for major projects, including a combination of local and outside 

sources. 

6.1 Federal 

The Federal government historically has played a leading role in financing various environmental 

enhancement programs. A Federal program to pay for all or a significant part of the costs of storm 

water runoff treatment facilities is currently not available nor expected in the near future. Currently. 

national attention is on balancing the Federal budget and on maintaining the long-term soundness 

of Social Security and Medicare. not on major new grant programs. 

6.2 State 

At the State level of government, a possible approach for financing pan of the capital costs of storm 

wat:s treatment would be through some form of State grants program or allocation of some state's 

current surplus after existing funding priorities have been completed. Such a grant program would 

require state legislative action and statewide voter approval since it would likely involve the issuance 

of general obligation bonds by the State. The State policy as established, both from the Department 

of Finance and the State Treasurer, is to keep the general fund debt ratio below 6 percent. In other 

words, the prudent maximum annual cost of servicing , debt from the General Fund is' by policy 

established at 6 percent. 

Even if approved by the voters, it would be very unlikely to fund any sizable level of statewide storm 

water treatment costs. The State Department of Finance estimates that as of January 1, 1998. the 

total capacity for new general obligation bonds issuance over the next 10 years is S40 billion 

statewide. The 540 billion estimate does not include new bond measures taken to voters in 1998. 

For example, the November 1998 election ballot included a 59.2 billion school finance measure, 

which is the largest statewide General Obligation bond measure ever approved by California voters. 

63 Local 

The ability of local governments in California to finance public improvements has been increasingly 

circumscribed over the last 20 years. In June 1978, the voters of California amended the state 

constitution to limit the ability of local governments to impose property taxes. That amendment, 

commonly known as Proposition 13, added Article XIIIA to the state constit u tion that limits the 

maximum ad valorem tax on real property to one percent of the assessed value of that property. 

Proposition 13 also limited annual assessed value increases to 2 percent or the inflation rate, 

whichever is smaller, until a property is sold. Since the passage of Proposition 13, more than dozen 

other statewide propositions have been passed that further restrict how local revenues can be raised 
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or spent. In 1979. the voters passed Proposition 4, known as the Gann Initiative. which added 

Article XIIIB to the state constitution. This article limits the permitted growth in the rate of local 

government spending from general revenues to changes in population and inflation growth rates. 

Voter approval is required to increase spending limits. This vote must be reaffirmed every four 

years. 

Proposition 46 in 1986 allowed local governments by a 2:3 majonty vote to impose a property tax 

above the Proposition 13 one percent for the period required to finance new general obligation 

bonds. The proposition also restricted the use of general obligation bond proceeds to the purchase 

or improvement of real property. 

While many other measures were passed during the late 1980's and early 1990's. the measure that 

has had the most widespread impact since Propositions 13 and 4, was passed in 1996 as Proposition 

218. This measure adds Articles XII1C and XIIID to the state constitution. The measure does the 

following: 

I. Limits authority of local governments to impose taxes and property-related assessments, fees and 

charges. It requires that a majority of voters approve increases in general taxes and reiterates that 

two-thirds must approve a special tax. 

2. Requires that assessments, fees, and charges must be submitted to property owners for approval 

or rejection, after notice and public hearing. 

3. Limits the amount of an assessment on a property to the "special benefit" conferred on the 

property. 

4. Limits fees and charges to the cost of providing the service and establishes that such fees and 

charges may not be imposed for general governmental services that are generally available to the 

public. 

Within the restrictive context described above, the following are some financing mechanisms used 

by local governments to finance various public improvements in California: 

► Community Facilities Districts 

► Special Benefit Assessments 

► General Obligation Bonds 

• Local Option Sales Tax 

▪ Fees and Charges 

• Certificates of Participation, with lease payments from the Gencral,Fund 

• Development impact fees 

► Redevelopment Tax Increment Financing 

Community Facility Districts, The Mello-Roos Community Facilities Act permits various local 

goVernments to establish a Cominunity Facilities District to finance new facilities and/or to pay for 

operations and maintenance through the levying of a special tax. This Act plus Proposition 218 

discussed earlier requires a two-thirds vote for approving the special tax in inhabited areas. 

Special Benefit Assessments. Benefit assessments can be levied on real property by cities, counties 

and special districts to acquire, construct, operate and maintain public improvements that convey an 
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identifiable special benefit to the defined properties. As was discussed earlier. Proposition 218 

establishes a strict requirement for formal landowner approval before such assessments can be put 

in place. 

General Obligation Bonds (G.O. bonds). Cities. counties and certain other local' covernment 

entities may issue G.O. Bonds to finance specific projects. Debt service for G.O. bonds is provided 

by an earmarked property tax above the one percent general property tax mandated by Proposition 

13 (often called a "property tax override"). These overrides typically show up on the annual tax bill 

as "voted indebtedness." The proceeds from G.O. bonds can be used to finance the acquisition. 

construction and improvement of real property, but cannot be used to pay for equipment. supplies. 

operations or maintenance costs. • 

Local Option Sales Tax. Twenty-one counties impose a sales and use tax added onto the basic 6 

percent rate. Los Angeles County imposes a sales tax of 8.25 percent. The local share of the basic 

sales tax is one percent. Local option sales taxes have been used for public safety, traffic, hospitals, 

education, earthquake recovery and other purposes. If such taxes are earmarked for a specific purpose 

or if a special district levies them, then they are deemed Special Taxes under Proposition 218 and 

require a two-thirds voter approval. 

Fees and Charges. Local governments can levy various fees and charges to recover the cost of 

providing services. Under Proposition 218, many of these fees and charges that are "incident to 
property" arc now also subject to landowner approval. 

Certificates of Participation (COPs). A COP is a form of lease purchase agreement that does not 

constitute indebtedness under the state constitution and does not require voter or landowner approval. 

The lease paythents typically are made from the local government's general fund. 

Development Impact Fees. These are fees charged to new development to pay for facilities required 

to serve the new development. State law, and Federal case law, establishes a rigorous set of tests that 

such fees must meet to be valid. In short, these fees can only be used to pay for those facilities or' 
portions  of facilities required to serve new development. They cannot be used to correct existing, 

problems or cure existing capital or operating and maintenance deficiencies. 

Redevelopment Tax Increment Financing. A city or county can establish a redevelopment agency 

to undertake the revitalization of an area that it finds to be "blighted." The redevelopment agency 

may incur indebtedness to finance improvements needed to accomplish the goals of its redevelopment 

plan. The property tax base in the redevelopment area is."frozen," and increments in property taxes 

after the tax base is frozen go into the redevelopment fund to be used for the financing of 

improvements. Voter approval is not required for tax increment financing. Such financing may be 
used only for facilities to support the needs of redevelopment. Further, it usually takes many years 

before significant property tax increment, derived from new development, is available for financing. 

6.4 Funding Assumptions 

For purposes of this analysis, it was assumed that the financing would be based on the issuance of 

bonds with a 20-year life as suggested in the EPA Workbook. The tax-exempt interest rate for such 
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bonds was assumed to be 6 percent. Based on municipal bond rates over the past 10 to 20 ■•ears 
provided by the California Debt Advisory Commission, this is judged to be a reasonable rate for ' 

planning purposes. Fundine costs of such bonds were assumed to be 12.5 percent of the total issue 
amount. Funding costs include the cost of debt issuance. underwriters discount. reserve fund and 
other related costs. These assumptions allow the total capital costs to be annualized and combined 
with the annual operations and maintenance costs. 

r 
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SECTION 7 

FINANCIAL CAPACITY OF LOCAL JURISDICTIONS 

7.1 Overall Net Debt per . Capita 

F inancial capacity of local jurisdictions means the ability of the local community to incur 

additional debt to pay for public improvements and services, here storm water retrofit facilities 

and annual operations and maintenance. In California. after the passage of Proposition 13 in 1978 

and more recently Proposition 218. significant restrictions have been placed on any increases in 

property taxes or property related fees and charges. Also, the revenue potential of local jurisdictions 

to assume additional debt has been further constrained by the effects of the recession in the early 

I 990s. 

Net debt per capita is one indicator of financial capacity of local jurisdictions. Each community, 

depending upon its infrastructure needs and level of development, will have a different mix of debt 

instruments, such as general obligation, special assessment or Mello-Roos bonds. Also. besides each 

community's direct debt, there is overlapping debt from other special purpose districts such as 

schools, water and sewer. fire protection and flood control. In evaluating the impact of existing debt 

per capita and the addition of new debt on a conunuruty, the EPA has suggested the use of following 

ranges: 

• Greater than S3,000: weak = I 

• 51,000 - 53,000: mid-range = 2 

•• Less than S 1.000: strong = 3 

The overall debt per capita estimate of SI.207 for Los Angeles County is used subsequently in the 

evaluation of local financial and economic impacts. This estimate is based on total outstanding and 

direct and overlapping debt of about S11.6 billion for Los Angeles County provided by California 

Municipal Statistics, Inc. This debt per capita is already within the mid-range of S1,000 to 53,000 per 

capita as prescribed by the EPA. When the total net debt for full treatment of 55,788 per capita (S53.6 

billion divided by the study area population of 9,259,750) is added to this debt, it results in 56,995 

of debt per capita. This is above the weak range limit of 53,000. The total new net debt represents a 

480 percent increase over the existing net debt per capita. 

7.2 Analysis of Sample Property Tax Bills 

In contrast to the more global overall net debt analysis, a summary of sample local property tax bills 

for several single family residential units in Los Angeles NPDES area is presented on Table 7-1. 

Three properties from each basin arc shown and the payments through the property tax bill are 

divided into three categories: I) the basic 1 percent local property tax rate established by Proposition 

13; 2) voter approved bonded indebtedness; and 3) direct assessments. The voter-approved portion 

includes City, County, MWD, Flood Control and Unified School District debt payments. The direct 

assessments• include annual payments for many purposes, including flood control, storm water, 

fire/paramedics, parks, lighting maintenance, emergency 911 and mosquito abatement. 
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Table 7-1 
1917 Summary of Sample Tax Bills for Single Family Homes 
Financing and Economic Impacts of Storm Water Treatment 

Los Angel...County NPDES Permit Area 

Assessed Voted Dired Assessments Total Taxes 

Basin and Pr• Value ci Home Basic 1% indebt. Hood Storm Mar Tolal Total Taxes % of AV 

Dominguez 	Prop. 1 $112,731 $1,127.31 $27.94 $69.30 $0.00 •963.16 11,022.45 12,177.81 1.932% 

Prop. 2 616,241 6,162.41 141.42 73.95 0.00 1,043.59 1.117.54 8,421,37 1.244% 

Prop. 3 128,286 1,282,86 71.58 21.69 17.29 99.69 138.57 1,193.11 1.184% 

LA River 	Prop. 1 1,870,779 18,707.79 1,043.82 66.01 51.83 206.34 323.18 20,074.71 1.073% 

Prop. 2 106,259 1,062.59 59.29 62.80 50.56 113.19 226.55 1,341.43 1.280% 

Prop. 3 62.254 522.54 29.16 28.12 22.42 115.76 166.29 717.15 1.374% 

Prop. 1 5,275,000 52,750.00 1,138.40 2,732.42 0.00 1,388.96 4,121.38 51,009.78 1.100% 

Prop. 2 366,817 3,688.17 250.22 6.68 0.00 301.43 307.11 4,225.50 1.157% 

Prop. 3 304,000 3,040.0D 55.20 15.19 0.130 100.63 116.82 3,211.02 1.058% 

San Gabriel 	Prop. 1 339,166 3,391.56 43.01 63.14 0.00 350.05 413.19 3,847.66 1.135% 

Prop. 2 235,271 2,352.71 29.83 36.42 0.00 124.79 160.21 2,542.75 1.011% 
Prop. 3 65,210 852.10 8.27 61.76 0.00 301.92 363.88 1,024.1,.. 1.570% 

Santa Clara 	Prop. 1 500.947 5,009.47 362.92 66.74 0.00 568.93 825.67 . 	5,9911.06 1.197% 

Prop. 2 150,248 1,502.48 127.61 34.31 28.64 214.73 277.58 1,907.87 1.270% 
Prop. 3 78.592 785.92 66.75 63.09 44.16 219.18 316.43 1,169.10 1.449% 

Santa Monica Eli Prop. 1 950,000 9,500.00 335.81 36.77 0.00 35.38 72.15 9,907,98 1,04.3% 
Prep. 2 172,731 1,727.31 96.38 38.77 - 	29.31 127.79 193.87 2,017.58 1.181%. 
Prop. 3 552,493 1524.93 56.66 $32.84 $0.00 $131.19 $164.03 1895.82 1.325% 

Median ProporlProperty 5500,947 36,009.47 9362.92 156.74 $0.00 $568.93  $625.67 15,998.08 1.197% 

01 	rn .1  
13 	

Source: 	Stanley R. Hoffman Associates, Inc. 
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The range of assessed value for these properties is,broad. with a median 015500,947. The total taxes 
range from 1.043 percent to 1.932 percent of assessed value. Examining the median property, the total 
charces including the basic one-peicent, voter-improved indebtedness, and direct assessments. 
account for about 1.197 percent of the total assessed value. A typical rule of thumb in municipal 
finance indicates that the upper limit for reasonable annual charges to a property should not exceed 
2 percent. 

7.3 EPA Municipal Preliminary Screener ApProach 

The U.S. Environmental Protection Agency (EPA) has prescribed a Methodology, the Municipal 
Preliminary Screener. to establish whether a community is expected to incur "substantial" economic 
impacts due to the pollution control project costs. There are two tests with this Municipal Preliminary 
Screener to establish whether the community can clearly pay for the project without incurring any 
substantial impacts under the EPA guidelines. The screener is defined as follows: 

Municipal Preliminary Screener = etveraPe To 
Median Household Income 

The EPA has established a lower threshold of below 1 percent of median household income as 
representing a cost that is not expected to impose a substantial economic hardship on households. 
A cost between 1 and 2 percent is considered a mid-range impact. If the cost is over 2 percent of 

median household income, then the project may create an unreasonable financial burden on many 
households within the community, according to the EPA methodology, 

The estimates of I, 1.5 and 2 percent of median household income are presented in Table 7-2 for the 
Los Angeles County area. They range from 5439 per household to.5878 per household annually. 
Whcn this per household amount is multiplied by the estimated 3,228,269 households in the Los 
Angeles NPDES permit area it generates a range of annual revenue potential of 5I.4 to S2.8 billion. 
This revenue represents from about 29 to 58 percent of the total annualized cost for full storm water 
treatment. _ 

The estimated cost for existing pollution controls plus the full storm water system is about 51,295 per 
household annually which results in impacts over 2 percent of median household income, therefore, 

this is judged to create a substantial economic impact. The total cost is comprised of the annualized 
average storm water cost estimate of 5741 plus existing pollution control costs of 5554 per household. 
Using the Preliminary Screencr, the level of median household income required for the estimated total 
pollution control costs exceeds the 2 percent level indicating potentially a substantial economic 
hardship on households. The EPA guidelines now suggest proceeding to the Secondary Test. 
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Table 7.2 
EPA Municipal Preliminary Screener Analysis 

Financing and Economic Impacts of Storm Water Treatment 
Los Angeles County NPDES Permit Area 

Municipal Screener Categories' 	 Estimate  

Households' 	 3.228.269 

1998 Median Household Income 	 3-43,916 

1 Percent of Median HH Income 	 $439 

1.5 Percent of Median HH Income 	 5659 

2 Percent of Median HH Income 	 5878 

Annual Revenue Potential @ 1 Percent 	 51,4 17,726,614 

Annual Revenue Potential @ 1.5 Percent 	 52.126.589.921 

Annual Revenue Potential 2 Percent 	 $2,835,453,228 

1. EPA has suggested a Municipal Screener range of less than 1 percent 
for representing little impact, 1 to 2 percent for mid-range impact and 
over 2 percent for large impact. 

2. Estimated households for Los Angeles NPDES Permit Area 1998. 

Source: Stanley R. Hoffman Associates, Inc. 
Las Angeles County Assessor 

R0006107 

sRHA 
Sav-br, Har. Anaciages 

• Financial and Economic 'spoor of Storm Water Treatment 

Los Anicles County HPDES PerTrat 4 re4 
28 

RB-AR16072



7.4 The Secondary Test 

According to the EPA. the Secondary Test builds upon the characterization of the financial burden 

identified in the Municipal Preliminary Screener. This test provides an indication of the community's 

ability to obtain financing and describes is socioeconomic health. According to the EPA Guidelines. 

the indicators describe precompliance d ebt and socioeconomic and financial management conditions 

in the community. In states, such as California. with statutory limits on property tax rates and where 

data on full market value of taxable property'are not generally available, the indicator Overall Net 

Debt Per Capita can be Substituted for other indicators that rely on full market value information. The 
following five indicators suggeSted by the EPA have been applied for the Secondary Test: 

1. Debt Indicators 
► Bond Rating 	 • 
• Overall Net Debt Per Capita 

2. Socioeconomic Indicators 
• Unemployment Rate 

► Median Household Income 

3. Financial Managementlndicators 
► Property Tax Collection Rate 

The overall methodology, illustrated on Table 7-3, ranks each indicator on a scale from I to 3 and 

then calculates a simple average of the five indicators, where a score of 1 is Weak, 2 is Mid-Range 
and 3 is considered Strong. As shown in Table 7-3, the five indicators add to a total score of 11 and 

an average of 2.2 indicating that the Los Angeles NPDES Permit Area falls in the Mid-Range of the 
socioeconomic and financial management indicators. The Secondary Test shows a bond rating of 

Strong with ratings generally above BBB and a score of 3; an overall net debt per capita in the Mid-
Range with a score of 2; an unemployment rate of 6.1 percent, or over 1 .0 percent higher than the 

national rate 'of 4.7 percent. fOr a Weak ranking and a score of 1; a median household income of 
543,916, which is roughly equivalent to the State median, for a mid-range ranking and a score of 2; 

and a generally Strong property tax collection rate for a score of 3. When this score of 2.2 is prorated 

across the 1 percent to 2 percent mid-range, it results in an estimated Secondary Test score of 1.6 

percent and will be used later as part of the evaluation of substantial economic impacts. 
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Table 74 

EPA Municipal Screener: The Secondary Test 

Financing and Economic Impacts of Storm Water Treatment 

Los Angeles County NPDES Permit Area • 

Notes: 1) A Weak rating is assigned a score of 1 point; a Mid-Range 
rating is assigned a score of 2 points; and 3) a Strong raving is assigned 

a score of 3 points. 

Source: Stanley R. Hoffman Associates, Inc. 

EPA Economic Guidance for Water Quality Standards Workbook 

0 

SUM 

Indicator 

Secondary indicators' 

Value Score Weak Mid-Range Strong 

Bond Rating Below BBB (S&P) BBB (S&P) Above BBB (S&P) Above BBB 3 

Below Bea (Moody's) BM (Moody's) 

Overall Net Greater than $3,000 Between $1,000 & Less than $1,000 $1,207 2 
Debt per Capita $3,000 

Unemployment More than IX above National Average More than 1%below 6.1% 1 
National Average (4.7%, March 1998) National Average 

Median More than 10% Slate Median More than 10% $43,916 2 
HouseholdIncome' below State median ($4-4,640) above Slate median 

Property Tax Less than 94% 9-4% - 98% Greater than 98% 98.2% 3 
Collection Rale 
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SECTION 8 
ASSESSMENT OF MARKET CONDITIONS 

The purpose of assessing market conditions is to determine the potential ability of the various 

land uses to absorb new taxes. assessments, fees or charges. Two measures used in this section 

for this purpose are the assessed valuation of property and the amount of taxable sales eenerated 

by a community. In addition to household income, these are both indicators of local financial 

strength and the ability ,  to accommodate additional debt. Assessed value alone with the property 

tax rate determines how much property tax revenue is generated each year. The maximum basic 
ra te of property taxation is limited in California by Proposition 13 to 1 percent. The taxes available 

for financing debt exceeding the one-percent level now must be approved by a two-thirds vote of 

the local electorate. 

8.1 Assessed .  Value Trends for Los Angeles County and the Los Angeles NPDES Permit 
Area 

The recession in the early 1990s in California had a dramatic dampening effect on the rate of 
increase in assessed property valuation in Los Angeles County. This, in turn. constrained property 
tax revenues for many local jurisdictions.. Table 8-1 shows the average annual growth of assessed 
value from 1989 to 1998 according to the Metropolitan Water District (MWD) for areas in 

Southern California in their jurisdiction, including Los Angeles County. This indicates an average 
annual percentage change in total assessed valuation from 1989 to 1998 of 4.7 percent. This 

growth rate has slowed considerably since 1993. 

The assessed valuation from the 1996-1997 annual Los Angeles County Tax Roll was used to 

analyze the local ability of jurisdictions in the Los Angeles NPDES Permit Area to finance 

additional costs through property tax revenues. Assessed value and market value per acre of 
private sector land uses were estimated for use in the analysis. Table 8-2 summarizes assessed 

valuation for the County with estimates ranging from about 5632,900 per acre for single family 
units to S1.2 million per acre for commercial/industrial land., 

When the total estimated assessed valuation of about 5457.3 billion for all three categories is 
averaged over approximately 564,654 acres of residential and commercial/industrial in the Los 
Angeles NPDES area, this• results in an estimated assessed valuation of about $809,915 per acre. 

8.2 Taxable Sales Trends 

Taxable sales for Los Angeles County can indicate a local jurisdiction's ability to generate 

additional revenues. Since the passage of Proposition 13, the sales tax has become the preferred 

source of local government funding for ongoing operations and maintenance. However, some local 

jurisdictions have traded a share of their sales tax to fund public infrastructure that has attracted 
revenue generating commercial land uses. 
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Table 1-1 

Assessed Valuation Trends: Metropolitan Water District 
• Financing and Economic Impacts of Storm Water Treatment 

Los Angeles County NPDES Permit Aria 

Year 	 Total Assessed Valuation (SON) 
	

% Growth 

1989 	 596,900.000 
1990 	 671,600,000 	 12.5 
1991 	 750,900,000 	 11.8 
1992 	 820,824,301 	 9.3 
1993 	 865,027,289 	 5.4 
1994 	 882.326,828 	 2.0 
1995 	 887,860,083 	 0.6 
1996 	 879,101,879 	 -1.0 
1997 	 879.272,307 	 0.0 
1998 	 893,911,433 	 1.7 

Average Growth 109-1998 	 4.7 

score.: lillanitty Pt HoRamon Asoaclatak 

Moody's 	miota Savvic®, lilatropolitan WOW Di Si 'ICI 

of StKaiTIKVI California 

Ogotioral Obligation Bond Flaring. Fabruary Itif 
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Table 11-2 
Assessed Value for Los Angeles County NPDES Permit Area 

Financing and Economic Impacts of Storm Water Treatment 

Sinata Family Mufti-Family Commercial/Ind. 
Assessed Value Per Acre 5632,917 51,061242 51.198.244 
Los Angeles County 

Los Angeles NPDES Area 
Assessed ValueJAcre 5632.918 51,063,250 51,198,380 

Total Acres 374,262 57.093 133,299 

Estimated Total AV 3236,676,984,488 560.704,111,495 3159.742,834,395 

Estimated AV/Unit $113,809 , 	$43,916 N/A 

	

1. Unita per Acre; Single Family 	4.73 

	

Units par Acre: Multi Family 	24.21 

Source: Stanley R. Hoffman Associates, Inc. 
Los Angeles County Assessor 1996-1997 Roll Release 
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From 1990 to 1997. taxable retail sales. for Los Angeles County. according to the California Board 

of Equalization. declined from 594.7 billion to an estimated 584,7 billion in 1998 inflation-adjusted 

dollars. This was•a decline of approximately 510 billion in taxable sales. Per capita taxable sales 

are shown in Figure 8-1. The overall decline of per capita taxable sales for the 1990 to 1997 period 

is 17 percent. declining from 510.802 in 1990 to an estimated 58,925 in 1997. However. since 

1993. real per capita taxable sales have been stable and even showed slight increases. 

Estimated 1998 taxable sales for the Los Angeles NPDES Permit Area are shown in Table 8-3. The 

per capita ranee for communities in this area is quite larec, with a low of 58,559 in the Los 

Angeles River Drainage Basin and a high of 513,336 for the Dominguez Drainage Basin. This 

indicates a large disparity in both locational selection of shopping and in the income levels of the 

population as well. The overall taxable sales per capita is 59.050 dollars for the Los Angeles 
County NPDES area. . 
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Figure 8-1 
LOS ANGELES COUNTY PER CAPITA TAXABLE SALES 

FINANCING 8 ECONOMIC IMPACTS OF STORM WATER TREATMENT 
(In Constant 1998 Dollars) 
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Source: 	Stanley R. Hoffman Associates, Inc, 
California State Board of Equalization 
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Table 8-3 
1998 Estimated Taxable Sales 

Financing and Economic Impacts of Storm Water Treatment 
Los Angeles County NPDES Permit Area 

1998 
Estimated 

1998 
Taxable Sales 

 1998 
Total Estimated 

1998 
EsL Sales 

Jurisdiction Population' Per Capita l  Taxable Sales Tax at 1% 
Dominguez 480,066 513.336 56,402,371,405 SEA .023314 
Los Angeles River 5,835,830 8:559 49.950,619.719 499,506,197 
Malibu 77,607 9,771 758.265,402 7,582.654 
San Gabriel 1.877.491 9,205 17,282.511,179 172,825.112 
Santa Clarita 203,921 10,788 2.199,944,611 21,999,446 
Santa Monica Bay 784.835 9,179 7,204.283,008 72,042.830 

Total 9,259.750 $9,050 $83,797,995,321 S837,979,953 

1. Pop. projected based on 1994 - 2000 SCAG projections 
2. Consumer Price Index Factor 1996-98: 	1.03 

Sources: Stanley R. Hoffman Associates, Inc. 
California State Board of Equalization: Taxable Sales in California 1996 
Southern California Association of Governments, Regional Statististical Area 

Projections. 1994 
Consumer Price Index: U.S. Bureau of Labor Statistics 
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SECTION 9 

FINANCIAL SPREAD OF COSTS 

This section analyzes the potential financing of the 1998 estimated storm water treatment costs for 

the Los Angeles County NPDES Permit Area under the following two scenarios: 

I. Full Storm Water Retrofit Treatment 

• S53.6 billion capital costs: S 198.9 million annual operations and maintenance 

2. Debt capacity liMited by EPA Preliminary & Secondary Screeners 

• S5.3 billion capital: 520.0 million annual operations and maintenance 

The first scenario presents the financing of the full system including collection costs and all three 

levels of treatment. The second scenario reflects the EPA Preliminary and Secondary Municipal 

Scrccners. This combines the revenue potential based on 1.6 percent of median household income to 

reflect the estimated averaee Secondary Test screener score, as discussed in Section 7.4. reduced by 

estimated existing non-storm water pollution control costs 015554 per household. 

The financial analysis of the first scenario spreads capital and operations and maintenance costs to 

both residential and non-residential land uses. The spread is based on the proportionate share of flow 

from each type of privately owned land use. For example, single family residential land use generates 

art estimated 38.2 percent of the'runofT flow while the commercial and industrial categories generate 

an estimated 21.3 percent of the flow. The capital costs spread by land use are "then annualized 

assuming bond interest of 6.0 percent. a term of 20 years and estimated bond issuance costs of an 

additional 12.5 percent above the construction costs. 

These annualized capital costs are then converted to a cost per unit basis for single or multi-family 

land uses or to a cost per acre basis for commercial, industrial and other urban land uses. It is further 

estimated that the "Open" land use includes about 55 percent privately owned open space. This 

estimate was based on a geographic information system entitled "GOVOWNERSHIP." It shows 

groupings. of land ownership and was originally digitized by the Forest and Rangeland Resources 

Assessment Program of the California Department of Forestry. The annualized capital costs are 

added to the annual operations and maintenance costs to estimate a total annual cost per unit or acre. 

The model can analyze the financial implications of outside funding, such as from the State or Federal 

levels, possible sales tax subventions or redevelopment agency contributions. However, these 

sources of funds axe considered both limited and uncertain. Currently, there are no funding programs 
for storm water costs of this magnitude. 
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The basic assumption is that successful implementation is primarily a local responsibility and will 

require major financial commitments from local sources. In presenting the analysis. a residential land 

use category has been used for illustration. Each scenario will be discussed in detail. but in summary. 

the estimated annual storm water treatment cost for each scenario is as follows: 

Cost Per 

Residential Unit 

• 

Cost Per 

Single_Familt Unit 
Cost Per 

Per Household 

Scenario 1: 57-11 S1,024 51.509 
Scenario 2: S 73 S 	101 S 	149 

9.1 Scenario 1 — Full Storm Water Retrofit Treatment 

Scenario 1, Table 9-1. presents the analysis for the full treatment costs of S53.6 billion, including 

$12.5 billion for storm water collection costs. • The annual operations and maintenance costs are 

S198.9 million. The spread of costs to private sector land uses is based on the distribution of storm 

water runoff flow from the engineering analysis prepared by Brown and Caldwell. 

Using this flow analysis and the single family dwelling unit for illustration, the total allocated capital 

cost was estimated at 510,062 per single family unit. This was annualized to about 5987 and when 

added to the allocated share of annual operations and maintenance costs of about S37, resulted in 

51,024 per single family unit for the full system costs. Based on the average assessed value per 

single family unit of S117,860 this would be an estimated increase in the property tax rate of 0.87 

percentage points. 

When the cost of 51.024 per single family unit is weighted with the cost of 5309 per multi-family 

unit, this results in a per residential unit cost estimate of 5741. Correspondingly, the cost is S1,509 
when allocated on a per household basis. This estimate represents all costs allocated to households 

with no spread of costs to non-residential land uses. This is for the cost of full storm water treatment 

before accounting for existing pollution control costs of S554 per household. 

9.2 Scenario 2 — Debt Capacity Limited by EPA Secondary Municipal Screener 

Scenario 2 summary analysis is presented in Table 9-1 reflecting the Preliminary and Secondary 

Municipal Screener. For this analysis, it is estimated that the income potential is 1.6 percent of 

median household income (5703) based on the Secondary Screener. When the estimated amount of 

5703 per household at the Secondary Municipal Screener level of 1.6 percent of median household 

income level (543,916) is reduced by the estimated cost of 5554 for non-storm water pollution 

controls, this results in a net amount of 5149 per household available for storm water treatment. If this 

annual amount of 5149 is multiplied by the estimated 3,228,269 households in the Los Angeles 

County NPDES Permit area and is then capitalized using a 6 percent interest rate and a term of 20 

years, this results in art estimated affordable capital cost of 55.3 billion. This represents about 9.9 

percent of the estimated full storm water treatment cost of 553.6 billion. On a comparative basis, this 

yields an estimated cost of 573 per residential unit or 5101 per single family unit. 

• 80006117 

Financial and Economic Impacts of Storm Water Treatment 

Sone, R h+ arrears Mac met 	 33 
	 . 	Los Angeles County NPDES Permit Area 

RB-AR16082



2: ... =Z22 

a 

s 

F.+ 

!f E 
'm 

if!! ! 
! 

EiCse 

22. 

222: 

0313 

o.zs. 
iii! 

3 :323 
2 iEit 

3 

1 
I 
f I 

3 

I 

222:3 
tEtBA 
:2'2A 

■ 8023 
2222 3  0823 

2133 

203 
2223 

3 
3 ses 

las 

3838 I 

1 

088 
222. 

Ito 
sax 

1233 
3 233 

222 

•=2 !  i 

1 411 1111 1 11 11 1 4  i 
/111111 	ilif 

!.14:4:1 
111.11 	I 	I 1 1 1 11 	j 	- 1 	 - - 

111111 1111111 1111111:11011di 1 1 1 1 1 1 111111,111. 1111 1 11114 1111 2 h1 

8 

ifil  	1;11 !   11111 

	

i r2 	 

	

    11111   111111 	
:11  	MN/ 

_  III II ! igitl  1111 	[it :!  
T 	r=ri!ir :;.!. In• Efi -  ml-sr 

111111 

 I 

Ifilri;tililiti 

2 e= 

list 

:3 Z.. 

:1!! ! 
fff 

22221 

fjtl 
I - 

R0006118 

SRHA 
Fuesc-, R F1/4:*.nan Amocams • 

Financial and Economic impacts of Storm Water Treatment 
1.04 Angeles County NPDES Permit A rea 

39 

RB-AR16083



40 

SIIHA 
jtsrael 4-akrun ALsocate, 

Financlal and Economic Impacts of Storm Water Treatment 
Las Angeles Counry NPDES Perms Area 

SECTION /0 
ESTIMATED NON-STORM WATER POLLUTION CONTROL COSTS 

S o far his report has only examined the incremental costs of storm water treatment and has not 
included the costs of other non-storm water, pollution control programs. In this section. estimates 

of existing and future non-storm water pollution control costs per household were added to the 
estimated incremental costs for storm water treatment in the Los Angeles County NPDES permit area. 
The estimated costs to households of other pollution control measures cover the following: 

• Air Quality Regulations , 
• Drinking Water Treatment 
• Solid Waste Disposal 
• Wastewater Treatment 

The analysis in this section represents a preliminary examination of this issue, as a comprehensive 
study would require a major commitment of resources. When estimating existing or future pollution 
control costs. there is a wide ranee of pollution programs for consideration which would require 
extensive research. In developing the estimated initial costs, two approaches were utilized: I) 
analysis of estimated localized, direct costs in California: and 2) a literature review including a 1990 
comprehensive study by the EPA updated to 1998 dollars. Because of the widespread effects of 
pollution controls on the economy and the difficulty of calculating the full , effects as they ripple 
through it, these two approaches likely underestimate the total level of pollution control costs. 

10.1 	Summary 

According to the EPA Municipal Screener, the estimated incremental cost of any new pollution 
control program should be added to the existing pollution control costs. Therefore, the per household 
cost estimates of existing pollution control made in this study are added to the incremental costs for 
storm water treatment by area to determine whether they exceed the 2 percent of median household 
income criteria prescribed by the . EPA municipal screener methodology. The approaches used to 
estimate the impacts of existing and future pollution control costs in combination with estimated 
incremental storm water treatment costs are described in this section and summarized below: 

I) Localized estimate: $554 annually per household 
2) EPA nationwide study estimate: $537 annually per household 

10.2 	Localized Estimates for Existing Non-Storm Water Pollution Control Costs 

Estimates were made for the additional annual pollution control costs per household unit based on 
localized costs for the Los Angeles area of wastewater user fees, tire/oil disposal, automobile 
emissions and repairs, drinking water treatment and solid waste disposal. This amount was estimated 
to be about $554 annually per household for the Los Angeles area as shown on Table 10-1. 

Data was compiled using scveral sources in order to determine the existing residential costs of non- 
storm water pollution control programs in the Los Angeles area. These costs are analyzed by three 
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Table 10-1 

Financial end Economic Impacts of Storm Wader Treatment 

Estimated Annual Localized Non-Storm Water Pollution Control Costs Per Household 

Loa Angeles Area 

Description of 
Localized Cost 

Estimated 
Annual Cost 

  

Annual Wastewater User Charge' 
	

$194 

Other Localized Pollution Control Costs 
Automobile Tire/Oil Disposal 	 $8 
Average Emissions Costs' 	 574 
Drinking Water' 	 $144 
Solid Waste 	 ;134.  

Total Other pasts 	5360 

Total Estimated Localized Pollution Costs 	5554 

Thiel estimate is based on the California Environmental Agency's, 

Wastewater Vier Charce Survey Report  Fiscal Year 161741 

3  Based on oil disposal coals of SS and tire disposal costs of 33 per year. 

Based on average emissions cost calculations as shown below: 

Annual Median smog inspection Me 	 314,00 

Annual Median smog certifir.sto 	 $5.00 

Annual Average emissions repairs 	 35.5 OQ 
374.00 

Estimated Water treatment coat based on Metropolitan Water District (MWD) jurisdiction. as shown on Table 10-3 

has been applied Is an evonsg• cost to the Los Angela.. area 

Sour-ma: Stanley R. Hoffman Associate*, Inc. 

EPA Environmental Investments., 1990: US Census Bureau 

Wastewater user Charge Survey Report, Fiscal Year 1997-93. California Environmental Protection Agency 
Metropolitan Water District of Southern California. isse 

Notes! 

Calculations are based on the following estimates: 

Time changed tj:t 60,000 mils. or 2 iires./yr.st $1.50 each 

Oil changed tfp 31.09 	 4.88 

Annual Median smog inspection 1s 

Annual Median smog certificate 

Annual Average emissions repairs 

times per yr. 

Per Household 
Artiri 

33.00 

$5.00 

314.00 

35.00 

355.00 

Per Capita Vehicle Miles Travelled 
	

'.335 • 

Annual VMT per household 
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primary environmental media: air. land and water. The detailed annual cost estimates per residential 

unit for each of these catcuories. as shown on Table 10-I. include•annual wasterwater user charges 

plus other costs. The estimated other localized pollution costs include: tire/oil disposal fees. smog 

check and related emissions repairs.'drin.king ►■Iter treatment and solid waste disposal and are about 

5360 per household for the Southern California area. 

These total costs are then added to the estimated annual wastewater user charge to arrive at a total 

estimated annual localized pollution control cost per household. When this'total localized amount 

of 5554 is added to the incremental cost of storm water treatment. it represents the total amount that 

a household is estimated to pay for pollution control on an annual basis if the full storm water 

treatment system was implemented. 

The cost estimates for the air category include costs related to meeting the requirements for 

automobile smog check. smog certificate, and related emissions repairs every two years. These costs 

were derived based on estimates received from the California Bureau of Automotive Repairs (BAR) 

and then annualized on a per household basis. Smog activity is reviewed statewide each month by 

BAR. Table 10-2 summarizes the emissions related repair costs from July 1997 through March 1998 

plus other smog control related costs. The annualized amount was calculated based on the California 

regulation that automobiles must pass smog certification every two years. 

The land category includes costs related to solid waste disposal. as well as those for automobile oil 

and waste tires. The estimates for solid waste in dollars per household were presented in the EPA 

study. The costs for tire and oil disposal were derived based on estimates provided by the Integrated 
W aste. Management Board of California. The calculations used in the analysis are referenced on 

Table 10-1, 

The water category includes those costs related to the treatment of drinking water and user fees for 

wastewater. The costs for the treatment of drinking water were calculated based on the Southern 

California Metropolitan Water District's (MWD) price schedule for areas within their jurisdiction. 

A summary of these.water treatment costs is shown on Table 10-3. The estimated annual wastewater 
costs were based on the California Environmental Protection Agency's report. Wastewater User 

Charge Survey j3=1213,  Fiscal Year 1997-98. 

10.3 	Pollution Control Cost Estimates Based on EPA Study 

This approach utilizes a 1990 study by the EPA, 	 i nvestrncnts The Cost of a 
rnvironment., which estimates the direct costs of public and private pollution control activities in the 

United States. Although this report was prepared in 1990, it represents an extensive analysis of 

environmental costs by economic sector and environmental medium. The study also includes a 

projection to the year 2000 of what EPA estimated at the time to be the cost of full compliance with 

existing regulations. According to the report, overall there is expected to be a significant increase 

in the real costs of pollution control on local government which will require significant additional 

capital investments and increases in rates charged to customers for expanded environmental services. 
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Table 10-2 
Financial and Economic Impacts of Storm Water Treatment 

StiUwide Summary of Emissions Related Repair Costs Per Vehicle 
Los Angeles Area 

Month 

Number of 

'Vehicles 

Average 
Cost Per 
'Vehicle 

Annualized 
Average 

Cost' 

Vehicle Repair Costs Mar-98 31.803 $117 
Feb-98 33.791 111 
Jan-98 37,464 111 
Dec-97 34,447 105 
Nov-97 35,490 106 
Oct-97 41,312 105 
Sep-97 39,881 110 
Aug-97 41.376 107 
Jul-97 43,316 5109 

338,880 5109 555 

Annual Average 
Estimated Inspection Fee 514 

Annual Average Estimated 
Smog Certificate Fee 55 

Total Annual Average 574 
Estimated Emissions 

Source: Starirry R, Hoffman Associate.. Inc. 

Colitom4 Suss Burrow, or Autornothe Raptors 

A Smog shtick is stow:mod to ba co al onto ovary two yoara 

Plato:'nctodatt pray coots rotated to es" raco.Snott to Foam 

smog creacS tortrhostion. Aa of Manch ISO% nopal• costa 

an no ionre roponoot to Bea BAR, Coats ar■ Moly 	• 

to iroormare boalrows of the nom req,ar.M.rihi to CO,TOOI NO1. 
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Table 104 

Financial and Economic Impacts of Storm Water Treatment 
Water Treatment Costs 

Los Angeles Area 

MWD 
Service Area 

Estimated Existinel_Weter Treatment Costs 
	

1998 S  

Water Rates (3 Per acre foot) 

Basic Treated Water 	 $431 
Basic Untreated Water 	 3349 
Cost of Water Treatment 	 $82 

Egtimsted Future Water Treatment Costs  

Treatment costs (3 Par acre foot) 
Oxidation Retroflt Program' 325 
Other Treatment Technologies' 
Estimated Annual Cost Per Acre foot 3287 

Estimated Annual Per Household Caste 

Annual Water Usage (3 Per acre foot) 0.50 
Estimated Water Treatment Cost $144 

Notes: 1, This program la currently underway by MWD and will include ozone treatment of water 

at 350 per acre foot. II in oreaumed that SO % of the area would incur this coat, 

or an average of 325 per acre foot. 

2. Advanced technologies for ground water treatment aro more expansive and average 

about 3380 per acre fool. II la assumed that 50 % of the MWD servioe area would incur this 
coat or 3150 per acre fool. 

Source: Stanley R. HoftmarcAssociatea. 

Metropolitan Water District of Southern California, 1905, 
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10.3.1 Overall Costs of Environmental Protection 

Based on the EPA study. the estimated future annual cost of pollution controls per household in 1998 

dollars would be about 5537. These costs are shown in detail on Tables 10-4 and 10-5 and would 

likely he higher if the effects of more recent pollution control legislation were included. The 

estimated costs include pollution abatement:. control and prevention expenditures. Only the direct 

costs associated with implementine control measures and compliance activities are included in the 

analysis. 

The report presents data on environmental pollution control costs from 1972 through 1987 and 

projects those costs for each year through 2000 under various assumptions related to full compliance 

with existing regulations. The report presents the results in a variety of ways including by type of 

cost (capital. operating. etc.). by medium (land, air, water), by program and by economic sector 

which directly bears the cost of the control (public versus private). The report is based upon surveys 

of spending conducted by the Department of Commerce, EPA Regulatory Impact .  Analyses and an 

earlier EPA study The Municipal Sector Statclv: Impacts of Environmental Regulations on 
Municipalities .(September 1988) 

The EPA study found that in the year 2000, total annualized costs for all pollution control activities 

in the nation would likely be in the range of $171 billion to $185 billion (in constant 1990 dollars). 

These costs would represent 2.6 to 2.8 percent of Gross National Product. 

The largest share of pollution control costs - 61 percent -is directly borne by the private sector. The 

second largest share .- 23 percent - is directly borne by local gove rnments. Local government costs 

relate mostly to wastewater, drinking water, sewage sludge and solid waste. According to the report. 

....it is projected that over the next several years real pollution control burdens on municipalities 

will increase dramatically and result in large increases in the fees charged to consumers for locally-

provided environmental services. -  

10.3.2• Estimated Costs per Household 

While the EPA report provides a comprehensive analysis of pollution control costs and does estimate 

which sector initially bears the costs, it does not anempt to estimate how much of these costs are 

ultimately passed on to households, businesses, and other entities. However, the Municipal Sector 

Study found that households in smaller communities will pay an average of 0.7 percent of their 

incomes for environmental services while those in larger communities will pay on average 0.5 

percent. 

Tables 10-4 and 10-5 show selected annualized cost estimates for mobile source and other selected 

pollution control programs. This is derived from the EPA report, when combined, results in an 
estimated cost of 5537 per household. The cost estimates in Table 10-4 were projected by the EPA 

as local government's share in the year 2000. This assumes full complianCe with national standards 

for water quality point sources, drinking water and solid waste. 
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Table 10-4 

Financial and Economic" Impacts of Storm Water Treatment 
Annualized Environmental Control Costs in the Year 2000 

Selected Programs • Local Government Portion' 

• 

- 

In Millions of 

. 

In Millions of 

Cost per 
Household in 

Area 1984 Dolls& 1998 Dollars 1998 Dollars 

Water Quality-Point Sources 516,589 523,888 5232 

Drinking Water 5,079 7.314 71 

Solid Waste 9,681 13,941 135 

Total Water & Solid Waste 31,349 45,143 4 38 •  

Total Households (thousands) 103,058 
Estimated Costs per household 5438 

1. Air quality regulation costs for local governments were not included as part of. this study 

2. CPI LA-Ana-Riv:All Items - All Urban Consumers 
Change 1986-1998 	 1.44 

Source: Stanley R. Hoffman Associates, Inc. 
EPA, Environmental Investments, 1990; US Census Bureau 
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Table 10-5 

Financial and Economic Impacts of Storm Water Treatment 
Annualized Environmental Control Costs in the Year 2000 

Mobile Sources Air Pollution 

Cost per 
In Millions of In Millions of Household in 

Area 1986 Dbllars' 1998 Dollars 1998 Dollars 

Capital Costs 510.786 515.532 $151 

Operating Costs 53.354 54,830 547 

Total 514,140 520.362 $198 

Estimated Household Allocation' $7,070 510.181 S99 

Total Households (thousands) 103,058 
Estimated Costs per household S99 	. 

CPI La-Any-sii.:Aii harm. - AI Urbbn Consumes 

Chang* I M61%0 	 1 44 

3  Ass01.1 11100C00;04110 h01.0401'0000 n Sail. 

Soured: Stanley R. Hon man Associades, Inc. 

EPA. Enwonment.111..s..6,..fts. 1960; US C.nraus Bureau 
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Table 10-5 presents estimated air pollution control costs for mobile sources. The EPA stud' 

annualized the estimated capital costs using a 7 percent annual amortization rate for capital 

expenditures and combined them with annual operations and maintenance costs. The first data 

column shows the cost estimates in 1986 dollars. The second data column converts the cost estimates 

to 1998 dollars usino an adjustment based on the Consumer Price Index. The third column shoes 

the cost per household based on the Census Bureau's forecast of households for 2000 (Series 21 of 
approximately 10311 million. 

Cost estimates are presented for the three programs with the largest local government financial 

responsibility. In order to avoid double counting with the incremental storm water treatment cost 

estimates. EPA estimated non-point source water quality control costs were not included in the table. 

No attempt was made by EPA to estimate either how much of these costs would be passed back to 

the consumers of municipally provided environmental services in the form of periodic fees or how 

much of such fees would be borne by households, businesses and other entities. Such user fees are 

common for wastewater treatment, drinking water supply and solid waste collection and disposal. 

Conversely. no anempt was made to include the costs of private providers of the same services. 
Some drinking water and solid waste collection and disposal services. for example. are provided by 

private companies who charge user fees in the same manner as municipal providers. 

The total annual local cost for local government programs in the year 2000 is projected at about 

545.1 billion as shown on Table 104, This would be the equivalent of 5438 per household based on 

the Census Bureau's projection of 103.058 million households. The total annual cost of mobile 

source air p011ucion controls is shown on Table 10-5 and is projected to be S10.18 billion. Assuming 

one half of this is for commercial vehicles'and the other half is for vehicles owned by households. 

then the average annual cost per household is estimated at 599. This is considered a conservative 

assumption since slightly less than one third of the total registered vehicles in California are 
commercial. When these two estimates are combined, a total cost per household of 5537 results. 
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SECTION 11 
EVALUATION OF FINANCIAL IMPACTS 

This section discusses the findings of potential financial and'economic impacts on the Los 
Anecics NP DES Permit Area. The EPA Municipal Screener methodology and other selected 

socioeconomic indicators are used in this evaluation. A set of summary indicators are presented in 
Table I I-I for the two scenarios: It Full retrofit treatment: 2) Retrofit expenditures limited by the 
Preliminary and Secondary Screcner. The cost of full storm water treatment is first evaluated 
followed by an , evaluation of costs as limited by the Secondary Screener test. 

11.1 Widespread Impacts 

The financial and economic inpacts are first evaluated for the cost of full storm water retrofit 
treatment. Based on the EPA methodology and other economic indicators presented below, the 
economic impacts are judged to be both substantial and widespread for the full system storm water 
treatment costs as summarized on Table 11-2. 

11.1.1 Property Tax Impacts 

One measure of financial feasibility is the estimated impact on the property tax rate. The property 
tax rate fora single-family unit is estimated to increase by about 0.87 percentage points for the full 
system as shown previously on. Table 9-1, Whcn added to the median base property tax of 1.19 
percent, this results in a total property tax of 2.06 percent, an increase of about 73 percent in the 
annual property tax bill. Given the current economic climate in California, this estimated total rate 
of 2.06 percent is clearly more than is likely to be absorbed by local single family households alone. 
For multi-family units, the estimated increase of 0.67 percentage points would also represent a 
sizable increase if translated into a potential rental pass through. 

11.1.2 Sales Tax Impacts 

To compare the annualized storm water treatment costs to other economic indicators, a hypothetical 
increase in the saks current tax rate of 8.25 percent was estimated in lieu of increasing the property 
tax for the cost of full treatment. For the cost of full treatment, the sales tax increase was estimated 
at about 6.0 percentage points. This impact, on top of the current rate, is judged to be both 
widespread and probably far higher than most households would consider acceptable. • 

11.1.3 Land Requirement and Displacement Impacts 

Treatment facilities for storm water runoff are land intensive. The land acreage and cost 
requirements for the full system arc about 13,950 acres and 56.1 billion, requiring multiple treatment 
plants per drainage basin. The land cost estimate was included in the full treatment costs of 553.6 
billion. About 67 percent of this acreage would be required for treatment Level I with the remaining 
33 percent for treatment Level 2. While marginal or vacant parcels would be initially sought, this 
still would require potential displacement of many households and businesses in addition to 
relocation and land costs. 
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Table 11-1 
Summary of Evaluation Indicators 

Financing and Economic knpacts of Storm Water Treatment 

Los Angeles County NPDES Permit Area 
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Indicators Full Reiront Treatment Limited by EPA screener: 

preliminary & secondary • 

Capital Cost 53;605 millions 3 5,280 millions 

Annual O&M cost 199 millions S/yr 20 millions S/yr 

Total Annual Cost 4,872 millions Styr 480 millions Styr 

Allocaled cost per SFD $1,024 - 	dollars $101 dollars 

Allocated cost / acre Corn/Ind 8,577 • dollars 845 dollars 

If funded only by Sales Tax increase ' 	5.95% percent 0.59% percent 

Percent of current mils-landing debt 477% percent 47% percent 

Cost per household $1,509 dollars $149 dollars 

Source: Stanley R. Hoffman Associates, Inc. 
Don Owen & Associates 
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X 

Municipal Preliminary Scra•nor" 

Leval of Adverse impact  

Lass than 	Batwran 	Greater than 
1.0% 	1.0 % - 2.0 % 	2.0% 

Secondary' 
Score 

Weak 

Source: Stanley R. Hoffman Associates. Inc. 

Economic Guidance for Water Quality Standards Workbook. 

U.S. Environment-11 Protection Agency 

Lase than 1.5 

Between 1.5 and 2.5 

Greater than 2.5 

hi-Rrove 

  

   

Strong 

Table 11-2 

Financial and Economic Impacts of Storm Water Treatment 
Assessment of Substantial Impacts Matrix 

Los Angeles NPDES Area 

1. The Secondary Score represents a weighted average based on a number of 

economic criteria described in the text. 

2. The Municipal Preliminary Screener represents a percentage of median 

household Income. 

3. Shaded area denotes where substantial impacts are estimated to occur 
according to the EPA Preliminary and Secondary Municipal Screeners. 
The combined score for the Los Angeles NPDES area results 
in substantial impacts as shown in the figure by the X. 
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11.1.4 Employment Impacts 

The Los Angeles area economy has been recovenne from the deep recession of the early 1990s when 

the total County economy lost more than -400.000 jobs. The County is currently on a recovery path. 

The additional costs per household and per business would likely slow economic growth and cause 

some businesses to relocate or expand elsewhere. Again, while specific estimates of impacts are not 

made, the burden of additional costs of a substantial nature is viewed as wideSpread because the 

potential treatment plants would be distributed throughout the Los Angeles drainage areas. Since 

specific locations arc not identified, these displacement Impacts are not quantified as part of this 

study. 

Employment trends for Los Angeles County arc summarized in Table 11-3 based on estimated 

projections from 1994 to 2000 from the Southern California Association of Governments (SCAG). 

According to these projections, the overall County employment is growing at an average annual rate 

of about 1.4 percent. 

As was indicated earlier, the average household share of the financing burden would amount to about 

a 73 percent increase of annual property taxes for a single family unit. For many households. this 

increase would cause a significant reduction in their consumption and savings potential. Over time, 

landowners would piss forward these tax increases in the form of higher rents which would result 

in consumption reduction. Such potential widespread reduced consumption among households 

would likely cause loss of retail and other local serving jobs. • 

Based on the EPA methodology and the other economic indicators presented. the economic impacts 

arc judged to be both substantial and widespread for the full system storm water treatment costs. 

11.1.5 Impacts on Outstanding Local Debt 

According to California Municipal Statistics, Inc.. there is an 'estimated S11.6 billion of outstanding • 

local public debt in Los Angeles County. The estimated cost of 553.6 billion for full storm water 

treatment represents almost a fivefold increase in existing debt. This level of debt increase would 

be not only considered extremely large but would foreclose capital funding for other non-storm 

water projects.. 

11.2 Costs Limited by EPA Screeners 

When the estimated costs of storm water treatment are limited by the EPA •  Preliminary and 

Secondary Municipal Screeners, this results in an estimated fundable capital cost of about 55.3 

billion. This is based on a cost of 3149 per household calculated by taking the estimated Secondary 

Screener amount of 1.6 percent of median household income (543,916) or 5703 per household and 

reducing it by the estimated existing and future non-storm water pollution control costs of 5554 per 

household. While this amount is estimated to be affordable based on the EPA Preliminary and 

Secondary Screcner methodology, it is likely that it would still be considered too high if directly 

charged to most households on an annual basis over the bond period of 20 years or longer. 

R0006131 

31111A 
Sear, 	...oilman Assoc.." 

Financial and Economic impact: of Storm Water Treatment 

1.01 Angeles Counry NPDES Permit Area 
52 • 

RB-AR16096



53 

SR7  
Sun,. R koinun 

Financial and Economic Impacts of Slam Water Treatment 

Los Angekt County NPDES Permit Area 

Table 11-3 	 • 
Financial and Economic Impac-ta of Storm Water Treatment 

Employment Trends for Los Angeles County NPDES Permit Area 1994 - 2000 

Basin/Area  1994 19911 2000 

1994 to 2000 

Numerical 

Change 
Percent 
Change 

Average 
Annual 
Change 1 

Dominguez • 302.572 319,726 328,667 26,096 8 6% 1 4% 

LA River 2.465.071 2.812.887 2,690,087 225,016 9.1% 1.5% 
Malibu 3.4,894 41,554 45,346 10,462 30.0% 4,5% 
San Gabriel 611.803 655,842 679,037 67.234 11.0% 1.8% 
Santa Clara 53,398 65,018 71.744 18,3.46 34.4% 5.0% 
Santa Monica Bay 700 On /08.556 713.013 991 ,12 1 994 Q.. 

4,403,664 1,527,893 360,133 8.6.4 1,4% Total 4,167,760 

Soqvr.o.a: Slanloy R 6444h-nan 

So.4 harm Ca-lofoma Aarro.ra ton a/ Gowormarnahla, Racttoned Siteiaakol Anus Proisnierus, 1964, 
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C COST OF STORM WATER TREATMENT FOR THE

LOS ANGELES COUNTY NPDES PERMIT AREA

An analysis was performed to determine the cost of treating storm water runoff in the Los

Angeles County watershed. Treatment costs were developed based upon different treatment

levels required to meet water quality objectives. The costs in this report were prepared as a.
basis

for a further analysis of the economic impact of storm water treatment on the community. The

costs in this report are intended to be used in the economic analysis and will be refined as the

economic impact analysis progresses and the data needs are refined.

All costs for treatment were calculated in the same manner as the treatment costs in the Caltrans

Storm Water Facilities Retrofit Evaluation 1. That report described the evaluation of the costs

of treating storm water runoff from Caltrans facilities in the Los Angeles area.

DESIGN STORM CHARACTERISTICS

The design storm selected for this study is the one-year storm for a 24-hour period in most of the

Los Angeles area. The selected storm allows the storm water treatment facilities to capture most

of the runoff for a normal rainfall year. The capacity will be exceeded only when storms greater

than the one-year return frequency are experienced. On a long term several year basis the

design storm will result in treatment of 80 to 90 percent of the runoff. The storm
represents a

compromise between the cost of attempting to design for a higher intensity storm and desire to

maximize pollutant capture.
The one year. 24-hour storm is the minimum rainfall with a

statistical probability of reoccurring one or more times per year. Rainfall varies depending on the

Los Angeles terrain and averages approximately 1.25 inches for the area included in this study.

Treatment systems in this report are designed to contain all of the flow generated by the design

storm and treat and release this volume within a 24-hour period. Therefore to calculate the

average release rate the volume of water generated by the design storm in 24-hours is calculated

and then divided by 24-hours. A treatment
period of 24-hours was chosen rather than a longer

treatment period such as 72-hours to permit the collection and treatment of two consecutive

storms.

The design storm concept is similar to storm water design assumptions made by flood control

agencies within Los Angeles County California. However flood control designs use longer

return frequency storms and greater quantities of runoff. This approach incorporates input from

the Caltrans/UCD/CSUS Oversight Committee provided on the previous Retrofit Evaluation.

myebezuorsý.ea
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Cost of Storm Water Treatment for the Los Angeles County NPDES Permit Area 2

SIZE OF DRAINAGE AREA WITHIN LOS ANGELES COUNTY

The entire urban Los Angeles County watershed that drains directly to the Pacific Ocean

measures approximately 1702404 acres. The area has been divided into seven drainage basins

and the areas for each obtained from the Southern California Area Governments SCAG GIS

Land Use Data Base. The size and descriptive name of each basin is listed below

Table 1. Los Angeles Drainage Basins

Drainage Basin Drainage Area

Description acres

Dominguez 69091

Los Angeles River 522061

Malibu 98.729

San Gabriel 370.468

Santa Ana Pan 15680

Santa Clan 491947

Santa Monica Bay 134429

Total 1702.404

STORM WATER RUNOFF

The volume of storm water runoff was developed using a modified coefficient of runoff. The

runoff coefficient estimates the percentage of the precipitation that will become runoff based on

the land use and the imperviousness associated with each land use. This method is similarto the

method described in the California Storm Water Best Management Handbook Municipal

Volume 5 The modified runoff coefficient predicts 90 percent of the precipitation will runoff

from impervious area and 15 percent from the pervious area as described in the Handbook..

Below is the formula used to calculate the modified runoff coefficient.

Runoff Coefficient 0.90 x impervious fraction 0.15 x 1-impervious fraction

In addition the fast 0.06 inches of precipitation was assumed to pond in localized depressions

and not be available as runoff. The runoff coefficients and formula above can be found in

Appendix D of the California Storm Water Best Management Handbook Municipal Volume. The

imperviousness for each type
of land use was assumed to be similar to the values reported by the

Santa Monica Boy Restoration Project 4. Listed below are assumed imperviousness and land

uses
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Cost of Storrs Water Treatment for the Los Angeles County NPDES Permit Area 3

C Table 2. Runoff Coefficients by Land Use

Land Use Impervious Runoff

Coefficient

Single family residential 42 % 0.46

Multi family residential 68 % 0.66

Commercial 92 % 0.84

Public 80% 0.75

Industrial 91 % 0.83

Other urban 80 % 0.75

Vacant Developable 0% 0.15

Open 0% 0.15

Unknown 65 % 0.63

Based on a land use pattern in Los Angeles County the runoff coefficient for each drainage

basin was determined. In turn this coefficient is used to determine the amount of storm water

runoff as related to precipitation.

Table 3. Runoff Coefficient by Basin

Drainage Basin Runoff Coeftlcient

Description

Dominguez 0.599

.
Los Angeles River 0.452

Malibu 0.299

San Gabriel 0.403

Santa Ana 0.423

Santa Clara 0.294

Santa Monica Bay 0.504

DESIGN STORM WATER QUALITY

In addition to the storm water quantity typical storm water quality is an important consideration

in determining the types of appropriate trtauncnt. Design storm water quality values were

developed by examining the storm water quality data generated from Los Angeles County

monitoringand Caltrans statewide sampling which contained a significant amount of Los

Angeles area data. Treatment processes were developed from water quality objectives.

myobs2W I 5e2.doc
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Cost of Storm Water Treatment for the Los Angeles County. NPDES Permit Area

The following table shows the typical. water quality objectives for Los Angeles and the range of

sampling data for-various constituents.

Table 4. Water Quality Objectives and Monitoring Results

WATLR QUALITY 06JECTIVFS RAINFALL MONITORING DATA
MPNAOO saL malt. w MNAW t.1

CONSTITUENT
I-Nom Tosictry Maetctp Cativ Choir LA Co. DW
IAqaue Lik Sur- IOM 171%

1997

Inland Estuarine Occanic Su IV Use Range Min Max

GENERAL QUALM
Total Dis. Solids 500 250 10.20.000 26 1760

Total Sus. Solids 75%1 s-1410 4 8728

Turbidity 225 17.1300 0.9 1800

Hardness 113-96 10 930

Chloride 250 10 4.0.52.11 1.98 147

NitrateNO 43 0.39-42.5 1.03 42.2

Sulfate 500 30 1-94 2.54 758

OiI Grease 75 No film 0.11.48 1 17.8

Ammonia 25 6 O.S-9.2 0.83 4.47

Coliform fecal
a a i

200 27.160.000 80 16.000.000

Colifortr tool 70 80.300.000 340 16.000000

METALS

Antimony

733
O.015-0.090 0.007 0.049

Ar enie 0.360 0.069 O.004-0.033 0.011 0.028

Barium 0.001-2.02 0.101 0.723

Cadmium 0.009 0.043 0.003-0.015 0.031 0.048.

Chromium 111 3.064 0.002-0.102 0.01 0.364

Chromium Vl 0.016 1.100 0.008. 0.05

Copper 0.034 0.003 0.012 1.31 0.01-0.48 0.011 0.639

Lead 0.197 0.140 0.008 0.0131 0.001-0.45 0.01 0.188

Mercury 0.002 0.002 0.0002 0.002 0.0002-0.2 0.001 0.085

Nickel 2.549 0.075 0.020 0.1 0.002-0.136 0.01 20
Selenium 0.005 0.300 0.060 0.05 0.001-0.036 0.01 20

Zinc 0.211 0.093 0.080 51 0.005-3.88 0.051 0.876

bCitculatod melds values are based on 200 mj/L hardness SWRCB 1993.

Ic Oceardc Units are dilly maximum aUowcd SWRCB 1990.

dl Used on reaeano ai use for whok-body wuv cools RECI
e Based on food eonsumpuon Umitaiau SIELL.

f Based on secondary dunking as nardasds 22 CAC 64449.1 Table 64449-A.

g Based on primary drinking water srasdards 22 CAC 646723a-b.

h From Cabana. 1997 Sumotsyof Warn Quality Data Associated with Run-0ft from Cabana Highways and
Fioewsys.

i From LA Co. DPW. 1997 Summary of Duaksre of Sampling Results obtained from M. Ramos. LA Co. DPW.

Based on La Angeles Basin Plan Table 3.5 RWQCB 1994 unless odhawise noted.

Infers smquired mnumum of 73% sobds reahovel from waste tocam.

m.Nobs6482U01 S42.doc
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Cost of Storm Water Treatment for the Los Angeles County NPDES Permit Area 5

There are several constituents indicated that would potentially violate the water quality n

objectives. Treatment systems discussed in this report have been developed to treat storm water

to meet the objectives.

The monitoring values were then combined to obtain a typical constituent concentration expected

in County of Los Angeles. runoff. These water quality values were considered in developing

levels of treatment which meet the water quality objectives of the receiving water body. The

design storm water quality values in the table below arc
typical urban runoff in Los Angeles

County. The values arc the average values from a database of county storm water monitoring

from 1988 to 1995.

Table S. Typical Storm Water Runoff Quality

Constituent Typical Value mg/L

Total suspended solids 510

Total dissolved solids 285
C

Biochemical oxidation demand 50

Nitrate 1.9

Phosphate 0.5

Cadmium 0.001

Copper 0.03 n

Lew- 0.04

Zinc 0.19 d

Oil grease 2

Fecal coliform MPN/100 rnl 180.000
s

Total coliform MPN/100 mL 750000

The quality data shows that storm water treatment should address suspended solids which is

basically the dirt picked up during runoff the high levels of bacteria indicated by the coliform

tests and the variable levels of metals. The coliform indicates a high potential for contamination
s

by disease carrying bacteria. Metals requirements are especially difficult because of the large
t

variation in sampling results the stringent requirements that are both existing and proposed and

the high cost of removing small concentrations of metals from large quantities of water.

STORM WATER TREATMENT

Storm water treatment was developed to meet the basic requirements of the Los Angeles Basin

Water Quality Control Plan 6. Three progressive levels of potential treatment are proposed to

meet higher levels of water quality objectives required to preserve potential beneficial uses of

receiving .waters Beneficial uses of receiving waters are further discussed in the Basin Plan.
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Cost of Storm Water Treatment for the Los Angeles County NPDES Permit Area 7

RUNOFF QUANTITY AND TREATMENT FACILITY SIZE

Drainage from each basin within Los Angeles County is based a 24-hour one-year storm

equaling 1.25-inch and the modified runoff coefficient described above. The total runoff from

each drainage basin is shown on the following table.

Table 7. Storm Water Runoff by Drainage Area

Drainage Basin Description Drainage Ana Total Runoff

acres Million Gallons

Dominguez 69091 1337

Upper Los Angeles River 522.061 7572

Malibu 98729 956

San Gabriel 370468 4.774

Santa Ana 15.680 214

Santa Clara 491.947 4.641

Santa Monica Bay 134429 2190

Total 1302404 21684

Considering the economy of scale that is evident in the construction of treatment facilities

building numerous small treatment facilities is not as cost effective as the construction of a few

large.rcgional treatment plants. Although political or land use requirements may require some

smaller facilities the economics favor larger plants. Therefore treatment selection design and

cost estimates are based upon the assumption that a few large regional treatment plants will be

built. The capacity and number of treatment plants is shown on the following table

m\jobs 6482 JO $42.doc
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Cost. of Storm Water Treatment for the Los Angeles County NPDES Permit Area 8

Table 8. Storm Water Treatment Plant Capacity

Size and Number
Location and Description Million Gallons MG

Dominguez

Total Runoff to be Treated MG 1.337

Number of Treatment Plants Required 27

Los Angeles River

Total Runoff to be Treated MG 7.572

Number of Treatment Plants Required 173

Malibu

Total Runoff to be Treated MG 956

Numberof Treatment Plants Required 20

San Gabriel

Total Runoff to be Treated. MG 4774

Number of Treatment Plants Required 107

Santa Ana

Total Runoff to be Treated. MG 214

Number of Treatment Plants Requited 5

Santa Clara

Total Runoff to be Treated. MG 4641

Numberof Treatment Plants. Required 104

Santa Monica Bay

Total Runoff to be Treated. MG 2190

Numberof Treatment Plants Required 44

Entire Los Angeles Area

Total Runoff MG 21.684

Number of Treatment Plants 480

The maximum size of any individual treatment plant is assumed to be 500 million gallons.

ESTIMATED COSTS FOR STORM WATER TREATMENT IN LOS ANGELES

The treatment cost estimate for the entire Los Angeles area was done by preparing composite

cost curves to represent
relative cost savings for construction of a few large treatment plants

versus construction of small treatment plants. The cost curves were developed by using the cost

determined from the Van Nuys quadrangle study area contained in the Caltrans District 7 Storm

Water Retrofit Plan 1.
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Cost of Storm Water Treatment for the Los Angeles County NPDES Permit Area 9

The total flow within the Los Angeles County drainage area is significantly larger than the flow

from the Van Nuys quadrangle study area. There are no existing costs available for large storm

water treatment facilities which would be required for the larger drainage area so it was

necessary develop new cost curves based upon the cost curves used in the Van Nuys study area.

The new treatment cost curves are intended for
estimating the cost of treatment for capacities

ranging from 10 to 500 million gallons. As a comparison to test the accuracy of the. new cost

curves for Los Angeles County. storm water treatment costs were compared with other similar

treatment systems. This comparison was done by using the cost estimating curves developed for

the City of San Diego San Diego Wastewater Programs Managers Technical Advisory Board

San Diego Metropolitan Sewerage System Preliminary Cost Estimating Curves December 8.

1988 8. All costs estimate are based upon an ENR Index of 6710 7.

The costs of the treatment facilities were developed from representative designs and then scaled

up for the watershed. Simplifying assumptions were made that part time. stxffwould be available

during storm events by drawing municipal labor forces means for disposal of residual solids

would be available through municipal landfills and wastewater plants and the large land needs

for the sites could be accomplished through purchase. These simplifying assumptions may lead

to lower costs than would be possible for a large scale treatment project but should not

compromise cost estimate for.undertaking a storm water treatment program.
These are planning

level costs and the accuracy is reflective of the
preliminary nature of the designs and the general

assumptions made. Shown in the table below arc capital and operation and maintenance 0 M
costs for each drainage basin within Los Angeles County. Costs were prepared which include

and exclude collection costs.

Separate costs estimates were prepared including and excluding collection costs. This was done

because of an uncertainty in the locations of large treatment plants proposed.

Costs without collection represent a system where large treatment plants are located at the

downstream discharge of major drainage areas. The existing conveyance system is used to bring

storm water to the treatment locations. Some of the conveyance systems are actually local

channels and waterways that will not receive the benefits of treatment.

Costs with collection represent an effort to parallel important tributary streams and channels with

collection systems to protect them from storm water pollution. The parallel collection systems

would divert flow to the treatment locations. Obviously building parallel storm water collection

systems is expensive.

mycbs%N22WI542.doc

R0006142

RB-AR16108



Cost of Storm Water Treatment for the Los Angeles County NPDES Permit Area 10

ý.. Table 9. Treatment Costs by Drainage Area

Dominguez
Cost without Collection Coat with Collection

01000000 $1000000

Capital Costs

Collection System $628

Level 1 $1234 $1.861
------------------ -

Level 2 51.95.0 52.578

Level 3 $3.643. $4.271

OM Costs

Collection System $0.5

Level I $3.5 $4.0

Level 2 $6.4
$7.0

Level 3 S 11.4 $11.9

Los Angeles
Cost without Collection Coat with Collection

$1000 000 $1000000

Capital Costs

Collection System $4098

Level 1 $7386 S11.494

Level 2 311.679 $15777

Level 3 521.810 325908

O M Costs

Collection System $3.5

Level l $20.3 $23.8

Level 2 $37.9 $41.4

Level l $67.6 $71.1

Midibu
Cost without Collection Coat with Collection

51000000 $10000001
Capital Costs

Collection System $634

Level I $894 $1.529

Level 2 $1414 $2.048

Level 3 $2641 53.276

O M Costs

Collection System $0.5

Level I 52.5 53.0

Level 2 $4.7 $5.2

Level 3 $8.3 $8.8
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Cost of Storm Water Treatment for the Los Angeles County NPDES Permit Area I I

..
Cost. without Collectio

Sad Gabrid
4. Cost with Collection

$1000.000 $1000000

Capital Costs

Collection System $2755

Level I 54441 $7166

Level 2 56.975 $9730

Level 3 $13028 515783

OMCosts
Collection System $2.3

Level 1 $ 12.4 514.8

Level 2 523.0 525.3

Level 3 $40.8 543.1

Santa Ana
Cost without Collection Cost with Collection

$1000000 $1000100

Capital Costs

Collection System S120

Level 1 $210 $329

Level2 S331 S450

Level 3 S619 S739

O M Costs

Collection System $0.1

Level 1 .$0. $0.7

Level 2 51.1 $1.2

Level 3 $1.9 $2.0

Santa Clara
Cost without Collection Cost with Collection

$1000 000 $1000 000

Capital Costs

Collection System $3.130

Level I 54.301 $7431

Level 2 $6801 $9931

Level 3 $12703 $15.833

OMCosts
Collection System 52.6

Level 1
$12.1 $14.7

Level 2 $22.5 $25.1

Level 3 $39.8 $42.4

myoba6492UOI342.doc
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Cost of Storm Water Treatment for the Los Angeles County NPDES Permit Area.

Santa Monica Bay
Cost without Collection Cost with Collection

$1000000 $1000000
Capital Costs

Collection System $1.121

Level I $2017 $3138

Level 2 $3189 $4310

Level 3 $5956 $7.077

OMCosts
Collection System $0.9

Level $5.7 $6.6

Level 2 $10.5 $11.5

Level 3 $18.7 $19.6

Entire Los Angeles Area
Cost without Collection Cost With Collection

$1000000 $1000 000

Capital Costs

Collection System $12500

Level I $20400 $32900

Level 2 $32300 S800
Level 3 $60400 572900

OMCosts

Collection System $10.4

Level l $57.2 $67.6

Level 2 5106.3
S116-7

Level 3 $188.5 $198.9

The construction and land purchase was assumed to take place at the beginning of the project in

year one and the annual cost was assumed to stay constant over the life of the project. All costs

are based upon the 1998 calendar year. The capital costs for
theprojcct levels include 100 acres

for each 500 million gallon level I treatment facility at an average cost of approximately

$900000 per acre. The level 2 50Q million gallon facility includes an additional 100 acres at the

same unit cost. Level 3 is assumed to not require additional land. Land use for smaller treatment

plants is assumed to be proportional to capacity.

The background for the cost estimates is included in the attachments. Attachment I is the design

basis for a typical 500 million gallon facility and includes a schematic layout. Attachment 2 is

the design basis for a typical 200 million gallon facility. Attachment 3 includes the standardized

cost estimation curves for storm water treatment facilities. Attachment 4 includes the

standardized cost estimation curves for wastewater treatment facilities to 10 million gallons.

myoes6482vo15424
R0006145
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Cost of Storm Water Treatment for the Los Angeles County NPDES Permit Area 13

DISCUSSION

The cost estimates developed in this analysis include several assumptions needed to build the

capital cost estimates and develop the operating and maintenance costs. Historical data for the

costs is based on municipal utility construction projects which have not been developed

specifically for storm Water treatment. The assumptions and general municipal background of the

estimates result in costs that are potentially low for the storm water treatment project. Potential

concerns arc

Storm facilities will be operated intermittently and
seasonally. Treatment levels 2 and

3 require operators skilled in treatment equipment however they are only needed for

storm events. The availability of these operators is difficult to arrange since they

would have to have other more full time positions within the managing municipality

or utility. The cost of labor would be higher because of inefficiencies. Level 1 also

requires intermittent operation but it may be able to be contracted out to the private

construction industry.

Power costs are relatively more expensive on an intermittent basis and the utilitys

cost of supplying the seasonal loads imposed bypumps and the equipment in levels 2

and 3 will have to recovered in higher per energy unit costs. Chemical costs will also

be higher do to seasonal purchasing needs and the need to not store some chemicals

such as chlorine during the dry season. There are also risks with chemical storage

and delivery in residential and.commcrcial neighborhoods that must be mitigated.

Land costs have been assumed to represent an average cost in the Los Angeles area.

However a storm water treatment project would need to acquire large tracts of

contiguous land to build the facilities. No matter how much communitysupport
there

is for clean water residents always want the facilities somewhere away from their

property and certainly do not want their land taken. Acquisition of the necessary land

would be difficult and expensive. More numerous smaller facilities would increase

the number of impacted communities and residents. The treatment units simply

cannot be built without land. and there is not much available land in-mctropolitan Los

Angeles.

As indicated in the cost analysis the protection of the drainage channels and natural

waterways that arc currently used to convey storm water from storm water pollutants

would either require a vast number of small treatment units at every discharge or a

parallel collection system for the design storm. The numerous facilities sacrifice the

economy of scale found in larger units and the alternative parallel collection system is

very expensive. Decisions would have to be made as to where parallel systems were

needed based on the streams to be protected.

The analysis assumes conventional costs foi the removal of residual products such as

solids and brine. Again they would be seasonal and would require the additional costs

of setting up disposal procedures for only seasonal use. In addition there may be the

potential requirements for the disposal of hazardous waste.

myobil 4t7XHSr2.doc r
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Cost of Storm Water Treatment for the Los Angeles County NPDES Permit Area 14

Although the costs may be conservatively low they art relatively large. The following table

summarizes the Los Angeles area costs with a limited amount of collection facilities.

SUMMARY

Capita Costs

Level I - Detention and settling including limited collection 33 billion dollars

Level 2 - Filtration and disinfection in addition to Level 1 45 billion dollars

Level 3 - Advanced treatment for toxics in addition to Level 2 73 billion dollars

Land Required

9300 to 18600 acres depending on treatment level

Operating and Maintenance Costs

Level I - Detention and settling including limited collection 68 million dollars per year

Level 2 - Filtration and disinfection in addition to Level I 117 million dollars per year

Level 3 - Advanced treatment for toxics in addition to Level 2 199 million dollars per

year

myobiý648N01342 doe R0006147
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Definitions and Abbreviations Contained in Cost Estimates

LF - Linear feet

INCH - Inches of rainfall

MGD / mgd - Million gallons per day

LS - Lump sum

SF - Square feet

MG -Million

gallons-AC- Acres

gpm - Gallons per minute

CFS / cfs - Cubic feet per
second

RO -Reverse osmosis

ft - Feet

kWh - Kilowatt per hour

MWh.- Megawatt per hour

fps - Feet
per second

mg/L -
Milligram per liter

0 M -
Operation and maintenance

sq. - square

mi - miles

Quad - Quadrangle
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500

MG

Treatment

Plant

LOS

ANGELES

COUNTY

SITE

SPECIFIC

DESIGN

PARAMETERS

ITEM

VALUE

COMMENTS

414ý1i4

iI.

ti

I

i

j.

lrr

is

11

ýIE1.

t

ý.

type

Typical

500

MG

Plant

Exact

location

of

treatment

plant

is

unknown.

Name

Prototype

500

MG

Plant

Address

Los

Angeles

County

Existing

Storm

Drain

Facilities

Use

existing

Los

Angeles

County

Collection

System

tfýý.1iiVlýý

Drainage

Area

Acres

38400

Square

Feet

I672704000Approximate

Percent

Impervious

48%

Estimated

-

refer

to

design

write-up

Weighted

runofTcoeMcient

0.51

%Impervious00.90I-%IMP0.15

Assumed

90/.

runoff

from

impervioussurfaces

and

ý/

r

15%

runoff

from

pervious

surfaces.

7ý5.SAýýY

iltlab.iFiili

1

ýFIti

Total

Rainfall

One

year

24

hour

Storm

inches

1.00

Derived

from

50

years

of

rainfall

data.

Typical

for

Greater

Los

Angeles

area.

500may

18.xls

1
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S00

MG

Treatment

Plant

ITEM

VALUE

COMMENTSStormwater

Runoff

Volume

Assumed

0.06

inches

of

rain

loss

due

to

local

ponding

Cubic

Feet

66825000

Million

Gallons

500

Peak

Ruiafull

Intensity

inches/hour

1.41

Peak

Flow

Rational

Formula

Q

CIA

Runoff

coell

Peak

rainfallintensilyDrainage

area

from

Caltrans

hydraulics

Design

Manual

Cubic

feet

per

second

cfs

13000

Million

gallons

per

day

mgd

8.400

Assume

a

50%

reduction

in

peak

flow

because

of

delay

in

intensity

due

to

size

of

drainage

area.

W4

1

rPi

lýTýi

ý
ýf
ý
ýa

d

f
Fý

ýý

i

d
i

I

WAY

T7

i

fe

.

Muff

Site

Characteristics

Acres

201

Size

required

to

fit

treatment

units.

Percentage

of

land

used

for

treatmentversus

drainage

area

0.52%

Approximate

shape

of

site

rectangular

Shape

-

triangle

rectangle

etc.

Length

of

site

R.

2500.

0 0

Width

of

site

fl.

3500

N

Approximate

Slope

ofSite

Terrain

Level

500may

1
8.xls

2
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500

MG

Treatment

Plan

ITEM

VALUE

1COMMENTS

Existing

Land

Use

Unkown

Existing

Owner

Unknown

Distance

from

Collection

Point

to

Treatment

Plant

Site

R.

1.500

Assumes

construction

next

to

existing

river.

Tr

ý1

.iiýJl1ýU.NFr1IIFý6tllrr4ý

61

ROMP

i

PARWT

Level

1

Bar

Screens

plusdetention

basins

Level

2

Gravity

filtration

with

disinfection

Level

3

Advanced

treatment

with

Reverse

Osmosis

Collection

system

inlet

pipe

rectangular

Width

ft.

20.0

Height

ft.

20.0

_

Number

of

inlet

pipes

4

Capacity

cfs

16000

Capacity

based

upon

10

fps

max.

flow

Velocit

fps

8.1

Bar

Screens

2-inch

spacing

Screens

located

at

enlerance

to

detention

basin

pumping

station

inlets

0 00 rn LJ

500may

18.xls

1
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500

MG

Treatment

Plant

ITEM

VALUE

COMMENTSDetention

Basin

Minimum

volume

in

gallons

499851000

Assume

vertical

walls

ror

detention

basin

Number

of

required

detention

basins

4

ingnore

capacity

of

sloped

basin

sides.

Length

of

detention

basin

11

2400

Includes

1.5

freeboard.

Width

of

detention

basin

R

300

Depth

of

detention

an

fl

25

Actual

capacity

of

detention

basin

gallons

506314000

Capacity

cubic

feet

.pe

sec

67680000

Calculated

based

on

detention

basin

dimensions

Time

to

Drain

Detention

Basin

Hours

All

levels

24

Pump

Rate

Gallons

per

minute

gpm

347119

Runoff

Volume

gal.yhr.

detJ

60

min.

Million

gallons

per

day

mgd

500

Capacity

cfs

773

Number

of

pumping

stations

4

Provide

one

pumping

station

per

detention

basin

Capacity

of

pump

stations

gpm

86780

Capaciiy

of

pump

stations

cfs

193

Level

2
ssd

J

Treatment

Plant

Avg.

Capacity

mgd

500

Max

surface

loading

@
7200

gpdfsf

5

gpm/sl

o

Required

filter

size

square

feet

69424

C En

S00mayl

8.xis

4
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500

MC

Treatment

Plant

ITEM

VALUE

1COMMENTSRectangular

fillers

Filter

size

ft./

fl.

63

Number

of

filters

including

two

back-up

filter

20

Width

of

filter

R.

55

Length

of

filter

f.

72

Filter

surface.area

per

filter

square

feet

3960

Total

filter

surface

area

square

feet

71280

Wash

Water

Volume

Backwash

time

minules/cycle

20

Use

two

tanks

for

redundancy

Backwash

fate

gpm/sf

25

Minimum

volume

gallons

1980000

Tank

diameter

ft.

1t
0

Tank

height.

ft.

32

Actual

tank

capacity

gallons

227464

7

Number

of

tanks

2

Total

backwash

water

capacity

gallons

4549294

Disinfection

Hypochiorile

criteriaHypochlorileconcentration

percent

6%

Alternativelychlorine

gas

might

be

used

Hypochlorile

available

C12

pounds/gal

0.5

Chlorine

dosage

rate

mg/L

30

X

Feed

rate

gallons

per

day

gpd

250125

c

Feed

rate

gallons

per

minute

gpm.

174

0 CA

500tnayIS.xls

S
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500

MC

Treatment

Plant

ITEM

VALUE

COMMENTSHypochlorite

lank

capacity

Number

of

design

storms

3

Hypochlorite

tank

capacity

gallons

750.376

Actual

tank

capacity

gallons

.80000

Volume

of

Contact

tank

Contact

detention

time

minutes

60

Volume

of

contact

tank.

gallons

7125

Length

oftank

feet.

720

Width

oftank

360

Depth

of

tank

feet

12

Actual

volume

of

tank

gallons

23268902

Dechlorination

Sodium

Bisulfitecriteria

Sodium

Bisulfiteavailable

SO

pounds/gal

2.5

Sodium

Bisulfite

rate

mg/L

15

Feed

rate

gallons

per

day

gpd

25013-Sodium

Bisulfite

took

capacity

.Storag

capacity

number

of

design

storms

3

Hypochlorhe

tank

capacity

75038

Actual

4nk

capacity

gallons

80000

Reverse

Osmosis

Provide

building.

Req.

capacity

of

RO

units

gpm

260.339

50%

bypass

around

filters

Number

of

RO

units

135

Provide

5

additional

R

units

for

backwash

0 C

Capacity

of

individual

RO

units

gpm

2000

rn

500may

l
8.xls

ý
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500

MG

Treatment

Plant

ITEM

VALUE

COMMENTS

Capacity

of

RO

treatment

system

gpm

260.000

6
kWh

per

1000

gal.

Water

Treatment

Design.

Robert

Power

requirements

for

RO

units

kWh

93722

L.

Sanks

Plants

total

power

requirements

MWh

103

Assume

10%

higher

than

RO

unit

Brine

Storage

Basin

Minimum

Volume

gallons

10152000

Storage

for

3
storm

events

at

5%

per

stone

Minimum

Volume

cubic

feet

1357038

Storage

Basin

length

ft.

1000.0

Storage

Basin

length

II.

400.0

Tank

depth

feel

3.5

Annual

evaporation

rate

42-inches

per

year.

Remaining

water

will

be

discharged

to

sewer

Actual

Tank

Capacity

cubic

feet

1400.000

Length

of

final

effluent

discharge

pipe

feet

1000

Effluent

discharge

to

River

Dimensjons

of

outlet

pipe

rectangular

12.0

Number

of

outlet

pipes

Width

of

outlet

pipe

ft.

10

Height

of

outlet

pipe

It

10

0

Velocity

in

outlet

pipe

fps

Maximum

velocity

10

fps

CA

500may

18.x

Is
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521125

$1.406.250$7210055

a

ilia

$J

i4It4111-1III

.P

n

I
I

rt

4.

it

I

.I

1

i.

ae

tI

i
4

I

il

1

rF7I

11i1

s

fM

i

I
i
qý

r

h1f.

Itý

r..

ý
f

r

Paring

25.000

SF

%I

so

$77500

Building200000

SF

$100

52000000Outride

piping

S%

$29126175Snk..l$611664775

ýiru

Irýii

ýfýFTf

f

tiifl

lt

IlWi

I

711

IIýFr

rýý

ý

R1RiWfl

17

IýIll

i

ý

ý
t7

P

pn

r

Will

ConawetionContingency

-30%

51139$0

SýMafs/$795167611Engincering

/
Igsl

/

edminitlrNire

IOY.

f

159011771SrifNd$054196425

Land

/

easementsnone

Level

7

-1ats

$954.196.42557210015

.Z 0O O

-

OO

III

RB-AR16126
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m

or

sooptu

n

.

SAitlx.

T.r
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i
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Q
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u
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1

YMtx.euadxe

I

-T

Mw

oRTWO

aces

p
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ft

ToRAOSRYOIuC

ill

Ac-I

t

t

xotC

btrJfrATx

cw.

a
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O

O
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powd

Shae

IPamim

t

O
O

Typical

500

MC

Stormtrster

BROWN

AND

CALDWELL

TreatmentFacility

L

R0006161

RB-AR16127



ý.
1

ATTACHMENT 2

DESIGN BASIS FOR A TYPICAL

200 MILLION GALLON FACILITY

R0306162

j
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hit

200

MG

Treatment

Plant

LOS

ANGELES

COUNTY

SITE

SPECIFIC

DESIGN

PARAMETERS

ITEM

VALUE

COMMENTS

aflt

lAý

lýiý

F
l

ili

ýý

1
Iý
iI

1.

ý1

ý

ii
ý.

t

ý1ýiiýýýl

4ý1
.
di.

/

MAAM01

16

v44i

ii-15

t

Type

Typical

200

MG

Plant

Exact

location

of

treatment

plant

is

unknown.

Name

Prototype

200

MG

Plant

Address

Los

Angeles

County

Existing

Storm

Drain

Facilities

Use

existing

Los

Angeles

County

Collection

System

WN

II

Drainage

Area

Acres

15400

Square

Feet

670824000

Approximate

Percent

Impervious

.48

Estimated

-

refer

to

design

write-up

Weighted

runoffcoefrrcient

0.51

%Impcrvious0.90I-%IMP00.I5

Assumed

90%

runoff

from

impervious

surfaces

and

15%

runoff

rrorn

pervious

surfaces.

Rf

flýbQO

ý
ý..1.ý

..

ýt...

11tý

.

j
IIrl

ilftý

i.

I

.19ýi

lttýtýý7

.

ýLII

l/7J

týý

ýRRwe1ýTýý

ý
iýtl

r

t.Tiiýýrý

t

iNiýte

iýTý

Total

Rainrall

0 m

One

year

24

hour

Storm

inches

1.00

Derived

from

SO

years

of

rainfall

data.

Typical

for

Greater

1jis

rn w

Angeles

area.

200May

l
8.X1.S

1

RB-AR16129



200

MG

Treatment

Plant

ITEM

VALUE

COMMENTS

Stormwater

Runoff

Volume

Assumed

0.06

inches

of

rain

loss

due

to

local

ponding

Cubic

Feet

26.799000

Million

Gallons

200

Peak

Rainfall

Intensity

Refer

to

Appendix-C

of

6/17/96

Summary

of

Task

2

inches/hour

1.40

Peak

Flow

Rational

Formula

Q

CIA

Runoff

cneffPcak

rainfall

inensityDrainage

area

from

Caltrans

I
tydraulics

Design

Manual

Cubic

feet

per

second

cfs

5.200

Million

gallons

per

day

mgd

3400

Assume

a

50%

reduction

in

peak

now

because

of

delay

in

intensity

due

to

size

of

drainage

area.

trle-XriJitý.t.ýý

Site

Characteristics

Acres

72

Size

required

to

fit

treatment

units.

Pcrceniage

of

land

used

for

treatmentversus

drainage

area

0.47%

Approximate

shape

of

site

rectangular

Shape

-

triangle

rectangle

etc.

Length

of

site

fl.

1500

0

Width

of

site

fl.

2100

Approximate

Slope

of

Site

Terrain

Level

0

29UMay

l
8.X

LS

2

RB-AR16130



e4

I

200

MC

Treatment

Plant

ITEM

VALUE

COMMENTS

Existing

Land

Use

Unknown

Existing

Owner

Unknown

Distance

from

Collection

Point

to

Treatment

Plant

Site

fl.

1500

Assumes

construction

next

to

existing

river.

7ýý..1

ý7.i

o

...

yX

73.4

d1fl

iII

Sý1fý

ýI....

t.tl

7ýýa

itilkjý

ýý

ýýh

ýýll

lil

rý53

ýIý

y

ý.

lýfirý14.

ýt..

1

I

Level

l

Bar

Screens

plus

detention

basins

Level

2

Gravity

filtration

with

disinfection

Level

3

Advanced

treatment

with

Reverse

Osmosis

1

v

r
Wt

ii

i1

IFI

ijvd..

-5

Collection

system

inlet

pipe

rectangular

Width

ll.

15.0

Height

fl.

10.0

Number

of

inlet

pipes

4

Capacity

cfs

6000

Capacity

based

upon

10

fps

max.

flow

Velocity

fps

8.7

Screens

located

at

enterance

to

detention

basin

pumping

station

Bar

Screens

2-inch

spacing

inlets

o.

200May

18.XLS

1

RB-AR16131



200

MG

Treatment

Plant

ITEM

VALUE

COMMENTS

Detention

Basin

Minimum

volume

in

gallons.

200.457000

Assume

vertical

walls

for

detention

basin

Number

of

required

detention

basins

4

Ingnore

capacity

of

sloped

basin

sides

Length

of

detention

basin

fl

1200

Includes

1.5

freeboard.

Width

of

detention

basin

fl

240

Depth

of

detention

basin

R

25

Actual

capacity

of

detention

basin

gallons

202526000

Capacity

cubic

feel

per

sec

27072000

Calculated

based

on

detention

basin

dimensions

Time

to

Drain

Detention

Basin

Hours

All

levels

24

Pump

Rate

Gallons

per

minute

gpm

139.206

Runoff

Volume

gal./hr.

deli

60

min.

Million

gallons

per

day

mgd

200

Capacity

cfs

310

Number

of

pumping

stations

4

Provide

one

pumping

station

per

detention

basin

Capacity

of

each

pump

stations

gpm

34802

Capacity

of

pump

stations

cfs.

-

77.5

Level

2
and

3

Treatment

Plant

Avg.

Capacity

mgd

200

Max

surface

loading

@
7200

gpd/sf

5

gpm/sf

Required

filler

size

square

feet

27.800

200May

18.XIS

RB-AR16132



200

MG

Treatment

Plant

ITEM

VALUE

COMMENTS

Rectangular

filters

Number

of

filters

including

two

back-up

filter

20

.Widt

of

filter

ft.

40

Length

of

filter

fl.

40

Filter

surface

area

per

filler

square

feet

1600

Total

filter

surface

area

square

feet

28800

Wash

Water

Volume

Backwash

time

minutes/cycle

20

Use

two

tanks

for

redundancy

Backwash

rate

gpm/sf

25

Minimum

volume

gallons

800000

Tank

diameter

ft.

92

Tank

height.

R.

24

Actual

tank

capacity

gallons

1193300

Number

of

tanks

2

Total

backwash

water

capacity

gallons

2386600

DisinfectionHypochlorite

criteria

Hypochloriteconcentration

percent

6%

Alternatively

chlorine

gas

might

be

used

Hypochloriteavailable

C12

pounds/gal

0.5

Chlorine

dosage

rate

mg/L

30

Feed.

rate

gallons

per

day

gpd

100309

Feed

rate

gallons

per

minute

gpm

70

200May

f
S.XLS

s

RB-AR16133



200

MG

Treatment

Plant

ITEM

VALUE

COMMENTS

Hypochlorite

tank

capacity

Number

of

design

storms

3

1-lypochlorite

tank

capacity

gallons

300926

Actual

tank

capacity

gallons

325000

Multiple

tanks

will

be

used

Volume

of

Contact

Tank

Contact

detention

time

minutes

60

Volume

of

contact

tank

gallons

8352375

Length

of

tank

feet.

460

Width

of

tank

205

Depth

of

tank

feet

12.0

Actual

volume

of

tank

gallons

8465500

Dechlorination

Sodium

Bisulfitecriteria

Sodium

Bisulfite

available

SO

pounds/gal

2.5

Sodium

Bisulfite

rate

mg/L

15

Feed

rate

gallons

per

day

gpd

10031

Sodium

Bisulfite

tank

capacity

Storago

capacity

number

of

design

storms

3.

Hypochlorite

lank

capacity

30093

Actual

tank

capacity

gallons

35000

Multiple

tanks

used

CD

Reverse

Osmosis

Provide

building.

0 0

Req.

capacity

of

RO

units

gpd

150342750

25%

bypass

around

filters

0

Capacity

of

RO

units

racks

gpd

1000000

Unit

capacity

1000000

gpd

200May

18.X

LS

RB-AR16134



200

MC

Treatment

Plant

ITEM

VALUE

1COMMENTS

Capacity

of

RO

treatment

system.

gpd

150000.000

Unit

are

40

in

length.

1.5

in

dia.

Each

Number

of

RO

units

170

Allow

20

Ior

backwashing

Building

size

for

RO

units

sq.

Il.

85000

Each

unit

with

access

area

500

sq.

R.

Power

requirements

for

RO

units

kWh

37586

6
kWh

per

1000

gal.

Water.

Treatment

Design

Robert

L.

Sanks

Plants

total

power

requirements

MWh

41.3

Assume

10%

higher

than

RO

unit

Brine

Storage

Basin

Water

not

Recovered

by

RO

Minimum

Volume.

gallons

5414400

Storage

for

I
storm

event

at

20%

per

storm

Minimum

Volume

cubic

feet

723754

Storage

Basin

length

R.

500.0

Storage

Basin

length

R.

420.0

Tank

depth

feet

3.5

Annual

evaporation

rate

42-inches

per

year.

Remaining

water

will

be

discharged

to

sewer

Actual

Tank

Capacity

cubic

feet

.73500

o

Length

of

final

effluent

discharge

pipe

feet

1000

Effluent

discharge

to

River

0 0 rn

Number

of

outlet

pipes

D

Diameter

of

pipe

R.

8.0

Use

circular

pipe

200May

l
8.Xl.S

7
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PROTO

tYPF.

21

MCD

TREATMENT

PLANT

ANNUALOPERATION

AND

MAINTENANCE

COST

UNIT

PRICE

TOTALCOST

LABOR

POWER

IIEMICAI

S

MATERIALS

TOMAI.

ITEM

QUANTITY

IINI1

S

S

S

S

S

S

S

.

.

r

4jýý.

tt

..

H
1.1

III

ilýl.lanExisting

River

bypasspructureinfLUble

daml

I

iS

SI0OXM

SIXXI

SMXl

Gravity

to

detention

bump

41$s

Id

1500

1.1-

ISIM

52.250.01K$22.51X15225110

Annual

Maintenance

Cost

I
L
KW.

ý

r

ýý

ý

Týrrý.

ýrý-

ýýýý.r

I_-

/T7

llilr

ITý1

ýrinqýrl

ir

ý

iI1ý..1

.

ýý1-1ýI

.ý1

.

lýJr

ý1

ý.l\

1L.ll%

T7

7MiýfIrrN

l

Discharge

piping

1000

LF

110

5100.000

rZ

7

11ýU

r
T
T
R

IR
1

i

7-

79

r
i

71ri..T.

m.

Delenlion

Basin

and

Pumping

Station

200

M.

360.000572.165.475eaalaran

12.616

S16.115

111O

A14

5020170

Pump

Operation

200

MUD

1251.522$11.924

164630

511516

tv71s

wrsýe

Krl

arrr1r1rýýýý

ytýTlfil

711IT

Vriv-mm

ll

7t

f1ýctfAi

XMIT.

OMEl

1T

ý

ý14hTr

1t

I

fA

T

iti

7

Paving

10.0m

SF

it

50

515000

Maintenance

and

storagebuilding

I070

SF

5100

SI00000

520000

$5.000

52.000

5271110Land/easements

40

AC

591476056590400Outside

piping

514

5.601.274Sakmal

St

15.129.149

1106446

LwýilflýitGeiiliitflIriuipriCt

1

i

zlPIt

I

jnýl

I

Tý7rLSfýfFRRý

Z

fl11t_TTi1ýJýJ17ý.T

rR

ConstructionContingency

1%

5451745

S.6rarl1149.667993F.ngineering/Legsl/Administralive

20%

$29.9.579

Lrvrl

I
Total

5179.601472

OO . O

Pagel

I

ttvaa.

i

.11\

RB-AR16136



rlo

r

I

lI

IW

MIt

TREATIIIENT

rl.AN

r

ANNUALOPERATII

IN

AND

MAINI

ENANF

Isr

INlrrRIErOTAt.CDsT

IABOR

POWER

IIFF11rAIS6MATERIAIS

7OTAl.

ITEM

211ANTITY

UNIT

S

S

S

S

S

S

f.a

-

f7fFrlwr

1

1

ýr.

41.1.

la.

ý.

1

1

tlh.

.

ZTtT--jPjMA

t

1

Filler

200

Mi

33I1U0

142.7110925427.141130.0695213570$670790

t.71ýt

soW11a.ir

iditii.

r.

1

.

Pn

3Tlr

v
.1-

n

1
ýZr

-ý.r

1
1

IS7y

r

ýTfRRtýiý

Disinfectionsnddechlorination

200.

MG

3.500

$1266530

19213

169213

JT

atýiaITýýIlff

ýýi1iý

rýýT3Til

IT

ý

jý

11ý

Paving

10000

SF

$150

515000

Building

2500

SF

$100

5250000

outidc

piping

5%

$2199046Sabran3$46444969lIiýýýwrýinlýjTýýri%iý1iT

7iý

ý.ýýru

.1ýl

Sýýaiý0

..-ýql

lý.sý7Tr

f

Iýi

1f

ll

fýý

r

t

n

-ý

ýS

Pll

ýý

ý.1

ii

1

TAT

TýRRýý

ConstructionContingency

30%

S13.913490$60.714S$Engincering

l
legal

fadrninistraIlce

20%

$12.075692

Svked

$72.4S4130I.udetuemenu

40

AC

5914760$36590400

Level

2
T.ls

5109.0445501719901

Z3 O O O Q1 v

Page

9

1

Itv

ituil

l

RB-AR16137



PRt7TOIVPF.

IN

MCD

TREATMENT

PLANT

At.

OPERATION

AND

MAINTENANE

05T

VNrr

PNICF.TOTALCOST

IABOk

POWER

CIIEMICAI

S

MATERIAI.S

TOTAI.

ITEM

QIIANITV

UNIT

S

S

S

S

S

S

S

LffM

AewMTY_ar

9.t..

it

r

iriiAt.

h
r

NI

h
.

ý.ý

r

7

Lý

Reverseosmosis

power

costsassumes

15

slam

a

150

MG

SISIr0000D$22500000051125000SI190.770

55730

5562S0052386.960

fj

ý

.lt

1

woof

inVýiIrýI

tr

I

r

i.l

ý

Ij

tt.

akl

II1

f47

iý

lý

t
flit

1ýý1

1

I
i

N

Paving

10.000

SF

St

so

$ISt1WBuilding55.0D0

SF

S00

$5500.000OuUide

piping

5%

$11675.750Srltats/5245.190.750

l3

bA17ý131

IIýgf7.aýý

i
lri

r1C

Iýti

t$

I4F

ýF1Mf

ItI.iAi1Ei.

Rpm

iR

Mi

1

1

ý

ýýýý6

Yi

t

ri1ý

1FFRTM1FFTConstructionContingency

1n%

$7557.225Salta/a5715747.97$Engineering

/
legal

/

administrative

21%

567.749395Sakýtr%312.497.570

Land

/

easements

none

I.eve13..TotaSieii9757012996.960

OOO Q7 V

Pair

10

t

I7JrsýMliIrl

RB-AR16138



ATTACHMENT 3

STANDARDIZED COST ESTIMATION

CURVES FOR TREATMENT PLANTS

R0006173

RB-AR16139



S100.010-Costs

from

Cattrans

Storm

Water

Facilities

Retrofit

Evaluation

Catrans.

1997

updated

to

an

ENR.

CCI

of

6710

$10.00

O F- W O d

s1.oo

Updated

1997

Costs

---Assumed

Cost

Curve

$3

5239

miiNonCapacity40.6

Updated

1997

Cost

Trendtine

$0.10

0.10

1.00

1000

TREATMENT

UNIT

CAPACITY

MG

O OO Of -J

Level

I

Treatment

Project

Costs

RB-AR16140



$100.00

Costs

from

Caltrans

Storm

Water

Facilities

Retrofit

Evaluation

Caltrans

1997

updated

to

an

ENR

CCI

of

6710

$10.00

C 0u m

51.00

Updated

1997

costa

Assumed

Cost

Curve

$1.6629

miHionCapaeity1O.6

Updated

1997

Cost

TrendIne

$0.10

0.10

1.00

1000

TREATMENT

UNIT

CAPACITY

MG

OO O C

_

v CA

Level

2

TreatmentIncremental

Project

Coats

RB-AR16141



1C

I

1

$100.00

Costs

from

Caftrans

Storm

Water

FacilitiesRetrofitEvaluation

Cattrans.

1997

updated

to

an

ENR

CCI

of

6710

-

$10.00

N

.

UO U W a

s1.00

Updated

1997

Costs

-Assumed

Cost

Curve

$6.0304

mieonCapacity0

6

Updated

1997

Cost

Trendtne

$0.10

0.10

1.00

10

00

CD

TREATMENT

UNIT

CAPACITY

MG

O
.

rn 1 V

Level

3
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ATTACHMENT 4

STANDARDIZED COST ESTIMATION

CURVES FOR TREATMENT PLANT SIZES.
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COST OF STORM WATER TREATMENT FOR THE 
LOS ANGELES COUNTY NPDES PERMIT AREA 

   

An analysis was performed to determine the cost of treating storm water runoff in the Los 
Angeles County watershed. Treatment costs were developed based upon different treatment 
levels required to meet water quality objectives. The costs in this report were prepared as a basis 
for a further analysis of the economic impact of storm water treatment on the community. The 
costs in this report are intended to be used in the economic analysis and will be refined as the 
economic impact analysis progresses and the data needs arc refined. 

All costs for treatment were calculated in the same manner as the treatment costs in the Caltrans 
Storm Water Facilities Retrofit Evaluation (1). That report described the evaluation of the costs 
of treating storm water runoff from Caltrans facilities in the Los Angeles area. 

DESIGN STORM CHARACTERISTICS 

The design storm selected for this study is the one-year storm for a 24-hour period in most of the 
Los Angeles area. The selected storm allows the storm water treatment facilities to capture most 
of the runoff for a normal rainfall year. The capacity will be exceeded only when storms greater 

r than the one-year return frequency arc experienced. On a long tcrm, several year basis, the 
design storm will result in treatment of 80 to 90 percent of the runoff. The storm represents a 
compromise between the cost of attempting to design for a higher intensity storm and desire to 
maximize pollutant capture. The one year, 24-hour storm is the minimum rainfall with a 
statistical probability of reoccurring one or more times per year. Rainfall varies depending on the 
Los Angeles terrain and averages approximately 1.25 inches for the area included in this study. 

Treatment systems in this report are designed to contain all of the flow generated by the design 
storm, and treat and release this volume within a 24-hour period. Therefore, to calculate the 
average release rate, the volume of water generated by the design storm in 24-hours is calculated 
and then divided by 24-hours. A treatment period of 24-hours was chosen rather than a longer 
treatment period such as 72-hours to permit the collection and treatment of two consecutive 
storms. 

The design storm concept is similar to storm water design assumptions made by flood control 
agencies within Los Angeles County, California. However, flood control designs use longer 
return frequency storms and greater quantities of runoff, This approach incorporates input from 
the CaltransfUCD/CSUS Oversight Committee provided on the previous Retrofit Evaluation. 
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Cost of Storm Water Treatment for the Los Angeles County NPDES Permit Area 

SIZE OF DRAINAGE AREA WITHIN LOS ANGELES COUNTY 

The entire urban Los Angeles County watershed that drains directly to the Pacific Ocean 
measures approximately 1.702,404 acres. The area has been divided into seven drainage basins 
and the areas for each obtaincd from the Southern California Area Governments (SCAG) GIS 
Land Usc Data Base. The size and descriptive name of each basin is listed below: 

Table I. Los Angeles Drainage Basins 

Drainage Basin 	Drainage 	Area. 
Description 	 acres 

Dominguez 	 69,091 

Los Angeles River 	 522.061 

Malibu 	 98,729 

San Gabriel 	 370,468 

Santa Ana (Part) 	 15,680 

Santa Clara 	 491,947 

Santa Monica Bay 	 134,429 

Total 	 1,702,404 

STORM WATER RUNOFF 

The volume of storm water runoff was developed using a modified coefficient of runoff. The 
runoff coefficient estimates the percentage of the precipitation that will become runoff based on 
the land use and the imperviousness associated with each land use. This method is similar to the 
method described in the California Storm Water Best Management Handbook, Municipal 
Volume (5) The modified runoff coefficient predicts 90 percent of the precipitation will runoff 
from impervious area and 15 percent from the pervious area as described in the Handbook.. 
Below is the formula used to calculate the modified runoff coefficient. 

Runoff Coefficient = 0.90 x (impervious fraction) + 0.15 x (1-impervious fraction) 

In addition, the first 0.06 inches of precipitation was assumed to pond in localized depressions 
and not be available as runoff. The runoff coefficients and formula above can be found in 
Appendix D of the California Storm Water Best Management Handbook, Municipal Volume. The 
imperviousness for each type of land use was assumed to be similar to the values reported by the 
Santa Monica Bay Restoration Project (4). Listed below are assumed imperviousness and land 
uses: 
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C 

Table 2. Runoff Coefficients by Land Use 

Land Use Impervious Runoff 

Coefficient 

Single family residential 42 % 0.46 

Multi family residential 68 % 0.66 

Commercial 92% 0.84 

Public 80% 0.75 

Industrial 91% 0.83 

Other urban 80 % 0.75 

Vacant Developable 0 % 0.15 

Open 0% 0.15 

Unknown 65 % 0.63 

Based on a land use pattern in Los Angeles County, the runoff coefficient for each drainage 
basin was determined. in turn, this coefficient is used to determine the amount of storm water 
runoff as related to precipitation. 

Table 3. Runoff Coefficient by Basin 

Drainage Basin 	Runoff Coefficient 
Description 

Dominguez 	 0.599 

Los Angeles River 	 0.452 

Malibu 	 0.299 

San Gabriel 	 0.403 

Santa Ana 	 0.423 

Santa Clara 	 0.294 

Santa Monica Bay 	 0.504 

DESIGN STORM WATER QUALITY 

In addition to the storm water quantity, typical storm water quality is an important consideration 
in determining the types of appropriate treatment. Design storm water quality values were 
developed by examining the storm water quality data generated from Los Angeles County 
monitoring and Caltrans statewide sampling which cont ained a significant amount of Los 
Angeles area data. Treatment processes were developed from water quality objectives. 
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The following table shows the typical water quality objectives for Los Angeles and the range of 
sampling data for various constituents. 

Table 4. Water Quality Objectives and Monitoring Results 
WATER QUALITY ORJECTIVES 	 RAINFALL MONITORING DATA 
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There are several constituents indicated that would potentially violate the water quality 
objectives. Treatment systems discussed in this report have been developed to treat storm water 
to meet the objectives. 

The monitoring values were then combined to obtain a typical constituent concentration expected 
in County of Los Angeles. runoff. These water quality values were considered in developing 
levels of treatment which meet the water quality objectives of the receiving water body. The 
design storm water quality 'values in the table below are typical urban runoff in Los Angeles 
County. The values arc the average values from a database of county storm water monitoring 
from 1988 to 1995. 

Table S. Typical Storm Water Runoff Quality 

Constituent Typical Value, mg/L 

Total suspended solids 510 

Total dissolved solids 285 

Biochemical oxidation demand 50 

Nitrate 1.9 

Phosphate 0.5 

Cadmium 0.001 

Copper 0.03 

Lead •.04 

Zinc 0.19 

Oil & grease 2 

Fecal conform, MPN/100 mL 180,000 

Total coliform, MPN/100 mL 750,000 

The quality data shows that storm water treatment should address suspended solids, which is 
basically the dirt pickcd up during runoff, the high levels of bacteria indicated by the coliform 
tests and the variable levels of metals. The coliform indicates a high potential for contamination 
by disease carrying bacteria. Metals requirements are especially difficult because of the large 
variation in sampling results, the stringent requirements that are both existing and proposed and 
the high cost of removing small concentrations of metals from large quantities of water. 

STORM WATER TREATMENT 

Storm water treatment was developed to meet the basic requirements of the Los Angeles Basin 
Wafer Quality Control Plan (6). Three progressive levels of potential treatment are proposed to 
meet higher levels of water quality objectives required to preserve potential beneficial uses of 
receiving .waters. Beneficial uses of receiving waters are further discussed in the Basin Plan. 
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RUNOFF QUANTITY AND TREATMENT FACILITY SIZE 

Drainage from each basin within Los Angeles County is based a 24-hour, one-year storm 
equaling 1.25-inch and the modified runoff coefficient described above. The total runoff from 
each drainage basin is shown on the following table. 

Table 7. Storm Water Runoff by Drainage Area 

Drainage Basin Description Drainage Area, 
acres 

Total Runoff, 
Million Gallons 

Dominguez 69,091 1,337 

Upper Los Angeles River 522.061 7,572 

Malibu 98,729 956 

San Gabriel 370,468 4,774 

Santa Ana 15,680 214 

Santa Clara 491,947 4,641 

Santa Monica Bay 134,429 2,190 

Total 1,702,404 21,684 

Considering the economy of scale that is evident in the construction of treatment facilities, 
building numerous small treatment facilities is not as cost effective as the construction of a few 
large regional treatment plants. Although political or land use requirements may require some 
smaller facilities, the economics favor larger plants. Therefore, treatment selection, design* and 
cost estimates are based upon the assumption that a few large regional treatment plants will be 
built. The capacity and number of treatment plants is shown on the following table: 
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Entire Los Angeles Area 

Total Runoff, MG 

Number of Treatment Plants 
21,684 

480 

Location and Description 
Size and Number 

Million Gallons (MG) 

Dominguez 

Total Runoff to be Treated, MG 

Number of Treatment Plants Required 

Los Angeles River 

Total Runoff to be Treated, MG 
Number of Treatment Plants Required 

Malibu 

Total Runoff to be Treated, MG 

Number of Treatment Plants Required 

San Gabriel 
Total Runoff to be Treated, MG 

Number of Treatment Plants Required 

Santa Ana 
Total Runoff to be Treated, MG 

Number of Treatment Plants Required 

Santa Clara 
Total Runoff to be Treated. MG 
Number of Treatment Plants Required 

Santa Monica Bay 
Total Runoff to be Treated, MG 
Number of Treatment Plants Required 

1,337 
27 

7,572 

173 

956 

20 

4,774 
107 

214 

5 

4,641 

104 

2.190 

44  
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Table 8. Storm Water Treatment Plant Capacity 

The maximum size of any individual treatment plant is assumed to be 500 million gallons. 

ESTIMATED COSTS FOR STORM WATER TREATMENT IN LOS ANGELES 

The treatment cost estimate for the entire Los Angeles area was done by preparing composite 
cost curves to represent relative cost savings for construction of a few large treatment plants 
versus construction of small treatment plants. The cost curves were developed by using the cost 
determined from the Van Nuys quadrangle study area contained in the Ca!trans District 7 Storm 
Water Retrofit Plan (1). 
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The total flow within the Los Angeles County drainage area is significantly larger than the flow 
from the Van Nuys quadrangle study area. There are no existing costs available for large storm 
water treatment facilities which would be required for the larger drainage area, so it was 
necessary develop new cost curves based upon the cost curves used in the Van Nuys study area. 
The new treatment cost curves are intended for estimating the cost of treatment for capacities 
ranging from 10 to 500 million gallons. As a comparison, to test the accuracy of the, new cost 
curves for Los Angeles County, storm water treatment costs were compared with other similar 
treatment systems. This comparison was done by using the cost estimating curves developed for 
the City of San Diego (San Diego Wastewater Programs Managers Technical Advisory Board 

San Diego Metropolitan Sewerage System Preliminary Cost Estimating Curves, December 8. 
1988) (8). All costs estimate are based upon an ENR Index of 6710 (7). 

The costs of the treatment facilities were developed from representative designs and then scaled 
up for the watershed. Simplifying assumptions were made that part time staff -Would be available 
during storm events by drawing municipal labor forces, means for disposal of residual solids 
would be available through municipal landfills and wastewater plants, and the large land needs 
for the sites could be accomplished through purchase. These simplifying assumptions may lead 
to lower costs than would be possible for a large scale treatment project but should not 
compromise cost estimate for undertaking a storm water treatment program. These are planning 
level costs and the accuracy is reflective of the preliminary nature of the designs and the general 
assumptions made. Shown in the table below arc capital and operation and maintenance (0 & M) 
costs for each drainage basin within Los Angeles County. Costs were prepared which include 
and exclude collection costs. 

Separate costs estimates were prepared including and excluding collection costs. This was done 
because of an uncertainty in the locations of large treatment plants proposed. 

Costs without collection represent a system where large treatment plants are located at the 
downstream discharge of major drainage areas. The existing conveyance system is used to bring 
storm water to the treatment locations. Some of the conveyance systems arc actually local • 
channels and waterways that will not receive the benefits of treatment. 

Costs with collection represent an effort to parallel important tributary streams and channels with 
collection systems to protect them from storm water pollution. The parallel collection systems 
would divert flow to the treatment locations. Obviously, building parallel storm water collection 
systems is expensive. 
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Dominguez 

Capital Costs 

Collection System 

Level . 1 

Level 2 

Level 3 

0 & M .  Costs 

Cost without Collection, 
($1,000,1111 

$1.234 

51,950 ' 

53.643 

Cost with Collection, 
31,0041,0001  

5 .628 

S1.861 

52,578 

$4,271 

Collection System 

Level 1 

Level 2 

Level 3 

Los Angeles 

Capital Costs 

Collection System 

Level 1 

Level 2 

Level 3 

0 8c M Costs 

Collection System 

Level I 

Level 2 

Level 3 

Mstlibu 

Capital Costs 

Collection System 

Level 1 

Level 2 

Level 3 

0 & M Costs 

Collection System 

Level 1 

Ulm! 2 

Lovell 3 

S3.5 

$6.4 

$11.4 

Cod without Collection, 
(51,000,000) 

$7,386 

511,679 

$21,810 

320.3 

$37.9 

$67.6 
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($1 , ti t ti t) 
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52,641 
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S8.3 

$0.5 

$4.0 

57.0 
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($1 ,000,009)  

$4,098 

S11,484 

315,777 

$25,908 

53.5 

523.8 

$41.4 

$71.1 

Cod with Collection, 
($1,000,000)  

5634 

51.529 

52.048 

53,276 

50.5 

S3.0 

S5.2 

S8.8 

Table 9. Treatment Costs by Drainage Area 
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San Gabriel 
• Cost without Collection, .  

($1,000,000) 
Cost with Collection, 

($1,000,000)  
Capital Costs 

Collection System 

Level 1 
Level 2 

Level 3 

0 & 1%,1 Costs 

Collection System 
Level 1 
Level 2 
Level 3 

Santa Ana 

$4.441 
56.975 

S13,028 

$12.4 

$23.0 
$40.8 

Cost without Collection, 
($1,000,000) 

52,755 

57,166 
59.730 

515,783 

52.3 

$14,8 

5253 
S43.1 

Cost with Collection, 
($1,000,Q00) •  

Capital Costs 

Collection System 
Level 1 
Level 2 

Level 3 

$331 

$210 
$120 

$329  
S 450 
$739 5619 

$0.1 
50.7 
S1.2 

S2.0 $1.9 
Si.' 
50.6 

Santa Clara ' 

Capital Costs 

Cost without Collection, 	Cost with Collection, 
($1,009, I) 	 ($1,000,000) 

53,130 
$7,431 
59,931 

$15,833 
0 & M Costs 

Collection System 

Level 1 S12.1 

Level 2 
Level 3 

522.5 

S2.6 

514.7 

$25.1 

$42.4 $39.8 

mNob0.64170015414x 
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Collection System 
Level 1 $4,301 
Level 2 S6,801 

Level 3 $12,703 
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Level 1 

Level 2 

Capital Costs 

Collection System 

52.017 

$3,189 

55.956 Level 3 

0 & M Costs 

$188.5 Level 3 $198.9 

Cast without Collection, 
($1,000,000)  

Cost with Collection, 
(512040,000)  

Collection System 

Level 1 

Level 2 

Level 3 $18.7 

$10.5 

55.7 

Entire Los Angeles Area 

Capital Costs 

Collection System 

Level 1 

Level 2 

Level 3 

Cost without, Collection, 
($1,000,000)  

$20,400 

$32,300 

$60,400 

Cost with Collection, 
($1,000,000)  

$12,500 

532,900 

$44,800 

$72,900 

$57.2 

$106.3 

& M Costs 

Collection System 

Level 1 

Level 2 

51.121 

$3,138 

$4,310 

$7.077 

Santa Monica Bay 

50.9 

$6.6 

511.5 

$19.6 

510.4 

567.6 

5116.7 

Cost of Storm Water Treatment for the Los Angeles County NPDES Permit Area 	12 

The construction and land purchase was assumed to take place at the beginning of the project in 
year one and the annual cost was assumed to stay constant over the life of the project. All costs 
are based upon the 1998 calendar year. The capital costs for the project levels include 100 acres 
for each 500 million gallon level 1 treatment facility at an average cost of approximately 
$900,000 per acre. The level 2, 50Q million gallon facility includes an additional 100 acres at the 
same unit cost. Level 3 is assumed to not require additional land. Land use for smaller treatment 
plants is assumed to be proportional to capacity. 

The background for the cost estimates is included in the attachments. Attachment I is the design 
basis for a typical 500 million gallon facility and includes a schematic layout. Attachment 2 is 
the design basis for a typical 200 million gallon facility. Attachment 3 includes the standardized 
cost estimation curves for storm water treatment facilities. Attachment 4 includes the 
standardized cost estimation curves for wastewater treatment facilities to 10 million gallons. 

m:\jobs%64182431342.doc R0006145 
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DISCUSSION 

The cost estimates developed in this analysis include several assumptions needed to build the 
capital cost estimates and develop the operating and maintenance costs. Historical data for the 
costs is based on municipal utility construction projects which have not been developed 
specifically for storm water treatment. The assumptions and general municipal background of the 
estimates result in costs that are potentially low for the storm water treatment project. Potential 
concerns are: 

> Storm facilities will be operated intermittently and seasonally. Treatment levels 2 and 
3 require operators skilled in treatment equipment; however, they are only needed for 
storm events. The availability of these operators is difficult to arrange since they 
would have to have other more full time positions within the managing municipality 
or utility. The cost• of labor would be higher because of inefficiencies. Level 1 also 
requires intermittent operation but it may be able to be contracted out to the private 
construction industry. 

);.• Power costs arc relatively more expensive on an intermittent basis and the utility's 
cost of supplying the seasonal loads imposed by'pumps and the equipment in levels 2 
and 3 will have to recovered in higher per energy unit costs. Chemical costs will also 
be higher do to seasonal purchasing needs and the need to not store some chemicals, 
such as chlorine, during the dry season. There arc also risks with chemical storage 
and delivery in residential and commercial neighborhoods that must be mitigated. 

Land costs have been assumed to represent an average cost in the Los Angeles area. 
However, a storm water treatment project would need to acquire large tracts of 
contiguous land to build the facilities. No matter how much community support there 
is for clean water, residents always want the facilities somewhere away from their 
property and certainly do not want their land taken. Acquisition of the necessary land 
would be difficult and expensive. More numerous smaller facilities would increase 
the number of impacted communities and residents. The treatment units simply 
cannot be built without land and there is not much available land in metropolitan Los 
Angeles. 

➢ As indicated in the cost analysis, the protection of the drainage channels and natural 
waterways that arc currently used to convey storm water from storm water pollutants 
would either require a vast number of small treatment units at every discharge or a 
parallel collection system for the design storm. The numerous facilities sacrifice the 
economy of scale found in larger units and the alternative parallel collection system is 
very expensive. Decisions would have to be made as to where parallel systems were 
needed based on the streams to be protected. 

➢ The analysis assumes conventional costs foi the removal of residual products such as 
solids and brine. Again they would be seasonal and would require the additional costs 
of setting up disposal procedures for only seasonal use. In addition there may be the 
potential requirements for the disposal of hazardous waste. 

m:\job0,6482‘101.542.doc 
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Although the costs may be conservatively low, they arc relatively large. The following table 
summarizes the Los Angeles area costs with a limited amount of collection facilities. 

SUMMARY 

Capital Costs 

Level 1 - Detention and settling including limited collection 	33 billion dollars 
Level 2 - Filtration and disinfection in addition to Level 1 	45 billion dollars 
Level 3 - Advanced treatment for toxics in addition to Level 2 73 billion dollars 

Land Required 

9,300 to 18,600 acres depending on treatment level 

Operating and Maintenance Costs 

Level 1 - Detention and settling including limited collection 68 million dollars per year 

Level 2 - Filtration and disinfection in addition to Level 1 	117 million dollars per year 
Level 3 - Advanced treatment for toxics in addition to Level 2 199 million dollars per 

year 

m:kjobiA6482V)1342.doc 
	 R0006147 
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Definitions and Abbreviations Contained in Cost Estimates: 

LF - Linear feet 
INCH - Inches of rainfall 
MGD I mgd - Million gallons per day 
LS- Lump sum 
SF - Square feet 
MG - Million gallons 
AC - Acres 
gpm - Gallons per minute 
CFS / cfs - Cubic feet per second 
RO - Reverse osmosis 
ft. - Feet 
kWh - Kilowatt per hour 
MWh - Megawatt per hour 
fps - Feet per second 
mg/L - Milligram per liter 
0 & M - Operation and maintenance 
sq. - square 
nil - miles 	' 
Quad - Quadrangle 

C 

R0006150 
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500 MG Treatment Plant 

LOS ANGELES COUNTY SITE SPECIFIC DESIGN 

PARAMETERS 

ITEM VALUE COMMENTS 

10,040, l'I : 1: 1  i ': iii:Ii;lilSi•Citil::i. • '1 	r: 	ii' I::: .: 	i 	: ....li• -1 	1,1 .-i - 
Type : Typical 500 MG Plant 

Name : Prototype 500 MG Plant 

Address : Los Angeles County 

Existing Storm brain Facilities :Use existing Los Angeles 

County Collection System ___.. 	. 	• 	_ 	.  

' 	: 	; - 	' 	I 	': : 	, 	' .'; 41 iR Vi ;r1i I, 	F.,I 

TIPTITIMTFIgginWril r7ii 

38,400  

1,672,704,000 

48% 

0.51 

Vi:Tilf.i,Maq,54114[1flifinilir 

1.00 

t1142,04"ktilill t■iiir 4.-. - ':1  

Exact location of treatment plant is unknown. 

MitnitZEPPTC[111P- 7.1 :. '. -1 ,0.17...4; 	• 	• 

Estimated - refer to design write-up 

((%Impervious)' 0.90)+((1-(%I MP))*0.15) 

Assumed 90% runoff from impervious surfaces and 

15% nmofT from pervious surfaces. 

,fig ,•:' ;.. ',...' 	. .1517177T;175,1;71(11:117717WIT: 
Drainage Area 

Acres 

Square Feet 

Approximate Percent Impervious 

Weighted runoff coefficient 

• 

ltiiR44#05-01'r.NriCill TI• :::7  ' 1!; 1-1 1; )IN iF1-101:1Pr'i1ii 

Total Rainfall 

One year, 24 hour Storm, inches 

5itateirifig ,,  .:!. wrzwipipplaggegwv -, 

Derived from 50 years of rainfall data. Typical for 

Greater Los Angeles area. 

500may I 8.xls 
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500 MG Treatment Plant 

ITEM 	 I VALUE ]COMMENTS 

Slormwaler Runoff Volume Assumed 0.06 inches of rain loss due to local ponding  

Cubic Feet 66,825,000 

Million Gallons 	. 500 

Peak Rainfall Intensity . 	..  
inches/hour  . 	_ 1.41 

. 

Peal( Flow 

- 

Rational Forrnula Q =.- C • I'A ( Runoff coeff"Peak 

rainfall intensity•Drainage area) from Caltrans 

hydraulics Design Manual 

Cubic feel per second (cfs)    .. 	. 13 000 . 	 ,  

_ 
Million gallons per day (mgd) 8,400 

- 

Assume a SOY. reduction in peak flow because of delay 

in intensity due to size of drainage area. 
.. 	. 	. 	- .... _ 	_ 	. 

. ..214,14 .01-Iiir.49,WiliOgiFi P. gfigi'l!irr7,17CPTirat.:i ifIralkriMPTTI:ligA 1  ■ ' ' 1  4" . Ir.c i
hi 

 111 
	.1. 
	??FirgrElorPluzA.. 

Site Characteristics 

Acres 	 _ 201 Size required to fit treatment units. 

Percentage of land used for treatment versus drainage area 

0.52% 

. 	. 	. 	. 	. 
Approximate shape of site  . 	_. 	. 	_. rectangular Shape - triangle, rectangle etc. 

Length of site, R. -  2500 .  

. 	. 	. 	, 
Width of site, ft. 

Approximate Slope ofSite Terrain 

3500 

Level . 

50Orriayl B.xls 	 2 
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S00 MG Treatment Plant 

ITEM 	 [ VALUE COMMENTS 

Existing Land Use 

Existing Owner 

Distance from Collection Point to Treatment Plant Site, R. . 	... 	_ 

Vi'it'?94;j4_F,*°",',5iRltRfqirTRI:.tig4F-44iir:;7 il lit4;A';i ',.. ; 

Level I 

Level 2 	_ 

Level 3 

• . . 	a' .- 	. N.' ! • 	*ill'IPIPP;;;;117t ral'ilrriiVrilr 

Collection system inlet pipe, rectangular 

Width, R. 
Height, ft.  

Number of inlet pipes 
Capacity , cis 

Velocil, , fps 

Bar Screens 

Unkown 

Unknown 

1,500 

il t. 1„T'd.rfr.H.7:14t—f-11.. ciii;.;,..zgigli,gliii 

V 

11,17-11Mr-Tri TlinTir!.' - tp.1 

. 
20.0 

 20.0 

4 
16,000 

8.1 	. 

2-inch spacing 

Assumes construction next to existing river, 

i:Tsui 	.:!t ri t,-;T:qmoppl  !......,....:,, 

Bar Screens plus detention basins 

Gravity filtration with disinfection 

Advanced treatment, with Reverse Osmosis 

wrn, .r,..... r7.... 	....4111,7,0, 17,1; ,. 	. t.. 	q 	:n..4 	.1 

. 

Capacity based upon 10 Fps max. now .. __ 

Screens located at enIcrance to detention basin pumping 
station inlets 

500may113.xls 	 1 
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500 MG Treatment Plant 
• 

ITEM 	 I VALUE 	 1COMMENTS. 	 • 

Detention Basin 

Minimum volume in gallons 

Number of required detention basins 

Length of detention basin (B) 

Width of detention basin (fl) 

bcptil of cletention basin (fi)  ._ 	. 	_ 	. 	. 	..._ 	. 	. 	... 

	

_ 	. 	. 	... 
Actual capacity of detention basin, gallons 

Capaciy.cubic feet per sec - 	- 

Time to Drain Detention Basin  _...... 	_  

Hours ( All levels ) 	
- ....   	 _ 	. 

. 	. 	. 

. 	.... 	.. 	. 	 ... 

........_ 	. 
Gallons per minute (gpm) 

Million gallons per day (mgd)    .  
Capacity, (cfs) . 	.  

.. 	 .. 	. 
Number of pumping stations 

Capacity of pump stations, gpm 

Capacity of pump stations , cfs 

Level 2 aid 3 Treatment Plant Avg. Capacity, mgd 

Mai surface loading, @ 7200 gpd/sf (5 gpm/sf) 	. 
Required filter size, square feet 

Pump Rite  

499,851,000 

4 	 • 

2,400 

300 

25 

506,314,000 

67,680,000 - 

24  

. 	.. 	 . 
347,119 

500 . 	.. 	. 	. 
773 

	

. 	. 
4 

86,780 

193 

500 

69,424 

Assume vertical walls for detention basin 

lngnore capacity of sloped basin sides .  

Includes 1.5 freeboard. 

Calculated based on detention basin dimensions 

. 
Runoff Volume (gal )./hr det./ 60 min. 

. 	 . 

Provide one pumping station per detention basin 

. 

500may18.xls 
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500 MG Treatment Plant 

ITEM 
......, 

VALUE COMMENTS 

Rectangular fillers 

Filter size, 	ft./ ft. 

Number of filters, including two back-up filter 

Width of filter, R. 	 . 

Length of filter, ft. 

Filter surtace,area per'hIter, square feet ...    

total filter surface area, square feet  .. 	_ 	. 	. 	.._.... 	.. 	.. 	.. 

. 	. 	. 	.... 	. 	_ 	. 	. 	. 
Wash 	 m Water Vo l um e _. 	.. .. 	.__ 	_ 

Backwash time, m i nutes/cyc le , 	. 
Backwash fate, gpm/sf  .. 	. 	...   
Minimum volume, gallons 

Tank diameter, ft. . 	..  	..... 
Tank, height. ft. 

Actual tank capacity, gallons 

Number of tanks . 	.  
Total backwash water capacity, gallons _ 	.     

Disinfection 

. 	 : 

Hypochicorile Criteria 

_. 	. 	 . 	 . 

Hypochlorite concentration, percent  . 	. 	.. _. _  
Hypochlorite available C12, pounds/gal 

Chlorine dosage rate, mg11,  ... 	.. 	...   
Feed rate, gallons per day (gpd) 

Feed rate, gallons per minute (gpm) 

63 

20 

 55 
72 

3960 

71,280 

. 	. 

20 

25 

1,980,000 

110 

32 

 2,274,647 

 2 

4,549,294 

. 

6% 

0.5 

30 

250,125 

. 	 174 

, 

Use two tanks for redundancy  

• 

. 

Alternatively, chlorine gas might be used 

, 

500may18.xls 
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500 MC Treatment Plant 

. 	 ITEM 	 1 VALUE COMMENTS 

Hypochlorite lank capacity  

Number of design storms 3 

Hypochiorile tank capacity, gallons 750.376 

Actual tank capacity, gallons 	. 800,000 

Volume of Contact Tank 

Contact detention lime, minutes 60 

Volume of contact tank, gallons • -27,125 

Length of tank, feet. 	 • 720 	• . 

Width of tani(    	.  360 

Depth of tank, feet 	 • 12 

Actual volume oltank, gallons . 	—  
23,268,902 

Dech/orinarion • 

. 	. 	. 	. - 	 . 
Sodium Bisulfite criteria  
Sodium Bisulfateailable SO, pounds/gal 

. 	. 	... 	. 
2.5 

Sodium Bisulfite rate, mg/L 15 
 

Feed rate, gallons per day (gpd) 25,011 

Sodium Bisulfite tank capacity  

. . 
-Storage capacity, number-of design storms 3 ' 

Hy pociilorite tank capacity 
. 	. 75,038 

Actual ionic capacity, gallons .. 	. 	..._   80,000  

. 	... 	. 
Reverse Osmosis ......__. 	.. Provide building. 

Req. capacity of RO units, gm 260,339 50% bypass around filters 

Number of RO units 135 Provide 5 additional RO units for backwash 

Capacity of individual RO units, gpm 2.000 . . 
. ' 

500may18.xls 
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500 MG Treatment Plant 

ITEM VALUE COMMENTS 

Capacity of RO treatment system, gpm 

Power requirements for RO units, kWh 

Plant's total power requirements, MWh - 	- 	- 	--. 	.   

Brine Storage Baaia 	- 	- 	- • 
_ 	.__._ 	..___ 	......._ . 	. 	. 

- • 	' 	' 	- - 	.. 	_. 	... 
Minimum Volume, gallons _ 	. 

Minimum Volume, cubic feet 

Storage Basin., length, R . 
_ 	. 	. 	..  

Storage Basin , length, fl.  . 	. 	. 	. 	.. 	. 

Tank, depth, feet   . 

Actual Tank Capacity, cubic feet 

Length of Final effluent discharge pipe, feet . 	._ 	. 	. 	_ 	. 	.... 	. 	. 	.... 	.. 	_ 

Dimensftons of outlet pipe, rectangular . 	.. 	.. 

Number of outlet pipes 
..... 	_ 	. 	.. 	.... 	. 

Width of outlet pipe, ft. 

Height of;  Outlet pipe, n. 

Velocity in outlet pipe, fps 	. 

260,000 

93,722 

103 

. 

10,152,Goo 

1,357,038 

1,000.0 

3.5 

1,400,000 

1,000 	. 	.. 

12.0 

I 
10 

 to 

8 

6 kWh per 1000 gal. (Water Treatment Design, Robert 

L. Sanks) 

Assume 10% higher than RO unit 
- 	- 	- 	- 

. 

Storage for 3 storm events at 5% per storm 

Annual evaporation rate, 42-inches per year. 

Remaining water will be discharged to sewer 

Biliuent discharge to River . . 

. 

Maximum velocity, 10 fps 

500may18.x Is 
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0 

CALTRANS VA,CILITY COST SPREAD SHEET 

• VT Em 

QuAN-rtn. tiNir 

tiNrr 

PR I C:1: 	S Torn I. COST S 

ANNIJAIL OPERATION AND MAINTENANC1 irns-r 
1.A DOR S 

POWER 	S CIIEMICA 1LS 	S 
MATERIA1S 

S 

-10TAI. 	S 

Lend / tftnansast 	) -1 „) : . 	•  . 	: 	••• 	: I . 	. 	:• ...I 	, ,::••• 	I 	-, „; .. ; 	.. 	, I, ,  ' 	; ,.  

Existing River bypass slruclure (infIalabIa dam) I IS - SI00,000 SI,000 	, slim 

Gravity lo Manna' basin 4 20' a 201 I sno IF  3,000 4,500,000 145,000 345.19410 

tWilli ii.'61 41°,&wrf.""  ..4.7Tigilffr17 Ul.:7,11  ' -1 1 :1-111-15". : c1,17 T1 "-: T i --I. -7-7177 11:Tir 1757.77T Tr.,711f71/717 tIrtrynnury lurrprintrf47 -meifyier 7 

Disharge piping  1000 IF I,000 1.000,000 

1311477N68104:0014.14417411.144%irrf !Fr 173174 TP r:Sre.rr.  747:•11)3/T ' 11:7 4 111WFr warm' riA,71511r3f,P lifFTRri. ,P; rippirPrittr mfrgium 

.500   MG 160.000 179.915011 1:799.695 2.841 17,049 SI.919,575 

Pumpopesa4.-ion . 	• . 	. 500 . mgd 451,7)5 29.979 115,454 5607.149 

44,1"r7iffirklaiff;ETPr 17 117.7"f7777.77-  intrfrrz 7.17-  lim, Trr,  --11r-tEnurmr mi,iiicara 7,3FT:rIPTWTIF 771777p itrniqir7p7oi :7111 ; r4 if 

Fri.§  SF 5150 $22 500 . 	- • • 

Mair■ 1•9411. 	ce and goi age.  building 2.:40".1 SF 5 100 5256,666 SO,OC/3 . 	.._ 	.. 12,500 _ 55,000 567.500 

Land i easnmenu 100 . AC 5914,760 91,476,60.0 • 
. 	._ 	. 

°kilt-  ide piping  . 	. _ . 

Sakai. 296.3)5.437 

Er7471r17■98:614.047443argT ■ 71"7.4P:7 -rnfl l'U P.F711.  lir r.771,1irrl  -77177 7717711 'RIMIWINIFIT 1111MarT r77711,10M.  rrY1771 717; .191C177:TtrPITF.17  • • 

Consn 	onTlingency  30% 85, 194,6i1 

Snkota/ , 	372,210,069 _ 

Englnen-fing/i1 :;g all.A .rinlini:trative 20% 54,442.014 

_.. 	_. 
Levet 1 Tata 446,652,091 52,5411,224 
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CALI MANS  FA CII ITV COST SPREAD 5U 1E1 

ITEM 

DOAN TI I I* UM r 

KNIT 

nun: 	S 

A NNILIAl. OPERATION AND MAINTENANCE COST 

III I A I, cosi-  s 
LABOR S 

row ER 	S to lEsti(-A Ls 	s 
MATER IA IS 'TOTAL 

S 
• • 	I 	' Lewd I - "et Mrogssi 

	

• ' 	• 	;,' I 	el 	Io' ' 	' . !I 	: 	1'4' ' .11 ' i I 41',It.141:: 11 P e  .r. 1 ; I : • 1 “ 1 11,0174:ill. '41111 44144 M 

Filter 500 Mt; 0.060 5165,474.461 11,654.745 574,917 . 5027,372 52.552,101 

1.49;#.1:Itti!Wiillii# WI*64140,14,stii:Iir.; 1" FF .1 :' ■ 1 :I ifilViii' • r • zf,....3?-1 i it viii,.7.7rtr ei  IR jrry,f.15 fitraFttliny Wp.::17,7; .11111/71:1119Fr • .k. 	• 	.. 

Disinfection ond dsCidorirsalic;4;  500 MO MOO 51.519.ISS 5172,601. 5172,600 

L.02# .14 44..W4K2R11.1114-11  MITI!' AR141;t4ii ;I; IT 03 riVe: I ,T,Fi .  '-' 7-'7.11'74  ■ 1 7::-1:1111111,1M1 =  '•47211 1!3.711-T Ifr 11 r MN 11 EfP,W,Minfr. MITIMIrri titi•f17- mi. ' ,'", 

. 	, 	, 	.-_ i . f. 	, 	, 	... 
25 •MO ,.. SF F 1 5 SO 527,500 

- 	• 	. 	- 	. 
Eloilefing 6,000 Si 5100  tzob.boo  

Outside piping 	
. 	. 	.. 

Srirdwal 

3% 50,364,602 

176.295_131 

. 

L.F#1 Ariaiyfiiraiii,--3Tpirt 7:75191.,--p::::);;Fpr, p1ivir17119 11 '-'Tr -t:7'.7117;r: I IligfreVaPe'ller5771T TAIrMirri TriVrri:74719: 171217%.17V 1  •-1,711/VMM 

Con uruction contini;rcy 

Ertsinecting / Iegal / mdmirvistrative 

srAwat 

 70% 

20% 

552,1100,749 

6229,104.50 1,  

545,136,916 . . 

Sokoto/ 5225,621,497  

Lemi / estsernrreis . . 	i 00 AC 5914,760  .- S9I. ;17'6.. Citla 
 

. 	. 	. 
..... 	... 	— . -... 	. 	. 	_ 	. . 	. 

lAreel 2 Total 554.492,492 • 52,729,712 
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CALTRANS FACILITY COST SPREAD SI I EET 

ITEM 

QUANTITY UNIT 

KNIT 

PRICE 	S TOTAL COSTS 

ANNUAL OPERATION AND MAINTENANCE COST 

LABOR S 
POWER 	S CIIEIMICA IS 	5 

MATERIALS 
1 

TOTA I. 	S 

Leidi . f .L!..41Mweeri rtearalL 1 avefi4i Oar& ir' , .: : • 1  V 	I 	• . • !; . 	' 	i- 	- 	I • -;',c141.;i1 0.. ■ .-■ •:. 	1;1_ INV MOO l'  340. orill• ;1 ".. 	13 14 	, 	.: 

Revuse 03.10513 (pollee cons IMMO 15 storm a Yell) 	. 375 MU S1,5009011 $562,500,000 52.112,50.0 52,969.4/10 521,125 S1,406.250 57,210,055 

174 i ii Piltuorki!q.i (4.II '1-1! 1 141 -?/)..1 1.91-7! • ,'? , .  It 	•— I 	I 	'''.:1 ' 	- 'I.  4: 	''''''''I I 	'' Iii'li I' ll; '61. %LI(' :44 'IOW/ ll'Ilii,16-  •Iiiia.C 1,10.41401 ' iiiallE11410174)41 1 

Riving 25.000 SF SI 50 537,500 

Building 200,000 SF 5100 520,000,000 

Outside pipin g  5% 529,126,175 . 

Sarkafel 5611,66.1,375 

1414.1Y11/00401-4TPWRITUTRIVicTrIFFJ7■11)7 . ilr qPiRir 17'..71' 141. :7i1Fr 3 r .; .'"'N .7 WMITNP, 171.11.17M rfrilltriFIN.Tr /7.4'1.11IR7.7177 MPiiirMItrbiY. I  tril.1ril 

Construction C all ingency 10% si es.499.ii i 

srreeeer 5795.163,61 i .. 

Engineering /leg!! i 'Kim inistr ■liye 20% 5I59,032,731 

Stigma! 595 .196,4 2 5 

Land %easements • 
none 

. 	. 
. 	Lrvelj —Totall 5951,196.425 57,210,055 

..-- 

lit 
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ATTACHMENT 2 

DESIGN BASIS FOR A TYPICAL 
200 I LION GALLON FACILITY 

R0306162 
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200 MG Treatment Plant 

LOS ANGELES COUNTY SITE SPECIFIC DESIGN 

PARAMETERS - 

. . 	
• 

ITEM VALUE 	• COMMENTS 

.11 	t . :+1; 	;i..4. 	-. i 10- ; 	.., ... 	f- 	J .') 'I' 
type : Typical 200 MG Plant 

..i 	::. -1 .' c.ititYkl..itlit4U/IIICIAi•iii  

Exact location of treatment plant is unknown. 
Name : Prototype 200 MG Plant 

Address : Los Angeles County 

Existing Storm Drain Facilities :Use existing Los Angeles  
County Collection System  

Wrp414,W117q01, 7,5!,71,P, ,.j1IL I..11,1i1 11:1,177171T;ria: 1 .1F-51.EKilg Pr;! PigiiiiiitiMINCIO115T .;illri s,.:1". 	ii' :bWIlitriffP 
Drainage Area 

Acres 
.... 

15,400 

Square Feet  670,824,000  

Approximate Percent Impervious ......... 	.  - 	.48% Estimated - refer to design write-up 

.. 	, 	. 
Weighted runoff coefficient 0.51 ((%Impervious)*0.90)+((1-(%1MPW0.15) 

Assumed 90% runoff from impervious surfaces and 15% runoff 

from pervious surfaces. 

k..i1104.P.441;.D. T;';':7i -  i. 	...Hi:. I I"' 	; - -;;I !.iiliir.::, -;:. ' .:-,.. !::.e, 7,1 F.;:,::::,;13..T. wiFigtolp.1,: :,!7; ::7:.7171.7..7Fro..Tirr..www,175,--7; 

Total Rainfall 

One year, 24 hour Storm, inches 1.00 Derived from 50 years of rain fall data. Typical for (it -cater Ims 

Angeles area. 

200May18.XLS 
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200 MG Treatment Plant 

ITEM VALUE COMMENTS 

Stormwater Runoff Volume Assumed 0.06 inches of rain loss due to local ponding 

Cubic Feet 26,799,000 

Million Gallons 200 

Peak Rainfall Intensity Refer to Appendix -C of 6/17/96 Summary of Task 2 

inches/hour . 	_. 1.40 

Peak Flow Rational Formula Q = C' !A ( Runoff coeffs Peak rainfall 

intensity*Drainage area 	from Caltransllydraulics Design 

Manual 

Cubic feet per second (cfs) 5,200 

. 	. 
Million gallons per day (mgd) 1,400 Assume a 50% reduction in peak flow because of delay in 

intensity duc to size of drainage area. 

MII-WRAFfa*".4i4liinii :.74ThArIlTifliki r:5:11-0,111;111 .  M.TIP:FRgif v̂  	-; 	I . I I." 	II:,  Iri";' PIVITtP551-70A 1 	1 	1:4  • 

Site Ch 1 racteristica 

Acres 72 Size required to lit treatment units. 

Percentage of land used for treatment versus drainage area 0.47% 

Approximate shape of site rectangular Shape - triangle, rectangle etc. 

Length of site, ft. 1500 

Width of site, ft. 2100 

• 
Approximate Slope of Site Terrain Level . 

290May 1 8.X 1..S 
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200 MC Treatment Plant 

ITEM VALUE COMMENTS 

Existing Land Use Unknown 

Existing Owner Unknown 

Distance from Collection Point to Treatment Plant Site, Ii. 1,500 Assumes construction next to existing river. 

ffio-itier-ig -offwgapp7.,47-1 	:',1;:ii. Tir,z3.7; - , ii:ii : TF,Acr.T.. i'zi,r171,7p),711rnirii i;T:7", r!117,1 '1' - ltig 144114-'1i1 IS 

Level I Bar Screens plus detention basins 

Level 2 Gravity filtration with disinfection 

Level 3 	_ Advanced treatment, with Reverse Osmosis 

- ' 	• 	' 	•'' 	" 	' aNiP 1:94;  'el 	 l :li I  ill .'4711Y1WilTtralli 

Collection system inlet pipe, rectangular 

Width, fl. 15.0 

Height, fl. 10.0 

Number of inlet pipes . 	4 

Capacity, cfs 6,090 Capacity based upon 10 fps max. flow 

Velocity, fps 8.7 

Screens located at enterance to detention basin pumping station 

Bar Screens 2-inch spacing inlets 

200May18.X LS 
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200 MG Treatment Plant 

ITEM VALUE COMMENTS 

Detention Basin 

Minimum volume in gallons 200,457,000 Assume vertical walls for detention basin 

Number of required detention basins - 	4 Ingnore capacity of sloped basin sides 

Length of detention basin (II) 1,200 Includes 1.5' freeboard. 

Width of detention basin (R) 240 - 

Depth of detention basin (fi)  _ 	.   25 

.. 	. 
Actual capacity of detention basin, gallons 202,526,000 

Capacity, cubic feet per sec 27,072,000 Calculated based on detention basin dimensions 

Time to Drain-Detention Basin . 

Hours ( All levels )  24 

Pump Rate  

Gallons per minute (gpm) 139,206 Runoff Volume (gal.)Thr. dell 60 min. 

Million gallons per day (mgd) - 200 	. 

Capacity, (cfs) 310 

• Numb .er of pumping stations , 	4 Provide one pumping station per detention basin 

Capacity of each pump stations, gpm 34,802 1 	 . 
Capacity of pump stations, cfs 77.5 

Level 2 and 3 Treatment Plant Avg. Capacity, mgd 200 • 

• 

Max surface loading, @ 7200 gpd/sf (5 gpm/sf) . 	.. 	. 	. 	. 	.. 
Required filter size, square feel  27,800 

• 

200May I 8.XLS 
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200 MG Treatment Plant 

ITEM VALUE COMMENTS 
Rectangular titters 

Number of filters, including two back-up filter 20 

Width of filter, ft :  40 

Length of filter, fl. 40 

Filter surface area per filter, square feet 1,600 

Total filter surface area, square feet 28,800 

Wash Water Volume . 

Backwash time, minutes/cycle 20 Use two tanks for redundancy 

Backwash rate, gprn/sf 25 

Minimum volume, gallons 800,000 

Tank diameter, ft. 92 

Tank, height. ft. 24 

Actual tank capacity, gallons 1,193,300 

Number of tanks 2 . 

Total backwash water capacity, gallons 2,386,600 

Disinfettion 

Hypochlorite criteria 

Hypochlorite concentration, percent 6% Alternatively, chlorine gas might be used 

Hypochlorite available C12, pounds/gal 0.5 

Chlorine dosage rate, mg/L 30 

Feed rate, gallons per day (gpd) 100,309 

Feed rate, gallons per minute (gpm) 70 

200May 18.XLS 
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200 MG Treatmen Plant 

ITEM 	 • VALUE COMMENTS 

Hypochlorite tank capacity 	 - 

Number of design storms 3 . 

Hypochlorite tank capacity, gallons 300,926 

Actual lank capacity, gallons 	- 325,000 Mulitple tanks will be used 

Volume of Contact Tank 	 - . . 

Contact detention time, minutes 60 

Volume of contact tank, gallons 8,352,375 
Length of tank, feet. "460 

Width of tank   . 	. 	. 	_ 	. 205 

Depth of tank, feet 12.0 

Actual volume of 	gallons 8,465,500 ' 

Dechlorination . 

. . . 
Sodium Bisulfite criteria . 	. 	. 	._. 	. 	. 
Sodium Bisulfate available SO, pounds/gal 2.5 

 

Sodium Bisulfate rate, mg/i, 15 

Feed rate, gallons per day (gpd) 10,031 

Sodium Bisulfite tank capacity 

Stora0 capacity, number of design storms 3 . 

tlypochlorite tank capacity 30,093 
Actual tank capacity, gallons 35,000 Multiple tanks used 

Reverse Osmosis 	 . 	 . Provide building. 

Req. capacity of RO units, gpd  . 	. 	. 150,342,750 25% bypass around filters 

Capacity of RO units (racks), gpd 1,000,000 Unit capacity 1,000.000 gpd 	 . 

200May I 8.X LS 
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200 MC Treatment Plant 

-ITEM VALUE COMMENTS 

Capacity of RO treatment system, gpd 150,000.000 Unit are 40' in length, I S in dia. Each 

Number of RO units 170 Allow 20 for backwashing 

Building size for RO units, sq. fl. 85,000 .  Each unit with access area 500 sq. IL 

Power requirements for RO units, kWh 37,586 
6 kWh per 1000 gal. (Water Treatment Design, Robert L. 

Sanks) 

Plant's total power requirements, MWh 41.3 Assume 10% higher than RO unit 

Brine Storage Basin (Water not Recovered by RO) 

Minimum Volume, gallons 5,414,400 Storage for I storm event at 20% per storm 

Minimum Volume, cubic feet 723,754* 

Storage Basin , length, A. 500.0 

Storage Basin , length, R. 420.0 

Tank depth, feet 3.5 Annual evaporation rate, 42-inches per year. 

Remaining water will be discharged to sewer 

Actual Tank Capacity, cubic feet .. _ 	. -735,000 

Length of final effluent discharge pipe, feet 1,000 Effluent discharge to River 

.. 	. 
Number of outlet pipes 1 

Diameter of pipe, ft. 8.0 Use circular pipe 

200MayI8.XLS 7 
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mono rATF. 211141MCD TREATMENT PI ANT - 

ITEM QUANTITY 

ANNUAL OPERATION AND MAINTENANCE COST 

11N1 I 	I 

I IN rr rRicr. 

S 

- ToTAL cosT LABOR POWER ' CIIEMIt:A IS MA T ER IA S VO TA L. 
S S S S S a 

14..4 I Nosoadost 	. 	. 	• • . 	... ,.t.• : 	. 	•  o.,•i 	. t.4.- 	,, oi e k. 	0,g ""){44 1 ..1  

Ex 13I ing River bypass siroduretinllatable daml I LS 51000110 51,0161 51 poo . 

co.vity  to avention basin 4  115' a 101 1500 1.)- ',SW) 52,250,000 522,500 522,500 

Annual Mainleriance Cost 1 00% 

ty4iialwirkreitil 04aTTANydrf1771 111170A; ; rriviijir 1 :::' r. 	r,::- - iir.i. r.,'. 7-rmv. 1 	1717t7pYrir,117 J :77 197rIFTATT mirt..4 .•t• • ....A iFinv.-• rtruiAtioiN' "4 

Discharte piping IMO LF 300 531XL000 

Lte rrrIgiiiiiiTai PigAltilLtaltgraZWrijnr '-7.17.7irr 117:7",-v •': 11 :r11 r1:1,r7.2": rz7;.rgr, 7179 7•TWOM Fr.:17-I- W17:Tr TiraaVVNist .  	 NIFTE4177117 :17:11.-:7.41.14futtl ,  4rp 

Detenlion Basin and Pumping 	tation  

Pump Operation 

200 

200 

. MC, 

MUD 

360,000 572,165,475 //Namara 

5251,522 

52.606 

511,924 

516,115 5180,414 

564,630 

5920.1170 

5)15,1176 

444.1.4".*# 10:14311PV/T17  / 7  gr,I7P..F.1. 71T1 r" - 1?1,  MITI -  TM? Tr 1-4;Itz,rprr IF '11711TIMMITTUTI ITTIIIIT: .MITIT 1117.Prinlirlf irfirMlarr 1711711.17 

Paving 10,000 SF 51 50 515.000 

Maintenance and storage building 1.000 SF 5100 5100,000 526,606 .  55.000 52.000 527.01o0 

Land / easements 	„ 40 AC' 5914,760 	. 536,590,400 

Outside piping 5% 53.605,274 

Sisk( 5,915.129,149 51,306,446 

r_iiii f.X 41,7teigoiaial/ .1.1117 -ei 1 171:":: .  "... - 7,I.; 71 .1  Mit 'I ,  •". l'' TI;r1 17 71: Z.-4'71 4v„19017: 'TT  /1 tupt,itynyfrit 	 mrtnnt7. T5; 5-.1r,r mu pc:4" 771, ,7,1 tlf la .F.aly 

Construcdpn Contingency 30% 534,53i,745 

Sykora/ 5149,667,693 

Enginetring/LegaVA dm inistralive 2(1% S29,9)3,579 

Livid I Total S179,601,472 
. 51,106,446 

0 

Pare 
	

I 	1 ,1 Z,HA11,11 
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PRO 	l'E 2111. MGR TREATMENT PLAN r 

• st Eh' (111ANTIT1' 19411" 

ANNUAL OPERATION Atil) MAIN I ENANf -1; ens r 

1114I r PRICE 
 S 

TOTAL COST 
S 

1411034 POWER CIIEMICALS MATERIA1 .5. 1 ()rm. 
S S S s s 

Uwe! 2.. Fe a 	:I,  	' 	..' , • • 1 i l. tl - i' .' - 	1'; :: 	'....-''.! :%:!,! 	r.!;Y: i ..?1'1.` 	I I! hiNtic.I. ...k. , L1101Pit ,Plri 

Filler 200 MCI 3 I,SXX3 542,214.092 • 5427.141 530.069  S21).520 5670.7111 

r..:" 	– ' ' "; *I - — *! "F ., 7::• - : 	7 ••• . e.1 7r7P 17  "riTr" 17.7717.3.174 ,OFT"Irll -1 Allipgniciff t:i ping till T pi 

Disinrccdon culd decitiorinstion 200- MU 3.500 SI.266,530 1(,9.213 560.21) 

1:4111 ";:4116074iffnlrirgrili•-711 -rIVO;;: 'Ti l:  --' !rl .r.11 .7. '?: '''I 1 '; rEIVV:r: !it 117..VP13 i 1irr74 Trr9f I7171 TWIMF.N 4 Mr.1.:, I. 1  '4 .  117411:1111 oi 0 

Psving 	 , 10,000 SF SI 50 515.000 

Building 2.500 SF 5100 5250.000 

°Mick piping 5% 52,199,040 
. 

Seebtotal 546,444.960 

1:: 7  1 i r: 1:4 1F4.1  Itrwl-111 1 :410  7 1"77-17102"-{r.el rtv'Irroirn N15,  fr/PTiPs?! Mit ft Tr –; 11,117-  viinivIrrirm 

Construction Contingenc y  . 30% 513.9.33,490 

• Sailootai $60,221.451 

En gineerin g  ( leg s! 1 administrative 20% 512,075.692  

• Sufaigeof 572.454.150 

I And I COMMIS 40 AC 5914,760 536,590,400 

Level 2 Teals; 5109,044.550 5739.991 

Pa ge 9 1 -1197 1tugUt,17 .I 
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PRoTo rl'PE 314 MGB TREATMENT PLANT 

ITEM (IVAN TITV UNIT 

i ANNUAL OPERATION ANL) MAINTENANCE COST 

tiNrr PRIC:F. 

S 

TOTA i COST LABOR POWER CHEMICALS MATERIALS TOTAL 
S S s s s s 

Lo4d — Aireses4 Presume ; 

Reverse °motile (power costs assumes 15 storm a 

- 

150 

- 	• * 

MU $15110,000 

.;• 11-t,,. 

5225P00,000 

„ , p I T  

51,125,000 

. 	, 	.•.„,,. If  •, Al  . 

51,190,730 

ff 	 I 	• 	lc: 	; 	r 

58,730 

I. 11 	‘ 7 Iti 

5562.500 

ty,, ., 	 ..1  

52,88E060 

[Arro:-.6 "r* -10.:0J 1-01:,:l,:.: 	I t••• 

Paving  

, 	:: 	:,.. 

10.000 

 I 

SF 

, 	 . 

51 50 

i., 	:3 	 . y. t . 4itsc 1 

515,000 

r 	1 	f i l 

• 

f:ow 3;  P . CA1114 t*Mr KA" .  ! • " .11 141SPI *0% 	H 

Building 85,000 SF 5100 58,500,000 • 

ovisitle piping 5% 511,675.750 

Sliktefol 5245.1 40,7S0 

4y., 3 644FrrifuglEfsmilr:Irry •I-i-H;5;1'91"icli. ,7: Pilf.:11:';' - ;',i7. Mr. TnIIMEITIRI .11'.17;11eZ RTIrFrAPEN P5FirTTI111'" 71477WITW '7ZMITERT: 
Construction Contingency 30% 573,557,225 

Sar► stat 5318,747.975 

Engineering / legal / administrative 20% 563.749,595 

Sidvarl 5382,497.570 

Lltael / comments none 

l..eael .3 —Tolall 5)82,497,570 	' 52,8I16,960 

;1:7 
O 
O 
O 
ED 
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ATTACHMENT 3 

STANDARDIZED COST ESTIMATION 
CURVES FOR TREATMENT PLANTS 

R0006173 
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Costs from "CattransZtorm Water Facilities 
Retrofit Evaluation" (Caltrans, 1997) updated to 

an ENR CCI of 6710 
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ATTACHMENT 4 

STANDARDIZED COST ESTIMATION 
CURVES FOR TREATMENT PLANT SIZES 

TO 10 MILLION GALLONS 

R0006177 
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Construction Cost Curve For Gravity Sewers 
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CHAPTER I

Efr INTRODUCTION
QrAbmv

This report summarizes an analysis of the cost of treating storm water runoff from major

urbanized areas throughout the state. The analysis was one component of a number of

concurrent studies conducted by Caltrans to evaluate costs and other issues associated with storm

water compliance. The costs presented herein were prepared as a basis for further analysis of the

economic impact of storm water treatment on the residents of California.

This report builds on the storm water treatment cost analysis presented in two previous

projects.
The Caltrans Storm Water Retrofit Evaluation Caltrans 1997 evaluated the

practicability
of retrofitting the storm water drainage system in District 7 Los Angeles County

roadways. The report analyzed the cost of retrofitting storm water treatment for 434 miles of

freeways 223 miles of highways 40 interchanges 56 pumping stations 37 maintenance stations

and 43 park-and-ride lots within District 7. A detailed assessment was completed for a smaller

study area within District 7 which comprised 27.5 miles of freeway and the storm water

treatment costs were extrapolated to all of District 7. The Analysis of the Cost of Storm Water

Treatment for Los Angeles County Caltrans 1998 extended the storm water treatment retrofit

cost analysis to the Phase I storm water permit area within Los Angeles County. This

subsequent study evaluated the costs of storm water collection and treatment for the entire permit

area which included a variety of land uses in addition to transportation.

Given the scope and time available for this study a geographic information system GIS
database was compiled from existing data sources to evaluate the cost of storm water collection

and treatment within major urbanized areas throughout California. Data on rainfall hydrologic

- drainage basins urbanized area boundaries and land use were incorporated into this database so

that a uniform statewide approach could be used. The most powerful feature of the GIS database

is its ability to perform calculations using several pieces of spatially linked data that would not

be possible with any other approach.

The GIS database developed for this study represents a framework for a systematic

evaluation of storm water retrofit costs throughout the state. Any of the components of the

database such as land use can easily be refined with more detailed and/or more recent data from

other sources as additional data needs are developed.
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CHAPTER 2

rA.
AREAS OF INTEREST

_._ Qdfbsýr

This chapter summarizes the urbanized areas of interest analyzed in this study.

Data on the location and extent of urbanized areas were obtained from Teale Data Center

through Caltrans and are based on 1990 U.S. Census Bureau data. A description of the

urbanized area data i.e. metadata is included in Appendix D. An urbanized area is defined

as a place and the adjacent densely settled surrounding territory that together have a population

of 50000 people or more. Therefore an urbanized area boundary does not necessarily coincide

with a city political boundary i.e. city limit and or county political boundary. The densely

settled surrounding territory consists of an area with continuous residential development and an
overall population density of at least 1000 people per square mile 1.6 people per acre. Based

on this definition there are 36 urbanized areas within California.

The major urbanized areas of interest for this study were selected based on the Phase I

storm water permits issued to counties and municipalities throughout the state. These permitted

counties include

Alameda

Contra Costa

Fresno

Kern

Los Angeles

Marin

Orange

Riverside

Sacramento

San Bernardino

San Diego

San Joaquin

San Mateo

Santa Clara

I02 INraUroRTSWuW 12-0 I FINALR- I.DOCypa.
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Page 2-2

Solano

ý.... Sonoma

Stanislaus

Ventura

Note that Marin County is not a Phase I pctmitee but participates in the storm water programs

and so was included in this analysis. Eighteen of the urbanized areas defined for California fall

within the permitted counties. The urbanized areas of interest within these counties are shown in

Figure 2-1 and include

Antioch-Pittsburg

Bakersfield

Fairfield

Fresno

Hemet-San Jacinto

Indio-Coachella

Los Angeles

Modesto

Oxnard-Ventura

Palm Springs

Riverside-San Bernardino

Sacramento

San Diego

San Francisco-Oakland

San Jose

Santa Rosa

Simi Valley

Stockton
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Individual maps of the 18 counties showing the urbanized areas of interest within each county

arc included in Appendix B.
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CHAPTER 3

Eft
DESIGN STORM

cs/l6cvkr

The design storm used for runoff calculations in this study is a 24-hour duration 1-year

return period storm similar to that used in the Caltrans Storm Water Retrofit Evaluation

Caltrans 1997 and The Analysis of the Cost of Storm Water Treatment for Los Angeles County

Caltrans 1998. Statewide design storm rainfall contours. were developed as part of this study

and were used for runoff calculations as described in Chapter 4.

Historical rainfall data throughout California for a range of storm durations e.g. 1-hour

24-hour 7-day are compiled by the Department of Water Resources DWR. Figure 3-1 shows

the location of approximately 3000 rainfall gage locations in the state. Caltrans maintains

spreadsheet
files of the DWR data for highway drainage calculations and copies of these files

were provided for this study Glenn DeCou 1998.

Design storm rainfall amounts were calculated using the approach described in Rainfall

Depth-Duration-Frequency for California Department of Water Resources 1982. The design

storm precipitation was calculated using the equation

XinX...tKS1 Ij

where Xý is the precipitation in inches for- return period j Le. I-year and duration..i -i.e....

24-hour. X. is-the mean maximum annual storm for duration i i.e. 24-hour KI is-the

frequency factor in standard deviations for a return period j i.e. 1-year and Si is the standard.rý
deviation of the maximum annual storm for duration i i.e. 24-hour. Regional values for skew

and coefficient of variation as reported in Department of Water Resources 1982 were used in

the calculation Values for the frequency factor for a Pearson Type Ill distribution which are a

function of skew were obtained from Department of Water Resources 1982 and Haan 1977.

A summary table of precipitation for a 24-hour 10-year return interval storm provided by

Caltrans was used to calculate precipitation for a 24-hour 1-year return interval storm for the

approximately 3000 rainfall stations in the state. Equation I was rearranged to calculate the

mean maximum annual 24-hour storm X._i given the 10-year return interval
precipitation.

The equation was then used to calculate the design storm precipitation for a 1-year return

interval. The rainfall data are included in Appendix Table C-20.

The design storm precipitation data were used to calculate rainfall contours shown in

Figure 3-2. To illustrate rainfall contours on a larger scale Figure 3-3 shows the rainfall

contours for Sacramento County. Maps showing rainfall contours for all the counties of interest

are included in Appendix B. Note that the rainfall contour ranges shown in these figures were

selected for clarity rainfall contours of 0.1 inches were used for runoff calculations described in

the next chapter.
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CHAPTER 4

jrA
RUNOFF CALCULATION

The volume of storm water runoff was calculated similar to the volumes calculated in the

previous
studies for District 7 and Los Angeles County. Runoff coefficients were used to

estimate the fraction of rainfall occurring as runoff from impervious and pervious areas of

urbanized areas. The GIS database was a key component in linking landuse and runoff

coefficient patterns with rainfall patterns to calculate runoff volumes.

4.1 Urbanized Areas

4.1.1 Runoff Coefficients. Runoff coefficients. were estimated for urbanized areas

based on available land use/landcover data which were incorporated into the GIS database. The

36 land use/land cover categories within the original land use/land cover data file are based on

the Level I and Level II classifications of the Anderson classification scheme Anderson et al

1976. The Anderson classification scheme is based on four levels with each level providing a

more specific
definition of a given land use/land cover category. The two classification levels

included in the data file used for this analysis provided adequate refinement for calculating

urbanized area storm water runoff.

A description of the land use/land cover data file which typically reflects land use circa

the mid- to late-1980s is included in Appendix D. More recent land use data may be available

for certain areas of the-state i.e. Los Angeles County but the data file used represents the most

recent comprehensive compilation of statewide land use/land cover data. Level 11 classifications

were maintained for urban or built-up. land use classifications i.e. land use category codes

within the 10 series for the runoff analysis. These classifications include residential

commercial services industrial transportation and communications industrial and commercial

mixed urban or built-up land and other urban or built-up land categories. Level 11 classifications

for all other land use/land cover categories were aggregated into their respective Level I

classifications for the runoff analysis. These aggregated classifications include agricultural land

rangeland forest land water wetland and barren land categories. A total of 13 land use/land

cover categories were used for the runoff analysis. To -illustrate the distribution of land use

Figure 4-1 shows the land use categories within the urbanized area in Sacramento County. Maps

showing the land use categories within the urbanized areas of interest in all the counties of

interest arc included in Appendix B.

Table 4-1 summarizes the urbanized area land use for the 18 counties of interest by land

use/landcover category.
Note that the area boundaries within Los Angeles County do not strictly

correspond to the urbanized area boundaries in the Teale Data Center file. The boundaries

within Los Angeles County were set to correspond to the NPDES permit area used for the

previous Los Angeles County studies Caltrans 1998a Caltrans 1998b. The total area

represented by these urbanized areas of interest is 6863 sq mi which is approximately 4.4

percent of the total land area in the state.
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Page 4-6

The following runoff coefficients for each land use category were selected for the runoff -

analysis based on a review of previous studies Caltrans 1995 San lose 1997 UCLA 1993

Residential 0.50

Commercial Services . 0.70

Industrial 0.75

Transportation Communication 0.80

Industrial and Commercial 0.65

Mixed Urban 0.60

Other Urban 0.60

Agricultural Land 0.00

Rangeland 0.38

Forest Land 0.38

Water 0.00

Wetland 0.38

Barren Land 0.38

Runoff from agricultural land and..water areas was not included in this analysis as

reflected by their runoff coefficient values of zero. The runoff coefficient of0.38 selected for the

ý. other aggregated non-urban land use/land cover classifications is based on the median value of

pervious area runoff coefficients included in the Highway Design Manual Calrrans 1995.

4.1.2 Runoff Calculation. Urbanized area runoff from a given parcel of land was

calculated by multiplying the rainfall land area and runoff coefficient. Runoff was totaled by

hydrologic sub-unit or sub-area to reflect storm water runoff within natural drainage areas.

To illustrate the natural drainage area boundaries Figure 4-2 shows the hydrologic sub-unit

boundaries in.Sacramento County. Maps showing the hydrologic sub-unit boundaries in all the

counties of interest are included in Appendix B. The runoff calculation results are summarized

in a series of tables in Appendix C.

Runoff contributions by land usc/land cover categories for each county of interest arc

summarized in Table 4-1. These contributions are approximate in that they assume a constant

rainfall across the urbanized areas of interest within each county. The fractional runoff

contribution was calculated as the fractional land area weighted by the runoff coefficient. The

table shows that the residential land use category contributes a large fraction of the runoff within

each county.
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CHAPTER S

STORM WATER TREATMENT FACILITIES
Qrllbsww

The objective of this study was to establish the basic tools necessary to estimate the total

cost of storm. water treatment for urbanized areas within California. As discussed in the previous

chapters hydrologic sub-units or sub-areas in California were defined and the associated

runoff volume from rainfall for each area was calculated using a geographic information system

GIS database. In this chapter the types of treatment facilities proposed to treat storm water to

meet water quality objectives the collection system requirements and assumptions for treatment

facility siting are described. Based on these assumptions storm water treatment cost estimates.

are developed in Chapter 6.

5.1 Water Quality Objectives

Water quality objectives and permitting in California arc designated and controlled by

nine Regional Water Quality Control Boards RWQCBs pursuant to the Porter-Cologne Act the

basic California water quality act and its subsequent amendments. The State Water Resources

Control Board SWRCB has oversight and appeal functions concerning actions of the local

RWQCBs. Federal law i.e. Clean Water Act authority also rests with the SWRCB and the

RWQCBs through acceptance of federal pass-through authority and the close similarity of

federal and state-environmental- laws. There are some exceptions but in. general each R WQCB...

sets water quality objectives and issues water quality-related discharge permits including storm

water discharge permits.

Each RWQCB has designated specific beneficial uses for water bodies within its

jurisdiction.
The RWQCBs have been very aggressive in describing benefits and therefore all

water bodies have beneficial uses attributed to them that require stringent water quality

objectives that. in turn seek to insure high water quality. Beneficial uses and their associated

water quality objectives were used as the basis for defining the level of storm water treatment.

At the time this study was prepared Brown and Caldwell was preparing a separate study

that summarizes the specific water quality objectives for particular water bodies in the State.

The results of that study taken together with the storm water quality data being developed by

Larry Walker and Associates will allow a more quantitative assessment of water quality and

treatment goals for all water. bodies in California. This study addresses the level of storm water

treatment necessary to meet water quality objectives by associating beneficial uses with three

storm water treatment levels on a qualitative basis. This study assumes no dilution of treated

storm water nor concentration time averaging so treated storm water discharge requirements

were assumed equal to the receiving water quality objective.
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Page 5-2

Beneficial uses have been aggregated into six categories to simplify the qualitative

assessment of the level of storm water treatment required. The groupings of the beneficial use

categories are based on potential end use at the receiving water body. The six categories are

Potable water MIJN GWR FRSH AGR

Body contact recreation RECI

Non-body contact recreation REC2

Human consumption COMM SHELL

Commercial use PROC IND NAV

Habitat WARM COLD. BIOL SAL EST WET MAR MGR WILD RARE
SPWN

5.1.1 Potable water. Water bodies with this classification are potential potable water

sources. Water should be free of pollutants that would impair its use as a potable water source.

5.1.2 Body contact recreation. Water bodies with this classification are used for

recreational activities involving proximity to water or direct contact with water where ingestion

of water is reasonably possible. For this
category water should be free from bacteria and

nutrients that would promote algae growth.

5.1.3 Non-body contact recreation. Water bodies with this classification are used for

non-body contact recreational activities involving proximity to water but not normally involving h
contact with water where water ingestion is reasonably possible. For this category watershould.-befree from bacteria.

5.1.4. Human consumption. Water bodies in this classification are used for collection

of fish shellfish or other organisms in .ocean bays and estuaries including but not limited to.

uses involving organisms intended for human consumption or bait purposes. For this category

water should be free from pollutants that would impair human consumption of fish or shellfish

e.g. pathogenic bacteria.

5.1.5 Commercial use. Water bodies in this classification arc used for shipping travel

or industrial activities. For shipping or travel direct contact with water is unlikely. For

industrial activities subsequent treatment is assumed water to meet specific process water

requirements. Water for commercial use should be free from particulates.

5.1.ti Habitat. Water bodies in this classification support habitats necessary for the

preservation enhancement survival and successful maintenance of plant or animal species.

Water for habitat should be free from pollutants that would impair plant and animal species

activities.
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5.2 Storm Water Treatment Methods

Storm water collection storage and treatment techniques were evaluated in the Ca/trans

District 7 Storm Water Retrofit Plan Caltrams May 1997. In anticipation of the need to

conduct design cost and benefit evaluation various management practices were subdivided into

categories
based on the general level of treatment provided. At present there is limited

regulatory experience for establishing treatment levels of storm water discharges. Several

generalized
treatment categories representing successively more stringent levels of treatment

were considered for this analysis. The treatment categories were selected based on an evaluation

of the types
of pollutants removed by treatment systemsand the types of beneficial uses that the

treatment
would support. Increasing levels of treatment i.e. combining the lower categories of

treatment with higher ones could potentially meet higher levels of water quality objectives that

are required to preserve potential beneficial uses of receiving waters. The. division points

between treatment categories are basically the ability to remove sediment bulk solids and trash

the ability to kill bacteria the ability to remove fine particulates that are associated with bacterial

and algae growth and .th ability to remove soluble metals. The treatment alternative for each

category was chosen as a representative management. practice that achieves greater or

substantially the same pollution control benefits as the other management practices within that

category.

Level I treatment includes screening and detention of storm water to remove floating

debris and settle bulk solids picked up by storm water. Screening is an important step to remove

large debris that could interfere with subsequent pumping operations. Level I treatment is

commonly recommended and represents a treatment technology that could be implemented for a

large drainage area. The Level I detention facilities were sized to capture the 24-hour design

storm and allow the solids to settle and clarify--the water. Level I treatment willreduce----concentrationsof constituents of concern through sedimentation but is unlikely meet the

objectives for any beneficial use. Detention basins have- been successful at removing up to 89

percent
of total suspended solids and up to 66 percent of carbonaceous oxygen demand COD in

a study performed by the University of Texas and the Texas Department of Transportation

Keblin. et. al. 1995. As a consequence of suspended solids removed metals that are adsorbed

to particles or occur as insoluble precipitates i.e. particulate metals are removed to some

degree as well. Level I treatment. is an important initial
step for effective subsequent

performance of Levels 2 and 3 treatment.

Level 2 treatment includes filtration and disinfection in addition to screening and

detention. Storm water runoff is often contaminated with coliform bacteria which are indicator

organisms used to indicate the potential for the presence of human pathogens. Coliform levels

can be high in urban storm water and may cause the receiving water to exceed levels considered

safe for recreational contact a designated beneficial use of most waters within the state.High-ratefiltration physically removes a large fraction of the coliform organisms. Subsequent

chlorine disinfection inactivates a large fraction of the remaining coliform bacteria.

Dechlorination protects receiving water organisms from residual chlorine toxicity. Level 2

treatment using high-rate filtration and chlorine disinfection following screening and detention

will likely meet the requirements for non-contact and body contact recreational beneficial use.
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Level 3 treatment is a highly sophisticated treatment process to remove very low

concentrations of toxic and soluble constituents that are typically found in urban runoff. Many
of the waters in California are designated as potential drinking water sources which may require

advanced treatment to meet water quality objectives. The standards for toxicity as they relate to

sensitive species
that could potentially exist in the

receiving waters are even more restrictive

than the drinking water standards. Most waters have a beneficial use designation that describes

aquatic
environment and have objectives to protect that beneficial use. Meeting these objectives

with structural treatment units would require advanced treatment beyond what is normally

expected of water treatment facilities. Reverse osmosis following screening detention

filtration and disinfection is included as the typical technology representing advanced toxics

removal to achieve the required low concentrations. Storm water treated by Level 3 would be

free of almost all constituents of concern and likely would be suitable for all beneficial uses.

Brine is a concentrate of dissolved salts and solids from reverse osmosis treatment

process.
In southern California brine is typically disposed into the Pacific Ocean. In other

areas where ocean disposal is not possible i.c. inland areas like the Central Valley or where

brine poses potential
environmental impacts additional brine treatment and/or transport will be

required.

5.3 Collection System

Urbanized area storm water collection system requirements were analyzed by natural

drainage basin boundaries i.e. hydrographic sub-units within the counties of interest. It was

assumed that storm water collection systems exist within the urbanized areas of interest analyzed

for this study to collect and transport storm. water to natural or constructed drainage channels.

Therefore new interceptor systemsto route the runoff to one or more treatment units within each

hydrographic sub-unit were identified for this study..

5.4 Treatment Facility Description

Three levels of storm water treatment were developed to treat storm water to meet

specific benefit use criteria for water bodies. Figure 5-1 shows a schematic of examples of

constituents removed at progressively higher levels of treatment.
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Figure 5-1 - Storm Water Treatment Constituent Removal
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C CHAPTER 6

STORM WATER TREATMENT COSTS

Capital and annual operations and maintenance costs were estimated for urbanized area

storm water treatment facilities using information generated from the.GIS database. Runoff

volume within natural drainage basins i.e. hydrologic sub-units in the counties of interest and

other criteria were used to estimate the number and size of treatment units. Cost curves were

used to estimate capital and operations and maintenance costs for varying levels of treatment.

Specific levels of treatment for specific urbanized areas may be refined in the future based on

ongoing projects addressing water quality objectives and storm water quality.

6.1 Cost Estimating Approach

The costs of storm water collection and treatment facilities were estimated using an

approach similar to that in two previous studies Caltrans 1997 Caltrans 1998. The following

.section summarize how cost curves were developed for capital and operations and maintenance.

6.1.1 Capital Costs. Project costs from the Storm Water FacilitiesRetrofit Evaluation

Caltrans 1997 were updated and analyzed for this study to derive a series of project cost

curves. Project costs include a 30 percent construction cost contingency and a 20 percent

allowance for engineering. legal and administration. Project costs do not include any costs for.

property acquisition. Project costs from the 1997 report were updated to an Engineering News

Record Construction Cost Index ENR CCI of 6710 which represents the average of the Los

Angeles and San Francisco ENR CCIs for March 1998.

Figures 6-1 through 6-3 show the project costs as a function of treatment unit size for

three storm water treatment levels. The relationship between the treatment unit size and the

project cost can be represented as a power function as shown in the figures. The individual

treatment unit costs arc plotted in each figure and a best-fit line was determined to estimate the

cost of a 1.0 mil gal treatment facility. A power function with an exponent of 0.6 a typical value

reflecting treatment facility economy of scale was developed for each treatment level as

shown in the figures.

6.1.2 Operations and Maintenance Cost. Operations and. maintenance costs were

also derived from the Storm Water Facilities Retrofit Evaluation Caltrans 1997. Annual

operations
and maintenance costs per MG treated for each of the three treatment levels .wer

calculated from the total analytical study area cost and volume treated per rainfall event. Annual

operations and maintenance costs were estimated based on ten rainfall events per year.
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Operations and maintenance costs were calculated for this study as a function of volume

treated using a power function similar to the approach used for calculating capital costs.

Operations and maintenance cost relationships for primary sedimentation dual-media filtration

chlorination dechlorination and reverse osmosis treatment systemswere evaluated to identify a

range of power function exponents EPA 1980 AWWARF et al 1996. The median of the

range of values 0.67 was selected for scaling annual operations and maintenance costs.

6.2 Urbanized Areas

Capital and operations and maintenance cost calculations for urbanized areas are

summarized by county in a series of tables in Appendix C. The capital costs include an

interceptor system for each treatment unit to capture the storm water runoff. The total volume of

runoff per rainfall event is 45205 MG from 6864 sq rni of urbanized area.

The number of treatment units
per hydrologic sub-unit within each urbanized area was

calculated based on a maximum Level I treatment unit size. A number of calculations were

performed to evaluate the total number of treatment units required over a range of maximum

treatment unit sizes. A maximum Level 1 treatment unit size of 50 MG was used for the cost

calculations summarized in the tables in Appendix C. The Level 2 and Level 3 treatment unit

sizes were based on a three-day period to treat and
discharge captured storm water. That is if a

3.0 MG basin was required to capture the 24-hour design storm for a given area-the filtration

disinfection and reverse osmosis treatment systems were sized for 1.0 million gallons per day

mgd capacity. The capital costs include county-specific land costs which were provided by

Stanley R. Hoffman Associates.

Statewide storm water collection and treatment capital costs range from $70.5 billion for_

Level I to $113.7 billion for Level 3. Annual operations and maintenance costs range from

5145.2 million/year for Level I to $423.9 million/year for Level 3. The
present worth of the

treatment cost was calculated at an interest rate of 4 percent and a period of 20 years similar to

the values used in previous Caltrans- studies. The
present worth ranges from $72.5 billion for

Level I to $119.5 billion for Level 3 assuming that a uniform treatment level is used for all

urbanized area storm water throughout the State.
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Table

C19

Urban

Runoff

Costs

Summary

Project

Cost

$

mfllon@

ENR

CCI

6710

Total

CollectionAnnualOperations

and

Maintenance

Costs

S

mlllionyesrRunoffNumber

of

Interceptor

System

Levu

lI

Level2

Level

3

County

MO

per

Treatment

System

rainfall

event

Units

Length

Total

Cost

Total

Cost

Total

Cost

Level

I

Level

2

Level

3

ml

Total

Cost

IncludingIncludingIncludingCollectionincludingincludingIncludingCollectionCollectionCollection

System

em

CollectionCollectionCollectionAlameda

1816

43

371

$1180.36$2775.39$3229.11$4.445.5890.9836$5.7682$9.8827516.7828Contra

Costa

1886

47

428

$1.280.10$2992.70$3479.8654785.9831.0888$8.1749510.5677.$17.913Fresno

480

13

133

$418.48$808.273910.05$1240.53$0.3471$1.6391$2.750234.8082

Kern

279

8

92

$274.28$517.59$582.24$782.7750.2285$1.006191.6748$2.7928

Los

Angeles21.684

480

3.772

S12.488.25532838.99$39087.27553.60358510.4052$67.55355116.69983198.6777

Merin

1127

28

188

6566.47$1723.94$2083.7252666.4450.472153.5303$6.1603$10.5580

Orange

2885

70

620

51.998.7551.667.1k35448.44$7419.10$1.865659.3978316.0473$27.1661Riverside

1110

35

357

$1061.90$2038.68$2299.72$3109.3750.6849$4.018556.7134$11.2195Sacramento

1810

41

352

31146.8852627.12$3024.65$4.230.83$0.9557$5.706059.7910516.6218

San

Bernardino

1914

61

476

61394.2233130.7593601.9755000.8451.181858.5849311.2114318.9809

San

Diego

3.666

108

882

32605.4855.920.55.$6820.1639490.66521712312.5172521.4145938.2919

San

Joaquin

314

9

87

$249.86$530.405805.02$836.26$0.208251.1023$1.871333.1570

San

Mateo

1514

37

292

$923.12$2333.71$2751.5733772.9950.769354.7797$8.2286513.9958

Santa

Clara

2364

55

441

31

458.59

.33.729.854426.7635992.2031215557.3656$12.6918521.5643Solano

522

16

136

5367.545851493984.1431369.6550.306351.796053.077135.2193Sonoma

602

16

107

$32975$8747251028.38314484850.2746$1.914553.3248$5.6821Stanlslaus

214

11

61

$77524

$366.1

5415.705576.7050.148050.781831.291352.1767Ventura

1017

39

257

5705.9751701.4431962.1752749.4950.588333.531836.0631310.2958Cumulative

Total

45205

1115

9055

529621

970531

$82759

$113721923.865145.15$249.46$423.01Present

Worth

372502866149$119482

a

Present

worth

castscalculated

using

an

Interest

rate

of

4

percent

and

a

20

year

period.Includesprojectcosts

and

operations

and

maintenancecosts.
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APPENDIX D

GIS DATABASE METADATA DESCRIPTIONS
___ Qr/ýar

This appendix contains the descriptions of data sources used in the development of the

GIS database. The data sources include

Land Use and Land Cover Data from the U. S.Geological Survey

Hydrobasins Coverage from the California Department of Fish and Game

Urbanized Area Designations in California from the U. S. Census Bureau

1
a71A51EVtEPORTS%422 12-0I %fMAIA- IDOCXP-
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U.SGS Land Use and Land Cover Data

Table of Contents

Background

Extent of Coverage

Acgpisition

Processing Steps

Data Characteristics

Spatial Resolution

Data Organization

Data Availability

Procedures for Obtaining Data

Products and Services

Applications
and Related Data Sets

References

Appendix

Background

The Land Use and Land Cover LULCdata files describe the vegetation water natural surface and

cultural features on the land surface. The United States Geological Survey USGS provides these data

sets and associated maps as a part of its National Mapping Program. The LULC mapping program is

designed so that standard topographic maps of a scale of 1250000 can be used for compilation and

organization of the land use and land cover data. In some cases such as Hawaii 1100000 scale maps
are also used.

21

6
43

Land Use and Land Cover Exam le 6.8 kb

Compilation is based upon a classification scheme identified in the Appendix.

Extent of Coverage

Land Use and Land Cover LULC data are available for most of the contiguous United States and

Hawaii.

Acquisition

Processing Steps

Manual interpretationof aerial photographs acquired from NASA high-altitude missions and other

sources.were first used to compile the land use land cover maps. Secondary sources from earlierland use

maps and field surveys were also incorporated into the LULC maps as needed. At a later time the LULC
maps were digitized to create a national digital LULC database. The evolution of this process resulted in

the creation of the Geographic Information Retrieval
Analysis System GIRAS.

Initial source preparation involves the transfer of field
survey information photo classification detail and

associated line work to a base map for digitization-.This may be done through stereo compilation or

monoscopic transfertechniques. Adjacent maps are also checked to ensure continuity. The maps are

digitized and the appropriate classification codes are assigned for processing through GIRAS and

51598 1052 AM

R0006430

RB-AR16449



checked for accuracy. All L11C data conform to the Universal Transverse Mercator UTM projection.

Data Characteristics

All LULC features are delineated by curved or straight lines that depict the actual boundary of an ar ea
commonly referred to as a polygon. These polygons have a minimum size of 10 acres or 4 hectares.

Each polygon represents a homogeneous element in the mapping scheme that is labeled with an integer

or attribute code. The arcs and nodes of the polygon are further defined by an XY point or string of

points
that provide direction and location for the polygon. This relationship may be defined by the

labeled area within the polygon or outside of it. Such positional data can be manipulated to meet a

variety of user needs by reprojecting the data or re-scaling them.

Spatial Resolution

The minimum area representing the man made features of the LULC polygons are 10 acres 4 hectares

that have a minimum width of 660 feet 200 meters. This minimum width precludes the existence of

narrow or lon tracts of data classification. Non-urbanvery g and non-man made features may be mapped
with polygons with a minimal area of 40 acres 16 hectares that have a minimum width of 1320 feet

400 meters.

Data Organization

The LULC data are available in two different formats. The first format was developed as a part of the

Geographic Information Retrieval and Analysis System GIRAS. This data structure evolved as the

USGS developed the LULC program in the late 70s. The other format is the Composite Theme Grid

CTG format. This format is grid cell oriented instead of polygonal. Both formats are further defined in

the Appendix under GIRAS and CTG. -

Data Availability

The LULC data are available at no cost through an Internet anonymous File Transfer Protocol FTP
account at. the EDC The data are also available at cost of reproduction on magnetic tape from the U.S.

-ý

Geological Surveys Earth Science Information Centers

Procedures for Obtaining Data

FTP Instructions

To access the account

FTP to edcftp.cr.usgs.gov

Enter anonymous at the Name prompt.

Enter your complete e-mail address at the Password
prompt.

Change cd to the pub/data/LULC/250K subdirectory to access 1250.000-scale LULC data or
cd to the pub/data/LULC/IOOK subdirectory to access 1100000-scale data.

Set the file transfer mode to binary by typing the word binary.
Use the get and rnget commands to download the OOREADME or data files.

The OOREADME file located under /pub/data/LULC/250K and /pub/data/LULC/LOOK
contains an explanation of the directory structure and instructions for uncompressing data files.

The FTP files are also available sorted by state

1250.000-scale sorted by state

1100 000-scale sorted by state

The data on magnetic tape are ordered by 1250000-scale map name or by southeast latitude and

longitude of the 1250.000-scale map.

2 of 5 5/15/98 1t
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To place magnetic tape orders and to obtain additional information regarding technical details and price.

schedules contact

Customer Services. EROS Data Center

Earth Science Information Centers ESICs

Online requests for these data can be placed via the USGS Global Land Information System GLIS
interactive query system. The GLIS system contains metadata and online samples of Earth science data.

With GLIS. you may review metadata determine product availability and place online requests for

products.

Products and Services

LULC data are distributed in the GIRAS or CTG formats
through an anonymous FTP account or as

ANSI-standard ASCII labeled or unlabeled magnetic tape. Published maps and other hard copy photo.

products are also available upon request.

Applications and Related Data Sets

The LULC data sets are intended to be compatible with a variety of digital data prepared by the USGS
and other government agencies. For example socioeconomic data compiled by the Bureau of Census

can be compared to LULC data of the same area. LULC data can also be used in conjunction with DLG.
and DEM data to assist river basin planning barrier-island change analysis environmental impact

statement preparation and urban development studies.

Reference3
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Survey Reston VA.

DOI USGS. 1986. Land Use Land Cover Digital Data from 1250000 and 1100000-Scale
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Land Use/Land Cover and Environmental Photointerpretation Keys U.S. Geological. Survey
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GIRAS--A Geographic Information and Analysis System for Handling Land Use and Land

Cover Data U.S. Geological Survey Professional
Paper 1059. p 16 Reston VA.

Appendix

Classification Codes

Record Descriptions

Classification Codes

Classification Codes-first and second level categories.

I Urban or Built-Up Land

I I Residential

12 Commercial Services

51598 1052 AN
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a uses $C\ gmyeruIaet t

13 Industrial

14 Transportation Communications

15 Industrial and Commercial

16 Mixed Urban or Built-Up Land

17 Other Urban or Built-Up Land

2 Agricultural Land

21 Cropland and Pasture

22 Orchards Groves Vineyards Nurseries

23 Confined Feeding Operations

24 Other Agricultural Land

3 Rangeland

31 Herbaceous Rangeland

32 Shrub and Brush Rangeland

33 Mixed Rangeland

4 Forest Land

41 Deciduous Forest Land

42 Evergreen Forest Land

43 Mixed Forest Land

5 Water

51 Streams and Canals

52 Lakes

53 Reservoirs

54 Bays and Estuaries

6 Wetland

61 Forested Wetlands

62 Nonforested Wetlands

7 Barren Land

71 Dry Salt Flats

72 Beaches

73 Sandy Areas Other than Beaches

74 Bare Exposed Rock

75 Strip Mines-Quarries and Gravel.Pits

76 Transitional Areas

77 Mixed Barren Land.

8 Tundra

.. 81 Shrub and Brush Tundra

82 Herbaceous Tundra

83 Bare Ground

84 Wet Tundra

85 Mixed Tundra

9 Perennial Snow and Ice

91 Perennial Snowfields

92 Glaciers

Record Descriptions

Geographic Information Retrieval and Analysis System GIRAS
The GIRAS format involves a standard character fixed length record usually ASCII-coded 80
character card images. Each record may consist of Ito 16 data-element fields. Each data-clement
field may be one of three different types 1 16 bit bin inte er 2 32 bit binary integer or 3 a
string of text characters. The GIRAS file structure is

comprised of a map header section header
arc records subfile coordinate subfilc polygon records subfile file of arcs by polygon FAP
subfile text subfilc and an associated data subfile.

Composite Theme Grid CTG
The CTG files are sequential and consist of fixed length records except for header files with one
grid cell for each logical record. The grid cells are actually a regular point sample of the quad

tof5
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where the center point of each cell is 200 meters apart
from other center points in adjacent cells.

The cells are mapped to the UTM nroiection oriented in the north-south east-west directions and

sequenced by row from north to south within each row by column east to west.

5.1598 1052 AM
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3RARY. COUNTY CA

LAYER N.1ME HYDROBASINS

COVERAGE NAME EBASA2

COVERAGE DESCRIPTION

The coverage hbasa2 was prepared by the California Department of

Fish and. Game DFG as a task within an interagency agreement for

geographic information system GIS support. to the California State

Water Resources Control Board SWRCB Non-Point Source NPS Unit.

Hbasa2 is a statewide version of the Teale GIS Technology Center Teale
County Library data layer for hydrologic basins called hbasa.

DFG performed various corrections to the original data such as basin

coding sliver-polygon removal and digitizing ofmissing boundaries.
The intended use of hbasa2 is as an interim reference in digital form
accurately but not precisely corresponding to SWRCB-delineated basins
and as a cross-reference to Department of Water Resources DWR basin

codes as presented in the Areal Designation map of February 10 1981

and in Hydrologic Data Bulletin 130-85 DWR May 1.988.

See the related database swrcbhc.dbf which contains all Regional Water

Quality-Control Board RWQCB surface hydrologic basin names and codes as

published by the SWRCB on the. Hydrologic Basin Planning Area HBPA map
series 1500000-scale SWRCB 1973 as revised. Metadata on this

database is contained in the file swrcbhc.txt.

See also metadata tdocumentation file calwater.txt for a description
of the California Department of Forestry and Fire Protection CDF
Planning Watersheds CALWATER which are further subdivisions of

the SWRCB basin delineations. See also California Teale GIS Technology
CenterTeale ARC/ INFO coverages and metadata hbasa.txt and DEG

........

refinements of federal hydrologic unit codes USGS HUCs 1978 ..
hucdfgl.txt

CALWATER USGS and SWRCB surface hydrologic basin delineations are
ý. being reviewed by the California Interagency Hydrologic Basin Map

Committee Chaired by the California Department of Water Resources.
Basin names codes and boundary delineation reviews are expected to be

completed within fiscal year 95/96. This coverage and the1500000-scaleSWRCB maps and the Teale GIS library hbasa coverages will be

superceded by the CALWATER system digitized on a 124000-scale
base USGS 7.5-series quadrangles as modified by DWR and Teale.

VITAL STATISTICS

Datum NAD 27

Projection Albers

Units Meters

1st Std. Parallel 34 00 00 34.0 degrees N
2nd Std Parallel 40 30 00 40.5 degrees N
Longitude of Origin -120 00 00 120.0 degrees W
Latitude of Origin 00 00 00 0.0 degrees
False. Easting X shift 0

False Northing Y shift -4000000
Source Teale GIS Technology Center hbasa

Hbasa2.tn
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Source Media ARC/INFO coverages tired by county
Source Projection as above

ý.._
Source Units as above

Source Scale 1500000

Capture Method manual digitizing

Conversion Software ARC/INFO rev. 7.0.3

Data Structure Vector

ARC/INFO Coverage Type Polygon

ARC/INFO Precision Single

ARC/INFO Tolerances N/A

Number of Features 1004

LayerSize appx. 3.3 megabytes uncompressed export
Data Updated under development November 1995

DATA DICTIONARY

Structure of table HBASA2.PAT

standard ARC/INFO fields AREA PERIMETER HBASA21 and HBASA2-ID are

not described here

COL ITEM NAME WIDTH TYPE N.DEC DESCRIPTION

17 BASIN 5 I - integer form of SWRCB code w/o decimal
22 NHCODE 6 N 2 numeric representation of SWRCB HSA code

28 ADCODE 6 C - DWR Areal Designation code Bulletin 130-85
.3 CHBPA. 2 C - Hydrologic Basin Planning Area code

36 CHUNAME 50 C - SWRCB Hydrologic Unit HU name
86 CHANAME 50 C - SWRCB Hydrologic Area HA name

136 CHSANAME 50 C - SWRCB Hydrologic Sub-Area HSA name

186 CHUCODE 6 C SWRCB HU code as character string
192 CHACODE.... _6. C SWRCB HA code as character string
198 CHSACODE 6 C SWRCB HSA code as -characterstring
204 R 1 I - integer code for SWRCB Hydrologic Region
205 RU 3 I - integer combining Region andHU codes

200 RUA 4 I - combines Region HU and HA- 212 RUAS 5 I - combines Region HU HA and HSA
same as BASIN as present in original
Teale hbasa coverage

SWRCB HYDRZLLOGIC BASIN CODES

SWRCB Hydrologic codes are 6-byte strings composed of numbers and a

decimal point. The meanings associated with each byte position.
and the decoding of a typical code are shown below. Allowable value

ranges shown in parentheses.

The first byte first position in the code string indicates the

Hydrologic Region there are 9 statewide. Other byte positions are
described below. A code ending in .0 indicates an entire major river
basin called a Hydrologic Unit HU e.g. 105.00 - KLAMATH RIVER
HYDROLOGIC UNIT. Large tributaries of major rivers are designated as

Hydrologic Areas HA and their codes end in a single zero. In turn
HAS are subdivided into Hydrologic Sub-Areas HSA and a single digit

replaces the last- zero in the HA code. HSA codes ending in zero or
double. zeroes indicates that that the HA or HU is not subdivided see

Hbasa2.txt
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fer_her explanations under CHSANAME below.

Bytes Meaning Value Range

1 Hydrologic Region R 1 - R - 9
23 HYDROLOGIC UNIT HU 00- HU 59-B1

4 always a decimal point
5 Hydrologic Area HA 0 - HA - 9

6. Hydrologic Sub-Area HSA 0 - HSA 9

Example Scott Bar HSA 105.41

1 - North Coast

05 - KLAMATH RIVER 1-digit HUs include leading zero
4 - Scott River Hydrologic Area

1 - Scott Bar

NOTE

Regions 4 and 8 use county lines to split some of their

HUs. See 481.21 845.15 etc and REMARKS4. In Region
5 HU values 28 29 30 46 thru 50 inclusive are skipped.

Normally HUs and HAs are subdivided into lower categories HUs are divided

into HAs HAS are divided. into HSAs. Some HUs and HAs are not subdivided.

Examples

Name Code Name Code

LUCERNE LAKE HU 701.00 Blue Lake HA 109.10
JOHNSON HU 702.00 Ruth HA 109.40
BESSEMER HU 703.00. Suisun Bay HA 207.10

Byte position l contains the numeric code of the SWRCB Hydrologic Regions

R Hydrologic Region Name CHBPA Hydrologic Basin Planning Area
--- ------------------------

---------------------------------------1- North Coast NC

2 - San Francisco Bay SF

3 Central Coast CC

4 - Los Angeles LA

5 - Central Valley SB - Sacramento

5 - Central Valley SJ - San Joaquin
5 - Central Valley TL - Tulare Lake

6 - Lahontan NL - North Lahontan

6 - Lahontan SL - South Lahontan

7 Colorado River Basin CR

B - Santa Ana SA

9 - San Diego SD

Note The Central Valley and Lahontan Hydrologic Regions are subdivided

into Hydrologic Basin Planning Areas HBPA each with separate names and

maps.. All other HBPA names are the same as Hydrologic Region names.

The numeric sequence of Hydrologic Unit HO codes is continuous

across Central Valley HBPAsexcept for skipped values 528 529 530 and

546 through 550 inclusive. HUs 535 and 545 have the same name San
Joaquin valley Floor as do HJs 551 557. and 558 South Valley Floor.

Hbasa2.txt
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DWR AREAL DESIGNATION CODES

Areal Designation codes used in coverage hbasa2 were copied from a

hardcopy DWR map dated February 10 1981. The map codes were cross-checked

with those contained in Hydrologic Data DWR Bulletin 130-85 DWR may

19881. Other versions of the DWR system may be in use see DWR Bulletin 230

and other series. Discrepencies between the above two sources are listed

in the table below.

DWR uses one letter to designate a Hydrologic Basin HB in byte

position 1 of item ADCODE. These letter codes correspond to the SWRCB

Hydrologic Regions HR and Hydrologic Basin Planning Areas HBPA see

table below.

As with the SWRCB system the DWR Areal Designation codes ending in .0
indicate entire Hydrologic Units HO e.g. W14.00 - CHEMEHUEVIS HYDROLOGIC

UNIT and codes ending in a single zero indicate undivided Hydrologic
Areas.

DWR Areal Designation

Bytes Meaning Value Range

1 Hydrologic Basin HB A - HB Z see below

2.3 Hydrologic Unit HU 00- HU -
4 always a decimal point

5 Hydrologic Area HA 0 HA Z
6. Hydrologic Sub-Area HSA 0 - HSA- 9

GwR SWRCB....... -SWRCB..... . .....

HB HR HBPA HR / HBPA Name

ý- F 1 NC North Coast

E 2 SF San Francisco Bay

T 3 CC Central Coast

U 4 LA Los Angeles

A 5 SB Central Valley / Sacramento Basin

B 5 Si Central Valley / San Joaquin
5 TL Central Valley / Tulare Lake

G 6 NL Lahontan / North Lahontan

W E SL Lahontan / South Lahontan

x 7 CR Colorado River Basin

Y 8 SA Santa Ana

Z 9 SD San Diego

Examples

F35.D1 105.41 - Scott Bar HSA

AO7.B1 - 520.21 - Colusa Trough HSA

B06.BO - 541.20.- Los Banos HA

C01.T0 - 558.80 - North Kern HA

Z07.D3 901.43 Cuyamaca HSA

Byte positions 2 and 3 of the Areal Designation do not always match

Hbasa2.txt
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in snerl alue __ the .._espondir. 5.RCB 3U codes.

In byte position 5 of the DWR cede the letters A B C etc sometimes

correspond withSWRCB HA codes 1 2 3 but not always. The table below
ý shows the discrepencies discovered to-date among three sources

AREA DESIGNATION HYDROLOGIC DATA REGIONAL WATER QUALIY

MAP OF CALIFORNIA Bulletin 130-85 CONTROL BOARD

DWR 2-10-81 DWR May 1988 12 maps SWRCB 1986

F02.AO F02.A0 102.20
F02.BO F02.B0 102.30

F11.B2 F11.B2 111.23

FI1.83 F11.B3 111.22

T09.X0 T09.X0 317.00

T14.E2 -- 314.52

T14.E1 T14.E0 314.51

T15-B1 T15.C1 315.31

T15.B2 T15.2 315.32

T15.B3 T15.C3 315.33

T15.B4 T15.C4 315.34

U05.F1 U05.F1 845.61

U05.F2 U05.F2 845.62

405.62

U05.F3 U05.F3 845.63

405.63

Z02.J1 Z02.I1 902.91

Z02.J2 Z02..12 902.92

Z02.J3 202.I3. 902.93 -

202.J4 202.14 902.94

f Z02.G4 -- 902.74

Z06.D0

Z07-Al

206..E0

A14.A2 A14.A2 522.11

A14.A1 A14.Al 522.12

A14.82 A14.B2 522.24

A14.B3 A14.83 522.22
A14.C2 A14.C2 522.33

A14.C3 A14.C3 522.32

809.81 809_81 534.22

B09.B2 809.82 534.21

B08.K0 B08.K0 545.10

B08.L0 B08.L0 545.20

BOB.MO B08_MO 545.30

C03.B1 C03.B1 552.35

C04_B2 C04.B2 553.45

WO2.BO W02.00 602.20

W02.A0 -- 602.10

Hbasa2.txi
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W26.X W26.A4 626.40

W26.CO W26.A3 626.30

W26.A0 W26.A1 626.10

W26.80 W26.A2 626.20

W26GO W26.A7 626.70

W26.HO W26.A8 626.80

W26.E0 W26.A5 626.50

w26.E0 W26.A6 626.60

W28.J0 W28.I0 628.90

X13.A0 X13.A0 713.40

X13.80 X13.B0 713.10

X13.D0 713.20

X08.A0 X08.A0 708.20

X08.B0 X08.B0 708.10

X17.D0 X17.00 717.40

X15.D0 X15.00 715.40

Mission Bay. expect resolution of boundary discrepencies by RWQCB.
Reservoir created another polygon under this code.

Polygon doesnt appear on original hbasa coverage from Teale.

Additional metadata on the Areal Designation system may be available

from DWR.

SWRCB MAP REVISION HISTORY

CALWATER USGS. and SWRCB surface hydrologic basin delineations are

being reviewed by the California Interagency Hydrologic. Basin Map
Committee Chaired by the California Department of Water Resources.
Basin names codes and boundary delineation reviews are expected to be

completed with1n fiscal year 95/96. The. 1500000-.Scale. SWRCB maps and
their digital representations in the Teale GIS library will be superceded

by the CALWATER system which is digitized on a 124000-scale base

USGS 7.5-series quadrangles.

The 12 SWRCB HBAmaPs whose legend indexes of hydrologic names were used

to compile the coverage hbasa2 and the database swrcbhc.dbf also contain
revision information. This information is reproduced here for reference.

This pcrticn of the revision-history is the same on each of the 12 maps
Standard Revisions hereafter

April 1973

Revised July 1976

Revised August 1986

State Water Resources Control Board

Surveillance and Monitoring Section

T.E. Lavenda P.E. signature

Beyond the above annotation individual map sheets differ in their

content of additional revisions and notes. Text sections beginning
with REMARKSn are comments by metadata author by Region not part
of the map contents.

Hbasa2.tx
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North Coast Region 1
The North Coast HBPA map available at this writing contained an
additional revision entry and notes

Revised July 1991

California Regional Water Quality Control Board
North Coast Region

Surveillance Monitoring and-Planning
Don F. Hoirup Jr. no signature

NOTE

1. The names and areas shown on this map are the same as used by
the Department of Water Resources DWR in their Bulletin 94

Series.

2. The 1980 updated names and areas shown on this map are in
accordance with an agreement with DWR and U.S. Geological Survey.

3. Boundaries have been modified in areas 5.81 5.82 5.83 7.10
7.20 11.21 11.22 11.23 11.31 11.32 11.41 11.42. These
modifications are. adjustments in boundary locations from map
revision August 1986.

REMARKS1 The North Coast revisions do not result in code changes.
The full Hydrologic Area HA and Hydrologic Sub-Area HSA codes
involved are listed below by HYDROLOGIC UNIT for consistency with

hbasa2.pat and with swrcbhc.dbf

KLAMATH RIVER REDWOOD CREEK EEL RIVER
1.05.81 107.10 111.21

105.82 107.20 111.22

105.83 111.23

111.31

111.32

111.41

111.42

As of July 20 1995 the above boundary changes have not yet been
included in the coverage hbasa2. nor in Teales hbasa data layer nor in
CDFs CALWATER digital coverage of SWRCB boundaries. Expect additional
boundary modifications in other SWRCB Hydrologic Regions. Note 2 may be

referring to August 1986 revision not 1980 or to a 1978 Interagency
Agreement on basin names. Boundaries of DWR Bulletins 94- 130- and
230-series maps and those of the SWRCB do not always agree.

San Francisco Bay. Hydrologic Region 2
Standard Revisions no additional Notes.

Central Coast Region 3
Standard Revisions no additional Notes.

Hbasa2.pn
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S.os A-.geies Regan i4.

Standard Revisions additional Notes

\.- NOTE

1. The names and areas shown on this map are the same as used by
the Department of Water Resources DWR in their Bulletin 130

Series except as noted below.

2. The numbering system used on this map is an adaptation of the

numbering system used in the 130 Series.

3. The boundary between Region 8 and Region.4 follows the

boundary between Los Angeles County and Orange or San Bernardino
Counties not the Hydrologic Boundary. The San Bernardino

County line splits Hydrologic Unit 1 Santa Ana River HU so

that Sub-Areas 481.21 481.22 and 481.23 are legally in Region
4 but drain into Region S. The Orange County line splits
Hydrologic Unit 5 Los Angeles-San Gabriel River.HU so that

Sub-Areas 845.15 845.61 845.62 and 845.63 are legally in

Region 8 but drain into Region 4. Therefore a 5.-digit number
on the map indicates that a Regional Boundary divides a

Hydrologic Unit area or subarea. In these cases the second

digit is the number of the region from which the hydrologic
area has. been separated by the regional boundary. All other
digits are described in the legend.

4. The 1986 updated names and boundaries shown on the map are in

accordance with an agreement with DWR and US Geological Survey.

REMARKS41 Note 1 refers to DWR Bulletin 130 Series titled

.Hyarologi Data. See also DWR Bulletin series 94- and 230-_
Note 2 refers to SWRCB code adaptation of the DWR Areal-Designation.
system of basin coding as used in Bulletins 94 130 and 230

see Areal Designation system description in DATA DICTIONARY above.

Central Valley Region 5 Sacramento Basin.SB HBPA

Standard Revisions additional Notes

NOTE

1. The 1986 revised numbers and boundaries shown an this

map are in accordance with an interagency agreement
between the State Board the Department of Water Resources
and the U.S. Geological Survey.

Central ValleyRegion 5 San Joaquin SJ HBPA

Standard Revisions additional

Notes-NOTE

Hbasa2.txt
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1. same as for SB HBPA above

f
2. San Joaquin Valley Floor Hydrologic Unit includes

Hydrologic Unit numbers 535 and 545.

REMARKS5/SJ HU codes 535 and 545 have the same name. HU codes

528. 529. and 530 are skipped in the Central Valley sequence.

Central Valley Region 5 Tulare Lake TL HBPA

Standard Revisions additional Notes

NOTE.

1.. same as for SB HBPA above

2. South Valley Floor Hydrologic Unit includes Hydrologic
Unit numbers 551 557 and 558 due to the large number of

Hydrologic Areas contained. in this unit.

REMARKS5/TL HU codes 551 557 and 558 have the same name. HU codes

546 through 550 inclusive are skipped in the Central Valley sequence.

Lahontar Region 6 North Lahontan NL HBPA

Standard Revisions additional Notes

NOTE

..1...The198. updated names and boundaries- shown on this map are

in accordance with an agreementwith the Department of Water
Resources and. the U.S. Geological Survey.

Lahontan Region 6 South Lahontan SL HBPA

Standard Revisions additional Notes

NOTE

1. The names and areas shown on this map are the same as used by
the Department of Water Resources DWR in their Bulletin 130

Series except as explained below.

2. The numbering system used on this map is an adaptation of the

numbering system used in the 130 Series.

3. The 1986 updated-names and boundaries shown on the map are
in accordance with an agreement with DWR and the U.S.

Geological Survey.

REMARKS6/SL Note 1 refers to DWR Bulletin 130 Series titled

Hydrologic Data. See also DWR Bulletins 94 and 230. Note 2 refers

to SWRCB code adaptation of the DWR Areal Designation system of basin

coding as used in Bulletin 230 and elsewhere. See REMARKS4.

Hbasa2.rxt
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. Colorado River Basin Region 7
Standard Revisions additional Notes REMARKS same as SL HBPA above.

Santa Ana Region 8
Standard Revisions additional Notes REMARKS same as Region 4 above.

San Diego Region 9
Standard Revisions -additional Notes REMARKS same as SL HBPA above.

DATA QUALITY ASSESSMENT

All SWRCB hydrologic names and codes were verified for consistency with

1500000-scale. SWRCB-published maps as of their August 1986 revision.

Regional RWQCB and State SWRCB Boards have performed subsequent
revisions. Expect updates of the database swrcbhc.dbf and this metadata

file see also REVISION HISTORY section above.

Severaldiscrepencies among alternative basin coding systems with respect
to the coverage hbasa2 are described in the DATA DICTIONARY above.

Users are cautioned to also examine the boundaries of the following SWRCB
basins for consistency with CALWATER delineations other discrepencies may
also exist as CALWATER is under development

See...fieldHCODE in the polygon attribute table HBASA2.PAT

111.21

526.44

637.31

518.41

508.10

509.63

536.20

537.10

535.90

405.62

845.62

405.63

845.62

630.30

506.10

515.10

535.40

Users should contact their local Regional Water Quality Control Board
offices to obtain the most current basin delineations and codes.

CONTACTS
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aul Veisze Spatial Data Coordinator metadata file author
ý. Kaylene Keller GIS Specialist

California Department of Fish and Game

Technical Services Branch -- GI5 Unit

1730 I Street Suite 100

Sacramento CA 95814 USA

Phone 916-323-1661

Fax 916-323-1431

Email pveisze8dfg.ca.gov

kkeller8dfg.ca.gov

REFERENCE CONTACTS

Lee Neher GIS Specialist

7eale GIS Technology Center

Sacramento California

Phone 916-263-1321.

Email lee8gislab.teale.ca.gov

Clay Brandow Watershed Specialist
California Department of Forestry and Fire Protection
Sacramento California

Phone 916-227-2663

Email brandoa clay8fire.ca.gov

Nasser Bateni Division of Planning
California Department of Water Resources

Sacramento California

Phone 916-653-9883

John Norton Chief Non-Point Source Unit
State Water Resources Control Board

Sacramento California

Phone 916-657-0522

Revised November 29 1995
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.BPiR COUtITY

LAYER NAME URBANIZEDAREAS

COVERAGE NAME URBAREA

COVERAGE DESCRIPTION

The uRBANIZEDAREAS layer contains arcs and polygons that

correspond to the U.S Census Bureaus urbanized area

designations in California. These files were derived

from the 1992 TIGER files TIGER V5 for Teale Data Center

by Geographic Data Technology Inc. in September 1994.

An excerpt from the TIGER technical documentation-which

discusses urbanized areas and urban/rural areas is included

below.

VITAL STATISTICS

Datum NAD 27

Projection Albers

Units Meters

1st Std. Parallel 34 00 00 134.0 degrees N
2nd Std. Parallel 40 30 00 40.5 degrees N
Longitude of origin -12000 00 120.0 degrees W
Latitude of Origin 00 00 00 0.0 degrees
FalseEasting X shift 0

False Northing Y shift -4000000
Source US Dept of Commerce Census

Bureau TIGER/Line Version 5

Source Media Magnetic Tape

Source Projection Geographic

Source Units Decimal degrees

Source Scale Unknown

Capture Method Unknown

Conversion Software ARC/INFO rev. unknown
Data Structure Vector

ARC/INFO CoverageType Polygon

ARC/INFO Precision Double

ARC/INFO Tolerances 106.388 fuzzy / 0.0 dangle
Number of Features 393 polygons

Layer Size 8.819 megabytes
Data Updated September 1994 creation date

DATA DICTIONARY

DATAFILE URBAREA.PAT

RECORD LENGTH 94

COLUMN ITEM NAME WIDTH OUTPUT TYPE N.DEC.

--------------------------------------------------.1
AREA 8 18 F 5

9 PERIMETER B 18 F 5

11 URBAREAtt 4 5 B -

21 URBAREA-ID 4 5 B -

25 STATE 2 2 C -

Urbarca.txt
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27 C_17Y 3 3 -

r . 30 UA 5 5 C -

35 NAME 56 56 C -

91 CENSUS 3 3 C -

94 FLAG 1 1 C -

REDEFINED ITEMS

30 FLAGN 5 5 1
-

AREA The area of the polygon in- square coverage units.

PERIMETER The length of the polygon perimeter of the polygon
in coverage units.

URBAREA The software-assigned unique integer identification number.

URBAREA-ID A user-assigned identification number.

STATE 06 .Californi

COUNTY Federal FIPS county code odd numbers from 001 - 115

UA Urbanized area code

NAME Name of urbanized area

CENSUS unknown - all records contain blanks for this item.

FLAG 0 or 1 0 - non-urbanized area 1 - urbanized area

FLAGN Numeric version of item FLAG.

TIGER TECHNICAL DOCUMENTATION EXCERPT

Urbanized Areas UAs

Identification

A UA comprises a place and the adjacent densely-settled

surrounding territory that together have a minimum

population of 50000 people. The densely-settled

surrounding territory generally consists of an area with
continuous residential development and an overall

population density of at least 1000 people per square
mile. The. TIGER/LineTMI files identify UAs with a4-characternumeric code field.

All polygons that have a UA code other than blank will

have a U/R flag equal U. See the discussion on U/R
flags.

Record Locations UA Codes

RT Field Name. Description

A UA 1990 census.UA code polygon

Urbarca.txt
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Codes .A

The UA code is a 4-character numeric census code. The names

associated with the code appear in the TIGER/GICS product.

Appendix G lists the UA names-and codes.

Urban/Rural Designation U/R -

Identification

The TIGER/LineTM files include a 1-character U/R flag

R Rural not urbanU Urban in a UA or an urban place

The Census Bureau defines urban for the 1990 census as

comprising all territory and population in UAs and in

places of 2500 or more people located outside-of the UAs.

The Census Bureau also distinguishes the. urban and rural

population within incorporated places whose boundaries

contain large sparsely populated--or evenunpopulated--area.These extended cities have either 25 percent of

their land area or at least 25 square miles classified as

sparsely-settled. The sparsely-settled area must consist

of. at leastone group of one or more contiguous census

blocks. Each group must be at least 5 square miles in area

and have an overall population density of less than 100

people per square mile. Polygons in the group ofsparsely-settledblocks will have a.flag equal to R thedensely-populatedblocks will have a flag equal to

Incorporated places -basedon -1990 census boundaries with

both urban and rural flagged polygons are extended cities.

For. the 1990. census 280 incorporated places were defined

as extended cities. .Extende cities exist both inside and

outside of UAs.

The Census Bureau assigns the U/R flag to tabulation

blocks so all GT-polygons within a block have the same U/R

flan. All blocks that have a UA code other than blank
will have an U/R flag equal U. Blocks in places that

qualify as urban places but not in a UA do not have a UA

code but do have a U/R flag equal to U. Rural areas are

identified by a R flag and will not have a UA code.

Record Locations U/R Flags

RT Field Name Description

A URBFLAG 1990 census U/R flag polygon

Codes U/ Flags

Urban U
Rural R.

--END OF TIGER TECHNICAL DOCUMENTATION EXCERPT
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Executive Summary 

• Economic conditions are now slowly starting to improve in 

the region; the worst of the "Great Recession" is now behind 

us, We expect regional employment to fall by 1.5 percent this 
year, after the 6.5 percent decline we experienced in 2009, 
Although the annual rate will be negative, most counties in 

the region will be seeing positive growth on a quarterly basis 

by the second half of this year, 

• Employment trends within the region have varied across the 
counties. This year, the Inland Empire is the worst-performing 

area in the region, and we expect that this area will be the last 

to enter into a sustained economic recovery, By contrast, 
Orange County will lead the region's economic recovery, with 

the other coastal areas close behind, 

• This year, every sector will perform better than it did in the 
previous year, with the exception of the state & local government 

sector. In most cases, this will mean that the rate of decline in 

employment is slowing, A few sectors, including health care, 

federal government, and information, will post employment 

gains this year. 

• Sectors with the worst loss of jobs last year include construc-

tion and manufacturing. These sectors will see much smaller 
losses this year. We expect that construction employment will 

fall by 11 percent this year after a 21 percent decline last year, 

and that the manufacturing sectors, which had double-digit 
losses last year, will see small declines under 5 percent in 2010. 

• The pickup in international trade will also benefit the 
wholesale trade and transportation, warehousing & utilities 

sectors. These sectors will see much smaller declines in 
employment this year, followed by gains in employment of 

about 1 percent each in 2011. 

• Retail employment saw particularly large job losses last 

year, as consumers cut hack on their expenditures. After an 
almost 8 percent decline in jobs last year, this sector will post 

a further 1.3 percent decline this year, returning to positive 

growth in 2011. 

• The leisure and hospitality sector is suffering from some of 

the same problems as the retail sector, as consumers cut back 

on discretionary expenditures such as eating in restaurants. 

After a 4.7 percent decline in 2009, the sector will contract by 
slightly less than 1 percent this year and'next. 

• Professional & business services tend to be quite cyclical, 

and last year this sector lost over 9 percent of its employment 
base. Job losses in this sector will slow dramatically this year, 
to 0.9 percent, and the sector will see job gains in 2011. 

• The single sector that added jobs in 2009 was health 
services. This sector added jobs at a rate of 1.5 percent last 
year despite the generalized economic decline. Furthermore, 

this sector will add jobs at a rate of 2.2 percent this year 
and 2.5 percent in 2011. 

• The state's budgetary conditions have deteriorated 
dramatically as a result of the recession. Since tax revenues 

lag the economy, we anticipate that job losses will accelerate 

in this sector this year to 3.5 percent and that this sector 
will not see positive job growth until 2012. 

• The sharp decline in the retail sector has also translated 

into a freefall in taxable sales. We estimate that taxable 

sales fell by 17 percent last year. Sales will stabilize this 
year, with a slight decline of 0.8 percent, before returning to 

positive growth of 3.3 percent in 2011, 

• Los Angeles County experienced a loss in employment of 

5.9 percent in 2009. In recent months, however, job losses 
have been slowing. As a result, we are predicting only a 
moderate further decline in employment of 1.2 percent this 

year, before the economy returns to positive job growth in 
2011. 

• In Los Angeles County, every sector but one will see 
improved economic performance compared to last year, In 

most sectors, the rate of job loss will slow substantially. The 

one exception is the state & local government sector, which 
tends to lag the economy overall and will see accelerated 

job losses this year. 

• The information sector is poised to be one of Los Angeles 
County's few economic bright spots, with a 6.9 percent job 
gain in 2010. Health care and the federal government will 

also add jobs; although, many of the added federal jobs will 

be temporary census jobs. 

• Orange County's economy is rapidly improving. While the 

annual job growth rate will be slightly negative this year, 0.9 

percent, it will accelerate to 1,5 percent in 2011 and 2.3 
percent in 2012. 

• Orange County's professional & business services sector 

will stabilize this year and then return to robust growth of 

over 5 percent by 2011 as the economic recovery picks up 
steam. 

• For Riverside/San Bernardino, the severity of the sub-
prime mortgage crisis has compounded the effects of the 

national recession, leading to a particularly sharp economic 
downturn. The area lost 7.5 percent of its employment base 

last year and will see another decline of 3.4 percent this 
year, with recovery delayed until 2012, 

• Ventura County lost jobs at a pace of 5.6 percent last year, 

and our forecast calls for a decline in employment of 0,9 

percent this year before the county returns to positive job 
growth in 2011. 
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The Regional Economy in 2009 

If the 2009 regional economywas a Clint Eastwood movie, it 

would he entitled The Good, the Bad and the Ugly", „just 
leave out "The Good" part. Last year, the region's economy 

shed 460,000 jobs. This was on top of 138,000 jobs lost in 
2008, raising the cumulative two-year loss to almost 600,000. 

The region has not experienced such a devastating job loss 
since the early 1990s, Over a three-year period, 1991-93, the 
region lost 470,000 jobs. At that time, it was thought to be 
the most significant downturn in the Southern California 

regional economy since the Great Depression. 

While the 1990-91 recession was severe for the region as it 

stru led to restructure its employment base due to the 
downsizing of defense and aerospace, the nation bounced 

back quickly. By 1994, the recovery began to take hold 
within the region, as witnessed by positive job formation. 

Southern California once again returned to its more familiar 
historical position of growing faster than the nation by 1997. 

During the 2001 recession, the region was unable to insulate 

itself from the national recession but did fare better than the 
nation, jobs steadily rose, and employment peaked in 2007. 

Employment Growth; Nation and Region 
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Job growth was led by a housing boom, fueled by low 
interest rates and easy access to mortgages and refinanc-

ing opportunities, As with all speculative bubbles, the 

run up in housing prices was not sustainable, and the 

housing market began its major correction in 2008. The 
correction began not only in Southern California but in 
many regions within the United States and across the 

globe. The nature, scope and magnitude of the subprlme 
problem led to the near collapse of the financial mar-
kets. Employment plummeted, The Southern California 
region, especially the outlying counties, was at ground 
zero for the housing bubble, Not only were the economies 

of these counties fueled by the growth of residential 

construction, they were also home to several of the leading 

players in the financial services sector involved in sub-
prime lending. The downturn in housing initially led to 
an impact on the housing related sectors, which in turn, 

spread across the economy, pushing the nation and the 

region into a protracted downturn. The main difference in 
this recession, compared to the 1990-91 recession, is that 
this time out the region and nation are in this downturn 

together. Since the region was one of the centers of the 

housing boom, it is not surprising that our employment 
base is contracting faster than that of the nation. 

The housing-dependent sectors continued tcypost job losses 
in 2009. Construction, which accounted for 48,000 lost jobs 
in 2008, saw an additional loss of 73,000 jobs last year. This 

sector once had an employment base of 400,000 jobs and has 

now fallen below the 280,000 job mark. The financial 

activities sector includes abroad array of housing-dependent 
jobs such as banking, insurance, and real estate, as well as 

security and brokerage activities. This sector has lost 56,000 
jobs over the last two years. Orange County, which was home 

to several of the leading financial firms at the center of the 
subprirne problem, accounted for 40 percent of the jobs lost 

in this sector. Many of these firms are shuttered and those 

that remain open have dramatically reduced their payrolls. 
Much like the lost aerospace and defense jobs of the early 

1990s, many of the financial services jobs were high-wage 

jobs and will not return to the region in the recovery, 

The sector that posted the most significant absolute loss 

was professional & business services, with 94,000 fewer jobs 
in 2009. Again, many of these losses are directly associated 
with the housing downturn. Architectural, engineering and 
related services are activities associated with both 

residential and non-residential development. During an 

economic downturn, there is little interest in developing 
shopping centers, office buildings and other commercial 

structures. While the region anticipates federal stimulus 
dollars to support "shovel ready" projects, the near-term 
outlook for this subsector is not bright. 

Economic contractions give rise to increased numbers of 
business failures, and those businesses that survive often do 
so by paring expenses. The smaller marketplace reduces the 

demand for accounting, bookkeeping, legal, administrative 
support and building maintenance services. The subsector 
of administrative and support staff lost 58,000 jobs. 
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Employment in the Five County Region' 

Sector 2008 2009 Change Percentage 

Construction & Mining 351,200 277,800 -73,400 -20.9 
Durable Manufacturing 461,400 404,600 -56,800 -12.3 
Nondurable Manufacturing 289,700 260,200 -29,500 -10.2 
Wholesale Trade 377,300 344,600 -32,700 -8.7 
Retail Trade 778,000 718,100 -59,900 -7.7 
Transportation, Warehousing & Utilities 268,600 251,400 -17,200 -6,4 
Information 260,900 241,100 -19,800 -7.6 
Financial Activities 416,600 389,900 -26,700 -6,4 
Professional & Business Services 1,024,900 930,500 -94,400 -9.2 
Education & Health Services 817,400 829,800 12,400 1.5 

Leisure & Hospitality 740,500 706,100 -34,400 -4.6 
Other Services 243,400 226,800 -16,600 -6.8 
Federal Government 89,700 89,200 -500 -0.6 

State & Local Government 947,800 937,900 -9,900 -1.0 
Total Nonfarm Employment 7,067,400 6,608,000 -459,400 -6.5 

The Cr pisiinofli data is rounded annual values. 
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Similarly, employment services sustained a loss of 37,000 

jobs. The employment services sector includes placement 

activities but also includes the important category of 

temporary help, which is often regarded as a leading 
economic indicator. Temporary help employees are the first 
to be let go during a downturn and, oftentimes, firms will hire 

temporary workers first rather than permanent workers as 

the recovery begins. While this sector did post losses last 

year, it does appear that the monthly rate of job loss is 

slowing and, if this holds, the near-term outlook brightens. 

The national recession has had a dramatic impact on 
consumer behavior, Confronted with a loss of wealth, rising 
unemployment and tight credit markets, households across 

the country have cut back on their consumption expen-

ditures. These reductions have a differential impact on the 
region due to the importance of the logistics industry. The 

San Pedro Bay ports account for well over one-third of all 

the container traffic in the nation. These ports are the 
gateway for our major trading partners across the Pacific 

Rim, Total container volume has fallen from approximately 

16 million TEUs (20-foot equivalent units) at its peak to 

just under 12 million in 2009. The reduced amount of 
international trade directly impacts employment in the 

'wholesale trade and transportation, warehousing & atilities 
sectors. Wholesale trade posted a 33,000 job loss and 
transportation, warehousing & utilities lost 17,000, Like the 

financial services sector, most of these lost jobs are 

relatively high wage and, as a consequence, have a greater 
ripple effect on the regional economy than does the loss of 

low-wage jobs. 

The region's manufacturing sector is like the logistics 
sector in that many of the goods produced within the 

region are produced for consumption outside the region. 
For example, most of our aerospace output is destined 
for final consumption outside of California, The manu-

facturing sector has lost 87,000 jobs, with 57,000 jobs in 

durable goods manufacturing and 30,000 jobs in non-
durable goods manufacturing. The trend in job losses is 
perplexing. While part of the job loss is related to the 

global downturn, a significant part is related to rising 
productivity. The sharp increase in productivity over the 

last decade means that firms can produce more output 

with the same or less labor, As a consequence, fewer 
manufacturing jobs do not necessarily translate into less 

manufactured goods. Nonetheless, at some point produc-
tivity gains will be exhausted, and as the recovery takes 

hold, firms will have to increase employment as demand 

increases. 

Retail trade has been hard hit daring the recession. The 

freewheeling days of consumer spending are over. Several 
national retailers have shuttered their business or reduced 

continued 
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The Regional Economy in 2009 continued 

the number of establishments, The retail trade sector posted 

job losses of 60,000. Not surprisingly, about one-quarter of 

the job losses were in auto dealerships. An additional one-

quarter of the job loss is in clothing and clothing accessories, 

Again, these are discretionary expenditures and reflect a 

much more cautious consumer. Lastly, retailers closely tied 

to the housing market suffered job losses; these include 

building materials, appliance and furniture retailers, 

The leisure arid hospitality sector lost 34,000 jobs. Approx-

imately three-quarters of the losses are in accommodation 

and food services, with the remaining losses in arts, enter-

tainment and recreation. While these are challenging 

times for hoteliers, their ability to reduce lodging staff is 

limited by the nature of the hotel business. Such is not the 

case for food services. Food services are affected not only 

by the number of visitors but also by the strength of the 

regional economy. With regional unemployment levels well 

above that of the nation, there is significant belt-tightening 

on expenditures. As people eat out less, sharp reductions 

in food services employment occurs. Food services lost 

over 15,000 jobs; the bulk of the lost jobs ocurred in full-

service dining establishments, 

The information sector lost 20,000 jobs. This high-wage 

sector is mostly concentrated in Los Angeles County, which 

is home to the major television and film studios. While this 

sector has posted job losses in the past, especially in the 

print industry due to changing technology and declines in 

advertising revenue, the bulk of the current losses are in the 

motion picture and sound recording sub-sector. Los Angeles 

County accounted for 9,500 jobs lost in this sub-sector. Once 

again, these jobs are relatively high-wage jobs and have a 

greater ripple effect on the local economy 

percent of the gain was in private educational employment, 

with the bulk of the new jobs in private universities, colleges 

and professional schools. The underlying demographics 

coupled with a rising unemployment rate contribute to an 

increased demand for post-secondary education. In addition, 

public educational institutions, whose employment is 
measured in the state government sector, have constrained 

their enrollment growth due to public funding shortfalls. 

This strategy gives rise to increases in demand for substitutes, 

in this case increased enrollment in private educational 

institutions. 

The underlying demographics of the region account for the 

increases in the demand for healthcare services, Los 

Angeles County hospitals and nursing and residential care 

facilities accounted for 3,000 new jobs. The remaining 2,000 

new jobs were spread across a broad array of healthcare 

providers as well as social assistant providers, such as 

individual and family assistants, child-care and so forth. 

Once again, employment losses were spread across all 
counties in the region. Los Angeles County, which did not see 

the sharp run up in employment associated with the housing 

bubble, has fared somewhat better than the outlying counties. 

Especially hard hit were the counties of Orange, Riverside and 

San Bernardino, The Riverside and San Bernardino counties 

had long been the faster growing counties in the state, but the 

housing downturn has created a significant challenge for 

these counties. Much of the region's foreclosure problem is 

concentrated in Riverside and San Bernardino counties, and 

it will take several years of strong employment growth. for 

these economies to fully recover. 

Job Losses Across the Region 

State and local governments pared their payrolls by 10,000. 

With an employment base of over one million jobs, this 

reduction amounts to a 1 percent reduction. The reduction 

in government payroll would have been much larger in the 

absence of stimulus dollars. Next year, with large deficits in 

the state and many municipalities, expect deeper 

employment cuts and reductions in the level of service. 

The only sector within the region to post job gains was 

education and health services. This sector generated 12,400 

new jobs and posted a growth rate of 1.5 percent, About 60 
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The National Economy 200 

The Great Recession has ended, The recession, which 

began in December 2007, most likely ended in June of last 

year, It will take several more months before the National 

Bureau of Economic Research, the official arbiter of the 

economy's turning points, makes the call official. While 

this is good news, what it really means is the economy 

peaked in December 2007, stopped its free fall and bot-

tomed out in June 2009. By mid-year, the economy began 

to post positive GDP growth after four consecutive quarters 

of declines. This recession is the longest and one of the 

steepest declines in the post World War II era. What made 

this recession different is that the economy has not faced 

a financial crisis of such magnitude since the Great 

Depression. The housing bubble, subprime interest loans, 

lax lending standards, and securitization of mortgages 

led to the near collapse of financial markets, creating the 

first over downturn in the global economy in the modern 

era, During the 1930s, the depth and duration of the 

depression was laid at the doorstep of the Federal Reserve 

and its failed monetary policy. This time, things were differ-

ent. The Fed's swift and decisive actions were instrumen-

tal in preventing the worst financial crisis of the modern 

era from becoming an even more severe downturn. 

The Fed's aggressive actions to dramatically increase the 

money supply saw its balance sheet balloon from $800 bil-

lion to over $2 trillion. In addition to holding the federal 

funds rate at near zero, the Fed introduced a variety of 

temporary programs, such as Term Auction Credit, the 

Commercial Paper Funding Facility, Central Bank Liquidity 

Swaps, and the purchase of housing-related government-

sponsored enterprises to infuse liquidity into the markets. 

These innovative programs did much to relieve the stress 

in financial markets. As financial markets began to slowly 

recover and stabilize, these programs were either discon-

tinued or wound down. To be clear, the financial markets 

arc far from fully recovered, but the road to normalcy is 
fast approaching. 

The Obama administration and Congress passed a massive 

federal stimulus package of $787 billion, The stimulus 

package is a 10-year program, with the $561 billion in 

expenditures occurring in 2009-10. Approximately $475 

billion in expenditures are tax cuts, transfers and grants 

to states. Infrastructure projects were valued at about $82 

billion. The $700 billion in the Troubled Asset Relief Pro- 

Output Recovers but Unemployment is a Problem 
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gram, begun during the Bush administration, was contin-

ued, and funds were allocated to troubled financial insti-

tutions, including AIG, as well as Chrysler and the auto 
giant General Motors. 

Even with these massive doses of monetary and fiscal 

policy, GDP growth was -2.4 percent in 2009; although, 

potentially things could have been much worse in the 

absence of these policies. Unemployment surged as 

employers shed 4.7 million jobs in 2009, bringing the total 

number of jobs lost since the onset of the recession to 8.4 

million. Housing prices dropped by nearly 30 percent 

from the 2006 peak, according to Standard & Pool's Case-

Shiller indexes, With housing values falling and unem-

ployment rising, the number of households receiving 

notices of foreclosure rose to 2,8 million, a 21 percent 

increase over 2008 and a 120 percent increase over 2007. 

Despite all of this bad news, the economy did begin its 

recovery in mid-year 2009. Consumers began to gradually 

increase their consumption, in part enticed by the incen-

tives in the Cash for Clunkers program. Exports began to 

grow, primarily driven by an improving economic picture 

among the Asian nations, excluding Japan. In the fourth 

quarter of 2009, the economy grew at a robust annual rate 

of 5.6 percent. While this represents significant growth, it 

is unlikely that the fourth quarter's growth is a. signal that 

a rapid recovery is underway, Much of the acceleration in 

year-end growth was due to inventory replenishment. 

Throughout the recession, businesses slashed inventories 

as households cut back on their consumption expenditures. 

Consumer expenditures were slowed due to rising 
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The National Economy in 2009 continued 

unemployment, little or no income growth, tight credit and 

decreases in wealth, especially housing wealth. Nonethe-

less, even with modest consumption growth, there comes a 

time when inventories can no longer be reduced and shelves 

must be restocked. That time was the fourth quarter of 2009. 

The Outlook for 2010-11 

A modest but steady economic recovery is underway. While we 

do not expect the torrid growth of 5.6 percent in the fourth 

quarter of last year to he carried forward, we do expect 

improvement, with the economy growing at 2.9 percent in 

2010 followed by 3 percent in 2011. A V-shaped recovery, with 

robust growth following the steep decline, is not in the cards. 

Strong economic growth is unlikely, given the nature and 

extent of the financial crisis. Credit conditions, especially for 

small businesses, remain tight. The housing market remains 

fragile and continues to he a drag on economic performance. 

Similarly, the outlook for commercial real estate remains 

weak. Business structures, which had been growing at double 

digit rates, declined by almost 20 percent lastyear. This growth 

rate will continue to be negative and not bottom out for several 

years. Economic development projects will not materialize 
until the recovery is well, underway. 

The biggest challenge is the rate of unemployment. As 

stated earlier, this recession generated a job loss of 8.4 mil-

lion and an unemployment rate above the 10 percent mark. 

While we are in the early stages of employment growth, 

employment growth will not occur fast enough to quickly 

return unemployment to an acceptable level. The labor 

markets need to generate 120,000 to 140,000 new jobs every 

month just to account for the growth in the labor force, let 

alone generate jobs for the 8.4 million workers who have 

lost jobs. As a consequence, it will take another five years 

before the unemployment rate fails below 7 percent, 

The high unemployment rate has the potential to make. 

the Fed's job of price stability roach more difficult, While 

the Fed has received plaudits for increasing liquidity and 

avoiding an even more severe downturn, they face the 

daunting task of reducing this liquidity if inflationary 
pressures are to be avoided. The timing and the imple-
mentation of the exit strategy have to be near perfect if 
they are to he successful, and there is little in the Fed's 

history to instill confidence that this will occur, Moreover, 
elected officials, as well as those on Main Street, and Wall 

Street, are never happy about prospects of rising interest 
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rates and slower economic growth, especially with high 

unemployment. While inflation is a very serious problem, 

it is not a near-term problem, and the Fed has time. Expect 

the Fed to begin to raise rates later this year. The consumer 

price index will remain around the 2 percent level. 

As employment improves, incomes will grow and con-

sumers will be more willing to increase their expenditures. 

At this stage of the recovery, we expect consumers to be 

cautious, as they still roust deal with their reduced wealth 

position and tight credit markets. Large firms, on the 

other hand, are flush with cash and expect business 

investment expenditures to improve. Exports will con-

tinue to be a bright spot as the Asian nations resume their 

faster pace of growth. State and municipal governments 

face continued economic stress throughout this year and 

next. Lastly, the Obama administration faces difficult 

choices in the coming years, as they need to develop a 

strategy to pare the federal deficit, which swelled during 

this recession. The strategy that emerges is likely to be 

reductions in spending and tax increases. Despite the 

campaign promises of not taxing the middle class, the 

reality is that there is not enough income among the top 

5 percent of all wage earners to finance the growing 

deficit and healthcare without draconian tax increases. 

The National Economy 

2008 2009 2010 2011 

Real GDP 0,4 -2,4 2.9 3.0 

Consumer' Price Index 8.8 -0.3 1.8 1.9 

Unemployment Rate 5.8 9.3 9.1 9.0 

Federal Funds Rate 1.9 0.1 0.2 1,5 
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Regional Economic Forecast: 

In 2009, the Southern California region experienced a severe 
contraction in employment, following national economic 
trends. At both the regional and national level, it has truly 
been a "Great Recession," The region lost 6.5 percent of its 
employment base in 2009, amounting to a loss of almost half 
a million jobs. It is going to take a number of years before we 
can reasonably expect to regain all of the jobs lost last year. 

In the early months of 2010, some signs of improvement 
began to emerge, but you had to look closely to find them. 
The rate of decline in employment started to diminish in 
many sectors of the economy. Economic activity at the Ports 
of Long Beach and Los Angeles started picking up, reflecting 
increasing imports and exports at the national level, The 
news on housing sales and median prices has improved. 

We expect to see an economic recovery taking hold in this 
region in the second half of this year. The recovery will be most 
noticeable in the coastal areas, where the housing recovery is 
also more advanced. The inland areas will lag considerably 
and will be the main drag on regional growth in the near term, 
We expect that unemployment rates will peak this year close 
to current levels; however, the rates will come down only 
slowly over time. 

Our forecast anticipates a decline in regional employment 
of 1.5 percent this year, after the 6.5 percent decline we 
experienced in 2009. We expect most of this decline to occur 

in the first half of the year, with most areas seeing a return 
to positive employment growth by the second half of 2010. 
In 2011, the region will gain jobs at a pace of 0.7 percent 
overall, with coastal areas growing faster than the regional 
average. By 2012, the recovery will be complete, with 
regional job growth at almost 2 percent. 

Total Regional Nonfarm 

Employment Growth 

Employment trends within the region have varied across 
the counties. In the initial phases of this economic down-
turn (2007-08), the areas hardest hit were in the outlying 
counties, where the building and other real estate-related 
activities were most active during the housing boom. 
These factors were intensified in the Inland Empire, 
where the subprime mortgage crisis was most acute. By 
2009, the financial crisis and national recession had taken 
hold and all county areas saw a sharp decline in eco-
nomic activity. This year, the Inland Empire is clearly the 
worst-performing area in the region, and we expect that 
this region will be the last to enter into a sustained eco-
nomic recovery, 

This year, almost every sector is expected to perform better 
than it did in the previous year, with the exception of the 
state & local government sector. In most cases, this will 
mean that the rate of decline in employment is slowing. 
The region will see seine small gains in employment in 
the federal government sector due to the 2010 census. 
Net  gains will also appear in the health and information 
sectors. The health sector was the only sector with net 
job growth last year, which is not surprising since this 
sector is known to be relatively immune to economic 
cycles. We also anticipate net job gains in the information 
sector. This job growth will occur entirely in Los Angeles 
County in th.e sub-category of motion pictures, in part 
reflecting new state incentives to the region's film industry. 

The expansion of international trade noted above will have 
positive implications for the region's manufacturing sector. 
While regional manufacturing employment in the durable 
and non-durable sectors declined at double-digit rates last 
year, the declines this year will be much more modest. 

Durable Manufacturing 

Employment Growth 

1 '  

2033 2004 2005 2006 2037 20108 28.77 2010 201 2012 	2003 2X4 2005 2036 2007 2008 20(20 2010 2011 2012 

continued 

Economic 

Forecast 

for 

Soot ern 

Cahfornia 

and Its 

Counties 

RB-AR16769



percent 

4 	 
3 
2 

0 

-2 
3 
4 
-5 

 

5 

-6 
20X)3 2004 2005 2006 2007 2008 2009 2010 2011 2012 

Regional Econom Forecast: 2010-11 continued 

Productivity improvements in this sector continue to limit 

the rate at which manufacturing firms add to their payrolls, 

so these sectors will not contribute much to regional job 

growth through the forecast horizon. 

The pickup in international trade will also benefit the 

wholesale trade and transportation, warehousing & utili-

ties sectors. The sectors are also highly sensitive to 

national trends, as the slowdown in the economy has 

reduced the need to store and transport goods; however, 

the improving national and regional economies will 

increase the demand for these services. Job losses in 

these sectors will diminish this year, and we expect to see 

about a 1 percent job gain in each of these sectors by 2011. 

Transportation, Warehousing 

& Utilities Employment Growth 

to improve. We are forecasting a continued decline in retail 

employment this year of 1.3 percent before the sector returns 

to positive growth in 2011. 

This sharp decline in the retail sector has also translated into 

a freefall in taxable sales. We estimate that taxable sales 

plummeted by 17 percent last year. During the recession, 

households tightened their belts and nearly stopped buying 

new cars altogether. In addition, other types of discretionary 

expenditures (such as restaurant spending) were down 

sharply. Although retail sales are not reported in a very timely 

manner (regional sales data were available only through the 

first quarter of 2009 as this publication went to press), some 

indicators at the state and national level point to improving 

sales in the early months of this year, We are predicting that 

retail sales will stabilize this year, with a slight decline of 0.8 

percent, and then increase by 3.3 percent in 2011. 

The leisure & hospitality sector is suffering from some of the 

same problems as the retail sector. This sector includes 

employment in restaurants and hotels, which has been hard 

hit by the sharp decline in consumer and business expenditures 

that has occurred during the recession. This sector lost 

almost 5 percent of its employment base last year. Although 

the sector is stabilizing, we expect to see continued modest 

job losses in this sector through 2011. 
-7 I 	I 
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Employment Growth 
One feature of the national recession has been a sharp pull-

back in consumer expenditures. ThiS has had a devastating 

effect on the region's retail sector, which is the fourth-largest 

sector in the region. This sector saw a decline in employment 

of almost 8 percent last year. As consumers cautiously begin 

to open their wallets again, conditions in this sector will start 

Retail and Wholesale Trade 

Employment Growth 

The professional and business services sector was hard hit by 

the national recession, seeing over a 9 percent decline in 

employment at the regional level last year, 'This sector will 

stabilize this year but should then bounce back fairly sharply 

in 2011, since companies have out their administrative ranks 

to hare bones levels during this recession and will need to 

hire once the expansion takes hold. In 2011, this will be the 

region's fastest-growing sector, with job growth of 3.5 percent. 
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The battered housing-related employment sectors of 

construction and. finance are finally showing some signs of 

bottoming out this year, These sectors have been shedding 

jobs since the housing market began its downturn in 2007. 

While these sectors will not see positive growth this year, we 

do think that the worst declines occurred in 2009 and are 

thus behind us. Our forecast calls for construction 

employment, .which declined by 21 percent in 2009, to 

decline 11 percent this year and then only 1 percent in 2011. 

Financial services employment, which declined by over 6 

percent last year, will fall by just 1,3 percent this year, As the 

regional housing market begins to recover in 2010 and 

beyond, employment in these sectors will begin to grow -

again. It could take a decade or more for these sectors to 

regain their 2006 peak levels of employment. 

Construction & Mining 

Employment Growth 
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The state's budget is currently under severe strain. Since tax 

revenues lag the economy, we are not likely to see much 

improvement in the current fiscal year; although, revenues 

should begin to grow beyond that point. This means in the 

near term the state is going to be severely constrained in its 

spending by budgetary conditions. As a result, we expect job 

losses in the state and local government sector to worsen 

this year and extend through 2011, 

State & Local Government 

Employment Growth 
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Los Angeles County Forecast: 2010-11 

Los Angeles County entered into recession about a year later 

than the rest of the region. While the county did not experience 

the housing boom-bust cycle as deeply as the rest of the 

region, the financial crisis and national recession took their 
toll on the countys economy. After a 1.2 percent decline in 

employment in 2008, the county saw a 5.9 percent drop in 
jobs in 2009, With unemployment at a record high of 12.5 

percent in January, this recession surpasses the severity of 
the recession of the early 1990s, when county unemployment 
peaked at 10,4 percent. 

In recent months, job losses have been moderating in most 

sectors of the county's economy. As a result, we are predicting 
a moderate decline in employment of 1.2 percent this year 

before the economy returns to positive job growth in 2011. 
Most of the job losses have already occurred, and we expect 

positive quarterly job growth to return by mid-year. This 
.growth, however, will be modest, which is why the annual 

employment growth is negative. Simply put, gains in the 

second half will not offset job losses in the first half of the year. 

The professional and business service employment is the most 

cyclical of the service sectors. This relatively high-paying sector 

lost almost 10 percent of its employment base last year. This 
year, these losses will diminish substantially, with the sector's 

employment falling by less than 1 percent. This sector will start 
to add jobs relatively early in the expansion, and we expect this 

sector to add jobs at a pace of almost 4 percent. 

Leisure & hospitality services are also cyclical and saw a 4.4 

percent drop in employment last year as businesses cut back on 
travel and households cut their spending in restaurants. The 
job losses in this sector will trail off this year, but the sector is 

expected to remain flat in 2011. 

The housing-related sectors saw large declines in Los Angeles 
County last year with almost a 20 percent decline in construc-

tion employment and a 6.6 percent loss ofjobs in the financial 
sector. These sectors will continue to shed jobs in 2010, although 

at a slower pace, and then will remain flat through 2011. 
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Every sector but one will see substantially improved economic 

performance, compared to last year, as the rate ofjob loss slows 

substantially, The one exception is the state & local govern-

ment sector, which will see accelerated job losses this year. 

Like the region, the retail sector saw a significant decline in 

2009. Last year, the county lost over 7 percent of its retail jobs, 

and another decline of 1.2 percent is expected this year. 
Other cyclical sectors that have seen sharp declines include 

the manufacturing sectors, as well as the areas of transpor-

tation and wholesale trade. The manufacturing sectors are 
showing some signs of improvement, after posting job losses 

at a rate of more than 10 percent in 2009, On the durable side, 

we expect a 12 percent decline this year while nondurable 
• will see a 5.2 percent drop, only half the rate of decline from 
the previous year. 

The transportation, warehousing & utilities sector saw a 7 
percent decline in employment last year, as economic activity 

in the nation slowed. This sector will see another 2.1 percent 

decline before returning to positive job growth in 2011. The 

Wholesale trade sector is a similar story, with an almost 9 
percent job loss followed bya 2.8 percent decline this year. As 

the national recovery gathers steam, these sectors will be 
quick to improve and will start to create significant employ-
ment opportunities in the county. 

The information sector lost almost 8 percent of its employment 

base last year. This sector, however, is poised to be one of the 
few bright spots in the county's economy this year, as there has 

already been robust growth in this sector in recent months. In 
March 2010, motion pictures employment stood 10,000 above 
the March 2009 levels, Tax incentives offered to the film 

industry that were implemented beginning in Mid-2009 have 

undoubtedly contributed to this growth. As advertising 
revenues grow with the recovery, this sector should continue to 

benefit from increased economic activity. We are predicting 

job growth for this sector of almost 7 percent for this year. 

Health services are another bright spot for 2010, with the sector 

expected to post a job gain of 2.2 percent, accelerating to 2.7 

percent growth by 2012. A third sector expected to add jobs this 
year is the federal government sector, which will grow at a pace 
of 3 percent this year. Unfortunately, most of this census 

employment is of a temporary nature, 

In 2008 (the most recent year for which we have data), taxable 
sales fell by 4.3 percent. We estimate that sales fell by almost 16 

percent in 2009, reflecting the big drop-off in consumer 

spending that occurred nationally last year. We think the worst 
of the declines are behind as now, as we predict 1 percent 

growth in sales this year, Still, this has taxable sales growing 
more slowly than inflation, a situation that will not change until 
2011, when sales are expected to climb by 4.3 percent. 
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Orange County Forecast: 2010H11 

This has been a difficult recession for Orange County, which 

saw its third consecutive year of declining employment in 

2009. We believe that Orange County will lead in the region's 

recovery, with positive job growth on a quarterly basis 

beginning in the second half of this year. This job growth will 

not be sufficient to move the 2010 annual growth rate into 

positive territory, as the gains in the second half are not large 

enough to offset the losses in the first half of the year. We 

expect the county to lose jobs this year, although at a rate of 

less than 1 percent. Job growth will accelerate in 2011 with 

an employment growth rate of 1.5 percent. 

Orange County 
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The professional & business services sector, which typically 

shows strong growth in Orange County, saw a double-digit 

decline last year. We expect this sector to stabilize this year 

and then return to robust growth by 2011 as the economic 

recovery picks up steam. 

Health services employment slowed last year in the county 

but did not decline. We expect to see this sector gain jobs at 

a pace at or above 2 percent in each of the next two years. 

The information sector, heavily concentrated in 

telecommunications in Orange County, will continue to 

decline this year and next. 
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There are signs of improvement in many sectors of the 

Orange County economy: It appears that jobs losses in the 

troubled financial. services sector bottomed out in 2008, and 

we think that most of the decline in that sector is behind us. 

Construction employment is still falling but at a slower pace 

than in previous years. 

The leisure & hospitality sector has actually added jobs 

in recent months, indicating increased activity in area 

restaurants and hotels. We are predicting that this sector 

will gain jobs at a rate of 2.7 percent this year. After two years 

of sizable declines, the retail sector is also poised to begin 

adding jobs. The job growth in this sector will be very modest 

this year, only 0.3 percent, but will increase to 2.0 percent 

by 2011. 

Manufacturing losses accelerated last year as the economy 

moved deeper into recession, with both categories declining 

by more than 11 percent. Both the durable and nondurable 

segments of this sector will continue to decline in Orange 

County over the forecast horizon; although, the losses will 

be much less severe this year and next. 

The wholesale and transportation, warehousing & utilities 

sectors are expected to stabilize this year and then add jobs 

in 2011. Employment in state & local government will 

decline by over 4 percent this year, as the state's budgetary 

problems affect hiring and staffing decisions of state and 

local governments. 

Orange County's taxable sales fell by 6.4 percent in 2008, 

and we estimate that sales fell by almost 17 percent last 

year. Our forecast calls for taxable sales to grow at the 

modest pace of 1.2 percent this year and then at a more 

robust rate of 5 percent in 2011. 
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Riverside/San Bernardino Counties Forecast: 

2010-11 

In 2009, Riverside/San. Bernardino held the dubious 

distinction of being among the top cities in the nation in 

terms of foreclosure rates. The severity of the subprime 

mortgage crisis in this set of counties compounded the 

effects of the national recession, leading to a particularly 

sharp economic downturn, In 2009, employment in this 

area fell by 7.5 percent. Thisyear, we expect the rate of job 

losses to slow. These counties will still see another 3.4 

percent decline in employment this year before their 

economy stabilizes in 2011, 

The housing-related sectors have been losing jobs in 

Riverside/San Bernardino for several years, now, This year, 

these losses will ease but will still be significant. The 

construction sector, which lost a whopping 25.4 percent of 

its employment base last year, will contract again this year 

at a rate of 13.4 percent and will not add jobs until the year 

2012. In the financial sector, the news is a bit better. That 

sector, which lost jobs at a rate of 6.7 percent last year, will 

stabilize this year, with a gain of 0.6 percent, 

R/SB Wholesale Trade Employment Growth 
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Other cyclical sectors continuing to lose jobs this year will 

include durable and nondurable manufacturing and 

professional & business services. Of these, only durable 

manufacturing will return to positive job growth by 2011. 

Durable Manufacturing Employment Growth 
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Adding to Riverside/San Bernardino's woes is the effect of 

the national recession, which hit the wholesale and retail 

sectors hard, Wholesale activity is usually a source ofjob 

growth in this area, but last year the sector shed jobs at a rate 

of 10.8 percent, This rate of job loss will slow to less than 3 

percent this year, and then wholesale jobs will start growing 

in 2011. The retail sector will not recover as quickly; our 

forecast calls for continued jobs losses in this sector, 

although at a slowing pace, through 2011. 
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Taxable sales have mirrored the overall performance of the 

Riverside/San Bernardino economy. Sales started to decline 

in 2007 and fell by almost 10 percent in 2008, We estimate 

that taxable sales fell by 20.5 percent last year, the biggest 

decline in the region. 

Our forecast calls for taxable sales to fall by 8.2 percent this 

year and then level off to a 1.9 percent drop the following 

year. By 2012, sales growth will finally be positive; we expect 

a 3.5 percent rise in sales that year. 
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Ventura County 

Professional & Business Services Employment Growth 

percent 
8 

6 

4 

2 

0 

-2 

-4 

-6 

r -8 r- 	 I 	I r r 
2003 2004 2005 200e 2007 2008 2009 2010 2011 2012 

Ventura County Forecast: 2010- 

In 2007, economic recession also came to Ventura County. As 

in the case of Orange County and Riverside/San Bernardino, 

the housing market has been a significant source of 

weakness in Ventura County's economy. We expect that 

Ventura County is on track to see an economic recovery 

similar to that of Orange County, rather than the protracted 

decline forecasted for Riverside/San Bernardino, 

Ventura County lost jobs at a rate of 5.6 percent last year, but 

we believe the county has passed through the worst of the 

recession at this point. Our forecast calls for only a slight 

further decline in employment this year, a 0,9 percent drop, 

followed by a resumption of positive employment growth in 

2011 at a pace of 1.1 percent. 

Ventura County 

Total Nonfarm Employment Growth 
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Almost all sectors will see improved performance this year, 

and job growth will be positive in professional & business 

services, transportation, warehousing & utilities, education 

& health services, other services, and the federal 

government sector. 

Offsetting this growth will be further declines in the 

construction, manufacturing, trade, finance, information, 

leisure & hospitality, and state & local government sectors, 

Still, the losses in most of these sectors will be much smaller 

than in the previous year. Construction, which declined at a 

rate of 18.7 percent last year, will see a drop in employment 

of just 2.9 percent this year. Durable manufacturing, 

declining at a pace of almost 12 percent in 2009, will see a 

decline at only half that rate this year. 

By 2011, the county will be seeing solid economic growth in 

a number of sectors. Leading the recoverywill be the 

professional & business services sector, which will post a 

gain of over 5 percent in that year. Other sectors contributing 

to the recovery in 2011 will include construction, wholesale 

trade and transportation, warehousing & utilities. 

In Ventura County, taxable sales started to decline in 2007 

and dropped by 7.4 percent in 2008. We estimate that sales 

declined by 14.6 percent last year, Improving economic 

conditions this year will lead to a return to positive sales 

growth of 1.7 percent this year, accelerating to 4.9 percent 

sales growth in 2011. 
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In the early 1990s, the Long Beach economy suffered brutal 

losses in employment, The downsizing of the defense and 

aerospace sectors, which were the core of the Long Beach 

economy, created devastating losses. Over a three-year period, 
Long Beach lost 35,000 jobs. While Long Beach was particularly 

hard hit, both the city and regional economies were forced 
into a major restructuring of their employment base as they 

faced the most severe challenge since the Great Depression. 

Long Beach Total Nonfarm Employment 

The Long Beach strategy for economic development began to 
coalesce around the industry clusters of trade, tourism and 
technology. The deep water Port of Long Beach was, along 

with its neighbor the Port of Los Angeles, a natural gateway 
for nations along the Pacific Rim. The growth of international 

trade spurred employment growth and prosperity in the • 
logistics sector. The redevelopment efforts, especially in the 

downtown, facilitated growth in the number of visitors, 

business, and leisure travelers as well as convention visitors 
attracted to our coastal location, The growth in tourism, 

along with an improved city and regional economy, boosted 
retail trade. Technology permeates almoSt every sector of the 

economy but never materialized into a major driver of 
economic growth like Silicon Valley. Nonetheless, the city's 

economy prospered and steadily added jobs until the down-

turn in national economic activity in 2001. Despite all the 
references to an economically diversified economy, there is not 

much that the city, region or state can do to avoid the impacts 
of a national economic downturn. The more diversified 

 base did, however, yield a less dramatic loss ofjobs. 

The Long Beach Economy in 2008 

The current national recession is the most protracted and 
one of the steepest in the post World War II period. From 

2008-09, it is estimated that the Long Beach economy lost 
10,000 jobs, The data on the accompanying table actually 
understates job losses for several reasons. First, the EDD data 

for sub-county geographical areas is miblished with significant 

lags, The most recent data is the second quarter of 2009, which 

misses the deterioration in employment that took place in the 
latter part of last year. Second, the EDD data is ZIP code based 
and is sensitive to the location of an establishment's payroll 

office, While this can affect any sector, we have noted in past 
reports that the changing location of payroll offices of logistics 
establishments provides misleading information about Long 
Beach employment. For example, it appears that employment 

increased by 3,973 logistics jobs in comparing 2008 FY and 
2009 FY, Last year's report showed a decrease in employment 
of 3,444 in logistics from 2007 FY to 2008 FY. Neither the 

employment gain nor loss is correct, as we believe that the 
data is affected by the location of the payroll offices. When 
employees working in Long Beach receive their payroll from a 
firm located outside of Long Beach, the data assigns these jobs 

outside of Long Beach. If the payroll office moves into Long 
Beach, the data shows an increase in jobs. Normally, this does 

not present much of a problem unless the establishments have 
a large payroll, This is the case with logistics. So, what actually 

happened with logistics employment in Long Beach? At best, 
logistics employment in Long Beach was flat, and, more likely, 

there was a decline associated with the downturn in activity of 
the San Pedro Bay ports. Los Angeles County saw employment 

losses of 18,000 in logistics, and it is estimated that about 2,000 
of these jobs were based in Long Beach. 

Unlike the early 1990s, the job losses in the city's economy are 
a reflection of the severe national recession and not deep 
structural problems within the city, The loss of manufacturing 

jobs is largely in response to a decrease in the demand for 
durable goods. Almost half of all manufacturing jobs are in 

transportation equipment manufacturing, with the bulk of 
these jobs dedicated to the C-17. While the Obama admini-

stration's budget did not call for additional production of the 
massive cargo plane, the construction line will remain open 

until 2012 and beyond, if additional orders for the C-17 

materialize, Most of the city's other manufacturing concerns 

produce goods that are sold throughout the United. States 
and, in some specialized cases, are exported to other nations. 
As a consequence, the health and well-being of these firms 

depend less on the vibrancy of the Long Beach economy and 
more on the vitality of the national or global economy. 

The leisure & hospitality sector held up fairly well during the 

economic downturn. To a great extent, this result rests upon 

the reliance on convention traffic, as the base for tourism. 
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A Profile of the Long Beach Economy 

Sector 2008 FY 
Employment 

2009 FY 
Employment 

Change in 
Employment 

Average 
Payroll 

Number of 
Employers 

Employees 
Per Firm 

Construction, Mining & Utilities 10,246 9,203 -1,043 75,472 562 16 

Manufacturing 23,009 21,946 -1,063 70,150 435 51 

Logistics 20,814 24,787 3,973 60,058 1,144 22 

Retail Trade 18,900 18,254 -647 28,812 1,132 16 

Information 3,100 3,025 -75 49,124 115 26 

Financial Activities 9,039 9,028 -10 103,141 956 9 

Professional & Business Services 14,207 13,635 -573 96,485 1,194 11 

Administrative Support 16,744 16,422 -322 29,450 460 36 

Education & Health Services 25,881 26,066 185 45,649 1,369 19 

Leisure & Hospitality 20,781 19,836 -944 19,570 1,049 19 

Federal Government 5,635 5,853 218 57,795 32 183 

State & Local Government 25,990 25,524 -466 56,642 538 47 

Non-classified & Other Services 7,253 6,915 -339 30,384 1,243 6 

Total Nonfarm 201,598 200,493 -1,106 49,208 10,228 20 
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Conventions are booked years in advance, and while 
convention attendance drops off during a recession, it does 

not decline as fast as business and leisure travel. Last year, 

Long Beach hotels saw declines in occupancy rates as well as 
the average daily rate per room. Despite these drops, the 

Long Beach lodging industry was among the best performers 

in revenue per average room. Many of the region's hoteliers 
saw revenue per average room fall by over 20 percent. 

The declines in professional & business services and 

administrative support services reflect the slowing in eco-

nomic activity. This decline is also seen in the commercial 
office space data, The South Bay's direct office vacancy 

rates have risen to 18 percent. The Long Beach office 

market had a vacancy rate of 18 percent, an increase of 

more than 5 percent. 

The retail trade sector, much like the region and the nation, 

saw job losses as retail establishments closed or reduced 
their employment base in response to the contraction in 

consumer spending. The public sector employment also 
experienced reductions. However, these reductions, 
especially in education, were lower than initially anticipated 
due to one-time federal stimulus dollars, The public sector 

accounts for over 15 percent of all employment within the 
city. The relatively high concentration of public employment 
reflects the henry concentration in educational employment: 

Long Beach Unified School District, Long Beach Community 

College, California State University, Long Beach, and the 
Office of the Chancellor, California State University System. 

The Outlook for Long Beach 2010-11 

While we believe that the economic recovery is well 

underway, as indicated elsewhere, we do expect steady -but 

modest growth throughout 2010 and through much of 2011. 
Employers are reluctant to add to their permanent payrolls 

until they are convinced that the recovery will hold. As a 

consequence, employment growth tends to lag the growth in 
output. For this reason, we do not expect to see payrolls 

expand until the latter part of 2010. The employment gains 

that we expect in the-latter part of this year will not be 

sufficiently large to offset the continued losses in the first 

part of this year, Expect net jobs losses on the order of 2,000 
in 2010, The sectors that will add jobs are: educational & 

health services, professional & business services, information, 
and the federal government. The logistics sector will see net 
losses for the year as a whole, but these losses are diminishing 

as port traffic rises. The manufacturing sectors, public 

education at all levels, retail trade and leisure & hospitality 

will continue to post jobs losses but at much slower rates. 

By 2011, the employment picture brightens. Expect 
employment gains' of 2,100, followed by additional gains in 
jobs of 1,700 in 2012. Despite the brighter prospects, it will 

take several more years of steady and consistent economic 

growth to return to the high-water mark of 207,000 jobs in 
the Long Beach economy. In 2011, we expect all sectors, 

except manufacturing and public education, to post 

positive job formation. By 2012, all sectors in the city's 
economy should be performing well as the economic 

expansion develops a solid footing. 

RB-AR16777



The Five-County Regional Economy 

Levels 

2003 2004 2005 2006 

Construction & Mining 340,042 367,292 397,242 419,167 

Durable Manufacturing 509,800 504,642 501,650 496,308 

Nondur, t 1)1e \ Mnufacturing 327,175 ,;20,667 311,692 309,817 

Wholesale Trade 352,550 355,300 364,717 376,183 

Retail Trade 729,308 747,708 774,725 794,850 

Transportation, Warehousing & Utilities 246,267 251,500 256,458 263,342 

Information 258,608 266,433 261,000 258,667 

Financial Activities 428,033 443,808 455,792 462,650 

Professional & Business Services 964,808 980,150 1,011,967 1,055,059 

Education & Health Services 730,142 743,858 753,067 767,358 

Leisure & Hospitality Services 657,825 680,817 694,550 716,733 

Other Services 240,942 241,667 243,825 245,617 

Federal Government 92,442 91,225 91,100 90,533 

State & Local Government 917,375 904,233 910,483 920,567 

Total Nonfarm Employment 6,795,316 6,899,500 7,028,267 7,176,850 

Year to Year % Chill;6c 

Construction & Mining 4.2 8.0 8.2 5.5 

Durable Manufacturing -5.6 -1.0 -0.6 -1.1 

Nondurable Manufacturing -3.5 -1,9 -2.9 -0.6 

Wholesale Made -0,2 0.8 2.7 3.1 

Retail Trade 1,1 2,5 3.6 2,6 

11.ausportation, Warehousing & Utilities -0.0 2.1 2,0 2.7 

Information -2,9 3,0 -2.0 -0.9 

Financial Activities 5.8 3,7 2,7 1,5 

Professional & Business Services -02 1,6 8,2 4.3 

Education & health $ervi e ;-, 3.2 1.9 1.2 1,9 

Leisure & II tHpitality Services 2.1 3.5 2.0 3,2 

Other Services 0.5 0.3 0.9 0,7 

Federal Government 1,9 -1.3 -0.1 -0.6 

State & Local Government -1,2 -1,4 0,7 1,1 

Total Nonfarm Employment 0.3 1.5 1.9 2,1 

Population 17,437,104 17,709,805 17,939,900 18,108,720 

Percentage Change 1.8 1.6 1.3 0.9 

Taxable Sales (in $ thousands) 215,894,010 236,835,299 255,696,021 266,808,353 

Percentage Change 5.9 9.7 8.0 4.3 

Personal Income (in $ millions) 544,328,000 579,394,000 616,966,000 665,025,000 

Percentage Change 4,0 6,4 6.5 7.8 

Building Permits (Single-Family Residences) 54,083 61,161 63,861 48,690 

Percentage Change 21.6 13.1 4.4 -23.8 
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Los Angeles County Economy 

Levels 

2003 2004 2005 2006 

Construction & Mining 138,383 143,942 152,408 161,567 

Durable Manufacturing 276,200 267,833 263,417 257,325 

Nondurable Manufacturing 223,767 215,750 208,258 204,350 

Wholesale Trade 214,058 215,075 219,283 225,650 

Retail Trade 399,317 405,367 414,433 423,275 

Transportation, Warehousing & Utilities 161,483 161,108 161,725 165,208 

lnforneition 202,333 211,875 207,575 205,583 

Financial Activities 239,750 241,642 243,967 248,817 

Professiowd & Business Services 559,333 562,117 570,193 598,875 

Education & Health Services 460,383 467,000 471,300 478,658 

Leisure & Hospitality Services 362,600 372,783 377,767 388,568 

Other Services 145,450 144,658 144,250 145,217 

Federal Government 55,483 54,367 53,475. 52,333 

State & Local Government 543,767 532,708 530,183 537,083 

Total Nonfarm Employment 3,982,908 3,996,525 4,024,175 4,092,500 

Year to Year % Change 

Construction & Mining 0.2 1.0 5.9 6.0 

Durable Manufacturing -7.7 -;1.0 -1.0  -2,3 - 

Nondurable Manufacturing -5.5 3.3 -3.5 -1.9 

Wholesale Trade -1.5 U.S 2.0 2ffi 

Retail Trade 0.3 1.5' 2.2 2.1 

Trai !spoil atiOn, Warehousing & Utilities -3.4 -9.2 0.4 

Information -2,4 4.7 -2.0 -1.0 

Financial Activities 	• 3.1 • 0.8 1.0 2.0 

Professional & Business Services -2.6 0.4 2.4 3,9 

Ethic:1i ion k, 1114:41111 tieikico )  1.4 0.0 1,6 

Leisure & Hospitality Services 2.4 2.8 1.3 2,9 

Other Services -05 0 -0.3 0,7 

Federal Government 2,6 -2.0 -1.6 -2,1 

State & Local Governmeili -1.5 7.a 7  ) I 

Total. Nonfarm Employment -1,1 it., 1 

Taxable Sales (in $ thousands) 113,685,422 1221:'1,1 . 04 130,722,373 136,162,552 

Percentage Change 4.5 7.8 4.2 

Building Permits (Single-Family Residences) 10,217 11,752 11,911 10,104 

Percentage Change 24,3 15.0 1.4 -15.2 
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Orange County Economy 

Levels 

2003 2004 2005 2006 

Construction & Mining 84,225 92,783 100,600 107,175 

Durable Manufacturing 127,150 127,100 128,333 127,992 

Nondurable Manufacturing 56,742 56,367 54,608 54,717 

Wholesale Trade 83,200 82,442 82,967 83,742 

Retail Trade 152,792 153,225 158,092 160,775 

Transportation, Warehousing & Utilities 29,042 29,225 28,708 28,242 

1M , riiimion 35,225 33,758 32,767 31,858 

Financial Activities 122,233 132,275 138,392 138,167 

Professional & Piusiness Services 252,567 25025 264,333 274,533 

Education & Health Services 126,333 130,975 133,508 137,717 

Leisure &Hospitality Services 958,667 162,867 164,657 169,575 

Other Services 46,717 .17,375 18,367 47,725 

Federal Government 12,092 11,775 11,550 11,433 

State & Local Government 142,125 141,650 143,767 145,275 

Total Nonfarm Employment 1,429,008 1,456,742 1,490,959 1,518,925 

Year to Year % Change 

Construction & Mining 5,6 10,2 8,4 6,5 

Durable Manufacturing -4.8 . '0,0 1,0 •• 	-0:3. 

Nondurable Manufacturing -0.9 -0.7 -3.1 0,2 

Wholesale Trade 0,9 -0.9 0,6 0.9 

Retail Trade 2.9 0,3 3,2 1.7 

Transpori :)t l, m 1 1, 1a rehousing '& Utilities 1.1 u.6 -1.8 4.6 

Inforrmtiim -4,2 -4.2 -2.9 2.8 

Finarmial Am ivitilis 1.0.3 8.2 4.6 -0.2 

Professional & Business Services 1.5 0.9 3,7 3.9 

Education & Health .Services • 6.7 :3,'7  1,9 :3.2 

Leisure & Hospitality Services 2.0 2.7 1.3 2,8 

Other 65rvicc,, 1.9 1.-1 2.1 -1.3 

Federal Government 2,6 -2.6 -1,9 -1.0 

St:w- & Local Gc. ,\•( , rnment  -0.8 4J,8 1,5 1.0 

Total N(,IW3.rnt Eniptoyment 1.8 1.9 2 1,9 

Ta ; abin Salc!:=. 	11(1Sarldi -17.517,066 2,259 55 063,.•.k.16 57,202,747 

PereVittage Charigc 5.9 8.8 6.5 3.9 

Building Permits (Single-Family Residences) 5,565. 4,380 4,058 3,735  

Percentage Change -1 3.4 -21,3 -7.4 -8.0 
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Riverside/San Bernardino Counties Economy 

Levels 

2008 2004 2005 2006 

Construction & Mining 100,192 112,967 124,667 128,892 

Durable Manufacturing 82,417 85,500 86,050 86,917 

Nondurable Manufacturing 33,650 34,642 34,975 36,450 

Wholesale Trade 43,458 45,550 49,933 54,150 

Retail Trade 142,692 153,825 165,708 173,158 

Transportation, Warehousing & Utilities 50,117 55,475 60,217 63,758 

Information 13,867 14,033 14,500 15,275 

Financial Activities 42,625 45,708 48,958 51,633 

Professional & Business Services 115,442 125,500 133,167 142,308 

Education & Health. Services 115,800 118,375 119,942 122,067 

Leisure & Hospitality Services 109,025 116,667 122,625 128,092 

Other Services 38,350 39,300 40,817 42,517 

Federal Government 17,042 17,342 18,650 19,317 

State & Local Government 194,517 195,133 201,775 203,150 

Total Nonfarm Employment 1,099,192 1,160,017 1,221,984 1,267,683 

Year to Year % Change 

Construction & Mining 8.8 12.8 10,4 3.4 

Durable Manufacturing 0.5 3.7 0,6 1,0 

Nondurable Manufacturing 0.7 2.9 1.0 4.2 

Wholesale `Made 3.7 4,8 9.6 8.4 

Retail Trade 3.8 7,8 7.7 4.5 

Transportation, Warehousing & Utilities 7.1 10.7 8.5 5.9 

Information -1.5 1.2 3.3 5.3 

Financial Activities 8.0 7,2 7,1 5,5 

Professional & Business Services 8.1 8.7 6.1 6.9 

Education & Health Services 3,1 2,2 1,3 1,6 

Leisure & Hospitality Services 1.7 7,0 5.1 4.5 

Other Ser,,ic (,; 0,1 2,5 3.9 , 1.2 

Federal Government 0.9 L8 7.5 3.6 

State k Local Goveriunent -0.7 0.3 3.1 t1.7 

Total Nonfarm Employment 3.3 5.5 3.7 

Taxable Sales (in $ thousands) 44,309,082 51,443,315 58,001,359 61,126,142 

Percentage Change 9.8 16.1 12.7 5.4 

Building Permits (Single-Family Residences) 35,957 43,240 45,299 33,291 

Percentage Change 30.2 20.3 4.8 -26,5 
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Ventura County Economy 

Levels 

2003 2004 2005 2006 

Construction & Mining . 	17,242 17 ; 600 19,567 21 ; 533 

Durable Manufacturing 24,033 24,208 23,850 24,075 

Nondurable Manufacturing . 	13,017 14,108 13,850 14,300 

Wholesale Trade 11,833 12,233 12,533 12,642 

Retail Trade 34,508 35,202 :36,492 • 37,642 

Transportation, 4\a rehousing & Utilities 5,625 5,692 5,808 6,133 

Info-smutloo 7,lT2 0,707 0,158 5520 

Financial Activities 23,425 24,183 24,475 24,033 

Prolessioital &1111..itusiis Services :36,207 7,808 35,3133 30,343 

Education & Health Services 27,625 27,508 28,317 28,917 

Leisure & hospitality Services  27,633 .. 28,500 20,1u2 30,508 

Other Services 10,425 10,333 10,392 10,158 

• Federal hoveImincult 7,825 .  • 7;742 7,425 :7;450 

State & Local Government 36,967 34,742 34,758 35,058 

Tot id Nonfarm Employment 

fear 10 fear % (liangu 

OH .212H 2122.217 291,150. 297,742 

Construction & 31 3 2.1 11.2 10.1 

.Durable Manufvhiritut ().7.  -15 0.9 

Nondurable Manufacturing -0.4 8.4 -1.8 3.2 

WhOlesale rhrado 1,4 3.4 2i 0,9 

Retail Trait 1,0 3.4 3.2 

Transportation, Warehousing & Utilities -3.0 2.0 5.6 

Information -11.0 -9.0 -3.4 

Financial Activities 5.4 1.2 -1.8 

Professional ,1 Businons Services 0.8 1.2 2,7 2,C 

Education & Ilealth Suirvices 5,0 -0.4 3. !) 2,1 

Leisure & Hospitality Services 1.5 3.1 2,4 4,5 

Other Services 2.0 -0.9 0.2 -2.2 

Federal Government -0,4 -1.1 -4.1 0.3 

State & Local Government 1 -6.0 u,u 0.9 

Total Nonfarm E[auloyment t 0,7 1,7 2.3 

Taxald, ,  Sales (in 	thousands) 1r 11,1714,1 11,40,068 12:04,013 

Penn -silage Change 6,6 3.4 

Building Permits (Single-Family Residences) 2,344 1,i89 2 , 5913 1,560 

Percentage Change 5.2 -23.7 44.9 -39.8 
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Regional Economic Forecast 

Opportunities for Sponsorship 

The Office of Economic Research at CSULB 

invites you to be a sponsor of 
the Economic Regional Forecast Conference 

in one of the following programs: 

Platinum Sponsor 

Access to Regional Database 
Table at Economic Regional Forecast Conference 

Customized Services 

Name Recognition in Forecast 

$5,000 

Gold Sponsor 

Table at Economic Regional Forecast Conference 

Customized Services 

Name Recognition in Forecast 

$2,500 

Silver Sponsor 

Table at Economic Forecast Regional Conference 

$1,000 

To be a sponsor or to learn more about these opportunities, 
please contact the Economics Department 

at California State University, Long Beach. 

Phone: 562/985-5061 
Fax: 562/985-5804 

E-mail: oer@csulb.edu  
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California State University, Long Beach 
Sixteenth Annual Regional 

Economic Forecast Conference 
For Southern California and its Counties 

May 13, 2010 

Jane J. Netherton is Chair of the Board of governors for California State University, 
Long Beach, as well as a member of the University's Foundation Board. Ms. Netherton 
is President and Chief Executive Officer of International City Bank and has held this 
position since 1986. She is very active in the Long Beach community, having chaired 
and served on many boards. Ms. Netherton is currently serving on the Boards of the 
Long Beach Area Convention & Visitors Bureau, Downtown Long Beach Associates, 
Long Beach Community Foundation, and the Special Olympics of Southern California. 

Lisa M. Grobar is a Professor of Economics at California State University, Long Beach, and 
serves as Director of the CSULB Economic Forecast Project. Dr. Grobar received her Ph.D. from 
the University of Michigan. She is a regional economist with a specialization in the California 
economy. Her professional writings have appeared in a wide variety of scholarly journals as well 
as numerous other publications. Dr. Grobar is recognized as an expert on the Southern California 
economy and is frequently quoted in the national and regional media concerning regional 
economic trendS. Along with Dr. Magaddino, she has served as a consultant to cities, regional 
economic partnerships, and development firms. 

Joseph P. Magaddino is Chair and Professor of Economics as well as a senior researcher with the 
Economic Forecast Project at California State University Long Beach. He was instrumental in 
creating the graduate program in Global Logistics at Long Beach. Dr. Magaddino serves on the 
executive committee of Metrans, a Department of Transportation Research Center and as a 
director of the Long Beach Area Chamber of Commerce. Dr. Magaddino received his doctorate 
at Virginia Tech. As a senior research economist with the Economic Forecast Project, he 
specializes in the study of city and sub-county economies. He and his colleague have provided 
annual economic forecasts of the regional economy as well as for the City of Long Beach, City of 
Santa Monica, and the South Bay Economic Partnership. He has served as a consultant to a 
number of private and public enterprises. 
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California State University, Long Beach 

Recessions Compared 
Recession Duration 

(months) 
Depth 
(percent )  

Unemployment 
( ercen 0 

1929-33 43 -36.2 25.4 

1937-38 13  

1973-75 16 -3.19 8.6 

1990-91 8 -1.4 6.8 

2001 8 0.7 5.5 

2007-09 20 -3.7 9.5 

California State University, Long Beach 
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Oct. 2008 Jan 2010 

The Recession is Over—Really???? 
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California State University, Long Beach 

FRB Liabilities (million $) 
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The Recession is Over 

California State University, Long Beach 
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Consumption Rebounds 

Percent 
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Why such a Cautious Outlook 

for Consumers? 

• High unemployment 

• Little or no income growth 

• Reduced wealth, especially housing 

• Tight credit 

California State University, Long Beach 

Household Net Worth 
/in billion SI 
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Exports & Imports 
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National Outlook 

2009 2010 2011 

GDP Growth -2.4 2.9 3.0 

Inflation [CP1I -0.3 1.8 1.9 

Unemployment 9.3 9.0 8.3 

Imports -13.9 10.2 7.1 

California State University, Long Beach 

Summary 

• The recession has ended and a sustainable 
recovery is underway 

• Unemployment has peaked but will be a 
persistent problem in years to come 

• The Fed will begin to raise rates in November 
2010 and thereafter 

• The housing market appears to have hit 
bottom, although the housing recovery remains 
fragile 

California State University, Long Beach 

Longer-term Concerns 

• The Fed and its Exit Strategy 

• The Federal Deficit 

• Global Imbalances 

California State University, Long Beach 
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Federal Debt 

2••1 21101 2022 10. 201* 221, 11102 1.1 11.2 201• 

California State University, Long Beach 

What is the Fed's Exit Strategy? 

• Wind down special lending facilities—this 
started in 2009 

• Sell off assets to shrink monetary base 
• Pay interest on commercial bank deposits - 

slow down bank lending activity 
• Other measures to drain reserves from the 

banking sector 

California State University, Long Beach 

The Risk of Inflation 

• Fed may manage economy perfectly and avoid 
future problems but: 

— Its ability to do this unproved 

• Risk is higher than normal over medium term 

• Expectations of inflation will start to rise as 
economy improves 

• These expectations will push interest rates 
higher 

California State University, Long Beach 
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Composition of Real GDP Growth 

Period Average 

GDP 
Consump 

Exp 

Gov't 
Exp 

Share 

C & G 

1950-87 3.72 63.4% 18.8% 81.2% 

1988-97 3.05 64.9% 7.4% 72.3% 

1998- 
2007 

3.02 82.5% 13.9% 96.4% 

California State University, Long Beach 

Thank You 

OER@CSULB.EDU  

California State University, Long Beach 

CALIFORNIA STATE UNIVERSITY 

LONG BEACH 

Southern California Regional 
Economic Forecast 

Lisa M. Grobar, Ph.D. 
Director, CSULB Economic Forecast Project 

Office of Economic Research 

California State University, Long Beach 
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2009: A terrible year for job market 
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Forecast Summary 

2010 - Better, but not good 
2011 - Positive job growth! 
2012 - Healthy economic growth 

California State University, Long Beach 
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California Stale University, Long Beach 

The downturn began with 
housing-related sectors 

• Since 2006, the region has lost 188,000 

construction jobs and 82,000 jobs in 

financial services 

• It will take more than a decade for these 

sectors to return to 2006 peak 

employment levels 

California State University, Long Beach 
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construction and Mining 
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California State University, Long Beach 

In 2009 the downturn spread 
more broadly 

• Cyclical sectors all see large 
downturn as national recession 
worsens 

• Retail particularly hard-hit with the 
decline in consumer spending 

California State University, Long Beach 
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Retail Employment Growth 

forecast 
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Regional Professional & Business 
Services Em lo ment Growth 

forecast 

6% 

4% 

2% 

0% 

-2% 

-4% 

-6% 

-8% 

-10% 

370,000 

320,000 

270,000 

220,000 

170,000 

120,000   

Port of Long Beach: Loaded 
Inbound Containers (TEUs)  

	

111 ■ 11,1. 1 	 I 	 it 	 I 	 f 

2007 
	

2008 
	

2009 	 2010 

California State University, Long Beach 

Regional Transportation, 
ba Warehousin 	& Utilities 4% 

3% 

2"4. 

- 1% 

-2% 

-3.A■ 

forecast 

pp  

R , 	ZUU 	II 	II 	II, 	It 	II: 	010 	2011 	2011 

-4% 

California State University, Long Beach 

California State University, Long Beach 
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Areas of Growth for 2010 

• Health Services 

• information 

• Federal Government 

California State University, Long Beach 

Health Services 
Employment Growth 
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Federal Government Employment 
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Regional Economy Summary 
• The region is starting to pull out of 

recession 
• Annual job losses continue this year (but 

quarterly gains beginning in Q3) 
• Conditions will improve significantly in 

2011, with positive job growth 
• A return to healthy job formation in 2012 

California State University, Long Beach 

Economic Outlook 
Los Angeles County 

California State University, Long Beach 

3% 

2% 

1% 

-1% -- 

-2% 

-3% 

-4% 

-5% 

-6% 

-7% 

Total Nonfarm Employment 
Los Angeles County 

EU 
-111- 

2002 2003 2004 2005 2006 2007 2008 	2009 

California State University, Long Beach 

18 

RB-AR16803



California Film Incentives 
• Last year CA allocated $500 million in 

tax credits through 2014 
® As of January the program used up the 

first 2 years of funding 
• Employment in LA County motion 

pictures up 10,000 from year -ago 
• But program is out of money until next 

fiscal year 

California State University, Long Beach 
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Economic Outlook 
Orange County 

California State University, Long Beach 

Orange County 

• Professional and Business services will 
lead Orange County out of the recession 

• We expect Orange County to be the best-
performing economy in the region in 
2011-2012 

California State University, Long Beach 
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Economic Outlook 
Riverside/San Bernardino 

California State University, Long Beach 

Riverside/San Bernardino 

• This area hit very hard by sub-prime 
crisis 

• As a result, the housing market will take 
longer to recover and will continue to be 
a drag on the economy through 2011. 

California State University, Long Beach 
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Riverside/San Bernardino 
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Economic Outlook 
Ventura County 

California State University, Long Beach 

Ventura County 
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The Housing Market 

California State University, Long Beach 

The Regional Housing Market 

• Coastal areas bottomed out in 2009 

• Median price up; but mostly reflecting 

more higher-priced homes in the mix 

• Our view: it looks like the beginning of a 

recovery for the coastal areas 

• But 2010 could see a "bumpy ride" as 

federal tax credits expire in April 

California State University, Long Beach 

Los Angeles County Median Price 

California State University, Long Beach 
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Proportion of Foreclosures in 
Housing Transfers 
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Los Angeles County 
Housing Affordability Index 
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California State University, Long Beach 

24 

RB-AR16809



2009 2003 	 2006 
Source: CA Association or Realto  

IT  

Los Angeles County 
Forecast of Housing Appreciation 

year-to-year percentage change in median price' 
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Housing Market in Near Term 

• Credit is slowly easing 

• The mix of homes is starting to shift back 

toward higher-priced homes, causing 

median price to rise 

• True appreciation has been much smaller 

• Once recovery gets underway, median 

price increases will reflect true 

appreciation 

California State University, Long Beach 
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Orange County 
Forecast of Housing Appreciation 

lyear-lo•yenr percentage change in medico price 
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California State University, Long Beach 

Summary 

• 2009 was the trough of this housing cycle 

• Median home prices rise in Los Angeles 

and Orange County in 2010 

• Sustained appreciation through 2012 

California State University, Long Beach 

Thank You! 

OER @CSULB.EDU  

California State University, Long Beach 
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CALIFORNIA STATE UNIVERSITY 

LONG BEACH 
The Long Beach City Economy 

May 13, 2010 
Joseph P. Magaddino, Ph.D. 

OER@CSULB.EDU  

California State University, Long Beach 

How Do We Measure Jobs? 

• ES-202 data from EDD 

• Zip code data 

• Establishment data, excludes self-

employed 

▪ Data lagged (most recent data 2009 II) 

California State University, Long Beach 

Long Beach Economy Overview 
2008111-2009 11  

• 10,000 Establishments 

• 200,500 Employees 

• $9.7 Billion Annual Payroll 

• $49,000 Payroll per Employee 

California State University, Long Beach 
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Rate of Growth in Container Traffic 
Twin Ports and Nation 
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Logistics in Long Beach 

Sector 

Share of 
Logistics 

Average 
Payroll 

Support Activities for 
Transportation 

39% 571,000 

Warehousing & 

Storage 

7% 537,000 

Truck Transportation 9% $43,000 

Wholesale Trade 36% $62,000 

California State University, Long Beach 
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Long Beach Overnight Visitors 

Convention, 	business 
and leisure travelers 

account for 2 million 
person nights in Long 
Beach. 

Overnight visitors add 
about $300 million in 

additional expenditures 
to the economy. 

California State University, Long Beach 
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Airport Passenger Loads 
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California State University, Long Beach 
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Manufacturing Employment 
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Long Beach Health Care, Social 
Assistance & Educational Services 
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California State University, Long Beach 

Lodging Markets Compared, 2009 

Location Daily 
Rate 

Occupancy 

Rate 

Revenue 
Per Room 

Long Beach -8.0% -9.2% -16.4% 

LA Downtown -8.4% -13.3% -20.6% 

Anaheim -7.5% -7.0% -14.0% 

SD Downtown -14.1% -4.9% -18.2% 

Source: PKF Consulting 

California State University, Long Beach 
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California State University, Long Beach 

Composition of Health Care, Educational 
& Social Assistance Services 

• 4% educational services 

• 37% ambulatory health care services 

• 33% hospitals 

• 15% nursing & residential care services 

• 11% social assistance services 

California State University, Long Beach 
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Real Estate Markets 

California State University, Long Beach 

Construction Subsectors 

	

6,000 	  

	

4,000 	  

	

5,000 	  

3,000 
2,000 

1,000 

	

0 	■ 	 ■ 4 4  

2001 1 2002 I 2003 I 2004 I 2005 1 2006 1 20071 2008 1 2009 I 

-6-Construction of Buildings 

-0-  Heavy and Civil Engineering Construction 

-6- Specially Trade Contrne tors 

California State University, Long Beach 

Mining, Utilities, & Information 

4,000 
3,500 

3,000 

2,500 

2,000 

1,500 
1,000 

500 

2001 I 2002 1 2003 1 2004 I 2005 1 2006 1 2007 1 2008 1 2009 I 

-o- mink -0- Utilities -et- Information 

California State University, Long Beach 

36 

RB-AR16821



Office Space 
Rental Rates by Area 
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Long Beach Housing Appreciation 
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Summary 

• The Long Beach economy will begin its recovery in the 
second half of this year and add 2,100 jobs in 2011 and 
1,700 jobs in 2012. 

• increases in the activity of the POLB will be an 
important source of job formation. 

• While most of the city's employment sectors are 
improving, state and local government face increased 
challenges in 2010-11 FY. 

• The 10-year construction project of the Middle Harbor 
Project will upgrade terminals, add capacity and be an 
important source of job growth as will the renovation 
of the Long Beach Airport. 

California State University, Long Beach 

Thank You! 

oER@csULB.EDU  

California State University, Long Beach 
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Under the California Porter-Cologne Act 

David Sunding and David Zilberman 
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Executive Summary 

The California Porter-Cologne Act regulates the discharge of waste into ambient 
waters, and authorizes Regional Boards to impose requirements on waste 
dischargers. Before a Regional Board can impose these requirements, however, it 
"shall take into consideration" the following factors: "the beneficial uses to be 
protected, the water quality objectives reasonably required for that purpose, 
other waste discharges, the need to prevent nuisance, and the provisions of 
Section 13241." Section 13241 in turn lists six "factors to be considered," 
including "economic considerations" and "water quality conditions that could 
reasonably be achieved through the coordinated control of all factors which 
affect water quality in the area." 

While the requirement to consider economics under Porter-Cologne is absolute, 
the legislature and the courts have done little to particularize it. This report is an 
attempt to fill the gap and provide the Boards with guidance as to how 
economics can and should be considered as required by Porter-Cologne. We 
write from our perspective as professional economists and academics who have 
engaged in water quality research, and who have extensive experience with the 
application of economics to environmental regulation. 

We begin our analysis with a description of a procedure for the Boards to follow 
in their consideration of economics. These steps include solicitation of data from 
the public, and a minimal set of reporting requirements on the effects of 
regulation. Adoption of the procedural steps would enable the public to 
understand the Board's view of the change in resource allocation resulting from 
the proposed regulation. However, the procedure itself does not answer the 
question of how economic impacts are to be measured. In this regard, we 
propose a series of economic impact tests that are relatively easy to interpret and 
provide a basic picture of the economic impacts of water quality regulations. 

Some economic consequences of water quality regulation are fairly obvious and 
easy to quantify. Others are subtler, or depend on complex interactions among 
firms or even sectors of the economy. Economic impacts can sometimes be 
limited to a small number of well-defined groups. Often, however, many groups 
will be implicated, especially if impacts are propagated through market 
interactions. 
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There are numerous potential effects of regulation that should be considered 
under Porter-Cologne, especially in cases where regulation is expected to cause 
significant economic impacts. The most basic measures of economic impact are 
changes in costs of production, profits and consumer benefits. However, the 
effects of regulation can extend well beyond these traditional measures. For 
example, regulation can effect competitive conditions in an industry, result in 
firms relocating to other areas, cause delays and losses of flexibility, and even 
result in bankruptcy. Further, the ability of local governments to finance new 
regulations is limited, and they must often meet new regulatory requirements by 
reducing the level of services. 

The study also treats the economics of environmental benefits resulting from 
water quality regulations. While we are not advocating a full cost-benefit 
analysis be performed in every case (and are certainly not suggesting that the 
Boards adopt only regulations that pass a strict cost-benefit test), it is worth 
remembering that the Boards are required by Porter-Cologne to consider the 
"beneficial uses" to be protected by their actions. Water pollution issues may 
take decades to correct in California, and economic analysis can point to ways to 
phase in regulations and costs over time. 

Water quality regulations are necessary in a state like California, and a careful 
analysis of their consequences can provide a roadmap for investment of scarce 
resources. Ideally, our recommended approach will increase the transparency of 
the rule-making process under Porter-Cologne. Further, it is our hope that 
adoption of the approach could help avoid the legal and political conflicts that 
have adversely affected recent water quality protection efforts in the State. 
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A Guide to Consideration of Economics 
Under the California Porter-Cologne Act 

1. A Flexible Approach to Economic Analysis Under Porter-Cologne 

Under the Porter-Cologne Water Quality Control Act, the State Water Resources 
Control Board has the ultimate authority over water rights and water quality 
policy in California. However, Porter-Cologne also establishes nine Regional 
Water Quality Control Boards to oversee water quality on a day-to-day basis at 
the local and regional level. 

Regional Boards engage in a number of water quality functions in their 
respective regions. One of the most important is preparing and periodically 
updating Basin Plans. Each Basin Plan establishes: 

• beneficial uses of water designated for each water body to be protected; 
o water quality standards, known as water quality objectives, for both 

surface water and groundwater; and 
• actions necessary to maintain these standards in order to control point and 

non-point sources of pollution to the State's waters. 

Permits issued to control pollution must implement Basin Plan requirements, 
taking into consideration beneficial uses to be protected. 

Regional Boards regulate all pollutant or nuisance discharges that may affect 
either surface water or groundwater. Any person proposing to discharge waste 
within any region must file a report of waste discharge with the appropriate 
Regional Board. No discharge may take place until the Regional Board issues 
waste discharge requirements or a waiver of the waste discharge requirements, 
and 120 days have passed since complying with reporting requirements. 

Under the auspices of the U.S. Environmental Protection Agency (EPA), the State 
Board and nine Regional Boards also have the responsibility of granting Clean 
Water Act National Pollutant Discharge Elimination System permits, commonly 
known as NPDES permits, for certain point-source discharges. In summary, 
California routinely issues NPDES permits to selected point-source dischargers 
and either waste discharge requirements or conditioned water quality 
certification for other discharges. The nine Regional Boards differ somewhat in 
the extent that they choose to apply waste discharge requirements and other 
regulatory actions. 

Before a Regional Board can impose these requirements, however, the Act 
requires that it "shall take into consideration" the following factors: "the 
beneficial uses to be protected, the water quality objectives reasonably required 
for that purpose, other waste discharges, the need to prevent nuisance, and the 
provisions of Section 13241." Section 13241 in turn lists six "factors to be 
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considered," including "economic considerations" and "water quality conditions 
that could reasonably be achieved through the coordinated control of all factors 
which affect water quality in the area." 

The importance of economic analysis to establishing sound water quality 
regulation is amplified by the TMDL (Total Maximum Daily Load) program 
statewide. The State is required to develop TMDLs for surface waters that exceed 
the water quality standards in the regional Basin Plans. Various TMDLs include 
difficult to control pollutants such as bacteria, metals, toxics, trash and sediments 
found in point and non-opint sources. Many Regional Boards are implementing 
TMDLs through the NPDES permit program. If Basin Plan standards are not 
sufficiently grounded in economic analysis, then TMDLs and NPDES permits 
can be seriously flawed. 

While there is little doubt that Porter-Cologne requires economics to be 
considered when making water quality regulations, the legislature and the courts 
have not given much guidance about what this means or how it should be 
accomplished. A main objective of our study is to describe the ways in which 
water quality regulations can affect the economy. 

Despite the frequent complexity of real-world economic impacts, one of our main 
goals in this study is to articulate and defend a baseline set of tasks that need to 
be performed to achieve the minimally adequate "consideration" of economic 
impacts under Porter-Cologne. We propose a multi-step procedure for compiling 
information on economic impacts. This procedure entails an interactive approach 
to decision-making that would allow the public a chance to air its concerns and 
present relevant data, and would oblige agencies to give a rationale for their 
decisions without imposing any requirements about how the results of economic 
analysis figure into final decisions. 

While adoption of these procedural he would be an advance, they do not 
answer the question of how economic impacts are to be measured. We propose a 
series of economic impact tests that are relatively easy to interpret and are at 
least rough measure of the economic impacts caused by water quality 
regulations. The recommended process is not intended to be burdensome and is 
modeled on the "checklist" approach common in California regulatory practice 
(such as CEQA). 

Procedure 

The Boards should follow a particular procedure for consideration of economics. 
The steps in this procedure are the following: 

1) a listing of the affected parties, including private industry and 
government agencies, together with a qualitative description of the 
impacts; 

2) solicitation of data from the public regarding potential compliance and 
related costs for the proposed policy; 
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3) the public's reported cost of compliance in relation to the revenue, cost, 
and profit margin of affected firms, and relative to the total budget of 
affected public entities; 

4) a statement of what the Board staff thinks the costs are likely to be that 
specifically considers the data solicited from the public and the reasons for 
the Board's estimate; 

5) a statement of potential factors that could affect the estimate, such as 
technological uncertainties, monitoring limitations, etc.; 

6) a description of competitive conditions in the affected sectors, and an 
assessment of whether water quality regulations are likely to place 
California firms at a significant competitive disadvantage; 

7) a statement of the average time needed to obtain permits from the various 
Boards, and a qualitative assessment of the impacts of delay; and 

8) a statement of the goals to be achieved by the proposed regulation and an 
explicit consideration of these goals given the costs (i.e, at least a 
statement that "the Board believes that $XX million represents a 
reasonable expenditure to achieve YY.") This description would include 
the types and numbers of beneficiaries, and an identification of other 
investments beyond those resulting from the regulation that are needed to 
produce the beneficial uses. 

Graduated Analysis 

It is unlikely that a complete economic analysis will be required in every case. 
Economic analysis can be expensive, and it is important to be cost-effective even 
when implementing regulation. Rather, we are proposing a phased approach 
that distinguishes between the minimal analysis required by law and more 
complex investigations when warranted. In particular, we distinguish between 
an initial checklist  to identify possible situations with potential for major impacts 
and deeper investigation  of these isolated situations. 

The suggested initial analysis of economic impacts consists of completing a 
standardized checklist that provides mostly descriptive information and 
emphasizes qualitative assessment. In cases where more detailed analysis is 
required, the investigation will be tailored to specific situations. Rarely will a 
complete monetization of costs and benefits be required. Instead, we argue for a 
reliance on quantitative tools that will be used to assess isolated situations where 
such information is important to policy making. 

We propose an interactive process for assessment of water quality policies. Board 
staff will solicit information from the public regarding the magnitude of costs 
and determine when and how to proceed with investigation (what issues to 
probe further) based on initial analysis. If the public feels compelled to conduct a 
deeper and more detailed analysis of impacts, then the Boards should consider 
these. In cases where aggregate impacts are likely to be significant, or there may 
be very harmful effects on subsets of firms in an industry, then the Boards should 
discuss the findings of studies provided by the public or, preferably, present the 
results of their own analysis. 
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Checklist for Initial Impact Assessment 

In every case, we recommend that the Boards gather a minimum amount of 
information to ensure that they live up to the minimum requirements imposed 
by Porter-Cologne. One approach is to complete a standardized form that will be 
made public. This form would indicate that the Board staff at least understands 
economic impacts, and, as discussed earlier, may be used as a trigger for more 
complete analysis. 

Following is an outline of the types of questions that could be included on such a 
form. Note that we distinguish between impacts on private entities and publicly 
owned enterprises. 

For Impacts on the Private Sector 

• Identify the affected industry/region combination (e.g., Dairy/Riverside, 
Electronic Equipment Manufacturing/Sacramento, 
etc. 	  

• Questions for each industry/region combination: 

1) Percentage of productive capacity (i.e., output, plants) that is 

O Affected significantly (more than 5% increase in production cost 
to accommodate regulation) 

O Affected moderately (below 5% increase) 
O Not affected 

2) Among those affected significantly,  what is the relative increase in 
production cost because of compliance (e.g., 10% increase for 50% of 
capacity) 

o % increase for 	% of capacity 
O Other 

3) Impact of regulation on output price 

O High (2% or above) 
O Low (below 2%) 
O Negligible 

4) Cost of initial adjustment to regulation 

O High (explain) 	  
O Low 
El Negligible 
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5) Percentage of firms that may face insolvency as a result of the 
regulation 

O Above 10% (explain) 	  
O Between 5-10% 
O Less than 5% 
O Negligible 

For Impacts on Publicly -Owned Activities 

• Identify the affected agency! region combination (e.g., San Francisco Unified 
School District/Bay Area, Fresno County Sanitation District/San Joaquin 

	

Valley, etc.) 	  

• Questions for each agency/region: 

1) Percentage of activities (i.e., output, plants) that are 

O Affected significantly (more than 5% increase in production cost 
to accommodate regulation) 

El Affected moderately (below 5% increase) 
O Not affected 

2) Among those affected significantly,  indicate the relative increase in 
cost because of compliance (allow a distribution) 

O % increase for 	% of capacity 
o Other 

3) Availability of new fees or other income to pay for regulation 
O Higher fees will pay for 	percent of additional cost 
O Increased budget allocation will pay for 	percent of 

extra cost 
D Unavailable 

4) Impact of regulation on services provided (both on volume and 
quality) 

o High (explain) 	  
O Low 
O Negligible 

5) Percentage of clients that may not be served as a result of regulation 
O High (give an estimate) 	  
O Between 5% and 10% 
O Less than 5% 
O None 
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6) Cost of initial adjustments to regulation 
❑ High (explain) 	  
❑ Low 
❑ Negligible 

Other Impacts — Required for All Regulations 

1) Employment effects 
❑ Positive 
❑ High (Layoffs above 5% of workforce) 
❑ Low (Layoffs of between 1% and 5%) 
❑ Negligible 

2) Effects on resources and the environment 
❑ Major (Specify) 	  
❑ Minor 
❑ None 

3) Impacts on expansion or future investment 
❑ Major (Specify) 	  
❑ Minor 
❑ None 

4) For each major activity, describe the economic consequences of 
permitting delays 

❑ Major (Specify) 	  
❑ Minor 
❑ None 

More Extensive Analysis 

Of course, in some situations, large impacts of regulation will be apparent, and a 
more detailed analysis will be required. In these cases, the following sections of 
the report contain a general discussion of the economic effects of water quality 
regulation that will provide guidance to analysts at the Boards and in the 
regulated community. These sections of the report also justify and explain the 
choice of ckecklist criteria detailed in this section. 

As a threshold matter, it is worth reinforcing that traditional economic analysis ' 
may not always be adequate to capture the effects of water quality regulation. In 
particular, regulation may alter the conditions of competition in an industry, 
result in firms relocating to other areas, cause delay and result in lost flexibility, 
cause insolvency, result in unintended risks, have dynamic consequences 
(especially when regulations result in capital replacement) and affect the 
operation of public sector facilities. These effects are all somewhat outside the 
bounds of traditional economic analysis of regulation, but are examples of factors 
that should be considered in the case of Porter-Cologne. 
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2. Why Consider Economics? 

Over the last 200 years, economists have developed a rigorous methodology to 
assess the impacts of government actions. The approach is consistent with the 
principles of public finance and welfare economics. It takes a holistic perspective 
by considering many groups in society, and articulates the tradeoffs involved 
with nearly every choice. The basic approach to assessment of government 
actions also combines considerations of efficiency and equity, and has been 
widely applied to problems of environmental regulation. 

At its heart, economic analysis is an accounting of the consequence of a 
governmental action. This accounting is often quantitative, but many first-rate 
economic analyses also treat impacts qualitatively, especially for nonstandard 
commodities. Ideally, the economic analysis will also give information on the 
distributional impacts of the intervention, or a description of which groups in 
society are affected by the action, and how much. 

A requirement to "consider economics" is not the same as a directive to adopt 
only those regulations that pass a cost-benefit test. Agencies can use the results of 
economic analysis, but not be bound by "bottom-line" numbers. Most 
economists would not argue that quantified costs and benefits tell the whole 
story, or that precise measurements of either are possible. But when economic 
analysis reveals low or nonexistent benefits and high costs, something seems 
amiss. It would seem that the California legislature sought to avoid such a 
socially undesirable outcome by mandating a consideration of economics when 
making water quality regulation. 

While the notion that economics should have a seat at the table when setting 
water quality standards and issuing permits in California seems somewhat 
controversial, it should be noted that we are largely past this point at the federal 
level. The federal government has maintained a decades-long commitment to 
economic analysis of regulation. This policy began in the Nixon Administration, 
which initiated Quality of Life Reviews of federal regulations in 1970. The two 
main events in the history of economic analysis at the federal level, however, 
occurred in the Reagan and Clinton Administrations. President Reagan issued 
Executive Order 12,291, perhaps the most decisive step in the cost-benefit record. 
This Executive Order established a set of principles for agencies to follow "to the 
extent permitted by law," including a commitment to cost-benefit analysis. The 
order required Regulatory Impact Analysis of major rules, and also established a 
formal mechanism for the Office of Management and Budget (OMB) oversight of 
interventions. 

President Clinton issued Executive Order 12,866, which reaffirmed the basic 
commitments to economic analysis and conferred bipartisan legitimacy. This 
order also introduced some reforms to the economic analysis process that were 
designed primarily to assuage fears of industry capture. These reforms included 
procedures for conflict resolution and inclusion of equity considerations. 
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Sunstein has articulated a notion of "default" principles for statutory 
interpretation that describe what agencies are permitted to do when 
implementing carrying out regulatory programs. In brief, these principles allow 
federal agencies to 

• allow de minimis exceptions to regulatory requirements; 
• authorize agencies to permit "acceptable" risks, departing from a 

requirement of "absolute" safety; 
• permit agencies to take account of both costs and feasibility; and 
• allow agencies to balance costs against benefits. 

Taken as a whole, Sunstein argues that the default principles are making a 
substantial difference to regulatory policy, both because of their effects in 
litigated cases and because of their systematic consequences for policy. The 
default principles have, in effect, emerged as a central part of the federal 
common law of regulatory policy. 

A general point about the emergence of the default principles is that they signal 
the end of the first-generation debate over whether economic analysis of 
regulation is desirable. Sunstein notes that that debate appears to be 
"terminating with a general victory for its proponents, in the form of a 
presumption in favor of their view (signaled above all, perhaps, by President 
Clinton's substantial endorsement of cost-benefit balancing via Executive 
Order." The analysis in this paper is a good example of a second-generation 
inquiry into how cost -benefit analysis should be conducted. In particular, we are 
concerned with the generation of rules of thumb to simplify complex inquiries in 
the form of baseline analysis that illuminate the economic impacts of regulation. 
Other examples of second-generation questions include how to value human life 
and health, how to deal with the welfare of future generations, and how to value 
changes in environmental quality. 

What has economic analysis of regulation uncovered so far? The most basic 
finding of economic analysis is the large aggregate cost of federal regulation. 
OMB calculates that the direct cost is roughly $200 billion annually.' This figure 
is roughly equivalent to the entire amount of the federal government's non-
defense, discretionary spending. 

Another main finding is that, despite the federal government's general 
commitment to economic analysis, regulation is not uniformly efficient. This 
overall pattern of noncompliance with benefit-cost principles is a cause for 
concern, even for those who doubt the wisdom of economic analysis but merely 
want more coherence and better prioritization. Overall review of the federal 
record finds many successes in the form of regulations and other interventions 

www.whitchouse.vo\ ionlhiinforeg/2.0(01falre2-chart;i2c11 This figure is for the cost of 
1999 regulations measured in 1996 dollars. Grown to present values, this figure would be 
even higher. 
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that deliver significant benefits at reasonable prices. But in many cases, 
regulations seem to do more harm than good. In their review of federal 
regulations, Hahn and Sunstein conclude that the most serious problem at the 
federal level is "exceptionally poor priority-setting, with substantial resources 
sometimes going to small problems, and with little attention being paid to some 
serious problems." 

A review of some regulations is illustrative of this general point. Table 1 from 
Hahn and Sunstein displays the net benefits of some interventions, defined as 
annual benefits minus costs. The results display a remarkable lack of consistency 
among regulations, and also reveal that, despite federal provisions requiring 
economic analysis, at least some regulations do not pass muster. As discussed 
earlier, the federal commitment to economic analysis of regulations is 
longstanding and bipartisan. Too often, however, this commitment is superficial 
and, in some ways, symbolic. The solution, Hahn and Sunstein argue, is 
institutional reform, embedded in a new executive order and some statutory 
changes, that would increase the role of economic analysis in regulatory policy. 

Table 1: Economic Impacts of Some Recent Federal Regulations 

(Net benefits, in millions, adjusted to 1996 dollars) 

Regulation 2000 2005 2010 2015 
Exposure to 
methylene 
chloride 

-60 -60 -60 -60 

Roadway worker 
protection 

0 0 0 0 

Financial 
assistance for 
municipal solid 
waste landfills 

-100 -100 -100 -100 

Pulp and paper 
effluent 
guidelines 

-150 to 0 -150 to 0 -150 to 0 -150 to 0 

Ozone standards 0 -235 to 240 -840 to 1,190 -9,200 to 1,000 
Child restraint 
system 

-40 to 40 -40 to 40 -40 to 40 -40 to 40 

Vessel response 
plans 

-220 -220 -220 -220 

NOx emission 
from new fossil 
fuel fired steam 
generating units 

-57 to 29 -57 to 29 -57 to 29 -57 to 29 

Source: Hahn and Sunstein. 
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The point about a lack of consistency has been made even more forcefully in a 
seminal paper by Tengs et al, who gathered information on the cost-effectiveness 
of over 500 life-saving interventions. These were defined as "any behavioral 
and/or technological strategy that reduces the probability of premature death 
among a specified target population." Interventions were classified by type and 
included both regulatory and non-regulatory life-saving measures. 

Cost-effectiveness was defined as the net resource cost of an intervention per life-
year saved. Several findings of their analysis are important. First, the authors 
uncovered an enormous disparity in terms of the efficiency of interventions (a 
point also made in separate research by Morrall, Breyer and Sunstein). Some 
measures prevented premature death at a trivial cost per life-year saved — less 
than $10,000. Other measures, however, cost in excess of $1 billion per life-year 
saved. This finding suggests that interventions, including regulatory ones, are 
poorly prioritized. 

Another main finding of the Tengs study is that, as a category, toxin control 
regulations are relatively expensive. Tables 2 and 3 present some findings 
relative to this general point. Table 2 shows the median cost per life-year saved 
of the three basic categories of interventions: medical, injury reduction and toxin 
control. The results indicate that toxin control regulations are several orders of 
magnitude less efficient than medical interventions or injury reduction measures 
(leading some to ask why society is rationing access to medical care while at the 
same time promulgating an increasing number of environmental regulations). 
Table 3 shows the cost-effectiveness of regulations by agency. A similar 
conclusion follows from this analysis, namely that despite the Federal 
commitment to cost-benefit analysis, there appears to be a serious discrepancy 
among types of interventions in terms of cost-effectiveness, suggesting that a 
change in priorities could save more lives at less cost than current policies.' 

Table 2: Median Cost per Life Saved for Different Types of Interventions 

(Cost per life-year saved in millions of 1995 dollars) 

Medical Interventions $19,000 
Injury Reduction $48,000 
Toxin Control $2,800,000 

Source: Tengs, et al. 

This point was made forcefully by Tengs and John Graham in "The Opportunity Costs 
of Haphazard Social investments in Life-Saving," in R. Hahn, ed., Risks, Costs and Lives 
Saved (1996). Tengs and Graham argue that the present pattern of investments in 185 
life-saving interventions considered results in the loss of $31.1 billion, 630,000 life -years, 
or 61,200 lives every year. 
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Table 3: Median Cost of Regulation per Life Saved for Different Agencies 

(Cost per life-year saved in millions of 1995 dollars) 

Agency Cost 
FAA $23,000 
Consumer Product Safety Commission 

r-- 

 $68,000 
National Highway Traffic Safety 
Commission 

$78,000 

OSHA $88,000 
EPA $7,600,000 

Source: Tengs et al. 

There is nothing intrinsically anti-regulatory about economic analysis. For 
example, implicit in the finding cited earlier that regulations vary widely in 
terms of their cost-effectiveness is the notion that some regulations are highly 
efficient and achieve their objectives at low cost. Perhaps a better measure of 
desirability is net social benefits, or benefits minus resource costs. In an 
influential survey of federal environmental policies, Freeman concluded that 
some policies are winners and others are losers. Winners include removing lead 
from gasoline, controlling particulate matter in air pollution, reducing lead in 
drinking water, cleaning up hazardous waste sites with the lowest cost per 
cancer case avoided, and controlling CFC emissions. Freeman's losers include 
mobile source air pollution control, most waterway discharge control, many 
regulations under FIFRA, the Toxic Substances Control Act, the Safe Drinking 
Water Act and Superfund, and policies aimed at controlling ground level ozone. 

Economic analysis can help to improve regulation. By improved regulation, we 
mean interventions that achieve a particular objective at a lower cost. A famous 
example of improvement in regulation is the application of market-based 
approaches for achieving environmental goals. The saving of market-based 
versus command-and-control policies results from differences in the cost of 
compliance with regulations. 

Another insight from economic analysis that has improved regulation is the 
identification of policies that inadvertently increase risk when they are intended 
to do the opposite. Sunstein highlights a number of such policies in his book 
cited earlier; examples include fuel economy standards for automobiles that are 
designed to reduce environmental risks but make automobiles less safe, banning 
the manufacture and use of asbestos that lead companies to use more dangerous 
substitutes, and efforts to remove asbestos from public buildings that may cause 
risks to workers. When such risk-risk tradeoffs are dealt with explicitly through 
economic analysis, they often result in regulators taking a closer look at 
proposed interventions. 
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These types of economic analyses can lead to some innovative approaches to 
regulation. In his position as Administrator of OIRA at OMB, John Graham 
implemented a policy to identify promising regulations. These letters are 
designed to prompt agency action in cases where benefits would seem to 
outweigh costs. Inspired by economic analysis, OIA has asked OSHA to consider 
requiring automatic defibrillators to be placed in workplaces, that the FDA issue 
a final rule requiring the disclosure of the level of trans fatty acids in foods, and 
the Department of Transportation to take steps to improve the safety of 
automobiles by establishing a high-speed frontal offset crash test. Thus, 
economic analysis can also be used to marshal support for increased funding of 
regulations that yield a high social return. 

Economic analysis makes the regulatory process more transparent. In his early 
work on Regulatory Impact Analysis, Hahn concluded that there were numerous 
problems with the presentation of information. For example, the executive 
summaries of the documents frequently did not summarize findings or offer a 
best assessment of the costs and benefits of the intervention. To counter this 
deficiency, he helped develop a "scorecard" for regulation. This scorecard 
summarizes key aspects of the regulation such as the agencies' estimates of both 
qualitative and quantitative costs and benefits. The use of the scorecard helps 
promote agency accountability at the federal level by allowing OMB and the 
public to evaluate how well agencies are performing. In 2003, OIRA adopted a 
scorecard that would operate in a similar way. 

Hahn also argues that the use of scorecards can promote the establishment of 
institutions that hold regulators accountable. One such idea advanced by Eric 
Posner is a "regulatory budget" that would limit the costs an agency can impose 
on the public through regulation. A variant would also consider benefits and 
give agencies a defined budget in terms of net benefits. As long as they 
implement regulations with positive net benefits, the budget is not depleted. 
However, a policy that has an apparent negative net benefit would be costly to 
the agency. 

Consistent with these observations, the California Legislature required 
consideration of economics and environmental benefits when establishing water 
quality standards, and again when issuing discharge permits. A Regional Board 
must take a second look at water quality standards before issuing a permit. It 
must look at the standards themselves and at the factors that were initially 
considered when the standards were established, including the costs of the 
requirements it is imposing, as well as environmental benefits that are ultimately 
to be gained from control of all discharges. 

The desirability of implementing economics at the permitting stage is worth 
considering here. Regional Boards develop water quality standards at the basin 
level, which covers thousands of square miles. For example, there is only a single 
basin plan for the area regulated by the Los Angeles Regional Board; within this 
area there are numerous rivers and streams. Further, local conditions, both 
economic and environmental, can vary widely throughout the basin. What 
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makes sense basin-wide may not make sense in a particular location, or for a 
portion of a particular stream. 

3. Cost Impacts of Water Quality Regulations 

Economic analysis of regulation typically quantifies both how an intervention 
affects the overall wellbeing of society as well as how these impacts are 
distributed among various groups. Often, the costs of regulation are simple to 
calculate, for example in cases where the regulation entails a small increase in an 
industry's cost of production without affecting its operations or competitive 
conditions in a fundamental way. But when regulation results in basic changes in 
production techniques, reduced competitiveness, spillover effects to other 
industries, or other effects, a more sophisticated analysis may be required. 
Affordability and the potential for bankruptcy raise other important concerns 
that may not be fully addresses in textbook analysis but are treated here. 

The challenge facing economists considering water quality regulations is how to 
develop procedures based on these general approaches and determine in 
advance what impacts need to be emphasized. The starting point of the design of 
an economic impact methodology is to identify the various categories of cost and 
benefits that may result from regulation. While we introduce a large number of 
potential impacts of regulation, it is worth emphasizing that not all of these will 
occur in every situation 

One of the key features of economic analysis is its capacity to assess the impacts 
of policy on various groups. The theory of welfare economics provides the 
intellectual foundation to the applied analysis of regulation. This approach 
entails a partitioning of society into individual units of analysis. These units 
include consumers, producers, suppliers of inputs to production, and people 
who consume environmental amenities. The theory suggests that the aggregate 
impact of a policy is the sum of its impacts on these various groups. 

While environmental quality regulations are imposed on producers and firms for 
the most part, impacts do not end there. Rather, economic consequences are 
transmitted through market interactions to other groups, most importantly 
consumers. The propagation of the impacts of a regulation through the economy 
is well documented and can be quantified by economic analysis. 

Economists typically distinguish between regulations that are directed at the 
private sector and those that are directed at the public or not-for-profit sectors. 
For example, regulation of chemical use in farming is targeted mostly at private 
businesses (Although they may affect parks or roadside vegetation managed by 
government organizations). Regulation of flood control or navigation 
infrastructure targets mostly public-sector activities. Regulations of the public 
sector may affect agents in the private sector (e.g., elimination of roads to protect 
wetlands affects the level of economic activity and the well-being of consumers 
and firms). Similarly, regulations of industry may affect the cost of operation of 
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entities in the public sector. With this in mind, we decompose the incidence of 
water quality regulations into several categories. 

Producer Surplus 

Producer surplus is a measure of the economic welfare ofproducers, and is the 
difference between their revenues and their variable costs. Producer surplus is 
interpreted as a measure of the rent to the unique assets of the industry, or of its 
profits. Water quality regulation that increases average cost of production has a 
direct negative effect on producer surplus through the increase in variable costs, 
and a positive affect through the higher output price following the regulation. 

In Figure 1, the increase in price due to the regulation increases producer surplus 
by the area ABDH, but the increase in costs is FEGB and in addition firms lose 
profit represented by the area P oHBP,. The producers may actually _gain from 
water quality regulations if they face a demand that is not price sensitive. 

The reduction in output resulting from the higher costs of production because of 
the regulation will lead to a substantial increase in output price, and the higher 
revenue may more than compensate for the higher costs. Situations where 
demand is inelastic in the long run are not very likely. A region may for a while 
have a monopoly position in production of a product due to climatic or 
technological advantages but, as these erode, other producers or regions of 
production will enter the market. 

Regulation can also result in out of pocket expenses to negotiate and obtain 
needed permits. These so-called transaction costs of regulation act in the same 
way as other cost increases resulting from regulation and are in addition to other 
effects like the need to alter production technologies or substitute inputs. 

Since industries often consist of many players and the chain of production can 
have several layers, the analysis of producer surplus may need to be 
multidimensional. In particular, it should address the following considerations: 

Interstate and international competition. Given many of the major industries 
where California's firms are competing within international and national 
markets, producer surplus analysis of water quality regulations that affect 
industries such as computers, some sectors of agriculture, and biotechnology 
may need to consider the supply and demand in a global context. As Figure 2 
suggests, the demand for major products is met by the sum of California's 
supply (SC) and the supply of the rest of the world (SR), forming the global 
supply (SG). The initial equilibrium had a price of P o  and a quantity of QG0  with 
California production of Q co.The initial producers surplus of California is ABC. 
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S0  = supply before regulat io n 

= supply after reguLation 

D = demand 

00, 01  = quantity before and after regulation 

Po, P1 = price before and after regulation 

Figure 1 

Strict regulation of water quality in California may reduce the supply of its 
producers and that result is the shift of California's supply to SC,. That will lead 
to reduction of the global supply which will shift to SG, .The reduced supply will 
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lead to higher P,, and a lower global production of Qm . The higher prices will 
increase the output produced outside California, while production in the State 
will decline to Q.  The lower output of California producers and the higher 
costs are likely to result in a significant reduction in producer surplus, which 
becomes BFC in Figure 2, while the producer surplus of the rest of the world is 
enhanced. 

0C1 °CO QG1 aGi 

Figure 2 

Heterogeneity of impacts within the State. Water quality regulations will not 
affect all firms and regions in California equally. These differentiated impacts 
should be recognized in the derivation of producer surplus. 

California firms that have to modify their water management practices in 
response to the regulations may experience cost increases and revenue 
reductions, and are likely to lose from regulation unless demand is very inelastic 
and the price effect is drastic. On the other hand, the firms that are not affected 
by the water quality regulations gain profit as they produce more (taking away 
market share from the affected firms) and as market price increases. 
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Several models (Lichtenberg, Parker, and Zilberman; Sunding) introduce 
methodologies to analyze these distributional impacts of natural resource 
regulations on producers' surpluses across regions. Water quality standards 
frequently target a subset of regions or firms in a particular market. Higher water 
quality standards that have strong negative affects on, say, tomato growers in the 
San Joaquin Valley may benefit growers in the Sacramento Valley because of the 
output price effect. These studies show that while the relative impact of a 
regulation on the aggregate producers' surplus across the State may be 
moderate, its relative impacts on the producers' surpluses of firms in some 
regions may be highly significant. Identification of the major losing regions 
should be an important priority for impact assessment. 

Impacts on the chain of production.  The standard analysis of policy impacts 
distinguishes between two major groups of economic actors, consumers and 
producers. However, industries are often multilayered and vertical relationships 
are important. For example, producers of final goods rely on manufactured 
inputs. In various situations, it is valuable to distinguish betweenfirms' and 
consumers' surplus levels. For example, this distinction is relevant in the analysis 
of regulations affecting the use of pesticides and other chemical pollutants 
affecting water quality. These regulations may have different effects on chemical 
manufacturers as opposed to farmers or industrial users of the. chemicals. To a 
large extent, the impacts on each group will depend on the availability and 
efficacy of substitutes. The manufacturers will be much more vulnerable to, and 
the users less threatened by, water quality regulations when inexpensive and 
effective alternatives are available. 

The distribution of impacts within the production chain also depends on the 
structure and organization of the industry, assignment of liabilities within 
various firms, etc. Sunding and Zilberman developed a framework to analyze 
situations where environmental quality is affected by residue of chemicals used 
in production, and distinguished between the impacts of regulation on the 
producers' surpluses of chemical manufacturers and users. Their analysis 
suggests that both the overall impact of water quality regulations and its 
distribution among the various parties vary depending on allocation of liabilities 
and market structure. The outcomes of regulations are different when the 
chemical is produced by a monopoly or when a competitive firm produces it. 

Competitiveness 

Compliance with water quality regulations may be costly and, as we have seen, 
this cost has many dimensions. Nonetheless, one concept that can summarize 
much of these costs is competitiveness. While environmental amenities and 
water quality may make a region more attractive, excessive regulation can also 
hinder the performance of firms in the region relative to firms residing 
elsewhere. 

Some of the equilibrium effects of regulation are captured by traditional market 
analysis through, for example, loss of consumer surplus and producer surplus, as 
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we have seen. But in many cases, market information about supply and demand 
at the present cannot provide the information needed to assess the impact of 
regulation because there may exist potential competition that has not yet become 
actual. If, for example, cost of manufacturing electronic components in California 
increases as a result of regulation, Texas may develop productive capacity in 
these areas, even though it has not been producing these products in the past. 

Baumol introduced the notion of contestable markets, arguing that potential 
entrants play an important role in setting prices that are close to the competitive 
level. That is, even a monopolist is restrained by the threat of new competition. 
Here we suggest that the notion of competitiveness and potential competition 
restricts the capacity of the industry to raise prices in response to regulation, as 
the profit opportunities caused by reduction of supply by incumbents will attract 
new entrants. That suggests that it is important to recognize conditions where 
water quality regulations will drastically affect cost of production of the local 
industries that have significant market power and, in these cases, it is valuable to 
assess not only impact of existing competitors but also the threat from potential 
new entrants. 

The impact of water quality regulations on competitiveness has other 
dimensions. If the implementation of water quality regulations are time 
consuming and significantly restrict the capacity of industries to respond in a 
timely manner to new knowledge and new commercial opportunities, it may 
eventually lead to significant cost. It is important, for example, to know how 
much extra time it will take a computer manufacturer to build a new facility 
because of regulation. Firms may elect to relocate from California or to reduce 
their investment in the State, if their flexibility and speed of response to 
opportunities is reduced by regulation. Therefore, it is important to have a good 
handle on the delay and delay cost of water quality regulation. 

Having financial resources is crucial for firms' capacity to invest in new 
technologies and new enterprises. Modern industries invest in capital goods that 
have a short economic life, and while firms may have a significant amount of 
short-term profits, they have to use part of it to pay debts and part as a capital 
base for new investment. High cost water quality regulations may be evaluated 
in terms of their impact on ability to pay debt and accumulate capital. When this 
capacity is significantly eroded, it affects firms' ability to survive and grow, and 
ultimately the State's competitiveness. 

A related impact of water quality regulation on competitiveness is its impact on 
labor. Labor mobility within the State is an important element of flexibility and 
enables quick response of industry and the economy to new opportunities. The 
flexibility of industries is not only restricted by its capacity to build or modify 
facilities in a timely manner but by the capacity to be able to provide housing to 
workers to allow smooth operation of new enterprises. Workers and consumers 
demand and deserve high-quality water and related water amenities, but their 
choice of employment and response to opportunities is also dependent on 
availability of housing. 
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Water quality regulations may affect competitiveness on resource availability for 
public-sector activities. Local governments have to balance its expenditures 
between various objectives including education, health, roads, and the 
environment. High costs (water quality regulations) may lead to reduction in 
expenditures on other items such as education or infrastructure resulting in 
reduced capacity to compete and reduced productivity of the private sector. 

Insolvency 

In the previous section we argued that, frequently, water quality regulations 
often increase marginal cost of production and reduce supply. However, as long 
as revenues are greater than cost, it is efficient that the firm should continue to 
operate. However, firms have financial obligations and, even though they may 
have short-term profit, if they cannot pay their debt, they will go bankrupt. In 
theory, if revenues are greater than cost, someone will buy the firm after 
bankruptcy, and it will continue to operate. In this way, bankruptcy would not 
seem to affect resource allocation. More recent research suggests otherwise, 
namely that the costs of insolvency are real. The work of Kahnman and Tversky, 
for example, established that decision makers have loss aversion, and there is a 
significant cost to financial losses. Bankruptcy also requires significant costs of 
readjustment for the affected property owners and employees. 

Previous research suggests some avenue for exploring the insolvency 
implications of water quality regulations. Hochman and Zilberman studied the 
impact of tighter water quality standards on dairies in the Chino region of 
Southern California. They suggested that requirements to increase the disposal 
acreage will make the operation of a certain number of growers (less than 10 
percent) unprofitable in the sense that the operational cost will be smaller than 
the revenue. However, they realized that firms have to pay their debts and, even 
if the revenue after accommodating the regulation exceeds the variable cost, the 
surplus is not sufficient to meet the financial obligations of the firms. Thus, some 
firms may be forced to close. 

The same study found that under reasonable assumptions about the distribution 
of the debt-equity ratio among producers, the owners of more than 30 percent of 
the land might not be able to meet their financial obligations resulting from the 
regulation. A later study (Hanneman, Macdougall, and Zilberman) found that 
the impact of the same regulation on insolvency is a function of financial and 
economic conditions of the industry and the economy. In periods of high interest 
rates and low commodity prices, water quality regulations may have a much 
stronger affect on solvency than in periods with low interest rates and high 
commodity prices. 

One of the methodological challenges facing economists working in this area is 
to quantify the cost of insolvency. At present, economic theory does not suggest 
totally satisfactory, formal measurements of the economic costs of insolvency. At 
a minimum, however, it is useful to develop an estimate of the percentage of 
business establishments whose solvency may be threatened by water quality 
regulations. 
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One regulatory approach to deal with insolvency and ability to pay has been to 
assess the affordability of water quality regulations under different assumptions 
about the cost of implementation. In essence, this approach estimated how much 
firms in the industry can afford to pay for cleanup. An alternative approach that 
we favor is to have estimates of what percentage of the firms will not be able to 
be solvent after regulation and what percentage of productive capacity will be 
affected by insolvency after the result of the regulation. This will require 
information about the debt structure of firms in the industry as the distribution 
of profitability. 

Dynamics 

Economists realize the importance of technological rigidities in the system. 
Investments in capital goods affect the ability to control effluent. Short-term 
adjustments may be very costly and limited in their effectiveness. Further, they 
may diminish the resources of affected companies or public agencies and reduce 
the ability to reinvest and modify the capital stock and reduced pollution. This 
implies that the need to collect information on the age of the system (i.e., capital 
stock vintage) and the time and cost required before replacement of existing 
technology is likely. It may be worthwhile to emphasize changes in waste 
management of a new design,rather than to require heavy investment in 
structures that will be obsolete otherwise. Sometimes it may be worthwhile to 
provide the incentive for the firm to engage in research to find a technological 
solution rather than impose high costs within an existing suboptimal system. 
That is, it may be best to focus on improving the next vintage of capital rather 
than the current one. For example, if a plant lasts 10 years and a problem is 
discovered in the eighth year, unless the problem is severe it may be desirable to 
tolerate pollution in the short term and push for improvements in the stock of 
replacement capital. 

The impacts of water quality regulations frequently take years to materialize and 
thus should be analyzed within a dynamic framework taking into account the 
projected changes in the economic situation over time. The state of the economy 
affects the prices of inputs required for activities needed to comply with 
regulation. For example, the prices of labor and raw materials needed for 
construction of, say, a drainage disposal facility is likely to increase during 
periods of high economic growth. The economic situation affects the impacts of 
compliance of water quality regulation on output prices and consumer and 
producer welfare. For example, when an intervention leads to a substantial 
reduction of supply of an affected industry, it may result in a substantial increase 
in consumer price in periods of high economic growth and strong demand, and 
have a small effect in periods of low economic growth when demand is sensitive 
to consumer income. 

Finally, the impact of regulation on the economic wellbeing of affected firms and 
their capacity to survive with extra costs of production and additional constraints 
on operations depends on macroeconomic conditions. For example, 
macroeconomic conditions affect the interest rate and the ability of firms to raise 
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capital. Exchange rates affect the earning of California's producers overseas and 
their earning capacity and, thus, their ability to invest in compliant technologies. 
Macdougall, Hanemann, and Zilberman found that the impact of water quality 
regulation on Central Valley farmers' ability to survive varies between periods 
with high interest rates and tight credit conditions and periods where debt asset 
ratios and interest payments were low. 

Compliance with some water quality regulations requires a large investment and 
a long-term response. In this case the important of dynamic analysis is 
paramount. It is important to make assumptions about economic growth and 
macroeconomic conditions transparent. Because of the uncertainty about the 
future, it is important to consider several competing scenarios. When it is 
possible to assign probabilities to various situations, it may be worthwhile to 
analyze policy impacts through simulations that will derive the statistical 
distributions of impacts over time and develop estimations of their expected 
values and their variability. Note also that when it is possible to identify several 
distinct scenarios in terms of the macroeconomy and economic growth, it may be 
feasible to introduce policy implementation policies that are state dependent. For 
example, penalties for violations may be state dependent. Lower penalties will be 
demanded in some period of recession and depression. 

Public-Sector Expenditures 

Water quality regulations frequently affect activities conducted by public or 
semi-public agencies. Water provision and treatment, flood protection, and 
construction of maintenance of roads have some public good properties and are 
provided by public or semi-public agencies. Many schools and hospitals are to a 
large extent supported by public monies, and are frequently part of the public 
sector. Stricter discharge limits and other forms of water quality regulations 
affect the cost of operation of public-sector entities. Water quality management 
by the private sector may affect the cost of public agencies. Discharge regulations 
that reduce waste generated by firms and consumers may reduce the costs of a 
sewage district. The change in the expenditure of these nonprofit agencies is an 
important impact category. 

Regulations that target activities of public-sector entities may affect the private 
sector to the extent that the output of the public sector is changed as a result of 
the water quality regulation. If the regulation does not affect the output of the 
agency but does affect its cost of providing these outputs, then the water quality 
regulation impacts the level of public-sector expenditures. For example, if a city's 
department of public works must increase expenditures to meet new water 
quality regulations and the city has a balanced budget constraint, either the city 
must increase its revenue to meet the extra expense or it must cut costs 
somehow. 

In most cases raising taxes is difficult, so the increase in cost of complying with 
water quality regulations will lead government agencies to reduce expenditures 
elsewhere. These reduced expenditures have significant welfare impacts. In 
particular, they may lead to reductions in producer or consumer surplus. For 
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example, an increase in the cost of compliance with water quality regulations 
may reduce expenditures on health services, education, or maintenance of roads. 
If governments are able to raise taxes to meet the extra compliance cost, then that 
will lead to a reduction of the consumer and producer surpluses of affected 
taxpayers. 

One way to assess the importance of extra water quality regulations is to 
compare the extra cost of affected public-sector agencies with the overall budget 
of these agencies. Policymakers need to know what percentage of agencies' 
budgets must be allocated to comply with extra water quality regulations. 

Price Increases and Consumer Effects 

Most environmental regulations affect the per-unit cost of producing output and, 
thus, lead to higher market prices. Consumer surplus is the difference between 
the maximum amount that consumers would be willing to pay for quantities 
they consume and the actual price they pay. For example, if a person is willing 
to pay $100 for a suit, and the actual price is $60, then the consumer surplus 
would be $40. Technically, consumer surplus is the area between the demand 
curve and the market price. Regulations that lead to increases in variable costs 
result in loss of consumer surplus as well as producer surplus. 

A product may be sold to several groups in the economy. Each has its own 
demand curve. Consider a typical situation where there is a high-income group 
of consumers whose demand is not price sensitive, and a low-income group 
whose demand is very sensitive to price changes. Regulations that increase the 
market price of the commodity would likely cause a much larger relative 
reduction in the surplus of the lower-income group with price sensitive demand. 

Delay Costs 

An extensive regulatory process can be time consuming and slows the execution 
of new projects and the utilization of resources. Frequently, land resources lay 
idle during the period of regulatory assessment and proposal evaluation. The 
costs of the economic surpluses lost during periods of delay may be quite 
substantial. If implementation of new water quality regulation may lead to a 
two-month delay in completion of a road or a housing development, the losses to 
consumers, producers, and the public sector may be substantial. 

The delay cost depends both on the extra time needed to assess the action that 
needs to be taken in light of new water quality regulations, as well as the time 
needed to implement these extra regulations. For example, extra protection of 
habitats or stricter wetland regulation may slow the time it takes to obtain a • 
permit and may increase the amount of time that it takes•to implement the 
project. Thus, the developers have to suffer extra interest costs and, more 
importantly, the consumers and producers who benefit from the new 
development lose all consumer and producer surplus during the delay period. A 
quantitative estimate of the impact of new water quality regulations on the time 
it takes to obtain a permit and to implement a project is very important as a first 
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step in assessing the delay cost. This information should also be available to the 
public as a way to assess the performance of the Boards. 

When assessing delay cost, it is important to recognize that the operations of 
some industries affected by water quality regulations are conditional upon the 
weather and thus may be seasonal in nature. For example, there is much less 
construction activity during the rainy season. Water quality regulations that lead 
to only moderate increases in the time needed to prepare and comply with 
regulations in some cases may cause a developer to miss a construction season. 
In this case, the regulation may lead to significant delay costs because of the 
seasonal nature of the industry. 

The delaying effects of regulation can also affect economic well-being through 
their impact on competitiveness. California is the home of some of the most 
dynamic industries in the world, and they have a fast rate of innovation and 
short-lived products. A firm may lose "first mover advantage" and potential 
market share if its product introduction is delayed because of extra regulatory 
requirements. It is instructive to compare the time it takes to comply with water 
quality regulation to the expected length of the economic lives and 
manufacturing facilities and other infrastructure in various industries. 

Costs to Regulatory Agencies 

Governments have to expand their staff, conduct studies, and establish 
mechanisms and organizational capacity to monitor and enforce compliance. In 
particular, new water quality regulations may affect the costs of processing 
requests for land-use modifications, other natural resource management, and 
some industrial and infrastructure projects. The regulatory costs incurred in 
periods of transition to new water quality regulations may be especially high. 

If new water quality regulations are introduced without increasing the budget of 
the regulatory agency, this may lead to stretching their resources and may affect 
their overall performance. The efficiency of agencies in implementing effective 
regulation may be reduced as the result of expanded mandates. The cost of the 
water quality regulation in these cases may be borne by individuals who are 
directly affected by these regulations and also by those who are affected by other 
regulations but are underserved because of the work overload associated with 
the new regulation. 

Risk-Risk Tradeoffs and Unintended Environmental Costs 

Risks never exist in isolation, and action to combat one risk may create others. At 
the federal level, agencies are now permitted to consider substitute risks. In 
American Trucking Association,  for example, it was argued that while ground-
level ozone creates certain health risks, it also reduces others, mainly because it 
provides protection against skin cancer and cataracts. The EPA responded that it 
lacked the authority to consider the risks created by regulation. Considered on its 
own, the statutory text seemed to support the EPA's view. It provided that 
ambient standards must be based on "criteria" documents that are supposed to 
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include the "latest scientific knowledge useful in indicating the kind and extent 
of all identifiable effects on public health or welfare which may be expected from 
the presence of such pollutant in the ambient air, in varying quantities." EPA 
argued that the phrase "identifiable effects" of "such pollutant" was meant to 
refer to the adverse effects of the "pollutant." 

The court concluded that EPA had misread the statute. The court said that 
"EPA's interpretation fails even the reasonableness standard.". It seems bizarre 
that a statute intended to improve human health would lock the agency into 
looking at only one half of a substance's health effects in determining the 
maximum level for that substance." Sunstein notes that what is most striking 
about this suggestion is the way the court seems to have surpassed the view that 
the agency is permitted to do health-health tradeoffs if it chooses, and to require  
EPA to do so even if it would choose otherwise. 

An even more suggestive case is Competitive Enterprise Institute v. NHTSA, 
where the plaintiff charged fuel economy standards on the ground that the 
agency had failed to take account of the adverse effects of such standards on 
automobile safety. In the face of an ambiguous statute, the court reasoned that a 
full explanation was required for a decision that would seem to create substitute 
risks. As a result of this decision, the NHTSA is now required to consider health-
health tradeoffs in setting fuel economy standards. 

Water quality regulation that aims to improve environmental quality can have 
unintended consequences that harm the environment and natural resources. The 
reallocation of water from one location to another, to meet water quality 
regulation, may reduce the well being of fish and wildlife dependent on the 
water in the source region. Reduction of use of chemical pesticides that reduce 
farm productivity may lead to an increase in utilized land use and expansion of 
the utilized land base to wilderness areas. Diversion of water resources to meet 
environmental quality objectives may reduce the capacity to utilize this water in 
provision of environmental amenities. We will discuss the economics of changes 
in environmental quality later in the study. 

Employment and Multiplier Effects 

Any regulatory cost has a direct economic affect on relevant consumers and 
producers and other economic agents. They also may have an indirect effect on 
the economy as they affect the income of various parties, which will allow 
members of these parties to further spend money and engage in other economic 
activities. There are methodologies to look at this multiplier effect and assess the 
direct and indirect impact of regulations. In particular, these methodologies can 
also assess secondary impacts on employment. In most of our analysis, we 
would not address this multiplier , effect but one must be aware of their existence 
and how they can be derived. 
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4. General Observation on Cost Analysis 

Now that we know the basic cost categories, we can discuss some of the 
principles of aggregate analysis. There are two basic approaches to economic 
assessment of the effects of regulation: cost-benefit analysis and cost-
effectiveness analysis. The two methodologies are closely related. In principle, 
cost effectiveness is nested within benefit cost analysis. A cost-effectiveness 
analysis compares interventions in terms of resources expended to achieve some 
basic objective such as life-years saved or units of habitat restored. Cost 
effectiveness takes the water quality objective as given, while cost benefits 
analysis compares the net economic merits of alternative objectives. A cost-
benefit, welfare improvement analysis measures the value of benefits achieved 
versus the cost of the intervention. 

The notion of efficiency is a critical element of economic analysis. Outcomes are 
efficient if the regulatory objective cannot be met with lower overall costs. Thus, 
the efficiency criteria merge the overall economic performance of a project or 
regulation. The efficiency effect of a water quality regulation is a net economic 
benefit or cost, taking into account all the impacts. For example, a water quality 
regulation that bans chemicals may affect the wellbeing of consumers and 
producers, and yet improve the water quality of a river and result in improved 
human and environmental health. 

The difficulty of estimating environmental and resource costs led Baumol and 
Oates to propose an alternative approach for policy evaluation. They suggest 
that environmental policy selection will aim to meet defined objectives at least 
cost, and the policymakers are assumed to select these targets. The notion of cost 
effectiveness is consistent with this approach. It suggests that the market cost of 
a water quality regulation is a good measure of attaining the environmental 
policy objective behind them. 

Another approach to evaluate the effectiveness of water quality regulation is to 
consider their internal consistency.  This is especially effective when the main 
impetuous of this regulation is to reduce a certain type of risk (for example, the 
risk of loss of human lives). By computing the number of expected lives saved, 
as well as the market cost of compliance to the regulation, one can derive the 
implicit value of human lives saved. It is desirable that regulations be 
established so that the value of life saved will be consistent across locations. In 
cases of where the implicit value of life saved is low, the regulation should be 
stricter, and when it is too high, the regulation should be more lenient. 

Scale of Analysis 

An impact assessment of water quality regulations can be done from the various 
perspectives. The overall impact may vary if it is done from a national or 
regional perspective. For example, water quality regulations that reduce water 

In economic terminology, these modes of analysis are called "Second Best" and "First 
Best. 
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available to agriculture in California may reduce supply, and thus increase prices 
and reduce consumer surplus. When most of the buyers of the affected product 
are out of state, then the consumer surplus loss is not taken into account in the 
impact assessment taken from a California perspective, but is considered in the 
impact assessment from a national perspective. Similarly, when it comes to 
goods that are exported abroad, ignoring the impact on consumer surplus of 
foreign buyers may lead to underestimation of a policy effect. Thus, the national 
perspective is different than both the regional and the global perspectives. 

In most cases, the impact of water quality regulations is local and, therefore, the 
significance of aggregate analysis is limited. This observation suggests that 
analyses should be conducted on water basin levels or even lower levels of 
aggregation. It is important to pinpoint areas that are most affected and have 
some structure of the distribution of impacts across regions. A certain water 
quality regulation may seem not to affect California as whole because it may lead 
to migration of industries from one region to another. However, as Kahneman 
and Tversky argue, for a' change of a given magnitude, the economic cost of loss 
outweighs the economic benefits of gain. Therefore, the analysis of distributional 
effects within the state is very valuable. 

The type of information needed in economic analysis may be different at 
different levels of analysis. For example, employment and secondary impacts 
may be much more important when considering the regional effects of a policy 
than the national or global impacts. The specific set of distributional impacts 
needed for different levels of analysis may also be different. 

Costs Depend on Implementation 

The establishment of water quality standards by themselves is only the 
beginning of the policymaking and implementation processes that will 
determine ultimate impacts. First, the regulated public will not modify their 
behavior merely because regulations are introduced, rather, they have to be 
convinced that these regulations will be implemented and be aware that there is 
a system of monitoring and enforcement associated with the regulation. Thus, 
economic analysis has to develop a system that will predict who will respond to 
the new regulations and how, given a designed system of implementation. 

The capacity of agents to adjust to new regulations depends on the existing rules 
and constraints faced by the regulated public. Water quality regulation is only 
one part of a system of rules and regulations that producers may face, and the 
impact of water quality regulations depends on interaction with , other rules and 
regulations. For example, the impact of a policy that restricts access to certain 
water supplies will be different whether or not farmers have the capacity to trade 
or buy water in markets. Sunding et al. showed that the cost of reducing 
agricultural water supply due to the Central Valley Project Improvement Act 
would be by 40 percent by allowing broad-scale water trading. 

Finally, the impact of water quality regulations depends on the structure of the 
markets that are affected by the regulations. In some cases, water quality 
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regulation may affect competitive industries with many small producers, each 
with limited capacity to conduct research and development and construct 
technologies to adapt to the new regulation. In this instance, public-supported 
research that will help the industry establish technologies and procedures to deal 
with the regulation may be very valuable. In other cases, regulated industries 
may consist of large corporations with a high degree of market power and 
research capacity, and they may have the internal capacity or know-how to 
develop effective strategies to respond to regulation. 

Costs Depend on Constraints 

Many parties affected by water quality regulations are constrained by their 
ability to raise funds. Many regulations affect public sector entities such as 
counties and cities that operate with limited budgets. The expense needed to 
meet environmental quality objectives may crowd out the funding needed to pay 
for education or maintain health services. The extra cost needed to improve 
water quality to enhance the probability of survival of wildlife may conflict with 
resources needed to enhance quality of life or health of residents that depend on 
county services. 

These observations imply that a cursory measure of the impact of a new 
environmental regulation is to assess its share relative to the total budget of the 
county and the affected agency. Further, it will be useful to compare cleanup 
expenses with other major budget items of the affected agency. 

A more rigorous approach is to assess the incremental value of public budget. 
Economists have long recognized that in most instances an extra dollar of cost 
buys more than an extra dollar of benefits. Minimally, the deadweight loss from 
taxation should be considered. 

In the case of private companies, the principal constraint is solvency. Thus, it is 
important to consider the effects of regulations on the likelihood of bankruptcy 
and what it entails in terms of employment and resource use and income in the 
region. An important indicator is the extra cost relative to the revenue base or 
budget of the affected firm. Since 10 percent is a normal rate of profit, an 
expenditure that is 5 percent of revenue is 50 percent of profit and may lead to 
bankruptcy and significantly reduce growth in the industry. 

5. Economics of Environmental Benefits 

Like many other types of environmental regulation, the benefits of water quality 
regulation (i.e., the economic value of the beneficial uses protected or enhanced) 
can be divided into several categories. The most useful distinction is between 
use benefits and nonuse benefits. Use benefits may be consumptive benefits (in 
the case of fishing) or nonconsumptive benefits, which are most of the 
environmental amenities that include recreational activities that do not diminish. 
One can develop market-related measures to quantify the value of most use 
benefits. It is more difficult to develop quantitative estimates of nonuse benefits. 
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Demonstrated evidence of willingness to pay for environmental amenities is one 
indicator of valuing nonuse amenities. Stated willingness to pay provides 
another type of evidence, but it has well-documented problems of reliability. 

Differences between Market and Non market Benefits 

Much of the beneficial impact of water quality regulations may be on goods that 
are not necessarily traded in markets. For example, reduction in water supply in 
a certain location in a river may affect recreational opportunities and the natural 
ecosystem that may provide nonmarket benefits. As a rule, it is much easier to 
compute impacts of regulation affecting markets, as opposed to nonmarket 
impacts because market prices are very good indicators of social value. If a 
policy reduces the availability of certain amounts of traded goods that have a 
given price, then the price times the quantity is a first-order approximation of the 
impact. Market prices are not good measures of social value in situations when 
the market structure is mostly noncompetitive, for example, there is monopolistic 
pricing. Market prices are also not good indicators of social values in cases of 
market failures and externalities. 

In the case where the water quality regulation generates nonmarket impacts, the 
researcher must be creative in developing measures of nonmarket benefits. 
Fortunately, several useful approaches have been introduced in the recent years 
to meet this challenge. Whenever possible, it is useful to infer the value of 
nonmarket benefits from market prices. For example, the value of environmental 
amenities associated with access to bodies of water may be inferred from the 
values of properties that are similar in all features, except in their distance from 
the body of water. The hedonic price approach infers the value of various 
product characteristics from the prices of market goods that may include these 
characteristics at various proportions. The travel cost method infers the value of 
characteristics of a certain body of water by the extra cost associated with 
traveling that people are willing to pay. 

Sometimes instead of attempting to compute directly the value of nonmarket 
impacts in monetary terms, it may be beneficial to take an indirect approach and 
estimate some of the consequences in terms of human and environmental health 
or other impacts. For example, when considering several alternatives in water 
quality standards, one may present the market cost and expected lives saved 
with each policy. 

Human Health Impacts 

There is a growing methodological work on quantifying the relationship between 
water quality and health. This work is part of a new form of analysis called risk 
assessment. A key element of this method is the notion of a risk-generating 
function (Lichtenberg and Zilberman). Risk is defined as the probability of 
mortality or other serious damages to the health. It is generated by a sequence of 
processes including contamination (disposal of chemical in water), transfer and 
fate (movement of toxins within water systems), exposure (consumption of 
contaminated water), and dose/response (vulnerability to exposure). Each of 
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these processes is affected by variable factors, including heterogeneity among 
people, randomness (weather condition), and uncertainty about key parameters. 
Each process can be affected by policy intervention. For example, contamination 
can be reduced by stricter pollution control, transfer and fate can be affected by 
barriers to movement, exposure can be changed by introducing alternative 
sources of water, and dose/response can be affected by availability and quality 
of medical intervention. 

The impact of water quality regulations can be estimated within the existing 
institutional and policy framework. Given the size of the affected population, 
the risk can be translated to statistical lives or accidents, and thus the impact of 
regulation on human health can be quantified. For example, consider the impact 
of a ban on a chemical that has a probability to cause one in a million cases of 
disease a year. With an affected population of 7 million people, the ban on the 
chemical may result in seven less cases of the disease on average. If we have a 
monetary measure of the cost of a case of disease or a statistical value of a life, we 
can translate the impact into monetary terms. If each case of the disease costs 
society $100,000, then the ban on the chemical will produce savings of $700,000. 

Ecosystem Impacts 

In the same manner that risk assessment is used to assess damages to human 
health, it can also be used to assess benefits to wildlife. For example, the 
expansion of water available to a fishery may reduce mortality and, with 
quantitative relationships with water availability and risk, one can estimate the 
impact of water quality regulations that enhance water availability on the 
viability of the fish population. Similarly, one can develop models that assess the 
impact of various types of regulations on wetland health and various wildlife 
species. 

Translating physical measures of environmental health to monetary terms is 
challenging, but easier when there are market values. In some cases, water 
systems provide recreational benefits that can be estimated, and it is possible to 
derive the impact of water quality regulations that affect these activities. 
Diversion of water from one region to another may reduce water availability to 
recreational activities. The value of the recreation lost is one estimate of the 
environmental costs. 

Neighborhood Effects and Environmental Justice 

It is now well known that certain sociodemographic groups often seem to be 
relatively more concentrated near environmental hazards than in the 
surrounding community. Since water quality regulations do not have the same 
effect everywhere, understanding how they address problems of environmental 
justice is an important aspect of economic impacts that must be addressed. 

Recent research in economics paints a more complex picture of environmental 
justice considerations than has been available previously. In particular, snapshot 
cross-sectional statistical analyses cannot reveal how residential mobility for 
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different social groups reacts to changing public perceptions of environmental 
hazards. Using decennial panel data over four census periods for census tracts 
surrounding seven different urban Superfund localities, Cameron and Crawford 
examine how ethnicities, the age distribution and family structure vary over time 
with distance from these major environmental disamenities. If the slope of the 
distance profile decreases over time, the group in question could be argued to be 
"coming to the nuisance." 

While it appears to be hard to make many generalizations across localities, 
Cameron and Crawford find a lot of statistically significant movement, including 
some evidence of minority move-in and increasing relative exposure of children, 
especially those in single parent households. Viewed in this way, environmental 
justice would appear to be linked with the problem of housing affordability. 
Some low-income and minority families appear to choose more polluted 
locations due to the lower housing prices in such neighborhoods. Thus, the 
analyst must pay careful attention to the impact of water quality regulation on 
housing affordability and then use this information to understand the incidence 
of regulation across various groups in society. 

Additional Funding Required to Produce Benefits 

Environmental economists have advocated an approach to policy that views the 
environment as created by a production process, much like more traditional 
goods. This notion is important in the area of water quality, since regulation is 
often insufficient to produce the desired beneficial uses. For example, the quality 
of water in the Los Angeles River may be dramatically improved through more 
stringent regulation, but there will not be much meaningful improvement in the 
environment without other accompanying investments in restoration. Pure water 
flowing through a concrete channel (much of which is fenced and posted with 
"No Trespassing" signs) will not produce a lot of habitat or be an inviting spot 
for recreation. 

Since both improvement in water quality and accompanying investment are 
required to produce beneficial uses like swimming and other recreational 
opportunities, these additional investment needs should be called out by the 
Boards when making decisions. The magnitude of additional investment, 
together with potential funding sources, would be illuminating in many cases. 

6. Conclusions 

Like many environmental statutes, the Porter-Cologne Act requires consideration 
of economic factors prior to imposing regulation. And like many environmental 
statutes, the legislature did not make clear what consideration of economics 
means, or how consideration of economics is intended to influence decisions. 
This study is an attempt to fill the gap by outlining a specific procedure for 
consideration of economics and a set of measures that describe the most common 
impacts of regulation. 
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Our recommended procedure for consideration of economics is a graduated 
approach. All regulations would be subject to a minimal analysis of economic 
effects. Only in cases where impacts are likely to be large do we recommend that 
Board staff conduct a detailed analysis of economic impacts. Another goal of this 
study is to provide guidelines for the conduct of such detailed analyses. 

In any case, our procedure would require Board staff to report their view as to 
the economic effects of regulation. Such a statement would include a listing of 
the affected parties, the public's reported cost of compliance, a statement of what 
the Board staff thinks the costs are likely to be (especially in cases where they 
have conducted independent analysis), a statement of the goals to be achieved by 
the proposed regulation and an explicit consideration of these goals given the 
costs (i.e, at least a statement that "the Board believes that $X)( million represents 
a reasonable expenditure to achieve YY.") This description would include the 
types and numbers of beneficiaries, and an identification of other investments 
beyond those resulting from the regulation that are needed to produce the 
beneficial uses. 

A large portion of this study concerns the question of how economic impacts 
should be measured. Some impacts of water quality regulation are 
straightforward. Discharge restrictions can increase costs of production, raise 
prices and result in profit losses to producers and surplus losses to consumers. In 
many cases, however, such measures will not capture the full range of impacts of 
regulation. We present a detailed conceptual analysis of the economics of water 
quality regulation that shows such interventions may result in employment 
effects, changes in competitive conditions in various markets, relocation of firms 
to areas outside California, lost flexibility and ability to adapt to changing 
conditions in an industry, reduced quality of service provided by local 
governments, and even bankruptcy. 

It is hoped that our recommended approach to consideration of economics under 
Porter-Cologne will increase the transparency of rulemaking. Far from being 
anti-regulatory, it is our view that increased use of economics will help avoid the 
legal and political conflicts that have adversely affected recent water quality 
protection efforts in the state. 
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Appendix 

Technical Issues 

Effective Modeling of the Risk Generation Process 

Water quality regulations frequently aim to reduce risk to the health of humans 
and wildlife. Much of the literature on risk analyzes financial risk, and modeling 
environmental health risks requires its own framework that is interdisciplinary 
in nature and takes into account the scientific knowledge on the processes that 
threaten the health and survival of living system. Such a framework would 
introduce the study of public health and is used in the process of risk assessment 
by environmental agencies (Bogen). Lichtenberg and Zilberman have developed 
an economic decision-making framework that utilizes the risk-generation model 
of the risk assessment literature. 

In our context, risk is defined as probability that a member of a population will 
die or get ill during a certain period of time. For example, it may be the 
probability of deaths from drinking water during a season. The key element in 
the risk assessment literature is the risk-generation function which presents this 
risk as a final product of several processes, including contamination (which is a 
disposal of waste product or toxic material to a body of water at certain locations 
and given points in time), transfer and fate (which is the process of movement of 
contaminants over a space in time), exposure (the intake of toxic materials by 
vulnerable species, and dose-response (the measure of vulnerability to the toxic 
material that can be affected by treatment). Each of these processes can be 
affected by policies: 

Contamination  is affected by pollution control incentives and regulation. For 
example, the amount of animal waste that can reach a body of water can be 
reduced by barriers imposed by law or by incentives that may reduce population 
size or lead to a better containment of waste material. 

Transfer and fate  may be affected by barriers (including dams, walls, nets, and 
filters) that may be built in a response to incentives that may vary over time. 

Exposure  is determined the behavior of the vulnerable species and can be 
affected by infrastructure (filtering facilities to protect water quality), and extra 
caution (by consuming alternative sources of water (including bottled water) that 
may be induced by policy and by wearing protective clothing to reduce dermal 
exposure). 

Dose response  is the vulnerability to dosage varies among individuals according 
to weight, health, and can be affected by medical treatment. 
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Each element of the risk-generation process is subject to variability. The sources 
of variability may be randomness, for example, the contamination and transfer 
and fate processes are highly influenced by weather conditions. The variability 
may be the result of heterogeneity. For example, the dose-response process 
depends on the characteristic of individuals involved. Furthermore, the policy 
analyst doesn't have full information about the parameters governing these four 
processes. The uncertainty about various parameters contributes to the 
variability of the risk estimates. Formally, if R is risk the risk generation function 
is 

R = f 1 (X„E,)* f2 (X 2 ,E2 ) * f3 (X 3 ,E3 ) * f4 (X,,E.4 ) 

where f ,(X,,e 1 ) is the contamination component, and it is a function of pollution 
control policies denoted by and the random element e, . Similarly, 
f2(•,•),f3 (•,•), and f4 (•,•) denote the transfer and fate, exposure, and dose response 
elements of the risk generation function, respectively. 

Quantitative risk assessment generates estimates of risk with certain degrees of 
variability. These estimates may be the expected value of the risk or a certain 
point of the risk distribution. For example, one estimate of risk is the probability 
of deaths of members of the population that would occur with a probability 
smaller than 5 percent. Lichtenberg and Zilberman suggested that frequently 
government agencies establish environmental polices that minimize the risk with 
a certain degree of reliability given a cost constraint. The cost of the regulation is 
a function of the policy measures denoted by C(X 1 , X2 , X3 , X 4 ) . In this 
formulation, R denote the level of risk contained with a probability a , and C is 
the upper limit of regulatory cost. The optimization problem is 

min Pr[(R < 	oc] 
fi,x,,x,,x,,x, 

subject to C(X,, X2  X3  , X4  ) 5 C 

With this formulation, there is a tradeoff between the degree of reliability of the 
containment of the risk and the upper bound imposed on risk with this reliability 
factor. Namely, there is a tradeoff between R and a . Higher cost constraint e is 
likely to reduce the upper bound of risk R for any degree of reliability. 

The Importance of Consistency in Risk Regulation 

Economic analysis requires a significant amount of judgment and creativity in 
designing and implementing assessment procedures, but one must avoid 
arbitrary choices in doing so. The same set of problems should be analyzed 
using the same procedures and decision criteria. For example, the same 
techniques should be used to assess nonmarket benefits and nonmarket costs. If 
hedonic prices are used to assess the cost of loss of a certain category of 
environmental amenities, they should also be used to assess benefits of gaining 
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the same category of environmental amenities. Similarly, when risk estimates 
are derived, they will be obtained with the same degree of statistical significance. 

Since much of the water quality regulations are aimed to control a random and 
risky outcome, it is important that the modeling of the risk-generating process in 
various applications will be consistent. The estimators of the parameters of the 
risk generation process (i.e., the parameters of contamination, transfer and fate, 
exposure, dose/response, etc.) are shrouded with a high degree of uncertainty. 
Frequently, policy analysts may not use the expected value of the unknown 
parameter as an estimate, but rather a value at the tail of the distribution, that has 
a very low likelihood to be exceeded. 

For example, the value of the 95 th  percentile of the distributions of the exposure 
and dose/response parameters may be used to compute a risk estimator. This 
will lead to high estimators of risk. When the policymakers are not aware of the 
estimation approach, these high values will lead to strict regulation. Thus 
conservative estimation techniques are leading to "creeping safety" (Bogen). It is 
useful to require the technical risk estimates to be used in policy analysis will be 
consistent in the sense that they will present the same point at the final risk 
distribution. For example, if policymakers are more comfortable to use the 95 th  
percentile of the overall risk distribution as an estimator of risk, so be it as long 
as all studies are using the same point of the risk distribution. 

The treatment of risk estimates is related to another important policy choice 
regarding the design of water quality regulations addressing risky outcome. 
Policymakers sometimes may apply the so-called "precautionary principle," and 
establish regulation to eliminate all risk or reduce the likelihood of risk to a 
negligible level. Since one cannot avoid risk, an attempt to eliminate risk may 
result in high economic cost and may generate new risks. For example, Cash 
showed that banning pesticides that are used in the production of fruits and 
vegetables may reduce worker safety and food safety risk, but reducing the 
supply of fruits and vegetables affect the diet of poor consumers negatively and 
increase the risk of heart attack and cancer. Thus, the net effect of this regulation 
may be actually to increase risk. 

Discounting 

The impact of water quality regulations may last over a long period of time, thus 
it is especially important to have weighted indicators that account for temporal 
differences. Discounting is used for this purpose and the net present value 
(NPV) of any benefit or cost category is a sum of the benefit and cost discounted. 
For example, the measure of producer surplus in our analysis is the NPV of 
producers' surplus over a period of time. Let PS, define the temporal producer 
surplus at period t, PS, which is the net value of producer surplus, is: 

PS 	PS, 	PS, 	PS  
PS = PS + 	+ + 	 + 	

,,  

1 + r (l-t-r)2 (l+ r)3 	0 +Oa  
where r is the interest rate. The choice of this discount rate matters. Higher 
discount rates reduce weight given to future stream or benefits or cost. Thus, if 
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the costs of building a dam are immediate and the benefits are far into the future, 
the transition from a discount rate of 6 percent to 10 pecent may lead to a 
transition from a positive NPV that support undertaking the project to a negative 
NPV that suggests that the project is not economically efficient and, from an 
economy perspective, it is better that money will be spent on other projects. 

The interest rate reflects human impatience and preference to consumers sooner 
rather than later, and the productivity of assets that results from investment 
choices. The interest rate is an equilibrium outcome reflecting a balance between 
the demand of borrowers and the supply of lenders. In reality there are many 
interest rates reflecting different conditions and contingency associated with 
various loans and investments. In assessing water quality regulations we have to 
distinguish between the interest rate used to assess the NPV of a firm that has to 
invest in pollution control equipment and the social benefit from improved 
environmental conditions over time. When considering the interest costs of a 
specific firm, one has to use the interest rate that the firm is paying. A risk-free 
interest rate paid or received by consumers is appropriate for discounting 
consumer benefits over time. If the benefits are projected in nominal terms and 
one expects inflation, the interest rate should be the real interest rate (a risk-free 
interest rate paid to consumers for savings accounts or government bonds) plus 
the rate of inflation. For example, an appropriate interest rate for the period 2000- 
2004 is between 5 percent and 6 percent. The real interest rate for consumer was 
about 4 percent with a 2 percent inflation rate. 

Recent studies have shown that consumers' behavior frequently is not consistent 
with assuming a uniform interest rate that applies to choices of different 
duration. People behave in a mariner consistent with hyperbolic discounting. 
Namely the interest rate declines over time. People are more willing to delay 
consumption from tomorrow to the next day than from today to tomorrow. We 
do not have sufficient empirical information to operationalize this concept. 
However, it suggests that the benefits in the far future should be evaluated with 
a lower interest rate than benefits in the short term. 

Sensitivity Analysis 

Impact assessment is not a precise science, especially given the high degree of 
variability resulting from the macroeconomic cycles, political uncertainty, 
randomness of weather, and the uncertainty about human behavior and the 
value of key parameters that drive the system. Therefore, it is important to 
investigate the robustness of results of economic analysis to changes in value of 
key parameters. That suggests that economic analysis will result in computerized 
routines that can be modified and easily adjusted to conduct sensitivity analysis. 
Several aspects of the systems should be emphasized in the sensitivity analysis. 

Sensitivity of results to specification of cost and demand parameters.  Policies 
with a strong effect on the private sector are likely to impact the economy 
through their impacts on the welfare of both consumers and producers, and both 
depend on the specifications of demand and supply functions of various goods. 
In these situations the robustness of the water quality regulation is likely to 
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depend to a large extent on the sensitivity of results to demand and cost 
parameters. 

Sensitivity of results to assumptions of value to statistical life and risk 
parameters.  The main purpose of water quality regulations is to reduce human 
and environmental health risks and their costs. Policymakers need to have some 
estimate on the likelihood that proposed regulation will reach their objectives 
and, if not, what can be done about it. 

Discountin and treatment of ca ital ex enditure. The impact of regulation 
overall and on the affected industries depends to a large extent on the treatment 
of discount factors' use and how capital expenditures are treated. That is 
especially the case in projects with long economic life and where large 
investment are taken early in life of the project. 

Underlying economic conditions.  The macroeconomy has been recognized as the 
main driver of some of the more export-oriented sectors of the California 
economy. The demands of all sectors of water depend on the macroeconomic 
conditions and precipitation. Comparative analysis that will present estimates of 
sensitivity of outcomes to macroeconomic conditions will allow us to identify 
situations where the performance will be problematic and suggests what to do 
about it. 
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Preface

Stormwater runoff from the built environment remains one of the great challenges of

modern water pollution control as this source of contamination is a principal contributor to

water quality impairmentof waterbodies nationwide. In addition to entrainment of chemical and

microbial contaminants as stormwater runs over roads rooftops and compacted land stormwater

discharge poses a physical hazard to aquatic habitats and stream function owing to the increase

in water velocity and volume that inevitably result on a watershed scale as many individually

managed sources are combined. Given the shift of the worlds population to urban settings and

that this trend is expected to be accompanied by continued wholesale landscape alteration to

accommodate population increases the magnitude of the stormwater problem is only expected to

grow.

In recognition of the need for improved control measures in 1987 the U.S. Congress

mandated the U.S. Environmental Protection Agency EPA under amendments to the Clean

Water Act to control certain stormwater discharges under the National Pollutant Discharge

Elimination System. In response to this federal legislation a permitting program was put in

place by EPA as the Phase I 1990 and Phase II 1999 stormwater regulations which together

set forth requirements for municipal separate storm sewer systems and industrial activities

including construction. The result of the regulatory program has been identification of hundreds

of thousands of sources needing to be permitted which has put a strain on EPA and state

administrative systems for implementation and management. At the same time achievement of

water quality improvement as a result of the permit requirements has remained an elusive goal.

To address the seeming intractability of this problem the EPA requested that the

National Research Council NRC review its current permitting program for stormwater

discharge under the Clean Water Act and provide suggestions for improvement. The broad goals

of the study were to better understand the links between stormwater pollutant discharges and

ambient water quality to assess the state of the science of stormwater management and to make

associated policy recommendations. More specifically the study was asked to

1 Clarifythe mechanisms by which pollutants in stormwater discharges affect ambient

water quality criteria and define the elements of a protocol to link pollutants in stormwater

discharges to ambient water quality criteria.

2 Consider how useful monitoring is for both determining the potential of a discharge

to contribute to a water quality standards violation and for determining the adequacy of

stormwater pollution prevention plans. What specific parameters should be monitored and when

and where What effluent limits and benchmarks are needed to ensure that the discharge does

not cause or contribute to a water quality standards violation

PREPUBLICATION
Vii

Copyright National Academy of Sciences. All rights reserved.

RB-AR16879



Urban Stormwater Management in the United States

http/twww.nap.edu/catalog/12465.html

viii Preface

3 Assess and evaluate the relationship between different levels of stormwater pollution

prevention plan implementation and in-stream water quality considering a broad suite of best

management practices BMPs.

4 Make recommendations for how to best stipulate provisions in stormwater permits to

ensure that discharges will not cause or contribute to exceedances of water quality standards.

This should be done in the context of general permits. As a part of this task the committee will

consider currently available information on permit and program compliance.

5 Assess the design of the stormwater permitting program implemented under the Clean

Water Act.

There are a number of related topics that one might expect to find in this report that are

excluded because EPA requested that the study be limited to problems addressed by the

agencys stormwater regulatory program. Specifically nonpoint source pollution from

agricultural runoff septic systems combined sewer overflows sanitary sewer overflows and

concentrated animal feeding operations are not addressed in this
report.

In addition alteration of

the urban base-flow hydrograph from a number of causes that are not directly related to storm

events e.g. interbasin transfers of water leakage from water supply pipes lawn irrigation and

groundwater withdrawals is a topic outside the scope of the report and therefore not included in

any depth.

In developing this report the committee benefited
greatly

from the advice and input of

EPA representatives including Jenny Molloy Linda Boornazian and Mike Borst

representatives from the City of Austin representatives from King County Washington and the

City of Seattle and representatives from the Irvine Ranch Water District. The committee heard

presentations by many of these individuals in addition to Chris Crockett City of Philadelphia

Water Department Pete LaFlamme and Mary Borg Vermont Department of Environmental

Conservation Michael Barrett University of Texas at Austin Roger Glick City of Austin

Michael Piehler UNC Institute of Marine Sciences Keith Stolzenbach UCLA Steve Burges

University of Washington Wayne Huber Oregon State University Don Theiler King County

Charlie Logue Clean Water Services Hillsboro Oregon Don Duke Florida Gulf Coast

University Mike Stenstrom UCLA Gary Wolff California Water Board Paula Daniels City of

Los Angeles Public Works Mark Gold Heal the Bay Geoff Brosseau California Stormwater

Quality Association Steve Weisberg Southern California Coastal Water Research Project Chris

Crompton Southern California Stormwater Monitoring Coalition David Beckman NRDC and

Eric Strecker GeoSyntec. We also thank all those stakeholders who took time to share with us

their perspectives and wisdom about the various issues affecting stormwater.

The committee was fortunate to have taken several field trips in conjunction with

committee meetings. The following individuals are thanked for their
participation

in organizing

and guiding these trips Austin Kathy Shay Mike Kelly Matt Hollon Pat Hartigan Mateo

Scoggins David Johns and Nancy McClintock Seattle Darla Inglis Chris May Dan Powers
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Scott Bawden Nat Scholz John Incardona Kate McNeil Bob Duffner Curt Crawford and Los

Angeles Peter Postlmayr Matthew Keces Alan Bay and Sat Tamarieuchi.

Completion of this report would not have been possible without the Herculean efforts of

project study director Laura Ehlers. Her powers to organize probe synthesize and keep the

committee on track with completing its task were simplyremarkable. Meeting logistics and

travel arrangements were ably assisted by Ellen De Guzman and Jeanne Aquilino.

This report has been reviewed in draft form by individuals chosen for their diverse

perspectives and technical expertise in accordance with procedures approved by the NRCs

Report Review Committee. The purpose of this independent review is to provide candid and

critical comments that will assist the institution in making its published report as sound as

possible and to ensure that the
report meets institutional standards for objectivity evidence and

responsiveness to the study charge. The review comments and draft manuscript remain

confidential to protect the integrity of the deliberative process. We wish to thank the following

individuals for their review of this report Michael Barrett University of Texas Bruce Ferguson

University of Georgia James Heaney University of Florida Daniel Medina CH2MHILL

Margaret Palmer University of Maryland Chesapeake Biological Laboratory Kenneth Potter

University of Wisconsin Joan Rose Michigan State University Eric Strecker Geosyntec

Consultants and Bruce Wilson Minnesota Pollution Control Agency.

Although the reviewers listed above have provided many constructive comments and

suggestions they were not asked to endorse the conclusions and recommendations nor did they

see the final draft of the report before its release. The review of this
report was overseen by

Michael Kavanaugh Malcolm Pirnie Inc. and Richard Conway Union Carbide Corporation

retired. Appointed by the NRC they were responsible for making certain that an independent

examination of this report was carried out in accordance with institutional procedures and that all

review comments were carefully considered. Responsibility for the final content of this
report

rests entirely
with the authoring committee and institution.

Claire Welty

Committee Chair
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Summary

Urbanization is the changing of land use from forest or agricultural uses to suburban and

urban areas. This conversion is proceeding in the United States at an unprecedented pace and

the majority of the countrys population now lives in suburban and urban areas. The creation of

impervious surfaces that accompanies urbanization profoundly affects how water moves both

above and below ground during and following storm events the quality of that stormwater and

the ultimate condition of nearby rivers lakes and estuaries.

The National Pollutant Discharge Elimination System NPDES program under the Clean

Water Act CWA is the primary federal vehicle to regulate the quality of the nations

waterbodies. This program was initially developed to reduce pollutants from industrial process

wastewater and municipal sewage discharges. These point sources were known to be responsible

for poor often drastically degraded conditions in receiving waterbodies. They were easily

regulated because they emanated from identifiable locations such as pipe outfalls. To address

the role of stormwater in causing or contributing to water quality impairments in 1987 Congress

wrote Section 402p of the CWA bringing stormwater control into the NPDES program and in

1990 the U.S. Environmental Protection Agency EPA issued the Phase I Stormwater Rules.

These rules require NPDES permits for operators of municipal separate storm sewer systems

MS4s serving populations over 100000 and for runoff associated with industry including

construction sites five acres and
larger.

In 1999 EPA issued the Phase II Stormwater Rule to

expand the requirements to small MS4s and construction sites between one and five acres in size.

With the addition of these regulated entities the overall NPDES program has grown by

almost an order of magnitude. EPA estimates that the total number of permittees under the

stormwater program at any time exceeds half a million. For comparison there are fewer than

100000 non-stormwater meaning wastewater permittees covered by the NPDES program. To

manage the large number of permittees the stormwater program relies heavily on the use of

general permits to control industrial construction and Phase II MS4 discharges. These are

usually statewide one-size-fits-all permits in which general provisions are stipulated.

To comply with the CWA regulations industrial and construction permittees must create

and implement a stormwater pollution prevention plan and MS4 permittees must implement a

stormwater management plan. These plans documents the stormwater control measures SCMs
sometimes known as best management practices or BMPs that will be used to prevent

stormwater emanating from these sources from degrading nearby waterbodies. These SCMs

range from structural methods such as detention ponds and bioswales to nonstructural methods

such as designing new development to reduce the percentage of impervious surfaces.

A number of problems with the stormwater program as it is currently implemented have

been recognized. First there is limited information available on the effectiveness and longevity

of many SCMs thereby contributing to uncertainty in their performance. Second the

requirements for monitoring vary depending on the regulating entity
and the type of

activity. For

example a subset of industrial facilities must conduct benchmark monitoring and the results

often exceed the values established by EPA or the states but it is unclear whether these

exceedances provide useful indicators of potential water quality problems. Finally state and

local stormwater programs are plagued by a lack of resources to review stormwater pollution

1
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prevention plans and conduct regular compliance inspections. For all these reasons the

stormwater program has suffered from poor accountability and uncertain effectiveness at

improving the quality of the nations waters.

In light of these challenges EPA requested the advice of the National Research Councils

Water Science and Technology Board on the federal stormwater program considering all entities

regulated under the program i.e. municipal industrial and construction. The following

statement of task guided the work of the committee

1 Clarifythe mechanisms by which
pollutants

in stormwater discharges affect ambient water

quality criteria and define the elements of a protocol to link pollutants in stormwater

discharges to ambient water quality criteria.

2 Consider how useful monitoring is for both determining the potential of a discharge to

contribute to a water quality standards violation and for determining the adequacy of

stormwater pollution prevention plans. What specific parameters should be monitored

and when and where What effluent limits and benchmarks are needed to ensure that the

discharge does not cause or contribute to a water quality standards violation

3 Assess and evaluate the relationship between different levels of stormwater pollution

prevention plan implementation and in-stream water quality considering a broad suite of

SCMs.

4 Make recommendations for how to best
stipulate provisions in stormwater permits to ensure

that discharges will not cause or contribute to exceedances of water quality standards.

This should be done in the context of general permits. As a part
of this task the

committee will consider currently available information on permit and program

compliance.

5 Assess the design of the stormwater permitting program implemented under the CWA.

Chapter 2 of this report presents the regulatory history of stormwater control in the

United States focusing on relevant portions of the CWA and the federal and state regulations

that have been created to implement the Act. Chapter 3 reviews the scientific aspects of

stormwater including sources of pollutants in stormwater how stormwater moves across the

land surface and its impacts on receiving waters. Chapter 4 evaluates the current industrial and

MS4 monitoring requirements and it considers the multitude of models available for linking

stormwater discharges to ambient water quality. Chapter 5 considers the vast suite of both

structural and nonstructural measures designed to control stormwater and reduce its pollutant

loading to waterbodies. In Chapter 6 the limitations and possibilities associated with a new

regulatory approach are explored as are those of a more traditional but enhanced scheme. This

new approach which rests on the broad foundation of correlative studies demonstrating the

effects of urbanization on aquatic ecosystems would reduce the impact of stormwater on

receiving waters beyond any efforts currently in widespread practice.

THE CHALLENGE OF REGULATING STORMWATER

Although stormwater has been long recognized as contributing to water quality

impairment the creation of federal regulations to deal with stormwater quality has occurred only

in the last 20 years. Because this longstanding environmental problem is being addressed so late
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Summary 3

in the development and management of urban areas the laws that mandate better stormwater

control are generally incomplete and are often in conflict with state and local rules that have

primarily stressed the flood control aspects of stormwater management i.e. moving water away

from structures and cities as fast as possible. Many prior investigators have observed that

stormwater discharges would ideally be regulated through direct controls on land use strict

limits on both the quantity and quality of stormwater runoff into surface waters and rigorous

monitoring of adjacent waterbodies to ensure that they are not degraded by stormwater

discharges. Future land-use development would be controlled to minimize stormwater

discharges and impervious cover and volumetric restrictions would serve as proxies for

stormwater loading from many of these developments. Products that contribute pollutants

through stormwater-likede-icing materials fertilizers and vehicular exhaust-would be

regulated at a national level to ensure that the most environmentally benign materials are used.

Presently however the regulation of stormwater is hampered by its association with a

statute that focuses primarily on specific pollutants and ignores the volume of discharges. Also

most stormwater discharges are regulated on an individualized basis without accounting for the

cumulative contributions from multiple sources in the same watershed. Perhaps most

problematic is that the requirements governing stormwater dischargers leave a great deal of

discretion to the dischargers themselves in developing stormwater pollution prevention plans and

self-monitoring to ensure compliance. These problems are exacerbated by the fact that the dual

responsibilities
of land-use planning and stormwater management within local governments are

frequently decoupled.

EPAs current approach to regulating stormwater is unlikely to produce an

accurate or complete picture of the extent of the problem nor is it likely to adequately

control stormwaters contribution to waterbody impairment. The lack of rigorousend-of-pipemonitoring coupled with EPAs failure to use flow or alternative measures for regulating

stormwater make it difficult for EPA to develop enforceable requirements for stormwater

dischargers. Instead the stormwater permits leave a great deal of discretion to the regulated

community to set their own standards and to self-monitor. Current statistics on the states

implementation of the stormwater program discharger compliance with stormwater

requirements and the ability of states and EPA to incorporate stormwater permits with Total

MaximumDaily Loads are uniformly discouraging. Radical changes to the current regulatory

program see Chapter 6 appear necessary to provide meaningful regulation of stormwater

dischargers in the future.

Flow and related parameters like impervious cover should be considered for use as

proxies for stormwater pollutant loading. These analogs for the traditional focus on the

discharge of pollutants have great potential as a federal stormwater management tool

because they provide specific and measurable targets while at the same time they focus

regulators on water degradation resulting from the increased volume as well as increased

pollutant loadings in stormwater runoff. Without these more easily measured parameters for

evaluating the contribution of various stormwater sources regulators will continue to struggle

with enormously expensive and potentially technically impossible attempts to determine the

pollutant loading from individual dischargers or will rely too heavily on unaudited and largely

ineffective self-reporting self-policing and paperwork enforcement.
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EPA should engage in much more vigilant regulatory oversight in the national

licensing of products that contribute significantly to stormwater pollution. De-icing

chemicals materials used in brake linings motor fuels asphalt sealants fertilizers and a variety

of other products should be examined for their potential contamination of stormwater. Currently

EPA does not apparently utilize its existing licensing authority to regulate these products in a

way that minimizestheir contribution to stormwater contamination. States can also enact

restrictions on or tax the application of pesticides or other particularly toxic products. Even local

efforts could ultimately help motivate broader scale federal restrictions on particular products.

The federal government should provide more financial support to state and local

efforts to regulate stormwater. State and local governments do not have adequate financial

support to implement the stormwater program in a rigorous way. At the very least Congress

should provide states with financial support for engaging in more meaningful regulation of

stormwater discharges. EPA should also reassess its allocation of funds within the NPDES

program. The agency has traditionally directed funds to focus on the reissuance of NPDES

wastewater permits while the present need is to advance the NPDES stormwater program

because NPDES stormwater permittees outnumber wastewater permittees more than five fold

and the contribution of diffuse sources of pollution to degradation of the nations waterbodies

continues to increase.

EFFECTS OF URBANIZATION ON WATERSHEDS

Urbanization causes change to natural systems that tends to occur in the following

sequence. First land use and land cover are altered as vegetation and topsoil are removed to

make way for agriculture or subsequently buildings roads and other urban infrastructure.

These changes and the introduction of a constructed drainage network alter the hydrology of the

local area such that receiving waters in the affected watershed experience radically different

flow regimes than
prior

to urbanization. Nearly all of the associated problems result from one

underlying cause loss of the water-retaining and evapotranspirating functions of the soil and

vegetation in the urban landscape. In an undeveloped area rainfall typically infiltrates into the

ground surface or is evapotranspirated by vegetation. In the urban landscape these processes of

evapotranspiration and water retention in the soil are diminished such that stormwater flows

rapidly across the land surface and arrives at the stream channel in short concentrated bursts of

high discharge.
This transformation of the hydrologic regime is a wholesale reorganization of the

processes of runoff generation and it occurs throughout the developed landscape. When
combined with the introduction of pollutant sources that accompany urbanization such as lawns

motor vehicles domesticated animals and industries these changes in hydrologyhave led to

water quality and habitat degradation. in virtually all urban streams.

The current state of the science has documented the characteristics of stormwater runoff

including its quantity and quality from many different land covers as well as the characteristics

of dry weather runoff. In addition many correlative studies show how parameters co-vary in

important but complex and poorly understood ways e.g. changes in macroinvertebrate or fish

communities associated with watershed road density or the percentage of impervious cover.

Nonetheless efforts to create mechanistic links between population growth land-use change

hydrologic alteration geomorphic adjustments chemical contamination in stormwater disrupted
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energy flows and biotic interactions and changes in ecological communities are still in

development. Despite this assessment there are a number of overarching truths that remain

poorly integrated into stormwater management decision-making although they have been

robustly characterized for more than a decade and have a strong scientific basis that reaches even

farther back through the history of published investigations.

There is a direct relationship between land cover and the biological condition of

downstream receiving waters. The possibility for the highest levels of aquatic biological

condition exists only with very light urban transformation of the landscape. Conversely the

lowest levels of biological condition are inevitable with extensive urban transformation of the

landscape commonly seen after conversion of about one-third to one-half of a contributing

watershed into impervious area. Although not every degraded waterbody is a product of intense

urban development all highly urban watersheds produce severely degraded receiving waters.

The protection of aquatic life in urban streams requires an approach that

incorporates all stressors. Urban Stream Syndrome reflects a multitude of effects caused by

altered hydrology in urban streams altered habitat and polluted runoff. Focusing on only one of

these factors is not an effective management strategy. For example even without noticeably

elevated pollutant concentrations in receiving waters alterations in their hydrologic regimes are

associated with impaired biological condition. More comprehensive biological monitoring of

waterbodies will be critical to better understanding the cumulative impacts of urbanization on

stream condition.

The full distribution and sequence of flows i.e. the flow regime should be taken

into consideration when assessing the impacts of stormwater on streams. Permanently

increased stormwater volume is only one aspect of an urban-altered storm hydrograph. It

contributes to high in-stream velocities which in turn increase streambank erosion and

accompanying sediment pollution of surface water. Other hydrologic changes however include

changes in the sequence and frequency of high flows the rate of rise and fall of the hydrograph

and the season of the year in which high flows can occur. These all can affect both the physical

and biological conditions of streams lakes and wetlands. Thus effective hydrologic mitigation

for urban development cannot just aim to reduce post-development peak flows to

predevelopment peak flows.

Roads and parking lots can be the most significant type of land cover with respect to

stormwater. They constitute as much as 70 percent of total impervious cover in ultra-urban

landscapes and as much as 80 percent of the directly connected impervious cover. Roads tend to

capture and export more stormwater pollutants than other land covers in these highly impervious

areas especially in regions of the country having mostly small rainfall events. As rainfall

amounts become larger pervious areas in most residential land uses become more significant

sources of runoff sediment nutrients and landscaping chemicals. In all cases directly

connected impervious surfaces roads parking lots and roofs that are directly connected to the

drainage system produce the first runoff observed at a storm-drain inlet and outfall because their

travel times are the quickest.
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MONITORING AND MODELING

The stormwater monitoring requirements under the EPA Stormwater Program are

variable and generally sparse which has led to considerable skepticism about their usefulness.

This
report

considers the amount and value of the data collected over the years by municipalities

which are substantial on a nationwide basis and by industries and it makes suggestions for

improvement. The MS4 and particularly the industrial stormwater monitoring programs suffer

from a paucity of data from inconsistent sampling techniques and from requirements that are

difficult to relate to the compliance of individual dischargers.
For these reasons conclusions

about stormwater management are usually made with incomplete information. Stormwater

management would benefit most substantially
from a well-balanced monitoring program that

encompasses chemical biological and physical parameters from outfalls to receiving waters.

Many processes connect sources of
pollution to an effect observed in a downstream

receiving water-processes that can be represented in watershed models which are the key to

linking stormwater dischargers to impaired receiving waters. The report explores the current

capability
of models to make such links including simple models and more involved mechanistic

models. At the present time stormwater modeling has not evolved enough to consistently say

whether a particular discharger can be linked to a specific waterbody impairment. Some

quantitative predictions can be made particularly those that are based on well-supported causal

relationships of a variable that responds to changes in a relatively simple driver e.g. modeling

how a runoff hydrograph or pollutant loading change in response to increased impervious land

cover. However in almost all cases the uncertainty in the modeling and the data including its

general unavailability the scale of the problems and the presence of multiple stressors in a

watershed make it difficult to assign to any given source a specific contribution to water quality

impairment.

Because of a 10-year effort to collect and analyze monitoring data from MS4s

nationwide the quality of stormwater from urbanized areas is well characterized. These

results come from many thousands of storm events systematically compiled and widely

accessible they form a robust dataset of utility to theoreticians and practitioners alike. These

data make it possible to accurately estimate stormwater pollutant concentrations from various

land uses. Additional data are available from other stormwater permit holders that were not

originally included in the database and from ongoing projects and these should be acquired to

augment the database and improve its value in stormwater management decision-making.

Industryshould monitor the quality of stormwater discharges from certain critical

industrial sectors in a more sophisticated manner so that permitting authorities can better

establish benchmarks and technology-based effluent guidelines. Many of the benchmark

monitoring requirements and effluent guidelines for certain industrial subsectors are based on

inaccurate and old information. Furthermore there has been no nationwide compilation and

analysis of industrial benchmark data as has occurred for MS4 monitoring data to better

understand
typical stormwater concentrations of pollutants from various industries.

Continuous flow-weighted sampling methods should replace the traditional

collection of stormwater data using grab samples. Data obtained from too few grab samples

are highly variable particularly
for industrial monitoring programs and subject to greater
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uncertainly because of experimenter error and poor data-collection practices. In order to use

stormwater data for decision making in a scientifically defensible fashion grab sampling should

be abandoned as a credible stormwater sampling approach for virtually all applications. It

should be replaced by more accurate and frequent continuous sampling methods that are flow

weighted. Flow-weighted composite monitoring should continue for the duration of the rain

event. Emerging sensor systems that provide high temporal resolution and real-timeestimates

for specific pollutants should be further investigated with the aim of providing lower costs and

more extensive monitoring systems to sample both streamflow and constituent loads.

Watershed models are useful tools for predicting downstream impacts from

urbanization and designing mitigation to reduce those impacts but they are incomplete in

scope and do not offer definitive causal links between polluted discharges and downstream

degradation. Every model simulates only a subset of the multiple interconnections between

physical chemical and biological processes found in any watershed and they all use a grossly

simplified representation of the true spatial and temporal variability of a watershed. To speak of

a comprehensive watershed model is thus an oxymoron because the science of stormwater is

not sufficiently far advanced to determine causality between all sources resulting stressors and

their physical chemical and biological responses. Thus it is not yet possible to create a

protocol that mechanistically links stormwater dischargers to the quality of receiving waters.

The utility of models with more modest goals however can still be high-as long as the

questions being addressed by the model are in fact relevant and important to the functioning of

the watershed to which that model is being applied and sufficient data are available to calibrate

the model for the processes included therein.

STORMWATER MANAGEMENT APPROACHES

A fundamental component of EPAs stormwater program is the creation of stormwater

pollution prevention plans that document the SCMs that will be used to prevent the permittees

stormwater discharges from degrading local waterbodies. Thus a consideration of these

measures-their effectiveness in meeting different goals their cost and how they are

coordinated with one another-is central to any evaluation of the stormwater program. The

statement of task asks for an evaluation of the relationship between different levels of stormwater

pollution prevention plan implementation and in-stream water quality. Although the state of

knowledge has yet to reveal the mechanistic links that would allow for a full assessment of that

relationship enough is known to design systems of SCMs on a site-scale or local watershed

scale that can substantially reduce the effects of urbanization.

The characteristics applicability goals effectiveness and cost of nearly 20 different

broad categories of SCMs to treat the
quality

and quantity of stormwater runoff are discussed in

Chapter 5 organized as they might be applied from the rooftop to the stream. SCMs when

designed constructed and maintained correctly have demonstrated the ability to reduce runoff

volume and peak flows and to remove pollutants. A multitude of case studies illustrates the use

of SCMs in specific settings and demonstrates that a particular SCM can have a measurable

positive effect on water quality or a biological metric. However the implementation of SCMs at

the watershed scale has been too inconsistent and too recent to be able to definitively link their

PREPUBLICATION

Copyright National Academy of Sciences. All rights reserved.

RB-AR16891



Urban Stormwater Management in the United States

http//www.nap.edu/catalog/12465.htmi

8 Urban Storm water Management in the United States

performance to the prolonged sustainment-at the watershed level-of receiving water quality

in-stream habitat or stream geomorphology.

Individual controls on stormwater discharges are inadequate as the sole solution to

stormwater in urban watersheds. SCM implementation needs to be designed as a system

integrating structural and nonstructural SCMs and incorporating watershed goals site

characteristics development land use construction erosion and sedimentation controls

aesthetics monitoring and maintenance. Stormwater cannot be adequately managed on a

piecemeal basis due to the complexity of both the hydrologic and pollutant processes and their

effect on habitat and stream quality. Past practices of designing detention basins on a site-by-site

basis have been ineffective at protecting water quality in receiving waters and only partially

effective in meeting flood control requirements.

Nonstructural SCMs such as product substitution better site design downspout

disconnection conservation of natural areas and watershed and land-use planning can

dramatically reduce the volume of runoff and pollutant load from a new development.

Such SCMs should be considered first before structural practices. For example lead

concentrations in stormwater have been reduced by at least a factor of 4 after the removal of lead

from gasoline. Not creating impervious surfaces or removing a contaminant from the runoff

stream simplifies and reduces the reliance on structural SCMs.

SCMs that harvest infiltrate and evapotranspirate stormwater are critical to

reducing the volume and pollutant loading of small storms. Urban municipal separate

stormwater conveyance systems have been designed for flood control to protect life and property

from extreme rainfall events but they have generally failed to address the more frequent rain

events 2.5 cm that are key to recharge and baseflow in most areas. These small storms may

only generate runoff from paved areas and transport the first flush of contaminants. SCMs

designed to remove this class of storms from surface runoff runoff-volume-reductionSCMs-rainwater
harvesting vegetated and subsurface can also help address larger watershed flooding

issues.

Performance characteristics are starting to be established for most structural and

some nonstructural SCMs but additional research is needed on the relevant hydrologic

and water quality processes within SCMs across different climates and soil conditions.

Typical data such as long-term load reduction efficiencies and pollutant effluent concentrations

can be found in the International Stormwater BMP Database. However understanding the

processes involved in each SCM is in its infancy making modeling of these SCMs difficult.

Seasonal differences the time between storms and other factors all affect pollutant loadings

emanating from SCMs. Research is needed that moves away from the use of percent removal

and toward better simulation of SCM performance. Research is particularly important for

nonstructural SCMs which in many cases are more effective have longer life spans and require

less maintenance than structural SCMs. EPA should be a leader in SCM research both directly

by improving its internal modeling efforts and by funding state efforts to monitor and
report

back

on the success of SCMs in the field.
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The retrofitting of urban areas presents both unique opportunities and challenges.

Promoting growth in these areas is desirable because it takes pressure off the suburban fringes

thereby preventing sprawl and it minimizes the creation of new impervious surfaces. However

it is more expensive than Greenfields development because of the existence of infrastructure and

the limited availability and affordability of land. Both innovative zoning and development

incentives along with the careful selection SCMs are needed to achieve fair and effectivestorm-water
management in these areas. For example incentive or performance zoning could be used

to allow for greater densities on a site freeing other portions of the site for SCMs. Publicly

owned consolidated SCMs should be strongly considered as there may be insufficient land to

have small on-site systems. The performance and maintenance of the former can be overseen

more effectively by a local government entity. The types of SCMs that are used in consolidated

facilities-particularly detention basins wet/dry ponds and stormwater wetlands-perform

multiple functions such as prevention of streambank erosion flood control and large-scale

habitat provision.

INNOVATIVE STORMWATER MANAGEMENT AND REGULATORY PERMITTING

There are numerous innovative regulatory strategies that could be used to improve the

EPAs stormwater program. The course of action most likely to check and reverse degradation

of the nations aquatic resources would be to base all stormwater and other wastewater

discharge permits on watershed boundaries instead of political boundaries.Watershed-based
permitting is the regulated allowance of discharges of water and wastes borne by those

discharges to waters of the United States with due consideration of 1 the implications of those

discharges for preservation or improvement of prevailing ecological conditions in the

watersheds aquatic systems 2 cooperation among political jurisdictions sharing a watershed

and 3 coordinated regulation and management of all discharges having the potential to modify

the hydrology and water quality of the watersheds receiving waters.

Responsibility and authority for implementation of watershed-based permits would be

centralized with a municipal lead permittee working in partnership with other municipalities in

the watershed as co-permittees. Permitting authorities designated states or otherwise EPA
would adopt a minimum goal in every watershed to avoid any further loss or degradation of

designated beneficial uses in the watersheds component waterbodies and additional goals in

some cases aimed at recovering lost beneficial uses. Permittees with support by the states or

EPA would then move to comprehensive impact source analysis as a foundation for targeting

solutions. The most effective solutions are expected to lie in isolating to the extent possible

receiving waterbodies from exposure to those impact sources. In particular low-impact design

methods termed Aquatic Resources Conservation Design in this report should be employed to

the fullest extent feasible and backed by conventional SCMs when necessary.

The approach gives municipal co-permittees more responsibility with commensurately

greater authority
and funding to manage all of the sources discharging directly or through

municipally owned conveyances to the waterbodies comprising the watershed. This report also

outlines a new monitoring program structured to assess progress toward meeting objectives and

the overlying goals diagnosing reasons for any lack of progress and determining compliance by

dischargers. The proposal further includes market-based trading of credits among dischargers to
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achieve overall compliance in the most efficient manner and adaptive management to determine

additional actions if monitoring demonstrates failure to achieve objectives.

As a first
step to taking the proposed program nationwide a pilot program is

recommended that will allow EPA to work through some of the more predictable impediments to

watershed-based permitting such as the inevitable limits of an urban municipalitys authority

within a larger watershed.

Short of adopting watershed-based permitting other smaller-scale changes to the EPA
stormwater program are possible. These recommendations do not preclude watershed-based

permitting at some future date and indeed they lay the groundwork in the near term for an

eventual shift to watershed-based permitting.

Integration of the three permitting types is necessary such that construction and

industrial sites come under the jurisdiction of their associated municipalities. Federal and

state NPDES permitting authorities do not presently have and can never reasonably expect to

have sufficient personnel to inspect and enforce stormwater regulations on more than 100000

discrete point source facilities discharging stormwater. A better structure would be one where

the NPDES permitting authority empowers the MS4 permittees to act as the first tier of entities

exercising control on stormwater discharges to the MS4 to
protect

water quality. The National

Pretreatment Program EPAs successful treatment program for municipal and industrial

wastewater sources could serve as a model for
integration.

To improve the industrial construction and MS4 permitting programs in their

current configuration EPA should 1 issue guidance for MS4 industrial and construction

permittees on what constitutes a design storm for water quality purposes 2 issue guidance for

MS4 permittees on methods to identify high-risk industrial facilities for program prioritization

such as inspections 3 support the compilation and collection of quality industrial stormwater

effluent data and SCM effluent quality data in a national database and 4 develop numerical

expressions of the MS4 standard of maximum extent practicable. Each of these issues is

discussed in greater detail in Chapter 6.

Watershed-based permitting will require additional resources and regulatory program

support. Such an approach shifts more attention to ambient outcomes as well as expanded

permitting coverage. Additional resources for program implementation could come from

shifting existing programmatic resources. For example some state permitting resources may be

shifted away from
existing point source programs toward stormwater permitting. Strategic

planning and
prioritization could shift the distribution of federal and state grant and loan

programs to encourage and support more watershed-based stormwater permitting programs.

However securing new levels of public funds will likely be required. All levels of government

must recognize that additional resources may be required from citizens and businesses in the

form of taxes fees etc. in order to operate a more comprehensive and effective stormwater

permitting program.
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Chapter 1

Introduction

URBANIZATION AND ITS IMPACTS

The influence of humans on the physical and biological systems of the Earths surface is

not a recent manifestation of modern societies instead it is ubiquitous throughout our history.

As human populations have grown so has their footprint such that between 30 and 50 percent of

the Earths surface has now been transformed Vitousek et al. 1997. Most of this land area is

not covered with pavement indeed less than 10 percent of this transformed surface is truly

urban Grubler 1994. However urbanization causes extensive changes to the land surface

beyond its immediate borders particularly in ostensibly rural regions through alterations by

agriculture and forestry that support the urban population Lambin et al. 2001. Within the

immediate boundaries of cities and suburbs the changes to natural conditions and processes

wrought by urbanization are among the most radical of any human activity.

In the United States population is growing at an annual rate of 0.9 percent U.S. Census

Bureau http//www.census.gov/compendia/statab/2007edition.html the majority of the

population of the United States now lives in suburban and urban areas Figure 1-1. Because the

area appropriated for urban land uses is growing even faster these
patterns

of growth all but

guarantee that the influences of urban land uses will continue to expand over time. Cities and

suburbia obviously provide the homes and livelihood for most of the nations population. But as

this report makes clear these benefits have been accompanied by significant
environmental

change. Urbanization of the landscape profoundly affects how water moves both above and

below ground during and following storm events the quality of that stormwater defined in Box

1-1 and the ultimate condition of nearby rivers lakes and estuaries. Unlike agriculture which

can display significant interchange with forest cover over time scales of a century e.g. Hart

1968 there is no indication that once-urbanized land ever returns to a less intensive state.

Urban land however does continue to change over time by one estimate 42 percent of land

currently considered urban in the United States will be redeveloped by 2030 Brookings

Institute 2004. In their words nearly half of what will be the built environment in 2030

doesnt even exist yet p. vi. This truth belies the common belief that efforts to improve

management of stormwater are doomed to irrelevancy because so much of the landscape is

already built. Opportunities for improvement have indeed been lost but many more still await

an improved management approach.

Measures of urbanization are varied and the disparate methods of quantifying the

presence and influence of human activity tend to confound analyses of environmental effects.

Population density is a direct metric of human presence but it is not the most relevant measure

of the influence of those people on their surrounding landscape. Expressions of the built

environment most commonly road density or pavement coverage as a percentage of gross land

area are more likely to determine stormwater runoff-related consequences. An inverse metric

the percentage of mature vegetation or forest across a landscape expresses the magnitude of

related but not identical impacts to downstream systems. Alternatively these measures of land

cover can be replaced by measures of land use wherein the types of human activity e.g.
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FIGURE 1-1 Histogram of population for the United States based on 2000 census data. The median

population density is about 1000 people/km2. SOURCE Modified from Pozzi and Small 2005 who

place the rural-suburban boundary at 100 people/km2. Reprinted with permission from ASPRS 2005.

Copyright 2005 by the American Society for Photogrammetry and Remote Sensing.

BOX 1-1

What Is Stormwater

Stormwater is a term that is used widely in both scientific literatureand regulatory documents. It

is also used frequently throughout thisreport. Although all of these usages share much in common there

are important differences that benefit.from an explicit discussion.

Most broadly stormwater runoff is the. water.associated with a rain or snow storm that can be

measured in a downstream river stream ditch gutter or pipe shortly after the precipitation has reached

the ground.. What constitutes shortly depends on the size of the watershed and the efficiency of the

drainage system and a number of. techniques exist to precisely separate stormwater runoff from its more

languid counterpart baseflow. For small and highly urban watersheds the interval between rainfall and

measured stormwater discharges may be only a few minutes. For watersheds of many tens or hundreds

of square miles the lag between these two components of storm response may be hours or even a day.

From_a regulatory perspective stormwater must pass through some sort of engineered

conveyance be it a gutter a pipe or. a concrete canal. If it simply runs over the ground surface or soaks

into the soil and soon reemerges as seeps into a nearby stream it may be water generated by the storm

but It is not regulated stormwater.

This report emphasizes the first more hydrologically oriented definition.However attention is

focused mainly on that component of stormwater that emanates from thosepartsof a landscape.that

have been affected in some fashion by human. activities urban stormwater.. Mostly this includes water

that flows over the ground surface and is subsequently collected by natural channels or artificial

conveyance systems but it can also include water that has infiltrated into the ground but nonetheless

reaches a stream channel relatively rapidly and that contributes to the increased stream discharge that

commonly accompanies almost any rainfall event in a human-disturbed watershed.
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residential industrial commercial are used as proxies for the suite of hydrologic chemical and

biological changes imposed on the surrounding landscape.

All of these metrics of urbanization are strongly correlated although none can directly

substitute for another. They also are measured differently which renders one or another more

suitable for a given application. Land use is a common measure in the realm of urban planning

wherein current and future conditions for a city or an entire region are characterized using

equivalent categories across parcels blocks or broad regions. Road density can be reliably and

rapidly measured either manually or in a Geographic Information System environment and it

commonly displays a very good correlation with other measures of human activity. Land
cover however and particularly the percentage of impervious cover is the metric most

commonly used in studying the effects of urban development on stormwater because it clearly

expresses the hydrologic influence and watershed scale of urbanization. Box 1-2 describes the

ways in which the percent of impervious cover in a watershed is measured.

There is no universally accepted terminology to describe land-cover or land-use

conditions along the rural-to-urban gradient. Pozzi and. Small 2005 for example identified

rural suburban and urban land uses on the basis of population density and vegetation

cover but they did not observe abrupt transitions that suggested natural boundaries see Figure

1-1. In contrast the Center for Watershed Protection 2005 defined the same terms but used

impervious area percentage as the criterion with such labels as rural 0 to 10 percent

imperviousness suburban 10 to 25 percent imperviousness urban 25 to 60 percent

imperviousness and ultra-urban greater than 60 percent imperviousness.

Beyond the problems posed by precise yet inconsistent definitions for commonly used

words none of the boundaries specified by these definitions are reflected in either hydrologic or

ecosystem responses. Hydrologic response is strongly dependent on both land cover and

drainage connectivity e.g. Leopold 1968 ecological responses in urbanizing watersheds do

not show marked thresholds along an urban gradient e.g. Figure 1-2 and they are dependent on

not only the sheer magnitude of urban development but also the spatial configuration of that

development across the watershed Alberti et al. 2006. This report therefore uses such terms

as urban and suburban under their common usage without implying or advocating for a

more precise but ultimately limited and discipline-specific definition.

Changing land cover and land use influence the physical chemical and biological

conditions of downstream waterways. The specific mechanisms by which this influence occurs

vary from place to place and even a cursory review of the literature demonstrates that many
different factors can be important such as changes to flow regime physical and chemical

constituents in the water column or the physical form of the stream channel itself Paul and

Meyer 2001. Not all of these changes are present in any given system-lakes wetlands and

streams can be altered by human activity in many different ways each unique to the
activity

and

the setting in which it occurs. Nonetheless direct influences of land-use change on freshwater

systems commonly include the following Naiman and Turner 2000

Altering the composition and structure of the natural flora and fauna

Changing disturbance regimes

Fragmenting the land into smaller and more diverse parcels and

Changing the juxtaposition between parcel types.

PREPUBLICATION

Copyright National Academy of Sciences. All rights reserved.

RB-AR16897



Urban Stormwater Management in the United States

hftp//www.nap.edu/catalog/12465.htmi

14 Urban Storm water Management in the United States

BOX 1-2

Measures of Impervious Cover

The percentage of impervious surface. or cover in a landscape is the most frequently used

measure of urbanization. Yet this. parameter has its limitations in.part because it has not been

consistently used or defined. Most significant is the distinction between tots/impervious area TIA and

effective impervious area EIATIA is the Intuitivedefinition of imperviousness that fraction of the

watershed covered by constructed non-in filtrating surfaces such as concrete asphalt and buildings.

Hydrologically however this definition is incomplete for.two reasons. First it ignores nominallypervious

surfaces that are sufficiently compacted or otherwise so low in permeability that the rate of. runoff from them is

similaror. indistinguishable from pavement. For example IBurges and others 1998 found that the

impervious unit-area runoff was only 20 percent greater than that from pervious areas-primarily thin sodded

lawns over glacial till-in.a western Washington residential subdivision. Clearly this hydrologic contribution

cannot be ignored. entirely.

The second limitation of TIA is that it includes some paved surfaces that may contribute nothing to

the stormwater-runoff response of the downstream channel. A gazebo in the middle of parkland for

example probably will impose no hydrologic changes into the catchment except for a very localized elevation

of soil. moisture at the edge of its roof. Less obvious but still relevant would be the different downstream

consequences of rooftops that drain alternatively into a piped storm-drain system. with direct discharge into a

natural stream oronto splash blocks that disperse the runoff onto the garden or lawn ateach corner of the

building. This metric therefore cannot recognize any stormwater mitigation that may result from alternative

runoff-management strategies for. example pervious pavements or rainwater harvesting.

The firstofthese TIA limitations the production of significant runoff from nominally pervious surfaces

is typically ignored in the characterization of urban development. The reason for such an approach lies in the

difficulty in identifying such areas and estimating their contribution and because of the credible belief that the

degree to which. pervious areas shed water as overland flow should be related albeit imperfectly with. the

amount of impervious area where construction and development are more intense and cover progressively

greater fractions of the watershed it is more likely that the intervening green spaces have been stripped and

compacted during construction and only imperfectly rehabilitated for their hydrologic functions during

subsequent landscaping.

The second of these TIA limitations inclusion of non contributing impervious areas is formally

addressed through the concept of EIA defined as the impervious surfaces with direct hydraulic connection to

the downstream drainage or stream system. Thus any part of the TIA that drains onto pervious i.e.

green ground is excluded from the measurement of EIA. This parameter at least conceptually captures

the hydrologic significance of imperviousness. EIA is the parameter normally used to characterize urban

development in hydrologic models.

The direct measurement of EIA is complicated. Studies designed specifically to quantify this

parameter.. must make direct independent measurements of both TIA and EIA Alley and Veenhuis 1983
Laenen 1983. Prysch and Ebbert 1986. The results can then be generalized either as a correlation

between the two parameters or as a typical value for a given land use. Sutherland 1995 developed an

equation that describes the relationship between EIAand TIA. Its general form is

EIA A TIAB

where A.andBarea unique combination of numbers that satisfy the. following criteria

TIA 1 then EIA 0%
TIA100 then ElA100%

A commonly used version of this equation EIA 0.15 TIA1 41 was based on samples from highly

urbanized land uses in Denver Colorado Alley and Veenhuis 1983 Gregory et al. 2005. These results

however are almost certainly region- and even neighborhood-specific and although highly relevant to

watershed studies they.can be quite laborious to develop.
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Historically human-induced alteration was not universally seen as a problem. In

particular dams and other stream-channel improvements were a common activity
of municipal

and federal engineering works of the mid-20th century Williams and Wolman 1984. Flood

control implied a betterment of conditions at least for streamside residents Chang 1992. And

fisheries enhancements commonly reflected by massive infrastructure for hatcheries or

artificial spawning channels were once seen as unequivocal benefits for fish populations White

1996 Levin et al. 2001.

By. almost any currently applied metric however the net result of human alteration of the

landscape to date has resulted in a degradation of the conditions in downstream watercourses.

Many prior researchers particularly when considering ecological conditions and metrics have

recognized a crude but monotonically declining relationship between human-induced landscape

alteration and downstream conditions e.g. Figure 1-2 Homer et al. 1997 Davies and Jackson

2006. These include metrics of physical stream-channel conditions e.g. Bledsoe and Watson

2001 chemical constituents e.g. Figure 1-3 House et al. 1993 and biological communities

e.g. Figure 1-4 Steedman 1988 Wang et al. 1997.

The association between watercourse degradation and landscape alteration in general and

urban development in particular seems inexorable. The scientific and regulatory challenge of

the last three decades has been to decouple this relationship in some cases to reverse its trend

and in others to manage where these impacts are to occur.
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FIGURE 1-2 Conceptual model left and actual response right of a biological systems

response to stress. The Urban Gradient of Stressors might be a single metric of urbanization

such as percent watershed impervious or road density the Biological Indicator may besingle-metric
or multi-metric measures of the level of disturbance in an aquatic community. Theright-decliningline traces the limits of a factor-ceiling distribution Thomson et al. 1986 wherein

individual sites i.e. data points have a wide range of potential values for a given position along

the urban gradient but are not observed above a maximum possible limit of the biological index.

The right-hand graph illustrates actual biological responses using a biotic index developed to

show responses to urban impacts plotted against a standardized urban gradient comprising

urban land use road density and population. SOURCE Davies and Jackson 2006 left and

Barbour et al. 2006 right. Left figure reprinted with permission Davies and Jackson 2006.

Copyright by the Ecological Society of America. Right figure reprinted with permission Barbour

et al. 2006. Copyright by the Water Environment Research Foundation.
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FIGURE 1-3 Example relationships between road density a surrogate measure of urban

development and common water quality constituents. Direct causality is not necessarily

implied by such relationships but the monotonic increase in concentrations with increasing

urbanization however measured is near-universal. SOURCE Reprinted with permission

from Chang and Carlson 2005. Copyright 2005 by Springer.
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FIGURE 1-4 Plots of Effective Impervious Area EIA or connected imperviousness against

metrics of biologic response in fish populations. SOURCE Reprinted with permission from

Wang et al. 2001. Copyright 2001 by Springer.
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WHATS WRONG WITH THE NATIONS WATERS

Since passage of the Water Quality Act of 1948 and the Clean Water Act CWA of

1972 1977 and 1987 water quality in the United States has measurably improved in the major

streams and rivers and in the Great Lakes. However substantial challenges and problems

remain. Major reporting efforts that have examined state and national indicators of condition

such as CWA 305b reports EPA 2002 and the Heinz State of the Nations Ecosystem report

Heinz Center 2002 or environmental monitoring that was designed to provide statistically

valid estimates of condition e.g. National Wadeable Stream Assessment EPA 2006 have

confirmed widespread impairments related to diffuse sources of pollution and stressors.

The National Water Quality Inventory derived from Section 305b of the CWA compiles

data in relation to use designations and water quality standards. As discussed in greater detail in

Chapter 2 such standards include both 1 a description of the use that a waterbody is supposed

to achieve such as a source of drinking water or a cold water fishery and 2 narrative or

numeric criteria for physical chemical and biological parameters that allow the designated use

to be achieved. As of 2002 45 percent of assessed streams and rivers 47 percent of assessed

lakes 32 percent of assessed estuarine areas 17 percent of assessed shoreline miles 87 percent

of near-coastal ocean areas 51 percent of assessed wetlands 91 percent of assessed Great Lakes

shoreline milesand 99 percent of assessed Great Lakes open water areas were not meeting water

quality
standards set by the states 2002 EPA Report to Congress.

The U.S. Environmental Protection Agency EPA has also embarked on a five-year

statistically valid survey of the nations waters

http//www.epa.gov/owow/monitoring/guide.pdf. To date two waterbody types-coastal areas

and wadeable streams-have been assessed. The most recent data indicate that 42 percent of

wadeable streams are in poor biological condition and 25 percent are in fair condition EPA
2006. The overall condition of the nations estuaries is generally fair with Puerto Rico and

Northeast Coast regions rated poor the Gulf Coast and West Coast regions rated fair and the

Southeast Coast region rated good to fair EPA 2007. These condition ratings for the National

Estuary Program are based on a water quality index a sediment quality index a benthic index

and a fish tissue contaminants index.

The impairment of waterbodies is manifested in a multitude of ways. Indeed EPAs

primary process for reporting waterbody condition Section 303d of the CWA-see Chapter 2
identifies over 200 distinct types of impairments. As shown in Table 1-1 these have been

categorized into 15 broad categories encompassing about 94 percent of all impairments. 59515
waterbodies fall into one of the top 15 categories while the total reported number of waterbodies

impaired from all causes is 63599 which is an underestimate of the actual total because not all

waterbodies are assessed. Mercury microbial pathogens sediments other metals and nutrients

are the major pollutants associated with impaired waterbodies nationwide. These constituents

have direct impacts on aquatic ecosystems and public health which form the basis of the water

quality
standards set for these compounds. Sediments can harm fish and macroinvertebrate

communities by introducing sorbed contaminants decreasing available
light in streams and

smothering fish eggs. Microbial pathogens can cause disease to humans via both ingestion and

dermal contact and are frequently cited as the cause of beach closures and other recreational

EPA does not yet have the 2004 assessment findings compiled in a consistent format from all the states. EPA is

also working on processing the states 2006 Integrated Reports as the 303d portions are approved and the states

submit their final assessment findings. Susan Holdsworth-EPA personal communication September 2007.
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water hazards in lakes and estuaries. Nutrient over-enrichment can promote a cascade of events

in waterbodies from algal blooms to decreases in dissolved oxygen and associated fish kills.

Metals like mercury pesticides and other organic compounds that enter waterways can be taken

up by fish species accumulating in their tissues and presenting a health risk to organisms

including humans that consume the fish.

However Table 1-1 can be misleading if it implies that degraded water quality is the

primary metric of impairment. In fact many of the nations streams lakes and estuaries also

suffer from fundamental changes in their flow regime and energy inputs alteration of aquatic

habitats and resulting disruption of biotic interactions that are not easily measured via pollutant

concentrations. Such waters may not be listed on State 303d lists because of the absence of a

corresponding water quality standard that would directly indicate such conditions like a

biocriterion. Figure 1-5A B and C show examples of such impacted waterbodies.

Over the years the greatest successes in improving the nations waters have been in

abating the often severe impairments caused by municipal and industrial point source discharges.

The pollutant load reductions required of these facilities have been driven by the National

Pollutant Discharge Elimination System NPDES permit requirements of the CWA see Chapter

2. Although the majority of these sources are now controlled further declines in water quality

remain likely ifthe land-use changes that typify more diffuse sources of pollution are not

addressed Palmer and Allan 2006. These include land-disturbing agricultural silvicultural

urban industrial and construction activities from which hard-to-monitor pollutants emerge

during wet-weather events. Pollution from these landscapes has been almost universally

acknowledged as the most pressing challenge to the restoration of waterbodies and aquatic

TABLE 1-1 Top 15 Categories of Impairment Requiring CWA Section 303d Action

Cause of Impairment Number of Waterbodies Percent of the Total

Mercury 8555 14%

Pathogens 8526 14%

Sediment 6689 11%

Metals other than mercury 6389. 11%

Nutrients 5654 10%

Oxygen depletion 4568 8%

pH 3389 6%

Cause unknown - biological integrity 2866 5%

Temperature 2854 5%

Habitat alteration 2220 4%

PCBs 2081 3%

Turbidity 2050 3%

Cause unknown 1356 2%

Pesticides 1322 2%

Salinity/TDS/chlorides 996 2%

Note Waterbodies refers to individual river segments lakes and reservoirs. A single waterbody can

have multiple impairments. Because most waters are not assessed however there is no estimate of the

number of unimpaired waters in the United States. SOURCE EPA National Section 303d List Fact

Sheet http//iaspub.epa.gov/waters/national_rept.control. The data are based on three-fourths of states

reporting from 2004 lists with the remaining from earlier lists and one state from a 2006 list.
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FIGURE 1-5A Headwater tributary in Philadelphia suffering from Urban Stream Syndrome.
SOURCE Courtesy of Chris Crockett City of Philadelphia Water Department 2007.
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FIGURE 1-5B A destabilized stream in Vermont. SOURCE Courtesy of Pete LaFlamme

Vermont Department of Environmental Conservation.
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FIGURE 1-5C An urban stream the Lower Oso Creek in Orange County California following a

storm event. Oso Creek was formerly an ephemeral stream but heavy development in the

contributing watershed has created perennial flow-stormwater flow during wet weather and

minor wastewater discharges and authorized non-stormwater discharges such as landscape

irrigation runoff during dry weather. Courtesy of Eric Stein Southern California Coastal

Research Water Project.

ecosystems nationwide. All population and development forecasts indicate a continued

worsening of the environmental conditions caused by diffuse sources of pollution under the

nations current growth and land-use trajectories.

Recognition of urban stormwaters role in the degradation of the nations waters is but

the latest stage in the history of this byproduct of the human environment. Runoff conveyance

systems have been part of cities for centuries but they reflected only the desire to remove water

from roads and walkways as rapidly and efficiently as possible. In some and environments

rainwater has always been collected for
irrigation or drinking elsewhere it has been treated as an

unmetered and largely benign waste product of cities. Minimal unengineered ditches or pipes

drained developed areas to the nearest natural watercourse. Where more convenient stormwater

shared conveyance with wastewater eliminating the cost of a separate pipe system but

commonly resulting in sewage overflows during rainstorms. Recognition of downstream

flooding that commonly resulted from upstream development led to construction of stormwater

storage ponds or vaults in many municipalities in the 1960s but their performance has typically

fallen far short of design objectives Booth and Jackson 1997 Maxted and Shaver 1999

Nehrke and Roesner 2004. Water-quality treatment has been a relatively recent addition to the

management of stormwater and although a significant fraction of pollutants can be removed

through such efforts e.g. Strecker et al. 2004 see http//www.bmpdatabase.org the

constituents remaining even in treated stormwater represent a substantial but
largely

unappreciated impact to downstream watercourses.
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Of the waterbodies that have been assessed in the United States impairments from urban

runoff are responsible for about 38114 miles of impaired rivers and streams 948420 acres of

impaired lakes 2742 square miles of impaired bays and estuaries and 79582 acres of impaired

wetlands 2002 305b report. These numbers must be considered an underestimate since the

urban runoff category does not include stormwater discharges from municipal separate storm

sewer systems MS4s and permitted industries including construction. Urban stormwater is

listed as the primary source of impairment for 13 percent of all rivers 18 percent of all lakes

and 32 percent of all estuaries 2000 305b report. Although these numbers may seem low

urban areas cover just 3 percent of the land mass of the United States Loveland and Auch

2004 and so their influence is disproportionately large. Indeed developed and developing areas

that are a primary focus of stormwater regulations contain some of the most degraded waters in

the country. For example in Ohio few sites with greater than 27 percent imperviousness can

meet interim CWA goals in nearby waterbodies and biological degradation is observed with

much less urban development Miltner et al. 2004. Numerous authors have found similar

patterns see Meyer et al. 2005.

Although no water quality inventory data have been made available from the EPA since

2002 the dimensions of the stormwater problem can be further gleaned from several past

regional and national water quality inventories. Many of these assessments are somewhat dated

and are subject to the normal data and assessment limitations of national assessment methods

but they indicate that stormwater runoff has a deleterious impact on nearly all of the nations

waters. For example

Harvesting of shellfish is prohibited restricted or conditional in nearly 40 percent of all

shellfish beds nationally due to high bacterial levels and urban runoff and failing septic

systems are cited as the prime causes. Reopening of shellfish beds due to improved

wastewater treatment has been more than offset by bed closures due to rapid coastal

development NOAA 1992 EPA 1998.

In 2006 there were over 15000 beach closings or swimming advisories due to bacterial

levels exceeding health and safety standards with polluted runoff and stormwater cited as

the cause of the impairment40 percent of the time NRDC 2007.

Pesticides were detected in 97 percent of urban stream-water samples across the United

States and exceeded human health and aquatic life benchmarks 6.7 and 83 percent of the

time respectively USGS 2006. In 94 percent of fish tissues sampled in urban areas

nationwide organochlorine compounds were detected.

Urban development was responsible for almost 39 percent of freshwater wetland loss

88960 acres nationally between 1998 and 2004 Dahl 2006 and the direct impact of

stormwater runoff in degrading wetland quality
is predicted to affect an even greater

acreage Wright et al. 2006.

Eastern brook trout are present in intact populations in only 5 percent of more than

12000 subwatersheds in their historical range in eastern North America and urbanization

is cited as a primary threat in 25 percent of the remaining subwatersheds with reduced

populations Trout Unlimited 2006.
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Increased flooding is common throughout urban and suburban areas sometimes as a

consequence of improperly sited development Figure 1-6A but more commonly as a

result of increasing discharges over time resulting from progressive urbanization farther

upstream Figure 1-6B. According to FEMA undated property damage from all types

of flooding from flash floods to large river floods averages $2 billion a
year.

The chemical effects of stormwater runoff are pervasive and severe throughout the

nations urban waterways and they can extend far downstream of the urban source.

Stormwater discharges from urban areas to marine and estuarine waters cause greater

water column toxicity than similar discharges from less urban areas Bay et al. 2003.

A variety of studies have shown that stormwater runoff is a vector of pathogens with

potential human health implications in both freshwater Calderon et al. 1991 and marine

waters Dwight et al. 2004 Colford et al. 2007.

cr e t .

FIGURE 1-6 A New residential construction in the path of episodic stream discharge

Issaquah Washington B recent flooding of an 18h-century tavern in Collegeville

Pennsylvania following a storm event in an upstream developing watershed. SOURCES Derek

Booth Stillwater Sciences Inc. and Robert Traver Villanova University.

WHY IS IT SO HARD TO REDUCE THE IMPACTS OF STORMWATER

Urban stormwater is the runoff from a landscape that has been affected in some fashion

by human activities during and immediately after rain. Most visibly it is the water flow over

the ground surface which is collected by natural channels and artificial conveyance systems

pipes gutters and ditches and ultimately routed to a stream river lake-wetland or ocean. It

also includes water that has percolated into the ground but nonetheless reaches a stream channel

relatively rapidly typically within a day or so of the rainfall contributing to the high discharge

in a stream that commonly accompanies rainfall. The subsurface flow paths that contribute to

this stormflow response are typically quite shallow in the upper layers of the soil and are

sometimes termed interflow. They stand in contrast to deeper groundwater paths where water

moves at much lower velocities by longer paths and so reaches the stream slowly over periods

of days weeks or months. This deeper flow sustains streamflow during rainless periods and is

usually called baseflow as distinct from stormwater. A formal distinction between these types
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of runoff is sometimes needed for certain computational procedures but for most purposes a

qualitative understanding is sufficient.

These runoff paths can be identified in virtually all modified landscapes such as

agriculture forestry and mining. However this
report

focuses on those settings with the

particular combination of activities that constitute urbanization by which we mean to include

the commonly understood conversion whether incremental or total of a vegetated landscape to

one with roads houses and other structures.

Although the role of urban stormwater in degrading the nations waters has been

recognized for decades e.g. Klein 1979 reducing that role has been notoriously difficult. This

difficulty arises from three basic attributes of what is commonly termed stormwater

1. It is produced from literally everywhere in a developed landscape

2. Its production and delivery are episodic and these fluctuations are difficult to attenuate

and

3. It accumulates and transports much of the collective waste of the urban environment.

Wherever grasslands and forest are replaced by urban development in general and

impervious surfaces in particular the movement of water across the landscape is radically altered

see Figure 1-7. Nearly all of the associated problems result from one underlying cause loss of

the water-retaining function of the soil and vegetation in the urban landscape. In an undeveloped

vegetated landscape soil structure and hydrologic behavior are strongly influenced by biological

activities that increase soil porosity the ratio of void space to total soil volume and the number

and size of macropores and thus the storage and conductivity of water as it moves through the

soil. Leaf litter on the soil surface dissipates raindrop energy the soils organic content reduces

detachment of small soil particles and maintains high surface infiltration rates. As a

consequence rainfall typically
infiltrates into the ground surface or is evapotranspired by

vegetation except during particularly intense rainfall events Dunne and Leopold 1978.

In the urban landscape these processes of evapotranspiration and water retention in the soil

may be lost for the simple reason that the loose upper layers of the soil and vegetation aregone-strippedaway to provide a better foundation for roads and buildings. Even if the soil still exists it

no longer functions ifprecipitation is denied access because of paving or rooftops.
In either case a

stormwater runoff reservoir of tremendous volume is removed from the stormwater runoff system

water that may have lingered in this reservoir for a few days or many weeks or been returned

directly to the atmosphere by evaporation or transpiration by plants now flows rapidly across the

land surface and arrives at the stream channel in short concentrated bursts of high discharge.

This transformation of the hydrologic regime from one where subsurface flow once

dominated to one where overland flow now dominates is not simply a readjustment of runoff flow

paths and it does not just result in a modest increase in flow volumes. It is a wholesale

reorganization of the processes of runoff generation and it occurs throughout the developed

landscape. As such it can affect every aspect of that runoff Leopold 1968-not only its rate of

production its volume and its chemistry but also what it indirectly affects farther downstream

Walsh et al. 2005a. This includes erosion of mobile channel boundaries mobilization ofonce-staticchannel elements e.g. large logs scavenging of contaminants from the surface of the urban

landscape and efficient transfer of heat from warmed surfaces to receiving waterbodies. These

changes have commonly inspired human reactions-typically with narrow objectives but carrying
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FIGURE 1-7 Schematic of the hydrologic pathways in humid-region watersheds before and

after urban development. The sizes of the arrows suggest relative magnitudes of the different

elements of the hydrologic cycle but conditions can vary greatly between individual catchments

and only the increase in surface runoff in the post-development condition is ubiquitous.

SOURCE Adapted from Schueler 1987 and Maryland Department of the Environment

http//www.mde.state.md.us/Programs/WaterPrograms.

additional far-ranging consequences-such as the piping of once-exposed channels bank

armoring and construction of large open-water detention ponds e.g. Lieb and Carline 2000.

This change in runoff regime is also commonly accompanied by certain land-use activities

that have the potential to generate particularly harmful or toxic discharges notably those

commercial activities that are the particular focus of the industrial NPDES permits. These include

manufacturing facilities transport
of freight or passengers salvage yards and a more generally

defined category of sites where industrial materials equipment or activities are exposed to

stormwater e.g. EPA 1992.

Other human actions are associated with urban landscapes that do not affect stormwater

directly
but which can further amplify the negative consequences of altered flow. These actions

include clearing of riparian vegetation around streams and wetlands introduction of atmospheric

pollutants that are subsequently deposited inadvertent release of exotic chemicals into the

environment and channel crossings by roads and utilities. Each of these additional actions further

degrades downstream waterbodies and increases the challenge of finding effective methods to

reverse these changes Boulton 1999. There is little doubt as to why the problem of urban

stormwater has not yet been solved-because every functional element of an aquatic

ecosystem is affected. Urban stormwater has resulted in such widespread impacts both physical

and biological in aquatic systems across the world that this phenomenon has been termed the

Urban Stream Syndrome see Figure 1-5 Walsh et al. 2005b.

Of the many possible ways to consider these conditions Karr 1991 has recommended a

simple yet comprehensive grouping of the major stressors arising
from urbanization that

influence aquatic assemblages Figure 1-8. These include chemical pollutants water quality

and toxicity changes to flow magnitude frequency and seasonality of various discharges the
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physical aspects of stream lake or wetland habitats the energy dynamics of food webs sunlight

and temperature and biotic interactions between native and exotic species.
Stormwater and

stormwater-related impacts encompass all of these categories some directly e.g. water

chemistry and some indirectly e.g. habitat energy dynamics. Because of the wide-ranging

effects of stormwater programs to abate stormwater impacts on aquatic systems must deal with a

broad range of impairments far beyond any single
altered feature whether traditionalwater-chemistry

parameters or flow rates and volumes.

Altered environmental
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drivers effects Habitat
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Human Stream Flow
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FIGURE 1-8 Five features that are affected by urban development and in turn affect biological

conditions in urban streams. SOURCES Modified from Karr 1991 Karr and Yoder 2004 and Booth

2005. Reprinted with permission from Karr 1991. Copyright 2001 by Ecological Society of America.

Reprinted with permission from Karr and Yoder 2004. Copyright 2004 by American Society of Civil

Engineers. Reprinted with permission from Booth 2005. Copyright 2005 by the North American

Benthological Society.

The broad spatial scale of where and how these impacts are generated suggests that

solutions if effective should be executed at an equivalent scale. Although the problem of

stormwater runoff is manifested most directly as an altered hydrograph or elevated

concentrations of pollutants it is ultimately an expression of land-use change at a landscape

scale. Symptomatic solutions applied only at the end of a stormwater collection pipe are not

likely to prove fully effective because they are not functioning at the scale of the original

disturbance Kloss and Calarusse 2006.

The landscape-scale generation of stormwater has a number of consequences for any

attempt to reduce its effects on receiving waters as described below.

Sources and Volumes

The source of stormwater runoff is dispersed making collection and centralized

treatment challenging. To the extent that collection is successful however the flip side of this
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condition-very large volumes-becomes manifest. Either an extensive infrastructure brings

stormwater to centralized facilities whose operation and maintenance may be relatively

straightforward e.g. Anderson et al. 2002 but of modest effectiveness or stormwater remains

dispersed for management treatment or both across the landscape e.g. Konrad and Burges

2001 Holman-Dodds et al. 2003 Puget Sound Action Team 2005 Walsh et al. 2005a Bloom

2006 van Roon 2007 better mimicking the natural processes of runoff generation but requiring

a potentially
unlimited number of facilities that may have their own particular needs for space

cost and maintenance.

Treatment Challenges

Regardless of the scale at which treatment is attempted technological difficulties are

significant
because of the variety of pollutants that must be addressed. These include physical

objects from large debris to microscopic particles chemical constituents both dissolved and

immiscible and less easily categorized properties such as temperature. Wastewater treatment

plants manage a similarlybroad range of pollutants but stormwater flows have highly unsteady

inflows and when present typically much greater
volumes to treat.

Industrial sources of stormwater pose a particularly challenging problem because

potential generators of polluted or toxic runoff are widespread and are regulated under NPDES

permitting by their activities not by the specific category of industrial activity under which they

fall. This complicates any systematic effort to identify those entities that should be regulated

Duke et al. 1999. Even for the limited number of regulated generators pollution prevention

measures are of uncertain effectiveness.

Soil erosion from construction sites is another pollution source that has proven difficult to

effectively
control. Although most bare sites are relatively

small and only short-lived at any

given time there can be many sites under construction each of which can deliver sediment loads

to downstream waterbodies at rates that exceed background levels by many orders of magnitude

e.g. Wolman and Schick 1967. Relatively effective approaches and technologies exist to

dramatically reduce the magnitude of these sediment discharges e.g. Raskin et al. 2005 but

they depend on conscientious installation and regular maintenance. Enforcement of such

requirements normally a low-priority activity
of local departments of building or public works

is commonly lacking.

Another difference between the stormwater and wastewater-streams is that stormwater

treatment must address not only pollutants but also physically and ecologically deleterious

changes in flow rate and total runoff volume. Treating these changes constitutes a particularly

difficult task for two reasons. First there is simply more runoff as a rule and so replicating the

predevelopment hydrograph is not an option-the increased volume of runoff guarantees that

some discharges some of the time must be allowed to increase. Second there is little agreement

on what constitutes adequate or effective treatment for the various attributes of flow.. Even

the most basic metrics such as the magnitude of peak flow can require extensive infrastructure

to achieve e.g. Booth and Jackson 1997 other flow metrics that correlate more directly with

undesired effects on physical and biological systems can require even greater
efforts to match.

In many cases the urban-induced transformation of the flow regime makes true mitigation

virtually impossible.
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Widespread Cause and Effects

The spatial scale of stormwater generation and its impacts is wide-ranging. Generators

are literally landscape-wide and impacts can occur at every location in the path followed by

urban runoff from source to receiving waterbody Hamilton et al. 2004. There are few ways to

demonstrate causal connections between distributed landscape sources and cumulative

downstream effects Allan 2004 and so site-specific mitigation typically provides little lasting

improvement in the watershed as a whole Maxted and Shaver 1997.

Stormwater Measurements

The desired attributes of stormwater runoff are normally expressed through a

combination of physical and chemical parameters. These parameters are commonly presumed to

have direct correlation to attributes of human or ecological concern such as the condition of

human or fish communities or the stability of a stream channel even though these parameters do

not directly measure those effects. The most commonly measured physical parameters are

hydrologic and simplymeasure the rate of flow past a specified location. Both the absolute

instantaneous magnitude of that flow rate i.e. the discharge and the variations in that rate over

multiple time scales i.e. how rapidly the discharge varies over an hour a day a season etc. can

be captured by analysis of a continuous time series of a flow. Obviously however a nearly

unlimited number of possible metrics capturing a multitude of temporal. scales could be defined

Poff et al. 1997 2006 Cassin et al. 2004 Konrad et al. 2005 Roy et al. 2005 Chang 2007.

Commonly only a single parameter-the peak storm discharge for a given return period Hollis

1975-has been emphasized in the past. Mitigation of urban-induced flow increases have

followed this narrow approach typically by endeavoring to reduce peak discharge by use of

detention ponds but leaving the underlying increase in runoff volumes-and the associated

augmentation of both frequency and duration of high discharges-untouched. This partly

explains why evaluation of downstream conditions commonly document little improvement

resulting from traditional flow-mitigation measures e.g. Maxted and Shaver 1997 Roesner et

al. 2001 May and Homer 2002.

Other physical parameters less commonly measured or articulated can also express the

conditions of downstream watercourses. Measures of size or complexity particularly for stream

channels are particularly responsive to the changes in flow regime and discharge. Booth 1990

suggested that discriminating between channel expansion the proportional increase in channel

cross-sectional area with increasing discharge and channel incision the catastrophic vertical

downcutting that sometimes accompanies urban-induced flow increases captures importantend-membersof the physical response to hydrologic change. The former proportional expansion is

more thoroughly documented Hammer 1972 Hollis and Luckett 1976 Morisawa and LaFlure

1982 Neller 1988 Whitlow and Gregory 1989 Booth and Jackson 1997 Moscrip and

Montgomery 1997 Booth and Henshaw 2001 the latter catastrophic incision is more

difficult to quantify but has been recognized in both urban and agricultural settings e.g. Simon

1989. Both types of changes result not only in a larger channel but also in substantial

simplification and loss of features normally associated with high-quality habitat for fish and

other in-stream biota. The sediment released by these growing channels also can be the largest
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component of the overall sediment load delivered to downstream waterbodies Trimble 1997

Nelson and Booth 2002.

Chemical parameters or historically water-quality parameters see Dinius 1987

Gergel et al. 2002 cover a host of naturally and anthropogenically occurring constituents in

water. In flowing water these are normally expressed as instantaneous measurements of

concentration. In waterbodies with long residence times such as lakes these may be expressed

as either concentrations or as loads total accumulated amounts or total amounts integrated over

an extended time interval. The CWA defined a list of priority pollutants of which a subset is

regularly measured in many urban streams e.g. Field and Pitt 1990. Parameters that are not

measured may or may not be present but without assessment they are rarely recognized for their

potential or actual contribution to waterbody impairment.

Other attributes of stormwater do not fit as neatly into the categories of water quantity or

water quality. Temperature is commonly measured and is normally treated as a water quality

parameter although it is obviously not a chemical property of the water LeBlanc et al. 1997

Wang et al. 2003. Similarly direct or indirect measures of suspended matter in the water

column e.g. concentration of total suspended solids or secchi disk depths in a lake are

primarily physical parameters but are normally included in water quality metrics. Flow velocity

is rarely measured in either context even though it too correlates directly to stream-channel

conditions. Even more direct expressions of a flows ability to.transport sediment or other

debris such as shear stress or unit stream power are rarely reported and virtually never

regulated.

Urban runoff degrades aquatic systems in multiple ways which confounds our attempts

to define causality or to demonstrate clear linkages between mitigation and ecosystem

improvement. It is generally recognized from the conceptual models that seek to describe this

system that no single element holds the key to ecosystem condition. All elements must be

functional and yet every element can be affected by urban runoff in different ways. These

impacts occur at virtually all spatial scales from the site-specific to the landscape this breadth

and diversity challenges our efforts to find effective solutions.

This complexity and the continued growth of the built environment also present

fundamental social choices and management challenges. Stormwater control measures entail

substantial costs for their long-term maintenance monitoring to determine their performance

and enforcement of their use-all of which must be weighed against their sometimes unproven

benefits. Furthermore the overarching importance of impervious surfaces inextricably links

stormwater management to land-use decisions and policy. For example where a reversal of the

effects of urbanization cannot be realized more intensive land-use development in certain areas

may be a paradoxically appropriate response to reduce the overall impacts of stormwater. That

is increasing population density and impervious cover in designated urban areas may reduce the

creation of impervious surface and the associated ecological impacts in areas that will remain

undeveloped as a result. In these highly urban areas with very high percentages of impervious

surface aquatic conditions in local streams will be irreversibly changed and the Urban Stream

Syndrome may be unavoidable to some extent. Where these impacts occur and what effort and

cost will be used to avoid these impacts are both fundamental issues confronting the nation as it

attempts to address stormwater.
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IMPETUS FOR THE STUDY AND REPORT ROADMAP

In 1972 Congress amended the Federal Water Pollution Control Act subsequently

referred to as the Clean Water Act to require control of discharges of pollutants to waters of the

United States from point sources. Initial efforts to improve water quality using NPDES permits

focused primarily on reducing pollutants from industrial process wastewater and municipal

sewage discharges. These point source discharges were clearly
and

easily
shown to be

responsible for poor often
drastically degraded conditions in receiving waterbodies because they

tended to emanate from identifiable and easily monitored locations such as pipe outfalls.

As pollution control measures for industrial process wastewater and municipal sewage

were implemented and refined during the 1970s and 1980s more diffuse sources of water

pollution have become the predominant causes of water quality impairment including

stormwater runoff. To address the role of stormwater in causing water quality impairments

Congress included Section 402p in the CWA this section established a comprehensivetwo-phaseapproach to stormwater control using the NPDES program. In 1990 EPA issued the Phase

I Stormwater Rule 55 Fed. Reg. 47990 November 16 1990 requiring NPDES permits for

operators of municipal separate storm sewer systems MS4s serving populations over 100000

and for runoff associated with industrial activity including runoff from construction sites five

acres and larger. In 1999 EPA issued the Phase II Stormwater Rule 64 Fed. Reg. 68722

December 8 1999 which expanded the requirements to small MS4s in urban areas and to

construction sites between one and five acres in size.

Since EPAs stormwater program came into being several problems inherent in its

design and implementation have become apparent. As discussed in more detail in Chapter 2

problems stem to a large extent from the diffuse nature of stormwater discharges combined with

a regulatory process that was created for point sources the NPDES permitting approach. These

problems are compounded by the shear number of entities requiring oversight. Although exact

numbers are not available EPA estimates that the number of regulated MS4s is about 7000

including 1000 Phase I municipalities and 6000 from Phase II. The number of industrial

permittees is thought to be around 100000. Each year the construction permit covers around

200000 permittees each for both Phase I five acres or greater and Phase II one to five acres

projects. Thus the total number of permittees under the stormwater program at any time

numbers greater than half a million. There are fewer than 100000 non-stormwater meaning

wastewater permittees covered by the NPDES program such that stormwater permittees

account for approximately 80 percent of NPDES-regulated entities. To manage this large

number of permittees the stormwater program relies heavily on the use of general permits to

control industrial construction and Phase II MS4 discharges which are usually statewideone-size-fits-all
permits in which general provisions are stipulated.

An example of the burden felt by a single state is provided by Michigan David

Drullinger Michigan Department of Environmental Quality Water Bureau personal

communication September 2007. The Phase I Stormwater regulations that became effective in

1990 regulate 3400 industrial sites 765 construction sites per year and five large cities in

Michigan. The Phase II regulations effective since 1999 have extended the requirements to

7000 construction sites per year and 550 new jurisdictions which are comprised of about 350

primary jurisdictions cities villages and townships and 200 nested jurisdictions county

drains road agencies and public schools. Often only a handful of state employees are

allocated to administer the entire program see the survey in Appendix C.
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In order to comply with the CWA regulations permittees must fulfilla number of

requirements including the creation and implementation of a stormwater pollution prevention

plan and in some cases monitoring of stormwater discharges. Stormwater pollution prevention

plans document the stormwater control measures SCMs sometimes known as best management

practices or BMPs that will be used to prevent or slow stormwater from quickly reaching nearby

waterbodies and degrading their quality. These include structural methods such as detention

ponds and nonstructural methods such as designing new development to reduce the percentage of

impervious surfaces. Unfortunately data on the degree of pollutant reduction that can be

assigned to a particular
SCM are only now becoming available see Chapter 5.

Other sources of
variability

in EPAs stormwater program are that 1 there are three

permit types municipal industrial and construction 2 some states and local governments

have assumed primacy for the program from EPA while others have not and state effluent limits

or benchmarks for stormwater discharges may differ from the federal requirements and 3
whether there are monitoring requirements varies depending on the regulating entity

and the type

of activity. For industrial stormwater there are 29 sectors of industrial activity covered by the

general permit each of which is characterized by a different suite of possible contaminants and

SCMs.

Because of the industry- site- and community-specific nature of stormwater pollution

prevention plans and because of the lack of resources of most NPDES permitting authorities to

review these plans and conduct regular compliance inspections water quality-related

accountability in the stormwater program is poor. Monitoring data are minimal for most

permittees despite the fact that they are often the only indicators of whether an adequate

stormwater program is being implemented. At the present time available monitoring data

indicate that many industrial facilities routinely exceed benchmark values established by EPA

or the states although it is not clear whether these exceedances provide useful indicators of

stormwater pollution prevention plan inadequacies or potential water quality problems. These

uncertainties have led to mounting and contradictory pressure from permittees to eliminate

monitoring requirements entirely as well as from those hoping for greater monitoring

requirements to better understand the true nature of stormwater discharges and their impact.

To improve the accountability of it Stormwater Program EPA requested advice on

stormwater issues from the National Research Councils NRCs Water Science and

Technology Board as the next round of general permits is being prepared. Although the drivers

for this study have been in the industrial stormwater arena this study considered all entities

regulated under the NPDES program municipal industrial and construction. The following

statement of task guided the work of the committee

1 Clarify the mechanisms by which pollutants in stormwater discharges affect ambient

water quality criteria and define the elements of a protocol to link pollutants in

stormwater discharges to ambient water quality criteria.

2 Consider how useful monitoring is for both determining the potential of a discharge

to contribute to a water quality standards violation and for determining the adequacy of

stormwater pollution prevention plans. What specific parameters should be monitored

and when and where What effluent limits and benchmarks are needed to ensure that the

discharge does not cause or contribute to a water quality standards violation
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3 Assess and evaluate the relationship between different levels of stormwater pollution

prevention plan implementation and in-stream water quality considering a broad suite of

SCMs.

4 Make recommendations for how to best stipulate provisions in stormwater permits to

ensure that discharges will not cause or contribute to exceedances of water quality

standards. This should be done in the context of general permits.
As a part

of this task

the committee will consider currently available information on permit and program

compliance.

5 Assess the design of the stormwater permitting program implemented under the

CWA.

The report is intended to inform decision makers within EPA affected industries public

stormwater utilities other government agencies and the private sector about potential options for

managing stormwater.

EPA requested that the study be limited to those issues that fall under the agencys

current regulatory scheme for stormwater which excludes nonpoint sources of
pollution

such as

agricultural runoff and septic systems. Thus these sources are not extensively covered in this

report.
The reader is referred to NRC 2000 2005 for more detailed information on the

contribution of agricultural runoff and septic systems to waterbody impairmentand on

innovative technologies for treating these sources. Also at the request of EPA concentrated

animal feeding operations and combined sewer overflows were not a primary focus. However

the committee felt that in order to be most useful it should opine on certain critical effects of

regulated stormwater beyond the delivery of traditional pollutants. Thus changes in stream

flow streambank erosion and habitat alterations caused by stormwater are considered despite

the relative inattention given to them in current regulations.

Chapter 2 presents the regulatory history of stormwater control in the United States

focusing on relevant portions of the CWA and the regulations that have been created to

implement the Act. Federal state and local programs for or affecting stormwater management

are described and critiqued. Chapter 3 deals with the first item in the statement of task. It

reviews the scientific aspects of stormwater including sources of pollutants in stormwater how

stormwater moves across the land surface and its impacts on receiving waters. It reflects the

best of currently available science and addresses biological endpoints that go far beyond

ambient water quality criteria. Methods for monitoring and modeling stormwater the subject of

the second item in the statement of task are described in Chapter 4. The material evaluates the

usefulness of current benchmark and MS4 monitoring requirements and suggestions for

improvement are made. The latter half of the chapter considers the multitude of models

available for linking stormwater discharges to ambient water quality. This analysis makes it

clear that stormwater pollution cannot yet be treated as a deterministic system in which the

contribution of individual dischargers to a waterbody impairment can be identified without

significantly greater investment in model development. Addressing primarily the third item in

the statement of task Chapter 5 considers the vast suite of both structural and nonstructural

measures designed to control stormwater and reduce its pollutant loading to waterbodies. It also

takes on relevant larger-scale concepts such as the benefit of stormwater management within a

watershed framework. In Chapter 6 the limitations and possibilities associated with a new
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regulatory approach are explored as are those of an enhanced but more traditional scheme.

Numerous suggestions for improving the stormwater permitting process for municipalities

industrial sites and construction are made. Along with Chapter 2 this chapter addresses the

final two items in the committees statement of task.

REFERENCES

Alberti M. D. B. Booth K. Hill B. Coburn C. Avolio S. Coe and D. Spirandelli. 2006. The impact of

urban patterns on aquatic ecosystems An empirical analysis
in Puget lowland sub-basins.

Landscape Urban Planning doi10.10161j.landurbplan.2006.08.001.

Allan J. D. 2004. Landscapes and
riverscapes

The influence of land use on stream ecosystems.
Annual

Review of Ecology Evolution and Systematics 35257-284.

Alley W. A. and J. E. Veenhuis. 1983. Effective impervious area in urban runoff modeling. Journal of

Hydrological Engineering ASCE 1092313-319.

Anderson B .C W. E. Watt and J. Marsalek. 2002. Critical issues for stormwater ponds Learning

from a decade of research. Water Science and Technology 459277-283.

Barbour M. T. M. J. Paul D. W. Bressler A. H. Purcell V. H. Resh and E. T. Rankin. 2006.

Bioassessment A tool for managing aquatic life uses for urban streams. Water Environment

Research Foundation Research Digest 01-WSM-3.

Bay S. B. H. Jones K. Schiff and L. Washburn. 2003. Water quality impacts of stormwater discharges

to Santa Monica Bay. Marine Environmental Research 56205-223.

Bledsoe B. P. and C. C. Watson. 2001. Effects of urbanization on channel instability. Journal of the

American Water Resources Association 372255-270.

Bloom M. F. 2006. Low Impact Development approach slows down drainage reduces pollution. Water

and Wastewater International 21 459.
Booth D. B. 1990. Stream channel incision in response following drainage basin urbanization. Water

Resources Bulletin 26407-417.

Booth D. B. 2005. Challenges and prospects for restoring urban streams A perspective
from the Pacific

Northwest of North America. Journal of the North American Benthological Society243724-737.
Booth D. B. and C. R. Jackson. 1997. Urbanization of

aquatic systems-degradation thresholds

stormwater detention and the limits of mitigation. Water Resources Bulletin 331077-1090.

Booth D. B. and P. C. Henshaw. 2001. Rates of channel erosion in small urban streams. Pp. 17-38 In

Land Use and Watersheds Human Influence on Hydrology and Geomorphology in Urban and

Forest Areas M. Wigmosta and S. Burges eds. AGU Monograph Series Water Science and

Application Volume 2.

Boulton A. J. 1999. An overview of river health assessment Philosophies practice problems and

prognosis. Freshwater Biology 412 469-479.

Brookings Institute. 2004. Toward a new metropolis The opportunity to rebuild America. Arthur C.

Nelson Virginia Polytechnic Institute and State University. Discussion paper prepared for The

Brookings Institution Metropolitan Policy Program.

Burges S. J. M. S. Wigmosta and J. M. Meena. 1998. Hydrological effects of land-use change in azero-ordercatchment. Journal of Hydrological Engineering 386-97.

Calderon R. E. Mood and A. Dufour. 1991. Health effects of swimmers and nonpoint sources of

contaminated water. International Journal of Environmental Health Research 121-31.

Cassin J. R. Fuerstenberg F. Kristanovich L. Tear and K. Whiting. 2004. Application of normative

flow on small streams in Washington State-hydrologic perspective. Pp. 4281-4299 in

Proceedings of the 2004 World Water and Environmental Resources Congress Critical

Transitions in Water and Environmental Resources Management.

PREPUBLICATION

Copyright National Academy of Sciences. All rights reserved.

RB-AR16916



Urban Stormwater Management in the United States

http//www.nap.edu/catalog/12465.htmi

Introduction 33

Center for Watershed Protection CWP. 2005. An Integrated Framework to Restore Small Urban

Watersheds. Ellicott City MD 116 pp.
Available at http//www.cwp.org/Store/usrm.htm. Last

accessed September 23 2008.

Chang H. 2007. Comparative streamflow characteristics in urbanizing basins in the Portland

Metropolitan Area Oregon USA. Hydrological Processes 212 211-222.

Chang H. and T. N. Carlson. 2005. Water quality during winter storm events in Spring Creek

Pennsylvania USA. Hydrobiologia 5441321-332.

Chang H. H. 1992. Fluvial Processes in River Engineering. Malabar FL Krieger Publishing 432 pp.

Colford J. M. Jr T. J. Wade K. C. Schiff C. C. Wright J. F. Griffith S. K. Sandhu S. Burns J. Hayes
M. Sobsey G. Lovelace and S. Weisberg. 2007. Water quality indicators and the risk of illnessat

non-point source beaches in Mission Bay California. Epidemiology 127-35.

Crockett C. 2007. The regulated perspective of stormwater management. Presentation to the NRC
Committee on Stormwater Discharge Contributions to Water Pollution Washington DC January

22 2007.

Dahl T. 2006. Status and trends of wetlands in the conterminous United States 1998-2004. Washington

DC U.S. Department of the Interior Fish and Wildlife Service.

Davies S. P. and S. K. Jackson. 2006. The biological condition gradient A descriptive model for

interpreting change in aquatic ecosystems. Ecological Applications 1641251-1266.

Dinius S. H. 1987. Design of an index of water quality. Water Resources Bulletin 235833-843.

Duke L. D. K. P. Coleman and B. Masek. 1999. Widespread failure to comply with U.S. storm water

regulations for industry-Part I Publicly available data to estimate number of potentially regulated

facilities. Environmental Engineering Science 164229-247.

Dunne T. and L. B. Leopold. 1978. Water in Environmental Planning. New York W. H. Freeman.

Dwight R. H. D. B. Baker J. C. Semenza and B. H. Olson. 2004. Health effects associated with

recreational coastal water use Urban vs. rural California. American Journal of Public Health

944565-567.

EPA U.S. Environmental Protection Agency. 1992. Storm Water Management for Industrial Activities

Developing Pollution Prevention Plans and Best Management Practices. Available at

http//www.ntis.gov.

EPA. 1998. EPA Project Beach. Washington DC EPA Office of Water.

EPA. 2000. National Water Quality Inventory. 305b List. Washington DC EPA Office of Water.

EPA. 2002. 2000 National Water Quality Inventory. EPA-841-R-02-001. Washington DC EPA Office

of Water.

EPA. 2006. Wadeable Streams Assessment A Collaborative Survey of the Nations Streams. EPA841-B-06-002.
Washington DC EPA Office of Water.

EPA. 2007. National Estuary Program Coastal Condition Report. EPA-842-B-06-001. Washington DC
EPA Office of Water and Office of Research and Development.

FEMA Federal Emergency Management Agency. No date. Flood. A report of the Subcommittee on

Disaster Reduction. Available at http//www.sdr.gov. Last accessed September 23 3008.

Field R. and R. E. Pitt. 1990. Urban storm-induced discharge impacts U.S. Environmental Protection

Agency research program review. Water Science and Technology 2210-111-7.

Gergel S. E. M. G. Turner J. R. Miller J. M. Melack and E. H. Stanley. 2002. Landscape indicators of

human impacts to riverine systems. Aquatic Sciences 642118-128.

Gregory M. J. Aldrich A. Holtshouse and K. Dreyfuss-Wells. 2005. Evaluation of imperviousness

impacts in large developing watersheds. Pp. 115-150 in Efficient Modeling for Urban Water

Systems Monograph 14 W. James E. A. McBean R. E. Pitt and S. J. Wright eds. Guelph

Ontario Canada CHI.

Grubler A. 1994. Technology. Pp. 287-328 in Changes in Land Use and Land Cover A Global

Perspective W. B. Meyer and B. L. Turner II eds. Cambridge Cambridge University Press.

Hamilton P. A. T. L. Miller and D. N. Myers. 2004. Water Quality in the Nations Streams and

Aquifers-Overview of Selected Findings 1991-2001. U.S. Geological Survey Circular 1265 20

PREPUBLICATION

Copyright @ National Academy of Sciences. All rights reserved.

RB-AR16917



Urban Stormwater Management in the United States

http//www.nap.edu/catalog/12465.htmi

34 Urban Stormwater Management in the United States

pp.
Available at http//pubs.usgs.gov/circ/2004/1265/pdf/circularl265.pdf. Last accessed

September 23 2008.

Hammer T. R. 1972. Stream and channel enlargement due to urbanization. Water Resources Research

81530-1540.

Hart J. F. 1968. Loss and abandonment of cleared farm land in the Eastern United States. Annals of the

Association of American Geographers 585417-440.

Heinz Center. 2002. The State of the Nations Ecosystems. Measuring the Lands Waters and Living

Resources of the United States. Cambridge University Press.

Hollis G. E. 1975. The effect of urbanization on floods of different recurrence interval. Water Resources

Research 11431-435.

Hollis G. E. and J. K. Luckett. 1976. The response of natural river channels to urbanization Two case

studies from southeast England. Journal of Hydrology 30351-363.

Holman-Dodds J. K. A. A. Bradley and K. W. Potter. 2003. Evaluation of hydrologic benefits of

infiltration based urban storm water management. Journal of the American Water Resources

Association 391205-215.

Homer R. R. D. B. Booth A. A. Azous and C. W. May. 1997. Watershed determinants of ecosystem

functioning. Pp.
251-274 in Effects of Watershed Development and Management on Aquatic

Ecosystems L. A. Roesner ed. Proceedings of the Engineering Foundation Conference Snowbird

UT August 4-9 1996.

House M. A. J. B. Ellis E. E. Herricks T. Hvitved-Jacobsen J. Seager L. Lijklema H. Aalderink and

I. T. Clifforde. 1993. Urban drainage Impacts on receiving water quality. Water Science and

Technology 2712117-158.

Karr J. R. 1991. Biological integrity A long-neglected aspect of water resource management. Ecological

Applications 166-84.

Karr J. R. and C. 0. Yoder. 2004. Biological assessment and criteria improve TMDL planning and

decision making. Journal of Environmental Engineering 130594-604.

Klein R. D. 1979. Urbanization and stream quality impairment. Water Resources Bulletin 15948-969.

Kloss C. and C. Calarusse. 2006. Rooftops to rivers-green strategies for controlling stormwater and

combined sewer overflows. New York National Resources Defense Council. Available at

http//www.nrdc.org/water/pollution/rooftops/rooftops.pdf. Last accessed September 23 2008.

Konrad C. P. and S. J. Burges. 2001. Hydrologic mitigation using on-site residential storm-water

detention. Journal of Water Resources Planning and Management 12799-107.

Konrad C. P. D. B. Booth and S. J. Burges. 2005. Effects of urban development in the Puget Lowland

Washington on interannual streamflow patterns Consequences for channel form and streambed

disturbance. Water Resources Research 4171-15.
Laenen A. 1983. Storm runoff as related to urbanization based on data collected in Salem and Portland

and generalized for the Willamette Valley Oregon. U.S. Geological Survey Water-Resources

Investigations Report 83-4238 9 pp.

Lambin E. F. B. L. Turner H. J. Geist S. B. Agbola A. Angelsen J. W. Bruce 0. T. Coomes R. Dirzo

G. Fischer C. Folke P. S. George K. Homewood J. Imbernon R. Leemans X. Li E. F. Moran

M. Mortimore P. S. Ramakrishnan J. F. Richards H. Skanes W. Steffen G. D. Stone U.

Svedin T. A. Veldkamp C. Vogel and J. Xu. 2001. The causes of land-use and land-cover

change Moving beyond the myths. Global Environmental Change 114261-269.

LeBlanc R. T. R. D. Brown and J. E. FitzGibbon. 1997. Modeling the effects of land use change on the

water temperature in unregulated urban streams. Journal of Environmental Management

494445-469.

Leopold L. B. 1968. Hydrology for urban land planning A guidebook on the hydrologic effects of urban

land use. U.S. Geological Survey Circular 554. Washington DC USGS.

Levin P. S. R. W. Zabel and J. G. Williams. 2001. The road to extinction is paved with good intentions

Negative association of fish hatcheries with threatened salmon. Proceedings of the Royal

Society-Biological Sciences Series B 26814721153-1158.

PREPUBLICATION

Copyright National Academy of Sciences. All rights reserved.

RB-AR16918



Urban Stormwater Management in the United States

http//www.nap.edu/catalog/12465.html

Introduction 35

Lieb D. A. and R. F. Carline. 2000. Effects of urban runoff from a detention pond on water quality

temperature and caged gammarus minus say amphipoda in a headwater stream. Hydrobiologia

441107-116.

Loveland T. and R. Auch. 2004. The changing landscape of the eastern United States. Washington DC
U.S. Geological Survey. Available at http//www.usgs.gov/125/articles/eastem_us.html accessed

November 25 2007.

Maxted J. R. and E. Shaver. 1997. The use of retention basins to mitigate stormwater impacts on

aquatic life. Pp. 494-512 In Effects of Watershed Development and Management on Aquatic

Ecosystems. L. A. Roesner Ed.. New York American Society of Civil Engineers.

Maxted J. R. and E. Shaver. 1999. The use of detention basins to mitigate stormwater impacts to

aquatic life. Pp. 6-15 in National Conference on Retrofit Opportunities for Water Resource

Protection in Urban Environments Chicago February 9-12 1998. EPA Office of Research and

Development EPA/625/R-99/002.

May C. W. and R. R. Homer. 2002. The limitations of
mitigation-based stormwater management in the

pacific northwest and the potential of a conservation strategy
based on low-impact development

principles. Global Solutions for Urban Drainage pp.
1-16.

Meyer J. L. M. J. Paul and W. K. Taulbee. 2005. Stream ecosystem function in urbanizing landscapes.

Journal of the North American Benthological Society 24602-612.

Miltner R. J. White D. and C. 0. Yoder. 2004. The biotic integrity of streams in urban and

suburbanizing landscapes. Landscape and Urban Planning 6987-100.

Morisawa M. and E. LaFlure. 1982. Hydraulic geometry stream equilibrium and urbanization. Pp.333-350
in Adjustments of the Fluvial System D. D. Rhodes and G. P. Williams eds. London Allen

and Unwin.

Moscrip A. L. and D. R. Montgomery. 1997. Urbanization flood frequency and salmon abundance in

Puget Lowland streams. Journal of the American Water Resources Association 331289-1297.

Naiman R. J. and M. G. Turner. 2000. A future perspective on North Americas freshwater ecosystems.

Ecological Applications 104958-970.

Neller R. J. 1988. A comparison of channel erosion in small urban and rural catchments Armidale New

South Wales. Earth Surface Processes and Landforms 131-7.

Nelson E. J. and D. B. Booth. 2002. Sediment budget of a mixed-land use urbanizing watershed.

Journal of Hydrology 26451-68.

Nehrke S. M. and L. A. Roesner. 2004. Effects of design practice for flood control and best

management practices on the flow-frequency curve. Journal of Water Resources Planning and

Management 1302131-139.

NOAA National Oceanic and Atmospheric Administration. 1992. 1990 Shellfish Register of Classified

Estuarine Waters. Data supplement. Rockville MD National Ocean Service.

NRC National Research Council. 2000. Watershed Management for Potable Water Supply Assessing

the New York City Strategy. Washington DC National Academies Press.

NRC. 2005. Regional Cooperation for Water Quality Improvement in Southwestern Pennsylvania.

Washington DC National Academies Press.

NRDC Natural Resources Defense Council. 2007. Testing the Waters A Guide to Water Quality at

Vacation Beaches 17th ed.. New York NRDC.

Palmer M. A. and J. D. Allan. 2006. Restoring Rivers. Issues in Science Technology. Washington

DC National Academies Press.

Paul M. J. and J. L. Meyer. 2001. Streams in the urban landscape. Annual Review of Ecology and

Systematics 32333-365.

Poff N. L. J. D. Allan M. B. Bain J. R. Karr K. L. Prestegaard B. D. Richter R. E. Sparks and J. C.

Stromberg. 1997. The natural flow regime A paradigm for river conservation and restoration.

BioScience 4711769-784.

PREPUBLICATION

Copyright National Academy of Sciences. All rights reserved.

RB-AR16919



Urban Stormwater Management in the United States

hftp//www.nap.edu/catalog/12465.html

36 Urban Stormwater Management in the United States

Poff N. L. B. P. Bledsoe and C. 0. Cuhaciyan. 2006. Hydrologic variation with land use across the

contiguous United States Geomorphic and ecological consequences for stream ecosystems.

Geomorphology 79 3-4 264-285.

Pozzi F. and C. Small. 2005. Analysis of urban land cover and population density in the United States.

Photogrammetric Engineering and Remote Sensing 716719-726.

Prysch E. A. and J. C. Ebbert. 1986. Quantity and quality
of storm runoff from three urban catchments

in Bellevue Washington. USGS Water-Resources Investigations Report 86-4000 85 pp.

Puget Sound Action Team. 2005. Low Impact Development Technical Guidance Manual for Puget

Sound. Available at http//www.psat.wa.gov/Programs/LID.htm. Last accessed September 23

2008.

Raskin L. A. DePaoli and M. J. Singer. 2005. Erosion control materials used on construction sites in

California. Journal of Soil and Water Conservation 604187-192.

Roesner L. A. B. P. Bledsoe and R. W. Brashear. 2001. Are best-management-practice criteria really

environmentally friendly Journal of Water Resources Planning and Management1273150-154.
Roy A. H. M. C. Freeman B. J. Freeman S. J. Wenger W. E. Ensign and J. L. Meyer. 2005.

Investigating hydrological
alteration as a mechanism of fish assemblage shifts in urbanizing

streams. Journal of the North American Benthological Society 24656-678.

Schueler T. 1987. Controlling Urban Runoff A Practical Manual for Planning and Designing Urban Best

Management Practices. Washington DC Metropolitan Washington Council of Governments.

Simon A. 1989. A model of channel
response

in disturbed alluvial channels. Earth Surface Processes and

Landforms 1411-26.

Steedman R. J. 1988. Modification and assessment of an index of biotic integrity to quantify stream quality

in Southern Ontario. Canadian Journal of Fisheries and Aquatic Sciences 45492-501.

Strecker E. W. M. M. Quigley B. Urbonas and J. Jones. 2004. Analyses of the expanded EPA/ASCE

International BMP Database and potential implications for. BMP design. In Proceedings of the

World Water and Environmental Congress 2004 June 27-July 1 2004 Salt Lake City UT. G.

Sehlke D. F. Hayes and D. K. Stevens eds.. Reston VA ASCE.

Sutherland R. 1995. Methods for Estimating the Effective Impervious Area of Urban Watersheds.

Watershed Protection Techniques 21282-284. Center for Watershed Protection.

Thomson J. D. G. Weiblen B. A. Thomson S. Alfaro and P. Legendre. 1986. Untangling multiple

factors in spatial distributions lilies gophers and rocks. Ecology 771698-1715..

Trimble S. W. 1997. Contribution of stream channel erosion to sediment yield from an urbanizing

watershed. Science 2781442-1444.

Trout Unlimited. 2006. Eastern Brook Trout Status and Threats. Eastern Brook Trout Joint Venture.

Arlington VA Trout Unlimited.

USGS U.S. Geological Survey. 2006. The Quality of our Nations Waters Pesticides in the Nations

Streams and Ground Water 1992-2001. National Water Quality Assessment Program. USGS

Circular 1291. Reston VA USGS.

van Roon M. 2007. Water localisation and reclamation Steps towards low impact urban design and

development. Journal of Environmental Management 834437-447.

Vitousek P. M. H. A. Mooney J. Lubchenco and J. M. Melillo. 1997. Human domination of Earths

ecosystems. Science 2775325494-499.

Walsh C. J. T. D. Fletcher and A. R. Ladson. 2005a. Stream restoration in urban catchments through

redesigning stormwater systems Looking to the catchment to save the stream. Journal of the

North American Benthological Society 24690-705.

Walsh C. J. A. H. Roy J. W. Feminella P. D. Cottingham P. M. Groffman and R. P. Morgan. 2005b.

The urban stream syndrome Current knowledge and the search for a cure. Journal of the North

American Benthological Society 243706-723.

Wang L. J. Lyons P. Kanehl and R. Gatti. 1997. Influences of watershed land use on habitat quality

and biotic integrity in Wisconsin streams. Fisheries 2266-12.

PREPUBLICATION

Copyright National Academy of Sciences. All rights reserved.

RB-AR16920



Urban Stormwater Management in the United States

http//wvAv.nap.edu/catalog/l 2465.html

Introduction 37

Wang L. J. Lyons P. Kanehl and R. Bannerman. 2001. Impacts of urbanization on stream habitat and

fish across multiple spatial scales. Environmental Management 282255-266.

Wang L. J. Lyons and P. Kanehl. 2003. Impacts of urban land cover on trout streams in Wisconsin and

Minnesota. Transactions of the American Fisheries Society 1325825-839.

White R. J. 1996. Growth and development of North American stream habitat management for fish.

Canadian Journal of Fisheries and Aquatic Sciences 53Suppl 1342-363.

Whitlow J. R. and K. J. Gregory. 1989. Changes in urban stream channels in Zimbabwe. Regulated

Rivers Research and Management 427-42.

Williams G. P. and M. G. Wolman. 1984. Downstream Effects of Dams on Alluvial Rivers. U.S.

Geological Survey Professional Paper 1286.

Wolman M. G. and Schick A. 1967. Effects of construction on fluvial sediment urban and suburban areas

of Maryland. Water Resources Research 3451-464.

Wright T. J. Tomlinson T. Schueler and K. Cappiella. 2006. Direct and indirect impacts of urbanization

on wetland quality. Wetlands and Watersheds Article 1. Ellicott City MD Center for Watershed

Protection.

PREPUBLICATION

Copyright National Academy of Sciences. All rights reserved.

RB-AR16921



Urban Stormwater Management in the United States

http//www.nap.edu/catalog/12465.html

Copyright National Academy of Sciences. All rights reserved.

RB-AR16922



Urban Stormwater Management in the United States

http//www.nap.edu/catalog/12465.html
_

Chapter 2

The Challenge of Regulating Stormwater

Although stormwater has long been regarded as a major culprit in urban flooding only in

the past
30 years have policymakers appreciated the significant role stormwater plays in the

impairment of urban watersheds. This recent rise to fame has led to a cacophony of federal

state and local regulations to deal with stormwater including the federal Clean Water Act

CWA implemented by the U.S. Environmental Protection Agency EPA. Perhaps because this

longstanding environmental problem is being addressed so late in the development and

management of urban watersheds the laws that mandate better stormwater control are generally

incomplete and were often passed for other purposes like industrial waste control.

This chapter discusses the regulatory programs that govern stormwater particularly
the

federal program explaining how these programs manage stormwater only impartially
and often

inadequately. While progress has been made in the regulation of urban stormwater-from the

initial emphasison simply moving it away from structures and cities as fast as possible to its role

in degrading neighboring waterbodies-a significant number of gaps remain in the existing

system. Chapter 6 returns to these gaps and considers the ways that at least some of them may
be addressed.

FEDERAL REGULATORY FRAMEWORK FOR STORMWATER

The Clean Water Act

The CWA is a comprehensive piece of U.S.
legislation

that has a goal of restoring and

maintaining the chemical physical and
biological integrity

of the nations waters. Its long-term

goal is the elimination of polluted discharges to surface waters originally by 1985 although

much of its current effort focuses on the interim goal of attaining swimmable and fishable

waters. Initially
enacted as the Federal Water Pollution Control Act in 1948 it was revised by

amendments in 1972 that gave it a stronger regulatory water chemistry-focused basis to deal

with acute industrial and municipal effluents that existed in the 1970s. Amendments in 1987

broadened its focus to deal with more diffuse sources of impairments including stormwater.

Improved monitoring over the
past two decades has documented that although discharges have

not been eliminated there has been a widespread lessening of the effects of direct municipal and

industrial wastewater discharges.

A timeline of federal regulatory events over the past 125 years relevant to stormwater

which includes regulatory precursors to the 1972 CWA is shown in Table 2-1. The table reveals

that while there was a flourish of regulatory activity related to stormwater during the mid-1980s

to 1990s there has been much less regulatory activity since that time.
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TABLE 2-1 Legal and Regulatory Milestones for the Stormwater Program

1886 Rivers and Harbors Act. A navigation-oriented statute that was used in the 1960s and 1970s to

challenge unpermitted pollutant discharges from industry.

1948 Federal Water Pollution Control Act. Provided matching funds for wastewater treatment

1952 facilities grants for state water pollution control programs and limited federal authority to act

1955 against interstate pollution.

1965 Water Quality Act. Required states to adopt water quality standards for interstatewaters subject

to federal approval. It also required states to adopt state implementation plans although failure to

do so would not result in a federally implemented plan. As a result enforceable
requirements

against polluting industries even in interstate waters was limited.

1972 Federal Water Pollution Control Act. First
rigorous

national law prohibiting the discharge of

pollutants into surface waters without a permit.

Goal is to restore and maintain health of U.S. waters

Protection of aquatic life and human contact recreation by 1983

Eliminate discharge of pollutants by 1985

Wastewater treatment plant financing

Clean Water Act Section 303d

Contains a water quality-based strategy for waters that remain polluted after the

implementation of technology-based standards.

Requires states to identify waters that remain polluted to determine the total maximum

daily loads that would reverse the impairments and then to allocate loads to sources. If

states do not perform these actions EPA must.

Clean Water Act Section 208

Designated and funded the development of regional water quality management plans

to assess regional water quality propose stream standards identify water quality

problem areas and identify wastewater treatment plan long-term needs. These plans

also include policy statements which provide a common consistent basis for decision

making.

1977 Clean Water Act Sections 301 and 402

1981 Control release of toxic pollutants to U.S. waters

Technology treatment standards for conventional pollutants and priority toxic pollutants.

Recognition of technology limitations for some processes.

1977 NRDC vs. Costle. Required EPA to include stormwater discharges in the National Pollution

Discharge Elimination System NPDES program.

1987 Clean Water Act Amended Sections 301 and 402

Control toxic pollutants discharged to U.S. waters.

Manage urban stormwater pollution.

Numerical criteria for all toxic pollutants.

Integrated control strategies for impaired waters.

Stormwater permit programs for urban areas and industry.

Stronger enforcement penalties.

Anti-backsliding provisions.
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1990 EPAs Phase I Stormwater Permit Rules are Promulgated

Application and permit requirements for large and medium municipalities

Application and permit requirements for light and heavy industrial facilities based on

Standard Industrial Classification SIC Codes and construction activity _ 5 acres

1999 EPAs Phase II Stormwater Permit Rules are Promulgated

Permit requirements for census-defined urbanized areas

Permit requirements for construction sites 1 to 5 acres

1997- Total Maximum Daily Load TMDL Program Litigation

2001 Courts order EPA to establish TMDLs in a number of states if the states fail to do so.

The TMDLs assign Waste Load Allocations for stormwater discharges
which must be

incorporated as effluent limitations in stormwater permits.

2006- Section 323 of the Energy Policy Act of 2005

2008 EPA promulgates rule 2006 to exempt stormwater discharges
from oil and gas

exploration production processing treatment operations or transmission facilities

from NPDES stormwater permit program.

In 2008 courts order EPA to reverse the rule which exempted certain activities in the

oil and
gas exploration industry from storm water regulations. In Natural Resources.

Defense Council vs. EPA 9t Cir. 2008 the court held that it was arbitrary and

capricious to exempt from the Clean Water Act stormwater discharges containing

sediment contamination that contribute to a violation of water quality standards.

2007 Energy Independence and Security Act of 2007

Requires all federal development and redevelopment projects
with a footprint above

5000 square feet to achieve predevelopment hydrology to the maximum extent

technically
feasible.

The Basic NPDES Program Regulating Pollutant Discharges

The centerpiece of the CWA is its mandate that all discharges into the nations waters

are unlawful unless specifically authorized by a permit 42 U.S.C. 1342a. Discharges do

not include all types of pollutant flows however. Instead discharges are defined more

narrowly as point sources of pollution which in turn include only sources that flow through a

discrete conveyance like a pipe or ditch into a lake or stream 33 U.S.C. 136212 and 14.
Much of the focus of the CWA program then is on limiting pollutants emanating from these

discrete point sources directly into waters of the United States. Authority to control nonpoint

sources of pollution like agricultural runoff even when drained via pipes or ditches is

generally left to the states with more limited federal oversight and direction.

All point sources of pollutants are required to obtain a National Pollutant Discharge

Elimination System NPDES permit and ensure that their pollutant discharges do not exceed

specified effluent standards. Congress also commanded that rather than tie effluent standards to

the needs of the receiving waterbody-an exercise that was far too scientifically uncertain and

time-consuming-the effluent standards should first be based on the best available
pollution

technology or the equivalent. In response to a very ambitious mandate EPA has promulgated

very specific quantitative discharge limits for the wastewater produced by over 30 industrial

categories of sources based on what the best pollution control technology could accomplish and
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it requires at least secondary treatment for the effluent produced by most sewage treatment

plants. Under the terms of their permits these large sources are also required to self-monitor

their effluent at regular intervals and submit compliance reports to state or federal
regulators.

EPA quickly realized after passage of the CWA in 1972 that if it were required to

develop pollution limits for all point sources it would need to regulate hundreds of thousands

and perhaps even millions of small stormwater ditches and thousands of small municipal

stormwater outfalls all of which met the technical definition of point source. It attempted to

exempt all these sources only to have the D.C. Circuit Court read the CWA to permit no

exemptions NRDC vs. Cosde 568 F.2d 1369 D.C. Cir. 1977. In response EPA developed a

general permit system an umbrella permit that covers multiple permittees for smaller

outfalls of municipal stormwater and similar sources but it generally did not require these

sources to meet effluent limitations or monitor their effluent.

It should be noted that while the purpose of the CWA is to ensure protection of the

physical biological and chemical integrity of the nations waters the enforceable reach of the

Act extends only to the discharges of pollutants into waters of the United States 33 U.S.C.

1311a cf. PUD No.1 of Jefferson County v. Washington Department of Ecology 511 U.S.

700 1994 providing states with broad authority under section 401 of the CWA to protect

designated uses not simply limit the discharge of pollutants. Even though pollutant is

defined broadly in the Act to include virtually every imaginable substance added to surface

waters including heat it has not traditionally been read to include water volume 33 U.S.C.

13626. Thus the focus of the CWA with respect to its application to stormwater has

traditionally been on the water quality of stormwater and not on its quantity timing or other

hydrologic properties. Nonetheless because the statutory
definition of pollutant includes

industrial municipal and agricultural waste discharged into water using transient and

substantial increases in flow in urban watersheds as a proxy for pollutant loading seems a

reasonable interpretation
of the statute. EPA Regions 1 and 3 have considered flow control as a

particularly
effective way to track sediment loading and they have used flow in TMDLs as a

surrogate for pollutant loading EPA Region 3 2003. State trial courts have thus far ruled that

municipal separate storm sewer system MS4 permits issued under delegated federal authority

can impose restrictions on flow where changes in flow impair the beneficial uses of surface

waters Beckman 2007. EPA should consider more formally clarifying that significant

transient increases in flow in urban watersheds serve as a legally valid proxy for the loading of

pollutants. This clarification will allow regulators to address the problems of stormwater in more

diverse ways that include attention to water volume as well as to the concentration of individual

pollutants.

Stormwater Discharge Program

By 1987 Congress became concerned about the significant role that stormwater played in

contributing to water pollution and it commanded EPA to regulate a number of enumerated

stormwater discharges more rigorously. Specifically Section 402p introduced in the 1987

Amendments to the CWA directs EPA to regulate some of the largest stormwaterdischarges-those
that occur at industrial facilities and municipal storm sewers from larger cities and other

significant sources like large
construction sites-by requiring permits and promulgating

discharge standards that require the equivalent of the best available technology 42 U.S.C.
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1342p 3. Effectively then Congressgrafted larger stormwater discharges onto the existing

NPDES program that was governing discharges from manufacturing and sewage treatment

plants.

Upon passage of Section 402p EPA divided the promulgation of its stormwater

program into two phases that encompass increasingly smaller discharges. The first phase

finalized in 1990 regulates stormwater discharges from ten types of industrial operations this

includes the entire manufacturing sector construction occurring on five or more acres and

medium or large storm sewers in areas that serve 100000 or more people 40 C.F.R.

122.26a 3 1990 40 C.F.R. 122.26 b14 1990. The second phase finalized in 1995

includes smaller municipal storm sewer systems and smaller construction sites down to one

acre 60 Fed. Reg. 40230 Aug. 7 1995 codified at 40 C.F.R. Parts 122 124 1995. If these

covered sources fail to apply for a permit they are in violation of the CWA.
Because stormwater is more variable and site specific with regard to its quality and

quantity than wastewater EPA found it necessary to diverge in two important ways from the

existing NPDES program governing discharges from industries and sewage treatment plants.

First stormwater discharge limits are not federally specified in advance as they are with

discharges from manufacturing plants.
Even though Congress directed EPA to require

stormwater sources to install the equivalent of the best available technology or best

management practices EPA concluded that the choice of these best management practices

referred to in this report as stormwater control measures or SCMs would need to be source

specific. As a result although EPA provides constraints on the choices available it generally

leaves stormwater sources with responsibility for developing a stormwater pollution prevention

plan and the state with the authority to approve amend or reject these plans EPA 2006a p. 15.

Second because of the great variability in the nature of stormwater flow some sources

are not required to monitor the pollutants in their stormwater discharges. Even when monitoring

is required there is generally a great deal of flexibility for regulated parties to self-monitor as

compared with the monitoring requirements applied to industrial waste effluent not stormwater

from industries. More specifically for a small subset of stormwater sources such as Phase I

MS4s some monitoring of effluent during a select number of storms at a select number of

outfalls is required EPA 1996a p. VIII-1. A slightly larger number of identified stormwater

dischargers primarily industrial are only required to collect grab samples four times during the

year and visually sample and report on them so-called benchmark monitoring. The remaining

stormwater sources are not required to monitor their effluent at all EPA 1996a. States and

localities may still demand more stringent
controls and rigorous stormwater monitoring

particularly in areas undergoing a Total Maximum Daily Load TMDL assessment as discussed

below. Yet even for degraded waters subject to TMDLs any added monitoring that might be

required will be limited only to the pollutants that cause the degraded condition 40 C.F.R.

420.32-420.36 2004.

Water Quality Management

Since technology-based regulatory requirements imposed on both stormwater and more

traditional types of discharges are not tied to the conditions of the receiving water-that is they

require sources only to do their technological best to eliminate pollution-basic federal effluent

limits are not always adequate to protect water quality. In response to this gap in protection
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Congresshas developed a number of programs to ensure that waters are not degraded below

minimal federal and state goals e.g. 33 U.S.C. 1288 1313e 1329 13141. Among these

the TMDL program involves the most rigorous effort to control both point and nonpoint sources

to ensure that water quality goals are met 33 U.S.C. 1313d.
Under the TMDL program states are required to list waterbodies not meeting water

quality standards and to determine for each degraded waterbody the total maximum
daily

load of the problematic pollutant that can be allowed without violating the applicable water

quality standard. The state then determines what types of additional pollutant loading reductions

are needed considering not only point sources but also nonpoint sources. It then promulgates

controls on these sources to ensure further reductions to achieve applicable water quality goals.

The TMDL process has four separate components. The first two components are already

required of the states through other sections of the CWA 1 identify
beneficial uses for all

waters in the state and 2 set water quality standards that correlate with these various uses. The

TMDL program adds two components by requiring that states then 3 identify segments where

water quality goals have not been met for one or more pollutants and 4 develop a plan that will

ensure added reductions are made by point and/or nonpoint sources to meet water quality goals

in the future. Each of these is discussed below.

Beneficial Uses. States are required to conduct the equivalent of zoning by

identifying for each water segment in the state a beneficial use which consists of ensuring that

the waters are fit for either recreation drinking water aquatic life or agricultural industrial and

other purposes 33 U.S.C. 1313c 2 A. All states have derived narrative definitions to

define the beneficial uses of waterbodies that are components of all water quality standard

programs. Many of these narrative criteria are conceptual in nature and tend to define general

aspects of the beneficial uses. For categories such as aquatic life uses most states have a single

metric for differentiating uses by type of stream e.g. coldwater vs. warmwater fisheries. In

general the desired biological characteristics of the waterbody are not well defined in the

description of the beneficial use. Some states such as Ohio have added important details to

their beneficial uses by developing tiered aquatic life uses that recognize a strong gradient of

anthropogenic background disturbance that controls whether a waterbody can attain a certain

water quality and biological functioning see Box 2-1 Yoder and Rankin 1998. Any aquatic

life use tier less stringent than the CWA interim goal of swimmable-fishable requires a Use

Attainability Analysis to support a finding that restoration is not currently feasible and recovery

is not likely in a reasonable period of time. This analysis and proposed designation must

undergo public comment and review and are always considered temporary in nature. More

importantly typically one or more tiers above the operative interim goal ofswimmable-fishable
are provided. This method typically will protect the highest attainable uses in a state

more effectively than having only single uses.

The concept of tiered beneficial uses and use attainability is especially important with

regard to urban stormwater because of the potential irreversibility of anthropogenic development

and the substantial costs that might be incurred in attempting to repair degraded urban

watersheds to swimmable-fishable or higher status. Indeed it is important to consider what

public benefits and costs might occur for different designated uses. For example large public

benefits in terms of aesthetics and safety might be gained from initial improvements in an

urban stream e.g. restoring base flow that achieve modest aquatic use and protect secondary

human contact. However achieving designated uses associated with primary human contact or
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BOX 2-1

Ohios. Tiered /Aquatic Life Uses

Designated or beneficial uses for waterbodies are an important aspect of the CWA.because

they are the explicitwater quality goals or endpoints set for each water or class of waters. Ohio was one

of the firststates to implement tiered aquatic life uses TALUS in 1978 as part
of its water quality

standards WQS. Most states have a single aquatic life use for a class of waters based on narrative

biological criteria e.g. warmwater or coldwater fisheries although many states now collect data that

would allow identification of multiple tiers of condition. EPA has recognized the management advantages

inherent to tiered aquatic life uses and has developed a technical document on how to develop the

scientific basis that would allow States to implement tiered uses EPA 2005a Davies and Jackson

2006.

Ohios TALUs reflect the mosaic of natural features acrossOhio and over 200 years of human

changes to the.natural landscape Widespread information on Ohios natural history e.g. Trautmans

.195 Fishes ofOhio. provided strong evidence that the potential fauna of streams was not uniform but

varied geographically
Based on this knowledge Ohio developed a more protective aquatic life use tier to

protect streams ofhigh biological diversity that harbored unique assemblages of rare or sensitive aquatic

species e.g..fish mussels invertebrates. In its WQS.in 1978 Ohio established a narrative Exceptional

Warmwater Habitat EWH aquatic life use to supplement its more widespread general or Warmwater

Habitat aquatic life use WWH Yoder and Rankin 1995.

The CWA permits states to assign aquatic life uses that do not meet the baselineswimmable-fishable
goals of the CWA under specific circumstances after conducting a Use Attainability Analysis

UAA which documents that higher CWA aquatic life use goals e.g. WWH and EWH in Ohio are not

feasibly attainable. These alternate aquatic life uses are always considered temporary in case land use

changes or technology changes to make restoration feasible. The accrual of more than ten years of

biological assessment data by the.late.1980s and extensive habitat and stressor data provided a key link

between the stressors that limited. attainment of a higher aquatic life use in certain areas and reaches of

Ohio streams. This assessment formed the basis for several modified physical warmwater uses for

Ohio waters and a limited use limited resource water LRW for mostly small ephemeral or highly

artificial waters Yoder and Rankin 1995. Table 2-2 summarizes the biological and physical

characteristics of Ohio TALUS and the management consequences of these uses. Channelization

typically maintained by county or municipal drainage and flood control efforts particularly where such

changes have been extensive are the predominant cause of Modified and Limited aquatic life uses.

Extensive channel modification in urban watersheds has led to some modified warmwater habitat MWH
and LRW. uses in urban areas. There has-been discussion of developing specific urban aquatic life

uses however the complexity of multiple stressors.and the need to.find a clear link between the sources

limiting
aquatic life and feasibleremediation.is just now beingaddressed in urban settings Barbour et al.

2006.

The TALUS in Ohio EWHnLRW reflect a gradient of landscape and direct physical changes

Iargelyrelated to changes to rnstreamhabitatand associated hydrological features. Aquatic life uses and

the classification strata based on ecoregionand stream size headwater wadeable and boatable

streams provide the template for the bidcriteria expectations for Ohio streams see Box 2-2.

Identification of the appropriate tiers for streams and UAA are a routine part of watershed monitoring in

Ohio and are based on biological habitat and other supporting data. Any recommendations for changes

in aquatic life uses are subject to public comment when the Ohio WQS are changed.

continues next page
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BOX 2-1.Continued

Aquatic Life Why a Warerbody Would Be Practical Impacts

Use Key Attributes Designated compared ton baseline of WWH
Wanmvater Balanced assemblages of Either supports biota consistent with Baseline regulatory requirements

Habitat fish/invertebrates comparable to numeric bioniteria for that ecoregion consistent with the CWA fishable

WWH least impacted regional reference or exhibits the habitat potential
to and protection propagation

condition support recovery of the aquatic fauna goals criteria consistent with EPA

guidance with State/regional

modifications as appropriate

Exceptional Unique and/or diverse Attainment of the E\VH biocrtteria More stringent criteria for D.O..

Wa nawater assemblages comparable to upper demonstrated by both organism temperature. ammonia and nutrient

Habitat quartile
of staretride reference groups targets more stringent restrictions

EWH condition on dissolved metals translators

restrictions on nationwide dredge S

fill permits may result in more

stringent wastewater treatment

requirements

Coldwater Sustained presence of Salmouiti or Bioassessment reveals Coldwater Same as above except that common

Habitat non-salmonid Coldwater aquatic species as defined by Ohio EPA metals criteria are more stringent

CWH organisms bonafide trout fishery 1987 put-and-take trout fishery may result in more stringent

managed by Ohio DNR wastewater treatment requirements

Modified Wntmwater assemblage dominated Impairment of the WWH biocriteria Less stingent criteria for D.O..

Wannwater by species
tolerant of low D.O.. existence and/or maintenance of atmuouia. and nutrient targets less

Habitat excessive nutrients siltation. hydrological modifications that restrictive applications of dissolved

MWH and/or habitat modifications cannot be reversed or abated to attain metals translators Nationwide

the W\VH biocriteria a use permits apply without restrictions or

attainability analysis is required exception may result in less

restrictive wastewater treatment

requirements

Limited Highly degraded assemblages Extensive physical and hydrological. Chemical criteria are based on the

Resource dominated exclusively by tolerant modifications that cannot be reversed prevention of acutely
lethal

Waters species should not reflect acutely and which preclude attainment of conditions may result in less

LRW toxic conditions higher uses a use attainability restrictive wastewater treatment

analysis is required requirements

TABLE 2 2 Key features associated with tiered aquaticife uses in the Ohio WQS. -SOURCE-EPA

2005a AppendixB

Ohio s water quaky standards contain specific listings by stream or stream reach with notations

about the appropriate aquatic life use as wellas other-applicable uses e g recreation Much of the

impactof-tiered uses on regulated entitles or watershed management efforts arises from the tiered

chemical and stressor criteria associated with each TALU Criteriafor compounds such asammonia and

dissolved oxygen vary with aquatic lifeuse see Table2 2 Furthermore application of management
actions in Ohio ranging from assigning anbdegradation tiers awarding funding for wastewater

infrastructure and other projectsi to issuing CWA Section 401/404 permits are influence by the TALU and.

the biological 3scrnhlages present.

Ohio h is hem expanding its use of tiered uses by proposing tiered uses for-wetlands

http hýdýniw pa stteoh a /d w/rules/drift 1 53 feb06 pdf and developinginew aquatic life uses for very

small primary headwaiter PHW strum Both of these water types_have aýstrong. ntersection with.

art a oinctruction-arid storm %ater practic
s In Ohlo this is e pteially sobecause the proposed

mitigation tandards for stc i and.wctl iridsare linked to TALUsOhio EPA 2007

Davis and Jackson.2006 present a good summary-of the Mainerationale for TALUS 1
identifying mid preserving the highest quality resources 2 mote accuratelydepicting existing conditions

3 setting realistic and attainable management goals 4 preserving incremental improvements and 5
triggering management action when conditions decline Davieset al. 1999 Appendices A andB of

EPA. 2005a provide more detailed information about the TALUS in Maine and Ohio respectively.
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exceptional aquatic habitat may be much more costly such that the perceived incremental public

gains may be much lower than the costs that must be expended to achieve that more ambitious

designation.

Water Quality Criteria. Once a state has created a list of beneficial uses for its waters

water quality criteria are then determined that correspond with these uses. These criteria can

target chemical biological or physical parameters and they can be either numeric or narrative.

In response to the acute chemical water pollution that existed when the CWA was

written the primary focus of water quality criteria was the control of toxic and conventional

pollutants
from wastewater treatment plants. EPA developed water quality criteria for a wide

range of conventional pollutants and began working on criteria for a list of priority pollutants.

These were generally in the form of numeric criteria that are then used by states to set their

standards for the range of waterbody types that exist in that state. While states do not have to

adopt EPA water quality criteria they must have a scientific basis for setting their own criteria.

In practice however states have promulgated numerical water quality standards that can vary by

as much as 1000-fold for the same contaminant but are still considered justified by the available

science e.g. the water quality criteria for dioxin-Natural Resources Defense Council Inc. vs.

EPA 16 F.3d 1395 1398 1403-05 4th Cir. 1993.

The gradual abatement of point source impairments and increased focus on ambient

monitoring and nonpoint source pollutants has led to a gradual albeit inconsistent shift by states

toward 1 biological and intensive watershed monitoring and 2 consideration of stressors that

are not typical point source pollutants including nutrients bedded sediments and habitat loss.

For these parameters many states have developed narrative criteria e.g. nutrients levels that

will not result in noxious algal populations but these can be subjective and hard to enforce.

The use of biological criteria biocriteria has gained in popularity because traditional

water quality monitoring is now perceived as insufficient to answer questions about the wide

range of impairments caused by activities other than wastewater point sources including

stormwater GAO 2000. As described in Box 2-2 Ohio has defined biocriteria in its water

quality standards based on multimetric indices from reference sites that quantify the baseline

expectations for each tier of aquatic life use.

Antidegradation. The antidegradation provision of the water quality standards deals

with waters that already achieve or exceed baseline water quality criteria for a given designated

use. Antidegradation provisions must be considered before any regulated activity can be

authorized that may result in a lowering of water quality which includes biological criteria.

These provisions protect the existing beneficial uses of a water and only allow a lowering of

water quality but never lower than the baseline criteria associated with the beneficial use where

necessary to support important social and economic development. It essentially asks the

question is the discharge or activity necessary States with refined designated uses and

biological criteria have used these programs to their advantage to craft scientifically sound

protective yet flexible antidegradation rules see Ohio and Maine. Antidegradation is not a

replacement for tiered uses which provide a permanent floor against lowering water quality

protection.
Tiered beneficial uses and refined antidegradation rules can have substantial

influence on stormwater programs because they influence the goals and levels of protection

assigned to each waterbody.
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BOX 2-2

Ohios Biocriteria

After it implemented tiered aquatic life uses in 1978 Ohio developed numeric biocriteria in 1990

Ohio WQS Ohio Administrative Code 3745-1 as part of its WQS. Since designated uses were

formulated and described in ecological terms Ohio felt that it was natural that the criteria should be

assessed on an ecological basis Yoder 1.978. Subsequent to the establishment of the EWH tier in its

WQS Ohio expanded its biological monitoring efforts o include both macroinvertetirates and fish Yoder

and Rankin 1995 and established consistent and robust monitoring methodologies that have been

maintained to the present. This core of consistently collected data has allowed the application of

analytical tools including multimetric indices such as the Index of Biotic Integrity IBI the Invertebrate

Community Index ICI and other multivariate tools. The development of aquatic ecoregions Omernik

1987 1.995 Gallant et al. 1989 a practical definition of biological integrityKarr and Dudley 1981
multimetric assessment tools Karr 1981 Karr et al. 1986 and reference site concepts Hughes et al.

1986 provided the basis for developing Ohios ecoregion-based numeric criteria.

Successful. application of biocriteria in Ohio was dependent on the ability to accurately classify

aquatic ecosystem changes based. on. primarily natural abiotic features of the environment. Ohios

reference sites on which the biocriteria are based reflect spatial differences that were partially explained

by aquatic ecoregions and. stream size. Biological indices were calibrated and stratified on this basis to

arrive at biological criteria that present minimally acceptable baseline ecological index scores e.g.IBI

ICI.Ohib biocriteria stratified by ecoregion aquatic life use and stream size are depicted in Figure 2-1.

Huron Erie lalle Pill

wb C
EHb Onterb Lake PNh EOLP

W 32 7.3 34
Use Size IBI Mlwb ICI

8 34 8.9 34
WWR--9--4r-FVr--R

MWH-C H 20 NA 22
W 38 7.9 34

W 22 5.6 22 B 40 8.7 34

8 20 22 t
30 6.6 NA

Eastern Com Bel Plains ECBP
RoLP

Ill Phi

Use She IBI Mlwb ICI

40

W 40 8.3 36

B 42 8.5 36 tt.uen

MWH-C H 24 NA 22
c- WA

AWN.
W 24 6.2 22

IEýtý
o-ý 1

Western Allegheny
PlateauWWAP8 24 5.8 22 Use She IBI Mlwb cl

MWH-I B 30 6.6 NA WWH H 44 NA 34

W 44 8.6 34

lrmro B 40 8.6 34

waau
y1.

MWH-C H 24 NA 22
Anterior Plateau AP // eel t f W 24 6.2 22
Use Size 181 Mlwb ICI B 24 5.8 22

W 40 8.1 30

MWH-A
W 24

NA
30

B 38 8.7 30 8 24 5.5 30
MWH-C H 24 NA 22 MWH-I B 30 6.6 NA

W 24 62 22
Statewide Exceptional Criteria

a 24 5.8 22 Use Size IBI Mlwb ICI

MWH-l 9 30 6.6 NA EVJH H 50 4

W 50 9.4 46

B 48 9.6 46

FIGURE 24 Numeric biologicalcriteria_.adopted by Ohio EPA in 1990 using three. biological indices IBI

ICI and the Modified Index of well belrig Mlwb which is used to.assessed fish assemblagesand.

showing_stratification by stream size ecoregion and designated usewarmwater habitat.WWH modified

warmwater habitat channelized MWH C modified warmwater habitat impounded MWH-I and

exceptional warmwater habitat EWH.SOURCE EPA 2006 Appendix B. The bases forthe-Ohio

biocriteria and. sampling methods is found .i Ohio EPA 1987 1989ab .DeSho 1995 and Yoder and

Rankln..1995.
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Monitoring Programs to Identify Degraded Segments. Monitoring strategies by the

states generally follow the regulatory efforts of EPA and seek to identify those waterbodies

where one or more water quality standards are not being met. Much of the initial ambient

monitoring i.e. monitoring of receiving waterbodies was chemical based and focused on

documenting changes in pollutant concentrations and exceedances of water quality criteria.

Biological monitoring techniques have a long history of use as indicators of water quality

impacts. However it was not until such tools became more widespread-initially in states like

Maine North Carolina and Ohio-that the extent of stormwater and other stressor effects on

waterbodies became better understood. The biological response to common nonpoint stressors

has driven the consideration of new water quality criteria e.g. for nutrients bedded sediments

that were not major considerations under an effluent-dominated paradigm of water management.

In parallel with the increase in biocriteria has been the development of biological

monitoring to measure beneficial use attainment. Integrated biological surveys have revealed

impairments of waterbodies that go beyond those caused by typical point sources EPA 1996b

Barbour et al. 1999a. The substantial increase in biological assemblagemonitoring during the

1980s was enhanced by the development of more standard methods Davis 1995 Barbour et al.

1999ab Klemm et al. 2003 along with conceptual advances in the development of assessment

tools Karr 1981 Karr and Chu 1999. Development of improved classification tools e.g.

ecoregions stream types the reference site concept Stoddard et al. 2006 and analytical

approaches including multivariate e.g. discriminant analysis and multimetric indices such as

IBI and ICI see Box 2-3 Karr et al. 1986 DeShon 1995 resulted in
biological

criteria being

developed for several states. Biological monitoring approaches are becoming a widespread tool

for assessing attainment of aquatic life use designation goals inherent to state water quality

standards. Development of biocriteria represents a maturation of the use of biological data and

provides institutional advantages for states in addressing pollutants without numeric criteria e.g.

nutrients and non-chemical stressors such as habitat Yoder and Rankin 1998.

Setting Loads and Restricting Loading. Section 303d of the CWA requires that states

compare existing water quality data with water quality standards set by the states territories and

tribes. For those waters found to be in violation of their water quality standards Section 303d

requires that the state develop a TMDL. Currently approximately 20000 of monitored U.S.

waters are in non-attainment of water quality standards as evidenced by not meeting at least one

specific narrative or numeric physical chemical or biological criterion and thus require the

development of a TMDL.
The TMDL process includes an enforceable pollution control plan for degraded waters

based on a quantification of the loading of pollutants and an understanding of problem sources

within the watershed 33 U.S.C. 1313d1C. Both point and nonpoint sources of the

problematic pollutants including runoff from agriculture are typically considered and their

contributions to the problem are assessed. A plan is then developed that may require these

sources to reduce their loading to a level the TMDL that ensures that the water will ultimately

meet its designated use. Most of the TMDL requirements have been developed through

regulation. Additional effluent limits for point sources discharging into segments subject to

TMDLs are incorporated into the NPDES permit.
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BOX 2-3

Commonly Used Biological Assessment Indices

Much of the initial work using biological data to assess the effects of pollution on inland streams

and.. rivers was a response to Chicagos routing of sewage effluents into the Illinois River in the late

1800s Early research focused on the use of indicator species singly or in aggregate and how they

changed along gradients.of effluent-concentrations Davis 1990 1995 In the 1950s. Ruth Patrick used

biological data to. assess rivers by observing longitudinal changes intaxonomic groups andlaterin the

1950sand 1960s diversity indices .e.g Shannon Wiener index Shannon and Weaver 1949 were

used to assess aquatic communities Washington 1984 Davis 1990 1995 These indices were vanous

mathematical constructs that measured attributes such as richness and evenness of species abundance

in samples and are still widely used today In ecological studies Similarityindices are another approach

that is. used to compare biological assemblagesbetween sites. There. are a.wide multitude of such.

indices e.g. Bray-Curtis Jaccard and all use various mathematical constructs to examine species in

common and absent between samples.

Biotic indices are generally of more recent origin 1970s to the present. Hilsenhoff 1987 1988

assigned organic pollution tolerances .t macroinvertebrate. taxa and then combined these ratings in a

biotic Index that Is still widely used for macrornvertebrates Karr 1981 developed the Index of Biotic

Integrity IBI a multimetnc index that is composed of a series of 12 metrics of a Midwest.streamfish

community This approach hasbeen widely adopted and adapted to-many types of waterbodies

streams lakesrivers estuaries wetlands the Great Lakes etc. and organism groups and is probably

the most widely used biotic index approach in the United States. Examples includethe periphyton IBl

PIBI et al. 2000 for algal communities the Invertebrate Community Index ICIDeShon 1.995 and

benthic 181 B-IBI Kerans and .Kar 1994 for macroinvertebrates a benthic IBI for estuaries B-IBI

Weisberg et al. 1997 and a vegetative IBI for wetlands VIBI-E Mack 2007.

Various multivariate statistical approaches have also been used. to assess aquatic assemblages

often concurrently with multimetricindices. Maine for example uses a discriminant analysis that

assesses stream stations by comparison to reference. sites Davies. and Tsomides 1997. Predictive

modeling approaches incorporating both biotic. and environmental variables have been widely used in

Great Britain and Europe RiverInvertebrate Prediction and Classification System RIVPACS Wrightet

al. 1993 Australia AUSRIVASSimpson and .Norri 2000 and more recently in the United. States by

2000Hawkins et al.

All of these approaches how have a wide scientific literature supporting. theiruse and application.

EPA 2002a reports that most states have iomontoring program with at least one organism.group to

assess key waters In their states although the level ofimolliamentation and sophistication varies by state.

For example only four state have numeric biocriteria in their state water quality standards although 11

more aredeveloping such biocriteria based on one or more of the above monitoring approaches EPA
2002a.. The key. to implementation of any of-these approaches is to set appropriate goals for waters that

can beaccurately measured and then to- use thistype of information to identify limiting stressors e.g

EPA Stressor Identification Process EPA 2000a.
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Total Maximum DailyLoad Program and Storm water

The new emphasis on TMDLs and the revelation that impacts are primarily from diffuse

sources has increased the attention given to stormwater. If a TMDL assigns waste load

allocations to stormwater discharges these must be incorporated as effluent limitations into

stormwater permits. In addition the TMDL program provides a new opportunity for states to

regulate stormwater sources more vigorously. In degraded waterbodies effluent reductions for

point sources are not limited by what is economically feasible but instead include requirements

that will ensure that the continued degradation of the receiving water is abated. If a permitted

stormwater source is contributing pollutants to a degraded waterbody and the state believes that

further reductions in pollution from that source are needed then more stringent discharge

limitations are required. For example in City ofArcadia vs. State Water Resources Control

Board 135 Cal. App. 4th 1392 Ca. Ct. App. 2006 the court held in part that Californias zero

trash requirements for municipal storm drains resulting from state TMDLs were not

inconsistent with TMDL requirements or the CWA. Thus the maximum-extent-practicable

standard for MS4s as well as other technology-based requirements for other stormwater

permittees are a floor not a ceiling for permit requirements when receiving waters are impaired

Beckman 2007. Finally since the TMDL program expects the states to regulate anysource-pointor nonpoint-that it considers problematic any source of stormwater is fair game
regardlessof whether it is listed in Section 402p and regardless of whether it is a point source.

Nonpoint source runoff from
agricultural

and silvicultural operations is in fact a common target

for TMDL-driven restrictions see e.g.
Pronsolino vs. Nastri 291 F.3d 1123 1130 9th Cir.

2002 upholding restrictions on nonpoint sources such as logging compelled by States

TMDLs.
Despite the potential for positive interaction between stormwater regulation and the

TMDL program there appears to be little activity occurring at the stormwater-TMDL interface.

This is partly because the TMDL program itself has been slow in developing. In 2000 the

National Wildlife Federation applied 36 criteria to the 50 states water quality programs and

concluded that 75 percent of the states had failed to develop meaningful TMDL programs

National Wildlife Federation 2000 pp. 1-2. The General Accounting Office GAO 1989

identified the lack of implementation of TMDLs as a major impediment to attaining the goals of

the CWA which led to a spate of lawsuits filed by environmental groups to reverse this pattern.

The result was numerous settlements with ambitious deadlines for issuing TMDLs.

Commentators blame the delays in these TMDL programs on inadequate ambient

monitoring data and on the technical and
political challenges of causally linking individual

sources to problems of impairment. In a 2001 report for example the National Research

Council NRC noted that unjustified and poorly supported water quality standards a lack of

monitoring uncertainty in the relevant models and a failure to use biocriteria to assess beneficial

uses directly all contributed to the delays instates abilities to bring their waters into attainment

through the TMDL program NRC 2001. Each of these facets is not only technically

complicated but also expensive. The cost of undertaking a rigorous TMDL program in a single

state has been estimated to be about $4 billion per state assuming that each state has 100

watersheds in need of TMDLs Houck 1999 p. 10476.

As a result the technical demands of the TMDL program make for a particularly bad fit

with the technical impediments already present in monitoring and managing stormwater. As

mentioned earlier the
pollutant loadings in stormwater effluent vary dramatically over time and
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stormwater is notoriously difficult to monitor for pollutants. It is thus difficult to understand

how much of a pollutant a stormwater point source contributes to a degraded waterbody much

less determine how best to reduce that loading so that the waterbody will meet its TMDL. As

long as the focus in these TMDLs remains on pollutants ratherthan flow a point raised earlier

that will be considered again the technical challenges of incorporating stormwater sources in a

water quality-based regulatory program are substantial. Without considerable resources for

modeling and monitoring the regulator has insufficient tools to link stormwater contributions to

water quality impairments.

These substantial challenges in linking stormwater sources back to TMDLs are reflected

by the limited number of reports
and guidance documents on the subject. In one recent report

for example EPA provides 17 case studies in which states and EPA regions incorporated

stormwater control measures into TMDL plans but it is not at all clear from this report that these

efforts are widespread or indicative of
greater

statewide activity EPA 2007a. Indeed it almost

appears that these case studies represent the universe of efforts to link TMDLs and stormwater

management together.
The committees statement of task also appears to uriderscore albeit

implicitly EPAs
difficulty

in making scientific connections between the TMDL and stormwater

programs. This challenge is returned to in Chapter 6 which suggests some ways that the two can

be joined together more creatively.

Other Statutory Authorities that Control Stormwater

Although the CWA is by far the most direct statutory. authority regulating stormwater

discharges there are other federal regulatory authorities that could lead to added regulation of at

least some stormwater sources of pollution.

Critical Resources

If there is evidence that stormwater flows or pollutants are adversely impacting either

endangered species habitat or sensitive drinking water sources federal law may impose more

stringent regulatory restrictions on these activities. Under the Endangered Species Act

stormwater that jeopardizes the continued existence of endangered species may need to be

reduced to the point that it no longer threatens the endangered or threatened populations in

measurable ways especially if the stormwater discharge results from the activity of a federal

agency 16 U.S.C. 1536a 1538a.
Under the Safe Drinking Water Act a surface water supply of drinking water must

conduct periodic sanitary surveys to ensure the quality of the supply see 40 C.F.R. 142.16.

During the course of these surveys significant stormwater contributions to pollution may be

discovered that are out of compliance or not regulated under the Clean Water Act because they

are outside of an MS4 area. Such a discovery could lead to more rigorous regulation of

stormwater discharges. For a groundwater source that supplies 50 percent or more of the

drinking water for an area and for which there is no reasonably available alternative source the

aquifer can be designated as a Sole Source Aquifer and receive greater protection under the

Safe Drinking Water Act 42 U.S.C. 300h-3e. Stormwater sources that result from
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federally funded
projects are also more closely monitored to ensure they do not cause significant

contamination to these sole source aquifers.

Some particularly sensitive water supplies are covered by both programs. The Edwards

Aquifer underlying parts
of Austin and San Antonio Texas for example is identified as a Sole

Source Aquifer. There are also several endangered species of fish and salamander in that same

area. As a result both the Safe Drinking Water Act and the Endangered Species Act demand

more rigorous stormwater management programs to protect this delicate watershed.

Stormwater is also regulated indirectly by floodplain control requirements promulgated

by the Federal Emergency Management Agency FEMA. In order for a community to.

participate in the FEMA National Flood Insurance Program it must fulfill a number of

requirements including ensuring that projects will not increase flood heights including flood

levels adjacent to the project site see e.g. 44 C.F.R. 60.3d.

Contaminated Sites

Continuous discharges of contaminated stormwater and other urban pollutants

particularly through combined sewer overflows have led to highly contaminated submerged

sediments in many urban bays and rivers throughout the United States. In several cases where

the sediment contamination was perceived as presenting a risk to human health or has led to

substantial natural resource damages claims have been filed under the federal hazardous waste

cleanup statute commonly known as Superfund 42 U.S.C. 9601 et seq.. This liability under

the Comprehensive Environmental Response Compensation and Liability Act CERCLA
technically applies to any area-whether submerged or not-as long as there is a release or a

threat of release of a hazardous substance and the hazardous substances have accumulated in

such a way as to lead to the incurrence of response cleanup costs or to natural resource

damages 42 U.S.C. 9607a. Although only a few municipalities and sewer systems have

been sued Superfund liability is theoretically of concern for possibly a much larger number of

cities or even industries whose stormwater contains hazardous substances and when at least some

of the discharges were either in violation of a permit or unpermitted. The National Oceanic and

Atmospheric Administration brought suit against the City of Seattle and the Municipality of

Metropolitan Seattle alleging natural resource damages to Elliott Bay resulting from pollution in

stormwater and combined sewer overflows the case was settled in 1991 United States vs. City

ofSeattle No. C90-395WD http//www.gc.noaa.gov/natural-officel.html. While some of the

elements for liability remain unresolved by the courts such as whether some or all of the

discharges are exempted under the federally permitted release defense of CERCLA 42 U.S.C.

960110H which exemptssurface water discharges that are covered by a general or

NPDES permit from liability the prospect of potential liability is still present.

Diversion ofStormwater Underground or into Wetlands

In some areas stormwater is eliminated by discharging it into wetlands. If done through

pipes or other types of point sources these activities require a permit under the CWA. Localities

or other sources that attempt to dispense with their stormwater discharges in this fashion must

thus first acquire an NPDES permit.
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Even without a direct discharge into wetlands stormwater can indirectly enter wetland

systems and substantially impair their functioning. In a review of more than 50 studies the

Center for Watershed Protection found that increased urbanization and development increased

the amount of stormwater to wetlands which in turn led to increased ponding greater water

level fluctuation and/or hydrologic drought in urban wetlands Wright et al. 2006. They found

that in some cases the ability of the wetlands to naturally remove pollutants became

overwhelmed by pollutant loadings from stormwater.

An even more common method of controlling stormwater is to discharge it underground.

Technically these subsurface discharges of stormwater including dry wells bored wells and

infiltration galleries are considered by EPA to be infiltration or Class V wells which require a

permit under the CWA as long as they are in proximity to an underground source of drinking

water 40 C.F.R. Parts 144 146. While EPAs definition excludes surface impoundments and

excavated trenches lined with stone provided they do not include subsurface fluid distribution

systems or amount to improved sinkholes that involve the man-made modification of a

naturally occurring karst depression for the purpose of stormwater control most other types of

subsurface drainage systems are covered regardless of the volume discharged 40 C.F.R.

144.814.

Given EPAs recent description of SCMs considered to be Class V injection wells EPA
2008 most SCMs that rely on infiltration are exempted. For example ifan infiltration trench is

wider than it is deep it is exempted from the Class V well regulations. Residential septic

systems are also exempted see 40 C.F.R. 144.1g 1 ii and 2iii. However those that

involve deeper dry wells or infiltration
galleries appear to require Class V well permits under the

Safe Drinking Water Act. Because the use of these SCMs is likely to involve expensive

compliance requirements dischargers may steer away from them.

Air Contaminants

Air pollutants from vehicular exhaust and industrial sources that precipitate on roads and

parking lots can also be collected in stormwater and increase pollutant loading see Chapter 3

discussion of atmospheric deposition. While the Clean Air Act regulates these sources of air

contamination it does not eliminate them. Stormwater that is contaminated with air pollutants

may consist of both legal releases of air pollutants as well as illegal releases emitted in

violation of a permit although the distinction between the two groups of pollutants is effectively

impossible to make in practice.

Pesticides and Other Chemical Products Applied to Land and Road Surfaces

EPA regulates the licensing of pesticides as well as chemicals and chemical mixtures

although its actual authority to take action such as restricting product use or requiring labeling

varies according to the statute and whether the product is new or existing. Although EPA

technically is allowed to consider the extent to which a chemical is accumulating in stormwater

in determining whether additional restrictions of the chemical are needed EPA is not aware of

any instances in its Toxic Substances Control Act TSCA chemical regulatory decision-making
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in which it actually used this authority to advance water quality protection Jenny Molloy EPA

personal communication March 13 2008.

In its pesticide registration program EPA does routinely consider a pesticides potential

for adverse aquatic effects from stormwater runoff in determining whether the pesticide

constitutes an unreasonable risk Bill Jordan EPA personal communication March 14 2008.

EPA has imposed use restrictions on a number of individual pesticides such as prohibiting aerial

applications requiring buffer strips or reducing application amounts. Presumably states and

localities are tasked with primary enforcement responsibility for most of these use restrictions.

EPA has also required a surface water monitoring program as a condition of the re-registration

for atrazine and continues to evaluate available surface water and groundwater data to assess

pesticide risks Bill Jordan EPA personal communication March 14 2008.

EPA STORMWATER PROGRAM

Stormwater is defined in federal regulations as storm water runoff snow melt runoff

and surface runoff and drainage 40 CFR 122.26b13. EPA intended that the term describe

runoff from precipitation-related events and not include any type of non-stormwater discharge

55 Fed. Reg. 47995. A brief discussion of the evolution of the EPAs stormwater program is

followed by an explanation of the permitting mechanisms and the various ways in which the

program has been implemented by the states. As shown in Figure 2-2 the entire NPDES

program has grown by almost an order of magnitude over the past 35 years in terms of the

number of regulated entities which explains the reliance of the program on general rather than

individual permits. Both phases of the stormwater program have brought a large number of new

entities under regulation.

Historical Background

States like Florida Washington Maryland Wisconsin and Vermont and some local

municipalities such as Austin Texas Portland Oregon and Bellevue Washington preceded the

EPA in implementingprograms to mitigate the adverse impacts of stormwater quality and

quantity on surface waters. The State of Florida after a period of experimentation in the late

1970s adopted a rule that required a state permit for all new stormwater discharges and for

modifications to existing discharges ifflows or pollutants
increased Florida Administrative

Code Chapter 17-25 1982. The City of Bellevue WA established a municipal utility in 1974

to manage stormwater for water quality hydrologic balance and flood management purposes

using an interconnected system of natural areas and existing drainage features.

EPA first considered regulating stormwater in 1973. At that time it exempted from

NPDES permit coverage conveyances carrying stormwater runoff not contaminated by industrial

or commercial activity unless the discharge was determined by the Administrator to be a

significant contributor of pollutants to surface waters 38 Fed. Reg. 13530 May 22 1973. EPA

reasoned that while these stormwater conveyances were point sources they were not suitable for

end-of-pipe technology-based controls because of the intermittent variable and less predictable

nature of stormwater discharges. Stormwater pollution would be better managed at the local

agency level through nonpoint source controls such as practices
that prevent pollutants from
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FIGURE 2-2 The number of permittees under the NPDES program of the Clean Water Act from

1972 to the present. Note that concentrated Animal Feeding Operations CAFOs are not

considered in this report.

entering the runoff. Further EPA justified its decision by noting that the enormous numbers of

individual permits that the Agency would have to issue would be administratively burdensome

and divert resources from addressing industrial process wastewater and municipal sewage

discharges which presented more identifiable problems.

The Natural Resources Defense Council NRDC successfully challenged the EPAs
selective exemption of stormwater point sources from the NPDES regulatory permitting scheme

in federal court NRDC vs. Train 396 F.Supp. 1393 D.D.C. 1975 affd NRDC vs. Costle 568

F.2d. 1369 D.C. Cir. 1977. The court ruled that EPA did not have the authority to exempt

point source discharges from the NPDES permit program but recognized the Agencys
discretion to use reasonable procedures to manage the administrative burden and to define what

constitutes a stormwater point source. Consequently EPA issued a rule establishing a

comprehensive permit program for all stormwater discharges except rural runoff including

municipal separate storm sewer systems MS4s which were to be issued general or area

permits after a period of study 41 Fed. Reg. 11307 March 18 1976. Individual permits were

required for stormwater discharges from industrial or commercial activity or where the

stormwater discharge was designated by the permitting authority to be a significant contributor

of pollutants. Comprehensive revisions to the NPDES regulations were published next retaining

the broad definition of stormwater discharges subject to the NPDES permit program and

requiring permit application requirements similarto those for industrial wastewater discharges
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including testing for an extended list of pollutants 44 Fed. Reg. 32854 June 7 1979 45 Fed.

Reg. 33290 May 19 1980.

The new NPDES regulations resulted in lawsuits filed in federal courts by a number of

major trade associations member companies and environmental groups challenging several

aspects of the NPDES program including the stormwater provisions. The cases were

consolidated in the D.C. Circuit Court of Appeals and EPA reached a settlement with the

industry petitioners on July 7 1982 agreeing to propose changes to the stormwater regulations to

balance environmental concerns with the practical
limitations of issuing individual NPDES

permits and limited resources. The Agency significantly narrowed the definition of stormwater

point sources to conveyances contaminated by process wastes raw materials toxics hazardous

pollutants or oil and grease and it reduced application requirements by dividing stormwater

discharges into two groups based on their potential
for

significant pollution problems 47 Fed.

Reg. 52073 November 18 1982. EPA issued a final rule retaining the broad coverage of

stormwater point sources and a two-tiered classification to administratively regulate these

stormwater discharges 49 Fed. Reg. 37998 September 26 1984.

The rule generated considerably controversy trade associations and industry contended

that application deadlines would be impossible to meet and that the sampling requirements were

excessive while the environmental community expressed a concern that additional changes or

delays would exacerbate the Agencys failure to regulate sources of stormwater pollution.
On

the basis of the post-promulgation comments received EPA determined that it was necessary to

obtain additional data on stormwater discharges to assess their significance and it conducted

meetings with industry groups who indicated an interest in providing representative data on the

quality of stormwater discharges of their membership. The Agency determined that the

submission of representative data was the most practical
and efficient means of determining

appropriate permit terms and conditions as well as priorities for the multitude of stormwater

point source discharges that needed to be permitted 50 Fed. Reg. 32548 August 12 1985.

In the mean time the U.S. House of Representatives and the Senate both passed bills to

amend the CWA in mid-1985. The separate bills were reconciled in Conference Committee and

on February 4 1987 Congress passed the Water Quality Act WQA which specifically

addressed stormwater discharges. The WQA added Section 402p to the CWA which requires

stormwater permits to be issued prior to October 1992 for i municipal stormwater discharges

from large and medium municipalities based on the 1990 census ii discharges associated with

industrial activity and iii a stormwater discharge that the Administrator determines contributes

to the violation of a water quality standard or is a significant contributor of pollutants to waters

of the United States. MS4s were required to reduce pollutants
in stormwater discharges to the

maximum extent practicable MEP. Industrial and construction stormwater discharges must

meet the best conventional technology BCT standard for conventional pollutants and the best

available technology economically achievable BAT standard for toxic pollutants. EPA and the

NPDES-delegated states were given the flexibility to issue municipal stormwater permits on a

system-wide or jurisdiction-wide basis. In addition the WQA amended Section 402 12 of the

CWA to not require a permit for stormwater discharges from mining and oil and gas operations if

the stormwater discharge is not contaminated by contact and it amended Section 502 14 of the

CWA to exclude agricultural stormwater discharges from the definition of point source.

These regulations had been informed by the National Urban Runoff Program conducted

from 1978 to 1983 to characterize the water quality of stormwater runoff from light industrial

commercial and residential areas Athayde et al. 1983. The majority of samples collected were
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analyzed for eight conventional pollutants and three heavy metals and a subset was analyzed for

120 priority pollutants. The study indicated that on an annual loading basis some of the

conventional pollutants were greater
than the pollutant loadings resulting from municipal

wastewater treatment plants.
In addition the study found that a significant

number of samples

exceeded EPAs water quality criteria for freshwater.

The Federal Highway Administration conducted studies over a ten-year period ending in

1990 to characterize the water quality
of stormwater runoff from roadways Driscoll et al.

1990. A total of 993 individual stormwater events at 31 highway sites in 11 states were

monitored for eight conventional pollutants and three heavy metals. In addition a subset of

samples was analyzed for certain other conventional pollutant parameters. The studies found

that urban highways had significantly higher pollutant
concentrations and loads than non-urban

highway sites. Also sites in relatively dry semi-arid regions had higher concentrations of many

pollutants than sites in humid regions.

Final Stormwater Regulations

EPA issued final regulations in 1990 establishing a process for stormwater permit

application the required components of municipal stormwater management plans and a

permitting strategy for stormwater discharges associated with industrial activities 55 Fed. Reg.

222 47992 November 16 1990. Stormwater discharges associated with industrial activity that

discharge to MS4s were required to obtain separate individual or general NPDES permits.

Nevertheless EPA recognized that medium and large MS4s had a significant
role to play in

source identification and the development of pollution controls for industry and thus

municipalities were obligated to require the implementation of controls under local government

authority for stormwater discharges associated with industrial activity in their stormwater

management program. The final regulations also established minimumsampling requirements

during permit application for medium and large
MS4s serving a population based on the 1990

census of 100000 to 250000 and 250000 or more respectively. MS4s were required to

submit a two-part application over two years with the first part describing the existing program

and resources and the second part providing representative stormwater quality discharge data and

a description of a proposed stormwater management program after which individual MS4

NPDES permits would be issued for medium and large MS4s.

In addition the regulations identified ten industry groups and construction activity

disturbing land area five acres or greater as being subject to stormwater NPDES permits. These

industries were classified as either heavy industry or light industry where industrial activities are

exposed to stormwater based on the Office of Management and Budget Standard Industrial

Classifications SIC. The main industrial sectors subject to the stormwater program are shown

in Table 2-3 and include 11 regulatory categories i facilities with effluent limitations ii

manufacturing iii mineral metal oil and gas iv hazardous waste treatment storage or

disposal facilities v landfills vi recycling facilities vii steam electric plants viii

transportation facilities ix treatment works x construction activity and xi light
industrial

activity.

PREPUBLICATION

Copyright National Academy of Sciences. All rights reserved.

RB-AR16942



Urban Stormwater Management in the United States

http//www.nap.edu/catalog/12465.html

The Challenge of Regulating Storm water 59

TABLE 2-3 Sectors of Industrial Activit Covered by the EPA Stormwater Program

Category Sector SIC Major Activity Represented

see above Group

i A 24 Timber products

ii B 26 Paper and allied products

ii C 28 and 39 Chemical and allied products

i ii D 29 Asphalt paving and roofing materials and lubricants

i ii E 32 Glass clay cement concrete and gypsum products

i iii F 33 Primarymetals-iiiG 10 Metal mining ore mining and dressing

iiii H 12 Coal mines and coal mining-related facilities

iiii 1 13 Oil and gas refining

i iii J 14 Mineral mining and dressing

iv K HZ Hazardous waste treatment storage and disposal

v L LF Landfills land application sites and open dumps

vi M 50 Automobile salvage yards

vii N 50 Scrap rec ling facilities

vii 0 SE Steam electric generating facilities

viii P 40 41 42 43 51 Land transportation and warehousing

Viii 44 Water transportation

viii R 37 Ship and boat building or repairing yards

viii S 45 Air transportation

ix T TW Treatment works

xi U 20 21 Food and kindred products

xi V 22 23 31 Textile mills apparel and other fabric product manufacturing

leather and leather products

NO W 24 25 Furniture and fixtures

xi X 27 Printing and publishing

xi Y 30 39 34 Rubber miscellaneous plastic products and miscellaneous

manufacturing industries

xi AB 35 37 Transportation equipment industrial or commercial machinery

xi AC 35 36 38 Electronic electrical photographic and optical goods

x Construction activity

AD Non-classified facilities designated by Administrator under 40

CFR 122.26g11
SOURCE 65 Fed. Reg. 64804 October 30 2000.
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The second phase of final stormwater regulations promulgated on December 8 1999 64
Fed. Reg. 68722 required small MS4s to obtain permit coverage for stormwater discharges no

later than March 10 2003. A small MS4 is defined as an MS4 not already covered by an MS4

permit as a medium or large MS4 or is located in urbanized areas as defined by the Bureau of

the Census unless waived by the NPDES permitting authority or is designated by the NPDES

permitting authority on a case-by-case basis if situated outside of urbanized areas. Further the

regulations lowered the construction activities regulatory threshold for permit coverage for

stormwater discharges from five acres to one acre.

To give an idea of the administrative burden associated with the stormwater program and

the different types of permits Table 2-4 shows the number of regulated entities in the Los

Angeles region that fall under either individual or general permit categories.
Industrial and

construction greatly outweigh municipal permittees and stormwater permittees are vastly more

numerous that traditional wastewater permittees.

TABLE 2-4 Number of NPDES wastewater and stormwater entities regulated by the CaIEPA

Los An eles Regional Water Board as of May 2007

Waste Type Individual Permittees General Permittees

Wastewater and Non-stormwater Industry 103 574

Combined Wastewater and Stormwater 23 0

Stormwater pre-1990 45 0

Industrial Stormwater post-1990 0 2990

Construction Stormwater post-1990 0 2551

Municipal Stormwater post-1990 100 0

Total 271 6215

Municipal Permits

States with delegated NPDES permit authority all except Alaska Arizona Idaho

Massachusetts New Hampshire and New Mexico issued the first
large and medium MS4

permits beginning in 1990 some of which are presently in their fourth permit term. These MS4

permits require large and medium municipalities to implement programmatic control measures

the six minimum measures in the areas of 1 public education and outreach 2 public

participation and involvement 3 illicit discharge detection and elimination 4 construction

site runoff control 5 post-construction runoff control and 6 pollution prevention and good

housekeeping-all to reduce the discharge of pollutants in stormwater to the maximum extent

practicable. Efforts to meet the six minimum measures are documented in a stormwater

management plan. Non-stormwater discharges to the MS4 are prohibited unless separately

permitted under the NPDES except for certain authorized non-stormwater discharges such as

landscape irrigation runoff which are deemed innocuous nuisance flows and not a source of

pollutants. MS4 permits generally require analytic monitoring of pollutants in stormwater

discharges for all Phase I medium and large MS4s from a subset of their outfalls that are 36

inches or greater in diameter or drain 50 acres or more. These data at the discretion of the

permitting authority may be compared with water quality standards and considered by default

to be effluent limitations which refer to any restriction including schedules of compliance

established by a state or the Administrator pursuant to CWA Section 304b on quantities rates
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and concentrations of chemical physical biological and other constituents discharged from

point sources into navigable waters the waters of the contiguous zone or the ocean 40 CFR

401.11. A future exceedance of an effluent limitation constitutes a permit violation. However

permitting authorities have so far not taken this approach to interpreting MS4 stormwater

discharge data.

The Phase I stormwater regulations require medium and
large

MS4s to inspecthigh-risk
industrial facilities and construction sites within their

jurisdictions.
Certain industrial

facilities and construction sites of a minimum acreage are also subject to separate EPA/state

permitting under the industrial and construction general permits see below. While EPA

envisioned a partnership with municipalities on these inspections in its Phase I Rule Making it

provided no federal funding to build these partnerships. Both industry and municipalities have

argued that the dual inspection responsibilities are duplicative and redundant. Municipalities

have further contended that the inspection of Phase I industrial facilities and construction sites

are solely an EPA/state obligation although state and federal courts have ruled otherwise. In the

committees experience many MS4s do not oversee or regulate industries within their

boundaries.

As part
of the Phase II program small MS4s are covered under general permits and are

required to implement a stormwater management program to meet the six minimum measures

mentioned above. Unlike with Phase I Phase II MS4 stormwater discharge monitoring was

made discretionary and inspection of industrial facilities within the boundary of a Phase II MS4

is not required.

Industrial Permits

EPA issued the first nationwide multi-sector industrial stormwater general permit

MSGP on September 29 1995 60 Fed. Reg. 50804 which was reissued on October 30 2000

65 Fed. Reg. 64746. A proposed new MSGP was released for public comment in 2005 EPA
2005b. The proposed MSGP requires that industrial facility operators prepare a stormwater

pollution prevention plan similar to an MS4s stormwater management plan that documents the

SCMs that will be implemented to reduce pollutants in stormwater discharges. They must

achieve technology-based requirements using BAT or BCT or water quality-based effluent

limits which is the same requirement as for process wastewater permits.

All industrial sectors covered under the MSGP must conduct visual monitoring four times

a
year.

The visual monitoring is performed by collecting a grab sample within the first hour of

stormwater discharge and observing its characteristics qualitatively.
A subset of MSGP

industrial categories is required to perform analytical monitoring for benchmark pollutant

parameters four times in Year 2 of permit coverage and again in Year 4 ifbenchmarks were

exceeded in Year 2. The benchmark pollutant parameters listed in Table 2-5 were selected

based on the sampling data included with group permit applications submitted after the EPA

issued its stormwater regulations in 1990. To comply with the benchmark monitoring

requirements a grab sample must be collected within the first hour of stormwater discharge after

a rainfall event of 0.1 inch or greater and with an interceding dry period of at least 72 hours. A

benchmark exceedance is not a permit violation but rather is meant to trigger the facility

operator to investigate
SCMs and make necessary improvements.
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TABLE 2-5 Industry Sectors and Sub-Sectors Subject to Benchmark Monitoring

MSGP Required Parameters for Benchmark

Sector Industry Sub-sector Monitoring

C Industry organic
chemicals Al Fe nitrate and nitrite N

Plastics synthetic resins etc. Zn

Soaps detergents cosmetics perfumes Zn nitrate and nitrite N

Agricultural chemicals Pb Fe Zn P nitrate and nitrite N

D Asphalt paving and roofing materials TSS

E Clay products Al

Concrete products
TSS and Fe

F Steel works blast furnaces rolling and finishing mills Al Zn

Iron and steel foundries Al Cu Fe Zn TSS

Non-ferrous rolling
and drawing Cu Zn

Non-ferrous foundries casting Cu Zn

G Copper ore mining and dressing COD TSS nitrate and nitrite N

H Coal mines and coal mining related facilities TSS

J Dimension stone crushed stone and non-metallic TSS Al Fe

minerals except fuels

Sand and gravel mining Nitrate and nitrite N TSS

K Hazardous waste treatment storage or disposal NH3 Mg COD Ar Cd CN Pb Hg Se Ag

L Landfills land application sites and open dumps Fe TSS

M Automobile salvage yards TSS Al Fe Pb

N Scrap recycling Cu Al Fe Pb Zn TSS COD
0 Steam electric generating

facilities Fe

Water transportation facilities Al Fe Pb Zn

S Airports with deicin activities BOD COD NH3 HUPGrain
mill products TSS

Fats and oils BOD COD nitrate and nitrite N TSS

Y Rubber products Zn

AA Fabricated metal products except coating Fe Al Zn nitrate and nitrite N
Fabricated metal coating and engraving Zn nitrate and nitrite N

NOTE BOD biological oxygen demand COD chemical oxygen demand TSS total suspended solids.

SOURCE 65 Fed. Reg. 64817 October 30 2000.

EPA had already established technology-based effluent limitations for stormwater

discharges for eight subcategories of industrial discharges prior to 1987 namely for cement

manufacturing feedlots fertilizer manufacturing petroleum refining phosphate manufacturing

steam electric coal mining and ore mining and dressing see Table 2-6. Most of these facilities

were covered under individual permits prior to 1987 and are generally required to stay covered

under individual stormwater permits. Facilities in these sub-categories that had not been issued a

stormwater discharge permit prior to 1992 are allowed to be covered under the MSGP but they

still have analytical monitoring requirements that must be compared to effluent limitation

guidelines.
An exceedance of the effluent limitation constitutes a permit violation.
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TABLE 2-6 Select Stormwater Effluent Limitation Guidelines for Illustrative Purposes

Discharges Design Storm Pollutant Effluent Limitations

Parameters max per day

Phosphate Fertilizer Manufacturing Not specified Total P 105 mg/L

Runoff 40 C.F.R. 418 Fluoride 75 mg/L

Petroleum Refining 40 C.F.R. 419 Not specified OG 15 mg/L
TOC 110 mg/L
BOD5 48 kg/1000 m3 flow

COD 360 mg/1000 m3 flow

Phenols 0.35 mg/1000 m3 flow

Cr 0.73 mg/1000 m3 flow

Hex Cr 0.062 mg/1000 m3 flow

pH 6-9

Asphalt Paving and Roofing Emulsion Not specified TSS 0.023 kg/m

Products Runoff 40 C.F.R.443 OG 0.015 kg/m3

pH 6.0-9.0

Cement Manufacturing Material 10 yr 24 hour TSS 50 mg/L

Storage Piles Runoff 40 C.F.R. 411 pH 6.0-9.0

Coal Mining 40 C.F.R. 434 Subpart 1 yr 24 hour Fe 7.0 mg/L

B - Mn 4 mg/L

TSS 70 mg/L

pH 6.0-9.0

Steam Electric Power Generating 40 10 yr 24 hour TSS 50 mg/L

C.F.R. 423 pH 6.0-9.0

PCBs No discharge

NOTE BOD5 biological oxygen demand COD chemical oxygen demand OG oil and grease PCBs

polychlorinated biphenyls TOC total organic carbon TSS total suspended solids. SOURCE 40 C.F.R.

At the issuance of the Final Storm Water Rule in 1990 EPA envisioned the use of a mix

of general permits and individual permits to better manage the administrative burden associated

with permitting thousands of industrial stormwater point sources. In its original permitting

strategy for industrial stormwater discharges EPA articulated a four-tier strategy with the

nationwide general permits Tier 1 was baseline permitting Tier 2 would incorporate watershed

permits Tier 3 would be industry category-specific permitting and Tier 4 would encompass

facility-specific individual permits. In reality individual permits which would allow for the

crafting of permit conditions to be better structured to the specific industrial facility based on its

higher potential risk to water quality and could include adequate monitoring for purposes of

compliance and enforcement have been sparsely used. Similarly neither the watershed

permitting strategy nor the industry category-specific permitting strategy has found favor in the

absence of better federal guidance and funding.

Industrial stormwater general permits are issued by the State NPDES Permitting

Authority in NPDES-delegated states and may be in the form a single statewide permit covering

thousands of industrial permittees or sector-specific stormwater general permits covering less

than a hundred facilities. EPA Regions issue the MSGP in states without NPDES-delegated

authority and for facilities on Native Indian and Tribal Lands. EPAs nationwide 2000 MSGP

presently covers 4102 facilities.
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Construction Permits

EPA issued the first nationwide construction stormwater general permit CGP in

February 1998 63 Fed. Reg. 7858. The permits are valid for five-year terms. The most recent

CGP was issued in 2005 68 Fed. Reg. 39087 and the EPA in 2008 administratively continued

the CGP until the end of 2009 when it is expected to have developed effluent guidelines for

construction activity 73 Fed. Reg. 40338. The EPA is presently under court order to develop

effluent limitation guidelines for stormwater discharges from the construction and land

development industry. The construction general permit requires the implementation of

stormwater pollution prevention plans to prevent erosion control sediment in stormwater

discharges and manage construction waste materials. Operators of the construction activity are

required to perform visual inspections regularly but no sampling of stormwater discharge. during

rainfall events is required. As with the industrial and municipal permittees an exceedance of an

effluent limitation incorporated in a permit would be a violation of the CWA and is subject to

penalties.

EPAs CGP covers construction activity
in areas where EPA is the permitting authority

including Indian lands Puerto Rico the District of Columbia Massachusetts New Hampshire

New Mexico Idaho Arizona and Alaska. All other states have been delegated the authority to

issue NPDES permits and these states issue CGPs based on the EPA model but with subtle

variations. For example the California and Georgia CGPs include monitoring requirements for

construction sites discharging to sediment-impaired waterbodies. Wisconsin requires weekly

inspections and an inspection within 24 hours of a rain event of 0.5 inches or greater. Georgia

imposes discharge limits of an increase of no more than 10 Nephelometric Turbidity Units

NTU above background in trout streams and no more than 25 NTU above background in other

types of streams.

Permit Creation Administration and Requirements

For individual permits the
entity seeking coverage submits an application and one permit

is issued. The conditions of the permit are based on an analysis of information provided in a

rather lengthy permit application by the facility operator about the facility and the discharge.

Generally it takes six to 18 months for the permittee to compile the application information and

for the permitting authority to finalize the permit. Individual permits are common for medium

and large MS4s Phase I small MS4s in a few states Phase II and a few industrial activities.

General permits on the other hand are issued by the permitting authority and interested

parties then submitan Notice of Intent NOI to be covered. This mechanism is used where large

numbers of dischargers require permit coverage such as construction activities most industrial

activities and most small MS4s Phase. II. The permit must identify the area of coverage the

sources covered and the process for obtaining coverage. Once the permit is issued a permittee

may submit a NOI and receive coverage either immediately or within a very short time frame

e.g. 30 days.

All permits contain effluent limitations or effluent guidelines adherence to which is

required of the permittee. However the terms which are synonymousare agonizingly broad

and encompass 1 meeting numeric pollutant limits in the discharge 2 using certain SCMs
and 3 meeting certain design or performance standards. Effluent limitations may be expressed
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as SCMs when numeric limits are infeasible or for stormwater discharges where monitoring data

are insufficient to carry out the purposes and intent of the CWA 122.44k. If EPA has

promulgated numerical effluent guidelines for existing and new stormwater sources under

CWA Sections 301 304 or 306 then the permits must incorporate the effluent guidelines as

permit limits.

Effluent limitations can be either technology-based or water quality-based requirements.

Technology-based requirements establish pollutant limits for discharges on what the best

pollution control technology installed for that industry would normally accomplish.Water-qualitybased requirements by contrast look to the receiving waters to determine the level of

pollution reduction needed for individual sources. There are national technology-based

standards available for many categories of point sources including many industrial sectors and

municipal wastewater treatment plants. In the absence of national standards technology-based

requirements are developed on a case-by-case basis using best professional judgment. In

general BAT is the standard for toxic and non-conventional pollutants while BCT is the

standard for conventional pollutants. Water quality-based effluent limitations are required where

technology-based limits are found to be insufficient to achieve applicable water quality

standards including restoring impaired waters preventing impairments and protectinghigh-qualitywaters. Limitations must control all pollutants or pollutant parameters that are or may be

discharged at a level which will cause have reasonable potential to cause orcontribute to an

excursion above any applicable water quality standard. To distinguish betweentechnology-basedand water quality-based effluent limits consider that a permittee is required to meet a

numeric pollutant
limit in their stormwater discharge. A technology-based limit would be based

on studies of effluent concentrations coming from that technology while a water quality-based

limit would be based on some assessment of the impact of the discharge on a nearby receiving

water with the applicable water quality standard being the most conservative choice.

EPA is presently writing stormwater effluent guidelines for airport de-icing operations

and construction/development activity with an estimated final action date of December 2009.

Permits Prior to 1990

A limited number of individual stormwater permits perhaps in the low thousands were

first issued prior to 1990 the period before EPA promulgated regulations specific to stormwater

discharges and before EPA first received the authority to issue general NPDES permits.
These

individual NPDES permits for industrial stormwater discharges like traditional individual

wastewater NPDES permits incorporate numerical effluent limits and they impose discharge

monitoring requirements to demonstrate compliance. These facilities were selected for

permitting before 1990 presumably because of the risk they presented to causing or contributing

to the exceedance of water quality standards.

Do Permittees Have to Meet Water Quality Standards in their Effluent

It is unclear as to whether municipal industrial and construction stormwater discharges

must meet water quality standards. Furthermore even ifsuch discharges were required to meet

water quality standards the absence of monitoring found within the permits means that
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enforcement of the requirement would be difficult at best. Nonetheless some sources suggest

that with the exception of Phase II MS4 discharges EPAs intent is that stormwater discharges

comply with water quality standards especially where a TMDL is in place.

First the EPA Office of General Counsel issued a memorandum in 1991 stating that

municipal stormwater permits must require that MS4s reduce stormwater pollutant discharges to

the maximum extent practicable and must also comply with water quality
standards.

Recognizing the complexity of stormwater EPAs 1996 Interim Permitting Approach for Water

Quality-Based Effluent Limitations in Storm Water Permits 61 Fed. Reg. 43761 stated that

stormwater permits should use SCMs in first-term stormwater permits and expanded orbetter-tailoredSCMs in subsequent term permits to provide for the attainment of water quality

standards. However where adequate information existed to develop more specific
conditions or

limitations to meet water quality standards these conditions or limitations are to be incorporated

into stormwater permits as necessary and appropriate.

As permitting authorities began to develop TMDL waste load allocations to address

impaired receiving waters and waste load allocations were assigned to stormwater discharges

EPA issued a TMDL Stormwater Policy.
It stated that stormwater permits must include permit

conditions consistent with the assumptions and requirements of available waste load allocations

EPA 2002b. Since waste load allocations derive directly from water quality standards this

could be interpreted as saying that stormwater discharges must meet water quality standards.

However EPA expected that most water quality-based effluent limitations for NPDES-regulated

stormwater discharges that implement TMDL waste load allocations would be expressed as

SCMs and that numeric limits would be used only in rare instances. This is understandable

given that storm events are dynamic and variable and it would be expensive to monitor all storm

events and discharge points particularly for MS4s to demonstrate compliance with a waste load

allocation expressed as a numeric effluent limitation. Effluent limitations expressed as SCMs

appear to be the best interim approach to demonstrate compliance with TMDLs provided that

these SCMs are reasonably expected to satisfy the waste load allocation in the TMDL. As part

of the TMDL the NPDES permit must also specify the monitoring necessary to determine

compliance with effluent limitations. Where effluent limits are specified as SCMs the permit

should specify the monitoring necessary to assess if the load reductions expected from SCM

implementation are achieved e.g. SCM performance data.

Implementation of the Stormwater Program by States and Municipalities

NPDES-delegated states and Indian Tribes generally utilize the CGP and the MSGP as

model templates for adopting their respective general permits to regulate stormwater discharges

associated with industrial activity including construction within their jurisdictions.

Nevertheless some variations exist. For example the California CGP requires sampling of

stormwater at construction sites that discharge to surface waters that are listed as being impaired

for sediment. Connecticuts MSGP regulates stormwater discharges associated with commercial

activity
in addition to industrial activity. With respect to the municipal permits the variability

with which the stormwater program is implemented reflects the flexibility inherent in the MEP
standard. In the absence of a definite description of MEP or nationwide effluent guidelines

issued by EPA states and municipalities have not been very rigorous in determining what
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constitutes an adequate level of compliance. This self-defined compliance threshold has been

translated into a wide range of efforts at program implementation.

A number of MS4 programs have been leaders in some areas of program implementation.

For example Prince Georges County Maryland was a pioneer in implementinglow impact

development LID techniques. Notable efforts have been made by states and municipalities in

the Pacific Northwest such as Oregon and Washington. California and Florida also are in the

forefront of implementingcomprehensive and progressive stormwater programs.

Greater implementation is evident in states that had state stormwater regulations in place

prior to the advent of the national stormwater program GAO 2007. Some states issued early

MS4 permits e.g. California Florida Washington and Wisconsin prior to the promulgation of

the national stormwater program while a number of MS4s e.g. Austin Texas Santa Monica

California and Bellevue Washington were already implementingcomprehensive stormwater

management programs. In addition some MS4s conducted individual stormwater management

activities such as street-sweeping household hazardous waste collection construction site plan

review and inspections prior to the national stormwater program. These areas are more likely

than areas without a stormwater program that predated the EPA program to be successfully

meeting the requirements of the current program.

One of the obvious differences is the level of interest and effort exercised by coastal

communities or communities in close proximity to a water resource that have immediate access

to the beneficial uses of those resources but also have an immediate view of the impacts of

polluted runoff. That interest may contrast with the less active posture of upstream or further

inland communities that may not be as sensitive and willing to implement more stringent

stormwater programs. A recent report
has found that programs with more specific permit

requirements generally result in more comprehensive and progressive stormwater management

programs TetraTech 2006a. The report concluded that permittees should be required to

develop measurable goals based on the desired outcomes of the stormwater program.

Furthermore additional stormwater permit requirements can be expected as more TMDLs are

developed and wasteload allocations must be translated into permit conditions.

GAO Report on Current Status of Implementation

In 2007 the GAO issued a report
to determine the impact of EPAs Stormwater Program

on communities GAO 2007. Some of the relevant findings are that urban stormwater runoff

continues to be a major contributor to the nations degraded waters and that stormwater program

implementation has been slow for both Phase I and Phase II communities with almost 11 percent

of all communities not yet permitted as of fall 2006. Litigation among other reasons delayed

the issuance of some permits for years after the application deadlines. As a result almost all

Phase II and some Phase I communities are still in the early stages of program implementation

although deadlines for permit applications were years ago-16 years for Phase I and six years for

Phase II. EPA has acknowledged that it does not currently
have a system in place to measure the

success of the Phase I program on a national scale EPA 2000b. Therefore it is reasonable to

conclude that the level of implementation of the stormwater program ranges widely from

municipalities having completed a third-termpermit such as Los Angeles County MS4 permit

to municipalities not yet covered by a Phase II MS4 permit.
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The GAO report also indicates that communities inconsistent reporting of activities

makes it difficult to evaluate program implementation nationwide. Based on the reports

findings it seems that little auditing activity has been performed to gauge the status of

implementation and effectiveness in achieving water quality improvements. Most often cited is

the effort by EPAs Region 9 and the State of California auditors that recently discovered among

other things that some MS4s 1 had not developed stormwater management plans 2 were not

properly performing an adequate number of inspections to enforce their stormwater ordinances

and 3 were lax in implementing SCMs at publicly owned construction sites. They also found

that some MS4s were not adequately controlling stormwater runoff at municipally owned and

operated facilities such as maintenance yards. In response to these findings EPA issued in

January 2007 an MS4 Program Evaluation Guidance document EPA 2007b.

In the absence of a nationwide perspective of the implementation of the stormwater

program it is hard to make a determination about the programs success. There are communities

and states that seem to have made great strides in implementingprogressive stormwater

programs but it also seems that overall many programs are still in the early stages of

implementation while a number of communities are still waiting to obtain coverage under the

MS4 permits. In addition it appears that there is no national uniform system of tracking. success

or cost data. All these unknowns make it very difficult to formulate any definite statements

about how successful the implementation of the program is on a national perspective.

Committee Survey

In order to get a better understanding of how the stormwater program is implemented by

the states during 2007 the committee conducted two surveys asking states about their monitoring

requirements compliance determination and other facts for each program municipal industrial

and construction. For the larger survey 18 states representing all ten EPA regions responded to

the survey. Both surveys and all responses are found in Appendix C.

As expected the responding states reported that Phase I MS4s are required to sample

their stormwater discharges for pollutants although the frequency of sampling and the number of

pollutants being sampled tended to vary.
No state reported requiring Phase II MS4s to sample

stormwater discharges. Monitoring requirements for industrial stormwater varied by state from

none in Minnesota Nebraska and Maine to benchmark monitoring required under the MSGP in

Virginia New York and Wyoming. California Connecticut and Washington require all

industrial facilities to monitor for select chemical pollutants. Connecticut additionally requires

sampling for aquatic toxicity. Most of the responding states do not require construction sites to

do much more than visual monitoring periodically and after rain events. Georgia and

Washington require construction sites to monitor for parameters such as turbidity and pH.

California and Oregon require sampling when the discharge is to a waterbody impaired by

sediment.

As mentioned previously Phase I MS4s but not Phase II MS4s are required to address

industrial dischargers within their boundaries. There was considerable variability regarding the

survey questions of whether MS4s can conduct inspections of industrial facilities and what

industries are considered high risk. In all of the responding states except Virginia the

responders think that MS4s have the authority to inspect industries within their boundaries

although the extent to which this is done is not clear and in the committees experience is quite
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rare. Many of the responding states have not identified high-risk facilities and targeted them

for compliance scrutiny although certain categories were felt to be problematic by the state

employee responding to the survey such as metal foundries auto salvage yards metal recyclers

cement plants and saw mills. In California and Washington however some of the Phase I MS4

permits have identified high-risk facilities for the municipal permittee to inspect.

Georgia Maine Minnesota Nevada New York Vermont and Washington have State

Guidance Manuals for MS4 implementationwhile in California a coalition of municipalities and

the California Department of Transportation have developed MS4 guidance manuals. The rest of

the responding states rely on general guidance provided by the EPA. State guidance manuals for

the implementation of the industrial stormwater program were less common than guidance

manuals for construction activity with only California and Washington having such guidance

manuals. In contrast except for Nebraska and Oklahoma statewide guidance manuals for

erosion and sediment control were available. This may have resulted from the fact that many

states had laws in place that required erosion and sediment control practices during land

development timber harvesting and agricultural farming that predated the EPA stormwater

regulations.

In an attempt to determine the level of oversight that a state provides for industrial and

construction operations the survey asked whether and to whom stormwater pollution prevention

plans SWPPPs are submitted. Most of the responding states require the stormwater pollution

prevention plans that industrial facilities prepare to be retained at the facility and produced when

requested by the state. Only Oregon Vermont Washington and Hawaii required industrial

SWPPPs to be submitted to the state when seeking coverage under the MSGP. The practice for

the submittal of construction SWPPPs was similar except that some states required that SWPPPs

for large construction projects be submitted to the state.

Compliance with the MS4 permit in the responding States is mainly determined through

the evaluation of annual reports
and program audits although no indication was given of the

frequency of audits. Regulators in Maine have monthly meetings with municipalities. The

responding states evaluate compliance with the MSGP by reviewing annual monitoring reports

and conducting inspections of industrial facilities. Connecticut characterized its industrial

inspections as regular Maine inspects industrial facilities twice per five-year permit cycle

while Vermont performsvisual inspections four times a year. No.other responding states

specified the frequency of inspections. Inspections and reviews of the SWPPPs constitute the

main ways for responding states to determine the compliance of sites and facilities covered under

the CGP.

With respect to the extent of actual compliance few states have such information partly

because it has not routinely been collected and analyzed. West Virginia has found that of the

871 permitted industrial facilities in the state 576 were delinquent in submitting the results of

their benchmark monitoring. Several case studies of compliance rates for municipal industrial

and construction sites in Southern California are presented in Box 2-4. The data suggest that

compliance in all three groups is poor particularly
for industrial sites. This may be partly

explained by the preponderance of small businesses covered by the MSGP whose operators may

have financial difficulty in committing funds to SCMs or lack a recognition and knowledge of

the stormwater program and its requirements.
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BOX 2-4

Compliance with Stormwater Permits in Southern California

Construction General Permits

In order to determine the compliance of construction sites with thegeneral stormwater permit

data were collected and analyzed from three sources 1 an audit performed in June 2004 of the..

development construction program of five cities that are permittees in the Los Angeles County MS4

permit about 44 sites 2 an audit performed in February 2002 of the development construction program.

aongothers of five Ventura County MS4 permittees about 3.2 .site and 3 a review and inspection

of 24 large construction sites-50 acres or greater of disturbed land. These sites accounted for about 5

percent of all construction sites in the region at the time and they represent both small and large

construction sites. The most common violations on construction sites were paper violations such as

incomplete SWPPPs and a lack of record keeping. Forty 40 percent of the sites had some type of paper

deficiency. A close second is the absence of erosion and/or sediment control observed on 30 percent of

the sites. SOURCE TetraTech 2002 2006bc.

Industrial Multi-Sector General Permit

For industrial sites information was. obtained from the following sources 1 a review of SCM

inspections performed in February 2005 which consisted of 38 sites in-the transportation sector 2. a

review of inspections and non-filer identification information in the plastics sector performed in 2007

which consisted of about 100 permitted sites among a large number of non-filer sites and 3 a review of

13 area airport inspections and 55 port tenant inspections at the ports of Los Angeles and Long Beach.

The sites are about 6 percent of the total number of permittees covered by Californias MSGP and

represent
some of the major regulated industrial sectors. The most common violations observed at

industrial sites were the lack of implementation of SCMs.such as overhead cover secondary containment

and/or spill control. Sixty 60 percent of the sites had.poor housekeeping problems. This was followed

by incomplete stormwater pollution prevention plans 40 percent. SOURCE E. Solomon California

EPA Los Angeles Regional Water Board personal communication 2008.

In another study the California Water Boards with the assistance of an EPA contractor conducted.

inspections of 1848 industrial stormwater permittees 21.percent of permitted facilities between 2001

and 2005 TetraTech 2006d. Seventyone 71 percent of the industrial facilities inspected were not in

compliance with the MSGPand 18 percent. were identified as a threatto water quality Fifty six 56
percent. f facilities that collected one or more water quality samples reported anexceedance of a

benchmark.Facility follow-up inspections indicated that field presence of the California Water Boards

inspectors improved facility compliance with the MSGP.

Municipal Permits

An audit similar to the TetraTech study described above was conducted for 84 Phase I and

Phase I11MS4sin California during the same period TetraTech 2006e. The audits found that municipal

maintenance facilities were often deficient in implementing SCMs MS4 permittees did not obtain

adequate legalautfhorityto implement the program they were not inspecting.. industrial facilities and

construction sitesor.were inspecting them inadequately and they were unable to evaluate. program

effectiveness in.improving water quality. Overall the. audits found that programs with more specific permit.

requirements generally resulted in more comprehensive and progressive stormwater management

programs. For example the Los Angeles or San Diego MS4 permits enumerate in detail the permit tasks

such as the frequency of inspection the types of facilities and the SCMs to be inspected that permittees

must perform in implementing their stormwater program. The auditors concluded that the specificity of

the provisions enabled the permitting authorities to enforce the MS4.permits and improve the quality of

MS4 discharges.

continues next page
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Box 2-4 Continued

Compliance. with Industrial Permits within MS4s

The EPA and the California EPA Los Angeles Regional Water Board conducted a limited audit of

the inspection program requirements of the Los Angeles County MS4 Permit and the City of Long Beach

MS4 Permit in conjunction with industrial facilities covered under the MSGP within the Ports of Los

Angeles and Long Beach EPA 2007c. The Port of Long Beach is covered under a single NOI for its 53

tenant facilities that discharge stormwater associated with industrial activity while 137 industrial facilities

within the Port of Los Angeles file independent NOIs. At the Port of Los Angeles of the 23 facilities that

were inspected 30 percent were judged to pose a significant threat to water quality 43 percent were

determined to have some violations with regard to implementation of SCMs or paperwork requirements

and 26 percent appeared.to be in compliance with the MSGP.. At the Port of Long Beach of. the 21

tenant facilities. that were inspected 14.percent were judged to posea significant threat to water quality

52 percent were determined to have some deficiencies with regard to implementation of SCMs or

paperwork requirements and 33 percent appeared to be in full. compliance with general permit

requirements. The Port of Long Beach had a more comprehensive stormwater monitoring program which

indicated that several pollutant parameters were above EPA benchmark values. Communication

between the MS4 departments and the ports in both programs appeared deficient. The EPA issued 20

compliance orders for violations of the MSGP but it did not pursue any action against the MS4s

overseeing the industries because it was outside the scope of the EPA audit.

Another aspect of compliance is the extent to which industrial facilities have identified

themselves and applied for coverage under the state MSGP. Six states responded to the

committees survey about that topic only two of the six California and Vermont have made

efforts to determine the numbers of non-filers of an NOI to be covered by the MSGP. In both

cases the efforts which involved mailings telephone calls and file review found that the

number of non-filing facilities that should be subject to the MSGP was substantial see Box 2-5

for Californias data. Duke and Augustenborg 2006 studied this level of compliance whether

industries are filing an NOI for permit coverage and found incomplete compliance that is

variable among states and urbanized areas. Texas and Oklahoma had higher levels of permit

coverage than California or Florida.

LOCAL CODES AND ORDINANCES THAT
AFFECTSTORMWATER MANAGEMENT

Zoning and building standards codes and ordinances have been the basis for city

building in the United States for almost a century. They define how to build to protect the

health safety and welfare of the public and to establish a predictable although often lengthy

and cumbersome process for ensuring that built improvements become a well-integrated part
of

the
larger

urban environment. Review processes can be as simple as a walk-through in a local

building department for a minor house remodeling project. In other cases extended rezoning

processes for larger projects can require several years of planning multiple public meetings

multiple reviews by city state and federal agencies and specialized studies to determine

impacts on the natural environment and water sewer and transportation systems.
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BOX 2-5

Searching for Non-Filers Under the Industrial MSGP in Southern California

The California Water Boards conducted an industrial non-filer identification study between 1995

and 1998 CA SWB 1999. The study had three components 1 to develop a mechanism to identify

facilities subject to the industrial stormwater general permit that had not filed an NOI which. involved a

comparison of commercially available andagency databases with that maintained by the California Water

Boards 2 to communicate with operators of these facilities to inform them of their responsibility to

comply which was done using postmail telephone calls and filed .verificatio and 3 to refer. responses

to the communication efforts to the Water Boards for any appropriate follow-up.

About 9 percent of the potential non-filers submitted an NOI after the initial mail contact. About

52 percent of facilities indicated that they were exempt. About 37 percent failed to respond and 16

percent of mailed packages were returned unopened. A follow-up on facilities that claimed they were

exempt indicated that 16 percent of them indeed needed to comply. Similarly 33 percent of facilities that

failed to respond were determined as needing to file NOls. The study suggested that only half of facilities

considered heavy. industrial had filed NOIs through the first five years of the program Duke and Shaver

1999

The California EPA Los Angeles Regional Water Board and the.City of Los Angeles conducted a

study in the City-.of Los Angeles between January 1998 and June 2000 to identify non-filers and evaluate

compliance by door-to-door visiits in industrially-zoned areas of thecity Swamikannul et al. 2001...The

field investigations covered industrial zones totaling about 4.2 square miles or about 22 percent ofthe

area in the City of Los Angeles zoned for industrial land use. A total of 1103 of suspectednon filer

facilities were subject to detailed on-site.facility investigation. Ninety-three 93 were determined to have

already have submitted NOls and 436 were determined not to be subject to the industrial stormwater

general permit. The site visits identified 223 potential non-filers or industrial facilities where site-visit

evidence suggested the facilities probably needed to comply with relevant regulations but that had not

filed NOls or recognized theirduty to comply at the time of the visit. Of the facilities identified as potential

non-filers 202 were identified during detailed on-site investigations or 18-percent of facilities inspected

with that methodology and 21 were identified during the less-detailed non-filer assessment visits or 6

percent of the 379 facilities inspected with that methodology. In total 295 of the 1103 facilities visited

under theprojectabout27 percent were known or suspected to be required to file NOIs under. the

permit including 93 facilities that had previously filed NOIs and 202 facilities identified as probably

required to file NOIs based on visual evidence of industrial activitiesexposed to stormwater. Thus prior

to the project only 31 percent of all facilities. in the project area needing to comply had submitted an NOI.

There is an overlapping maze of codes regulations ordinances andand conflicting

standards that have a profound influence on the ability to implement stormwater control

measures although they can be loosely categorized into three areas. Land-use zoning is the first

type of control. Zoning which was developed in response to unsanitary and unhealthy living

conditions in 19h_ century cities prescribes permitted land uses building heights setbacks and

the arrangement of different types of land uses on a given site. Zoning often requires

improvements that enhance the aesthetic and functional qualities of communities. For example

ordinances prescribing landscaping minimum parking requirements paving types and related

requirements have been developed to improve the livability of cities. These ordinances have a

significant impact on both how stormwater affects waterbodies and on attempts to mitigate its

impacts.

The second category involves the design and construction of buildings. National and

international building codes and standards such as the International Building Code and Uniform

Plumbing Electrical and Fire Codes for example allow local governments to establish
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minimum requirements for building construction. Because these controls primarily affect

building construction they have less effect on stormwater discharges than zoning.

The third category includes engineering and infrastructure standards and practices
that

govern the design and maintenance of the.public realm-streetsroads utilities rights-of-way

and urban waterways. Roadway design standards and emergency access requirements have

resulted in contemporary cities that are 30 percent or more pavement just to accommodate the

movement and storage of vehicles in the public right-of-way. The standards for the construction

of deep utilities-water and sewer lines that are typically located underneath streets-are often

the reason that streets are wider than necessary to safely carry traffic.

Over time these codes standards and practices have become more complex and they

may no longer support the latest innovations in planning practices. The past 10 to 20 years have

seen a number of innovations in zoning and related building standards. Mixed-usemixed-densitycommunities that incorporate traditional patterns of community development often

described as New Urbanism low impact development LID and transit-oriented

development are examples of building patterns
that challenge traditional zoning and city design

standards With the exception of LID proposed.new patterns
of development and regulations

connected with their implementation rarely incorporate specific guidelines for innovations in

stormwater management other than to have general references to environmental responsibility

ecological restoration and natural area protection.

The following sections describe in more detail the codes ordinances and standards that

affect stormwater and our ability to control it and alternative approaches to developing new

standards and practices that support and encourage effective stormwater management.

Zoning

The primary traditional purpose of zoning has been to segregate land uses thought to be

incompatible. In practice zoning is used as a permitting system to prevent new development

from harming existing residents or businesses. Zoning is commonly controlled by local

governments such as counties or cities though the specifics of the zoning regime are determined

primarily by state planning laws see Box 2-6 for a discussion of land use acts in Oregon and

Washington.

Zoning involves regulation of the kinds of activities that will be acceptable on particular

lots such as open space residential agricultural commercial or industrial the densities at

which those activities can be performed from low-density housing such as single-familyhomes

to high-density housing such as high-rise apartment buildings the height of buildings the

amount of space structures may occupy the location of a building on the lot setbacks the

proportions of the types of space on a lot for example how much landscaped space and how

much paved space and how much parking must be provided. Thus zoning can have a

significant impact on the amount of impervious area in a development and on what constitutes

allowable stormwater management.

As an example local parking ordinances are often found within zoning that govern the

size number and surface material of parking spaces as well as the overall geometry of the

parking lot as a whole. The parking demand requirements are tied to particular land uses and
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Box 2-6

Growth Management in the Pacific Northwest

In Oregon the 1973 Legislative.Assembly enacted the Oregon Land Use Act which recognized

that the uncoordinated use of lands threate_nsorderly.development of-the environment the health safety

order convenience prosperity and welfare of the people ofOregon The state required all of Oregons.
214 cities and 36 counties to adopt comprehensive plans and land use regulations It specified planning

concerns had to be addressed set statewide standards that local plans and ordinances had to meet

and established 6r process to ensure that those. standards were met.. Aims of the program are to

conserve farm land forest landcoastal resources and other import ant natural resources encourage

efficient development coordinate-the planning activities of local governments and state and federal

agencies enhance the states economy and reduce the public costs that result from poorly planned

development. Setting urban growth boundaries is a major mechanism for implementing the act.

The Washington State Legislature followed in 1990 with the Growth. Management Act GMA
adopted on grounds similar to Oregons act. The GMA requires state and local governments to manage

Washingtons growth by identifying and protecting critical areas and natural resource lands designating

urban growth areas preparing comprehensive plans and implementing them through capital investments

and development regulations Similar again to Oregon rather than centralize planning anddecision-making
at

the state level the GMA established state.goals set deadlines for compliance offered. direction

on how to prepare local comprehensive plans and regulations and set forth requirements for early and

continuous public participaUOn Urban. growth areas U.GAs are those areas designated by counties

pursuant to the GMA within which urban growth shall be encouraged andoutside of which growth can

occur only if it is not urban in nature. Within these UGAs growth is encouraged and supported with

adequate facilities. Areas outside of the.UGAs are reserved for primarily ruraland resource uses. Urban

growth areas are to be based on population forecasts made by counties which are required to have a20-year
supply of land for future residential development inside the boundary-a time frame also pertaining

in the Oregon system. In both states urban growth boundaries are reconsidered and sometimes adjusted

to meet this criterion.

It is important.to note that the growth management efforts in the two states have no direct

relationship to. stormwater. management... Rather the laws control development density which has

implications for-how stormwater. should be. managed see discussion in Chapter 5. The local jurisdictions

in Washington have reacted in different ways to link growth management and stormwater management.

For example the King County Washington stormwater code requires drainage review to.evaluate and

deal with stormwater impacts for development-that adds 2 000 square feet or more of impervious surface

or clears more than 7 000 square feet. For rural residential lots outside.the UGA the.impervious

threshold is reduced to 500 square feet

Sources

http//bluebook. siate.or. us/state/executive/Land_Conservation/la nd_conserVation_history. htm

http //www oregpnmetro.gov%indexcfm/go/by.web/id277

http//www.gmhbwa.gov/gma/ and http//wwwmrsc.org/Subjects/Planning/compfagsaspx

zoning categories and can create needless impervious cover. Most local parking codes are

overly generous and have few ifany provisions to treat stormwater at the source Wells 1995.

For example in a co-housing project under construction in Fresno California current city codes

require 27-foot-long parking spaces. The developer in an effort to reduce construction costs

requested that the length of spaces be reduced to 24 feet. The city.agreed to the smaller spaces if

the developer would sign an indemnity clause guaranteeing that the local government would not

be sued in case of an accident Wenz 2008.

Similarly landscaping ordinances apply to certain commercial and institutional zoning

categories and specify that a fixed percentage of site area be devoted to landscaping screening
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or similarsetbacks. These codes may require as much as 5 to 10 percent of the site area to be

landscaped but seldom reference opportunities to capture and store runoff at the source despite

the fact that the area devoted to landscaping is often large enough to meet some or all of their

stormwater treatment needs.

Zoning codes have evolved over the years as urban planning theory has changed legal

constraints have fluctuated and political priorities
have shifted. The various approaches to

zoning can be divided into four broad categories Euclidean performance planned unit

development and form-based.

Euclidean Zoning

Named for the type of zoning code adopted in the town of Euclid Ohio Euclidean

zoning codes are by far the most prevalent in the United States used extensively in small towns

and large cities alike. Euclidean zoning is characterized by the segregation of land uses into

specified geographic districts and dimensional standards stipulating limitations on the magnitude

of development activity that is allowed to take place on lots within each type of district. Typical

land-use districts in Euclidean zoning are residential single- or multi-familycommercial and

industrial. Uses within each district are usually heavily prescribed to exclude other types of uses

for example residential districts typically disallow commercial or industrial uses. Some

accessory or conditional uses may be allowed in order to accommodate the needs of the

primary uses. Dimensional standards apply to any structures built on lots within each zoning

district and typically take the form of setbacks height limits minimumlot sizes lot coverage

limitsand other limitations on the building envelope.

Although traditional Euclidean zoning does not include any significant requirements for

stormwater drainage there is no reason that it could not. Modern Euclidean ordinances include a

broad list of development standards that address topics like signage lighting steep slopes and

other topics and that list could be expanded to included stormwater standards for private

development.

Euclidean zoning is used almost universally across the country with rare exceptions

because of its relative effectiveness ease of implementation one set of explicit prescriptive

rules long-established legal precedent and familiarity to planners and design professionals.

However Euclidean zoning has received heavy criticism for its unnecessary separation of land

uses its lack of flexibility and its institutionalization of now-outdated planning theory. In

response variances and other methods have been used to modify Euclidean zoning so that it is

better adapted to localized conditions and existing patterns of development. The sections below

briefly describe a range of innovations in local zoning regulations that have potential for

incorporating stormwater controls into existing regulations.

Incentive Zoning. Incentive zoning systems are typically an add-on to Euclidean zoning

systems. First implemented in Chicago and New York City in 1961 incentive zoning is intended

to provide a reward-based system to encourage development that meets established urban

development goals. Typically a base level of prescriptive limitations on development will be

established and an extensive list of incentive criteria with an associated reward scale will be

established for developers to adopt at their discretion. Common examples include
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ratio bonuses for affordable housing provided on-site and height-limit bonuses for the inclusion

of public amenities on-site.

With incentive zoning developers are awarded additional development capacity in

exchange for a public benefit such as a provision for low- or moderate-income housing or an

amenity such as additional open space. Incentive zoning is often used in more highly urbanized

areas. Consideration for water quality treatment and innovative SCMs fits well within the

incentive zoning model. For example redevelopment sites in urbanized areas are often required

to incorporate stormwater control measures into developments to minimize impacts on aging

undersized stormwater systems in that area and to meet new water quality requirements. An

incentive could be to allow greater building height and therefore higher density than under

existing zoning freeing up land area for SCMs that could also serve as a passive park area.

Another example would be to allow a higher density on the site and to require not an on-site

system but a cash payment to the governing entity to provide for consolidated stormwater

management and treatment. Off-site consolidated systems discussed more extensively in

Chapter 5 may require creation of a localized maintenance district or an increase in stormwater

maintenance fees to offset long-term maintenance costs.

Incentive zoning could be used to preserve natural areas or stream corridors as part of a

watershed enhancement
strategy.

For example transferrable development rights TDR could be

used in the context of the urban or semi-urban interface with rural lands. Many of the formal

TDR programs in Colorado such as Fruita/Mesa County and Aspen/Pitkin involve cities or

counties seeking to preserve sensitive areas in the county or outlying areas of the city including

the floodplain in exchange for urban-level density on a more appropriate site David D. Smith

Garfield Hecht P.C. personal communication 2008.

Incentive zoning allows for a high degree of
flexibility

but it can be complex to

administer. The more a proposed development takes advantage of incentive criteria the more

closely it has to be reviewed on a discretionary basis. The initial creation of the incentive

structure can also be challenging and often requires extensive ongoing revision to maintain

balance between incentive magnitude and value given to developers.

Performance Zoning

Performance zoning uses performance-based or goal-oriented criteria to establish review

parameters for proposed development projects in any area of a municipality. At its heart

performance zoning deemphasizes the specific land uses minimum setbacks and maximum

heights applicable to a development site and instead requires that the development meet certain

performance standards usually related to noise glare traffic generation or visibility.

Performance zoning sometimes utilizes a points-based system whereby a property developer

can apply credits toward meeting established zoning goals through selecting from a menu of

compliance options some examples include mitigation of environmental impacts providing

public amenities and building affordable housing units. Additional discretionary criteria may
also be established as part

of the review
process.

The appeal of performance zoning lies in its high level of flexibility rationality

transparency and accountability. Because performance zoning is grounded in specific and in

many cases quantifiable goals it better accommodates market principles and private property

rights
with environmental

protection. However performance zoning can be extremely difficult
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to implement and can require a high level of discretionary activity on the
part

of the supervising

authority. City staff must often be trained to use specialized equipment to measure the

performance of the development and sometimes those impacts cannot be measured until the

building is completed and the activity operating by which time it may be difficult and expensive

to modify a building that turns out not to meet the required performance standards. Because

stormwater performance is measurable especially the amounts of water retained/detained and

rates and amounts of water discharge stormwater regulations could be
integrated

into a

performance zoning system. As with other topics however it might be time-consuming or

require special equipment to measure compliance particularly before the building is built.

Planned Unit Development Including Cluster Development and Conservation Design

A planned unit development PUD is generally a large area of land under unified control

that is planned and developed as a whole through a single development operation or series of

development phases in accord with a master plan. In California these are known as Specific

Plans. More specialized- forms of PUDs include clustered subdivisions where density limitations

apply to the development site as a whole but provide flexibility in the lot size setback and other

standards that apply to individual house lots. These PUDs provide considerable flexibility
in

locating building sites and associated roads and utilities allowing them to be concentrated in

parts of the site with the remaining land use for agriculture recreation preservation of sensitive

areas or other open-space purposes.

PUDs are typically although not exclusively found in new development areas and have

significant open space and park areas that are often 25 percent or more of the total land area.

This large amount of open space provides considerable opportunity for the use of consolidated

multifunctional stormwater controls.

Form-Based Zoning

Form-based zoning relies on rules applied to development sites according to both

prescriptive and potentially discretionary criteria. These criteria are typically dependent on lot

size location proximity and other various site- and use-specific characteristics. Form-based

codes offer considerably more flexibility in building uses than do Euclidean codes but as they

are comparatively new may be more challenging to create. When form-based codes do not

contain appropriate illustrations and diagrams they are criticized as being difficult to interpret.

One example of a recently adopted code with form-based features is the Land

Development Code adopted by Louisville Kentucky in 2003. This zoning code creates form

districts for Louisville Metro. Each form district intends to recognize that some areas of the

city are more suburban in nature while others are more urban. Building setbacks heights and

design features vary according to the form district. As an example in a traditional

neighborhood form district a maximum setback might be 15 feet from the property line while

in a suburban neighborhood there may be no maximum setback. Narrower setbacks allow

increased density requiring less land area for the same number of housing units and resulting in

a smaller development footprint.
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In rural and suburban areas form-based codes can often reinforce the open character of

development by preserving open site areas which could be used for on-site stormwater

management. In denser urban areas however some form-based ordinances favor shorter more

pedestrian-scale buildings that cover more of the site than taller buildings of the same square

footage on the basis that keeping activity closer to the ground and enclosing street frontages

results in a better pedestrian environment and urban form. One result of this preference is that

there may be less of the site left potentially available for on-site stormwater detention or

infiltration. Integrating stormwater management considerations into form-based codes may

require a cash payment system where the developer contributes to financing of a district or

regional stormwater treatment facility because on-site solutions are not available.

Building Codes

Building codes define minimum standards for the construction of virtually all types and

scales of structures. With a few exceptions building codes have limited direct impact on

stormwater management. The main example is where structural and geotechnical design

standards which stem from the need to protect buildings and infrastructure from water damage

discourage or prohibit the potential infiltration of water adjacent to building foundations. Such

standards can make it difficult to use landscape-based SCMs such as porous pavement

bioinfiltration and extended detention. There is a need to examine and redefine structural and

geotechnical standards of care that ensure the structural integrity of buildings and other

infrastructure like buried utilities in order for landscaped areas adjacent to structures to be

utilized more effectively
for SCMs. For example a developer building a mixed-usemedium-densityinfill development in Denver intended to incorporate innovative approaches to

stormwater management by infiltrating stormwater in a number of areas around the site. The

standard of care for the geotechnical design of building foundations typically requires that

positive drainage be maintained a minimum of 5 feet from the building edge. The geotechnical

engineer required when informed that water might be infiltrated in the area of the building and

without further study that the minimum distance to an infiltration area must be at least to 20 feet

from the building greatly limiting the potential
for using the building landscape areas as SCMs.

The City of Los Angeles is in the process of updating its Building Code but it is not clear if it

will be sufficiently comprehensive to address the use of some LID practices such as on-site

infiltration. The 2002 Building Code now in effect is written to require the builder to convey

water away from the building using concrete or some other non-erosive device.

Engineering and Infrastructure Standards and Practices

Engineering standards and practices for public rights-of-way complement building and

zoning codes which control development on private property. Engineering standards and

practices typically describe requirements for public utilities such as stormwater and wastewater

roadways and related basic services. For example there are standards for parking and roadway

design that typically describe the specific type of roadway and parking surfacing requirements.

Regulations and standards often require minimumgradients for surface drainage site grading

and drainage pipe size all of which play an important role in how stormwater is transported.

There are also often landscape planting requirements including the requirement to mound

PREPUBLICATION

Copyright National Academy of Sciences. All rights reserved.

RB-AR16962



Urban Stormwater Management in the United States

hftp//www.nap.edu/catalog/l2465.html

The Challenge of Regulating Storm water 79

landscape areas to screen cars which can preclude the opportunity to incorporate SCMs into

landscape areas.

Unless right-of-way improvements are constructed as part of the subdivision process by

private developers improvements in the right-of-way are typically provided for by city

government and public agencies. Because engineering standards are often based on decades of

refinement and have evolved regionally and nationally they are difficult to change. For

example street widths are determined more by the
ability to maneuver emergency equipment

and to accommodate water and sewer easements than the need for adequate lane widths for

vehicles. Street lane-width requirements might be as narrow as 11 feet for each travel lane

resulting
in a street width of 22 to 24 feet. This could accommodate emergency vehicle access

which typically can require a minimum of 20 feet of unobstructed street. However because

most streets also include potable water distribution lines and easement requirements for the lines

which are a minimum of 30 feet in width this results in a minimum roadway width of 30 feet.

Local drainage codes govern the disposal of stormwater and essentially dictate the nature

and capacity of the stormwater infrastructure from the roof to the floodplain. Like many codes

they were developed over time to address problems such as basement flooding nuisance

drainage problems maintenance of floodplain boundaries and protection of infrastructure such

as bridges and sewers from storm damage. Local drainage codes many of which predate the

EPAs stormwater program often involve peak discharge control requirements for a series of

design storm events ranging from the 2-year storm up to the 100-year event. Traditional

drainage codes can often conflict with effective approaches to reducing runoff volume or

removing pollutants from stormwater. Examples of such codes include requirements for positive

drainage directly connected roof leaders curbs and gutters lined channels storm-drain inlets

and large-diameter storm-drain pipes discharging to a downstream detention or flood control

basins.

Often standards have been tested through legal precedent and case law has developed

around certain standards of care which can further deter innovation. Changes in design

standards could result in unknown legal exposure and liability. Specific types of equipment
maintenance protocols and procedures and extensive

training
further discourage changes in

established standards and procedures.

Innovations in Codes and Regulations to Promote Better Stormwater Management

A number of innovations have been developed in the previously described zoning

building codes and infrastructure and engineering standards that make them more amenable to

stormwater management. These are described in detail below.

Separate Ordinances for New and InfillDevelopment

Redevelopment of
existing

urban areas is almost universally more difficult and expensive

than Greenfield development because of the deconstruction costs of the former higher costs of

designing around existing infrastructure upgrading existing infrastructure and higher costs and

risks associated with assuming liability of pre-existing problems contamination etc.

Redevelopment often occurs in areas of medium to high levels of impervious surface e.g.
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downtown areas. Such severely space-limited areas with high land costs drive up stormwater

management costs. Consequently holding developers of such areas to the same stormwater

standard as for Greenfield developments creates a financial disincentive for redevelopment.

Without careful application stormwater requirements may discourage needed redevelopment in

existing urban areas. This would be unfortunate because redevelopment can take pressure off of

the development of lands at the urban fringe it can accommodate growth without introducing

new impervious surfaces and it can bring improvements in stormwater management to areas that

had previously had none.

Stormwater planning can include the development of separate ordinances for infill and

new developments. Wisconsin has administrative rules that establish specific requirements for

stormwater management based on whether the site is new development redevelopment or infill.

Requirements for new development include reducing total suspended solids TSS by 80 percent

maintaining the pre-development peak discharge for the 2-year 24-hour storm infiltrating 90

percent of the pre-development infiltration volume for residential areas and infiltrating 60

percent of the pre-development infiltration volume for non-residential areas. Redevelopment

varies from new development only in that the TSS requirement is less at 40 percent reduction.

Requirements for existing developed areas in incorporated cities villages and towns do not

include peak flow reduction or infiltration performance standards but the municipalities must

achieve a 40 percent reduction in their TSS load by 2013. Other requirements unique to

developed areas include public education activities proper application of nutrients on

municipality property and elimination of illicit discharges

www.dnr.state.wi.us/org/water/wm/nps/stormwater/post-constr/. Chapter 5 makes

recommendations for the specific types of SCMs that should be used for new low-density

residential development as opposed to redevelopment of existing urban and industrial areas.

Integrated Stormwater Management and Growth Policies

In the city of San Jose California an approach was taken to link water quality and

development policies that emphasized higher density in-fill development and performance-based

approaches to achieving water quality goals. The citys approach encourages stormwater

practices such as minimizing impervious surface and incorporating swales as the preferred means

of conveyance and treatment. In urbanized areas the policy then goes on to define criteria to

determine the practicability of meeting numeric
sizing requirements for stormwater control

measures and identifies Equivalent Alternative Compliance Measures for cases where on-site

controls are impractical. Equivalent Measures can include regional stormwater treatment and

other specific projects that count as SCMs including certain affordable and senior housing

projects significant redevelopment within the urban core and Brownfield projects. This is

similarto in lieu fee programs that are sometimes implemented by municipalities to provide

additional regulated parties with compliance options see discussion in Chapter 6.

This approach is a breakthrough in terms of measuring environmental performance

which is now focused only on what happens within the boundaries of a site for a project.
This

myopic view tends to allow many environmentally unfriendly projects
that encourage sprawl and

expand the citys boundaries to qualify as low impact while more intense projects on a small

footprint appear to have a much higher impact because they cover so much of the site. San Jose

brought several other layers of review including location in the watershed close to other uses or
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not as a means of estimating performance. A PowerPoint presentation describing their approach

in greater detail is linked here

http//www.cmcgc.com/media/handouts/260126/THR-PDF/040-Ketchum.PDFLisa Nisenson Nisenson Consulting LLC personal communication May 8

2007.

Unified Development Codes

A unified development code UDC consolidates development-related regulations into a

single code that represents a more consistent logical integrated and efficient means of

controlling development. UDCs integrate zoning and subdivision regulations simplifying

development controls that are often conflicting confusing and that require multiple layers
of

review and administration. UDC development standards may include circulation standards that

address how vehicles and pedestrians move including provision for adequate emergency access.

Utility standards are described for water distribution and sewage collection and necessary utility

easements are prescribed. Because of the integrated nature of the code efficiencies in

requirements for right-of-way can reduce street widths or the reduction in setbacks for example

resulting
in more compact development.

Design Review Incentives to Speed Permitting

A number of incentives have been put in place to promote innovative stormwater control

measures in cities
such as Portland and Chicago where environmental concerns have been

identified as a key goal for development and redevelopment. Practices such as the waiver or

reduction of development fees preferential treatment and review and approval of innovative

plans reduction in stormwater fees and related incentives encourage the use of innovative

stormwater practices. In Chicago the Green Permit Program initiated in April 2005 has proven

attractive to many developers as it speeds up the permitting process. Under the Green Permit

Program a green building adviser reviews design plans under an aggressive schedule long before

a permit application is submitted. There is one point of contact with intimate knowledge about

the project to help speed up the permit process. Projects going through the Green Permit

Program receive benefits based on their level of green. Tier I commercial projects are

designed to be Leadership in Energy and Environmental Design LEED certified see Box 2-7.

Tier II projects must obtain LEED silver rating. At this level outside consultant review fees

which range from $5000 to $50000 are waived. Tier III projects must earn LEED gold. The

goal for a Tier III project is to issue a permit in three weeks for a small project such as a 12-unit

condo building. Thus there is both time and money saved. Private developers are interested in

the time savings because they can pay less interest on their construction loans by completing the

building faster. By the end of 2005 19 green permits were issued. The programs director

estimated that about 50 would be issued in 2006 which exceeds the citys goal of 40.

In Portland Oregon the citys Green Building Program is considering instituting a new

High-Performance Green Building Policy. Along with goals for reducing global warming

pollution it proposes 1 waiving development fees if goals are exceeded by specified

percentages and 2 eligibility for cash rewards and qualification
for state and federal financial

incentives and tax credits if even higher goals are achieved. Developers can earn credits by
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Box 2-7

Innovative Building Codes

An increased interest in energy conservation and more environmentally friendly building practices

in general has led to various methods by which buildings can be evaluated for environmentally friendly

construction in addition to conventional code compliance. The most popular system in the United States

is the Leadership in Energy and Environmental Design LEED system developed in 2000.

The LEER Green Building Rating System is a voluntary consensus-based national rating system

for developing high performance sustainable buildings. LEED addresses all building types and.

emphasizes state-of-theart strategies in five areas sustainable site development water savings energy

efficiency materials and resources. selection and indoor environmental quality. The U.S. Green Building

Council is a. 501 c3 nonprofit organization that. certifies sustainable businesses homes hospitals

schools and neighborhoods.

The LEED system encourages progressive stormwater management practices as part of its rating

system. The LEED system has identified specific criteria with points assigned to each of the criteria to

assess the success of stormwater strategies. Generally the criteria are based on LID principles and

practices and relate directly to the Better Site Design Handbook of the Center for.Watershed Protection

CWP11998. The system. identifies eight categories by which building sites and site-planning practices

are evaluated Of the 69. points possible to achieve the highest LEED rating 16 points are. directly related

to innovative site design and stormwater management practices. Six of the eight criteria describing

sound site-planning practices relate directly to good stormwater practices including the following

Erosion and sediment control

Site selection to protect farmland wetlands and watercourses

Site design to encourage denser infill development to protect Greenfield sites

Limitations on site disturbance

Specific requirements for the management of stormwater rate and quantity and

Specific requirements for the treatment of stormwater for TSS and phosphorous removal.

The LEED rating system has been criticizedbecause itfocuses on individual buildings in building

sites. A new category. LEEDneighborhood development was developed in response to consider the

interrelationship .o .building and building sites and connections to existing urban infrastructure. The

category is currently in pilot testing Evaluation criteria related-directly to stormwater include

All requirements of the original site design criteria

A reduced requirementfor.parking based onaccess to transit and reduced-auto use and

Siteplanning that emphasizes.compact development.

incorporating enhanced stormwater management and water conservation features into their

projects including the use of green roofs Wenz 2008.

There are parallel challenges in the realm of community development and
city building

that tend to discourage innovative stormwater management policies and
practices. Building

codes and zoning have evolved to reflect the complex relationship of legal political and social

processes and frequently do not promote or allow the most innovative stormwater management.

Engineering standards and
practices

that guide the development of roads and utilities present

equal and possibly greater challenges in that legal and technical precedents and
large

investments in public equipment and infrastructure present even more intractable reasons to

resist change.
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The difficulty of implementingstormwater control measures cannot be attributed to an

individual code standard or regulation. It is important to unravel the complexities of codes

regulations ordinances and standards and practices that discourage innovative stormwater

management and
target

the particular element or multiple elements that is a barrier to

innovation. Elements that are barriers might not have been considered previously. For example

roadway design is controlled more by access for emergency equipment and utilitiesrights-of-waythan by the need for wide travel lanes it is the fire marshal and the water department that.

should be the focus of attention rather than the transportation engineer.

LIMITATIONS OF THE FEDERAL STORMWATER PROGRAM

The regulation of stormwater discharges seems an inevitable next step to the CWAs

objective of restoring the nations waters and EPAs stormwater program is still evolving.

Yet in its current configuration EPAs approach seems inadequate to overcome the unique

challenges of stormwater and therefore runs the risk of only being partly effective in meeting its

goals. A number of regulatory institutional and societal obstacles continue to hamper

stormwater management in the United States as described below.

The Poor Fit Between the Clean Water Acts Regulatory Approach
and the Realities of Stormwater Management

Controlling stormwater discharges with the CWA introduces a number of obstacles to

effective stormwater regulation. Unlike traditional industrial effluent stormwater introduces not

only contaminants but also surges in volume that degrade receiving waterbodies yet the statute

appears focused primarily on the discharge of pollutants. Moreover unlike traditional

effluent streams from manufacturing processes the pollutant loadings in stormwater vary

substantially over time making effluent monitoring and the development of enforceable control

requirements considerably more challenging. Traditional use of end-of-pipe control technologies

and automated effluent monitors used for industrial effluent do not work for the episodic and

variable loading of pollutants in stormwater unless they account for these eccentricities by

adjustments such as flow-weighted measurements. Finally at the root of the stormwater

problem is increasingly intensive land use. Yet the CWA contains little authority for regulators

to directly
limit land development even though the discharges that result from these

developments increase stormwater loading at a predictably rapid pace. The CWA thus expects

regulators to reduce stormwater loadings but gives them incomplete tools for effectuating this

goal.

A more straightforward way to regulate stormwater contributions to waterbody

impairmentwould be to use flow or a surrogate like impervious cover as a measure of

stormwater loading such as in the Barberry Creek TMDL Maine DEP 2003 pp. 16-20 or the

Eagle Brook TMDL Connecticut DEP 2007 pp. 8-10. Flow from individual stormwater

sources is easier to monitor model and even approximate as compared to calculating the

loadings of individual contaminants in stormwater effluent. Efforts to reduce stormwater flow

will automatically achieve reductions in pollutant loading. Moreover flow is itself responsible

for additional erosion and sedimentation that adversely impacts surface water quality. Flow
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provides an inexpensive convenient and realistic means of tracking stormwater contributions to

surface waters. Congress itself recently underscored the usefulness of flow as a measure for

aquatic impairmentsby requiring that all future developments involving a federal facility with a

footprint larger than 5000 square feet ensure that the development achieves predevelopment

hydrology to the maximum extent technically feasible with regard to the temperature rate

volume and duration of flow Energy Independence and Security Act of 2007 438. Several

EPA regions have also used flow in modeling stormwater inputs for TMDL purposes EPA
2007a Potash Brook TMDL pp. 12-13.

Permitting and Enforcement

For industrial wastewater discharged directly from industrial operations rather than

indirectly through stormwater the CWA requirements are relatively straightforward. In these

traditional cases EPA essentially identifies an average manufacturer within a category of

industry like iron and steel manufacturers engaged in coke-making and then quantifies
the

pollutant concentrations that would result in the effluent if the industry installed the best

available pollution control technology. EPA promulgates these effluent standards as national

mandatory limits e.g. see Table 2-7.

TABLE 2-7 Effluent Limits for Best Available Technology Requirements

for By-product Coke-making in Iron and Steel Manufacture.

SUBPART A-EFFLUENT LIMITATIONS BAT

Regulated parameter
Maximum Maximum

daily monthly avg.

Ammonia-N ...........................
0.00293 0.00202

Benzoapyrene .................... 0.0000110 0.00000612

Cyanide ................................
0.00297 0.00208

Naphthalene ......................... 0.0000111 0.00000616

Phenols 4AAP .................... 0.0000381 0.0000238

1 Pounds per thousand lb of product.

SOURCE 40 C.F.R. 420.13a.

By contrast the uncertainties and variability surrounding both the nature of the

stormwater discharges and the capabilities of various pollution controls for any given industrial

site construction site or municipal storm sewer make it much more difficult to set precise

numeric limits in advance for stormwater sources. The quantity and quality of stormwater are

quite
variable over time and vary substantially from one property to another. Natural causes of

variation in the pollutant loads in stormwater runoff include the topography of a site the soil

conditions and of course the nature of storm flows in intensity frequencyand volume. In

addition the manner in which the
facility stores and uses materials the amount of impervious

cover and sometimes even what materials the facility uses can vary and affect pollutant loads in

runoff from one site to another. Together these sources of variability particularly the natural

features make it much more difficult to identify or predict a meaningful average pollutant load
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of stormwater runoff from a facility. As a result EPA generally leaves it to the regulated

facilities with limited oversight from regulators to identify the appropriate SCMs for a site.

Unfortunately this deferential approach makes the permit requirements vulnerable to significant

ambiguities and difficult to enforce as discussed below for each permit type.

Municipal Stormwater Permits. MS4 permits are difficult to enforce because the

permit requirements have not yet been translated into standardized procedures to establishend-of-pipenumerical effluent limits for MS4 stormwater discharges. CWA Section 402p requires

that pollutants in stormwater discharges from the MS4 be reduced to the maximum extent

practicable and comply with water quality standards when so required by the permitting

authority. However neither EPA nor NPDES-delegated states have yet expressed these criteria

for compliance in numerical form.

The EPA has not yet defined MEP in an objective manner that could lead to convergence

of MS4 programs to reduce stormwater pollution. Thus at present MS4 permittees have no

more guidance on the level of effort expected other than what is stated in the CWA

Shall require controls to reduce the discharge of pollutants to the maximum extent

practicable including management practice control techniques and system design and

engineering methods and such other provisions as the Administrator or the State

determines appropriate for the control of such pollutants. CWA Section

402 p 3 Biii

A legal opinion issued by the California Water Boards Office of Chief Counsel in 1993

stated that MEP would be met if MS4 permittees implemented technically feasible SCMs
considering costs public acceptance effectiveness and regulatory compliance Memorandum

from Elizabeth MillerJennings Office of Chief Counsel to Archie Matthews Division of Water

Quality California Water Board February 11 1993. In its promulgation of the Phase II Rule in

1999 the EPA described MEP as a flexible site-specific standard stating that

The pollutant reductions that represent MEP may be different for each MS4 Permittee

given the unique local hydrological and geological concerns that may exist and the

differing possible pollutant control strategies. 64 Fed. Reg. 68722 68754

As matters stand today MS4 programs are free to choose from the EPAs menu of

SCMs with MEP being left to the discretionary judgment of the implementingmunicipality.

Similarly there are no clear criteria to be met for industrial facilities that discharge to MS4s in

order for the MS4s to comply with MEP. The lack of federal guidance for MS4s is

understandable. A stormwater expert panel convened by the California EPA State Water Board

in 2006 CA SWB 2006 concluded that it was not yet feasible to establish strictly enforceable

end-of-pipe numeric effluent limits for MS4 discharges. The principal reasons cited were 1 the

lack of a design storm because in any year there are few storms sufficiently large in volume

and/or
intensity to exceed the design volume capacity or flow rates of most treatment SCMs and

2 the high variability of stormwater quality influenced by factors such as antecedent dry

periods extent of connected impervious area geographic location and land use.

Industrial and Construction Stormwater Permits. The industrial and construction

stormwater programs suffer from the same kind of deficiencies as the municipal stormwater
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program. These stormwater discharges are not bound by the MEP criterion but they are required

to comply with either technology-based or less often water quality-based effluent limitations.

In selecting SCMs to comply with these limitations the industrial discharger or construction

operator similarly selects from a menu of options devised by the EPA or in some cases the

states or localities for their particular facility EPA 2006a p. 15. For example the regulated

party will generally identify structural SCMs such as fences and impoundments that minimize

runoff and describe how they will be installed. The SWPPP must also include nonstructural

SCMs like good housekeeping practices that require the discharger to minimize the opportunity

for pollutants to be exposed to stormwater. The SWPPP and the accompanying SCMs constitute

the compliance requirements for the stormwater discharger and are essentially analogous to the

numeric effluent limits listed for industrial effluents in the Code of Federal Regulations.

This set of requirements leaves considerable discretion to regulated parties in several

important ways. First the regulations require the discharger to evaluate the site for problematic

pollutants but where the regulated party does not have specific knowledge or data they need

only offer estimates and predictions of the types of pollutants that might be present at the

site EPA 1996a pp. IV-3 V-3. With the exception of visible features the deferential site

investigation requirements allow regulated parties to describe site conditions in ways that may

effectively escape accountability unless there is a vigorous regulatory presence.

Second dischargers enjoy considerable discretion in drafting the SWPPP EPA 1996a p.

IV-3. Despite EPAs instructions to consider a laundry list of considerations that will help the

facility settle on the most effective plan EPA 2006a p. 20 rational operators may take

advantage of the wiggle room and develop ambiguous requirements that leave them with

considerable discretion in determining whether they are in compliance EPA 2006a pp. 15 20

132. Indeed the federal regulations do little to prevent regulated parties from devising

requirements that maximize their discretion. Instead EPA describes many of the permit

requirements in general terms. For example in its industrial stormwater permit program the

EPA commands the regulated party to implement any additional SCMs that are economically

reasonable and appropriate in light of current industry practice and are necessary to eliminate or

reduce pollutants in .. stormwater discharges EPA 2006a p. 23.

EPAs program provides few rewards or incentives for dischargers to go beyond the

federal minimum and embrace rigorous or innovative SCMs. In fact if the regulated party

invests resources to measure pollutant loads on their property they are creating a paper trail that

puts them at risk of greater regulation. Under the EPAs regulations a regulated party must

provide a summary of existing stormwater discharge sampling data previously taken at its

facility but if there are no data or sampling efforts then the facility is off the hook EPA
2006a p. 20. Quantitative measures can thus be incriminating particularly in a regulatory

setting
where the regulator is willing to settle for estimates.

Dilemma ofSelf-Monitoring

Unlike the wastewater program where there are relatively rigid self-monitoring

requirements for the end-of-pipe effluent self-monitoring is much more difficult to prescribe for

stormwater discharges which are variable over time and space. For example compare 33

U.S.C. 1342a 2-b2 2000 outlining requirements for compliance under NPDES with

EPA 2006a p.
26 outlining requirements for self-compliance under EPA regulations. EPAs
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middle ground in response to these challenges requires self-monitoring of select chemicals in

stormwater for only a subset of regulated parties-Phase I MS4 permittees and a limited number

of industrial facilities see Table 2-8 EPA 2006a pp. 93-94. Yet even for these more
rigid

monitoring requirements the discharger enjoys some discretion in sampling. The EPAs

sampling guidelines do prescribe regular intervals for sampling but ultimately must defer to the.

discharger insofar as requiring only that the samples should be taken within 30 minutes after the

storm begins and only if it is the first storm in three days EPA 2006a p. 33.

TABLE 2-8 Effluent Monitoring Requirements for Various Dischargers of Stormwater

Source Category Type of Effluent Monitoring Required by EPA

Phase I MS4 Municipality must develop a monitoring plan that provides for representative

data collection. This requires the municipality at the very least to select at

least 5 to 10 of its most representative outfalls for regular sampling and

sample for selected conventional pollutants and heavy metals in its effluent.

Phase II MS4 None

Small subset of highest Must conduct compliance monitoring as specified in effluent guidelines and

risk industries like ensure compliance with these effluent limits. Must also conduct visual

hazardous waste landfills monitoring and benchmark monitoring.

Larger subset of higher Benchmark monitoring Must conduct analytic monitoring to determine

risk industrial whether effluent exceeds numeric benchmark values compliance with the

dischargers numeric values is not required however. Must also conduct visual

monitoring.

Remaining set of Visual monitoring Must take four grab samples of stormwater effluent each

industry except year during first 30 minutes of a storm event and inspect the sample visually

construction for contamination.

Construction larger than Visual monitoring Must take four grab samples of stormwater effluent each

5 acres year during first 30 minutes of a storm event and inspect the sample visually

for contamination.

Construction between 1 Visual monitoring Must take four grab samples of stormwater effluent each

and 5 acres year during first 30 minutes of a storm event and inspect the sample visually

for contamination.

Note State regulators can and sometimes do require more-see Appendix C.

Moreover while the monitoring itself is mandatory the legal consequences of an

exceedance of a numerical limit vary and may be quite limited. For a small number of identified

industries exceedances of effluent limits established by EPA are considered permit violations

65 Fed. Reg. 64766. For the other high-risk industries subject to benchmark monitoring

requirements see Table 2-5 the analytical limits do not lead to violations per se but only serve

to flag the discharger that it should consider amending its SWPPP to address the problematic

pollutant EPA 2006a pp. 10 30 34. Although municipalities are required to do more

extensive sampling of stormwater runoff and enjoy less sampling discretion even municipalities

are allowed to select what they believe are their most representative outfalls for purposes of

monitoring pollutant loads EPA 1996a. p. VIII-1.
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A large subset of dischargers-the remaining industrial dischargers and construction

sites-are subject to much more limited monitoring requirements. They are not required to

sample contaminant levels but instead are required only to conduct a visual inspection of a grab

sample of their stormwater runoff on a quarterly basis and describe the visual appearance of the

sample in a document that is kept on file at the site EPA 2006a p. 28. Certainly a visual

sample is better than nothing but the requirement allows the discharger not only some discretion

in determining how and when to take the sample explained below but also discretion in how to

describe the sample.

A final set of regulated parties the Phase II MS4s are not required to perform any

quantitative monitoring of runoff to test the effectiveness of SCMs EPA 1996a p. 3.

Making matters worse in some states there appear to be limited regulatory resources to

verify compliance with many of these permit requirements. Thus even though monitoring plans

are subject to review and approval by permitting agencies there may be insufficient resources to

support this level of
oversight.

As shown in Appendix C the total number of staff associated

with state stormwater programs is usually just a handful except in cases of larger states

California and Georgia or those where there is a longer history of stormwater management

Washington and Minnesota. In its survey of state stormwater programs the committee asked

states how they tracked sources compliance with the stormwater permits. For the 18 states

responding to the questionnaire review of 1 monitoring data 2 annual reports and 3
SWPPP as well as on-site inspections were the primary mechanisms. However several states

indicated that they conduct an inspection only after receiving complaints. West Virginia tracked

whether industrial facilities submitted their required samples and followed up with a letter if they

failed to comply but in 2006 it found that over 65 percent of the dischargers were delinquent in

their sampling. Although the states were not asked in the survey to estimate the overall

compliance rate Ohio admitted that at least for construction the general sense is that no site is

100 percent in compliance with the Construction General Permit see Appendix Q.

Even where considerable regulatory resources are dedicated to ensuring that dischargers

are in compliance it is not clear how well regulators can independently assess compliance with

the permit requirements. For example some of the permits will requiregood housekeeping

practices
that should take place daily at the facility. Whether or how well these practices are

followed cannot be assessed during a single inspection. While a particularly non-compliant

facility might be apparent from a brief visual inspection a facility that is mildly sloppy or at

least has periods during which it is not careful can escape detection on one of thesepre-announced
audits. Facilities also know best the pollutants they generate and how or whether

those pollutants might make contact with stormwater. Inspectors might be able to notice some of

these problems but because they do not have the same level of information about the operations

of the facility they can be expected to miss some problems.

IdentifyingPotentially Regulatable Parties

Evidence suggests that a sizable percentage of industrial and construction stormwater

dischargers are also failing to self-identify themselves to regulators and hence these unreported

dischargers remain both unpermitted and unregulated GAO 2005 Duke and Augustenborg

2006. In contrast to industrial pipes that carry wastes from factories out to receiving waters the

physical presence of stormwater dischargers may be less visible or obvious. Thus particularly
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for some industries and construction if a stormwater discharger does not apply for a permit the

probability of detecting it is quite low.

In Maine less than 20 percent of the stormwater dischargers that fall within the

regulatory jurisdiction of the federal stormwater program actually applied for permits before

2005-more than a decade after the federal regulations were promulgated Richardson 2005.

Yet there is no record of enforcement action taken by Maine against the unpermitted dischargers

during that interim period. Indeed in the one enforcement action brought by citizens in Maine

for an unpermitted discharge the discharger claimed ignorance of the stormwater program. In

Washington the State Department of Ecology speculates that between 10 and 25 percent of all

businesses that should be covered by the federal stormwater permit program are actually

permitted McClure 2004. In a four-state study Duke and Augustenborg 2006 found a higher

percentage of stormwater dischargers-between 50 and 80 percent-had applied for permits by

2004 but they concluded that this was still highly incomplete compliance for an established

permit program.

In 2007 the committee sent a short survey to each state stormwater program inquiring as

to whether and how they tracked non-filing stormwater dischargers but only six states replied to

the questions and only two of the six states had any methods for tracking non-filers or

conducting outreach to encourage all covered parties to apply for permits see Appendix Q.

While the low response rate cannot be read to mean that the states do not take the stormwater

program seriously the responses that were received lend some support to the
possibility

that

there is substantial noncompliance at the filing stage.

In response to this problem of unpermitted discharges the EPA appears to be targeting

enforcement against stormwater dischargers that do not have permits. In several cases the EPA

pursued regulated industries that failed to apply for stormwater permits EPA Region 9 2005

Kaufman et al. 2005. The EPA has also brought enforcement actions against at least three

construction companies for failing to apply for a stormwater permit for their construction runoff

EPA Region 1 2004. Such enforcement actions help to make the stormwater program more

visible and give the appearance of a higher probability of enforcement associated withnon-compliance.Nevertheless the non-intuitive features of needing a permit to discharge

stormwater coupled with a rational perception of a low probability of being caught likely

encourage some dischargers to fail to enter the regulatory system.

Absence ofRegulatory Prioritization

Many states have been overwhelmed with the sheer numbers of permittees particularly

industry and construction sites and lack a prioritization strategy to identify high-risk sources in

particular need of rigorous and enforceable permit conditions. For example in California major

facilities like the Los Angeles International Airport and the Los Angeles and Long Beach ports

are covered under Californias MSGP along with a half-acre metal plating facility in El

Segundo-all subject to the same level of compliance scrutiny even after nearly two decades of

implementation Similarly a multiphase 20-year thousand-acre residential development such

as Newhall Land Development in North Los Angeles County is covered by the same California

CGP as a one-acre residential home construction project in West Los Angeles and subject to the

same level of compliance scrutiny. The lack of an EPA strategy to identify and address high-risk

industrial facilities and construction sites i.e. those that pose the greatest risk of discharging
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polluted stormwater remains an enormous deficiency. Phase I MS4s for example are left to

their own devices to determine how to identify the most significant contributors to their

stormwater systems Duke 2007.

Limited Public Participation

Public participation is more limited in the stormwater program in comparison to the

wastewater permit program providing less citizen-based oversight over stormwater discharges.

Typically during the issuance of an individual NPDES permit for either wastewater or

stormwater the public has a chance to comment and review the draft permit requirements that

are specifically prescribed for a certain site and discharge. While the same is true about the

public participation during the adoption of a general stormwater permit those general permits

contain only the framework of the requirements and the menu of conditions but do not prescribe

specific requirements. Instead it is up to the permittee to tailor the compliance to the specific

conditions of the site in the form of a SWPPP. However at this phase neither the public nor the

regulators have access to the
site-specific plan developed by the permittee to comply with the

obligations of the permit. In the case of general permits then the discharger has enormous

flexibility in designing its compliance activities.

Citizens also encounter difficulties in enforcing stormwater permit requirements.

Citizens have managed to sue facilities for unpermitted stormwater discharges this is a

straightforward process because citizens need only verify that the facility should be. covered and

lacks a permit Richardson 2005. Overseeing facility compliance with stormwater permit

requirements is a different story however and citizens are stymied at this stage of ensuring

facility compliance. Citizens can access a facilitys SWPPP but only if they request the plan

from the facility in writing EPA 2006a p. 25. Moreover the facility is given the authority to

make a determination-apparently without regulator oversight-of whether the plan contains

confidential business information and thus cannot be disclosed to citizens EPA 2006a p. 26.

But even if the facility sends the plan to the citizens it will be nearly impossible for them to

independently assess whether the facility is in compliance unless the citizens station telescopes

conduct air surveillance of the site or are allowed to access the facilitys records of its ownself-inspections.Moreover to the extent that the stormwater outfalls are on the facilitys property

citizens might not be able to conduct their own sampling without trespassing.

Not surprisingly significant progress has nevertheless been made in reducing stormwater

pollution when stormwater becomes a visible public issue. This increased visibility is often

accomplished with the help of local environmental advocacy groups who call attention to the

endangered species tourism or drinking water supplies that are jeopardized by stormwater

contamination. Box 2-8 describes two cases of active public participation in the management of

stormwater.
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..BO 2-8

Citizen Involvement/Education in Stormwater Regulations

The federal Clean Water Act under Section 505 authorizes citizen groups to bring an action in

U.S. or state courts if the EPA or a state fails to enforce water quality regulations. Unsurprisingly the few

areas nationally where stormwater quality has become a visible public issue and significant progress has

been made in reducing stormwater pollution have prominent local environmental advocacy groups

actively involved.

Heal the Bay Santa Monica California. In Southern California SantaMonica-based Heal the

Bay has utilized research education community action public advocacy and political activism to improve

the quality ofstormwater discharges from MS4s inSouthern California Heal the Bay operates an

aquarium to educate the public conducts stream teams to survey local streams posts a beach report

cardon the web to inform swimmers on beach quality appears before the California Water Boards to

comment on NPDES stormwater permits and works with lawmakers to sponsor legislative bills that

protect water quality.

In 1998 the organization helped co-author legislation to notify the public when shoreline water

samples show that water may be unsafe for swimming. California regulations AB41 1 require local

health agencies county or city to monitor water quality at beaches that are adjacent to a flowing storm

drain and have 50000 visitorsannually from April 1 to October 31. At a minimum these beaches are

tested on a .wee.kl basis for three specific bacteria indicators total coliform fecal coliform and

enterococcus. Local health officials are required to post or close the beach with warning signs if state

standards. for bacterial indicators are exceeded The monitoring data collected are available to.the public.

Inorder to better inform and engage the public Heal the Bay has followed up with a web-based

Weekly Beach Report Card http.//healthetiay.org/brc/statemap.aspand the release of an Annual

California.Beach Report Card assigning an A to Fletter grade to more than 500beaches throughout

the state t asedon their levels of bacterial.pollution. Heal the Bays Annual Beach Report Card is a

comprehensive evaluation of California coastal water quality based on daily and weekly samples.

gathered at beaches from Humboldt Countyto the Mexican border. A poor grade means beachgoers

face-.a higher risk of contracting illnesses such as.stomach flu ear infections upper respiratory infections

and skinrashes than swimmers at cleaner beaches.

Heal the Bay was instrumental in passing Proposition 0 in the City of Los Angeles which sets

aside half a billion dollars to improve the quality.of stormwater.discharges.. In the 2007 term of.the

California Legislature the organization has sponsored five legislative bills to address marine debris

including plastic litter transported in stormwater runoff Ghat foul global surface waters CuirentsVol. 21
No. 2 p.8 2007. Heal the Bay also coordinates. its actions and partners withother regional and national

environmental organizations such as the.WaterKeepers and.the-NRDC in advancing water quality

protection nationally.

Save Our Springs Austin Texas. Citizen groups.have played a very influential role in the

development of a rigorous stormwater control program in the City of Austin Texas. Catalyzed in 1990 by

a proposal for extensive development that threatened the fragile Barton Springs area a citizens group

namedSave Out Springs Legal Defense Fund later renamed Save our Springs Alliance formed to

oppose the development. It orchestrated an infamousall night council meeting with 800 citizens

registering-in opposition_to the.proposed development and ultimately led to.theCity Councils rejection of

the 4 000 acre proposal and theformulationof a _no degradation policy forthe Barton Creek watershed.

The nonprofit later sponsored the Save5Our Springs Ordinance a citizen initiative supportediby.30000

signatures which passed by a 2 to 1 margin in 1992 to further strengthen protection ofsthe area. The
Save Our Springs Ordinance limits impervious cover in the Barton Springs watershed to a maximum of

between 15 and 25-percent depending on the location of the development in relation to the recharge and

contributing zones The ordinance also mandates that.stormwater runoff be as clean.after development

asbefore.. The ordinance was subject to a number of legal challenges all of which were successfully

defended by the nonprofit in a-string of court battles.

continues. next page.
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Box 2-8 Continued

Since its initial formation in 1990 the Save Our Springs Alliance has continued to serve avitaI

role in
educatingrthe communityabout watershed protection and organlztng citizens to oppose

development thatthreatensBarton Springs The organization. has also been Instrumental in working with

a variety of government and nonprofit organizations to set aside large areas of parkland and open spaces

within the watershed. Other citizen groups like the Save Barton Creek Association also play a very..

active complementary role to.the Save Our Springs Alliance in protecting the watershed. These other

nonprofits are. sometimes allied and sometimes diverge to take more moderate stances to development

proposals. The resulting constellation of citizen groups citizen outreach and community participation is

very high in the Austin area and has unquestionably led to a much more informed citizenry and a more

rigorous watershed protection. program than would exist without such grassroots leadership.

Accounting for Future Land Use

One of the challenges of managing stormwater from urban watersheds thus involves

anticipating
and channeling future urban growth. Currently the CWA does little to anticipate

and control for future sources of stormwater pollution in urban watersheds. Permits are issued

individually on a technology-based basis allowing for uncontrolled cumulative increases in

pollutant and volume loads over time as individual sources grow in number. The TMDL process

in theory requires states to account for future growth by requiring a margin of safety in loading

projections. However it is not clear how frequently future growth is included in individual

TMDLs or how vigorous the growth calculations are for example see EPA 2007a pp. 12 371

mentioning considerations of future land use as a consideration in stormwater related TMDLs for

only a few-Potash Brook and the lower Cuyahoga River-of the 17 TMDLs described in the

report. In any event as already noted a TMDL is generally triggered only after waters have

been impaired which does nothing to anticipate and channel land development before waters

become degraded.

The fact that stormwater regulation and land-use regulation are largely decoupled in the

federal regulatory system is understandable given the CWAs industrial and municipal

wastewater focus and concerns about federalism but this limited approach is not a credible

approach to stormwater management in the future. Federal incentives must be developed to

encourage states and municipalities to channel growth in a way that acknowledges estimates

and minimizesstormwater problems.

Picking up the Slack at the Municipal and State Level

Because it involves land use any stormwater discharge program strikes at a target that is

traditionally within the province of state and even more likely local government regulation.

Indeed it is possible that
part

of the reason for the EPAs loosely structured permit program is its

concern about intruding on the province of state and local governments particularly given their

superior expertise in regulating land-use practices through zoning codes and ordinances.

In theory it is perfectly plausible that some state and local governments will
step into the

void and overcome some of the problems that afflict the federal stormwater discharge program.

If local or state governments required mandatory monitoring or more rigorous and less
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ambiguous SCMs they would make considerable progress in developing a more successful

stormwater control program. In fact some states and localities have instituted programs that take

these steps. For example Oregon has established its own benchmarks based on industrial

stormwater monitoring data and it uses the benchmark exceedances to deny industries coverage

under Oregons MSGP. In such cases the facility operator must file for an individual

stormwater discharge NPDES permit. Some municipalities are also engaging in these problems
such as the City of Austin and its ban on coal tar sealants.

Despite these bursts of
activity most state and local governments have not taken the

initiative to fill the gaps in.the EPAs federal program see Tucker 2005 for some exceptions.

Because they involve some expense stormwater discharge requirements can increase resident

taxes anger businesses and strain already busy regulatory staff. Moreover if the benefits of

stormwater controls are not going to materialize in waters close to or of value to the community

instituting the controls then the costs of the program from the localitys standpoint are likely to

outweigh its benefits. Federal financial support for state and local stormwater programs is very

limited see section below. Until serious resources are allocated to match the seriousness and

complexity of the problem and the magnitude of the caseload it seems unlikely that states and

local communities will step in to fill the gaps in EPAs program. These impediments help

explain why there appear to be so many stormwater sources out of compliance with the

stormwater discharge permit program as discussed above at least in the few states that have gone

on record.

Funding Constraints

Without a doubt the biggest challenge for states regions and municipalities is having

adequate fiscal resources dedicated to implement the stormwater program. Box 2-9 highlights

the costs of the program for the State of Wisconsin which has been traditionally strong in

stormwater management. Phase I regulations require that a brief description of the annual

proposed budget for the following year be included in each annual report but this requirement

has been dispensed with
entirely

for Phase II.

Ever since the promulgation of the stormwater amendments to the CWA and the issuance

of the stormwater regulations the discharger community pointed out that this statutory

requirement had the flavor of an unfunded mandate. Unlike the initial CWA that provided

significant funding for research design and construction of wastewater treatment plants the

stormwater amendments did not provide any funding to support the implementation of the

requirements by the municipal operators. The lack of a meaningful level of investment in

addressing the more complex and technologically challenging problem of cleaning up
stormwater has left states and municipalities in the difficult position of scrambling for financial

support in an era of multiple infrastructure funding challenges.
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BOX 2-9

Preliminary Cost Estimates for Complying with

Stornlwater Discharge Permits inWisconsin

The Wisconsin Department of Natural Resources WDNR was delegated authority under the

CWA to administer the stormwater permit program under Chapter NR 2.16..There are 75 municipalities

regulated under individual MS4permitsand 141 MS4s regulated under. a general permit for a total of 216

municipalities with stormwater. discharge permits

As part of thepollution-prevention minimum measure the municipalitiesare required to achieve

compliance with the developed urban area performance standards in Chapter NR 15113 By March.10

2008 municipalities subject to a. municipal stormwater permit under NR 216must reduce their annual

TSS loads by 20 percent. These same permitted municipalities are required to achieve an annual TSS

load reduction of-40 percent-by March 10 2013. The reduction in TSS is compared to no controls and

any existing SCMs will be givencredittowardachieving the 20 or 40 percent. As part of their compliance

with NR151 13 developed area performance standards the municipalities are preparing stormwater plans

describing how they will achieve the 20and 40 percent TSS reduction. They. are requiredAo use an

urban runoff model such as WinSLAMM or P8 to do the pollutant load analysis

As the permittedmunicipalities comply with the six minimum control measures and submit the

stormwater plans for their developed area urban areas the WDNR is_learning how much it is going to

cost to achieve the requirements in the stormwater discharge permits. Some cities have already been

submitting annual reports that include the cost of the six minimum measures. Nine of the permitted

municipalities in the southeast part of Wisconsin have been submitting their annual reports for at least

four years..Theaverage. population of these nine communities is.17700 with a range of about 6000 to

65000. The average cost of the six minimum measures in 2007. for the nine municipalities is $162900
with a range of $11600. to$479000. These costs have not changed-significantly from year to year. The

averageper capita cost is $9-with a range of $1 to $16 perperson Street cleaning and catch basin

cleaningFigures2 3 and 2 4 cost aeineluded in thecost for the pollution prevention measure and

most of the cities were probably ncurring costs for these two activities before the issuing of the permit.On

average the street cleaning and catch basin cleaning represent about 40 percent of the annual cost for

the six minimum measures. These two activities will help-the cttiesachieve the 20 and 40 percent TSS

performance standards for developed urban areas

Information is availableon the preliminary cost of achievingthe 40percent TSS performance

standardfor selected cities in Wisconsin The costs were prepared for 15 municipalities by.Earth Tech

Inc in.Madison Wisconsin Areas of the municipality developed after October 2004 are not included in

the TSS load analysis. At this point in the preparation of the stormwater plans the costs areJust capital.

cost estimates done k.166
planning level Table 2-9. Because the municipalities receive credit for their.

existing practices these capital costs represent the additional practices needed to achieve the annual 40

percent TSS reduction The costs per capita appearto decline-for.-cities with a population over 50000.

All of thecostsin Table 2-9 willincrease when other costs such as maintenance and land cost are

included

TABLE-2 9 Plannin g LevelCapital CostEstimate to Meet-40 Percent TSS Reduction

Number of Average.Cost Minimum MaximumAvg. Costper Capita per

Population Cities $ Cost_$ Cost-$. Year over 5Years.$

5000 to 5 1380000 425000 2800000 34

10000

10000 to 6 460000. 270000 9200000 35
.

17

50000

50 00O to 9200000 7000000 12500000 26

1.0000

SOURCE-.Reprinted wthpermssion from James Bachhuber Earth Tech Inc. personnel commuriicatiorr.

2008 CopyrLiglt 2008ýbykýJamesBachhuber Earth Tech Inc
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continues next page

Box 2-9 Continued

For most of the 15 municipalities the capital costs are for retrofitting dry ponds with permanent

pools installingnew wet.detention ponds and improved street cleaning capabilities..Becausd of their

lower cost the regional type practiceshave received more attention in the. stormwater plans.than.the

source area practices such as proprietary devices and biofilters. Municipalities with a higher percentage

of newer areas will usually have.lower cost because the newer developments tend to have stormwater

control measures designed to achieve a high level of TSS control such as wet detention ponds. Older

pairs of a municipality are usually limited to practices with a lower TSS reduction such as street cleaning

and catch basin cleaning. Of course retrofitting older areas with higher efficiency practices is expensive

and the cost cango higher than expected when unexpected site limitations occur such asthe presence

of underground.utilities

Over the next five years.all of the 15 municipalities must budget the costs in Table 29.. It isnot

clear yethow muchýof aurdenthese costs-represent to the taxpayers in each municipality. All the

permits will be reviewed for compliance with the performance standards in 2013.

_ ýpeltmn

ýr yCit

FIGURE 2.3 Catch basin cleaning. Courtesy FIGURE 2-4 Street cleaning. SOURCE
of Robert Pitt Selbig and Bannerman 2007.

While a number of communities have passed stormwater fees linked to water quality as

described below a significant
number of communities still do not have that financial resource.

Municipalities that have not formed utility districts or imposed user fees have had to rely on

general funds where stormwater permit compliance must compete with public safety fire

protection and public libraries. This circumstance explains why elected local government

officials have been reluctant to embrace the stormwater program. Stormwater quality

management is often not regarded as a municipal service unlike flood control or wastewater

conveyance and treatment. A concerted effort will need to be made by all stakeholders to make

the practical and legal case that stormwater quality management is truly another municipal

service like trash collection wastewater treatment flood control etc. Even in states that do

collect fees to finance stormwater permit programs the programs appear underfunded relative to

other types of water pollution initiatives. Table 2-10 shows the water quality budget of the

California EPA Los Angeles Regional Water Board. The amount of money per regulated entity

see Table 2-4 dedicated to the stormwater program pales in comparison to the wastewater

portion of the NPDES program and it has declined over time. Furthermore of the more than $5

billion dollars in low-interest loans provided in 2006 for investments in water quality

improvements 96 percent of that total funding went to wastewater treatment EPA 2007d.
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TABLE 2-10 Comparison of Fiscal Year FY 02-03 Budget with FY 06-07 Budget for Water

Quality Programs at the California EPA Los Angeles Re ional Water Board

Program Funding Source 2002-2003 2006-2007

NPDES Federal $2.8 mil $2.6 mil

Stormwater State $2.3 mil $2.1 mil

TMDLs Federal $1.47 mil $1.38 mil

Spills Leaks Investigation
State $1.32 mil. $2.87 mil.

Cleanup

Underground Storage Tanks State $2.78 mil. $2.74 mil.

Non-Chapter 15 Se tics State $0.93 mil. $0.93 mil.

Water Quality Planning Federal $0.2 mil. $0.21 mil.

Well Investigation State $1.36 mil. $0.36 mil.

Water Quality Certification Federal $0.2 mil. $0.23 mil.

Total $17.1 mil. $15.82 mil.

1The NPDES row is entirely wastewater funding as there is no federal money for implementing the

stormwater program. Note that the stormwater program in the table is entirely state funded.

There are a number of potential methods that agencies can use to collect stormwater

quality management fees as described more extensively in Chapter 5. A number of states now

levy permit fees with some permits costing in excess of $10000 to help defray the costs of

implementation and enforcement of their stormwater programs. The State of Colorado for

example has developed an elaborate fee structure for separate types of general permits for

industry and construction as well as MS4s see http//www.cdphe.state.co.us/wq/permitsunit/

stormwater/StormwaterFees.pdf. The ability of a state agency to collect fees generally must

first be authorized by the state legislatures see e.g. Revised Code of Washington 90.48.465

providing the state agency with the authority to collect expenses for issuing and administering

each class of permits. The lack of state legislative authorization may limit some state agencies

from creating such programs on their own. In fact in those. states where fees cannot be levied

against permittees the stormwater programs appear to be both underfinanced and understaffed.

Some municipalities have even experienced political backlash because of the absence of a strong

state or federal program requiring them to engage in rigorous stormwater management see Box

2-10.

Stormwater Management Expertise

Historically engineering curriculum dealt with stormwater management by focusing on

the flood control aspects with little attention given to the water quality aspects. Thus there has

been a significant gap in knowledge and a lack of qualified personnel. In areas where SCMs are

just beginning to be introduced many municipalities industrial operators and construction site

operators are not prepared to address water quality issues the problem is especially difficult for

smaller municipalities and
operators.

The profession and academia are moving to correct this

shortfall. Professional associations such as the Water Environment Federation WEF and the

American Society for Civil Engineers ASCE are co-authoring an update of the WEF/ASCE
Manual of Practice Design of Urban Runoff Controls that integrates quality and quantity after

years of issuing separate manuals of design and operation for the water quality and water

quantity elements of stormwater management.
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BOX 2-10

A Citys Ability to Pay for Stormwater Water and Sewage Utility Fees

With the implementation of the stormwater permit program of the CWA stormwater utilities are

becoming more common as a way to jointly address regional stormwater quality and drainage issues

One such program is the Jefferson County Alabama Storm Water Management Authority SWMA
formed in 1997 under state legislation that enables local governments to pool their resources in a regional

stormwater authority-to meet regulations required by the CWA. Jefferson County the City of Birmingham

and 22 other regional. municipalities in Jefferson part of Shelby and part of St. Clair counties Alabama

were required to complywith CWA regulations. The act gave the stormwater program the ability to

develop a funding mechanism. for the program and to forma Public Corporation.

Over theyears SWMA has been responsible for many activities. One of their first goals was to

develop a comprehensive GIS database to map outfalls land uses stormwater practices and many other

features that were required as part of the permit program. Another-major activity conducted by SWMA
was-the collection of water samples from about 150 sites in the authoritys jurisdiction both during wet

and dry weather. SWMA also inspects approximately 4000 outfalls during dry weather to check for

inappropriate connections to the storm drainage system. SWMA coordinates public volunteer efforts with

local environmental groups including the Alabama Water Watch the Alabama River Alliance the Black

Warrior Riverkeeper and the Cahaba River Society. SWMA also inspects businesses and industries

including construction sites within theirjurisdictions that are not permitted by the Alabama Department

of Environmental Management.ADEM. SWMA does not enforce rules or issue fines although it can

report violators to the state In its most famous case it reported.McWane Inc for pollution that led to

investigations bythe state and the federal-government and. ultimately a trial and criminal convictions.

The Birmingham NewsBouma 2007 reported that from 1997 to 2005 SWMAs responsibilities

under the CWA increased substantially although their. fees did not rise. In late 2005 SWMA proposed

that member cities increase their stormwatercharges from $5 a year to $12 a year per household for

residences and from $15 to $36 per year for businesses. At that point the Business Alliance for

Responsible Development BARD a group of large businesses utilities mining interests developers

and landowners began to argue that the group was financially irresponsible and its attorneys convinced

member cities that they could save money by withdrawing from SWMA. Even though SWMA withdrew its

fee increase request many local municipalities have pulled out of SWMA significantly reducing the

agencys budget and ability to conduct comprehensive monitoring and reporting. BARD claims the

pollution control programs of the ADEM are sufficient. In their countersuit several environmental groups

maintain thatADEM has failed to adequately protect the.states waters because the agency is .

underfunded understaffed and ineffective at enforcement Much of the.Cahaba and Black Warrior. River

systems within Jefferson-County have such poor water quality that they frequently violate water quality

standards http//www southernenvironment oýg SWMA has been significantly impaired in its ability to.

monitor and report waterqualityviolations with the withdrawal of many .o its original member
municipalities and the associated reduced budget

At the same time the sewer bill for a.family of four in.the region-is expectedto. beabout $63 per

month in2008. Domestic water rates have.also increased up to about$32per month The. Birmingham

News Barnett Wright December 30 2007.. Domestic water rates have increased in recent years in

attempts to upgrade infrastructure in response to widespread and long-lasting droughts and to cover

risingfuel costs. It is ironic that stormwater management agency fees are very small compared to these

other urban water agency fees per household by orders of magnitude. The $12 per year stormwater fee

was used to justify the dismantling of an agency that was doing its job and identifying CWA violators. In

order to bring some reasonableness to. the stormwater management situation and expected fees it may
bepossible forthe EPAto re examine its guidelines of 2 percent of the household income for sewer fees

to reflect other components of theurban water system and toensure adequate enforcement of existing

regulations especially by underfundedstate environmental agencies.
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The split between water quantity and quality is evident in municipal efforts that have

focused primarily on flood control issues and design of appropriate appurtenances tailored for

this purpose. As discussed earlier most municipal codes specify practices to collect and move

water away as fast as possible from urbanized areas. Very little focus has been put on practices

to mitigate the quality of the stormwater runoff. This is especially true in urbanized areas with

separate municipal storm sewer systems. Even the designation sewer is borrowed from the

sanitary sewer conveyance system terminology. In and or semi-arid areas these flood control

systems have been maximally engineered such that river beds have become concrete channels.

A typical example is the Los Angeles River which most of the year resembles an empty

freeway. This analysis does not intend to minimize the engineering feat of designing a robust

and reliable flood control system. For example during the unusually wet 2005 season in

Southern California the Los Angeles area did not have any major flooding incidents. However

based on recent studies Stein and Ackerman 2007 up to 80 percent of the annual metals

loading from six watersheds in the Los Angeles area was transported by stormwater events.

Because of the historical lack of focus on stormwater quality municipal departments in

general are not designed to address the issue of
pollution

in urban runoff. Just recently and due

to the stormwater regulations cities have been adding personnel and creating new sections to

deal with the issue. However because of the complexities of the task many duties are spread

among various municipal departments and more often than not coordination is still
lacking.

Perhaps most problematic is the fact that the local governmental entities in charge of stormwater

management are often different from those that oversee land-use planning and regulation. This

disconnect between land-use planning and stormwater management is especially true for
large

cities. It is not unusual for program responsibilities to be compartmentalized with industrial

aspects of the program handled by one group construction by another and planning and public

education by other distinct units. Smaller cities may have one person handling all aspects of the

program assisted by a consulting firm. While coordination may be ensured the task can be

overwhelming for a single
staff person.

Beyond water quality issues training to better understand the importance of volume

control and the role of LID has not yet reached many practitioners. Many established practices

and industry standards in the fields of civil geotechnical and structural engineering were

developed prior to the introduction of the current group of SCMs and can unnecessarily limit

their use. Indeed certain SCMs such as porous landscape detention extended detention and

vegetated swales require special knowledge about soils and appropriate plant communities to

ensure their longevity and ease of maintenance.

Supplementing the Clean Water Act with Other Federal Authorities that Can Control

Stormwater Pollutants at the Source

EPA does have other supplemental authorities that are capable of making significant

progress in reducing or even eliminating some of the problematic stormwater pollutants
at the

national level. Under both the Federal Insecticide Fungicide and Rodenticide Act FIFRA and

the TSCA for example EPA could restrict some of the most problematic pollutants at their

source by requiring labels that alert consumers to the deleterious water quality impacts caused by

widely marketed chemical products restricting their use or even banning them. This
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based regulation bypasses the need of individual dischargers or governments to be concerned

with reducing the individual contaminants in stormwater.

The-City of Austins encounter with coal tar-based asphalt sealants provides an

illustration of the types of products contributing toxins to stormwater discharges that could be far

better controlled at the production or marketing stage. Through detective work the City of

Austin learned that coal tar-based asphalt sealants leach high levels of polycyclic aromatic

hydrocarbons PAHs into surface waters Mahleret al. 2005 Van Metre et al. 2006. The city

discovered this because the PAHs were found in sediments in Barton Springs which were in turn

leading to the decline of the endangered Barton Creek salamander Richardson 2006. By

tracing upstream the city was able to find the culprit-a parking lot at the top of the hill that was

recently sealed with coal tar sealant and produced very high PAH readings. Further tests

revealed that coal tar sealants typically leach very high levels of PAHs but other types of asphalt

sealants that are not created from coal tar are much less toxic to the environment and are no more

expensive than the coal tar-based sealants City of Austin 2004. As a result of its findings the

City of Austin banned the use of coal tar-based asphalt sealants. Several retailers including

Lowes and Home Depot followed the citys lead and refused to carry coal tar sealants. Dane

County in the State of Wisconsin has now also banned coal tar sealants.

For reasons that appear to inure to the perceived impotency of TSCA and the enormous

burdens of restricting chemicals under that statute EPA declined to take regulatory action under

TSCA against coal tar sealants Letter from Brent Fewell Acting Assisting Administrator U.S.

EPA to Senator Jeffords October 16 2006 p. 3. Yet it had authority to consider whether this

particular chemical mixture presents an unreasonable risk to health and the environment

particularly in comparison to a substitute product that is available at the same or even lower price

15 U.S.C. 2605a Corrosion Proof Fittings vs. EPA 947 F.2d 1201 5th Cir. 1991. Indeed

if EPA had undertaken such an assessment it might have even discovered that the coal tar

sealants are not as inferior as Austin and others have concluded alternatively it could reveal that

these sealants do present an unreasonable risk since there are substantial risks from the sealant

without corresponding benefits given the availability of a less risky substitute.

A similarsituation holds for other ubiquitous stormwater pollutants such as the zinc in

tires roof shingles and downspouts the copper in brake pads heavy metals in fertilizers

creosote- and chromated copper arsenate CCA-treated wood and de-icers .includin road salt.

Each of these sources may be contributing toxins to stormwater in environmentally damaging

amounts and each of these products might have less deleterious and equally cost-effective

substitutes available yet EPA and other federal agencies seem not to be undertaking any analysis

of these possibilities. The EPAs phase-out of lead in gasoline in the 1970s which led to

measurable declines in the concentrations of lead in stormwater by the mid-1980s see Figure2-5
may provide a model of the type of gradual regulatory ban EPA could use to reduce

contaminants in products that are non-essential.

See e.g.
Coal Tar-based pavement sealants studied Science Daily February 12 2007 available at

http//www.sciencedaily.com/upi/index.phpfeedSciencearticleUPI-1-20070212-10255500-bc-us-sealants.xml

Matthew DeFour Dane County bans Sealants with Coal Tar Wisconsin State Journal April 6 2007 available at

http//www.madison.com/wsj/home/local/index.phpntid128156ntpid5.
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FIGURE 2-5 Trend of lead concentrations in stormwater in EPA rain zone 2 from 1980 to 2001. Although

the range of lead concentrations for any narrow range of years is quite large there is a significant and

obvious trend in concentration for these 20 years. SOURCE National Stormwater Quality Database

version 3.

Some states are taking more aggressive forms of product regulation.
For example in the

mid-1990s numerous scientific studies conducted in California by stormwater programs

wastewater treatment plants the University of California California Water Boards the U.S.

Geological Survey and EPA showed widespread toxicity in local creeks stormwater runoff and

wastewater treatment plant effluent from
pesticide residues particularly

diazinon and chlopyrifos

which are commonly used organophosphate pesticides
available in hundreds of consumer

products Kuivila and Foe 1995 MacCoy et al. 1995. As a result the California Water

Boards and EPA listed many waters in urban areas of California as being impaired in accordance

with CWA Section 303d. Many cities and counties were required to implement expensive

programs to control the pollution under the MS4 NPDES permits to restore the designated

beneficial uses of pesticide-impaired waters. Figure 2-6 shows the results of one such action-a

ban on diazinon.

In sum even though there are a number of sources of pollutants-from roof tiles to

asphalt sealants to de-icers to brake linings-that could be regulated more restrictively at the

product and market stage EPA currently provides little meaningful regulatory oversight of these

sources with regard to their contribution to stormwater pollution. The EPAs authority to

prioritize
and

target products that increase pollutants in runoff both for added
testing

and

regulation seems clear from the broad language of TSCA 15 U.S.C. 2605a. The

underutilization of this national authority to regulate environmentally deleterious stormwater

pollutants
thus seems to be a remediable shortcoming of EPAs current stormwater regulatory

program.
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FIGURE 2-6 Trend of the organophosphate pesticide diazinon in MS4 discharges that flow into a

stormwater basin in Fresno County California following a ban on the pesticide. The figure shows the

significant drop in the diazinon concentration in just four years to levels where it is no longer toxic to

freshwater aquatic life. EPA prohibited the retail sale of diazinon for crack and crevice and virtually all

indoor uses after December 31 2002 and non-agriculture outdoor use was phased out by December 31
2004. Restricted use for agricultural purposes is still allowed. SOURCE Reprinted with permission

-

from Brosseau 2007. Copyright 2006 by Fresno Metropolitan Flood Control District.

CONCLUSIONS AND RECOMMENDATIONS

In an ideal world stormwater discharges would be regulated through direct controls on

land use strict limits on both the quantity and quality
of stormwater runoff into surface waters

and rigorous monitoring of adjacent waterbodies to ensure that they are not degraded by

stormwater discharges. Future land-use development would be controlled to prevent increases in

stormwater discharges from predevelopment conditions and impervious cover and volumetric

restrictions would serve as a reliable proxy for stormwater loading from many of these

developments. Large construction and industrial areas with significant amounts of impervious

cover would face strict regulatory standards and monitoring requirements for their stormwater

discharges. Products and other sources that contribute significant pollutants through

stormwater-likede-icing materials urban fertilizers and pesticides and vehicularexhaust-would
be regulated at a national level to ensure that the most environmentally benign materials

are used when they are likely to end up in surface waters.

In the United States the regulation of stormwater looks quite different from this idealized

vision. Since the primary federal statute-the CWA-is concerned with limiting pollutants into

surface waters the volume of discharges are secondary and are generally not regulated at all.

Moreover given the CWAs focus on regulating pollutants there are few if any incentives to

anticipate or limit intensive future land uses that generate large quantities
of stormwater. Most

stormwater discharges are regulated instead on an individualized basis with the demand that

existing point sources of stormwater pollutants implement SCMs without accounting for the

cumulative contributions of multiple sources in the same watershed. Moreover since individual

stormwater discharges vary with terrain rainfall and use of the land the restrictions governing
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regulated parties are generally site-specific leaving a great deal of discretion to the dischargers

themselves in developing SWPPPs and self-monitoring to ensure compliance. While states and

local governments are free to pick up the large slack left by the federal program there are

effectively no resources and very limited infrastructure with which to address the technical and

costly challenges faced by the control of stormwater. These problems are exacerbated by the fact

that land use and stormwater management responsibilities within local governments are

frequently decoupled. The following conclusions and recommendations are made.

EPAs current approach to regulating stormwater is unlikely to produce an

accurate or complete picture of the extent of the problem nor is it
likely to adequately

control stormwaters contribution to waterbody impairment. The lack of rigorousend-of-pipemonitoring coupled with EPAsfailure to use flow or alternative measures for regulating

stormwater make it difficult for EPA to develop enforceable requirements for stormwater

dischargers. Instead under EPAs program the stormwater permits leave a great
deal of

discretion to the regulated community to set their own standards and self-monitor.

Implementation of the federal program has also been incomplete. Current statistics on

the states implementation of the stormwater program discharger compliance with stormwater

requirements and the ability
of states and EPA to incorporate stormwater permits with TMDLs

are uniformly discouraging. Radical changes to the current regulatory program see Chapter 6
appear necessary to provide meaningful regulation of stormwater dischargers in the future.

Future land development and its potential increases in stormwater must be

considered and addressed in a stormwater regulatory program. The NPDES permit

program governing stormwater discharges does not provide for
explicit consideration of future

land use. Although the TMDL program expects states to account for future growth in calculating

loadings even these more limited requirements for degraded waters may not always be

implemented in a rigorous way. In the future EPA stormwater programs should include more

direct and explicit consideration of future land developments. For example stormwater permit

programs could be predicated on rigorous projections of future growth and changes in

impervious cover within an MS4. Regulators could also be encouraged to use incentives to

lessen the impact of land development e.g. by reducing needless impervious cover within future

developments.

Flow and related parameters like impervious cover should be considered for use as

proxies for stormwater pollutant loading. These analogs for the traditional focus on the

discharge of pollutants have great potential as a federal stormwater management tool

because they provide specific and measurable targets while at the same time they focus

regulators on water degradation resulting from the increased volume as well as increased

pollutant loadings in stormwater runoff. Without these more easily measured parameters for

evaluating the contribution of various stormwater sources regulators will continue to struggle

with enormously expensive and
potentially technically impossible attempts to determine the

pollutant loading from individual dischargers or will rely too heavily on unaudited and largely

ineffective self-reporting self-policing and paperwork enforcement.

Local building and zoning codes and engineering standards and practices that

guide the development of roads and utilities frequently do not promote or allow the most
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innovative stormwater management. Fortunately a variety of regulatory innovations-from

more flexible and thoughtful zoning to using design review incentives to guide building codes to

having separate ordinances for new versus infilldevelopment can be used to encourage more

effective stormwater management. These are particularly important to promoting redevelopment

in existing urban areas which reduces the creation of new impervious areas and takes pressure

off of the development of lands at the urban
fringe i.e. reduces sprawl.

EPA should provide more robust regulatory guidelines for state and. local

government efforts to regulate stormwater discharges. There are a number of ambiguities in

the current federal stormwater program that complicate the
ability

of state and local governments

to rigorously implement the program. EPA should issue
clarifying guidance on several key

areas. Among the areas most in need of additional federal direction are the identification of

industrial dischargers that constitute the highest risk with regard to stormwater pollution and the

types of permit requirements that should apply to these high-risk sources. EPA should also issue

more detailed guidance on how state and local governments might prioritize monitoring and

enforcement of the numerous and diverse stormwater sources within their purview. Finally EPA
should issue guidance on how stormwater permits could be drafted to produce more easily

enforced requirements that enable oversight and enforcement not only by government officials

but also by citizens. Further detail is found in Chapter 6.

EPA should engage in much more vigilant regulatory oversight in the national

licensing of products that contribute significantly to stormwater pollution. De-icing

chemicals materials used in brake linings motor fuels asphalt sealants fertilizers and a variety

of other products should be examined for their potential contamination of stormwater. Currently

EPA does not apparently utilize its existing licensing authority to regulate these products in a

way that minimizes their contribution to stormwater contamination. States can also enact

restrictions on or tax the application of pesticides or even ban particular pesticides or other

particularly toxic products. Austin for example has banned the use of coal-tar sealants within

city boundaries. States and localities have also experimented with alternatives to road salt that

are less environmentally toxic. These local efforts are important and could ultimately help

motivate broader scale federal restrictions on particular products.

The federal government should provide more financial support to state and local

efforts to regulate stormwater. State and local governments do not have adequate financial

support to implement the stormwater program in a rigorous way. At the very least Congress

should provide states with financial support for engaging in more meaningful regulation of

stormwater discharges. EPA should also reassess its allocation of funds within the NPDES

program. The agency has traditionally directed funds to focus on the reissuance of NPDES
wastewater permits while the present need is to advance the NPDES stormwater program
because NPDES stormwater permittees outnumber wastewater permittees more than five fold

and the contribution of diffuse sources of pollution to degradation of the nations waterbodies

continues to increase.
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Chapter 3

Hydrologic Geomorphic and Biological Effects of Urbanization on

Watersheds

A watershed is defined as the contributing drainage area connected to an outlet or

waterbody of interest for example a stream or river reach lake reservoir or estuary. Watershed

structure and composition include both naturally formed and constructed drainage networks and

both undisturbed areas and human dominated landscape elements. Therefore the watershed is a

natural geographic unit to address the cumulative impacts of urban stormwater. Urbanization has

affected change to natural systems that tends to occur in the following sequence. First land use

and land cover are altered as vegetation and topsoil are removed to make way for agriculture or

subsequently buildings roads and other urban infrastructure. These changes and the

introduction of a built drainage network alter the hydrology of the local area such that receiving

waters in the affected watershed can experience radically different flow regimes than they did

prior to urbanization. This altered hydrology when combined with the introduction of pollutant

sources that accompany urbanization such as people domesticated animals industries etc. has

led to water quality degradation of many urban streams.

This chapter first discusses the typical land-use and land-cover composition of urbanized

watersheds. This is followed by a description of changes to the hydrologic and geomorphic

framework of the watershed that result from urbanization including altered runoff streamflow

mass transport and stream-channel
stability.

The chapter then discusses the characteristics of

stormwater runoff including its quantity and quality from different land covers as well as the

characteristics of dry weather runoff. Finally the effects of urbanization on aquatic ecosystems

and human health are explored.

LAND-USE CHANGES

Land use has been described as the human modification of the natural environment into

the built environment such as fields pastures and settlements. Important characteristics of

different land uses are the modified surface characteristics of the land and the activities that take

place within that land use. From a stormwater viewpoint land uses are usually differentiated by

building density and comprised of residential commercial industrial institutional recreational

and open-space land uses among others. Each of these land uses usually has distinct activities

taking place within it that affect runoff quality. In addition each land use is comprised of

various amounts of surface land cover such as roofs roads parking areas and landscaped areas.

The amount and type of each cover also affect the quality and quantity of runoff from urban

areas. Changes in land use and in the land covers within the land uses associated with

development and redevelopment are therefore important considerations when studying local

receiving water problems the sources of these problems within the watershed and the

stormwater control opportunities.
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Land-Use Definitions

Although there can be many classifications of residential land use a crude and common

categorization is to differentiate by density. High-density residential land use refers to urban

single-family housing at a density of greater than 6 units per acre including the house driveway

yards sidewalks and streets. Medium density is between 2 and 6 units per acre while low

density refers to areas where the density is 0.7 to 2 units per acre. Another significant residential

land use is multiple-family housing for three or more families and from one to three stories in

height. These units may be adjoined up-and-down side-by-side or front-and-rear.

There are a variety of commercial land uses common in the United States. The strip

commercial area includes those buildings for which the primary function is the sale of goods or

services. This category includes some institutional lands found in commercial strips such as

post offices court houses and fire and police stations. This category does not include

warehouses or buildings used for the manufacture of goods. Shopping centers are another

common commercial area and have the unique distinction that the related parking lot that

surrounds the buildings is at least 2.5 times the area of the building roof area. Office parks are a

land use on which non-retail business takes place. The buildings are usually multi-storied and

surrounded by larger areas of lawn and other landscaping. Finally downtown central business

districts are highly impervious areas of commercial and institutional land use.

Industrial areas can be differentiated by the intensity of the industry. For example

manufacturing industrial is a land use that encompasses those buildings and premises that are

devoted to the manufacture of products with many of the operations conducted outside such as

power plants steel mills and cement plants. Institutional areas include a variety of buildings for

example schools churches and hospitals and other medical facilities that provide patient

overnight care.

Roads constitute a very important land use in terms of pollutant contributions. The

freeway land use includes limited-access highways and the interchange areas including any

vegetated rights-of-ways. Finally there are a variety of open-space categories such as

cemeteries parks and undeveloped land. Parks include outdoor recreational areas such as

municipal playgrounds botanical gardens arboretums golf courses and natural areas.

Undeveloped lands are private or publicly owned with no structures and have a complete

vegetative cover. This includes vacant lots transformer stations radio and TV transmission

areas water towers and railroad rights-of-way.

The preceding land-use descriptions are the traditional categories that make up the vast

majority of the land in U.S. cities. However there are emerging categories of land use such as

those espoused under the term New Urbanism which combine several area types such as

commercial and high-density residential areas. Although land use can be broadly and generally

categorized local variations can be extremely important such that locally available land-use data

and definitions should always be used. For example local planning agencies typically do not

separate the medium-density residential areas into subcategories. However this may be

necessary to represent different development trends that have occurred with time and to

represent newly emerging types of land uses for an area. Box 3-1 discusses the subtle influence

that tree canopy could have on the residential land-use classification.

PREPUBLICATION

Copyright National Academy of Sciences. All rights reserved.

RB-AR16994



Urban Stormwater Management in the United States

hftp//www.nap.edu/catalog/12465.htmi

Effects of Urbanization on Watersheds 111

BOX 3 1

The Role of-Tree.Cover- in Residential Land Use

Figure 3-1 shows two medium-density.residential neighborhoods one older and one newer.. Tree

canopy is obviously different in each case and it may have an effect on seasonal. organic debris in an.

area and possibly on nutrient loads although nutrient discharges appear to be more related to

homeowner fertilizerapplications. Increased tree canopy cover. also has a theoretical benefit in reducing

runoff quantities due to increased interception losses. n both cases however monitoring data to

quantify these benefits are sparse. Xiao 1998 examined the effect urban tree cover had on the rainfall.

volume striking the ground in SacramentoCalifornia. The resultsindicated that the type of tree ortype of

canopy cover affected the amount of rainfall reduction measured during a rain event such that large

broad leafed evergreens and conifers reduced the rainfall that reached theground.by 36 percentwhile

medium-sized conifers and deciduous trees reduced the rainfallby 18 percentC. ochran 2008

compared the volume and intensity of rain that reached the ground-in an open area no canopy cover

versus two areas with intact canopy covers in Shelby County Alabama overa year. The sites were

sufficiently close to each other to assume that the rainfall characteristics were the same in terms of the

intensity and the variation of intensity and volume during the storm. Rainfall throughfall was reduced by

about 13.5 percent during the spring and summer months when heavily wooded cover existed. The

rainfall characteristics at the leafless tree sites winter deciduous trees were not significantly different

from theparking lot control sites. In many locations around the county very high winds are associated

with severe storms significantly decreasing the interception Iosses Of course mature trees are known to

provide other benefits inurban areas includingshading to counteract stormwatectemperature increases

and massive root systems that help restore beneficial soilstructureconditions. Additiona-lresearcfiis%

needed to quantify the benefits of urban trees through a comprehensive monitoring program

v ý r

FIGURE3 1 -two medium-density residential ar5asno alleysthe area on the right is older.
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Trends in Urbanization

Researchers at Columbia University de Sherbinin 2002 state that 83 percent of the

Earths land surface has been affected by human settlements and activities with the urbanized

areas comprising about 4 percent of the total land use of the world. Urban areas are expanding

world-wide especially in developing countries. The United Nations Population Division

estimates suggest that the worlds population will become mostly urbanized by 2010 whereas

only 37 percent of the worlds population was urbanized in 1970. De Sherbinin 2002
concludes that although the extent of urban areas is not large when compared with other land

uses such as agriculture or forestry their environmental impact is significant. Population

densities in the cities are large and their political cultural and economic influence is great.

Most industrial activity
is also located near cities. The influence of urban areas extends beyond

their boundaries due to the need for large amounts of land for food and energy production to

generate raw materials for industry for building water supplies for obtaining other resources

such as construction materials and for recreational areas. One study estimated that the cities of

Baltic Europe require from 500 to more than 1000 times the urbanized land area in the form of

forests agricultural marine and wetland areas to supply their resources and to provide for

waste disposal de Sherbinin 2002.

Currently considerable effort is being spent investigating land-use changes world-wide

and in the United States in support of global climate change research. The U.S. Geological

Survey USGS 1999 has prepared many research reports describing these changes Figure 3-2

shows the results for one study in the Chicago and Milwaukee areas and Figure 3-3 shows the

results for a study in the Chesapeake Bay area. These maps graphically show the dramatic rate

of change in land use in these areas. The very large growth in urban areas during the 20 years

between 1975 and 1995 is especially astonishing. By 1995 Milwaukee and Chicagos urbanized

areas more than doubled in size from prior years. Even more rapid growth has occurred in the

Washington D.C.Baltimore area.
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FIGURE 3-2 The extent of urban land in Chicago and Milwaukee in 1955 black 1975 red
and 1995 yellow. SOURCE USGS 1999.
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FIGURE 3-3 This series of maps compares changes in urban agricultural and forested lands

in the Patuxent River watershed over the past 140 years. The top series shows the extent of

urban areas red along with agriculture gold which was at its peak in the mid- to late 1800s.

Since 1900 the amount of agricultural land has declined as urban and forested land green has

increased. SOURCE USGS 1999.

Many different metrics can be used to measure the rate of urbanization in the United

States including the number of housing starts and permits and the level of new U.S.

development. The latter is tracked by the U.S. Department of Agricultures USDA National

Resources Inventory USDA 2000. The inventory conducted every five years covers allnon-federallands in the United States which is 75 percent of the U.S. total land area. The inventory

uses land-use information from about 800000 statistically
selected locations. From 1992 to

1997 about 2.2 million acres per year were converted from non-developed to developed status.

According to the USDA 2000 the per capita developed land use acres per person a classical

measure of urban sprawl has increased in the United States between the years of 1982 and 1997

from about 0.43 to about 0.49 acres per person. The smallest amount of developed land used per

person was for New York and Hawaii 0.15 acres while the largest land consumption rate was

for North Dakota at about 10 times greater. Surprisingly Los Angeles is the densest urban area

in the country at 0.11 acres per person. The amount of urban sprawl is also directly

proportionate to the population growth. According to Beck et al. 2003

In the 16 cities that grew in population by 10 percent or less between 1970 and 1990

but whose population did not decline developed area expanded 38 percent-more
than in cities that declined in population but considerably less than in the cities

where population increased more dramatically. Cities that grew in population by
between 10 and 30 percent sprawled 54 percent on average. Cities that grew
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between 31 and 50 percent sprawled 72 percent on average. Cities that grew in

population by more than 50 percent sprawled on average 112 percent. These

findings confirm the common sense but often unacknowledged proposition that

there is a strong positive relationship
between sprawl and population growth.

In most areas the per capita
use of developed land has increased along with the

population growth. However even some cities that had no population growth or had negative

growth such as Detroit still had large amounts of sprawl increased amounts of developed land

used per person but usually much less than cities that had large population growth. Los

Angeles actually had an 8 percent decreased rate of land consumption per resident during this

period but the city still experienced tremendous growth in land area due to its very large

population growth. The additional 3.1 millionresidents in the Los Angeles area during this time

resulted in the development of almost an additional 400 square miles.

Land-Cover Characteristics in Urban Areas

As an area urbanizes the land cover changes from pre-existing rural surfaces such as

agricultural fields or forests to a combination of different surface types. In municipal areas land

cover can be separated into various common categories-pictured and described in Box3-2-that
include roofs roads parking areas storage areas other paved areas and landscaped or

undeveloped areas.

Most attention is given to impervious cover which can be easily quantified for different

types of land development. Given the many types of land cover described in Box 3-2

impervious cover is composed of two principal components building rooftops and the

transportation system roads driveways and parking lots. Compacted soils and unpaved

parking areas and driveways also have impervious characteristics in that they severely hinder

the infiltration of water although they are not composed of pavement or roofing material. In

terms of total impervious area the transportation component often exceeds the rooftop

component Schueler 1994. For example in OlympiaWashington where 11 residential

multifamily and commercial areas were analyzed in detail the areas associated with

transportation-related uses comprised 63 to 70 percent of the total impervious cover Wells

1995. A significant portion of these impervious areas-mainly parking lots driveways and

road shoulders-experience only minimal traffic
activity. Most retail parking lots are sized to

accommodate peak parking usage which occurs only occasionally during the peak holiday

shopping season leaving most of the area unused for a majority of the time. On the other hand

many business and school parking areas are used to their full capacity nearly every work day and

during the school year.
Other differences at parking areas relate to the turnover of parking

during the day. Parked vehicles in business and school lots are mostly stationary throughout the

work and school hours. The lighter traffic in these areas results in less vehicle-associated

pollutant deposition and less surface wear in comparison to the greater parking turnover and

larger traffic volumes in retail areas Brattebo and Booth 2003.
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BOX 32
Land -Cover in Urban Areas.

For any given land use there is a range of land covers that are typical. Common land coversare

described below along with some indication .o their contribution to stormwater. runoff and their pollutant

senerating ability.

.Roofs These are usually either flat or pitched.as both have significantly different runoff

responses Flat roofs can have. about 5 to 10mm of detention storage while.. pitched roofs have verylittle

detention storage.. Roofing materials are also usuallyquite differentor these types of roofs further

affecting runoff quality In addition roof flashing and roof gutters may be major sources of heavy metals if

made of galvanized metal or copper. Directly connected roofsave theirroof drains efficiently connected

to the drainage system such asdirect connections to the storm drainage itself or draining to driveways

that lead to the drainage system. These directly connected roofs have rnuch more of their runoff waters

reaching the receiving waters than do partially connected roofs which rain. operviousareas.

4
3

Zlusi
Adirecuy..connected roofdrain. A disconnected roof drain-drains to perviousarea

Parking eas.% These. can be asphalt or concrete paved impervious surface or unpaved

traditionally considered a pervious surface and are either directly connected or drain to adjacent

pervious. areas. Areas that have rapid turnover of parked cars throughout the day likelyhave greater

levels of contamination due to the frequent starting of the vehicles an expected major source of

pavement pollutants. Unpaved. parking areas actually should be considered impervious surfaces as the

compacted surface .does not allow any infiltration of runoff. Besides automobile activity in the parking

areas other associated. activities contribute to contamination. For example.. parked cars indisrepair

awaiting service can contribute to parking area runoff contamination. in addition maintenance of-the

pavement surface such as coaltar seal
coating can.be significant sources of polycyclic aromatic

hydrocarbons PAHs tothe runoff.

Paved ParklnCi area With frequent Gontaminationof paved parking areas

automobile movement due to.commercialactivities

continues on next page
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BOX 3-2 Continued

Storage Areas. These can also be paved unpaved directly connected or drained to pervious

areas As with parking areas unpaved storage areas should. not be considered -pervious surfaces

because the compacted material effectively hindersinfiiltration. Detention storage runoff losses from

unpaved storageareascan be significant In storage areas .especiall in commercialand industrial land

uses activities in the.grea canhave significant effects on runoff quality.

.mo

fFr.

i nrry
J Jay ..

Contaminated paved storagearea at vehicle junk yard Heavy equipmentstor age area onconu
surface

Streets. Streets in municipal areas are usually paved and directly connected to the storm

drainage system. In municipal areas streets constitute a. significant percentage of all impervious

surfaces and runoff flows. Features that affect.the quality of runoff from streets include the varying

amountsof traffic on different roads and.thearrtount and type of roadside vegetation. Large seasonal

phosphorus loadscan occur. from residential.roads in heavily woaded areas for example.

-
Fop -ý . r..

.. .. .. ýI . yam. S.

f r

Wide artbnal street withtlittle roadside vegetation Narrow residential street with substantial vegetation

Other Paved Areas Other paved areas in municipal regions include driveways playgrounds

and sidewalks Depending on their slopes and local grading these areas may drain directly to the

drainage sym.or.to adjacent pervious areas. In most cases therunofffrom the se. areas contributes

little to the overall runoff for an area and the runoff qualityis of relatively better quality than from the other

hard surfaces.

continues on next page
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BOX 32 Continueii

Landscaped and Turf Areas. Although these are some of the only true pervious surfaces in

municipal areas. disturbed urban soilscan be-severely compacted with much more reduced infiltration

rates than are assumed for undisturbed regional soils. Besides the usually greater than expected.....

quantities of runoff of pervious surfaces in urban areas they can also contribute high concentrations of

various pollutants. In areas with high rain intensities erosion of sediment can be high from perviious

areas resulting in much higher concentrations of total suspended solids .TS than from paved areas.

Also landscaping chemicals including fertilizers and pesticides can be transported from-landscaped

urban areas Undeveloped woods inurban areas can have close tonatural runoff conditions but many
parks and other open-space areas usually have degraded runoff compared to natural conditions. Turf

grass has unique characteristicscompared toother landscaped areas in that the soil structure is usually

more severely degraded compared to natural-conditions The normally shallower root systems are not as

effective in restoring compacted soilsand they can remain compacted due to. some. activities pathways
parkedcars playing fields etc.that do not occur on areas planted with shrubs and trees.

Soil erosion from turf areas with fineýgr
-z

ained soils durrngxpenods of high rain intensities

Undeveloped Areas. Undeveloped areas inotherwise urban locations differ from natural areas

Ininany situations they can bepreviously disturbed clearedand graded areas that have not been sold

or developed. They may be overgrown with various local vegetation types that thrive in disturbed

locations.

characteristics mayapproach natural

conditions but still be degraded due to adjacent activities and atmospheric deposition.

SOURCE Pitt and Voorhees 1995 2002.
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As described in Box 1-1 impervious cover is broken down into two main categories

directly connected impervious areas or effective impervious area and non-directly connected

disconnected impervious areas Sutherland 2000 Gregory et al. 2005 although it is

recognized that these two states are end-members of a range of conditions. Directly connected

impervious area includes impervious surfaces which drain directly to the sealed drainage system

without flowing appreciable distances over pervious surfaces usually a flow length of less than 5

to 20 feet over pervious surfaces depending on soil and slope characteristics and the amount of

runoff. Those areas are the most important component of stormwater runoff quantity and

quality problems. Approximately80 percent of directly connected impervious areas are

associated with vehicle use such as streets driveways and parking Heaney 2000.

Values of imperviousness can vary significantly according to the method used to estimate

the impervious cover. In a detailed analysis of urban imperviousness in Boulder Colorado Lee

and Heaney 2003 found that hydrologic modeling of the study area resulted in large variations

265 percent difference in the calculations of peak discharge when impervious surface areas

were determined using different methods. They concluded that the main focus should be on

effective impervious area EIA when examining the effects of urbanization on stormwater

quantity and
quality.

Runoff from disconnected impervious areas can be spread over pervious surfaces as sheet

flow and given the opportunity to infiltrate before reaching the drainage system. Therefore there

can be a substantial reduction in the runoff volume and a delay in the remaining runoff entering

the storm drainage collection system depending on the soil infiltration rate the depth of the

flow and the available flow length. Examples of disconnected impervious surfaces are rooftops

that discharge into lawns streets with swales and parking lots with runoff directed to adjacent

open space or swales. From a hydrologic point of view road-related imperviousness usually

exerts a larger impact than rooftop-related imperviousness because roadways are usually directly

connected whereas roofs can be disconnected Schueler 1994.

Methods for Determining Land Use and Land Cover

Historically land-use and land-cover information was acquired by a combination of field

measurements and aerial photographic analyses-methods that required intensive interpretation

and cross validation to guarantee that the analysts interpretations were reliable Goetz et al.

2003. Figure 3-4 is an example of a high-resolution panchromatic aerial photograph that was

taken from an airplane in Toronto and used for measurements of urban surfaces Pitt and

McLean 1986. Most recently satellite images have become available at high spatial resolution

for many areas 1 to 5 m resolution and have the advantage of digital multi-spectral

information more complete than even that provided by digital orthophotographs. Minnesota has

one of the longest records over 20 years of continuously recorded statistics on land cover and

impervious surfaces derived from satellite images-information which has been incorporated

into the Minnesota Statewide Conservation and Preservation Plan. Some of the remaining

problems to be overcome with satellite imagery include difficulties in obtaining consistent

sequential acquisition dates intensive computer processing time requirements and large

computer storage space requirements to store massive amounts of image information.
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FIGURE 3-4 Example of a high-resolution panchromatic aerial photograph of an industrial area

used for measurements of urban surfaces. SOURCE Pitt and McLean 1986.

The recommended approach for conducting a survey of land uses and development

characteristics land cover and activities for an area is to use both aerial photography and site

surveys. Aerial photography has improved greatly in recent years but it is still not suitable for

obtaining all the information needed for developing a comprehensive stormwater management

plan. Initially aerial photos should be used to identify the locations and extents of the various

land uses in the study area. Neighborhoods representing homogenous land uses should then be

identified for site surveys. Usually about 10 to 15 neighborhoods for each land use are

sufficient for a community being studied Burton and Pitt 2002. After the field surveys are

conducted the aerials are again used to measure the actual areas associated with land surface

cover. This information can be used with field survey data to separate the surfaces into the

appropriate categories for analyses and modeling.

Box 3-3 presents a detailed study of land cover for several land uses in the southern

United States using satellite imagery and ground surveys Bochis 2007 Bochis et al. 2008.

The results presented here have been found to be broadly similar to other areas studied in the

United States although few studies have been as detailed and there are likely to be regional

differences.

The general conclusion of many land-use and land-cover studies is that in urban areas

the amount of impervious surfaces has increased since the early years of the 20th century because

of the tendency toward increased automobile use and bigger houses which is associated with an

increase in the facilities necessary to accommodate them wider streets more parking lots and

garages. As shown in later sections of this report the construction of impervious surfaces leads

to multiple impacts on stream systems. Therefore future development plans and water resource

protection programs should consider reducing impervious cover in the potential expansion of

communities. Wells 1995 Booth 2000 Stone 2004 and Gregory et al. 2005 show that

reducing the size and dimensions of residential parcels promoting cluster developments

clustered medium-density residential areas in conjunction with open space instead of
large
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BOX 3-3

Land Use and Land Cover for the Little Shades Creek Watershed

Data collected by Bochis-Micu.and Pitt 2005 and Bochis.2007for the Little Shades Creek

watershed near Birmingham Alabama were acquired using IKONOS satellite imagery provided by the

Jefferson County Storm Water Management Authority as an alternative to classical aerial photography to

map hec.haracteristicsof the land uses in the monitored watershedareas supplemented with verified

ground truth surveys IKONOS is the first.commercially owned satellite that provides 1-mresolution

panchromatic image data aiid 4-m multi spectral imagery Goetz etal. 2003.
This projectwas conducted to evaluate the effects_of variable site conditions associated with

each land-use category. About 12.homogeneous neighborhoods were investigated in each of-the 16

major land uses in this 2500-hectare watershed. Detailed land-cover measureinents were made using a

variety of techniques as listed above including field surveys for small details that werenot visible with

remote sensing tools such as roof drain connectiveness. pavement texture and landscaping

maintenance practices. Each of. these individual neighborhoods was individually modeled to investigate

the resultant variability in runoffvolumeano pollutant discharges.. These were statistically evaluated to

determine if the land usecategories properly stratified these data. byexplaining significant fractions of the

variability.. Boehis Micu and Pitt 2005andBochis 2007 concluded that.land-use categories were an

appropriate surrogate that can be used to describe the observed combinations of land surfaces.

However proper stormwater modeling should examine the specific and surfaces in each land-use

category in order to better understand .th likely sources of the pollutants and the effectiveness of

candidate stormwater. control measures SCMs.
This watershed.has an overall. impervious cover of about 35 percent of which about 25.percent is

directly connected to the drainage system Table 3-1 shows the average land covers for each of the

surveyed land uses along withthe major source areas in each-..of the directly connected and

disconnected impervious and pervious surface categories. The impervious covers include streets

driveways parking playgrounds roofs walkways and storage areas. The.diirectly connected areas are

indicated as connected or draining to impervious and do not include the pervious area or the

impervious areas.that drain to pervious areas As expectedthe landuses with theleast impervious

cover are.open space vacant land cemeteries golf courses and low density residential and the land

uses with the largest impervious covers are commercial areasrfollowed by industrial areas For atypical

themajorland coverhigh density residential land use in this region having 6 r more- perhectare
was found to be landscaped areas subdivided into front-and backyard categories- while 25 percent of

this andms.searea.is covered by impervious surfaces broken down into three major subcategories roofs

streets and driveways. The subareas making up each land use show expected trends with roofs and

streets being the. predominant directly connected impervious covers in residential areas and parking and

storage areas also being important in commercial and industrial areas.

continues on next page
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BOX 3 3 Continued

TABLE 3-1 Little Shades Creek Watershed Land Cover Information percent and the predominantland.

cover

Directly Connected Disconnected
Land Use

Impervious Cover % o
Pervious Cover %

Impervious Cover /
High-Density - 14 10 76 front and rear

Residential streets and.roof roofs landscaping

Medium-Density 11 8. 81 front andrear

Residential -1960to streets and roofs roofs landscaping

1ý980ý

Medrum Dc nsrty.14 5 80 frontand rear

Residential. 1980 s streets androfs roofs andsca in

Low Density 6 4 89 front and rear

Residential streets roofs Iandsca in

nts 21 22 58 front and rearApartme
s I

streets and arkin roofs landscaping

-Multiple Families 28 7 65 frontand rear

roofs parking and roofs landscaping

streets

Offices 59 paiking streets 3 39 front andrear

andro%fs arkin landscaping

roofs. 4 31. front landscapingShopping Centers 64
parking-%

andstreets roofs

Schools 16 20 64 frohtand rear

roofs and parking playground landscaping-large

to

Churches 53 7

parking and streets parkin front lands ca In

Industrial 39 18 44 frontand rear

storage parking and storage and roofs Iandscaping -

streets

Parks 32 33 34

streets and-parking playground large turf and

undeveloped

Cemeterie_ 7 - 15 78

strut ark in lar e turf

Golf Courses 2 4 95 _

streets roofs lar e turf

Vacant 5 1 94

streets driveways undeveloped and

large turf

SOURCEBochis-Micaand Pitt 2005-and Bochis 2007. Reprinted with permission fromBochis

2007 Copyright 2007 by Celina Bochls.
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tracts of low-density areas building taller buildings reducing the residential street width local

access streets narrowing the width and/or building one-side sidewalks reducing the size of

paved parking areas to reflect the average parking needs instead of peak needs and using

permeable pavement for intermittent/overflow parking can reduce the traditional impervious

cover in communities by 10 to 50 percent. Many of these benefits can also be met by paying

better attention to how the pavement and roof areas are connected to the drainage system.

Impervious surfaces that are disconnected by allowing their drainage water to flow to adjacent

landscaped areas can result in reduced runoff quantities.

HYDROLOGIC AND GEOMORPHICCHANGES

The watershed provides an organizing framework for the management of stormwater

because it determines the natural. patterns of water flow as well as the constituent sediment

nutrient and pollutant loads. In undeveloped watersheds hillslope hydrologic flow-path systems

co-evolve with microclimate soils and vegetation to form topographic patterns
within which

ecosystems are spatially arranged and adjusted to the long-term patterns
of water energy and

nutrient availability. The landforms that comprise the watershed include the network patterns of

streams rivers and their associated riparian zones and floodplains as well as component

freshwater lakes reservoirs wetlands and estuaries.

This section starts with a discussion of
precipitation measurement and characteristics

before turning to the typical changes in hydrology and geomorphology of the watershed brought

on by urbanization. In both the terrestrial and aquatic phases retention and residence time of

sediment and solutes decreases with increasing flow volume and velocity. This results in

relatively high retention and low export of water and nutrients in undeveloped watersheds

compared to decreasing retention and greater pollutant export in disturbed or developed systems.

The Storm in Stormwater

The magnitude and frequency of stormwater discharges are not just determined by

rainfall. Instead they are the combined product of storm and inter-storm characteristics land

use the natural and built drainage system and any stormwater control measures SCMs that

have been implemented. The total volume and peak discharge of runoff as well as the

mobilization and transport of pollutants are dependent on all aspects of the storm magnitude

catchment antecedent moisture conditions and the interstorm period. Therefore information on

the frequency distribution of storm events and properties is an important aspect of understanding

the distribution of pollutant concentrations and loads in stormwater discharges. In northern

climates runoff production from precipitation can be significantly delayed by the accumulation

ripening and melt of snowpacks such that much of the annual load of certain pollutants may be

mobilized in peak flow from snowmelt events. Therefore measurement of precipitation and

potential accumulation in both liquid and solid form is critical for stormwater assessment.
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Precipitation Measurements

Any given storm is characterized by the storms total rainfall depth its duration and the

average and peak intensity. A storm hyetograph depicts measured precipitation depth or

intensity at a precipitation gauge as a function of time an example is shown in Figure 3-5. This

figure illustrates the typical high degree of variability of precipitation over the total duration of a

storm. In this example the total storm depth is 50.9 mmthe duration is 19 hours and the peak

intensity
is 0.56 mm/minute peak depth of 2.79 mm divided by the measurement increment of 5

minutes. The average intensity is 0.045 mm/minute quite a bit lower than the peak intensity

since the storm duration is punctuated by periods of low and no measurable precipitation.

3
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FIGURE 3-5 Example of a storm hyetograph at location RG2 September 20-21 2001 Valley

Creek watershed Chester County Pennsylvania. The time increment of measurement is 5

minutes while the entire duration of this storm is about 16 hours.
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In addition to measurements of individual storm events precipitation
data are routinely

collected for longer time periods and compiled and analyzed annually when
trying

to understand

local rainfall patterns and their impact on baseflow water quality and infrastructure design.

Figure 3-6 shows the rainfall during 2007 at both humid Baltimore and and Phoenix

locations. Especially apparent in the Baltimore data is the fact that the majority of storm events

are less than 20 mm in depth.

Several networks of precipitation gauges are available in the United States gauge data

are available online from the National Climatic Data Center. NCDC http//ncdc.nws.noaa.gov.

High-resolution precipitation data i.e. with measurement intervals of an hour or less are

typically not recorded except at primary weather service meteorological stations while daily

precipitation records are more extensively collected and available through the Cooperative

Weather Observer Program http//www.nws.noaa.gov/om/coop/. This distinction is important

tostormwater managers because most stormwater applications require short-duration

measurements or model results minutes to hours. Fortunately a combination of precipitation

gauges and precipitation radar estimates are available to estimate precipitation depth and

duration as well as additional methods to estimate snowfall and snowpack water equivalent

depth and conditions. A thorough description of precipitation measurement by radar is given by

Krajewski and Smith 2001. While most of the conterminous United States is covered by

NEXRAD radar for estimation of high-temporal-resolution precipitation at current resolutions of

-4 km the radar backscatter information requires calibration and correction with precipitation

gauge data and satellite estimates of precipitation are generally not sufficiently reliable for

stormwater applications. It goes without saying that the measurement quality assurance and

maintenance of long-term precipitation records are both vital and nontrivial to stormwater

management.

Baltimore and Phoenix Precipitation 2007
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FIGURE 3-6 Daily precipitation totals for the Baltimore-Washington and Phoenix airports for

2007.
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Precipitation Statistics

The basic characterization of precipitation is by depth-duration-frequency curves which

describe the return period recurrence interval and exceedance probability terms all denoting

frequency of different precipitation intensities depths over different durations. The

methodology for determining the curves is described in Box 3-4. Precipitation durations of

interest in stormwater management range from a few minutes important for determining peak

discharge from small urban drainage areas to a year where the interest is in the total annual

volume of runoff production. As an example one might be interested in the return period of the

1-inch 1-hour event or the 1-inch 24-hour event the latter would have a much shorter return

period because accumulating an inch of rain over a day is much more common than

accumulating the same amount over just an hour.

The National Weather Service has developed an online utility to estimate the return

period for a range of depth-duration events for any place in the conterminous United States

http//hdsc.nws.noaa.gov/hdsc/pfdsn. Figures 3-7 and 3-8 show examples of precipitation

depth-duration-frequency curves for a humid location Baltimore Maryland and an and site

Phoenix Arizona. As an illustration of the climatic influence on the depth-duration-frequency

curves the 2-year 1-hour storm is associated with a depth of 1.2 inches of precipitation in

Baltimore whereas this same recurrence interval and duration are associated with a depth of only

0.6 inch of
precipitation

in Phoenix. Durations from 5 minutes to one day are shown because

BOX 3-4

Determining Depth-Duration-Frequency Curves

Depth-duration-frequency curves are developed from precipitation records. using either annual

maximum data series or annual exceedance data series. Annual maximumdata series are calculated by

extracting the annual.maximumprecipitation depths of a chosen duration from a record. In cases. where

there are.only a few years of data available less than 20 to 25 years then an annual exceedance series

a type ofpartial duration series for each storm duration. can be calculated where N largest values from

N years are chosen A.n annual maximum series excludes other extreme values of record that may occur

infhe same year Forexample the secondhighest value on record at an observing station may occur in

the same.year asthe highest value on record. but will not be included in the annual maximum series. The

design precipitation depths determined from the annual exceedance series can be adjusted to match

those derived from an annual maximum series using empirical factors Chow et al. 1988 NOAAAtlas

data series see http//wwwweather.gov/oh/hdsc/currentpf.htm e.g. Bonninet al. 2006. Hydrologic

frequency analysis is then applied the data series to determine desired return periods by ftting a

probability distribution to the data to determine the return periods of interest. The process is repeated for

other chosen storm durations.

Analysis of annual maximum series produces estimates of the average period between years when a particularyalue is exceeded

average recurrence interval. Analysis of partial duration annualexceedance series gives the average period between cases of

a particular magnitude annual exceedanceprobability .Th two results are numerically similarat rarer average recurrence

intervals butdiffer at shorter average recurrence intervals below about 20 years NOAH e g Bonrnn et al. 2006 notes that the

use of the terminology average recurrence interval and annual exceedanceprobability typically reflects the analysisof fie two

different seriesbut that sometimes the term average recurrenceinterval is used as a general termfor ease of reference.
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this is the range typically used in the design of stormwater management facilities. The shorter

durations provide expected magnitude and frequency for brief but
significant precipitation

intensity peaks that can mobilize and
transport large amounts of pollutants and erode soil and

they are used in high-resolution stormwater models. More commonly however stormwater

regulations are written for 24-hour durations at 2- 10- 25- 50- or 100-year recurrence intervals.

Precipitation Depth-Duration-Frequency - BWI
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Because storm magnitudes and frequencies vary by climatic region it is reasonable to

expect them to change during recurring climate events e.g. El Nino or over the long term by

climate change. Alteration in convective precipitation by major urban centers has been

documented for some time Huff and Changnon 1973. Some evidence exists that
precipitation

regimes are shifting systematically toward an increase in more intense rainfall events which is

consistent with modeled projections of global climate change increases in hydrologic extremes.

Kunkel et al. 1999 analyzed precipitation data from 1295 weather stations from 1931 to 1996

across the contiguous United States and found that storms with extreme levels of precipitation

have increased in frequency. The analysis considered short-duration events 1 3 and 7 days of

1-year and 5-year return intervals. A linear trend analysis using Kendalls slope estimator

statistic indicated that the overall trend in 7-day 1-yr events for the conterminous United States

is upward at a rate of about 3 percent per decade for 1931 to 1996 the upward trend in 7-day5-yearevents is about 4 percent per decade. These two time series are shown in Figure 3-9. An

increased frequency of intense precipitation events will shift depth-frequency-duration curves for

a given location with a given return period being associated with a more intense event.

Alternatively the return period for a given intensity or depth of an event will be reduced if the

event is occurring more frequently. In
light

of climate change depth-duration-frequency curves

will need to be updated regularly in order to ensure that stormwater management facilities are

not underdesigned for an increasing intensity
of

precipitation. Additional implications of climate

change for stormwater management are discussed in Box 3-5.
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FIGURE 3-9 Nationally averaged annual U.S. time series of the number of precipitation events

of 7-day duration exceeding 1-year dots and 5-year diamonds recurrence intervals.

SOURCE Reprinted with permission from Kunkel et al. 1999. Copyright 1999 by American

Meteorological Society.
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BOX 3-5

Climate Change and Stormwater Management

An ongoing report series issued by the US..Climate Change Science Program and the

Subcommittee on Global. Change Research summarizes the evidence for climate change to date and

expected impacts of climate change. including impacts on the water resources sector

http//www.climatescienceaoy/ According to the Intergovernmental Panel on Climate Change IPCC
2001-. an precipitation will likely increase in the northeastern United States and will likely decrease in

the southwestern United States over the next 100 years. In the western United States precipitation

increases are projected during the winter whereas decreases are projected for the summer. As

temperatures warm precipitation will increasingly fall. as rain rather than snow and snow.season length

and snow.depth are
very.likely to decrease in most of the country. More extreme precipitation events are

also projected which when coupledmith an anticipated increase in rain-on-snow events would

contribute to more Severe ..floodin due to increases in extreme stormwater runoff.

The predictions for increases in the intensity and frequency of extreme events have significant

implications for future stormwater management. First many of the design standards currently in use will

need to be revisedsince. they are based on historical data For example depth-duration-frequency

curves us storm data-Will need to be updated because the. magnitude ofthe design storms

will change Even with revised design standards in.light of future uncertainty new SCMswill need to be

designed conservatively to allow for additional storage that will be required for regions with predicted

trends in increased precipitation. In addition existing SCM designs based on old standards may prove to

be undersized in the future. Implementation of a monitoring program to check existing SCM inflows

against original. design inflows may be prudent to aid in judging Whether retrofit of existing facilities or

additional stormwater infrastructure is needed.

Design Storms

Given that only daily precipitation records are widely available but short-duration data

are required for stormwater analysis and prediction design stormshave been developed for the

different regions of the United States by different state and federal resource agencies. A design

storm is a specified temporal pattern of rainfall at a location created using an overall storm

duration and frequency relevant to the design problem at hand. Examples of design storms

include the 24-hour 100-year event for flood control and the 24-hour 2-year event for channel

protection. The magnitude of the design storm can be derived from data at a single gauge or

from synthesized regional data published by state or federal agencies. The simplest form of a

design storm is a triangular hyetograph where the base is the duration and the height is adjusted

so that the area under the curve equals the total precipitation. In instances where the hyetograph

is to be used to estimate sequences of shorter duration intensities i.e. minutes to a few hours

within
larger

duration events depth-duration-frequency curve data can be used to synthesize a

design storm hyetograph see Chow et al. 1988. An example design storm for the 100-year

storm event for St. Louis based on NOAA Atlas 14 depth-duration-frequency data is shown in

Figure 3-10.
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FIGURE 3-10 Hundred-year design storm for St. Louis based on NOAA Atlas 14 data.

Conversion of Precipitation to Runoff

Dynamics of Watershed Flowpaths

Precipitation falling on the land surface is subject to evaporative loss to the atmosphere

by vegetation canopy and leaf litter interception evaporation directly
from standing water on the

surface and upper soil
layers or impervious surfaces and later transpiration through root uptake

by vascular plants. Snowpack is also subject to sublimation conversion of snow or ice directly

to vapor which results in the loss of a portion of the snow prior to melt. The rate of evaporative

loss depends on local weather conditions temperature humidity wind speed solar radiation

and the rate and duration of precipitation. Precipitation or snowmelt in excess of interception

and potential evaporative loss rates is then partitioned into infiltration and direct runoff.

There is a gradation of flowpaths transporting water sediment and solutes through a

watershed ranging from rapid surface flowpaths through generally slower subsurface flowpaths.

Residence times generally increase from surface to subsurface flowpaths with rapid surface flow

The term runoff is often used in two senses. For a given precipitationevent direct storm runoff refers to the

rainfall minus losses that is shed by the landscape to a receiving waterbody. In an area of 100 percent

imperviousness the runoff nearly equals the rainfall especially for larger storms. Over
greater time and space

scales surface water runoff refers to streamflow passing through the outlet of a catchment including base flow from

groundwater that has entered the stream channel. The raw units of runoff in either case are volume per time but the

volumetric flowrate discharge is often divided by contributing area to express runoff in units of depth per time. In

this way unit runoff rates from various-sized watersheds can be compared to account for differences other than the

contributing area.
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providing the major contribution to flood flow while subsurface flowpaths contribute tolonger-term
patterns

of surface wetness. Watershed characteristics that influence the relative dominance

of surface versus subsurface flowpaths include infiltration capacity as affected by land cover soil

properties and macropores subsurface structure or soil horizons with varying conductivity

antecedent soil moisture and groundwater levels and the precipitation duration and intensity for

a particular storm.

The distribution and
activity

of flowpaths result in changing patterns of soil moisture and

groundwater depth which result in
patterns of soil properties vegetation and microbial

communities. These ecosystem patterns in turn can have strong influences on the hydraulics of

flow and biogeochemical transformations within the flowpaths with important implications for

sources sinks and transport of solutes and sediment in the watershed. Riparian areas wetlands

and the benthos of streams and waterbodies are nodes of interaction between surface and

groundwater flowpaths yielding reactive environments in which hot spots of biogeochemical

transformation develop McClain et. al. 2003. Thus any alteration of surface and subsurface

hydrologic flowpaths for example due to urbanization not only alters the properties of soil and

vegetation canopy but also reforms the ecosystem distribution of biogeochemical

transformations.

Runoff Measurements

Surface water runoff for a given area is measured by dividing the discharge at a given

point in the stream channel by the contributing watershed area. The basic variables describing

channel hydraulics include width mean depth slope roughness and velocity. Channel

discharge is the product of width depth and velocity and is typically estimated by either directly

measuring each of these three components or by development of a rating curve of measured

discharge as a function of water depth or stage relative to a datum of the channel that is more

easily estimated by a staff gauge or pressure transducer. The establishment of a gauging station

to measure discharge typically requires a stable cross section so that stage can be uniquely

related to discharge. Maintenance of reliable long-term gauge sites is expensive and requires

periodic remeasurement to update rating curves as well as to remove temporary obstructions that

may raise stage relative to unobstructed conditions.

Most stream gauging in the United States is carried out by the USGS and can be found

on-line at http//waterdata.usgs.gov/nwis. Recent reviews of standard methods of stream gauging

and the status of the USGS stream gauging network are given by the USGS 1998 and the

National Research Council NRC 2004. A major concern is the overall decline in the number

of active gauges particularly long-term gauges as well as the representativeness of the stream

gauge network relative to the needs of stormwater permitting. For example restored streams

typically
lack any gauged streamflow or water quality information prior to or following

restoration. This makes it very difficult to assess both the potential for successful restoration and

whether
project goals are met.

Support of existing and development of new gauges is often in collaboration through a

co-funding mechanism with other agencies. Municipal co-funding for stations in support of

National Pollutant Discharge Elimination System NPDES permitting is common and has

tended to shift the concentration of active gauges toward more urban areas. Note that the USGS
river monitoring system was originally designed for resource inventory and therefore did not

PREPUBLICATION

Copyright National Academy of Sciences. All rights reserved.

RB-AR17014



Urban Stormwater Management in the United States

http//www.nap.edu/catalog/12465.html

Effects of Urbanization on Watersheds 131

originally sample many headwater streams particularly intermittent and ephemeral channels that

are typically most proximal to stormwater discharges. While this is beginning to change with

municipal co-funding headwater streams are still underrepresented in the National Water

Information System relative to their ecological significance.

Reliable records for stream discharge are vital because the frequency distribution and

temporal trends of flows must be known to evaluate long-term loading to waterbodies.

Magnitude and frequency analysis of sediment and other stream constituent loads consists of a

transport equation as a function of discharge integrated over the discharge frequency distribution

e.g. Wolman and Miller 1960. Different constituent loads have different forms of dependency

on discharge but are often nonlinear such that long-term or expected loads cannot be simply

evaluated from mean flow conditions. Similar to precipitation discharge levels often follow an

Extreme Value distribution dependent on climate land use and hydrogeology but which is

typically dampened compared to precipitation due to the memory effects of subsurface storage

and flows e.g. Winter 2007.

Impacts of Urbanization on Runoff

Shift from Infiltration and Evapotranspiration to Surface Runoff

Replacement of vegetation with impervious or hardened surfaces affects the hydrologic

budget-the quantity of water moving through each component of the hydrologic cycle-in a

number of predictable ways. As the percent of the landscape that is paved over or compacted is

increased the land area available for infiltration of precipitation is reduced and the amount of

stormwater available for-direct surface runoff becomes greater leading to increased frequency

and severity of flooding. Reduced infiltration of precipitation leads to reduced recharge of the

groundwater reservoir absent new sources of recharge this can lead to reduction in base flow of

streams e.g..Simmons and Reynolds 1982 Rose and Peters 2001. Vegetation removal also

results in a lower amount of evapotranspiration compared to undeveloped land. This can have

particularly profound hydrologic effects in those regions of the country where a significant

percent of precipitation is evapotranspirated such as the and Southwest Ng and Miller 1980.

Figure 3-11 illustrates the changes to these components of the hydrologic budget as the percent

of impervious area is increased.

It should be noted that the conversion in hydrology from infiltrated water to surface

runoff following urbanization is not entirely straightforward in all cases. Leaking pressurized

water supply pipes and sanitary sewers subsurface discharge of septic system effluent Burns et

al. 2005 infiltration of stormwater from unlined detention ponds and lawn
irrigation can offset

reduced infiltration of precipitation such that stream baseflow levels may actually be increased

especially during low base flow months when such effects would be most pronounced Konrad
and Booth 2005 Meyer 2005. Cracks in sealed surfaces can also provide concentrated points

of infiltration Sharp et al. 2006.
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FIGURE 3-11 As land cover changes from vegetated and undeveloped upper left to

developed with increased connected impervious surfaces lower right the partitioning of

precipitation into other components of the hydrologic cycle is shifted. Evapotranspiration and

shallow and deep infiltration are reduced and surface runoff is increased. SOURCE Adapted
from the Federal Interagency Stream Restoration Working Group FISRWG 2000.

Relationship Between Imperviousness Drainage Density and Runoff

Excess runoff due to urbanization is a direct reflection of the land uses onto which the

precipitation falls as well as the presence of drainage systems that receive stormwater from

many separate source areas before it enters receiving waters. Thus a functional way of

partitioning urban areas is by the nature of the impervious cover and by its connection to the

drainage system underlying the differentiation of total impervious area and effective impervious

area discussed in Box 1-2.

As examples of how runoff changes with urbanization Figure 3-12 shows daily stream

flow values for a low-density suburban catchment and a high-density urban catchment in the

Baltimore Maryland area. The low-density site Figure 3-12A shows a strong seasonal signal

and a marked decline in flow during an extreme drought in 2002. In contrast the more densely

urbanized catchment Figure 3-12B shows a much greater variability in flow that is dominated
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FIGURE 3-12 Daily time series of flows in A a low-density suburban and forested catchment

Baisman Run http//waterdata.usgs.gov/md/nwis/uv/site_no01583580 and B a catchment

dominated by medium- to high-density residential and commercial land uses Dead Run
http//waterdata.usgs.gov/md/nwis/uv/site_no01589330. Both lie within the Piedmont

physiographic province.

by impervious surface runoff and a dampened response to the drought because natural

groundwater flow is a much smaller component of the total discharge.

The percentage of time a discharge level is equaled or exceeded is displayed by flow

duration curves which show the cumulative frequency distributions of flows for a given

duration. Examples for three catchments in the Baltimore area are given in Figure 3-13 showing

the tendency for urban areas to produce high flows with much longer aggregate durations.

As another example of how runoff changes with imperviousness a locally calibrated

version of WinSLAMM was used to investigate the relationships between watershed and runoff

characteristics for 125 individual neighborhoods in Jefferson County Alabama Bochis-Micu

and Pitt 2005. Figure 3-14 shows the relationships between the directly connected impervious

area values and the calculated volumetric runoff coefficient R which is the volumetric fraction

of the rainfall that occurs as runoff based on 43 years of local rain data. As expected there is a

strong relationship between these parameters for both sandy and clayey soil conditions. It is

interesting
to note that the Rv values are relatively constant until values of directly connected

impervious cover of 10 to 15 percent are reached at R values of about 0.07 for sandy soil areas

and 0.16 for clayey soil areas-the point where receiving water degradation typically has been

observed to start as discussed later in the chapter. The 25 to 30 percent directly connected

impervious levels where significant degradation is usually observed is associated with R
values of about 0.14 for sandy soil areas and 0.25 for clayey soil areas this is where the curves

start to greatly increase in slope.
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Flow frequency vs. discharge
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FIGURE 3-13 Flow duration curves for three watersheds with distinct land use in the Baltimore

Maryland area. Urban areas have flashier runoff with greater frequency of low and high

extreme flows.
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FIGURE 3-14 Relationships between the directly connected impervious area %and the

calculated volumetric runoff coefficients Rv for A sandy soil and B clayey soil.

SOURCE Reprinted with permission from Bochis-Micu and Pitt 2005. Copyright 2005 by

Water Environment Federation Alexandria Virginia.
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Relationship Between Runoff and Rainfall Conditions

The runoff that results from various land uses also varies depending on rainfall

conditions. For small rain depths almost all the runoff originates solely from directly connected

impervious areas as disconnected areas have most of their flows infiltrated Pitt 1987. For

larger storms both directly connected and disconnected impervious areas contribute runoff to the

stormwater management system. For example Figure 3-15 created using WinSLAMM Pitt and

Voorhees 1995 shows the relative runoff contributions for a large commercial/mall area in

Hoover Alabama for different rains Bochis 2007. In this example about 80 percent of the

runoff originates from the parking areas for the smallest runoff-producing rains. This

contribution decreases to about 55 percent at rain depths of about 0.5 inch 13 mm. This

decrease in the importance of parking areas as a source of runoff volume is associated with an

increase in runoff contributions from streets and directly connected roofs. In many areas

pervious areas are not hydrologically active until the rain depths are relatively large and are not

significant runoff contributors until the rainfall exceeds about 25 mm for many land uses and soil

conditions. However compacted urban soils can greatly increase the flow contributions from

pervious areas during smaller rains. Burges and others 1998 for example found that more

than 60 percent of the storm runoff in a suburban development in western Washington State

originated from nominally green parts of the landscape primarily lawns.

A further example illustrating the relationship between rainfall and runoff is given for

Milwaukee summarized in Box 3-6. The two curves of Figure 3-16 show a relationship between

rainfall and runoff that is typical of urban areas. Very small storms 0.05 inch produce no

measurable runoff owing to removal by interception storage and evaporation. Storms that

deposit up to one inch of rainfall constitute about 90 percent of the storm events in this region

but these events produced only about 50 percent of the runoff. Very large events greater than 3

inches of precipitation are rare and destructive accounting for only a few percent of the annual

rainfall events.
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FIGURE 3-15 Surfaces contributing to runoff for an example commercial/mall area.

SOURCE Reprinted with permission from Bochis 2007. Copyright 2007 by Celina

Bochis.
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BOX 3-6

Example Rainfall and Runoff Distributions

Figure 3-16 is an example of rainfall and runoff observed at Milwaukee Wisconsin Bannerman et

al. 1983 as monitored.during the Nationwide Urban Runoff Program NURP EPA 1983. This

observed distribution is interesting because of the unusually large rains that occurred twice during the

monitoring program. These two major rains would be in.the category of design storms for conventional

drainage systems These plots indicate that these very large events inthe year they occurred caused a.

measureable fraction of the annual pollutant loads.and runoff volume discharges but smaller events were

responsible for the vast majority of the discharges. In typical years when these rare design events do not

occur their pro-rated contributions would be even smaller.
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FIGURE.3-16 Milwaukeerainfall and runoff probability distributions and pollutant mass discharge

probability distributions 1981 to 19.83. Rain count refers to the number of rain events. SOURCE Data

from Bannerman et al. 1983.

More than half of the runoff from this typical medium-density residential area was associated with

rain. events that were smaller than 0.75 inch. Two large storms about 3 and 5 inches in depth which are

Included in the figure distortthis figure because on average.the Milwaukee area only.expectsone3.5-inchstorm-aboubeveryyears and 5-inch storms even less frequently If these large rains did hot

occur such as for most years then the significance of-the smaller rains would be even greater The
01.

figure also shows the accumulated mass discharges of different pollutants suspended solids chemical

oxygen demandCOD phosphates and lead monitored during thellwaukee NURP project When

these figures are compared it is seen that the runoff and pollutant mass discharge distributions are very

similaranal that variations intherunoff volume aremucli more Important than variations in pollutant

concentrations the rriass.dividedby the runoff volume for determining pollutant mass discharges.

These rainfall and runoff distributions for Milwaukee can thus be divided into fourregions

Less than 0.5 inch. These rains account for most of the events but little of the runoff volume
and they are therefore easiest to control. They produce much less pollutant mass discharge and

probably have less receiving water effects than other rains. However the runoff pollutant concentrations

likely exceed regulatory standards for several categories of critical pollutants bacteria and some total

recoverable heavy metals Theyalso cause large numbers of overflow events in uncontrolled combined

continues next page
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BOX 3 6 Continued

sewers. These rains are very common occurring once or twice a week accounting for about 60.percent

of the total rainfall events and about 45.percent of the total runoff generating .event but they only.

account forabout 20 percent of the annual runoff and pollutant discharges. Rains less than about 0.05

inch did not produce noticeable runoff.

0.5 to 1.5 inches. Theserains account for the majority of the runoff volume about 50 percent

of the annual volume for thisMilwaukee example and produce moderate to high flows. They account for

about 35.percent of the.annual rain events. and about 20 percent of the annual runoff events by number.

These rains occur on average about every two weeks from spring to fall and subject. the receiving waters

to frequent high pollutant loads and moderate to high flows.

1.5t6 3 inches These rains produce the most damaging flows from a habitat destruction

standpoint and occur every several months at least once ortwice a year. These recurring high flows

which.were historicallyassociated with much less frequent rains establish the energy gradient of the

stream and cause unstable.streambanks. Only about 2 percent of the rains are in this category but they

are responsible for.about 10 percent of the annual runoff and pollutant discharges.

Greater than 3 inch es.The rains in this category are included in design storms used for

traditional drainage systems in Milwaukee depending on the times of concentration and. rain intensities.

These rains occur only. rarely once every several years to once every several decades or less

frequently and produce extremely large flows.that greatly exceed the. capacities ofthe storm drainage

systems causing extensive flooding. Themonitoring period during theMilwaukeeNURP was unusual in

that two of these events occurred. Lessthan 2 percent of the rains were in this category typically 1
percent would be.in this category and they produced about 15 percent of the annual runoff quantity and

pollutant discharges. However when they do occur substantial property and receiving water damage

results mostly associated with habitat destruction sediment scouring and the flushing of organisms

great distances downstream and out of the system. The receiving water can conceivably recover

naturally to pre-stormconditions within a few years. These storms while very destructive are sufficiently

rare that the resulting environmental problems do not justify the massive controls that would be necessary

to decrease their environmental effects.

Alteration of the Drainage Network

As shown in Figure 3-17 urbanization disrupts
natural systems in ways that further

complicate the hydrologic budget beyond the imperviousness effects on runoff discussed earlier.

As an area is urbanized lower-order stream channels are typically re-routed or encased in pipes

and paved over resulting in a highly altered drainage pattern. The buried stream system is

augmented by an extensive system of storm drains and pipes providing enhanced drainage

density total lengths of pipes and channels divided by drainage area compared to the natural

system. Figure 3-18 shows how the drainage density of Baltimore today compares to the natural

watershed before the modem stormwater system was fully developed. The artificial drainage

system occupies a greater percentage of the landscape compared to natural conditions

permanently altering
the terrestrial component of the hydrologic cycle.
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The Urban Water Cycle
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FIGURE 3-17 Alteration of the natural hydrologic cycle by the presence of piped systems. Blue

arrows represent the natural system red arrows indicate short-circuiting due to piped systems.

Note that several elements of the water cycle shown in this diagram are not considered in this

report such as septic systems interbasin transfers of water and wastewater and the influence

of groundwater withdrawals. SOURCE Courtesy of Kenneth Belt USDA Forest Service

Baltimore Maryland.

Flowpaths are altered in other ways by urban infrastructure. Buried stormwater and

sewer pipes can act as infiltration galleries for groundwater causing shortened groundwater

flowpaths between groundwater reservoirs and stream systems. Natural surface water pathways

are often interrupted or reversed as shown by the blue lines in Figure 3-19 for a drainage system

in Baltimore. Understanding how the system operates as a whole can often require knowledge of

the history of construction conditions and field verification of the actual flow paths.

Large-scale infrastructure such as dams ponds and bridges can also have a major impact

on stormwater flows. Figure 3-20 illustrates the interruption of the drainage network by bridges

and culverts even in places where there have been attempts to keep excessive development out

of the
riparian corridor. Simulations and post-flood mapping in areas around Baltimore have

shown that bridge abutments such as those shown in Figure 3-20 can slow down channel

floodwaters during storms. This is because water backs up behind bridges constructed across the

floodplain and spreads out over land surfaces and then flows back into channels as floodwaters

subside. Although reducing the severity of downstream flooding this phenomenon also

interrupts the transport of sediment leading to local zones of both enhanced deposition and

downstream scour.
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FIGURE 3-18 Baltimore City before and after development of its stormwater system. Theleft-hand
panel shows first- and second-order streams lost to development. The right-hand panel

shows the increase in drainage density resulting from construction of the modern storm-drain

network. SOURCE Courtesy of William Stack Baltimore Department of Public Works.

Alteration of Travel Times

The combination of impervious surface and altered drainage density provides

significantly more rapid hydraulic pathways for stormwater to enter the nearest receiving

waterbody compared to a natural landscape. This is illustrated quantitatively by Figure 3-21

which shows that the lag time-the difference in time between the center of mass of precipitation

and the center of mass of the storm response hydrograph-is reduced for an urbanized landscape

compared to a natural one.

The increase in surface runoff volumes and reduction in lag times between precipitation

and a waterbodys response give rise to greater velocities and volumetric discharges in receiving

waters. Storm hydrographs in a developed setting peak earlier and higher than they do in

undeveloped landscapes. This altered flow regime is of concern to property owners because

upstream development can increase the probability of a flood-prone property being inundated.

Properties in the floodplain and near stream channels are particularly susceptible to flooding

from upstream development. Such increased flood risk is accompanied by associated potential

property damages and costs of replacement or repair.
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17

FIGURE-3-19 Dead Run drainage system Baltimore Maryland. Blue lines indicate surface

daylighted drainage orange indicates the subsurface storm-drain system. The surface

drainage system is highly disconnected. From the coverage it is difficult to impossible to discern

the flow direction of some of the surface drainage components. SOURCE Reprinted with

permission from Meierdierks et al. 2004. Copyright 2004 by the American Geophysical Union.
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FIGURE 3-20 Shaded-relief lidar image of a portion of the Middle Patuxent River valley in

Howard County Maryland showing the-pervasive interruption of the drainage network by

bridges and culverts even in places where there is an attempt to keep excessive development

out of the riparian corridor. SOURCE Reprinted with permission from Miller University of

Maryland Baltimore County. Copyright 2006 by Andrew J. Miller.

Various descriptors can be used to quantify the effects of urbanization on streamflow

including flood frequency flow duration mean annual flood discharge at bankfull stage and

frequency of bankfull
stage.

The classic view of urban-induced changes to runoff was

presented by Leopold 1968 who provided several
quantitative descriptors of the effects of

urbanization on the mean annual flood. For example Figure 3-22 shows the ratio of discharge

before and after urbanization for the mean annual flood for a 1-square-mile area as a function of

percentage of impervious area and percentage area served by a storm-drain system. This shows

that for unsewered areas increases from 0 to 100 percent impervious area will increase the peak

discharge by a factor of 2.5. However for 100 percent sewered areas the ratio of peak

discharges ranges from 1.7 to 8 for 0 to 100 percent impervious area. Clearly both impervious

surfaces and the presence of a storm-drain system combine to increase discharge rates in

receiving waters. Combining this information with regional flood frequency data adischarge-frequency
relationship can be developed that shows the expected discharge and recurrence

interval for varying degrees of storm-drain coverage and impervious area coverage. An example

is shown in Figure 3-23 using data from the Brandywine Creek watershed in Pennsylvania

Leopold 1968. Bankfull flow for undeveloped conditions in general has a recurrence interval

of about 1.5 years which in the particular case of the Brandywine was 67 cubic feet per

second with 40 percent of the watershed area paved this discharge would occur about three

times as often.
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FIGURE 3-21 Illustration of the effect of urbanization on storm hydrograph lag time the

difference in time between the center of mass of rainfall and runoff response before and after

urbanization. SOURCE Leopold 1968.
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FIGURE 3-22 Ratio of peak discharge after urbanization to peak discharge before urbanization

for the mean annual flood for a 1-square-mile drainage area as a function of percent impervious

surface and percent area drained by storm sewers. SOURCE Leopold 1968.
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FIGURE 3-23 Flood frequency curves as a function of percent impervious area and percent of

area serviced by storm sewers. The unurbanized data are from Brandywine Creek

Pennsylvania. SOURCE Leopold 1968.

Over the past
four decades since this first quantitative characterization of urban

hydrology a much
greater variety of hydrologic changes resulting from urbanization has been

recognized. Increases in peak discharge are certainly among those changes and they will always

gather attention because of their direct impact on human infrastructure and potential for more

frequent and more severe flooding.
The extended duration of flood flows however also affects

natural channels because of the potential increase in erosion. Ecological effects of urban-altered

flow regimes are even more diverse because changes in the sequence and frequency of high

flows the rate of rise and fall of the hydrograph and even the season of the year in which high

flows can occur all have significant ecological effects and can be dramatically altered by
watershed urbanization e.g. Rose and Peters 2001 Konrad et al. 2005 Roy et al. 2005 Poff

et al. 2006.

The overarching conclusion of many studies is that the impact of urbanization on the

hydrologic cycle is dramatic. Increased impervious area and drainage connectedness decreases

stormwater travel times increases flow rates and volumes and increases the erosive potential of

streams. The flooding caused by increased flows can be life-threatening and damaging to

property.
As described below changes to the hydrologic flow regime also can have deleterious
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effects on the geomorphic form of stream channels and the stability of aquatic ecosystems.

Although these impacts are commonly ignored in efforts to improve water quality they are

inextricably linked to measured changes in water chemistry and must be
part

of any attempt to

recover beneficial uses that have been lost to upstream urbanization.

Geomorphology

Watershed geomorphology is determined by the arrangement interactions and

characteristics of component landforms which include the stream-channel network the

interlocking network of ridges and drainage divides and the set of hillslopes between the

channel or floodplain and ridge. The stream and ridge systems define complementary

networks with the ridge or drainage divide network separating the drainage areas contributing

to each reach in the stream network. At the hillslope scale the ridges provide upper boundaries

of all surface flowpaths which converge into the complementary stream reaches. A rich

literature describes the topology and geometry of stream and ridge networks e.g. Horton 1945

Strahler 1957 1964 Shreve 1966 1967 1969 Smart 1968 Abrahams 1984 Rodriguez-Iturbe

et al. 1992.

Besides stream channels a variety of other water features and landforms make up a

watershed. Fresh waterbodies ponds lakes and reservoirs are typically embedded within the

stream network while wetlands may be either embedded within the stream network or separated

and upslope from the channels. Estuaries represent the interface of the stream network with the

open ocean. Additional fluvial and colluvial landforms include alluvial fans landslide features

and a set of smaller features within or near the channels and floodplains including bar deposits

levees and terraces. Each of these landforms are developed and maintained by the fluvial and

gravitational transport and deposition of sediment and are therefore
potentially sensitive to

disruption or alteration of flowpaths hydrologic flow regimes and sediment supply.

Stream Network Form and OrderingMethods

Most watersheds are fully convergent with
tributary streams combining to form

progressively larger channels downstream. The manner is which streams from different source

areas join to produce mainstreams strongly influences the propagation of stormwater discharge

and pollutant concentrations and the consequent level of ecological impairmentin the aquatic

ecosystem.

Methods for indexing the topologic position of individual reaches within the drainage

network have been introduced by Horton 1945 Strahler 1957 Shreve 1966 1967 and

others. All stream topologic systems are dependent on the identification of first-orderstreams-themost upstream element of the network-and their lengths and drainage areas. Unfortunately

no universal standards exist to define where the stream head is located or whether perennial

intermittent and ephemeral channels should be considered in this determination. While this may
seem like a trivial process the identification and delineation of these sources effectively

determines what lengths and sections of channels are defined to be waterbodies and thus the

classification of all downstream waterbodies.
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Nadeau and Rains 2007 have recently reviewed stream-channel delineation in the

United States using standardized maps and hydrographic datasets to better relate climate to the

extent of perennial intermittent and ephemeral channel types. Because this may influence the

set of stream channels that are regulated by the Clean Water Act CWA it is the subject of

current legal arguments in courts up to and including the Supreme Court e.g. Solid Waste

Agency ofNorthern Cook County v. U.S. Army Corps ofEngineers 531 U.S. 159 2001 John A.

Rapanos et a. vs. United States U.S. No. 04-1034 2005. In addition to the stream-channel

network additional features discussed below that are embedded in or isolated from the

delineated stream network lakes ponds and wetlands are subject to regulation under the CWA
based on their proximity or interaction with the defined stream and river network. Therefore

definition of the extent and degree of connectivity of the nations stream network with an

emphasis on the headwater region is a critical determinant of the set of waterbodies that are

regulated for stormwater permitting Nadeau and Rains 2007.

StreamReach Geomorphology

Within the channel network stream reaches typically follow a regular pattern of changes

in downstream channel form. Hydraulic geometry equations first introduced by Leopold and

Maddock 1953 describe the gross geomorphic adjustment of the channel in terms of average

channel depth and width to the flow regime and sometimes the sediment supply. Within this

general pattern
of

larger
flows producing larger. channels variations in channel form are evident

particularly the continuum among straight meandering or braided patterns. These forms are

dependent on the spatial and temporal patterns of discharge sediment supply transport capacity

and roughness elements.

Most natural channels have high width-to-depth ratios and complexity of channel form

compared with engineered channels. Meanders are ubiquitous self-forming features in channels

created as accelerated flow around the outside of the meander entrains and transports more

sediment producing greater flow depths and eroding the bank while decelerated flow on the

inside of the meander results in deposition and the formation of lower water depth and bank

gradients.
These channels typically show small-scale alternation between larger cross sections

with lower velocities and defining pools and smaller cross sections with higher velocity flow in

riffles. Braided streams form repeated subdivision and reconvergence of the channel in multiple

threads with reduced specific discharge compared to a single channel. Natural obstructions

including woody debris boulders and other large relative to channel dimensions features all

contribute to hydraulic and habitat heterogeneity. The complexity of these channel patterns

contributes to hydraulic roughness further dissipating stream energy by increasing the effective

wetted perimeter of the channel through a valley and deflecting flow between banks.

Embedded Standing Waterbodies

Standing waterbodies include natural constructed or modified ponds and lakes and are

characterized by low or near-zero lateral velocity. They can be thought of as extensions of pools

within the drainage network although there is no clear threshold at which a pool can be defined

as a pond or lake. When they are embedded within the channel network they are characterized
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with much greater cross-sectional area width x depth lower surface water slopes approaching

flat and lower velocities than a stream reach of similar length. Therefore standing waterbodies

function as depositional zones have higher residence times and provide significant storage of

water sediment nutrients and other pollutants within the stream network.

Riparian Zone

The riparian area is a transitional zone between the active channel and the uplands and

between surface water and groundwater. The area typically
has shallower groundwater levels

and higher soil moisture than the surrounding uplands and it may support wetlands or other

vegetation communities that require higher soil moisture. Riparian zones provide important

ecosystem functions and services such as reducing peak flood flows transforming bioavailable

nutrients into organic matter and providing critical habitat.

In humid landscapes a functioning riparian area commonly is an area where shallow

groundwater forms discharge seeps either directly to the surface and then to the stream channel

or through subsurface flowpaths to the stream channel. The
potential

for high moisture and

organic material content provides an environment conducive to anaerobic microbial
activity

which can provide effective sinks for inorganic nitrogen by denitrification reducing nitrate

loading to the stream channel. However the width of the effective riparian zone depends on

local topographic gradients hydrogeology and the channel geomorphology Lowrance et al.

1997. In steeply incised channels and valleys or areas with deeper flowpaths the riparian.zone

may be narrow and relatively well drained.

Under more and conditions with lower groundwater levels riparian areas may be the

only areas within the watershed with sufficient moisture levels to support significant vegetation

canopy cover even though saturation conditions may occur only infrequently. Subsurface

flowpaths may be oriented most commonly from the channel to the bed and banks forming the

major source of recharge to this zone from periodic flooding. In monsoonal climates in the U.S.

southwest runoff generated in mountainous areas or from storm activity may recharge riparian

aquifers well downstream from the storm or snowmelt activity. Channelization that reduces this

channel-to-riparian recharge may significantly impair riparian and floodplain ecosystems that

provide critical habitat and other ecosystem services NRC 2002.

Floodplains

The presence and distribution of alluvial depositional zones including floodplains is

dependent on the distribution and balance of upstream sediment sources and sediment transport

capacity the temporal and spatial variability of discharge and any geological structural controls

on valley gradient. Lateral migration of streams contributes to the development of floodplains as

the outer bank of the migrating channel erodes sediment and deposition occurs on the opposite

bank. This leads to channels that are closely coupled to their floodplains with frequent overbank

flow and deposition backwater deposits wetlands abandoned channels and other floodplain

features. During major events overbank flooding and deposition adds sediment nutrients and

contaminants to the floodplain surface and may significantly rework preexisting deposits and
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drainage patterns. Constructional landforms typical of urbanized watersheds such as levees

tend to disconnect streams from their floodplains.

Changes in Geomorphology from Urbanization

Changes to channel morphology are among the most common and readily visible effects

of urban development on natural stream systems Booth and Henshaw 2001. The actions of

deforestation channelization and paving of the uplands can produce tremendous changes in the

delivery of water and sediment into the channel network. In channel reaches that are alluvial the

responses are commonly rapid and often dramatic. Channels widen and deepen and in some

cases may incise many meters below the
original

level of their beds. Alternatively channels

may fill with sediment derived from farther upstream to produce a braided form where asingle-threadchannel previously existed.

The clearest single determinant of urban channel change is the alteration of the

hydrologic response of an urban watershed notably the increase in stream-flow discharges.

Increases in runoff mobilize sediment both on the land surface and within the stream channel.

Because transport capacity increases nonlinearly with flow velocity Vogel et al. 2003 much

greater transport will occur in higher flow events. However the low frequency of these events

may result in decreasing cumulative sediment
transport during the highest flows as described by

standard magnitude and frequency analysis Wolman and Miller 1960 such that the maximum

time-integrated sediment transport occurs at moderate flows e.g. bankfull stage in streams in

the eastern United States.

If the increase in sediment
transport

caused by the shift in the runoff regime is not

matched by the sediment supply channel bed entrenchment and bank erosion and collapse lead

to a deeper wider channel form. Increases in channel dimensions caused by increased

discharges have been observed in numerous studies including Hammer1972 Hollis and

Luckett 1976 Morisawa and LaFlure 1982 Neller 1988 Whitlow and Gregory 1989
Moscrip and Montgomery 1997 and Booth and Jackson 1997. MacRae 1997 reporting on

other studies found that channel cross-sectional areas began to enlarge after about 20 to 25

percent of the watershed was developed commonly corresponding to about 5 percent impervious

cover. When the watersheds were completely developed the channel enlargements were about 5

to 7 times the original cross-sectional areas. Channel widening can occur for several decades

before a new equilibrium is established between the new cross-section and the new discharges.

Construction results in a large-but normally temporary-increase in sediment load to

aquatic systems e.g. Wolman and Schick 1967. Indeed erosion and sediment transport rates

can reach up to more than 200 Mg/ha/yr on construction sites which is well in excess of typical

rates from agricultural land e.g. Wolman and Schick 1967 Dunne and Leopold 1978 rates

from undisturbed and well-vegetated catchments are negligible e.g. 1 Mg/ha/yr. The

increased sediment loads from construction exert an opposing tendency to channel erosion and

probably explain much of the channel narrowing or shallowing that is sometimes reported e.g.

Leopold 1973 Nanson and Young 1981 Ebisemiju 1989 Odemerho 1992.

Additional sediment is commonly introduced into the channel network by the erosion of

the streambank and bed itself. Indeed this source can become the largest single fraction of the

sediment load in an urbanizing watershed Trimble 1997. For example Nelson and Booth

2002 reported on sediment sources in the Issaquah Creek watershed an urbanizing mixed-use
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watershed in the Pacific Northwest. Human
activity in the watershed particularly urban

development has caused an increase of nearly 50 percent in the annual sediment yield now
estimated to be 44 tons/km2/yr. The main sources of sediment in the watershed are landslides

50 percent channel-bank erosion 20 percent and stormwater discharges 15 percent.

The higher flow volumes and peak discharge caused by urbanization also tend to

preferentially remove fine-grained sediment leaving a lag of coarser bed material armoring or

removing alluvial material
entirely and eroding into the geologic substrate Figure 3-24. The

geomorphic outcome of these changes is a mix of erosional enlargement of some stream reaches

significant sedimentation in others and potential head-ward downcutting of tributaries as

discharge levels from small catchments increase. The collective effects of these processes have

been described by Walsh et al. 2005 as Urban Stream Syndrome which includes not only the

visible alteration of the physical form of the channel but also the consequent deterioration of

stream biogeochemical function and aquatic trophic structures.

Other changes also accompany these geomorphic changes. Episodic inundation of the

floodplain during floods may be reduced in magnitude and frequency depending on the

increases in peak flow relative to the deepening and resultant increase in flow capacity of the

channel. Where deeply entrenched this channel morphology will lower the groundwater level

adjacent to the channel. The effectiveness of riparian areas in
filtering or removing solutes is

thus reduced because subsurface water may reach the channel only by flowpaths now well below

the organic-rich upper soil horizons. Removal of fine-grained stream-bottom sediment or

erosion down to bedrock may substantially lower the exchange of stream water with the

surrounding groundwater of the hyporheic zone.

r
w

rý-FIGURE
3-24 Example of an urban stream that has eroded

entirely through its alluvium to

expose the underlying consolidated geologic stratum below Thornton Creek Seattle

Washington.
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In addition to these indirect effects on the physical form of the stream channel

urbanization also commonly modifies streams directly to improve drainage applying channel

straightening and lining to reduce friction increase flow capacity and stabilize channel position

Figure 3-25. The enlarged and often lined and straightened stream-channel cross section

reduces the complexity of the bed and the contact between the stream and floodplain and

increases transport efficiency of sediment and solutes to receiving waterbodies. Enhanced

sedimentation of receiving waterbodies in turn reduces water clarity
decreases depth and

buries the benthic environment.

ý..
f

TAI

o-ý

r.

f
I

FIGURE 3-25 Example of a channelized urban stream for maximized flood conveyance and

geomorphic stability Los Angeles River California. SOURCE Reprinted with permission from

Water Resources Research. Copyright by the American Geophysical Union.

POLLUTANT LOADING IN STORMWATER

Hydrologic flowpaths influence the production of particulate and dissolved substances on

the land surface during storms as well as their delivery to the stream-channel network. Natural

watersheds typically develop a sequence of ecosystem types along hydrologic flowpaths that

utilize available limiting resources thereby reducing their export farther downslope or

downstream such that in-stream concentrations of these nutrients are low. As a watershed shifts

from having mostly natural pervious surfaces to having heavily disturbed soils new impervious

surfaces and activities characteristic of urbanization the runoff quality shifts from relatively

lower to higher concentrations of pollutants. Anthropogenic activities that can increase runoff

pollutant concentrations in urban watersheds include application of chemicals for fertilization

and pest control leaching and corrosion of pollutants from exposed materials exhaust emissions
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leaks from and wear of vehicles atmospheric deposition of pollutants and inappropriate

discharges of wastes.

Most lands in the United States that have been developed were originally grasslands

prairies or forest. About 40 percent of todays developed land went through an agricultural

phase cropland or pastureland before becoming urbanized while more than half of todays

developed land area has been a direct conversion of natural covers USDA 2000. Agricultural

land can produce stormwater runoff with high pollutant concentrations via soil erosion the

introduction of chemicals fertilizers pesticides and herbicides animal operations that are

major sources of bacteria in runoff and forestry operations. Indeed urban stormwater may

actually have slightly lower pollutant concentrations than other nonpoint sources of pollution

especially for sediment and nutrients. The key difference is that urban watersheds produce a

much larger annual volume of runoff waters such that the mass of pollutants discharged is often

greater following urbanization. Some of the complex land-use-pollutant loading relationships

are evident in Box 3-7 which shows the measured annual mass loads of nitrogen and phosphorus

in four small watersheds of different land use monitored as part of the Baltimore Long-Term

Ecological Research program. Depending on the nutrient and the year the agricultural and urban

watersheds had a higher nutrient export rate than the forested subwatershed.

BO 3-7

6m1Comparison of Nitrogen and Phosphorus Ex ort

from Watersheds with Different Land Uses

Land use is a significant influence on nutrient export as controlled by impervious area sanitary

infrastructure fertilizer application and other determinants of. input retention and stormwater transport.

Tables 3-2A and 3-2B compare dissolved nitrate total nitrogen phosphate and total phosphorus loads

exported from forest catchments with catchments in different developed land uses studied by the

Baltimore Ecosystem Study Groffman et al. 2004. Loads were computed with the Fluxmaster system

Schwarz et al. 200.6 from weekly samples taken at outlet gauges. In these sites in Baltimore County

the forested catchment Pond Branch hasn trogenloads one to two orders .o magnitude lower than the

developed catchments Batsman Run with one-third of the catchment in low-density septic-served

suburban landuse has nitrogen export exceeding Dead.Run an older dense urban catchment. In this

case nutrient load does not follow the direct variation of impervlous area because of the switch to septic

systems and greaterfertilizer use in lower density areas However Figure 3-26 shows that as impervious

area increases a much greater proportion of the total nitrogen load is.discharged in less frequent higher

runoff events Shields. et al. 2008 reducingthe potential todecrease loads by on-site SCMs.. Total

phosphorus loads were similarlyas.low 0.05-0.6.kg.P/lia/yr as nitrogen in the Pond Branch catchment

forest over the2000-2004 time period.and one to two..ordersof magnitude lower compared to.

agricultural and residential catchments.

It shouldbenoted-that specific areal loading rates even in undeveloped catchments can vary

significantly depending on rates of atmospheric deposition disturbance and climate conditions. The

hydrologic.connectivityof nonpoint pollutant source areas to receiving waterbodies is also. a critical

controlon.loading in developed catchments Nadeau and Rains 2007 and is dependent on both

properties of thepollutant as well as the catchment hydrology. For example total nitrogen was high in

.bot the agricultural and low density suburban sites .-.Tota phosphorus on.the other hand.was high in

the Baltimore Ecosystem Study agricultural catchment but close to the concentration of the forest site in

th6.1 6w density suburban site serviced by septic systems. This isbecause septic systems tend to retain

phosphoruswhile septic wastewater nitrogen is typically nitrified in the unsaturated zone below a

spreading field and efficiently transported in.the groundwater to nearby streams.

continues next page
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BOX 3-7 Continued

TABLE 3-2A Dissolved Nitrate and Total Nitrogen Export Rates from Forest and Developed Land-Use

Catchments in the Baltimore Ecos stem Stud

Nitrate k N/ha/yr Total N kgN/ha/yr
Catchment Land Use

00 2001 2002 .200 200120 2002

Pond Branch Forest 0 11 0.08.474 .3 0 17

McDonoh A riculture 17.6 129 4120.5 145 45ý

Baisman Run
_

MixedForest 7.2 38 1.5 8.2 4.2 17
and Suburban

Dead Run Urban 3.0 2.9 2.9 5.6 53-1--2B-2

TABLE3 Dissolved Phosphate and Total Phosphorus Export Rates from Forest and b-eveloped

Land-Use_Catchments in theBaltimoreEcos stem Stud
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Table 3-3 summarizes the comparative importance of urban land-use types in generating

pollutants of concerns that can impact receiving waters Burton and Pitt 2002. This summary is

highly qualitative and may vary depending on the site-specific conditions regional climate

activities being conducted in each land use and development characteristics. It should be noted

that the rankings in Table 3-3 are relative to one another and classified on a per-unit-area basis.

Furthermore this table shows the parameters for each land-use category such that the effects for

a community at large would be dependent on the areas of each land use shown. Thus although

residential land use is shown to be a relatively smaller source of many pollutants it is the largest

fraction of land use in most communities typically making it the largest stormwater source on a

mass pollutant discharge basis. Similarly freeway industrial and commercial areas can be very

significant sources of many stormwater problems and their discharge significance is usually

much
greater

than their land area indicates. Construction sites are usually the overwhelming

source of sediment in urban areas even though they make up very small areas of most

communities. A later table Table 3-4 presents observed stormwater discharge concentrations

for selected constituents for different land uses.

The following section describes stormwater characteristics associated with urbanized

conditions. At any given time parts of an urban area will be under construction which is the

source of large sediment losses flow path disruptions increased runoff quantities and some

chemical contamination. Depending on the time frame of development increased stormwater

pollutant discharges associated with construction activities may last for several years until land

covers are stabilized. After construction has been completed the characteristics of urban runoff

are controlled largely by the increase in volume and the washoff of pollutants from impervious

TABLE 3-3 Relative Sources of Parameters of Concern for Different Land Uses in Urban Areas

Problem Parameter Residential Commercial Industrial Freeway Construction

High flow rates Low High Moderate High Moderate

energy

Large runoff volumes Low High Moderate High Moderate

Debris High High Low Moderate High

floatables and gross solids

Sediment Low Moderate Low Low Very high

Inappropriate discharges Moderate High Moderate Low Low

mostly sewage and cleaning

wastes

Microorganisms High Moderate Moderate Low Low

Toxicants Low Moderate High High Moderate

heavy metals and organics

Nutrients Moderate Moderate Low Low Moderate

eutro hication

Organic debris High Low Low Low Moderate

SOD and DO
Heat Moderate High Moderate High Low

elevated water temperature

NOTE SOD sediment oxygen demand DO dissolved oxygen.
SOURCE Summarized from Burton and Pitt 2002 Pitt et al. 2008 and CWP and Pitt 2008.
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surfaces. Stormwater in this phase is associated with increases in discharges of most pollutants

but with less sediment washoff than from construction and
likely

less sediment and nutrient

discharges compared to any pre-urbanization agricultural operations although increased channel

erosion may increase the mass of sediment delivered in this phase Pitt et al. 2007. A third

significant
urban land use is industrial

activity.
As described later industrial site stormwater

discharges are highly variable but often greater than other land uses.

Construction Site Erosion Characteristics

Problems associated with construction site runoff have been known for many years.

More than 25 years ago Willett 1980 estimated that approximately 5 billion tons of sediment

reached U.S. surface waters annually of which 30 percent was generated by natural processes

and 70 percent by human activities. Half of this 70 percent was attributed to eroding croplands.

Although construction occurred on only about 0.007 percent of U.S. land in the 1970s it

accounted for approximately 10 percent of the sediment load to all U.S. surface waters and

equaled the combined sediment contributions of forestry mining industrial and commercial

land uses Willett 1980.

Construction accounts for a much greater proportion of the sediment load in urban areas

than it does in the nation as a whole. This is because construction sites have extremely high

erosion rates and because urban construction sites are efficiently drained by stormwater drainage

systems installed early during the construction activities. Construction site erosion losses vary

greatly throughout the nation depending on local rain soil topographic and management

conditions. As an example the Birmingham Alabama area may have some of the highest

erosion rates in the United States because of its combination of very high-energy rains

moderately to severely erosive soils and steep slopes Pitt et al. 2007. The typically high

erosion rates mean that even a small construction project may have a significant detrimental

effect on local waterbodies.

Extensive evaluations of urban construction site runoff problems have been conducted in

Wisconsin for many years. Data from the highly urbanized Menomonee River watershed in

southeastern Wisconsin indicate that construction sites have much greater potentials for

generating sediment and phosphorus than do other land uses Chesters et al. 1979. For

example construction sites can generate approximately 8 times more sediment and 18 times

more phosphorus than industrial sites the land use that contributes the second highest amount of

these pollutants and 25 times more sediment and phosphorus than row
crops.

In fact

construction sites contributed more sediment and phosphorus to the Menomonee River than any
other land use although in 1979 construction comprised only 3.3 percent of the watersheds

total land area. During this early study construction sites were found to contribute about 50

percent of the suspended sediment and total phosphorus loading at the river mouth Novotny and

Chesters 1981.

Similar conclusions were reported by the Southeastern Wisconsin Regional Planning

Commission SEWRPC in a 1978 modeling study of the relative
pollutant

contributions of 17

categories of point and nonpoint pollution sources to 14 watersheds in the southeast Wisconsin

regional planning area SEWRPC 1978. This study revealed construction as the first or second

largest contributor of sediment and phosphorus in 12 of the 14 watersheds. Although

construction occupied only 2 percent of the regions total land area in 1978 it contributed
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approximately 36 percent of the sediment and 28 percent of the total phosphorus load to inland

waters making construction the regions second largest source of these two pollutants. The

largest source of sediment was estimated to be cropland livestock operations were estimated to

be the largest source of phosphorus. By comparison cropland comprised 72 percent of the

regions land area and contributed about 45 percent of the sediment and only 11 percent of the

phosphorus to regional watersheds. When looking at the Milwaukee River watershed as a whole
construction is a major sediment contributor even though the amount of land under active

construction is very low. Construction areas were estimated to contribute about 53 percent of the

total sediment discharged by the Milwaukee River in 1985 total sediment load of 12500 lb/yr
while croplands contributed 25 percent streambank erosion contributed 13 percent and urban

runoff contributed 8 percent.

Line and White 2007 recently investigated runoff characteristics from two similar

drainage areas in the Piedmont region of North Carolina. One of the drainage areas was being

developed as part of a large residential subdivision during the course of the study while the other

remained forested or in agricultural fields. Runoff volume was 68 percent greater for the

developing compared with the undeveloped area and baseflow as a percentage of overall

discharge was approximately zero compared with 25 percent for the undeveloped area. Overall

annual export of sediment was 95 percent greater
for the developing area while-export of

nitrogen and phosphorus forms was 66 to 88 percent greater for the developing area.

The biological stream impact of construction site runoff can be severe. For example
Hunt and Grow 2001 describe a field study conducted to determine the impact to a stream from

a poorly controlled construction site with impact being measured via fish electroshocking and

using the Qualitative Habitat Evaluation Index. The 33-acre construction site consisted of

severely eroded silt and clay loam subsoil and was located within the Turkey Creek drainage

Scioto County Ohio. The number of fish species declined from 26 to 19 and the number of

fish found decreased from 525 to 230 when comparing upstream unimpacted reaches to areas

below the heavily eroding site. The Index of Biotic Integrity and the Modified Index ofWell-Beingcommon fisheries indexes for stream quality were reduced from 46 to 32 and 8.3 to 6.3

respectively. Upstream of the area of impact Turkey Creek had the highest water quality

designation available but fell to the lowest water quality designation in the area of the

construction activity. Water quality sampling conducted at upstream and downstream sites

verified that the decline in fish diversity was not due to chemical affects alone.

Municipal Stormwater Characteristics

The suite of stormwater pollutants generated by municipal areas is expected to be much

more diverse than construction sites because of the greater variety of land uses and pollutant

source areas found within a typical city. Many studies have investigated stormwater quality

with the U.S. Environmental Protection Agencys EPAs NURP EPA 1983 being the best

known and earliest effort to collect and summarize these data. Unfortunately NURP was limited

in that it did not represent all areas of the United States or all important land uses. More

recently the National Stormwater Quality Database NSQD CWP and Pitt 2008 Pitt et al.

2008 for version 3 has been compiling data from the EPAs NPDES stormwater permit program
for larger Phase I municipal separate storm sewer system MS4 communities. As a condition of

their Phase I permits municipalities were required to establish a monitoring program to
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characterize their local stormwater quality for their most important land uses discharging to the

MS4. Although only a few samples from a few locations were required to be monitored each

year in each community the many years of sampling and large number of communities has

produced a database containing runoff quality information for nearly 8000 individual storm

events over a wide range of urban land uses. The NSQD makes it possible to statistically

compare runoff from different land uses for different areas of the country.

A number of land uses are represented in MS4 permits and also the database including

industrial stormwater discharges to an MS4. However there is no separate compilation of

quantitative mass emissions from specific industrial stormwater sources that may have been

collected under industrial permit monitoring efforts. The observations in the NSQD were all

obtained at outfall locations and do not include snowmelt or construction erosion sources. The

most recent version of the NSQD contains stormwater data from about one-fourth of the total

number of communities that participated in the Phase I NPDES stormwater permit monitoring

activities. The database is located at http//unix.eng.ua.edu/-rpitt/Research/ms4/mainms4.shtml.

Table 3-4 is a summary of some of the stormwater data included in NSQD version 3
while Figure 3-27 shows selected plots of these data. The table describes the total number of

observations the percentage of observations above the detection limits the median and

coefficients of variation for a few of the major constituents for residential commercial

industrial institutional freeway and open-space land-use categories although relatively
few

data are available for institutional and open-space areas. It should be noted that even if there are

significant
differences in the median concentrations by the land uses the range of the

concentrations within
single

land uses can still be quite large. Furthermore plots like Figure3-27do not capture the large variability in data points observed at an individual site.

There are many factors that can be considered when examining the quality of stormwater

including land use geographical region and season. The following is a narrative summary of

the entire database and may not reflect information in Table 3-4 and Figure 3-29 which show

only subsets of the data. First statistical analyses of variance on the NSQD found
significant

differences among land-use categories for all of the conventional constituents except for

dissolved oxygen. Turbidity total solids total coliforms and total E. coli did not have enough

samples in each group to evaluate land-use differences. Freeway sites were found to be

significant sources of several pollutants. For example the highest TSS COD and oil and grease

concentrations but not necessarily the highest median concentrations were. reported for

freeways. The median ammonia concentration in freeway stormwater is almost three times the

median concentration observed in residential and open-space land uses while freeways have the

lowest orthophosphate and nitrite-nitrate concentrations-half of the concentration levels that

were observed in industrial land uses.

In almost all cases the median metal concentrations at the industrial areas were about

three times the median concentrations observed in open-space and residential areas. The highest

lead and zinc concentrations but not necessarily the highest median concentrations were found

in industrial land uses. Lower concentrations of TDS five-day biological oxygen demand

BODS and fecal coliforms were observed in industrial land-use areas. By contrast the highest

concentrations of dissolved and total phosphorus were associated with residential land uses.

Fecal coliform concentrations are also relatively high for residential and mixed residential land

uses. Open-space land-use areas show consistently low concentrations for the constituents

examined. There was no significant difference noted for total nitrogen among any of the land

uses monitored.
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FIGURE 3-27 Grouped box and whisker plots of data from the NSQD. The median values are

indicated with the horizontal line in the center of the box while the ends of the box represent the

25th and 75th percentile values. The whickers extend to the 5th and 95th percentile values and

values outside of these extremes are indicated with separate dots. These groups were

statistically analyzed and were found to have at least one group that is significantly different

from the other groups. The ranges of the values in each group are large but a very large

number of data points is available for each group. The grouping of the data into these

categories helps explain much of the total variability observed and the large number of samples
in each category allows suitable statistical tests to be made. Many detailed analyses are

presented at the NSQD website Maestre and Pitt 2005.
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TABLE 3-4 Summary of Selected Stormwater Quality Data Included in NSQD Version 3.0

Fecal Nitrogen
Colif. Total Zn

TSS COD mpn/100 Kjeldahl Phosphorus Cu Total Pb Total Total

mg/L mg/L ml- mg/L Total mg/L pg/L pg/L pg/L

All AreasCombined 8139

Coefficient of variation COV 2.2 1.1 5.0 1.2 2.8 2.1 2.0 3.3

Median 62.0 53.0 4300 1.3 0.2 15.0 14.0 90.0

Number of samples 6780 5070 2154 6156 7425 5165 4694 6184

% samples above detection 99 99 91 97 97 88 78 98

All Residential Areas Combined 2586

COV 2.0 1.0 5.7 1.2 1.6 1.9 2.1 3.3

Median 59.0 50.0 4200 1.2 0.3 12.0 6.0 70.0

Number of samples 2167 1473 505 2026 2286 1640 1279 1912

% samples above detection 99 99 89 98 98 .8 77 97

All Commercial Areas Combined 916

COV 1.7 1.0 3.0 0.9 1.2 1.4 1.7 1.4

Median 55.0 63.0 3000 1.3 0.2 17.9 15.0 110.0

Number of samples 843 640 270 726 920 753 605 839

% samples above detection 97 98 89 98 95 85 79 99

All Industrial Areas Combined 719

COV 1.7 1.3 6.1 1.1 1.4 2.1 2.0 1.7

Median 73.0 59.0 2850 1.4 0.2 19.0 20.0 156.2

Number of samples 594 474 317 560 605 536 550 596

% samples above detection 98 98 94 97 95 86 76 99

All Freeway Areas Combined 680

COV 2.6 1.0 2.7 1.2 5.2 2.2 1.1 1.4

Median 53.0 64.0 2000 1.7 0.3 17.8 49.0 100.0

Number of samples 360 439 67 430 585 340 355 587

%samples above detection 100 100 100 99 99 99 99 99

All Institutional Areas.Combined 24

COV 1.1 1.0 0.4 0.6 0.9 0.6 1.0 0.9

Median 18.0 37.5 3400 1.1 0.2 21.5 8.6 198.0

Number of samples 23 22 3 22 23 21 21 22

% samples above detection 96 91 100 91 96 57 86 100

All Open-Space Areas Combined 79
COV 1.8 0.6 1.2 12 1.5 0.4 0.9 0.8

Median 10.5 21.3 2300 0.4 0.0 9.0 48.0 57.0

Number of samples 72 12 7 50 77 15 10 16

% samples above detection 97 83 100 96 97 47 20 50

NOTE The complete database is located at http//unix.eng.ua.edu/-rpitt/Research/ms4/mainms4.shtml. SOURCE
National Stormwater Quality Database.
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In terms of regional differences significantly higher concentrations of TSS BOD5 COD
total phosphorus total copper and total zinc were observed in and and semi-arid regions

compared to more humid regions. In contrast fecal coliforms and total dissolved solids were

found to be higher in the upper Midwest. More detailed discussions of land use and regional

differences in stormwater quality can be found in Maestre et al. 2004 and Maestre and Pitt

2005 2006. In addition to the information presented above numerous researchers have

conducted source area monitoring to characterize sheet flows originatingfrom urban surfaces

such as roofs parking lots streets landscaped areas storage areas and loading docks. The

reader is referred to Pitt et al. 2005abc for much of this information.

Industrial Stormwater Characteristics

The NSQD described earlier has shown that industrial-area stormwater has higher

concentrations of most pollutants compared to other land uses although the variability is high.

MS4 monitoring activities are usually conducted at outfalls of drainage systems containing many
individual industrial activities so discharge characteristics for specific industrial types are rarely

available. This discussion provides some additional information concerning industrial

stormwater beyond that included in the previous discussion of municipal stormwater. In general

there is a profound lack of data on industrial stormwater compared to municipal stormwater and

a correspondingly greater uncertainty about industrial stormwater characteristics.

The first comprehensive monitoring of an
industrial

area that included stormwater dry

weather base flows and snowmelt runoff was conducted in selected Humber River catchments in

Ontario Pitt and McLean 1986. Table 3-5 shows the annual mass discharges from the

monitored industrial area in North York along with ratios of these annual discharges compared

to discharges from a mixed commercial and residential area in Etobicoke. The mass discharges

of heavy metals total phosphorus and COD from industrial stormwater are three to six times

that of the mixed residential and commercial areas.

TABLE 3-5 Annual Storm Drainage Mass Discharges from Toronto-Area Industrial Land Use

annual mass discharges from stormwater annual discharge ratio

Measured industrial drainage area industrial compared to residential

parameter units and commercial mixed area
Runoff volume m /hr/yr 6580 1.6

total solids kg/ha/yr 6190 2.8

total phosphorus kg/ha/yr 4320 4.5

TKN g/ha/yr 16500 1.2

COD kg/ha/yr 662 3.3

Cu
g/ha/yr 416 4.0

Pb g/ha/yr 595 4.2

Zn g/ha/yr 1700 5.8

SOURCE Pitt and McLean 1986.
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Hotspots of contamination on industrial sites are a specific concern. Stormwater runoff

from hotspots may contain loadings of hydrocarbons trace metals nutrients pathogens and/or

other toxicants that are greater than the loadings of normal runoff. Examples of these hotspots

include. airport de-icing facilities auto recyclers/junkyards commercial garden nurseries parking

lots vehicle fueling and maintenance stations bus or truck fleet storage areas industrial

rooftops marinas outdoor transfer facilities public works storage areas and vehicle and

equipment washing/steam cleaning facilities Bannerman et al. 1993 Pitt et al. 1995 Claytor

and Schueler 1996.

The elevated concentrations and mass discharges found in stormwater at industrial sites

are associated with both the activities that occur and the materials used in industrial areas as

discussed in the sections that follow.

Effects ofRoofing Materials on Storm water Quality

The extensive rooftops of industrial areas can be a significant pollutant source area. A

summary of the literature on roof-top runoff quality including both roof surfaces and underlying

materials used as subbases such as treated wood is presented in Table 3-6. Good 1993 found

that dissolved metals concentrations and toxicity remained high in roof runoff samples

especially from rusty galvanized metal roofs during both first flush and several hours after a rain

has started indicating that metal leaching continued throughout the events and for many years.

During pilot-scale tests of roof panels exposed to rains over a two-year period Clark et al. 2008
found that copper roof runoff concentrations for newly treated wood panels exceeded 5 mg/L a
very high value compared to median NSQD stormwater concentrations of about 10 to 40 pg/L
for different land uses for the first nine months of exposure. These results indicated that copper

continued to be released from these wood products at levels high enough to exceed aquatic life

criteria for long periods after installation and were not simply due to excess surface coating

washing off in the first few storms after installation.

Traditional unpainted or uncoated hot-dip galvanized steel roof surfaces can also produce

very high zinc concentrations. For example pilot-scale tests by Clark et al. 2008 indicated that

zinc roof runoff concentrations were 5 to 30 mg/L throughout the first two years of monitoring of

a traditional galvanized metal panel. These are very high values compared to median stormwater

values reported in the NSQD of 60 to 300 g/L for different land uses. Factory-painted

aluminum-zinc alloy panels had runoff zinc levels less than 250 g/L which were closer to the

reported NSQD median values. The authors concluded that traditional galvanized metal roofing

contributed the greatest concentrations of many metals and nutrients. In addition they found that

pressure-treated and waterproofed wood contributed substantial copper loads. The potential for

nutrient release exists in many of the materials tested possibly as a result of phosphate washes

and binders used in the materials preparation or due to natural degradation.

Other researchers have investigated the effects of industrial rooftop runoff on receiving

waters and biota. Bailey et al. 1999 investigated the
toxicity to juvenile rainbow trout of runoff

from British Columbia sawmills and found that much of the toxicity may have been a result of

divalent cations on the industrial site especially zinc from galvanized roofs.
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Effects of Pavement and Pavement Maintenance on Storm water Quality

Pavement surfaces can also have a strong influence on stormwater runoff quality. For

example concrete is often mixed with industrial waste sludges as a way of disposing of the

wastes. However this can lead to stormwater discharges high in toxic compounds either due to

the additives themselves or due to the mobilization of compounds via the additives. Salaita and

Tate 1998 showed that high levels of aluminum iron calcium magnesium silicon and sodium

were seen in the cement-waste samples. A variety of sands including waste sands have been

suggested as potential additives to cement and for use as fill in roadway construction. Wiebusch

et al. 1998 tested brick sands and found that the higher the concentration of alkaline and

alkaline earth metals in the samples the more easily the heavy metals were released. Pitt et al.

1995 also found that concrete yard runoff had the highest toxicity using Microtox screening

methods observed from many source areas likely due to the elevated pH about 11 from the

lime dust washing off from the site.

The components of asphalt have been investigated by Rogge et al. 1997 who found that

the majority of the elutable organic mass that could be identified consisted of n-alkanes 73

percent carboxylic acids such as n-alkanoic acids 17 percent and benzoic acids. PAHs and

thiaarenes were 7.9 percent of the identifiable mass. In addition heterocyclic aromatic

hydrocarbons containing sulfur S-PAH such as dibenzothiophene were identified at

concentration levels similar to that of phenanthrene. S-PAHs are potentially mutagenic similar

to other PAHs but due to their slightly increased polarity they are more soluble in water and

more prone to aquatic bioaccumulation.

In addition to the bitumens and asphalts other compounds are added to paving and

asphaltic roofing materials. Chemical modifiers are used both to increase the temperature range

at which asphalts can be used and to prevent stripping of the asphalt from the binder. A variety

of fillersmay also be used in asphalt pavement mixtures. The long-term environmental effects

of these chemicals in asphalts are unknown. Reclaimed asphalt pavements have also been

proposed for use as fill materials for roadways. Brantley and Townsend 1999 performed a

series of leaching tests and analyzed the leachate for a variety of organics and heavy metals.

Only lead from asphalt pavements reclaimed from older roadways was found to be elevated in

the leachate.

Stormwater quality from asphalt-paved surfaces seems to vary with time. Fish kills have

been reported when rains occur shortly after asphalt has been installed in parking areas near

ponds or streams Anonymous 2000 Perez-Rivas 2000 Kline 2002. It is expected that these

effects are associated with losses of the more volatile and toxic hydrocarbons that are present on

new surfaces. It is likely that the concentrations of these materials in runoff decrease as the

pavement ages. Toxicity tests conducted on pavements several years old have not indicated any

significant detrimental effects except for those associated with activities conducted on the

surface such as maintenance and storage of heavy equipment Pitt et al. 1995 1999. However

pavement maintenance used to renew the asphalt surfaces has been shown to cause significant

problems which are summarized below.

A significant source of PAHs in the Austin Texas area and likely elsewhere has been

identified as coal-tar sealants commonly used to restore asphalt parking lots and storage areas.

Mahler et al. 2005 found that small particles of sealcoat that flake off due to abrasion by
vehicle tires have PAH concentrations about 65 times higher than for

particles washed off

parking lots that are not seal coated. Unsealed parking lots receive PAHs from the same urban
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sources as do sealed parking lots e.g. tire particles leaking motor oil vehicle exhaust and

atmospheric fallout and yet the average yield of PAHs from the sealed parking lots was found

to be 50 times greater than that from the control lots. The authors concluded that sealed parking

lots could be the dominant source of PAHs in watersheds that have seal-coated surfaces such as

many industrial commercial and residential areas. Consequently the City of Austin has

restricted the use of parking lot coal-tar sealants as have several Wisconsin communities.

Stored Materials Exposed to Rain

Although roofing and pavement materials make up a large
fraction of the total surface

covers and can have significant effects on stormwater quality leaching of rain through stored

materials may also be a significant pollutant source at industrial sites. Exposed metals in scrap

yards can result in very high concentrations of heavy metals. For example Table 3-7

summarizes data from three metals recycling facilities/scrap yards in Wisconsin and shows the

large fraction of metals that are either dissolved in the runoff or associated with very fine

particulate matter. For most of these metals their greatest abundance is associated with the

small particles 20 pm in diameter and relatively little is associated with the filterable fraction.

These metals concentrations especially zinc copper and lead are also very high compared to

that of most outfall industrial stormwater.

TABLE 3-7 Metal Concentration Ran es Observed in Scrapyard Runoff

Particle Size Iron mg/L Aluminum m /L Zinc m
Total 20-810 15-70 1.6-8

63 ýtm diamet22-767 15-58 1.5-7.6

38 ýtm diamet21-705 15-58 1.4-7.4

20 m diameter 15 - 534 12 - 50 1.1 - 7.2

0.45 mdiameter
0.1 - 38 0.1 -5 0.1-6.7

filterable fraction

Copper m Lead m /I Chromium m L
Total 1.1 -3.8 0.6-1.7 0.1-1.9

63 m diameter 1.1-3.6 0.1-1.6 0.1-1.6

38 m diameter 1.1 -3.3 0.1-1.6 0.1 -1.4

20 m diameter 1.0-2.8 0.1 - 1.6 0.1 - 1.2

0.45 mdiameter
0.1 -0.3 0.1-0.3 0.1-0.3

filterable fraction

SOURCE Reprinted with permission from Clark et al. 2000. Copyright 2000 by Shirley Clark.

PREPUBLICATION

Copyright National Academy of Sciences. All rights reserved.

RB-AR17047



Urban Stormwater Management in the United States

hftp/Amww.nap.edu/catalog/12465.htmi

164 Urban Storm water Management in the United States

OTHER SOURCES OF URBAN RUNOFF DISCHARGES

Wet weather stormwater discharges from separate storm sewer outfalls are not the only

discharges entering receiving waters from these systems. Dry weather flows snowmelt and

atmospheric deposition all contribute to the pollutant loading of urban areas to receiving waters

and for some compounds may be the largest contributor. Many structural SCMs especially

those that rely on sedimentation or filtration have been designed to function primarily with

stormwater and are not nearly as effective for dry weather discharges snowmelt or atmospheric

deposition because these nontraditional sources vary considerably in key characteristics such as

the flow rate and volume to be treated sediment concentrsations and particle size distribution

major competing ions association of pollutants with particulates of different sizes and

temperature. Information on the treatability of stormwater vs. snowmelt and other nontraditional

sources of urban runoff can be found in Pitt and McLean 1986 Pitt et al. 1995 Johnson et al.

2003 and Morquecho 2005.

Dry Weather Flows

At many stormwater outfalls discharges occur during dry weather. These may be

associated with discharges from leaking sanitary sewer and drinking water distribution systems
industrial wastewaters irrigation return flows or natural spring water entering the system.

Possibly 25 percent of all separate stormwater outfalls have water flowing in them during dry

weather and as much as 10 percent are grossly contaminated with raw sewage industrial

wastewaters and so forth Pitt et al. 1993. These flow contributions can be significant on an

annual mass basis even though the flow rates are relatively small because they have long

duration. This is particularly true in and areas where dry weather discharges can occur daily.

For example despite the fact that rain is scarce from May to September in Southern California

an estimated 40 to 90 millionliters of discharge flow per day into Santa Monica Bay through

approximately 70 stormwater outlets that empty onto or across beaches LAC DPW 1985

SMBRP 1994 such that the contribution of dry weather flow to the total volume of runoff into

the bay is about 30 percent NRC 1984. Furthermore in the nearby Ballona Creek watershed

dry weather discharges of trace metals were found to comprise from 8 to 42 percent of the total

annual loading McPherson et al. 2002. Stein and Tiefenthaler 2003 further found that the

highest loadings of metals and bacteria in this watershed discharging during dry weather can be

attributed to a few specific stormwater drains.

In many cases stormwater managers tend to overlook the contribution of dry weather

discharges although the EPAs NPDES Stormwater Permit program requires municipalities to

conduct stormwater outfall surveys to identify and then correct inappropriate discharges into

separate storm sewer systems. The role of inappropriate discharges in the NPDES Stormwater

Permit program the developed and tested program to identify and quantify their discharges and

an extensive review of these programs throughout the United States can be found in the recently

updated report prepared for the EPA CWP and Pitt 2004. The following photographs show

various nontraditional sources of contaminants in urban runoff.
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Washing of vehicle engine and allowing runoff Contamination of storm drainage with

to enter storm drainage system. inappropriate disposal of oil. SOURCE
SOURCE Robert Pitt. Center for Watershed Protection.

r

SYTC-ý J.

Dry weather flows from Toronto industrial area Sewage from clogged system overflowing

outfall. SOURCE Pitt and McLean 1986. into storm drainage system. SOURCE
Robert Pitt.
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Failing sanitary sewer causing upwelling of Dye tests to confirm improper sanitary

sewage through soil and draining to gutter and sewage connection to storm drainage

then to storm drainage system. system SOURCE Robert Pitt.

SOURCE Robert Pitt.

Snowmelt

In northern areas snowmelt runoff can be a significant contributor to the annual

discharges from urban areas through the storm drainage system. In locations having long and

harsh winters with little snowmelt until the spring pollutants can accumulate and be trapped in

the snowpack all winter until the major thaw when the contaminants are transported inshort-duration
events to the outfalls Jokela 1990. The sources of the contaminants accumulating in

snowpack depend on the location but they usually include emissions from nearby motor vehicles

and heating equipment and industrial activity in the neighborhood. Dry deposition of sulfur

dioxide from industrial and power plant smokestacks affects snow packs over a wider area and

has frequently been studied because of its role in the acid deposition process Cadle 1991.

Pollutants are also directly deposited on the snowpack. The sources of directly deposited

pollutants include debris from deteriorated roadways vehicles depositing petroleum products

and metals and roadway maintenance crews applying salt and anti-skid grit Oberts 1994.

Urban snowmelt like rain runoff washes some material off streets roofs parking and industrial

storage lots and drainage gutters. However snowmelt runoff usually has much less energy than

striking rain and heavy flowing stormwater. Novotny et al. 1986 found that urban soil erosion

is reduced or eliminated during winter snow-cover conditions. However erosion of bare ground

at construction sites in the spring due to snowmelt can still be very high.
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Jimq -W

. tan ýý F

Snowmelt. SOURCE Roger Bannerman.

.

Construction site in early spring after snowmelt showing extensive sediment transport.

SOURCE Roger Bannerman.

Sources of Contaminants in Snowmelt

Several mechanisms can bring about contamination of snow and snowmelt waters.

Initially air pollutants can be incorporated into snowflakes as they form and fall to the ground.

After it falls to the ground and accumulates the snow can become further contaminated by dry

atmospheric deposition deposition of nearby lost fugitive dust materials usually blown onto

snow packs near roads by passing vehicles and wash off of particulates from the exposed

ground surfaces as it melts and flows to the drainage system.

Snowflakes can remove particulates and gases from the air by in-cloud or below-cloud

capture.
In-cloud capture of

pollutants can occur during snowflake formation as super-cooled

cloud water condenses on particles and aerosols that act as cloud condensation nuclei. This is

known as nucleation scavenging and is a majorpathway for air pollution to be incorporated into

snow. Particles and gases may also be scavenged as snowflakes fall to the ground. Gases can

also be absorbed as snow falls. Snowflakes are more effective below-cloud scavengers than

raindrops because they are bigger and fall slower. Barrie 1991 reports that large snowflakes
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capture particles in the 0.2- to 0.4-m-diameter range not by impaction but by filtering the air

that moves through the snow flakes as they fall to the ground.

Most of the contamination of snow in urban areas likely occurs after it lands on the

ground. Table 3-8 shows the flow-weighted mean concentrations of pollutants found in

undisturbed
falling snow compared to snow found in urban snow cover Bennett et al. 1981.

Pitt and McLean 1986 also measured snowpack contamination as a function of distance from a

heavily traveled road passing through a park. The contaminants in the snow were at much

greater concentrations near the road the major source of blown contamination on the snow than

farther away. The pollutant levels in the fresh fallen snow are generally a small fraction of the

levels in the snow collected from urban study areas. Pierstorff and Bishop 1980 also analyzed

freshly fallen snow and compared the quality to snow stored at a snow dump site. They
concluded that pollutant levels at the dump site are the result of environmental input occurring

after the snow falls. Some pollutants in snowmelt have almost no atmospheric sources. For

example Oliver et al. 1974 found negligible amounts of chlorides in samples of snow from

rooftops indicating that the high chloride level found in the snowmelt runoff water comes almost

entirely from surface sources i.e. road salting. Similar roadside snowpack observations along

city park roads by Pitt and McLean 1986 also indicated the strong association of road salt with

snowpack chloride levels.

Runoff and Pollutant Loading from Snowmelt

Snowmelt events can exhibit a first flush in which there are higher concentrations of

contaminants at the beginning compared to the total event averaged concentration. The

enrichment of the first portion of a snowmelt event by soluble pollutants may be due to

snowpack density changes where water percolation and melt/freeze events that occur in the

snowpack cause soluble pollutants to be flushed from throughout the snowpack to concentrate at

the bottom of the pack Colbeck 1981. This concentrated layer leaves the snowpack as a highly

concentrated pulse as snow melts from the bottom due to warmth from the ground Oberts

1994.

TABLE 3-8 Comparison of Flow-Weighted Pollutant Concentration Means of Snow Samples
from Boulder Colorado

Note The units are mg/L. SOURCE Bennett et al. 1981. Permission pending.

PREPUBLICATION

Copyright National Academy of Sciences. All rights reserved.

RB-AR17052



Urban Stormwater Management in the United States

hftp//www.nap.edu/catalog/12465.html

Effects of Urbanization on Watersheds 169

When it rains on snow heavy pollutant loads can be produced because both soluble and

particulate pollutants are melted from the snowpack simultaneously. Also the large volume of

melt plus rain can wash off pollutants that have accumulated on various surfaces such as roads

parking lots roofs and saturated soil surfaces. The intensity-of runoff from a rain-on-snow

event can be greater than a summer thunderstorm because the ground is saturated or frozen and

the rapidly melting snowpack provides added runoff volume Oberts 1994.

Figure 3-28 compares the runoff volumes associated with snowmelts alone to those

associated with snowmelts mixed with rain from monitoring at an industrial area in Toronto Pitt

and McLean 1986. Rain with snowmelt contributes over 80 percent of the total cold-weather

event runoff volume.

Whether pollutant loadings are higher or lower for snowmelt than for rainfall depends on

the particular pollutant and its seasonal prevalence in the environment. For example the high

concentrations of dissolved solids found in snowmelt are usually caused by high chloride

concentrations that stem from the amount of de-icing salt used. Figure 3-29 is a plot of the

chloride concentrations in the influent to the Monroe Street detention pond in Madison

Wisconsin. Chloride levels are negligible in the non-winter months but increase dramatically

when road
salting begins in the fall and remain high through the snow melting period even

extending another month or so after the snowpack in the area has melted. Bennett et al. 1981
found that suspended solids and COD loadings for snowmelt runoff were about one-half of those

for rainfall. Nutrients were much lower for snowmelt while the loadings for lead were about the

same for both forms of precipitation. Oberts 1994 reports that much of the annual pollutant

yields from event flows in Minneapolis is accounted for by end-of-winter major melts.End-of-winter
melts yielded 8 to 20 percent of the total phosphorous and total lead annual load in

Minnesota. Small midwinter melts accounted for less than 5 percent of the total loads. Box 3-8

shows mass pollutant discharges for a study site in Toronto and emphasizes the significance of

snowmelt discharges on the total annual storm drainage discharges.

50

40

30 - - - --
snow melt alone00

0
rain with snow melt

z 20
0

0

January February March

FIGURE 3-28 Runoff volumes for snowmelt events alone and when rain falls on melting snow

packs Toronto industrial area. SOURCE Pitt and McLean 1986.
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Chloride Concentration in the Inlet Water
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FIGURE 3-29 Monroe Street detention pond chloride concentration of influent 1986-1988.
SOURCE House et al. 1993.

Atmospheric Deposition

The atmosphere contains a diverse array of contaminants including metals e.g. copper
chromium lead mercury zinc nutrients nitrogen phosphorus and organic compounds e.g.
PAHs polychlorinated biphenyls pesticides. These contaminants are introduced to the

atmosphere by a variety of sources including local point sources e.g. power plant stacks and

mobile sources e.g. motor vehicles local fugitive emissions e.g. street dust and wind-eroded

materials and transport from non-local areas. These emissionscomposed of gases small

particles aerosols and larger particles become entrained in the atmosphere and subject to a

complex series of physical and chemical reactions Schueler 1983.

Atmospheric contaminants are deposited on land and water in two ways-termed wet

deposition and dry deposition. Wet deposition orwetfall involves the sorption and

condensation of pollutants to water drops and snowflakes followed by deposition with

precipitation. This mechanism dominates the deposition of gases and aerosol particles. Dry

deposition or dryfall is the direct transfer of contaminants to land or water by gravity particles

or by diffusion vapor and particles. Dry deposition occurs when atmospheric turbulence is not

sufficient to counteract the tendency of particles to fall out at a rate governed but not exclusively

determined by gravity Schueler 1983.
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BOX 3-8

The Contribution of Dry Weather Discharges and

Snowmelt to Overall Runoff in -Toronto Ontario

An extensive analysis of. all types of stormwater flow-for both dry and wet weather-was

conducted in Toronto in the mid-1980s Pitt and McLean 1986. The Toronto Area Watershed

Management. Strategy study included comprehensive monitoring in a residential/commercial area and an

industrial.6r E a for summer stormwater warm.season dry. weather flows snowmelt and cold season dry

weather flows. In addition to the outfall monitoring detailed sourcearea sheet flow monitoring was also

conducted duringrain.andsnowmeltevents to determine the relative magnitude of pollutant sources.

Particulate-accumulation and wash-off tests were also conducted fora variety of streets in order to better

determine their. role in contaminant contributions.

Tables 3-9 and 3-10 summarize Toronto residential/commercial and industrial urban runoff

median concentrations during both warm and cold weather respectively. These tables show the relative

volumes and concentrations of wet weather and dry weather flows coming from the different land uses.

The bacteria densities during cold weather are substantially less than during warm weather but are still

relatively high similarfindings were noted during the NURP studies EPA 1983. However chloride

concentrations and dissolved solids are much higher during cold weather. Early spring stormwater

events also contain high dissolved solids concentrations Cold weather runoff accounted for more than

half ofihe.heayy metal discharges in the residential/commercial area while warm weather discharges of

zinc were t-huch greaterthan the.cold weather discharges for the industrial area. Warm weather flows

were also the predominant sources of.phosphorus for the. industrial area

One of the interesting observations is that at these monitoring locations warm weather

stormwaterrunoffonly contributed about 20 to 30 percent of-the total annual flows being discharged from
%

the separatestormwaterioutfalls The magnitudes of the base flows were-especially surprising as these

monitoring locations were research sites to investigate stormwater processes and were carefully.

investigated to ensure that they did not have significant inappropriate discharges before they were

selected for the monitoringprograms.

In comparing runoff from the industrial and residential catchments Pitt and McLean 1986

observed that concentrations of most constituents in runoff from the industrial watershed were typically

greater than the concentrations of the same constituents in the residential runoff. The only constituents

with.a unit-area yield that were lower in the industrial area were. chlorides and total dissolved solids which

was attributed to the use of road de
icing salts in residential areas Annual yields of several. constituents

total solids total dissolved solids chlorides ammonia nitrogen andphenolicsweredominatedby cold

weather flows irrespective of the land use

A comparison of the Toronto sheet flow data from the different land use areas indicated that the

highest concentrations ofleadandrzincwerefound in samples collected from paved areas and roads

during both rain runoff and snowmelt Pitt and Mc Lean 1986. Fecal coliform values were significantly

higher on sidewalks.andon or near roads during snowmelt sampling likelybecause these areas ar.e

where dogswould_bewalked in winter. conditions In warmweather dog walking would beless....

concentrated into these areas The concentrations for total solids from grassorbare open areas were

reduced dramatically during snowrneltcompared to rain runoff an indication of thereducederosionand

the poor deliveryof particulate pollutants during snowmelt periods Cold weather sheet flow median

concentrations of-particulate solids-or the grass and open areas 80mg/L were much less than the TSS

concentrations observed during warm weather runoff250 mg/L for these same areas. Snowmelt total

solids concentrations also increased in areas located near roads due to the influence of road salting.on

dissolved solids concentrations. In the residential areas streets were the most significant source of

snowmelt solids while yards and open areas were the major sources of nutrients. -Parking and storage

areas contributed the-most snowmelt pollutants in the industrial area. An analysis of snow samples taken

along a transect of a snowpack adjacent to an industrial road showed that the pollutant levels decreased

as a function of distance from the roadway. At distances greater than 3 to 5 meters from. the edge of the
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BOX 3-8 Continued

snowpack the concentrations were relatively constant. Novotny et al. 1986 sampled along a transect of

a snowpackby a freeway in MilwaukeThey also found that the concentration of constituents

decreased as the -distance from the road increased Most of the measured constituents including total

solids and lead were at or near background. levels at 30 meters or more from the road.

TABLE 3-9 Median Pollutant Concentrations Observed at Toronto Outfalls during Warm Weather

Measured Parameter Baseflow Stormwate r

Residential Industrial. Residential Industrial.

Stormwater volume m5a/season 950 1500

Baseflowvolumem3/ha/season 1700 2100. -
- -

Tofal residue 979

Total dissolved solids 973 454 230 208

Suspended solids 5 43 22 117

Chlorides 281
.

78 34.. 17

Total. phosphorus 0.09 0.73 0.28 0.75

Phosphates. 0.06 .0.12. 0.02 .0.1

Total Kjeldahl nitrogen organic N plus NH3 0.9 2.4 2.5 2.0

Ammonia nitrogen 0.1 0.1 0.1 0.1

Chemicaloxygen demand- 22.. .. 108... 55 106
. .

Fecal coliformbacteriia/100 mL 33000. 40000 9000.

Fecal strep bacteria /100 mL - 2300 8 800. 20

Pseudo aeruglnosa bacteria/100 mL 2 900 2 380 2700 11y000

Cadmiurrr 0 01 0 01 0 01 Of01

A

Chromium 0.42 0 06

Copper 005.

Lead 0.04.... 0.04

Zinc 0.04 006 0.19.

Phenolics .gý
a-BHC rig/L 17 1 1 .3.

y-BHChadane.ng/L 1
..

1
Cfilordaneng/L 4 2.. 2.... ... 2
Dield in..ng/L 4. 5 2 2..

Pentachlorophenol rig/LY 280 s50 70 705

Values are in mg/Luniess otherwise indicated. Warm weather samples were obtained during the late

springsummer 464660V fall months.when the air temperatures were above freezing and no snow was

present.

continues next pa e
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BOX 3-8 Continued

TABLE 3-10 Median Pollutant Concentrations Observed at Toronto O.utfalls during Cold Weather

Measured Parameter Base flow Snow melt

Residential Industrial Residential Industrial

Stormwater .volum .m3/ha/seaso 1800 830

Base flow volume m/ha/season -.1100 -.660

Total residue 2230 1080 1580 1340.

Total dissolved solids 2210 1020 1530. 1240

Suspended solids 50 30 .9

Chlorides 1080 . 470. - 660 620

Total phosphorus 0.18... 0.34 0.23 0.50

Phosphates 0.05 0.02 0.06 0.14

Total Kjeldahl nitrogen organic N plus NH3 1.4 2.0 1.7 2.5

Ammonia nitrogen 0.1 0.1 0.2 0.4

Chemical oxygen demand 48 68 40 94

Fecal coliform bacteria 1100 mL 9800 400. 2320 300

Fecal strepbacteria./100 mL 1400 2400 1900 2500.

Pseudomonas aeruginosabacteria./100mL 815_-55 20. 30..

Cadrrtium. 001 001 001 001

Chromium 001 0.24 001 0.35

Copper 0.02 0.04 0.04
_

0.07

Lead 0.06 0.04 0.09 0.08

Zinc 0.07 0.15 0.12 0.31

Phenolics mg/L 2.0 7.3 2.5 15

a-BHC ng/L NA 3 4 5

y-BHC.liiidane .ng/ NA NA 2 1

Chlordaneng/L- NA NA. 11. 2

2. NA

Pentachlorophenol-ng/L ..... NR NA ....NA 40

Values are. in mg/L unlessotherwise indicated. Cold weather samples were obtained during the winter months when the air

temperatures were commonly below freezing. Snowmelt samples were obtained during snowmelt episodes and when rain fell on

snow.

NA.not analyzed

As atmospheric contaminants deposit they can exert an influence on stormwater in

several ways. Contaminants deposited by wetfall are directly conveyed to stormwater while

those in
dryfall can be washed off the land surface. For both processes the atmospheric load of

contaminants is strongly influenced by characteristics such as the amount of impervious surface

the magnitude and proximity of emission sources wind speed and direction and precipitation

magnitude and frequency Schueler 1983. Deposition rates can depend on the type of

contaminant and can be site-specific. The relationships between atmospheric deposition and

stormwater quality are however not well understood and difficult to determine. Following are a

few illustrative examples.
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Southern California

Several studies have addressed atmospheric deposition in Southern California e.g. Lu et

al. 2003 Harris and Davidson 2005 Stolzenbach et al. 2007. Stolzenbach et al. and Lu et al.

conclude the following for this region

the major source of contaminants to the atmosphere in this region is associated with

resuspended dust primarily from roads

contaminants in resuspended dust may reflect historical as well as current sources and

distant as well as local sources

atmospheric loadings to the receiving water are primarily the result of chronic daily dry

deposition of large particles greater than 10 pm in size on the watershed rather than directly

on a waterbody

significant spatial variability occurs in trace metal mass loadings and deposition fluxes

particularly along transportation corridors along the coast and the mountain slopes of the

airshed

significant diurnal and seasonal variations occur in the deposition of trace metals and

atmospheric deposition of metals is a significant component of contaminant loading to

waterbodies in the region relative to other point and nonpoint sources.

Harris and Davidson 2005 have reported that traditional sources of lead to the south coast

air basin of California accounted for less than 15 percent of the lead exiting the basin each
year.

They resolve this difference by considering that lead particles deposited during the years of

leaded gasoline use are resuspended as airborne lead at this time some decades after their

original deposition. This result indicates that lead levels in the soil will remain elevated for

decades and that resuspension of this lead will remain a major source of atmospheric lead well

into the future.

Sabin et al. 2005 assessed the contribution of trace metals chromium copper lead

nickel and zinc from atmospheric deposition to stormwater runoff in a small impervious urban

catchment in the Los Angeles area. Dry deposition contributed 90 percent or more of the total

deposition inside the catchment indicating the dominance of dry deposition in semi-arid regions

such as Los Angeles. Deposition potentially accounted for from 57 to 90 percent of the total

trace metals in stormwater in the study area demonstrating that atmospheric deposition can be an

important source of trace metals in stormwater near urban centers.

SanFrancisco

Dissolved copper is toxic to phytoplankton the base of the aquatic food chain. Copper and

other metals are released in small quantities when drivers depress their brakes. The Brake Pad

Partnership http//www.suscon.org/brakepad/index/asp has conducted studies to determine how

much copper is released as wear debris and how it travels through the air and streets to surface

waters. A comprehensive and complex model of copper loads to and of
transport

and reactions

in San Francisco Bay was developed Yee and Franz 2005. Objectives were to provide daily

loadings of flow TSS and copper to the bay and to estimate the relative contribution of brake

pad wear debris to copper in the bay. The modeling results Rosselot 2006a indicated that an

estimated 47000 kg of copper was released to the atmosphere in the Bay Area in 2003. Of this
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amount 17000 kg Cu/yr was dry-deposited in subwatersheds 3200 kg Cu/yr was wet-deposited

in subwatersheds 1200 kg Cu/yr was dry-deposited directly to bay waters and 1300 kg Cu/yr

was wet-deposited directly to bay waters. The remaining 24000 kg Cu/yr remained airborne

until it left the Bay Area. The contribution of copper from brake pads to the bay is estimated to

range from 10 to 35 percent of the total copper input with the best estimate being 23 percent

Rosselot 2006ab.

Washington D.C. Metropolitan Area

Schueler 1983 investigated the atmospheric deposition of several contaminants in

Washington D.C. and its surrounding areas in the
early

1980s. The contaminants assessed

included trace metals cadmiumcopper iron lead nickel and zinc nutrients nitrogen and

phosphorus solids and organics as measured
collectively by BOD and COD. Dryfall solids

loading increased progressively from rural to urban sites. A similartrend was observed for total

phosphorus total nitrogen and trace metal dry deposition rates. Wet deposition rates exhibited

few consistent regional patterns.

The relative importance of wet and dry deposition varied considerably with each

contaminant and each site. For example most of the nitrogen was supplied by wet deposition

while most of the phosphorus was delivered via dry deposition. If a contaminant is deposited

primarily by wet deposition it is likely that a major fraction of it will be rapidly entrained in

urban runoff.

Atmospheric sources were estimated to contribute from 70 to 95 percent of the total

nitrogen load to urban runoff and 20 to 35 percent of the total phosphorus load. Overall

atmospheric deposition appeared to be a moderate source of pollutants in urban runoff.

However with the exception of nitrogen atmospheric deposition was not the major source.

Average annual atmospheric deposition rates suggested a general trend toward greater

deposition rates from rural to suburban to urban sites. This
pattern was most pronounced for dry

deposition. Wet deposition was the most important deposition mechanism for total nitrogen

nitrate organic nitrogen COD copper and zinc. Drydeposition was most important for most

soil-related constituents such as total solids iron lead total phosphorus and orthophosphate.

Measurements of rainfall pH showed median values between 4.0 and 4.1 at all stations and

during all seasons. Increased mobilization of trace metals from urban surfaces caused by acid

rain was noted at several monitoring sites.

Relationships between atmospheric deposition rates and the quality of urban stormwater

are complex and cannot be generalized regionally or temporally. Site-specific measurements or

reliable estimates of 1 contaminant sources 2 atmospheric particle size and contaminant

concentrations 3 deposition rates and mechanisms 4 land surface characteristics 5 local

and regional hydrology and meteorology and 6 contaminant concentrations in stormwater are

needed to assess management decisions to improve stormwater
quality. Transportation is a

major source of metals lead in gasoline zinc in tires copper in brake pads. The results of the

modeling of copper in San Francisco and its watershed demonstrate the feasibility of modeling
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the impact of a source in this case copper input by atmospheric deposition on water quality in a

receiving waterbody.

BIOLOGICAL RESPONSES TO URBANIZATION

As discussed in Chapter 1 the biological integrity of aquatic ecosystems is influenced by
five major categories of environmental stressors 1 chemical 2 hydrologic 3 physical e.g.
habitat 4 biological e.g. disease alien species and 5 energy-related factors e.g. nutrient

dynamics. Recent studies on biological assemblages in urban or urbanizing waters have begun
to examine how stormwater stressors limit biological potential along various urban gradients

Horner et al. 2003 Carter and Fend 2005 Meador et al. 2005 Barbour et al. 2008 Purcell et

al. in press. Advances in biological monitoring and assessment over the past two decades have

enabled much of this research. Today many states and tribes use biological data to directly

measure their aquatic life beneficial uses and have developed numeric biocriteria that are

institutionalized in their water quality standards. Most of these approaches compare biology and

stressors to suites of reference sites Hughes 1995 Stoddard et al. 2006 which can vary from

near-pristine areas to agricultural landscapes. While this section focuses on streams because of

the wealth of data similarwork is being performed on other waterbody types such as wetlands

Mack and Micacchion 2007 and estuaries both of which are susceptible to stormwater

pollutants such as metals because of their depositional nature Morrisey et al. 2000.

Aquatic life beneficial uses are based on achieving aquatic potential given feasible

restorative actions. Because such potential may vary substantially across a region depending on

land use and other factors some states have adopted tiered aquatic life uses see Box 2-1. The

potential of many urban streams is likely to be something less than biological integrity the
ultimate goal of the CWA or even fishable-swimmable goals which are the interim goals of

the CWA. Indeed there is a near-universal negative association between
biological

assemblages in streams and increasing urbanization to the extent that it has been termed the

Urban Stream Syndrome Walsh et al. 2005. Recent investigations that have quantified the

responses of macroinvertebrates and other
biological assemblages along multiple measures of

urban/stormwater stressors have discussed how best to set aquatic life goals for urban streams

Booth and Jackson 1997 Bernhardt and Palmer 2007. One of the most important

contributions to this debate has been the development of the Biological Condition Gradient

BCG concept by EPA. The BCG is an attempt to anchor and standardize
interpretations of

biological conditions and to unify biological monitoring results across the United States in order

to advance the use of tiered aquatic life beneficial uses. This section summarizes the

characteristic biological responses to urban gradients within the framework of the BCG and it

reviews evidence of
biological responses within the aforementioned five major categories of

environmental stressors.

Biological Condition Gradient

The BCG framework is an ecological model of how structural and functional components
of biological assemblages change along gradients of increasing stressors of many kinds Davies
and Jackson 2006. Ecological systems have some common general attributes related to their
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structure and function that form the basis for how biological organisms respond to stressors in

the environment. Over the past 20 years development of biological indicators nationwide has

taken advantage of these repeatable biological responses to stress however state benchmarks

often have varied substantially even between adjacent states. To gain consistency the EPA
convened a national workgroup of EPA Regions States and Tribes to develop the BCG-a
standardized nationally applicable model that defines important attributes of biological

assemblages and describes how these attributes change along a gradient of increasing stress from

pristine environments to severely impaired conditions Figure 3-30 Davies and Jackson 2006.

The goals of this work were to improve national consistency in the rating and application of

biological assessment tools for all types of waterbodies and to provide a baseline for the

development of tiered aquatic life uses.

The Biological Condition Gradient Biological Response to

Increasing Levels of Stress

Levels of Biological Condition

Natural structural functional and x. r
t
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Structure function similar to natural

community with some additional taxa

y
fully

stem level functions arebioma
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ecos
d.

Evident
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ýiMd 5 r
conspicuously unbalanced distribution
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Watershed habitat flow regime Chemistry habitat and/or flow

and water chemistry as naturally regime severely altered from

occurs. natural conditions.

FIGURE 3-30 The Biological Condition Gradient BCG and summaries of biological condition

along tiers of this gradient. SOURCE Modified from Davies and Jackson 2006 by EPA.
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To date the BCG has been applied to assemblages including aquatic macroinvertebrates

fish Unionid mussels and algae in streams but it could be applied to any organism group in any

type of waterbody. The BCG is derived by applying a suite of ten ecological attributes that

allows biological condition to be interpreted independently of assessment method Table 3-11

Davies and Jackson 2006. The first five attributes focus on taxa sensitivity an important

component of tools such as multimetric indices e.g. the Index of Biotic Integrity IBI the

Invertebrate Community Index ICI see Box 2-3 used in the United States and Europe. Many
indicator taxa have been widely studied and for groups such as fish historical data often exist.

Most states have established lists of tolerant and intolerantspecies as part of their use of

biological indices Simon and Lyons 1995. The relatively large literature on species population

and distribution changes in response to stressors and landscape condition offers insight into the

mechanisms for population shifts some of which are summarized in this section.

The first two attributes of the BCG relate to those streams that are closest to natural or

pristine with most taxa as naturally occur. Attribute 1 and 2 taxa are the most sensitive

species that typically disappear with even minor stress. Table 3-12 lists some example attribute

1 taxa for four different regions of the United States. Attribute 3 reflects more ubiquitous but

still sensitive species that can provide information as human influence on the landscape becomes

more obvious but is not yet severe. Attributes 5 and 6 are taxa that increase in abundance and

distribution with increasing stress. The organism condition attribute 7 includes the presence of

anomalies e.g. tumors lesions eroded fins etc. or the presence of large or long-lived

individuals in a population. Most natural streams typically have few or incidental rates of

anomalies associated with disease and stress. Natural waterbodies. typically
also have the

entire range of life stages present as would be expected. However as stress is increased larger

individuals may disappear or emigrate or reproductive failure may occur. Ecosystem function

attribute 8 is very difficult to measure directly Davies and Jackson 2006. However certain

functions can be inferred from structural measures common to various multimetric indices

examples of which are listed in Table 3-13. The last two attributes 9 and 10 may be of

particular importance with regard to stormwater and urban impacts. Cumulative impacts are a

characteristic of urbanization and
biological organisms typically integrate the effects of many

small insults to the landscape. Additionally most natural systems often have strong

connectance such that aquatic life often has stages that rely on migrating across multiple types

or sizes of waterbodies. Urbanized streams can decrease connectance by creating migration

blocks including vertical barriers at road crossings and small dams Warren and Pardew 1998.

TABLE 3-11 Ecological attributes that comprise the basis for the BCG

1. Historically documented sensitive long-lived or regionally endemic taxa

2. Sensitive-rare taxa

3. Sensitive-ubiquitous taxa

4. Taxa of intermediate tolerance

5. Tolerant taxa

6. Non-native or introduced taxa

7. Organism condition

8. Ecosystem functions

9. Spatial and temporal extent of detrimental effects

10. Ecosystem connectance
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TABLE 3-12 Example of Taxa that Might Serve as Attribute 1 Historically Documented

Sensitive Long-Lived Regionally Endemic Taxa for Streams in Four Regions of the United

States

State tad taxon Taxes representative of Attribute I

Maine

Mollusks brook floater Alasntatonta mricaea triangle
floater Alasntodonta tndldaia yellow ltmpmussel

Lanpsilic cariosa

Fishes brook stickleback Culaea incoastaac sump darter Etheostrxtta frrsiforme

Washington

Fishes steelhead Oncorlijuichirsinivkiss

Amphibians spotted frog Rana pretiosa

Arizona

Mollusks spring snails Prrgulopsis pp.
Fishes Gila trout Oncorltntclttts gilae Apache trout Oncorltvncltuc apache cutthroat trout endemic

strains Oncorlirnchus clarki

Amphibians Chihuahua leopard frog Rana rhiricahitenris

Kansas

Molluskst hickorynut Oborariaalirario black sandshell Ligunda recta ponderous eampeloma Carnpdonta

eracstdunr

Fishes Arkansas River shiner Notrtfis girardi Topeka shiner Notropis topeka Arkansas darter

Eilrco.stonta era gin Neosho madtom Aronrrus placidus fathead chub Plotvgobio gracilLsa

Other invertebrates ringed crayfish Orconectec neglecttcs neglertas Plains sand-burrowing mayfly Hontoeoncnria

anntopltila

Amphibians Plains spadefoot toad Spec bonlbifrons Great Plains toad BIJo rognatuc Great Plains

narrowmouth toad Gaurophrvuc oliraceae Plains leopard frog Rana blairt

t Although not truly endemic to the central plains.these regionally extirpated mollusks were widely distributed in eastern

Kansas prior to the onset of intensive agriculture.

SOURCE Table 7 from Davies and Jackson 2006. Reprinted with permission from Davies and

Jackson 2006. Copyright 2006 by Ecological Society of America.

TABLE 3-13 Function Ecological Attributes or Process Rates and Their Structural Indicators

Biotic level and function

or process Structural indicator

Individual level

Fecundity Maximum individual sin number of
eggs

Growth and metabolism Length/mass condition

Morbidity Pervcntage anomalies

Population level

Growth and fecundity tensity

Mortality Size- or age-class distribution

Production Biomass standing crop catch
per

unit elton

Sustainability Size- or ate-class distrbution

Migration reproduction Presence or absence. density

Community or assemblage level

Produclionrcspiration ratio Truphie guilds indicator species

autotrophy vs. heterotrophy

Primary production Biomass. ash-fret dry mass

Ecosystem level

Connectivity Degree of aquatic and riparian fragmentation

longitudinally vertically and horizontally presence or

absence of diadromous and poladromous species

SOURCE Table 4 from Davies and Jackson 2006. Reprinted with permission from Davies and

Jackson 2006. Copyright 2006 by Ecological Society of America.
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Construction of a BCG creates a conceptual framework for developing stressor-response

gradients for particular urban areas. The initial work done to develop the BCG derived a series

of six tiers to describe a gradient of
biological condition that is anchored in pristine conditions

as naturally occurs and that extends to severely degraded conditions see Figure 3-30.

Exercises done by the national work group to derive such a gradient for macroinvertebrates in

wadeable streams showed strong consistency in assigning tiers to datasets using the descriptions

of taxa for each attribute along these gradients Davies and Jackson 2006. Substantial data

already exist to populate many of the attributes of the BCG and to provide mechanistic

underpinning for the expected directions of change.

The BCG is not a replacement for assessment tools such as the IBI or multivariate

predictive models e.g. RIVPACS approach but rather a conceptual overlay for characterizing

the anchor point-of-reference conditions and a consistent way to communicate biological

condition along gradients of stress. As such it has strong application to understanding

stormwater impacts and to communicating where a goal is located along the gradient of

biological condition. While most urban goals may be distant from pristine or natural the

BCG process can dispel misconceptions that alternate urban goals are dead streams or unsafe

in some manner.

Factors Limiting Aquatic Assemblages in Urban Waters

A slew of recent investigations have quantified the responses of macroinvertebrates and

other biological assemblages to multiple measures of urbanization and to stormwater in

particular. One important conclusion of some of this work is that declines in the highest

biological condition start with low levels of anthropogenic change e.g. 5 to 25 percent

impervious surface higher levels of urbanization severely alter aquatic conditions Homer et al.

2003. This has important consequences for protecting sites with the highest biological integrity

as they may be among the most vulnerable. The non-threshold nature of this aquatic response

and the typical wedge-shaped response to multiple stressors by aquatic assemblages are

discussed in Box 3-9.

The sections that follow review the evidence underlying biological responses to each of

the major categories of stressors chemical hydrologic physical habitat biological andenergy-related
factors. As will be evident in some of the examples the stressors themselves can interact

e.g. flow can influence habitat habitat can influence energy processing etc. which increases

the complexity of understanding how stormwater affects aquatic ecosystems.

Biological Responses to Toxic Pollutants

The chemical constituents of natural streams vary widely with climatic region stream

size soil types and geological setting. Most small natural streams outside of unique areas wth

naturally occurring toxicants have very low levels of chemicals considered to be toxicants and

have relatively low levels of dissolved and particulate materials in
general.

This applies to

chemicals in the water column and in sediments. Increasing amounts of impervious surface in

the watershed typically increase the concentrations of many chemical parameters in runoff

derived from urban surfaces e.g. Porcella and Sorenson 1980 Sprague et al. 2007.
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BOX 3-9

Non-threshold Nature of the Decline of Biological

Assemblages Along Urban Stressor Gradients

Several recent surveys have demonstrated that biological assemblages begin to decline in

condition with even low levels of urban disturbance as measured by various gradients of urbanization

e.g. May 1996 Horner etal. 1997 May et al. 1997 Horner et al. 2003 Moore and Palmer 2005
Barbour.et aL 2008. This box summarizes the work of Horner et al. 2003 in small streams in.three

regions Montgomery County Maryland Austin Texas and the Puget Sound area of Washington

Geographic Information System GIS analyses using information such as land use total impervious area

and riparian land use were used to develop multi-metric Watershed Condition IndicesWCIs for each

region These in turn were related to fish and macroinvertebrate indices e.g. benthic IBIS B-IBIall

three regions a fish IBI F-IBI for Maryland and an index that was the ratio of the sensitive coho salmon

to the more tolerant cutthroat trout in collections for the Puget Sound lowland area

In each .o these areas no. or. extremely low. urban development substantial forest cover and

minimal disturbance of riparian zones characterized sites with the highest biological scores but these

conditions did not guarantee high scores because other impacts could limit. biology even with these

natural characteristics. In all three regions high urbanization and loss of. natural cover always led to

biological.degradation Figures 3-31 and 3-32. The results of this study were similar to other recent

studies such as Barbour etal. 2008 that identify a wedge-shaped relationship or a polygonal

relationship Carter and Fend 2005 between urban gradients and biological condition These types of

relationships have also been termed factor-ceiling relationships Thomson et al. 1996. The outer

surface of these wedges or polygons reflects where the urban gradients limit biological assemblages
such that points below this surface typically represent sites affected by otherstressors e.g. combined

sewer overflows discharges etc In all of.these studies it iseasier to predict.loss of biological

conditions asthe urban gradients e gWCI worsen than it is to ensure high biological integrityat low

proportions of urban stress because some other stressor maystill limit aquatic condition.
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Austin Texas left and Montgomery County Maryland right. SOURCE Horner et al. 2003
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BOX 3 9 Continued
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SOURCE Horner et al 2003

Horner etal 2003 also-focused on whether structuraKSCMs_could moderate the effects of

urbanization on biological assemblages. They made detailed observations of two subbasins in thePuget

Sound lowland area one with a greater degree of

stormwatermanagementthantheotheralthouga-neitherhad what would be considered comprehensive stormwater managementwithFa focus on water
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Stormwater concentrations of these pollutants can be variable and sometimes extreme or toxic

depending on the timing of flows e.g. first flush although concentrations at base flows may
not routinely exceed water quality benchmarks Sprague et al. 2007. Historical deposition of

toxics in sediments can also be responsible for extremely high pollutant concentrations within

waterbodies even though the stormwater discharges may no longer be active. These situations

have been termed legacy pollution and are most commonly associated with urban centers that

have a history of industrial production.

Natural constituents such as dissolved materials e.g. chlorides particulate material

e.g. fine sediments nutrients e.g. phosphorus and nitrogen compounds as well as a myriad

of man-made parameters such as heavy metals and organic chemicals e.g. hydrocarbons

pesticides and herbicides have been documented to be increased and at times pervasive in

stormwater Heany and Huber 1984 Paul and Meyer 2001 Roy et al. 2003 Gilliom et al.

2006 although specific patterns of concentrations can vary with region and ecological setting

Sprague et al. 2007. Water chemistry impacts can also arise from a complex array of

permitted discharges storm sewer discharges and combined sewer overflows that are treated to

certain limits but at times fail to remove all constituents from flows especially when associated

with storm events Paul and Meyer 2001.

Streams in urban settings can have increases in toxicant levels compared to background
concentrations. In many instances these cases have been associated with loss of aquatic species

and impairment of aquatic life goals EPA 2002a which are usually explained in terms of

typical lethal responses. The complexity of urban systems with regard to pathways magnitude

duration and timing of toxicity as well as possible synergistic or antagonistic effects of mixtures

of pollutants argues for a broad approach to characterizing effects including not only toxicity

testing but also novel approaches and direct monitoring of biological assemblages Burton et al.

1999. What is problematic from a traditional management perspective is that aquatic

communities may decline before exceedances of water quality criteria are evident May et al.

1997 Homer et al. 2003.

The first three BCG attributes focus on populations of species of high to very high

sensitivity most of which are uncommon or absent in waters with any substantial level of

urbanization. Multi-metric indices such as IBI which reflect loss of these species decline at

least linearly with increasing urbanization e.g. Miltner et al. 2004 Meador et al. 2005 Walters

et al. 2005. Although toxicity to compounds varies with species many species of federal and

state endangered and threatened aquatic species are more sensitive than commonly used test

species Dwyer et al. 2005 such that the loss of aquatic species when toxicant levels exceed

criteria are readily explained.

The mechanisms of species population declines in response to chemical contaminants are

likely complex and not just limited to direct lethality of the pollutant. Indeed initial chemical

changes may have no toxic effects but rather could change competitive and trophic dynamics

by changing primary production and energy dynamics in streams. For example exposures to

aromatic and chlorinated organic compounds from sediments derived from urban areas have

been found to increase the
susceptibility of salmonids to the bacterial pathogen Vibrio

anguillarum Arkoosh et al. 2001. Recent work has found that salmonids show substantial

behavioral changes from olfactory degradation related to copper at concentrations as low as 2

.tg/ well below copper water quality criteria and above levels measured in moststormwater-affectedstreams Hecht et al. 2007 Sandahl et al. 2007. Salmonid and other fish depend

extensively on olfactory cues for feeding emigration responding to prey and predators social
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and spawning interactions and other behaviors such that loss or diminution of such cues may
have population-level effects on these species Sandahl et al. 2007. Copper has been shown to

cause olfactory effects on other species Beyers et al. 2001 and to impair the sensory ability of

the fish lateral line Hernandez et al. 2006 which is nearly ubiquitous in fishes and important

for most freshwater species in feeding schooling spawning and other behaviors.

Whole effluent
toxicity testing or sediment

toxicity testing may misclassify the effects of

runoff and effluents in urban
settings Burton et al. 1999. Short-term toxicity tests of

stormwater often result in no identified
toxicity. However longer studies e.g. 30 days have

shown increasing toxicity with time Masterson and Bannerman 1994 Ramcheck and

Crunkilton 1995. This suggests that the mechanism of
toxicity

could be through an ingestion

pathway for example rather than
gill uptake. Metals are often in high concentrations where fine

sediments accumulate and their legacy can extend past the time period of active discharge.

Metal concentrations in urban stream sediments have been associated with high rates of fish and

invertebrate anomalies such as tumors lesions and deformities Burton 1992 Ingersoll et al.

1997 Smith et al. 2003.

Biological Responses to Non-Toxicant Chemicals

Non-toxic chemical compounds that occur in stormwater such as nutrients dissolved

oxygen DO pH and dissolved solids as well as physical factors such as temperature can have

impacts on aquatic life. The effects of some of these compounds e.g. DO pH have been well

documented from other impacts e.g. wastewater mining such that nearly all states have

developed water quality criteria for these parameters. For example nutrient enrichment in

stormwater runoff has been associated with declines of biological condition in streams Miltner

and Rankin 1998. Chloride sulfate and other dissolved ions that are often elevated in urban

areas can have effects on osmoregulation of aquatic organisms and have been associated with

loss of species sensitive to dissolved materials such as mayflies Kennedy et al. .2004 The

concentrations of these compounds can vary regionally Sprague et al. 2007 and with the

degree of urbanization.

Water quality criteria for temperature were spurred by the need for thermal permits for

industrial and power plant cooling water discharges. There is a very large literature on the

importance of water temperature to aquatic organisms preference avoidance and lethal

temperature ranges have been derived for many aquatic species e.g. Brungs and Jones 1977

Coutant 1977 Eaton et al. 1995. In addition temperature is one of the key classification strata

for aquatic life in that streams are routinely classified as cold water cool water or warm water

based on the geographic and natural
settings of waters. The removal of catchment and riparian

vegetation and the general increase in surface runoff from impervious man-made andheat-capturingsurfaces has been associated with increasing water temperatures in urban waterbodies

Wang and Kanehl 2003 Nelson and Palmer 2007. A number of researchers have created

models to predict in-stream temperatures based on urban characteristics Krause et al. 2004
Herb et al. 2008.
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Hydrologic Influences on Aquatic Life

The importance of natural flow regimes on aquatic life has been well documented Poff

et al. 1997 Richter et al. 1997a 2003. As watersheds urbanize flow regimes change from

little runoff to over 40 to 90 percent of the rainfall becoming surface runoff Roesner and

Bledsoe 2003. Flow regimes in urban streams typically are very flashy with higher and

more frequent peak events compared to undisturbed systems Poff et al. 1997 Baker et al.

2004 and well as reduced base flows and more frequent desiccation Bernhardt and Palmer

2007. Richter et al. 1996 proposed a series of indicators that could be used to measure

hydrologic disturbance many of which have been used in the recent studies identifying the

hydrologic effects of stormwater on aquatic biota Barbour et al. 2008. Pomeroy et al. 2008
did an extensive review of which flow characteristics appear to have the greatest influence on

biological metrics and biological integrity. No single measure of flow was found to be

significant in all studies however important attributes included flow variability and flashiness

flood frequency flow volume flow variability flow timing and flow duration.

There are a number of mechanisms that may be responsible for the influence of flow

characteristics on aquatic assemblages. Aquatic species vary dramatically in their swimming

performance and behaviors and species are generally adapted to undisturbed flow regimes in an

area. Many low- to moderate-gradient small streams in the United States for example have

strong connections with their flood-prone areas and often possess habitat features that insulate

poor swimming species from episodic natural high flows. Undercut banks rootwads oxbows

and backwater habitats all can act as refugia from high flows. Some aquatic species are more or

less mobile within the sediments like certain macroinvertebrates meiofauna or hyporheos and

fish species such as sculpins and madtoms. Secondary impacts from hydrologic changes such as

bank erosion and aggradation of fines can render substrates embedded and prohibit organisms

particularly the meiofauna from moving vertically within the bottom substrates Schmid-Araya

2000. Substrate fining has been documented to occur with increasing urbanization especially
in

the early stages of development which can embed spawning habitats and eliminate or reduce

spawning success of fish such as salmonids and minnows Waters 1995.

Flood flows can cause mortality in the absence of urbanization. For example flood flows

in streams under natural conditions have been documented as a cause of substantial mortality in

young or larval fish such as smalimouth bass Funk and Fleener 1974 Lorantas and Kristine

2004. Increased flashiness from urbanization is likely to exacerbate this effect. Thus increases

in the frequency of peak flows during spring will increase the probability of spawning failure

such that sensitive species may eventually be locally extirpated. In urban areas culverts and

other flow obstructions can create conditions that may preclude re-colonization of upstream

reaches because weak-swimming fishes cannot move past flow constrictions or leap past vertical

drops caused by artificial structures.

Hydrologic simplification and stream straightening that occur in urban streams often as a

result of increased peak flows or as a local management response typically remove habitat used

as temporary refuges from high flows such as backwater areas undercut banks and rootwads.

There is a large literature relating populations of fish and macroinvertebrates to various habitat

features of streams rivers and wetlands. The first two attributes of the BCG identify taxa that

are historically documented sensitive long-lived or regionally endemic taxa or sensitive-rare

taxa. Many of these taxa are endangered because of
large-scale changes in flow-influenced

habitats that is threats of extinction often center on habitat degradation that influence spawning
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feeding or other aspects of a species life
history Rieman et al. 1993.. In contrast many of the

fish and macroinvertebrate taxa that compose regional lists of tolerant taxa are tolerant to habitat

changes related to flow disturbance as well as chemical parameters. Understanding the life

history attributes of certain species and how they may change with multiple stressors Power
1997 is an important tool for understanding complex responses of aquatic ecosystems to urban

stressors.

Geomorphic and Habitat Influences on Aquatic Life

In natural waters geomorphic factors and climate modified by vegetation and land use

constrain the types of physical habitat features likely to occur in streams Webster and

DAngelo 1997. For example very-low-gradient streams may have few riffles and be

dominated by woody debris and bank cover whereas higher gradient waters may have more

habitat types formed by rapidly flowing waters riffles runs. Aquatic life in streams is

influenced
directly by the habitat features that are present such as substrate types in-stream

structures bank structure and flow types e.g. deep-fast vs. shallow-slow.

As discussed previously human alteration of landscapes encroachment on riparian areas

and direct channel modifications e.g. channelization that acompany urbanization have often

resulted in unstable channels with negative consequences for aquatic habitat. As urbanization

has increased channel density has declined because streams have been piped dewatered and

straightened Meyer and Wallace 2001 Paul and Meyer 2001. Changes in the magnitude

relative proportions and timing of sediment and water delivery have resulted in loss of aquatic

life and habitat via a wide range of mechanisms including changes in channel bed materials

increased suspended sediment loads loss of riparian habitat due to bank erosion and changes in

the
variability

of flow and sediment transport characteristics relative to aquatic life cycles

Roesner and Bledsoe 2003. There.are still significant gaps in knowledge about how

stormwater stressors can affect stream habitat especially as one moves from the reach scale to

the watershed scale. Understanding the stage and trajectory of channel evolution is critical to

understanding channel recovery and expected habitat conditions or in choosing effective

restoration options Simon et al. 2007.

Across much of the United States stream habitats have been altered to the imperilment of

aquatic species Williams et al. 1989 Richter et al. 1997b Strayer et al. 2004. A study of

rapidly urbanizing streams in central Ohio identified the loss of highly and moderately sensitive

species as a key factor the decline in the IBI in these streams Miltner et al. 2004. These

streams had historical fish collections when they were primarily influenced by agricultural land

use sampling after the onset of suburban development documented the loss of many of these

species attributable to land-use changes and habitat degradation along these urban streams.

Along the BCGs that have been developed for streams most of the species in attributes 1-3 are

specialists requiring very specific habitats for spawning feeding and refuge. Habitat alteration

either direct or indirect creates harsh environments that tend to favor tolerant taxa which would

otherwise be in low abundance. Often these tolerant species are characterized by high

reproductive potential generalist feeding behaviors tolerance to chemical stressors such as low

DO and pioneering strategies that allow rapid recolonization following acute stressful events.
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Altered Energy Pathways in Urban Streams

The pathways of energy flow in streams are an important determinant of aquatic species

distributions. In most natural temperate streams headwaters transform and export energy from

stream side vegetation and adjacent land uses into aquatic biomass. The types amount and

timing of delivery of water organic material and debris have important consequences for

conditions downstream Dolloffand Webster 2000. The energy-transforming aspect of stream

ecosystems is difficult to capture directly so most measures are surrogates such as the trophic

characteristics of assemblages and chemical and physical characteristics consistent with natural

energy processes.

An increasingly urban landscape can have a complex array of effects on energy dynamics

in streams Allan 2004. Loss of riparian areas and changes in riparian vegetation can reduce

the supply and quality of coarse organic matter that forms the base of aquatic food webs in most

small streams. The reduction in the amount of organic matter with riparian loss is obvious

however changing species of vegetation e.g. invasion or planting of exotic species can affect

the quality of organic matter and influence higher trophic levels because for example exotic

species may have different nutrient values e.g. C/N ratios trace chemicals or process nutrients

at a different rate Royer et al. 1999. Furthermore native invertebrate taxa may not be adapted

to utilize the exotic material Millerand Boulton 2005. For example changes in leaf species in

a stream may alter the macroinvertebrate community by favoring species that feed onfast-decayingversus slow-decaying leaves Smock and MacGregor 1988 Cummins et al. 1989

Gregory et al. 1991.

Other recent work is examining ways that changes in geomorphology with increasing

urbanization can influence trophic structure in streams Doyle 2006. Groffman et al. 2005
examined nitrogen processing in stream geomorphic structures such as bars riffles and debris

dams in suburban and forested areas. Although suburban areas had high rates of production in

organic-rich debris dams and gravel bars higher storm flow effects in urban streams may make

these features less stable and able to be maintained Groffman et al. 2005. Changes in habitat

and riparian vegetation may greatly alter trophic patterns
of energy transport.

For example local

nutrient enrichments combined with reduced riparian vegetation can result in nuisance algal

growths in waterbodies that are evidence of simpler energy pathways. Corresponding effects are

further water chemistry changes from algal decomposition e.g.. low DO or very high algal

activity e.g. high pH Ehlinger et al. 2004.

The complexity of energy flow through simple ecosystems is illustrated in Figure 3-34 a

simplified food web of a headwater stream published by Meyer 1994. The forms in which

nutrients are delivered to streams may be more important than actual concentrations as well as

the availability of carbon sources essential for nutrient transformation. The nutrient components

that form the base of the food web in Figure 3-34 are the FPOM and CPOM boxes. In many
natural streams woody and leafy debris are the most common form of nutrient input and

changes to urban landscapes often change this to dissolved and finer forms. Urbanization can

also reduce the retention of organic debris of streams Groffman et al. 2005 and the timing of

nutrient delivery. Timing can. be of crucial importance since species spawning and growth

periods may be specifically timed to take advantage of available nutrients.
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FIGURE 3-34 Simplified diagram of a lotic food web showing sources and major pathways of organic

carbon. Dotted lines indicate flows that are a part of the microbial loop in flowing water but not in

planktonic systems. SOURCE Reprinted with permission from Meyer 1994. Copyright 1994 by

Springer.

As important as energy and nutrient dynamics are to stream function many of the stream

characteristics that determine effective energy flow are not typically considered when

characterizing stormwater impacts. The best chance for considering these variables and

maximizing ecosystem function is through integrated biologically based monitoring programs

that include urban areas Barbour et al. 2008 and stressor identification procedures EPA 2000

to isolate likely causes of impact and to inform the choices of SCMs.

Biological Interactions in Urban Streams

Streams in urbanized environments often are characterized by fewer native and more

alien species than natural streams DeVivo 1996 Meador et al. 2005. The influence of exotic

species is not always predictable and may be most severe in lentic environments e.g. wetlands

estuaries and in
riparian zones where various exotic aquatic plants can greatly alter natural

systems in both structure and function Hood and Naiman 2000. Riley et al. 2005 found that

the presence of alien aquatic amphibians was positively related to degree of urbanization as was

the absence of certain native amphibian species.
In a review of possible reasons for this

observation he suggested that altered flow regimes were responsible. In the and California

streams they studied flow became more constant with urbanization i.e. natural streams were

generally ephemeral which allowed invasion by exotic species that can prey on compete with
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or hybridize with native species Riley et al. 2005. The alteration of stream habitat that

accompanies urbanization can also lead to predation by domestic cats and dogs or collection by

humans especially where species e.g. California newts are large and conspicuous Riley et al.

2005.

The effects of
specific

exotic species on aquatic systems has been observed to vary

geographically although recent work has found correlations between total invasion rate and the

number of high-impact exotic species Ricciardi and Kipp 2008. This suggests that overall

efforts to reduce the importation or spread of all alien species should be helpful.

The Role of Biological Monitoring

The preceding sections illustrate the importance of biological data to understanding the

complexities associated with urban and stormwater impacts to waterbodies. Although categories

of urban stressors have been discussed individually these stressors routinely if not universally

co-occur in urban waterbodies. Their cumulative impacts are best measured with biological tools

because the biota integrate the influence of all of these stressors.

Many programmatic aspects of the CWA arose as a response to rather obvious impacts of

chemical pollutants that were occurring in surface waters during this time. The initial focus of

water quality standards was on developing chemical criteria that could serve as engineering

endpoints for waste treatment systems e.g. NPDES permits. Rather general aquatic life goals

for streams and rivers that were suitable for the initial focus of the CWA are now considered

insufficient to deal with the complex suite of stressors limiting aquatic systems. To that end

refined aquatic life goals and improved biological monitoring are essential for effective water

quality management including stormwater issues NRC 2001. Practical biological and physical

monitoring tools have even been developed for very small headwater streams Ohio EPA 2002

Fritz et al. 2006 which are particularly affected by stormwater because of their prevalence

greater than 95 percent of channels their relatively high surface-to-volume ratio their role in

nutrient and material processing and their vulnerability to direct modification such as

channelization and piping Meyer and Wallace 2001.

Surrogate indicators of stormwater impacts to aquatic life such as TSS concentrations

have been widely used because direct biological measures were poorly developed and these

surrogates were assumed to be important to pollutant delivery to urban streams. However

biological assessment has rapidly advanced in many states and can be readily applied or if

needed modified to be sensitive to stormwater stressors Barbour et al. 2008. As Karr and Chu

1999 warned the management of complex systems requires measures that
integrate multiple

factors. Stormwater permitting is no different and care must be taken to ensure that permitting

and regulatory actions retain ecological relevance. Surrogate measures have an essential role in

the assessment of individual SCMs however this needs to be kept in context with the entire

suite of stressors likely to be important to the aquatic life goals in streams.

Stormwater management programs should not necessarily bear the burden of biological

monitoring rather well-conceived biological monitoring should be the prevue of state and local

government agencies as discussed more extensively in Chapter 6. Refined aquatic life goals

developed for all waters including urban waters measured with appropriate biological measures

should be the final endpoint for management. The collection of biological data needs to be

closely integrated across multiple disciplines in order to be effective. Pomeroy et al. 2008
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describe a multidisciplinary approach to study the effects of stormwater in urban settings and

Scholz and Booth 2001 also propose a monitoring approach for urban watersheds. Such efforts

are not necessarily easy and many institutions find pitfalls when trying to integrate scientific

information across disciplines Benda et al. 2002.

EPA water programs such as the Total Maximum Daily Load TMDL program have

been criticized for having too narrow a focus on a limited number of traditional pollutants to the

exclusion of important stressors such as hydrology habitat alteration and invasive taxa Karr

and Yoder 2004-all serious problems associated with stormwater and urbanization. The

science has advanced significantly over the past decade so that biological assessment should be

an essential tool for identifying stormwater impacts and informing the choice of SCMs in a

region or watershed. Although biological responses to stressors in the ambient environment are

by their nature correlative exercises ecological epidemiologyprinciples or stressor

identification methods can identify likely causative agents of impairmentwith relatively high

certainty
in many instances Suter 1993 2006 EPA 2000. Coupled with other ambient and

source monitoring information biological information can form the basis for an effective

stormwater program. As an example Box 3-10 introduces the Impervious Cover Model ICM
which was developed using correlative information on the association between impervious cover

and biological
metrics. The crux of the ICM is that stormwater management is tailored along a

readily measureable gradient impervious cover that integrates multiple individual stressor

categories that would otherwise be overlooked in the traditional pollutant-based approach to

stormwater management. Even the form of the ICM as conceptualized in Figure 3-37 matches

that outlined for the BCG Figure 3-30.. Use of the ICM to improve the MS4 stormwater

program is discussed in Chapter 6.

BOX 3-10

The Impervious Cover Model An Emerging Framework
for Urban Stormwater Management

The Impervious Cover Model. ICM is a management tool that is.usefulfor diagnosing the

severity of .futurestreamprpblem in a subwatershed The ICM defines four categories of urban streams

bassed onhowmuchimperviouscoverexistsin theirsubwatershed high qua/ity streams i pacted.

streams non supporting streams and urban.dra/nage The ICMis then used to develop specific

quantitative or naýýativepredictidns for stream indicators within each streamcategorysee Figure 3 35
These predicUOnsdefiine the seventy ofcurrent stream impacts and the prospectsfor their. future

restoration. Predictions are made for five kinds f urban stream Impacts changes in stream hydrology

alteration of the stream corridor stream habitat degredatýon declining water quality
and loss of aquatic

diversity.

rv

Poo

10% 20% 0% 0% W% 100%

Watershed Impervious Cover

FIGURE 3-35 Changes in Stream. Quality WithPercent Impervious..Coverin the Contributing Watershed. SOURCE
ChesapeakeStormwater Network 2008. Reprinted with permission from Schueler 2008. Copyright 2008 by T.

Schueler.
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BOX 3-10 Continued

The general predictions of the ICM are as follows Stream segments with less than 10 percent

impervious cover IC intheircontributing drainage area continue to function as Sensitive Streams and

are generally able to retain their hydrologic function and support good-to-excellent aquatic diversity.

Stream segments that have 10 to 25 percent ICintheir contributing drainage area behave as Impacted

Streams and show clear signs of declining stream health. Most indicators of stream health will fall in thee.

fairrange although some segments may range from fair. to good as riparian cover- improves.. The decline

in stream quality -isgreatest toward the higher end. of the IC range- Stream. segments that range between

25 and 60percent subwatershed impervious cover are classified as Non-Supporting Streams i.e. no

longer. supporting their designated uses in terms of hydrology channel stability habitat water quality or

biological diversity. These stream segments become so degraded that any future stream restoration or

riparian. cover. improvements are insufficient to fully recover stream function and diversity i.e. the

streams are so dominated by subwatershedI.C that they cannot attain.predevelopment conditions..

Stream segments whose subwatershedsexceed 60 percent IC are physically altered so that they merely

function asaconduit for flood .waters These streams. are classifiedas. Urban. Drainage and consistently

have poor water quality highly unstable channels and very poor habitat and biodiversity scores. In many
cases these urban istream segments are.eliminate altogether by earthworks and/or storm-drain

enclosure. Table 3 14shows in greater detail how stream corridor indicators respond to greater

subwatershed impervious cover

TABLE 3-14General ICM Predictions Based on Urban SubwatershedClassification CWP 2004

Prediction Impacted Non-supporting Urban Drainage

C 11 to 25% 8 C 26 to 60% IC 60%

Runoff as a Fraction of Annual 10 to 20% 25 to 60% 60 to 90%
Rainfall

t

Frequency of Bankfull Flow per 1.5 to 3.per year 3 to 7 per. year. 7 to 10 per year

Year

Fraction ofOriginal Stream 60 to 90% 25 to 60% 10 to 30%.

FNetwork Remaining

Fraction of-Riparian Forest _Buffer 50 to 70% 3.0 to 60% Less than 30%
Intact..

Crossings per Stream Mile. 1 to 2 2 to 10 None left

Ultimate Channel Enlargement 1.5 to 2.5 larger 2.5 to 6 times larger 6 to 12 times larger

Ration
s

Typical Stream Habitat Score Fair but variable Consistently poor Poor often absent

Increased Stream Warming 2 to 4F 4to 8 F. 8 F
Annual Nutrient Load 1 to 2 times higher 2to 4times .highe 4 to 6 times higher .

Wet Weather Violations ofiBacteria Frequent Continuotis Ubiquitous

Standards

Fish Advisories Rare Potentialrisk .o Should be presumed

. i accumulation

Aquatic Insect Diversity - -ý .Fatrýt good F..air ý.. .
Ve

_

oor

FishDiversit Faifto ood Poor.. Very poor

Based on annual stormrunoff coefficient rangesfrom 2 to 5% for_undeveloped streams
Z

Predeveloprr nt bankfull flood frequency is about 0.5 per year or about one bankfull flood every two years
Ultimate stream channel cross-section compared to typical predevelopmentchannei crosssection.

Typical increase in mean summer stream temperature in degrees Fahrenheit. compared with shaded rural stream.

5Annual unit-area .stormwater.phbsphoru and/or nitrogen load produced from a rural subwatershed.

As measured .by benthic index of biotic integrity. Scores for rural.
streams range from good to verygood.

As measured .by..fis index of biotic integrity. Scores for rural streams range from good to verygood.
8 IC is not the strongest indicator of stream health below 10% IC so the sensitive streams category is omitted from this table.

SOURCE Adapted from CWP 2004.
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BOX 3-10 Continued

Scientific Support for the /CM

The ICM predicts that hydrological habitat water quality and biotic indicators of stream health

first begin to decline sharply at around 10
percent total IC in smaller catchments Schueler 1994. The

ICM has since been extensively tested in ecoregions around the United States and elsewhere with more

than 200 different studies confirming the basic model for single stream indicators or groups of stream

indicators CWP 2003 Schueler 2004. Several recent research studieshave reinforced the ICM as it is

applied to first- to third-order streams Coles et at. 2004 Horner et al. 2004 Deacon et al.2005.

Fitzpatrick et al. 2005 King et al 2005 McBride and Booth 2005 Cianfrina et al. 2006 Urban et.al.

2006 Schueler et al. 2008.

Researchers have focused their efforts to define the specific thresholds where urban stream

degradation first begins. There is robust debate as to whether there is a sharp initial threshold or merely

a continuum. of degradation as IC increases although the latter ismore favored. There is much less

debate however about the dominant role of IC in defining the hydrologic habitat water quality and

biodiversityexpectations for streams with higher levels of IC 15 to 60 percent.

Caveats to the /CM

The ICM is a powerful predictor of urban stream quality when used. appropriately. The first caveat

is that subwatershed IC is defined as total impervious area TIA and not effective impervious area EIA.

Second the ICM should be restricted to first to third-order alluvial streams with moderate gradient and no

major point sources of.pollutant discharge. The ICM is most useful in projecting the behavior of

numerous stream health indicators and it is not intended to be accurate for every individual stream

indicator In addition management practices in the contributing catchment or subwatershed must not be

poor e.g. no deforestation acid mine drainage intensive row crops .et just because a subwatershed.

has less than 10 percent IC does not automatically mean that it will have good or excellent stream quality..

if. past catchment management practices were poor.

ICM predictions are general and may not apply to every stream within the proposed

classifications. Urban streams are notoriously variable and factors such as gradient stream order

stream type age of subwatershed development and past land use can and will make some streams

depart from these predictions. Indeed these outlier streams are extremely interesting from the

standpoint of restoration. In general subwatershed ICcauses a continousbut variable decline inmost

stream corridor indicators. Consequently the severity of individual indicator impacts tends to be greater

at the upper end of the IC range for each stream category.

Effects of Catchment Treatment on the 1CM

Most studies that investigated the ICM were done rncommunifies with some degree of catchment

treatment e.g.stormwater management or stream buffers. Detecting the effect of catchment treatment

on the ICMinvolves a very complex and difficult paired watershed design. Very few catchments meet the

criteria for either full treatment orthe lack of it no two catchments are ever really identical and individual

catchments exhibit great variability from year to year. Not surprisingly_the first generation of research

studies has produced ambiguous results Forexample seven research studies showed that ponds and

wetlands are-unable to prevent the degradation of-aquaticlife in downstream channels associated with

higher levels of IC Galli 1990 Jones et fl. 1996 Horrier and-May 1999.Maxted 1999 MNCPPC
2000 Horner et al. 2001 Stribling et al. 2001. The primary reasons cited are stream warming

amplified by.ponds changes in organic matter processing the increased. runoff volumes delivered to

downstream channels and habitat degradation caused by channel enlargement.
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BOX 3-10 Continued

Riparian forest cover is defined as canopy cover within 100 meters of the stream and is

measured as the percentage of the upstream networkin this condition. Numerous researchers have

evaluated therelative Impact of riparian forest cover and IC on stream geomorphology aquatic insects

fish assemblagesand various Indices of biotic integrity As agroup the studies suggest that indicator.

values for.. urban streams improve when riparian forest cover is. retained over at least ý50 to 75 percent of

the length of the upstream network Booth et al. 2002 Morley_and Karr 2002 Wang et al. .200 Allan

2004 Sweeney et al 2004 Moore and .Palme 2005 Clanfrina et al. 2006Urban et xl. 2006.

Application of the 1CM to.other Receiving Waters

Recent research has focused on the potential value of the.ICM in..predicting the future quality of

receiving waters such as tidal coves lakes wetlandsand.srhall estuaries. The primary work. on small

estuariesby Holland et al. 2004 references cited Irt CWP 2003 Lerberg et al. 20004indicates that

adverse changes in pt ysrcalý sediment and waterqualityvariables can be detected at 10 to 20 percent

percentIC. Thesubwatershed IC with a clear biological response observed in the range of 20 to 30

primary physical changes involve greater. salinity fluctuations .greate sedimentation and greater pollutant

contamination of sedime nts.The biological response includes declines in. diversity of benthic

macrornve rtebrates shrimp andfnfish

More recent work by king et al.2005 report ed a biological response for coastal plain streams at

around 21 to32 percent urban development which is usually about twice as high as IC. The thresholds

for important water quality indicators such as bacterial exceedances in shellfish beds and beaches

appears tobegin atabout 10.percent subwatershed IC with chronic violations observed at 20 percent IC

Mallin etal.-2001..Algal.blooms and anoxia resulting from nutrient enrichment by stormwater runoff

also are routinely
%noted at 10 to 20 percent subwatershed ICMallin et al 2004

The primary. to be drawn from the existing science is that the ICM does apply to tidal

coves and streams butthat the impervious levels associated withparticular biological responses appear

to be higher 20 to 30 percent.ICfor significantdeclines than for freshwater streams presumablydue to

their_greater tidal mixing-and inputs from near shore ecosystems The- ICMmay also apply to lakes

CWP22003 and freshwater wetlands Wnght et al2007 under carefully defined conditions. The initial

conclusion is thatthe application of the.ICM shows promise under special conditions but more controlled

research is needed to determine ifIC or other. watershed metrics. isuseful in forecasting receiving
water

quality conditions.

Utility of the 1CM in Urban Stream Classification. and Watershed Management

The ICM is best used as an urban stream classification tool to set reasonable expectations. for the

range of likely stream quality indicators. e.g. physicalhydrologic water quality habitat and biological

diversity over broad ranges ofrsubwatershed IG In particular- it helpsdefine general thresholds where

water quality standardsorblologlcal narrative conditions cannot be consistently met during wet weather

conditions see Table 6 2 These predictionsihelp stormwatermanagers and regulators to devise

appropriate and geographically explicit stormydeer management and subwatershed restoration strategies

for. theircatchmehts as part ofMS4 permit compliance. More specifically assuming that local monitoring

data are.available to. confirmthegeneral -predictions ofthe.ICM it enables managers to manage
stormwaterwithin the context of current and future watershed conditions.
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Human Health Impacts

Despite the unequivocal evidence of ecosystem consequences resulting from urban

stormwater a formal risk analysis of the human health effects associated with stormwater runoff

is not yet possible. This is because 1 many of the most important waterborne pathogens have

not been quantified in stormwater 2 enumeration methods reported in the current literature are

disparate and do not account for particle-bound pathogens and 3 sampling times during storms

have not been standardized nor are known to have occurred during periods of human exposure.

Individual studies have investigated the runoff impacts on public health in freshwater Calderon

et al. 1991 and marine waters Haile et al. 1999 Dwight et al. 2004 Colford et al. 2007.

Although these studies provide ample evidence that stormwater runoff can serve as a vector of

pathogens with potential health implications for example Ahn et al. 2005 found that fecal

indicator bacteria concentrations could exceed California ocean bathing water standards by up to

500 percent in surf zones receiving stormwater runoff it is difficult to draw conclusive

inferences about the specific human health impacts from microbial contamination of stormwater.

Calderon et al. 1991 concluded that the currently recommended bacterial indicators are

ineffective for predicting potential health effects associated with water contaminated by nonpoint

sources of fecal pollution. Furthermore in a study conducted in Mission Bay California which

analyzed bacterial indicators using traditional and non-traditional methods chromogenic

substrate and quantitative polymerase chain reaction as well as a novel bacterial indicator and

viruses traditional fecal indicators were not associated with identified human health risks such as

diarrhea and skin rash Colford et al. 2007.

The Santa Monica Bay study Haile et al. 1999 indicated that the risks of several health

outcomes were higher for people who swam at storm-drain locations compared to those who

swam farther from the drain. However the list of health outcomes that were more statistically

significant fever chills ear discharge cough and phlegm and
significant respiratory did not

include highly credible gastrointestinal illness which is curious because the vast majority of

epidemiological studies worldwide suggests a causal dose-related
relationship between

gastrointestinal symptoms and recreational water quality measured by bacterial indicator counts

Pruss 1998. Dwight et al. 2004 found that surfers in an urban environment reported more

symptoms than their rural counterparts however water quality was not specifically evaluated in

that study.

To better assess the relationship between swimming in waters contaminated by

stormwater which have not been influenced by human sewage and the risk of related illness the

California Water Boards and the City of Dana Point have initiated an epidemiological study.

This study will be conducted at Doherty Beach Orange County California which is a beach

known to have high fecal indicator bacteria concentrations with no known human source. The

project
will examine several new techniques for measuring traditional fecal indicator bacteria

new species of bacteria and viruses to determine whether they yield a better relationship to

human health outcomes than the indicators presently used in California. The study is expected to

be completed in 2010. In addition the State of California is researching new methods for rapid

detection of beach bacterial indicators and ways to bring these methods into regular use by the

environmental monitoring and public health communities to better protect human health.
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CONCLUSIONS AND RECOMMENDATIONS

The present state of the science of stormwater reflects both the strengths and weaknesses

of historic monodisciplinary investigations. Each of the component disciplines-hydrology

geomorphology aquatic chemistry ecology land use and population dynamics-havewell-tested
theoretical foundations and useful predictive models. In particular there are many

correlative studies showing how parameters co-vary in important but complex and poorly

understood ways e.g. changes in fish community associated with watershed road density or the

percentage of IC. Nonetheless efforts to create mechanistic links between population growth

land-use change hydrologic alteration geomorphic adjustments chemical contamination in

stormwater disrupted energy flows and biotic interactions to changes in ecological

communities are still in development. Despite this assessment there are a number of

overarching truths that remain poorly integrated into stormwater management decision making

although they have been robustly characterized and have a strong scientific basis. These are

expanded upon below

There is a direct relationship between land cover and the biological condition of

downstream receiving waters. The possibility for the highest levels of aquatic biological

condition exists only with very light urban transformation of the landscape. Even then

alterations to biological communities have been documented at such low levels of

imperviousness typically
associated with roads and the clearing of native vegetation that there

has been no real urban development at all. Conversely the lowest levels of
biological

condition are inevitable with extensive urban transformation of the landscape commonly seen

after conversion of about one-third to one-half of a contributing watershed into impervious area.

Although not every degraded waterbody is a product of intense urban development all highly

urban watersheds produce severely degraded receiving waters. Because of the close and to date

inexorable linkage between land cover and the health of downstream waters stormwater

management is an unavoidable offshoot of watershed-based land-use planning or more

commonly its absence.

The protection of aquatic life in urban streams requires an approach that

incorporates all stressors. Urban Stream Syndrome reflects a multitude of effects caused by
altered hydrology in urban streams altered habitat and polluted runoff. Focusing on only one of

these factors is not an effective management strategy. For example even without noticeably

elevated pollutant concentrations in receiving waters alterations in their hydrologic regimes are

associated with impaired biological condition. Achieving the articulated goals for stormwater

management under the CWA will require a balanced approach that incorporates hydrology

water quality and habitat considerations.

The full distribution and sequence of flows i.e. the flow regime should be taken

into consideration when assessing the impacts of stormwater on streams. Permanently
increased stormwater volume is only one aspect of an urban-altered storm hydrograph. It

contributes to high in-stream velocities which in turn increase streambank erosion and

accompanying sediment pollution of surface water. Other hydrologic changes however include

changes in the sequence and frequency of high flows the rate of rise and fall of the hydrograph

and the season of the year in which high flows can occur. These all can affect both the physical
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and biological conditions of streams lakes and wetlands. Thus effective hydrologic mitigation

for urban development cannot just aim to reduce post-development peak flows to

predevelopment peak flows.

A single design storm cannot adequately capture the variability of rain and how that

translates into runoff or pollutant loadings and thus is not suitable for addressing the

multiple objectives of stormwater management. Of
particular importance to the types of

problems associated with urbanization is the size of rain events. The largest and most infrequent

rains cause near-bank-full conditions and may be most responsible for habitat destruction these

are the traditional design storms used to design safe drainage systems. Howevermoderate-sized
rains are more likely to be associated with most of the annual mass discharges of

stormwater pollutants and these can be very important to the eutrophication of lakes and

nearshore waters. Water quality standards for bacterial indicators and total recoverable heavy

metals are exceeded for almost every rain in urban areas. Therefore the whole distribution of

storm size needs to be evaluated for most urban receiving waters because many of these

problems coexist.

Roads and parking lots can be the most significant type of land cover with respect to

stormwater. They constitute as much as 70 percent of total impervious cover in ultra-urban

landscapes and as much as 80 percent of the directly connected impervious cover. Roads tend to

capture and export more stormwater pollutants than other land covers in these highly impervious

areas because of their close proximity to the variety of pollutants associated with automobiles.

This is especially true in areas of the country having mostly small rainfall events as in the

Pacific Northwest. As rainfall amounts become larger pervious areas in most residential land

uses become more significant sources of runoff sediment nutrients and landscaping chemicals.

In all cases directly
connected impervious surfaces roads parking lots and roofs that are

directly
connected to the drainage system produce the first runoff observed at a storm-drain inlet

and outfall because their travel times are the quickest.

Generally the quality of stormwater from urbanized areas is well characterized

with the common pollutants being sediment metals bacteria nutrients pesticides trash

and polycyclic aromatic hydrocarbons. These results come from many thousands of storm

events from across the nation systematically compiled and widely accessible they form a robust

data set of utility to theoreticians and practitioners alike. These data make it possible to

accurately estimate pollutant concentrations which have been shown to vary by land cover and

by region across the country. However characterization data are relatively sparse for individual

industrial operations which makes these sources less amenable to generalized approaches based

on reliable assumptions of pollutant types and loads. In addition industrial operations vary

greatly from site to site such that it may be necessary to separate them into different categories

in order to better understand industrial stormwater quality.

Nontraditional sources of stormwater pollution must be taken into consideration

when assessing the overall impact of urbanization on receiving waterbodies. These

nontraditional sources include atmospheric deposition snowmelt and dry weather discharges

which can constitute a significant portion of annualpollutant loadings from storm systems in

urban areas such as metals in Los Angeles. For example atmospheric deposition of metals is a
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very significant component of contaminant loading to waterbodies in the Los Angeles region

relative to other point and nonpoint sources. Similarly much of the sediment found in receiving

waters following watershed urbanization can come from streambank erosion as opposed to being

contributed by polluted stormwater.

Biological monitoring of waterbodies is critical to better understanding the

cumulative impacts of urbanization on stream condition. Over 25 years ago individual states

developed the concept of regional reference sites and developed multi-metric indices to identify

and characterize degraded aquatic assemblages in urban streams. Biological assessments

respond to the range of non-chemical stressors identified as being important in urban waterways

including habitat degradation hydrological alterations and sediment and siltation impacts as

well as to the influence of nutrients and other chemical stressors where chemical criteria do not

exist or where their effects are difficult to measure directly e.g. episodic stressors. The

increase in biological monitoring has also helped to frame issues related to exotic species which

are locally of critical importance but completely unrecognized by traditional physical monitoring

programs.

Epidemiological studies on the human health risks of swimming in freshwater and

marine waters contaminated by urban stormwater discharges in temperate and warm

climates are needed. Unlike with aquatic organisms there is little information on the health

risks of urban stormwater to humans. Standardized watershed assessment methods to identify

the sources of human pathogens and indicator organisms in receiving waters need to be

developed especially for those waters with a contact-recreation use designation that have had

multiple exceedances of pathogen or indicator criteria in a relatively short period of time. Given

their difficulty
and expense epidemiological studies should be undertaken only after careful

characterization of water quality and stormwater flows in the study area.
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Chapter 4

Monitoring and Modeling

As part of its statement of task the committee was asked to consider several aspects of

stormwater monitoring including how useful the activity is what should be monitored and when

and where and how benchmarks should be established. As noted in Chapter 2 the stormwater

monitoring requirements under the U.S. Environmental Protection Agency EPA stormwater

program are variable and generally sparse which has led to considerable skepticism about their

usefulness. This chapter first considers the value of the data collected over the years by

municipalities and makes suggestions for improvement. It then does the same for industrial

stormwater monitoring which has lagged behind the municipal separate storm sewer system

MS4 program both in requirements and implementation.

It should be noted upfront that this chapter does not discuss the fine details of MS4 and

industrial monitoring that pertain to regulatory compliance-questions such as should the

average end of pipe concentrations meet water quality standards how many exceedances should

be allowed per year or should effluent concentrations be compared to acute or chronic criteria.

Individual benchmarks and effluent limits for specific chemicals emanating from specific

industries are not provided. The current state of MS4 and industrial stormwater monitoring and

the paucity of high quality data are such that it is premature and in many cases impossible to

make such determinations. Rather the chapter suggests both how to monitor an individual

industry and how to determine benchmarks and effluent limits for industrial categories. It

suggests how monitoring requirements should be tailored to accommodate the risk level of an

individual industrial discharger. Finally it makes numerous technical suggestions for improving

the monitoring of MS4s building on the data already submitted and analyzed as part
of the

National Stormwater Quality Database. Policy recommendations about the monitoring of both

industries and MS4s are found in Chapter 6.

This chapters emphasis on monitoring of stormwater should not be interpreted as a

disinterest in other types of monitoring such as biomonitoring of receiving waters precipitation

measurements or determination of land cover. Indeed these latter activities are extremely

important they are introduced in the preceding chapter and they underpin the new permitting

program proposed in Chapter 6 especially biological monitoring. Stormwater management

would benefit most substantially from a well-balanced monitoring program that encompasses

chemical biological and physical parameters from outfalls to receiving waters. Currently

however decisions about stormwater management are usually made with incomplete

information for example there are continued recommendations by many that street cleaning will

solve a municipalitys problems even when the municipality does not have any information on

the sources of the material being removed.

A second charge to the committee was to define the elements of a protocol to link

pollutants in stormwater discharges to ambient water quality criteria. As described in Chapter 3

many processes connect sources of pollution to an effect observed in a downstream receiving

water. More and more these processes can be represented in watershed models which are the

key to linking stormwater sources to effects observed in receiving waters. The latter half of the

chapter explores the current capability of models to make such links including simple models

statistical and conceptual models and more involved mechanistic models. At the present time
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associating a single discharger with degraded in-stream conditions is generally not possible

because of the state of both modeling and monitoring of stormwater.

MONITORING OF MS4s

EPAs regulations for stormwater monitoring of MS4s is very limited in that only the

application requirements are stated see 40 CFR 122.26d. The regulations require the MS4

program to identify five to ten stormwater discharge outfalls and to collect representative

stormwater data for conventional and priority
toxic pollutants from three representative storm

events using both grab and composite sampling methods. Each sampled storm event must have a

rainfall of at least 0.1 inch must be preceded by at least 72 hours of a dry period and the rain

event must be within 50 percent of the average or median of the per storm volume and duration

for the region.
While the measurement of flow is not specifically required an MS4 must make

estimates of the event mean concentrations EMCs for pollutants discharged from all outfalls to

surface waters and in order to determine EMCs flow needs to be measured or calculated.

Other than these requirements the exact type of MS4 monitoring that is to be conducted

during the permit term is left to the discretion of the permitting authority.
EPA has not issued

any guidance on what would be considered an adequate MS4 monitoring program for permitting

authorities to evaluate compliance. Some guidance for MS4 monitoring based on desired

management questions has been developed locally for example see the SCCWRP Technical

Report No. 419 SMC 2004 Model Monitoring Program for MS4s in Southern California.

In the absence of national guidance from EPA the MS4 monitoring programs for Phase I

MS4s vary widely in structure and objectives and Phase II MS4 programs largely
do not

perform any monitoring at all. The types of monitoring typically contained in Phase I MS4

permits include the 1 wet weather outfall screening and monitoring to characterize stormwater

flows 2 dry weather outfall screening and monitoring under illicit discharge detection and

elimination programs 3 biological monitoring to determine storm water impacts 4 ambient

water quality monitoring to characterize water quality conditions and 5 stormwater control

measure SCM effectiveness monitoring.

The Nationwide Stormwater Quality Database

Stormwater monitoring data collected by a portion of Phase I MS4s has been evaluated

for years by the University of Alabama and the Center for Watershed Protection and compiled in

a database called the Nationwide Stormwater Quality Database NSQD. These data were

collected in order to describe the characteristics of stormwater on a national level to provide

guidance for future sampling needs and to enhance local stormwater management activities in

areas with limited data. The MS4 monitoring data collected over the past ten years from more

than 200 municipalities throughout the country have great potential
in characterizing the quality

of stormwater runoff and comparing it against historical benchmarks. Version 3 of the NSQD is

available online at http//unix.eng.ua.edu/-rpitt/Research/ms4/mainms4.shtml. It contains data

from more than 8500 events and 100 municipalities throughout the country. About 5800 events

are associated with homogeneous land uses while the remainder are for mixed land uses.
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The general approach to data collection was to contact EPA regional offices to obtain

state contacts for the MS4 data then the individual municipalities with Phase I permits were

targeted
for data collection. Selected outfall data from the International BMP Database were

also included in NSQD version 3 eliminating any source area and any treated stormwater

samples. Some of the older National Urban Runoff Program NURP EPA 1983 data were

also included in the NSQD along with some data from specialized U.S. Geological Survey

USGS stormwater monitoring activities in order to better represent nationwide conditions and

additional land uses. Because there were multiple sources of information quality assurance and

quality
control reviews were very important to verify the correctness of data added to the

database and to ensure that no duplicate entries were added.

The NSQD includes sampling location information such as city state land use drainage

area and EPA Rain Zone as well as date season and rain depth. The constituents commonly

measured for in stormwater include total suspended solids TSS 5-day biological oxygen

demand BOD5 chemical oxygen demand COD total phosphorus TP total Kjeldahl

nitrogen TKN nitrite plus nitrate N02NO3 total copper Cu total lead Pb and total zinc

Zn. Less information is available for many other constituents including filterable heavy

metals and bacteria. Figure 4-1 is a map showing the EPA Rain Zones in the United States

along with the locations of the communities contributing to the NSQD version 3. Table 4-1

shows the number ofsamples for each land use and for each Rain Zone. This table does not

show the number of mixed land-use site samples. Rain Zones 8 and 9 have very few samples

and institutional and open-space areas are poorly represented. However residential commercial

industrial and freeway data are plentiful except for the few Rain Zones noted above.

Land use has an important impact on the quality
of stormwater. For example the

concentrations of heavy metals are higher for industrial land-use areas due to manufacturing

processes and other activities that generate these materials. Fecal coliform concentrations are

relatively high for residential and mixed residential land uses and nitrate concentrations are

higher for the freeway land use. Open-space land-use areas show consistently low

concentrations for the constituents examined. Seasons could also be a factor in the variation of

nutrient concentrations in stormwater due to seasonal uses of fertilizers and leaf drop occurring

during the fall season. Most studies also report lower bacteria concentrations in the winter than

in the summer. Lead concentrations in stormwater have also significantly decreased since the

elimination of lead in gasoline see Figure 2-6. Most of the statistical tests used are multivariate

statistical evaluations that compare different constituent concentrations with land use and

geographical location. More detailed discussions of the earlier NSQD results are found in

various references including Maestre et al. 2004 2005 and Pitt et al. 2003 2004.

TABLE 4-1 Number of Samples per Land Use and EPA Rain Zone

Single land use 1 2 3 4 5 6 7 8 9 Total

Commercial 234 484 131 66 42 37 64 0 22 1080

Freeways 0 241 14 0 262 189 28 0 0 734

Industrial 100 327 90 51 83 74 146 0 22 893

Institutional 9 46 0 0 0 0 0 0 0 55

Open Space 68 37 0 18 0 2 0 0 0 125

Residential 294 1470 290 122 105 32 532 7 81 2933

Total 705 2605 525 257 492 334 770 7 125 5820

Note there are no mixed-use sites in this table. SOURCE National Stormwater Quality Database.
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FIGURE 4-1 Sampling Locations for Data Contained in the National Stormwater Quality

Database version 3.

How the NSQD can be used to Calculate Representative EMC Values

EMC values were initially
used during the NURP to describe typical concentrations of

pollutants in stormwater for different monitoring locations and land uses. An EMC is intended

to represent the average concentration for a single monitored event usually based onflow-weighted
composite sampling. It can also be calculated from discrete samples taken during an

event if flow data are also available. Many individual subsamples should be taken throughout

most of the event to calculate the EMC for that event. Being an overall average value an EMC

does not represent possible extremes that may occur during an event.

The NSQD includes individual EMC values from about 8500 separate events.

Stormwater managers typically want a representative single value for a land use for their area.

As such they typically evaluate a series of individual storm EMC values for conditions similar to

those representing their site of concern. With the NSQD in a spreadsheet form it is relatively

simple to extract suitable events representing the desired conditions. However the individual

EMC values will likely have a large variability. Maestre and Pitt 2006 reviewed the NSQD
data to better explain the variability according to different site and sampling conditions land use

geographical location season rain depth amount of impervious area sampling methods

antecedent dry period etc.. The most common significant factor was land use with some

geographical and fewer seasonal effects observed. As with the original NURP data EMCs in the

NSQD are usually expressed using medians and coefficients of variation to reflect uncertainty

assuming lognormal distributions of the EMC values. Figure 4-2 shows several lognormal

probability plots for a few constituents from the NSQD. Probability plots shown as straight lines

indicate that the concentrations can be represented by lognormal distributions see Box 4-1.
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BOX 4-1

Probability Distributions of Stormwater Data

The coefficient of variation COV values for many constituents in the NSQD range from

unusually low values of about 0.1 for pH to highs between 1 and 2. One objective of a data analysis

procedure is to categorize the data into separate stratifications each having small variations in the

observed concentrations. The only stratification usually applied is for land use. However further

analyses indicated many differences by geographical area and some differences by season. When

separated into
.
appropriate. stratifications the COV values are reduced ranging between about 0.5 to 1.0.

With a reasonable confidence of 95 percent a 0.05 and power of 8.0. percent 3 0.20 and a suitable.

allowable error goal of 25 percent the number of samples needed to characterize these conditions would

therefore range from. about 25 i650 Burton and Pitt.2002..In a continuing. monitoring program such as

the PhaseI stormwater NationalPollutant.Discharge Elimination System NPDESpermit monitoring

effort characterization data.will improve over.timeas more samples are obtained even with only a few

samples collected each year from each site

Stormwatermanagers have generally accepted the assumption of lognormality of stormwater

constituent concentrations between the 5th and .95t percentiles. Based on this assumption it is common

to use the log-transformed EMC.value to evaluate differences between land-use categories and other

characteristics. Statistical inference. methods such. as estimation and tests of hypothesis and analysis of

variance require statistical information. about the distribution of the EMC values to evaluate these

differences. The use ofthelog-transformed data usually. includes the location and scale parameter but a

lower-bound parameter. is usually neglected

Maestre e2005 conducted.. statistical tests using NSQD data to evaluate the lognormality

ituents. It was found in almost all cases that the log trans formedassumptions of selected common constituents

data followed a s ig

jt

line between thee 5t and 95ý percentile as illustrated in Figure 4-3 for total

dissolved solids DS in residential areas.
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FIGURE.44-3 Probability plot of total dissolved solids in residential land uses NSQD version 1.1 data.
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BOX 4-1 Continued

For many statistical tests focusing on the central tendency such as for determining the

concentrations that are to be used.formass balance calculations this may be a suitable fit. As an

example the modelWi6SLAMM_Pitt -1.986 Pitt and. Voorhees 1995 uses a Monte Carlo component to

describeaherllkelyvariability of stormwater sourceflow pollutant concentrations using either. lognormal or

normal probability distributions foreach constituent However if the most extreme values are of

importance-such as when. dealing with the influence of many non-detectable values on the predicted

concentrations.oidetermining the frequency of observations exceeding a numerical standard abetter

description of the extreme values may be important.

The NSQD contains many factors for each sampled event that likely affect the observed

concentrations. These include such factorsas.seasons geographical zones and. rain intensities. These

factors may affect .th shape of the probability distribution. The only way to evaluate the required number
of samples in each-categoryis by using the power of the test where power is the probability that the test

statistic will lead to a rejection of the null-hypothesis Gibbons and. Chakratiorfi 2003.

In the NSQD most ofthe data were from residential lariduses. The Kolmogorov-Smirnov test

was used .t indicate if the cumulative empirical probability-distribution of the residential stormwater

constituents canbe adequately represented with a lognormal distribution. The number of collected

samples was sufficient todetect if the empiricaldistribution was located inside an interval ofwidth 0.1.

above and...below theestirrtated cumulative probability distribution Ifthe interval was reduced to 0.05 the

power varies between 40 andý65 percent. Another factor that must lie considered isthe importance of

relatively small errors in the .selecteddistributionan the problems of-false-negative determinations. It

maynot be practical to collect as manydata observations as needed when the distributions are close.

Therefore it Is important to understand what types of further statistical and analysis problems may be

caused by having fewer samples than optimal. For example Figure 4-4 total phosphorus in residential

areas shows that most of.the data fall along the straight line indicating a lognormal fit with fewer than

10 observations out of 933 in the tails being outside of the obvious. path of the line or a false-negative

rate of abou b 01 1 percent
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FIGURE 4-4 Normality test for total phosphorus in residential land uses using the NSQD.
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BOX 41 Continued

Further
analyses.to compare the constituent concentration distributions to other common

probability distributions normal lognormal gamma and exponential were also conducted for all land

uses by Maestre et at. 2004. Most of the stormwater constituents can be assumed to follow a lognormal

distribution with little.error. The use of a third parameter in the estimated lognormal distribution may be

needed depending on the. number. of samples. When the number of.samples is large per category

approximately more. than 400 samples. the maximum likelihood and the two-parameter lognormal

distribution better fit the empirical distribution For large sample sizesI the Lmoments method usually

unacceptably truncates the distribution in the lower tail However when the sample size is more
moderate per categoryapproximatelybetween-100 and 400samples the three-parameterlognormal

method estimated by L moments better fts the empirical distribution. When the sample size is small

less than100 samples as is. common -for mosttstormwater programsthe use ofthe.third parameter

does not improve the
fit with theempirical distribution and the common two-parameter lognormal

distribution produces a better fit than the other two methods. The use of the lognormal distribution also

has an advantage over the other distribution types because it can be easily transformed to a normal

distribution and the data can then be correctly examined using a wide variety of statistical tests.

Fitting a known distribution is important as it helps indicate the proper statistical tests

that may be conducted. Using the median EMC value in load calculations without considering

the data variability will result in smaller mass loads compared to actual monitored conditions.

This is due to the medians underrepresenting the larger concentrations that are expected to occur.

The use of average EMC values will represent the larger values better although they will still

not represent the variability likely to exist. If all of the variability cannot be further explained

adequately such as being affected by rain depth which would be highly unlikely then a set of

random calculations such as that obtained using Monte Carlo procedures reflecting the

described probability distribution of the constituents would be the best method to use when

calculating loads.

Municipal Monitoring Issues

As described in. Chapter 2 typical MS4 monitoring requirements involve sampling during

several events per year at the most common land uses in the area. Obviously a few samples will

not result in very useful data due to the
variability

of stormwater characteristics. However

during the period of a five-year permit with three samples per year about 15 events would be

sampled for each land use. While still insufficient for many analyses this number of data points

likely allows the confidence limits to be reasonably calculated for the average conditions. When

many sites of the same land use are monitored for a region substantial data may be collected

during a permit cycle. This was the premise of the NSQD where MS4 data were collected for

many locations throughout the country. These data were evaluated and various findings made.

The following comments are partially based on these analyses along with additional data

sources.
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Sampling Technique and Compositing

There are a variety of methods for collecting
and compositing stormwater samples that

can result in different values for the EMC. The first distinction is the mode of sample collection

either as grab samples or automatic sampling. Obviously grab sampling is limited by the speed

and accuracy of the individuals doing the sampling and it is personnel intensive. It is for this

reason that about 80 percent of the NSQD samples are collected using automatic samplers.

Manual sampling has been observed to result in slightly lower TSS concentrations compared to

automatic sampling procedures. This may occur for example ifthe manual sampling team

arrives after the start of runoff and therefore misses an elevated first flush ifit exists for the

site resulting in reduced EMCs.

A second important concept is how and whether the samples are combined following

collection. With time-based discrete sampling samplers people or machines are programmed

to take an aliquot
after a set period of time usually in the range of every 15 minutes and each

aliquot is put into a separate bottle usually 1 liter. Each bottle is processed separately so this

method can have high laboratory costs. This is the only method however that will characterize

the changes in pollutant concentrations during the event. Time-based composite sampling refers

to samplers being programmed to take an aliquot after a set period of time as short as every 3

minutes but then the aliquots are combined into one container prior to analysis compositing.

All
parts

of the event receive equal weight with this method but the large number of aliquots can

produce a reasonably accurate composite concentration. Finally flow-weighted composite

sampling refers to samplers being programmed to collect an aliquot usually 1 liter for a set

volume of discharge. Thus more samples are collected during the peak of the hydrograph than

toward the trailing edge of the hydrograph. All of the aliquots are composited into one container

so the concentration for the event is weighted by flow.

Most communities calculate their EMC values using flow-weighted composite sample

analyses for more accurate mass discharge estimates compared to time-based compositing. This

is especially important for areas with a first flush of very short duration becausetime-compositedsamples may overly emphasize these higher flows. An automatic sampler withflow-weightedsamples in conjunction with a bed-load sampler is likely the most accurate sampling

method but only if the sampler can obtain a representative sample at the location such as

sampling at a cascading location or using an automated depth-integrated sampler Clark et al.

2008.

Time- and flow-weighted composite options have been evaluated in residential

commercial and industrial land uses in EPA Rain Zone 2 and in industrial land uses in EPA Rain

Zone 3 for the NSQD data. No significant differences were observed for BOD5 concentrations

using either of the compositing schemes for any of the four categories. TSS and total lead

median concentrations in EPA Rain Zone 2 were two to five times higher in concentration when

time-based compositing was used instead of flow-based compositing. Nutrients in EPA Rain

Zone 2 collected in residential commercial and industrial areas showed no significant

differences using either compositing method. The only exceptions were for ammonia in

residential and commercial land-use areas and total phosphorus in residential areas wheretime-based
composite samples had higher concentrations. Metals were higher when time-based

compositing was used in residential and commercial land-use areas. No differences were

observed in industrial land-use areas except for lead. Again in most cases mass discharges are

of the most importance in order to show compliance with TMDL requirements. Flow-weighted
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sampling is the most accurate method to obtain these values assuming sufficient numbers of

subsamples are obtained. However if receiving water effects are associated with short-duration

high concentrations then discrete samples need to be collected and analyzed with no

compositing of the samples during the event. Of course this is vastly more costly and fewer

events are usually monitored if discrete sampling is conducted.

Numbers ofData Observations Needed

The biggest issue associated with most monitoring programs is the number of data points

needed. In many cases. insufficient data are collected to address the objectives of the monitoring

program with a reasonable amount of confidence and power. Burton and Pitt 2002 present

much guidance in determining the amount of data that should be collected. A basic equation that

can be used to estimate the number of samples to characterize a set of conditions is as follows

n COVZi_aZI.p/error2

where

n number of samples needed.

a false-positive rate 1-a is the degree of confidence a value of X of 0.05 is

usually considered statistically significant corresponding to a 1-a degree of

confidence of 0.95 or 95%.

0 false-negative rate 1-p is the power if used a value of 3 of 0.2 is common
but it is frequently and improperly ignored corresponding to a 3 of 0.5.

Zt_a Z score associated with area under a normal curve corresponding to 1-a

ifa is 0.05 95% degree of confidence then the corresponding Zt_a score is

1.645 from standard statistical tables.

Zt_p Z score corresponding to 1-3 value if 3 is 0.2 power of 80% then the

corresponding Zt_p score is 0.85 from standard statistical tables however if

power is ignored and 3 is 0.5 then the corresponding Zt_p score is 0.

error allowable error as a fraction of the true value of the mean.

COV coefficient of variation sometimes noted as CV the standard deviation

divided by the mean dataset assumed to be normally distributed.

Figures 4-5 and 4-6 can be used to estimate the sampling effort based on the expected

variability of the constituent being monitored the allowable error in the calculated mean value

and the associated confidence and power. Figure 4-5 can be used for a single sampling point that

is being monitored for basic characterization information while Figure 4-6 is used for paired

sampling when two locations are being compared. Confidence and power are needed to control

the likelihood of false negatives and false positives. The sample needs increase dramatically as

the difference between datasets becomes small when comparing two conditions with a paired
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of 95%. SOURCE Reprinted with permission from Burton and Pitt 2002. Copyright
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analysis as shown in Figure 4-6 above and below an outfall influent vs. effluent etc..

Typically being able to detect a difference of at least about 25 percent requiring about 50

sample pairs with typical sample variabilities is a reasonable objective for most stormwater

projects. This is especially important when monitoring programs attempt to distinguish test and

control conditions associated with SCMs. It is easy to confirm significant differences between

influent and effluent conditions at wet detention ponds as they have relatively high removal

rates. Less effective controls are much more difficult to verify as the sampling program

requirements become very expensive.

First-Flush Effects

First flush refers to an assumed elevated load of pollutants discharged in the beginning of

a runoff event. The first-flush effect has been observed more often in small catchments than in

large catchments Thompson et al. 1995 cited by WEF and ASCE 1998. Indeed in
large

catchments 162 ha 400 acres the highest concentrations are usually observed at the times of

flow peak Brown et al. 1995 Soeur et al. 1995. Adams and Papa 2000 and Deletic 1998
both concluded that the presence of a first flush depends on numerous site and rainfall

characteristics.

Figure 4-7 is a plot of monitoring data from the Villanova first-flush study Batroney

2008 showing the flows rainfall TSS concentration TDS concentration and TDS and TSS

event mean concentrations for the inflow to an infiltration trench. Because of the first-flush
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FIGURE 4-7 Villanova first-flush study showing pollutant concentration as a function of inflow rainfall volume. This

study collected runoff leaving the top floor of a parking garage. Samples were taken of the runoff in one-quarter-inch

increments up to an inch of rain and then every inch thereafter. The plot of TSS concentration versus rainfall

increment shows a strong first flush for this storm while the TDS concentration does not. SOURCE Reprinted with

permission Batroney 2008. Copyright 2008 by T. Thomas Batroney.
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effect a grab sample early in the storm would have over-predicted the TSS event mean

concentration of the site and a later sample would have under-predicted this same value

although for TDS the results would have been similar.

Figure 4-8 shows data for a short-duration high-intensity rain in Tuscaloosa Alabama

that had rain intensities as great a 6 inches per hour for a 10-minute period. The drainage area

was a 0.4-ha paved parking lot with some landscaping along the edges. The turbidity plot shows

a strong first flush for this event and the particle size distributions indicate larger particles at the

beginning of the event then becoming smaller as the event progresses and then larger near the

end. Most of the other pollutants analyzed had similar first-flush patterns like the turbidity-with

the notable exception of bacteria. Both E. cola and enterococci concentrations started off

moderately low but then increased substantially near the end of the rain. Several rains have

been monitored at this site so far and most show a similar pattern with decreasing turbidity and

increasing bacteria as the rain continues.
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FIGURE 4-8 Pollutant variations during rain period 0.4-ha drainage area mostly paved parking

with small fringe turf area Tuscaloosa Alabama. SOURCE Robert Pitt.
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Sample collection conducted for some of the NPDES MS4 Phase I permits required both

a grab and a composite sample for each event. A grab sample was to be taken during the first 30

minutes of discharge to capture the first flush and a flow-weighted composite sample was to be

taken for the entire time of discharge every 15 to 20 minutes for at least three hours or until the

event ended. Maestre et al. 2004 examined about 400 paired sets of 30-minute and 3-hour

samples from the NSQD as shown in Table 4-2. Generally a statistically significant
first flush

is associated with a median concentration ratio of about 1.4 or greater the exceptions are where

the number of samples in a specific category is much smaller. The largest ratios observed were

about 2.5 indicating that for these conditions the first 30-minute flush sample concentrations are

about 2.5 times greater than the composite sample concentrations. More of the larger ratios are

found for the commercial and institutional land-use categories where larger paved areas are

likely to be found. The smallest ratios are associated with the residential industrial andopen-spaceland uses-locations where there may be larger areas of unpaved surfaces.

TABLE 4-2 Significant First Flush Ratios First Flush to Composite Median Concentration

Parameter Commercial Industrial Institutional

in sc R ratio n sc R ratio n sc R ratio

Turbidity. NTU 11 11 1.32 X X

COD mg/L 91 91 x 2.29 84 84 x 1.43 18 18 x 2.73

TSS mg/L 90 90 x 1.85 83 83 0.97 18 18 x 2.12

Fecal coliform col/100mL 12 12 0.87 X X

TKN mg/L 93 86 x 1.71 77 76 x 1.35 X

Phosphorus total mg/L 89 77 x 1.44 84 71 1.42 17 17 1.24

Copper total. g/L 92 82 1.62 84 76 x 1.24 18 7 0.94

Lead total pgfL 89 83 x 1.65 84 71 x 1.41 18 13 x 2.28

Zinc total g/L 90 90 x 1.93 83 83 x 1.54 18 18 x 2.48

Parameter Open Space Residential All Combined

n sc R ratio n sc R ratio n sc R ratio

Turbidity. NTU X 12 12 1.24 26 26 1.26

COD mg/L 28 28 0.67 140 140 x 1.63 363 363 1.71

TSS mg/L 32 32 0.95 144 144 x 1.84 372 372 x 1.60

Fecal coliform col/I00mL X 10 9 0.98 22 21 1.21

TKN mg/L 32 14 1.28 131 123 x 1.65 335 301 x 1.60

Phosphorus total. mg/L 32 20 1.05 140 128 x 1.46 363 313 x 1.45

Copper total pg/L 30 22 0.78 144 108 x 1.33 368 295 x 1.33

Lead total g/L 31 16 0.90 140 93 x 1.48 364 278 1.50

Zinc total g/L 21 21 1.25 136 136 x 1.58 350 350 x 1.59

Note n number of total possible events sc number of selected events with detected values R result X not enough

data not enough evidence to conclude that median values are different it median values are different. Ratio is

the ratio of the first flush to the full-period sample concentrations.

SOURCE NSQD as reported by Maestre et al. 2004.
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The data in Table 4-2 were from North Carolina 76.2 percent Alabama 3.1 percent

Kentucky 13.9 percent and Kansas 6.7 percent because most other states stormwater permits

did not require this sampling strategy. The NSQD investigation of first-flush conditions for

these data locations indicated that a first-flush effect was not present for all the land-use

categories and
certainly not for all constituents. Commercial and residential areas were more

likely to show this phenomenon especially if the peak rainfall occurred near the beginning of the

event. It is expected that this effect will more likely occur in a watershed with a high level of

imperviousness but even so the data indicated first flushes for less than 50 percent of the

samples for the most impervious areas. This reduced frequency of observed first flushes in areas

most likely to have first flushes is probably associated with the varying rain conditions during

the different events including composite samples that did not represent the complete runoff

duration.

Groups of constituents showed different behaviors for different land uses. All the heavy

metals evaluated showed higher concentrations at the beginning of the event in the commercial

land-use category. Similarly all the nutrients showed higher initial concentrations in residential

land-use areas except for total nitrogen and orthophosphorus. This phenomenon was not found

in the bacterial analyses. None of the land uses showed a higher population of bacteria at the

beginning of the event.

The general conclusion from these data is that in areas having low and generallyeven-intensityrains first-flush observations are more common especially in small and mostly paved

areas. As an area increases in size multiple routing pathways tend to blend the water and runoff

from the more distant locations reaches the outfall later in the event. SCMs located at outfalls in

areas having low levels of impervious cover should be selected and sized to treat the complete

event ifpossible. Preferential treatment of first flushes may only be
justified

for small

impervious areas but even then care needs to be taken to prevent undersizing and missing

substantial fractions of the event.

Seasonal first flushes refer to larger portions of the annual runoff and pollutant discharges

occurring during a short rain season. Seasonal first flushes may be observed in more and

locations where seasonal rainfalls are predominant. As an example central and southern

California can have dry conditions for extended periods with the initial rains of the season

occurring in the late fall. These rains can be quite large and since they occur after prolonged dry

periods may carry substantial portions of the annual stormwater pollutant
load. This is

especially pronounced if later winter rains are more mild in intensity and frequent. For these

areas certain types of seasonally applied SCMs may be effective. As an example extensive

street channel and inlet cleaning in the late summer and early fall could be used to remove large

quantities
of debris and leaves from the streets before the first heavy rains occur. Other seasonal

maintenance operations benefiting stormwater quality should also be scheduled before these

initial rains.

Rain Depth Effects

An issue related to first flushes pertains to the effects of rain depth on stormwater quality.

The NSQD contains much rainfall data along with runoff data for most areas of the country.

Figure 4-9 contains scatter plots showing concentrations plotted against rain depth for some

NSQD data. Although many might assume a correlation between concentrations and rain depth
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FIGURE 4-9 Examples of scatter plots by precipitation depth. SOURCE NSQD.

in fact there are no obvious trends of concentration associated with rain depth. Rainfall energy

determines erosion and wash-off of particulates but sufficient runoff volume is needed to carry

the
particulate pollutants to the outfalls. Different travel times from different locations in the

drainage areas results in these materials arriving at different times plus periods of high rainfall

intensity that increase pollutant wash-off and movement occur randomly throughout the storm.

The resulting outfall stormwater concentration patterns for a large area having various surfaces is

therefore complex and rain depth is just one of the factors involved.

Reported Monitoring Problems

A number of monitoring problems were described in the local Phase I community MS4
annual monitoring reports that were summarized as part of assembling the NSQD. About 58

percent of the communities described monitoring problems. Problems were mostly associated
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with obtaining reliable data for the targeted events. These problems increased costs because

equipment failures had to be corrected and sampling excursions had to be rescheduled. One of

the basic sampling requirements was to collect three samples every year for each of the land-use

stations. These samples were to be collected at least one month apart during storm events having

at least 0.1-inch rains and with at least 72 hours from the previous 0.1-inch storm event. It was

also required when feasible that the variance in the duration of the event and the total rainfall

not exceed the median rainfall for the area. About 47 percent of the communities reported

problems meeting these requirements. In many areas of the country it was difficult to have three

storm events per year with these characteristics. Furthermore the complete range of site

conditions needs to be represented in the data-collection effort focusing only on a narrow range

of conditions limits the representativeness of the data.

The second most frequent problem reported by 26 percent of the communities

concerned backwater tidal influences during sampling or that the outfall became submerged

during the event. In other cases it was observed that there was flow under the pipe flowing

outside of the pipe in the backfill material likely groundwater or sometimes there was no flow

at all. These circumstances all caused contamination of the collected samples which had to be

discarded and prevented accurate flow monitoring. Greater care is obviously needed when

locating sampling locations to eliminate these problems.

About 12 percent of the communities described errors related to malfunctions of the

sampling equipment. When reported the equipment failures were due to incompatibility

between the software and the equipment clogging of the rain gauges and obstruction in the

sampling or bubbler lines. Memory losses in the equipment recording data were also

periodically reported. Other reported problems were associated with lighting false starts of the

automatic sampler before the runoff started and operator error due to misinterpretation of the

equipment configuration manual.

The reported problems suggest that the following changes should be made. First the rain

gauges need to be placed close to the monitored watersheds. Large watersheds cannot be

represented with a single
rain gauge at the monitoring station. In all cases a standard rain gauge

needs to supplement a tipping bucket rain gauge and at least three rain gauges should be used in

the research watersheds. Second flow-monitoring instrumentation also needs to be used at all

water quality monitoring stations. The lack of flow data greatly hinders the value of the

chemical data. Third monitoring needs to cover the complete storm duration. Automatic

samplers need to be properly programmed and maintained to handle very short to very long

events. It is unlikely that manual samplers were able to initiate sampling near the beginning of

the events unless they were deployed in
anticipation

of an event later in the day. A morecost-effectiveand reliable option would be to have semi-permanent monitoring stations at the various

locations with sampling equipment installed in anticipation of a monitored event. Most

monitoring agencies operated three to five land-use stations at one time. This number of

samplers and flow equipment could have been deployed in anticipation of an acceptable event

and would not need to be continuously installed in the field at all sampling locations.

Non-Detected Analyses

Left-censored data involve observations that are reported as below the limits of detection

whereas right-censored data involve above-range observations. Unfortunately many important
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stormwater measurements such as for filtered heavy metals have large fractions of undetected

values. These incomplete data greatly hinder many statistical tests. To estimate the problems

associated with censored values it is important to identify
the probability distributions of the

data in the dataset and the level of censoring. As discussed previously most of the constituents

in the NSQD follow a lognormal distribution. When the frequencies of the censored

observations were lower than 5 percent the means standard deviations and COVs were almost

identical to the values obtained when the censored observations were replaced by half of the

detection limit. As the percentage of nondetected values increases replacing the censored

observation by half of the detection limit instead of estimating them using Cohens maximum

likelihood method produced lower means and larger standard deviations. Replacing the censored

observations by half of the detection limit is not recommended for levels of censoring larger than

15 percent. Because the Cohen method uses the detected observations to estimate the

nondetected values it is not very accurate and therefore not recommended when the percentage

of censored observations is larger than 40 percent Burton and Pitt 2002. In this case

summaries should only be presented for the detected observations with clear notations stating

the level of nondetected observations.

The best method to eliminate problems associated with left-censored data is to use an

appropriate analytical method. By keeping the nondetectable level below 5 percent there are

many fewer statistical analysis problems and the value of the datasets can be fully realized.

Table 4-3 summarizes the recommended minimum detection limits for various stormwater

constituents to obtain manageable nondetection frequencies 5 percent based on the NSQD
data observations. Some of the open-space stormwater measurements lead and oil and grease

for example would likely
have

greater
than 5 percent nondetections even with the detection

limits shown. The detection limits for filtered heavy metals should also be substantially less than

shown on this table.

TABLE 4-3 Suggested Analytical Detection Limits for Stormwater Monitoring Programs to

Obtain Less Than 5 Percent Nondetections

Parameter Residential Commercial Industrial Freeway Open Space

Conductivity 20 S/cm 20.xS/cm

Hardness 10 mg/L 10 mg/L

Oil and grease 0.5 mg/L 0.5 mg/L
TDS 10 mg/L 10 mg/L

TSS 5 mg/L 1 mg/L

BOD5 2 mg/L 1 mg/L
COD 10 mg/L 5 mg/L
Ammonia 0.05 mg/L 0.01 mg/L

NO2 NO3 0.1 mg/L 0.05 mg/L
TKN 0.2 mg/L 0.2 mg/L
Dissolved P 0.02 mg/L 0.01 mg/L
Total P 0.05 mg/L 0.02 mg/L
Total Cu 2 g/L 2 g/L
Total Pb 3 g/L residential 1 gg/L 1 g/L
Total Ni 2 g/L 1 g/L
Total Zn 20 q/L residential 10 q/L 5 q/L

SOURCE Maestre and Pitt 2005.
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Seasonal Effects

Another factor that some believe may affect stormwater quality is the season when the

sample was obtained. If the few samples collected for a single
site were all collected in the same

season the results may not be representative of the whole
year. The NPDES sampling protocols

were designed to minimize this effect by requiring the three samples per year to be separated by

at least one month. The few samples still could be collected within a single season but not

within the same week. Seasonal variations for residential fecal coliform data are shown in

Figure 4-10 for NSQD data for all residential areas. These data were the only significant

differences in concentration by season for any constituent measured. The bacteria levels are

lowest during the winter season and highest during the summer and fall a similarconclusion

was obtained during the NURP data evaluations.
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FIGURE 4-10 Fecal coliform concentrations in stormwater by season. SOURCE NSQD.

Recommendations for MS4 Monitoring Activities

The NSQD is an important tool for the analysis of stormwater discharges at outfalls.

About a fourth of the total existing information from the NPDES Phase I program is included in

the database. Most of the statistical analyses in this research were performed for residential

commercial and industrial land uses in EPA Rain Zone 2 the area of emphasis according to the

terms of the EPA-funded research. Many more data are available from other stormwater permit

holders that are not included in this database. Acquiring these additional data for inclusion in the

NSQD is a recommended and cost-effective activity and should be accomplished as additional

data are also being obtained from ongoing monitoring projects.

The use of automatic samplers coupled with bed-load samplers is preferred over manual

sampling procedures. In addition flow monitoring and on-site rainfall monitoring need to be
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included as part
of all stormwater characterization monitoring. The additional information

associated with flow and rainfall data will greatly enhance the usefulness of the much more

expensive water quality monitoring. Flow monitoring must also be correctly conducted with

adequate verification and correct base-flow subtraction methods applied. A related issue

frequently mentioned by the monitoring agencies is the lack of on-site precipitation information

for many of the sites. Using regional rainfall data from locations distant from the monitoring

location is likely to be a major source of error when rainfall factors are being investigated.

Many of the stormwater permits only required monitoring during the first three hours of

the rain event. This may have influenced the EMCs if the rain event continued much beyond this

time.. Flow-weighted composite monitoring should continue for the complete rain duration.

Monitoring only three events per year from each monitoring location requires many years before

statistically adequate numbers of observations are obtained. In addition it is much more difficult

to ensure that such a small fraction of the total number of annual events is representative. Also

there is minimal value in obtaining continued data from an area after sufficient information is

obtained. It is recommended that a more concentrated monitoring program be conducted for a

two- or three-year period with a total of about 30 events monitored for each site covering a

wide range of rain conditions. Periodic checks can be made in future years such as repeating

concentrated monitoring every 10 years or so and for only 15 events during the follow-up

surveys.

Finally better watershed area descriptions especially accurate drainage-area

delineations are needed for all monitored sites. While the data contained in the NSQD are

extremely useful future monitoring information obtained as part
of the stormwater permit

program would be greatly
enhanced with these additional considerations.

MONITORING OF INDUSTRIES INCLUDING CONSTRUCTION

The various industrial stormwater monitoring requirements of the EPA Stormwater

Program have come under considerable scrutiny since the programs inception. Input to the

committee at its first meeting conveyed the strong sense that monitoring as it is being done is

nearly useless is burdensome and produces data that are not being used. The requirements

consist of the following. All industrial sectors covered under the Multi-Sector General Permit

MSGP must conduct visual monitoring four times a year.
This visual monitoring is performed

by collecting a grab sample within the first hour of stormwater discharge and observing its

characteristics qualitatively except for construction activities-see below. A subset of MSGP

industries are required to perform analytical monitoring for benchmark pollutant parameters see

Table 2-5 four times in year 2 of permit coverage and again in year 4 if benchmarks are

exceeded in year 2. A benchmark sample is collected as a grab sample within the first hour of

stormwater discharge after a rainfall event of 0.1 inch or greater and with an interceding dry

period of at least 72 hours. An even smaller subset of MSGP industries that are subject to

numerical effluent guidelines under 40 C.F.R. must in addition collect grab samples of their

stormwater discharge after every discharge event and analyze it for specific pollutant parameters

as specified in the effluent guidelines see Table 2-6. There is no monitoring requirement for

stormwater discharges from construction activity in the Construction General Permit. There is

only an elective requirement that the construction site be visually inspected within 24 hours after

the end of a storm event that is 0.5 inch or greater if inspections are not performed weekly.
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EPA selected the benchmark analytical parameters for industry subsectors to monitor

using data submitted by industrial groups in 1993 as part of their group applications. The

industrial groups were required to sample a minimum of 10 percent of facilities within an

industry group for pH TSS BOD5 oil and grease COD TKN nitrate plus nitrite nitrogen and

total phosphorous. Each sampling facility within a group collected a minimum of one grab

sample within the first 30 minutes of discharge and one flow-weighted composite sample. Other

nonconventional
pollutants

such as fecal coliform bacteria iron and cobalt were analyzed only if

the industry group expected it to be
present. Similarly toxic pollutants such as lead copper and

zinc were not sampled but rather self-identified only if expected to be present in the stormwater

discharge. As a result of the self-directed nature of these exercises the data submitted with the

group applications were often incomplete inconsistent and not representative of the potential

risk posed by the stormwater discharge to human health and aquatic life. EPA has not conducted

or funded independent investigations
and has relied solely on the data submitted by industry

groups to determine which pollutant parameters are appropriate for the analytical monitoring of

an industry subsector. Thus there are glaring deficiencies for example the only benchmark

parameter for asphalt paving and roofing materials is TSS even though current science shows

that the most harmful pollutants
in stormwater discharges from the asphalt manufacturing

industry are polycyclic aromatic hydrocarbons compare Table 2-5 with Mahler et al. 2005.

Aside from the suitability
of benchmark parameters is the fact the too few samples are

collected to sufficiently characterize the variability
of pollutant concentrations associated with

industrial facilities within a sector. This is discussed in detail in Box 4-2 which describes one of

the few efforts to collect and analyze data from the benchmark monitoring of industries done in

Southern California. EPA has not requested a nationwide effort to compile these data as was

done for the MS4 program although this could potentially lead to average effluent

concentrations by industrial sector that could be used for a variety of purposes including more

considerate regulations. Finally the compliance monitoring that is presently being conducted

under the MSGP is of limited usefulness because it is being done to comply with effluent

guidelines that have not been updated to reflect the best available technology relevant to

pollutants
of most concern. All of these factors have led to an industrial stormwater monitoring

program that is not very useful for the purposes of reducing stormwater pollution from industries

or informing operators on which harmful pollutants to expect from their sites.

Industrial-Area Monitoring Issues

Monitoring at industrial sites has some unique issues that must be overcome. The most

important aspect for any monitoring program is understanding and specifying the objectives of

the monitoring program and developing and following a detained experimental design to allow

these objectives to be met. The following discussion is organized around the reasons why

monitoring at industrial sites may be conducted.

Regional Monitoring ofManyFacilities

An important monitoring objective would be regional monitoring to calibrate and verify

stormwater quality models to randomly verify compliance at facilities not normally requiring
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BOX 4-2.

The Plight of Industrial Stormwater Data

Unlike the data collected by municipalities and stored in the NSQD the benchmark monitoring

data collected by permitted industries are not compiled or. analyzed on a national basis. However there

has been at.least one attempt to.compilethese data on a more local basis. California required that

industrial facilities submit their benchmark monitoringdata over. a nine-year period and it was.

subsequently analyzed by Michael Stenstrom and colleagues at UCLA Stenstrom and Lee 2005 Lee et

al.2007 Thecollected data were for such parameters as pH turbidity specific conductance oil and

grease ortotal organic carbon and several metals. There are motethan 6000 industriescovered.

under the California general permit each of which was to have collected two.grab samples per year for a

limited number of parameters. Whether these data were collected each year and for each industry Was

highly variable

The analysis of the data.from Los-Angeles and Ventura counties revealed that stormwater

monitoring data.are not similarto.the types of data that the environmental engineering field is used to

collecting in particular.wastewater data. Indeed as shown in Figure 4-11 stormwater data are many

orders of magnitude more variable than.drinking water and wastewater data. The coefficients of variation

for municipal and industrial stormwater were almost two orders of.magnitude higher than for drinking

water and wastewater with the industrial stormwater data being particularly variable. This variability

comes from various sources including intrinsicvariability given the episodic nature of storm events

analytical methods that are more.variable when applied to stormwater and sampling technique problems

and erro.r.
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FIGURE4-11 A comparison of-data from foursources.wastewaterr.influent drinking Water plant effluent

municipal tormwater and Industrialstormwater SOURCEReprinted with permission from Stenstrom

2007 Copyright 2007 by Michael K Stenstrom

Thls_ehormbus variability means that it-is extremely difficult to make meaningful statements. For

.exampl it was impossible using different analyses to-correlate certainýchemical pollutants with certain

industries. Furthermore although the data-revealed that there are exceedances ofbenchmark values for

certain parameters AI Cu Fe Pb and Zn in particular the data are not of sufficient quantity or quality to

identify problem-polluters. Finally there were also large numbers of outliers that-is samples whose

concentrations.were_wellabove-the 75th percentile range
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BOX 4-2 Continued

Because of these large coefficients of variation greater numbers of samples are needed to be

able to say there is a significant difference between samples. As shown in Figure 4-12 using COD and a

50 percent difference in means as an example one would need six data points to tell the difference

between two. wastewater. influents 80 data. points if one had municipal stormwater data and around

1. 000 data .points for industrial stormwater These numbers obviously eclipse what is required under all

states NISGPs
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FIGURE 4-12 Number of cases needed to detect a certain percentage difference in the means using

COD as an example SOURCE Reprinted with permission from Sfenstrom 2007. Copyright 2007 by.

Michael K. Stenstrom.

For drinking water treatment monitoring is done to ensure the quality of the product while for

wastewater there is a permit that requires the plant to meet a specific quality of water. Unlike these other

areas of water resources there are few incentives that might-compel an industry to increase. its .frequenc

of stormwater monitoring. As a result industries are less invested in the process and rarely have the

expertise needed to carry outs elf-monitoring.

continues next.. page
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BOX 4-2 Continued

Permitted industries are not required to sampleflow. However Stenstrom and colleagues used

Los Angeles rainfalldata see Figure 4-13 as asurrogate for flow and demonstrated that.there is a.

seasonal firstflushphenomenon occurring in early fall. That is samples taken after a prolonged dry spell

will have.higher-pollutant concentrations. There are always high concentrations of contaminant during

the first rainfall because contaminants have had time to accumulate since the.previous rainfall. This is

important because EPA asks the industrial.permittees to collect data from the first-rainfall such that they

may end up overestimating the mass emissions for the year. Furthermore it shows that numeric limits for

grab samples would be risky because the measured data are highly affected by the timing of the storm.

160 E

so 0

Los An des CA
0

60 SIX o 800 40

0 o--e-o coo

E
400

SC

600 30

C s- a T55

300
z

200 C

rý

I

400 20

5
s UU

2DO 00 100 OQ
2

200 to

too

-A
20

0 0 0 0

0 02 0.6 0.8. 10.4

Z u c4 Y
f-

Z
Z

ij

L
eu. L U Norm Precipitation 1999 - 2000alized Cumulative

r N Z

FIGURE4_.13Annual precipitationin Los Angeles. left and seasonal first flushes of various

contaminants right. SOURCE SOURCEReprinted with permission from Stenstrom.2007. Copyright

2007 by Michael. K. Stenstrom.

The controversy about numeric.limits. for industrial stormwater dischargers has existed for more

than ten years In California A recent expert panel concluded that in somecases numeric limits-are

appropriate .fo construction but not for municipalities Stenstrom s recommendations are that industrial

monitoringýshouldbe either ended or upgraded for competent industries If upgraded it should Include

more types of monitored parameters a sampling method with a lower coefficient of variation real tlrite

monitoringj opposed to grab S implesmore quality assurance/quality control and web based repornng

A fee-based.prograrn with asubset of randornlyselected industries maybebetter than requiring every

industry to sample. Stenstrom and Lee2005suggest who might do this monitoring if the industry does

not have the necessarytrainedpersonnel There is concern that the California water boards are too

understaffed toadminister such programs and respond to high emitters

SOURCES Stenstrom and Lee.2005 Lee et al. 2007 Stenstrom 2007.
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monitoring and to establish benchmarks for compliance. As shown in Box 4-2 haphazard

monitoring throughout an area would require a very large effort and would still
likely

result in

large errors in the expected data. It is recommended that a regional stormwater authority

coordinate regional monitoring as part of the MS4 monitoring requirements possibly even at the

state level covering several Phase I municipalities. A coordinated effort would be mostcost-effectivewith the results compiled for a specific objective. The general steps in this effort would

include the following.

1 Compiling available regional stormwater quality
data and comparing the available

data to the needs such as calibration of a regional model verifying compliance of facilities not

requiring monitoring and establishing regional benchmarks. This may include expanding the

NSQD for the region to include all of the collected data plus examination of data collected as

part
of other specialized monitoring activities. These objectives will result in different data

needs so it is critical that the uses of the data are identified before sampling plans are

established.

2 Identifying monitoring opportunities as part of other on-going activities that can be

expanded to also meet data gaps for these specific objectives. It is important to understand the

time frame for the monitoring and ensure that it will meet the needs. As an example current

NPDES stormwater monitoring only requires a few events to be sampled per year at a facility. It

may take many years before sufficient data are obtained unless the monitoring effort is

accelerated.

3 Preparing an experimental design that identifies the magnitude of the needed data

considering the allowable errors in the results and carrying out the sampling program. Different

types of data may have varying data quality objectives depending on their use. It may be

possible to truncate some of the monitoring when a sufficient understanding is obtained.

A regionally calibrated and verified model can be used to review development plans and

proposed SCMs for new facilities. When suitably integrated with receiving-water modeling

tools a stormwater model can also be used to develop discharge objectives and numeric

discharge limits that are expected to meet regulatory requirements. Eventually it may be

possible to couple watershed stormwater models with regional receiving water assessments and

beneficial use studies. Haphazard monitoring of a few events each year will be very difficult to

correlate with regional receiving water objectives while a calibrated and verified watershed

model along with receiving water assessments will result in a much more useful tool and

understanding of the local problems.

Regional monitoring can also be
targeted

to categories of industries that were previously

determined to be of low priority. This monitoring activity would randomly target a specific

number of these facilities for monitoring to verify the assumption that they are of low priority

and are still carrying out the minimum management practices. This activity would also quantify

the discharges from these facilities and the performance of the minimum controls. If the

discharges are excessive when compared to the initial assumptions or the management practices

being used are not adequate then corrective actions would be instigated. A single category of

specific industries could be selected for any one year and a team from the regional stormwater

management authority could randomly select and monitor a subset of these facilities. An
efficient experimental design would need to be developed based on expected conditions but it is

expected that from 10 to 15 such facilities would be monitored for at least a year in a large

metropolitan area that has a Phase I stormwater permit or even state-wide.

PREPUBLICATION

Copyright National Academy of Sciences. All rights reserved.

RB-AR17121



Urban Stormwater Management in the United States

http//www.nap.edu/catalog/12465.html

238 Urban Stormwater Management in the United States

Regional monitoring is also necessary to more accurately establish benchmarks for

numeric permits. Geographical location along with land use is normally an important factor

affecting stormwater quality. Receiving water impacts and desired beneficial uses also vary

greatly for different locations. It is therefore obvious that compliance benchmarks also be

established that consider these regional differences. This could be a single statewide effort if the

state agency has the permit authority and if the state has minimal receiving water and stormwater

variations. However in most cases significant variations occur throughout the state and separate

monitoring activities would be needed for each
region. In the simplest case probability

distributions of stormwater discharge quality can be developed for different discharge categories

and the benchmarks would be associated with a specific probability
value. In some cases an

overall distribution may be appropriate and only the sites having concentrations greater
than the

benchmark value would need to have additional treatment. In all cases a basic level of

stormwater management should be expected for all sites but the benchmark values would

identify sites where additional controls are necessary. The random monitoring of sites not

requiring extensive monitoring could be used to identify and adjust the basic levels of control

needed for all categories of stormwater dischargers.

Identification of Critical Source Areas Associated with Specific Industrial Operations

The objective of this monitoring activity would be to identify and characterize critical

source areas for
specific

industries of concern. If critical source areas can be identified targeted

control or treatment can be much more effective than relying only on outfall monitoring. Many

of the treatment strategies for industrial sites involve pollution prevention ranging from covering

material or product storage areas to coating galvanized metal. Other treatment strategies involve

the use of highly effective treatment devices
targeting a small area such as filters used to treat

zinc in roof runoff or lamella plate separators for pretreatment of storage yard runoff before wet

pond treatment. Knowledge of the characteristics of the runoff from the different areas at a

facility is needed in order to select and design the appropriate treatment methods.

Box 4-3 is a case study of one such group monitoring effort-for a segment of the

telecommunications industry targeting a specific maintenance practice. Instead of having each

telecommunication company throughout the country conduct a detailed monitoring program for

individual stormwater permits associated with maintenance efforts many of the companies

joined together under an industrial trade group to coordinate the monitoring and to apply for a

group permit. This was a significant effort that was conducted over several years and involved

the participation of many regional facilities throughout the nation. This coordinated effort spread

the cost over these different participants and also allowed significant amounts of data to be

collected control practices to be evaluated and the development of screening methods that allow

emergency maintenance operations of the telecommunication system to proceed in a timely

manner. The experimental design of this monitoring program allowed an efficient examination

of factors affecting stormwater discharges from these operations. This enabled the efficient

implementation of effective control programs that targeted specific site and operational

characteristics. Although the total. cost for this monitoring program was high it was much less

costly than if each individual company had conducted their own monitoring. In addition this

group
effort resulted in much more useful information for the industry as a whole.
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BOX 4-3

Monitoring to Support a General Stormwater Group Permit

Application for the.Telecommunications Industry

This. monitoring program wasconductedto support a group permit application for the

telecommunicationsindustryspecificallyto cover maintenance operations associated with pumping water

out of communications manholes that is then discharged into. the storm drainage system Under federal

and State environmental statues the. generator owner. or operator is responsible for determining if the

discharged water needs treatment. The.work performed under this project covered characterization

prevention and treatment methods of water found in manholes.

The objective of-this project was to develop a.test method to quickly evaluate water in manholes.

and then. to recommend on-site treatment and preventative methods. To meet the telecommunication

industry needs the evaluating tests of water found in manholes need to be simple quick inexpensive
-

of contaminated conditions. The on-site treatment methods mustfield applicable and accurate h

be cost-effective and quickly reduce the concentrations of the contaminant of concern to acceptable

levels before the water from manholes is discharged to result ina safe environment for workers.

A sampling effortwas conducted by Pitt et al.1998 to. characterize the qualityof the water and

sediment found in manholes Mode than 700 water samples and 300 sediment samples were analyzed

over a three-year period representing major land-use age season and geographical factors from

throughout the United States. The samples were analyzed for a wide range of common and toxic

constituents. The statistical procedures identified specific relationships between these main factor

categories and other manhole characteristics. Part of the project was to evaluate many field analytical

methods. Finally .research was also conducted to examine possible water treatment methods for water

being pumped from telecommunication manholes.

Summaryof Sampling Effort and Strategy

The objective of the moritoring program was to characterize telecommunication manhole water

and
sedimentYtImportant

variables affecting the quality of these
materials

were also determined- A

stratifiedrandom samplingdesiign wasfollowed with the data organized in afull 2 factorial. design with

repeatedksampling of thesamemanholes for each season. The goal for therriinimurrrnumberof samples

per strata was ten. This sampling effort enabled the determination of errors associated with the results

which. was expected to be less than 25. percent. In addition this level of effort enabled comparison tests

to be made outside of the-factorial design. Table 4-4 lists the constituents that were evaluated for each of

the sample types.

The.immense amount of data collected during this project and the adherence to the original

experimental design enabled.a comprehensive statistical evaluation of the data. Several steps in data

analysis were performed Including

exploratory data analyses minly probability plots and grouped box plots

simple cbrrelation analyses mainly Pearson correlation matrices and

associated scatter plots

complexcorrelation analyses mainly cluster and principal component

analyses plus Kurskal-Wallis comparison tests and

model building based on complete 2 factorial analyses of the most important

factors.

continues next page

PREPUBLICATION

Copyright National Academy of Sciences. All rights reserved.

RB-AR17123



Urban Stormwater Management in the United States

hffp/twww.nap.edu/catalog/12465.htmI

240 Urban Storm water Management in the United States

ýBOX4 3 Continued
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N .n3.r z -3 t

areas and esticidesaassoclateaýwlth newerrresldentlal areasý

ýý..r
fit.YnlýeM

ý-ýTPiBLE44ConstituentsExarnlnemýWater and_Sedimentffrom TelecommunlcationtManholes_

Constituent_.- Unfiltered Water FilteredWater Sediment

Solids yolattle solids COD Cu Pb andZn x X X

Turl id tycolor andtoxicity Microtox screeningmethod X X

pH conductivity hardness phosphate nitrate.ammonia X
boion fluor de potassium and detergents

Odorcolorand texture
X

E. cohenterococcl particlestze and chromium Selected

Metal scan ICP.. Selected

PAHs phenolsGC/MSD. and pesticides X Selected Selected

SOURCE Pitt etal 1998

Concentrations of copper lead and zinc were evaluated inalmost all of the water samples and.

some filtered samples were also analyzed for chromium From 470 to 548 samples 75 to 100 percent of

all unfiltered samples analyzedhad detectable concentrations of these metals. Filterable lead

concentrations in the water were as high as160 p.g/L while total lead concentrations were as high as 810

.tg1L Zinc values in filtered and unfiltered samples were ashigh as about 3500 p.g/L. Some of the

copper concentrations were also high in both filtered and unfiltered samples as high-as 1400 g/L.

Chromiumconcentrations as high as 45 tg/Lwere alsoetected

About 300 sediment samples weresanalyzed and reviewed. for heavy metals. An ICP/MS was

used to obtain a broad range of metals with good detection limits. The following list shows the median

observed concentrationsforsome ofthe constifuents found in the sediments expressed as milligrams of.

the constituent per kilogram of dry sediment

Aluminum 000 m9/k9

COD 85000mg/kg

Chromium 10img/kg

Copper 10.0 mg/kg.

Lead ......... 200rrig/kg .
Sfrontiurri 35 mg/kg

Zinc . 330 mg/kg

continues next page

PREPUBLICATION

Copyright National Academy of Sciences. All rights reserved.

RB-AR17124



Urban Stormwater Management in the United States

hftp//www.nap.edu/catalog/12465.htmi

Monitoring and Modeling
241

BOX4 3 Continued..

Geographical area had the largest effect on the data observations while land use-season and

agenfluenced many fewer parameters The most obvious relationshipwasfound for high dissolved

rcfi x

so i s andcon tiviy assn rated with
winter samples from snowmelt areas The high winter

con ntrr onsslowly decreased
with time

with the lowestaconcentrations noted m the fall.Another

important observa on was hercorntnonaassociatýon betweenzzincadtoxtcity
Residential-area samples

Samyelsffom te.newestareas also hd h gherznrnconcent atonsncompareddto ampler fom older

areas No overallapatterns ere5observedfor zinc concentrations in sedimentsamples obtainedfrom

manholes..Other constituentsespeclally
nutrients and pesticides were also found to have higher

concentrations inwater collected-from- manholes in newer residential areas. Veryfew organic todicants

were found in thewatersamples but sediment sample organic toxicant concentrations appeared tobe

well correlated tosediment texture and color. About 10 to 25-percent of the sediment samples had

relatively large concentrations of organics. Bacteria analyses indicated some. relatively high bacteria

counts ina small percentage of the samples. Bacteria were found in lower amounts during-sampling

periods that were extremely hot or extremely cold Pacific.Nort hwest samples also had the lowest bacteria

counts
f

1rý. 4 hvyv afs-puC
st

3. S-i

dIatweretudtodevelop and test predi cUvfe equatlonýtiasedýofntslte
condltlors These

modelswere s owntto be alitl forýrýostoftherdat butthe hlghesteoncentraUons were5not well

predicted Therefore specialscomparisons
of manyrsitecondItions were maefor the manholes having

wa er withytheth ghest concentrations of critical constituentsfor companson to the other locations It was

interesting
to noteAhat about half of the-problem manholes were repeated samples from thesame sites

after complete pumping but at diifferent seasons indicating continuous problems and not discrete

incidents In addition the problem manholes were found for all areas of the country and for most rain

conditions Waterclarit and color along with sediment texture were found to be sigrnficarit factors

associatedýwith
the highýconcentrationsof

other constituents while land use was also noted as a

significant actors Thesefacorscan
beused toFhelp identiyýproblem

manholes
rbutthe

rates of false

poslti esXandfa1seegat es wereýfou d 0156 higti Therefo e he a screenings Mena can be used fo

ode ify rnorae likely problematicfmanholes but other6methods suchfasconfirmation cbernical analyses

ýmealsoee edtoideniifythose thatzcouldnot be identified s gthe mp er e hod
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Outfall Monitoring at a Single Industrial Facilityfor Permit Compliance and to Demonstrate

Effectiveness of Control Practices

Sampling at an individual facility results in outfall data that can be compared topre-controlconditions and numeric standards. There are many guidance documents and
reports

available describing how to monitor stormwater at an outfall. Two comprehensive sources that

describe stormwater monitoring procedures include the hrndbook written by Burton and Pitt

2002 and a recent guidance report prepared by Shaver et al. 2007. There are a number of

basic components that need to be included for an outfall characterization monitoring effort many

which have been described in this
report.

These include the following

rainfall monitoring in the drainage area rate and depth at least at two locations.

flow monitoring at the outfall calibrated with known flow or using dye dilution methods.

flow-weighted composite sampler with sampler modified to accommodate a wide range of

rain events.

recommended use of water quality sonde to obtain high-resolution and continuous

measurements of such parameters as turbidity conductivity pH oxidation reduction

potential dissolved oxygen DO and temperature.

preparation of adequate experimental design that quantifies the needed sampling effort to

meet the data quality objectives adequate numbers of samples in all rain categories and

seasons.

selection of constituents that meet monitoring objectives. In addition the analytical

methods must be appropriately selected to minimize nondetected values.

monitoring station maintenance must also be conducted appropriately to ensure reliable

sample collection. Sampling plan must also consider sample retrieval sample

preparation and processing and delivery to the analytical laboratory to meet quality

control requirements.

Burton and Pitt 2002 describe these monitoring components in detail along with many other

monitoring elements of potential interest e.g. receiving water biological physical and chemical

monitoring including sediment and habitat studies and include many case studies addressing

these components along with basic statistical analyses and interpretation of the collected data.

Box 4-4 provides a detailed example of industrial stormwater monitoring at individual sites in

Wisconsin.

In general monitoring of industries should be tailored to their stormwater pollution

potential considering receiving water uses and problems. There are a number of site survey

methods that have been developed to rank industry by risk that mostly rely on visual inspections

and information readily available from regional agencies. The Center for Watershed Protection

developed a hot-spot investigation procedure that is included in the Urban Subwatershed

Restoration Manual No. 11 Wright et al. 2005. This site survey reconnaissance method ranks

each site according to its likely stormwater pollutant discharge potential. A detailed field sheet is

used when surveying each site to assist with the visual inspections. Cross and Duke 2008

developed a methodology described in greater
detail in Chapter 6 to visually assess industrial

facilities based on the level of activities exposed to stormwater. They devised fourcategories-CategoryA no activities exposed to stormwater Category B low intensity Category C medium

intensity and Category D high intensity-and tested this scheme by examining many southern

Florida industrial facilities. About 25 percent of the facilities surveyed that were officially

included in the stormwater permit program had no stormwater exposure Category A but very
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few had submitted the necessary application to qualify for an exception under the no exposure

rule. Slightly more than half of the of the surveyed facilities were included in the no exposure

and low exposure categories obviously deserving less attention compared to the higher impact

categories.

BOX 4-4.

Wisconsins Monitoring of Industrial Stormwater

The State of Wisconsin also uses a site assessment method to rank industrial operations into

threetiers mostly based on their standard industrial codes. This system groups facilities by industry and

how likely they are to contaminate stormwater.The general permits differ in monitoring requirements

inspection frequency. plan development requirements and the annual permitfee ..Th Tier 1 general.

permit covers the facilities that are considered heavyindustries such as paper manufacturing.chemical

manufacturing petroleum refining ship building/repair and bulk storage of coal minerals and ores. The

monitoring require d of these facilitiesis presented in this box. The-Tier 2 general permit covers facilities

that are considered iiight.industries and includes such sites as furniture manufacturing printing

warehousing and textiles. Facilitieswith no discharge of contaminated stormwater are in the Tier 3

category and include sites that have no outdoor storage of materials or waste products

In accordance with the Wisconsin MSGP Tier 1 industries are required to perform an annual

chemical stormwater sampling at each outfall for those residual pollutants listed in the industry s

stormwater pollution prevention plan. The one runoff event selected for sampling must occur between

March and November and the rainfall depth must be at least 0.1 inch. At least 72 hours must separate

the sampled event and the previous rainfall of 0.1 .inch The concentration of the pollutant must represent

a composite of at least three grab samples collected in the first 30 minutes of the runoff event. There is

concern about the. value of collectingso few samples from just one storm each year.

To. evaluate how well this sampling. protocol characterizes pollutant concentrations in industrial

runoff the Wisconsin pepartment of Natural Resources partnered with theUSGS to-collect stormwater

samples from three Tier2 industrial sites Roa-Espinosa and Bannerman 19.94 Seven.runoff events

were monltoredýateaehsite and-the samples were collected using five different samplingmethods

including1ýflow weighted composites 2time-based discrete samples 3 tune based composites 4.

a composite of discretesamplesfromxfirst 30 minutes and 5 time-based composite sheet flow samples.

The first three methodshave been describedpreviously. For the composite .o discrete samples from the

first30minutes the sampler isprogramrrted to take an aliquot after a set period of timeusuallyevery-5

minufes and the.aliquots .ar combined into. one container. The sampler stops collecting samplesafter

30 minutesa.Formany sites thesamples are collected manually so there isa high probability the sample

does not represent the first30 minutes of the event. For the time based composite sheettflow samples a

sheet flow sampleris programmed to take an aliquot of sheet flow after a setperiod of time.usually_about

every 5 to 15 minutes All the aliquots are deposited in one bottle beneath the surface of itheground All

of-the parts cof the hydrograpn--receive equal weight inlthe final con- .-bu theýlarger number of

aliquots makes for a reasonably accurate composite concentration This method is uniquein that itcan

beplaced near the source of concern. Automatic samplers were used for the firstour methods while

sheet flow samplersdesigned-13y the USGS were used for the fifth method Bannerman et al 1993.

Samples were collected during the entire event. All the automatic samplers had to-be installed at a

location with concentrated flow such as-a outfall pipe while the sheet flow samplers could be. installed

in the pavement- neara potential source such as a material storage area.

The time-based discrete time-based composite first-30-minute composite and sheet flow

samples were analyzed for COD total recoverable copper total recoverable lead total recoverable zinc

TSS total solids and hardness. In addition to these constituents theflow-weighted compositesamples

were analyzed for antimony arsenic beryllium chromium ammonia-N nitrate plus nitrite TKN and TP

All the analysis was done at the State Laboratory of Hygiene in Madison Wisconsin and the data are

stored in tf e-USGSs QWDATA database.

continues next page
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BO 4 Continued

The number of-samples collected during a. runoff event varied greatly among the five. types of

sampling..By design the median number of samples collected for the first 30 minutes was three. Limits

on the funds available for laboratory cost limited the time based discrete sampling to about six per storm.

Since they are not restricted by laboratory cost the composites can be based on more sub-samples

during a storm.. Thus the median numbers of sub-samples collected for the flow-weighted composite and

time-based. composite were 13 and 24 respectively. The time-based composite sheet flow sample could

not document the number of samples it collected but it was set to collect a sample every few minutes.

To judge the accuracy of the sampling methods one. ethod had tbe selected as the most

representative of the concentration and load affecting the receiving water Becausea relatively large

number of samples are collected and the timing of the sampling is weighted by volume the flow weighted

composite concentrations wereused as the best representation of the qualityofthe industrial runoff.

Concentrations.in water samples collected by the time based composite method compared very well to

those collectedbytheflow weighted compositemethod especially if the timebased composite

resulted rn20 soli samples or more This was not truefor the discrete sampling method because many
fewer sub-samples were used to represent changes across the hydrograph. The time-based composite

sheet flow sampler produced concentrations slightly higher than the time-based composite samplers

collecting water in the concentrated flow. Concentrations from the sheet flow sampler are probably not

diluted by other source areas such as the roof.

Concentrations of total recoverable zinc and TSS collected in the first 30 minutes of the event

were usually two to three times higher than the flow-weighted composite samples. For many of.the

events the highest concentration of these constituents occurred in the first 10 minutes of the event.

Although the concentrations mightbe higher In the.firstpart of the event the earlier parts of the event

might only represent onethird or less of he totalrunoff volume Thus using the concentrations from the

first 30 minutes of the event-could greatly overestimate the constituent load from thesite.

Along with accuýacyJthe selectionof an appropriate sampling method must-consider cost and the

criteria for installingthe sampling equipment To ýmeasure flowthe site must have a location where the

flow
is

concentrated such as a pipe or well defined channel and the runoff isjust coming from_.thesite.

Out of 474 sites evaluatedforthis project only14 met the criteria foran accurate flow measurement

fewmoresites might be suitable1or using an automatic sampler without flow measurementstbutthe.

number ofsites would
Estill belimited -Sheet flow samplerscan be used on-most sites since theyare

simply Installed in the pavementnear.thesource of concern.

For each sampling method approximate costs were determined including equipment installation

of equipment and the analysis of one.sample. Table_4 5. Collecting the samples and processing the

d also be included but they were not--because this cost is highly variable.. Flow weighted.data shoal

composite and time based discrete samplinghad the highest cost Flow measurements made the

composite sampling more expensive whilethe laboratory cost-of ahalyzing sixdiscretesamples

increasedthecost of the time based discrete method. iIt should be noted that hand. grab samples could

beusedto collectthe discrete samples in thefirst 30 minutesat lower cost althoughthis depends

strongly ontheskill of theperson collecting the sample. The.sheetflow sampler could be the most cost

effective approach to. sampling an industrial site

TABLE 4-5 Cost of UsingDifferent Sampling Methods in 1993 Dollars

Method Estimated. Cost for. equipment installation and analysis of

oneaample

Flow weighted composite $16052

Time based.discrete $22682

Time based composite. $5 920

First 30 ýmuiutes automaticsampler 6 000

First 30mmutes grab sample $1800

Time basedcomposite sheetflow sampler $2 889

C.gst of laboratory analysis only SOURCE Reprinted with permission RoaEspinosa and Bannerman

1994. Copyright1994by the. American Society of Civil Engineers.

PREPUBLICATION

Copyright National Academy of Sciences. All rights reserved.

RB-AR17128



Urban Stormwater Management in the United States

http//www.nap.edutcatalog/12465.html

Monitoring and Modeling 245

BOX 4-4 Continued

A determination must be made of howmany runoff events should be sampled in order to

accurately characterize asite s.water quality As shown in Table 4.6 representing a-site with the results

from one storm can be very misleading Concentrations in Table 4-6were collected by the flow weighted

composite method The geometric means of EMCs from five or more events were very different than the

lowest or. highest concentration observed forthe set of storms. The chances of observing an extreme

value by sampring just one event is increased by selecting a sampling method designed-to collect a

limited number of sub amplesrsuchasthe first 30 minutes method. Too. few storms were monitored in

this project to properly evaluate the variability in th.eEMCs but sufficient changes occur between the zinc

and TSS.geometric means in.Table 4-6 to suggest that a compliance monitoring schedule should include

a minimum of five events be sampled each year.

To overcome the.high.COV observed for municipal stormwater data.-collected in Wisconsin

EMCs should be- determined for. about 40 events Selbig and Bannerman 2007 Horwatich et al. 2008.

The 40 event mean concentrations would probably represent the long-range distribution of rainfall depths

and there would be sufficient data available toperform some trend analysis such as evaluating the

benefits of an SCM implemented at anlindustrial site Monitoring 40 events each.yearhowever would

be too costly for an annual compliance monitoring schedule for each indUstrial site.

TABLE 4-6 Effects of Including a Different Number of Events in the Geometric Mean Calculation for Zinc

and TSSa .
_.

..
_ -

Numberof Events Total Recoverable Zinc Total Suspended Solids

AC Rochester.

1 Lowest Concentration 57 8

IHighest-Concentration 150 84

3 -76 24

5 91 36

IndustriesPPG .. _.

1..Lowest Concentration

1 1ighest .Concen anon 330. 49

3 153 57

186.. 53

Warman International-1.lowest
Concentration 68 17

m%
4

HighestConcentration 140 56

67 15

81. 26

7 74 19

3Samplesýwere collected using the flow-weighted composite method. SOURCE Reprinted with

permission Roa-Espinosa and Bannerman 1994 Copyright 1994by the American Society of Civil

Engineers

Results from this project indicate that the stormwatermonitoring required at industrial sites cannot

adequately characterize the quality of runoff from an industrial site. Only collectingsampleslrom the first

30 minutes ofa storm isprobably an overestimateofthe_concentration and a loadcalculated -from this

concentrationwould exaggeratethe Impact of the site on the receiving waters Time and flow based

composite sampiing would be muchbetter methods for monitoring a site if there areaocations to operate

an automatic sampler For sites without such-a location the time-based composite sheet flow sampler
.tr c

offers the best results at the least cost .Give all the variability in concentrations between runoff events

the annualtmonttormgschedule forrany ite should mclude.samphng multiple torrns_
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Recommendations for Industrial Stormwater Monitoring

Suitable industrial monitoring programs can be implemented for different categories of

industrial activities. The following is one such suggestion based on the likely risks associated

with stormwater discharges from each type of facility.

No Exposure to Industrial Activities and Other Low-Risk Industrial Operations

For sites having limited stormwater exposure to industrial operations such as no outdoor

storage of materials or waste products basic monitoring would not normally be conducted.

However roof runoff especially if galvanized metals are used and large parking areas need to

be addressed under basic stormwater regulations dealing with these common sources of

contaminants and the large amounts of runoff that may be produced. Simple SCM guidance

manuals can be used to select and size any needed controls for these sites based on the areas of

concern at the facility. For these facilities simple visual inspections with no monitoring

requirements may be appropriate to ensure compliance with the basic stormwater regulations.
A

regionally calibrated stormwater quality model can be used to evaluate these basic stormwater

conditions and to calculate the expected benefits of control measures. Periodic random

monitoring of sites in this category should be conducted to verify the small magnitude of

discharges from these sites and the performance of SCMs.

Medium-Risk Industrial Operations

For medium-intensity industry facilities site inspections and modeling should be

supplemented with suitable outfall monitoring to ensure compliance. As noted in Box 4-2 there

can be a tremendous amount of variability in industrial runoff characteristics. However the

dataset described in that example was a compilation of data from many different types of

facilities with no separation by industrial
type.

Even different facilities in a single industrial

group may have highly variable runoff characteristics. However a single facility has much less

variability and reasonable monitoring strategies can be developed for compliance purposes. As

noted in Box 4-4 about 40 samples were expected to be needed for each site in that example.

With typical permit periods of five years this would require that less than ten samples per year

more than the three samples per year currently
obtained at many locations be collected in order

to determine the EMC for the site for comparison to allowable discharge conditions. Obviously

the actual number of samples needed is dependent on the variability of the runoff characteristics

and the allowable error as described elsewhere. After about 10 to 15 storms have been

monitored for a site it would be possible to better estimate the total number of samples actually

needed based on the data quality objectives. If the monitoring during the permit period indicated

excessive stormwater discharges then the SCMs are obviously not adequate and would need

improvement. The permit for the next five-year period could then be modified to reflect the need

for more stringent controls and suitable fines accessed if the facility was not in compliance. It is

recommended that absolute compliance not be expected in the industrial permits but that

appropriate benchmarks be established that allow a small fraction of the monitored events to
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exceed the goals. This is similar to discharge permit requirements for combined sewers and for

air quality regulations where a certain number of excessive periods are allowed per year.

High-Risk Industrial Facilities

For high-risk industrial sites of the most critical nature especially ifnoncompliance

may cause significant human and environmental health problems visual inspections and site

modeling should be used in conjunction with monitoring of each event during the permit period.

Because of the potential danger associated with noncompliance the most stringent and robust

controls would be required and frequent monitoring would be needed to ensure compliance. If

noncompliance was noted immediate action would be needed to improve the discharge

conditions. This is similar to industrial and municipal NPDES monitoring requirements for point

sources.

MODELING TO LINKING SOURCES OF POLLUTION
TO EFFECTS IN RECEIVING WATERS

Stormwater permitting is designed to regulate dischargers develop information and

reduce the level of stormwater pollutants and impact on receiving waterbodies. An important

assumption is that the level of understanding of the stormwater system through a combination of

monitoring and modeling is sufficient to associate stormwater discharges with receiving

waterbody impacts. Impairment of waterbodies can occur for a variety of physical chemical

and biological reasons often with a complex combination of causes. The ambient water quality

of a receiving waterbody which may result in a determination of impairment is itself a function

of the total mass loading of pollutant dilution with stream discharge or standing waterbody

volume the capacity of the aquatic ecosystem to assimilate transform or disperse the pollutant

and transport out of the waterbody. In addition to the chemical and physical attributes of the

water impairment may also be characterized by degraded biologic structure or geomorphic form

of the waterbody e.g. channel incision in urban areas. Interactions between multiple pollutant

loadings long turnover and residence times saturation effects and cascading feedbacks with

biological communities complicate the apparent response of waterbodies to pollutant discharge.

This is particularly important when considering cumulative watershed effects in which

interactions between stressors and long-term alteration of watershed conditions may contribute to

threshold responses of a waterbody to continued loading or alteration. Under these conditions

simple loading-response relations are often elusive and require consideration of historical and

local watershed conditions.

As an example pollutant loading at high stream flow or into strong tidally
flushed

systems may be advected downstream or into the coastal ocean without building up significant

concentrations while pollutant loading at low flow may not be effectively transported and

dispersed and may build up to harmful concentrations. In the former case the
pollutant may be

rapidly transported out of the local waterbody but may impact a more distant downstream

system. In addition certain pollutants such as inorganic nitrogen may be discharged into

surface waters and subsequently transformed and removed from the water column into

vegetation or outgassed e.g. volatilized or denitrified into the atmosphere under certain
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ecosystem conditions. Sediment and other pollutants may be stored for long time periods in

alluvial or lacustrine deposits and then remobilized long after the initial loading into a stream

reach or standing waterbody in response to extreme climate events land-use change reservoir

management or even reductions in the pollutant concentrations in the water column.

Consequently long lags may exist between the actual discharge of the sediment and any

pollutants adsorbed or otherwise stored within the deposits and their contribution to waterbody

impairment. Therefore understanding the fate of pollutants particularly nonconservative forms

may require consideration of the full ecosystemcycling and transport of the material over long

time periods.

Impairment of waterbodies can be assessed on the basis of biological indicators as

discussed in Chapter 2. As organisms and communities respond to multiple stressors it is not

always clear what the direct or indirect effects of any specific pollutant discharge is or how that

may be exacerbated by correlated or interacting activity in the watershed. The association of

specific types of impairmentwith surrounding land use implicitly accounts for these interactions

but does not provide a mechanistic understanding of the linkage sufficient to specify effective

remedial activity. However much progress has been made in determining toxic effects of certain

contaminants on different aquatic species assemblages see e.g. Shaver et al. 2007 and on

quantifying impacts of land use on flow duration curves EMCs and loading rates for a number

of pollutants Maestre and Pitt 2005. For the latter effort it has been shown that there is large

variability within land-use categories both as a function of specific SCMs and of innate

differences due to historical legacies climate and hydrogeology.

A protocol linking pollutants
in stormwater discharges to ambient water quality criteria

should be based on conservation of mass in which the major inputs outputs transformations

and stores of the pollutant can be quantified. Indeed these are the components of hydrologic and

watershed models used to simulate the fate and
transport

of stormwater and its pollutants.
SCMs

that improve ambient water quality criteria are designed to act on one or more of these mass

balance terms. A number of these measures act to reduce the magnitude of a stormwater source

eg. porous pavement while others are designed to absorb or dissipate a pollutant within a

hydrologic flowpath downstream from a source e.g. rain garden detention pond stream

restoration. The latter requires some consideration of the flowpath from the source to the

receiving waterbody. Therefore determining the majorsources sinks and transformations of

the pollutant should be the first step in this procedure. For a number of pollutants there may be

very few potential sources while for others there may be multiple significant sources. The

spatial diversity
of these sources and sinks may also range from uniform distribution to hot

spot patterns
that are difficult to detect and quantify. Many stormwater models work effectively

with sources but are not structured to follow the transport or transformation of pollutants from

source to waterbody along hydrologic flowpaths.

Figure 4-14 shows the drainage area of Jordan Lake an important regional drinking water

source in the Triangle area of North Carolina. Catchment areas are shaded to relate the

percentage of industrial and commercial land cover according to the National Land Cover

Database NLCD. Figure 4-15 shows a small tributary within the Jordan Lake watershed in

Chapel Hill outlined in Figure 4-14 with a high-resolution image of all impervious surfaces

overlain on the topographically defined surface flowpath network. Each of the distributed

sources of stormwater is routed through a flowpath consisting of other pervious and impervious

segments within which additions abstractions and transformations of water and pollutants

occur depending on weather hydrologic and ecosystem conditions. The cumulative delivery
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and impact of all stormwater sources include the transformations occurring along the flowpaths

which could include specific SCMs such as detention or infiltration facilities or simply

infiltration or transformations in riparian areas or low-order streams. The riparian area may be

bypassed depending on stormwater concentration or piping and it may have various levels of

effectiveness on reducing pollutants depending on geomorphic ecosystem and hydrologic

conditions. The ability of a stormwater model to capture these types of effects is a key property

influencing its ability to associate a stormwater source with a waterbody outcome.

t

i t

FIGURE 4-14 The drainage area to Jordan Lake a major drinking water reservoir in the

Triangle area of North Carolina is under nutrient-sensitive rules requiring reductions in total

nitrogen and phosphorus. Drainage flowlines and catchment areas are from NHDplus and are

shaded according to their percentage of industrial and commercial land cover from the NLCD.

The area outlined in red is a small urban catchment detailed in Figure 4-15 and comprised of a

wooded central region surrounded by residential and institutional land use.

PREPUBLICATION

Copyright National Academy of Sciences. All rights reserved.

RB-AR17133



Urban Stormwater Management in the United States

http//www.nap.edu/catalog/12465.htmi

250 Urban Stormwater Management in the United States

.

f s re CG
f I

.V

c
i r

4 t6 R1 ir
_

a dam s

FIGURE 4-15 A small urban catchment in the Lake Jordan watershed of North Carolina with

distributed sources of impervious surface buildings and roads stormwater arranged within the

full surface drainage flowpath system. Stormwater from each source is routed down surface

and subsurface flowpaths to the nearest tributary and out the drainage network with additions

and abstractions of water and pollutants along each flowpath segment.

This section discusses the fundamentals of stormwater modeling and the capabilities of

commonly used models. Much of this information is captured in a summary table at the end of

the section Table 4-7. The models included are the following

The Rational Method or Q CIA where Q is the peak discharge for small urban

catchments A is the catchment area I is the rainfall intensity and Cis a rainfall-runoff

coefficient..

The Simple Method which classifies stormwater generation and impact regimes by the

percent impervious cover

TR-20 and TR-55

The Generalized Watershed Loading Function GWLF
Program for Predicting Polluting Particle Passage through Pits Puddles and Ponds P8
Model for Urban Stormwater Improvement Conceptualization MUSIC
Stormwater Management Model SWMM
Source Loading and Management Model WinSLAMM
Soil and Water Assessment Tool SWAT
Hydrologic Simulation Program-Fortran HSPF
Western Washington Hydrologic Model

Chesapeake Bay Watershed Model CBWM
Detailed descriptions of some of these models and their unique applications are given in

Appendix D.

PREPUBLICATION

Copyright National Academy of Sciences. All rights reserved.

RB-AR17134



Urban Stormwater Management in the United States

http//www.nap.edu/catalog/12465.html

Monitoring and Modeling 251

Fundamentals of Stormwater Models

Stormwater models are designed to evaluate the impacts of a stormwater discharge on a

receiving waterbody. In order to do this the model must have the capability of describing the

nature of the source term volumes constituents transport and transformation to the receiving

waterbody and physical chemical and biological interaction with the receiving water body and

ecosystem. No model can mechanistically reproduce all of these interactions because of current

limitations in available data incomplete understanding of all processes and large uncertainties in

model and data components. Computer resources while rapidly advancing still limit the

complexity of certain applications especially as spatial data become increasingly available and it

is tempting to model at ever-increasing resolution and comprehensiveness. Therefore models

must make a set of simplifying assumptions emphasizing more reliable and available data while

attempting to retain critical processes feedbacks and interactions. Models are typically

developed for a variety of applications ranging from hydraulic design for small urban

catchments to urban and rural pollutant loading at a range of watershed scales.

An evaluation of the current state of stormwater modeling should say much about our

ability to link pollutant sources with effects in receiving waters. Both stormwater models and

models supporting the evaluation of SCM design and effectiveness are based on simulating a

mass budget of water and specific pollutants. The detail of mass flux transformation and

storage terms vary depending on the scale and purpose of the application level of knowledge

regarding the primary processes and available data. In many cases mechanisms of

transformation may be either poorly understood or may be dependent on detailed interactions.

As an example nitrogen-cycle transformations are sensitive to very short temporal and spatial

conditions termed hot spots and hot moments relative to hydrologic flowpaths and moisture

conditions McClain et al. 2003.

Stormwater runoff production and routing are common components of these models. All

models include an approach to estimate the production of stormwater runoff from one or more

zones in.the watershed although runoff routing from the locations of runoff production to a

point or waterbody is not always included explicitly. Major divisions between approaches are

found in the representation of the watershed geography in terms of patterns and heterogeneity

and in runoff production and routing. Some stormwater models. do not consider the effects of

routing from a runoff source to a local waterbody directly but may attempt to reproduce net

impacts at larger scales through the use of unit hydrograph theory to estimate peak flows and

delivery ratios or stormwater control efficiency factors to estimate export to a waterbody.

There are a number of different approaches and paradigms used in stormwater models

that include varying degrees of watershed physical biological and chemical process detail as

well as spatial and temporal resolution and the representation of uncertainty in model estimates.

A number of researchers have written about the nature of watershed models e.g. Beven 2001

Pitt and Vorhees 2002. At present many hydrologic and stormwater models have become so

complex with multiple choices for different components that standard descriptions apply only to

specific components of the models. The following discussion is generalized most models fit the

descriptions only to certain degrees or only under specific conditions in which they are operated.
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Lumped Versus Distributed Approaches

Central to the design of watershed models is the concept of a control volume which is

a unit within which material and energy contents and balances are defined with boundaries

across which material and energy transport occurs. Control volumes can range from multiple

subsurface layers and vegetation canopy layers bounded in three dimensions to a full watershed.

Lumped models ignore or average spatial heterogeneity and
patterns

of watershed conditions

representing all control volumes and the stores sources and sinks of water and pollutants in a

vertically linked set of conceptual components such as surface interception unsaturated and

saturated subsurface zones and a single stream or river reach. For example SWAT or HSPF are

conceptually lumped at the scale of subwatersheds e.g. the level of geography in Figure 4-14

and do not show any spatial patterns at higher resolutions e.g. Figure 4-15 than these units.

While multiple land-use/soil combinations may be represented these models do not represent the

connectivity of the land segments e.g. which land segments drain into which land segments

and assume all unique land segment types drain directly to a stream.

Distributed models include some scheme to represent spatial heterogeneity of the

watershed environment pertinent to stormwater generation including land cover soils

topography meteorological inputs and stream reach properties distributed through a set of

linked control volumes. Control volumes representing land elements including vertically linked

surface and subsurface stores are connected by a representation of water and pollutant lateral

routing through a network of flowpaths that may be predefined or set by the dynamics of surface

soil and saturated zone water storage. The land elements may be grid cells in a regular lattice

or irregular elements e.g. triangles with the pattern adapted to variations in land surface

characteristics or hydraulic gradients.

A number of models are intermediate between lumped and distributed with approaches

such as lumping at the subwatershed scale incorporating statistical distributions of land element

types within subwatersheds but without explicit pattern representation or lumping some

variables and processes such as groundwater storage and flux while including distributed

representation of topography and land cover. Thus within the model SLAMM Pitt and

Vorhees 2002 the catchment is described in sufficient detail to summarize the breakdown of

different drainage sequences. As an example roof area will be broken down to the proportion

that drains to pervious areas and to directly connected impervious areas. An important

distinction is that there is no routing of the output of one land element into another such that

there is no drainage sequence that may significantly modify the stormwater runoff from its

source to the stream. Implicitly all land elements drain directly into a stream although a loss

rate or delivery ratio can be specified.

The choice of a more lumped or distributed model is often dependent on available data

and overall complexity of the model. Simpler lumped models may be preferred in the absence

of sufficient data to effectively parameterize a distributed approach or for simplicity and

computational speed. However fully lumped models may be limited in their ability to represent

spatial dependency such as the development and dynamics of riparian zones or the effects of

SCM patterns and placement. As there is typically an irreducible level of
spatial heterogeneity in

land surface characteristics down to very small levels below the resolution of individual flow

elements we note that all models lump at some scale Beven 2000.
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Mechanistic Versus Conceptual Process Representation

Mechanistic or process-based approaches attempt to reproduce key stormwater transport

and transformation processes with more physically chemically or biologically based detail

while conceptual models represent fluxes between stores and transformations with aggregate

simplified mathematical forms. No operational models are built purely from first principles so

the distinction between mechanistic and conceptual process basis is one of degree.

The level of sampling necessary to support detailed mechanistic models as well as

remaining uncertainty in physicochemical processes active in heterogeneous environments

typically
limits the application of first-principle methods. The development or application of

more mechanistic approaches is currently limited by available measurements which require both

time and resources to adequately carry out. Unfortunately modeling and monitoring have often

been mutually exclusive in terms of budgets although it is necessary for both to be carefully

planned and integrated. A new generation of sensors and a more rigorous and formal sampling

protocol for existing methods will be necessary to advance beyond the current practice.

At present most operational hydrologic and transport
models are based on a strong set of

simplifying assumptions regarding active processes and/or the spatial variation of sources sinks

and stores in the watershed. Runoff production can be computed by a range of more mechanistic

to more conceptual or empirical methods. More mechanistic methods include estimation of

infiltration capacities based on soil hydraulic properties and moisture conditions excess runoff

production and hydraulic routing over land surfaces into and through a stream-channel network.

More conceptual approaches use a National Resources Conservation Service NRCS curve

number approach see Box 4-5 and unit hydrograph methods to estimate runoff volume and time

of concentration. Pollutant concentrations or loads are often estimated on the basis of look-up

tables using land use or land cover. Land use- or land cover-specific EMC or unit area loading

for pollutants can be developed directly from monitoring data or from local regional or national

databases. The NSQD statistically summarizes the results of a large
number of stormwater

monitoring projects as discussed previously in this chapter. The effects of SCM performance

typically percent removal can be estimated from similardatabases e.g.

www.bmpdatabase.org. A set of models such as SWAT incorporate fairly detailed

descriptions of nutrient cycling as an alternative to using EMC requiring more detailed inputs of

soil crop and management information. Unfortunately the detailed biogeochemistry of this and

similarmodels is typically not matched by the hydrology which remains lumped at individual

Hydrologic Response Unit HRU levels using NRCS curve number methods although options

exist to incorporate more mechanistic infiltration excess runoff.

Deterministic Versus Stochastic Methods

Deterministic models are fully determined by their equation sets initial and boundary

conditions and forcing meteorology. There are no components that include random variation.

In a stochastic model at least one parameter or variable is drawn from a probability distribution

function such that the same model set-up initial and boundary conditions meteorology

parameter sets will have randomly varying results. The advantage of the latter approach is the

ability to generate statistical variability of outcomes reflecting uncertainty in parameters
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processes or any other component. In fact any deterministic model can be operated in a

stochastic manner by sampling parameter values from specified probability distributions.

It is recognized that information on the probability distribution of input parameters may

be scarce. For situations with limited information on parameter values one option is to assume a

uniform distribution that brackets a range of values of the parameter reported in the literature.

This would at least be a start in considering the impacts of the variability of model inputs on

outputs.
A thorough discussion on methods for incorporating uncertainty analysis into model

evaluation is provided in Chapter 14 of Ramaswami et al. 2005. It should be noted that the

ability to generate probability distribution information on stormwater outcomes requires a

potentially large number of model runs which may be difficult for detailed mechanistic and

distributed models that have large computational loads.

Continuous Versus Event-Based Approaches

Another division between modeling approaches is the time domain of the simulation.

Event-based models limit simulation time domains to a storm event covering the time of rainfall

and runoff generation and routing. Initial conditions need to be estimated on the basis of

antecedent moisture or precipitation conditions. For catchments in which runoff is dominated by

impervious surfaces this is a reasonable approach. In landscapes dominated by variable source

area runoff dynamics in which runoff is generated from areas that actively expand and contract

on the basis of soil moisture conditions a fuller accounting of the soil moisture budget is

required. Furthermore event-based modeling is inappropriate for water quality purposes

because it will not reproduce the full distribution of receiving water problems. Continuous

models include simulation of a full time domain composed of storm and inter-stormperiods thus

tracking soil moisture budgets up to and including storm events.

Outfall Models

After beneficial use impairments are recognized cause-and-effect relationships
need to

be established and restorative discharge goals need to be developed. Models are commonly used

to calculate the expected discharges for different outfalls affecting the receiving water in a

community. All of the models shown in Table 4-7 can calculate outfall discharge quantities

although some may only give expected average annual discharge. Models calculate these

discharges using a variety of processes but all use an urban hydrologycomponent to determine

the runoff quantity and various methods to calculate the quality of the runoff. The runoff

quantity is multiplied by the pollutant concentration in the outfall to obtain the mass discharges

of the different pollutants. The outfall mass discharge from the various outfalls in the area can

then be compared to identify the most significant
outfalls that should be

targeted
for control.

The most common hydrology engines in simple stormwater models are the NRCS

curve number method or a simple volumetric runoff coefficient-Ru the ratio of runoff to

rainfall-for either single rainfall events or the total annual rainfall depth. Runoff quality in the

simple models is usually calculated based on published EMCs for similarland uses in the same

geographical area. More complex models may use build-up and wash-off of pollutants from

impervious surfaces in a time series or they may derive pollutant concentrations from more
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detailed biogeochemical cycling mechanisms including atmospheric deposition and other inputs

e.g. fertilizer. Some models use a combination of these processes depending on the area

considered and others offer choices to the model user. Again these processes all need local

calibration and verification to reduce the likely uncertainty associated with the resultant

calculated discharge conditions.

Source Area

When the outfalls are ranked according to their discharges of the pollutants of

importance further detailed modeling can be conducted to identify sources of the significant

pollutants within the outfall drainage area. Lumped parameter models cannot be used as the

model parameters vary within the drainage area according to the different source areas.

Distributed area models can be used to calculate contributions from different source areas within

the watershed area. This information can then be used to rank the land uses and source area

contributions. In-stream responses can be calculated if the land-area models are linked to

appropriate receiving-water models.

Need for Coupling Models

As urban areas become increasingly extensive and heterogeneous including a gradient of

dense urban to forest and agricultural areas linkage and coupling of models to develop feedback

and interactions e.g. impacts of urban runoff hydraulics with stream scour and sedimentation

mixed with agricultural nutrient and sediment production on receiving waterbodies is a critical

area that requires more development. In general stormwater models were designed to track and

predict discharges from sources by surface water flowpaths into receiving waterbodies such that

infiltration was considered to be a loss or retention of water and its constituents. To fully

evaluate catchment-scale impacts of urbanization on receiving waterbodies the infiltration term

needs to be considered a source term for the groundwater and a groundwater component or

model needs to be coupled to complete the surface-subsurface hydrologic interactions and

loadings to the waterbody.

Finally each of the models may or may not incorporate explicit consideration of SCM

performance based on design implementation and location within the catchment. As discussed

in the next chapter SCM models can range from simple efficiency factors 0-1 multipliers on

source discharge to more detailed treatment of physical chemical and biological transport and

transformations.

Linking to Receiving- Water Models

Specific problems for urban receiving waters need to be identified through

comprehensive field monitoring and modeling. Monitoring can identify current problems and

may identify the stressors of importance see Burton and Pitt 2002 for tools to evaluate

receiving water impairments. However monitoring cannot predict conditions that do not yet

exist and for other periods of time that are not represented at the time of monitoring. Modeling

is therefore needed to gain a more comprehensive understanding of the problem. In small-scale

PREPUBLICATION

Copyright National Academy of Sciences. All rights reserved.

RB-AR17139



Urban Stormwater Management in the United States

http/twww.nap.edu/catalog/12465.html

256 Urban Storm water Management in the United States

totally urbanized systems less complex receiving-water models are needed. However as the

watershed becomes more complex and larger with multiple land uses the receiving-water

models also need to become more complex. Complexreceiving-water models need to include

transport
and transformations of the pollutants of concern for example. Examples of models

shown on the comparison table that include receiving-water processes are MUSIC and HSPF.

Other models such as WinSLAMM provide direct data links to external receiving-water

models. Calibration and verification of important receiving-water processes that are to be

implemented in a model can be very expensive and time consuming and still result in substantial

uncertainty.

Model Calibration and Verification

Calibration is the process where model parameters are adjusted to minimize the

difference between model output and field measurements with an aim of keeping model

parameters within a range of values reported in the literature. Model verification similar to

model validation is used to mean comparison between calibrated model results using part of a

data set as input and results from application of the calibrated model using a second

independent part
of the data set as input. Oreskes et al. 1994 present the viewpoint that no

model can really be verified at best verification should be taken to mean that a model is

consistent with a physical system under a given set of comparison data. This is not synonymous

with saying that the model can reliably represent the real system under any set of conditions. In

general the water quantity aspects of stormwater modeling are easier to calibrate and verify than

the water quality aspects in
part

because there are more water quantity data available and

because chemical transformations are more complex to simulate. A thorough discussion of the

broad topic of model evaluation is provided by several excellent texts on this subject including

Schnoor 1996 and Ramaswami et al. 2005.

Models in Practice Today

Table 4-7 presents a set of models used for stormwater evaluation that range in

complexity from first-generation stormwater models making use of simple empirical land

cover/runoff and loading relations to more detailed and information-demanding models. The

columns in Table 4-7 provide an abbreviated description of some of the attributes of these

models-common usage typical application scales the degree of model complexity some data

requirements for the hydrologic component whether the model addresses groundwater and

whether the model has the ability to simulate SCMs. Models capable of simulating a water

quality component require EMC data with some models also having a simple build-up/wash-off

approach to water quality simulation e.g. SWMM WinSLAMM and MUSIC and others

simulating more complex geochemistry e.g. SWAT and HSPF. The set of columns in Table4-7
is not meant to be exhaustive in describing the models which is why websites are provided for

comprehensive model descriptions and data requirements.

In addition to the models listed in Table 4-7 a representative set of emerging research

models that are not specifically designed for stormwater but may offer some advantages for

specific uses are also described below. In general it is important that models that integrate
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hydrologic hydraulic meteorologic water quality and biologic processes maintain balance in

their treatment of process details. Both model design and data collection should proceed in

concert and should be geared toward evaluating and diagnosing the consistency of model or

coupled model predictions and the uncertainty attached to each component and the integrated

modeling system. The models should be used in a manner that produces both best estimates of

stormwater discharge impacts on receiving waterbodies as well as the level of uncertainty in the

predictions.

The Rational Method is a highly simplified model widely used to estimate peak flows for

in sizing storm sewer pipes and other low level drainage pathways. The method assumes a

constant rainfall rate intensity such that the runoff rate will increase until the time at which all

of the drainage area contributes to flow at its outlet termed the time ofconcentration. The

product of the drainage area and rainfall intensity is considered to be the input flow rate to the

drainage area under consideration the ratio of the input flow rate to an outflow discharge rate is

termed the runoff coefficient. Runoff coefficients for a variety of land surface types and slopes

have been compiled in standard tables see e.g. Chow et al. 1988. The outflow is determined

by multiplying inflow rainfall intensity times drainage area by the runoff coefficient for the

land-surface
type. As pointed out by Chow et al. 1988 this method is often criticized owing to

its simplified approach so its use is limited to stormwater inlet and piping designs.

The Simple Method estimates stormwater pollutant loads for urban areas and it is most

valuable for assessing and comparing the relative stormwater pollutant load changes of different

land use and stormwater management scenarios. It requires a modest amount of information

including the subwatershed drainage area and impervious cover stormwater pollutant

concentrations as defined by the EMC and annual precipitation. The subwatershed can be

broken up into specific land uses such that annual pollutant loads are calculated for each type of

land use. Stormwater pollutant concentrations are usually estimated from local or regional data

or from national data sources. The Simple Method estimates pollutant loads for chemical

constituents as a product of annual runoff volume and pollutant concentration as L 0.226 R x

Cx A where L annual load lbs R annual runoff inches C pollutant concentration

mg/1 and A area acres.

Of slightly increased complexity are those models initially developed decades ago by the

Soil Conservation Service now the NRCS of the U.S. Department of Agriculture USDA.
NRCS Technical Releases TR 20 and 55 are widely used in many municipalities despite the

availability of more rigorous updated stormwater models. Box 4-5 provides an overview of the

NRCS TR-55 assumptions and approaches.
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BOX 4-5

NRCS TechnicalRelease 55

NRCS methods to estimate runoff volumes and flows have been popular since the early 1950s

Rallison 1980. Fundamentally they can be broken into the separation of runoff from the rainfall volume

Curve Number Method the pattern of runoff over time dimensionless unit hydrograph and their

application within computer simulation models. In the late 1970s these. components were packaged

together in a desktop hydrology method known as Technical Release 55 TR55. TR-55 became the

primary odel used by the majority of stormwater designers and there is considerable confusion over the

terms usedto describe what aspects of the NRCS methods are in use

The N RCS Curve. Number Method was first derived inthe950s for prediction of runoff. from

ungauged agricultural
areas. It relates two summation ratios that of runoff.torainfalland that of moisture

retained to maximumpotential retention Two statistically based relations were developed to drive the

ratio the fiirst.of which based on a curve number which depicts.tF a soil type an cover and initial

moisture content .Th second or initial abstraction is definedsas the volume of losses that occur prior to

the initiation of runoff and is also related to the curve number. Data were used to derive curve numbers

for. each soil type and cover..as. shown in Figure 4-17 Rallison 1.980.

The Curve Number method is a very practical method that gives average runoff results from a

watershed and is used in many models WIN TR-55 TR720 SWIVIM GWLF HEC-HMS etc.. Caution

has to be exercised when using it-for smaller urbanizing stormevents. For example past practice was to

average cur a numbers for developments for pavement and grass based on percent imperviousness.

While this works.well for large storms for.smaller storms it gives erroneous answers through violation of

the initialabstraction relationship Currentstate manuals MDE 2000 PaDEP 2006 do not allow paved

and unpaved-area curve numbers to be averaged. When applied tocontinuoussimulation models such

asin SWIVIMor GWLF It requires an additional method to recoverthe capacity to remove runoff because

the soil capacity to infiltrate water is restored over time.

The NRCS Dimensionless Unit Hydrogaph has also evolved.over many years and simply creates

a temporal pattern
from the runoff generated from the curve number method. This .transformatio is

based upon the.tirne of concentration defined as the length of time the water takes to travel from the top

to the bottom of the watershed The dimensionless curve ensures that conservation of mass is

maintained. The main purpose ofthis method is to estimate how long it takes the runoff generated by the

curve number to runoff the landandproduce discharge at the watershed outlet.

continues next page
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BOX 4 5 Continued
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The NRCS curve number and dimensionless unit hydrograph were first incorporated in the Soil

Conservation Service SCS TR-20 hydrologic computer model developed in the 1960s. s most

stormwater professionals did not have access to mainframes SCSput together TR 55 which created a

hand or calculator method to apply the curve number and dimensionless unit hydrograph. In orderto

create this hand method many runs were generated using TR-20 to develop patterns for different times

of concentration. The difficulty with using the original TR-55 in the modern era is that the simplifications

to the hydrograph. development do. not allow the benefitsof SCIVIs to be.easily accounted for.

The use .o the term TR-55 has been equated with the curve number method this has created

confusion especially when it is. included in municipal code. Further clouding the issue there are two

types of TR 55 computer models.available.
One is based heon ginal outdated simplified hand

method and the other Win TR 55 returns to the more appropriate application ofthecurve number and

dimensionless h dyrograph methods. In either case the focusof these models is on single event

ydrology and cannot easily incorporate or demonstrate the benefits of the wide range of structural.and

nonstructural SCMs Note that the curve number anddimensionless unit hydrograph methods are

incorporated in many continuous flow models including
SWMM and GWLF as the basis of runoff

generation and runoff tiiriing.
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A number of watershed models that are used for stormwater assessment are lumped

conceptual forms with varying levels of process simplification and spatial patterns aggregated at

the subwatershed level with aspatial statistical distribution of land types as described above.

The GWLF model Haith and Shoemaker 1987 is an example of this type of approach using

simple land use-based EMC with NRCS curve number estimates of runoff within a watershed

context. GWLF is a continuous model with simplified upper- and lower-zone subsurface water

stores and a simple linear aquifer to deliver groundwater flow. EMCs are assigned or calibrated

for subsurface and surface flow delivery while sediment erosion and delivery are computed with

the use of the Universal Soil Loss Equation and delivery coefficients. The methods are easily

linked to a Geographical Information System GIS which provides land-use composition at the

subwatershed level and develops estimates of runoff and loading that are typically
used to

estimate annual loading. AVGWLF links GWLF with ArcView and is used as a planning- or

screening-level tool. A recent example of AVGWLF for nutrient loading linked to a simple

stream network nutrient decay model for the development of a TMDL for a North Carolina water

supply area is given in Box 4-6.

P8 Program for Predicting Polluting Particle Passage through Pits Puddles and Ponds

is a curve number-based model for predicting the generation and
transport

of stormwater runoff

pollutants in urban watersheds originally developed to help design and evaluate nutrient control

in wet detention ponds Palmstrom and Walker 1990 http//wwwalker.net/p8l. Continuous

water-balance and mass-balance calculations are performed and consist of the following

elements watersheds devices particle classes and water quality components. Continuous

simulations use hourly rainfall and daily air temperature time series. The model was initially

calibrated to predict runoff
quality typical of that measured under NURP EPA 1983. SCMs in

P8 include detention ponds wet dry extended infiltration basins swales and buffer strips.

Groundwater and baseflows are also included in the model using linear reservoir processes.

MUSIC is a part of the Catchment Modelling Toolkit www.toolkit.net.au developed by

the Cooperative Research Center for Catchment Hydrology in Australia Wong et al. 2001.

The model concentrates on the quality and quantity of urban stormwater including detailed

accounting of multiple SCMs acting within a treatment train and life-cycle costing. It employs a

simplified rainfall-runoffmodel Chiew and McMahon 1997 based on impervious area and two

moisture stores shallow and deep. TSS total nitrogenand total phosphorus are based on

EMCs sampled from lognormal distributions. The model does not contain detailed hydraulics

required for routing or sizing of SCMs and it is designed as a planning tool.

EPAs SWMM has the capability of simulating water quantity and quality for a single

storm event or for continuous runoff. The model is commonly used to design and evaluate

storm sanitary and combined sewer systems. SWMM accounts for hydrologic processes that

produce runoff from urban areas including time-varying rainfall evaporation snow

accumulation and melting depression storage infiltration into soil percolation to groundwater

interflow between groundwater and the drainage system and nonlinear reservoir routing of

overland flow. Spatial variability is modeled by dividing a study area into a collection of

smaller homogeneous subcatchment areas each containing its own fraction of pervious and

impervious sub-areas. Overland flow can be routed between sub-areas between subcatchments

or between entry points of a drainage system. SWMM can also be used to estimate the

production of pollutant loads associated with runoff for a number of user-defined water quality

constituents. Transport processes include dry-weather pollutant buildup over different land uses

pollutant
wash-off from specific land uses direct contribution of rainfall deposition and the

PREPUBLICATION

Copyright National Academy of Sciences. All rights reserved.

RB-AR17144



Urban Stormwater Management in the United States

http//www.nap.edu/catalog/12465.html

Monitoring and Modeling 261

BOX 4-6

The B. Everett Jordan Lake GWLF Watershed Model Development

Jordan Lakeisa regionally. important water supply reservoir at the base of the 1686-square-mile

Haw watershed in.North Carolina see Figure .418 It is considered a nutrient-sensitive waterbody.

Officials are now in the process of implementing watershed goals to. reduce nitrogen and-phosphorus
with the reduction goals differentiated by geographic location within the basin... In support of the

development of these rules as part of 63M DL effort the North Carolina Division-of Water Quality

commissioned a water quality modeling studyTetra Tech 2003. The modeling effort was needed to.

support the evaluation of nutrient reduction strategies in different parts of the watershed relative to Jordan

Lake which requires both a model of nutrient loading as well as river transport and transformation.

Given data and resource restrictions a more detailed model was not considered feasible. As GWLF does

not support nutrient transformations in. the stream network. the model was used in conjunction with a

method to decay nutrient source loading by rivertransport. distance to the lake. A spreadsheet model

was designed to take as inputGWLF estimates of seasonal loads for 14-digit hydrologic unit code.HUC
subbasins of the Haw and to reduce the loads by river. miles between the subwatershed and. Jordan

Lake TheGWLF loading model was calibratedto observations in small sutiwaterslieds within the Haw

using HRUs developed from soil andNLCD land classes updated with additional information from. county

GIS parcel databases and the 2000 Census This information was used to estimatesubwatershed.

impervious surface cover fertilizer inputs runoff curve numbers soil water capacity and vegetation cover

to. adjust evapotranspiration rates. Wastewater disposal sewer or septic was estimated on the basis of

urban service boundaries. GWLF was used to provide loading estimates using limited information on soil

and groundwater nutrient concentrations.and calibrated delivery ratios. In-stream loss was based on a

first-orderexponential decay function of river travel time to Jordan Lake with the decay coefficient

generated by estimates of residence time in the river network and upstream/downstream nutrient loads

following non-linear regression methods used in. SPARROW Alexander. et al. 2000. Further

adjustments based 666poundment trapping ofediment and associated nutrient loads were carried out

for larger reservoirs in the Haw. The results provided estimates of both loading and transport efficiency to

JordanfLake with estimates of relative-effectiveness ofsectoral loading reductions in different partsof the.

watershed
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FIGURE 4-18 14 digit HUCs draining to Jordan Lake in_the Haw River watershed of .Nort Carolina.

SOURCE NHD.
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action of such SCMs as street cleaning source control and treatment in storage units among
others. Further details are provided in Appendix D.

Watershed models such as SWAT Arnold et al. 1998 or HSPF Bicknell et al. 1997

2005 have components based on similarland-use runoff and loading factors but also

incorporate options to utilize detailed descriptions of interception infiltration runoff routing

and biogeochemical transformations. Both models are based on hydrologic models that were

developed prior to the availability of detailed digital spatial information on watershed form and

use conceptual control volumes that are not spatially linked. HRUs are based on land use soils

and vegetation and crop type among other characteristics and are considered uniformly

distributed through a subbasin. Within each HRU simplified representations of soil upper and

lower zones or unsaturated and saturated components are vertically integrated with a conceptual

groundwater storage-release component. There is no land surface routing and all runoff from a

land element is considered to reach the river reach with some delivery ratio if appropriate for

sediment and other constituents. Like GWLF the models are typically not designed to estimate

loadings from individual dischargers but are used to help guide and develop TMDL for

watersheds. SWAT and HSPF are integrated within the EPA BASINS system

http//www.epa.gov/waterscience/basins with GIS tools designed to use available spatial data to

set up and parameterize simulations for watersheds within the United States. Examples of

combining one of these models typically designed for larger-scale applications such as the area

shown in Figure 4-14 with more site-specific models such as SLAMM or SWMM are given in

Box 4-7.

BOX 4.7

UsingSWAT andWinSLAMM to Predict Phosphorus Loads in the Rock River Basin Wisconsin

Wisconsin Administrative Code NR 217 states that wastewater treatment facilities in Wisconsin

must achieve an effluentconcentration of 1 mg/L for phosphorus. Alternative limits are allowed if it cane

be demonstrated.that.achieving the1 mg/L.limitwill not 7result in an environmentally significant

Improvement In water quality N.R 217.042b1. In response to NR. 217 a group of municipal

wastewater treatment facilities formed the Rock. River Partnership RRP to assesswater. quality

management issues Kirsch 2000. The RRPand the WisconSm Department of Natural Resources

funded a studto_seek water quality solutions across all media and notjustpursue additional reductions

from point sources. A significantportion of--the study required a modeling effort to determine the

magnitude of various nutrient sources and determine potential reductions through the Implementation of

global SCMs.
The Rock River Basin covers approximately 9530 square kilometers and lies within the glaciated

p
rtion.of

south central and eastern WisconsinFigure4 19 The Rock-River and Its numerousP

utaries thread their way t
i hrough this landscape thatspreads over 10 counties inhabited by more than

750000 residents. There are 40 permitted municipalities in the watershed representing 4 percent of the

land areaand they are servedby 57 sewage treatment plants. Urban centers include Madison

Janesville and Beloit as well assmallercities suchas Waupun Watertown Oconomowoc Jefferson and

Beaver am. Although the basin is experiencing rapid growth it is still largely rural in character with

agriculture using nearly 75 percent of the land area. Crops rainge from continuous cornandcorn-soybean
rotations in thesouthtoa mix of dairyfeederoperations and cash croppingin the north. The

basin enjoys a Healthy economy with agood balance ofagncultural industnal and service businesses.

The focus of the modeling was to construct an intermediate level macroscalemodel to better

quantify phosphorus loads from point and nonpoint sources throughout the basin The three goals of the

modeling effort were to 1 estimate the average annual phosphorus load 2 estimate.the relative

continues next page
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BOX 4-7 Continued

contribution of phosphorus loads from both nonpoint urban and agricultural and point sources and 3
estimate changes in average annual phosphorus loads from the application of global SCMs and point
source controls.

SWAT was selected for the agricultural analysis and WinSLAMMwas selected to develop
phosphorus loads for the urban areas . WinSLAMMwas selected to make estimates of stormwater loads

because it is already calibrated in Wisconsin for.stormwater volumes and pollutant concentrations.

Outputs of phosphorus loads from WnSLAMM-were used as. input to SWAT. One output of SWAT was a

total nonpolnt phosphorus load based on agricultural. loads calculated in SWAT and stormwater loads

estimated-.byWinSLAMM.

SWAT. was calibrated with data from 23 USGS gauging stations in the Rock River Basin.

Hydrology was balanced first on a yearly basis looking-at average annual totals then monthly to verify

snowfall. and snowmelt routines and. then daily. Daily calibration was conducted-to check crop growth

evapotranspiration and daily peak flows. Crop yields predicted by SWAT were calibrated to those

published in the USDA Agricultural Statistics.

Undercurrent land use and management conditions the model predicted an average annual load

of approximately 1680000 pounds of total phosphorus for the basinwith 41-percent frompoint sources

and 59 percent from nonpoint.sources Less than 10 percent of the annual phosphorus load is generated

by the urban areas in the watershed. Evaluation of various SCM scenarios shows that with

implementation of NR 217 applicable point source effluent at mg/Lan improvement in tillage.

practices and nutrient management practices total Phosphorus can be reduced across the basin by

approximately 40 percent. Itis important to notethat the nonpolnt management practices that were

analyzed were limited totwo options modifications in tillage practices and adoption of recommended
nutrient application rates.No other management practices i a urban controls riparian-buffer strips etc.

were simulated -Urban controls werenot included because theurban areas contributed a relatively small

percentage of the total. phosphorus load. Thus loadings depicted by.SWAT under these management
scenarios do not necessarily represent the lowest attainable loads. Results suggest that a combination of

point and nonpoint controls will be required to.attain significant phosphorus reductions.

Pr ýl
vrr

FIGURE 4 .1 Rock River Basin Wisconsin SOURCE R ririnted with permission from Kirsch 2000.
Copyright 2000 by -American Society for Bjological and_AgriculturalEngineers.
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The CBWM is a detailed watershed model that is extended from HSPF as a base but

includes additional components to incorporate stormwater controls at the land segment level.

HSPF is operated for a number of subbasins and each subbasin model includes different land

segments based on land cover and soil units as aspatial lumped distribution functions but also

includes representation of SCMs and large stream routing. Model implementation at the scale

of the full Chesapeake Bay watershed requires fairly coarse-grained land
partitioning.

A
threshold of 100 cfs mean annual flow is used to represent streams and rivers and the one-to-one

mapping of land segment to river reach produces large heterogeneous land segments as the basic

runoff-producing zones. SCMs are implemented either at the field or runoff production unit as

distinct land segment types in terms of management or land cover or as edge-of-field

reductions of runoff or pollutant loads. The latter are assigned as static efficiency factors

irrespective of flow conditions or season with all SCMs within a land segment integrated into a

single weighted efficiency value.

SLAMM is designed for complex urban catchments and is used as a planning tool to

assess both stormwater and pollutant runoff production and the capability of specific stormwater

control strategies to reduce stormwater discharges from urban sources. It is specifically designed

to capture the most significant distributed and sequential drainage effects of variable source areas

in urban catchments Pitt and Vorhees 2002 and is based on detailed descriptions of the

catchment composition including both type and relative position drainage sequence of land

elements. The model is dependent on high-resolution classification or description of the

catchment that has become increasingly available in urban areas over the past two decades and

comprehensive field assessment of runoff and pollutant loading from different urban land

elements. SLAMM uses continuous simulation for some aspects such as the build up of street

pollutant loads between storms while using event-based simulation for runoff. The description

of build-up and wash-off is a critical component in urban stormwater models applied to areas

with substantial impervious surfaces and is a good example of the need to match detailed and

rigorous field sampling in order to adequately describe and represent dominant processes.

Details of measurement and model representation for build-up and wash-off of contaminants are

given in Box 4-8.

Potential New Applications of Coupled Distributed Models

The advent of high-resolution digital topographic and land-cover data over the past two

decades has fueled a significant shift in runoff modeling towards spatially explicit simulations

that distinguish and connect runoff producing elements in a detailed flow routing network.

While models developed prior to the availability of high-resolution data or based on older

paradigms developed in the absence of this information required spatial and conceptual lumping
of control volumes more recently developed distributed models may contain control volumes

linked in multiple vertical layers soil and aquifer elements and laterally from a drainage divide

to the stream including stream-channel and
riparian segments. A set of models has been

developed and applied to stormwater generation using this paradigm that can be applied at the

scale of residential neighborhoods resolving land cover and topography at the parcel level.

These models also vary in terms of their emphasis with some models better representing coupled

surface water-groundwater interactions water carbon and nutrient cycling or land-atmosphere

interactions. Boyer et al. 2006 have recently reviewed a set of hydrologic and ecosystem
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BOX 4-8

Build-up and Wash-off of Contaminants from Impervious Surfaces

The accumulation and wash-off of street particulates have been studied for many years Sartor

and Boyd 1972 Pitt 1979 1985 1987 and are important considerations in many stormwater models

such as SWMM HSPF and SLAMM that require information. pertaining to the. movement. of pollutants

over land surfaces Accumulation ratesare usually obtained through.trial and error during calibration

with little if any actual direct measurements.Furthermore those direct measurements that have been

made are often misapplied in modeling applications resulting in unreasonable model predictions.

Historically streets havebeen considered the most important directly connected impervious

surface. Therefore much early research was directed toward measuring the processes on these

surfaces. Although it was eventually realized that other surfaces can also be significant pollutant sources

see Pitt et al. 2005bc for reviews additional research to study accumulation and wash-off for these

other areas has not been conducted such that the following discussion is focused on street dirt

accumulation and wash-off.

Accumulation of Particulates on Street Surfaces

Tht permanent storage component of street surface particulates is a function of Street texture

and condition and is the quantity of street dust and dirt ithat cannot beremoved naturally byrain or wind

orby street cleaning equipment.. It is literally trapped in the texture of the street. he street dirt loading at

any time isýthis initial .permanen loading plus the accumulation amount corresponding to the exposure

period minus the resuspended material removal by wind and traffic-induced turbulence.

One of the first research studies to attempt to measure street dirt accumulation was conducted by

Sartor and Boyd. 19.72. Field investigations were conducted between 1969 and 1971 in several cities

throughout the.United States and in residential commercial and industrial land-use areas. Figure 4-20 is

a plot-of the 26 test area measurements collected from different cities but separated by the three land

uses. The data are the accumulated solids loading plotted against the number of days since the street

had been cleaned by the municipal street cleaning operation or a significant. rain. There is a large

amount ofivariability The street cleaning and this rain- were both assumed to remove all of the
street

dirt

hence theeurves were all forced through zero loading at zero.days.
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FIGURE 4-20 Accumulation curves developed during early street cleaning research. SOURCESartor
and Boyd 1972.
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BOX.478.Continued

A more thorough study was conducted in San Jose California by Pitt 1979 during which the

measured street dirt loading for a smooth street was also found to be a function of time. As shown in

Figure 4-21 both accumulation rates and increases in particle size of the street dirt increase as time

between street cleaning lengthens. However it is also evident that there is a substantial residual loading

on the streets immediately after the street cleaning which differs substantially from the assumption of

Sartor and Boyd that rains reduce street dirt to zero.
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FIGURE4-21Street dirt accumulation and particle size changes on good asphalt streets in San Jose
California. SOURCE Pitt 1979.

The San Jose study also investigated the role of different street textures which resulted in
very

different street dirt loadings. Although the accumulation and deposition rates are quite similar the initial

loadin g.values the permanent storage_vaIdes are very differentwith greater amounts of street dirt

trapped by the coarser oil and screens pavement Street cleaning and rains are not able to remove this

residual material The early uncorrected Sartor.and Boyd accumulation rates that ignored the initial

loading values were almost ten times the corrected values thathad reasonable initial loads.

Finally it was found thatatveryIong accumulation periods relative to the rain frequency the

wind losses ftagitive dustmay approximate the deposition rate resulting rn very little increases in.

loading. In Bellevue Washington with inter-event rain periods averaging about three days steady

loadingsworeýobserved after about one week Pitt 1985. Howeverin Castro Valley California the rain

inter-event periods were much longer ranging from about 20 to 100daysand steady loadings. were.

never observed Pitt and Shawley 1982
Takingmany studies into account.Sartor andBoyd 1972-corrected Pitt 1979 1.983 1985 Pitt

and.Shawley 1982 Pitt and Sutherland 1982 Pitt and McLean 1986 themost importantfactors

affecting the initial loading and maximum loading values have-been found tobe street texture and street

condition and not-land use. When data from many locations are studied itis apparent that-smooth

streets have substantially less loadings at any accumulation period compared toiough streets for the

same land use. Very llong accumulation periods relative to the rain frequency result in high street dirt.

loadings. However during these-conditions the wind losses of street dirt asfugltlve-dust may
approximate the deposition rate resulting in relatively constant street dirt loadings.

continues next page
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BOX 4-8 Continued

Wash-off of Street Surface Pollutants

Wash-off of particulates.from impervious surfaces is dependent on the available supply of

particulates on the. surface that can be removed by rains the rain energy. available to loosen the material

and the capacity of the runoff totransportthe loosened material... Observations of particulate wash-off

during controlled tests have resulted in empirical wash-off models The earliest controlled street dirt

wash off experiments were conducted by Sartorand Boyd .197 toestimate the percentage of the

available particulates on the streets that would wash off during rains of different magnitudes Sartor and

Boyd fitted their data to an exponential curve as shown in Figure 4-22 accumulative wash-off curves for

several particle sizes. The empirical equation that they developed N No ekR is only sensitive to the

total rain depth up to the time of interest and the initial street dirt loading.
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FIGURE 4-22 Street dirt wash-off during high-intensity rain tests.. SOURCE Sartor and Boyd 1972.

There are several problems withthisapproach. First these figures did not show the total street

dirt loading .tha was present before the wash off tests Most modelers have assumed that the asymptotic

maximum shown iasthe totalbefore ram street dirt loading that s the No factor has been assumed to

bethe total initial Street loading when in fact it is only the portion of the total street-load available for

wash-off the maximum asymptoticwash off load observed during thewash off tests. The actual total

stre.et dirtloadings were several times greater than the maximum wash-off amounts observed STORM
andSWMM now use an availability factor. A for.particulate residueas.a calibration procedure inorderto

reduce the wash off quantity for different rain intensities Novotny and Chesters.1981. Secondthe

proportionality constant k was found by Sartor and Boyd to be slightly dependent on street texture.and

condition but was independent.of rain intensity and particle size. The value of this constant is usually

taken as 0.18/mm assuming that 90 percent of .theparticulate will be washed from a pavedsurface in

oneh. our during a 13 mm/h rain However Alley 1981 fittedthis model to watershed outfallrunoff data

and found that theconstant varied fordifferent storrrisand pollutants for a single study area Novotny

examined before. and after rain eventstreet.particulate loading data using the MilwaukeeNURP

stormwatec_data.Bannerman etal 1983 and found almost aahree fold difference between. the

proportionality constant value for fine 45 m and medium-sized particles 100 to.250 m. Jewell et

al 1980 also found large variations in outfall fitted values for different rains compared tothe typical

default value. They stressed the need to have local calibrationdatabefore using the exponentialwash-off
equation asthe default values can be verymisleading The exponential Wash-off equation for

impervious areas isJustified butwash off coefficients for each pollutant would improve its accuracy. The

current SWMM5versiondiscourages the use of accumulation and. wash-off functions due to lack of data

and the misinterpretation of available. data.

continues next page
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BOX 48 Continued

It turns out that particle dislodgement and transport characteristics at impervious areas can be

directly measured using relatively simple wash off tests The Bellevue Washington urban runoff project

Pitt 1985 included about 50 pairs of street dirt loading observations close to the beginnings and ends of

rains to determine the differences in loadings that may have been caused by the rains The observations

were affected by rains falling directly on the streets along with flows and. particulates originating from

non-street areas.. When all the data were considered together the net loading difference was about 10 to

13g/curb-m removed which amounted to a street dirt load reduction of about 15 percent. Large

reductions in street dirt loadings for the small particles were observed during these Bellevue-rains. Most

of the weight of solid material in the. runoff was concentrated in fine particle sizes 63 m. Very few

wash offparticles greater than 1 000 mwerefound in fact street dirt loadings increased for the largest

sizes presumably due to settled erosion materials Urban runoff outfall particle size analyses in Bellevue

Pitt 1985 resulted in a median particle size of about 50 msimilar results .wer obtained in the

Milwaukee NURPstudy Banriermanet-al. 1983 Theresultsmake sensebecausethe rain energy

needed to remove largerparticles is much greater than for small particles.

In order to clarify street dirtwash off Pitt 1987 conducted numerous controlled wash-off tests on

city streets in Toronto. The experimental factors. examined included rain intensity street texture. and

street dirt loading. The differences between available and total street dirt loads were also related to the

experimental factors. The runoff flow quantities were also carefully monitored to determine the magnitude

of initial and total rain water losses on impervious surfaces. The test setup was designed and tested to

best represent actual rainfall conditions such as rain intensities 3 mm/h and peak rain intensities 12

mm/h. The kinetic energies ofthe rains during these tests were therefore comparable to actual rains

under. investigation Figure-4-23 shows the asymptotic wash-offvalues observed in the tests along with

the measured total street dirt loadings The maximum. asymptotic values are the available street dirt

loadings N0 As can be seen the measured total loadings are several times larger than these

available loading values For example the asymptotic available total solids.value for the highintensity

rain-dirty street-smooth street test wasabout 3 g/m2 while the total load onthe street for this test was

about 14 g/ m2 or about five timestheavailable load The differences between available and total

loadings for the other tests were evengreater-with the total loads typically about ten timesgreater than

the availableloads Thetotal loading and available loading values fordissolved solids were quiteclose

indicating almost complete Wash offof.. the very all particles.
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FIGURE 4-23 Wash offplots for high rain intensity dirty street and smooth street test showing the total

street dirtloading.- SOURCEPitt 1987.
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BOX 4-8 Continued

The availability factor the ratio of the available loading No to the total loading depended on the

rain intensity and the.street roughness such that wash-off was more efficient for the higher rain energy

and.. smoother pavement tests. The worst case was fora low.rain intensity and rough street where only

about 4 5 percent of the street dirt would be washed.from the. pavement. In contrast the high rain

intensities on the smooth. streets were more than four times more efficient in removing street dirt 20

Percent removal.

A-final importeint consideratlonin calculating wash-ofof street.dirt during rains is thecarrying

capacity of the flowing water to transportsedimenf if the calculatedwash offis greater than the carrying
1

1

capacitysuchas would occur forrelatlvely heavy streetdirtToads and low to.moderafe rain intensities

then the.carrying capacityis limiting For high rain intensities the carrying capacity is likely sufficient to

transport most or all of thewash-off material. Figure .4-2 shows the maximum wash-off amounts gm2

forthe differenttests conducted on smooth streets plotted against the rain intensity. mm/h used for the

tests data fromSartorand Boyd 1972 and Pitt 1987. Wash-off limitations for rough streets would be

more restrictive.
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FIGURE.4-24 Maximumwash-off capacity for smooth streets based on. measurements of Sartor and

Boyd 1972 Pitt 1987 If the predictedwash-off using the.previous standard wash-off equations is

smaller than the values shown in this figure thertthosevalues can beused directly.. However if the

predicted.wash-off is greater than the values shown in this figure then. the values in the figure should be

used

Accumulation and Wash-off Summary

This discussion summarized street particulate wash off observations obtained during pecial

wash .of tests along with associated street dirt accumulation measurements. The objectives of these

tests were to identify thesignificant rain and street.factors affecting particulate wash-off andto develop

appropriate WO .7 models The controlled wash-off experiments identified important relationships

betweenavailable and total particulate loadings andthesignificant effects of the test variables on the

wash off model parameters. Past modeling efforts have typieallyignored ormisused this relationship to

inaccurately predict the importance of street particulate wash off The available loadings were almost .

completely.washed off streets dunngirains of
about

25 mmas previously assumed However the

fractionofthe total loading that was availableýwas at most only 20 pereent of the total loading and

averaged only 10 percent with resultant actual wash offs of only about 9 percent offlthe total loadings

In many model applications total initial loading values.as usually measured uring fell studies

a re sed in conjunction with model parameters as the available loadings resulting inpredicted wash off

values thataremany.times larger than observed Thisrhas the effect of incorrectly assuming greater

pollutant contributions originating from streets and less from other areas during rains. This in turn results

in inaccurate estimates of the effectiveness of different source area urban runoff controls. Although

streets can be important sources of runoff and stormwater pollutants their significance varies greatly

depending on the land use and rainfall pattern. They are much more important sources inareas having

relatively mild rains e g. the Pacific Northwest wherecontarninants from other potential sources are not

effectively transported to the storm drainage. system
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models in terms of their ability to simulate sources transport and transformation of nitrogen

within terrestrial and aquatic ecosystems. Data and information requirements are typically high

and the level of process specificity may outstrip the available information necessary to

parameterize the integrated models. However an emphasis is placed on providing mechanistic

linkage and feedbacks between important surface subsurface atmospheric and ecosystem

components. Examples of these models include the Distributed Hydrology Soil Vegetation

model DHSVM Wigmosta et al. 1994 the Regional Hydro-Ecologic Simulation System

RHESSys Band et al. 1993 Tague and Band 2004 ParFlow-Common Land Model CLM
Maxwell and Miller 2007 the Penn State Integrated Hydrologic Model PIHM Qu and Duffy

2007 the Soil Moisture Distribution and Routing SMDR model Easton et al. 2007 and that

of Xiao et al. 2007.

One advantage of integrating
surface and subsurface flow systems within any of these

model structures is the ability to incorporate different .SCM by specifying characteristics of

specific locations within the flow element networks linked to the subsurface drainage. Examples

can include alteration of surface detention storage and release curves to simulate detention

ponds or soil depth texture vegetation and drainage release for rainfall gardens. The

advantage of this approach is the tight coupling of these SCM features with the connected

surface and subsurface drainage systems allowing the direct incorporation of the SCM as sink or

source terms within the flowpath network. Burgess et al. 1998 effectively demonstrated that

suburban lawns can become the major source of stormwater in seasonally wet conditions

Seattle while Cuo et al. 2008 have explored the modification of DHSVM to include detention

SCMs. Xiao et al. 2007 explicitly integrated and evaluated parcel scale SCM design and

efficiency into their model. Wang et al. 2008 integrated a canopy interception model with a

semi-distributed subsurface moisture scheme TOPMODEL to evaluate the effectiveness of

urban tree canopy interception on stormwater production utilizing a detailed spatial dataset of

urban tree cover. Band et al. 2001 and Law 2003 coupled a water- carbon- andnitrogen-cyclingmodel to a distributed water routing system modified from DHSVM to simulate nitrogen

cycling and export in a high-spatial-resolution representation of forested and suburban

catchments. While these models have the potential to directly link stormwater generation with

specific dischargers the challenge of scaling to larger watersheds remains. SMDR Easton et al.

2007 has recently been used to integrate rural and urban stormwater production including

dissolved phosphorus source and transport in New York State.

Alternatives to mass budget-based models include fully statistical approaches such as

simple regressions based on watershed land use and population e.g. Boyer et al. 2002
nonlinear regression using detailed watershed spatial data and observed loads to estimate

retention parameters and loading of nutrients sediment and other pollutants e.g. Smith et al.

1997 Brakebill and Preston 1999 Schwarz et al. 2006 and Bayesian chain models e.g.

Reckhow and Chapra 1999 Borsuk et al. 2001. These models have the advantage of being

data-based and therefore capable of assimilating observations as they become available to

update water quality probabilities but also lack a process basis that might support management
intervention. A major debate exists within the literature as to the relative advantages of detailed

process-based models that may not have inadequate information for parameterization and the

more empirical data-based approaches.
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Limitations in Extending Storm water Models to Biological Impacts

The mass budget approach may be successful in developing the physical and chemical

characteristics of the receiving waterbody in terms of the flow or stage duration curve the

distribution of concentrations over time and the integrated pollutant storage and flux load
terms. However the biological status of the waterbody requires a link between the physical and

chemical conditions primary productivity and trophic system interactions. Progressing from

aquatic ecosystem productivity to trophic systems includes increasingly complex ecological

processes such as competition herbivory predation and migration. To date mechanistic

linkage between flow path hydraulics biogeochemistry and the ecological structure of the

aquatic environment has not been developed. Instead habitat suitability for different

communities is identified through empirical sampling and analysis with the
implicit assumption

that as relative habitat suitability changes transitions will occur between species or

assemblages. These methods may work well at the base of the trophic system algae

phytoplankton and for specific conditions such as DO limitations on fish communities but the

impacts of low to moderate concentrations of pollutants on aquatic ecosystems may still be

poorly understood. A critical assumption in these and similarmodels e.g. ecological

community change resulting from physical changes to the watershed or climate is the

substitution of space for time. More detailed understanding of the mechanisms leading to a shift

in ecological communities and interactions with the physical environment is necessary to

develop models of transient change stability of the shifts and feedback to the biophysical

environment.

Given these limitations it should be noted that statistical databases on species tolerance

to a range of aquatic conditions have been compiled that will allow the development of habitat

suitability mapping as a mechanism for 1 targeting ecosystem restoration 2 determining

vulnerable sites for use in application of the Endangered Species Act and 3 assessing aquatic

ecosystem impairmentand best use relative to reference sites.

Stormwater models have been developed to meet a range of objectives includingsmall-scale
hydraulic design e.g. siting and sizing a detention pond estimation of potential

contributions of stormwater pollutants from different land covers and locations using empirically

generated EMC and large watershed hydrologyand gross pollutant loading. The ability to

associate a given discharger with a particular waterbody impairmentis limited by the scale and

complexity of watersheds i.e. there maybe multiple discharge interactions by the ability of a

model to accurately reproduce the distribution function of discharge events and their cumulative

impacts as opposed to focusing only on design storms. of specific return periods and by the

availability of monitoring data of sufficient number and design to characterize basic processes

e.g. build-up/wash-off to parameterize the models and to validate model predictions.

In smaller urban catchments with few dominant dischargers and significant impervious

area current modeling capabilities may be sufficient to associate the cumulative impact of

discharge to waterbody impairment. However many impaired waterbodies have larger more

heterogeneous stormwater sources with impacts that are complex functions of current and past

conditions. The level of sampling that would be necessary to support linked model calibration

and verification using current measurement technologies is both time-consuming and expensive.
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In order to develop a more consistent capability to support stormwater permitting needs there

should be increased investment in improving model paradigms especially the practice and

methods of model linkage as described above and in stormwater monitoring. The latter may

require investment in a new generation of sensors that can sample at temporal resolutions that

can adjust to characterize low flow and the dynamics of storm flow but are sufficiently

inexpensive and autonomous to be deployed in multiple locations from distributed sources to

receiving waterbodies of interest. Finally as urban areas extend to encompass progressively

lower-density development the interactions of surface water and groundwater become more

critical to the cumulative impact of stormwater on impaired waterbodies.

EPA needs to ensure continuous support and development of their water quality models

and spatial data infrastructure. Beyond this a set of distributed watershed models has been

developed that can resolve the location and position of parcels within hydrologic flow fields

these are being modified for use as urban stormwater models. These models avoid the pitfalls of

lumping but they require much greater volumes of spatial data provided by current remote

sensing technology e.g. lidar airborne digital optical and infrared sensors as well as the

emerging set of in-stream sensor systems. While these methods are not yet operational or

widespread they should be further investigated and tested for their capabilities to support

stormwater management.

CONCLUSIONS AND RECOMMENDATIONS

This chapter addresses what might be the two weakest areas of the stormwaterprogram-monitoringand modeling of stormwater. The MS4 and particularly the industrial stormwater

monitoring programs suffer from 1 a paucity of data 2 inconsistent sampling techniques 3
a lack of analyses of available data and guidance on how permittees should be using the data to

improve stormwater management decisions and 4 requirements that are difficult to relate to the

compliance of individual dischargers. The current state of stormwater modeling is similarly

limited. Stormwater modeling has not evolved enough to consistently say whether a particular

discharger can be linked to a specific waterbody impairment although there are many correlative

studies showing how parameters co-vary in important but complex and poorly understood ways

see Chapter 3. Some
quantitative predictions can be made particularly those that are based on

well-supported causal relationships of a variable that responds to changes in a relatively simple

driver e.g. modeling how a runoff.hydrograph or pollutant loading change in response to

increased impervious land cover. However in almost all cases the uncertainty in the modeling
and the data the scale of the problems and the presence of multiple stressors in a watershed

make it difficult to assign to any given source a specific contribution to water quality

impairment. More detailed conclusions and recommendations about monitoring and modeling

are given below.

Because of a ten-year effort to collect and analyze monitoring data from MS4s
nationwide the quality of stormwater from urbanized areas is well characterized. These

results come from many thousands of storm events systematically compiled and widely

accessible they form a robust dataset of utility to theoreticians and practitioners alike. These

data make it possible to accurately estimate the EMC of many pollutants. Additional data are

available from other stormwater permit holders that were not originally included in the database
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and from ongoing projects and these should be acquired to augment the database and improve its

value in stormwater management decision-making.

Industry should monitor the quality of stormwater discharges from certain critical

industrial sectors in a more sophisticated manner so that permitting authorities can better

establish benchmarks and technology-based effluent guidelines. Many of the benchmark

monitoring requirements and effluent guidelines for certain industrial subsectors are based on

inaccurate and old information. Furthermore there has been no nationwide compilation and

analysis of industrial benchmark data as has occurred for MS4 monitoring data to better

understand typical stormwater concentrations of pollutants
from various industries. The absence

of accurate benchmarks and effluent guidelines for critical industrial sectors discharging

stormwater may explain the lack of enforcement by permitting authorities as compared to the

vigorous enforcement within the wastewater discharge program.

Industrial monitoring should be targeted to those sites having the greatest risk

associated with their stormwater discharges. Many industrial sites have no or limited

exposure to runoff and should not be required to undertake extensive monitoring. Visual

inspections should be made and basic controls should be implemented at these areas.Medium-risk
industrial sites should conduct monitoring so that a sufficient number of storms are

measured over the life of the permit for comparison to regional benchmarks. Again visual

inspections and basic controls are needed for these sites along with specialized controls to

minimize discharges of the critical pollutants. Stormwater from high-risk industrial sites needs

to be continuously monitored similarto current point source monitoring practices. The use of a

regionally calibrated stormwater model and random monitoring of the lower-risk areas will likely

require additional monitoring.

Continuous flow-weighted sampling methods should replace the traditional

collection of stormwater data using grab samples. Data obtained from too few grab samples

are highly variable particularly for industrial monitoring programs and subject to greater

uncertainly because of experimenter error and poor data-collection practices. In order to use

stormwater data for decision making in a scientifically defensible fashion grab sampling should

be abandoned as a credible stormwater sampling approach for virtually allapplications. It

should be replaced by more accurate and frequent continuous sampling methods that are flow

weighted. Flow-weighted composite monitoring should continue for the duration of the rain

event. Emerging sensor systems that provide high temporal resolution and real-timeestimates

for specific pollutants should be further investigated with the aim of providing lower costs and

more extensive monitoring systems to sample both streamflow and constituent loads.

Flow monitoring and on-site rainfall monitoring need to be included as part of

stormwater characterization monitoring. The additional information associated with flow and

rainfall data greatly enhance the usefulness of the much more expensive water quality

monitoring. Flow monitoring should also be correctly conducted with adequate verification and

correct base-flow subtraction methods applied. Using regional rainfall data from locations

distant from the monitoring location is likely to be a major source of error when rainfall factors

are being investigated. The measurement quality assurance and maintenance of long-term

precipitation records are both vital and nontrivial to stormwater management.
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Whether a first flush of contaminants occurs at the start of a rainfall event depends

on the intensity of rainfall the land use and the specific pollutant. First flushes are more

common for smaller sites with greater imperviousness and thus tend to be associated with more

intense land uses such as commercial areas. Even though a site may have a first flush of a

constituent of concern it is still important that any SCM be designed to treat as much of the

runoff from the site as possible. In many situations elevated discharges may occur later in an

event associated with delayed periods of peak rainfall
intensity.

Stormwater runoff in and and semi-arid climates demonstrates a seasonal first-flush

effect i.e. the dirtiest storms are the first storms of the season. In these cases it is important

that SCMs are able to adequately handle these flows. As an example early spring rains mixed

with snowmelt may occur during periods when wet detention ponds are still frozen hindering

their performance. The first fall rains in the southwestern regions of the United States may occur

after extended periods of dry weather. Some SCMs such as street cleaning targeting leaf

removal may be more effective before these rains than at other times of the
year.

Watershed models are useful tools for predicting downstream impacts from

urbanization and designing mitigation to reduce those impacts but they are incomplete in

scope and typically do not offer definitive causal links between polluted discharges and

downstream degradation. Every model simulates only a subset of the multiple

interconnections between physical chemical and biological processes found in any watershed

and they all use a grossly simplified representation of the true spatial and temporal variability of

a watershed. To speak of a comprehensive watershed model is thus an oxymoron because the

science of stormwater is not sufficiently
far advanced to determine causality between all sources

resulting stressors and their physical chemical and biological responses. Thus it is not yet

possible to create a protocol that mechanistically links stormwater dischargers to the quality of

receiving waters. The utility of models with more modest goals however can still be high-as

long as the questions being addressed by the model are in fact relevant and important to the

functioning of the watershed to which that model is being applied and sufficient data are

available to calibrate the model for the processes included therein.

EPA needs to ensure that the modeling and monitoring capabilities of the nation are

continued and enhanced to avoid losing momentum in understanding and eliminating

stormwater pollutant discharges. There is a need to extend develop and support current

modeling capabilities emphasizing 1 the impacts of flow energy sediment transport

contaminated sediment and acute and chronic toxicity on biological systems in receiving

waterbodies 2 more mechanistic representation physical chemical biological of SCMs and

3 coupling between a set of functionally specific models to promote the linkage of source

transport and transformation and receiving water impacts of stormwater discharges. Stormwater

models have typically not incorporated interactions with groundwater and have treated

infiltration and recharge of groundwater as a loss term with minimal consideration of

groundwater contamination or transport to receiving waterbodies. Emerging distributed

modeling paradigms that simulate interactions of surface and subsurface flowpaths provide

promising tools that should be further developed and tested for applications in stormwater

analysis.
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Chapter 5

Stormwater Management Approaches

A fundamental component of the U.S. Environmental Protection Agencys EPA
Stormwater Program for municipalities as well as industries and construction is the creation of

stormwater pollution prevention plans. These plans invariably document the stormwater control

measures that will be used to prevent the permittees stormwater discharges from degrading local

waterbodies. Thus a consideration of these measures-their effectiveness in meeting different

goals their cost and how they are coordinated with one another-is central to any evaluation of

the Stormwater Program. This report uses the term stormwater control measure SCM instead

of the term best management practice BMP because the latter is poorly defined and not specific

to the field of stormwater.

The committees statement of task asks for an evaluation of the relationship between

different levels of stormwater pollution prevention plan implementation and in-stream water

quality. As discussed in the last two chapters the state of the science has yet to reveal the

mechanistic links that would allow for a full assessment of that relationship. However enough is

known to design systems of SCMs on a site scale or local watershed scale to lessen many of the

effects of urbanization. Also for many regulated entities the current approach to stormwater

management consists of choosing one or more SCMs from a preapproved list. Both of these

facts argue for the more comprehensive discussion of SCMs found in this chapter including

information on their characteristics applicability goals effectiveness and cost. In addition a

multitude of case studies illustrate the use of SCMs in specific settings and demonstrate that a

particular SCM can have a measurable positive effect on water quality or a biological metric.

The discussion of SCMs is organized along the gradient from the rooftop to the stream. Thus

pollutant and runoff prevention are discussed first followed by runoff reduction and
finally

pollutant reduction.

HISTORICAL PERSPECTIVE ON STORMWATER CONTROL MEASURES

Over the centuries SCMs have met different needs for cities around the world. Cities in

the Mesopotamian Empire during the second millennium BC had practices for flood control to

convey waste and to store rain water for household and
irrigation uses Manor 1966 see

Figure 5-1. Today SCMs are considered a vital
part

of managing flooding and drainage

problems in a city. What is relatively new is an emphasis on using the
practices to remove

pollutants from stormwater and
selecting practices capable of providing groundwater recharge.

These recent expectations for SCMs are not readily accepted and require an increased

commitment to the proper design and maintenance of the practices.

With the help of a method for estimating peak flows the Rational Method see Chapter

4 the modern urban drainage system came into being soon after World War II. This generally

consisted of a system of catch basins and pipes to prevent flooding and drainage problems by

efficiently delivering runoff water to the nearest waterbody. However it was soon realized that

delivering the water too quickly caused severe downstream flooding and bank erosion in the

receiving water. To prevent bank erosion and provide more space for flood waters some stream

channels were enlarged and lined with concrete see Figure 5-2. But while hardening and
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FIGURE 5-1 Cistern tank Kamiros Rhodes ancient Greece 7th century BC. SOURCE.
Robert Pitt.
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FIGURE 5-2 Concrete channel in Lincoln Creek Milwaukee Wisconsin. SOURCE Roger
Bannerman.
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enlarging natural channels is a cost-effective solution to erosion and flooding the modified

channel increases downstream peak flows and it does not provide habitat to support a healthy

aquatic ecosystem.

Some way was needed to control the quantity of water reaching the end of pipes during a

runoff event and on-site detention Figure 5-3 became the standard for accomplishing this.

Ordinances started appearing in the early 1970s requiring developers to reduce the peaks of

different size storms such as the 10-year 24-hour storm. The ordinances were usually intended

to prevent future problems with peak flows by requiring the installation of flow control

structures such as detention basins in new developments. Detention basins can control peak

flows directly below the point of discharge and at the property boundary. However when

designed on a site-by-site basis without taking other basins into account they can lead to

downstream flooding problems because volume is not reduced McCuen 1979 Ferguson 1991

Traver and Chadderton 1992 EPA 2005d. In addition out of concerns for clogging openings

in the outlet structure of most basins are generally too large to hold back flows from smaller

more frequent storms. Furthermore low-flow channels have been constructed or the basins have

been graded to move the runoff through the structure without delay to prevent wet areas and to

make it easier to mow and maintain the detention basin.

Because of the limitations of on-site detention infiltration of urban runoff to control its

volume has become a recent goal of stormwater management. Without stormwater infiltration

municipalities in wetter regions of the country can expect drops in local groundwater levels

declining stream base flows Wang et al. 2003a and flows diminished or stopped altogether

from springs feeding wetlands and lakes Leopold 1968 Ferguson 1994.

The need to provide volume control marked the beginning of low-impact development

LID and conservation design Arendt 1996 Prince Georges County 2000 which were

founded on the seminal work of landscape architect Ian McHarg and associates decades earlier

McHarg and Sutton 1975 McHarg and Steiner 1998. The goal of LID is to allow for

development of a site while maintaining as much of its natural hydrology as possible such.as

infiltration frequency and volume of discharges and groundwater recharge. This is

accomplished with infiltration practices functional grading open channels disconnection of

t
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FIGURE 5-3 On-site detention. SOURCE Tom Schueler.
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impervious areas and the use of fewer impervious surfaces. Much of the LID focus is to manage
the stormwater as close as possible to its source-that is on each individual lot rather than

conveying the runoff to a larger regional SCM. Individual practices include rain gardens see

Figure 5-4 disconnected roof drains porous pavement narrower streets and grass swales. In

some cases LID site plans still have to include a method for passing the larger storms safely

such as a regional infiltration or detention basin or by increasing the capacity of grass swales.

Infiltration has been practiced in a few scattered locations for a long time. For example

on Long Island New York infiltration basins were built starting in 1930 to reduce the need for a

storm sewer system and to recharge the aquifer which was the only source of drinking water

Ferguson 1998. The Cities of Fresno California and El Paso Texas which faced rapidly

dropping groundwater tables began comprehensive infiltration efforts in the 1960s and 1970s.

In the 1980s Maryland took the lead on the east coast by creating an ambitious statewide

infiltration program. The number of states embracing elements of LID especially infiltration

has increased during the 1990s and into the new century and includes California Florida

Minnesota New Jersey Vermont Washington and Wisconsin.

b..

a

FIGURE 5-4 Rain Garden in Madison Wisconsin. SOURCE Roger Bannerman.

Evidence gathered in the 1970s and 1980s suggested that pollutants be added to the list of

things needing control in stormwater EPA 1983. Damages caused by elevated flows such as

stream habitat destruction and floods were relatively easy to document with something as simple

as photographs. Documentation of elevated concentrations of conventional pollutants and

potentially toxic pollutants however required intensive collection of water quality samples

during runoff events. Samples collected from storm sewer pipes and urban streams in the

Menomonee River watershed in the late 1970s clearly showed the concentrations of many
pollutants such as heavy metals and sediment were elevated in urban runoff Bannerman et al.

1979. Levels of heavy metals were especially high in industrial-site runoff andconstruction-site
erosion was calculated to be a large source of sediment in the watershed. This study was

followed by the National Urban Runoff Program which added more evidence about the high

levels of some pollutants found in urban runoff Athayde et al. 1983 Bannerman et al. 1983.
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With new development rapidly adding to the environmental impacts of existing urban

areas the need to develop good stormwater management programs is more urgent than ever. For

a variety of reasons the greatest potential for stormwater management to reduce the footprint
of

urbanization is in the suburbs. These areas are experiencing the fastest rates of growth they are

more amenable to stormwater management because buildings and infrastructure are not yet in

place and costs for stormwater management can be borne by the developer rather than by

taxpayers.. Indeed most structural SCMs are applied to new development rather than existing

urban areas. Many of the most innovative stormwater programs around the country are found in

the suburbs of large cities such as Seattle Austin and Washington D.C. When stormwater

management in ultra-urban areas is required it entails the retrofitting
of detention basins and

other flow control structures or the introduction of innovative below-ground structures

characterized by greater technical constraints and higher costs most of which are charged to

local taxpayers.

Current-day SCMs represent a radical departure from past practices which focused on

dealing with extreme flood events via large detention basins designed to reduce peak flows at the

downstream property line. As defined in this chapter SCMs now include practices intended to

meet broad watershed goals of protecting the biology and geomorphology of receiving waters in

addition to flood peak protection. The term encompasses such diverse actions as using more

conventional practices like basins and wetland to installing stream buffers reducing impervious

surfaces and educating the public.

REVIEW OF STORMWATER CONTROL MEASURES

Stormwater control measures refer to what is defined by EPA 1999 as a technique

measure or structural control that is used for a given set of conditions to manage the quantity

and improve the quality of stormwater runoff in the most cost-effective manner. SCMs are

designed to mitigate the changes to both the quantity and quality of stormwater runoff that are

caused by urbanization. Some SCMs are engineered or constructed facilities such as a

stormwater wetland or infiltration basin that reduce pollutant loading and modify volumes and

flow. Other SCMs are preventative including such activities as education and better site design

to limit the generation of stormwater runoff or pollutants.

Stormwater Management Goals

It is impossible to discuss SCMs without first considering the goals that they are expected

to meet. A broadly stated goal for stormwater management is to reduce pollutant loads to

waterbodies and maintain as much as possible the natural hydrology of a watershed. On a

practical level these goals must be made specific to the region of concern and embedded in the

strategy for that region. Depending on the designated uses of the receiving waters climate

geomorphology and historical development a given area may be more or less sensitive to both

pollutants and hydrologic modifications. For example goals for groundwater recharge might be

higher in an area with sandy soils as compared to one with mostly clayey soils watersheds in the

coastal zone may not require hydrologic controls. Ideally the goals of stormwater management

should be linked to the water quality standards for a given states receiving waters. However
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because of the substantial knowledge gap about the effect of a particular stormwater discharge on

a particular receiving water see Chapter 3 conclusions surrogate goals are often used by state

stormwater programs in lieu of water quality standards. Examples include credit systems

mandating the use of specific SCMs or achieving stormwater volume reduction. Credit systems

might be used for practices that are known to be productive but are difficult to quantify such as

planting trees. Specific SCMs might be assumed to remove a percent of pollutants for example

85 percent removal of total suspended solids TSS within a stormwater wetland. Reducing the

volume of runoff from impervious surfaces e.g. using an infiltration device might be assumed

to capture the first flush of pollutants during a storm event. Before discussing specific state

goals it is worth understanding the broader context in which goals are set.

Trade-offs Between Stormwater Control Goals and Costs

The potentially substantial costs of implementingSCMs raise a number of fundamental

social choices concerning land-use decisions designated uses and priority setting for urban

waters. To illustrate some of these choices consider a hypothetical urban watershed with three

possible land-cover scenarios 25 50 and 75 percent impervious surface. A number of different

beneficial uses could be selected for the streams in this watershed. At a minimumthe goal may
be to establish low-level standards to protect public health and safety. To achieve this sufficient

and appropriate SCMs might be applied to protect residents from flooding and achieve water

quality conditions consistent with secondary human contact. Alternatively the designated use

could be to achieve the physical chemical and/or biological conditions sufficient to provide

exceptional aquatic habitat e.g. a high-quality recreational fishery. The physical biological

and chemical conditions supportive of this use might be similar to a reference stream located in a

much less disturbed watershed. Achieving this particular designated use would require

substantially greater resources and effort than achieving a secondary human contact use.

Intermediate designated uses could also be imagined including improving ambient water quality

conditions that would make the water safe for full-body emersion primary human contact or

habitat conditions for more tolerant aquatic species.

Figure 5-5 sketches what the marginal incremental SCM costs opportunity costs might

be to achieve different designated uses given different amounts of impervious surface in the

watershed. The horizontal axis orders potential designated uses in terms of least difficult to most

difficult to achieve. The three conceptual curves represent the SCM costs under three different

impervious surface scenarios. The relative positions of the cost curves indicate that achieving

any specific designated use will be more costly in situations with a higher percentage of the

watershed in impervious cover. All cost curves are upward sloping reflecting the fact that

incremental improvements in designated uses will be increasingly costly to achieve. The cost

curves are purely conceptual but nonetheless might reasonably reflect the relative costs and

direction of change associated with achieving specific designated uses in different watershed

conditions.

The locations of the cost curves suggest that in certain circumstances not all designated

uses can be achieved or can be achieved only at an extremely high cost. For example the

attainment of exceptional aquatic uses may be unachievable in areas with 50 percent impervious

surface even with maximum application of SCMs. In this illustration the cost of achieving even

secondary human contact use is high for areas with 75 percent impervious surfaces. In such
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FIGURE 5-5 Cost of achieving designated uses in a hypothetical urban watershed. MCC is the

marginal control cost which represents the incremental costs to achieve successive expansion

of designated uses through SCMs. The curves are constructed on the assumption that the

lowest cost combination of SCMs would be implemented at each point on the curve.

highly urbanized settings achievement of only adequate levels of aquatic uses could be

exceedingly high and strain the limits of what is technically achievable. Finally the
existing

and

likely expected future land-use conditions have significant implications for what is achievable

and at what cost. Clearly land-use decisions have an impact on the cost and whether a use can be

achieved and thus they need to be included in the decision process.
The trade-off between costs

and achieving specific designated uses can change substantially given different development

patterns.

The purpose of Figure 5-5 is not to identify the precise location of the cost curves or to

identify thresholds for achieving specific designated uses. Rather these concepts are used to

illustrate some fundamental trade-offs that confront public and private investment and regulatory

decisions concerning stormwater management. The general relationships shown in Figure 5-5

suggest the need for establishing priorities for investments in stormwater management and

controls and connecting land usage and watershed goals. Setting overly ambitious or costly

goals for urban streams may result in the perverse consequence of causing more waters to fail to

meet designated uses. For example consider efforts to secure ambitious designated uses in

highly developed areas or in an area slated for future high-density development. Regulatory

requirements and investments to limit stormwater quantity and quality through open-space

requirements areas set aside for infiltration and water detention and strict application of

maximum extent practicable controls have the effect of both increasing development costs and

diminishing land available for residential and commercial properties. Policies designed to

achieve exceedingly costly or infeasible designated uses in urban or urbanizing areas could have

the net consequence of shifting development and associated impervious surface out into

neighboring areas and watersheds. The end result might be minimal improvements inwithin-watershedambient conditions but a decrease in designated uses more impairments elsewhere.
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In such a case it might be sound water quality policy to accept higher levels of impervious

surface in targeted locations more stormwater-related impacts and less ambitious designated

uses in urban watersheds in order to preserve and protect designated uses in other watersheds.

Setting unrealistic or unachievable water quality objectives in urban areas can also pose

political risks for stormwater management. The cost and difficulty of achieving ambitious water

quality standards for urban stream goals may be understood by program managers but pursued

nonetheless in efforts to demonstrate public commitment to achieving high-quality urban waters.

Yet promising what cannot be realistically achieved may act to undermine public support for

urban stormwater programs. Increasing costs without significant observable improvements in

ambient water conditions or achievement of water quality standards could ultimately reduce

public commitment to the program. Thus there are risks of setting the bar too high or not

coordinating land use and designated stream uses.

The cost of
setting

the bar too low can also be significant. Stormwater requirements that

result in ineffective stormwater management will not achieve or maintain the desired water uses

and can result in impairments. Loss of property degraded waters and failed infrastructure are

tangible costs to the public Johnston et al. 2006. Streambank rehabilitation costs can be

severe and loss of confidence in the ability to meet stormwater goals can result.

The above should not be construed as an argument for or against devoting resources to

SCMs rather such decisions should be made with an open and transparent acknowledgment and

understanding of the costs and consequences involved in those decisions.

Common State Stormwater Goals

Most states do not and have never had an overriding water quality objective in their

stormwater program but rather have used engineering criteria for SCM performance to guide

stormwater management. These criteria can be loosely categorized as

Erosion and sedimentation control

Recharge/base flow

Water quality

Channel protection and

Flooding events.

.Th SCMs used to address these goals work by minimizing or eliminating increases in

stormwater runoff volume peak flows and/or the pollutant load carried by stormwater.

The criteria chosen by any given state usually integrate state federal and regional laws

and regulations. Areas of differing climates may emphasize one goal over another and the

levels of control mayvary drastically. Contrast a desert region where rainwater harvesting is

extremely important versus a coastal region subject to hurricanes. Some areas like Seattle have

frequent smaller volume rainfalls-the direct opposite of Austin Texas-such that small volume

controls would be much more effective in Seattle than Austin. Regional geology karst or the

presence of Brownfields may affect the chosen criteria as well.

The committees survey of State Stormwater Programs Appendix C reflects a wide

variation in program goals as reflected in the criteria found in their SCM manuals. Some states

have no specific criteria because they do not produce SCM manuals while others have manuals

that address every category of criteria from flooding events to groundwater recharge. Some

states rely upon EPA or other states or transportation agencies manuals. In general soil and
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erosion control criteria are the most common and often exist in the absence of any other state

criteria. This wide variation reflects the difficulties that states face in keeping up with rapidly

changing information about SCM design and performance.

The criteria are ordered below after the section on erosion and sediment control

according to the size of the storm they address from smallest to most extreme. The criteria can

be expressed in a variety of ways from a simple requirement to control a certain volume of

rainfall or runoff expressed as a depth to the size of a design storm to more esoteric

requirements such as limiting the time that flow can be above a certain threshold. The volumes

of rainfall or runoff are based on statistics of a regions daily rainfall and they approximate one

another as the percentage of impervious cover increases. Design storms for larger events that

address channel protection and flooding are usually based on extreme event statistics and tend to

represent a temporal pattern of rainfall over a set period usually a day. Finally it should be

noted that the categories are not mutually exclusive for example recharge of groundwater may
enhance water quality via pollutant removal during the infiltration process.

Erosion and Sedimentation Control. This criterion refers to the prevention of erosion

and sedimentation of sites during construction and is focused at the site level. Criteria usually

include a barrier plan to prevent sedimentation from leaving the site e.g. silt fences practices

to minimize the
potential erosion phased construction and facilities to capture and remove

sediment from the runoff detention. Because these measures are considered temporary smaller

extreme events are designated as the design storm than what typically would be used ifflood

control were the goal.

Recharge/Base Flow. This criterion is focused on sustaining the preconstruction

hydrologyof a site as it relates to base flow and recharge of groundwater supplies. It may also

include consideration of water usage of the property owners and return through septic tanks and

tile fields. The criterion expressed as a volume requirement is usually to capture around 0.5 to

1.0 inch of runoff from impervious surfaces depending on the climate and soil type of the region.

For this range of rainfall very little runoff occurs from grass or forested areas which is why
runoff from impervious surfaces is used as the criterion.

Water Quality. Criteria for water quality are the most widespread and are usually

crafted as specific percent removal for pollutants in stormwater discharge. Generally a water

quality criterion is based on a set volume of stormwater being treated by the SCM. The size of

the storm can run from the first inch of rainfall off impervious surfaces to the runoff from the

one-year 24-hour extreme storm event. It should be noted that the term water quality covers a

wide range of groundwater and surface water pollutants including water temperature and

emerging contaminants.

Many of the water quality criteria are surrogates for more meaningful parameters that are

difficult to quantify or cannot be quantified or they reflect situations where the science is not

developed enough to set more explicit goals. For example the Wisconsin state requirement of

an 80 percent reduction in TSS in stormwater discharge does not apply to receiving waters

themselves. However it presumes that there will be some water quality benefits in receiving

waters that is phosphorus and fecal coliform might be captured by the TSS requirement.

Similarly water quality criteria may be expressed as credits for good practices such as using

LID street sweeping or stream buffers.
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Channel Protection. This criterion refers to protecting channels from accelerated

erosion during storm events due to the increased runoff. It is tied to either the presumed

channel-forming event-what geomorphologists once believed was the storm size that created

the channel due to erosion and deposition-or to the minimum flow that accomplishes any

degree of sediment transport. It is generally defined as somewhere between the one- andfive-year24-hour storm event or a discharge level typically exceeded once to several times per year.

Some states require a reduction in runoff volume for these events to match preconstruction

levels. Others may require that the average annual duration of flows that are large enough to

erode the streambank be held the same on an annual basis under
pre-

and postdevelopment

conditions.

It is not uncommon to find states where a channel protection goal will be written poorly

such that it does not actually prevent channel widening. For example MacRae 1997 presented

a review of the common zero runoff increase discharge criterion which is commonly met by

using ponds designed to detain the two-year 24-hour storm. MacRae showed that stream bed

and bank erosion occur during much lower events namely mid-depth flows that generally occur

more often than once a year not just during bank-full conditions approximated by the two-year

event. This finding is entirely consistent with the well-established geomorphological literature

e.g. Pickup and Warner 1976 Andrews 1984 Carling 1988 Sidle 1988. During monitoring

near Toronto MacRae found that the duration of the geomorphically significant predevelopment

mid-bankfull flows increased by more than four-fold after 34 percent of the basin had been

urbanized. The channel had responded by increasing in cross-sectional area by as much as three

times in some areas and was still expanding.

Flooding Events. This criterion addresses public safety and the protection of property

and is applicable to storm events that exceed the channel capacity. The 10- through the 100-year

storm is generally used as the standard. Volume-reduction SCMs can aid or meet this criterion

depending on the density of development but usually assistance is needed in the form of

detention SCMs. In some areas it may be necessary to reduce the peak flow to below

preconstruction levels in order to avoid the combined effects of increased volume altered timing
and a changed hydrograph. It should be noted that some states do not consider the larger storms

100-year to be a stormwater issue and have separate flood control requirements.

Each state develops a framework of goals and the corresponding SCMs used to meet

them which will depend on the scale and focus of the stormwater management strategy. A few

states have opted to express stormwater goals within the context of watershed plans for regions

of the state. However the setting of goals on a watershed basis is time-consuming and requires

study of the watersheds in question. The more common approach has been to set generic or

minimal controls for a region that are not based on a watershed plan. This has been done in

Maryland Wisconsin see Box 5-1 and Pennsylvania see Box 5-2. This
strategy has the

advantage of more rapid implementation of some SCMs because watershed management plans

are not required. In order to be applicable to all watersheds in the state the goals must target

common pollutants or flow modification factors where the processes are well known. It must

also be possible for these goals to be stated in National Pollutant Discharge Elimination System
NPDES permits. Many states have selected TSS reduction volume reduction and peak now
control as generic goals. A generic goal is not usually based on potentially toxic pollutants such

as heavy metals due to the complexity of their interaction in the environment the dependence on
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BOX 5-1

Wisconsin Statewide Goal of TSS Reduction for Stormwater Management

To measure the. success ofstormwater management Wisconsin has statewide. goals for

sedimentandflow Wisconsin DNR 2002. A lot is known about the impacts of sediment on receiving

waters and any reduction is thought to be beneficial. Flow can be a good indicator of other factors for

example reducing peak flows will prevent bank erosion.

Developing areas in Wisconsin are required to reduce the annual TSS load by 80 percent

compared to no controls Wisconsin DNR 2002. Two flow-rated requirements for developing areas are

iintheadministrative rules. One is. that the site must maintain the peak flowfor the two-year 24-hour

rainfall event Second the annual infiltration volume for postdevelopment must be within. 90 percent of.

thepredevelopment volumes forresidential land uses the number for non-residential is 60percent. Both

of these-flow control goals are thought to also have water quality benefits

The-goal for existing urban areas iskan annual reduction In TSS loads..Municipalities must

reduce their annual TSS loads by 20 percent compared to no controls by 20.08. This number is

increased to 40 percent by 2013.. All of these goals were partially selected to be reasonable based on

cost and technical. feasibility.

BOX 5-2

Volume-Based Stormwater Goals in Pennsylvania

yPennsylvania has developed astormwater Best Management Practices manual to support the

Commonwealths Storm Water Management Act Thismanual and an accompanying sample ordinance
advocates two -methods for stormwater control based on volume termed Control Guidance-CG 1 _and 2.

The first CG 1 requires that the runoff volume be maintainedat thetwo-year 24-hour storrri level which
corresponds to approximately 35 inches of rainfall in thisregion through infiltration .evapotranspiratio

or reuse.T.his criterion addresses recharge/base flow water quality and channel protection as .wel as

helping to meet flooding requirements.

The second method CG-2 requires capture and removal of the first inch of runoff from paved

areas with infiltration strongly recommended to address recharge and water quality issues. Additionally

to. meet channel. protection criteriathe second.inch is required to be held for 24 hours which should

reduce the channel forming flows. This is an unusual criterion in that it is expressed as what an SCM
can accomplish not as the flow that thechannel. can handle Peak flows for larger events are required to

be at -p. levels or less if the.need is established by a watershed
plan.ese

criteria are the

starting point for watershed or regional plans to reducethe effort ofplan developent Some credits are

availableffor tree planting and other nonstructural practices are advocated fordissolved solids mitigation.

See http /%wwwdep.state.pa.us/dep/deputate/watermgtlwc/subjects/stormwaterrranagement/default.htni.

the existing baseline conditions and the need for more understanding on what are acceptable

levels. The difficulty with the generic approach is that specific watershed issues are not

addressed and the beneficial uses of waters are not guaranteed.

One potential drawback of a strategy based on a generic goal coupled to the permit

process is that the implementation of the goal is usually on a site-by-site basis especially
for

developing areas. Generic goals may be appropriate for certain ubiquitous watershed processes

and are clearly better than having no goals at all. However they do not incorporate the effects of

differences in
past development and any unique watershed characteristics they should be

considered just a good starting point for setting watershed-based goals.
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Role of SCMs in Achieving Stormwater Management Goals

One important fundamental change in SCM design philosophy has come about because

of the recent understanding of the roles of smaller storms and of impervious surfaces. This is

demonstrated by Box 3-4 which shows that for the Milwaukee area more than 50 percent of the

rainfall by volume occurs in storms that have a depth of less then 0.75 inch. If extreme events

are the only design criteria for SCMs the vast majority of the annual rainfall will go untreated or

uncontrolled as it is smaller than the minimum extreme event. This relationship is not the same

in all regions. For example in Austin Texas the total yearly rainfall is smaller than in

Milwaukee but a large part of the volume occurs during larger storm events with long dry

periods in between.

The upshot is that the design strategy for stormwater management including drainage

systems and SCMs should take a regions rainfall and associated runoff conditions into account.

For example an SCM chosen to capture the majority of the suspended solids recharge the

baseflow reduce streambank erosion and reduce downstream flooding in Pennsylvania or

Seattle which have moderate and regular rainfall would likely not be as effective in Texas

where storms are infrequent and larger. In some areas a reduction in runoff volume may not be

sufficient to control streambank erosion and flooding such that a second SCM like an extended

detention stormwater wetland may be needed to meet management goals.

Finally as discussed in greater detail in a subsequent section SCMs are most effective

from the perspective of both efficiency and cost when stormwater management is incorporated in

the early planning stages of a community. Retrofitting existing development with SCMs is much

more technically difficult and costly because the space may not be available other infrastructure

is already installed or utilities may interfere. Furthermore if the property is on private land or

dedicated as an easement to a homeowners association there may be regulatory limitations to

what can be done. Because of these barriers retrofitting existing urban areas often depends on

engineered or manufactured SCMs which are more expensive in both construction and

operation.

Stormwater Control Measures

SCMs reduce or mitigate the generation of stormwater runoff and associated pollutants.

These practices include both structural or engineered devices as well as more nonstructural

measures such as land-use planning site design land conservation education and stewardship

practices. Structural practices may be defined as any facility constructed to mitigate the adverse

impacts of stormwater and urban runoff pollution. Nonstructural practices which tend to be

longer-term and lower-maintenance solutions can greatly reduce the need for or increase the

effectiveness of structural SCMs. For example product substitution and land-use planning may
be key to the successful implementation of an infiltration SCM. Preserving wooded areas and

reducing street widths can allow the size of detention basins in the area to be reduced.

Table 5-1 presents the expansive list of SCMs that are described in this chapter. For most

of the SCMs each listed item represents a class of related practices with individual methods

discussed in greater detail later in the chapter. There are nearly 20 different broad categories of

SCMs that can be applied often in combination to treat the quality and quantity of stormwater

runoff. A primary difference among the SCMs relates to which stage of the development cycle
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they are applied where in the watershed they are installed and who is responsible for

implementingthem.

The development cycle extends from broad planning and zoning to site design

construction occupancy retrofitting and redevelopment. As can be seen SCMs are applied

throughout the entire cycle. The scale at which the SCM is applied also varies considerably.

While many SCMs are installed at individual sites as part of development or redevelopment

applications many are also applied at the scale of the stream corridor or the watershed or to

existing municipal stormwater infrastructure. The final column in Table 5-1 suggests who would

implement the SCM. In general the responsibility
for implementingSCMs primarily resides

with developers and local stormwater agencies but planning agencies landowners existing

industry regulatory agencies and municipal separate storm sewer system MS4 permittees can

also be responsible for implementingmany key SCMs.

In Table 5-1 the SCMs are ordered in such a way as to mimic natural systems as rain

travels from the roof to the stream through combined application of a series of practices

throughout the entire development site. This order is upheld throughout the chapter with the

implication that no SCM should be chosen without first considering those that precede it on the

list.

Given that there are 20 different SCM groups and a much larger
number of individual

design variations or practices
within each group it is difficult to authoritatively

define the

specific performance or effectiveness of SCMs. In addition our understanding of their

performance is rapidly changing to reflect new research testing field experience and

maintenance history. The translation of these new data into design and implementation guidance

is accelerating as well. What is possible is to describe their basic hydrologic and water quality

objectives and make a general comparative assessment of what is known about their design

performance and maintenance as of mid-2008. This broad technology assessment is provided in

Table 5-2 which reflects the committees collective understanding about the SCMs from three

broad perspectives

Is widely accepted design or implementation guidance available for the SCM and has it

been widely disseminated to the user community

Have enough research studies been published to accurately characterize the expected

hydrologic or pollutant removal performance of the SCM in most regions of the country

Is there enough experience with the SCM to adequately define the type and scope of

maintenance needed to ensure its longevity over several decades

Affirmative answers to these three questions are needed to be able to reliably quantify or model

the ability of the SCM which is an important element in defining whether the SCM can be

linked to improvements in receiving water quality.
As will be discussed in subsequent sections

of this chapter there are many SCMs for which there is only a limited understanding

particularly
those that are nonstructural in nature.

The columns in Table 5-2 summarize several important factors about each SCM

including the ability of the SCM to meet hydrologic control objectives and water quality

objectives the availability of design guidance the availability of performance studies and

whether there are maintenance protocols.
The hydrologic control objectives range from

complete prevention of stormwater flow to reduction in runoff volume and reduction in peak

flows. The column on water quality objectives describes whether the SCM can prevent the

generation of or remove contaminants of concern in stormwater.
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TABLE 5-1 Summary of Stormwater Control Measures-When Where and Who

Stormwater Control When Where Who
Measure

Product Substitution Continuous National state Regulatory agencies

regional

Watershed and Land-Use Planning stage
Watershed Local planning agencies

Planning

Conservation of Natural Site and watershed Site Developer local planning

Areas planning stage
watershed agency

Impervious Cover Site planning stage Site Developer local review

Minimization authority

Earthwork Minimization Grading plan Site Developer local review

authority

Erosion and Sediment Construction Site Developer local review

Control authority

Reforestation and Soil Site planning and Site Developer local review

Conservation construction authority

Pollution Prevention SCMs Post-construction Site Operators and local and

for Storm water Hotspots or retrofit state permitting agencies

Runoff Volume Reduction- Post-construction Rooftop Developer local planning

Rainwater harvesting or retrofit agency and review

authority

Runoff Volume Reduction- Post-construction Site Developer local planning

Vegetated or retrofit agency and review

authority

Runoff Volume Reduction- Post-construction Site Developer local planning

Subsurface or retrofit agency and review

authority

Peak Reduction and Runoff Post-construction Site Developer .loca planning

Treatment or retrofit agency and review

authority

Runoff Treatment Post-construction Site Developer local planning

or retrofit agency and review

authority

Aquatic Buffers and Planning construction Stream corridor Developer localplan-ManagedFloodplains and post-construction ning agency and review

authority landowners

Stream Rehabilitation Postdevelopment Stream corridor Local planning agency

and review authority

Municipal Housekeeping Postdevelopment Streets and storm- MS4 Permittee

water infrastructure

Illicit Discharge Detection Postdevelopment Stormwater MS4 Permittee

and Elimination infrastructure

Stormwater Education Postdevelopment Stormwater MS4 Permittee

infrastructure

Residential Stewardship Postdevelopment Stormwater MS4 Permittee

infrastructure

Note Nonstructural SCMs are in italics.
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The availability of design guidance tends to be greatest for the structural practices. Some

but not all nonstructural practices are of recent origin and communities lack available design

guidance to include them as an integral element of local stormwater solutions. Where design

guidance is available it may not yet have been disseminated to the full population of Phase II

MS4 communities.

The column on the availability of performance data is divided into those SCMs where

enough studies have been done to adequately define performance those SCMs where limited

work has been done and the results are variable and those SCMs where only a handful of studies

are available. A large and growing number of performance studies are available that report the

efficiencies of structural SCMs in reducing flows and pollutant loading Strecker et al. 2004

ASCE 2007 Schueler et al. 2007 Selbig and Bannerman 2008. Many of these are compiled

in the Center for Watershed Protections National Pollutant Removal Performance Database for

Stormwater Treatment Practices

http//www.cwp.org/Resource_Libra-ry/Center_Docs/SW/bmpwriteup_092007_v3.pdfin the International Stormwater BMP
Database http//www.bmpdatabase.org/Docs/Performance%20Summary%20June%202008.pdf

and by the Water Environment Research Foundation WERF 2008. In cases where there is

incomplete understanding of their performance often information can be gleaned from other

fields including agronomy forestry petroleum exploration and sanitary engineering. Current

research suggests that it is not a question ifwhether structural SCMs work but more of a

question of to what degree and with what longevity Heasom et al. 2006 Davis et al. 2008

Emerson and Traver 2008. There is considerably less known about the performance of

nonstructural practices for stormwater treatment partly because their application has been

uneven around the country and it remains fairly low in comparison to structural stormwater

practices.

Finally defined maintenance protocols for SCMs can be nonexistent emerging or fully

available. SCMs differ widely in the extent to which they can be considered permanent
solutions. For those SCMs that work on the individual site scale on private property such as rain

gardens local stormwater managers may be. reluctant to adopt such practices due to concerns

about their ability to enforce private landowners to conduct maintenance over time. Similarly

those SCMs that involve local government decisions such as education residential stewardship

practices zoning or street sweeping may be less attractive because governments are likely to

change over time.

The following sections contain more detailed information about the individual SCMs
listed in Tables 5-1 and 5-2 including the operating unit processes the pollutants treated the

typical performance for both runoff and pollutant reduction the strengths and weaknesses

maintenance and inspection requirements and the largest sources of variability and
uncertainty.
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TABLE 5-2 Current Understanding of Stormwater Control Measure Ca abilities

SCM Hydrologic Water Available Performance Defined

Control Quality Design Studies Maintenance

Objectives Objectives Guidance Available Protocols

Product Substitution NA Prevention NA Limited NA
Watershed and Land-Use All objectives Prevention Available Limited Yes

Planning

Conservation of Natural Prevention Prevention Available None Yes

Areas

Impervious Cover Prevention Prevention Available Limited No

Minimization and reduction

Earthwork Minimization Prevention Prevention Emerging Limited Yes

Erosion and Sediment Prevention Prevention Available Limited Yes

Control and reduction and removal

Reforestation and Soil Prevention Prevention Emerging None No

Conservation and reduction and removal

Pollution Prevention NA Prevention Emerging Very few No

SCMs for Hots ots

Runoff Volume Reduction NA Emerging Limited Yes

Reduction-Rainwater

harvesting

Runoff Volume Reduction and Removal Available Limited Emerging

Reduction-Vegetated some peak

Green Roofs Bioretention attenuation

Bioinfiltration Bioswales

Runoff Volume Reduction and Removal Available Limited Yes

Reduction-Subsurface some peak

Infiltration Trenches attenuation

Pervious Pavements

Peak Reduction and Peak Removal Available Adequate Yes

Runoff Treatment attenuation

Stormwater Wetlands

Dry/Wet Ponds

Runoff Treatment None Removal Emerging Adequate- Yes

Sand Filters sand filters

Manufactured Devices
Limited-manufactured

devices

Aquatic Buffers and NA Prevention Available Very few Emerging

Managed Flood lain and removal

Stream Rehabilitation NA Prevention Emerging Limited Unknown

and removal

Municipal Housekeeping NA Removal Emerging Limited Emerging

Street
Sweeping/Storm-Drain

Cleanouts

Illicit Discharge NA Prevention Available Very few No

Detection/Elimination and removal

Storm water Education Prevention Prevention Available Very few Emerging

Residential Stewardship Prevention Prevention Emerging Very few No
Note Nonstructural SCMs are in italics.
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Ke

Hydrologic Objective Water Quality Objective Available Design Guidance

Prevention Prevents generation of Prevention Prevents generation
Available Basic design or

runoff accumulation or wash-off of implementation guidance is available in

Reduction. Reduces volume of runoff pollutants
and/or reduces runoff most areas of the country are readily

Treatment Delays runoff delivery volume available

only
Removal Reduces pollutant Emerging Design guidance is still

Peak Attenuation Reduction of peak concentrations in runoff by physical under development is missing in many

flows through detention chemical- or biological means parts of the country or requires more

performance data

Performance Data Available Defined Maintenance Protocol Notes

Very Few Handful of studies not No Extremely limited understanding NA Not applicable for the SCM

enough data to generalize about SCM of procedures to maintain SCM in

performance the future

Limited Numerous studies have been Emerging Still learning about how

done but results are variable or to maintain the SCM

inconsistent Yes Solid understanding of

Adequate Enough studies have been maintenance for future SCM needs

done to adequately define performance

Product Substitution

Product substitution refers to the classic pollution prevention approach of reducing the

emissions of pollutants available for future wash-off into stormwater runoff. The most notable

example is the introduction of unleaded gasoline which resulted in an order-of-magnitude

reduction of lead levels in stormwater runoff in a decade Pitt et al. 2004ab. Similar reductions

are expected with the phase-out of methyl tert-butyl ether MTBE additives in
gasoline.

Other

examples of product substitution are the ban on coal-tar sealants during parking lot renovation

that has reduced PAH runoff Van Metre et al. 2006 phosphorus-free fertilizers that have

measurably reduced phosphorus runoff to Minnesota lakes Barten and Johnson 2007 the

painting of galvanized metal surfaces and alternative rooftop surfaces Clark et al. 2005.

Given the importance of coal power plant emissions in the atmospheric deposition of nitrogen

and mercury it is possible that future emissions reductions for such plants may result in lower

stormwater runoff concentrations for these two pollutants.

The level of control afforded by product substitution is quite high if major reductions in

emissions or deposition can be achieved. The difficulty is that these reductions require action in

another environmental regulatory arena such as air quality hazardous waste or pesticide

regulations which may not see stormwater quality as a core part of their mission.

Watershed and Land- Use Planning

Communities can address stormwater problems by making land-use decisions that change

the location or quantity of impervious cover created by new development. This can be

accomplished through zoning watershed plans comprehensive land-use plans or Smart Growth

incentives.
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The unit process that is managed is the amount of impervious cover which is strongly

related to various residential and commercial zoning categories Cappiella and Brown 2000.

Numerous techniques exist to forecast future watershed impervious cover and its probable

impact on the quality of aquatic resources see the discussion of the Impervious Cover Model in

Chapter 3 CWP 1998a MD DNR 2005. Using these techniques and simple or complex

simulation models planners can estimate stormwater flows and pollutant loads through the

watershed planning process and alter the location or intensity of development to reduce them.

The level of control that can be achieved by watershed and land-use planning is

theoretically high but relatively few communities have aggressively. exercised it. The most

common application of downzoning has been applied to watersheds that drain to drinking water

reservoirs Kitchell 2002. The strength of this practice is that it has the potential to directly

address the underlying causes of the stormwater problem rather than just treating its numerous

symptoms. The weakness is that local decisions on zoning and Smart Growth are reversible and

often driven by other community concerns such as economic development adequate

infrastructure and transportation. In addition powerful consumer and market forces often have

promoted low-density sprawl development. Communities that use watershed-based zoning often

require a compelling local environmental goal since state and federal regulatory authorities have

traditionally been extremely reluctant to interfere with the local land-use and zoning powers.

Conservation ofNatural Areas

Natural-area conservation protects natural features and environmental resources that help

maintain the predevelopment hydrology of a site by reducing runoff promoting infiltration and

preventing soil erosion. Natural areas are protected by a permanent conservation easement

prescribing allowable uses and activities on the parcel and preventing future development.

Examples include any areas of undisturbed vegetation preserved at the development site

including forests wetlands native grasslands floodplains and riparian areas zero-order stream

channels spring and seeps ridge tops or steep slopes and stream wetland or shoreline buffers.

In general conservation should maximize contiguous area and avoid habitat fragmentation.

While natural areas are conserved at many development sites most of these requirements

are prompted by other local state and federal habitat protections and are not explicitly designed

or intended to provide runoff reduction and stormwater treatment. To date there are virtually no

data to quantify the runoff reduction and/or pollutant removal capability of specific types of

natural area conservation or the ability to explicitly link them to site design.

Impervious Cover Reduction

A variety of practices some of which fall under the broader term better site design can

be used to minimize the creation of new impervious cover and disconnect or make more

permeable the hard surfaces that are needed Nichols et al. 1997 Richman 1997 CWP 1998a.

A list of some common impervious cover reduction practices for both residential and commercial

areas is provided below.

PREPUBLICATION

Copyright @ National Academy of Sciences. All rights reserved.

RB-AR17184



Urban Stormwater Management In the United States

hftp/Avww.nap.edu/catalog/12465.html

Storm water Management Approaches 301

Elements of Better Site Design Single-Family Residential

o Maximum residential street width

o Maximum street right-of-way width

o Swales and other stormwater practices can be located within the right-of-way

o Maximum cul-de-sac radius with a bioretention island in the center

o Alternative turnaround options such as hammerheads are acceptable if they reduce

impervious cover

o Narrow sidewalks on one side of the street or move pedestrian pathways away from the

street entirely

o Disconnect rooftops from the storm-drain systems

o Minimize driveway length and width and utilize permeable surfaces

o Allow for cluster or open-space designs that reduce lot size or setbacks in exchange for

conservation of natural areas

o Permeable pavement in parking areas driveways sidewalks walkways and patios

Elements of Better Site Design Multi-Family Residential and Commercial

o Design buildings and parking to have multiple levels

o Store rooftop runoff in green roofs foundation planters bioretention areas or cisterns

o Reduce parking lot size by reducing parking demand ratios and stall dimensions

o Use landscaping areas tree pits and planters for stormwater treatment

o Use permeable pavement over parking areas plazas and courtyards

CWP 1998a recommends minimum or maximum geometric dimensions for subdivisions

individual lots streets sidewalks cul-de-sacs and parking lots that minimize the generation of

needless impervious cover based on a national roundtable of fire safety planning transportation

and zoning experts. Specific changes in local development codes can be made using these

criteria but it is often important to engage as many municipal agencies that are involved in

development as possible in order to gain consensus on code changes.

At the present time there is little research available to define the runoff reduction

benefits of these practices. However modeling studies consistently show a 10 to 45 percent

reduction in runoff compared to conventional development CWP 1998bc 2002. Several

monitoring studies have documented a major reduction in stormwater runoff from development
sites that employ various forms of impervious cover reduction and LID in the United States and

Australia Coombes et al. 2000 Philips et al. 2003 Cheng et al. 2005 compared to those that

do not.

Unfortunately better site design has been slowly adopted by local planners developers

designers and public works officials. For example although the project pictured in Figure 5-6

has been very successful in terms of controlling stormwater the
better-site-design principles

used have not been widely adopted in the Seattle area. Existing local development codes may
discourage or even prohibit the application of environmental site design practices and many
engineers and plan reviewers are hesitant to embrace them. Impervious cover reduction must be

incorporated at the earliest stage of site layout and design to be effective but outdated

development codes in many communities can greatly restrict the scope of impervious cover

reduction see Chapter 2. Finally the performance and longevity of impervious cover reduction

are dependent on the infiltration
capability

of local soils the intensity of development and the

future management actions of landowners.
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FIGURE 5-6 110h Street Seattle part
of the Natural Drainage Systems Project. This location

exhibits several elements of impervious cover reduction. In particular vegetated swales were

installed and curbs and
gutters

removed. There are sidewalks on only one side of the street

and they are separated from the road by the swales. The residences rooftops have been

disconnected from the storm-drain systems and are redirected into the swales. SOURCE
Seattle Public Utilities.

Earthwork Minimization

This source control measure seeks to limit the degree of clearing and grading on a

development site in order to prevent soil compaction conserve soils prevent erosion from steep

slopes and protect zero-order streams. This is accomplished by 1 identifying key soils

drainage features and slopes to protect and then 2 establishing a limit of disturbance where

construction equipment is excluded. This element is an important but often under-utilized

component of local erosion and sediment control plans.

Numerous researchers have documented the impact of mass grading clearing and the

passage of construction equipment on the compaction of soils as measured by increase in bulk

density declines in soil permeability and increases in the runoff coefficient Lichter and

Lindsey 1994 Legg et al. 1996 Schueler 200.1ab Gregory et al. 2006. Another goal of

earthwork minimization is to protect zero-order streams which are channels with defined banks

that emanate from a hollow or ravine with convergent contour lines Gomi et al. 2002. They

represent the uppermost definable channels that possess temporary or intermittent flow.

Functioning zero-order channels provide major watershed functions including groundwater

recharge and discharge Schollen et al. 2006 Winter 2007 important nutrient storage and

transformation functions Bernot and Dodds 2005 Groffman et al. 2005 storage and retention
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of eroded hill-slope sediments Meyers 2003 and delivery of leaf inputs and large woody
debris. Compared to high-order network streams zero-order streams are disproportionately

disturbed by mass grading enclosure or channelization Gomi et al. 2002 Meyer 2003.

The practice of earthwork minimization is not widely applied across the country. This is

partly due to the limited performance data available to quantify its benefits and the absence of

local or national design guidance or performance benchmarks for the
practice.

Erosion and Sediment Control

Erosion and sediment control predates much of the NPDES stormwater permitting

program. It consists of the temporary installation and operation of a series of structural and

nonstructural
practices throughout the entire construction process to minimize soil erosion and

prevent off-site delivery of sediment. Because construction is expected to last for a finite and

short period of time the design standards are usually smaller and thus riskier 25-year versus the

100-year storm. By phasing construction thereby limiting the exposure of bare earth at any one

time the risk to the environment is reduced significantly.

The basic
practices include clearing limitsdikes berms temporary buffers protection of

drainage-ways soil stabilization through hydroseeding or mulching perimeter controls and

various types of sediment
traps and basins. All plans have some component that requires

filtration of runoff crossing construction areas to prevent sediment from leaving the site. This

usually requires a sediment collection system including but not limited to conventional settling

ponds and advanced sediment collection devices such as polymer-assisted sedimentation and

advanced sand filtration. Silt fences are commonly specified to filterdistributed flows and they

require maintenance and replacement after storms as shown in Figure 5-7. Filter systems are

added to inlets until the streets are paved and the surrounding area has a cover of vegetation

Figure 5-8. Sedimentation basins Figure 5-9 are constructed to filter out sediments through

rock filters or are equipped with floating skimmers or chemical treatment to settle out pollutants.

Other common erosion and sediment control measures include temporary seeding and rock or

rigged entrances to construction sites to remove dirt from vehicle tires see Figure 5-10.
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FIGURE 5-7 A functioning silt fence left and an improperly maintained silt fence right.
SOURCES EPA NPDES Menu of BMPs and Robert Traver.
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FIGURE 5-8 Sediment filter left in place after construction. SOURCE Robert Traver.
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FIGURE 5-9 Sediment basin. SOURCE EPA NPDES Menu of BMPs.

FIGURE 5-10 Rumble strips to remove dirt from vehicle tires. SOURCE Laura Ehlers.
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Control of the runoffs erosive potential is a critical element. Most erosion and sediment

control manuals provide design guidance on the capacity and ability
of swales to handle runoff

without eroding on the design of flow paths to transport.
runoff at non-erosive velocities and on

the dissipation of energy at pipe outlets. Examples include rock energy dissipaters level

spreaders see Figure 5-11 and other devices.

Box 5-3 provides a comprehensive list of recommended construction SCMs. The reader

is directed to reviews by Brown and Caraco 1997 and Shaver et al. 2007 for more

information. Although erosion and sediment control practices are temporary they require

constant operation and maintenance during the complicated sequence of construction and after

major storm events. It is exceptionally important to ensure that practices are frequently

inspected and repaired and that sediments are cleaned out. Erosion and sediment control are

widely applied in many communities and most states have some level of design guidance or

standards and specifications. Nonetheless few communities have quantified the effectiveness of

a series of construction SCMs applied to an individual site nor have they clearly defined

performance benchmarks for individual practices or their collective effect at the site. In general

there has been little monitoring in the past few decades to characterize the performance of

construction SCMs although a few notable studies have been recently published e.g. Line and

White 2007. Box 5-4 describes the effectiveness of filter fences and filter fences plus grass

buffers to reduce sediment loadings from construction activities and the resulting biological

impacts.
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FIGURE 5-11 Level spreader. SOURCE Robert Traver.
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BOX 53
Recommended Construction Stormwater Control Measures

1. As the top priority emphasize construction management SCMs as follows

Maintain existing vegetation cover if it exists as long as possible.

Perform ground-disturbing work in the season with smaller risk of erosion and work off disturbed

ground in the higher risk season.

Limit.ground disturbance to the amount that can be effectively controlled in the event of rain.

Use natural depressions and planning excavation to drain runoff internally and isolate areas of potential

sediment and other pollutantgenerationfrom draining offthe site so long as safe in large storms.

Schedule and coordinate rough grading finish grading and erosion-control application to be completed.

in theshortest possible time overall and with the shortest possible lag betweenthese.workactivities.

2. Stabilize with cover appropriate to site conditions season and future work plans. For example

Rapidlystabilize disturbed areas that could drain off the site and that will not be worked-again with

permanentvegetation supplemented_with highly effective temporary erosion controls until

achievement of at -least 90 percent vegetative soil cover.

Rapidly stabilize disturbed areas that could drain off the site and that will not be worked again for more

thanthree days with highly effective temporary erosion controls.

If atleast 01 inch of rain ispredicted with a probability of 40 percent or more before rain falls stabilize

or isolate disturbed areas that could drain off the site and that are being actively worked or will be

within threedays with measures. that will prevent or minimize transport.of sediment off the property.

3. _ As backup for caseswhere all of the above measures are used to the maximum extent possible but

sediments still could bereleased from the site-consider the needfor sediment collection System

including but not limited to conventional settling ponds and advanced sediment collection devices such

.a Polymer assisted sedimentation and advanced sand filtration.

.4 Specify emergency stabilization and/or. runoff collection e.g. using temporary depressions

procedures for areas of active work when rain is forecast.

5. If runoff can enter storm drains use a perimeter control.strategyas backup where some soil exposure

wily still occur reven withthe best possible erosion control-above measures or when there is discharge to

a sensitive waterbody.

6. Specify ýflow controI SCMs to prevent or minimize .t the extent possible..

Flow ofrelatively clean off site water over bare soil or potentially contaminated areas

Flow ofrelativelyclean intercepted groundwater over bare soil or potentially contaminated areas

High velocities of. flow over relatively steep and/or long slopes in excess of what erosion control

coverings can withstand and

.Erosio of channels by concentrated flows by..using channel lining.velocity control or both.

7. Specify stabilization of construction entrance and exit areas provision of a nearby tire and chassis

wash for.dirty vehicles leaving the site with a wash water sediment trap and a sweeping. plan

8. Specify construction road stabilization.

9 Specify wind erosion control.

10. Prevent contact between rainfall or runoffand. potentially polluting construction materials processes

wastes and vehicle and equipmentfluidsbysuch measures as enclosures covers. and containments as

well as berming to directrunoff.
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BOX 5-4

Receiving Water Impacts Associated with Construction Site Discharges

The following is a summary of a recent research project that.investigated in-stream biological

conditionsdownstream of construction sites having varying levels oferosioncontrols none the use-of

filter fences and fitter fences plus grass buffers for comparison The project title isStudiesto Evaluate

the- Effectiveness of Current BMPs in Controlling Stormwater.Discharges from Small Construction Sites

and was conducted for the Alabama Water Resources Research Institute Project 2001AL4121 B by Drs.

Robert Angus Ken Marionand Melinda Lalor of the University of Alabama at Birmingham. The initial

phase of the project described below was completed in 2002. While this case study is felt to be

representative of many sites across the United States there are other examples of where silt fences have

been observed to be more effective e.g. Barrett et al. 1998.

Methods

.Thi study was conducted in the upper CahabaRiver watershed in north central Alabama near

Birmingham The study areas had the following characteristics 1 Topography and soil types

representative heof tJupland ph ysiographic regions in the Southeast i.e. southern. Appalachian and

foothill areas thus findings from this study should be relevant to a large portion of the Southeast. 2
The rainfallamounts and intensities in this region are representative of many areas of the Southeast and

3 the expanding suburbs of the Birmingham metropolitan area are rapidly encroaching upon the upper

Cahaba.River and its. tributaries. Stormwater runoff samples were manually collected from sheet flows

above. silt.fences and from points below the fence. within the vegetated buffer. Water was sampled

during intense..1 inch/hour rain events. The runoff samples were analyzed for turbidity.particle size

distribution using a Coulter Counter Muiti-Sizer Ile and total solids dissolved solids plus

suspended/non-filterable solids.. Sampling. was onlycarried outonsites with properly installed andwell-maintainedsilt fences locatedimmediately upgrade from areas with.good vegetative cover.

Six tributaryor upper mainstrea sites were studied to investigate the. effects of sedimentationm
from construction sites on both habitat quality and the biological health of the aquatic ecosystem using

benthic macrolnvertebratesand ash EP.As Revision to Rapid Bioassessment Protocols for Use in

Streams and Rovers was used.to assess theabitat quality atIhe study sites.. Each site was assessed in

the-spring to evaluate immediate effects of the sediment and again during the following late. summer or

early fall to evaluate delayed. effects.

Results

Effectiveness _ofSilt Fences. Siltfences were found to.bebetter than no control measures at

all but not substantially The mean counts of small particles 5 mbelow.the slit fences were about 50

percentjless than that from areas. with no erosion controlxmeasures even though the fences appeared to

be-_properly installed and in good order. However the variabilities were large and the difference between

the_means s not statistically significant For every variable measured the mean values-o fsamples
4 .F Y f4 k yam

taken below silt fences weresignificantlyhigherp 0001 than samplescollecedfrom undisturbed

vegetated controlsites colleced nearby and at the same time These data therefore indicate that silt

fences are only marginally effective at reducing soil particulates inrunoff water

Effectiveness of Filter Fences with Vegetated Buffers. Runoff samples were also collected

immediately below filter fences and below filter.fences after flow over buffers having 5 10 and 15 feet of

dense intact vegetation. Mean total solids in samples collected below silt fences and a 15-foot-wide

vegetated buffer-zone were about 20 percent lower on.average than those samples collected only below

the siltfence The installation of filter fences above an intact good vegetated buffer removes sediment

from construction site runoff more effectively than with-the useof filter fericesalone..

continues nextpage.
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BOX-5-4 Continued

Biological Metrics Sensitive to SedimentatiorýEffectsFish. Analysis of the fish biota

indicates that various metrics used to evaluate the biological integrity of thefish community also are.

affected by highly-sedimented streams. iAs shown in Figure . 12 theoverallcomposition of the

population as quantified by the Index of- Biotic Integrity IBI is lower-the proportion and biomass of

darters a disturbance sensitive group is lower the proportion-and biomass of sunfish is higher the

Shannon-Weinerdiversity index is lower and the number of.disturbance tolerant species is higher as

mean sediment depthincreases
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Reforestation and Soil Compost Amendments

This set of practices seeks to improve the quality of native vegetation and soils present at

the site. Depending on the ecoregion this may involve forest prairie or chapparal plantings

tilling and amending compacted soils to improve their hydrologic properties.

The goal is to maintain as much predevelopment hydrologic function at a development
site as possible by retaining canopy interception duff/soil layer interception evapotranspiration

and surface infiltration. The basic methods to implement this practice are described in Cappiella

et al. 2006 Pitt et al. 2005 Chollak and Rosenfeld 1998 and Balusek 2003.
At this time there are few monitoring data to assess the degree to which land

reforestation or soil amendments can improve the quality of stormwater runoff at a particular

development site apart from the presumptive watershed research that has shown that forests with

undisturbed soils have very low rates of surface runoff and extremely low levels of pollutants in

runoff Singer and Rust 1975 Johnson et al. 2000 Chang 2006. More data are needed on the

hydrologic properties of urban forests and soils whose ecological functions are stressed or

degraded by the urbanization process Pouyat et al. 1995 2007.

Pollution Prevention SCMs for Stormwater Hotspots

Certain classes of municipal and industrial operations are required to maintain a series of

pollution prevention practices to prevent or minimize contact of pollutants with rainfall and

runoff. Pollution prevention practices involve a wide range of operational practices at a site

related to vehicle repairs fueling washing and storage loading and unloading areas outdoor

storage of materials spill prevention and response building repair and maintenance landscape

and turf management and other activities that can introduce pollutants into the stormwater

system CWP 2005. Training of personnel at the affected area is needed to ensure that

industrial and municipal managers and employees understand and implement the correct

stormwater pollution prevention practices needed for their site or operation.

Examples of municipal operations that may need pollution prevention plans include

public works yards landfills wastewater treatment plants recycling and solid waste transfer

stations maintenance depots school bus and fleet storage and maintenance areas public golf

courses and ongoing highway maintenance operations. The major industrial categories that

require stormwater pollution prevention plans were described in Table 2-3. Both industrial and

municipal operations must develop a detailed stormwater pollution prevention plan train

employees and submit
reports to regulators. Compliance has been a significant issue with this

program in the past particularly for small businesses Duke and Augustenberg 2006 Cross and

Duke 2008 Recently filed investigations of stormwater hotspots indicate many of these

operations are not fully implementing their stormwater pollution prevention plans and a recent

GAO
report 2007 indicates that state inspections and enforcement actions are extremely rare.

The goal of pollution prevention is to prevent contact of rainfall or stormwater runoff

with pollutants and it is an important element of the post-construction stormwater plan.

However with the exception of a few industries such as auto salvage yards Swamikannu 1994
basic research is lacking on how much greater event mean concentrations are at municipal and

industrial stormwater hotspots compared to other urban land uses. In addition little is presently
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known about whether aggressive implementation of stormwater pollution prevention plans

actually can reduce stormwater pollutant concentrations at hot
spots.

Runoff Volume Reduction-Rain water Harvesting

A primary goal of stormwater management is to reduce the volume of runoff from

impervious surfaces. There are several classes of SCMs that can achieve this goal including

rainwater harvesting systems vegetated SCMs that evapotranspirate part
of the volume and

infiltration SCMs. For all of these measures the amount of runoff volume to be captured

depends on watershed goals site conditions including climate upstream nonstructural practices

employed and whether the chosen SCM is the sole management measure or part
of a treatment

train. Generally runoff-volume-reduction SCMs are designed to handle at least the first flush

from impervious surfaces 1 inch of rainfall. In Pennsylvania control of the 24-hour two-year

storm volume about 8 cm is considered the standard necessary to protect stream-channel

geomorphology while base flow recharge and the first flush can be addressed by capturing a

much smaller volume of rain 1-3 cm. Where both goals must be met the designer is permitted

to either oversize the volume reduction device to control the larger volume orbuild a smaller

device and use it in series with an extended detention basin to protect the stream geomorphology

PaDEP 2006. Some designers have reported that in areas with medium to lower percentage

impervious surfaces they are able to control up to the 100-year storm by enlargingrunoff-volume-reductionSCMs and using the entire site. In retrofit situations capture amounts as small

as 1 cm are a distinct improvement. It should be noted that there are important although

indirect water quality benefits of all runoff-volume-reduction SCMs-1 the reduction in runoff

will reduce streambank erosion downstream and the concomitant increases in sediment load and

2 volume reductions lead to pollutant load reductions even if pollutant concentrations in

stormwater are not decreased.

Rainwater harvesting systems refer to use of captured runoff from roof tops in rain

barrels tanks or cisterns Figures 5-14 and 5-15. This SCM treats runoff as a resource and is

one of the few SCMs that can provide a tangible economic benefit through the reduction of

treated water usage. Rainwater harvesting systems have substantial potential as retrofits via the

use of rain barrels or cisterns that can replace lawn or garden sprinkling systems. Use of this

SCM to provide gray water within buildings e.g. for toilet flushing is considerably more

complicated due to the need to construct new plumbing and obtain the necessary permits.

The greatest challenge with these systems is the need to use the stored water and avoid

full tanks since these cannot be responsive in the event of a storm. That is these SCMs are

effective only if the captured runoff can be regularly used for some grey water usage like car

washing toilet flushing or irrigation systems golf courses landscaping nurseries. In some

areas it might be possible to use the water for drinking showering or washing but treatment to

potable water quality would be required. Sizing of the required storage is dependent on the

climate patterns the amount of impervious cover and the frequency of water use. Areas with

frequent rainfall events require less storage as long as the water is used regularly while areas

with cold weather will not be able to utilize the systems for
irrigation

in the winter and thus

require larger storage.
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1il_..-FIGURE5-14 Rainwater harvesting tanks at a FIGURE 5-15 A Schematic of rainwater

Starbucks in Austin Texas. SOURCE Laura Ehlers. harvesting SOURCE PaDEP 2006.

One substantial advantage of these systems is their ability to reduce water costs for the

user and the ability to share needs. An example of this interaction is the Pelican Hill

development in Irvine California where excess runoff from the streets and houses is collected in

enormous cisterns and used for watering of a nearby golf course. Furthermore compared to

other SCMs the construction of rainwater harvesting facilities provide a long-term benefit with

minimal maintenance cost although they do
require an upfront investment for piping and storage

tanks.

Coombes et al. 2000 found that rainwater harvesting achieved a 60 to 90 percent

reduction in runoff volume in general few studies have been conducted to determine the

performance of these SCMs. It should be noted that rainwater harvesting systems do collect

airborne deposition and acid rain.

Runoff Volume Reduction- Vegetated

A large and very promising class of SCMs includes those that use infiltration and

evapotranspiration via vegetation to reduce the volume of runoff. These SCMs also directly

address water quality of both surface water and groundwater by reducing streambank erosion

capturing suspended solids and removing other pollutants from stormwater during filtration

through the soil although the extent to which
pollutants are removed depends on the specific

pollutant and the local soil chemistry. Depending on their design these SCMs can also reduce

peak flows and recharge groundwater if they infiltrate. These SCMs can often be added as

retrofits to developed areas by installing them into existing lawns rights of way or traffic

islands. They can add beauty and property value.

Flow volume is addressed by this SCM group by first capturing runoff creating a

temporary holding area and then removing the stored volume through infiltration and

evapotranspiration. Examples include bioswales bioretention rain gardens green roofs and

bioinfiltration. Swales refer to grassy areas on the side of the road that convey drainage.
These

were first designed to move runoff away from paved areas but can now be designed to achieve a

certain contact time with runoff so as to promote infiltration and pollutant removal see Figure
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16. Bioretention generally refers to a constructed sand filter with soil and vegetation growing

on top to which stormwater runoff from impervious surfaces is directed Figure 5-17. The

original rain garden or bioretention facilities were constructed with a fabric at the bottom of the

prepared soil to prevent infiltration and instead had a low-level outflow at the bottom. Green

roofs Figure 5-18 are very similarto bioretention SCMs. They tend to be populated with a

light expanded shale-type soil and succulent plants chosen to survive wet and dry periods.

Finally bioinfiltration is similar to bioretention but is better engineered to achieve
greater

infiltration Figure 5-19. All of these devices are usually at the upper end of a treatment train

and designed for smaller storms which minimizestheir footprint and allows for incorporation

within existing infrastructure such as traffic control devices and median strips. This allows for

distributed treatment of the smaller volumes and distributed volume reduction.
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FIGURE 5-16 Vegetated Swale. FIGURE 5-17 Bioretention during a storm

SOURCE PaDEP 2006. event at the University of Maryland.

SOURCE Reprinted with permission from

Davis et al. 2008. Copyright 2008 by the

American Society of Civil Engineers.

Iy

FIGURE 5-18 City Hall in the center of Chicagos downtown was retrofitted with a green roof to

reduce the heat island effect remove airborne pollutants and attenuate stormwater flows as a

demonstration of innovative stormwater management in an ultra-urban setting. SOURCE
Conservation Design Forum.
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FIGURE 5-19 Retrofit bioinfiltration at Villanova University. immediately following a storm event.

SOURCE Robert Traver.

These SCMs work by capturing water in a vegetated area which then infiltrates into the

soil below. They are primarily designed to use plant material and soil to evapotranspirate the

runoff over several days. A shallow depth of ponding is required since the inflows may exceed

the possible infiltration ability of the native soil. This ponding is maintained above an

engineered sandy soil mixture and is a surface-controlled process Hillel 1998. Early in the

storm the soil moisture potential creates a suction process that helps draw water into the SCM.

This then changes to a steady rate that is practically equal to the saturated hydraulic

conductivity of the subsurface Hillel 1998. The hydrologic design goal should be to

maximize the volume of water that can be held in the soil which necessitates consideration of

the soil hydraulic conductivity which varies with temperature climate depth to groundwater

and time to drain. Usually these devices are designed to empty between 24 and 72 hours after a

storm event. In some cases usually bioretention these SCMs have an underdrain.

The choice of vegetation is an important part of the design of these SCMs. Many sites

where infiltration is desirable have highly sandy soils and the vegetation has to be able to endure

both wet and dry periods. Long root growths are desired to promote infiltration Barr

Engineering Co. 2001 and plants that attract birds can reduce the insect population.

Bioretention cells may be wet for longer periods than bioinfiltration sites requiring different

plants. Denser plantings or thorns may be needed to avoid the destruction caused by humans

and animals taking shortcuts through.the beds.

The pollutant removal mechanism operating for volume-reduction SCMs are different for

each pollutant type soil type and volume-reduction mechanism. For bioretention and SCMs

using infiltration the sedimentation and filtration of suspended solids in the top layers
of the soil

are extremely efficient. Several studies have shown that the upper layers
of the soil capture

metals particulate nutrients and carbon Pitt 1996 Deschesne et al. 2005 Davis et al. 2008.

The removal of dissolved nutrients from stormwater is not as straightforward. While ammonia is

caught by the top organic layer nitrate is mobile in the soil column. Some bioretention systems

have been built to hold water in the soil for longer periods in order to create anaerobic conditions

that would promote denitrification Hunt and Lord 2006a. Phosphorus removal is related to the

amount of phosphorus in the
original

soil. Some studies have shown that bioretention cells built

with agricultural soils increased the amount of phosphorus released. Chlorides pass through the

system unchecked Ermilioand Traver 2006 while oils and greases are easily removed by the
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organic layer. Hunt et al. 2008 have reported in studies in North Carolina that the drying cycle

appears to kill off bacteria. Temperature is not usually a concern as most storms do not overflow

these devices. Green roofs collect airborne deposition and acid rain and may export nutrients

when they overflow. However this must be tempered by the fact that in larger storms most

natural lands would produce nutrients.

A group of new research studies from North America and Australia have demonstrated

the value of many of these runoff-volume-reduction
practices to replicate predevelopment

hydrology at the site. The results from 11 recent studies are given in Table 5-3 which shows the

runoff reduction capability of bioretention. As can be seen the reduction in runoff volume

achieved by these practices is impressive-ranging from 20 to 99 percent with a median

reduction of about 75 percent. Box 5-5 discusses the excellent performance of the bioswales

installed during Seattles natural drainage systems project see also Horner et al. 2003 Jefferies

2004 Stagge 2006. Bioinfiltration has been less studied but one field study concluded that

close to 30 percent of the storm volume was able to be removed by bioinfiltration Sharkey
2006. A very recent case study of bioinfiltration is provided in Box 5-6 which demonstrates

that the capture of small storms through these SCMs is extremely effective in areas where the

majority of the rainfall falls in smaller storms.

TABLE 5-3 Volumetric Runoff Reduction Achieved by Bioretention

Bioretention Design Location Runoff Reduction Reference

Infiltration CT 99% Dietz and Clausen 2006
PA 86% Ermilio and Traver 2006
FL 98% Rushton 2002
AUS 73% Lloyd et al. 2002

Underdrain ONT 40% Van Seters et al. 2006
Model 30% Perez-Perdini et al. 2005
NC 40 to 60% Smith and Hunt 2007
NC 20 to 29% Sharkey 2006
NC 52 to 56% Hunt et al. 2008
NC 20 to 50% Passeport et al. 2008
MD 52 to 65% Davis et al. 2008
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BOX 5-5

Bioswale Case Study

100th Street Cascade Seattle Washington

A recent example of the ability of SCMs to accomplish a variety rof goals was illustrated for water

quality swales inSeattleýWashington.-. Aspart of its Natural Drainage Systems Project the City of Seattle

retrofittedseveralsblocks of an urban residential neighborhood with-cu bside-vegetated swales..On NW
110th Street the two block longsystemwas developed as a cascade .du to the steep slope 6percent
Twelve stepped in series tiioflters were installed between properties and the road each ofwhich

contains astorage area and an overflow weir. During rain events the cells were designed to fill before

emptying into the cell downstream. The soils inthe bottom ofeach cell were over one foot thick and

consisted of river rocks overlain by a Swale mix. Native plants were chosento vegetate the sides of the

Swale.

Extensive flow and water quality

sampling occurred during 2003-2006 atthe

inflow andoutflowof the.biofiltersas well as at

-references pointselsewhere In the neighborhood

that are not served by the new SCMsPerliaps

themostprofound observation was that almost

50percent of all rainfall flowing into the cascade
_

was infiltrated resultingin a corresponding

reduction in runoff. Indeed the cascade

discharged measurable flow only during 49 of

235 storm events during the.period. Depending
11

on preceding conditions the cascade wasable

to retain all. of. theflowfor storms upto 1 inch in

magnitude naddition to the reduction in runoff

affected by the swales they also achieved

significantpeak flow reduction as shown in
2

J

Figure 20 Many peak.florvrote wore entirely darirE ned even those where the inflowpeakrate_was

ashigh as0 7 cfs ý..

Peak flow rates at inlet and outlet Peak flow rates at inlet and outlet

Campbell Scientific flow data - edited ISCO flow data

1.5 1.5

f All swans

XA1l
rn Peak flow rate inlet outlet u

0

i ID

d 0.5
0.5

f
f d

0
0 0.5 1 1.5

0 0.5 1 1.5

Inlet peak flow rate cfs

Inlet peak flow rate cfs

FIGURE520 Peak flowratesat the inlet_and outlet ofthe.cascade as measured by two different

devices Campbell Scientific left nd.ISCOright. SOURCE Horner andChapman2007

corxinu next page
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BOX 55 Continued

Water quality data were also extremely encouraging as shown in Table 5-4. For total suspended

solids influent concentration of 94 mg/L decreased to 29 mg/L at the outlet of the cascade.Similar-percentremovals were observed for total-copper total phosphorus total zinc and total lead seeTable 5ý..

4. Soluble phosphorus concentrations tended to increase fromthe inflow of. the cascade to the outflow

TABLE 5-4 Typical OutflowQualit from the 100h StrebtCas6ade.Permission-ending.

Pollutant ange mg/L
TotalSusended Solids 10_40

4Total Nino en 064L

TotalPhos horns 0 090.23
SolubleRea Live Phos horns 0 02- 0 05
Total rCo e p 0 004w 0 008. r

Qissolýed$Co er - 0 0020005

T1f
l
Zlnc 0 040 11

DissolvedroZinc 002-0 06

Tofal.Lead 00020.007.

Dissolved Lead 0001
MotorOil 0.11 0.33

SOURCE Homer aýndCh ýpman2007

Takingboth measured concentrations and volumeireduction into account the cascade reduced
ý ram ý ý.ý

thenss
loa dings

for
thetcontaminans-.by

00 percenntto
greater

than90 percent
As shown n Table 55

pollutantsassoclated with sediments were reduced tothe
greatest extentwhile dissolvedpollutans were.

less readily-r6moved

TABLE 5-5 Pollutant Mass Loading Reductions at 100 Street Cascade Permission endin

Pollutant PercentReduction 90%Confidence Interval.

Total Sus -endedSolids 84 72x92

T._otalNltro ens ý
3 63 5374ýF

ýliotallhos horus634974x -

Total Co erý_ -s..ý.f 83 2788Pit1
q D sol376 Co eW A W 00VS WSW-w.- 67ý 507.8 ýn F

ToalZl
-

0485
f ýDissolvedýZinc ýýa ý- ý ý --ý 55 X21-70 ý- ý

Tlotal Lead ý 310 90 841 4 W N
NilW-ýý. IN92ý 86ýý.97

SOURCE He rneýtand Chapman2007 fF ý
-Al

Thi
level of4performance was compared to other parts of the neighborhood treatE ýiwit h

conventlorialtlitch andpipe systems.
i The concentrations of almost all pollutantsatthe outlet of the-100t

Cascý44e wasslgnificantly lower than a corresponding outletat120-h Street Furthermore the ability of

this SCM-to attenuate peak flows-an reduce runoffwas remarkable
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BOX 56...

SCMEvaluatioin T.6 ghMonitoring
Villanova Bioinfiltration SCM

The BioinfiltrationTraffic Island located on the campus of Villanova University in Southeastern

Pennsylvania is part of the Villanova Urban Stormwater Partnership VUSP BMP Demonstration Park

see Figure 5-21. Originally funded through the Pennsylvania Growing Greener Program and now

through the States 319 nonpoint source monitoring program the site has been monitored continuously

since soon after it was constructed in 2001 This monitoring has lead to a wealth of information about the

performance and monitoring needs of infiltration.SCMs.

FIGURE5-21. Villa nova. BioinfiltrationTrafricIslandSCM. SOURCE Reprinted with permission from VUSP.

Copyright by Villanova UrbanStormwater Partnership.

The SCMis.a retrofit of an existing curb-enclosed traffic island.in the parking lot of a.university

dormitory corriplex. Theoriginal grassareawas dug out to approximately six feet. The soil removed

during the excavation was then mixed with sand onsiteto create .0-.5Q percent sand-soil mixture This soil

mixture was then placedbackinto the excavation to adepth ofapproximatelyfour feet leaving a sudace

depression that
isan average of two feet deep. Care was taken during construction to prevent any

compaction ofeitt er the soil mixture or the undisturbed soil below Placement of the mixed soil is shown

in tlgure .5-22

During construction two curb cuts were created to direct runoff into the SCM. Creation of one of

the cuts entailed filingand paving over an existing stormwater inlet toredirect the runoff that previously

entered the stormwater drainage system of the parking lot Another existing inlet was used to collect and

redirect runoff into the SCM. Plants were chosen based on their abilityto thrive in both extreme wet and

dry conditions the species chosen are commonly found on sand dunes where similarwet/dryconditions

mayexist -

The contributing watershed -is approximately 50000 square feet and is 52 percent impervious
surfaces The d ign goal of the SCM was forit to temporarilystorethe first tech of runoff The one Inch

capture depth i
s based on an.analysis.of local historical rainfall data showing that capture of the first inch

of each storm would account for approximately96 percent of the annual rainfall This capture depth

would therefore also account for the majority of the annual pollutant load coining froiii the drainage area

FIGURE5-22 Placement of themixedsoil in the basin.

Notice the construction equipment being kept away fromW
the basin to-avoid potential compaction of the sub base. r a ýsY

SOURCE Reprinted with permission from VUSP

Copyright by Villanova Urban StormwaterPartnership
LýCý

fY x

I-REM
next page..continues.
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Continued

BOX-5-6-Continuous
monitoring over multiple years has.increased ourunderstanding of how this type

of

structure operates and its benefits..Forexamplb Heasom et al. 2006 was-able to-produce a continuous

hydrologic flow model of the sitebased on season. Figure 5-23 shows the variability of the infiltration rate

on aseasonal basis and the relationship between infiltration and temperature Emersonand Traver

2008. This workhas also shown no statistical change in performance overthe five-year monitoring

period.

Biolnfiitration Traffic Island
0.5

Seven Point Moving Average
rh Best Fit Periodic Function

V 0.24-0.058SinXdays/55
0.4

0.3

c

0.2 %
a

0.1

0

2003 2004 2005 2006

FIGURE 5.23 SeasonalInfiltratignRate SOURCE Reprinted with ýpermissron from Emerson and

ournal of Irrigation and Drainage EngineeringTraver 2008 Copyright 2008 by J

_
l.f _ mot

When examining theyearlyerformance of the Sltefromsa sdrfacerwaterstandpoint it iseasily.
5 In

shown thaiJ on agugula slsapproxlrnatel y50 t6160 p6rcentio ahe runoff that reaches the site Is

removed from theurface aters andý80ptos85 percent ofithe rainfall is infiltrated Figure 5-24

ýk s. aý r Jna6 yz
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10t -MAW
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F.-IGURE 5-24 2003 Performance and 2006 Perforrrlance SOURCE Reprinted with permission from VUSP

Y-Copyright by Villanova Urban Stormwater Partnership.
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The performance of the SCM during Individual storm events was examined in 2005. Out of77

rainfall events overflow was recorded foronly seven events Generally overflow did not occur for rainfalls

less than 195 inches except for one occasion. As the bowl volume is much less .tha this. value

substantial infiltration must be occurring during the storm event. When one. extreme 6-inch.storm was

recorded.Figure5-25 it wassurprising to note that infiltration occurred all during the storm event as did

some unexpected.peak flow reduction.. What is even more impressive is to examine the reduction in the

duration of flows which is directly related to downstream channel erosion Figure 5-26. Clearly the

bioinfiltration SCM exceeded its design goals.

. . Oc 06.1o342.VN.12 1 aro owm.

A...aa 35

30 -oucnow
LJ oý

qYl

25
Inflow

ob

yy

ow

S ono
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y
e.trs...sr5 - -

xb t34ýiC ýýýýýýSP bk.7ký4tSýY
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O
ý
ýa dHRJýsssa.

. w.a6 ..oa aPaos-owi..ovm --ioým l loam.. 10WS
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.00 i16 IOa 1.R 0 6

-

VID
1

1421 1PY 162. 236 Om
Flow

FIGURE 5w25 October 2005 extreme storm event FIGURE5-26 Flowduration curves October 2005.

h SOURCE Reprinted with permission from VUSP.
storm event SOURCE Reprinted wit

permission from VUSP. Copyright by Villanova Copyright by ViIlanova Urban Stormwater Partnership

Urban Stormwater Partnership.

Research.on this site is currently examining water quality benefits and groundwater interactions.

Whenevaluatingth0 pollutant removal of bioinfiltratlon it iscritical to consider flow volumes and pollutant

levels together. For example- during many of the overflow events there were higher. nutrient levels

leaving the SCM than entering due to the plantscontained within the. SCM However when the runoff

volume reduction is considered he total nitrogen and phosphorus removed from the. influent is .

impressive Daviset al 2008 Water qualltystudies of the infiltrated water are still incomplete but

generally show some conversion of nitrate to nitrate and high chlorides from snow melt chemicals moving

throughthe system Nutrient levels are relatively lowin the samples at the 8 foot depth
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The strengths of vegetated runoff-volume-reduction SCMs include the flexibility to

utilize the drainage system as part of the treatment train. For example bioswales can replace

drainage pipes green roofs can be installed on buildings and bioretention can replace parking

borders Figure 5-27 thereby reducing the footprint of the stormwater system. Also through

the use of swales and reducing pipes and inlets costs can be offset. Vegetated systems are more

tolerant of the TSS collected and their growth cycle maintains pathways for infiltration and

prevents clogging. Freeze-thaw cycles also contribute to pathway maintenance. The aesthetic

appeal of vegetated SCMs is also a significant strength.

Weaknesses include the dependence of these SCMs on native soil infiltration and the

need to understand groundwater levels and karst geology particularly for those SCMs designed

to infiltrate. For bioinfiltration and bioretention most failures occur early on and are caused by

sedimentation and construction errors that reduce infiltration capacity such as stripping off the

topsoil and compacting the subsurface. Once a good grass cover is established in the

contributing area the danger of sedimentation is reduced. Nonetheless the need to prevent

sediment from overwhelming these structures is critical. The longevity of these SCMs and their

vulnerability to toxic spills are a concern Emerson and Traver 2008 as is their failure to

reduce chlorides. Finally in areas where the land use is a hot spot or where the SCM could

potentially contaminate the groundwater supply bioretention non-infiltrating bioswales and

green roofs may be more suitable than infiltration SCMs.

The role of infiltration SCMs in promoting groundwater recharge deserves additional

consideration. Although this is a benefit of infiltration SCMs in regions where groundwater

levels are dropping it may be undesirable in a few limited scenarios. For example in the and

southwest contributions to base flow from
irrigation

have turned some dry ephemeral stream

systems into perennial streams that support the growth of dense vegetation which may be less

desirable habitat for certain riparian species like the Arroyo toad in Southern California.

Infiltration SCMs could contribute to changing the flow regime in cases such as these. In most

urban areas there is so much impervious cover that it would be difficult to overinfiltrate.

Nonetheless the use of infiltration SCMs will change local subsurface hydrology and the

ramifications of this-good and bad-should be considered prior to their installation.

Hill

FIGURE 5-27 North Carolina Retrofit Bioretention SCMs. SOURCE Traver.
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Maintenance of vegetated runoff-volume-reduction SCMs is relatively simple. A visit

after a rainstorm to check for plant health to check sediment buildup and to see if the water is

ponded can answer many questions. Maintenance includes trash pickup and seasonal removal of

dead grasses and weeds. Sediment removal from pretreatment devices is required. Depending

on the pollutant concentrations in the influent the upper layer of organic matter may need to be

removed infrequently to maintain infiltration and to prevent metal and nutrient buildup.

At the site level the chief factors that lead to uncertainty are the infiltration performance

of the soil particular
for the limiting subsoil layer and how to predict the extent of pollutant

removal. Traditional percolation tests are not effective to estimate the infiltration performance

rather testing hydraulic conductivity is required. Furthermore the infiltration rate varies

depending on temperature and season Emerson and Traver 2008. Basing measurements on

percent removal of
pollutants is extremely misleading since every site and storm generates

different levels of
pollutants.

The extent of pollutant removal depends on land use time between

storms seasons and so forth. These factors should be
part

of the design philosophy for the site.

Finally it should also be pointed out that climate is a factor determining the effectiveness of

some of these SCMs. For example green roofs are more likely to succeed in areas having

smaller more frequent storms like the Pacific Northwest compared to areas subjected to less

frequent more intense storms like Texas.

Runoff Volume Reduction-Subsurface

Infiltration is the primary runoff-volume-reduction mechanism for subsurface SCMs
such that much of the previous discussion is relevant here. Thus like vegetated SCMs these

SCMs provide benefits for groundwater recharge water quality stream channel protection peak

flow reduction capture of the suspended solids load and filtration through the soil Ferguson

2002. Because these systems can be built in conjunction with paved surfaces i.e. they are

often buried under parking lots the amount of water captured and thus stream protection may
be higher than for vegetated systems. They also have lower land requirements than vegetated

systems which can be an enormous advantage when using these SCMs during retrofitting as

.lon as the soil is conducive to infiltration.

Similar to vegetated SCMs this SCM group works primarily by first capturing runoff and

then removing the stored volume through infiltration. The temporary holding area is made either

of stone or using manufactured vaults. Examples include pervious pavement infiltration

trenches and seepage pits see Figures 5-28 5-29 5-30 5-31 and 5-32. As with vegetated

SCMs a shallow depth of ponding is required since the inflows may exceed the possible

infiltration
ability

of the native soil. In this case the ponding is maintained within a rock bed

under a porous pavement or in an infiltration trench. These devices are usually designed to

empty between 24 and 72 hours after the storm event.

The infiltration processes operating for these subsurface SCMs are similarto those for the

vegetated devices previously discussed. Thus much like for vegetated systems the level of

control achieved depends on the infiltration ability of the native soils the percent of impervious

surface area in the contributing watershed land use contributing to the pollutant loadings and

climate. A large number of recent studies have found that permeable pavement can reduce

runoff volume by anywhere from 50 percent Rushton 2002 Jefferies 2004 Bean et al. 2007
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FIGURE 5-28 Schematic of a seepage pit..
FIGURE 5-29 Porous asphalt. SOURCE SOURCE

PaDEP. PaDEP.

-k-d.
FIGURE 5-30 A retrofitted infiltration trench at FIGURE 5-31 Pervious concrete at

Villanova University. SOURCE Reprinted with Villanova University. SOURCE Reprinted

permission from VUSP. Copyright by VUSP. with permission from VUSP. Copyright by

VUSP.
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FIGURE 5-32 A small office building conversion at the edge of downtown Denver included the

replacement of a portion of the sites parking with modular block porous pavement underlain by an18-inch
layer of crushed rock. Rainfall on the porous pavement and roof runoff for most storm events are

contained in the reservoir created by the crushed rock. The pavement infiltrates runoff from most storm

events for one-third of the impervious area on the half-acre site..
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to as much as 95 percent or greater van Seters et al. 2006 Kwiatkowski et al. 2007. Box 5-7

describes the success of a recent retrofitting of asphalt with pervious pavement at Villanova

University.

The strengths of subsurface runoff-volume-reduction SCMs are similarto those of their

vegetated counterparts. Additional attributes include their ability to be installed under parking

areas and to manage larger volumes of rainfall. These SCMs typically have few problems with

safety or vector-borne diseases because of their subsurface location and storage capacity and

they can be very aesthetically pleasing. The potential of permeable pavement could be

particularly far-reaching if one considers the amount of impervious surface in urban areas that is

comprised of roads driveways and parking lots.

The weaknesses of these SCMs are also similar to those of vegetated systems including

their dependence on native soil infiltration and the need to understand groundwater levels and

karst geology. Simply estimating the soil hydraulic conductivity can have an error rate of an

order of magnitude. Specifically for subsurface systems that use geotextiles not permeable

pavement there is a danger of TSS being compressed against the bottom of the geotextile

preventing infiltration. There are no freeze-thaw cycles or vegetated processes that can reopen

pathways so the control of TSS is even more critical to their life span. In most cases permeable

pavement is an exception pretreatment is required except for the cleanest of sources like a

slate roof. Typically manufactured devices sediment forebays or grass strips are part of the

design of subsurface SCMs to capture the larger sediment particles.

The maintenance of subsurface runoff-volume-reduction SCMs is relatively simple but

critical. If inspection wells are installed a visit after a rainstorm will check that the volume is

captured and later that it has infiltrated. Porous surfaces should undergo periodic vacuum street

sweeping when a sediment source is present. Pretreatment devices require sediment removal.

The difficulty with this class of SCMs is that if a toxic spill occurs or maintenance is not

proactive there are no easy corrective measures other than replacement.

Low-Impact Development. LID refers primarily to the use of small engineered on-site

stormwater practices to treat the quality and quantity of runoff at its source. It is discussed here

because the SCMs that are thought of as LID-particularly vegetated swales green roofs

permeable pavement and rain gardens-are all runoff-volume-reduction SCMs. They are

designed to capture the first portion of a rainfall event and to treat the runoff from a few hundred

square meters of impervious cover.

As discussed earlier several studies have measured the runoff volume reduction of

individual LID practices. Fewer studies are available on whether multiple LID practices when

used together have a cumulative benefit at the neighborhood or catchment scale. Four

monitoring studies have clearly documented a major reduction in runoff from developments that

employ LID and Better Site Design see Box 5-8 compared to those that do not. In addition six

studies have documented the runoff reduction benefits of LID at the catchment or watershed

scale using a modeling approach Alexander and Heaney 2002 Stephens et al. 2002Holman-Dodds
et al. 2003 Coombes 2004 Hardy et al. 2004 Huber et al. 2006.
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BOX-5-7

Evaluation Through Monitoring Villanova Pervious Concrete SCM

Villa novaUniversitys Stormwater Researchand Demonstration Parkis home toaperviousconcrete
infiltration site-Figure 533. The site

formerly a standardasphalt paved area is

located between two dormitories. The area was

reeonstrtacted in the summer of 2002 and ts
i
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Note therunorrfrgm impervious concrete spilling over to the pervious concrete

Continuous monitortng.of the site over a number of years has considerably increased our

understanding of infiltration..Similartothe bioinfiltration siteBox 5-6 the infiltration rate of permeable

concrete does vary as afunction oftemperature Braga et al. 2007 Emerson and Traver 2008 and the

SCM volume reduction is impressive. As shown in Figure 5-35 over 95 percent of the yearly rainfall was

infiltrated with minimal overflow. Besides. hydrologic plots water quality plots also show the benefits of

permeable concrete Kwiatkowski et al.. 2007. Because over95 percent of the runoff is infiltrated well

over 95 percent of the pollutant mass is also removed. Figure 5-36 shows the level of copper extracted

from lyslmeters
buried under the rock be. -and surrounding grass.. The plot is arranged in quartiles with

readings inmilligramsperliter. Lysimeter-samples from under the surrounding grass and one foot and

four feet under the. infiltration heel all report almost no copper corrtparedto samples taken from the port in

the rock bed and from the gutters draining the roof tops.

continues next page
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BOX 5-7 Continued

Porous Concrete Performance 2006
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FIGURE.5-35 Rainfall and corresponding outflow from the weir of the SCNI. SOURCE Reprinted with

permission from VUSP. Copyright by VUSP.
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FIGURE 5-36 Copper measured at various locations. The three quartiles correspond to the 25th 50th
Ih.

-

and 75 percentile value ofall tlata collected A21 is a lysimeter location under the.surrounding grass

while B11.and B13 refer to locations that are one foot and four feetunder the infiltration bed respectively.

SOURCE Reprinted with permission from UUSP Copyright by VUSP
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BOXý5 8

Jordan Cove-An LID WatershedProject

LID refers to the use of a system ofsmallon-site SCMs to counteract increases Inflow and

pollution following developmentand to control smaller runoff events Although somestudles_are available.

that measurethe runoff volume reduction of individual LID practices fewer studies are available on

whether multiple LID practices when used together have a cumulative benefit at the. neighborhood or

catchment scale. Of those listed
in 5-6 Jordan Cove is the. most extensively studied as it was

monitored for ten years as part of a paired watershed study that included a site with no SCMs and a site

with traditional detention SCMs The watersheds were monitored during calibration construction and

post construction periods. The.project consisted of 12 lots and the SCMs used were bioretention porous

pavements nomow areas andeducation.for the homeowners Figure 5-37.

TABLE 5-6 Review of Recent LID Monitoring Research on aCatchment Scale

Location Practices
Runoff

Reduction

Jordan Cove USA Permeable pavers bioretention grass swales 84%
Dietz and Clausen 2008 education

Somerset H- ightsUSA Grass swale bioretention and rooftop 45%

Chen et.al 20Q5 disconnection

FlgtreePlaceýAustralia Raintanks infiltration trenches swales 100%

Coombes et al 2000

r1

FIGURE537 Jordan Cove LID subdivision Permission pending

continues next page
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M1

BOXS 8 Continued

Figure 5-38 right panel displays the hydrograph from a post-construction storm cornparing the

LID traditional and control watersheds. Note that the traditional watershed shows.the delay andpeak
reduction from the detention basins while the LID watershed hasalmostnorunof The LID watershed

was found to reduce runoff volume by 74 percent by increasing Infiltration over preconstruction levels

FIGUR 538 Igncant changes In runo volume m week runo ie tt cm wee an peak

dischargem3 sec/week afterfcoristýuction was_completed leff panel Hydrograph of all three

subdivslons in the project showngthe larger volume and raterof runoff from the traditional and control

subdivisions ascompared to the.LID right panel Permission pending

Gompansons of rutnentand metal concentrations and total exportin the surface water shows the

value ofthe LID apyproachas well--as-the significance of the reduction in runoff volume. Figure 5-39

shows the changes in pollutant concentration and mass export before and after constructionfor the

tradlUOnal.and LIDsubdivisions_Note that concentrations ofxTSS and nutrients are increased in theLID

subdivlson Deft handkpanel
thsls becauseswales and natual systems are used rn place of piping as a

green dra age sy s e rn any
d bee use.ýonly larger storms leaveythe

site The right handpanel.shows how

T . reduction in runofftachevedrtl Trough Infltr rton canfdramat c ally reduce the net export of

PolluTtGantsEfrom eýLIDatershedý

15

Y r

eFIGURE
59 gifcaniTchanges In pollutant concentr toion ftercost action was coi7ýpleted left

units are for NO NH3 N TN PýanBON Ng/Lfor Cu Pb and Zn S ran leant change
n-111 stexportikg/ha/year after

constructlýon wasýcrrpletedýrght ýPermisn pending

w2tNigh

SURCE lausenýý-007/
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Peak Flow Reduction and Runoff Treatment

After efforts are made to prevent the generation of pollutants and to reduce the volume of

runoff that reaches stormwater systems stormwater management focuses on the reduction of

peak flows and associated treatment of polluted runoff. The main class of SCMs used to

accomplish this is extended detention basins versions of which have dominated stormwater

management for decades. These include a wide variety of ponds and wetlands including wet

ponds also known as retention basins dry extended detention ponds as known as detention

basins and constructed wetlands. By holding a volume of stormwater runoff for an extended

period of time extended detention SCMs can achieve both water quality improvement and

reduced peak flows. Generally the goal is to hold the flows for 24 hours at a minimum to

maximize the opportunity of settling adsorption and transformation of pollutants based on past

pollutant removal studies Rea and Traver 2005. For smaller storm events one- to two-year

storms this added holding time also greatly reduces the outflows from the SCM to a level that

the stream channel can handle. Most wet ponds and stormwater wetlands can hold a water

quality volume such that the flows leaving in smaller storms have been held and treated for

multiple days. Extended detention dry ponds greatly reduce the outflow peaks to achieve the

required residence times.

Usually extended detention devices are lower in the treatment train of SCMs if not at the

end. This is both due to their function they are designed for larger events and because the

required water sources and less permeable soils needed for these SCMs are more likely to be

found at the lower areas of the site. Some opportunities exist to naturalize dry ponds or to

retrofit wet ponds into stormwater wetlands but it depends on their site configuration and

hydrology. Stormwater wetlands are shown in Figures 5-40 and 5-41. A wet pond and a dry

extended detention basin are shown in Figures 5-42 and 5-43.

Simple ponds are little more than a hole in the ground in which stormwater is piped in

and out. Dry ponds are meant to be dry between storms whereas wet ponds have a permanent

pool throughout the
year.

Detention basins reduce peak flows by restricting the outflows and

creating a storage area. Depending on the detention time outflows can be reduced to levels that

do not accelerate erosion that protect the stream channel and that reduce flooding.

s.ý-

xs
Nk c

ý
K

ýr
ý

r ý ti1
. 3ztr

FIGURE 5-40 Constructed wetland at FIGURE 5-41 Retrofitted stormwater wetland.

SOURCE PaDEP 2006. SOURCE Reprinted with permission from

VUSP. Copyright by VUSP.
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The flow normally enters the structure through a sediment forebay Figure 5-44 which

is included to capture incoming sediment remove the larger particles through settling and allow

for easier maintenance. Then a meandering path or cell structure is built to extend and slow

down the flows. The main basin is a large storage area sometimes over the meandering flow

paths. Finally the runoff exits through an outflow control structure built to retard flow.

Wet ponds stormwater wetlands and to a lesser extent dry extended detention ponds

provide treatment. The first step in treatment is the settling of larger particles in the sediment

forebay. Next for wet ponds a permanent pool of water is maintained so that for smaller

storms the new flows push out a volume that has had a chance to interact with vegetation and be

treated. This volume is equivalent to an inch of rain over the impervious surfaces in the

drainage area. Thus what exits the SCM during smaller storm events is baseflow contributions

and runoff that entered during previous events. For dry extended detention ponds there is no

permanent pool and the outlet is instead greatly restricted. For all of these devices vegetation is

considered crucial to pollutant removal. Indeed wet ponds are designed with an aquatic bench

around the edges to promote contact with plants. The vegetation aids in reduction of flow

velocities provides growth surfaces for microbes takes up pollutants and provides filtering

Braskerud 2001.

.-

ýT

At

FIGURE 5-42 Wet pond. SOURCE PaDEP FIGURE 5-43 Dry extended detention

2006. pond. SOURCE PaDEP 2006.
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FIGURE 5-44 Villanova University sediment forebay.

SOURCE Reprinted with permission from VUSP. Copyright by VUSP002E
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The ability of detention structures to achieve a certain level of control is sizerelated-that
is the more peak flow reduction or pollutant removal required the more volume and surface

area are needed in the basin. Because it is not simply the peak flows that are important but also

the duration of the flows that cause damage to the stream channels McCuen 1979 Loucks et

al. 2005 some detention basins are currently sized and installed in series withrunoff-volume-reductionSCMs.

The strength of extended detention devices is the opportunity to create habitats or

picturesque settings during stormwater management. The weaknesses of these measures include

large land requirements chloride buildup possible temperature effects and the creation of

habitat for undesirable species in urban areas. There is a perception that these devices promote

mosquitoes but that has not been found to be a problem when a healthy biological habitat is

created Greenway et al. 2003. Another drawback of this class of SCMs is that they often have

limited treatment capacity in that they can reduce pollutants in stormwater only to a certain

level. These so-called irreducible effluent concentrations have been documented mainly for

ponds and stormwater wetlands as well as sand filters and grass channels Schueler 1998.

Finally it should be noted that either a larger watershed 10-25 acres CWP 2004 or a

continuous water source is needed to sustain wet ponds and stormwater wetlands.

Maintenance requirements for extended detention basins and wetlands include the

removal of
built-up sediment from the sediment forebay harvesting of grasses to remove

accumulated nutrients and repair of berms and structures after storm events. Inspection items

relate to the maintenance of the berm and sediment forebay.

While the basic hydrologic function of extended detention devices is well known their

performance on a watershed basis is not. Because they do not significantly reduce runoff volume

and are designed on a site-by-site basis using synthetic storm patterns their exclusive use as a

flood reduction strategy at the watershed scale is uncertain McCuen 1979 Traver and

Chadderton 1992. Much of this variability is reduced when they are coupled with volume

reduction SCMs at the watershed level. Pollutant removal is effected by climateshort-circuitingand by the schedule of sediment removal and plant harvesting. Extreme events can

resuspend captured sediments thus reintroducing them into the environment. Although there is

debate it seems likely that plants will need to be harvested to accomplish nutrient removal Reed

et al. 1998.

Runoff Treatment

As mentioned above many SCMs associated with runoff volume reduction and extended

detention provide a water quality
benefit. There are also some SCMs that focus primarily on

water quality with little peak flow or volume effect. Designed for smaller storms these are

usually based on filtration hydrodynamic separation or small-scale bioretention systems that

drain to a subsequent receiving water or other device. Thus often these SCMs are used in

conjunction with other devices in a treatment train or as retrofits under parking lots. They can be

very effective as pretreatment devices when used higher up in the watershed than infiltration

structures. Finally in some cases these SCMs are specifically designed to reduce peak flows in

addition to providing water quality benefits by introducing elements that make them similar to

detention basins this is particularly the case for sand filters.
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The sand filter is relied on. as a treatment technology in many regions particular
those

where stream geomorphology is less of a concern and thus peak flow control and runoff volume

reduction are not the primary goals. These devices can be effective at removing suspended

sediments and can extend the longevity and performance of runoff-volume-reduction SCMs.

They are also one of the few urban retrofits available due to the ability to implement them

within traditional culvert systems. Figures 5-45 and 5-46 show designs for the Austin sand filter

and the Delaware sand filter.

Filters use sand peat or compost to remove particulates similarto the processes used in

drinking water plants. Sand filters primarily remove suspended solids and ammonia nitrogen.

Biological material such as peat or compost provides adsorption of contaminants such as

dissolved metals hydrocarbons and other organic chemicals. Hydrodynamic devices use

rotational forces to separate the solids from the flow allowing the solids to settle out of the flow

stream. There is a recent class of bioretention-like manufactured devices that combine inlets

with planters. In these systems small volumes are directed to a soil planter area with larger

flows bypassing and continuing down the storm sewer system. In any event for manufactured

items the user needs to look to the manufacturers published and reviewed.data to understand

how the device should be applied.

The level of control that can be achieved with these SCMs depends entirely on sizing
of

the device based on the incoming flow and
pollutant

loads. Each unit has a certified removal rate

depending on inflow to the SCM. Also all units have a maximum volume or rate of flow they

can treat such that higher flows are bypassed with no treatment. Thus the user has to determine

what size unit is needed and the number to use based on the areas hydrologic cycle and what

criteria are to be met.

With the exception of some types of sand filters the strengths of water quality SCMs are

that they can be placed within existing infrastructure or under parking lots and thus do not take

up land that may be used for other purposes. They make excellent choices for retrofit situations.

For filters there is a wealth of experience from the water treatment community on their

operations.
Forall manufactured devices there are several testing protocols that have been set up

to validate the performance of the manufactured devices the sufficiency of which is discussed in

Box 5-9. Weaknesses of these devices include their cost and maintenance requirements.

f -7

FIGURE 5-45 Austin sand filter. SOURCE FIGURE 5-46 Delaware sand filter.

Robert Traver. SOURCE Tom Schueler.
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BOX 5-9

Insufficient Testing of. Proprietary Stormwater Control Measures

Manufacturers ofproprietary SCMs offer a service that can save municipalities time. and money.

Time is saved by the ability of the manufactures to quickly select a model matching the needs of the site.

A ciitycan.minimize the cost of buying the product by requiring the different manufacturers to submit bids

for the site. All the benefits of the service will have no meaning however if the citiescannot trust the

performance claims of the different products. Because the United States does not have at this time a

national program to verify the performance of proprietary SCMs interested municipalities face a high

amount of uncertainty when they select a product. Money could be wasted on products that might have

the lowest. bid but do not achieve.the.water quality goals of the.city or state.

T_he

EPAs Environmental Technology Verification ETV program was created to facilitate the

deployment
.eof innovative or improved erivironntental.technologies through performance verificaUonand

dissemination.of information. The WetWeather Flow Technologies Pilot was established-as part of.the

ETV program to venfy commercially available technologies used in the abatement and control of urban

stormwater runoff combined sewer overflows and sanitary sewer overflows .Ten-proprietar SCMs were

tested under the ETV program see Figure 5-47 and the resultsof the monitoring are available on the

National Sanitation Foundation International website. Unfortunately thefunding for the ETV program

was discontinued before all.thestormwater products could be testedWithout a national testing program

some states have taken-a more regional approach to verifying the performance of proprietary practices

while most states do not have any type of verification or approval program.

The Washington Department of Ecology has supported a testing protocol called Technology

Assessment Protocol-Ecology that describes a process for evaluating and reporting on the performance

and appropriate uses of emerging SCMs. California Massachusetts Maryland New Jersey

Pennsylvania. and Virginia have sponsored a testing program called Technology Acceptance and

Reciprocity Partnership TARP .an a number of products are being tested in the fiield.The State of

Wisconsin haspreparedadrafttechnical standard 1006 describing methods. orpredicting thesite-specificreduction efficiency of propnetary sedimentation devices Tomeetthe criteria in the standardthe

manufacturers caneither.use amodel tO predict the performance ofthe practice or complete a laboratory

protocoldesignedto develop efficiencycurves for pacr product Although none of-these state or federal

verification efforts have produced enough infoimation to sufficiently reduce the uncertainty in selection

and sizing of propnetary SCMs many proprietary practices are being installed around the country

because of theperceived advantage ofithe service being provided by the manufacturersand the

sometimes overly optimistic performance claims.

All those involved in stormwater management. including the manufacturers will have a much

betterchance_ofimplementing a cost effective stormwater program in their cities ifthe barriers to a

national testing program for proprietary SCMs are eliminated. Two of the banners to the ETV program

were high .cos andthe transferabilityof the results Also the. ETV testing did not produce results that

could be used -in developing efiiciencycurves for the product. A newnational testing program could

reduce the cost by usinglaboratory.testing instead of field testing. Each manufacturer would onlyaveto

do-one series of tests in the lab and the results would be applicable to the entire country. The laboratory

protocol inthe Wisconsin Technical Standard 1006 provides agoodexample of what should be included

to evaluate each practice over a range of particle sizes and flows. These types of laboratory data icould

also be used to produce efficiency curves for each practice Itwould-be relatively easy for state and-local

agencies to review the benefits of each .installatio if the efficiency curves were inco porated into ur.ban

runoff models such as WinSLAMM orP8.

continues next page
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BOX 5-9 Continued
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FIGURE 5 7 proprietary Manufactlled Devices tested by the ETV Program..

-1..ý-err r
3 F

-Z

Regular maintenance and inspection at a high level are required to remove captured pollutants to

replace mulch or to rake and remove the surface layer to prevent clogging. In some cases

specialized equipment vacuum trucks is required to remove built-up
sediment. Although the

underground placement of these devices has many benefits it makes it easy to neglect their

maintenance because there are no signs of reduced performance on the surface. Because these

devices are manufactured the unit construction cost is usually higher than for other SCMs.

Finally the numerous testing protocols are confusing and prevent more widespread applications.

The chief uncertainty with these SCMs is due to the lack of certification of some

manufactured devices. There is also concern about which pollutants are removed by which class
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of device. For example hydrodynamic devices and sand filters do not address dissolved

nutrients and in some cases convert suspended pollutants to their dissolved form. Both issues

are related to the false perception that a single SCM must be found that will comprehensively

treat stormwater. Such pressures often put vendors in a position of trying to certify that their

devices can remove all pollutants. Most often these devices can serve effectively as part of a

treatment train and should be valued for their incremental contributions to water quality

treatment. For example a filter that removes sediment upstream of a bioinfiltration SCM can

greatly prolong the life of the infiltration device.

Aquatic Buffers and Managed Floodplalns

Aquatic buffers sometimes also known as stream buffers or riparian buffers involve

reserving a vegetated zone adjacent to streams shorelines or wetlands as part of development

regulations or as an ordinance. In most regions of the country the buffer is managed as forest

although in and or semi-arid regions it may be managed as prairie chapparal or other cover.

When properly designed buffers can both reduce runoff volumes and provide water quality

treatment to stormwater.

The performance of urban stream buffers cannot be predicted from studies of buffers

installed to remove sediment and nutrients from agricultural areas Lowrance and Sheridan

2005. Agricultural buffers have been reported to have high sediment and nutrient removal

because they intercept sheet flow or shallow groundwater flow in the riparian zone. By contrast

urban stream buffers often receive concentrated surface runoff or may even have a storm-drain

pipe that short-circuits the buffer and directly discharges into the stream. Consequently the

pollutant removal capability of urban stream buffers is limited unless they are specifically

designed to distribute and treat stormwater runoff NRC 2000. This involves the use of level

spreaders grass filters and berms to transform concentrated flows into sheet flow Hathaway

and Hunt 2006. Such designed urban stream buffers have been applied widely in the Neuse

River basin to reduce urban stormwater nutrient inputs to this nitrogen-sensitive waterbody.

The primary benefit of buffers is to help maintain aquatic biodiversity within the stream.

Numerous researchers have evaluated the relative impact of riparian
forest cover and impervious

cover on stream geomorphology aquatic insects fish assemblages and various indexes of biotic

integrity.
As a group the studies suggest that indicator values for urban stream health increase

when riparian forest cover is retained over at least 50 to 75 percent of the length of the upstream

network Goetz et al. 2003 Wang et al. 2003b McBride and Booth 2005 Moore and Palmer

2005. The width of the buffer is also important for enhancing its stream protection benefits and

it ranges from 25 to 200 feet depending on stream order protection objectives and community

ordinances. At the present time there are no data to support an optimum width for water quality

purposes. The beneficial impact of
riparian

forest cover is less detectable when watershed

impervious cover exceeds 15 percent at which point degradation by stormwater runoff

overwhelms the benefits of the riparian
forest Roy et al. 2005 2006 Walsh et al. 2007.

Maintenance inspection and compliance for buffers can be a problem. In most

communities urban stream buffers are simply a line on a map and are not managed in any

significant way after construction is over. As such urban stream buffers are prone to residential

encroachment and clearing and to colonization by invasive plants. Another important practice
is

to protect preserve or otherwise manage the ultimate 100-year floodplain so that vulnerable

property and infrastructure are not damaged during extreme floods. Federal Emergency
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Management Agency FEMA state and local requirements often restrict or control

development on land within the floodway or floodplain. In larger streams the floodway and

aquatic buffer can be integrated together to achieve multiple social objectives.

Stream Rehabilitation

While not traditionally considered an SCM certain stream rehabilitation
practices or

approaches can be effective at recreating stream physical habitat and ecosystem function lost

during urbanization. When combined with effective SCMs in upland areas stream rehabilitation

practices can be an.important component of a larger strategy to address stormwater. From the

standpoint of mitigating stormwater impacts four types of urban stream rehabilitation are

common

Practices that stabilize streambanks and/or prevent channel incision/enlargement can

reduce downstream delivery of sediments and attached nutrients see Figure 5-48.

Although the magnitude of sediment delivery from urban-induced stream-channel

enlargement is well documented there are very few published data to quantify the

potential reduction in sediment or nutrients from subsequent channel stabilization.

Streams can be hydrologically reconnected to their floodplains by building up the profile

of incised urban streams using grade controls so that the channel and floodplain interact

to a greater degree. Urban stream reaches that have been so rehabilitated have increased

nutrient uptake and processing rates and in particular increased denitrification rates

compared to degraded urban streams prior to treatment Bukavecas 2007 Kaushal et al.

2008. This suggests that urban stream rehabilitation may be one of many elements that

can be considered to help decrease loads in nutrient-sensitive watersheds.

Practices that enhance in-stream habitat for aquatic life can improve the expected level of

stream biodiversity. However Konrad 2003 notes that improvement of biological

diversity of urban streams should still be considered an experiment since it is not always

clear what hydrologic water quality or habitat stressors are limiting. Larson et al. 2001
found that physical habitat improvements can result in no biological improvement at all.

In addition many of the biological processes in urban stream ecosystems remain poorly

understood such as carbon processing and nutrient uptake.

Some stream rehabilitation practices can indirectly increase stream biodiversity such as

riparian reforestation which could reduce stream temperatures and the removal of

barriers to fish migration.
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FIGURE 5-48 Three photographs illustrate stream rehabilitation in Denver. The top left picture

is a creek that has eroded in its bed due to urbanization. The top right picture shows a portion

of the stabilized creek immediately after construction. Check structures which keep the creek

from cutting its bed are visible in the middle distance. The bottom image shows the creek just

upstream of one of the check structures two years after stabilization. The thickets of willows

established themselves naturally. The only revegetation performed was to seed the area for

erosion control.

It should be noted that the majority of urban stream rehabilitation projects
undertaken in

the United States are designed for purposes other than mitigating the impacts of stormwater or

enhancing stream biodiversity or ecosystem function Bernhardt et al. 2005. Most stream

rehabilitation projects have a much narrower design focus and are intended to protect
threatened

infrastructure naturalize the stream corridor achieve a stable channel or maintain local bank

stability Schueler and Brown 2004. Improvements in either biological health or the quality of

stormwater runoff have
rarely

been documented.

Unique design models and methods are required for urban streams compared to their

natural or rural counterparts given the profound changes in hydrologic and sediment regime and

stream-floodplain interaction that they experience Konrad 2003. While a great deal of design

guidance on urban stream rehabilitation has been released in recent years FISRWG 2000 Doll

and Jennings 2003 Schueler and Brown 2004 most of the available guidance has not yet been

tailored to produce specific outcomes for stormwater mitigation such as reduced sediment

delivery increased nutrient processing or enhanced stream biodiversity. Indeed several

researchers have noted that many urban stream rehabilitation
projects

fail to achieve even their

narrow design objectives for a wide range of reasons Bernhardt and Palmer 2007 Sudduth et

al. 2007. This is not surprising given that urban stream rehabilitation is relatively new and

rarely addresses the full range of in-stream alteration generated by watershed-scale changes.
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This shortfall suggests that much more research and testing are needed to ensure urban stream

habilitation can meet its promise as an emerging SCM.

Municipal Housekeeping Street Sweeping and Storm-Drain Cleanouts

Phase II NPDES stormwater permits specifically require municipal good housekeeping as

one of the six minimum management measures for MS4s. Although EPA has not presented

definitive guidance on what constitutes good housekeeping CWP 2008 outlines ten

municipal operations where housekeeping actions can improve the quality of stormwater

including the following

municipal hotspot facility management

municipal construction project management

road maintenance

street sweeping

storm-drain maintenance

stormwater hotline response

landscape and park maintenance

SCM maintenance and

employee training.

The overarching theme is that good housekeeping practices at municipal operations provide

source treatment of pollutants before they enter the storm-drain system. The most frequently

applied practices are street sweeping Figure 5-49 and sediment cleanouts of sumps andstorm-drain
inlets. Most communities conduct both operations at some frequency for safety and

aesthetic reasons although not specifically for the sake of improvingstormwater quality Law et

al. 2008.

Numerous performance monitoring studies have been conducted to evaluate the effect of

street sweeping on the concentration of stormwater pollutants
in downstream storm-drain pipes

see Pitt 1979 Bender and Terstriep 1994 Brinkman and Tobin 2001 Zarrielo et al. 2002

Chang et al. 2005 USGS 2005 Law et al. 2008. The basic finding is that regular street

sweeping has a low or limited impact on stormwater quality depending on street conditions

sweeping frequency sweeper technology operator training and on-street parking. Sweeping

will always have a limited removal capability because rainfall events frequently wash off

pollutants
before the sweeper passes through and only some surfaces are accessible to the

sweeper thus excluding sidewalk driveways and landscaped areas. Frequent sweeping i.e.

weekly or monthly has a moderate capability to remove sediment trash and debris coarse

solids and organic matter.

Fewer studies have been conducted on the pollutant removal capability of frequent

sediment cleanout of storm-drain inlets most in regions with and climates Lager et al. 1977

Mineart and Singh 1994 Morgan et al. 2005. These studies have shown some moderate

pollutant
removal ifcleanouts are done on a monthly or quarterly basis. Most communities

however report that they clean out storm drains on an annual basis or in response to problems or

drainage complaints Law 2006.
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FIGURE 5-49 Vacuum street sweeper at Villanova University. SOURCE Robert Traver.

Frequent sweeping and cleanouts conducted on the dirtiest streets and storm drains

appear to be the most effective way to include these operations in the stormwater treatment train.

However given the uncertainty associated with the expected pollutant removal for these

practices street sweeping and storm-drain cleanout cannot be relied on as the sole SCMs for an

urban area.

IllicitDischarge Detection and Elimination

MS4 communities must develop a program to detect and eliminate illicit discharges to

their storm-drain system as a stormwater NPDES permit condition. Illicit discharges can involve

illegal cross-connections of sewage or washwater into the storm-drain system or various

intermittent or transitory discharges due to spills leaks dumping or other activities that

introduce pollutants into the storm-drain system during dry weather. National guidance on the

methods to find and fix illicit discharges was developed by Brown et al. 2004. Local illicit

discharge detection and elimination IDDE programs represent an ongoing and perpetual effort

to monitor the network of pipes and ditches to prevent pollution discharges.

The water quality significance of illicit discharges has been difficult to define since they

occur episodically in different parts of a municipal storm drain system. Field experience in

conducting outfall surveys does indicate that illicit discharges may be present at 2 to 5 percent of

all outfalls at any given time. Given that pollutants are being introduced into the receiving water

during dry weather illicit discharges may have an amplified effect on water quality and

biological diversity.

Many communities indicate that they employ a citizen hotline to report illicit discharges

and other water quality problems Brown et al. 2004 which sharply increases the number of

illicit discharge problems observed.
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Stormwater Education

Like IDDE stormwater education is one of the six minimum management measures that

MS4 communities must address in their stormwater NPDES permits. Stormwater education

involves municipal efforts to make sure individuals understand how their
daily

actions can

positively or negatively influence water quality and work to change specific
behaviors linked to

specific pollutants
of concern Schueler 2001c. Targeted behaviors include lawn fertilization

littering car fluid recycling car washing pesticide use septic system maintenance and pet

waste pickup. Communities may utilize a wide variety of.messages to make the public aware of

the behavior and more desirable alternatives through radio television newspaper ads flyers

workshops or door-to-door outreach. Several communities have performed before-and-after

surveys to assess both the penetration rate for these campaigns and their ability to induce

changes in actual behaviors. Significant changes in behaviors have been recorded see Schueler

2002 although few studies are available to link specific stormwater quality improvements to the

educational campaigns but see Turner 2005 CASQA 2007.

Residential Stewardship

This SCM involves municipal programs to enhance residential stewardship to improve

stormwater quality. Residents can undertake a wide range of activities and practices that can

reduce the volume or quality of runoff produced on their property or in their neighborhood as a

whole. This may include installing rain barrels or rain gardens planting trees xeriscaping

downspout disconnection storm-drain marking household hazardous waste pickups and yard

waste composting CWP 2005. This expands on stormwater education in that a municipality

provides a convenient delivery service to enable residents to engage in positive
watershed

behavior. The effectiveness of residential stewardship is enhanced when carrots are provided to

encourage the desired behavior such as subsidies recognition discounts and technical

assistance CWP 2005. Consequently communities need to develop a targeted program to

educate residents and help them engage in the desired behavior.

SCM Performance Monitoring and Modeling

Stormwater is characterized by widely fluctuating flows. In addition inflow pollutant

concentrations vary over the course of a storm and can be a function of time since the last storm

watershed size and intensity of rainfall season amount of imperviousness pollutant of interest

and so forth. This variability of the inflow to SCMs along with the very nature of SCMs makes

performance monitoring a complex task. Most SCMs are built to manage stormwater not to

enable flow and water quality monitoring. Furthermore they are incorporated into the collection

system and spread throughout developments. Measurement of multiple inflows outflows

evapotranspiration and infiltration are simply not feasible for most sites. Many factors such as

temperature and climate play a role in how well SCMs function. Infiltration rates can vary by

an order of magnitude as a function of temperature Braga et al. 2007 Emerson and Traver

2008 such that a reading in late summer might be twice that of a winter reading. Determining

performance can be further complicated because e.g. at the start of a storm a detention basin
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could still be partially full from a previous storm and removal rates for wetlands are a function

of the growing season not to mention snowmelt events.

Monitoring of SCMs is usually performed for one of two purposes functionality or more

intensive performance monitoring. Monitoring of functionality is primarily to establish that the

SCM is functioning as designed. Performance monitoring is focused on determining what level

of performance is achieved by the SCM.

Functionality Monitoring

Functionality monitoring in a broad sense involves checking to see whether the SCM is

functioning and screening it for potential problems. Both the federal and several state industrial

and construction stormwater general permits have standard requirements for visual inspections

following a major storm event. Visual observations of an SCM by themselves do not provide

information on runoff reduction or pollutant removal but rather only that the device is

functioning as designed. Adding some grab samples for laboratory analysis can act as a

screening tool to determine if a more complex analysis is required.

The first
step

of functionality monitoring for any SCM is to examine the physical

condition of the device piping pervious surfaces outlet structure etc.. Visual inspection of

sediments eroded berms clogged outlets and other problems are good indications of the SCMs

functionality see Figure 5-50. For infiltration devices visiting after a storm event will show

whether or not the device is functioning. A simple staff gauge Figure 5-51 or a stilling well in

pervious pavement can be used to measure the amount of water-level change over several days to

estimate infiltration rates. Minnesota suggests the use of fire equipment or hydrants to fill

infiltration sites with a set volume of water to measure the rate of infiltration. For sites that are

designed to capture a set volume for example a green roof a visit could be coordinated with a

rainfall event of the appropriate size to determine whether there is overflow during the event. If

so then clearly further investigation is required.
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FIGURE 5-50 Rusted outlet structure FIGURE 5-51 Staff gauge attached to

SOURCE Reprinted with permission ultrasonic sensor after a storm. SOURCE
from Emerson. Copyright byClay Emerson. VUSP.
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For extended detention and stormwater wetlands the depth of water during an event is an

indicator of how well the SCM is functioning. Usually high-water marks are easy to determine

due to debris or mud marks on the banks or the structures. If the size of the storm event is

known the depths can be compared to what was expected for the structure. Other indicators of

problems would include erosion downstream of the SCM algal blooms invasive species poor

water clarity
and odor.

For water quality and manufactured devices visual inspections after a storm event can

determine whether the SCM is functioning properly. Standing water over a sand or other media

filter 48 hours after a storm is a sign of problems. Odor and lack of flow clarity could be a sign

of filterbreakthrough or other problems. For manufactured devices literature about the device

should specify inspection and maintenance procedures.

Monitoring of nonstructural SCMs is almost exclusively limited to visual observation due

to the difficulty
in applying numerical value to their benefits. Visual inspection can identify

eroded stream buffers additional paved areas or denuded conservation areas see Figure 5-52.

Performance Monitoring

Performance monitoring is an extremely intensive effort to determine the performance of

an SCM over either an individual storm event or over a series of storms. It requires integration

of flow and water quality data creating both a hydrograph and a polutograph for a storm event as

shown in Figure 5-53. The creation of these graphs requires continuous monitoring of the

hydrology of the site and multiple water quality samples of the SCM inflow and outflow the

vadose zone and groundwater. Event mean concentrations can then be determined from these

data. There should be clear criteria for the number and type of storms to be sampled and for the

conditions preceding a storm. For example for most SCMs it would be improper to sample a

second storm event in series as the inflow may be free of pollutants and the soil moisture filled

resulting in a poor or negative performance. Extended detention basins are an exception

because the outflow during a storm event may include inflows from previous events. The size

of the sampled storm is also important. If the water quality goal is focused on smaller events the

100-year storm would not give a proper picture of the performance because the occurrence is so

rare that it is not a water quality priority.

FIGURE.5-52 Wooded conservation

area stripped of trees. Note pile of

sawdust. SOURCE Robert Traver.
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FIGURE 5-53 Example polutograph that displays inflow and outflow TSS during a storm event from the

Villanova wetland stormwater SCM. SOURCE Reprinted with permission Rea and Traver 2005.

Copyright 2005 by the American Society of Civil Engineers.

For runoff-volume-reduction SCMs performance monitoring can be extremely difficult

because these systems are spread over the project
site. The monitoring program must consider

multiple-size storms because these SCMs are designed to remove perhaps the first inch of runoff.

Therefore for storms of less than an inch there is no surface water release so the treatment is

100 percent effective for surface discharges. During larger events a bioretention SCM or green

roof may export pollutants. When viewed over the entire spectrum of storms these devices are

an outstanding success however this may not be evident during a hurricane.

Through the use of manufactured weirs Figure 5-54 it is possible to develop flow-depth

criteria based on hydraulic principles
for surface flows entering or leaving the SCM. Where this

is not practical various manufacturers have Doppler velocity sensors that combined with

geometry and depth provide a reasonable continuous record of flow. Measurement of depth

within a device can be accomplished through use of pressure transducers bubblers float gauges
and ultrasonic sensors. Other common measures would include rainfall and temperature. One

advantage of these data recording systems is that they can be connected to water quality probes

and automated samplers to provide a flow-weighted sample of the event for subsequent

laboratory analysis. Field calibration and monitoring of these systems is required.
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FIGURE 5-54 Weir flow used to measure flow rate. Courtesy of Robert Traver.

Groundwater sampling for infiltration SCMs is a challenge. Although the rate of change

in water depth can indicate volume moving into the soil mantle it is difficult to establish whether

this flow is evapotranspirated or ends up as baseflow or deep groundwater input. Sampling in

the vadose zone can be established through the use of lysimeters that through a vacuum draw

out water from the soil matrix. Soil moisture probes can give a rough estimation of the soil

moisture content and weighing lysimeters can establish evapotranspiration rates. Finally

groundwater wells can be used to establish the effect of the SCM on the groundwater depth and

quality during and after storm events.

Performance monitoring of extended detention SCMs is difficult because the inflows and

outflows are variable and may extend over multiple days. Hydrologic monitoring can be

accomplished using weirs Figure 5-54 flow meters and level detectors. The new generation of

temperature dissolved oxygen and conductivity probes allows for automated monitoring. It

should be noted that in many cases the conductivity probes are observing chlorides which are

not generally removed by SCMs. In many cases monitoring of the downstream stream-channel

geomorphology and stream habitat may be more useful than performance monitoring when

assessing the effect of the SCM.

The performance monitoring of treatment devices is straightforward and involves

determining the pollutant mass inflows and outflows. Performance monitoring of manufactured

SCMs has been established through several protocols.
An example is TARP used by multiple

states http//www.dep.state.pa.us/dep/deputate/pollprev/techservices/tarp/. This requires the

manufacturer to test their units according to a set protocol of lab or field experiments to set

performance criteria. Several TARP member and other states have published revised protocols

for their use. These and other similar criteria are evolving and the subject of considerable effort

by industry organizations that include the American Society of Civil Engineers.
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Finally much needs to be done to determine the performance of nonstructural SCMs for

which little to no monitoring data are available see Table 5-2. Currently most practitioners

expand upon current hydrologic modeling techniques to simulate these techniques. For example

disconnection of impervious surfaces is often modeled by adding the runoff from the roof or

parking area as distributed rainfall on the pervious area. Experiments and long-term

monitoring are needed for these SCMs.

More information on SCM monitoring is available through the International Stormwater

BMP Database http//www.bmpdatabase.org.

Modeling ofSCMperformance

Modeling of SCMs is required to understand their individual performance and their effect

on the overall watershed. The dispersed nature of their implementation the wide variety of

possible SCM types and goals and the wide range of rainfall events they are designed for makes

modeling of SCMs extremely challenging. For example to model multiple SCMs on a single

site may require simulation of many hydrologic and environmental processes for each SCM in

series. Modeling these effects over large watersheds by simulating each SCM is not only

impractical but the noise in the modeling may make the simulation results
suspect. Thus it is

critical to understand the models purpose limitations and applicability.

As discussed in Chapter 4 one approach to simulating SCM performance is through

mathematical representation of the unit processes. The large volumes of data needed for

process-based models generally restrict their use to smaller-scale modeling. For flow this would

start with the hydrograph entering the SCM and include infiltration evapotranspiration routing

through the system or whatever flow paths were applicable. The environmental processes that

would need to be represented could include settling adsorption biological transformation and

soil physics. Currently there are no environmental process models that work across the range of

SCMs. Rather the state of art is to use general removal efficiencies from publications such as

the International Stormwater BMP Database http//www.bmpdatabase.org and the Center for

Watershed Protections National Pollutant Removal Database CWP 2000b 2007b.

Unfortunately this approach has many limitations. The percent removal used on a site and storm

basis does not include storm intensity period between the storms land use temperature

management practices whether other SCMs are upstream and so forth. It also should be noted

that percent removals are a surface water statistic and do not address groundwater issues or

include any biogeochemistry.

Mechanistic simulation of the hydrologic processes within an SCM is much advanced

compared to environmental simulation but from a modeling scale it is still evolving. Indeed

models such as the Prince Georges County Decision Support System are greatly improved in

that the hydrologic simulation of the SCM includes infiltration but they still do not incorporate

the more rigorous soil physics and groundwater interactions. Some models such as the

Stormwater Management Model SWMM have the capability to incorporate mechanistic

descriptions of the hydrologic processes occurring inside an SCM.

At larger scales simulation of SCMs is done primarily using lumped models that do not

explicitly represent the unit processes but rather the overall effects. For example the goal may
be to model the removal of 2 cm of rainfall from every storm from bioinfiltration SCMs. Thus

all that would be needed is how many SCMs are present and their configuration and what their

capabilities are within your watershed. What is critical for these models is to represent the
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interrelated processes correctly and to include seasonal effects. Again the pollutant removal

capability of the SCM is represented with removal efficiencies derived from publications.

Regardless of the scale of the model or the extent to which it is mechanistic or not

nonstructural SCMs are a challenge. Limiting impervious surface or maintenance of forest cover

have been modeled because they can be represented as the maintenance of certain land uses.

However aquatic buffers disconnected impervious surfaces stormwater education municipal

housekeeping and most other nonstructural SCMs are problematic. Another challenge from a

watershed perspective is determining what volume of pollutants comes from streambank erosion

during elevated flows versus from nonpoint source pollution. Most hydrologic models do not

include or represent in-stream processes.

In order to move forward with modeling of SCMs it will be necessary to better

understand the unit processes of the different SCMs and how they differ for hydrology versus

transformations. Research is needed to gather performance numbers for the nonstructural SCMs.

Until such information is available it will be virtually impossible to predict that an individual

SCM can accomplish a certain level of treatment and thus prevent a nearby receiving water from

violating its water quality standard.

DESIGNING SYSTEMS OF STORMWATER CONTROL MEASURES
ON A WATERSHED SCALE

Most communities have traditionally relied on stormwater management approaches that

result in the design and installation of SCMs on a site-by-site basis. This has created a large

number of individual stormwater systems and SCMs that are widely distributed and have become

a substantial part
of the contemporary urban and suburban landscape. Typically traditional

stormwater infrastructure was designed on a subdivision basis to reduce peak storm flow rates to

predevelopment levels for
large

flood events 10-year return period. The problem with the

traditional approach is that 1 the majority of storms throughout the year are small and therefore

pass through the detention facilities uncontrolled 2 the criterion of reducing storm flow does

not address the need for reducing total storm volume and 3 the facilities are not designed to

work as a system on a watershed scale. In many cases the site-by-site approach has exacerbated

downstream flooding and channel erosion problems as.a watershed is gradually built out. For

example McCuen 1979 and Emerson et al. 2005 showed that an unplanned system ofsite-basedSCMs can actually increase flooding on a watershed scale owing to the effect of many

facilities discharging into a receiving waterbody in an uncoordinated fashion-causing the very

flooding problem the individual basins were built to solve.

With the relatively recent recognition of unacceptable downstream impacts and the

regulation of urban stormwater quality has come a rethinking of the design of traditional

stormwater systems. It is becoming rapidly understood that stormwater management should

occur on a watershed scale to prevent flow control problems from occurring or reducing the

chances that they might become worse. In this context the watershed scale refers to the small

local watershed to which the individual site drains i.e. a few square miles within a single

municipality. Together the developer designer plan reviewer owners and the municipality

jointly install and operate a linked and shared system of distributed
practices

across multiple sites

that achieve small watershed objectives. Many metropolitan areas around the country have

institutions such as the Southeast Wisconsin Regional Planning Commission and the Milwaukee
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Metropolitan Sewage District that are doing stormwater master planning to reduce flooding

bank erosion and water quality problems on a watershed scale.

Designing stormwater management on a watershed scale creates the opportunity to

evaluate a system of SCMs and maximize overall effectiveness based on multiple criteria such

as the incremental costs to development beyond traditional stormwater infrastructure the

limitations imposed on land area required for site planning the effectiveness at improving water

quality or attenuating discharges and aesthetics. Because the benefits that accrue with improved

water quality are generally not realized by those entities required to implement SCMs greater

value must be created beyond the functional aspects of the facility
if there is to be wide

acceptance of SCMs as part of the urban landscape. Stormwater systems designed on a

watershed basis are more likely to be seen as a multi-functional resource that can contribute to

the overall quality of the urban environment. Potential even exists to make the stormwater

system a primary component of the civic framework of the community-elements of the public

realm that serve to enhance a communitys quality of life like public spaces and parks.
For

example in central Minneapolis redevelopment of a 100-acre area called Heritage Park as a

mixed-density residential neighborhood was organized around two parks linked by a parkway

that served dual functions of recreation and stormwater management.

Key elements of the watershed approach to designing systems of SCMs are discussed in

detail below. They include the following

1. Forecasting the current and future development types.

2. Forecasting the scale of current and future development.

3. Choosing among on-site distributed SCMs and larger consolidated SCMs.

4. Defining stressors of concern.

5. Determininggoals for the receiving water.

6. Noting the physical constraints.

7. Developing SCM guidance and performance criteria for the local watershed.

8. Establishing a trading system.

9. Ensuring the safe performance of the drainage network streams and floodplains.

10. Establishing community objectives for the publically
owned elements of stormwater

infrastructure.

11. Establishing a maintenance plan.

Forecasting the Current and Future Development Types

Forecasting the type of current and future development within the local watershed will

guide or shape how individual practices and SCMs are generally assembled at each individual

site. The development types that are generally thought of include Greenfield development small

and large scales redevelopment within established communities and on Brownfield sites and

retrofitting of
existing urban areas. These development types range roughly from lower density

to higher density impervious cover. Box 5-10 explains how the type of development can dictate

stormwater management discussing two main categories- Greenfield development and

redevelopment of
existing areas. The former refers to development that changes pristine or

agricultural
land to urban or suburban land uses frequently low-density residential housing.

Redevelopment refers to changing from an existing urban land use to another usually of higher
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BOX 5-10

Development Types and their Relationship to the Stormwater System

Development falls into two basic types. Greenfield development requires new infrastructure

designed according to contemporary design standards for roads utilities and related infrastructure.

Redevelopment refers to developed. areas undergoing land-use change. In contrast to Greenfields

infrastructure in previously developed areas_is often in poor condition was not built.to current.design

standards and is inadequate for the new land uses proposed.. The stormwater management scenarios

common to these _types of development are described below.

Greenfield Development

At the largest scale Greenfield development refers.to planned communities at the developing

edge of metropolitan areas Communities of this type often vary from several hundred acres to very large

projects that encompassed tens of. thousands.of acres requiring buildout over decades. They often

include the trunk or primarystormwater system.as well as.open stream and rivercorridors. The most

progressive communities of this type incorporate a significant portion of-the area to stormwater systems

that exist as surface elements. Suchstormwater system elements are typically at thesubwatershed scale

and provide for-consolidated conveyance detention and water quality treatment. These elements of the

infrastructure can be multi-functional in.nature providing for wildlife habitat trail corridors and open

space amenities

Greenfield development can also.occur on a small scale-neighborhoods or individual sites within

newly developing areas thatare served by the. secondary public and tertiary. stormwater systems. This

smaller scale incremental expansion ofexisting urban patterns is a more typical way for cities to grow. A

more limited range of SCMs and innovative stormwater management practices are available on smaller

projects of this.type including LID practices.

RedevelopmentofExisting Areas

Redevelopment within established communities is typically at the scale of individualsitessnd

occasionally the scale of a small district tThe area is .usuall served by private on site systems that

conveywlarger storm events into preexisting stormwater systems that were developed decades agoago either

in l istoriccity centers or in first ring post World War II suburbs adjacent to historic city centers

Redevelopment in theseareasis typically much denser than the original use The resulting -.increase in

impervious area
and typically the inadequacy of existing stormwaterinfrastructure serving the site often

results insignificant development costs for on site detentionand water quality treatment. Elaborate

vaults or related-structures or Land area that could be utilized for development must often be committed

toon-site stormwater management to comply .wit
current stormwater. regulations..

Brownfields are redevelopments of industrial and often contaminated property at the scale. of an

individual site neighborhood or .distric Secondary public systems and private stormwater systems on

individual sites typically-serve these areas. In many cases especially in outdated industrial areas little or

no stormwater infrastructure exists or it is so inadequate as to require replacement Water quality.

treatment on contaminated sites may also.be. necessary For these reasonsstorrrtwater management in

_f

of.such -developrrients presents special challenges. Asan example themostcommon-rernediationof contaminatedsites involve capping of contaminated soils or treatment of contaminants in

situ especiallywhere removal of contaminated sods from a site is cost prohibitive Given that

contaminants are still often in place on redeveloped Brownfield sites. and must-not be disturbedcertain

SCMssuch as infiltrationof stormwater into site soils or excavation for stormwater piping and other

.utilities present .specia challenges..
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density such as from single-family housing to multi-family housing. Finally retrofitting as used

in this report is not a development type but rather the upgrading of stormwater management

within an existing land use to meet higher standards.

Table 5-7 shows which SCMs are best suited for Greenfield development particularly

low-density residential redevelopment of urban areas and intense industrial redevelopment.

The last category is broken out because the suite of SCMs needed is substantially different than

for urban redevelopment. Each type of development has a different footprint impervious cover

open space land cost and existing stormwater infrastructure. Consequently SCMs that are

ideally suited for one type of development may be impractical or infeasible for another. One of

the main points to be made is that there are more options during Greenfield development than

during redevelopment because of existing infrastructure limited land area and higher costs in

the latter case.

TABLE 5-7 Applicability of Stormwater Control Measures by Type of Development

Stormwater Control Measure Low-Density Urban Intense Industrial

Greenfield Residential Redevelopment Redevelopment

Product Substitution 0

Watershed and Land-Use 0

Planning

Conservation of Natural Areas f 0

Impervious Cover Minimization

Earthwork Minimization

Erosion and Sediment Control

Reforestation and Soil

Conservation

Pollution Prevention SCMs f

Runoff Volume Reduction-

Rainwater Harvesting

Runoff Reduction-Vegetated 0

Runoff Reduction-Subsurface 0

Peak Reduction and Runoff f 0

Treatment

Runoff Treatment

Aquatic Buffers and Managed f 0

Flood plains

Stream Rehabilitation 0 f

Municipal Housekeeping 0 0 NA

IDDE 0 0 0

Stormwater Education

Residential Stewardship
NA

NOTE always often o sometimes f rarely NA not applicable.
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Forecasting the Scale of Current and Future Development

The choice of what SCMs to use depends on the area that needs to be serviced. It turns

out that some SCMs work best over a few acres whereas others require several dozen acres or

more some are highly effective only for the smallest sites while others work best at the stream

corridor or subwatershed level. Table 5-1 includes a column that is related the scale at which

individual SCMs can be applied where column. The SCMs mainly applied at the site scale

include runoff volume reduction-rainwater harvesting runoff treatment like filtering and

pollution prevention SCMs for hotspots. As one goes up in scale SCMs like runoff volume

reduction-vegetated and subsurface earthwork minimizationand erosion and sediment control

take on more of a role. At the largest scales watershed and land-use planning conservation of

natural areas reforestation and soil conservation peak flow reduction buffers and managed

floodplains stream rehabilitation municipal housekeeping IDDE stormwater education and

residential stewardship play a more important role. Some SCMs are useful at all scales such as

product substitution and impervious cover minimization.

Choosing Among On-Site Distributed SCMs and Larger Consolidated SCMs

There are distinct advantages and disadvantages to consider when choosing to use a

system of larger consolidated SCMs versus smaller-scale on-site SCMs that go beyond their

ability to achieve water quality or urban stream health. Smaller on-site facilities that serve to

meet the requirements for residential commercial and office developments tend to be privately

owned. Typically flows are directed to porous landscape detention areas or similarSCMs such

that volume and pollutants in stormwater are removed at or near their source. Quite often these

SCMs are relegated to the perimeter project incorporated into detention ponds or at best

developed as landscape infiltration and parking islands and buffers. On-site infiltration of

frequent storm events can also reduce the erosive impacts of stormwater volumes on downstream

receiving waters. Maintenance is performed by the individual landowner which is both an

advantage because the responsibility and costs for cleanup of pollutants generated by individual

properties are equitably distributed and a disadvantage because ongoing maintenance incurs a

significant expense on the part of individual property owners and enforcement of properties not

in compliance with required maintenance is difficult. On the negative side individual SCMs
often require additional land which increases development costs and can encourage sprawl.

Monitoring of thousands of SCMs in perpetuity in a typical city creates a significant ongoing

public expense and special training and staffing may be required to maintain SCM effectiveness

especially for subgrade or in-building vaults used in ultra-urban environments. Finally given

that as much as 30 percent of the urban landscape is comprised of public streets andrights-of-waythere are limited opportunities to treat runoff from streets through individual on-site private

SCMs. Notable exceptions are subsurface runoff-volume-reduction SCMs like permeable

pavement that require no additional land and promote full development density within a given

land parcel because they use the soil areas below roads and the development site for infiltration.

In contrast publicly owned consolidated SCMs are usually constructed as part
of

larger

Greenfield and infilldevelopment projects in areas where there is little or no existing

infrastructure. This type of facility-usually an infiltration basin detention basin wet/dry pond
or stormwater wetland-tends to be

significantly larger serving multiple individual properties.
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Ownership is usually by the municipality but may be a privately managed quasi-public special

district. There must be adequate land available to accommodate the facility and a means ofup-front
financing to construct the facility. An equitable means of allocating costs for ongoing

maintenance must also be identified. However the advantage of these facilities is that

consolidation requires less overall land area and treatment of public streets and rights-of-way

can be addressed. Monitoring and maintenance are typically the responsibility of one

organization allowing for effective ongoing operations to maintain the original function of the

facility. If that entity is public this ensures that the facility will be maintained in perpetuity

allowing for the potential to permanently reduce stormwater volumes and for reduction in the

size of downstream stormwater infrastructure. Because consolidated facilities are typically

larger than on-site SCMs mechanized maintenance equipment allows for greater efficiency and

lower costs. Finally consolidated SCMs have
great potential for multifunctional uses because

wildlife habitat recreational and open-space amenities can be integrated to their design. Box5-11describes sites of various scales where either consolidated or distributed SCMs were chosen.

Defining Stressors of Concern

The primary pollutants or stressors of concern and the primary source areas or

stormwater hotspots within the watershed likely to produce them should be carefully defined for

the watershed. Although this community decision is made only infrequently it is critical to

ensuring that SCMs are designed to prevent or reduce the maximum load of the pollutants of

greatest concern. This choice may be guided by regional water quality priorities such as

nutrient reduction in the Chesapeake Bay or Neuse River watersheds or may be an outgrowth of

the total maximumdaily load process where there is known water quality impairmentor a listed

pollutant. The choice of a pollutant
of concern is paramount since individual SCMs have been

shown to have highly variable capabilities to prevent or reduce specific pollutants see WERF
2006 ASCE 2007 CWP 2007b. In some cases the capability of SCMs to reduce a specific

pollutant may be uncertain or unknown.

DeterminingGoals for the Receiving Waters

It is important to set biological and public health goals for the receiving water that are

achievable given the ultimate impervious cover intended for the local watershed see the

Impervious Cover Model in Box 3-10. If the receiving water is too sensitive to meet these

goals one should consider adjustments to zoning and development codes to reduce the amount

of impervious cover. The biological goals may involve a keystone species such as salmon or

trout a desired state of biological integrity in a stream or a maximumlevel of eutrophication in

a lake. In other communities stormwater goals may be driven by the need to protect asole-source
drinking water supply e.g. New York watersheds or to maintain water contact

recreation at a beach lake or river. Once again the watershed goals that are selected have a

strong influence on the assembly of SCMs needed to meet them since individual SCMs vary

greatly in their ability to achieve different biological or public health outcomes.
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BOX 5

Examplesof Communities Using Consolidated versus Distributed SCMs

Stapleton Airport Community

This is a mixed-use mixed-density New Urbanist community that has been under development

for the past 15 Years on the 4500-acre former Stapleton Airport site in central Denver. Asshown in

Figures s 55 and 5-56 the stormwater systememphasizes surface conveyance and treatment on

individualsites as well as in consolidated regional.facilities.
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FIGURE 5 55 The cornrriunrty plan shown onthe left is organized around two day lightedicreeks

formerly boned under airportrunways and a series of secondary conveyances which provide recreational

opera space wlithm neighborhoods The image on the right illustrates one of the multifunctional creek

corridors Consolidated stormwater. sand surface conveyances define more traditional

apark recreatlon4and play areas Courtesy of StapletonRedevelopment Foundation
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Heritage Park Neighborhood Redevelopment

A failed public housing project adjacent to downtown Minneapolis Minnesota has been replaced

by a mixed-density residential neighborhood Over 1200 rental affordable and market-rate single
- and

multi family housing units have been provided in the 100 acre project area..The neighborhood is

organized around two neighborhood parks and a parkway that serve dual functions as neighborhood

recreation space and as surface stormwater conveyance and a consolidated treatment system see

Figure.5-57 Water quality treatment isbeing provided for a combined area of over. 660 acres that

includes the 100 acre project area an over 500 acres of adjacent. neighborhoods.Existng stormwater

pipes have been routed through treatrent areas with treatment levelsrahging from 50 to 85 percent TSS

removal depending on the available land area

FIGURE-5-57 View of a.sediment trap and porous

landscape detention area In the central park way spine.

of NeritagePark..The sediment trap in the center.left

of the photo was designed for ease of maintenance

access
by..city crews with standard city maintenance

equipment. Courtesy of SRFConsultingGroup Inc.

The High Point Neighborhood

This Seattle project is the largest example of the citys Natural Drainage Systems Project and it

illustrates the incorporation of individual SCMs into street rights of way as well as a consolidated facility

The on site distributed Ms inthis 600 acre neighborhood are swales permeable pavement .an

disconnected downspouts. A large detentionpond services the entireregion-that ismuch smaller than it

would have been had the other SCMs not beenbuilt Both types of SCMs are shown in Figure 5 58.

ý . ._.
Cis

FIGURE 558 Natural dralnagesystern methodshavebeen plied to a 34 block 1600 unit mixed-%

income housing redevelopment project called High Point Vegetated swalesporous concrete sidewalks

andfrontyard rainigardens convey and treat stormwater on site. On the right isthe detention pondfor the

development
continues next page
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BOX 5-11 -Continued

Potisdarnmer Platz

This project inthe heart of Berlin Germany illustrates the potential for stormwater treatment in

the densest urban environments by incorporating treatment into building systems and architectural pools

that are the centerpiece of a series of urban plazas As shown in Figure 5-59 on-site individual SCMs
are used to collect stormwater and use it for sanitary purposes

FIGURE 5 59 Stormwater is collected andstoredonste m assenes of vaults Water is circulatedthrough
S .-.. Fy C x fir.

.

s

aseries of blofiltraton areas and used foptoilets and other meehapical systems inthe budding complex

Large stormsoverflow into an adjacent canal. Permission pending

Menomonee Valley Redevelopment Wisconsin

The 140 acre redeveloprnent of abandoned railyards Illustrates how a Brownfield site within an
3 iý C t i M r ai 4

existing floodplainncan be_redeveloped using
bothron site6-hd consolldatedýtreatment

As shown in

ft
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Noting the Physical Constraints

The specific physical constraints of the watershed terrain and the development pattern

will influence the selection and assembly of SCMs. The application of SCMs must be

customized in every watershed to reflect its unique terrain such as karst high water tables low

or high slopes freeze-thaw depth soil types and underlying geology. Each SCM has different

restrictions or constraints associated with these terrain factors. Consequently the SCM

prescription changes as one moves from one physiographic region to another e.g. the flat

coastal plain the rolling Piedmont the ridge and valley and mountainous headwaters.

Developing SCM Guidance and Performance Criteria for the Local Watershed

Based on the foregoing factors the community should establish specific sizing selection

and design requirements for SCMs. These SCM performance criteria may be established in a

local regional or state stormwater design manual or by reference in a local watershed plan.
The

Minnesota Stormwater Steering Committee MSSC 2005 provides a good example of how

SCM guidance can be customized to protect specific types of receiving waters e.g. high-quality

lakes trout streams drinking water reservoirs and impaired waters. In general thewatershed-or
receiving water-based criteria are more specific and detailed than would be found in a regional

or statewide stormwater manual. For example the local stormwater guidance criteria may be

more prescriptive with respect to runoff reduction and SCM sizing requirements outline a

preferred sequence for SCMs and indicate where SCMs should or should not be located in the

watershed. Like the identification of stressors or pollutants
of concerns this step is rarely taken

under current paradigms of stormwater management.

Establishing a Trading System

A stormwater trading or offset system is critical to situations when on-site SCMs are not

feasible or desirable in the watershed. Communities may choose to establish some kind of.

stormwater trading or mitigation system in the event that full compliance is not possible due to

physical constraints or because it is more cost effective or equitable to achieve pollutant

reduction elsewhere in the local watershed. The most common example is providing an offset

fee based on the cost to remove an equivalent amount of pollutants such as phosphorus in the

Maryland Critical Area-MD DNR 2003. This kind of trading can provide for greater cost

equity between low-cost Greenfield sites and higher-cost ultra-urban sites.

Ensuring the Safe and Effective Performance of the Drainage Network Streams and

Floodplains

The urban water system is not solely designed to manage the quality of runoff. It also

must be capable of safely handling flooding from extreme storms to protect
life and property.

Consequently communities need to ensure that their stormwater infrastructure can prevent

increased flooding caused by development and possibly exacerbated future climate change. In
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addition many SCMs must be designed to safely pass extreme storms when they do occur. This

usually requires a watershed approach to stormwater management to ensure that quality and

quantity control are integrated together with an emphasis on the connection and effective use of

conveyance channels streams riparian buffers and floodplains.

Establishing CommunityObjectives for the Publicly Owned Elements ofStorm water

Infrastructure

The stormwater infrastructure in a community normally occupies a considerable surface

area of the landscape once all the SCMs drainage easements buffers and floodplains are added

together. Consequently communities may require that individual SCM elements are designed to

achieve multiple objectives such as landscaping parks recreation greenways trails habitat

sustainability and other community amenities as discussed extensively above. In other cases

communities may want to ensure that SCMs do not cause safety or vector problems and that they

look attractive. The best way to maximize community benefits is to provide clear guidance in

local SCM criteria at the site level and to ensure that local watershed plans provide an overall

context for their implementation.

Establishing an Inspection and Maintenance Plan

The long-term performance of any SCM is fundamentally linked to the frequency of

inspections and maintenance. As a result NPDES stormwater permit conditions for industrial

construction and municipal permittees specify that pollution prevention construction andpost-constructionSCMs be adequately maintained. MS4 communities are also required under

NPDES stormwater permits to track inspect and ensure the maintenance of the collective

system of SCMs and stormwater infrastructure within their jurisdiction. In larger communities

this can involve hundreds or even thousands of individual SCMs located on either public or

private property. In these situations communities need to devise a workable model that will be

used to operate inspect and maintain the stormwater infrastructure across their local watershed.

Communities have the lead responsibility in their MS4 permits to assure that SCMs are

maintained properly to ensure their continued function and performance over time. They can

elect to assign the responsibility to the public sector the private sector e.g. property owners and

homeowners association or a hybrid of the two but under their MS4 permits they have ultimate

responsibility to ensure that SCM maintenance actually occurs. This entails assigning legal and

financial responsibilities to the owners of each SCM element in the watershed as well as

maintaining a tracking and enforcement system to ensure compliance.

Summary

Taking all of the elements above into consideration the emerging goal of stormwater

management is to mimic as much as possible the hydrological and water quality processes of

natural systems as rain travels from the roof to the stream through combined application of a

series of
practices throughout the entire development site and extending to the stream corridor.
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The series of SCMs incrementally reduces the volume of stormwater on its way to the stream

thereby reducing the amount of conventional stormwater infrastructure
required.

There is no single SCM prescription that can be applied to each kind of development

rather a combination of interacting practices must be used for full and effective treatment. For a

low-density residential Greenfield setting a combination of SCMs that might be implemented is

illustrated in Table 5-8. There are many successful examples of SCMs in this context and at

different scales. By contrast Tables 5-9 and 5-10 outline how the general roof-to-stream

stormwater approach is adapted for intense industrial operations and urban redevelopment sites

respectively. As can be seen these development situations require a differ combination of SCMs
and practices to address the unique design challenges of dense urban environments. The tables

are meant to be illustrative of certain situations other scenarios such as commercial

development would likely require additional tables.

TABLE 5-8 From the Roof to the Stream SCMs in a Residential Greenfield

SCM What it Is What it Replaces How it Works

Land-Use Early site Doing SWM design Map and plan submitted at earliest

Planning assessment after site layout stage
of development review

showing environmental drainage

and soil features

Conservation Maximize forest canopy Mass clearing Preservation of
priority

forests and

of Natural reforestation of turf areas to

Areas intercept rainfall

Earthwork Conserve soils and Mass grading and Construction. practices to conserve

Minimization contours soil compaction soil structure and only disturb a

small site footprint

Impervious Better site design Large streets lots and Narrower streets permeable

Cover cul-de-sacs driveways clustering lots and

Minimization other actions to reduce site IC

Runoff Utilize rooftop runoff Direct connected roof A series of practices to capture

Volume leaders disconnect store infiltrate or

Reduction- harvest rooftop runoff

Rainwater

Harvesting

Runoff Frontyard Positive drainage Grading frontyard to treat roof

Volume bioretention from roof to road lawn and driveway runoff using

Reduction- shallow bioretention

Vegetated Dry Curb/gutter and storm Shallow well-drained bioretention

swales drain pipes swales located in the street

right-of-way
Peak Linear Large detention Long multi-cell forested wetlands

Reduction wetlands ponds located in the stormwater

and Runoff conveyance system

Treatment

Aquatic Stream buffer Unmanaged stream Active reforestation of buffers and

Buffers and management buffers restoration of degraded streams

Managed
Flood plains

Note SCMs are applied in a series although all of the above may not be needed at a given residential

site. This roof-to-stream approach works best for low- to medium-density residential development.
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In summary a watershed approach for organizing site-based stormwater decisions is

generally superior to making site-based decisions in isolation. Communities that adopt the

preceding watershed elements not only can maximize the performance of the entire system of

SCMs to meet local watershed objectives but also can maximize other urban functions reduce

total costs and reduce future maintenance burdens.

TABLE 5-9 From the Roof to the Outfall SCMs in an Industrial Context

SCM What it Is What it Replaces How it Works

Category

Pollution Drainage mapping No map Analysis of the locations and connections of the

Prevention stormwater and wastewater infrastructure from the

site

Hotspot site Visual inspection Systematic assessment of runoff problems and

investigation pollution prevention opportunities at the site

Rooftop Uncontrolled Use of alternative roof surfaces or coatings to

management rooftop runoff reduce metal runoff and disconnection of roof

runoff for stormwater treatment

Exterior maintenance Routine plant Special practices to reduce discharges during

practices maintenance painting powerwashing cleaning sealcoating and

sand ng

Extending roofs for no Exposed hotspot Extending covers over susceptible

exposure operations loading/unloading fueling outdoor storage and

waste management operations

Vehicular Uncontrolled Pollution prevention practices applied to vehicle

pollution prevention vehicle operations repair washing fueling and parking operations

Outdoor pollution Outdoor materials Prevent rainwater from contact with potential

prevention storage pollutants by covering secondary containment or

practices diversion from storm-drain system

Waste management Exposed dumpster Improved dumpster location management and

practices or waste streams treatment to prevent contact with rainwater or

runoff

Spill control No plan Develop and test response to spills to thestorm-planand
response

drain system train employees and have spill

control kits available on-site

Greenscaping Routine landscape Reduce use of pesticides fertilization and

and turf irrigation in pervious areas and conversion of turf

maintenance to forest

Employee stewardship Lack of stormwater Regular ongoing training of employees on

awareness stormwater problems and pollution prevention

ractices

Site housekeeping and Dirty site and Regular sweeping storm-drain cleanouts litter

stormwater unmaintained pickup and maintenance of stormwater

maintenance infrastructure infrastructure

Runoff Stormwater retrofitting No stormwater Filtering retrofits to remove pollutants from most

Treatment treatment severe hots of areas

IDDE Outfall analysis No monitoring Monitoring of outfall quality to measure

effectiveness

Note While many SCMs are used at each individual industrial site the exact combination depends on the

specific configuration operations and footprint of each site.
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TABLE 5-10 From the Roof to the Street SCMs in a Redevelopment Context

SCM What it Is What it Replaces How it Works

Category

Impervious Site design to prevent Conventional site Designing redevelopment footprint

Cover pollution design to restore natural area remnants

Minimization minimize needless impervious

cover and reduce hots of potential

Runoff Treatment on the roof Traditional rooftops Use of green rooftops to reduce

Volume runoff generated from roof

Reduction- surfaces

Rainwater Rooftop runoff Directly connected Use of rain tanks cisterns and

Harvesting treatment roof leaders rooftop disconnection to capture

and Vegetated store and treat runoff

Runoff treatment in Traditional Use of foundation planters and

landscaping landscaping bioretention areas to treat runoff

from parking lots and rooftops

Soil Runoff reduction in Impervious or Reducing runoff from compacted

Conservation
pervious areas compacted soils soils through tilling and compost

and amendments and in some cases

Reforestation removal of unneeded impervious

cover

Increase urban tree Turf or landscaping Providing adequate rooting

canopy volume to develop mature tree

canopy to intercept rainfall

Runoff Increase permeability Hard asphalt or Use of permeable pavers porous

Reduction- of impervious cover concrete concrete and similar products to

Subsurface decrease runoff generation from

parking lots and other hard

surfaces.

Runoff Runoff treatment in the Sidewalks curb and Use of expanded tree pits dry

Reduction- street gutter and storm swales and street bioretention cells

Vegetated drains to further treat runoff in the street

or its right-of-way

Runoff Underground treatment Catch basins and Use of underground sand filters

Treatment storm-drain pipes and other practices to treat hotspot

runoff quality at the site

Municipal Street cleaning Unswept streets Targeted street cleaning on

Housekeeping priority streets to remove trash and

gross solids

Watershed Off-site stormwater On-site waivers Stormwater retrofits or restoration

Planning treatment or mitigation projects elsewhere in the

watershed to compensate for

stormwater requirements
that

cannot be met onsite

Note SCMs are applied in a series although all of the above may not be needed at a given

redevelopment site
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COST FINANCEOPTIONS AND INCENTIVES

Municipal Stormwater Financing

To be financially sustainable stormwater programs must develop a stable long-term

funding source. The activities common to most municipal stormwater programs such as

education development design review inspection and enforcement are funded through general

tax revenues most commonly property taxes and sales taxes NAFSMA 2006 which is

problematic for several reasons. First stormwater management financed through general tax

receipts does not link or attempt to link financial obligation with services received. The absence

of such links can reduce the ability of a municipality to adequately plan and meet basic

stormwater management obligations. Second when funded through general tax revenues

stormwater programs must compete with other municipal programs and funding obligations.

Finally in programs funded by general tax revenue responsibilities for stormwater management

tend to be distributed into the work responsibilities of existing and multiple departments e.g.

public works planning etc.. One recent survey conducted in the Charles River watershed in

Massachusetts found that three-quarters of local stormwater management programs did not have

staff dedicated exclusively for stormwater management Charles River Watershed Association

2007.

Increasingly many municipalities are establishing stormwater utilities to manage

stormwater Kaspersen 2000. Most stormwater utilities are created as a separate organizational

entity with a dedicated self-sustaining source of funding. The typical stormwater utility

generates the large majority of revenue through user fees Florida Stormwater Association 2003

Black and Veatch 2005 NAFSMA 2006. User fees are established and set so as to have a

close nexus to the cost of providing the service and thus are most commonly based on the

amount of impervious surface frequently measured in terms of equivalent residential unit. For

example an average single-family residence may create 3000 square feet of impervious surface

roof and driveway area. A per-unit charge is then assigned to this equivalent runoff unit. To

simplify program administration utilities typically assign a flat rate for residential properties

customer class average NAFSMA 2006. Nonresidential properties are then charged

individually based on the total amount of impervious surface square feet or equivalent runoff

units of the parcel. Fees are sometimes also based on gross area total area of a parcel or some

combination of gross area and a development intensity measure Duncan 2004 NAFSMA
2006.

Municipalities have the legal authority to create stormwater utilities in most states

Lehner et al. 1999. In addition to creating the utility a municipality will generally establish

the utility rate structure in a separate ordinance. Separating the ordinances allows the

municipality flexibility to change the rate structure without revising the ordinance governing the

entire utility Lehner et al. 1999. While municipalities generally have the authority to collect

fees some states have legal restrictions on the ability of local governments.to levy taxes Lehner

et al. 1999 NAFSMA 2006. The legal distinction between a tax and a fee is the most common

legal challenge to a stormwater utility. For example stormwater fees have been subject to

litigation in at least 17 states NAFSMA 2006. To avoid legal challenges care must be taken to

meet a number of legal tests that distinguish a fee for a specific service and a general tax.
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Stormwater utilities
typically

bill monthly and fees range widely. A recent survey of

U.S. stormwater utilities reported that fees for residential households range from $1 to $14 per

month but a typical residential household rate is in the range of $3 to $6 Black and Veatch

2005. Despite the dedicated funding source the majority of stormwater utilities responding to a

recent survey 55 percent indicated that current funding levels were either inadequate or just

adequate to meet their most urgent needs Black and Veatch 2005.

Both municipal and state programs can finance administrative programming costs

through stormwater permitting fees. Municipal stormwater programs can use separate fees to

finance inspection activities. For instance inspection fees can be charged to cover the costs of

ensuring that SCMs are adequately planned installed or maintained Debo and Reese 2003.

Stormwater management programs can also ensure adequate funding for installation and

maintenance of SCMs by requiring responsible parties to post financial assurances. Performance

bonds letters of credit and cash escrow are all examples of financial assurances that requireup-front
financial payments to ensure that longer-term actions or activities are successfully carried

out. North Carolinas model stormwater ordinance recommends that the amount of a

maintenance performance security bond cash escrow etc. be based on the present value of an

annuity based on both inspection costs and operation and maintenance costs Whisnant 2007.

In addition to fees or taxes exactions such as impact fees can also be used as a way to

finance municipal stormwater infrastructure investments Debo and Reese 2003. An impact fee

is a one-time charge levied on new development. The fee is based on the costs to finance the

infrastructure needed to service the new development. The ability to levy impact fees varies

between states. Municipalities that use impact fees are also required to show a close nexus

between the size of the fee and the level of benefits provided by the fee a failure to do so

exposes local government to law suits Keller 2003. Compared to other funding sources

impact fees also exhibit greater variability in revenue flows because the amount of funds

collected is dependent on development growth.

Bonds and grants can supplement the funding sources identified above. Bonds and

loans tend to smooth payments over time for large up-front stormwater investments. For

example state and federal loan programs state revolving funds provide long-term low-interest

loans to local governments or capital investments Keller 2003. In addition grant opportunities

are sometimes available from state and federal sources to help pay for specific elements of local

stormwater management programs.

Municipalities require funds to meet federal and state stormwater requirements.

Understanding of the municipal costs incurred by implementingstormwater regulations under

the Phase I and II stormwater rules however is incomplete GAO 2007. Of the six minimum

measures of a municipal stormwater program public education public involvement illicit

discharge detection and elimination construction site runoff control post-construction

stormwater management and pollution prevention/good housekeeping-see Chapter 2 a recent

study of six California municipalities found that pollution prevention activities primarily street

sweeping accounted for over 60 percent of all municipal stormwater management costs in these

communities Currier et al. 2005. Annual per-household costs ranged from $18 to $46.
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Stormwater Cost Review

Conceptually the costs of providing SCMs are all opportunity costs EPA 2000.

Opportunity costs are the value of alternatives next best given up by society to achieve a

particular outcome. In the case of stormwater control opportunity costs include direct costs

necessary to control and treat runoff such as capital and construction costs and the present value

of annual operation and maintenance costs. Initial installation costs should also include the value

of foregone opportunities on the land used for stormwater control typically measured as land

acquisition land price.

Costs also include public and
private resources incurred in the administration of the

stormwater management program. Private-sector costs might include time and administrative

costs associated with permitting programs. Public costs include agency monitoring and

enforcement costs.

Opportunity costs also include other values that might be given up as a consequence of

stormwater management. For example the creation of a wet pond in a residential area might be

opposed because of perceived safety aesthetic or nuisance concerns undesirable insect or

animal species. In this case the diminished satisfaction of nearby property owners is an

opportunity cost associated with the wet pond. On the other hand if SCMs are considered a

neighborhood amenity e.g. a constructed wetland in a park setting opportunity costs may

decrease. In addition costs of a given practice may be reduced by reducing costs elsewhere. For

example increasing on-site infiltration rates can reduce off-site storage costs by reducing the

volume and slowing the release of runoff.

In general the cost of SCMs is incompletely understood and significant gaps exist in the

literature. More systematic research has been conducted on the cost of conventional stormwater

SCMs wet ponds detention basins etc. with less research applied to more recentsmaller-scale
on-site infiltration practices. Cost research is challenging given that stormwater treatment

exhibits considerable site-specific variation resulting from different soil topography climatic

conditions local economic conditions and regulatory requirements Lambe et al. 2005.

The literature on stormwater costs tend to be oriented around construction costs of

particular types of SCMs Wiegand et al. 1986 SWRPC 1991 Brown and Schueler 1997

Heaney et al. 2002 Sample et al. 2003 Wossink and Hunt 2003 Caltrans 2004 Narayanan

and Pitt 2006 DeWoody 2007. In many of these studies construction cost functions are

estimated statistically based on a sample of recently installed SCMs and the observed total

construction costs. Observed costs are then related statistically to characteristics that influence

cost such as practice size. Other studies estimate costs by identifying the individual components

of a construction project pipes excavation materials labor etc. estimating unit costs of each

component and then summing all project components. These studies generally find that

construction costs decrease on a per-unit basis as the overall size expressed in volume or

drainage area of the SCM increases Lambe et al. 2005. These within-practice economies of

scale are found across certain SCMs including wet ponds detention ponds and constructed

wetlands. Several empirical studies however failed to find evidence of economies of scale for

bioretention practices Brown and Schueler 1997 Wossink and Hunt 2003.

Increasing attention has been paid to small-scale practices including efforts to increase

infiltration and retain water through such means as green roofs permeable pavements rain

barrels and rain gardens under the label of LID. The costs of these practices are less well

studied compared to the other stormwater practices identified above. In general per-unit
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construction and design costs exceed larger-scale SCMs Low Impact Development Center

2007. Higher construction costs however may be offset to various degrees by reducing the

investments in stormwater conveyance and storage infrastructure i.e. less storage volume is

needed CWP 1998a 2000a Low Impact Development Center 2007. Others have suggested

that per-unit costs to reduce runoff may be less for these small-scale distributed practices because

of higher infiltration rates and retention rates MacMullan and Reich 2007.

Compared to construction costs less is known about the operation and maintenance costs

of SCMs Wossink and Hunt 2003 Lambe et al. 2005 MacMullan and Reich 2007. Most

stormwater practices are not maintenance free and can create financial and long-term

management obligations for responsible parties Hager 2003. Cost-estimation programs and

procedures have been developed to estimate operation and maintenance costs as well as

construction costs SWRPC 1991 Lambe et al. 2005 Narayanan and Pitt 2006 but

examination of observed maintenance costs is less common. Based on estimates from Wossink

and Hunt 2003 the total present value of maintenance costs over 20 years can range from 15 to

70 percent of total capital construction costs for wet ponds and constructed wetlands and appear

generally consistent with percentages reported in EPA 1999. Operation and maintenance costs

were also reported to be a substantial percentage of construction costs of infiltration pits and

bioretention areas in Southern California DeWoody 2007. Others estimate that over the life of

many SCMs maintenance costs may equal construction costs CWP 2000a. In general

maintenance costs tend to decrease as a percentage of total SCM cost as the totalsize of the SCM
increases Wossink and Hunt 2003.

Very few quantifiable estimates are available for public and private regulatory

compliance costs. Compliance costs could include both initial permitting costs labor and time

delays of gaining regulatory approval for a particular
stormwater design to post-construction

compliance costs administration inspection monitoring and enforcement. Compliance

monitoring is a particular concern ifa stormwater management program relies on widespread use

of small-scale distributed on-site practices Hager 2003. Unlike larger-scale or regional

stormwater facilities that might be located on public lands or on private lands with an active

stormwater management plan a multitude of smaller SCMs would increase monitoring and

inspection times by increasing the number of SCMs. Furthermore municipal governments may
be reluctant to undertake enforcement actions against citizens with SCMs located on private

land.

Land costs tend to be site specific and exhibit a great deal of spatial variation. Some

types of SCMs such as constructed wetlands are more land intensive than others. In highly

urban areas land costs may be the
single biggest cost outlay of land-intensive SCMs Wossink

and Hunt 2003.

In general cost analyses generally find that the cost to treat a given acreage or volume of

water is less for regional SCMs than for smaller-scale SCMs Brown and Schueler 1997 EPA
1999 Wossink and Hunt 2003. For example considering maintenance capital construction

and land costs recent estimates for North Carolina indicate that annual costs for wet ponds and

constructed wetlands range between $100 and $3000 per treated acre typically less than

$1000. Per-acre annual costs for bioretention and sand filters typically ranged between $300

and $3500 and between $4500 and 8500 respectively. However if SCMs face space

constraints bioretention areas can become more cost effective. Furthermore other classes of

small on-site practices such as grass swales and filterstrips can sometimes be implemented for

relatively
low cost.
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There are exceptions to the general conclusion that larger-scale stormwater practices tend

to be less costly on a per-unit basis than more numerous and distributed on-site practices. For

instance in Sun Valley California a recent study indicates that installing small distributed

practices infiltration practices porous pavement rain gardens was more cost effective than

centralized approaches for a retrofit program Cutter et al. 2008. In this particular setting the

difference tended to revolve around the high land costs in the urbanized setting. Small-scale

practices can be placed on low-valued land or integrated into existing landscaping reducing land

costs. Centralized stormwater facilities require substantial purchases of high-priced urban

properties. Similarly small distributed practices porous pavement green roofs rain gardens

and constructed wetlands can also provide a more cost-effective approach to reducing combined

sewer overflow CSO discharges in a highly urban setting than large structural CSO controls

storage tanks Montalto et al. 2007.

SCMs are now a part of most development processes and consequently will increase the

cost of the development. Randolph et al. 2006 report on the cost of complying with stormwater

and sediment and erosion control regulations for six developments in the Washington D.C.

metropolitan area. These costs include primarily stormwater facility construction and land costs.

The findings from these case studies indicate that stormwater and erosion and sediment control

comprised about 60 percent of all environmental-related compliance costs for the residential

developments studied and added about $5000 to the average price
of a home. Nationwide

stormwater and erosion and sediment controls are estimated to add $1500 to $9000 to the cost

of a new residential dwelling unit Randolph et al. 2006.

As a means to control targeted chemical constituents SCMs may be an expensive control

option relative to other control alternatives. For example nutrients from anthropocentric sources

are an increasing water quality concern for many fresh and marine waters. Some states eg.
Virginia Maryland and North Carolina require stormwater programs to achieve specific

nutrient nitrogen or phosphorus stormwater standards. The construction maintenance and

land costs of reducing nitrogen discharge from residential developments using bioretention areas

wet ponds constructed wetlands or sand filters range from $60 to $2500 per pound Aultman

2007. These control costs can be an order of magnitude higher than nitrogen control costs from

point sources or agricultural nonpoint sources. The high per-pound removal costs are due in part

to the relatively low mass load of nutrients carried in stormwater runoff. These estimates

however assume that all costs are allocated exclusively to nitrogen removal. The highper-poundremoval costs from the control of single pollutants highlight the importance of achieving

ancillary
and offsetting benefits associated with stormwater control e.g. removal of other

pollutants of concern stream-channel protection from volume reduction and enhancement of

neighborhood amenities.

It should also be noted that installing SCMs in an existing built environment tends to be

significantly more expensive than new construction. Construction costs for retrofitted extended

detention ponds wet ponds and constructed wetlands were estimated to be two to seven times

more costly than new SCMs Schueler et al. 2007. Retrofit costs can be higher for a variety of

reasons including the need to upgrade existing
infrastructure culverts drainage channels etc.

to meet contemporary engineering and regulatory requirements. Retrofitting a single existing

residential
city block in Seattle with a new stormwater drainage system that included reduced

street widths biofiltration practices and enhanced vegetation cost an estimated $850000 see

Box 5-5 Seattle Public Utilities 2007. Estimates suggested that the costs might have been even
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higher using more conventional stormwater piping/drainage systems Chris May personal

communication August 2007 EPA 2007.

As discussed earlier in the chapter stormwater runoff can be reduced and managed

through better site design to reduce impervious cover. Low- to medium-density developments

can reduce impervious cover through cluster development patterns
that preserve open space and

reduce lot sizes. Impervious surfaces and infiltration rates could be altered by any number of

site-design characteristics such as reduction in street widths reduction in the number ofcul-de-sacsand different setback requirements CWP 2000a. Finally impervious surface per capita

could be substantially reduced by increasing the population per dwelling unit.

Quantifying the cost of many of these design features is more challenging and the

literature is much less developed or conclusive than the literature on conventional SCM costs.

Many design features described above clustering reduced setbacks narrower streets less curb

and gutter can significantly lower construction and infrastructure costs CWP 2001 EPA
2007. Such features may reduce the capital cost of subdivision development by 10 to 33 percent

CWP 2000a.

On the other hand the evidence is unclear whether consumers are willing to pay for these

design features. If consumers prefer features typically
associated with conventional

developments large suburban lot for example then some aspects of alternative development

designs/patterns could impose an opportunity cost on builders and buyers alike in the form of

reduced housing value. For example most statistical studies in the U.S. housing market find that

consumers prefer homes with larger lots and are willing to pay premiums for homes located on

cul-de-sacs presumably for privacy and safety reasons Dubin 1998 Fina and Shabman 1999

Song and Knapp 2003. These effects however might be partly or completely offset by the

higher value consumers might place on the proximity of open space to their homes Palmquist

1980 Cheshire and Sheppard 1995 Qiu et al. 2006. Anecdotal evidence indicates that

residents feel that Seattles Street Edge Alternative program the natural drainage system retrofit

program that combines swales bioretention and reduced impervious surfaces increased their

property values City of Seattle undated. Studies that have attempted to assess the net change

in costs are limited but some evidence suggests that the amenity values of lower-impact designs

may match or outweigh the disamentities Song and Knapp 2003.

Incentives for Stormwater Management

The dominant policy approach to controlling effluent discharge under the Clean Water

Act is through the application of technology-based effluent standards or the requirements to

install particular technologies or practices. Some note that this general policy approach may not

provide the regulated community with 1 incentives to invest in pollution prevention activities

beyond what is required in the standard or with 2 sufficient opportunities or flexibility to lower

overall compliance costs Parikh et al. 2005.

A loosely grouped set of policies called here incentive-based aim to create financial

incentives to manage effluent or volume discharge. Such
policies tend to be classified into two

groups price- and quantity-based mechanisms Stavins 2000 Parikh et al. 2005. Price-based

mechanisms are created when government creates a charge tax fee etc. or subsidy payment

These policies are sometimes called market-based policies but that term will not be used here because many of

the incentive-based policies discussed fail to contain features characteristic of a market system.
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on an outcome that government wants to either discourage or encourage. Ideally the price

would be placed on a target outcome effluents discharged volume of water released etc. and

not on the means to achieve that outcome end such as a tax or subsidy to adopt specific

technologies or practices.2 Quantity-based policies require government to establish some

binding limit or cap on an outcome e.g. mass load of effluent volume of runoff etc. for an

identified group of dischargers but then allow the regulated parties to trade responsibilities
for

meeting that limit or cap.
The opportunity to trade creates the financial incentive. The trading

concept is discussed in greater
detail in Chapter 6 while this section focuses on price-based

incentives.

Some stormwater utilities offer reductions in stormwater fees to landowners who

voluntarily undertake activities to reduce runoff from their parcels Doll and Lindsey 1999

Keller 2003. The reduction in tax obligations called credits can be interpreted as a financial

subsidy or payment for implementingon-site runoff controls. Credit payments are typically

made based on the volume of water detained. For example as part of Portland Oregons Clean

River Rewards program residents and commercial property owners can reduce their stormwater

utility fee by as much as 35 percent by reducing stormwater runoff from existing developed

properties Portland Bureau of Environmental Services 2008a. Residential and commercial

property owners are given a number of ways to reduce runoff to receive this financial benefit. In

addition Portland has a downspout disconnection program that aims to reduce discharge into

CSOs in targeted areas in the city. Property owners may be reimbursed up to $53 per eligible

downspout Portland Bureau of Environmental Services 2008b.

Alternatively stormwater utilities could where allowed also use fee revenue to provide

private incentives for stormwater control through a competitive bidding process. Such a bidding

process reverse auction would request proposals for stormwater reduction projects and fund

projects that reduce volume at the least cost. Proposed investments that can meet the program

objectives at the lowest per unit cost would receive payments. Such a program creates private

incentives to search for low-cost stormwater investments by creating a price for runoff volume

reduction. The bidding program could also be used to identify
cost-effective stormwater

investments in areas targeted for enhanced levels of restoration. A bidding program has been

proposed as a way to lower overall costs of a stormwater program in Southern California Cutter

et al. 2008. Revenue to fund such a competitive bid program could come from a variety of

sources including stormwater utility fees or fees paid into an in lieu fee program.

Finally impact fees on new developments can be structured in a way to create incentives

to reduce stormwater runoff volumes. Charges based on runoff volume or a surrogate measure

like impervious surface can provide an incentive for developers to reduce the volume of new

runoff created.

2 The literature on what level to set the price tax or subsidy is vast complex and controversial. Parikh et al.

2005 seem to wander into this debate perhaps unwittingly by making a distinction between taxes based on some

optimality rule marginal damage costs equal to marginal control costs and those based on some other sort of

decision rule. Without getting into the specifics of this debate here this discussion will simply assert more generally

that price-based incentive policies structure taxes and subsidies to induce desirable behavioral change rather than

simply to raise revenue.
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CHALLENGES TO IMPLEMENTATION OF WATERSHED-BASED
MANAGEMENT AND STORMWATER CONTROL MEASURES

The implementation of SCMs has seen variable success. Environmental awareness

threats to potable water sources or to habitat for threatened and endangered species problems

with combined sewer overflows and other environmental factors have caused cities such as

Portland Oregon Seattle Washington Chicago Illinois and Austin Texas to aggressively

pursue widespread implementation of a broad range of SCMs. In contrast other cities have been

slow to implement recommended practices for many reasons. This is particularly true for

nonstructural SCMs despite their popularity among planners and regulators for the past two

decades. A host of real and perceived concerns about individual nonstructural SCMs are often

raised regarding development costs market acceptance fire safety emergency access traffic and

parking congestion basement seepage pedestrian safety backyard flooding nuisance

conditions maintenance and winter snow removal operations. While most of these concerns are

unfounded they contribute to a culture of inertia when it comes to code change CWP 1998a

2000a. As a result some nonstructural SCMs are discouraged or even prohibited by local

development codes. Very few communities make the consideration of nonstructural practices a

required element of stormwater plan review nor do they require that they be considered early in

the site layout and design process when their effectiveness would be maximized. Finally many

engineers and planners feel they can fully comply with
existing stormwater criteria without

resorting to nonstructural SCMs.

Cost Issues

There are numerous cost issues that have proven to be significant barriers to the use of

innovative SCMs. Special construction techniques required for the proper design and function of

SCMs specially formulated manufactured soils expensive subsurface vaults and increased land

area requirements as a result of increased stormwater storage requirements can significantly

increase site development costs. For smaller projects in highly urbanized areas where land costs

are high there can be a disproportionately large expense to comply with stormwater regulations

causing developers to seek and often receive exemption from requirements.

Sediment removal and related maintenance activities required to ensure-the proper

ongoing functioning of SCMs are activities that are not a part of normal building maintenance.

Data on maintenance costs of SCMs on privately owned facilities are limited and management

companies responsible for commercial and office building maintenance have yet to provide SCM
maintenance as part of their services.

Additional costs are incurred when development review periods by public agencies get

extended because of an increased level of design review required to evaluate the compliance of

SCMs with city ordinances. Additional review increases development costs and extends the

design process. Even with specialized training for city staff to evaluate SCM submittals

deviation from the most basic type of SCM design seems to require extended review and

documentation.

Cost concerns are partly responsible for the markedly slow implementation of the

stormwater program. The federal deadlines for permit coverage have long passed in fact more

than 14 years have lapsed for medium and large municipalities. A good part of the delay can be
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explained by the resistance of states and local governments to the unknown cost burden. Cities

contend that the permit requirements are unreasonable expensive and unrealistic to achieve.

Many local government officials view some permit provisions such as LID or better site design

as intrusion into the land-use authority of local governments.

As discussed in Chapter 2 the U.S. Congress provided no start-up or upgrade financial

assistance unlike what it did for municipally owned and operated wastewater treatment plants

after the promulgation of the NPDES permit program under the Clean Water Act in 1972. Local

governments have been reluctant to tax residents or create stormwater utilities. States like

California and Michigan even have laws that require voter approval in order for local

governments to assess new fees. Thus to implement the NPDES stormwater program states

have had to largely rely on stormwater permit fees collected to support a skeletal to modest staff

for program oversight. In Denver and presumably in other cities there is no reduction in

stormwater fees when impervious area is reduced because of construction of on-site SCMs. This

amounts to a disincentive to do the right thing. Meanwhile the overall federal budget for the

NPDES program including stormwater has been declining.

Long- Term Maintenance of Storm water Control Measures

One of the weakest parts of most stormwater management programs is the lack of

information about and funding to support the long-term maintenance of SCMs. If SCMs are not

inspected and maintained on a regular basis the stormwater management program is likely to

fail. This also negatively impacts the design process-if there is no inspection program oand no

accountability for maintenance the designer has no incentive to build better moremaintenance-friendlySCMs. Finally without an accurate assessment of the maintenance needs of an SCM
land owners and other responsible parties cannot anticipate their total costs over the lifetime of

the device.

Almost all SCMs require active long-term maintenance in order to continue to provide

volume and water
quality benefits Hoyt and Brown 2005 Hunt and Lord 2006b.

Furthermore a typical municipality may contain hundreds or thousands of individual SCMs

within its jurisdiction. Thus the long-term obligations for maintenance are considerable. For

example the annual maintenance cost of 100 medium-sized wet ponds one-half acre to 2 acres

is estimated to be a quarter of a milliondollars Hunt and Lord 2006c. Currently the majority

of municipal stormwater programs do not have adequate plans or resources in place for thelong-termmaintenance of SCMs GAO 2007.

A number of issues confront the long-term maintenance of SCMs. First legal and

financial responsibility
for maintenance must be assigned. Historically stormwater ownership

and responsibility have been poorly defined and implemented Reese and Presler 2005. If a

party is an industrial facility that is required to obtain a permit then responsibility for

maintaining SCMs rests with the permittee. Other instances are more ambiguous. For

residential developments the responsibility for long-term maintenance could be assigned to the

developer e.g. establishing long-term financial accounts for maintenance individual

landowners homeowners associations or the municipality itself. Some cities like Austin and

Seattle assume responsibility for long-term maintenance of SCMs in residential areas. Concerns

over assigning responsibility to individual residential landowners or homeowners associations

include insufficient technical and financial resources to conduct consistent maintenance and a
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lack of inspection to require maintenance. A recent survey of municipal stormwater programs
found that less than one-third perform regular maintenance on stormwater detention ponds or

water quality SCMs in general residential areas Reese and Presler 2005. To ensure that

adequate maintenance will occur municipalities can require performance securities performance

bonds escrow accounts letter of credit etc. that ensure adequate funds are available for

maintenance and repair in the event of failure to maintain the SCM by the responsible party.

An effective maintenance program also requires a system to inventory and track SCMs
inspection/monitoring and enforcement against noncompliance. The large number of SCMs to

track and manage creates management challenges. Municipal stormwater programs must

administer their regulatory programs performinspection and enforcement activities and

maintain SCMs in public lands/rights-of-way and sometimes in residential areas. Municipal

programs often do not have adequate staff to ensure that these maintenance responsibilities are

adequately carried out. The lack of adequate staff for inspection and an inadequate system for

prioritizing inspections have been repeatedly pointed out Duke and Beswick 1997 Duke 2007

GAO 2007.

Tracking and monitoring costs may also create disincentives for municipalities to adopt

or encourage smaller-scale SCMs. For example residential-scale rain gardens porous

driveways rain barrels and grass swales all have the potential to increase the cost and

complexity of compliance monitoring because of the multitude of small infiltration devices that

are located on private property as opposed to having fewer SCMs located in public rights-of-way

or public lands. Small-scale distributed SCMs located on private property raise concerns of

municipal willingness to inspect and enforce against noncompliance. Indeed some

municipalities have banned innovative SCMs like pervious pavement because the municipalities

have no means to ensure their maintenance and continued operation.

Finally there is concern that there is inadequate funding to maintain the growing number

of SCMs on the landscape. The long-term funding obligation for maintenance has been difficult

to assess GAO 2007 partly because many stormwater programs frequently do not have

adequate accounting practices to define capital value and depreciation maintenance operation

or management programs Reese and Presler 2005. The problem is compounded because the

long-term maintenance cost associated with various types of SCMs is not well understood.

Additional research and information are needed on the costs of maintaining the performance of

SCMs as experienced in the field rather than ex ante estimates based on design plans. Research

into long-term maintenance costs should include not only routine operation and maintenance

costs but also costs for inspection and enforcement and remediation costs associated with SCM
performance failures. Such research is critical to understanding the long-term cost obligation

that is being assumed by municipal stormwater programs that are responsible for managing a

growing number of SCMs.

At the present time the maintenance schedule for many of the proprietary andnon-proprietarySCMs is poorly defined. It will vary with the type of drainage area and the activities

that are occurring within it and with the efficiency of the SCM. For example the city of Austin

Texas has determined that the average lifespan of their sand filters ranges from 5 to 15 years

but can be as little as one year if there is construction in the drainage area. In order to establish

a maintenance schedule an assessment protocol needs to be adopted by municipalities. The

protocol which is specific to the type of SCM could consist of the following each year

municipalities would be required to collect.data from a subset of their SCMs on public and

private property and then over a period of years these data could be used to determine
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maintenance schedules predict performance based on age and sediment loading and identify

failed systems. A measurement of the depth of deposited sediment might be the only test needed

for
settling devices such as hydrodynamic devices and wet detention ponds. Two levels of

analysis could be performed for infiltration devices-one based on simple visual observations

and the other using an instrument to check infiltration rates. These assessment methods for

infiltration devices have been tested at the University of Minnesota Gulliver and Anderson

2007. Without an assessment protocol for SCMs the chances for poor maintenance and

outright failure are greatly increased it is difficult if not impossible to determine the actual

performance of an SCM and there will be insufficient data to reduce the uncertainty in future

SCM design.

Lack ofDesign Guidance on important SCMs and Lack of Training

Progress in implementingSCMs is often handicapped by the lack of local or national

design guidance on important SCMs and by the lack of training among the many players in the

land development community planners designers plan reviewers public works staff

regulators and contractors on how to properly implement them on the ground. For example

design guidance is lacking or just emerging for many of the non-traditional SCMs such as

conservation of natural areas earthwork minimizationproduct substitution reforestation soil

restoration impervious cover reduction municipal housekeeping stormwater education and

residential stewardship. Some LID techniques are better covered such as the standards for

pervious concrete from the American Concrete Institute and the National Ready Mixed Concrete

Association. Design guidance for traditional SCMs such as erosion and sediment control may
exist but is often incomplete outdated or lacking key implementation details to ensure proper

on-the-ground implementation. In other cases design guidance is available but has not been

disseminated to the full population of Phase II MS4 communities. For example in an

unpublished survey of state manuals used to develop national post-construction stormwater

guidance Hirschman and Kosco 2008 found that less than 25 percent provided sizing criteria

detailed engineering design specifications or maintenance criteria. Nationwide guidance on

SCM design and implementation may not be advisable or applicable to all physiographic

climatic and ecoregions of the country. Rather EPA and the states should encourage the

development of regional design guidance that can be readily adapted and adopted by municipal

and industrial permittees. Improvement of SCM design guidance should incorporate more direct

consideration of the parameters of concern how they move across the landscape and the issues

in receiving waters-a
strategy

both espoused in this report page 351 and in recent publications

on this topic Strecker et al. 2005 2007.

The second key issue relates to how to train and possibly certify the hundreds of

thousands of individuals that are responsible for land development and stormwater infrastructure

at the local and state level. New stormwater methods and practices cannot be effectively

implemented until local planners engineers and landscape architects fully understand them and

are confident on how to apply them to real-world sites. Currently stormwater design is not a

major component of the already crowded curriculum of undergraduate or graduate planning

engineering or landscape architecture programs. Most stormwater professionals acquire their

skills on the job. Given the rapid development of new stormwater technologies there is a critical

need for implementation of regional or statewide training programs to ensure that stormwater
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professionals are equipped with the latest knowledge and skills. The
training programs should

ultimately lead to formal certification for stormwater designers inspectors and plan reviewers.

Different Standards in Different Jurisdictions That Are Within the Same Watershed

Governmental and watershed boundaries rarely coincide with the result that most

watersheds are made up of many municipal bodies regulating stormwater management.

Unfortunately in most cases there is no overarching stormwater regulatory structure that is based

upon a watershed
analysis.

This can result in many unfortunate conflicts where approval of a

stormwater facility does not affect the community issuing the permit. It is often said that the

most effective stormwater management for an area high in the watershed is to speed the water

downstream thus saving the upstream community but severely damaging the downstream rivers.

While this may be an exaggeration the problems downstream are less of a concern to the upper

watershed communities and downstream communities may not be able to solve their water

issues without help from the upstream communities.

Often neighboring communities plans or the methods or data used do not coincide. For

example often out-of-date rainfall distributions methods or standards are required in the code

that do not apply to the newer focus on smaller storms and volume reduction. If methods that

include Modified Rational or TR-55 are used it is difficult if not impossible to show the benefits

in peak flow reduction gained through volume reduction devices. Also some municipalities may

require curb and piping and not allow swales impending the implementation of a cost-effective

design. Finally it is difficult to observe a measureable impact of SCMs when they are guided by

a patchwork of regulations. One community may require removal of the first inch of runoff and

another may require the reduction of the 25-year post-construction peak to the 10-yearpre-constructionlevel.

Water Rights that Conflict with Storm water Management

In the West water is considered real property governed by state law and regional water

compacts. Landowners in urban areas rarely own surface water rights and are typically

prohibited from beneficial use of that water which affects how SCMs are chosen. For

example current practices in Colorado typically allow stormwater to be infiltrated within a short

period of time on-site without violation of water laws. However storage of and/or pumping this

water for broader distribution is considered to be a beneficial use and is therefore prohibited.

Moreover as discussed in Chapter 2 SCMs that manage stormwater by driving the water

underground with a bored drilled or driven shaft or a hole dug deeper than its widest surface

dimension are typically considered to be injection wells requiring a federal permit and regular

monitoring under the Safe Drinking Water Act.

Some states prohibit infiltration because of concerns over long-term groundwater

pollution. In California which does not have a uniform policy for groundwater management and

groundwater rights authority over groundwater quality management falls to several regional and

local agencies. For example the Upper Los Angeles River Area ULARA has acourt-appointedWatermaster to manage the complex appropriation of its groundwater to user cities

and agencies. The ULARA has clashed with the City of Los Angeles regarding rights to all of
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the water that normally recharges the Los Angeles River via runoff from precipitation.
In 2000

the ULARA Watermaster expressed a concern with certain permit provisions of the Los Angeles

County MS4 Permit for New Development/ Redevelopment that promoted infiltration stating

that the MS4 permit interfered with the adjudicated right of the City of Los Angeles to manage

groundwater.

Urban Development and Sprawl

The continued expansion of urban areas is inevitable given population increases

worldwide and the transition from agricultural to industrial economies. Given that urbanization

of almost any magnitude-even less than 10 percent impervious area-has been demonstrated to

have an impact on in-stream water quality a central question to be addressed is how water

quality can be maintained as cities grow without having negative impacts on social and

economic systems. Ideally SCMs would perform their water quality function contribute to the

livability of cities and enhance their economic and social potentials.

Low-density auto-oriented urban development commonly known as sprawl has been

the predominant pattern of development in the United States and increasingly worldwide since

World War II. It has been widely criticized for its inefficient use of land its high use of natural

resources and its high energy costs-all of which are associated with the required auto-oriented

travel. Additionally ongoing economic costs related to the provision of widely dispersed

services and social impacts of a breakdown in community life have been identified Brugemann

1974. Sprawl and the impacts on in-stream water quality that result from urbanization have

been an inevitable consequence of improved economic conditions. In the United States sprawl

constitutes the vast majority of development occurring today because a majority of the

population is attracted to the benefits of a suburban lifestyle government has subsidized roads

and highways at the expense of public transit and local zoning often limits development density.

There has been a great deal of innovation in city planning and design in the past decade

that encourages greater density and a return to urban living. New types of zoning New

Urbanism Smart Growth and related innovations in urban planning and design have been

developed in parallel with environmental regulations at local to national levels see Chapter 2.

They acknowledge the importance of protecting natural resources to maintain quality of life and

have established water quality as an important consideration in city building.

It is not clear that current stormwater regulations can be effectively implemented over the

broad range of development patterns
that characterize contemporary cities or if they

inadvertently favor one type of development over another. For example on-site SMCs are often

recommended as the preferred means of stormwater management although they tend to

encourage lower-density development patterns. And while they are easily implemented and

regulated given the incremental site-by-site development that is typical
of most urban growth

monitoring and maintenance can be expensive and difficult for both the individual property

owner and the regulating authority. In highly urbanized areas they are often relegated to

subsurface systems that are expensive and that to be effective require high levels of

maintenance.

In newly developing areas cluster development should be encouraged whenever possible

according to the Smart Growth principles of narrower streets reduced setbacks and related

approaches to reduce the amount of impervious area required and land consumed. Furthermore
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an interconnected series of on-site and consolidated SCMs can reduce subsurface stormwater

piping requirements. Most planned communities have dedicated park and open-space areas that

can constitute 25 percent or more of a developments total land area making it feasible to easily

accommodate consolidated SCMs typically 8 to 10 percent of impervious area withinmulti-functional
open space and park lands. Cost efficiencies such as a 30 percent reduction in

infrastructure costs Duaney Plater-Zyberk Company 2006 can be realized through Smart

Growth development techniques. Clustered housing surrounded by open space laced with trails

has appreciated in value at a higher rate than conventionally designed subdivisions Crompton

2007.

In order to encourage infillor redevelopment over sprawl patterns
of development

innovative zoning and other practices will be needed to prevent stormwater management from

becoming onerous. For example incentive zoning or performance zoning could be used to allow

for
greater densities on a site freeing other portions of the site for SCMs. Innovations in

governance and finance can also be used to incorporate consolidated SCMs into urban

environments. For example the City of Denver in updating its Comprehensive Plan designated

certain underdeveloped corridors and districts in the
city as areas of change where it hoped to

encourage large-scale infillredevelopment. Given the scale of redevelopment it would be

feasible to establish special maintenance districts allowing the development of consolidated

SCMs that have multiple functions. To fund land purchase and facility design and construction

cash in lieu of payments could be made.

Safety and Aesthetic Concerns

Vector-borne diseases especially West Nile virus are a concern when SCMs such as

extended detention basins constructed wetlands and rain barrels are proposed. Furthermore

other SCMs that are poorly designed improperly constructed or inadequately maintained may
retain water and provide an ideal breeding ground for mosquitoes increasing the

potential
for

disease transmission to humans and wildlife. Kwan et al. 2005 found that water-retaining

SCMs increase the availability of breeding habitats for disease vectors and provide opportunistic

species an extended breeding season. State Health Departments generally recommend that

SCMs be designed to drain fully in 72 hours which is the minimum time required for a mosquito

to complete its life cycle under optimum conditions. In SCMs where there is permanent standing

water such as stormwater wetlands there is the possibility of introducing biota that might prey

on mosquitoes. Municipalities may have to consider the added cost of vector control and public

health when implementingstormwater quality management programs.

With larger consolidated and regional extended detention facilities concerns about the

safety of children who may be attracted to such SCMs and ensuing liabilitymust be considered.

These SCMs need to be fenced off or otherwise designed appropriately to reduce the risk of

drowning.

One aspect of stormwater management that is infrequently considered is the aesthetic

appeal or lack thereof of SCMs. The visual qualities of SCMs are important because they are a

growing part of the urban landscape setting. Although it can be assumed that landscapes that are

carefully tended are often preferred over other types of landscapes it depends substantially on

ones point of view. For example an engineer may consider a particular SCM that is functioning

as expected to be beautiful in the sense that its engineering function has been realized even
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though there is sediment buildup algae or other products of a properly functioning SCM visible.

Similarly a biologist or ecologist evaluating an ecologically healthy SCM in an urban context

might find it to be beautiful because of its biological or ecological diversity whereas another

individual who evaluates the same SCM. finds it to be weedy. SCMs can be viewed as a means

of restoring a degraded landscape to a state that might have existed before urban development.

The desire to return to nature is a seductive idea that suggests naturalistic SCMs that may have

very little to do with an original landscape given the dramatic changes in hydrology that are

inevitable with urban streams. Each of these widely varied views of SCMs may be appropriate

depending on the context and the viewer.

One goal of stormwater management should be to make SCMs desirable and attractive to

a broader audience thereby increasing their potential for long-term effectiveness. For example

the Portland convention center rain gardens demonstrate how native and non-native wetland

plantings can be carefully composed as a landscape composition and also provide for stormwater

treatment. If context and aesthetics of a chosen SCM are poorly matched there is a high

probability that the SCM will be eliminated or its function compromised because of

modifications that make its landscape qualities more appropriate for its context.

CONCLUSIONS AND RECOMMENDATIONS

SCMs when designed constructed and maintained correctly have demonstrated the

ability to reduce runoff volume and peak flows and to remove pollutants. However in very few

cases has the performance of SCMs been mechanistically linked to the guaranteed sustainment at

the watershed level of receiving water quality in-stream habitat or stream geomorphology.

Many studies demonstrate that degradation in rivers is directly related to impervious surfaces in

the contributing watershed and it is clear that SCMs particularly combinations of SMCs can

reduce the runoff volume erosive flows and pollutant loadings coming from such surfaces.

However none of these measures perfectly mimic natural conditions such that the accumulation

of these SCMs in a watershed may not protect the most sensitive beneficial aquatic life uses in a

state. Furthermore the implementation of SCMs at the watershed scale has been too inconsistent

and too recent to observe an actual cause-and-effect relationship between SCMs and receiving

waters. The following specific conclusions and recommendations about stormwater control

measures are made.

Individual controls on stormwater discharges are inadequate as the sole solution to

stormwater in urban watersheds. SCM implementation needs to be designed as a system

integrating
structural and nonstructural SCMs and incorporating watershed goals site

characteristics development land use construction erosion and sedimentation controls

aesthetics monitoring and maintenance. Stormwater cannot be adequately managed on a

piecemeal basis due to the complexity of both the hydrologic and pollutant processes and their

effect on habitat and stream quality. Past practices of designing detention basins on a site-by-site

basis have been ineffective at protecting water quality in receiving waters and only partially

effective in meeting flood control requirements.

Nonstructural SCMs such as product substitution better site design downspout

disconnection conservation of natural areas and watershed and land-use planning can

dramatically reduce the volume of runoff and pollutant load from a new development.
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Such SCMs should be considered first before structural practices. For example lead

concentrations in stormwater have been reduced by at least a factor of 4 after the removal of lead

from gasoline. Not creating impervious surfaces or removing a contaminant from the runoff

stream simplifies and reduces the reliance on structural SCMs.

SCMs that harvest infiltrate and evapotranspirate stormwater are critical to

reducing the volume and pollutant loading of small storms. Urban municipal separate

stormwater conveyance systems have been designed for flood control to protect life and property

from extreme rainfall events but they have generally failed to address the more frequent rain

events 2.5 cm that are key to recharge and baseflow in most areas. These small storms may

.onl generate runoff from paved areas and
transport

the first flush of contaminants. SCMs

designed to remove this class of storms from surface runoff runoff-volume-reductionSCMs-rainwater
harvesting vegetated and subsurface can also address larger

watershed flooding

issues.

Performance characteristics are starting to be established for most structural and

some nonstructural SCMs but additional research is needed on the relevant hydrologic

and water quality processes within SCMs across different climates and soil conditions.

Typical data such as long-term load reduction efficiencies and pollutant
effluent concentrations

can be found in the International Stormwater BMP Database. However understanding the

processes involved in each SCM is in its infancy making modeling of these SCMs difficult.

Seasonal differences the time between storms and other factors all affect pollutant loadings

emanating from SCMs. Research is needed that moves away from the use of percent removal

and toward better simulation of SCM performance. Hydrologic models of SCMs that

incorporate soil physics moisture wetting fronts and groundwater processes are only now

becoming available. Research is particularly important for nonstructural SCMs which in many

cases are more effective have longer life spans and require less maintenance than structural

SCMs. EPA should be a leader in SCM research both directly by improving its internal

modeling efforts and by funding state efforts to monitor and report back on the success of SCMs

in the field.

Research is needed to determine the effectiveness of suites of SCMs at the watershed

scale. In parallel with learning more about how to quantify the unit processes of both structural

and nonstructural practices research is needed to develop surrogates or guidelines for modeling

SCMs in lumped. watershed models. Design formulas and criteria for the most commonly used

SCMs such as wet ponds and grass swales are based on extensive laboratory and/or field

testing.
There are limited data for other SCMs such as bioretention and proprietary filters.

Whereas it is important to continue to do rigorous evaluations of individual SCMs there is also a

role for more simple methods to gain an approximate idea about how SCMs are performing. The

scale factor is a problem for watershed managers and modelers and there is a need to provide

guidance on how to simulate a watershed of SCMs without modeling thousands of individual

sites.

Improved guidance for the design and selection of SMCs is needed to improve their

implementation. Progress in implementingSCMs is often handicapped by the lack of design

guidance particularly for many of the non-traditional SCMs. Existing design guidance is often
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incomplete outdated or lacking key details to ensure proper on-the-ground implementation. In

other cases SCM design guidance has not been disseminated to the full population of MS4

communities. Nationwide guidance on SCM design and implementation may not be advisable or

applicable to all physiographic climatic and ecoregions of the country. Rather EPA and the

states should encourage the development of regional design guidance that can be readily adapted

and adopted by municipal and industrial permittees.
As our understanding of the relevant

hydrologic environmental and biological processes increases SCM design guidance should be

improved to incorporate more direct consideration of the parameters of concern how they move

across the landscape and the issues in receiving waters.

The retrofitting of urban areas presents both unique opportunities and challenges.

Promoting growth in these areas is desirable because it takes pressure off the suburban fringes

thereby preventing sprawl and it minimizes the creation of new impervious surfaces. However

it is more expensive than Greenfields development because of the existence of infrastructure and

the limited availability of land. Both innovative zoning and development incentives along with

the selection of SCMs that work well in the urban setting are needed to achieve fair and

effective stormwater management in these areas. For example incentive or performance zoning

could be used to allow for greater densities on a site freeing other portions of the site for SCMs.

Publicly owned consolidated SCMs should be strongly considered as there may be insufficient

land to have small on-site systems. The performance and maintenance of the former can be

overseen moreeffectively by a local government entity. The types of SCMs that are used in

consolidated facilities-particularlydetention basins wet/dry ponds and stormwaterwetlands-perform
multiple functions such as prevention of streambank erosion flood control andlarge-scale

habitat provision.
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Chapter 6

Innovative Stormwater Management and Regulatory Permitting

There are numerous innovative regulatory strategies
that could be used to improve EPAs

stormwater program. This chapter first outlines a substantial departure from the status quo

namely basing all stormwater and other wastewater discharge permits on watershed boundaries

instead of political boundaries. Watershed-based permitting is not a new concept but it has been

attempted in only a few communities. Development of the new permitting paradigm is followed

by more modest and easily implemented recommendations for improving the stormwater

program from a new plan for monitoring industrial sites to encouraging greater use of

quantitative measures of the maximum extent practicable requirement. The recommendations in

the latter half of the chapter do not preclude adoption of watershed-based permitting at some

future date and indeed they lay the groundwork in the near term for an eventual shift to

watershed-based permitting.

WATERSHED PERMITTING FRAMEWORK FOR MANAGING STORMWATER

In its initial meeting in January 2007 the committee heard opinions that collectively

pointed in a new direction for managing and regulating stormwater that would differ from the

end-of-pipe approach traditionally applied by regulatory agencies under the National Pollutant

Discharge Elimination System NPDES permits and be based instead on a watershed

framework. Indeed the U.S. Environmental Protection Agency EPA has already given

substantial thought to watershed permitting and issued a Watershed-Based NPDES Permitting

Policy Statement EPA 2003a that defined watershed-based permitting as an approach that

produces NPDES permits that are issued to point sources on a geographic or watershed basis. It

went on to declare that The utility of this tool relies heavily on a detailed integrated and

inclusive watershed planning process. Watershed planning includes monitoring and assessment

activities that generate the data necessary for clear watershed goals to be established and permits

to be designed to specifically address the goals.

In the statement EPA listed a number of important benefits of watershed permitting

More environmentally effective results

Ability to emphasize measuring the effectiveness of targeted actions on improvements in

water quality

Greater opportunities for trading and other market-based approaches

Reduced cost of improving the quality
of the nations waters

More effective implementation of watershed plans including total maximum daily loads

TMDLs and

Other ancillary benefits beyond those that have been achieved under the Clean Water Act

e.g. integrating
CWA and Safe Drinking Water Act SDWA programs.

Subsequent to the policy statement EPA published two guidance documents that lay out

a general process for a designated state that wishes to set up any type of permit or permits under
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CWA auspices on a watershed basis EPA 2003b 2007a. It also outlined a number of case

studies illustrating various kinds of permits that contain some watershed-based elements. Box6-1
describes in greater detail the more recent report EPA 2007a and its 11 options for

watershed-based permitting. Unfortunately the EPA guidance is lacking in its description of

what constitutes watershed-based permitting who would be covered under such a permit and

how it would replace the current program for municipalities and industries discharging

stormwater under an individual or general NPDES permit. Few examples are given some of

which are not even watershed-based with most of the examples involving grouping municipal

wastewater treatment works under a single permit with no reference to stormwater. Most of the

11 options are removed from the fundamental concept of watershed-based permitting. Finally

the guidance fails to elaborate on the policy statement goal to make water quality standards

watershed-based. The committee concluded that although the EPA documents lay some

groundwork for watershed-based permitting-especially the ideas of integrated municipal

permits water quality trading and monitoring consortia-the sum total of EPAs analysis does

not define a framework for moving toward true watershed-based permitting. The guidance

attends to few of the details associated with such a program and it has made no attempt to

envision how such a system could be extended to the states and the municipal and industrial

stormwater permittees. This chapter attempts to overcome these shortcomings by presenting a

more comprehensive description of watershed-based permitting for stormwater dischargers.

The approach proposed in this chapter fits within the general framework outlined by EPA

but goes much further. First it is intended to replace the present structure instead of being an

adjunct to it and to be uniformly applied nationwide. The proposal adopts the goal orientation

of the policy statement and then extends it to root watershed management and permitting in

comprehensive objectives representing the ability of waters to actually support designated

beneficial uses. The proposal builds primarily around the integrated municipal permit concept in

the policy statement and technical guidance. Like EPAs outline the committee emphasizes

measuring the effectiveness of actions in bringing improvements but goes on from there to

recommend a set of monitoring activities designed to support active adaptive management to

achieve objectives as well as to assess compliance. Credit trading indicator development the

rotating
basin approach and monitoring should be

part
of management and permitting programs

within watersheds and ideas are advanced to develop these and other elements.

In addition to building on the work of EPA the proposed approach tackles many of the

impediments to effective watershed management identified in the National Research Council

NRC treatise on watershed management NRC 1999. That report noted that watershed

approaches are easiest to implement at the local level thus the approach developed in this

chapter is a bottom-up process in which programmatic responsibility
lies mainly with

municipalities. Because the natural boundaries of watersheds rarely coincide with political

jurisdictions watersheds as geographic areas are less useful for political institutional and

funding purposes such that initiatives and organizations directed at watershed management

should be flexible. The proposed approach recognizes this reality and makes numerous

suggestions for pilot testing funding and institutional arrangements that will facilitate success.

Finally NRC 1999 notes the need to develop practical procedures for considering risk and

uncertainty in real world decision-making in order to advance watershed management. The

proposed revised monitoring system presented later in this chapter is designed to provide

information in the face of ongoing uncertainty i.e. adaptive management in a permitting

context.
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BOX 6-1

EPAsCurrent Guidance on Watershed-Based Permitting

Rather than explicitly define watershed based permitting theEPA s recent guidance .EP
2007a groups a large number of activities as having elements ofwatershed-based permitting and

defines how eachmight be utilizedby a community. They are

rNPDES permitting development on a watershed basis

.Water.quality.tradin

Wet weather integration

.Indicato development for watershed-based stormwater. management
TMDL development and implementation

Monitoring consortium

Permit synchronization

Statewide rotating basin planning

State-approved watershed management plan development

-Section 319p anningand.

Sourcewater protection planning.

Taking these topics in order the first option is generally similarto that in EPA 2003a b but with

soiree moredetailon possible permitting forms Coordinatedindividual permits implies that individual

permits would be made similarand set with respect to one another and to a Holistic watershed goal. The

nature of such permits is not fully described and thereare no examples. given. An integrated municipal

permitalso presented in the earlierpolicy statement would place the disparate individualNPDES.

permits in a municipality e.g. wastewater plants combined Sewer overflows municipal separate storm

sewer systems MS4s under one permit However such a permit is not necessarily watershed based.

Finally the mutisourcepermit couldgo in.numerousdirections none ofwhich aredescribbd indetail

Inone concept all current individual permitteeswho discharge a common pollutant into a Watershed

would come under one new individual permit that regulates that pollutant while keeping the existing

individualpermits7intact forotheipurposes The Neuse River Consortium is givenas an example.

Alternatively a multisource permit could cover all dischargers of a particular type now falling under one

individual permit that regulates all of theirpollutants_no examples are given. In yetanotherapplication.

this permit-could be a geheralpermit and it would be identical to the existinggenera.l permits except that

itwould be organized along watershed boundaries. As above it could be refined on..the basis of pollutant

ordischarger type.

The other ten options are more distant fromthe fundamental concept of watershed-based

permitting The water quality trading description is rniinimal though itdoes mention a new EPA document

chat givesgwdance to permittees.for trading. Wet weather integration_ the third topic canmean any

numberfohtngsfrceaty a singlepermit to cover all discharges.of pollutants during wet weather inawn
a murnclpalttyýas described above for coordinated individual permits to just having all the managers of

the Systemsge titogetherandtstrategize
Althoug a stated goal is to reducethe amount of water in the

sewer system after i storm thisiintegration is not particularly.well defined in the documentnor isit well

differentiated from other activities that would normally occur under an MS4 permit.
tP

Indic itnr development for watershed-based stormwater management refers to identifying

indicators that-are better than one or a few pollutants atcharacterizingthe degree of-impairment wrought

bystormwater. stormwater runoff volume is one indicator being developed by Vermont and percent

impervious surface is another. As discussed-in Chapter 2 some states have long used biological.

indicators that integrate the effects of many pollutants as wellas physical stresses such as elevated flow

velocities. Indicators can be usedas TMDL targets or as goals in NPDES permits. Identifying and.

adopting indicators is essentially a prerequisite to implementiingsome of the other options listed above.

Regarding the next topic on the list the option of TMDL development is obvious since the TMD_ C.

program is by definition. watershed based. If it canbe made the highest priority and if stormwateris a

continues-nett pager
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BOX 61
_

Continued

contributor then the implementation plan can be an excellent way to combat stormwater pollution on a

watershed basis. Reducing the contribution of the pollutant from a stormwater source can involve water

quality trading better.enforcemerit.of existing permits or creatiiing new watershed-based permits. Hence

again there is considerable overlap with the previously discussed options.

Developing a monitoring consortium is an option that works when sufficient data are not available

to do much else. The concept mainly refers to monitoring of ambient. waters. The activity is shared

among partners e g all_wastewater plants in a region with the goal of collecting and analyzing enough
11

data to improve 11managerrient decisions on . watershed basis Instead of fora single plant

he following topic permit synchronization refers to having all permits withina watershed expire

and be .renewe simultaneously. This approach could be helpful for streamlining administrative

monitoring and management tasks associated with maintaining theýpermits.Some states have operated

in this way whereas others have decided not to. It is one way to coordinate permits in cases where other

types of watershed based permittingwould not work Similarly the statewide rotating basin approach

used by many states reliesoha five year cycle The state is.divided.into major watersheds and each

watershed is in a.different stage of the cycle every year. It is a way to distribute the workload such that

there is never.. a year when for example every watershed would require monitoring. Since it is a

statewide program how. it. relates to a watershed-based permitting situation is not at all clear.

With regard to the next topic- there has been a great deal of watershed. planning around the

nation and trerriendous variety in form and comprehensiveness. Plans generally contain some

information on the state.of the watershed goals for the watershed-and activities to.meet those goals.

D evelopment of-such.plans rn areas that do not have them could facilitate watershed based permitting by

providing much needed information about conditions sources of pollutants and methods to reduce

pollution According to k a watershed plan may or may not rntlicatette need for watershedbased

permuting

The.iSection 319 Programrefers to voluntary efforts to reduce pollution from nonpoint sources.

The program in and of itself is not relevant toNPDES permits since it deals strictly with activitiesthat are
41

ted. However these activities could be traded with more traditional stormwater practices asnotregula

part of awatershedbased effort .t reduce overall pollution reaching waterbodies. Many watershed plans

must consider guidance for the 319 program in order to get funding for their management activities.

.I the watershed in question contains a drinking water source either surface water or

groundwater then a good source water protection plan can have a significant impact on NPDES

permitting in a watershed Information collected during the assessment phase of source water protection

ritscouldbe rewritten taking.could be used to help informwatershedbased permitting Also NPDES pem
into accounthe proximity of discharges to source water intakes

Followinqits coverage of the 11 options EPA 2007agivesahypothetical example of picking six

of the options to develop. permitting fora watershed. Itdiscusses how the options might be prioritized but.

in a veryqualitative manner according to considerations suchas availabilityof funding andpersonnel-stakeholderdesires. environmental impacts and sequencing of events. Chapter 1 of the report ends with

ptionsalist of performance goals that might apply to the 11b

Chapter 2-further explains the multi source watershed based permit discussing for example

who wouldbe covered by it who would administer it and how credit trading fits in. The chapter has a lot

ofpractical although quite intuitive information about how towrite such apermit. Much of the decision

makingýisýleft torthe permit writer There are discussions of effluent limitations monitoring requirements

reporting
aland

record keeping special conditions and public notice Chapter3follows by presenting case

though _fewer than appeared in 2003 and not alltruly4watershed based.

L

.
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Watershed Management and PermittingIssues

There are many implications of redirecting the stormwater management and regulatory

system from a site-by-site SCM-by-SCM approach to an emphasis on attainment of beneficial

uses throughout a watershed. Most fundamentally the programs focus would shift to a primary

concentration on broad goals in terms of for example achieving a targeted condition in a

biological indicator associated with aquatic ecosystem beneficial uses or no net increase in

elevated flow duration. Application of site-specific stormwater control measures SCMs would

no longer constitute presumptive evidence of permit compliance as is often the case in permits

now although it would still be an essential means to meeting goals. Achieving those goals

however would form the compliance criteria.

In recognition of the demonstrated negative effects of watershed hydrologic modification

on the attainment of beneficial uses the proposal steps beyond the generally prevailing practice

by embracing water quantity as a concern along with water quality. The inclusion of hydrology

is consistent with the CWA on several grounds. First elevated runoff peak flow rates and

volumes increase erosive shear stress on stream beds and banks and directly contribute

particulate pollutants to the flow such as suspended and settleable solids as well as nutrients

and other contaminants bound to the soil material. Conversely reduced dry-weather flows often

occur in urban streams as a result of lost groundwater recharge and tend to concentrate pollutants

and hence worsen their biological effects. Moreover pollutant mass loading is the product of

concentration and flow volume and thus increased wet-weather surface runoff directly augments

the cumulative burden on receiving waters. Finally regulatory precedent for incorporating

hydrologyexists as demonstrated by Vermonts stormwater program LaFlamme2007.

At this time stormwater management and regulation are divorced from the management

and regulation of municipal and industrial wastewater. A true watershed-based approach would

incorporate the full range of municipal and industrial sources including 1 public streets and

highways 2 municipal stormwater drainage systems 3 municipal separate and combined

wastewater collection conveyance and treatment systems 4 industrial stormwater and process

wastewater discharges 5 private
residential and commercial property and 6 construction

sites. These many sources represent an array of uncoordinated permits under the current system

and a strong challenge to developing a watershed-based approach. As pointed out in Chapter 2
multi-source considerations are an implicit

facet of TMDL assessments wherein states must

consider both point and nonpoint sources. EPA 2003b identified among other possible permit

types an Integrated Municipal NPDES Permit which would bundle all requirements for a

municipality e.g. stormwater combined sewer overflows biosolids pretreatment into a single

permit. The Tualatin River watershed in Oregon has faced this challenge at least in part

through an innovative watershed permit that combines both wastewater treatment and

stormwater brings in management of
agricultural

contributions to thermal pollution and allows

for pollutant trading among sources see Box 6-2. It appears that the various participating

parties
did not use their energies in trying to allocate blame but instead determined the most

effective and efficient ways of improving conditions. For example the municipal permittees

willingly offered incentives to agricultural landowners to plant riparian shade trees as an

alternative to more expensive means of reducing stream temperatures under their direct control.

Indeed with agriculture not being regulated by the Clean Water Act watershed permitting and

initiatives of this type represent the best and perhaps only mechanism for ameliorating negative

effects of agricultural runoff that left unattended would undo gains in managing urban runoff.

The Neuse River case study discussed later in this chapter is another example of bringing
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agricultural contributions to aquatic degradation under control along with urban sources

through a watershed-based approach.

BOX 6-2

Watershed-Based Permitting in Oregon

Glean Water Services is-a wastewater and stormwater utility that covers a special servicedistrict.1.1
of 12 cities6nd unincorporated areas inurban Washington County Oregon It was originailychartered in..

the 1970s as the Unified Sewerage Agency to consolidate the management of 26 package .wastewater

treatment facilities. Its responsibilities expanded to stormwater management in the early 1990s and it

now serves nearly 500000 customers. There are-four wastewater treatment plants WWTPs inthe

district with a dry weather capacity of 71. milliongallons per day MGD.. During low flow months the

discharge from these plants. can account for 50 percent of the water in the Tualatin. River. The district

also own rights to one-quarter of the stored water in Hagg Lake. The land use in the watershed is about

one-third urban one-third agriculture and one-third forest.

In 2001 the region was faced with TMDLs on the Tualatin River or its tributaries for total

phosphorus ammonia temperature bacteria and dissolved oxygen. By 2002 the area was also dealing

with four expired NPDES.permits and one expired M5. permit all of which had been administratively

extended approval of a secondTMDL and an-Endangered Species Act ESA listing The region

decided that it wanted to try to integrate all of these programs using a watershed based regulatory

framework. This would include a..TMDL implementation mechanism.anESA-response plan and

integrated.resources management meaning that water quantity water quality and habitat

considerations would be made at the same time Prior to integration water quality was covered by. the

TMDL and NPDES programs but these programs did not cover waterquantity and Habitat issues The
ESA listing addressed_the habitat issues but it was done totally independently of the TMDLs and NPDES

permits..

Thusthe region applied for an integrated municipal NPDES permit that bundles all. NPDES

permit requirements for a municipality into a single permit including publicly owned treatment works

POTWs pretreatment stormwater sanitary sewer overflows and biosolids. Initially it encompassed -

the four WWTP permits the oneMS4permit and the industrial and construction stormwater permits. The

hope was-that this would streamline multiple permits and capture administrative and programmatic

efficiencies provide a mechanism foraimplementing more cost effective technologies and management

practices including water quality credit trading integrate watershed management across federal statutes

such as the.CWA SDWA and ESA and encourage early andmeaningfuI collaboration and cooperation

among key stakeholders

This case study was successful because a singleentity-Clean Water Services was already in

charge of what would have otherwise been a.group of individual permittees. Furthermore all the NPDES

permitshad.expired and the TMDL hadust been issued providinga.windowof opportunity. The-state

regulatory ýagency.was very willing andEPA-provided a $75000 grant.. Finally there was a robustwater

quality datatýese and modeling performed for the area because of the previous TMDL work. The

watershedbayed permit the first in the nation was issued-February 26 2004. Among its unique

elements are an intergovernmental agreement companion document signed by the Oregon Department

of Environmental Quality DEQ water quality credit trading and consolidation of reporting requirements.

The waterquality trading is one of the most interesting elements andseveral variations have been

attempted Biological oxygen demand 130b and NH3 have been traded both intra-facility andinter-facility.
The temperatureTMDLon the Tualatin River is aparticularlyinteresting example of trading

becauseithelped to bring agricultureinto.the process where it would otherwise not have been involved.

Along thelength-of the river there are portions thatexceed the temperature standard A TMDL allocation

was calculated that would lower temperatures by the same amount everywhere such that there would be

nopointalong the river that would be in.exceedance. Options for reducing temperature include reducing

the influent wastewater temperature which is hard to do reducing the.totalWWTPdischarge to the

continues next page.
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BOX 6-2 Continued

Tualatin River which is not practical mechanically cooling orrefrigerating W-WTPdischarge which
would require more energy or trading the heat load via flow augmentation and increased shading which

IS what wasattempted.

Clan.Water Services choose.to utilize a market-based watershed approach to meet the Tualatin

temperature TIvIQt It was market-based because it had financial incentives for certain groups to

participate it was cost effective andit provided ancillary ecosystem services. It was a watershed based

approach because it capitalized on the total assimilative capacity of the basin. What was done was to 1
provide cooling and in stream flow augmentation by releasing water from Hagg.Lake Reservoir and 2
trade riparian stream surface shading improvement credits. They also reused. WWTP. effluent in lieu of

irrigation withdrawals. For the riparian-shading they developed an enhanced CREP program to

increasethe financial incentives to rural landowners with Clean Water Services paying the difference

over existing federal and state programs .Clea Water Servicesalso made incentive payments to.the

Soil and Water Conservation District to hire peopleo act as agents of Clean Water Services Oregon.

DEQ s Shadalatorrmodelwas used to quantify thermal credits for riparian planting projects which

required that information be collected at 100-foot increments along the stream on elevation-aspect

wetted width. NordfjordSognDetachment Zone channel incision and plant type and planting corridor

width Tosummarize over the five year term of the permit Clean Water Services will release 30 cfs/d of

stored water fromHagg Lake each July and August and shade roughly 35 miles of tributary riparian area

they.havealready planted 34 miles ofriparian.buffer. Thisplan-involved an element of risk taking. since

theactionsof unregulated parties such.as farmers have suddenly become the responsibility of Clean

Water Services.

Significant disadvantages of the current system of separate permits for municipal

construction and industrial activities are 1 the permits attack the problem on a piecemeal basis

2 they are hard to coordinate because they expire at different times 3 they are not designed to

allow for long-term operation of SCMs and 4 they do not cover all discharges. A solution to

these problems would be to integrate
all discharge permitting under municipal authority as is

proposed here. The lead permittee and co-permittees would bear ultimate responsibility
for

meeting watershed goals and would regulate all public and private discharges within their

jurisdictions to attain them. Municipalities are the natural focus for this role because they are the

center of land-use decisions throughout the nation.

Municipalities must be provided with substantially greater resources than they have now

to take on this increased responsibility. Beyond funding regulatory responsibilities must be

realigned to some degree. The norm now is for states to administer industrial permits directly

and generally attend to all aspects of permit management. However states more often than not

are unable because of resource limitations to give permittees much attention in the form of

inspection and feedback to ensure compliance. At the same time some states explicitly or

implicitly expect municipal permittees to set up programs to meet water quality standards in the

waters to which all land uses under their jurisdictions discharge. It only makes sense in this

For example the second Draft Ventura County California Municipal Separate Storm Sewer System Permit states

under Findings D. Permit Coverage Provisions of this Order apply to the urbanized areas of the municipalities

areas undergoing urbanization and areas which the Regional Water Board Executive Officer determines are

discharging storm water that causes or contributes to a violation of a water quality standard ... The permit further

states under Part 2-Receiving Water Limitations 1. Discharges from the MS4 that cause or contribute to a

violation of water quality standards are prohibited.... 3. .. This Order shall be implemented to achieve
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situation to have designated states or EPA for the others specify criteria for industrial and

construction permits but revise regulations to empower and support municipal co-permittees in

compliance-related activities. This paradigm is not unprecedented in environmental permitting

as under the Clean Air Act states develop state implementation plans for implementation by

local entities. For this new arrangement to work states would have to be comfortable that

municipalities could handle the responsibility and be able to exercise the added authority

granted. The committees opinion is that municipalities generally do have the capability

working together as co-permittees with a large jurisdiction lead permittee and with guidance and

support from states.

It bears noting at the outset that the proposed new program would not reduce the present

systems reliance on general permits. Whereas a general permit now can be issued to a group of

municipalities having differing circumstances under the new system a permit could just as well

be formulated in the same way for a group of varying watersheds. General industrial and

construction permits would be
just as prevalent too.

Toward Watershed-Based Permitting

Watershed-based permitting is taken in this report to mean regulated allowance of

discharges of water and wastes borne by those discharges to waters of the United States with

due consideration of 1 the implications of those discharges for preservation or improvement of

prevailing ecological conditions in the watersheds aquatic systems 2 cooperation among

political jurisdictions sharing a watershed and 3 coordinated regulation and management of all

discharges having the potential to modify the hydrology and water quality of the watersheds

receiving waters.

Determining Watershed Scale for Permitting

A fundamental question that must be answered at the outset of any move to watershed

permitting is What is a watershed Hydrologically a watershed is the rain catchment area

draining to a point of interest. Hence the question comes down to Where should the point of

interest be located to define watersheds for permitting purposes If placed close to the initial

sources of surface runoff e.g. on each first-order stream just above its confluence with another

first-order stream attention would be very specifically directed. However there would be little

flexibility to devise solutions for the greatest good. For example trading of the commodities

runoff quantity and quality would be very restricted. If on the other hand the point of interest is

placed far downstream thus defining a very large watershed a welter of issues and probably

also of involved jurisdictions would overly confuse the management and regulatory task.

The U.S. Geological Survey USGS delineates watersheds in the United States using a

nationwide system based on surface hydrologic features. This system divides the country into 21

regions 222 subregions 352 accounting units and 2262 cataloging units. These hydrologic

units are arranged within each other from the smallest cataloging units to the largest regions.

USGS identifies each hydrologic unit by a unique hydrologic unit code HUC consisting of 2 to

compliance with receiving water limitations. If exceedences of water quality objectives or water quality standards

persist .. the Permittee shall assure compliance with discharge prohibitions and receiving water limitations ...
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16 digits based on the four levels of classification in the hydrologic unit system. Watersheds

thus delineated are typically of the order a few square kilometers in area. This system is now

being linked to the National Hydrography Dataset NHD and the National Land Cover Dataset

to produce NHDPlus an integrated suite of application-ready geospatial datasets.

The USGS system provides a starting point. Ultimately though what constitutes a

watershed will best be answered with reference to specific biogeophysical conditions and

problems and by personnel at relatively close hand i.e. state or regional oversight agency staff.

A general guideline might be the catchment area of a waterbody influenced by a set of similar

subwatersheds. Similar subbasins would presumably be amenable to similarsolutions and

trading off reduced efforts in some places for compensating additional efforts elsewhere as well

as to analysis and monitoring on a representative basis instead of exhaustively throughout.

Often a watershed defined in this way would flow into another watershed and influence it.

Thus there would have to be coordination among managers and regulators of interacting

watersheds. It would be common for several watersheds ranging from relatively small to large in

scale to be nested. Each would have its management team and a committee drawn from those

teams should be formed to coordinate goals and actions.

A
prerequisite to moving toward watershed permitting then is for states or regions

within states to delineate watersheds. California took this step early in the NPDES stormwater

permitting process and offers a model in this respect as well as in encompassing alljurisdictions

coordinated by a lead permittee. First the state organized its California EPA regional water

boards on a watershed basis. Furthermore since 1992 it has been common in California to

establish one jurisdiction as the lead permittee e.g. Los Angeles County in the Los Angeles

region Orange County in the Santa Ana Region and San Diego County in the San Diego

Region and all of the politically separate cities as co-permittees. The lead permittee has

typically been the jurisdiction most widely distributed geographically in the region and large

enough to develop compliance mechanisms and coordinate their implementation among all

participants.
Box 6-3 describes the approach taken to delineating management units within the

Chesapeake Bay watershed which comprises parts of Pennsylvania Maryland Virginia and the

District of Columbia. The case study illustrates well the approach advocated here of focusing on

the outcome in the receiving water and considering all aspects of land and water resources

management that determine that outcome.

Steps Toward Watershed-Based Permitting

Once a watershed is defined a further question arises regarding how much and what part

of its territory to cover formally under permit conditions. Under the present system substantial

development occurring outside Phase I or Phase II municipal jurisdictions is escaping coverage.

Failing to control relatively high levels of development both outside a permitted jurisdiction and

upstream of more lightly developed areas within a permitted area is particularly contrary to the

watershed approach. Areas having a more urban than rural character are already essentially

treated as urban in water supply and sewer planning and the same should occur in the area of

stormwater management. Accordingly the permit should extend to any area in the watershed

even if outside Phase I or II jurisdictions zoned or otherwise projected for development at an

urban scale e.g. more than one dwelling per acre. States do have authority under the CWA to

designate any area for Phase II coverage based on projected growth or the presence of impact
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BOX 6.3

Watershed Delineation for the Chesapeake Bay

The Tributary Strategy Team approach of the ChesapeakeBay Watershed provides a specific

example of awatershed-scale approach to..implementation of water quality control measures. Some

background on this longstanding program is.first provided before turning to how watersheds were

delineated In 1.983 thestatesof Virginia Maryland and Pennsylvania theDistrict of Columbia and

EPA signed an agreement to form the Chesapeake Bay. Program with a goal to restore and protect the

bay which-Wassuffering froRY nutrient Overenrichmentsseverely reduced submerged aquatic vegetation

and.contamination by toxics. In 1987 the program established a target ofa 40 percent reduction in the

amount of nutrients entering the Bay by 2000.. In 1992 the bay program part
ners agreed to continue the

40 percent reduction goal beyond.2000 by. allocating nutrient reduction targets to the bay s tributaries. In

Chesapeake 2000 the mostrecent version of-the Chesapeake Bay agreement the nutrient_reduction

goals were reaffirmed and-anadditional goal of sediment reduction was established New York

Delaware and West Virginia locations of the bays headwaters also.became involved in nutrient and

sediment reduction. Capoad allocations for.nutrients nitrogen and phosphorus and sediment to be

reached by 2010 were agreed upon by the states The states began developing 36 voluntary watershed

based tributarystrategies to meet the--state cap load allocations covering the entire 6400.0-square-mile

Chesapeake Bay watershed

Watershed-based tributary strategies are developed in cooperation with local watershed

stakeholders. For rural areas where stakeholders include farmers nutrientstrategies include promotion

of management practices such as maintaining cover crops on recently harvested cropland to reduce soil

erosion reduction in nitrogen applications conservation tillage and establishment ofriparian buffers For

urban areastakeholders such as homeowners and municipalities tributary strategies include practices

such as enhanced nutrient removal at WWTPs low impact development LID practices erosionand

sediment control practices and septic system upgrades.

The firstcut at delineating the watershed which was based on hydrographyand topography

defined the eight major areas draining tothe Chesapeake Bay sixmajor basins Susquehanna Potomac
%

York James Rappahannock and Patuxent plus smaller-areas not draining to a mayor river on the

Eastern and Western Shores ofthe bay in Maryland These subdivisions are disparate withrespect to

--size the Susquehanna can engulf alniost.the entire.otherseven but direct drainage to thebay was the

criterion atlthis level.

The next cut wasmade at state borders For example the Susquehanna traverses three states
g Yx e Y

F S G a y

andrwas subdivided
at the New York Pennsylvania anted Pennsylvania Maryland pobUcal boundaries

.Furthe cutsýwereisubsequently.ýmadeFwithin some states sThecriteriaforthese cuts vaned from state to

statebut generally involvedfAYcombiatii ofsmaller political jurisdictions e.g county township

sul watershed basin borders and otheriocalconsideratons such.as local interest and investment e.g.

uvatershed Assoc tions

Theresulting delineations are highly variable in size.but apparently satisfactory to the local

parties who decided on the areas. They represent individualtributary strategy areas but are also nested

within the larger eight designations and involve interjurisdictional and interstate coordination where a

subbasin is divided by a political boundary. Although the example of the Chesapeake Bay.is at a very

large scale the principles of watershed delineation it .illuminate apply at all scales.
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sources. They should be required to do so for nationwide uniformity and best protection of water

resources.

It is essential to clarify that watershed-based permitting as formulated in this chapter

differs sharply from what has been termed watershed or basin planning. According to EPA
watershed planning identifies broad goals and objectives describes environmental problems

outlines specific alternatives for restoration and protection and documents where how and by

whom these action alternatives will be evaluated selected and implemented

http//www.epa.gov/watertrain/planning/planning7.htm. Drawing up such a plan is atime-consumingprocess which has often become an end in itself instead of a means to an end.

Completing a full watershed plan as usually construed should not be a prerequisite to

watershed-based permitting. Rather the anticipated process would spring much more from

comprehensive advanced scientific and technical analysis of the water resources to be managed

and their contributing catchment areas than from a planning framework.

Effective watershed-based permitting as outlined in this report is composed of

Centralizing responsibility and authority for implementation with a municipal lead

permittee working in partnership with other municipalities in the watershed asco-permittees
Adopting a minimum goal in every watershed to avoid any further loss or degradation of

designated beneficial uses within the watersheds component waterbodies

Assessing waterbodies that are not providing designated beneficial uses in order to set

goals aimed at recovering these uses

Defining careful complete and clear specific objectives to be achieved through

management and permitting

Comprehensive impact source analysis as a foundation for targeting solutions

Determining the most effective ways to isolate to the extent possible receiving

waterbodies from exposure to those impact sources

Developing and appropriately allocating funding sources to enable the lead permittee and

partners to implement effectively

Developing a monitoring program composed of direct measures to assess compliance and

progress toward achieving objectives and diagnosing reasons for the ability or failure to

meet objectives in support of active adaptive management and

Developing a market system of trading credits as a tool available to municipalco-permitteesto achieve watershed objectives even if solutions cannot be uniformly

applied.

The system proposed herein is a significant departure from the road traveled in the 20

years since CWA amendments began to bring stormwater under direct
regulation.

This

reorganization is necessary because of the failure of the present system to achieve widespread

and relatively uniform compliance see Chapter 2 and ultimately to protect the nations water

resources from degradation by municipal industrial and construction runoff. The workload

associated with adopting this approach will be considerable and will take some time to complete.

The structure of the new program should be fully in place within five years which is considered

to be a reasonable period to complete the work. It could be fully implemented throughout the

nation within ten
years. However interim measures toward its fulfillment should occur sooner

within one to two years.
Such measures should be applied to each land-use and impact-source
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category i.e. existing
residential and commercial development existing industry new

development redevelopment construction sites. For example measures such as an effective

impervious area limit or a requirement to maintain predevelopment recharge to the subsurface

zone could make early progress in managing new development and lead toward the ultimate

objective-based management and permitting strategy
for that category. Advanced source control

performance standards would be appropriate interim measures for existing development.

One innovative approach to watershed-based management that can ease the burden of the

proposed new system is the rotating basin approach. As described by EPA 2007a this option

entails delineating state watershed boundaries and grouping the watersheds into basin

management units usually by the state water pollution control agency. Next states implement a

watershed management process on a rotating schedule which is usually composed of five

activities 1 data collection and monitoring 2 assessment 3 strategy development 4 basin

plan review and 5 implementation. Over time different waterbodies are intensively studied as

part of the rotation. Data collected can be used to support a number of different reporting and

planning requirements including a finding of attainment of water quality standards a

determination of impairment or possible delisting if the waterbody is found not to be impaired.

Florida offers a good example of the rotating basin approach. The Florida Department of

Environmental Protection has defined five levels of intensity or phases each taking about one

year to complete and it has divided the state into 30 areas based on HUCs. At any one time six

areas are in each phase before rotating to a subsequent phase. This division of effort would help

alleviate the burden of moving to a new system of watershed-based permitting by programming

the work over a period of years. It could certainly be organized on a priority basis in which the

watersheds of greatest interest for whatever reason e.g. having the highest resource values

being most subject to new impacts would get attention first.

An Objective-Based Framework

The proposed framework for watershed-based management and regulation of stormwater

relies on broad goals to retain and recover aquatic resource beneficial uses backed by specific

objectives e.g. water quality criteria that must be achieved if the goals are to be fulfilled.

Meeting the objectives and overarching goals is intended to become the basis for determining

permit compliance instead of the current reliance on implementation of SCMs as presumptive

evidence of compliance.

The broad goals of retaining
and recovering beneficial uses are entirely consistent with

the antidegradation clause of the CWA. Antidegradation means that the current level of water

quality shall be maintained and protected unless waters exceed levels necessary for maintaining

their beneficial uses and the state finds that allowing lower water quality is necessary to

accommodate important economic or social development. In accordance with the

antidegradation clause a major pillar of the proposed concept is the goal of preventing

degradation from the
existing

state of biological health whatever it may be to a lower state.

Thus fully and nearly pristine
watersheds are to remain so and at a minimumpartially or highly

impaired ones are to suffer no further impairment. Beyond this minimumimpaired waters

should be assessed to determine if feasible actions can be taken to recover lost designated

beneficial uses or at least improve degraded uses.
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As discussed in Chapter 2 beneficial uses relate to the social and ecological services

offered or intended to be offered by waterbodies. For example California has 20 categories of

beneficial uses embracing water supply for various domestic agricultural and industrial

purposes provision of public recreation and support of aquatic life and terrestrial wildlife

CaIEPA Central Coast Regional Water Board Basin Plan. That beneficial uses are usually

assigned at the state level by waterbody classes or specific waterbodies would not change under

the proposed permitting program revision. Most waters have several beneficial uses

encompassing some water supply and ecological functions and perhaps some form of

recreation. Unlike most current stormwater programs where attainment of beneficial uses is only

implicit these goals would become explicit in the altered system and officially promulgated by

the authority operating the permit program a designated state in most cases or EPA. The

permitting authority would then partner with municipal permittees to determine the conditions

that must be brought to bear to attain beneficial uses set objectives or criteria to establish those

conditions and follow through with the tasks to accomplish objectives.

The proposed frameworks reliance on achieving objectives that reflect the cumulative

aquatic resource effects of contributing watershed conditions suggests the following related

concepts

In whatever manner watershed boundaries are set the full extent of the watershed from

headwaters onward should be considered in defining objectives. This is important even where

watershed scale and boundaries are based on local and/or regional hydrogeomorphic

circumstances and their associated management and regulatory needs. Watersheds can and often

will be defined and nested at different scales e.g. streams tributary to a lake a river flowing into

an estuary or marine bay.

The scale of objectives must be consistent with the scale and recognized beneficial uses

of the watershed s in question for example sustaining salmonid fish spawning could be the

basis for a stream objective while retaining an oligotrophic state could be the essential objective

for a lake to which the stream is tributary.

Whenever beneficial uses pertain to living organisms aquatic life or humans

representing the vast majority of all cases objectives should be largely in biological terms. That

is not to say that supplementary objectives cannot be stated otherwise e.g. in terms of flow

characteristics chemical water quality constituents or habitat attributes but the ultimate direct

thrust of the program should be toward the biota.

Objectives must be carefully chosen to represent attributes of importance from a resource

standpoint limited in number for feasibility of tracking achievement and defined in a way that

achievement can be measured. For example nitrogen is generally the nutrient limiting algal

growth in saline systems and in excess it stimulates growth that can reduce dissolve oxygen

killing
fish and other aerobic organisms. In this case the most productive objectives would

probably target reduction of nitrogen concentration and mass flux and maintenance of dissolved

oxygen. For waterbodies designated for contact recreation fecal coliform indicators although

not directly pathogenic when waterborne have proven to be an effective means of assessing

condition and should continue to form the basis for objectives to protect contact recreation until

research produces superior measures. If drinking water supply is a designated beneficial use of a
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lake it will better serve that function in a lower than a higher state of eutrophication which can

be managed according to a long limnological research record by restricting
water column

chlorophyll a as an objective. Where the beneficial use is fish protection and propagation

biological criteria might include 1 maintenance of a specific population size of a resident fish

species when that species population can be assayed conveniently 2 maintenance of a

numerical index e.g. benthicindex of biotic integrity when a fish species of ultimate interest

cannot be assessed so conveniently but is known or reasonably hypothesized to be associated

with the index or 3 a related parameter such as eelgrass beds which are important fish nursery

areas in estuarine waters such that areal coverage by these beds would be an appropriate

objective to track over time. An intermittent waterbody could have biological criteria related to

for example fish migration or amphibian reproduction.

The achievement of objectives or lack thereof is the basis for follow-up and prescription

of remedies in an active adaptive management mode that is falling short of objectives would

trigger a search for reasons throughout the watershed followed by identification of actions

necessary and sufficient to remedy the shortfall assessment of their ability to reach objectives

and the cost of doing so. In the course of this assessment it may be concluded that the objective

itself is faulty and should be restated replaced or discarded.

Basing the watershed framework principally on biological objectives grows out of the

CWAs fundamental charge to protect
the biological as well as physical and chemical integrity

of the nations waters. The tie between specific physical and chemical conditions and the

sustenance of aquatic biological communities is not well established through an extensivewell-verified
body of research. Moreover living organisms consuming or living in water are subject

to a vast multitude of simultaneous physical and chemical agents having the potential to harm

them individually and interactively. There are no realistic prospects for research to determine

the levels of these numerous agents that must be maintained to support beneficial uses.

Therefore their integrative
effects must be determined using measures of biological populations

or communities of interest.

By and large state water quality standards as now promulgated would not serve the

proposed objective-based system well. They are usually not phrased in biological terms or with

respect to hydrologic variables now known to have instrumental negative effects on aquatic

organisms but instead mostly as concentrations of selected chemical elements or compounds.

However there is no prohibition of biological or hydrologic standards in the law. The

recommended emphasis is consistent with and informed by the tiered aquatic life uses system

applied by some states and illustrated for Ohio in Box 2-1. The use of such systems must expand

greatly to support the recommended framework. An opportunity to do so exists through the

triennial review already required for each states water quality standards.

Certain special considerations affect the development and use of objectives as the device

to carry forward watershed-based stormwater management and regulation. First other elements

of the CWA beyond the stormwater program and other laws may very well be involved in a

watershed see Chapter 2. Municipal and industrial wastewater discharges will often be

contributors along with stormwater. Aquatic organisms may be listed as threatened or

endangered under the federal ESA or state authority.
Both objectives and the management and

regulatory program designed to achieve objectives should reflect any such circumstances.
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Instituting. the proposed permitting program will require converting the TMDL program
to one more suitable for its purposes and structure. The TMDL program is watershed based and

hence offers some precedent and experience applicable to the new system. However for the

most part it has operated only on waters declared to be impaired for specific pollutants and it

relies on management of specific physical and chemical water quality variables. Furthermorein

its current mode it takes no account of potential future impact sources. The TMDL program
should be replaced with one adapted to the objective-based framework proposed here. This new

program should apply to all waters assigned objectives impaired or not and formulate limits

in whatever terms are best to achieve objectives. Hence although the program would expand in

coverage area the efficient tailoring of objectives directly to beneficial uses could compensate

for the expansion by targeting fewer variables. Finally the new program should look to the

future as well as the present by encompassing the anticipated impacts of prospective landscape

changes.

The nature of a program to replace TMDLs can be glimpsed from a few attempts to move

in the anticipated direction even under the existing structure. For example Connecticut collected

data directly linking impervious cover to poor stream health in Eagleville Brook Connecticut

Department of Environmental Protection 2007. The streams TMDL was developed using

watershed impervious cover as a surrogate parameter for a mix of pollutants conveyed by

stormwater. The intention is to reduce effective imperviousness by disconnecting impervious

areas installing unspecified SCMs minimizing additional disturbance and enhancing in-stream

and riparian habitat. Flow was used as a surrogate for stormwater pollution in the Potash Brook

Vermont TMDL Vermont DEC 2006. In this waterbody the impairmentwas based on

biological indices that were then related to a hydrologic condition believed to be necessary to

achieve the Vermont criteria for aquatic life. The TMDL will be implemented via the use of

runoff-volume-reduction SCMs throughout the watershed.

Impact Sources

The CWA provides for regulating as specific land-use types only designated industrial

categories with construction sites disturbing one acre or more considered to be one of those

categories. Otherwise it gives authority to regulate municipal jurisdictions operating separate

storm sewer systems. Generally speaking these jurisdictions encompass in addition to the

industrial categories the full range of urban land-use types such as single- and multiple-family

residential various kinds and scales of commercial activity institutional and parks and other

open space.
All of these land uses and the activities conducted on them are to one degree or

another sources of the agents that physically and chemically modify aquatic systems to the

detriment of their biological health. Hence most of the impact sources to which these aquatic

systems are subject are not directly regulated under CWA authority as are industrial sources but

instead are indirectly regulated through the municipal program. Also as already discussed the

situation is further complicated by the presence of municipal and industrial wastewater sources

along with landscape sources contributing flow and pollutants to receiving waters via stormwater

discharges.

The watershed-based framework envisioned here relies on municipalities led by a

principal permittee. Thus a fundamental task that municipal permittees charged with operating

under a watershed-based permit must do is to find industries and construction sites in the
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watershed that have not filed for permit coverage and bring them under regulation. Furthermore

municipal co-permittees with leadership by a watershed lead permittee must classify industries

and construction sites within their borders according to risk and accordingly prioritize them for

inspection and monitoring methods for doing this are discussed later in the chapter. Municipal

permittees must have better tools than they have had in the past to assess the various impact

sources and formulate strategies to manage them that have a reasonably high probability of

fulfilling objectives. The present state of practice and research findings offers some directions

for choosing or more completely developing these tools. However by no means are all the

necessary elements available and substantial new basic and applied research must be performed.

Fromthe literature come several possibilities to improve source analysis in the complex

urban environment. Some examples of apparent promise drawn from Clark et al. 2006 include

the following

Nirel and Revaclier 1999. used the ratio of dissolved rubidium Rb to strontium Sr to

identify and quantify the impact of sewage effluents on river quality in Switzerland. Rubidium

was present in larger quantities
than strontium in feces and urine making the ratio of these two

elements an effective tracer that does not vary with river flow for a given water quality

condition. Using the ratio alone produced the same conclusions regarding impact as measuring a

host of physicochemical water quality variables. The researchers estimated that the RbSr ratio

must be lower than 0.007 if biological diversity is to be maintained which could be the basis of

an objective to manage river water quality. Although this case pertains to municipal wastewater

and the technique works best in waters with a naturally
low RbSr ratio e.g. calcareous regions

it success points out a potential avenue of research to simplify stormwater management on the

basis of quantitative objectives related to biological integrity.

Cosgrove 2002 described the approach used in New Jersey to characterize the relative

contribution of point and nonpoint sources of pollutants
in the Raritan River Basin. Twenty-one

surface water sampling locations within the watershed were monitored four to five times per year

from 1991 to 1997. These data were evaluated by comparing the median concentration at each

sampling location with land-use statistics. Cumulative probability curves were also developed

for each pollutant to demonstrate the probability that the concentration at a given location would

be below a certain level e.g. a stream standard. These probability curves were useful in

determining the risk that a given location would violate a particular standard. The concentration

data coupled with continuous flow monitoring records were utilized to determine the total load

for each constituent. Regression analysis was used to develop a relationship between the totalin-stream
loads and flow. Such an analysis provided an indication of municipal or industrial

discharge versus diffuse-source-dominated locations. Pollutant loads could then be converted to

yield load per unit area to normalize the results for comparison from one station to another.

The screening level methodology uses only existing data and not requiring advanced

modeling techniques can be used to understand where to focus more rigorous modeling

techniques.

Maimone 2002 presented the overall approach that was used to screen and evaluate

potential pollutant sources within the Schuylkill River watershed as part of the Schuylkill River

Source Water Assessment Partnership.
The partnership performed source water assessments of

42 public water supply intakes for the Pennsylvania Department of Environmental Protection.
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The watershed. encompasses over 1900 square miles with more than 3000 potential point

sources of contamination. In addition runoff from diverse land uses such as urban and

agriculture had to.be characterized using the Stormwater Management Model. For all 42 surface

water intakes potential point sources were identified using existing databases. The list was first

passed through a series of Geographic Information System-based screening sieves to limit the

sources to only those considered to be high priority including proximity and travel time from

source to intake. Ten categories were identified that cover the range of the most important

contaminants that might be found within the watershed and a representative or surrogate

chemical was identified whose properties were used to stand in for the category. Beyond the

geographic screening a more sophisticated screening was needed to limit the number of sites

using a decision support computer software program called EVAMIX. The greatest
benefit of

EVAMIX compared to other software is that it allows mixed criteria evaluation qualitative
and

quantitative to be considered concurrently. EVAMIX produced source rankings representing an

organized and consistent use of both the objective data and the subjective priorities
of decision

makers.

Hetling et al. 2003 investigated the effect of water quality management efforts on

wastewater discharges to the Hudson River from Troy New York to the New York City

Harbor from 1900 to 2000. The paper demonstrated a methodology for estimating historic

loadings where data are not available. Under these circumstances estimated historic sewered

and treated populations and per capita values were used to calculate wastewater flow and

loadings for 5-day biochemical oxygen demand BODO total suspended solids TSS total

nitrogen and total phosphorus. The analysis showed that dispersed landscape sources have

become the most significant
contributors of the first two contaminants to the river while

municipal wastewater plants remain the largest sources of nutrients. The methodology presented

in this paper could be used by co-permittees to estimate present-day sources of various types and

contribute to moving toward a comprehensive permit incorporating multiple sources.

Zeng and Rasmussen 2005 used multivariate statistics to characterize water quality in a

lake and its tributaries. Tributary water was composed of three components. Factor analysis

demonstrated that stormwater runoff was the predominant cause of elevation of a group of water

quality variables in a factor including TSS the measurement of which is a convenient surrogate

for all variables in the factor. Similarly municipal and industrial discharges could be

characterized by total dissolved solids and groundwater by alkalinity plus soluble reactive

phosphorus. These sources can thus be distinguished through measurement of
just

four common

water quality variables. Reducing the number of analytes reduces laboratory costs and allows

resources to be freed up for other purposes. Cluster analyses performed on the data indicated

that further savings could be realized by sampling just one among several stations in a cluster

and sampling at just one point in time over a period of relatively stable water quality e.g. a

relatively dry period.

A key research need associated with applying the proposed framework is assessment of

these and other mechanisms for sorting out the contributions of the variety of impact sources in

the urban environment. Leading this effort would be a natural role for EPA.
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Impact Reduction Strategies

The philosophical basis for impact reduction under a modified permitting system

centered on a lead municipal permittee and associated co-permittees is to avoid as far as

possible exposing receiving waters to impact sources or to otherwise minimize that exposure.

The concept embraces both water quantity and quality impact sources and specifically raises the

former category to the same level of scrutiny as traditionally applied to water quality sources.

Furthermorethe endpoints upon which success and compliance would be judged are directly

related to achievement of beneficial uses. This approach to impact reduction where the direct

focus is on reducing the loss of aquatic ecosystem functioning supportive of beneficial uses

fundamentally contrasts with the currently prevailing system. What are primary concerns in the

existing system e.g. discharge concentrations of certain chemical and physical substances

technological strategies
from a menu of practices are still prospectively important but only as a

means toward realizing
functional objectives not as endpoints themselves. To be sure attaining

beneficial uses will require wise choices among tools to decrease discharges and contaminant

emissions. However the ultimate proof will always be in biological outcomes.

As made clear in Chapters 3 and 4 linkages among myriadstressing agents impact

receptors and specific mitigating abilities of technological fixes are poorly understood and not

easily
understandable. The proposed new paradigm acknowledges that the linkages are not

established among the voluminous elements in an exceptionally complex system ranging from

impact sources through environmental transport and fate mechanisms to ecosystem health.

However it is intuitively
and theoretically clear that minimizing the generation of impacts in the

first place and slowing their progression into aquatic environments can break the chain of

landscape alteration that leads to increased runoff and pollutant production modifies aquatic

habitat and ultimately causes deterioration of the biological community. Landscapes can be

managed in a preventive integrated fashion that deals with the many undifferentiated agents of

impact and avoids or at least reduces the damage. Although the application of these theories

may not automatically and quickly stem biological losses the powerful mechanism of adaptive

management if correctly applied can be used to make course corrections toward meeting the

defined objectives.

An earlier National Research Council NRC committee examined the scientific basis of

EPAs TMDL program and recommended adaptive implementation AI to water quality

standards NRC 2001 a. That committee drew AI directly from the concept of adaptive

management for decision making under uncertainty introduced by Holling and Chambers 1973
and Holling 1978 and described it as an iterative process in which TMDL objectives and the

implementation plans to meet those objectives are regularlyreassessed during the ongoing

implementation of controls. Shabman et al. 2007 and Freedman et al. 2008 subsequently

extended and refined the applicability of Al for promoting water quality improvement both

within and. outside of the TMDL program. In that broader context Al fits well with the

framework put forward here. Indeed the proposed revised monitoring system presented later in

this chapter is designed to provide information to support adaptive management in a permitting

context.
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The Stages of Urbanization and Their Effects on Strategy

In waterbodies that are not in attainment of designated uses it is likely that the physical

stresses and pollutants responsible for the loss of beneficial uses will have to be decreased

especially as human occupancy of watersheds increases. Reducing stresses in turn entails

mitigative management actions at every life stage of urban development 1 during construction

when disturbing soils and introducing other contaminants associated with building 2 after new

developments on Greenfields are established and through all the years of their existence 3
when any already developed property is redeveloped and 4 through retrofitting

static existing

development. Most management heretofore has concentrated on the first two of those life
stages.

The proposed approach recognizes three broad stages of urban development requiring

different strategies new development redevelopment and existing development. New

development means building on land either never before covered with human structures or in

prior agricultural or silvicultural use relatively lightly developed with structures and pavements

i.e. Greenfields development. Redevelopment refers to fully or partially rebuilding on a site

already in urban land use there are significant opportunities for bringing protective measures to

these areas where none previously existed. The term existing development means built urban

land not changing through redevelopment retrofitting these areas will require that permittees

operate creatively.

What is meant by redevelopment requires some elaboration. Regulations already in force

typically provide some threshold above which stormwater management requirements are

specified for the redeveloped site. For example the third Draft Ventura County Municipal

Separate Storm Sewer System Permit defines significant redevelopment as land-disturbing

activity that results in the creation or addition or replacement of 5000 square feet or more of

impervious surface area on an already developed site. The permit goes on to state that where

redevelopment results in an alteration to more than 50 percent of the impervious surfaces of a

previously existing development and the existing development was not subject to

postdevelopment stormwater quality control requirements the entire site becomes subject to

application of the same controls required for new development. Where the alteration affects 50

percent or less of the impervious surfaces only the modified portion is subjectto these controls.

All urban areas are redeveloped at some rate generally slowly e.g. roughly one or at most a few

percent per annum but still providing an opportunity to ameliorate aquatic resource problems

over time. Extending stormwater requirements to redeveloping property also gradually levels

the playing field with new developments subject to the requirements. As pointed out in Chapter

2 somejurisdictions offer exemptions from stormwater management requirements to stimulate

desired economic activities or realize social benefits. Such exemptions should be considered

very carefully with respect to firm criteria designed to weigh the relative socioeconomic and

environmental benefits to prevent abuses to gauge just
how instrumental the exemption is to

gaining the socioeconomic benefits and to compensate through a trading mechanism as

necessary to achieve set aquatic resource objectives.

It is important to mention that not only residential and commercial properties are

redeveloped but also streets and highways are periodically rebuilt. Highways have been

documented to have stormwater runoff higher than other urban land uses in the concentrations

and mass loadings of solids metals and some forms of nutrients Burton and Pitt 2002 Pitt et

al. 2004 Shaver et al. 2007. Redevelopment of transportation corridors must be taken as an

opportunity to install SCMs effective in reducing these pollutants.
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Opportunities to apply SCMs are obviously greatest
at the new development stage

somewhat less but still present in redevelopment but most limited when land use is not changing

i.e. existing development. Still it is extremely important to utilize all readily available

opportunities and develop others in static urban areas because compromised beneficial uses are a

function of the development in place not what has yet to occur. Often possibly even most of the

time to meet watershed objectives it will be necessary to retrofit a substantial amount of the

existing development with SCMs. To further progress in this overlooked but crucial area the

Center for Watershed Protection issued a practical Urban Stormwater Retrofit Practices manual

Schueler et al. 2007.

Practices for Impact Reduction

As described in Chapter 5 in the past 15 to 20 years stormwater management has passed

through several
stages. First it was thought that the key to success was to match

postdevelopment with predevelopment peak flow rates while also reducing a few common

pollutants usually TSS by a set percentage. Finding this to require large ponds but still not

forestalling impacts stormwater managers next deduced that runoff volumes and high discharge

durations would also have to decrease. Almost simultaneously although not necessarily in

concert the idea of LID arose to offer a way to achieve actual avoidance or at least minimization

of discharge quantity and
pollutant

increases reaching far above predevelopment levels. For

purposes of this discussion the SCMs associated with LID along with others are named Aquatic

Resources Conservation Design ARCD. First this term signifies that the principles and many

of the methods apply not only to building on previously undeveloped sites but also to

redeveloping and retrofitting existing development. Second incorporating aquatic resources

conservation in the title is a direct reminder of the central reason for improvingstormwater

regulation and management. ARCD goes beyond LID to encompass many of the SCMs

discussed in Chapter 5 in particular those that decrease surface runoff peak flow. rates volumes

and elevated flow durations caused by urbanization and those that avoid or at least minimize the

introduction of pollutants to any surface runoff produced. This concentration reduction together

with runoff volume decrease cuts the cumulative mass loadings mass per unit time of

pollutants entering receiving waters over time. The SCM categories from Table 5-1 that qualify

as ARCD include

Product Substitution

Watershed and Land-Use Planning

Conservation of Natural Areas

Impervious Cover Minimization

Earthwork Minimization

Reforestation and Soil Conservation

Runoff Volume Reduction-Rainwater Harvesting Vegetated and Subsurface

Aquatic Buffers and Managed Floodplains and

Illicit Discharge Detection and Elimination.

The menu of ARCD practices begins with conserving as much as possible existing trees

other vegetation and soils as well as natural drainage features e.g. depressions dispersed sheet
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flows swales. Clustering development to affect less land is a fundamental practice advancing

this goal. Conserving natural features would further entail performing construction in such a

way that vegetation and soils are not needlessly disturbed and soils are not compacted by heavy

equipment. Using less of polluting materials isolating contaminating materials and activities

from contacting rainfall or runoff and reducing the introduction of irrigation and othernon-stormwaterflows into storm drain systems are essential. Many ARCD practices fall into the

category of minimizing impervious areas through decreasing building footprints and restricting

the widths of streets and other pavements to the minimumsnecessary. Water can be harvested

from impervious surfaces especially roofs and put to use for irrigation
and gray water system

supply. Harvesting is feasible at the small scale using rain barrels and at larger scales using

larger
collection cisterns and piping systems. Relatively low traffic areas can be constructed

with permeable surfaces such as porous asphalt open-graded Portland cement concrete coarse

granular materials concrete or plastic
unit pavers or plastic grid systems. Another important

category of ARCD practices involves draining runoff from roofs and pavements onto pervious

areas where all or much can infiltrate or evaporate in many situations.

If these practices are used but excess runoff still discharges from a site ARCD offers an

array of techniques to reduce the quantity through infiltration and evapotranspiration and

improve the quality of any remaining runoff. These practices include 1 bioretention cells

which provide short-term ponded and soil storage until all or much of the water goes into the

deeper soil or the atmosphere 2 swales in which water flows at some depth and velocity 3
filterstrips broad surfaces receiving sheet flows 4 infiltration trenches where temporary

storage is in below-ground gravel or rock media and 5 vegetated green roofs which offer

energy as well stormwater management benefits. Natural soils sometimes do not provide

sufficient short-term storage and hydraulic conductivity for effective surface runoff reduction

because of their composition but unless they are very coarse sands or fine clays can usually be

amended with organic compost to serve well.

ARCD practices
should be selected and applied as close to sources as possible to stem

runoff and pollutant production near the point of potential generation. However these practices

must also work well together and in many cases must be supplemented with strategies operating

farther downstream. For example the City of Seattle in its natural drainage systemretrofit

initiative built serial bioretention cells flanking relatively flat streets that subsequently drain to

cascades of vegetated stepped pools created by weirs along more sloping streets. The

upstream components are highly effective in attenuating most or even all runoff. Flowing at

higher velocities the cascades do not perform at such a high level although under favorable

conditions they can still infiltrate or evapotranspire the majority of the incoming runoff Horner

et al. 2001 2002 2004 Chapman 2006 Homer and Chapman 2007. Their role is to reduce

runoff from sources not served by bioretention systems as well as capture pollutants through

mechanisms mediated by the vegetation and soils. The success of Seattles natural drainage

systems demonstrates that well-designed SCMs can mimic natural landscapes hydrologically

and thereby avoid raising discharge quantities above predevelopment levels.

In some situations ARCD practices will not be feasible at least not entirely and the

SCMs conventionally used now and in the recent past e.g. retention/detention basins

biofiltration without soil enhancement and sand filters should be integrated into the overall

system to realize the highest management potential.

The proposed watershed-based program emphasizing ARCD practices
would convey

significant benefits beyond greatly improved stormwater management. ARCD techniques
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overall would advance water conservation and infiltrative practices
would increase recharge of

the groundwater resource. ARCD practices can be made attractive and thereby improve

neighborhood aesthetics and property values. Retention of more natural vegetation would both

save wildlife habitat and provide recreational opportunities. Municipalities could use the

program in their general urban improvement initiatives giving incentives to property owners to

contribute to goals in that area while also complying with their stormwater permit.

Municipal Permittee Roles in Implementing Strategies

Municipal permittees sharing a watershed will have key roles in promoting ARCD under

the proposed new system. First the lead permittee and its partners would be called upon to

perform detailed scientifically and technically based watershed analysis as the programs

foundation. The City of San Diego 2007 offers a model by which permittees could operate

with its Strategic Plan for Watershed Activity Implementation. The plan consists of

Activity location prioritization-locations prioritized for action based on pollutant

loading potential

Implementation strategy and activity prioritization-tieredapproach identifying

activities directed at meeting watershed goals over a five-year period

Potential watershed activities-general list of activities required and potentially

required to meet goals as guidance for planning and budgeting

Watershed activity maps-specified locations for activities and

Framework for assessment monitoring-a plan for development of the monitoring

and reporting program.

Municipal permittees would be required under general state regulations to make ARCD

techniques top priorities
for implementation in approving new developments and

redevelopments to be used unless they are formally and convincingly demonstrated to be

infeasible. In that situation permit approval would still require full water quantity and quality

management using conventional practices. Beyond regulation municipalities would be called

upon to give private property owners attractive incentives to select ARCD methods and support

to implement them. Furthermore they should supplement on-site ARCD installations with

municipally created more centralized facilities in subwatersheds.

Other municipal roles in the proposed program revolve around the prominence of soil

infiltration as a mechanism in ARCD. Successful use of infiltration requires achieving soil

hydraulic conductivity sufficient to drain the runoff collector quickly enough to provide capacity

for subsequent storms and avoid nuisance conditions while not so rapid that contaminants would

reach groundwater. One important task for municipal co-permittees will be defining watershed

soils and hydrogeological conditions to permit proper siting
and design of infiltrative facilities.

A great deal of soils information already exists in any community but must be assembled and

interpreted to assist stormwater managers. U.S. Department of Agriculture soil surveys while a

start are often insufficiently site-specific to characterize the subsurface accurately at a point on

the landscape. More localized data available to municipalities come from years of recorded well

logs soil borings and percolation test results. Municipalities should tap these records to define

to their best ability soil types hydraulic conductivities and seasonal groundwater positions.

Although abundant and valuable these data are unlikely to be sufficient to define subsurface

attributes across a watershed. Thus municipalities should collect additional data soil borings
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soils analyses and percolation tests to obtain a good level of assurance of the prospects for

infiltrative ARCD.
Part of the task for municipalities will be overcoming opposition to infiltration ifit is

unjustified. Some opponents discourage infiltration based on coarse soil survey data that may

not apply at all at a locality or they fail to take into account that the well-established ARCD

practice of soil amendment generally with organic compost can improve the characteristics of

somewhat marginal soils sufficiently to function well during infiltration. While such amendment

cannot increase. hydraulic conductivity sufficiently in restrictive clay soils the technique has

proven to effectuate substantial infiltration and attendant reduction in runoff volumes and peak

flow rates in Seattles natural drainage systems discussed above. These systems lie on variable

soils including formations categorized by the Natural Resources Conservation Service 2007 as

being in hydrologic group C. This group generally has somewhat restricted saturated hydraulic

conductivity in the least transmissive layer
between the surface and 50 centimeters 20 inches of

between 1.0 micrometers per second 0.14 inches per hour and 10.0 micrometers per second

1.42 inches per hour. Furthermore additional runoff reduction often occurs through

evapotranspiration which is enhanced by the vegetation in ARCD systems.

Another objection sometimes raised to infiltrating stormwater is its perceived potential to

compromise groundwater quality.
Whether or not that potential is very great depends upon a

number of variables rate of infiltration ability
of the soil type to extract and retain contaminants

distance of travel to groundwater and any contaminated layers through which the water passes.

It is unlikely that urban stormwater with its prevailing pollutant concentrations will threaten

groundwater if it travels at a moderate rate through soils of medium or fine textures without

contaminant deposits to groundwater at least several meters below the surface. To ensure that

groundwater is not compromised when surface water is routed through infiltrative practices

municipalities must establish where appropriate conditions do and do not exist and spot

infiltration opportunities accordingly. Records of past waste disposal leaks and spills must be

consulted to clean up or stay away from contaminated zones. There are alternatives even if

documented soils or groundwater limitations rule out infiltrative practices. Much can be

accomplished to reduce the quantities of contaminated urban runoff discharged to receiving

waters through impervious surface reduction water harvesting and green roofs.

One additional problem to infiltrating
stormwater runoff exists in some relatively dry

areas and must be countered by municipalities. Overirrigation of lawns and landscape plantings

has already increased infiltration well over the predevelopment amount and raised groundwater

tables sometimes to problematic levels. This unnecessary use of irrigation not only wastes

potable water often scarce in such areas but reduces capacity to infiltrate stormwater without

further water table rise. Municipalities should set up effective programs to conserve water and

simultaneously increase stormwater infiltration capacity.

A final element of an integrated management and permitting program under municipal

control is use of capacity in the sanitary sewer and municipal wastewater treatment systems to

treat some stormwater. This initiative must be pursued very carefully. For one reason

municipal treatment works have historically been overburdened with stormwater flows in

combined sewers and have not yet broken free of that burden through sewer separation

programs. A second reason for care is that municipal sewage treatment plants are generally

designed to remove particulates and decompose organic wastes and not to capture the array of

pollutants in stormwater many dissolved or associated with the finest and most difficult to

capture particles. Toxic contaminants can damage microbes and upset biological treatment
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plants. Nonetheless capacity exists in many WWTPs to treat stormwater. The delivery of

pollutants the plant was not designed to handle can be managed by pretreatment requirements

applied to industrial stormwater dischargers particularly. Dry weather flows consisting mostly

of excess irrigation water runoff can be diverted to treatment plants to prevent at least some of

the nutrient and pesticide contamination that otherwise would flow to receiving waters.

Additional capacity to treat stormwater can be gained by repairing defective municipal

wastewater pipes that allow groundwater entry.

Special Considerations for Construction and Industrial Land Uses

All of the principles
discussed above apply to industrial and construction sites as well

minimize the quantity of surface runoff and pollutants generated in the first place or act to

minimize what is exported off the site. Unfortunately construction site stormwater now is

managed all too often using sediment barriers e.g. silt fences and gravel bags and

sedimentation ponds none of which are very effective in preventing sediment transport. Much

better procedures would involve improved construction site planning and management backed

up by effective erosion controls preventing soil loss in the first place which might be thought of

as ARCD for the construction phase of development. Just as ARCD for the finished site would

seek to avoid discharge volume and pollutant mass loading increase above predevelopment

levels the goal of improved construction would be to avoid or severely limit the release of

eroded sediments and other pollutants from the construction site. Chapter 5 discusses

construction-phase stormwater management in more detail.

Other industrial sites are faced with some additional challenges. First industrial sites

usually have less landscaping potentially available for land-based treatments. Their discharges

are often more contaminated and carry greater risk to groundwater. On the other hand industrial

operations are amenable to a variety of source control options that can completely break the

contact between pollutants and rainfall and runoff. Moving operations indoors or roofing

outdoor material handling and processing areas can transform a high-risk situation to a no-risk

one. It is recommended that industrial permits strongly emphasize source control e.g. pollution

prevention as the first priority
and the remaining ARCD measures as secondary options as

outlined in Table 5-9. Together these measures would attempt to avoid or minimize to the

extent possible any discharge of stormwater that has contacted industrial sources.

It is likely that the remaining discharges that emanate from an industrial site will often

require treatment and if relatively highly contaminated very efficient treatment to meet

watershed objectives. Some industrial stormwater runoff carries pollutant concentrations that are

orders of magnitude higher than now prevailing water quality standards. In these cases meeting

watershed objectives may require providing active treatment which refers to applying

specifically engineered physicochemical mechanisms to reduce pollutant concentrations to

reliably
low levels as opposed to the passive forms of treatment usually given stormwater such

as ponds biofiltration and sand filters. Examples now in the early stages of application to

stormwater include chemical coagulation and precipitation ion exchange electrocoagulation

and filtration enhanced in various ways. These practices are undeniably more expensive than

source controls and other ARCD options and traditional passive treatments. If they must be used

at all it is to the advantage of all parties that costs be lowered by decreasing contaminated waste

stream throughput rates to the absolute minimum.
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Administrativeand Funding Arrangements

A number of practical logistical considerations pertain to converting to the permitting

and regulatory system discussed above. These considerations include

What design and performance standards should be placed on the management systems

What administrative vehicles offer the best prospects for success

What funding arrangements are necessary to support the revised permitting and

management system

Design and Performance Standards

It has already been asserted under the discussion of objectives above that ultimate

performance standards should be based on results in the aquatic systems under protection. The

report further advocates promulgating these standards primarily in terms of biological health for

protection of human health aquatic life or both supplemented by measures of conditions well

known to influence
biological

health quite directly such as hydrologic variables. It was further

proposed that active adaptive management be applied in relation to the degree of achievement of

water resource objectives. However it would not be wise to standardize entirely on this level

and leave all questions of the means to the end to individual permittees. Certain design-level

standards would also be appropriate. An example is provided by the recently issued draft

municipal permit for Ventura County California. In that permit application of low-impact

methods to new development and redevelopment is specified to hold the effective impervious

area to 5 percent of the total contributing catchment. While technical experts may disagree on

the precise number the point is that adopting such a standard gives a straightforward design

requirement on an evidentiary basis. Results in the receiving waters would still be tracked and

used in active adaptive management ifnecessary but effective application of the design standard

would provide some level of initial assurance that the aquatic health standards can be met.

Forging Institutional Partnerships

At the heart of the proposal for a new system of regulating discharges to the nations

waters is issuing permits to groups of municipalities in a watershed operating as co-permittees

under a lead permittee. Furthermore the proposal envisions these municipal permittees

assuming responsibility
for and implementingthe permits for all public and

private dischargers

in their jurisdictions. These admittedly sweeping changes in the way waters have been managed

almost everywhere in the nation raise serious issues of acquiescence to the new arrangements

compatibility and devising a sufficient and stable funding base. This section draws from the

small number of examples where arrangements like those proposed here have been attempted.

The Los Angeles County Municipal Storm Water Permit offers a case study in how to

aggregate municipalities in a co-permittee system while still allowing prospective members

latitude should they perceive their own interests to deviate even considering the advantages of

group action. The permit first issued in 1990 presently covers five watersheds and 86

municipal permittees. During the process of reissuing the 1996 permit the City of Long Beach

PREPUBLICATION

Copyright National Academy of Sciences. All rights reserved.

RB-AR17297



Urban Stormwater Management in the United States

hftp//www.nap.edu/catalog/12465.htmi

412 Urban Stormwater Management in the United States

challenged the provisions of the Los Angeles County MS4 permit. The city was given the option

of applying for its own individual permit which it did. Long Beach was issued its own

individual MS4 permit in 1999 with provisions similarto the Los Angeles County MS4 permit.

As another example a small coastal municipality Hermosa Beach covered by the Los Angeles

County Municipal Storm Water Permit investigated the possibility of withdrawing from the

county permit in 2000 to be reclassified as a Phase II municipality. Just as with Long Beach

Hermosa Beach was given the option of applying for an individual permit as a Phase I MS4 but

in the end Hermosa Beach elected to remain within the areawide permit. Although this report

strongly encourages cooperative participation
of municipalities as co-permittees it does not

mandate it. Rather the flexibility illustrated above should be retained in the proposed new

permitting program. What matters for compliance with the CWA is that a municipality manage

discharges in a manner at least equivalent to other permittees in the watershed.

Stephenson and Shabman 2005 gave thought to the dilemma of entities who may not

naturally work well together being asked to cooperatively solve a problem that all have had a

share in creating. They argued that new organizational forms that consolidate multiple regulated

entities under a single organizational umbrella could be used to coordinate and manage jointly

the collective obligations of a group of regulated parties at lower costs to members. Private and

public regulated entities alike could benefit from participation
in these new organizations. Such

cooperative organizations could offer participating parties
financial incentives anddecision-making

flexibility through credit trading programs.

Two larger-scale compliance associations exist in the Neuse and Tar-Pamlico river basins

in North Carolina Stephenson and Shabman 2005. In both programs the state was concerned

about nutrient enrichment of estuary waters and imposed an aggregate cap on industrial and

municipal wastewater dischargers equivalent to a 30 percent reduction in nitrogen loads. In both

programs the state granted individual point source dischargers a choice 1 accept new

requirements to control nitrogen through individual NPDES permits or 2 form and join a

discharger association. The rigidities associated with individual NPDES permits provided

enough incentive for most point source dischargers to opt for the second choice. Compliance

associations were then created and issued permits.

The Neuse River rules cover nonpoint agricultural sources as well as point discharges.

Counties are responsible for reducing nutrient loads and farmers must either join county

associations that apply different strategies or individually contribute to meeting objectives by

setting aside 50- to 100-foot buffers along all streams.

North Carolina requires compliance associations to meet a single mass load cap. In the

Tar-Pamlico case the legal requirement to meet the cap was established by an enforceable

contractual agreement signed by the association and the state. In the Neuse program a single

group compliance permit was issued to the association. Both legal mechanisms established

financial penalties for the two associations ifaggregate discharges of the group exceed the

association cap.
A key advantage of the association is similarto that of a formal effluent trading

program-granting dischargers flexibility to decide how best to meet the aggregate load
cap.

To

date the associations have managed to keep nitrogen loads considerably below their respective

caps. Compliance costs have also fallen below original projections. Further there is some

evidence that the association concept is producing incentives for strong cooperative behavior that

did not exist prior to implementation.

The case studies presented here illustrate ways in which both public and
private

entities

subject to regulation can exercise options for operating autonomously should they not wish to
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incorporate with a group while still contributing to the achievement of watershed objectives.

The case studies suggest that most dischargers conclude in the end that group membership offers

considerable advantages.

Funding Considerations

The existing stormwater permit program is characterized in most of the nation by

municipal Phase I and now Phase II permittees operating mostly alone. In contrast the new

system envisions coalitions of permittees that share a watershed operating in concert under the

coordination and leadership of a principal permittee. The present structure tends to bring about

duplication in effort and staff whereas cooperation should stimulate efficiencies that could

defray at least part or even much of the extra local costs associated with new responsibilities for

municipal permittees.

As explored in the preceding section municipalities may not necessarily wish to join in

co-permittee arrangements and mechanisms are proposed to allow them to operate individually

as long as watershed objectives are met. However the state could encourage participation

through financial inducements for example by estimating the resources needed to meet the

requirements of each watershed permit and pointing out to permittees how shared resources can

save each contributor money. The state should also set preferences and better terms for grants
in

the favor of municipalities who join together.

To the questions of administrative vehicles and funding arrangements stormwater

utilities are the preferred mechanism and regulations should support creating stormwater

utilities. It should be added that with watershed-based permitting as proposed here utilities

should also be regionalized on a watershed basis. A utility draws funds from the entities served

in direct relation to the cost of providing the services here management of the quantity and

quality of stormwater discharged to natural waterbodies. These funds must be dedicated to that

purpose and that purpose only and cannot be redirected to general agency coffers or for any

unrelated use.

Not only are more funds from more reliable sources needed but monies should be

redirected in ways differing from their allocation under the current system. It was proposed

earlier that a lead municipal permittee working with other municipal co-permittees be given

responsibility for coordinating permitting and management of municipal industrial and

construction stormwater permits and even permits involving other sources such as industrial

process and municipal wastewaters. Those entities would hence be doing work now devolving

to individual private developers and industrial plants and other public authorities. They would

need to attract the revenue from those other bodies in proportion to the added work taken on. A

utility structure would provide a well-tested means of carrying out this reallocation.

Stormwater utility fees are generally assessed according to a simple formula such as a

flat rate for all single-unit dwellings and in proportion to impervious area for commercial

property.
Some municipalities have investigated charging more directly according to the

estimated quantity and quality of stormwater discharged into the public drainage system.

Municipal permittees may choose to formulate such a system but the development process itself

is not a trivial task and being based on general and usually quite simple hydrologic and water

quality models can generate considerable arguments from rate payers. Going through this

process is probably not necessary or even advisable for most municipal permittees who will
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have many new functions should the proposed system be adopted. Instead they should

concentrate on implementinga fee structure based on a simple formula like the one above and

then capture additional revenues for special functions that they will take over from industrial and

construction permittees.

As discussed previously in the proposed program municipal co-permittees with

leadership by a watershed lead permittee will be asked to classify industries and construction

sites within their borders according to risk and accordingly prioritize them for inspection and

monitoring. It is proposed in the section on Measures of Achievement below that inspection

include reviewing and approving industrial and construction site stormwater pollution prevention

plans SWPPPs. While many municipalities now inspect construction sites for stormwater

compliance and some inspect industries this work will increase significantly
in the new system

and SWPPP review and approval will be a completely new element. Moreover municipalities

would performsome industrial monitoring now conducted by the industries themselves and may
monitor high-risk construction sites. These special functions would require different institutional

arrangements and substantial new revenue that could not be fairly charged to all rate
payers.

There are several possible sources for these funds. One way would be to increase industrial and

construction permit fees and direct large proportions to municipalities to support inspection and

monitoring. The permitting authority designated state or EPA would still hold ultimate

authority and municipalities could refer industrial and construction permittees found during

inspection to be out of compliance to the permitting authority for enforcement. Another means

would be to form consortia of industries of similartype and assess fees directly applicable to

inspection and monitoring. For example scrapyards under the jurisdiction of the California EPA

Los Angeles Regional Water Board formed a monitoring consortium under which sample

collection by a qualified contractor rotates among the members with funding by all. While the

members operate this system it could be adapted to operation by municipal co-permittees.

A second-level funding concern is once revenues are generated how should they be put

to use It is very important that funds largely be devoted directly to the tasks at hand regarding

the achievement of objectives instead of into excessive administrative and bureaucratic structure.

These tasks are scientific and technical and are highly oriented toward what is actually going on

in the drainage systems and their receiving waters. Thus the majority of funds should be

directed to making scientific and technical judgments based on observations and monitoring

results obtained in the field see the discussion below.

Measures of Achievement

Critique of the CurrentMonitoring System

No area exemplifies the differences between the present and proposed new stormwater

permitting and monitoring systems more than the measures used to gauge achievement. The

current monitoring system is characterized by scattered and uncoordinated measurements of

discharges from Phase I MS4s and some industries and some visual observations of construction

sites. The system proposed to take its place would emphasize monitoring of receiving water

biological conditions as a data source for prescribing management adaptations to meet specified

biological objectives. The discussion here first critiques the prevailing system to construct part
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of the rationale for changing it. It then proceeds to outline a recommended monitoring structure

to replace it.

To expand very briefly on the point that the present system is scattered and

uncoordinated monitoring under all three stormwater permits is according to minimum

requirements not founded in any particular objective or question. It therefore produces data that

cannot be applied to any question that may be of importance to guide management programs and

it is entirely unrelated to the effects being produced in the receiving waters. Phase I municipal

permit holders are generally required to monitor some storms at some discharges for no stated

purposes but to report periodically to the permitting agency Phase II municipalities have no

monitoring requirements although they may represent the major or even only impact sources in

a given watershed. The usual model for industries across the nation is to collect a few discharge

grab samples a year and send the results to the permitting authority plus occasionally to make

observations for obvious signs of pollution e.g. oil sheen odor. Construction site monitoring

is less standardized and often involves no water quality monitoring at all. Again no permittee

under any of the three programs is obligated according to national standards to check the effects

of its discharges on receiving waters. Since the individual effects of any discharger are often not

distinguishable from any other the scattershot system would usually not be able to discern

responsibility for negative effects in the receiving water ecosystem.

Input to the committee conveyed the strong sense that monitoring as it is being done is

nearly useless burdensome and producing data that are not being used. For example the City of

Philadelphia conducts substantial amounts of wet weather monitoring which is very expensive

but it can barely monitor for TSS in many of its heavily impacted streams Crockett 2007. The

resources to monitor for the more exotic pollutants do not exist. Smaller municipal permittees

without the resources and sophistication of a big-city program have difficulty performing even

the most basic monitoring. City water managers believe that the traditional stormwater program

places too much emphasis on monitoring of individual chemicals rather than looking at

ecological results Crockett 2007.

Industry representatives have also described several problems they see in industrial

stormwater monitoring as it is performed now Bromberg 2007 Longsworth 2007 Smith

2007. One concerns the high degree of variability from the methods used to what is actually

measured Stenstrom and Lee 2005 Lee et al. 2007. Opponents have been quite
critical of the

benchmarks to which industrial monitoring data are compared believing that the benchmarks

have no basis in direct measurements associating stormwater with impacts. Some have

suggested replacing monitoring with an annual stormwater documentation report to the

permitting authority. It seems that industry personnel disrespect the current monitoring

framework for some good reasons and feel it conveys a burden for little purpose. There was

some implication that industry would be receptive to measures offering more meaningful

information in place of poorly conceived monitoring requirements Bromberg 2007

Longsworth 2007 Smith 2007.

Proposed Revised Monitoring System

A structure in several tiers is proposed as a monitoring system to serve thewatershed-based
permitting and management framework.
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Progress Evaluation Tier. This tier would represent the ultimate basis for judgment on

whether the objectives adopted for the watershed are being met. Because these objectives would

mainly be expressed in terms related to direct support of beneficial uses so too would

monitoring in the Progress Evaluation Tier principally emphasize direct measurements of

ecological health. The preferred model for this evaluation would be the paired watershed

approach which is based on the classic method of scientific experimentation and was developed

for water resource management investigations by EPA Clausen and Spooner 1993. Ideally

conditions in the waterbody under evaluation would be compared to conditions in the same

waterbody before imposition of a permit and management scheme before versus after

comparison as well as to conditions in a similarwaterbody not subject to human-induced

changes affected system versus reference system comparison. At least one of these

comparisons must be made if both cannot. If the objectives involve improving conditions and

not just avoiding more degradation the reference should represent that state to which the

objective points.

This function has traditionally been the province of the permitting authority i.e. the

designated state or EPA. In the new program the function is assigned to municipal permittees

guided by the lead permittee to conduct or contract but with a substantial contribution by the

permitting authority in the form of material support and guidance. The primary vehicle

envisioned to perform the progress assessment is a well-qualified monitoring consortium serving

the watershed and perhaps other watersheds in the
vicinity.

Case studies below present

examples of successful joint ventures in monitoring that can serve as models. The proposal is

based on the belief that monitoring should be more manageable and effective at the watershed

compared to the state level and furthermore that utilizing a consortium approach should make it

feasible for a coalition of municipal co-permittee partners to commission monitoring.

Findings of objective shortfall would trigger development of active adaptive management

strategies. Generally an assessment should be conducted to determine what additional measures

should be put in place in regulating new development and redevelopment as well as increasing

coverage of existing developments with retrofits.

Diagnostic Tier. The second tier would be designed to provide the municipal permittees

with the necessary information to formulate active adaptive management strategies and they

would be responsible for this second tier as well as the first. The Diagnostic Tier would be

composed of assessment of information from the Compliance Reporting Tier plus some specific

field monitoring to determine the main reasons for ability or failure to meet objectives. Some

highly directed monitoring of receiving water conditions could determine the need to improve

management of water quantity water quality or both. A tool like the Vermont flow-duration

curves is an example of a potentially useful device for diagnostic purposes. To allow the use of

such a tool it is important that continuous flow recorders be installed on key streams in the

watershed. The techniques described in the Impact Sources section above once they are further

developed would also be useful in Diagnostic Tier monitoring.

An important dimension of this tier would be prioritized inspection and monitoring of

potentially high-risk industrial and construction sites. In addition data submitted by the

industrial and construction permittees according to the Compliance Reporting Tier would assist

in targeting dischargers to bring about the necessary improvements in water quantity and/or

quality management.
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Compliance Reporting Tier. It is proposed that the first step in compliance reporting be

submission of SWPPPs by all construction and industrial permittees plus municipal corporation

yards as an industrial-like activity to the jurisdictional municipal permittee for review and

approval. It is further proposed that the industrial permittees and municipal corporation yards be

relieved of sample collection ifthey develop SWPPPs making maximumpossible use of ARCD

practices supplemented by active treatment as necessary and the municipal permittee approves

the SWPPP. Construction sites would be given a similar sampling dispensation if they develop

an approved SWPPP along the lines of Box 5-3.

Otherwise the permittees would be required to perform scientifically valid sampling and

analysis and report results to the watershed co-permittees. This more comprehensive and

meaningful monitoring would increase the burden already felt by permittees and create a strong

incentive to apply excellent SCMs. This burden could be relieved to a degree through

participation with other similar dischargers in the watershed in a monitoring coalition. As an

example in North Carolina coalitions of wastewater dischargers are working with the state

Division of Water Quality DWQ to create and manage coalition-led watershed monitoring

programs that operate in conjunction with DWQs ambient chemistry and biological programs

Atkins et al. 2007. Lee et al. 2007 after an assessment of industrial stormwater and other

monitoring data concluded that selecting a subset of permittees from each monitored category

would yield better results at lower overall cost compared to monitoring at every location. This

strategy
would permit the use of more advanced sampling techniques such as flow-weighted

composite samplers instead of grab sampling to estimate representative loads from each

category with improved accuracy and reduced variability.

All permittees would still make observations of the SCMs and discharges and keep

records. The final proposed step in compliance reporting is an annual report covering

observations SCM operation and maintenance SWPPP modifications and monitoring results if

any to be sworn as to correctness notarized and submitted to the lead municipal permittee.

The Massachusetts Environmental Results Program April and Greiner 2000 offers a possible

model for compliance reporting and verification. This program uses annual self-certification to

shift the compliance assurance burden onto facilities. Senior-level company officials certify

annually that they are and will continue to be in compliance with all applicable air water and

hazardous waste management performance standards. The state regulatory agency reviews the

certifications conducts both random and targeted inspections and performs enforcement when

necessary.

Research Tier. The final tier would be outside the permit system and exist to develop

broad. mechanistic understanding of stormwater impacts and SCM functioning important to assist

permittees in reaching their
objectives.

EPA and state agencies designated to operate the permit

system would have charge of this tier. These agencies would develop projects and contract with

universities and other qualified research organizations on a competitive basis to carry out the

research.

Instructive Case Studies for the Proposed Revised Monitoring System

Many municipalities even large ones would be challenged and burdened by taking on

comprehensive watershed monitoring. The Southern California Coastal Water Research Project
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Authority SCCWRP http//www.sccwrp.org offers an excellent model of how co-permittees in

a watershed or an even broader area could organize to diffuse these challenges and burdens.

SCCWRP is a joint-powers agency one that is formed when several government bodies have a

common mission that can be better addressed by pooling resources and knowledge. In

SCCWRPs case the common mission is to gather the necessary scientific information so that

member agencies can effectively and cost-efficiently protect the Southern California marine

environment. Key goals adopted by SCCWRP are defining the mechanisms by which aquatic

biota are potentially
affected by anthropogenic inputs and fostering communication among

scientists and managers. Comprised of a multidisciplinary staff SCCWRP encompasses units

specializing in analytical chemistry benthic ecology fish biology watershed conditions

toxicology and emerging research.

SCCWRPs current mission stems from the results of a 1990 NRC review of marine

environmental monitoring programs in the Southern California Bight NRC 1990. It was

determined that although $17 millionwas being spent annually on marine monitoring it was not

possible to provide an integrated assessment of the status of the Southern California coastal

marine environment. Most monitoring was associated with NPDES permit requirements and

directed toward addressing questions about site-specific discharge sources. As a result most

monitoring in the bight was restricted to an area covering less than 5 percent of the bights

overall watershed making it difficult to draw conclusions about the system as a whole. The

limited spatial extent of monitoring was also found to limit the quality of local-scale

assessments since the boundaries of most monitoring programs did not match the spatial and

temporal boundaries of the important physical and biological processes in the bight.

NRC 1990 further found that there was a lack of coordination among existing programs

with substantial differences in the parameters measured among programs preventing integration

of data. Even when the same parameters were examined they were often measured with

different methodologies or with different or unknown levels of quality assurance. Moreover

the NRC found that even when the same parameters were measured in the same way substantial

differences in data storage systems among monitoring programs limited access to. the data for

more comprehensive assessment. To avoid repetition
of these shortcomings the SCCWRP

example should be given very thorough consideration as a template for the Progress Evaluation

Diagnostic and Research Tiers in the proposed revised monitoring program.

The San Gabriel River Regional Monitoring Program SGRRMP
http//www.lasgrwc.org/SGRRMP.html is a watershed-scale counterpart to the larger-scale

regional monitoring efforts in Southern California. The SGRRMP incorporates local andsite-specificissues within a broader watershed-scale perspective. The program exists to improve
overall monitoring cost effectiveness reduce redundancies within and between

existing

monitoring programs target monitoring efforts to contaminants of concern and adjust

monitoring locations and sampling frequencies to better respond to management priorities in the

San Gabriel River watershed. Five core questions provide the structure for the regional program

What is the environmental health of streams in the overall watershed

Are the conditions at areas of unique importance getting better or worse

Are receiving waters near discharges meeting water quality objectives

Are local fish safe to eat

Is body-contact recreation safe
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The workgroup convened to establish the program recommended monitoring designs to answer

the core questions effectively and efficiently. The resulting program is a multilevel monitoring

framework that combines probabilistic and targeted sampling for water quality toxicity and

bioassessment and habitat condition.

The City of Austin Texas has more than 20 years of stormwater monitoring experience

and offers additional guidance on designing and implementingwatershed monitoring programs

City of Austin 2006. Austin performs detailed periodic synoptic sampling in the watersheds it

manages to track trends in stormwater quantity and quality.
The

city uses the results to evaluate

the impacts of land development on stormwater quantity and pollution establishing statistical

relationships between measures of these conditions and the amount of impervious cover. Trend

assessment over time leads to recommended changes to the City of Austin Environmental

Criteria Manual as needed.

Creating Flexibility and Incentives Within a Watershed Approach

A watershed-based permitting approach to stormwater management focuses attention on

watershed objectives and endpoints. To be able to achieve these goals observable performance

measures beyond the success of an individual SCM need to be identified that are consistent and

necessary to meet designated uses. These might include watershed-level numeric limits on the

amount of a particular pollutant allowed to enter a waterbody e.g. pounds of phosphorus or

various measures of allowable volume of discharge. A watershed focus shifts attention away

from specific SCM performance and site-specific technological requirements to achieving a

larger
watershed

goal.
As a consequence there is considerable management flexibility in

deciding how these goals will be achieved. Indeed this flexibility was cited by the NRC 1999

as a prerequisite to successful watershed management.

One way of exercising this flexibility is to create an incentive-based or market-based

approach to choose how watershed goals are met. It is recognized throughout the environmental

management field that entities subject to regulation do not necessarily have equal opportunities

and qualifications to comply sufficiently to sustain resources. To compensate for this the

market-based approach allows individual discretion to select how effluent or runoff volume

will be controlled choice of technology processes or practices and where they will be

controlled on site or off site. That is any discharger legitimately unable to meet discharge

quantity and quality allocations would be able to finance offsets elsewhere to achieve the

watershed goals. An important element and challenge is to couple this decision-making

flexibility with personal typically financial incentives so that people willingly make choices

supportive of the watershed objectives. Broadly stated the idea is to create financial reasons and

decision-making opportunities to lower compliance costs and create or implement new

effluent/volume control options Shabman and Stephenson 2007.

Because incentive-based policies require a shift in emphasis from technologies and

practices to outcomes e.g. volume or quantity of effluents the municipal manager would not

be responsible for deciding what SCM will be implemented in specific areas or hand picking

specific practices to promote. Rather the stormwater program managers responsibilities shift to

establishing watershed goals developing metrics to measure outcomes and performance and

performing necessary inspection and enforcement activities.
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Effluent trading sometimes called water-quality trading is one type of incentive-based

policy. In an ideal form effluent trading requires government to establish a binding aggregate

limit or cap on an outcome e.g. mass load of effluent volume of runoff for an identified group

of dischargers. The cap or aggregate allowable discharge is set to support and achieve a socially

determined environmental goal. Because it is fixed the cap provides the public assurances that

environmental objectives will be achieved in the face of a growing and changing economy. The

total allowable discharge is then divided into discrete and transferable units called allowances

and either distributed or auctioned to existing dischargers. All dischargers must own sufficient

allowances to cover their discharges. For instance any new or expanding source must first

purchase allowances and hence effluent or volume reductions from another source before

legally discharging. The requirement to hold allowances on the condition to discharge and the

positive allowance price creates financial incentives for pollution prevention. Dischargers

holding allowances rather than reducing discharge face forgone revenues that could have been

achieved from the sale of allowances. Conversely expanding dischargers have incentives to

invest in pollution prevention in order to avoid the cost of purchasing additional allowances.

In the context of the revised permit system advocated here achievement of objectives

generally of a biological nature will require some combination of strategies such as no net

increases in hydrologic parameters e.g. peak flow rates durations volumes water pollutants

forest cover loss and effective impervious area. If one entity
is unable to contribute adequately

to meeting its share of compliance then it must obtain the necessary credit by buying it from

another similarentity that is able to contribute more than its designated share. Ideally all

sources of a waterbodys problems not only stormwater would come under the trading system.

Implementing the market system requires development of a resource-based currency a

nontrivial exercise but one for which models are available in other fields especially air

emissions. For example emission trading has been a critical element of the nations strategy to

limit sulfur dioxide and nitrogen oxide emissions Ellerman et al. 2000. Carbon trading is a

cornerstone policy in the European Union effort to limit greenhouse gas emissions. The EPA

promotes the use of trading to help achieve the goals of the CWA and has issued several policy

statements and recently published guidance on how trading programs can be grafted within

existing NPDES permitting programs EPA 2003a 2007b.

However compared to the air program experience and success with trading in the water

program have been limited Shabman et al. 2002. Furthermore programs labeled trading have

been implemented in a multitude of ways in the nations water quality program Woodward et

al. 2002 Stephenson et al. 2005 Shabman and Stephenson 2007. In many instances trading

programs are case-specific and isolated trades that do not fundamentally change the choice and

incentives facing dischargers in a conventional permitting system. The extent to which trading

policies can be effectively employed on a watershed scale is limited not only by the physical

differences between air and water mediums but also by the unique legal structure of the CWA
Stephenson et al. 1999. For example the CWA is oriented around imposing technology-based

performance requirements on specific subset of discharge sources. Individual NPDES permits

require sources to achieve these agency-identified levels of performance and may specify how

performance is achieved. The statute also places limits and disincentives on the degree to which

permit agencies can deviate from these limits e.g. antibacksliding.

Thus the focus of the NPDES permitting system has been on individual source control

and technologies unlike the air program which has a stronger statutory orientation around

achieving broader air quality goals ambient air quality standards. The orientation of the
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NPDES program limits the flexibility and incentives for regulated parties that might make

market-oriented trading possible. It turns out that some of the more successful applications of

trading in the water program have.occurred because of permitting innovations that effectively

avoid some of these rigidities see discussion of North Carolina point source control program on

the Neuse River above.

Trading programs of various types have been proposed or suggested for stormwater

Thurston et al. 2003 Parikh et al. 2006. Although conceptual models of a comprehensive

trading program based on the total volume of allowable water to be discharged have been

proposed no working examples have yet to be implemented. More limited versions of trading

programs however have been developed. These programs provide compliance flexibility for

new sources of stormwater runoff. In some locations new developments face a requirement to

provide a specific level of volume or effluent control from the parcel to be developed. The

regulated entity is typically obligated to meet this requirement with the applications of on-site

SCMs. Trading programs create opportunities for regulated entities to meet their regulatory

requirement off site off the parcel to be developed called here an offset. In some trading

programs the off-site controls can be accomplished by the creation of an in lieu fee program.

Such programs typically occur for dischargers that are not required to hold or obtain individual

NPDES permits.

In lieu fee programs offer some opportunity for regulated parties to make a financial

payment fee to a local government entity
in lieu of implementingon-site controls. The fees are

collected and used to implement stormwater controls in other areas of the watershed.

Controlling runoff at a regional level rather than through the construction of many small on-site

controls may be more cost-effective given the economies of scale associated with some SCMs

see Chapter 5 pages 362-363. The option for off-site controls also allows the stormwater

program to direct investments in stormwater control to specifically targeted areas of the

watershed.

Examples of in lieu fee programs include Santa Monica California the Neuse River

Basin in North Carolina and Williamsburg Virginia. Santa Monicas program requires new and

redevelopment projects to treat a specific
volume of runoff. The program first requires the

regulated entity to take all feasible steps to meet the requirement through the implementation of

on-site infiltration practices. If the regulated party can demonstrate why it is economically and

physically infeasible to install any type of infiltration or treatment SCM the regulated party can

pay a fee based on the volume of water that needs to be controlled the total mitigation volume is

the volume that would have been attenuated via an SCM. The fee set by Santa Monica is

$18/gallon of total required mitigation volume. The $18 reflects the cost of constructing an SCM
and maintaining it over 40 years DeWoody 2007. Presumably these fees are used to construct

infiltration measures elsewhere.

The Neuse River Program requires all new land development to meet a nitrogen export

standard of 3.6 pounds per acre per year North Carolina Division of Water Quality 1999. The

water quality goal for the Neuse basin is to reduce mass nitrogen loads by 30 percent in order to

improve water quality in the estuary. The export standard was set to achieve a 30 percent

reduction from the average nitrogen load from lands prior to development. Developers have the

option to meet this export standard either through the application of on-site SCMs or by paying a

fee into a state-administered Riparian Buffer Restoration Fund see 15A North Carolina

Administrative Code 02B .024 which would be used to reduce nitrogen loads elsewhere in the
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basin. Developer discretion however is not unlimited. Under no circumstances may developers

discharge more than an estimated 6.0 pounds per acre per year from a residential site.

The Williamsburg program has an in lieu fee program for total phosphorus loads created

by new development Frie et al. 1996 Stephenson et al. 1998. For every new development

the increase in total phosphorus load from stormwater runoff from impervious surfaces is

estimated. Developers have the choice to meet the phosphorus load reduction requirement

through the application of on-site controls or by paying a fee to the city. The fee is set at

$5000/lb of phosphorus with the fees earmarked to the construction of regional stormwater

facilities or for the preservation of open space within the city. The presence of a fee option could

also provide incentives for developers to implement source reduction practices.

The above programs differ in some important ways. For example the Santa Monica

program requires regulated entities to undergo a sequencing process that places regulatory

preference on on-site controls before being able to use the fee option. The Williamsburg

program allows regulated entities the option to select between constructing on-site controls and

paying the fee without a regulatory preference for on-site controls. Sequencing rules tend to

limit control options and thus the cost-effectiveness of these types of programs.

In lieu fee programs are distinguished from other offset programs in that it is the

responsibility
of the local government or more generally any designated fee service provider

such as a nongovernmental organization to provide the off-site SCMs. In lieu fee programs

common in the U.S. wetlands program face a number of implementation and design challenges

Shabman and Scodari 2004. For example enforcement sometimes becomes a concern because

the local stormwater management agency responsible for constructing and maintaining the SCMs

is also responsible for monitoring and enforcement. These dual responsibilities create potential

conflicts of interest ifan off-site mitigation project fails there maybe no apparent overseeing

agency to enforce corrective actions. The lack of transparency in accounting to determine

whether the offset projects provide enough compensation is also sometimes a challenge. Finally

the ability to fully offset the volume of effluent discharge from a new development is contingent

on collecting enough revenue from the fee to pay for the construction and maintenance of offsite

SCMs. The delay between impacts and compensation and lack of full public cost accounting

complicate the challenges of setting an appropriate fee.

Ensuring that in lieu fee programs provide the necessary mitigation could be

accomplished in a number of ways. For example an oversight agency may be designated to

establish tracking and reporting requirements and monitor in lieu fee program performance. Or
the potential conflicts of interest inherent in the lieu fee program design could be avoided by

separating the provision of the off-site mitigation service from the monitoring and enforcement.

It is possible to imagine that the private sector rather than an in lieu fee administrator could

provide off-site stormwater reduction services to those subject to the stormwater control

requirements. In this case the private sector would provide stormwater detention/retention

services above and beyond what is required by law. These private service providers would

receive stormwater runoff credits for these investments above baseline that could be sold to

developers who might wish to meet their control obligations in ways other than on-site controls.

In essence the role of searching designing and constructing offsite SCMs would be transferred

to the private-sector stormwater credit providers. The local stormwater managers however

would retain full authority to monitor verify and enforce to ensure that these offsets are

successfully implemented.
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The flexibility provided by in lieu fee and trading programs requires that pollutant loads

or runoff volume created at one site be reduced at another site. Thus a design issue confronting

these types of programs is the consideration of the spatial extent in which offsetting activities can

occur. The extent of the spatial range of offsetting activities in turn will depend partly on the

nature and type of service being offset. For example in the Neuse example nitrogen is a

regional basinwide concern with minimal localized effects. In such cases the offsetting

activities might be allowed basinwide after adjusting for nitrogen attenuation through the basin.

In other situations where localized concerns maybe a greater concern sayfrom localized

flooding the flexibility
offered by such programs may be more limited. However such spatial

flexibility might also be a way to implement and achieve watershed planning objectives. For

example development may be encouraged in high-impact areas and offsetting fees could be

used to protect and enhance water quality objectives in other areas.

This last point deserves further explanation. Although this chapter advocates that

biological conditions in waterbodies should be maintained or improved there are many urban

areas where local waterbodies cannot achieve the same designated uses as less developed areas.

If a goal-setting entity chose to do so beneficial uses for waters in these areas could be set at

levels that acknowledge this highly altered condition such that these streams would not be

expected to achieve the same biological condition as streams outside the urban core see Chapter

5 pages 8-10. This might be done to encourage development in high impact areas San Jose

CA provides an example see Chapter 2. In that citys stormwater program in urban areas

where on-site control is either technically impossible due to soil or space constraints or

prohibitively costly the developers can meet the post-construction treatment standard by

providing volume control either through participation in a regional stormwater project or by

providing equivalent projects
off site e.g. stream restoration.

It is also possible to design a stormwater offset program that allows the different

functions of stormwater management to be separated to achieve watershed objectives. For

example management of peak flow serves mostly to prevent localized flooding while more

stringent volume control maybe required to protect stream channels and aquatic life. Control of

peak flow might be required on site or within a narrow geographic region. In areas targeted for

development however the volume control needed for channel protection might be transferred

off site and into areas where watershed planning has identified the need for higher levels of

stream channel protection or enhancement more stringent water quality standards. A similar

watershed approach based on functional assessment was recommended for wetland

compensation NRC 2001b.

Regulatory and Legal Implications of Proposed Watershed-Based

PermittingFramework for Managing Stormwater

EPA the states and municipal permittees would all have tasks to perform to transform

the framework set forth in this report to a fully developed and functioning program. These

efforts would be rewarded with a program that is rooted in science transparent in its aims fairer

for all than the current program and better for the aquatic environment. This section of the

report outlines the tasks necessary to carry the proposal forward to full development.

EPA should seek significant congressional funding to support the states and

municipalities in undertaking this new program in the nature of the support distributed to
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upgrade municipal WWTPs after the 1972 passage of the Federal Water Pollution Control Act.

Beyond financial support EPAs tasks emphasize broad policy formulation regulatory

modifications and adaptations necessary to initiate the new program and guidance to the states

and permittees. The principal adaptation needed in the regulatory arena involves converting the

current TMDL program to a form suitable for the new system. Guidance would be needed in a

number of crucial areas and it is-EPAs natural role to develop it.

States or EPA for states without delegated authority would have broad responsibilities

to translate policies and federal regulations into their own regulatory and management systems.

A key task in this regard would be to recast water quality standards into objectives most directly

supporting sustenance and improvement of beneficial uses. States already have considerable

background for performing this task through their present definitions of beneficial uses the

Section 303d process for assessing waterbody compliance with water quality standards and the

triennial review of those standards. However the added prominence of biological aspects of

beneficial uses and associated objectives will require additional analysis. Other prominent state

tasks will involve defining the watersheds subject to permits forming bodies of co-permittees

associated with the watersheds and appointing the lead permittee. Many other state tasks entail

cooperative work with the permittees to support and assist them in funding and conducting their

activities.

Many aspects of the municipal permittees roles in implementingstrategies were

explored above in a section titled accordingly. That section especially focused on activities to

advance the use of ARCD methods. More broadly the permittees will be coordinators of all

permits pertaining to the watersheds aquatic resources collectively pointed toward meeting

objectives that the permittees adopt under state oversight. Other categories of tasks assigned to

the municipalities under the proposed system include monitoring in the contexts of both

inspections and sampling performed through a consortium and enforcement actions and program

adaptations to promote progress toward achieving objectives.
Box 6-4 provides a listing of

anticipated tasks for the municipal permittees as well as the states and EPA.

A PilotProgram as a Stepping Stone

The shift of responsibility for stormwater regulation to municipalities under the

watershed-based approach may lead to some surprises in implementation and enforcement.

Primarily because of this EPA is well advised to institute a pilot program that provides some

experience in municipality-based stormwater regulation before instituting a nationwide program.

This pilot program will also allow EPA to work through more predictable impediments to this

watershed-based approach. The most obvious impediment arises from the inevitable limits of an

urban municipalitys responsibility
within a larger watershed substantial growth and

accompanying stormwater loading may occur on the outside periphery of a municipalitys

designated boundaries. If an urban authority lacks legal authority over this future growth and if

this growth contributes significantly to water quality degradation then a considerable share of

the urban stormwater problem could remain poorly addressed. A pilot program should help

identify the extent of this jurisdictional slippage and help identify ways to overcome it. Second

it is possible that some municipalities will balk at the added responsibility
involved with the

watershed-based approach even with adequate funding. Unless the objective performance

standards are rigid the monitoring requirements substantial and the rewards for compliance
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BOX 6-4

Government Agencies.Roles during the Operation of a

Watershed-BasedPermitting System

EPA.

1. Petition Congress for significant funding support for states and municipal permittees and develop a

program of fairly. distributing funds based on environmental and financial needs at the watershed level.

2. Initiate regulatory modifications and clarifications necessary to establish the system.

3. Set policies for watershed permitting based on this reports recommendations.

4. Adapt TMDL program for.use in the new program.

5. Produce guidance to assist the states and. municipal permittees in the areas of

a Developing arotatingasin approach

b Developing an integrated municipal NPDES permit incorporating the full range of sources

c Developing stormwaier utilities.andotherfunding mechanisms

d. Using impact source analysis e.g. using reasonable potential analysis and new research results

industrial and construction site risk assessment

e. Using ARCD techniques for new development redevelopment and retrofitting

f. Developing monitoring consortia

Developing a credit trading system
h. Developing an active adaptive management program

Designated States or EPA otherwise

1. Define watersheds for which permits will be issued and set up a rotating basin approach to govern

watershed analysis in support of subsequent. steps.

2. Formulate and formally adoptgoa-ls relative to avoiding any further loss or. degradation. of designated

beneficial sesin each watersheds component waterbodies and recovering lost beneficial uses

3. Use the results oftheexispng Section 303d process and supplementary work to.assess the extent of

designated beneficial use achievementin each wate1
17

rshed and setgoalsfor protectionandrecovery4Match municipalpermitteesetoiwatersheds and designate a lead permittee foreachwatershed

5 stimate resource needs tofulfill permit requirements in each watershed.

6 DeveloPa9rant Pro9ram drawing on EPA.an state funds to support.municipal.permittees with

incentivesforJoining co-permittee associations

7. identify.areas outside thejurisdictions of permitted municipalities that should be brought into the

prograrn.because of projecteddevelopment or the existence of problem sources that would compromise

the. protectionarid recovery of beneficial uses.

8 Use the triennial review process to modify water quality standards.to the objective basis emphasizing

rtbiological outcomes recommended in this-repo

9. Revisethe TMDL.program In accord with the needs of the new program

10. Set requirements for credit trading systems

11. Setup an integrated municipal-NPDES permit incorporating.the full range of sources.

12. Work with municipal permittees to establish specific objectives as the basis for progress assessment.

13. Work with municipalities to develop adaptive management programs responding to progress

.assessmnii results.

14. Write municipal permits incorporating the above elements.

15 Write industrial and construction general or individualpermits incorporating the recommendations in

this report

16. Allocate a substantial portion of industrial-and construction permit fees to municipal permittees to

oversee those sectors.

17. Set requirements for municipalities and private properties to opt out of the defined program.without

compromising the achievement of objectives.

continues next page
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BOX 6-4 .Continue

18. Provide consultation support and guidance. adapted from EPA materials or originallyproduced to

municipal..permittees in the areas of.

a. Developingstormwater utilities and other funding mechanisms

b.Usingimpactsource analysis e.g. industrial and construction site risk assessment

C.. Using ARCD techniques for new development redevelopment and retrofitting

d. Developing monitoring consortia

e. Developing a credit trading system

19. Perform enforcement actions on non-complying dischargers referred by municipal permittees.

20. Assess performance of municipal permittees and specify corrections rewards and penalties

accordingly.

Municipal Co-permittees led by LeadPermittee

1. Adopt specific objectives as the basis for program progress assessment.

2. Convert ordinances and regulations as needed to implement the modified program.

3. Supplementand reorganize staffing to emphasize progress and-compliance assessment as the

principal functions ofthe program.

4. Perform or contract detailed. scientifically and technically based watershed analysis as a foundation for

permit compliance

5. Assemble existing data on soilsand hydrogeologicproperties and supplement with additional data

collection as necessary to assess infiltration prospects across the municipality

6.Create incentives for private-property owneis to maximizethe use of ARCD methods in.new

development and.redevelopment

7. Build-subwatershed-scale publicly owned ARCD works to supplement on-site management measures

and as retrofits

8. Develop capacity for stormwater management in municipal WWTPs by reducing groundwater inflows

to sanitary Sewer

lines...g9. In areas experiencin excessive infiltration and. groundwater table rise resulting from non-stormwater

flows develop capacity for stormwater.management through infiltration by formulating water conservation

programs.

10. Identify industries and construction sites that are required to apply for permits but have not done so

and .compe their filing.

11.Establish or enhance existing programs to inspect and oversee industries and construction sites

report noncomplying dischargers to the state for enforcement actions.

12. Set up or join a monitoringconsortium structured to implement the progress evaluation and

diagnostictiers of the proposedmonitoring program.

13 Annually report monitoring-results to the permitting authority submit a comprehensive progress

assessment trierinially.

compelling for municipalities that meet the standards it is quite possible that noncompliance or

bare minimal compliance will be the norm. A pilot program provides a less politically charged

atmosphere to experiment with the benefits of watershed-based regulation at the local level and

to generate local government support for the approach. Finally because the watershed-based

approach necessitates legislative amendments to the CWA instituting a pilot program in the

interim-both to improve the design of a watershed-based program as well as to generate

enthusiasm for it-seems a sensible course.
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The pilot program should target those local governments that are most eager to redress

water quality degradation in their watersheds but feel stymied by what they perceive as

inadequate legal authority and flexibility to make the necessary improvements. Willing

municipalities or regional governments would thus
opt-in to the program. The pilot program

entices these more progressive municipalities to participate by allowing them to serve as the lead

authority and providing them with much greater flexibility to determine how to meet their

performance-based water quality goals with fewer legal constraints.

Under the pilot program a municipal government or similarlegal authority would apply

to EPA or a delegated state to be designated as the lead agency for that portion of the watershed

within its legal jurisdiction.
In the application itself the municipality would establish-using

modeling and ambient data-how it plans at a general level to maintain or exceed its water

quality goals objective performance standards. These goals must be at or above the state water

quality goals or if they are different i.e. use biological criteria when the state adopts chemical

criteria the municipality must demonstrate how its performance standards will attain the

equivalent of the state water quality goals at the downstream edge of the municipalitys border.

The municipality would also be required to provide assurance of sufficient infrastructure and

funding to allow it to develop a water quality plan implement that plan issue permits and

enforce the requirements within its boundaries. Finally municipal plans once finalized would

need to meet minimum federal procedural requirements. For example the plans must be

transparent and provide opportunities for public comment they must be enforceable and they

must establish monitoring programs that will track whether they in fact meet the objective

performance standards. If a municipality fails to meet any of its performance standards by the

requisite deadline the state and EPA would have the option of revoking the municipalitys

program and reinstituting federal requirements. Ideally federal guidance would also be

available to municipalities to provide direction on how they might institute a watershed-based

plan within their boundaries while still reserving considerable flexibility to allow them to

develop creative and progressive stormwater solutions. For example municipalities would be

encouraged to form stormwater utilities that are financed from point and even nonpoint sources

that assist them in establishing rigorous permitting and enforcement of their water quality plan.

Municipalities that voluntarily take on this role as lead authority will be rewarded with

few legal constraints on how they meet their performance-based objectives. NPDES permits for

major sources will still be required and must meet federal minima technology-based controls to

avoid possible hot spots surrounding large dischargers and states would remain listed as the lead

permittee for these permits but the lead municipality or other regional government would be

able to propose new more stringent limits that are presumptively favored in revised NPDES

permits. Stormwater permits would also be mandatory but their substantive requirements would.

be left wholly within the discretion of the lead municipality. Finally states and municipalities

would not be required to comply with all of the federal regulations governing TMDLs they

would make a basic load calculation for pollutants contributing to degraded conditions 33

U.S.C. 1313d but would not be required to do more. Instead the watershed-based program
would be considered the functional equivalent of TMDLs for at least the municipalitys portion

of the watershed since the program ensures that water quality objectives are met. Municipalities

could even be allowed to set interim goals over a period of a decade or more so that TMDLs
need not be achieved in a single permit cycle.

Other than federal minimum standards for major NPDES sources municipalities would

have primary if not exclusive authority to decide what types of sources including nonpoint
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require permits whether certain land uses might be taxed for stormwater management fees and

whether and how to create trading programs among the contributors to water quality impairments

within their watershed. Municipalities would also have legal authority to petition
EPA to restrict

upstream sources that contribute significantly to water quality degradation in ways that make it

difficult for them to reach their goals. Upstream governments or sources could also be subject to

more rigorous federal or state TMDLs and could be vulnerable to tort and related claims from

downstream
municipalities.

This added flexibility
and authority for municipalities to control water quality problems

within their legal jurisdiction-coupled with objective performance standards.-should lead to

more creative approaches to stormwater management that create significant benefits to the

municipality i.e. more green-space buffers along waterways for recreation and stronger

planning and taxation of new developments that otherwise might be uncontrolled. Municipal

green space parks and a variety of other public goods that both reduce stormwater and enhance

the public enjoyment of the surface waters could result from allowing a municipality the freedom

to determine how best to regulate sources within its local boundaries. For example rather than

automatically allowing federally approved SCMs that have little aesthetic or recreational

qualities alternative approaches to SCMs that retain their effectiveness but provide other

qualities particularly qualities that draw the public outdoors for recreation or relaxation are

more likely to be encouraged or even required by a municipality that serves as lead over

implementation of its water quality program.

Although a national watershed-based approach to stormwater regulation is likely to

require legislative amendments the pilot program may not necessitate additional legislative

authorization. It is possible that through regulation EPA may be able to develop in lieu of or

functional equivalent requirements that allow a rigorous watershed plan to substitute for the

bare federal requirements governing stormwater regulation general permits and TMDL

planning laid out in the CWA. This type of intricate legal analysis however is beyond the scope

of this document.

Final Thoughts

The watershed-based stormwater permitting program outlined above is ultimately

essential if the nation is to be successful in arresting aquatic resource depletion stemming from

sources dispersed across the landscape. EPA is called upon to adopt the framework now and set

in motion a process to move it toward implementation over the next five to at most ten years.

This chapter deals with some but not the entire realm of political legal regulatory and logistical

issues raised by converting to a fundamentally different system of management and permitting.

Ideas are contributed regarding piloting and transitioning toward the new program altering

institutional arrangements to accommodate it and incentives for effective participation. For

watershed-based permitting to take hold specific actions will have to be undertaken by EPA
state permitting authorities and municipal permittees during the adoption and transition process.

The proposed program could be implemented by EPA in a number of ways ranging from

making it mandatory without any exception in all states and jurisdictions to leaving it entirely

voluntary. The committee recommends neither extreme and believes the best course would be

1 pilot test and refine the program as described in the report section titled A Pilot Program as a

Stepping Stone 2 make the refined program the default to be followed by all designated states
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and EPA in others and all municipal industrial and construction permittees unless a state

permitting authority convincingly demonstrates to EPAs satisfaction than an alternative

approach will accomplish the programs overall goal of
retaining

and recovering aquatic resource

beneficial uses 3 develop very significant incentives for states and permittees to participate

and 4 require objective demonstration by any state opting for an alternative that it is broadly

achieving the goal to at least the same extent as states within the program with appropriate

sanctions for noncompliance.

ENHANCEMENT OF EXISTING PERMITTING BASIS

- The current federal stormwater regulatory framework has been in place since 1990 and

the point source NPDES program under which it is being implemented has existed since 1972.

The U.S. Congress deliberately acted in 1987 to amend the federal CWA with the goal of

addressing stormwater pollution because it had been identified as a leading cause of surface

water impairments and regulations were inadequate to address it effectively. The total

rethinking of the current framework of regulating stormwater pollution described above may

require changes in statute and take a long time to implement. Thus in addition to thelonger-term
approach that integrates a watershed-wide planning and permitting strategy into the

program several near-term solutions are also offered with the objective of improving the current

regulatory implementation and which at most might require changes in regulation.

Problems Complyingwith Both Municipal and General Industrial Permits

The NPDES permitting authority issues 1 separate individual permits or general permits

to impose discharge requirements on small medium and large MS4s 2 general permits that

require construction activity operators who discharge stormwater to waters of the United States

including those who discharge via MS4s to implement SCMs and 3 general permits for.

operators of stormwater discharges associated with industrial activity who discharge to waters of

the United States including those who discharge via MS4s to implement SCMs. The MS4

operators in turn are also required under the terms of their MS4 permits to require industries and

construction site operators who discharge stormwater via the MS4 to implement controls to

reduce pollutants in stormwater discharges to the maximum extent practicable including those

covered under the permitting authoritys NPDES general permits. This dual-coverage scheme

appears intended to recognize the separation of governmental authorities. Unfortunately in

practice it is duplicative inefficient and ineffective in controlling stormwater pollution that

enters the MS4 from diffuse and dispersed sources. Particularly in the area of monitoring of

water quality the dual approach seems to have resulted in a lack of prioritization of high-risk

industrial sources and the purposeless collection of industrial stormwater monitoring data or the

poor use of it to strategically reduce the discharge of stormwater pollutants to the MS4.

The preference of EPA to use general NPDES permits to alleviate the administrative

burden associated with permitting more than a 100000 point sources discharging stormwater is

understandable. It would have been prudent to have some form of
prioritization to select some

subset of the whole as high-risk or have a strategy for identifying a subset for individual NPDES

permits to better achieve the objective of ensuring compliance with water quality standards on

the basis of potential risk. As discussed in Chapter 2 there are no federal guidelines for
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prioritization determining what industries are high-risk for stormwater discharges and the state

permitting authorities have largely not prioritized because of the overwhelming burden of

administering a very expansive stormwater permitting program.

In the existing permitting scheme the MS4 operator cannot be faulted for having a

reasonable expectation that the permitting authoritys general NPDES permits that regulate

industrial activities and construction that discharge to the MS4 would require at a minimum a

sufficient level of identification and implementation of SCMs to facilitate the MS4 operators

compliance with the MS4 permit. However such controls are not identified by the NPDES

permitting authority and rather are left to the choice of the industrial facility and construction site

operators. Furthermore the NPDES permitting authority imposes weak to no discharge

sampling requirements on industrial facility and construction activity operators which greatly

impairs the MS4s ability to determine and control the worst regulated stormwater discharges to

the MS4. Similarly the NPDES permitting authoritys general permit for construction activity

encourages construction facility operators to consider post-construction stormwater controls but

it does not require them even though the MS4 permits programmatic measures mandate new

development planning and post-construction controls as essential elements of the MS4 program.

The lack of
integration among stormwater permits and the absence of objective measures of

compliance that are quantifiable is a glaring shortcoming in current stormwater permits and

renders them difficult to enforce for water quality protection.

The California EPA State Water Board asked an expert panel to evaluate the extent of

implementation success of the stormwater program in California and the feasibility
of numeric

effluent limits in stormwater permits. In its report CA SWB 2006 the panel concluded that

the flexible approach of allowing a permittee to self-select SCMs for the purpose of controlling

stormwater pollution was largely ineffective. The reasons stated were 1 the SCMs were

selected without proper consideration of design performance hydraulics and function 2 the

MS4 permittees were not accountable for the performance of the SCMs 3 the industrial and

construction permittees were not responsible for the performance of the SCMs and 4 the SCMs

were seldom maintained properly except for aesthetic purposes. In other words the flexibility

provided by self-determination self-evaluation and self-reporting did not assure that SCMs were

being implemented to effectively reduce stormwater pollutants to the MEP. Rather the

flexibility
resulted in a lack of coordination of purpose and accountability between the MS4

permittees who owned or operate the MS4 and the industry and construction permittees who

discharge to the MS4. Although typically enforcement by the permitting authority would have

restored the integrity of the stormwater program that remedy is likely to be ineffective here

because the choice of SCMs is left too much to discretion and there are no quantifiable

performance or design criteria for water quality purposes.

Integration and Dissemination of Authority

This section offers a near-term alternative solution to the problem cited above that

utilizes the existing framework of the NPDES stormwater program. The strategy builds on the

authority of MS4s over industry and construction sites to implement an integrated permitting

scheme to reduce stormwater pollution into the waters of the United States. Unlike the first

section of this chapter it does not take a watershed approach to protecting water quality even

though the municipal stormwater programs may be more cost-effective if implemented on a
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watershed scale. It also addresses a significant shortcoming of the current scheme that is failure

to recognize the enormous staff resources that it would take at the federal and state level for

successful implementation in the absence of the leadership of local governments. Further

federal and state NPDES permitting authorities do not presently have and can never reasonably

expect to have sufficient personnel under the principles of democratic governance .suc as in the

United States to inspect and enforce stormwater regulations on more than 100000 discrete point

source facilities discharging stormwater. A better structure would be one where the NPDES

permitting authority empowers the MS4 permittees who are local governments working for the

public good to act as the first tier of entities exercising control on stormwater discharges to the

MS4 to protect water quality-an approach here called integration.

The central concept of integration is to give the MS4s controllingjurisdiction and

responsibility over discharges from construction and industry to the MS4 in addition to their

responsibility to implement the programmatic minimum measures identified in regulation. This

approach would be similarto the current NPDES permitting scheme for publicly owned

WWTPs where a WWTP operator controls the quality of wastewater inputs industrial waste

streams to make sure that the total output will not exceed water quality standards see Box 6-5

on the National Pretreatment Program. The WWTP operators establish additional criteria such

as local limits require discharge monitoring of industrial wastes and conduct inspections to

make sure industrial discharges implement adequate wastewater treatment technologies so that

treated effluent from the wastewater treatment can comply with water quality standards to

protect receiving waters. The same could be done for stormwater except here the WWTP is

replaced by the MS4 and the other inputs in this case are all industrial and construction

discharges of stormwater into the MS4. The criteria by which the outputs of the industries are

judged could be either water quality- or technology-based criteria. This arrangement puts the

burden on the MS4 to identify high-risk industries because the MS4 is now responsible for the

overall output which could be for example the concentration of pollutants in stormwater

monitored during events. If put in this position municipalities will make intelligent choices and

adopt effective strategies to identify which industries and sources to focus upon. Each of these

issues is discussed in greater detail below.

Determination ofHigh-Risk Dischargers

At present the federal stormwater regulations do not specifically identify which sources

would be considered high risk given the common pollutants in MS4 stormwater discharges.

With the exception of the category of municipal landfills and hazardous waste treatment storage

and disposal facilities it does not even state that the other nine categories of industry singled out

in the regulations for permitting under the multi-sector industrial stormwater general permit

MSGP are really high risk. The devolution of this
responsibility to the municipality is sensible

because the municipality as the land-use authority already conducts development review and

issues industrial conditional-use permits. The permitting authority would still be responsible for

inspecting high-risk state federal and other facilities over which the MS4 permittee has no

jurisdiction. In addition the permitting authority would inspect municipal facilities such as

airports ports landfills and waste storage facilities to avoid the situation of self-inspection.

Methods for ranking industries according to risk are discussed in a subsequent section.

PREPUBLICATION

Copyright National Academy of Sciences. All rights reserved.

RB-AR17317



Urban Stormwater Management in the United States

hftp//www.nap.edu/catalog/12465.htmi

432 Urban Storm water Management in the United States

BOX 6-5

National Pretreatment Program

EPAs NPDES Permitting Program requires that all point source discharges to waters of the

United States i.e. direct discharges must be permitted. To address indirect discharges from

industries to Publicly Owned Treatment Works POTWs EPA through CWA authorities established the

National Pretreatment Program as a component of the NPDES Permitting Program. The National

Pretreatment. Program requires industrial and commercial dischargers to treat or control pollutants in their

wastewater prior to discharge to POTWs
In 1986 more than one third of all toxic pollutants entered the nations waters fromPOTWs

through industrial discharges to public sewers. Certaini dustrial discharges such as slug loads can

Interfere with the operation of PTOWs leading to the disc harge ofuntreated or inadequately treated

wastewater into rivers lakes etc. Some pollutants are not compatible with biological wastewater

treatment at POTWs and maypass through the treatment plant untreated. This pass through of

pollutants impacts the surrounding environment occasionally causing fish kills or other detrimental

alterations of the receiving. waters. Even when POTWs have the capability to remove toxic pollutants

from wastewater these tonics can end up in the POTWs sewage sludge which in many places island-appliedto food crops parks or golf courses as fertilizer or soil conditioner.

The National Pretreatment Program is unique in that the general pretreatment regulations require

all large POTWs i.e..those designed-to treat flows of more than 5 MGD. and smaller POTWs with
11

significant industrial dischargesto establish local pretreatment programs These local programs must

enforce all national pretreatment standards effluent limitations and requirements in addition to any more

stringent local requirements necessa y to protect site specific conditions at the POTW.. More than 500..

POT have developed and are Implementing local pretreatment programs designed to control

discharges from approximately 3.0 000significant industrial users

EPA has supported the pretreatment program through development of morethan 30 manuals that

provide g iidanceto EPA states POTWs and industry on various pretreatment program requirements

and policy determinations Through tliisguidarice the..pretreatment_program has maintained national

consistency in Interpretation of the regulations.

Ti a general pretreatment regulations establish responsibilities of federal state and local

government industry and the public to brit stand8rds.to Control. pollutants that pass

through oý interfere withPOTW treatment processes orthat may contaminate sewage sludge. The.

general pretreatment regulations apply to all non domestic sources that introduce pollutants into a POTW.

These sources of indirect discharge are more commonly referred tows industrial users lUs. -Since lUs

can be assimple as an--unman ned coin operated car wash to as complex as an automobile

maiiufacturingplant or e syntheticoýganic chemical producer EPA-developed four criteria-that define a

significant industrial user SIU. Many of the general pretreatment regulations applytoSIUs as opposed

toiIUs based onthe factthat control ofSlUs should provide adequate protection of the POTW.

Unlike other environmental programs that rely on federal or state governments to implement and

enforcespecific requirements the Pretreatment Program placesthermaýority fthe responsibility on local

municipalities. Specifically Section 4038a of the general pretfeatmentregulations statesthat any

POTW orcombination of treatment plants operated by thesarne authority with a total.design flow

greater than 5 million MGD and smallerPOTWs with SIUs must establish a local pretreatment program

As-of early-19981-1578 POTWswere required to.have local programs. Although this represents only

about 15 percent of the total treatment plants nationwide these POTWs account for more than 80percent

i e approximately 30 billion gallons a day of the national wastewater flow.

Consisterit.with Section 403 8f POTW-pretreatment programs mustcontain the six minimum

elements described- below EPA 1999

continues next page
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BOX 6-5 Continued

1. Legal Authority

The11POTW.must operatepursuantto legal authority enforceable in federal state or local courts

which authorizes or enablesthe POTWto apply and enforce any pretreatment regulations developed

pursuant to the CWA At a minimum the Iegaluthority must enable the POTW to

I deny or condition discharges to thePOTW
ii. require compliance with pretreatment standards and requirements

iii. control IU discharges through permits orders or similarmeans
iv. require IU compliance schedules when necessary to meet applicable pretreatment standards

and/or requirements and the submission of reports to demonstrate compliance

v. inspect and monitor lUs

vi. obtain. remedies for IU noncompliance and

vii. comply with confidentiality requirements.

2. Procedures

The POTW must develop and. implement procedures to ensure compliance with pretreatment

requirements including

1. identify and locate iUssublect tothe pretreatment program

ii. identify the character and volume of pollutants contributed by such users

iii. notify users of applicable pretreatment standards and requirements

iv. receive and analyze reports
from lUs

v. sample and analyze IU discharges and evaluate the need for IU slug control plans

vi. investigate instances of noncompliance and

vii. comply with public participation requirements.

3. Funding

ThelOTWmusthavesufficient resources and qualified personnel to carry out the authorities and

procedures specified in its approved pretreatment programs.

4. Local Limits ..

ThePOTW must develop local limitsordocument why those. limits are not necessary.

5.. Enforcement Response Plan ERP
TheP.OTW must develop and implement an ERP that contains detailed procedures indicating

how the POTW. will investigate.and respond to instances of IU noncompliance.

6. List of SIUs

prepare update and submit to the approval authority a list of all significantThePQTVV must

industrial usersSIUs

In addition to the six specific.elements pretreatment program submissions must include

A statement from the .cit solicitor or the like declaring the POTW has adequate authority to

carry out program requirements

. Copies of statutes ordinances regulations agreements or other authorities thePOTW relies

upon to administer the pretreatment program including a statement reflecting the endorsement or.

approval of the bodies responsible for supervising andor funding the.program

A brief description and organizational chart of the organization administering the program

.an

A description of funding levels arid manpower available to implement the program

continues next page

PREPUBLICATION

Copyright National Academy of Sciences. All rights reserved.

RB-AR17319



Urban Stormwater Management in the United States

http//www.nap.edu/catalog/12465.html

434 Urban Storm water Management in the United States

BOX 6-5 Continued

The objectives of the National Pretreatment Program are achieved by applying and enforcing three types

of discharge standards 1 prohibited discharge standards 2 categorical standards and 3 local limits.

Prohibited Discharge Standards

All lUs whether or not subject to any other national state or local.pretreatment requirements are

subject to the general. and specific prohibitions identified in 40 C.F.R. 403.5a and b respectively.

General prohibitions forbid the discharge of any pollutantsto a POTW that cause. pass-through or

interference. These prohibited discharge standards are intended to provide general protection for

POTWs Examples_of these include prohibitions on discharges of pollutants that can createire or

use.corrosive structural daage obstruct flow within the POTW and interfere with
explosion hazards ca m
thePOTWs biological treatmentactivity However their lack of specific pollutant limitationsCreates the

needfor. additional controls namelycategorical pretreatment standards and local limits.

Categorical Standards

Categorical pretreatment standards i.e. categorical standards are national uniformtechnology-basedstandards that apply to discharges to POTWs from specific industrial categories i.e. indirect

dischargers and limit the discharge of specific pollutants. Categorical pretreatment standards for both

existing and new sources are promulgated by EPA pursuant to Section 307b and c of the CWA.

Limitations developed for indirect discharges are designed to prevent the discharge of pollutants that

could pass through interfere with or otherwise be incompatible with POTW. operations. The categorical.

pretreatment standards can be concentrationbased ormass based. For example the pretreatment

standard-for the electrical andelectroniccomponent manufacturing industry 40 C.FR Part 469

Subparts A-D are concentration based daily.maximuin and monthly averagelimits that vary bysubpart.and
pollutant parameter..

Local Limits.

.-Prohibite
discharge standards are designed to protect against pass-through and interference

generally.. Categorical pretreatment standards on the other hand are designed to ensure that_lUs

implement.technology-based.. controls to limit the discharge ofpollutants.Local limits.however address

the specific needs and concerns of a POTWand its receiving waters. federal regulations at 40 CFR

403 8f4 and 122.21j4 require control authorities to evaluate the need for local limits and if

necessary implement and enforce specific limits aspart of pretreatment program activities. Local limits

are developed for pollutants e.g. metals cyanide 13.0135 TSS oil and grease organics that may cause

interference pass-through sludge contamination and/or worker health and safety problems if discharged

In excess of the receiving POTW treatment plants capabilities and/or receiving water quality standards.

It is likely
that some of the designated high-risk facilities would be better regulated by

individual stormwater NPDES permits. In particular good candidates for individual NPDES

permits include international ports airports and multiphase construction land developments

which are similar in the potential risk they pose to water quality to traditional major wastewater

facilities such as petroleum refineries and large POTWs.
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SCM Design Parameters Numerical SCM Performance Criteria and Monitoring

For the integration approach to work the permitting authority and the MS4 permittee

must better delineate SCM design parameters numerical performance criteria and default SCMs
based on best available technology or water quality standards for the discharge of industrial and

construction stormwater. Both the ASCE International Storm Water Database which is now

called the WERF International Storm Water Database because it is maintained by the Water

Environment Research Foundation and the National Stormwater Quality Database NSQD
which were developed with EPA funding are comprehensive datasets that can be used to

develop numeric technology-based effluent criteria or limits for industrial and construction

stormwater discharges. The MS4 can then determine the compliance of industry and

construction activity with its requirements by using either some numeric criteria or a suite of

SCMs that have been presumptively determined as capable of achieving the performance criteria.

The EPA MSGP includes a general list of sector-specific SCMs but these presently have no

performance criteria associated with them. It is important that the EPA continue to support both

the WERF and the NSQD databases as the repositories of SCM performance and MS4

monitoring data so that MS4s can use them to establish local limits and update the performance

criteria periodically to fully effectuate the iterative approach to ensuring that MS4 discharges

eventually will meet water quality standards.

The proposed integration scheme will also facilitate the MS4 permittees implementation

of a purpose-oriented stormwater monitoring program directed toward identifying problematic

industrial or construction stormwater discharges or high-risk industrial facility sectors. The

current benchmark monitoring conducted by MSGP facilities would be eliminated. Instead

MSGP facilities would have the option of performing scientifically valid stormwater discharge

sampling to demonstrate their compliance with performance criteria or to participate
in anMS4-led

monitoring program by paying in lieu fees to support the cost of the purpose-oriented MS4

monitoring program. The net effect of this alternative is to pool the resources to come up with

an optimal sampling strategy to replace what is now a stormwater monitoring strategy that is

haphazard and not useful.

MS4 Responsibilities

Under integration the MS4 permittee would be primarily responsible for the quality of

stormwater discharges that exit the MS4 to the waters of the United States. The MS4 permittee

would not be responsible for stormwater discharges from federal and state facilities or for

facilities that have been issued an individual NPDES permit for stormwater discharges. The

MS4 permittee would be responsible for implementingthe six minimum program measures

assisting in the oversight and inspection of facilities covered under the MSGP and the

construction general permit CGP and implementinga strategic water quality monitoring

program to identify and control pollutant discharges from high-risk sites. The permitting

authority would share any fees collected under the MSGP and CGP with the MS4 and facilities

covered by them would have the option to opt-out of self-monitoring and contribute equivalent

funds to an MS4-led monitoring program. Similarly the permitting authority would be expected

to support research and special studies that address issues of regional or national significance

through partnerships with the MS4 permittees.
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Some MS4s may balk at taking on more responsibility for the control of stormwater

pollution as required for integration to succeed. However there are already several case

examples that exist. The State of Oregon requires facilities that discharge industrial stormwater

to file a Notice of Intent NOI for coverage under the MSGP with both the state and the local

MS4 Campbell 2007. The state has an agreementwith the local MS4s for the inspection of the

facilities covered under the MSGP and the sharing of NOI fees. The State of Tennessee has a

statewide pilot program to partner with local MS4s for the inspection of construction sites that

are covered under the CGP.

Analogy to the WWTP Pretreatment Program

It is certainly true that the MS4s are a more challenging point source to regulate
for the

discharge of pollutants than WWTPs. WWTPs have fewer outfalls discharging to waters of the

United States than MS4s and inputs into them are through discrete rather than diffuse sources as

in the case of MS4s. It is thus expected to be more difficult to identify problem stormwater

sources and to hold them accountable for discharges in excess of standards. This problem is not

insurmountable however. Watershed and land-use hydrologic models can be developed and

refined by strategic sampling of pollutant sources for use by MS4 permittees and regulatory

agencies. If EPA and state permitting authorities establish measurable outcomes as expected

endpoints of progress MS4 permittees will make intelligent choices about which measures to

implement in order to meet these endpoints. In large part the lack of progress nationally
towards

controlling pollutants in stormwater discharges from the MS4s has been due to the absence of

national SCM design standards MS4 discharge performance criteria and stormwater effluent

guidelines. Presently the MS4 permittees as owners and operators of the MS4 affirmatively

approve connections to the conveyance system for rainfall runoff. Historically the issuance of

the MS4 connection permit has been based on the sizing of the pipes for the conveyance of flood

waters. There are few barriers to including water quality considerations in reauthorizing these

connections and adding new ones.

Note that EPA did initially consider using the WWTP pretreatment approach for

stormwater discharges by requiring MS4 permittees to be primarily responsible for discharges of

stormwater associated with industrial activity through the MS4 53 Fed. Reg. 49428 December

7 1988. However EPA deviated from this approach in issuing its Final Storm Water Rule 55

Fed. Reg. 48006 November 16 1990. In the absence of regulations that specifically confer

authority on MS4 permittees to establish local limits for stormwater discharges to the MS4 from

industry and businesses the EPA should promulgate specific SCMs and performance guidelines

with rigorous requirements for self-monitoring and compliance in order to support the integrated

framework for controlling stormwater pollution from MS4s.

Potential Legal Barriers

A revised stormwater program that requires MS4s to play a more significant role in

enforcement and oversight and that provides greater specificity in permit requirements is not

only contemplated but arguably demanded by Congress in the CWA. Specifically Congress

directs that MS4 permits be conditioned on the requirement that the MS4s shall require controls
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to reduce the discharge of pollutants to the maximum extent practicable 42 U.S.C.

1.342p 3 B iii. EPA has already conditioned Phase I MS4 permits on the requirement that

the municipality establish that it has the
legal authority to inspect discharges into the system and

take regulatory and enforcement action against excessive or violating sources 40 C.F.R.

122.26d 2 i. Nevertheless to ensure that MS4s play an even more active role EPA should

include several additional requirements in its implementingregulations. In addition to

promulgating more detailed and specific SCM requirements as discussed above EPA should also

require that the Phase I MS4s establish that they possess sufficient funding and staff to effectuate

their responsibilities see e.g. 40 C.F.R. 403.8f2 and 3 requiring this showing for the

POTW program. Like the POTW program states should also be authorized as MS4 permittees

when the local governments are unable or unwilling to carry out their mandatory stormwater

permit responsibilities see e.g. 40 C.F.R. 403.10e providing this authority for the POTW

program.

Industrial Program

The industrial stormwater permit program presently incorporates a menu of SCMs that

are to be selected by the facility operator a rudimentary monitoring program that includes visual

observations some water quality sampling for selected parameters for certain types of industries

subject to numerical effluent limitations see Table 2-6 or a set of pollutant-level benchmarks

that are to be used as a measure to appropriately revise the SWPPP see Table 2-5 and annual

reporting. Neither SCM performance criteria nor the characteristics of a design storm for water

quality purposes have been established. Given the broad discretion that facility operators enjoy

as a result it has been difficult to gauge compliance with the MSGP and initiate enforcement for

non-compliance even though industrial stormwater discharges are required to meet effluent

limitations technology- or water quality-based that reflect water quality standards Duke and

Beswick 1997 Duke and Augustenborg 2006 Wagner 2006. Several ideas to address some

of the shortcomings in the implementation of the permitting program for industrial stormwater

discharges are offered as additions to the concept of MS4 regulatory integration
discussed

previously. They would substantively improve the current industrial stormwater permitting

program even if the
integration

recommendations were not acted upon.

Criteriafor a Water Quality Design Storm and Subsequent SCM Selection

To improve the quality of stormwater discharges from industry provide for better

accountability and advance the objectives of the CWA it is important first to identify the criteria

for a water quality design storm as opposed to one for flood control design where the objective

is to protect human life and real property. It is important that the permitting authority designate

the basis for the determination of the water quality design storm and explicitly state that it would

form the criteria for evaluation of compliance with technology-based standards or waterquality-based
standards. This is essential because the engineering design decisions that determine how

much stormwater is to be treated to remove toxic pollutants
that pose a risk to human health or

aquatic life is more a policy matter than a scientific one Schiff et al. 2007. While modeling

exercises using continuous simulation methods in theory could be performed for every project or
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subwatershed or region to support planning decisions on how much stormwater needs to be

treated for optimum water quality benefits such a detailed analysis will be too cumbersome and

cost-prohibitive for routine planning and implementation purposes. Thus it is recommended that

the EPA establish guidelines for the selection of water quality design storms for controlling

pollution from MS4 and industrial stormwater discharges. This would not be a new practice for

EPA because the agency has previously established design storms for certain industrial sectors

when promulgating effluent guidelines Table 2-6. Conceivably unlike the technology limiting

design storms that are set on rainfall recurrence intervals the design storm to protect surface

water quality and beneficial uses could be different for different eco-regions of the United States.

The water quality design storm which may be expressed as total rainfall depth runoff

volume or rainfall intensity incorporates the concept that extreme rainfall events are rare and

that a few times each year the runoff volume or flow rate from a storm will exceed the design

volume or rate capacity of an SCM. Therefore for the purpose of best available technology and

cost-effectiveness industrial facility operators should not be held accountable for pollutant

removal from storms beyond the size for which an SCM is designed.

For MS4 operators the concept of designing MS4s for both flood control conveyance

capital flood design and for water quality protection water quality design involves a

fundamental shift. Whereas flood control engineers design conveyance systems with return

frequencies of two years streets ten years detention basins 50 years and 100 years

channels the water quality design storm event is for a return frequency of six months to a year.

The water quality design implicitly focuses on treating the first flush of runoff which contains

the highest load.and concentration of pollutants and which occurs in the first half to one inch of

runoff. In contrast flood control designs are built to convey tens of inches of runoff.

In addition to issuing the guidelines to support the setting of stormwater criteria for water

quality design it is important that the EPA establish SCM performance criteria based on best

technologies and identify the presumptive technologies that have been demonstrated to achieve

the performance criteria. The water quality design storm and the best available technologies

with their associated criteria can then form a basis for technology-based effluent limitations to be

included in industrial stormwater permits. If the facility operator elects the identified

presumptive technology then compliance monitoring requirements can be scaled down to a

minimum to ensure that the treatment systems are being properly maintained. On the other hand

ifthe operator elects to go with a suite of alternative SCMs then the monitoring requirements

sufficient to demonstrate that the suite of alternative SCMs are in fact achieving the effluent

quality
of the selected technology can be prescribed. In such a scheme visual monitoring will

serve to ensure that the treatment systems are being properly maintained and compliance can be

reported using the same procedures as required presently for the industrial wastewater permits.

How to Identify a High-Risk Industry

Both the watershed-based permitting approach described previously in this chapter and

the integration approach call for municipal permittees as part
of their responsibilities to identify

high-risk industrial stormwater dischargers.
This involves identifying

the potential sources of

concern evaluating the extent of their potential impacts and then prioritizing them for

attention-a classic risk assessment. Municipalities would generally not be able to give equal

and full attention to all sources nor should they. Unfortunately what constitutes high risk or any
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level of risk for industries covered by NPDES stormwater permits has not been defined by EPA

although the states have developed various interpretations see Appendix Q.

Two methodologies for identifying industrial and commercial facilities that are

considered high-risk for discharging pollutants in stormwater are presented below. Box 6-6

describes the intensity of industrial activity method devised for the City of Jacksonville Duke

2007. This method uses telephone queries and a point scale system to visually score each

facility based on the intensity of the industrial activities exposed to stormwater and groups the

results into categories A B C or D in increasing order of
intensity Cross and Duke 2008. The

categories are designed to distinguish high-risk facilities from low-risk facilities and not to make

fine distinctions among facilities with similar characteristics. This typology is sufficient to

distinguish facilities with little or no potential
for discharging pollutants associated with

stormwater from facilities that might discharge those pollutants. More than half of the facilities

that were subject to Floridas MSGP were determined to be low-risk Cross and Duke 2008.

Box 6-7 outlines an empirical methodology used by the County of Los Angeles to rank

the risk of industrial facilities for stormwater pollution on the basis of pollution potential P. The

pollution potential P was computed as a product of the number of on-site sources percent

imperviousness pollutant toxicity degree of exposure and the number of facilities Los Angeles

County 2001. Based on this ranking scheme five top high-risk industries were selected 1
automobile dismantlers 2 automobile repair 3 metal fabrication 4 motor freight and 5
automobile dealers. Stormwater discharges from six facilities in each category were

characterized over a two-year period and the effectiveness of SCMs was assessed at a subset of

them. However the monitoring was minimal and so much of the prioritization was based on

best professional judgment about pollutant discharges.

Industrial Stormwater Discharge Monitoring

Monitoring data from Phase I MS4s have been compiled in the NSQD for several years

making possible a number of important findings about the quality of municipal stormwater see

Chapter 3. Although industry that occurs within MS4s is technically included in the NSQD the

data are lumped together and not sector specific. There is no comparable reliable source of data

specifically on industrial discharges even though EPA requires benchmark monitoring for

MSGP industrial permittees. The intent was that industrial facility operators would use

benchmark exceedances as action levels to improve SCMs but this self-directed approach has

been largely a failure. Many industrial facilities reported repeated exceedances of benchmark

values without action and others have failed to report any monitoring data at all. In addition the

representativeness of single grab samples taken to characterize the discharge andless-than-rigoroussample collection and quality assurance procedures have resulted in monitoring data

that are not very useful. One of the only analyses of benchmark monitoring data ever done

evaluated Californias program between 1992 and 2001 see Box 4-2 Stenstrom and Lee 2005

Lee et al. 2007. The study showed no relationship between facility type and stormwater

discharge quality.
The cited reasons for the poor relationship included variability

in sampling

parameters sampling time and sampling strategy-that is poor data.
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BOX 6-6

Risk Assessment for Industrial Dischargers of Stormwater

The City of Jacksonville has had very good success in determining what industries pose the

highest stormwater risks by starting with businesses having the Standard Industrial Classification SIC
codes designated for permit coverage but using multiple lists of potential sources and cross checking

them to target inspections and other interventions where they will have the best effect. Other clues to

sources of interest include. other environmental permits e.g. wastewater. NPDES permits. permits for

discharge to sanitary sewer tax records records of fire. code inspections building permit filings planning

agency proceedings contacts with business associations marketing information put out by companies

Resource Conservation and Recovery Act hazardous waste reports and telephone and field surveys.

Duke 2007 proposed a10 to 8 point sconng scheme shown below to rate the intensity of

industrial activities exposed to stormwater The system is basedon the relative amount of exposure to

precipitation and runoff by industrial materials processes wastes and vehicles Oncemunicipalities

gather the data and then classify their industries accordingly they would have a very useful tool to

program inspections and monitoring emphasizing the industries most risking their success in achieving

established objectives. A similarsystem could and should be developed for construction sites.

0 points

Small bulk waste e.g. covered dumpster area 100 m2

Hazardous waste containers not exposed to precipitation

1 point

Outdoor vehicle use 1-2 vehicles outdoors occasionally/never not used in precipitation

Vehicle washing outdoors 1 2 vehicles rarely or occasionally done

2.points

Outdoor vehicles e.g..forklifts 1-2 outdoors occasionally/never used in precipitation

Outdoor vehicles e.g. forklifts 1-2 outdoors everyday not used in precipitation.

Outdoor vehicles e.g. forklifts 3-4outdoors occasionally/never not used in precipitation

Vehicle maintenance or re-fueling 1-2 vehicles rarely or occasionally done outside

Vehicle washing outdoors 1-2 vehicles regularly done

Vehicles washing outdoors3 vehicles rarely or occasionally done.

4 points

Storage ofmaterials or products area 100m
2

and/or five 55-gallondrums

Fixed outdoor equipment 1 2 small or large items

Outdoor vehicles e g forklifts 1-2 outdoors every day used in precipitation

Outdoor vehicles e g forklifts 3-4 outdoors occasionally/never used in precipitation

Outdoorvehicles e g forklifts 3 4 outdoors every day not used mn precipitation

Unc6veretlshipping/ring area 1 2 docks

Vehicle maintenance or refueling outdoors 1 2 vehicles regularlydone.

Vehicle maintenance or re fueling outdoors vehicles rarely or occasionally done

Plant yard rail Imes access roads 1 000 ft2

Small process equipment .e.g compressors generators exposed to precipitation

6 points

Outdoor vehicles e.g. forklifts 34 outdoors everyday used inprecipitation

Outdoor. vehicles e.g. forklifts 5 or heavy outdoors occasionally used in precipitation

Outdoor vehicles e.g. forklifts 5 or-heavy outdoors every day not used in precipitation

Vehicle maintenance or reueling outdoors 3 vehicles regularly done
2

Plant yard rail lines access roads. -1 000 ft

8.p-Storage of materials or products area 1002 and/or five 55-gallon drums

Boneyard-of scrap disused equipment similar

Hazardous waste containers exposed to precipitation

Fixed outdoor equipment small or 2 large items

Outdoor vehicles e g forklifts 5or heavy outdoors every day used in precipitation

Uncovered shipping/receiving area 3 docks

Plant yard. rail lines access roads5 000. ft2

Manufacturing activities e.g. cutting painting coating materials exposed to precipitation

SOURCEDuke 2007.
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BOX 6-7

Cos Angeles County Critical Facilities Monitoring Data

One of the few sources of data on industrial stormwater discharges comes from theCounty.of

Los Angeles. A stepwise-pr ocess was used to identify the highestrisk industrial/commercial facilities

which were thenmonitored to measure the quality of their sformvi/ater discharges and to evaluate the

effectiveness of SCMs. The initial list of candidate facilities was identified from their relative numbers and

the extent oft heir outdoor activities. This list was then refined using an empirical equation for pollutant

potential. P

PQxRxTxExN
where

Loading Q is the number of sources ata site and the likelihood of release

Imperviousness / of a site is the percent of paved area

Pollutant4oxicity7 denotesthe number of toxic pollutants and the inherenttoxicity of.the mix.

An exposure factor Esignifies if activities are exposed to rainfall .an

The Number 1 represents the total number of sites in the county.

Each variable was assigned aqualitative number from 1 to 10 with 10 representing the worst condition.

Based on this. equation five top critical source industries were determined 1 automobile

dismantlers 2 automobile repair. 3 metal fabrication 4 motor freight and 5 automobile dealers. Six

facilities fromeach of.these categories were monitored during five storms a year for. two years. The

stormwater discharge samples were analyzed forgeneral conventional pollutants heavy metals bacteria

and semi-volatile organic compounds. Half of the facilities were then fitted with SCMs which were

monitored to evaluate their effectiveness.

The highest median values were observed for total zinc approx. 450 g/L dissolved zinc

approx. 360 g/L total copperapprox. 240 g/L and dissolved copper approx. 110 g/L in

stormwater. discharges from fabricated metal sites. However levels for lot dissolved zinc did.not.

appear to be significantly different among the industry types SCMs in theýform of goodhousekeeping

and spill containmentmeasurestyere installed.at half of the sites F.or total. and dissolved zinc the

median concentraUOnlowered orstayed nearlythe same with.. the implementation of SCMs at the auto

dismantling auto repair and fabricated metals industries i.e. in none of the circumstances was the

differeri_cesignificant.. For.total and dissolved. copper however where the fabricated metal industry had

displayed the highest median concentrations levelswere significantly reduced with the implementation of

SGMs Theauto dismantling and auto. repair businesses showed no significant differences.in copper

after the implementation of SCMs

SOURCELos Angeles County

In the past it has been proposed to EPA that it fund a project that would systematically

collect the benchmark monitoring data across the nation as has been done for MS4s but these

suggestions have been rejected. To get better data from specific industrial sectors it is

recommended that a small subset of industrial users and sectors be selected for composite

sampling in a program directed by the MS4. Alternatively making a trained team responsible

for monitoring of small-business industrial dischargers would reduce if not eliminate current

problems with quality assurance.

Monitoring of industrial stormwater discharges could be streamlined by considering the

adoption of a Reasonable Potential Analysis RPA which is already part
of the existing practice
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in developing limits for NPDES wastewater permits EPA 1991. The RPA is a procedure that

uses statistical distribution assumptions in association with a limited number of wastewater

discharge quality measurements to determine the likelihood that a receiving water quality

standard would be violated which assists the permitting authority in determining what permit

limitations should be set to protect receiving water quality. The effluent data from any treatment

system may be described using standard descriptive statistics such as the mean concentration and

the coefficient of variation. Using a statistical distribution such as the lognormal an entire

distribution of values can be projected from limited data limits on pollutant concentrations in

discharge can then be set at a specified probability
of occurrence so that the receiving water is

protected. An RPA for stormwater pollutants may be particularly relevant in developing

performance criteria for SCMs for facilities discharging stormwater within the integrated

framework of MS4 permitting. Also MS4 permittees could use the method to reduce the

number of pollutants that high-risk industries would be required to monitor in order to

demonstrate to the municipality that they are not the source of pollutants in MS4 discharges that

are impairing surface waters.

Construction Program

The recommendations for stormwater discharges associated with construction activity are

very similar to those offered for stormwater discharges associated with industrial activity.
The

integration with. the MS4 program is less of a challenge because municipalities have always had

primacy on land development planning and construction activity. Most municipalities have had

requirements for soil erosion and sediment control plans on construction sites that precede the

federal stormwater regulations. EPA regulations already allow permitting authorities to approve

Phase I and Phase II MS4 permittee oversight of CGP construction sites under the qualifying

local program provision 40 C.F.R. 122.44s Grumbles 2006. The weakness in the

implementation of this provision currently is the absence of rigorous SCM performance criteria

guidelines for MS4s permittees to meet in order to be deemed as qualifying.

The construction stormwater general permit program requires the development and

implementation of an SWPPP. The SWPPP which must be prepared before construction begins

focuses on two major requirements 1 describing the site adequately and identifying the sources

of pollution to stormwater discharges associated with construction activity on site and 2
identifying and implementingappropriate measures to reduce pollutants in stormwater

discharges to ensure compliance with the terms and conditions of this permit. The SWPPP must

describe the sequence of majorstormwater control activities and the kinds of SCMs that will be

in place and it must identify interim and permanent stabilization practices including a schedule

of their implementation. There is an expectation that the construction site operator will use good

site planning preserve mature vegetation and properly stage major earth-disturbing activities to

avoid sediment loss and prevent erosion. Post-construction stormwater controls need to be

considered but are not required. Construction site-operators are required to visually inspect the

construction site weekly and perform a walk through before predicted storm events. No annual

reports are required but records must be kept for a period of three years
after permit coverage

has been terminated. There are no SCM performance criteria other than a suggestion that most

SCMs should be able to achieve 80 percent TSS removal. As with industry it is difficult to

gauge compliance with the CGP except when inadequate SCMs result in a massive discharge of

sediment from a construction site.
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The pollutant parameters that are of concern in stormwater discharges from construction

activity are TSS settleable solids turbidity and nutrients from erosion pH from concrete and

stucco and a wide range of metallic and organic pollutants from construction materials

processes wastes and vehicles and other motorized equipment. The permitting authority in

addition to guidelines for the water quality design storm must establish SCM performance

criteria for stormwater discharges associated with construction activity. The construction site

operator should be given the option of implementingSCMs that are the presumptive technology

or equivalent SCMs that can achieve the performance criteria. For example the recommended

SCMs in Box 5-3 could serve as the presumptive construction SCMs on a typical construction

site that is less than 50 acres in size. If the operator elects to go with a suite of alternative SCMs
then adequate monitoring must be performed to demonstrate that the alternative SCMs are in fact

achieving the performance criteria. In addition the CGP presently does not mandate or require

that post-construction SCMs be integrated with the MS4 permittee requirements under its New

Development/Redevelopment Program requirements. The proper planning for and

implementation of SCMs that will help mitigate stormwater pollution from planned future use of

the site will be critical to.protecting water quality. Thus the post-construction requirements of

the CGP should be strengthened and better integrated with the new development/redevelopment

requirements of the MS4 permits.

Municipal Program

Several key enhancements to the MS4 permitting program are needed to ensure that

resources are targeted to achieve the
greatest on-the-ground implementation of SCMs to make

incremental progress in meeting water quality standards. Six specific issues are discussed below

their implementation will require greater collaboration and flexibility among regulators and

permitted parties. These recommendations are suggested for communities that are not ready for

the integrated watershed approach proposed in the prior section and represent a bridge toward

building internal capacity to implement them.

Numeric Expression of Maximum Extent Practicable

The ambiguity of the term maximum extent practicable MEP has been a major

impediment to achieving meaningful water quality results in the MS4 program. The EPA should

develop numerical expressions of MEP in the next round of permit renewals that can be

measured and tracked. A national numeric benchmark should be avoided states should focus on

regional benchmarks that are tied to their water quality problems. Four examples of methods to

define MEP in a numeric manner are provided below the first three are applied at a regional or

state level whereas the last impervious cover-based TMDLs offers more flexibility to be

applied at individual sites.

Establish Municipal Action Levels. This approach relies on the use of a national

database of stormwater runoff quality to establish reasonable expectations for outfall monitoring

in highly developed watersheds. The NSQD Pitt et al. 2004 allows users to statistically

establish action levels based on regional or national event mean concentrations developed for
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pollutants of concern. The action level would be set to define unacceptable levels of stormwater

quality e.g. two standard deviations from the median statistic for simplicity. Municipalities

would then routinely monitor runoff quality from major outfalls. Where an MS4 outfall to

surface waters consistently exceeds the action level municipalities would need to demonstrate

that they have been implementingthe stormwater program measures to reduce the discharge of

pollutants to the maximum extent practicable.
The MS4 permittees can demonstrate the rigor

of

their efforts by documenting the level of implementation through measures of program

effectiveness failure of which will lead to an inference of noncompliance and potential

enforcement by the permitting authority.

Site-Based Runoff and/or Pollutant Load Limits. This approach is primarily used for

watersheds that are experiencing rapid development it establishes numeric targets or

performance standards for pollutant or runoff reduction that must be met on individual

development sites. The numeric targets may involve specific pollutant load limits or runoff

reduction volumes. For example Virginia DCR 2007 and Hirschman et al. 2008 established

a statewide computational method to ensure that SCMs are sized designed and sequenced to

comply with specific
nutrient-based load and runoff reduction limits. The nutrient load limits of

0.28 lb/acre/yr for total phosphorus and 2.68 lb/acre/yr
for total nitrogen were computed using

the Chesapeake Bay Model for Virginia tributaries to the bay. The design process also requires

the computation of runoff reduction volumes achieved to promote the use of nonstructural

SCMs. The basic concept is that new development on non-urban land must not exceed the

average annual nutrient load and runoff volume for non-urban land using effective SCMs in the

watershed. This blended site-based runoff and load limit approach has been advocated by the

Office of Inspector General 2007 and Schueler 2008a and is under active consideration by

several other Chesapeake Bay states.

Wenger et al. 2008 reports on a no-net-hydrologic-increase strategy to protect

endangered fish species in the northern Georgia Piedmont that sets specific on-site runoff

reduction requirements for a range of land uses and design storm events. A similar approach has

been incorporated into the recently enacted Energy Independence and Security Act of 2007 that

contains provisions that require that the sponsor of any development or redevelopment project

involving a Federal facility with a footprint that exceeds 5000 square feet shall use site planning

design construction and maintenance strategies for the property to maintain or restore to the

maximumextent technically feasible the predevelopment hydrology of the property with regard

to the temperature rate volume and duration of flow.

The challenge of defining MEP as a runoff reduction or pollutant
load limit is that

considerable scientific and engineering analysis is needed to establish the performance standards

evaluate SCM capability to meet them and devise a workable computational approach that links

them together at both the site and watershed levels. In addition care must be taken to define an

appropriate baseline to represent predevelopment conditions that does not unduly penalize

redevelopment projects or make it impossible to comply with limits at new development sites

after maximum effort to apply multiple SCMs is made.

Turbidity Limits for Construction Sites. Numeric enforcement criteria can be used to

define what constitutes an egregious water quality violation at construction sites and provide a

technical criterion to measure the effectiveness of erosion and sediment control practices.
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Currently most states and localities do not specify either numeric enforcement criteria or a

monitoring requirement within their CGP see the survey data contained in Appendix Q.

A maximum turbidity limit would establish definitive criteria as to what constitutes a

direct sediment control violation and trigger an assessment for remediation and prevention

actions. For example local erosion and sediment control ordinances could establish a numeric

turbidity limit of 75 Nephelometric Turbidity Units NTU as an instantaneous maximum for

rainfall events less than an inch or a 25 NTU monthly average and would prohibit visible

sediment in water discharged from upland construction sites. While the exact turbidity limit

would need to be derived on a regional basis to reflect geology soils and receiving water

sensitivity research conducted in the Puget Sound of Washington indicates that turbidity limits

in the 25 to 75 NTU can be consistently achieved at most highway construction sites using

current erosion and sediment control technology that is properly maintained Homer et al.

1990. If turbidity limits are exceeded a detailed assessment of site conditions and follow-up

remediation actions would be required.
If

turbidity
limits continue to be exceeded penalties and

enforcement actions would be imposed. Enforcement of turbidity limits could be performed

either by state local or third party erosion and sediment control inspectors or-under

appropriate protocols training and documentation-by citizens or watershed groups.

Impervious Cover Limits and IC-based TMDLs. MS4s that discharge into TMDL

watersheds also require more quantitative expression of how MEP will be defined to reduce

pollutant loads to meet water quality standards. Maine Vermont and Connecticut have recently

issued TMDLs that are based on impervious cover rather than individual pollutants of concern

Bellucci 2007. In such a TMDL impervious cover is used as a surrogate for increased runoff

and pollutant loads as a way to simplify the urban TMDL implementation process. Impervious

cover-based TMDLs have been issued for small subwatersheds that have biological stream

impairments associated with stormwater runoff but no specific pollutant listed as causing the

impairment in most cases these subwatersheds are classified as impacted according to the

Impervious Cover Model ICM-see Box 3-10. A specific subwatershed threshold is set for

effective impervious cover which means impervious cover reductions are required through

removal of imperviouscover greater stormwater treatment for new development offsets through

stormwater retrofits or other means.

Traditional pollutant-based TMDLs would continue to be appropriate fornon-supportingand urban drainage subwatersheds although they could be modified to focus

compliance monitoring on priority urban source areas or subwatersheds that produce the greatest

pollutant
loads. Although EPA 2002 indicates that this analysis does not extend to

demonstrating that changes will occur in receiving waters it does outline a rigorous process for

evaluating pollutant discharges and SCM performance. More recent EPA guidance 2007c
recommends that MS4s conduct a four-step analysis which is distilled to its essence below

Step 1 Estimate loads for pollutant of concern for the watershed.

Step 2 Provide a specific list of SCMs that will be applied in the listed watershed.

Step 3 Estimate the pollutant
removal capability of the individual SCMs applied.

Step 4 Compute aggregate watershed pollutant reduction achieved by the MS4.

Although this is not a particularly new interpretation of addressing stormwater loads in

watersheds listed as impaired and/or having written TMDLs it is exceptionally uncommon for
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individual MS4s to document the link between their stormwater discharges and water quality

standard exceedances as modified by the system of SCMs that they used to reduce these

pollutants. As of 2007 EPA could only document 17 TMDLs that addressed stormwater

discharges using this sequential analysis. EPA and states need to. provide more specific guidance

for MS4s to comply with TMDLs in their permit applications and annual
reports.

Focus MS4 Permit Implementation at the Subwatershed Level

Chapter 5 noted the importance of the watershed context for making better local

stormwater decisions. This context can be formally incorporated into local MS4 permits by

focusing implementation on a subwatershed basis using the ICM as described in Box 3-10 and

outlined in Table 6-1. When urban streams are classified by the ICM this basic subwatershed

planning process can be used to establish realistic water quality
and biodiversity goals for

individual classes of subwatersheds as shown in Table 6-2. As can be seen goals for water and

habitat quality become less stringent as impervious cover increases within the subwatershed.

This subwatershed approach provides stormwater managers with more specific measurable and

attainable implementation strategies than the one-size-fits-all approach that is still enshrined in

current wet-weather management regulations.

TABLE 6-1 Components of Subwatershed-Based Stormwater Management

1. Define interim water quality and stormwater goals i.e. pollutants of concern biodiversity targets and

the primary stormwater source areas and hotspots that cause them.

2. Delineate subwatersheds within community boundaries.

3. Measure current and future impervious cover within individual subwatersheds.

4. Establish the initial subwatershed management classification using
the ICM.

5. Undertake field monitoring to confirm or modify individual subwatershed classifications.

6. Develop specific stormwater strategies within each subwatershed classification that will guide or shape

how individual practices and SCMs are generally assembled at each individual site.

7. Undertakes restoration investigations to verify restoration potential in priority subwatersheds.

8. Agree on the specific implementation measures that will be completed within the permit cycle. Evaluate

the extent to which each of the six minimum management practices can be applied in each subwatershed

to meet municipal objectives.

9. Agree on the maintenance model that will be used to operate or maintain the stormwater infrastructure

assign legal and financial responsibilities to the owners of each element of the system and develop a

tracking and enforcement system to ensure compliance.

10. Define the trading or offset system that will be used to achieve objectives elsewhere in the local

watershed objectives in the event that full compliance cannot be achieved due to physical constraints

e.g. indexed fee-in-lieu to finance municipal retrofits.

11. Establish sentinel monitoring stations in subwatersheds to measure progress towards goals.

12. Revise subwatershed management plans in the subsequent NPDES permitting cycle based on monitoring

data.
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TABLE 6-2 Expectations for Different Urban Subwatershed Classes

Consistently attain scores for specific indicators for hydrology biodiversity

Lightly Impacted and geomorphology that are comparable to streams whose entire

Subwatersheds subwatersheds are fully protected in a natural state e.g. national parks.

1 to 5% IC Should provide for healthy reproduction of trout salmon or other keystone

fish species.

Consistently attain scores for specific stream indicators that are comparable to

Moderately the highest 10 percent
of streams in a population of rural watersheds in order

Impacted to maintain or restore ecological structure function and
diversity

of the

Subwatersheds streams. The good to excellent indicator scores for this
category

of

6 to 10% IC subwatersheds will be the benchmark
against

which the relative quality of

more developed subwatersheds will be measured.

Consistently attain good stream quality indicator scores to ensure enough

Heavily Impacted stream function to adequately protect downstream receiving waters from

Subwatersheds degradation.

11 to 25% IC Function is defined in terms of flood storage in-stream nutrient processing

biological corridors stable stream channels and other factors.

Consistently attain fair to good stream quality indicator scores.

Non-Supporting Meet bacteria standards during dry weather and trash limits
during wet

Subwatersheds weather.

26 to 60% IC Maintain existing stream corridor to allow for safe passage of fish and

floodwaters.

Maintain good water quality
conditions in downstream receiving waters.

Urban Drainage Consistently attain fair water quality scores during wet weather and good
Subwatersheds water scores during dry weather.

61 to 100% IC Provide clean plumbing in upland land uses such that discharges of sewage

and toxics do not occur.

Note the objectives presume some portion of the subwatershed has already been developed thereby

limitingattainment of objectives. If a subwatershed is not yet developed managers should shift

expectations up one category e.g. urban drainage should behave like non-supporting. Also the

specific ranges of IC that define each management category should always be derived from local or

regional monitoring data. Note that the ranges in IC shown to define a subwatershed management

category are illustrative and will vary regionally.

Some examples of how to customize stormwater strategies
for different subwatersheds

are described in Table 6-3. This approach enables MS4s to utilize the full range of watershed

planning engineering economic and regulatory tools that can manage the intensity location

and impact of impervious cover on receiving waters.. In addition the application of multiple

tools in a given subwatershed class helps provide the maximum level of protection or restoration

for an individual subwatershed when impervious cover is forecast to increase due to future

growth and development. The conceptual management approach shown in Table 6-3 is meant to

show how urban stream classification can be used to guide stormwater decisions on a

subwatershed basis. The first column of the table lists some key stormwater management issues

that lend themselves to a subwatershed approach and are explained in greater detail below.
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TABLE 6-3 Examples of Customizin Stormwater Strategies on a Subwatershed Basis

Lightly ModeratelyNon-StormwaterImpacted Impacted
Impacted Supporting

Management
Subwatershed Subwatershed

IC 11 to IC 26 to Urban Drainage

Issue 1 to 5% IC 6 to 10% IC 25% 60% 61% IC

Linkage with Utilize extensive Implement site- Reduce the IC Encourage redevelopment

Local Land- land based or created for development intensification and

Use Planning conservation watershed-based each zoning mass transit to decrease per-capita

and Zoning and acquisition IC caps and category by
IC utilization in the urban

to preserve maximize changing local landscape. Develop watershed

natural land conservation of codes and restoration plans to maintain or

cover natural areas ordinances enhance existing aquatic resources.

Site-based Allow no net Treat runoff from two-year design Treat runoff from the one-year

Stormwater increase in storm using SCMs to achieve design storm using SCMs to

Reduction and runoff volume 100% runoff reduction achieve at least 75% runoff

Treatment velocity
and reduction

Limits duration up to

the
five-year

design storm

Site-Based IC None Establish Excess IC fee for Allow IC mitigation fee

Fees projects that exceed IC for zoning

category

Subwatershed Receiving Area
Receiving Area for Restoration Receiving or Sending Area for

Trading
for Conservation

Projects and/or Retrofit Sending Area Restoration

Easements for Retrofit Projects

Stormwater Measure in-stream metrics of biotic Track Check outfalls Check stormwater

Monitoring integrity subwatershed and measure quality against

Approach IC and SCM municipal actions

measure SCM performance levels at outfalls

performance

TMDL Protect using Use IC-based TMDLs that use Use pollutant Use pollutant.

Approach antidegradation flow or IC as a surrogate for TMDLs to TMDLs to

provisions of the traditional pollutants identify identify priority

CWA problem source areas

subwatersheds

Dry Weather Perform in- Check for Screen outfalls Perform dry Perform dry

Water Quality stream grab failing septic for illicit weather weather sampling

sampling of systems discharges sampling in in receiving waters

water quality at streams and

sentinel stations outfall

screening

Addressing Protect or conserve natural areas Perform Perform Use pollution

Existing enhance riparian cover assess road stream repairs storage source controls

Development crossings and ensure farm forest riparian retrofits and and municipal

and pasture best practices are used reforestation stream repairs housekeeping

and residential

stewardship
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Linkage with Local Land-Use Planning and Zoning. Given the critical relation

between land use and the generation of stormwater communities should ensure that their

planning tools e.g. comprehensive plans zoning and watershed planning are appropriately

aligned with the intended management classification for each subwatershed. For example it is

reasonable to encourage redevelopment infill and other forms of development intensification

within non-supporting or urban drainage subwatersheds whereas down-zoning site-based IC

caps and other density-limiting planning measures are best applied to sensitive subwatersheds.

Stormwater Treatment and Runoff Reduction MEP. Subwatershed classification

allows managers to define achievable numerical benchmarks to define treatment in terms of the

maximumextent practicable. Thus a greater level of treatment is required for less-developed

subwatersheds and a reduced level of treatment is applied for more intensely developed

subwatersheds. This is most frequently expressed in terms of a rainfall depth associated with a

given design storm. Designers are required to treat and/or reduce runoff for all storm events up

to the designated storm event. This flexibility recognizes the greater difficulty and cost involved

in providing the same level of treatment in an intensely developed subwatershed as well as the

fact that less treatment is needed to maintain stream condition in a highly urban subwatershed.

The other key element of defining MEP is to specify how much of the treatment volume

must be achieved through runoff reduction. The runoff reduction volume has emerged as the

primary performance benchmark to maintain predevelopment runoff conditions at a site after it is

developed. In its simplest terms this means achieving the same predevelopment runoff

coefficient for each storm up to a defined storm event through a combination of canopy

interception soil infiltration evaporation rainfall harvesting engineered infiltration extended

filtration or evapotranspiration Schueler 2008b. Once again the physical feasibility and need

to provide treatment through runoff reduction becomes progressively harder as subwatershed

impervious cover increases.

Site-Based IC Fees. Several economic strategies can be used to promote equity and

efficiency when it comes to managing stormwater in different kinds of subwatersheds. Inlower-densitysubwatersheds an excess impervious cover fee can be charged to individual sites that

exceed a maximumthreshold for impervious cover for their zoning category. Similarly an

impervious cover mitigation fee can be levied at individual development sites in more intensely

developed subwatersheds when on-site compliance is not possible or it is more cost-effective to

provide an equivalent amount of treatment elsewhere in the watershed. The type of fee and the

frequency that is used is expected to be closely related to the subwatershed classification.

Subwatershed Trading. The degree of impervious cover in a subwatershed also has a

strong influence on the feasibility cost and appropriateness of restoration projects.

Consequently any revenues collected from various site IC fees can be traded among

subwatersheds to arrive at the least-cost effective solutions. In general the most intensely

developed subwatersheds are sending areas and the more lightly developed subwatersheds are

used as receiving areas for such projects.

Stormwater Monitoring Approach. Subwatershed classification can also be used to

define the type and objectives for stormwater monitoring to track compliance over time. For

example in sensitive subwatersheds it may be advisable to routinely measure in-stream metrics
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of biological integrity
to ensure stream quality is being maintained or enhanced. As impervious

cover increases stormwater managers may want to shift toward tracking of subwatershed

impervious cover and actual performance monitoring of select SCMs to establish their

effectiveness e.g. impacted subwatersheds. At even higher levels of impervious cover streams

are transformed into urban drainage and monitoring becomes more focused on identifying

individual stormwater outfalls with the worst quality during storm conditions.

TMDL Approach. Subwatershed classification may also serve as a useful tool to decide

how to apply TMDLs to impaired waters or how to ensure that healthy waters are not degraded

by future land development. For example most lightly developed subwatersheds will seldom be

subject to a TMDL or if so urban stormwater is often only a minor component in the final waste

load allocation. Antidegradation provisions of the CWA are often the best means to protect
the

quality of these healthy waters before they are degraded by future land development. By

contrast impaired watersheds appear to be the best candidates to apply impervious cover-based

TMDLs as described earlier in this section. As subwatershed impervious cover increases more

traditional pollutant-based TMDLs are warranted with a focus on problem subwatersheds for

non-supporting streams and priority source areas for urban drainage.

Dry Weather Water Quality. The type severity and sources of illicit discharges often

differ among different subwatershed classifications which can have a strong influence on the

kind of dry weather detective work needed to isolate them. For example in lightly developed

subwatersheds failing septic systems are often the most illicit discharges which prompts

assessments at the lot or ditch level. The storm-drain network and potential discharge source

areas becomes progressively more complex as subwatershed impervious cover increases.

Consequently illicit-discharge assessments shift toward outfall screening catchment analysis

and individual source analysis.

Addressing Existing Development. The need for type of and feasibility for restoration

efforts shift as subwatershed impervious cover increases. In general lightly developed

watersheds have the greatest
land area available for retrofits and restoration projects

in the

stream corridor. Consequently unique restoration strategies are developed for different

subwatershed classifications Schueler 2004.

Require More Quantitative Evaluation ofMS4 Programs

The next round of permit renewals should contain explicit conditions to define and

measure outcomes from the six minimum management measures that constitute a Phase II MS4

program. Measurable program evaluation is critical to develop implement and adapt effective

local stormwater programs and has been consistently requested in permits and application

guidance. To date however only a small fraction of MS4 communities have provided

measurable outcomes with regard to aggregate pollutant reduction achieved by their municipal

stormwater programs.

CASQA 2007 defines a six-level pyramid to assess program effectiveness beginning

with documenting activities raising awareness changing behaviors reducing loads from
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sources improving runoff quality and ultimately leading to protection of receiving water quality

see Figure 6-1.

Assessment Outcome Levels

Level 6 -

Increasing Protecting

Receiving Water

Difficulty Quality

Level 5 - Improving Runoff Quality

Level 4 - Reducing Loads from Sources

Level 3 - Changing Behavior

Level 2 - RaisingAwareness

Level I - Documenting Stormwater Program Activities

FIGURE 6-1 Pyramid of Assessment Outcome Levels for an MS4. SOURCE CASQA 2007.

At the current time most MS4s are struggling simply to organize or document their

program activities i.e. the first level and few have moved up the pyramid to provide a

quantitative
link between program activities and water quality improvements. The framework

and methods to evaluate program effectiveness for each of the six minimum management

measures has been outlined by CASQA- 2007. Regulators are encouraged to work with

permitted municipalities to define increasingly more specific quantitative measures of program

performance in each succeeding permit cycle.

Shift Monitoring Requirements to Measure the Performance of Stormwater Control Measures

The lack of monitoring requirements in the Phase II stormwater program makes it

virtually impossible to measure or track actual pollutant load or runoff volume reductions

achieved. While the existing Phase I outfall monitoring requirements have improved our

understanding of urban stormwater runoff quality they are also insufficient to link program

effort to receiving water quality. It is recommended that both Phase I and II MS4s shift to a

more collaborative monitoring effort to link management efforts to receiving water quality as

described below

If a review of past Phase 1 MS4s stormwater outfall monitoring indicates no violations of

the Municipal Action Limits then their current outfall monitoring efforts can be replaced

by pooled annual financial contributions to a regional stormwater monitoring
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collaborative or authority to conduct basic research on the performance and longevity of

range of SCMs employed in the community.

If some subwatersheds exceed Municipal Action Levels outfall monitoring should be

continued at these locations as well as additional source area sampling in the problem

subwatershed to define the sources of the stormwater pollutant
of concern.

Phase II MS4s should be encouraged to make incremental financial contributions to a

state or regional stormwater monitoring research collaborative to conduct basic research

on SCM performance and longevity. Although the committee knows of no examples

where this has been accomplished this pooling of financial resources by multiple MS4s

should produce more useful scientific data to support municipal programs than could be

produced by individual MS4s alone. Phase II communities that do not participate in the

research collaborative would be required to perform their own outfall and/or SCM

performance monitoring at the discretion of the state or federal permitting authority.

All MS4s should be required to indicate in their annual
reports

and permit renewal

applications how they incorporated research findings into their existing stormwater

programs ordinances and design manuals.

CONCLUSIONS AND RECOMMENDATIONS

The watershed-based permitting program outlined in the first
part

of this chapter is

ultimately essential if the nation is to be successful in arresting aquatic resource depletion

stemming from sources dispersed across the landscape. Smaller-scale changes to the EPA

stormwater program are also possible.
These include integration of industrial and construction

permittees into municipal permits integration as well as a number of individual changes to

the current industrial construction and municipal programs.

Improvements to the stormwater permitting program can be made in a tiered manner.

Thus individual recommendations specific to advancing one part of the municipal industrial or

construction stormwater programs could be implemented immediately and with limited

additional funds. Integration will need additional funding to provide incentives and to

establish partnerships between municipal permittees and their associated industries. Finally the

watershed-based permitting approach will likely
take up to ten years to implement. The

following conclusions and recommendations about these options are made

The greatest improvement to the EPAs Stormwater Program would be to convert

the current piecemeal system into a watershed-based permitting system. The proposed

system would encompass coordinated regulation and management of all discharges wastewater

stormwater and other diffuse sources existing and anticipated from future growth having the

potential to modify the hydrology and water quality of the watersheds receiving waters.

The committee proposes centralizing responsibility and authority for implementation of

watershed-based permits with a municipal lead permittee working in partnership with other

municipalities in the watershed as co-permittees with enhanced authority and funding

commensurate with increased responsibility. Permitting authorities would adopt a minimum
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goal in every watershed to avoid any further loss or degradation of designated beneficial uses in

the watersheds component waterbodies and additional goals in some cases aimed at recovering

lost beneficial uses. The framework envisions the permitting authorities and municipalco-perrnitteesworking cooperatively to define careful complete and clear specific objectives aimed

at meeting goals.

Permittees with support from the permitting authority would then move to

comprehensive scientific and technically based watershed analysis as a foundation for targeting

solutions. The most effective solutions are expected to lie in isolating to the extent possible

receiving waterbodies from exposure to those impact sources. In particular low-impact design

methods termed Aquatic Resources Conservation Design in this report should be employed to

the full extent feasible and backed by conventional SCMs when necessary. This report
also

outlines a monitoring program structured to assess progress toward meeting objectives and the

overlying goals diagnosing reasons for any lack of progress and determining compliance by

dischargers.
The new concept further includes market-based trading of credits among

dischargers to achieve overall compliance in the most efficient manner and adaptive management

to program additional actions if monitoring demonstrates failure to achieve objectives.

Integration of the three permitting types such that construction and industrial sites

come under the jurisdiction of their associated municipalities would greatly improve many
deficient aspects of the stormwater program. Federal and state NPDES permitting authorities

do not presently have and can never reasonably expect to have sufficient personnel to inspect

and enforce stormwater regulations on more than 100000 discrete point source facilities

discharging stormwater. A better structure would be one where the NPDES permitting authority

empowers the MS4 permittees to act as the first tier of entities exercising control on stormwater

discharges to the MS4 to protect water quality.
The National Pretreatment Program EPAs

successful treatment program for municipal and industrial wastewater sources could serve as a

model for integration.

Short of adopting watershed-based permitting or integration a variety of othersmaller-scale
changes to the EPA stormwater program could be made now as outlined below.

EPA should issue guidance for MS4 MSGP and CGP permittees on. what

constitutes a design storm for water quality purposes. Precipitation events occur across a

spectrum from small more frequent storms to larger and more extreme storms with the latter

being a more typical focus of guidance manuals to date. Permittees need guidance from regional

EPA offices on what water quality considerations to design SCMs for beyond issues such as

safety of human life and property. In creating the guidance there should be a good faith effort to

integrate water quality requirements with existing stormwater quantity requirements.

EPA should issue guidance for MS4 permittees on methods to identify high-risk

industrial facilities for program prioritization such as inspections. Two visual methods for

establishing rankings that have been field tested are provided in the chapter. Some of thesehigh-risk
industrial facilities and construction sites may be better covered by individual NPDES

stormwater permits rather than the MSGP or the CGP and ifso would fall
directly

under the

permitting authority and not be
part

of MS4
integration.
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EPA should support the compilation and collection of quality industrial stormwater

effluent data and SCM effluent quality data in a national database. This database can then

serve as a source for the agency to develop technology-based effluent guidelines for stormwater

discharges from industrial sectors and high-risk facilities.

EPA should develop numerical expressions to represent the MS4 standard of

Maximum Extent Practicable. This could involve establishing municipal action levels based

on expected outfall pollutant concentrations from the National Stormwater Quality Database

developing site-based runoff and pollutant
load limitsand setting turbidity limits for

construction sites. Such numerical expressions would create improved accountability bring

about consistency and result in implementation actions that will lead to measurable reductions in

stormwater pollutants in MS4 discharges.

Communities should use an urban stream classification systemsuch as a regionally

adapted version of the Impervious Cover Model to establish realistic water quality and

biodiversity goals for individual classes of subwatersheds. The goals for water and habitat

quality should become less stringent as impervious cover increases within the subwatershed.

This should not become an excuse to work less diligently to improve the most degraded

waterways-only to recognize that equivalent or even greater efforts to improve water quality

conditions will achieve progressively less ambitious results in more highly urbanized watersheds.

This approach would provide stormwater managers with more specific measurable and

attainable implementation strategies
than the one-size-fits-all approach that is promoted in

current wet weather management regulations.

Better monitoring of.MS4s to determine outcomes is needed. Only a small fraction of

MS4 communities have provided measurable outcomes with regard to aggregate flow and

pollutant
reduction achieved by their municipal stormwater programs. A framework and

methods to evaluate program effectiveness for each of the six minimum management measures

have been outlined by CASQA 2007 and should be adopted. In addition the lack of

monitoring requirements in the Phase II stormwater program makes it virtually impossible to

measure or track actual pollutant load or runoff volume reductions achieved. It is recommended

that both Phase I and II MS4s shift to a more collaborative monitoring paradigm to link

management efforts to receiving water quality.

Watershed-based permittingwill require additional resources and regulatory

program support. Such an approach shifts more attention to ambient outcomes as well as

expanded permitting coverage. Additional resources for program implementation could come

from shifting existing programmatic resources. For example some state permitting resources

may be shifted away from existing point source programs toward stormwater permitting.

Strategic planning and prioritization could shift the distribution of federal and state grant and

loan programs to encourage and support more watershed-based stormwater permitting programs.

However securing new levels of public funds will likely be required. All levels of government

must recognize that additional resources may be required from citizens and businesses in the

form of taxes fees etc. in order to operate a more comprehensive and effective stormwater

permitting program.
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Appendix A
Acronyms

BAC best attainable conditions

BAT best available technology

BCG Biological Condition Gradient

BCT best control technology

BOD biological oxygen demand

CAFO concentrated animal feeding operation

CBWM Chesapeake Bay Watershed Model

CCI Census of Construction Industries

CERCLA Comprehensive Environmental Response Compensation and Liability

Act

CGP Construction General Permit

CN Curve Number

COD chemical oxygen demand

COV coefficient of variability

CWA Clean Water Act

DHSVM Distributed Hydrology Soil and Vegetation Model

EIA effective impervious area

EMC event mean concentration

ERP Enforcement Response Plan

ETV Environmental Technology Verification Program

EWH exceptional warmwater habitat

FEMA Federal Emergency Management Agency

FHWA Federal Highway Administration

FIFRA Federal Insecticide Fungicide and Rodenticide Act

GIS Geographic Information System

GWLF General Watershed Loading Function

HRU Hydrologic Response Unit

HSPF Hydrologic Simulation Program-Fortran

HUC hydrologic unit code

1CM Impervious Cover Model

KCRTS King County Runoff Time Series

LDC least disturbed conditions

LEED Leadership in Energy and Environmental Design

LID low-impact development

MDC minimally disturbed conditions

MEP maximum extent practicable

MGD milliongallons per day

MSGP multi-sector industrial stormwater general permit

MTBE methyl tert-butyl
ether

NCSI Normalized Channel Stabilization Index

NOI Notice of Intent

NPDES National Pollutant Discharge Elimination System

NRDC Natural Resources Defense Council
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NRI National Resource Inventory

NSQD National Stormwater Quality Database

NTU Nephelometric Turbidity Unit

NURP National Urban Runoff Program

PAH polycyclic aromatic hydrocarbons

PCB polychlorinated biphenyl

POTW publicly owned treatment works

PUD planned unit development

RCRA Resource Conservation and Recovery Act

RPA Reasonable Potential Analysis

SBUH Santa Barbara Unit Hydrograph

SCCWRP Southern California Coastal Water Research Project Authority

SCM stormwater control measure

SIC Standard Industrial Classification

SLAMM Source Loading and Management Model

SMDR Soil Moisture Distributed and Routing

SWAT Soil and Water AssessmentTool

SWMM Stormwater Management Model

SWPPP stormwater pollution prevention plan

TALU tiered aquatic life use

TARP Technology Acceptance and Reciprocity Partnership

TIA total impervious area

TKN total Kjedahl nitrogen

TMDL total maximum daily load

TND traditional neighborhood development

TOD transit-oriented development

TSCA Toxic Substances Control Act

TSS total suspended solids

UAA Use Attainability Analysis

UDC unified development code

ULARA Upper Los Angeles River Area

USLE Universal Soil Loss Equation

WERF Water Environment Research Foundation

WQA Water Quality Act

WQS water quality standard

WWH warmwater habitat

WWHM Western Washington Hydrologic Model

WWTP wastewater treatment plant
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Glossary

Antidegradation Policies which ensure protection of water quality from a particular waterbody

where the water quality exceeds levels necessary to protect fish and wildlife propagation and

recreation on and in the water. This also includes special protection of waters designated as

outstanding natural resource waters. Antidegradation plans are adopted by each state to

minimize adverse effects on water.

Best Management Practice BMP Physical structural and/or managerial practices that

when used singly or in combination reduce the downstream quality and quantity impacts of

stormwater. The term is synonymous with Stormwater Control Measure SCM.

Biofiltration The simultaneous process of filtration infiltration adsorption and biological.

uptake of pollutants in stormwater that takes place when runoff flows over and through vegetated

areas.

Bioinfiltration A particular SCM that is like bioretention but has more infiltration and thus

would be categorized as an infiltration
process.

Bioretention A stormwater management practice that utilizes shallow storage landscaping and

soils to control and treat urban stormwater runoff by collecting it in shallow depressions before

filtering through a fabricated planting soil media. This SCM is often categorized under

filtration although it has additional functions.

Buffer The zone contiguous with a sensitive area that is required for the continued

maintenance function and structural
stability

of the sensitive area. The critical functions of a

riparian buffer those associated with an aquatic system include shading input of organic debris

and coarse sediments uptake of nutrients stabilization of banks interception of fine sediments

overflow during high-water events protection from disturbance by humans and domestic

animals maintenance of wildlife habitat and room for variation of aquatic system boundaries

over time due to hydrologic or climatic effects. The critical functions of terrestrial buffers

include protection of slope stability attenuation of surface water flows from stormwater runoff

and precipitation and erosion control.

Stream buffers are zones of variable width that are located along both sides of a stream

and are designed to provide a protective natural area along a stream corridor.

Combined Sewer Overflow CSO A discharge of untreated wastewater from a combined

sewer system at a point prior to the headworks of a publicly owned treatment works. CSOs

generally occur during wet weather rainfall or snowmelt. During periods of wet weather these

systems become overloaded bypass treatment works and discharge directly to receiving waters.
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Combined Sewer System A wastewater collection system that conveys sanitary wastewaters

domestic commercial and industrial wastewaters and stormwater through a single pipe to a

publicly owned treatment works for treatment prior to discharge to surface waters.

Constructed Wetland A wetland that is created on a site that previously was not a wetland.

This wetland is designed specifically to remove pollutants from stormwater runoff.

Created Wetland A wetland that is created on a site that previously was not a wetland. This

wetland is created to replace wetlands that were unavoidably destroyed during design and

construction of a project.
This wetland cannot be used for treatment of stormwater runoff.

Detention The temporary storage of stormwater runoff in an SCM with the goals of controlling

peak discharge rates and providing gravity settling of pollutants.

Detention Facility/Structure An above- or below-ground facility such as a pond or tank that

temporarily stores stormwater runoff and subsequently releases it at a slower rate than it is

collected by the drainage facility system. There is little or no infiltration of stored stormwater

and the facility is designed to not create a permanent pool of water.

Drainage Refers to the collection conveyance containment and/or discharge of surface and

stormwater runoff.

Drainage Area That area contributing runoff to a single point measured in a horizontal plane

which is enclosed by a ridge line.

Drainage Basin A geographic and hydrologic subunit of a watershed.

Dry Pond A facility that provides stormwater quantity control by containing excess runoff in a

detention basin then releasing the runoff at allowable levels. Synonymous with detention basin

it is intended to be dry between storms.

Effluent Limitation Any restriction imposed by the EPA director on quantities discharge

rates and concentrations of pollutants that are discharged from point sources into waters of the

United States the waters of the contiguous zone or the ocean.

Effluent Limitation Guidelines A regulation published by the EPA Administrator under

Section 304 b of the Clean Water Act that establishes national technology-based effluent

requirements for a specific industrial category.

Exfiltration The downward movement of water through the soil the downward flow of runoff

from the bottom of an infiltration SCM into the soil.

Extended Detention A stormwater design feature that provides for the gradual release of a

volume of water in order to increase settling of pollutants and protect downstream channels from

frequent storm events. When combined with a pond the settling time is increased by 24 hours.
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Filter Strip A strip of permanent vegetation above ponds diversions and other structures to

retard the flow of runoff causing deposition of transported material and thereby reducing

sedimentation. As an SCM it refers to riparian buffers which run adjacent to waterbodies and

intercept overland flow and shallow subsurface flow both of which are usually sheet flow rather

than a distinct influent pipe. The term is borrowed from the agricultural world.

Flood Frequency The frequency with which the flood of interest may be expected to occur at a

site in any average interval of
years. Frequency analysis defines the n-year flood as being the

flood that will over a long period be equaled or exceeded on the average once every n years.

Frequency of Storm Design Storm Frequency The anticipated period in years that will

elapse based on average probability of storms in the design region before a storm of a given

intensity
and/or total volume will recur thus a 10-year storm can be expected to occur on the

average once every 10
years.

Sewers designed to handle flows which occur under such storm

conditions would be expected to be surcharged by any storms of greater amount or intensity.

General Permit A single permit issued to a large number of dischargers of pollutants in

stormwater. General permits are issued by the permitting authority and interested parties then

submit a Notice of Intent NOI to be covered. The permit must identify the area of coverage

the sources covered and the process for obtaining coverage. Once the permit is issued a

permittee may submit an NOI and receive coverage within a very short time frame.

Grab Sample A sample which is taken from a stream on a one-time basis without

consideration of the flow rate of the stream and without consideration of time.

Hotspot An area where land use or activities generate highly contaminated runoff with

concentrations of pollutants
in excess of those typically found in stormwater.

Hydrograph A graph of runoff rate inflow rate or discharge rate past a specific point as a

function of time.

Hydroperiod A seasonal occurrence of flooding and/or soil saturation it encompasses depth

frequency duration and seasonal pattern of inundation.

Hyetograph A graph of measured precipitation depth or intensity at a precipitation gauge as a

function of time.

Impervious Surface or Impervious Cover A hard surface area which either prevents or

retards the entry of water into the soil. Common impervious surfaces include roof tops

walkways patios driveways parking lots or storage areas concrete or asphalt paving gravel

roads packed earthen materials and oiled surfaces.

Infiltration The downward movement of water from the surface to the subsoil.

Infiltration Facility A drainage facility designed to use the hydrologic process of runoff

soaking into the ground commonly referred to as percolation to dispose of stormwater.
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Infiltration Pond A facility that provides stormwater quantity control by containing excess

runoff in a detention facility then percolating that runoff into the surrounding soil.

Level Spreader A temporary SCM used to spread stormwater runoff uniformly over the

ground surface as sheet flow. The purpose of level spreaders is to prevent concentrated erosive

flows from occurring. Levels spreaders will commonly be used at the upstream end of wider

biofilters to ensure sheet flow into the biofilter.

Municipal Separate Storm Sewer System A conveyance or system of conveyances including

roads with drainage systems municipal streets catch basins curbs gutters ditches man-made

channels or storm drains owned by a state city town or other public body that is designed or

used for collecting or conveying stormwater which is not a combined sewer and which is not

part of a publicly owned treatment works.

National Pollutant Discharge Elimination System A provision of the Clean Water Act that

prohibits the discharge of pollutants into waters of the United States unless a special permit is

issued by EPA a state or where delegated a tribal government on an Indian reservation. The

permit applies to point sources of pollutants to ensure that their pollutant discharges do not

exceed specified effluent standards. The effluent standards in most permits are based on the best

available pollution technology or the equivalent.

Nonpoint Source Diffuse pollution source but with a regulatory connotation a source without

a single point of origin or not introduced into a receiving stream from a specific outlet. The

pollutants are generally carried off the land by stormwater. Some common nonpoint sources are

agriculture forestry mining dams channels land disposal and saltwater intrusion.

Nonstructural SCM Stormwater control measure that uses natural measures to reduce

pollution levels does not require extensive construction efforts and/or promotes pollutant

reduction by eliminating the pollutant source.

Peak Discharge Rate The maximum instantaneous rate of flow during a storm usually in

reference to a specific design storm event.

Point Source Any discernible confined and discrete conveyance including but not limited to

any pipe ditch channel tunnel conduit well discrete fixture container rolling stock

concentrated animal feeding operation landfill leachate collection system vessel or other

floating craft from which pollutants are or may be discharged.

Pollutant A contaminant in a concentration or amount that adversely alters the physical

chemical or biological properties of the natural environment. Dredged soil solid waste

incinerator residue filter backwash sewage garbage sewage sludge munitions chemical

wastes biological materials radioactive materials except those regulated under the Atomic

Energy Act of 1954 as amended heat wrecked or discarded equipment rock sand cellar dirt

and industrial municipal and agricultural waste discharged into water EPA 2008.

Polutograph A graph of pollutant loading rate mass per unit time as a function of time.
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Predevelopment Conditions Those conditions that existed at a site just prior to the

development in question which are not necessarily pristine conditions.

Pretreatment The removal of material such as gross solids grot grease and scum from flows

prior to physical biological and chemical treatment processes to improve treatability. The

reduction of the amount of pollutants the elimination of pollutants or the alteration of the nature

of pollutant properties in wastewater prior to or in lieu of discharging or otherwise introducing

such pollutants into a publicly owned treatment works 40 C.F.R. 403.3q. Pretreatment may
include screening grit removal stormwater and oil separators. With respect to stormwater it

refers to techniques employed in stormwater SCMs to help trap coarse materials and other

pollutants before they enter the SCM.

Recharge The flow of groundwater from the infiltration of stormwater runoff.

Recharge Volume The portion of the water quality volume used to maintain groundwater

recharge rates at development sites.

Retention The process of collecting and holding stormwater runoff with no surface outflow.

Also the amount of
precipitation on a drainage area that does not escape as runoff. It is the

difference between total precipitation and total runoff.

Retention/Detention Facility A type of drainage facility designed either to hold water for a

considerable length of time and then release it by evaporation plant transpiration and/or

infiltration into the ground or to hold stormwater runoff for a short period of time and then

release it to the stormwater management system.

Runoff The term is often used in two senses. For a given precipitation event direct storm

runoff refers to the rainfall minus losses that is shed by the landscape to a receiving waterbody.

In an area of 100 percent imperviousness the runoff equals the rainfall. Over greater time and

space scales surface water runoffrefers to streamflow passing through the outlet of a watershed

including base flow from groundwater that has entered the stream channel.

Soil Stabilization The use of measures such as rock lining vegetation or other engineering

structure to prevent the movement of soil when loads are applied to the soil.

Source Control A type of SCM that is intended to prevent pollutants from entering

stormwater. A few examples of source control are erosion control practices maintenance of

stormwater facilities constructing roofs over storage and working areas and directing wash

water and similardischarges to the sanitary sewer or a dead end sump.

Stormwater That portion of precipitation that does not naturally percolate into the ground or

evaporate but flows via overland flow interflow channels or pipes into a defined surface water

channel or a constructed infiltration
facility. According to 40 C.F.R. 122.26b13 this

includes stormwater runoff snow melt runoff and surface runoff and drainage.
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Stormwater Control Measure SCM Physical structural and/or managerial measures that

when used singly or in combination reduce the downstream quality and quantity impacts of

stormwater. Also a permit condition used in place of or in conjunction with effluent limitations

to prevent or control the discharge of pollutants. This may include a schedule of activities

prohibition of practices maintenance procedures or other management practices. SCMs may

include but are not limited to treatment requirements operating procedures practices to control

plant site runoff spillage leaks sludge or waste disposal or drainage from raw material storage.

Stormwater Drainage System Constructed and natural features which function together as a

system to collect convey channel hold inhibit retain detain infiltrate divert treat or filter

stormwater.

Stormwater Facility A constructed component of a stormwater drainage system designed or

constructed to perform a particular function or multiple functions. Stormwater facilities include

but are not limited to pipes swales ditches culverts street gutters detention basins retention

basins constructed wetlands infiltration devices catch basins oil/water separators sediment

basins and modular pavement.

Structural SCMs Devices which are constructed to provide temporary storage and treatment

of stormwater runoff.

Swale A shallow drainage conveyance with relatively gentle side slopes generally with flow

depths of less than one foot.

Biofilter same as a Biofiltration Swale A sloped vegetated channel or ditch that

provides both conveyance and water quality treatment to stormwater runoff. It does not

provide stormwater quantity control but can convey runoff to SCMs designed for that

purpose.

Dry Swale An open drainage channel explicitly designed to detain and promote the

filtration of stormwater runoff through an underlying fabricated soil media. It has an

underdrain.

Wet Swale An open drainage channel or depression explicitly designed to retain water

or intercept groundwater for water quality treatment.

Technology-Based Effluent Limit A permit limit for a pollutant that is based on the capability

of a treatment method to reduce the pollutant to a certain concentration.

Time of Concentration The time period necessary for surface runoff to reach the outlet of a

subbasin from the hydraulically most remote point in the tributary drainage area.

Total Maximum Daily Load TMDL The amount or load of a specific pollutant that a

waterbody can assimilate and still meet the water quality standard for its designated use. For

impaired waters the TMDL reduces the overall load by allocating the load among current
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pollutant loads from point and nonpoint sources background or natural loads a margin of

safety and sometimes an allocation for future growth.

Volumetric Runoff Coefficient R The value that is applied to a given rainfall volume to

yield a corresponding runoff volume based on the percent impervious cover in a drainage basin.

Water Quality-Based Effluent Limit WQBEL A value determined by selecting the most

stringent of the effluent limits calculated using all applicable water quality criteria e.g. aquatic

life human health and wildlife for a specific point source to a specific receiving water for a

given pollutant.

Water Quality SCM An SCM specifically designed for pollutant removal.

Water Quantity SCM An SCM specifically designed to reduce the peak rate of stormwater

runoff.

Water Quality Volume Wyv The volume needed to capture and treat 90 percent of the

average annual stormwater runoff volume equal to 1 inch times the volumetric runoff coefficient

R times the site area.

Wetlands Those areas that are inundated or saturated by surface water or groundwater at a

frequency and duration sufficient to support and that under normal circumstances dosupport a

prevalence of vegetation typically adapted for life in saturated soil conditions. Wetlands

generally include swamps marshes bogs and similar areas. This includes wetlands created

restored or enhanced as part of a mitigation procedure. This does not include constructed

wetlands or the following surface waters of the state intentionally
constructed from sites that are

not wetlands irrigation and drainage ditches grass-lined swales canals agricultural detention

facilities farm ponds and landscape amenities.

Wet Pond A facility that treats stormwater for water quality by utilizing a permanent pool of

water to remove conventional pollutants from runoff through sedimentation biological uptake

and plant filtration. Synonymous with a retention basin.

SOURCES Most of the definitions are from EPA 2003 BMP Design Considerations600/R-03/103
or EPA 2008 Handbook for Developing Watershed Plans to Restore and Protect Our

Waters EPA 841-B-08-002.
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Summaryof Responses from. State Stormwater Coordinators

On February 21 2007 on behalf of the committee Jenny Molloy of EPAs Office of Wastewater

Management sent the following questions to a group of state stormwater program managers and

received six responses found in Tables C-1 and C-2.

1. For industrial and/or construction do you have information on non-filers i.e. folks who

should have submitted NOIs but did not If so how old are these data and how do they

compare to overall numbers of those with permit coverage How did you find and/or estimate

the number of non-filers

2. Also for industrial and/or construction do you have information on compliance rates Yes

this is a really broad question but something along the lines of based on inspections or

monitoring data or whatever metric you use have you made any determinations on numbers of

facilities out of compliance or alternatively in compliance If so define what you mean by

compliance paper violations SWPPP/BMP inadequacies water quality standards violations

etc..

TABLE C-1 Nonfilers

Information Estimate

on Percent
Non-IndustrialFilers as of Basis of Period of

State Non-Filers Total Estimate Estimate Comment

CA Yes 50 percent of Study-CA Water 1995-1998

heavy industry Board 1999

statewide Duke and Shaver

1999.

1998-2000

69 percent of

Study-industrywithin Swamikannu et

City of Los al. 2001

Angeles

MN No Study in

progress

OH No Plan outreach

to business

OR No Do not compile

data

VT Yes 88-90 percent Mass mailing 2006 No response
of industry from 2400 of

3000 mailings

WI No

473

Copyright National Academy of Sciences. All rights reserved.

RB-AR17359



Urban Stormwater Management in the United States

hftp/twww.nap.edu/catalog/12465.htmi

474 Urban Storm water Management in the United States

TABLE C-2 Compliance

Estimate of

Information on Covered

Compliance Facilities Non- Basis of Period of

State Rates Compliant Estimate Estimate Comment
CA Yes Construction 40 percent MS4 2002 Prioritized

deficient in construction 2004 and large CGP

paperwork 30 audit in Los 2005 sites for

percent with Angeles and inspection

inadequate ES Ventura

controls counties and

large CGP
construction

sites

Yes Industrial 60 percent poor Transportation 2005 and

house-keeping sector 2007

practices 40 plastics

percent manufacturing

incomplete inspections in

SWPPPs Los Angeles

County

NH No Inspect in

response to

complaints

OH No Inspect

construction

sites as a

priority

OR No Do not

compile

data

VT No Plan to

inspect for

compliance

WV Yes Industrial 66 percent failed Monitoring 2007 Mailed

to submit report report deficiency

submittal notices

tracking

WI Yes Construction 38 percent with A subsample 2007 Perform

minor and 43 of 1 percent of inspections

percent with CGP sites annually no

major violations central

database

tracking
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In September 2007 the NRC Committee on Reducing Stormwater Discharge Contributions to

Water Pollution sent the following survey to 50 state stormwater program managers. Responses

were received from 18 states including at least one from every EPA region. The blank survey is

shown below and Tables C-3 through C-9 contain the states responses.

The NRC committee members will greatly appreciate receiving the following information from

State Stormwater Coordinators. Please complete both sides of this form and return to

Xavier Swamikannu CaIEPA Los Angeles Regional Water Board

xswamikannu@waterboards.ca.gov or Fax 213 576-6625.

State

Name of information provider

Please summarize your States Stormwater Permit Pro ram

Municipal Permit Industrial General Permit Construction General Permit

What are the monitoring

requirements

How is compliance demonstrated

monitoring or other activity

To whom is the SWPPP

submitted

Can an MS4 performan

inspection of an industry within

its boundary

What industries are considered

high-risk

Do BMP manuals exist for

implementationguidance

No. of dedicated staff or FTEs

Does your State Storm Water BMP Manual contain the following and what are they
WQ sizing criteria

Recharge criteria

Channel protection criteria

Overbank flood criteria

Extreme flows

Acceptable BMP list

Detailed engineering specs for BMPs

Soil and erosion control requirements

unless this is left to the local government
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TABLE C-3 Monitoring Requirements

State Municipal Industrial Construction

Alabama Monitoring requirements are Monitoring is specific to the Monitoring is required under

specific to the Phase I MS4. General Permit type and specific conditions but in

associated discharge. general compliance with the

MS4 Phase II permit does Alabama has 18 NPDES permit does not require

not require monitoring. Industrial Stormwater monitoring. ADEM Admin.

General Permits. Code Chapter 335-6-12 is

http//www.adem.state.al.us/ attached.

en ermits.htm

California Monitoring requirements are 2 wet weather sampling Visual monitoring before

specific to the Phase 1 MS4 events per year - 4 basic during and after rain events.

permits. parameters and other Analytical monitoring for

MS4 Phase II permit pollutants
known to be on discharges tosediment-monitoringis discretionary. site. Quarterly visual impaired waterbodies.

monitoring.

Connecticut Sample six outfalls once a Sample all outfalls once a None yet.
Soon to modify

year.
Twelve chemical year. Ten chemical permit to sample for

parameters. parameters plus aquatic turbidity.

toxicity.

Georgia Dry weather outfall Standard monitoring from Monitoring is required for a

screening.
the EPA MSGP. Additional qualifying rain event 0.5

monitoring for the pollutant inch once after clearing and

of concern for industries that grubbing and once after

maybe causing or mass grading.

contributing to stream

impairment.

Hawaii Visual and water chemistry Visual and water chemistry Visual

sampling. sam lin

Maine None No benchmark monitoring None

only effluent limitations.

Additional monitoring upon

request
based on discharges

complaints audits or

inspections

Minnesota The Phase I MS4 permits for The current state MSGP The current state CGP does

Minneapolis and St. Paul does not have monitoring not require monitoring. The

require monitoring. MS4 requirements.
The proposed proposed next term draft

Phase II permit does not next term draft permit would permit is not expected to

require monitoring. require at least 4 stormwater include monitoring.

monitoring events per year.

Nebraska Stormwater monitoring None. Monitoring can be None. Monitoring can be

required on different use required by the director required by the director

sites. BMP monitoring. through permit. through permit.

Nevada Required for storm events None None

that produce runoff.

New York Ad hoc Similar to monitoring in the None. Self-inspection.

EPA MSGP.

PREPUBLICATION

Copyright National Academy of Sciences. All rights reserved.

RB-AR17362



Urban Stormwater Management in the United States

hftp/Avww.nap.edu/catalog/12465.htmi

Appendix C 477

State Municipal Industrial Construction

Ohio Phase I MS4
permits require Similar to monitoring in the For the state CGP no

some chemical and EPA MSGP except chemical
monitoring. For

biological monitoring. annually. No
priority special watershed CGPs

Phase II MS4 permit does chemical monitoring associated with TMDLs
not require mandatory required. TSS monitoring required.

monitoring although

recommended as part of

IDDE pro am.

Oklahoma Phase 1 MS4s permits Quarterly visual monitoring None

require dry weather and annual analytical

monitoring floatables
monitoring.

monitoring and watershed

characterization monitoring

including biological

assessments.

Oregon Monitoring requirements are Industrial facilities
required None. However permittees

specific to the Phase I MS4. to sample their stormwater discharging stormwater to

The Phase II MS4 permit discharge 4 times
per year. waters listed specifically for

does not require monitoring Also required to conduct
turbidity/sedimentation on

though some permittees do visual monitoringof their the most recent 303d list or

monitor on their own discharge on a monthly basis that have a TMDL for

accord. The average when discharge is present. turbidity/sedimentation have

frequency is 2-4 times a Mining sites in addition are the
option of either

year. subject to the same monitoring for turbidity or

requirements as in the state implementing additional

CGP since sediment is the BMPs.

main pollutant of concern.

Vermont None other than the Benchmark monitoring for None at present. Turbidity

development of an IDDE individual sectors quarterly monitoring formoderate-programand follow-up until for the first
year.

Visual risk projects included in

elimination occurs inspection 4 times
per year. draft CGP.

Effluent limitations if

applicable once per year.

Virginia Monitoring requirements are Benchmark and effluent None

specific to the Phase I MS4 limitation the same as

permit. The Phase II MS4 EPAs 2000 MSGP except

permit does not require we only require one sample

monitoring. per year for benchmark

samples.

Washington Monitoring requirements are Industry required to sample All state CGP sites are

specific to the Phase I MS4 for turbidity pH zinc and required to do weekly
Outfall conveyance system petroleum oil and

grease.
If monitoring for turbidity and

monitoring. Selected outfalls exceeds zinc benchmark pH. If benchmark exceeded

for representative land uses then also need to monitor for specific actions/responses

are monitored
intensively total copper total lead and are triggered. For sites

for a wide range of chemical hardness. There are which
discharge to waters

constituents including additional monitoring impaired by phosphorous

toxicity. BMP effectiveness requirements for different turbidity fine sediments or
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State Municipal Industrial Construction

monitoring. Selected industry categories. For high pH monitoring

stormwater BMPs are discharges to impaired required for these

monitored to determine 303d waters monitor parameters additionally.

performance and how required for the pollutants

effective the designs are. for which the waterbody is

The Phase II MS4 permit impaired.

does not require monitoring

except as required under the

IDDE program or for a

TMDL.

West NA Benchmark monitoring. None

Virginia Sector s ecific.

Wyoming None Benchmark monitoring for None

timber metal mining

concrete and gypsum

junkyards and recycling.

Effluent limitation

monitoring for coal piles

concrete manufacture and

asphalt
emulsion.

NOTE NA not answered.
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TABLE C-4 How is Compliance Demonstrated

State Municipal Industrial Construction

Alabama MS4 Phase I - monitoring Monitoring reporting
and Inspections. Monitoring

and BMPs BMP implementation SWPPP implementation

MS4 Phase II - BMPs during inspection aerial

reconnaissance

California. Annual and monitoring Annual and monitoring Annual certifications.

reporting. MS4 audits and reporting. Inspections. Inspections

inspections.

Connecticut Annual and monitoring Annual and monitoring Inspections.
SWPPP review

reporting. reporting. Inspections.
and implementation for

large projects.

Georgia Annual and monitoring Annual and monitoring Reporting.

reporting. reporting.

Hawaii Annual and Monitoring Annual and monitoring Inspections. Reporting.

reporting. Insections. reporting. Insections.

Maine Annual reporting and Inspections and audits at NA

municipal audits. least two per 5-year permit

term.

Minnesota Annual reporting and

inspections.

Nebraska MS4 audits and annual Inspections and SWPPP Inspections and SWPPP

reporting. implementation. implementation-complaint

only.

Nevada Annual reporting MS4 Annual reporting Inspections.

audits inspections. inspections

New York Annual reporting
and MS4 Annual and monitoring Inspections and SWPPP

audits. reporting. Insections. implementation.

Ohio Annual reporting.
SWPPP implementation. SWPPP implementation.

Oklahoma Annual reporting. MS4 Annual and monitoring SWPPP implementation

audits and compliance reporting. Inspections. and inspections based on

schedules. complaints received.

Oregon Annual and monitoring Annual and monitoring Inspections and SWPPP

reporting. reporting.
Action Plan implementation.

approval.

Vermont Annual reporting and MS4 Monitoring reporting. Inspections recordkeeping.

audits.

Virginia Registration statement Monitoring reporting and Inspections. SWPPP and

BMP implementation. inspections. ES plan implementation.

Washington Implementation of Monitoring reporting and Inspections and monitoring

prescriptive stormwater inspections. reporting.

management program.

West Virginia NA SWPPP implementation Inspections. SWPPP

and monitoring reporting. implementation.

Wyoming Periodic MS4 audits. Inspections monitoring Inspections.

reporting.

NOTE NA not answered.
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TABLE C-5 To Whom Is the SWPPP Submitted

State Municipal Industrial Construction

Alabama MS4 Phase I - Storm Water No submittal to state. The No submittal to state. The

Management Program SWPPP must be kept on SWPPP must be kept on

SWMP sent to state. site and made available for site and made available for

Should be available for review at the time of review at the time of

review at the time of inspection. inspection.

inspection. SWPPP
information should also be SWPPP required to be

provided to the submitted under certain

department. circumstance during

registration andre-MS4Phase 2 - SWMP registration.

submitted with the Notice

of Intent NOI.
California MS4 Phase 1 - SWMP No submittal to state. The No submittal to state. The

incorporated as prescriptive SWPPP must be kept on SWPPP must be kept on

requirements in the permit. site and made available for site and made available for

MS4 Phase 2 - SWMP review at the time of review at the time of

submitted to state with NOI inspection. inspection.

Connecticut NA The SWPPP is submitted to The SWPPP is submitted to

the state only if requested. the state only if requested.

Georgia The SWMP is submitted to The SWPPP is submitted to The ES Control Plan

the state. the state only if requested. equivalent to the SWPPP is

Otherwise it is kept on-site. submitted to the Local

Issuing Authority. It is also

submitted to the state if the

project disturbs more than

50 ac or if there is no LIA.

Hawaii NA The SWMP is submitted to The SWMP is submitted to

the state. the state.

Maine NA The SWPPP is submitted to The ES Control Plan

the state only ifrequested. equivalent to the SWPPP is

submitted to the state for

review.

Minnesota Phase 1 MS4 - The SWMP The SWPPP is not required The SWPPP must be must

is submitted to the state for to be submitted to the state. be submitted to the state for

review and public notice. review for projects

disturbing 50 acres or more

and has a discharge point

within 2000 feet of an

impaired or special water

listed in the state CGP. A
SWPPP must also be

submitted for projects

proposing to use alternative

methods for the

permanent stormwater

management system.
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State Municipal Industrial Construction

Nebraska NA The SWPPP is submitted to The SWPPP is submitted to

the state only if requested. the MS4 permittee and to

the state when requested.

Nevada NA No submittal to state. The No submittal to state. The

SWPPP must be kept on SWPPP must be kept on

site. site.

New York NA Some SWPPPs submitted About 1/6 SWPPPs

to state very few. submitted to state.

Ohio NA The SWPPP is submitted to The SWPPP is submitted to

the MS4 permittee and to the state.

the state when requested.

Oregon NA The SWPPP is submitted to The SWPPP is submitted to

the state on first application the state on first application

and when renewing and when renewing

coverage under the state coverage under the state

MSGP. CGP. Projects
that are

greater
than 5 acres are

subject to public notice and

comment.

Vermont NA A copy of the SWPPP is The ES Control Plan is

submitted to the state and submitted to the state.Low-the
original kept on site. risk projects have a

standard assigned ES
Control Plan - Low Risk

Handbook.

Virginia
NA No submittal to the state. No submittal to the state.

The SWPPP must be kept The SWPPP must be kept

on-site. on-site.

Washington NA The SWPPP is submitted to The SWPPP is not

the state upon first submitted to the state. The

application only. SWPPP must be kept on

Otherwise the SWPPP site and must be made

must be kept on site and available to the state the

must be made available to MS4
permittee or the public

the state the MS4 upon request.

permittee or the public

upon request.

West Virginia NA The SWPPP is submitted to The SWPPP is submitted to

the state upon first the state.

application only.

Wyoming NA The SWPPP is submitted to The SWPPP is submitted to

the state for facilities 50 the state for
projects

100

ac. Class 1 waters not ac or on Class 1 waters.

eligible for coverage under

the state MSGP.

NOTE NA not applicable.
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TABLE C-6 Can an MS4 Inspect Industries Within Its Boundary

Alabama Yes if adequate legal authority exists.

California Yes. Local agencies inspection to ensure compliance with local stormwater or

municipal ordinance.

Connecticut Yes. Nothing specific. State MSGP requires industries to comply with the

stormwater management program of the MS4 in which they are located.

Georgia Yes

Hawaii Yes

Maine Yes

Minnesota Yes. Capability to do this varies with the MS4.

Nebraska Yes. Phase 1 MS4s only.

Nevada Yes

New York Yes. MS4s can inspect for illicit discharge detection and elimination. Industries

can be inspected
under local authority but local inspections are infrequently

conducted.

Ohio Yes. Phase I MS4s can check for MSGP coverage and that a SWPPP exists in

conjunction with pretreatment inspections.

Oklahoma Yes

Oregon Yes under various authorities. Pretreatment industrial stormwater construction

stormwater etc.

Vermont Yes. The MS4 can request an inspection but can be denied access.

Virginia
No. No state statute for private property access to inspect for stormwater

management. Some do use Fire Marshalls authority through the fire code.

Washington Yes

West Virginia NA

W oming Yes. If the MS4 has authority.

NOTE NA not answered.
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TABLE C-7 What Industries Are Considered High Risk

Alabama Metal foundries.

California None specified in the state MSGP. Some MS4 permits may specify high-risk

industries. Construction activity discharging to sediment-impaired waterbodies

are identified as high risk in the state CGP.

Connecticut None specified in the state MSGP.

Georgia None specified in the state MSGP. Facilities that may be causing or contributing

to stream impairment are high risk.

Hawaii None specified in the state MSGP

Maine Auto salvage scrap metal recycling boatyards and marinas concrete and

asphalt batch plants vehicle maintenance facilities.

Minnesota None specified in the state MSGP. Heavy industries are considered higher risk.

Nebraska Ethanol scrap
metal recycling.

Nevada Waste oil recyclers auto salvage aggregate mines cement plants.

New York Auto salvage scrap recycling.

Ohio None specified in the state MSGP. Individual stormwater permits required for

some airports landfills sand and gravel operations and bulk terminals.

Oklahoma None specified in the state MSGP.

Oregon None specified in the state MSGP.

Vermont None specified in the state MSGP. Gravel pits salvage yards scrap recycling

facilities are considered high risk.

Virginia
None specified in the state MSGP.

Washington MS4 permit identifies a list of industries and land uses that the permittee must

inspect See Permit appendix 8.

West Virginia None specified in the state MSGP. Mills and auto salvage yards are considered

high risk.

Wyoming None specified in the state MSGP. Case by case based on proximity to high class

waters and industry type.
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TABLE C-8 Do State BMP Manuals Exist for Implementation Guidance

State Municipal Industrial Construction

Alabama No. Use EPA materials. No. Use EPA Materials. Yes. State ES Manual.

http//swcc.state.al.us/erosio

nhandbook.htm

California Yes. CASQA and Caltrans Yes. CASQA and Caltrans Yes. CASQA and Caltrans

manuals. Not officially
manuals. Not officially manuals. Not officially

adopted. adopted adopted.

Connecticut No No. An SWPPP guidance Yes. ES Guidelines 2002

document is available and CT Stormwater Quality

online. Manual 2004.

Hawaii No. Use EPA materials. No. Use EPA materials. No. Use EPA materials.

Georgia Yes. Georgia Stormwater No. Use EPA materials. Yes. Manual for Erosion and

Management Manual. Sediment Control in

Georgia.

Maine Yes Yes Yes

Minnesota Yes. The Minnesota No. Plan to develop one. Yes. Fact sheets and

Stormwater Manual at guidance at

http//www.pca.state.mn.us/ http//www.pca.state.mn.us/

water/stormwater/stormwate water/stormwater/stormwate

r-manual.html r-ms4.htmlbmp

Stormwater BMPs -

Protecting Water Quality in

Urban Areas at

http//www.pca.state.mn.us/

water/pubs/sw-bmpmanual.html

Nebraska No No No

Nevada Yes Yes Yes

New York Yes Yes. A few state materials. Yes

Ohio No. Use EPA materials. No. Use EPA materials. Yes.

http//www.dnr.state.oh.us/w

ater/rainwater/default/tabid/

9186/Default.as x

Oklahoma No. Use EPA materials. No. Use EPA materials. No. Use EPA materials.

Oregon No No. Have BMP technical Yes. Use of Oregon BMP
assistance guidance manual is optional.

documents.

Vermont Yes No Yes. Standards for

designers a field guide for

contractors 2006 and the

Low Risk Handbook.

Virginia
Yes. ES control and No Yes. ES control and

stormwater handbooks. stormwater handbooks.
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State Municipal Industrial Construction

Washington Yes. Yes. Yes.

Stormwater Management http//www.ecy.wa.gov/prog http//www.ecy.wa.gov/prog

Manual for Western rams/wq/stormwater/manual rams/wq/stormwater/eastern

Washington 2005 and html _manual/index.html

Stormwater Management
Manual for Eastern

Washington 2004
West No No Yes

Virginia

Wyoming No No. Refer to manuals from No. Refer to manuals from

other states. other states.
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TABLE C-9 Full-Time Staff Dedicated to the Stormwater Program

State Municipal Industrial Construction Total Statewide

Alabama 1.5 7 25-30 33.5-38.5

California 89

Connecticut 5

Georgia 4.5 2.5 46 53

Hawaii 0.5 1 2 3.5

Maine 0.7 2.5 NA
Minnesota 4.3 14 36

Nebraska 3

Nevada 1 1.5 3 5.5

New York 7 1 11 19

Ohio 18

Oklahoma 7

Oregon 1 4-5 shared with 4-5 shared with 5-6

construction industrial

Vermont 0.5 2 5 7.5

Virginia 3 8 shared with 10 13

other ro rams

Washington 10 17 16 43

West Virginia NA 1 5

W omin 4

NOTE NA not answered.
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Select Stormwater Model Descriptions and Application

DESCRIPTION OF THE SOIL AND WATER ASSESSMENT TOOL

The Soil and Water Assessment Tool SWAT model Arnold et al. 1998 Arnold and

Fohrer 2005 Gassmanet al. 2007 is a tool for assessing water resource and nonpoint source

pollution problems for a wide range of scales and environmental conditions across the globe

SWAT 2008. SWAT is being used in the United States to support total maximum daily load

TMDL analysis to research the effectiveness of conservation practices within the U.S.

Department of Agriculture Conservation Effects Assessment Program initiative Mausbach and

Dedrick 2004 CEAP 2007 to perform macro-scale assessments-for large regions such as the

upper Mississippi River basin Arnold et al. 1999 Jha et al. 2006 and for a wide range of

other water use and water quality applications. It is primarily used in agricultural watersheds but

an agricultural model must be used with an urban runoff model such as WinSLAMM when a

watershed has both urban and agricultural nonpoint sources.

SWAT has been found to be sound and suitable for long-term continuous simulations in

agricultural watersheds Borah and Bera 2004. Although the model is primarily used for

evaluating agricultural
runoff problems it is very useful for evaluating sources of

pollutants
and

the benefits of management practices
in watersheds containing both agricultural and urban areas

especially for TMDL analysis. Output from urban management models such as WinSLAMM

can be input to SWAT for a mass balance analysis of pollutant sources and an evaluation of the

most cost-effective approach to achieving pollutant
reduction goals.

SWAT is a basin-scale continuous-time model that operates on a daily time step and is

designed to predict the impact of management point and nonpoint on water sediment and

agricultural chemical yields in ungauged watersheds. The model is a physically based model

developed to simulate landscape processes with a high level of spatial detail in large watersheds.

A watershed is divided into multiple subwatersheds which are then further subdivided into

hydrologic response units HRUs that consist of homogeneous land-use management and soil

characteristics. A watershed can also be divided into only subwatersheds that are characterized

by dominant land uses soil type and management.

Processes simulated in the model are driven by the water balances in the watershed. The

water balance is separated into a land phase and a routing phase of the hydrologic cycle. Loads

of water sediment nutrients and pesticides are controlled by the land phase. The routing phase

determines the movement of water sediments nutrients and pesticides through the channel

network to the outlet of the watershed. The overall hydrologic balance is calculated for each

HRU. This combination of upland and channel processes is an important strength of SWAT.

Input information required to run the model include climatic data soil properties

topography vegetation and land management practices in the watershed. Since most of the

inputs are physically based or readily available the watersheds can be modeled without

collecting any monitoring data. It is important to note that SWAT is not a parametric model

with a formal optimization procedure to fit any data Santhi et al. 2005. Instead a few

important variables that are not well defined physically-such as runoff curve number or the
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Universal Soil Loss Equations cover and management factor-may be adjusted to provide a

better fit.

A key strength of SWAT is a flexible framework that allows the simulation of a wide

variety of conservation practices and other best management practices such as fertilizer and

manure application rates and timing cover crops filter
strips

conservation tillage irrigation

management flood prevention structures grassed waterways and wetlands. The majority of

conservation practices can be simulated in SWAT with straightforward parameter changes.

THE SOURCE LOADING AND MANAGEMENT MODEL

WinSLAMM the Source Loading and Management Model was developed starting
in the

mid-1970s as part
of early EPA street cleaning and receiving water projects in San Jose Pitt

1979 and Coyote Creek California Pitt and Bozeman 1982. The primary purpose of the

model is to identify sources of urban stormwater pollutants and to evaluate the efficiency of

stormwater control measures. During the mid-1980s the model was expanded to include more

management options beyond street cleaning. The Nationwide Urban Runoff Program projects

EPA 1983 provided a large
dataset for model especially for Alameda County California Pitt

and Shawley 1982 Bellevue Washington Pitt and Bissonnette 1994 and Milwaukee

Wisconsin Bannerman et al. 1983. Research funded by the Ontario Ministry of the

Environment Ottawa Pitt 1987 and the Toronto Area Watershed Management Strategy study

in the Humber River Pitt and McLean T986HP1 also provided much information on bacteria

sources in urban areas. During the mid-1980s the model started to be used by the Wisconsin

Department of Natural Resources DNR in their Priority Watershed Program Pitt 1986. The

firstWindows version of the model was developed in 1995 and the current version is 9.3. The

model is continuously being updated based on user needs and new research recent and current

support from the Stormwater Management Authority of Jefferson County Alabama the

Tennessee Valley Authority Economic Development group WI DNR the USGS and

Imbrium. The next version currently being developed will include drag-and-drop watershed

elements and more complete routing options.

Over the years WinSLAMM has been extensively revised and expanded and now

includes a wide range of capabilities. The following lists several important model features

The model can evaluate a long series of rain events usually one to five years of typical

rains are used but several decades of rains can be evaluated.

The model is based on actual field data. Street dirt accumulation and wash-off equations

and direct runoff from paved surfaces during all rains are used for example based on

many thousands of actual measurements.

The effects of compacted urban soils are also considered.

Uncertainties of many modeling parameters are represented by built-in Monte Carlo

components.

Costs of control practices can be directly calculated and considered in model runs.

Runoff flow-duration probability distributions and associated receiving water biological

conditions are calculated based on site conditions and the control measures being used.

The model can be interfaced with several other models for more detailed drainage system

and receiving water evaluations.
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Prior descriptions of WinSLAMM have been presented during the Engineering

Foundation and in the Urban Water Modeling Conference series and in other publications e.g.

Pitt 1986 1997 1999 Pitt and Voorhees 2002. The model website

http//www.winslamm.com/ also contains further model descriptions and references.

The applications of WinSLAMM include the following

Permit compliance-municipal pollutant loadings and discharge reductions

Evaluate alternative stormwater controls

o City-wide

o Watershed

o Site development

Identify critical drainage areas

o ID critical land uses

o ID critical source areas

o Assist with cost-sharing

o Identify the most cost-effective stormwater control and development scenarios.

WinSLAMM is an urban stormwater model it does not directly
address agricultural areas etc..

It is designed to be effective for multiple scales individual lots to whole communities and to

calculate annual or seasonal pollutant loads. It evaluates individual or multiple stormwater

control scenarios source area land use drainage outfalls as shown in the following table

Hydro et Porous .Rai erieficial Catch rainage
treet iofil Grass

ynamtc Detention aBarrels/ Uses of. basin isconnec
Cleaning ation wales

Deýices_. onds. ent anks.. toemwater Cleaning. ions

Roof

Paved. Parking/Storage

Unpaved Parking/Storage

Playgrounds

Driveways

Sidewalks/Walks

Streets/Alleys

Undeveloped Areas

Small Landscaped Areas

Other Pervious Areas

Other Impervious Areas

Freeway Lanes/Shoulders

Large Landscaped Areas

and Uses multiple source

areas .
Drainage System

Outfall
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The effectiveness of stormwater control measures SCMs are calculated based on the

actual sizing and other attributes of the devices the source area or outfall location characteristics

and the calculated runoff characteristics. The model does a complete mass balance and routing of

water volume and particulate mass considering the combined effects of all controls. Hydraulic

and particle size routing occurs individually for each device although serial effects of multiple

devices are being expanded for these parameters in the newer model versions. The effects of the

sedimentation controls are calculated using modified Puls hydraulic routing with surface

overflow rate particulate routing. The performance of wet ponds has been verified by extensive

monitoring of several ponds http//unix.eng.ua.edu/-rpitt/SLAMMDETPOND/WinDetpond/

WinDETPOND%20user%20guide%20and%20documentation.pdf The infiltration and

biofiltration devices use a combination of hydraulic routing with infiltration and evaporation

losses plus any pumped withdrawals. Evapotranspiration losses are being added to the devices in

the next model update. Underdrain filtering is based on extensive tests of media filtration. Grass

Swale performance is calculated based on extensive laboratory and outdoor testing
of particulate

trapping of shallow flowing water and infiltration losses Johnson et al. 2003 Kirby et al. 2005

Nara et al. 2006. Porous pavement performance is calculated based on infiltration losses and

clogging effects. Street cleaning and catch-basin benefits are based on extensive EPA research

and newer updated research that has examined modern equipment. Hydrodynamic devices are

based on the basic sedimentation processes but have been verified by tests conducted by the

USGS and the DNR plus continued tests at the University of Alabama. The following figure

shows some example screen shots used to enter information for some of the controls.
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Each land use is described by characterizing elements for each source area within the

land use including source area and land-use controls. Outfall and drainage system controls are

described using the dropdown menus. A new drag-and-drop interface is currently being

developed that will allow greater efficiency and flexibility in placement of controls and multiple

land-use source areas. The following figure shows these screens.
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Current source area WinSLAMM screen and new drag-and-drop routing screen being developed.

The calculated outputs from WinSLAMM are organized in several tiers. For most of the

output options a summary table is presented. The data in the summary table includes the

following information

Runoff volume ft3 percent reduction and Rv runoff coefficient particulate solids lbs

and mg/L for

o source area total without controls

o total before drainage system

o total after drainage system and

o total after outfall controls.

Total control practice costs

o capital costs

o land cost

o annual maintenance cost

o present value of all costs and

o annualized value of all costs.

Receiving water impacts due to stormwater runoff

o calculated Rv with and without controls

o approximate biological
condition of receiving water good fair or poor and

o flow duration curves probabilities of flow rates for current model run and without

controls.

Most of this information is included on the first output page while the flow duration curves are

included on an optional second page as shown in the following figure.
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Summary Table with Detailed Output Tabs Flow Duration Summary Output Option

The tabs along the top of the summary table enable additional information to be displayed

for runoff volume particulate solids and pollutants such as the following

Runoff volume ft3 source area contributions particulate solids lbs and mg/L and

pollutants lbs and mg/L
o by source area for each rain event

o land-use total

o summary for all rains

o total for land use and for each event

o outfall summary before and after drainage system and before and after outfall

controls

o Rv runoff volume only

o total losses runoff volume only and

o calculated curve number runoff volume only.

An example of the detailed data for runoff volume is shown in the following figure.
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Runoff volume detailed WinSLAMM output.
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Another group of output options are one-line-per-event datasets saved in a csv file

format that can be opened in a spreadsheet for further data manipulation. These files can also be

examined by selecting the utilities/view file/use notepad or use Windows view pull-down

menu option from the main WinSLAMM page. The data presented in these files includeOne-Line
per Event Runoff Details with data for each event and statistical summaries for all events

number of events total equivalent annual total minimummaximum average of all events

median standard deviation and coefficient of variation

rain duration hours
rain inter-event period days
runoff duration hours
rain depth inches

runoff volume ft3

RV

average flow cfs

peak flow cfs and

suspended solids lbs and mg/L.

One of the main features of WinSLAMM is to identify the sources of pollutants for

different rain conditions for a specific development. The following example plot shows how

runoff volume originates from different sources in a medium-density residential area for different

categories of rains. This type of plot is very useful when determining the most likely effective

locations for stormwater controls or for changes in development characteristics.

Medium Density Residential Area Runoff Sources

100 -
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70 Streets
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.--- ý- ý
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50
Driveways directly connected

40

30
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0

0.01 0.05 0.1 0.25 0.5 0.75 1 1.5 2 2.5 3 4

Rain inches

A powerful feature of WinSLAMM is the batch processor that enables many control

options to be quickly compared for an area. The following plot of the cost-performance data for

one study site shows the unit costs associated with preventing particulate solids from being

discharged from an area
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THE STORMWATER MANAGEMENT MODEL VERSION 5

The Stormwater Management Model SWMM can be used to evaluate a number of

urban water hydrologyand hydraulic problems. It is commonly used to design and evaluate

separate storm drainage and sanitary systems and to evaluate combined sewers. Its detailed

hydraulic capabilities have made it the most popular tool for evaluating CSO problems and

controls. SWMM also includes various water quality options and it is currently being expanded

to include a variety of low-impact development options.

The U.S. EPA National Risk Management Laboratory and CDM Inc. completely

recoded the SWMM software recently with the release of SWMM5. The original version of this

software was developed between 1969 and 1971 with Metcalf and Eddy ME of Palo Alto

California as the main contractor to develop the different modules in the program. ME
subcontracted some of the modules to Water Resources Engineers of Walnut Creek California

WRE and the University of Florida UoF. WRE now part of CDM developed the original

RUNOFF RECEIVand GRAPH models. ME developed the RUNOFF quality and

STORAGe/Treatment routines. UoF developed the TRANSPORT module. In 1973 WRE

developed the TRANS model that later in 1977 was modified to EXTRAN Larry Roesner. Also

in 1977 William James developed the minicomputer version known as FASTSWMM and

SWESWMM. In 1984 Computational Hydraulics Institute CHI the company formed by

William James developed the first user-friendly microcomputer version known as PCSWMM.
In 1988 version 4 of SWMM was released by EPA and included some of the enhancements

developed by PCSWMM. Since that time UoF Wayne Huber and Jim Heaney the University

of Guelph where William James taught and Oregon State University Wayne Huber have

been improvingversion 4 with the release of version 4.4gu in 1999 James et al. 2002.

SWMM5 was developed for many reasons the previous versions were developed in

DOS-based FORTRAN over more than a 30-year period with different levels of documentation.

The development of the Windows environment and object-oriented programming techniques

improved programming capabilities and graphical user interfaces. One advantage of the new

model is that only a single
file is needed and not multiple modules for a single simulation. A

single file can now be created that contains RUNOFF TRANSPORT and/or EXTRANS at the

same time. SWMM5 uses the same environment that EPANET uses assigning the values to the

objects used during the simulation. Other reasons for the new SWMM version are its ability to

eventually develop routines for modeling SCMs to improve the routing procedures of water
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quality in the model and to create the possibility to simulate real-time control by manipulating

control structures EPA 2002HP4.

The following summary of SWMM5s capabilities and applications is from the EPAs

SWMM5 website where one can download the model and documentation

http//www.epa.gov/ednnrmrl/models/swmm/index.htm.

The1HP3j EPA Storm Water Management Model SWMM is a dynamic rainfall-runoff

simulation model used for single event or long-term continuous simulation of runoff quantity

and quality from primarily urban areas. The runoff component of SWMM operates on a

collection of subcatchment areas that receive precipitation and generate runoff and pollutant

loads. The routing portion of SWMM transports
this runoff through a system of pipes channels

storage/treatment devices pumps and
regulators.

SWMM tracks the quantity and quality of

runoff generated within each subcatchment and the flow rate flow depth and quality of water in

each pipe and channel during a simulation period comprised of multiple time steps.

Capabilities

SWMM accounts for various hydrologic processes that produce runoff from urban areas.

These include

time-varying rainfall

evaporation of standing surface water

snow accumulation and melting

rainfall interception from depression storage

infiltration of rainfall into unsaturated soil layers

percolation of infiltrated water into groundwater layers

interflow between groundwater and the drainage system

nonlinear reservoir routing of overland flow.

Spatial variability in all of these processes is achieved by dividing a study area into a collection

of smaller homogeneous subcatchment areas each containing its own fraction of pervious and

impervious sub-areas. Overland flow can be routed between sub-areas between subcatchments

or between entry points of a drainage system.

SWMM also contains a flexible set of hydraulic modeling capabilities used to route

runoff and external inflows through the drainage system network of pipes channels

storage/treatment units and diversion structures. These include the ability to

handle drainage networks of unlimited size

use a wide variety
of standard closed and open conduit shapes as well as natural channels

model special elements such as storage/treatment units flow dividers pumps weirs and

orifices

apply external flows and water quality inputs from surface runoff groundwater interflow

rainfall-dependent infiltration/inflow dry weather sanitary flow and user-defined inflows

utilize either kinematic wave or full dynamic wave flow routing methods

model various flow regimes such as backwater surcharging reverse flow and surface

ponding

apply user-defined dynamic control rules to simulate the operation of pumps orifice

openings and weir crest levels
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In addition to modeling the generation and transport
of runoff flows SWMM can also

estimate the production of pollutant loads associated with this runoff. The following processes

can be modeled for any number of user-defined water quality constituents

dry-weather pollutant buildup over different land uses

pollutant wash-off from specific land uses during storm events

direct contribution of rainfall deposition

reduction in dry-weather buildup due to street cleaning

reduction in wash-off load due to stormwater controls

entry of dry weather sanitary
flows and user-specified external inflows at any point in the

drainage system

routing of water quality constituents through the drainage system

reduction in constituent concentration through treatment in storage units or by natural

processes in pipes and channels

Applications

Since its inception SWMM has been used in thousands of sewer and stormwater studies

throughout the world. Typical applications include

design and sizing of drainage system components for flood control

sizing of detention facilities and their appurtenances for flood control and water quality

protection

flood plain mapping of natural channel systems SWMM 5 is a FEMA-approved model

for NFPI studies

designing control strategies
for minimizing combined sewer overflows

evaluating the impact of inflow and infiltration on sanitary sewer overflows

generating non-point source pollutant loadings for waste load allocation studies

16 evaluating the effectiveness of stormwater controls for reducing wet weather pollutant

loadings.

SWMM has been used as an engine by many other model developers in several countries.

These other products usually add both front-end data collection and GIS support andpost-processingtools. In many cases the integration of these additional tools is seamless. One of the

more popular extensions has been a series of programs developed by Dr. Bill James at the

University of Guelph and Computational Hydraulics International Guelph Ontario

http//www.computationalhydraulics.com/. The following is a brief description of

PCSWMM.NET their newest version that
integrates SWMM5 as an illustration of the expanded

capabilities that these SWMM program extensions can offer. This model is a GIS-based

graphical decision support system for EPA SWMM5 urban drainage modeling sanitary storm

and/or combined systems. It implements additional tools for streamlining sewer collection

system model development optimization and analysis. PCSWMM.NET allows both engineers

and GIS professionals to work on the same data as it offers direct support for ESRI ArcGIS

geodatabases ArcView shape files and Arclnfo E00 files along with several open standard and

proprietary GIS and CAD formats. The GIS engine is completely scalable allowing a wide range

of site conditions to be evaluated.
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Other added attributes of PCSWMM.NET include advanced quality assurance and

quality control features that include attribute validation orphan detection and pipe slope

screening tools. As an example disconnected entities link node and subcatchment missing

data and potential data errors such as negative pipe slopes are identified and reported.
Calculator

tools are also included for
identifying

and estimating missing data. For example it is possible to

manually control the calculation of subcatchment areas or conduit attributes from map units or

to turn on the autolength feature and have these spatial attributes automatically synchronized.

The subcatchment widths can also be directly calculated from user-defined overland flow path

lengths. A dry weather flow DWF analyzer tool allows for automatic creation of hourly daily

and/or monthly patterns
for

sanitary sewer DWF model inputs. Subcatchment-specific

hyetographs can be computed from rain-gauge calibrated radar-rainfall data through an area

weighting process DE-91M model relating a radar-rainfall overlay polar coordinate grid etc.

to the models subcatchment polygons. This process supports any length of radar-rainfall time

series and any number of radar cells or subcatchments. Native support is provided for Vieux and

Associates rain-gauge calibrated radar-rainfall data providers data.

A major feature of many of the third-party SWMM packages is additional support for

importing data. PCSWMM.NET for example supports extended interfaces with GIS/CAD

database spreadsheet and delimited text files. The Import Data Wizard supports importing to

multiple SWMM5 layers from multiple data sources simultaneously and provides data filtering

and attribute matching control. An interesting
feature of PCSWMM.NET is the ability to

automatically transfer the site data directly
into Google Earth for three-dimensional

visualizations of the model layouts and the results. Other extended output features include the

ability to create scatter plots for any two computed model time series conduit depth vs. velocity

storage depth vs. discharge subcatchment rainfall vs. runoff etc.. Positive or negative strong

weak or no correlation is reported. Trend lines or best-fit curves can also be plotted on the

scatter plots.

There is much third-party support for SWMM5. James et al. 2005udj is the latest

edition of the SWMM user guide containing much supplemental material including tutorials.

Many beginning model users are intimidated by SWMM however it is quite possible to use the

new versions quickly for a variety of common problems. As an example Pitt has a

comprehensive hello world user guide available at

http//unix. eng. ua. edu/-rpitt/Class/Water%20Resources%2O Engineering/W REMainPage. htm

that is used in undergraduate water resources classes. This guide covers both storm drainage and

sanitary collection system designs. The example is for a small area but the guide is also

applicable for larger
and more complex situations. The following are a few selected screen shots

from this guide showing some of the basic features of SWMM.
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Extensive Help files are available that explains each parameter and input need.
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Water surface profiles can also be calculated in SWMM5 to examine backwater problems.
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WESTERN WASHINGTON HSPF APPLICATION

A Brief History of Western Washington Stormwater Hydrology Modeling

Municipal stormwater management programs in western Washington go back more than

30 years. They grew out of flood prevention and control programs and from there expanded to

encompass concern with stream-channel and habitat damage by elevated storm flows and later

water quality degradation by stormwater runoff. Early hydrologic modeling supporting

retention/detention pond design to attempt control of elevated flows utilized a derivative of the

Rational Method. By the late 1980s hydrologists had begun using HSPF for continuous flow

modeling but most modeling by other professionals was based on a Santa Barbara Unit

Hydrograph SBUH approach rooted in the U.S. Soil Conservation Service USCS now Natural

Resources Conservation Service NRCS TR-55 storm event-based model USCS 1986. The

latter model was the basis for most analyses prescribed by the first comprehensive stormwater

management manual issued in the region King Countys Surface Water Design Manual King

County Surface Water Management Division 1990.

Shortly after the manuals appearance some of the more experienced hydrologic analysts

in the area began developing various dissatisfactions with the prevailing highly simplified

modeling methodology focusing ultimately on its inability to produce pond designs that actually

control peak discharge rates in a predictable manner. At the same time it became apparent that

although HSPF offered promise to improve analysis and design substantially several factors

limited its broader use. First its relative complexity restricted effective use to the specialists.

HSPFs application was further limited by its extensive input data requirements and orientation

to drainage catchments more on the order of square kilometers or larger than on development

site-scale sizes.

In 1992 King County and the University of Washington began work to develop a runoff

files system to remove HSPFs limitations and gain its benefits much more broadly Jackson et

al. 2001. The runoff files concept dates back to Lumb and James 1976 who developed it for

flood analysis in DeKalb County Georgia. Runoff files comprise a set of time-series data files of

unit-area land surface runoff presimulated with HSPF for a range of land-cover conditions and

soil types. To expedite analysis and design the runoff files depend on a reduced hydrologic

record that is statistically representative of the available extended record. Estimation of design

flows and facilities design is accomplished by accessing and manipulating the runoff file data by

means of supporting software.

The work culminated in the development of the King County Runoff Time Series

KCRTS software package. The Washington Department of Ecology WDOE 2005 later

extended the runoff file coverage to all of western Washington and produced accompanying

software-the Western Washington Hydrologic Model WWHM. The next section briefly

describes the initial runoff files development process as an illustration of the effort necessary to

establish a runoff files-based system. Subsequent sections discuss the characteristics data

requirements capabilities limitations and applications of WWHM.
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Runoff Files Development for KCRTS

Approach

To determine reliable flows and design stormwater management facilities continuous

hydrologic models must simulate long time series of flows on the order of 40 years or more. To

relieve the burden on the user imposed by these extensive data needs an important feature of the

runoff files method is selection of a shorter sample of hydrologic data that are statistically

representative of the full record. As a prerequisite to developing KCRTS the University of

Washington compiled precipitation and flow records from a number of locations in King County

and examined them to identify seven years that had flow statistics representative of the most

critical conditions for stormwater facility design. An eighth year represents the hypothetical100-yeardischarge event simulated by scaling up runoff from a large January 1990 storm.

Steps in Development

Eight steps were involved in developing the runoff files and KCRTS Jackson et al.

2001 a reference with more detail on each step 1 selection of HSPF parameters for a range of

land-cover conditions and soil types 2 quality assurance and correction of rainfall data 3
selection of a short climate record that accurately substitutes for the long record 4 generation

of runoff files using HSPF 5 determining plot positions for peak annual flows so that the short

record could be used for flow recurrence estimation 6 creation of 100-year flood hydrographs

7 model verification against long-term HSPF simulations and 8 training the engineering

community to use the new system.

The first step was covered by preceding USGS work developing generalized model

parameters from HSPF calibrations against flow data from 21 gauged streams in King and

neighboring Snohomish County. These parameters were used with HSPF to generate hydrologic

responses as time series of unit area land surface runoff for eight soil and land-cover types and

two long-term hourly rainfall stations. King County soils are almost entirely derived from

continental glaciation 12000 years ago and consist of either low-porosity till or high-porosity

outwash. These two soil types were paired with forest pasture and grass lawn to make up six

soil and cover types. To these types were added two others impervious and wetlands. One

precipitation station represented the lowlands of western King County and the other the foothills

and valleys to the east. More stations were initially
evaluated but discarded because of short

records data gaps errors and recording too coarse for the modeling purposes e.g. in tenth-inch

instead of hundredth-inch increments.

In the third step the longest most complete rainfall record from Seattle-Tacoma

International Airport was searched for any combination of seven water years that together would

produce flow duration statistics for the selected soil and cover types that match the statistics from

a simulation of the full record step 5. The search yielded seven years from 1951 to 1987 that

met this criterion. These years also proved to be acceptable for the eastern rain station.

Generation of the 100-year frequency simulation step 6 was complicated by the fact that

a given storm generally does not produce maximum flows from all soil and land-cover
types.

However the January 1990 storm falling on already very wet ground had characteristics that
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did produce highly elevated flows from all of the types of interest. For till soils and impervious

land 100-year peak flow rates were estimated by fitting a Log Pearson Type III distribution to

peak annual flows generated with the available 42-year record. This technique did not work well

for outwash soils and wetlands because of the relatively large soil storage in the former case and

the flow attenuating effects of wetlands. In these cases semi-logarithmic graphing fit a flow

frequency curve to peak flows. Scale factors were chosen to produce a weighted-average factor

that increases the January 1990 peak flows from a mixture of soil and cover types to statistically

determined 100-year rates.

For verification step 7 extensive tests of KCRTS-designed detention facilities were

conducted by routing long-term HSPF-generated flow series from the full record through the

units to determine if discrepancies in flow statistics from the short record caused faulty designs.

Almost all designs using KCRTS met or came close to meeting their performance standards

when tested with HSPF. Notwithstanding a small number of deviations at the relatively frequent

recurrence end of the storm spectrum producing both larger and smaller facilities than designed

by HSPF it was concluded that KCRTS-designed detention devices are expected to meet

performance standards much better than units designed with single-event methodologies. Two

watershed-scale 1404 and 4706 ha tests demonstrated the utility of KCRTS as a basis for

designing networks of detention facilities to maintain predevelopment stream hydrology see

KCRTS Case Study.

KCRTS Case Study

KCRTS was applied to compare the models
ability to specify runoff detention facilities

meeting runoff control standards to results using the SBUH method instead. The Soosette Creek

watershed 1404 ha in King County provided the test case. This stream was already impacted

biologically and expected to experience additional development to a full buildout condition.

Predevelopment simulations were based on land cover obtained from 1985 aerial photographs.

Pasture predominated in undeveloped areas at that time. The postdevelopment case assumed that

all developable land would be built in high-density residential land use 10 to 15 dwellings per

hectare with assumed 25 percent impervious cover and 75 percent lawns. The supposition was

that 91 percent of this development would drain to detention facilities and the remainder would

consist of small projects not subject to King County drainage review. It was further assumed that

20 percent of the forest cover and all wetlands existing in 1985 would remain undisturbed.

Performance standards applied to gauge results were as follows 1 ability to matchpre-and
postdevelopment peak flow rates between the 2- and 10-year discharges and 2 ability to

match
pre-

and postdevelopment flow durations between 50 percent of the 2-year and the 50-year

flow. More specifically the Normalized Channel Stability Index NCSI was taken as a basis for

judgment

NCSI 2-yearpostdevelopment
-

2-yearpredevelopment/10-yearpredevelopment
- 2-yearpredevelopment

Previous observations of channel morphology habitat characteristics and fish usage

indicated that channels with an index greater than 1 are unstable and unable to support

anadromous salmonid fish whereas those with an index near zero have excellent habitat and
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healthy fish populations unless some other negative factor e.g. blockage to fish passage poor

water quality is present Jackson et al. 2001.

KCRTS-designed detention systems were estimated to maintain the two-year peak flow

rates at different stream stations with very little change whereas those facilities designed

according to SBUH would allow increases of 15 to 20 percent.
In the latter case two-year flow

durations were forecast to rise by up to 80 percent while those based on KCRTS would hold

durations with almost no increases. The KCRTS facilities were also estimated to keep NCSI

values at already degraded levels of 1.2-2.1 while the SBUH devices would permit further

deterioration to 1.7-2.7.

The Western Washington Hydrologic Model

Characteristics

WWHM is an outgrowth of KCRTS extending the runoff-files approach from King

County to all of western Washington. Accordingly it utilizes model parameters and rainfall data

from a wider area. The same eight soil and land-cover types underlying KCRTS are also used in

WWHM with parameter selections appropriate to the different locations in the region. Western

Washington rainfall regimes are represented by 17 gauging stations at elevations below 457 m
1500 ft where almost all development occurs. For better representation of local conditions in

the large area served by the model it includes multipliers to adjust rainfall geographically. Pan

evaporation coefficients similarly adjust evapotranspiration from place to place.

Capabilities

WWHM computes the
pre-

and postdevelopment 2- through 100-year flow frequency

values from a detention facility discharge point. It then compares the
pre-

and postdevelopment

flow durations to check if the device would meet WDOEs flow control requirements which are

duration-based according to the following criterion if postdevelopment flow duration values

exceed any of the predevelopment durations occurring between 50 percent of predevelopment

two-year up to the predevelopment 50-year surface runoff peak flow rates then the requirement

is not met.

Limitations

Being based on HSPF WWHM shares the limitations inherent in that continuous model

e.g. not being capable of modeling backwater or tailwater situations. WWHM is a site-scale

model and has been programmed specifically to design individual stormwater management

practices. While the model can route runoff through multiple stormwater control devices in

series it cannot route through a natural lake or wetland. Routing effects become more important

with increase in catchment area. For this reason it is recommended that WWHM not be used for

drainage areas larger than 130 ha 320 acres.
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Biographical Informationfor the Committee on Reducing Stormwater

Discharge Contributions to Water Pollution

Claire Welty Chair is the Director of the Center for Urban Environmental Research and

Education and Professor of Civil and Environmental Engineering at University of Maryland
Baltimore County UMBC. Dr. Weltys work has primarily focused on transport processes in

aquifers her current research interest is in watershed-scale urban hydrology particularly in

urban groundwater. Prior to her appointment at UMBC Dr. Welty was a faculty member at

Drexel University for 15 years where she taught hydrology and also served as Associate

Director of the School of Environmental Science Engineering and Policy. Dr. Welty is the

chair of the National Research Councils NRCs Water Science and Technology Board and has

previously served on three NRC study committees. She is the Chair-Elect of the Consortium of

Universities for the Advancement of Hydrologic Science Inc. Dr. Welty received a B.A. in

environmental sciences from the University of Virginia an M.S. in environmental engineering

from the George Washington University and a Ph.D. in civil and environmental engineering

from the Massachusetts Institute of Technology.

Roger T. Bannerman has been an environmental specialist for the Wisconsin Department of

Natural Resources for over 30 years. For most of that time he has directed research projects

investigating urban runoff. Topics addressed by his studies over the years include the quality of

urban streams identification of problem pollutants in stormwater toxicity of stormwater

pollutants effectiveness of different stormwater control practices sources of stormwater

pollutants selection of cost-effective control practices and benefits of low-impact development.

He has.applied these results to management plans developed for most urban areas in Wisconsin.

This includes the calibration of the urban runoff model called the Source Loading and

Management Model. The results of his research projects have been used to develop Wisconsins

new administrative rules that regulate stormwater management. Mr. Bannerman received his

B.S. in chemistry from Humboldt State College and an M.S. from the University of Wisconsin in

water chemistry.

Derek B. Booth has joint positions as Senior Geologist at Stillwater Sciences Inc. and Adjunct

Professor at the University of Washington where he is senior editor of the international journal

Quaternary Research and holds faculty appointments in Civil Engineering and Earth Space

Sciences. Prior to this he was director of the Center for Urban Water Resources Management

and its successor the Center for Water and Watershed Studies at the university. He maintains

active research into the causes of stream-channel degradation the effectiveness of stormwater

mitigation strategies and the physical effects of urban development on aquatic systems with

over a dozen publications and a wide range of national and international invited presentations on

the topic. Dr. Booth received a B.A. in literature from Hampshire College a B.A. in geology

from the University of California at Berkeley an M.S. in geology from Stanford University and

a Ph.D. in geological sciences from the University of Washington.
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Richard R. Horner is a professor in the Department of Civil and Environment Engineering at

the University of Washington with adjunct appointments in Landscape Architecture and in the

College of Forest Resources Center for Urban Horticulture. He received his Ph.D. from the

University of Washingtons Department of Civil and Environmental Engineering and previous

engineering degrees from the University of Pennsylvania. Dr. Homer splits his time between

university research and private practice. In both cases his work concerns how human occupancy
of and activities on the landscape affect natural waters and how negative effects can be reduced.

He has been involved in two extended research projects concerning the ecological response of

freshwater resources to urban conditions and the urbanization process. The first studied the

effect of human activities on freshwater wetlands of the Puget Sound lowlands and led to a

comprehensive set of management guidelines to reduce negative effects. A ten-year study

involved the analogous investigation of human effects on Puget Sounds salmon spawning and

rearing streams. In addition he has broad experience in all aspects of stormwater management

having helped design many stormwater programs in Washington California and British

Columbia. He previously served on the NRCs Committee on the Comparative Costs of Rock

Salt and Calcium Magnesium Acetate for Highway Deicing.

Charles R. OMelia NAE is the Abel Wolman Professor of Environmental Engineering and

Chair of the Geography and Environmental Engineering Department at the Johns Hopkins

University where he has served on the faculty for over 25
years.

Dr. OMelias research areas

include aquatic chemistry environmental colloid chemistry water and wastewater treatment

modeling of natural surface and subsurface waters and the behavior of colloidal particles. He

has served on the advisory board and review committees for the environmental engineering

departments of multiple universities. He has served in a range of advising roles to professional

societies including the American Water Works Association and Research Foundation the Water

Pollution Control Federation the American Chemical Society and the International Water

Supply Association. He has served on several NRC committees including chairing the Steering

Committee Symposium on Science and Regulation and the Committee on Watershed

Management for New York City. He was also a member of the NRC Water Science and

Technology Board and the Board on Environmental Studies and Toxicology. Dr. OMelia

earned a Ph.D. in Sanitary Engineering from the University of Michigan. In 1989 Dr. OMelia

was elected to the National Academy of Engineering for significant contributions to the theories

of coagulation flocculation and filtration leading to improved water-treatment practices

throughout the world.

Robert E. Pitt is the Cudworth Professor of Urban Water Systems in the Department of Civil

Construction and Environmental Engineering at the University of Alabama UA. He is also

Director of the UA interdisciplinary Environmental Institute. Dr. Pitts research concerns the

effects sources and control of urban runoff which has resulted in numerous development

management plans stormwater ordinances and design manuals. Dr. Pitt has also developed and

tested procedures to recognize and reduce inappropriate discharges of wastewaters to separate

storm drainages. He has investigated the sources and control of stormwater toxicants and

examined stormwater effects on groundwater. He has also carried out a number of receiving

water impact studies associated with stormwater. These studies have included a variety of field

monitoring activities including water and sediment quality fish and benthos taxonomic

composition and laboratory toxicity tests. His current research includes developing a
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nationwide database of national stormwater permit information and conducting comprehensive

evaluations of these data. Dr. Pitt received a B.S. in engineering science from Humboldt State

University an M.S. in civil engineering from San Jose State University and a Ph.D. in civil and

environmental engineering from the University of Wisconsin.

EdwardT. Rankin is a Senior Research Associate in the Center for Applied Bioassessment and

Biocriteria within the Midwest Biodiversity Institute MBI and an Environmental Management
Associate with Ohio University in Athens Ohio. Prior to 2002 he was an aquatic ecologist with

Ohio EPA for almost 18
years.

MBI is a 125-member organization devoted to advancing the

natural sciences applied ecology and field biology in 12 midwestern states. Mr. Rankins

research centers around the effects of stormwater and other urban stressors on aquatic life

development and application of stream habitat assessment methodologies development and

application of biological criteria and biological-based chemical criteria for aquatic life and

improving the accuracy of total maximum daily loads for nutrients and sediment. He is

particularly interested in the application of research to management of aquatic life issues and has

extensive experience with the development of tiered aquatic life uses and use attainability

analyses in streams. He is currently participating in two studies funded by the Water

Environment Research Foundation on urban stressors. Mr. Rankin received his B.S. in biology

from St. Bonaventure University and his M.S. in zoology from The Ohio State University.

Thomas R. Schueler founded the Center for Watershed Protection in 1992 as a nonprofit

organization dedicated to protecting our nations streams lakes and wetlands through improved

land management. In 2007 he launched the Chesapeake Stormwater Network whose mission is

to improve on-the-ground implementation of more sustainable stormwater management and

environmental site design practices in each of 1300 communities and seven states in the

Chesapeake Bay Watershed. He has conducted extensive research on the pollutant removal

performance cost and longevity of stormwater control measures and he has developed guidance

for both Phase I and Phase II communities to meet minimum management measures to comply

with municipal stormwater permits including development of a national stormwater monitoring

database and national guidance on illicit discharge detection and elimination. Mr. Schueler has

written several widely referenced manuals that describe how to apply the tools of watershed

protection and restoration and he is working on a wide range of research projects and watershed

applications across the United States. Prior to founding the Center he worked for ten years at

the Metropolitan Washington Council of Governments where he led the Anacostia Watershed

Restoration Team one of first efforts to comprehensively restore an urban watershed. He

received his B.S. in environmental science from the George Washington University.

Kurt Stephenson is an associate professor of Environmental and Natural Resource Economics

in the Department of Agricultural and Applied Economics at the Virginia Polytechnic Institute

and State University. His professional objective is to better integrate economic perspectives and

analysis into decision making related to water resource issues. Particular emphasis is placed on

the application of economic analysis to interdisciplinary research of policy issues. The design

and implementation of market-based
policies to secure environmental objectives is a primary

area of study within this context. He is currently involved in determining effective strategies for

reducing nutrient loads in the Opequon Watershed in Virginia and West Virginia including

evaluating the cost effectiveness and feasibility of using urban nonpoint source controls including
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stormwater management as an offset to growth in point source loads. He is a member of the

Virginia Department of Environmental Qualitys Nutrient Trading Technical Advisory

Committee and the Academic Advisory Committee. Dr. Stephenson received his B.S. in

economics from Radford University his M.S. in agricultural economics from Virginia Tech and

his Ph.D. in economics from the University of Nebraska.

Xavier Swamikannu is Chief of the Stormwater Permitting Program for the Los Angeles

Regional Water Board and the California EPA where he has worked for nearly 20
years.

He has

extensive experience with the implementation of municipal and industrial stormwater programs

in Southern California including the evaluation of pollutant discharges determining the

effectiveness of stormwater control measures in treating stormwater runoff developing

performance criteria and better understanding of their costs. He has participated on EPAs
General Permits and Total MaximumDaily Load Work Groups and he has served on many state

and regional technical advisory committees concerned with stormwater regulations. He was

recognized by the California Water Boards in 2007 for his national leadership in the stormwater

program and by the California State Senate for his service on the technical advisory committee of

the Santa Monica Bay Restoration Commission. Dr. Swamikannu received his B.S. in natural and

chemical sciences from St. Josephs College in Bangalore India his M.S. in environmental

sciences from Texas Christian University and his Ph.D. in environmental science and engineering

from the University of California Los Angeles.

Robert G. Traver is a professor of Civil and Environmental Engineering at Villanova

University and the Director of the Villanova Urban Stormwater Partnership. He conducts

research on topics that include modeling of stream hydraulics urban hydrology water quality

and measures to mitigate stormwater effects of urbanization. Most recently he has created a

Stormwater Best Management Practice Demonstration and Research Park on the Villanova

Campus. Dr. Traver is also involved with the implementation of stormwater policy. He has

participated in a team study to review the effects of Pennsylvanias water regulation from a

watershed sustainability viewpoint acted as a reviewer for Pennsylvanias 1995 Best

Management Practice Handbook and has served as Chair for the 1998 1999 2001 2003 and

2005 Pennsylvania Stormwater Management Symposiums held at Villanova. More recently he

was selected to serve on the American Society of Civil Engineers External Review Panel of the

Corps investigation of Hurricane Katrina. Dr. Traver is a retired LTC in the ArmyReserves and

a veteran of Operation Desert Storm. He received his B.S. in civil engineering from the Virginia

MilitaryInstitute his M.S. in civil engineering from Villanova and his Ph.D. in civil engineering

from Pennsylvania State University.

Wendy E. Wagner is the Joe A. Worsham Centennial Professor at the University of Texas

School of Law. Before joining the UT faculty she was a professor at Case Western Reserve

University School of Law and a visiting professor at Columbia Law School and the Vanderbilt

School of Law. Wagners research focuses on the interface between science and environmental

law and her articles have appeared in numerous journals including the Columbia Cornell

Duke Georgetown Illinois Texas Wisconsin and Yale Law Reviews. She has published on

the practical problems with EPAs current approach to stormwater regulation.
She has also

written several articles on the challenges of regulating media like stormwater on restoring

polluted waters with public values on the legal aspects of the regulatory use of environmental
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modeling and on technology-based standards. Ms. Wagner received a masters degree in

environmental studies from the Yale School of Forestry and Environmental Studies and a law

degree from Yale Law School. She clerked for the Honorable Judge Albert Engel Chief Judge

of the U.S. Court of Appeals for the 6th Circuit.

William E. Wenk is founder and president of Wenk Associates Inc. a Denver-based landscape

architectural firm. He is also an Adjunct Associate Professor of Landscape Architecture at the

University of Colorado in Denver. For over 20 years he has been influential in the restoration

and redevelopment of urban river and stream corridors the transformation of derelict urban land

and the design of public parks and open spaces. Mr. Wenk was the Principal Urban Designer for

the Menomonee River Valley Redevelopment an award-winning green infrastructure

redevelopment in Milwaukee that integrated a network of parks and open spaces through

stormwater infrastructure regional and local trails and a restored river corridor into a proposed

130-acre mixed-use and light industrial development. Other projects of his include the Prairie

Trail CommunityMaster Plan in Ankeny Iowa a surface stormwater system designed to

provide flood control and water quality for a new 1000-acre mixed-use community and the

Stapleton Airport Parks and Open Space Redevelopment a surface stormwater drainage design

for the 4500-acre redevelopment as well as the Stapleton Water Quality Guidelines book to

guide planners and developers on how to integrate stormwater best management practices into

redevelopment. Mr. Wenk received a B.S.L.A. and M.L.A. from Michigan State University and

the University of Oregon respectively.
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Contacts Jennifer Walsh Media Relations Officer

Alison Burnette Media Relations Assistant

Office of News and Public Information

202-334-2138 e-mail news@nas.edu

FOR IMMEDIATE RELEASE

EPAS STORMWATER PROGRAM NEEDS A SIGNIFICANT OVERHAUL
TO IMPROVE ITS EFFECTIVENESS AND THE QUALITY OF URBAN STREAMS

WASHINGTON -- Radical changes to the U.S. Environmental Protection Agencys stormwater

program are necessary to reverse degradation of fresh water resources and ensure progress toward

the Clean Water Acts goal of fishable and swimmable waters says a new report from the National

Research Council. Increased water volume and pollutants from stormwater have degraded water

quality and habitats in virtually every urban stream system. To provide meaningful regulation all

stormwater and other wastewater discharge permits should be based on watershed boundaries

instead of political boundaries. Moreover the program should integrate stormwater management and

land management practices and focus less on chemical pollutants in the stormwater and more on the

increased flow of water.

Following rain or snow in urban areas large quantities.of water flow over impervious surfaces - such

as streets parking lots and rooftops - and pick up various pollutants like garbage asphalt sealants

motor fuels and other chemicals. This polluted stormwater is then collected by natural channels and

artificial drainage systems and ultimately routed to nearby streams rivers and other bodies of water.

Although urban stormwaters role in degrading the nations water supply has been recognized for

decades reducing that role has been difficult. In 1987 Congress brought stormwater control into the

Clean Water Act and placed it under the supervision of the Environmental Protection Agency which

now oversees stormwater discharged by cities industries and construction sites. However the

current regulatory framework for stormwater which was originally designed to address sewage and

industrial wastes has suffered from poor accountability and uncertainty about its effectiveness at

improving water quality. In light of these challenges EPA asked the Research Council to assess its

stormwater permitting program.

EPAs current approach is not likely to produce an accurate picture of the extent of the problem nor is

it likely to control stormwaters contribution to impairing water quality said the committee that wrote

the report. Currently stormwater and wastewater regulations require separate permits within

stormwater regulations different types of permits exist for municipalities industries and construction

sites. The committee recommended that EPA should adopt a watershed-based permitting system

that would encompass all discharges -- including stormwater and wastewater -- which could impact

waterways in a particular drainage basin rather than having many individual permits. Responsibility

and authority for implementing watershed-based permits should be centralized with a lead

municipality that would work in partnership with other municipalities. In addition lead municipalities

should receive enhanced funding to compensate for increased responsibility the committee

RB-AR17400



suggested.

Even in the absence of adopting watershed-based permitting additional adjustments could be made
to the stormwater program such as bringing construction and industrial sites under the jurisdiction of

their associated municipalities referred to as integration by the committee. Federal and state

permitting authorities do not have nor could expect to have sufficient personnel to inspect and enforce

stormwater regulations on more than 100000 discrete point source facilities discharging stormwater.

A better structure would allow operators of municipal storm sewer systems to act as the first tier of

control. EPAs successful treatment program for municipal and industrial wastewater sources could

serve as a model for integration.

Because the area being appropriated for urban land use is growing. faster than the population

stormwater management will be ineffective without also considering land use management the report

says. Future land development and its potential increases in stormwater must be considered and

addressed in the EPAs stormwater regulatory program. For example permit programs could be

predicated on rigorous projections of future growth and changes in impervious cover or regulators

could be encouraged to use incentives to lessen the impact of land development.

Additionally the committee recommended that the stormwater program focus less on chemical

pollutants and more on the increased volume of water. In urban areas stormwater flows rapidly

across the land surfaces and arrives at streams in short concentrated bursts of high water

discharges which in turn increases streambank erosion and accompanying sediment pollution of

surface water. The volume of discharges is generally not regulated at all by EPA the committee

noted. Also little account is given to the cumulative contributions of multiple sources and pollutants

in the same watershed because most discharges are regulated on an individual basis.

Further stormwater control measures assessed by the committee include conserving natural areas

reducing hard surface cover such as roads and parking lots that channel stormwater into waterways
and retrofitting urban areas with features that hold and treat stormwater. Moreover the committee

recommended that the federal government provide more financial support to state and local efforts to

regulate stormwater. Funds for the wastewater program greatly outnumber the stormwater program
even though there are five times more stormwater permit holders than wastewater permit holders.

The report was sponsored by the U.S. Environmental Protection Agency. The National Academy of

Sciences National Academy of Engineering Institute of Medicine and National Research Council

make up the National Academies. They are private nonprofit institutions that provide science

technology and health policy advice under a- congressional charter. The Research Council is the

principal operating agency of the National Academy of Sciences and the National Academy of

Engineering. A committee roster follows.

Copies of URBAN STORMWATER MANAGEMENT IN THE UNITED STATES are available from the

National Academies Press tel. 202-334-3313 or 1-800-624-6242 or on the Internet at

HTTP/NVWW.NAP. EDU. Reporters may obtain a copy from the Office of News and Public

Information contacts listed above.
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Date: Oct. 15, 2008 
Contacts: Jennifer Walsh, Media Relations Officer 
Alison Burnette, Media Relations Assistant 
Office of News and Public. Information 
202-334-2138; e-mail <news@nas.edu > 

FOR IMMEDIATE RELEASE 

EPA'S STORMWATER PROGRAM NEEDS A SIGNIFICANT OVERHAUL 
TO IMPROVE ITS EFFECTIVENESS AND THE QUALITY OF URBAN STREAMS 

WASHINGTON -- Radical changes to the U.S. Environmental Protection Agency's stormwater 
program are necessary to reverse degradation of fresh water resources and ensure progress toward 
the Clean Water Act's goal of "fishable and swimmable" waters, says a new report from the National 
Research Council. Increased water volume and pollutants from stormwater have degraded water 
quality and habitats in virtually every urban stream system. To provide meaningful regulation, all 
stormwater and other wastewater discharge permits should be based on watershed boundaries 
instead of political boundaries. Moreover, the program should integrate stormwater management and 
land management practices, and focus less on chemical pollutants in the stormwater and more on the 
increased flow of water. 

Following rain or snow in urban areas, large quantities of water flow over impervious surfaces -- such 
as streets, parking lots, and rooftops -- and pick up various pollutants like garbage, asphalt sealants, 
motor fuels, and other chemicals. This polluted stormwater is then collected by natural channels and 
artificial drainage systems and ultimately routed to nearby streams, rivers, and other bodies of water. 

Although urban stormwater's role in degrading the nation's water supply has been recognized for 
decades, reducing that role has been difficult. In 1987, Congress brought stormwater control into the 
Clean Water Act and placed it under the supervision of the Environmental Protection Agency, which 
now oversees stormwater discharged by cities, industries, and construction sites. However, the 
current regulatory framework for stormwater, which was originally designed to address sewage and 
industrial wastes, has suffered from poor accountability and uncertainty about its effectiveness at 
improving water quality, In light of these challenges, EPA asked the Research Council to assess its 
stormwater permitting program. 

EPA's current approach is not likely to produce an accurate picture of the extent of the problem, nor is 
it likely to control stormwater's contribution to impairing water quality, said the committee that wrote 
the report. Currently, stormwater and wastewater regulations require separate permits; within 
stormwater regulations, different types of permits exist for municipalities, industries, and construction 
sites. The committee recommended that EPA should adopt a watershed-based permitting system 
that would encompass all discharges -- including stormwater and wastewater -- which could impact 
waterways in a particular drainage basin, rather than having many individual permits. Responsibility 
and authority for implementing watershed-based permits should be centralized with a lead 
municipality that would work in partnership with other municipalities. In addition, lead municipalities 
should receive enhanced funding to compensate for increased responsibility, the committee 
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suggested. 

Even in the absence of adopting watershed-based permitting, additional adjustments could be made 
to the stormwater program, such as bringing construction and industrial sites under the jurisdiction of 
their associated municipalities, referred to as "integration" by the committee. Federal and state 
permitting authorities do not have nor could expect to have sufficient personnel to inspect and enforce 
stormwater regulations on more than '100,000 discrete point source facilities discharging stormwater, 
A better structure would allow operators of municipal storm sewer systems to act as the first tier of 
control. EPA's successful treatment program for municipal and industrial wastewater sources could 
serve as a model for integration. 

Because the area being appropriated for urban land use is growing faster than the population, 
stormwater management will be ineffective without also considering land use management, the report 
says. Future land development and its potential increases in stormwater must be considered and 
addressed in the EPA's stormwater regulatory program. For example, permit programs could be 
predicated on rigorous projections of future growth and changes in impervious cover, or regulators 
could be encouraged to use incentives to lessen the impact of land development. 

Additionally, the committee recommended that the stormwater program focus less on chemical 
pollutants and more on the increased volume of water. In urban areas, stormwater flows rapidly 
across the land surfaces and arrives at streams in short, concentrated bursts of high water 
discharges, which in turn increases streambank erosion and accompanying sediment pollution of 
surface water. The volume of discharges is generally not regulated at all by EPA, the committee 
noted. Also, little account is given to the cumulative contributions of multiple sources and pollutants 
in the same watershed, because most discharges are regulated on an individual basis. 

Further stormwater control measures assessed by the committee include: conserving natural areas, 
reducing hard surface cover such as roads and parking lots that channel stormwater into waterways, 
and retrofitting urban areas with features that hold and treat stormwater. Moreover, the committee 
recommended that the federal government provide more financial support to state and local efforts to 
regulate stormwater. Funds for the wastewater program greatly outnumber the stormwater program, 
even though there are five times more stormwater permit holders than wastewater permit holders. 

The report was sponsored by the U.S. Environmental Protection Agency. The National Academy of 
Sciences, National Academy of Engineering, Institute of Medicine, and National Research Council 
make up the National Academies. They are private, nonprofit institutions that provide science, 
technology, and health policy advice under a congressional charter. The Research Council is the 
principal operating agency of the National Academy of Sciences and the National Academy of 
Engineering. A committee roster follows. 

Copies of URBAN STORMWATER MANAGEMENT IN THE UNITED STATES  are available from the 
National Academies Press; tel. 202-334-3313 or 1-800-624-6242 or on the Internet at 
HTTP://VWVW.NAP.EDU . Reporters may obtain a copy from the Office of News and Public 
Information (contacts listed above). 
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July 20, 2012 
 
 
Mr. Ivar Ridgeway 
Senior Environmental Scientist  
Los Angeles Regional Water Quality Control Board  
320 W. 4th Street, Suite 200 
Los Angeles, CA 90013 
(213) 620-2150 
 
Re: Tentative Los Angeles Municipal Separate Storm Sewer System (MS4) Permit 

(Order No. R4-2012-XXXX) Comments  
 

Dear Mr. Ridgeway: 

Thank you for the opportunity to provide comments on the tentative County of Los 
Angeles Municipal Separate Storm Sewer System Permit, Order No. R4-2012-XXXX 
NPDES Permit No. CAS004001 (hereinafter referred to as the “LA MS4 Permit”). 
The City of San Dimas (“City”) is pleased to submit the attached comments for your 
consideration. The attached comments are intended to be complementary yet an 
expansion to the comments submitted to you from the Los Angeles Stormwater 
Permit Group (LA Permit Group). 

Please note that the City fully supports comments submitted to you from the LA 
Permit Group.   

Again, thank you for the opportunity to provide comments on the tentative LA MS4 
Permit. Should you have any questions or need additional information, please 
contact me at your convenience at (909) 394-6213 or via email at 
bmichaelis@ci.san-dimas.ca.us.  

 
Sincerely, 
 
 
 
Blaine Michaelis  
City Manager  
 
Cc: Krishna Patel – Director of Public Works  
      Latoya Cyrus – Environmental Services Coordinator  

07-12-17 lc  
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Tentative Los Angeles Municipal Separate Storm Sewer System (MS4) Permit 

(Order No. R4-2012-XXXX) Comments (issue date unspecified) 

 
1. Numeric Water Quality Based Effluent Limitations (WQBELs) applied to dry 

and wet weather Total Maximum Daily Load (TMDLs) waste load allocations 
(WLAs) and to stormwater and non-stormwater municipal action levels 
(MALs) are not authorized under federal stormwater regulations and are not 
in keeping with State Water Resources Control Board (State Board) water 
quality orders (WQOs). 

 
The tentative order specifies that: Each Permittee shall comply with applicable 
WQBELs as set forth in Part VI.E of this Order, pursuant to applicable 
compliance schedules. The tentative order specifies two categories of WQBELs, 
one for USEPA adopted TMDLs and one for Regional Board/State adopted 
TMDLs.  Regarding USEPA adopted TMDLs, it appears that BMP-WQBELs may 
be used to meet TMDL WLAs in the receiving water.  For Regional Board/State-
adopted TMDLs, the tentative order specifies a different compliance method:  
meeting a “numeric” WQBEL which is derived directly from the TMDL waste load 
allocation.  For example, the wet weather numeric WQBEL for dissolved copper 
for the Los Angeles River is 17 ug/l.   
 
a. Issue:  Regional Board staff requiring WQBELs is premature because there 

has not been an exceedance of any TMDL WLA at the outfall.  No 
exceedance has occurred because outfall monitoring is not a requirement of 
the current MS4 permit or previous MS4 permits.   

 
The Regional Board’s setting of WQBELs – any WQBEL -- to translate the 
TMDL WLA for compliance at the outfall is premature.  Regional Board staff 
apparently has not performed a reasonable potential analysis as required 
under § 122.44(d)(1)(i), which states: 

 
“Limitations must control all pollutants or pollutant parameters (either conventional, 

nonconventional, or toxic pollutants) which the Director determines are or may be 

discharged at a level that will cause, have the reasonable potential to cause, or 

contribute to an excursion above any [s]tate water quality standard, including [s]tate 

narrative criteria for water quality.” 

 
No such reasonable potential analysis has been performed – even though 
USEPA guidance requires it as part of documenting the calculation of 
WQBELs in the LA MS4 Permit’s Fact Sheet.  According to USEPA’s NPDES 
Permit Writers’ Manual: 

 
Permit writers should document the process used to develop WQBELs in the NPDES 

permit fact sheet. The permit writer should clearly identify the data and information 

used to determine the applicable water quality standards and how that information, 

or any applicable TMDL, was used to derive WQBELs and explain how the state’s 

anti-degradation policy was applied as part of the process. The information in the 
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fact sheet should provide the NPDES permit applicant and the public a transparent, 

reproducible, and defensible description of how the permit writer properly derived 

WQBELs for the NPDES permit.1 
 

The fact sheet accompanying the LA MS4 Permit contains no reference to a 
reasonable potential analysis -- a consequence of the fact that no outfall 
monitoring has been required of the Regional Board either in the current or 
previous MS4 permits for Los Angeles County.  Outfall monitoring is a 
mandatory requirement under federal regulations at CFR 40 §122.22, §122.2 
and §122.26. CFR 40 §122.22(C)(3) requires effluent and ambient 
monitoring:     
 
The permit requires all effluent and ambient monitoring necessary to show that 

during the term of the permit the limit on the indicator parameters continues to attain 

water quality standards. 

 
“Effluent monitoring,” according to the Clean Water Act §502, is defined as 
outfall monitoring: 

 
The term "effluent limitation" means any restriction established by a State or the 

Administrator on quantities, rates, and concentrations of chemical, physical, 

biological, and other constituents which are discharged from point sources into 

navigable waters, the waters of the contiguous zone, or the ocean, including 

schedules of compliance.   

 
40 CFR §122.2, defines a point source as:   

 
… the point where a municipal separate storm sewer discharges to waters of the 

United States and does not include open conveyances connecting two municipal 

separate storm sewers, or pipes, tunnels or other conveyances which connect 

segments of the same stream or other waters of the United States and are used to 

convey waters of the United States. 

 
Because Regional Board Staff has not required outfall monitoring, it could not 
have detected an excursion above a water quality standard, including TMDL 
WLAs. Therefore, Regional Board Staff could not have conducted a 
reasonable potential analysis and, as further consequence, cannot require 
compliance with a WQBEL (numeric or BMP-based) or with any TMDL or 
MAL until those burdens have been met.   
 
Recommended Correction: Eliminate all reference to comply with WQBELs 
until outfall monitoring and a reasonable potential analysis have been 
performed.       
 

b. Issue:  Even if Regional Board staff conducted outfall monitoring and 
detected an excursion above a TMDL WLA and performed the requisite 

                                            
1
United States Environmental Protection Agency, NPDES Permit Writers’ Manual, September, 2010,  

page 6-30. 
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reasonable potential analysis, it cannot require a numeric WQBEL strictly 
derived from the TMDL WLA.   

 
USEPA’s 2010 guidance memorandum mentions that numeric WQBELs are 
permissible only if feasible.2  This conclusion was reinforced by a 
memorandum from Mr. Kevin Weiss, Water Permits Division, USEPA 
(Washington D.C.). He explains:  
 
Some stakeholders are concerned that the 2010 memorandum can be read as 

advising NPDES permit authorities to impose end-of-pipe limitations on each 

individual outfall in a municipal separate storm sewer system. In general, EPA does 

not anticipate that end-of-pipe effluent limitations on each municipal separate storm 

sewer system outfall will be used frequently. Rather, the memorandum expressly 

describes “numeric” limitations in broad terms, including “numeric parameters 

acting as surrogates for pollutants such as stormwater flow volume or percentage or 

amount of impervious cover.” In the context of the 2010 memorandum, the term 

“numeric effluent limitation” should be viewed as a significantly broader term than 

just end-of-pipe limitations, and could include limitations expressed as pollutant 

reduction levels for parameters that are applied system-wide rather than to 

individual discharge locations, expressed as requirements to meet performance 

standards for surrogate parameters or for specific pollutant parameters, or could be 

expressed as in-stream targets for specific pollutant parameters. Under this 

approach, NPDES authorities have significant flexibility to establish numeric effluent 

limitations in stormwater permits.3 

 
Reading the 2010 USEPA memorandum, together with Mr. Weiss’s 
memorandum, creates the inescapable conclusion that (1) numeric WQBELs 
are permissible if “feasible” and (2) numeric WQBELs cannot be construed to 
only mean strict effluent limitations at the end-of-pipe (outfall) but more 
realistically must include surrogate parameters and other variants as well.  
Regional Board staff failed to examine alternative numeric WQBELs, along 
with BMP WQBELs, as a consequence of not conducting the appropriate 
analysis. 
 
In any case, the feasibility of numeric WQBELs, whether strictly derived 
from TMDL WLAs or of the surrogate parameter type, the State Water 
Resources Control Board has determined that numeric effluent limitations 
are not feasible.   In Water Quality Orders 2001-15 and  2009-0008  the 
State Board made it clear that:  we will generally not require “strict 
compliance” with water quality standards through numeric effluent 
limitations,” and instead “we will continue to follow an iterative approach, 
which seeks compliance over time” with water quality standards.    

 

                                            
2
Memorandum from James A. Hanlon, Director, Office of Waste Management, Revisions to the November 

22, 2002 Memorandum Establishing Total Maximum Daily Load (TMDL) Waste Load Allocations (WLAs) for 
Storm Water Sources and NPDES Permit Requirements Based on Those WLAs, November 12, 2010, page  
3
Memorandum from Kevin Weiss, Water Permits Division, USEPA (Washington D.C.), March 17, 2011.   
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[Please note that the iterative approach to attain water quality standards 
applies to the outfall and the receiving water.]  
 
More recently, the State Board commented in connection with the draft 
Caltrans MS4 Permit that numeric WQBELs are not feasible as explained in 
the following provision from its most recent Caltrans draft order: 

 
Storm water discharges from MS4s are highly variable in frequency, intensity, and 

duration, and it is difficult to characterize the amount of pollutants in the discharges. 

In accordance with 40 CFR § 122.44(k)(2), the inclusion of BMPs in lieu of numeric 

effluent limitations is appropriate in storm water permits. This Order requires 

implementation of BMPs to control and abate the discharge of pollutants in storm 

water to the MEP.  

 

The State Board’s decision not to require numeric WQBELs in this instance 
appears to have been influenced by among other considerations, the Storm 
Water Panel Recommendations to the California State Water Resources 
Control Board in re:  The Feasibility of Numeric Effluent Limits Applicable to 
Discharges of Storm Water Associated with Municipal, Industrial and 
Construction Activities. 
 
The Regional Board does not have the legal authority to require numeric 
WQBELs.   
 
Recommended Correction: Eliminate all references to comply with numeric 
WQBELs.       
  

c. Issue: There cannot be a WQBEL to attain a dry weather TMDL WLA or a 
WQBEL that addresses a non-stormwater municipal action level (MAL). 

 
The foundation for this argument lies in the federal limitation of non-
stormwater discharges to the MS4 – not from or through it as the tentative 
order concludes.  Federal stormwater regulations only prohibit discharges to 
the MS4 and limits outfall monitoring to stormwater discharges.  This is 
explained in greater detail under 4. Non-stormwater Discharge Prohibitions. 
 
LA Regional Board does not have the legal authority to compel compliance 
with dry weather WQBELs or non-stormwater MALs.   
 
Recommended Correction: Eliminate all references to comply with numeric 
WQBELs.       
    

2. The tentative order has altered Receiving Water Limitation (RWL) language 
causing it to be overbroad and inconsistent with RWL in the current MS4 
permit, the Ventura MS4 permit, State Board WQO 99-05, the draft Caltrans 
MS4 permit, and RWL language recommended by CASQA. 
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a. Issue: The proposed RWL language changes the “exceedance” determinant 
from water quality standards and objectives to receiving water limitations, 
thereby increasing the stringency of the requirement.  The tentative order 
RWL version reads:  Discharges from the MS4 that cause or contribute to the 
violation of receiving water limitations are prohibited. 
 

Compare this with what is in the current MS4 permits for Los Angeles and 
Ventura Counties: 
 
Discharges from the MS4 that cause or contribute to a violation of water quality 

standards are prohibited.  

 

Whereas standard RWL language limits water quality standards to what is in 
the basin plan, and includes water quality objectives (relates to waters of the 
State), the tentative order  uses revised language that replaces  water quality 
standards with the following receiving water limitation criteria:    
 

Any applicable numeric or narrative water quality objective or criterion, or 

limitation to implement the applicable water quality objective or criterion, for the 

receiving water as contained in Chapter 3 or 7 of the Water Quality Control Plan for 

the Los Angeles Region (Basin Plan), water quality control plans or policies adopted 

by the State Water Board, or federal regulations, including but not limited to, 40 CFR 

§ 131.38. 

 
It is unclear why Regional Board staff has removed water quality standards, 
which is a USEPA and State Board requirement, and replaced them with the 
more global receiving water limitation language that include additional 
compliance criteria (e.g., “or federal regulations including but not limited to 40 
CFR § 131.38”). Other “federal regulations” could include CERCLA 
(Comprehensive Environmental Remediation and Compensation Liability 
Act).   

  
Enlarging the scope of the RWL from water quality standards to a universe of 
other regulatory requirements exceeds RWL limitation language established 
in State Board WOQ 99-05, a precedential decision.  The order bases 
compliance on discharge prohibitions and receiving water limitations on the 
timely implementation of control measures and other action in the discharges 
in accordance with the SWMP (stormwater management plan) and other 
requirements of the permit’s limitations.  It goes on to say that if exceedances 
of water quality standards or water quality objectives, collectively referred to 
as water quality standards continues, the SWMP shall undergo an iterative 
process to address the exceedances.  It should be noted that this language 
was mandated by USEPA. 
 
It should be noted that the draft Caltrans MS4 permit is scheduled for 
adoption in September, as well as CASQA, proposes RWL language that is in 
keeping with WQO 99-05. 
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LA Regional Board does not have the legal authority to re-define RWL 
language to the extent it is proposing. 
  
Recommended Correction:  Replace RWL contained in the tentative order 
with the CASQA model or with language contained in the draft Caltrans MS4 
permit. 

 
b. Issue: By eliminating water quality standards, the tentative order has created 

a separate compliance standard for TMDLs and for non-TMDLs. Standard 
RWL language in other MS4 permits designates  the SWMP4 as the exclusive 
determinant for achieving water quality standards in the receiving water.  
Since TMDLs are enhanced water quality standards, the SWMP (or in this 
case the SQMP) should enable compliance with TMDLs.  Instead, the 
tentative order specifies compliance through implementation plans – including 
plans that were discussed in several State/Regional Board adopted TMDLs 
(e.g., the Los Angeles River Metals TMDL).  The absence of water quality 
standards also creates a separate compliance standard for non-TMDLs.  
According to Regional Board staff, minimum control measures (MCMs) which 
make up the SQMP, are intended to meet non-TMDLs pollutants. Unclear is 
what defines non-TMDL pollutant.  If there are no water quality standards 
referenced in the RWL then what are the non-TMDL pollutants that the MCMs 
are supported to address? 

 
There is no authority under federal stormwater regulations to comply with any 
criterion other than water quality standards. The RWL language called-out in 
WQO 99-05, which was in response to a USEPA directive, makes it clear that 
water quality standards represent the only compliance criteria, not an 
expanded definition of receiving water limitations that exclude such criteria.   
 
MS4 permits throughout the State include TMDL WLAs.  None of them, 
however, has created a compliance mechanism that excludes water quality 
standards as a means of attaining them.  Further, the State Board has, 
through the draft Caltrans MS4 Permit and the draft Phase II MS4 Permit, 
articulated its policy on compliance with water quality standards: they are to 
be met through the implementation of stormwater management programs. 
Equally noteworthy is that State Board has not created a dual standard for 
dealing with TMDLs and non-TMDLs.  This is an obvious consequence of its 
adherence to WQO 99-05. 

 
With regard to implementation plans contained in TMDLs, the Regional Board 
has no legal authority to include them into the MS4 Permit.  This issue 
discussed in greater detail later in these comments. 
 

                                            
4
USEPA and federal stormwater regulations use stormwater management program whereas the Los 

Angeles County MS4 permit uses stormwater quality management plan (SQMP).  In effect they are the 
same.  They consist of 6 core programs that must be implemented through MS4 permit. 
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The tentative order must be revised to restore water quality standards in RWL 
language and, by extension, enable compliance with TMDLs and other water 
quality standards through the SQMP/MCMs.     

 
Recommended Correction:  Revise the tentative order to eliminate any 
reference to complying with anything else except water quality standards 
through the SQMP; and, therewith, eliminate any reference to complying with 
implementation plans contained in State/Regional Board TMDLs.  

 
3. The tentative order does not include the iterative process, a mechanism 

that is integral to RWL language which serves to achieve compliance with 
water quality standards.    

 
a. Issue: The absence of the iterative process disables a safeguard to protect 

permittees against unjustifiably strict compliance with water quality standards 
– or in this case the expanded definition of receiving water limitations -- that is 
a requisite feature in all MS4 Permits issued in California.  The tentative order 
circumvents the iterative process by creating an alternative referred to as the 
adaptive/management process which is only available to those permittees 
that opt for a watershed management program.    

 
Despite the fact RWL language in MS4 permits since the 90’s have provided 
a description of an iterative process (the BMP adjustment mechanism), the 
term “iterative process” has only recently been specifically mentioned in them.  
The absence of this term resulted in the 9th Circuit Court Appeal’s conclusion 
in NRDC v. Los Angeles County Flood Control District that there is no “textual 
support” in the current MS4 permit for the existence of an iterative process.  
This resulted in the court’s conclusion that the LACFCD had exceeded water 
quality standards in the hardened portions of the Los Angeles and San 
Gabriel Rivers. More recent MS4 Permit’s issued in the State contain clear 
references to the iterative process.          
 

Notwithstanding the absence of water quality standards in the tentative order, the 
iterative process must be included as required by Water Quality Orders 2001-15 
and 2009-0008, wherein the State Board made it clear that:  we will generally not 
require “strict compliance” with water quality standards through numeric effluent 
limitations,” and instead “we will continue to follow an iterative approach, which 
seeks compliance over time” with water quality standards.    
 
Moreover, both the draft Caltrans MS4 Permit and the draft Phase II MS4 Permit 
contain references to the iterative process.  The draft Caltrans MS4 permit refers 
to the iterative process in two places:  finding 20, Receiving Water Limitations 
and in the Monitoring Results Report.  Finding 20 states: 
 
The effect of the Department’s storm water discharges on receiving water quality is 

highly variable. For this reason, this Order requires the Department to implement a 

storm water program designed to achieve compliance with water quality standards, over 

time through an iterative approach. If discharges are found to be causing or contributing 
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to an exceedance of an applicable Water Quality Standard, the Department is required to 

revise its BMPs (including use of additional and more effective BMPs).5 

   
Under the Monitoring Results Report section, the draft Caltrans MS4 permit 
reiterates the iterative process within the context of the following:  The MRR shall 
include a summary of sites requiring corrective actions needed to achieve 
compliance with this Order, and a review of any iterative procedures (where 
applicable) at sites needing corrective actions.6   

 
The draft Phase II MS4 references the iterative process in two places,   in finding 
35 and under its definition of MEP.  Finding 35 states: 
 
This Order modifies the existing General Permit, Order 2003-0005-DWQ by establishing 

the storm water management program requirements in the permit and defining the 

minimum acceptable elements of the municipal storm water management program. 

Permit requirements are known at the time of permit issuance and not left to be 

determined later through iterative review and approval of Storm Water Management 

Plans (SWMPs).  

 
The draft Phase II MS4 Permit also acknowledges the iterative process through 
the definition of maximum extent practicable (which is also included in the draft 
Caltrans MS4 Permit), to the following extent: 
 

MEP standard requires Permittees apply Best Management Practices (BMPs) that are 

effective in reducing or eliminating the discharge of pollutants to the waters of the U.S. 

MEP emphasizes pollutant reduction and source control BMPs to prevent pollutants from 

entering storm water runoff. MEP may require treatment of the storm water runoff if it 

contains pollutants. The MEP standard is an ever-evolving, flexible, and advancing 

concept, which considers technical and economic feasibility. BMP development is a 

dynamic process and may require changes over time as the Permittees gain experience 

and/or the state of the science and art progresses. To do this, the Permittees must 

conduct and document evaluation and assessment of each relevant element of its 

program, and their program as a whole, and revise activities, control measures/BMPs, 

and measurable goals, as necessary to meet MEP. MEP is the cumulative result of 

implementing, evaluating, and creating corresponding changes to a variety of technically 

appropriate and economically feasible BMPs, ensuring that the most appropriate BMPs 

are implemented in the most effective manner. This process of implementing, evaluating, 

revising, or adding new BMPs is commonly referred to as the “iterative approach.”7  

 
It should be clearly understood that the State Board is articulating clear policy on 
the iterative process through these two draft MS4 permits and that they must be 
followed by Regional Boards as subordinate jurisdictions.  
 

                                            
5
See draft Caltrans MS4 permit (Tentative Order No. 2012-XX-DWQ NPDES No. CAS000003), page 10.     

6
Ibid., page 35.  

7
See State Water Resources Control Board Water Quality Order No. XXXX-XXXX-DWQ, NPDES General 

Permit No. CASXXXXXX, page   
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The Regional Board has no authority to alter the iterative process/procedure by 
making a revised and diluted version of it available only to those MS4 permittees 
that wish to opt for watershed management program participation.  Quite the 
contrary, the Regional Board is legally compelled to make the iterative process, 
as described herein, an undeniable requirement in the tentative order.     
 
Recommended Correction: Regional Board staff should incorporate the 
iterative process into the tentative order in the findings section and in the RWL 
section.  It should also be referenced again under a revised MEP definition.   

 
4. The tentative order incorrectly articulates the non-stormwater discharge 

prohibition to the MS4 to include discharges from and through it. 
 

a. Issue: The tentative order mentions prohibiting non-stormwater discharges 
not only to the MS4 but from and through it as well.  Federal regulations did 
not authorize the non-stormwater discharge prohibition to go beyond “to” the 
MS4. This is a serious issue because extending the prohibition from or 
through the MS4 would subject non-stormwater discharges (including dry 
weather TMDL WLAs and non-stormwater municipal action levels) to 
pollutant limitations at the outfall.      
     
The tentative order attempts to justify interpreting federal stormwater 
regulations to mean that non-stormwater discharges are prohibited not only to 
the MS4 but from it and through it as well by: (1) incorrectly stating the Clean 
Water Act §402(p)(B)(ii) of the Clean Water Act requires permittees 
effectively prohibit non-storm water discharges into watercourses (means 
receiving waters) as well as to the MS4; and (2) a misreading of Federal 
Register Volume 55, No. 222, 47990 (federal register) which contains an error 
with regard to the non-stormwater discharge prohibition. 

 
§402(p)(B)(ii) does not (as the tentative order’s fact sheet asserts) include 
watercourses, which according to Regional Board staff, means waters of 
the State and waters of the United States, both of which lie outside of the 
MS4. The original text of §402(p)(B)(ii) actually reads as follows:  Permits 
for discharges from municipal storm sewers “shall include a requirement to 
effectively prohibit non-stormwater discharges into the storm sewers.8  
There is no mention of watercourses. 
 
The tentative order’s fact sheet also relies on the afore-cited federal register 
which states: 402(p)(B)(3) requires that permits for discharges from 
municipal storm sewers require the municipality to “effectively prohibit” non-
storm water discharges from the municipal storm sewer.  The fact sheet is 
correct about this.  The problem is that the federal register is wrong here. It 
confuses 402(p)(B)(3), which addresses stormwater (not non-stormwater) 
discharges from the MS4, with 402(p)(B)(2), which once again prohibits 
non-stormwater discharges to the MS4. It should be noted that in the same 

                                            
8
Municipal storm sewers is a truncated version of municipal separate stormwater system (MS4).   
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paragraph above the defective federal register language, it says that … 
permits are to effectively prohibit non-storm water discharges to the 
municipal separate storm sewer system. 
 
In any case, this issue has been resolved since the federal register was 
published in November of 1990.  All MS4 permits in the United States 
issued by USEPA prohibit non-stormwater discharges only to the MS4. 
USEPA guidance, such as the Illicit Discharge Detection and Elimination: A 
Guidance Manual bases investigation and monitoring on non-stormwater 
discharges being prohibited to the MS4.  And, with the exception of Los 
Angeles Regional Board MS4 permits, MS4 permits issued by other 
Regional Boards also limit the MS4 discharge prohibition to the MS4. 
Beyond this, the draft Caltrans MS4 permit and draft Phase II MS4 permits 
also limit the non-stormwater prohibition to the MS4.    
The Regional Board does not have the legal authority to extend the non-
stormwater discharge prohibition from or through the MS4.    
 
Recommended Correction: Revise the non-stormwater discharge 
prohibition to be limited to the MS4 only and delete all requirements that are 
based on the prohibition from or through the MS4.  This includes the non-
stormwater prohibition that is linked to CERCLA.          

 
5. The tentative order proposes to incorporate TMDL implementation plans, 

schedules, and monitoring requirements without legal authority. 
 

a. Issue: Placing Regional Board/State Board TMDLs into the MS4 would result 
in serious consequences for permittees.  For one thing, permittees subject to 
TMDLs that contain an implementation  schedule with compliance dates for 
interim waste load allocations that have not been met, based on Los Angeles 
County mass emissions station or other data (e.g., from the Coordinated 
Monitoring Plan for the Los Angeles River Metals TMDL), will be in automatic 
non-compliance once the MS4 permit takes effect.  
 
The tentative order proposes a safeguard in this event:  coverage under a 
time schedule order (TSO). Essentially, a TSO is an enforcement action 
authorized under Porter-Cologne, the State’s water code.  The problem is that 
the Regional Board, at its discretion, could issue a clean-up and abatement 
order that could link permittees in the Dominguez Channel, Los Angeles 
River, and San Gabriel River Watersheds to the remediation of the Los 
Angeles and Long Beach Harbors which are currently CERCLA sites (caused 
by DDT, pesticides, metals, which are considered toxics, and other 
pollutants). Furthermore, the TSO, which is a State enforcement action, will 
not help with respect to a federal violation because of preemption.  An 
exceedance will expose subject permittees to third party litigation under the 
Clean Water Act. NRDC would be able to take the matter straight to federal 
court.  
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In any case, the Regional Board has no legal authority under the Clean Water 
Act to incorporate implementation plans, schedules, or monitoring 
requirements into the MS4 permit.  CWA §402(p)(B)(iii) simply states that 
controls are required to reduce the discharge of pollutants to the maximum 
extent practicable, including management practices, control techniques and 
system, design and engineering methods, and such other provisions as the 
Administrator or the State determines appropriate for the control of such 
pollutants.  The application of this provision is limited to: (1) the 
implementation of BMPs specified in a stormwater management plan 
appropriated through the six core programs; and (2) outfall monitoring.  
Monitoring, as mentioned earlier, is limited to outfall and ambient monitoring.  
Ambient monitoring, which is receiving water-based, has been assumed by 
the Regional Board and is funded through a stormwater ambient monitoring 
program (SWAMP) surcharge on the annual MS4 permit fee.  Federal 
stormwater regulations mention nothing about TMDL implementation plans 
and schedules in an MS4 permit.   

 
In fact, the Regional Board/State Board TMDL implementation plans, 
implementation schedules, and monitoring should be voided and prevented from 
being placed into the MS4 permit because (1) they set compliance determinant in 
the receiving water instead of the outfall; and (2) although the TMDL monitoring 
program requirements specify ambient monitoring that is to performed by MS4 
permittees, including Caltrans, the Regional Board has approved plans that treat 
wet weather monitoring as ambient  monitoring, even though they are mutually 
exclusive. The Clean Water Act definition of ambient monitoring is the: 
 
Natural concentration of water quality constituents prior to mixing of either point 
or nonpoint source load of contaminants. Reference ambient concentration is 
used to indicate the concentration of a chemical that will not cause adverse 
impact to human health.  
    
The natural concentration of water quality constituents can only mean the state of 
a receiving water when it is not raining.  This is further supported by the phrase 
“prior to mixing of either point or non-point source load of contaminants,” which 
can only mean stormwater discharges from an outfall.  In other words, 
stormwater discharges from an outfall cannot be mixed with a receiving water 
during a storm event because the ambient condition would be lost.  Outfall 
monitoring of stormwater discharges is evaluated against the ambient condition 
of pollutant constituents in the receiving water for the ostensible purpose of 
determining its pollutant contribution.          
 
The tentative order lacks the legal authority to include TMDL implementation 
plans, schedules, or monitoring plans adopted as basin plan amendments.  No 
permittee, subject to any TMDL that requires an implementation plan, schedule, 
or monitoring plan can be compelled to comply with any of them.  Further, even if 
it were legally permissible for these TMDL elements to be incorporated into the 
MS4 permit, no permittee could be placed into a state of non-compliance 
because the legitimate compliance point is in the outfall.  Because no outfall 
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monitoring has occurred, no violation could arise and, therefore, there would be 
no need for a TSO.        
 
Recommended Correction: Eliminate requiring TMDL implementation plans, 
schedules, and monitoring to be incorporated into the tentative order.     

 
6. The tentative order contains references to the federal Comprehensive 

Environmental Remediation Compensation and Liability Act (CERCLA) that 
would make them additional regulatory requirements. 

 
a. Issue:  The non-stormwater discharge prohibition under the tentative order 

states: 
 
Non-storm water discharges through an MS4 are prohibited unless 
authorized under a separate NPDES permit; authorized by USEPA 
pursuant to Sections 104(a) or 104(b) of the federal comprehensive 
Environmental Response, Compensation and Liability Act (CERCLA). 

 
The CERCLA provision appears innocuous, but what if non-stormwater 
discharge is not authorized under CERCLA? Conceivably the MS4 permittee 
could be held responsible for those discharges. In addition, referencing CERCLA 
is in the MS4 Permit could become a potential third party litigation issue.  The 
inclusion of the CERCLA provision is also troubling when considering that no 
other MS4 Permit in the State contains such a reference.  Beyond this, how 
would a permittee know if a discharge is one covered under CERCLA?  
 
CERCLA is an unnecessary reference in the MS4 permit and has the potential to 
expose permittees to third party litigation. Further, the non-stormwater discharge 
prohibition only “to” the MS4 makes this issue academic.  A permittee’s only 
responsibility is to prohibit impermissible non-stormwater to the MS4, not through 
or from it; or to require the discharger to obtain permit coverage.   
 
Recommended Correction: Remove all references to CERCLA in the Draft LA 
MS4 Permit. 

 
7. The tentative order, under the effluent limitations section, contains 

technology-based effluent limitations (TBELs) which typically are not 
included in MS4 Permits and, in this particular case, does not appear to be 
purposeful. 

 
a. Issue:  Part IV.A.1 of the tentative order states that TBELs shall reduce 

pollutants in stormwater discharges from the MS4 to the maximum extent 
practicable (MEP).  
 
It is not clear as to the reason for including TBELs into the tentative order 
because they are generally not required of Phase I MS4 permits. TBELS are 
referenced in the tentative order, but are not found under section 402(p), 
which addresses storm water, nor anywhere else in federal regulations. It is a 
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term used to collectively refer to best available technologies, but again not in 
402(p).  
 
TBEL is a term USEPA uses to denote the following: (1) Best Practical 
Control Technology Currently Available (BPT); (2) Best Conventional 
Pollutant Control Technology (BCT); and (3) Best Available Technology 
Economically Achievable (BAT). Since these provisions were established 
prior to stormwater provisions of the CWA §402(p), they were applied to 
industrial waste-water discharges (including construction activity which is an 
industrial category sub-set). A clarifier connected to the sewer system is a 
type of TBEL. POTWs are subject to TBELs example primary and secondary 
treatment.   

 
According USEPA guidance: 

 
WQBELs are designed to protect water quality by ensuring that water quality standards 

are met in the receiving water. On the basis of the requirements of Title 40 of the Code of 

Federal Regulations (CFR) 125.3(a), additional or more stringent effluent limitations 

and conditions, such as WQBELs, are imposed when TBELs are not sufficient to protect 

water quality.9   
 
Since the MS4 Permit proposes WQBELs (adapted to meet water quality 
standards at the outfall), it would appear that TBELs are irrelevant.   In essence, 
the proposed WQBELs is an admission from Regional Board staff that TBELs are 
not sufficient to protect water quality.   
 
Please note that the draft Caltrans and Phase II MS4 Permits do not reference 
TBELs. 
 
Clarification is necessary to determine the purpose of referencing TBELs in the 
tentative order. 
 
Recommended Correction:  Provide clarification and a justification requiring 
TBELs given that the tentative order requires WQBELs, a more stringent 
requirement.  If clarification or justification cannot be provided, the TBEL 
provision should be removed.  

 
 

8. Minimum Control Measures (MCMs) 
 

a. Issue:  Generally, MCMs should not be detailed in the tentative order. 
Instead, specific BMPs and other information should be placed in the 
Stormwater Quality Management Plan (SQMP), which is the case under the 
current MS4 Permit. Federal guidance specifies that the core programs are to 
be implemented through the SQMP as a means of meeting water quality 
standards. More importantly, placing the specifics in the SQMP makes it 
easier to revise.  If specific BMPs remain in the tentative order, and they are 

                                            
9
NPDES Permit Writers’ Manual, September, 2010, page 5-40.   
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in error or need to be revised (e.g., to set BMP-WQBELs), a re-opener would 
be required.  For example, in   Part   I. Facility Information, Table 2., the 
permittee contact information is out of date.  It would be better to place this 
and other detailed information in the SQMP where it can be updated regularly 
without having to re-open the permit.    

 
b. Issue:  SUSMP 

 
The tentative order replaces the Development Planning/SUSMP with 
Planning and Land Development Program.  However, the SUSMP is 
mandated through a precedent-setting WQO issued by the State Board.  
Nothing in the order’s fact sheet provides an explanation of why the SUSMP 
needs to be replaced.  In replacing the SUSMP incurs an unnecessary cost to 
revise the SQMP and SUSMP guidance materials.  This is not to suggest that 
the Regional Board may not, in the final analysis, have the legal authority to 
change the SUSMP to its MCM equivalent. Nevertheless, it would be helpful 
from an administrative convenience standpoint to explain the need for the 
change in the fact sheet. It could be argued that the low impact development 
(LID) techniques have been successful implemented through the SUSMP 
program for over five years.      

 
c. Issue: Retrofitting existing developments through the Land Use Development 

Program is not authorized under federal stormwater regulations.  CFR 40 
122.26 only authorizes retrofitting with respect to flood control devices which 
is to be explained in the MS4 permit as the following indicates: 

 
A description of procedures to assure that flood management projects assess the 

impacts on the water quality of receiving water bodies and that existing structural 

flood control devices have been evaluated to determine if retrofitting the device to 

provide additional pollutant removal from storm water is feasible. 

 

d. Issue: The MCMs in the tentative order require off-site infiltration for 
groundwater recharge purposes. The tentative order is a stormwater permit, 
not a groundwater permit.  As mentioned, 402(p)(3)(iii) of the Clean Water 
Act:   

 

Permits … shall require controls to reduce the discharge of pollutants to the 

maximum extent practicable, including management practices, control techniques 

and system, design and engineering methods, and such other provisions as the 

Administrator or the State determines appropriate for the control of such pollutants. 

  
The use of other infiltration controls that do not promote groundwater 
recharge have already demonstrated effectiveness in significantly reducing 
pollutants to the maximum extent practicable (MEP).  Requiring infiltration 
anywhere for the purpose of recharging groundwater exceeds the scope of 
the MS4 since infiltrating to such an extent would add costs to the developer 
or permittee without significantly improving pollutant removal performance.  
Further, this requirement is unwarranted and premature because of the 
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absence of outfall monitoring data that would demonstrate the need for 
groundwater-recharge oriented infiltration controls to address water quality 
standards and TMDLs vis-à-vis their intended purpose of protecting beneficial 
uses in a receiving water.      
 
Requiring infiltration controls to facilitate groundwater recharge is not 
authorized under federal stormwater regulations.  Further, many permittees 
are situated upstream of spreading grounds and other macro-infiltration 
basins that would obviate the need for this requirement.  
Recommended Correction:  Eliminate this requirement from the order.  
 

9. The Maximum Extent Practicable (MEP) definition needs to be revised to 
reflect is updated definition found in the draft Phase II MS4 permit and 
in the draft Caltrans MS4 permit. 

 
a. Issue:  The order’s MEP reference is a carry-over from the 2001 MS4 

permit.  A great deal has happened over the decade to warrant an update.  
Fortunately, the State Board, through the draft Phase II and Caltrans MS4 
permits, has revised the MEP definition to be in keeping with current 
realities.  To that end it has proposed the following definition: 

 
MEP standard requires Permittees apply Best Management Practices (BMPs) 

that are effective in reducing or eliminating the discharge of pollutants to the 

waters of the U.S. MEP emphasizes pollutant reduction and source control BMPs 

to prevent pollutants from entering storm water runoff. MEP may require 

treatment of the storm water runoff if it contains pollutants. The MEP standard is 

an ever-evolving, flexible, and advancing concept, which considers technical and 

economic feasibility. BMP development is a dynamic process and may require 

changes over time as the Permittees gain experience and/or the state of the 

science and art progresses. To do this, the Permittees must conduct and 

document evaluation and assessment of each relevant element of its program, and 

their program as a whole, and revise activities, control measures/BMPs, and 

measurable goals, as necessary to meet MEP. MEP is the cumulative result of 

implementing, evaluating, and creating corresponding changes to a variety of 

technically appropriate and economically feasible BMPs, ensuring that the most 

appropriate BMPs are implemented in the most effective manner. This process of 

implementing, evaluating, revising, or adding new BMPs is commonly referred to 

as the “iterative approach.”10
  

     
The order’s MEP is out of data and inconsistent with State Board policy. 
 
Recommended Correction:  Replace order’s MEP definition with the 
aforementioned language.  
 

10. The tentative order inappropriately includes the Middle Santa Ana River 
Bacteria TMDL. 

                                            
10

Op. Cit., page 35.  
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a. Issue:  It should be abundantly clear that the Regional Board cannot accept a 

TMDL adopted by another jurisdiction for implementation through the MS4 
permit unless the Board includes into its basin plan as an amendment. This 
argument has been raised by legal counsel for the City of Claremont. 
 
The Regional Board lacks legal authority to incorporate the Middle Santa Ana 
River bacteria TMDL into the proposed order. 
 
Recommended Correction:  Eliminate the requirement.    
 
 

11.  Tentative order incorrectly asserts that its provisions do not constitute 
unfunded mandates under the California Constitution. 

 
a. Issue:  Contrary to what the order asserts, it contains provisions that exceed 

federal requirements in several places, thereby creating potential unfunded 
mandates. They include:  (1) requiring wet and dry weather monitoring in the 
receiving water; (2) requiring numeric WQBELs; (3) requiring compliance with 
TMDL-related implementation plans, schedules, and monitoring; (4) requiring 
the  non-stormwater discharge prohibition to include through and from the 
MS4; (5) revising the receiving water limitation language to include overbroad 
compliance requirements; (6) requiring groundwater recharge; and (7) 
monitoring for non-TMDL constituents at completed development project 
sites. 

 
The order patently proposes requirements that create unfunded mandates. 
 
Recommended Correction:  Delete all of the aforementioned requirements 
that exceed federal regulations. 
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Comments Regarding Los Angeles MS4 Tentative Order No. R4-2012-XXXX  
NPDES PERMIT NO. CAS004001 (issue date unspecified) 

 
Attachment E: Monitoring and Reporting Plan  

 
1. Receiving Water Monitoring 
 
The purpose of receiving water monitoring is to: 
 
a. Determine whether the receiving water limitations are being achieved, 

 
b. Assess trends in pollutant concentrations over time, or during specified 

conditions, 
 

c. Determine whether the designated beneficial uses are fully supported as 
determined by water chemistry, as well as aquatic toxicity and bioassessment 
monitoring. 
  

Receiving water monitoring is to be performed at various in-stream stations.   
 
Purpose “a”, as listed above, is an issue because it serves to determine compliance 
with receiving water limitations.  The Regional Board has no legal authority to 
compel compliance with receiving water limitations through in-stream monitoring. 
Monitoring requirements relative to MS4 Permits are limited to effluent discharges 
and the ambient condition of the receiving water, as §122.22(C)(3) clearly indicates:  
 

The permit requires all effluent and ambient monitoring necessary to show 
that during the term of the permit the limit on the indicator parameters 
continues to attain water quality standards.  

  
According to Clean Water Act §502, effluent monitoring is defined as outfall 
monitoring: 
 

The term "effluent limitation" means any restriction established by a State or 
the Administrator on quantities, rates, and concentrations of chemical, physical, 
biological, and other constituents which are discharged from point sources 
into navigable waters, the waters of the contiguous zone, or the ocean, 
including schedules of compliance.   

 
40 CFR §122.2 defines a point source as:   
 

… the point where a municipal separate storm sewer discharges to waters of 
the United States and does not include open conveyances connecting two 
municipal separate storm sewers, or pipes, tunnels or other conveyances which 
connect segments of the same stream or other waters of the United States and 
are used to convey waters of the United States. 

Regarding monitoring purposes “b” and “c” no argument is raised here provided that 
it is understood that assessing trends in pollution concentrations would be: (1) 
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limited to ambient water quality monitoring; and (2) permittees shall be not 
responsible for funding such monitoring.  With respect to the latter, the Regional 
Board’s surface water ambient monitoring program (SWAMP) should be charged 
with this responsibility. MS4 permittees fund SWAMP activities through an annual 
surcharge levied on annual MS4 permit fees.    
 
Recommended Corrective Action:  Delete 1(a) and make it clear that 1(b) and (c) 
relate to ambient monitoring that is not the responsibility of MS4 permittees.  
 
2. Stormwater Outfall Based Monitoring 
 
The purpose of stormwater outfall based monitoring – including TMDL monitoring -- 
is to: 
 
a. Determine the quality of a Permittee’s discharge relative to municipal action 

levels, as described in Attachment G of this Order, 
 
b. Determine whether a Permittee’s discharge is in compliance with applicable 

wet weather WQBELs derived from TMDL WLAs, 
 
c. Determine whether a Permittee’s discharge causes or contributes to an 

exceedance of receiving water limitations. 
 
In regards to purpose “a”, listed above, outfall stormwater monitoring for attainment 
of municipal action levels (MALs) would be acceptable were it not for their purpose.  
MALs represent an additional monitoring requirement for non-TMDL pollutants.  
MALs should really be used to replace TMDL WLAs as alternatives to addressing 
receiving water quality.   As noted in the National Research Council Report to 
USEPA:     
 

The NSQD (Pitt et al., 2004) allows users to statistically establish action levels 
based on regional or national event mean concentrations developed for 
pollutants of concern. The action level would be set to define unacceptable 
levels of stormwater quality (e.g., two standard deviations from the median 
statistic, for simplicity). Municipalities would then routinely monitor runoff quality 
from major outfalls. Where an MS4 outfall to surface waters consistently 
exceeds the action level, municipalities would need to demonstrate that 
they have been implementing the stormwater program measures to 
reduce the discharge of pollutants to the maximum extent practicable. 
The MS4 permittees can demonstrate the rigor of their efforts by documenting 
the level of implementation through measures of program effectiveness, failure 
of which will lead to an inference of noncompliance and potential enforcement 
by the permitting authority 

Instead of following the above, Regional Board staff has chosen to create another 
monitoring requirement, without regard for cost or benefit to water quality or to 
permittees.  Non-TMDL pollutants should not be given special monitoring attention 
until it has been determined that they pose an impairment threat to a beneficial use.  
Such a determination needs to be done by way of ambient monitoring performed by 
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the Regional Board SWAMP. The resulting data could then be used to develop 
future TMDLs if necessary.   
 
Furthermore, many of the MAL constituents (both stormwater and non-storm water) 
listed in Appendix G, are included in several TMDLs such as metals and bacteria. 
This is, of course, a consequence of the redundancy created by two approaches that 
are intended to serve the same purpose:  protection of water quality.        
 
Recommended Correction: Require substitution of TMDLs with MALs or eliminate 
MALs entirely.   
  
As for stormwater outfall monitoring purpose “b”, such monitoring cannot be used to 
determine compliance with wet weather WQBELs based on TMDL WLAs for the 
following reasons:      
 
1. The wet-weather WQBEL is based on a TMDL WLA in the receiving water that is 

non-ambient.  As mentioned, federal regulations only require ambient monitoring 
in the receiving water, which by definition can never be deemed the same as wet 
weather monitoring.  They are mutually exclusive.   Regional Board staff has also 
incorrectly determined that a WQBEL may be the same as the TMDL WLA, 
thereby making it a “numeric effluent limitation.” Although numerous arguments 
may be marshaled against the conclusion, the most compelling of all is the State 
Water Resources Control Board’s clear opposition to numeric effluent limitations. 

 
In Water Quality Orders 2001-15 and  2009-0008  the State Board made it clear 
that:  we will generally not require “strict compliance” with water quality standards 
through numeric effluent limitations,” and instead “we will continue to follow an 
iterative approach, which seeks compliance over time” with water quality 
standards.    
 
[Please note that the iterative approach to attain water quality standards applies 
to the outfall and the receiving water.]  
 
More recently, the State Board commented in connection with the draft Caltrans 
MS4 permit that numeric WQBELs are not feasible as explained in the following 
provision from its most recent Caltrans draft order: 

 
Storm water discharges from MS4s are highly variable in frequency, 
intensity, and duration, and it is difficult to characterize the amount of 
pollutants in the discharges. In accordance with 40 CFR § 122.44(k)(2), 
the inclusion of BMPs in lieu of numeric effluent limitations is appropriate 
in storm water permits. This Order requires implementation of BMPs to 
control and abate the discharge of pollutants in storm water to the MEP.  

 
2. The State Board’s decision not to require numeric WQBELs in this instance 

appears to have been influenced by among other considerations, the Storm 
Water Panel Recommendations to the California State Water Resources 
Control Board in re:  The Feasibility of Numeric Effluent Limits Applicable to 
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Discharges of Storm Water Associated with Municipal, Industrial and 
Construction Activities. 

 
Regarding purpose “b” it should also be noted that the Regional Board’s setting 
of WQBELs to translate the TMDL WLA in the receiving water to the outfall is 
premature.  Regional Board staff apparently has not performed a reasonable 
potential analysis as required under § 122.44(d)(1)(i), which states: 
 

Limitations must control all pollutants or pollutant parameters (either 
conventional, nonconventional, or toxic pollutants) which the Director 
determines are or may be discharged at a level that will cause, have the 
reasonable potential to cause, or contribute to an excursion above any [s]tate 
water quality standard, including [s]tate narrative criteria for water quality.” 

 
No such reasonable potential analysis has been performed – even though 
USEPA guidance requires it as part of documenting the calculation of WQBELs 
in the NPDES permit’s fact sheet.  According to USEPA’s NPDES Permit Writers’ 
Manual: 

 
Permit writers should document in the NPDES permit fact sheet the process 
used to develop WQBELs. The permit writer should clearly identify the data 
and information used to determine the applicable water quality standards and 
how that information, or any applicable TMDL, was used to derive WQBELs 
and explain how the state’s anti-degradation policy was applied as part of the 
process. The information in the fact sheet should provide the NPDES permit 
applicant and the public a transparent, reproducible, and defensible 
description of how the permit writer properly derived WQBELs for the NPDES 
permit.11 

 
The fact sheet accompanying the tentative order contains no reference to a 
reasonable potential analysis.  
 
Complicating the performance of a reasonable potential analysis is the absence 
of (1) outfall monitoring data; and (2) ambient water quality standards.  Though 
federal regulations require monitoring at the outfall, the Regional Board has not 
required it up until now.  Even if outfall monitoring data were available to 
determine whether pollutants concentrations in the discharge exceeded the water 
quality standard is not possible.  This is because, as mentioned earlier, TMDL 
WLAs are not expressed as ambient standards.  A TMDL is an enhanced water 
quality standard.  As noted in the National Research Council’s Assessing the 
TMDL Approach to Water Quality Management, a report commissioned by the 
United States Congress in 2001:  
 

… EPA is obligated to implement the Total Maximum Daily Load (TMDL) 
program, the objective of which is attainment of ambient water quality 
standards through the control of both point and nonpoint sources of pollution. 

                                            
11

United States Environmental Protection Agency, NPDES Permit Writers’ Manual, September, 2010, page 
6-30. 
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Recommended Correction:  Eliminate this requirement. 
 
Regarding purpose “c”, the determinant for a water quality standard exceedance is in 
the discharge from the outfall – not in the receiving water.  The use of numeric 
WQBELs -- though incorrectly defined and established in this instance -- represents 
the compliance standard in discharges from the outfall. Adding a second compliance 
determinant in the receiving water is unnecessary and is not authorized under 
federal stormwater regulations because the receiving water lies outside the scope of 
the MS4.    
 
Recommended Corrective Action:  Eliminate this requirement. 
 
3. Non-storm water outfall based monitoring 
 
The purposes of this type of monitoring are as follows: 
 
a. Determine whether a Permittee’s discharge is in compliance with applicable dry 

weather WQBELs derived from TMDL WLAs. 
 

b. Determine whether a Permittee’s discharge exceeds non-storm water action 
levels, as described in Attachment G of this Order, 
 

c. Determine whether a Permittee’s discharge contributes to or causes an 
exceedance of receiving water limitations, 
 

d. Assist a Permittee in identifying illicit discharges as described in Part VI.D.9 of 
this Order. 

 
Regarding purpose “a,” This requirement is redundant in view of the aforementioned 
MALs and in any case is not authorized under federal stormwater regulations. 
402(p)(B)(ii) of the Clean Water Act only prohibits discharges to the MS4 (streets, 
catch basins, storm drains and intra MS4 channels), not through or from it.  This 
applies to all water quality standards, including TMDLs.  Nevertheless, compliance 
with dry weather WQBELs can be achieved through BMPs and other requirements 
called for under the illicit connection and discharge detection and elimination 
(ICDDE) program, or requiring impermissible non-stormwater discharges to obtain 
coverage under a permit issued by the Regional Board.     
 
Recommended Correction:  Delete this requirement and specify compliance with 
dry weather WLAs, expressed in ambient terms, through the implementation of the 
ICDDE program.   
 
With regard to “b”, see previous responses regarding MALs and the limitation of non-
stormwater discharge prohibit to the MS4. 
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Recommended Correction:  Delete this requirement because it exceeds the non-
stormwater discharge prohibition to the MS4; and determine whether MALs or 
TMDLs are to be used to protect receiving water quality.      
 
Regarding “c”, as mentioned, non-stormwater discharges cannot by applied to 
receiving water limitations because of they are only prohibited to the MS4, not from 
or through it. 
 
Recommended Correction:  Delete this requirement because it exceeds the non-
stormwater discharge prohibition to the MS4.      
 
Regarding “d”, this requirement is reasonable and in keeping with federal regulations 
with the exception that the identification of illicit discharges must adhere to the field 
screening requirements in CFR 40 §122.26. No non-stormwater discharge 
monitoring shall occur unless flow is first discovered at the outfall.  This would trigger 
the implementation of additional requirements that  the tentative order does not 
include.  
 
4. New Development/Re-development effectiveness monitoring 
 
The purpose of this requirement is a dubious and is not authorized under federal 
stormwater regulations as it relates to monitoring.  To begin with, requiring such 
monitoring is premature given the absence of outfall monitoring in the current and 
previous MS4 permits that would characterize an MS4’s pollution contribution 
relative to exceeding ambient water quality standards.  Without the determination of 
statistically significant exceedances of water quality standards, detected at the 
outfall, the imposition of runoff infiltration requirements is arbitrary.  Further, there is 
nothing in federal stormwater regulations that require monitoring on private or public 
property.  Monitoring, once again, is limited to effluent discharges at the outfall and 
to ambient monitoring in the receiving water. 
 
Beyond this, monitoring for BMP effectiveness poses a serious challenge to what 
determines “effectiveness” -- effective relative to what standard?  It is also not clear 
how such monitoring is to be performed.    
 
Recommended Correction:  Delete this requirement.      
 
The MRP of the tentative order proposes regional studies “to further characterize the 
impact of the MS4 discharges on the beneficial uses of the receiving waters. 
Regional studies shall include the Southern California Stormwater Monitoring 
Coalition (SMC) Regional Watershed Monitoring Program (bio-assessment), 
sediment monitoring for Pyrethroid pesticides, and special studies as specified in 
approved TMDLs (see Section XIX TMDL Reporting, below).” 
 
Regional studies also lie outside the scope of the MS4 permit.  However, because 
federal regulations require ambient monitoring in the receiving water, a task 
performed by the Regional Board’s SWAMP, regional watershed monitoring for 
aforementioned target pollutants can be satisfied through ambient monitoring.  This 
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can be accomplished with little expense on the part of permittees by: (1) using 
ambient data generated by the Regional Board SWAMP; (2) re-setting the County’s 
mass emissions stations to collect samples 2 to 3 days following a storm event 
(instead of using a flow-based sampling trigger); and (3) using any data generated 
from existing coordinated monitoring programs (e.g., Los Angeles River metals 
TMDL CMP), provided that the data is truly ambient. 
 
 

END OF COMMENTS 
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July 23, 2012 

 

 

Mr. Ivar Ridgeway 

Regional Water Quality Control Board, Los Angeles 

320 W. 4th Street, Suite 200 

Los Angeles, CA 90013 

 

Sent electronically to: 

rpurdy@waterboards.ca.gov 

iridgeway@waterboards.ca.gov 

LAMS42012@waterboards.ca.gov 

 

The City of San Gabriel is pleased to submit the attached comments for your consideration 

regarding Order No. R4-2012-XXXX NPDES Permit No. CAS004001.  

 

The City has participated in the development of, and fully supports, the comments submitted 

to you by the LA Permit Group. The City’s comments contained herein are intended to 

complement the LA Permit Group comments (attached for reference). 

 

Thank you for the opportunity to submit comments on this draft order. If you have any 

questions or request additional information, I may be reached at (626) 308-2806 ext. 4631 or 

dgrilley@sgch.org.  

 

Sincerely, 

COMMUNITY DEVELOPMENT 

 

/Daren T. Grilley/ 

 

Daren T. Grilley, PE 

City Engineer 

 

Encl: 

City of San Gabriel Comments 

LA Permit Group Comment Letter 

 

Copy: 

Samuel Unger, Executive Officer  

Kevin Sawkins, Mayor 

Steve Preston, City Manager 

Jennifer Davis, Community Development Director 

Robert Kress, City Attorney 
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City of San Gabriel Comments Regarding Los Angeles MS4 Tentative Order No. R4-

2012-XXXX  - NPDES PERMIT NO. CAS004001  

 

1. Numeric Water Quality Based Effluent Limitations (WQBELs) applied to dry and 

wet weather Total Maximum Daily Load (TMDLs) waste load allocations (WLAs) 

and to stormwater and non-stormwater municipal action levels (MALs) are not 

authorized under federal stormwater regulations and are not in keeping with State 

Water Resources Control Board (State Board) water quality orders (WQOs). 

 

The tentative order specifies that: Each Permittee shall comply with applicable 

WQBELs as set forth in Part VI.E of this Order, pursuant to applicable compliance 

schedules. The tentative order specifies two categories of WQBELs, one for USEPA 

adopted TMDLs and one for Regional Board/State adopted TMDLs.  Regarding 

USEPA adopted TMDLs, it appears that BMP-WQBELs may be used to meet TMDL 

WLAs in the receiving water.  For Regional Board/State-adopted TMDLs, the 

tentative order specifies a different compliance method:  meeting a “numeric” 

WQBEL which is derived directly from the TMDL waste load allocation.  For example, 

the wet weather numeric WQBEL for dissolved copper for the Los Angeles River is 17 

ug/l.   

 

a. Issue:  Regional Board staff is premature in requiring any kind of WQBEL because 

no exceedance of any TMDL WLA at the outfall has occurred.  This is because 

outfall monitoring is not a requirement of the current MS4 permit or previous 

MS4 permits.   

 

The Regional Board’s setting of WQBELs – any WQBEL -- to translate the TMDL 

WLA for compliance at the outfall is premature.  Regional Board staff apparently 

has not performed a reasonable potential analysis as required under § 

122.44(d)(1)(i), which states: 

 

Limitations must control all pollutants or pollutant parameters (either 

conventional, nonconventional, or toxic pollutants) which the Director determines 

are or may be discharged at a level that will cause, have the reasonable potential 

to cause, or contribute to an excursion above any [s]tate water quality standard, 

including [s]tate narrative criteria for water quality.” 

 

No such reasonable potential analysis has been performed – even though USEPA 

guidance requires it as part of documenting the calculation of WQBELs in the 

NPDES permit’s fact sheet.  According to USEPA’s NPDES Permit Writers’ Manual: 

 

Permit writers should document in the NPDES permit fact sheet the process used 

to develop WQBELs. The permit writer should clearly identify the data and 

information used to determine the applicable water quality standards and how 

that information, or any applicable TMDL, was used to derive WQBELs and 
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explain how the state’s anti-degradation policy was applied as part of the 

process. The information in the fact sheet should provide the NPDES permit 

applicant and the public a transparent, reproducible, and defensible description 

of how the permit writer properly derived WQBELs for the NPDES permit.
1
 

 

The fact sheet accompanying the tentative order contains no reference to a 

reasonable potential analysis -- a consequence of the fact that no outfall 

monitoring has been required of the Regional Board either in the current or 

previous MS4 permits for Los Angeles County.  Outfall monitoring is a mandatory 

requirement under federal regulations at CFR 40 §122.22, §122.2 and §122.26. 

CFR 40 §122.22(C)(3) requires effluent and ambient monitoring:     

 

The permit requires all effluent and ambient monitoring necessary to show that 

during the term of the permit the limit on the indicator parameters continues to 

attain water quality standards. 

 

“Effluent monitoring,” according to Clean Water Act §502, is defined as outfall 

monitoring: 

 

The term "effluent limitation" means any restriction established by a State or the 

Administrator on quantities, rates, and concentrations of chemical, physical, 

biological, and other constituents which are discharged from point sources into 

navigable waters, the waters of the contiguous zone, or the ocean, including 

schedules of compliance.   

 

40 CFR §122.2, defines a point source as:   

 

… the point where a municipal separate storm sewer discharges to waters of the 

United States and does not include open conveyances connecting two municipal 

separate storm sewers, or pipes, tunnels or other conveyances which connect 

segments of the same stream or other waters of the United States and are used 

to convey waters of the United States. 

 

Conclusion:  Because Regional Board staff has not required outfall monitoring, it 

could have not have detected an excursion above a water quality standard 

(includes TMDL WLAs). Therefore, it could not have conducted a reasonable 

potential analysis and, as further consequence, cannot require compliance with a 

WQBEL (numeric or BMP-based) or with any TMDL or MAL until those burdens 

have been met.   

 

                                                 
1
United States Environmental Protection Agency, NPDES Permit Writers’ Manual, September, 2010, page 

6-30. 

RB-AR17431



 4

Recommended Correction:  Eliminate all reference to comply with WQBELs until 

outfall monitoring and a reasonable potential analysis have been performed.       

 

b. Issue:  Even if Regional Board staff conducted outfall monitoring and detected an 

excursion above a TMDL WLA and performed the requisite reasonable potential 

analysis, it cannot require a numeric WQBEL strictly derived from the TMDL 

WLA.   

 

USEPA’s 2010 guidance memorandum mentions that numeric WQBELs are 

permissible only if feasible.
2
  This conclusion was reinforced by a memorandum 

from Mr. Kevin Weiss, Water Permits Division, USEPA (Washington D.C.). He 

explains:  

 

Some stakeholders are concerned that the 2010 memorandum can be read as 

advising NPDES permit authorities to impose end-of-pipe limitations on each 

individual outfall in a municipal separate storm sewer system. In general, EPA 

does not anticipate that end-of-pipe effluent limitations on each municipal 

separate storm sewer system outfall will be used frequently. Rather, the 

memorandum expressly describes “numeric” limitations in broad terms, including 

“numeric parameters acting as surrogates for pollutants such as stormwater flow 

volume or   percentage or amount of impervious cover.” In the context of the 

2010 memorandum, the term “numeric effluent limitation” should be viewed as a 

significantly broader term than just end-of-pipe limitations, and could include 

limitations expressed as pollutant reduction levels for parameters that are 

applied system-wide rather than to individual discharge locations, expressed as 

requirements to meet performance standards for surrogate parameters or for 

specific pollutant parameters, or could be expressed as in-stream targets for 

specific pollutant parameters. Under this approach, NPDES authorities have 

significant flexibility to establish numeric effluent limitations in stormwater 

permits.
3
 

 

Reading the 2010 USEPA memorandum, together with Mr. Weiss’s 

memorandum, creates the inescapable conclusion that (1) numeric WQBELs are 

permissible if “feasible” and (2) numeric WQBELs cannot be construed to only 

mean strict effluent limitations at the end-of-pipe (outfall) but more realistically 

must include surrogate parameters and other variants as well.  Regional Board 

staff failed to examine alternative numeric WQBELs, along with BMP WQBELs, as 

a consequence of not conducting the appropriate analysis. 

 

                                                 
2
Memorandum from James A. Hanlon, Director, Office of Waste Management, Revisions to the November 

22, 2002 Memorandum Establishing Total Maximum Daily Load (TMDL) Waste Load Allocations (WLAs) for 
Storm Water Sources and NPDES Permit Requirements Based on Those WLAs, November 12, 2010, page  
3
Memorandum from Kevin Weiss, Water Permits Division, USEPA (Washington D.C.), March 17, 2011.   
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In any case, the feasibility of numeric WQBELs, whether strictly derived from 

TMDL WLAs or of the surrogate parameter type, the State Water Resources 

Control Board has determined that numeric effluent limitations are not 

feasible.   In Water Quality Orders 2001-15 and  2009-0008  the State Board 

made it clear that:  we will generally not require “strict compliance” with water 

quality standards through numeric effluent limitations,” and instead “we will 

continue to follow an iterative approach, which seeks compliance over time” 

with water quality standards.    

 

[Please note that the iterative approach to attain water quality standards applies 

to the outfall and the receiving water.]  

 

More recently, the State Board commented in connection with the draft Caltrans 

MS4 permit that numeric WQBELs are not feasible as explained in the following 

provision from its most recent Caltrans draft order: 

 

Storm water discharges from MS4s are highly variable in frequency, intensity, 

and duration, and it is difficult to characterize the amount of pollutants in the 

discharges. In accordance with 40 CFR § 122.44(k)(2), the inclusion of BMPs in 

lieu of numeric effluent limitations is appropriate in storm water permits. This 

Order requires implementation of BMPs to control and abate the discharge of 

pollutants in storm water to the MEP.  

 

The State Board’s decision not to require numeric WQBELs in this instance 

appears to have been influenced by among other considerations, the Storm 

Water Panel Recommendations to the California State Water Resources Control 

Board in re:  The Feasibility of Numeric Effluent Limits Applicable to Discharges of 

Storm Water Associated with Municipal, Industrial and Construction Activities. 

 

Conclusion:  The Regional Board does not have the legal authority to require 

numeric WQBELs.   

 

Recommended Correction: Eliminate all references to comply with numeric 

WQBELs.       

  

c. Issue:  There cannot be a WQBEL to attain a dry weather TMDL WLA nor a 

WQBEL that addresses a non-stormwater municipal action level (MAL). 

 

The foundation for this argument lies in the federal limitation of non-stormwater 

discharges to the MS4 – not from or through it as the tentative order concludes.  

Federal stormwater regulations only prohibit discharges to the MS4 and limits 

outfall monitoring to stormwater discharges.  This is explained in greater detail 

under 4. Non-stormwater Discharge Prohibitions. 
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Conclusion:  Regional Board does not have the legal authority to compel 

compliance with dry weather WQBELs or non-stormwater MALs.   

 

Recommended Correction: Eliminate all references to comply with numeric 

WQBELs.       

    

2. The tentative order has altered Receiving Water Limitation (RWL) language causing 

it to be overbroad and inconsistent with RWL in the current MS4 permit, the 

Ventura MS4 permit, State Board WQO 99-05, the draft Caltrans MS4 permit, and 

RWL language recommended by CASQA. 

  

a. Issue: The proposed RWL language changes the “exceedance” determinant from 

water quality standards and objectives to receiving water limitations, thereby 

increasing the stringency of the requirement.  The tentative order RWL version 

reads:  Discharges from the MS4 that cause or contribute to the violation of 

receiving water limitations are prohibited. 

 

Compare this with what is in the current MS4 permits for Los Angeles and 

Ventura Counties: 

 

Discharges from the MS4 that cause or contribute to a violation of water quality 

standards are prohibited.  

 

Whereas standard RWL language limits water quality standards to what is in the 

basin plan, and includes water quality objectives (relates to waters of the State), 

the tentative order  uses revised language that replaces  water quality standards 

with the following receiving water limitation criteria:    

 

Any applicable numeric or narrative water quality objective or criterion, or 

limitation to implement the applicable water quality objective or criterion, for the 

receiving water as contained in Chapter 3 or 7 of the Water Quality Control Plan 

for the Los Angeles Region (Basin Plan), water quality control plans or policies 

adopted by the State Water Board, or federal regulations, including but not 

limited to, 40 CFR § 131.38. 

 

It is unclear why Regional Board staff has removed water quality standards, 

which is a USEPA and State Board requirement, and replaced them with the 

more global receiving water limitation language that include additional 

compliance criteria (e.g., “or federal regulations including but not limited to 40 

CFR § 131.38”). Other “federal regulations” could include CERCLA 

(Comprehensive Environmental Remediation and Compensation Liability Act).   

  

Enlarging the scope of the RWL from water quality standards to a universe of 

other regulatory requirements exceeds RWL limitation language established in 
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State Board WOQ 99-05, a precedential decision.  The order bases compliance on 

discharge prohibitions and receiving water limitations on the timely 

implementation of control measures and other action in the discharges in 

accordance with the SWMP (stormwater management plan) and other 

requirements of the permit’s limitations.  It goes on to say that if exceedances of 

water quality standards or water quality objectives, collectively referred to as 

water quality standards continues, the SWMP shall undergo an iterative process 

to address the exceedances.  It should be noted that this language was 

mandated by USEPA. 

 

It should be noted that the draft Caltrans MS4 permit is scheduled for adoption 

in September, as well as CASQA, proposes RWL language that is in keeping with 

WQO 99-05. 

 

Conclusion:  Regional Board does not have the legal authority to re-define RWL 

language to the extent it is proposing. 

  

Recommended Correction:  Replace RWL contained in the tentative order with 

the CASQA model or with language contained in the draft Caltrans MS4 permit. 

 

b. Issue: By eliminating water quality standards, the tentative order has created a 

separate compliance standard for TMDLs and for non-TMDLs. Standard RWL 

language in other MS4 permits designates  the SWMP
4
 as the exclusive 

determinant for achieving water quality standards in the receiving water.  Since 

TMDLs are enhanced water quality standards, the SWMP (or in this case the 

SQMP) should enable compliance with TMDLs.  Instead, the tentative order 

specifies compliance through implementation plans – including plans that were 

discussed in several State/Regional Board adopted TMDLs (e.g., the Los Angeles 

River Metals TMDL).  The absence of water quality standards also creates a 

separate compliance standard for non-TMDLs.  According to Regional Board 

staff, minimum control measures (MCMs) which make up the SQMP, are 

intended to meet non-TMDLs pollutants. Unclear is what defines non-TMDL 

pollutant.  If there are no water quality standards referenced in the RWL then 

what are the non-TMDL pollutants that the MCMs are supported to address? 

 

There is no authority under federal stormwater regulations to comply with any 

criterion other than water quality standards.  The RWL language called-out in 

WQO 99-05, which was in response to a USEPA directive, makes it clear that 

water quality standards represent the only compliance criteria, not an expanded 

definition of receiving water limitations that exclude such criteria.   

 

                                                 
4
USEPA and federal stormwater regulations use stormwater management program whereas the Los 

Angeles County MS4 permit uses stormwater quality management plan (SQMP).  In effect they are the 
same.  They consist of 6 core programs that must be implemented through MS4 permit. 
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MS4 permits throughout the State include TMDL WLAs.  None of them, however, 

has created a compliance mechanism that excludes water quality standards as a 

means of attaining them.  Further, the State Board has, through the draft 

Caltrans MS4 permit and the draft Phase II MS4 permit, articulated its policy on 

compliance with water quality standards: they are to be met through the 

implementation of stormwater management programs. Equally noteworthy is 

that State Board has not created a dual standard for dealing with TMDLs and 

non-TMDLs.  This is an obvious consequence of its adherence to WQO 99-05. 

 

With regard to implementation plans contained in TMDLs, the Regional Board 

has no legal authority to include them into the MS4 permit.  This issue discussed 

in greater detail later in these comments. 

 

Conclusion:  The tentative order must be revised to restore water quality 

standards in RWL language and, by extension, enable compliance with TMDLs 

and other water quality standards through the SQMP/MCMs.     

 

Recommended Correction:  Revise the tentative order to eliminate any reference 

to complying with anything else except water quality standards through the 

SQMP; and, therewith, eliminate any reference to complying with 

implementation plans contained in State/Regional Board TMDLs.  

 

3. The tentative order does not include the iterative process, a mechanism that is 

integral to RWL language which serves to achieve compliance with water quality 

standards.    

 

a. Issue: The absence of the iterative process disables a safeguard to protect 

permittees against unjustifiably strict compliance with water quality standards – 

or in this case the expanded definition of receiving water limitations -- that is a 

requisite feature in all MS4 permits issued in California.  The tentative order 

circumvents the iterative process by creating an alternative referred to as the 

adaptive/management process which is only available to those permittees that 

opt for a watershed management program.    

 

Despite the fact RWL language in MS4 permits since the 90’s have provided a 

description of an iterative process (the BMP adjustment mechanism), the term 

“iterative process” has only recently been specifically mentioned in them.  The 

absence of this term resulted in the 9
th

 Circuit Court Appeal’s conclusion in NRDC 

v. Los Angeles County Flood Control District that there is no “textual support” in 

the current MS4 permit for the existence of an iterative process.  This resulted in 

the court’s conclusion that the LACFCD had exceeded water quality standards in 

the hardened portions of the Los Angeles and San Gabriel Rivers. More recent 

MS4 permit’s issued in the State contain clear references to the iterative 

process.          
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Notwithstanding the absence of water quality standards in the tentative order, the 

iterative process must be included as required by Water Quality Orders 2001-15 and 

2009-0008, wherein the State Board made it clear that:  we will generally not require 

“strict compliance” with water quality standards through numeric effluent 

limitations,” and instead “we will continue to follow an iterative approach, which 

seeks compliance over time” with water quality standards.    

 

Moreover, both the draft Caltrans MS4 permit and the draft Phase II MS4 permit 

contain references to the iterative process.  The draft Caltrans MS4 permit refers to 

the iterative process in two places:  finding 20, Receiving Water Limitations and in 

the Monitoring Results Report.  Finding 20 states: 

 

The effect of the Department’s storm water discharges on receiving water quality is 

highly variable. For this reason, this Order requires the Department to implement a 

storm water program designed to achieve compliance with water quality standards, 

over time through an iterative approach. If discharges are found to be causing or 

contributing to an exceedance of an applicable Water Quality Standard, the 

Department is required to revise its BMPs (including use of additional and more 

effective BMPs).
5
 

   

Under the Monitoring Results Report section, the draft Caltrans MS4 permit 

reiterates the iterative process within the context of the following:  The MRR shall 

include a summary of sites requiring corrective actions needed to achieve compliance 

with this Order, and a review of any iterative procedures (where applicable) at sites 

needing corrective actions.
6
   

 

The draft Phase II MS4 references the iterative process in two places,   in finding 35 

and under its definition of MEP.  Finding 35 states: 

 

This Order modifies the existing General Permit, Order 2003-0005-DWQ by 

establishing the storm water management program requirements in the permit and 

defining the minimum acceptable elements of the municipal storm water 

management program. Permit requirements are known at the time of permit 

issuance and not left to be determined later through iterative review and approval of 

Storm Water Management Plans (SWMPs).  

 

The draft Phase II MS4 permit also acknowledges the iterative process through the 

definition of maximum extent practicable (which is also included in the draft 

Caltrans MS4 permit), to the following extent: 

 

                                                 
5
See draft Caltrans MS4 permit (Tentative Order No. 2012-XX-DWQ NPDES No. CAS000003), page 10.     

6
Ibid., page 35.  
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MEP standard requires Permittees apply Best Management Practices (BMPs) that are 

effective in reducing or eliminating the discharge of pollutants to the waters of the 

U.S. MEP emphasizes pollutant reduction and source control BMPs to prevent 

pollutants from entering storm water runoff. MEP may require treatment of the 

storm water runoff if it contains pollutants. The MEP standard is an ever-evolving, 

flexible, and advancing concept, which considers technical and economic feasibility. 

BMP development is a dynamic process and may require changes over time as the 

Permittees gain experience and/or the state of the science and art progresses. To do 

this, the Permittees must conduct and document evaluation and assessment of each 

relevant element of its program, and their program as a whole, and revise activities, 

control measures/BMPs, and measurable goals, as necessary to meet MEP. MEP is 

the cumulative result of implementing, evaluating, and creating corresponding 

changes to a variety of technically appropriate and economically feasible BMPs, 

ensuring that the most appropriate BMPs are implemented in the most effective 

manner. This process of implementing, evaluating, revising, or adding new BMPs is 

commonly referred to as the “iterative approach.”
7
  

 

It should be clearly understood that the State Board is articulating clear policy on the 

iterative process through these two draft MS4 permits and that they must be 

followed by Regional Boards as subordinate jurisdictions.  

 

Conclusion:  The Regional Board has no authority to alter the iterative 

process/procedure by making a revised and diluted version of it available only to 

those MS4 permittees that wish to opt for watershed management program 

participation.  Quite the contrary, the Regional Board is legally compelled to make 

the iterative process, as described herein, an undeniable requirement in the 

tentative order.     

 

Recommended Correction: Regional Board staff should incorporate the iterative 

process into the tentative order in the findings section and in the RWL section.  It 

should also be referenced again under a revised MEP definition.   

 

4. The tentative order incorrectly articulates the non-stormwater discharge 

prohibition to the MS4 to include discharges from and through it. 

 

a. Issue: The tentative order mentions prohibiting non-stormwater discharges not 

only to the MS4 but from and through it as well.  Federal regulations did not 

authorize the non-stormwater discharge prohibition to go beyond “to” the MS4. 

This is a serious issue because extending the prohibition from or through the 

MS4 would subject non-stormwater discharges (including dry weather TMDL 

                                                 
7
See State Water Resources Control Board Water Quality Order No. XXXX-XXXX-DWQ, NPDES General 

Permit No. CASXXXXXX, page   
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WLAs and non-stormwater municipal action levels) to pollutant limitations at the 

outfall.      

     

The tentative order attempts to justify interpreting federal stormwater 

regulations to mean that non-stormwater discharges are prohibited not only to 

the MS4 but from it and through it as well by: (1) incorrectly stating the Clean 

Water Act §402(p)(B)(ii) of the Clean Water Act requires permittees effectively 

prohibit non-storm water discharges into watercourses (means receiving waters) 

as well as to the MS4; and (2) a misreading of Federal Register Volume 55, No. 

222, 47990 (federal register) which contains an error with regard to the non-

stormwater discharge prohibition. 

 

§402(p)(B)(ii) does not (as the tentative order’s fact sheet asserts) include 

watercourses, which according to Regional Board staff, means waters of the 

State and waters of the United States, both of which lie outside of the MS4. 

The original text of §402(p)(B)(ii) actually reads as follows:  Permits for 

discharges from municipal storm sewers “shall include a requirement to 

effectively prohibit non-stormwater discharges into the storm sewers.
8
  There is 

no mention of watercourses. 

 

The tentative order’s fact sheet also relies on the afore-cited federal register 

which states: 402(p)(B)(3) requires that permits for discharges from municipal 

storm sewers require the municipality to “effectively prohibit” non-storm water 

discharges from the municipal storm sewer.  The fact sheet is correct about 

this.  The problem is that the federal register is wrong here. It confuses 

402(p)(B)(3), which addresses stormwater (not non-stormwater) discharges 

from the MS4, with 402(p)(B)(2), which once again prohibits non-stormwater 

discharges to the MS4. It should be noted that in the same paragraph above 

the defective federal register language, it says that … permits are to effectively 

prohibit non-storm water discharges to the municipal separate storm sewer 

system. 

 

In any case, this issue has been resolved since the federal register was 

published in November of 1990.  All MS4 permits in the United States issued by 

USEPA prohibit non-stormwater discharges only to the MS4. USEPA guidance, 

such as the Illicit Discharge Detection and Elimination: A Guidance Manual 

bases investigation and monitoring on non-stormwater discharges being 

prohibited to the MS4.  And, with the exception of Los Angeles Regional Board 

MS4 permits, MS4 permits issued by other Regional Boards also limit the MS4 

discharge prohibition to the MS4. Beyond this, the draft Caltrans MS4 permit 

and draft Phase II MS4 permits also limit the non-stormwater prohibition to 

the MS4.    

                                                 
8
Municipal storm sewers is a truncated version of municipal separate stormwater system (MS4).   
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Conclusion:  The Regional Board does not have the legal authority to extend 

the non-stormwater discharge prohibition from or through the MS4.    

 

Recommended Correction: Revise the non-stormwater discharge prohibition to 

be limited to the MS4 only and delete all requirements that are based on the 

prohibition from or through the MS4.  This includes the non-stormwater 

prohibition that is linked to CERCLA.          

 

5. The tentative order proposes to incorporate TMDL implementation plans, 

schedules, and monitoring requirements without legal authority. 

 

a. Issue: Placing Regional Board/State Board TMDLs into the MS4 would result in 

serious consequences for permittees.  For one thing, permittees subject to 

TMDLs that contain an implementation  schedule with compliance dates for 

interim waste load allocations that have not been met, based on Los Angeles 

County mass emissions station or other data (e.g., from the Coordinated 

Monitoring Plan for the Los Angeles River Metals TMDL), will be in automatic 

non-compliance once the MS4 permit takes effect.  

 

The tentative order proposes a safeguard in this event:  coverage under a time 

schedule order (TSO). Essentially, a TSO is an enforcement action authorized 

under Porter-Cologne, the State’s water code.  The problem is that the Regional 

Board, at its discretion, could issue a clean-up and abatement order that could 

link permittees in the Dominguez Channel, Los Angeles River, and San Gabriel 

River Watersheds to the remediation of the Los Angeles and Long Beach Harbors 

which are currently CERCLA sites (caused by DDT, pesticides, metals, which are 

considered toxics, and other pollutants). Furthermore, the TSO, which is a State 

enforcement action, will not help with respect to a federal violation because of 

preemption.  An exceedance will expose subject permittees to third party 

litigation under the Clean Water Act. NRDC would be able to take the matter 

straight to federal court.  

 

In any case, the Regional Board has no legal authority under the Clean Water Act 

to incorporate implementation plans, schedules, or monitoring requirements 

into the MS4 permit.  CWA §402(p)(B)(iii) simply states that controls are required 

to reduce the discharge of pollutants to the maximum extent practicable, 

including management practices, control techniques and system, design and 

engineering methods, and such other provisions as the Administrator or the State 

determines appropriate for the control of such pollutants.  The application of this 

provision is limited to: (1) the implementation of BMPs specified in a stormwater 

management plan appropriated through the six core programs; and (2) outfall 

monitoring.  Monitoring, as mentioned earlier, is limited to outfall and ambient 

monitoring.  Ambient monitoring, which is receiving water-based, has been 
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assumed by the Regional Board and is funded through a stormwater ambient 

monitoring program (SWAMP) surcharge on the annual MS4 permit fee.  Federal 

stormwater regulations mention nothing about TMDL implementation plans and 

schedules in an MS4 permit.   

 

In fact, the Regional Board/State Board TMDL implementation plans, 

implementation schedules, and monitoring should be voided and prevented from 

being placed into the MS4 permit because (1) they set compliance determinant in 

the receiving water instead of the outfall; and (2) although the TMDL monitoring 

program requirements specify ambient monitoring that is to performed by MS4 

permittees, including Caltrans, the Regional Board has approved plans that treat wet 

weather monitoring as ambient  monitoring, even though they are mutually 

exclusive. The Clean Water Act definition of ambient monitoring is the: 

 

Natural concentration of water quality constituents prior to mixing of either point or 

nonpoint source load of contaminants. Reference ambient concentration is used to 

indicate the concentration of a chemical that will not cause adverse impact to human 

health.  

    

The natural concentration of water quality constituents can only mean the state of a 

receiving water when it is not raining.  This is further supported by the phrase “prior 

to mixing of either point or non-point source load of contaminants,” which can only 

mean stormwater discharges from an outfall.  In other words, stormwater 

discharges from an outfall cannot be mixed with a receiving water during a storm 

event because the ambient condition would be lost.  Outfall monitoring of 

stormwater discharges is evaluated against the ambient condition of pollutant 

constituents in the receiving water for the ostensible purpose of determining its 

pollutant contribution.          

 

Conclusion:  The tentative order lacks the legal authority to include TMDL 

implementation plans, schedules, or monitoring plans adopted as basin plan 

amendments.  No permittee, subject to any TMDL that requires an implementation 

plan, schedule, or monitoring plan can be compelled to comply with any of them.  

Further, even if it were legally permissible for these TMDL elements to be 

incorporated into the MS4 permit, no permittee could be placed into a state of non-

compliance because the legitimate compliance point is in the outfall.  Because no 

outfall monitoring has occurred, no violation could arise and, therefore, there would 

be no need for a TSO.        

 

Recommended Correction: Eliminate requiring TMDL implementation plans, 

schedules, and monitoring to be incorporated into the tentative order.     
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6. The tentative order contains references to the federal Comprehensive 

Environmental Remediation Compensation and Liability Act (CERCLA) that would 

make them additional regulatory requirements. 

 

a. Issue:  The non-stormwater discharge prohibition under the tentative order 

states: 

 

Non-storm water discharges through an MS4 are prohibited unless authorized 

under a separate NPDES permit; authorized by USEPA pursuant to Sections 

104(a) or 104(b) of the federal comprehensive Environmental Response, 

Compensation and Liability Act (CERCLA). 

 

At first blush, the CERCLA provision appears innocuous. But what if non-stormwater 

discharge is not authorized under CERCLA? Conceivably the MS4 permittee could be 

held responsible for those discharges. And because CERCLA is referenced in the MS4 

permit, it could become a potential third party litigation issue.  The inclusion of the 

CERCLA provision is even more suspect when considering that no other MS4 in the 

State contains such a reference.  Beyond this, how would a permittee know if a 

discharge is one covered under CERCLA?  

 

Conclusion:  CERCLA is an unnecessary reference in the MS4 permit and has the 

potential to expose permittees to third party litigation. Further, the non-stormwater 

discharge prohibition only “to” the MS4 makes this issue academic.  A permittee’s 

only responsibility is to prohibit impermissible non-stormwater to the MS4, not 

through or from it; or to require the discharger to obtain permit coverage.   

 

7. The tentative order, under the effluent limitations section, contains technical 

effluent based limitations (TBELs) which typically are not included in MS4 permits 

and, in this particular case, does not appear to be purposeful. 

 

a. Issue:  Part IV.A.1 of the tentative order states that TBELs shall reduce pollutants 

in storm water discharges from the MS4 to the maximum extent practicable 

(MEP).  

 

It is not clear as to the reason for including TBELs into the tentative order 

because they are generally not required of Phase MS4 permits. TBELS are 

referenced in the tentative order, but are not found under section 402(p), which 

addresses storm water, nor anywhere else in federal regulations. It is a term 

used to collectively refer to best available technologies, but again not in 402(p).  

 

TBEL is a term USEPA uses to denote the following: (1) Best Practical Control 

Technology Currently Available (BPT); (2) Best Conventional Pollutant Control 

Technology (BCT); and (3) Best Available Technology Economically Achievable 

(BAT). Since these provisions were established prior to stormwater provisions of 
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the CWA §402(p), they were applied to industrial waste-water discharges 

(including construction activity which is an industrial category sub-set). A clarifier 

connected to the sewer system is a type of TBEL. POTWs are subject to TBELs 

example primary and secondary treatment.   

 

According USEPA guidance: 

 

WQBELs are designed to protect water quality by ensuring that water quality 

standards are met in the receiving water. On the basis of the requirements of Title 40 

of the Code of Federal Regulations (CFR) 125.3(a), additional or more stringent 

effluent limitations and conditions, such as WQBELs, are imposed when TBELs are 

not sufficient to protect water quality.
9
   

 

Since the MS4 permit proposes WQBELs (adapted to meet water quality standards 

at the outfall), it would appear that TBELs are irrelevant.   In essence, the proposed 

WQBELs is an admission from Regional Board staff that TBELs are not sufficient to 

protect water quality.   

 

Please note that the draft Caltrans and Phase II MS4 permits do not reference TBELs. 

 

Conclusion:  Clarification is needed to determine the purpose of referencing TBELs in 

the tentative order. 

 

Recommended Correction:  Either provide clarification and a justification requiring 

TBELs given that the tentative order requires WQBELs, a more stringent 

requirement.  If clarification or justification cannot be provided, the TBEL provision 

should be removed.  

 
 

8. Minimum Control Measures (MCMs) 

 

a. Issue:  Generally, MCMs should not be detailed in the tentative order. Instead, 

specific BMPs and other information should be placed in the Stormwater Quality 

Management Plan (SQMP), which is the case under the current MS4 permit. 

Federal guidance specifies that the core programs are to be implemented 

through the SQMP as a means of meeting water quality standards. More 

importantly, placing the specifics in the SQMP makes it easier to revise.  If 

specific BMPs remain in the tentative order, and they are in error or need to be 

revised (e.g., to set BMP-WQBELs), a re-opener would be required.  For example, 

in   Part   I. Facility Information, Table 2., the permittee contact information is 

out of date.  It would be better to place this and other detailed information in 

the SQMP where it can be updated regularly without having to re-open the 

permit.    

                                                 
9
NPDES Permit Writers’ Manual, September, 2010, page 5-40.   
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b. Issue:  SUSMP 

 

The tentative order replaces the Development Planning/SUSMP with Planning 

and Land Development Program.  However, the SUSMP is mandated through a 

precedent-setting WQO issued by the State Board.  Nothing in the order’s fact 

sheet provides an explanation of why the SUSMP needs to be replaced.  So doing 

would incur an unnecessary cost to revise the SQMP and SUSMP guidance 

materials.  This is not to suggest that the Regional Board may not, in the final 

analysis, have the legal authority to the change the SUSMP to its MCM 

equivalent. Nevertheless, it would be helpful from an administrative 

convenience standpoint to explain the need for the change in the fact sheet.  It 

could be argued that the low impact development (LID) techniques have been 

successful implemented through the SUSMP program for over five years.      

 

c. Issue: Retrofitting existing developments through the Land Use Development 

Program is not authorized under federal stormwater regulations.  CFR 40 122.26 

only authorizes retrofitting with respect to flood control devices which is to be 

explained in the MS4 permit as the following indicates: 

 

A description of procedures to assure that flood management projects assess the 

impacts on the water quality of receiving water bodies and that existing 

structural flood control devices have been evaluated to determine if retrofitting 

the device to provide additional pollutant removal from storm water is feasible. 

 

d. Issue: The MCMs in the tentative order require off-site infiltration for 

groundwater recharge purposes. The tentative order is a stormwater permit, not 

a groundwater permit.  As mentioned, 402(p)(3)(iii) of the Clean Water Act:   

 

Permits … shall require controls to reduce the discharge of pollutants to the 

maximum extent practicable, including management practices, control 

techniques and system, design and engineering methods, and such other 

provisions as the Administrator or the State determines appropriate for the 

control of such pollutants. 

  

The use of other infiltration controls that do not promote groundwater recharge 

have already demonstrated effectiveness in significantly reducing pollutants to 

the maximum extent practicable (MEP).  Requiring infiltration anywhere for the 

purpose of recharging groundwater exceeds the scope of the MS4 since 

infiltrating to such an extent would add costs to the developer or permittee 

without significantly improving pollutant removal performance.  Further, this 

requirement is unwarranted and premature because of the absence of outfall 

monitoring data that would demonstrate the need for groundwater-recharge 
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oriented infiltration controls to address water quality standards and TMDLs vis-à-

vis their intended purpose of protecting beneficial uses in a receiving water.      

 

Conclusion:  Requiring infiltration controls to facilitate groundwater recharge is 

not authorized under federal stormwater regulations.  Further, many permittees 

are situated upstream of spreading grounds and other macro-infiltration basins 

that would obviate the need for this requirement.  

Recommended Correction:  Eliminate this requirement from the order.  

 

9. The Maximum Extent Practicable (MEP) definition needs to be revised to 

reflect is updated definition found in the draft Phase II MS4 permit and in the 

draft Caltrans MS4 permit. 

 

a. Issue:  The order’s MEP reference is a carry-over from the 2001 MS4 permit.  

A great deal has happened over the decade to warrant an update.  

Fortunately, the State Board, through the draft Phase II and Caltrans MS4 

permits, has revised the MEP definition to be in keeping with current 

realities.  To that end it has proposed the following definition: 

 

MEP standard requires Permittees apply Best Management Practices (BMPs) 

that are effective in reducing or eliminating the discharge of pollutants to the 

waters of the U.S. MEP emphasizes pollutant reduction and source control 

BMPs to prevent pollutants from entering storm water runoff. MEP may 

require treatment of the storm water runoff if it contains pollutants. The MEP 

standard is an ever-evolving, flexible, and advancing concept, which considers 

technical and economic feasibility. BMP development is a dynamic process 

and may require changes over time as the Permittees gain experience and/or 

the state of the science and art progresses. To do this, the Permittees must 

conduct and document evaluation and assessment of each relevant element 

of its program, and their program as a whole, and revise activities, control 

measures/BMPs, and measurable goals, as necessary to meet MEP. MEP is 

the cumulative result of implementing, evaluating, and creating 

corresponding changes to a variety of technically appropriate and 

economically feasible BMPs, ensuring that the most appropriate BMPs are 

implemented in the most effective manner. This process of implementing, 

evaluating, revising, or adding new BMPs is commonly referred to as the 

“iterative approach.”
10

  

     

Conclusion:  The order’s MEP is out of data and inconsistent with State Board 

policy. 

 

                                                 
10

Op. Cit., page 35.  
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Recommended Correction:  Replace order’s MEP definition with the above-

mentioned language.  

 

10. The tentative order inappropriately includes the Middle Santa Ana River 

Bacteria TMDL. 

 

a. Issue:  It should be abundantly clear that the Regional Board cannot accept a 

TMDL adopted by another jurisdiction for implementation through the MS4 

permit unless the Board includes into its basin plan as an amendment. This 

argument has been raised by legal counsel for the City of Claremont. 

 

Conclusion:  The Regional Board lacks legal authority to incorporate the Middle 

Santa Ana River bacteria TMDL into the proposed order. 

 

Recommended Correction:  Eliminate the requirement.    

 

 

11.  Tentative order incorrectly asserts that its provisions do not constitute unfunded 

mandates under the California Constitution. 

 

a. Issue:  Contrary to what the order asserts, it contains provisions that exceed 

federal requirements in several places, thereby creating potential unfunded 

mandates. They include:  (1) requiring wet and dry weather monitoring in the 

receiving water; (2) requiring numeric WQBELs; (3) requiring compliance with 

TMDL-related implementation plans, schedules, and monitoring; (4) requiring 

the  non-stormwater discharge prohibition to include through and from the MS4; 

(5) revising the receiving water limitation language to include overbroad 

compliance requirements; (6) requiring groundwater recharge; and (7) 

monitoring for non-TMDL constituents at completed development project sites. 

 

Conclusion:  The order patently proposes requirements that create unfunded 

mandates. 

 

Recommended Correction:  Delete all of the aforementioned requirements that 

exceed federal regulations. 
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City of San Gabriel Comments Regarding Los Angeles MS4 Tentative Order No. R4-

2012-XXXX - NPDES PERMIT NO. CAS004001 - Attachment E: Monitoring and Reporting 

Plan 

 

1. Receiving Water Monitoring 

  

The purpose of receiving water monitoring is to: 

 

a. Determine whether the receiving water limitations are being achieved, 

 

b. Assess trends in pollutant concentrations over time, or during specified conditions, 

 

c. Determine whether the designated beneficial uses are fully supported as 

determined by water chemistry, as well as aquatic toxicity and bioassessment 

monitoring. 

  

Receiving water monitoring is to be performed at various in-stream stations.   

 

At issue is “a” because it serves to determine compliance with receiving water 

limitations.  The Regional Board has no legal authority to compel compliance with 

receiving water limitations through in-stream monitoring. Monitoring requirements 

relative to MS4 permits are limited to effluent discharges and the ambient condition of 

the receiving water, as §122.22(C)(3) clearly indicates:  

 

The permit requires all effluent and ambient monitoring necessary to show that 

during the term of the permit the limit on the indicator parameters continues to 

attain water quality standards.  

  

According to Clean Water Act §502, effluent monitoring is defined as outfall monitoring: 

 

The term "effluent limitation" means any restriction established by a State or the 

Administrator on quantities, rates, and concentrations of chemical, physical, 

biological, and other constituents which are discharged from point sources into 

navigable waters, the waters of the contiguous zone, or the ocean, including 

schedules of compliance.   

 

40 CFR §122.2 defines a point source as:   

 

… the point where a municipal separate storm sewer discharges to waters of the 

United States and does not include open conveyances connecting two municipal 

separate storm sewers, or pipes, tunnels or other conveyances which connect 

segments of the same stream or other waters of the United States and are used to 

convey waters of the United States. 
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In short, effluent monitoring in a receiving water because cannot be required because it 

lies outside the bounds of the outfall.   

Regarding monitoring purposes “b” and “c” no argument is raised here provided that it 

is understood that assessing trends in pollution concentrations would be: (1) limited to 

ambient water quality monitoring; and (2) permittees shall be not responsible for 

funding such monitoring.  With respect to the latter, the Regional Board’s surface water 

ambient monitoring program (SWAMP) should be charged with this responsibility. MS4 

permittees fund SWAMP activities through an annual surcharge levied on annual MS4 

permit fees.    

 

Recommended Corrective Action:  Delete 1(a) and make it clear that 1(b) and (c) relate 

to ambient monitoring that is not the responsibility of MS4 permittees.  

 

2. Stormwater Outfall Based Monitoring 

 

The purpose of stormwater outfall based monitoring – including TMDL monitoring -- is 

to: 

 

a. Determine the quality of a Permittee’s discharge relative to municipal action 

levels, as described in Attachment G of this Order, 

 

b. Determine whether a Permittee’s discharge is in compliance with applicable wet 

weather WQBELs derived from TMDL WLAs, 

 

c. Determine whether a Permittee’s discharge causes or contributes to an 

exceedance of receiving water limitations. 

 

Insofar as “a” is concerned, outfall monitoring for stormwater for attainment of 

municipal action levels (MALs) would be acceptable were it not for their purpose.  MALs 

represent an additional monitoring requirement for non-TMDL pollutants.  MALs should 

really be used to replace TMDL WLAs as alternatives to addressing receiving water 

quality.   As noted in the National Research Council Report to USEPA:     

 

The NSQD (Pitt et al., 2004) allows users to statistically establish action levels 

based on regional or national event mean concentrations developed for pollutants 

of concern. The action level would be set to define unacceptable levels of 

stormwater quality (e.g., two standard deviations from the median statistic, for 

simplicity). Municipalities would then routinely monitor runoff quality from major 

outfalls. Where an MS4 outfall to surface waters consistently exceeds the action 

level, municipalities would need to demonstrate that they have been 

implementing the stormwater program measures to reduce the discharge of 

pollutants to the maximum extent practicable. The MS4 permittees can 

demonstrate the rigor of their efforts by documenting the level of implementation 
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through measures of program effectiveness, failure of which will lead to an 

inference of noncompliance and potential enforcement by the permitting authority 

Instead of following the above Regional Board staff has chosen to create another 

monitoring requirement, without regard for cost or benefit to water quality or to 

permittees.  Non-TMDL pollutants should be not be given special monitoring attention 

until it has been determined that they pose an impairment threat to a beneficial use.  

Such a determination needs to be done by way of ambient monitoring performed by the 

Regional Board SWAMP. The resulting data could then be used to develop future TMDLs 

if necessary.   

 

Furthermore, many of the MAL constituents (both stormwater and non-storm water) 

listed in Appendix G, are included in several TMDLs such as metals and bacteria. This is, 

of course, a consequence of the redundancy created by two approaches that are 

intended to serve the same purpose:  protection of water quality.        

 

Recommended Correction: Either require substitution of TMDLs with MALs or eliminate 

MALs entirely.   

  

As for stormwater outfall monitoring purpose “b”, such monitoring cannot be used to 

determine compliance with wet weather WQBELs based on TMDL WLAs for the 

following reasons:      

 

1. The wet-weather WQBEL is based on a TMDL WLA in the receiving water that is non-

ambient.  As mentioned, federal regulations only require ambient monitoring in the 

receiving water, which by definition can never be deemed the same as wet weather 

monitoring.  They are mutually exclusive.   Regional Board staff has also incorrectly 

determined that a WQBEL may be the same as the TMDL WLA, thereby making it a 

“numeric effluent limitation.” Although numerous arguments may be marshaled 

against the conclusion, the most compelling of all is the State Water Resources 

Control Board’s clear opposition to numeric effluent limitations. 

 

In Water Quality Orders 2001-15 and  2009-0008  the State Board made it clear that:  

we will generally not require “strict compliance” with water quality standards 

through numeric effluent limitations,” and instead “we will continue to follow an 

iterative approach, which seeks compliance over time” with water quality standards.    

 

[Please note that the iterative approach to attain water quality standards applies to 

the outfall and the receiving water.]  

 

More recently, the State Board commented in connection with the draft Caltrans 

MS4 permit that numeric WQBELs are not feasible as explained in the following 

provision from its most recent Caltrans draft order: 
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Storm water discharges from MS4s are highly variable in frequency, intensity, 

and duration, and it is difficult to characterize the amount of pollutants in the 

discharges. In accordance with 40 CFR § 122.44(k)(2), the inclusion of BMPs in 

lieu of numeric effluent limitations is appropriate in storm water permits. This 

Order requires implementation of BMPs to control and abate the discharge of 

pollutants in storm water to the MEP.  

 

2. The State Board’s decision not to require numeric WQBELs in this instance 

appears to have been influenced by among other considerations, the Storm 

Water Panel Recommendations to the California State Water Resources Control 

Board in re:  The Feasibility of Numeric Effluent Limits Applicable to Discharges of 

Storm Water Associated with Municipal, Industrial and Construction Activities. 

 

Regarding purpose “b” it should also be noted that the Regional Board’s setting of 

WQBELs to translate the TMDL WLA in the receiving water to the outfall is 

premature.  Regional Board staff apparently has not performed a reasonable 

potential analysis as required under § 122.44(d)(1)(i), which states: 

 

Limitations must control all pollutants or pollutant parameters (either 

conventional, nonconventional, or toxic pollutants) which the Director determines 

are or may be discharged at a level that will cause, have the reasonable potential 

to cause, or contribute to an excursion above any [s]tate water quality standard, 

including [s]tate narrative criteria for water quality.” 

 

No such reasonable potential analysis has been performed – even though USEPA 

guidance requires it as part of documenting the calculation of WQBELs in the NPDES 

permit’s fact sheet.  According to USEPA’s NPDES Permit Writers’ Manual: 

 

Permit writers should document in the NPDES permit fact sheet the process used 

to develop WQBELs. The permit writer should clearly identify the data and 

information used to determine the applicable water quality standards and how 

that information, or any applicable TMDL, was used to derive WQBELs and 

explain how the state’s anti-degradation policy was applied as part of the 

process. The information in the fact sheet should provide the NPDES permit 

applicant and the public a transparent, reproducible, and defensible description 

of how the permit writer properly derived WQBELs for the NPDES permit.
11

 

 

The fact sheet accompanying the tentative order contains no reference to a 

reasonable potential analysis.  

 

                                                 
11

United States Environmental Protection Agency, NPDES Permit Writers’ Manual, September, 2010, page 
6-30. 
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Complicating the performance of a reasonable potential analysis is the absence of 

(1) outfall monitoring data; and (2) ambient water quality standards.  Though federal 

regulations require monitoring at the outfall, the Regional Board has not required it 

up until now.  Even if outfall monitoring  data were available to determine  whether 

pollutants concentrations in the discharge exceeded the water quality standard is 

not possible.  This is because, as mentioned earlier, TMDL WLAs are not expressed 

as ambient standards.  A TMDL is an enhanced water quality standard.  As noted in 

the National Research Council’s Assessing the TMDL Approach to Water Quality 

Management, a report commissioned by the United States Congress in 2001:  

 

… EPA is obligated to implement the Total Maximum Daily Load (TMDL) program, 

the objective of which is attainment of ambient water quality standards through 

the control of both point and nonpoint sources of pollution. 

 

 

Recommended Correction:  Eliminate this requirement. 

 

Regarding purpose “c”, the determinant for a water quality standard exceedance is in 

the discharge from the outfall – not in the receiving water.  The use of numeric WQBELs 

-- though incorrectly defined and established in this instance -- represents the 

compliance standard in discharges from the outfall. Adding a second compliance 

determinant in the receiving water is unnecessary and is not authorized under federal 

stormwater regulations because the receiving water lies outside the scope of the MS4.    

 

Recommended Corrective Action:  Eliminate this requirement. 

 

3. Non-storm water outfall based monitoring 

 

The purposes of this type of monitoring are as follows: 

 

a. Determine whether a Permittee’s discharge is in compliance with applicable dry 

weather WQBELs derived from TMDL WLAs. 

 

b. Determine whether a Permittee’s discharge exceeds non-storm water action levels, 

as described in Attachment G of this Order, 

 

c. Determine whether a Permittee’s discharge contributes to or causes an exceedance 

of receiving water limitations, 

 

d. Assist a Permittee in identifying illicit discharges as described in Part VI.D.9 of this 

Order. 

 

Regarding “a,” This requirement is redundant in view of the aforementioned MALs and 

in any case is not authorized under federal stormwater regulations. 402(p)(B)(ii) of the 
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Clean Water Act only prohibits discharges to the MS4 (streets, catch basins, storm 

drains and intra MS4 channels), not through or from it.  This applies to all water quality 

standards, including TMDLs.  Nevertheless, compliance with dry weather WQBELs can 

be achieved through BMPs and other requirements called for under the illicit 

connection and discharge detection and elimination (ICDDE) program, or requiring 

impermissible non-stormwater discharges to obtain coverage under a permit issued by 

the Regional Board.     

 

Recommended Correction:  Delete this requirement and specify compliance with dry 

weather WLAs, expressed in ambient terms, through the implementation of the ICDDE 

program.   

 

Withy regard to “b”, see previous responses regarding MALs and the limitation of non-

stormwater discharge prohibit to the MS4. 

 

Recommended Correction:  Delete this requirement because it exceeds the non-

stormwater discharge prohibition to the MS4; and determine whether MALs or TMDLs 

are to be used to protect receiving water quality.      

 

Regarding “c”, as mentioned, non-stormwater discharges cannot by applied to receiving 

water limitations because of they are only prohibited to the MS4, not from or through it. 

 

Recommended Correction:  Delete this requirement because it exceeds the non-

stormwater discharge prohibition to the MS4.      

 

Regarding “d”, this requirement is reasonable and in keeping with federal regulations 

with the exception that the identification of illicit discharges must adhere to the field 

screening requirements in CFR 40 §122.26. No non-stormwater discharge monitoring 

shall occur unless flow is first discovered at the outfall.  This would trigger the 

implementation of additional requirements that  the tentative order does not include.  

 

4. New Development/Re-development effectiveness monitoring 

 

The purpose of this requirement is a dubious and is not authorized under federal 

stormwater regulations as it relates to monitoring.  To begin with, requiring such 

monitoring is premature given the absence of outfall monitoring in the current and 

previous MS4 permits that would characterize an MS4’s pollution contribution relative 

to exceeding ambient water quality standards.  Without the determination of 

statistically significant exceedances of water quality standards, detected at the outfall, 

the imposition of runoff infiltration requirements is arbitrary.  Further, there is nothing 

in federal stormwater regulations that require monitoring on private or public property.  

Monitoring, once again, is limited to effluent discharges at the outfall and to ambient 

monitoring in the receiving water. 
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Beyond this, monitoring for BMP effectiveness poses a serious challenge to what 

determines “effectiveness” -- effective relative to what standard?  It is also not clear 

how such monitoring is to be performed.    

 

Recommended Correction:  Delete this requirement.      

 

The MRP of the tentative order proposes regional studies “to further characterize the 

impact of the MS4 discharges on the beneficial uses of the receiving waters. Regional 

studies shall include the Southern California Stormwater Monitoring Coalition (SMC) 

Regional Watershed Monitoring Program (bio-assessment), sediment monitoring for 

Pyrethroid pesticides, and special studies as specified in approved TMDLs (see Section 

XIX TMDL Reporting, below).” 

 

Regional studies also lie outside the scope of the MS4 permit.  However, because 

federal regulations require ambient monitoring in the receiving water, a task performed 

by the Regional Board’s SWAMP, regional watershed monitoring for aforementioned 

target pollutants can be satisfied through ambient monitoring.  This can be 

accomplished with little expense on the part of permittees by: (1) using ambient data 

generated by the Regional Board SWAMP; (2) re-setting the County’s mass emissions 

stations to collect samples 2 to 3 days following a storm event (instead of using a flow-

based sampling trigger); and (3) using any data generated from existing coordinated 

monitoring programs (e.g., Los Angeles River metals TMDL CMP), provided that the data 

is truly ambient. 

 

END CITY OF SAN GABRIEL COMMENTS 
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July 20,2012

VIA U.S. MAIL AND E-MAIL (PDF)

Mr. Ivar Ridgeway
California Regional Water Quality Control Board, Los Angeles Region
320 West 4th Street, Suite 200
Los Angeles, California 90013
LAMS42012@waterboards.ca.gov
rpurdy@waterboards.ca.gov
iridgeway@waterboards.ca.gov

Dear Mr. Ridgeway:

The City of San Marino ("City') submits the following comments to the Los Angeles Regional
Water Quality Control Board's ("Regional Board") Tentative Order No. R4-2012-xxxx, NPDES
Permit No. CAS004001) ("Permit"). The LA Permit Group has submitted comments regarding
the Permit which the City joins and incorporates herein. The City reserves the right to make
additional legal comments on the Permit prior to the close of the public hearing to adopt the
Permit and at the public hearing itself.

On behalf of the City of San Marino, we hereby submit the following initial comments on the
Permit:

1. The Time Provided to Review the Permit Is Insufficient and Denies Permittees Due
Process of Law

The period provided to review and comment on the Permit has been unreasonably short given the
breadth of the Permit. Beginning on March 28,2012, Regional Board staff issued a series of
Staff Working Proposals pertaining to key sections of the Permit. Regional Board staff has used
their Staff Working Proposal workshops as a justification for the hurried manner in which the
Permit was developed. The same justification was used by the Executive Director in denying the
LA Permit Group's request for a time extension.

This justification, however, fails for several reasons. First, Regional Board staff gave the
permittees only a few weeks to comment on each of the Staff Working Proposals. Furthermore,
the Regional Board staff did not respond to any comments, leaving permittees to guess at which
requirements would be incorporated into the Permit. Seeing the Permit in its entirety and having
the opportunity to understand how each of the sections and programs work together is imperative
in order for permittees to fully understand the Permit provisions and to prepare comments.

Second, despite all the working proposals, workshops, and meetings, the permittees are left with
a Permit that cannot be complied with from the first day the Permit goes into effect, due to the

2200 Huntington Drive, San Marino, CA 91108-2639 • Phone: (626) 300-0700 Fax: (626) 300-0709
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Receiving Water Limitation (RWL) and the Waste Load Allocations (WLA) requirements that
could subject the permittees to third party lawsuits.

We believe the Regional Board wants a review process that is open and transparent. Providing
permittees only forty-five (45) days to comment makes this impossible. To develop and provide
relevant and meaningful comments, each permittee must first:

• Read a 500 page Permit;
• Study the 500 page Permit to understand how the provisions work together;
• Compare it to the last Permit;
• Evaluate the resource needs to comply with the Permit;
• Determine the fiscal and organizational impacts on City services, which requires

coordination with several City departments;
• Conduct technical and legal review of the Permit and prepare comments;
• Present information to and gather feedback from the City Council. Staff needs time to

conduct a thorough review of the items listed above, prior to presenting them to the
City Council; and

• Prepare written comments.

To ensure a proper review of the Permit, the City hereby requests an extension of 180 working
days to include a Revised Tentative Permit to be released with a 45-day comment period. The
intent of a Revised Tentative Permit is to ensure the permittees have the opportunity to review
any changes made to the existing draft and provide comments prior to the Permit adoption
hearing. Additionally, this extension request will resolve a conflict our city management and
officials have with the current September 6-7, 2012 hearing date, which overlaps with the annual
League of Cities conference in San Diego.

The extreme speed with which the Permit is being circulated and reviewed and proposed to be
adopted amounts to a denial of the City's due process rights and is contrary to state and federal
law. By denying the permittees a meaningful opportunity to review and comment on a Permit
that so drastically affects the permittees' rights and finances, the Regional Board has denied the
permittees due process rights under state and federal law. See Spring Valley Water Works v. San
Francisco, 82 Cal. 286 (1890) (reasonable notice and opportunity to be heard are essential
elements of "due process oflaw," whatever the nature of the power exercised.) Furthermore,
under the Clean Water Act, a reasonable and meaningful opportunity for stakeholder
participation is mandatory. See, e.g., Arkansas Wildlife Fed'n v. leIAms., 29 F.3d 376, 381 (8th
Cir. 1994) ("the overall regulatory scheme affords significant citizen participation, even if the
state law does not contain precisely the same public notice and comment provisions as those
found in the federal CWA.") For the reasons stated above, the Permit does not satisfy the Clean
Water Act standard and violates the City's due process rights.

2. The Permit Should Be Revised to Provide that Implementation of BMPs is Sufficient
to Constitute Compliance with the Permit

Permittees should be able to achieve compliance with the Permit through a best management
practice ("BMP") based iterative approach. Regional Board staff has previously indicated that it
would not create a permit for which permittees would be out of compliance from the very first
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day the Permit goes into effect This necessarily means the Permit cannot require immediate
strict compliance with water quality standards. Yet the Fact Sheet states that a party whose
discharge "causes or contributes" to an exceedance of a water quality standard is in violation of
the Permit, even if that party is implementing the iterative process in good faith. See Fact Sheet
at pp. F-35-38. These positions are incompatible and effectively render the iterative approach
meaningless.

As written, the Permit requires that all discharges to receiving waters must immediately meet
water quality standards to avoid violating the Permit. This presents an impossible standard for
permittees to meet, especially given the fact that thirty-three (33) TMDLs have been
incorporated into the Permit. This means that numerous water bodies that currently do not meet
water quality standards will be governed by the Permit and permittees will be subject to potential
liability immediately. Even for TMDLs for which the Regional Board issues time scheduling
orders, such orders will not protect a permittee from third-party lawsuits for measured
exceedances, based on the Permit's current language. Even if such lawsuits are unfounded, the
legal costs to defend such suits are enormous. For this same reason, final wasteload allocations
should not be incorporated into the Permit, especially where we are dealing with TMDLs that
have been rushed through due to the Browner consent decree with the understanding that they
would be refined over time with reopeners as new information becomes available.

A BMP-based approach should be utilized in the Permit, as outlined in EPA's November 12,
2010 Revisions to the November 22,2002 Memorandum "Establishing Total Maximum Daily
Load (TMDL) Wasteload Allocations (WLAs) for Storm Water Sources and NPDES Permit
Requirements Based on those WLAs." ("EPA Memorandum"). See also 40 C.F.R. § 122.44(k).

To accomplish this purpose, the City supports using the receiving water limitation language
proposed by CASQA, which is similar to the language in the Draft Caltrans Permit. Otherwise,
cities are potentially vulnerable to third party lawsuits such as those brought against the City of
Stockton and the County of Los Angeles by third parties within the last five years.

Furthermore, the EPA Memorandum is clear that an increased reliance on numerics should be
coupled with the "disaggregation" of different storm water sources within permits. See EPA
Memorandum at pp. 3-4. The Permit currently aggregates multiple sources of storm water runoff
while additionally imposing numeric standards. This will result in a system whereby the
innocent will be punished alongside the guilty for numeric standard exceedances. The Regional
Board should not allow this inequitable and legally unjustifiable result to occur.

Another reason for adopting a BMP-based approach is the fact that new and existing
conditionally exempt non-stormwater discharges may also contribute to measured exceedances.
This inequitable result means the exempt discharges may nonetheless contribute to permittee
liability.

3. The Permit Improperly Intrudes Upon the City's Land Use Authority in Violation
of the Tenth Amendment of the U.S. Constitution

To the extent that this Permit relies on federal authority under the Clean Water Act to impose
land use regulations and dictate specific methods of compliance, it violates the Tenth
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Amendment of the U.S. Constitution. Furthermore, to the extent the Permit requires a municipal
permittee to modify its city ordinances in a specific manner, it also violates the Tenth
Amendment. According to the Tenth Amendment:

"The powers not delegated to the United States by the Constitution, nor prohibited
by it to the States, are reserved to the States respectively, or to the people."

Article XI, section 7 of the California Constitution California also guarantees municipalities the
right to "make and enforce within [their] limits all local police, sanitary and other ordinances and
regulations not in conflict with general laws." See also City ofW Hollywood v. Beverly Towers,
52 Cal. 3d 1184, 1195 (1991). Furthermore, the United States Supreme Court has held that the
ability to enact land use regulations is delegated to municipalities as part of their inherent police
powers to protect the public health, safety, and welfare of its residents. See Berman v. Parker,
348 U.S. 26, 32-33 (1954). Because it is a constitutionally conferred power, land use powers
cannot be overridden by State or federal statutes.

Even so, both the Clean Water Act and the Porter-Cologne Act provisions regarding NPDES
permitting do not indicate that the Legislature intended to preempt local land use authority.
Sherwin Williams Co. v. City ofLos Angeles, 4 Cal. 4th 893 (1993); California Rifle & Pistol
Assn. v. City ofWest Hollywood, 66 Cal. App. 4th 1302, 1309 (1998) (Preemption of police
power does not exist unless "Legislature has removed the constitutional police power of the City
to regulate" in the area); see Water Code §§ 13374 and 13377 and 33 U.S.C. § 1342 (b)(1)(B).

If the Permit is adopted, the City believes that this Permit could establish the Regional Board as a
"super municipality" responsible for setting zoning policy and requirements throughout Los
Angeles County. The prescriptive and one-size-fits-all nature of this policy will ensure that any
resident or business challenging the conditions set forth in this Permit would not only sue the
municipality charged with implementing these requirements, but would also have to sue the
Regional Board itself to obtain the requested relief. The City does not believe this is the intent of
the Regional Board. Rather than adopting programs that dictate the precise method of
compliance, the Regional Board should collaborate with the City and other permittees to develop
a range of model programs that each municipality could then modify and adopt according to its
own individual circumstances.

4. The Permit Constitutes an Unconstitutional Unfunded Mandate

The Permit contains mandates imposed at the Regional Board's discretion that are unfunded and
go beyond the specific requirements of either the Clean Water Act or the EPA's regulations
implementing the Clean Water Act, and thus exceed the "Maximum Extent Practicable"
("MEP") standard. Accordingly, these aspects of the Permit constitute non-federal state
mandates. See City ofSacramento v. State ofCalifornia, 50 Cal. 3d 51, 75-76 (1990). Indeed,
the Court of Appeals has previously held that NPDES permit requirements imposed by the
Regional Board under the Clean Water and Porter-Cologne Acts can constitute state mandates
subject to claims for subvention. County ofLos Angeles v. Commission on State Mandates, 150
Cal. App. 4th 898, 914-16 (2007).

The Permit goes beyond federal law, as the Permit is at least twice as long, and in some cases,
three times as long as other MS4 permits developed by other Regional Boards in the State of
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California, such as the Lahontan Regional Board and the Central Valley Regional Board, not to
mention permits developed by EPA. This means that either some Regional Boards are failing to
impose federally mandated requirements pursuant to the Clean Water Act, or the more likely
explanation is that the Regional Board is imposing requirements that go beyond federal law.

A. The Permit's Minimum Control Measure Program is an Unfunded State
Mandate

The Permit's Minimum Control Measure program ("MCM Program") qualifies as a new
program or a program requiring a higher level of service for which state funds must be provided.
The particular elements of the MCM Program that constitute unfunded mandates are:

• The requirements to control, inspect, and regulate non-municipal permittees and
potential permittees (Permit at pp. 38-40);

• The public information and participation program (Permit at pp. 58-60):
• The industrial/commercial facilities program (Permit at p. 63);
• The public agency activities program (Permit at pp. 56-63); and
• The illicit connection and illicit discharge elimination program (Permit at pp. 106-109).

The MCM Program requirement that the permittees inspect and regulate other, non-municipal
NPDES permittees is especially problematic and clearly constitutes an unfunded mandate. (See,
e.g., Permit at pp. 38-40.) These are unfunded requirements which entail significant costs for
staffing, training, attorney fees, and other resources. Notably, the requirement to perform
inspections of sites already subject to the General Construction Permit is clearly excessive.
Permittees would be required to perform pre-construction inspections, monthly inspections
during active construction, and post-construction inspections. The requirements of this Permit
exceed past permits, meaning that the Regional Board is requiring a higher level of service than
in prior permits.

Furthermore, there are no adequate alternative sources of funding for inspections. User fees will
not fully fund the program required by the Permit. Cal. Gov't Code, § 17556(d). NPDES
permittees already pay the Regional Water Quality Control Boards fees that cover such
inspections in part. It is inequitable to both cities and individual permittees for the Regional
Board to charge these fees and then require cities to conduct and pay for inspections without
providing funding.

B. The Receiving Water Body Requirements Render the Permit an Unfunded
Mandate

If strict compliance with state water quality standards in receiving water bodies is required
including state water quality standard-based wasteload allocations-in the MS4 itself or at
outfall points and in receiving water bodies, the entire Permit will constitute an unfunded
mandate because such a requirement clearly exceeds both the Federal standard and the
requirements of prior permits, despite the fact no funding will be provided. See Building
Industry Assn. ofSan Diego County v. State Water Resources Control Bd., 124 Cal. App. 4th
866, 873, 884-85 (2004) (though the State and Regional Boards may require compliance with
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California state water quality standards pursuant to the Clean Water Act and state law, these
requirements exceed the Federal Maximum Extent Practicable standard.)

C. The City Does Not Necessarily Have the Requisite Authority to Levy Fees to Pay
for Compliance With the Order

The ability to fund the Permit through bond measures or tax increases does not render the
Permit's program ineligible for a subvention claim because such funding mechanisms are
contingent upon voter approval, in some cases requiring supermajority votes. Howard Jarvis
Taxpayers Assoc. v. City a/Salinas, 98 Cal. App. 4th 1351 (2002). The money available from
other sources is both too speculative and limited to cover all or even some of the costs imposed
by the Permit. Such speculative funding sources cannot count as viable sources of funding so as
to preclude a subvention claim. Cal. Gov't Code, § 17556(f). Furthermore, even if some portions
of the Permit's programs can be covered by user fees, these fees will not come close to covering
all such costs, meaning permittees' general funds will have to be utilized to cover substantial
portions of these costs. Cal. Gov't Code, § 17556(d) (the ability to charge fees only defeats a
subvention claim where the fees are sufficient to fully fund the program.)

5. The Permit's Monitoring Program Exceeds the Requirements of Law

The Permit's Receiving Water Monitoring Program is improper for going well beyond the scope
of monitoring requirements authorized under Water Code Sections 13267 and 13383. The
relevant portion of Water Code Section 13267 states:,

"(b) (l) In conducting an investigation. . . the regional board may require that ...
any citizen or domiciliary, or political agency or entity of this state who has
discharged, discharges, or is suspected of having discharged or discharging, or
who proposes to discharge, waste outside of its region that could affect the quality
of waters within its region shall furnish, under penalty of perjury, technical or
monitoring program reports which the regional board requires. The burden,
including costs, of these reports shall bear a reasonable relationship to the need
for the report and the benefits to be obtained from the reports."

The Regional Board's failure to conduct and communicate the requisite cost-benefit analysis
pursuant to the monitoring requirements in the Permit constitutes an abuse of discretion. Water
Code §§ 13267 and 13225(c).

The relevant portions of Water Code Section 13383 state:

"(a) The ... regional board may establish monitoring, inspection, entry, reporting,
and recordkeeping requirements for any person who discharges, or proposes
to discharge, to navigable waters .

(b) The ... or the regional boards may require any person subject to this section
to establish and maintain monitoring equipment or methods, including, where
appropriate, biological monitoring methods, sample effluent as prescribed, and
provide other information as may be reasonably required."
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The Permit goes far beyond a requirement that a permittee "monitor" the effluent from its own
storm drains. The Permit's Receiving Water Monitoring Program seems to require a complete
hydrogeologic model found in the receiving water body, which will in many cases be miles away
from many of the individual permittees' jurisdictions. To the extent the Permit requires
individual permittees to compile information beyond their jurisdictional control, they are
unauthorized. Although Water Code Section 13383(b) permits the Regional Board to request
"other information", such requests can only be "reasonably" imposed. Cal. Water Code §
13383(b). The information requested by the Regional Board is unreasonable. It is not just
limited to each individual copermittee's discharge. Rather, the Permit requires copermittees to
analyze discharges and make assumptions regarding factors well beyond their individual
boundaries. This is not reasonable, and is therefore not permitted under Water Code Sections
13225, 13267, and 13383. It is equally unreasonable to require the monitoring of authorized or
unknown discharges. See Permit at p. 108.

6. The Permit Exceeds the Regional Board's Authority by Requiring the City to Enter
into Contracts and Coordinate With Other Co-Permittees

The Regional Board cannot require the City to entire into agreements or coordinate with other
co-permittees. The requirements that permittees engage in interagency agreements (Permit at p.
39) and coordinate with other copermittees as part of their stormwater management program
(Permit at p. 56-58) are unlawful and exceed the authority of the Regional Board. The Regional
Board lacks the statutory authority to mandate the creation of interagency agreements and
coordination between permittees in an NPDES Permit. See Water Code §§ 13374 and 13377.
The Permit creates the potential for City liability in circumstances where the permittee cannot
ensure compliance due to the actions of third party state and local government agencies over
which the City has no control. Such requirements are not reasonable regulations, and thus
violate state law. Communities for a Better Environment v. State Water Resources Control Bd.,
132 Cal. App. 4th 1313, 1330 (2005) (regulation pursuant to NPDES program must be
reasonable.)

7. The Permit Fails to Consider Economic Impacts As Required by Water Code
Sections 13000 and 13241

The Regional Board's failure to adequately consider the economic impacts of the Permit, as
required by Water Code Sections 13000 and 13241, render the Permit invalid. Water Code
Section 13241 requires the Regional Board to include "[e]conomic considerations" with its
consideration of the Permit. As demonstrated above, the Regional Board is incorrect in its
assertion that consideration of economics is not required in this Permit. See Permit at pp. 24-25.
Because, as demonstrated above, the Permit requires new and higher levels of service in
numerous key regards, consideration of economic factors is necessary. City ofBurbank v. State
Water Resources Control Bd., 35 Cal. 4th 613,618,627 (2005).

The alleged facts in the economic consideration section of the Fact Sheet misrepresent the
permittees' data and fail to consider the economic impact of new, costly aspects of the Permit.
The Fact Sheet's open skepticism of municipal financial reports is troubling, and indicates the
Regional Board has not taken permittees' actual expenses seriously.
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It is also premature and improper to assume that permittees will obtain funding from proposed
ballot measures and other sources of funding which have not even been approved, much less
voted on by the public. See Fact Sheet at pp. F-142-43. If the Regional Board wants to rely on
initiatives, such as the Los Angeles County Flood Control District's Water Quality Funding
Initiative, as sources of funding to offset the costs of storm water management, it should delay its
public hearing and approval of the Permit until after the voters have actually voted on such
initiatives. Otherwise, if such initiatives fail to pass, the co-permittees will be left to implement
the Permit's requirements without the funds to do so. Even if the the Water Quality Funding
Initiative is approved by the voters, the funds generated by the Initiative would not even be
available until 2014 - well after the deadline for a majority ofthe compliance deadlines set forth
in the Permit. Moreover, the Water Quality Initiative will not cover all the costs imposed on all
permittees by the Permit.

The Permit also fails to consider the significant additional costs that TMDLs will impose. The
incorporation of TMDLs and the massive expansion of monitoring requirements in the Permit,
which also trigger the need for additional inspectors, will inevitably cause the copermitees' costs
to skyrocket. Furthermore, speculations about what people may be willing to pay for cleaner
water and social benefits from clean water have no real effect on cities' bottom lines. Finally,
the Permit fails to account fully for all the expenses that implementing minimum control
measures will impose. For all these reasons, the consideration of economic impact is entirely
lacking, which violates state law.

8. The Permit's Imposition of Joint and Joint and Several Liability for Violations is
Contrary to Law

The Permit appears to improperly impose joint liability and joint and several liability for water
quality based effluent limitations and receiving water exceedances. It is both unlawful and
inequitable to make a permittee liable for the actions of other permittees over which it has no
control. A party is responsible only for its own discharges or those over which it has control.
Jones v. E.R. Shell Contractor, Inc., 333 F. Supp. 2d 1344, 1348 (N.D. Ga. 2004). Because the
City cannot prevent another permittee from failing to comply with the Permit, the Regional
Board cannot, as a matter of law, hold the City jointly or jointly and severally liable with another
permittee for violations of water quality standards in receiving water bodies or for TMDL
violations. Under the Water Code, the Regional Board issues waste discharge requirements to
"the person making or proposing the discharge." Cal. Water Code § 13263(f). Enforcement is
directed towards "any person who violates any cease and desist order or cleanup and abatement
order ... or ... waste discharge requirement." Cal. Water Code § 13350(a). In similar fashion,
the Clean Water Act directs its prohibitions solely against the "person" who violates the
requirements of the Act. 33 U.S.C. § 1319. Thus, there is no provision for joint liability under
either the California Water Code or the Clean Water Act.

Furthermore, joint liability is proper only where joint tortfeasors act in concert to accomplish
some common purpose or plan in committing the act causing the injury, which will generally
never be the case regarding prohibited discharges. Kesmodel v. Rand, 119 Cal. App. 4th 1128,
1144 (2004); Key v. Caldwell, 39 Cal. App. 2d 698, 701 (1940). For any such discharge, it
would be unlawful to impose joint liability and especially joint and several liability. The issue of
imposing liability for contributions to "commingled discharges" of certain constituents, such as
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bacteria, is especially problematic because there is no method of determining who has
contributed what to an exceedance.

For receiving water body exceedances, the Permit should specify that the burden is on the
Regional Board to show that any permittee's discharge caused or contributed to that exceedance.
Requiring permittees to prove they did not cause or contribute an exceedance is both inequitable
and unlawful. Permittees should not be required to prove they did not do something when the
Regional Board has failed to raise even a rebuttable presumption that the contamination results
from a particular permittee's actions. See Cal. Evid. Code § 500; Sargent Fletcher, Inc. v. Able
Corp., 110 Cal. App. 4th 1658, 1667-1668 (2003).

*****
The City is dedicated to the protection and enhancement ofwater quality. The City, however,
has other functions that require funding as well. If this Permit is adopted as proposed, even in
the best case scenario, spending cuts to other crucial services such as police, fire, and public
works are certain. The permittees' dwindling general funds simply cannot take the financial hit
the Permit is poised to impose on them. The City believes a more measured approach is
necessary, especially regarding how compliance in this Permit is achieved.

As public agencies, all parties involved in the NPDES permitting process have the obligation to
carry out their duties in a responsible, realistic, and reasoned manner. Requirements that tether
public agencies to impractical positions are counterproductive and violate our sacred charge as
representatives of the people. The City is committed to working with the State and Regional
Boards in order to achieve our mutual goals and looks forward to engaging in a constructive
dialogue with Regional Board staff on these issues.

Sincerely,

~a-f2.~.
John Schaefer
City Manager
City of San Marino

cc: Lucy Garcia, Assistant City Manager
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City of

SANTA CLARITA
23920 Valencia Boulevard • Suite 300 • Santa Clarita, California 91355-2196

Phone: (661) 259-2489 • FAX: (661) 259-8125
www.santa-c1arita.com

July 23,2012

Mr. Ivar Ridgeway and Ms. Renee Purdy
Los Angeles Regional Water Quality Control Board
320 West Fourth Street, Suite 200
Los Angeles, CA 90013
(Electronically to LAMS42012@waterboards.ca.gov

iridgeway@waterboards.ca.gov
rpurdy@waterboards.ca.gov)

Subject: Comment letter - Draft National Pollutant Discharge Elimination System
(NPDES) Permit (Draft Order) for Los Angeles County from City of Santa Clarita

Thank you for the opportunity to comment on this very important draft permit. The City of Santa
Clarita (City) supports the comment letter from the Los Angeles Stormwater Permit (LASP)
group. However, the City reiterates the following issues of concern.

• The critical issue of changing the Receiving Water Limitations language to reflect the
California Stormwater Quality Association (CASQA) language referenced in the LASP
letter.

• Providing more time through an additional draft tentative order and comment period of
180 days that provides a response to comments.

• Utilizing the iterative approach and best management practices rather than absolute end
ofpipe waste load allocations in total maximum daily loads (TMDLs).

• Reasonable monitoring standards that allow for source tracking and prioritization rather
than restrictive standards that will require action everywhere simultaneously.

• Eliminating shifting state responsibilities to local governments to ratchet up, enforce and
track Industrial NPDES Permits and General Construction ACtivities NPDES Permits.

In addition to the above comments, the City is concerned about statements regarding the
economic impacts, unfunded mandates, hydromodification, and the Santa Clara River Bacteria
TMDL. Also, the City requests the Fact Sheet not be included as part ofthe permit, as there are
many errors and unfounded statements in that document.

S:IENVSRVCSINPDES2INPDES Permit RenewallDraft Tentative Order 6-6-12ICity ofSanta Clarita LA MS4 Comment Letter 7-23-12 final(J).doc.
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Mr. Ivar Ridgeway and Ms. Renee Purdy
July 23,2012
Page 2

Economic Consideration

The economic analysis is inadequate to the magnitude of the costs to cities, residents, and
businesses as a result of the draft NPDES Permit requirement~. The Fact Sheet opines that costs
are inflated. Over the past year, the LASP, individual cities and other groups have asked for a
workshop on economics to discuss these issues. The Regional Board has 'restricted any
discussion of economics at public workshops and hearings. The Fact Sheet analyzes only the
2010-2011 fiscal year and does not provide sufficient information. In recent years, municipalities
.have been facing tough economic constraints and have had to scale back. Permittees have been
submitting annual reports with economic data for more than ten years. Therefore, it is unclear
why the Regional Board would state true costs of compliance are difficult to determine. In
addition, the economic analysis focuses on the existing requirements in the current permit. The
proposed draft pemiit dictates significantly large increases to existing programs, new Best
Management Practices (BMPs), vastly expanded monitoring requirements,.and overall increases
compliance record-keeping. An accurate economic analysis needs to be completed before all
these requirements are imposed on permittees.

Another concerning part of the economic analysis is removing trash related BMPs costs to make
the costs more in line with statewide averages. The current permit requires many trash related
BMPs that require a significantexpenditure of funds. The requirements for trash abatement are
vastly expanded in this draft permit. Removing street sweeping and other trash related expenses
does not give a complete account of permit related costs.

The Fact Sheet makes a brief statement this draft permit will represent costs above and beyond
the cUrrent permit. However, these costs are not captured in the economic analysis, including the
additional costs that TMDLs represent. With TMDLs now being incorporated into this NPDES
Permit, the massive expansion of monitoring requirements and the need for additional inspectors
the costs will exceed the $120 per household number. For example, in the Santa Clara River
Bacteria TMDL Regional Board staff report, the total cost of structural BMPs was estimated by
the Regional Board at $161,717,386 and operations/maintenance at $6,810,000. The Los Angeles
County portion of the watershed is roughly half of the total watershed, but at 50 percent this still
represents a substantial stormwater program cost increase.

.Recently the City received proposals to complete the reports and studies necessary in the next
several years to comply with the Bacteria TMDL. The proposals to develop the plans and some
monitoring required in the Bacteria TMDL estimated costs up to $1,800,000. The City has a
dedicated funding source in the form of a stormwater utility fee that generates $2,500,000 to
$3,000,000 annually. The funding is largely consumed by implementing the existing NPDES
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Mr. Ivar Ridgewayand Ms. Renee Purdy
July 23,2012
Page 3

Permit requirements. The funding will not be sufficient to cover the costs of compliance with
only one TMDL and the massive increases in costs contained in the proposed draft permit.

The costs of compliance with this permit will directly and indirectly affect residents, businesses,
and even potable water suppliers. For example, the costs associated with draining a swimming
pool are prescribed in the non-stormwater discharge prohibitions. To comply with the permit, the
City would have to send an inspector to the site, send a two-person crew and vactor truck to
clean the flowline and the catch basin, and monitor the discharge to ensure chemical levels were
below allowable limits. The cost of inspections and cleanings needed to meet the requirements of
this draft permit that allow discharge of a residential swimming pool are estimated to be between
$300 and $500 per incident. Potable water suppliers discharge drinking water into the storm
drain as part of their pipe-maintenance program. These potable water discharges will be subject
to essentially the same requirement as swimming pool discharges. Water suppliers in the area
currently discharge daily. This translates into an annual costofnearly $130,000 per year just for
the water suppliers discharge alone. These costs have a cumulative affect that has not been
analyzed or considered.

Unfunded Mandates

The Fact Sheet makes a unilateral comment the Regional Board has determined that the permit
requirements do not exceed Federal Requirements, and therefore, is not an unfunded mandate. At
the very least, the Regional Board should substantiate this statement for each section of the
permit. The section of the Fact Sheet that provides the opinions regarding unfunded mandates in
the NPDES Permit should be removed or supporting information should be provided. .

As stated in the economic section of the Fact Sheet, this new permit does constitute "a higher
level of service" as compared to the requirements in the current permit. This includes, but is not
limited to, new post construction inspections, additional construction site inspections, low
impact development projects, TMDL incorporation, substantially more monitoring, and
increasing the frequency and effort of tracking Regional Board and State Board issued NPDES
Permits for construction sites and industrial facilities. Since this is not a BMP based permit, the
costs to comply are essentially unlimited.

The statement that industrial and construction site NPDES Permits are more stringent than this
draft permit is inaccurate. These businesses can restrict who is allowed on their sites, and
perform all manner of control over their private property. Cities have no such ability to restrict
the activities of citizens and businesses; making a comparison between a City and
Industrial/Construction NPDES permittee is an inaccUrate and unfair comparison. In addition,
based on the current draft, cities will be responsible for enforcing those permits.
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In the fourth point on page F149, it is unclear what is meant by "the Permittees have requested
permit coverage in lieu of compliance with the complete prohibition". Please clarify what is
meant by this section. Also, please clarify how Article XIIIB of the California Constitution
applies to an unfunded mandate claim related to NPDES Permits. Lastly, the argument that cities
can charge fees for all the permit requirements overly simplifies how cities can comply and the
impact this permit has on our citizens and businesses. Proposition 218 requires a vote before any
fee is enacted and during a time of already significant economic hardship the costs of regulations
must be thoroughly considered.

Hydromodification

Absent a hydromodification policy from the state that clearly defines the goals, any modification
to the current requirement is premature and does not improve water quality. The attached draft
analysis demonstrates that the erosion potential is a poor tool for addressing hydromodification.
Once a final policy is complete, only then should any changes be considered for
hydromodification. There should be an analysis of the natural hydromodification found in a
watershed before any additional retention standard is established. The Santa Clara River is a
highly active natural river with unique hydrology. Please do not change any hydromodification
standards from the current permit until such time as these substantial issues are worked through.

Santa Clara River Bacteria TMDL

The provisions detailed in the TMDL section should match the approved TMDLs. For example,
the number of compliance days on the two Allowable Exceedance Days tables on page L-2 does
not match the compliance days in the approved Santa Clara River Bacteria TMDL and adds
weekly compliance days. Also, there is no discussion that the TMDL allows for load based
options. Seemingly minor inconsistencies such as these throughout the draft permit have
tremendous compliance and cost implications to permittees. If there is a modification, it should
go through the TMDL ame!1dment process.

Detailed Comments

Please see the attached list of detailed comments.

This draft permit is over 500 pages and incorporates provisions for 33 TMDLs, details new
implementation requirements, new low-impact development requirements, and extensive new
requirements for new water quality monitoring. There are extensive referrals to attachments,
other documents, parts and tables in other parts of the draft permit in addition to
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typographical errors that make this draft permit confusing to follow and do, not provide a clear
path to compliance. There are also tremendous cost implications associated with the
requirements as well as significant penalties for not implementing the permit in its entirety.
The City appreciates the Regional Board holding several workshops on separate sections of the
NPDES Permit. However, modifications, additions, and deletions have been made to the permit
since then with no explanation or response to comments as to why some changes have been
made and others remain. In addition, this is the first time permittees have had a chance to review
the draft permit in its entirety to understand how the requirements work together. Permittees
have been given only 45' days to' review and provide detailed written comments on this
important, complex regulation.

This draft permit, as written, contains numerous typographical errors and redundant programs
that are extremely costly to implement. At this time, a revised draft permit is warranted with a
sufficient comment period (180 days) to give permittees the opportunity to see any changes made
to the permit and provide proper comments prior to the adoption hearing. Permittees are
committed to working with Regional Board staff to amend language and resolve any issues.

In closing, the City appreciates the opportunity to comment. Should you have ,any questions
about the comments provided in this letter, please contact me at tlange@santa-clarita.com or
(661) 286-4098. '

TL:HM:kms
S:\ENVSRVCSINPDES2INPDES' Pennit RenewallDraft Tentative Order 6-6-12\City ofSanta Clarita LA MS4 Comment Letter 7-23-12 final.doc

Enclosures: LASP Group Comment Letter Dated July 23,2012
Draft lmpact Analysis of Proposed National Pollutant Discharge Elimination
System Permit Hydromodification Criteria
Detailed Comments

cc: Robert Newman, Director of Public Works
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1. Introduction 
 
The City of Santa Clarita (City) engaged California Watershed Engineering (CWE) to analyze the proposed 
modifications to the National Pollutant Discharge Elimination System (NPDES) Permit to develop a better 
understanding of the potential impacts associated with the implementation of the proposed 
hydromodification provisions.  The permit language currently being considered by the Los Angeles 
Regional Water Quality Control Board (LARWQCB) considers two classifications of watersheds, those less 
than 50 acres, and those greater than 50 acres.  The proposed hydromodification language for the permit 
is as follows: 
 

Watersheds Smaller Than 50 Acres: 
 

1. The project is designed to retain on-site, through infiltration, evapotranspiration, and/or harvest 
and use, the stormwater volume from the runoff of the 95th percentile storm, or 

2. The runoff flow rate, volume, velocity, and duration for the post-development condition do not 
exceed the pre-development condition for the 2-year, 24- hour rainfall event.  This condition may 
be substantiated by simple screening models, including those described in Hydromodification 
Effects on Flow Peaks and Durations in Southern California Urbanizing Watersheds (Hawley et al., 
2011) or other models acceptable to the Executive Officer of the Regional Water Quality Control 
Board, or 

3. The Erosion Potential (Ep) in the receiving water channel will approximate 1, as determined by a 
Hydromodification Analysis Study and the equation presented in Attachment (to be determined). 

 

Watersheds Greater Than 50 Acres: 
 

1. The site infiltrates on-site at least the runoff from a 2-year, 24-hour storm event, or 
2. The runoff flow rate, volume, velocity, and duration for the post-development condition do not 

exceed the pre-development condition for the 2-year, 24- hour rainfall event.  These conditions 
must be substantiated by hydrologic modeling acceptable to the Executive Officer of the Regional 
Water Quality Control Board, or 

3. The Erosion Potential (Ep) in the receiving water channel will be less than 1. 
 

Exemptions to Hydromodification Requirements: 
 
Several exemptions to the hydromodification requirements are provided in the March 21, 2012, working 
proposal of the permit provisions related to the Minimum Control Measures (MCMs) for New Development 
and Redevelopment Projects.  Projects may be exempt from the implementation of hydromodification 
controls where assessments of downstream channel conditions and proposed discharge hydrology 
indicate that adverse hydromodification effects to present and future beneficial uses of Natural Drainage 
Systems are unlikely: 
 

1. Projects that are replacement, maintenance, or repair of an existing flood control facility, storm 
drain, or transportation network. 

2. Redevelopment projects in the Urban Core that do not increase the effective impervious area or 
decrease the infiltration capacity of pervious areas compared to the pre-project conditions. 

3. Projects that have any increased discharge directly or via a storm drain to a sump, lake, area 
under tidal influence, into a waterway that has a 100-year peak flow (Q100) of 25,000 cubic feet 
per second (cfs) or more, or other receiving water that is not susceptible to hydromodification 
impacts. 

RB-AR17470



Impact Analysis of Proposed National Pollutant Discharge Elimination System Permit
Hydromodification Criteria

City of Santa Clarita

 

- 2 - 

4. Projects that discharge directly or via a storm drain into concrete or otherwise engineered (not 
natural) channels (e.g., channelized or armored with rip rap, shotcrete, etc.), which, in turn, 
discharge into receiving water that is not  susceptible to hydromodification impacts. 

 
These changes in storage requirement increase the cost of developing residential, commercial, and 
industrial properties and could greatly impact residents, businesses, and economic development.  The 
95th percentile storm is approximately twice the size of the 0.75-inch 24-hour or 85th percentile 24-hour 
storm volumes previously required to be treated to meet the Standard Urban Stormwater Mitigation Plan 
(SUSMP) criteria.  Understanding the impacts of these proposed changes is important in working with the 
LARWQCB to develop appropriate standards which protect the environment while allowing growth and 
development to occur. 
 
Two general types of analysis are required to determine impacts to development and communities.  The 
first is analysis of the stormwater volume, flow rate, velocity, and duration criteria.  This analysis relates 
to changes in volume due to changes in land use.  Analysis of the proposed changes to the NPDES Permit 
require evaluating storage of runoff from the 95th percentile 24-hour rainfall event and differences 
between volumes, flow rates, velocities, and durations for the 2-year 24-hour rainfall event. 
 
The second type of analysis deals with stream stability.  Increases in flow rates, velocities, volumes, and 
durations can impact stream stability.  Changes to sediment supply can also impact stream stability.  The 
requirement of the proposed NPDES Permit to use the Erosion Potential (Ep) methodology as a measure 
of stream stability is evaluated.  This second analysis also discusses use of hydrologic models acceptable 
to the LARWQCB and the unidentified stream classification methodologies. 
 
The results of these analyses show the percentage of area required for storage in easy to use tables and 
graphs.  Costs for these facilities will vary greatly depending on whether they are open ponds or buried 
facilities.  It is beyond the scope of this project to provide cost estimates for the various methods of 
detention. 
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2. Storm Runoff Criteria Analysis 
 
The two main tasks in the analysis of the proposed hydromodification provisions is to evaluate the 
requirements to store the volume of stormwater runoff from the 95th percentile 24-hour storm, or prevent 
increases in flow rate, volume, velocity, and duration from the 2-year, 24-hour storm. 
 

2.1 Analysis of Storage Requirement Impacts on Developers 
 
CWE determined that evaluation of the permit language required modeling of pre- and post-development 
hydrology for expected conditions within the City.  The combinations of factors that influence the 
hydrology of a site can be extensive.  The parameters that can impact runoff volumes and rates include: 
 

 Rainfall totals and intensity; 
 Watershed size and shape; 
 Type of soils; 
 Slope of the land; 
 Vegetation; and 
 Land use. 

 
Within the County of Los Angeles, many of these hydrologic variables are available as Geographic 
Information Systems (GIS) layers for hydrologic modeling.  Using the available information, the rainfall 
isohyetal range for the 95th percentile and 2-year 24-hour storms were determined.  Soil types were also 
classified using GIS data.  A predetermined range of percent imperviousness values were used to 
characterize land uses found within the City of Santa Clarita.  Two different flow path lengths were 
determined for a square and rectangular watershed with areas of 10, 20, 30, 40, and 50 acres.  The 
rectangle was twice as long as it was wide.  Table 1 contains the combinations of variables used in this 
analysis, along with the total number of models run for the 95th percentile and 2-year 24-hour storms. 
 

Table 1 Sensitivity Analysis Combinations for 95th Percentile and 2-year 24-hour 
Storms 

LA County 
Soil Type 

Land Use 
Imp. Area Length Slope 95th Perc. 24-hr 

Rainfall 
2-yr 24-hr 

Rainfall 
# (%) (acres) (ft) (ft/ft) (in) (in) 

20 1 10 1000 0.01 1.60 2.20 

64 5 20 1500 0.05 1.80 2.40 

91 10 30 2000 0.10 2.00 2.60 

93 15 40 2500 0.15  2.80 

97 20 50 3000 0.2  3.00 

98 30   3.20 

99 40    

100 50    

101 75    

115 100    

Total 
Combinations  

 
 

 
37,500 75,000 
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Combining the hydrologic characteristics within the City of Santa Clarita resulted in 37,500 combinations 
for the 95th percentile 24-hour storm event.  The combinations resulted in 75,000 unique combinations 
for the 2-year 24-hour storm due to the greater range of rainfall isohyets.  Figures 1 and 2 illustrate the 
rainfall isohyets for the 95th percentile and 2-year 24-hour storm events, and the soil types within the City 
of Santa Clarita. 
 

 
Figure 1. 95th Percentile Isohyets in the City of Santa Clarita 
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Figure 2. Isohyets for the 2-year 24-hour Storm Event in the City of Santa Clarita 

 
After running each combination of hydrologic variables, the data sets were evaluated.  Evaluation of the 
NPDES Permit criteria requiring full storage of runoff from the 95th percentile 24-hour storm resulted in 
some very interesting findings.  Although the peak flow rates are influenced by area, rainfall intensity, 
slope, flow path length, imperviousness, and soil types, volumes are only influenced by rainfall totals, 
percent impervious, and soil types. 
 
In an effort to provide analysis for all ranges of small watershed combinations, total runoff volume was 
divided by area.  The results showed that only imperviousness and intensity affected unit volume runoff 
for the ranges of variables within the City.  Dividing the volume by area resulted in a ratio we call the 
Unit Volume Factor (UVF).  This results in a factor with a unit of feet, that when multiplied by the study 
watershed area, results in acre-feet of storage required.  For all combinations, the ratios were consistent 
with very little variation by soil type, flow path length, and slope.  This made use of these factors very 
powerful.  They apply to all watershed shapes, sizes, and locations, as long as the planned 
imperviousness and rainfall isohyets are known. 
 
The same standardization to develop UVFs was conducted on the 2-year 24-hour model combinations, 
which showed the same results.  The ratios were consistent for each soil type, watershed area, length, 
and slope combination and only varied with rainfall intensity and percent imperviousness.  The resulting 
UVFs are provided in Table 2. 
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Table 2. Runoff Volume/Acre Based on Rainfall Isohyets (Unit Volume Factor) 

Percent Imperv. 95th Perc. Isohyets 
(in.) 2-year 24-hour Isohyets (in.) 

(%) 1.60 1.80 2.00 2.20 2.40 2.60 2.80 3.00 3.20 

1.0 0.015 0.017 0.020 0.022 0.025 0.027 0.030 0.033 0.035 

5.0 0.019 0.022 0.025 0.0274 0.030 0.033 0.036 0.040 0.043 

10.0 0.024 0.028 0.031 0.0346 0.038 0.042 0.045 0.049 0.053 

15.0 0.029 0.033 0.038 0.0416 0.046 0.050 0.055 0.059 0.063 

20.0 0.035 0.039 0.044 0.0488 0.054 0.058 0.063 0.069 0.074 

30.0 0.045 0.051 0.057 0.0632 0.069 0.075 0.081 0.088 0.094 

40.0 0.056 0.063 0.070 0.0774 0.085 0.092 0.099 0.107 0.114 

50.0 0.066 0.075 0.083 0.0916 0.100 0.109 0.117 0.126 0.135 

75.0 0.092 0.104 0.116 0.1272 0.139 0.151 0.162 0.174 0.186 

100.0 0.118 0.133 0.148 0.1628 0.178 0.192 0.207 0.222 0.237 

 
Table 2 shows ratios that can be used for any size watershed to determine the total volume of runoff that 
must be stored based on the 95th percentile rainfall.  The rainfall isohyets for the 2-year 24-hour are also 
provided since one of the criteria for use of the 2-year 24-hour storm requires matching pre-and post-
construction volumes.  Use of the UVFs with the 2-year 24-hour storm criteria require the difference 
between pre- and post-development UVFs.  The Modified UVF (MUVF) is derived by subtracting the pre-
development UVF from the post-development UVF.  An example calculation is provided below for both 
criteria: 
 
Watershed Characteristics 
 
Watershed Size: 40 acres 
95th percentile 24-hour Isohyet: 1.60 in. 
2-year 24-hour Isohyet: 2.20 in. 
Pre-Construction Imperviousness: 5% 
Post-Construction Imperviousness: 75% 
 
Storage Volume Requirements 
 
95th percentile UVF (Table 2, column 2): 0.092 ft 
Required Detention Volume (Area*Unit Runoff) = 0.092 ft * 40 acres = 3.68 ac-ft 
 
Pre Construction 2-year 24-hour UVF (Table 2, Column 5): 0.0274 ft 
Post-Construction 2-year 24-hour UVF (Table 2, Column 5): 0.1272 ft 
Modified UVF = Post-Construction UVF – Pre-Construction UVF = MUVF: (0.1272 – 0.0274) = 0.0998 
Required Detention Volume (Area*Unit Runoff) = 0.0998 ft * 40 acres = 3.99 ac-ft 
 
The ratios in Table 2 are linear and so linear interpolation between the values is acceptable.  A chart is 
provided in Figure 3 to allow graphical use of the data sets for comparing alternatives.  Figure 3 shows 
the UVF versus the percent imperviousness relationship for all of the isohyetal combinations required in 
Santa Clarita by the proposed NPDES hydromodification provisions. 
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Figure 3. Unit Volume Factors for Hydromodification Analysis 

 
Although larger watersheds have more locations for in-channel storage and time delays, they also have 
larger variations in possible conditions.  Analysis showed that the method is consistent for a range of 
smaller watersheds.  Scaling the result to larger watersheds is somewhat conservative, but gives a good 
sense of the volumes needed for detention of stormwater to meet hydromodification criteria. 
 

2.2 Analysis of Storage Area Footprint Size 
 
Use of the UVF criteria allows a quick determination of the storage volume required by the proposed 
hydromodification criteria in the pending NPDES Permit.  The footprint of the area to be used for this 
storage, whether it is a detention pond, or a below ground infiltration chamber, depends on the depth of 
storage and infiltration rates.  The footprint area of the storage can be determined by dividing the 
required storage volume by depth.  For this analysis, we assume that facilities will be sited in soils that 
drain well and no continuous modeling of back-to-back rainfall events is modeled.  This is consistent with 
the proposed language in the pending NPDES Permit. 
 
The UVF has units of feet.  When divided by a proposed storage depth, the result is the percentage of 
the watershed which must be used for stormwater storage.  The example from above is carried through 
to provide consistent numbers. 
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Required Storage Volume 
95th Percentile  = 3.68 ac-ft 
2-year 24-hour  = 3.99 ac-ft 
 
Required Storage Area Footprint (5-foot Depth) 
Area95th = 3.68 ac-ft / 5 feet = 0.736 ac 
Area2-yr = 3.99 ac-ft / 5 feet = 0.798 ac 
 
Percent of Development Watershed 
95th Percentile (UVF / Depth) = (0.092 ft / 5 feet) = 0.0184 = 1.8% 
2-year 24-hour  (MUVF / Depth) = (0.0998 / 5 feet) = 0.01996 = 2.0% 
 
The values in Table 3 provide a quick reference for ratios of the watershed area needed for storage 
based on depth of storage.  For the 2-year 24-hour storm analysis, the pre-development value will need 
to be subtracted from the post-development value.  As can be seen in the table, the ratios range from 
0.002 to 0.119, representing the fact that the rainfall depth and depth of storage will result in as little as 
0.02% of the watershed up to 12% of the watershed being used for storage of stormwater based on the 
criteria proposed in the pending NPDES Permit. 
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Table 3. Storage Footprint Area as a Ratio to Watershed Area Based on Storage 
Depth 

Percent 
Impervious 

Storage Ratio with a 2' Depth 
95th Percentile 
Isohyets (in.) 

2-year 24-hour Isohyets 
(in.) 

(%) 1.60 1.80 2.00 2.20 2.40 2.60 2.80 3.00 3.20 

1.0 0.008 0.009 0.010 0.011 0.012 0.014 0.015 0.016 0.018 

5.0 0.010 0.011 0.012 0.014 0.015 0.017 0.018 0.020 0.021 

10.0 0.012 0.014 0.016 0.017 0.019 0.021 0.023 0.025 0.027 

15.0 0.015 0.017 0.019 0.021 0.023 0.025 0.027 0.029 0.032 

20.0 0.017 0.020 0.022 0.024 0.027 0.029 0.032 0.034 0.037 

30.0 0.023 0.026 0.029 0.032 0.035 0.038 0.041 0.044 0.047 

40.0 0.028 0.031 0.035 0.039 0.042 0.046 0.050 0.053 0.057 

50.0 0.033 0.037 0.042 0.046 0.050 0.054 0.059 0.063 0.068 

75.0 0.046 0.052 0.058 0.064 0.070 0.075 0.081 0.087 0.093 

100.0 0.059 0.067 0.074 0.081 0.089 0.096 0.104 0.111 0.119 

Storage Footprint with a 5' Depth 
1.0 0.003 0.003 0.004 0.004 0.005 0.005 0.006 0.007 0.007 

5.0 0.004 0.004 0.005 0.005 0.006 0.007 0.007 0.008 0.009 

10.0 0.005 0.006 0.006 0.007 0.008 0.008 0.009 0.010 0.011 

15.0 0.006 0.007 0.008 0.008 0.009 0.010 0.011 0.012 0.013 

20.0 0.007 0.008 0.009 0.010 0.011 0.012 0.013 0.014 0.015 

30.0 0.009 0.010 0.011 0.013 0.014 0.015 0.016 0.018 0.019 

40.0 0.011 0.013 0.014 0.015 0.017 0.018 0.020 0.021 0.023 

50.0 0.013 0.015 0.017 0.018 0.020 0.022 0.023 0.025 0.027 

75.0 0.018 0.021 0.023 0.025 0.028 0.030 0.032 0.035 0.037 

100.0 0.024 0.027 0.030 0.033 0.036 0.038 0.041 0.044 0.047 

Storage Footprint with a 10' Depth 
1.0 0.002 0.002 0.002 0.002 0.002 0.003 0.003 0.003 0.004 

5.0 0.002 0.002 0.002 0.003 0.003 0.003 0.004 0.004 0.004 

10.0 0.002 0.003 0.003 0.003 0.004 0.004 0.005 0.005 0.005 

15.0 0.003 0.003 0.004 0.004 0.005 0.005 0.005 0.006 0.006 

20.0 0.003 0.004 0.004 0.005 0.005 0.006 0.006 0.007 0.007 

30.0 0.005 0.005 0.006 0.006 0.007 0.008 0.008 0.009 0.009 

40.0 0.006 0.006 0.007 0.008 0.008 0.009 0.010 0.011 0.011 

50.0 0.007 0.007 0.008 0.009 0.010 0.011 0.012 0.013 0.014 

75.0 0.009 0.010 0.012 0.013 0.014 0.015 0.016 0.017 0.019 

100.0 0.012 0.013 0.015 0.016 0.018 0.019 0.021 0.022 0.024 
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2.3 Analysis of Flow Rates, Velocities, and Duration Requirements 
 
The 2-year 24-hour criteria for both small and large watersheds requires development to prevent changes 
to the volume, flow rate, velocities, and durations resulting from the change in land use from the pre-
development to the post-development condition.  These four criteria, along with channel bank and bed 
materials, and sediment transport through the system, determine the type of stream that forms.  In an 
effort to prevent degradation of streams, many regulators are trying to maintain these four flow 
characteristics common for most storm events.  The 2-year 24-hour storm has been selected as a 
threshold storm for this type of analysis. 
 
By requiring that all four flow characteristics be held constant between the pre- and post-development 
condition, nothing can be changed or varied.  The key to all of this is volume.  Channel and detention 
hydraulics can be changed to ensure that flow rates and velocities for the 2-year 24-hour event remain 
constant, but this requires that the excess volume be stored and flow durations must be controlled by 
drawdown and infiltration.  Since the volume must be controlled, the other variables are less significant.  
Storage volume becomes the key and the impact to storage volume has been detailed above. 
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3. Stream Classification Systems, Hydrologic Models, and 
Erosion Potential Analysis 

 
The second task was to evaluate the Erosion Potential (Ep) method of analyzing hydromodification 
impacts.  This effort is intended to identify any issues related to the use of this methodology in 
determining the impacts of hydromodification for new development or redevelopment projects.  The 
methodology requires classifying a stream, developing a continuous hydrologic model to assess bed 
shears and work, and comparing pre- and post-development flows from the hydrologic model to 
determine if the work done on the stream remains the same. 
 
Physical process modeling aims to establish relationships between impervious cover, runoff patterns, and 
channel response based on field observations of changes in channel form over time.  These field 
observations are used to derive mathematical relationships that can be used to predict channel response 
to changes in land use practices. 
 
Geomorphic analysis of stream systems often begins with classifications of stream geomorphology.  
There are several methods of classifying streams which are intended to define stable and unstable 
reaches and stream types.  These approaches include the Montgomery/Buffington, Rosgen, Whiting and 
Bradey, Simon, and others.  These methods differ from each other and provide an analysis of the stream 
at the time of investigation.  The methods do not provide information on how to correct instabilities in the 
stream system, only to evaluate its current state. 
 
Once the stream has been classified, it can be roughly assumed to be stable or unstable.  This is a key 
element in whether the Ep method should even be applied.  If a stream is unstable, the Ep method does 
not provide a hydromodification solution.  It only prevents faster degradation due to the project.  This will 
be explained below after a general description of the Ep method has been provided. 
 
Erosion Potential is a geomorphic metric that has been used in a few studies in California, including the 
Santa Clara Valley Urban Runoff Pollution Prevention Program (SCVURPPP) and 2005 Southern California 
Coastal Water Research Project (SCCWRP) study titled, “Effect of Increases in Peak Flows and 
Imperviousness on the Morphology of Southern California Streams.” 
 
The Ep represents the ratio of pre- and post-development erosive forces for a given stream type, 
expressed as: 
 

Ep = Wpost/Wpre 
 
Where: 
 

Wpost = Cumulative erosive energy or work after development 
Wpre = Cumulative erosive energy or work before development 

 
Chapter 3 of the SCVURPPP document on hydromodification provides the most detailed description of 
what is involved in determining the work done by the water on the stream bed materials.  Figures 4 and 
5 provide key information for understanding the Ep methodology.  The erosive work is the summation of 
shear stresses above the critical bed shear or bank shear over a period of time.  In order to determine 
these values, a continuous flow record is needed.  In the case of streams without gages, a continuous 
hydrologic model such as Hydrological Simulation Program - FORTRAN (HSPF), Loading Simulation 
Program in C++ (LSPC), Storm Water Management Model (SWMM), or Hydrologic Engineering Center's 
Hydrologic Modeling System (HEC-HMS) must be run to generate a long term flow record for the existing 
pre-development condition and post-development condition.  
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The method assumes that the stream bed is currently stable.  Stream stability in this case means that the 
incoming sediment loads equal the outflowing sediment loads from the study reach.  The bed materials 
and sediment transport loads are in equilibrium with the flow shear stresses over time for the expected 
range of flow rates, volumes, and durations. 
 
As flow rates, velocities, volumes, and durations change due to changes in land use, the shear stresses 
on beds and banks are increased through higher velocities, or longer flow durations.  If the Ep Ratio is 
less than or equal to 1, post-development shear stresses are less than pre-development shear stresses.  
If the ratio is greater than 1, post-development shear stresses are greater than pre-development shear 
stresses. 
 

 
Figure 4. Key Elements of Ep Methodology 

 

 
Figure 5. Definitions of Key Parameters in Ep Methodology  
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If a stream is unstable, indicating imbalances between flow rates, volumes, durations, and sediment 
delivery and transport, channels will aggrade or degrade due to bank and bed erosion or deposition.  
Nothing within the proposed hydromodification analysis accounts for the pre-construction stability of the 
channel. 
 
The use of the Ep method for evaluating stream stability requires a sound understanding of hydrologic 
principles, continuous modeling, hydraulics, and sediment transport.  One of the key elements that the 
method does not account for is the changes in sediment supply to the project stream segments if debris 
basins or debris retaining inlets are part of the project.  This may not have been an issue in Santa Clara 
Valley, but these features are part of the design requirements within Los Angeles County and most of 
Southern California. 
 
The use of continuous models for watersheds smaller than 100 acres, and even larger watersheds is very 
costly.  Lack of data for calibration of these models renders them less useful for true evaluation and more 
of a qualitative tool rather than a quantitative tool.  SCVURPPP reduced this effort by developing the  
Bay Area Hydrology Model (BAHM).  No similar, regionally simplified model or tool exists for Southern 
California. 
 
The Ep method is one of many methods for evaluating stream stability.  It is not widely used and appears 
to be a method that is being advocated by a very select few who understand the method and have used 
it in certain studies.  The limitations of this method in creating stable streams, or in evaluating changes to 
sediment supply, limit its usefulness for hydromodification analysis. 
 
The proposed NPDES Permit language should structure the hydromodification policy in a way that is tied 
to the size and complexity of the development.  The key aspects of analysis should consider changes to 
hydrologic, hydraulic, sediment supply, and sediment transport mechanics within the stream system.  For 
example, if a 50-acre development is placing a debris basin that controls several square miles of a 
watershed that supplies sediment, the impacts to sediment supply should be considered.  If reduced 
supply is expected, changes to the stream hydrology and hydraulics must be considered if a natural 
system is to remain.  Removing the sediment supply would change the system dynamics. 
 
The Ep method is a tool to assess changes to stream systems, but it is not the only tool and lacks some 
fundamental inputs while requiring other complex inputs that are not justified in many cases due to lack 
of data. 
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4. Proposed Exemptions to Hydromodification Controls 
 
Several exemptions to the hydromodification requirements are provided in the March 21, 2012, working 
proposal of the permit provisions related to the MCMs for New Development and Redevelopment 
Projects.  Projects may be exempt from the implementation of hydromodification controls where 
assessments of downstream channel conditions and proposed discharge hydrology indicate that adverse 
hydromodification effects to present and future beneficial uses of Natural Drainage Systems are unlikely: 
 

1. Projects that are replacement, maintenance, or repair of an existing flood control facility, storm 
drain, or transportation network. 

2. Redevelopment projects in the Urban Core that do not increase the effective impervious area or 
decrease the infiltration capacity of pervious areas compared to the pre-project conditions. 

3. Projects that have any increased discharge directly or via a storm drain to a sump, lake, area 
under tidal influence, into a waterway that has a 100-year peak flow (Q100) of 25,000 cfs or 
more, or other receiving water that is not susceptible to hydromodification impacts. 

4. Projects that discharge directly or via a storm drain into concrete or otherwise engineered (not 
natural) channels (e.g., channelized or armored with rip rap, shotcrete, etc.), which, in turn, 
discharge into receiving water that is not  susceptible to hydromodification impacts. 

 
The exemptions to the proposed hydromodification controls make sense in restricting controls on systems 
that do not experience hydromodification, or that have already been developed.  Exemption No. 3 may 
require more definition.  All drains within Santa Clarita drain to the Santa Clara River, which in turn drains 
to the ocean.  Based on a study conducted by the Ventura County Watershed Protection District in 1994, 
the 100-year peak flow at the Lang Station upstream of the City of Santa Clarita is approximately 15,000 
cfs.  The 100-year peak flow in the Santa Clara River at the Old Road is approximately 35,000 cfs.  The 
100-year peak flow at the County Line is approximately 65,000 cfs.  This indicates that many projects 
within the City that discharge directly to the river would be exempt from hydromodification controls. 
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5. Alternative Approach to Hydromodification Permit Language 
 
Hydromodification is a complex issue related to both physical changes to the stream channel, and 
chemical changes to the water.  The proposed permit policy should address physical changes to the 
stream and nearby land that will impact stream characteristics.  The purpose of the hydromodification 
policy should be to stabilize streams to allow beneficial use and natural stream function, not necessarily 
preserve existing conditions, which may be unstable, and poor quality streams.  Creating stable streams 
with natural features will create the natural habitats and ecosystems that the Regional Board is trying to 
protect. 
 
The hydromodification policy should address: 
 

1. Prevention of increases to dry-weather flow patterns due to nuisance runoff and excessive 
irrigation. 

 
2. Preservation of pre-development runoff conditions for peaks, volumes and flow durations unless 

changes to sediment supply are also anticipated. 
 
3. Preservation of sediment balance in the stream to keep the stream in dynamic equilibrium. 
 
4. Preservation of riparian corridors using buffer zones between the stream and the development to 

protect the stream ecology. 
 
If the stream is unstable, or development is going to change flow rates, velocities, durations, volumes, 
and sediment supply and transport, the stream should be engineered for the new conditions to create a 
stable and healthy stream.  The hydromodification policy should be a tiered system, where bigger 
developments require more complex studies.  For discussion, the following possibilities for tiers are 
suggested: 
 

Tier 1 – Discharge to an existing storm drain 
 
This tier requires only hydrologic studies.  Tier 1 drains flow directly from the development into a publicly 
owned and maintained concrete pipe, box, or channel system with adequate hydraulic capacity which 
does not discharge into a natural or soft-bottom channel. 
 

1. No change to peak flow, volume, or duration used for design of the drain.  (See exemptions in 
Section 4). 

 

Tier 2 – Small Developments (20 acres or less) 
 
This tier requires hydrologic studies and may require sediment yield analyses if debris retaining inlets 
(DRIs) are installed.  Tier 2 drains collect water from a development into drains or natural watercourses.  
These drain to larger natural watercourses.  The requirements for Tier 2 include the following: 
 

1. The volume of dry-weather runoff should not change between pre- and post-development.  This 
will require the use of BMPs to prevent the changes to dry-weather flow.  This regulation, like 
SUSMP, is to help meet future compliance with Total Maximum Daily Loads (TMDLs). 

 
2. Addition of DRIs requires analysis and comparison of the sediment yield in the receiving 

watercourse and the tributary at the confluence. 
 
3. Preserve or create stream buffers.  

RB-AR17484



Impact Analysis of Proposed National Pollutant Discharge Elimination System Permit
Hydromodification Criteria

City of Santa Clarita

 

- 16 - 

Mitigation could be required if the effective imperviousness increases by more than a given percent or if 
the change in sediment yield from the development is greater than a specific percent. 
 

Tier 3 – Medium Developments (20 to 99 acres) 
 
This tier requires hydrologic studies and sediment yield analyses, and may require channel stability 
analyses if DRIs and debris basins are installed.  Tier 3 drains collect water from a development into 
drains or natural watercourses that drain to larger natural watercourses.  The requirements for Tier 3 
include Tier 2 studies, plus the following: 
 

1. No change to 5-year peak flow, volume, or duration. 
 
2. Addition of DRI or debris basins requires analysis and comparison of the sediment yield in the 

major watercourse and the tributary at the confluence.  If the change is greater than 10% of 
the total sediment for the receiving system, a Phase 1 stream stability analysis is required for 
the receiving stream. 

 

Tier 4 – Large Developments (100 acres or larger) 
 
This tier requires hydrologic studies that may include a continuous hydrologic model, sediment yield 
analysis, receiving channel stability analysis, and may also require sediment transport modeling.  Tier 4 
studies must also meet the criteria for Tiers 2 and 3. 
 

1. No change to 10-year peak flow or volume. 
 
2. A Phase 1 stream stability analysis is required for the development watercourse. 
 
3. Sediment yield analysis for the development watercourse and the receiving watercourse are 

required.  If the yield to the next order watercourse is changed by more than 10%, a stream 
stability analysis for the next order stream at the sections near the confluence is required. 

 
4. Major changes to channel configurations, slopes, sediment supply, etc. will require sediment 

transport modeling. 
 
If it is not possible to prevent changes in hydrologic variables, detailed engineering analysis must show 
that proposed development results in a stable channel that functions as the natural stream being 
impacted would have behaved (perennial, ephemeral) and which supports native habitats and species. 
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6. Conclusions 
 

1. The 2-year 24-hour rainfall isohyets are much larger than the 95th percentile 24-hour isohyets.  
For all watersheds smaller than 50 acres, the 95th percentile method will be preferred unless the 
increase in imperviousness is small. 
 

2. The 2-year 24-hour event criteria requires preventing post-construction flow rates, velocities, 
volumes, and durations from exceeding the pre-developed conditions for the large and small 
watershed categories.  The only way to accomplish this is to capture and infiltrate the excess 
volume.  Without the infiltration, at least one of the other flow characteristics has to change, 
which is not allowed by the proposed permit language.  This reduces the 2-year 24-hour criteria 
to an infiltration criterion requiring storage and infiltration of the difference in volume between 
the pre- and post-construction runoff. 
 

3. The discussion of substantiating conditions by hydrologic modeling acceptable to the Executive 
Officer of the Regional Board must be clarified.  Which models are acceptable and for what size 
watershed?  Use of continuous models in watersheds, without gages for model calibration, 
requires some method of calibration to ensure that flow rates, volumes, or durations are not over 
or underestimated. 
 

4. These hydrologic modeling methods should seek to meet with hydrologic models used for studies 
within the regulated counties to prevent extra costs associated with running several hydrologic 
models for SUSMP, Storm Water Pollution Prevention Plans (SWPPP), TMDL, and flooding 
analyses. 
 

5. Infiltration of the water from the small watershed of the 95th percentile rain may have 
unintended consequences as more development occurs.  Preventing any runoff from 95 percent 
of 24-hour storm events may actually change stream flow characteristics.  It is better to retain 
the difference, thus retaining the hydrologic response of the streams related to frequent rainfall 
events. 
 

6. The study produced two key sets of information for predicting impacts to specific watershed 
development.  The Unit Volume/Acre data shows how much storage volume is required for a 
watershed based on the 95th percentile and 2-year 24-hour storm criteria.  For use with the 95th 
percentile criteria, the Unit Volume/Acre Factor (UVF) is simply multiplied by the area of the 
watershed under consideration.  For the 2-year 24-hour criteria, subtracting the Pre-Developed 
UVF from the Post-Developed UVF provides the Modified UVF (MUVF) to multiply by the 
watershed area, resulting in the required storage volume. 
 

7. The required surface area of the storage facility to meet the 95th percentile criteria ranges from  
1 to 7 percent of the project area.  The range depends on the depth of storage which ranged 
from 2 to 10 feet in this study.  Other percentages can be easily calculated.  The UVF multiplied 
by the project area and divided by the depth of storage (UVF*Area/Depth) results in the acres of 
needed surface area. 
 

8. The required surface area of the storage facility to meet the 2-year 24-hour criteria depends on 
the pre- and post-development imperviousness.  Tables are provided to assist in determining the 
UVF for the various isohyets and imperviousness combinations.  Using the most extreme 
differences of a 1 percent pre-development to 100 percent post-development condition results in 
a required storage footprint that ranges from 1 to 10 percent of the project area.  The range 
depends on the depth of storage which ranged from 2 to 10 feet in this study.  Other 
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percentages can be easily calculated.  The MUVF multiplied by the project area and divided by 
the depth of storage (MUVF*Area/Depth) results in the acres of needed surface area. 
 

9. The Ep method requires the use of continuous hydrologic models.  The use of continuous models 
for watersheds smaller than 100 acres, and even larger watersheds, is very costly.  Lack of data 
for calibration of these models renders them less useful for true evaluation and more of a 
qualitative tool rather than a quantitative tool.  SCVURPPP reduced this effort by developing the 
BAHM.  No similar, regionally simplified model or tool exists for Southern California.  SCVURPP 
also exempted certain watersheds from the analysis if they met specific criteria.  No such 
provisions are included in the proposed NPDES Permit language. 
 

10. The Ep method is one of many methods for evaluating stream stability.  It is not widely used and 
appears to be a method that is being advocated by a very select few who understand the method 
and have used it in certain studies. 
 

11. The requirement to use a stream classification system should specify which classification systems 
are appropriate so that all studies are conducted using approved methodologies. 
 

12. The proposed permit provisions do not consider changes to sediment supply, which can 
significantly alter stream stability and result in hydromodification even if stream flow 
characteristics are maintained.  Where sediment supply is altered, a system may require 
engineering to create a balanced natural system. 
 

13. The proposed NPDES Permit language should structure the hydromodification policy in a way that 
is tied to the size and complexity of the development, changes to hydrologic, hydraulic, sediment 
supply, and sediment transport mechanics within the stream system.  The Ep method is a tool to 
assess changes to stream systems, but it is not the only tool and lacks some fundamental inputs 
while requiring other complex inputs that are not justified in many cases.  An example of a tiered 
structure is provided in this report. 
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Document Name:

Comment

Doc. Reference

Comments Author 

Response

No. Page Section

1 15 C - ROWD

Please clarify why the ROWD was insufficient and provide a copy of the 

USEPA Interpretative Policy Memorandum of Reapplicaton referenced

2 Attachment B HUC 12

There are eight HUC 12 boundary areas for the monitoring program in the 

Santa Clara River that affect the City, which makes monitoring cost 

prohibitive; please allow for some HUC 12 areas to be eliminated if there is 

sufficiently similar land use

 Draft NPDES Permit June 2012

Agency/Reviewer: City of Santa Clarita
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3

17, 19, 21, 26, 

38 (into and 

from) Non SW

Please add "to" instead of "through" or "from" MS4. It appears legal citation 

402 (p) (B) (3) (iii) is juxtiposed [should be  402 (p) (3) (B) (iii) ]. Appears 

should be (2) instead of (3) [(ii) says "shall include a requirement to effectively 

prohibit non-stormwater discharges into the storm sewers"]

4 17 F

What is the Regional Water  Board Watershed Management Intiative? Please 

provide a copy or link.

5 L-2 Attachment K3.a - c

Please utilize the table from the TMDL and insert here. Do not interpret 

different compliance days based on weekly monitoring. Allow permittees to 

evalatuate and propose based on CIMP or IMP. Please add that we have load 

based compliance option as per the TMDL. 

6 20 Table 6

Please remove table - confusing and seems to assume all reaches have all 

beneficial uses. List the uses by watershed if necessary to list, but do not 

assign the uses to all bodies of water from all outfalls

7 21 303(d) list unable to locate 122.44. (d) (1) (vii) ()B); please verify
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8 22 commingled unable to locate 40 CFR 122.26 a 3 vi, please verify

9 23 interagency

Please remove language. Cities do not have authority over other agencies' 

discharges.

10 23 Table 7

Please remove table - confusing and seems to assume all reaches have all 

beneficial uses. List the uses by watershed if necessary to list, but do not 

assign the uses to all bodies of water from all outfalls

11 24 Q

This is an unfunded state mandate. Please provide justification (see comment 

letter).

12 25 R 

Please show this exceeds federal standards through stricter interpretation of 

rules than is required under the Clean Water Act.
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13 28 III. A. 2. b

Permitting and monitoring system excessive, requires all discharges to be 

monitored and includes thresholds, monitoring and permitting all discharges is 

simply not possible

14 29 III. B Please change to include from MS4 directly  to an ASBS

15 31 III. 4.

This in conjunction with Table 8 essentially requires permittees to divert all the 

stormwater from dry weather flows to the sewer. This exceeds federal 

requirements and is economically infeasible. Permits will be cost prohibitive, 

and will result in the public bypassing the permit process. Establish more 

reasonable thresholds.

16 32 III.6.

Any change to conditionally exempt discharge categories should be subject to 

public comment/permit reopener

17 34 Table  8

Landscape irrigation with recycled water - please clarify what an applicable 

O&M plan is and the Irrigation Management Plan

RB-AR17491



18 35 Table 8

Only require clean out of MS4 in areas with greater than one acre foot of 

discharge to allow for more manageable number of discharges to monitor

19 37 V.3.a.

Footnote 22 has a citation that doesn't exist in 40 CFR; please verify the 

citation and clarify

20 39 VI. A. 2. a. i

Controlling pollutants from construction and industrial activities is a state 

responsibility. This could be construed as a requirement that exceeds 

unfunded mandate thresholds. Please clarify here or in unfunded mandates 

why local governments being required to enforce state laws and being is not 

an unfunded mandate.

21 39

VI. A. 2. a. vii. 

And viii.

Please remove. Cities are not responsible for other agencies' discharges. 

Agreements between the permittees and other agencies is at the discretion of 

City Councils. 

22 40 Vi. A. 3

Please remove language requiring cities to secure fiscal resources. A 

permittee's board is tasked with managing their budgets and fiscal resources.
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23 41 VI. A. 5

Please remove. Cities are already required to comply with the Freedom of 

Information Act and the Regional Board is not the enforcing agency

24 41 VI. A. 6

Regional Board review - Please add if the Executive Officer choses to go 

before the Board, permittees should not be responsible for implementing or 

complying with those sections of the permit affected until such time as the 

issue has been resolved.

25 42 VI. A. 7

Additional costs of monitoring are significant and we request this be noted 

here.

26 43 VI. A. 14

Enforcement should include a provision that a permittee is not subject to the 

MMP and CWC fines if it is actively implementing an adaptive 

management/iterative approach through watershed management program and 

integrated monitoring plan. Please include the four step approach in the 

enforcement section

27 44 VI.A.14.  h

Trash TMDL should not be in enforcement section. Please delete and place in 

TMDL section only
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28 54-55 VI.C.6 a. and b. Please define Jurisdictional versus Watershed

29 54-55 VI.C.6 a. and b.

Please cross reference the adaptive management/iterative process to the 

enforcement section so that VI. A. 14 includes reference that if the adaptive 

management/iterative process is being followed, it is not a major violation and 

that MMP, fines, etc., will not be pursued.

30 57 VI. D.2. iii

Please adjust so it reflects that it's acceptable if it's consistent with a city 

retention policy or specify a timeframe for records retention

31 58 VI.D.2.v. b

Please make response time requirements for Regional Board staff and 

permittees the same

32 72 VI. D.6.c.iii.1.b.ii

Biofioltration systems achieving enhanced nitrogen removal capability is in 

Attachment H, not I; there is no compelling reason to single out nitrogen for a 

special category of pollutant removal capability. There is no scientific evidence 

presented in the memo referenced in the footnote of Attachment H. There is 

no peer review to validate the claims in the two page memo. The memo is 

dealing with maximizing volume retention and has no reference to nitrogen; 

please remove this section and related requirements
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33 74

D.6.c.iv.1 and 

Table 11

While a facility may be able to design a post construction stormwater BMP for 

an assumed amount of pollutant removal capability, a) and b) are written in 

such a way as to require the applicant to monitor the water quality from the 

site post construction, and as written, forever. The performance of a single 

BMP, or even a series of BMPs, cannot meet all the benchmarks in Table 11 

all the time. The SWRCB has not established such a restrictive post 

construction BMP requirement. It is not practicable for cities to be responsible 

for monitoring water quality from potentially hundreds of sites during a storm 

event. Please remove Table 11, or rewrite to ensure that these are only design 

standards, not maintenance requirements,performance benchmarks, 

monitoring or operations standards that would require permittees to monitor 

hundreds of sites simutaneously during storm events. 

34 75 D.6.c.iv.3

Please remove the cause and contribute language, so that it does not apply to  

individual property sites. This is not practicable, as the permittees do not have 

control over the post construction activities of the residents or businesses on 

these sites. While inspections and enforcement are part of this permit, the 

idea of monitoring individual sites for stormwater runoff is simply not workable.

35 77 - 78 D.6.c.v.d.i - iii

Please allow permittes 24 months as 180 days would not be sufficient to 

model and provide all the elements outlined in this section. The model itself is 

cost prohibitive and difficult to callibrate due to the unique characteristics of 

the Santa Clara River. Specifically, the Santa Clara River is already sediment 

starved due to historically high volumes of sediment transported from the 

extensive sand and gravel desposits in the local mountain ranges being 

constrained. Any hydromodification plans should be tied directly with 

Watershed Plans. Technical evalutation of the hydromodification section is 

attached. Please retain the existing permit language until such time as a final 

hydromodification policy is completed and Santa Clara River study is complete
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36 79 D.6.c.v.d.vii

Please remove annual reporting requirement which is a substantial evaluation 

of all treatment and post construction BMPs that will require site specific water 

quality monitoring. The SWRCB in the construction permit acknowledged this 

is not feasible, and the monitoring provisions were overturned

37 84 D.7.d.i.3

Erosion potential analysis for under an acre is unnecesarily strict and will 

require expertise these types of project proponents do not have. Please 

remove this requirement.

38 86 D.7.d.h.ii.8

Please remove the requirement for permittees to verify Fish and Game 

permits and other permits issued by state agencies.This is only appropriate for 

planning approvals or grading permits, not building permits.

39 95 D.8.d.i 

Please remove the cause or contribute language from inventory language to 

allow for dealing with overall implementation

40 99 D.8.g.ii.5 & 6

Please remove the partnering information. It is unclear who the partners are 

and what the requirement is. Also, please clarify what "verifiably implement" 

means. Is this beyond what is in annual report?
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41 102 D.8.h.vii

Please clarify what is meant by "when outfall trash capture is provided, 

revision of the schedule is required"

42 103 - 104 D.8.h.x

For permittee owned treatment BMPs, the residual water definition is referred 

to in the definitions in Attachment A, but no such definition is in Attachment A. 

Regarding performance, not all treatment BMPs that have been installed to 

date are designed to treat for all the pollutants listed. Please clarify these 

standards do not apply to existing BMPs (i.e. catch basin inserts, CDS units).  

Not all flows can be discharged to a sewer due to capacity, geography and 

areas where no sewage treatment plants exist. It's unclear why this standard 

is here, when the SUSMPs and TMDLs clearly define what is being treated. 

The performance standards for post construction BMPs and their monitoring 

here should be deleted, as it's covered in other areas.

43 106 D.8.k.ii

Please allow for contractors to self certify if they are under contract obligation 

to understand all these requirements. It's an additional cost to the City to have 

to pay a contractor to sit in a class to learn something they are already under 

contract to understand. 
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44 108 D.8.b.v

Due to the extreme variability of urban runoff, a permittee could easily find 

single violations or one off discharges from the storm drain system. Many 

times, the evidence is dried up on the surface and there is no way to tell where 

the source of the problem is. The way this is written, a permittee would be 

responsible for diverting this outfall to the sewer or build a treatment device 

because of one stray event. Not only is this unfair enrforcement of the law, this 

would easily overwhelm most budgets with one or two outfalls. In any case, 

planning a treatment device or diversion takes months to design and plan for, 

not 30 days. This requirement should be eliminated. 

45 108 D.9.c.iv

What are formal enforcement and formal records? How is this different from 

progressive enforcement?

46 110 D.9.f

Illicit Connection Education and Training - having this in a separate section is 

duplicative and confusing. Please amend the public employee training section 

with information on ICID. Please also revise contractual services to include 

documentation from the contractor that they have trained their employees. 

47 111 E.1.a - d Please include WQBELs as BMP based.
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48 111 E.2.a

Please revise to ensure compliance can be achieved by implementing BMPs 

using an iterative approach through implementation of the watershed 

management program even if final WLA are exceeded.

49 112 E.2.b.v.3

CWC 13178 only deals with bacteria - please clarify how this applies to any 

other pollutant

50 112 E.2.c

Please add receiving water limitations with iterative approach consistent with 

the CASQA language; as long as the permittee is following BMPs addressed 

in a watershed management plan the permittee shall be in compliance as in 

E.2d.1.4

51 114 E.2.e

Please add receiving water limitations with iterative approach consistent with 

the CASQA language; as long as the permittee is following BMPs addressed 

in a watershed management plan the permittee shall be in compliance as in 

E.2d.1.4

52 116 E.4.a

This statement should be removed until such time as the Regional Board 

revisits all the studies that permittees have developed, including natural 

source exclusions and other studies that explain sources that are outside 

permittees control
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53 123 E.5

Please ensure the monitoring and reporting requirements are cross 

referenced; also please add monitoring should be part of an integrated 

monitoring plan

54 L2 D.3

Please revert to the original Tables for WLA in the Santa Clara River Bacteria 

TMDL, do not interpret or calculate daily or weekly sampling, especially 

without providing the calculations for such interpretation. Use the exact tables 

7-36.2 and.3 in the TMDL BPA for this section. Also clarify that there is a load 

based option in the TMDL.

55 overall overall

In the standard provision, please add a spending cap. Recently, the US 

Conference of Mayors suggested that, nationwide, permittees should be found 

in compliance if the community has spent the equivalent of 2% of the 

household median income or if the state and/or federal government cost 

shares infrastructure retrofits 50/50 even if they are exceeding final WLA, 

MALs or other numeric standards as part of the iterative process.

56 attachments L - K overall

Please reiterate that compliance can be BMP based using the watershed 

management program implemented in an iterative approach

57 page 40 Fiscal Resources

Regarding page 40 item 3, Fiscal Resources, this section appears to violate 

State Constitution Article XVI, section 18. In particular item a. states “Each 

Permittee shall exercise its full authority to secure the fiscal resources 

necessary to meet all requirements of this Order”.  Please clarify the Regional 

Board authority to require the action in the Fiscal Resources section on page 

40 in the draft permit.

RB-AR17500



1 of 5 

 

City of Santa Monica 

1685 Main Street, Room 209 

Santa Monica, CA 90401 

 
    
 

 

 

 

July 23, 2012 

 

 

Mr. Ivar Ridgeway 

Chief, Storm Water Permitting 

Los Angeles Regional Water Quality Control Board 

320 W. 4
th

 Street, Suite 200 

Los Angeles, CA 90013 

 

RE:  COMMENTS ON DRAFT NPDES PERMIT: TENTATIVE ORDER NO. R4-2012-XXX WASTE 

DISCHARGE REQUIREMENTS FOR MS4 DISCHARGES WITHIN THE LOS ANGELES COUNTY 

FLOOD CONTROL DISTRICT 

 

Dear Mr. Ridgeway: 

 

The City of Santa Monica (City) appreciates the opportunity to provide comments and 

recommendations to the Los Angeles Regional Water Quality Control Board (Board) on the draft 

tentative order for MS4 discharges in the Los Angeles region.   

 

As you know, over the years the City has been a strong and consistent partner with the Board 

on many issues.  The City and the Board share a long held position that discharges need to be 

monitored and controlled.  Regionally, the City has been a leader in dealing with waste 

discharges.  The City continues to believe that waste discharges need to be reduced to preserve 

Santa Monica Bay and other water resources. 

 

Although the City is supportive of the many provisions that provide for a strong and effective 

stormwater discharge permit, the City’s disagrees that allowing only 31 business days to review 

a complete 500-page draft of the permit is adequate time for a responsible public agency to 

perform a comprehensive evaluation of the requirements, identify the interactions between 

the different provisions, assess the financial and organizational impacts, determine the legal 

exposures, certify our legal authority to enforce the requirements, present findings and obtain 

direction from our elected officials, and finally formulate a complete vetted collection of 

comments.   
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Expecting this to be accomplished in such a short time frame is unreasonable and we urge the 

Board to reconsider our earlier request for a 180-day time extension to the review process so as 

to ensure a complete and thoughtful review of the proposed permit provisions. 

 

In the interim, we have listed our comments to date in the attached Exhibit A.  This list is not 

complete given the short review time.  The City reserves the right to include other comments as 

it further reviews the proposed NPDES permit.  Additionally, the City of Santa Monica supports 

many of the draft permit comments as submitted to date by the LA Permit Group (LAPG) and 

those that are forthcoming in the LAPG comment letter.  They are incorporated into our 

comments by this reference. 

 

 

 

The City highlights its main concerns as follows: 

 

The Receiving Water Limitation provisions expose the City to counterproductive third party 

lawsuits and Board enforcement actions. 

 

The City of Santa Monica prides itself as a steward for environmental protection engaging in 

sustainable practices to protect our water bodies.  The City has long been touted for its 

implementation of a proactive and pioneering storm water management program.  The 

requirements in our urban runoff ordinance have been identified as some of the most 

aggressive in the region.  In addition, a City Watershed Management Plan was established in 

2006 and implementation of the many runoff mitigation strategies is well underway.  

Ordinances have been implemented to ban plastic bags, smoking in public places and 

Styrofoam food containers in an effort to reduce trash in storm water discharges.  City residents 

have twice voted to impose parcel taxes to fund these programs and projects that safeguard 

our water resources. 

 

In its current form, the NPDES permit does not distinguish between those permittees that do 

their part to achieve improved water quality and those that do not.  Despite the many proactive 

steps undertaken and the vast improvements achieved, our City is considered nonetheless out 

of permit compliance, as is evident in the Notices of Violation that were issued to the City by 

the Board on March 4, 2008 and October 15, 2009.  The City believes that a more appropriate 

approach is for the Board to take into account the efforts actually undertaken and their 

effectiveness.  Otherwise it appears that the Board has predetermined compliance without 

regard to actual events.  Such a potential raises serious fundamental fairness and due process 

concerns. 

 

As the City understands the proposed process, the draft permit will continue to expose the City 

to these enforcement actions and potential 3
rd

 party lawsuits almost without regard to the 

actions of the City.  It establishes the specter of expected non-compliance regardless of the 

level of effort exerted by the permittees. 
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Implementation of the Watershed Management Programs (WMP) promulgated in the permit 

requires investment of public resources, but will not guarantee permit compliance. 

 

The science to support the efficacy of Best Management Practices (BMP) in achieving a numeric 

water quality objective does not currently exist.  However, the WMP and the adaptive 

management process used to implement the WMP will help create the data and the science 

needed to establish effective BMPs for specific water quality objectives. 

 

Therefore, the City fully supports the implementation of a Watershed Management Program.  It 

represents a proactive approach to improving water quality in our receiving water bodies and 

protecting their beneficial uses and the City is prepared to allocate its resources to the 

implementation of a WMP that is both reviewed and approved by the Board. 

 

However, with the current permit language, a permittee could fully implement a Board 

sanctioned WMP yet still be held in violation of the permit if any of the numeric limits were not 

met either in the receiving water limitations or the final Waste Load Allocations for a TMDL.  

This does not present an incentive for the majority of the permittees to engage in a WMP and 

be part of a potential solution to achieving the desired water quality.  Instead, the proposed 

provisions may encourage some permittees to do the absolute minimum required by the 

permit and hope for the best. 

 

The Timeline for preparation of the Watershed Management Program is unreasonable. 

 

The WMP is a significant exercise involving multiple agencies and jurisdictions.  The effort will 

most likely require City Council action, execution of interagency memoranda of agreement, 

funding allocation, studies and data collection, technical workshops, public participation, 

drafting and multiple reviews of the WMP, obtaining agency approvals and other time intensive 

tasks.  It is unreasonable to require a permittee to complete these tasks within a 12 month 

period and yet expect a comprehensive, well thought out program.  A more realistic timeframe 

to submit a draft WMP is 24 months. 

 

Securing fiscal resources necessary to meet the requirements of the permit is not within 

direct control of the City. 

 

The 31 business day review period is insufficient time for our staff to complete anything 

approaching a thorough economic analysis of the permit requirements.  However, it is clear 

that the robust permit requirements will result in significantly increased costs to the 

permittees.  The terms of California’s Proposition 218 require the approval of voters prior to 

the creation or increase of the taxes or fees that would be required to pay for these costs.  In 

the likely event of voter rejection of increased taxes during difficult economic times, permittees 

will be unable to identify sustainable sources of funding necessary to meet the permit 

requirements without imposing significant cuts to vital community services. 
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Changing the design storm criteria to the greater of the ¾” storm and the 85
th

 percentile 

storm creates unnecessary need for additional evaluations and results in added costs for the 

developers. 

 

The City’s urban runoff ordinance designates the ¾” storm as its design criteria.  Currently, over 

1,600 structural stormwater BMP’s have been installed within our City using this design criteria.  

All NPDES permits in California deem the ¾” storm to be equivalent to the 85
th

 percentile 

storm.  The City is concerned that requiring evaluations of the larger of the two storms will 

result in unnecessary additional costs to an already heavily regulated and economically 

impacted development industry and recommends retaining the two design storms as 

equivalent design criteria. 

 

Numeric limits for final TMDL waste load allocations counteract the effectiveness of the 

Watershed Management Program to attain improved water quality. 

 

There currently is no proven solution to attaining numeric limits.  The iterative approach of 

BMP implementation as described in the WMP is a rational process to work towards attaining 

numeric limits.  The permit does not allow for final TMDL compliance by way of fully 

implementing an approved WMP and this contradicts the intent of the WMP and subsequently 

does little to improve water quality.  Since permittees would invest substantial time, effort and 

fiscal resources to implement comprehensive WMPs, it would be sensible for the Board to 

provide reasonable assurance that an approved WMP that is fully implemented will constitute 

final TMDL compliance. 

 

Conclusion 

 

In summary, the City is concerned about the real world impact of the draft permit.  It provides 

permittees with no feasible means to achieve compliance.  As a result, it will likely redirect 

stakeholder attention from water quality improvement towards the courtroom.  On the one 

hand, it empowers third parties to file unnecessary lawsuits against the permittees, including 

those engaging in good faith efforts to improve water quality.  On the other, its 

uncompromising approach all but pushes permittees to challenge the legitimacy of some of the 

permit provisions.  A permit scheme that potentially provokes this type of behavior does little 

to attain water quality improvement.  As currently drafted, the permit may ironically redirect 

limited public resources away from environmental compliance and toward litigation.  The City 

believes that such an outcome would be a lost opportunity, especially since the scarce 

resources would be better dedicated to the implementation of water protection activities.   

 

The City of Santa Monica has repeatedly demonstrated that it is a willing and committed 

partner of the US Environmental Protection Agency, the LA Regional Water Quality Control 

Board, and the non-government environmental organizations in protecting our waters from 

pollution.  Our common goal can be achieved by the implementation of a discharge permit with 

practical and attainable compliance requirements that encourage dischargers to continuously 

implement, evaluate and enhance different runoff mitigation strategies in an effort to achieve 
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water quality objectives.  Such a permit will promote the cooperation and mobilize the 

expertise of all stakeholders in identifying effective BMP’s and solutions to our region’s water 

quality problems.   

 

The Board is currently in a position to establish a true solution oriented permit and it has taken 

the necessary initial steps to do so with the inception of the WMP.  Issuing a permit that 

includes implementation of the WMP as a compliance option presents a unique opportunity for 

stakeholders to establish the science and technology that will support the effectiveness of 

BMP’s to meet our water quality objectives.  The City of Santa Monica encourages the Board to 

seize this opportunity. 

 

Thank you for the opportunity to comment on the draft order.  If you have any questions, 

please feel free to contact me or our Watershed Program Manager, Rick Valte, at (310) 458-

8234. 

 

Sincerely, 

 

 

 

Rod Gould 

City Manager 

 

Encl. Exhibit A – detailed comments 
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EXHIBIT A 

City of Santa Monica 
Tentative Order Comments Page 1 of 13 

 

Page Section Excerpt Question / Comment 

    
  III Discharge Prohibitions   

31 III.A.5 Permittee shall not be found in violation … We request that the board confirm that this is regulatory relief 
from exceedances due to potable water discharge. 

  IV Effluent Limitations and Discharge Specifications   

37 A.1. Technology based effluent limitations:  reduce pollutants to 
the MEP 

Assume this does not conflict with A.2. Water quality-based 
limits (WQBELs) for when there is a TMDL numerical standard.  
But when there is no such numerical standard for a pollutant, 
then if we are doing BMPs, are we safe from any Board or 3rd 
party lawsuit?  Do Basin Plan standards supersede BMP MEP and 
follow the WQBELs? 

  V.A Receiving Water Limitiations   

37 V.A.1 & A.2 … violation of RWL are prohibited. 
… shall not cause condition of nuisance. 

These provisions expose the permittees to unnecessary and 
counterproductive third party lawsuits which do nothing to 
improve water quality.  We request clarification from the Board 
why this is necessary. 

37 A.2 … shall not cause condition of nuisance. Request the Board to define "nuisance" for the purposes of this 
permit. 

38 V.A.3.a … revise the storm water management program … Do we need to submit a formal revised plan document or do we 
document the revisions internally?  What about the 
implementation schedule? 

  VI.A Standard Provisions   

39 xi. …require that BMPs properly operated and 
maintained 

Not enough time given the city to complete this within the given 
timeframe.  May need to update the runoff ordinance to have 
explicit language of this requirement of all property owners.  
Need our CAO to review and agree to needed ordinance changes 
to comply with permit.  Probably other changes are needed, and 
this will take months. 
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City of Santa Monica 
Tentative Order Comments Page 2 of 13 

 

40 VI.A.2.b … certified by its legal counsel … We recommend that the board provide additional review time of 
the draft permit to allow legal council to review local ordinances 
and other means of enforcing the permit requirements.  We 
request an additional 180 days. 

40 VI.A.3.a … exercise full authority to secure fiscal resources … Securing fiscal resources is not within full control of the local 
agency.  We request clarification from the Board how this 
provision is feasible when Proposition 218 precludes local 
agencies from assessing new fees and taxes without voter 
approval. 

40 A.3.c. … shall conduct a fiscal analysis of the annual cost . . . This task requires staff time away from other tasks; or 
consultant, e.g. cash from completely encumbered budget or pay 
for this analysis with funds normally used to install BMPs; what if 
analysis shows a city doesn't have the cash to comply?  Will 
voters pass a new tax? 

  VI.B Monitoring & Reporting Provisions   

E-17 VIII.B.1.a … storm water discharges shall be monitored a 
minimum of three times per year 

 There is no evidence that the current two times a year sampling 
regimen is not providing valid characteristic data.  Additional 
costs of analyzing all the new analytes and labor associated with 
adding another round of sampling is unnecessary. Recommend 
retaining current two times a year sampling regimen. 

E-
5,E-
19 

III. F.2, VIII.C.2 tentative permit states grab samples are prohibited 
and promotes composite sampling. 

No evidence that all the many years of grab samples collected 
for storm water to date were in any way not valid or 
characteristic. Further, the extreme variability in storm water 
discharges (turbulence, entrained soilds, depth, flow velocity 
etc.) makes the use of composite sampling equipment 
impractical and infeasible, and not cost effective. 
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  VI.C Watershed Management Plan   

45 VI.C.1.b Participation in a WMP is voluntary … Will the Board provide a template to which all WMPs should be 
tailored? 

46 Table 9 Draft in 12 months This is not enough time to coordinate multiple agencies, 
MOU/MOA, Council approvals, prepare draft, etc.  We 
recommend that the Board provide a 24 month timeline to 
submit a draft WMP. 

46 Table 9 Submit draft plan to Regional Water Board …  reference in Part column should be VI.C.2.c, not VI.C.2.b. 

47 Table 9 Submit final plan to Regional Water Board … reference in 'Part' column should not be VI.C.2.c, the latter refers 
to draft plan, not final plan.  Perhaps an additional subsection 
"e" describing the final plan (due in 3 months) is missing under 
VI.C.2? 

47 Table 9 Begin implementation … Due date column states upon submittal of final plan; VI.C.4 
states upon approval of the plan.  Does this mean that submittal 
of final plan constitutes approval by Regional Water Board EO? 

47 2.d. … do not elect to develop WMP . .  City requires more time to compare the costs of doing a WMP 
with other Permittees vs. going alone and complying with Part 
VI.E.2.d.i in lieu of a WMP.  Might be cheaper to do latter but do 
not know unless we do an economic analysis.  The permit is not 
clear who has to do this analysis; assume the city, and this will 
require staff time, e.g. cost. 

47 3.a.i . . . Shall identify water quality priorities . . .          . . . 
Include an evaluation of existing water quality 
conditions, characterize storm water 

New requirement.  New cost.  The city has to do this.  Request 
the Board to tell us how a priority is defined and why this is 
required if the priorities are the WQBELs and receiving water 
limits.  Seems like duplicative work and extra cost.  City believes 
that the Board should do evaluation and characterization, and 
inform the city of why this is necessary. 
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48 3.a.iii.(1) Source Assessment New requirement.  New costs.  City requests that the Board 
identify known and suspected pollutant sources, or inform the 
City why it needs to do it.  Request the Board to inform the city if 
a report to the Board is required.  Request Board to define 
"Findings."  The City already manages its stormwater program 
and reports in annual report.  These appear to be new 
requirements to report on.  Request the Board to define what is 
a watershed model, and validate why the city has to do this and 
what the report should contain.  City requests a template. 

49 3.a.iv. Prioritization . .  Issues will be prioritized and 
sequenced . . . Other Receiving Water Considerations . 
. . 

(1) Request Board to define or explain the meaning of prioritizing 
and sequencing of issue, and why the Board is asking the City to 
do this and not the Board do.  The city does not know if it 
prioritizes issues that the Board will agree to them.  (2) City 
requests that the Board inform the city what data it needs to use 
for controlling pollutants as described in this section.  The 
section is not clear on what the city has to do. 

48 VI.C.3.a.ii.(2) … Pollutants for which data indicate water quality 
impairment in the receiving water … 

Does this refer to pollutants of concern in the 303(d) list for 
which TMDL's will not be established, i.e. "TMDL Requirement 
Status C"? 

50 3.b.2. Implement controls necessary to achieve all 
limitations . . . 

Board should inform city when this is due.  If a city does not have 
enough funds to implement controls, there will be a long process 
to get voter approval, and voters may not pass new fees.  A city 
does not know what controls are necessary without time to plan, 
test, and monitor over a specific time period, which is what the 
timeline follows for the Bay Bacterial TMDL.  Would seem that a 
city will be out of compliance very soon into the permit if not as 
soon as the permit is executed. 

RB-AR17509



EXHIBIT A 
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51 iv.2, 3 Permittees identify . . . Permittees compile New requirement.  New costs.  City has to identify discharges 
and compile control measures into what?  Request that the 
Board inform city of what document is required.  Iv.3.c. refers to 
"the plan."  Board needs to define this plan.  It is not described in 
permit.  Board should provide template. 

52 iv.4, 5 Each plan shall include . . .   Permittees shall conduct 
Analysis . . . 

New requirement.  New costs.  City requests that the Board 
define and describe what this Plan is.  City has to ID BMPs, public 
and private; has to document each with lots of statistics; has to 
do a quantitative analysis, and modeling to prove BMPs will 
work.  The city did this for Bacterial TMDL at great expense and 
dramatically increased the cost of compliance with no confirmed 
environmental improvement.  Models are known to be 
inaccurate and not a reflection of what actually happens, vis-a-
vis water quality.  Installing BMPs, testing them, tracking 
improvements and failures, and changing the BMP program, 
without penalties and lawsuits, the iterative process is proven to 
work. 

52-
53 

3.c. Compliance Schedule New requirement.  New cost.  Staff time and resources to gather 
all the required data to develop and then follow the schedule, 
milestones, deadlines.  City requests a longer timeline and 
schedule than in the existing draft permit. 

55 6.b. Jurisdictional Stormwater Management Program 
Adaptive Process . . . 

New requirement.  New cost.  Request that the Board clearly 
describe, define that this section means, is, and the goal or 
purpose of it.   Request the Board to clarify, why does a.i. which 
states "annually" differ from here, "at least annually"?  Board 
should provide a template. 

  VI.D Minimum Control Measures   

56 D.1.a. ...In lieu of requirements in Part VI.D.4 through VI.D.9 
implement customized actions related to categories 
of control measures 

 Guidance material for customized actions should be referenced? 
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56 D.1.b Timelines for Implementation--Unless otherwise 
noted in Part VI.D each permittee shall ensure 
implementation of the requirements within 30 days 
after effective date of order 

Permittees in violation after 30 days.  This is unrealistic. 
Compliance phase-in timeline are needed.   

56 2 Progressive Enforcement & Interagency Coordination New requirement.  New cost.  City requests the Board to 
provide reasoning for the need for this section.  Board needs to 
define this phrase and "Progressive."  Board needs to clarify if 
the city needs to submit a document to the Board.  Board needs 
to define what "reasonable" time period means. 

58 D.4.a.i.(1.) Regarding Public Information and Participation 
Program (PIPP) –“To measurably increase the 
knowledge of the target audiences about the permit” 

How do we measure the increase in resident/audience 
knowledge? The permit should reference how improvements in 
target knowledge are measured. 

58 3 Modify, Revise codes This takes months to do; need to review the permit and figure 
out what has to be changed; write and review staff report; 
schedule for council review; 2nd reading.   

59,60 D.4.b.c.d County-wide PIPP Los Angeles County Public Works role will change since they will 

no longer be the principal permittee as in the current MS4 

permit. Collaboration between municipalities within Watershed 

Groups may not exist. The permit should identify the mechanism 

required for collaboration and designate a lead agency such as 

the County or Los Angeles RWQCB  to coordinate the PIPP 

activities of the Watershed Groups. 
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63,64 D.5.e.i.(2) “Permittee does not need to inspect the facility if it is 
determined the RWQCB conducted an inspection of 
the facility within the prior 24 month period”. 

According to the draft permit, it is possible that if the RWQCB 

inspects the facility at intervals outlined in the draft MS4 permit 

then the permittee may not need to inspect these Critical 

Commercial Sources. Are facilities subject to the Industrial 

General Permit requirements covered under this section?  

Currently, these facilities are inspected on a quarterly basis and 

have an annual comprehensive site visit inspection which is 

completed by the permittee and required as part of the permit 

conditions. 

 
64 D.5.e.i.(4) Exclusion Based on Watershed Management Program  

"A permittee is exempt from the mandatory 

inspection frequencies if implementing industrial 

inspection frequencies in accordance with an 

approved Watershed  Management Program." 

 

The Watershed Program starting on page 45, section VI.C. has 

many components. The Watershed Program portion of the 

Permit,VI.C.3.b. iv(1)(a)(iii)) Minimum Control Measures/ 

Industrial Commercial Facilities Program could conceivably  

incorporate the same mandatory inspections as VI.D.5.e. of the 

MS4 permit. The Watershed Management Program requests 

permittees to “identify potential modifications” but doesn’t 

indicate any other guidance. The permit should provide guidance 

as to how inspection modifications could be completed.  

 
65 D.5.f. Effective source control BMPs for activities listed in 

Table 10…. 
Table 10 indicates pollutant-generating activities and  BMP 
descriptions.  The BMP descriptions are vague and inadequate 
for compliance purposes.  Educational materials such as CASQA 
handbooks should be referenced. 

66 D.6. Planning and Land Development Program Again, timeline for compliance (30 days) is unrealistic.  Requires 
ordinance updates, new WQBELs resulting from TMDL 
requirements, development of guidance material, additional 
staffing. 
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70 c.ii. . . .  Technical infeasibility . .  New requirement.  New cost.  Burden on city to prove this.  
Costs of soil's test.  Requirement promotes rainwater harvesting 
but no laws for this in state.  The Board should act with other 
state and county agencies to implement rainwater harvesting 
guidelines. 

71 iii. Alternative compliance (in lieu of LID) No in lieu fee in permit; request Board to clarify if the city will be 
in violation of permit since it has an in lieu fee option.  City has 
offsite option, but not as onerous as draft permit; Board needs 
to clarify if the city be in violation by adhering to its offsite 
policy. 

74 iv.1. Offsite and onsite mitigation; Table 11 treatment Request the Board to clarify why If one approved for offsite 
mitigation, the applicant has to also treat onsite stormwater.  
That is double treatment, double jeopardy.  The point to do 
offsite treatment is to deal with equal mitigation volume at 
different location.  Table 11, New requirement; new cost.  Have 
to meet benchmark treatment standards.  Need the Board to 
clarify who is responsible for testing.  The property owner?  City?  
Costly requirement to require monitoring. 

77 v.1.d. Hydromodification Control Plan New requirement.  New cost.  Request the Board to explain why 
the city has to this.  It manages flooding issues just fine without 
outside imposed requirements.  This Plan has a plethora of 
required information items, elements that will require more staff 
time, costs. 
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79 vii. Annual Report New requirement.  New cost.  City required to provide a list of 
mitigation projects' descriptions, pollutants and flow reduction 
analyses comparing the expected results of alternative 
compliance projects to that achieved by retaining onsite the 
SWQDv.  City requests the Board to explain why this requirement 
is necessary and what it achieves.  Its meaning is unclear. Board 
needs to provide rationale for this, and what it accomplishes to 
meet goals, as well as provide a template of this document.  

81 d.iii. Maintenance agreement New requirement.  New cost.  No COO until each applicant gives 
city O&M plan, monitoring plan, verification of ongoing 
maintenance, treatment BMPs and hydromodification BMPs.  
And each verification has a list of many requirements. 

81 d.iv. Tracking, inspection and enforcement of BMPs New requirements.  New costs.  City has to implement tracking 
system, not defined, inspection and enforcement program.  The 
city prefers to use existing codes for this, and not have to report 
to the Board.  City requests the Board to explain why this section 
requirement is necessary.  Need GIS/electronic system.  Long list 
of required data points; have to verify proper O&M of BMPs.  
Enforcement requirements.  Board must supply city with 
template.  This requirement will be extra work, cost for city. 

83 7.b. Erosion & sediment control ordinance New requirement.  May require that we do new ordinance, or 
modify an existing one which requires months of time to 
implement. 

83 7.d Requirements for construction sites < 1 acre We require this control in runoff ordinance but this formalizes it 
and entails significant inventory, tracking, see below. 
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83 D.7. Development Construction Program Table  12 provides vague description of minimum BMPs.  BMPs 
need to be more descriptive with guidance material referenced. 

84-
85 

7.g. Construction site inventory, tracking New requirement.  New costs.  More staff time to create and 
implement.  City's present electronic permitting system may be 
basis for this tracking and inventory, but permit required 
"continuous" updating, through life of project, and requires a lot 
of specific information for each site that the city does not track 
now.  City needs to analyze the extra costs and staff time, as with 
all the other new requirements. 

85 7.g.ii. tracking will include a variety of strange data points New requirement.  New costs.  Wording in this section 
grammatically faulty and makes no sense:  Proximity to water, if 
significant threat to water quality, current construction phase 
(requires weekly updates, e.g. inspections); required inspection 
frequency (frequency not defined), start and end dates, when 
city approved the Erosion & Sediment Control Plan. 

85-
86 

7.h. Review process New requirement.  New Cost.  More plan review time to review 
Erosion Control Plan, Storm Water Pollution Prevention Plan 
elements required, and list of what the Erosion control plan must 
address, plan must include rationale for BMPs.  City needs to 
analyze new costs. 

86 7.h. Qualified SWPPP Developer (QSD) New Requirement.  New cost.  City must require that Erosion 
plan be certified by this person?  Is this a new staff person?  Or 
applicant has to pay such a person; city has to require that all 
BMPs be designed by licensed CA engineer.  City will require 
applicant to include a signed statement certifying compliance of 
all this stuff, which puts applicant on hook to the board for 
unknown requirements, costs.  City has to develop checklist for 
conducting erosion control plan review. 
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86-
87 

7.i.i/ii. technical standards for construction BMP selection, 
install, O&M; risk ranking of BMPs 

New requirement.  New cost.  City has to develop standards for 
these 3 parameters.  Board needs to clarify for the city the 
following situation from the draft permit:  If city develops 
standards, which it deems acceptable, won't the city be liable for 
any problems incurred by an applicant?  Board should state why 
this is necessary and what it accomplishes that is not already 
performed now.  Standards need to rate by risk; request Board 
establishes risk levels, and for Board to define risk.  Ask Board to 
explain why this is required. 

90 j.ii.2 Table 17, for 1 acre more projects only; all phases of 
construction inspect 

New requirement.  New cost.  More inspections prior to project 
and during construction.  New costs need to be analyzed. 

91 j.ii.4. inspection procedures New requirement.  New cost.  Many more inspections required, 
data entry and tracking. Requires more staff resources. 

93-
94 

8.c. public facility inventory New requirement.  New cost.  City has to maintain an Updated 
inventory of all facilities that are potential sources of pollution, 
in a GIS; have to create this list.  Includes almost all city facilities; 
list of data points required for each site.  Request the Board to 
explain why all these data points required and to what end. 

94-
95 

8.d. inventory of retrofitting opportunities, in public ROW New requirement.  New cost.  City has to develop this list.  Ask 
the Board to explain why this list is necessary and what purpose 
it serves.  Compiling this list will be very timely, need additional 
staff, cost.  Something city can do over time on its own through 
the MEP BMP, iterative process; does not have to forced, but 
have reasonable deadlines.  City has to screen city for sites, 
evaluate and rank areas, work with private owners to retrofit 
private sites. 
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97,98 D.8. Public Agency Facility and Activity Management Table 18 - General and Activity Specific BMPs need to be more 
descriptive and detailed.  Guidance material should be 
referenced. 

103 8.h.x. Permittee owned treatment BMPs New requirement.  New cost.  Very prescriptive requirements 
for city to inspect/maintain BMPs, ensure proper operation, and 
special handling of residual water from BMPs.  Ask the Board to 
provide rationale of why it is necessary to impose on cities 
specific requirements.  Let cities deal with O&M in its own way.  
The Board will not know if this is being done, no reporting 
requirement.  Board needs to clarify reporting requirement. 

108 D.9.c Identification and Response to Illicit Connections Only LACFCD is identified as needing to complete "systematic 

field inspections for MS4 illicit connections.  Permittees may own 

portions of the storm drains that are connected to LACFCD storm 

drains within their jurisdiction. Are permittees required to 

complete inspection surveys of their open channels and 

underground storm drains according to defined schedules 

outlined in the permit?  In the City of Santa Monica LACFCD 

owns approx. 47 miles of storm drain and the City of Santa 

Monica owns approx. 9 miles. 
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  VI.E TMDL Provisions   

112 VI.E.2.b.ii Comingled discharges - each  permittee is only 
responsible for discharges from the MS4 for which 
they are owners and/or operators. 

In some cases it will be impossible/cost prohibitive  to distinguish 
comingled flows from various permittees?  

113 VI.E.2.d.i … compliance … if any of the following is 
demonstrated … (1) WQBEL, (2) RWL with TMDL, (3) 
no discharge, (4) WMP fully implemented 

Interim allows compliance via implementation of BMP's 

114 VI.E.2.e.i … compliance … if any of the following is 
demonstrated … (1) WQBEL, (2) RWL with TMDL, (3) 
no discharge 

Final does not allow compliance via implementation of BMP's 
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2750 EAST SPRING ST., SUITE 190
LONG BEACH, CA 90806

(562) 595-8700

July 22, 2012 
 

Mr. Kenneth Farfsing 
City Manager 
City of Signal Hill 
2175 Cherry Avenue 
Signal Hill, CA  90775 
 

Re:  Comments on Attachment E Draft Monitoring and Reporting Program and the proposed 
Municipal Action Levels (Attachment G) 

 

Per  your  request,  we  have  reviewed  several  items  included  in  the  Tentative Waste Discharge 
Requirements For Municipal Separate Storm Sewer System (MS4) Discharges Within The County Of 
Los Angeles Flood Control District, Including The County of Los Angeles and Incorporated Cities 
Therein, Except The City Of Long Beach (Tentative Order).   These  include  the Draft Monitoring and 
Reporting  Program  in  Attachment  E  and  the  proposed  Municipal  Action  Levels  in  Attachment  G.  
Complete comments are enclosed. 
 

We  support  shifting  towards  a  watershed‐based  permitting  system  for  more  effective  stormwater 
management.  However, this should be done using a more adaptive management approach that allows 
the dischargers to address the issues in a staged manner where it is first determined whether discharges 
are having a significant  impact on the receiving waters,  identifying the nature of the  impact, and then 
prioritizing further work in the watersheds or subwatersheds to address the primary issues.  The present 
program will be extremely costly and impractical.   Toxicity testing as currently designed will far exceed 
the capacity of the qualified bioassay laboratories in Southern California. 
 

Please feel free to contact us if you have any questions regarding the detailed comments enclosed with 
this letter. 
 
Sincerely, 
 
 
Marty Stevenson 
Principal and Senior Scientist 
 

Enclosure (1) 
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COMMENTS	  ON	  ATTACHMENT	  E	  DRAFT	  MONITORING	  AND	  REPORTING	  

PROGRAM	  	  

AND	  	  

ATTACHMENT	  G	  MUNICIPAL	  ACTIONS	  LEVELS	  
	  

GENERAL	  COMMENTS	  

	  

Overall	  the	  proposed	  Monitoring	  and	  Reporting	  Program	  provides	  a	  number	  of	  elements	  that	  could	  be	  

implemented	  selectively	  to	  address	  the	  listed	  primary	  objectives.	  The	  authors	  suggest	  that	  the	  plan	  also	  

“provides	  flexibility	  to	  develop	  an	  integrated	  monitoring	  program	  to	  address	  all	  of	  the	  monitoring	  

requirements	  of	  this	  Order	  and	  other	  monitoring	  obligations	  or	  requirements	  in	  a	  cost	  efficient	  and	  

effective	  manner.”	  	  Although	  we	  recognize	  and	  appreciate	  the	  benefits	  of	  being	  able	  to	  address	  these	  

issues	  on	  a	  watershed	  or	  subwatershed	  basis,	  the	  overly	  prescriptive	  requirements	  will	  severely	  limit	  

any	  cost-‐efficiencies	  that	  may	  have	  been	  achieved	  by	  this	  approach.	  	  	  

	  

A	  substantial	  effort	  has	  been	  expended	  over	  the	  past	  20	  years	  in	  order	  to	  assess	  chemical,	  physical,	  and	  

biological	  impacts	  on	  receiving	  waters	  as	  well	  as	  to	  characterize	  pollutant	  concentrations	  and	  loads.	  	  

While	  this	  effort	  has	  proven	  valuable	  in	  many	  ways,	  continuing	  and	  expanding	  on	  upon	  this	  approach	  

will	  tremendously	  inflate	  the	  costs	  of	  monitoring	  without	  substantially	  increasing	  the	  likelihood	  of	  

making	  measurable	  progress	  towards	  meeting	  the	  Clean	  Water	  Act	  goals	  of	  “fishable	  and	  swimmable	  

waters”.	  	  Many	  of	  the	  benefits	  of	  long-‐term	  monitoring	  of	  stormwater	  quality	  and	  quantity	  include:	  

• the	  identification	  of	  organophosphate	  pesticides	  as	  a	  serious	  problem	  in	  stormwater	  discharges	  

triggering	  the	  ultimate	  removal	  of	  these	  pesticides	  from	  the	  open	  market,	  

• Documentation	  of	  the	  rapid	  process	  in	  which	  diazinon	  and	  chlorpyrifos	  declined	  to	  levels	  below	  

those	  that	  would	  cause	  a	  measureable	  amount	  of	  toxicity	  in	  urban	  stormwater,	  

• Identification	  of	  problems	  with	  pyrethroid	  pesticides	  that	  replaced	  former	  applications	  of	  

diazinon	  and	  chlorpyrifos.	  Monitoring	  was	  actually	  not	  necessary	  to	  identify	  these	  compounds	  

as	  likely	  problems	  in	  the	  receiving	  waters.	  	  This	  was	  predicted	  by	  many	  water	  quality	  

professionals.	  

• The	  long-‐term	  monitoring	  efforts	  are	  just	  starting	  to	  show	  decreasing	  trends	  for	  lead	  and,	  to	  a	  

lesser	  degree,	  zinc	  while	  many	  other	  common	  contaminants	  show	  no	  signs	  of	  change	  that	  can	  

be	  distinguished	  such	  factors	  as	  normal	  variability	  due	  to	  the	  time	  of	  year,	  the	  size	  of	  the	  storm	  

events,	  and	  antecedent	  dry	  weather	  conditions.	  

• Many	  of	  the	  persistent	  organic	  contaminants	  show	  signs	  of	  being	  detected	  more	  frequently	  at	  

some	  sites	  but	  these	  types	  of	  compounds	  are	  poorly	  quantified	  by	  routine	  stormwater	  

monitoring	  methods.	  	  Alternative,	  high	  volume	  (high	  cost)	  sampling	  methods	  are	  necessary	  to	  

accurately	  assess	  loads	  for	  most	  of	  these	  compounds.	  
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At	  the	  slow	  rates	  of	  decline	  that	  we	  are	  encountering	  for	  many	  of	  the	  remaining	  pollutants	  of	  concern,	  

continued	  intensive	  annual	  sampling	  is	  not	  expected	  to	  be	  cost	  effective.	  	  Eliminating	  this	  type	  of	  

monitoring	  for	  one	  permit	  cycle	  and	  then	  reintroducing	  this	  type	  of	  monitoring	  during	  the	  subsequent	  

permit	  cycle	  should	  still	  be	  sufficient	  to	  document	  the	  more	  gradual	  decreases	  that	  we	  have	  only	  

recently	  identified.	  	  Unless	  a	  site	  is	  subject	  to	  a	  TMDL,	  continued	  intensive	  monitoring	  of	  concentrations	  

and	  loads	  is	  not	  expected	  to	  provide	  the	  benefits	  that	  we	  are	  seeking.	  	  For	  TMDL	  monitoring,	  only	  the	  

constituents	  of	  concern	  would	  be	  sampled.	  	  Rather	  than	  increasing	  the	  intensity	  of	  monitoring,	  we	  

would	  suggest	  decreasing	  routine	  mass	  emission	  monitoring.	  	  During	  the	  permit	  cycle	  where	  routine	  

monitoring	  is	  minimized	  efforts	  could	  be	  better	  directed	  towards	  conducting	  receiving	  water	  monitoring	  

designed	  to	  assess	  if	  stormwater	  discharges	  are	  having	  measureable	  impacts	  on	  the	  receiving	  waters	  

and	  the	  nature	  of	  the	  impact.	  	  The	  mass	  emission	  monitoring	  effort	  would	  then	  be	  modified	  on	  the	  basis	  

of	  these	  findings	  to	  focus	  on	  prioritized	  watersheds	  and	  subswatersheds	  that	  are	  having	  the	  greatest	  

impacts	  on	  receiving	  waters.	  	  	  

	  

Municipal	  Action	  Levels	  (MALs)	  are	  listed	  at	  the	  end	  of	  Attachment	  G	  to	  the	  Tentative	  Order.	  	  MALs	  are	  

included	  for	  total	  mercury	  as	  0.32	  ug/L.	  	  These	  should	  be	  excluded	  for	  two	  reasons:	  

• Due	  to	  the	  volatility	  of	  mercury,	  it	  is	  inappropriate	  to	  collect	  and	  analyze	  mercury	  using	  

peristaltic	  pumps	  and	  the	  intensive	  mixing	  processes	  necessary	  while	  combining	  multiple	  

composite	  containers	  and	  	  subsampling	  into	  laboratory	  containers.	  	  If	  mercury	  was	  included	  in	  a	  

program,	  sampling	  would	  need	  to	  be	  conducted	  manually	  using	  proper	  containers	  and	  sampling	  

equipment.	  	  Although	  we	  recognize	  that	  the	  database	  used	  for	  the	  MALs	  was	  from	  composite	  

samples,	  that	  still	  does	  not	  validate	  the	  approach.	  

• In	  addition	  to	  the	  problems	  with	  sampling	  methods,	  mercury	  was	  reported	  as	  detected	  in	  only	  

17%	  of	  the	  178	  samples.	  	  These	  included	  30	  samples	  of	  which	  11	  were	  reported	  as	  detected	  at	  

the	  detection	  limit.	  	  Overall,	  this	  should	  not	  be	  considered	  an	  appropriate	  data	  set	  for	  

calculation	  of	  MALs.	  

Savings	   introduced	  by	  decreasing	   the	   intensity	  of	   routine	  mass	  emission	  monitoring	  could	  be	  directed	  

towards	   better	   studies	   in	   the	   receiving	  waters	   to	   identify	  whether	   stormwater	   discharges	   are	   having	  

measureable	   impacts	  on	  beneficial	  uses.	   	  The	   results	  of	   these	  studies	  could	   then	  be	  used	   to	  prioritize	  

and	  focus	  monitoring	  efforts	  on	  watersheds	  or	  sub-‐watersheds	  that	  are	  demonstrated	  to	  contribute	  to	  

these	  impairments.	  	  This	  approach	  would	  be	  more	  consistent	  with	  the	  strategy	  suggested	  for	  the	  Model	  

Municipal	   Stormwater	   Monitoring	   Program	   developed	   by	   the	   Southern	   California	   Stormwater	  

Monitoring	  Coalition	  (Figure	  1).	  	  	  
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Figure	  1.	   Flow	  Chart	  proposed	  by	  the	  Stormwater	  Monitoring	  Coalition	  (1994)	  for	  a	  Model	  Municipal	  

Stormwater	  Monitoring	  Program.	  
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The	  Draft	  Monitoring	  and	  Reporting	  Program	  in	  the	  tentative	  order	  will	  drastically	  increase	  monitoring	  

costs.	   	  We	  strongly	  believe	   that	   the	  program,	  as	   currently	   specified,	  will	  only	   lead	   to	  magnification	  of	  

current	  monitoring	  costs	  without	  any	  substantial	  improvements	  in	  addressing	  the	  real	  issue	  of	  assuring	  

that	  beneficial	  uses	  are	  protected	  and	  maintained	  in	  the	  receiving	  waters.	  	  The	  wet-‐weather	  stormwater	  

outfall	   monitoring	   toxicity	   testing	   requirements	   comprise	   two	   of	   the	   most	   significant	   impacts	   on	  

monitoring	  costs.	  	  Site	  selection,	  equipment	  purchase,	  installation,	  and	  operation	  of	  each	  of	  these	  sites	  

will	   run	   roughly	  $75K-‐$100K	   for	   the	   first	   year	  of	   the	  program	  and	  many	  Cities	  will	   have	   two	  or	   three	  

sites	  that	  will	  need	  to	  be	  monitored	  since	  they	  discharge	  into	  multiple	  subwatersheds.	  	  	  

	  

The	   toxicity	   testing	   requirements	   have	   a	   large	   impact	   on	   costs	   from	  at	   least	   three	  perspectives.	   	   The	  

large	  sample	  volumes	  required	  (cited	  as	  five	  gallons	  in	  the	  MRP	  but	  likely	  greater)	  alone	  will	  require	  that	  

sample	  containers	  be	  switched	  at	  least	  two	  to	  four	  times	  within	  a	  24	  hour	  period.	  	  This	  will	  be	  necessary	  

to	  assure	  that	  sufficient	  water	  is	  collected	  to	  cover	  both	  toxicity	  testing	  requirements	  and	  chemistry.	  	  In	  

addition,	  the	  samplers	  must	  be	  set	  conservatively	  to	  assure	  that	  the	  full	  volume	   is	  obtained.	   	  This	  can	  

result	  in	  even	  more	  bottle	  changes	  if	  the	  storm	  exceeds	  the	  predicted	  magnitude.	  	  When	  large	  numbers	  

of	  bottle	  changes	  are	  needed,	  additional	  storm	  crews	  are	  needed	  to	  assure	  that	  bottles	  are	  changed	  as	  

soon	  as	  possible	  after	  filling	  to	  avoid	  loss	  of	  storm	  coverage.	  	  	  

	  

The	   cost	   of	   the	   toxicity	   testing	   requirements	   is	   a	   significant	   factor	   but,	   the	   availability	   of	   qualified	  

bioassay	  labs	  to	  meet	  the	  high	  demands	  of	  this	  and	  other	  stormwater	  monitoring	  programs	  may	  be	  an	  

even	  greater	  issue.	  	  With	  all	  stormwater	  programs	  requiring	  that	  sampling	  be	  conducted	  during	  the	  first	  

major	  storm	  event,	  bioassay	  laboratories	  in	  Southern	  California	  will	  not	  have	  the	  capacity	  to	  handle	  the	  

large	  volume	  of	  samples.	  	  This	  is	  exacerbated	  by	  the	  recent	  closure	  of	  several	  bioassay	  laboratories	  that	  

had	  been	  active	  in	  stormwater	  programs.	  	  

	  

The	   TIE	   requirements	   will	   also	   introduce	   substantial	   costs	   to	   the	   program	   and	   are	   highly	   unlikely	   to	  

provide	  useful	  information.	  	  A	  successful	  TIE	  requires	  enough	  toxicity	  be	  present	  to	  allow	  the	  procedures	  

to	  effectively	  partition	  the	  toxicity.	  The	  minimum	  cost	  of	  a	  TIE	  will	  run	  at	  least	  $5,000	  and	  can	  run	  much	  

higher	  with	  incorporation	  of	  Phase	  II	  and	  III	  TIE	  procedures.	  	  It	  also	  requires	  that	  the	  toxicity	  is	  relatively	  

stable.	   	  There	  have	  been	  many	  stormwater	  TIEs	  conducted	  of	   the	  past	  12-‐15	  years	  where	   the	   toxicity	  

was	   either	   not	   stable	   or	   not	   of	   a	   sufficient	   magnitude	   to	   allow	   the	   nature	   of	   the	   toxicity	   to	   be	  

partitioned.	  	  TIEs	  should	  be	  used	  judiciously	  to	  assure	  that	  they	  are	  applied	  only	  when	  there	  is	  a	  strong	  

probability	  of	  producing	  results	  that	  are	  valid,	  scientifically	  supportable	  and	  that	  can	  be	  used	  to	  support	  

actions	  that	  may	  be	  necessary	  to	  control	  the	  source	  of	  the	  toxicity.	  	  

	  

There	  have	  been	  many	  successful	  TIEs	  conducted	  on	  stormwater	  in	  the	  past	  20	  years	  that	  have	  provided	  

valid	   information	  that	   led	  to	  actions	  being	  taken	  to	  eliminate	  the	  source	  of	  the	  toxicity.	   	  This	   included	  

TIEs	  conducted	  using	  Ceriodaphnia	  from	  roughly	  1995	  to	  2005	  that	  resulted	  in	  diazinon	  and	  chlorpyrifos	  
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being	  removed	  from	  residential	  use.	  	  They	  have	  also	  been	  used	  to	  identify	  pyrethroid	  pesticides	  as	  the	  

major	   cause	  of	   toxicity	   in	   receiving	  water	   sediments	  as	  a	   result	  of	   chemicals	  used	   to	   replace	  diazinon	  

and	   chlorpyrifos.	   	   While	   TIEs	   have	   served	   a	   purpose	   and	   will	   continue	   to	   play	   an	   important	   role	   in	  

identification	   of	   toxicants,	   simple	  measurements	   of	   chemicals	   currently	   known	   to	   be	   of	   concern	   are	  

normally	  sufficient	  to	  identify	  the	  problem	  without	  the	  added	  expense	  of	  numerous	  TIEs.	  

	  

	  

DETAILED	  COMMENTS	  

	  

E.2	  Storm	  water	  outfall	  based	  monitoring,	  page	  E-‐4	  

This	  type	  of	  monitoring	  should	  be	  selectively	  applied	  when	  necessary	  to	  track	  upstream	  sources	  

of	   contaminants.	   	   It	   should	   be	   recognized	   that	   if	   this	   monitoring	   requirement	   is	   uniformly	  

applied	  across	  all	  of	   the	  municipalities	  covered	  by	  the	  permit	   it	  could	   include	   in	  excess	  of	  200	  

sites.	   	   Identification	   of	   suitable	   sites	   meeting	   the	   criteria	   later	   established	   in	   this	   document	  

would	  be	  useful	   so	   that	  additional	   source	   tracking	   could	  be	  more	  easily	   implemented	  but	   the	  

current	   approach	   is	   contrary	   to	   the	   intent	   of	   the	   National	   Research	   Council	   (2008)	   that	  

suggested	  movement	  toward	  watershed-‐based	  monitoring.	  

	  

G.	  	  Analytical	  Procedures	  ,	  page	  E-‐6	  

Analysis	  of	  Suspended-‐Sediment	  Concentrations	  (SSC)	  ASTM	  D-‐3977-‐97	  is	  specified	  on	  this	  page	  

and	  at	  other	  locations	  in	  the	  document.	  This	  requires	  further	  explanation	  since,	  strictly	  speaking,	  

this	   method	   is	   inconsistent	   with	   composite	   sampling.	   	   The	   SSC	   analytical	   approach	   relies	   on	  

analysis	   of	   the	   entire	   sample	   whereas	   stormwater	   samples	   are	   the	   result	   of	   a	   subsampling	  

process.	  	  The	  SSC	  method	  is	  most	  applicable	  to	  samples	  taken	  with	  USGS	  methods	  based	  upon	  

isokinetic	  sampling	  through	  the	  flow	  profile	  and	  subsequent	  sampling	  of	  the	  entire	  bottle.	  	  The	  

large	  and	   inconsistent	  differences	   in	  sediment	  concentrations	  attributed	  to	  TSS	  measurements	  

vs	   SSC	   measurements	   were	   mostly	   based	   upon	   comparison	   of	   the	   Standard	   Methods	   TSS	  

method	  and	  the	  SSC	  method.	   	  The	  SM	  TSS	  method	  uses	  a	  pipette	  to	  obtain	  samples	  from	  a	  1-‐

Liter	  container.	  	  The	  more	  accurate	  EPA	  TSS	  procedure	  uses	  stirring	  and	  pouring	  of	  a	  subsample	  

from	   the	   bottle.	   	   Guo	   (2007)	   did	   a	   thorough	   laboratory	   study	   comparing	   the	   three	  methods	  

using	   laboratory	   developed	   particle	   size	   distributions.	   	   The	   percent	   recovery	   of	   solids	   and	  

correlations	  among	  TSS,	  SSC	  and	  true	  concentrations	  were	  compared.	   	  Guo	  demonstrated	  that	  

the	   EPA	   TSS	   method	   was	   comparable	   to	   the	   SSC	   and	   true	   concentrations	   until	   particle	   sizes	  

reached	  50	  –	  100	  microns.	  	  Differences	  between	  the	  EPA-‐TSS	  procedure	  and	  SSC	  were	  attributed	  

to	   larger	   particles	   not	   being	   well	   mixed	   and	   remaining	   in	   the	   1-‐L	   bottle	   after	   pouring	   a	  

subsample.	  

	  

Ultimately,	   the	  measurement	  of	   solids	   in	   stormwater	  depends	  upon	   two	  steps.	   	   The	   first	   step	  

involves	  use	  of	  a	  sound	  subsampling	  method	  to	  assure	  that	  larger	  particles	  are	  well	  distributed	  

in	   the	   subsamples.	   	   The	   second	   step	   involves	   the	   process	   used	   to	   extract	   the	   sediment	   and	  
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water	  from	  the	  laboratory	  container.	  	  For	  stormwater,	  use	  of	  the	  whole	  subsample	  is	  critical	  to	  

avoid	   loss	   of	   residuals.	   	   This	   is	   similar	   to	   the	   SSC	   methods	   with	   the	   exception	   that	   SSC	  

procedures	   do	   not	   involve	   a	   subsampling	   procedure	   that	   inherently	   adds	   error	   to	   the	  

measurement.	   	   It	   is	   therefore	   important	   to	   specify	   that	   the	  SSC	  method	  used	  with	   composite	  

stormwater	   samples	   is	   actually	   a	   modified	   procedure	   that	   relies	   on	   the	   use	   of	   sound,	  

reproducible	  subsampling	  procedures.	  

	  

VI.C	  Minimum	  Wet	  Weather	  Receiving	  Water	  Monitoring	  Requirements,	  Page	  E-‐14	  

In	   general,	   this	   section	   needs	   to	   be	   split	   to	   separate	  monitoring	   requirements	   that	  might	   be	  

appropriate	  for	  a	  mass	  emission	  station	  located	  at	  a	  site	  considered	  to	  be	  a	  receiving	  water	  site	  

in	  a	  stream	  or	  channel	  and	  monitoring	  that	  is	  intended	  for	  bays,	  estuaries	  and	  the	  ocean	  where	  

flow	  is	  not	  relevant.	  It	  is	  not	  clear	  that	  wet	  weather	  monitoring	  in	  the	  ocean,	  bays	  or	  estuaries	  

should	   even	   be	   specified	   at	   this	   time.	   	   Any	   such	   work	   would	  more	   likely	   be	   developed	   as	   a	  

special	  study	  if	  deemed	  necessary.	  	  Several	  monitoring	  efforts	  have	  previously	  been	  conducted	  

to	   track	   plumes	   and	   toxicity	   but	   repeating	   these	   efforts	   may	   not	   be	   appropriate	   until	   it	   is	  

demonstrated	  that	  land-‐based	  sources	  of	  zinc	  and	  copper,	  which	  were	  identified	  as	  the	  primary	  

toxicants	  from	  Ballona	  Creek,	  are	  controlled	  down	  to	  levels	  expected	  to	  significantly	  reduce	  the	  

observed	  toxic	  responses.	  	  Alternatively,	  this	  section	  may	  be	  intended	  to	  apply	  to	  wet	  weather	  

monitoring	  as	  currently	  performed	  at	  the	  mass	  emission	  sites	  but	  that	  is	  not	  clear.	  

	  

1.b.i	   	  The	  definition	  of	  a	  storm	  water	  event	  for	  purposes	  of	  sites	   located	   in	  the	  ocean,	  bay,	  or	  

estuarine	   receiving	  waters	   is	  defined	  as	   “greater	   than	  or	  equal	   to	  0.1	   inch	  of	  precipitation,	  as	  

measured	   from	   at	   least	   50%	   of	   the	   Los	   Angeles	   County	   controlled	   rain	   gauges”.	   	   This	   is	  

inconsistent	  with	  typical	  definitions	  of	  storm	  events	  and,	  would	  unlikely	  be	  a	  quantifiable	  event	  

in	  terms	  of	  flow.	  	  Section	  VI.C.1.b.iii	  provides	  a	  definition	  for	  the	  first	  significant	  storm	  event	  of	  

the	   year	   that	   should	   apply	   to	   all	   events.	   	   This	   section	   requires	   permittees	   to	   target	   the	   first	  

storm	  event	  of	  the	  year	  where	  at	   least	  0.25	   inches	  of	  rainfall	   is	  predicted	  at	  a	  70%	  probability	  

24-‐hours	  before	  the	  expected	  start	  of	  the	  storm.	  

	  

1.b.iii	   	  This	  section	  specifies	  that	  sampling	  events	  be	  separated	  by	  a	  minimum	  of	  three	  days	  of	  

less	   than	  0.1	   inch	  of	   rain	  each	  day.	   	  This	   is	  an	   insufficient	  condition	   for	  defining	   the	  minimum	  

interval	  between	  events.	  	  Dry	  conditions	  should	  persist	  for	  at	  least	  3	  day	  with	  a	  total	  of	  less	  than	  

0.1	  inches	  of	  rain	  for	  the	  period.	  	  It	  should	  be	  further	  emphasized	  that	  wet	  weather	  monitoring	  

should	  preferably	  be	  separated	  by	  at	   least	   seven	  days	  of	  dry	  weather	   (less	   than	  a	   total	  of	  0.1	  

inches).	  	  A	  suitable	  amount	  of	  time	  must	  be	  provided	  between	  sampling	  efforts	  to	  allow	  build-‐

up	   of	   contaminants	   and	   to	   provide	   data	   needed	   to	   better	   understand	   contaminant	   build-‐up	  

rates.	  

	  

1.c,	  page	  E-‐15	  	  This	  section	  requires	  further	  clarification.	  	  If	  this	  section	  is	  referring	  to	  stream	  or	  

river	  receiving	  water	  monitoring,	  the	  start	  of	  monitoring	  needs	  to	  rely	  on	  the	  increasing	  flows	  in	  
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response	  to	  the	  rainfall.	   	   It	   is	  unclear	  how	  it	  would	  apply	  to	  receiving	  waters	  defined	  as	  ocean	  

waters,	   bays	   or	   estuaries.	   	   Monitoring	   of	   ocean,	   bay,	   or	   estuary	   receiving	   waters	   should	  

normally	  be	   initiated	   in	   response	  to	  declining	  salinity	  or	   increasing	   turbidity	   in	  surface	  waters.	  	  

Ultimately,	  initiation	  of	  monitoring	  should	  depend	  upon	  the	  sampling	  objectives	  that	  would	  be	  

developed	  as	  part	  of	  a	  special	  study	  rather	  than	  a	  specification.	  	  	  

	  

VIII.	  STORM	  WATER	  OUTFALL	  BASED	  MONITORING,	  Page	  E-‐17	  

Requirements	   under	   this	   section	   of	   the	   Monitoring	   and	   Reporting	   Plan	   will	   lead	   to	   an	  

astronomical	   increase	  in	  monitoring	  costs	  and	  will	  completely	  overwhelm	  toxicity	   labs	  that	  are	  

located	   in	  Southern	  California	  and	  capable	  of	  performing	   this	   type	  of	  work.	   	  Utilization	  of	   this	  

sampling	  strategy	  should	  be	  applied	  extremely	  judiciously	  and	  only	  for	  the	  purpose	  of	  tracking	  

critical	  sources	  of	  contaminants.	  

	  

VIII.	  STORM	  WATER	  OUTFALL	  BASED	  MONITORING,	  Page	  E-‐18	  

C.	  Sampling	  Methods.	  	  	  

This	   section	  allows	   for	   samples	   to	  be	   collected	  during	   the	   first	   24	  hours	  of	  discharge.	   	   By	  not	  

sampling	  all	  runoff	  from	  a	  given	  storm	  event,	  this	  approach	  introduces	  a	  bias	  into	  load	  estimates	  

and	  the	  data	  cannot	  be	  compared	  to	  other	  whole	  storm	  composites.	  	  We	  realize	  that	  this	  is	  to	  

ease	   the	   sampling	   effort	   and	   help	   address	   issues	   for	   constituents	   with	   short	   holding	   times.	  	  

When	  monitoring	  is	  cut	  off	  at	  24	  hours	  for	  a	   lengthy	  storm,	  data	  should	  be	  flagged	  to	  indicate	  

that	  it	  should	  not	  be	  used	  for	  correlative	  purposes.	  	  In	  the	  same	  manner,	  the	  data	  should	  not	  be	  

considered	  for	   inclusion	   in	  the	  National	  Stormwater	  Quality	  Database	  that	   is	  used	  to	  generate	  

Municipal	  Action	  Levels	  (MALs).	  

	  

	  

XI.	  REGIONAL	  STUDIES,	  Page	  E-‐25	  

A. Pyrethroid	  Insecticides	  Study	  Requirements	  

This	  sediment	  study	  requirement	  should	  be	  at	   least	  delayed	  if	  not	  eliminated.	   	   Intercalibration	  

studies	   remain	   to	   be	   performed	   for	   pyrethroid	   pesticides.	   	   An	   initial	   round	   of	   testing	   was	  

conducted	  under	  the	  SMC	  laboratory	  intercalibration	  program	  but	  participation	  was	  limited	  and	  

the	  group	  detection	  limits	  were	  high	  (approximately	  10	  ng/L	  rather	  than	  1	  ng/L	  limits	  needed	  for	  

water	  testing).	   	  The	  results	  of	   that	  program	  were	  not	  promising.	   	  While	  we	  recognize	  that	  the	  

SMC	   testing	  was	   conducted	   for	   analyses	   in	  water	   rather	   than	   sediment,	   there	   is	   still	   concern	  

regarding	  the	  accuracy	  and	  precision	  of	  this	  relatively	  new	  analytical	  procedure	  when	  comparing	  

laboratories.	   	   A	   successful	   laboratory	   intercalibration	   study	   is	   necessary	   for	   both	   water	   and	  

sediment	  before	  a	  program	  of	  this	  magnitude	  should	  be	  implemented.	  

	  

This	  program	  is	  supposed	  to	  incorporate	  sediment	  collection	  in	  major	  rivers	  but	  does	  not	  appear	  

to	   address	   other	   receiving	   waters	   (ocean,	   bays	   and	   estuaries)	   that	   may	   even	   be	   more	   of	   a	  

concern.	   	  Since	  many	  of	  the	  waterways	  are	  constructed	  of	  concrete	  it	  should	  be	  specified	  that	  
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this	  study	  is	  not	  intended	  to	  include	  sediment	  that	  may	  temporarily	  accumulate	  on	  the	  concrete	  

bottoms.	  	  	  

	  

The	  incorporation	  of	  toxicity	  testing	  will	  make	  this	  program	  even	  more	  expensive.	  	  Determining	  

where	   toxicity	   in	   the	   sediments	   is	   associated	  with	  pyrethroid	  pesticides	  will	   require	  Phase	   I/II	  

TIEs	   using	   a	   variety	   of	   manipulations	   with	   esterase,	   PBO,	   and	   temperature	   adjustments.	  	  

Although	   a	   study	   of	   this	   magnitude	   is	   scientifically	   of	   interest,	   initial	   screening	   may	   more	  

appropriately	  rely	  on	  sediment	  measurements	  of	  pyrethroids	  and	  TOC.	  	  The	  data	  would	  then	  be	  

normalized	   to	   the	  TOC	  and	  compared	  against	  previously	  established	  LC50s	   for	  TOC	  normalized	  

concentrations	  of	  pyrethroids.	   	   These	  data	   should	  be	   sufficient	   to	   further	   identify	  watersheds	  

where	   these	   compounds	   have	   the	   potential	   to	   produce	   toxicity.	   	   Use	   of	   these	   existing	   TOC	  

normalized	  LC50s	  to	  calculate	  expected	  acute	  Toxicity	  Units	  (TUa)	  should	  be	  sufficient	  to	  trigger	  

actions	  to	  reduce/eliminate	  pyrethroids	  in	  urban	  watersheds.	  	  If	  necessary,	  toxicity	  testing	  could	  

be	   a	   followup	   action	   at	   sites	  where	   the	   chemistry	   is	   not	   sufficient	   to	   be	   confident	   of	   a	   toxic	  

response.	  	  

	  

Through	  the	  work	  of	  the	  California	  Stormwater	  Quality	  Association	  (CASQA)	  and	  the	  California	  

Department	  of	  Pesticide	  Regulation	   (DPR)	  new	  requirements	  became	  effective	  on	   July	  19	   that	  

will	  modify	  the	  way	  that	  professional	  applicators	  apply	  pyrethroid	  insecticides	  around	  buildings.	  	  

In	  parallel,	  new	  labeling	  of	  pyrethroid	  products	  were	  implemented	  voluntarily	  by	  manufacturers	  

at	   DPR's	   request.	   	   These	   include	   special	   labels	   for	   the	  most	   persistent	   pyrethroid,	   bifenthrin,	  

which	  will	  provide	  further	  water	  quality	  protection.	  The	  combination	  of	  these	  efforts	  is	  expected	  

to	  reduce	  treatments	  of	  outdoor	  impervious	  surfaces,	  thus	  reducing	  the	  quantity	  of	  pyrethroids	  

that	   can	   be	   washed	   directly	   into	   gutters	   and	   storm	   drains	   when	   it	   rains	   or	   when	   water	   like	  

irrigation	   overflow	   runs	   across	   treated	   surfaces.	   Together,	   it	   has	   been	   predicted	   that	   the	  

regulations	  and	   the	  new	   labeling	  will	   reduce	   the	  amount	  of	  pyrethroid	   insecticides	   in	  urban	  

stormwater	  runoff	  by	  80-‐90%.	  	  We	  would	  suggest	  allowing	  some	  time	  for	  these	  actions	  to	  take	  

impact	  before	  considering	  full	  implementation	  of	  the	  pyrethroid	  survey	  with	  both	  chemistry	  and	  

toxicity	  testing.	  

	  

XII.	  AQUATIC	  TOXICITY	  MONITORING	  METHODS,	  Page	  E-‐28	  to	  E-‐29	  

This	  element	  of	  the	  program	  has	  not	  been	  well	  evaluated	  from	  either	  the	  practical	  perspective	  

of	  conducting	  this	  work	  or	  from	  the	  incredible	  costs	  that	  would	  result	  from	  the	  program.	  	  During	  

the	  initial	  screening	  phase,	  bioassay	  testing	  alone	  could	  run	  $4,000	  to	  $5,000	  per	  site.	  	  If	  TIEs	  are	  

triggered,	   costs	   could	   run	   another	   $5,000.	   	   Many	   of	   the	   aquatic	   toxicity	   monitoring	  

requirements	   appear	   to	   be	   extracted	   from	   testing	   requirements	   and	   procedures	   used	   for	  

wastewater	   discharges	   and	   do	   not	   recognize	   the	   problems	   associated	  with	   toxicity	   testing	   in	  

stormwater.	  	  	  

C.	  Sample	  volumes	  
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Section	  C	   indicates	  suggests	  a	  minimum	  of	  5	  gallons	  of	  water	  be	  collected	  for	  baseline	  studies	  

and	  TIE	  studies.	  	  The	  base	  requirement	  to	  perform	  the	  initial	  chronic	  screening	  will	  be	  more	  like	  

6	  gallons	  assuming	  that	  the	  acute	  testing	  requirements	  can	  be	  fulfilled	  by	  the	  first	  portion	  of	  the	  

chronic	  tests.	  	  If	  that	  is	  not	  the	  case,	  7-‐8	  gallons	  would	  be	  necessary	  to	  fulfill	  both	  requirements.	  	  

In	  order	  to	  accommodate	  a	  TIE	  during	  this	  screening	  phase,	  another	  5	  gallons	  of	  water	  would	  be	  

necessary.	  	  

	  

With	  the	  need	  for	  increasing	  volumes	  of	  stormwater	  comes	  the	  need	  for	  more	  field	  crews	  to	  be	  

available	  to	  rapidly	  change	  out	  bottles	  as	  each	  fills.	   	  The	  highest	  volume	  composite	  containers	  

commonly	  used	  are	  20-‐L	  media	  bottles	  which	  roughly	  correspond	  to	  a	  5	  gallon	  container.	  	  With	  

two	  bottles	  needed	  for	  bioassay	  testing	  another	  1	  to	  2	  bottles	  for	  chemical	  testing	  and	  QAQC,	  it	  

becomes	  more	  challenging	  to	  collect	  high	  quality,	  representative	  samples.	  	  To	  meet	  this	  capacity	  

requirement,	   the	  stormwater	   stations	  must	  be	  set	  at	  a	  conservative	  sampling	   rate	   that	  allows	  

for	  a	  successful	  event	  even	  with	  storm	  volumes	  coming	  in	  below	  predictions	  so	  it	  would	  not	  be	  

unusual	   to	   end	   up	  with	   5-‐6	   20-‐L	   bottles	   or	  more	   for	   a	   single	   event.	   	   These	   bottles	   will	   then	  

require	   thorough	  mixing	   to	  make	   sure	   that	   each	   container	   represents	   a	   full	   storm	  composite.	  	  

After	  that	  process	  subsamples	  would	  need	  to	  be	  taken	  for	  delivery	  to	  the	  labs.	  

	  

Laboratory	  capacity	  for	  bioassay	  testing	  is	  already	  stressed	  at	  the	  beginning	  of	  the	  storm	  season	  

when	  all	  permits	  are	  targeting	  the	  first	  event.	   	  Adding	  the	  quantity	  of	  toxicity	  tests	  required	  in	  

the	  different	  elements	  specified	  in	  Attachment	  E	  of	  Tentative	  Order	  will	  simply	  not	  be	  feasible.	  	  

	  

F.	  Acute	  Toxicity	  

We	   support	   use	   of	   100%	   samples	   as	   a	   sound	   method	   for	   toxicity	   screening.	   	   This	   approach	  

should	   be	   considered	   as	   the	   primary	   test	  with	   full	   dilution	   testing	   being	   the	   first	   response	   to	  

exceedences	  of	  the	  targets	  

	  

More	  flexibility	  needs	  to	  be	  added	  for	  alternative	  species	  to	  be	  used.	  	  Selection	  of	  test	  species	  

should	  consider	  existing	  knowledge	  regarding	  pollutants	  of	  concern,	  selective	  sensitivity	  of	  the	  

various	  test	  species	  and	  availability.	   	  The	  Pacific	  mysid	  is	  a	  good	  test	  species	  but	  is	  wild	  caught	  

and	  often	  unavailable	  when	  needed.	  	  Other	  mysids	  such	  has	  Acanthomysis	  are	  cultured	  so	  they	  

are	  more	  readily	  available	  and	  also	  can	  be	  tested	  in	  waters	  where	  the	  salinity	  must	  be	  adjusted	  

with	  sea	  salts.	  	  	  
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G.	  Chronic	  Toxicity,	  Page	  E-‐30	  

The	  chronic	  screening	  process	  is	  specified	  to	  be	  conducted	  over	  three	  events	  yet	  testing	  of	  wet	  

weather	  discharges	  using	  bioassay	  tests	  is	  only	  scheduled	  for	  2	  events	  per	  year.	  	  This	  screening	  

would	  not	  be	  complete	  until	  midway	  into	  year	  2.	  	  This	  would	  result	  in	  three	  full	  rounds	  of	  three-‐

species	  screening	  tests	  followed	  by	  one	  round	  using	  the	  species	  selected	  as	  the	  most	  sensitive.	  	  

The	  three	  species	  screening	  studies	  would	  then	  start	  again	  at	  the	  start	  of	  the	  third	  year.	  	  	  

	  

This	   type	  of	  process	  was	  designed	   for	   the	  wastewater	   industry	  and	   is	  not	   suitable	   for	   routine	  

stormwater	  monitoring.	  	  The	  Regional	  Board	  should	  consult	  with	  SCCWRP	  and	  other	  stormwater	  

programs	  throughout	  the	  State	  to	  determine	  an	  appropriate	  suite	  of	  bioassay	  tests	  based	  upon	  

testing	  conducted	  over	  the	  past	  20	  years	  and	  knowledge	  of	  emerging	  contaminants.	  

	  

G.4	  Chronic	  Toxicity	  Identification	  Evaluation	  

A	   successful	   TIE	   requires	   sufficient	   toxicity	   present	   in	   the	   sample	   to	   enable	   dissection	   of	   the	  

source	  of	  toxicity.	  	  Attachment	  E	  of	  the	  Tentative	  Order	  requires	  implementation	  of	  a	  TIE	  when	  

effluent	   exceeds	   1.0	   TUc	   which	   is	   defined	   as	   100/NOEC.	   	   In	   the	   1991	   Technical	   Support	  

Document	   (TSD),	   EPA	  actually	   recommends	  use	  of	   the	   EC25/IC25	   to	   assess	   presence	  of	   chronic	  

toxicity	   (100/IC25).	   	   This	   helps	   avoids	  marginal	   hits	   and	   triggering	   of	   expensive,	   inappropriate	  

TIEs	  with	  little	  hope	  of	  a	  successful	  endpoint.	  

	  

Although	   chronic	   measurements	   are	   considered	   in	   triggering	   a	   TIE,	   the	   actual	   TIE	   process	  

typically	  uses	  acute	  measures.	  	  Therefore	  acute	  measurements	  (LC50)	  should	  also	  be	  considered	  

when	  making	  the	  decision	  to	  move	  forward	  with	  a	  TIE.	  	  As	  a	  general	  rule,	  at	  least	  one	  TUa	  above	  

the	  detection	  limit	  is	  desirable	  to	  allow	  for	  a	  successful	  TIE	  while	  avoiding	  the	  high	  costs	  of	  false	  

starts	  and	  disappearing	  toxicity.	  	  Some	  stormwater	  programs	  have	  therefore	  been	  authorized	  to	  

use	  values	  of	  2	  TUa	  for	  tests	  using	  full	  dilution	  series	  (e.g.	  Ceriodaphnia	  -‐water	  fleas)	  and	  3	  TUa	  

tests	  using	  brine	  to	  salt	  up	  to	  full	  strength	  sea	  water	  (e.g.	  the	  sea	  urchin	  fertilization	  test).	  	  These	  

triggers	   have	   helped	   minimize	   implementation	   of	   TIEs	   without	   sufficient	   toxicity	   to	   expect	  

definitive	  results.	  
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XIV.	  STANDARD	  MONITORING	  AND	  REPORTING	  PROVISIONS	  

	  

B. 	  	  

It	   should	   be	   noted	   that	   the	   SMC	   laboratory	   intercalibration	   studies	   have	   not	   included	   all	   tests	  

required	  in	  the	  Tentative	  Order.	  
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Statement before the Los Angeles  

Regional Water Quality Control Board 

NPDES Permit Workshop ‐ November 10, 2011 

By  

Steve Myrter, Director of Public Works 

City of Signal Hill  

 

The U.S. EPA recently adopted principals for the restoration of the nation’s 
urban water bodies  in  the Urban Waters  Federal Partnership program.   A  core 
guiding  principle  of  EPA  is  to  “be  open  and  honest,  and  listening  to  the 
communities…recognize  their  values  and  seek  to  understand  environmental 
issues through their eyes.  We will work from the bottom up rather than taking 
a  top  down,  one‐size‐fits‐all  approach.”  The  Regional  Board  is  being  asked  by 
your  staff  to only  issue a  region wide MS4 permit and  to deny  the Los Angeles 
County Flood Control District, the Cities of Downey, Long Beach and Signal Hill, in 
other words, the agencies who filed separate ROWD’s, their own applications for 
individual NPDES permits under the law.   We urge you to reject this one‐size‐fits‐
all approach of your staff and embrace EPA’s guiding principles. 

 Signal  Hill’s  request  for  our  individual  permit  is  an  opportunity  for  the 
Board to work with a small community that is taking seriously its responsibility to 
improve  our  local  water  quality  and  to  address  the  unique  circumstances 
confronting our community.   Other cities have chosen to group together for their 
own  reasons and we  respect  their decisions.   We have chosen  to apply  for our 
individual MS4 permit for equally valid reasons and would hope that our decision 
is respected as well.          

In  June of 2006,  Signal Hill  submitted  an  individual ROWD/NPDES Permit 
application  for  permit  coverage  only  for  our  respective  jurisdiction.    Our 
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application  explained  how  Signal  Hill  is  located  in  the  geographic middle  and 
completely surrounded by the City of Long Beach on all sides.  Runoff originates in 
the upland portions of Signal Hill and  flows directly  into the City of Long Beach, 
where our City is proposing to install water quality monitoring stations in order to 
characterize our  runoff.    It  is  important  to note  that  the Board has  issued  two 
individual NPDES permits  to  the City of  Long Beach beginning  in 1999 and  that 
your staff is recommending issuing a third permit to the City of Long Beach. 

In  response  to  our  June  2006  ROWD  application,  Regional  Board  staff 
concluded  in  their  July  12,  2006  letter  that  our  ROWD/Permit  application was 
“incomplete.”   Nowhere  in the  letter did the Executive Officer ever  indicate that 
the  Regional  Board  would  refuse  to  issue  an  individual  permit  to  Signal  Hill.  
Instead,  the  Regional  Board  staff  indicated  the  opposite,  that  the  City  was 
“proposing  some  positive  changes”  to  our  NPDES  Permit,  and  that  the  Board 
Staff  looked  “forward  to working out  these details with  your  Staff during  the 
MS4 Permit Reapplication Process.”  (see the July 12, 2006 letter) 

The City responded  in a timely manner on September 12, 2006 to each of 
the points raised  in  the Executive Officer’s  July 12th  letter as  to why Signal Hill’s 
ROWD was consistent with the requirements of  federal  law and why the ROWD 
satisfied  the  requirements  of  federal  regulations,  including  EPA’s  Interpretative 
Policy Memorandum.   Signal Hill’s  letter concluded that the City  looked  forward 
to working with the Executive Officer to address all relevant issues necessary and 
looked forward to the issuance of the NPDES Permit for the City of Signal Hill. 

Unfortunately, Signal Hill’s  letter was not  responded  to over  the past  five 
years. During  this  time,  the City of Signal Hill has moved  forward  to  implement 
new  programs  designed  to  insure  compliance  with  our  application  for  our 
individual NPDES Permit.  Signal Hill has worked hard to implement our individual 
waste load allocation assigned by the Regional Board under the Los Angeles River 
Trash TMDL.  We are pleased to report that our City is ahead of schedule at a 94% 
trash reduction rate, while the TMDL requires a 60% reduction rate this year.   

Oil  was  discovered  in  Signal  Hill  in  1924  and  this  discovery  ushered  in 
several  decades  of  heavy  industry,  including well  drilling, with  oil  sumps,  tank 
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farms  and  refining.    These  industries  have  left  Signal Hill with  a  legacy  of  soil 
contamination and over 1,700 abandoned oil wells,  including numerous  leaking 
wells.    Signal  Hill  formed  its  redevelopment  agency  in  1978  with  the  express 
intent of  remediating  these environmentally distressed properties.    Since 1989, 
the Agency has re‐abandoned over 92 wells and invested over $15 million into soil 
remediation,  ground water  clean‐up  and  oil well  abandonment  projects.   Over 
one million barrels of oil are pumped annually in Signal Hill, creating unique issues 
for  our  community  and  the  need  for  an  individually  tailored  storm  water 
programs.  The City’s historical legacy also dictates the need for an individual MS4 
permit,  in  order  to  better  tailor  storm water  programs  for  Signal Hill’s  unique 
industrial history and existing industries.     

This unique industrial heritage and the problems associated with the City’s 
petroleum and other heavy  industries,  led Signal Hill to apply  for and receive  its 
own  stand‐alone  County  Sanitation  District.    Although  the  Los  Angeles  County 
Sanitation Districts functions as a county‐wide system for 77 municipalities, Signal 
Hill’s  Sanitation  District  #29  is  a  stand‐alone  entity,  with  its  own  board  of 
directors, maintenance staff, budget, permits and fee structure.   The application 
for our individual MS4 Permit  is an example of the planning for that  is necessary 
for the unique problems that confront our community.    

Our  City  Council  directed  City  staff  to  move  ahead  on  a  Storm  Water 
Quality Master Plan, which will be a comprehensive plan for water quality in our 
community. Signal Hill has worked hard  to  improve water quality,  including  the 
installation  of  CDS  units  and  14  trash  nets  in  the  Hamilton  Bowl.   We  have 
installed  full  capture devices  in  the majority of our 174  catch basins  that drain 
into  the  Los  Angeles  River.    We  have  also  implemented  SUSMP  and  LID 
requirements on dozens of developments,  including  state of  the  art  infiltration 
devices  on  a  concrete‐batch‐plant, which was  recently  studied  by  the National 
Academy  of  Sciences.   We  have moved  forward  implementing  new  programs, 
including  additional  inspections  and  have  budgeted  for  the  installation  of  two 
auto sampler monitoring stations this next year.  The City is also designing a dry‐
weather diversion in order to address dry‐weather requirements for the LA River 
Metals and Bacteria TMDL. 
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Issuing an individual permit to Signal Hill will not open up the flood gates to 
88 ROWD’s as  suggested by your  staff.   Signal Hill’s  runoff  is not  co‐mingled  in 
some larger MS4 system.  Issuing an individual NPDES Permit does not mean that 
the  City  of  Signal  Hill  will  halt  its  participation  in  important  watershed  and 
regional efforts to address water quality.  Our City Manager has taken the lead in 
coordinating  the  40  cities,  Los  Angeles  County  and  Caltrans  to  complete  the 
Special Studies on the Los Angeles River Metals TMDL.  These special studies are 
now  into  their  second of  three planned  study years, with a  total  investment of 
$2.1 million from the 42 public agencies.  We participated in the organization and 
administration  of  the  coordinated  monitoring  plan  and  we  participate  the 
County’s public education program. 

Signal Hill is also leading a seven member group of cities in developing the 
Implementation Plan for the Los Cerritos Channel Metals TMDL, a TMDL adopted 
by  the U.S. EPA  in 2010.      In addition, we are also participating  in  Jurisdictional 
Group One Group  for  the  LA River Metals TMDL. Your  staff  is  involved  in all of 
these efforts. Your staff, as well as our neighboring cities, can attest  that Signal 
Hill’s  is not only  a willing participant  in  group planning  efforts, but  a  leader of 
regional and sub‐regional efforts to improve water quality.   

  The  LAR Metals  TMDL was  adopted  by  the  Regional  Board  in  2006  and 
assigned  group  waste  load  allocations  to  the  Jurisdictional  Groups.    We 
commented to the Regional Board at the time that this requirement would have 
unintended consequences and would essentially make one city (or a small subset 
of  cities)  responsible  for  all  of  the  cities  in  their  Jurisdictional  Group.  This 
implementation  scheme,  combined  with  the  current  permit’s  requirement  of 
“Joint and Several  Liability,”  resulted  in Signal Hill  rethinking  its participation  in 
the larger system‐wide permit.   

The Regional Board  staff has  cited  in  the past what  they believe  are  the 
relevant sections of the federal codes to argue that the Board has the discretion 
as  the  permitting  authority  to  determine whether  to  issue  the  system‐wide  or 
jurisdiction‐wide permit.   This assertion  is  incorrect, since  it  is clear from a plain 
reading  of  the  federal  codes  that  cities  have  the  express  ability  to  submit 
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individual applications  in conjunction with other MS4 operators, or alternatively, 
submit for a “distinct permit application which only covers discharges from the” 
individual city system in question.  

40 CFR Section 122.26(a)(5) reads as follows: 

(iii)  The  operator  of  a  discharge  from  a municipal  separate  storm  sewer 
which is part of a large or medium municipal separate storm sewer system 
must: 

(A)  Participate  in  a  permit  application  (to  be  a  permittee  or  to  be  co‐
permittee) with one or more other operators of discharges  from  the 
large or medium municipal storm sewer system which covers all, or a 
portion  of  all,  discharges  from  the municipal  separate  storm  sewer 
system; (or) 

(B) Submit a distinct permit application which only covers discharges from 
the  municipal  separate  storm  sewers  for  which  the  operator  is 
responsible. 

Further, the federal codes make it clear that a city has the right to apply for 
and obtain their own individual NPDES Permit under Sections 122.26 and 122.333.  
The  individual permit  is a “distinct permit application which only the discharges 
from  the  municipal  storm  water  sewers  for  which  the  operator  was 
responsible.”  (Section 122.26(a)(3)(iii)(B).     The  federal codes are also clear  that 
small  cities, with  populations  of  under  50,000  residents,  have  the  right  to  be 
included in a system‐wide permit, if they so choose. (Section 122.333)   

We  understand  that  the  Regional  Board  intends  to  incorporate  numeric 
limits from the various TMDLs into the upcoming permit.  The Regional Board also 
intends  to hold cities  responsible  for exceedances  to water quality  standards  in 
permit language.  We believe that these policies and permit language will result in 
a watershed of litigation and enforcement activity in the 2012 permit.      

The Regional Board’s joint and several liability permit language has already 
led to litigation in the region under the 2001 permit.  For example, the NRDC and 
the Baykeeper are suing the County of Los Angeles for violations to water quality 
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standards on the Los Angeles and San Gabriel Rivers based on monitoring station 
data. The County in turn has requested tolling agreements from 50 cities that are 
located  upstream  from  the monitoring  stations.    The  tolling  agreements  only 
place future County vs. Cities litigation in abeyance until the final outcome of this 
litigation.   We believe  this  is  the beginning of  the “watershed of  litigation”  that 
many foresaw, where private parties are suing the cities and county, the county is 
suing the cities, and cities are suing other cities.    

The  Regional  Board’s  policies  have  raised  the  issue  of  what  approach 
should  local  governments  follow  in  achieving  compliance  with  water  quality 
standards and permit requirements.  Signal Hill does not choose to be included in 
the  system‐wide  permit  for  a  variety  of  reason,  including  the  unfair  grouped 
waste  load  allocations,  the  Regional  Board’s  policy  of  holding  one  City 
accountable  for all Cities  (the  Joint and Several Liability  language  in  the permit) 
and  the proposed  incorporation of numeric  limits  from  the  various  TMDLs  into 
the upcoming permit, enforced by the receiving waters limitations requirement.   

Signal Hill believes that we must monitor and characterize our stormwater 
and  urban  runoff  in  order  to  design  programs  that  address  our  particular 
impairments.    The  “one‐size  fits  all”  approach  of  a  system‐wide  permit  breaks 
apart as  it cannot adequately address the  individual circumstances of Signal Hill.  
The characteristics of water quality vary based the mix of  industrial, commercial 
and residential uses  in our community, history of brownfield contamination, our 
proximity to major sources of airborne pollutants, the existing effort of our city to 
regulate runoff and the availability of storm water infrastructure to address water 
pollution, as well as other factors unique to Signal Hill.     

Like the County of Los Angeles, which has applied to withdraw  from their 
2006 ROWD and now seeks an individual MS4 permit for the Los Angeles County 
Flood Control District, Signal Hill looks forward to working with you and the Flood 
Control District  in  a  collaborative  process  during  the  upcoming  Permit  renewal 
process.   Signal Hill  looks  forward  to working with both  the Regional Board and 
the  City  of  Long  Beach  in  designing  and  implementing  our  individual  NPDES 
Permit.  
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Statement before the Los Angeles 
Regional Water Quality Control Board 

June 7, 2012 Board Meeting 
By 

Steve Myrter, Director of Public Works 
City of Signal Hill 

 
 

City of Signal Hill’s Storm Water Quality Program Overview 
 
 

City’s Unique Geographic Characteristics  
 
The City of Signal Hill (City) is a small community, 2.1 square miles in size, with a 
current population of 11,072.  Our City is located is located in the geographic middle of, 
and completely surrounded by, the City of Long Beach.  The Newport-Inglewood fault 
created the City’s unique hillside profile with elevation ranges from 25 feet to 360 feet 
(mean sea level).  As a result, surface runoff originates in the upland portions of the City 
and flow directly into the City of Long Beach.  The north slope runoff flows into the Los 
Cerritos Watershed and the south slope runoff flows in the Los Angeles River Water 
Shed.  The City is served by two unique flood control facilities; the Hamilton Bowl and 
the California Bowl.  These two storm water retention facilities control major portions of 
the City’s drainage and provide unique opportunities for urban-runoff capture, treatment, 
infiltration, and monitoring. 
 
Oil was discovered in the City in 1921 and this discovery ushered in several decades of 
heavy industry, including well drilling with oil sumps, tank farms, and refining.  These 
industries have left the City with a legacy of soil contamination and over 1,700 
abandoned oil wells, including numerous leaking wells.  The City formed its 
redevelopment agency in 1978 with the express intent of remediating these 
environmentally distressed properties.  Since 1989, the Agency has invested over $15 
million into soil remediation, ground water clean-up and oil well abandonment projects.  
Oil operations within our City continue to this day with over 1 million barrels pumped 
annually.   
 
The City’s unique industrial heritage and the problems associated with petroleum and 
other heavy industries, led the City to apply for and receive its own stand-alone County 
Sanitation District.  Although the Los Angeles County Sanitation Districts function as a 
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county-wide system for 77 municipalities, Signal Hill’s District 29 is a stand-alone entity 
that includes all parcels in the community.  The Signal Hill City Council serves as the 
Board of Directors.  District 29 has its own maintenance staff, budget, permits, and fee 
structure.  This stand-alone district provides Signal Hill with the ability to construct dry-
weather division facilities to deal with urban runoff issues. 
 
In summary it is this unique geographic and industrial heritage that the City’s Storm 
Water Quality Program has been designed to address.  
 
IMPLEMENTATION OF MS4 AND TMDL REQUIREMENTS 
 
• Land Development Program: 

The Land Development Program is an important element of the City’s Storm Water 
Program.  Low Impact Development (LID) BMPs, to include infiltration, bioretention 
and biofiltration have been implemented for new development and redevelopment 
projects. Verification inspections are conducted for every site during and prior to 
completion of construction to ensure that the approved LID BMPs have been 
correctly installed.  The City began implementing LID type projects in 2004 with the 
Las Brisas Affordable Housing Project, well before the current proposals by the 
Regional Board.  In addition, yearly inspections are conducted at each site to ensure 
the LID BMPs are being maintained and continuing to function at their optimum 
level.  
 
Land Development sites noted in the presentation: Las Brisas Affordable Housing 
(approved 2004), A&A Concrete (approved 2007), Fresh & Easy (approved 2009), 
Jack in the Box (approved 2009), Palm Business Park (approved 2009), US Bank 
(approved 2009), Fresh & Easy (approved 2010). 
 

 
• Industrial/Commercial Facilities Program: 

Although the two cycles of industrial/commercial inspections required by the 3rd term 
MS4 permit have been completed, the City uses its existing Industrial Waste 
Discharge (IWD) Control Program to continue an active storm water compliance 
inspection program.  Over 100 commercial/industrial facilities have IWD Permits, 
and one permit provision is regular inspections ranging from one to six times each 
year.  These inspections are used as an opportunity to ensure storm water 
compliance.  Consequently, over 200 storm water compliance inspections are 
conducted each year.  Many of the illicit discharges investigated in the City (and 
subsequently eliminated) are first detected during routine IWD permit/storm water 
inspections. 

 
• Los Angeles River Trash TMDL: 

The Los Angeles River TMDL is but one of a number of TMDLs that Signal Hill is 
required to implement.  Currently the other TMDLs include the Los Angeles River 
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Metals TMDL, the Los Angeles River Bacteria TMDL, the Los Angeles River Estuary 
Bacteria TMDL, the Harbor Toxics TMDL, and the Los Cerritos Channel Metals 
TMDL.  
 

• Hamilton Bowl Storm Water Detention Basin: 
The Hamilton Bowl Storm Water Detention Basin is a 15 acre flood control facility 
that is owned and operated by the Los Angeles Flood Control District.  
Approximately half of the City’s storm water runoff flows to this facility where it is 
retained and ultimately discharged into the Los Angeles River.    
 
When the Regional Board adopted the Trash TMDL in 2001, there were very few 
trash catching devices in existence.  The only Board-approved devices at the time 
were large and expensive concrete vault systems known as continuous deflector 
systems (CDS).  Signal Hill felt it was important to move forward on design and 
testing of a cost-effective trash capture technologies.  Accordingly, Signal Hill 
worked closely with the City of Long Beach and Los Angeles County to develop the 
Hamilton Bowl Trash Capture System Project with the objective of evaluating the 
effectiveness of various devices designed to remove trash and debris from urban 
runoff.   
 
Signal Hill submitted a grant application to fund the Hamilton Bowl Project in May 
2002.  The Project ultimately received grant funds with construction being completed 
in 2006. Since 2007 a total of 27 tons have trash has been removed for the urban 
water runoff that flows into the Hamilton Bowl. 

 
• Catch Basin Trash Capture Devices: 

Through the Los Angeles Regional Integrated Regional Water Management 
Authority, the City received a grant to install trash screens on 175 storm water catch 
basin located within the Los Angeles River watershed.  The installation of these 
screens was completed in August 2011, and has proven to be highly effective in 
preventing trash and debris from entering the storm drain system. 

 
• City Bus Stop Cleaning Program 

The City funds a bus stop cleaning program which utilizes the Long Beach 
Conservation Core to clean over 60 individual City bus stops on a weekly basis. 

 
• Street Sweeping Program 

The City funds and utilizes a street sweeping contactor to ensure that City streets 
are cleaning on a weekly basis. 

 
• City Alley Cleaning Program: 

The City funds an alley cleaning program which has proven to be highly effective in 
eliminating trash and debris from finding its way into our street drainage gutters.  
This program was initially implemented over 20 years ago.  
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• City’s Used Oil Recycling Program: 

The City’s recycling program includes encouraging the recycling of used oil and 
used oil filters.  In addition to the City Yard, the City has two additional locations that 
accept used oil and used oil filters for recycling from City residents.  The City also 
encourages the recycling of used oil, used oil filters, and other hazardous household 
waste (HHW) such as electronic waste, by promoting the various Round Up events 
throughout the Los Angeles County area via City Council announcements and 
information on the City’s webpage. 

 
 
Illicit Connections/Illicit Discharge (IC/ID) Elimination Program 
 
The IC/ID Elimination Program is a highly active element of the City’s Storm Water 
Program.  This is due to the multiple avenues available in detecting IC/IDs, which 
include 1) the inspection process described above, 2) inspector reconnaissance while 
traversing the City, 3) referrals from Public Works field staff, and 4) referrals from the 
public, business community, and other agencies.  The Public Works field staff is trained 
annually in IC/ID detection and elimination (in addition to Public Agency BMP training). 
Their participation in detection is particularly helpful, due to their daily outdoor presence 
throughout the City.  
 
Once detected, IC/IDs are eliminated through an investigative process by the City’s 
storm water inspector.  If violations are observed during any investigation, a Notice of 
Violation (NOV) is issued to the Responsible Party (RP) and a timeline is given for 
compliance.  The timeline can be immediate (e.g. an ongoing discharge to the MS4) or 
within one to two weeks (e.g. outdoor storage that requires proper containment).  
Follow-up inspections are conducted regularly until the RP has achieved full 
compliance.  Second and third NOVs are issued if violations persist.  However, due to 
the inspector’s role in educating and assisting the RP in their path to compliance, 
continued noncompliance is rarely an issue. 
 
The City’s IWD Control Program also aids the IC/ID Program.  In cases of illicit 
discharges involving waste water when the RP wishes to continue discharging, the RP 
is required to obtain an IWD Permit.  The permit then requires the discharge to be 
directed into the sanitary sewer system (with proper pretreatment).  The IWD program 
also promotes the prevention of IC/IDs, by requiring proper sanitary sewer connections 
for any new businesses that plan to discharge waste water. 
 
IC/ID investigations noted in the presentation: 12/27/2011 – 2420 E 28th St, Rocco’s 
Deli Italiano, 9/20/2011 – 2508 N Palm Dr #200, Lalonde Equipment Rental, 4/5/2011 – 
2501 Orange Ave, Power Trip Rentals, 1/18/2011 – 1800 E Spring St, Hooman Nissan. 
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Public Information and Participation (PIP) Program 
 
In addition to the requirements of the 3rd term MS4 permit, the City incorporates 
additional efforts in its PIP Program.  This includes nontraditional advertising, such as 
providing educational materials at distributional “point-of-purchase” (POP) locations. 
POP locations include retailers in the automotive, nursery, pool maintenance, and 
hardware businesses.  The City’s PIP Program also partners with the Used Oil 
Recycling Program, which was used recently to develop an advertisement (“Celebrate 
Earth Day Everyday”) that was published in the local newspaper.  The ongoing Mayor's 
Cleanup Campaign is conducted throughout the year and the event information is 
advertised on the local newspaper.  The City has also provided outreach materials and 
interactive presentations at a variety of community events, such as “National Night Out”, 
the “Family Festival”, libraries, and schools.  
 
REGIONAL LEADERSHIP IN STORM WATER QUALITY 
 
The City has demonstrated regional leadership by strongly implementing and enforcing 
the MS4 permit.  The City took a leadership role in the organization of 40 cities, Los 
Angeles County, and Caltrans in the Los Angeles River Watershed to address the Los 
Angeles River Metals TMDLs.  Although not all cities agreed to support special studies 
related to the Los Angeles River Metals TMDLs, Signal Hill ultimately convinced 35 of 
the cities, the County, and Caltrans to fund critical special studies. 
 
The City led in the organization of Jurisdictional Group 1 for the Los Angeles River 
Metals TMDLs and accommodated the withdrawal of the City of Los Angeles and the 
County of Los Angeles by organizing the cities pursuant to MOAs with the Gateway 
Council of Governments.  Also, the City of Signal Hill organized cities within the Los 
Cerritos Channel Watershed to work with the EPA through MOAs with the Gateway 
Authority JPA and to work with the Regional Board on an Implementation Plan. 
 
The City has had a long, productive working relationship with the City of Long Beach, 
since our drainage flows through this community.  We will continue to work with the City 
of Long Beach, which was granted a separate permit in 1992.  The Cities of Long Beach 
and Signal Hill will need to work together on the implementation of the Los Angeles 
River Bacteria TMDL, the Los Angeles River Estuary TMDL, and the Harbor Toxics 
TMDL.  The City of Long Beach and the City of Signal Hill are currently working together 
on the Los Cerritos Channel Metals TMDL. 
 

PROPOSED FY 2012-13 ENVIRONMENTAL PROGRAMS BUDGET 
 
The City allocated a total of $650,510 out of the General Fund and an additional 
$466,000 out of the RDA Fund in this fiscal year to achieve compliance with mandated 
NPDES/TMDL storm water quality programs.  Staff estimates the total cost to the City to 
maintain compliance with these programs in FY 2012-13 at approximately $870,000 or 
a City resident per capita cost of $78. 
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Stormwater Quality Program 

City of Signal Hill 
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Presentation Outline 

• Storm water quality program addresses 
Signal Hill’s unique characteristics 

• Proactive implementation of MS4 and 
TMDL requirements 

• Regional leadership in addressing storm 
water quality 

• City’s FY 2012-13 proposed Environmental 
Programs budget 
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Signal Hill’s Unique Geographic Characteristics  

• Population of 11,072 

•2.1 square miles in size 

•Surrounded by City of Long Beach 

•Unique geology due to 
  Newport Inglewood Fault 

•Surface drainage to 2 
  Watersheds 

•85 years of oil 
  exploration/production 

•Oil production continues with over 
  1 million barrels pumped annually 
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Signal Hill’s Unique Geographic Characteristics  

• LA County Sanitation  
  Districts is a county-wide 
  system that serves 77  
  municipalities 

• LACSD services Signal Hill 
   as a stand alone District 
  District No. 29 

•District Boundary that of 
  City Boundary 

LACSD Boundary Map 
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Signal Hill City 
 Boundary 

City Topography Map 
City elevation range: 25 ft to 367 ft 

NORTH 

Hamilton Bowl Storm Water 
Retention Facility 

California Bowl Storm Water 
Retention Facility 
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Hamilton Bowl Storm Water Retention Facility 
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LA River Watershed 

Los Cerritos Channel Watershed 

Signal Hill City Boundary  
Hamilton Bowl Storm  
Water Retention Facility 

Newport-Inglewood 
Fault  

City Surface Water Drainage / Watersheds  

Signal Hill’s Unique Geographic Characteristics  
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City’s Oil Production Legacy 

Late 1920’s 

• Discovery of oil in 1921 ushered in several decades of heavy industry, 
including oil well drilling, oil sumps, pipeline construction, tank farms 
and refineries 

• Oil fields covers 75% of the community 

• Decades of oil production left a legacy of soil contamination, 1,700 
abandoned wells, including numerous leaking wells 
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• Redevelopment Agency formed in 1974 to deal with oil production legacy issues 

• Since 1989 the Agency has invested $15 million in soil remediation, ground water clean-up and 
 92 well re-abandonments 

• Over 600 active and reserve wells; 1 million barrels of production annually 

 

Current Oil Production  

City’s Oil Production Legacy 
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Proactive Implementation of MS4 and TMDL 
Requirements 

 

City of Signal Hill 
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Stormwater Treatment  
Residential 

Infiltration System 

Las Brisas Affordable Housing 

California St, 2004 
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Infiltration Basin Perimeter Infiltration Trench  

   

Stormwater Treatment  
Industrial 

A&A Concrete – Patterson St, 2007 
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Stormwater Treatment  
Commercial 

Underground infiltration system     
  

Fresh & Easy - Cherry Ave, 2009 
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Stormwater Treatment  
Commercial 

Bioinfiltration Basin 

Jack in the Box – Spring St, 2009 
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Stormwater Treatment  
Commercial 

      Proprietary Biotreatment 

2nd 
System 

Palm Business Park – 2445 N. Palm Drive, 2009  
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Stormwater Treatment  
Commercial 

Infiltration Basin 

Finished Construction 

US Bank – Cherry Ave, 2009 
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Stormwater Treatment  
Commercial 

For Scale 
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Stormwater Treatment  
Commercial 

Bioinfiltration Planter 

Fresh & Easy - Lime Ave, 2010 
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Stormwater Treatment  
Construction 

Sediment Controls      Orizaba Ave 
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Stormwater Treatment  
Construction 

Sediment Controls     California Ave 
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Stormwater Treatment   
Trash Capture 

Hamilton Bowl 

• Signal Hill led an effort in the design and testing of a cost-
effective trash capture technologies 

• Working closely with the Long Beach and Los Angeles County 
Signal Hill obtained a grant for  development of a trash capture 
system  for the Hamilton Bowl 

• Since 2007 a total of 27 tons of trash has been removed from 
the urban water runoff flows. 
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City’s Alley Cleaning Program 

• 20-year program 

•Performed monthly by 
  Public Works staff 
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Bus Stop Cleaning Program 

• Contract with Conservation 
  Corps of Long Beach – weekly 
  cleaning of 60 bus stop 
  locations 

• Contract with Shelter Clean 
  Services – weekly cleaning of 
  18 bus stop shelters  

RB-AR17607



Street Sweeping Program 
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Stormwater Treatment      
Trash Capture 

Automatic Retractable Screens Connector Pipe Screens 
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Used Oil / Haz-waste Collection 

• City Residents, Businesses, 
  and Contractors may drop off 
  used oil and other house  
  hold hazardous waste 
  material directly to the 
  City’s corporation yard. 

•City staff ensures materials 
  are properly disposed off. 
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EDCO Recycling and Transfer Station 

• Recyclables 

•Green Waste 

•Construction Debris 

•E-Waste 

•Household Hazardous  
  Waste 

•Residential/commercial 
  Refuse 
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Stormwater Inspections 

Illicit Connection/Discharge Elimination 

City of Signal Hill 
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Stormwater Inspections 

Stormwater inspectors conduct over 200 inspections annually 

Examples of noncompliance issues at industrial/commercial facilities, detected 
(and abated) due to the City’s continued inspection activities 
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Active and Continuing IC/ID 
Program 

NOV Issued [12-2011] E. 28th St 
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Active and Continuing IC/ID 
Program 

NOV Issued [9-2011] N. Palm Dr 

RB-AR17615



Active and Continuing IC/ID 
Program 

NOV Issued [4-2011] Cerritos Ave 
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Active and Continuing IC/ID 
Program 

NOV Issued [1-2011] Spring St 
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Point of Purchase (POP)  
Outreach 

General stormwater educational pamphlet displayed at front counters of local 
automotive shop and retail landscaping establishment 

RB-AR17618



General Public Outreach 

Annual bi-lingual outreach to residents regarding 
“First Flush” via utility bill insert 

Participate in community events offering 
interactive stormwater pollution prevention 

presentations 

RB-AR17619



Signal Hill has demonstrated regional leadership by strongly  
    implementing and enforcing the MS4 permit. 
  
The City also demonstrated regional leadership by organizing the  
    County, Caltrans, and the 40 cities in the Los Angeles River  
    Watershed to address the Los Angeles River Metals TMDLs. 
  
Although not all cities agreed to support special studies related to  
    the LA River Metals TMDLs, Signal Hill ultimately convinced 35 cities, 
    the County, and Caltrans to fund critical special studies. 
  

Regional Leader Addressing Storm Water 
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  Signal Hill organized Jurisdictional Group 1 for the Los Angeles 
    River Metals TMDLs and accommodated the withdrawal 
    of the City of Los Angeles and the County of Los Angeles by  
    reorganizing the Cities pursuant to MOAs with the Gateway COG. 

 The City also organized the cities within the Los Cerritos Channel  
    Watershed to work with EPA through MOAs with the Gateway  
     Authority and to work with the Regional Board on an 
     Implementation Plan. 

The City maintains a strong  partnership with the City of Long Beach  

 

 

Regional Leader Addressing Storm Water 
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City of Signal Hill 

Proposed Environmental Programs 
Budget – Fiscal Year 2012-13 
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Acct. 

No. 
Budget Item Description 

 

Proposed FY 12/13 

Budget 

Comments 

510 Personnel $  63,010 

309 Trash Reduction TMDL $  74,575 Storm Water Runoff Trash Capture  

347 

 

Annual MS4 Permit Fee $    5,000 Public outreach required per the MS4 

Permit 

355 Legal Services $  50,000 

356 Storm Water Quality Contract Services & 

Technical Studies 

$427,000 Includes expenditures required for special 

studies for  newly implemented and 

proposed TMDL’s 

372 Restaurant /Industrial Waste Inspections $  44,000 Cost offset by fees 

376 Street Sweeping $150,400 

Bus Shelter Cleaning $  31,000 Cost offset by Proposition A 

440 Recycling and Haz-Waste $  24,250 

Proposed FY  12-13 NPDES Budget: $869,235 

Proposed  Environmental Program Budget - FY 2013 
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Water Quality Technical Studies Budget 
Sub-Acct. 

No. 
Item Description Budget 

FY 12/13 
Comments 

356.1 Current Storm Water Permit Administration $  48,000 On-going annual Expenses 

356.2 New Storm Water Permit Implementation $120,000 Includes Additional Monitoring & 

LID Ordinance Development 

356.3 LA River Metals TMDL  $  22,000 Studies & Implementation Plan 

356.4 LA River Bacteria TMDL $  15,000 Studies & Implementation Plan 

356.5 LA River Estuary Bacteria TMDL 

 

$  20,000 Studies & Implementation Plan 

356.6 LA Harbor Toxics TMDL $  20,000 Studies & Implementation Plan 

356.7 Los Cerritos Channel Metals TMDL $  17,000 Studies & Implementation Plan 

357.8 Hamilton Bowl Low Flow Diversion  $  30,000 Preliminary Engineering Phase 

357.9 Water Quality Master Plan $135,000 Phase 1 & 2 

Total Contracts & Technical Studies = $427,000 
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FY 12/13 Budget Summary 

• Final FY 2011-12 Environmental Program 
expenditures projected at $659,000 

• Proposed FY 2012-13 Environmental 
Program expenditures of $870,000 

• Per capita cost of $78 
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City of Signal Hill 

Thank You! 
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Rank “A” - High priority comments of particular concern to the south Santa Monica Bay beach cities: 

 Redondo Beach, Manhattan Beach, Hermosa Beach, Torrance 
Rank “B” - High priority comments generally applicable to most Permittees 
Rank “C” - Administrative issues that need to be resolved 
 
Rank Permit section 

reference 
Pages  Comment  Recommended change 

A Attachment E, 
IV.C.7 

E-8 Both the current permit monitoring program (CI-
6948) and the SMBBB TMDL Coordinated 
Shoreline Monitoring Plan (CSMP) are being 
incorporated into the new permit.  The CI-6948 
shoreline monitoring requirements, Section II.D – 
page T-11, is redundant to the CSMP.  All stations 
monitored in the CI-6948 are also monitored in the 
CSMP.  Furthermore, the SMBBB TMDL specifies 
that the agencies are to select sampling frequency 
and the CSMP states that the agencies have 
selected weekly sampling frequency.  However, CI-
6948 requires several stations to be monitored up 
to 5 days per week and with the addition of the 
CSMP additional stations will be monitored two 
days per week. 
 
This places sites that are currently being monitored 
weekly at a higher potential for non-compliance with 
the permit because the SMBBB TMDL limitations is 
zero during the summer dry weather compliance 
period. 
 
Paragraph II.D.b of the CI-6948 shoreline 
monitoring section specifies that the sampling 
frequency at 28th Street (DHS 113), also SMB-5-2, 
and Herondo storm drain (DHS 115), also SMB-6-1, 
be increased to 5 time per week.  Paragraph II.D.e) 
states that monitoring sites are to be monitored 5 

The shoreline monitoring 
provisions of CI-6948 should be 
removed from the new permit 
monitoring program.  At a 
minimum paragraph D.1.b should 
be removed and paragraph 
D.1.e.1 should be modified to 
remove stations S13 (SMB-5-1), 
S14 (SMB-5-3) S15 (SMB-5-5), 
S17 (SMB-6-5) and S18 (SMB-6-
6). 
 
 
The following is proposed wording 
modification to Attachment E, 
Section IV.C.7: 
 
“7. Monitoring requirements 
pursuant to Order No. 01-182, 
except Section D.1.b is removed 
and Section D.1.e.1 is modified to 
removed sites S13, S14, S15, 
S17 and S18 of the Monitoring 
and Reporting Program - CI-6948, 
shall remain in effect until the 
Executive Officer of the Regional 
Water Board approves a 
Permittee(s) IMP and/or CIMP 
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Rank Permit section 
reference 

Pages  Comment  Recommended change 

days per week if the historical water quality is worse 
than the reference beach.  However, no evidence 
was presented to the responsible agencies that this 
was the case for the SMB-5-2 or 6-1. 
 
An evaluation of historical data however was 
presented by the Regional Board Staff Report for 
the reconsideration of the SMBBB TMDL dated May 
2012.  Further evaluation of this data shows that 
SMB-5-2 and SMB-6-1 should not be subject to the 
increase frequency for the following reasons: 
• Of the 67 stations being monitored as part of 
the CSMP SMB-5-2 and 6-1 are ranked 57 and 43 
respectively in the percent of exceedances during 
the summer dry weather period. 
• 37 stations being monitored only weekly or 
two days per week had a higher summer-dry 
weather exceedance percentage then SMB-6-1. 
• The Reference Beach monitoring station 
(SMB-1-1) had a summer dry weather period 
exceedance percentage of 10.2% versus 6.9 % and 
3.2% for SMB-5-2 and 6-1 respectively. 
• The Reference Beach monitoring station 
(SMB-1-1) had an average year-round exceedance 
percentage of 12.1% versus 14.6% and 11.4% for 
SMB-5-2 and 6-1 respectively.  Although SMB 5-2 
exceedance rate is higher than the Reference 
Beach monitoring station based on year round 
results, it is lower during the critical summer-dry 
weather period. 
• Of the 8 stations being monitored five days 
per week SMB-6-1 and 5-2 have the lowest 
summer dry weather period exceedance 
percentage (top 6 ranged from 40.9% to 8.5% 

plan(s). 
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compared to 6.9% and 3.2% for SMB-5-2 and 6-1). 
 
See Exhibit A for analysis of Regional Board Staff 
Report data. 
 
In addition the inclusion of both the CI-6948 
shoreline monitoring program and CSMP into the 
permit will result in 5 (SMB-5-1, 5-3, 5-5, 6-5, and 6-
6) of the other 9 monitoring stations in SMBBB 
TMDL Jurisdictional Groups 5 and 6 being 
monitored 2 days per week which is not the case for 
any of the other CSMP stations.    
 

A Attachment E Multiple The rain gages to be used for determining a wet 
versus dry weather day should be selected by the 
agencies and approved by the Regional Board.  
Since monitoring plans will be on a regional basis 
the use of 50% of County rain gages in a watershed 
may not be necessary.  Plus predictions do not 
necessary use County rain gages. 

 

A III.A.4.d.iii-iv 31 For municipalities to “provide for diversion of non-
storm water discharge to the sanitary sewer” is not 
appropriate and implies that the MS4 permittee 
should bear the cost and responsibility for 
complying with this requirement. The appropriate 
responsible party is the discharger.   
 
Similarly for municipalities to “provide for treatment” 
of a non-storm water discharge is inappropriate use 
of public funds unless it is a discharge generated by 
the activity of the MS4 Permittee.  Instead the 
discharger must be required to obtain a permit and 
connect the discharge to the sanitary sewer, or to 
treat the discharge, but that would fall under 

Strike provision III.A.4.d.iii.  
Strike provision III.A.4.d.iv.   
 
Split III.A.4.d into three possible 
actions:  

i.  Prohibit the non-
stormwater discharge 
or 

ii. Require that the 
discharger obtain 
coverage under an 
NPDES permit 

iii. Impose conditions in 
addition to those in 
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“impose additional conditions” 
 
More appropriately, the actions of the permittee with 
regards to dischargers can be captured by 
“imposing conditions in addition to those in Table 8, 
subject to approval by the Regional Board..” 

Table 8… 

A V. 37-38 Receiving Water Limitations provisions in this draft 
tentative Permit must be amended.  As written, a 
Permittee can be deemed in violation of the permit, 
and vulnerable to costly citizen suits, even if it is 
acting in good faith to do everything in its power to 
correct exceedances.  Stated differently, even 
though the RWQCB requires Permittees to 
implement an iterative process to improve BMPS to 
address exceedances, the City is still in violation of 
the permit during the iterative process. This was a 
serious defect in the last permit and it has not been 
remedied in this draft.  
 

The receiving water limitation 
language needs to clarify when a 
permittee is in compliance. 
Develop Receiving Water 
Limitation language consistent 
with the California Association of 
Stormwater Quality language that 
was submitted in a comment 
letter on the CalTrans permit 
which has been provided in the 
comment letter from the LA 
Permit Group. 

A VI.D.6.c.iii(4)(f) 73 The requirement that offsite projects must be 
completed within 4 years of the certificate of 
occupancy for the first project that contributed funds 
toward the construction of the offsite project is an 
impossible expectation for offsite projects of any 
significant scale.  Municipalities cannot implement 
retrofit-type offsite projects without a significant 
portion of the construction funds in hand or 
committed, so this requirement will effectively limit 
the scale and effectiveness of offsite projects to 
those that are very small and can be funded within 
a narrow window of time to allow for design and 
construction of the retrofit project within the 4-year 
window. 

Recommend that this requirement 
be changed to “within 4 years of 
the certificate of occupancy for 
the last project that contributed 
funds toward the construction of 
the offsite project”. 

A VI.D.6.d.i. 80 Please clarify that the provision that a Permittee Recommend that VI.D.6.d.i.(1) be 
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may submit documentation that an alternate local 
Low Impact Development ordinance is equivalent to 
the Permit requirements can be employed for low 
impact development ordinances that were not pre-
existing to this permit.  Some Permittees that have 
not yet developed a local LID ordinance pending 
adoption of this Permit may find that it is in the best 
interests of water quality and the broader interests 
of the community to develop a local LID ordinance 
to achieve the same objectives in a manner that is 
more in keeping with local land use, geography and 
geology and pollutants of concern/TMDL objectives.  
If such a local LID ordinance is developed 
subsequent to the adoption of this permit, then the 
Permittee should be able to submit the 
documentation of equivalence to the Executive 
Officer for review and comment during development 
of the ordinance so that a finding of equivalence 
could be made concurrent with the LID ordinance 
adoption. 

modified to read:  “Documentation 
shall be submitted within 180 
days after the effective date of 
this Order. For local LID 
ordinances developed 
subsequent to the effective date 
of the permit a documentation of 
local equivalence shall be 
provided to the Regional Board 
Executive officer for approval 
prior to final adoption of the local 
LID ordinance. 

A VI.D.7.g. 84-85 The requirement for Permittees to create an 
electronic tracking system for construction sites one 
acre and greater is redundant with the State Water 
Resources Control Board SMARTS tracking system 
under the General Construction permit.  It is a 
waste of public funds to create a redundant 
database requirement, especially for largely built-
out communities where very few construction 
projects are large enough to trigger this 
requirement. Since the Permittees are already 
required by Part VI.D.7. h.(8) to ensure that 
coverage is obtained under the General 
Construction Permit so all such projects would be 
required to upload their information to the SMARTS 

Provide the option for permittees 
to meet this requirement by 
regularly accessing and using the 
Statewide SMARTS system to 
monitor the status of construction 
sites within their jurisdictions. This 
makes particular sense for 
permittees that will require a 
submittal of a SWPPP consistent 
with the Construction General 
Permit in lieu of a local Erosion 
and Sediment Control Plan. 
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system and that information is also readily 
accessible to Regional Board staff as well. 

A VI.D.9.b.v. 108 For municipalities to “provide for diversion of the 
entire flow to the sanitary sewer or provide 
treatment” with respect to an ongoing illicit 
discharge is not the appropriate language and 
implies that the MS4 permittee should bear the cost 
and responsibility for complying with this 
requirement which responsibility is properly borne 
by the discharger 

Substitute “require the discharger 
to obtain an NPDES permit or 
connect the non-storm water 
discharge to the sanitary sewer 
system” 

A VI.E.2.c.iii. 113 The statement that “if a Permittee is in compliance 
with the applicable TMDL requirements in a time 
schedule order (TSO) issued by the Regional 
Board, it is not the Regional Water Board’s intention 
to take enforcement action for violations of Part 
V.A. Receiving Water Limitations” does not prevent 
citizens (third parties) from bringing action against 
the Permittee pursuant to 33 USC 1365, and may 
actually increase the ability of third parties to bring 
action by the explicit statement that the Regional 
Board does not intend to take enforcement. 

Recommend that TMDL 
requirements should be 
addressed through Watershed 
Management Plan revisions and 
approvals by the Regional Board 
Executive Officer rather than 
through a time schedule order. 

A VI.E.2.d.(4)(b) 113 The statement that for approved Watershed 
Management Program used to establish 
compliance with Interim Water Quality-Based 
Effluent Limitations and Receiving Water 
Limitations, structural BMPs must be designed to 
treat the 85th percentile, 24-hour storm should be 
modified to allow for systems of BMPs.  Retrofit 
BMPs which may not individually achieve treatment 
of the 85th percentile, 24-hour storm but may be 
able to when combined with other BMPs or low 
impact development provisions into a system of 
BMPs. 

Modify VI.E.2.d.(4)(b) to read: 
 
“Structural storm water BMPs or 
systems of BMPs must be 
designed and maintained to treat 
stormwater runoff from the 85th 
percentile, 24-hour storm . . . “ 

A VI.E.4.b. 116 Rather than request a Time Schedule Order for Add the additional language to 
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State Adopted TMDLs where final compliance 
deadlines have passed as listed in the adopted 
TMDL, Permittees should have the option of 
revising the Watershed Management Plan to 
include the elements listed in VI.E.4.d..   

the end of VI.E.b.: 
 
“or include the information listed 
in VI.E.4.d.i-vi in its Watershed 
Management Plan.” 

A VI.E.5.b.(c) 118 Why was Santa Monica Bay left out of this list of 
waterbodies for which Permittees may comply with 
the effluent limitations through progressive 
installation of full capture systems? The Marine 
Debris TMDL allows for compliance via the 
installation of for full capture devices. 

Recommend not listing specific 
water bodies in E.5.b.(c) because 
then it risks becoming obsolete if 
new TMDLs are established for 
trash, or if they are reconsidered.  
However if Board staff determines 
to leave the lists, then please add 
Santa Monica Bay to the list. 

A Attachment A A-8 In the definition of “Rainfall Harvest and Use”, why 
is only rainfall runoff from a roof included in the 
category of rainfall harvest and use, it would seem 
that runoff from other types of impervious surfaces 
could also be beneficially used for irrigation. 

Revise the definition of “Rainfall 
Harvest and Use” to avoid 
describing the source of the 
runoff, but simply use the term 
“rainfall runoff” and leave to the 
discretion of the Permittees to 
determine what sources of runoff 
can be beneficially used for 
irrigation and non-potable uses. 

A Attachment G  More time needed to provide detailed comments 
specific to Jurisdictional Groups 5&6 

 

A Attachment H  More time needed to provide detailed comments 
specific to Jurisdictional Groups 5&6 

 

A Attachment I  More time needed to provide detailed comments 
specific to Jurisdictional Groups 5&6 

 

A Attachment J  More time needed to provide detailed comments 
specific to Jurisdictional Groups 5&6 

 

A Attachment M 
A. 

M-1 
through 
m-7 

This discussion in this section devoted to the Santa 
Monica Bay Beaches Bacteria TMDL creates 
confusion regarding the meaning of the terms 
"water quality objectives or standards, and 

Make suggested specific 
revisions in the following 
comments. 
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"receiving water limitations" and "water quality-
based effluent limitations"—it has effectively 
reversed the meaning of the terms and has set 
effluent limitations that are more strict than the 
receiving water limitations.   

A Attachment M 
A.2. 

M-1 The language in Part M.A.2. is incorrect as is the 
title of the table.  As defined in Attachment A, page 
A-8, Receiving Water Limitations are the applicable 
numeric or narrative water quality objective criterion 
or limitation for the receiving water . . .Thus water 
quality objectives or water quality standards are 
those that apply in the receiving water.  Consistent 
with the TMDL, this table identifies the 
bacteriological objectives as set forth in Chapter 3 
of the Basin Plan and serves as the numeric targets 
for the Santa Monica Bay Beaches Bacteria TMDL. 

Language at A.2. should be 
revised to read: 
 
Receiving Water Limitations are 
the bacteriological objectives set 
forth in Chapter 3 of the Basin. 
 
The main header in this table 
should be: 
Basin Plan Water Quality 
Objectives (MPN or cfu) 

A Attachment M 
A.3. 

M-1 Part M.A.3 mistakenly uses the term “receiving 
water limitations” to refer to “waste load 
allocations”.  In the Santa Monica Bay Bacteria 
TMDL the term “allowable exceedance days” is 
synonymous with “waste load allocations”.  The 
Santa Monica Bay Beaches Bacteria TMDL Basin 
Plan Amendment Attachment A states that “Waste 
Load Allocations are expressed as allowable 
exceedance days”. 

Throughout A.3. the term 
“receiving water limitations” 
should be replaced by the term 
“waste load allocations” 

A Attachment M M-5 Footnote 7 states that final receiving water 
limitations are group-based and shared among all 
MS4 Permittees located within the sub-drainage 
area to each beach monitoring location.  We have 
previously provided to Regional Board staff 
information on which members of our jurisdictional 
groups have responsibility for which monitoring 
locations. 

An additional table is needed 
showing the responsible agencies 
for each individual shoreline 
monitoring location. 

A Attachment M M-8 The Santa Monica Bay DDT and PCB TMDL issued Include the concentration-based 
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C.2. by USEPA assigns the waste load allocation as a 
mass-based waste load allocation to the entire area 
of the Los Angeles County MS4 based on 
estimates from limited data from mass emissions 
stations to which none of the South Santa Monica 
Bay cities are tributary. Because the TMDL has 
been translated into the Permit using only the 
mass-based waste load allocation to the entire area 
of Los Angeles County, the individual cities will be 
obligated to wait until the entire LA Basin is in 
compliance to establish attainment of the TMDL 
waste load allocations. 

sediment targets from Table ES-1 
of the TMDL as concentration-
based Waste Load Allocations in 
the MS4 Permit normalized for 
organic carbon (OC): 
 
DDT: 23 ng/g OC 
PCBs: 7 ng/g OC 

B II Finding A 13 Primary pollutants of concern should be those 
identified on the 303d list for receiving waters in the 
LA Basin that have been identified as being 
impaired, not a twelve-year-old receiving water 
impact report.  

Strike the reference to LACFCD 
Integrated Receiving Water 
Impacts Report from 1994-2000 
and substitute reference to 303d 
list 

B III.A.1.a. 
and 
III.A.2 

 RB staff proposed language requires the permittees 
to “prohibit non-stormwater discharges through the 
MS4 to receiving waters” except where authorized 
by a separate NPDES permit or conditionally 
authorized in sections III.A.3-6.   
 
We do not understand the meaning or intent of the 
“through” language or how it could be practically or 
effectively enforced.  Once a prohibited discharge 
enters the MS4 it mixes with other permitted or 
conditionally authorized flows making it impossible 
to address the prohibited discharge separately.  

 
The required legal authority provisions in the federal 
regulations at 40CFR122.26 (d)(1)(ii) require legal 
authority to control discharges to the MS4 but not 
through the MS4.  Additionally, with respect to the 

Substitute the word “to” or “into” 
for the word “through” in both Part 
III.A.1.a. and Part III.A.2. 
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definition of an illicit discharge at 
40CFR122.26(b)(2), an illicit discharge is defined as 
“a discharge to the MS4 that is not composed 
entirely of stormwater”.  

 
USEPA provides model ordinance language on the 
subject of discharge prohibitions: 
http://www.epa.gov/owow/NPS/ordinance/mol5.htm.  
Section VII Discharge Prohibitions of this model 
ordinance provides discharge prohibition language 
as follows: 
 

No person shall discharge or cause to be 
discharged into the municipal storm drain 
system or watercourses any materials, 
including but not limited to pollutants or 
waters containing any pollutants that cause 
or contribute to a violation of applicable 
water quality standards, other than storm 
water. 
 

 
B III.A.2.b.vi also 

Table 8 
28 To include street washing as a conditionally allowed 

non-storm water discharge in this order is 
backsliding from the previous permit and conflicts 
with the Industrial/Commercial Source Control 
BMPs in Table 10 which only allows sidewalk 
rinsing in accordance with LARWQCB Resolution 
No. 98-08. Patio washing should be allowed in 
order to maintain sanitary conditions in outdoor 
eating areas as long as high pressure, low volume 
spray washing is used.  

Substitute “patio” for “street” so 
that sidewalk and patio rinsing are 
conditionally allowed but not 
street washing.  Also include patio 
washing in the Table 10 
discussion of sidewalk washing 
for industrial/commercial source 
control BMPs. 

B III. Table 8 33 Please clarify what is meant by “segregate” Give examples of measures that 
could be taken to segregate non-
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storm water discharges from 
potential sources of pollutants 

B VI.A.vii and viii 39  Please clarify what is meant by “control contribution 
of pollutants from one portion of the shared MS4 to 
another through interagency agreements  

Give an example of how an 
interagency agreement would be 
used to control contribution of 
pollutants 

B VI.A.3.a. 40 The Permit states that “Each Permittee shall 
exercise its full authority to secure the fiscal 
resources necessary to meet all requirements of 
this order”. 
 
This is an impossible permit demand. The scope of 
this tentative draft Permit is unprecedented in its 
demands on the fiscal resources of municipalities 
and it is impossible for municipalities to secure the 
fiscal resources to meet all the requirements of this 
order. Municipalities have a myriad of other 
obligations   which also place demands on fiscal 
resources in an environment of diminishing 
budgets. Municipalities must necessarily balance 
limited fiscal resources among competing demands 
and we will be obligated to prioritize those 
demands.   

Delete provision VI.A.3.a. as it 
establishes an impossible 
requirement, such a requirement 
is not in the existing permit, and 
no basis or authority for making 
this requirement has been 
provided by Regional Board staff. 

B VI.A.14.h 44-45 Trash TMDLs typically provide that the zero trash 
objective is functionally achieved so long as 
certified full capture devices treat up to the 1-year, 
1-hour storm. Yet the enforcement provisions for 
trash TMDLs indicate that violations are limited to 
the days of a storm event of greater than 0.25 
inches. 

Please clarify how this provision 
with respect to enforcement will 
apply in instances where a 
permittee has complied with a 
final trash TDML via installation of 
certified full capture devices 
which are not designed to control 
a storm event of greater than the 
1-year, 1-hour storm. 

B VI.C.1.e. 45-46 This provision states that: 
 

Recommend that language be 
revised to allow for the option of 
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Watershed Management Programs shall be 
developed using the Regional Water Board’s 
Watershed Management Areas (WMAs). Where 
appropriate, WMAs may be separated into 
subwatersheds to focus water quality prioritization 
and implementation efforts by receiving water.  
 
There are many permittees who have jurisdictional 
area within multiple watersheds with multiple 
TMDLs to be addressed. It is not clear from this 
language whether these provisions allow the option 
for the creation of a single Watershed Management 
Program by a group of permittees to address 
multiple watersheds within those jurisdictional 
boundaries.  At the workshop held on July 9, 2012, 
Regional Board staff indicated that Watershed 
Management Programs could be developed by a 
group of permittees such as those who have 
previously been working in jurisdictional groups 
towards TMDL compliance.  It may be most 
effective in terms of municipal resources for a group 
of permittees with similar land use and geography 
but which affect multiple watersheds to prepare a 
joint Watershed Management Program Plan within 
their defined jurisdictional boundaries. 

development of a Watershed 
Management Program by one or 
more permittees which would 
address multiple watersheds and 
associated TMDLs at once within 
those jurisdiction(s)’ boundaries.  

B VI.C.6.a.i., 
 

54 States that “Permittees in each WMA shall 
implement an adaptive management process 
annually during the permit term, beginning in 2015,  
. . .”  This conflicts with Appendix F Fact Sheet, 
page F-44 which states that “Permittees in each 
Watershed Management Area must implement the 
iterative process at least twice during the permit 
term, adapting the Watershed Management 
Program to become more effective,  .  . . .” also 

There should be only one revision 
of the Watershed Management 
Programs required during the 
Permit term, and only when the 
adaptive management/iterative 
process demonstrates that the 
modification is warranted. 
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Table F-5 in the Fact sheet, page F-47 references 
parts VI.C.6.a.i  and indicates that the frequency 
twice during the permit 
 
An annual adaptive management process is too 
frequent for stormwater as the data supporting that 
adaptive process is not sufficiently robust over one 
storm season to make management decisions.  It is 
also time consuming to make changes as a group 
by committee and is not a practical to revise the 
Watershed Management Program Plan on an 
annual basis.  

B VI.C.6.b.i. 55 This provision appears to require the individual 
permittees within a WMA to implement the adaptive 
management process on an annual basis, i.e., more 
frequently than the WMA as a whole.  The adaptive 
management/iterative approach and timing should 
be consistent between individual permittees who 
are participating in a watershed management 
program and the watershed management program.   
 

Eliminate the separate 
jurisdictional requirements of Part 
IV.6.b. entirely as it is redundant 
with Part IV.6.a. 

B VI.D.1.b.i. 56 30 days is not a sufficient period of time to 
implement the minimum control measures. There 
are many provisions which necessitate lead time, 
planning and action by the governing body in order 
to implement. In addition it is difficult for Permittees 
to find all the required deadlines when they are 
sprinkled throughout the permit. 

Recommend that this language 
be revised to state Permittee shall 
initiate measures within 30 days 
of the effective date of the permit 
to ensure that provisions of Part 
VI.D. are implemented in 
accordance with the Timeline for 
Implementation of Permit 
Requirements and then suggest 
including Table F-5 in the body of 
the permit at this location, i.e., at 
VID.1.b.i. 

B VI.D.4.d.(3)(d) 60 Please clarify why pharmacies should be targeted Delete the requirement to 
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as a means for stormwater pollution prevention 
public outreach.  If this is related to the “no drugs 
down the drain” message, this does not relate to 
stormwater pollution prevention but rather is related 
to POTW discharges 

outreach to pharmacies unless 
there is a clear connection to 
stormwater quality, in which case 
please explain what the outreach 
message is intended to be. 

B VI.D.6.b.i.(c) 68 Under New Development Projects  “strip malls” 
needs to be defined or use an alternate term.  Why 
is a strip mall being regulated but not other types of 
malls or commercial facilities?  If the intention is to 
distinguish between retail and office uses, then this 
should be explicitly stated. 
 

Provide a definition of “strip mall” 
so that Permittees can effectively 
implement this requirement. 

B VI.D.7.f 84 The exclusion of routine maintenance activities from 
the definition of “construction” under the current 
MS4 permit does not appear to have been 
preserved in Part VI.D.7. Nor is there a definition of 
“construction” in Appendix A. 

Include in the discussion of what 
activities constitute construction 
the following statement from the 
previous permit: 
“Construction does not include 
routine maintenance to maintain 
original line and grade, hydraulic 
capacity, or original purpose of 
the facility; emergency 
construction activities required to 
immediately protect public health 
and safety; interior remodeling 
with no outside exposure of 
construction material or 
construction waste to stormwater, 
mechanical permit work; or sign 
permit work.” 

B VI.D.7.f 84 Need to exclude landscaping and gardening 
activities from the definition of construction.  
Because there is no size limit for construction sites 
in the draft permit and based on the description of 
construction activity in Part VI.D.7.f, a homeowner 

Recommend excluding activities 
that do not require a building or 
grading permit under local 
ordinance from the requirements 
of Part VI.D.7. Any potential 
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who is gardening or conducting landscape activities 
that do not require a building permit would be 
subject to the provisions of VI.D.7. 

problems with landscaping 
activities that result in potential for 
discharge of soil to the MS4 can 
be readily enforced through the 
illicit discharge program rather 
than the construction program. 

B VI.D.8.f.ii.(2) 99 The wording of Part VI.D.7.f.ii.(2) appears to require 
that existing municipal facilities with vehicle or 
equipment wash areas must now either be self-
contained and hauled off for disposal or plumbed to 
the sanitary sewer.  The previous permit allowed 
existing facilities not plumbed to the sanitary sewer 
to be equipped with a clarifier or alternative 
treatment device and then discharged to the storm 
drain 

If there is now to be an effective 
requirement to prohibit this as a 
non-stormwater discharge without 
condition/pre-treatment and 
require existing facilities to retrofit, 
then municipalities must be given 
at least two years from the 
effective date of the permit to 
make this retrofit—30 days from 
the effective date of the permit is 
not a sufficient period of time. 
Also for small municipalities 
where the frequency of washing 
and amount of washwater can be 
reasonably managed by 
percolation into the ground, 
recommend providing a third 
option for preventing the 
discharge of wash waters from 
vehicle and equipment washing: 
(3) discharge the wash water onto 
a permeable surface where the 
wash water will percolate into the 
ground and that is bermed or 
sloped to prevent discharge to the 
MS4, e.g., gravel surface or 
porous paving.  

B VI.D.8.h.ii. 100 Water removed by dewatering from solid material Add a third disposal option to 
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removed from the MS4 (including street sweeping 
material) could be disposed by percolation rather 
than requiring that the water be disposed via 
sanitary sewer—this would be analogous to the 
provision in VI.D.8.h.x(3)(b) where residual water 
from BMP treatment control devices can be “applied 
to the land without runoff". 

VI.D.8.h.ii as follows: 
 
(3) Applied to the land without 
runoff 

B Attachment A A-5-6 Definition of Maximum Extent Practicable provided 
here is not a definition but a set of factors/criteria.  
As noted on page F-30 of the Fact Sheet, “Neither 
Congress nor the USEPA has specifically defined 
the term ‘maximum extent practicable’. Rather, the 
MEP standard is a flexible and evolving standard.” 

Remove Maximum Extent 
Practicable from the definition 
attachment and rely instead for an 
understanding of the term on the 
discussion in the Fact Sheet on 
pages F-30 to F-31 which 
references State Board and 
USEPA interpretation. 

B Attachment K 
and 
Attachment N 

N-4 
through 

Attachment K does not adequately clarify 
responsibility among Permittees for compliance with 
the VERY complex TMDL. The State Board 
requested a clarification of this issue from the 
Regional Board staff in its review of the Dominguez 
Channel and Greater Los Angeles and Long Beach 
Harbor Waters Toxic Pollutants TMDL.  Regional 
Board staff developed and submitted an 
Attachment D Responsible Parties Table RB4 Jan 
27, 12 which was provided to the State Board and 
responsible agencies during the SWRCB review of 
this TMDL, and is posted on the Regional Board 
website in the technical documents for this TMDL. 
This table should be included either in Attachment 
K or in Attachment No to clarify permittee 
responsibilities. 

Please incorporate into the MS4 
Permit the Responsible Parties 
Table RB4 Jan 27, 12 which was 
provided to the State Board and 
responsible agencies during the 
SWRCB review of this TMDL, and 
is posted on the Regional Board 
website in the technical 
documents for this TMDL 

B Attachment N 
E. 

 The Dominguez Channel and Greater LA and Long 
Beach Harbor Waters Toxic Pollutants TMDL 
provides for a reconsideration of the TMDL targets 

Please include an additional 
statement from the TMDL in 
Attachment N Part E: 
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and WLAs.    "By March 23, 2018 Regional 
Board will reconsider targets, 
WLAs and LAs based on new 
policies, data or special studies. 
Regional Board will consider 
requirements for additional 
implementation or TMDLs for Los 
Angeles and San Gabriel Rivers 
and interim targets and 
allocations for the end of Phase 
II." 

C Table 2 1-8 Contact information should not be included in 
permit except in the form of a position/title, e.g., 
public works director, as it will change over time, 
some information is already incorrect 

Delete detailed contact 
information and include only 
position/title to whom information 
or correspondence should be 
directed. 

C II Finding I 19 Finding I indicates that the Fact Sheet provides 
background and rationale for the permit 
requirements and incorporates the Fact Sheet into 
the Order as Attachment F, however many 
elements of the Fact Sheet rather than being 
explanatory of policy or background describe 
implementation requirements in the permit and in 
some cases statements in the fact sheet are 
inconsistent or contradictory with the main body of 
the permit.   

Eliminate inconsistencies 
between Attachment F and main 
body of permit by eliminating 
duplicative elements from Fact 
Sheet.  This will eliminate the 
need to update the Fact Sheet as 
revisions are made to the Permit. 

C III.A.1.d.iv.  27 Important definitions should not be in footnotes, but 
should be included in Attachment A. Footnote 5 
states that uncontaminated groundwater infiltration 
is distinguished from “inflow”, however the term 
“inflow” is not defined—typically it is used to refer to 
stormwater which infiltrates the sanitary sewer 
collection system, and if that is the reference this 
case it doesn’t really seem to be relevant.  

Delete footnote 5. Move definition 
of “groundwater infiltration” from 
footnote 5 to Definitions in 
Attachment A .  Eliminate 
reference to “inflow” as it is not 
relevant in this situation. 
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C III.A.4.d.i. 31 Effectively prohibit as defined in footnote 18 
actually represents two different actions, one of 
which is to prohibit the discharge, the second of 
which is to require that the discharger obtain an 
NPDES permit in which case the discharge 
becomes authorized. Requiring that the discharge 
obtain an NPDES permit may be in some instances 
be the most appropriate action, especially if the 
discharge falls within the scope of an existing 
general permit wherein the discharger should have 
already obtained coverage. 

Eliminate footnote 18 as a 
definition, and instead split 
III.A.4.d into three possible 
actions: 

i. Prohibit the non-
stormwater discharge 
or  

ii. Require that the 
discharger obtain 
coverage under an 
NPDES permit  

iii. Impose conditions in 
addition to those in 
Table 8 . . . 

 
C VI.A.14.f. 44 The definition of “effluent limitation” here is different 

than the definition in Attachment A which draws on 
40CFR122.2 

Define effluent limitation only in 
Attachment A consistent with 
federal regulations. 

C VI.C.1.e. and 
VI.E.3.b. 

46 and 
114 

Part VI.E.3.b. provides that: 
Each Permittee subject to a USEPA Established 
TMDL may either individually submit a Watershed 
Management Program Plan, or may jointly submit 
a plan with all Permittees subject to the WLAs 
contained in the USEPA established TMDL. 
 
So by implication VI.E.3.b. suggests that it is 
possible for a Permittee to submit an individual 
Watershed Management Program Plan, even 
though it is not explicitly stated in VI.C.1.e. 
 
However Part VI.E.3.b. seems to suggest that in 
order to submit a joint Watershed Management 
Program Plan that all Permittees subject to the 
USEPA WLAs must participate, which may be 

Please make these two provisions 
consistent with each other on 
multiple points as follows: 
 
Clarify at VI.C.1.e. that a 
Permittee may submit an 
individual Watershed 
Management Program Plan. 
 
Clarify at VI.E.3.b. that a 
Permittee may jointly submit a 
plan with some or all Permittees 
subject to the WLAs contained in 
the USEPA  established TMDL. 
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impossible to achieve since a Permittee cannot be 
forced to participate in a joint Watershed 
Management Program Plan. 
 

C VI.D.6.b.i.(g) 68 The website link provided for the Green 
Infrastructure Green Streets guidance was not 
sufficient to locate the document.  Please confirm 
that this is the document that is referenced, and if 
not, clarify which is the intended reference: 
Managing Wet Weather with Green Infrastructure, 
Municipal Handbook: Green Streets.  Prepared by: 
Robb Lukes, Christopher Kloss, Low Impact 
Development Center.  December 2008 
EPA-833-F-08-009 

Please provide a more effective 
reference for the USEPA 
guidance document on Green 
Streets than a website link by 
referencing exact document title, 
authors, year of publication and 
USEPA document ID number. 

C VI.D.7.f 84 If this description of construction is to be utilized for 
identifying what constitutes construction for all of 
Part IV.D.7, then it should appear early in this part 
and not buried in the middle of the section. Where it 
is currently located it applies only to construction 
sites one acre or greater and there is no 
explanation of what constitutes construction for 
sites less than one acre. 

The narrative in VI.D.7.f should 
be moved to the Applicability 
section at VI.D.7.c so that the 
applicability subsection actually 
discusses what types of activity 
constitute construction and are 
subject to the provisions of 
VI.D.7. 

C VI.D.7.a.iv. 83-92 The hierarchy/outline structure of the Development 
Construction Program under IV.D.7 is very 
confusing and difficult to follow.  VI.D.7.d. is entitled 
“Requirements for Construction Sites Less than 
One Acre”, however there is not a subsequent 
subheading entitled “Requirements for Construction 
Sites of One Acre or more”.  There is also a 
redundant/unnecessary subheading at Part 
VI.D.7.d.i. entitled “For construction sites less than 
1 acre, each Permittee shall:”, but there is no 
subsequent subheading Part VI.D.7.d.ii at all. There 
is a statement under under VI.D.7.c. that Parts 

Make IV.D.7.e. be entitled 
“Requirements for Construction 
Sites of One Acre or More” and 
demote the current subheadings 
of VI.D.7.e-j below this new 
IV.D.7.e heading to be VI.D.7.e. 
i.-vi. 
Do not assign an outline 
number/heading number for the 
statement “For construction sites 
less than 1 acre, each Permittee 
shall:” but simply allow that 
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VI.D.7.e-j apply exclusively to construction sites 1 
acre or greater, so by implication parts VI.D.7.k and 
l apply to all categories, but that should be clarified 
via corrections to the outline structure. 

statement to be the introductory 
sentence to IV.7.d. 
Promote outline items 
VI.D.7.d.i.(1)-(4) up an outline 
level so that they become 
VI.D.7.d.i.-iv. 

C VI.D.8.h.x.(3) 103 The term “residual water” has a footnote number 35 
stating that it is to be defined in Attachment A 
Definitions, however no definition of “residual water” 
is provided in Attachment A. 

Provide a definition of “residual 
water” in Attachment A. 

C VI.D.8.k.i and 
ii 

106 The language in the draft permit requires 
Permittees to train contractors on the requirements 
of the MS4 Permit and on pesticide use.  
Permittees should have the option of requiring 
contractors to train their own employees and 
enforce this via contract provisions similar to the 
provision under the Illicit Discharge section at 
VI.D.9.f.ii. 

Add a statement at V.D.8.k.i. that: 
“Each Permittee shall ensure 
contractors performing 
privatized/contracted municipal 
services are trained on the 
requirements of the stormwater 
management program.  
Permittees may provide training 
or include contractual 
requirements for MS4 Permit 
training of contractor employees.” 
 
Add a statement at V.D.8.k.ii. 
that: 
 
“Each Permittee shall ensure 
contractors performing 
privatized/contracted municipal 
services who use or have the 
potential to use pesticides or 
fertilizers are trained on the 
requirements of the stormwater 
management program.  
Permittees may provide training 
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or include contractual 
requirements for MS4 Permit 
training of contractor employees.” 

C Table F-5  Timeline for Implementation of Permit 
Requirements is a helpful synopsis of all the 
deadlines in the permit.  This table should be 
incorporated into the body of the permit rather than 
in the Fact Sheet as a vital reference for permittees.  

Move Table F-5 into main body of 
permit as it is a useful reference 
for implementation of permit 
requirements. Make sure that 
timelines in Table F-5 are 
consistent with statements made 
in the permit. 

C VI.E.5.b.(c)(i) 118 The language here is not consistent with the 
language used to establish compliance in the 
TMDLs.  
 
The Santa Monica Bay Marine Debris TMDL 
language reads: 
 
“Compliance with percent reductions from the 
Baseline WLA will be assumed wherever properly-
sized full capture systems are installed and properly 
operated and maintained in corresponding 
percentages of the conveyance discharging to 
waterbodies within the Santa Monica Bay 
Watershed or directly to Santa Monica Bay.” 

Need to revise the language in 
the tentative draft permit at 
VI.E.5.b.(c)(i) to clarify that it is 
the MS4 conveyance system that 
must be serviced by the full 
capture systems, not “drainage 
areas”. 

C VI.E.5.b.ii.(2) 121 Here and throughout full capture systems are 
designed to address a percentage of the MS4 
conveyance system, not a drainage area. 

Here and throughout substitute 
“MS4 conveyance system” not 
“drainage area” when discussing 
compliance with a trash TMDL via 
the full capture system method 

C VI.E.c.i. 122 Date for the first TMDL Compliance Report to be 
submitted with the Permittee’s Annual Report is 
incorrect as it is prior to the projected effective date 
of this draft tentative permit.  The Annual Reports 
that will be submitted by Permittees in October 

Correct the date for submitting the 
first TMDL Compliance Report 
with the Permittee’s Annual 
Report to be October 31, 2013, 
not 2012. 
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2012 will be consistent with the existing MS4 Permit 
not the draft permit. 

C Attachment A A-5 Definition of “infiltration” is not a description of the 
process of infiltration but rather a description of best 
management practices that utilize the infiltration 
process.  The term “infiltration” must be 
distinguished from “infiltration BMP”. 

Infiltration definition should be 
revised to be entitled Infiltration 
BMP. 
 

C Attachment B 
figures 

 It is problematic that the Watershed Boundaries do 
not align with the HUC 12 Boundaries in many 
areas.  

Appears that the HUC 12 
boundaries need to be revised, or 
else reference to the HUC 12 
boundaries should be eliminated 
in favor of watershed boundaries. 

C Attachment F  More time needed to provide detailed comments  
C Attachment M 

B.3 
M-6 to 
M-7 

The WLAs in the adopted Santa Monica Bay 
Nearshore and Offshore Debris TMDL were 
expressed in terms of percent reduction of trash 
from Baseline WLA. Board staff have not 
transferred the Waste Load Allocations as 
expressed in the TMDL into the MS4 Permit, but 
have instead calculated annual trash discharge 
rates for each permittee based on a calculation 
using an assumed tributary area. There are very 
likely to be errors in the tributary areas used in 
calculating these Waste Load Allocations and 
correcting them will necessitate reopening the 
Permit.  It makes far more sense for MS4 
Permittees to verify and if necessary correct the 
tributary areas for their individual jurisdictions as 
part of the development of the Trash Monitoring 
and Reporting Plans and to simply include in the 
permit the schedule for percentage reduction from 
baseline applicable to all permittees. 

Eliminate the detailed permittee-
by-permittee table with annual 
trash discharge rates in the table 
and instead create a simple table 
listing the interim and final waste 
load allocations on a percentage 
basis, only. 
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Summer-Dry Weather Ranking 

 
Rank  Sum-Dry Exceed 

rate 

Win-Dry Exceed 

rate 

Wet Exceed 

rate 

Total Exceed 

rate 

Samples 

per 

week 

  Exceed Samples  Exceed Samples  Exceed Samples  Exceed Samples   

1 SMB-2-1 124 248 50.0% 87 135 64.4% 40 62 64.5% 251 445 56.4% 1 

2 SMB-1-12 139 278 50.0% 58 133 43.6% 36 62 58.1% 233 473 49.3% 1 

3 SMB-3-3 352 860 40.9% 215 481 44.7% 145 253 57.3% 712 1594 44.7% 5 

4 SMB-1-8 88 237 37.1% 50 126 39.7% 31 64 48.4% 169 427 39.6% 1 

5 SMB-2-2 45 140 32.1% 48 105 45.7% 29 49 59.2% 122 294 41.5% 1 

6 SMB-MC-2 246 857 28.7% 222 481 46.2% 171 250 68.4% 639 1588 40.2% 5 

7 SMB-1-18 203 859 23.6% 134 480 27.9% 152 252 60.3% 489 1591 30.7% 5 

8 SMB-BC-1 180 857 21.0% 80 481 16.6% 155 251 61.8% 415 1589 26.1% 5 

9 SMB-1-7 44 217 20.3% 46 118 39.0% 32 57 56.1% 122 392 31.1% 1 

10 SMB-1-10 41 208 19.7% 6 95 6.3% 18 54 33.3% 65 357 18.2% 1 

11 SMB-MC-3 29 156 18.6% 20 104 19.2% 27 52 51.9% 76 312 24.4% 1 

12 SMB-2-7 147 860 17.1% 316 481 65.7% 202 252 80.2% 665 1593 41.7% 5 

13 SMB-1-9 30 195 15.4% 20 105 19.0% 22 52 42.3% 72 352 20.5% 1 

14 SMB-3-1 25 192 13.0% 12 98 12.2% 19 51 37.3% 56 341 16.4% 1 

15 SMB-2-4 30 236 12.7% 30 172 17.4% 44 91 48.4% 104 499 20.8% 1 

16 SMB-1-13 23 187 12.3% 10 98 10.2% 23 52 44.2% 56 337 16.6% 1 

17 SMB-6-2* 35 303 11.6% 30 169 17.8% 35 108 32.4% 100 580 17.2% 1 

18 SMB-MC-1 21 187 11.2% 14 102 13.7% 12 48 25.0% 47 337 13.9% 1 

19 SMB-1-15 21 190 11.1% 26 107 24.3% 16 53 30.2% 63 350 18.0% 1 

20 SMB-5-5 29 273 10.6% 5 110 4.5% 15 67 22.4% 49 450 10.9% 2 

21 SMB-3-2 20 191 10.5% 19 103 18.4% 25 53 47.2% 64 347 18.4% 1 

22 SMB-1-1 19 187 10.2% 10 95 10.5% 11 49 22.4% 40 331 12.1% 1 

23 SMB-2-5 18 185 9.7% 13 99 13.1% 21 53 39.6% 52 337 15.4% 1 

24 SMB-2-9 16 185 8.6% 4 91 4.4% 20 51 39.2% 40 327 12.2% 1 

25 SMB-3-4 73 856 8.5% 105 481 21.8% 163 253 64.4% 341 1590 21.4% 5 
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26 SMB-1-14 15 181 8.3% 6 91 6.6% 21 55 38.2% 42 327 12.8% 1 

27 SMB-1-11 15 183 8.2% 8 94 8.5% 18 49 36.7% 41 326 12.6% 1 

28 SMB-1-17 7 94 7.4% 5 60 8.3% 4 26 15.4% 16 180 8.9% 1 

29 SMB-2-6 13 185 7.0% 40 116 34.5% 26 56 46.4% 79 357 22.1% 1 

30 SMB-2-13 16 230 7.0% 8 167 4.8% 31 90 34.4% 55 487 11.3% 1 

31 SMB-5-2 56 811 6.9% 57 402 14.2% 96 216 44.4% 209 1429 14.6% 5 

32 SMB-3-8 15 236 6.4% 17 163 10.4% 27 89 30.3% 59 488 12.1% 1 

33 SMB-6-5 15 261 5.7% 7 139 5.0% 10 74 13.5% 32 474 6.8% 2 

34 SMB-6-3 10 178 5.6% 6 97 6.2% 11 51 21.6% 27 326 8.3% 1 

35 SMB-6-4 9 181 5.0% 13 94 13.8% 12 51 23.5% 34 326 10.4% 1 

36 SMB-7-7 7 152 4.6% 3 93 3.2% 16 48 33.3% 26 293 8.9% 1 

37 SMB-3-6 8 175 4.6% 7 96 7.3% 25 57 43.9% 40 328 12.2% 1 

38 SMB-2-3 8 178 4.5% 1 90 1.1% 17 51 33.3% 26 319 8.2% 1 

39 SMB-1-5 8 179 4.5% 17 99 17.2% 13 50 26.0% 38 328 11.6% 1 

40 SMB-2-8 7 178 3.9% 3 91 3.3% 18 50 36.0% 28 319 8.8% 1 

41 SMB-1-6 6 173 3.5% 12 98 12.2% 14 52 26.9% 32 323 9.9% 1 

42 SMB-2-15 6 175 3.4% 5 91 5.5% 13 50 26.0% 24 316 7.6% 1 

43 SMB-3-7 6 178 3.4% 10 95 10.5% 22 52 42.3% 38 325 11.7% 1 

44 SMB-6-1 26 807 3.2% 35 384 9.1% 99 213 46.5% 160 1404 11.4% 5 

45 SMB-3-9 5 176 2.8% 8 95 8.4% 19 50 38.0% 32 321 10.0% 1 

46 SMB-1-4 5 177 2.8% 22 102 21.6% 13 50 26.0% 40 329 12.2% 1 

47 SMB-2-12 4 173 2.3% 5 92 5.4% 14 50 28.0% 23 315 7.3% 1 

48 SMB-2-10 5 230 2.2% 6 166 3.6% 34 91 37.4% 45 487 9.2% 1 

49 SMB-6-6 4 196 2.0% 5 110 4.5% 7 64 10.9% 16 370 4.3% 2 

50 SMB-5-3 5 256 2.0% 4 138 2.9% 6 75 8.0% 15 469 3.2% 2 

51 SMB-1-16 3 173 1.7% 3 91 3.3% 10 55 18.2% 16 319 5.0% 1 

52 SMB-4-1 3 173 1.7% 4 93 4.3% 6 48 12.5% 13 314 4.1% 1 

53 SMB-2-14 3 175 1.7% 3 91 3.3% 11 49 22.4% 17 315 5.4% 1 

54 SMB-5-1 4 234 1.7% 2 124 1.6% 7 65 10.8% 13 423 3.1% 2 

55 SMB-3-5 10 856 1.2% 105 481 21.8% 93 253 36.8% 208 1590 13.1% 5 

56 SMB-7-9 4 378 1.1% 3 277 1.1% 11 160 6.9% 18 815 2.2% 2 

57 SMB-7-4 1 134 0.7% 1 273 0.4% 7 160 4.4% 9 567 1.6% 1 
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58 SMB-2-11 1 170 0.6% 0 90 0.0% 14 53 26.4% 15 313 4.8% 1 

59 SMB-5-4 1 187 0.5% 1 87 1.1% 10 48 20.8% 12 322 3.7% 1 

60 SMB-7-5 1 375 0.3% 4 275 1.5% 7 160 4.4% 12 810 1.5% 2 

61 SMB-7-1 0 175 0.0% 0 96 0.0% 8 55 14.5% 8 326 2.5% 1 

62 SMB-7-8 0 374 0.0% 4 275 1.5% 13 159 8.2% 17 808 2.1% 2 

63 SMB-7-3 0 374 0.0% 0 273 0.0% 14 160 8.8% 14 807 1.7% 2 

64 SMB-7-6 0 374 0.0% 0 273 0.0% 14 160 8.8% 14 807 1.7% 2 

65 SMB-1-2 0 169 0.0% 1 92 1.1% 3 52 5.8% 4 313 1.3% 1 

66 SMB-1-3 0 169 0.0% 1 91 1.1% 2 52 3.8% 3 312 1.0% 1 

67 SMB-7-2 0 176 0.0% 1 97 1.0% 2 52 3.8% 3 325 0.9% 1 

               

Sampling Freq.              

Weekly 52 wks x 6 years 312         

Two days per week 52 wks x 2 x 6 years 624         

Five days per week 52 wks x 5 x 6 years 1560         
 
* SMB-6-2 data is comprised of two different monitoring stations located a two different places.  One station is identified as S16 monitored per CI6948 and the other 
is identified as SMB-6-2 per the CSMP.  S16 is located just south of the Redondo Beach Pier and SMB-6-2 is located approximately 100 yards south of the Pier in 
front of a life guard station. 
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Average Exceedance Percentage Year Round Ranking 

 

Rank Station Sum-Dry 

Exceed 

rate Win-Dry 

Exceed 

rate Wet 

Exceed 

rate Total 

Exceed 

rate 

Samples 

per week 

  Exceed Samples  Exceed Samples  Exceed Samples  Exceed Samples   

1 SMB-2-1 124 248 50.0% 87 135 64.4% 40 62 64.5% 251 445 56.4% 1 

2 SMB-1-12 139 278 50.0% 58 133 43.6% 36 62 58.1% 233 473 49.3% 1 

3 SMB-3-3 352 860 40.9% 215 481 44.7% 145 253 57.3% 712 1594 44.7% 5 

4 SMB-2-7 147 860 17.1% 316 481 65.7% 202 252 80.2% 665 1593 41.7% 5 

5 SMB-2-2 45 140 32.1% 48 105 45.7% 29 49 59.2% 122 294 41.5% 1 

6 SMB-MC-2 246 857 28.7% 222 481 46.2% 171 250 68.4% 639 1588 40.2% 5 

7 SMB-1-8 88 237 37.1% 50 126 39.7% 31 64 48.4% 169 427 39.6% 1 

8 SMB-1-7 44 217 20.3% 46 118 39.0% 32 57 56.1% 122 392 31.1% 1 

9 SMB-1-18 203 859 23.6% 134 480 27.9% 152 252 60.3% 489 1591 30.7% 5 

10 SMB-BC-1 180 857 21.0% 80 481 16.6% 155 251 61.8% 415 1589 26.1% 5 

11 SMB-MC-3 29 156 18.6% 20 104 19.2% 27 52 51.9% 76 312 24.4% 1 

12 SMB-2-6 13 185 7.0% 40 116 34.5% 26 56 46.4% 79 357 22.1% 1 

13 SMB-3-4 73 856 8.5% 105 481 21.8% 163 253 64.4% 341 1590 21.4% 5 

14 SMB-2-4 30 236 12.7% 30 172 17.4% 44 91 48.4% 104 499 20.8% 1 

15 SMB-1-9 30 195 15.4% 20 105 19.0% 22 52 42.3% 72 352 20.5% 1 

16 SMB-3-2 20 191 10.5% 19 103 18.4% 25 53 47.2% 64 347 18.4% 1 

17 SMB-1-10 41 208 19.7% 6 95 6.3% 18 54 33.3% 65 357 18.2% 1 

18 SMB-1-15 21 190 11.1% 26 107 24.3% 16 53 30.2% 63 350 18.0% 1 

19 SMB-6-2* 35 303 11.6% 30 169 17.8% 35 108 32.4% 100 580 17.2% 1 

20 SMB-1-13 23 187 12.3% 10 98 10.2% 23 52 44.2% 56 337 16.6% 1 

21 SMB-3-1 25 192 13.0% 12 98 12.2% 19 51 37.3% 56 341 16.4% 1 

22 SMB-2-5 18 185 9.7% 13 99 13.1% 21 53 39.6% 52 337 15.4% 1 

23 SMB-5-2 56 811 6.9% 57 402 14.2% 96 216 44.4% 209 1429 14.6% 5 

24 SMB-MC-1 21 187 11.2% 14 102 13.7% 12 48 25.0% 47 337 13.9% 1 

25 SMB-3-5 10 856 1.2% 105 481 21.8% 93 253 36.8% 208 1590 13.1% 5 

26 SMB-1-14 15 181 8.3% 6 91 6.6% 21 55 38.2% 42 327 12.8% 1 
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27 SMB-1-11 15 183 8.2% 8 94 8.5% 18 49 36.7% 41 326 12.6% 1 

28 SMB-2-9 16 185 8.6% 4 91 4.4% 20 51 39.2% 40 327 12.2% 1 

29 SMB-3-6 8 175 4.6% 7 96 7.3% 25 57 43.9% 40 328 12.2% 1 

30 SMB-1-4 5 177 2.8% 22 102 21.6% 13 50 26.0% 40 329 12.2% 1 

31 SMB-3-8 15 236 6.4% 17 163 10.4% 27 89 30.3% 59 488 12.1% 1 

32 SMB-1-1 19 187 10.2% 10 95 10.5% 11 49 22.4% 40 331 12.1% 1 

33 SMB-3-7 6 178 3.4% 10 95 10.5% 22 52 42.3% 38 325 11.7% 1 

34 SMB-1-5 8 179 4.5% 17 99 17.2% 13 50 26.0% 38 328 11.6% 1 

35 SMB-6-1 26 807 3.2% 35 384 9.1% 99 213 46.5% 160 1404 11.4% 5 

36 SMB-2-13 16 230 7.0% 8 167 4.8% 31 90 34.4% 55 487 11.3% 1 

37 SMB-5-5 29 273 10.6% 5 110 4.5% 15 67 22.4% 49 450 10.9% 2 

38 SMB-6-4 9 181 5.0% 13 94 13.8% 12 51 23.5% 34 326 10.4% 1 

39 SMB-3-9 5 176 2.8% 8 95 8.4% 19 50 38.0% 32 321 10.0% 1 

40 SMB-1-6 6 173 3.5% 12 98 12.2% 14 52 26.9% 32 323 9.9% 1 

41 SMB-2-10 5 230 2.2% 6 166 3.6% 34 91 37.4% 45 487 9.2% 1 

42 SMB-1-17 7 94 7.4% 5 60 8.3% 4 26 15.4% 16 180 8.9% 1 

43 SMB-7-7 7 152 4.6% 3 93 3.2% 16 48 33.3% 26 293 8.9% 1 

44 SMB-2-8 7 178 3.9% 3 91 3.3% 18 50 36.0% 28 319 8.8% 1 

45 SMB-6-3 10 178 5.6% 6 97 6.2% 11 51 21.6% 27 326 8.3% 1 

46 SMB-2-3 8 178 4.5% 1 90 1.1% 17 51 33.3% 26 319 8.2% 1 

47 SMB-2-15 6 175 3.4% 5 91 5.5% 13 50 26.0% 24 316 7.6% 1 

48 SMB-2-12 4 173 2.3% 5 92 5.4% 14 50 28.0% 23 315 7.3% 1 

49 SMB-6-5 15 261 5.7% 7 139 5.0% 10 74 13.5% 32 474 6.8% 2 

50 SMB-2-14 3 175 1.7% 3 91 3.3% 11 49 22.4% 17 315 5.4% 1 

51 SMB-1-16 3 173 1.7% 3 91 3.3% 10 55 18.2% 16 319 5.0% 1 

52 SMB-2-11 1 170 0.6% 0 90 0.0% 14 53 26.4% 15 313 4.8% 1 

53 SMB-6-6 4 196 2.0% 5 110 4.5% 7 64 10.9% 16 370 4.3% 2 

54 SMB-4-1 3 173 1.7% 4 93 4.3% 6 48 12.5% 13 314 4.1% 1 

55 SMB-5-4 1 187 0.5% 1 87 1.1% 10 48 20.8% 12 322 3.7% 1 

56 SMB-5-3 5 256 2.0% 4 138 2.9% 6 75 8.0% 15 469 3.2% 2 

57 SMB-5-1 4 234 1.7% 2 124 1.6% 7 65 10.8% 13 423 3.1% 2 

58 SMB-7-1 0 175 0.0% 0 96 0.0% 8 55 14.5% 8 326 2.5% 1 
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59 SMB-7-9 4 378 1.1% 3 277 1.1% 11 160 6.9% 18 815 2.2% 2 

60 SMB-7-8 0 374 0.0% 4 275 1.5% 13 159 8.2% 17 808 2.1% 2 

61 SMB-7-3 0 374 0.0% 0 273 0.0% 14 160 8.8% 14 807 1.7% 2 

62 SMB-7-6 0 374 0.0% 0 273 0.0% 14 160 8.8% 14 807 1.7% 2 

63 SMB-7-4 1 134 0.7% 1 273 0.4% 7 160 4.4% 9 567 1.6% 1 

64 SMB-7-5 1 375 0.3% 4 275 1.5% 7 160 4.4% 12 810 1.5% 2 

65 SMB-1-2 0 169 0.0% 1 92 1.1% 3 52 5.8% 4 313 1.3% 1 

66 SMB-1-3 0 169 0.0% 1 91 1.1% 2 52 3.8% 3 312 1.0% 1 

67 SMB-7-2 0 176 0.0% 1 97 1.0% 2 52 3.8% 3 325 0.9% 1 
 
* SMB-6-2 data is comprised of two different monitoring stations located a two different places.  One station is identified as S16 monitored per CI6948 and the other 
is identified as SMB-6-2 per the CSMP.  S16 is located just south of the Redondo Beach Pier and SMB-6-2 is located approximately 100 yards south of the Pier in 
front of a life guard station. 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION IX

75 Hawthorne Street
San Francisco, CA 94105-3901

JUL 2 32012

Ivar Ridgeway
Chief, Stormwater Permitting Unit
Los Angeles Regional Water Quality Control Board
320 West 4th Street, Suite 200
Los Angeles, CA 90013

Re: Draft MS4 Permit for Los Angeles County (NPDES Permit No. CASOO4001)

Dear Mr. Ridgeway:

The following are EPA Region 9’s comments on the draft NPDES permit for
discharges from the municipal separate storm sewer system (MS4) serving Los Angeles
County and incorporated cities therein, which the Los Angeles Regional Board proposed on
June 6, 2012. As you know, Region 9 has invested in the development of this draft permit,
providing contract support for permit development, attending public workshops, and
reviewing and commenting on early drafts of the permit. We are pleased with the draft
permit that has emerged from these efforts and we urge the Board to adopt the permit at its
meeting in September 2012. We also offer the following comments for the Board’s
consideration:

A. Total Maximum Daily Load (TMDL) Requirements

For the last several years, Region 9 has been encouraging the Regional Boards to
incorporate applicable wasteload allocations (WLAs) from TMDLs as numeric effluent limits
in MS4 permits. This practice improves the clarity and enforceability of the permits, and
ensures consistency with the WLAs. We are pleased to see that applicable WLAs have been
identified and incorporated as numeric effluent limits in Appendices K through R to the
permit.

We also recognize the permit provides an opportunity for a permittee to demonstrate
compliance with interim WLAs via Watershed Management Program Plans providing
reasonable assurance that documented best management practices (BMPs) will achieve
interim WLAs. We agree with this approach. Based on available information, it is
appropriate that compliance with final WLAs (except for those associated with trash
TMDLs) will be determined based on achievement of applicable numeric final water quality
based effluent limits andlor final receiving water limits. This is consistent with EPA guidance
in its updated memorandum of November 10, 2010 concerning the incorporation of WLAs
into stormwater permits, available at:
http://www.epa.gov/npdes/pubs/establishingtmdlwla revision.pdf. This memorandum

‘r,nted on Rer’’ie1 I’ajer
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recommends the use of numeric effluent limits when feasible, and notes that BMP-based
approaches are appropriate in cases where the administrative record for the permit
quantitatively demonstrates the BMPs required by the permit will be sufficient to ensure
compliance with the WLAs. This has also been a long-standing EPA policy dating back to
EPA’s previous 2002 guidance memorandum concerning the incorporation of WLAs into
stormwater permits, available at: http://www.epa.gov/npdes/pubs/final-wwtmdl.pdf.’

We agree that the BMP-based approach this permit takes for trash TMDLs is
appropriate given the record that has been compiled on the use of BMPs to address trash, and
also agree that numeric limits are appropriate for determining compliance with fmal WLAs
for the rest of the TMDLs incorporated into this permit. These procedures and requirements
set forth in the draft permit are consistent with EPA guidance.

Section VI.A 5 of the draft permit notes that all documents submitted to the Regional
Board for approval shall be made available for public review and comment for 30 days. This
includes the important Watershed Management Programs (WMPs) developed by permittees
in which BMPs may be selected to comply with applicable WLAs, along with a reasonable
assurance analysis (RAA) to demonstrate compliance with the WLAs. The RAAs will likely
be complex and we believe public review is critical to ensuring that any WMP approved by
the Board is adequate to ensure compliance with applicable WLAs. We found no mention of
public review of WMPs in the fact sheet, and we recommend this be mentioned and stressed
to ensure the public is fully aware of this opportunity and to encourage public review. For
example, page F-40 of the fact sheet notes that a draft WMP must be submitted to the Board
for approval within one year of adoption of the permit, but no mention is made of any
opportunity for public review and comment.

We note that separate and somewhat different provisions were developed for the
EPA-established TMDLs than for the State-established TMDLs. The fact sheet correctly
points out that unlike the State TMDLs, the EPA TMDLs do not include implementation
plans or schedules, but they do typically include implementation recommendations. We
believe the Board has discretion in developing permit requirements for the EPA TMDLs, and
we believe the draft permit requirements are appropriate for the EPA TMDLs, and consistent
with the implementation recommendations. EPA also supports the requirement of Watershed
Management Program Plans, with the shortest possible implementation schedule, to achieve
WLAs defined in the EPA-established TMDLs. EPA further supports language concluding
that if the Board determines a plan or schedule is inadequate, then compliance with the
numeric WLAs and water quality objectives, as defined in the TMDL, must be met
immediately. We believe such provisions will best assure water quality improvements. To
reinforce the permit expectations as we understand them, we’d suggest the following specific
changes:

- Page 114, section VI.E.3. next to last sentence should be revised to “In lieu of
inclusion of numeric water quality based effluent limitations at this time, this
Order requires the Permittees subject to WLAs in USEPA established TMDLs to
propose and implement best management practices (BMPs) that will be effective
in achieving compliance with USEPA established numeric WLAs.”
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- Page 115, section VI.E.3.c.ii. should be revised to: “A detailed time schedule of
specific actions the Permittee will take in order to achieve compliance with the
applicable WLA.”

B. Low Impact Development (LID) Requirements

As we’ve pointed out previously, implementation of LID requirements in MS4
permits is one of Region 9’s priorities, along with implementation of TMDL requirements.
And as in the case of TMDLs we are seeking clear, measurable LID requirements in MS4
permits to ensure enforceability of the requirements. We have reviewed the LID
requirements of the proposed permit and we concur with these requirements. Importantly,
we note that numeric sizing criteria for a design storm to be managed via LID have been
included in the draft permit (section VI.D.6.c.i.(2)) which are comparable to other recent
MS4 permits adopted in the State.

To a considerable degree, the LID requirements of the proposed Los Angeles County
MS4 permit were derived from the requirements developed for the Board’s MS4 permit for
Ventura County which was adopted in 2010. However, there are also a few differences
based on new information which has become available since 2010 and as discussed below,
we would concur with the changes made from the Ventura County MS4 permit.

First, we note that the draft Los Angeles County MS4 permit omits the provision in
the Ventura County permit which allows the runoff from 5% of the effective impervious area
(EIA) of a new development to be excluded from the LID management requirements. We
found the EIA concept to be confusing to many parties and excluding 5% of the EIA makes
little difference from an engineering standpoint. The removal of this EIA provision will also
align the Los Angeles County MS4 permit with other recent MS4 permits such as the North
Orange County MS4 permit adopted by the Santa Ana Regional Board in 2009 (NPDES
permit No. CASO 108740) in which the runoff from the full Iesign storm must be managed
using LID techniques. By requiring LID management of the full design storm runoff, the
Los Angeles County permit will also be somewhat more protective of water quality than the
Ventura County permit.

We support provisions in the draft Los Angeles County permit which provide
specificity on the implementation of LID, for example Attachment H’s
Bioretention/Biofiltration Design Criteria. This is an improved approach over the Ventura
County permit’s reliance on a Technical Guidance Manual which had to be updated
subsequent to issuance of the Ventura County permit to provide these design criteria. By
providing specifications in the permit the draft Los Angeles County permit provides clear
expectations to the public on how the LID requirements will be implemented and eliminates
the delays associated with reaching agreement on a Technical Guidance Manual.

Another difference from the Ventura County permit is that special alternative
compliance provisions have been included in the Los Angeles County permit which allow the
use of offsite regional groundwater recharge sites without a showing of LID technical
infeasibility onsite (section VI.D.6.c.iii). The benefits of increased stormwater infiltration for
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the purpose of the groundwater recharge in Southern California have been highlighted in
several recent studies such as the 2010 Los Angeles Basin Water Augmentation Study,
available at:
http://watershedhealth.orgIFiles/documentl522_WAS_StrategyDocument_web.pdf and
NRDC’s 2009 study entitled “A Clear Blue Future: How Greening California Cities Can
Address Water Resources and Climate Change in the 21st Century.” We did not find an
explanation in the fact sheet for the special provisions related to groundwater recharge; we
suggest adding an explanation, citing studies such as those mentioned above. These studies
show the benefits stemming from increased groundwater recharge in Southern California
would be substantial, and we believe they merit the special consideration provided in the
draft permit. However, we would recommend that the permit limit this alternative
compliance option to recharge sites where the groundwater can actually be used for a
beneficial purpose. To this end, we’d suggest the following specific revision:

- Page 70, section VI.D.6.c.ii.(1) should be revised to, “In instances of technical
infeasibility or where a project has been determined to provide an opportunity to
replenish regional ground water supplies at an offsite location where ground water
can be used for beneficial purposes, each Permittee may...”

Also, we have a minor suggestion to clarify the circumstances where technical
infeasibility exists:

- Page 71, section VI.D.6.c.ii.(2)(d) should be revised to, “Brownfield development
sites where infiltration poses a risk of causing pollutant mobilization.”

Note also that the citation on page 71 at the end of section VI.D.6.c.ii.(3) should be
“VI.D.6.c.i.”

We support the option for achieving compliance via implementation of Offsite
Projects which Retrofit Existing Development (page 72, section VI.D.6.c.iii.(3)). This
provides added flexibility to the permittees as a means for complying with LID requirements,
and has the potential of achieving valuable water quality benefits.

In addition to the provisions in the LID requirements, we also support the provisions
on page 94 (section VI.D.8.d) requiring the development of an Inventory of Existing
Development for Retrofitting Opportunities. These provisions are similar to those in MS4
permits issued by the San Diego Regional Water Quality Control Board, and should result in
valuable consideration of retrofit projects that can contribute to water quality improvements.
They are also supported by EPA’s 2010 MS4 Permit Improvement Guide (EPA 833-R-10-
001) which recommends such provisions be considered.

Lastly, there are three documents cited on page F-62 of the fact sheet where a
reference citation was not included —, the study by “Hawley et al.”, the USGS study and the
Grand River TMDL. We suggest footnotes which would provide the reference information.
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C. Receiving Water Limitations

We understand that concerns have been raised regarding the receiving water
limitations (RWL) language (Section V.A) in the draft permit. We would note that the State
Board adopted standard RWL language to be used in all California MS4 permits in WQ
Order 99-05 dated June 17, 1999. The State Board provided further clarification of its intent
in WQ Order 2001-15, but it generally retained the substance of WQ Order 99-05. WQ
Order 99-05 also allowed minor variations in the language to ensure consistency with the
terminology in a particular permit. We have reviewed the RWL language in the draft MS4
permit for Los Angeles County and we believe it is consistent with WQ Order 99-05, and we
would urge the Regional Board to retain the proposed language in the final permit. We also
believe the permit is consistent with the Clean Water Act as interpreted by the Ninth Circuit
Court of Appeals in Defenders of Wildlife v. Browner(9th Cir. 1999) 191 F.3d 1159, in which
the Court determined that the Board has discretion in setting these requirements.

We also understand that concerns have been raised regarding compliance
determinations with RWLs and WLAs under the proposed permit, and that concerns have
been raised about requiring instreanilreceiving water monitoring. First of all, we support
instream as well as outfall monitoring since they both may provide useful information; both
are also well established and supported by EPA’s 1990 Phase I stormwater regulations (40
CFR 122.26(d)(2)(iii)(D)) and EPA’s Part 2 MS4 permit application guide (EPA 833-B-92-
002). NPDES regulations at 40 CFR 122.44(i)(1) also provide broad authority to the Board
in determining monitoring requirements, including “other measurements as appropriate” (40
CFR 122.44(i)(1)(iii)). Lastly, we believe the fact sheet provides a solid rationale for the
instream monitoring which is consistent with the applicable regulations and EPA guidance on
this matter.

Section II.E of Attachment E (Monitoring and Reporting Program) summarizes how
compliance determinations would be made, and what the points of compliance would be; we
support the draft permit on this matter. NPDES regulations at 40 CFR 122.44(d)(1)(vii)(B)
require that NPDES permits be consistent with assumptions and requirements of applicable
WLAs. We believe it is appropriate for the Board to incorporate the WLAs as they were
adopted, including provisions for compliance determination.

Section II.E of Attachment E also notes that instream monitoring locations may be
used to assess compliance with the RWL requirements of the permit. However, the
discussion in the fact sheet (Section XIII.C) clarifies that the Board would use outfall
monitoring in conjunction with instream monitoring to identify particular MS4s which may
be responsible for exceedances at the instream location. As such, we believe the concerns
about the permit’s compliance determinations are not warranted.

D. Non-Stormwater Discharges

We support the draft permit’s approach for regulating non-storrnwater discharges.
We’ve heard criticism of these provisions on the grounds that they are somehow inconsistent
with the Clean Water Act. Section 402 (p)(3)(B)(ii) requires that MS4 permits “shall include
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a requirement to effectively prohibit non-stormwater discharges into the storm sewers.” The
draft permit implements this statutory provision by a number of means, including comparison V

of effluent concentrations to non-stormwater action levels. We find that the approaches used
in the draft permit are appropriate and practical means to implement the CWA’s requirement
that non-stormwater discharges into the MS4 are effectively prohibited. We also believe they
are consistent with NPDES regulations at 40 CFR 122.26(d)(2)(iv)(B) which describe what a
stormwater management program should include to address non-stormwater discharges.

We understand that concerns have been raised specifically on Section III.A. 1 of the
draft permit which requires that the permittee prohibit certain non-stormwater discharges
“through” the MS4 while Section 402(p)(3)(B)(ii) of the Clean Water Act requires that the
permittee prohibit discharges “into” the MS4. We support the Board’s proposed language on
this issue. We would note that the preamble to EPA’s 1990 stormwater regulations (55 FR
47995) itself uses the word “through” in describing the discharges which are to be prohibited.
We believe this is in recognition of the fact that a discharge “into” the MS4 is tantamount to
a discharge “through” the MS4 to receiving waters since the principal purpose of an MS4 is
conveyance of water.

We also suppOrt the exception to the non-stormwater discharge prohibition for
temporary discharges authorized by USEPA pursuant to CERCLA (page 26, Section
III.A. 1 .b.). EPA Region 9 worked closely with LA Regional Board staff on this provision.
These discharges are authorized in narrow circumstances when an alternative means for
handling these waters is not practical in the performance of necessary actions to remediate
contaminated groundwater. This by no means results in any expansion of CERCLA liability
for permittees as has been alleged during public workshops.

E. Watershed Management Programs

We support the permit’s establishment of voluntary Watershed Management
Programs. However we have two specific comments about the draft permit’s provisions in
this area.

- Page 51, Section VI.C.3.b. iv.(1)(c) should be revised to: “If the Permittee(s)
elects to eliminate a control measure identified in Part VI.D.4 to Part VI.D.9
because that specific control measure is not applicable to them, the Permittee(s)
shall provide a justification for its elimination.”

- Page 55, Section VI.C.6.b.ii. should be revised to clarify that the reference to
modifying compliance deadlines or interim milestones does not apply to deadlines
or milestones associated with TMDLs, but rather applies to new deadlines and
milestones that are not including in this permit, but are developed pursuant to the
Permittee(s)’ Watershed Management Program.

We appreciate the opportunity to provide comments on the draft permit. It’s been
many years since the Los Angeles County MS4 permit was last reissued in 2001, and much

RB-AR17764



-7-

has happened since then, particularly the approval of a large number of TMDLs with
• applicable WLAs. While this necessarily complicates the 2012 permit, it also provides a
major opportunity for water quality improvement via the implementation of these TMDLs.
Our understanding of the benefits of LID has also increased since 2001 and this proposed
permit provides another substantial opportunity of water resource benefits. The process for
the development of the new draft permit has also been lengthy, but we believe the permit is
ready for adoption and again we urge the Board to adopt the permit at its September 2012
meeting. If you would like to discuss this matter further, please contact Eugene Bromley of
the NPDES Permits Office at (415) 972-3510.

Sincerely,

//-4
-4r’-- David Smith, Manager

NPDES Permits Office (WTR-5)
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Comment Letters Received from  

Vector Control Agencies 

 

� CDPH, Vector-Borne Disease Section 

� Greater Los Angeles County Vector Control 

District (GLACVCD) 
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State of California—Health and Human Services Agency 

  California Department of Public Health 
  

 
 RON CHAPMAN, MD, MPH EDMUND G. BROWN JR. 

 Director & State Health Officer Governor 

July 23, 2012 

 

                                                                                     

Mr. Ivar Ridgeway  

California Regional Water Quality Control Board 

Los Angeles Region  

320 W. 4
th

 Street, Suite 200  

Los Angeles, CA 90013 

 

Dear Mr. Ridgeway: 

 

Subject: Order No. R4-2012-XXXX, NPDES Permit No. CAS004001, Waste Discharge 

Requirements for Municipal Separate Storm Sewer System (MS4) Discharges Within the Los 

Angeles County Flood Control District, Including the County of Los Angeles, and the 

Incorporated Cities Therein, Except the City of Long Beach.  

 

 

The Vector-Borne Disease Section of the California Department of Public Health (CDPH) is 

responsible for assisting local public agencies in preventing and controlling the spread of vectors 

and vector-borne diseases as described in the California Health and Safety Code (Section 

116110).  Extensive monitoring studies conducted by CDPH between 1999 and 2011 have 

documented that mosquitoes opportunistically breed in structural stormwater Best Management 

Practices (BMPs), particularly those that hold standing water for over 96 hours.  These structures 

create a potential public health concern and increase the burden on local vector control agencies 

that are mandated to inspect for and abate mosquitoes and other vectors within their 

jurisdictional boundaries.  These unintended public health consequences can be lessened when 

structures incorporate design, construction, and maintenance principles developed specifically to 

minimize standing water available to mosquitoes while having negligible effects on the capacity 

of the BMPs to provide water quality improvements as intended. 

 

Pesticide applications to Waters of the United States for the control of mosquitoes and other 

vectors are covered under a Statewide NPDES Permit (Water Quality Order No. 2011-0002-

DWQ, General Permit No. CAG 990004).  The obligations of this pesticide permit have created 

additional burdens on public health and vector control agencies, most importantly causing a 

direct impact on the efficiency of field operations to control vector mosquitoes.  The increasingly 

stringent regulations targeting the control of vectors are worrisome to the CDPH.  In particular, 

CDPH is concerned that future revisions to existing MS4 permits in California could prohibit the 

application of public health pesticides to MS4 systems.  Stormwater conveyance systems, both 

above- and belowground, are among the most important sources of vector mosquitoes in the 

Vector-Borne Disease Section/Infectious Diseases Branch/Division of Communicable Disease Control/Center for Infectious Diseases 
1616 Capitol Ave., MS 7307, P.O. Box 997377, Sacramento, CA 95899-7377 

Phone (916) 552-9730 Fax (916) 552-9725 
Internet Address: www.cdph.ca.gov 

RB-AR17767
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urban environment and are a top priority for control to protect public health.  It is critical that the 

capacity for vector control agencies to apply public health pesticides to MS4s is protected by not 

imposing additional restrictions.  To this end, public health pesticides specifically should be 

included as exempted discharges into permitted MS4s.   

 

CDPH respectfully requests that the Board strongly consider the addition of specific and concise 

language to the Draft Tentative Order, Order No. R4-2012-XXXX, that:  

• draws attention to the potential unintended consequences associated with stormwater 

management structures (i.e., mosquito production); specifically, structural BMPs and 

certain Low Impact Development (LID) site design measures such as rainwater capture 

systems 

• requires that MS4s operating under this NPDES General Permit minimize the potential 

for mosquito production in structural BMPs and certain LID site design measures capable 

of holding standing water to the maximum extent practicable 

• requires that MS4s operating under this NPDES General Permit provide, on an annual 

basis, a list of structural BMPs and certain LID site design measures capable of holding 

standing water to the local vector control agency to facilitate routine inspections and 

control of vectors if necessary, and 

• specifically exempts the application of public health pesticides into permitted MS4s.  

 

Requiring MS4s to consider mosquito production as part of the permitting process ensures that 

the public health and safety of Californians remains a top priority.  Because NPDES stormwater 

permits regulate the discharge of pollutants, in part, for the benefit of public health, we feel the 

Board has the responsibility of ensuring that permit requirements do not unintentionally result in 

alternate public health threats from disease vectors.  Although we understand that this is not an 

issue the Board is required to enforce, including language in the permit that alerts Permitees of 

the potential to create other public health violations when complying with this permit should be 

acceptable and fall under your purview.  Our proposed language follows. 
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Fact Sheet 

 

The April 27, 2012 revision to the Fact Sheet for NPDES Permit No. CAS000003  

ORDER No. 2012-XX-DWQ, State of California Department of Transportation included a 

paragraph on page 18 entitled Potential Unintended Public Health Concerns Associated with 

Structural BMPs.  We propose that the Board consider the addition of a similar paragraph to the 

Fact Sheet of the Tentative Draft Order for the purpose of raising awareness of the potential 

unintended consequences associated with the implementation of certain stormwater management 

structures and public health obligations of owner /operators as defined in the California Health 

and Safety Code.  Please consider including the following language to the Fact Sheet and the two 

associated references as a footnote. 

 

Potential Unintended Public Health Concerns Associated with Structural Storm Water 

Treatment Systems and Certain LID site design measures.  

Extensive monitoring studies conducted by the California Department of Public Health (CDPH) 

have documented that mosquitoes opportunistically breed in structural storm water Best 

Management Practices (BMPs), particularly those that hold standing water for over 96 hours.  

Certain Low Impact Development (LID) site design measures that hold standing water such as 

rainwater capture systems may similarly produce mosquitoes.  These structures create a 

potential public health concern and increase the burden on local vector control agencies that are 

mandated to inspect for and abate mosquitoes and other vectors within their jurisdictional 

boundaries.  These unintended consequences can be lessened when structures incorporate 

design, construction, and maintenance principles developed specifically to minimize standing 

water available to mosquitoes
1
 while having negligible effects on the capacity of the structures to 

provide water quality improvements as intended.  The California Health and Safety Code 

prohibits landowners from knowingly providing habitat for or allowing the production of 

mosquitoes and other vectors, and gives local vector control agencies broad inspection and 

abatement powers
2
. This Order requires regulated MS4s to comply with applicable provisions of 

the Health and Safety Code and to cooperate and coordinate with CDPH and local mosquito and 

vector control agencies on vector-related issues. 

 
1
 California Department of Public Health. (2012). Best Management Practices for Mosquito 

Control in California. Retrieved on July 20, 2012 from http://www.westnile.ca.gov/resources.php 

 
2
 California Health & Safety Code, Division 3, Section 2060 and following. 
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Findings 

 

A large portion of Statewide and Regional stormwater NPDES permits have incorporated a 

Finding related to the potential for vector production in certain structural stormwater structures.  

Such a Finding ensures that Permitees are fully aware that certain stormwater structures 

unintentionally may produce vectors, particularly mosquitoes, and encourages collaboration with 

public health agencies that control vectors to mitigate any breeding that may occur.  Please 

consider including the following language as a separate Finding and the associated reference as a 

footnote. 

 

“Certain structural BMPs and Low Impact Development strategies implemented or required by 

Permitees for urban runoff management may create habitat for vectors (e.g., mosquitoes) if not 

properly designed or maintained
1
. Close collaboration and cooperation among the Permitees, 

local vector control agencies, Regional Water Board staff, and the California Department of 

Public Health is necessary to identify and implement appropriate vector control measures that 

minimize potential nuisances and public health impacts resulting from vector breeding”. 

 
1
California Department of Public Health, Best Management Practices for Mosquito Control in 

California (2012), http://www.westnile.ca.gov/resources.php 

 

 

Pages 26-36. Section III, Discharge Prohibitions 

 

As stated in paragraph 2 of this letter, it is critical that the capacity for vector control agencies to 

apply public health pesticides to MS4s be protected by not imposing additional restrictions.  

Please consider adding an additional line item to categorically exempt discharges of public 

health pesticides used for the purpose of protecting public health from vectors and vector-borne 

disease when applied by government agencies certified by the California Department of Public 

Health, specifically 

 

“public health pesticides applied by government agencies signatory to a Cooperative Agreement 

with the California Department of Public Health”. 

 

 

Page 39.  Section VI, Provisions 

 

In order to protect the public health from vectors and vector-borne disease, local vector control 

agencies maintain databases of known habitats capable of vector production.  The recent 

proliferation of stormwater treatment BMPs and LID structures that hold water such as rainwater 

capture devices has increased the burden on these agencies, particularly the challenge of locating 

new installations before they create a potential public health threat.  It would be beneficial if the 

Board would consider requiring Permitees operating under this Order to provide, 
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on an annual basis, a list of structural BMPs and LID site design measures capable of holding 

standing water such as rainwater capture systems to the local vector control agency to facilitate 

routine inspections and control of vectors if necessary.  In order to be most effective, the 

minimum information needed by vector control agencies is location of the structure, the type of 

structure (or proprietary name), and owner or responsible party.  Determination of when the list 

of stormwater treatment systems should be made available can be determined locally.  Please 

consider adding the two following sections to the Provisions of this Order. 

 

“Coordination with the appropriate mosquito and vector control agency with jurisdiction to 

establish a protocol for notification of installed structural treatment systems and LID site design 

measures that hold standing water such as rainwater capture systems”. 

 

“On an annual basis, structural storm water treatment systems and LID site design measures 

that hold standing water such as rainwater capture systems shall be made available in tabular 

form to the local mosquito and vector control agency and the appropriate Regional Water 

Board. This list shall include the location of the facility / site (e.g. lat-long; street address), a 

description and name of the structure / device, and the name of the owner / operator responsible 

for the installation / maintenance of the structure / device”.  
 

 

Page 67.  Section 6.a.i.(6). 

   

The reference cited in Section 6.a.i.(6) in the footnotes should be updated.  Please replace it with 

the following 

 
26

 Structures designed to drain captured water within 96 hours minimize the potential for 

breeding vectors. See California Department of Public Health, Best Management Practices for 

Mosquito Control in California (2012) at http://www.westnile.ca.gov/resources.php 

 

 

We appreciate the opportunity to comment on the revised draft Water Quality Order and look 

forward to working with you in the future to ensure that vector concerns are adequately 

addressed in stormwater NPDES permits to protect the health of all Californians.  If you have 

any questions, please contact Marco Metzger, Ph.D. at Marco.Metzger@cdph.ca.gov or (909) 

937-3448. 

 

 

Sincerely, 

 

 

Vicki Kramer, Ph.D., Chief 

Vector-Borne Disease Section 
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Ivar Ridgeway  

California Regional Water Quality Control Board 

Los Angeles Region  

320 W. 4
th

 Street, Suite 200  

Los Angeles, CA 90013 

 

Subject: Order No. R4-2012-XXXX, NPDES Permit No. CAS004001, Waste Discharge 

Requirements for Municipal Separate Storm Sewer System (MS4) Discharges within the 

Los Angeles County Flood Control District, Including the County of Los Angeles, and 

the Incorporated Cities Therein, Except the City of Long Beach 

 

Dear Mr. Ridgeway: 

 

The Greater Los Angeles County Vector Control District (GLACVCD) is a California 

government and public health service agency.  Our mission is to reduce populations of 

public health vectors (mosquitoes, black flies and midges) below nuisance levels, 

prevent human infection associated with mosquito-transmitted diseases, and prevent the 

loss of property values and commercial enterprise as the result of vector occurrence and 

activity, as mandated in the California Health and Safety Code (Section 116110). 

 

This letter is in support of the vector related language proposed for inclusion in the 

above tentative Order by the California Department of Public Health (CDPH). 

 

In addition to the CDPH suggestions we would like the Board to address the following 

concerns: 

• The additional burdens on vector control agencies created by the 2011 Statewide 

NPDES Permit (Water Quality Order No. 2011-0002-DWQ, General Permit No. 

CAG 990004) directly impact the efficiency of field operations to control vector 

mosquitoes.  Consequently, both the statewide as well as the national mosquito 

control association are aiming to regain NPDES exemption of public health 

pesticide applications and return such applications solely to regulation under the 

Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA).  To ensure our 

ability to continue our control efforts in the future, we would like to see the 

language under section VI.A 10. “prohibiting the discharge of any product 

registered under FIFRA to any waste stream that may ultimately be released to 

waters of the United States, unless specifically authorized elsewhere in this 

Order or another NPDES permit”, removed or have a specific exemption of 

public health pesticides added 
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• We find that while it has been stated that the existing Ventura County Municipal Separate 

Storm Sewer System Permit, Order No. 09-0057, NPDES Permit No CAS004002 has 

served as a template in crafting this tentative order, important vector control related 

language has been omitted in this draft.  We ask that the Board consider including the 

following language from the FINDINGS section F of the Ventura County MS4 permit as 

a part of the language proposed by CDPH for this section: 

This Order is not intended to prohibit the inspection for or abatement of vectors by the 

State Department of Public Health or local vector agencies in accordance with CA 

Health and Safety Code, § 116110 et seq. Certain Treatment Control BMPs if not 

properly designed, operated or maintained may create habitats for vectors (e.g. 

mosquitoes and rodents). 

 

We appreciate the opportunity to comment on the revised draft Water Quality Order and look 

forward to working with you in the future to ensure that vector concerns are adequately 

addressed in stormwater NPDES permits to protect the health of all California residents.  If you 

have any questions, please contact:  Mark Daniel, Director of Operations, at 562-944-9656 or 

mdaniel@glacvcd.org or myself. 

 

 

Sincerely, 

 

 

 

Susanne Kluh 

Scientific-Technical Director 

562-944-9656 

skluh@glacvcd.org 
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Comment Letters Received from Water Suppliers 

 

� Association of California Water Agencies 

� California Water Service Company 

� Golden State Water Company 

� Los Angeles Dept. Water & Power (LADWP) 

� Lagerlof, Senecal, Gosney & Kruse, LLP (Jim 

Ciampa) 

 

� Main San Gabriel Basin Watermaster 

� Metropolitan Water District (MWD) 

� Pasadena Water and Power 

� Upper San Gabriel Valley Municipal Water 

District 
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July 23, 2012 
 
Sam Unger 
Executive Officer 
Los Angeles Regional Water Quality Control Board 
320 West Fourth Street, Suite 200 
Los Angeles, CA 90013 
 

Dear Mr. Unger, 

The Association of California Water Agencies (ACWA) appreciates the opportunity to comment on the 
draft National Pollutant Discharge Elimination System (NPDES) Permit for Municipal Separate Storm 

Sewer System (MS4) Discharges within the Los Angeles County Flood Control District. ACWA represents 
nearly 440 public water agencies in California that collectively supply 90% of the water delivered in 
California for domestic, agricultural and industrial uses. We represent many Community Water Systems 
(CWSs) in the Los Angeles region and believe the significant effort on this issue by agencies, Board staff 
and community stakeholders has resulted in a draft permit that will allow all parties to work together to 
solve water quality problems and protect the public rather than create potential conflicts.   

In addition, we would like to offer the following technical comments: 

Categories of Non‐Storm Water Discharges 

The proposed permit creates new categories of “Authorized Non‐Storm Water Discharges”, including 
“Conditionally Exempt Non‐Storm Water Discharge” (CENSWD).  CENSWDs are divided into two sub‐
categories, those that are “essential” and “others.”  The “essential” CENSWDs include discharges from 

CWSs and are given a certain amount of regulatory relief because they are mandated under federal and 
state statute and regulations.  ACWA supports the creation of these categories and the regulatory relief 
that accompanies it.  The proposal for additional Best Management Practices (BMPs) to protect water 
quality seems entirely appropriate. 

However, ACWA is somewhat concerned that the wording of these provisions is somewhat difficult to 
follow.  It is often difficult to discern which BMPs are required for both the essential CENSWDs and other 
types.  ACWA believes that it would helpful to all parties if the permit more clearly delineated these two 
groups of CENSWDs.   The permit should explicitly title the two groups, Essential CENSWD (including 
discharges from CWSs) and Non‐Essential CENSWD, and have all BMPs and other requirements explicitly 
associated with each group. 
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ACWA Comment Letter 
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BMPs and Table 8 

The permit makes frequent reference to Table 8 (“Required Conditions for Conditionally Exempt Non‐
Storm Water Discharges”) as it applies to CENSWDs. The majority of required conditions apply only to 
Non‐Essential CENSWDs (although the first applied to both Essential and Non‐Essential CENSWDs).  The 
actual required conditions for Essential CENSWDs in III A 2 a i and ii are not found in this table.  ACWA is 
concerned that it will be confusing if the requirements that apply to Essential CENSWDS are not in Table 
8 or another Table that is clearly marked as applying to Essential CENSWDS. 

One solution would be to have separate Tables for Essential CENSWDs and Non‐Essential CENSWDs (see 
attached table). 

Los Angeles County Flood Control District 

The Los Angeles County Flood Control District (LACFCD) is identified as having to mandate reporting by 
CWSs.  ACWA is unaware of any legal mechanism that the LACFCD currently has to enforce this 
provision.  Further, there are hundreds of potable water sources in Los Angeles County, and it is unclear 
if the LACFCD would have the resources to implement such a requirement. We believe it would be more 
appropriate for each individual MS4 Permittee (or perhaps groups of MS4 Permittees through the 
watershed groups) to be responsible for this function. 

Pollutants of Concern 

Footnote 9 requires the analysis of Essential CENSWDs for “…trash and debris, including organic matter, 
total suspended solids (TSS)…”  It is not clear how discharges from CWSs would be analyzed for these 
parameters except TSS.  However, TSS is not a very useful or diagnostic test, and there are not many 
CWSs with laboratories capable of analyzing this parameter, which would significantly delay meaningful 
results.  We would recommend that CWSs instead be required to analyze chlorine residual and pH, two 
tests that can be completed quickly and accurately in the field, and are already included in Footnote 10 
of the draft permit.  

Discharge Requirements 

On page 33 in Table 8 there is a requirement for all CENSWDs to “Segregate conditionally exempt non‐
storm water discharges from potential sources of pollutants to prevent introduction of pollutants to the 
MS4 and receiving water.”  This is difficult to understand and its practical implications are not clear.  
Based on the discussion at the recent Board Workshop, we believe the intent is to prevent discharges 
from mobilizing pollutants in the flow path.  We would recommend that this section be re‐written to 
more clearly state the intent.  Possible language for Table 8 might be…”Ensure flow path between 
discharge point and entrance to the MS4 (e.g. streets, gutters, swales) are free of trash and debris, 
organic matter, and potential sources of pollutants.” 
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Local Permits 

On Page 29 of the Tentative Permit there is a provision that CENSWDs need to obtain “local permits.”  
We would like clarification on the definition of “local permits” in this sentence.  Further, the 
requirement for the CENSWD to obtain a “local permit” is conditional upon the MS4 Permittee already 
requiring such a permit.  We understand this to mean that if the local MS4 Permittee does not already 
require CENSWDs to get a local permit, the MS4 does not require one be obtained.   This seems 
unnecessary; if local authority already requires a permit, the MS4 does not also have to require it.  

BMP Threshold  

We believe that the permit’s intent is that all of the requirements listed on page 28 as they apply to 
discharges from CWSs should be carried out for all discharges greater than one acre‐foot. However, as 
written, the intent is unclear and could be read as meaning that the one acre‐foot threshold only applies 
to the third measure, “record keeping.”  We would suggest that the text be re‐written so that it is clear 
the threshold applies to all requirements.   

Raw Water 

We would recommend that the definition of potable water include the term “raw water.”  While 
untreated water is not a common discharge, it does occur and some MS4 permittees have expressed 
reservations about accepting this water unless it is explicitly stated in the permit.     

ACWA would like to thank Board staff and members again for their hard work and cooperation in 
putting together a permit that will be a major step forward for all parties and water quality in the Los 
Angeles region. If you have questions please feel free to contact me at 916‐441‐4545 or 
danielleb@acwa.com.  

 

Sincerely, 

 

Danielle Blacet 
Senior Regulatory Advocate 
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Table X. Required Conditions for Essential Conditionally Exempt Non-Storm Water Discharges

Discharge Category General Conditions Conditions/BMPs that are Required to be Implemented Prior to Discharge Through the MS4

Under Which

Discharge Through

the MS4 is Allowed

All Discharge Categories See discharge Specific Ensure flow path between discharge point and entrance to the MS4 (e.g. streets, gutters, swales) are free of trash and debris, organic matter, and potential sources of pollutants.

conditions below

Whenever there is a discharge of one acre-foot or more into the MS4, the MS4 Permittee shall require advance notification by the discharger to the MS4 Permittee

Non-emergency fire fighting activities Management Practices Plan for Urban Runoff Management (May 1, 2004) or equivalent BMP manual for fire training activities and post-emergency fire fighting activities

Installation, testing, and maintenance CAL FIRE, Office of the State Fire Marshal’s Water-Based Fire Protection Systems Discharge Best Management Practices Manual (September 2011)

of water-based fire suppression systems

Potable Water Sources not otherwise For Discharges greater than one acre-foot

covered by an individual or general

NPDES Permit Use of American Water Works Association (California-Nevada Section) Guidelines for the Development of Your Best Management Practices (BMP) Manual for

Drinking Water System Releases (2005) or equivalent industry standard BMP manual.

Notification of MS4 Permittee at least 72 hours prior to a planned discharge and as soon as possible after an unplanned discharge

Monitoring of any pollutants of concern in the potable water supply release

Record keeping by the potable water supplier
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July 23, 2012 

 

VIA E-MAIL [LAMS42012@waterboards.ca.gov] & FIRST CLASS MAIL 

 
Ms. Renne Purdy 

Mr. Ivar Ridgeway 

Los Angeles Regional Water Quality Control Board 

320 West 4
th

 Street, Suite 200 

Los Angeles, CA  90013 

 

Re: Los Angeles County MS4 Permit - Comments on Tenative Draft 

Order (NPDES Permit No. CAS004001) 

 

Dear Ms. Purdy and Mr. Ridgeway: 

 

 We represent the Public Water Agencies Group (the “Group”), an association of 

seventeen public water suppliers located throughout Los Angeles County (fifteen of 

which are located in the Los Angeles Region).
1
  We also represent Bellflower-Somerset 

Mutual Water Company, California Domestic Water Company, Lincoln Avenue Water 

Company, Rubio Cañon Land and Water Association, Tract 349 Mutual Water Company 

and Valencia Heights Water Company, mutual water companies that provide water service 

in various communities within the Los Angeles Region (collectively, the “Companies”).   

  

 Since January of this year, we have been involved in various meetings and 

discussions regarding the proposed new Los Angeles County Municipal Separate Storm 

Sewer System Permit (“MS4 Permit”).  We greatly appreciate the effort the Regional 

Board’s staff has put into the draft MS Permit and staff’s willingness to meet with various 

stakeholders, including representatives of community water system operators, to address 

their concerns in the draft permit.  We also greatly appreciate the acknowledgement in the 

draft MS4 Permit of the essential nature of the potable water discharges which community 

                                                 
1
 The fifteen Public Water Agencies Group members located within the Los Angeles Region are:  Crescenta 

Valley Water District, Kinneloa Irrigation District, La Habra Heights County Water District, La Puente 

Valley County Water District, Newhall County Water District, Orchard Dale Water District, Pico Water 

District, Rowland Water District, San Gabriel County Water District, San Gabriel Valley Municipal Water 

District, Sativa-Los Angeles County Water District, South Montebello Irrigation District, Three Valleys 

Municipal Water District, Valley County Water District and Walnut Valley Water District. 
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Mr. Ivar Ridgeway 

Los Angeles Regional Water Quality Control Board 
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Page 2 

 

water systems must make from their systems for public health purposes.  The Group and the 

Companies support the accommodations set forth in the draft MS4 Permit that will enable 

community water systems and MS4 permittees to work cooperatively to address and resolve 

water quality problems.   

 

 In accordance with the Regional Board’s Public Notice No. 12-022, dated June 6, 

2012, the Group and Companies offer the following comments to the draft MS4 Permit:   

 

A. Section III.A.2.a.ii, top of page 28:  to clarify that the requirements set forth 

in items (1), (2) and (3) of Section III.A.2.a.ii apply only to discharges greater 

than one acre-foot, to clarify that it is clear to whom the required notification 

is to be given and to shorten the required notice period to be more realistic in 

connection with community water systems’ typical operations, in the sixth 

line, after “ensure,” add the following:  “to ensure, that for discharges greater 

than one acre-foot: (1) notification shall be provided to the MS4 Permittee 

with jurisdiction over the land area from which the discharge originates at 

least 24 72 hours. . . .,” and delete the “for all discharges greater than one 

acre-foot” at the end of the paragraph.   

 

B. Footnote 9, page 28:  Footnote 9 lists “pollutants of concern” and due to the  

relatively innocuous nature of community water system discharges we suggest 

deleting “trash and debris, including organic matter, total suspended solids 

(TSS)” and replacing it with “chlorine residual and pH.”   

 

C. Section III.A.4.a, page 29:  in the first paragraph, to remove any possible 

conflict of this section with the essential non-stormwater discharge provisions 

in Part III.A.2, add:  “Except as provided in Parts III.A.2.a.i and ii, develop 

and implement . . . .” 

 

D. Section III.A.4.a.ii, page 29:  delete subdivision (ii) in its entirety because if 

such permits are already required, the provision is duplicative. 

 

E. Table 8, page 33:  in the “All Discharge Categories” box, because the 

provision would be very difficult, if not impossible, for community water 

systems to comply with, delete “segregate conditionally exempt non-storm 

water discharges from potential sources of pollutants to prevent introduction 

of pollutants to the MS4 and receiving water.”  Replace that language with:  

“Discharges from potable water sources under Part III.A.2.a.ii shall ensure the 

flow path between the discharge point and entrance to the MS4 (e.g., streets, 

gutters, swales) is free of trash and debris, organic matter and potential 

sources of pollutants.” 
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F. Table 8, page 33:  in the “All Discharge Categories” box, the Los Angeles 

County Flood Control District does not in all instances have authority to 

require a discharger, such as a community water system, to perform any acts, 

particularly where the Flood Control District’s facilities are not directly used 

by a particular discharge.  To clarify the advance notification requirement 

under that provision in Table 8, the language should be modified to read:  

“Whenever there is a discharge of one acre-foot or more into the MS4, the 

discharger shall provide at least 24 hours’ advance notification to the MS4 

Permittee with jurisdiction over the land area from which the discharge 

originates.” 

 

 

Thank you for the opportunity to provide the foregoing comments on the Group’s 

and Companies’ behalf.  Please let me know if you have any questions on them.   

 

     Very truly yours, 

 

     /s/      

 

     James D. Ciampa 

 

JDC/cc 

 

cc: Public Water Agencies Group Members (via e-mail only) 

 Mr. Roberto Olvera, Bellflower-Somerset Mutual Water Company (via e-mail 

only) 

 Mr. Jim Byerrum, California Domestic Water Company (via e-mail only) 

Mr. Bob Hayward and Ms. Jennifer Betancourt, Lincoln Avenue Water Company 

(via e-mail only) 

Ms. Jan Fahey, Rubio Cañon Land and Water Association (via e-mail only) 

Mr. Martin Susnir, Tract 349 Mutual Water Company (via e-mail only) 

Mr. Dave Michalko, Valencia Heights Water Company (via e-mail only) 

David Kimbrough, Ph.D, Pasadena Water and Power (via e-mail only) 
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Board of Directors:  
Anthony R. Fellow, Ph.D., Division 1 

Charles M. Treviño, Division 2 

Ed Chavez, Division 3 

R. William “Bill” Robinson, Division 4 

Bryan Urias, Division 5 

 
 
 
 

July 19, 2012 
 
 
Mr. Sam Unger, Executive Officer 
Los Angeles Regional Water Quality Control Board 
320 W. 4th Street, Suite 200 
Los Angeles, CA 90013 
 
RE: Comments on the Los Angeles Regional MS4 Permit 
 
 
Dear Mr. Unger: 
 
 The Upper San Gabriel Valley Municipal Water District (“Upper District”) appreciates the opportunity to 
comment on the DRAFT NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM (NPDES) PERMIT FOR 
MUNICIPAL SEPARATE STORM SEWER SYSTEM (MS4) DISCHARGES WITHIN THE LOS ANGELES COUNTY 
FLOOD CONTROL DISTRICT (“MS4 Permit”).  The Upper District has been following portions of the draft MS4 
permit dealing with non-stormwater discharges by community water systems as well as the degree to which 
the MS4 encourages the proactive capture of stormwater that could augment local water supplies. 
 

Non-Stormwater Discharges By Community Water Systems 
 
 The Upper District believes that the draft permit recognizes that Community Water Systems (CWSs) 
have legal obligations under both state and federal laws and regulations to discharge water for the 
protection of public health and safety.  The Upper District supports the regulatory accommodations 
provided in this permit which will allow CWSs and MS4 permittees to work together to resolve water quality 
problems rather than placing them in a position where conflict would have resulted.   
 

We would recommend that the definition of potable water include the term "raw water".  While untreated 
water is not a common discharge, it does occur and some MS4 permittees have expressed reservations 
about accepting this water unless it is explicitly spelled out in the permit. 

Comment 1: Inclusion of “Raw Water” 

 

Page 29 III. DISCHARGE PROHIBITIONS 4 a ii: We believe that this provision does not serve any purpose.  If a 
local MS4 owner or operator requires a local permit, the MS4 permit does not need to require the permittee 
to require that permit, it is already required.  If the local MS4 owner or operator does not require a local 
permit, the MS4 permit does not change that.  We propose that this provision be struck out entirely.  

Comment 2: Requirement of Permits 
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Encouragement of Stormwater Capture Through A Watershed Management Approach 
 
 The Watershed Management Approach as outlined in the draft permit provides the ability to ensure 
stormwater quality protection while considering environmental and economic impacts in hydrologically 
defined drainage basins or watersheds.  The creation of Watershed Management Areas provides water 
supply agencies such as the Upper District the ability to contribute as a matter of our basic mission as a 
water supplier to the goals of the MS4 permittees by recognizing the value of stormwater as a local water 
supply that could be developed through regional systems. Under the draft permit MS4 permittees would 
have the option of implementing the strategy in the manner they find to be most effective. Each permittee 
can implement the strategy individually within its jurisdiction, or the permittees can group together to 
implement the strategy throughout the watershed.  
 
 The Upper District has conducted an assessment of stormwater capture opportunities within the Upper 
San Gabriel Watershed area as part of its integrated resources planning (IRP) process and have found that 
while there are opportunities to capture water through a decentralized encouragement of cisterns and 
bioswales, it is currently more cost effective and feasible to begin through regional collaborations between 
the Los Angeles Flood Control District, the U.S. Army Corps of Engineers and entities such as the Upper 
District to divert and capture stormwater through regional facilities.  In time as the cost of imported water 
rises, it will become cost-effective to implement more decentralized stormwater programs; but such 
expectations should not be made to compete with regional solutions that can be accomplished in the near 
term. 
 
 We look forward to collaborating with the Regional Board to take advantage of opportunities where the 
goals of water suppliers match the objectives for protecting the quality of our local water bodies and 
potential supplies. 
 
Sincerely yours, 
 
 
Shane Chapman 
General Manager 
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Form Letters From Businesses 

 

Business Name Received 

Eco Dive Center 07/23/12 

Gladstein, Neandross & Associates 07/20/12 

HOK Product Design 07/23/12 

LAcarGuy 07/23/12 

Adi Liberman & Associates  07/23/12 

David Nahai Consulting Services, LLC 07/20/12 

Santa Monica Convention & Visitors Bureau 07/23/12 
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July 23, 2012 

 

Via electronic mail 

 

Mr. Sam Unger 

Executive Officer and Members of the Board 

California Regional Water Quality Control Board, Los Angeles Region 

320 West 4
th

 Street, Suite 200 

Los Angeles, CA  90013 

Email: LAMS42012@waterboards.ca.gov   

 

Re: Comments on Draft Los Angeles County Stormwater Permit, Tentative 

Order No. R4-2012-XXXX 
 

Dear Mr. Unger: 

 

On behalf of Eco Dive Center, we are writing with regard to the Draft Los Angeles 

County Municipal Separate Storm Sewer System (MS4) Permit (“Draft Permit”).  As a 

member of the local business community, we prioritize clean water and a healthy 

environment. Further, because the success of our business relies on clean beaches and a 

safe ocean, we are particularly interested in the need to manage and control stormwater, a 

leading cause of water pollution in Los Angeles County. The Draft Permit must 

adequately ensure that the public health of our clients and customers is protected, 

pollutants such as trash do not impact our beaches and waterways and that the Regional 

Board is moving forward with solutions that are effective and enforceable. In this regard, 

we appreciate the opportunity to comment on the Draft Permit, and provide the following 

suggestions that reflect the goals and requirements of the Clean Water Act and the 

economic needs of Los Angeles County.  

 

Strong Water Quality Protections Are Good for the Economy 

 

We support strong and enforceable permit provisions that require compliance with water 

quality standards set to protect the public health and promote important recreational and 

commercial uses. Most of Los Angeles’ waterways are listed as impaired for one or more 

pollutants due to years of industrial, commercial, and stormwater pollution. This new LA 

MS4 Permit is an opportunity to move forward in improving water quality in the 

region—we need stronger protections for our waters, not weaker ones. We urge the 

Regional Board to maintain strong provisions that will ensure that local residents and 

visitors can enjoy our environment and beaches in a safe and healthy way.  

 

Controlling pollution in stormwater and non-stormwater discharges has far-reaching 

economic and social benefits for the region.  According to a report to California’s 

Resources Agency, “California has the largest Ocean Economy in the United States, 
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ranking number one overall for both employment and gross state product . . . .”
1
 This 

ocean economy, particularly in southern California, is responsible for tens of thousands 

of jobs and provides billions in wages each year. Yet, the number of beach closures and 

advisories nearly doubled from 2009, and there were more than 2,400 beach closing or 

advisory days in Los Angeles County last year, the highest of any county in the state.
2
 

Many of these closures and advisories are directly related to urban runoff conveyed 

through our region’s MS4 system. Beach closures and advisories result in direct and 

indirect negative effects on the coastal economy, including lost revenue.   

 

Further, an example of how important water quality is to our local economy is conveyed 

in a 2007 study by the National Oceanic and Atmospheric Association, which found that 

an increase in water quality in Long Beach, to the healthier standards of Huntington City 

Beach would create $8.8 million in economic benefits over a 10-year period.
3
 Thus, we 

believe it is imperative that the Regional Board incorporate strong and enforceable 

provisions in the region’s new MS4 Permit that include: 

 

• Immediate compliance with long overdue dry weather bacteria standards 

at our beaches to protect public health; 

• Required compliance with interim and final pollution limits (waste load 

allocations) for pollutants such as trash, which are impacting our rivers 

and beaches; 

• Enforceable standards that require permittees to prioritize green 

infrastructure projects that retain runoff at its source through infiltration, 

capture and re-use, and evapotranspiration for new development, 

redevelopment, and in the existing built environment; 

• Requirements to implement “Green Street” projects in each jurisdiction.  

 

Thank you for the opportunity to comment on the Draft Permit. Please feel free to contact 

us with any questions or concerns you may have. 

 

 

Sincerely, 

 

 

Ron and Beth Beltramo  

                                                 
1
 Judith Kildow and Charles S. Colgan, National Ocean Economics Program, California’s Ocean Economy: 

A Report to the Resources Agency, State of California (2005), at 1.  
2
 Natural Resources Defense Council (2012) Testing the Waters: A Guide to Water Quality at Vacation 

Beaches, 22
nd

 Annual Report, at CA Chapter, available at http://www.nrdc.org/water/oceans/ttw/ca.asp. 

3 Leeworthy, V.R., and P.C. Wiley (February 2007) Southern California Beach Valuation Project: 

Economic Value and Impact of Water Quality Change for Long Beach in Southern California, National 

Oceanic and Atmospheric Administration, at 9, 15, available at 

http://coastalsocioeconomics.noaa.gov/core/scbeach/long%20beach_econ_imp.pdf. 
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July 20, 2012 
 

Via electronic mail 
 
Mr. Sam Unger 
Executive Officer and Members of the Board 
California Regional Water Quality Control Board, Los Angeles Region 
320 West 4th Street, Suite 200 
Los Angeles, CA  90013 
Email: LAMS42012@waterboards.ca.gov   
 

Re: Comments on Draft Los Angeles County Stormwater Permit, Tentative Order 
No. R4-2012-XXXX 

 
Dear Mr. Unger: 
 
On behalf of Gladstein Neandross & Associates (GNA), we are writing today in regards to the 
Draft Los Angeles County Municipal Separate Storm Sewer System (MS4) Permit (“Draft 
Permit”). As a member of the local Santa Monica business community, and also one of the 
nation’s leading environmental consulting firms specializing in emission reductions, we 
prioritize clean water and are deeply concerned urban runoff and storm water pollution continue 
to be the single greatest risk to our community’s ocean water quality. Further, because one of the 
foundations of our business is to promote a more livable and sustainable community, we have a 
vested interest in seeing that the Draft Permit enforces measures that move us forward in 
controlling this source of pollution in and effective and enforceable way, and that it also renews 
our obligation to improving the quality of our shared environment to the benefit of our citizens 
today and for future generations.  
 
We at GNA appreciate the opportunity to comment on the Draft Permit, and offer the following 
suggestions that not only reflect our concerns, but also the requirements of the Clean Water Act 
and the economic needs of the Los Angeles County. 
 
We support strong and enforceable permit provisions that require compliance with water quality 
standards that protect both human health and aquatic ecosystems from the damaging effects of 
stormwater. Most of Los Angeles’ waterways are listed as impaired for one or more pollutants 
due to years of industrial, commercial, and stormwater pollution. 
 
This new LA MS4 Permit is an opportunity to move forward in improving water quality in the 
region—we need stronger protections for our waters, not weaker ones. Studies conducted in the 
coastal waters of Santa Monica Bay have documented a clear association between 
gastrointestinal illness in swimmers and water quality. Dry weather flows in the storm drain 
system are a leading cause of conveying contaminated water to our beaches. We urge the 
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Regional Board to maintain strong provisions that will ensure that local residents and visitors can 
enjoy our environment and beaches in a safe and healthy way.  

 
Controlling pollution in stormwater and non-stormwater discharges has far-reaching economic 
and social benefits for our region.  According to a report to California’s Resources Agency, 
“California has the largest Ocean Economy in the United States, ranking number one overall for 
both employment and gross state product . . . .”1 This ocean economy, particularly in southern 
California, is responsible for tens of thousands of jobs and provides billions of dollars in wages 
each year. Yet, the number of beach closures and advisories nearly doubled from 2009, and there 
were more than 2,400 beach closing or advisory days in Los Angeles County last year, the 
highest of any county in the state.2 Many of these closures and advisories are directly related to 
urban runoff conveyed through our region’s MS4 system. Beach closures and advisories result in 
direct and indirect negative effects on the coastal economy, including lost revenue.  Reducing	
the	frequency	of	beach	closures	has	been	one	of	the	Governor’s	and	Cal/EPA’s	highest	
priority	environmental	programs—and	this	permit	needs	to	reflect	that	importance.		
 
We believe it is imperative that the Regional Board incorporate strong and enforceable 
provisions in the region’s new MS4 Permit that include: 

 
 Immediate compliance with long overdue dry weather bacteria standards at our beaches to 

protect public health; 
 Required compliance with interim and final pollution limits (waste load allocations) for 

pollutants such as trash, which are impacting our rivers and beaches; 
 Enforceable standards that require permittees to prioritize green infrastructure projects that 

retain runoff at its source through infiltration, capture and re-use, and evapotranspiration 
for new development, redevelopment, and in the existing built environment; 

 Requirements to implement “Green Street” projects in each jurisdiction.  
 
Thank you for the opportunity to comment on the Draft Permit. Please feel free to contact us 
with any questions or concerns you may have. 
 
Sincerely, 
 

 
Clifford E. Gladstein 
President 
Gladstein Neandross & Associates 
 

                                                 
1 Judith Kildow and Charles S. Colgan, National Ocean Economics Program, California’s Ocean Economy: A 
Report to the Resources Agency, State of California (2005), at 1.  
2 Natural Resources Defense Council (2012) Testing the Waters: A Guide to Water Quality at Vacation Beaches, 
22nd Annual Report, at CA Chapter, available at http://www.nrdc.org/water/oceans/ttw/ca.asp. 
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July 23, 2012 

 

Via electronic mail 

 

Mr. Sam Unger 

Executive Officer and Members of the Board 

California Regional Water Quality Control Board, Los Angeles Region 

320 West 4th Street, Suite 200 

Los Angeles, CA  90013 

Email: LAMS42012@waterboards.ca.gov   

 

Re: Comments on Draft Los Angeles County Stormwater Permit, Tentative Order No. R4-

2012-XXXX 

 

Dear Mr. Unger: 

 

On behalf of HOK Product Design, we are writing with regard to the Draft Los Angeles County 

Municipal Separate Storm Sewer System (MS4) Permit (“Draft Permit”).  As a member of the 

local business community, we prioritize clean water and a healthy environment. Further, 

because the success of our business relies on clean beaches and a safe ocean, we are 

particularly interested in the need to manage and control stormwater, a leading cause of 

water pollution in Los Angeles County. The Draft Permit must adequately ensure that the 

public health of our clients and customers is protected, pollutants such as trash do not impact 

our beaches and waterways and that the Regional Board is moving forward with solutions that 

are effective and enforceable. In this regard, we appreciate the opportunity to comment on 

the Draft Permit, and provide the following suggestions that reflect the goals and 

requirements of the Clean Water Act and the economic needs of Los Angeles County.  

 

Strong Water Quality Protections Are Good for the Economy 

 

We support strong and enforceable permit provisions that require compliance with water 

quality standards set to protect the public health and promote important recreational and 

commercial uses. Most of Los Angeles’ waterways are listed as impaired for one or more 

pollutants due to years of industrial, commercial, and stormwater pollution. This new LA MS4 

Permit is an opportunity to move forward in improving water quality in the region—we need 

stronger protections for our waters, not weaker ones. We urge the Regional Board to maintain 

strong provisions that will ensure that local residents and visitors can enjoy our environment 

and beaches in a safe and healthy way.  

 

Controlling pollution in stormwater and non-stormwater discharges has far-reaching 

economic and social benefits for the region.  According to a report to California’s Resources 

Agency, “California has the largest Ocean Economy in the United States, ranking number one 
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overall for both employment and gross state product . . . .”  This ocean economy, particularly in 

southern California, is responsible for tens of thousands of jobs and provides billions in wages 

each year. Yet, the number of beach closures and advisories nearly doubled from 2009, and 

there were more than 2,400 beach closing or advisory days in Los Angeles County last year, 

the highest of any county in the state.  Many of these closures and advisories are directly 

related to urban runoff conveyed through our region’s MS4 system. Beach closures and 

advisories result in direct and indirect negative effects on the coastal economy, including lost 

revenue.   

 

Further, an example of how important water quality is to our local economy is conveyed in a 

2007 study by the National Oceanic and Atmospheric Association, which found that an 

increase in water quality in Long Beach, to the healthier standards of Huntington City Beach 

would create $8.8 million in economic benefits over a 10-year period.  Thus, we believe it is 

imperative that the Regional Board incorporate strong and enforceable provisions in the 

region’s new MS4 Permit that include: 

 

• Immediate compliance with long overdue dry weather bacteria standards at our beaches 

to protect public health; 

• Required compliance with interim and final pollution limits (waste load allocations) for 

pollutants such as trash, which are impacting our rivers and beaches; 

• Enforceable standards that require permittees to prioritize green infrastructure projects 

that retain runoff at its source through infiltration, capture and re-use, and 

evapotranspiration for new development, redevelopment, and in the existing built 

environment; 

• Requirements to implement “Green Street” projects in each jurisdiction.  

 

Thank you for the opportunity to comment on the Draft Permit. Please feel free to contact us 

with any questions or concerns you may have. 

 

 

Sincerely, 

 

 

 

Susan Grossinger 

Senior Vice President 
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July 23, 2012 

 

Via electronic mail 

 

Mr. Sam Unger 

Executive Officer and Members of the Board 

California Regional Water Quality Control Board, Los Angeles Region 

320 West 4
th

 Street, Suite 200 

Los Angeles, CA  90013 

Email: LAMS42012@waterboards.ca.gov   

 

Re: Comments on Draft Los Angeles County Stormwater Permit, Tentative Order No. 

R4-2012-XXXX 
 

Dear Mr. Unger: 

 

On behalf of LAcarGUY, we are writing with regard to the Draft Los Angeles County Municipal 

Separate Storm Sewer System (MS4) Permit (“Draft Permit”).  As a member of the local business 

community, we prioritize clean water and a healthy environment. Further, because the success of our 

business relies on clean beaches and a safe ocean, we are particularly interested in the need to manage 

and control stormwater, a leading cause of water pollution in Los Angeles County. The Draft Permit 

must adequately ensure that the public health of our clients and customers is protected, pollutants such 

as trash do not impact our beaches and waterways and that the Regional Board is moving forward with 

solutions that are effective and enforceable. In this regard, we appreciate the opportunity to comment 

on the Draft Permit, and provide the following suggestions that reflect the goals and requirements of 

the Clean Water Act and the economic needs of Los Angeles County.  

 

Strong Water Quality Protections Are Good for the Economy 

 

We support strong and enforceable permit provisions that require compliance with water quality 

standards set to protect the public health and promote important recreational and commercial uses. 

Most of Los Angeles’ waterways are listed as impaired for one or more pollutants due to years of 

industrial, commercial, and stormwater pollution. This new LA MS4 Permit is an opportunity to move 

forward in improving water quality in the region—we need stronger protections for our waters, not 

weaker ones. We urge the Regional Board to maintain strong provisions that will ensure that local 

residents and visitors can enjoy our environment and beaches in a safe and healthy way.  

 

Controlling pollution in stormwater and non-stormwater discharges has far-reaching economic and 

social benefits for the region.  According to a report to California’s Resources Agency, “California has 

the largest Ocean Economy in the United States, ranking number one overall for both employment and 

gross state product . . . .”
1
 This ocean economy, particularly in southern California, is responsible for 

tens of thousands of jobs and provides billions in wages each year. Yet, the number of beach closures 

and advisories nearly doubled from 2009, and there were more than 2,400 beach closing or advisory 

days in Los Angeles County last year, the highest of any county in the state.
2
 Many of these closures 

and advisories are directly related to urban runoff conveyed through our region’s MS4 system. Beach 

                                                           
1
 Judith Kildow and Charles S. Colgan, National Ocean Economics Program, California’s Ocean Economy: A Report to 

the Resources Agency, State of California (2005), at 1.  
2
 Natural Resources Defense Council (2012) Testing the Waters: A Guide to Water Quality at Vacation Beaches, 22

nd
 

Annual Report, at CA Chapter, available at http://www.nrdc.org/water/oceans/ttw/ca.asp. 
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closures and advisories result in direct and indirect negative effects on the coastal economy, including 

lost revenue.   

 

Further, an example of how important water quality is to our local economy is conveyed in a 2007 

study by the National Oceanic and Atmospheric Association, which found that an increase in water 

quality in Long Beach, to the healthier standards of Huntington City Beach would create $8.8 million 

in economic benefits over a 10-year period.
3
 Thus, we believe it is imperative that the Regional Board 

incorporate strong and enforceable provisions in the region’s new MS4 Permit that include: 

 

• Immediate compliance with long overdue dry weather bacteria standards at our beaches 

to protect public health; 

• Required compliance with interim and final pollution limits (waste load allocations) for 

pollutants such as trash, which are impacting our rivers and beaches; 

• Enforceable standards that require permittees to prioritize green infrastructure projects 

that retain runoff at its source through infiltration, capture and re-use, and 

evapotranspiration for new development, redevelopment, and in the existing built 

environment; 

• Requirements to implement “Green Street” projects in each jurisdiction.  

 

Thank you for the opportunity to comment on the Draft Permit. Please feel free to contact us with any 

questions or concerns you may have. 

 

 

Sincerely, 

 

 

Michael Sullivan 

President of LAcarGUY 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                           

3 Leeworthy, V.R., and P.C. Wiley (February 2007) Southern California Beach Valuation Project: Economic Value and 

Impact of Water Quality Change for Long Beach in Southern California, National Oceanic and Atmospheric 

Administration, at 9, 15, available at http://coastalsocioeconomics.noaa.gov/core/scbeach/long%20beach_econ_imp.pdf. 
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15303 Ventura Blvd., Stuie 1090 Sherman Oaks CA 91403 

 
 
July 23, 2012 

 
Via electronic mail 
 
Mr. Sam Unger 
Executive Officer and Members of the Board 
California Regional Water Quality Control Board, Los Angeles Region 
320 West 4th Street, Suite 200 
Los Angeles, CA  90013 
Email: LAMS42012@waterboards.ca.gov   
 

Re: Comments on Draft Los Angeles County Stormwater Permit, Tentative 
Order No. R4-2012-XXXX 

 
Dear Mr. Unger: 
 
On behalf of Adi Liberman and Associates, we are writing with regard to the Draft Los 
Angeles County Municipal Separate Storm Sewer System (MS4) Permit (“Draft 
Permit”).  As a member of the local business community, we prioritize clean water and a 
healthy environment. Further, even in the San Fernando Valley we recognize that the 
success of our business and many like us rely on clean beaches and a safe ocean. We are 
particularly interested in the need to manage and control stormwater, a leading cause of 
water pollution in Los Angeles County. The Draft Permit must adequately ensure that the 
public health of our clients and customers is protected, pollutants such as trash do not 
impact our beaches and waterways and that the Regional Board is moving forward with 
solutions that are effective and enforceable. In this regard, we appreciate the opportunity 
to comment on the Draft Permit, and provide the following suggestions that reflect the 
goals and requirements of the Clean Water Act and the economic needs of Los Angeles 
County.  
 

Strong Water Quality Protections Are Good for the Economy 
 
We support strong and enforceable permit provisions that require compliance with water 
quality standards set to protect the public health and promote important recreational and 
commercial uses. Most of Los Angeles’ waterways are listed as impaired for one or more 
pollutants due to years of industrial, commercial, and stormwater pollution. This new LA 
MS4 Permit is an opportunity to move forward in improving water quality in the 
region—we need stronger protections for our waters, not weaker ones. We urge the 
Regional Board to maintain strong provisions that will ensure that local residents and 
visitors can enjoy our environment and beaches in a safe and healthy way.  

 
Controlling pollution in stormwater and non-stormwater discharges has far-reaching 
economic and social benefits for the region.  According to a report to California’s 
Resources Agency, “California has the largest Ocean Economy in the United States, 
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Mr. Sam Unger, Executive Officer 
RWQCB Los Angeles Region 
July 23, 2012 
Page 2  
 
ranking number one overall for both employment and gross state product . . . .”1 This 
ocean economy, particularly in southern California, is responsible for tens of thousands 
of jobs and provides billions in wages each year. Yet, the number of beach closures and 
advisories nearly doubled from 2009, and there were more than 2,400 beach closing or 
advisory days in Los Angeles County last year, the highest of any county in the state.2 
Many of these closures and advisories are directly related to urban runoff conveyed 
through our region’s MS4 system. Beach closures and advisories result in direct and 
indirect negative effects on the coastal economy, including lost revenue.   
 
Further, an example of how important water quality is to our local economy is conveyed 
in a 2007 study by the National Oceanic and Atmospheric Association, which found that 
an increase in water quality in Long Beach, to the healthier standards of Huntington City 
Beach would create $8.8 million in economic benefits over a 10-year period.3 Thus, we 
believe it is imperative that the Regional Board incorporate strong and enforceable 
provisions in the region’s new MS4 Permit that include: 

 
• Immediate compliance with long overdue dry weather bacteria standards 

at our beaches to protect public health; 
• Required compliance with interim and final pollution limits (waste load 

allocations) for pollutants such as trash, which are impacting our rivers 
and beaches; 

• Enforceable standards that require permittees to prioritize green 
infrastructure projects that retain runoff at its source through infiltration, 
capture and re-use, and evapotranspiration for new development, 
redevelopment, and in the existing built environment; 

• Requirements to implement “Green Street” projects in each jurisdiction.  
 
Thank you for the opportunity to comment on the Draft Permit. Please feel free to contact 
us with any questions or concerns you may have. 
 
 
Sincerely, 
 
Adi Liberman  
Adi Liberman and Associates  
adi@libermanassociates.com  
                                                
1 Judith Kildow and Charles S. Colgan, National Ocean Economics Program, California’s Ocean Economy: 
A Report to the Resources Agency, State of California (2005), at 1.  
2 Natural Resources Defense Council (2012) Testing the Waters: A Guide to Water Quality at Vacation 
Beaches, 22nd Annual Report, at CA Chapter, available at http://www.nrdc.org/water/oceans/ttw/ca.asp. 
3 Leeworthy, V.R., and P.C. Wiley (February 2007) Southern California Beach Valuation Project: 
Economic Value and Impact of Water Quality Change for Long Beach in Southern California, National 
Oceanic and Atmospheric Administration, at 9, 15, available at 
http://coastalsocioeconomics.noaa.gov/core/scbeach/long%20beach_econ_imp.pdf. 
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4/25/2013Hand Delivered Letters

Page 1

ID Name Zip Code E-mail

4 Terri 91604 terriivens@gmail.com

5  Thomas, Will 91604 Wtt2011@yahoo.com

6  Lockett, Bret 91765 Bret@Bretlockett.com

7 Kazmierczak,Matthew 85383 Mkinney38@yahoo.com

8 Blanchard, Heather 91601 autumnskyes@sbcglobal.net

9 I 90004 imastaract1@gmail.com

10  Wilson, Marie 91302 autumnskyes@sbcglobal.net

11  Gonzalez, Linda 90020 lindadg10@yahoo.com

12 Pascale, Linda 90020 lsp037@mymail.lausd.net

13 Eva 90049 lupileo@aol.com

14  Sandoval, Keiry 90038 keirycat@hotmial.com

15  Arevalo, Debroah 90004 boritamafalda@gmail.com

16 Oaeedan, Arielle 86426 forever-yours@hotmail.com

17 Mckehnna, George 93004 foreveryoungdarling22@hayoo.com

18 Trinh, Ha 91350

19 Santos Correia, Erivaldo 22790 junior-erivaldo@i6.com.br

20 Rangel, Ana 97240 Tanar2008@aol.com

21 Rodriguez, Luis 92240 luinesss@hotmail.com

22 Blackford, Cameron 94530 cblackford@msn.com

23 Magaziotis, Pamtelis 91765 phopan@msn.com

24 Maggioty 91765

25 J. Briana 55038

26 A. 55045

27 M. 90210

28 Rodriguez, Hector 93305

29 Wi, Jessica 92122

30 Mount, N 90024

31 Brough, Inken 90064 Inkenbrough@gmail. Com

32 Hemidn, Eric 90405 shaphing@yahoo.com

33 Lawrence, Angelina 60634 angielawrence113@yahoo.com

34 Brough, Kevin 90064 kpbrough@gmail.com

35 Grant, L laurettagrant@gmail.com

36 R. Shelley 90291 poetry-in-action@gmail.net

37 Fakelstein, Henry 90212 hfakelstein@roadrunner.com

38 Tham,  Shannon 90292

39 Chambers 90291

40 Idians, Valerie 90066

41 Nusbaun, Derek 21117 dhasty666@yahoo.com

42 91103 kinkyii0_010_@hotmail.com

43 Garcia, Ghid 91765

44 K. 90403

45 Gura, Ethan 90024
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ID Name Zip Code E-mail

46 Lyons, Craig 90405

47 R., Alex 90732

48 C., Besty 90291

49 Kaie, Connie 90403

50 Fautinni 90406

51 Novelli,N 90403

52 Librancdo, Cicero 90042

53 Steven, Mark 59801

54 B. Howard 89101

55 Tsukayama,Lily 94011

56 G 95843

57 Axelrod, M 90019

58 Lujan, Sylvia 90222

59 Linkenhoker, Hannah 90048

60 Manet, Noah 90025

61 90020 dreadpiratepuck@gmail.com

62 Sanchez, George 90006

63 Ventura, Manuel 90034

64 Jeff 75067

65 Capiro, Nina 90045

66 K. Matthew 90405 ashlandmatt@hotmail.com

67 Costello, Robin 92626 merakibarre@gmail.com

68 Hottey, Michael 90045 michaelhotten@gamil.com

69 Hotten, Veronica 90045 vchotten@gmail.com

70 Murphy, Maureen 90405 maureenmurphy49@gmail.com

71 Roger,S 91766 sjrgar@msn.com

72 Arellano, Blanca 91404

73 Rudy,E 90066 hsemmarudy@gmail.com

74 Stiller, Elliot 90066 elliotlll@verizon.net

75 Segura, Eva 90036 evasegura@yahoo.com

76 Rudy, Willy 90066 willycrudy@gmail.com

77 Whitebloom, Francis 90405

78 Shepard, Brianna 90403 briger2003@yahoo.com

79 Horwitz,Ruth 90403 Ruthjosh2@hotmail.com

80 Hirsch, Joshua 90403 hirshijoshua@hotmail.com

81 Adams, Brandon 90814 Bra1138@gmail.com

82 H.Josh 90035 joshleeh@yahoo.com

83 Skinner, Damon 90403 Damon,Skinner@gmail.com

84 Fonseca, Eric 90046 cybin27@earthlink.net

85 Gordon,Elizabeth 90036 liz@lahardware.com

86 Fabran 90016 chiscey@earthlink.net

87 William,Kyrsten 91343 Kyrstenbw@yahoo.com
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88 Oster, Gina 90404 ginanbel@yahoo.com

89 Sebring,Jim 92626 Jrsebring@gmail.com

90 Parrish, Neil 91307 Neil@fivefourtha.com

91 Brookner,Emma 90045 emmab310@aol.com

92 Smith, Clarence 90056 clarence@clarencevsmith.com

93 Carinean, Panya 90049 tmcariveau@hotmail.com

94 Allen, Robert W. 91206 robjimmy201@gmail.com

95 Buhr,Jonathan 90405 Jonathan.dale.buhr@gmail.com

96 Boyer,Sylvia 92211

97 Blevins, Kate 91505 kateblevins@yahoo.com

98 90404 hill_parent@hotmail.com

99 Sauta, Franciso 90025 nivroz@hotmail.com

100 Cao, Tina 91766 veryberryflavor@gmail.com

101 Ruiz, Blanca 90403 rizmendozablanche@yahoo.com

102 Sebring, Heather 92626 heatherlewis.sebring@gmail.com

103 Chen, Crystal 91761 cc326988@gmail.com

104 Kuntz 90405 d.kuntz@verizon.net

105 Castello,Kelly 92627 Kellycostell026@gmail.com

106 R.S. 90405 resprigg@aol.com

107 Doyle,Dwight 90401

108 Gebman,Ryan 90402 rgebman@gmail.com

109 Martin,  Mark 90402

110 Rodriguez,Ramiro 90044 ramiro,410@yahoo.com

111 Jarow,Jeff 90405 jeff@parcommercial.com

112 Ikeda, Lisa 91711 lisuikedao7@yahoo.com

113 Chism,Amanda 90602 slurpecgal@hotmail.com

114 Scott,Noah 90019 Noahc.scott@gmail.com

115 Barker, Aaron 90046 arbark@gmail.com

116 Chen, Kenton 90025

117 Kenney,  Delia 91311

118 R,Abigail 90710 neru232002@yahoo.com

119 Cotterell, Lexy 90405 lexycotterell60@yahoo.com

120 Pena, Brian 91326 brianpena@yahoo.com

121 Higa,Akino 90292 akino.higa@gmail.com

122 Cabana, Neil 90403 neilcabana@hotmail.com

123 Nakcado,Melissa 90291 Natascat@aol.com

124 E, Casper 90291 surfaddix@gmail.com

125 Toney, Domingue 91311 dominguetoney@gmail.com

126 Roccanova, Casey 90034

127 Locicero, Todd 90266

128 Edwards, David 90272

129 Quintero, Exene 91042
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130 Martinez, Andy 91352

131 H. 91784

132 92397 michellebousquet@gmail.com

133 Ryan, Samantha 90046 samantha.ryan5@gmail.com

134 Wiacek, Agnes 90025 fryga@hotmail.com

135 Rodriguez, Shelia 91042

136 Luna, Julie 91605 julie.luna@gmail.com

137 W. 90278

138 Scott, Alisha 90293

139 Cuevas, Jessica 90255

140 Barash, Emily 91325

141 Barillas, Evelyn 90255

142 Gomez, Nancy 90201

143 Jessica 90027

144 Casey, Jacob 90004

145 Thomas, Traci 90004

146 Kallas, Margarita 91302

147 Matino, Laura 90126 lauramartino@wholefoods.com

148 Kocenko,John 90064 koscheka@ca.rr.com

149 Holmes, Jessica 90069 jessica.holmes@ktla.com

150 Amaro, Oscar 91803 oscar.amaro@lacity.org

151 Fletcher, D 90035 debrajfletcher@aol.com

152 Fletcher,Tim 90035

153 Koscheka, Trish 90064 kosoheka@ca.rr.com

154 Duncanson, Sarah 91602 sarah9070@hotmail.com

155 Mirkin, Blake 90272

156 Mirkin, Karina 90272 kkmirkin@gmail.com

157 Davis, Adam 90405

158 Landau,Jeff 90025 jefflandau@sbcglobal.net

159 Willaim 90265

160 Noelle, Debbie 90740 debbienoelle@yahoo.com

161 Natalie 90405

162 Lipa,Guy 90036

163 Sukhasame,Steven 91326

164 Joslin 90746

165 Dau,A 90405 yapday@aol.com

166 Buic, Blanka 90291

167 Tate, Alexis 90066

168 Mata, Refugio 91335 refugio.mata@sierraclub.org

169 Ray 90245 deb234@gmail.com

170 Dorsey, Kristen 92647 Kristendorsey@gmail.com

171 Sullivan,M 90266
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172 O'Day, Terry 90404

173 Adra, Yolanda 90053 yolanda,adra@tpl.org

174 Reich,William 91403 eagle501@aol.com

175 Clark Kent,Deborah 91403 deborah.clark@clark-kent.com

176 Haney, Mary Alice 90402

177 Fox, Sharon 90403 taralhasa@abcglobal.net

178 Miller, Tara 90403 tarairenemiller@gmail.com

179 Jordan, Henry 90266 Henry.Jordan@wellsfargo, com

180 Paul 90277

181 Hassett, Jackie 90272 j.hassett4@verizon.net

182 Yarris, Dong 94599 dyarris@aol.com

183 Hirsch, Barry 90067

184 McDonald, Joanne 91361 jmacdonald2133@gmail.com

185 Gordillo, Illiana 90403 illi_gordillo@gmail.com

186 Weeshoff,David 91214 wesshoff@sbcglobal.net

187 Liberman, Adi 91324 adi123@me.com

188 Frances 33993 franticfran10@gmail.com

189 90293 repblakelt@aol.com

190 J.M. 91403

191 91403

192 Bogosian, Dave 90034

193 90205

194 90292

195 V. 90036

196 Propper,Simon 90036

197 Fernandez, Ana 91605 arleth_ana_14@yahoo.com

198 B 90212 spinflip@aol.com

199 Clementz, Janis 91205 janisclementz@charter.net

200 Burns, Dawn 90066 dawnburns333@yahoo.com

201 Carpenter, La Niece 91001 bratchick9@yahoo.com

202 Williams,Daja 92411 dajareece@gmail.com

203 Vargas,Andy 92316 Vargasandy2820@gmail.com

204 Agula,Roas 91732 Spiritfilledart@yahoo.com

205 Boscher, Greg 90292 gbuscher56@gmail.com

206 B, Lynn 90815 ibuschereme.com

207 Kiseh,Tracy 92056 Tlkisel@aol.com

208 McKay, Carolee 90401 ctmckay@gmail.com

209 Karigan, Jen 90069 jen@bollare.com

210 Kim,Yon Lee 90403 yiko421@gmail.com

211 Dan 90254 dan90254@hotmail.com

212 Howard, Valerie 90601 Valeriehowardpr@gmail.com

213 Gojo, Andrea 91403 Anniegoto@hotmail.com
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214 A. Juan 90280 juan23_228@hotmail.com

215 Maida,Dean 90266 Milo33B@yahoo.com

216 Bogosian, Katie 90034

217 Larson,Geoff 90046 skigeoff02@aol.com

218 G. Elsa 90503

219 Baggelaar,Linda 90250 lbaggelaar@gmail.com

220 B. William 90250 WCBaggy@sbcglogal.net

221 Canaco,Renata 91324

222 90069 robertjohnrussofallery@gmail.com

223 Tamburro,Tamara 91364 ttamburro@mac.com

224 S. Jan 91325 jansnot@sbcglobel.net

225 Richare,Ambre 90405 Algiacom@hotmail.com

226 ONeil, Shannon 90802 shannon@dogearedwholesale.com

227 McCabe, Susan 90292 smccabe@mccabeardcompany.net

228 90403 tracey.tigges@gmail.com

229 Zubia,Ruben 91364

230 Kinsey,Donald 90266 donskinsey@yahoo.com

231 Yang, Alicia 90212 aliciayang@gmail.com

232 Miller, Daniel 90049 numberonegrandpa@gmail.com

233 Wallerstein, Matthew 90048 mattwallerstein@yahoo.com

234 Shapira,Jacob 90036 jacob.shapira@gmail.com

235 Wiersema,Inge 91030 iwiersema@yahoo.com

236 Thornbary, Jeff 92129 jthornbury@me.com

237 Thornbury,Shea 92129 Shea.thornbury@me.com

238 Richare,Theodore 90405

239 90293 nichol.s.shuart@wellsfargo.com

240 Dylan 91016

241 Gordon,Cathy 91324 CAG123@me.com

242 Luedy, Justin 90803 luedy@polb.com

243 Hallett, Kelli 90254 kellihallett@gmail.com

244 Arnold, Howard 92069

245 90505 robertct@verizon.net

246 Shabtoy, Ann 91607

247 90039 tcodirol@yahoo.com

248 90212

249 90266

250 90265

251 Alisha 90266

252 Debbie 91505

253 90210

254 90402

255 Goldman, Elisa 90277
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ID Name Zip Code E-mail

256 M. 90402

257 Greg 90402

258 90064

259 Kane,Cindy 90064

260 Luis 91744

261 Edwards,Jennifer 91601

262 90024

263 Griesbach,Jacob 54944

264 90015 issaaguay@gmail.com

265 Camilleri,Carrie 90245

266 92647

267 92705

268 Phillip 91325

269 90069

270 Jamison 90025

271 90266

272 Thompson,Christina 90293

273 90293

274 91364

275 Melendez, Heather 91406 heathermelendez@gmail.com

276 Torres,Brenda 91352 torresbrenda15@gmail.com

277 Villasar, Kelly 90745 kpundrog@aol.com

278 Grant,James 90039 jgrantez@aol.com

279 Kaysing, Wendy 90291 taratree123@yahoo.com

280 Shahrokhi,Saam 91307 saamshahroahi@gmail.com

281 Mason, Summer 91324 summernsn500@gmail.com

282 Rathjen,Kielan 91604 kielan.rathjen@gmail.com

283 Ignocio, Gian 91423 gianchristian@sbcglobal.net

284 Tan, Antan 91423 anton_i_tan@yahoo.com

285 Robinson, Ethan 90210 misteremanr@aol.com

286 Graves, Kevin 90016 graves29@yahoo.com

287 Jang, Daniel 90019 jangdaniel7@gmail.com

288 Rodriguez, Steven 91401 stevenrodriguez889@gmail.com

289 Barrios, Mayte 91352 barrios.mayte@yahoo.com

290 Bautista, Mario 91352 Marioj88@yahoo.com

291 Lam, Lai 91780 Laiandking@sbcglobal.net

292 Portillo,Oscar 90201 oscarportillo@gmail.com

293 Cuevas, Yesenia 90255 yesenica1994@hotmail.com

294 Galindo, Jacqueline 90255 jackkygee@yahoo.com

295 Jansen, Aaron 90068 ajansen@sbcglobal.net

296 Jansen, Toni 90068 tonia@tjjlaw.com

297 Pina, Alberto 92376 apina005@gmail.com
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298 Funk, Catherine 90027 cfunk512@gmail.com

299 Acosta, Jocelyn 91733

300 Brito, Eric 90270 brito5512@yahoo.com

301 Decuart,Bryan 90057 bryandecuart9@gmail.com

302 Blaire, Amelia Rose 90039 ameliarosezo@gmail.com

303 Berrios, Jennifer 91401 jenniferberrios89@yahoo.com

304 Van Vleet, Victoria 90025 Victoria.vanvleet@gmail.com

305 Beerman,Leonard 90049 lbeerman@mindspring.com

306 Johnson, Scott 90007&9003 scottylj@gmail.som

307 R. Madeline 90069 madbydesign@yahoo.com

308 Friedman, Bruce

309 Brewer,U 90703

310 Watts,S 07129

311 Santiago, Isabel 90003

312 Parada, Maria 90043

313 Hassan, J 90043

314 Demekpe, Patricia 90016

315 Jefferson, Charmaine 90016

316 90026 randon.malings@yahoo.com

317 Stine,Don 90018 totalpsurf@yahoo.com

318 R. 92064 subscription.t@gmail.com

319 Mosby,April 90056 tchrof1@aol.com

320 Cerley, Anthony 93446 tonycblacksurf@hotmail.com

321 Griffin, Denise 90061

322 Peterson, G. 90019 gpetersgd@yahoo.com

323 Shields, Patricia 90045 pashields@successnet.net

324 Hamer,Doriann 90731 earthmail@rocketmail.com

325 Johnson, Jamie 91401 msjdjster@gmail.com

326 Brener, Daniel 90703 dbrascular@yahoo.com

327 Little, Bianca 90291 bjanc1@hotmail.com

328 Revelins, Lisa 90291 lisa@revelins.com.au

329 Alvery-Mark, Myran 90043

330 Adams, K 90008 kelefty@yahoo.com

331 Johnson, Robert Lee 90305 rldjohnson06@yahoo.com

332 Austin, Neffetiti 90043 naustin113@gmail.com

333 90403 kevinraymondspier@hotmail.com

334 Williams, Patricia 92114 realgempat@yahoo.com

335 Rice, Richard 90008 labue@sbcglogal.net

336 Korand,Kesavan 91423 kkorand@gmail.com

337 Jones,Herman 90008 hjones@yahoo.com

338 Galliani, Joe 90277 mrjoe@mrjoe.com

339 Leventhal, Laura 90266 alohabuttercup@verizon.net
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340 90254 janice.sakamoto@ecomediacbs.com

341 Doerr, Craig 92660 craig@socoastrec.com

342 Dymond,Alan 91604 dymondscra@aol.com

343 Halperin, Dan 90405 carneydog@aol.com

344 Dymond,Elizabeth 91604 emdymond@aol.com

345 Whisnant,Bobby 91607

346 Tagney,Burke 92870 burke.tagney@hotmail.com

347 Laster, Katie 91506 katielaster@gmail.com

348 Arnazzi,John 90505 Jarnazzi@cbs.com

349 Vincent,Catherine 91367 catherine.vincent@cbs.com

350 Hood, K 91604 admin@studiocitychamber.com

351 Fers, Lynn 91423 lynn.fers@cbs.com

352 Naranjo,Anthony 90744 naranjo@rocketmail.com

353 Cuevas,Johnny 90717 cuevas.johnny@gmail.com

354 Christina 90731 tinababbii95@yahoo.com

355 Dominguez,Oriana 90501 dominguezoriana@mail.com

356 Belton, Michelle Avril 90731 sealifelover5@yahoo.com

357 Lee, Minh 90020

358 Lines, Rob 90277

359 Moon, June 90502 jmoon@polahs.net

360 Ruelas, Jhonna 90731

361 Lyduboslar 90731

362 Clark, Ashley 90731

363 Dreiske, Heather 90731 tumefromu_1@yahoo.com

364 Mangubat,Erdinel 90745 mangubat@polahs.net

365 Vargas, Elizabeth 90731 lizzie_shorty@yahoo.com

366 Mendoza, Kevin 90745 kmendoza333@yahoo.com

367 Franczak,Camille 90731 camilledfe@gmail.com

368 Amador, Jasmine 90731

369 Morales, Angel 90731 chifarche@gmail.com

370 Padilla,Jackie 90745 padillajackie74@yahoo.com

371 Jaquez,Daniel 90732 daniel.dta27@yahoo.com

372 Rugerio,Adam 90745 arugerio5179@polahs.net

373 Ishijima,Kent 90731 kenti13j@yahoo.com

374 Vargas,Jennifer 90731

375 Ortiz,Staphany 90744 josueortiz47@yahoo.com

376 Rodriguez,Savannah 90745 savvrod97@gmail.com

377 Rabarales,M 90744

378 Jennings,Chelsea 90745 jenningschelsea25@yahoo.com

379 Ruelas, Josselin 90744

380 Gonzalez,Alex 90744

381 Tucay,Jerry 90744 tucayjerry@gmail.com

RB-AR17834
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382 Perez, Cynthia 90746 perezc@polahs.net

383 Vuksir,Jessica 90291 jvuksic@yahoo.com

384 Toyoshima,Terumi 90066 terumi.toyoshima@gmail.com

385 Lopez,Carmen 90744 lopezca@polahs.net

386 Beres,Sydney 90732 shchee7@gmail.com

387 Sostich, John 90732 jsastich@sbcglobal.net

388 Cisneros,Elisco 90744

389 Avarado, Stephen 90731 Stephen17@hotmail.com

390 Enriquez,Daniel 90744

391 Cuevas, Justin 90717 hereisjustin@gmail.com

392 Soto,Jonathan 90731 jonathansoto07@gmail.com

393 Agovino,Kyle 90278 kagovino@apl.com

394 Navarro,George 90501 navarrogeorge@yahoo.com

395 Jennings, Clint 90743 jenningsc@polahs.net

396 Aritelli, Ariana 90731

397 Garcia,Adriana 90732 luz_ma@sbcglobal.net

398 Rodriguez, Angel 90731 iodax96@yahoo.com

399 Valerrano,Betty 90710 camarrillo456@att.net

400 Virula,Edith 90731 edithvirula@yahoo.com

401 Rodriguez,Mark 90501 rodrimar@gmail.com

402 Vazquez, Diego 90731 vasquez@polahs.net

403 Alberto,Sienna 90731 siennatorcano@yahoo.com

404 Sanchez,Ramiro 90710

405 90045 trialice@gmail.com

406 Bob 92130

407 Charbonneay,JJ 93063 jjcharbonneau80@gmail.com

408 Longridge,Tara 90401

409 Bucciarelli,Randy 91405 randobucci@gmail.com

410 Chiabaudo, Tony 90066  tchiabaudo@yahoo.com

411 McCarfer, R 90630  rrmccarfer@aol.com

412 Pincheira, Veronicad 90292  veronicapincheira@yahoo.com

413 Modyman, Sharon 91786 orsoccermom@yahoo.com

414 Turner, Y 91326

415 Turner, Chelsea 91326  luvinwaves10@yahoo.com

416 Deans, Rebecca 90027 rdeans2003@yahoo.com

417 Kinda K 90276

418 Nathan B. 90403

419 A 90232 akyed@me.com

420 Becker, Ariel 91411 ariel.b.becker@gmail.com

421 Wilson, Michael 91367 mycole.wilson@yahoo.com

422 Storck, Amy 91601 arstorck@gmail.com

423 Park, Betty S. 92620 bettymail0409@gmail.com
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424 S, D. Kathryn 90401

425 Craudtry, Omar 90066 omar_craudtry@hotmail.com

426 Christina 90278 avi_christina@yahoo.com

427 Wilkison, D 91351

428 Luvieneo, Morgan 91387 momosaurus@hotmail.com

429 Yang, David 90232 ydyang@pacbell.net

430 Metzger, Kevin 90405 dr.k.metzg@gmail.com

431 Gorelick, Jerry 90045 jerry.L. gorelick@att.net

432 Brockwell, Yvonne 91361 mythyvonne@yahoo.com

433 Martinez, Lauren 90272 laurenmartinezz@gmail.com

434 Eva 90049 lupileo@aol.com

435 Hernandez, Rosa 50290 rosahernandez3811@live.com

436 Lowes, Jasmine 90016 cecilia_bloodsaw@yahoo.com

437 Malone, Jennifer 90293 Jennifer@HomerunEnt.com

438 De Leon, Erika 92866

439 Karie-Lynn & Kyra Marcot 93065 Karie_lynn_m@hotmail.com

440 Nolasco, Jessica 94533 nolasco_jessica@yahoo.com

441 Alex 93551 scoobyduro@yahoo.com

442 Jennifer 93551 doc_jenny@hotmail.com

443 Leaver, Jon 91105 Jleaver@Leverne.edu

444 Alvarez, Hilda 91331 halvarez41@yahoo.com

445 Gerard, Andrew 91307 fern_s@yahoo.com

446 Berlin, Sherrie 90293 monsherrie@gmail.com

447 Sarah 91106 sarahdryc@gmail.com

448 Saitowitz, Fern 91307 fernsiman@gmail.com

449 Joy 85295 kiyoko101@yahoo.com

450 Domanski, James 90401 furnishedbysoul@yahoo.com

451 D, Jennifer 90401 jday@rel.com

452 Jen 90401 jenkkhof@gmail.com

453 Yasuda, Richard 91405 r.yasuda@live.com

454 Liu, Michelle 90402 michellealiu@yahoo.com

455 Lanford, Sarah 91011 skarjala@yahoo.com

456 Calkins, Richard 90254 richardccalkins@gmail.com

457 Bolana, Krystal 92404 krystal.buford@yahoo.com

458 LaBomme, Antoinette 91367 am188@sbcglobal.net

459 Levy, Bridgette 90064 Bridgettelevy91@gmail.com

460 Power, Victoria 90094 victoria.power@ca.rr.com

461 Salmeron, Dani 90007 salmeron_dani@yahoo.com

462 Hernandez, Stephanie 90057 littlelef@sbcglobal.net

463 Sacharow, Willa 90405 willa.s@verizon.net

464 Pflieger, Mark 93535 mark_pflieger@hotmail.com

465 Pflieger, Jaclyn 93535 jaclynpflieger@yahoo.com
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466 Hager, Nicholas 91325 lacilbib@hotmail.com

467 Alvarez, Alma 91205 alma.alvarez.b@gmail.com

468 Barcelona, Melissa 91344 Mab5193@yahoo.com

469 Chaudhary, Shirline 93063 shirlinechaudhary@gmail.com

470 Deo, K 91335 divinek27@me.com

471 Lai, Aneesha 93063 aneeshalai13@gmail.com

472 Muneshwar, Sangeeta 91335 three-deri@yahoo.com

473 Reader, Zara 90049 Zarareader@hotmail.com

474 Cruz, Cindy C. 91107 cccmercado@hotmail.com

475 Beckley, Megan 90401 megkbe@gmail.com

476 Evdokimova, Natalie 90066 N.evdokimova@gmail.com

477 Jarce, Marianne 90066 jarce-marianne@yahoo.com

478 Perle, Lolita 90210

479 Harris, Aleksa 90405 lekzohh@aol.com

480 Rosandich, Meghan 91362 meghan31692@yahoo.com

481 McGuire, Gioia 91360 gioiasabbi@yahoo.com

482 Kelly 90017

483 Fernandez, Marina 90017 marinafernandez26@yahoo.com

484 Rodriguez, Mary 90058

485 Sandoval, Joel 90023 joeykills@gmail.com

486 Gallop, Geraldine 91042 gramcroack@verizon.net

487 M 91107

488 Sutton, Anne 90049 aes0461@lausd

489 Morrison, Audi 904004 audim830@gmail.com

490 Culbert, Samuel 90265 sculbert@anderson.ucla.edu

491 Rich 90405

492 Hellenius, Shawna 90292 Shellenius@yahoo.com

493 Vidaca, Joselyn 90023 joselynvidaca@yahoo.com

494 Bendat, Cindy 90402

495 Taylor, Clare 90066

496 Benson, Jennifer 90405

497 Mildon, Rhonda 90066

498 Elle 90039 elle801@hotmail.com

499 G, Sam 91307

500 F, Andrew

501 Matelina 90723 lina_maila42@yahoo.com

502 Fletcher, Stephanie 90047 ludagirl726@yahoo.com

503 Field, Lauren 90049 laurenfield12@gmail.com

504 Putman, Bailey 91403 baileyputman@yahoo.com

505 90056 mikaradouis@yahoo.com

506 Luber, Al 90405 alsgym@aol.com

507 Sorrentino, Reo 90405 RGS2411@gmail.com
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508 Quinn, Jack 90245

509 Ziebell, Lance 90403 LanceZiebell@yahoo.com

510 Walny, Mark 90292 markwalny@yahoo.com

511 Escobar, Rudy 90291

512 Ryan 90032

513 Felton, Aaron 90405

514 Murphy, Joseph 90045 Murphyjoseph33@gmail.com

515 B 90034

516 Dolezal, Jakub 91311 jakub_dolezal@yahoo.com

517 Grachi, Kevin 90404 kgrachi@yahoo.com

518 B, Chris 90019 chrisbeng@gmail.com

519 Lebrun, Miranda 90034 mirandalebrun@yahoo.com

520 Vasconez, Diego 90025 v-ball101@hotmail.com

521 Pasel, Scott 90405 scottpasel@yahoo.com

522 Brookes, Steve 90265 stevebrookes1@verizon.net

523 Traina, John 90291 johnnytraina@gmail.com

524 Dornfeld, Melissa 90405 mdornfeld01@yahoo.com

525 Kernan, Jessica 90291 kernanjl@yahoo.com

526 Shankle, Greg 90291 greg.shankle12@gmail.com

527 M 90049

528 Jennings, Megan 90025 Mjennin23@gmail.com

529 Kilpatrick, Jason 90291

530 August, Kristen 90256 kristenaugust@hotmail.com

531 Carvey, Jenna 91387 jennacarvey@gmail.com

532 Bala, Lurie 90013

533 Zaharov, Nicholas 91602 Nickzaharov@msn.com

534 O'Neil, Marissa 90405 marissa.oneil@gmail.com

535 Thomas, LaTheena 90045 latheena_jones@yahoo.com

536 Carnahan, Cicely 90403 cicelycarnahan@gmail.com

537 Matheson, Emily 90403 booked-4life@hotmail.com

538 Mercury, Marc 90405 marc.h.mercury@gmail.com

539 Lovato, David 90293 davelovato@hotmail.com

540 Perez, Marvin 90405 perezmarvin7@yahoo.com

541 Sprawl, Brooke 90404

542 Vela, Jose 90025 josevela4@yahoo.com

543 Fox, Clinton 90291 Foxc@clintonFox.com

544 Griffon, Gerald 91706 ggriffon@jdvhotels.com

545 Scott, Ryan 90291

546 Rosas, Dalia 90023 dsantana0630@gmail.com

547 Diaz, Jessica 90302 j82diaz@yahoo.com

548 Fister, Tyler 90302 tvfister@yahoo.com

549 Johnson, Tina 93312 tinawrap@gmail.com
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550 Reynolds, Marc 90405

551 Burnside, Charissa 90404 rissa@kattare.com

552 Robinson, Whitney 90019 tellhebees@yahoo.com

553 Michaelson, Jeff 90034

554 Moren, Kristi 93530 Kristicc1@aol.com

555 Geffen, Elaine 90405 esgeffen@gmail.com

556 Vucetic, Elena 90230 elena_vucetic@yahoo.com

557 Caballeros, Jonathan 90004 zigazgman2@yahoo.com

558 Luong, Lorilyn' 90026 lorilynmon@yahoo.com

559 Simpson. Tanner 91361 tsimp541@gmail.com

560 Wakelin, Dylan 91362 dylansspam@yahoo.com

561 Guerrero, Angeline 89117 Beach13babe@yahoo.com

562 Gordan,Sara 91362 Saralgordon@gmail.com

563 Tackett, Ashley 89107 Bumblebee4ever11@yahoo.com

564 Brown, Mary 91324 maryebrown1995@gmail.com

565 Marston, Don 90277

566 Sano, Collen 90291

567 Nathan, Louis 90230 loudlounathan.com

568 Barber, Christine 90404 cmissybar@gmail.com

569 Kahn, Beryl 90405 bkahn@gm.slc.edu

570 Tuizico, D 90025 digidep@gmail.com

571 Eshelman, Sean 92404 sean3871@gmail.com

572 Lim,Lawrence 91106

573 Newman, Gabrielle 89511 gabriellernewman@gmail.com

574 Louks, Brittany 90272 Blouks2@aol.com

575 Taus, Rhys 90045 rtansnrs@gmail.com

576 Jackson, Nicole 12589 njacks13@lin.lmv.edu

577 Bigon, Corey 90045 Cbigon@lion.lum.edu

578 Perez, Alyssa 90045 aperez51@lion.lmu.edu

579 Ardonez, Terera 91730 teresa.ardonez@yahoo.com

580 Garcia, Jose 90650 jgarcia.1891@yahoo.com

581 Garcia,A 90241 Alxl.garcia@yahoo.com

582 Jackiewicz,Ed 91324 ed.jackuewucz@esun.edu

583 Kaye, Marcus 90404 Marcusk@rko.com

584 Rcllo, C 90406 backmn23@aol.com

585 Barrera, Gabriela 91770 Gabrielabarrera96@yahoo.com

586 Peak, Ahley 90265 peak.ashley@gmail.com

587 Nowels, Reed 90291 rnowels,@gmail.com

588 Tares,Tama 91406 Taniat1994@gmail.com

589 Sherwin, Jasin 91325 Jasinsherwin@yahoo.com

590 Garcia, Vanessa 91343 Vanessamariegarcia@hotmail.com

591 Lara, Daniel 91343 amazingdanny94@gmail.com
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592 Bluestein, D 90260 blubluestein@hotmail.com

593 Lambert, Lakshmi 90066 herbalistli@hotmail.com

594 Nielsen, Lauren 91739 lolalofi@yahoo.com

595 Nance, Whitney 91739 witney_nance@yahoo.com

596 Rodwgn, Marvela rodwager.manela10@yahoo.com

597 B 91344 brjan91344@yahoo.com

598 Madrid, Aaron 90038 touchjenng@gmail.com

599 Roman, Jacelyne 90028 jocelynroman@yahoo.com

600 Penunuri, Dorothy 91722 dorothypenunuri@aol.com

601 P, Olivia 91722 OliviaP21@aol.com

602 Partidla, M 90631 mpartida93@aol.com

603 Gonzalez, Alicia 90604 Alcl.gee@aol.com

604 Gonzalez, Marinda 90601

605 Lee, Alyssa 90024 alyssadlee@ucla.edu

606 G.L. 90402 gml672@gmail.com

607 Proctor,Jim 92648 proctorgroup@earthlink.net

608 S. Meane 90045 Meane626@yahoo.com

609 Duff,Daha 90401 dleduff795@hotmail

610 Cox, Sarah 90024 sarahcox@ucla.edu

611 Santana,G 91607 eamsantana@gmail.com

612 J.T. 90049

613 William, Ronald 90303 williamronald1965@gmail.com

614 Waldrop, Kimberly 90066 kimberly.waldrop@gmail.com

615 Lavag, Medhan 90066 meg17810@aol.com

616 Nguyen, Andrew 90404 andrewnguyenusc05@yahoo.com

617 Coster, Caroline 90405 caroline,coster@yahoo.com

618 T. 90068

619 Astorga, Claudia 91335 castorga05@yahoo.com

620 Orenstein, Melissa 91325 melissa_mina@yahoo.com

621 Orenstein, Jeff 91325 shylokjeff@netscape.net

622 Shumah, Paula 90066 plshuman@verizon.net

623 Mac, K 90405 kmac1206@verizon.net

624 Chaney, Cynthia 90024 gromit99@aol.com

625 Dorrani, Miriou 91364 Minoon2000@yahoo.com

627 Kuhlman, Ann Braden 91709 Annieup@gmail.com

628 Hower, Merle 90808 merle_0_hower@raytheon.com

629 McAfee, Daron 90405 daronmcafee@yahoo.com

630 Verdace, Alexis 90046 alexisversace@gmail.com

631 Aslanian, Caroline 91377 carolin@aslania@team.com

632 Medina, Kenneth 91201 muggchum@hotmail.com

633 Budding, Kelley 90032 kelleybudding@hotmail.com

634 Jelenlco, amy 91607 ajelenko@att.net
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635 Shuber, Orly 90046 orlyshuber@gmail.com

636 Mauruian, Thomas 90046

637 Adams, Genini 90049 getwet@wildswimming.com

638 C. 90232 meghan@ccnan.org

639 Agnew, Myc 90046 mycagnew@gmail.com

640 Redford, James 91930 jred5562@mac.com

641 Schuster, Charlie 90046

642 Raffles 90069 Raffles@rafflesentertainment.com

643 Fairweather, Matt 90401 mattfairweather@yahoo.com

644 Macgregoe,K 91501 purplepeaceflower@hotmail.com

645 Kelleher,Kathleen 90405 kathykelleher@verizon.net

646 Lloyd, Lauren 90291 laurenshelloyd@gmail.com

647 Weeshoff, Dave 91214 weeshoff@sbcglobal.net

648 Shmapp, Noah 90019 wschnapp@gmail.com

649 Hi, Michelle 90405

650 Huettl, Sheila 90036 sheilahuettl@sbcglobal.net

651 Flaron, Quinton 90069 raffles@rafflesentertainment.com

652 Reynolds, Ariadine 90066 ariadine.reynolds@gmail.com
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(6/12/2012) LAMS42012 - Los Angeles County Municipal Stormwater Permit Renewal Page 1

From: Rudolf Martin <martincomet@gmail.com>
To: <LAMS42012@waterboards.ca.gov>
Date: 4/3/2012 9:36 AM
Subject: Los Angeles County Municipal Stormwater Permit Renewal

Apr 3, 2012

Mr. Sam Unger

Dear Mr. Unger,

As a Los Angeles County resident who enjoys our beaches, I am concerned
with the quality of our region's waters and the threat to human and
marine health posed by polluted stormwater runoff, which carries
bacteria, pathogens, toxics and other contamination to our
world-renowned beaches.

I strongly support the regional board's work to protect our waters and
public health through adopting a strong, enforceable municipal
stormwater permit for the Los Angeles region. The board should ensure
that requirements in the permit that have already been in effect for
many years are not weakened.

Millions of people visit our beaches and swim in our ocean waters every
year, and the regional board should do everything in its power to make
sure our waters are clean and safe for beach-goers and aquatic life.

Sincerely,

Mr. Rudolf Martin
7336 Santa Monica Blvd # 212
West Hollywood, CA 90046-6616
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Id Commentor Date

1 Bostock, Vic 4/3/2012

2 Robinson, Maurice 4/3/2012

3 Garcia, Stefanie 4/3/2012

4 Kennaugh, Ralph 4/3/2012

5 Colin, Jeffrey 4/3/2012

6 Merritt, Jean 4/3/2012

7 Weaver, Rebecca 4/3/2012

8 Martin, Rudolf 4/3/2012

9 Thomas, Kathy 4/3/2012

10 Goldman, Jordan 4/3/2012

11 Murphy, Betty 4/3/2012

12 Tilley, Justine 4/3/2012

13 Campbell, Candace&Dudley 4/3/2012

14 Ferkel, Greg 4/3/2012

15 Karzen, Eileen 4/3/2012

16 Carter, Colleen 4/3/2012

17 Peake, David 4/3/2012

18 Orth, Mike 4/3/2012

19 Mayr, Troy 4/3/2012

20 Blodgett, Erica 4/3/2012

21 Di Giulio, Susan 4/3/2012

22 Wallace,V.R. 4/3/2012

23 Taub, Jonathan 4/3/2012

24 Reisman, Emil 4/3/2012

25 Brosius, Robert 4/3/2012

26 Silins, Stacy 4/3/2012

27 Goff,  Frances 4/3/2012

28 Banever, Carol 4/3/2012

29 Kirtan-Singh, Khalsa 4/3/2012

30 Lee, Regina 4/3/2012

31 Meade, Mark 4/3/2012

32 Hoeksma, Annie 4/3/2012

33 Mercadante, Michael 4/3/2012

34 Coffing, Andrew 4/3/2012

35 Greenwood, Molly 4/3/2012

36 Tobin, Anne 4/3/2012

37 Ionita, Dana 4/3/2012

38 Morales, Eric 4/3/2012

39 Chu, Nathan 4/3/2012

40 Moss, Jackie 4/3/2012

41 Templeton, Marty 4/3/2012

42 Duncan, Diana 4/3/2012
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43 Tasoff, Jack 4/3/2012

44 Misik, Sharon 4/3/2012

45 Sullivan, Rob 4/3/2012

46 Merritt, Jean 4/3/2012

47 Del Moral, Pierre 4/3/2012

48 Barbee, Diana 4/3/2012

49 Cowan, Stephen 4/3/2012

50 Bracken, Kyle 4/3/2012

51 Zuckerman, Joah 4/3/2012

52 Pell, I. Charles 4/3/2012

53 Lee, Sheryl 4/3/2012

54 Holguin, Claudia 4/3/2012

55 Schulz, Juli 4/3/2012

56 Ona, Sharon 4/3/2012

57 Berland-shane, Laura 4/3/2012

58 Devine, Karla 4/3/2012

59 Rich, Collin 4/3/2012

60 Mandel, Alan 4/3/2012

61 Lee, Jessica 4/3/2012

62 Long, Gary 4/3/2012

63 Briggs Jr, William C 4/3/2012

64 Miralles, Adolfo 4/3/2012

65 MacLeod, Nancy 4/3/2012

66 Shoraka, Farnaz 4/3/2012

67 Levi, Sabrina 4/3/2012

68 Loungway, Micaela 4/3/2012

69 Owens, Thomas 4/3/2012

70 Haas, George 4/3/2012

71 Schmid-Fukuda, Kristina 4/3/2012

72 Stern, Evelyn 4/3/2012

73 Chapman, Susan 4/3/2012

74 Swartz, Jeff 4/3/2012

75 Friedman, Janelle 4/3/2012

76 Russell, Lauren 4/3/2012

77 Melin, Ronnie 4/3/2012

78 Hendrickson, Chuck 4/3/2012

79 Barbarella, Gluck 4/3/2012

80 Hempelmann, Ann 4/3/2012

81 Gaudielle, Caitlin 4/3/2012

82 Nunez, Carlos 4/3/2012

83 Gleason, Kelly 4/3/2012

84 Rogers, Donald G. 4/3/2012
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85 Adrian, Maggie 4/3/2012

86 Sollerh, Darryl 4/3/2012

87 Meyer, Twyla 4/3/2012

88 Arnold, Bettina 4/3/2012

89 Canavan, Peter 4/3/2012

90 Rindner, Laura 4/3/2012

91 Toth, Jennifer 4/3/2012

92 Mudd, Victoria 4/3/2012

93 Brennan, Judith 4/3/2012

94 Schus, Stephanie 4/3/2012

95 Smithson, Carol 4/3/2012

96 Krizan, Kim 4/3/2012

97 McCarthy, Martin 4/3/2012

98 Kahn, Michaela 4/3/2012

99 D'Amore, Michael 4/3/2012

100 Robinson, Richard 4/3/2012

101 Nissley, Nadeen 4/3/2012

102 Testa, Matthew 4/3/2012

103 Quimby, Mary 4/3/2012

104 Youngelson, Noah 4/3/2012

105 Shilton, Leonard 4/3/2012

106 Suyehara, Erin 4/3/2012

107 Hathaway, Susan 4/3/2012

108 Rea, Nancy 4/3/2012

109 Weinstein, Leslie 4/3/2012

110 Guise,Elizabeth 4/3/2012

111 Kormai, Pattie 4/3/2012

112 Kittrell, Kaye 4/3/2012

113 Reilly, Lauren 4/3/2012

114 Jessler, Darynne 4/3/2012

115 Spangler, Julieann 4/3/2012

116 Peterson, Michael 4/3/2012

117 Burns Scott 4/3/2012

118 Behi, Christian 4/3/2012

119 Boller, Robert 4/3/2012

120 Stinson, G.E. 4/3/2012

121 Svendsen, Julie 4/3/2012

122 Treiber, Tara 4/3/2012

123 Pham, Yen 4/3/2012

124 Higginbttom,Eric 4/3/2012

125 Wright, Steve 4/3/2012

126 Hammermeister, Lisa 4/3/2012
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127 Magallon, T 4/3/2012

128 Mandmets, Blythe 4/3/2012

129 Flynn, Jane 4/3/2012

130 Bowles, Louise J. 4/3/2012

131 Warner, Tim 4/3/2012

132 Burris, Judy 4/3/2012

133 Tangen, Beverly 4/3/2012

134 Hopkins, Andrea 4/3/2012

135 O'Donnell, Toni 4/3/2012

136 Futterer, Joe 4/3/2012

137 Anderson, Donna 4/3/2012

138 Cassis, Kathryne 4/3/2012

139 Lian, Matthew 4/3/2012

140 Greenlief, Phillip 4/3/2012

141 Moll, Gray 4/3/2012

142 Rosenbery, Alan 4/3/2012

143 Morrison, Scott 4/3/2012

144 Haig, Brenda 4/3/2012

145 Gergel, Inna 4/3/2012

146 Morales, Tanya 4/3/2012

147 Toller, Stephanie 4/3/2012

148 Bernstein, Roslyn 4/3/2012

149 Rochelle-Levy, Paulette 4/3/2012

150 Barnett, Tim D 4/3/2012

151 Horsburgh, Suzanne 4/3/2012

152 Kronenberg-Herald, Emily 4/3/2012

153 Jones, Karen 4/3/2012

154 Cheathan, Linda 4/3/2012

155 Glasser, Mark&Susan 4/3/2012

156 LeBlanc, Kim 4/3/2012

157 Campbell, Alicia 4/3/2012

158 Forman, Joan 4/3/2012

159 Kypros. Nick 4/3/2012

160 Shapiro, Sari 4/3/2012

161 Le Vanda, Stephanie 4/3/2012

162 Pollock, Jeri 4/3/2012

163 Galloway, Wij 4/3/2012

164 Natsuyama, Dr. Harriet 4/3/2012

165 Lynch, George 4/3/2012

166 Seltzer, Robert 4/3/2012

167 Granas, Marilyn 4/3/2012

168 Wilson, Wilma 4/3/2012
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169 DiMatteo, Rosemarie 4/3/2012

170 Martini, Marcia 4/3/2012

171 Tracy, Barbara 4/3/2012

172 Stomper, Connie 4/3/2012

173 Kiralla, Michael 4/3/2012

174 Coetzee, Helena 4/3/2012

175 Sosanie, Adrianne 4/3/2012

176 Listo, Mike 4/3/2012

177 Park, Jin 4/3/2012

178 Lopez, Yoselin 4/3/2012

179 Lyday,Dennis 4/3/2012

180 Snyder, Joette 4/3/2012

181 Skelley, Joseph 4/3/2012

182 Zamora, Franchezska 4/3/2012

183 Creeley, Tristan 4/3/2012

184 Sickler, Heidi 4/3/2012

185 Smith, Betty 4/3/2012

186 Chavira, Marta 4/3/2012

187 Carter, Ace 4/3/2012

188 Hurley, Maureen 4/3/2012

189 Tongas, Melanie 4/3/2012

190 Pettis, Carolyn 4/3/2012

191 Hanson, D.A. 4/3/2012

192 Grossman, Peggy 4/3/2012

193 Chapman, Terri 4/3/2012

194 Schumow, Louis 4/3/2012

195 Lisa, Carrie 4/3/2012

196 Hagen, Paul 4/3/2012

197 McCormack, Candy 4/3/2012

198 Strickland, Julia 4/3/2012

199 Kitiyakara, Janet 4/3/2012

200 Maguire, Lynn 4/3/2012

201 Himmel, Janelle 4/3/2012

202 Wolk, Laura Tomi 4/3/2012

203 Toback, Jeffrey 4/3/2012

204 Armitage, Tami 4/3/2012

205 Lawnicki, Timothy 4/3/2012

206 Tabb, Linda 4/3/2012

207 Hernandez, Isabel 4/3/2012

208 Lissauer, Joan 4/3/2012

209 Forman, Matt 4/3/2012

210 Green, Jonathan 4/3/2012
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211 Jacobson, Elizabeth 4/3/2012

212 Gowani, Nancy 4/3/2012

213 Schwartz, Melissa 4/3/2012

214 Terry, Marcia 4/3/2012

215 Scanlon, Kevin 4/3/2012

216 Fleming,Virginia 4/3/2012

217 Klec, Dave 4/3/2012

218 Ausman, Emma 4/3/2012

219 Runyan, Kate 4/3/2012

220 Moise, Kim 4/3/2012

221 Blandino, Russell 4/3/2012

222 Fuhrman, Jed 4/3/2012

223 Ryan, Therese 4/3/2012

224 Rojo, Brent 4/3/2012

225 Towns, Jessica 4/3/2012

226 Peterson, Kelly 4/3/2012

227 Zamora, Victor 4/3/2012

228 Park, Byeonghoon 4/3/2012

229 Marin, Michelle 4/3/2012

230 Berthenthal, Rabbi Linda 4/3/2012

231 Around, Dolores 4/3/2012

232 Reneau, Roxanne 4/3/2012

233 Duran, Ganzalo 4/3/2012

234 Strickland, Blaine 4/3/2012

235 Reback, Mark 4/3/2012

236 Newton, Roger 4/3/2012

237 Black, Celeste 4/3/2012

238 Heckman, Ross 4/3/2012

239 Van Bloeman, Dona 4/3/2012

240 Bauer, Daniel 4/3/2012

241 Ansell, Martin 4/3/2012

242 Van Erp, Marco 4/3/2012

243 Grierson, Don 4/3/2012

244 Shrewsbury,Laura 4/3/2012

245 Schwartz, Brenda 4/3/2012

246 Duval, Damon 4/3/2012

247 Angle, Roger 4/3/2012

248 Cruze, Sandra 4/3/2012

249 Linker, Keith 4/3/2012

250 Valletta, Ambre 4/3/2012

251 Hatcher, Daniel 4/3/2012

252 Kent, Schuyler 4/3/2012
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253 Kleber, Tracey 4/3/2012

254 Boomer, Tracy 4/3/2012

255 Lozano, Luis 4/3/2012

256 Rogers, Kathleen 4/3/2012

257 Engle, Jackie 4/3/2012

258 Sousa, Jackie 4/3/2012

259 Lobo, Marcia 4/3/2012

260 Leroy, Olivier 4/3/2012

261 Hepperlin, April 4/3/2012

262 Cook, Judy 4/3/2012

263 Proulx, Mary 4/3/2012

264 Zweig, Connie 4/3/2012

265 Cruger, Kurt 4/3/2012

266 Corman, Garry 4/3/2012

267 Burns, Eleanor 4/3/2012

268 Grover-Khoury, Allison 4/3/2012

269 Eshnaur, Kaye 4/3/2012

270 Quellas, Matthew 4/3/2012

271 Reynolds, Richard 4/3/2012

272 Franklin, Constance 4/3/2012

273 Chandler, Heather 4/3/2012

274 Brummel, Robert 4/3/2012

275 Elmaker, Laura 4/3/2012

276 Kind, Kathryn 4/3/2012

277 Grubbs, Russ 4/3/2012

278 Knight, Diane 4/3/2012

279 Cornsbruck, Barbara 4/3/2012

280 Erwin, Kelle 4/3/2012

281 Doyle, Nora 4/3/2012

282 Nicola, James 4/3/2012

283 Heiman, Barbara 4/3/2012

284 Spiegel, Karen 4/3/2012

285 Miller, Victoria 4/3/2012

286 Marlatt, Patricia 4/3/2012

287 Mitchell, Gary 4/3/2012

288 Duran, Michelle 4/3/2012

289 Goodwell, Jyl 4/3/2012

290 Monroe, Dean 4/3/2012

291 Berliner, Diane 4/3/2012

292 Bradish, Helga 4/3/2012

293 Kaiser, Jessica 4/3/2012

294 Ryan, Juanita 4/3/2012
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295 Suzuki, Lorraine 4/3/2012

296 Knight, Judy 4/3/2012

297 Lappo, Robert 4/3/2012

298 Montiel, Ivonne 4/3/2012

299 Evans, Michael W 4/3/2012

300 Floyd, Jerry 4/3/2012

301 Benjamin, Corey 4/3/2012

302 Wilson, Marianne 4/3/2012

303 Harris, Jordan 4/3/2012

304 Robinson, Terry Ellen 4/3/2012

305 Vasquez, Marisol 4/3/2012

306 Hahn, Jeanne 4/4/2012

307 Hilarey, Benda 4/4/2012

308 Bennett, Susanne 4/4/2012

309 White, Michael 4/4/2012

310 Maher, Karina 4/4/2012

311 Richards, Linnea 4/4/2012

312 Lamm, Judy 4/4/2012

313 Sinton, William 4/4/2012

314 Oosterhouse, Phil 4/4/2012

315 Hong, Celeste 4/5/2012

316 McGranahaan, Amy 4/6/2012

317 Leslie-Dennis, Donna 4/6/2012

318 Markel, Stephen 4/6/2012

319 White, Mindi 4/7/2012

320 Strawn, Max 4/10/2012

321 Tasara, Chris 4/10/2012

322 Capra, Razzaq 4/10/2012

323 Ilkhani,Maryam 4/10/2012

324 DeRemus,Davis 4/10/2012

325 Mesa, Barbara 4/10/2012

326 Clark, Kim 4/10/2012

327 Riley, Tim 4/10/2012

328 Bauer, Kim 4/10/2012

329 Bartlett, Rebecca 4/10/2012

330 Dawson, Denine 4/10/2012

331 Lee, Sheryl 4/10/2012

332 Solis, Anthony 4/10/2012

333 Hanna, Ariel 4/10/2012

334 Cuevas, Amanda 4/10/2012

335 Rauzon, Justin 4/10/2012

336 Huang, Edward 4/10/2012
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337 Joo, Neil 4/10/2012

338 Muirhead, Katie 4/10/2012

339 Thane, Christopher 4/10/2012

340 Clark, Matthew 4/10/2012

341 Luth, Mary 4/10/2012

342 McLaughlin, Diane 4/10/2012

343 Boucher, Tasha 4/10/2012

344 Maing, Michelle 4/10/2012

345 Mason, Victor 4/10/2012

346 Lubin, Dana 4/10/2012

347 Affonso, Jane 4/10/2012

348 Bost, Walt 4/10/2012

349 Eros, Tristin 4/10/2012

350 Freedman, Steve 4/10/2012

351 Ruckh. Lisa 4/10/2012

352 Sheehy, Sandra 4/11/2012

353 Starkweather, CK 4/11/2012

354 Logan, Marilyn 4/11/2012

355 Williams, Sara 4/11/2010

356 Martin, Ellen 4/11/2012

357 Jewkes, Penelope 4/11/2012

358 Lyons, Rory 4/11/2012

359 Cox, Pete 4/11/2012

360 Baines, Helen 4/11/2012

361 Fraizer, Carly 4/11/2012

362 Kantor, Mark 4/11/2012

363 Gray, Richard 4/11/2012

364 Levine, Sandy 4/11/2012

365 Willauer, Marlene 4/11/2012

366 Beausolell, Jene 4/11/2012

367 Zamora, Esther 4/11/2012

368 Strassberg, Rich 4/11/2012

369 Mauz, Barbara 4/11/2012

370 Hoeksma, Gerben & Jill 4/11/2012

371 Holmes, Michelle 4/11/2012

372 Faris, Joe 4/11/2012

373 Sanders, Davis 4/11/2012

374 Lee, Brenda 4/11/2012

375 O'Neil, Joan 4/11/2012

376 Bossone, Lynn 4/11/2012

377 Doeppers, James 4/11/2012

378 Dorer, Jeffery 4/11/2012
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379 Hoodkiss, Audrey 4/11/2012

380 Haig, Brenda 4/11/2012

381 Salvaryn, Jeff 4/11/2012

382 Whitefeather, Angelica 4/11/2012

383 Ertag, Susan 4/11/2012

384 Godofsky, Irvin 4/11/2012

385 Meyers, Eric 4/11/2012

386 Temple, Susan 4/11/2012

387 Rice. Chris 4/11/2012

388 Romanov, Stephanie 4/11/2012

389 Moore, Kathleen 4/11/2012

390 Knight, Chris 4/11/2012

391 Hamilton, James 4/11/2012

392 Russell, Maureen 4/11/2012

393 Vogel, Linda 4/11/2012

394 Hormann, Anne 4/11/2012

395 Laufer, Jillana 4/11/2012

396 Slawson, Bob 4/11/2012

397 Urban, Charlotte 4/11/2012

398 Doddy, Ruth H. 4/11/2012

399 Donlin, John 4/11/2012

400 Smith, Bridget 4/11/2012

401 Makhan, Ralph 4/11/2012

402 Van Dorn, Ingrid 4/11/2012

403 Cairns, Maureen 4/11/2012

404 Harmatz, Jennifer 4/11/2012

405 Lovka, Robert 4/11/2012

406 Webber, Rita 4/11/2012

407 Askren, Misha 4/11/2012

408 Rediger, Ron 4/11/2012

409 De Renesse, Yolande 4/11/2012

410 Root, Charlene 4/14/2012

411 Colby, Jammey 4/12/2012

412 Du Bois, Julie 4/14/2012

413 Machuca, Robert 4/15/2012

414 Ashley, Hope 4/16/2012

415 Wynkoop, Laura 4/18/2012

416 Fox, Gardia 4/16/2012

417 Baker, Rebecca 4/18/2012

418 Ferguson, Lisa 4/26/2012

419 McKlaine, Kaye 4/26/2012

420 Cross, Nathaniel 4/29/2012
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421 Schott-Bear, Jackie 5/1/2012

422 Graybill, Rose 5/3/2012

423 Villalobos, Wendy 5/9/2012

424 Ahern, Ana Luisa 5/15/2012

425 Murphy, Edward 5/15/2012

426 Mahdi, Asma 5/15/2012

427 Healy, Clare 5/15/2012

428 St. Germain, Kathy 5/16/2012

429 C, Lela 5/16/2012

430 Maas, Christine 5/16/2012

431 Finn, Ronnie 5/16/2012

432 Ruelas, Evelyn 5/16/2012

433 Maron, Amber 5/16/2012

434 Amaral, Marc 5/16/2012

435 Bacallao, Jose 5/16/2012

436 McCarthy, Meredith 5/16/2012

437 Crow, Tara 5/16/2012

438 Gandhi,Saira 5/16/2012

439 C, Tonio 5/16/2012

440 Parent, Randi 5/16/2012

441 Schmidt, Joie 5/16/2012

442 Pease, Katherine 5/16/2012

443 Bravo, Eveline 5/16/2012

444 King, Matthew 5/16/2012

445 Santilena, Susie 5/16/2012

446 Ducoing, Paola 5/16/2012

447 Mason, Reberkah 5/16/2012

448 Barden, Lane 5/16/2012

449 Linton, Joe 5/16/2012

450 Makara, S 5/16/2012

451 Murray, Dana 5/16/2012

452 Meeker, Lara 5/16/2012

453 Hall, Tom 5/16/2012

454 Deits, Joy 5/16/2012

455 Bergman, Anne 5/16/2012

456 Akagi, Wayne 5/16/2012

457 Doolittle. Allison 5/16/2012

458 Link, Joshua 5/16/2012

459 Sikich, Sarah 5/16/2012

460 Kreitzman, Kelly 5/16/2012

461 Doyle, Heather 5/16/2012

462 Tarkington, Gayle 5/16/2012

RB-AR17853



9/10/2012MS4 Commentors

Page 12

Id Commentor Date

463 Gutierrez, Elevenia 5/16/2012

464 Mejia, Gerson 5/16/2012

465 Targlia, Andrew 5/16/2012

466 Tavarez, Yosafat 5/16/2012

467 Pease, Jon 5/16/2012

468 Doucette, Jeffrey 5/16/2012

469 Else, Heather 5/16/2012

470 Sadrpour, Nick 5/16/2012

471 Wendel, Evelyn 5/16/2012

472 Hu, Yan 6/25/2012

479 Sozio, Gerald 7/17/2012

480 Barbee, Diana 7/17/2012

481 Khalsa, Harijot 7/17/2012

482 Melin, Ronnie 7/17/2012

483 Rodgers, Kathleen 7/17/2012

484 Tasara, Chris 7/17/2012

485 Price, Michael 7/17/2012

486 Arndt, Celestine 7/17/2012

487 Van Erp, Marco 7/17/2012

488 Lavine, Ann 7/17/2012

489 Gary, Richard 7/17/2012

490 Suyehara, Erin 7/17/2012

491 Logan, Lewis 7/17/2012

492 Wolf, Lynn 7/17/2012

493 Roberts, Chris 7/17/2012

494 Oneil, Nicci 7/17/2012

495 McMullen, Gail 7/17/2012

496 Kecman, Branislav 7/17/2012

497 Jones, Karen 7/17/2012

498 Sparks, Patty 7/17/2012

499 Horwitz, Lucy 7/17/2012

500 Little, W 7/17/2012

501 Tabb, Linda 7/17/2012

502 Erwin, Kelle 7/17/2012

503 Wilson, Marianne 7/17/2012

504 Bracken, Kyle 7/17/2012

505 Reilly, Lauren 7/17/2012

506 Suchecki, Carol 7/17/2012

507 Sullivan, Rob 7/17/2012

508 Elliott, Julie Heath 7/17/2012

509 Zweig, Connie 7/17/2012

510 Fisher-Neal, Yvonne 7/17/2012
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511 Krizan, Kim 7/17/2012

512 Biers, Reva 7/17/2012

513 Cheatham, Linda 7/17/2012

514 Cilva, Mary 7/17/2012

515 Higginbotham, Sanford 7/17/2012

516 Hudak, Rebecca 7/17/2012

517 DeFrisco, Michael 7/17/2012

518 Frank, Lee 7/17/2012

519 Levine, Sandy 7/17/2012

520 Simons, Bette 7/17/2012

521 Marlatt, Patricia 7/17/2012

522 Barnett, Tim D 7/17/2012

523 Collins, Carolyn 7/17/2012

524 Valletta, Amber 7/17/2012

525 Wright, Steve 7/17/2012

526 Rivera, Joe 7/17/2012

527 Coetzee, Helena 7/17/2012

528 Hescheles, Norma 7/17/2012

529 Quellas, Matthew 7/17/2012

530 Miller, Victoria 7/17/2012

531 Listo, Mike 7/17/2012

532 Crane, Diana 7/17/2012

533 Rowland, William 7/17/2012

534 Newmark, Sheila 7/17/2012

535 Slawson, Bob 7/17/2012

536 Warner, Tim 7/17/2012

537 Lisa, Carrie 7/17/2012

538 Lee, Brenda 7/17/2012

539 Brosius, Robert 7/17/2012

540 Colby, Jammey 7/17/2012

541 Laufer, Jillana 7/17/2012

542 Rice, David 7/17/2012

543 Chhun, Phoury 7/17/2012

544 Esquire, Andrea K. Scott 7/17/2012

545 Mayr, Troy 7/17/2012

546 Berland-Shane, Laura 7/17/2012

547 Haig, Brenda 7/17/2012

548 Krebs, Susan 7/17/2012

549 Berger, Karen 7/17/2012

550 Chee, Christopher & Beate 7/17/2012

551 Ross, Brenda L 7/17/2012

552 Rogowski, Katherine 7/17/2012
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553 Webber, Rita 7/17/2012

554 Wilson, Sara 7/17/2012

555 Peterson, Elizabeth Bartlett 7/17/2012

556 Mancebo, Christina 7/17/2012

557 Templeton, Marty 7/17/2012

558 Patitz, Tatjana 7/17/2012

559 Chee, Christopher & Beate (2) 7/17/2012

560 Nolen, Nancy 7/17/2012

561 McNaughton, Nick 7/17/2012

562 Tobey, Mark 7/17/2012

563 Vasquez, Marisol 7/17/2012

564 Harris, Jordan 7/17/2012

565 Grubbs, Russ 7/17/2012

566 Kleinerman, R. 7/17/2012

567 Duran, Gonzalo 7/17/2012

568 Caringi, Richard 7/17/2012

569 DeBruton, Noel 7/17/2012

570 Lamm, Judy 7/17/2012

571 Askren, Misha 7/17/2012

572 Rainer, Leslie 7/17/2012

573 Keller, Lucinda 7/17/2012

574 Dawson, Denine 7/17/2012

575 Evans, Michael W 7/17/2012

576 Clark, Nina 7/17/2012

577 Leslie-Dennis, Donna 7/17/2012

578 Irving, Charles 7/17/2012

579 Zambrano, Maria 7/17/2012

580 Silverman, Marc 7/17/2012

581 Jay-Rayon, Sylvie 7/17/2012

582 Blakemore, Stephanie 7/17/2012

583 Garris, Darryl 7/17/2012

584 Lee, Sheryl 7/17/2012

585 Anderson, Gen 7/17/2012

586 Hahn, Jeanne 7/17/2012

587 Minault, Kent 7/17/2012

588 Martin, Rudolf 7/18/2012

589 White, Mindi 7/18/2012

590 Swartz, Jeff 7/18/2012

591 Randall, Mel 7/18/2012

592 Bear, Jackie Schott 7/18/2012

593 Klec, Dave 7/18/2012

594 Holmes, Michelle 7/18/2012
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595 Ruckh, Lisa 7/18/2012

596 Markel, Stephen 7/18/2012

597 Mosesman, Michael 7/18/2012

598 Woodry, Laura 7/18/2012

599 Carstens, Reidun 7/18/2012

600 Gregory, Probyn 7/18/2012

601 Mann, Michelle 7/18/2012

602 Hill, Frank 7/18/2012

603 Melvin, Catherine 7/18/2012

604 Tilley, Justine 7/18/2012

605 Martin, Michele 7/18/2012

606 Henry, Lydia 7/18/2012

607 Brock, Vincent 7/18/2012

608 Cartwright, Leigh 7/18/2012

609 Guest, Christopher 7/18/2012

610 Stewart, Jim 7/18/2012

611 Vernon, Lynne 7/18/2012

612 Newton, Roger 7/18/2012

613 Freibergs, Janet 7/18/2012

614 Strantz, Irma 7/18/2012

615 Conley, Laura 7/18/2012

616 DeRemus, David 7/18/2012

617 Arnold, Bettina 7/18/2012

618 Fasano, Jeff 7/18/2012

619 LeBlanc, Kim 7/18/2012

620 Fox, Gardia 7/18/2012

621 Donehoo, Douglas 7/18/2012

622 Meyers, Eric 7/18/2012

623 Rokab, Sylvie 7/18/2012

624 Loudenback, David 7/18/2012

625 Bauer, Kim 7/18/2012

626 Misik, Sharon 7/18/2012

627 Barker, Rebecca 7/18/2012

628 Terry, Marcia 7/18/2012

629 Cruger, Kurt 7/18/2012

630 Carter, Ace 7/18/2012

631 Ona, Sharon 7/18/2012

632 Evelyn, Charming 7/18/2012

633 Logan, Marilyn 7/18/2012

634 Knight, Diane 7/18/2012

635 Nersesyan, Teresa 7/18/2012

636 Seal, Kathy 7/18/2012
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637 Keir, Natoma 7/18/2012

638 Henry, Lyle 7/18/2012

639 Faris, Joe 7/18/2012

640 Rockman, Norma 7/18/2012

641 Yoon, Diana 7/18/2012

642 Anskin, Lucinda 7/18/2012

643 Patton, Heather 7/18/2012

644 Rosenthal, Richard 7/18/2012

645 White, Michael 7/18/2012

646 Flynn, Jane 7/18/2012

647 Starkweather, CK 7/18/2012

648 Bersin, Elisabeth 7/18/2012

649 Frantz, Mary 7/18/2012

650 Ross, Sara 7/18/2012

651 Rabb, Leslie 7/18/2012

652 Topalian, Eugene 7/18/2012

653 Flournoy, James 7/18/2012

654 Cox, Pete 7/18/2012

655 Perri, Penny 7/18/2012

656 Benjamin, Corey 7/18/2012

657 Hernandez, Isabel 7/18/2012

658 Joan, Scott 7/18/2012

659 Nikman, Amir 7/18/2012

660 Robertson, Merilie 7/18/2012

661 Mesa, Barbara 7/18/2012

662 Mason, Victor 7/18/2012

663 Glasser, Mark & Susan 7/18/2012

664 Hoeschler, Rebecca S. 7/18/2012

665 Urban, Charlotte 7/18/2012

666 Goss, Norman 7/18/2012

667 Briggs, Jr. William C. 7/19/2012

668 Butenschoen, Van 7/19/2012

669 Sommars, Barbara 7/19/2012

670 Lawnicki, Timothy 7/19/2012

671 Findeis, Jeffrey 7/19/2012

672 Anorve, Raul 7/19/2012

673 Cairns, Maureen 7/19/2012

674 Wallis, Sylvia 7/19/2012

675 Brand, Christine 7/19/2012

676 Corliss, Julia 7/19/2012

677 Gwin, Jim 7/19/2012

678 Kleber, Tracey 7/19/2012
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679 Farkas, Nolan 7/19/2012

680 Higgins, Jill & Jim 7/19/2012

681 Forbes, Nancy 7/19/2012

682 Strassberg, Rich 7/19/2012

683 Angulo, Maria 7/19/2012

684 Monroe, Dean 7/19/2012

685 Burg, Donald 7/19/2012

686 Ferguson, Lisa 7/19/2012

687 Stern, Evelyn 7/19/2012

688 Fowler, Barbara 7/19/2012

689 Rogers, Fletcher 7/20/2012

690 Waymouth, Belinda 7/20/2012

691 Porcellino, Ana 7/20/2012

692 Makhan, Ralph 7/20/2012

693 Machuca, Robert 7/20/2012

694 Maker, Janet 7/20/2012

695 Suzuki, Lorraine 7/20/2012

696 Rice, Chris 7/20/2012

697 Severeid, Ronald 7/20/2012

698 Cook, Steve 7/20/2012

699 Poland, Lauren 7/21/2012

700 Smith, Wayne 7/21/2012

701 Consbruck, Barbara 7/21/2012

702 Edwards, Taylor 7/22/2012

703 Bossone, Lynn 7/22/2012

704 Strong, Linda 7/23/2012

705 Zadick, Paula 7/23/2012

706 Brenner, Ester 7/23/2012

707 Paratelli, Patrizio 7/23/2012

708 Meyer, Twyla 7/23/2012

709 Russell, Maureen 7/23/2012

710 Kahn, Sharon 7/24/2012

711 Brenner, Ester 7/24/2012
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From:  Yosafat Tavarez <mail@change.org> 

To: <LAMS42012@waterboards.ca.gov> 

Date:  5/16/2012 12:06 PM 

Subject:  Stand Strong on Stormwater Pollution Regulations 

 

Greetings Members of the Board, 

I just signed the following petition addressed to: Los Angeles Regional Water Quality Control Board. 

---------------- 

As a Los Angeles County resident who enjoys our beaches, I am concerned with the quality of our region's waters and the threat to human and 

marine health posed by polluted stormwater runoff, which carries bacteria, pathogens, toxics and other contamination to our world-renowned 

beaches. 

I strongly support the Regional Board's work to protect our waters and public health through adopting a strong, enforceable municipal stormwater 

permit for the Los Angeles region. When you vote in September please ensure that requirements in the permit that have already been in effect for 

many years are not weakened. 

Millions of people visit our beaches and swim in our ocean waters every year, and the Regional Board should do everything in its power to make 

sure our waters are clean and safe for beachgoers and aquatic life. 

---------------- 

Sincerely, 

Yosafat Tavarez 

Santa Clarita, California 

Note: this email was sent as part of a petition started on Change.org, viewable at http://www.change.org/petitions/take-l-a-by-storm. To respond 

follow this link http://www.change.org/petitions/take-l-a-by-storm?response=a551f9c06607 
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711 A, Clare 7/19/2012

847 Abe, Gregory 7/20/2012

888 Abraham, Taylor 7/20/2012

175 Abrams, Ceecee 7/1/2012

498 Abrams, Dan 7/19/2012

282 Aceves,Diane 7/18/2012

286 Ackroyd, Beate 7/18/2012

634 Acuna, Mariana 7/19/2012

432 Aguinaldo, Bree 7/19/2012

3 Ahern, Ana Luisa 5/15/2012

33 Akagi, Wayne 5/16/2012

769 Akles, Kimberly 7/19/2012

866 Alexander, Athena 7/20/2012

674 Allen, Chris 7/19/2012

466 Allen, Taylor 7/19/2012

97 Allen, Teri 6/16/2012

490 Alley, William 7/19/2012

124 Alonso, Nereida 6/16/2012

702 Amadio, Paolina 7/19/2012

13 Amaral, Marc 5/16/2012

694 Ambriz, Lety 7/19/2012

229 Aminzadeh, Sara 7/17/2012

877 Ancona, Marianna 7/20/2012

902 Anderson, Diane 7/20/2012

565 Andrade, Lenise 7/19/2012

610 Anglin, Deirdre 7/19/2012

813 Anisman, Jenifer 7/19/2012

710 Anson, Susan 7/19/2012

506 Anthony, Jane 7/19/2012

495 Apodaca, Eric 7/19/2012

77 Archila, Erica 6/1/2012

108 Armendaiz, Amanda 6/15/2012

335 Armijo, Patti 7/19/2012

473 Arnold, Phil 7/19/2012

870 Ascencio, Jennifer 7/20/2012

442 Ashford, Lauri 7/19/2012

336 Assil, David 7/19/2012

501 Assil, Fariba 7/19/2012

478 Atkinson, Karin Lisa 7/19/2012

845 Avenna, Gabriel 7/20/2012

942 Avenna, Gabriel 7/20/2012

853 Babcock, Karen 7/20/2012
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949 Bachelder, Edward 7/23/2012

947 Bachelder, Laura 7/23/2012

587 Bacorn, Tommy 7/19/2012

199 Bacos, Rachel 7/11/2012

907 Baczuk, Pamela 7/21/2012

454 Baglietto, Amber 7/19/2012

464 Bain, Kelly 7/19/2012

705 Baines, Helen 7/19/2012

364 Baker, Sarah 7/19/2012

435 Balaney, Beth 7/19/2012

636 Barbee, Diana 7/19/2012

25 Barden, Lane 5/16/2012

436 Barhoum, Christopher 7/19/2012

294 Barnett, Loman 7/18/2012

967 Barnhart, William 7/23/2012

467 Barr, Barbara 7/19/2012

751 Barr, Merrill 7/19/2012

668 Barrera, Jesus 7/19/2012

438 Barriga, Paul 7/19/2012

446 Barshaya, Adam 7/19/2012

392 Bartholomew, Paul 7/19/2012

656 Bass, Samuel 7/19/2012

476 Baum, Elena 7/19/2012

278 Bautista-Chacon, Jessica 7/18/2012
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152 Greenlee, Casey 6/20/2012
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220 Hamilton, Graham 7/17/2012
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171 Jasklowshi, Oscar 6/28/2012
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696 Leon, Heather 7/19/2012
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908 Oshiro, Kelly 7/21/2012

891 Otter, Jason 7/20/2012

114 Ouverson, Marlon 6/15/2012

859 Overmyer-Velazquez, Rebecca 7/20/2012

909 Paddock, K 7/21/2012

300 Padron, Alex 7/18/2012

633 Page, Scott 7/19/2012

156 Pak, John 6/20/2012

166 Papazyan, Michelle 6/28/2012

740 Papoutsis, Bill 7/19/2012

17 Parent, Randi 5/16/2012

951 Park, George 7/23/2012

159 Park, Hyemin 6/22/2012
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155 Park, Hyun 6/20/2012

157 Park, Sara 6/21/2012

202 Partelow, Stefan 7/9/2012

745 Parzen, Amanda 7/19/2012

957 Parzen, Susan 7/23/2012

548 Pascual, Jonathan 7/19/2012

346 Paul, Cristina 7/19/2012

437 Pearson, Todd 7/19/2012

44 Pease, Jon 5/16/2012

19 Pease, Katherine 5/16/2012

368 Pelliconi, Jon 7/19/2012

825 Perez, Araceli 7/19/2012

679 Perez, Cecilio 7/19/2012

111 Perez, Richard 6/15/2012

857 Perez, Steven 7/20/2012

520 Perkins, Craig 7/19/2012

479 Pfeifer, Cindy 7/19/2012

534 Phalen, Cecily 7/19/2012

722 Pham, Sheila 7/19/2012

725 Philips, Geneva 7/19/2012

739 Philips, Shannon 7/19/2012

556 Pickman, Sheree 7/19/2012

409 Pilot, Andrea 7/19/2012

497 Pilot, Andrea 7/19/2012

441 Pincetich, Chris 7/19/2012

547 Pincheira, Veronica 7/19/2012

190 Pirich, Mike 7/7/2012

858 Pittluck, Matt 7/20/2012

296 Pla, Marina 7/18/2012

523 Ponce, Michael 7/19/2012

411 Porter, Barrett 7/19/2012

589 Porter, Drew 7/19/2012

421 Posalski, Jana 7/19/2012

214 Press, Channing 7/17/2012

563 Prindle, Marilyn 7/19/2012

746 Pruett, Cristina 7/19/2012

224 Quezada, Alma 7/17/2012

104 Rabin, Jeannie 6/14/2012

801 Race, Mark 7/19/2012

803 Race, Michelle 7/19/2012

800 Race, Vickie 7/19/2012

390 Rackley, Sean 7/19/2012
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433 Ragana, Lollie 7/19/2012

218 Ragosine, Dorrit 7/17/2012

480 Ramirez, Tere 7/19/2012

770 Randick, Alyson 7/19/2012

176 Rava, Lance 7/3/2012

52 Real Malibu 411 5/16/2012

279 Reb, Felicia 7/18/2012

154 Reback, Mark 6/20/2012

222 Redlich, Joan 7/17/2012

61 Rehberger,Lena 5/17/2012

398 Reich, Andrew 7/19/2012

882 Reilly, Susanna 7/20/2012

430 Repino, Michael 7/19/2012

397 Riblett, Lindsay Michelle 7/19/2012

160 Rios, Lissette 6/26/2012

193 Riva, Jennifer 7/10/2012

428 Rivera, Jason 7/19/2012

449 Roberton, Luisa 7/19/2012

232 Roberts, James 7/17/2012

200 Roberts, Tanya 7/6/2012

150 Robertson, Chuck 6/19/2012

551 Roda, Roseanne 7/19/2012

53 Rodriguez, Alex 5/16/2012

357 Rodriguez, Graciela 7/19/2012

142 Rodriguez, Mayeli 6/16/2012

288 Rodriguez-Vega, Isabel 7/18/2012

814 Roeber, Deborah 7/19/2012

851 Rogers, Angela 7/20/2012

623 Rogers, Dirk 7/19/2012

823 Rollin, Louise 7/19/2012

118 Rose, Jenny 6/15/2012

477 Rosenblatt, Sara 7/19/2012

413 Roshani, Caitlin 7/19/2012

663 Rosner, Victoria 7/19/2012

613 Rubbert, Jillian 7/19/2012

743 Ruckh, Lisa 7/19/2012

11 Ruelas, Evelyn 5/16/2012

306 Rusich, Clinton 7/18/2012

307 Ryan, Deirdre 7/18/2012

128 Rye, Cameron 6/16/2012

47 Sadrpour, Nick 5/16/2012

815 Salazar, Lorena 7/19/2012
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402 Samore, John 7/19/2012

253 Sampat, Vaishali 7/17/2012

149 Sandqbist, Johan 6/18/2012

215 Santen,Julie 7/17/2012

470 Santiago, Joy 7/19/2012

22 Santilena, Susie 5/16/2012

575 Santore, D. Kathryn 7/19/2012

718 Santos, Vanessa 7/19/2012

302 Savitz, Zack 7/18/2012

465 Saylan, Charles 7/19/2012

686 Sayre, Elizabeth 7/19/2012

861 Schaaf, Kevin 7/20/2012

67 Schag, Arlene 5/17/2012

106 Scharwath, Kara 6/15/2012

568 Schiff, Eric 7/19/2012

683 Schifferli, Paige 7/19/2012

18 Schmidt, Joie 5/16/2012

854 Schmidt, Karen 7/20/2012

922 Schoene, William 7/21/2012

899 Schohn, Rachel 7/20/2012

658 Schoner, Mara 7/19/2012

794 Schramel, Derek 7/19/2012

177 Schreiber, Kim Anne 7/3/2012

245 Schulz, Juli 7/17/2012

134 Scully, Anne 6/16/2012

63 Segal, Jenna 5/17/2012

461 Seiber, John 7/19/2012

965 Seid, Barry 7/23/2012

344 Seki, Leslie 7/19/2012

607 Sershen, Crystal 7/19/2012

255 Sexton, Caroline 7/17/2012

599 Shabes, Cynthia 7/19/2012

387 Shackman, Anne 7/19/2012

962 Shadrick, Yvette 7/23/2012

763 Shady, Laura 7/19/2012

797 Shen, Goldie 7/19/2012

765 Sheppard, Jennifer 7/19/2012

127 Sherna, Ron 6/16/2012

880 Shigaki, Fumiko 7/20/2012

688 Shinderman, Scot 7/19/2012

654 Shiplacoff, David 7/19/2012

230 Shiplacoff, Julia 7/17/2012
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796 Shippy, Sara 7/19/2012

130 Shuggs, Cherokee 6/16/2012

795 Shullo, Marilyn 7/19/2012

540 Sigismondi, Daphne 7/19/2012

776 Sigismondi, Eva 7/19/2012

36 Sikich, Sarah 5/16/2012

487 Silver, Dan 7/19/2012

837 Silverman, Nella 7/20/2012

844 Simmons, Fred 7/20/2012

588 Simmons, Heather 7/19/2012

365 Simpson, Rusty 7/19/2012

788 Skaff, Shannon 7/19/2012

821 Slattery, Donna 7/19/2012

385 Slechta, Richard 7/19/2012

100 Sloan, Susan 6/16/2012

639 Smith, Hilton 7/19/2012

56 Sneddon, Andrew 5/17/2012

415 Snow, Kimberly 7/19/2012

675 Soehendra, Martha 7/19/2012

359 Solan, Max 7/19/2012

251 Sopjes, Barbaara 7/17/2012

351 Spellman, Kathleen 7/19/2012

79 Spencer, Michael 6/5/2012

713 Spencer, Michael 7/19/2012

243 Spencer,Robyn 7/17/2012

698 Spoto, Andrea 7/19/2012

511 St. Clair, Jason 7/19/2012

7 St. Germain, Kathy 5/16/2012

49 Stah, Sonia 5/16/2012

305 Stanton, David 7/18/2012

706 Stasser, Francis 7/19/2012

850 Steagall, Francziska 7/20/2012

934 Stegman, Raymond 7/22/2012

903 Steitz, Diane 7/21/2012

334 Stempel, Beth 7/18/2012

559 Stern, Evelyn 7/19/2012

786 Stohr, Francisco 7/19/2012

629 Strauch, Heather 7/19/2012

319 Strauss, Joshua 7/18/2012

318 Strauss, Shoshannah 7/18/2012

651 Suhr, Malcolm 7/19/2012

632 Sullivan, Kelly 7/19/2012

RB-AR17880



9/10/2012Stand strong commentors 2

Page 21

ID Commentor Date

298 Sullivan, Quinn 7/18/2012

671 Summers, Morgan 7/19/2012

518 Swanson, Karin 7/19/2012

416 Tamayo, Aaron 7/19/2012

39 Tarkington, Gayle 5/16/2012

43 Tavarez, Yosafat 5/16/2012

772 Taylor, Elliot 7/19/2012

519 Taylor, John 7/19/2012

550 TePaske, Braley A 7/19/2012

137 Teplow, Amy 6/16/2012

593 The River Project 7/19/2012

569 Theis, Michelle 7/19/2012

931 Thill, Scott 7/22/2012

752 Thompson, Mara 7/19/2012

172 Timmerman, Aaron 6/28/2012

939 Tinari, Laura 7/23/2012

719 Tmangraksat, Ananya 7/19/2012

824 Toal, N 7/19/2012

450 Tobin, Anne 7/19/2012

810 Toffler, Larry 7/19/2012

915 Toledano, Arlene 7/21/2012

16 Tonio, C 5/16/2012

68 Tonsing, Rick 5/18/2012

58 Torres, Erica 5/17/2012

721 Torres, Steve 7/19/2012

327 Tower, Alexandra 7/18/2012

42 Traglia, Andrew 5/16/2012

924 Tran, Jenny 7/22/2012

538 Trease, William 7/19/2012

790 Tung, Amy 7/19/2012

682 Tyrie, Emily 7/19/2012

201 Uterman, Tom 7/7/2012

863 Uthus, Judi 7/20/2012

555 Valente, Adrian 7/19/2012

557 Van Antwerp, Nannette 7/19/2012

174 Van Der Woerd, Jennifer 6/28/2012

887 Van Goden, Courtney 7/20/2012

331 Van Grove, Susan 7/18/2012

515 Vance, Cindy 7/19/2012

690 Vaughan, Jeffrey 7/19/2012

314 Vaughan, Mike 7/18/2012

62 Viala, Armelle 5/17/2012
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507 Vicencia, Steve 7/19/2012

381 Vigallon, Stacey 7/19/2012

817 Villafana, Martha 7/19/2012

256 Villegas, Avrie 7/17/2012

897 Vincent, Angela 7/20/2012

277 Vitone, Sarah 7/18/2012

325 Viviano, Carolyn 7/18/2012

132 Von Schweinitz, Michaela 6/16/2012

332 Wager, Russell 7/18/2012

626 Waggoner, Brian 7/19/2012

462 Wagner, Christian 7/19/2012

170 Walker, Shannon 6/28/2012

804 Walker, Susan 7/19/2012

553 Waller, Carole 7/19/2012

472 Walsh, Sam 7/19/2012

505 Wamsganz, Marlo 7/19/2012

954 Wang, Rachel 7/23/2012

828 Warren, Shawn 7/19/2012

537 Warren-Lane, Joelle 7/19/2012

846 Warren-Lane, Matthew 7/20/2012

266 Watkins, Cory 7/18/2012

423 Watson, Barbara 7/19/2012

182 Watson, Melissa 7/3/2012

602 Watson, Murat 7/19/2012

133 Wawerchak, Vicki 6/16/2012

532 Weeshoff, Dave 7/19/2012

204 Weintraub, Talia 7/10/2012

677 Weissman, Janice 7/19/2012

799 Weissman, Mark 7/19/2012

375 Wen, Lisa 7/19/2012

48 Wendel, Evelyn 5/16/2012

211 Werner, Beth 7/17/2012

431 Wertheim, Suzanne 7/19/2012

410 Westefer, Paul 7/19/2012

401 Western, Shane 7/19/2012

867 Westfall, Katie 7/20/2012

969 Whelan, Mark 7/23/2012

640 Wiggins, Mercedes 7/19/2012

805 Wilcox, John 7/19/2012

354 Williams, Claudia 7/19/2012

407 Williams, Leslie 7/19/2012

761 Williams, Michelle 7/19/2012
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566 Williams, Simone 7/19/2012

672 Willis, Kelley 7/19/2012

210 Wilsker, Michael 7/17/2012

886 Wilson, David 7/20/2012

452 Wilson, Rick 7/19/2012

341 Wilson, Stefany 7/19/2012

948 Winkler, Russell 7/23/2012

727 Wisdom, Joyce 7/19/2012

691 Witzel, Zane 7/19/2012

265 Woelfel, Ryan 7/18/2012

379 Wolf, Valerie 7/19/2012

369 Wolschon, Mark 7/19/2012

164 Woo, Chaa Youn 6/27/2012

574 Woods, Charles 7/19/2012

608 Woods, Zion 7/19/2012

213 Wright, Alison 7/17/2012

637 Wrobel, Zach 7/19/2012

830 Wyatt, Aimee 7/19/2012

856 Yacoub, John 7/20/2012

871 Yamada, Shotaro 7/20/2012

246 Yeager, Will 7/17/2012

840 Yeates, Eric 7/20/2012

818 Yeatman, Sally 7/19/2012

448 Yeh, Jonathan 7/19/2012

460 Yorkin, Peg 7/19/2012

458 Yoshida, Karen 7/19/2012

616 Young, Amber 7/19/2012

291 Young, Cara 7/18/2012

742 Young, Chris 7/19/2012

443 Young, Stephen 7/19/2012

65 Young-Higgins, John Richard 5/17/2012

638 Zell, Jennifer 7/19/2012

630 Zierhut, Monica 7/19/2012

890 Zisner, Aimee 7/20/2012

524 Zollman, Andrea 7/19/2012

643 Zucherman, Aaron 7/19/2012
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1 Pascale, Lydia 90020

2 Leung, Bobbi 90066

3 Galsim, Yara yaragalsim@yahoo.com 91352

4 Brown, Alexa 91340

5 Jimenez, Luiz C. luiz1024@yahoo.com 91352

6 Barillas, Esli 91352

7 Parraguirre, Marla zgirl_635@yahoo.com 91352

8 Kazcm. Sahar lexithegrace618@yahoo.com 91605

9 Sandoval, Jolyssa J.Ckarina@hotmail.com 91357

10 Zamora, Melinna me6zamora@gmail.com 91352

11 Marquez, Madeline MadelineMarquez20@yahoo.com 90004

12 Tejeda, Jackie madelinemarquez20@yahoo.com 91352

13 Sanchez, Leobardo LeobardoSanchez11@yahoo.com 91331

14 Salas, Cathy Cathysalas17@yahoo.com 91352

15 Lawenko, Angela alawenko@gmail.com 91605

16 Regala, Andion andionisharegala@gmail.com 91605

17 Fierro, Joanna baby_tease@hotmail.com 91605

18 Maralit, Catleya catleya@maralit.com 91352

19 Pirir, Haileen eliza181827@hotmail.com 91605

20 Castellon, Lizeth LizzytheBeatle@hotmail.com 91352

21 Stephanie Loveyou@comcast.net 91352

22 Ortega, Adriana adrianaelleort@aol.com 91331

23 Dimas, Jamie DimasJamie@yahoo.com 91324

24 Nunez, Evelyn Evelyn.Nunez39@yahoo.com 91331

25 Garcia, Selene S.Marlene517@gmail.com 91352

26 Sarabia, Lily purplelilly6@gmail.com 91402

27 Perez, Areli Areliprz21@gmail.com 91352

28 Xaymountry, Annie nnxaymountry2010@hotmail.com 91331

29 Carrillo, Bianca 91352

30 Ortiz, Isabel dorkypants4444@aol.com 91605

31 Pineda, Jessenia pineda.jessenia@yahoo.com 91731

32 Lara, Yesenia lara.ainesey@yahoo.com 90731

33 Gomez, Tearjia gomez95tg@gmail.com 90501

34 Martinez, Bianca redtoo13@yahoo.com 90744

35 Short, J my2kms@yahoo.com 90731

36 Dipietro, Gina gina_d41@yahoo.com 90731

37 Ortega-perez, Maria mariaortegaperez@ymail.com 90731

38 Haase, Sierra sierra.haase@me.com 90731

39 Hernandez, Victoria sesali23@gmail.com 90744

40 Barajas, Nayely 90731

41 Rezal, Evon 90732

42 Madera, Magda maderamagda13@gmail.com 90002
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43 Cueva, Nancy 90731

44 Prianti, Xitlali 90731

45 Carrasco, Rafael rafarock8@yahoo.com 90731

46 Loera, Errica D. erricaloera@yahoo.com 90731

47 Guerrero, Jennifer purplefloswan@yahoo.com 90731

48 Lizara, Elizabeth lizara@polahs.net 90744

49 Marrufo, Valeria Marrufo@polahs.net 90744

50 Britton, Micayla britton@polahs.net 90731

51 Rodriguez, Yesenia Rodrigye@polahs.net 90744

52 Meza, Miguel miguelmesa1995.hotmail.com 90744

53 Kay, Marjorie metkay@aol.com 90272

54 Oelberger, Irene Irenesown@hotmail.com 90035

55 Wang, Lei sunnydaypiggy@gmail.com 90066

56 Mascot, JoJo 90272

57 Montgomery, Belfa Kay 90230

58 Howard, Florence flohoward@gmail.com 90292

59 Lafayette, Marie marielafayette3@gmail.com 90066

60 Gerstley, Jim jimgers@yahoo.com 90403

61 Daphne S. lupileo@aol.com 90049

62 Richards, Kaylin kaylinrichards94@gmail.com 91745

63 Shuman, Paulah plshuman@verizon.net 90066

64 Gutierrez, Ellissette ellissette31292@gmail.com 91331

65 Lacey 539211

66 Gordon, Shannon 93435

67 Wentraub, Talia taliawentraub@gmail.com 90049

68 Gerstley, Caroline 90403

69 Bhalla, Ruhi ruhibhalla@yahoo.com 90404

70 Goeman-Shukky, Sedon swirlysedonna@aol.com 90024

71 Gonzalez, Llsa islagabriela@hotmail.com 92570

72 Salina, Jesus fc01503@hotmail.com 92692

73 Smith, Kali kalismith88@yahoo.com 92692

74 Pamela G. 90405

75 Maguellal, Marie moesexy3@gmail.com 93550

76 Canas, Christine smil-fahker@yahoo.com 90302

77 Jaclyn F. crackerjacks2222@hotmail.com 91411

78 Billups, Brianne sea-breeze@live.com 93012

79 Cline, Corey coreyanncline@gmail.com 90404

80 Matz, Marcia masuma960@aol.com 90403

81 Saxe, Haley haysaxey@yahoo.com 91302

82 Maguellal, Alysia alysiamaguellal@gmail.com 93550

83 Sauceda, Angelica angelica.sauceda@yahoo.com 92201

84 Barrera, Catalina boo.cheese7@gmail.com 92203

RB-AR17886



4/15/2013Take LA by Storm Postcards 7-23

Page 3

ID Name E-mail Zip Code

85 Coster, Gabby ggcoster@gmail.com 90405

86 Queiro, Sharon s_clesse@yahoo.com 91606

87 Diebold-Fox, Alexandra alexdfox@att.net 90042

88 Flora, Todd imtoddflora@gmail.com 90404

89 Brown, Roberta robertasword@yahoo.com 90403

90 Selleck, Erin erinselleck@hotmail.com 90272

91 Holland, Kurt kholland@smmusd.org 90272

92 Hall, Karinna karinnahall@gmail.com 90403

93 Whitley, Lynn lwhitley@usc.edu 90290

94 Casebieu, Ken 90045

95 Maker, Janet jamaker2001@hotmail.com 90024

96 Kanan, Bianca britb47@gmail.com 90404

97 Johansson, Ann-Louise 2lisajohansson@gmail.com 90405

98 Nicole R. nikki@reprinting.com 90404

99 Dixon, Lisa 90405

100 Murphy, Kathleen whitebloom@verizon.net 90405

101 Mills, Heather halexmills@gmail.com 90409

102 Elaine W. 90405

103 Garcia, Jennifer 90731

104 Alvarez, Jackie 90744

105 Yorba, Keila keila.yorba@yahoo.com 90744

106 Guidry, Mellie mellieflagg15@yahoo.com 90746

107 Williams, Courtney williamsc@polahs.net 90731

108 Zarala, Jacquelynn 90746

109 Howell, Pamela pam.howell@gmail.com 91303

110 Vasquez, Sindy sindyady2@gmail.com 90044

111 Cortez, Denisse cortezd11@gmail.com 90249

112 Piccardo, Andrew ADPNardo@yahoo.com 90045

113 Brown, Frederick M. fbrowll@ix.netcom.com 91302

114 Merino, Beatriz vanesa011894@sbcglobal.net 90061

115 Landin, Luis Double14567@rocketmail.com 90047

116 Chudo, T. giguana0412@gmail.com 90248

117 Davie, Najah its_all_aboutme149@ymail.com 90061

118 Buck, Kimberlee buck.kimberleeb@yahoo.com 90047

119 Gore-Bradley, Serene serene120894@gmail.com 90047

120 Melissa 90044

121 Liliana lili0795@gmail.com 90044

122 Pena, Gustavo gustavo199@yahoo.com 90044

123 Tran, Mike mtranphoto@gmail.com 90064

124 Guire, Gregg gregg@jpegfoto.com 90403

125 Winn, Katherine katywinn@hotmail.com 90046

126 Damacen, Rico ricomixshow@gmail.com 91711
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127 Brooker, Peter peterbrooker@roadrunner.com 90404

128 Latour, Rob roblatour@gmail.com 91403

129 Reeves, Aubriona 90638

130 Seid, Barry barryseid@hotmail.com 90403

131 Wood, Kyia 90638

132 Wood, Robert robertwood1007@gmail.com 90638

133 Wood, Joeanne joiegrlwood@gmail.com 90638

134 Segal, Jenna 90292

135 Sacharow, Willa willa.s@verizon.net 90405

136 Castro, Alexis rickyismybrother@yahoo.com 91745
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